ala = N
‘2 Ny CAHKT-NETEPBYPTCKWU A @b
FOPHbIM yHMBEPCMTET Educeéti(inals‘:%:tieeit’;‘.fﬁ:ﬁ;gg g;%g?gz:éCentreégr )

MPOBJIEMbI
HEZ1IPOMNO0JIb30BAHUA

MEXXOYHAPOHbIN ®OPYM-KOHKYPC
MO104bIX YHEHBIX

CEOPHUK HAYYHbBIX TPYLOB

CAHKT-TETEPBYPT

ANPENA




MUHUCTEPCTBO OBPA30OBAHUA 1 HAYKH POCCUMCKOIM ®EJEPALINU

OEJEPAJIBHOE 'OCY JAPCTBEHHOE BIO/IXKETHOE OBPA3OBATEJIBHOE YUPEXXJIEHUE
BBICIIET'O OBPA3OBAHMSI
CAHKT-TIETEPBYPI'CKU I'OPHbBIM YHUBEPCUTET

[TPOBJIEMbI
HE/IPOITOJIb3OBAHNM A

MexnyHapoaHbiil OPyM-KOHKYPC MOJIOJIBIX YUEHBIX

18-20 ampesnst 2018 r.

CoopHUK HAY4HbIX MPYOO8

Yacmeo ||

CAHKT-TIETEPBYPT
2018



VIIK 00(55+62+66+33+50+54)
BBK 2(26+33+60+66)
11493

B cOopHuKe mHOMENIeHBI TPYAbl MOJIOJBIX HCCIIEIOBaTeNeil, y4acTHUKOB MeXIyHapoaHOro Qopyma-
KoHKypca «IIpobnembr HeapononszoBanus» 18-20 ampenst 2018 r. MaTepuansl cOOpHHKA MPEACTABISIOT HHTEPEC
JUIsL IIMPOKOTO Kpyra HccienoBaTelnel, y4YeHBIX, IeJaroros, CHEHUaINCTOB, PYKOBOIUTENEH HMPOMBIIIIEHHBIX
NPEANIPUSTHI U IpeiIpUHUMaTeIei, paboTalomuX B 001aCTH NOUCKA, pa3BeAKH, TOOBIUN U IepepadOTKH MOJIE3HBIX
HCKONAEMBIX.

The Volume contains works of young researchers - participants of International Forum of Young
Researchers «Topical Issues of Subsoil Usage», which was held at the St. Petersburg State Mining Institute from the
18™ to 20" April 2018. The Volume can be of great interest for a wide range of researchers, scientists, university
lecturers, specialists and managers of industrial enterprises and organisations as well as for businesspeople involved
in exploration, prospecting, development and processing of minerals.

Penaxnmonnass kosuterus: mnpodeccop M. B.Cepeees  (npencemarens), goueHT JI.C.Curnbkos,
noueHt fO.M. Cuwyyx.

ISBN 978-5-94211-803-7 (Yacts II) © Cankr-IlerepOyprckuii ropHbli yHHBepenTet, 2018
ISBN 978-5-94211-801-3



COAEPXKXAHUE

DKOHOMHYECKHE MEXAHH3MBI HHHOBAILIHOHHOI'O PA3BHTHA ..............ooovoooeevveeeer . 4
HHKEHEPHAS 3AITUTA OKPYKAIOIEH CPEJIBL .............ooovoooeeveoeeevoeeeeoeeeeeeeeseeeseeesessee 35
TEOHH®OPMAITHOHHBIE CHCTEMBI H HAHOTEXHOIOTHH................oovooeeveoeeeveeeve . 88

MATEPHAJIBI BCEPOCCHHCKOH KOH®EPEHI[HH-KOHKYPCA CTY/JEHTOB
BBITIYCKHOI'O KYPCA ...........ccoviiiiiiiiiiiiiic e 123



IKOHOMHUYECKHE MEXAHHU3MbI HHHOBALIHOHHOI O
PA3BUTHA

ANDERSEN, SHARON; KAMINSKI, SOPHIE; WALDMINGHAUS, ANTJE
Technische Universitdt Bergakademie Freiberg

AGENDA 2030: CAN RATIONAL MANAGEMENT LEAD TO
INCREASED SHAREHOLDER VALUE AND INNOVATIVE
DEVELOPMENT IN THE NATURAL RESOURCES SECTOR?

1. Introduction

The origin of innovative development is often understood as being rooted in the technology sector, and re-
lating specifically to technology enabling economic and other kinds of development. In this paper an economic tool
of a different kind is introduced: an innovative mindset within the management of a company, which leads to inno-
vative development.

The economic tool which will be discussed is the Agenda 2030 issued by the UN in 2015 focusing on three
dimensions of sustainable development: economic growth, social inclusion and environmental protection. It high-
lights these dimensions by formulating 17 Sustainable Development Goals (SDGs).* Can implementing the Agenda
2030 as an economic tool within a company lead to rational management of natural resources without contradicting
the company's priorities of profit and increase of shareholder value?

The term “rational management” as it will be used in this paper is defined as making decisions which bal-
ance the company’s shareholder value with its impact on the business environment. Rational Management is guided
by the Agenda 2030 and measures its accomplishment in regard of the SDGs.

2. Extrinsic Motivation

Companies in general must prioritize profit and increase of shareholder value. Conventionally it is as-
sumed, that sustainable management of natural resources imposes higher costs and does not lead to a fulfilment of a
company’s priorities to increase their shareholder value. Often, extrinsic motivation drives company change because
external stakeholders can negatively impact the company should it fail to comply. Looking at the mining and natural
resource sector, two notable sources of extrinsic motivation to invest in sustainable development illustrate this: legal
requirements and public pressure. Laws e.g. in the area of environmental issues or labour compel a company’s man-
agement to adjust their operations, even though compliance might complicate the achievement of the company’s
targets. The European Union for instance implemented the Industrial Emissions Directive which governs the indus-
trial activities of over 50,000 installations.? Public pressure e.g. from environmental protection groups, NGOs, con-
sumers or local communities can additionally compel the management to prioritize public concerns. For instance,
TOTAL SA states on their investor webpage as a headliner: “We integrate climate into our strategy”, giving just
one example of typical phrases used as a value proposition to be competitive on the market.

The examples show, that these motivations are able to bring about rational management to some degree,
and thus promote the Agenda 2030 as legal and public demands must be satisfied up to a certain level. As a compa-
ny responds to the demands, it may require innovation to adequately meet requirements and simultaneously increase
shareholder value which leads to innovative development.

A more satisfying catalyst for innovative development however is intrinsic motivation, which can shift the
conception and practices of the natural resource and mining sector from exploiting to supporting and from reactive
to proactive. When companies seek to tackle problems with a long term perspective they on the one hand fulfill legal
requirements and interest of public groups and on the other hand more importantly secure their market position.

3. Intrinsic Motivation

Companies desire to increase shareholder value, and do this independent of external pressure. Even in a
market designed with sufficient laws to trigger, encourage and channel responsible economic activities, market par-
ticipants may additionally pursue sustainable solutions intrinsically motivated by the desire to secure long-term
growth. Some CEOs have already realized that the SDGs present an enormous growth opportunity. Especially stat-
ing that “solving them will mitigate the risks that they pose to all businesses.”*

Besides the profound understanding of the relevance of sustainable behaviour, the inevitable necessity for
business is stressed: private investors constantly face several problems when doing business. For example, Sumito-
mo Corporation, a Japanese conglomerate which produces metal products experiences one of the major challenges
for companies in the extractives sector: doing business while mitigating environmental risks. In their case, the
mine’s location in Madagascar, an island with unique biodiversity underscores the value of minimizing environmen-

! United Nations (no date, a), United Nations (no date, b)
2 European Commission (2016)

3 TOTAL SA (no date)

4 Frascinella (2017)



tal damage. In the short term, this challenge could be put off, or superficially attended to so as to appease the gov-
ernment and the local population. In the long term, the matter is more complicated: the company would need to con-
sider the impact of their mine from the outset of their operations and beyond.

An upfront decision must be made: Shall effort and time be spent to tackle the problem long-term or is a
fast, short-term change more appropriate?

The connection between daily business problems and the SDGs is rarely straightforward. Nevertheless,
considering the chain of effects, relevant correlations become more apparent. An intrinsic motivation exists to foster
long term problem solving to ensure the company’s wealth. Furthermore, comprehensive consideration of the corre-
lation between business and its environment is necessary. Often, the long-term solution for a business-related prob-
lem also helps to fulfil the SDGs as a by-product while the investor remains the primary beneficiary. In the case of
Sumitomo, they have a clear fiduciary duty to the Madagascan community around their mine to ensure that the sur-
roundings are economically viable, ecologically stable and safe for human habitation throughout the period of min-
ing operations and arguably, even after the mine ceases operations.® To meet this duty, the company has committed
to several actions including moving their pipelines into areas that don’t threaten critical habitats, taking steps to en-
sure plant life can be restored, forest protection, among other ways of abiding by the highest environmental stand-
ards.® Through this they ensure understanding of the local community, a supporting government, opportunities for
partnerships (e.g. with other governments), limited environmental damages, reduced financial risks (e.g. those that
arise from litigation, accidents related to environmental damage, etc.) and positive reputation. All this prevents fu-
ture unknown costs arising from disregarding this issue and increase shareholder value.

The potential of these intrinsic motivations to drive innovative development cannot be underestimated.
When a company fully understands its problems, economic tools such as the Agenda 2030 foster an innovative
mindset in which there is no ‘either or’ option between increasing sharecholder value and generating sustainable solu-
tions. Companies rarely go beyond the minimum in complying with regulations and also respond to demanding
trends only as long as it captures society's attention. They do however act swiftly and holistically where they identi-
fy that it furthers their pursuit of growth and security.

4. Conclusion

In answering the question: “Can implementing the Agenda 2030 as an economic tool within a company
lead to rational management of natural resources without contradicting the company's priorities of profit and in-
crease of shareholder value?”, the paper shows that if a company’s management shifts from a short-term to a long-
term perspective, it yields long-term benefits. These benefits increase its shareholder value, in keeping with its busi-
ness priorities. This simultaneously engenders sustainable development, a fiduciary duty particularly applicable to
the natural resources sector.

The developing world is linked to the extraction of natural resources, and as such is a relevant area to study.
It is shown by using case studies from developing countries that innovative rational management can transform the
sector from exploiting to supporting and from reactive to proactive.
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CIRCULAR PRODUCT DESIGN - EFFECTS AND LIMITATIONS
THROUGH MINIATURIZATION

1 Introduction

The world started changing with the rising living standards in the 18th and 19th centuries. The “economic
machine” creates and feeds a society of mass production and consumption. Therefor it uses resources: cheap energy
and materials. This on money and economic growth focused cycle is wasteful at the expense of the environment
(Ellen-MacArthur Foundation, 2015). For a long time, environmental problems were seen as uni-dimensional prob-
lems related to polluted air and dirty water, as well as waste or risks associated with chemicals. But today’s envi-
ronmental problems are multi-facetted and non-linear. Global challenges and complex correlations obligate the
world to understand and deal with an open-system approach and the need to change the ways of thinking and acting
(Wimmer, 2010). With the aim of reducing environmental impacts the improvement of products, services and sys-
tems started.

2 Eco-design vs. Circular product design

Eco-design as a systematic approach allows a draft of environmentally friendly products. There are several
strategies to reduce impacts on the life cycle of products on material level, possibilities to choose materials in prin-
ciple, reduce quantities, improve techniques, transport, during use, and optimization of life cycle and end-of-life
steps (Maris, 2014).

In fact, and in accordance with the principles of Circular Economy a product cannot become waste. But
looking at the guiding principles for eco-design, all products will become waste at a certain point of time. Even the
European Waste Framework Directive defines the terms in relationship with waste. Now there is the question if the
underlying concepts, where these definitions are used, really incorporate with the idea of Circular Economy or if
there should be new definitions, terms and thoughts about the closed-loop system and a Circular Product Design
(den Hollander, 2017).

The new typology of circular product design combines approaches of eco design (design for recycling) with
the new content of design for product integrity, containing design approaches for longer use, extended use and re-
covery. There is a differentiation between preventing and reversing obsolescence once at a product and component
level and twice on the previous material level. The goal of design for product integrity is to prevent the economic
value of products over time and minimization/elimination of environmental costs (den Hollander, 2017). So the
most important task is to fractionize products into elements allowing exchange, replacement or extension for fast
repairing and increased or restarted product use cycles (Halstenberg, 2015).

3 Effects and limitations through miniaturization

On the one hand minimization is a process for downscaling structures and on the other hand to become
more efficient by keeping the structural shape. There are many reasons why developers of electrical equipment try to
increase the amount of modules on a surface, centralized under the term “miniaturization”. Saving space, volume or
weight, shortening signal paths, and last but not least increasing the number of functions. In the following passages
effects and limitations of miniaturization are illustrated, subdivided into the categories for technical, economic and
ecological consideration.

3.1 Technical

Positive effects are of course the smaller, lighter and high-performing structures and components. Limita-
tions occur with regard to material and geometry so that technologies for micro-systems can only be used for special
applications as high-duty integrated circuits (Ostendorf & Ko6nig, 2015). Feasible and practical scales for industrial
applications have to be defined to meet the needs of industrial development (Qin, 2006). In the field of precision
mechanics limitations are at manufacturing level relating to cavities and section thickness of formed components
(Piotter, 2016). Many components packed in a compact way can be interference-prone relating to electromagnetic
compatibility or thermo-management (Geier, 2017).

3.2 Economic

Positive economic effects exist in the field of costs, less stock capacity, savings in raw material charge,
packaging and supply. The limitations come with ways of market access, production scale, manufacturing costs, and
the idea of Circular Economy. Small designs are often much more expensive than established sizes, which are re-
ceivable in high amounts on the market (Geier, 2017). Prices in production increase with structures getting smaller.
Often only well-heeled companies are able to develop and run these engineering systems (Ostendorf & Konig,
2015). Depending on system cost and capability, as well as on the scale of production, manufacturing cost could
increase. Compared to mass production with conventional equipment, purchasing special micro-factory equipment
means a big matter of expense (Qin, 2006). With a certain size, some designs are no more exchangeable by repairing
during production, leading to a greater extent of production wastage (Geier, 2017). Costs in the field of re-work oc-
cur in labor costs for highly qualified staff and with costs for adjusted processes, special equipment and appropriate
working environment (Riickert, 2017).

3.3 Ecological

The main ecological effect of miniaturization is to reduce resource consumption, generating a smaller envi-
ronmental impact than bigger designs. Limitations arise with high energy demands in production, difficult re-work



in use phase, remanufacturing at the end-of-life phase and significant losses through recycling techniques that are
not able to recover small amounts. The rapid growth of efficiency results in products getting smaller and cheaper.
This leads to extra consumption and with this higher environmental burden through production and increasing ener-
gy- and material consumption partly with toxic properties for packaging (Behrendt, 2010). If re-work is not possible,
because small systems and compounds are not repairable when they are broken, they have to be disposed as elec-
tronic scrap. While generating more waste because of inefficient product design, besides there is an irrecoverable
loss of material (Geier, 2017). High efficient components are integrated in various smart applications and are
therewith obtainable for everybody. Even if the energy demand decreases for the use of miniaturized applications,
energy required for infrastructure for information and communication technology (ICT) will increase (Behrendt,
2010). Smart technologies and ICT in everyday life come along with increasing electromagnetic radiation and ef-
fects on the organism (Behrendt, 2010).

4 Conclusion and final thoughts

At first sight, miniaturization looks like solving many problems. Less resource consumption and still highly
efficient electronics, less costs for packaging and decreasing environmental impacts. But having a deeper insight,
limitations occur in technical, economic and ecological sectors. Meeting obstacles through material and geometry
tasks, problems on manufacturing level, expensive and energy intensive production technologies, re-work challeng-
es as well as environmental burden have to be mentioned. A review on product design showed, that miniaturization
is not yet sustainable. The separation of product level and material level in the designing process may be debilitat-
ing. The new idea is to upgrade the strategies. A combination of both as a design for optimized minimization could
be beneficial. Starting points and main parts for sustainable optimization of miniaturized components are material
use and end-of-life-systems, where until now the most problems were registered. So the task is to develop a holistic
approach to combine sustainability factors with miniaturization to survey the meaningful purpose and reduce limita-
tions and negative aspects going along with keeping and improving advantages. Methods of Multi Criteria Decision
Analysis (MCDA) as Analytic Hierarchy Process (AHP) or Benefit Analysis may help to find efficient solutions for
modularized, miniaturized components and products with regard to circular thinking of material and resources. Sus-
tainable products for future generations have to be generated appropriate to targets. Within these targets technical,
economic, ecological preferences have to be set.
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REPORTING AND ANALYSIS OF SMALL MANUFACTURE
RETAIL AND SERVICE BUSINESS USING MICROSOFT

1. Introduction

Basic and fundamental target that every company, no matter small retailer or international enter-
prise wants to achieve is generating more profit and grow its business. Nowadays, the managers have huge variety
of many different methods and tools to control and analyze the information about its functioning. Considering
enormous concerns which have repeatedly bigger amount of money to spend on complicated ERP (Enterprise Re-
source Planning) systems, everything changes when smaller businessmen wants to have the possibility to control
company situation. One of many solutions for that problem is Microsoft Office package including well- known to
everyone, easy to use and powerful programs such as Word, Power Point or Excel which meets the expectations for
reporting, visualizing and analyzing data.

2. What should the report consist of and how should it look like?

One of the most famous philosophers and mathematicians- Pythagoras, said one day that “All
things are numbers” which maybe cannot by related with all things and situations but while talking about small
business and its financial results it definitely true. Numbers accompany almost every taken action and results
achieved after them. Amount of invested money, income, profit, costs, number of customers, variety of offered
products these are just few examples of numeric data that we can aggregate and analyze to draw conclusions.

Different people and institutions consider reports in different way depending on their goals, targets
and specifics of the type of activity. While not entering into details of types of reports for various purposes, there are
some common rules mutual for all briefings.

Many specialists and scientific researches points that useful and proper reports should be:

. Objective- it should show every information associated with presented topic. It is forbidden to
avoid unwanted data that can may be not good for everyone but have impact for overall score. What is more, having
objective data can broaden the point of view of the businessman or analyst. Frequent mistake is to consider statistics
and results thinking only through only self-experience, paying no attention to possible new aspects.

. Reliable- all of the data presented on the reports should represent real state of condition. Only hav-
ing the certainty about the reality presented via numbers, entrepreneur can make the right decision, that can be even
crucial for further business activity.

. Transparent- person or system which generates the report should know what information would be
suitable for the topic of analysis. What is more the layout of the brief must be clear enough to quickly get important
info about the results. Too much data is as unnecessary as too little info, so report has to present balanced amount of
numbers, charts etc.

o Simple- the only way to make sure that decision maker can quickly make right choice is to simpli-
fy the input for his work. Simplifying reports is nothing more than proper, user friendly layout, containing satisfac-
tory components that cover all of the aspects on which satisfying outcome depends on.

Another fundamental question that has to be answered is what does the data give to us? According to the
points shown above, numeric information give us the possibility of objective evaluation. Decisions based on reality
and facts are much more successful than those one which are just an imagination or only an effect of experience,
which is also important while analysis and drawing conclusions.

3. Do small companies should prepare reports?

The answer for many businessmen is very simple- no. Unfortunately too often reports are unlikely associat-
ed with big enterprises and useless formalities that are only wealth for its own sake. Reality could be slightly differ-
ent after doing regular reports for few years, months or even weeks our thoughts do not cover our results even in
50%. User friendly briefings can speed up making decisions and give the possibility to correctly react to the market
and customers’ needs.

4, Microsoft Excel, true power within reach.

Ideal solution for the small businesses which are very often not affordable for sophisticated computer sys-
tems or expensive program licenses there is one software that almost everyone know and use but does not appreciate
its capabilities. That program is a part of Microsoft Office applications and its called Microsoft Excel- the most
popular spreadsheet in the World. Besides rest of the programs from that package, Excel is compatible with much
more such as ERP systems (e. g. SAP), developers applications for project management, accounting etc. What is
more for the basic use it is very easy and because of the huge amount of tutorials, trainings and online guides it does
not take much time to learn new options and practical functionalities.

5. Analytics for everyone.

On the beginning we have to answer the question, what is the most effective form of data to analyze it? It is
for sure the visualization of numeric information. The easiest way to visualize data in Excel is via different types of
charts. Microsoft Excel offers many different types of charts to present data. Reasons to use one or another chart can



depend on the type of data, context of presentation etc. Examples of 2D charts to use in spreadsheets are shown on
Pic. 1 below.
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Pic. 1 Examples of charts in Microsoft Excel [http://djjr-courses.wikidot.com/ppol225-text:charts-and-
diagrams]
Gathering together different charts and tables with essential numbers crucial for making decisions and
quick analysis Microsoft Excel gives users possibility to create special reports called dashboards. These are nothing

else than combining the visualizations of data with highlighted numerical information to help businessman and deci-
sion makers. Examples of such dashboards are shown on Pic. 2 and Pic. 3 below.
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Pic. 2 Example of Excel dashboard for finances [https://www.infocaptor.com/dashboard-gallery.php]
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Pic. 3 Example of Excel dashboard for project management [https://chandoo.org/wp/2009/10/06/project-
status-dashboard/]

6. Summary
Reports should be the obvious source of real information about current situation for every business no mat-
ter smaller or bigger. Creating simple but meaningful dashboards many businessmen could make theirs everyday
decisions much easier and correctly contributing to the growth of business.
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PRODUCTION AND CONSUMPTION OF CRUDE OIL, HARD
COAL AND NATURAL GAS IN POLAND (YEARS 2008-2015).

Introduction

Consumption and resource allocation is one of the basic economical activity. Using available resources
have a fundamental meaning for economy efficiency and economic growth. Nowadays, basic energy source which
come from natural resources are: hard coal, crude oil and natural gas. In the other way we can call them primary
energy.

Civilization development is depend on human skills how to use in a good way available energy sources.
Contemporary civilization is based on exploiting non-renewable resource such as crude oil, hard coal and natural
gas [1; s.78]. Primary energy is the sum of the energy content of naturally existing primary fuels and energy. Then
we use them to produce derived energy the energy forms obtained through transformation processes (coke and semi-
coke, liquid fuels, industrial gases, electricity and heat) [2].

Purpose, range and methods of research

The research analyses the supply from domestic sources and domestic consumption of hard coal, crude oil
(and oils from bituminous minerals), and natural gas (high-methane natural gas and nitrified natural gas) in Poland
in years 2008-2015. The main purpose was to show changes in supply from domestic sources and domestic con-
sumption of primary energy. In the research | used documental method [3]. The source data for research are taken
from the Polish Central Statistical Office. | received the results using description.[4]. The results are shown descrip-
tively and tabularly and in graphs.

The results of research

There was a huge change in the political system in Poland in 1989. It pushed economy forwards but it also
caused increase of using energy. Generally it is known that, the higher energy-consuming economy is the biggest
wealth of the country. In the Word we can notice higher consuming of processing goods. To result from that we can
say that contemporary consumption is high energy-consuming.

Table 1 shows the supply from domestic sources of hard coal, crude oil (and oils from bituminous miner-
als), and natural gas (high-methane natural gas and nitrified natural gas ) in Poland in years 2008-2015. Table 2
shows domestic consumption of them in Poland in the same years.

Table 1: Supply from domestic sources of hard coal, crude oil (and oils from bituminous minerals), and
natural gas (high-methane natural gas and nitrified natural gas ) in Poland in years 2008-2015

Years Hard coal Crude oil High-methane natural gas Nitrified natural gas
2008 84344 755 3002 3408
2009 78065 687 3373 3578
2010 81150 686 3726 3753
2011 76448 669 3509 3896
2012 79813 730 3480 3972
2013 79153 1259 3340 3907
2014 73271 951 3352 3864
2015 72823 928 3171 3828

Source: Statistical Yearbook of Poland, The Central Statistical Office, Warsaw 2010, 2012, 2014 2016.
Table 2: Domestic consumption of hard coal, crude oil (and oils from bituminous minerals), and natural gas
high-methane natural gas and nitrified natural gas ) in Poland in years 2008-2015

Years Hard coal Crude oil High-methane natural gas Nitrified natural gas
2008 80415 21036 13036 3386
2009 73997 20282 12512 3576
2010 82162 22838 13680 3852
2011 79362 24169 13836 3957
2012 77358 25152 14533 3986
2013 77610 24203 14709 3940
2014 73125 24132 14259 3861
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2015 72742 26108 14480 3820
Source: Statistical Yearbook of Poland, The Central Statistical Office, Warsaw 2010, 2012, 2014 2016.

The data in table 1 and 2 show that supply from domestic sources and domestic consumption crude oil and
natural gas was increasing, but hard coal was going down. It could be caused because of decreasing interested in
hard coal. And the reason of that is ecological factor [1; s.117]. Combustion of hard coal is associated with large
impurities and the production of carbon dioxide, which pollutes the atmosphere. More and more people are aware of
such threats and are opting for ecological solutions. Thus, the demand for the raw material in question is much lower
than it was a dozen or so years ago. Another significant factor contributing to the decline in hard coal production is
the lower profitability of its extraction and very high gas competition which is much cheaper and more environmen-
tally friendly [6].

Comparing table 1 to table 2 we can notice that domestic consumption of crude oil and high-methane natu-
ral gas is increasing while supply from domestic sources can make it in low level and that is why Poland need to
import these materials. As far as supply from domestic sources of hard coal and nitrified natural gas is concerned it
almost satisfy needs.

Graphs 1,2,3 and 4 are based on data from table 1 and 2. They show tendency of supply from domestic
sources and domestic consumption of hard coal, crude oil (and oils from bituminous minerals), and natural gas
(high-methane natural gas and nitrified natural gas) in Poland in years 2008-2015.

Graph 1: Tendency in the supply from domestic sources and domestic consumption of hard coal in Poland

in years 2008-2015
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Source: Statistical Yearbook of Poland, The Central Statistical Office, Warsaw 2010, 2012, 2014, 2016.

Graph 2: Tendency in the supply from domestic sources and domestic consumption of crude oil (and oils
from bituminous minerals) in Poland in years 2008-2015
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Source: Statistical Yearbook of Poland, The Central Statistical Office, Warsaw 2010, 2012, 2014 2016.

Graph 3: Tendency in the supply from domestic sources and domestic consumption of high-methane natu-
ral gas in Poland in years 2008-2015
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Source: Statistical Yearbook of Poland, The Central Statistical Office, Warsaw 2010, 2012, 2014 2016.

Graph 4: Tendency in the supply from domestic sources and domestic consumption of nitrified natural gas
in Poland in years 2008-2015
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Ending
Changes of supply from domestic sources and domestic consumption of hard coal, crude oil (and oils from
bituminous minerals), and natural gas (high-methane natural gas and nitrified natural gas ) in Poland are connected
with civilization and technological growth. Nowadays we care more about ecological issues. All of these factors
cause that in Poland the structure of consumption of source energy are changing. The research confirm that less
people use hard coal and more people are interested in using crude oil and natural gas in Poland in years 2008-2015
(because of higher calorific content) [1;118].
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TOTAL QUALITY MANAGEMENT: CREATING VALUE
THROUGH CONTINUES QUALITY IMPROVEMENT

In the end of 20" century, increasing importance of TQM has become a well-accepted management theory
as an integrated-system of management. Historical perspectives make points that TQM’s various roles has been ar-
gued through huge numerous scholars during past decades. Basic tenets of TQM are viewed by the improving
productivity (Powell, 1995), enhancing quality (Bemowski, 1992), zero defects and quality costing (Deming, 1982,
1986) and dedicating to total customer satisfaction. From views of the previous studies in TQM, it has been defined
as “a customer-oriented philosophy of management that utilizes employee involvement in effectiveness and effi-
ciency of the organization and its processes” (Partain, 1991). According to its proponents, TQM has been viewed as
customer focused process, accomplished through all stakeholders in the organization being committed to achieve
high performance, and emphasized communication between top management commitment and increased employee
participation.

Recently TQM focus gets shifted to management new paradigms and philosophies. It means the best of
value is created by peculiar and essential character of how to make something as unique. In other words, the mean-
ing of quality implies degree of excellence to improve systems and processes by creating value is more confortable
with all stakeholders. For comprehensive understanding of this concept, there are a number of researchers have been
provided frameworks of TQM. For instance, Continuous Quality Improvement (CQI), Total Quality Leadership
(TQL), and Continuous Process Improvement (CPI) approaches have been considered to be more general to capture
essence of quality improvements. Even though marginally familiar understandings with quality has been discussed
since the end of the 70’s and the beginning of the 80’s (Crosby, 1979; Deming, 1982; Feigenbaum, 1961; Inshikawa,
1990; and Juran, 1995), most of the traditional concerns of quality improvement states measurable aspect of a prod-
uct or service to meet and exceed customer expectations. It is challenging to support and enhance TQM with above
noticed approaches for establishing an appropriate management framework or model.

The building excellence by processes got done is leaded by Total Quality Leadership Approaches that fo-
cuses on suggesting top value to customers. Even though changing customer requirements drive to build a strong
long-term vision for an organization (Deming, 1982), the interrelated core value and concepts guide an excellence of
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execution in quality improvements. It stresses a purpose of TQM is succeeded by sustained leadership, communica-
tion among elements, and total commitment by the top management which focus on the value. Moreover, the TQM
leaders ensure that how to manage strategic policies and techniques for higher performance, inspire entire team to be
innovative in a system development, and lead a role through effective involvement in communicating, planning and
coaching among stakeholders. From these perspectives, in order to improve processes continuously, it requires to
create “all in one team” environment with synergy, dedication, and efficiency.

Juran’s argument of quality improvement lies around 85 percent of the mistakes in any organization is the
fault of management control in system. Fewer percent of organizations rigorously improve every system through
TQL focus. Because the better quality will lead to lower costs and satisfied customer, TQL is illustrated as complex
by continuous improvement, customer satisfaction, and employee involvement (Ravishankar and Santosh, 2014).
Continuous Improvement is the most central and universal component of TQM, and it is defined as “an ongoing
activity aimed at raising the level of organization-wide performance through focused incremental changes in pro-
cesses” (Bassant and Caffyn, 1997; Wu and Chen, 2006). Despite previous many studies of continuous improve-
ment, however, no clear connect the concept of CI with Continuous Process Improvements (CPI) and Continuous
Quality Improvements (CQI) at same time. This paper attempts to begin development of such an integrated frame-
work of TQM (Fig 1). This framework makes different sense from previous studies by the considering the shared-
value identifies why any improvement should be continuous and how to do that better and faster.

Fig 1. Integrated Framework of Total Quality Management
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According to TQM theory, the CPI creates positive and dynamic changes through analytical techniques,
quantitative methods, and creativity of all its stakeholders to continuously increase customer satisfaction (Bessant et
al., 1994). The CPI orientates to improve all the significant processes of the organization, and reduce costs, errors,
waste, and customer complaints. CIP addresses a way of how to fit all components of processes within an organiza-
tion for eliminating where potential all types of waste. Constantly pursuing CPI can engage total quality through the
involvement of stakeholders from all organizational sides (Kossoff, 1993). This means sustained improvements of
CPI occur through evolutionary involvement, in which case improvements are based on customers’ requirements
and expectations that need to be met.

Over the decades, TQM movements are linked to form an integrated system with customer emphasis. Reac-
tion of an integrated system or model in TQM is applied to continuously analyze as efforts are made to meet cus-
tomer expectations. Customer involvement in CPI has resulted quality improvements. The link between CPI and
quality has been expressed by the large number of researchers, and quality improvement is a result of CPI. It stresses
CPI find solutions of systematic problems that are difficult to overcome without listening to the stakeholders (cus-
tomers, employees, social communities, competitors). So, hereinafter, CPI and Continuous Quality Improvement
(CQI) are used interchangeably.

It is important to know that managing quality in an overall way is a big deal for CQI. In order to find out
right understanding of quality in continuous improvement, popular gurus of TQM have been expressed: it refers to
“satisfying the needs of customer, present and future” (Deming, 1986), “fitness for use” (Juran, 1989), and “Contin-
ually serving customers better and more economically, using the scientific method and team-work, and focusing on
removal of all forms of waste” (Roberts, 1993). As evident in these definitions, it is all about putting the customer
first to achieve goals. It is meaningful to consider customers are as an important part of quality improvement. Con-
way (1988) found that ‘customers define quality’, and in this paper, customer-focused CPI lead high quality im-
provement as continuous. This emphasis is needed to overcome the results of the process management in any organ-
ization (Juran & Gryna, 1980), and all types of organizations are necessary to know about customers’ voice and
opinion must be needed (Kinsley, 1979).

This paper develops an integrated framework of TQM with Shared-Value that is being discussed recently in
the old and narrow view of capitalism. Making a profit is largely a self-contained entity. It is not able to enhance the
competitiveness of an organization in current advancing economic and social conditions without thinking in value
terms. In order to create a distinctive value proposition that meets the needs and wants of the set of customers, most
of organizations have designed the value chain through the set of activities including creating, producing, selling,
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delivering, and supporting for decades. Integrating these parts in the value chain is considered to expanding econom-
ic progress

This means creating a value proposition is not yet overlooked around broad area because value is not just
benefits alone. Porter and Kramer (2011) identified the connection between societal and economic progress. This
perspective expands the previous concept of value creation process. To be competitive in market, most of firms fo-
cused on more and more products’ sales by customers for past decades. However, facing growing competition
shows that lower-cost, price competition, or return capitals to investors are not just only a way for value creation.
Even though set of activities (e.g., creating, producing, selling, delivering, and supporting) configure a distinctive
value proposition that meets the needs of a set of customers, fundamental societal needs affects value chains (Porter
2012).

In this paper, TQM is considered as a management paradigm that can be used for long-term success be-
cause it focuses on exceeding ever-changing customer expectations and continuous improvement of the quality.
Like any other integrated systems in an organization, all components of TQM are important to think wider range of
strategic visions and leadership. Total Quality Leadership has the power of how to continuously improve quality and
productivity. It is also overlooked opportunities of a distinctive value proposition that meets customers’ satisfaction
by acceptable quality. Moreover, only stakeholders can determine the success or failure of its commitment to quality
(Motwani, 1995). However, any value proposition not only creates demand for its products or services. It means
social needs provide opportunities for making more profits.

This paper attempts to express TQM is a big deal that has been recognized in value creation process. Value
creation process is the most important understanding in stakeholders’ needs and want, and its current transformation
establishes huge area in economic environment such as economic efficiency. Consequence of missed concepts of
value creation for last periods, economic progress has been just considered only the way. Here is viewed and over-
looked opportunities to meet both economic and societal needs must be together for value creation (i.e., shared-
value). We believe that understanding of TQM focused on competitiveness with both economic and societal pro-
gress in economic environment.
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TEAL ORGANIZATIONS — A REVOLUTIONARY INNOVATION IN
HR MANAGEMENT

Classical management theory is built on the division of labor, formal authority of the manager, the subordi-
nation of personal interests to the general interest, unity of command and management. Hierarchy and organizational
structures play also the crutial role in effective management of the organization. The vision of teal organizations
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completely changes the point of view on it. Human resource management in accordance with the vision of teal or-
ganizations assumes the lack of a hierarchical systems, as well as formal incentive systems But even though, the
efficiency, functions, not positions, self-regulation or self-regulation are more valuable in the process of evolution
and achieving business goals.

Aim and range of the topic analysis

The main goal of this article in to present a concept of teal organization through the prism of innovative
human resource management. This paper is based myself on the assumptions of Frederic Laloux and prof. Andrzej
Jacek Blikle.

The results

Modern organizations look at management as a successive process of planning, organizing, leading, con-
trolling the work of members of the organization as well as using all available resources of the organization to
achieve the intended goals. What may combine the vision of teal organizations with the classic model of human re-
sources management is the fact that both these views concern people who constitute the basic expenditure of each
enterprise - they drive every company. The overriding goal of the company is the action through which we get the
maximization of the involvement of members. Skillful use of talents, skills and strengths of employees draws atten-
tion to work on weak points of the organization. Frederic Laloux in his book “Work in a different way”, set a vision
of the teal organization, thus defining a new model, that is a self-managing organization in which there is no rigid
hierarchy. In such an organization, the employee is a member of an organization that performs all functions and acts
in a procedural way, that is, takes over responsibility for the initiated activities, which he treats as his own, projects.
Human resources management according to Laoux is focused on motivation, which affects the increase in the expe-
diency of actions taken by employees and the increase in the sense of weight and who thus become partners in the
implementation of business processes.

Professor Andrzej Jacek Blikle formulated a few principles on which an enterprise should be based, in or-
der to act in accordance with the vision of teal organizations, here are some of them: assuming that our main goal is
to change the world for the better - a change to a better work environment; creating a company on partnership, trust
and responsibility; elimination of competition for cooperation; elimination of incentive systems for the sense of sat-
isfaction with the activities performed and the type of employee; elimination of management (issuing orders and
controls) for self-organization of teams - making decisions by specialists rather than management; elimination of the
hierarchical management structure in favor of the network process structure, where the strength of the relationship is
based on trust and long-term contracts.

In the teal organization model, the emphasis is on self-regulation, that is, an activity that is consistent with
the system of values, preferences, needs, where one of the drives to act is the interest or value and purpose of the
goal. An important role is also played by the need for autonomy (impact on specific events) and the need for a rela-
tionship that in teal organizations satisfies the created space for exchanging experiences. In teal organizations, man
as an active individual, can develop and realize goals important for him, affecting his well-being (in the sphere of
mental, physical and social).

In teal organizations trust is the basis of success, employees have a real impact on the development of the
company, perform functions that are tailored to their potential, and their change is not due to coercion but their own
motivation, which is based on competence development. According to prof. Andrzej Blikle: ”...You can neither en-
trust nor command, nor even show, when there are no conditions for it. Where there is no trust, it must be laborious-
ly achieved by working primarily on building responsibility. There can be no trust without responsibility, but it is
also difficult to build responsibility when there is a lack of trust. Paradoxically, a lack of trust in us frees us from a
sense of responsibility towards him, which in turn deepens his lack of trust. And the loop is winding up”. But trust is
also a responsibility that must be understood in the right way. The professor distinguishes two types of responsibil-
ity: repressive and dignity. In the first situation, failure to comply with the obligation is punishable by repression or
punishment. Dignity responsibility, on the other hand, means that the failure to meet obligations is connected with
the loss of honor, which leads to feelings of shame. So it can be simplified to say that repressive responsibility is
punishment and dignity is a shame. However, with regard to the second type of responsibility, shame will only ap-
pear if we either act unethically unacceptable or fail to keep our commitments. Regardless of whether this shame
appears or not, in turquoise organizations dignity responsibility means a commitment to take two consecutive ac-
tions: to determine and remove (if possible) the consequences of failure; determination and removal (if possible) of
the reasons for failure.

In teal organizations employees should constantly develop, share knowledge and experience and support in
the performance of specific tasks. Communication becomes a key aspect of a well-functioning system of infor-
mation flow and the creation of space in which employees exchange their acquired experiences, create new ideas or
openly share their knowledge with no resistance. Thanks to this space, the sense and meaning of each employee
increases, thus we can more effectively manage the company's development. The biggest challenge, however, may
be the modification of the communication method itself, which means the change of existing habits and standards.
The role of the manager, who becomes an authentic team leader and mentor, also changes. According to Frederic
Laloux, the turquoise model of organization management is the next stage of development resulting from human
consciousness. It is hard to disagree with the author's statement, because the entry of new generations into the labor
market with a different work ethos and value system has become a fact. Managing organizations with a smooth flow
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of human resources and a flexible approach to the adoption of roles can better adapt to the expectations of the work
of representatives of this generation.

Conclusion

Human resource management according to the concept of teal organizations gives a wide range of effective
company operations. Skillfully use the talents and strengths of employees. Thanks to such a management system, we
can change the world for the better, we can create companies based on partnership. Communication, development,
autonomy, self-regulation, trust but also responsibility are the main components of the success of teal organizations.
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POLYMETALLIC DEPOSITS - CHALLENGES IN THE JOINT
EXTRACTION OF RESOURCES

Introduction

Nowadays the secure but at the same time sustainable metals supply has very high importance to various
industries and society in whole. The increase of clean energies and information technologies worldwide results in a
drastic rise of demand for metals, especially rare earths metals and many minor metals which are by-product of ma-
jor ones. The extracting industries are facing the situation when the deposits of metals are not as high-graded as they
have been in the past. The reason for that is the low possibility to discover new deposits of metals with high-grade of
metals in the ore. But at the same time latest developments in the technologies still allow to extract minerals eco-
nomically profitable from the deposits of much lower-grades, then those processed in the past [1]. And still stable
metals supply stays the main challenge. For example, the supply of copper is already in the deficit, and zinc is pre-
dicted to become soon one of the critical metals in the market [1]. When it comes to the extraction from the
polymetallic deposits containing critical metals, many inefficiencies occur. For example, if the extracting company
could not receive the permission to extract all the contained in the deposit resources or did not have the technology
to do so, the valuable metals stay in the waste rocks or tailings. This becomes one of the main environmental prob-
lems, initiated by mining.

Besides inefficiencies occurring in the industry of the polymetallic extraction the topic of joint metals min-
ing has not been widely addressed by the scientists and the amount of literature and studies of the topic stays poor

[2].

This short review aims to analyse the main economic challenges and problems of the joint extraction of re-
courses from the polymetallic deposits. These will be further used for the development of the economic models of
optimal joint metals extraction, selection of the most relevant target functions in the modelling.

Main challenges of joint metals extraction

Along with specific challenges of joint metals extraction common economic problems of the mining indus-
try influence the optimal extraction of several metals from the polymetallic deposit. Among these one should men-
tion the government policies. W. Ascher claims that “poor resources practices typically stem from faulty govern-
ment policies” [3]. He also have examined several case studies of wasting natural resources and distinguished in the
following policy failures:

- underpricing natural resources or products derived from them (which promotes excessive and rap-
id resources extraction);

- overpricing natural resources (which discourages worthwhile resource exploitation and promotes
conversion to less worthwhile resources);

- poor information (diverts decision makers from optimal strategies);

- unclear property rights (promotes rapid resource extraction and discourages resource development
because insecurity about receiving future benefits);

- monopoly arrangements (encourage inefficiency due to lack of competition and distort resource
prices).

Sometimes the state exploits resources in the following forms [3]:

- direct commands to over- or underexploit the resource base;

- under- or overcapitalisation of state agencies;

- poor investment decisions by state agencies.
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I. Kolstad et al. [4] suppose that corruption is the main reason why resource-rich countries perform badly in
economic terms and continue to extract their resources in an inefficient way. It is clear that these governmental poli-
cies leading to the inefficiencies in resources extraction are also valid for the extraction of the resources from the
polymetallic deposits. Since in the case of polymetallic mines the picture is more complex due to, for example, more
technologies for the extraction of several minerals or several metals markets, the problems can be even harder to
determine and to optimise. For instance, when due to the absence of the permission from the government to extract
the metals of interest, some of them stayed in the waste rock or tailings.

Along with failing governmental policies as reasons of inefficient extraction of metals, we can distinguish
technological and management challenges.

The development of technologies for the extraction from the polymetallic deposits is currently probably one
of the most burning questions. And still, mining sector doesn’t invest significantly into research and development of
new effective technologies [5]. Till nowadays many countries and mining sites have to deal with the consequences
of inefficient mining technologies of the past. Gold mining from the reef in the Witwatersrand basin (Johannesburg)
is a very good example of the extraction dependency on the technologies. Almost a hundred years ago the extraction
of gold from the reef reached a recovery between 65 and 80%. As the price for gold dropped and the reef became
lower-graded, surface burdens, outcrops, the resulting solid residues and tailings (from the inefficient flotation and
concentration processes) were piled up in the tailing dumps. The waste still contained not only gold, but other metals
too. Later in the middle of the nineties the company Anglogold developed the technology to extract the residuals
from the tailings and the extraction is happening till nowadays.

As it has already been mentioned before, mining companies will have to deal with lower-grade deposits in
the future [1] and still will have to provide the metals, the demand for which in increasing, especially in the devel-
oped countries. Besides that Mudd [6] states that there is overall tendency of increase in use and scale of open pit
mining. These both aspects will lead to the rapid extent of waste rock or overburden. That clearly shows that mining
companies should consider the recovery of resources from mining waste to minimise not only environmental conse-
quences and costs for environmental remediation, but also to process less ore. B. Dold [7] notes that “according to
the United States Environmental Protection Agency (EPA), water contamination from mining is one of the top three
ecological-security threads in the world”. That one more time underlines the significance of the shift of mining, es-
pecially technologically, towards the sustainability.

And last but not least, the management in mining should be mentioned. The described above aspects show
how the conditions in the mining sector are rapidly changing. That means that the usual strategies might not work
anymore or became inefficient and the new strategies should be developed. For example, each mine needs to be
economically evaluated. The literature study shows that sufficient literature on the economics of optimal extraction
of joint resources from the polymetallic deposits is still lacking, even though the topic attacts recently more and
more attention. The paper of Pindyck [8] discusses the case, but it considers gas and helium extraction, which differs
from the solid minerals extraction. Besides that it describes the two-staged extraction of the joint resources, during
which at first a composite ore is extracted and afterwards it is processed for the extraction of the separate minerals.
Currently engineers are considering the totally new concept of metals extraction from the polymetallic deposits.
They are aiming to reduce the extraction processes to only one stage, at which right away the needed minerals will
be extracted. As you can see, the development of new strategies and models for the extraction from polymetallic
deposits needs to be done in order to optimise the production. Here the new economic models with relevant target
functions can become very useful and improve the situation.

Conclusions

The mentioned challenges in governmental policies, management and technologies of joint metals extrac-
tion along with diminishing ore grades and increased demand for most of the resources become the key drivers for
the next steps towards the improvements:

- new instruments for controlling governmental policies, motivating governments to follow the
sound resources policies;

- development of new long-term strategies for the mining industry and economic models of the ex-
traction from the deposits with multiple minerals inside;

- special attention to what elements can be extracted, co-extracted, and/or separated from resultant
process solutions and a longer-term view of what constitutes the mineral resource, criticality of metals;

- discarding waste and tailings that are benign, therefore decreasing the expenses of environmental
remediation during mine closure;

- development of new separation and purification technologies for the recovery of all elements of in-
terest in the joint production of the minerals;

- the development of new efficient technologies to extract a suite of elements instead of one, the
most lucrative element, from complex polymetallic ores, concentrates, tailings and waste rock [1].
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10.B. BOXHO
benopyccxuii nayuonanvHvill mexuuyeckuu ynugepcumem

YCIYT'! HPOMBIHIVIEHHOI'O XAPAKTEPA KAK
WHHOBAIIMOHHBIM MTHCTPYMEHT INOBBIIIIEHU S
KOHKYPEHTOCITIOCOBHOCTHU NPOAYKIIUU UHAYCTPUAJIBHOI'O
CEKTOPA

Kak ormeuaer C.}O. Costo0BHUKOB, «<MHUPOBAasi M HAIIMOHAIbHASI 3KOHOMHKA, KaK M3BECTHO, 3TO JKHUBBIC H
OUYeHb OBICTPO 3BOIIONMOHMpYIOmHUE cucteMb» [1, ¢. 13]. OnmceiBas 0COOEHHOCTH COBPEMEHHOTO SKOHOMUKH,
JTAHHBIA aBTOp HCIONB3YeT TEPMHH «IOCTPBIHOYHAS 3KOHOMMKA,JI1 KOTOPOH XapaKTepHBI «paJHKaIbHOE H3Me-
HEHHE MEXaHW3MOB OpraHH3alUK 00MEHa MEX.y MPOU3BOAUTEISIMU U NOTPEOUTEIAMUY, a TAKXKE «HAINYUE BBICO-
K03()(hEeKTHBHOTO NMPOMBIIUIEHHOTO PON3BOJICTBA, 3HAUYNTEIBHOE YBEIMUCHHE NOJIM cekropa yciyr B BBII, nanb-
Heillee yBeIMYeHUE 3HAUCHUS 3HAHUM JUIs pa3BUTHS 3KOHOMHUKH, Pa3BUTHE HHTEPHET-TEXHOJIOTUH U HOBBIE (ITOCT-
PBIHOYHBIE) (HOPMBI KOHKYPEHTHO# 60ps0OBD» [2, C. 23].

OnHa 13 HanOoJIee 3aMETHBIX U 00CYKAaeMbIX TEHACHINI MUPOBOTO X035HCTBA - U3MEHEHHS B CTPYKTYpe
MHpOBOTo Xo03siicTBa. [To manusiM Beemuproro 6anka nons ycnyr B Muposom BBII ysenmumnace ¢ 64,2% B 2000 r.
70 69% B 2015 r. [3]. OTa TeHIEHINA XapaKTepU3yeT He TOJBKO HAIIPABICHHUE Pa3BUTUSI MUPOBOI SKOHOMUKH, HO U
HAaMOHAJIBHBIX 3KOHOMHK pa3HbIX CTpaH. «TeHmeHnus COKpalleHHs I0JIM HPOMBIIIIEHHOTO IPOU3BOZCTBA IPH
OJHOBPEMEHHOM YBEJIHUEHUS J10JIM ceKTopa yciuyr B crpykType BBII u 3anaroctu, HauaBmascs B cepenune 1950-
pIxX1T. B CIIIA, ceromHst HOCUT II0OANBHEINA XapakTep, - mumeT H).B. Mernemiko, - 1 3aTparuBaet He TOJBKO Han00-
nee sKoHOMHYeckH pa3Buthle cTpabl (CLA, 'epmanus, SAnonus, BenmukoOpuTtanus), HO U pa3BUBAIONIUECS CTpa-
HBI U CTPaHbI C TPAH3UTUBHOM SKOHOMHKOH, B TOM umciie U Pecmy6muky benapyce» [4, ¢.66].

OpHako cieayeT MPUHUMATh BO BHUMAaHHUE, YTO CEKTOP yCIyT KpaifHe HEOIHOPO/ICH, a JOMHHHUPOBAHHE XKe
ycIyr B cTpykType mupoBoro BBII u 3aHATOCTH HE 03HauaeT aBTOMAaTHUYECKH JEUHIYCTPHAIM3AIMIO YKOHOMHUKH,
IIOCKOJIBKY TaKOW POCT B 3HAYUTEIBHOI CTENEHH O0O0YCIOBJIEH aKTUBHBIM Pa3sBUTHEM YCIYTr HNPOMBIIIJICHHOTO Xa-
paktepa. I[lo maHHBIM npoBeneHHBIX B ['epmannn uccienoBaHuid ceronHs okoio 30% yciayr SBISIOTCS MPOMEXY-
TOYHBIM TIPOAYKTOM TNOTPEOJICHUS AJIsI POMBIIIIIEHHOTO IPOM3BOJCTBA, NPHU 3TOM 4YyTh MeHbIe 23% ycimyr 1mo-
TpeOIIsIeTCcss HeTOCPEACTBEHHO 00padaThIBaroIIeii MPOMBINUIEHHOCTRIO [5, €. 19]. FO.B. Meneniko mo 3ToMmy IOBOIY
orMmeuaeT: «CeromHs pocT cepsl ycIyr odecrieyuBaeTcs He CTOIBKO 3a CUET CIIPOoca JOMAIIHNUX XO35HCTB Ha yCiIy-
T'M KaK KOHEYHbIE IOTPEOUTEIbCKIE TOBAPHI, YTO OBIIO XapaKTepHO I CEPBUCH3ALMH SKOHOMUKH, HadaBIICHCS B
cepennHe XX BeKa, WM 3a c4eT (PMHAHCOBO-CIIEKYJSITUBHOIO CEKTOpa, a BO MHOTOM 3a CUET CIIpOca Ha YCIIyTH
MIPOMBINIJICHHOTO XapaKTepa, MPeICTaBIAIoNe cO00 IPOMEKYyTOUHOE TOTPEeOIeHNEe MPOMBIIIJICHHOTO TIPOU3BO I~
ctBay [4, c.72]. [lox ycimyramMmu MpOMBITIZIEHHOTO XapaKTepa YKa3aHHBIN aBTOP Mpe/yiaraeT MOHUMAaTh «X03sHUCTBEH-
Hoe Omara B hopMme neiicTBus, obecneunBaromee co3aanne, pa3BUTHE U (QyHKIMOHUPOBAHUE TEXHOJOTHH, CBSI3aH-
HBIX C pa3paboTKOI, MPOM3BOACTBOM, pear3anneil M CEPBUCHBIM OOCTYXMBAHUEM HPOMBINUICHHON MPOTYKIAN
[4, c.65].

®dunaHcoBo-3koHOMUYeckHid kpusuc 2008-2009 rr., HOCAIUI TII00aTBHBIN XapakTep, OKa3al yI3BUMOCTh
SKOHOMUKH, OCHOBBIBAIOILEHCS HA CHEKYJISTHBHBIX YCJIyrax. BOIbIIMHCTBO SKOHOMHUYECKU-PA3BUTBIX CTPaH, U B
nepyto ouepens CIIA, Hauanu NpoBOAUTH AKTUBHYIO MNOJIUTUKY PEMHIYCTPUANIN3alUU U HOBOM MHAyCTpHAIM3a-
LUH, CTUMYJIUPYS pa3BUTHE HAIMOHAIBHOM IPOMBIIUIEHHOCTH, MPEUMYHIECTBEHHO BBICOKOTEXHOJIOIHUYHBIX U
HayKkoeMKHux ee ortpacieid. Hapoanoe xoszsiictBo Pecnyonuku Benapych TpaguumoHHO 0azupyercs Ha WHIYCTpH-
AIBHOM CEKTOpEe, Ha CETrOJHSIIHMI JIeHh HE CIIOCOOHOM B IIOJIHOH Mepe OTBEYaTh BBI30BAM YETBEPTOM ITPOMBIIII-
nenHoit peosmorun. C.}O. ConooBHUKOB muineT: «...B PecrnyOnuke benapych ycrnemHoCTs MOJEpHHU3AIMH DKO-
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HOMHUKH IIPEXK/IE BCETO 3aBUCHUT OT TOTO, yIACTCs JI CO3/1aTh B CTPAHE COBPEMEHHBIN MHIYCTPHAIBHBIN CEKTOD, T.€.
MEPEUTH OT MAacCOBOTO MPOHM3BOACTBA 10 THOKOTO CHENMATN3MPOBAHHOIO B OTBET HA TEXHOJOTMYECKHE MHHOBA-
aum»[6, c.4].

YerBepTas MpOMBIIICHHAST PEBOJIIOIHSA, I KOTOPOH XapaKTepHBI « ‘Be3aecymuii” 1 MoOMIbHEINA MHTEp-
HET, MUHUATIOPHBIE TPOM3BOACTBCHHBIC YCTPOUCTBA (KOTOPBIE OCTOSIHHO JICIIEBEIOT), HCKYCCTBEHHBIH HHTEIUICKT
u oOygaromuecst MammuHbE»|7, C. 10]kapaIuHaIbHO MEHSET XapakTep MPOMBIIUICHHOTO MPOU3BOICTBAa. B KadecTBe
KJIFOYEBOM OTJIMUNTEIBHON YepThl ueTBepTol nmpoMbinuieHHol peBostoru K. 111Ba6 Beigenser popMupoBaHue Ku-
Oepdusnueckux cucTeM, SBISIOUIMXCS PE3YJIbTATOM CHHTE3a Pa3IMYHbIX TEXHOJIOTHH - «OT pacumdpoBKu HHDOP-
Mallyy, 3alMCaHHOM B YEIOBEYECKUX IeHaX /10 HAHOTEXHOJIOTHH, OT BO30OHOBIISIEMBIX SHEPrOPECYPCOB JI0 KBaHTO-
BBIX BBIYHCIEHUI» [7, c¢. 11]. IMeHHO knbepduznveckue cucTeMbl, 00bEANHSIIONINE BCEe TIPON3BOICTBEHHBIE TIPO-
LIECCHI B OJIHY CETh B PEKUME PEaJbHOIO BPEMEHH, CAMOHACTPANBAIOLIHECS M caMO00yJaronyecs, Jexar B OCHOBE
«yMHBIX 3aBOJIOB.

Taxue TEXHOJIOTHH YETBEPTOH MPOMBIIIICHHON PEBOIOLNH, KaK OSCIHMIOTHBIE TPAHCHIOPTHBIE CPEICTBA,
3D-nevath, poOOTOTEXHIKA, HOBBIC MaTepHAIIBI, HOBBIE CITOCOOBI cOopa u aHanu3a naHHsX (BigData, DataScience),
MHTEPHET BeIleH, O3BOJIIOT OPraHN30BaTh THOKHU, MHTETPUPOBaHHBIN, HHOPMATHBHBIN U OTIEPATHBHO YIPABIIA-
€MBIH NPOIECC MPOM3BOJCTBA M PEATH3ALNH NPOMBIIUICHHON npoayKuuu.Ilpn 3ToM ruOkocTs U ONEpaTHBHOCTH
JOJDKHA OBITH oOecrieueHa Kak B yacTh obOecrieueHus HHPOPMAIIMOHHOTO TOTOKA OT MOTPeOHTENeH K IPOU3BOIUTE-
JSIM MUTH MEXKAY TOApa3AeIeHIIMH IIPOU3BOICTBA, TaK M B YaCTH 0OECIICUEHHsT BOSMOXKHOCTH Pa3HOOOpas3us mpo-
W3BOJICTBA, HAIIPUMEDP 32 CUET MCIIOJIb30BAaHMS CTAHKOB C YHCIOBBHIM IPOIPaMMHBIM yrpaBieHueM. «HoBblid TuI
MPOMBILIJICHHOT'O MPOU3BOJICTBA, 0A3UPYIOUIMHCS HA TEXHOJIOTHSX NMPOMBIIUICHHOTO WHTEPHETa Bellei, OoMbImx
nanubix (BigData), momHO# aBTOMaTM3anmMy Mpou3BoACTBa, - mumer KO.B. Merneiko, - MO3BONSET HE MPOCTO HH-
TEHCU(HUIUPOBATH NPOU3BOJICTBEHHBIH Mpoliecc (MMOBBICUTH MPOU3BOIUTENLHOCTD TPY/d, CHU3UTh YPOBEHb Opaka),
HO ¥ c()OPMHPOBATH €AMHYIO ITyOOKO MHTErPUPOBAHHYIO LENOYKY CO3JaHUsI CTOMMOCTH, KOOPANHHUPYIOIIYIO Jesi-
TEJIFHOCTh BCEX €€ YYaCTHHKOB(OT pPa3padOTYMKOB M M3TOTOBUTENEH O KOHEYHBIX HOTpeOUTENEH), N TpHU HEOOXO-
JVMOCTH OTIEPATUBHO aIalITHPYIONIYIOCS K HOBBIM MOTPEOHOCTSIM pBIHKa»([4, c. 74].

HoBble TEXHHKO-TEXHWYECKHE BO3MOXXHOCTH OPTaHM3aIMH NPOMBIIUICHHOTO IPOW3BOJICTBAKAPIMHAILHO
MEHSIOT XapakTep KOHKYpEHTHOH OOphOBI Ha MEXAYHApOAHBIX phIHKax. [lo crmpaBemmmBomy mueHuio H0.B. Me-
JIETIKO «KOHKYPEHTOCTIOCOOHOCTH MPOIYKINH B 3MI0XY YE€TBEPTOI MPOMBIIIIEHHOHN PEBOMIOINH 00eCcTIeunBacTCs 3a
CYET MCIOJIb30BAHMUS MHHOBAIMH, HAalPaBJICHHBIX, B IIEPBYIO OYEpe/Ib, HAa KAUECTBEHHOE NU3MEHEHNE TIPOU3BOIUMON
MIPOAYKIIMH, @ HE Ha CHIDKEHHE 3aTpaT». B CBsI3M ¢ 3TUM yKa3aHHBIN aBTOpP MPUXOIUT K BEIBOZY, YTO 0c000€ 3Hade-
HHE B 3THUX YCIIOBUSIX MPHOOPETAIOT «YCIYTH 1O pa3pabOTKe W BHEIPEHHIO NpoAyKuuu B npousBonctso (HUOKP,
JU3aiH U T.JA.) ¥ YCIYyTH, COIIPOBOXKAAIOIINE MPOMBIIIICHHYIO IPOAYKIUIO (MAapKETHHIOBBIE YCIIyTH, IPOEKTHPOBA-
HHUE, KOHCAJITHHT, Ipo(ecCHOHANbHOE 00yUYeHHE U T.11.)»[4, ¢. 74].

[To mepe TOro, KaK MPOMBILLIEHHOE [TPOU3BOICTBO CTAHOBUTCS BCE OOsiee KIIMEHTOOPHUEHTHPOBAHHBIM, B
TOM YHCJI€ 3a CYET HCIIOJIb30BaHUA TEXHOJOIMH 4eTBEPTOH MPOMBIIITICHHON PEBOIOINH, HU3MEHAETCS U 3HAaUeHUe
YCIIYT MPOMBIIUIEHHOTO XapakTepa. Ecii paHblie 3TH yciayru OTHOCHIIMCH K BCIIOMOTATEIbHBIM IIpoLieccaM Mpou3-
BOJICTBA, TO CETOAHS Bce OOJIbIIiee YMCIIO 3aHATHIX M BCe OoubIas 1071 H00aBICHHOW CTOMMOCTH HPUXOIUTCS Ha
YCIYI'H TIPOMBIIIIEHHOTO XapakTepa. JTa TeHJCHILMs MOIydYWa Ha3BaHHWE «TE€pPIUAN3alus MPOMBIIUICHHOCTH.
HccnenoBanus, IpoBeAeHHbIE SKOHOMUCTAMH, TOKa3ajld, YTO CETOJHS B CpeJHEM B 0OpadaThIBAIOIIECH MPOMBIII-
JIEHHOCTH ['epMaHuM 1101 yCIIyr NPOMBIIUICHHOTO XapakTepa (M0 KOJIWYECTBY 3aHATHIX) COCTABISET OKOJO
52%.I1pn 3TOM JHAEpaMH 110 KOJIWYECTBY 3aHATHIX B YCIYrax IMPOMBIIUIEHHOTO XapaKTepa sBISIOTCS (hapManeBTH-
ka (70,7%) 1 mMpOU3BOACTBO AJIEKTPOOOOPYIOBAHUS, SJIEKTPOHHOTO M ONITHYECKOro 0bopynoBanus (66,4%), To ecTh
BBICOKOTEXHOJIOTUYHBIE U HAYKOEMKHUE OTPACITU MPOMBIIUICHHOCTH [8].

B PecnyOnnke bemapych B 2015 1. 101 Takux yCIIyT MPOMBIIUIEHHOTO XapakTepa B 3aTparax oTpacieit
MIPOMBIIIJICHHOCTH BapbUpoBaiack oT 4% (TMPOM3BOACTBO MUIIEBBIX MPOAYKTOB, BKJIIOUAas HANMTKU, U Tabaka) 10
21% (mpon3BOACTBO MAIIMH M 000pynOBaHMsA).Pe3yIpTaThl MPOBEACHHBIX UCCIIEOBAHUM MMO3BOJISIOT CAEIATh BBI-
BOJI, YTO JalbHEWIIas MOJICPHU3ALNH OEIOPYCCKOTO MPOMBIIUICHHOTO KOMITIEKCa (B CTOPOHY Pa3BHTHS HAYKOEM-
KAX M BBICOKOTEXHOJIOTMYHBIX HPOW3BOJICTB, YBEIWYEHHUs YPOBHS KIMEHTOOPHEHTHPOBAHHOCTH W BHEIPEHHS B
TIPOM3BO/ICTBEHHBIH MPOIECC TEXHOJIOTHH YETBEPTON MPOMBIIUICHHONH PEBOJIIOIMN)0YIET CIOCOOCTBOBATH TIEpEHe-
CCHHUIO «’TIEHTPA TSHKECTH IPOMBIIIICHHBIX MPEANPHATHH C N3TOTOBICHUS HA YCIYTH IMPOMBIIIIIEHHOTO XapakKTe-
pa, 3a c4eT KOTOpPHIX M OyxyT (opMHPOBATHCS OCHOBHBbIE KOHKYPEHTHBIE IIPEUMYIIIECTBA IPOMBIIICHHON ITPOIyK-
uun»[4, c. 76].
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E. A. BEPEXXHUKOBA, A. 10. MAKEEB
JloHeykuti HAYUOHATLHBIU MEeXHUYeCKULL YHUBEPCUmMEN!

HEOBXOANMOCTD SHEPI'OCBEPEKEHUS HA YI'OJIBHBIX
IMAXTAX

Henb: nccnemoBaTh SHEPTOCHAOKEHUE HA YTONBHBIX MAXTaX U BBIIBUTH CIIOCOOBI €ro SKOHOMUH.

MupoBsle 3anachl yIiisl 3HAYUTEIBFHO MPEBHIIIAIOT 3aI1ackl JPYTUX BAIOB TOIUIMBA. PRIHOK yriis Ooee KOH-
KYPEHTOCHOCOOHBIH, YeM PHIHOK He()TH WM IPHUPOTHOTO Tasa, TaK KaK 3aJIe)KH YIIIS MPAKTHYSCKH PAaBHOMEPHO
pAacIoJIo’KeHBI BO BCEX CTpaHaX MHpa.

HexkoTopbie cTpaHbl OTKA3bIBAIOTCS OT JOOBIYM YIJISl WM YMEHBIIAIOT KOJMYECTBO pa3pabaThIBAEMbIX Me-
CTOPO’KACHHH, TaK KaK 3TO OTPUIATENHLHO BIHMSIET HA 3KOJIOTHIO, HO MOJIHOE MPEKpalleHie paboThl OTPacin BO MHO-
I'MX PETHOHAaX HEBO3MOXKHO M3-32 3aBHCUMOCTH OT YIJIsl B Ka4eCTBE TOIUTUBHOTO pecypca, Tak Kak 1o0brda HedTH u
raza aepunuTHa. BelencTBue 3TOro yrojip SIBISETCS TOIUTUBHO-YHEPTETHYECKUM PECYpCOM, KOTOPBIA JOJIKEH
obecrieunTh 6€30MacHOCTh PETHOHA.

Juis Gonee peHTaO0CTHHOTO (DYHKIIMOHMPOBAHUS MIaXT HEOOXOANMO, B MEPBYIO OYepeb, CHU3UTh MOTPeO-
JICHHUE BCEX YHEPTETHUCCKUX PECYPCOB, KOTOPBIE HEOOXOIUMEBI IIPH JOOBIYH YTIIA.

VYronpHas maxta TpeOyeT MOCTOSHHOTO YBEIHYCHHS OOBEMOB AJIEKTPONOTPEONICHHS, KOTOPOE BBI3BAHO
HETIOCPEICTBEHHO POCTOM JOOBIYM YTIIS, TEXHHUYCCKUM IMEPEOCHAIEHHEM IMPEANPHATHS, a TaKXKe MOCTOSHHBIM
YXYALIEHUEM FOPHO-T€O0JOrHUECKUX YCIOBUI, HAPUMED: IPUTOK IIAXTHOW BOJbI, YBEIMUEHHUE BBIICICHUS METAHA,
MPOTSHKEHHOCTH TPAHCTIOPTHBIX BHIPAOOTOK H T. 1.

YMEHBIIUTD 3IEKTPONOTPEOICHHE MOXKHO 33 CUET MOBBIIICHUS TPOU3BOAUTEIFHOCTH U PUTMUYHOCTH pa-
OOTBHI IIAXThI, Pa3pabOTKH ¥ BHEIPEHHS MEp IO CHIDKEHHIO Pacxo/ia AJIEKTPOIHEPTHH, HAIIpUMep, C OMOUIBIO arl-
naparypbl, 00ecreunBaroniel KOHTPOJIb 32 PErIaMEHTHPYEMONH HOPMOH 3arpy3Kd TEXHOJOTHUYECKOTO 00O0pyaoBa-
HUSI, COKpaIIeHus: paboThl YCTAaHOBOK M MAIlIMH Ha X0JIOCTOM Xofy. KonmuecTBeHHast onieHKa 3pPEeKTUBHOCTH HC-
MOJIb30BAHUS AJIEKTPOIHEPTHUH Ha LIAXTE NMPH MHTEHCU(UKAIMK MPOM3BOACTBA OCHOBaHA Ha IPEACTABICHUU IO-
TpeOIgeMoii IaxToil aKTHBHOW YHEPTUH B BUJE IBYX COCTABIIIOIINX:

- mepBasi — MEKTPHUYCCKAsh YHEPTUs, HE 3aBUCAIIAS OT KOJIUYECTBA JOOBITOTO YIS, KOTOPYIO ITO-
TpeOJIAIOT BEHTHUIIATOPHEBIE, BOJOOTIMBHEIC W JIPYTHE YCTaHOBKH, HEMOCPEICTBCHHO HE CBS3aHHBIC C MPOIECCaMU
€r0 BBIEMKH H JOcTaBKU. Ha momo Takux yctaHOBOK npuxoautcs o 70 % obmiero notpebieHus 3IeKTPOIHEPTHH B
LIaxTe;

- BTOpasi — DIIEKTPOIHEPTHS, 3aBUCSINIAS OT KOJIMIECTBA JOOBITOTO YIIIS U mMOTpedisieMast 3a00HHbBI-
MU MAaIlMHaMH, TO/J3EMHBIM KOHBEHEpHBIM TPAHCHOPTOM, CKUIIOBBIM MOABEMOM U IPYTUMH MallMHAMH U MeXa-
Hu3MamH. YeTkas opraHu3aiys mporecca JOOBIYHM, COOTBETCTBYIOIIAs TOPHO-TEOJOTHYECKUM YCIOBUSIM BBIEMKH
YT, a TakKe TeXHHYECKH 00OCHOBaHHAsS palMOHAJIbHAS IIAXTHAS TPAHCIIOPTHAs apTepus YIIIENOTOKA — peIaio-
e GakTopsl 3QHEKTHBHON ACSSITETLHOCTH TIPEITPHUSITHS.

Permonsl, B KOTOPBIXyTJe100BIBAONIAs OTPACHIb SBISETCS HEOTHEMIIEMOW YacThIO SKOHOMUKH, JOJKHBI
OTHOCHTBCS K 9HEPTOCOEpeKEeHNIO, KaK K BAKHEHIIIEMy HAIPABICHUIO XO3SHCTBEHHON JESTEIHPHOCTH BCEX YTIIEH0-
OBIBAIOIINX TIPEINPHUATHH, TaK KaK IIPOUCXOANUT OeclpepbIBHOE YAOPOKaHNWE TOTUIMBHO-3HEPT€THYECKUX PECYPCOB.

Jns monyiep kaHust )KN3HECTIOCOOHOCTH NIAXThl HE3aBUCHMO OT TOTO MPOM3BOAUTCS JIOOBIYA YIS WM HET
TpeOyroTcsl 3HaunTeNbHbIe, cBbime 70 % olIiero pacxoja, 3HEPro3aTpaTbl— Ha BEHTHIISIMIO, JAEra3aliio, BOJOOT-
JIUB U JIp.

Pacnpenenenne pacxosna 3JIeKTPOIHEPIHU MO OOBEKTaM HOTpeOJICHHS Ha [IaxTaxX LEHTPaIbHOTro paioHa-
Honbacca 3a 2012 rox npu obuieM noTpeGieHnH 31eKTposHepruu 776,468 MiaHkBT 4 B rojmokasano Ha pucyHke 1.
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Pucynok 1 — Pacnpenenenune pacxona 3JeKTpOIHEPTHH IO 00BbEKTaM IOTpedieHus Ha maxTtax [[P/] B
2012r.
Jnst cpaBHEHHsI IPUBEJIEM CTPYKTYPY paclpelesieHus] pacxoa JIEKTPOIHEPriuH 1Mo o0bekTaM notpedie-
HUSI Ha maxTtax MuHsHeproyrist Ykpaunsl B 2012 rox npu obiem norpebiieHun sekTposHeprun 3487,387 miH-
kBT'4 B rog nokazaHo Ha pUCYHKe 2.

9.2% 0,7% 13.5% m KomnpeccopHble
’ ) ()

YCTaHOBKU
2,2%
'/f__la,ﬁl‘{z m KoTesbHble
/ 3,4%

m OborouleHne
l‘ B TexHONorn4YecKui

Komnnekc

5,5% 5,9%

Pucynoxk 2 — Pacnipenenenue pacxo/a 3JMeKTPOIHEPTHA 10 00BEKTaM MOTPeOICHNUS Ha mIaxTax MuH3HEp-
royris Ykpaussl B 2012 1.

Crenyer oOpaTHTh BHUMaHHE Ha TO, YTO KOMIIPECCOPHBIMU YCTAHOBKAMH Ha MIaXTaX LEHTPAIBHOTO paiio-
Ha Jlonbacca moTpedisercs mouTy B 3 pas3a OObIIe 3JICKTPOIHEPTHH, YeM KOMIIPECCOPHBIMU YCTaHOBKAaMH BCEX
maxT MUHIHEproyrist Y KpauHsl.

B 1999 r. HUUT'M um. M. M. ®enopoBa ObUTH OmpeIeNeHbl TaKue 3Talbl IMPOBEICHHS DHEProayanuTa
LIaXT:

- MOJyYeHHE U aHAIN3 OOLIHMX JAHHBIX O PEANPUSITHH;

- H3y4YeHHE TOIUIMBHO-3HEPreTHYECKHUX MOTOKOB MO MPEANPHUITHIO U MO OTIENbHBIM TEXHOJIOTHYe-
CKHUM

- mpoleccam;

- yIITyONEeHHBIH 3HEPreTHUECKUH ayTUT 3HEProeMKHX MOTpeOUTeNell W OTHAEeNbHBIX TEXHOJIOTHYe-
CKHX IIPOLIECCOB;

- aHanu3: 3¢dexTuBHOCTH HcTIoNb30BaHU TOP mpennpusiTieM; MONMyYeHHBIX PE3yJIbTaTOB SHEp-
roayauTa W pa3pabOTKa OPraHM3AIMOHHBIX M TEXHHYECKHX MEpONpHATHA 1o skoHoMuu TOP; TexHHMKO-
9KOHOMHYECKOH 3(P(PEeKTUBHOCTH BHEIPEHHS 3HEProcOEpeTaroNiX MEpONpPHATHH; CPABHUTEIBHBIN MOITYYEHHBIX
pe3yIbTaToB;

- BBIOOp HOBBIX MPHOPUTETOB U MOCTAHOBKA 3a/1a4 HA JaNbHEHIIee CHIKEHHE YHEPrOeMKOCTH IIpo-
OyKiuu u norpednenust TOP.

B pesynbrare nposeaennoro HUMI'M um. M. M. ®@enopoBa sHeproayaura Ha 6onee yem 20 npeanpusiTu-
SIX YrOJBHOW OTpaciM YCTaHOBJIEHO, YTO JUIsl MOBBIMIEHUS 3((HEeKTUBHOCTH Hconb30Banus TOP Ha maxrax HeoO-
XOIHMMO:

- COKpPATHTh HEKOHTPOJIUPYEMBIE TOTEPU IHEPTUY;

- JMBEpCU(HUINPOBATh UCTOUHUKHM CHAOXKEHUSI SHEPIUEH, B TOM YHCIIE 3aMEHUTb, TI€ 3TO LEeNeco-
00pazHo, TpaJUIIMOHHBIE SHEPTOHOCHTEN YHEPTOHOCUTEISIMU N3 BO30OOHOBIISIEMBIX HICTOYHUKOB YHEPTHH;

- ONTHMU3UPOBATh CTPYKTYPY OSHEPromnoTpeOsieHns B ILESIX IOBBILICHHS OKCILTyaTallMOHHON
HaJIS)KHOCTH, 0€30MaCHOCTH YHEPTOCHAOKEHNS U 3aIUTHIOKPY>KaIOLIEH CPeIbl.

Peanmzanuns 5THX HamnpaBiieHHIH SHepProcOepexeHus! Mpu MPOBEICHUN SHEpProayauTa Ha yroJbHBIXIIPE.-
MIPUATUAX TO3BOIHT CPOPMYIHUPOBATH CTPATETHUIO SHEPTONCIIOIB30BAHNUS, BELIBUTH MOTEHIINATIIHEPTOCOEPESIKEHHIS,
pa3paboTaTh OpraHM3alMOHHBIEH TEXHHYECKHE MEPONPHUATHS, HAIpaBICHHBIE Ha CHIDKEHHE pacxoja IO orJiare
ANEKTPUUYECKONH M TEIUIOBOWIHEPTHH, YMEHBIICHHE A0JIX 3aTpaT Ha TOP B 0OMHMXIKCIUTyaTallMOHHBIX pacxomax
npeanpusaTus Ha 10—15 %, a Takke Ha CHIKEHHUE YACILHOTO MOTPEOICHHS dIEKTPOIHEPTHH Ha TOOBITY yTJIsl.
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A.M. TPUHYEHKO, EM. KPABIIOBA
IOV BIIO «/[oneykuti HayuoHanbHblll mexHuyeckul yHusepcumemy, /Joneyx

«30JIOTBIE I'OPbI TOHBACCA» KAK HCTOYHHUK
IKOHOMMNYECKUX BbIT'O/L

Annomayus. Hccnedoeana 603MONCHOCMb U CHOCOObL NONYUEHUS 8bl200 NPU UCNONLIOBAHUU UWAXIMHBIX
MeppuKoHO8.

Kniouegvie crnosa: meppukon, 00x00, y20.ib, peOKozemenbHble MEMaiibl, HO8ble MEXHOI02UU

AKTyanbHOCTB. [11axThl 1 TEPPUKOHBI ABISAIOTCA «BU3UTHON KapToukoit» JloHerkoro kpas. TeppHUKOHBI —
9TO PYKOTBOpPHBIE ropbl JJoHOacca, KOTOpble B pe3ylibTaTe UX NepepabOTKU WM MPOYEro HCHOJB30BaHUS MOTYT
NpUHOCHUTH NPHOBLTE. Ha TeppuTopru pernoHa pacnosyiokeHo okono 580 TeppuKoHOB, U3 HUX 114 ropsimx, a Tak-
e IIJAKOHAKONUTENIN U WIOHAKOMUTENIHN I CKIaJAUPOBaHHUs OTXOM0B TOPHOTO Ipou3BocTBa. JIroOble mpou3BoI-
CTBEHHBIE OTXO/bI IPHHOCST BPE] OKPYKaIoIleH cpese, 3A0pOBbIO JII0JIeH, HAPYIIAIOT ECTECTBEHHBIH peibed MecT-
HOCTH, 3aHHMAIOT 3eMeJbHbIE IUIOMAAHN, 3arPA3HAIOT BOAY, BO3AYX, YepHO3EMbI U Ip. BHYTpH TeppHUKOHOB MIaXT U
Ha TOPHOOOOTaTUTENBHBIX (PaOpPHKAX HEPEIKO MPOTEKAIOT PA3IMYHbIE IPOIECCH TEXHOI€HHOTO MHPOMETaMophu3-
Ma, KOTOpPbIE NMIPUBOAT K CTOPAHHUIO YIS (30HBI C OKHCIUTEIBHBIM PEXUMOM 00XKHTa), MMPOJIU3Y YIJIs (30HBI BOC-
CTaHOBUTENBHOTO 00kwura, Temneparypa gocturaer 800-1000°C); mpouCcXomiT peakuy JeTUAPATALUN CIOUCTHIX
CHJIMKAaTOB, HMEIOIINE CIEACTBIEM MaccOBOE MCIapeHue BoJpl, a Takxke ynaneHue F, Cl Ha HagambHBIX 3Tanax ro-
penus otBana (temreparypa gocturaet 600-700°C), pasnoxenue kapbonatos ¢ ynaneauem CO u CO2 u o6paszoBa-
HUEM mepukiasa, u3Bectd u deppuroB (T=600-800°C), mokaibHOE MaBICHHE C 00pa30BaHUEM OCTEKJIOBAHHBIX
KIuHKepoB U 6a3uToBbIX napanas (T = 1000-1250°C) [1]. Bce 3tu mporiecchl NpUBOIAT K paJUKaIbHOMY H3MEHe-
HUIO (ha30BOI'0 COCTaBa OTBAJIBHOM MacChl M OYEHb BPEAAT 3KoJoruu. OJHAKO COBPEMEHHbIE TEXHOIOTHH O3B0~
10T 00paTUTh Bpe B T0JIb3Y. TEPPUKOH MOXKHO pa3o0paTh, N3BJIEKas! ICHHBIE XUMHYECKUE DJIEMEHTHI U ChIPbE LIS
MECTHOM IPOMBINUIEHHOCTH. [leperopeBiuuii MOpoAHBIA OTBal MOXHO MCIOJIB30BAaTh B LieNsiX OusHeca B cdepe
YCIIYT | pa3BJICYEHUIl, a MOXKHO MPOCTO €T0 03€JIEHUTh U CO3aTh KPEaTUBHYIO APKOBYIO 30HY.

IMocranoBka npodJembl. [IpobieMoii nCTIONB30BaHKS TEPPUKOHA 3aHUMAJINCh MHOTHE CIIeIHaINCTHL. [1o-
cnenaue paspabotku cienyromue. JI.I'. 3ybosa, H.B. OneliHUK paccMaTpHBaid BOIPOCH UCIOIB30BAHUS ITOPOJIBI
maxT JoHOacca mis moxydeHus Bucmyta u kenesa [2]. C.I. Beidopos, A.A. CrimH McciaenoBaiil BO3MOKHOCTH
HCTIONB30BaHUS OTBAIBHBIX IOPOJ B KadecTBe amoMuHUEeBOro chipbs [3]. K.M. Bepex-bunoycosa pa3pabarteiBania
MEXaHU3M yTUIN3alUHU OTBAJIbHON OPOABI YTONbHBIX MAaXT [4]. Bce oHM conumuch Ha TOM, 4TO AJIS HCIIOJIb30BAHUS
TEPPHUKOHOB C LENBI0 MOJTYYSHHsT SKOHOMHUYECKHX BBIT0J] HEOOX0IMMO UMETh I0pOrocTosiiee 000py10BaHUE U J0-
cTaToyHOe (PMHAHCHPOBAHHUE, KOTOPHIC HAa JaHHBII MOMEHT OTCYTCTBYIOT.

Ilesqbl0 HACTOSIIETO HCCIEAOBAHUS SBISETCS NPHUBJICYEHHE BHUMAHMA CIIELHAINCTOB, YYEHBIX, OOIIe-
CTBEHHOCTH K JJaBHEH HepeleHHOH MpolieMe UCII0Ib30BaHus TOPOIHBIX OTBAJIOB YTOJIBHBIX IAXT — TEPPUKOHOB U
[JTAKOHAKOIHUTENEH, BRIIBJICHNE BOZMOXKHBIX CITIOCOOOB M3BJICYECHHUS BHITOJ], 0000IIeHNEe HMEIOIET0Cs OIIBITA.

H3i0:xeHne 0CHOBHOro MatepuaJia. Ha cerogusmHuii [eHb yroJbHBIE TEPPUKOHBI MOTYT CTaTh UCTOY-
HUKaMH MepepadOTKN ¢ BO3MOXHBIM H3BJICUCHHEM YIS, PEIKO3EMENbHBIX METaJUIOB (TepMaHus, CKaHAUS, TaJlIHs
U B HEKOTOPBIX CIIy4asX UTTPHS U JaKe IUPKOHNUS ), MM, CBUHIIA, HUKEJIS, INHKA, OKCHI0B METAJJIOB, NIOPAJIEBBIX
CIUIaBOB, CHJIMKATHBIX MaTepHalloB, wienouei, 3oio0ta u npouero. CHIA, IMonbma, I'epmanus, SAnoHust u apyrue
CTpaHbl aKTUBHO HCIOJIB3YIOT TEXHOJOTHH IEpepabOoTKH TEPPUKOHOB Ul JOOBIYM PEIKO3EMENIbHBIX METAJIIOB,
KOTOPBIE MPEACTABIAIOT OTPOMHYIO LIEHHOCTh, HAIIPUMEP, C MOMOILBIO 3IEKTPOCTATUYECKOro cemnaparopa. IIpuH-
LUIT ero paboThl 3aKJI0YaeTCsl B PasJelIeHUH MHUHEPAJIOB IO AJIEKTPOIPOBOIHOCTH, KOTOPOE IMPOU3BOJIUTCS B BO3-
IOYIIHOH cpenie B HEOJHOPOIHOM 3JIEKTPHYECKOM T10JIe TOCTOSTHHOM MOJISIPHOCTH [S].

B oxHOIT TOHHE TIOPOABI M3 OTBaNA (TO €CTh OTXOJ0B) COAEPKAHNE PEAKO3EMENbHBIX JIEMEHTOB COCTABIIS-
eT: repMaHuii — 55 T (peHTabenbHOCTs HauMHAETCs ¢ 3 /1), ckaHauil — 20 T (peHTabenbHOCTh HaunHaercs ¢ 10 1/1),
rayumii — 100 1 (perTabenpHOCTS HaunHAaeTes ¢ 10 1/T), Takke UMeeTcsl B He3HAUUTENIFHBIX KOJMYECTBAaX UTTPHHA, B
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PENKUX CIydasx — NUPKOHHWHA. MeTogoM apu(METHIECKHX pacdeToB, KOTOpPhIE MPEICTaBICHBI B Tabn. 1, u3ydus
IIEHBI Ha MHUPOBOM PBIHKE Ha MPEICTABJICHHBIC PEIKO3EMENbHbIE METAJUIBI, U 3HAs, YTO OJUH TCPPUKOH COICPIKUT
OKOJIO 2 MJIH. T TIOPOJBI, MOKHO TIPEAIIONIOKHUTh, YTO MPOJAaB C OJHOTO TEPPUKOHA MPEICTABICHHBIE PEAKO3EMETb-
HBIE METAJIIbI, OJy4aeM A0X0[ 0kojo 284 muH. §.
Tabnmma 1 — Pacder moxoma oT peanu3aiy peaKo3eMeIbHBIX METAIIIOB,
M3BJICUYECHHBIX C OJHOTO TEPPUKOHA

Ne HanmMenoBanue me- ena Ha Mupo- Pacuer Ha 1 T TepprUKOHA CyMMBI TPUOBLTH OT Tpogaxku P3M
n/n Taja BOM pbIHKE (HO-
s10pb 2017 1)
1. I'epmanuii 1200 USD/kr 1,2 USD/r*55 = 66 USD
2. Ckannuii 3000USD/xr 3 USD/r*20 = 60 USD
3. Tamnmii 155 USD/xr 0,16 USD/r*100 = 16 USD
HUTOI'O (st 1 T mopojisl) 142 USD
WUTOI'O (st 2 MITH. T TOPOJIBI) 284 000 000 USD

Penko3emenbHble METaNIbl UCTIONB3YIOT B BEICOKOTEXHOJIOTUYHBIX NEPCIEKTUBHBIX MPOU3BOJCTBAX, TAKUX
KaK pajino- ¥ MUKPORJICKTPOHUKA, siiepHast JHEPreTHKa, aBUaCTPOCHHUE, MEIUIIMHA U JIp., Ta0. 2:
Tabmuua 2 — Cdepa ncronb30BaHHs PeAKO3EMEIbHBIX METAIIIOB

Ne Haumenosanue Coepa ncrnonb3oBanus
n/n MeTajuia
1. I'epmanui PagunosnexTpoHrka (TpaH3UCTOPHI, 1eTEKTOPHBIE AUO/IbI), MEJUIIMHA (TOBBIIICHHE M-
MYHHUTETa, IPOTUBOOIYX0JIeBask aKTUBHOCTD), TPOU3BOICTBO MOJIYIPOBOAHUKOB
2. Ckannuii SlnepHast HEpreTHKa, PAKETOCTPOCHNUE, aBHAIHS, METAJUTypT s, CBEPXTBEPAbIE MaTEpPH-

aJIbl, MUKPO3JICKTPOHHWKA, HICTOYHUKH CBCTA, MCAUIINHA (3y6HLIe HpOTeSLI), JIa3CpHbIC
MaTepHrajibl, IPOU3BOJACTBO COJIHCYHBIX 621Tapel>i, PCHTITCHOBCKHUEC 3CpKajia, OTHCYIIOPHBIC
MaTCepHraJibl U 1IpP.

3. Tammmit [Tpon3BOACTBO JETKOMIABKAX METAIIOB, MUKPO3JIEKTPOHHUKA, IPONU3BOJICTBO HIIEKTPO-
JaMn U 1p.
4. Uttpnit Tpy6GonpoBoIb! 111 TPAaHCHOPTUPOBKH PACIIABICHHOTO SIEPHOTO TOIUTHBA, IIPOU3BOI-

CTBO BBICOKOTEMIICPATYPHBIX CBEPXIPOBOAHUKOB, ITPOU3BOACTBO JIA3CPOB, UCIIOJIB30Ba-
HUEC paIMOAKTUBHOT'O U30TOIIa UTTPUA NJI JICHCHUS PAKOBBIX 3a00J1eBaHUIT

5. Hupkonuii Merannyprus, 3HepreTika, sa1epHasi SJHEpreTuKa, MeIULMHA, FOBEIUPHAs IIPOMBIIUICH-
HOCTh, TUPOTEXHHUKA, IPOU3BOJCTBO OOETIPUIIACOB U TIP.

U3 TMOPOJAHBIX OTBAJIOB MOYKHO TaKKE MOJIYYUTh!:

. xKenezocoaepxkaiyr pyny (oxosno 20% TeppukoHa) A METALTYPTUYECKON MPOMBIIITICHHOCTH
(aTo GaszoBas orpacip JloHbacca);

. JropaneBble cruiaBsl (1o 15% TeppHkoHa), MpUMEHsSeMbIe B aBUAIPOMBIIIICHHOCTH, CTPOSHUH
CKOPOCTHBIX M0E€37I0B, IPOU3BOJICTBE METU30B, TPYOOIPOBOJIOB, (hOJIBTH H TIP.;

. CHIIMKaTHBIE MaTepuansl (0koio 47% TeppHUKOHA) I CTPOUTEIBHBIX HeJel (Kupmud, OSToH,
BO3IYIIHAS U3BECTh, alie0acTp, JKUAKOE CTEKIIO U TIp.);

. mupput Fe,S, 13 KOTOporo B X0e XMMHICCKON PeaKInu PACHICIUICHUS MOYKHO MTOYyYHUTh JKelle-

30 U Cepy, OHH MOTYT OBITh MCIIOJIb30BaHEl B METAITYPIHIECKOH M XMMHUYECKOH MPOMBIIIIEHHOCTH COOTBETCTBEH-
HO;

. yToJlb, KOTOPEI cocTaBisteT 28-46% TeppuKoHa;

. LIETIOYH OKCHJIA KAJIBIUS U MarHus (5% TeppHKOHa) I XUMHUUECKOHW MPOMBIIIIIIEHHOCTH [7].

Ileperopesiive TeppUKOHBI (CTapble, 1aBHO 0Opa30BaHHbIE), IIOCIE IMOJYYEHHs COOTBETCTBYIOLIETO 3a-
KJIIOYEHHS CIEIUATIUCTOB O €ro 0E30IIaCHOCTH, MOXKHO HCIIOIb30BATh B TAKHX LETIAX:

. Opranuzanus 3KCKypcuil o teppukonam. st rocreit Jlonbacca TEpPHUKOHBI KAKYTCS Y4EM-TO
HEU3BEJIAaHHBIM M CTPAHHBIM, HE 3PsI X Ha3bIBAIOT «JlOHELIKUE TOPBI».

. Opranuzanus Benokiayoa. CymecTByeT BHJ CIIOpTa IS JIIOOUTENeH SKCTpHMa Ha TOPHOI MecT-
HOCTH — «JlayHXUIII».

. Opranamzanus my3ses Lllaxtepckoit cnael. JloObua yriist Ha JloHOacce — 3TO Hala HCTOPHS, TPY-

JoBas HO6J’ICCTL 1 ropAO0CTb HAILICTO Kpasd. bonee noaxoadamero Mecta Ajide A€MOHCTpAalu JOHCHKOI'0 KOJIOpHUTa,
YEM TEPPUKOH, TPYAHO HaliTH 1 My3€s, BBICTABOK, HHCTaJ’IJ’IfIHHﬁ.

. Co3manne 0030pHOH MIIOMIAAKK TOpoaa. TeppHUKOHBI — 3TO JTOCTATOYHO BBICOKHE COOPY)KEHUS,
KOTOPBIE MOTYT CIIY’KUTH MPEKPACHOH JIEMOHCTPAIOHHOH IIIOIMIAKON T OCMOTpPa ropojia CBEpXy.
. Opranu3anys IPOEKTOB 110 TUITy TOPHOTO TypU3Ma Ha OJMH JCHb.

BesycnoBHO, peann3anus BceX MEPEUUCICHHBIX MMPOEKTOB TPEOyeT KAMUTAIBHBIX U TEKYITIX WHBECTUIIUI.
Kpowme Toro, Ha Jlonbacce ecTh 3aKphIThIE IIAXThl, KOTOPBIE HE MPHHOCS 0X01a, TPeOYIOT (MHAHCUPOBAHUS IS
NIPEA0TBPALLIEHUS] HETaTUBHBIX MOCJIEACTBUI — 3aTOIUICHUS, 00pyIIeHus 1 rp. OJTHAKO Te ke 3aKPBIThIE IIAXThI TEO-
PETHYECKH MOTYT IOJy4aTh JOXOJ OT MCHOJIB30BAHUS CBOMX TEPPUKOHOB U IIJAKOHAKOIIUTEIEH, BElb U 000pyI0-
BaHMeE, U CIICIUAIMCTHI Ha 9THX IIaxTax ecTh. byner co3nana nmpodeccus pazdopiirka TEPPUKOHOB, a PAOOUUX MECT
B 3TOM cepe 10CcTaTOUHO MHOTO.
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BriBoabl. MupoBasi mpakTHKa HUCHOJIB30BaHUS OPOJHBIX OTBAIOB TOPHBIX NPEANPUATHHA, HaIu4Inue 00Jb-
IIOr0 KOJMYECTBA TEPPUKOHOB M LIIAKOHAKONHMTeIeH Ha Teppuropun JloHOacca, HalUYUe BBHICOKOKBAIH(MHIMPO-
BaHHBIX CIICIUAINCTOB U pabounx TOpHOH Mpo(ecCHr YKa3bIBAIOT HA [EIeCO00pa3HOCTh Pa3pabOTKH M BHEIPEHUS
MPOEKTOB M0 BKJIIOYCHUIO TEPPUKOHOB B XO3AHCTBEHHBIH 000poT. OCHOBHYIO LIEHHOCTh B TEPPUKOHAX HpENCTaB-
JSIIOT PeIKO3eMeIbHbIC METAIUTEL. Peanusanus NpoeKToB NoTpedyeT KaluTaIbHBIX M TEKYLIIUX HHBeCTHLHH. O1HAKO
caMoe I7IaBHOE y Hac eCThb — 3TO pabo4ne PyKH, BHICOKOKBAIH(UIUPOBAHHBIC CIICHUAIUCTEL H OTPOMHOE JKeJIaHUe
Bo3pouTh loHbacc. «BusnTHas kaprouka» JJoHOacca MOXET IPHHOCUTH XOPOIIYIO NPHOBUIL MIPU €€ MCIOIb30Ba-
HHUH B HY’)KHOM HalpaBJICHUU.
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K.B. KOUYPA
Loneyxuii nayuonanvHolll yHugepcumem, 2./[oneyx

OCHOBHBIE OBIHIEI'OCYJAPCTBEHHBIE HAJIOT'OBBIE
CTABKHU PA3HbBIX CTPAH MHUPA: JOCTOUHCTBA, HEAOCTATKMN,
AHAJIN3 U CPABHEHHUE

OoecrieueHre pa3BUTHSI SIKOHOMHUKH, PEIICHUE COLUATBHBIX MPOOieM 00IecTBa TpeOYIOT OT rOCyAapCTBa
HCIOJIb30BaTh BECh APCEHAT UMEIOIINXCS Y HEr0 METO/OB BO3/ICHCTBUS HA SKOHOMHUKY. BaskHEHIIUM WHCTPYMEH-
TOM TOCY/IapCTBa B peajn3aliii MOCTABJICHHBIX IIeJIell SBJISETCS HAJIOroBas MojuTHKA. TakuM 00pa3oM, akTyallb-
HOCTh TEMBI BBI3BaHA HEOOXOAMMOCTHIO 00ECICUCHUS YCTOHYMUBOIO POCTA HAIHOHAIBLHOW 3KOHOMHUKHU C HCIOJB30-
BaHUEM I'OCYJAPCTBCHHOTO PETyJIUPOBAHMUS, B TOM YKCJIC U HAJIOTOBOM MOJUTHUKH.

Ecnu mpusHatk, 4TO rocyaapcTBO CYLIECTBYET Iyl oOecrieueHHs: OJIaroJJIeHCTBHSI €ro IpakaaH, TO Trocy-
JAPCTBEHHAS BJIACTh MOXKET BBHIOUPATH OJHY U3 BYX CIICAYIOUIMX CTPATETHYCCKUX JIMHUM: JTHOO0 B3UMATh BBHICOKHE
HAJIOTH U NIPUHUAMATh Ha ce0s1, COOTBETCTBEHHO, BHICOKYIO OTBETCTBEHHOCTD 3a OJIaromoyydne CBOMX T'PaKiaH, Ju-
00 B3MMaTh HU3KHE HAJIOTH, UMEs B BHIY, YTO TPa)KJaHE JOJDKHBI CaMH 3a00THUTHCS O CBOEM OJIaromnoyiydyuH, HE
paccuuThIBas Ha MOJICPXKKY rocyaapctsa. [Ipu 93ToM BakHOE 3HAYEHHE UMEET YPOBEHb MOTPEOHOCTEl HAaceneHuUs,
U B COOTBETCTBUH C 9THM Ha HAYAJIbHBIX TANaX 3KOHOMHYIECKOTO Pa3BUTHS TOCYIAPCTBA TATOTEIOT K OTHOCHTEIILHO
HU3KUM HaJoram, Ha 0oJjiee MO3JHUX JKe JTanax, ¢ pa3BUTHEM (GOpM OOIECTBEHHOrO MOTPEOICHUS, TPOUCXOIUT
nepexo]] kK 0osiee BHICOKMM CTABKaM HAJIOTOOOJIOXKEHHUSL.

B pabote paccMOTpeHbI OCHOBHBIE OOIIErOCYIapCTBEHHbIE HATIOIU. JTO HAJIOT HA MPHOBLIG, HAJOT HA J10-
6apnennyro croumocth (HJIC) u ero pasHOBHAHOCTH, HAJOT Ha J0XOIbI (hru3MdYecKux JuI. PaccMoTpeHa MX CyIil-
HOCTh ¥ ITPOM3BEICHO CPABHEHUS ITHX HAJIOTOB MEXKIY COOOM, BBISBIICHBI IPEUMYIIIECTBA M HEIOCTATKH.

TIpoaHaTU3upOBaHb OCHOBHBIC OOIIErOCYAaPCTBEHHBIC HAJOTH Pa3HBIX CTPaH C TOYKH 3PEHHUS WX BHIA W
BeIHYUHEI (Tabm.1).

CpaBHHBasi HaJOTOBBIE CHCTEMBI Pa3HBIX CTPaH, MOKHO OTMETHTh, YTO Ka)KAas M3 HUX Pa3BUBAIACH IO
cobcTtBeHHOMY nyTH. Kakoe rocyiapcTBo nMeeT COOCTBEHHYIO MCTOPHIO, YCTOM M BEKOBbIE Tpamuuuu. [loatomy
UX 9KOHOMHUYECKHE CUCTEMBI B IIEJIOM (POPMHUPOBAIKCH B Pa3HBIX YCIOBHIX, YTO HAJIOKIIIO OTIEYATOK HA MPUHIIU-
bl TOCTPOCHHSI HAJIOTOBBIX CHCTEM, HA B3aUMOOTHOIICHHSI MEXIY BJIACTSIMH I'OCYJapCTBa M €r0 HAJIOTOIUIATEIb-
[IUKAMH.

CrpaHBl BOCTOYHOW A3WH HCIIONB3YIOT HAJOTOOOJIOKEHHE C MPUCYIIMMHU TOJIBKO UM CICIU(PHYCCKUMU
0COOEHHOCTSIMH.

Tabnuna 1. OcHOBHEIE 00IIET0Cy TApCTBEHHBIC HAJIOTH B pa3HBIX CTpaHax (B %)
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Oouierocynapcr-sennbie | Poccus | Ykpauna JHP | Tepmanus CIIA [IBeuus Snonus
HaJIOTH
Hamor Ha mpuOsLIH Op- 20 18 20 30 40 22 38
raHu3aluil
HAC 18 20 - 19 - 25 8
Hamor ¢ o6opoTta - - 1,5 - - - -
Hamor ¢ mpomax - - - - 0-8 - -
Hamor Ha noxons! Gpusu- 13 18 13% 45 27 20-57 33
YECKHX JIUI]
Boennsrit coop - 15(c

JIOX0/1a)

3T0 00BSACHSAETCS JOJTUM «3aKPHITHEM» OT BHELIHEr0 MUpa MX IOCYAapCTBEHHBIX IpaHull. EBponeiickue
CTpaHbl JOBOJBHO KECTKO OTHOCATCS K HAJIOTOIUIATENBIINKAM B OTHOIICHHU O0JIOKEHHs UX 10X070B. CTaBKH IO
MIOJIOXOTHOMY HaJIOTy Jisi (PU3MUECKHX JIMIL ¥ HAJIOTY Ha MPUOBUIbL KOMIAHUI MOTYT J0X0oauTh 110 40 u naxe 50%
TI0 TIPOTPECCUBHON IIKajle HaJorooodoxxeHus. Haorossie cuctemMsl ctpan EBpOIbI MOXKHO OXapaKTepu30BaTh BbI-
cokoif Harpy3ko#. [To aToll mpuyrHEe MHOTHE €BpONeHCKIe MPOU3BOIUTENN MPEIIIOUYUTAIOT pa3MellaTh CBOU MPO-
W3BOJICTBEHHBIE MOLITHOCTH B 0()(IIOPHBIX 30HaX, KOTOpBIE 00JIalatoT OoJjiee IMOepaIbHON CHCTEMOM HANoroooo-
KEHUs.. OTH 30HBI MO3BOJIIOT KOMIIAHUSIM ONTHMH3MPOBAaTh HAJOT000JOXKEHHE, CHU3UTh HAJIOTOBYIO HAarpy3Ky U
00JIerYuTh BEZICHUE BHYTPEHHETO HAJIOTOBOTO YUeTa.

Harnorossre cucremsl ctpan EBponbl B OONBIIMHCTBE CiTydaeB 00JIaaf0T CIOXKHOW pa3BETBICHHOH CTPYK-
TypOH ¥ TPOMO3AKOI HOpMaTUBHOH 0a30ii. I[losTOMy B 3THX CTpaHaxX MIMPOKO Pa3BUTO HAJIIOTOBOE KOHCYIHTUPOBA-
HHE ¥ ACATCIBHOCTh IOPUCTOB, BE/b JAJICKO HE KaXKAbIH HAJOTOIUIATEIBIINK MOXKET CaMOCTOSTENIBHO Pa3o0paThCs
BO BCEM Pa3HOO0OPa3ny 3aKOHOATEIBbHBIX aKTOB B c(epe HanorooomoxkeHus. C 3ToH CTOPOHBI HATTOTOBBIE CHCTEMBL,
Hanpumep, Kuras u Slnonun obnanaroT Gosplield TMOKOCTBIO U aJallTUBHOCTHIO K HECTAOMIIBHBIM YCIIOBUSIM B 3KO-
HOMUKE.

Haorossie cuctemsr CIIA, Poccun u Ykpanusl 00s1afatoT 0ojiee HU3KOH HAIOTOBOM Harpy3koi — oT 30
10 35% BBII no cpaBHeHmto ¢ eBponeiickumu ctpaHamu. Ho B oiimune ot CILA, crpan EBpormsl, A3uu poccuii-
CKHE HaJOTH Ha J0XOJbl (PMU3MYECKUX JIUIL M NPHOBUIb MPEANPUATHIA HE PACCUMTBHIBAIOTCS 10 MPOrPECCUBHOM IIKa-
Jie, 2 UMEIOT €JIMHYI0 HaJOTOBYIO CTABKY BHE 3aBHCUMOCTHU OT BEJIMYMHBI HAIOroobnaraemMoii 6asbl.

Taxoke Poccust o ypoBHIO CpeIHEIYIIEBBIX JOXOJOB IONAAAET B KATETOPUIO CTPaH, 3aHUMAIOLINX II0-
CJIEZIHUE MECTa I10 YPOBHIO CPEIHEAYIIECBHIX OXOO0B B pa3psAie Pa3BUTHIX CTPaH, HO I10 J0JI€ HAJIOTOBBIX U3BATHH
TSHETCSI 32 BBICOKOPA3BUTHIMHU CTpaHaMH. COOTBETCTBEHHO, pa3Mep HAJOTOB, NPHXOAANIMXCA Ha KKAYIO yIIy
HaceJeHHs, COCTAaBIsIET MpUMepHO 1 ThIc. oiu1. MIHaue roBopsi, Ha CEMbBIO M3 YETHIPEX YeNIOBEK B CPETHEM IPHUXO-
JWTCst 4 TBIC. TOJJI. HAJIOTOB BCEX BUJIOB, U MPEIIOJIAraeTcsl, YTO TOCYAApPCTBO B a[IEKBAaTHBIX pa3Mepax 00CIyKHBa-
€T ee HyXIbl M 3aIlUIIacT ee MHTepechl. Ha camoMm nene 310 coBceM He Tak. Eciu B3sTh TONBKO (penepanbHbIN
OIOJKET - OKOJIO TPETH BCEX HAJIOTOBBIX U3BATHH, TO B HeM 110 40% BCeX HaJOrOBBIX IOCTYIUICHHH IpelHa3HaAYae T-
Cs1 Ha BBIIUIATHI IO TOCYIAPCTBEHHOMY JOJITY - IPUYEM IOJIydaTen 3TUX JOXOJI0B HUKaKUX HAJOTOB HE yIUIauKMBa-
I0T. DTO CIIy’KUT XOPOIINM JI0Ka3aTeNbCTBOM, YTO HAJOroBoe OpeMs pacmperenserca B Poccun kpaiiHe HepaBHO-
MepHO. EcTb 1ies1bIe rpyIbl HaCeIeHUs] U CEKTOpa SKOHOMUH, KOTOPbIE HAJIOT'H JIMOO BOBCE HE ILIATAT, JIMOO ILIATSIT
UX B pazMepax, SIBHO HeaJeKBaTHBIX MX J0XoJaM. [Io HEKOTOPBIM OlLIEHKaM, B TEHEBOM (YKpPBHIBAEMOM OT HAJIOTOB)
CEKTOpe 3KOHOMHKHU cocpenorodeHo a0 40% Bcell koMmepueckoi nesitensHOCTH. COOTBETCTBEHHO, IPHHUMAS BO
BHUMaHHE TOT (DaKT, 4TO MPEINPHUATHS, TOJHOCTHIO TUIATSIINE BCE HAJIOTH, HECYT Ha cebe HaJIoroBoe Opemsl, BIIO-
JIOBUHY WJIM Jja’ke Oojiee BBICOKOE, YeM 3TO BBITEKAeT W3 CPEAHECTATHCTHUYECKMX AaHHBIX. Ha camom nene Tak u
€CTh: ceifuac eBa JIM HaijeTcst XOTs Obl OJHO HPENNPHUATHE, KOTOpOe Obl MOJHOCTHIO IUIATWIIO BCE HAJIOTW M HE
MIPUMEHSIIO OBl HeTIaTeXu, OapTep M Apyrue MaHeBpHI B LENITX N30eTraHus HEITOCHIIBHBIX HAJIOTOB.

[Ipn cpaBHEHNM HAJIOTOBBIX CHCTEM Pa3HBIX TOCYJIapCTB MOXHO BBIICIUTH M ONPEENICHHBIE CXO0CTBAa. Bo
MHOTHX CTpaHaX HaJIOTOBBIE CUCTEMBI UMEIOT JIBYX-, TPEX- HJIM YETHIPEXYPOBHEBYIO CTPYKTYpPY. DTO 0OBsICHsETCS
TEM, 4TO COBPEMEHHbIE TOCYIapCTBa UMEIOT NPU3HAKU (peepaTUBHOTO YCTPOHCTBA, TO €CTh KOTJa OJJHO roCyAap-
CTBO pa3JesisieTCsl Ha HECKOJIBbKO 00JacTel, MPOBUHIMN, TOPOJICKHX OKPYrOB M JIpyrHe TeppUTOpHalIbHble 00pa3o-
BaHus. OTCIOZIa U BO3HHMKAeT HEOOXOJMMOCTh B MOSBICHHH HECKOJIIBKUX YPOBHEH HAJIOr0OOJIOKEeHHUs, HAPUMeED,
(enepanbHBIN (LEHTPATBHBIN), PETHOHAIBHBIA M MECTHBIN (MM MyHUIUIaIuTeToB). [loaToMy gacTo Hajorum pac-
MIPEAENISAIOTCS TI0 PAa3HBIM YPOBHSIM OO/DKETa CTpaHbl. B OONBIIMHCTBE CilydaeB TEPPUTOPHAIbHBIE 00pa30BaHU
HMEIOT MPAaBO YCTaHABJINBATh COOCTBEHHBIE HAJIOTH IIPU YCIOBUH COOIIIOACHUS (e/lepallbHOTO 3aKOHO1ATEIbCTBA.

Paznenenne HanorooGJIOKEHUS! CTpaHbl HA HECKOJIKO YPOBHEH BBITIOJIHSET, IPEXK/IE BCETO, paclpeneiu-
TeJIbHYI0 QYHKIHIO. Bo-TIepBEIX, 3TO M03BOIISIET 00eCeunTh OIO/DKETHl TEPPUTOPHANIBHBIX 00pa30BaHMH, JaeT UM
HEKOTOPYIO CTEIICHb aBTOHOMMUH IIPH PEIICHWH BHYTPEHHUX NpoOsieM. Bo-BTOPBIX, pa3BeTBICHHAS cUCTEMa Hallo-
TOBBIX OPTaHOB II0 CTpaHE MO3BOJISIET JIydIlle KOHTPOJIMPOBAThH IPOIECC B3UMaHHs HAJIOTOB M COOPOB M, COOTBET-
CTBEHHO, 0oJs1ee 3 PEKTHBHO MOTIOIHATH TOCYIAPCTBEHHBIN OIOIKET.

B 3akiroueHne X04yeTcsi OTMETHTh, YTO, HECMOTPSI Ha ONpEJeNICHHBIE TUIIOCHI U MHHYCHI, HEJIb3sl KaKylo-
100 M3 HAJOTOBBIX CUCTEM Ha3BaTh Xopollel win rioxoi. Kaxaas U3 HUX MO-CBOEMY XOpOIa AJisi CBOETO Tocy-
JapcrBa. Hajorossle cCHCTEMbI MHOTHX TOCYIAPCTB CKJI/IbIBAIIUCH HE OJHO cTojieTe. OHH yiKe «IOJCTPOCHBI» MO/
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TEPPUTOPHAIIBHBIE OCOOCHHOCTH CTPaH, UX BHYTPEHHIOIO ITOJIMTHKY U MEHTAJINTET HaceleHus. HeBO3MOXKHO OnHY
HaJIOTOBYIO CHCTEMY 3aMEHHTh APYTO. DTO PeasbHO JIUIIb P YCIOBUH KOPPEKTUPOBAHUS MIPUHIMIIOB HAJIOr000-
JIOKEHUS O] SKOHOMHUYECKHE YCIOBHUS OTPEIEIICHHOTO TOCY 1apCTBa.

Taxum o0Opa3zoM, B paboTe MCCIEAOBAHbI BUABI U CYIIHOCTh OCHOBHBIX OOIIETOCYIapCTBEHHBIX HAJIOTOB, &
TaKke UX pa3Mepsl. [Ipon3BeieH aHaIM3 U CpaBHEHNE HAJIIOTOBBIX CTABOK B PA3HBIX CTPaHaX.

Pestomupys Bce BBIMIEH3IIOKEHHOE, MOKHO CKa3aTh, YTO B JaHHBIH MOMEHT B HaJOTOBOH cdepe ciexyeT
MaKCHUMaJIbHO UCIOJb30BaTh UMEIOLINECS BO3MOXKHOCTH YCOBEPIIEHCTBOBaHMS HANoroBoi momutuku. C 3ToH 11e-
JIbI0O HE0OXOIMMO, C OJTHOM CTOPOHBI, CO3/IaTh PSAJ MPEAIIOCHUIOK JUIsl JOCTHKEHUS () (EKTHBHOCTH HAJIOTOBBIX pe-
(hOpMHPOBaHUIA, a C IPyrol — OCYIIECTBUTH Psii KOHKPETHBIX MEPOIIPHUATHH, HAIIPABIEHHBIX HA YCOBEPIIEHCTBOBA-
HHE HaJIOroBOH cucTeMbl. K pemaronium 3asadam, KOTOpPBIE CTOAT Mepe KOHIENINEH HaloroBBIX pedopMHpOBa-
HUH, CJeqyeT OTHECTH TrapMOHH3ALMUI0 OOLIEroCYAapCTBEHHBIX WHTEPECOB M MHTEPECOB HAJIOTOILIATENBIINKOB.
VIMeHHO cTemneHb BIAJECHUS MEXaHHM3MOM COTJIACOBAHUS MHTEPECOB CTOPOH HAJOTOBBIX OTHOUICHUH B pe3ynbTaTe
omnpenemnsieT 3hHEKTHBHOCT HAIOTOOOJI0KEHHSI M €r0 HAalPaBJICHHOCTh Ha COLMATIBHOE PAa3BUTHE.
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MPOTHO3UPOBAHUE OCHOBHBIX TEXHUKO-

YKOHOMUYECKHUX MOKA3ATEJENA PABOTHI YT OJbHBIX HIAXT

JIOHBACCA C YYETOM XO3SIIiCTBEHHBIX PUCKOB HA OCHOBE
HEWPOCETEBOTO MOJIXOJIA

CrabuibHOCTh (DYHKIIMOHUPOBAHUS OTpaciel IPOMBIIIIIEHHOCTH, B TOM YHCIIE YTIIe00bIBaIOIICH, SBIISET-
¢S 3aJI0TOM SKOHOMHMYECKOH HE3aBUCHMOCTH IOCyIapcTBa. B yCIOBHSAX PBIHOYHOW SKOHOMHKH HEOJHO3HA4YHOCTH
TEHJICHIINI SKOHOMUYECKOTO Pa3BUTHS U HECTAOMILHOCTh MEXaHNW3Ma PIHOYHOTO PETyJIMPOBaHUS IPOMBIIIIIEHHO-
CTH 3aCTaBISIOT NPEANPUITUS OCYIIECTBIATh JESTEAbHOCTD, CBA3aHHYIO C IPEOJOJIEHHEM HeonpeaeneHHocTy. [1o-
CKOJIbKY OOJIbIIIasi 4acTh yIPABIEHUYECKUX PEIICHNI Ha YrOJBHBIX MPEATPHATHAX C ITOJ3€MHON HOOBIYEN yriis npu-
HUMAETCsl B YCIIOBHSAX HEOIPECNICHHOCTH, CBS3aHHON C OCOOCHHOCTSIMH YTOJIbHOM OTpAaciy, TAKUMH Kak CIIOX-
HOCTh M M3MEHYMBOCTb T'OPHO-TEO0JIOTHYECKHX YCIIOBHM, HECTALIMOHAPHOCTH MpEAMeTa U MECTa TPyAa, TsKEIble
ycioBusi paboThI, BBICOKas CTEIIEHb U3HOCA 000pyA0oBaHus, 00JIbIIast TPYJOEMKOCTh U ONTACHOCTh BEJCHUS padoT, a
TaKkXXe MPOTHBOPEYMBOCTh TEHICHUMUH MOJUTUYECKOH KOHBIOHKTYPHI M 3aKOHOAATENBHBIX PELICHHUH, 3Ta OTPacib
nMmeeT 0oJiee BHICOKHN YpPOBEHb PHUCKA TI0 CPABHEHHUIO C APYTHUMHM OTpacisiMu 3koHOMuKkH. K aTomy crnexyer moba-
BHTh, YTO B TNPAKTHYECKOW NEATSTBHOCTH OTPACIH OLIYIIAeTCS HEIOCTATOYHBIA PHCK-MEHEIKMEHT Ha YPOBHE
MIPEANPHUATHS, BBI3BAHHBIA OTCYTCTBHEM COOTBETCTBYIOIIETO HAYYHO-METOIUYECKOro O0OeCTeYeHHs IO BOIIPOcaM
aHaJM3a W OIEHKH PHCKa, 9TO TpeOyeT pa3paboTKH COOTBETCTBYIOIIMX TEOPETUYECKHUX W MPAKTHIECKHUX MPOOIEM
9TOro HampaBieHus. Hempenckasyemble H3MEHEHUsI BO BHEIIHEN U BHYTPEHHEH cpelie MpeanpusiTUi SIBIISIOTCS CY-
IIECTBEHHBIM ()aKTOPOM, BIMSIONMM Ha YCJIOBUS €ro (YHKIMOHHPOBAHUS, a TAaKXKe HCTOYHHUKOM ITOCTOSTHHOM
OMACHOCTHU yXYJIIEHUS Pe3yJIbTaTOB, WIN AK€ CPbIBA UX JEATEIBHOCTH. B CBA3M C 3TUM 3HAYMTENBHO AKTUBU3U-
POBAIMCH MCCIIEOBaHMS IIPOOJIEM aJlaNTalliy MPEANPHUATH K U3MEHEHHIM YCIIOBUi nX aesTenabHocTH. [loaToMy Ha
TaKOM HeOJaronpusaTHOM ()OHE OTPULATENBHBIX (PAKTOPOB BasKHEHIYIO pOJIb NPHOOpETaeT MPOTHO3UPOBAHHUE TEX-
HUKO-DKOHOMHWYECKUX ITOKa3aTeNel JEesATEIbHOCTH YrOJIBHBIX MPEINPHATHH C y4eTOM BIMSHHS (aKTOPOB XO3sIH-
CTBEHHOTO PHCKA.
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VYnpapneHne prcKaMu MPEAIIoNaraeT aHaln3, KOJMUECTBEHHYIO OLIEHKY M METOJbI BO3JICHCTBHSA Ha PHUCK.
Ha sramne aHanm3a X034HCTBEHHBIX PUCKOB KOHKPETH3UPOBAHBI JEHCTBHS 10 UX MACHTH(UKamu. UnenTndukanns
PHCKOBBIX CHTYallMii Ha YTOJBHBIX MPEANPHUATHIX MPOBEICHA C MOMOIIBIO aHAIN3A PA3NIUYHBIX (POPM OTUETHOCTH
YTONBHBIX MIaxT JlOHEKoH 00JacTH U METOAa IKCIIEPTHOTO ONIPOCa, B KOTOPOM NPHHUMAIH YIaCTHE PyKOBOIUTEIN
1 TJIaBHBIC CIICIIHANINCTHI MIAXT, XOJIAWHIOB M 00beIuHeHHN J{oHeIIKo-MaKkeeBCKOro yriieJoOBIBAIOIIETO paifoHa, a
TaKke ydeHble JJOHEIIKOro HaIMOHATIBHOTO TEXHUIECKOTO YHUBEPCHUTETA, ACATEIBHOCTh KOTOPBIX CBSI3aHA C YTOJb-
HOH OTpAaCIIBbIO.

KonmuecTBeHHas OLIEHKA 3aKIIOYAETCSl B yCTAHOBIICHUH B3aMMOCBSI3U MEXIy (paKTOpaMu XO35IHCTBEHHOTO
pHUCKa U OCHOBHBIMH pe3yJbTaTaMH ONEPAIIOHHOMN eATeIbHOCTH YTOJIBHBIX IIaXT, a TaKXKe ONpe/eleHUuH 3Haue-
HUsL pucka. [IpoaHanM3upoBaHbl KIACCHYECKUE METO/bI OLICHKH PHCKA M ONpeIesieHbl HaunOosiee MmpueMiIeMble JUTs
YTOJBHBIX MPEANPUATHHA. DTO CTATUCTUUECKUI M AKCIEPTHBIM METOMbI, UMUTALUOHHOE MOJCIUPOBAHME, AHAIIN3
LenecooOpa3HoCcTH 3aTpar. Mcnonb3oBaHMe 3TUX METOIOB IO3BOJISIET OLEHHUTh PUCK B IEJIOM, HO HE IO3BOJISET
KOMIUIEKCHO OLIEHHUTH IIPUYNHHO-CIECACTBCHHBIC CBA3M MEXKAY (haKTOpaMH XO3IHCTBEHHOTO PUCKA M pe3yIbTaTaMH
OTIEPAIIMOHHON AEATEIHHOCTH YTOJIbHBIX IIaXT, IPOaHATU3NPOBATh KOHKPETHBIE (hAaKTOPBI PUCKA, KOTOPBIC TIOBIIUS-
T Ha N3MECHEHHE TEXHHKO-?)KOHOMHYECKHX ITOKA3aTeNeH yrolbHOTO NMPEANPHATHS, a TAaKKe ONPENEIUTh METOIBI,
CHIDKAIOIINE BIMAHUE TOTO MM MHOTO PUCKA. DTO 0OYCIOBMIIO IIETIECO00PAa3HOCTh MPUMEHEHHUSI METOa Helpoce-
TEBOTO aHAJIN3a IS TPOTHO3UPOBAHNUS M OLICHKH BO3ZCHCTBHS XO3SIHCTBEHHOTO PUCKA HA YTOJIBHBIX IPEIIPHATHSIX.
Bo-nepBBIX, 3TOT METO MO3BOJISIET BOCIIPOU3BOANTD YPE3BBIYAHHO CIIOXKHBIE 3aBHCUMOCTH, BO-BTOPBIX, B OTIHIHE
OT JIPYTHX CYILECTBYIOUIUX METOAOB UCIONb3YyeTCs TOTJa, KOIJa He OMpeeNeHbl CBA3U MEXIy BXOIHBIMU Iepe-
MEHHBIMH ¥ BBIXOJHBIMH IIapaMeTpaMu, B-TPETbHX, MO3BOJISIET MOAEIMPOBATH 3aBUCHMOCTH B Cilydae OOJBLIOTO
KOJIMYECTBA MEPEMEHHBIX U aHAJIM3UPOBATh UX.

Ha ocHOBe mpeHTH(UKAUE PUCKOBBIX CUTyalluii U (pakTOpPOB, UX ONPENENSIOINX, ObUTN BBISBICHBI MTPH-
YMHHO-CJICJICTBEHHBIC CBSI3M BIMsHHSA (aKTOPOB PHCKa Ha OCHOBHBIC PE3YJIbTAThl ONEPAIMOHHOW AESTEIbHOCTH
YTOJBHBIX MPEANPUATHH, KOTOPBIE OYECHb CIIOKHO OLIEHUTh KOJMYECTBEHHO. DTO €IIe Pa3 MOATBEPIUIO LEIeco00-
Pa3sHOCTh NIPUMEHEHHUS] METOIa HEHPOCETEBOTO aHAIN3a I TPOTHO3NPOBAHUS M OLIEHKH BO3ACHCTBUS XO3SIHCTBEH-
HOTO PUCKa Ha YTOJbHBIX MPeanpHATHsIX. OCHOBY CXEMBI COCTABIIET OCHOBHOM 3aKOH JESTEIbHOCTH MPEATIPHATHA
B PBIHOYHOW CHCTEME XO3SHCTBOBAaHMS - MAaKCHMH3ALUs J0X0/1a, KOTOPBIM 3aBHCUT OT 00beMa 100bIYM 1 ee cebe-
croumoctd. Ha ¢opmupoBaHne 3TMX BEIWYMH BIMAIOT pa3iIWdHbIe (PAKTOPHI PHCKA, KOTOPBIE MOTYT NPHBECTH K
OTKJIOHCHUSIM B OTPHIATENBHYIO CTOPOHY. JIIsl yTOJIBHBIX IIaXT OCHOBHBIMHU NPHYHMHAMH BO3MOXKHOTO CHYDKEHHS
JOOBIYM YIJISl M YBEJIMUEHHsI CE0ECTOMMOCTH SIBJISAETCSI OPTaHM3alOHHO-YIIPABICHYECKHE, IPUPOAHBIE, TIPOU3BOJI-
CTBEHHbIE, (PMHAHCOBBIE, OJIUTHYECKUE PUCKU M (DAaKTOPBI, KOTOPBIE UX BBI3BIBAIOT. K TaKMM ClielyeT OTHECTH BIIH-
SIHUE TOPHO-TEO0JIOTNYECKUX YCIOBHUH, HaJIeKHOCTh MaTepHaIbHO-TEXHUYECKOT0 CHA0KEeHNUsI, YPOBEHb OpraHU3aIuU
MIPOU3BOJICTBA, PeaM3allid U TPyJa, POCT LIEH Ha ChIpbE M MaTepHallbl, CHUKCHHUE KaNMTAIbHBIX BIIOKEHHHA U3
0I0/)KETa ¥ HECOBEPILEHCTBO 3aKOHOATENILHOM MOJIUTHKH.

Ha ocHoBe aHanm3a pasiuuHBIX ()OPM OTUETHOCTH YTOJBHBIX MPEANPHATHH, MaKCUMAaJIbHOTO €IUHCTBA
9KCIIEPTOB IO BEPOSITHOCTH BO3HMKHOBEHUS M 3HAYMMOCTH OINPEJEICHHBIX PHCKOBBIX CUTYallMid OBUIN OTOOpaHEI
(aKTOpBI X03HCTBEHHOTO PHCKa, KOTOPbIE OyIyT BBHICTYNATh B POJIM BXOAHBIX (haKTOPOB B HEHPOCETEBON MOJIEIH,
1 OCHOBHBIE PE3YJIbTATHl ONEPALMOHHON NESATEIBHOCTH YIOJIBHBIX NMPEANPHUATHH KaK BBIXOAHBIE TTapaMeTpbl MOJe-
.

Orarnsl HEHPOCETEBOr0 MOICIIMPOBAHKSI OBUIN aJalITUPOBAHBI K YCIIOBHSAM YTOJIBHBIX Ipennpustuii. Paspa-
OoTaHa HelipoceTeBasi MO/IENb OLIEHKH M ITPOTHO3UPOBAHUS BIMSHUS XO3SHCTBEHHBIX PHCKOB Ha OCHOBHBIE PE3YJib-
TaThl ONEPAIMOHHO JEATEIBHOCTH YTOJIBHBIX IIAXT, KOTOpas COCTOUT U3 9 (pakTopoB Ha BXOJE, MPOMEKYTOUHOTO
cnost u3 10 HelipoHOB U 3 mapameTpoB Ha Bbixoje. OObEeKTOM HaOIIOIeHUs] BEIOpaHbI JaHHbIE 10 (hakTopaMm pucKa
3a JUIMTENBbHBIA TPOMEXYTOK BpeMeHH Mo Imaxtam JloHemkod o001acTH, KOTOPHIE OTJIMYAIOTCS TOPHO-
Te0JIOTHYECKUMH  YCIIOBHSIMM, YPOBHEM HAJEKHOCTH TEXHHYECKOH 0a3bl TNPOM3BOACTBA M MaTepHUaIbHO-
TEXHHUYECKOTO CHaOKeHHs, KBATM(PHUKALUY [IepCoHaia U APYrUMHU (aKTopaMu, a TaKkKe COOTBETCTBYIOLIHE UM IIPO-
LICHT BBITIOJIHEHNS TJIaHA TOOBIYHM, BRIPYUKa OT peann3alyy yrisi 1 cedbecronMocTts | T yrist. PesynpraTsl HaOmozxe-
HUH TIPOBEPEHbI HA PENPE3CHTATUBHOCTD. J{JIsl peaM3anuy MOJIEIH MCIONb30Baach CETh MPSIMOTO PacIpoCTpaHe-
HUS MHPOPMAIIUH C aNTOPUTMOM OOpaTHOTO paclpocTpaHeHus omuoOoK (error back propagation), mpeanoxeHHAs
Pymmenbxaprom u XMHTOHOM M BO3MOKHOCTH MaremaTuueckoro nakera MATLAB. C uenbto MUHUMH3aLUH
OIMOKY MPOTHO3MPOBaHMS (PyHKIMEH aKTUBALMK OnpeseneHa QyHKINs runepbonndeckoro TanreHca. Upenrngu-
Kalys 3aBUCUMOCTH MEXIY BXOIHBIMHU TAHHBIMH M BBIXOJHBIMH ITapAMETPAMHU COCTOHUT B OINPEJEIICHUN BECOB CH-
HANTHYECKUX CBA3CH M CMEIIEHWH, KOTOPhleé MUHUMH3HPOBAIN OBl OMMOKY MPOTHO3a Mozenu. Takum oOpazom,
BEIOpaHa CeTh C ONTHUMAJIHHBIMU BECAMH CHHANITHYECKUX CBS3EH MEXAy HEHpPOHAMH M CMEIIEHWSIMH B HEHpoOHax,
KOTOPBIE MTO3BOJISIOT MOTyYUTh MUHIMAJIBHYIO OIIMOKY ITPOTHO3a JaHHBIX.

Monens Opita anpoOupoBana Ha maxrtax I'Tl «/loHenkas yronpHas sHepreTudeckas KoMmaHus». CpenHss
omuOKa Mporuo3a cocraBmwia 15 %. DTo 10CTaTOYHO YIOBIETBOPHUTENBHO JUISA MPAKTUKHA C YI€TOM TOTO, YTO BBI-
XOIHBIC JTaHHBIC SBIIIOTCS O CBOEH MPHUPOAE CTOXaCTHYECKUMH. [lomydeHHBIE pe3ysbTaThl MO3BOJSIOT YTBEp-
KJIaTh, YTO MCIIOJIb30BAHHNE TAKOIH MOJIETHN CIIOCOOCTBYET Ka4eCTBEHHOMY IUIAHUPOBAHMIO HA YTOJIBHOM MIaxTe.

Takum oOpa3om, HeiipoceTeBast MOJIEIb JIeNIAaeT BO3MOXKHBIM IIPOrHO3MPOBAHNE PE3YyJIbTAaTOB ONEPalMoH-
HOM JIeSITENBHOCTH YrOJNBHBIX MpPEANpusTHid. MeToauueckue MOoAX0Abl U NPaKTHIECKU HHCTPYMEHTApUH MOJIENN
MIO3BOJISIIOT Y4eCTh BHYTPEHHUE M BHEUIHHE (haKTOpPBI PUCKA. ITO CHH3UT YPOBEHb HEOINPEIEIICHHOCTH MCXOJHOM
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nHGOPMAINU TPH MPHHATHH YIPABICHYSCKUX PEUICHWH B YaCTH PAa3BUTHA YIIIeHOOBIBAIOIINX IMPEINPUATHH, a
TaKXXe IMOBBICUT YPOBEHB TUNIAHMPOBAHMUS U CTAOMIEHOCTH ONEPAIIIOHHOMN ESTETFHOCTH YTOMBHBIX MIPEITPUSITHH.
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METOAbI OHEHKHU DOPEKTUBHOCTHU OPI'AHU3ALIMOHHO-
IKOHOMHNYECKOI'O MEXAHU3MA AHTUKPU3UCHOI'O
YIIPABJIEHUSA HA ITPOMBIIIVIEHHOM HPEATIPUATHUN

HeraTtuBHBIC NpOsIBICHHS B MHPOBOM 3KOHOMHKE, TaK WM HHAYE, KACAIOTCSA KaXXKIOTO IPEIIPHUATHS.
HmenHo noatomy, pa3zpaboTka 3¢pdekTHBHOrO MexaHW3Ma aHTUKPU3UCHOTO YIIPaBJICHHS B YCIOBHAX W3MEHYHBOM
HKOHOMHUECKOI CpeJibl SIBIISIETCS] aKTyaJIbHOM HayuyHOH 3aaadeid, TpeOyromiel TIaTeIbHOro U TIIyOOKOTo UCCIea0-
BaHMS.

st peniennst TaHHOM NpoOJIEMBbI TEPBOHAYAIBHO HEOOXOAMMO YETKOE MOHMMaHHUE MPOLECCOB MPOUCXO-
JUSIIMX Ha COBPEMEHHOM IPOMBILIUICHHOM MPEANPUATHHA. JTO 00yCIaBIMBaeT HEOOXO0IMMOCTh pa3paboTKU MO H-
HEHHOH CHCTEMBI MEPOTIPHATHH, KOTOPasi HA3bIBACTCS «@aHTUKPU3UCHBIM YIIPABICHHEM).

Ji1s1 oTeYecTBEHHBIX MTPOMBIIUICHHBIX PEIIPHUATHH, Ha CETOHSIIHNMN 1eHb, CTOUT BOIIPOC O PEIICHUH 3a-
Jla4dl TPOBEACHUs OLEHKH IOKaszaTeJeld NMPOU3BOJCTBEHHOTO M (DMHAHCOBOTO COCTOSHUS MPEATIPUSTHS, a TaKXKe
NIPUHSTHE PEIICHUH 0 HEOOXOANMOCTH M LIENeCO00Pa3HOCTH OCYIECTBICHHS aHTHKPU3UCHOTO YIPABIIEHUS MO CO-
OTBETCTBYIOIINM HalpaBJICHUSIM, CPOKAM, Pacxoam u T.JI.

310 MOXeT OBITh OCHOBOW HE TOJNBKO IJISi MPEAYNpPEXICHHS HETaTHBHOTO BIMSHHS HEPALMOHAIBHBIX
yIpaBJIEHYECKUX PEUICHUH, HO U HEJONYIIEHHS BOZHUKHOBEHHUS! KPU3UCHBIX CUTYAllMH, UX JUAarHOCTHPOBAHMS Ha
HayaJIbHOM JTale pealii3alii COOTBETCTBYIOIINX YIPaBICHUYECKUX MEPOIPHUITHII 10 HENTpaIu3alii HeraTHBHBIX
MoCNeACTBH I [5, . 44-48].

XKenaemblii pe3ysbraT OyAeT JOCTHUraThCi MyTeM YJIydLIeHUs (PUHAHCOBO-IKOHOMHUYECKHMX IOKa3aTelel
NPEANPUSTHS, @ TAKIKE YMEHBIIEHHEM PacX0JI0B, CBSI3aHHBIX C MEPaMHU aHTUKPU3UCHOTO ylpaBieHus. Peub uaer o
TOM, 4TO 3((EKTUBHOCTD PE3YJILTATOB JESTEIBHOCTH NMPEIIPHUATHS OyJIeT pacTH JIMIIb IPU YCIOBHHU, YTO CUCTEMA
YIpaBieHUS] W OPraHW3alMOHHO-?KOHOMHYECKHH MEXaHW3M aHTHKPU3MCHOTO YHpaBlieHHs OyIyT paluoHalIbHO
BBICTPOEHBI M OyIyT OTBEYaTh CIOXHBIIMMCS yCIOBHAM. [lJI1 3TOr0 B CBOCH CTPYKTYpE COCTABISIONIMX paccMart-
pHBaeMas CHCTeMa JIOJDKHA COAEpKaTh COOTBETCTBYIONIMIA HHCTPYMEHTAPHUH JJIsl OLIEHKH KPU3HCHBIX SIBJICHHUH.

D¢ PeKTHBHOCTh OPraHU3aOHHO-9)KOHOMHUUYECKOTO MEXaHM3Ma AaHTHUKPU3UCHOTO YIPABIECHHUS MOKHO
OTIPEJIETINTh KaK CIIOCOOHOCTH ITPUHOCHUTH JKENAeMbId (palMoHANBHBIN) 3QQEKT OT BHEIPEHHS COOTBETCTBYIOIINX
AQHTUKPU3UCHBIX MEPONPUATHH (TIIPOrpaMmM, CTPAaTeTui, pelIeHN) ¢ MAKCUMAJIILHO BO3MOXKHBIM COXPaHEHHEM BCEX
MIPEUMYIIECTB CYIIECTBYIOMIEH cTpaTerny (MaKCUMH3aNKs NPUOBIIH, COMUANBHBIN 3((EeKT U T. 1) IPU MUHUMAIIb-
HBIX 3aTpaTax CpeiCTB U PECYPCOB B AOITOCPOUHOM mepcernekTuse [2, ¢. 34-39].

Ortciona, 3pheKTHBHOCTh aHTUKPU3MCHOTO YIIPABJICHHS KaK CHCTEMbI 3aBHCHUT OT KayeCcTBa aHTHKPH3HC-
HBIX PeUICHHIA, a 9()(HEKTUBHOCTD MPUHUMAEMBIX PELICHUIT MOXKET CIIY>)KUTh CPEICTBOM H3MepeHHs 2P PEeKTHBHOCTH
ynpasisitoniei cucremsl. To ectb, 3)(HEeKTUBHOCTD, U KAY€CTBO aHTUKPU3UCHOTO PELISHHUS ONPEACIISIIOTCS, MPexie
BCEro, OOOCHOBAaHHOCTHIO ~METOMOJIOTMM pEUIeHUss npodiieM U COOJIOJEHHEM MapaMeTpoB  JIOTHKO-
METO/I0JIOTMYECKON PAIlMOHAIBHOCTH: PELIEHUE MTPOOIIEM JO0JDKHO OBITH OPHEHTHPOBAHO HA MO3UTHBHBIC KOHEUHBIE
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pe3yibTaTel. Peus maet o ToM, 9To pa3paboTKa COOTBETCTBYIOUINX aHTUKPH3MCHBIX PEIICHUH HE MOJDKHA OTpaHU-
YUBATBCS OJHMM BapHaHTOM; HEOOXOJWM Vy4YeT BEPOSTHOCTH XapakTepa BO3HUKHOBEHHS COIHANBHO-
SKOHOMHYECKUX COOBITHH; KOMIUICKCHAsI OICHKA 3()()EKTHBHOCTH KaKJIOTO W3 BAPHAHTOB PEUICHUS; IIPUMEHEHHE
COBPEMEHHBIX JIOTHUECKUX MPUEMOB M KOMIBIOTEPHOI TEXHUKH, a TAKKe HCIIOJIB30BAHNE KOMIUIEKCHOTO MOIX0/1a
ISt pa3pabOTKU AKOHOMHYECKHA 0O0CHOBAHHBIX pereHuii [3, ¢. 166-167].

B coBpeMEHHBIX YCIIOBHSIX XO3SHCTBOBAHHS PE3KO BO3pPACTaeT TPeOOBAaHME K KaYECTBY aHTHUKPHU3HCHBIX
peLIeHUIT Ha BCeX CTaIusIX )KU3HEHHOTO IIMKJIa MPEANPUATHIH TPOMBIIIIICHHOCTH, I KOTOPBIX XapaKTEPHBIM SIBJISI-
€TCsl B3aMMOCBSI3b C JKU3HEHHBIM LIUKJIOM TEXHOJIOIMYECKOW CHUCTEMBI (KaK 4acTH TEXHOJOTMYECKOW CHCTEMBI U
TEXHOJIOTHiT). DTO OOBSICHSIETCS TEM, UTO JjaXke HeOOJbIIHE MTOIPEITHOCTH B PEIICHHUAX MOTYT IPUBECTH K 000CTpe-
HUIO WM YriyOlieHnIo Kpusuca. JlaHHOe SBJICHUE SBIISIETCS CIICACTBHEM OTPaHMYEHHOCTH BPEMEHHBIX U (PUHAHCO-
BBIX PECYPCOB JUIsl MPUHSATHSL 00OCHOBAHHOTO CTPATErMYECKOTO PELICHUs Ha JEHCTBUTEIHLHO IPOBEPEHHBIX (haKTax
U TeHJIEHIMAX. Bce 3T0 MpUBOIUT K TOMY, YTO aHTUKPU3HUCHOE yNpaBJIeHUE, KaK AJIEMEHT CTPAaTeTHUYEeCKOTo yIpaB-
JICHHS, TOJDKHO 3aHATH COOTBETCTBYIOIIEE MECTO B CHCTeMe (PMHAHCOBOTO YIIpaBIeHHS Ha mpennpusatud [1, c. 74-
78].

Takum o0pazoM, 3pPeKTHBHOCTS MEXaHM3Ma aHTUKPHU3UCHOTO YIIPABIICHHS OIMpPENENeTCS CIeIYIOIINMHI
KPUTEPISIMH: CKOPOCTh PEarupOBaHUs Ha BEPOSTHBIC MPOSBICHUS KPU3UCA; CHCTEMHOE HCIIONB30BaHUE MEp aHTH-
KPU3UCHOTO YIPaBJICHHUS; COTIACOBAHHOCTh AaHTHKPU3NUCHBIX MEp C IENBI0 X OCYIIECTBICHUS depe3 BEIOOp popm
MeXaHU3Ma aHTUKPU3UCHOTO YIIPABIICHHS.

AHanu3 SKOHOMHYECKOH JINTEepaTypbl, MOCBALICHHOH mpobieme 3()(EeKTHBHOCTH OpraHU3alMOHHO-
SKOHOMHUYECKOI'0 MEXaHU3Ma aHTUKPHU3HCHOTO YIPABJICHUS Ha MPOMBIIUICHHBIX NMPEIIPUATHIX, aeT BO3MOKHOCTh
BBIJICIIUTH OCHOBHBIE HAIIPABJICHHsI OLIEHKH ero 3P (eKTHBHOCTH:

— (yHIaMeHTaNbHas JUAarHOCTHKA (PMHAHCOBOTO COCTOSHHS (MCIOJIb30BaHHE TPAIUIIMOHHOTO BEPTHUKAIb-
HOT'O, TOPH30HTAILHOT0, TPEHA0BOTO U (PAaKTOPHOTO aHaJM3a Ha OCHOBE O(QHUIMAILHON OTUYETHOCTH MPENPHUATHS 1
CTaTUCTHYCCKUX JTaHHBIX);

— KOMIUICKCHBIA aHAJIN3 BEPOSTHOCTH OAHKPOTCTBA MO OOIICTIPHHATHIM MOJENAM (YIUTBIBACTCS OTpaciie-
Basl PUHAIJIC)KHOCTD TPEANPHUATHS U OCOOCHHOCTH ero ()YHKIIMOHMPOBAHUS Ha 0a3e MCIONB30BaHUS MOKa3aTenen
(PMHAHCOBOTO COCTOSHIS TIPEIIPHUATHS);

— aHaJTU3 W3MEHCHHS MPOU3BOJICTBEHHO-YKOHOMHYECKUX IMOKa3aTelei (MpHObLIh, peHTabeIbHOCTh, COOT-
HOIIICHHE 00beMa BEIITyCKa U pean3alliiy IPOIyKINH, 3aTpaThl Ha 1 py0. ToBapHOW MPOAYKIHU H APYTHE), TAKKE
HE0OX0AMMO aHAIM3UPOBATH N3MEHEHHSI CE0ECTOMMOCTH M J0JIM Opaka MpoTyKIUH.

ITpon3BOICTBEHHO-9KOHOMHYECKHE MOKa3aTeId OPraHU3allMOHHO-3KOHOMUYECKOTO MEXaHHU3Ma aHTHUKpPHU-
3MCHOTO YNPAaBJICHUs OTPAXKAIOT HACKOJIBKO M3MEHHJIACH MPUOBUILHOCTD TPEIIPHUSTHS OT BHEIPEHHUS MEPONPUSTHH,
a TaKkKe TeHACHIIMN IKOHOMHUYECKOTO pocTa Ha npeanpuiaTuu. OHU CBUICTEIBCTBYIOT HE TOJIBKO O TeMIax MpHpo-
cTa 00BEeMOB NPOU3BOJCTBA, a TAKXKE U O TOM, KaKOW I[eHOH, KaKUMH 3aTpaTaMi PecypcoB JOCTUraeTcs 3TOT MpHU-
pocr.

Metoandeckoe obOecriedeHre HATHOCTHKH KPU3UCHOTO COCTOSIHUS M YIPO3Bl OAHKPOTCTBA XapaKTEPH3Y-
eTcs OONBIIUM Pa3HOOOpa3ueM IOAXOJ0B M MHCTPYMEHTOB e¢ MpoBeleHHs. [IpakTHyeckn KaKaoe HCCIeIOBaHNE
3apyOCKHBIX U OTEUECTBEHHBIX CIEIHUAINCTOB IO (PHHAHCOBOMY aHAIHM3Y W aHTUKPU3UCHOMY YIPABICHHUIO COACP-
KHUT M3JIOKEHUE PA3HOOOPA3HBIX METOIMYECKUX MPHEMOB, KOTOPBIE MOTYT HCIOJB30BATHCS UL OCYIICCTBICHUS
3TO0# padoTsl [4, c. 58-60].

OCHOBBIBAsICh Ha BBIMICH3JIOKEHHOM, MOYKHO OTMETUTB, YTO aHTUKPH3UCHOE YIPAaBJICHUE TPEATIPUIATHEM
JIOJDKHO OCYIIECTBIIATHCS MTOITAITHO U BKIIIOYATh COOTBETCTBYIOIIYIO TIOCJIEIOBATEIFHOCTH ICHCTBUI, I/1e METOAUKU
OIIEHKH BEpPOATHOCTH OAHKPOTCTBA JOJDKHBI 3aHHMATh BeIyIIee MECTO M OBITh OCHOBOW IS NMPHUHATHSA COOTBET-
CTBYIOIIUX YIIPABICHUYECKUX PELICHUI.

B ocHOBe paccMaTpuBaeMbIX METOAMK JIEKHUT UCIIOIb30BaHUE CTATUCTHYECKU-MAaTEMaTHIECKUX MOETICH, B
paMKax KOTOpPBIX Ha OCHOBE BBINOJHIEMOIO aHAIU3a CTPOUTCS (YHKIMS M PACCUUTHIBAETCS KOMIUIEKCHBIA (MHTE-
TpaJbHBIN) MoKa3aTens. OMHAKO CYMIECTBYIOIINE METOIMKHA B OCHOBHOM KOHCTAaTHPYIOT (hakT kpmsuca. [lomydeH-
HOW WH(pOpPMAIMK HEIOCTATOYHO IJIsi OOBEKTHBHBIX BBIBOJAOB OTHOCHUTEIHHO 3()()EKTHBHOCTH OCYIIECTBIISIEMBIX
AHTHKPHU3UCHBIX Mep. Ha pa3BepThiBaHre KPU3UCHBIX SBICHUHA HA MPEIMPUATHH BIUAIOT (PAKTOPHI KaK SHAOTCHHO-
0, TaK U 3K30TCHHOTO XapaKTepa, KOTOPBIE He BCETa MOIAI0TCs YIIPABICHHUIO U aIeKBaTHON OIEHKE. JTO, B CBOIO
ouepe/ib, He JaeT BO3MOXKHOCTH ONEPATUBHO MPHHATH yIpaBieHuecKoe pemenue [5, ¢. 50-53].

PaccmatpuBast 3apyOeKHbIE 1 OTEYECTBCHHBIC METOJUKH, MOYKHO BEIJICIIUATH, YTO 3apyOCIKHBIC MOJICIIN HE
YYHTBHIBAIOT OCOOCHHOCTH HAIIMOHAJBHON JEHEKHON CHCTEMBI, HE MMEIOT OTPACIeBOM MPUBA3KH, a TaKKe MOJCIH
C03/1aBajlack Ha OCHOBE 3alaHOTO Pa3BUTHSA SKOHOMHUKH. COOTBETCTBEHHO 3apy0OeKHbIE MOJEIH MOTYT HCIOJb30-
BAaThCS TOJIFKO KaK MapajuleTbHbIE COBMECTHO C OT€YECTBEHHBIMU MOJAEIISIMH.

Takum oOpa3oM, aHATN3 METOAOB OIEHKH (PPEKTUBHOCTH OPTraHU3AIMOHHO-3KOHOMHUYIECKOTO MEXaHU3Ma
AHTUKPHU3UCHOTO YNPABJICHHUS MPOMBIIIICHHBIM MPEINPUATHEM TO0Ka3ajl, YTO OLEHKAa MOXET OCYIIECTBISATHCS 10
CJIEYIOIINM HAIpPaBJICHUSAM — aHAIN3 BEPOATHOCTH HEIUIATE)KECIOCOOHOCTH 10 OOIIEIPHUHATHIM MOJAETSM, a TaKkKe
HCXOJs U3 aHAaIM3a U3MEHEHMs MPOU3BOACTBEHHO-DKOHOMUYECKUX MOKa3aTelned. OT0 B CBOIO O4epellb, AaeT BO3-
MOYKHOCTB JIOCTOBEPHO OLIEHUTH 3(P(PEKTUBHOCTH OPraHU3alMOHHO-IKOHOMHUYECKOT0 MEeXaHW3Ma aHTHKPHU3HCHOTO
YIIpaBJICHUS JUTS IPUHATHS YIPABICHYCCKAX PEIICHHH.
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H. A. CTEIIAHOB, E. U. PEUIIIAXPUT
Canxm-Ilemepbypeckuii I oproiil yHusepcumem

PA3BBUTUE MAJTOTOHHAKHBIX CIII'-3ABO/10B B POCCHUHA

CrpemMuTENBHOE Pa3BUTHE MUPOBOTO PHIHKA CKIDKEHHOTO IIPUPOJHOTO I'a3a MPUBOJUT K YCTOWYNBOMY PO-
CTy €ro COBOKYITHOTO MOTpeOieHus. Tak, corylacHO AaHHBIM MeXIyHapOJHOTO 3HEPreTHYECKOTO arcHTCTBA
(M3A), muposoii cipoc Ha CIII' ¢ 2010 rona yBenmdauBaercs B cpeaHeM Ha 7,6% exeromHo, o0yciaBinuBas poctT
ero nous, kotopas no uroram 2017 rona cocrasuna 6onee 30% mMupoBoro notpediienns rasa [8].

CymectBytomue B Poccun 3amacel raza u Hajau4ue cOOCTBEHHBIX TEXHOJOTMYECKUX pa3zpabdoOTOK MO CKU-
KEHHIO, [0 MHEHUIO MUHMCTPA SHEPreTHUKH, MOTEHIMAIbHO MOTYT MO3BOJMThH HAllleil CTpaHe YBEIMYHUTH OO B
MupoBoM 00beme npom3BoacTea CIIT k 2025 roay ¢ 4% no 20% [8]. s atoro BemeTcs pa3paboTka 1EI0ro psijaa
IIPOEKTOB, cpeau koTopbix bamruiickuit CIII, Ilewopa CIII', Bnagusocrox CIII', 3-1 ouepeapr Caxamun-2 [2]. Ha

pucyHKe 1 mpencTaBieHb! IPOSKTHBIE MOITHOCTH HEKOTOPBIX MIaHUPYeMbIX KpynHbIX CIII'-3aB0MOB.
Cpok BBOAA B 3KCNNYaTauuk:

Aman CNI 16,5 korew 2016 - Havano 2017 r.
Meyopa CMNI 8-10 2018-2019 rr.
CoBMecTHbIU NpoekT PocHehTu 1 |
Exxon Mobile Ha CaxanvHe 5 : 2018,
TpeTtbsi ovepess NpoekTa 5 2018+
«Caxanvn-2»

Bnaausoctok-CMNI 10 2019-2020 rr.

BanTtuuckun CMNIC 8-10 2020r.

2 4 6 8 10 12 14 16 18

Pucynok 1 - IIpoekTHble MOLIHOCTH TUIaHUPYeMbIX poccuiickux CIII'-3aBomoB, MitH T. [6]

OnHako B HacTOsIIEE BPEMS CYHIECTBYIOT M OOBEKTHUBHBIE MPETSTCTBHUS, TOPMO3SIINE BBOJ B SKCILTyaTa-
uuto uensiit pan poceuiickux CIIT-npoexkToB. OCHOBHOM MPUYKMHON SBIISIETCS BHICOKUH MOKa3aTeNb YAEIbHBIX Ka-
MUTAJBHBIX 3aTpPaT, CBA3AHHBIA C OTCYTCTBHEM OTEYECTBEHHBIX MPOMU3BOACTB MOIIHOTO TypOOKOMIIPECCOPHOIO
obOopyzoBanust 1 OOJBLIMX TEINIOOOMEHHHKOB, JISKAIIMX B OCHOBE KPYMHOTOHHAXHBIX (5 MIIH T B roj u OoJjee)
CIII"-3aBomoB [2]. JJonoaHUTENBHOU TPOOIEMOiA, TOPMO3SIIEH pa3BUTHE 3aBOJIOB MO CXKMKEHHIO Tasza B Poccum,
SIBJISIETCSI CJIOXKHOCTh C TPHUBJICYCHUEM MHBECTULHMH M KPEAMTOB JUIA (PMHAHCUPOBAHUS CTPOUTENBCTBA, MOCKOJIBKY
poccuiickue KpyIHbIe MPOEKTHI HE CTIOCOOHBI BEIMTH Ha KOHKYPEHTHBI YPOBEHB JOXOTHOCTH U CPOKA OKYIIaeMOCTH
JUTS IPOEKTOB oTpaciu. CTpeMileHHe pa3BUBATh KPYITHOTOHHAYXKHOE MTPOU3BOJICTBO, OPUEHTHPOBAHHOE HA IKCIOPT,
HE pelaeT OCTpyIo mpoblieMy Ae(HIMTa TOIUIMBA B Hera3uuIupoBaHHbIX peruoHax Poccun [3].

Jnst orieHKn 1 BEIOOpA MPOEKTOB MCIIOJIB3YIOT MHOYKECTBO PAa3HBIX MOKa3aTelNel, KaXKAbIi N3 KOTOPBIX MO3-
BOJISIET CZEJIATh BBIBOJ O TOM, CTOUT JIM pean30BbIBaTh NpoekT wim Het. Jnst CIII -poexToB, T1e cebecToMMOCTh
TOHHBI MPOJYKINH JJIsI KOKIOT0 YHUKaJbHA M CKIIaJBIBACTCS U3 3aTpar Ha J0ObIYY, CKM)KEHHE, TPAHCIIOPTUPOBKY
JI0 MecTa Ha3HaYeHUs, IPOYNX ITPOU3BOICTBEHHBIX U HETIPOM3BOACTBEHHBIX M3JIEPKEK, a lIeHa (POPMUPYETCS HCXO-
Jsl U3 CIIpoca U NPEASIOKEHHS Ha PhIHKE, TO Ha MEPEeJHUN IUIaH BBIXOAUT MOKa3aTelb yAEIbHBIX KallUTaIbHBIX 3a-
TpaT, paCCUUTHIBAEMBIN KaK OTHOILIEHUE CYMMAPHBIX HHBECTULMN K TOA0BOM IPOU3BOACTBEHHOM MolHOCTU. HcXxo0-
ISl U3 JIOTIYIIEHHSI, YTO II€HA — SK30TCHHBIA (PaKTOp, 3a/1aBaeMbIi PEIHKOM, a ce0eCTONMOCTh ITPOM3BOJICTBA TOHHBI
MIPOAYKITUH — HJOTCHHBIA (PAKTOpP, HErHOKUH, TPy THOM3MEHIEMBIH U YHUKAJIBHBIN A KQKI0T0 MPOEKTa Mo MpHu-
YHHE Pa3HBIX KJIMMAaTHYECKUX YCIIOBHH, BIMSIONIMX HA 3aTPAThl SHEPTHU IS OXJIAXKIEHHS, T€0JIOTHIECKUX YCI0-
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BUU MCCTOpO)K,Z[eHPIﬁ, BCJIIMYMHA YACIBbHBIX KAlTMTAJTBHBIX 3aTpaT HAIPAMYIO BJIHUACT HA UHIACKC JOXOJAHOCTH U CPOK

OoKymaeMocTH. B ¢opmyre 1 BerweHeHa BETMUMHA YACTBHBIX KAIIUTANBHBIX 3aTPaT U3 CPOKa OKYIIaeMOCTH.
1 1

1
PP = CF = E * (P-TC) ' (1)

rae PP — cpok okymaemocTn mpoekTa;

| - cyMMapHBIC HHBECTUINH B TIPOCKT;

Q - romoBas MPON3BOACTBEHHAS] MOIITHOCTH;

P — nena 3a Touny CIII;

TC — cymmapHsie 3aTpaThl Ha pon3BoacTBO ToHHBI CIIT.

CrpaBodHO, CpeHHE yJeNbHBIC KalUTaJbHbBIC 3aTPaThl ISl POCCHICKUX KPYIHBIX 3aBOJOB HAXOISITCS B
muanazore 1700-1800 $/t, B To Bpemst kak y 3aBoqoB B CIIIA cebecroumocTh BapbupyeT B quanaszone 600-800 $/1
[4]. Takue BBICOKHE MOKA3aTEIH YICIBHBIX KAMUTANBHBIX 3aTPAT Y POCCHICKHUX MPOCKTOB, CBS3aHBI C 3aKYIKOM
JIOPOTOCTOSIIETO 3apy0eKHOTO TYPOOKOMIIPECCOPHOT0 00OPYAOBAHMS M OOJBIINX TEIT00OMEeHHHKOB. Ho HE0OX0-
JIMIMO TaKXe OTMETUTh, UTO B cpenHeM B Poccuu mokaszatens cebecrommoctu npousBoactBa CIII sBisercs: omqauM
U3 CaMbIX HU3KHX B MHpe. VIMEHHO MOATOMY TJIaBHOM 3aJa4ycil CTOUT CHIKCHHUC YJICIBHBIX KAMTAIBHBIX 3aTpart,
TEM CaMbIM MOBBINIAS WHBCCTUIIMOHHYIO MPHUBICKATEIFHOCTh MPOCKTOB. B CIOXKHMBIIUXCS YCIOBHUAX aKTYaTbHBIM
SIBIISICTCA TMPUHATHE POCCHUCKAMH KOMIAHUAMHU-TIPOU3BOAUTEISIMA YIIPABICHYSCKUX PEIICHHUH, TTO3BOJISIONINX pe-
IIATH TJIABHYIO 3a1ady. OqHO U3 Hanboee MPeaIoYTUTEIFHBIX PEIICHIH — pa3BUTHE MATOTOHHAKHBIX (TIPEIIpHs-
THS ¢ 00beMoM mpon3BozcTBa A0 100 ThIC. T B rox) 3aBomoB [1]. DTO MO3BONINT MHHUMHU3UPOBATH PUCKH, CYIIE-
CTBEHHO COKPATHTh CPOK OKYITAEMOCTH, 0OECIICUYHB MPH 3TOM IPHEMIIEMYIO0 ce0eCTOMMOCTh HOBBIX IPOWU3BOJICTB
CIIT [3].

OnpezelcHHBIC MPEUMYIISCTBA MaJOTOHHAKHBIX 3aBo0B CIIIT 3aKiTr04arOTCs B CPABHUTEIBHO HHU3KHX
yIENbHBIX KallUTANbHBIX 3aTpaTax Ha CTPOMTENLCTBO, KoJjeOmomuxcs B auanaszone 550-700 $/t, uro mossosser
BBIBOJUTH BBICOKOKOHKYPCHTHOC TOIUIMBO KaK Ha TEPPUTOPHUU BHYTPU CTpaAHBI, TAC OTCYTCTBYIOT MaruCTpaJibHbIC
TpyOOIPOBOIBI, TaK M Ha 3KCIopT[6]. KprorenHoe o0opynoBaHue TaKMX MPOM3BOJCTB YXKE pa3pabOTaHO U H3TO-
TOBJICHO pOCCHﬁCKHMH MAaInHOCTPOUTCIIbHBIMU 3aBOJJaMHU, YTO IMO3BOJISICT CHU3UTHh 1O MUHUMYMa BJIMAHHUC CaHK-
IUH.

BLI,I[GJ'IEIIOT TPpHU OCHOBHBIX I'DYIIIIBI KOHCYHBIX IOJIb30BaTeIICH MNPOAYKTOB TAKHX 3aBOJOB!:

. TOTUTUBO AJIS CyAOB (OyHKEpOBKa);
0 TOIUTHBO JJIsl OONBIIErPY3HOTO Ha3¢MHOTO TPAHCIIOPTA;
0 9HEPrOCHAOKEHUE B HEANCKTPH(HIMPOBAHHBIX pailOHaX.

Hecmotps Ha HEOMAronpusATHYIO JUHAMUKY JOOBIYH U IepepaboTKH MPUPOIHOTO Ta3a Ha MHPOBBIX PBHIH-
Kax, a IMEHHO, HU3KHE IICHBI Ha CHIphe, N30BITOK MPEUTOKEHNS HAa PBIHKAX T'a3a U COCPEIOTOYCHHOCTh Ha COKpa-
IICHUU 3aTpart, psl (pakTOpOB CBUACTEIBCTBYET O IEICCOO0OPA3HOCTH Pa3BUTUS MaJOTOHHAXHBIX U 3aBoaoB CIII.
Cpenu Takux (akTOpOB, B IEPBYIO OUYepeib, CICAYET OTMETUTh BO3MOXKHOCTh OOCCIICYHTh MHBECTOpaM Oosiee
OBICTPYIO M TMOTEHIMATIBHO 00JICe MPHUBICKATSILHYIO TOXOJAHOCTh B CPEIHECPOUYHON MEPCIEKTUBE, UTO SBISCTCS
MIPUHIMIHATIHLHBIM OTJIMYUEM MaJOTOHHAXKHBIX 3aBOJIOB OT KPYMHOMACIITaOHKIX mpoekToB nmpousBojactea CIII [5].
CymiecTByIolIfe OTEUECTBEHHBIE TEXHOJIOTUN TO3BOJSIOT MPOEKTaM MPEAOCTABISITh YCIYTy MO MPUHIIUITY «ITOJI-
KITFo9ail U paboTait» ¢ Ooiee HU3KUMHU HHBECTHIIMOHHBIMH ITOTPEOHOCTSIMHU U YCKOPEHHBIMH rpadkaMu BBOJA B
9KCIUTyaTauio. Bee 3To Mo3BONIET YMEHBIINTE HEOMPEICICHHOCTh B OTHOIIICHHH BPEMEHH PEalli3alliy MPOCKTa.
Eme omHNM MpenMyIIecCTBOM MAIOTOHHAXXHBIX MMPOEKTOB SIBISETCS BO3MOXKHOCTH €T0 MAcCIITa0HPOBaHUS, MTO3BO-
JISTIOIIee OllepaTopaM J00aBISATh MPOU3BOACTBEHHBIC MOITHOCTH JUIS yIOBIECTBOPSHUS PACTYIIETO CIIPOCA, TOBOAS
YHCIIO MPOW3BOACTBeHHBIX MuHUN 10 20-30 [2]. U, HakoHen, MMEeHHO Oiarogapsi cBoei TMOKOCTH TaKHe MPOCSKTHI
MOTYT MPOCTUMYJIHPOBAThH CIIPOC B TeX 00IACTAX PBIHKA, KOTOphle paHee ObumH Henpuronssl st CIIIT B kauecTBe
HCTOYHMKA TOIUIMBA, KaK, HAIPUMEp, aBTOHOMHOE SHEPrOoCHA0KEHUE Ha OCTPOBAX U B OTIaJICHHON MecTHOCTH [3].
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TYMYPCYX TYVJ, 30PUI'T OKOYHHALPAJI, BOP AMAPCAHAA
Yuusepcumem @unancos u dxonomuxu, Ynan-bamop, Moneonus

HEKOTOPBIE BOITPOCHI YIIPABJIEHUA PUCKAMMU I'OPHBIX
IHPOEKTOB

Pa3Butne ropHOI NPOMBILIIEHHOCTH M IPHUBJIIEYEHUE B 3Ty chepy MHOCTPAHHBIX HHBECTOPOB CTAJIH CTpa-
TETUYECKUM HaIlpaBICHUEM T'OCYIapCTBEHHON MOMUTHKY MOHTOINY B TTOCIEIHNE HECKOIBKO JieT. [locnenoBaBmmii
OONBIION MPUTOK KPYIHBIX WHOCTPAHHBIX KAITUTAIOBIOXKECHUH B ApyTHe chepbl KU3HEACITEIBHOCTH CTPAHbI 110-
BJICK 32 COOO¥ HEOBIBAIIBINA POCT SKOHOMHUYECKUX T0Ka3zaTeneii MOHTOINH, 9YTO B CBOIO O4Yepenb, TO3BOIUIO MECT-
HOH BIIACTH OTPEJECIUTH OCHOBHBIC HANpPABICHUS Pa3BUTHS SKOHOMHKH TOCyJapcTBa M pa3padoTaTh MacIiTaOHbIC
CPEIHECPOUHBIC U JAOJITOCPOYHBIC MPOEKTHI, PEAIN3yEeMbIX B €€ OTPACIsiX, M B OOJIBIINHCTBE CIIydae B TOPHOM IIPO-
MBIIIIEHHOCTH. B HacTosiiee Bpemst Ha Tepputopurt MoHrosuu BeisiBiieHo 0osiee1000 mectopoxaenuii ¢ 6onee 80
BHJIAMH TIOJIE3HBIX UCKOINIaeMbIX. BBIsBICHHBIH 3amac Ha JaHHBIH MOMEHT HOJIE3HBIX UCTIOKaeMbIX MOHTONHN:

- 20.6 MIpAa TOHH yIid,

- 84.1 MIH TOHH MEJIH,

- 1.08 MIpa TOHH KEJE3HBIX PY,

- 2.4 TBIC TOHH 30JI0Ta,

- 18.1 MJIH TOHH I[UHKA,

- 332,6 MJIH TOHH CHIPOI HEPTH U T.1.

MoHronus 3aHMMaeT OJHO U3 BEAYIIMX MECT B MUpE IO 3aracaM peaKux 3JeMeHToB. [lo nccienoBaHusIM
uHCTUTYyTa Frazer MoHronus nuaupyeT B MUpe IO MHIEKcaM IoJie3HbIX uckomaeMblx.Eciu B 2002 roxy 50 mpo-
LIEHTOB JI0JIM BCEro HKCIOpPTa Halleil cTpaHbl IPUXOANIOCH Ha MOJIE3HbIE HCKOIIAaeMBble, TO HA JAHHBIH MOMEHT 3TOT
IoKa3zaresbyXke JOCTUr okojo 90 mporeHToB. B HacTosIiee BpeMs MHBECTUPYIOT B MOHTONHIO U OCYIIECTBISIOT
JIEATENIBHOCTh TaKUe KpyIHbIE TPAaHCHALMOHAlbHbIe KoMmaHuu, kak Typkois Xumn Pecypc, Puo Tunro, Iletpo
YaifHa maunH Tamcar, ApeBa, [Tuitbomu Buncsait Pecypc, Tetnc.B mensx pa3BUTHS TOPHOPYAHOW MPOMBIIIIICHHO-
CTH €AMHOH TOJUTHUKOH, 0OecredeHus] cTaOMIBHOCTH TPaBOBOW Cpenbl, HEJOMYIIECHHS AUCKPUMHHAILIMNA HHBECTO-
POB U OIIpEAENIEHHs yJacTHs TOCyJapcTBa B TOPHOPY/THOM NMPOMBIIUIEHHOCTH B stHBape 2014 r.BnepBble napiaMeHT
Momnronun yrBepami «I1oauTHKY, TPOBOANMYIO TOCYIapCTBOM, B 00JIAaCTH NPUPOJHBIX pecypcoB». B sTom noky-
MEHTE yKa3aHacTPaTeTHsArocyapcTBa B 00JIaCTH MOJIE3HBIX HCKoMaeMbIx 10 2025 rona.

XoTs ToJIAEpKKa CO CTOPOHBI TOCYIapCTBa 3HAYUTENIbHAS, HO peaiM3alisi MPOEKTOB HE OCYIIECTBIISCTCS
JOJDKHBIM 00pa3oM, HaMU OBUIO IPOBEJICHO HCCIIEAOBAaHHE B KOTOPOM MBI M3y4wiau 30 MPOEKTOB MPOBOAMMBIX B
TOPHOIl OTpaciu I BBIBIGHHS TPOOJIEM CBS3aHHBIX C  YIPaBICHWEM PHUCKAMH TOPHBIX IPOEK-
TOB.Penpe3eHTaTHBHOCTH pa3Mepa BRIOOPKUHCCIIECIOBAHNS TOPHBIX POEKTOB ObLI OCYIIECTBIIECH CIIEAYIOIUM 00pa-
30M. Tab.1.

Tabnuya 1

Br16opka ropHBIX IPOEKTOB

t 1.96 | Kpurnueckoe 3Hauenue t=1.96, 95.4%
w 0.5 Cpennuii Bec
t2+xw*x(1—w)*N N 600 T'opHBIE IPOEKTHI
n= N*AZ +t2xw=*(1—w) A 0.05 | CrangapTHOE OTKIIOHEHHE
n KonugecTBo mpoexToB
w*(1-w) 0.25
tZxw*(1-w)*N 22%0.25%600

= NeAZ+iZ —>Nn= > > =30.1
*Ap+t2xw(1-w) 600%0.025%2+22%%0.25

HccnenoBanue nokasano, 4To ynpaBjIeHHE PUCKAMU IPOEKTOB COBMECTHBIX NMPEANPUATHUII TPOBOAUTCS HA
JOJDKHOM YPOBHE HEXEITH TOCYIapCTBEHHBIX U YAaCTHBIX MPOEKTOB pealn3yeMbIX B MOHTOJIHH.

Hcnonp3yeMple IOAXO0/IBI YIIPABICHIS PICKAMU IPOEKTOB HA NPEATPHATHAAX OBLIH PA3TUIHBL.

- AHanmn3 pUCKOB KOJTHMYECTBEHHBIM MOAXO0M COCTABIISLIS 7%, 3TO OBIIT CaMBIi BRICOKHH HPOIIEHT.

- AHanu3 pUCKOB Ka4eCTBEHHBIM MOAX0JI0OM cocTaBmi 33%

- [IporeHT mpeanpUsATHH, KOTOPHIE HE HCIIONB3YIOT HU OJHOTO MOJIXO0/a M3 BBIIICTIEPEUUCICHHBIX
coctaBuil 10 IpOLEHTOB.
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Jlanee Hamu ObUT IPOBE/ICH aHAIM3 METOIOB YIPABICHUS PUCKaMH IPOEKTOB HA MPEIIPHUATUSIX, KOTOPbIE
HCTIONB3YIOT KOJIMYECTBEHHBIE WIIN Ka4eCTBEHHBIC Moaxoasl. Puc.1

Crom werozov | 20
BeHumapKuHT _ 21%
Aytcopcunr _ 10%
Crpaxosca [ 20%
Korrparr | 5%

0% 5% 10% 15% 20% 25% 30% 35%

Puc.1. Metos! yripaBiIeHHUs pUCKaMHU TOPHBIX IPOCKTOB /B TIPOLICHTAxX/

Ha naHHBIH MOMEHT PHUCKH YIPABJICHHS MPOEKTOB B HAIIMOHAIBHBIX TOPHBIX NMPEANPHATHIX BO3MEIIAIOTCS
3a CYET CTPaxXOBaHUS UTOT KOTOPHIX coctaBmi 30 mpomeHTOB. [lanmee clemyeT MpOUeHT OeHYMapKHHTa, KOTOPBIN
cocTaBu 27 MPOLIEHTOB.

B urore uccienoBanusi, Mbl BBISIBIIIN (110 MHEHUIO PECHIOH/ICHTOB) MPOOJIEMBI CBS3aHHbIE C YIPABICHHEM
pHUCKaMM TOPHBIX MPOEKTOB U OLIEHIJIU B IpoleHTax. Puc. 2
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Puc.2. [TpoGuembl yripaBieHusI PUCKOB TOPHBIX IIPOEKTOB

Ha puc.2 Mbl BUIuUM, 4TO HaHMOOJBIINI MPOLIEHT CBSA3aH C KBaTM(UKAIKEH CIeNNaICTOB, KOTOPBIH cocTa-
Bun 30%, HemoctaTok MHGOOPMALMOHHOM 6a3bl CBSI3aHHBIN C YIpaBICHUEM PUCKOB MPOEKTOB 23% W OTHOIEHHE
PYKOBOJICTBA K OIICHKE yIIPaBIICHHUIO pHCcKa mpoekTamu 17%.

Takum 00pa3oM B UTOTE MCCIIEOBAHUS YIIPABICHUS PUCKAMH TOPHBIX MPOEKTOB HAMH OBIIH MPEII0KEHBI
ClIeYIOIINE PEKOMEH IAlNK:

- Heob6xoanmo pemmnTh BONPOC CBSI3aHHBIM C OpraHW3aleld IpoLexyphl yNpaBIeHHUsS MPOEKTOB.
Oco0eHHO Ha MPEANpHATHAX MOHTOJIMK, KOTOpbIE ObUIM HMHBECTUPOBAaHBI HAIMOHAJIHHBIMH KOMIIAHUSIMH HET
CTPYKTYpPBI U JIOJDKHOCTH, KOTOPbIE JOJDKHBI KOHTPOJIMPOBATh,CO34aBaTh M oboramars 0a3y JaHHBIX CBA3aHHBIX C
YIpaBJIeHUEM PUCKOB IIPOEKTOB.

- Pa3BuBaTh KBAIM(UKALMIO CIIyKalUMX padoTaromux B cdepe ynpasieHus /B T.4. IPOBOAUTD Ce-
MUHApHI ¥ KPYTJIBIE CTOJIBI JJISI PYKOBOIUTENICH MPEANPHUATHIH, 9YTOOB B JalbHEHIIEM TOJDKHBIM 00pa3oM U ¢ IO I-
JIEpKKO BECTH YIPaBJICHUE PUCKOB ITPOCKTOB/ PUCKAMU TOPHBIX MPOEKTOB, COCTABJISTH IJIaH O0yUYeHUSI.
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- BEISBIATE, peTUCTPUPOBATH, OICHUBATH, AHAIM3UPOBATh M COCTABIATH IUIAH YIPABJICHUS PHUCKOB

TPOEKTOB.
- Co3mate 1 OOHOBIIATH HHPOPMAIIMOHHYIO 0a3y YIpaBICHUS pUCKAMH IIPOEKTOB.
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PROJECT OF ATESTING STATION FOR PHASE-CHANGE
MATERIAL

Energy storage is still a problem that needs a solution. Solutions are being sought, the effect of which is to
be the ability to store energy in such a way that the accumulation and donation is easy and effective. Various tech-
nical solutions are proposed as well as the possibilities of using the phenomena and properties of materials that are
related to energy flow. It is possible to use phase transitions to store energy in the form of heat.

If the phase transition is made at parameters close to the ambient conditions, then we are dealing with phase
change material (PCM-phase-change material).

1. What are phase change materials?

Phase-change materials (PCM) are compounds or groups of compounds capable of absorbing, accumulat-
ing and donating a large amount of energy. These phenomena occur in the phase transition range of the first type.
Depending on the type of phase-change material, the cycle can be repeated many times without changing the physi-
co-chemical properties of the agent [1] [2].

2. A testing station for phase—change material

The scope of work included design and construction of a laboratory stand for testing phase-change materi-
als. The testing station allowed to obtain the characteristics of the tested material in terms of phase transition and
the possibility of energy accumulation. It also made it possible to determine the phase change temperature. The ef-
fect of the research is to expand the knowledge on the use of flow and heat storage.
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Fig.1. Photo of a testing station for phase—change material

In the construction of the station (Fig. 1), three systems can be distinguished: functional, regulating, and
software controlling and archiving the results of measurements. The systems should be considered separately due to
their differences in functionality.

The functional system (Fig.1) consists of: a chamber in which there is a beaker with PCM material together
with temperature sensors, a heating and cooling system created from Peltier Modules, heat sinks, ventilators and
displays. Temperature sensors are placed on the bottom and top Peltier Module and in a beaker with PCM material.

The task of the regulating system is to control all electronic devices. Devices included in it are intended to
power the functional system and enable correct work of the entire system. The electronic diagram (Fig. 2) shows in
detail the connection of elements connected to the contact plate. The parameter is regulated by voltage. In order to
supply the elements connected to the contactor, the voltage must be reduced from the power supplies using an
AC/DC converter (from 12 V to 5 V). In the middle of the system there is a microcontroller responsible for control-
ling electronic devices. It is powered by 5 V. Arduino has pins to which two displays should be connected, relay
module and temperature sensors. In order for the temperature sensors to work properly, a resistor increasing the
resistance to 4.7 kQ is necessary. Switching on and off control Peltier Modules are carried out via relays, which are
controlled by a microcontroller. The control of the functional and regulating system is carried out using the
ARDUINO program. The program has many functions. The program turns on and off the Peltier Modules and also
controls the temperature of the Modules. Another important aspect is the control of the temperature measurement
and registration, thanks to which the characteristics of the material to be tested and the Peltier Modules can be ob-
tained. Temperatures of heat sources can be observed on the displays.

. .
4 .

- e o. o
@+ o -

-
-

Fig. 2. Electronic scheme of the regulating system

3. Phase transition test

The operation of the station has been checked by examining the phase transition of liquid — solid
water. The substance was chosen due to the knowledge of the characteristic parameters such as: freezing tempera-
ture, specific heat, density. The measurements of the water temperature change as a function of time recorded a con-
stant value of the phase transition temperature (Fig. 3). The characteristics of the test substance may show the phase
transition conditions, the amount of heat received or delivered. The time required to complete the test depends on
the method of heating and cooling the PCM substance (with a constant sample weight). Depending on the course of
temperature changes over time, one can infer about the intensity of heat flow and the mechanism that is responsible
for this process. Each substance has unambiguously determined parameters related to the phase transition.
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TEMPERATURE [°C]

TIME [s]

Fig. 3. Phase transition of water from liquid to solid state

Water is the most-known substance for which an analysis can be made. Knowing the specific heat of water,
you can calculate how much heat you need to pick up to lower the temperature from 4 ° C to -2 © C. The value of the
temperature at which the phase transition takes place can be unambiguously determined from the performed test.
Temperature for several dozen seconds does not change and is constant at 0 © C. Then the phase transition takes
place.

4. Summary

The stand consists of three systems: functional, regulating, software controlling and archiving the results of
measurements. The functional system consists of: Peltier Modules, heat sinks, ventilators, beaker, temperature sen-
sors, displays and housing. The regulating system is controlled by: Arduino with relays powered by power supply
using voltage reduction AC/DC converter. The Arduino program is responsible for control and archiving software.
The article presents an example of a phase change test for water. The analysis of the results shows the possibilities
of heat accumulation in the tested materials.

The main features of the testing station are:

- the ability to regulate the temperature of Peltier cells in the range from -10 ~ 115 ° C;

- the ability to create unlimited amounts of programs to control the system;

- the possibility of testing many PCM substances and heat insulators;

- the ability to save results and create temperature change characteristics from time.

The measuring space is insulated using a casing made of foam and aluminium foil. This is to reduce heat
loss during the test. The result of the exact knowledge of phase-change substances may be new ideas of heat accu-
mulation, which may contribute to the creation of new and interesting concepts of using PCM.

During the operation of the laboratory stand, it is possible to modify the system. The software and physical
elements of the station may change. An example of expanding the possibilities of the system is the selection of more
powerful Peltier Modules. This leads to a wider range of operating temperature changes. However, to reduce energy
losses, use an aluminium beaker for PCM.
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INVESTIGATION OF MARINE STRUCTURE DAMAGES CAUSED
BY SUBSIDENCE DUE TO UNDERGROUND MINING ACTIVITIES AT
ZONGULDAK IN TURKEY

Abstract

Mining activities as more an important economic source of nowadays at Zonguldak province of Turkey has
been started in 1848. Hard coal has a wide basin boundary terrestrial and thalassic. Nowadays, unfortunately, urban
settlements and marine structures are located in the influence area of the mining activities. These activities causes
horizontal and vertical deformations (i.e. naming as subsidence) on the ground surface during underground produc-
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tion processes. This situation adversely affects urbanization and land use depending on the ground movements, in
contrast to the economic contributions of mining activities. Negative results of subsidence such as coastal erosion,
landslide, deterioration of the groundwater regime and sewer leaks due to damages in the infrastructure facilities,
adversely affect to the environment. These movements need to be monitored in order to reduce the harm that these
mining activities can give to the environment. In this study, subsidence effects of the active production area beneath
the seaport of Kozlu as a marine structure is handled. Coordinates of ground monitoring points on the seaport have
been measured with Active CORS GNSS method at different time periods. In result of investigation by t-test of the
coordinate differences, to occur of the deformations was established. This deformations are determined as maximum
17 cmin horizontal and 27 cm in vertical.

1. Introduction

To 1- 2.5 million tons of Turkey's annual consumption needed can be covered by Zonguldak hard coal ba-
sin. The process of obtaining coalmine through mining activities brings various environmental, social and economic
problems along with the benefits it provides in the life of the society (Zonguldak Report, 2006; Akcin et al. 2010).
Subsidence and deformation resulted by underground mining operations in the region are the main problems. Sub-
sidence means that the ground fallen down from the earth surface due to the ore taken from the underground during
mining activities. And, the transformation of an object into a unit shape or transformation from its original shape
with the effect of various internal and external forces is called as deformation (Whittaker and Reddish, 1989). The
subsidence (i.e. ground movements due to underground mining) is related with the length and width of the excavat-
ed coal panel, the excavation thickness, the slope of the seam and the depth of the panel from the earth and geologi-
cal parameters of the overburden between panel and ground surface (Unlu et al. 2013). In this study, the Zonguldak
Kozlu seaport constructed over the coal production area was designated as a study area and observations were made
at different time intervals using with the geodetic points marked over there for subsidence effects.

2. A Case Study: Kozlu Seaport

This application was made for the analysis of deformation measurement with Active CORS GNSS meas-
urements. Zonguldak Kozlu port was chosen as the study area (Fig. 1) and observations were made at 24 geodetic
points established over the port. The characteristics of the underground mining operation that is actively used under
the port of Kozlu are as indicated in Table 1.

Tablel. Indicators of underground mine excavation field at Kozlu Area in Zonguldak City.

PRODUCTIO NAME SEAM LENGHT | WIDTH OF SLOPE DEEP OF
N OF THE | THICKNESS | OF PANEL PANEL ANGLE OF PANEL
TYPE OF SEAM (L) W) PANEL (o) (Ho)
PANEL
Longwall Acilik 2.18m 268m 132m 30° 528m

Reference measurements carried out on May 3 of the year 2012 were repeated on Jan 25 of the year 2018
and the location changes of points marked on the port observed with the same measurement method. In both obser-
vations, measurements were made 10 epochs (n = 10) with intervals of 1 second. According to the bilateral t-test in
Eq.1, the degree of freedom was calculated as 18 (df = 18). The limit t value obtained from the table is 2.101 for the
95% probability (o = 0.95). Quadratic means "mg" of the measurements in Eq.2 are calculated from root mean

square errors (RMSE).
t 1X° — X] t >t
= me, 1-a/2 f18 1)

M= (M3° + M3’ 2)

The results and limit values of t - test in Table 2, and illustration of the vertical and horizontal vectors are
presented in Figure 2. According to the absolute value of all results obtained exceeded the limit value from Table 2.
This results mean that deformation occurs in the horizontal and vertical directions according to the t test.

3. Conclusions

In this study, ground surface subsidence value components determined as maximum 17 c¢cm in horizontal
and 27 cm in vertical on the Kozlu seaport of 2.18 m excavated a longwall coal panel in deep 528 meter. Damage
level in seaport structure is severe. Sewer leaks, local landslide near the seaport and coastal erosion as environmen-
tal effects are observed between year 2012 and 2018.
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. |RMS(HIL)BMS(H2)| EMS(V1)(BEMS(V2)| Dx | Dv | Dz Status of def.
Point . tx tv tz t Limit

m] (mm) | m? (mm) | ml (mm) [m? (mm) | (mm} | {(mm) | (mm} @ | ¥ | (=
P01l 3 g 3 15 -51 6 | -140 [ -5.003 | 0561 | -2159 | 2101 | (v | () | (B)
P02 4 10 3 15 41 1 | -140 [ -3.767 | 0073 | -20102 [ 2101 | (v | () | (D)
P03 3 g 4 14 232 | 22 [ -153 | -3.108 | 2167 [-10673) 2101 (B [ (B | B
Pod 7 g 4 14 2300 <23 <153 | 23522 | 2008 (-10405) 2101 [ (B [ (B | B
P03 6 ] 4 o -36 | -33 [ -193 | -8.507 | 3458 (-20235| 211 [ (BB | B
P06 3 6 3 3 -145 ) 232 | <272 |-18.426| 4064 |S32215 2101 ([ (B [ (B | (B
P07 4 6 2 o -143 | 31 | <273 |-20494) 4473 (20838 2101 ([ (B [ (B | (B
P03 4 6 2 o -142 ) 43 | 2234 |-200050) -6.097 |27.034 2101 ([ (B [ (B | (B
P02 6 ] 3 11 123 ) 233 | <234 |-12616) 233528 |-2235346| 2101 [ (B [ (B | (B
P10 3 9 2 13 1100 56 | <200 |-10.863) 3510 |-13840| 2101 [ (B [ (B | ()
Pl 6 10 3 13 60 | 42 [ -179 | -6.028 | 3680 [-13446) 2101 [ (B [ (B | (B
Pi2 4 10 2 13 -390 | 227 [ <153 | -3.661 | 2497 [S1158L) 2101 [ (B [ () | )
P13 3 9 3 13 226 | 10 [ -151|-2473 ) 0924 (11325 2100 [ (B | (| )
Pl4 4 6 4 7 -84 | 10 [ -123 |-12.0165) 1440 [-153.704) 2101 [ (=) | ) | ()
P13 7 10 6 10 115 ) 27 | <139 ) 9280 2073 |-13479 2101 [ (B [ (B | ()
Plé 6 7 3 6 161 13 | <196 |-18.119) 1696 |-20188| 2101 [ (=) | () | ()
P17 3 17 4 13 139 34 | 2133 | -3.5335 | 1820 |-13300( 2101 [ (=) | (2 | ()
P18 3 10 3 11 163 | 33 | <176 |-14.369) 2004 |-15488| 20101 [ (B [ (B | ()
P19 3 12 2 12 -165 | 33 | -206 |-12.353) 2692 |-168332| 2101 [ (& [ (B | (1)
P20 6 167 3 213 163 | 30 | <196 | -1.007 ) 0179 | 00910 | 2000 | - | () | ()
P21 3 3 3 7 162 33 | <206 |-17.113) 3400 |2735377 2001 (B [ (B | ()
P22 4 9 2 10 -100 | 32 [ -126 |-10091( 31035 |-12462) 2101 [ () | (B | ()
P23 7 g 7 10 01 | 28 | -142 | 8004 | 23518 |-1L767| 2101 | () [ (D | ()
P24 6 g 6 ] 86 | 17 [ -133 | -7060 | 1535 [-12316) 2100 [ (B | G | B

Between 1971-1997 and 2011-2015, the iron-ore mine of Sydvaranger Gruve discharged more than 65 mil-
lion tons of mine tailings from metal ore treatment into Bekfjorden, Northern Norway through a submarine pipeline.
Submarine Tailings Disposal (STD) is commonly practiced in Norway despite previous cases of severe environmen-
tal impacts due to the combined effect of the large volumes released into the marine environment and the high metal
concentrations remaining in the waste product. The toxicity and fate of heavy metals to the aquatic environment do
not depend on the metal quantities alone, but also on the chemical forms or bindings of metals in the sediments. To
assess the potential environmental effects of mine tailings affected sediments, this study analyzes total metal con-
centrations and the fractionation pattern of metals in sediment cores from Bekfjorden by the use of total digestion
and a 5-step sequential extraction procedure. The results show that the fjord sediments contain total heavy metal
concentrations below the potential adverse effect level according to the Norwegian sediment quality criteria, which

ASSESSING FRACTIONATION PATTERNS OF HEAVY METALS
IN SEDIMENTS FROM SUBMARINE TAILINGS DISPOSAL IN A FJORD

SYSTEM, NORTHERN NORWAY.
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correspond to Norwegian background levels. Only Pb and Cu concentrations from sediments near the mine tailings
discharge are found to exceed adverse effect levels. The source of the elevated metal concentrations could beside the
mine tailings be related to the industrial and commercial activities in the harbour. Sequential extraction results show
As, Cd, Cu, Pb and Zn to be bound to >30% mobilisable fractions (exchangeable, acid soluble, oxidisable and re-
ducible), whereas Cr and Ni were considered highly immobilisable (residual fraction). In particular, Cu is bound in
the organic fraction of the sediment (oxidisable fraction) whilst Pb is mostly connected to Fe/Mn oxides (reducible
fraction), both with potential for release to the water column and uptake by biota. Despite the generally low total
metal concentrations observed, the sequential extraction results demonstrate the necessity of assessing the metal
fractionation patterns in order to evaluate the potential availability of metals.
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APPLICATIONS OF NANOMATERIALS IN WATER
AND WASTEWATER TREATMENT

Abstract

Population growth and global climate change lead to water quality deterioration, therefore, water quality
is one of the major problem of the 21% century. To ensure required water quality and its supply, new ways of water
and wastewater treatment are needed. Nanotechnology is a promising approach that can help to considerably im-
prove many technology in general, including water and wastewater treatment processes. The aim of this contribution
is, therefore, to briefly present a great potential of nanotechnologies for environmental protection, especially in the
water and wastewater treatment.

Introduction

Nanomaterials are defined as materials smaller than 100 nm in one dimension. These materials have special
size-dependent properties, and display very high specific surface area, fast dissolution, high reactivity, and strong
sorption. Such properties can be effectively used for applications in water and wastewater treatment. Some of appli-
cations are discussed below.

1. Adsorption

Adsorption is very commonly used as a step to elimination organic and inorganic contaminants from water.
There are currently used for instance carbon-based nano-adsorbents as CNTs, which have shown higher efficiency
compared to activated carbon. CNTs adsorb many types of organic chemicals (Pan and Xing, 2008). Activated car-
bon has low affinity for low molecular weight polar organic compounds, in contrast to CNTs those strongly adsorb
these polar organic compounds (Yang and Xing, 2010). Moreover, oxidized CNTs can remove some heavy metals
as such modified CNTs contain new functional groups, for example hydroxyl, phenol or carboxyl (Rao et al., 2007).
Advantage of CNTSs is that it can be easily reversed by reducing the solution pH. It means that nano-adsorbents can
be regenerated and used repeatedly (Lu et al., 2007).

Another way how to remove a heavy metals and radionuclides from water is application of metal oxides,
e.g. iron oxide, titanium dioxide and alumina, all representing low cost adsorbents (Koeppenkastrop and Decarlo,
1993). It is also possible to reuse these metal oxide nano-adsorbents after changing solution pH (Sharma et al.,
2009). Third type of adsorbents are dendrimers, i.e. polymeric nano-adsorbents, that ensure removal of both organ-
ics and heavy metals (Crooks et al.2001).

Main disadvantage is a need of installation of additional separation unit in order to remove the nanoparti-
cles. Examples already used in practice are nano-adsorbent for arsenic elimination, which were proven to be afford-
able (Aragon et al., 2007).

2. Photocatalysis

Photocatalytic oxidation is process for elimination of vestige contaminants and microbial pathogens. It is a
step for enhance biodegradability. Photocatalysis can be used to directly remove organic compounds or increase
their biodegradability. However, main problem is slow reaction kinetic and complicated equipments.

Very common semiconductor photocatalyst used in water/wastewater treatment is TiO2 that show low tox-
icity, chemical stability, and low capital costs. It has been proven, that very important is the size of TiO2. For exam-
ple Anatase is the most stable for particles smaller than 11nm (Fujishima et al., 2008). Moreover, TiO2 nanotubes
seem to be even better than nanoparticles for decomposition of organic compounds (Macak et al., 2007). Slurry re-
actors or reactors using immobilized TiO2 are commonly used and it has shown great potential as a low-cost and
environmental friendly water treatment technology.

3. Nanofibers

Nanofibers (Figure 1) are very suitable materials for applications in the biological wastewater treatment.
Mainly due to their characteristic properties such as a high specific surface, small pore size, chemical and physical
stability. Application of nanotechnology in combination with biological methods brings distinct advantages.
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The following characteristics of the nanofibers used as carriers of bacterial biomass were examined: the rate of col-
onization as a function of the used material, the rate of carrier ingrowths by relevant microorganisms. Micraobial
biofilm formation can be greatly supported using nanofiber structures (Figure 2) and then the whole biofilm reactor
system provides stable biodegradation (Kriklavova, 2010).

"

Figure 2: PESH + PAG6-1 fiber after: 0, 18, 40, 90, 162 and 234 h cultivation with real waste water from a
municipal sewage treatment plant.

An important advantage of the nanofiber technology is the possibility of bacterial biofilm (for example bac-
terial strain of the genus Rhodococcus erythropolis) growth not only on the surface of fibres, but also closer to the
center of the yarn, where the bacteria are much better protected against toxic effects of the environment (Kriklavova,
2012).

Nanofibers are also used for membrane modification or membrane preparation. Nanofiber membranes
show very high specific surface of nanofibers and very high porosity. Moreover, the diameter, morphology and
composition of nanofibers can be adjusted with regards to specific applications. Hence, various organic and inorgan-
ic compounds can be added to the polymer spinning solution prior to the electrospinning process. For example, to
remove heavy metals and organic pollutants multifunctional materials such as TiO2 or functional materials are ap-
plied on the nanofibers (Li and Xia, 2004).

Regarding nanocomposite membranes, nanoparticles of hydrophilic metal oxides (e.g., Al203, TiO2), an-
timicrobial nanoparticles (Ag or CNTSs), or (photo)catalytic nanomaterials are used. Such particles addition results
in reduction of surface (bio)fouling of the membrane caused by the increased hydrophilicity (Ebert et al., 2004).
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EFFICIENCY OF SELECTED ANTI-DUST FACE MASKS USED IN
POLAND — INTERCOMPARISON TESTS

1. Introduction

Nowadays clean air in urbanised area is a scarce good. In many European countries bad air quality
is determined by over-normative concentrations of suspended dust PMyq and PM, 5 (particle matter with size under
10 and 2.5 um) [1]. To areas with significant fine dust air pollution, especially in heating season, count many of
cities in Poland. Physically active people (pedestrians, runners, cyclists) often use anti-dust face masks (being filters
to particulates), which task is to decrease dust concentration in inhaled air and limit the exposure to toxic chemical
compounds included in dust (including heavy metals and polycyclic aromatic hydrocarbons), providing significant
health benefits [2-5]. Accessibility anti-dust masks and filters on Polish market is plentiful, and their popularity is
increasing annually which is caused by growing public awareness and highlighting the air pollution problem in me-
dia.

Efficiency of anti-dust masks is defined by certificates and producers declarations. Researches that
pertain to test this efficiency in most cases rely on laboratory studies which use created areosol with certain size of
particles. This research presents the results of own studies based on the weight method, which compare capture ef-
fectiveness for some of these types of masks in reference to real suspended dust PM, s occurring in ambient air.

2. Materials and methods

The research includes popular in Poland filtration materials used in anti-dust face masks from the
medium price range (table 1). Among them, there are certificated materials of laboratory confirmed efficiency, in-
cluding multi-layer filters that contains an activated carbon layer.

Table 1. Characteristics of filtration materials from face masks used in the research

Mask / . - - Price
No. Mask Filter type filter Filter description, efficiency declared by the manu- for 1
brand facturer
symbol pcs., €
N99 filter, declared efficiency — 99.4% for PM,s*
1 Dragon standard DS 1,44
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2 activated DC N99 filter with activated carbon layer, declared 192
carbon efficiency — 99.4% for PM, 5* !
RwB filter with activated carbon layer inside, filters up to
3 Mask ) RWB 98.89% particulate matters 2,16
4 MB Filter MB 40 VS MB FFP3 type thick fllter_ used in industrial half-mask 2,88
FFP3 with valve*
filter with activated carbon layer inside, filters up to
5 F1 RZFL 99.9% particles > 0,1 um 2,88
- ; 5 -
6 RZ Mask 2 RZF2 HEPA type filter, filters up to 97% for particulate 3,60
matters > 0.1 pm
7 HEPA and activated carbon layers, filters up to
F3 RZF3 97% particulate matters > 0.1 pm 4,32

* examined by Central Institute for Labour Protection - National Research Institute in Poland

The studies of anti-dust masks filtration effectiveness were carried out in winter season by simulating in-
tensive use conditions. In this purpose a certain volume of dusty ambient air was passed through every tested filtra-
tion material (the first stage of filtration). There was also determined quantity of dust uncaptured by tested filters by
using a high-efficiency final filter made of glass microfiber Whatman GF/A with 47 mm diameter (the second stage
of filtration).

The filtration efficiency for each material was evaluated by using following equation:

my
n=———x100%

where:
m; — mass of dust retained on the tested filter [q],
m, — mass of dust retained on the final filter [g].

The procedure of preparing the tested filters involved cutting discs with 47 mm diameter from the filtration
materials. Next step was to dry the discs in laboratory dryer in temperature of 105°C for at least two hours and cool
down in desiccator to ambient temperature. The filter mass changes resulted from dust collection were determined
using the laboratory scale Sartorius CP64 with a weighing accuracy of 0.0001 g.

The researches were carried out in outdoor conditions, on the roof of fifth-floor building with using referen-
tial dust sampler LVS-3 (Atmoservice Poznan) with PM, s inlet head capturing dust fractions above 2.5 pm, that
comply with EN 12341:2014 requirements. For each of tested filtration materials the sampler was working with air
suction velocity of approx. 2.3 m*/h for 24 hours, except the case of testing efficiency of MB filters for which the
sampling time was enlarged to 42-48 hours. In measurements period the temperatures fluctuated from about 0 °C to
+10 °C. Average PM, air concentrations on sampler inlet during testing of various types of filtration materials, oc-
curred in the range of 18-88 pg/m® Taking the applying procedure of drying the filtration materials into account,
mentioned before concentration values pertain only non-volatile compounds (not able to evaporate in temperature of
105°C).

3. Results and conclusions

The average PM2.5 dust filtration efficiency obtained for tested filters in carried out measurements was
presented in table 2.

Table 2. The results of tested filters efficiency measurements

Mask / Number of | Total volume Total sam- Average PM; 5 Mean filtration effi-
No. | filter sym- | testing fil- of aspirated lina time. h inlet concentra- | ciency (1) for PMys,
bol ters air, m’ pling time, tion, pg/m* %

1 DS 2 110.0 48 21.0 93.7
2 DC 4 218.7 96 18.3 94,0
3 RWB 4 219.3 96 87.5 89.3
4 MB 2 205.8 90 48.4 99.0
5 RZF1 2 109.6 48 46.1 96.8
6 RZF2 2 109.6 48 37.7 93.4
7 RZF3 2 109.4 48 55.1 96.4

As the collated data shows, all of the tested filters from anti-dust masks are able to capture averagely about
89-99% of PM, s (non-volatile particles). The highest effectiveness was obtained for FFP3 (MB) filters used in in-
dustrial half-masks. The lowest effectiveness was obtained for RWB filters. Therefore all of the tested filtration ma-
terials provide significant decrease of exposure to high concentration of PM, 5 in ambient air. For example, when
PM2.5 concentration in the air is on the level of about 100 ng/m? (4-times exceeding the annually limit value obliga-
tory in EU countries [5]), anti-dust masks which contain mentioned filters should allow their users to inhale the air
with PM, 5 concentration of about 1-11 ug/m3.
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FFP3 filters are very thick, therefore they characterise with large suction resistance and they are rather used
only in need to significantly reduce inhaled load of dust (in highly dusty environment — in industrial halls, on build-
ing sites, during overhauls etc.). For daily use, especially for physically active people, lighter and easier breathable
filers, used in popular anti-dust face masks, are recommended. Nevertheless it is worth to use the filters, which char-
acterise with the highest documented effectiveness. Filters enriched in the activated carbon layer do not guarantee
much higher efficiency of PM, 5 capture in comparison to similar filters without that layer. However, the activated
carbon may provide partial capture of some pollutants present in gas phase and limit unpleasant smell to a certain
extent.
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USE OF NANOMATERIALS FOR MEMBRANE MODIFICATION
IN WASTEWATER TREATMENT

Abstract

Since membrane biofouling limits widespread application of membrane technology, several ways for its
mitigation are currently tested. Membrane modification through nanotechnology is a promising option for mitigating
biofouling as nanotechnology provides excellent surface properties, including antimicrobial features. Commercially
available ultrafiltration polyethersulfone membrane was modified by silver nanoparticles in two forms. One form
lies in in-situ formation of silver nanoparticles (AgNPs) from silver solutions. The second method consisted of use
of silver-doped nanofibers. Changes in permeabilities, antimicrobial properties, silver leaching and contact angles of
modified membranes were examined.

Keywords: Antibacterial properties, fouling, membrane modification, nanofibers, nanosilver, wastewater.

Introduction

Most serious problem of membrane technology is fouling of the surface resulting in decrease of hy-
draulic performance, thus increase in operational costs [1]. Hence, several ways minimising fouling are devel-
oped and tested. As nanomaterials offer specific properties differing from bulk materials, they can be used
for membrane modification. Such modification reduces mutual hydrophobic interactions between the mem-
brane surface, microorganisms and compounds present in the feed, thereby reducing membrane biofouling
[2]. Since silver nanoparticles have proven antimicrobial features, required long-term membrane permeabil-
ity can be achieved. Membranes containing silver nanoparticles have, therefore, a great potential for
wastewater treatment application [3].

The main goal of this study was, therefore, to modify a commercially available ultrafiltration mem-
brane using silver nanoparticles in two forms. Following modification, changes in membrane characteristics
in different tests were assessed in detail.

Material and methods

Modification method

a) in-situ formation: Ultrafiltration PES membrane was soaked in 3.5% (wt.) silver nitrate and leached for
4 h at room temperature while stirring at 50 rpm. The membrane was then rinsed with demineralised water and the
silver reduced by soaking in a 2% (wt.) ascorbic acid for 2 h. The membrane was again rinsed with demineralised
water, and then heated for 2 h at 70°C while mixing at 50 rpm. Modified membrane was stored in demineralised
water.
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b) Nanofiber with silver: Polyurethane nanofibers were prepared using a free surface electrospinning.
Heat-pressure lamination of the nanofibers onto the original surface of ultrafiltration PES was performed using an
Oshima Mini Press (Oshima, China) under pressure of 0.02 bar and temperature 95-100°C to avoid structural
changes to the nanofibers.

Filtration tests

Filtration characteristics were assessed using a LabUnit M10 laboratory-scale cross-flow filtration unit pro-
vided by Alfa Laval (Sweden). Each membrane was tested with demineralized water for various transmembrane
pressure (TMP; 0.3-2.0 bar), with wastewater treatment plant effluent, and with increased suspended solids concen-
tration in the feed (250 mg/L) achieved through activated sludge addition.

Silver leaching

Silver leaching was determined during filtration test. Samples were taken at 0, 30, 120, 240 and 480
minutes and stabilised with 1% (wt.) nitric acid. To evaluate the total silver concentration on the surfaces, mem-
branes were soaked for 24 h in 15% (wt.) nitric acid at stirring of 100 rpm. Silver concentration was measured using
an Optima 2100 DV (Perkin Elmer) ICP-OES.

Surface visualization and wettability

A Carl Zeiss ULTRA Plus scanning electron microscope (SEM) was employed to visualise the cross-
sections and surface of membranes. SEM was equipped with a detector allowing analyses of chemical composition.
A built-in energy dispersive X-ray detector enabled to determine the amount of silver on the surface.

Surface wettability (i.e. hydrophobicity or hydrophilicity) was assessed based on contact angles using the
See System E portable computer-based device (Advex Instruments, Czech Republic).

Antimicrobial test

Cultivation tests, based on colony forming units, were undertaken for increasing contact time between the
microorganisms and the membrane. First, 100 mL of 100-times diluted municipal WWTP effluent containing
around 4.3-10° of bacteria was filtered through each membrane. After filtration, the membranes were placed on a
wet cell for the appropriate contact time (0, 3, 6 or 24 h) and putted on agar cultivation plate for 30 minutes. The
membrane was removed, and the agar plate cultivated in accordance with the method CSN EN ISO 6222 (75 7821).

Results

Membranes modification

SEM micrographs (Fig. 1B) of first modification method showed no significant changes in cross-
section morphology while structure of membrane modified by silver-doped nanofibers was changed (Fig. 1C).
Compression of active membrane layer which was replaced by nanofiber layer is clear.

¥

m

ig. 1: SEM images of cross-sectinne morphology (2500x): A) control: R) membrane modified By in-situ
AgNPs formation; and C) membrane modified by silver-doped nanofibers.
Surface morphology of both modified membrane visualised by SEM under different magnification is

shown on Fig. 2. Silver nanoparticles and silver doped-nanofibers are clearly visible from these figures.

e
.

Fig. 2: Surfaces of modified membrane under magnifications of 10,000x and 1,000x; in-situ method
(left), silver-doped nanofibers method (right).

Filtration tests

In the test with demineralized water, possible changes in membrane permeabilities caused by modifications
were examined under different TMP. The highest permeability was observed for membrane modified by in-situ for-
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mation of AgNPs. Membrane modified by silver-doped nanofibers achieved the lowest permeability. This observa-
tion can be explained by conditions applied during lamination of nanofibers on membrane surface.

In the test with effluent from wastewater treatment plant (WWTP), membrane modified by in-situ for-
mation AgNPs was favoured (Fig. 3). Although the initial permeability of this membrane was about 10% lower
compared to reference membrane, about 5% higher permeability was reached at the end. Backwashing (high peaks)
was also more effective for this membrane. Significant differences were observed for membrane modified by nano-
fibers, i.e. difference almost 50% toward unmodified control. The permeability difference for membrane modified
by silver-doped nanofibers improved at the end of experiment and achieved about 10% lower permeability com-
pared to reference.

At the end of filtration test with WWTP effluent, concentrations of suspended solids were increased (from
20 to 250 mg-L™) through activated sludge addition. As can be seen, membrane modified by in-situ formation of
AgNPs showed higher permeability, similarly as in the second test. At the end, permeability reached about 30%
higher value than the control. Membrane modified by silver-doped nanofibers exhibited lower permeabilities (Fig.
3).
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Fig. 3: Difference in permeability (%) of modified membrane compared to references during filtra-
tion test with WWTP effluent (left) and with activated sludge addition (right).

Silver leaching

Silver leaching test proved the stability of AgNPs on the membrane surface. Only 1.8% of the total silver
leached after 8 h from membrane modified by in-situ formation of AgNPs. Moreover, the silver content was evalu-
ated through microscopic analysis. These analyses indicated that large AgNPs were leached from membrane. Only
the small AgNPs remained in the membrane surface monolayer. Evaluation conducted by dispersive X-ray energy
exhibited homogenous distribution of AgNPs on the surfaces.

Water contact angle

The average contact angle of reference membrane was 66.6+10.2° while for membrane modified by in-situ
method was 52.6+2.6°, indicating higher hydrophility. Membrane modified though silver-doped nanofibers, average
contact angle reached 80.6+3.2° mainly due to hydrophilic nature of polyurethane nancricers. The results of contact
angle well corresponded with the results of filtration tests.

Antimicrobial effect

Antimicrobial cultivations revealed that the bound AgNPs to the membrane surfaces exhibited positive ef-
fect towards microorganism’s inhibition; thus restricted the growth of microorganisms on modified membranes.
Obvious antimicrobial effect was mostly observed already after 3 h, while unmodified membrane showed no inhibi-
tion.

The strongest inhibition exhibited the membrane modified by in-situ method, simultaneously having high-
est permeabilities. Strongest inhibition after shorter contact time (3 h) was observed for membrane modified by sil-
ver-doped nanofibers likely due to the highest silver content.

Conclusions

PES ultrafiltration membrane was treated by two modification methods based on the AgNPs. AgNPs was
fixed to the membranes through in-situ formation and silver-doped nanofibers.

Modifications influenced hydraulic characteristics of both membrane; in-situ formation of AgNPs led to
higher permeabilities. In contrast, membrane modified by silver-doped nanofibers showed lower permeability com-
pared to reference membrane. The changes in permeabilities corresponded with other results, i.e. cross-section mor-
phology, water contact angle and antimicrobial properties.

In particular, membrane treated by in-situ formation of AgNPs is a promising option for mitigating biofoul-
ing. In the future, this method will be, therefore, upscaled and long-termly tested under real process conditions.
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FLOW MEASUREMENT USING THE SALT DILUTION METHOD
AT THE MINE WATER INFLUENCED TWEELOPIESPRUIT STREAM,
WITWATERSRAND, SOUTH AFRICA

Abstract

Out of the different flow measurement methods available, the salt dilution method is highly accurate for
measurement under turbulent flow conditions. Not well known in South Africa, the main purpose of this article is to
introduce the technique at the Tweelopiespruit stream, Witwatersrand, South Africa. At six different sites along the
stream measurements in June and October 2014 were conducted. Different from previous investigations it could be
shown that the general flow increases during the course of the rivulet and that only minor localized discharge losses
can be observed.
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Introduction

In the past few years, there has been a growing interest in the mine water discharging at the Western Basin
of the Witwatersrand, South Africa. After flooding of the abandoned gold mines, first mine water discharges took
place in late August 2002 (Coetzee 2011). The Tweelopiespruit, a stream predominantly recharged by mine water
and treated mine water, is highly influenced by its sources (Hobbs & Cobbing 2007). This paper describes the “sud-
den injection (‘gulp’) method” by using diluted salt as a tracer substance (Wolkersdorfer 2008) and investigates po-
tential stream loss into the underlying dolomitic aquifer in the reach of the Krugersdorp game reserve.

Methods

The Tweelopiespruit flows over a distance of approximately 10 km west of Krugersdorp, which is located
30 km WNW of Johannesburg. Originating at Robinson Lake, it flows from south to north through the Krugersdorp
Game Reserve and the dolomitic outcrops there.

The underlying dolomitic strata, an outlier within the Black Reef Formation quartzite, belongs to the Mal-
mani Subgroup and is characterised by its very porous composition. Mainly, the stream is fed by treated mine water,
discharging at various locations along the stream. Additionally, the Tweelopiespruit is assumed to be fed by dolo-
mitic groundwater.

The salt dilution method, which is discussed in detail by Moore (2005), was used to measure the discharge
at six locations in the Tweelopiespruit. High accuracy as well as the possibility to measure under turbulent flow
conditions are characteristic of this method. However, sufficient mixing between the injection and measuring site
must be ensured. Sodium chloride was chosen as the tracer substance and used for on-site measurements of the elec-
trical conductivity change during the course of the field testing. At each site, 1000 to 2500 g of precisely weighted
sodium chloride were dissolved in a 10 L bucket of stream water.

The injection of the tracer into the stream water took place as quickly as possible while thoroughly rinsing
the bucket to ensure all tracer was injected. This is referred to as “sudden injection (‘gulp’)” or “slug method”
(Wolkersdorfer 2008, Moore 2005). Simultaneously, recording of the electrical conductivity started.
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The breakthrough curve represents the relationship between electrical conductivity and measuring time (t).
By using the calibration coefficient, the integral for the concentration over time can be calculated, resulting from the
linear relationship between electrical conductivity and the dissolved salt content. The discharge (Q) is the quotient
of injected salt mass (M) divided by the concentration-time-integral (ct) (Eq. 1).
M

- fto:) cex dt

Results and Discussion

An increase in the flow in the course of the Tweelopiespruit can be observed. After the inflow into the
game reserve, flow increases noticeably. A first peak is reached at measuring point TFS, where after the flow de-
creases again. The increase in flow before TFS is in the same range as the decrease at this measurement point. This
is clearly evident in the June 2014 measurement. After measuring point ALS, the following values from June and
October 2014 differ substantially. In June 2014 the flow increased by more than 660 L s™. Then it decreased, with
high discharge values over 1000 L s™. The same trends can be seen in the October measurement with flows being
substantially lower.

The changes in flow before and after TFS by approximately the same discharge might be explained by the
fact that around this point a larger flow in the gravel bed is occurring. Large infiltration of stream water into the
ground is not to be expected.

At measuring point DAD and N14 the discharge for June and October 2014 is substantially different. In
June 2014, the measurement was carried out at the beginning of the dry winter season, and little feeder streams
above point DAD may have been water bearing. During and after rain events a strong flow increase in Tweelopies-
pruit by these sources is to be assumed. The measurement in October 2014 was conducted towards the end of win-
ter, after a long season with no precipitation. The small rivulet upstream point DAD has dried up, hence no increase
in discharge can be observed. This lack of precipitation is also responsible for the low mean discharge during the
October measurements.

Conclusions

The main purpose of this paper was to introduce the salt dilution method for flow measurements in South
Africa. The method is an effective way for precise flow measurement under turbulent flow conditions, as in the case
of the Tweelopiespruit. Sodium chloride as a tracer substance is cost effective and easy to handle.

The strong increase in the flow rate in June 2014 from point DAD can be explained by an additional inflow
near the north-western entrance to the Lion’s Camp. However, the degree of inflow needs more detailed investiga-
tion. Supplementary measurements with the salt dilution method in the Tweelopiespruit are therefore necessary to
verify the findings. Recommended are the establishment of additional measuring points and the implementation in
different seasons. Summing up the results of the flow measurement in the Tweelopiespruit, it can be concluded that
the flow increases over the measuring distance. Loss of stream water into the underlying karst is not a predominant
process.
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LAND USE PLANNING SYSTEM IN MONGOLIA

Abstract

Between 1921 and 1990 the development of Mongolia was under the socialist model of development. In
1990, the disintegration of socialist system, a new, freely elected government took over in Mongolia. Since then
series of bold comprehensive economic reforms have been implemented by the government aimed at dismantling
the centrally planned economic system and introducing a market-based economy. In this reform privatization pro-
cess was a key issue. Prospective investment is made on land only when there is long term rights to it are secured to
enable planning process. The major issue related to the planning in Mongolia is that the plans are not followed by
society and even inadequate with reality. As well as there is number of plans were produced but it seems that all
these plans just remain on the paper.

Inefficient land use planning system has faced a complex problem, resulting from many factors and it is in-
cludes among existing legal, institutional and methodological aspects. The paper focused on existing land use plan-
ning circumstances at all levels, evaluate within a system analysis and give possible recommendations.

Key words: planning system; planning tool; planning element

PLANNING SYSTEM IN MONGOLIA

Traditionally, Mongolian style land use was ruled by the respect man should have for his natural environ-
ment also expressed the mutual responsibility of the nomads for the land as the source of their common existence.
Mongolia has a decentralized administrative structure and is subdivided into four regions (East, Central, West and
Khangai), 21 aimags (provinces) and three autonomous cities (Ulaanbaatar, Darkhan, and Erdenet). The aimags are
subdivided into 339 soums (or commun). Ulaanbaatar has 9 districts including 2 remote districts.

Mongolia is producing two types of planning: land use planning and urban planning. Before 1990s the land
use planning was mainly directed in the agricultural areas of the country. In the cities, the planning was mainly con-
cerning the urban planning and development. The 1990 planning of land management and land use had stopped
since 2003 resulting in social, political and economic changes. The table 1 indicates the historical overview of plan-
ning system development in Mongolia.

Table 1. The historical overview of land use planning system in Mongolia

Before 1954 1954-end of 1988 1990-2003 Since 2003

National

No plan Central plan N iz plin Comprehensive plan

. . All land belonged to The newly formed Consti- s
Proprietary rights and men- : ) ; Land law ratification
: the state. Intensive tution allowed different
tality related to land own- L . : brought land system re-
’ . urbanization and agri- || forms of land tenure with ;

ership were much different L . forms. All provinces pro-
cultural (crop produc- the renovations in social, -

compared to the settled : o ; duced their land use

. tion) development political and economic

way of life. plans.

began to develop. changes.

Source: Modified by author

EXISTING LAND USE PLANNING IN DIFFERENT LEVEL IN MONGOLIA

The land use planning system in Mongolia consists of a hierarchy of three levels national, regional and lo-
cal. The table 3 below shows the written documents that were established in all levels of planning in Mongolia, but
they are not implemented in practice.

Existing National land Use Plan

Mongolia is producing National Land Use Plan (NLUP) or it could be called Comprehensive National Ter-
ritorial Development Plan. The plan is produced for the period of twenty years, i.e. 2004~2023. The National land
use plan was approved in 2003 for the first time. The national plan established several zones. Each of the land use
zone displayed on the Existing Land Use Map, as well as acreage developed under each category.

Existing Aimag Land Use plan
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At the moment, 21 aimags have developed their Land Use Plans in 2006-2010. The planning based general
land use classification, in planning each land use category displayed on the existing land use map. Each aimag gov-
ernance published the province land use plan, and some published their urban development plan for province centre.

Existing Land Use Plan and Urban Development plan in Ulaanbaatar

Ulaanbaatar city has developed land use plan and the urban development plan (Master plan city 2020) with
many detailed general plans. Usually after formulation of detailed plans, people have right to construct buildings and
develop area. Detailed general plans are based on the type of uses of land and their functions. Ulaanbaatar city has
land use plan, developed 2002, focusing more on soil structure and ecological aspects. Land use plan and master
plan had not been enough considered land tenure situation in the city area, which causes conflicts.

Existing Annual Soum Land Use Plan

Each soums are producing their annual Soum Land Use Plans in every year. However their existing land
use plans only for pasture land management but the most of the plans cannot be implemented. In local level, land
use planning in soum centre and rural settlement area has never planned effectively.

Challenges in Mongolian Planning

Analysis that is made on implementation of urban development plan shows that there is an urgent need to
make coordination and relationship between the land administration and the urban development and planning activi-
ties. Mongolian planning system has three distinctive key elements.

- Plans are not legally binding, and there is therefore wide discretion in decision making, in which
accountability exists more through political mechanisms than legal control and there is little scope for third-party
participation.

- The scope for control over new development is wide-reaching. Except in a few limited cases,
planning permission is required before any works can be carried out on land, or the use of land or buildings can be
changed. Much comparatively small-scale development is therefore caught up in the discretionary control system.

- The whole system is highly centralised. Although planning decisions are taken by over local plan-
ning authorities there is thus comparatively little opportunity for local innovation or experiment with new tech-
niques.

It is axiomatic that an effective land use planning system is dependent upon having a firm legal basis,
which must not only establish necessary limits to the traditional freedom enjoyed by landowners under the common
law and civilian law systems of private property rights but also provide the mediation machinery through which the
state will define the circumstances under which land development is to be allowed to occur.

The system is highly complex, and proceeds along a series of political relationships whose subtlety can
never be adequately captured on paper. The legislation is voluminous, the case heavy, and there are volumes of poli-
cy statements, guidance notes, development plans and other guidance.

Newly reformed field of land administration has been rapidly developing since 1994 along with the social
change of growing need of land communication, for instance, land privatization; land owning, land planning, land
management and land monitoring. So Mongolia is in need to improve land use planning system. Mongolia needs to
devote much attention to the environmental and public participation issues. The dual land use system and the coor-
dination between master and detailed plans needs to be improved in Mongolia.

Mongolia faces the challenges of coordinating zoning and development permit systems, more equitable
compensation schemes, and more public participation in the planning process. It suggests that coordination between
tiers of government, transparency of decision-making procedures, accountability or liability of the decision-makers
and an enforceable regulatory framework are also needed in Mongolia.

By contrast, the heterogeneity and diversity of local and state regulatory regimes in Mongolia tend to defy
easy identification or categorization. Despite these qualitative differences, however, the Mongolia can still learn
from where the other has been and is going in terms of the scope, goals and direction of planning. In the Mongolia,
concerns over sprawl have led to increased state-level planning and intervention.

Concluding all of these above vitality of recent actions tend toward to making rationalization of structure of
urban land and internal management of settlement area; limitation on expansion of areas for other purposes; making
land transformation between classification and purposes; increasing of layering; making capacity of underground
land utilization for car parking, storages and sole other service or economic operations.
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APPLICATION OF COMPOSITE NANOMATERIALS IN
BIOTECHNOLOGY

Introduction

Composite nanomaterials are those materials where a nanostructure is used as part of the matrix. A broad
range of composites is known, each implemented in different fields such as industry, science and medicine.

Incorporation of nanostructures into the matrix enhances overall properties of the matrix material. This is
due to various parameters such as the monodominal nanoparticle structures, the high ratio of the number of surface /
internal atoms in the nanoparticles, the impossibility of mutual interactions of particles, and many others not yet
fully explored phenomena. Properties of nanocomposites derive from composition but also from nanostructure size,
morphology and layout.

Subsequent analysis of the product is crucial. It has been greatly facilitated by the development of new ex-
tremely accurate scanning methods. For detailed analysis of the whole composite and fillers only, which may be in
the form of nanopowder, nanotubes, nanopads, etc., we can use different types of methods. (Camargo et al. 2009).

Particular usage of composites is seen in automotive, aerospace, healthcare, chemical industries,
wastewater treatment and many other industries where utterly durable and lightweight materials are needed. For
example, in the automotive industry these materials must meet strict requirements and emphasize their key features:
enhanced modulus and dimensional stability, higher heat-distortion temperature, improved cratch and mar re-
sistance. (Garcés et al., 2000). We will apply the same or similar properties to waste water treatment systems where
the materials are very stressed.

Materials and methods

These environmentally friendly methods use the environmental principles. Highly used materials are com-
posite nanomaterials, even nanocomposites recently. Due to their specific properties, they are suitable for many ap-
plications. It is possible to utilise their large surface for reactor processes, their functionalization of surface for spe-
cific binding of the substrate-bound component, their mechanical properties in the stressed environment, etc. Fur-
thermore,

I will deal with fibre composites and their application in the field of water purification. Generally suitable materials
for bioapplications and their parameters are described in the book “Bio-Nanomaterials” (Pompe et al., 2013).

Nanobiotechnologies are recently used in the field of wastewater treatment research. Nanostructured carri-
ers make it notably efficient to biodegrade organic pollutants due to their specific properties (large specific surface
area). Biodegradation is a process where are chemical compounds decomposed by biochemical processes into basic
(simple) substances. Waste water (urban or industrial) has a significant amount of pollution, which can be character-
ized by the COD value — chemical oxygen demand. This value indicates the overall presence of organic and oxidiz-
able inorganic substances in water. If we want to determine the presence of purely biodegradable organic substances
(BOS), we need to measure the BOD — biological oxygen demand value, where we need to prevent nitrification of
ammonium ions (these inorganic compounds are also decomposed by bacteria). Thus, BOS types represent the main
contamination that can be eliminated with the help of bio(nano) technology, i.e. by action of microorganisms. The
main goal is to transform BROL up to mineral products (CO, and water). Two basic principles can be used in sew-
age treatment plants. The first is that the substances are decomposed by microorganisms that are in the form of acti-
vated sludge. The second (more efficient) option is that biomass will be concentrated on a biofilm carrier where
BOS will decompose. These following parts are needed for biomass growth: organic carbon (in the contaminant),
nutrient (nitrogen, phosphate, calcium, etc.), electron acceptors (O,, Fe** and others) and suitable conditions (pH, O,
etc.). If all parts are met, metabolic processes of microorganisms occur to effectively decompose BOS to CO, and
H,0O. Compared to activated sludge in the form of flakes, the biofilms have a number of advantages: better retention
of biomass in reactors, higher resistance to chemicals and various toxicants, immobilization surfaces, sorptive pro-
cesses and increased cellular subsidence in microorganisms (Kriklavova, 2009, Aguilar, 2012).

Systems where there is biological purification of water are called reactors. It is the place where biomass
carriers are located (in fluid bed) and where microorganisms are used for wastewater treatment. Plenty if parameters
in the reactor are needed to be monitored - oxygenation, mixing, temperature, pH, O, concentration, biomass con-
centration, capacity of carrier, concentration of BOD, COD, NO,, NOs, NH,", PO,* and others. Under optimal
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conditions, the temperature is about 25°, the pH is neutral and there is a constant supply of organic carbon and nutri-
ents.

Carriers of biomass are of different types, but carriers consisting of nanocomposites have excellent proper-
ties, namely: good surface colonisability, large specific surface, suitable density of material and ductility. At present,
research is focusing on the development of carriers of polymeric materials especially in the case of electrostatic
spinning, where are the nanofibers extraordinarily useful. At TUL, we have almost all available types of spinning so
we are able to do experiment with nanofibers at a large scale. We have a large number of types of nanofibers and
ideally we have to find one that will meet all requirements for use in the water purification system. Carriers of this
type may take various forms. One possibility is the preparation of polymeric fibrous threads with nanofibers layer
applied by the special method (which can be melted, wrapped with another thread or attached by strong adhesive
force). Another option is the preparation of purely nanofibrous material with incorporated nanostructures that will
provide the necessary properties of the composite. Thus prepared primary materials are put into frames that will
provide stability - the fibres can be applied directly on a special piece of polymeric material. Of course, structures
other than fibres can be used as carriers too. An example may be a polymer carrier with a special shape and surface
(for bacteria are the surface vital). It is an effort to find the most suitable materials, their shapes and composite struc-
tures for the most effective cleaning of the waters.

Possible risks of nanomaterials are discussed everywhere. The influence on bio-bioassays (eg. proteins) in
article (Koegler, 2012) is also discussed, which could have an impact on wastewater treatment. That is why it is nec-
essary to take this aspect into account when selecting suitable materials and services.

As a carrier of biomass, a wide range of fibre materials can be used, using different techniques - knitting,
weaving and methods for nonwovens. There are many possibilities and each individual material is characterized by
highly specific features. They can be found in patent applications. Currently tested carriers are in the form of yarns
on which nanofibers are deposited. The base yarns provide the strength and overall stability of the carrier system
and the top nanofibrous layer suits biomass immobilization surface and other supportive action. Polymeric polyam-
ides or other specific polymers are utilised as basic (typical) materials.

Nanofibers with magnetic properties are also widely applied - not only for wastewater treatment. These ma-
terials have been developed on TUL and we have achieved very high concentrations of nanoparticles of Fe;O, in the
polymer matrix. Nanofibers with magnetic properties require special characterization using magnetic measurements;
TGA, FTIR, etc. are performed by special methods. Composites with magnetic properties are prepared by electro-
static spinning. Solution for spinning could be prepared from PVB (polyvinyl butyral), ethanol and magnetite nano-
particles. Each solution after mixing of the components was mixed by ultrasound.

The solutions have a consistency similar to honey and degree of viscosity is dependent on the concentration
of PVB (standardly 9%) and the concentration of magnetite nanoparticles (depending on dilution series). With the
help of electrostatic spinning from rod were prepared nanofibers with the magnetic nanoparticles of three different
concentrations (dilution series). Materials have been prepared using various types of equipment and we have ob-
tained a wide range of different products with different concentrations of magnetic nanoparticles. Such materials
have a very suitable surface to immobilize biomass. In addition, nano Fe;0O, serves as an electron acceptor, which
increases the efficiency of biofiltration. The carrier can be connected as a sensor to check its stability and capacity
during the on-line process. Fe;O4 nanoparticles have a great potential for purifying heavily polluting substances
(Fe**, Pb?*, Zn**, Ni**, Cd**, Cu®*, organic acids, xylenol orange, etc.) through oxidation processes.

Conclusion

The development of nanocomposite materials for biotechnology applications is still on the way. It is crucial
to find absolutely optimal ratio between price, technology, material type and its parameters for efficient use in
wastewater treatment. Nanofibers with magnetic properties show great potential for various biotechnology applica-
tions. In the future, efforts will be made to increase their stability and to find the most suitable polymeric matrix
where Fe;0, nanoparticles will perform their function.
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MICROSTRUCTURAL ANALYSIS OF CUINSE, THIN-FILM
ABSORBERS: INFLUENCE OF DIFFERENT SODIUM
INCORPORATION METHODS
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The necessity of finding innovative technologies to provide the fast-growing global population and devel-
oping industry with sufficient electrical power has been an important topic of research for many years. The chal-
lenge lies not only in the required quantities but also in the long-term availability and environmental impact of the
sources used to generate this power, shifting the focus from finite to cleaner and renewable energies.

A rapidly expanding clean-energy technology is the field of photovoltaics (PV), in which semiconductor
materials are used for the direct conversion of solar energy into electric current by means of the photovoltaic effect.
While the solar market is currently dominated by silicon-wafer based solar cells, the high associated energy amorti-
sation time has encouraged the swift development of a much less resource-intensive thin-film technology. Chalcopy-
rite-type Cu(In,Ga)Se, (CIGSe) polycrystalline thin films, commonly grown using a three-stage co-evaporation pro-
cess and doped with sodium, are a popular material for the absorber layer in high-efficiency, thin-film solar cells.
The technology has reached laboratory efficiencies of 22.6% [1], slowly closing the power conversion efficiency
gap between thin-film technology and its rival, the conventional crystalline silicon solar cell.

The growth process, microstructure and texture of CulnSe, (CISe) thin films were investigated to gain a
deeper understanding of how the structure of CIGSe is affected by varied process parameters. The samples were
prepared by a low-temperature, three-stage co-evaporation process [2] and doped with Na using various incorpora-
tion methods:

Absorber

Ahsorber
SiM diffusion barrier

SLG

Abzorber

SiN diffusion barrier SiN diffusion barrier

SLG M sie

Figure 1: Schematic representation of the Na-incorporation methods used in the samples, adapted from Sa-
lomé et al. [2]: (a) diffusion of Na from the soda-lime glass (SLG) substrate; (b) SiN diffusion barrier to prevent Na
indiffusion from the SLG; (c) diffusion from a 6 or 12 nm thick NaF precursor layer; (d) post-deposition of NaF,
evaporated into the absorber.

X-ray diffraction with multiple diffractometer geometries was the primary method of investigation. Mi-

crostrain and lattice parameters were analysed using grazing incidence geometry (GIXRD), whereas the texture was
analysed using Bragg-Brentano and texture analysis (4-axes) geometry. Additionally, glow-discharge optical emis-
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sion spectroscopy (GDOES) was used to provide compositional depth-profiles of the samples, while the morphology
of the samples was studied using cross-section scanning electron microscopy.

There was significant variation in the quantity of incorporated Na and in its distribution in the samples, es-
pecially noticeable between the external incorporation methods and Na diffusion from the substrate. Contrastingly,
the Na content and distribution in the samples with minimal Na due to the diffusion barrier and those with Na incor-
poration from the SLG substrate were very similar. The latter could be explained by low-temperature preparation
process: the temperatures used may not have been high enough to release a significant amount of Na ions from the
SLG.

Furthermore, it was found that the recrystallisation phenomenon that ensues at the Cu-poor/Cu-rich transi-
tion during the second stage led to the growth of the CISe grains, drove Na to the layer’s surface and encouraged the
formation of a Cu-poor layer, with the occurrence of an ordered vacancy compound (OVC) phase, at the surface of
the samples. The presence of Na during the growth of the CISe thin-film significantly reduced its grain sizes — the
samples in which Na was incorporated after layer growth showed large, columnar grains. A higher Na and OVC
concentration at the surface of the samples increased the microstrain and tetragonal distortion present in the samples.
While a [201] fibre texture was observed in all samples, it was much more pronounced in the samples that passed
through the Cu-rich phase during layer growth — higher concentrations of the OVC phase in these samples, however,
weakened the fibre texture. No strong influence of sodium on the texture was observed, possibly due to the low
preparation temperatures.

In future studies, a deeper understanding of the development of the microstructure and texture during the
deposition of CISe thin films could be achieved by in situ X-ray diffraction. Moreover, by examining the electronic
properties of the investigated samples, useful information on the effect of the observed structural differences on the
power conversion efficiencies of the absorbers could be attained
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VERTICAL AXIS WIND TURBINE. TESTING OF THE PHYSICAL
MODEL IN A WIND TUNNEL.

1. Introduction.

The beginning of the project started, while discussing the increasing consumption of electric power. The
danger of running out of the natural sources like gas or crude oil is the point, where we should look for other re-
sources - like renewable energy. One of the ways to do that is to utilise the wind power. There are many different
kinds of wind turbines. We can define two types of wind turbines- Vertical Axis Wind Turbines and Horizontal Axis
Wind Turbines. We can also classify them referring to the amount of power produced- there are micro, small and
large wind power plants. This turbine can be qualified as medium wind power plants- the one that produces power,
that is enough to power household appliances like a refrigerator or illumination. Basic construction of every wind
turbine consists of a rotor, which allows a conversion of wind energy into mechanical energy. Then, mechanical
energy is transmitted further to a generator via shaft, and that’s how electrical power is produced.

2. Construction

This turbine consists of two parts: stator and rotor. Rotor consist of 6 thread (spiral)-shaped blades which
drive air to flow out through holes in the upper part of the stator. The tube, to which the blades are attached to, en-
sure that the air won’t enter between the blades and break blades, which are not in use at that time. The stator con-
sists of 12 blades. Their task is to accelerate air, so that it will arrive faster at the rotor, giving better performance.
Dimensions the turbine are: Height of the turbine: 680 mm, Diameter of the stator: 600mm.
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Fig.2. The turbine on a roof of a building
3. Tests and measurements

Tests were conducted in a wind tunnel at University of Science and Technology in Cracow, Poland. There
are 16 axial-flow fans which you can adjust via inverters. Measurements were carried out on a rotor and on a rotor
with a stator. The torque was measured using two scales. The concept of using the product of the instrument reading
and the radius of the axis has allowed to estimate the torque in an easy way. Then the speed of rotation was meas-
ured as well. Having just those two pieces of information it was possible to calculate the power of this wind turbine
as well as its efficiency.

4. The Results
Regarding the efficiency(Cp): according to the Betz's law, no turbine can capture more than 59.3% of

the kinetic energy of the wind. Efficiency is strictly related to the velocity of the wind and the speed of rotation in
one coefficient(4). On the graphs below, the results of tests with and without stator are presented.
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Tests carried out on a turbine with and without a stator have allowed to conclude, that a stator improves ef-
ficiency and power of a wind turbine. In comparison, the efficiency of another construction as Vertical Axis Wind
Turbines fluctuate from 0,1 up to 0,3. The important issue that has to be mentioned, is that this was just a trial ver-
sion of this construction. Certainly, the performance of this turbine will be much better with a metal model and that
there is a plan for further tests.
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AN INNOVATIVE SINGLE-FAMILY HOUSE THAT REMOVES
SOME AIR POLLUTION

Introduction
Environment care has many aspects. This paper attempts to pay attention to the possibility of innovative
energy solutions usage in households in Poland, which greatly contribute to the environment degradation. Attention
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was paid to the most harmed by low emission area in Poland and there were proposed solutions already very popular
in the Western Europe.

The usage of photovoltaics/energy bank systems for obtaining and storing energy can be an additional lim-
iting factor for pollution, while investment costs, as in the case of gas-fired furnaces exchange, could be co-financed
by local government.

Air quality at the place of residence is one of the components of the comfort level of human life, therefore
air pollution has been a global problem for several years. Poland is the country with the highest air pollution level in
the whole European Union. The highest air degradation occurs in Malopolska, especially in Cracow. In January and
February 2017, elevated concentrations of PM10 particulate matter were noted several times. It is a mixture of or-
ganic and inorganic substances containing toxic polycyclic aromatic hydrocarbons including benzo-(a) pyrene,
heavy metals, dioxins and furans.

Pollution elimination by renewable energy sources application

Air pollution can be reduced by usage of renewable energy sources (short-term RES), which are endless
natural resources that can be used to generate energy. Their use is not connected with a long-term deficit since their
production processes require short time. Obtaining energy from these sources is more environmentally friendly as it
gives an opportunity to reduce CO, emission and increase energy efficiency. Furthermore, RES have a significant
meaning in terms of climate and energy policy basic goals realization. The ‘National Action Plan on Renewable
Energy’ from 2010 contained a forecast on Poland achievements by 2020. Renewable energy sources should repre-
sent 5% of the final energy consumption [1]. The plan defines the national resources of individual renewable energy
sources and the power system state. RES usage will be driven by the use of biomass and wind energy as well as so-
lar energy [2], therefore extensive research on its direct conversion to other energy types, heat energy storage and
storage of electrical energy obtained from solar radiation absorption [3]. Poland is located in a temperate climate
zone, between 49°00' and 54°30' north latitude. Similar conditions exist, for example, in Germany, where most of
solar cells are installed. As a consequence, Poland also has an opportunity to generate electricity and heat from solar
energy [4].

Solar Energy conversion usage

Three types of conversion can be distinguished: photochemical, photovoltaic, photothermic. These process-
es allow the conversion of solar energy into heat or electricity [3]. Photovoltaic conversion allows conversion of
solar radiation into electrical energy with the use of semiconductors or so-called solar cells. The photovoltaic cell
consists of a silicon semiconducting plate, inside which there is an electrical field in the form of a p-n (positive -
negative). The advantages of photovoltaic cell are primarily the direct electricity production without any additional
conversion and the possibility to produce power in cloudy days using diffused light. In addition, harmful gases are
not produced during electricity generation [1]. Thanks to this, photovoltaics is experiencing intense development.
Photovoltaic panels and photovoltaic cells are used in two systems: i) off grid — usually equipped with an electric
battery or/and a second energy source in the form of a wind turbine or thermal engine and ii) grid connected — elec-
tricity is delivered directly to the power grid.

The fastest increase in number of installed photovoltaic systems has been observed since March 2015. Such
a situation may result from the enactment of the Act on Renewable Energy Sources from RES [5]. The cumulative
power of micro-installations in the fourth quarter of 2015 was 31.5 MW. The total power of photovoltaic systems
connected to the power grid at the end of the first quarter of 2016 was 119.2 MW. In 2015, 77.2 MW of power was
additionally obtained from photovoltaics including 8.8 MW from 1,585 photovoltaic systems installed. At the end of
May 2015 there were installed off-grid systems of total power of 5.3 MW [6]. These installations may include inno-
vative energy banks. Lithium batteries are already widely used and their operating principles, the materials from
which they are made were described in many publications.

Tesla is a global leader in the electric vehicle industry. The same manufacturer has decided to change the
power management in the home and change the way it is used. Their offer includes the Powerwall 1 (2015) and
Powerwall 2 (2016) batteries, which encourage the storage of the energy produced by solar panels mounted on the
roofs and around home. Power-banks differ in appearance but above all inverter content. The Powerwall 1 is a lithi-
um-ion battery, small in size and weight, which is just 100kg, available in both 10kWh and 7kWh. The second one
mentioned is more popular, reaching a peak power of 3.3kW and its efficiency is as high as 92.5%. Tesla Powerwall
stores the energy produced by solar panels and energy from the power grid at cheaper tariffs, allows to protect one
against power outages due to the fact that it works like an emergency power supply. It is very easy to install and can
be installed both inside and outside the building as it characterizes with good working within temperature range
from -20°C to 50°C. In Poland, such device would have to be installed inside the building since temperatures below
-20°C occur, for example in Cracow 2012 temperature was noted as -23°C and in Bialystok up to -30°C.

Demand for Energy in exemplary household in Poland

In order to answer the question of whether to use an innovative solution photovoltaics/energy bank in sin-
gle-family houses worthwhile in Poland, the costs of connecting a new single-family house to the power grid and
photovoltaics system with a modern lithium battery connection, for example Tesla, were calculated. Such a solution
could help to reduce the low emission (pollution from the coal burning in households). Holders of such a system
could use the solar energy, while the excess could be resale to distributors or use it in months requiring increased
power consumption, for example usage of electric heating in winter. Based on the available data, a comparison of
energy savings over a 10 years period has been made for a single-family house connected to a power grid with a
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home where photovoltaics system and lithium battery Powerwall 1 and Powerwall 2 were installed. The daily elec-
tricity consumption by four inhabitants of single-family household was assumed. It is higher than an average elec-
tricity consumption in Poland, which is about 4500kWh per year. For electricity consumption in a single-family
household one should add the cost of connection to the power grid. The charge depends on the region in which the
house is located. Assuming the power connection (200m standard, additional 50m) was made by cable, for 10kW,
the base fee would be PLN 1,630, extra payment to the standard length of PLN 2,287.5, the total amount would be
PLN 3,917.5 according to rates from 27.12.2016 of distributor Tauron. Average cost of electricity consumption in a
single-family household is expected to reach PLN 2,509.18 per year. Assuming that these costs remain at the current
level, the cost of electricity usage in single-family house for ten years and costs of connecting this house to the pow-
er grid will be in total PLN 28,618.7.

The profitability of investment in the solar panel system — Powerwall in Poland

The connection of photovoltaic installation is related to the investment costs that will be discussed below
for a single family house with a power consumption of 5,450.5 kWh. In practice, the installation of this power re-
quires the installation of 21 NSP D6P_B3a photovoltaic panels at an angle 30 degrees and its surface of 34.16 m?. In
case of such installation the costs are balanced. Assuming: the installation cost is PLN 27,403, annual energy con-
sumption at level of 5,450 kWh, the PV energy yield for the 25 year warranty period is 127,034 MWh, the annual
power reduction 0.8%, the electricity price increase of 7%.

With such assumptions taking into account the benefits from the capital invested in the photovoltaic instal-
lation, within 9 years and 30 days the installation will be refunded. After deducting the investment costs during the
warranty period, the plant generates a profit of PLN 55,085.87. For solar energy storage, converted by solar panels
of area of 65 m? the investment cost of Powerwall 1-10kW (PLN 14,700) or Powerwall 1-7kW (PLN 12,600) should
be taken into account. After purchase of such a battery, the cost of photovoltaic installation will increase to PLN
42,103. Reducing the cost of recharging the battery can be achieved by charging it in the night tariff, which would
provide a savings of PLN 0.1782 per kWh. If about 2/3 of the energy would be spent on night tariffs, you could save
as much as PLN 1,820.96, so the investment costs after purchasing a Powerwall 1/10kW would be paid back over
eight years using an overnight charging. Another option is a purchase of Powerwall 2, which investment costs are
PLN 23,100, but one must subtract the purchase of the inverter for photovoltaic installation (about PLN 3,175). The
cost of installation with a Powerwall 2 battery will be PLN 47,328 but the energy efficiency of this battery is as
much as 14kWh, so the savings in the night tariff would increase.

Conclusions

The above calculations show that after about 9 years, with a lower level of sunshine, the costs of installing
a plant based on renewable energy sources will return and after that time only the profit from storage and electricity
generation can be noted. On the other hand, using energy from the power grid, one will still need to pay PLN
2,509.18 a year for energy use in a single family household, which consumes 5,450.5 kWh. This is an investment
that requires financial inputs but offers many environmental benefits. Therefore it is worth investing in such solu-
tions, especially with state support.
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ENVIRONMENTAL PROTECTION AS PUBLIC ARGUMENT
AGAINST MINING: THE RELEVANCE OF BASIC RAW MATERIAL
KNOWLEDGE

Abstract. Attention on the social license of mining and concerning other changes nearby familiar surround-
ings are getting prospective necessity. Education and thereby the gained knowledge is considered to be one key to
heighten the acceptability. So a consistent question is the examination of knowledge regarding raw materials, their
way from exploration to daily life. Therefore, a PhD thesis comprises the investigation of school curricula and sur-
vey with local focus on Germany. Current results show the disseminated knowledge varies with federal state, school
type and grade level but as well similiarities between young international adults and schools students.

Introduction

Rationales against mining from media, residents and citizen’s initiatives show different priorities. Never-
theless, quantified arguments include beneath environmental issues life quality such as health issues, reduction of
local recreation and noise exposure through transport [1]. Main specific environmental risks of quarrying point out
the land use and landscape deterioration as well as on hazards to groundwater [1]. In principle, the acceptability of
activities such as mining or large building projects depends on a complex set of factors through the whole progress
initiating with the idea. In addition to the individual perception of risks and benefits, influencing factors are for in-
stance socio-demographic factors, exposure, individual attitudes toward technology, or trust in the operating compa-
nies [2,3,4]. Further representative acceptance studies on lignite mining in Germany show that people living nearby
lignite mines are significantly better informed about the importance concerning the energy supply and therefore
tends to a positive attitude [5,6]. Especially the cases of carbon capture and storage (CCS) and coal plants in Ger-
many refer to positive attitudes with increasing level of knowledge [5,7]. But [8] shows that knowledge about CO,
issues lowers not only the perceived risk but rather the perceived benefits concerning CCS technologies. Low level
knowledge indicates both increased and decreased risk perception [8]. Otherwise, in case of low knowledge assessed
risks and benefits are correlated with social trust, an effect that could not been observed related with high level
knowledge [9]. A relevant widespread research approach that should lead to findings about attitudes of the objective
environmental protection and its influencing factors is called the “environmental concern” whereas research started
in the 1970 [10,11]. Until now, the environmental concern is characterised by a widespread scientific use and variety
of research approaches [12]. But, there is also a lack in the related longitudinal studies such as International Social
Survey that includes just one question on perceived knowledge [13].

In conclusion of these really short excerpt, research on attitudes is done multifaceted regarding objectives
for instance energy and CCS technologies or more in general environmental attitudes and influencing factors. Be-
sides, raw materials and mining are just indirectly included especially in the case of research on coal technologies.
Nevertheless, the approach of a PhD-thesis is oriented towards former work and analogies will be expected but the
research interest is highly pointed on characteristics because on one hand raw materials are in contrast to energy
touchable with almost every daily surrounding object.

Methodology

An in-depth analysis within a PhD-thesis will examine paths of building a ,,raw material concern® and its
influence on the attitudes towards mining activities. Consequently, to continue these research activities a thesis at
the TU Bergakademie Freiberg deals with the relationship between knowledge and the attitudes regarding mining
activities. One starting point was the definition of “Raw Material Awareness” and related basic issues every citizen
should have. So a consequential continuation comprises the evaluation of knowledge regarding raw materials, their
way from exploration to daily life. School education should ideally create a sound knowledge base across the popu-
lation at large. Therefore, the analysis of the freely available German school curricula of all 16 federal states should
permit conclusions concerning the conveyed image of mining and a kind of the ,,Jlowest common denominator” re-
garding raw material knowledge. Derived from the definition of raw material awareness, a total of 24 key terms was
used to identify key sentences with the software MAXQDA. These terms include mining related words, named ma-
terials for instance “lignite” or “wood”, overarching targets such as “supply” and activities “behaviour” or “con-
sumption”. In comparison to current state of the social self-image “sustainability” and “climate change” completed
the key terms. This almost simple counting does not replace in-depths examination with concrete weightings and
towards the concrete wording. Based on the analysis of the school curricula, a comprehensive survey with different
groups, especially young mining experts concerning knowledge standards and young adults about raw material
knowledge level, is in progress.

Summary of Results

School curricula in Germany are far away from consistency that is affected through the federal sovereignty
of education. So, the utilization of the key terms in the geography curricula ranges between eight of “ore” up to
1.694 times for “economy”. The word ,,mining® is used 35 times in total whereas in the curricula of seven states no
hit was found but in few cases it is replaced by the use of the expression “raw material extraction”. Thus, mining
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related terms are referred in two cases shortly as part of economy, but more often to argue consequences of changing
landscapes and environmental impacts and sometimes as example beside agriculture or tourism. “Conflicts caused
by resources” is a central topic in many curricula. The importance of raw material supply is often associated with
nations and regions, for instance raw material abundance of Siberia, Africa or Australia as well as natural oil in Sau-
di Arabia or the high-tech development in Japan despite low raw material reserves. This is also evident for lignite
and hard coal mining in Germany for 12-aged school students when the regional focus is on home state. The analy-
sis of other school subjects reveals that chemistry — in particular metals and hydrocarbons — and physics — in particu-
lar the operative principle of energy sources — as well as history different issues on raw materials are covered. In
comparison, further environmental issues covered through the examination concerning climate change and sustaina-
bility. For these, high varieties were observed, too. For instance, terms referring to climate change range between
one and eleven for all 16 federal states summed up to 79 times for all states. Besides these findings, further content
analysis shows the usage of renewable energy in almost all states, but just in few states recycling and substitution
were mentioned in the geographic teaching guidelines.

Due to five issues concerning basic raw material knowledge [14], first surveys with school students and
young mining experts were done. The 38 mining experts estimated their knowledge comprising the number precise-
ly designated raw materials. For their own, they could name 24 raw materials on average with a range from four up
to 117, whereas they require from citizens to name nine raw materials on average (range 2-25). Like the knowledge
of 205 pupils, they point out coal, natural oil and gas as raw materials essential to know. While the school students
name secondly renewable resources and thirdly on metals / ores both groups rarely refer non-metallic minerals. Ac-
tivities that influence individual raw material and mining knowledge of experts can be divided into three groups.
Therefore, they feel highly affected by own professional activities, scientific and technical literature as well as by
academic education. At second level, discussions with family and friends, school education, newspapers and leisure
time activities, thirdly social media, hobby and professional activities of family members were stated. In compari-
son, students declared school education followed by family, especially visiting museums as main influences for cur-
rent knowledge about raw materials. The perception that was examined concerning different aspects through a scale
from positive (+3) via neutral (0) to negative (-3) shows similarities between both groups. Therefore, “industry” and
“lignite” are classified at lower end but were neutral excepting “industry” by students, which was slightly negative.
Whereas students ranked “mining” at same low level the experts opinion shows no differentiation between the fur-
ther terms “raw material”, “mining”, “gold”, “recycling” and “wind turbine”. For school students “recycling” and
“wind turbines” are highly positive followed by “raw material” and “gold. Last finding, that shall be presented is
the classification of individuals concerning attitudes. So, the investigation allows distinguishing positive (negative,
neutral) thinking individuals, which mainly range the given terms positive (negative, neutral) and polarizing indi-
viduals that clearly differentiates between the terms into positive and negative attitudes. In general polarizing be-
tween the given objectives were at both groups a quarter but positive thinking concerning the six terms were two of
three experts and one of three students.

Conclusions and further research

In summary, the content according mining and raw materials in school education could be distinguished in-
to three different types, but no state fulfilled broad raw material knowledge. Due to the high variations in the school
curricula it is to be expected that there are also differences in the level of knowledge. Thus, young adults in (some)
regions with low (historical) mining activities expected to be left with little knowledge but also in regions with high-
ly visible mining probably this issue is not addressed in education. Furthermore, mining is highly referred to envi-
ronmental issues in German school education. For further research, it is exciting to examine how strongly these lev-
els of knowledge and how experience could affect the attitudes especially with continuing work for sound database
through survey. Recognizing that less fact-oriented learning is taught but increasing competence development opens
up new opportunities and requires rethinking existing educational offerings from different institutions.
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RESPONSIBLE CARE PROGRAM FOR THE COLOMBIAN
MINING INDUSTRY.

Abstract

The present work is based on the master's thesis, “Responsible Care Mining Model for the Colombian min-
ing industry” which includes as its main aim a new tool that really contributes to the sustainability, responsibility
and business ethics of the mining sector in Colombia, through the Responsible Care® Program —RCP-, a chemical
industry initiative, which has built trust and credibility around the world, being a voluntary management based on
self-regulation and continuous improvement. Due to the success of this initiative it was taken as an example that
could be replicated in other industries, but certainly, the core issue of this research was adjustments and the neces-
sary proposals so that this new program could be applied to the mining sector. The proposed Responsible Care Min-
ing Model -RCMM - was implemented as a case study in 3 municipalities of the department of Antioquia, which is
characterized by being a large gold producer and one of the most polluted places in the world by mercury.

Introduction

Current Colombia mining sector is faced with a series of challenges as the levels of informality and illegali-
ty, increased requirements by law, contrary laws and disarticulated governmental organizations, reduced profitabil-
ity due to low levels of innovation, conflicts with communities, problems of corruption at all levels, connection with
violations of human rights and interactions or connections with armed groups, in addition, not all companies that are
legally constituted have clear models of sustainability, in this way it demonstrates that the shortcoming in the Co-
lombian mining sector, what has been generated over the years is a poor perception of the activity [1]. Also it is very
difficult to conceive the concept of sustainability as something measurable, even for the companies.

In this sense, it is important emphasizing RCP as a successful sustainability program that can be followed,
since, it has built trust and credibility throughout the world, being a management program of voluntary assignment,
based on self-regulation and continuous improvement. 30 years ago, the chemical industry faced challenges similar
to those of today's mining industry [2]. For that, using this program is considered as an option, precisely for the cur-
rent needs of the Colombian mining industry.

1. Responsible Care Program

In 1985, the RCP was introduced, and its development over the years can be described, as a program that
has been constructed through learning, supported from its principles and both negative and positive experiences of
the program [3]. Nowadays, it is common to find it with different names as RPC, model or management system, the
variants depend on the company or the way it is being used, because it is also characterized by complementing with
international standards [4]. The International Council of Chemical Associations —ICCA- is responsible for updating
the program and accepting the company's reports, with these reports, they prepare an annual report as a global indus-
try.

No initiatives were found in the theoretical framework to adapt this program to industries other different
than the chemical industry, with the exception of when the program reached the Arabian Peninsula in 2005, the
chemical and oil industries were grouped in the same association, so the Gulf Petrochemicals and Chemicals Asso-
ciation -GPCA-, after 4 years, identified that the program presented by the ICCA should be more specific to the pet-
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rochemical area, so they created 21 performance indicators in different areas: safety at work, safety process, emis-
sions, dumping, on the use of resources and distribution of products. The new indicators were accepted by ICCA
and are now available on the website, so that all companies interested can use them [5].

2. Methodology

This paper was made through a qualitative research, considering that, the interaction of companies around
the world with the reporting of sustainability indicators and the entities to which they are reported is established as a
social macro phenomenon, before continuing with the description of the methodology, it is necessary to guide the
reader on: the RCP is based on policies, values, principles and 7 codes, which in turn are divided into: macro titles,
activities and tasks.

It is important to note that this research used the methodology evaluating management of companies which
was created by the International Organization for Standardization (ISO) described in Standard 9001 and global prin-
ciples and standards such as GRI, AA1000, ICMM, EITI, ISO, OECD, among others were included, in addition, the
strategic plan of the Colombian mining sector, to improve the applicability of these standards to the realities of a
country such as Colombia [6]. The new model was adjusted by the case study, this was based on generating a base-
line and testing the new model, the instrument applied was a semi-structured interview for mining stakeholders in
the research area which have been selected for two reasons; classification by attributed and volunteer participants.
The methodological phases are explained in detail in the master's thesis mentioned above [7].

3. Analysis of results

A brief summary of the proposal for a RCP for the Colombian mining industry is shown in Table 1.
Tab 1. Brief summary of the proposal for a RCP for the Colombian mining industry

Responsible Care Program

Chemical industry

Colombian mining industry

Case study — Baseline *

Principles

Corporate ethics RCP. [8]

Modified according to RCP statement of
ethics, the 4 Eggert principles and the 10
ICMM principles.[9] [10]

Socialize the principles and try to
explain how they should be included in
everyday life.

Politics and Policy

Defined.

Including key elements but freely
definable for each company.

Elaboration of the policies or
modification based on.

Codes

Within these codes there are activities and from them activities derive tasks. [11]

The most important results will be stated
for each code.

1. Community Awareness & Emer-
gency.

1. Relations with the Stakeholder.

The objective is to have a coordinated
Emergency Response plan in each
facility and maintain an integration
program with the community, which
allows communicating information to
satisfy questions and concerns.

To build relationships of cooperation and
trust, through effective channels of
communication, education, risk prevention
and principles of respect for human rights,
health, safety and the environment.

Relations with the community are good,
there is no hostilities, a cordial
relationship and dialogue is evident, this
could be explained by the acceptance
from the municipal government that
there is for the activity in the
municipalities where the fieldwork was
carried out.

2. Distribution.

2. Environmental Responsibility.

Optimize the safety performance of
conveyors and distribution service
providers, increasing confidence in
the industry's efforts to improve safety
in the distribution process.

Demonstrate a real commitment to the
environment, being legally responsible and
aware of the need to go beyond the law to
ensure a protection of resources over time.

It is necessary to have more
environmental planning activities, with
the identification and evaluation of
impacts, manuals of environmental
procedures and parallel projects for
remediation of the adverse impacts
already generated.

3. Process Safety.

3. Responsible Transport Logistics

Prevention and control of fires,
explosions and emissions of
hazardous substances in operations.

The objective is to manage the risk arising
from transport logistics, resulting from
activities such as the movement of
hazardous, special materials or extracted
ore, its handling and storage.

The difficult access causes that most of
the materials are transported by
motorbike or small vehicles, which do
not comply with any norm or standard,
needing an improvement in all the
activities of this code.

4. Pollution Prevention.

4. Productive Management.

Achieve permanent reductions in
emissions and waste by preventing
deterioration and preserving the
environment, health and safety of
employees.

Its objective is to conduct all activities and
processes carried out by the mining
activity in such a way that no harm is
caused to the integrity or health of people
or the environment at any stage of its life
cycle, from exploration, operation,
construction and closure.

The focus is on developing a work plan
to look for cleaner technologies and
eradicate the mercury from the process.

5. Product stewardship.

5. Safe work.

Prevent products from causing
damage to the integrity or health of
people or the environment at any
stage of their life cycle,

It is to protect the health and safety of all
those who work in the company, as well as
to constantly improve the quality of life of
workers.

More Personal Protective Equipment is
needed and also the training of the
workers to attend to the possible
contingencies that a mine could have.

6. Employee Health & Safety.

6. Physical and Environmental Security.

Protect the health and safety of all
people working or visiting the
company's facilities.

Increase the company's capabilities in
identifying risks related to accidents or
incidents that may disturb the company's
physical safety.

The physical security activities of this
code are those that have the highest
compliance rates as opposed to the
information security that needs more
development.

7. Security.

7. Key Activities.

Improving physical and information

The company identifies which are the key

Work more on day-to-day risk
management, include self-audits for
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security. activities to implement in the program and | compliance and oversight of the
that its management is successful. proposed program.
* Field work in small-scale gold mining, the baseline was done by mine. In total there were 6 mines studied in 3 municipalities.

(Source: the authors based on [7])

4, Conclusions

A few months after the fieldwork, a new conclusion of this work was identified that the application of the
new proposed Responsible Care Mining Model is based on self-regulation, but there must be a time of implementa-
tion and a time of guidance, to ensure that the program is working properly, otherwise, without constant supervision,
in the case studies there is evidence that the initiative was losing strength, on the other hand, this indicates that the
first thing is to find out when the program is strongly established, then decide whether it is possible to make the de-
cision to move on to monitoring activities.
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AN EXPERIMENTAL STUDY OF CORROSION IMPACT ON ROCK
BOLT SUPPORT SYSTEM IN UNDERGROUND MINE USING U-BEND
SPECIMEN

Abstract-The effect of corrosion on rock bolts of smaller diameter under u-bend condition is presented.
The small diameter rock bolt is used as it requires significantly less force to generate desired stress. U- Bend speci-
men has been identified as the economic approach to test rock bolts under a stressed condition. Six identical profile
bolts of diameter 8mm are subjected to corrosion testing using mine water and 5%NaCl solution. Three bolts are in
U- bend condition subjected to the tensile stress on the outer radius of the curve. Fourth and fifth bolts are un-
stressed but exposed to corrosive environment. Sixth bolt is left unstressed and not under corrosive environment to
act as reference bolt. It is expected that this approach will yield results pointing to the formation of stress corrosion
cracks on the outer surface of bend specimen and a significant reduction in ultimate tensile strength of all four rock
bolts subjected to a corrosive environment.

l. Introduction

Rock bolt support systems used in underground mines are necessary for personnel safety and productivity.
The objective of rock bolt support system installed in an underground mine is to stabilize openings and maintain a
safe working environment. The failure of rock bolts as a result of corrosion not only decelerates production but also
creates safety concerns.

Corrosion is a destructive attack of a material by reaction with its environment that often results in a
reduction of the mechanical properties of that material. Rock bolts, in particular, are susceptible to corrosion as they
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can be exposed to groundwater in their working environment. Even though corrosion initiates and advances without
any assistance of stresses in the presence of corrosive environment, however stresses on a specific material play a
major role in accelerating the process through formation of cracks where corrosion is taking place.

Corrosion of rock reinforcement is a poorly understood mechanism and no systematized field study has ev-
er been undertaken within the underground mining industry in India. This study aims to determine the reduction in
ultimate tensile strength of rock bolt due to combined application of stress and corrosion on it. Since the presence of
tensile stress is necessary, a test frame is designed to keep the specimen under constant strain condition which is
another method to stress the specimen.

(L=

Fig 1. A typical rock bolt deterioration due to corrosion.
Il. Experimental Set-Up

The experiment involves six 8mm diameter rock bolts, of which four are subjected to the corrosive envi-
ronment using mine water and 5% NaCl solution in order to accelerate the corrosion process. Since the presence of
tensile stress is necessary to study corrosion under the stressed condition, so specimen is stressed using constant
strain method. The sole purpose of constant strain method is to deform a specimen and retain it in its deformed state.
U- Bend specimen is identified as best constant strain device for this experiment.

1. Bolt Tensioning using U-bend Specimen

The standard practice for making U-bend specimen is outlined in ASTM G30-97(2003). The testing frame
has two support posts at both ends and a fixed support at centre on a wooden base. The end and central supports are
made up of mild steel. The specimen is stressed by applying force on its ends by hand and then places it in the end
support to hold the specimen in a bent condition. After that, the specimen is immersed in a tank filled with test wa-
ter. Similarly, two unbent (unstressed) bolts are placed in test water.

8mm rock bolt under u-
bend condition

Fig 2. Fabricated experimental setup

2. Stress calculation

As stated in the ASTM G30-97(2003), the stress of principal interest in the U-bend specimen is circumfer-
ential. It is non-uniform because

(a) There is a stress gradient through the thickness varying from a maximum tension on the outer surface to
a maximum compression on the inner surface,

(b) The stress varies from zero at the ends of the specimen to a maximum at the center of the bend, and

(c) The stress may vary across the width of the bend.

The total strain () on the outside of the bend can be closely approximated to the equation:

ge=—  when T<<R (i)
2R

Where,
T = specimen thickness, and R = radius of bend curvature.

W
Fig 3. Actual Specimen Fig 4. Used Specimen
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To find radius of an arc or segment, we will use this equation

H W2 ..
R = E + E (ll)
where,

H-central support in test frame, and,
W -distance between end supports.
Dimension of frame used is as follows;
W= 520 mm H=90 mm
Hence,
R=420.55mm
Using the equation (i) of total strain in U bend condition,
T

e= — when T<< R
2R

where,

T = specimen thickness, and

R = radius of bend curvature.

Dimension of specimen under experiment is as follows;
T=8mmand L =600 mm

8
e=
2x420.55

therefore,
AL 8
£= = =
L 2%420.55

where,
L = Original length of specimen
AL = Change in length of specimen

8+600
AL =
2%420.55

=5.708 mm

So, approximately 5.7068 mm of change in length will generate on the outer fiber of rock bolt.
1. Conclusion

This experimental study aims to determine the reduction in the ultimate tensile strength of rock bolts due to
combined application of stress and corrosion on it. U- Bend specimen is used as a constant strain device to perform
the study. Such testing condition is chosen as it produces stresses in a specimen that are comparable to those experi-
enced by servicing bolts in situ. As a result, it is feasible to conclude that any reduction in ultimate tensile strength
of test specimen is likely to be indicative of the behaviour of installed bolts. Considering impacts of corrosion on
rock bolts, extensive research on this subject relevant to underground mining support system is needed. At the con-
clusion of the experiment, it is expected that this study will indicate the possibility of using such tests as an early
warning detection system for corrosion-related impacts in underground mines.
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CARBON SEQUESTRATION IN REVEGETATED MINE SPOIL
ALONG AN AGE GRADIENT IN INDIAN MINES: AN EFFECTIVE AND
ESSENTIAL OFFSET TECHNIQUE

Abstract:

The Mining Industry in India has a significant contribution towards the economy. The mining operations
lead to some adverse environmental impacts wherein the top soil, subsoil and overburden are relocated. These mine
spoils act as a compromised habitat and lead to heavy metal contamination in soil and water bodies. On the other
hand, if such spoils are revegetated, they act as a sink for carbon dioxide via combined plant succession and soil
formation. Revegetation and certain management practices help to regain the lost carbon. This helps in restoring the
soil organic carbon by reabsorbing it from the atmosphere popularly known as carbon sequestration.

The paper presents a case study along an age gradient of revegetated mine spoils of 19 years in Singrauli,
India. The total carbon emissions in total plant biomass, mine soil and soil microbial biomass reads out to be 44.5,
22.9 and 1.8t/ha respectively. Total sequestered carbon has increased by 712% in revegetated mine spoils after 19
years. The annual carbon sequestration potential is estimated to be 3.64 t C/ha/yr. Carbon sequestered in revegetated
mine spoils is 253.96 tonnes/ha capture of atmospheric CO,. Decomposition of root and litter mass contributes car-
bon storage in mine spoil. Thus revegetation of mine soils helps to mitigate negative mining impacts and enhance
carbon sequestration in mine spoils.

1. Introduction

Industries have revolutionised the economic progress of India at the cost of rising CO, concentrations. The
daily Carbon dioxide level is 408.53 ppm (Earth’s CO2 Home page - CO,now.org, accessed on 15/02/2018). The
level of CO, in the atmosphere will rise to 800-1000 ppm by the end of this century if efforts are not taken to curtail
it. Mining changes the original soil profile thus leading to loss of Soil Organic Carbon (SOC). During mining the top
30 cm soil is removed which is removed and stored separately by some companies. The overburden is removed and
placed in mine pits and the overburden is graded and topsoil is put back on top of overburden to a depth of usually
30 cm. An initial dose of fertilizers and mulch is then applied before seeding the land with a mixture of grasses and
legumes. Revegetation of mine soils lead to the establishment of biomass, which results in accretion of SOC to the
restoration of mined out land. The accumulated SOC helps to offset SOC losses and also offset CO, emission from
coal mining (Shreshta and Lal, 2009). Revegetation helps to stabilize soils by development of extensive root sys-
tems. Chaulya et al. (2000a, 2000b), Tripathi and Singh (2008), opined that revegetated mine spoils have the poten-
tial to substantially increase soil fertility and plant biomass. Herbs have less C sequestration potential as compared
to mature woody trees.(Filey et al., 2008; Dean et al., 2012) reported 95% higher C sequestration in woody trees as
compared to herbaceous layer, since the SOC stock is higher in the trees due to their deeper roots. Thus the rate of
growth of trees, increment of stem diameter play a major role in regulating the size of sink. The mine soil when in
infant stage gives a greater opportunity for the recycling of organic waste material. It has a higher carbon sequestra-
tion potential as compared to agricultural soils. Hence proper revegetation of mine spoils isimportant to sequester
large amounts of carbon and return it into a stable state (Shreshta and Lal, 2009). Revegetated mine soilscan prove
to be a significant sink for atmospheric CO, by formation of soil organic matter (SOM).

2. Carbon Threats Caused in Surface Mining

The environmental effects pursue for years after the mining operations are carried out. Mine spoil corre-
sponds to the third highest proportion of waste produced among industrial operations annually (Bell, 1998). These
wastes are mostly acidic to slightly basic in nature with very low organic matter contents (Tripathi and Singh, 2008;
Singh et al., 2012a). As per the Indian mining conditions, substantial amount of carbon is contributed during mining
and reclamation activities. In addition it also raises a number of environmental challenges like soil erosion, fugitive
dust, noise and water pollution and impacts on local biodiversity. Carbon emissions contribute to climate change
which can have serious consequences for humans and environment. These carbon emissions raise the global temper-
ature by trapping solar energy in the atmosphere. It alters water supplies, weather patterns and overall biodiversity
of the region. As a result of thermal expansion and glacier melt, global average sea level is rising at about 3 milime-
ters per year during past 20 years which threatens inundation of areas with low elevation. Hence carbon sequestra-
tion steps are to be taken in modern mining operations to minimize impacts on all the environmental aspects. In sur-
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face mines the methodology to estimate gas emission from coal mining and handling can be described in a particular
way. A rectangular chamber withinternal dimensions of 50*40*15 cubic cm, closed from five sides but open floor
and fitted with a nozzle for gas collection is used to measure the methane flux. These chambers were placed on the
benches of surface mines for a known period of time. The gaseous percentage is estimated by gas chromatograph
(Chemito, model number GC 1000). Area of freshly exposed coal face should also be measured in the surface mines
to calculate methane flux. Daily coal production data is an essential requisite and hence it needs to be collected in
the investigation period. Coal production data is considered as Activity data (A) which is multiplied by methane
emission factor (EF) and the conversion factor of 0.67*10-6 Gg m-3 of methane to obtain estimates of methane
emission from coal mining.

3. Soil Carbon Sequestration

Soils are the largest C reservoirs of the terrestrial C pool, containing about three times more C than vegeta-
tion (1500 Petagram (Pg) of C to 1 m depth. The estimates for total SOC pools in Indian forests range from 4.13 Pg
C for top 50 cm depth to 6.18 Pg C for the top 1 m soil depth (Chhabraa et al., 2003). C in the form of organic mat-
ter is a key element to healthy soil. It is estimated that each tonne of SOM releases 3.667 tonnes of CO,, which is
lost into the atmosphere (Bowen and Rovira, 1999). Decomposition of organic matter completes the atmosphere-
soil-atmosphere C cycle by emitting a portion of SOC to the atmosphere as CO,. Decomposition rates are propor-
tional to the amount of organic matter in the soil (Johnson, 1995; Singh et al., 2004). Thus with the passage of time
and under relatively constant environmental conditions, equillibrium is established between the rates of C additions
and emissions leading to stabilization of amount of SOC. Mining activities and the disturbances associated with
them disrupt the SOC equilibrium relationship, causing severe losses of SOC, leading to a C deficit of the natural
soil. Revegetation helps to regain the lost C; improve the soil quality and restore the SOC by rebsorbing it from the
atmosphere. This process is called as the carbon sequestration. Major factors that affect tree species establishment
and growth rate as per Indian dry tropical reclaimed mine soils are: 1) soil moisture, 2) soil depth, 3) soil toxicity, 4)
soil compaction, and 5) weed competition.

3.1 Carbon Accretion in Revegetated Mine Soils:

Revegetated mine spoils act as a huge potential sink for CO, compared to adjacent land. As elaborated by
Ussiri and Lal (2005), carbon content and rate of C accumulation in mine soils following reclamation for various
durations are illustrated in Table no. 1. Shreshta and Lal (2009) elaborated the CO, offset rates from different land
uses in reclaimed mine spoils (Table 2 ). They estimated that 3.2 million ha of reclaimed forest mine soil can offset
30 teragrams (Tg) of CO, each year (estimation based on the C sequestration rate of 2.56 Mg/ha/yr for forest ecosys-
tem from Sperow, 2006). The Department of Science and Technology and Ministry of Coal, Govt. Of India are
funding C sequestration in revegetated mine spoil can offset CO, emissions and provide additional income to land-
owners through trading of carbon credits.

4, Case Study about Carbon Budget for Reclaimed Mine Ecosystems

In order to identify sustainable management options and enhanced C sequestration potential, an evaluation
of C budget over relatively long time period is important. In a study done by CIMFR, Dhanbad, total C sequestra-
tion in different components viz. Plant biomass, mine soil and microbial biomass) was estimated in revegetated mine
spoils of Northern Coal fields (NCL), Singrauli, India along an age gradient of 19 years. The NCL has a tropical
monsoonal climate and the year is divisible into mild winter, hot summer and a warm rainy season. Mean monthly
minimum temperature ranges from 6 to 28 degree C and mean monthly maximum from 20 to 40 degree Celsius. The
rainfall has a high degree of variation and ranges from 700 to 1450 mm/yr (Singh et al., 2004). The geology of the
coal fields is of coal bearing Barakar formation of the Gondwana basin overlain by a soil/alluviam. The geology of
the coalfields is of Coal bearing Barakar formation of the Gondwana basin overlain by a soil/ alluviam cover. The
Barakar formation is dominated by sandstone and subordinate shale. The rocks are fine to coarse-grained sand-
stones, white and gray clays with ferruginous bands, carbonaceous shales and coal seams. The soil was slightly acid-
ic in nature with bulk density, organic carbon and total N in the range of 1.50-1.75 g cm3, 0.29-0.915% and 0.018-
0.63%, respectively(Singh et al.,2012b).

The mine spoil was planted with Dalbergia sissoo, Pongamia pinnata, Prosopis juliflora, Syzygium jambo-
lana, Azadirachta indica, Emblica officinalis, Cassia Siamea, Leucaena leucocephala, Pithecellobium dulce and
Gmelina aroborea plant species.

The above ground biomass was measured by harvesting five plants of each species at ground level and ap-
plying an empirical equation developed with reference to diameter and height. The litter mass was measured by five
randomly placed 1 x1m quadrants. For below ground biomass (live +dead root) estimation, monoliths of
25 x 25 x 30 cm size were used (Singh and Singh 1991). Total carbon contents of plant and soil were measured by
Elementar's Liqui TOC Il Analyzer (Germany). Carbon sequestration was quantified following the methods de-
scribed by Brown and Lugo 1982. CO, equivalent was calculated assuming 1 tonne carbon is equal to 3.667 tonne
CO, (Bowen and Rovira, 1999).

In revegetated mine spoils, along an age gradient of 19 years, total C sequestration in different components
(viz. plant biomass, mine soil and microbial biomass) was found to be 69.21 t/ha, in which the contribution of total
plant biomass, mine soil and soil MBC was 44.52 t/ha (64.33%), 22.89 t/ha (33.08%) and 2.59 t/ha (2.59%), respec-
tively (Singh et al., 2012b, CIMFR Report EE/40GAP/04/EMG/MOC/2008-2009, June 2012). There was an in-
crease in total sequestered C by 712% in revegetated mine spoils with increase in age of revegetated mine spoils. It
can be translated into annual C sequestration potential of revegetated mine spoil that is 3.64 t/ha yr— 1.
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CO, equivalent out of the total C sequestered shows the amount of CO, removed from the atmosphere by the way of
C absorption. The sequestered C in revegetated mine spoil can be equivalent to 253.96 t/ha capture of CO, from the
atmosphere. This indicates that mine spoil can act as a significant sink for atmospheric CO, through revegetation
development along with redevelopment of soil formation. In this way, C budget of the revegetated mine spoils of
different ages can be predicted. Annual C budget indicated 8.40 t C ha— 1 yr— 1 accumulation in which 2.14 t/ha
was allocated in above ground biomass, 0.31 t/ha in belowground biomass, 2.88 t/ha in litter mass and 1.35 t/ha in
soil (Fig. 2). This shows that litter mass allocation is much important for its contribution to SOM accumulation
along with SMB in the revegetated site. Decomposition of root and litter mass contribute substantially in C storage
in the soil.
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Fig 1. Carbon distribution in various soil biomass Fig 2. Carbon budget of the revegetated mine spoils

Table 1. Carbon Content and rate of C accumulations in mine soils following reclamation.

Surface Years since Soil sample Gain in SOC | Rate of Reference
management | reclamation Depth cm Content change
Mg/ha Mg/halyr
Pasture 0-25 0-15 29.1 1.16 Akala and
0-25 15-30 7.7 0.3 Lal 2002
Forest 0-21 0-15 32.6 1.55 Akala and
0-21 15-30 4.5 0.2 Lal 2002

5. Result and Conclusion

Revegetation of overburden dumps has always been considered with respect to removal of atmospheric
dust, green belt development and esthetic improvement of the mine site. The ecosystem functions in order to re-
establish the soil microbial function. The senescence of leaf and litter fall along with death and decay of plant roots
in the mine spoil plays an important role in recovery of mine soil quality and ecosystem function of disturbed site.
Further, it depends on plant growth performance and establishment of vegetation and carbon accretion in plant and
soil. The C sequestration potential in revegetated mine soil has been found to be gradually enhanced and stores con-
siderable amount of carbon in different components of ecosystems viz. plant biomass, leaf litter, root biomass in
19 years of revegetated mine spoil. The case stuy has revealed that in Indian revegetated mine spoil
1.20 Mg ha— 1 yr— 1 CO; is offset by soil C sequestration, while total potential offset through soil, biomass and lit-
ter mass is found to be 9.36 Mg ha— 1 yr— 1.

Table 2. Potential CO, offset rate from different land uses established in reclaimed mine soils.

| Surface | Yearssince | Soil sample | Gainin SOC | Rate of | Reference |
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management | reclamation | Depth cm Content change
Mg/ha Mg/halyr
Pasture 0-25 0-15 29.1 1.16 Akala and
0-25 15-30 7.7 0.3 Lal 2002
Forest 0-21 0-15 32.6 1.55 Akala and T
0-21 15-30 4.5 0.2 Lal 2002 here-
fore,

mine spoil can be considered a significant sink for atmospheric CO2 through vegetation development along with
redevelopment of ecosystem and soil formation. Revegetation merits serious consideration due to its potentiality to
sequester SOC for a long enough time to offset C emissions in mining areas which often remains neglected in the
developing countries like India. Successful revegetation can also serve as an economical way of mitigating the bur-
geoning problem of carbon dioxide accumulation in the atmosphere. However, a long-term study on productivity of
revegetated mine spoils is needed to identify sustainable management options and evaluate the C budget over a long
period of time.
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EFFECT OF MINE WATER REGIME ON ROOF BOLT USED IN
UNDERGROUND EXCAVATION

Abstract: Rock support and reinforcement system was advanced rapidly during last few decades, due to
better understanding of load transfer mechanism and advancement in technology. Rock bolts are used as a perma-
nent or temporary support system in underground excavation. Wisely, the premature failure incidents of rock bolts
have been increasing. The loss in capacity associated with the surface corrosion of support system can be a major
safety and economic concern in underground excavation. The effect of long term exposure of rock bolts to corrosive
environment is reviewed and relevant investigation aiming to finding out corrosion rate held on rock support system
is focused. This paper reports on the influence of corrosive environment on roof bolt supporting system performance
complemented by laboratory investigation of corrosion rate with time elapsed.

. Introduction

Development of internal rock support system began in the early 20" century. Rock bolts are played a major
part in the improvement of stability of rock mass are particularly suspected to corrosion as they can be exposed in
their working environment to ground water whose background is marine splash zone water. Corrosion of roof bolts
in underground corrosive conditions is not a new phenomenon, but its effect on rock bolts has been recognized re-
cently. Corrosion is an important factor that needs to be considered in the design and selection of the rock support
and reinforcement. There is need to defining the appropriate material and methods which constitute an acceptable
physical barrier for surface corrosion. There are numbers of technologies available for reinforcing rock mass, of
which rock bolting is more common and widely used. Rock bolting systems are designed to effectively utilize the
capacity of the Support elements and become safety for underground operations.

Figure 1 - Fully corroded rock bolt sample from mine A
Study Area: A detailed investigation is being carried out on MINE’A’ of WCL which is 36 km from
NAGPUR. Figure 1 indicates fully corroded rock bolt sample collected from Mine ‘A’ and tested in the laboratory
of VNIT, Nagpur. In this the mining activity is carried out by board and pillar method. In this mine, Resin anchored
bolt is a principal support system of load bearing capacity 8 t to 10 t. The strata is highly water bearing.
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1. Investigation on Corrosion Effect on Roof Bolt:

——  cm— e —— o —
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Fig 2. Fresh sample immersed in mine water, RO water and 1% to 5% NaCl solutions

A resin anchored rock bolt sample was collected from mine No. A and tested in metallurgical department,
VNIT, Nagpur. Sample was cut into approximate length of 75 mm, sample is cleaned using acid pickling method
and by buffing machine. These samples were deepen in mine water, 1%NaCl, 2%NaCl, 3%NaCl , 4%NacCl,
5%NaCl and RO water solution in proportion of minimum 20 ml of solution required per sg.cm. Corrosion rate is
calculated by using weight loss method in mils per year.

The required equation is given below,

Corrosion Rate (mpy) =534 x W/ (DAT)

1)
where:
W = Weight Loss in mg. D = Density of metal in g/cm3.
A = Area in sqg. inch. T = Time of exposure of the metal sample in hours

To convert corrosion rate between the mils per year and the metric equivalent millimeter per year (mm/y)
by using relation given below;

1mpy = 0.0254 mm/y = 25.4 micron/y

This test was done for 45 days (1080 hours), change in weight data and pH variation are tabulated in Table
No.1 shown below.

Table No 1. Obtained data of samples in 1% to 5% NaCl, RO water & Mine water solutions

Sample | Test solution Initial weight Final weight pH
No.

(gm) (gm) Before After
1 1%NaCl 112.0007 111.6318 8.20 7.09
2 2%NacCl 112.5292 112.0908 7.97 7.10
3 3%NaCl 115.8857 115.5239 7.90 7.79
4 4%NaCl 113.6093 113.2169 7.81 7.60
5 5%NacCl 110.1672 109.7950 7.73 7.40
6 Mine water 189.3150 189.0040 7.40 6.25
7 RO water 112.3150 112.2834 8.83 8.70

1. Result and Conclusion:
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Rock bolt samples were tested in laboratory for 45 days and the results are obtained .The results from the
testing not only allow the comparison of various atmospheric environments or those affected by groundwater but
also provide applicable rates of corrosion. The following chart and table gives the corrosion rate of the rebar sam-
ples monitored under varying pH.

/.\
/

Corrosion Rate (mpy)

pH

Fig3. The effect of pH on the corrosion rate

Table No 2. Weight loss and Corrosion rate of the monitored sample

Sample | Test solution Duration pH Loss in weight Corrosion rate
no. (Days) (Initial) (gm)
mpy mm/y wy

1 1%NacCl 45 8.20 0.3689 3.50 0.089 89.001
2 2%NacCl 45 7.97 0.4384 4.264 0.108 108.30
3 3%NaCl 45 7.90 0.3528 3.473 0.089 88.21
4 4%NaCl 45 7.81 0.3924 3.683 0.093 93.54
5 5%NaCl 45 7.73 0.3722 3.57 0.090 90.67
6 Mine water 45 7.40 0.3110 2.363 0.060 60.80
7 RO water 45 8.83 0.4329 4.06 0.103 103.12

The purpose of this study is to investigate corrosion rate and relate how the environmental conditions in In-
dian underground mines impact on the service life of rock support and primarily rock reinforcement. The investiga-
tions have resulted in the variation of corrosion rate under varying pH values for different source water. The control
the pH value exerts on the corrosivity of a system depends to a large degree on the solubility of the corrosion prod-
uct (usually the oxide) formed on the metal surface. From the above graph it can be depicted that there is very little
variation in corrosion rate under the varying pH condition. This has been achieved by exposing various rock bolt
samples in corrosive environment and evaluation of the same to obtain corrosion rates. Variation in test water pH is
also monitored for the test period.
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USE OF RESPIROMETER METHODS IN ENVIRONMENTAL
BIOTECHNOLOGY

Respirometry in general

A respirometer is a device used for kinetic respiration measurements, i.e. the mass of at least one
of the consumed/produced respiration gases (oxygen, carbon dioxide and methane) over time. Respiration is ex-
pressed either as the rate (mass per volume and per time) or as the total mass of the gas per a volumetric or weight
unit. The parameter mostly used in environmental biotechnology is BOD (biochemical oxygen demand) i.e. the total
mass of consumed oxygen per the oxidation of a known mass of the substrate in a predefined time frame. Respirom-
etry measurements can be performed using various techniques, all of which result in a metabolic rate determination
of microorganisms, tissues, plants, vertebrates and invertebrates. In the microbiology of wastewaters, respirometry is
used to assess the viability of microorganisms by the measurement of oxygen consumption and equal carbon dioxide
production. Respiration-based methods are one of the most sensitive approaches to the testing and evaluation of
chemicals. These methods can be applied for pure cultures or natural mixed microbial populations, as well as for
testing different addition agents.

Micro Oxymax respirometer

The laboratory of biotechnology in Liberec has at its disposal a Micro-Oxymax respirometer,
which is capable of measuring up to six gases. The most common gas detectors used in the laboratory are for meas-
uring oxygen, carbon dioxide and hydrogen. The device has up to 30 slots available for samples, which can be
measured simultaneously, and has individual gas detectors for each of the measured gases. The system’s sample
pump contains a microprocessor, which controls the very accurate volume of the measured gas and communicates
with the host computer through a serial port.

The system is closed as a whole and circulation is achieved by the pump. The device also contains a sample
dryer for the removal of water vapour in order to achieve precise gas measurements, and stability and durability of
the sensors. The gas is circulated through each individual sensor at a constant flow rate and pressure to prevent er-
rors caused by barometric pressure changes. All of the recorded data are saved to a PC during the measurement pro-
cess. The greatest advantage of this method is that the measurement is recorded continuously until the experiment is
stopped.

Micro-Oxymax sensors measure the gas concentration directly in the sample container. Detectors for car-
bon dioxide and methane are single-beam infrared devices; oxygen sensors are paramagnetic whilst other gas detec-
tors are electro-chemical based. Carbon dioxide sensors have a working range of 0 % - 1.0 % and the range of the
oxygen detectors can be set between 19 % and 21 %.

What can be measured

Respirometry can be used e.g. for state determination of microbial inoculum before it is used for
further tests. Similarly, the respiration of soil organisms can be tested. This method can also be used for toxicity
evaluation of various nanoparticles or other substances. In our laboratory, the most common test is the respirometry
of activated sludge, which is an ideal method for the evaluation of chemical and biological additives intended for
water treatment systems. Wastewater kinetics, oxygen consumption rates and toxic shock impacts can be determined
during the process control.

Sample preparation

In order to test a pure bacterial inoculum, the first step is to grow the bacteria in an agar and then
inoculate it with a medium (for example soya) with the required nutrients. In the case of testing activated sludge
from water treatment plants, the most important thing is the freshness of the sludge. Ammonium nitrogen is mostly
used as the substrate for testing the impact on the most sensitive microorganisms in activated sludge — the nitrifiers.
It is crucial to achieve constant homogenization of the samples during the respirometry measurement. The meas-
urement itself can last from 24 hours to several months, with the interval being given by the specifications of the
experiment.

Results

Our Micro-Oxymax respirometer is capable of showing individual positions as well as all of them
at once. Graphical displayed recorded data are very important because they allow to see whether the micro-
organisms are alive or not without the need of any mathematical calculations. If the micro-organisms are no longer
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active, the experiment is stopped. The device can show the amounts of consumed oxygen and produced carbon diox-
ide in real time or as a total sum over time as shown on the plots below.
Respiration rate plots

0, o,

20 g I nD 2

— 200 g 28 % S A0V L

won
~ o

R
N 2 'l s

\\\u.w-:f‘f}‘%;é 500 /1%

s 100 30 1 A3V L

w— 100 W5 3% 3 62V) 1

— e |

Conclusions

Respirometry is one of the most sensitive methods for the testing and evaluation of chemicals (toxicity and
biodegradability) in different media (water, soil or sludge). The most important advantages of modern respirometers
include multiparametric and multichannel measurements, which allow the measurement of different processes (aer-
obic, anoxic and anaerobic) and the very high throughput of this method with the possibility to measure different
concentrations of both tested microorganisms and tested chemicals.
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PROBLEMS OF AIRCRAFT AIR SUPPLY SYSTEMS, EC AND LS
SYSTEMS

Lately people are using planes for traveling more and more often. How it is possible that people can nor-
mally breathe far away from Earth atmosphere on plane and rocket board? How the process of preparing air on
spaceships and aircrafts looks like? If air treatment process is not such a difficult one and technology develops so
fast why we still feel discomfort traveling by airplane?
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People using aircraft companies’ services complains on things such as:

. Incorrect maintaining air temperature on board

. Insufficient air humidity

. Incorrect maintaining pressure on board, (feeling of plugged up ears)
. Aerotoxic syndrome

The last listed is a taboo subject especially for aircraft workers. It raises in relation to exhalation of harmful
substances when engine fuel vapors migrate into air that holds pressure inside the cabin of the plane. When does it
rise?

> usage of old seals

> too much fuel put in tank

The fuel contains the fatty acid esters of phosphorous compounds responsible for lubrication of jet engines,
and this compounds can affect the nervous system in a very harmful way.

It happens that the fumes can be sensed in a very determined way - inside the cabin there is visible smoke
or mist but usually only a bad smell occurs. Smell is similar to unwashed feet, old shoes, vomit or wet dog.

The effects are transitory or chronic and may occur immediately or even a few days after the trip. The most
common symptoms include fatigue, blurred vision, loss of balance, convulsions, memory problems, headaches, tin-
nitus and breathing disorders.

In the United States even one plane per week must get back to the airport or change route due to serious
exhalation of poisonous fumes. Pilots inadvertently affected by so-called ,,aerotoxic syndrome” may be the key to
the mystery of unsolved air disasters.

Environmental Control System (ECS)

Environmental Control System (ECS) provides air supply for aircraft, allows control of temperature and
pressure in the cabin for crew and passengers. It includes also smoke detection and fire suppression.

Air pumped into the cabin comes from compression engines. Contrary to what many people think this air is
not cold, it may have a temperature over 100 degrees Celsius and more than two atmosphere of pressure. The trick is
so not heating of air but on its chilling and lowering its pressure. Famous Air-Conditioning packs are used for it.
They are simple enough but fascinating thermodynamic machines. The air is cooled by heat exchangers (exchange
with outside air) and set compressor / turbine. To this must be added that the air is often dried, which is not pleasant
at long flights (humidification systems are being installed currently).

Cabin pressure is a separate matter. As all time we pump fresh air at the same time something has to be
done with old, used air. Old air is let out in rate adequate for maintaining pressure inside the cabin. It is done by
special, controlled valves in the hull.

An important issue is the proper maintenance of the cabin pressure. The value of the pressure is a function
of height. System must control value of the pressure during ascending and descanting. It is essential that the pressure
inside the cabin should be higher than atmospheric pressure outside the plane.

Not maintaining these parameters, incorrect distribution of air lead to the decrease in pressure inside the
cabin (so-called decompression). It is very dangerous for passengers. It may lead to several health disorders and
consequently even to death. The aerodynamic phenomena affect not only performance, fuel consumption, but also
efficiency of motion stability and engine cooling system. To see how this looks we made a model of aerodynamic
tunnel.

Aerodynamic tunel research

Aerodynamic phenomena affect not only the resistance to movement, stativity but also the efficiency of the
cooling system in the aircraft.

First we construct research stand: tunnel is 3 meters long and made from transparent plastic with rectangu-
lar cross-section of dimension 20x40 centimeters. Fan with efficiency 3500m*/h and adjustable rotational speed was
used as a mechanical element forcing air movement. In addition, the aircraft model was made. In first step we create

a dynamic pressure profile. Measuring grid was made on canal and the dynamic pressure value at specific points
was determined by means of pressure tubes. Measurements were made for 3 rotational speeds.
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Picture 1 Measuring grid on tunnel cross-section
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The results obtained were entered into the SURFER program. The graphs below show pressure changes. It
can be stated that as we move away from the walls, the pressure increases. The highest values recorded in the middle
part of the channel. As you can see, the biggest different at the measuring points were obtained for the highest fan
speeds. Values vary from 40-150 Pa, with a minimum of 22-44 Pa.
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Picture 3 Average fan speed

5858533888

Picture 4 Low fan speed

Next by PIV method (Particle Image Velocimetry) the velocity profile in the channel was determined. This
method is based on the measurement of the velocity of air particles surrounding the element. For better visualiza-
tion, a smoke marker was used. A straightening machine was used at the outlet of the channel. The results presented
show the results for the average speed. During the measurement, we noticed that the stream is heterogeneous. The
stream was straightened with a straightener placed at the end of the canal. The diagrams show the results of the PIV
method. It is much more accurate than manual measurements.
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Picture 5 PIV profile for average fan speed

Life Support Systems (LSS) activities develop the capabilities to sustain humans who are working in space
- away from Earth’s protective atmosphere and resources like water, air, and food. This includes monitoring atmos-
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pheric pressure, oxygen levels, waste management, and water supply, as well as fire detection and suppression, also
prevent the accumulation of gases such as ammonia and acetone, which humans emit in small amounts. Steam
chemicals from scientific experiments are a potential hazard if they combine in unpredictable ways with other ele-
ments in the air. Revitalization of air includes the production and recovery of oxygen, removal of carbon dioxide
and control of trace impurities and particulate matter.

SOPHIA THUM
Untersuchungen zur Aufbereitung von Metall-Faser-Kunststoff- Sandwichverbindungen.

INVESTIGATIONS FOR THE PREPARATION OF METAL-FIBER-
PLASTIC SANDWICHES

Abstract Metal-plastic sandwiches are used as a light material in lightweight construction such as automo-
tive manufacturing. To get a composite material with better strength and a small weight, the plastic is reinforced by
fibres such as carbon or glass fibres. On a recycling point of view, the materials have to be separated before they can
be reintroduced in a circular economy. The valuable materials of the sandwiches examined in this case are the fibres
and the metal, that should be recovered in a certain quality. For this, it is looked at two ways of separation and re-
covering, the classical mechanical and an alternative thermal way. The quality of the products is compared and
shows low rates of separation and worse product qualities for the mechanical way than for the thermal way. The
classical mechanical way of separation and recovering should be avoided for the examined metal-fibre-sandwiches
and the thermal way should be preferred.

1. Introduction

Because of its light weight, metal-plastic sandwiches are used especially in the automotive lightweight con-
struction. Two fine metal layers enclose a plastic layer like a sandwich.

ThyssenKrupp now developed a sandwich where the plastic layer is reinforced by fibres to get a stronger
material with low weight. The metal layer consists of steel or magnesium, the fibres are of carbon.

As our resources are limited and the production on carbon fibres needs much energy and is expensive, it is
preferable to reintroduce technical materials in a cycle. The question with composite materials is their separation
from the composite.

A certain quality should be reached and determined, in order to facilitate the reuse of the separated materi-
als [1], which are carbon fibres or carbon fibre reinforced plastics and the metal. To determine the quality, ratios are
used.

The classical way of recovering by mechanical comminution is here compared to an alternative thermal
way by pyrolysis in ratios. Only drop in production are employed.

2. Baselines

The carbon fibre reinforced plastics (CFRP) used are plates of laid or woven fibres that are enveloped with
plastic matrix in order to stay in their form and to give the possibility to be combined with other materials via plastic
bonding agents. The fibres have high strength in the direction of their length [2] and can be woven.

A steel-CFRP and a magnesium-CFRP are examined. See their structure in Table 1.

Table 1: Structure of steel-CFRP and magnesium-CFRP sandwiches

Steel- Magnesium-
CFRP CFRP
Structure Steel magnesium
Plastics plastics
plastics
Plastics plastics
Steel magnesium
Thickness 2 mm 2,8 mm
sandwich
Thickness | 2x 0,25 mm 2x 1 mm
metal layer
CFRP lay- 2x 3 3
ers

Two processes are used for the preparation of de sandwich materials. Firstly, comminution as a mechanical
preparation and secondly pyrolysis as a process of thermal preparation.

Mechanical comminution is used to separate composite materials by mechanical forces. It is commonly
used in Germany in large scales to crush old vehicles in a shredder in order to separate their components afterwards.

77



Pyrolysis is a process of combustion without oxygen. Under nitrogen atmosphere the plastic parts of the
sandwich turn into gaseous state, whereas metal and fibres are not touched and can be separated. The process of
Pyrolysis operates colder than the melting temperature of the metal and the exclusion of oxygen avoids the thermal
deconstruction by oxidation of the carbon fibres which otherwise takes place at pyrolysis temperature. [3]

3.1. Mechanical comminution

With a speed of the rotor circumference of 50 m/s the sandwich is crushed. Comminution products after
10 s in the mill are shown in Figure 1.

. { P
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Figure 1: Comminution products: magnesium-CFRP (left) and steel-CFRP

The ratio of disintegration A is defined as the quotient of the mass of the material that is separated from the
composite and the mass of this material in the composite. Here the focus is on CFRP.
A= mseparatedCFRP
mexisting CFRP
As in Figure 2 shown, the ratios of disintegration rise with the increasing time the sandwich takes in the
mill. The steel-CFRP sandwich shows higher disintegration ratio and so there CFRP is more easily to separate than
from the magnesium-CFRP sandwich.
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Figure 2: Ratio of disintegration developing over the time in the mill

The longer the particles stay in the mill, the smaller the median particle size gets. The specific work needed
for comminution rises with a dropping median particle size, as shown in Figure 3. For small median size under
17 mm, specific work of 70 kWh/t (magnesium-CFRP) or rather 58 kWh/t (steel-CFRP) is needed.
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Figure 3: Specific work
Sorting the components after separation is the limiting factor for this process. Dust is produced during the
comminution, that had to be removed from the working space.
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The reached quantity is high with the mechanical method due to the short time of few seconds the material
stays in the mill. The quality of the CFRP product is low because fibres and plastics are still affiliated and the fibres
lost their length. The quality of the metal product is also low because of a high ratio of remaining carbon fibres in
this product that cannot be removed.

3.2. Thermal separation

Sandwiches are incinerated in a pyrolysis oven at nitrogen atmosphere during 30 and 60 minutes at 550°C.
The remaining layers of metal and fibres can be separated manually. Products are fibres and sheet metal.

A scanning electron microscope (SEM) analysis (Figure 4) shows that the fibres get cleaner in 60 min than
in 30 min.

b)

Figure 4: REM of the fibres after 30 (a) and 60 (b) minutes of pyrolysis
The separation is not 100 %, because of remaining fibres on the metal (Figure 5)
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Figure 5: Remaining fibres

Fibres have good quality, the same length as before pyrolysis and are no longer affiliated with the plastic
matrix, which has been used as fuel for the process. The metal layers show small rests of fibres.

4, Conclusion

The mechanical way is feasible in shredder infrastructure disregarding the form, but the separation is in-
complete and the quality of the metal and the CFRP product is low. All products of the process contain fibres, influ-
ence on following recovering processes and human health should be defined.

The thermal way shows as his advantage much higher qualities of the separated products (metal and fibres).
For the preparation of structures at end-of-life it should be examined from which sizes and forms the gas can escape
and also whether there is a technical instead of a manual solution for the separation of the layers. The mechanical
way of separation should be avoided for the examined sandwiches because of low product qualities and the thermal
way should be preferred.
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DEVELOPMENT AND INSTALLATION OF AN UNDERGROUND
MEASUREMENT TECHNIQUE AT THE PILOT MINE “AUGUSTE
VICTORIA” FOR A MID- TO LONG-TERM MONITORING OF THE
MINE WATER LEVEL RISE

Abstract

Monitoring mine water level rise in a coal mine after its closing is an important issue. Therefore, a meas-
urement technique must be established in the mine to provide direct and continuous recordings of different measured
parameters. The development and installation of such an underground measurement data logging system for short-
and long-term observation of the mine water level rise at the mine “Auguste Victoria” (Germany, Marl) allows to
gain in situ measurement data. This information leads to a better understanding of the mine water level rising pro-
cess.

Introduction

After the activity of German hard coal mining, the mine water level will rise. For a better understanding of
the rising process, the established concept had to include the determination of suitable locations for the installation
of the measurement system and the specification of suitable water and air parameters. Therefore, a sturdy and fail-
safe system must be adjusted to the underground conditions, pass a testing period in a laboratory, and at surface
conditions before it was installed in the underground mine “Auguste Victoria”. With the help of this measurement
logging system, data of the mine water level rise can be attained in its spatial and temporal progression. By doing so,
the target state can be permanently compared to the actual one. The evaluation of the obtained data can give evi-
dence of the successive rebound of mine water in existing mine facilities after mine closure and supplemented exist-
ing monitoring systems (RAG 2014).

Best practice

System require

The monitoring parameters were selected regarding both the recording of the mine water level and the
chemical analysis of the mine water. Likewise, there was the plan to measure the methane concentration and the air
pressure response in the underground workings during the mine water rise. Where the recording of the mine water
level in abandoned mine workings is concerned, measuring the water pressure plays a crucial part. The pressure of
the in-situ water column corresponds with the mine water level. Therefore, the exact mounting heights of the pres-
sure transducers have to be documented. Furthermore, the individual pressure transducers ensure that the hydraulic
potential of the mine working is recorded directly and it allows to determine the flow direction of the mine water.
Moreover, the flow speed of the mine water was to be measured. Regarding the recording of the chemical composi-
tion, it was required to record the mine water temperature as well as the specific electrical conductivity (Melchers &
Dogan 2016).

To develop a suitable monitoring system, product information was evaluated and possible solutions were
discussed with renowned mining companies and companies of the chemical and deep sea business. Specific tech-
nical concepts had to be developed in order to measure the parameters mentioned above. One key requirement on
the monitoring system to be developed was its longevity — the system had to last as long as possible. This require-
ment was fulfilled by constructing an electrical component design of a most simple structure using as few compo-
nents as possible. In addition, direct connections were chosen where possible between the actual probe and the eval-
uation system. This resulted in the parallel connection concept selected, i.e., every single probe is connected by a
separate conductor. If one probe fails or the pertinent transmission cable to the surface is damaged, then only one
measuring probe stops working. Power to all underground system components is supplied from the surface.

Other requirements on the system components were due to the extreme environmental conditions under-
ground. Only such components were chosen for installation at the colliery “Auguste Victoria” which — as they
would be located under water later — withstand a water pressure of 100bar. Those components include the water
sensors, the enclosure of the water probe including its gaskets and the connecting cables and their bushings. They
were selected because they are robust and resistant to mine water and mechanical strain. The power supply and the
communication have to overcome a distance of several kilometres. To ensure that the sensors intended for air pres-
sure and methane concentration would be of a long life, they were chosen for use in an environment of high humidi-
ty. Moreover, all sensors have to work maintenance-free and all components that are either installed underground or
have an interface to underground installations must be of intrinsically safe design and explosion prevented typifica-
tion checked in an individual detailed expertise by a third party.

Selection and test of system components
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The market research undertaken showed that the system components available on the market did not fully
meet those requirements. As this system has to be installed at short notice as part of this project, components had to
be selected and modified that were principally suitable. Here, the particular challenge was that the measuring com-
ponents had to be supplied with low electrical power over a very long cable distance. This low electrical energy is
one of the requirements of the explosion protection standard. As only few experiential tests were available for the
mine water use of the water probe, and there is no opportunity of a fault analysis with subsequent improvements in
case the probe fails later, several test were conducted. These tests tested the probe approximating real conditions in
mine water at the surface and underground. The system that was finally implemented benefited from the experience
and reflections made through these tests.

Determination of suitable locations for the measurement system

The rough selection of the locations for recording the mine water level and its rise were done based on the
rise concept devised by RAG for the colliery “Auguste Victoria”. Mutual mine visits of all measuring locations
helped to determine the exact measuring points. Such measuring points were intended for all main waterways as
well as the influent and effluent points in the pit. These points include in particular the overflow from the coal field
“Haltern” —first measure point 1106.1m below sea level—, the influx from the colliery “Brassert” —second measuring
point 991.4m below sea level — the influent and effluent points of the colliery “Lippe” —third measuring point
1111.6m below sea level —, and the main waterway—4th measuring point 1113.1m below sea level —. The selected
locations allow a direct recording of the most important mine waterways and thus essentially of the major waterway.
On the other hand, the locations selected also ensure an area measurement of the worked field at the colliery “Au-
guste Victoria”.

The location of the measuring components for recording the air pressure and the methane content is intend-
ed at below sea level in the shaft 3/7 at the “Auguste Victoria” location at a depth of 841.6m. By doing so it can be
ensured that this measuring point will be flooded at a very late point in time and that the measurement can be carried
out for a very long period.

Conclusions

The monitoring system was successfully installed at the colliery “Auguste Victoria” summer 2017 and first
measuring values are available. The rise of the mine water at the mine “Auguste Victoria” will take several years.
According to statutory approval the rise has to be realised stepwise. After this, the in-situ measurement technique
will provide direct and continuous recordings of the parameters. With its help the obtained data will give evidence
of the successive rebound of mine water in existing mine facilities after mine closure. In the following figure (1) you
see one of the water measuring probes inside the frame.

Figure 1 water measuring probe with frame in the mine “Auguste Victoria” (Germany, Marl)
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MICROBIAL SPECIFIC DEGRADERS PROFILING IN FUNCTION
URBAN AREAS CONTAMINATED BY DIFFERENT TOXIC
POLLUTANTS

Abstract

The most common contaminants in the world include e.g. crude oil, chlorinated ethenes (CE), hydrocarbons
(BTEX), hexachlorocyclohexane (HCH) and other organic compounds. Here we describe a profile of specific mi-
crobial degraders in five various Function Urban Areas (FUA) contaminated by different toxic pollutants.

Groundwater samples were taken at each site from representative well. All DNA samples were analysed us-
ing real-time PCR (qPCR). Total bacterial biomass was quantified using 16S rDNA gene. Specific microbial de-
graders were monitored in relation to crude oil contamination, both anaerobic and aerobic CE biodegradation, nitri-
fication and denitrification as well as HCH and BTEX biodegradation.

Profiles of microbial degraders present at each locality were related to environmental conditions such as
groundwater level, type of contaminant, type of isolated material, or chemical and physical parameters. The differ-
ences between bacterial abundance within monitored localities were significant.

Introduction

Groundwater is relied on as the major source of drinking water and as a source for agricultural activities.
Unfortunately historical industrial activities influenced groundwater quality in many industrialized countries (Cher-
emisinoff 2017). Groundwater contamination became a worldwide issue which also interfere to Function Urban Ar-
eas (FUA).

Industrial development and urbanization process followed by use of crude oil has consequently caused nu-
merous oil spill accidents and contaminated sites (Wang et al. 2016). Crude oil contamination is characterized by a
mixture of various hydrocarbons that include alkanes and aromatic compounds (Cheremisinoff 2017). Another con-
tamination, hexachlorocyclohexane (HCH), was extensively used for the control of insect pests on agriculturally
important crops and in forestry (Suar et al. 2004). Industrial applications are a reason for one of the most environ-
mentally persistent pollutants, chlorinated ethenes (CEs), due to their strong carbon-chlorine bonds (Dolinova et al.
2016). CEs natural degradation is commonly observed in aquifers. Unfortunately possible by-products of this pro-
cess (e.g. vinyl chloride) can accumulate in the aquifers and can be even more toxic (Dolinova et al. 2017).

Function Urban Areas

Jaworzno is one of the largest cities in Poland. Centuries of industrial activities such as coal and dolomite
mining, cement and chemical industry resulted in wide toxic substances contamination (pesticides, HCH).

Novy Bydzov is a smaller town in the Czech Republic. The improper handling of hazardous compounds
(CEs, mineral oils) caused uncontrolled contamination of the aquifer in the past.

Ljubljana is the capital of Slovenia. In the hinterland of the area, there are contaminated plumes from past
unappropriated use of pesticides and nitrates in agriculture and from municipal landfill of non-dangerous waste.

Stuttgart is a centre of densely populated area in Germany. Its soil and groundwater contamination of CE
compounds and crude oil in the shallow aquifer is generated by industries over decades and followed by diffuse af-
flict.

Parma is a flat municipal area in Italy. Groundwater pollution (BTEX, CEs) was caused by a reclamation
procedure of a gas station in 2002. The contamination is mainly situated between 9 and 12 m depth.

Materials and methods

Groundwater samples were taken from each site from chosen representative wells. All samples were filtrat-
ed through a 0.22 pm membrane filters (Merck, Millipore, Germany). DNA from each filter was extracted using
FastDNA Spin Kit for Soil (MP Biomedicals, CA, USA) according to manufacture’s protocol. Extracted DNA was
quantified using 2.0 fluorometer (Life Technologies, MA, USA).

Quantitative polymerase chain reactions (QPCR) were performed to characterise microbial specific degrad-
ers on each locality according to the relevant contamination. Total bacterial biomass was quantified using 16S
rDNA gene in all samples (UL6SRT marker). Contamination of crude-oil was tested by AIkB marker. Markers of
anaerobic organohalide respiration included Desulfitobacterium sp., Dehalobacter sp. and vinyl chloride (VC) re-
ductase vcrA. The aerobic pathway of VC degradation was tested by etnE marker. Nitrifying bacteria were deter-
mined by amoA and norB marker, denitrifying bacteria by nirK, sulfate reducing bacteria by dsrA and HCH degrad-
ers by linA marker, or BTEX contamination the bssA marker was used.

Results

Results of each locality are summarised in Fig. 1 where Cq value represent quantity of specific bacteria in
the indirect proportion, when less means better.
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Profiling of HCH degraders in Jaworzno site showed quite good presence of HCH biodegraders as well as
Desulfitobacterium sp., sulfate reducing and denitrifying bacteria. Almost no VC reducing bacteria were found.

In Novy Bydzov site we detected dechlorination activity of PCE, TCE and cisDCE, but not VC. The VC
reductases were observed in a very low abundance level which could be caused by lower DNA concentration in
some wells.

Satisfactory nitrifying, denitrifying and sulfate reducing bacterial communities were confirmed in Ljubljana
locality where the contamination of organic compounds is the main problem (AMIIGA 2016).

At Stuttgart site, CEs degradation was detected by Dehalobacter sp. and by aerobic VC reductase. Very
high specific bacterial abundance was confirmed in denitrification process. Only few sulfate reducing and crude oil
reducing bacteria were found.

Monitoring of Parma site showed very poor specific bacterial abundance influenced by low DNA concen-
tration which was caused by a very low groundwater level. Dechlorination activity was found only until VC degra-
dation and BTEX contamination was also observed.

Conclusion

gPCR analysis of universal marker (16S rDNA) showed that in almost all localities a total bacterial bio-
mass was sufficiently detected regardless the type of contaminant. Specific markers included denitrifying and sulfate
reducing bacteria and were detected in all localities although the contamination type and redox conditions varied.
These conditions are necessary for appropriate biodegradation of CEs. HCH, BTEX and CEs contaminated sites
showed different levels of special biodegraders depending on the groundwater level or presence of different contam-
inant. To conclude, we were able to determine abundance of specific markers at each contaminated site, which can
help for better understanding of biodegradation processes.
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Figure 6 — Cq values of specific bacteria abundance in represent groundwater in all sites
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SCIENTIFIC BASICS OF MINE WATER REBOUND

Introduction

Germany looks back at a long tradition of mining. Currently, approx. 180 Mt/a of lignite are being extract-
ed in open-pit mines, and more than 500 Mt/a of minerals are being mined, too (VRB, 2016). Coal, salt and ores
have been mined for centuries at different depths in underground mining. In December 2018, when the last two col-
lieries will close in North-Rhine Westphalia, the hundreds of years of hard coal mining in Germany will be history.
The end of the active exploitation of hard coal, however, does not mean the end of the mining operator’s responsi-
bilities. In the future, the operator will be responsible for a sustainable and environmentally acceptable mine water
management. In Germany, the expressions ‘perpetual burdens’ or ‘perpetual tasks’ are two terms that express the
scale of this responsibility. Those include the long-term retention of the mine water table at an environmentally ac-
ceptable level, poldering measures to regulate the ground water table close to the surface as well as the decontami-
nation of ground water at formerly contaminated colliery sites (e.g. caused by former coking plants). For many years
now, concepts have been developed by the mining companies to solve those issues and to continuously enhance
those solutions (RAG, 2014).

Mine water rebound in underground mines

Once the exploitation of resources is abandoned and the closure of the mine is completed, the removal of
the mine water can be reduced or even finished, provided the (hydro-)geological, mining and ecological circum-
stances allow for that. The water which continues to flow into the open underground mine workings, but is no longer
pumped, results in the mine water table to rise therein and in the overlying rock. The spatio-temporal process of the
mine water rebound depends on the geological and hydrogeological properties of the deposit and its overlying rock,
the changes of both caused by the mining activities, and finally the geometry of the mine workings.

Factors influencing and controlling the process of mine water rebound

If mine water rises in underground mines, it is most important to know the presumable duration of the re-
bound process. To put simply, the expected flooding time tyyaion (in years) is calculated from the quotient of the
floodable cavity volume Vcaity (in m?) and the rebound rate Vyepoung (in m*a) (Eq. 1):

Veavity (m?)
trise(d) = ——3-
)

(Eq. 1)

Vrebound(

In a most simple scenario, there is a constant rebound in a homogeneous bedrock or substrata, i.e. evenly
distributed floodable cavity volumes; this is expressed in a steady rise speed resulting in a steady rise process. As the
mine water rebounds recorded so far show, most curves deviate from a steady rise process. The spatio-temporal
course is mostly influenced by the factors listed in Table 1.
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Table 1: Mine water rebound influencing factors.

SECTOR 1 GEOLOGICAL CONDITIONS
Cap rock
. . . Floodable Ground Water .
Features Lithology Tectonics Aquifer Environment
Volume recharge
Variet, I Tectonic Precipitati
ariety of layer Hydraulic activity ectonic recipitation Hydraulic head
Boundary sequence elements dependency
conditions Ground water
horizons
Deposit
} Floodable )
Type of resource | Tectonic stress Water inflows
volume
Infl j il
Boundary nflow of juvenile
. water
Seepage
Hydraulic
balance
SECTOR 2 Mine
. Underground Rock Hydraulic . . Mass of water
Features Mining depth g. ) i ) Infiltration rate
workings mechanics routeing body
Residual vol
- e'sr' ua vo'ume Hydraulic Deformation of
Mining method | mining horizons | Rock pressure i Goaf
) effectiveness floor / layers
and workings
Excavation ratio | Floodable volume | Rock strength Rock mass
o 4 Damming Pressure ratios
Water joinings
Water inflows and
their locations
Hydrochemistry
SECTOR 3 Rock and ground movements
Features Stratigraphy | Mining depth Uplift
Lithology
Rock strength Excavqtron
, radio
e 4 Aquifer
Increase in
floodable
volume

To assess the impact of the different factors which influence the process considerable specialist knowledge
is needed. For the analysis of mine water rebounds these different factors has to be taken into account.

The parameters mentioned are in parts significantly dependent on the depth. It is one aim of the current re-
search project that we are undertaking to assess the factors list regarding both their quality and their quantity. The
evaluation of as many mine water rebound processes as possible will contribute to better understanding future pro-
jects and forecasting them more accurately.

Potential flood-related impact on the environment

Any rise in mine water levels can encompass risks for people, the environment and the infrastructure; in
particular, this can be the case if such mine water rebounds happen both uncontrolled because there are no regulat-
ing mechanisms and unnoticed as there are no measuring points in place. Potential environmental impacts are de-
scribed in WESTERMANN et al. (2017).

This potential impact can be sorted in three categories:

Hydrodynamic / hydraulic

. Impact on hydraulic pressure relations in the top aquifer.
. Wet zones in former subsidence areas.
. Increased gas emissions at the ground surface.

Hydrochemical

. General changes of the hydrochemical composition of the discharged mine water in where mine
water rebounds exist

o High mobility of metals caused by acid pH-value (WOLKERSDORFER, 2008)

. Formation of a long-term stable density stratification (HENKEL & MELCHERS, 2017).

Geomechanical

. Ground heavings caused by rise in mine water table (BAGLIKOw, 2010)
o Subsidence in areas of abandoned mines
. Flood-induced seismics (KNOLL, 2016).

Any rise in the mine water table is marked by a number of interdependent factors of most different process-
es. In order to envisage and eventually master their potential impact on the environment, enhanced understanding of
the processes occurring is needed. The current research project at the Research Institute of Post-Mining will provide
a significant contribution to enable such a deepened understanding of those processes.
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MPEJOTBPAIIEHUE OBIIECTBEHHO - MOJUTHYECKON
AHTHUITATUU B OTHOILIEHUU DHEPTETHYECKOTI'O 1
CBIPBEBOI'O CEKTOPA IS OBECIIEYEHUSA MEP 110 OXPAHE
OKPYKAIOIIEA CPEJBI IYTEM CUCTEMATHYECKOI'O
NCITOJb30BAHMSA CPEACTB KOMMYHUKALIMA

IIpoekTsI B SHEPTeTHIECKOM U CHIPEEBOM CEKTOpE ITOIPa3yMEBAIOT O] cO00# Hem30eKHbIC U3MEHECHUS B
MIPHUPOJIC U OKpY’Karomiei cpexe. HeraTuBHBIMA TIOCIIEICTBHSAMH B 3TOM KOHTEKCTE KPUTHUKU HA3BIBAIOT B YaCTHOCTH
JIETPaJaIHIO ITOYBEI, BEIOPOCH SITOBUTHIX BEIIECTB, BBIOPOCHI KHCIBIX IIAXTHBIX BOJ, IIYMOBOE 3arps3HCHHE HIIH
co3anus 0TBanoB.! DTH BO3IEHCTBHS CYIIECTBYIOT, HO OHHM HE MOTYT OBITH COBOKYITHO TIEPEaHbl Ha BCIO OTPAcib
9KOHOMUKH. Bosee Toro, npasaa, YTo BO MHOTHUX TOPHO/I00BIBAIONIMX YYaCTKaX Ha OCHOBE CHELU(PHUYECKUX YCIIO-
BUil OBUIM CO3/1aHbl YHHUKAJIbHbIE YKOCUCTEMBI, KOTOpPBIE C TIOMOIIIBIO criennuueckoil ¢iopsl u dayHsl npencras-
JISIIOT COO0H UCKITIOYUTENHHBIE BO3MOXKHOCTH IS 3aIUTHI ATUX BUJ0B. OHAKO 3HAHHS 00 3THX 0COOBIX JIaH/ImIad-
Tax, KOTOPBIE SBJSIFOTCS YHUKAIbHBIMU MECTaMU OOMTAHUS JJISl PA3IUYHBIX BUAOB, YACTUYHO HAXOJSIIMXCS IO
YTPO30H HCYEC3HOBSHHUSI, BPSI JIU IPUCYTCTBYIOT Y HACCICHUS.

B mHactosiee BpeMs MPOEKTHI YHEPTETHUYSCKOW M CHIPbEBOM NMPOMBIIUICHHOCTH MPAKTHYCCKH B JTHOOOM
CiIydae MPUBOJIAT K COIMPOTHBICHHUIO U TPOTECTY YKe IPHU IMOCPEACTBEHHOHN MM HETIOCPEACTBEHHON BHIUMOCTH B
KI3HCHHOM MPOCTpPaHCTBE TpakiaH. JIMUHOe MHEHWE W OOIIECTBCHHO- MOJUTHYCCKAS aHTHIATHS COCIUHSIIOTCS
CEeTO/IHS, B HEKOTOPHIX YaCTSAX HACCICHUS C KOHKPETHBIMH CTPaXaMH M CTPATETHAMH, ISl 3aIIUTH HeXKeTaTeIbHBIX
OTpaciieil ¥ CTAHOBSITCS 9aCTO KOMIUIEKCHBIMH Oaphepamu.

OTo0 TakKe BIMSAET Ha BO30OHOBIIIEMBbIE UCTOUHUKU DHEPTUHU, OCOOCHHO B CBSI3M C CO3JJaHHEM BETPSHBIX
TypOuH wiu 00opymoBanus st ornomaccel. OHAKO 0€3 3TOro MOBOPOT K YCTOWYHMBOH, dHEPro3ddekTuBHOM, KO-
JIOTHYECKH YUCTON YHEPTETUUECKOH IMOIMTHKE BO BCEM MHpPE HE MOXKET ObITh peanu3oBad. [Ipu atom yxke I'eopruit
Arpukona B cBoeit Kuure [ "De Re Metallica Libri XII" ("oT TopHO - METAITyprudecKkux Mpodeccuii 1 ux BbITO"),
Omy6THKOBAHHOM B 1556 roj1y, 060CHOBAN HEOOXOAUMOCT IPUHSATHS TOPHOI0OBIBAIOMIEH IPOMBIIIICHHOCTH. >

ITosToMy 1enb MCCIeIOBaHUS 3aKII0YASTCS B TOM, YTOOBI C TOUKH 3pEHHS MEePEI0BOI MPaKTHKN U aHAIIN3a
OIINOOK, MPOJIEMOHCTPUPOBATE MOTEHIIMAJ PAHEE UCIIOIh30BABIIMXCSI KOMMYHHUKAIMOHHBIX HHCTPYMEHTOB U MPaK-
TUYECKHUX CTPATETHi, HAIPABICHHBIX HA pa3BUTHEC KOH(IUKTHBIX MECTOPOKICHUIN B SHEPTETHICCKOM U CHIPHEBOM
CEKTOpE, yAeIsIsE 0c000e BHIMAHUE MPOCTPAHCTBECHHOW OJIM30CTH U COIUAIFHOMY COTJIACHIO U 3HAYUTEIFHO YBEIH-
YyyBas UX MOJOXKUTEIBHBIA 3P (EKT, YTO MO3BOIUT BEIBECTH MHOTOHAIIMOHAIBHYIO W MHOTOJUCIMILIHHAPHYIO TEO-
puto npuHATHSA. TakuM 00pa3oM, CTaHET BO3MOXKHBIM COKPATUTh WJIH U30€KaTh OOIICCTBEHHO-TIOJUTHICCKYIO aH-
TUTIATHIO, CO3JIaTh IPU3HAHUE JUIS 3TOM BaXKHOHM OTPACIIU M 00ECICYUTh COOIOICHIE IPUPOIOOXPaHHBIX MEp.

Jliist mocTkeHus 3TOH 1ean OyaeT pa3paboTana KoMIbOTEpHas mporpamma (,,Akzeptanz-O-Meter), B ko-
TOPOH MpeNCTaBUTENN KOMIAHWN B MacKe BBOJA 33/1al0T KOHKPETHBIE TapaMeTPBl CBOETO MpoeKTa. Takke BBIACHS-
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eTcs, B KAKOM CEKTOpe padoTaeT KOMIAHHS WM OyIEeT CO3[aH CIEAYIOIIUI MPOeKT (HalpuMep, BETPOIHEPIeTHKA,
J00bIYa OTKPBITEIM CITOCOOOM U T. JI.), PACCTOSIHHE OT TPOEKTA [0 OJIMKAKNIIIEro KHIIJIOTO CEKTOPa, MPOIAOIKUTEIb-
HOCTb TIPOEKTA, U, €CIH J1a, TO KaKue MEphI U3 chepbl KOPHOPATUBHON CONUAIPHON OTBETCTBEHHOCTH OyAyT mpea-
MIPUHSTHI, CKOJIBKO pabodnx MecT OyJeT CO3JaHO, M3BECTHBI JIM PHIYAard BO3ACHCTBUSA Ha MECTAX (MIOJIUTHUKH, MPE-
CTAaBUTEIH MPECCHI U T. A.), & TAKKE UX OTHOIICHHE K IIPOEKTY, KAKYIO I0JIb3Y JUIS MECTHBIX XHUTENCH OyIeT UMETh
PETHOH MOCIIE 3aBEPIICHUS IPOEKTA U T. 1.

Ha ocHOBe 3THX JaHHBIX PACCUUTHIBACTCS IMPEIOJIaraeMoe MPHHATHE MMPOEKTa M MPEJIOKEHUs] 0 MH-
CTpYMEHTaM CBSI3M, aallTUPOBAHHBIX K KOHKPETHOHW CHUTyallMH. DTOT BONPOC OyIET NENUTHCS Ha JOJITOCPOYHBIE,
CPEAHECPOYHBIC M KPaTKOCPOUHBIE MEPBI, a TAKXKE Ha Pa3bsICHEHHS] 1 IPUMEPBI.

OnHUM U3 TaKHX Mep SBJIAeTCS padoTa ¢ AETbMU U MOJIOJICKBIO B KA4eCTBE OYAYILEro MOKOJICHHS, IPHHH-
MAIOIIEro PELIeHHs, JJIS MOBBIILICHNS! OCBEIOMIEHHOCTH O OHMOJIOTMYECKOM pa3HOOOpasMM W Mepax IO 3alluTe
OKpYXKalolIel cpelibl, a TaKkKe, YTOObl NPONH(POPMHUPOBATH U TIOBBICUTH OCBEIOMIIEHHOCTH O CBIphE (B YaCTHOCTH, O
HEOOXOMMOCTH €0 JTOOBIYH U €0 T0JIb3e).

C mauana 2018 roga 3TOT IpOEKT OyIeT pearTn30BBIBaThCS ¢ yaeHHKamu 9-ro u 10-ro ximacca. Ompoc, mpo-
BEJICHHBIM B 3TOM KJIacce IOKa3al, YTO MHTEpeC K TeMaM B 00JacTH CBHIPhS M YHEPTUH ,,JOBOJIBHO HU3KHH* / ,,HA3-
Kuii“ Ha ypoBHe 68,75 mpoleHTa, Toraa Kak pocT 3HAHWHA B 00JacTH MU(POBEIX M CONMANBHBIX MEANa, HATIPOTHB,
Boimre 81,2% pecronnentoB.’ ITH HHTEPECH! BBLTH HCIOMB30BAHE! TS peanu3amuy npoekra ,,SOCIAL NATURE —
the whitethroat goes viral“.® CMbicit mpoexTa 3aK/TI09aeTCs B TOM, YTOGBI CO3ATh MEPCOHATH3NPOBAHHYIO HCTOPHIO,
OCHOBaHHYIO Ha MCCIICJ0BAHUX, HAOIIOICHHUAX HA MECTE U UHTEPBBIO C SKCIIEPTAMH, O KHM3HU ITHUIIbI, CEPO ClaB-
KH, JUTA MOATOTOBKHM MaTepHajoB Ui COIMaIbHbBIX ceTeil (osor u Facebook). C momoribio Buaeoponkos Ha 360°,
ToJiera JpoHa, PO3BbICKHOM OPUEHTHPOBKHU U T. . MOJAPOCTKH 3TOM IPYMIbI OYAYT MMETh BO3MOXXHOCTh CO3/1aTh MH-
(OpMaTHBHYIO U pa3BJIEKaTEIbHYIO HCTOPUIO, Oarojapsi KOTOpol NpoOesbl B 3HAHUSIX 0 KOHKPETHBIM 3aJayaM
YMEHBIIATCA.

B 3TOM mpoekTe y4eHHKH paccMaTpUBAIOT Pa3HbIC CUTyallMH BCErJa IJla3aMU CEpOH CIaBKU. YYaCTHUKH
IITyOOKO CEeHCHOMIM3MPOBAHbI M MOTHBHPOBAHBI MCCIICIOBAHMSIMU (OCOOCHHO Ha y4JacTKe Kapbepa), MOTOMY dYTO
OHHM PabOTAIOT BMECTE M COYYBCTBYIOT NTHIE. TakuM 00pa3oM OHHM OOydaroTcs B JBYX 00JacTsIX (OKpysKaromas
cpena / mpupona u M poBast / conualbHas cpeia), YTO MPUBOIUT K TOBBIIICHHUIO IIEHHOCTH 00pa30BaHusI.

Pacckasbl B COIMANBHBIX CETAX, HA TIPHMEpPE CEPOi CIIaBKH B KAUECTBE CBHICTEINS, JINYHBIC BBICKa3bIBAaHUS
3aMHTEPECOBAHHBIX JIUI] IPOOYANT y INPOKOH IPYNIIBI HACEIEHHU HHTEPEC U CUMIIATHIO U, KaK CIEACTBHE, chop-
MHUpYET U YKPENUT OCO3HAHHE IKOJOTMYECKOW IEHHOCTH PaOHOB JIOOBIUM IMOJE3HBIX UCKOAEMbIX M MEp 3all[UThI
OKpYy>Karollen cpeabl.

Kpowme Toro, OyayT co3maHbl yCTOWYHMBEIC sTUCHKH, moaaAepkuBatoriue 3amuty Buaos. ,,SOCIAL NATURE
— the whitethroat goes viral moka3siBaeT, 4TO C YKOHOMHYECKOMN, IKOJOTHUECKON M COIUATILHON TOUYEK 3PEHUS, BO
BpEMCHa MOBBIIIICHHON HCONPECACICHHOCTHU, MOKHO UCIIOJIb30BATh KaK OMNBIT AJIsA O6y‘-IeHI/IH Y4aCTHHUKOB B o0acTu
OXpaHbl OKPY>Karollel cpesbl, OMOpPa3HO00pa3usi, CHIPHEBOI U IHEPreTHYECKOM MPOMBIIUICHHOCTH U COLMAbHBIX
ceTeil.

OreHKa HCCIIEOBATENbCKOTO IMPOEKTa OYyAET OCYIIECTBISATHCA OBYMS CIIOCOOAaMM: Ha IEPBOM 3Tarie
IIKOJIbHUKH, NMPUHUMAIOIINE y4JacTHe B MPOEKTE COIMAIBLHON MPUPOJBI, ONPAIIMBAIOTCS B KOHIE MPOEKTa (CeH-
Ts6pb 2018 T.) C MOMOIIBIO AaHKETHI U TPYIIIOBOTO MHTEPBHIO HAa 0a3e WX BBIPOCUIMX 3HAHWH M MHTEpeca, a TaKKe
W3MEHEHHH B IOJX0JaX K paccMaTpuBaeMoi pobdiieme.

Ha BTOpOoM »5Tame OCHOBHOE BHHMA@HHE YHAEJSACTCS IPAKTHUECKOMY HCIBITAHUIO Pa3pabOTaHHOTO
~Akzeptanz-O-Meters“. [Iporpamma OyJeT NPUMEHSTHCS B TpeX OTOOPAaHHBIX KOMIIAHMSX Pa3jIMuHOroO THma (0T-
KpbITas I[O6I)I‘Ia TIOJIC3HBIX UCKOIIACMbIX, ITOA3CMHAaA L[O6I)I‘Ia MMOJIE3HBIX MCKOIMAEMBIX U BO30OHOBISIEMbIE HCTOYHH-
ku 3Heprum) B pernonax Cakconun (I'epmanus), u, UCXOAd M3 ITOTr0, OYIAYT MPENIOKEHB KOMMYHHKAIMOHHBIE
Mepbl / UHCTPYMEHTBI, KOTOPbIE OyAyT 00CYKIAThCS U OCYLIECTBISITHCS C IUPEKTOPAMH U PYKOBOJHUTEIISIMH OT/eIa
MapKeTHHTa WIN IPECC-CITY>KOBI.

Henocrarox 3HaHuMi, HU3KOE MPH3HAHME U OTCYTCTBHE OOBEKTUBHOCTH B OOIECTBEHHOM CEKTOPE MOTYT
MIPOTUBOAEHCTBOBATH MEpaM KOMMYHHKAIIMH, aIalTHPOBAHHBIM K IPEIIECTBYIOMIEH CUTYallld B 3HEPTeTHYECKOM
U CBIPHEBOM CEKTOPE, OCOOCHHO B CEKTOpPE BO30OHOBISIEMOW SHEPTUH, C TEM, YTOOBI BBISIBUTH M YCIEUIHO oOecre-
YHUTh, C OAHOW CTOPOHBI, MOTPEOHOCTh HACENICHNSI BCETO MHpPA B 3HEPIUH W, C JPYroil CTOPOHBI, MO3UTHBHBIE I10-
CIIEACTBHS AJISl OKPY>KafoLel Cpeibl.

Jlokmopckas ouccepmayus unancupyemcs cpeocmeamu c8o60o0nozo eocyoapemea Caxconust u Egponeii-
cKkum coyuanvivim gonoom. Iapmuepamu no compyonuuecmay saeisiomesn Texnuueckuii ynusepcumem Dpaiibepe-
cKoll eopHoul akademuu (Mncmumym 20pHo2o 0ena u CneyuanbHo20 2panicOaHCcKo2o0 Cmpoumenbcmea), Ynusepcu-
mem npukaaousix nayx Mittweida u MIBRAG Neue Energie GmbH.
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SECONDARY MINING OF COPPER SLAG-TAILINGS FROM
CHILE

Due to economic, technical and environmental reasons, four of seven Chilean smelters are floating the
slags to recover the copper lost in the matte smelting processes as a “slag cleaning process”. Slags-feed, and their
byproducts (concentrates and tailings), were obtained from different smelters and analyzed chemical and mineral-
ogically.

The chemical results of slags-feed show an enrichment in elements of economical interest, as Zn and Mo
compared to mine concentrate. Furthermore, the concentration of these elements is higher in slags-tailings than
slags-feed. Optical microscopy and scanning electron microprobe (SEM) observations allow to recognize phases
which can be compared with natural minerals like fayalite (fa), magnetite (mt) and copper-, copper-iron- and iron-
sulphides as well as some trace of zinc and lead sulphides embedded in an amorphous phase as a principal ma-
trix. It should be note that despite copper slags having a relative high molybdenum concentration (~0.15 wt%),
none phase related with this element was detected. The main phases were recognized by qualitative X-ray dif-
fraction (XRD).

Leaching tests of powdered slag-tailings and polished sections of slags were carried out with the aim to
establish the relation between Molybdenum and solid phases. The leaching involves sulphuric acid and parameters
as reaction time and liquid/solid ratio were varied. Furthermore, mineralogical control on leached material (pow-
der and polished sections) was done as well as wet magnetic separation on leached powder slag-tailings. In
general, the extraction of molybdenum present in the slag-tailings using sulphuric acid achieves only a 10%, and
on the other hand, magnetic fraction of the leached slag-tailings presents an enrichment in Mo (~0.5 wt%).

This contribution presents the mineralogy and chemistry of leached material and solutions (leachates).

CONTRERAS, C®.
Geology Department, Atacama’s University, Chile

PROCESSING OF CHEMICAL ELEMENTS IN MINE WASTE

Abstract:

The following work has the objective of studying the geochemical and metallurgical processes in the leach-
ing of the gravel and the approaches for the retreatment of the leaching gravel with the purpose of extracting the
remaining copper with a possible economic potential. The retreatment of the gravel is carried out with acid solutions
from the foundry, which contain high levels of heavy metals, so it is essential to study the interaction of these metals
with the gravel and its possible environmental implications. Once its potential was determined, both for the recovery
of copper and for the environmental study, a technical study were carried out to estimate its economic feasibility.

A series of pilot scale tests is carried out. The main experiment consisted of watering for 60 days, 2 sets of
4 columns each with acid water from the Paipote smelter. The irrigation of each set is made with solutions that have
different concentrations of sulfuric acid and that have been diluted in distilled water.
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The samples resulting from the work were measured through 2 methods: Atomic absorption and volumetric
analysis. For those samples with low concentration (<4 g / L), the samples were analyzed through an atomic absorp-
tion spectrometer. When the concentration of the samples is high (> 4 g / L), the analysis was performed by volume-
try, with a "standard titrant”.

The recovery of total copper for set 1, where the solution has a value of 25 g / | of acid, reaches a value of
51.41%, in addition, the heavy metal balance resulted in an impregnation of these metals to the gravel of 63.67% for
lead, 81.38% for arsenic and 7.31% for mercury. For set 2, where the solution has a value of 50 g / |, the total copper
value corresponds to 74.36% and the impregnation of heavy metals into the material resulted in 93% lead, 100%
arsenic and 12.56% mercury. Considering these values, the ideal solution for the irrigation of the material, due to the
recovery percentage as well as the heavy metals balance, corresponds to solution 2.

Once the solution is chosen, a technical-economic study is carried out, which aims to estimate
economic profitability. For this, the initial expenses of the project are compared, such as the installation of pumps,
hoses, etc. and the expense that the electro-winning plant would have to deal with this new solution. Considering the
initial costs (use of the plant, efficiency, etc.), the project generates at least 10 time the initial cost, which makes it
economically viable.

Finally, note that all these results are developed on a pilot scale, so it should be used taking into account the
possible differences when going directly to a real scale. However, the results obtained are coherent with the models
developed.

HONG SHEN, SYED MUNTAZIR ABBAS,
MUHAMMAD AFZAL GULZAR, RANA AMMAD BIN SADIQ
Technische Universitdt Bergakademie Freiberg, Germany

HAZARD MAPPING OF RAINFALL-TRIGGERED LANDSLIDES
IN MINING AREAS OF BEICHUAN COUNTY, CHINA

Abstract: Part of the Wenchuan Earthquake affected area located in Beichuan County, China has been
chosen to study the application of Transient Rainfall Infiltration and Grid-Based Regional Slope-Stability Model
(TRIGRS) in hazard mapping of rainfall triggered landslide, assuming that the slide mass is unsaturated before the
rainfall. Based on this study, a simplified estimation method of landslide triggered by rainfall was developed. Be-
sides the effective stress changes due to rainfall infiltration, the reduction of shear strength parameters on the poten-
tial slide surface as a result of the increase of water content was also considered. In this method, the shear strength
parameters are constantly modified because of the rain-water infiltration based on some assumptions about the rela-
tionships of saturation and time as well as the established function of strength parameters and the water content.
Based on the assumption that the soil strength parameters on slide surface is a linear function of saturation which is
also a linear function of time and infiltration rate, a simplified estimation model of landslide triggered by rainfall
was developed. Four safety factor maps were constructed under different conditions. After the comparison of four
safety factor maps under different hydrological conditions, it is concluded that the time-variation of shear strength
parameters during the rainfall has a very strong influence on the slope stability; hence it cannot be ignored in the
study of slope stability analysis influenced by rainfall. From the results, we can conclude that rather than the effec-
tive stress increase, the soil strength parameters reduction due to the rainfall infiltration is the strongest influence on
the safety factor map. The model can be used to estimate the landslide risk in different rainfall durations, thus it can
be applied to predict the landslide risk in a regional area in the future rainfall events combined with the weather
forecast.

Keywords: landslide; rainfall infiltration; TRIGRS; unsaturated soil

JUSTYNA ELZBIETA RUCHALA, KATARZYNA SAWICKA
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AGH University of Science and Technology in Krakow

THE QUALITY OF DENSE POINT CLOUDS AND SHAPE OF BASE
LINE - PHOTOGRAMMETRIC INVENTORY OF ODEON IN PAPHOS
ARCHAEOLOGICAL PARK

This paper concerns the analysis of dense point clouds, representing the Cypriot Odeon, located in the Pa-
phos Archaeological Park. The determinant of the differences between created point clouds, was the location of the
base line from which the object was photographed. The study included four experimental tripod configurations with
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a non-metric camera. Besides, a photogrammetric raid from a low altitude was performed. The images obtained by
using the UAV method were used as a reference model for the analyzed dense clouds of points from close range
photogrammetry. Measuring in the same atmospheric conditions allows to minimize the influence of external factors
on the final product.

Introduction

In recent years, the method of digital close range photogrammetry has become more and more popular.
Probably the main reason is easiness in obtaining information on the shape of the object in a relatively short time
and gaining a high quality product. Obtaining as much information as possible about the geometry of the object, in
case of its destruction, allows a reconstruction in the future. The method based on recording images with a photo-
grammetric camera set on a tripod is a close range photogrammetry. However, non-metric cameras are also used in a
close range photogrammetry, as elements of internal orientation are unknown before the measurements. Self-
calibration of a non-metering camera provides obtaining information about the focal length, position of the main
point and distortion of the camera. Knowledge of these elements allows removing distortions from the photographs
and aligning the block of photos. The reproduction of the external orientation of the photographs is made by imple-
menting a photogrammetric backward indent based on the ground points, known parameters of the internal orienta-
tion and parameters describing the errors of the images. Basing on a relative directed network of photos, it is possi-
ble to obtain a point cloud. However, it is important to remember that close range photogrammetry is not applicable
to high objects. To correctly reproduce the geometry of the object, photographs should be taken from the same dis-
tance in order to maintain a uniform scale of photos. It is recommended to move in a plane parallel to the whole ob-
ject.

Measurement in the Paphos Achaeological Park

The photogrammetric inventory of reconstructed the ancient Odeon was carried out during the XVI Bari
Expedition in the Paphos Archaeological Park, organized by students from Surveyors Research Group — Dahlta
(AGH UST Krakow) in cooperation with the Institute of Archeology of the Jagiellonian University Jagiellonian
University. Built from well-hewn limestone blocks, the shape resembles a semi-circle. Its height reaches 5 m, while
the width in the upper part is 26 m, and the base is 12 m. Atmospheric conditions during the measurements were not
conducive to obtain high quality of base for researching. High temperature, intense light and dust caused that the
received photos have various brightness level. The research material was obtained by non-metric cameras and the
wide-angle lens GoPro camera, mounted on the Unmanned Aerial Vehicle. In order to carry out a research, four
configurations of the photogrammetric network have been designed. Two of networks were based on assumption
that the baseline is a straight line, parallel to the front of the Odeon and spaced apart from about 2 m and about 9 m.
The third option involved taking pictures parallel to the inside of the object. The last configuration was based on
taking pictures in such a way that the axis of rotation intersected with the aperture, not with the camera body. Due to
the lack of data regarding the horizontal plane of the studied object, it became necessary to densify the models with
photos from various positions. The same pictures have been included in advance for each development of a dense
point cloud, so the differences observed between the final products are mainly attributed to the front photos. Addi-
tionally, in order to perform the absolute orientation, 12 ground points were measured by using the radial survey,
signaled in the terrain by ceramic disks.

Elaboration

For each of the case and photos obtained by the UAV method, the block of images was pre-aligned and
then the ground points were indicated on all photographs via the Agisoft Photoscan software. The result of align-
ment was a sparse points cloud, which in next step was a subject to densifying process. In this way, five dense
clouds of points representing Odeon were obtained.

Analysis of accuracy of dense point clouds

The accuracy of the obtained models was checked by analyzing deviations between three points measured
in the ground and on the final model. The following results were obtained: concept a - line parallel to the front of the
object at a distance of 1.60 m - + 7.9 mm, concept b - parallel line to the front of the object 8.50 m - + 7.4 mm, con-
cept ¢ - line parallel to the object - + 8.6 mm, concept d - from one point "- + 9.8 mm. The RMSE (Root Mean
Squared Error) value for the model obtained from the GoPro camera was + 9.8 mm. It can be seen that in none of
the considered cases, errors on control points did not exceed 1 cm.

Checkpoint Reference model Concept
a b c d
T3 8,0 2,6 4,1 0,5 29
T7 5,0 2,8 3,3 3,7 3,7
T8 16,2 13,2 11,6 14,5 14,5
RMSE +9,8 mm +7,9 mm +7,4 mm +8,6 mm +9,8 mm

Tab. 1 — Corrections at checkpoints
In the next step of the analysis, the focus was on the comparison of point clouds from four analyzed cloud
configurations from the GoPro camera. The reason of choosing this solution was the satisfactory number of points
building this dense cloud of points from photogrammetry, as well as reliable (visual assessment) and accurate (at
1cm) mapping of the examined object.
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Analyzes were performed in the CloudCompare program using the algorithm of the nearest point, between
the reference dense point cloud from the GoPro camera and four individual concepts. Each point cloud acquired
using terrestrial photogrammetry was colored according to the calculated distances from the GoPro camera cloud.
The blue color prevailing in each case means that two models overlap at the level of single centimeters.

The "a" concept assuming the measurement from a line parallel to the front part of the Odeon, away from
its center at about 2m is characterized by higher error values in its upper part. This is justified by positioning of the
measuring object. Photos taken at short distance have a different scale for the lower and upper parts of the object
under study. In addition, side fragments of the Odeon did not reproduce in a correct manner due to terrain obstacles
obstructing the relevant measurement information.

The “b” concept is characterized by smaller deviations from the model from the GoPro camera, because it
was performed at a distance of about 9m from the object. Odeon has been photographed in full on the measurement
photos, but with a larger field pixel. The resulting dense cloud of points contains twice as many points as in other
cases. This is due to the lack of information on the horizontal planes passing through the upper parts of the Odeon
steps.

In the "c" concept deviations from the GoPro camera model are on the level of several centimeters. Due to
the small number of side images of Odeon’s fragments, the extreme elements of the measured object were not re-
produced. Despite maintaining the same distance of the shooting line from the object, it could not be reliably repro-
duced.

The "d" concept also represents a coherent model with the GoPro camera on the level of a few centimeters.
In the same way, it returns the problem of taking photographs of the Odeon’s sides. Also, the dependence of devia-
tion increases along with the change of scale of photos for higher elements of the object.

Vertical cross-sections were made by point clouds, in order to analyze the precision of the shape behavior
of individual stages. The largest generalization took place in the case of photographs taken far away from the line
object (concept "b"). It can be noticed that the simplification of the geometry of the stairs along with the distance of
the object from the shooting line are noticeable. The other concepts reflect the shape of the steps in a similar way
and the most satisfactory result was obtained from photographs taken parallel to the object (concept c).

Conclusions

The conducted research confirms the thesis that terrestrial photogrammetry should not be applied to objects
of significant height due to problems with the correct mapping of higher elements. It should be emphasized that such
point cloud is successfully applied in the fields dealing with the visualization of historic buildings. It is possible to
obtain a metric model inventoried by means of terrestrial photogrammetry. However, we should not forget about
designing an appropriate photogrammetry network, taking photos with a large transverse and longitudinal coverage.
All of the above determines the coordinates of the ground points and taking measurements with the correct accuracy.
In the case of tall objects booms or scaffolding should be used.

Scientific adviser:
PhD Edyta Puniach
PhD Pawet Cwiakata
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MINERALOGICAL RESEARCH ABOUT HISTORICAL SEALED
EARTH FROM A COLLECTION OF THE THURINGER
LANDESMUSEUM HEIDECKSBURG (TOPIC 10)

Abstract

This thesis deals with a collection of sealed earth from the Thiiringer Landesmuseum in Rudolstadt at the
Heidecksburg. This collection contents 280 pieces of sealed earth with different compositions and colors. It had to
be researched nondestructive because of the historical age. Based on nondestructive methods of analysis a possible
classifikation should be developed. For this purpose the sealed earths had been analysed with the munsell soil color
chart to get the color and the sealed earths were measured to get the dimensions and the approximated density. Fur-
thermore some selected sealed earths had been analysed in the X-ray diffraktometer to get the composition and the
possibility to draw conclusions from the density, color and the composition.
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Figure: sealed earth from the collection of the Thiiringer Landesmuseum Heidecksburg
There are some similar collections of sealed earths which were collected by druggists. One of them is ex-
hibited in Waldheim (Saxonia in Germany). On this base you can assume that these samples were collected for med-
ical reasons. Another thinkable application was the cosmetical use for the upper class during this period of time or as
pigment for painter. The samples were sealed to assure the quality and to protect them from imitation.

MASLAR NASER
TU Bergakademie Freiberg

ENVIRONMENTAL IMPACT OF 3D PRINTING PROCESS AND
NATURAL RESOURCE MANAGEMENT ADVANTAGES

Abstract

The aim of the scientific paper is 3D printing environmental impact, considering 3D printing as a new and
innovated technology not yet fully widespread into the manufacturing process, representing an opportunity for ethi-
cal and eco-friendly usage of metals, fuel, and natural resources. One of the biggest problems that the world is fac-
ing today is natural resources depletion. This immanent human activity not only brings instability on a global level
and endangers the natural environment, but also relates to the growing concerns for future of the human population.
At the same time, 3D printing technology represents the part of that future, a new industrial revolution that is not
limited by the complexity of printed objects and assembly problems. Therefore, a crucial step for research is putting
in perspective positive impact into account with negative, considering the usage of natural resources and the envi-
ronment.

Keywords: Environmental Protection, Sustainability, Natural Resource Management

Environmental impact of 3D Printing process

According to the importance of natural resource depletion and conservation of the environment, science is
considering better production and consumption methods, therefore 3D printing becomes one of the eco-friendly
candidates. 3D printing manufacturing represents a diffusion of different technologies considering inputs, the nature
of the manufacturing process and the target outputs. Yet common for all 3D technologies is the possibility of simpli-
fication, taking into account design and assembly. 3D production era shifts importance from the point of production
throwing light to intellectual work and design of complexed shapes. However, the question is whether this manufac-
turing is favorable from the aspect of environmental protection and resource consumption. As a type of additive
manufacturing, 3D printing can produce the significant percentage of waste for re-use making this process an ade-
quate substitute for conventional manufacturing. Moreover, re-usage of the waste is going up to 100 % considering
the 3D printing for different types of metals. In this case, like in DMLS process (Direct Metal Laser Sintering), we
don't consider only percentage advantage of metal powder re-usage but also the number of re-usage during the time
allowing one input to participate in more processes over time, up to 600 times depending on the metal type and pro-
duction conditions, avoiding unnecessary waste (Mutchler E., 2017). On the other hand, in the standard production
of complex products, such as specially designed objects, up to 90% of the material is cut away. Addictive nature of
3D printing implies that production layer by layer can generate 25 percent less waste in total (Kreiger M.A., et al,
2014).

3D printed lightweight structures, especially for airplanes and cars, increase environmental benefit with
fuel savings, using less material at the same time. Even more savings of energy is counted considering transporta-
tion, refining, and manufacturing of structures and product parts. Together with lightweight materials, waste reduc-
tion and design optimizations results are going to 40 percent of CO2 reduction (EOS, 2014). But what is the most
evident environmental benefit is the reduction of consequences at the completion of the life cycle and possibility of
re-use for particular largest pollutants, such as polymers.

According to the above, 3D printing technology has unlimited potential to fit with all basic hazards inherent
to the manufacturing processes. On the other side, little research exists on environmental impact rates of 3D printing
technologies, for instance on energy consumption and material usage at the global level. The main question is
whether 3D printing is more ecologically friendly compared to traditional manufacturing processes. From the tech-
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nical point of view, 3D Printing is incomparable with traditional manufacturing, yet environmental hazards we are
facing today are pretty much the same. However, the main issues are what those impacts may represent in term of
future technology development. Taking into account those issues, the basic problem is reflected in the impact meas-
urement and establishing real sustainability plans for such a process in the long-run. Environmental sustainability
performance measurement is an important management issue allowing estimation of quantitatively strategic purpos-
es and objectives in line with environmental protection. Therefore, a new way of production requires a new ap-
proach.

A couple researchers point to impracticality from the environmental point of view of 3D Printing technol-
ogy at present development stage. For instance, metal laser sintering by-product in the form of toxic UFPs (ultra-
fine particles) which were discovered after the application of technology (Stephens B., et al, 2013). On the other
hand, a similar situation is observed with 3D desktop printers and toxic byproducts emitted when the plastic material
is heated to high temperatures. In fact, results were discovered after technology mass application, showing that case
was more serious. Generating of support materials used in the process that cannot be reused and intensive energy
losses during the sintering and cooling process are also a black hole in the process. Some specific 3D printing tech-
nologies use large amounts of energy, larger than injection molding machine. (Baumers M, et al, 2010). The differ-
ence ranges from 50 to 100 times more electrical energy for products with same weight and dimensions. If this
doesn't promise much, it is certainly a worse situation with polymeric waste and byproduct left behind that cannot be
reused. Besides the impact analysis of the today situation, all mentioned issues and much more others will gain im-
portance for future impact analysis together with the development of 3D technology.

Although the technology may not achieve the desired level of sustainability performance from the perspec-
tive of environmental protection and material depletion, it is still crucial to measure and constantly improve perfor-
mances in these categories. The future of 3D printing process is certainly taking most attention from R&D company
departments all over the world and investing a big part of funds considered for development. The bright side of that
future is the fact that 3D printing has far less impact on our environment today, developing and becoming even more
eco-friendly.
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NATIONAL GEOID HEIGHT MODEL OF MONGOLIA: MNGG2014
AND GEOID2014

Abstract. Mongolian height network established in 1930s by Russian red army \2-4 class\, to which direct-
ly connected to Russian 1% class height network by 6 lines. This network determined at Baltic sea level. Geoid
height models for the Mongolia has been determined. The Mongolian Gravimetric Geoid (MNGG2014) serves as
the basis for scientific and engineering applications. It is a half arc-minute model (3.7 km by 5.7 km nodal spacing)
based on the EGMO8 reference model and improved surface gravity and terrain data. GEOID14 was developed from
MNGG2014 in conjunction with 18 control points where GPS-derived ellipsoid heights are available on leveled
bench marks. GEOID14 is also half arc-minute model. The final GEOID14 model resulted in 8.4 cm accuracy. This
paper will cover the development of theMongolian Geoid model andit accuracy.

Keywords: Geoid, gravity network, GNSS network, height \leveling\ network

1. Introduction

The difference between the orthometric height and the GPS observed ellipsoidal height is called the geoid
height or undulation. The geoid surface is said to undulate about the ellipsoid surface. If the geoid undulation is
known everywhere, then the GPS height can be simply converted into orthometric height by subtracting the geoid
height. Agency for Land administration and management, geodesy and cartography of Mongolia has been develop-
ing and experimenting with these models since 2006. Geoid modeling has progressively gained in significance as a
part of the Height Modernization program. It directly supports efforts at improving the National Spatial Reference
System, a part of the National Spatial Data Infrastructure.

With the continued loss of monumented marks, geoid height models have steadily served as a ready mech-
anism for deriving orthometric heights (GPS-derived orthometric heights). As defined in the Agency for Land ad-
ministration and management, geodesy and cartography Strategic Plan, geoid height model will eventually define
the vertical datum by 2020 instead of serving as a bridge between the ellipsoidal and vertical datums. The work de-
scribed here is one step in that direction.

Two types of models were created: gravimetric geoids defined from gravity and terrain data, and hybrid
geoids defined from the gravimetric geoids and GPS-derived ellipsoid heights on leveled bench marks. These mod-
els were developed for whole territory of Mongolia.

The gravimetric geoid model wasproduced using terrain and airborne gravity data on the Earth Gravity
Model of 2008 /EGMO08/as one of pilot projects, which was implemented in 2004-2005 in Mongolia.

The GEOID14 is produced by tailoring MNGG2014 to fit the 18. The root mean square (RMS) of differ-
ence between the GEOID14 and the height network at the benchmarks is 1.32m nationwide. The RMS values of the
differences (formal error) between the geoid heights from GEOID14 and the GPSBM implied geoid heights at the
benchmarks are given in state basis. For most areas, the errors are around 5cm or better relative to height network.
But there are few spots where the errors are larger, due to the errors in GPSBMs, in gravity data and due to poor
data distribution and other errors.

Following data were used for geoid model calculation.

1. Data from airborne Gravity measurement and processed it for geoid model calculation
IMNGG2014/.

2. GNSS measured and processed data on gravity and leveling networks’ points.

3. Levelling and gravity network points’ heights at Baltic sea level.

2. GNSS network adjustment

Following GNSS network observation data were adjusted in ITRF2008 coordinate system by Bernese 5.0
software in 2013-2014.

1. Densification of Mongolian GPS control network /Monref97/, which wasestablished in1997-1998
Selenge\crop land area\ GPS network /2003/
Western GPS network /2004/
Hangay GPS network /2005/
Eastern and gobi GPS network /2006/
Ulaanbaatar city’s GPS/GNSS network established in 2002, 2010, 2011
GNSS network established in 2010 measuring on height network’s junction \node\ 32 points
GNSS network established in 2013 measuring on gravity network’s 53 points
Monref97network’s repeated measurement in 2014,

orwpoo T
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Figure-1.GNSS network established in 2010 measuring on height network’s junction \node\ 32 points

3. Mongolian geoid model production

There are 32 leveling network node \junction\ points measured \24 hour static observation\ by GNSS in
2010, but 18 points’ellipsoidal heights and geometric levelled heights are used for Geoid model production
GEOID2014 fitting MNGG2014 model to Mongolian height network.

Leveling network’s 18 node points’ orthometric heights were calculated using geoid height model and dif-
ference between catalogue heights and orthometric heights /Table-1/.

Table-1.Leveling network node points’ geometric levelled heights and orthometric height values calculated
using geoid model, and difference between them

Height in leveling | H_orthometric using Difference
No | ID network catalogue | geoid model
1. | 0027 940.148 940.025 0.123
2. | 72603 1937.980 1937.994 -0.014
3. | Z804 1297.727 1297.698 0.029
4. | Z805 1267.753 1267.747 0.006
5. | Z806 1370.780 1370.83 -0.050
6. | Z807 1311.158 1311.095 0.063
7. | Z001 1313.276 1313.276 0
8. | Z203 878.722 878.71 0.012
9. | Z205 1029.958 1029.963 -0.005
10. | Z206 884.585 884.675 -0.090
11. | Z209 655.581 655.469 0.112
12. | Z404 1018.703 1018.662 0.041
13. | Z405 1766.869 1766.891 -0.022
14. | 72407 1515.203 1515.233 -0.030
15. | Z409 1255.022 1255.065 -0.043
16. | Z602 1336.527 1336.487 0.040
17. | Z607 1370.295 1370.314 -0.019
18. | T424 1073.000 1073.053 -0.053

Mean error of 18 points was 0,005m and Root mean square was 0,054 m/5,4 cm/

m=10,053/18=0.054m

MNGG2014 geoid model accuracy was 1.32m while GEOID2014 model was fitted 5.4cm accuracy/Figure-
2/ to the Mongolian height network.
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Figure-2.MNGG2014 Geoid model accuracy

4. Investigation of geoid height model

1% class Mongolian (?ravity network points’ orthometric heights, which are connected to 2™ class leveling
network points with 2" or 3" class accuracy in 1980s, and 2™ class leveling network 55 points’orthometric heights
were calculated using geoidheight model and GNSS measured ellipsoidal heights for investigation of geoid height
model.

Mean error of 55 points was -0,011m and Root mean square was 0,084 m/8,4cm/, which value and location
can be seen in Figure3 and Figure-4.

m=v0,388/55=0.084m
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Figure-3.Points location, which were used for Geoid model accuracy investigation
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Figure-4. Geoid model accuracy error of 55 points

5. Conclusion

Orthometric heights of 55 points /2nd class leveling and 1% class gravity network/ were calculated using
geoid height model, which shows that accuracy of GEOID2014 model is 8.4 cm.

Geoid height model was verified in Ulaanbaatar city measuring coordinates on mapping points by RTK
measurement using Geoid model in rover antenna and ellipsoidal height in base antenna. Difference between RTK
measured orthometric height and mapping point’s Baltic sea level height was 1.4 cm only.

Geodetic network points’ heights in Erdenet city have been determined using GEOID2014 model and in-
vestigated comparing CORS derived RTK measurement with difference up to 3 cm.
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From it may conclude that Geoid height model of Mongolia used not only for orthometric height determi-
nation, but also for height error determination in leveling network.

“The Mongolian geoid height model” was approved by Director General of Administration for Land af-
fairs, geodesy and cartography in October 2014 and agreed to use in practice for mapping purpose /mapping produc-
tion/ only.

GEOID2014 model has been used for 1:25000 scale mapping, 1:1000 scale mapping and cadastral mapping
in aimag and soum centers, RTK measurement to dispose a land conflict.
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USE OF NANOFIBER CARRIERS FOR MONITORING OF
MICROBIAL BIOMASS

Abstract

Monitoring of microbial biomass can be useful to increase the efficiency of bioremediation process or to
assess the microbial quality of water. The objective of this paper is to develop an effective method for biomass sam-
pling to monitor the microbial community by molecular-genetic analyses. These analyses have recently started to be
applied together with, or instead of, the conventional microbial techniques.

Within this work, various nanofiber carriers suitable for biomass sampling and simultaneously for use in
molecular-genetic analysis were developed. Specifically, real-time quantitative PCR (qPCR) and next-generation
sequencing (NGS) were applied to test the suitability of carriers. Nanofiber carriers were submerged in two different
ecosystems including groundwater at a contaminated site and potable water in a well.

Two different shapes of carrier with three different nanofiber densities (including carrier without nano-
fibers) were prepared and submerged into a BTEX contaminated well. Carriers were sampled in regular one-month
interval for one year. Based on the gPCR results of this experiment, one shape of carriers with defined nanofiber
density was chosen to be submerge into potable water. To compare the biomass growth and microbial diversity on
carriers, groundwater samples were also taken.

Introduction

Characterisation, including proper sampling, of the present microbial community is a crucial factor in un-
derstanding and controlling remediation processes or in the assessment of the microbial quality of water. It is clear,
that sampling must not impact the situation at a site and should be technically and economically feasible at the same
time. To characterise microbial community at a site, soil or water samples can be withdrawn.

Although soil samples typically provide good results, their sampling is limited by a low reproducibility and
time and financial demand. Hence, water samples are currently used for the molecular-genetic analysis. A disad-
vantage of water samples is usually low biomass concentration requiring the filtration of large volume of sample
through a membrane filter. It is, however, time-consuming and strongly depending on the sample properties (The
Interstate Technology & Regulatory Council, 2011).

Above mentioned problems can be avoided by sampling of biomass in form of biofilm which is formed on
suitable carriers. Such carriers have to be made of materials with good colonization of microbial cells, high biocom-
patibility, chemical and physical stability and convenient morphology. For the molecular-genetic analysis, it is cru-
cial that the carrier material does not interfere with DNA extraction. As nanofiber carriers meet the above-
mentioned conditions, they were used for carrier’s preparation. Nanofibers have a high specific surface, an intercon-
nection structure and surface roughness on the nano and micro scale. Surface with these properties made of the hy-
drophobic material is preferentially colonized by bacterial cells (Cortés et al., 2011).

Materials and Methods

Nanofiber carriers

Polyurethane nanofibers were prepared by the needleless electrospinning from a
free liquid surface using a high voltage source. Polyurethane was chosen because it
proved great microbial colonization in previous experiments. The nanofibers were depos-
ited on polyester silk support thread with surface densities 3 dtex and 10 dtex. Such pre-
pared thread was arranged into two different shapes, planar (Fig. 1A) and circular (Fig.
1B). As reference carriers thread without nanofibers were prepared.

Site description

All types of nanofiber carriers were fixed in sampling tubes and submerged into Figure 1 — Nanofiber carriers:
BTEX contaminated well. The monitoring period lasted for one-year and its procedure iS A Planar arrangement
displayed in the Figure 2. B. Circular arrangement
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Based on the results of the long-term monitoring, the circular arrangement of the carriers with the nanofiber
density 10 dtex was chosen to submerge into a well of potable water.

Molecular-genetic analysis DNA e )

DNA was extracted from the samples using the FastDNA SPIN Kit for B A
Soil. The suitability of the nanofiber carriers for monitoring of microbial bio- 'é | EM ot
mass was tested by gPCR and NGS analyses. The gPCR analysis was used to %O

detect the total bacterial biomass (primer labelled as UL6SRT) and the presence

of key enzymes involved in the biodegradation of BTEX. Primers labelled as L 1 =
bssA and DEF/G were used for quantification of benzylsuccinate synthase and N
catechol-2,3-dioxygenase genes which are responsible for anaerobic and aerobic

degradation of aromatic hydrocarbons respectively. The bacterial diversity of
carrier samples submerged in potable water was estimated using the NGS analy-
sis.

Figure 2 — Scheme of monitoring

SEM analysis

The long-term stability of nanofibers on support thread was evaluated by scanning electron microscope
(SEM) Carl Zeiss ULTRA Plus.

Results and Discussion

Contaminated groundwater Saomabotien yuoe ot avasgesnii
At the BTEX contaminated site, the biofilm stabil-
ity was observed on circular arrangement of carriers with | . ‘ .
nanofibers (Fig. 3). The qPCR results, the Ct values’, of .| « , AT o
other carriers oscillated within 5 Ct values of groundwater * . | \ pATT N
samples. Evolution of bacterial biomass on circular carriers =« { =%~ )
with the nanofiber density 10 dtex was comparable with  » 4 :
groundwater samples. 1 5t -
At the contaminated site, high amount of total bac- Y IO rot v rrvr———
terial biomass was observed throughout the monitoring s v C—
(Fig. 4A). The presence of specific genes of aerobic (cate-  Figure 3 — Evolution of mean Ct values of primer U16SRT (total bacterial
chol-2,3-dioxygenase, primer DEF/G) and anaerobic (ben- biomass) at the contaminated site
zylsuccinate synthase, primer bssA) biodegradation of
BTEX was confirmed by analysis of specific bacterial population (Fig. 4B, 4C).
After 12-month exposure to actual conditions at the contaminated site, no significant damage of nanofiber
layer was observed though SEM, thereby confirming the stability of nanofiber layer (Fig. 5).

ole[e[=]r

Carrier type

07.10.16

06.09.16

circular

0 dtex
planar not detected

circular [ ] detection limit
planar low quantity

3 dtex

circular middle quantity

10 dtex
planar high quantity

B.

circular
0 dtex
planar

circular

3 dtex
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10 dex [—Sireular
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sroundwarer [N || »
[
0 dies. |circdar
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3 dren |_circlar
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10 drex [—Sireular
planar
groundwater | |

Figure 4 — Heat-maps of Ct values detected in BTEX Figure 5 — SEM micrographs of thread with nanofibers 10 dtex:

contaminated well: A. before the experiment - 100x

A. primer U16SRT B. after a year from contaminated well - 150x
B. primer bssA
C. orimer DFF/G

Potable water

After two and a half months of the carrier submersion, the amount of total bacterial biomass was much
higher on the carrier than in the potable water sample. Ct values® of the potable water sample were at the detection
limit.

The NGS analysis results (Fig. 6) indicate different bacterial diversity between water and carrier samples.
Bacterial families detected in water were also observed on the carriers but some of them, whose species are mainly
planktonic, at a lower level. There were also families which were detected on the carriers but nearly not in the water
sample. These bacteria could grow in biofilm so the conditions on the surface of the carriers are probably more suit-

" Note: Higher Ct values mean lower amount of target DNA and vice versa.
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able for them than in water. Higher bacterial diversity was observed on the carrier collected in the second sampling

round (after seven months of the carrier submersion) than in the first sampling round.
(1]}

WATER CARRIER
9P

LT

Comamonadacesw
8 Cryomorphaceas
# Flavobacteniacear
% Planctosmestucessy

400 8 Porticocracens

o - Rt
W - ® Rhodocyciacear
—

0% ® Sphingomonaduceae

0 0 214
Time of the carriers exposition [days|
Figure 6 — Bacterial diversity between individual matrices in the potable water - bacteria at
the family level with the relative abundance over 5 %

Conclusion

The monitoring at the contaminated site showed that nanofiber layer supported microbial attachment and
biofilm stability on carriers. Specific bacterial population detected on carriers indicated ongoing bioremediation pro-
cesses, i.e. aerobic and anaerobic BTEX biodegradation. Although any significant differences between carrier
shapes in microbial growth were not observed, circular carriers need no pre-treatment prior to DNA extraction in
contrast to the planar arrangement. Long-term stability of nanofiber layer on support thread was also confirmed.

The amount of bacterial biomass was higher on the carriers submerged in potable water than in the filtered
water sample. The bacterial diversity can be evaluated only very roughly if the bacteria is present or not.

Developed nanofiber carriers are also very easy to use, therefore, this is a promising tool for effective
monitoring of contaminated site and for the assessment of the microbial quality of potable water.
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ANALYSIS OF GLASS BEADS OF THE 18" CENTURY WITH X-
RAY COMPUTED MICROTOMOGRAPHY (MCT)

Drawn glass beads from various colour compose a rare baroque tapestry from the 18" century suspended in
the audience room of the New Palace in Arnstadt. This study, using non-destructive analysis for the preservation of
the artefacts, aims to understand the glass quality and manufacture technique.

X-ray micro-computed tomography (uCT) and imaging allowed a geometrical analysis of the beads and
their internal structure. The shape and distribution of entrapped bubbles are particularly significant. In detail, 50
glass beads from the New Palais in Arnstadt were analysed and for a comparison: 20 from the Zwinger Palace in
Dresden, 5 from Little Pheasant Castle in Moritzburg and 5 from Oranienbaum near to St. Petersburg were analysed
as well.

The analyze of the bubbles has leaded to the segregation of two separated groups of beads. The first catego-
ry contains the colored beads (Yellow, blue, light blue, green and brown) that shows a low amount of bubbles. The
second one includes the white colored beads that shows a very high porosity; that include a mixture of bubbles and
crystals. A second analyze of the bubbles shows two generations of them: Elongated primary bubbles and second-
ary bubbles from reboil effect.

A complement elemental analyse with energy dispersive X-ray spectroscopy (SEM-EDX) have been made
indicates the presence of three main type of Glass: Lead glass, Soda glass and HLLA glass.
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Blue Brown Yellow Green
Light blue White White (Fasan.) White (Oran.)
Figure 1: Images showing vertical cuts in glass beads made by computed mi-  Figure 2: Horizontal cutin a
crotomography. glass bead showing a first gen-

eration of elongated bubble.
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GRAPHENE AND POROUS SILICON STRUCTURES FOR NOVEL
NANOELECTRONIC SYSTEMS

The process of solar energy conversion can be accomplished by one of the two viable options, the first one
being the so-called "quantum" approach currently utilized in photovoltaic cells. The second one is the "thermal"
approach, for which concentrated sunlight is used as a source of thermal energy for energy generation using various
types of heat engines.

Thermionic energy converters (TECs) are promising heat engines allowing the straightforward conversion
of thermal energy into electricity. A typical thermionic converter (TEC) comprises an emitter (cathode) operating at
an elevated temperature and a collector (anode) kept at a lower temperature separated from the cathode with a vacu-
um gap. Only a fraction of the electrons possess enough thermal energy to surmount the TEC emitter material's
work function and escape into vacuum, thus producing current between the two electrodes. In practice the devices
that embody both energy conversion approaches lose their effectiveness due to the rapid degradation of photocells
caused by a significant increase in working temperatures required in order to maintain heat engine’s effectiveness at
relatively high level.

Concentrators based on the photon-enhanced thermionic emission (PETE) effect provide an excellent op-
portunity to overcome this obstacle by simultaneously implementing the photovoltaic and thermionic phenomena
thus allowing the use of quantum and thermal mechanisms at the same time in a single physical process.

The prototype proposed in [1] is based on the effect of thermionic emission of photoexcited electrons from
a semiconductor cathode at high temperatures. The convertor operated at elevated temperatures (higher than 200°
C), which allowed the possibility of thermal energy utilization in order to realize the subsequent thermionic emis-
sion process, increasing the theoretical efficiency of the combined conversion to the values of approximately 50%
[1].

The possibility of PETE based systems with semiconductor (GaN) electrodes creation was demonstrated in
[1], however these prototypes’ efficiency is significantly hindered by a crucial drawback: the number of incident
photons characterized with energies exceeding the band gap of GaN (Eg = 3.3 eV) is less than 1% of their total
quantity. That is why, the studies of alternative structures, including but not limited to porous silicon (PS) and PS-
based nanocomposites for subsequent electrode synthesis are promising, since the band gap of such materials can be
varied in a wide range from 1 to 3 eV due to the existence of quantum confinement effect [2] and significant oppor-
tunities for surface functionalization [3, 4, 5].
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It is well known that the synthesis of plasma energy systems based on thermionic emission requires the cre-
ation of materials with a low work function of electrons from the surface (¢,). The electromotive force produced by
thermionic energy converters is mainly determined by the electron work function (¢.) of the cathode (emitter) mate-
rial, while the output voltage loss is related to the electron work function (¢,) of the anode (collector) material. Since
a significant emitter electron work function increase achieved by selecting a suitable material is ineffective due to
the reduction in the generated electric current density (in accordance with Richardson's law) at the technologically
specified emitter temperature characterized with an acceptable evaporation rate of the cathode material, it is neces-
sary to reduce the anode electron work function ¢, in order to improve the TEC efficiency.

The problem of ¢, reducing is conventionally solved by utilizing alkali and alkaline-earth metal coatings, in
particular, cesium (Cs) [6]. It is well known that the deposition of monoatomic layers of alkali and alkaline earth
metals on the pure surface of an electrode leads to a significant decrease in electron affinity (hence, ¢,) due to the
formation of surface microdipoles. As a consequence, the potential barrier is reduced and the quantum yield of
emission is increased. For example, anodes based on tungsten coated with cesium are traditionally used because of
high thermal stability and a relatively low work function (1.7 eV). The use of a nickel anode coated with graphene
layers intercalated with cesium atoms made it possible to obtain an unprecedented decrease in the work function of
electrons from the surface of the material (pa < 1 eV) and, consequently, a threefold increase in the energy conver-
sion efficiency (up to 25%) [6].

Precipitation of alkali and alkaline earth metals is not the only method of modifying the material’s electron
work function. In particular, the use of high electron affinity PS and PS-based nanocomposites functionalized with
silver nanoparticles (Ag NPs) and Cgo-Ag fullerenols as low work function anodes for energy systems appears to be
very promising due to the fact that the chemical bond of the Cq, molecule to the Ag atom leads to an increase in the
dipole moment (caused by electron density displacement towards the Cgo molecule) of the anode surface as a whole
leading to a decrease in the electron work function thus allowing us to consider PS-based composite structures as a
promising material for PETE-electrode synthesis.
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GEOCHEMISTRY AND MINERALOGY OF THE STREAM
SEDIMENTS OF THE AYSEN RIVER BASIN, XI REGION OF AYSEN OF
GENERAL CARLOS IBANEZ DEL CAMPO, CHILE: INFLUENCE OF
ANTHROPIC AND NATURAL FACTORS

Abstract

A geochemical analysis was conducted in the stream sediments of the Aysén river basin (XI Region of Ay-
sén, Chile, between latitudes 45 ° S and 46 ° S) which by its characterization, allows to determine the influence of
the natural and anthropic factors in the place. For this, a geochemical and mineralogical baseline was prepared by
the stream sediments of the basin, with this information there were identified places with elemental concentrations
higher than international environmental standards and the possible origin of these was determined.

In the first stage of this work, the field sampling was carried out, where 234 sediment samples were ob-
tained from the river, collected from the main channels of the basin. Subsequently, in the laboratory, the samples
were prepared and their subsequent geochemical and mineralogical characterization. The geochemical characteriza-
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tion was carried out by emission spectrometry for the major oxides and by mass spectrometry for the trace elements.
The mineralogy for a subset of samples was obtained from X-ray diffraction.

After applying a data quality control program, the geochemical data obtained was studied using different
tools, among which was included: TAS (total alkali silica) classification diagrams, Chemical Index of Weathering
(CIW), Basicity Index, among others. In addition, different representations of the obtained data were generated, such
as: Univariate geochemical maps, in which the chemical concentrations obtained in each sample are illustrated, us-
ing concentration ranges, Multivariable Map, where the samples are grouped into 5 clusters formed by samples with
characteristics similar chemistries, using a grouping algorithm known as k-means, standardized geographical varia-
tion diagrams, which correspond to graphs with normalized chemical concentrations, for each river in the basin. In
addition to the above, each sample was evaluated according to the PEC toxicity parameter (Probable Effect Concen-
tration).

It was found that the western zone of the basin, is characterized by the chemical elements Cr, Ni, Ga, MgO,
Sc, CaO and Co. The mineralogy of this area includes ferromagnesian and minerals associated with ultramafic
rocks. On the other hand, the east zone is characterized by higher contents of SiO,, K,0O, Ba, Rb and by the high
concentrations of some metals in the Toqui River, and in some specific places.

The results of the geochemical, mineralogical and geological information for the basin, show a consistent
relationship that allows dividing the Aysén River basin into two zones. An eastern zone, characterized by a predom-
inant lithology of volcano-sedimentary units, and a western zone characterized by intrusive rocks associated with the
Norpatagonico batholith. In the same way, the geochemical and mineralogical data obtained from the stream sedi-
ments of the east zone would be associated with felsic chemical compositions that also exhibit greater chemical
weathering with respect to the rest of the basin, possibly due to the effect of the glaciers in the area, and to sediments
with metallic contents coming from alteration zones, and from the exploitation of the El Toqui mine. On the other
hand, the stream sediments of the western zone would be associated to chemical compositions of mafic character of
the source where the rivers of this zone drain.

In the basin, two sectors were identified with values of the PEC parameter in the basin that exceed the es-
tablished values, and that indicate a potential toxicity. One corresponds to the Pangal River, to the west of the basin,
which could be attributed to natural concentrations of certain elements. The other sector is in the vicinity of El Toqui
that would be related to the existence and exploitation of the deposit of the same name.
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Figure 1. Zones with higher contents in some elements, according to the PEC toxicity parameter, defined
by MacDonald et al., 2000.

ILIO. BYPJIAKA, C.B. 3BAMYEHKO, B.B. BAITTHUYHAS
Hayuonanvnvii mexnuueckuti ynugepcumem Ykpaunvl « Kuegckuti noaumexHuueckui uHCmumym
umenu Heopsa Cukopckozo»

MEXATPOHHBIA KOMILJIEKC JIJII TEOTEXHUYECKOI'O
MOHHUTOPUHT A KOHTYPA TOPHOM BBIPABOTKH

COBpeMeHHBIﬁ OTall pasBUTUA CPEIACTB ONPEACICHUA CBOMCTB M JIMArHOCTUKH MOA3EMHBIX COOpy)KeHI/IfI
XapaKTepru3yeTcs NMPUMEHCHNUEM IMOCIICAHUX ,Z[OCTI/I)KGHI/Iﬁ MCXaHHKH, I/IH(i)OpMaL[I/IOHHBIX TeXHOJ’IOFHﬁ, DJICKTPOTEC X~
HUKU U TCOPpUU YIIPABJICHUS. HpI/IMGHCHI/IC TaKHUX HaHpaBJ’IeHI/Iﬁ Ppa3BUTHA HAYKHW U TECXHUKU B COYCTAHUU C reorpa-
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¢ueit u reosorueil MO3BOJIMIO CO3JaTh KAYECTBEHHO HOBBIE HAIPABICHUSA TEXHHYECKOTO Iporpecca reonHdpopma-
THKY (T€OMH(OPMAITMOHHBIE CHCTEMBI), TEIEMETPUIO CKBAXHH, BHYTPUTPYOHYIO NedeKTOCKOMHUIO U ap. JlaHHbIe
CHCTEMBI NIPECTAaBIITIOT COO0H MHTETPUPOBAHHBIC KOMIIBIOTEPHBIE CHCTEMBI, HAXOIAIIUXCS 10| YIPABICHUEM CIIe-
[MAJIMCTOB-aHAIMTHKOB, KOTOPBIE OCYLIECTBISIOT cOOp, XpaHEHHE, MAaHUITYIMPOBAHUE, aHAIN3, MOJCITHPOBAHNE U
0TOOpakeHHE NMPOCTPAHCTBEHHO-COOTHECEHHBIX NaHHBIX [1]. BBHAy Hammumst XapakTepHBIX NIPU3HAKOB, TAKHX KaK
IT-TexHONOTHH, 37TEKTPOHHBIE CUCTEMBI, CUCTEMBI YIIPABICHUS, Pa3/INYHbIC THITB JATINKOB, MEXaHHUECKHX, ONTH-
YEeCKUX U APYIHX cucTeM cOopa MH(pOPMAIMH, TAKUE CHCTEMBI BO3MOXKHO KJIAacCH(UIIMPOBATh KaK MEXaTPOHHbIC
[2]. [TogoOHBIE pobOTH3MPOBaHHBIE HH()OPMALIMOHHBIE KOMILIEKCHI YCIEIIHO 3apEKOMEH/IOBAIIN Ce0sl B MCCIIEA0Ba-
HUSIX, PU KOTOPBIX NPHCYTCTBUE YeJIOBEKA 3aTpy/IHEHA: pa3BEIKU BYJIKAaHOB, CKBaXXHH, ITyCTHIHb, MOPCKOTO JIHA,
Hedre-, ra3oxpaHuuin U apyrue [3-4].

YcraHOBIICHHE Pa3HUIBI MEXy NMPOEKTHBHIM HadyaJIbHBIM COCTOSHHMEM I10JI3MHOTO TPYyOOIpOBOIa U OIe-
pPaTUBHBIM  JIaHHBIM  MO3BOJISIET KOHTPOJIMPOBATh, JHArHOCTHPOBAaTh W  IIPOTHO3UPOBATH  HAIPSKEHHO-
neGopMHPOBaHHOE COCTOSTHIE BEIPAOOTKH.

Jis onmcaHus MOJOXKEHUS IDIOMAAKN KOMIUIEKCa B TPEXMEPHOM IPOCTPAaHCTBE HeoOXoammMo 6 mapa-
MeTpoB. B kadecTBe mapamMeTpoB, KOTOPBIE ONUCHIBAIOT MOJOXKEHUE IUIOMIANKN, HU30paH KOOPAWHATHL X, Yy, Z U
yrisl Ditnepa ¢, v, 8 (puc. 1).

Cpenu pa3muUHBIX CHCTEM YIJIOB Oiiiepa, ONMUCHIBAIOIINX OPHUEHTAIMIO Tela OTHOCHUTEIHHO MCXOTHOU
CHCTEMBI KOOPIMHAT, BEIOpaHa crcTeMa, BEKTOPHI BpaleHIs KoTopoii kommnHeapHs! ocsiM OX, OY, OZ. Jlanubie
HalpaBJICHUs BpallleHUs] HOCST Ha3BaHUE YIJIOB KpeHa @, TaHraxa 0 u peickanus y. [IpeuMymiecTBo JaHHOW CH-
CTEMBI 3aKJII09aeTcs B IPUMEHEHHH COBPEMEHHBIX MUKPO3JIeKTpoHHBIX cucteM (MPU 6050) mpu xoHTpoje ABU-
JKCHUS anmnaparos.

s ycTpaHeHUs NOTPEeIHOCTeH, CBA3aHHBIX C MCIOJIB30BAaHUEM aKCEIEPOMETPOB JJIsl ONpEesICHHS 110-
JIOXKEHUS IMAarHOCTUYECKOTO KOMIUIEKCA MPEJIOKEHO UCIONIb30BaTh JJAHHBIE I'MPOCKONA U JUIMHBI MYTH (TpaekK-
topun) L (puc. 1).

Puc_ 2. Cxema OIIPEOeTICHHA ITOJIOECHHA MEXATPOHHOT O KOMIIIEKCA

KoopauHaTsel TpaeKTOpUHU ABWKEHHS KOMILICKCA X, Vi, Zj Ha IIare i BO3MOXHO MPEICTaBHTh KaK CyMMY
MIPOEKIMHK dIIEMEHTapHBIX maros JuimHoi A/ Ha ocu OX, OY, OZ (puc.2 a, 6):

Xj = %Axi;
i=1
n
Yi = _Zlﬁyii 1
=
n
Z; = 2 Az
i=1

Haiinem mpoekuuio mara 4/ va ocu OX, OY, OZ u3 cuctembl ypaBHEHHUH, ONPEIEIUB YIIIbl U3 MPSIMOY-
TOJILHOTO MapalIesenuney oopazosansoro npoekiuamu mara X, &/, & ¢ nuaronansio jIHHOlM paBHOI ma-
ry Al (puc. 2, 6):
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Az;

VA2 = Ax? !
1

sing=—_ 2% . (2

Ja?—ay?’

Ay;

(A% = Az? '
1

siny =

sing =

Pemenue cuctemsl ypaBHeHUH (2):

1
g CLSinG8)sin(g )2 X(sin(@, ) sin(g, sin(y, )2 —sin(6,)? sin(gy ) —siny, )2 +in(6,)2)?
| (sin(, )sin(¢, ))? ~1)sin(y, ) ’
. sin(6; )% -1
=Al . ; 3
Y= AN G, ysingy )7 -1 ©
: 2
Az, = Alsin(g) |— M) L
(sin(6; )sin(g; )2 -1

[Tony4eHHBIH MacCHUB aHHBIX MPEICTABISIET COO0M TPACKTOPHIO JBMXKEHHS IHArHOCTUYECKOTO KOMILIe-
Kca, KOTOpas B ciiydae 0OECIeYeHHs HIKHETO MOJOKEHHS C yY4eTOM paauaibHOTO CMEHICHHUs OyaeT OTBeYaTh
TpEeXHUMEpHOH Tpacce TpyOOoIpoBoa.

n
Xo = 2. Al cos A¢; + Rsin 46;,
i=1

yO = RSII’](AH, +Al//| ),
zy = R(1-cos(46; + Ay, )) + Rcos 46;.

(4)

Bo MHoOruX ciy4asx yaep:kaTh KOMIUIEKC MPU AUATHOCTUPOBAHUU B HIDKHEM IOJIOKEHUU HE TPEJICTaB-

JII€TCS BO3MOJKHBIM BBHUAY HaJIWYUS MPEMATCTBHI PazHOTO MPOUCXOxAeHUs. [Ipyu 3ToM MeXaTpOHHBIA TUarHo-
CTUYECKHI KOMIUICKC BBIHYKICH JBUTAThCSA MO CIOXHOW TPACKTOPHUHU OTIUYAOIICHCA OT OocH TpyOOompoBoja

(puc. 2).

Puc. 2 Cxema QIpeIeICHHA KOOPIHHAT OCH TDVSOlTpOBO O3 TI0 IIOIORCHIH KOMITIIEKCA

CyMMapHBIil yroia mOBOpOTa, KOTOPHIN OIpenessieT MOJIOKEHHE MEepIeHIUKYIIsIpa AO x mmomanke
KOMIIJIEKCAa OTHOCHUTCIIBHO OCH OZ .
y=y+0, (6)
[Ipu yem HampaBiIeHHE JAaHHOT'O BEKTOpA COBMANAET C OCBIO TpybompoBoaa. Vicxoms 3 BhIIIe CKa3aHHO-
T'0 KOOPJAUHATHI OCH TPYOOTIPOBOAA ONIPEACIISIOTCS U3 BHIPAKCHHUS:
Xo = Xn >
Yo =Yn —Rsiny,; ()
Zp =1, +Rcosy,.
Taxum O6paBOM npu JIF000M TIOJIOXKEHUH KOMILIEKCa Ipu yCJIOBUU NapaJlyICJIbHOCTHU €TI0 KOpIlyCa Kaca-
TEILHOM IIOCKOCTH K MOBEPXHOCTHU KOHTAKTAa BO3MOXKHO MOJYYUTH KOOPAWHATBI OCH HpO(i)I/IJ'IS{ pr60np030aa.
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Crenyer OTMETUTb, YTO TIPU MOBOPOTAX U M3MEHEHHHU O BBICOTE MOCIICI0BATEILHOCTD MONTYUYEHHBIX TOYECK OyaeT
CMeIllana.

B kauectBe 0a3bl TUATHOCTHYECKOTO KOMILICKCA, Ha KOTOPO CMOHTHPOBAHBI JATYMKH MOJOXKCHUS H
paccTosiHUs, UCIOIB30BAHO KECTKOE ABYXKOJIECHOE IIACCH C HEBO3BpaTHBIME Kosiecamu (puc. 3). Bec kommiekca
cocTaBisieT 1,7 Kr.

Puc. 3 BHernuii BUI 11accu MeXaTpOHHOTO KOMILIEKCA JUIsl AMAarHOCTUPOBAHMS [IOJI3EMHOM BEIPAOOTKH KPYT-
JIOTO CEYEHHS

Jluteparypa
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Assotsyatsyia, 213s..
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HU.C. EMEJIBSHOB, C.B. BAMYEHKO, C.II. IIEBYYK
Hayuonanvnvii mexnuueckuti ynueepcumem Yxpaunvl « Kuegckuii noaumexHuyeckuil uHCmumym
umenu Heopa Cukopckozo»

NCCIEAOBAHUE SGHEPI'OCHUJIOBBIX ITAPAMETPOB
KOJIECHOM BA3bl TEOMEXATPOHHBIX KOMILJIEKCOB

[IpOHMKHOBEHHUS] MEXaTPOHHHUKU W MCKYCCTBEHHOTO MHTEJUICKTa MPOUCXOMIAT BO BCEX OTPACIIX MHPOBOMH
sKoHOMUKH. OO1IKii 00bEM MHPOBOTO PhIHKA MeXaTpoHHHX cucTteM K B 2020 rony mo nanusiM Bank of America
Merrill Lynch cnoxut okono $152.7 mupji., KOTOpbIE HOBBICST IPOU3BOJUTENILHOCTD IIPOU3BOJICTBEHHBIX MPOIIEC-
coB Ha 30%. BHenpeHue MoNHON aBTOMAaTH3alMK BJIOJb BCEil MMPOM3BOICTBEHHOW IIETIM OT Pa3padOTKH IOJIE3HBIX
HCKOMAaeMbIX K Harpy3Ke U TPaHCIHOPTUPOBKE C HIMPOKHM MPUMEHEHNE MEXaTPOHHUX CHCTEM OXKHJIACTCSI B TOPHBIi
MPOMBILIEHHOCTH. [IpH MpoBeleHNH MOI3eMHBIX paboT 0COOEHHOE BHHMAHHUE YAENISETCS IMAarHOCTHPOBAHUE CO-
CTOSIHMSI TIOJI3EMHBIX BBIPAOOTOK U TEXHOJOTMYECKOro o0opynoBaHus. [Ipu npoBeaeHH MOHHTOPHHIA COCTOSIHUS
TOPHOTEXHHYECKOTO0 000pYAOBAaHHS B YCIOBHUSX MPU KOTOPBIX MPUCYTCTBUE YEJIOBEKA YCIOKHEHO LeIeco00pa3HO
HCIIONB30BATh 3JIEKTPOMOOUIIBHBIE MEXaTPOHHI AUArHOCTHYECKHE KOMILICKCHL.

OnHa U3 TJIaBHBIX MPOOJIeM, YTO MOSBIISLETCS NPH CO3MaHMM MOOWIIBHBIX CHCTEM, €CTh MpobieMa 3Hep-
TOIHMTAaHUS. DHEProNUTaHUE MEXAaTPOHHUX CHCTEM, SIBJISIETCS] OTHOM M3 YeThIpeX (PyHAaMEHTAIBHBIX 3a/1a4, PSIIOM C
pa3paboTKOW CHCTEeMbI yNpaBiieHUs,, HHPOPMAIMOHHBIM OOecIiedeHHeM M peaiu3anuell (U3HMYecKoro Ipolecca.
I'maBHBIM BompocaM Iporiecca SHEPrOINUTaHUS MOJBIKHEIX 00BEKTOB 3 YCTaHOBJIEHHS HEOOXOJUMOT0 KOJIMIECTBa
SHEPTUM KOTOopas HeoOXOoAMMa Ui peajM3alliyl Ipolecca nepeMenieHus. [Ipy co3laHuM Ha3eMHBIX JIEKTPOMO-
OMJIBHBIX MEXAaTPOHHUX YCTPOMCTB HCIIOJIB3YIOT T'YCEHUYHbIC M KOJECHBIE JBIKHUTENU. |'yCEHUYHBINH JIBUKUTEb
HMMEEeT NPEUMYIIECTBA C TOYKH 3PEHHS MOBBIIICHHON MTPOXOJUMOCTH, HO 3HAYUTENbHbIE YHEPro3aTpaThl CBSI3aHbI C
TpPEeHHEM, CKIOHHOCTh K 3aKJIIMHMBaHMIO. [laHHbIE HEIOCTATKHU SIBJISIFOTCS] MPUYMHOI OoJiee MIMPOKOTro MCIIOJb30Ba-
HUSI KOJIECHBIX JBIDKHTENICH, KOTOpBIE MPU YBEJIMYEHHH KOJMYECTBAa KOJIEC NPUOIMKAIOT CBOM XapaKTepUCTHUKH
MIPOXOAMMOCTH K I'yCEHHYHBIM.

[Ipn ABMKEHNH KOJIECHBIX 3JIEKTPOMOOWILHBIX MEXaTPOHHHUX YCTPOMCTB BOSHUKAET NOTPEOHOCTH ITOBOPO-
Ta, KOTOPBIA pean3yeTcsi IOBOPOTOM OCH BpalleHHUs KOJEC WINM pa3HHLEH YriaoBod ckopocTH Kosec (OopToBoi
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noBopot). Mcronp30BaHne O0pOBOro MOBOPOTA YISt KOJIECHBIX JJICKTPOMOOHMIBHBIX MEXaTPOHHHUX YCTPOHCTB UMEET
PSII IPEUMYIIECTB :

- IPOCTOTa KOHCTPYKINH 33 CYET OTCYTCTBHUSI MEXaHN3Ma BO3BPAIICHHS

- MEHbIIINE Ta0apHTHI;

- BO3MOXKHOCTH [TOBOPOTa Ha MECTE.

OnHako AaHHBIH CTI0CO0O TTOBOPOTA HYKJAETCS B 3HAUYUTEIBHBIX PACX0/aX 3HEPTHU KOTOPHIE CBSI3aHBI C HE-
COBIIAJICHUEM HalpaBJICHHEM IBIKYIIEH CHIIBI U TPAaeKTOpUeH ABMKEHMs Koieca. IIpu BO3MOMKHBIX BapHaHTax
0OpTOBOTO MMOBOPOTa HAUOOJIBIIIME PACXObI SHEPTUHM CUCTEMBI CIIEAYET OXKUAATH IIPU Pa3BOPOTE HA MECTE.

HccnenoBanuio nporecca 60OPTOBOrO MOBOPOTA MOCBSIIEH psii PadOT, B OCHOBY KOTOPBIX JIEKHT TEOPHUS
®.A. Omeiiko(1971), cOOTBETCTBEHHO KOTOPOH LIEHTPBI CKOJIBXEHHSI NPSIMOJIMHEHHO MOCTYNATEebHO CBA3aHHBIX
TeJN JIeXKAaT Ha NMPsIMOM, NepHNeHIUKYIAPHON K UX OTHOCUTEIbHOMY cBUTY. [lodydeHHbIe pelleHus yCTaHaBIUBAIOT
CBSA3b MEXy CKOPOCTBIO IIOBOPOTA U HIMPHHO KojecHOH 0a3pi[1]. IIpu 3TOM 0ueBUAHO, YTO HA CKOPOCTH TIOBOPO-
Ta CyIIECTBEHHOE BIMSHNUE UMEET PACCTOSHAE MEXKIY OCSIMU KOJIEC.

Lenpro aHHOTO MCCIENOBAHUS SABIACTCSA aHATUTHYECKOE YCTAaHOBJICHHE SHEPTOCHIIOBBIX ITapaMeTpoB Oop-
TOBOTO MOBOPOTA KOJIECHBIX 3JIEKTPOMOOMIBHBIX MEXaTPOHHHUX MPHUCTPOMII, YTO MO3BOJIUT OIPEACIUTh HEOOXOMH-
MYIO MOIIHOCTb CHCTEMBI SHEPTOMUTaHHUS.

Paccmotpum cxemy O0OPTOBOTO MOBOPOTA ¢ MHHUMAIBHBIM paJuycoM moBopoTa (puc. 1). g peannzanyn
pa3BOpOTa Ha MecTe He OOXOAHOW 0OecTIeYnTh OJMHAKOBYIO 33 MOZYJIEM M IPOTHBOIIOJIOKHO 32 HAIpaBlICHUEM

YIJIOBYIO CKOPOCTBH KOJIEC pa3HbIX 60pTOB (12 . prOCTI/IM PaCyYCTHYIO CXEMY, NOIMYCTUB, YTO BEC MCXAaTPOHHOI'O

KOMIIJICKCa Fg pacnpeaciasdaeTCsa paBHOMCPHO Ha YC€ThIPC KOJIeca.

HCXOH?I N3 OJAaHHOT'O IMPCANOJIOXKCHUSA HAIPABJICHUSA BEKTOPBI CHUI U CKOpOCTeﬁ CUMMCTPHUYHBI HCHTPY D,

KOTOPBII 00pa3yeTcs mepecedeHueM qruaroHaiei KoJIeCHOH 0a3bl MUPHHON A v mmmoit B
BekTop ckopoCTH IPOCKANIB3bIBAHMS KOJIECa OTHOCHTEIFHO OMOPHON IOBEPXHOCTH:
Vo =Vo +V1. (1)
Jie — COCTABJISIONIas CKOPOCTU NTOBOPOTA MEXaTPOHHOTO KOMILIEKCY:
V]_ = T ) (2)

V2 — OKpY>KHasi CKOPOCTh KoJjieca:

Vo =Rap, 3)

ne R - pammnyc koneca.

Puc. Cxema 60pTOBOTO MIOBOPOTA KOJIECHOTO MEXATPOHHOTO MPHUCTPOIO
PaccMoTpuM CHIIOBOE B3aMMOJICHCTBHE KOJeca KOMIUIEKCA ¢ MOBEPXHOCTHIO. IIpn GOpPTOBOM MOBOpOTE

BO3HHUKACT COCTaBJIAKOLIIAA 60pTOBOl"O TpCHUA Fl, KaKagd BbI3BaHa MPOCKAJb3bIBAHHMCM KOJICCa IIPU BpalllCHUU

KOMIUIEKCa BOKPYT LIEHTpa D . Takum 00pa3oM HaIpaBJICHHUE CHIIBI F]_ KOJUTMHEApHOE HAaIpaBJICHHIO CKOPOCTH
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Vl Jlana cocTaBmnsomas BOSHUKAET OT ACHCTBHS OKPY>KHON CHIIBI F2 1 MOKET MpHoOpeTaTh CBOE MaKCHMAaIlb-
HOE 3HAu€HUE MPHU YCIOBHUH, YTO BEKTOPHI Fl F2 FO 00pa3yroT MPSMOYTOJbHON TPEYyroJbHUK. TO ecTh

|:l J_ FO ,a FO COBHIAJACT C NHArOHAIBIO KOJSCHOM 0asbl U TIPOTHUBOIIOJIOKHAS 324 HAIIPABJIEHUEM CO CKOPOCTBIO

NPOCKaJb3bIBaHUA. VIMEHHO NpU JaHHOM YCJIOBUM OKpYXKHas CUJla MAaKCHMAaJIbHO pPEaiu3yeTcs B CUILY MOBOPOTA.
[Ipu naHHBIX YCIOBHIX OBOPOT COCTOUTCS ¢ MAKCUMAIILHOM CKOPOCTHIO U C MAKCUMAIIBHBIM PacX0JJOM SHEPTHUH.
Hcxons u3 BeIllIe CKa3aHHOTO:

V1 =Vasin q, )
qe  Or— KyT MEKIY AUArOHAJIIBIO M MPOJI0JIEHON OCKIO KOJICCHOM 0a3bl.
ITocne moncranoBku ypauenuit (2) 1 (3) y (4):

= 2—Rsina
o= P D :

[, FO

CoS o

Cuua 6OpPTOBOTO TPEHHS !

MOH.[HOCTB mponecca OOKOBOT'O IIOBOPOTA :
N = apRFptg o= apRFgtg o

[TonyueHHBIE Pe3yJIbTAThl UCCIEOBAHUN MTPOXOSIT MPOBEPKY HA Pa3pabOTaHHOM AJIEKTPOMOOHIBLHOM Me-
XaTPOHHOM KOMIDIeKce(puc. 2).

Puc. 2 KonecHslit 371eKTpOMOOHIBHBIN MEXaTPOHHBIM KOMIUIEKC C CHCTEMOI 60PTOBOTO MOBOPOTA
Pa3paboTaHHbIe 3aBHCUMOCTH MTO3BOJIIIOT CIIPOrHO3MPOBATh PACXOIbl SHEPTHH U CKOPOCThH MOBO-
poTa, KOTOpble BO3HUKAIOT MPH JIBIXKEHHHN JIEKTPOMOOIIBLHBIX MEXaTPOHHUX KOMIUIEKCOB C CHCTEMOI OOpTOBOTO
TIOBOPOTA.

Jlureparypa
1. Oneiiko @.A. Marematuueckas Teopust TpeHus. - Munck, 1971. -148 c.

B.A. 310JIMH, O.B. KOCAPEB
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

HCIHOJIb30BAHUE AIIIAPATHO-IIPOT'PAMMHOM
IHJIAT®OPMbI ARDUINO IJI1 CO3JAHUA MAKETA COHAPA

[NoBeimenne 3¢dexTHBHOCTH pabOTHl pa3iNYHBIX OTpaciel MPOMBIIUICHHOCTH TpeOyeT HIMPOKOro IpH-
MEHEHHS COBPEMEHHBIX MH(POPMAIIOHHBIX TEXHOJOTHH. JTO MPOANKTOBAHO OOIIEMHPOBBIM CTpEMJICHHEM K LU (-
poBm3anuu 3xoHOMHUKH. B Poccuiickoit @enepannu B mensax peanusanun “‘Ctpareruu pa3BUTHSI HHOOPMAIIMOHHOTO
obmecTBa” mpuHsTa nporpamma “Iudposas skoHomuka Poccutickoit @enepannu” [1]. Lludposas skoHOMHKA - 3TO
SKOHOMMYECKAs AESITEIbHOCTh, OCHOBaHHAs HAa MHU(QPOBBIX TEXHOJOTHSIX. Pedp MAET He CTOIBKO O pa3paboTke M
MIPOAaXKe MPOTPAMMHOTO OOECTIEYEeHNUS], CKOJIBKO 00 3JIEKTPOHHBIX TOBapax M CepBHCAX, MPOU3BOJUMBIX AJIEKTPOH-
HBIM OM3HECOM U JIEKTPOHHOM KoMMepuueil. Pacd€Tel 3a yCIyrn U TOBapHl 3IEKTPOHHONW SKOHOMHKH IPOHU3BOIST-
¢ 3a4acTyIO JIEKTPOHHBIME AeHbraMu. Mcxons n3 MUPOBBIX TEHACHINHA, HH(POPMAMOHHBIE TEXHOJIOTUH JOJDKHBI
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UCTIONB30BAThCS HA BCEX JTAalaxX NMPOCKTHPOBAHUS M PEAM3alUM HA PHIHKE U B MPOM3BOJACTBE TOBAPOB M YCIYT.
V3ke CyIIeCTBYIOT U MIPUMEHSIOTCSA Ha MPAKTHKE HEHPOTEXHOIOTNH, HAHOTEXHOJIOTUH, HCKYyCCTBEHHBIH MHTEIUICKT,
MIPOMBIIIICHHBIN MHTEPHET, POOOTOTEXHUKA, BUPTyalbHas W JOTOJHEHHAs] PEaJbHOCTH, MHTEPHET BEIEeH, o0mad-
HBIC XpaHWINIIA U Ap.

OnHUM 13 BO3MOXKHBIX TPUMEHEHHH MHTEPHETA BEIIEH B TOPHONPOMBIIUICHHOW OTPACIN MOXKET OBITh I10-
CTpOCHHE “YMHBIX IMIAXT’, “YMHBIX Ta30IPOBOJOB” M “YMHBIX 3aBOJIOB”. YIIpaBIIeHHE IPOU3BOJCTBOM IOJIpazyMe-
BaeT HENpPEPBIBHBIM KOHTPOJIb TEXHOJOTHUECKOTO MpoLecca C MOMOUIBI0 Pa3IHUHBIX AAaTYMKOB. J[s mocTpoeHus
MakeToB cucreM cOopa u 00pabOTKM MH(OpMaLUK C JAaTYMKOB MOJXOJHUT ammapaTHO-NIPOrpaMMHas IiaThopma
Arduino.

AnmnapaTtHo-riporpammHas mardopma Arduino nperHa3Ha4€Ha JUIsl CO3JIaHHS MMPOCTHIX CHCTEM aBTOMATH-
K1 1 poboToTexHuku. Ilnardopma BrmovaeT B cebst OecrraTHOe NpOrpaMMHOTo obecriedeHus: U IaThopMy MHUK-
pokoHTpoJulepa. MakeTsl pealbHBIX yCTpoiicTB Ha 6a3ze Arduino MoryT moiydaTh MH(popManuio o0 OKpyKaromei
Cpene TMOCPENCTBOM pA3IMYHBIX AATYNKOB, a TAKKE MOTYT YIPABIATh Pa3IMIHBIMH HCHOTHUTEIBHBIMH yCTPOH-
crBamu. K mnatdopme MOXXHO MOAKIIOUNTD JATIMKU PA3IMIHBIX Ta30B U AbIMA, JATIUKH OTHS, BIAXKHOCTH, TEMIIE-
patypsl, JaTYNKHU JIBIDKCHNUS, YIbTPA3BYKOBbIC JATYUKH U MHOTHE JPYTHE.

Ha 6a3e mmatdopmer Arduino OuT TOCTpoeH MakeT coHapa. CoHap MO3BOJIACT ONPENENATh PACCTOSHUE 10
MIPEAMETOB C MOMOIIBIO W3TyYEHHSI UMITYyJIbCOB YJIbTpa3Byka. B MakeTe ObUT IPHMEHEH yIbTPa3ByKOBOW H3ITyda-
TeJIb ¥ CEPBONPHUBOA AJISI MOBOPOTA M3imydarens. PopMUPOBaHHUE YIbTPa3ByKOBBIX UMITYJIbCOB, YIPABJICHHUE ITOBO-
POTOM JaTYMKa, BEIYUCIICHHE PACCTOSHUS 10 00BEeKTa U (POPMUPOBAHIE N300PAKEHHS] HA IKpaHe MOHUTOPA peay-
30BaHO C [IOMOIIBIO pOrpaMMHOro koja. [IporpaMMHBIi Koz ObII HamMcaH B cpee nporpaMMmupoBanus Arduino
IDE. fI3pIk mporpaMMHpOBaHUs B 3TOH cpeie ocCHOBaH Ha C++, IO3TOMY €ro BO3MOKHOCTH O4YEeHb OOIIUPHBI.

CoHap MOeT OBbITh HCIIOJBb30BaH KaK BCIIOMOTATEJbHAs CHCTEMa ISl CAMOJIBMXKYILIIMXCS TPOMBIIIUICHHBIX
poboro. Kpome Toro, k miardpopme Arduino MOryT OBITH MOJKIIOUCHBI TATUUKU OTHS, BIAXKHOCTH, TEMIICPATYPHI,
JaT4uKy Hanu4aus raza. C TakuM HabOpOM JAaTYMKOB MOKHO ITOCTPOMTH MakeT KOMIUIEKCAa MOHHTOPHHTA BO3AYII-
HOHM CMecCH B IIaxTe WX B 1eXy. MH(popMarust ¢ 1aTYuKoB OyJeT MocTynarth Mo OecrpoBOJHOMY KaHAIy CBSI3H Ha
LEHTPaNBHBIN 650K 00paboTKu. C MOMOMIBIO TAKUX PEIICHUH MOKHO CO31aTh MPOTOTHIT ““YMHOM IMaXTH WIH “yM-
Horo 3aBoja”. [IpoToTun MO3BOIHUT OTPabOTATh KOHIICTIIHIO MOCTPOCHHUS “YMHOH MIAXTH” M OTIAAUTH 00paboTKy
nH(pOpPMAIMOHHBIX ITOTOKOB B 1Ta0OPAaTOPHBIX yCIOBHUX [2].

[IpennoxeHHbI MakeT COHapa SIBISIETCS JIUIIb IPOTOTHUIIOM, KOTOPBIH MOXET OBITh HCIIOJIB30BaH BO MHO-
YKECTBE MHTEPECHBIX pelieHnid. OCHOBHOI aKLIEHT XOTeNOCh Obl CJIeaTh Ha OTPOMHYIO BApUaTUBHOCTh B MCIOJIB30-
BaHUHU TIaThopMbl Arduino Uit MOCTPOCHUS HU(PPOBBIX MPOM3BOACTB U KOMIUIEKCOB. boubioe koaudecTBo 0J10-
KOB PaCIIMPEHUs ¥ JATYMKOB IJIsl 3TOW IUIaT(GOpPMBbI B COBOKYITHOCTH C MX HHM3KOW CTOMMOCTBIO Jenaer Arduino
OTJIMYHBIM pellieHueM JJ1sl 00y4YeHUs OyAyIUX HHKXEHEPOB IIU(POBOTO IIPOU3BOICTBA.

CnucoK MCNoJIb30BAHHOM JIMTepPaTyphI
1. Pacnopsoxenne I[IpaBurensctBa Poccuiickoit @emepanmu ot 28.07.2017 Ne 1632-p 00 yTBepKICHUU
MIPOrpaMMBbl "Hudposas SKOHOMHKA Poccuiickoit ®enepanun"
http://static.government.ru/media/files/9gFM4FHj4PsB7915v7yLVuPgu4bvR7MO0.pdf (21.01.2018)
2. Pa3paboTka MO/eNIM TPOTPaMMHO-ANIIAPATHOTO KOMIUIEKCA CHCTEMbl MOHUTOPUHIa TEXHOT'€HHBIX 00b-
ekToB Ha 0a3e Arduino / Byrakosa T.1O., Bonkogas A.C. — MuTtepakcmo ['eo-Cubups. 2016. 1. 1. Ne 1. C. 132-137.

C. 0.JJOCKYTOB

000 «Oxomcxas 20pHO-2e0102UYECKASt KOMNAHUSLY
10. I'. KPUBELIKHIA

000 «Oxomckas 20pHO-2e0102UYECKASi KOMNAHUSLY

PASPABOTKA CKPHUIITA B IPOTPAMME «DATAMINESTUDIO
3» JUISI ABTOMATH3ALIMA OBPABOTKH MAPKIIEVIEPCKHAX
TAHHBIX

Annomayus: Cmamvs noceésawena agmomamuzayuy 00pabomxu MapKuletioepckux Oauuvlx. Axmyanb-
HOCTb OAHHOU MeMbl 00YCl081eHa DONLUWUMY MPYOO3AMPAMAMU NPU NO020MO8Ke 0anHbiX 015 pacuema [lomeps u
Paszyboorcusanus, komopwvie A81810MC 0OHOU U3 2IABHBIX 3A0aY MapKuielldepcKol ciyaicovl. B xode pabomui bviia
8bIsBNICHA NPODIEMA, NOCMABIEHA Yelb U HATIOEHO peteHue Mot npodiembl nymem paspabomku CKpUnma 6 npo-
epammuom obecneuenuu Jamamatn. /[na onpedenenus cmeneHu noae3HOCmu 015 MapKueioepcKol cayicovl OvLl
nPOBeOeH CPAGHUMENbHBLI AHANU3, 4 MAKICE NPOU3BEOEH PACUEN 0AHCUOAEMO20 IKOHOMUUECKO20 I hexma.

OCHOBHOW LIENBIO 33/1aHUs OBUIO YMEHBIIECHHE TPYA03aTPaT MApKIICHIESPCKOM CITy>KOBI MPH TOATOTOBKE
JaHHbIX Juis mojcueta [loreps u Pa3yboxuBanus B nporpaMmMmHOM obecrieuernu «DatamineStudio 3» mpu m1o6br4-
HOM Tpou3BoJCTBe. g 3TOr0 OBUIO HEOOXOAMMO CO3MaTh METOIUKY, MO3BOJIFOIIYI0 MaKCHUMAIbHO aBTOMATH3HU-
pOBaTh MOArOTOBKY JaHHBIX. OOBEKTOM HCCIIEIOBAHHS SIBIISUIMCH JIaHHBIE MapKIIEHIePCKOil CheMKH (aKTHIeCKON
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0TpabOTKH IOOBIYHBIX CEKTOPOB 3a OTYETHBIH mepuoi. [Ipexmerom mccienoBanus ObUIO BpeMs, 3aTpadeHHOE Ha
HOATOTOBKY JaHHBIX.

B HacTosimiee Bpemst Beck npouecce pacyera [loteps u Pa3sy6oxnBaHUS MOXKHO pa3leiuTh Ha YETHIPE dTara.
[epBrrit 3Tam: 00pabOTKa «CHIPBIX» ITAHHBIX MAapKIICHIEpCKOil CheMKH B IMporpaMMHOM obecriedeHun Auto-
CADCIvil 3D. Bropoii stam:3arpyska u 00paboTka qaHHBIX B mporpaMmmuoM obecriedennn CAEDatamineStudio 3.
Ha stom stane npoucxoaut ummopt manubix u3 AutoCADCIvil 3D, moctpoenne kapkacos. TpeTuil dTar: 3amyck
ckpunTa ais nojcuera [loreps u PazybokuBanus, paspaborannslii cienuanucTamMu kommnanun «llomumeramn YK».
YeTBepThIii 3TaIl: IPOBEPKA MONTYYSHHBIX JaHHBIX.

[opsinok pabGotsl Ha BTopoM dtamne: [locne uMmopTa JaHHBIX CHAaYajga CTPOSITCS HMOBEPXHOCTH KPOBJIH U
MOJIOIIBBI CEKTOpA. 3aTeM 3TH MOBEPXHOCTH CBS3BIBAIOTCS MEXAY cO00i M mosydaercst OopT cekropa. [anee
MapKIIeiiep MpoBepsieT, €CTh JIM OUIMOKH B Kapkace. Eciu ecTb, To OOPT ceKTopa ynanseTcsi, NeJatoTcs JOMOIH -
TeJIbHBIE TOCTpoeHUs. bopT cekropa cTponTcs 3aHOBO. JeHCTBUS MOBTOPSIIOTCS /10 TEX MOP, MOKa OLUIMOOK B KapKa-
ce He OCTaHeTcs. 3aTeM HeoOXOAUMO MPOBEPHUTH, EPECeKaeT JIM MOTyYSHHBIH KapKac CEKTOpa YKe CYIIECTBYIOLIHE
Kapkachl. Ecii ke mepecekaet, To 00pT ceKTopa CHOBA yIaJseTCsl, BHOCATCS JAOIOIHUTENBHbIE TIOCTPOCHHUS 1 TIepe-
cTpauBaeTcs cektop. Kak TobKo Bee OIIMOKY U ITepecedeHns] yaaleHbl, NOOABISIOTCS HACHTU(QHUKALIMOHHEIE OIS
U MIOJTyYESHHBIH CEKTOp 00BEANHSETCS € Y)KE CYIIECTBYIOIIMH CEKTOPAMH.

[Lmrocamu CyIIecTBYIOMEr0 METOa SIBIAIOTCSA: TOYHOCTh ITOJCYeTa, OTCYTCTBHE HEOOXOIMMOCTH HOCTpOe-
HUSA pa3pe3oB M0 KaxaoMy cekropy. OTCyTCTByeT HeoOX0OMMOCTE pydHoro noxacuera [loreps u PasyboxuBanus,
TaK Kak 3TOT IPOLECC aBTOMAaTH3UPOBAH UITO/ICUET JieNlaeT ClelHalbHbli cKpunT. Kak cieacTBue, BpeMEHH Ha IO-
CUeT YXOJHT ropa3io MEHbIIE, YeM YXOIMIO 0 BHEAPCHHS porpaMmMHoro obecreuerns DatamineStudio 3.

Munycamu SIBISIETCS CICAYIOIIC:IPH UMIopTe AaHHbiX B DatamineStudio 3 mpuxoauTcs BBIMTOIHATH
OTPOMHOE KOJIMYECTBO MOBTOPSIOMINXCS ASHCTBUIL. JIJIsl MOCTPOCHUs OIHOTO KapKaca He0OXO0MMO UMIIOPTHPOBATh
MHUHHAMYM YeThIpe OTIeNbHBIX (aiina. COOTBETCTBEHHO, eciin OblI0 0TpadoTaHo 20 CeKTOpPOB, TO HEOOXOIUMO OY-
JeT UMIIOPTUPOBATh MUHIMYM 80 OTOETBHBIX (haIIoB.

[pu pydyHOM MOCTPOCHUH KAPKACOB OYEHb YAaCTO MPHXOIUTCS PEAAKTUPOBATh KapKachl H3-3a TOTO, YTO:

1. KapKac IIOCTPOMJICS M HE COOTBETCTBYET (pakTHUEeCcKOil 0TpaboTKeE;

2. KapKachl MOTYT MOCTPOUTHCS TaK, YTO MEXIY HUMHU OCTaHYTCS «IIyCTOTBI», HIIH «3a30PbD», KOTO-
pBI€ BIMAIOT Ha MOJCYET 00BEM JOOBITON py/Ibl;

3. KapKachl MOTYT MOCTPOUTHCS TaK, YTO MPOUCXOJUT HAJOXKEHHE OJHOTO KapKaca Ha JPYTroH, 4To

TOJKE BJIMSIET Ha Ka4ecTBa Hojcuyera 00beM pyabl.

B OonbIIMHCTBE ClTyyacB UCMPABJICHUE BBIIC 0003HAYCHHBIX OIMIMOOK PABHOCHIBHO MOJHOMN MEPECTPOMKe
KapKacoB, T.€. BTOPOii 3Tal HE0OXOAMMO HaYMHATh C Havyasa.

Y4uThIBass MUHYCHI CYLIECTBYIOIIET0 METO/a, Oblia MOCTABJICHA LIENbaBTOMATU3UPOBATh MPOIIECC MOJTr0-
TOBKHM JaHHBIX ISl TIOJICYETa IMOTeph M Pa3yOOKMBAHUS M YMEHBIIUTH TPYJN03aTpaThl MapKIIEHAEPCKOH CITyXK-
Ob1.Mnest Obuta B TOM, 4TOOBI cXeMa paboThl Mprobpera CIEeAYIOUMA BU U3 TPeX MyHKTOB: UMIOPT JaHHbBIX, MOJ-
TOTOBKa JAaHHBIX U 3alyCK cKpunTa. Eciu mMeeTcst onpeaeneHHbli aaropuTM ASHCTBUH, TO €ro MOKHO 3alHcaTh B
MIPOTPaMMHBIN KOJI.

HroroM pabOTHI MOTyYHIICS CKPHIIT, KOTOPBIA ObUT HazBaH FastWF. [Ins ero paboTel HE0OOXOAMMO YKa3aTh
WCXOJIHBIE JTaHHBIE, 3aIIOJIHUTD T10JIS1 BBOJIAa MACHTU(UKAIMOHHBIX MTOJIeH M HaXkaTh KHOMKY mmyck. [TocienoBaresns-
HOCTH JICHCTBHH y HAcC cTaja CleAyIomas: UMIIOPTHPYEM AaHHbIE, TIOATOTABIMBAEM JaHHBIE W CO31aeM JOMOIHH-
TeJIbHBIE (DalIIbl M 3aIlyCKaeM CKpHIIT. B urore moxydaeM kapkachl OTOMTOM py/Ibl M OTYET 00 00BbeMax.

IIpoBeneM cpaBHUTENbHBIN aHAJIU3 KAUECTBA IOCTPOCHUS:

1. €CIIH TIPY MTOCTPOCHUH BPYUYHYIO Y HAC MOTYT 00pa30BaThCs «IIYCTOTBI» WIN «HAJIO0XKEHUN», KOTO-
pBIe HEOOXOMMO JTUKBUANPOBATE, TO CKPHUIT UCKIIIOYAET UX MOSABICHUE;
2. HEBEPHOE NMOCTPOEHUE KAPKACOB C MOMOILBIO CKPHUIITA TOKE UCKIIOUEHO, ECIIM MTPABUIBHO MOITO-

TOBHUTH JaHHBIE JJIS €70 PaOOTHI;

[Tmocel 1 MUHYCBI TIpH paboTe co cKpUNTOM. IIIrOCkl BCe Te e camble, YTO M IPH PYYHOM IOCTPOEHHH,
TOJIBKO K HUM €Il 100aBIISIOTCS CIeyIOIIHne:

- IIPY UMIOPTE JaHHBIX BBIIOJIHACTCS! paOOTHI B IECATKH pa3 MEHBIIIE;

- HE HYXHO PEJaKTUPOBATh KAPKachl U NCTIPABIIATH OLTHOKH;

- ObIcTpOE TIOCTPOCHNE KapKacoB 0e3 MOTepH KauecTBa.

J1st MUHUMM3aIUK OIIMOOK M MOJIHOTO WX MCKJTIOYEHUS IPU NOCTPOSHHUH KapKacoB, HEOOXOANMBI JJOMOJI-
HUTENbHBIE TocTpoeHus B DatamineStudio 3.

Teneps CpaBHIM CKOJBKO BPEMEHH TPeOyeTCs AJIsl HOATOTOBKU JAHHBIX BPYYHYIO M C ITOMOIIBIO CKPUITA.
VicxomHBIMI TaHHBIMH [T CPABHEHUS SABIISETCS MapKIleaepckas cbeMka 20-TH CeKTOpoB 0TOUTON pyabl. CpenHee
BpeMsI pyYHOTO TIOCTPOCHHUS OJTHOTO KapKaca ¢ HCIPAaBICHUEM OIIHOOK U 100aBIEeHHUS UICHTH()UKAIMOHHBIX TTOJIeH
20 muayT. UMnopt nanssix: 20 cextopos 310 80 oTnensHBIX (aitnoB. B cpearem Ha 3T0 yxoauT 15-20 munyT. s
paboThl CKpHITa HaM HY>KHBI Bcero 3 (aiina, T.e. Ha UMIIOPT yiieT He Oosiee 0HON MUHYTHI. [1oArOTOBKA JaHHBIX
JUISL TIOCTPOEHUS: TIPH PYYHOM CIIOco0€ 3TOT IMyHKT OTCYTCTBYET, IPH paboTe O CKPUNTOM Ha 3TO yiaeT 20 MUHYT.
IMocTpoenue kapkacoB:BpyuHyI0 Ha 3T0 yiaer 400 MuHyT HenpepbslBHOH paOoThl. CKpUNTOM BCE CTPOMTCS 3a 5
MHUHYT. FITOro HenpepsrIBHOM paboThl BPyYHYIO HEOOX0ANMO 7 4acoB, cO CKpUNTOM Bcero 26 munyt (Tabmuna 1).

Tabsmna 1 — CpaBHUTENILHBIH aHAIN3 3aTPAuCHHOT0 BpEMEHH Ha OCTPOEHHUE KapKacoB

Ne /it Oramn mocTpoeHus KapKacoB 3aTpaueHHOE BpeMs:
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BPYUYHYIO aBTOMATHYECKU
1 HMItopT maHHbBIX 15-20 munHyT 1 MuHyTa
2 [ToaroroBka AaHHBIX VI HOCTPOCHUS 0 MuHYT 20 MUHYT
3 [octpoenne kapkacoB otouTot pynsl | 20x20=400 MuHyT 5 MUHYT
Hroro BpemMeHn HenpepbIBHOW paboThI 7 4. 00 MuH. 26 MUH.

Jis koppekTHO# paboTsl ckpunrta i monacdera Iloteps n PasyOokuBanus (TpeTuit 3Tam) HEOOXOIMMO
MIOCTPOUTH Ha KaXKIbIil KapKac elle OJUH KapKac, Tak Ha3bIBAEMOE OIPaHUUYCHUE ydeTa MOTepb. DTO YBEIUYUBAET
00beM paboThl poBHO B 2 pa3a. Tak ke cTOUT y4ecTb, 4To corjiacHo CaHMTapHBIM HOpMaM M IpaBHiIaM Kaxisie 50
MHUHYT pabOTHI 32 KOMIIBIOTEPOM He00XoquMo Jenath nepepbiB 10 MuHyT. [109TOMY Ha MOATOTOBKY NaHHBIX JUIS
pacyera [loreps u Pa3yOoxuBaHus BpYUHYIO YXOAUT OKOJIO ABYX qHEH. C OMOIIIBIO CKPHUIITa — BCETO 52 MUHYTHI.

[Tpn BHEApEHNN aBTOMAaTH3UPOBAHHBIX CUCTEM 3aMEHSIOIIUX PYYHOH TPYA HA NPOU3BOJICTBE, OXKHUIAEMBIIt
9KOHOMHUYECKHUIT 3PPEKT pacCUNTHIBACTCS KaK MIPOU3BEICHUE COKOHOMIIEHHOI'O BPEMEHH Ha CPEAHIOI0 3apaboTHYIO
IUIaTy pabOTHHKA B €JUHUIY BpeMeHHU. TakuM 00pa3oM OXKHIaeMbIid SKOHOMUYECKHH 3¢ ekt cocrasisier 120 ThI-
cs19 pyOIeit B ToA.

INogsenem nrtoru. beun pa3paboTan CKpUNT M METOAMKA, MO3BOJIIONINE OoJiee ONEpaTUBHO IOATOTABIH-
BaTh JaHHbIC I pacuera [loTeps n PasyboxkuBanus. KauecTBo mosmyqaeMbIX JaHHBIX OCTAJIOCh HA MPEKHEM BBICO-
KOM YpOBHE IIPH TOpa3/l0 MEHBIINX Tpyao3arparax. M MOXHO ele caenaTh BBIBOJ, YTO OOJIBIIUHCTBO IOBTOPSIO-
LIMXCSl B OOJBIIOM KOJIMYECTBE ONEpaIuii MOXKHO 3alporpaMMHUpoBaTh.JJaHHass METOMKa U CKPUNT OyIyT BHEApe-
HBI B paboTy Mapkieiaepckoit ciry:xo61 OOO«OxoTckast ropHo-reosiorndyeckas kommnanusi» 1 OO0«CaeTioey.

Hcnoab30BaHHbIE HCTOYHHKH:

1. CAE Mining Documentation.
2. Studio 3 Scripting tutorial Help.
3. Studio 3 Macros tutorial Help.

I0.A. PA/JTMEHKO

PVYII 110 "benopycnegpms"”, benHUITHnegpmo
M.IO. KYPHUIIKUI

HIT 00O "T'eocnnaiin";, OO0 VK "Hnmepsetin"

PA3ZPABOTKA ITPOI'PAMMHOI'O KOMIUVIEKCA 3D
BU3YAJIMZAIIUA ITPOT'HO3UPOBAHUSA TEBUTA CKBAKUHBI
MOCJIE IPOBEJEHUS ONEPALIMU T'PITHA BA3E BBIJIBUHYTON
TEOPUHU O MOPP®OJIOTI'NA ITPOLECCA

AHHOTAIUSA

Henvuccnedoganusn:

> BBIJIBIDKCHHUE, TEOPETHYECKOE U IKCIIEPUMEHTaIbHOEe 000CHOBAHUE TUIIOTE3bI 0 MOP(OJIOTUH TIPO-
1iecca THAPaBIMYECKOT0 pa3phiBa IIacTa B KapOOHATHOM KOJUIEKTOPE;

> pa3paboTka MaTeMaTH4eCKOW MOJIENM MPOTHO3MPOBAHMS J1eOUTa CKBaXKHMH IOCIIE NPOBEJICHUS B
Hux onepauuu ['PII;

> paspabotkaruapoanHamMudeckoro 3DcumyinsTopa nmpouecca ruapopaspsiBa Ha 0ase pazpaboTaH-
HOW MaTeMaTHYEeCKON MOJEIH.

AxmyanpsHocms ucciedo8anun:

OTcyTCTBHE aBTOHOMHBIX METOJMK M aBTOMAaTH3UPOBAHHBIX CHCTEM IPOTHO3MPOBaHMSA 3(P(PEKTUBHOCTH
onepanuii I'PI1 B kapOOHATHBIX KOJUIEKTOpaX, OTCYTCTBHE BOSMOXKHOCTH KOHTPOJISI Pa3BUTHUS TE€OMETPHH TIpoIiecca,
00yCTIOBJICHHOE BBICOKOH CTETIEHBIO HEOIPENeNEHHOCTH CTPOSHHS, BIEKYT 32 CO00 KPUTHYECKYIO MOTPEITHOCTH
MIPOTHO3HBIX PacyeTOB, B CBSA3U C YE€M, OCTPO CTOHMT BOTPOC O pa3paboTKe METOIMKH KaueCTBEHHOM OICHKH 3 dex-
TUBHOCTH U pUCKOB npoBeaeHus ['PII.

Kpumepuu nosusnwi:
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HacTtosmas pa3paboTka OTHOCHTCS K CHCTEME M CITOCO0Y IMPOTHO3UPOBAHUS 1eOuTa CKBaKUHBI MTOCTE IPO-
BEJIEHUS Ha HEW THIpOpa3phiBa IIacTan MpeCTaBiIsIeT co0oil:

> (yHAaMEHTaNbHYIO THIIOTE3y MOP(OJIOTHH IIPOIIEcca THAPABIMIECKOrO Pa3phIBa IUIACTa;

> MaTEeMaTHIECKyI0 MOJIETb, OTIEPUPYIONIYI0 HCXOIHOW 0a30i HaHHBIX, KOHEUHBIM 3TalloM KOTOPOH
SIBIISIETCSI BEIYHCIICHHUE Ae0NUTa CKBRXKHUHBI ITOCIIE TIPOBEACHHON OTepanuy;

> MIPOTPaMMHBIN CUMYJIATOP MpOIecca, MpeAHa3HAYEHHbBIA U1 BU3yaJIN3alii U pacieTa KOHEYHOTO

pe3ynbTaTa Bo3JeHCTBYS.

Ilpakmuueckas yeHHocmb:

OcylecTBieHNe HacTOANIeHpa3pabOTKH oOecreurnBaeT MPOTHO3UPOBaHUE JeOUTa CKBRKUHBI T1OCIE MPO-
BEJICHUs Ha Hel TuapopaspbiBa IJIacTa, MOBBIIIEHHE TOYHOCTH IMPOTHO3HBIX PAacdyeTOB NPH MaKCUMaJbHOW CTa-
OMIBHOCTH PE3yJIbTATOB.

Crarbs

B Hacrosmee BpeMs OOMIETIPHHATOH SBIAETCS TEOPHS MPEACTABICHUS CXEMBI CKBA)KHHBI, COAEpXKAIICH
eIMHUYHYIO TPEIINHY SJUTUIICOMIHON (OPMEI, MOydaeMyto B pedynbrare nposeneHus onepanuu ['PII. CormacHo
JAHHOHM TEOpHH, JAJMHA TPEUIVHBI BEIpaXkaeT e (PaKkTHUECKYIO MOy UINHY (KPBUIO TPEILIUHBI), B CBA3U C MPEITIOIIO-
KEHHEM O CYIECTBOBAHHH 3€PKAIBHOTO OTOOPaKEHHS TPEIIUHBI C TPOTHBOIIOIOKHONW CTOPOHBI CTBOJA CKBAYKHHBI.

Ilpobnemamuka NaHHOTO TIOAXO/A COCTOUT B OTCYTCTBHMH Y4YE€Ta BIMSHHSA €CTECTBEHHBIX XapaKTEPHCTHK
mwracta npu npoektupoBarud 3ddekra OIIP, gro BiedeT 3a coO0W (aTanbHYI0 MOTPEIIHOCTH NMPOTHO3UPOBAHU
PE3YIBTHPYIOMINX AEOUTOB CKBaYKHH, SKCILUTYaTHPYIOIIUXCS B YCIOBHUSAX KapOOHATHBIX KOJUIEKTOPOB.

Modenb _onpedeneHus mpewiunsvt 2uopopaspvied, npeodnazaemas aemopom, OCHOBaHA HA THIIOTE3E O
MIPEJCTAaBICHUN CXEMbl CKBAXKHHBI, COJCpXKalled pa3BETBICHHYIO TPEUIMHOBATYIO CTPYKTYpy, 0Opa3oBaHHYIO B
MPOIIECCE CIUSHUS TPEIIUHBI THAPOPA3PhIBA C €ECTECTBEHHOM TPEIIMHOBATOCTHIO MOPO/IBI.

B HegX MOATBCPKACHUA BLIHBHHyTOﬁ THUIIOTC3bI 6])1.]1 MPOBCIACH pAMl SKCIICPUMEHTOB, BKIIIOUAOIUX:
ruapoarHaMuieckoe 3D MonenupoBaHue onepanumy;
7ab0paTOpHBIE UCIIBITAHUS Ha KEPHE;

IIPOMBICIIOBBIC UCTIBITAHHS;
MaTeMaTHYeCKOe MOJICINPOBAHUE PE3YNbTaTa, C HCIIOJIB30BAHIEM Pa3padOTaHHOH aBTOPOM METO-

VVVYY

JIAKH.

Tudpodunamuueckoe modenuposanue onepayuu OCyNECTBISUIOCH TTOCPEICTBOM HCIIOIb30BAHHS THAPO-
muHamuaeckoro 3D cumymsatopa Eclipse. 3agaua skcriepumMenTa cocrosiia B orieHKe 3P ()EeKTHBHOCTH pacyera, mpo-
W3BOJMMOTO C UCIIOJIb30BaHHEM:

> MOJIC/IA OJMHAPHOW TPEIIMHBI THAPOPa3phiBA — METOJHMKA OMPEICICHUS OIMHOYHOWU TPEIIMHBI
pa3pbiBa MPaBWILHON (OPMEI;
> MOJICJIM TPEIIUHBI, UMCIOIICH Pa3BETBICHHBIN XapaKTep — MOJEb, peaaracMasi K UCIOJIb30Ba-

HUIO aBTOPOM.

Jlist IpoBeieHHs SKCIIEPUMEHTA CO3/IaHbl TECTOBBIE MOJIEIH, COJIEPKAIINE CKBAXHUHY, XapaKTePHU3YIOIILY O~
Cs1 BBINICYKA3aHHBIMHU CTPYKTYpPaMHU.

[MonydeHHass MOJIeIb TPEIUIMHBI Pa3pbiBa MPABUILHON (OPMBI, XapaKTEPU3YIOIIAACS MMapaMeTpaMH, 3asiB-
JICHHBIMH JIJIs1 peaibHOM MPOMBICIIOBOI CKBa)KUHBI,TOKA3bIBAET MUHUMAIILHOE YBEJIHMUYCHUE EOUTa, YTO HE COOTBET-
CTBYET JICHCTBUTEIILHBIM MMOKA3ATEISM, [Vl YCIOBHIA OMUCHIBAEMBIX CO3aHHOM Moenbio(cM. puc. 1, a). [Ipu sTom
MOJTyYeHHAs] MOJIENb TPEIMHbI Pa3phIBa, UMEIOIICH Pa3BETBICHHBIN XapaKTep, XapaKTepU3yeTCsl YBEIHUCHUEM Jie-
OuTa, COMOCTaBUMBIM C pealibHBIMU MMOKa3aTesaMu(cM. puc. 1, 0).

CrporsosaposasHoe / i /
VEeTHUeHHe JeOHTa i

Cnporaosuposas=Hoe
yEeaHdeHye Jedura

Puc. 1 — Veermmgenne qe0uTa CKBakHHBI IT0CiIe npoeedenns B Heit [ PI1, cMogenuporansoe mpu nomomu [10
Eclipse

Pe3ynbraThl THAPOANHAMHYECKOTO MOAEIMPOBAHUS, HATISIHO WUIIOCTPUPYIOT OYEBHIHOCTH CO3/IAHUS B
IUTaCTe PAa3BETBICHHON CTPYKTYpPHI CI0XKHOIO XapakTepa B IpoLEecce MPOBEAEHUS ONepaliy MO THAPABINIECKOMY
pa3phIBY IUIacTa.

Jlabopamopnbvie ucnvimanua nHa KepHe NPOBEACHBI NIPH MOMOIIHN CHENHATH3HPOBAHHOTO 000PYI0BaHMS,
TIO3BOJISIIOIETO CHIMUTHPOBATh pEalbHBIE YCIOBUS, XapaKTepHbIE IPH OIepaliy M0 THAPABIMYECKOMY pa3pbIBY
iacta. Pe3ynbpraTsl Hcciie1oBaHus IPOaHATM3UPOBAHbI PU ITIOMOIIH ToMorpada (cM. puc. 2).
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a) HCXOJHBIH 00pazell KepHa;
0) 0Opasel, MOIVIEHHEIA B Pe3VIbTaTe
3KCIIEpHMeHTa

a) 0)

Puc. 2 — O0paz1s! KepHa A0 H IIOCTIE IPOEBEIEHHA SIKCIIEPHMEHTA

Pe3yJibTaThl 3KCHEPHUMEHTA NOATBEPKAAIOT TUIIOTE3y O BOSHUKHOBEHUH B pe3yIbTaTe THAPABINYECKOIO
paspeiBa IUIacTa B KapOOHATHOM KOJUIEKTOPE Pa3BETBICHHON TPEIIMHOBATOW CTPYKTYPHI, XapaKTepU3yoLIencs
CIIUSTHMEM €CTECTBEHHBIX TPELIMH IUIacTa B €IUHYI0 (IIBTPALMOHHYIO CHUCTEMY C HEKOTOPBHIM IOAKIIOYEHHEM
MaTpPUYHOM COCTaBJIAIONIEH, oOnanatomieii Hanbosee cIadbIMH IEPETOPOAKAMH.

Taxxe, B paMKax SKCIEPHUMEHTAJIbHOTO IOJITBEPXKAEHHUS BBIIBUHYTOM rumoresbl, nposeaenbl OIIP ¢
npuMeHeHueM TexHoaorun CJIOI, no3Bossomeil OCyIECTBICHHE HENPEPHIBHOTO «IIPOCIYIINBAHUA» T€OJIOrU-
YEeCKOH cpebl ¢ BHIOTHEHNEM 4-MEepHOH BH3YAIN3allii MUKPOCEHCMIYECKOH aKTHBHOCTH HCCIIEAyeMOro o0bheMa.

Ha pucynxke 3 npezncrasnen npumep (pparMeHTa BU3yanu3aiy npouecca GopMHUPOBaHUS 30H, HILTIOCTPH-
pytommuii o0Iee 1moje 3MUCCHH, 00YCIIOBICHHOE PACKPBITHEM 1 CXJIOIIBIBAHUEM ITyCTOT MOPOMBI.

ciIeea QHKCHpYeTCH TeKVINHH cpes.
CTIPaEa — HIKOILIEHHEIH,
CHH3V — CpEJHEE 3HAYUCHHE

Puc. 3 — ®parment Busyanuzanuu 2D-1uHAMHUKH TIpoliecca TPEIMHOOOpa30BaHus BO BPEMSIIPOBEICHUS
THIPOpPa3phIBa IIIACTA

Takum 00pazoM, menecooOpa3sHO 3aKIIOYCHHE O MOATBEP)KICHUH TMIOTE3bl Kak Ja0OpaTOpHBIMHU, Tak U
OTMBITHO-IIPOMBICIIOBBIMU HCCIEJOBAHUSAMH.

IKCINEePUMEHTAIbHAS OLICHKA NPEAIAraeMoii aBTOPOM MATEMATHYECKOH MOJIe/IH.

B Hactosiiiee Bpemsi, HM OJIHA U3 CYIIECTBYIOLUIMX METOJUKMATEMaTHYeCKOro MojenupoBanus sddekra
oneparuu ['PI1 He MOkeT ObITh NPUHSATA B KAUECTBE YHHBEPCAIBHOM, YTO CBHIETENILCTBYET 00 aKTyaJbHOCTH HC-
CJeJOBaHUi B JaHHOU 001acTH.

MatemaTtnueckass MOZAETb, peyiaraeMasl aBTOpOM, OCHOBAHHAsI HAa TUIIOTE3€ O Pa3BETBICHHOM CTPOCHUHU
TPELMHBI, BOZHUKAIOIIEH B CBA3HU C TIEPEONpeeICHIEM IIyCTOTHOCTEH KapOOHATHOTO KOJITIEKTOpa MPU MPOBEICHHH
oTepanyy THAPOPa3PHIBA,IEMOHCTPUPYET BHICOKYIO CTAOMIBHOCTh pe3yiIbTaTa HapsiAy ¢ MAKCUMAJIBHBIM CHIDKEHU-
€M KOHEYHOU MOTPEIIHOCTH (CM. puc. 4).

2000 -
é 15,00 B ParTHHecHHe saMepEl Je0HTa.
= TieyT
:En 10,00 H CrporHosMpoEaHHELe
@2 5,00 BeTHUHHEL Je0HTa, T/ CVT
= Croeasp 0Ea HEElE BETHYEEE
0,00 -~ - AeduTa, T/CyT
Cue. 1 Cug. 2 Cue. 3 Cue. 4 Cue. 5 Cue. B

Pric. 4 — BHsvaasHEIe XapAKTePHCTHE 0TETOHEEHIH $aKTHEeCEMK Je0HTOE CEEAEHH 0T CIP OTHOSHP 0EAHHEIX, IPH IOMOITH
METOJHEH, paspa0oTaHHOH AETOPOM ETHTHE

PazpadoTkarnapoannamudeckoro 3DcumyasTtopa npomecca ruapopaspsia miactaAl

Ilpoekmnoe npozpammuoe obecneuenue AJ—paspabarbiBaeMblii aBTOpamu, ruapoanHaMuydeckuii 3D cu-
MYJISATOpP,- UMEET CBOUM IIpeJHa3HAuYCHUEMUYHNCICHHOE MOJIEINPOBAHNEONEPAid 10 THAPABIMYECKOMY pa3pbIBY
TUIACTAPa3IMYHBIX CTENIEHEeH Ie0JI0THUECKOM CII0KHOCTH.

MOIIyJ'H) ABJIACTCA JIOKAJIbHO-CETEBBIM U IPEAHA3HAYECH JIsI BHYTPEHHETO IMOJIB30BaHUA KOMITaHHEH.

B xadecTBe MCXOIHOM THAPOANHAMHYECKON MOJIeNr KoMIUleke AJ HCIONB3yeT YaCTHUHYIO BRITPY3KY TH-
ponuHamuueckoit mozgenu Eclipse ¢ coxpanenneM ommuu MoTOKa Ha TPAHUIIE, OMPEICIICHHBIM B PE3YIIbTATe MOIHO-
T0 pacdera MEeCTOpOXaeHHs. B kauecTBe MCXOMHOTO MareMaTHdecKoro 6asmca pacuera 3((HeKTUBHOCTH ONepannuu
THIPABIMYECKOTO Pa3phIBa MIAcTa, KOMITIEKC AJ HCTOMB3YET BRIIEO3HAUEHHYIO METOANKY.
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Ha pucynke 5 mpenctaBieHsl OKHa TEPBUYHOTO BBOAA JAHHBIX, XapaKTEPH3YIOUIHECS HAJIMIUEM CIICAYIO-
IIUX TapaMeTpoB:

> KOMIUIEKC I10JIeH BBOJAa OOIIMX XapaKTEPHCTHK UCCIIEyeMOro o0beKTa,
> (yHKIMS BRIOOpA JOTTOTHUTEIBHBIX YCIOBHUH,
> (YHKIWA CO3aHUs HTOTOBOTO OTUETa 3aJaHHOH CTENICHH ACTaH3aLUH,
> ¢byHKUMA ynpasneHus gerannsanueit MIPII,
> (bYHKIMS COXpaHEeHHs / leyaTu oT4eTa
> XapaKTEePUCTUKU MOJIEITMPYEMOH1 Ollepaliuy, 3asiBJIC€HHbIC B KaUeCTBE NCXOTHOM 0a3bl JaHHBIX.
— «
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Puc. 5 — Oxna mepEHYHOrO EEOAA A3AHHEIX

Ha ocHoBaHMM UCXOIHBIX JAHHBIX CUMYIISTOPOM OIpPENEISIIOTCS SUEHKH Te0JIOTMYECKO MOeNu, mepece-
YEHHBIE TUIOCKOCTBIO TPEIIUHBI Pa3phiBa, MEXKAY KOTOPBIMHU CO3JAIOTCS JOIMOJHUTENbHBIE BUPTYaIbHBIE COCTUHE-
HUs.MoenupoBaHue MPUTOKa (IFOUIa U3 TUIACTa B CKBAKUHY OCYIIECTBIISICTCS MYTEM aHAJTUTHKO-3MITUPUIECKOTO
pacueTa K03 PUIIHCHTAa COSAUHEHUS I KaKJOW BCKPBITOH SYCHKH THIPOAMHAMHIYECKON ceTKH. [IpoekTupyemas
MOJIENb TIPECTABISACT COOOM JIEMEHT CHCTEMBI pa3pabOTKH, BKIIIOYAIOIMINI B ceOs JOOBIBAIOIIYIO CKBaXXHHY, 3a-
JAHHYIO B ICHTPE MOJACIHPYEMON OOACTH U 30HY PacIpOCTPaHCHHS HATHETAEMOTO B TUIACT arcHTa.

Cumynamop AJ maxsicenpeononazaemcs peaiu3auus Cieoyiouux 603MONCHOCMEll:

> MojenrpoBanne 3(h(eKTa MpopsIBa IIACTOBON BOABI B CKBAXKMHAX C MIPOBEICHHON onepanuei mo
THIpOpPa3phIBY IIACTA;

> MojenupoBanue cHkeHus s dexra ['PIT Bo BpemeHw;

> MozenupoBanue onepauyu I'PII B yci10BHUAX TEpPUreHHBIX KOJUIEKTOPOB;

> YBEJIUUCHUE MMPUEMHUCTOCTH HATHETATENBHBIX CKBAKUH MPH 00paTHOM 3(h(eKTe omepalyu, a Tak
K€ TPEBBIILICHUH ITPOSKTHOTO ABJICHHS THAPOPA3phIBa IJIACTa;

> MOJIETIMPOBAHNE PAcIPOCTPAHEHHUS TPEIIMHbI pa3phIBa 3a MPEAEIbI IUIacTa;

> MIPOBEJICHUE aHAIN3a TyBCTBUTEIBHOCTH, a TaK K€ THOKOE BapbHPOBAaHHNE I'€OMETPHUUECKHX Hapa-

METPOB TPELIVHBI.

Ipeumywiecmea cumynamopa AJ:

1. Cumynsitop Al pazpaboTaH U aganTHpoBaH A1 pacyeta 3()(HEeKTUBHOCTH ONEPaIMid 10 THAPABIH-
YeCKOMY pa3phIBY IIacTa B KapOOHATHBIX KOJJIEKTOPAX, YTO B HACTOSIIEE BpEeMsI HE MMEEeT KOHKYPEHTHO CIIOCO0-
HBIX aHAJOTOB.

2. VIHHOBAITMOHHBIN TOAXOJ K ONPEAETICHUI0 T'€OMETPUYECKUX XapaKTePUCTHK Pe3yIbTHPYIOUIEH
ITYCTOTHOCTH TTOPO/IBI TTO3BOJISIET OCYIIECTBISITH 3HAUYUTENEHOE CHIDKEHHE MOTPEITHOCTH MOJAEIMPOBAaHNS KOHEUHO-
ro 3¢ (deKTa Npy HArJILAHONW BU3yallU3alny ITPOEKTA.

3. CpaBHHUTEJIBFHBIM IPEUMYIIECTBOM MOAEIHPOBAHUS Ipoliecca THApOpa3pbiBa MPH MOMOIIN HpO-
rpaMMHOTO cumyistopa AJ sBisercs 3HAUYMUTEIHHOC YMEHBIICHHE BPEMEHU pacueTa IoKas3aTeled NpH OJIHOBpe-
MEHHOM ITOBBIIICHUH KaueCTBa MOICIUPOBAHUS

4, MerouKa NpoXoAuiIa anpodauio 1 OUeHKY 3((GEeKTUBHOCTH B CPAaBHEHUH C METOJMKOM MO -
POBaHMS TPEIIMHBI Pa3pbIBa IPH IOMOIIM APOOJICHUS SUeeK TMAPOJMHAMHUYECKONH ceTKH. B pesynbrare aHammsa
ycraHoBiieHa Ooutbinas 3¢ (EeKTHBHOCTD BBIIIEONMCAHHOTO METOAA, MOCKOJIBKY YUeT T€OMETPHUECKHUX MapaMeTpoB
TPEIIMHEI B SBHOM BHE 0OJee COOTBETCTBYET PEaJIbHBIM M3MEHEHHUSIM, MPOUCXOIAIINM B IUIACTE B MPOLIECCE TPO-
BEZICHUS OTIepalvy.

Ha ocHOBaHMHM BBIIEH3IIOKEHHOTO MPEACTABICHHBINH KOMIIEKC PEKOMEHIYEeTCs JUIl IIPAKTHYECKOTO MpH-
MEHEHHS IPU MPOESKTUPOBAHHIH OTIEPALIUHi TT0 THAPABINIECKOMY Pa3phIBY ILIATa.

OcHoBHas HccJieayemMasi JIuTepaTypa
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cleloBaHui BepTHKaNbHBIX ckBaxknH / M.X. Xaiipymmn, P.C. Xucamos, M.H. Illamcues, I1.E. Mopo3os, E.P. ba-
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1. WHTepnipeTaruisl pe3yiabTaToB THIAPOJUHAMIYECKHUX UcclieqoBanmii ckBakuH / P.C. Xucamos, H.A.
Hazumos, P.I'. ®apxymmH, M.T. Xannanos, E.P. baneptannosa, N.T. Camumbsiaos, M. X. XatipymumH / Matepu-
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C. 85 97.

10.B. PACTBOPOBA, ®.I'' APCJIAHOBA, A.C. MYCTA®AEB
Canxm-Ilemepbypeckuii 2opHbili yHUGepcumem

HUHTEI'PAIMA MUKPOIIJIASMEHHOI'O CEHCOPA CES B
HE®TEI'A30BYIO ITIPOMBIIVIEHHOCTb U MEIMLITUHY

I'pymmoii masmenHbIxX nccneaoBanmii CankT-IleTepOyprckoro ropHOTO YHHBEPCHTETA CO3JaH aHAIHU3ATOP
MOJIEKYJIIPHOTO COCTaBa Ta3a, padOTAIOMMIi Ha 3aIaTEHTOBAHHOM METO/E CTOJIKHOBUTEIBHON 3JEKTPOHHON CIICK-
tpockormu (CES). AHanm3 mpon3BOAWTCS 3a CHET U3MEPEHHS SHEPTHH JIEKTPOHOB, 00pa3yIOMNXCs P HOHU3A-
IIUH Ta30BOM CMECH MCTOYHUKOM (DOTOHOB C JJIMHOW BOJHEI B 00JIaCTH BaKyyMHOTO yibTpaduonera (BY®D). 3ape-
THCTPHPOBAHHBIE CIIEKTPHI SHEPTUH OTPEEIAIOT KOINUECTBEHHBIH M KaUeCTBEHHBII cocTaB 0Opasna 0e3 MCIoab30-
BaHUS TAJIOHHOTO CIIEKTPa, YTO SABJISIETCS IJIaBHBIM OTIMYHEM MHKpoIuiasMeHHoro ceHcopa CES ot razoananmsa-
TOPOB MpEeIbIAYyIIero mokoaeHus [1].

K Hacrosimemy BpeMeHH B paMKax MPOEKTa JOCTUTHYTHI CIEIYIONIUE Pe3yIbTaThl:

- pa3paboTraHa mpUHIUIHATIbHAS cxeMa BY D-(hoTOHOHU3AIIMOHHOTO IETCKTOPA C HCTOYHUKOM YIIb-
TpauoNeTOBBIX (POTOHOB B BHAE MUHHUATIOPHON ra3opaspsiHoil TpyOKku, HamoigHeHHOH cmechio Kr - He ¢ Topie-
BBIM OKHOM M3 MQF, /i reHepanny pe30HAHCHOTO M3JTyYeHHs KPUITOHA Ha aroMapHbIX HuHUAX Kr 116,48 HM
(10.64 5B) u 123,58 um (10.03 3B), quameTp cTeKISTHHOTO OayuToHa 16 MM, BHYTPH KOTOPOTO CMOHTHPOBAHEI ITH-
JMHAPUYECKUN KaTOJ U aHO[, M3Iy4eHHE BRIBOAUTCS Ye€pe3 TOPEL aHO/A; HIPsDKEHUE 3aKuranus paspaga — 450 B,
HanpsbkeHne roperns 220 B, Tok paspsaa 3 MA, motpebisieMast MOITHOCTE — MeHee 1 BT.;

- BBIOpaHbI paboure peXVMBbI, a IMEHHO B ra30pa3psiiHON KamMepe HaxOJWTCS MHEPTHBIH ra3 10X
nasnerneM ot 102 I1a mo atmocdepHoro, HanpspxeHne roperus paspsaa 300-500 B, Tok mopsaka 10 MA;

- W3rOTOBJICH U COOpaH MakeT MUKPOIPOLIECCOPHON CHCTEMBI Ha OCHOBE MUKpOKOHTposuiepa ADuC
841, KOTOpBI! yIpaBiseT CUCTEMOM MUTaHMS AT 3a)XKHUTaHUs pa3psiia B MOCTOSHHOM PEXHME Ha BHICOKOBOJIBTHOM
DC-DC xonBepTope (peryaupyemsiii Berxoa 10 500 B); 610koM momaroporo nuppoBoro CKaHUPOBAHUS 3aCPHKH-
BAIOIIETO HAINpsDKeHHs B quana3zone 0-5 B ¢ marom ckanuposanus 0,01 B; ananoroso-nudpossiM npeodbpasopare-
neM, obecrieunBarouM onudpoBKy GoroToka ¢ yactotoi a0 300 k11 1 ycpeTHEHUE TOTYYSHHBIX OTCUETOB;

- pa3paboTaHo mporpaMMHOe oOecrieueHue At MUKpokoHTpoiuiepa ADuC-841 Ha s3pike AcceM-
61epa, KOTOpoe MPeOCTaBIsIET BO3MOXKHOCTh YCTAHOBHUTH IPEAEIbl CKAHUPOBAHUS HANPsDKEHUS! KaToMa, [Iar CKa-
HUPOBAHMS, JJIUTEIHFHOCT HHTEPBAJIA U3MEPEHHs (POTOTOKA HA KAXKJOM IlIare CKaHWPOBAaHUS M YNCIIO TOBTOPEHUH
n3mepeHus GpoToToxa;

- pa3paboTaHo MaKeTHOE MporpaMMHOe obecrieueHne 00pabOTKH KPUBBIX «TOK-HAMPSDKEHHE» I0]
OC Windows Ha OCHOBE paHee CO3[JaHHOTO IPOrPaMMHOTO MaKeTa it 00pabOTKM CIIEKTPaIbHBIX JaHHbBIX. [ 'pade-
HOBOE MOKPBITHE AIEKTPOIOB CTAJI0O HOBOBBEICHHEM, KOTOPOE MO3BOJIMIIO YMEHBIINTE Pad0OTy BBIX0/A IIEKTPOHOB
1o 1 3B.

B xone npoBeneHus SKCIIEPUMEHTOB K HACTOSIIEMY BPEMEHH C MOMOIIbI0 pazpadoTanHoro cerncopa CES
y’K€ PacHO3HAaHO MOpPSAKA COTHU PA3IMYHBIX MOJIEKYJ, YTO JOKA3bIBACT €r0 COCTOSATENBHOCTh M MOTEHIIHAIBHO
HIMPOKYIO 00JIaCTh MPUMEHEHHS.

I'maBHBIe penMyIecTBa co3aaHHbIX AeTekTopoB CES mepen npyrumMu BO3MOKHBIMU KOHKYpPEHTAaMH: HH3-
Kasl [IeHa, Majble rabapuThl U SHEPronoTpediIeHue, BEICOKas YyBCTBUTENBHOCTS (1 ppm U siyuine), MUpOKUHA AUHA-
MHUUYECKHH TMana30oH M3MEPSEMbIX KOHIIEHTPALNi, BO3MOXKHOCTh ONPENENICHNS IIUPOKOTO CHEKTPa OAHOBPEMEHHO
aHAIN3UPYEMBIX BEIIECTB, B TOM YHCIIE, CIIOKHBIX OPTaHMYECKUX MOJIEKYJ. DTO 0OYCIIOBJIEHO TeM, YTO MpH 00IIy-
yenun CES-sueiiku BY® ¢oroHamy nponcXoJuT HOHU3ANMsS BCEX NPHUCYTCTBYIONIMX MOJIEKYJI, HMEIOLIUX COOT-
BETCTBYIOIIMI MMOTEHIIMAN MOHU3aMH, 0e3 (hparMeHTany 1 NPOU3BOJIUTCS UX KIacCH(UKaIMs 10 CHEKTPY SHEp-
rur (HoTOdNEeKTpoHOB. CrenyeT OTMETUTh, YTO IMHCCHOHHBIC METObI, K KOTOphiM (aktndecku oTHocuTcsi CES,
3aBEIOMO, C TOYKHU 3peHUsI (PU3UKH, UMEIOT OONBITNI THHAMUYECKUI TUana3oH H3MEPEeHUH.

Oco0eHHOCTH METO/1a, He UMEIOIIHE aHAIOTOB, MTO3BOJIMIIN CO3/IaTh MOPTATUBHBIA aHATU3ATOP, CIOCOOHBII
CTaTh MEPCOHAIBHBIM CPEICTBOM KOHTPOJIS COCTOSHHS 3IOPOBBS JIFOJEH. 3a cueT CBOEW KOMIIAKTHOCTH, Majioro
Beca, BEICOKOW CKOPOCTH CpadaThIBaHUS, HU3KOTO YHEPTONOTPEOICHHS, a TaK)Ke BBICOKOW IS TOPTATUBHOTO TPHU-
60pa YyBCTBUTEIHLHOCTH PACIIO3HABAHUS IIHPOKOTO CIIEKTPa MOJIEKYI, TaKOW MpuOop MOKeT 3(PPEKTHBHO UCIIONIb-
30BaThCs KaK Ha OITACHBIX ITPOM3BO/ICTBEHHBIX O0BEKTAX, TAK U B METUIIMHCKUX Leysix. K mpumepy, B HedrerazoBoii
00acTi ¥ TOPHOM Jiefie MUKpoIIa3MeHHbIi cencop CES crocoOeH npon3BoauTs MOHUTOPHHT COCTOSIHUSI 3/J0POBbBSI
pabounx (B KauecTBe KOHTPOJIMPYIOLIETO CPE/ICTBA IMpEJIaracTcsi CHIMKOHOBBIM OpaciieT co BCTPOEHHBIM CEHCO-
POM, KOTOpBIH OyJeT OTCIeXHBaTh PabOTOCIIOCOOHOCTH IEpCOHala), IPOBOAWTH aHaJM3 BO3/yXa SKCIIpecc-
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METOZIOM C IIENbIO BBISABJICHHS IPEBBIICHUI IPENSNIbHO-AOMYCTHMBIX KOHIEHTpAlUii, KOHTPOJUPOBATh Oypo-
B3PBIBHBIE pa0OTHI U CTaTh OPUEHTHPOM IS TIOCTPOSHUS adPOIKOIOTHIECKON KapThl [2]. B To ke BpeMs, B CEHCOp
MOYKET HCIIOJIb30BaThCA B KQUECTBE CPEACTBA KOHTPOJIS OMOMApKEPHBIX MOJIEKYN B aMOYJIaTOPHUSIX, YAAICHHBIX OT
MEIUIIMHCKUX YIpEKICHUN ¢ Hanboee COBEPIICHHBIM 00opynoBaHueM [3].

AKTyambHOCTh M 3HAYMMOCTH JaHHOW pa3paOOTKW NMpH3HAaHA MaTeHTaMu Ha m3obpereHume: PO 2217739,
2498441, 2584691; CIIA 7,309,992; Anonnu 4408810; Bemukoopuranus, Opanmus u ['epmanns - EP 1557667,
KHP ZL1.200380106502.2, a Takxe rpantamu YMHUK-2015, noroop Ne7007I'Y/2015 m rpaHTOM KOMIAaHWUU
«Schlumberger» Ha pa3BuTie W BHEApEHHE CEHCOPOB B He(Tera3oByro OTpacib. Pa3paboTka MHKPOIUIA3MEHHOTO
cercopa CES 6buia Britouena B oruet [Ipesunenty PO ot 'opHoro ynusepcurera.
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. M. MUIIYJIOBHUY

AO «llonumemann Ynpaenaowas Komnanusy

«PACITPAMJIEHUSA» 'EOJIOTUYECKHUX BJIOYHBIX MO%[EJIEfI
HA INIOCKOCTbB JIAA JOCTUXKXEHUA KAYECTBEHHOU
UHTEPIIOJIALINN

AnHoTanusi: B crathe paccMaTrpuBaeTcs BOIpoC TpaHc(opManuy KOOpAHHAT OJIOKOB MOAEIH U Onpobo-
BaHUS JUI yIy4IIeHUs Npoliecca HHTEPIONAIUU. PaccMOTpeHB! OCHOBHBIE MTOIXOABI ¥ IPUHITUIIBL.

KuaroueBblie cioBa: MoJenupoBaHue B T€0JIOTUH, OJIOYHBIE MOJIENH, MOAEIH MECTOPOKACHHUN

B cratbe paccMaTpuBaeTcs BOIPOC TpaHC(HOPMAUU KOOPAWHAT OJIOKOB MOJETH M ONPOOOBAaHUS TaKUM
00pa3oM, 9TOOBI COBMECTUTh X B YCIOBHOW «PacIpsSMIEHHOI» CHCTeME KOOPIWHAT JJS YIyYIICHHUs Iporecca
HHTEPHOJANNU. JJaHHAs TEXHOJIOTHS TOSBHIIACH JOCTaTOYHO HaBHO [1], MMeeT CBOMX CTOPOHHHUKOB B Pa3IMYHBIX
JOOBIYHBIX ¥ KOHCAJITHHTOBBIX KOMITAHUSIX, PAMEHSIOMINX €€ IS CO3AaHus OJOYHBIX MOZETICH, OJJHAKO MACCOBOTO
pacrpocTpaHeHusl He nonydwia. B ropHo-reonoruueckoit uHpopmarmonHoi cucteme(I TUC)«Micromine» ectsb
MO/TyJIb, TO3BOJISIONINN MPOU3BOAUTH pactpsmiienne. OHAKO HHTEpHOsIus B cpeae«Micromine» npousBoasT B
cy00soku. B maHHOM cTaThe paccMaTpPUBAETCS METOAMKA, MO3BOJIAIONIAS POU3BOANTH MHTEPIIOJIIIINIO B “IaHes
(KpyTIHBIE «MATEPUHCKHE» OJIOKH) «pacripsaMi€HHO» Grounoit momenu (Ha 6ase I1IO «Dataminey), uro sBisieTcs
OoJiee IpaBUIbHBIM C TOYKH 3PEHUSI NCTIOIb30BAHHS KPUTHHTA.

JKunbHble TeoSIOrHYeCKHe 00BEKTHI YaCTO UMEIOT CIIOKHYI0 Mopdosoruio (puc.l.). DToT dakTop oTpuia-
TEJNbHO BIMSAET HAa KAYECTBO MHTEPIIONALUMH M Pe3yIbTaThl FT€OCTaTUCTHUECKOTO aHann3a. MeToanKa pacipsiMIeHUs
MO3BOJIIET 000MTH MaHHYIO IpoOJIeMy, IMyTeM MpeoOpa3oBaHUS MOJEIH PYAHBIX TNl B PYTHYIO MOJENb MPOCTON
¢opmbl. OTHAKO METOJ] IMEET OTPAaHWICHUE U IPAMEHUM TOJIBKO K PYTHBIM TellaM C TeOMETPHUYECKON aHH30TPOITH-
el, OIM3KOM K TUNIOCKOCTH (FKHJIBI, TUTACTHI M JTMHEHHBIC 30HBI) [2].

Wnesi«pactpsMIICHA»3aKIII0YACTCS B TAPAUICIIEHOE CMEIIEHHE OJIOKOB MOJICH W JJAHHBIX OMPOOOBAHUS K
HEKOTOPOW BUPTYaJbHOH IUIOCKOCTH TaK, YTOOBI IIEHTPAIBHBIC TOYKH TOJHBIX PYTHBIX MEpECCUeHH M ICHTPOB
cTOJNOIOB OJIOKOB OKA3aJIMCh HA 3TOW IJIOCKOCTHU. Jlajee MpOBOISTCS HCCICAOBAHUS JAHHBIX U WHTCPHOJIIIHS, 110~
CJIe 4eTro MOJIEeNb BO3BpaIaeTcs K UCXOHBIM KoopanHaTaM. «PacrpsiMieHne» MOXKET BBIIOIHATHCS: C BRIPABHHUBA-
HHEM MOIIHOCTEH pYIHBIX Tenl (TMpUBENEHHE K €IWHOW IMIOCKOCTH M CpeAHEH MOITHOCTH); Oe3 BhIpaBHHBAHUS
MOIITHOCTEH PYAHBIX TeJ (IPUBEACHUE TOIBKO K €IHMHO IIOCKOCTH).
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Puc. No 1. I'eonocuueckue 06vexmul HCunbHol ¢opmsl
3a4acmyio UMEeIOm CIIOACHYIO MOPghono2uio.

LAt

Ma s Vs br s

CylIecTBYIOT M Ipyrie METOAbI, TO3BOJISIOIINE IOBBICUTH KA4ECTBO OLEHKU B OJIoYHBIX Mozpensix (BM) 3a
CYET y4eTa CJIOKHOH MopdoJiorun - «InHaMUuecKas aHU3aTPOIHPS», «Pa3BOPOT CKIAJIOK» U Ap.. [loaTomy, Kak u
BO BCEM MOJICJIMPOBAHMH, BEIOOP METOJMKH JIOJDKEH OCHOBBIBATHCS HA 3/PaBOM CMBICIIE M JIMYHOM oIbITe. MeTon
«pacTtpsMIICHUS» Ha TI0CKOCTh XY, XZ win YZ - onuH uX 3PPEKTHBHBIX COCOOOB pemIeHHs MPOOIEMBI MOICITH-
POBaHUS CJIOXKHBIX T, IIO3BOJIIONIMI NMPOBOIUTH FE€OCTATUCTHYECKUE MCCIICNOBAaHUS M MHTEPIIOJALHIO B YCIOB-
HOI1 cucTeMe KOOpIMHAT, KOTopas OJn3Ka K CTpaTHrpadMuecKuM KOOpIMHATAM PYIHBIX Tell.

Hcnonp3oBaHue «pacrpsMIICHUS» C BBIPAaBHUBAHHEM Ha MOLIHOCTH WM 0€3 BHIPABHHBAHMS 3aBHCHUT OT
YCIIOBHIA pacTpeseeHns MOJIe3HBIX KOMIIOHEHTOB B pyOHBIX Tenax (puc.3, 4.). Korma otnenpHBIE copTa pyIsl
BHYTPH JKHJIBL, IAPAJUIeTbHBI KOHTAKTaM PyJHOTO Teja, CIeqyeT NPUMEHATh «paclpsAMIIeHHEe» Ha IFIOCKOCTh C BBI-
pPaBHUBaHUEM Ha €JMHYI0 MOLIHOCTh. Eciy pacnpeneseHne cOpTOB pyIbl BHYTPU PYJHOTO Tejla MMEIOT CeKyIIue
KOHTaKTbI, IPUCYTCTBYIOT 00OTalleHHbIe 3aJIb0aH/IbI XKW, TO CIIEAYeT NMPUMEHATh «PaclpsiIMICHHE» Ha TUIOCKOCTh
0e3 BBIpaBHUBAHHUS.

Cepr Puc. Ne 3. Teonocuuecxue ycnosus, npu

Vs

KOmMopbwix credyem 6vlOpams mMom uiu
UHOU — CMUTL  «PACHPAMICHUSLY. a)
«pacnpsamienue» Ha CPeoHION NIOCKOCHb
0) «pacnpsmnenue» HaA NIOCKOCMb C
BbIPABHUBAHUEM HA MOWHOCHD.

6)

Cama MeTo/IMKa «paclpsIMICHHUS MOXKET ObITh ONMCAaHa MOCIEI0BATEIbHOCTBIO IAroB, NPUBEICHHBIX HH-
xe. Ha mepBoM 3Tame mpoM3BOIUTCS NMEpeKIaKa NCXOAHOW OJOYHOI MOJenu Ha MPOTOTHI, TAE pa3Mep MaTepHH-
CKOM STYEHKH 110 OCH, OPTOrOHAIBHON K INIOCKOCTH PACTIPSIMIICHUS, TOJKEH IPEBBIIIATh MOIIHOCTh PYJHBIX TEJ T10

STOMY HaIpaBJICHUIO.
Puc. Ne 4. a - «Pacnpsmnennasy mooenv, H
2 NpuBedeHHas K eOUHOU MOWHOCMU, 6
- «Pacnpamnennas» mooenv, NpueeOeHHds K
I Junoii mowHocmu Ha paspese.

&

3TO MO3BOJISIET ONpENeIUTh MUHUMAbHBIE (1) 1 MakcuManbHble (2) KoopauHaTel, amMmnauTyay (3) u
cMemenne (4) kaxao0ro croidia OIOYHOI MOIENN A0 TIOCKOCTH pactpsMiieHusa Xo. Takke pacCuuThIBaeTCs cpel-
HSASA MOIHOCTD (5) N0 HANPaBJICHUIO paclpsiMIICHUs U K03 duuueHT Macmraduponanusi(6):

1) Xmin=MIN(XC;)-XINCi/2; (2) Xmaxi=MAX(XC;)+XINCi/2; (3) DX;= Xmax; - Xmin;;

(4) Hi=( Xmax; + Xmax;) - Xo; (5) DM=};DX/n; (6) K; = DM/DX;,

rae icootBerctByet |JKOm0Ka MOMETH.

Janee BBOAMTCS nonpaBka B koopauHatel XC(7):

@) XC_Flat=(XCi-H;-X0)*K;+Xo;

Nmacmrabupyercsipazmep 6moka XINC(8):

(8) XINC_Flat;=XINC*K;;

Iocne Toro, kak B KOOPAWHATHI OJIOKA BBEJCHBI TIONPABKH, U OJIOKM MOJICNIU CIBUHYTHI K IJIOCKOCTH pac-
MpsSIMIIEHHUS], IPOU3BOAUTCANEPEKIAKa paclpsIMICHHON Mojenu Ha nporoTun B yciaoBHol CK, ¢ yuerom SMU no
MOIIIHOCTH ¥ HE MEHee Y4 pa3BeJOYHON CETH IO OCTAIBHBIM OcsM. Ha 3TOM MK «pacupsMIICHUS MOJENH 3aBep-
nraercs.

6)
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BwMmecte ¢ MOzEnbIO K €JMHON IIIOCKOCTH IPUBOASATCS JaHHBIE ONPOOOBaHUsI. MaTeMaTHIECKUI MEXaHN3M
«pacHpsMIICHUS ONPOOOBaHMSA aHATOTHYEH «PacIpAMIICHHIO» Monenu./lyisi mpod BBOOUTCS TOJIBKO MOMpaBKa K
KoopanHaTe X, MacmTabupoBaHue AIUH He npuMenseTcs (9):

(9) X_F|atj:(Xj'Hj'Xo)*Kj+X01

T7Ie ] COOTBETCTBYET KaXI0M CEKIMOHHOM KOMITO3UPOBAHHOM TPO0Oe PyAHO# BEIOOPKH.

[Toce MmaTemaTnuecKux MpeoOpa3oBaHKit MOAENb MEPEKIAAbIBACTCS HA HOBBIM MPOTOTHII C Pa3MEPOM Ma-
TEPUHCKOH SUSHKH COOTBETCTBYIOIEH HamMeHbIleH BrlemMouHON eaumHune (SMU), mocne dero HaymHaeTcsl sTan
T€0CTaTUCTUYECKUX MCCIICTOBAHUMA U HHTEPIIOIISILINH.

st Bo3BpaTa k ucxoxubiM koopauHataMm XC_Origiu pasmepam 6:10koB XINC_Orig; 1ocTaTouHO BBITOII-
HUTH apudMeTHueckue npeodpasosanus koopauHar (10) u pasmepos Gnoka (11) B oOpaTHOM nopsiaKe:

(10) XC_Origi=(XC_Flati+H;*Ki+X,*Ki-X,)/K;;

(11) XINC_Origi=XINC_Flat/K;.

st onpoOoBaHus BO3BPAT K MCXOAHBIM KOOPAWHATAM MPOHU3BOIUTH HET HEOOXOIMMOCTH, TaK KaK TPaHC-
(opmarmu Ipod TPH pacTpsIMICHAN HE TPOU3BOIUTCS.

Paspaboranublii Makpoc «pactpsmieHus» s Datamine ompo6osan Ha o6bekTe JInuksasz-Teii (Pecmy6iu-
ka Apmenns) (puc.5.). B pe3ynprare moimydeHo yirydIIeHHE ONEHKH COACpKaHH, B MOJEINH MOBBIIIEHA KOHTPACT-
HOCTh OPYAEHEHHS, UTO CHITPAJIO CBOIO MOJOXKUTEIBHYIO POJIb HA OIICHKY MHHEPAIBHBIX PECYPCOB MECTOPOXKICHUS.

Puc. Ne 5.a -Pesynomamul pabomer maxpoca « Pacnpsmnenusy ¢ I10 Datamine; 6 - pezyromam unmepno-
JAYUU «OPOUHAPHBIM KPUSUHSOMY Oe3 DACHPAMIEHUS, 8 - Pe3yIbmam UHMePROIAYUY «OPOUHAPHBIM KPUSUH2OMY» C
UCNOIL308AHUEM MEMOOA «PACNPAMILEHUS»

B kadecTBe 3aKITFOUCHHSIOTMETHM, YTO METOIUKA «PACIPSIMIICHHUS» - TIOJIC3HBIH HHCTPYMEHT,HE TpeOyro-
M Cephe3HBIX TPYI03aTPaT, MO3BOJSIOMINN TOBBICUTh KAYECTBO OLICHKH COJCPKAHWH 3a CUET MOBHIIMICHUS KOH-
TPACTHOCTH UX PACIPESICHUS IT0 MOITHOCTH TeJa.

CnHcoK UCNO/Ib30BAHHOI JUTEPATYPHI
1. Marat Abzalov. Applied Mining Geology. SpringerinternationalpublishingSwitzerland, 2016.
2. Mathieu Poudret, Chakib Bennis, Jean-Francois Rainaud and Houman Borouchaki. “A volume
flattening methodology for geostatistical properties estimation”. Proceedings of the 20th International Meshing
Roundtable. Springer, 2011. C. 569-587.

O.A. CUAAYEHKO, U.M. KOPHUEHKO
T'OY BIIO «/[oneykutl HAYUOHATLHBIL MEXHUYECKUL YHUBEPCUMEm»

AHUMAIIMOHHBIE MOJEJIN ITPON3BOJCTBEHHBIX
IMPOIECCOB YI'OJIBHBIX HTAXT

AKTYaJbHOCTb. YTOJbHAs IIaXTa MPEACTABISIET COOON CI0XKHYIO CUCTEMY, H3MEHSIOUIYIOCS BO BPEMEHHU
1 IpocTpaHcTBe. MHOT00Opa3ue yCnoBuil pa3paboTKH, H3MEHUYMBOCTh M HETIPEICKAa3yeMOCTh (PaKTOPOB BHEIIHEH U
BHYTPEHHEH cpebl 00yCIOBINBAIOT 0c00BIe TPEOOBAaHUS K YIIPABICHHIO TAKUMHU cucTeMaMu. CTpeMuTeNnsHOe pas3-
BUTHUEC KOMIIBIOTEPHBIX TEXHOJIOTUH B HACTOAIIECC BPpEMA CO3ACT MPEANOCBIIKNA 11 KOPEHHOTO U3MCHEHUWA TTPOIE-
IypHl TIPUHATHS PEIICHUI MPH MPOSKTHPOBAHWU W YNPABJICHHH TOPHOMOOBIBAIONIUMH HPEANPUATHAMU. OJHAKO
BHCAPCHUC COBPEMEHHBIX CPEACTB MOACIMPOBAHUA TAKHUX 06'I>GKTOB, Ha HaIl B3rjAa, OTCTACT OT O6H.ICFO TEMIIa
Pa3BUTHS KOMITBIOTEPHBIX TEXHOJOTHH B psifie APYTux cdep.

Hesb nccneqoBaHus — aHAIM3 BO3MOXKHBIX MOJXOM0B K CO3JaHUI0 aHUMAI[MOHHBIX MOJENEH MpOU3BOI-
CTBEHHBIX ITPOIIECCOB YTOJBHBIX IIAXT M peaau3anus Mojeaell OUYMCTHBIX U MOJATrOTOBUTEIBHBIX paboT HA MpUMepe
maxtel «laxTepckas ['iryGokasy».
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OcHoBHasl YacTb. B mocneanue rogpl yCTOMYMBBIMU JIMAEPAMH B 00TACTH TPEXMEPHOT'O MOJCIHPOBAHUS
W aHWMAalluu SIBIITIOTCS W3BECTHBIE KoMMepdeckue mpoAaykTel Autodesk 3d Max, AutodeskMaya, Cinema 4D,
Blender u psn npyrux.

B pesynpraTe TpEXMEPHOTO MOAEIMPOBAHUS B 3THX NMPOTPAMMHBIX CPEACTBAX CO3/ACTCSI BU3yalbHAst MO-
Jens keraeMoro obbekra. [lomydeHHOE M300pakeHne Kakoro-nubo mpenMera B pe3ynbTate 3D MomennpoBaHus
MOJKHO YBHIETh Ha 3KpaHEe MOHHMTOPA B PA3IMYHBIX PAKypcax, MPU Pa3IMIHOM OCBEIICHHHU. TpexmepHas rpaduxa
He3aMEHHMMa M JIIsI IPE3eHTaluy OYAyIIeTo N3Aeus.

3D-MonenupoBaHue Takke ObIBaeT HEOOXOIMMBIM B CITy4asix, KOTAa MOJEIb HCIONB3YETCsl JUIsl pe/IBapH-
TEJIFHOTO aHaJIU3a MM OTCYTCTBYET JAOCTYII K PEAbHBIM O0BEKTaM, YTO XapaKTepHO Ul pa3pabOTKU MECTOPOK/Ie-
HUH TOJIE3HBIX UCKOIAEMBIX.

B ropHOM Jiee B cHITy HEBO3MOXKHOCTH IIPOBEJICHHSI HATYPHBIX AKCIIEPUMEHTOB TPEXMEpPHasi MOJIENIb MO-
KET 00eCHeYUTh MMHUTALMIO Pa3JIMYHbIX YCIOBUH pa3pabOTKM M MHOTOBapHaHTHOE (POPMHPOBAHHE BO3MOIKHBIX
CIICHapHeB Pa3pabOTKH ¢ yYETOM H3MEHYMBOCTH yCIOBHH BO BPEMEHH a TaK)Ke AT PA3IHMIHOMN CTENICHH HEOmpee-
JICHHOCTH MCXOAHBIX JaHHbIX.

CoBpeMeHHOE ITPOrpaMMHOE OOecTiedeHre MO3BOJSIET JOCTHYh OYECHb BBICOKOW CTENEHH AeTanu3anuu. B
pe3ynbTaTe MOKHO MOIYIHTh MOJIENb, MAKCUMAIBHO MPUOIMKECHHYIO K PEaTbHOCTH.

IIpn mopenmpoBanmm maxtel «lllaxrepckas I['myOokas» mHpH HOMOIIM CTAHAAPTHBIX INPOTPAMMHBIX
CPEeACTB MOCTPOeHbI Mozeny TacToB h8 u h7, rmaBHbII CTBOJ, BCIIOMOTATEIbHBINA CTBOJI, BEHTHIALIMOHHBIA CTBOI
LEHTPAIBHOTO 0JI0Ka, BEHTHJISIIMOHHBII CTBOJI BOCTOYHOTO 0JIOKA, BO3YXOIOAIOIINIA CTBOJ BOCTOYHOTO OJI0Ka, a
TakXe Bce BBIPaOOTKH, poBeeHHbIe 10 2013 roga BKIIOYUTENBHO.

B pesynbraTe nocrpoeHa mojgHomaciiTabHasi MOAENb IaXThl CO BCEMH UMEIOIUMH BbIpaboTkamu (puc. 1).

P rvar Do Praw resest

AN B

Topies® Bpolonim

Puc.1 — Mojenb ropHbIX BBIpaOOTOK M 6-if 3amajiHoM JaBbl miacta hy
B manbHeiimnem npu nomoru nporpamMm 3D Max u Blender moctpoena Mojiesib OUHCTHBIX U MOArOTOBH-
TeNBHBIX paboT 1o 1iacty h; dparMeHTsl MOJENH MPEACTaBIEHBI Ha puc. 2, 3.
Mogenb BKIIOYAET JBa IITPEKa, TPAHCTIOPTHBIN M BEHTUJISIIUOHHBIN C PEIbCOBBIM MYTEM, CEKIIMA MeXa-
HU3HPOBAaHHOTO KOMIUIEKCA U IAXTHBIA OYHCTHOM KoMmbaiiH (puc. 2 - 4).
Bce 5T 00beKThl MOJIENN BOBMOXHO BH3YyaJHU3UPOBAThH C OOJBIICH JeTANU3AIUEH C IeNbI0 H3yYEHHS 0CO-
OCHHOCTEH TEXHOJOTHYECKOTO MpoIiecca.

Puc.2 — Mogens conpsikeHus! J1aBbl co IITpeKoM Iuiacta h;
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Puc.3 — Mogens peMOHTa TOPHBIX BEIPaOOTOK

B 1eom noctpoeHHast MozieIb 00eceYNBaeT aHUMALMIO MIPOIECCOB OYMCTHBIX M MOATOTOBHTEIBHBIX pa-
00T, YTO MO3BOJIAET Jy4LIE MPEACTABUTH (HYHKIIMOHUPOBAHNE YTOJIHHON IIaXTHI.

BupTyansHbsIe MOJETH OCHOBHBIX 00BEKTOB pacnedaTanbl Ha 3D — mpuHTEpe.

BeiBoabl: [TocTpoeHHBIE MOJIENH TTO3BOJIAIOT BU3yaIH3UPOBAThH B IIPOCTPAHCTBE M BPEMEHH TOpHbIE pabo-
ThI Ha IIAXTE, YTO CO3JaeT MPEINOCHUIKH Il COBEPIICHCTBOBAHMS IIPUHUMAaEMbIX perieHuil. Hannaue anamoruy-
HBIX MOJIeJIed /s Pa3IMYHbIX TEXHOJIOTUH NOOBIUN YISl O3BOJIUT MEPEBECTH 00yUEHUE CTYICHTOB TOPHBIX CHELIH-
aNbHOCTEH Ha KaUeCTBEHHO HOBBIH YPOBEHb.

Jlurepatypa
1. Bepcrak Aummanus B 3ds Max 8. Cekpers! mactepcrBa (+ CD-ROM) / Bepcrak, Bragumup. - M.:
CII6: TTurep, 2006. - 432 c.
2. Bepcrak, B. 3ds Max 8 ma 100% (+ CD-ROM) / B. Bepcrak, M. bonnapenko, C. bonmapenko. - M.:
CII6: TTurep, 2006. - 416 c.
3. Monemyk AutoCAD 2007. 2D/3D-monemupoBanue / [lomemyk, Hukomait. - M.: Pycckas Pemakums,
2007. - 416 c.
Hayunblii pykoBoauTenb: K.T.H., no1ieHT CkaxkeHuk B. b.

JLA. AYMEHOBA, A.I'. CBIPKOB, A.H. KYIHLIEHKO, H.C. IIbIBA
Canxm-IlemepOypeckuii 2opHbili yHusepcumem

TBEPJOTEJIbHBIA I'MJIPUJHBINA CUHTE3 METAJLJIOB —
NEPCHEKTUBHBIN IYTh IEPEPABOTKY MUHEPAJIBHOI'O
CBhIPbSI U HAHOCTPYKTYPHOI'O PET'YJIUPOBAHUS CBOUCTB
MATEPHUAJIOB

B HacTosmiee BpeMsi MeTaUIbl MO-TIPEKHEMY OCTAIOTCS OCHOBHBIM KOHCTPYKIIMOHHBIM MAaTEepHalioM B
Hayke U TexHuKe. CymecTBYIOIINE MPOMBIIUICHHBIE U Ta00paTOPHEIE CIIOCOOBI MOTyYSHHS METAJIOB HE ITO3BOJIS-
0T TIOJIy4aTh METAJLIbI, CTAOMIIBHEIC B YCIOBHAX (pyHKIMOHUpOBaHUs. Kak nmpaBmiio, He0OOX0AUMO JOMOTHUTEIBHOE
nerupoBaHue (MOTUPHUIMPOBAHUE) METAILIA, KOTOPOE MPH TPATUIIMOHHOM HOAXOJIE TPEOYET HOTOIHUTEIFHON CTa-
JIUH, 4 9aCTO ¥ HOBOTO IPOU3BOJICTBA.

[epCreKTUBHBIM MOJX0JI0M K CO3/IaHHIO TEPMO- U XUMHYECKN CTAOMIbHBIX MAaTEPUAIOB HA OCHOBE METaJl-
JIOB SIBJSIETCS METOJ TBEpIOTeNbHOTO ruApuaHoro cuuTe3a (TT'C), mpeayioskeHHBI U SKCIIEPUMEHTAITBHO 000CHO-
BaHHbI ChipkoBbM A.T'. [1]. C momomipio TT'C BO3MOKHO BOCCTAaHOBJICHHE METAJLIa ¥ OJJHOBPEMEHHOE PETYINPO-
BaHHE CBOMCTB €T0 MOBEPXHOCTH 3a CUET CyOMOHOCIOWHON XeMOCOPOIMH THAPUAHOTO BoccTaHoBUTeNs [2]. B naH-
HOHW paboTe pean3yeTcs U aHAU3UPYETCs MOJEPHU3UPOBAHHBIN CIIOCOO CHHTE3a, BCE CTaJMU KOTOPOTO MPOBele-
HBI B TOKE MeTaHa (WJIM OYUIIIEHHOTO IPUPOTHOTO Ta3a).

TBepaOTENbHBINA TUAPUAHBIA CHHTE3 OCHOBAaH Ha BOCCTAHOBJICHUU IPU HATPEBAHUH B OTKPHITON MPOTOY-
HOW CHCTEME W 110 33JJaHHOM MpOrpaMMe TBEPIBIX COSAUHEHUA METAILIOB JICTYYHMH TEPMOCTOMKHMH SIIEMEHTOBO-
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JIOPOJIHBIMH COCTUHEHUSMH (aMMHAKOM, MOHOCHJIAHOM, METAaHOM, METHJIIMXJIOPCUIAHOM, OPTaHOTHUIPUACHIIOKCA-
HaMU | 1Ip.).
Tabauya 1
Dueprus cessu (Eg, ) snementos mo gaHabiM PODC* u xumuueckuii casur (A) E., smemenrta (=N, C, Si)
OTHOCHTENBHO E¢, D B H3BECTHBIX COSAMHEHHX METAILIA C IIeMEHTOM ) [Tl METAIUTHYECKIX TIPOIYKTOB, IOy YCH-
HBIX B YCJIOBUSIX TUAPHIHOTO CHHTE3a

Obpa3zern noryyeH E.., 3B
B3aMMO/IEHCTBHEM M2pys | Sizp cizp ) C1s Nis A, 5B
NiCl, ¢
SiH,4 854.6 | 104.0 - - - 5.0
NH; 853.0 - - - 402.0 4.0
CH, 853.4 - - 284.3 - 1.3
H, 853.4 - - - - -
. Cnektpsl peructpupoBanu Ha npubdope Escalab 220 iX| (Yuusepcurer Jleiiniura). st Bo30yx-

JICHUsI CIIEKTPOB Hcroyib3oBan m3nydeHne AlKa (1486.6 3B), narieHue B kamepe aHaIM3aTopa MPHU ChbEMKE — HE
6onee 1.3 mlla.

Y Vmerotcs BBULY COOTBETCTBEHHO HHTPUIBI, KAPOHMIABI M CHIMLHABI HUKENs; Eq D 1 HUX Gpamd u3
cnpaBounnka [Hedenor B.1. PeHTreHO3IEKTPOHHAS CIIEKTPOCKONHS XUMUIECKUX coequaeHni. M.: Xumus (1984)]

") B aroit rpade E ., C1s npuBomutcs ToIbKO B cirydae oTiamdus ot GoHoBoro nuka C1s 285.0 3B, mo xo-
TOpoMy OBLTH CTaHIAPTH30BaHE PDD-CIEKTPHL

Ucxoausie pearentst s TT'C — tBepabie qucnepcHbie xaopuabl u okcuapl metamwios (Ni, Cu, Fe), okcua-
HOE ChIpbe B Buae OJIEHErOpCKOro cynepKoHIeHTpaTa (01m30k mo coctaBy kK Fe;04 — 1o 99%). B mepBrIx ombiTax
mo TI'C wmcmonb30Baau mpocTeiinme BoccraHoButTenu-moaudukaropsr (NHs, CH,, SiH,, (B.4.) m3 GamioHOB), B
JaJbHEHIIeM K apceHaly BOCCTAaHOBHTENEH ObUIN J00aBIICHBI Maphbl AKUIXJIOPTHAPUICHIAHOB U OPTaHOTUAPHIICH-
JIOKCaHOB, a B TPOLIECCE BOCCTAHOBJICHHSI CTAJIM HCIIOIb30BaTh MOCIEAOBATENbHYI0 00pabOTKy pasHbIMU THAPH-
HBIMHU peareHTamH [3].

[TomuMo peakiu BocCTaHOBIEHUS 10 MeTaa (M) IpOUCXOAUT XeMocopOIHs M30bITKAa BOCCTAHOBUTEIIS
RH na moBepxHOCTH MeTasia IO JOHOPHO-AKIENTOPHOMY MeXaHu3Mmy [1]:

IVIS_E.I:I_>

Jannbie POD-criekTpoB 00pa3noB nokasbiBaroT (Tabuuia 1), 4To Npu BOCCTaHOBJIEHHH OJTHOTO M TOTO )K€
MeTajula pa3HBIMHU THJIPUIHBIMH BOCCTAHOBUTEISIMH MEHSETCS SHEPIUs CBSI3H AJICKTPOHOB XapaKTEPUCTHYECKOTO
ypoBHA MeTanaa M2ps;,. MeHssI TUAPUAHBIA BOCCTAHOBHUTENb, MBI MOXEM PETYIHUPOBATh SHEPIHIO CBSI3M YPOBHSA
M2p3y,, a, 3HAUUT, U €TO KOKUCICHHOCTH». CaMBIM «BOCCTAHOBJIIEHHBIMY IIOJIy4aeTCsl METalll B cpejie ra3000pa3Ho-
ro aMMHaKa, YTO CBS3BIBACTCS CO CMELICHHEM 3JIEKTPOHHOM IIOTHOCTH ¢ atoMa a3oTa NH3 Ha BakaHTHBIe d-ypOoBHU
MeTamia 1o cxeme N»M npu xemocopOrmu BocctanoButes [1,2]. @opManbHO caMblii OKHCIEHHBINA METaII 00pa-
3yeTcsl TPX BOCCTAHOBJICHUN B MOHOCHIIaHe (Tabnmma 1).

Kak BuzHO U3 TabNMHIBI 2, ecIM MEHATH NTPUPOJLY METAIIa U UCHOJIB30BaTh OAMH M TOT K€ BOCCTAHOBHUTEIH
(SiHy4), TO BO3MOXHO peryIHpOBaHIE SHEPIHH CBI3U YPOBHS Si2p, a, 3HAYNT, M CTCIICHW OKUCICHHUS KPEeMHHS, KO-
TOPBIA XEMOCOPOHPYETCS B COCTaBE KPEMHUUTUAPHUIHBIX IPYIII Ha TOBEPXHOCTH METalIa.

My(RH)ags , Ms — TOBEpXHOCTHBII aTOM MeTalIa

Tabauya 2
BiusiHue npupo/Ibl MeTallia Ha BenuuHy Egjpp KpeMHMs, PUKCHPYIOIETOCS B TIOBEPXHOCTHOM CJIOE Me-
TAUTHYECKUX POTYKTOB B YCIOBHUSIX THAPUIHOTO CUHTE3a

Obpazer momyuex | E MeTamma Ex. 3B CpomcTEo K S eKTpoOOTPHIIA-
Esammon eficTEren | M2pao 3B Si2p | Cllp | snexrpomy M =B TemHoCTh M
NiCl; + SiHy 834.6 1040 - 1.28 1.73
NiCl; + H; 853.4 N N
CuCly + 5iHy 9343 103.5 - 123 1.73
CuCly +Ha 0332 = =
FeCl; + 51Hy 093 1021 - 0358 181
FeCl, +H, T07.8 - -

O6s3atenbHbiM dTarioM TI'C siBiisieTcss mpeaBapUTEFHOE BBICYIIMBAHUE TBEPIOTO METAIIOCO-
JIEPIKaIlero ChIPhs Tepell BoccTaHOBIeHHEM [2]. Hamu mpeiokeHo, peaqn30BaHO W 3allaTeHTOBAHO
IMPOBEACHUC B CPCAC METaHa BbBICYHIMBAHUA MCXOAHBIX COC}II/IHCHI/Iﬁ METalllla U UX IMOCIEAYIOUIETO0 BOC-
CTAHOBJICHHS TAapaMH HU3KOMOJEKYJISPHBIX OpraHoruapuacuiokcanoB RSIH (MeTwn— win sTwirum-
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PHUACHIOKCAaHA C TOProBbIM HazBaHueM npemnapara ['KXK-94). Iporece hopMupoBaHus METAUIMYECKOIO
MPOIYKTa C XEMOCOPOMPOBAHHBIMU B TMOBEPXHOCTHOM ciioe Si-C-rpymnmaMu 3aBepiiaeTcsi BOCCTAaHOBH-
TeabHBIM OTX)KUTOM B CH, mitn B ouninensnom [2,3] mpupoaHom rasze (cM. cxeMsbl nporeccoB Ha | u 1l cTa-
nusix Hioke). Kak BHIHO W3 CXeMBbI MEpBOM CTajHuU, OJJHOBPEMEHHO C BOCCTAHOBICHHEM METajla UJICT
xemocopO1ms npousBoaHoro RSiH wa moBepxHocTH MeTamia. YToOBI W30aBUTHCS OT PEAKIIMOHHOCIIO-
coOHBIX cBsi3elt SiH Ha MOBEpXHOCTH, JTOBOCCTAHOBUTH 00pasell M YIUIOTHUTh CTPYKTYPY BEIIECTBA B
o0beMe M Ha MOBEPXHOCTH MPOBOJAT 0o0Jiee BBHICOKOTEMIICPATYPHBIA OTKHUT MPH TEMIIEpaType OKOJIO
600°C (BTopas crajus CHHTE3a) B TOKe MeTaHa. Ha moBepxHOCTH MeTaia popMHUpyeTcs KapOOCHIoKca-
HOBas HAHOIUIEHKA, KOTOpas MPHJaeT METALTY YHUKaIbHbIE cBoiicTBa. [IN€HKAa XUMHYECKH B3aUMOJICH-
CTBYET C METaJUIOM, MPOYHO CBsA3aHA C HHUM, YTO OOBSICHSIOT CMEIICHHEM JJIESKTPOHOB MO cxemMe M
Si Ha MOBEPXHOCTH MeTaJlIa ¢ HAHECEHHOW KpeMHHUHOpranukoi [2,3].

Ieraane: MO __5H [\ - BOCCTAHOBIEHHE OKCHIA 20 MeTania
scpexe CH:

(RSH)

Ms _“, Ms[(RSIH);O)isc - MOARPHUMPOBAMIE HOBCPXHOCTH
sepee CHy B MPOLICCe BOCCTAHOBICHHA
1T crams:
- BoccTaHOBHTETbHAA TepMooOpaloTKa-OT/AHT B Cpele MeTaHa (MPHPOIHOro rasa)
N - g
M""R\'}{':‘ ']: '_-”_‘_L.- .\lnk.‘;’:(‘ih;;nc
= pCHm:

™~
My Mu(RS$1C-mae
[

N y

Jns cHHTe3MpOBaHHBIX 00Pa3loB MOJIyYeHA 3aBUCHMOCTD SHEPTHH CBSI3H JICKTPOHOB KPEMHHS
YPOBHS 2p XeMOCOpPOUPOBAaHHOW KPEMHUHOPTraHUKK OT XUMHUYECKOTO CIBUTa YpOBHs MeTaiuta. Kak cie-
IyeT U3 pUC. C POCTOM XMMHYECKOTO CABUTA YPOBHS METaJUla NMPOMCXOMUT CHIDKCHHWE YHEPIHU CBSI3U
Si2p. Haunbosee KOPPEKTHO MPOUCXOSIIEE CMEIIECHHE IICKTPOHHOM TJIOTHOCTH B IOBEPXHOCTHOM CJIOC
no cxeMe M — Si 00bsACHSETCA C HCIOIb30BaHUEM Koppemauu Egjp, CO CPOICTBOM K NIEKTPOHY Me-
Tajia €, YT0 WILTKCTpUpyeT pucyHok 6. C nosbiieHueM € B psay merawios Fe, Co, Pd, Cu, Ni, orpaxa-
IOI[M CHIKEHHE BOCCTAHOBUTENIBHBIX CBOMCTB M, 3KCIIEPUMEHTAIILHO PETUCTPUPYETCs POCT Esgigp.

Eszy, 3B [ |} Wilp. B
i Ni (m2 Ni10Q) . "
oy 5 = i
108 + S _ Ni(m:NiCl) 108 | ¢ ™
. — )
\
t N rd 3 {s—®
Cu ® N\, 14 ‘
103 N F
\. <
. 103 } 14
2 3 \M2p. s, 0B .
0o O3 1.0 = — .98 (cpoacrzoxe weraxa)
A~ “.' “." « TTH, 8 (noveszamy Motorsune)
—— 7 (MTROOTIMETRRIOSTE
2) JAEHCHMOCTE E:‘.ﬁ OT XEMEFCCKOrO CIBHTR 14 5 1.6 L7 %
2 - s L Amus, 2B (paSoramamons)
YPORIE MeTRIT L5 4 49

0) sasHcEMOCTE E5p OT XapaxTepHCTHE
ATEXTPOHHOrO CTPOCHES METALTA

Epe < Epg < Epg < Egu < Eni
0.58< 0,94 <1,02 <1,23 <1,28 (3B) poer Esip
>
Prc. PerviHpoBaHHE SHEPTHH CEA3H NeKTPOHOE YPOBHA Si2p (cTemeHH oKHCIeHHA §i) o JaHHEENM PP 3-CIEKIpOR
TEEPOLEX NpoIVEToE TI C

JJ1s1 IpOMBIIUIEHHOTO MCTIONBb30BAHNS CHHTE3MPOBAHHBIX 00pa3oB BajkHa BOCHPOM3BOJAMMOCTH CHHTE3A.
W3 Tabmmmer 3 ciexyeT, 9TO XUMHUYECKUI COCTaB IIOJyYEHHBIX MeTaumdeckux npoxykros TI'C sBusercs cratu-
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CTHYECKHU MOCTOSIHHBIM C YUETOM IMOTPEUTHOCTH aHAIN3a U MMOBTOPAETCS OT OTBITA K OTBITY IPH BapbHPOBAHUH KO-
JIMYECTBA MapaJUICIbHBIX ONBITOB (CHHTE30B) OT IISTH JI0 JIECSTH.
Tabauya 3
XHUMHYECKUH COCTAaB METALIHICCKIX MpoaykToB TT'C, MoIy4eHHBIX TTOCIEA0BATEIHbHBIM BOCCTAHOBIICHH-
em coequrenwii Ni, Cu, Fe B mapax I'KXK u 8 merane (CH,) ¢ mpoBenernem Beex crammii B cpene CHy (pexunm 1)

CoenvHeHne Me- ConepkaHue B METAJULTHUCCKOM MPOAYKTE, Mac %
22“5’6;‘;;?"1"’“’ o M si C (EDX) cl
Xmopuz Ni(ll) 1. 96,0+0,3 2,3+0,2 1,8+0,1 0,10+0,01
Oxcup Ni(ll) Il. 95,8+0,3 2,7+0,2 2,0+0,1 —
Oxcug Cu(ll) 111. 95,340,1 2,3+0,7 1,8+0,2 -
Oxcup Fe(ll) IV. 94,54+0,5 0,8+0,4 1,7+0,3 -
|. O6paboTaHBI CBeEHHS O COCTaBe MpoIyKTa 1o maHHBIM 10 cuHTE30B (ombITOB); Il. 7 MapamiensHBIX
onbIToB; I11. 5 mapamrenpHpIX onbiToB; |V. 7 mapaienbHBIX OMBITOB.

B mpemmoxkeHHOM HaM¥ MOJEPHH3HPOBAHHOM PEXUMe 1, Kak BUIHO M3 TaOnuuel 4, peanusyercs Ooliee
BBICOKasl yleJIbHas IIOBEPXHOCTD ISl BCEX METa/UIOB U HauboJjee Hu3Kas agcopOuus Boabl. Takum oOpasom, moiy-
YEHHBIC METAJIIMYECKHE TIPOIYKTHI SBIAIOTCS OoJee THIpOo(GOOHBIMH, a CIIeOBATEILHO, UMEIOT YIIy4IleHHbIe Opra-
HO(UIIBHBIE CBONCTBA.

Tabruya 4
CTpyKTypHO-XMMHUYECKHE XapaKTEPUCTHKU™® MOJTYUEHHBIX ITPU Pa3HbIX peKUMaxX ** MeTaUINYeCKUX MaTe-
puanos [3]
Oobpaszen | |. IlpoBenenue Becex craauid B | |l. BoccranoBienue B MIAXC I11. BoccranoBiienue B 'KiK
Ha ocHoBe | cpene CH,(BoccTaHoBieHNe B B cpeae Ar B cpeae Ar
MeTajLia I'KXK)
Sy Amy,,/m,% K, S | Amy,/m,% K, Sy | Amyg /m,% K,
MAr mrr/em? | MAr mkr/em? | MAr MKr/cM?
Huxkens 15 0,42 0,399 11 0,89 0,401 10 0,85 0,398
Kenesa 3 0,11 0,1 1 0,19 0,101 2 0,2 0,102
Menu 18 0,51 0,3 12 1 0,303 13 0,98 0,301
. Syn — yaensHasi MOBEPXHOCTh MaTepHaia; AMBoa/m — Macca COpOUPOBAaHHOM BOJBI, OTHECECHHAS K

Macce MCXOAHO# HaBecku PBoa./ps = 0,98 (20°C); XK- xkapocroiikocts oopasma (900°C, 1004); I'KX - rugpodo-
Ousupymomias KpeMHUHOprannieckast Xuaxoctb; MAXC — MeTHuxiopcuiaH.

. ** B |-om pexxume: BCe CTaJIMM OCYIIECTBIISIOTCS B cpejie MeTaHa (mpupoaHoro rasza); Bo Il-om
MIPOUCXOTUT BoccTaHOBIeHHE 00pa3noB B M/IXC B cpene aproHa; B pexume |11 BocctanoBienne mapamu ['KOK
BEJIyT B cpejic MHepTHOrO ra3a (Ar).

BaxxHO oT™METHTB, YTO B cpaBHHBaeMbIX Bhime pexkumax TI'C -1l 3axmountensHas cragus OIHHAKOBA —
omxkur B CHy; pacxompl ra3oB B TeMITEpaTyphl IPOBEICHISI COOTBETCTBYIONINX 3TANIOB CHHTE3a — HCHTUYHEI.

OcHOBHBIE BBIBOJbI

- [IpoananusupoBanbl POD- crieKTpbl MOBEPXHOCTHOTO CJios MeTautndeckux npoayktoB TI'C. BeisiBieHo
CHIDKEHHE HEPTUH CBSA3H JIEKTPOHOB XapaKTEPUCTHUIECKOTO YPOBHSI M2p3j, MPH UCTIONB30BaHUH B KauyeCTBE TH-
PHUIHOTO BOCCTAHOBHTEJIS 3JIEKTPOHOAOHOPHBIX MoJieKyl NH; U moBBIIIIEHHE COOTBETCTBYIOIIEH PHEPTUU CBS3U
MeTajuia (ero «OKHCIEHHOCTH») B CIIydae BOCCTAHOBJICHHS THIPHUIAMH KPEeMHHs, 00J1aaloIero MIeKTPOHOAKIIeII-
TOPHBIMHU CBOWCTBaMU.

- IIpu mocnenoBaTeIbHOM BOCCTaHOBIEHHHU B ycinoBusx TI'C mpenBapuTeNbHO BBICYIICHHBIX THCIIEPCHBIX
okcuaHOTO Chipbs win xaopuaos (Ni, Cu, Fe u ap.) mapamu stuiruapuacuiokcana (ra3-nocurens — CH,) u B cpene
MeraHa Qopmupyrorest Si-C-cofeprkaliiie MeTaUIMYECKHe MPOAYKTHI C PEryJUPyEeMBbIMH aJCOPOIMOHHBIMEU H
CTPYKTYPHBIMH XapaKTePHCTHUKAMH. Y CTAaHOBJCHO, YTO yBEIHUYCHHE DHEPTUH CBSI3U 2P-3JIEKTPOHOB KPEMHHUS, IO
JanHsiM PODC, ot 102 1o 104-106 3B B TBepAbIX NPOLYKTaxX MPOUCXOIUT 3aKOHOMEPHO B MOCIIEI0BATEILHOCTH
M=Fe, Co, Pd, Cu, Ni, 1 koppenipyeT ¢ pOCTOM CPOJICTBA K 3JEKTPOHY M-MeTaiia, Ha OCHOBE KOTOPOTO MOJIy4eH
oOpaserr.

- Ha ocHOBe m3ydeHHBIX 3aKOHOMEPHOCTEW (hOpMUPOBaHUS METANIMUECKUX MPOAYKTOB C XeMOCOpOHpo-
BaHHBIMH  KapOOCHJIOKCAHOBBIMH  TpPYyNIIAaMH  OCYHIECTBIIEH  CIIOCOO  TONydeHWS  IOBEPXHOCTHO-
HaHOCTPYKTYPHUPOBAHHBIX METAITMYECCKIX MaTEPHUaJIOB, 3alUIeHHBIH TaTeHTOM P® 2570599. CuHTe3 NPUBOAUT K
YIPOLICHUIO BOCCTAHOBJICHUSA-MOANGDUKAIINH MeTala, CHIKCHHUI0 MaTEepHUaTOeMKOCTH M TOKCHYHOCTH MpoIiecca,
pocty THAPOGOOHOCTH U TUCTIEPCHOCTH MaTepHaja Mo CPABHEHUIO C M3BECTHBIMH aHAJIOTaMH.

Iomyuennsie metogoM TI'C Mertamnmndeckune MOPOUIKH HAXOIAT NMPHMEHEHHE B MUHEPAIbHO-CHIPHEBOM
xommekce Poccun u benapycu, B pamkax xo3norosopa Nel8017, Bemonnsiemoro B 2018 r., ucnonb3yroTcs B KOM-
nannn GMC (MockBa) kak npucaiku kK cMaske. Pazpaborannslii MojepHn3npoBanHblil Bapuant TI'C oTmeueH 5-10
30JIOTBIMH MEAAJSIMH Ha MEXIYHAPOJIHBIX KOHIPECCaxX M BEICTABKaX.
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MATEPHAJIbI BCEPOCCHHCKOH KOH®EPEHIIHH-
KOHKYPCA CTYAEHTOB BBIITYCKHOI'O KYPCA

HN.A. ABIPAXMAHOB
Cauxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

NCIHHOJIb3OBAHUE METOJA U3OXUMHNUYECKHUX TUAT'PAMM
I MOJAEJIMPOBAHUA MUHEPAJIBHBIX ITAPAI'EHE3UCOB B
OBPA3IE 'PAHAT-CUWJIVIMMAHUT-KOPJJUEPUTOBOI'O THEMCA
(OA3UC BAHI'EPA, BOCTOYHASA AHTAPKTHUIA)

Oazunc Banrepa npencraBisieT co00H Y3KyIO MONOCKY CYLIH, CBOOOJHOW OTO JibJia, TSHYILYIOCS BIOJb aH-
TapKTHYECKOro MoOepexbst B paiioHe 3emin Yuikca. ['e0lorH4ecKkoe CTpOCHHE 3TOW TEPPUTOPUH H3Yydaloch CO-
BETCKHMH U aBCTpaIuicKiMu reosioramu (PaBuu u jap., 1965; Sheraton et al., 1995). OHa croxeHa KpyIHBIMHU Te-
JJaMHM TOHAJIUTOBBIX OPTOTHEHCOB MasieonpoTepo3oickoro (1700 MiH jeT) Bo3pacTa, BEICTYHNAIOIUMHI YacThIO Me-
TaMOp(UYECKOH TOJIIIH, B COCTaBe KOTOPOH Mpeodiafaoniie rpaHaT-CHIUIMMaHUT-KOPIMEPUTOBbIE MTaparHeicsl co
LIMUHENBIO MepeciiauBatoTcs ¢ MapuyeckuMu U (enb3nyeckuMu opTorHeiicamu. B 3amauy paboThl BXOIUIO Ompe-
JIeJICHUE YCIOBUIT MeTaMop(H3Ma 3TUX HOPOJ C TIOMOILBIO METOJI0B (hM3UKO-XUMHUYECKOT0 MOJeIMpoBanus. Mare-
pHUaIoM JUIsl HCCICIOBAHUS MOCITYKHII KAMEHHBIN MaTepual, coopanubiii B xone 2-it CAD (BHUMOkeanreonorus,
Cankr-IlerepOypr). st pelieHns MOCTABICHHOM 3a1a4u ObUIO CHETAaHO JeTalbHOE MeTporpaduyeckoe onvcaHue
NpeNCTaBUTEIBHOr0 00pasla naparseiica u BHIIOJHEH MUKPO30HIOBBIA aHAM3 COCTaBa MOPOJO0OPa3yHOIINX MHU-
nepanoB (UI'TJ PAH). MoaenupoBaHnue BBIIONHSUIOCH ¢ TOMOINb0 mporpammel Theriak/Domino (de Capitani,
Petrakakis, 2010) Ha ocHOBe 0a3pl BHYTpEHHE COTJIACOBAaHHBIX TepMomumHammudecknx maHHbIX (Holland, Powell,
1998). BxoJHBIMH JaHHBIMU JUTS PACUETOB BBICTYIIAIN PE3yJIbTAThl BAJIOBOIO XMMHYECKOTO aHAJIN3a FOPHO# mopo-
abl. [To uToram mMozaenupoBaHusi ObUIO MOKAa3aHO, YTO aKTMBHOCTH BOJIBI B XO/I€ TPaHyJIMTOBOrO MeTamopduimMa He
npesbimana 0.2 (mpu 607BIINX aKTUBHOCTSIX BOJIBI TEPIIMHUT, HaOMOaromuiics B oOpasiie, ucue3aeT U3 mapareHe-
3uca). Ha panHux cranusx meramop¢du3ma rnopoja UCIbiTajla H30TePMUYECKYIO IEKOMITPECCHIO U YaCTUYHOE TUIaB-
JICHHE, a Ha TIO3HUX — H300apudecKoe OXJIaKIeHHE, YTO XapakTepHo s P—T TpaeKTOPHiA, CBI3aHHBIX C KOJUIH3H-
OHHBIMH COOBITHSIMHU. M3-32 HU3KOW aKTMBHOCTH BOZBI IHMKOBas TEMIIEpaTypa MeTamopdu3Ma MOrja MpeBbIIIaTh
900 °C, 4TO MO3BOJISIET CYUMTATH U3YYEHHYIO IOPOY BO3MOXKHBIM nposiBienuneM UHT meramopdusma.

Hay4Hblif pyKoBOIHTENb: 1.T.-M.H., 1po¢. kadp. MKII FO.JI. I'ynp0uH.

A.N. ATUBAJIOB
Tromenckuil UHOYCMpPUATbHBIL YHUBEpCUMEm

KATAJIMTUYECKOE NOJABJIEHUE I'A30BbIX BBIBPOCOB
I'ASOKOHIAEHCATHBIX MECTOPOXJIEHUU

TromeHcKast 001aCTh SBJISIETCS] KPYHMHEHIINM ITOCTaBIIMKOM YIJIEBOAOPOIHOTO chiphbsi B Poccuu. 1llupoko-
MacimTabHOE OCBOGHUE TEPPUTOPHU 00JIACTH U, B 0COOEHHOCTH, €€ CeBEpHBIX PaHOHOB HEM30EKHO COIPOBOXKIAET-
Csl MHTEHCHUBHBIM TEXHOTCHHBIM BO3EHCTBHEM Ha OKDPY>KAaIOUIYIO CPEy, OCIOKHIEMOE CypOBBIMU KIMMAaTHYECKH-
MH YCJIOBHSIMHU.

OO1mee KOJIMUECTBO 3arpsI3HAIOLINX BEIIECTB MOCTYMAIONINX 32 T0Jl B aTMOc(epy OT OJHOTO ra30KOHICH-
CaTHOTO MECTOPOXIEHUS B cpefHeM cocTaBisieT 580 ThIC. TOHH, OCHOBHYIO Maccy KOTOPBIX COCTABIIIOT yrapHbIH
ra3, OKCHJIbI a30Ta U NPEJeIbHbIE YTIEBOIOPOIbIL.
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B Hacrosiiee BpeMsi O4HCTKa BEIOPOCOB OT Ta3000pa3HBIX 3arps3HEHHUHN B MPOMBIIUICHHBIX YCTaHOBKaX Ha
TEPPUTOPUAX MECTOPOXKICHUH HE OCYIIECTBISIETCS, BCIEACTBHE JOPOTOBU3HBI CYIIECTBYIONINX METOAOB IbLIETa30-
OYHCTKH M CJIOKHOCTH HMX 3KCIUTyaTanuu. [loaToMy paspaboTka MaTepHanoB Ul KOMIUIEKCHOTO IOJABIICHUS BBI-
OpocoB He(hTEra30KOHACHCATHBIX MECTOPOKACHHUH SIBIIsIETCS akTyanbHOHU i CeBepa TIoMEHCKOTO pernoHa.

B pabote npeanaraercs cnoco0 MOTy4YeHUsS METHO-MAapTaHIEBEIX KaTaIU3aTOPOB M yCIOBHSA UX IPUMEHE-
HUS JJI CHUOKEHHS KOHLEHTPALU 3arpsA3HEHUI Ha IpUMepe Y PEeHIOMCKOTo ra30KOHACHCATHOTO MECTOPOXKACHUSL.

Hayunble pyKoBOIUTEJHN: JI-p.XHM. HayK, 3aB. Kaden. "O0mas u cneunanbaas xumus" JI.A.Ilumuesa, cr.

npenojasarens kad. Texnocdepnas 6e3onmacHocTs A. A. 3aropckas,

B.IO. AJIEKCEEB
Canxm-Ilemepbypeckuii 2opHwili yHUGepcumem

COBPEMEHHOE COCTOSHHUE U INIEPCHHEKTHUBBI PA3BUTUA
TEXHOJIOI'MM YTUIN3AIUU ITAXTHOI'O METAHA

B pabote mpennaraercsi 000CHOBaHHE NEPCHEKTUBHBIX HAINPaBICHUH AOOBIMM M yTWJIM3AIMU LIAXTHOTO
MeTaHa, 00eCIIeUHBaIOIINX, KaK MPOMBIIUICHHYIO M 9KOJIOTHYECKYIO 0€30I1acHOCTh MOJ3EMHBIX TOPHBIX PadOT, TaK
U SKOHOMHYECKYIO LIeJIeCO00pa3sHOCTh JOOBIYM U MCIOJIb30BAaHUM METaHa. AKTYaJbHOCTh JJaHHOM TEMBI 00yCIIOBIIe-
Ha HEOOXOAMMOCTBIO PelIeHHs TPEX BaXKHBIX CYIIECTBYIOUIUX B YIIIe0OBIBAIOIIEH OTpaciiu MpodieM: 00ecredeHus
0€301acHOCTH MOJ3eMHON Pa3pabOTKU ra30HOCHBIX YTOJIbHBIX IUIACTOB, IOBBIILICHUS MTOJHOTHI UCIIOIb30BAHUS pe-
CypCOB METaHa, CHIDKCHNE BHIOPOCOB MAPHUKOBBIX Ta30B B aTMocdepy. Llenbio paboTs! sBisieTcst BBIOOP 1 000CHO-
BaHME Y(PPEKTUBHBIX TEXHOIOTHH HOOBIYM M yTWIN3AIMHU IIAXTHOTO MeTaHa. JlOCTIXEHHE TOCTaBICHHON B paboTe
neny obecrieuynBaeTCsl MyTeM MPOBEACHHS aHaNW3a JyYIIMX JOCTYITHBIX TEXHOJOTHMH MOOBIYM IIAXTHOTO METaHa
(mpenBapuTeNbHOH, 3a01aroBpeMEeHHOM M TEKyIIeH Jera3anny), aHalu3 COBPEMEHHOTO MHPOBOTO OIBITA YTHIIN3a-
LM [IaXTHOT'O METaHa Ul PasJIMYHBIX (B TOM YHCIIC B3PHIBOONACHBIX) €r0 KOHIEHTPAIMH B METaHOBO3IYLIHOH
cMmecu. B pesynpraTe aHann3a TEXHOJOTMYECKHX CXEM YIIPABICHHS Ta30BBIICICHHEM B BBIPAOOTKH BBIEMOYHBIX
YYaCTKOB YTOJIBHBIX HIAXT BBISBICHBI HanOojee d(QEKTUBHBIC TEXHOJOIMH U BBHINIOJIHEHA OIIEHKa CTOMMOCTH HMX
peanu3anuy. PaccMOTpeH ONBIT yTHIM3AlMM MeTaHa B BeXyUIux yrienoOsiBaromux ctpanax: CIIIA, Kurait, AB-
CTpasusl, ¥ MoKa3aHa BO3MOXKHOCTH A(P(PEKTUBHOM yTHIIM3AlMU METaHa MPHU NPUMEHEHUH COBPEMEHHBIX TEXHOJIO-
TUil.

Takum 00pa3oM, Ha OCHOBE BBHITIOJIHEHHBIX HCCIEIOBAaHUM BBISBICHBI JyUIllde JOCTYIIHBIC TEXHONOTHUHU J0-
ObIYM METaHa Ha YroJbHBIX IIaXTaX M MOKa3aHa TEXHWYECKAas BO3ZMOXKHOCTh W SKOHOMHYECKas L1eJIeCO00pa3HOCTh
YTUIU3AIMH IIAXTHOIO METaHa, a TaKXKe ONpPEENICHbl COBPEMEHHBIE NEPCIEKTUBHBIE TEXHOIOTHH €0 yTHIIN3aluu
(B TOM umCIE IPH B3PBIBOOIIACHOW KOHIIEHTPAIIMM METaHa B METaHOBO3[yIIIHOW CMECH).

HayuHblil pykoBOaAMTEJIb: K.T.H., 101. A.A. CuIopeHKo

K.A. AHUCUMOB
Canxm-Ilemepbypeckuii I oprnuiil ynusepcumem

HOBBIHIEHUE BE3OITACHOCTH PABPABOTKHA
HOAKAPBEPHBIX 3AITACOB TPYBKH “YJAYHASA”

B 2016 roxy 3aBepmmiachk pa3paboTka KUMOSPIUTOBOH TPpyOKH “Y mavyHast ” OTKPBITHIM CIIOCOOOM JIO OTM.
-280/-320 m. OcraBiirecs 3anacbl KUMOEPIUTOBOM TPyOKH OYAyT OTpabOTaHBI MOA3EMHBIM CIOCOO0M. B HacTOsI-
11ee BpeMsl BELyTCs TOPHBIE paOOTHI MO U3BJICUEHHIO TIOAKAPHEPHBIX 3aI1acoB JI0 Top. -398 M. cuctemoii pa3paboTku
STa)KHOTO IPUHYIUTENBHOTO 00pyIiieHus. AT Mpoxo/ika KaluTalbHBIX W HAPE3HBIX FOPHBIX BHIPAOOTOK JI0 OTM. -
580 m.

Bezenue 1oi3eMHbIX pabOT OCIIOXKHSAETCS TOPHO-T€OJIOTMYECKUMH YCIOBHAMHU TPYOKH M OKPYIKAIOILIETO
MaccuBa TOpHbBIX mopoi. Mexay BocrounsiM 1 3amaHbiM pyAHBIMHU TEJIAMH PACIIOJNIOKEH TTOPOIHBIH 1IEIHK, TPO-
CIIEKHBAIOIIMICS OT JHa Kapbepa (ot™. -280/-320M.) 10 pa3BenanHoit riryounst B -1080 M. ITo pesysapraTam ucciie-
noBaHUIM MHCTHUTYyTa ropHoro aema YpO PAH u padoram AY CIHICY AK «AJIPOCA» 3TOT HOpOAHBIN MaccuB
MEXAY TpyOKaMu NMpOHW3aH OOJBIIMM KOJWYECTBOM TEKTOHHMYECKHX HApYIICHWH, B IEJIHMKE HAOIIOJAr0TCSl 30HBI
TIOBBIIIEHHOH TPELIMHOBATOCTH, OT/IEJIbHBIE TPEIIMHbI TPOCIIEKMBAIOTCS HA TiyOuHy 6onee 100 MeTpoB, yepe3 HUX
CBOOOZHO MOTYT MPOHUKAaTh BBHICOKOArPECCHBHBIE MHHEPAIN30BAHHBIE PAcCOJIbl, pa3MbIBas MMOPOJBI LETUKA. JTH
(haKTOpBI CO3/1AI0T ONMACHOCTh ANMHAMHUYECKHX TOPHBIX YAapOB U HEKOHTPOJIMPYEMBIX BHIBAJIOB B TOPHBIE BHIPAOOT-
KH.
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B manHOi#i paboTe MPEACTaBICHBI PE3y/IbTAThl AHAIM3a TOPHO-TEONIOTHYECKOM CHTyalld Ha PYAHHKE
“Yna4yHslil”, H3y4eHBl MPUMEHIEMBIC TEXHOJIOTHH, TO3BOJISIOIIME 3aIHTHTh KalUTaIbHBIC TOPHBIC BEIPAOOTKH OT
BIIMSIHYS arPECCHBHBIX BHEITHHX (akTOpoB. IIpeiokeH KOMIUICKC MEPOIPUSITHI TS peaiu3aii KOHIEeNInn 6e3-
OIIACHOTO (PYHKIMOHUPOBAHHS NPEANMPHUATHS, B TOM YHCIIE IS HOBBIICHHUS 0E30MaCHOCTH pa3paboTKH MECTOPOXK-
IEHUsI IPE/IOKEeHBI 1 000CHOBAHBI [TAPaMETPhl BEACHUS paboT [0 KOHTPOIHPYEMOMY OOPYLICHUIO OO/ LIEITHKA C
MOMOIIIBIO TEXHOJIOTHI HAIIPABICHHOTO B3PBIBAHHSL.

Hayunslii pykoBoauTens: 1.T.H., mpod. B.I1. 3y6oB

K.A. AHTOHOB
Canxm-Ilemepbypeckuii 2opHwili yHUsepcumem

PABPABOTKA CUCTEMbI PESEPBUPOBAHUA
N3MEPUTEJIBHBIX KAHAJIOB

PesepBupoBanne (M30BITOYHOCTH) — 3TO OIMH M3 MHOXKECTBA PAa3IHUYHBIX CIOCOOOB ITOBBIIICHUS OTKA30-
YCTOWYHMBOCTH, TOBOJILHO XOPOIIO ceOs 3apEKOMEHIOBABIINI 1 MPUMEHIEMBIH C JABHUX BPEMEH B CaMbIX Pa3HBIX
o0macTsax AesTeTbHOCTH 4YesnoBeka. OCHOBHAS WEs PE3EPBHPOBAHUS — BBEICHHE B JIONOJHEHHE K MMEIOIIEMYCS
OTBETCTBCHHOMY Y3JIy JOIOJHHUTENBHBIX Y3JIOB, IPHYEM HEOOS3aTENbHO WACHTHYHBIX, HO MO3BOJSIOMUX ITOTHO-
CTBIO WJIM YaCTHYHO 3aMEHHUTH NEPBBIN MPH BBIXO/E €TO U3 CTPOS.

PesepBupoBaHue OTIENBHBIX Y370B, OJOKOB M LENBIX ITOACUCTEM yXKe UIUTEIBHOE BpeMs INPUMEHSETCS B
TeX Clly4asix, KOTrJa He0OXOAMMO 00ECIIeUnTh BHICOKYIO HaJIe)KHOCTh U )KUBYYeCTh ycTpoiictBa. Ho aHanmus murepa-
TypHI IIOKa3ajl, YTO BOIPOCH! PE3ePBUPOBAHUS B U3MEPUTENIFHBIX CHCTEMaX PacCMOTPEHBI Majlo, a OCHOBHOM YIOp
clieTlaH Ha pPe3epBUPOBAHUE BBIYUCIUTENBHBIX cUcTeM. OJHAKO 3TOT KPYT BOIIPOCOB JAOCTaTOYHO BaXKeH, T.K. B CO-
BPEMEHHBIX CHCTEMaXx YIpPAaBJICHUS OTBETCTBEHHBIMH OOBEKTaMH POJIb M3MEPUTEIbHBIX CHCTEM BECbMa 3HAYUTENb-
Ha — ()aKTUYECKH BCE PELICHHs B CUCTEME YIpaBJICHHs NPHUHUMAIOTCS B COOTBETCTBUU C MH(OpMAaIueil, mocrymna-
rorieii ot m3mMeputenbHoi cuctemsl (UC).

Mertons! pezepBupoBanust s MIC aHAaIOTMYHBI METOJAM, HCHONB3YEMbIM B BBIYMCIUTENBHBIX CHCTEMAX,
HO B psII€ CIy9aeB UMEIOT cBOM ocoOeHHOCTH. [Ipexe Bcero, B 3aBUCHMOCTH OT KOJMUYECTBA BETBEH pe3epBHPOBa-
HUSI pacCMaTpUBAIOT NyOJMPOBAaHHBIE M TPOMPOBAHHBIE CHCTEMBI. TPOMPOBAaHHOE PE3EPBUPOBAHHUE C MAXKOPUTAP-
HBIM 3JIEMEHTOM HPEAIoIaraeT napajulelbHyl0 paboTy HECKOJIBKHX BETBEH (OOBIYHO HEYETHOE KOJIMYECTBO), MPH-
YeM HeT JEJCHUS Ha PEe3ePBHBIC M OCHOBHBIC BETBH — BCE OHHM BBIAAIOT MH(POPMAIMIO HA BXOJ BOCCTAHABIIMBAIOIIIE-
ro oprasa (“MaXOpUTapHOTO 3JIEMEHTA’’), KOTOPHIN YK€ MPUHUMAET peuieHrue O TOM, KaKO pe3yibTaT SIBISETCS
MIPaBUIBHBIM. B pocTOM citydae 3TOT opraH IPOBOJIHUT TOJIOCOBAHHE OOJIBIITMHCTBOM.

JlaHHas cucTeMa UMeeT BPEMEHHOE OTpaHHYEHHE, T.€. MEePHOJ IIUKIIA H3MEPEHHS J0JDKEH OBITh HACTPOEH
TaK, 4TOOBl CHCTEMa TapaHTHPOBAHHO yCII€BaJla CHATh, 00paboTaTh M NepesaTh B BEPXHIOIO CHCTEMY pPE3yJIbTaT
W3MEpEHUs 110 BCEM PE3EPBUPOBAHHBIM BETBSIM.

Camblii JUTMTENbHBIN Mpoliecc B paboTe cucteMbl — padora ¢ ALII, Tak kak Mex1y oTcYeTaMy U3MEpPEHHUs
J0JDKHA OBITh BEDK/AAHA 33/1eprKKa, TpuMepHo paBHas 100 MKc, Bo n30eaHne HeIOCTOBEPHBIX PE3yIbTAaTOB.

B paGore npu pa3paboTKe CHCTEMBI BBINOJIHEHBI CIEIYIOMINE 33/1a4M: COCTABICHHE CTPYKTYPHOH CXEMBI
YCTpOMCTBa; MPOSKTUPOBAHNE MOJYJICH IIEHTPAIBLHOTO MPOIECCOPA U H3MEPUTEIBHBIX MOAYJIEH, a TaKKe MaXKOpH-
TapHOTO 3JIEMEHTa; CO3JaHNe CHCTEMBI KOMaHJ JUIS NEPechUIKM MH(OpManuy 10 CHCTEME M €€ CHHXPOHH3ALWH,
COCTaBJICHUE NCXOIHBIX JaHHBIX.

B pesynbpTare Obl1a CIIpOEKTHpPOBAaHA PEe3epBHUPOBAHHAS M3MEPHUTENbHAS CHCTEMa C BBICOKMMH IOKa3aTe-
JIIMH OTKa30yCTOWYHBOCTH M ObICcTpoeiicTBus. [lepron nukia uzmepenus cocrasnger 100 Mc, T.e. KaXAYIO Iecs-
TYIO JIOJIFO CEKYH/bI B BEPXHIOIO CHCTEMY IOCTYIIAaeT HOBBII pe3ybTaT U3MEPEHUsL.

Kpome Toro cucrema mpeactasisieT co60i YHUBEpPCAIbHOE YCTPOHUCTBO, CIIOCOOHOE TOCPKUBATH O0Ib-
110€ KOJIMYECTBO TaTYNKOB (64 M3MEpPUTEIbHBIX KaHalla) Pa3IMYHbIX THUIIOB.

Hayunplii pykoBoauTesib: accuctenT A.A. benuikuii

A.H. AXMEJIOBA
Canxm-Ilemepbypeckuii I opnolii ynugepcumem

KOMIUVIEKCHASA TEXHOJIOI'YMS BOPBBbBI C
ACPAITBTOCMOJONAPA®UHOBBIMUA OTJOXEHUAMMU ITPU
IKCIIVIYATAIIUU CKBAKUH

Ha ceromusmnuii aens nporecc 1o0sau HePTH HA MECTOPOXKICHHUAX OCIOKHACTCS BIMSHUEM PAa3THIHBIX
HETaTUBHBIX (DaKTOPOB, OAHMM M3 KOTOPBIX fABJIsIETCA oOpa3oBaHHE ac(arbTOCMOJIONAPAa(UHOBBIX OTIIOXKCHHN
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(ACIIO) — cnoXHOM CTPYKTYpHUPOBAHHOW CUCTEMBI BHICOKOMOJIEKYIISAPHBIX coennHeHU. DOpMUpOBaHNE W HAKOTI-
JIEHUE OTIIOKEHUH MOYKET TIPOUCXOIHUTh KaK B CTBOJIE CKBaXHH, Tak U B mpu3aboiiHoii 3oue (I13I1) u B camom rmua-
cte. B pesynbprare HaOmMOOaeTCsl CHIDKEHHE MEKPEMOHTHOTO INEPHOAA CKBAXXMH M MX MPOTYKTUBHOCTH, a TAKXKe
yXyaueHrne (QIbTPaINOHHBIX XapaKTEPHUCTHK IUIACTa, YTO MOXKET HETaTHBHO CKa3aThCsl HA BCEM IIPOIIECCE pa3pa-
OOTKH MECTOPOKACHUSA. B CBSI3M C 3TUM aKTyaJabHOH 3amaueil SBIAETCS MpeaioKeHHE TEXHOJIOTHH, HallpaBIeHHBIX
Ha npexynpexaeane oopaszoanns ACIIO mpu no6srae HeTH, 0COOCHHO — CKIOHHOH K CTPYKTYPOOOpa30BaHHIO.

B kauecTtBe npumepa B paboTe ObLI pacCMOTPEH TEPPUTEHHBIH HE(TIHOI MIIacT-KOJUIEKTOp napaduHUCTON
Hedtu (6,1% Mmacc.), npeacTaBIeHHBINH OTIOKEHUIME HIXKHEXETCKOI CBUTHI OeppHac-BajJaHXUHCKOTO sIpyca HUX-
Hero Mena. [TpuunHamu, cnoco6erBytomumu o6pazosanuio ACIIO B paccMaTpuBaeMbIX YCIOBHSAX, SIBISIOTCS: Mpe-
oOnasanue napaguHOB HaJl CMOJIaMK U acajbTeHaMH B 10ObIBaeMO HeTH; CHI)KEHHE TeMIlepaTyphl OTOKa HH-
K€ TeMIIepaTypbl HackllleHuss HedTH napaduHOM; CHIKEHHUE JaBJICHHS HU)KE JaBJICHUS HACHIIICHUS U MOCIEAYI0-
iee pasra3upoBaHue He)TH; TEXHOJIIOTMYECKUE MOKA3aTeIn — HU3Kasi CKOPOCTh MOTOKa (hiIfonaa U MIepoXoBaTOCTh
MTOBEPXHOCTH TPYO.

Just 60pr661 ¢ ACIIO B moOBIBalOIIMX CKBAXHHAX B HACTOSIINN MOMEHT IIPUMEHSETCS OYHCTKA CKBAYKUH
MEXaHUIeCKUMH CKpeOKamMu U o0paboTka ropsueii Hedrpro. OOe maHHBIE TEXHOJOTHH XapaKTePH3YIOTCS HU3KOH
3¢ PEKTUBHOCTBIO: €KEMECIIHO HAOIIONACTCS YBEINYEHHE TIIyOMHBI OTIOKEHHH, yBEIWYEHHE 3aTPAaueHHBIX Ha
00paboTKy 4acoB, CHIKEHHE MEKOUYUCTHOTO Nepuoza, a takke Hammane ACIIO Ha creHkax TpyO M 9acTsax Hacoca
IIPU TIPOBEJICHUN PEMOHTA.

C uenbio noBbieHHs dppekTuBHOCTH 60pH0bI ¢ ACIIO B 100BIBAIONINX CKBOKUHAX MPEAJIaraeTcsi XUMH-
YEeCKUil MeToJl — NMPUMEHEHHEe MHIMOMTOPOB mapaduHOOOpa30oBaHMs M peareHToB-pacTBopuTenei. [IpuHuMas Bo
BHUMaHHs YCIIOBHUS Pa3pabOTKH IIacTa, CBOWCTBA NOObIBaeMoOW HedTH, a Tak)Ke HAKOIICHHBIH HAy4YHBIH W TPO-
MBICJIOBBIH OIIBIT, PEKOMEH/IYETCsI Il TAJIbHEHIINX J1a00paTOPHBIX MCCIIEA0BaHUI BHIOpaTh MHIMOUTOP AMCHIEPTH-
PYIOIIEro JeUCTBHS M PaCTBOPUTEIND C IpeobaaHueM aan(aTHIecKuX YIrieBoI0POIOB.

Eme omauM acnekToM pa3pabOTKH paccMaTpHBaeMOro OOBEKTa SIBIAETCS HENONYLICHWE BBIMAICHHUSA U
HakoruieHus: ACIIO B mopoBoM mpocTpaHCTBe ItacTa. IIpeAnockuIky K BOSHUKHOBEHUIO JaHHOM MPOOIEMBI BBISB-
JIeHBI TI0 pe3yJibTaTaM T'MAPOAMHAMUYECKUX HCCIIEIOBAaHUN: B MPOJODKUTEIFHO pa3pabaThiBaeMOi 30HE, XapaKTe-
pH3yloIeiics BBICOKMM TEMIIOM 3aKadk{ XOJIOJHOM BOIBI C LENBI0 Mojsepkanus miactoBoro masieHus (ITI1]),
HaOMoaeTcs 3HAYNTEIbHOE CHIDKEHHE IUIACTOBOM TeMIiepaTypsl. B ciaydae kpucramumszanuu napaduHa B IJIacTe
MIPOM30MIET 3aKyIIOPUBAHHIE MOP U, KaK CIECACTBHUE, CHIDKCHHE TIOPUCTOCTH U IIPOHUIIAEMOCTH, 2 B CAMOM IIECCHMH-
CTUYHOM BapHaHTC — OTCCUCHHUC YAaCTU MOABUKHBIX 3aI1aCOB.

C nenplo HEJOMYIICHUS JalbHEHIIIEero yXyAIIeHHs] TEMIIEPATYPHBIX YCIOBHM B IUIACTE MPEAaraercsi yco-
BEpILIEHCTBOBaTh AeiicTBytouryto cucremy III1J] myTteM ucnonp3oBaHMs ropsdyeil BOAbl B KaUeCTBE areHTa BO3JEH-
ctBUs. JlaHHOE PElICHHUE, YCIICIIHO anpoOHPOBAHHOE HA MECTOPOXKICHUAX 3anaqHoil CuOUpH, TO3BOJIUT YBEIUIUTh
OXBar IUIacTa BO3JCHCTBHUEM 3a CUET TEeIIonepeauu, OyAeT ciocoOCTBOBATh TEPMHUYECKOMY paclIMpeHuro (ironaa
" mopoAbl, CHUXKCHHUIO CUJT aATr€3UU U MOBEPXHOCTHOI'O HATAKCHUA, YBCINUYCHUIO IMOABUKHOCTU He(bTI/I " IIOJIHO-
CTBIO NIPEAOTBPATUT CTPYKTypooOpa3oBanue. [Ipon3BeeHHBIH Ul ONBITHOTO y4acTKa pacdeT MOoKasall, 4To MpH-
pocT HedreoTnaun 1O HPOHTY BO3IEHCTBHS MO CPABHEHHIO C 0a30BBIM BAPHAHTOM COCTaBUT 3,1%.

Hayunblii pyxoBoaures: [1.C. TanaHbIXUH

AHU. AXMET35IHOBA
Poccuiickuii 2ocyoapcmeennwiil ynugepcumem nedpmu u 2aza (HUY) um. I yoxkuna

BJIUSIHUE PYBEKMHCKOI'O IPOI'MBA HA ®OPMUPOBAHHUE
3AJIEZKEN CEBEPHOI'O BOPTA ITPUKACITMUCKOM BITA/IMHBI

ITocTpoeHne TpexMepHBIX IHU(POBBIX T'€OJIOTHUSCKUX MOJIETIeH B HACTOSIIEE BPEMsI CTAHOBUTCS €cCTe-
CTBEHHOH COCTaBILIIOLIEH IeosIoro-pa3BelouHbIX paboT, B TOM YMCIIE U MOCTPOEHHE 0acCeifHOBBIX MOJIeNIeH Majo-
N3YYECHHBIX, CIIOXKHBIX T10 CBOEMY CTPOCHHUIO M Pa3BUTHIO obOnacteil.IIporno3upoBanne He(TETa30HOCHOCTH 3alie-
el OCHOBAaHO Ha MOHMMAHHUM O 3BOJIIOIMHU OaccelHa, CBOWCTBAaX HEPTEMAaTEPUHCKUX TOJII, MPOIECcCcax aKKyMyJIs-
LIUU 1 MUTPALIAN HEPTH.

OTtnoxxennst PyOexxuHcKoro mporuba, Kak 3JIEMEHT YIJICBOJAOPOIHON CHCTEMBI, MHTEPECHBI B Kad4eCTBE
HepTeMaTepuHCKON cBUTHI. OIHAKO, TOMUMO OICHKH MOTEHIHaa TEeHEPUPYIOMINX TOJII, HEO0X0ANMO TaKXKe yIH-
THIBaTh COOTHOIIICHHE BPEMEHH MEPBIUYHON MHUTPAIIUH U (POPMHUPOBAHUS JIOBYIIIEK.

B xonxe nccienoBanus OblT COOpaH U MPOAHATM3UPOBAH T'€OIOTO-TEO(YU3NIECKUNA 1 TEOXUMHUYECKHH MaTe-
puan, JaHHBIe KepHA CKBaXXWH B mpepenax PyOexxmHckoro mporuba. Bbun mpoBeneH cpaBHUTENBHBIN aHATIH3 UM e-
IOIIMXCS JAHHBIX 110 OJIM3JIEKAIUM K TIPOTHOY MECTOPOXKICHUSIM.

B xoze paboTBI TOCTPOEHBI M TPOBEICHBI:

. CXEMBI KOPPEJSIINK CKBRXUH JIEBOHCKUX OTJIOKEHHUH B Ipe/iesiaX U3y4aeMoil TeppuTOpuH

. aHaIU3 YCIOBUH OCaJKOHAKOIUIEHUS HAa OCHOBE PE3yJbTAaTOB HCCIENOBAHUS KEpHAW Maleoreo-
rpau4ecKkux KapT

. aHaJIN3 TEOXMMHUYECKHUX JAHHBIX 110 PETUOHY
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. pe3yIbTHPYIoIas 6acceiHoBas MOJEL B IPOrpaMMHOM T1akeTe Petromod.
B pesynbraTe paboThl ObLT OlIEHEH HedTera3oreHepaoHHbI TOTEHIIHA POoruda u, Kak CJICJICTBUE, €ro
BKJIaJ B (OPMHUPOBAaHNE MPHOOPTOBHIX 3anexeil [Ipukacuiickoil BriaAnHbL.
Hay4Hblii pyKoBOIHTEIb: JOKTOP reojioro-muHepangorndecknx Hayk C.@. Xadmuzon

P.P. AXYH-BAJIUEB, K.B. IETUHUHA
Canxm-Ilemepbypeckuii 2opHubili yHUgepcumem

JIMATHOCTUYECKHWA KOHTPOJIb HAJJEXKHOCTH
U PPOBBIX MUKPOCXEM COBPEMEHHOTI'O TOPHOI'O
3JIEKTPOOBOPYJOBAHUSI

C HayaJOM NPOM3BOACTBA MEPBBIX LHU(PPOBBIX MUKPOCXEM BO3HHUKIIA ITpo0IeMa MCIOIb30BaHUS CPEACTB U
METOJIOB KOHTPOJISI OCHOBHBIX ITapaMETPOB, a TaKkke (PyHKINOHAIBLHOTO KOHTPOJIsl. OCHOBHBIMH IPOOJIEMaMH TaKkKe
cTanu: 1) OTCYTCTBHE METOJOIOTHYECKOTO MOAXO0Ja K MCIBITAHMAM IU(POBBIX MUKPOCXEM; 2) IOCTYI BO3MOXKEH
TOJIBKO K BHEIIHHMM BBIBOJAM; 3) MpPAKTHYECKH HET anmapaTHBIX CPEICTB I MPOBEACHHSA HCHBITaHMH. MHorume
MIPOU3BOJUTEIN SIEKTPOHUKH B HACTOSIIIUI MOMEHT, B MIEPBYIO 04epelb, 3aNHTEPECOBAHBI HA BBITYCKE KAUECTBEH-
HOH 371eMeHTHOH 6a3bl. [l obecniedeHust HaAEKHOCTH KaXKI0TO 3JIEMEHTa HEOOXOIMMO MPOBECTH KOMIUIEKC HCIIBI-
TaHWH Ha COOTBETCTBHE TPeOYEMbIM XapaKTEPUCTHUKAM, a TAKXKE KOHTPOJIb €r0 (pyHKIMOHHUPOBAHHS B KPUTHUECKHUX
U TpeneNbHBIX ycnoBusaxX. Kak B mpomecce MpoOW3BOJACTBA, TaK M B MPOIECCE 3KCIUTyaTallud OJHUM U3 CIOCOOOB
obecrieueHHs] HaJEKHOCTH SIBIISIETCS] MCIIOJIb30BAHUE CPEJICTB U METOJIOB JIMAarHOCTHKH, MO3BOJISIOIINX OCYIIECTB-
JIATH BBISIBJIIEHHE HEHCTIPABHOCTH U KOHTPOJIb.

JuarnocTryeckuii KOHTPOJIb HAaAEKHOCTH IM(POBOM MUKPOCXEMBI B JaHHOM paboTe MPOBOAUTCS C ITOMO-
mpto iathopmel kommnanuu National Instruments - ycrpoiictBom azantep miat. Jannas ruatdopma mo3Bosser
MIPOBEPSITh NPABMILHOCTh (DYHKIIMOHUPOBAHUS 1IM(POBBIX MUKPOCXEM, HE BbINauBasi X u3 rnedaTHoit miats! (I117).
Cpenn OCHOBHBIX NapaMeTPOB HU(POBBIX MHUKPOCXEM CIEIYeT BBIICIUTH: HANPSDKCHHE NMUTaHHUS MHKPOCXEMBI,
MOIIHOCTh HOTPEOIEHN OT UCTOYHNUKA MUTAHWSA, IOPOTOBBIC YPOBHU HANPSDKCHUH JIOTHUECKOTO HYJSI M €AMHUIIBL,
BBIXO/IHBIE HANIPSKEHHSI JOTMYECKUX YPOBHEHN HYIIS ¥ €AUHULBL, U IP.

Bo Bpems TecTupoBaHHMA MHKPOCXEMBI C TOMOIIBIO aJanTepa IIaT B KOHTAKTE C KOHTPOJIBHBIMHM TOYKAMU
HaXOJATCSl 30HIBI, pa3MEILICHHbIC Ha HEH, MMO3TOMY CKOPOCTh KOHTPOJIS ONpenessieTcsi ObICTPONEHCTBHEM Iepe-
KITIOYAOINX Kitodei. Hammame TecTOBBIX 30HIOB, PACIIONIOKEHHBIX Ha OTHOHM mopokke medatHoil rumatsl (ITIT),
MIO3BOJISIET JOCTATOYHO TOYHO JIOKAJIM30BATh OOPBIBEI.

TectupoBanue 110001 MUKPOCXEMBI BBIITOIHACTCS B 2 3Tamna: TeCT KOHTakToB (1 3Tam) u QyHKIMOHATBHBII
TecT (2 atam). Ha mepBoM aTare, mpu TECTUPOBAHUU MUKPOCXEMBI, IPOBEPSIETCS UCXOTHOE COCTOSIHAE KOHTAKTOB (K
IIpUMepy, U3MepeHne HallpsDKEHHH Ha BBIBOJAX MHUKpocxeMbl). Ha BTopoM 3Tame, mpu npoBeAeHnH (HyHKIIMOHAIIb-
HOTO TeCTa, Ha BXOJHBIE KOHTAKTHl TECTUPYEMON MUKPOCXEMBI TeHEPUPYETCs MOCIeA0BAaTEIbHOCTH TECTOBBIX CHUT-
HAJIOB, 3aTeM B Ka)KIOM TaKTe TecTa CUUTHIBACTCS peajibHBIC JaHHBIE CO BCeX KOHTAKTOB. [lomyueHHbBIE HaHHBIE
CPaBHMBAIOTCS CO CTAaHAAPTOM, 33JlaHHBIM B IPOrpaMMHOM (paiine. PaccMOTpeHHbBIE TECTHI TO3BOJISIOT MIPOBECTH
MIPOBEPKY TEYATHBIX AT, K IPUMEPY, Ha OOPBIB IIENH, KOPOTKOE 3aMbIKAHNE U PABUIIEHOCTH TOMOJIOTHH.

Jns nuarHocTHKM U(POBONH MHUKPOCXEMBI OBII pealn30BaH ajJTOPUTM MApaMETPUYecKOro W (YHKIHO-
HAJIBHOTO KOHTPOJIA, a TAKXKE MPEII0KEHbl METOABI JUarHOCTHYECKOTO HEPA3PYIIAIOIIEr0 KOHTPOIIS, KOTOPBIE UC-
TIOJIB3YIOTCSl B IEMOHCTPAIIMOHHOH MOIPOrpaMMHOH IIaThopMe JUIs TECTHPYEMOTO YCTPONCTBA.

C moMOIIBI0 YCTAaHOBKH, COCTOSIIIEH M3 TeHepaTopa CUTHANOB Npou3BoibHOH (opmer (PXI), amanrepa
IUTaT U TECTUPYEMOH IUTaThl, OBLI MPOBEAEH MapaMeTpUUYECKHH, QyHKIIMOHAIBHBINA U JHArHOCTHYECKHH Hepaspy-
HIAIONINH KOHTPOJIb C MCIIOIB30BAaHUEM MOJYJIBHBIX HHCTPYMEHTOB M IEMOHCTPAIMOHHON MOAMPOTPaMMHOMN IIjIaT-
(GOpMBI 10 CICAYIONIEMY aIrOpUTMy: 1) aHaau3 BBICOKOCKOPOCTHOTO IH(PO-aHATIOrOBOrO Ipeodpa3oBaTelis
(ITAIT); 2) u3mepenue nOTPeOIIEMON MOIIHOCTH; 3) OMPEACICHNUE XapaKTEPUCTUK MPOXOIHOTO MOJOCOBOTO (HHITb-
Tpa; 4) TeCT Ha OOPHIBBI M KOPOTKHE 3aMBIKaHUS; 5) MapaMeTpUIECKHUe TECTHI OCTOSHHOTO TOKa (OIpeIeIeHne au-
HAaMUYECKOTO TOKa MOTpeOJIeHHs, OIpeAeeHNe MOPOroB JIOTHYECKUX YPOBHEH Ha BXO0JaX, ONpE/esICHHE TOKOB
YTEUKH Ha BXO0JlaX, U3MEPEHHUE JIOTHUECKNX YPOBHEH HAIPSHKEHUH Ha BBIXOAaX); 6) TECT KOPOTKOTO 3aMbIKaHUs Ha
BbIX0ozax; 7) tect mwuHbI [°C; 8) QpyHKIMOHANBHBINA TECT MaMSTH.

B pesynbrare mpoBen€HHOrO HccienoBaHUS ObLT pa3paboTaH IrOPUTM JHArHOCTHUECKOTO KOHTPOJIS
Ha/I&KHOCTH IU(PPOBBIX MHKPOCXEM COBPEMEHHOI'O TOPHOTO 3JIEKTPOOOOpYIOBaHMSI C MOMOIIBIO JabOpaTOpHO-
HAay4yHOrO YCTPOWCTBA «AJamnTep IUAT» ammapatHo-mporpammuoi miatdopmer «National Instrumentsy, a taxxke
pearn30BaHbl METOABI TUATHOCTHYECKOTO HEepa3pyIIAoIeT0 KOHTPOJIS, TIO3BOJISIONINE BEISBIATh CKPBITHIE Ie(eK-
ThI, TIOTEHITHAJIFHO CHIKAIOIIHNE IPOIOJDKUTEFHOCT (DYHKIIMOHUPOBAHUS UcclexyeMoii Mukpocxemsl. Ha ocHoBe
aHaJIM3a BO3MOXKHBIX TPUYMH HEHCIPABHOCTEH M OTKAa30B HEOOXOAMMO C/AENaTh BBIBOJ O TOM, YTO OJHUM U3
Hambosee 3((EeKTUBHBIX METOJOB M CIIOCOOOB MX YCTPaHEHHs, I obecredeHusT HaAEKHOCTH IIUPPOBBIX MUKPO-
CXeM, SIBIIIETCS IPUMEHEHHE, B IIEPBYIO OYepeib, COBPEMEHHOTO KOHTPOJIBHOT'O M HCIBITATEIIFHOTO 000PYIOBAHHS.
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Hayunblii pykoBoauTenb: 1.T.H., mpod. .M. Xynsakos
. C. BABAEB
Ypanvckuii I'ocyoapcmeennwiii I opueiii Yrusepcumem

AHAJIM3 BE3OITACHOCTH U ITOJIE3BHOCTH PA3JIMYHBIX
THUITIOB YJIEKTPOCTAHIINM, TYTEM CPABHEHUSI UX UEPE3
KJIIOYEBBIE IIOKA3ATEJIN

B nanHoi#f paboTe OBUTO MPOBEIEHO CPaBHEHHE PA3IWYHBIX THUIOB 3JIEKTPOCTAHIMHA. Bompocs! Opanwcek u3
KITFOYEBBIX 00JIacTei: JKOIOTUH, DKOHOMUKA U DHEPTETHKH.

Ha pucynke 1, mpencraBieHo cpaBHEHUE CTaHIMI Mo BompocaM skonoruu. OleHKa KaKJoro Bompoca Je-
JUIIACh Ha 3 BapuaHTa, HaNpuUMep «3agpssHeHue ammocgepvl meepobiMu, 2a3000PA3HbIM, PAOUOAKMUSHIMU Gbl-
opocamuy: 1 — 0003HAYACT HAUMCHBIIICE, HETATUBHOE BO3ACUCTBHUE, 2 — 3aHMMACT MO3UIIMI0 MEXKIY, 3 — BO3JCH-
CTBHUE IO 3TOMY BONPOCY, caMoe 3HaUuTeNbHOEe. YeM MeHbIlle cyMMa 3HAYeHUH M0 BOMPOCaM, T€M JIy4llle CKa3bIBa-
eTcs paboTa CTaHIMK Ha JAHHOM CEKTOpPE, U CIICOBATEIBHO, T Hee MOoJIe3HEe.

Jarpaspenne aTMOC$EPM TRORINME
FRICOOPANNEMIL [ (o Ue0 TR RN
BemecTsanm

Pasaea: Dxoaorus

TMapesaoull >pPext U MMeneite
mNaTn

Jarpeiusnne capvacuomiell cpesu
TENnOSMMY BMOpOCaMN

Boagsforees wyma B Samomee BOINAX BOTOINIENOD 8T

nIC
" ADC

Boansdcrnne ma quopy n payny Jarpasnenne  DownM

Henomaosome sojpes prcypeon Honomaomsame  semessmsy pacypeon

Puc. 1. JlenectkoBas quarpaMma aHajan3a MOJE3HOCTH CTaHIMH, OCTPOEHHAs [0 OCHOBHBIM BOIPOCaM
SKOJIOTHH.
OreHHB BCE THITBI CTaHIWH, OBUIAa COCTaBJICHA TA0MUIlA, B KOTOPOH MOKHO OyAeT YBHACTh CyMMY 0ajlioB
BceX TUNOB cTaHuui. [Ipoananu3upoBaB €€, MOXKHO CAENATh BBIBOJBI M O TOM, HAIPUMEP, YTO Kaxk1as CTaHLUS I10-
pa3HOMY BO3ACHCTBYET Ha OKPYKAIOIIYIO CPENY, U II0 pa3HBIMHU CIIOCOOaMHU COKpaIIaeT HeTaTHBHOE BO3ACHCTBHE.
Hayunslii pykoBoauresin: noim. B. A. [Toueuyn

T.A.BABEHKO
FOoicno-Poccutickuii 2ocydapcmeennuiii noaumexuuyeckuil ynusepcumem (HITH)
umenu M. U Ilnamosa

JUKBALIUS B BYJIKAHUTAX MAPUAHUT-BOHUHUTOBOM
CEPUU U EE PYJJOI'EHETUYECKOE 3HAYEHUE

B o6pazoBanmsax mameo3oss CeBepHoro Kapka3za m3BeCTHBI 1Ba KPYITHBIX METHOKONYCIAHHBIX OOBEKTa —
Vpynckoe u XyJaecckoe MECTOPOXAEHHUS, JOKAJW30BaHHBIE B IOJIOCE PAa3BUTHS JI€BOHCKOIO BYJIKAHOI'€HHO-
0CaJ0YHOI0 KOMILIEKCA.

ITo reoTeKTOHUYECKHM YCIOBUSAM (POPMHUPOBAHUS 3TU OOBEKTHI Pa3iMUHBL. Pyabl YpPyICKOro MecTopok-
JICHUS SIBIITIOTCS METHOKOJTYCTAHHBIMU 30JIOTOHOCHBIMH, U JIOKATH30BaHBI B KOHTPACTHO IU((HEPEHIIMPOBAHHOM
0a3aIbT-PHOJIMTOBOM KOMILIEKCE, & PYIbl XYAECCKOTO0 MECTOPOXKIECHUSI OTHOCATCS K METHOKOTYETaHHBIMKOOATb-
TOHOCHBIM. BaskHeiimelt 0COOEHHOCTRIO BYJIKAHWTOB JIaHHOW CEPHUU SIBISIFOTCS BBICOKHME KOHIIGHTPAIIMH MAarHUS,
nocruratomue 13-25%, npu cpaBHUTETHHO BBICOKMX COJEpXKaHUAX KpemHe3ema (52-58%). Kak n3BecTHO, ByiKa-
HUTBI MapUaHUT-OOHMHHUTOBOW CEPUUPACTIPOCTPAHEHBI TOJBKO B OCTPOBOMYKHBIXOHCUMATHUECKUXTEOAMHAMUY S-
CKHX 00CTAHOBKaX.

ABTOPOMOBIIIN YCTAHOBJICHBI Pa3IMYHbIE TEKCTYPHBIE M CTPYKTYpPHBIC TIPU3HAKN MarMaTH4eCKOTO Pacciio-
€HHS B BYJKAaHHTaX MapHaHUT-OOHWHHUTOBOW cepur. OCOOCHHO OTYETIMBO OHH INMPOSBIIACH BOOHUHHTAX00JIaCTH
BOCTOYHOTO BBIKIIMHHBAHUS 30HBI mepenoBoro xpedra Ceseproro Kaekasa(TreipHbIay3ckoe pyaHoe moiie). OHA BBI-
paXeHbl BapUOJUTAMHU C BapUOJISIMU Pa3IMUHOIO MHHEPAIBHOIO COCTaBa W pa3Mepa, NPOAYKTaMU HX CIUSHUS —
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BapUOJIEBBIMU JKMIJIKAMH, 30HKAMH KOHTPACTHOTO COCTaBa JIMKBATOB B MOJYIICYHBIX OJIOKAX M Ooiee 3HAYUTEIHBI-
MH 110 pa3MepaM TeJlaMU KHUCIIBIX U YIbTPAOCHOBHBIX IIOPOJ KOHTPACTHOTO COCTABA.

[erporpaduueckoe n3ydeHne BapHoIel U MPOLYKTOB MX CIHSHUS, KOTOPbIE HAOIIONAIOTCSA B IIAPOBBIX
O70Kax OOHMHHTOB ITOKA3bIBAET, YTO PACCIOCHHE OOHMHUTOBOTO paciulaBa Ha HECMENIMBAIOIIMECS JKHIAKOCTH
HaduHAEeTCs ¢ 000co0IeHNs B HEM yJacTKOB, OOOTAICHHBIX KHCIIBIM IUIATMOKIIa30M M KBapieM. Takoro poaa pac-
cranBaHNe OOHMHUTOBOW MarMbl HabMrogaeTcs B "MoAymkax'" u oTMedaeTcsi OOBIYHO B X KPaeBOM 30HE IOJ 3aKa-
NEHHOMN BHEITHEW 000JIOYKOH.

AHanu3 XUMHYECKOrO COCTaBa MAaHHBIX OOpa30BaHMW IOKa3bIBaeT, YTO 30HKM KHUCJOIrO JIMKBaTa M
COOTBETCTBYIOIIEC UM BapHOJIH B PE3yIIbTaTe CIHSHHS KOTOPBIX OHM BO3HHKaIOT, oboramieHsl SiO,, Al,O3 u Na,0,
a CONPOBOXKIAIOLIHNE X 30HKH yJIbTPAOCHOBHOTO JIMKBaTa Ha000poT, oboramatorcss MgO, FeO+Fe,03 u B MeHbIei
crenenn CaO.

[Moxasnsiromiee GOJBIIMHCTBO HUCCIE0BaTENeH, CUUTAIOT, YTO JaHHBIM (DAaKTOPOM, ONPEICIISIONINM JINKBaA-
LU0, ABJIACTCSA COCTaB pPacIliaBa M COICP)KaHHWE B HEM JIETYIMX KOMIIOHEHTOB.Pasnudne THIOBKOIYEAaHHOTO OpY-
JICHCHNSI PACCMOTPEHHBIX BBIIIE MECTOPOXKICHUH, Ha B3I aBTOPa,00yCIOBICHO (OPMUPOBAHHEM HX B Pa3HBIX
TEOTEKTOHMYECKHX 00cTaHOBKax. B 00pa3zoBanum pyn XyaecCKOro MECTOPOXKICHUS ChITpaiy OOJBIIYIO POJIb MIPO-
LIECCHI MAarMaTHYECKOTO PACCIOCHHUS MapHaHUTOBOTO paciuiaBa. OmucaHHAs JUKBAIM B OOHWHHUTAX, a TAKXKE OMH-
cannas panee Cxpumaenko H.C. nukBanus B cimymmrax (MapuaHUTax) Xyzaecca, MPOsBILLIACE U B TIIyOMHHBIX O0da-
rax, KOTopas NpHBeNa K MOSBICHUIO CHIMKATHO-COJIEBBIX PAcIUIaBOB, OOOTAINEHHBIX PYAHBIMH KOMIIOHEHTaMH,
KOTOpBIE SIBUJINCh HCTOYHUKAMU Py XyAEeCCKOTOKOOaIbTOHOCHOTO MECTOPOXKICHHUSI.

Hayunblii pykoBoauTens: fo1l., k. r.-M.H. B.C.Hcaes

K. B. BABbIPbH
Canxm-Ilemepbypeckuii I opruiil yHusepcumem

IHHOBBIIIEHUE 9@PEKTUBHOCTH JEUCTBUS 3AILIATHI OT
OJHO®PA3HbIX 3AMBIKAHUHW HA 3EMJIIO 3JIEKTPUYECKHUX
CETEU 'OPHOJOBBIBAIOIIUX ITPEJANIPUATUN

OnHodasuble 3ambikanus Ha 3emitto (O33) sBisifoTcs HaunboJiee pacpoCTPaHEHHBIM BUAOM aBapUHHBIX
noBpexneHni (75-80 % ot obuiero ynciaa aBapuiHBIX CIIy4aeB) B PaCHpeIeUTEIbHBIX DIIEKTPHYECKUX CETAX
HanpspkeHueM 6-10 kB, 4To conpsipkeHO co 3HAUUTENBHBIM KOJINYECTBOM MEPEPHIBOB B 3JICKTPOCHAOKESHUH 100U~
HBIX MaIllMH ¥ MEXaHU3MOB BCJIEICTBHE BBIXOJIAa U3 CTPOS OTBETCTBEHHOT'O 3JIEKTPOo0OOpyRoBaHUA. J{1s1 MUHIMMU3a-
LUK yIIepOOB B AIEKTPUUECKHX ceTsix 6-35 kB 1o npuunHe oiHO(a3HbIX 3aMbIKaHHI Ha 3€MITF0 HEOOXOAMMO TIpH-
MEHATh (G PEKTUBHBIE CPEICTBA PEJICHHOI 3alNThl 1 aBTOMATHKH, [TO3BOJISIIOIINE CEJIEKTHBHO BBISBIISATH ITOBpeE-
KJICHHOE TIPHCOEMHEHNE U CBOEBPEMEHHO YCTPaHATh Bo3HHUKIIee O33 ImyTeM OTKIIOYESHHUS TOBPEKACHHOTO ydacT-
Ka CeTH.

J1J1s1 TOBBINIEHNS YyBCTBUTEIILHOCTH JICHCTBHS 3AIIUTHI OT OAHO(A3HBIX 3aMBIKaHUH Ha 3eMITI0 OBLIO
TIPEATI0KEHO HCIOIb30BaTh pa3AeiuTeIbHbIe TPAHCPOPMATOPHI, IPEeJHA3HAYCHHBIE, B TIEPBYIO OUepeab, VIS M0-
TEHUUAJIbHON pa3BsA3KH JEKTpUUecKoi ceTr 6-10 kB moBepXHOCTHOrO U MOJ3EMHOI0 KOMIUIeKca. Pa3enurensHbie
TpaHc(opMaTopsl CIEeIyeT yCTAaHABINBATh HA JIMHUAX C OOJIBLIIMM KOA(Q(UIHMEHTOM JI0JIEBOI0 YUacTHsl, YTO MO3BO-
JIUT YBEITUYUTH COOTHOIIEHNE MEXTY COOCTBEHHBIM EMKOCTHBIM TOKOM JIMHUM M CYMMAapHBIM TOKOM 3aMBIKaHUS Ha
3eMJII0 CETH, BCJIEJCTBHE YETr0 TOBBICUTCS YyBCTBUTEIHHOCTH JICHCTBUS 3aIUTHI.

B pesynbraTe 3KCIIepUMEHTAIBHBIX UCCIIEOBAaHHUH (P PEKTUBHOCTH (HYHKIIMOHUPOBaHUs 3amuThl oT O33 B
ANEKTPUUYECKUX CETAX CPETHETO HANPSHKEHUS YTONBHBIX MPEANPUATHI OBITH BBISBICHBI CITy4dal HECEIEKTHBHOTO
JIeMCTBUS 3aIIUTH B HOPMANIBHBIX peXUMax padoTsl ceTh. OCHOBHOM NPUYUHOMN JIOKHBIX CpadaThIBAHUN 3AILUTHI
SIBIISUICSI HEYUET BEIMYMH HEeOAIAHCOB 110 TOKY U 10 HANIPSHKEHUIO HYJIEBOH MOCIIEI0BATEILHOCTH IIPH pacueTe u
BBIOOpE YCTaBOK 3amuThl. OHAKO 0COOEHHOCTHIO HebanaHcoB B 3amurax oT O33 ABisieTcst TO, YTO HEKOTOPhIE U3
HHUX MOTYT HE TOJIbKO IPUBOANTD K JIOKHBIM WJIN M3JIMITHAM Cpa0aThIBAHHUSAM 3alUTHl B HOPMAJIBHOM PEXHME pa-
OOTBI CeTH, HO ¥ BIMATH Ha €€ YyBCTBUTEIHHOCTH ITPH 3aMbIKAaHWH Ha 3aIMIIAEMOM NpHcoeanHeHnH. B pabore ObI-
JIa Ipe/IIoKeHa METO/IMKA Pa3/ieJIeHNs] HeOaIaHCOB 110 TOKY M HAIPSDKEHHIO B 3aBUCMMOCTH OT IIPHYMH, BBI3BIBAIO-
IIUX UX BOSHUKHOBEHUE.

Ha ocHOBaHUM BHITIOTHEHHBIX HCCIIEI0BaHMNA ObUTa pa3paboTaHa METOIMKA BEIOOPA YCTABOK U IIPOBEPKHU
YyBCTBUTEILHOCTH ACHCTBHS 3aUTHI OT O33 B YCIOBHUSAX BBICOKOH HEOHOPOTHOCTH IEKTPUUECKON CETH U CyIIe-
CTBOBaHUS HEOAAHCOB TI0 TOKY M HANIPSDKEHHIO HYJIEBOW TOCIEI0BATEIEHOCTH.

Hayunsble pykoBoauTeau: 1.1.H., npod. b.H. A6pamosuy, k.T.H., accuctent [[.H. [Tenenen
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A.B. BAJKEHOBA, B.A. KOUEPSIH, H.B. MACTABAEB
Canxm-Ilemepbypeckuii I opuulii ynugeepcumem

CIIOCOBBI YIIPABJIEHUSI BBIXOJIOM MEJIKUX ®PAKIIUIA U3
BJIWKHEU 30HbI B3PbIBA I1PU BEJIEHUU BBP

B pabote npemnararorcst CocoOBI YIIpaBICHUS BEIXOAOM MENKUX (paxmwii n3 OnrkHel 30HBI B3phIBa. Le-
TBbI0 PabOTHI sBIsIeTCS aHAIN3 3()PEKTHBHOCTH KOHCTPYKIIMH IPHMEHIEMBIX 3apsI0B Ha MPOU3BOACTBE JUIS CHUXKE-
HUSI BBIXOJIa MEJIKUX (pakLuii B OJvpkHEW 30He paspylenus. Mccienyemas npodiema, T.K. B 30HaX Iepenu3Menby e-
HUSI U IpOOJICHUS TPOMCXOIUT UHTCHCUBHOE pa3pylleHHe TOPHOW IMOpPOJbI ¢ 00pa30BaHUEM 3HAUYUTEIBHOTO KOJIH-
YecTBa MENKHUX (QpaKiuil., YTO BeleT K HepallMOHAJIbHOMY HCIIOJIb30BaHMIO SHEPTHH B3pBIBA U TIOTEPSIM IOJIE3HOTO
HCKOIIaeMOr0.

[Tpu popmHupoBaHUU METOIOB yMEHBLICHUSI 00BEMOB MEJKOIUCIIEPCHON (paKkIMy Ha MPOM3BOACTBE Clie-
JyeT pyKOBOJICTBOBAThCS CIICAYIOLIMMU (pakTopamu:

. CHID)KCHHE AWaMeTpa 3apsia B CKBaxHHe (3(Q(EeKTHBHOCTh HNPHMEHEHUS KOHCTPYKLUHH JaHHOTO
THUIIAa 0OBSACHACTCA YMECHBIIEHHEM BbIX0a MeKol pakimu Ha 10% Ipu CHIWKEHUH AnaMeTpa B 2 pasa);
0 B3pbIBaHHE C PAIMATBHBIMH 3a30paM¥ (IAaHHBIN BHA KOHCTPYKLMH YMCHBIIACT YHEPreTHICCKYIO

IUTOTHOCTH ¥ TIEPBOCTEIICHHOE JABJICHUE B3PHIBA, YMEHBIIAET CHIbHOE Ipodsinee AeHCTBHE B 30HE IEpEeU3MeNbye-
HUA);

. B3pBIBAHNE PACCPENOTOUYCHHBIX 3apAnoB (3(pQeKTHBHOCTh NMPUMEHEHHS KOHCTPYKIHMH JaHHOTO
TUIA OOBSCHSAETCS yMEHBLICHUEM NIEPBOHAYAILHOTO JAABJICHHS T'a30B BCIEJICTBUE YCTPEMIICHUS] IPOJYKTOB B3phIBA
B BO3/YILIHBIE IPOMEXKYTKN);

. B3pBIBaHHUE 3aps/10B Oe3 nepedypa, 3apsa0B Ha BO3LYLIHOM MOAYIIKe (IaHHAS KOHCTPYKIHS o0ec-
MEYMBAET XOPOIIYIO MPOPaOOTKY ITOJOUIBEI YCTYIa, HE MOJBEprasi JAOMOJHUTEILHOMY pa3pylleHNI0 TpU3ab0euHy0
YacTh HIDKEJIEKAIEro TOPU30HTA M HE CO3JlaBas HOBOOOPa30BaHHBIE CUCTEMBbI TPEIUH);

. UCTIONIb30BAaHNE B3PBIBYATHIX BEUIECTB C HU3KOW OpM3aHTHOCTHIO (CHIDKCHHE OpPH3aHTHOTO JeH-
ctBus BB, 1 kak ciencTBue, CHI)KEHHE BBIXOa MEJIKMX (pakiuii B OJIVKHEH 30HE).

Heobxonnm obGocHoBaHHEIN BbIOOp mapameTpoB BBP, oGecrmeunmBarommii TpeOyeMbI BBIXOJ MEIKHX
(bpakouii.

HayuHblil pykoBOaMTeJIb: K.T.H., acCUCTeHT B.A. Wuelckuii

J.®. BAUTYCKAPOBA
Ypumckuii 2ocyoapemeennwiti negpmanou mexnuuecKull yHugepcumen

MOJIEJIb JJIAA PACUYUETA BA3KOCTHU TOINIOYHOI'O MA3YTA,
HOJYYEHHOI'O CMEIHEHUEM I'Y/IPOHA C TPEMA
PA3ZBABUTEJISIMHU

Tomo4HbI Ma3yT, Kak M OCTAJIbHbIE TOBapHbIe He(TEMPOAYKTHI, MOIydaeTcs Ha HedTemnepepabaThIBaro-
meM 3aBojie kKommnayHaupoBaHueM. OCHOBHBIMH KOMIIOHEHTAMH IS €r0 TMOJYYEHHS CIIY)KaT TSDKENbIe OCTAaTKH
MIEPBUYHON W BTOPHYHOU TIepepadOTKH.

B nensax obecneuenust coorBetcTBus MazyTa TpeboBanusaM ['OCT 1o comepikaHUIO CepBl H BI3KOCTH B €r0
COCTaB BOBJICKAIOTCS MAJIOBSI3KHAE KOMITOHEHTHI, HTPAIOIIHE POJIb pa30aBUTEIICH.

OnpezeneHre W IPOTHO3HPOBAaHNE BA3KOCTH Ma3yTa, MOIYy4aeMOro KOMITAyHIUPOBAHUEM, SIBIETCS aKTy-
aJIbHOM 3aJaueil Ha CErOaHAIIHUN IEHb.

CymecTByeT HECKOJIBKO MOJENeH I pacueTa BSI3KOCTH TOIIOYHOTO Ma3yTa, COCTOSIIUX W3 JABYX KOMIIO-
HEHTOB: TyIpoHa — 0A30BOr0 KOMIIOHEHTA, M OAHOTO pa30aBUTEIS.

B nmanHoi#i paboTe mpenioxkeHa MOeNb, BKIIOYAOIMAs ABe GOopMyJl, HO KOTOpas MpeaHa3HaueHa IS pac-
YeTa BSI3KOCTH Ma3yTa, KOMIIOHEHTAaMH KOTOPOTO SIBJISIOTCS TYAPOH U TPHU pa30aBUTEIIs.

MaremaTrueckast MOAEIb ISl pacueTa BI3KOCTH pa30aBUTENICH:

Vpass = 3,2 * Oyr T 2,0 - 0gr + 5,2 * Qg 1)

Koneunas Mozens mjisi pacdera BS3KOCTH MPEICTABISIET HanOojiee paclpOCTpaHEHHOE ypaBHEHUE IS
pacuera BA3KOCTH CMECH:

In(ln(VCM +0,8)) = xr - In(In(vr + 018)) + Xpase * ln(ln(vpmG + 0,8)), (2)

TJIE VT, Vpass — BA3KOCTH TYIPOHA U pa3baBuTenei;

Xp — MaccoBast JOJIsI TyJPOHa;

Xpaso — CYMMapHasi MaccoBas 10711 pa3baBureeil.
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[IpennoxeHHas MOJENb pacdyeTa BA3KOCTH OblIa MPOBEPEHA PAIOM 3KCIEPHMEHTOB CO CMECSIMH, IPHIO-
TOBJICHHBIMH B COOTBETCTBHHU C PacdeTaMu. Bs3KoCTh KaXk10# cMecH M3MEPSUTH B Ta0OPaTOPUH M CPABHUBAIIH C €€
pacyeTHBIMH 3HAYCHUSIMH IJISI TOH ke cMecH. OTHOCUTENbHAs OTPEIIHOCTh He TpeBbimact 1,16 %.

HayuHnblii pykoBoauTeJIb: K.T.H., fo1. A.P. I'aiicuna

JI.B. BAMPAYHBIN
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

PACUYET DY®DPEKTUBHOMU BSI3KOCTHU PACTBOPOB
IMOJIUMEPOB I10 PE3YJIBbTATAM PEOJIOT TYECKHUX
UCCJEJOBAHUN

Pa3paboTka XUMHUECKUX pEareHToOB Ui 0OBEKTOB HeTeTOOBIUN, B YACTHOCTH JJIsi KOHKPETHBIX T€0JIOT0-
(U3MYECKNX YCIIOBHH, OCYIIECTBISAECTCS ITyTEM IPOBEACHHS KOMIUIEKCHBIX JJAOOPATOPHBIX HCCIEAOBAHUH, BKIIIO-
JaomuX (U3HKO-XUMUYECKHE, peosorHieckue u (punbTpanoHHble. B naHHON paboTe MpencTaBICHBI PE3yIbTaThl
TEOPETUYECKUX U MPAKTUYECKUX PEOJIOTMYECKUX HCCIICAOBAHUH MOJMMEPHBIX PaCTBOPOB U COCTABOB, NMPHMEHsE-
MBIX JUISI TOJTMMEPHOT'0 3aBOJHEHUS ¥ BHYTPHUIUIACTOBOM BOIOU30JISLINN.

C TexXHOJOrM4eckoi CTOPOHBI, MPU 3aKayke MOJUMEPHBIX COCTAaBOB B IPOJYKTHBHBIM IUIACT BO3HUKAET
HEOOXOAMMOCTh OIEHKH KPUTHUECKHX 3HaueHUH 3(PQEeKTHBHON BS3KOCTH. ITO BAXKHO NPH 10A00PE TEXHOJIOTHH
BHYTPHILIACTOBOH BOJIOU3OJISIIMH JIUII KOHKPETHBIX YCJIOBHH, OTPaHHMYCHHBIX I10 T'€0JIOr0-(pH3HYECKUM MapamMeTpam
(HammpuMep, MPOHMUIIAEMOCTh, MOPHCTOCTh) U TEXHHYECKUM OCOOEHHOCTAM YCTaHOBOK JUIS 3aKaukd (Hampumep,
rojiavya WM JaBJICHNUE).

B pabote mpuBeaeHB! Pe3yIbTaThl TEOPETHIECKUX U JJAOOPATOPHBIX MCCIEIOBAaHUN PEOJIOTNYECKUX XapaK-
TEPUCTHUK MOJIMMEPHBIX PACTBOPOB, IPHUMEHIEMBIX JUIS TOJIMMEPHOTO 3aBOJHEHHS U BHYTPHUIUIACTOBOM BOJZOHM30IIS-
mnn. Ipennoxena ¢opmymna s onpeneneHus 3pGEKTHBHON BA3KOCTH IOJIMMEPHOTO PacTBOpa B IIOPOBOM IIPO-
CTPaHCTBE BO BPEMs 3aKayKH €ro B miacT. JlaHHas (opMyiia MO3BOISET paccUnTaTh 3(P(HEeKTHBHYIO BS3KOCTh JIH-
HEITHOTO rens B 3aBHCUMOCTH OT PEXHMMOB 3aKaukd (JaBlICHHE, CKOPOCTh 3aKa4yKH) M OT PACCTOSHUS OT HAarHeTa-
TEJIbHOM CKBa)KMHBI IO MPOU3BOJBHO BHIOPAHHOI TOUKHM ILIACTa JUIsi KOHKPETHBIX I'e0JIoro-(hU3NUeCKUX YCIOBHI
(mopucTOCTh, MPOHUIIAEMOCTD, IIacTOBas TeMmeparypa). [IpuBenen npumep pacuera 3¢ ¢dexTuBHON Bszkoctu 1%-
HOTO BOJHOTO pacTBopa «['eoman-M» Hpu pa3in4HBIX PACCTOSHUAX OT HAarHETATeIbHOMN CKBAa)KMHBI 10 MPOHU3BOJIb-
HO BBIOPaHHOMN TOYKH IUIACTa M NPH Pa3IMYHBIX PeKUMaxX 3aKauKH MO MPeaI0KEeHHOH hopmMyIe.

IIpu 3akauke B MPOAYKTUBHBIM ITACT BA3KOCTh BOAHOTO PAacTBOPa KOHKPETHOTO MOJMMeEpa, MpecTaBisi-
IOIIero co0oi JTMHEHHBIH reib, OyIeT 3aBUCETh OT CKOPOCTH C/ABHTA U JABJICHUS IPH IIOCTOSIHHOM ITACTOBOM TEM-
repaType U OTCYTCTBHUH BIIMSIHUSI BHEITHUX (DAKTOPOB.

O06o00mas TeopeTHdyeckue M J1a0OpaTOpHBIE HCCIEAOBAHMUS, IIOJNyYEHO CIIeIyIollee BBIpaKCHHE IS
TUTOCKOpainalbHON (UIIbTPaLInK:

S| P, @In&

306~

T-exXp Row
Q ‘ 2-m
2-7-r-h-m k

Ha ocHOBe qaHHBIX 3aBHCHMOCTEH CO31aHa mporpaMma, MpeaCcTaBIsionias coboit 3amanue B cpeme Visual
Basic. [Iporpamma npenHasHaueHa it 00pabOTKH BXOTHBIX JAHHBIX, pAacYeTa TEXHOJOTHUSCKUX MapaMeTpOB Mpo-
Lecca U MmocTpoeHus rpadurka 3aBUCMMOCTH BS3KOCTH OT PACCTOSIHUSI OT HAarHETaTeNIbHOW CKBa)KHHBI IPH TUIOCKO-
panuanbHOW GUIbTpanuu. B mporpamMMe yduTHIBalOTCS: KOHCTPYKIHMSI CKBaXKMHBI, TOJIIIMHA IUIACTA, IJIACTOBBIC
JlaBJICHUE ¥ TEMIIepaTypa, (GUIbTPallMOHHO-eMKOCTHBIE CBOMCTBA IUIACTA, THIT KOJUIEKTOPA, INIOTHOCTH TOPHOI 110-
POIBI, pexXUMBbI pabOTHI Hacoca JUIS 3aKaYKH, H3MEHEHNE BSI3KOCTH OT CKOPOCTH CJIBUTA.

IIporpamma mo3BOIUT ONTUMHU3MPOBATH PEXKHUM 3aKadKU MOJMMEPHOTO pacTBopa. PaccuuTeiBas kpuTHde-
CKYIO BSI3KOCTB, IIPH JOCTHKEHHH KOTOPOH MOXKET NMPOM30WTH T'MAPABINYECKHN Pa3pbiB IJIACTa, MOXKHO BBIOpAaTh
NIPaBWJIBHBIA Pacxo]l IOJMMEPHOTO PacTBOpa M AaBJIEHHE HAacoca, a TaKkKe 1MoJo0paTh ONTHMANIBHYIO KOHIEHTpa-
LIUIO [IOJINMEpA.

Hep

Hayunslii pykosoauressn: 1.P. Paynos
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P.P. BAJITUH
Ypumckuii 2ocyoapcmeennulii Heghmsanol mexHu4eckuil yHusepcumem

PA3PABOTKA BECITPOBOJJHOM CUCTEMBbBI
MMAPAMETPUYECKOI'O MOHUTOPHUHI'A YJAJIEHHBIX OBBEKTOB

B pabote paccmarpuBaercsBo3MoxHOCTh puMeHeHus: LPWAN-TexHonormid anst opranmzannu Oecrpo-
BOJIHBIX CETeH MapaMeTpUUeCKOro MOHUTOPHHIA Y/AaIEHHBIX 00BEKTOB, a TAKKe MPUBOJUTCS PElIeHHE, 00ecey u-
BaloIllee PeaNn3alfio pa3BETBICHHBIX HHYOPMAIMOHHO-N3MEPUTENBHBIX CHCTEM Ha 0a3e JTaHHOW TEXHOJIOTHH.

YcTaHOBIICHO, YTO BBUY ClieUM(HUKH OrpaHUYeHNH Ha ucroyib3oBanue yactot |ISMaunanasona, B koropom
npeaycMaTpuBaeTcs Nepefadya JaHHBIX HporpoTokoiaM TexHoioruu LPWAN, B Poccuiickoit ®enepaunu ams
YCTPOWCTB MpUEeMOTepeaadiJ0CTyIIHA 1oJjioca yacToT mupuHor B 500 k['.Opranusanusi pa3BeTBICHHBIX HHDOP-
MAaIMOHHO - U3MEPHUTENBHBIX CHCTEM, TIO/IJICPKUBAIOLINX OJTHOBPEMEHHYIO Pa0OTy KaHAJIOB CBSI3H, B MOJIOCE YaCTOT
YKa3aHHOU MIMPUHBI TpeOyeT OCHOBATEIBHOTO MOAX0Ja K PA3pPENICHUIO BONMPOCA Pa3[eIeHUs] YaCTOTHOTO AHUAIa30-
Ha TepeJadll AaHHBIX Ha OTACIbHBIC KaHaJbl, HEIIOCPEACTBCHHO CBS3aHHOTO C BBIOOPOM BEIMYHMHBI JICBHALNU U
MaKCHMaJIbHO CTaOWJIBHBIM INOJICPKAHUEM HECYIIEH Y4acTOThI NepefaTIhKa. B0 BBIBIECHO, YTO YXOJ YacTOTHI
MIPUEMOTIEPEAAaTINKa ONPEACIATCS, TJIaBHBIM 00pa3oM, HECTAOMIBPHOCTRIO HECYIIEH Y4acTOTHI KBApPIIEBOTO T'€HEpa-
TOpapaIuoTpaHCUBEPa, OOYCIOBICHHOW TakuMH (paKTOpaMy KaK W3MEHEHHE TEeMIIEpaTyphl OKPY)KAIOIIEH cpensl,
BPEMEHHOH Jipeli( XapaKTEpHUCTHK (CTapeHHe) U 0OCOOEHHOCTH MPOU3BOJCTBA. TaK,pu cTabMIBHOCTH Y9acTOTHI + 25
ppm (MUJUIMOHHBIX J0JE€H OT HOMHUHAIILHOM 4acTOTHI PE30HATOPA), XapaKTepHOH B CpeHEM JUIs TUIIOBOTO KBaplie-
BOTO TeHepaTopa, padoTatoriero Ha yactore 39 MI'1, B ciiyuae mepenayn JaHHBIX O paJHOKaHaIy Ha 4acTore 869
MI'11 peasibHOE OTKJIOHEHHE HecyIlel yacToTsl focturaet +21,725 kI'1, 4To MpUBOIUT K NMOTEPE CBA3H.

[IpemtokeHo perieHue Ha 6a3e cxeMbl ¢ GPS-TpueMHUKOM, TIO3BOJISIONICE KOMIICHCHPOBATh YXOJ 4acTO-
ThI KBApLEBOI'O reHEpaTopa, U, Kak CJICACTBUEC, YBCIIUYUTH YUCJIO paJIMOKaHAJIOB B CCTHU 3a CUHET MEHBIIIEH BEJIUYHHBI
JICBUAIIHN.

HayuHnblii pykoBoauTelIb: K. T. H., 101. A.H. KpacHos.

II.A. BAHHUKOBA
Ypanvcxuil 2ocyoapcmeenusiii copHulil yHUBEpCUmMem

OLNEHKA UTHO®OPMATHUBHOCTHU AETAIM3ALINOHHBIX
I'EOPUBNYECKUX PABOT HA YYCOBCKOM
MEJHOKOJIYEJAHHOM MECTOPOXAEHNAU

B pabote nmpuBeneHa reoorHUecKas XapaKTepUCTHKA MECTOPOKICHUS, PAacIlONOKEHHOTo Ha ore Ceep-
JoBcko# oOmactu. Tema BKparieHHBIX pyJ 3aJIeTAlOT B TOJIIE KPYTOMANAIOIINX KBapI[-CEPUIIUTOBBIX CIIAHICB
MOIIHOCTBIO 130 M, KoTOpas chopMHUPOBaIacCh B CKIIOHOBOH PYAOBMEIIAIOIICH JACTIPECCHH 110 TIEPBUYHBIM KPEMHU-
CTBIM OcagkaM. MecTopoxIeHre pa3BeaaHo B XX Beke OypeHHeM U KOMILICKCOM ITOJICBBIX U CKBaXKHHHBIX Te0(u-
3MYECKUX MeTOHOB. Llenbio paboThl SBISACTCS BBIACICHHE YPOBHEHW KOTYEHAHHOTO PYJOOTIOKCHHS B KOHIICIIIHH
9KCTAJSIIIMOHHO-0CAI0YHOTO IIPOUCXOXKICHHS PYA.

Hamu Ha MecTOpOXAeHUH IIPOBEACHBI JeTaIu3allMOHHBIE JIEKTPOPa3BeJOYHbIE paboThl ¢ MUHIMAIbHBIM
pasMepoM IPHEMHOI! JIMHUK 5 M: MeTo/]] BbI3BaHHOMH nosisipuzaunu (BIT) nmo npoduitio, MeTos aneKTpryeckoi Kop-
pesIiK B TTIOMCKOBO-KapTUPOBOYHOM BapuaHTe (MUTAIOIIas JUHUS TepeMenianachk ¢ marom 10 M), 3MeKTpoToMO-
rpadus; u monaaHas cheMka no Mmeroay cpeauHuoro rpaguenta (MCI) mo cetu 10x10 m Ha miormanu 240x100 M.
B Tomme pymoBMeNaronux mopo 1 BEIIEICHBI YeThIpe CyOBEPTUKATBHEIC SJICKTPOIIPOBOIHBIC 30HBI COPOTHUBIICHU-
eM 150-300 OM-M, KOTOpBIE COOTBETCTBYIOT YPOBHSIM PYJOOTIOKEHHUS.

KommgectBenHO onpenernena reojorundeckas nHGopMaTuBHOCTF MCI™ 1 aekTpoToMorpaduu pu U3BECT-
HOM TIOJIOKEHNHM PYAHBIX 30H B paspese. [yl uncineHHOW OLEHKH MH(OPMATMBHOCTH Teo(U3MYECKHX METO/I0B
MIPUMEHEH AJITOPUTM Pacu€TOB MEphI HEOTIPEAEIEHHOCTH (IHTPOIIHH).

AHanu3 pacyeToB MH(QOPMATHBHOCTH MOKa3al 3(QEKTUBHOCTH METOJa 3JeKTpoToMorpaduu. 3HaueHHE
nHGOPMATUBHOCTH AJISI CBOJIHOTO Tpaduka mo nerTpaasHoMy npodumro MCI nogyuniock HeOONBIIMM, XOTS Ha
IomaaHoi kapre conpotuBieHnid mo MCI' mpocTupaHue W MPOTSHKEHHOCTh MPOBOAAIINX 30H, 00YCIIOBICHHBIX
BKpAIUICHHBIMH PYJAMH, YETKO MPOCIICKUBAIOTCSI.

HayuHblii pykoBOIMTEIb: K. T.-M. H., J1011. A.B. Ky3un
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A.B. BAPAHOBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

NCIHHOJb30BAHUE KOOPANHATHO-OIIPEAEJIAIOINX
CUCTEM B AHTPOIIOMETPUYECKHUX UCCJIEJOBAHUAX

AHTpONIOMETPHUYECKUE XapaKTEPUCTHKHA — 00BEM U IUIONIAb OBEPXHOCTH TENA YEIOBEKa, B TOM YHCIIE U
€ro KOHEYHOCTEH — Ba)KHEHITNI NCTOYHUK MH(OPMALMHK JUIsl PELIeHUs PHUKIIaIHBIX MEIUIIMHCKHX 33/1a4. B oHKO-
JIOTHH Ha OCHOBE ATUX BEIMYHMH IMPOMU3BOIAUTCS pacueT BBOAMMOMN 03Bl JIEKAPCTBEHHOT'O Ipenapara JUlsi XUMHOTe-
pamuu. O4eBHIHO, YTO ONEPATUBHOE OMpEIeNeHUE 3TUX MapaMeTpoB C 3aJaHHON MOTPENIHOCTbIO — aKTyalbHas
3agada. HacTosimee uccienqoBaHue MOCBSINEHO OUCKY ONTUMAIBHOTO METO/Ia €€ PeIlleH!sI HA OCHOBE MPUMEHEHUS
pe3yIbTaTOB TPEXMEPHOI'O CKAaHUPOBAHUS, KaK albTEPHATHBBI CYILIECTBYIOLUIUM METOAAM.

B xoze uccnenoBanus Oblia pelieHa 3aaqa 1o OnpeAeIeHHIo 00beMa 1 IUIONa i TOBEPXHOCTH HOTH Ye-
moBeka. [IpuMeHsUHCE 1Ba THIIa CKAHUPYIOMIHUX CHCTeM: Ja3epHbIit ckanep HP-L20.8, ycraHOBICHHBIN HAa KOOPAH-
HAaTHO-U3MEepHUTENbHOM MamuHe RomerAbsolute Arm, i orrrraeckuil pydaroii ckanep ArtecEVA.

O06paboTKa TaHHBIX CKAHUPOBAHUS — IIOCTPOCHUE W PEIAKTHPOBAHNE TPUAHTYIISIIMOHHBIX MOJEINEH, aBTO-
MAaTH3HUPOBAaHHBII pacdeT 06beMa 1 IUIOIIA 1 MOBEPXHOCTH — IPOBOIIIIACE B IIPOrpaMMHOM Komiutekce Geomagic.

[IpenBapuTenbHO ObIIa BBIIOJIHEHA allPHOPHAs OIIEHKa HEOOXO0AMMOH MorpemHocTH MeToaa. Jomyctumas
omuoOKa ONpeeNIeHNs] HCKOMBIX ITapaMeTpoB cocTtasisieT 0.5-1% oT HCTHHHOTO 3HAYCHUS N3MEPSAEMON BETMIUHEL.

Pe3ynpTathl Hccie0BaHUI U arlocTEpUOpHAs OLEHKa TOUYHOCTH MOATBEPIMIN MPUMEHHUMOCTh MeTona. C
TOYKH 3peHHUs y100CTBa €ro MCIOJIb30BaHMS HA IPAKTUKE M 3aTPauyMBaEeMOro Ui M3MEPEHH BpeMeHH, Hanboiee
ONTUMAJIBHBIMU NIPE/ICTABIIAIOTCS U3MEPEHH ONTHUeCKUM ckaHepoM ArtecEVA.

OKcIepUMEeHTaIbHbIe PaObOTHl B TaOOPAaTOPHBIX YCIOBHUAX MpoBOAMINCH Ha 6a3ze kommanuu OOO «IIpo-
MBIIIUIeHHas reoae3us». Ha npaktuke meton omnpo6osan B HMUI] onkonoruu um. B.B. Ilerpoga.

Hayunblii pykoBoauTens: K.1.H., 1oi. kad. NI FO.H. Kopaumos

A. U. BAPJAHOB
Canxm-Ilemepbypeckuii 2ophbili yHueepcumem

YIIPABJIEHUE AKTUBHBIM BbIITPAMUTEJIEM HANIPAKEHUSA
B COCTABE HACTOTHO-PEI'YJIUPYEMOI'O IIPUBO/JA ITPHA
INPOBAJIAX HAIIPAKEHUSA

ITpoBasiom HampsKeHHS Ha3bIBaeTCS KpaTKOBpeMeHHOe (10 1 MUHYTBI) CHM)KEHHE JIEHCTBYIOIIETO 3Hade-
HUS HaIlpsDKEHHs HIDKE yCTaHOBJIEHHOTrO moporoBoro 3HadeHus (ot 0,9 mo 0 oT HOMHHAIBHOTO 3HAYCHHSA) B KOH-
KpPETHO TOYKE 3JIEKTpU4ecKoi ceTu. [IpoBajsl HapsDKEHUS SABISIIOTCA CEphe3HON MPoOIeMOoM A 3JIEKTPOyCTaHo-
BOK Ha IPOMBIIUICHHBIX IPEANPHATHAX C HENPEPHIBHBIM TEXHOJIOTMYECKHM LIUKIIOM, TaK KaK MOTYT BBI3BIBAaTh aBa-
puiiHOe mpeKpaleHre padoThl IBUTATEINS ¢ YaCTOTHO-peryaupyeMbiM npusogoM (UPII) BcnencTBue cpabaTsIBaHUS
3aIIMTHl MUHUMAJIBHOTO HAINPSDKEHUS TIPH CHIDKEHWM HAINPSsDKEHUS B 3B€HE NMOCTOsTHHOTO Toka.[lpobiema sta kaca-
€TCsl TOJILKO CHCTEM C HEperynupyemsIM Beinpsmuresnem, YPIT sxe ¢ akTuBHBIM BhIpsiMuTeneM (AB) n B wactHOCTH
AB HanpspKeHHsI ¢ BEKTOPHBIM yIIPaBJICHUEM IOIEPKUBAIOT BEJIMUYMHY HANPSDKEHUS B 3BEHE IMOCTOSIHHOTO TOKa Ha
YPOBHE 3aJaHusl.

o B pabote ycTaHOBJICHO, YTO NPH HECHMMETPHYHOM INIPOBAJe HAIPSDKCHUS, AKTHBHBII BBIPSMH-
TEJIb C BEKTOPHBIM YIIPABJICHUEM SBJIACTCA UICTOYHUKOM BBICHINX TAPMOHUK.
. [IpennosxeHa crpaterust ympapieHHs, MO3BOJIIIONIAS Ha OCHOBE IapaMeTpoB rozjorpaga 0600-

LIIEHHOTO BEKTOpa HANpPsDKEHHUS U MTHOBEHHOW MOLIHOCTH JIBUraTess c(hOpMHUPOBATh BXOIHbBIE TOKH BBIIPSIMUTEII,
TaKuM 00pazoM, 9TOOBI ITPH IPOBaJie HANPSIKEHNS COXPAHUTh CHHYCOUIATBHYIO (POPMY TOKOB.

o TpemtoxeHHas CTpaTerus yIPaBIeHUs PEaTn30BaHa B KOMITLIOTEPHOM MOJIENH, Pa3paboTaHHOMN B
cpene SimulinkMATLAB.
. [MpoaHaIM3MpOBaHBl BXOIHbIE TOKH BBIPAMUTEINS B YCIOBHSAX MPOBAJa HANPSKEHHS PU padore

mpeoOpa3oBaTells C BEKTOPHBIM YIIPABICHHEM U C TIPEJIOKCHHON CUCTEMON YIIPABIICHHS.

CpaBHEHHE pe3yJIbTATOB MOJACIHPOBAHUS JIBYX CHCTEM YIPAaBJICHHUS IOKA3alio, 9TO KOAIPQPHUIUEHT rapMo-
HUYECKUX MCKaXXEHUI BXOJHBIX TOKOB YCTPOMCTBAa C MOJEPHU3MPOBAHHOW CUCTEMOH YIIpaBJIeHHsI CHU3WJICS B 8
pas.

Hayunblii pykoBoauTessb: 1.7.H., o S1.9. [kmsapckuit
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B.B. BAPYTKHUH
Tromenckuti uHOyCmMpuanbHblil YHUBEPCUMEN

HEPCHEKTHUBbI UCIIOJIb3OBAHUS METOJA
AUIIEKTPHYECKOHU CHEKTPOCKOIINU B UCCJIEJOBAHUH
HU3KOTEMIIEPATYPHbBIX CBOUCTB HE®TAHBIX MACEJI

B Hacrosimiee Bpemst npoOieMbl, CBA3HBIE C YIYYIICHUEM HU3KOTEMIIEpaTypHBIX CBOMCTB Macel, He ucuep-
nmaebel. Ha cerogHs, OCHOBHBIMH KOHTPOJIBHBIMATIOKA3aTEISIMU, ONPEASNIAIOIINMI HU3KOTEMIIEpaTypHBIE CBOMCTBA
TOBApHBIXMACE, SBIIIOTCA TEMIIEPaTypa3acThIBAHUA M BSI3KOCTHO-TEMIIEPATYPHBIC XapaKTepUCTHKH. [Ipu sTOM
TPaIUIMOHHBIA CIOCO0 MCCIIEAOBaHNS HU3KOTEMIIEPATypHBIX CBOWCTB Macell — N3MEPEHNE TEMIIEpaTyphl 3aCThIBa-
aus Macna mo 'OCT 20287-91 ve maet mosmHON MH(MOPMAIMK O BO3MOXKHOCTH 3KCIUTyaTalluHd Macia IPH KOHKpET-
HBIX YCIOBHSAX, T.K. 3TH TEMIIEPATyphl ONPENEISIOT TONBKO JHIIb IEPEXO] Macell B relico0pa3sHOe COCTOSTHHE.

B pabote paccMmaTpuBaeTcs TeMrepaTypa CTEKIOBaHMSA — KaK KOHTPOJIBHBIM MTOKA3aTeNb ATl ONpPEACICHHS
HIDKHETO ropora paborocnocoOHocTH Macell. TeMrieparypa CTEKJIOBaHUS — 3TO MCTHHHBIM Iepexoj B TBEPAOE CO-
CTOSIHHE, KaK CJIEJCTBUE BSI3KOCTHOT'O 3aCTHIBaHUS. TemIepaTypy CTEKJIOBaHHS HEPTEHPOIYKTOB MOXHO OIpese-
JISITh METOJIOM JIMAJIEKTPHUYECKOH CIIEKTPOCKOTUK. MeTo/1 3aKI0YaeTcs B U3MEPEHNUH AUDIIEKTPHYECKOH ITpOHHMIIae-
MOCTH U JUBJICKTPUUYCCKUX IMOTCPh UCCICAYEMOI'0 MPOAYKTA OT TEMIIEPATYPhI Ha PAa3JIMIHBIX YaCTOTaX 3JICKTpUUEC-
ckoro noys. CTpyKTypHbIE M3MEHEHUsI B HCCIIEIyEMBIX HETENPOIYKTaX CONPOBOKAAIOTCS PE3KUMHU U3MEHEHUSIMHU
JMIICKTPUYECKUX CBOUCTB.

Taxoke BpaboTe paccMaTpHBAIOTCSA NMEPCHEKTUBBI HCIOIB30BAHMS METOJA IUICKTPHIECKON CIEKTPOCKO-
MM B MCCJICAOBAHNHM HU3KOTEMIEPATYPHBIX CBOMCTB HE(TAHBIX MACEJ]C IETbI0 ONECHKH X (PU3NKO-XMMUYECKHX
CBOHCTB, CTPYKTYPHBIX IIEPEXOI0B IPH M3MEHEHHUH TEMIIEPAaTyphl W MOTCHIHAIBHBIX KpUTEpHEB 3P (PEKTHBHOCTH
noa0opa NpUCagoK K MaciiaM.

Hayunblii pykoBoaureb: K.T.H., A.A.baiina.

A.C. BEJIOBA
Tsepckoii 2ocyoapcmeenHblil mexHUYecKull yHusepcumen

PASBPABOTKA MHOI'O®YHKINOHAJIBHBIX
AHTHCIIEXKUBAIOIIUX ITOPOIIKOB JJISAA ChIITYUYUX
MATEPHUAJIOB

B pabote mpoBeneHb NCCIEOBAHNS IO TIOJNYYSHUIO M W3YyYEHUIO CBOMCTB KOMIUIEKCHOTO aHTHCIIEKHBa-
IOIIETo MOPOIIKa Ha OCHOBE MHEPTHOTO TOHKOJMCIIEPCHOTO MaTeprasia u Topda. OmyapuBaHHe HOIYyYSHHBIM I10-
POIIKOM YacTHI] WJIM TPAaHYJ Psifia CHITYYUX MAaTEpHAIOB MO3BOJISICT NMPEJOTBPATUTh 00pa30BaHNE KOHTAKTOB MEX-
NIy UX ITOBEPXHOCTSAMH, YCIICIIHO pelIast TeM CaMbIM NMPOOJIeMy CISKUBAEMOCTH IPU XPaHEHUH M TPAHCIIOPTHPOB-
ku. TpaauIMOHHO B Ka4yecTBE aHTUCIEKHMBATENEeH NMPUMEHSIOT MHEPTHBIE TOHKOIMCIIEPCHBIE MaTepHalbl (TajbK,
THIIC, KAOJIMH, MeJI U Ap.), @ TAKKEe pa3IMYHbIe BUIBI IOBEPXHOCTHO-aKTHBHBIX BemiecTB (ITAB). Onnako OonmbIInH-
CTBO M3 HUX SBJIIFOTCA TUTPOCKOMUYHBIMH, YTO 3aTPYAHAET UX UCIOJIB30BAaHUE A 00paOOTKH IHIPOGIIBHBIX CU-
CTEeM.

Just dopmupoBanust 3 dexTuBHOrO rugpooOHOro MOKPHITHS Ha THAPOPUIIBHBIX TTOPOILIKAX MPEIOKEHO
UCTIONIb30BaHNE OUTYMHBIX COEAMHEHUH, U3BJIEKaEMBIX M3 TOP(SIHOTO CHIphs. B KadecTBe MaTepuanoB Ul THAPO-
(oOHOIT 00pabOTKM B MCCIIEIOBAHUAX MCIIOIb30BAIMCH TOHKOANCIIEPTUPOBAHHbIE (pa3Mep dacTul] MeHee 40 MKM)
KaoJIMH U Mell. Ha moBepXHOCTh MX Y4aCTHI] TEPMOXMMHUYECKHM CIIOCOO0M HaHOCHIHMCH TopdsiHble OuTyMbl. Criocod
HaHECEHMs MO3BOJIET MOJIy4yaTh HA YAaCTHLAX CIUIOLIHYIO IUIEHKY TonmuHoi ot 10 1o 20 uM. [lomydeHHblil Takum
o0pazoM ruapohoOHO-MOIU(UIIMPOBAHHBIN MTOPOIOK NpEHA3HAYEH ISl UCTIOJIB30BAHHS B KayeCTBE AHTUCIICKH-
Balolero areHra. J[is mpenoTBpalieHMs CIEKHMBAHHS CHITYYero Marepualia, OH CMEUIMBAeTcsi ¢ ruapogoOHO-
MOM(HUIMPOBAHHBIM ITIOPOIIKOM B KoindecTBe oT 5 10 10%.

B kauectBe 00pabaThiBaeMbIX MaTepHaOB OBUIO WCIOJIL30BAaHO MHUHEpANbHOE ymoOpeHue kapOamuji, a
TaKXXe TPaHyJIUPOBAHHBIA OyTaaueH-HUTPUIIBHBIN KaydyK. [IpoBeeHo sKcriepuMeHTaIbHOe 000CHOBAHHE MEPCIIeK-
TUB WCIIONB30BAHMS pa3paOOTaHHBIX AHTHCIEKHUBATENIEH, a TaKKe OMPEAEICHBl MX ONTHMAaJIbHBIC KOHIIEHTPAIHH
T 00pabOTKH BBIMIEYKa3aHHBIX CHITyYHX MAaTEPHAJIOB.

Hayunsblii pykoBoauTensb: K. T. H., gon. E.}O. UepTkoBa
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C.E. BEJIOBA, I1.B. KOPIIIYHOB, M.A. ®EJOPOBA
Puoibounckuii 2ocyoapemeennulil asuayuoHHbII MEXHUYECKULl YHUSepcumen
umenu I1.A. Conosvésa

MMPOBJIEMBI DOPEKTUBHOCTHU TYPBUH MAJIOPASMEPHBIX
I'A3OTYPBUHHBIX DOHEPTOYCTAHOBOK, IPUMEHSAEMbIX HA
OTAAJIEHHBIX MECTOPOXIAEHUAX UCKOITAEMBbIX

Hama cTtpana 3aHMMaeT OJHO W3 TEPBBIX MECT B MHpE IO 3amacaM MHOTHX IIOJIE3HBIX HMCKONAEMBIX
Ha manHbIi MOMEHT B Hamie# cTpaHe OTKphITO Ooiee 20 THIC. MECTOPOXKICHHUHN TOJIE3HBIX HcKomaeMbix [1]. Tpyn-
HOJIOCTYTIHBIE PEernoHbl Poccum, T7ie IMEIOTCS HAIMOHAIBHBIE PECYPCHI TOJIE3HBIX HCKOIAEMbIX, UCITBITHIBAIOT OCT-
pBIN HEOCTATOK 3HEPTUM AT UX pa3BUTHA. HecMOTps Ha UCKIIOUUTENBHYIO IPUBIEKATEIbHOCTh YHUKAIBHBIX Me-
CTOPO’KACHHH, TIPAKTUYECKOE OTCYTCTBHE WM ciiabopa3BHTas SHepreTHdeckas MH(pacTpyKTypa SBISIETCS OJHOM
13 IVIaBHBIX IPUYUH, 10 KOTOPHIM NEPCIEKTUBHBIE MPOEKTHI OCBOCHUS ITUX MECTOPOXKACHUI 10 CUX MOP OCTAIOTCA
Hepealn30BaHHbIMHU [2].

Jnst sHeproobecnedyeHust OTJalIeHHBIX MECTOPOXKICHHUH Liellecoo0pa3Ho MCI0JIb30BATh Majlopa3MepHbIe ra-
30TYpOVHHBIEC YCTAHOBKH.

OpHOM W3 OCHOBHEIX MpoOieM cozmanus 3(pdexTuBHBIX u HamexHbIX [T/l sBusercsa mossimenue KII/]
TypOWH, B 4aCTHOCTH, 33 CUET IPEIOTBPAIICHHS TTOSBICHNS TIOTEPh BCIEICTBHE NEHCTBHUS BTOPUYHBIX BUXPEH.

Kak moka3sany npoBeAeHHbIE 3KCIIEPUMEHTSHI, ra30quHaMuieckast 3pGeKTHBHOCTh TYpOMHHBIX BEHIIOB Ma-
nopasMepHbIx ['T/l 3aBHCHT OT XapakTepa TUHAMHUKH PacTpOCTPAHSIOIUXCS B HUX BTOPHYHBIX TeueHHH. I1pu BEI-
coTax, mpeBblmaroIux hp = 70 MM, TedeHHE B MEXIIONATOYHOM KaHaJIe XapaKTepPU3yeTcsi OTCYTCTBUEM CMBIKAHHS
BTOPUYHBIX BUXpeH, 00pa3yroIuxcs U3 NOTPpaHciIos Ha TOPLEBBIX NOBEPXHOCTSX. [Ipn CHM)KEHUH BEICOTHI 10 hp =
45 - 42 MM, BO3HHKAET aKTUBHOE B3aMMOAEHCTBHE 30H BTOPUYHBIX TEUCHUH, YTO PEIIUTEIBHBIM 00pa3oM BIUSACT Ha
pocT ypoBHs notepb. Jlaree npu CHUKEHUHU BBICOTHI HAOMIONAeTCs pa3pyLIeHHE BTOPUYHBIX BUXPEH, pOCT HOBOTIO
MIOTPAHCIIOS, YTO CONPOBOXKIACTCS CHHKECHHUEM TTOTEPh.

Takum 00pa3oM, Ha OCHOBAHUM IPOBEACHHBIX KCIIEPUMEHTOB MOXKHO CJIENIaTh Ba)KHBIE PEKOMEHIAINU
paspaboruuky no nosbimennto KIIJ[ manopazmepHbix TypOuH. HeoOxonumo m3beraTb BBICOT a’pOAMHAMUYECKH
KOPOTKHX JIOIIATOK, PU KOTOPBIX BTOPHYHbIE BUXPU HAUOOJIBIIMM 00pa3oM B3aUMOJICHCTBYIOT JPYT C APYTOM.

Bubmmorpadus
1. 130 6romxeroB Poccun mox 3emuteii. //Poccuiickas rasera. 26.01.2015
2. Wcnonp30BaHNE aTOMHBIX CTAHIMI Majlod MOIIHOCTH IS YHEPTrOCHAOKEHHS apKTHIECKUX MECTOPOXK-
JIeHUH TBEpABIX IMOJIE3HBIX mckomaeMbix. // MenpankoB H.H., I'ycak C.A., HaymoB B.A.- BectHuk Kombsckoro
Hay4Horo neHrpa PAH , 2017.

10.0. BEJIOCJYAUEBA
Canxm-Ilemepbypeckuii 20pubiil yHUepcumem

AHAJIN3 U1 OIEHKA OCOBEHHOCTEMW MH)KEHEPHO-
TEOJIOTUYECKHNX YCJOBUM 'OPHOJIBIKHOM TPACCHI Ne 4 HA
CEBEPHOM CKJIOHE KPACHOMH MOJISIHBI C IEJBIO
MPOTHO3UPOBAHMS ET'O JUIMTEJIbHOM YCTOMYUBOCTH

JmTenpHasi yCTOWYMBOCTh MPHPOIHBIX CKIOHOB BO MHOTOM OIIPENENSICTCS CIIOKHOCTHIO WH)KEHEPHO-
TCOJIOTHIECKHUX YCIOBHU, KIIMMATHICCKUMU (PaKTOPaMH, BIMSHAEM ITOJ3EMHBIX BO, a TAaKXKe CCHCMUYHOCTBIO pe-
ruoHa. ['opHOJBDKHAS Tpacca MPOJIoKeHa MO CEBEPHOMY CKIOHY XpeOTa Aulra, mpeacTaBIISIONIEro co0oi OTpor
HOxHoro ckiona Bonbioro Kaska3ckoro xpedrta. B paspese ucciieyeMoro ckiioHa MpOCIeKHBAIOTCS (IIHILIEBbIE
TOJIIIN HUKHEIOPCKUX OTHOX(CHHﬁ, TAC OTMEYAIOTCA PUTMbI apTrAJIJINTOB, aJIEBPOJMTOB, IIECYAHUKOB C npeo6naﬂa-
HUEM TNIEPBBIX.

JIJ'IH OLICHKH yCTOﬁ‘IHBOCTH IIPUHIUIINAJIBHOEC 3HAYCHUE MMCIOT CICAYIOINNE WHKCHEPHO-TCOJOTrNICCKUC
0COOCHHOCTH: HAJIMYME MOBEPXHOCTEH OCiabiIeHus, MPUCYTCTBUE B pa3pe3e HeOJIaronpusTHO OPHEHTHPOBAHHBIX
TpEIINH, 0COOEHHOCTH ()OPMHUPOBAHKS PA3APOOICHHOCTH HOPOI.

Ha ocHoBe pernoHajbHBIX MCCIEIOBAaHUIN yCTaHOBIEHO, YTO JUIl TEPPUTOPHU XapaKTEPHO NPHCYTCTBHE
TEKTOHUYECKOH TPEIIMHOBATOCTH, a TAKXKE JUTOTCHETHYCCKUX TPEIIWH U TPEIIWH BBIBETPUBaHUS. I3MEHEHHOCTH
nopox (uineBoi ToIM 00yCIOBIEHa BO3JCHCTBHEM areHTOB BHIBETPUBAHUS B COYETAHWU C BBICOKOW BIIAYKHO-
CTBIO U MOBBIIICHHON TEMIIEPaTypOi, XapaKTepHBIMH ISl CyOTPOITMUECKOTO KIMMaTa.

Ocoboe BHUMaHHE JIOJDKHO OBITh Y/EJIEHO JOCTOBEPHOCTH IIOJIOKEHUS MOBEPXHOCTEH CKOJIBXKEHUsI, pac-
YEeTHBIM ITapaMeTpaM, 0OBOTHEHHOCTH pa3pe3a, a TakKe BO3ACHCTBHIO ceiicMmieckoro ¢ ¢exra. B mpomecce npo-
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eKTUPOBAHUS HE OBLIO YAEIEHO MODKHOTO BHHMAHHSA JOCTOBEPHOCTH ITOJOXKEHUS ITOBEPXHOCTEH CKOJIBKEHUS,
BIIMSIHUIO TPEIIMHOBATOCTH Ha XapaKTEPUCTHKU CONPOTHUBIICHHS CABUTY — YIjla BHYTPEHHETO TPEHMS M CLEIUICHUSL.
B pacuere, nmpou3BeeHHOM Ha CTaAWM NPOSKTUPOBAHHWS, ObLIa HMCIOJIB30BaHA KPYIIIOLMIMHAPHYECKAs IOBEPX-
HOCTb CKOJIB)KCHHS, 3aBBIIICHHBIC 3HAYCHHS CLEIUICHUS 1 OCOOCHHO yIila BHYTPEHHETO TPEHUs, U CHeJIaH BEIBOJ O
rapaHTHH YCTOIYMBOCTH IPH OTCYTCTBHH celicMmmueckoro sddexra. Ilpu mccnenoBaHuu paspes3a IIIOBHAIBHO-
JeTIOBUABHBIX OTJIOKEHHUH, KOTOPBIE CIaraloT NOTEHIMAIBHOE OIOJIZHEBOE TeJO, He 00palieHo BHUMaHKS Ha BIIH-
SIHUE KPYITHOOOJOMOYHOTO 3allOJIHUTENS Ha MapaMeTpbl MPOYHOCTH. Vcroap30BaHne KPUBOJIMHEHHBIX MMOBEPXHO-
CTel CKOJIBKCHUS, CHIDKEHUE TTapaMeTPOB CONPOTHUBIICHUS CABUTY, MPUBOISIIME K Pa3BUTHIO OIOJI3HEBBIX MPOIIEC-
COB IOJTBEPKAAIOTCS HaOJI0aeMBIMH HAapYIICHUSIMH YCTOWYHMBOCTH CKJIOHOB B IIpEJeNiax pPaccMaTpHUBAEMOro
palioHa.

Hayunslii pykoBoauTens: 1.r.-M.H., npod. kad. ['ulI" P.D. damko.

P.C. BEPE3IOK
@I'bOYBO Tomenckuu UnoycmpuaneHuill YHueepcumem

CTUMYJINMPOBAHHUE PASBUTHUA HE®PTEI'A30BOI'O CEPBUCA
B COBPEMEHHBIX YCJIOBUAX

CoBpeMeHHbIE SKOHOMHUYECKHE YCIIOBHS, XapaKTePU3YIOIINECs MOIUTHIECKON, KOHBIOHKTYPHOM, BaIOT-
HON HECTAOMJIBHOCTBIO, TIOPOXKIAIOT PSA CEPHE3HBIX MPOOJIEM B Pa3HBIX CEKTOPAaX MPOMBIIUICHHOCTH, B T.U.B CEK-
Tope He(dTerazoBoro cepuca, obecneyrBaroIero 3PQeKTUBHOCTh (YHKIMOHUPOBAHUS OCHOBHBIX OM3HEC-
IIPOIIECCOB Pa3BEIKU U TOOBIUU YIIIEBOIOPOTHOTO CHIPhs U ABJISAIOIIErOCs ApaiiBepoM He TOJIBKO Pa3BUTHS TOILIMB-
HO-?HEpreTHYecKoro KoMiuiekca B P®, HO U nepeBoga 3KOHOMUKU HAa HHHOBAIMOHHO-TEXHOJIOTHYECKUH MyTh pa3-
BUTHSI.

BBeneHne ceKTOpanbHBIX CAHKIUI CHPOBOLMPOBAJIO COKpAIlEHHE I0JIM MHOCTPAaHHOTO CEpBHCA HA pocC-
CHICKOM PBIHKE, YTO BBISIBHJIO CYLIECTBEHHOE TEXHOJIOTHUECKOE OTCTaBaHHE OTEYECTBEHHOI'O HE(TEra3zoBoro cep-
BHCA W, KaK CIIEJICTBHE, HETATUBHO OTPA3MJIOCh HA KOHKYPEHTOCIIOCOOHOCTHHE(TETa30BbIX KomMmanuid. Kpome To-
T0, HeOOXOJMMOCTh Pa3BUTHS JAHHOI OTpaciy 00yCIOBINBAECTCS POCTOM MOTPEOHOCTH B OYpOBBIX paboTax, a Tak-
K€ PacX0/l0B Ha TEKYIIHE W KAIUTAIbHBIC PEMOHTHI Ha CYIIECTBYIOIINX MECTOPOXKAEHMX (Oomee 25% 3a 2016 1.).
W3-3a coxpaHeHUs pesKMMa CaHKIUHA 1 BAJIIOTHOW HECTaOWIBHOCTH COKpamaeTcst (PMHAaHCHPOBAaHHUE Te0()N3NIECKIX
uccnenoBaunit (30% B 2016 r.). Beicoknii H3HOC MPOM3BOACTBEHHBIX (POHIOB OTEUYECTBEHHOT0 He(prerazocepsuca, a
TaKKe CepbE3HbIE TPEOOBAHMS K TIOCTOSIHHOMY YJIYUIICHHIO Ka4eCTBA M ONTHMH3ALNH H3AEPKEK, CTABUT TIOJ] BO-
npoc 3¢ deKkTHBHOE pa3BUTHE OTEYECTBEHHOTO HE(TEra30BOro cepBuca.

B 31011 cBsI3U npencTaBiseTcs 1enecooOpa3HBIM CO3JaHUECIeIIMATbHBIX AKOHOMUYIECKHUX YCIOBHII:BO3BpAT
10 10% cTonMOoCTH IPUOOPETEHHOTO OTEYECTBEHHOTO 000pYA0BaHNs; BBEJACHHE POTPECCHBHON CTAaBKH HAJIOTa HA
JIOJII0 UCTIONIb30BaHus 3apyoesxHoro obopynoBanus (HN30) ¢ BO3MOXKHOCTBIO €r0 OTMEHBI U CHCTEMOM JTOTIOJI-
HUTENBHBIX JIBIOT; co3/1aHue (oHIa peUHAHCUPOBAHUS KPEIUTHON CTAaBKH JUIS MPUOOPETEHHS OCHOBHBIX CPE/CTB.
JlaHHbIE peKOMEHALNH, 110 HAIIEMy MHEHHIO, IOJDKHBI TIOKA3aTh pe3ynbTaT B BUJE Iepexoa He(hTera3oBoro cep-
BHCA HAa OTEYECTBEHHOE 00OpPYy/I0BaHHE, OOHOBIECHUS MPOM3BOICTBEHHBIX (POHJIOB, CHI)KEHHS Ce0ECTOMMOCTH, PO-
CTa 3aMHTEPECOBAHHOCTH 3aKa34MKOB, a Takxke pocta BioxeHuit B HUOKP.

Hayunblii pykoBoauTens: 1.5.H, gom. E.M. [Ilebepnuesa

M.O. BOBIYH, K.P. APTUMBAEB
Canxm-IlemepOypeckuii 2opHbiii yHugepcumem

NCCIEAOBAHUE BJIMAHUA PABOYNX 30H ITAT'AIOHIETI'O
IKCKABATOPA HA BPEMSA PABOYEI'O IUKJIA

Ha ceromusamunii neHp miaralomuii KCKaBaTop SBJSIETCS OJHUM W3 CaMBIX BBICOKOTPOH3BOAMUTEIBHBIX
BBIEMOYHO-TIOIPY304YHBIX 000pynoBaHui. K mpenuMyiiecTBamM JaHHOW TEXHHKH MOXHO OTHECTH OOJIBIIOW pajuyc
paboueili 30HBI, HU3KOE yJIeNbHOE JaBJICHUE Ha IUIOMIA/IKy YCTAHOBKH, a TAKXKE BBICOKYIO TPOM3BOANTEIBHOCT. s
TOTO, YTOOBI HKCKABATOP ITOKa3as OOJIBIIYIO TIPOU3BOUTEILHOCTE, MECTO Pa3paboOTKN IPYHTA JOJDKHO HAXOJIUTHCS
HEMOCPECTBEHHO Iepe/l MAIMHOW, a IepeMelleHHe KOBIIa K 3a00I0 JIOJDKHO IPOMCXOAMTH MAasSTHUKOBBIM
CcrocoOOM — ONBITHBIA MAaIIMHUCT, packadaB pabodee 00OpyHOBaHHE, MOXKET «3a0pOCHTH» €ro Ha Oouibllee
paccTosTHHE, HEKEIN MTO3BOJISIET CTPENa.

Pabounii muki gpariaiiHa COCTOUT M3 IIECTH ONEpannii: KOTTaHue, OIbEeM KOBIIA, TOBOPOT IIaT(HOPMBI Ha
BBITPY3KY, BBITPY3Ka, 00paTHBIN OBOPOT IUIAT(GOPMEI M OIyCKaHHS KOBIIA. J{J1s TOTO, YTOOBI H3YYUTH 3aBHCHMOCTh
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pabodero mukiaa ot pabodei 30HBI, OBUIO MpoBeaeHO HccienoBanue Ha npeanpuitnd AO «BKO» r. Boposuuw,
Hosropojckoit o6macTu.

Komnanns AO «BbKO» mpemocraBmia s u3ydeHHs mararontuii skckasatop OII-10/70, xotopsrid
pactionarajcst Ha ycTyne u paboTai HIKHAM depraHueM. [ ryOnHa KomaHus ObUIa YCIOBHO pasjelieHa Ha 4 30HBI
no 6 METpoB VI TOrO, YTOOBI CPABHUTH BpeMs Ka)KIOH Olepaunyud, BBLIBHTH BO3MOJKHBIC CIa0Oble CTOPOHBI H
HPEIUIOKUTH PEICHNUE UTs YBEIHMICHHS IPOU3BOIUTEIILHOCTH SKCKaBaTOpa.

[ocne 0OpabOTKM MOTyYEHHBIX JaHHBIX OBLIO BBISICHEHO, YTO BpEMs MOAHSATHS KOBIA U BPEMSI OITyCKaHUS
KOBIIIA 3aBHUCAT OT IITyOMHBI YepHaHus: IS BBINOJHEHUS ONepaluii B epBoii (camoil HerimyOOKo# 30He) TpeOyeTcs
MEHBIIIE BpEMEHH, YeM ISl BHITIOJIHEHUS OIIepalliii B 4eTBEPTOH (CaMoii Ii1y0oKoit) 30He.

[Ipeanonaraercst, 4YTo I YBEIMYEHUS NPOU3BOJUTEIHLHOCTH JpariaiiHa HEKOTOPHIE ONEpalii MOXHO
COBMECTHUTB: IOAHATHE KOBIIA U MMOBOPOT IIAT(OPMBI Ha BBITPY3KY U 0OpaTHBIH MOBOPOT IIAT(OPMBI U OIIyCKaHHUE
koBia. [Tocie mpoBepky AaHHOTO MPEATONOKEHHUSI 1 00paO0TKM MOTYYEHHBIX JJAHHBIX OBUIO BBISICHEHO, YTO BpEMs
[IUKJIa CYIIECTBEHHO COKpaIaeTcs.

JlarHOE HATYpHOE WCCIIEOBAHME II03BOJIMIO TOAPOOHO H3YYHUTh OCOOEHHOCTH pPabOTHI IIAraroIiero
9KCKaBaTOPa, MPOCICIUTH XOA KAKIOH olepaliiy paboyero IHUKIA, a TAKKE BBIIBUTH 3aBUCHMOCTH BPEMEHH ITUKJIa
oT paboueill 30HBI KckaBaropa. Mrtak, yem Ooisplne TiryOWHA YepmaHus, TeM OOINbIIe BpeMEeHH TpeOyeTcs s
BBINIOJIHEHHS padodero LUKIA, a BO3HUKAIOIIUE ITIOTEPH MOXKHO COKPATUTh C MOMOILIBIO COBMEILICHHS OIepaluil.
[pemioxeHHasi TEXHOJOTHS COBMEILECHHUS ONEPaluii MO3BOJIMIA MEPEBHINONIHUTE CYTOYHYIO HOPMY IO OTTpy3Ke
Ju1s yaactka «MaarHoBel kapbepa OKi1aaHeBo.

A. A. BOI'’JAHOBA
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

onTUuMM3ANNA ONEHKHA COCTOSIHUS TPYBONIPOBOJAOB
HA OCHOBE MUKPOMEXAHNYECKOU MOJEJIN AKYCTHYECKOU
IMUCCHUHN

B cBsI3U ¢ MHTEHCHBHBIM CTapEHHEM MarucTpajbHBIX TPYOONPOBOIHBIX CHCTEM BOIIPOC COBEPIICHCTBOBA-
HUS UHTETPAIbHBIX METOJ0OB MX TEXHUYECKOI'O AMAarHOCTUPOBAHMS MMEeT MPUOPUTETHOE 3HaueHue. B uucio xiio-
YeBBIX 3a/1a4 PUMEHEHHs TAKUX METO/IOB BXOJUT OIIEHKa KOPPO3HOHHOTO U HAINPSHKEHHO-A1e()OPMHUPOBAHHOTO CO-
cTosiHusl TpyOorpoBonoB. Ilonyuenne Takoit nHpopManuK - HEOThEMIIEMasi YacTh BOIIPOCa ONpPEJENICHUS] OCTaTO4-
HOTO pecypca JI0 HACTYIUICHHS IPEAEIBHOTO COCTOSHUS, KOTJa JajbHEWIIas dKCIDTyaTanus OoOBeKTa CTAHOBUTCS
HEBO3MOKHA.

W3BecTHO, 9TO K YHCTY OCHOBHBIX IPUYXH HACTYIUICHHUA MPEACITBHBIX COCTOSHUI Ha MaruCTPalbHBIX TPY-
6onpoBogax (MT) MOXHO OTHECTH HAKOILICHHE MUKPOCTPYKTYPHBIX NE(PEKTOB B JIOKAIBFHBIX 30HAX KOHICHTPAIHU
IUTaCTHYECKUX nedopMmannii. J[as TOCTOBEpHOW OIEHKH TEXHHYECKOTO COCTOSHHS TPyOOIpoBOJIa HEOOXOIUMO
HCTIOJB30BaTh KOMIUIEKCHBIA THATHOCTUYECKUH MMOIXO/ C MPIMEHECHHEM HECKOJIBKHX HE3aBUCHMBIX METOJIOB KOH-
TPOJISL, B TOM YHCIIe MHTETpasbHBIX. IIpuMeHeHne, B 4aCTHOCTH, HHTETPAIbHOTO METOAa aKyCTHUYECKOH IMHUCCUH —
HEOThEMJIEMasl COCTaBHAS YacTh KOHIICTIIIMH BHEAPEHUS KOMILJIEKCHON CHCTEMBI TEXHHUECKOW THAarHOCTUKU Maru-
CTpPaJbHBIX TPYOOIIPOBOJIOB.

B pamkax 3TO¥ KOHIICIII[MH B 33]a4d METO/Ia aKyCTHIECKOH amuccuu (AD) Ha MaruCTpaibHBIX HEPTEIPO-
JTYKTOIIPOBOJAX MPEXkKAE BCEr0 BXOJUT BBIABICHHE Pa3pyLICHUN 3aJ0JIT0 10 UX HACTYIUICHHS M OIpeJesieHHe CTe-
IIEHN WX OMACHOCTH. Pecypc m 06e30macHOCTh pabOTHI CIIOKHOHATPYKEHHBIX TEXHHYCCKUX OOBEKTOB Pa3IMIHBIX
oTpaciieil MPOMBIIIICHHOCTH SBISIOTCS OCHOBHBIMH TIOKa3aTEISIMUA HAJACKHOCTH M 3(PPEKTHBHOCTH (PYHKIIMOHUPO-
BaHUS, ONPEACISIOTCS WX MPOYHOCTHIO, KOTOpPAas MO3BOJISET TEXHHUSCKHUM OOBEKTaM COMPOTHUBIATHCS IPOILECCY
HAKOIUICHHST MOBPEKIeHHUH. [IpecTaBUTEIpHON XapaKTEPUCTHKONH TPOYHOCTH H MTOKa3aTeJIeM OJHOTO M3 CBOMCTB
HAJICKHOCTH OOBEKTa SBISETCS BPeMsl IO €ro pa3pyIICHUs, TUMHTHPYEMOE MOMEHTOM HAKOIUICHHS KPUTHYECKON
KOHIICHTPAI[UH TTOBPEXACHUHA. [l OomMcaHus mpolecca HaAKOIUICHUS TIOBPEKACHUH HCIIONB3YEeTC MUKPOMEXaHHU-
YgecKast MOJIeNb Pa3pyIIeHUs 00bEeKTa KOHTPOJIS.

B nannOi paboTe M3110KEH METO/I HAXOXKICHUS BPEMEHH JI0 pa3pylieHus 00BeKTa KOHTPOJISI HA OCHOBE aB-
TOMAaTHU3UPOBAHHOTO OIpEICICHNUS MapaMeTPOB MUKPOMEXaHHYECKOH MOJENH Pa3pylmIeHUS W BPEMEHHBIX 3aBHCH-
MOCTEH KOJHYECTBA PErHCTPUPYEMBIX CHTHAIOB aKyCTHUECKOW IMHUCCHH.

Hayunblii pykoBoauTens: 1.T.H., npod. B.B. Hocos

137



A.B. BOHJIAPEHKO
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

OBOCHOBAHUME TEXHOJIOTUHA I'/TYIIEHUSA HEDTAHBIX
CKBAKHUH ITIEPEJA IIOJA3EMHBIM PEMOHTOM B YCJIOBUAX
TPEINMHHO-ITIOPOBbLIX KOJUVIEKTOPOB U BBICOKOI'O I'A30BOI'O
DPAKTOPA

[pu skcrutyatanuu HEQTSHBIX CKBAXXHH BPEMsI OT BPEMEHHU BO3HHMKAET HEOOXOJUMOCTH MPOBEICHUS pe-
MOHTHBIX pabOT, YTO MOJPA3yMEBAET OCYIICCTBICHHUE ONEpanuii rayiieHus. [Ipyu UCTONb30BaHIH TPATUIIMOHHBIX
KHUJIKOCTEH TIyIICHUS (COJECBBIX PACTBOPOB, JIMOO TMOATOBAPHOW BOJBI) MOXKET HAONIONAThCS WX MOTVIONICHUE B
MPOAYKTUBHBIH IUIACT, YTO MPUBOANT K YXY/IICHHIO (QUIBTPAMOHHBIX XapaKTEPUCTUK MPH3a00WHOM 30HBI IUIacTa
(IT3IT) 1 OCNOKHEHHUIO OCBOCHUSI CKBaXKUH MOCIIC PEMOHTA.

[NornomeHue XUIKOCTH B TIACT MOXKET HAOIIOMATHCS TIPU TIYNICHUH CKBAXXUH C PA3IMYHBIM IUTACTOBBIM
JaBIICHHEM, HO OCOOCHHO MHTEHCHBHO MPOMCXOIHUT B YCIOBUSX aHOMAaJHHO-HI3KOTO IUIACTOBOTO MaBieHUS. J{is
BOCCTAHOBJICHHS IIPUTOKA YTIIEBOJOPOIOB M3 IIACTA, B ATOM CIIydae, TPEOYIOTCS HOTOIHUATEIFHBIE Pa0OTHI IO BO3-
neiicteuto Ha [1311, cBs3aHHBIE ¢ OONBIIMMU 3aTpaTaMy CPEICTB U BPEMEHH, YTO B COBOKYMHOCTH C BO3MOYKHBIM
PHUCKOM Ta30HE(TEIPOSBICHUI CBHUICTENBCTBYET O HEOOXOAWMOCTH TMPOBEICHUS TINATSIBHOTO Moadopa TUMA H
PeUenTypHl )KUIKOCTH TIIYIICHUS CKBAXKIH.

B nHacrosmee BpemMs B HeTera30BOi OTpACIH aKTyaJIbHON ABISETCS pa3padOoTKa OIOKMPYIOMINX dMYIhCH-
OHHBIX COCTABOB C HAIMOJHHUTEICM, KOTOPhIC MOMEIIIAIOT B CKBAXKHUHY C TIEPEKPHITHEM HHTEpBasia meppopanuu Wil ¢
MPOJABIMBAHUEM B MPU3a00HHYI0 30HY MPOAYKTUBHOIO IUiacta. biaromaps 3ToMy 00eClieuMBacTCs COXPaHCHHE
(GWIBTPAIMOHHBIX XapaKTEPUCTHK IUIACTa W, KaK CICACTBHE, MPOAYKTUBHOCTH CKBaXKUHBI. Takke Habmromaetcs
CoKkparieHue 00beMoB mpoaasiuBaemoro B [13I1 010kupyroIIero cocTapa, yMEHbIIICHHE CPOKOB OCBOCHHSI M BBIBOJIA
CKB)KHMH Ha PEKUM JKCIUTyaTalluH U CHIDKEHHUE 3aTPaT Ha MPOBEJACHUE KaUTaJIbHOT'O PEMOHTA CKBaXKUH.

Hay4Hblil pykoBoauTe b K.T.H., gou. /[.B. Mapaamios

A.A. BOPUCOB
Tromenckutl uHOycmpuanibHblll yrusepcumem, uauan @ 2. Huosicnesapmogcke

OBOCHOBAHHUE 3KCIINIYATAIIMOHHOI'O BYPEHUA
IJIACTOB IOKYPCKOWM CBUTHI 3AITAJTHOM CUBUPU HA OCHOBE
I'EOJIOTO-TUIPOAUHAMHNUYECKOI'O MOAEJINPOBAHUA U
MNPOMBICJIOBOI'O AHAJINM3A

Pabora nocesmena uzydeHuo miactoB [Tokypcekoit cBuThl 3amagHoit CHOUpH ¢ 1eTbi0 TOBBIMICHAS 3 ]-
(heKTHBHOCTH CHCTEMbI pa3paboTku. B pabote mpeacraBieHa oOmiasi reosoro-(pu3nyeckas XapakTepUCTHKa IPo-
JOYKTHBHBIX TtactoB [lokypckoi cBuThL [IprBeneHbI reosorndeckue 0COOEHHOCTH MX 3ayieranus. IlpencraBiena
CTETICHb N3YYE€HHOCTH 00BEKTOB MOCPEACTBOM OYpEHHS.

IToxa3anbl 00beMBI U pe3yibTaThl WHTEPIpPETAlUN TeO(PH3NUECKUX HCCIICIOBAHMM NMPOIYKTUBHBIX TIIa-
ctoB. [IpoBezieH aHanM3 U CHCTEMaTH3MPOBAaHbI Pe3ybTaThl 0TOOpa IITyOMHHBIX po0 HedTH. [IpuBeaeHbl pe3yib-
TaThl UCTIBITAHHUS ITOMCKOBBIX U Pa3BEJOYHBIX CKBRXHWH M MOKA3aTeNH ACHCTBYIOIIETO AKCIUTyaTallMOHHOTO (hoHa.
O0603HaueHBI 3KCIUTyaTAIIMOHHBIE XapaKTEePUCTUKH PACCMATPUBAEMBIX MPOYKTUBHBIX MJIACTOB.

IIpoananu3upoBaH U CONOCTABIICH OMBIT OYPEHUs TOPU3OHTAIBHBIX U HaKJIOHHO-HAIPABICHHBIX CKBAXHH.
BrrsaBneHs! po0IeMbl, CB3aHHBIE C IUNIOXHUM KayeCTBOM LIEMEHTHPOBAHMS CKBAXXHH U IIPOPHIBOM IUIACTOBBIX BOJ.
PaccMoTpeHB! pa3nuyuHble peXKUMBI PadOThl CKBRXXWH M IPUMEHEHHe (OpCHpOBaHHOTO 0TOOpa *)HUAKOCTH. [IpoBe-
JIEH aHallu3 pealu30BaHHOM CHCTEMbI MOAJEpPKaHMsl MIACTOBOrO AaBieHus. [IpencTaBiieH ONBIT M MPOaHAIU3UPO-
BaHa 3P (PEKTUBHOCTh Pa3INUHBIX BHJIOB I'€0JIOT0-TEXHHYECKUX MEPONPHUSTHI.

W3y4dens! pe3ynbTaTsl TUAPOAMHAMUYECKUX UCCIEIOBAHUN M MOKA3aHO TEKYIEEe YHEPIeTUUECKOE COCTOS-
HUE NPOAYKTUBHBIX IiacToB. IIpomeMoOHCTpUpOBaH MOTEHIMAN IJIACTOB IO 30HAM HACBINEHHs KosnekTopa. Ha
OCHOBaHMH IPOBE/ICHHOTO aHAJIN3a BHIOPAHBI CAMOCTOSITENILHBIE M BO3BPATHBIE 00BEKTHI pa3pabOTKU M yYacTKH JUIs
MIEPBOOYEPETHOTO IKCILTYaTAI[IOHHOTO OypeHHst JOOBIBAIOIINX W HATHETATEIFHBIX CKBAYKUH.

IIpencraBneHO peKOMEHIyEeMOe PacHoI0KEeHHEe CKBKUH Ha KapTe HE(TEHACHIIIEHHBIX TOJIIIMH ¥ HaKOII-
JICHHBIX 0TOOPOB. J[aHBI peKOMEHAINH 110 THITYy POMUII, IPOBOIKE U JIMHE CTBOJA, & TAK)KE METOJAaM 3aKadyuBa-
HUS CKBaKUH NP OypeHUH.

HayuHblil pykoBOaMTeJIb: KaH. TeXH. HayK, nou. H.P. Kpusosa
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B. E. BOPUCOBA
Ooicno-Poccutickuti eocyoapcmeennwlii nonrumexunuveckui ynueepcumem (HITH)
umenu M.H. [Inamosa

Ob YXYVJIIIEHUU KAYECTBA INIOJA3EMHBIX BO/I B
BOCTOYHOM JAOHBACCE

B nanHoit paboTe OCHOBHOE BHUMAHHE yJIEJICHO H3MEHEHHUSIM IeosIornyeckoii cpenpl Boctounoro Jlonbac-
ca, a IMEHHO yXYALICHUIO KadeCTBa IMOJ3EMHBIX BOJ OT BO3JICHCTBHS NMPEANPHATHH yIie100BIBAIONIETO U yIIene-
pepalaThIBaroIIero KOMIUIEKCOB. B mepByro ouepens 3TOnEHCTBYIOIINE W HENAaBHO JHKBHAWPOBAHHBIC yTOJbHBIE
maxThl (6omee 60 equHMIT), JABHO 3aKPHITHIE W OpoIIeHHbIe maxThl (0KoJ0 200 enuHMIT), HOPOAHBIE OTBANbI IIAXT
(oxouo 500 equHUIT), TPYIBI-OTCTOWHUKH H IP.

OCHOBHBIE 3aKOHOMEPHOCTH (POPMHUPOBAHMSA XUMHIECKOI'O COCTaBa IMOJ3EMHBIX BOJ NPHBEACHBI 1O pe-
3ynbraTaM orpoboBauus 108 ncToyHMKOB U Kooanes 3a 20-nmetHuit nepuox (1950 — 1960e romer XX cronerns),
KOTa yrienoObIBaolias NPOMBIIIJIEHHOCTh MHTCHCUBHO Pa3BHBaNach, U MO pe3yibraram 240 aHaIM30B BOJ M3
CKB)XUH U KOJIOALEB, 0po0oBaHHKIX B 2015 1, Kor/a OONBIIMHCTBO YrONBHBIX MAXT OBLIO JMKBHIUPOBAHO.

C nomousio G-mMeroza Kinaccu(UMKanud MHOTOMEPHBIX HAOMI0JIeHNH (BBIZCTICHUS! OJTHOPOIHBIX COBOKYII-
HOCTEH) YCTaHOBJIEHBI IPOCTPAHCTBEHHO-BPEMEHHBIC 3aKOHOMEPHOCTH (DOPMHUPOBAHUS XUMHYECKOTO COCTaBa MO/~
3eMHBIX Boz B Boctounom Jonbacce.

B nepssiit aTanm nzydenHoro nepuona (1955-1999 rr.) nponcxoauino IOCTeeHHOe YBETNYeHIEe MIUHEPaTH-
3alli¥ TPYHTOBBIX BOJ (B 1,2 paza). [lamee (1999-2006 rr.) B mporiecce U IMOCIe 3aBEPUICHAS MaCCOBON JIMKBHIAITHH
YTONBHBIX MIAXT PETHOHA MPOUCXOIHUT YXYyIIICHHE KadeCTBA TPYHTOBBIX BOJ, 3a CUET PE3KOr0 IOBBIICHUS COIEP-
waanit SO4, HCO3, Ca, Mg, Na u psia TsDKeNbIX METaIDIOB, MAHEepaIu3aus yBeandmiachk B 2 paza. K 2015 romy
MIPOJIOKANIOCH YBEIMYEHHUE COJCpP)KaHWK BCEX KOMIIOHEHTOB BOJA, M MHHEpalW3alus yBeInuwmiach B 2,4 paza. C
1950 roga o 2015 mosnist 3arps3HEHHBIX BOJ MOBbIcHIAck ¢ 33 10 83%.

Takum ob6pazom, B Boctounom Jlonbacce TMKBUIMPOBAHHBIC IIAXTHI SBJSFOTCS MOIIHBIM HCTOYHHKOM 3a-
IPSI3HEHUS TPYHTOBBIX BOJ U HEOOXOIUMO NPHHSITHE CPOYHBIX PEaOMIMTAIIMOHHBIX MEPOIPUSATHH 1O MPeIOTBpa-
IICHUIO HETaTUBHOT'O BO3ICHCTBHS HAa BCE KOMIIOHEHTHI OKPY>KaIOIIeH Cpebl.

Hay4uHblif pyKoBOIHTENb: JOK. I€OJI. — MUH. HayK, pod. ['aBpumun A. U.

H.A. BOPUCOBCKMUIA, I.A. TOPBYHOB
Canxm-Ilemepbypeckuii I'opnvitl Yuueepcumem

PECYPCOCBEPETI'AIOIIAA TEXHOJIOT'UA 1OBbIYN
MNPUPOJHOI'O KAMHS JJIs1 YCJOBUI MECTOPOXJIEHUSI C
BBICOKOM CTENEHBIO TPEIIIUHOBATOCTU MACCHUBA

B HacTosmee Bpems, mpoGiieMa MOBBIIICHUS BBIXOJa TOBAapHBIX OJOKOB NMpH J00BIYE MPHUPOTHOTO KaMHSI
Ha YHUKAaJbHBIX MECTOPOXKJCHUAX, MMEIOIIHNX CJIOKHBIE TOPHO-TEOJIOTHYECKUE YCIOBHS, OCTa&TCsl BECbMa aKTyallb-
Hoi. OHUM U3 TAaKUX MECTOPOKACHHUH SBISICTCS MECTOPOXKICHHE radbbpo-muadazos "Ipyropenkoe-3". ['abopo-
nraba3sl 00J1agal0T YHUKAIBHBIMHE (PH3UKO-MEXaHUYEeCKUMH U MHHEPAJOTMYECKIMH CBOWCTBAMH, ITO3BOJISIOIINMU
HCTIONB30BaTh UX JUIS M3TOTOBJIEHUS 0a30BBIX JeTaleil B MPEIM3HOHHOM MAaIIMHOCTPOEHHH, B CBA3M C ATHM HEOO-
XOZMMO 00eCHeUnTh MOJIHOE OTCYTCTBHE HaBEIEHHOH TPEIIMHOBATOCTH B OT/JCNIAEMBIX OJIOKaX.

Jlo mocnetHero BpeMeHu OT/eNeHne OJI0KOB OT MaccuBa Ha MECTOPOXKICHUH MIPOU3BOIMIIOCH IO TPaIUIIH-
OHHOE TEXHOJIOTHHU: OypeHHEM CTPOYKH HITypOB B BEPTHKAIBHOH M TOPHU3OHTAJIBHOW IUIOCKOCTH OTPBIBA JI0 MPO-
€KTHOH OTMETKH C TOCIEAYIOUIMM 3apsokaHueM u B3pbiBaHueM J[BII (mpiMHBIA B3pBIBHOW TOpoX). [IpmMeHenme
CYIIECTBYIOIIEH TEXHOJIOIMU HE TO3BOJSIET B JIOCTATOYHOM CTENEHH COXPaHSTH NPHUPOAHBIE CBOWCTBa rabopo-
J1aba3oB, UTO OTPUIATENILHO CKAa3bIBAETCS HA BBIXO/IE TOBAPHBIX OJIOKOB.

B nacrosei pabore npeanaraercs NpuMEeHEHHE HOBOM pecypcocOeperaronieil TeXHOJIOTHi JOObIYH TIpH-
POIHOTO KaMHS JJISl YCIOBUII MECTOPOXKACHUS C BBICOKOH CTEIIEHBIO TPEIIMHOBATOCTH MAacCHBAa C MOCIEAYIOLINM
000CHOBaHMEM BHEAPsAEMON TeXHOJIOTHH. B paboTe nmpuBeneHs! pe3yabTaThl BHEAPSHNS HOBOW TEXHOJIOTHH, OCHO-
BOI1 KOTOPOHA SIBIISIETCS COTPSICATENEHOE B3pBIBAHNE B TOPH30HTANBHBIX mImypax 3apsiaamu 30T "I'pannien”.

Lenpro co3ganus M BBeACHUS TaHHOH TEXHOIOTHH SBISIETCS 3HAUNTEIHFHOE YBEITMUCHHUE BBIX0/1a TOBAPHBIX
0JI0KOB, COKpamieHne 00bEMa OypeHHs IITypOB, COXpaHEHNE MPUPOIHBIX CBOMCTB rabbpo-nmnadazo. Kpome toro
obecrieunBaeTcsi GopMUpOBaHUE pabdouell TUIOMAIKA ¢ MUHUMAIBHBIMH 3aTpaTaMU M CO3JaHue OJaronpHsTHBIX
YCIIOBHI JUIS IPaBUIIBHOTO Pa3BUTHsI (POHTA pabOT HEMOCPEACTBEHHO B Kapbepe. JTO JOCTUTAETCs MyTEM paIfo-
HaJIbHOTO MCIIOJIb30BAHHS BEPTUKAIBHBIX CHCTEM TPELIHH.

Hayunblii pykoBoauTesin: aou. B.H. KoBanesckuii
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C.A. BOPOJMUH, I1.K. KPUCAHOBA
Poccutickuii 2ocyoapcmeennwiii ynusepcumem Hepmu u 2a3a (HAYUOHAIbHBIN UCCIE008AMENb-
ckuil ynugepcumem) umenu M.M. I'yoxuna

HCIIOJIb30BAHUE ®PEPMEHTOB B KAYECTBE JTIECTPYKTOPA
HOJIUCAXAPUIHOU KNAKOCTU I'PII B
HU3KOTEMIIEPATYPHbBIX KOJUIEKTOPAX

C 1enpI0 CYIIECTBEHHOTO CHMXKEHMS BSI3KOCTU mosucaxapuaHeix renei I'PII npu ogqHOBpeMeHHOM pas3py-
LIEHHH MX MOJIEKYJISIPHOH CTPYKTYpBI Ha NPAaKTUKE UCIIOJB3YIOT TaK Ha3blBaeMbIe J1eCTpyKTophl (Opeiikepsr). Hlu-
POKO MPUMEHAEMBIMH JECTPYKTOPaMH SIBIIAIOTCS MEpCyIb(aTsl aMMOHUS U Kajus, obecneynBaromue ObICTpoe pas-
pyIIEHHE, HO OKHCIHTENbHAs CIIOCOOHOCTh TaKMX COEAWHEHWI NpOSBIAETCA B AMamazoHe TemmepaTtyp oT 30 mo
120°C n ucronp30BaHUE TAKUX PEATEHTOB B YCIOBHUAX HU3KOTEMIIEPATYPHBIX KOJUIEKTOPOB HELIEIECO00pa3Ho.

B mabopatopusax HOLL «I[IpomsbicioBas XuMuss» OBIIH MPOBEICHBI UCCIECAOBAHMS MO0 WCIIOIH30BAHUIO YH-
3MMOB B Ka4eCTBE JECTPYKTOpA IS MOJIMCaXapUAHBIX TeIe B yCIOBUAX HU3KOTEMIIEPATYPHBIX KOJUICKTOPOB.

HWccrnenoBanms mpoBoAWIINCE Ha BUCcKo3uMeTpe Rheotest 2.1 npu qByX TeMIiepaTypax ¢ pa3IHdHBIMU KOH-
LeHTpaIusAME fecTpykTopa (puc. 1). Pacemarpuamucs xumxocta IPII crenyromero cocraa Ha 1 M rens: reneo6-
pasoBatenb BogHbIX reneit PI'Y I'BI” mapka C — 3.0 kr; GopatHblii ciinBarens BogHbIx reneit BCBIT mapka 10 — 2.0
JI; IECTPYKTOP Ha OCHOB 3H3UMa Opeiikep pepMmenTHbIi BogHbIX reneit BOBI' mapka XK — 0.5-2.0 1 wiu nepcynbdat
amMMOHUS — 2.0 KT; JUCTWIIMPOBAHHAs BOJA — OCTAJIBHOE.

.
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PucvnHok 1 — 3aBUCHUMOCTD BS3KOCTHU CIIMTOTO MOJIUCAXAPHUIHOTO I'elisl OT BDEMEHU U TeMIIEPaTyDhl DU
Hayunblii pykoBoauTenb: a.T.H. ipod. JI.A. Maranosa, J[.H. Mankuu

E.E.BOTAJIOBA
Ypanockuii cocyoapcmeentulii 20pHbILl yHUBEpCUME

IMPUOPUTETHI MEJTHOPYJTHOM INEPCIIEKTUBHI YPAJIA;
TEO®U3NYECKHUE MOUCKHU KPYITHBIX KOJTYEJAHHBIX
MECTOPOXJEHUI

Pabota BKirOuaeT Tpu pasnena. B mepBoM oOcykmaeTcs CIOXKMBIIAACA CUTYaIlUsl CMEHBI MHUHEPAJIHHOTO
HCTOYHHKA METHOPYAHOTO NMPOW3BOACTBA. TpaAWIMOHHBIE IS Ypana KoJT4elaHHBIE MECTOPOXKICHHS — OCHOBA
pecypcoB u 3amacoB menu B nocnennue 20-30 et gakTUUecKu mepecTair BOCIOIHITHCS HOBBIMU OTKPBITHUSIMHU.
OHM CMEHSIOTCS HETPaIUIIMOHHBIMHE MECTOPOXKISHISIMA MeIHO-TIopdupoBoro Tumna. Bo3nukia HoBas mpobiema, u
OHa MOYET OBITh pa3pelleHa 3a CUeT BhISBICHHUS KPYIMHBIX KOJYETaHHBIX MECTOPOXKIECHUN 1 U3MEHEHUS CTPYKTYPBI
3aIacoB IKCIUTyaTHPYEMBIX MECTOPOKACHHUH ATOTO THIIA.

BTropoii pa3nen nokiana packpeiBaeT cojepxkanue HepeanuzoBaHHo emé B CCCP nepcnekTuBbl BbIsBIE-
Hust Ha FOkHOM Ypasie KpyIHBIX KOJUEIaHHBIX MECTOpOXIeHUH Ha riryounax mo 300-500 M. [list aToro umerorcs
OOBEKTHBHBIC MPEINOCHUIKU: BBICOKHI YPOBEHB T'€0JIOTO-Te0(MU3NIeCKO H3YUeHHOCTH PErMOHa; HayaTa peain3a-
1Sl COBPEMECHHOW TEXHOJIOTUH MOUCKOB. PemieHue mocieaneil mpooieMsl B Y palbCKOM TOCYAapCTBEHHOM T'OPHOM
YHHUBEPCHUTETE OCYIIECTBISCTCS 32 CUET COCTABJICHUS U 3alUThI KBATH(OUKAITUOHHBIX JUIUIOMHBIX paOOT BBITyCKa-
omux kadeap GpakynbpTeTa Te0JIOTHHA U Te0(DU3HKH.

Tperuii pazzaen Ha MPAKTUIECKUX MpUMeEpax AEMOHCTPUPYET MaKeTHBIC peau3anuy Uit yciaoBuil FOxHo-
ro Ypana peneHus OTACIbHBIX TPYIHO (HOpMaIN3yeMbIX T€0JIOTHIECKHX 3a7a4, BOSHUKAIONINX B IPOLIECCE MTPOTHO-
3UPOBAHUS M TIOMCKOB KPYIHBIX U CYNEP-KPYIMHBIX MeCTOpokaeHui. [TokazaHa BO3MOKHOCTh U HEOOXOAMMOCTh
HCTIONB30BaHUs B OJJHOM IPOEKTe (haKTOPOB M KPUTEPHEB IJIAHETAPHOTO, PETHOHAIBFHOTO, JIOKAIFHOTO U AETaNbHO-
ro xapakrepa. [Ipum 3TOM yduThIBaeTCS THIU3AIMA W pa3pabOTaHHAs ONTHUMAalbHAs CXeMa IPOBEPKH JIOKaJIbHBIX
AHOMAaJIUM OJMHOYHBIMU CKBa)KMHAMHU, conpoBoxkaaeMbiMu ['C.
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OdeBumHa U O0OCYXKIAeTCs B JOKJIaae HEOOXOIUMOCTh 3aKOHOAATEIHLHOTO PEIICHUs MPOOIEeMbI CBSI3U U
B3aMMOJICHCTBUS OIO/DKETHBIX M YaCTHBIX HH()OPMAIMOHHBIX MMOTOKOB TPH (PPMUPOBAHWH PECYpPCOB U 3aIacoB
MEIHOPYIHOTO Mpom3BoACTBa Ha FOxHOM Ypaie.

HayuHblii pykoBoaMTeJIb: 1.I.-M.H., CTapIIUI Hay4HbIH cOTpyaIHUK A.M. Bunorpanos

10.C. BPEXKHEBA
Hayuonanvuwtii uccneoosamenscxuili mexnonocuyeckuil ynusepcumem « MHUCuCy

COBEPHIEHCTBOBAHME NPOU3BOJICTBEHHOI'O
IHOTEHIIUAJIA HA TIPUMEPE NPEJANIPUATHUA I'OPHO-
METAJIUTYPITHYECKOI'O KOMIIVIEKCA

B HacTosmiee BpeMs BaKHEHIITIM HHCTPYMEHTOM YIPABJICHHUS IIPEANIPUATHEM SIBIISICTCS YBEIMYCHHUE TIPO-
M3BOJICTBEHHOTO ITOTEHIIHAA C YIETOM IIPOU3BOACTBEHHBIX 3aTpaT. JJIs pemeHns IOCTaBICHHOH eI Ha IPIMepe
MIPEIIPUATHI TOPHO-METAIUTY PTHUECKOTO KOMIIIEKCa, OBUIH OIIpeNeNICHBI CIeIYIOMIHe 3aa4M: TPOBEICH aHaJH3
(hUHAHCOBBIX PE3YIBTATOB JACIATEILHOCTH, XO3SHCTBEHHO-TIPOU3BOICTBEHHOMN ICATCILHOCTH, a TAKIKE MPUKIATHOMN
CTPAaTEeruueCcKuil aHaIu3.

B pesynbrare aHanm3a BBISBICHO, YTO OCHOBHOM NPO0JieMO B 3()()eKTHBHOM HCIIOJIL30BAHUH TIPOU3BOI-
CTBCHHOTO MOTEHIMAJIa SBISACTCS TO, YTO KAMUTAJIbHBIC BIOKCHHUS B OOHOBJICHHUE OCHOBHBIX (DOHIOB KaXKIBIH TOJ
He 3HauuTeJbHBl. OO0 ATOM CBHIETENBCTBYIOT CPOKM OOHOBIJICHHS OCHOBHBIX CPEICTB, KOTOpble Ha Hauano 2015
roga, 2016 roga, 2017 roma paBrer 10,09 net; 50,93 mer; 25,64 net cCOOTBETCTBEHHO, KO PHUIUEHT U3HOCA XKE -
54,01 %; 58,93 %; 61,98 %.

[TosToMy OBLIO TIETIECOOOPa3HBIM TPEIUIOKEHUE MEp IO 00ECIICUCHUIO TEXHOJIOTHISCKOTO COBEPIICHCTBO-
BaHUS MPOU3BOJICTBA, YBEIMICHHUIO MTOKa3aTeneld 3PeKTHBHOCTH UCTIONIB30BAHISI OCHOBHBIX X 00OPOTHBIX (DOHIIOB,
CHIDKEHHIO CE0SCTOMMOCTH TPOAYKIIUH, COBEPIICHCTBOBAHMIO IPOM3BOICTBEHHBIX MOIIHOCTEH W ITOBBIIICHUIO
MIPOU3BOJICTBEHHOTO MTOTEHIMAaa. B TaHHOM HampaBiIeHHH OBLIO MPENIOKEHO MPOBEACHNE SKOHOMUYECKON OIICHKU
PEKOHCTPYKIHH YCTAaHOBKH MeTayutn3au Ne 2 ¢ 3aMeHO# peakIHOHHBIX TpyO pedopmepa.

[ToTpeOHOCTH B KAITUTAIOBIOKCHHSX 110 HACTOSIIEMY MTPOSKTY COCTABIIACT 2272,000 wmuH pyo.
Ocy1iecTBieHNE PEKOHCTPYKIIUH [TO3BOJIUT YBEIUYUTH BBIITYCK TOTOBOH MPOAYKIUHU Ha 598,605 ThIC. TOHH B T0JI, TO
ecTh Ha 28 %. J[MCKOHTHUPOBAHHBIN CPOK OKYMAEMOCTH KallMTANIbHbBIX BIIOKEHUH paBeH 3,7 roja, a YUCThINA JUCKOH-
TUPOBaHHBIN 10X0x - 2 192,835 muH pyo.

Hayunslii pykoBoaureb: K.3.H., nou. E.H. Enuceesa

AM. BPYCHUYKHWH
Camapckuti 20cy0apcmeeHHblil MeXHU4ecKull YHugepcumem

NHOAXOAbI K PASPABOTKE IIECYAHBIX KOJUIEKTOPOB,
HACBIIIEHHBIX BBICOKOBA3ZKOU U TAXEJIOU HE®THIO

B pabore gaHO onucanue 0COOCHHOCTEN Pa3pabOTKH MECTOPOKICHHH BHICOKOBSI3KUX U TSDKENBIX He(TEH,
MpUBeIeHO 000CHOBaHKE HEOOXOAUMOCTH BHEAPEHUSI HOBBIX TEXHOJIOrHH. PaccMoTpeHs! fBa criocoba pa3paboTku
3ajIexell BRICOKOBSI3KOM He(TH Ha mpuMepe MecTopoxaeHnil Kasaxcrana, a Takoke METOJ CTUMYJIMPOBAHUS BBIHOCA
MecKa B JOOBIBAIOIINE CKBAKHUHEI.

B kayecTBe OJJHOTO M3 TAKUXCIIOCOOOB MPEIaracTcs TEXHOJIOTHS MOJUMEPHOIo 3aBOJHCHHUs. J[s UCTIBI-
TaHUs yKa3aHHOfI TEXHOJIOTHUHU Ha He(l)TS[HOfI 3aJICKU NTPEAJIONKCHO CO3JaHUE JIBYX OIIBITHBIX YYaCTKOB B BHUJIC ABYX
3JICMCHTOB 9-TI/I TOYEYHOU CHCTEMBI IJI0IIaAHOT O SaBOI[HeHI/ISI.B HECHTPE KAXKAO0I'0 U3 ONBITHBIX YYAaCTKOB PacCIioio-
JKeHbI HarHeTaTeJbHbIE CKBAXXHUHBEL. B ofHY M3 HHMX OyneT 3aKkadunBaThCs OOBIYHAS BOJA, B APYTYIO — 3arylleHHas
BOJIa C TIEPHOAMYCCKON 3aKaYKOM Teeo0pa3yromeil CHCTeMEL. 3aKayka reieo0pas3yromeil CHCTeMBI TOJDKHA TPEI0T-
BpaIaTh NpeKIeBPEMEHHBIN MPOPHIB BOJBI B JOOBIBAIOIINE CKBAXKUHEI 332 CUCT CHIDKCHUS IPOHUIIAEMOCTH HanOo0-
Jiee MIPOHUIIAEMBIX MPOIUIACTKOB, B KOTOPHIC MOCTYIIACT 3aKadyuBaeMasl B IUacT Bojaa. OTHOBPEMEHHO MO J00BIBA-
FOIIMM CKBa)KTHaM 00OWX OTIBITHBIX yYaCTKOB HEOOXOIUMO OCYIICCTBUTh KOMIDIEKC BO3JCHCTBUI HA TPU3a00HHYI0
30HY CKBa)KHH C LIEJIBIO MTOBBIIICHUS UX MPOAYKTUBHOCTH.

OmHUAM U3 METOZOB WHTCHCU(UKAIMH TOOBIYH HE()TH MOXKET SBIATHCS CTUMYJIHPOBAHUE BRIHOCA TIECKA W3
IJ1acta B )1061)1Ba}01uy}0 CKBaXXMHY IIPU €€ JKCILTyaTalluu, WIN,METOA CO3AaHUSA «YEPBOTOUYNH. B HaCTOAIIEC BpE-
MsI pacXOAYEeTCsl MHOTO CHJI U CPEJICTB JjIsl O0pBOBI ¢ BEIHOCOM Tiecka. IIpemaraeTcs nepelt oT 60pbObI ¢ IECKOM
K M€Epam, o6ecnetha}oumM MAaKCHUMaJIbHO BO3MOJKHBIM BBIHOC IecKa B CKBaXXHHY. HpI/I OTOM B IPOAYKTHUBHOM
mracte OyyT MPOUCXOAUTH MPOLECCH, 3HAYUTEIBHO YIIYUIIAONINE €r0 PHIBTPAIIMOHHYIO XapAKTEPUCTHKY.
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B ci0XHBIX T€0J0T0-pU3NIECKUX YCIOBHAX TPeOyeTcs MpUMEHEHHE KOMIJICKCHBIX MEPOTIPHATHH, BKITO-
YaIoMMX HECKOJBKO d(PPEKTUBHBIX METOAOB BO3CHCTBYSI, B JAHHOM CIlTydae - COUYeTaHHUE METO/aa "XOJOMHOU" 10-
OBIYN TSDKEION HEQTH C TEIUIOBBIM BO3/ICHCTBHEM.

Hayunblii pykoBoauTeb: K.T.H., 1o1. ['.A. KoBanesa

H.A. BYJbBAIIEBA
Canxm-Ilemepbypeckuii 2opHbili yHUgepcumem

HCCJEJOBAHUE CEHCMOB3PLIBHOI'O BO3JIEHCTBHS HA
OIIOPY BJI-110 kB

Pabora nocesmena uccnenoBanusaM konedanuit omopsr JIDIT Hanpspkenuem 110 kB mpu ceticMoB3phIBHOM
BozzeiicTBum. C 1enpio obecneueHns 6€30MacHOM dKCIUIyaTallli U yeToauBOCTH otop Tpaccsl JIDIT Heooxoxmnmo
MIPOBECTH OLICHKY CEHCMOB3PBIBHOT'O BO3JCHCTBHS P BEACHHH B3PBIBHBIX paloT, a TakKe pa3paboTaTb Meponpusi-
THSI 110 3aIIUTE OT/ACNBHBIX ceKkuuii Tpacchl JIDI, Hanbonee 6m3ko rpaHnYaIX ¢ (HPOHTOM JOOBIYHBIX PaboT.

ComnpoBOX/ICHNE aHAIUTHYECKUX pacyeToB NpH obecrieyeHnH ycroiunBoctd omnop JIOII mpu celicmo-
B3PBIBHOM BO3/ICHCTBUH, a TAKXKE MPH Pa3padOTKe CleNabHBIX MeponpusTuil no 3auure JIDI yncieHHbIM Moe-
JIMPOBaHKHEM 00eCHeYrBaeT BO3MOKHOCTh PACCMOTPEHUS OOJIBILIOrO KOJUUECTBA KOMOMHAIMIA CXOTHBIX YCIOBHH,
a TaK)Ke KOPPEKTHOCTh NPUHATHS PELICHHI O croco0ax 3amiThl COOPYKEHHS.

Ha sTame penrenust 3agadm B CTATUYECKON ITOCTAHOBKE OBUI IOJydEeH KPUTEPHH MOTEPH YCTOWIMBOCTH
OIOPBI, a TaKXKe B pe3ylabTaTe NMPOBEJEHHS IMHAMHYECKOTO pacdeTa BBIIBUIIOCH, YTO ONOpA UMEET OCTATOYHYIO
BeNMMYMHY Jedopmanuii mocie KaxI0To IHUKIIa 3arpyKeHHsT CeH{CMOB3PBIBHOI BOJIHOM, KOTOpask BO3pacTaeT I10 JIHN-
HEHHOMY 3aKOHY.

Hayunblii pykoBoaurtens: 1.T.H., mpod. I'.J. KopuryHos

I'.0. BYPOBA, I''1. IYCMETOBA, E.B. XAPUTOHOB, ESTHER OLADELE
Kaszauckuii HayuonansHblil uccied08amenbCKull MmexHoI0SUYeCKUll YHusepcumen

KOMIIVIEKCHAS NPUCAIKA JJIA YJIYYIIEHUSA
PEOJIT'MYECKUX CBOMCTB HE®TEW U HE®TAHBIX SMYJIbCUIA

B nHacrosiiee BpeMsi HCTOIIAIOTCS 3aIachl JIETKUXHe(TeH, BCIeACTBHE Yero HAaYMHAeTCsl aKTHBHOE OCBOE-
HHUe 00BN TpyAHOU3BIeKaeMbIxHedTel. [locnennue, kak MpaBMiIo, IMEIOT BBHICOKHE TTOKa3aTeNln BI3KOCTH U CO-
JIep)KaHMsl TBEPABIX NapaduHOB, CMOJI M CEepbl, W3-3a ATOTO IepepadOTKa M TPAHCIOPTHPOBKA Takux Hedrei
OCJIO’KHEHa.

W3 oneHKH CTPYKTYphl MHPOBBIX 3allacoB YIJIEBOAOPOJIOB CIEAYET, YTO 3amachl TSHKEIbIX HeTel cocTas-
JISIFOT OOJIBITYIO WX YacTb, B CBS3M C YEM aKTyallbHa MpoOJieMa CHHM)KEHHS SKOHOMHUYECKHX 3aTpaT IIpH J00bIYe U
TPaHCTIOPTHPOBKE BS3KHX HedTel. Hanbosee mepcleKTHBHBIM METOOM SIBIISETCS BBE/ICHHE CIICIMAIbHBIX J00OaBOK
— BSI3KOCTHBIX M IPOTUBOTYPOYJIEHTHBIX MPHCAIOK.

AKTyalTbHOCTh JaHHOW pabOTHI 3aK/II0YaeTcs B pa3paboTKe KOMIUIEKCHON NMPHUCAIKH Ha OCHOBE MOJMMepa
1 TIOBEPXHOCTHO-aKTHBHOTO BEIECTBA, KOTOPast 007aaeT He TOIBKO 3((EKTOM CHIDKEHHS BSI3KOCTH, HO M CIIOCO0-
HOCTBIO CHIIKATh THAPOAMHAMUYECKOE CONPOTHUBIICHHE TPYOONPOBOJA IPH MpOKayKe TsKeIbX Hedreid n HedTs-
HBIX MYJIbCHUI.

PazpaboTana KOMITO3MIUS, COCTOSIIAs U3 CEBHJICHA M OJIEMHOBOM KHCIIOTHI, KOTOPAasl MPH MaJbIX HaIps-
KEHUSIX CIBUIa MPOSBISIET BA3KOCTHBIE CBOMCTBA, a IPH OOJBIINX — IPOTUBOTYPOYIICHTHBIE.

Hayunblii pykoBoauTens: 1.1.H., ipod. A.B. [lapudymmma
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A.B. BYPS
Canxm-Ilemepbypeckuii I opuulii ynugeepcumem

CHIKEHUE DHEPTO3ATPAT TPYBOIIPOBOHOI CUCTEMBI
IMPU NEPEKAYKE CTYIIEHHBIX THIPOCMECECH XBOCTOB
OBOTALLIEHUS

TpyOonpoBOIHEII THIPAaBINYECKUI TPAHCIIOPT HA MPEANPHUATHIX TOPHO-000TaTUTEIBHON MPOMBIIIIEHHO-
ctu Poccun sBisieTCsl BAXKHBIM 3BEHOM TEXHOJIOTHYIECKOTO Tpolecca J00bMU U IepepaboTKH MUHEPATIBHOTO ChI-
pbst. Tem He MeHee, aHANN3 pabOTHl THAPOTPAHCHOPTHBIX CHCTEM HA TOPHBIX MPEANPUATHAX MOKAa3bIBACT, YTO 3 (-
(hEeKTHBHOCTD MCIIONIB30BAHMA ITOTO BHAA TPAHCIOPTa HE COOTBETCTBYET €r0 TEXHUYECKHM BO3MOXKHOCTSIM: BBICOKA
TPYZLOEMKOCTh PaboT MpH IKCIUTyaTaluu 00O0pPYNOBaHHSA, BBICOK TMAPOaOpa3sMBHBIN M3HOC TPYHTOBBIX HACOCOB U
TpyOOIIPOBOAOB, HU30K pabodMii pecypc HaCOCOB, BBICOKH METAJUIOEMKOCTh M SHEPTOEMKOCTh THIPOTPAHCIIOPTHBIX
cucreM. OCHOBHasl IpUYHHA HEJOCTATOYHOW I(PPEKTHBHOCTH TPYOOIPOBOJHOTO TPAHCIIOPTA HA TPERNPHUATHIX
TOPHOI MPOMBIIIIEHHOCTH 3aKII0YaeTCsl B BBICOKOH YHEPrOEeMKOCTH Mpolecca TPaHCIOPTUPOBAHHUS, UTO SABJISIETCS
CIeCTBUEM HU3KOHM KOHIIGHTPALMU TBEPJOro MaTepuana B MOTOKaX IepekaunBaeMbIX TuapocMeceil. Pemenue ax-
TyaJbHOW 33/1a4M TOBBILICHUS] SHEPreTHYecKOW 3(P(PEKTUBHOCTH TPYOONPOBOIHBIX T'MAPOTPAHCIIOPTHBIX CHUCTEM
HETOCPEICTBEHHO CBSA3aHO C HEOOXOAUMOCTBIO pa3pabOTKU:

- TEOPETUYECKUX 3aKOHOMEpPHOCTEH CryIleHus TuApocMeced B ammapaTax IUIaCTUHYATOrO TUIA JI0 BBICO-
KHX KOHLEHTpPAIMH TBEpOH a3kl B CTYIIEHHOM MPOIYKTE;

- METO/IMK pacueTa THAPABIMYECKOTO TPAHCIIOPTA BHICOKOKOHIIEHTPHPOBAHHBIX THAPOCMECEH Ul ompe-
JICTICHUS] ONITHMAJIBHBIX COOTHOIIEHNH KMHEMAaTHYECKUX W TUHAMHYECKHX XapaKTePHCTHK B3BECEHECYILETO MTOTOKa
1 BBIOOpa COOTBETCTBYIOIIETO HACOCHOTO 00OpYJOBaHMS, YTO TPEOyeT NOMOIHUTEIBHBIX TEOPETHIECKUX M IKCIIe-
PUMEHTAIBHBIX NCCIIEAOBAHMUI.

B paborte BBINOTHEHB TEXHUKO-9KOHOMHUYECKHE PACUeThl CHCTEMBI THAPOTPAHCIIOPTA CIYIICHHBIX XBOCTOB
Tekyiei nmepepadbotku Meanoi pyasl OD Ne3 Jxeskazranckoro I'MK Ha 3akianouHble KOMIUIEKCHI IIAXT, B TEX-
HOJIOTHIO TIPUTOTOBJICHHS 3aKJIaJOYHOW cMecH. TBepraas (asa TMAPOCMECH B ATOH TEXHOJOTMHU HUCIIOIB3YEeTCs B
Ka4yecTBE MHEPTHOTO HATIOJIHUTEIIS 3aKJIal0YHON CMECH.

CpaBHEHHE TOAOBBIX 3aTPAT 3JICKTPOIHEPTUU P| B IPOEKTHOM (CYyILIECTBYIOIIEM, 0€3 CTyIICHHs) BapHaHTE
CHUCTEMBI THIPOTPAHCIIOPTa XBOCTOBOM ITyJIBIIBI B TEXHOJIOTHIO IIPUIOTOBJICHUS 3aKJIaJ0YHON CMECH U B PacCMOT-
PEHHOM BapHaHTE CUCTEMBI THAPOTPAHCIIOPTA MIPU BBICOKMX KOHIIEHTPAIMIX TBEPAOIro MaTepuaia Py yka3bBaeT Ha
3HAYUTEIbHYIO 3P PeKTHBHOCTE MpetaraeMoro BapuanTa. CHIKEHHE TOIOBBIX HEPTo3aTpar MpH T'HAPABINIECKOM
TPaHCIIOPTE KOHLEHTPHPOBAHHBIX THApOCMEced OOYCIOBIEHO YMEHBIIEHHEM HEOOXOAMMOIO pacxoja CMecH
IIPU HEW3MEHHOW INPOM3BOAMTENHHOCTH CHUCTEMBI 10 TBEpAOMY Marepuainy. [Ipm stom cpennee abcomroTHOE
3HaYEHHE YAEIbHON 3HEPrOeMKOCTH TIpoliecca yMEHBIIMIOCH B 1,42 pa3a, a THIPOCMECH TOJIOBOH PacXo[ 3IEKTPO-
sHepruu cokpargaercs Ha 1,905x10° kBm-u.

PacueTsl noka3any, 4TO CHIDKEHHE YHEPrOEeMKOCTH MPOIIecca THIPABIMIECKOr0 TPAHCIIOPTA THIpOCMecer
C BBICOKMMH KOHIIEHTPALMSIMH TBEPJOr0 MaTepHasa MPUBOJUT K COKPAIIECHHIO SKCIUTyaTallMOHHBIX 3aTpaT THIPO-
TPAHCHOPTHBIX CHCTEM. YMEHbIICHHE 00heMa TPAHCIIOPTUPYEMOI THApOCMECH TpeOyeT MPUMEHEHHS ISl CUCTEM
THIPOTpaHCIIOpTa TPYOONPOBOJOB ¢ MeHbIIMMH auamerpamu. C yBemuueHumeM KoHueHTpaimu c¢ 0,1 mo 0,536
yAeTbHAS METaIIOEMKOCTh JTMHEHHON YacTH CUCTEMBI TUApOTpaHcnopTa cHmkaetcs ¢ 0,91 mo 0,26 xe/m wmu B 3,5
paza. [Ipu rugpaBiIyecKoM TPAHCTIOPTE THAPOCMECEH C BRICOKUMH KOHIICHTPALUSIMH TBEPAOT0 MaTepraa JT0JKHEI
HCTIOJB30BaThHCS BRICOKOHAMIOPHBIE HACOCH 00BEMHOT0 THIIA.

Hayunblii pykoBoauTes: a.1.H., ipo¢. B.W. Anexcanapos

M. A. BYCJIOBA
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

PA3PABOTKA METOJUKHA PACUETA HECYIIEN
CIIOCOBHOCTHU JUCHEPCHO-APMUPOBAHHON
HABPBI3STBETOHHOM KPEITA C IPUMEHEHHUEM MOJIEJIA
INVIACTUYECKOI'O ITIOBEAEHUSA BETOHA C PASYIIPOYUHEHUEM

HaOpbI13roeToHHast Kpernpb NpeiCTaBisieT co00i MOKPBITHE, HAHOCUMOE I10]] JaBJIEHHEM CXKaToro BO3ayXa
Ha OOHaKEHHYIO MOBEPXHOCTh TOPHOIl BBIPAOOTKH. APMHPOBAHHUE MOJMMEPHBIMHE (PUOpaMu MO3BOJISET IOBBICUTH
TPEIMHOCTONKOCTE Kpelu 1 €€ MPOYHOCTh Ha PaCTsDKEHHE, YBEIWYIHNBAs HECYIIYIO CIIOCOOHOCTH Kpenmu U obecrie-
yyBas €€ yCTOMUUBOCTb.
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3amadyeil maHHOW HaydHOW pabOTHI SBISAETCS pa3paboTKa METOJAMKH OICHKH HECYIIeH CIIOCOOHOCTH
HaOPBI3rOCTOHHOW AMCTIEPCHO-apMUPOBAHHOM Kpemr. B pe3ynbTaTe pernieHus TaHHOM 3a1a9d B MIIOCKOH MOCTaHOB-
Ke OpUta pa3paboTaHa cieqyromas METOIUKA OIpeeNieHHs HeCcymled CIocOOHOCTH AHCIEPCHO-apMHPOBAHHOM
HaOPBI3rOETOHHOW KPeTTu:

1. [IpoBenenune 1abOpPaTOPHBIX HUCIIBITAHIH JUCIIEPCHO-apPMHUPOBAHHBIX OETOHOB.

2. Br16op Moenu miacTHIecKoro MoBeIeHHs OETOHA ¢ HAKOIUICHHEM MOBPEKICHUH.

3. IMombop mapamMeTpoB MEXaHMYCCKOW MOJeIH OETOHA, 3aJaroliuX e MOBEJACHHE, aHAIOTUYHOC
HATYPHOMY 3KCIICPHMEHTY.

4, PaspaboTka reomeTpun 0a30BOW YHCICHHOW MOJENH. 3aJaHUC OCHOBHBIX MApaMETPOB MOICIH

BMEIAIONIUX [TOPOJ, TPAHNYHBIX YCIIOBHH, HArpy30K, a TAKKe IUIONIAIN KOHTAKTa B CBOJIE M KO3((dHUINEHTa TPEHHS
CKOJIB)KEHHS 110 KOHTaKTY Kpelb-opo/a.

5. BeInonHseTcss MHOTOBapHAHTHOE MOJICIIMPOBAHKE, 110 Pe3ybTaTaM KOTOPOTO CTPOSITCS 3aBUCH-
MOCTH HECYIIEH CIOCOOHOCTH OT IUIOMIaAW KOHTaKTa B CBOJE, OT Ko3(duImeHTa TpeHus U OT TONIIHHBI KPEIH.
BeImonHAETCS MX aHATU3 U aIIPOKCHMALHSI.

PesynpraTom pemnieHus 3agadu B 0ObEMHON ITOCTAHOBKE, TOMHMO COTIOCTABIICHUS C pe3yIbTaTaMH pelle-
HUSI 33/1a9¥ B TUIOCKOM ITOCTAaHOBKE, CTall0 MCCIICIOBAHHE BIHMSHUS HAa HECYIIYIO CIIOCOOHOCTH KPEIH TOPLEBOTO
a¢deKTa, BOHUKAIOMIETO IIPH HEPaBHOMEPHOM HarpyKeHHH KPeIu B IPU3a00HHOM 30He TOPHOI BEIPaOOTKH.

Hayunblii pykoBoauTeb: K. T. H., fou. H. A. bensikos

B.C. BYUEJIbBHUKOB
Hayuonanvusiii uccnedosamenvcxuil Tomckuti nonumexHuyeckuti yHugepcumem

JJUHAMUMKA MOCTYILIEHUS NBIJIEASPO30JIEA B
OKPECTHOCTAX TOMCKOM I'P3C-2 110 JJAHHBIM NOCJIOMHOI'O
AHAJIM3A CHEI'OBOI'O ITIOKPOBA

B MoHMTOpHHIrE 3arps3HEHHS OKpY’Karolmled cpeipl IMHPOKO HCIOIb3YIOTCS NPHPOAHBIC IUIAHIIETHI —
HaKOMHTEJIN a3p030Jis], B TOM YHCIJIE U CHEeXKHBIN MOKPOB. CHEXXHBIN MOKPOB MOXKHO CUMTATh HAJECKHBIM HHANKATO-
poM 3arpsizHeHus] aTMocdepbl, OH JaeT HHPOPMAIMIO O MPOCTPAHCTBEHHOM PACIIPEICICHUH XUMUUECKHUX dJIEMEH-
TOB U MHTEHCHUBHOCTH BO3/EHCTBHS MCTOYHHUKOB BEIOPOCOB 3a OINpe/eNeHHBIN MepHoa: Mepruo] OJHOrO CHeromazaa
WM 32 BECh MIEPUO/T JIC)KAHUS CHETa.

B nanHo#i paboTe mpeacTaBICHBI pe3yIbTaThl HOCIOWHOTO PACIpeeNIeHNs] MUHEPAIbHBIX U TEXHOTEHHBIX
YacTHIl B CHETOBOM MOKPOBE, ONPOOOBaHKE TIPOBOMIOCH B 3uMHUIT ce30H 2016/17 rr. Ha Tepputopuu r. Tomcka B
700 M K ceBepo-BocTOKy OT Tpyd ['POC-2. ¢ ncnoap3oBanueM npoOO0OTOOpHUKA KOHCTPYKIUH TeHTIOKOBA (TTaTeHT
Ne 2477461 u Ne 2411487) ¢ marom onpoOoBaHUs 2 CM.

OTtoOpaHHbIe MPOOBI PACTAIUIMBAIIICH IIPH KOMHATHOM TEMIIEpaType, MOIXydeHHAs! NMPU 3TOM CHETroTayas
BOJIa OT(GMIBTPOBHIBATACE C MOMOILIHI0 MEMOPAaHHOTO (MILTPA B COOTBETCTBHM C METOAMKOW. ONMCAaHBI THIIHI,
Mopdoorust U pa3MepHOCTh dacTull. OnpeneneHpl HICTOYHUKN OCTYIIICHUS 9acThIl. BBIsSBICHBI YacTUIIBI — MHIM-
KaTOPbl TEXHOT€HHOTO BO3/IEHCTBHS TEIUIOIHEPTETHK.

Jlisa onperneneHNs TNIOTHOCTH CHETa M BOJOPOJHOTO ITOKa3aTelsl MIar ompoOOBaHUS COCTaBWII 2 CM, TOTa
KaK B CHEKHOW ToJIIIe 00BeANHSIN 3 CJIOSI C YIETOM THIIA 3€PHUCTOCTOCTH CHETa (MEJNKHUH, CpeTHUH, KPYIHBIA) U
TEM CaMbIM MHTEpBaJl YBEIMYHBAIH 710 6-8 cM.

HccnenoBanne TEXHOT€HHBIX W MHMHEPAJBHBIX YACTHIl IPOHM3BOIMIOCH B y4eOHO-Hay4HOH jabopaTtopuu
aneKkTpoHHO-onTHYeckoi auarHoctukn MMHOLL «YpaHnoBas reomorusi» Ha Kadeape reodKOJOTHH M TeOXHUMHU
TIIY Ha ckauupyromeMm 3j1ekTpoHHoM mukpockore Hitachi S3400N ¢ mpucraBkoit mis MukpoaHanusza Bruker
Xflash 4010. OmpenesneHo, YTO YacTHIBI paclpeesieHbl He PABHOMEPHO 10 CHEXXHBIM CJIOSIM, a UX COCTaB pasiiy-
YeH.

HayuHblil pykoBOAMTEJIb: K.I.-M.H., A0L. A.B. TanoBckas

M.B.BBIKOBA
Canxm-Ilemepoypeckuii 2opHbili yHusepcumem

OLEHKA U CHUKEHUME YPOBHSA HE®TE3ZATI'PASHEHUSA
IHOYBO-T'PYHTOB HA OBBEKTAX TPAHCIIOPTA U XPAHEHUA
HE®TEIIPOAYKTOB

Poccuiickot @enepanuy npruHAIICKUT 3HAYUTENbHAS 101 HA MUPOBOM HE(PTSIHOM PBIHKE, YTO JIEJIAeT
CTpaHy OJHHM U3 BEAYIINX YYaCTHUKOB CHCTEMBI III00aJIHHOM dHepreTHdeckoii 6esonacHocTH. Hapsamy ¢ nHapamu-
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BaHMEM JI0JIM 100b19M HedTH B Poccuy, yBennunuBaeTCst M ypOBEHb 3arpsI3HEHUS BCEX KOMIIOHEHTOB IPUPOJHON
cpenbl HepTEMPOAYKTAMH, YTO CTAHOBUTCS OAHOW M3 BaXKHEHIIINX 9KOIOTHYECKUX MpobieM crpaHsl. Ha o0bekTax
XpaHeHHs He(hTETIPOAYKTOB H3-3a CHCTEMATHIECKHX YTEUEK U3 PE3EPBYapOB WIIM HECOOTIOACHHS TEXHOIOTHIECKUX
IIPOLIECCOB UX MEPEKAYKU M HAJIMBA IIPOUCXOANT 3HAYUTEIBLHOE 3aTPSA3HEHHE TIOYBOIPYHTOB.

Lenpto paboOTHI SIBISIETCS OIIEHKA COBPEMEHHOTO COCTOSIHMS Ka4eCTBa MIOYB B 30HE BO3/ACHCTBUS pacnpesne-
JITENILHOTO MIEPEBAIOYHOTO KOMIUIEKCA, PACIION0KEHHOTO Ha TeppuTopuu JIeHHHrpasickoi 001acTH, C MOCIEayIo-
el pa3paboTKoi NPUPOJOOXPAHHBIX MEPOIIPUSITHH, HAIIPABICHHBIX Ha CHU)KEHHE aHTPOIIOTEHHON HATrPY3KH.

B pabote paccMOTpeHbI OCHOBHBIE HCTOYHHKH MOCTYIUICHUS! HE(TEIPOYKTOB B TOYBBI K OCOOCHHOCTH 3a-
IPA3HEHMsS reosIorndeckoi cpensl. IIpeacraBinensl pe3yIbTaThl HHKEHEPHO-IKOJIOIMUECKON ChbEMKH Ha UCCIIELyE-
MOH TeppUTOPHH, NPOBeJeHHOH B utosie 2017-0ro roza, a Tak ke yCTaHOBJIEHBI YPOBHU KOHIIEHTpauuii Hedrenpo-
JYKTOB B OTOOpaHHBIX MPOOax MOYBOTPYHTOB, aHAJIN3 KOTOPBIX MPOBOAMIICS Ha 6a3e LIeHTpa KOIIEeKTUBHOTO MOJb-
3oBaHus ['opHOrO yHHBepcuTeTa. J{ins pa3paboTku criocoda CHIKEHUS YPOBHS 3arpsi3HEHHUS 1T0YB, ObUT IPOBEICH
aHaJIN3 CYIIECTBYIONINX METOIOB YTHIIN3AINU HEPTECOAEpKAIINX OTXOA0B 1 OIPENIENICH B KauecTBe Hanboiee
MOIXOAALIETO — TEPMUYECKHI METOL.

[IpencraBneHHBIE PE3YNBTAThHl HKCIIEPUMEHTA, 3aKII0YAIOIIETOCS B T0100PE ONTUMAIBHOTO TEMIIEPATYP-
HOTO JI{ana3oHa IPU KOTOPOM JOCTUTAETCS JIOITyCTHUMBIN YPOBEHB COJEPKaHH HEPTETIPOAYKTOB B MOUBE, TO3BO-
JISIOT HCMOJIB30BATh B JANbHENIIEM TEPMHYECKOE BO3IEHCTBHE ISl OYUCTKHU TOYBOTPYHTOB € BO3MOXKHOCTBIO BO3-
BpaTa MOCIEAHHUX B DKOCHCTEMY.

Hayunblii pykoBoauTens: 1.T.H., npod. M.A.[lamkesuy.

O.A. BAKOPUHA
Ypumckuii 2ocydapcmeennulii Heghmsnol mexHu4eCKuil yHusepcumem

INOJYYEHUE BBICOKOOKTAHOBBIX MOTOPHBIX TOIIJIUB C
VAYUYIIEHHBIMHA 3KOJOTI MYECKUMHA CBOHUCTBAMM

[IpoOnemsl, CBSI3aHHBIE C OKpY)KAalomeW cpenod, TpeOyrOT CHIDKCHHS COJCp)KaHHS apOMaTHYECKHX
YTJIEBOJIOPOAOB B OCH3MHOBHEIX (pakiusax. OcoOeHHO kecTkoe TpeOoBaHNUE MpeAbsIBIsieTCsS K OEH30Iy, 0ObeMHas
JI0JIs1 KOTOPOTO OTpaHWdeHa cojep kaHueM He 6onee 1%.

[Ipu cropannu 6eH3oi1a obpasyeTcst OEH30IMPEH, KOTOPBIA OTHOCUTCS K IIEPBOMY Kilaccy omnacHocTH. OH
CHOCO0OEH BBI3BATh POCT PAKOBBIX KJIETOK U BBI3BIBATH MYTAIMH, TO €CTh, n3MeHseT kiuetkn JJHK.

Karanurnueckuii pupOpMUHT, NPOM3BOAANIMN KOMIIOHEHTHI TOBapHBIX ABTOMOOWJIBHBIX OEH3MHOB C
0OJBIIMM COZIEP)KAHMEM apOMATUYECKUX YrieBoaopoioB (o0 80 % macc.), siBisieTcss HanboJiee 4acTo HCIOJNb3ye-
MBIM TiporieccoM B Poccun. IToatomy HeoOxoauMo pa3paboTaTh HOBBIE CIIOCOOBI, O3BOJISIONINE CHU3UTH COJiepiKa-
Hue OeH307a B OH3MHAX, YOBIETBOPS IPU 3TOM TPeOOBAHUAM K OKTAHOBOMY UHUCITY.

TexHoNOrusl KaTaMTUYEeCKOro pu(OpMHHTa C THIApOM3OMEpHU3alMeil ToJOBHBIX (pakuuii pudopmara
(PUT'M3) mo3BonseT mepepabarhiBaTh OeH30JICOepkKamue (ppakiuu pudopMaToB B MPOTYKTH ¢ MHHUMAJIBHBIM
COJIep)KaHWEM apeHOB, COCTABIIOLINX JOJIM MPOIIEHTA, OJHAKO MMEIOIINX BBHICOKHME OKTAHOBBIC YHCIIa CMEILICHHUS,
YTO II03BOJISIET COXPAHATh XOPOIIME AHTHAETOHALMOHHbIE CBOHCTBAa OCH3MHOB NPH KOMIAYyHIMPOBAaHHUU C
ruapousomepuzatamu npouecca PUTU3.

[Jannass TexHosorus, paspaboranHas Ha Kadenpe «Texnomorus HedTH M raza» Oomee 30 ner Hazam,
CTaHOBHTCS BEChbMa aKTyaJbHON M B HACTOSIIEE BPEMs, KOTJa MPOM3BOACTBO SKOJIOTMIECKH YHUCTHIX aBTOOCH3MHOB
BBIXOJIUT HA TEPBBIN TUIaH.

IIpoBeneHHBIE HCCIEAOBAHUS [0 JAHHOMY IIPOIECCY MO3BOJISIOT aBTOPaM PEKOMEHIOBATh MPEIaraeMyo
texHosoruto PUT'N3 x npoMbIIIeHHOMY BHEPEHHUIO Ha HedTenepepadaTbBaromux npeanpusaTuax Poccun.

Hayunsblii pykoBoauTens: k.T.H., go1. O.10. benoycosa

HU.A. BUKJIOPOBHUY
Canxm-Ilemepbypeckuii 2opHulil yHUGepCUmMem

OBOCHOBAHMUE AETAJIBHBIX UTHKEHEPHO-
TEOJIOTTYECKNX U3BICKAHUM JJISI CTPOUTEJIBCTBA
CTAIIMOHAPHOMU IVIAT®OPMbI HA JINIIEH3MOHHOM YYACTKE
AJIEKCEEBCKHM HIEJIb®A KAPCKOT'O MOPS

WuxeHepHbIe M3BICKaHHUS HA menb(e - BaXKHBIA 3Tam J0OBIYH YIIIEBOJOPOJIOB M JIOJKHBI 00eCIIeYnBaTh
KOMIUIEKCHOE H3yUYeHNe HH)XEeHEepHO-Teosiornyeckux ycnosuid (UI'Y) paiiona.
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AneKceeBCKUiA JIMIIEH3NOHHBIN yaacTok (JIY) mmomanpio 556 KB. KM HaXoauTcs B npeaenax menbda Kap-
CKOTO MOPSI, 4YTO BO MHOTOM TIPEJONPEACISET €ro reorpado-KImMaTHieckue ycnosusa. Kimmmar Teppuropun Xomnon-
HBIH, HOJSPHBIN, COJIEHOCTh MOPSI HIDKE, Y€M B BOAaxX MHpOBOro okeana (3-5%o B rokHOI wactn). B pensede nna
BEIJICNAIOT IPUOPEKHYIO TTOJIOTO-HAKIOHHYIO PaBHUHY C TITyOMHOU Mops 15-50 M U TEeKTOHWYECKHH yCTYII, OTMEYa-
€MBbIi pe3KuM NoHMkeHueM A0 110 M. B TEKTOHMYECKOM OTHOLIEHUH PaliOH UCCIEJOBAHUN PACIIONIOKEH B Mpere-
nax 3amagHo-CHOMpPCKOW SMUTEPLUUHCKON IUIUTHL. B IreoJorn4eckoM CTPOSHHH PETHOHA YYacTBYIOT OTJIOKCHHUS
M€3030[CKO-KalHO30MCKOI0 IUIMTHOIO KOMIUIEKCA, IIEPEKPHITHIE TONIIEH HOBEHIIMX oTioxeHud. IlocnenHue, 1o
riyOouHsl 50 M, CIIOkKEHBI BEPXHEHEOIUICHCTOIICHOBBIMU U TOJIOLICHOBBIMU CTpAaTHrpado-TeHeTHUECKUMHU KOMILIEK-
CcaMM MOPCKOTO M aJUIIOBHAJIbHOTO reHe3unca. OHM NpesCTaBiIeHbl MIMHUCTHIM WIOM (Ha riryonHax mops Gojee 32
M), CYIJIMHKaMH ¥ TJIMHAMU OT TBEPJOW A0 TeKyueil KOHCHUCTEHLIUHU ¢ MPOCIOAMH IecKa, BKIOUYEHUsIMU TpaBus. B
L[EJIOM CJIOH BBLAEPKAHBI II0 IPOCTUPAHUIO U MOIITHOCTH.

Ha AnexceeBckom JIY Ha crajnu npoekTa OblI0 MpoOypeHo IecTh CKBAKUH ¢ OTOOPOM Npold U uX J1abo-
PaTOPHBIM HCCIIEIOBAHUEM, a TAKXKe NPOBEICH KOMIUIEKC reodusndeckux padot. Ilo pesynpTaTtaM M3bICKaHUH I10-
CTPOEHBI  Pa3pesbl, ONpPEICNEHBl IOKa3aTenu (U3MKO-MEXAaHHUECKUX CBOWCTB, BBIICNCHB HHKCHEPHO-
TCOJIOTHIECKUE JIEMEHTHI. BB BBIABICHBI XapaKTepHBIE apKTHIECKOMY HIEIb(]y MpoIecch U SIBICHUS, CBA3aH-
HBIE C HAJIMYHUEM MHOTOJIETHEMEP3IIBIX MTOPOA U MaJICOBPE30B, TA30HACHIIICHHOCTHIO OTI0KEHUH, IPEACTABIIAIOIINX
OTIACHOCTH NP OYpEHNH Pa3BEAOYHBIX CKBAXKMH, BO3ACHCTBUEM BOJIH U JIbAA HA JOHHBIC OTIOXKEHUS. Tepputopnuun
MIPUCBOCHA TPEThsI KaTeropus ciokHoctn UI'Y. Jlng mpoBeaeHHs NeTanbHBIX MHKXCHEPHO-TEOJIOTNIECKUX H3bICKa-
HUH ¢ 1eJbI0 000CHOBAaHUS Oy IyIIEro MECTOIOJIOKEHHUS CTAllHOHAPHON TUIaTGOopMbl Hanboee OJIaroNpUSITHBIME C
YUYETOM OMHCAHHBIX (DAKTOPOB SBJISIOTCS PAMOHBI IUIOMIAIABIO | KM BOIH3H MHXEHEPHO-TEOJIOTUIECKUX CKBAXKHUH 2
u 3. M3bIcKaHus peycMaTpuBaloT OypeHHe CKBaXKHUH C 0TOOpPOM NPO0 M CTaTHYECKOe 30HAMPOBAHUE, HEOOXOH-
MBI€ JIUII OKOHYATEJIBHOI'O BBIOOPA HECYIIEro CIIOs, a TAK)Ke KOMIUIEKC reosIoro-reopu3ni4eckux MeTOJ0B ISl yTOU-
HeHus penbeda 1Ha, TEOKPHOJIOTHYECKUX YCIOBHH U PaCIIPOCTPAHEHHOCTH I'a30HACHINICHHBIX OTIOXKEHUH.

HayuHblii pykoBoauTE b: K.I.-M.H., 1o1l. Kad. ['ulI" T.H. Huxomnaesa.

C.C. BJACEHKO
Canxm-Ilemepbypeckuii 2ophbili yHueepcumem

®OCCHJINMI U3 BEPXHEJIEBOHCKHX OTJIOKEHUM
YXTUHCKOW AHTUKJIMHAJIA

B ocHOBYy paboTy moyioK€HAa BHOBH IOCTYIMBIIAs KOJUICKIMS BEpXHEIeBOHCKOH (aynsl m3 Tumano-
ITewopckoit HedrerazonocHoi npoBuHOMHU. Koiureknus coOpaHa COTPYIHMKAMH Y XTHHCKOTO TOCYJapCTBEHHOTO
TEXHHYECKOTO YHHBEPCHTETA W NPEJOCTaBIeHa B pe3yibTaTe oOMeHa MaTepHanaMu Mexay kadenpoi Mcropudue-
cKOi M nnHaMuueckoi reonorun Cankr-IleTepOyprckoro ropHOro yHUBEpcUTeTa U Kadepoil MUHEpaJIoTu 1 reo-
XMMHUH YXTHHCKOTO TOCYJapCTBEHHOTO TEXHHUECKOTr0 yHUBepcuTeTa. Beero mpezcrasieno 26 06pasios, BKIOYaA-
IOINX B €0 OCTaTKH KapKacOCTPOSIIIUX OPraHU3MOB TaOYJIAT M CTPOMATONOPOHICH, a TakKe TOJIOBOHOTHUX MOJI-
JIFOCKOB U IAHILIUPHBIX PHIO.

B reosoro-cTpyKTypHOM OTHOIIEHHH paifoH cbopa obpasioB mpuHaanexuT OxHoMy TumaHy ¢ XOpoIIo
pa3BUTON U MpPOAOIDKAIONIEH pa3BUBATHCS HedTerasoBoil mpomsimieHHoCcThI0. Ha Teppuropun HOxuoro Tumana
HaXOJSITCSl U3BECTHBIE JaJeKo 3a IpeaenaMu Poccuu CTpaTOTHIIMUYECKHE pa3pe3bl BEPXHETO JIEBOHA C OOraThiM
KOMIUIEKCOM OPraHMYECKHX OCTATKOB, CPEIN KOTOPBIX — YHHKAJIbHBIE HAXOJAKH MaHIMUPHBIX M KUCTEIEPBIX PHIO.
HedrerazonocHOCTh UKCHPYETCS B OTIOKEHHUAX BEPXHETO IEBOHA, HAUWHAS CO CpeJHEe(PAHCKOTO MOabspyca.

JlokazaHbl yCloBHs, B KOTOPBIX XKWJIH MepeUUCICHHbIE ()OCCHIMU. XOpOoIIas COXPaHHOCTh TOBOPHUT O OJIH-
30CTH MecTa >KHUTEIbCTBa, KpoMe Iedanonos, *KMBIIMX B IOBEPXHOCTHBIX BOJax ITyOOKOBOIHOTO OacceliHa ¢
HapyIIEHHBIM BOJJOOOMEHOM.

HccnenoBaHHbIE KOJUICKIIMOHHBIE 00pa31bl IPEICTABICHBI TPYIIIAMHI OPTaHU3MOB, BXOJSIIUMHU B YI€OHBIN
IUIaH crenuanbHocTH «[IpuKiianHas reoorus» U B 4aCTHOCTH HarpasieHus «['eonorus HehTH U razay.

CoxpaHHOCTb 00pa3I0B MO3BOJIET MCIOJIB30BATh UX B YUEOHBIX LENAX (paHee OTCYTCTBOBAIM OOpasIibl
0OaKTPHUTOB).

HayuHblii pykoBoauTenb: 1.1.-M.H., mpod. kap. UAT" E.JI. Muxaiinosa.
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A.B. BOJIKOBA
Heanosckutl 20cyo0apcmeeHubili XUMUKO-MEXHONI02UYECKUL YHUBepCUmem

KATAJIMTUYECKASI OUMCTKA TEXHOJIOTHYECKHUX I'A30B
OT OKCHJIA A30TA (1)

Oxcun azora (1) siBisieTcsl TPeTbHM IO 3HAYMMOCTH JIOJTOKMBYIIMM NAPHUKOBBIM Ta3oM IocCje
auokcuia yriaepona u Merana. Ilo adpdexry Bo3aeiicrBust Ha okpy:xkatonryio cpexy N,O B 298 pa3 npeBbiinaer
BO3/elicTBHE PABHOI0 00beMa BBIOPOCOB YIJIEKHCJIONO ra3a.

Oxcujpl a30Ta 00pa3yroTcsl MPU CrOPaHUM TOIUIMBA B JBUTATENsIX aBTOMOOWIIEH, sBJISETCS BBIOpOCaMU B
MIPOM3BOJICTBAX aMMHMaKa (Ha cTaguu pupopMUHra MPUPOIHOTO Ta3a), a30THOW U aJUITUHOBON KHUCIOT U ap. Hanbo-
nee 3 HeKTHBHBIM METOZOM 00E3BPEKMBAHMS TEXHOJIOTHYECKHX Ta30B, COJACPIKAIINX OKCHBI a30Ta, SIBISCTCS HX
KaTaJIUTHYECKast OYNCTKA. B MPOMBIIIICHHOCTH MCHONB3YETCS JBa METOJAa KaTATUTHUECKON OYMCTKH: BBICOKOTEM-
nepaTypHasi — OCHOBAaHHAsI HA BOCCTAHOBJICHHN OKCHIOB a30Ta NPHUPOJHBIM ra3oM Ha aJloMOIAUIaIneBOM KaTalH-
3aTOpe ¥ HU3KOTEMIIepaTypHasi — OCHOBaHHAsl HA BOCCTAHOBIICHHUH OKCHAOB a30Ta aMMHAKOM Ha aJlFOMOBAHAINEBOM
karanmsarope. Heo6x0uMo OTMETHTS, YTO AAHHBIE KaTaIH3aTOPHI [UI0X0 YIaBIuBaioT okcun asota (|).

Lenpro HacTOSIIEH PabOTHI SBIAETCS CHHTE3 OKCHIHOTO JKEIE30K00aIbTOBOTO KaTannu3aTopa M HCCIEO-
BaHHME €ro KaTaTUTHYSCKUX CBOWCTB B Peakliy pasnoxeHus okcuaa azora (1).

B pabote ¢ nomolIp0 METOI0B peHTreHO(ha30BOT0, PEHTIE€HOCTPYKTYPHOTO U CHHXPOHHOT'O TEPMUUYECKOTO
aHa/lM3a, a TaKKe CKaHUPYIOLIEH 3JIEKTPOHHOI MHKpPOCKONUU UCCIEIYIOTCS MPOLECChl KEPAMHUYECKOTO U MEXaHO-
XMMHUECKOT0 cHHTe3a okcuaHoro Fe-Co karanmzatopa. [lokazaHo BiMsHHE METO/A MOJIyYeHHs HA (POPMHUPOBAHHUE
aKTHBHOH (ha3bl Karanuzaropa. [IpuBeeHb! pe3ysbTaThl UCCICAOBAHUI KaTaIUTHYECKOH aKTHBHOCTH MOJYYEHHBIX
KaTaJIM3aTOPOB B PEaKIMK pa3iokeHns: okcuaa asora (l). YcraHoBieHo BiustHME crioco6a momydeHust Ha (Gusnko-
XMMHYECKHE W KaTaJIUTHYECKHE CBOHCTBA. PaccMOTpPEHBI TEXHOIOTHUECKHE OCOOCHHOCTH HCIOJIB30BAHUS JIOTIOJI-
HUTEJBHBIX KaTaJIU3aTOPOB Ul 00e3BpeXuBaHMA okcuaa a3oTa (|) B mpon3BoACTBaX a30THOM KUCJIOTHI M aMMHAKa.

Paboma evinonnena npu noodepacke cmunenouu Ipesudenma P (CI1-3477.2016.1). [Ipu svinonnenuu uccie-
008aHULL NPUBTIEKATUCH pecypcbl Llenmpa KonneKmueHo20 noib306anus Hayuuvim 0bopyoosarnuem UTXTY

Hayunblii pyxkoBoaure/ib: K.T.H., c.H.c. P. H. Pymsanues

B. A. BOCTPUKOBA
Mocxosckuii @Quzuko-Texnuueckuu Mncmumym (I'ocydapcmeennulii Yuueepcumem)

MOIEJUPOBAHUE PACITPOCTPAHEHMUSA TPELHINHBI
T'UJPOPA3PBIBA B YCJIOBUSIX ECTECTBEHHOI
TPEHIMHOBATOCTHA

I'mnpopaspeiB mnacta (I'PII) senserca Hanbonee 3¢ GheKTHBHON TeXHOJIOTHEH pa3pabOTKH HETpaaUIHOH-
HBIX KOJIJIEKTOPOB, XapaKTePU3YIOMINXCSA CBEPXHU3KOH NMPOHUIIAEMOCTHIO MAaTPHUIIBI IOPOBI, BEICOKOW HEOJTHOPOI-
HOCTBIO T'€0JIOTHYECKOTO pa3pe3a IUIacTa M HaJIMYHEeM €CTECTBEHHON TpPEIIMHOBATOCTH.PacmpocTpaHssICch B TaKOM
komekTope, TpemuHsl [ PIT nepecexkaroT ecTecTBEHHbIE TPEUIUMHBI U B pe3ysbTaTe 00pa3yloT CBSI3aHHYIO CHCTEMY
TPEIINH — CTUMYJIHPOBaHHBIN 00beM miacta (SRV).

[JanHas paboTa MoCBsIIEHa CO3aHUI0 PACUETHOTO MHCTPYMEHTA, IO3BOJISIONIEr0 MOJEIUPOBATH IIPOIECC
¢dopmupoBanust SRVipu ruzppopaspbiBe 1uiacTa B YCIOBHSX €CTECTBEHHOHM TpeIIMHOBATOCTH. Peann3oBaHHas Mo-
JenbydnThIBaeT nepecedenue tpemuH ['PI1 ¢ ecrecTBeHHBIMU TpelMHAMH, UCTIONB3YS (HU3MYECKH 00OCHOBAHHbIE
KpuTepuu B3aumonencteus. [lpumenenue cell-based Pseudo-3D mopeny TpeluHBl MO3BOJISET NPOBOIUTH PACUeT
JuHaMuKn pocta TpemuH ['PI1 B MHOTOCIIOWHON JHMTONOTHM M TEYEHHUsI CMECH HECKOJBbKHX BHJIOB IPONAHTOB U
KHUJIKOCTEH B 0Opasyrolieiicss pa3BeTBICHHON CeTH TpeuH. IIpu 3ToM ydHuThIBaeTCs Kak jlaTepajbHOe, TaKk U Bep-
THKaJbHOE paclpeliesieHHe MPOMaHTa, a TaKkkKe MOJEINUPYETCS MPOIECC ero OCAKACHUAINOCIE OCTAHOBKH 3aKadKH.
MogenupoBaHue Mporecca 3aKpBITHS TPEUIHMHBI MO3BOJISIET ONPEASIUTh TEOMETPUIO 3aKPEIJICHHBIX Ha NPOIaHT
TPELIUH JBIITOCIEAYIOIIEro pacyera mpuroka Hedtu Kk ckBakuHe ¢ SRV B crieIHaIn3upOBAaHHOM THAPOIUHAMUIC-
CKOM MoxyJie.B Monenu BBIYHCISIOTCS M3MEHEHHS ITOJIS HAaNpsDKEHU, BRI3BAaHHBIC B3aMMHBIM BIMSHHEM TPEIINH
I'PII npyr Ha apyra (3¢ ekt «stressshadow»), a Takke IPUCYTCTBHEM HEOJHOPOJHOTO MOJIS TUIACTOBOTO JaBIICHUS,
Ju1si 6osiee KOPPEKTHOTO y4éTa TpaeKTOpHM pa3BHUTHA TpewmnH. Kpome Toro, paccmarpuBaercst BiusiHue 3ddexra
«stressshadow»Ha THIPOJMHAMUYECKH HECBSI3aHHBIEC OOLIECH CEThIO €CTECTBEHHBIC TPCLIMHBI, IPHBOSLICE K HX
aKTHBAIMU M YBEJIIMYEHHUIO CTUMYJIMPOBAHHOTO 00BbEMa.

Hayunsrii pykoBoaurens: 10.B. OBuapenko
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A.A. BBIIPOBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

PA3PABOTKA JIPAHUBEPA WHBEPTOPA HAIIPSIZKEHWA U151
PABOTbBI B COCTABE TPEXITPOBO/JHOU JIMHUHU NIOCTOAHHOT' O
TOKA

B mocnemrre TOIBI MPUHIAI 3JICKTPOTIEpEeIady MMOCTOSTHHBIM TOKOM Ha cpenHeM Hampsokenun (MVDC)
HaXOJWT NPUMEHEHHE B PA3IMYHBIX 00JIACTAX IPOMBIIUIEHHOCTH. IIepClIeKTUBHBIM ABIAETCS CIOCO0 PEKOHCTPYK-
LM TPEXITPOBOAHON JIMHHUHM AJIEKTPOIIEpEIaul IEPEMEHHOT0 TOKa B TPEXIPOBOIHYIO JIMHHIO AJIEKTPOIIEpEiadn Mo-
CTOSTHHOTO TOKa, pa0OTalolIyI0 B MOBTOPHO-KpaTKOBpeMeHHOM pexume.llpu pabore JHHUM 3JIeKTpoliepeadd B
TAaKOM peXuMme e€ MpOoIycKHasl CllocOOHOCTH MOXeT ObITh yBenndeHa Ha 11%, 4To moATBepKIaeTcsi KOMIBIOTEP-
HBIM MOJICTIMPOBaHUEM, [MOITOMY BO3HMKJIA HMJes arpoOalMy Takod CHCTEMBbl Ha HaTypHOM Mmozenu. VccienoBa-
TEJILCKUH KOJUIEKTUB, COCTOSIINI U3 CTYJCHTOB, aCIUPAHTOB U NpernoaaBareneil kageapsl o0Ieil 31eKTpOTeXHUKH
Cankr-IlerepOyprckoro ropHoro yHMUBEpcuTeTa pa3padaThlBacT CTEHJ JUIsl ITOATBEP)KACHUS aleKBaTHOCTH IOJy-
YEHHBIX 3aBHCUMOCTEI 1 IPOBEPKHU pa3pab0TaHHOTO aJlrOPUTMa YIIPABICHUSL.

BcraBka MOCTOSIHHOTO TOKa COCTOMT M3 ABYX Iap BBIIPSMHUTENb-HHBEPTOP. [IpeaBapuTenbHO IepeMEHHO-
SHaNPsDKEHHUE BBIIPSAMILICTCS, 3aTeM MOJAETCsl Ha MHBEPTOP HANpPsDKEHUS. YTIPaBIsIEMBIH HHBEPTOP 00eCHeunBaeT
MIONIEpEMEHHOE NTPOTEKaHHE MOCTOSHHOTO TOKA 110 TPEM IpoBOAaM. B KoHIe mMHUM pacnoiaraeTcaTpéxa3HbIiBbI-
MIPSMHTEINb, 00ECTICYNBAIOIINHA «ITPUEM» TTOCTOSHHOTO TOKA, HEOOXOJMMBIN I MepeBoAa TPEXIPOBOJHOM cHcTe-
MBI B JIBYXIPOBOJHYO. 3aKIIFOYUTEIBHBIM DJICMCHTOB BCTaBKH SIBIISICTCS MHBEPTOP, KOTOPBI Mpeodpa3yeT mocTo-
SIHHBIA TOK B IIEpEMEHHBIN, IIepeiaBaeMblii TOTPEOUTEITIO.

I[Ipu co3gaHuu cTeHAA BO3HUKIIA 3a/jada pa3pabOTKU MHBEPTOPA HAIPSDKEHNS, IIEPEKIII0UaIOIero MpoBoa.
CuiioBoit yacThi0 HHBEPTOPa MOCTyXuio yctpoiicteo MitsubishiPM50CL1A120, anst ynpasieHus: KOTOPbIM HE0O-
XO/IUM JpaiiBep, 4TO ONpeeNsieT aKTyaIbHOCTh PadOTHI.

Lenbio padoTsl sBIIETCA pa3paboTKa U U3TOTOBICHUE ApaliBepa A COrTacOBAHUS MHKPOKOHTPOJLIEpa ¢
CHJIOBOW YacThIO HHBEPTOPa.B pamMkax JOCTIKEHHS OCTAaBIEHHOM IeTH ObUTH PELICHBI CIIEAYIONIIE 3a/1a9H:

. pa3paboTaHa TOMOJIOTHS IUIATHI IpaiiBepanB COOTBETCTBHU C PACYETOMBBHIOPAHBI HEOOXOIUMBIE
JIEKTPOHHBIE KOMIIOHEHTHI;

. NPOBEJICHO KOMITBIOTEPHOE MOACIUPOBaHUE PAOOTHI YCTPOHCTBa B Iporpamme SprintLayout;

. CyOTpaKTHBHBIM METOJIOM M3TOTOBJICHA MEYaTHAs IUIATa U BBITOJIHEH MOHTAX 3JIEMEHTOB;

. HalucaHa MporpaMmauisi MUKpokoHnTposuepaATmega8U2, ynpasinsromero HHBEPTOPOM;

. ¢ ToMoOIIbI0 01HO(GA3HOTO TpaHc(opmaropa U CHENHUAIFHO M3TOTOBJICHHOTO ONHO(MA3HOTO BbI-

MIPSIMUTENIS TIPOBEJICHA MTPOBEPKA PaOOTHI CHCTEMBI ApaiiBep — CHIIOBas 9acTh MpeoOpa3oBaTes.

TecTtupoBaHus MMoKa3ao HEOOXOAMMOCTh JaJbHEHIIEeH OTIaJKU ATl JpaiBepan yCOBEPIIEHCTBOBAHU
€€ TOMOJIOTUH, a TAK)KE MPOBEPKU YCTPONUCTBA B COCTABE TPEXITPOBOAHON JTMHUU TOCTOSHHOTO TOKA.

Hayunble pykoBoauTeau: aA.1.H., ipod. S.3. Iknsapckwmii, accucrent A.U. bapaanos

P.M. TAJIUKBAPOBA
Hayuonanvuwiii ucciedosamenvckuil mexnonoeuueckutl ynusepcumem « MUCuCy

AHAJIN3 SKOJOI'MYECKHUX MOCJIEJCTBUM THIPOCDEPHI B
PANOHAX JIMKBUIANPOBAHHBIX ITAXT BOCTOYHOI'O
JOHBACCA

OnHo¥ 3 HanboJee aKTyaTbHBIX MTPOOJIEM B TOPHOM JIeJie SBIISETCS MPOPUITAKTHKA M CHIYKEHUE YKOJIOT U-
YECKUX MOCIICCTBUH B X0/I€ 3aKphITH maxT. JINKBuaamus maxt B paiioHe Bocrounoro JlonOacca mpuBena K moJ-
TOIUICHHUIO YTJIENPOMBILUIEHHBIX TEPPUTOPHUI, YTO, B CBOIO OUYEPE/Ib, OKA3aJI0 3arps3HsIollee JeiicTBIE Ha BOIO-
HCTOYHUKH POCTOBCKOI 00MacTH, KaKk Ha TOBEPXHOCTHEIC, TaK ¥ Mo3eMHbIe. KpoMe Toro mpoucxoaut cOpoc B
MIPUPOIHEIC OOBEKTHI 3arPA3HSIONINX, HETOCTATOYHO OYHIIICHHBIX CTOYHBIX BOJI C MPOMBIIUICHHBIX U CEIBCKOX0-
3SICTBEHHBIX OOBEKTOB.

Heo0xoauMbie MOHUTOPHHTOBBIC UCCIICIOBAHUS BEAYTCS U1 KOHTPOJIS 32 COCTOSTHUEM OKPY)KAFOIIEH cpe-
JIbI ¥ pa3pabOTKH TEXHUUECKHUX PEIICHHUH M0 CHIDKEHUIO BO3JIEHCTBYSI Ha THIPOc(hepy TEXHOTCHHBIX BOJ IMKBHIH-
POBaHHBIX IIAXT.

TIpuBeaeHo 0600IIEHNE YCIOBUN «BBIX0/Ia» 3arpsI3HEHHBIX TIOJ3EMHBIX BOJI HA TIOBEPXHOCTH 10 HATpPaB-
JIEHUSIM: CTIOCOOBI BBIX0/1a TIOJI3EMHBIX BOJ, THIPOTE0IKOIOTHIESCKIE KOMITIOHEHTHI M 00BEKTHI TaHAmadTa, ¥ moka-
3aTei, XapakTepU3yIoLIe CoAepKaHue BEIECTB B pekax. [IpoaHann3upoBaHbl T€03KOJOTHYECKUE XapAKTEPUCTH-

148



K{ ¥ OLICHKH IO IPUPOAHO-TEXHOTCHHBIM YCIOBUSIM PEYHON CETH Ha TeppuTopuu maxt B Bocrounom [lonbacce.
Ha ocHOBaHMM aHA/NN3a MOIYYEHHBIX MAaTEPHAIOB MOXHO BBISBUTH YYaCTKH [UIS IIEPBOOYEPETHOTO IPUMEHEHUS
MEPOIIPUATHI 10 3aIIUTE OKPYKAIOIIEH CPEIbI.

Peanuzanus pa3paboTaHHBIX PELICHUH IPUBEET K YITyUIICHUIO COCTOSIHUSI BOJXHOH CPEbl, TOBEPXHOCT-
HOH ruapocdepsl 1 MPEeIOTBPAICHNIO SKOJIOT0-3KOHOMUYECKUX U3IEPIKEK 3@ CUET MPEKPAICHUS 3arpsI3HEHUS
MOYBBI ¥ OMOTHI BPETHBIMH BEIIECTBAMHU OT FHPOT€OJIOTHIECKNX CTOKOB TIOA3EMHBIX BOJ 3aKPhITHIX MIaxT. [lomo-
KUTENbHBIM Pe3yIbTaTOM MPEeAJIOKEHUN IBUTCA yIyUllIeHHe CAHUTaPHO-TUTHEHUUECKUX YCIOBUI MPOXKUBAHUSA
HaceleHHs ¢ odecrieueHreM 0e30MacHOCTH )KU3HEIETENbHOCTH. MeTolaM1 HCCIIeI0BaHuUsI IBUJIMCh MOHUTOPHHI0-
BbI€ U3bICKAHUS, AHATUTUUECKUE, KPATKOCPOUHBIE U CTATUCTUYECKUE IPOTHO3UPOBAHHUS.

Hayunblii pykoBoauTens: 1.T.H., mpod. A.C. baryrun

A.C.TAMM
Canxm-Ilemepbypeckuii I oproiil yHusepcumem

BbIbOP MALINH AJI51 @OPMHUPOBAHUA TPAHCIIOPTHBIX
CUCTEM I'OPHBIX ITPEAITPUATHUN

Ceronusi, Ipu BBIOOpE CPEICTB TPAHCIIOPTA CYIIECTBYET MHOTI'O HEOIPEAEICHHOCTEH, HE IO3BOJISIONINX
MIPOEKTUPOBINUKY OJAHO3HAYHO HA3HAYMUTH BHJ TPAHCIOPTA IPU NPOEKTUPOBAHWU HOBON TPAHCIIOPTHON CHUCTEMBI
WJIN PEKOHCTPYKIMH TOPHOTO MPEANPHUATHSA, KCIUTyaTallMOHHUKAM IPHOOpETaTh TEXHUKY B3aMEeH N3HOIIeHHOH. Ha
OOJIBIIMHCTBE TOPHBIX MPEANPUATHI MapK MallWH CHJIBHO M3HOIICH M TpeOyeT 3aMeHbl. B HacTosmee BpeMs OH
BOCIIOJHACTCS 000PYIOBAHHUEM OTEUECTBEHHOTO U 3apy0eKHOTO IPOU3BOJCTBA, TPUIEM IO MHOTUM TO3HIUSIM HM-
MOPTHAs TEXHUKA BBITECHSET MPOIYKIUIO OTEUYECTBEHHOTO MPOM3BOAUTENS U B OYAyILIEM CIEAYeT 0KUIATh YBEJIH-
YEHUsI MPETI0KEHUH OT HHOCTPAHHBIX (PUPM.

IIpon3BonuTeny TPaHCTIOPTHOW TEXHUKH IOCTOSHHO COBEPIICHCTBYIOT CBOIO IMPOAYKIMIO U HYXKIAIOTCA B
OTIpe/IeIeHNH TUIaHa BBIITYCKA HOBBIX MAIIIMH, yYeTa YCIOBHH 3KCIUTyaTallil TEXHUKH U YBEPEHHOCTH, YTO 3Ta TEX-
HUKa Oyner BocTpeOOBaHa TI'OPHOW MPOMBINUICHHOCTbIO. Hy)KHBI OICHOYHBIE ITOKAa3aTeNld JKCILTyaTallMOHHBIX
CBOMCTB, I0CTOBEPHOCTh MMOTPEOHOCTH B MPOU3BOACTBE MAIIMH Ka)KIOro THUIIOpa3Mepa Kak B HAcTOsIee BpeMs, Tak
1 Ha NIEPCHEKTUBY U 000CHOBAHHBIE MPEAIIOCHUIKH VIS pa3paOOTKH NPUHIUINAIFHO HOBBIX BUJOB TPAHCIIOPTA.

Wnes paboTHI 3aKiII09aeTCs B TOM, YTO CYIIECTBYIOIEE MHOT0OOpa3ne TPAaHCIIOPTHBIX MAIIWH U JaKe HX
BUPTYAJIBHBIX KOHCTPYKIIHH MOXHO OJHO3HAYHO OXapaKTEepH30BaTh (MAECHTU(HUINPOBATH) MO KAYCCTBCHHBIM KpH-
TEpUsIM, ITO TTO3BOJIIET OOOCHOBATH BBIOMPATh MALIMHBI U COCTABIATH U3 HUX TPAHCIOPTHBIE KOMIUIEKCHI, TPOTHO-
3MpOBaTh H3MEHEHUE TPEOOBAHUH K CBOMICTBAM MAIIMHBI U B JMHAMUKE Pa3BUTHUS TOPHBIX Pa0oOT.

B pabore Ha OCHOBE MMHTAIMOHHBIX MOJENEH, KOHEYHOTo pe3yibrata (yHKIuoHupoBanus (KPDOM),
SHEPreTUYECKON OIIEHKH BBINMOJIHEHHOH TpaHcmopTHOI padotsl (TPAH), onenku yposHs kaudecta (KTVY), panro-
BOro mynbtukputepraibioro meroga PROMETHEE, metone hyHKIMOHAaIBHO-CTOMMOCTHOTO aHAIM3a MOJTY4EHbBI
1 TPOAHATM3UPOBAHBIKPUTEPUH CPABHEHUS KaUeCTBEHHBIX IIOKa3aTesieif TOPHO-TPAHCHIOPTHOM TEXHUKHU ATl 000c-
HOBAHHOTO MX NPUMEHEHHe Npu (HOPMHUPOBAHUS TPAHCHOPTHBIX KOMIUIEKCOB ¢ Hanbolee panuoHaJIbHBIMM Mapa-
MeTpaMH IS OTIPE/IeNIEHHBIX (KOHKPETHBIX) YCIOBHH PaOOTHI.

Jpyroe HampaBlieHHe NPUMEHEHUS MPENT0KEHHBIX KPUTEPUEB — ONTHMU3ALMS TPAHCIOPTHOW CHCTEMBI
IIPY PUMEHSIONMEMCS] BU/IE TpaHcHopTa (ero mapke) W HasHaYeHHOH CTaOMIBHOCTH PabOTHI TPAHCIOPTA 32 CUET
ONpeNeIeHUs TapaMeTPOB TPAHCIIOPTHBIX MapIIPYTOB.

ParonanbHble TPAHCIIOPTHBIE CHCTEMBI MTO3BOJISIIOT ITOBBICHTH 3((GEKTHBHOCTD YIPABICHUS MPOM3BO/I-
CTBEHHOH dKCIUTyaTanyel MpeanpusaTHi Ha YPOBHE CTPYKTYPHI IapKa MalllH,000CHOBAaTh HA OCHOBE ayTCOPCHHTa
CO3JIaHNE LEHTPOB TEXHHUKU C (DYHKIMSIMHU BBIOJHEHHS] TEXHUYECKON SKCIUTyaTallii M MPEAOCTaBICHHS JIM3HHTO-
BBIX YCIYT.

IIpenyiosxxeHHOE HCCIEIOBAaHIE MOXKET OBITh MPUMEHUMO TAaKXKe M K FOPHBIM MamnHaM (OypoBBIE CTAaHKH,
9KCKaBaTOPBI) M CTPOUTEIHHO—IOPOKHON TexHHKe (OyiIbI03ephl, KpaHbI, cBae3a0OWHBIE MAIIWHBI), TOPOJICKOMY
TPAHCIOPTY METANOJINCOB M K APYTUM BHJAM IPOM3BOJCTBEHHON AESTENBHOCTH, HCIOIB3YIOMNX MapKUTEXHONIO-
THYECKH OJHOPOIHBIX MamvH. [IpencTaBiseTcss BO3MOKHBIM IPUMEHEHHE PEe3yIbTaTOB PabOTHI 10 OLEHKE MHHO-
BallMOHHBIX ITPOEKTOB U JUIsl PELICHU 3a7jad UIMIIOPTO3aMEIIECHUSI.

Hay4nelii pykoBoauTens: k.T.H., go1. B.}O.Konres
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I'.1. TAPAOYTAUHOBA
Kazanckuii nayuonanvhuiii ucciedosamenbCkuti mexHoI0SUHecKuti YyHueepcumem

HNOTOKOOTKJVIOHAIOIIAA KOMIIO3U LA JIA
YBEJINYEHUSA HEOTEOTJAYMH IIVIACTA

PazpaboTka mo0OTO HE(PTIHOTO MECTOPOXKICHHS KIACCHYSCKHIM METOIOM 3aBOJHECHHUS HEM30EKHO
COIIPOBOXKJAETCS CYIIECTBEHHBIM CHIDKEHHEM JieOuTa CKBaKMH IO HE(TH, XOTS CTENEeHb OTOOpa OT HavyaJbHBIX
0aJaHCOBBIX 3aracoB, IPH ATOM, €lle JOCTaTouHO Hu3Ka M cocraBiseT 40-50%. [lomMuMoO nNpOSIBIEHUS CHII
ancopOIMK M KanWUIIPHBIX CHJI, YISpKHMBAIOIIUX He(Th B IUIacTe, OTPHULATENHLHOE BIMSHHE Ha He(TEZ00BIYY
OKa3bIBaeT HEPAaBHOMEPHOE BHITECHEHHSI HE(YTH BOJOH.

Ortor Qaktop B TOH MIM HWHOM Mepe YyCTpaHseTcsi NPHMEHEHHEM BOCTPEOOBAHHBIX HA PBIHKE
MIOTOKOOTKJIOHSIIOIMX TEXHOJIOTHH, 0€3 KOTOPBIX CEroJHs He pa3pabaTbiBaeTcs MPAaKTHYECKU HU OJHO KPYIHOE
MectopoxaeHue Poccun. VX CyIIHOCTH 3aKkmiodaeTcs BO BBEJCHHM B IIPOMBITHIE BOJOM YYacTKH IIJIacTa
reaeo0pa3yoNnX COCTAaBOB, 3aMEUIAIOIINX JBIDKCHHE BOJBI B BBICOKONPOHHUIIAEMBIX 30HAX, YCKOPSIONINX — B
HHU3KOIIPOHUIIAEMBIX, 1, TEM CAMBIM, MTOBBIIIAOMINX KO3()()UIIMEHT 0XBaTa MiacTa 3aBoJHeHHEM. Cpe MHOXKECTBA
MoIu(UKAIMH TOTOKOOTKIIOHSIONIMX KOMIO3UIMKA OJHUMH W3 HauOoOJee MEPCIEKTUBHBIX IPEICTABIAIOTCS
COCTaBbI HA OCHOBE OMOMOIMMEPOB MHUKPOOHOJIOTHIECKOTO M PACTHTENFHOTO MPOUCXOKAeH!s. [IpenmyinecTBaMu
9THX PEareHTOB SBJIAIOTCS BBICOKAs CTOWKOCTh TPOTHB MEXAHHYECKOH, TEPMOKHCIOTHOW NECTPYKIHH |
COBMECTHUMOCTH C BBICOKOMHWHEPAJIN30BaAHHBIMU IIJIACTOBBIMU BOJaMU.

B pamkax mpoBeneHHOH pabOTH pa3paboTaH MOTOKOOTKJIOHSIOMIMI COCTaB Ha OCHOBE OWomnonuMmepa u
HOHI/IQ(i)I/Ipa, a TaK)K€ M3Yy4YCHbI OCHOBHbLIC q)aKTOpI)I, BJIMAIOMIME HA BBIXOJ TaMIIOHUPYIOUIETO TI'CJIA. OnpeﬂeneHm
ONITUMAJIBHBIC PaCXOJHBIC KOS(bq)I/IHI/IeHTI:I KaXJ0ro KOMIIOHEHTa MW MNOpsAJOK HX CMCIICHUA. Iloka3ana
yCTOﬁ‘IHBOCTL IOJIy4aeMoro cocraBa K BOS[[GI‘/’ICTBI/IIO IJIaCTOBBIX BO/I, IJIACTOBBIX TEMIICPATYP U K YTJIEBOAOPOJaM
HEPTH.

Hayunblii pykoBoaurTeib: K.T.H., 1ou. A.A. Ennuansckuii

IO, TUIITYXAHUY
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

NCCIEJOBAHHUE U PABPABOTKA MOJIEJIN
MHOI'OCTATOPHOI'O ACUHXPOHHOI'O /IBUI'ATEJIA B
KAYECTBE IIOTI'PYXKXHOI'O JIEKTPOJABUI'ATEJIA

[Norpy>Hble aCHHXPOHHBIE JIEKTPOIBUTaTENIN Ul IPUBOJA HACOCOB BBIITYCKAIOTCS PSIOM 3apyOEXKHBIX 1
0TeYeCTBEHHBIX (hUPM MOITHOCTHIO OT 22 10 250 kBT Ha gactoTy 50 't Hanpsixernem 1000+2000 B.

OCHOBHBIMHU HEJJOCTAaTKAMHU BBIITYCKAE€MBIX JIBUTATENIEH SIBISTFOTCS:

e QompIINe yIeabHBIE pa3Mephl (0COOEHHO AUaMETD);

® OTCYTCTBHE BO3MOXKHOCTH I'TyOOKOTO PEryIMpOBaHM U aJJalTalliy K apaMeTpaM MPOMBICTa;

o amkuii KI1/1 u cosg;

® HIBKUII pecypc pabOTHI.

OnHUM M3 BO3MOXKHBIX BapHAaHTOB PELICHUs] MPOOJIEMBI OOJBIIOTO IOIEPEYHOro pasMmepa SIBISIETCS HC-
TI0JIb30BaHNE MHOTOCTATOPHBIX ACHHXPOHHBIX JIBUTaTelei, B KOTOPHIX, 32 CUET HAXOXKACHHS 0OMOTOK KaKIoil n3
Tpex (a3 B OTJAEIbHBIX AKCHAJIBHO PAa3HECCHHBIX CTATOPAX, CHIDKCHBI MX pajuajibHble radaputel. OHAKO Takue
JBUTATEJI! UMEIOT M CYIIECTBEHHBII HEJOCTaTOK B BHJIE HU3KOH 3HEprod(h(eKTHBHOCTH, M3-3a HAINYUS HECKOM-
TICHCUPOBAHHBIX 00PAaTHO BPAIIAIOIINXCS MarHUTHBIX T0JICH, 00pa3yeMbIX B aKCHAIbHO Pa3HECEHHBIX (a3HBIX 00-
MOTKaXx.

Jisa pemeHns 3Toi nmpoOiiemMsl ObLTa HCCiIeZoBaHa M pa3paboTaHa MOJIENIb MHOTOCTATOPHOTO aCHHXPOHHO-
IO JBUTATENS C JOMOJHUTENBHBIMHA KOPOTKO3AMKHYTHIMH 0OMOTKaMH. JlaHHAs MOJIENIb COCTOHUT M3 TPEX aKCHAIBHO
pasHeCeHHBIX (a3HBIX 0OMOTOK, HAXOIAMIMXCS KaX/asi B CBOEM CepICYHNKE CTATOpa U CABUHYTHIX Ha 277/M, T1e m—
grcio ¢a3 (To ecTh JIEKTPHUIECcKasi MallliHAa UMEET TPH OTAEIBHBIX CTaTOPa, KaKIBIH U3 KOTOPBIX COCTOWUT U3 OHO-
IO CepAeYHHKAa M OJHOHM (ha3HOW OOMOTKH), M 00mIeil BHyTpeHHEH KOPOTKO3aMKHYTOIl 0OMOTKH poTOpa, MOBEpX
KOTOPOH M, OTHOBPEMEHHO, TIOJ] TPEMS CEpPICYHNKAMH CTaTopa, B MpeesiaXx uX OCEBOT0 YJacTKa, Pa3MEIICHBI TPU
JIOTIOJIHUTENbHBIE BHEITHHE KOPOTKO3aMKHYTbIe OOMOTKH POTOPA, KOTOPBIE MO3BOJISIIOT KOMIIEHCHPOBAaTh 00paTHO
BpallaloIyecs MarHUTHbIE N0, 00pasyeMble TpeMs (pa3HBIMH OOMOTKaMH.
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Puc. 1. KoHCTpyKTHBHAS cCXeMa MHOTOCTaTOPHOTO aCHHXPOHHOTO ABUTATENS C JOTOIHUTEIEHBIMU KOPOT-
KO3aMKHYTBIMHA OOMOTKaMH

[IpakTrdeckn TOTHAS KOMIIEHCAMS OOpaTHO BPAIIAOIIMXCS MarHUTHBIX TOJEH CTaTOPOB, 00pa3yeMBIX

TpeMs (Ga3HBIMH OOMOTKaMH, IIO3BOJISIET CYIIECTBEHHO pa3rPy3UTh 3JCKTPOMAarHUTHYIO CHCTEMY MAIIUHBI OT

HaMarHMYMBAIOMIEro (MHAYKTHBHOTO) TOKA M TIOBBICHUTH €€ YHEProd(pPeKTUBHOCTD, TIIaBHEIM 00pa3oM, 3a CUET I10-

BBIIICHHUS KOA(P(PUIMECHTa MOIHOCTH, MPU ITOM COXPaHss HEBBICOKHE PagualibHbIC pa3Mephbl. PacueThl moka3biBa-

0T, YTO B Pe3yJIbTATE MPEAIaracMbIX KOHCTPYKTUBHBIX MEp MOSIBJIICTCS BOBMOXKHOCTh TIOJHATH COS¢) MHOTOCTATOP-
HOro acuHXpoHHOro neuratens ¢ 0,3-0,4 no 0,8-0,9.

Hayunblii pykoBoauTeib: K.T.H. fo1. A.B. Karan

J10. TITYXAHUY
Canxm-Ilemepbypeckuii 2opHbill yHueepcumem

TEPMOJJIEKTPOI'EHEPATOP UISI ABTOHOMHOI'O
IJIEKTPOCHABKEHUA CUCTEM OBHAPYKEHUA YTEYEK HE®THU

ExeroqHo Ha mpeAnpusTHSAX TOIUTUBHO-IHEPreTHUECKOro Komiuviekca Poccum 1o JaHHBIM MHHIHEpPro
Poccun npoucxonut o 20 Thicsiy ouIMaNbHO 3aperucTpupoBaHubix aBapuid. B CHIA exerogHo ¢gukcupyercs 1o
14 Thicsiy paznuBoB HepTH. OOIIAs MPOTHIKEHHOCTh MarucTpalbHBIX HEQTEIPOBOIOB Ha Tepputopun Poccuu co-
cTaBysieT Oosiee 55 ThIC. KM, a MpoMbIcioBbIX Oosee 400 Toic. kM. [loaToMy obecrieueHne 6e30MacHOM U HaJAEKHOM
9KCIITyaTauy He(TEPOBOAOB, MPEACTABIIET COO0H NEPBOCTENECHHYIO 3a/1ady, Al PELICHHsT KOTOPOH MCIONB3Y-
IOTCSI pa3IM4yHble CHCTeMbI 0OHapyxeHus yreuek (COY).

EnuHOro yHHMBEpCAIbHOIO METOA, TOYHO OMPEEISIONETO MECTOIIOI0KEHHE YTCUKH, a TakKe HE Tpedy-
OIIEro OOJBIIMX KAaIMTAJIBHBIX 3aTPaT HA PEATM3aLUI0 U 00CITy)KUBaHUE HET.

OnHo#t u3 mpobieM cucTeM OOHapyXEHHUsl yTeueK He(TH SBISETCA TO, YTO 3a4acTyi0 HE(TETPOBOIbBI
HaxOJATCSl B TPYAHOJOCTYITHBIX MECTax, a PeKOMEH{yeMasi 4acTOTa YCTaHOBKH IYHKTOB cOOpa NaHHBIX — 1 MyHKT
Ha 20 kM HedTenpoBoAa. B 3aBUCHMOCTH OT THIIa CUCTEMBI OOHAPYKEHUS YTEUEK PACCTOSHUE MEXAY AaTIMKaMU
Bapsupyetcs oT 10 70 70 xm.

Jist perieHust poOJIeMbl 3JIEKTPOCHAOKEHHsI CUCTEM OOHApyKEHHUs yTeueK HeQTH Mpeaaraercst UCIoib-
30BaHHE aBTOHOMHOTO 3JIEKTPOT€HEPUPYIOIIEro KOMIIJIEKCa Ha OCHOBE TEPMOINEKTPHUECKUX MOIYJIEH, UCIOIb3Y-
tomux 3ddekr 3eedeka.

B manHO# HayIHO-HCCIIEIOBATENBCKOI padoTe:

e [IpoBesieH aHANMN3 CYNIECTBYIOIINX METOMOB M CHCTEM OOHapy»XEHUs yTeueK He(TH, a TaKkXKe CyIIeCTBY-
IOIINX CIIOCOOO0B UX 3JEKTPOCHAOKEHHUSL.

e PaccMOTpEHBI 1 BBHINOJHEHA OIIEHKA BO3MOXKHBIX c(ep NMPUMEHEHHs pa3padaThBAeMOT0 TEPMOAIEKTPO-
reHeparopa.

e Coznana ymabopaTopHasi YCTAaHOBKA JUIsS OMpE/AEICHHs BEJIIMYMHBI BEIpabaThIBaeMOIl MOIIHOCTH TEPMO-
AJIEKTPOTeHEPATOPHBIX MOJYJIEH B 3aBUCUMOCTH OT Pa3HOCTH TEMIIEPATYP MEXIY XOJIOJHOI U ropsdyell CTOpoOHaMH
TEPMOAJIEKTPOreHepaTopa ¢ IUPOKUM THANIA30HOM PETYJIMPOBAHUS TEMIIEPATYD.

e [ToyiydeHbl 3aBHCHMOCTH: BbIPa0ATHIBAEMOW MOIHOCTH OT Pa3HOCTH TEMIeEparyp; BbIpadaThBaEMOro
HAIpPsDKEHUS OT Pa3HOCTH TEMIIeparyp.

e Coznana 3D Mozens TepMOdJIeKTpOreHepaTopa.

e PaccMOTpeHbI CIOCOOBI YyCTAHOBKH TEPMO3JIEKTPOTEHEPUPYIOIETO KOMIUIEKCa Ha HETEPOBOI.

[IpuMeHeHHE TEPMOAIICKTPOT€HEPATOPOB MOXKET PEIIUTh HE TOJBKO IMpobieMy 3HeproaddexTuBHOrO
JIEKTPOCHAOKEHHSI CUCTEM OOHapy»KEHUs yTeueK, HO M, Oylarojaps MOSsBISIOIIEHCS BO3MOXKHOCTH OoJiee 4acToit
YCTaHOBKH JJAHHBIX CHCTEM, & TaKXKe WX YCTAHOBKH B TPYIHOAOCTYITHBIX MECTaX, BO3MOXXHO YMEHBIICHHE BpEMs
TIONCKa MECTOIIOJIOKEHHS yTeUeK Ha He(hTepOBOIaX, YTO CHU)KACT KaK HETaTHBHOE BO3/ICHCTBHE HAa OKPYIKAIOLIYIO
cpeny, Tak u pUHAHCOBBIE 3aTPaThl NPEIIPHUITHI Ha JTUKBUIALUIO aBapHi.

Hayunblii pykoBoauTeib: K.T.H., 1o1. A.A. benbckuii
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A.E. TOJIOBYEHKO
Cubupckuii ghedepanvhwlil yHugepcumem

WCIOJIb30BAHUE BHEIIEHTPEHHOM YJIAPHOM HAT'PY3KHU
JJIA MTOBBIINEHUSA ITPOU3BOJAUTEJIBHOCTH ITPOIECCA
BYPEHUA U YIIPABJIEHUSA HAIIPABJIEHUEM CKBAKUHbI

B HacTosuii MOMEHT MHEBMOYAAapHOE OypeHHe SBISIETCSl OMHUM M3 Haubonee 3()(EeKTHBHBIX BUIOB 0Y-
penus. [IpoBovMbIEe HCCIIEIOBaHUS HAIIPaBJIEHb! HA MOBBIIICHNUE MPOU3BOIUTEIEHOCTH THEBMOYIAPHOTO CIIOCO0a
OypeHus 3a CYET MOJCPHHU3ALMH HCIIOIB3YEMBIX TEXHUYECKUX CPEJICTB, a TAKKE HAa Pa3padOTKy TEXHUKH M TEXHO-
JIOTHHW HAIPaBJICHHOT'O ITHEBMOYIApPHOTO OypeHusl.

IIpoBenéHHbIE KCIEPUMEHTANIBHBIC UCCIEIOBAHUS [TOKa3ali, UTO NIPU ONpPEeAEIEHHBIX BeINYMHAX dKCLEH-
TPHUCHUTETa HAOIIONACTCS yBENUIECHHE 00BEMOB Pa3pyIICHNS TOPHBIX ITOPO/, TIPEAIOIOKUTENBHO, BCIEACTBHE BO3-
HUKHOBEHUS TAHTCHIIMAIBHBIX CIIBUTOBBIX YCIWJINH B IJIOCKOCTH 320051, KOTOpPBIE OKa3bIBAIOT BIMSIHUE HA (GOpMY H
pa3Mepbl JIyHOK pas3pylieHus. Takke, CIBUTOBBIC YCHIIHNS B IUIOCKOCTH 32005 CIIOCOOCTBYIOT OTZAENIEHHIO OT 32005
JaCTH MACCHBA TOPHBIX MOPOJ, HAXOAAIICHCS B 30HE TPEIIMHOOOPAa30BaHMS, NCTIBITABINCH pa3pylIaromiee yCHiIue,
HO HE OTAENEHHON OT MaCCHUBA FOPHBIX MOPOJ.

YnpaBieHne HalpaBIeHUEM CKBa)KUHBI IIPU MCHOJIb30BAHUN BHELIEHTPEHHON YAapHON HArpy3KH MpeAro-
JIaraeTcsl OCYLIECTBIIATH 3a CUET (OPMHUPOBAHUS OPUEHTUPOBAHHOTO MepeKoca 320051 CKBaKUHBI, 00pa3yIoIerocs
BCJIEICTBHE HEpAaBEHCTBAa HOPMAJIbHBIX HANPsDKEHUH MO TOPOAOPA3PYIIAIONIMY BCTaBKaAMH.

[pensoxxeH U ocBaMBaeTCsl HOBBIH croco0 pa3pyLICHUs! TOPHBIX HOPOJ NMpH OypeHHH 3a00WHBIMH Mallk-
HaMU yAapHoro neiictBus. Pa3paboTraHa KOHCTPYKLUs 3a00iHOW MaIInMHBI ISl pealn3aliy crnocoba pa3pylieHus
TOPHBIX MOPOJ BHELIEHTPEHHBIMH yJapHBIMU UMITYJIbCAMH C 1I€J1bI0 MHTEHCU(HUKALIUK [IPOIIecca pa3pyIleHHs HOPO-
JIbl, a Takxke U1 popMHUPOBaHMS HAPABICHHOW KPHUBHU3HBI CKBaXXHMHBI. PazpaboTaHa KOHCTPYKIHMS JI0J0TA JUIS TH-
MOBOW 3a00MHON MalIMHBI, TPIMEHEHHE KOTOPOro O0ECHeunBaeT Mepeaady TaHT€HIIMAIbHBIX CIBUTOBBIX yCHIIMH
Ha 32001 ¥ KOMIIEHCHPYET JeCTPYKTUBHBII MOMEHT, BO3HHUKAIOIINI NP Iepeade BHELECHTPEHHOTO YAAPHOTO HM-
ITyJIbCa.

OO0nacTp MPUMEHECHHS MpeIaraeMbIX TEXHUUECKUX CPEICTB — CPEAHE—TBEPABIE XPYIKHE TTOPOIBI, B TOM
4ycie JOCTATOYHO MIaCTHYHBIE.

[TepcnekTBa MpeACTaBICHHBIX Pa3pabOTOK COCTOUT B YBEIUYCHUH IOKa3aTelell MHEeBMOYyIapHOro Oype-
HUSI HE 33 CUET MHTEHCU(DUKAIIMK PSKUMHBIX IaPAMETPOB, a 33 CYET MOACPHU3ALNN KOHCTPYKIMU HCIOJIb3YEMBIX B
npouecce paboThl TEXHUUECKUX CPEICTB.

Hayunblii pykoBoauTens: 1.1.H., npod. B.B. HeckopomHbIx

A.1. TOJYBEB
Canxm-Ilemepbypeckuii 20pHbill yHueepcumem

PA3PABOTKA TEXHOJIOI'MA BRIEMKH MMOJIOTUX IIACTOB
Y1, CKIIOHHOI'O K CAMOBO3I'OPAHUIO

B pabore paccmaTpuBaioTcss BO3MOXKHBIE TEXHOJIOTHH BBIEMKH ITOJIOTHX IUIACTOB YIS, CKIIOHHOTO K CaMo-
Bo3ropanuto. llenblo pa3pabOTKH TaKWX TEXHOJIOTHH SIBISIETCSl CYIIECTBEHHOE CHIDKCHHE JHIOTEHHOW MOXapo-
OIaCHOCTH, SKCIUTyaTallMOHHBIX MOTEPh YIJIS B LENUKaX U UX BIHMSHUS Ha OTPaOOTKY CMEXKHBIX IUIACTOB CBUTHI 10
CPaBHEHHUIO C CYIECTBYIOIMMH 3 PEKTUBHBIMU TEXHOJIOTUSMH BEJIEHHSI TOPHBIX paboT.

[MpensioxeHHbIE TEXHOJIOTHHM OCHOBaHBI Ha IPUMEHEHHU CHCTEM Pa3pabOTKH JUIMHHBIMU CTOJIOAMH, BKITIO-
YalOUIMX MMOJrOTOBKY CTOJIOA CABOCHHBIMH BhIpaOOTKaMHM € MOCIIENyoLIeld 0TpabOTKO LEINKOB YT MEXIy HUMHU
1 BO3BE/ICHHEM HMCKYCCTBEHHOI! MOJIOCHI, HA KOTOPYIO OY/IyT BO3JIOKEHBI HEOOX0ANMbIE (DYHKIMH 1IeTIHKA.

[Ipumenenne pa3pabOTaHHBIX TEXHOJIOTHH ITO3BOJIUT IMOBBICUTH OE30MACHOCTh BE/ICHHS TOPHBIX padoT, U3-
0exaTh 3HAYMTEIILHBIX MaTepPUANILHBIX 3aTpaT, CBS3aHHBIX C BOSHMKHOBEHHEM JHJIOT€HHBIX M0XAPOB, CHU3UTB JKC-
IUTyaTallMOHHbIE TOTEPH YIS U BIMSHUE HA COCTOSIHUE CMEXKHBIX TUIACTOB CBUTHI ITPU COXPAHEHUH BBICOKHMX HAarpy-
30K Ha OYNCTHOH 3a00H.

Hayunslii pykoBoauTens: 1.T.H., mpod. B.I1. 3y6os
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A.M. TPULLINHA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

HPEAYHNPEXJIEHUE TPOU3BOJCTBEHHOI'O TPABMATU3MA
B YI'OJIBHBIX ITAXTAX HA OCHOBE COBEPHIEHCTBOBAHUA
HNPOLOEAYP OBYYEHUSA U KOHTPOJIA

CHIDKEHHE TpaBMATH3Ma M aBapHHOCTH MPU  pa3pabOTKe YrOJbHBIX MECTOPOXKICHUH NOKHO OBITH pea-
JIM30BaHO 3a CYET NPEBEHTHBHOIO MPEAYNPEkKICHHUS BO3HUKHOBCHHS OIACHBIX INPOM3BOJCTBCHHBIX (DaKTOPOB.
Mexny TeM yCTaHOBJICHO, YTO OJHOW M3 MPUYMH TPAaBMHUPOBAHUS PAOOTHUKOB Ha YTOJNBHBIX IAXTax SIBISIOTCS
HapyIICHHs TPH OCYIIECTBICHUH TEXHOJOIMYECKUX IMPOLECCOB. JTH HapyIICHUS CBS3aHbI C HEJOCTATOYHOU 3(-
(PEeKTHBHOCTBIO METOJIOB 00yuUeHHsI 0€301IaCHOMY BEACHHS T'OpHBIX paboT, HE B MOJHON Mepe YYUTHIBAIOLIUX JU-
HaMHKY PUCKOB TpaBMaTHU3Ma, 1 HECOBEPIIEHCTBOM HCIOJIb3yEMBIX B HACTOALIEE BPEMs CPEJCTB I ONEPATUBHOTO
KOHTPOJISL TPY/IOBOI NEATeIbHOCTH rOPHOPabOYMX Ha BCEX CTAAMSAX MPOU3BOJICTBEHHOrO Ipolecca. BrlimeckazaH-
HBIM U ONPEJCISIOTCS IIePCIEeKTHBBI pa3pabOoTKU W BHEIPEHHs. METOAOB IPEnyNpekIeHUs] IPONU3BOJICTBEHHOTO
TpaBMaTu3Ma, OCHOBAHHBIX Ha HCIOJB30BAHUHM PUCK-OPHEHTHPOBAHHOTO IIOX0/a, M WHHOBALMOHHBIX CPEICTB
KOHTPOJISI TPOM3BOACTBEHHBIX IPOIIECCOB.

[ToxazareneM U1 onpenesieHHs MEPUOIMIHOCTH MPOBEICHHUS BHETUIAHOBBIX HHCTPYKTAXKEH MO 00ydeHHUIO
HOpPMaM M NpaBmiIaM O€30MacHOCTH NPH BEJCHWHU pabOT B MOJA3EMHBIX YCIOBHSX MOXET SIBIATHCS COOTHOIICHHUE
MEXXIY PHCKOM MIPOU3BOICTBEHHOTO TPAaBMAaTHU3Ma U BEJMIMHON YaCTOTHI HAPYIIEHUH TpaBHUi O€30IaCHOCTH, ITOCTE
JOCTIDKEHHSI KOTOPOTO HEKOTOporo Kpurudeckoro 3HaueHus 0,5-0,8 xapakTepHa TEHIEHIHMS K pOCTY PUCKa TpaBMa-
Tu3Ma. [IJ11 KOHTPONS MOBEICHUS MOA3EMHOTO MEPCOHAa MPU BBIOJHEHUH PA3IHMYHBIX TEXHOJOIHMYECKUX OIepa-
LU ¥ IPUHATHS PEIICHHUsI O HEOOXOAUMOCTH €ro JOMOJHUTEIEHOTO 00YUeHHsI MOKET OBITh MCIIOJIb30BaHA CUCTEMA
BH3yaJIM3allii KHHEMAaTUKU JIBUKEHUS, OCHOBaHHAS Ha ONpEeNICHUH U MOCIEIYIOUIEM COIIOCTABICHUH YIJIOB Ie-
peMelieH s KPYIHBIX CYCTaBOB y HAOJIIOJAEMbIX TOPHOPA0OYMX M TOPHOPAOOUNX, UMEIOLINX HABBIKH Mpogdeccro-
HaJIBHOM JEATEIbHOCTH B PACCMAaTPUBAEMBIX YCIOBHAX.

Hayunblii pykoBoaurtens: 1.T.H., npod. C.I'. ['ermrep

K.B. TPOMILIEB, A.A. JIEMBA
Canxm-Ilemepbypeckuii I oprbiil yHusepcumem

OBOCHOBAHHUE TEXHOJIOI'NHY PABPABOTKH HUBEHCKOI'O
MECTOPOKIEHUA KAIMMHO-MATI'HUEBBIX COJIEN JVIMHHBIMH
CTOJIBAMMU C 3AKJIATKOM BBIPABOTAHHOI'O IIPOCTPAHCTBA

ITpu pa3zpaboTke KaIHHHOTO MECTOPOXKICHHS HEOOXOIMMO YUYHUTHIBATh OBICTPYIO PACTBOPHMOCTB COJIEH H
HaJINYKE BOJOHOCHBIX TOPU30HTOB B BBINIENEKAIINX MOPoAaxX. [IpopsIB MOA3EMHBIX BOA B PYJHHK U €r0 JalbHEH-
Iee HEKOHTPOJIMPYEMOE 3aTOIUICHHE MPUBOJUT K MOTEpe 3a1acoB, nedopmannu nopos, U Kak cieJcTBue, o0paszo-
BaHMIO [IPOBAJIOB Ha MMOBEPXHOCTHU. Pe3ysibTaToM sIBIISIETCS IKOJIOTHYECKast KaTacTpoda U BBICOKUIT IKOHOMUYECKHIA
yiep6. B MupoBoii npakTike ObUIO 3aTOIUICHO M HE ITOJUIC)KAIIO0 BOCCTAHOBJICHHIO OKOJIO 80 KaJMHHBIX W COJISTHBIX
pyaHukoB. ['uaporeonormyeckne ycnoBusi HA HUBEHCKOM MECTOPOXKAEHUH CIIOXKHBIE: HaJ MPOIYKTHBHOW TOIIIEH
HaXOJATCS 7 MOJBIKHBIX BOZOHOCHBIX TOPU30HTOB, B 6 KM OT ydacTKa HaxoauTcsd KalnHWHTpaacKui 3aiuB, HaJ
Y4acTKOM HpoXoasaT noiuHbl pek [Ipoxnannas n Maiickasi, MECTHOCTh YacTHUHO 3abojoueHa. Bee Bolmenepeunc-
JICHHOE TOBOPUT O HEJOMYCTHMOCTH OOJBIINX OCEJaHUH MOBEPXHOCTH M HEOOXOJMMOCTH NPHMEHEHHS 3aKIIaJIK1
BBIPabOTaHHOTO MPOCTPAHCTBA.

Pazpabotan BapHaHT TEXHOJNOTHH OTPabOTKH HUBEHCKOrOo MECTOPOXKICHHS CHCTEMOM pa3pabOTKU IUIMH-
HBIMH CTOJNOAMHM € 3aKJIaJKOH BBIPaO0OTaHHOTO IMPOCTPAHCTBA. BBIIM MpPOBEAEHBI pacyeThl BBICOTHI paclpoCTpaHe-
HUS TEXHOTCHHBIX BOJONPOBOISAIINX TPEIINH, HA OCHOBE KOTOPHIX OBUI CJeNIaH BBIBOJ 0 0€30MacHOCTH Ipeasiarae-
MOTO BapHaHTa. J{7Is1 TOCTIKEHHS BEICOKOTO KOd(HIINEHTa U3BICUCHNU BRIOpaHa TEXHOIOTHS pa3pabOTKU I H-
HBIMH cToJI0aMu. YTOOBI MUHUMH3HPOBATEH BIMSHHE HA BBIIICIEKAIINE CIOH, B MIPOIECC TOOBIYN BHEIPEHBI MEpO-
MPUATHS 3aKITaJKA ITyTeM NPUMEHEHHUS CHEeNHaIN3MpPOBaHHOTO 00OpYyIOBaHWS M TMOAAadd B BeIpabOTaHHOE MpO-
CTPAHCTBO JIABBI 3aKJIaJI0UYHBIX MAaTEpUAIIOB.

Hayunblii pykoBoaureb: K.T.H., gol. E.P. KoBanbckuii

153



A.E.TYBAHOBA
Mockosckuti puzuxo-mexHuecKuli UHCmumym (20Cy0apcmeenHbulil YHUSepcumen)

MOJEJHNPOBAHMUE IOJIS JABJIEHHWA ITPU HAJTAYHH
JAN3BIOHKTUBHBIX HAPYIIEHUU I'EOJIOI'MYECKOHU
CTPYKTYPbI

B nmannoit pa60Te TIPE€ICTABJICH HOJIyaHaHI/ITI/ILIeCKI/IP'I METOABBECACHU PACHPEACIICHHBIX CI)I/IKTI/IBHLIX uc-
TOYHHUKOB JIJIsI HAXOXJIACHUA ITOJIA JaBJICHUA B IUIACTE IPU HAJTMYHUH JTA3BIOHKTUBHBIX HapyHleHI/Iﬁ.

Ecan MECTOPOXACHUE COACPKUT HCIIPOHHUIACMBIC TI'paHWIbI WK 30HBI BBIKJIMHHWBAaHWA, TO HeoﬁXO[[I/IMO
HaJIOXKUTh YCJIOBUS, TAPpaHTUPYIOIIUE OTCYTCTBUE (bHHLTpaIlI/II/I JKUJIKOCTH B ATHX 30HaX. Takum YCJIIOBUEM ABJIACTCA
PaBC€HCTBO HYIIO IMPOCKIUH BEKTOPA I'PaJCHTA IJIACTOBOT'O JaBJICHUA HAa HCIIPOHUIIAEMBIX I'paHULAX. Pa3memnienue
paclpCacCICHHBIX MO I'PaHUIIaM 30H BBIKIMHUBAHHWA HENPECPBIBHBIX (bI/IKTI/IBHbIX HNCTOYHUKOB (CTOKOB) II0O3BOJIACT
MOJCIHUPOBATh TPAHUYHBIC YCIIOBUA.

3HayeHHe aBJCHUSA B MECTOPOXKIACHUU OT (l)yHKHI/IOHIrIpOBaHI/IH BCCX HMCTOYHHMKOB B TOYKE C paguyc-
BEKTOPOM FHaXOQUTCS MO Q)OpMyJIeZ

—real \ -~ —slot

(7). Z Z(Q” Qi 4(r(trj_t,)1) ZL >, q,“) I %

||1 j=L =y =l

B pesynbrare nponaenaHnHol paboOTHI ObUT peann30BaH arOPUTM, OCHOBHBIMH IPEUMYIIECTBAMH KOTOPOTO
ABJIAIOTCSA: JIOCTOBEPHOCTH OIICHOK IIACTOBOTO JABJIEHUS BBICOKAs CKOPOCTh PAaCcYETOB, BO3MOXKHOCTh MOJIEIUPOBA-
HUSI IN3BIOHKTUBHBIX HapyLICHUH IU1acTa, TPEUIMH U TOPU30HTAIBHBIX CKBaXHH, Y4€T HEOAHOPOAHOCTH MPOHHIIA-
eMocTH.Pe3ynpraTel ObUTH BepH(HLIUPOBAHBI KaK ¢ aHATUTHYCCKHIMH PacdeTaMH, TaK M C BHIYHCICHUSIMU KOMMED-
YEeCKOTO r[porpaMMHoro MIPOAYKTA KAPPASAPHIR

Hayunplii pykoBoaurtesb: K.¢.-M.H., E. B. IOqun

H. B. JAHWJIOB, H.U. KOTEJIEBA, B.IO. BA’KUH
Canxm-Ilemepbypeckuii copnuiil ynusepcumem, 2. Cankm-Ilemepbype

PA3PABOTKA ABTOMATI/BI/IPOBAHIUIOf/'I CUCTEMBbI
KOHTPOJIA COCTOAHUA ®OPM JIMTENMHOI'O HEXA

Jlutbe crutaBoB B OPMBI SIBISIETCSI OAHUM M3 CIIOCOOOB MOJTyYEeHHUsI KOHEYHOTO MPOIYKTa Ha METaJUTyprH-
yeckoM npeanpusiTid. OTHON M3 OCHOBHBIX ITPOOJIEM B JIMTEHHBIX LieXax SBISAETCS OTCYTCTBHE HaUICKAIIET0 KOH-
TPOJIS 38 COCTOSTHHEM H3JI0KHUIL B peajlbHOM BpeMeHH. [I0BepXHOCTh M3TI0KHHUIL OCMAaTPHUBAIOT JIMOO0 NPH INIAHOBOM
TEXHMYECKOM O0CITYy)KMBAaHHH MAIMHBI JJISI JIUThS, MO0 HEMOCPEACTBEHHO BO BPEMsI ITpoliecca ONepaTopoM JIMHHH.
[TponomkeHne SKCIUTyaTalluy N3JI0KHHUIBI C KPUTHIECKUM JiedekToM (Oorblias ceTka pasrapa, KpyImHbIe TPEIluHbI,
cKoJ1 OOPTOB, MPOJIMB CIUIaBa Ha OOPT) MOXKET IPUBECTH K aBApUITHOW CUTYyaIlH, TIOJIOMKE MallIWHbI WM K U3MEHe-
HUIO TEOMETPHH CIUTKA.

s permieHust JaHHOM MpOOIEMBI MpeIaraeTcsi NCIOIb30BaTh KaMepy TEXHHYECKOTO 3PEHUs, yCTaHOB-
JICHHYIO Ha XOJIOJHOM KOHIIE MAaIIWHBI JJIS1 JINTHS, UI MOTy4deHns u3o0paxennit popm. M3o0pakeHns ¢ KaMepsl Mo
Ethernet 6yxyT moctynate Ha MukpokommbioTep RaspberryPi 3, rae 6yayT o6pabaTsiBaThCS IPU TIOMOIITH aJTOPUT-
Ma, OCHOBAHHOTO Ha CBEPTOYHBIX HEMPOHHBIX ceTAX. CBEpTOYHBIE HEHPOHHBIE CETH SIBIIAIOTCS aHAJIIOTOM OHOJIOTH-
YEeCKOr0 MEXaHM3Ma 3pEHHs M MO3BOJIIT C BBHICOKOW TOYHOCTBIO pacro3HaTh JNe(eKT Ha moBepxHocTH. OOyueHne
JITOPUTMa OCYILIECTBICHO Ha OCHOBE 3apaHee IOArOTOBJICHHBIX H300pakeHHUAX (OPM C peajbHOTO IPOU3BOACTBA.
BrixoaHble naHHBIe alropuTMa nocie oo6padorku Oyayt otnpasiaTeest Ha OPC-cepBep nexa aist JabHEHIIero ue-
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HI0JIL30BaHUY B KadecTBe HHAMKAMU B SCADA min A7t H3MEHEeHUs yCHINS Ha OTOOWHBIX MOJIOTKAX IS H3BJICYe-
HHSA CIIUTKA.

OO6y4ennsiit Ha 400 M300pa’KeHUSIX alNTOPUTM CIIOCOOCH OMpPENeIATh Ne(eKT Ha MU3I0KHHUIE C BEPOSTHO-
cTbi0 B 95%. Ilporiecc BOZHIKHOBEHHUSI KPUTHUECKOTO Ae(EKTa 3aHUMAET ONPEICICHHOE BPEMS X MOKHO NPEIIIo-
JIOXKUTB, YTO ITOJYYSHHOI TOYHOCTH OIIpeeNIeHUs OyIeT TOCTaTOYHO ISl CBOEBPEMEHHOTO PACIIO3HAHHS.

Wurerpauus pa3paboTaHHOI CHCTEMBI B peajbHOE IPOU3BOICTBO [TO3BOJIHUT CBOSBPEMEHHO pearnpoBaTh Ha
TIOSIBJIAIOIINECS TIOBEPXHOCTHBIE JIe(PEKThI, COKPATUTh KOJIMYECTBO Opaka B KOHEUHOM IIPOAYKTE U BO3MOXKHBIE U3-
JICP’)KKU Ha PEMOHT MaIlIMHbI, 8 TAK)KE TIOBBICUTH 0€30MaCHOCTh NIEpCoHaa Iexa

Hayunblii pykoBoautenb: 1.7.H.,npod. B.IO. baxun, k.T.H. H.W. Korenera

E.C. IEMEHTBEBA
FOoicno-Ypanvckuii 2ocydapcmeennulil yHugepcumem
(HayuoHaIbHBI UCCIE008AMENLCKUL YHUBEPCUMENT)

HCCJEJTOBAHUE CBOWCTB NIEHONOJUCTHUPOJIA ITPU
OBPABOTKE OI'HESAILIUTHBIMU COCTABAMU HA OCHOBE
BOJHOI'O PACTBOPA KNJIKOI'O CTEKJIA

ITenononucrupon (III1C) sBaseTcs NOmMyaspHBIM MaTepHajoM, KOTOPBI UMEET pa3uuHble 00JIACTH IpH-
MeHeHHs. PaccmaTpuBas ero B CTPOUTENIECTBE, MOXKHO OTMETHUTh, UTO OH IIPUMEHSETCA Ha BCEX 3Tamax CTPOHUTENb-
CTBa B KayecTBE YTEIUIUTEIHHOTO U m3onupyromero Matepuana. IIIIC umeer psa npeuMymiecTB, OJHO U3 HUX —
HU3Kasl TETJIONPOBOJHOCTE. HO OCHOBHOHM €ro HElOCTaTOK — IT0KapOONAacHOCTh. IIeHOMOMMCTHPOI OTHOCHUTCS K
rpynne roproyectu ['3—'4 — HOpMalIbHOTrOprOUre U cuibHOroprouue mMarepuansl. Kpome toro, npu ropenuu I1IIC
o0pasyeTcs TopsIIHnii TUIaB, YTO BEI3BIBAET €lle OOJbIIee PACTIPOCTPAHEHHE IIIIAMEHH TIPH MOXape.

Jnsa  cumxenus roprodectd IIIIC Obim BBIOpaH METOA HAHECEHWS OTHE3ANIUTHBIX IOKPBITHH
MIOBEPXHOCTHBIM ~ crocoO6oM. OrHe3aluTHBIE MHOKPHITHUACOCTOST W3 HETOPIOYMX — BEIIECTB, I71e0a30BBIM
BEIIECTBOMSBIIACTCS BOAHBIH PAaCTBOpP JKMIKOTO CTEKJA, a B KAadeCTBE 100aBOK K HEMy— KaOJHMHOBAas TJIHHA U
IIMaT/IeBKa JIATeKCHAasA, B COCTaBE KOTOPHIX BEIECTBA C BBHICOKUMH OTHE3AIUTHBIMM XapakTepHcTuKaMu./laHHbIe
MOKPBITHSL UMEIOT BBICOKHME aJre3MOHHBIE CBOWCTBA MpH MOKpbiTHH Ha noBepxHocTh IIIIC. ITo pa3zpaboTaHHBIM
METOJIaM OLIEHKH CTETICHHW BBITOpaHUS 0OpaOOTaHHBIX OOpA3LOB HaIWYMs IJIaBaB XOJle SKCIEPUMEHTOB OBLIO
YCTAQHOBJICHO, YTO 3TH TOKPHITHANO3BOJSIOT CHU3HTH CKOPOCTh T'OPEHHS U IUIABICHUS IEHoNoJucTupona. s
OIIGHKM HM3MEHEHHBIX CBOWCTB TEIUIO3ALIUTHI 00paboTaHHOro orHezammTHBIMU coctaBamu I[II1C Gwina mpoBeneHa
9KCIIepUMEHTaNIbHAs olleHKa TeruionpoBoaHoctH [II1C, koTtopas BbIsIBUIA, YTO KOA(MPHUIMEHT TEIUIONPOBOJHOCTH
00pas1oB,00paboTaHHBIX COCTaBaMK U HEOOpaOOTaHHBIX, TIOUTH HE N3MEHMIICS.

[IpoBeneHHbIE MCCIIEIOBAHUS JOKA3bIBAIOT, YTO C IOMOIIBIO IIPEAJIAraeéMbIX OTHE3AIIHUTHBIX ITOKPBITHH,
BO3MOXKHO CHHM3HTh II0’KapOOIACHOCTH IEHOIOJIUCTUPOIA, @ UMEHHO TOpPIOYECTh M IUIABJIECHHE, HE YXYJIIasero
TeTo(hU3NUECKHUEe CBOICTRA.

Hayunsble pykoBoauTenu: x.T.H., gou. W.I1. ITanatunckas, k.1.H., gou. C.J1. bopoBuk

W. O. JIEPKYHCKWI, H. A. YAYJIKHH, B.A. PYJIKO, H. K. KOHJIPAIIIEBA
Canxm-IlemepOypeckuii 2opHbili yHusepcumem

CPABHUTEJIBHBIN AHAJIN3 CHIPHA U TIPOJAYKTOB
YCTAHOBKHU I'MAPOOYUCTKHU CPEJHUX JTUCTUJIJIATOB

Ha ceropnsmmauii neHs B HedTenepepadaThIBalOmIeld OTPAciy YCHIMBACTCS TEHAEHIMS BOBJIECYCHUS
IIPOAYKTOB BTOPUYHBIX MPOLECCOB B UK IPOU3BOICTBA TOIUIUBHBIX U CMAa30YHBIX MaTepHUAJIOB, HAPSAAY C KOTOPOH
MPOMCXOJUT  TIOCTOSIHHOE  Y)KECTOYEHHE OJKOJIOTHYECKHX HOPM M TPeOOBaHMH, NPEABSABIAEMBIX K
9KCIITyaTallHOHHBIM CBOWCTBAM TOTOBOW HE(QTAHOW IPOAYKIMH. B CBS3M € 3THM mNpeanpusTHs BBOAST B
9KCIUTYyaTaI[MI0 TEXHOJOTHYECKHE KOMIUIEKCHI, CIIOCOOHBIE OCYIIECTBIATH HPOIECC TIyOOKOTO 00IaropaXHBaHUs
HePTSHOTO CBIphs. OTHUM M3 OCHOBHBIX IMPOIIECCOB BTOPHYHOHN mepepaboTKu He(TH, MPUMEHSIEMBIX CETOTHS Ha
He(renepepadarpBatonux 3aBoaax (HII3) Poccun n mupa, sBIsSieTCS MPOIIECC THAPOOUUCTKH, KOTOPBIN MO3BOJISIET
YMEHBIINUTE CO/ICP’KaHHE BBICOKOPEAKIIMOHHBIX HEMPEICNbHBIX YIIEBOI0POIOB, T€TEPOOPTaHMIECKIX COeTNHEHHUN
Cephl, a30Ta, KHCIOPOAa W TSKENBIX METAJIOB, COJAEP)KaHHE KOTOPBIX HOPMHUPYETCI POCCHHCKUMH U
MEXXAYHApOJAHBIMH CTaHAAPTaMH.
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B nanno#i paGoTe OBUT W3ydYeH VYTIIEBOMOPOAHBIH COCTAB CPEOHENUCTHIUIATHBIX (pakiuuid, KOTOpHIC
SIBIISIIOTCS OCHOBHBIMH KOMIIOHEHTAaMH TOIUIMB, KaK MU3ENBHBIX, Tak ® cynoBbix [l]. [lmg amammza c
MIPOMBINIJICHHBIX YCTAaHOBOK OBUIM OTOOpaHBI: JIETKWH Ta30iimb Karaimmruieckoro kpekmara (JITKK), nerxwmit
ra3oinb 3amemenHoro kokcoBauus (JII'3K) u mpsimoronnas nusenpras ¢pakius (IIJ]P). Taxxe ObuT Hcciaeq0BaH
YTICBOIOPOAHBIA COCTAaB THAPOOYHIICHHOW MPSAMOTOHHOM nu3enbHON ¢(pakmmu (/0 [1D) u rumpoounmeHHOH
cmecu [T, JII'3K u JITKK (50:25:25, % macc.) [2].

Ha ocHOBe mNOXyuYeHHBIX pe3yibTaToB OBUI IMPOM3BEICH pacdeT Bojopoiconepxamiero rasa (BCI),
HEOOX0AMMOTO ISl IPOBEICHHS TIPOLiecca THPOOYUCTKH.

Cnucok auTepaTypsl

1. Konmpamesa H.K. Huskocepuuctsie cynosele tormmBa / H.K. Kongpamesa, B.A. Pyaxo,
J1.0. Konnpames, K.W. Cmpinusiesa, B.C. llaknenna, P.P. Kononun // lenosoit xxypHan Neftegaz.RU. — 2018. —
Ne 2. —C. 84-88.

2. Kondrasheva N.K. Effect of Hydrocarbon Composition on Quality and Operating Characteristics of
Middle Distillate Fractions and Low-Viscosity Marine Fuels / N.K. Kondrasheva, D.O. Kondrashev, V.A. Rudko,
A.A. Shaidulina // Chemistry and Technology of Fuels and Oils. — 2017. V.53.— P. 163-172.

3. 'mapoouncTka cMeceil qu3eNnbHBIX (ppakiuii ¢ OeH3MHOM U JerkuM ra3oiem kokcosanus / I1.C. Comn-
MaHoB, H.M. Maxkcumog, }O.B. Epemuna, E.O. Kunkura, 10.YO. dpsaroua, H.H. Tomuna // Heprexumus. — 2013 —
T.53 - Ne3.-C. 199-202.

4. Ancheyta J., Speight J.G. Hydroprocessing of Heavy Qils and Residua. — CRC Press, 2007. — 376 pp.

Hayunblii pykoBoauTens: 1.7.H., mpod. H.K. Konapamresa

Y.10. IOHT'AK
Hayuonanvuwiii uccnedosamensckuil mexnonoeuueckutl ynugepcumem « MUCuCy

OBOCHOBAHUWE NPUMEHEHUA COJTHEYHOM YHEPT UM JIJIs
IJIEKTPOCHABKEHUSA YIAJIEHHBIX OBBEKTOB B PECITYBJIMKE
TBIBA

Poccwuiickas @enepanns camoe OONBIIOE TOCYAAPCTBO B MUPE T10 TUIOLIAJIH, 3aHUMAET NIEPBOE Me-
CTO B MHpe€ I10 3TOMY IToKa3aremto. B HacTosee Bpemst obmiast miomaas reppuropuu PO cocrasnser 17 125 191
kM2 CieryeT OTMETUTh, YTO MPOTKEHHOCTh AIIEKTPUIECKUX ceTell B PO Takxke BechbMa 3HAYUTEIHHO, OTHAKO
HUMeeTCs Psifl yIAJICHHBIX 00BEKTOB, KOTOPbIE HEOOX0AUMO IEKTPUPHUIIUPOBATH. DINEKTPUPHUKALIUS STUX 0OBEKTOB
JIOCTaTOYHO 3aTPAaTHOE MEPOIPHUATHE, BBUIY TOTO, YTO B KAUECTBE HCTOYHHKA HIIEKTPUIECKOIN SHEPTHH BBICTYNAIOT
JIM3eJIb-TeHepaTOPHbIE YCTaHOBKH, TIOTPEOIIAIoKe O0JIBIIOe KOTUIECTBO MOTOPHOTO TOIIJIMBA, CTOMMOCTH KOTOPO-
r'0 I0CTaTOYHO Benuka. [IpoBesieHns OTAeIbHON IMHUHU 3JIEKTPOIIepe1au Takoke He Iiesieco00pa3Ha YKOHOMHYECKH
BBHUJIY TOTO, YTO yJJaJICHHBIE OOBEKTHI, KaK MPaBUIIO, SIBIISIOTCS MAJIOMOLIHBIMH ITOTPEOUTEISIMA 3JIEKTPUIECKON
SHEPTHH, TI0O3TOMY BO3HHUKAET aKTyalbHasl 331a4a MO 3JEKTPOCHAOKEHHIO YIaICHHBIX 00BEKTOB OT HCTOYHUKOB
JIbTEPHATHBHON SHEPTETHKH.

Ha ceropusmanii nens HanOosee nepcreKTUBHBIME HAalIPaBICHUSIMU COJTHEYHOM YHEPIeTHKH Ha
tepputopuu PecryOnnkn ThiBa SBISIOTCS 3JEKTPOCHAOKEHUE yIATCHHBIX 00BEKTOB, K KOTOPHIM MO>KHO OTHECTH
yabaHCKHE CTOSHKY (HacuuThiBaeTcs 0osee 2000 yabaHCKUX CTOSHOK. 90% M3 HUX HE UMEET AIIEKTPOCHAOKEHHE),
TypuUCTHYECKHEe 0a3bl, HACEICHHBIX IIYHKTOB, ()YHKIIMOHHUPYIOIIUX OT JU3EIb-T€HEPATOPHBIX MIEKTPOCTAHIUI. Mo-
auduKalys TaHHBIX YCTAHOBOK, ¢ 1esbio noBbiienus ux KI1J] (ko3¢ dunmenra nojge3Horo AeHCTBUS) 3HAYUTENEHO
3aTpyAHEHa BBHUJLYy TOTO, YTO HAXOATCS B SKCIUTyaTaIlH JOCTATOYHO UTUTEIIFHOE BpeMs (KaK IIPaBHUIIO0, HE OJUH
necarok yiet). CepBHUCHOE 00CTyKHBaHHUE TaK)Ke BECbMa 3aTPyIHUTEIBHO BBHLY OTCYTCTBUS HEOOXOIMMBIX KOM-
IUIEKTYIOIUX. Bce 3T0, B 3HAYUTENIHHOMN CTENeHH, CKa3bIBAeTCS Ha YPOBHE HAJAEKHOCTH CHCTEMBI AJIEKTPOCHA0 X e-
HUSI yJAJICHHBIX 0OBEKTOB.

Crenyer otMmeTs, uto B PecriyOnuku TriBa mMeeTcst 1octaTodHO ciabo pa3BuTas HHQPACTPYKTYpa, IpuMe-
HEeHHE JaHHON TEXHOJIOTHH MTO3BOJIUT MOBBICUTH MX 33 CUET NPUMEHEHUS! COBPEMEHHBIX, SHEProd(EeKTUBHBIX, aB-
TOHOMHBIX M 9KOJIOTHYE€CKHUOE30MaCHBIX TEXHOJIOTHI NPON3BOJICTBA 3JIEKTPUIECKON SHEPTHH, a TAK)KE 3HAYUTEIILHO
MIOHU3HUT (MHAHCOBBIE 3aTPaThl HA MPUOOPETEHHE MOTOPHOT'O TOIUIMBA IS IN3€IIb-TeHEPATOPHBIX YCTAaHOBOK.
Hayumnsbrii pykoBoauTens: K.T.H., 1ou. C.H. Pemernsx
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A.b. JUKAMAJIYTANHOB
Tromenckuii unOycmpuanvrwill yrusepcumem, guauan 6 2. Huscnesapmoscke

OBOBIIEHUE OIIBITA OIIP U ®OPMUPOBAHUE CTPATEI'NHN
PA3PABOTKH OTOPOYKH BLICOKOBS3KOU HED®THU

B mocnennee Bpemst B CTpYKTYpe POCCHICKHX 3allacoB YIJIEBOJOPOJIOB 3HAYUTENIHHO YBEIWYMIACH OIS
TPYIHOU3BJIEKAEMOM, BHICOKOBS3KOI HE(TH, UMEHHO ITOTOMY TEMOH NaHHOW paboThl MOCIYXWIO (hOPMHUPOBAHHUE
ctpaterudl >3GGEKTUBHOMN pa3pabOTKH 3aJeKH IUIACTa, MPEACTABICHHON OOMMPHON ra30BOM MIANKON ¢ BBICOKOBSI3-
KON He(pTIHOH OTOPOYKOH, MOJIHOCTHIO MOJCTHIAEMOH BOMOW myTeM, OOOOIIEHHS pPEe3yIbTaTOB OIBITHO-
TIPOMBIIIIICHHBIX padoT.

Hccrnenyemslit 00BbEKT MpeacTaBisieT coboi ra3oHeTIHYI0, MACCHBHYIO, BOJOIUIABAIONIYIO 3aJIEKb pa3Me-
pom 31 x 8.5 kM, ci1abOKOHCONMMANPOBAHHBIN KoJutekTop. Cpennss oOmias TommuHa paBHa 98.2 M m3 HuX 20.5 M
CpemHssA Ta30HACHIIEHHAS U 8.6 M He(TeHACHIIIEHHAS TONIINHBI. BA3K0CTh HE(YTH B IIIACTOBBIX YCIOBHAX COCTaB-
nser 377 mlla-c.

B pabore npencraBiieHbl T€0JI0IH4YECKHEe 0COOEHHOCTH HCCIEAYeMOro 00beKTa, a TaKkKe BIMSHHE BHICOKO-
BsI3KOH HeTH Ha cucteMy paszpaboTku. [IpuBeneHs! pesynbTarsl peanuzyeMbix OIIP. BrisiBneHsr Kputepun, KOTO-
pble HE0OXOJUMO COOJIIOAATh P OYPEHUN HOBBIX CKBA)KHH U T'€0JIOTMYECKHE aCIeKThl UX 3al0oKeHus. [IpuBeneHb
MePCIIEKTUBHBIC PAaiOHbI OYpEeHHS UCCIIEAYEMOro 00bEKTa.

YCTaHOBIIEHO YTO HCIIOIb3YEMbIE T€OJIOTHUECKHE MTOIXO0Ab U TEXHUUIECKUE PEIICHHs 10 OypeHuIo, 3aKaH-
YMBAHMIO M SKCIUTyaTalliy CKBAYKHH MO3BOJISIOT IIPOBOANTH SKOHOMUYECKH PEHTA0CIBHYIO pa3paboTKy BBICOKOBS3-
KOI HePTH.

Texymue 3HaHNSA O CTPOCHUH TUIACTA M IOHUMaHKE Te0JIOTHUECKHUX MPEANOCHIIIOK YCIIEITHOCTH MO3BOJISTIOT
paccMaTpuBaTh BO3MOXKHOCTh PACIIMPEHUs] 00beMOB pa30ypHuBaHus U pa3pabOTKy HE(TIHON OTOPOYKU B 30HE I10O-
JIOTOTO 3aJIeTaHus IUIACTOB. [l KaUeCTBEHHOTO IUTAHMPOBAHUS MOTEHIIMAIBHBIX BO3MOXXHOCTEH 00BEKTa TpedyeT-
s OJTydeHHe OOJIBIIETr0 KOJIMYECTBA JAaHHBIX M OOoJblliee BpeMs OTpabOTKH OMBITHOTO ydacTka. Takke He0OXoH-
MO JIONOJIHUTENBHO PACCMOTPETh BONPOC (pOPMHUPOBAHMS ONBITHBIX AJIEMEHTOB 3aBOJHEHUS, TaK KaK Ha CEroJHsIII-
HUI JIeHb TIOJIyYeHHBIE pacyeThl HE A0T OJHO3HAYHOH 3()(PEKTUBHOCTH CHCTEMBI TOAJCPIKAHUS IJIACTOBOTIO JIaB-
JICHUA BCJICACTBUC 6LICTpI)IX IIPOPBIBOB BO/bI.

Hay4Hblii pykoBoaMTeIb: KaHA. TeXH. HayK, o H.P. Kpusosa

E.A. JOPMUJOHTOBA
Hayuonanvnviii uccnedosamenvcexkuil mexnonoauveckuu ynugepcumem « MHUCuCy

HNCCIEJOBAHUE JEOEKTHOCTH U MEXAHUYECKHUX
CBOUCTB OKCHUIHBIX INIEHOK HMPKOHUEBBIX CIIJIABOB

B ciryyae M3roToBIeHUs TETIIOBBIACISIONIETO 3JIEMEHTa MOXKET 00pa30BaThCs JIETKO KOPPOIUPYIOIINI
MIPOMEKYTOUYHBIHA CJIOW MEX]y TOIUTMBOM M 000JIOUKOI; 3TO MOXKET BBI3BAaTh OJIHOBPEMEHHYIO KOPPO3HIO IpaKTHie-
CKH BCeil MOBEPXHOCTH TETIOBBIICISIONIETO 3JIeMeHTa. bricTpee Bcero Koppo3ust pa3BUBAETCS y TOPLIOB TEIIOBHI-
JISISIFOLIMX AJIEMEHTOB M 4acTO NMPHUBOJUT K Pa3pyLICHUIO 000J0YKH B 3THX MECTax.

Koppo3us HaunHaeTcst ¢ aacopOIMK MOJIEKYN BOABI TOBEPXHOCTHIO ITUPKOHMSL. MONEKYIIBI TUCCOIIMHUPYIOT,
00pa3yro HOHBI KUCIIOpOJa 1 Bogopoaa. Kuciopox pacTBOpseTcs B MeTalIe, IPU JOCTIDKEHHH ONPEeIeHHON KOH-
LEHTPALIX HA IOBEPXHOCTH 00pa3yercst okcus. Ilociae 0Opa3oBaHus IIIEHKH OKCHAA, 00pa3yIONIHecs Ha ero Mo-
BEPXHOCTH HOHBI KHCIOpoaa TG yHAUPYIOT CKBO3b IUIEHKY, JOCTHrasi MEeTalljla ¥ HapaluBasl TOJIIIHUHY TUIEHKN
OKCHJA.

KuneTnka peaknuu HUpKOHMS C BOAOH NMPH MOBBILIEHHBIX TEMIIEPATypaxX XapaKTepU3yeTcs IByMs NepUo-
namu. [lepBoHavaIbHBIN IEPHOJT XapaKTepHU3yeTcsi 00pa3oBaHUEM TOHKOTO U IIJIOTHO MPHJIETAIONIET0 K METAILTY
CJI0SI IPOJYKTOB PEaKIMy, OKPAIICHHBIX B IIBETa MOOEXKaJIOCTH MM UMEIOIINX YEPHYIO OKpacKy. biaronaps atomy
CJIOI0 CKOPOCTB YBEJIMUEHHS Beca 00pa3IloB CIIEAYET 3aKOHY, XapaKTePHOMY JJIsl METaJJIOB, 00pa3yrONIHUX 3aIIHuT-
HBII WK MaCCUBUPYIOIUI CI0M NPOJYKTOB PEaKIUH.

Ha nonepenomMHoO# 1 OCIENEPEIOMHON CTaAUSIX KOPPO3UU CKOPOCTh OKUCIEHUSI IMMUTUPYETCS IEPEHO-
COM KHCJIOpo/ia depe3 OapbepHBIi CII0H y IpaHUIBI OKCHJ/METaIUL. B Touke nepenoma TommHa 0apsepHOTO CIIOs
YMEHBIIIAETCS], YTO YBEINYNBAET CKOPOCTh JAbHEHIIIETO OKHUCIIEHNS. SIBIICHNE MTepenoMa CBA3aHO C peaKcaryeit
HaKaIUTMBAIOIINXCS HAIPSDKEHUH B OKCUIHOW TUICHKE M C TIPOIIECCAMHU MX peakcanuu B 3epHax ZrO; 1, KaK cle-
CTBHE, C TpaHC(hOpMaIel TeTparoHaIbHON (ha3bl B MOHOKJIMHHYIO.

HayuHnblii pykoBoaMTeJIb: K.T.H., 1o1. M.B. Korenena

157



T.A. JOPMHUJOHTOBA
Hayuonanvuwii uccneoosamenvcxuii mexnonocuyeckuii ynusepcumem « MHUCuCy

HCCJIEJOBAHUE PACHIPEJIEJEHUS CBOVICTB B
KPYITHOTI'ABAPUTHBIX 2JIEMEHTAX KOPITYCOB PEAKTOPOB
BBOP

Ha cerogusmramii I€Hb CUNTACTCS, YTO KOPIYC pEaKTOpa OTPaHUIHNBAET CPOK CITY:KOBI BCEH peakTOPHOM
YCTaHOBKH B CBSI3H C OTPaHHYEHHOCTHIO €r0 paJHallioHHOro pecypca. Kopimyc sBnseTcs KpynmHOrabapuTHBIM 3I1e-
MeHToM ADC u Becut okoJio 350 u GoJiee TOHH ¥ COCTOUT U3 OTENILHBIX KOBAHBIX 3JIEMEHTOB, COCIMHEHHBIX CBAp-
HBIMH IIBAMH.

Tak kak 3aMeHa KopIyca peakTopa IpU3HaHa YSKOHOMHUUECKH HELleJIeco00pa3Hoii, 13 3TOTO CIEAYET, YTO
OCHOBHOH 3aJjaueil pa3pabOTUUKOB KOPITycoB peakTopoB ADC sBIsieTCsl CO31aHIe KOPITyCOB, KOTOPBIE HE OTpaHu-
YHBAIOT PECYPC PEAKTOPHOM yCTaHOBKH.

B cBsi31 ¢ BhIlIecKa3aHHBIM MaTepUajIbl KOPITyca peakTopa JOJIKHBI yIOBJIETBOPITH KOMILIEKCY TpeOoBa-
HHUH 110 MEXaHMYECKNM CBOWCTBAM IIepes HadauoM 3KcIuryaTanuy. CBOHCTBA MaTEpHaIoOB KOPITyca H3MEHSIOTCS
T10J] BO3/ICHICTBHEM 3KCIUTyaTallMOHHBIX ()aKTOPOB B TEUEHHE IECATKOB J1eT. OCHOBHOE TPEOOBAaHHE COCTOUT B TOM,
YTO B JIF000I MOMEHT 3KCIUTyaTallull MaTepUalibl KOPIyCOB PEAKTOPOB JIOJKHBI YIOBIETBOPSTE KOMIUIEKCY TpeOo-
BaHWH 110 TPOYHOCTHBIM M INTACTUYECKUM CBOMCTBAM.

HUccrnenoBanus cTpyKTypsl HeTpaBieHbIX IUH(oB 15X2HM®DA u 15X2HM®A xiace 1 Ha onTraeckoM
MHUKPOCKOTIE TI03BOJIMIIM MOJYYUTh JaHHBIE O INIOTHOCTH HEMETAIMUECKUX BKIIIOUEHHI Ha MATH oOpa3iax: oopa-
ser 1 - 15X2HM®A, xnace 1 - 74,740 1/mm?, obpazen 2 - 15X2HM®A, knacc 1 - 70,052 1/mm2, obpazer 3 -
15X2HM®A - 84,396 1/mMM%, o6pazen 4 - SX2HM®A - 91,663 - 1/mm2, o6pasen 5 - 15X2HM®A - 78,249 1/mm?

B cransx ¢ onTUMH3MPOBaHHBIM XHMHUUYECKHM COCTAaBOM OOHapy)KeHa MEHbLIAS TNIOTHOCTh HEMETaIINYe-
CKHX BKIIIOYEeHHUH. PacnipeienieHre 1o 3HaueHUsIM UIOIAAN HEMETaNINUeCKUX BKIIOUEHUH MOXKHO CUUTATh HOP-
MaJlbHbIM 10 KpuTeputo Koiamoroposa-CMupHoBa. Hanbosnee yacto Ha ¢otorpadusx BUIHBI HEMETAUIMYECKUE
BKITFO4YeHUA (1ipu yBenudeHun X 1000), nMeromue BU XapaKTePHBINA IS CHIIKATOB.

Hayunblii pykoBoauTe/ib: K.T.H., 101, PoxxHoB A.b.

X.10. EBJIOEB
Hayuonanvusiii uccnedosamensckuil mexronoeuveckuti ynugepcumem « MHUCuCy

PA3PABOTKA BE3OIIACHOM TEXHOJIOI'MU YIJTYBKH
IAXTHBIX CTBOJIOB PYJTHUKA «YJIAUHBIN» ITAO «AJTIPOCA»

JanHas paboTa MOCBSIIEHA TEXHHYECKHM IIPOOJIeMaM OCBOCHHUS PYIHUKA «Y JauHbIH», KOTOPBIH pacro-
noxeH B 540 kM ceBepo-3anagHee T. MupHoro, MecTOpOXISeHHE COCTOUT U3 JIByX PYAHBIX TeJ, KOTOpPbIE pa3zeine-
HBbI MEXIy cCO00M MacCHBOM OCaJOYHBIX MOPOJ BepxHero kemOpus. OaHOoN M3 0coOeHHOCTeH pynHUKa Y JadHbIi
SIBIIICTCA HAJIMYKE TEKTOHUMYECKHX Pa3JIOMOB 3alIOJTHEHHBIX Ta30THAPATaMHU.

BepxHss gyacTe MecTOpOXIEHUS oTpabaThIBanack kaprepoM. IIpu 3ToM mpenensHas riryOuHa Kapbepa J0-
cturia 640 M. HmxaAg 9acTe pazpabaTsiBacTCa MOA3EMHBIM crIoco60oM. MecToposkaeHHe BCKPBITO TpeMs BEpPTH-
KaJIbHBIMH cTBOJIaMH: KiieTeBbIM cTBoJIoM (KC) nuamerpom B cBeTy § M; BEHTHIISIIMOHHO-BCIIOMOTaTEIbHBIM CTBO-
nom (BBC) nnamerpom 8 M; u ckunoBbM cTBOJIOM (CC) auaMerpom 8 M.

IIpu cTpouTenbcTBE KIETEBOTO U CKUIOBOTO ¢TBOJIOB B 2006 1 2007 rony mnpou3olien psija aBapuil ¢ pas-
pYIIEHHEM KOIIPOB, BCJIEACTBHE BHIOpOCA Ira3a B CTBOJI ITOCJIE MPOBEJCHUS OYEPEIHOTO B3PBHIBAHMS. YUHMTHIBAs
OoJIbIIINE TITYOMHBI IPH IPOBEACHUH YIITyOOUHBIX PabOT, BO3MOXKHO ITOBTOPEHHE MOAOOHBIX aBApPUIHBIX CUTYaLUH.

CrenoBarenbHO, pa3pabOTKa METOJMK TPOBEICHMS B3PBHIBHBIX PabOT MpH YriyOKe CTBOJIOB, HAIIPABIICH-
HBIX Ha NPEAO0TBPAICHUE aBapUMHBIX CUTYallUi ABJSIETCS AKTYalbHOM COBPEMEHHOM 3a1adeil.

B pabote npemaraercst OypeHne crienuaibHBIX JeTra3alliOHHBIX CKBAXKWH, 00OPYIOBAaHHBIX pa3paboTaH-
HBIM Ta30aHAIN3aTOPOM, CHCTEMOH OITOBEUICHHS, CHCTEMOHN IPOTHBOIOXKAPHBIX YCTPOUCTB, a TaK)Xe BO3BEICHHE
CIEeMaTbHBIX TIEPEMBIUEK Ha CYIIECTBYIOIIEM pabodeM rOpH30HTE.

Hayunblii pykoBoauTenb: 1.T.H., npod. B.A. ATpymikeBud
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0.0. EBCEEBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

MMPOU3BOJACTBO CKUKEHHOI'O ITPUPOJHOI'O I'A3A B
APKTUKE: OCOBEHHOCTHU PA3ZBUTUSA U DOPOPEKTUBHOCTD
ITPOEKTOB

TexHONMOTHA CKIKCHHS NPHPOIHOTO Tasza B
LENAX MOBBIIIEHUSI €r0 MOOMIBHOCTH IMOCITYKHJIa CTH- 3 E § 8
MyJIOM [yl CO3/IaHUs OTAEIbHOI OTpaciu, KOTopas Ha
CETOHALIHUI JIeHb SBIISIETCSI CaMoil ObICTpOpacTyILeH
B dHepreruueckoM cekrtope. Ilo3unuu Poccun Ha Mu-
POBOM pBIHKE CXKIKeHHoro npupoanoro rasza (CIID)
noka cialble, OTHAKO B HBIHEIIHHX YCJIOBHSIX JUBEP-
cUdUKays YKCIOPTHBIX MMOCTaBOK Ta3a SBIISIETCS BaXK-
HOM cTpaTern4yeckou 3afaduei.

ADKTHUECKHH PETHOH BBHIY KOJIOCCAIBHBIX
3aracoB MPHUPOAHOTO Ta3a, OJAronpHsATHOTO TeMIlepa-
TYpPHOTO PEXUMA M YAAYHOTO Teorpadueckoro pacro-
JIO)KEHHUS OTHOCHUTENBHO KIFOUEBBIX PHIHKOB COBITA SIB-
JIIETCSL IEPCIEKTUBHBIM JJI Pa3BUTHA POCCUICKOM
nuayctpuu CIIT.

Ienplo JaHHOTO HCCIETOBAHUSA SABISIETCS OLIEHKA Iie-
necoobpaznoctu pazutus CIII-unnyctpun B Apkrrdeckoii 3one Poccuiickoit @enepanuu (A3PD) u onenka ad-
¢dexruBHOCTH apkTHyeckux CIII" mpoeKToB ¢ y4eToM UX CHeln(pUKH.

Ha ocHoBaHMM pe3yJIbTaTOB UCCieNOBaHUs ObUIH clienaHbl cienytomue BeiBoasl: 1)unycrpust CIIT ume-
€T Ba)KHOC 3HAUCHHE B TOIUIMBHO-YHEPTEeTHIECKOM KOMIUIEKce Poccuu, ee pa3BUTHE MO3BOIUT YKPEHUTh MO3UINA
CTpaHBl HA MAPOBOM PBIHKE YTIICBOJOPOIHOTO CHIPHS 32 CUET AUBEpCHU(UKAIINH MMOCTaBOK ra3a; 2)Poccuiickuii CIIT
BBU/IY OTHOCHTEJIFHO HU3KOHW ce0ECTOMMOCTH AOOBIYM Ta3a, CKMKEHHS M TPAHCIIOPTHPOBKH KOHKYPEHTOCIIOCOOCH
Ha mupoBoM peiHKe CIIT; 3)Apkrrueckue CIII-TIpO€KTH MEPCIEKTUBHBI [UIA MOJIYYSHHS TOCYIapCTBEHHON MOJ-
JEPIKKH, TIOCKOJIBKY TOCYZapcTBO 3anHTepecoBaHo B pazBuTuu CIII-mponsBozcTBa u peannsanun HHPpacTpyKTyp-
HBIX TIPpoekTOB B A3P®; 4) Ocobernnoctu CIII-mipoekToB 00yCIaBIMBAaIOT HEOOXOAMMOCT MPHUMEHEHHS CTIeIU(pU-
YECKOro MHCTpyMeHTapus olieHkH ux 3ddexruBrocty; S5)SAman CII gokaszan menecooOpa3HOCTh B3aUMOICHCTBUS
XO3SHCTBYIONIMX CYOBEKTOB, rOCyJapcTBa U 3apyOeKHBIX KOMIIAaHMH — B pe3ysibTaTe pealn3aluy MpoeKTa ObUIN
JOCTHTHYTHI 3HAYMMbIE MaKpO3KOHOMUYECKHE, TeOTIOIUTHYECKIE, COIMANbHBIE, IKOJIOTHUECKHEe 1 MHHOBALIMOHHBIE

3 EKTHI.

Puc.1 —YcTpoiicTBO nepucTanbTUYECKOro Hacoca

Hayunblii pykoBoauTes: 1.5.H., ipo¢. A.E. UepenoBuipia

P.C. EPLIOB
Canxm-Ilemepbypeckuii I opruiil ynusepcumem

PA3BPABOTKA KOHCTPYKIHUU NEPUCTAJIBTUYECKOI'O HACOCA
JJIAA OTKAYKHA OCTATKOB HE®TEIIPOAYKTOB U3 PESEPBYAPOB

B HedTSIHON MPOMBIIUIEHHOCTH, B YaCTHOCTH, aKTYyaJIbHBIMH SIBISIFOTCSI IPOOJIEMBI, CBS3aHHBIE C MepeKa-
YUBAaHUEM Pa3IMIHOTO POja IUIAMOB, B TOM YHWCIIEe He(Tecoaepk aluX, U3 pe3epByapoB U OTCTOMHHUKOB, TIpeHa-
3HAYEHHBIX IS XpaHEHUS WIH TPAHCTIOPTUPOBKHU BHICOKOBS3KUX HE(PTEPOIYKTOB.

Jlst perieHrst MOAOOHBIX 33/1a4 BO MHOTHUX CTpaHAaX MHpa HAYMHAIOT TOJydaTh Bce OOJIbIee pacmpocTpa-
HEHHUE TIEPUCTATBTUIECKUE HACOCHI.

OcHOBHasl JeTanb Hacoca — 3TO SMACTHYHBIN TPyOOIpoBoA (IUIaHT) — 3, KOTOPBIH YIOXKEH MOIYKOJIBIIOM
BHYTpH Kopityca — 8, 5 — MiHUS BcachIBaHUS, 6 — IMHUS HATHETAaHWS, CTPEIKAMU  TTOKAa3aHO HAlpaBIICHHE
JBUKEHUS TlepekaunBaeMoil cpenpl. Kopryc Hacoca repMeTHYHO 3aKphIT KPBIIIKOW — 4 ¥ YaCTUYHO 3all0JIHEH OXJia-
JKJIAIOIIe-CMa3bIBaIONICH JKUAKOCThI0. Ha Bairy — 7 ycTaHOBIICH BpamaroIuiicss poTop — 1, KOTOpEIA o0ecreunBacT
NepeMelleHUe 3aKPEMIEHHOTO Ha HEM POJIMKa — 2 C 33JaHHON CKOPOCTHI0. YHCII0 POIMKOB PABHO OJTHOMY.

TunpaBmigeckue XapakTePUCTUKU MEPUCTAIBTUYECKOTO HacOca OMPEACIIFOTCS 0 hopMyde:

8 (m-&—A(v) =

W 4-m-&-w d ~»
7t-d*-g Q @

2.9 n-d*-g

AH=m-¢&. Q+
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rne Q — monaua macoca, H — mamop, m — gucio pomikoB. A(D) — ko3 bHIHEHT THAPABIHYECKOTO COTPO-

TUBJICHUS t— BpEMs JABUIKCHHUA POJIMKA OT HAYaJIbHOI'O CCUCHUS, d- JAUAMETPp 2JIaCTUYHOTO pr60np030,ua; pP —
INIOTHOCTH nepeKan/IBaeMoﬁ Cpeabl; é— KOS(I)qJI/IHI/IeHT MECTHOI'O COIIPOTHUBJICHUS, L- JUIMHA 1IJIaHTa.

2 .
OueBnaHO, 9TO KOA(DHUIMECHT m-f W/ 2- g, He comepxkamuii pacxoga Q, SBISIETCS MAaKCHMAIbHBIM

3HaYeHUeM An(PepeHIINaIbHOIO HAallopa, KOTOPbI MOXKET pa3BUTh Hacoc. TakuM o0Opa3oM, yBEJIWYWTH HArop Ie-
PHUCTAJITUYECKOTO HAacOCa MOXKHO 3@ CUET MOBBIILICHNS! CKOPOCTH JABWKEHHS POJIMKA W, YMEHBIICHHS KOA(DPHIIICH-
Ta MECTHOTO COIPOTHBICHUS & (YMEHBIICHUS MEPETOKA )KUAKOCTH YEPE3 PONINK) MM YBEJIUUCHHS YUCIA POJIMKOB
m.

OnHako HY)KHO yYHUTBIBaTh, YTO, KPOME yBEINYEHHS NOTPEONIEMO MOIITHOCTH, 3TH MEPBI MOTYT IPUBECTH
K IPSXIEBPEMEHHOMY H3HOCY pabodeii yacTH Hacoca — 3MacTHIHOTO TPyOOnpoBoa.

Co3naHne NepUCTaIbTUIECKOr0 HAcoca MOBBIIICHHON HAJEKHOCTH M MPOWU3BOJUTEIBHOCTH MOJXKET CIIO-
COOCTBOBaTh €ro MIMPOKOMY PacHpOCTPAHEHHIO B HE(PTSHON MPOMBIINIIEHHOCTH JUIS PELICHHs HMIUPOKOTo CHEeKTpa
3a7ad.

B nanHOl pa®ore OBbIT BBIIOJHEH aHAJIM3 THAPABIMYECKUX XapaKTEPUCTHK MEPUCTaJBTHYECKOro Hacoca,
o0OpaboTaHbI MOJTyYeHHbIE JaHHble. Pa3paboTaHa HOBask KOHCTPYKIMS Hacoca IyTeM NPUMEHEHHUs OOJIBIIEro Yucia
POJIMKOB, @ TAK)KE MTOBBIIICHUS CTETICHH NepeKaTysi TpyOOIpoBo/Ia MIIM CKOPOCTH JBIKCHUS IEPEKUMAEMOT0 POJIH-
Ka.

Hayunslii pykoBoaurean: A.M. [llunaues

J.A. EODUMOB
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

NCCIEAOBAHHUE BO3ZMOXHOCTH ITOJYYEHUA
HE®TECOPBEHTOB HA OCHOBE
AKNAKOI'O CTEKJIA

B otmiame ot mpeamiecTBYOMUX UccienoBannii, mpoBoasamuxcs ¢ 2012 r. B Carkr-IlerepOyprckom rop-
HOM yHHBEpCHTETE I0J] pyKoBoJCcTBOM Ipod. Korana B.E., B kauecTBe 6a3ucHOT0 HaMu OB BBIOpaH HE MOPOIIOK
CTEKJIa, a )KUAKOe HaTpueBocHInKaTHOE cTeko (Na,SiO3-9H,0) mo T'OCT 13078-81, koTOpoe CMEIIUBAIM C U30-
MIPONMIOBBIM cIUpTOM. OTMEYEHHOE MO3BOJIMIIO AOCTHYb MOYTH JBYKPAaTHOIO IMOHIKEHHS TeMIIepaTyphl MOIyde-
HUsI copOeHTa, T.e. 00ecTeunBalo JOCTHKEHNE SIKOHOMUYECKOT0 I deKTa.

Ornenka 3¢ dexTuBHOCTH COpOEHTOB MpoBeaeHa coracHo TY 214-10942388-03-95 «Orenka 3¢ dexTun-
HOCTH copOeHTay. B kauecTBe He(TH B pabote ucnons3oBana Hehpts REBCO 2.23.1.1 TOCT P-51858.

Bce mosydenHble 00pas3nbpl HepTECOPOCHTOB NPaKTHYECKHM HENOTOIUIsieMbl. Ha KuHeTHyeckod KpHBOH
HedTenornomenus Uit copoeHToB (pakiyy 3 — 8 MM NMeeT MecTo MakCHMYM TIpH BbIIEpKKe 12,5 MuH, B TO BpeMs
KaK TaKOBOH OTCYTCTBYET JIJII OJJHHOYHOTO 00pa3ia copoernTa pasmepamu 20x18x16 mm.

Benenue B cocraB ais moirydeHus He(TecOpOSHTa MOPOIIKa XKelle3Horo pacmeiuierHoro [1KP3.200.28 /
T'OCT 9849-86 mpuBOAWT K MCUE3HOBCHHWIO MAKCHMyMa Ha KHHETHYECKOH KPHBOW HE(TEIOTIOMIeHUs 00pa3IoB
¢pakauu 3 — 8 MM. B 10 ke Bpems HaOIMromaeTcs MOBBINICHHUE KaXyIIeHcs mIoTHocTH obpasmos ¢ 0,05 rlem® o
0,29 r/em®, uto BakHO st YCTpPaHEHUSI CJIOKHOCTEH PABHOMEPHOTO Pa3MEIICHHUS JUCIICPTHPOBAHHOTO COPOCHTA 10
3arpsi3HEHHON HE(THIO TOBEPXHOCTH BOJOEMa W IOCJEIYIOIIEro M3BJeYEeHUs copOeHTa M3 BOIbI. DTH 00pasiibl
HMMEIOT MarHUTHBIE CBOWCTBA M MOTYT KaK 3arpyXaTbCsi Ha MOBEPXHOCTH BOABI, TaK U COOMpAThCA C Hee Iocpe/I-
CTBOM 3JICKTPOMAarHHTa.

B TeopeTndeckoM OTHOIIEHHM HACTOSIIEE UCCIEIOBAaHUE ABISACTCSA IKCIEPHUMEHTAIBHBIM MOATBEPKACHU-
€M CJETaHHBIX paHee 3aKII0YEHHUl, a IMEHHO: HeOOXOAMMBIM YCIOBHEM HAJIHYUS MaKCHMyMa Ha KHHETHYECKHX
KPHBBIX HE()TETIOTIIOMIEHNUS SIBISETCSI CTEKI000pa3HbIH XapaKkTep MOBEPXHOCTH COpOEHTa, a HEOOXOJUMBIM U J10-
CTaTOYHBIM YCJIOBHEM — CTEKJIO00PA3HOE COCTOSHNE MOBEPXHOCTH COPOEHTA M MEXaHWM3M ITOTVIONMICHHUS 32 CUET Ka-
MIUIIPHBIX CHJI, B IEPBYIO OYEPeb, B IIPOCTPAHCTBE NOPO3HOCTH MEX 1y 00pasliaMu, KOTOpble 00pasyloT CTPYKTY-
Py THIA KOArYJISIHOHHOM.

Hayunslii pykoBoauTens: 1.xuM.H., npo¢. B.E. Koran
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K.O. EODUMOBA
@I'BOY BO «TromeHncKuli un0yCmpuaibislil YHUSEPCUmMem»

PA3PABOTKA OBOPYAOBAHUA JJI5s1 TPOU3BOJACTBA
JAPEBECHO-TIOJIUMEPHOI'O KOMITIO3UTA

Tema BBITYCKHONW KBaTH(UKAINOHHOH pabOTHI IMPEUIOKEHA MO 3asiBKE NMPEANPHATHS PEATbHOTO CEKTOpa
sxoHoMuKH. OcHoBHas 1ens BKP 3akimrouaercs B pa3paboTke KOMIUIEKTa KOHCTPYKTOPCKOW MOKYMEHTAIIUH IUIS
M3TOTOBJICHHUS 000PYAOBaHMA IS POM3BOICTBA JIpeBecHo-TomuMepHoro kommnosura (1K), koTopsrii coBmemaer
B ceOe JOCTOMHCTBA JIepeBa U IJIACTHKA, a TAK )K€ JINIICH HEIOCTATKOB HATYyPAJIbHOM JPEBECHHBI.

B xozme paboThI 1 JOCTHMIKEHHS TOCTABICHHOH 1M, @ UIMEHHO, Pa3pabOTKH KOHCTPYKIINH TEXHOJIOTHIe-
cKoro ycrpoiicTa st npousoactea JI1K, Obutn peann3oBaHbl cIeayONINE 3aJa9u:

- pa3paboTka KOHCTpyKIMH Juis npousBoactsa JI1K;

- BHEJIpeHHE YCTPONCTBA JUIS NpUIaHNs (POPMBI APEBECHO-TIOJIMMEPHOH IIIHTE;

- BHEJIpeHHE JIEHTOYHOT 0 KOHBelepa A nepeMernerus aucrta us JIK;

- pa3pa0oTKa ¥ BHEJPEHNE CUCTEMBbI OXJIAXJICHNS U HarPeBa;

- obecrieueHne 1M0/1auu apMUPYIOLIETO MaTepriia U 3alUTHOM TUICHKH.

B konctpykropcekoit uactu BKP cornmacuno tpeboBanunit ECK/] Obita pa3paborana npuHIMIHANBHAS CXeMa
TEXHOJIOTHIECKOTO 000pyIOBaHHS, Ha OCHOBaHUH KoTopoi B cucteMe CAIIP mammunHO# rpaduku Kommac 3D pas-
paborana cOopouHas Mogenb ycraHoBKU aust ponsBoacTea K. Texnomorndaeckoe 000pyAoBaHUE IPEACTABISAET
co00# ciemyromee: B NBYXIIHEKOBBIH 3KCTpyAEp MOMagacT ChIphbe —ApEBECHAs MyKa, IOJMMEpP U IIECOK, Jaee
CMEIIMBACTCS M MPOXOANT MEXIY BaJbIIOB, MPUAAIOIINX MaTepuainy (opMy JHCTa ¢ He0OXoauMoH TommuHON. B
MOMEHT, KOT'/Ia JINCT MONaJacT Ha KOHBEWep JIEHTOYHOTO TUIA, HAYMHAETCS 1101a4a apMUPYIOLIEH CeTKUAMS NpUaa-
HUS U3JICNIUI0 NMPOYHOCTU M JOJNTroBedHOCTH. Crenyroluil aTam — 3allUTHAs IJICHKA, BHeApseMas BO M30ekaHUe
LapanyH IpU TPAHCIOPTUPOBKE. 3aTeM JIUCT MEPEeXOJUT MO KOHBeilepy Ha Impecc JUId NPUAAHUS OKOHYATEeIbHON
(OpMBI.

Takum 00pa3oM, pa3pabOTaH KOMILIEKT KOHCTPYKTOPCKOH JOKYMEHTALWH ISl U3TOTOBJIEHHUS 000py10Ba-
Hust Ui npousBoactea JIIK u mepenan Ha MpOM3BOACTBO ISl CO3/AaHMs ONBITHOrO oOpasua. /laHHBIH MpoekT
YTBEPKJCH PYKOBOJCTBOM NPEANPUATUA-3aKa3IHKa.

HayuHnblif pykoBoauTeib: K.T.H., go1. P.}O. Hekpacos

H.M. ’KYKOB
Tsepckoii 2ocyoapcmeenHblil mexHUYecKull yHusepcumen

BBICOKOITPOU3BOAUTEJIBHOE CPEJICTBO IJIsA
MNPOPUINPOBAHUA KPAEB TOP®SAHBIX KAPT

B pabote npennaraercss 000CHOBaHUE KOHCTPYKIIUU BBHICOKOIPOHM3BOJUTEIHHOTO CPEICTBA A MPO(UITH-
poBaHUsS KpaéB TOPQSIHBIX KapT, IPUHIIAI IESHCTBHSI KOTOPOTO OCHOBaH Ha OJHOBPEMEHHON 00paboTKe NBYX CTO-
POH KapTOBOTO KaHaja.

B cBsi3u ¢ TeM, 4TO mociie paboThl (Hpe3epyONUX MAIIUH TPOUCXOIUT CpabaThIBaHUE IICHTPAIBHON YacTH
TOPQSIHON KapThl, 110 KpasiM I0JIst 00pa3yroTcs OpoBKH. VX ynansioT Wi MOJHBIM MPOGHUIMPOBAHUEM KapThl, WU
OJIHOCTOPOHHUMH TPOPHIHPYIOIUME YCTPOHNCTBAMH, KOTOPBIC 33 OJMH MPOX07 00pabaThIBaIOT TOJIBKO OJHY CTO-
POHY KapThl.

3aja4ya 3aKIII04aeTCsl B IPOSKTUPOBAHUK BBICOKOIIPOM3BOAUTEIBHOTO CPEACTBA, KOTOPOE OBl 332 OJIUH IPO-
X071 00pabaThIBANIO IBE CTOPOHBI KApTOBOTO KaHaia. [locTaBieHHAs 3ajjada pemraeTcs ITyTeM HaBeCKH Ha TPAaKTOp
JIBYCTOPOHHETO MPOQPIINPYIOMIETO YCTPOWCTBA.

Tpaktop, OCHAIIEHHBI CIBOCHHBIMHU MIEPEIHUMH U 38 JHAMHU KOJIECAMH, ITPOE3KaeT HEMOCPEICTBEHHO Hal
KapTOBBIM KaHAIOM. KpyTSInii MOMEHT MepeaaeTcs OT Bajia 0TOOpa MOIIHOCTH TPAKTOPA Ha IEHTPAIBHBIA PeTyK-
TOP, OT KOTOPOI'O pacipeeisercs Ha 00e (pesbl, pactoaokeHHble o yriom 70° K IpoJoabpHO ocHu arperara 4e-
pe3 KapIaHHbIE OIApHUPHI HEPABHBIX YIUIOBBIX cKopocTel. [Ipodmmmpytomnee ycTpoiCTBO NOJHUMAETCS B TPaHC-
ITOPTHOE TIOJIOXKEHNE U OIYCKAeTCs B 3aJIKb 3a CUET ASHCTBUS THIPOIUIMHAPOB. YTONI HAaKJIOHA (ppe3 B momeped-
HOW BEPTHUKAJIBHOM IIOCKOCTH, PETYIHPYEMBI CTSXKKAMH, TTO3BOJISIET CO3AATh BRITYKIIBIH PO KapThl A CTO-
Ka JOXACBBIX BOA B KaHAJIBI.

CrnpoeKTHpOBAaHHOE YCTPOWCTBO pelIaeT psj MpodiieM, CBSI3aHHBIX ¢ omeparuei mpodunupoBanus. Bo-
TIEPBBIX, 32 OJUH MPOX0J] 00pabaThIBAIOTCS 00a Kpas KapTOBOrO KaHaia. DTO MO3BOJSET YBEJIWIUTHh MPOU3BOIHU-
TENBHOCTH 00pa0OTKH B JIBa pa3a IO CPABHECHUIO C U3BECTHBIMH aHAJIOTaMH. BO-BTOPBIX, yIpomaeTcss TPaHCIOPTH-
POBKa MPOQMIUPOBIINKA OT OAHOM MPOW3BOJICTBCHHOW IUIOIIAAKH JO JPYTOM 3a CYET BO3MOXKHOCTH IEPEBO3KH
YCTPOMCTBA TaXKe B MPHIIETIC JISTKOBOTO aBTOMOOIIS B pa300paHHOM COCTOSTHHH. Vcroap30BaHUE MITUPTOBEIX HO-
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JKei TaeT BO3MOXKHOCTH MPOW3BOJNUTL OBICTPYIO WX 3aMeHy 0e3 JeMOHTaka ()pe3 U TPaHCIOPTHUPOBAHUS UX B pe-
MOHTHYIO MacTEepPCKYIO.
Hayunplii pykoBoauTenb: 1.T.H., 1o, A.Jl. SI6moneB

AJd. SAMUPAJIOB
Cauxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

KOM®OPT U BE3OITACHOCTbD UCITIOJIb30BAHUA
TPAHCIIOPTHBIX CUCTEM HOBOI'O IITOKOJIEHUA

Ha mHoOrux npeanpustusx HedTera3oBOW OTpaciy LieXa PacIoJIOKECHbI Ha PAcCTOSHHAX MEXIy coOoi
nopsiaka 200-300 M, Brioth 10 500 M. [Ipu 3TOM, OCYIIECTBIISIFOTCSI TPAHCIIOPTHBIE ITOTOKH MO aBTOMOOMIIBHBIM
J0poraM, KOTOpbIe BKJIIOYAIOT B ce0s: JOCTaBKY CBIPbS, TPAHCIIOPTHPOBKY 000pYyIOBaHuUs, NepeMelIeHHe orpy3-
YHMKOB, CIIEIABTOMOOMIIEH, BEIBO3 FOTOBOW NPOAYKIMH U T.1. PaOOTHUKY mepeMentaioTcst 1o TEPPUTOPHU HpEeANp -
STUH coOJto1as mpaBuiia 6e30MacHOCTH, OHAKO CYIIECTBYET BEPOSITHOCTD MOIYUCHHUS TPABMBI.

IIpemnoraro NpUHOUNMAIBHO HOBBIM MOAXOJ] K OpraHM3allid NEPEBO30K MACCAKUPOB U TPY30B — MPOEKT
"SkyWay", B KoTOpOM TpaHCTIIOPT — 3TO 3 (PeKTHBHOE CPEeACTBO MEPEABIKECHUS, a HE UCTOYHUK OMACHOCTH IS
KaXJIOTO 4eJIOBEKAa M BCETrO YENIOBEYECTBA. BBUIM 3aJI03KEHBI TEOPETHYECKHE M HKCIEPUMEHTAIBHBIE OCHOBBI IS
CTPYHHBIX TEXHOJIOTHI TPaHCHOPTHHIX cucteM. Hambonee mMporpeccMBHBIM MOKOJIEHHEM WHHOBALMOHHOM TpaHC-
MMOPTHO-UH(PPACTPYKTYpHOI TexHooruu seuiack "SkyWay" - "Hebecnast mopora".

CaMmoli BaXHOM M 3HAYMMON HAYKOH NpHU CO3JaHHU BBICOKOCKOPOCTHOTO TPAHCIOPTA, OBHIKYLIETOCS B
BO3IYIIHOH Cpejie, oKazanach a’poAMHAMUKa, Tak Kak Oosee 90% MOIIHOCTU NPHUBOJA TPAHCIOPTHOIO CPENCTBA
pacxoayercsi IMEHHO Ha INPEOJIOJICHUE adpOJANHAMHUUYECKOTO CONpOTHUBIEeHUs. [ns Toro, 4ro0Obl BABOE YIy4YIIHUThH
a’pPOAMHAMHUKY BBICOKOCKOPOCTHOTO TPAHCIOpPTA, JOCTATOYHO YCTPAaHHTh JKpaHHBIH 3(QekT. ITo mocTuraercs
MIOJHATHEM TPAHCIIOPTHOI'O CPEACTBA HaJ| 3€MIIEH.

W3 Bcex U3BECTHBIX BAPUAHTOB CTPOUTEILCTBA AOPOr HAJ 3€MJIEHN NMOAHUMAIOTCS TOJNBKO dcTakaibl. Jlis
JOCTHIKEHHS ONTHUMAIBHBIX YCJIOBUH JBIKCHUS BBICOKOCKOPOCTHOTO MOJBHMXKHOTO COCTaBa MNPUIIIIOCH yOpaTh
CILUIOIIHOE MOJOTHO M OCTABHUThH TONBKO y3KHE MOJIOCKH Ul JBMKeHHs Konéc. Ilpm 3ToMm, ecnu crenath MyTEBYIO
CTPYKTYpY O JUTMHE Hepa3pe3HoH, 0e3 TeMIepaTypHbIX IIBOB, TO MOKHO YBEJINYNTH HECYILYIO CIOCOOHOCTh 3CTa-
Kazpl BIBoOE. [y TOTO k€, YTOOBI HCKIIIOUNTD CXKATHE U TOTEPI0 YCTOMIMBOCTH, HECYIYI0 KOHCTPYKIIUIO 3CTAKAIbI
MIPHUILIOCH PACTSAHYTh B IPOAOIBHOM HApPaBIEHUH, TO ECTh CAENATh €€ MPEeJBAPUTEILHO HANPSKEHHOM.

Taxast HH)KCHEpHas: ONTHMHU3ALNS O3BOJIIIIA CO3/1aTh HE TOJIBKO CaMblif 3((GEeKTUBHEIN TPAHCIIOPT, HO ca-
MBI 6€30MacHBIM U 3KOJIOTHYECKH YUCTHIN TPAHCTIOPT, KOTOPHIH S IIpeJyIaraio BHEAPSATH Ha MIPOU3BOACTBAX.

Hayunblii pykoBoauTeib: cT.ipenojasarens T.I°. Makaposa

E. E. 3BEB3EEB
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

KOMILIEKC MEPOITPUATHUM IO CHUKEHUIO YPOBHSA
SATPAZHEHUSA 'PYHTOBBIX BO/I U IIOTEPH CBIPHS U3
TEXHOI'EHHOI'O MECTOPOXIAEHUA-COJEOTBAJIA

I'anuToBBIE OTXOJBI KAIMIHOTO MPOU3BOJCTBA, HAXOMASAIIMECS HA COJICOTBAJIE, MPEACTABISIOT CO0O0il ci1o-
YKHMBLIYIOCS TEXHOTEHHYIO MOpoay ¢ MaccoBbiM cozepkanueM NaCl 95%. B Hacrosiiue BpeMsi CylIecTBYIOT TEXHO-
noruu nosrydenust NaCl kak TeXHHYECKOro, Tak M MHUIIEBOr0 KauecTBa M3 TAIMTOBBIX 0TX0/10B. C TeueHHEeM BpeMe-
HU 3HAYUTEJIbHAS YacTh IOJIE3HOTO KOMIIOHEHTA BEIHOCUTCSA aTMOC(EpPHBIMH OCaJKaMH, IIPH 3TOM B TeJe U Ha IMOo-
BEPXHOCTH COJIEOTBAJIA MPOMCXOMAT KApCTOT€HHBIE NMPOIECCHl, W3-3a KOTOPBIX IOCIENyIomye padoThl Ha OTBalle
CTaHOBSATCS onacHbIMU. [103TOMyY M3ydyeHue MEpONPHUITUI MO U3OJSALUY ITOBEPXHOCTH COJEOTBAa C LENBI0 COXpa-
HEHUs ChIPbs U NIPEJOTBPALCHHS JaNbHEHIIEro 3aCOIEHNUs IPYHTOBBIX BOJ ABISETCA aKTyalbHOU 3amadeil. OCHOB-
HOHN NpOOJIEMOH M30JISIMN SABIIsIETCs OOJIBIION yroa oTkoca oTBaia (30-35° mpu cyxoii otceinke 1 38-40° npu rua-
pOHaMbIBe), NPH JaHHBIX YIJIaX BEJHMKAa BEPOSTHOCTh OTPBIBA IKpaHAa M3OJSIIMK M TOKPHIBAIOIIETO HACBHITHOTO
rpyHTa. [yis perenns TaHHOW POOJIEMBI ClIeTyeT NPeyCMaTpUBaTh CIeIYIOINe TEXHHYECKUE PELICHUS:

] Co3maHune CIOXKHBIX KOHCTPYKIHH MPOTHBO(IIBTPAIIIOHHBIX SKPAHOB, BKIIOYAIOIINAX MPOIUTKY
OUTYMOM MOBEPXHOCTH COJIEOTXOJIOB;
. VYCTpoWCTBO Ha BHEIIHMX OTKOCaX COJEOTBAJIa B MPOJOJIFHOM HAIIPAaBICHWH KOHTP-0apbepoB B

BHJIC YCEUCHHBIX MUPAMHUJI TNO0 3aMKHYTBIX MUKPOOACCEHHOB BHIIICTAYNBAHHS;
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B pabote paccMOTpeHBI BApHAHTHI M OTIBIT IPUMEHEHHS JaHHBIX TEXHUYECKHUX perreHni. OCHOBHBIMH He-
JOCTaTKaMHU B NPEICTaBJICHHBIX TEXHOIOTHIX YKIAIKH ABJIAIOTCS HEAOCTAaTOYHAs MEXaHM3alus paboT, UCIIOIb30-
BaHNME B OCHOBHOM PYYHOTO TPyZa, a TAKKEe HEOOXOAUMOCTD, IUIsl COONIIOACHH TEXHUKH 0E30I1acHOCTH, IPUMEH -
HUSI TIPH YKJIQZIKE crienio0opynoBanust. sl pemeHns yKa3aHHbBIX MPOOJIeM MPeIyCMaTPUBAETCSl YCTPOHCTBO TEXHH-
YECKUX ¥ TPAHCIOPTHBIX OEPM Ha OTKOCAaX C CO3JaHUEM Ha OTKOCAX TOPHU30HTAIBHBIX yIaCTKOB.

HayuHblii pykoBoauTe b: 1.T.H., 1011 D.A. Kpemueen

A. K. 3EHHAJIOB
Canxm-Ilemepbypeckuii 2opHbili yHUGepcumem

IKCIIEPUMEHTAJIBHOE OITPEJAEJIEHUE )KEECTKOCTH .
IHAKETA TAPEJIBYATBIX IPY’KUH BUBPAIIMOHHOU KOHYCHOU
JAPOBUJIKH

BubpanyoHHbIe KOHYCHBIE APOOMIIKY NpeIHa3HAYEHBI JJIsl IepepabOTKH PYAHBIX U HEPYAHBIX MaTepHaIOB
NOBBIIICHHONW IIPOYHOCTH U UMEIOT IIUPOKOE NPUMEHEHUE B NOPHOPYIHOW, METAJUIYPTUYECKOM U CTPOUTEIBHOU
OTpacisaX NPOMBIIUIEHHOCTH. Paspylenue marepuana B HUX IMPOUCXOJUT METOJOM yJapa B Cy»XKarolleMcs Ipo-
CTPaHCTBE MEXIYy BHYTPEHHHM M Hapy>XHbIM KOHYCAMH, 32 CYET MX OTHOCHTEIBHOTO COJIMDKCHHS MO BEPTHKAIH.
OO0s3aTeIbHBIM 2JIEMEHTOM pabodero MexaHm3Ma (puc. 1) sBiset-
csl ynpyrasi CHCTeMa, COCTOsIIasi U3 Habopa BHHTOBBIX IPYKUH U
obecrieunBaronias rnepeaavy ABMKEHHUS MEXIy KOHyCaMH, a TakKe |5
aMOPTH3ALUIO IPOOHIIKH. v F: N 4

Bonpimme THmopasmepsl 3THX MallMH TPeOyroT OOJbIIeH | N *
KECTKOCTH yNPYroi CHUCTEMBI, YTO JOCTHTaeTCs YCTaHOBKOH Mpy-
HUH OONBIIETO JHaMeTpa U B O0NbIIEM KOIHYECTBE.

3aMeHa BHMHTOBBIX IPY)XHH Ha TapenbyaTble IO3BOJISCT
CHHU3UTh rabapuThl U METAJUIOEMKOCTh KOHCTPYKIIHH, MTOCKOJIBKY
IpU TeX K€ 3HAUEHHUSIX JKECTKOCTH OHM 00JIaZal0T MEHBIINMHU
pasmepamu. OfHAKO, TOCKOJIBKY B OTIMYA€ OT BUHTOBBIX MPYXKHH
JKECTKOCTh TapeabyaThIX MPYXKHH 3aBUCUT OT BEIMYUHBI UX XOA4,
JUTSL OCYILECTBIICHHS AMHAMUYECKOTO pacyeTa IPOOMIKM BO3HHKA-  Puc. 1. Kunemaruueckast cxema BHO-
€T HeoOXOAMMOCTh OIPEAEIEeHHs MX MEXaHHYEecKOl XapakTepH-
CTHKH.
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DAMOHHON KOHVCHOM IDOOWIIKA

IocTpoeHre MEXaHWYECKOW XapaKTePHCTUKH (PHC. 2) OCYIIECBISUIOCH IO pe3yibTaTaM HpPOBEICHUS
HATYypHOTO 3KCIIEPUMEHTA C MCIOJIb30BaHUeM (hu3nueckoil Mojienu Ha Mamune cxatus Zwick Roell Z100 u o6pa-
00TKOI1 JaHHax B IporpaMMHOM IakeTe testXpert R.

CONOCTN, i fom

Ar @oprasgms | m

Puc. 2. 3aBucUMOCTS KECTKOCTHU TIPY-
Hayunblii pykoBoauTesinb: K.1.H., 1o11. H.C. T'onnukos
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B.A. SUMHUHA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

KOHIENIUA CUCTEMbI HAJIOT'OOBJIOXKEHUA _
PEAJIM3ALIMUA ITOJA3EMHBIX BO/JI JIA KOMMEPYECKHUX HEJIEN

VYpapieHHe KOMMEPUECKON peann3anueil mo3eMHbIX MUThEBBIX BOA B Poccuy Ha CEroqHSIIHUI MOMEHT
HecoBepieHHo. JlaHHas cutyanust copMupoBasiach 1MoJ| BO3JIEHCTBHEM MHOXKECTBA (hPaKTOPOB, OJTHUM U3 KOTOPBIX
SIBJISIETCSL HEpaLMOHAJIbHO pa3padOTaHHas CUCTeMa HaJoroOo0JI0KEeHHs B OOJIACTH PEryJIMpOBaHHS KOMMEPYECKOH
peaiM3alyy MoJA3eMHBIX MMTHEBBIX BOA. HecylecTBeHHbIE IOCTYIIICHUS LIENEBBIX JICHEKHBIX CPEICTB B OIO/KET U
HenmudhepeHITMpPOBaHHBIE TapU(pHBIE CTAaBKA — OCHOBHEIC MTPOOJIEMBI, OTPAHUIHBAIOIIIE MOHUTOPHHT, 3aIIUTy BO-
JOHOCHBIX TOPH30HTOB M KOHTPOJIb 33 UX MCIOIB30BAHUEM.

B pesynbraTe aHanmu3a HaJIOrOBOTO 3aKOHOJATENbCTBa PP B 001acTH perynrpoBaHHus KOMMEPUYECKOTO HC-
MTOJIF30BAHMS TIOA3EMHEIX BOJ ObITa pa3paboTaHa W 00OCHOBaHA KOHIETIHS CHCTEMBI HaJIOTOOOI0KEHHUS TTOA3EM-
HBIX BOJ IMEHHO 7151 KOMMEPYECKHUX IIeIeH, KOTOpast MO3BOJIMIIA PELINTh PSIJl BAXHBIX IIPOOIEM:

e CYIIECTBEHHas JOJISl CPEACTB HE MOCTYMAET B Ka3Hy IOCYapCTBa, YTO OTPAHMIUBACT CIIEKTP MEPOIIPH-
SITHUH, CBSI3aHHBIX C MIPUPOJIOOXPAHHBIMU MEPONPHUSITUSIMH U JIMKBUAAIMEH TTOCIEICTBUI T0OBIYM U pa3paboTKu Me-
CTOpO)KI[eHPIf/II IIOJIC3HBIX MCKOIIACMBIX;

e HecoBeplIeHHas TapudHas ceTKa Ha BOJY, TOCTABIISIEMYIO HACEICHHIO U MTPEATIPHUSTHSM.

Jist perieHus BRIABICHHBIX MPOOJIeM pEKOMECHYETCS:

1. IlpuBeneHue cucTEMBbI HAIOTOOOJIOKEHHUS BCEX KOMMEPUECKHX MOJI3EMHBIX BOJI K OZHOMY OTPAcIeBOMY
Hanory — H/ITIH.

2. CraBky Hajora menecoo0pa3Ho yMeHbIIUTH 10 4 % (cpemHeoTpacieBas) U pa3paboTaTh CHCTEMY Je-
¢IATOpOB, KOTOpBIE OYIYyT MEHATH CBOM 3HAUCHHS B 3aBUCHMOCTH OT THIIa BOA03abopa, pecypcHoi 0a3bl, KauecTBa
BOJIBI H JIP.

3. bazoii Hamora B ciaydae KOMMEPYECKOH peanu3alvu OyAeT SBIATHCS CTOMMOCTH pealM3alliil TOBapa
Wi Tapuda.

4. TlepecMmoTp u 000CHOBaHHE TAPU(OB B PErHOHAX.

Hayunblii pykoBOAMTE/Ib: K.3.H., accucteHT E.W. I'onoBuna

A.B.3MUHOBBEB
PI'Y negpmu u eaza (HUY) umenu U.M.Iyoxuna

UCCJIEJOBAHUE HAI'PY30K, JEMCTBYIOIIUX O JJUHE
KAHATHOM HITAHTHU ITPU DKCILTYATAIIMU BOKOBBIX CTBOJIOB
MAJIOT'O IMAMETPA

B Poccun nmeetcs okono 5000 ckBa)HH, KOTOPBIE IKCIUTYaTHPYIOTCSI C TOMOIIHI0 OOKOBBIX CTBOJIOB Ma-
JIOTO TMaMETPa, TIPU ITOM €XKETOTHO BBOJIUTCS B dKcIuTyaTaruio 10 1000 ckBaxxuH ¢ G0KOBBIMU CTBOJIAMH.

Bypenne OOKOBBIX CTBOJOB SBISIETCA OJHUM M3 HEPCIEKTHBHBIX HANpPaBIICHUH, MTO3BOJISIONINX AOOUTHCS
MOBBIIIEHUS 100BIYM HE(PTH Ha CTApPBIX MECTOPOXKICHHUAX U yBelnndeHus koddduurenta n3pnedenus Hedru (KIH)
13 IUIACTOB, a TaKKe JTOOBIYM TPYAHOHM3BIEKAEMBIX 3aIIaCcOB, YTO B UTOTE OOECIEUUT MOJIyUYCHHE AOMOTHUTEIBHON
MIPUOBLIH.

OnHuM H3 croco0OB 3KCIUTyaTallMM CKBa)XUH C OOKOBBIMH CTBOJIAMHM SIBJISIETCS! IITAHIOBAsi CKBa)KWHHAS
HacocHast ycraHoBka (LLICHY) ¢ kanaTHO# mTanroii. KanaTHas miTaHra ycTaHaBIMBaeTCs B MECTE HHTCHCHBHOTO
Ha0opa KPUBHM3HBI U MO3BOJISET M30€XKaTh MCTHPAHUS KOJOHHBI IITAHT, TpYO u My(dT. Ha ceromgnsmHuii 1eHb Ha
MectopoxaeHusax B OO0 «Jlykoiin [IEPMby TakuMu yctaHOBKaMu ¢ KaHATHOHM IMITaHTOH obopymoBaHo Oonee 30
ckBaxuH, B Camapanedreras — 27 CKBaXXHH.

Heo0OxoanMocTs MpoBeeHUS UCCIEIOBAHNIN 3aKITI0YAETCSI B BO3ZMOXKHOM OOpBIBE KaHATa, MpU JEHCTBUU
CKMMAIOIMINX HArPY30K IPH X0/1¢ BHU3 KaHATHOM IITAHTH, a TAK)Ke B BOZMOYKHOCTH €ro 3aBucaHusl. Llenpro ke mpo-
BeJICHHS paOOTHI SBIIIETCS MOBHIMICHIE HAJEKHOCTH YCTAHOBKH C KAHATHOW ITAHTOM MPH KCIUTyaTallil CKBAKUH
¢ OOKOBBIMH CTBOJIAMH.

B xone paboTsl OyayT MpoOBEeAEHBI SKCIIEpUMEHTATBHBIE HCCIIEIOBAaHM, a TaKkKe OyaeT pa3paboTaHa MaTe-
MaTH4ecKast MOJIeJIb PaOOThI KOJOHHBI LITAHT C KAHATHOM INTAHrOW M CpaBHEHHE MOJTYYEHHBIX TEOPETHUECKHUX pac-
YETOB C Pe3ylbTaTaMU UCIBITAHUI U IPOMBICIIOBBIMH JAHHBIMH.

Hay4nelii pykoBoautens: k.T.H. A.B. Jlerosuos
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E.B. 30JIOTOPEBA
@I'FOY BO «Hopunvckuii I'ocyoapcmeennviil uH0yCmpuaibHulil UHCTRUNLYI Y

HCCJIEIOBAHUE BJIUAHUA COCTABA 9JIEKTPOJIUTA HA
CBOUCTBA KATOAHOU MEJH, IOJTYYEHHOMU B ITPOLECCE
IJIEKTPOPA®UHUPOBAHUA

B mensx moBbIICHNS KAYEeCTBA KATOJHBIX OCAJKOB B AJIECKTPOXUMHH METAIOB MIMPOKO NMPUMEHSIOTCS [10-
0aBKM NMOBEPXHOCTHO-aKTUBHBIX BemiecTB (ITAB), cmocoOCTByrOIIHE MOTyIEHUIO TUTACTUIHBIX KATOAHBIX OCAIKOB.
[Tpu snexTpopaduHUPOBAHUN MEH B POJIM TAKOH NOOABKM HCIOJIB3YIOT THOMOYEBHHY.

B cootBerctBum ¢ TpeboBanusMu EBponeiickoro crangapra EN 12893 mmacTH4HOCTh MEIHBIX OCaJKOB
ompezensie6TCsl METOJI0OM U3MepeHusl mokasarens ymumuaerus cupann SEN (Spiral Elongation Number). Tlpu atom
CYMTAETCA, YTO IUNIACTUYHOCTH OCaJlKa HANPSIMYIO 3aBUCHUT OT pa3Mepa KpHcTalia KaTOJHOIO OCajKa.

Llenbro HacTosIIeH pabOTH OBLIO BBISIBICHUE 3aBUCHMOCTH MEXAY KOHIIEHTpAlUe THOMOUYEBHHBI B CEp-
HOKHUCJIOM CyJb()aTHOM MEIHOM 3JIEKTPOJIMTE M CPETHHM PasMEpOM KpHCTajula KaTOAHOTO 0CaJKa, HOJIyYEHHOTO B
mporecce 3IeKTpopadhHHUPOBAHMS MEIIH.

HccnenoBanus NpoBOAWIN C MCHOIB30BAHUEM JIA00OPATOPHOTO IEKTPOIHN3Epa ¢ pabOIUM pa3MepoM KaTo-
na 125x120 mm u anoza 115x75 mm nmpu minotHoctu Toka 300 AN DJIEKTPOIUTOM CIIYy>KUJI pacTBOp COCTaBa,
r/av’: cepHas Kuclora — 163; memp - 55,35; Hukens - 29,36; Me3aposblii kneil — 3,55- 10~3; Tnomouepuna — 0 -
9,4- 1073, IIpoomKUTENLHOCTS HIEKTPOJIN3a COCTABIsIIA 4 yaca.

Pasmep KpHCTaUIOB M3MEPSUTH ¢ UCIIONIB30BaHUEM AIIEKTpOHHOTO MEKpockorma CamScan MV2300, ocHa-
IICHHOTO CHCTEMOM 3HeproaucnepcuoHHoro anannza EDX Inca, a Taxoke I10 Vega TC u Inca Issue.

Ilo pe3ynpraTam MccleOBaHMI MOTYYEHBI 3aBUCHMOCTH MEXIY KOHIEHTPALUEH THOMOYCBHHBI B JJICK-
TPOJIUTE 3IEKTPOPaPUHUPOBAHHS MEIH, PAa3MEPOM KPHUCTAIUIOB KATOAHOTO Ocaika U BenuanHoi SEN.

Hay4Hblii pykoBoauTenb: qupekTop «lleHTpa HHXEeHepHOTo CONPOBOXKAEHH pou3BoacTBay 3P ITAO
«'MK «Hopumnbckuii HUKEJIbY, K.T.H., 1o1l. Kadeapst MIIM A.N.}Opres

E.M.30TOBA
Heanosckuii 2ocy0apcmeeHHblil XUMUKO-TNEXHOI0SUHECK UL YHUGEpcUumem

®U3UKO-XUMHUUYECKHUE CBOWCTBA
BUC(TPUOTOPMETHJICYJIB®@OHUI)UMHU/IHBIX HOHHBIX
JKNJIKOCTEN. IEPCIIEKTUBHI X TPUMEHEHUSA B
XUMHNYECKOW TEXHOJIOTUH

OHOM M3 TEH/IEHIINI COBPEMEHHOI HaYKH SIBJISETCS MOUCK HOBBIX (DYHKI[MOHAJIBHBIX MAaTEPHAJIOB U Opra-
HUYECKUX PACTBOPHUTEIEH, 00JaaloINX BBICOKOI XMMHKO-TEPMHUYECKON CTAaOMIHHOCTBIO M 3KOJIOTHYECKOil 6e3-
omacHocThi0. K TakmM MaTepumanam OTHOCSTCS MOHHBIE XuAKOCTH (MJK) - cpaBHUTEIbHO HOBBIM M OOIIMPHBIN
KJIaCC OPraHWYecKUX COEIMHEHHI - coneil ¢ TemnepaTypoii ruiasneHus Huke 100°C. IloBbllIeHHBIH UHTEpEC HC-
CHeHOBaTeHeﬁ K MOHHBIM XUJKOCTAM 06yCHOBHeH COBOKYIHOCTBbIO YHHUKAJIBHBIX CBOﬁCTB, TaKHX, KaK HU3KOC J1aB-
JICHWE HACBHIICHHBIX MapOB, BBICOKAs TEPMUYECKas, XMMHUUECKas M JIEKTPOXUMHUYECKasi yCTOHYMBOCTD, IIUPOKHUN
TEMIIEpaTypPHBIH THaNa3oH )KUAKOTO COCTOSHHMS, BHICOKasi HOHHAs MpoBoaAnMOcCTh. K Hanbosee BaXkKHBIM XapakTepH-
CTHKaM, OIPEAEISIONINM MEePCIIEKTHBEl MCIIOIb30BaHN MOHHBIX JKHIKOCTEH B 3JIEKTPOXUMHYECKOH TEXHOJOTHH,

OTHOCATCS HOHHasI HPOBOJMMOCTb, " BSI3KOCTb.
B nanHoli paboTe u3y4deHbl HOHHBIC KUIKOCTH ¢ aHHOHOM Ouc-(TpudTopmermicyibdonmn)umuia [NTF,] u ¢ karu-
oHaMu  1-OyTHiI-1-MeTHIAPPOTUINHIS ([BuMePyrr][NTf,], (WX1)) u  METWITPUOKTHIAMMOHUS

(IMeOc;AM][NTT,], (MXK2)). UsyueHo TemmepaTypHOe MOBEACHHE 3IeKTponpoBoaHocTH K (mpu t ot -40 1o
150°C), Bs3koctu Nu mwiotHOcTH P (t=20-80°C) NK., TemmepaTypbl CTEKIIOBAHHUS.

YcTaHoBIEHO, 4TO 3HaueHUS K U p y K2 cymecTtBenno Hmxke, yem y XK1, uro oGycnosneno Oonee pas-
BETBJICHHON CTPYKTypoii katioHa [MeOc;Am]”. ITpu t>0 TemmepaTypHOE HOBEICHHE K OMMCHIBACTCS YPAaBHEHHEM
Appennyca (r*=0.999). DddexTHBHAS SHEprus aKTHBALMK K MMeeT xapakTepusie misi VDK smauenms 21 u 35
k/x/moims st K1 u K2 cootBetcTBeHHO. YpaBHeHne VFT ObUT0 MpUMEHEHO I OMUCAHUS TEMIEPaTypHOTO
MTOBEJICHUS K BO BCEM HCCJIEIOBAHHOM JHMAIIa30HE TEMIIEPATyp, PACCUNTAHBI HACATbHBIE TEMIIEPATyPhl CTEKIOBAHNS
To ¥ comnocTaBieHsl ¢ TEMIepaTypaMu cTekaIoBaHus T4, usMepeHHbIMU MeTofoM JICK. Caenan BeIBOJ O MEpCIEK-
TuBHOCTH npuMeHeHus VK1 B kauecTBe AJIEKTPONIHTA B ANEKTPOXHUMHUYECKON TEXHOJIOTHH U JUIS DJICKTPOXUMHUYEC-
CKHX YCTPOHCTB.

HayuHnblii pykoBoauTeib: 1.T.H., 1oy, E.Il. I'pumnna

165



A. B. 3bIPSIHOBA
Ypanockuii cocyoapcmeennulii 20pHbIll yHUBEpCUMEN

CTATUCTHYECKAS OIIEHKA JAHHBIX
JEKTPOTOMOI'PA®UH HA IIJTAMOBOM ITOJIE BUIIOHCKOI'O
I'OKA

HachimHble THAPOTEXHUYECKHE COOPYXKEHHUS HPEICTABISIIOT OO0 OOBEKTHl MOBBINIEHHOTO BHUMAaHUS, B
clly4yae X pa3pyLIeHUs] YPOH U HOTEPH TPYIHO OLIEHHUTH, IOITOMY KpaiHe Ba)KHO CIICUTDH 33 MX COCTOSIHUEM.

B pabore nmpexacraBieH u 00CyKAaeTcsl MPUMEP UCIOJIB30BAHUS AIIEKTPOPA3BEAOUHBIX HCCIIEAOBAHUH IS
N3y4YCHUS] © MOHUTOPHHIA COCTOSHHMS XBOCTOXpaHHJMIIA Brimolickoro ropHo-odoratutenbHOro komouHata. I'eo-
¢dusndeckne paboThl BHIOIHAINCH IJISI ONPEAETICHUS] T€OKPHOJIOTHUECKUX YCIOBHH TPYHTOB XBOCTOXPAaHWIIUINA,
MIPOCTIEXUBAHMS TPEAIIOIAracMbIX (DHIIBTPAIMOHHBIX MTOTOKOB. VICTIOMB30BaNICS METOJ] CONPOTHUBIEHUH B MOAH( H-
KaIlluH AIIEKTPOTOMOTrpaduyl O CHCTEME MapauIedbHEIX npodmiteil. OO0mas mpoTsHKEHHOCTh mpodmiei 7,5 kM, ux
mmHa ot 320 mo 2000 m. Ilar ceemkn 10 M. [IpumMensimaces ammapatypa «Ckana-64», pazpaborannas Kb «2mek-
TpomeTpusi». [1o qaHHBIM 35meKTpoTOMOrpaduu MOCTPOESHBI T€0NEKTPUIECKHE pa3pe3bl 10 Tayounsl 100 M 1 ruiaHb
KaXXYIIEToCs YIeIbHOTO dIIeKTpruueckoro conporusiens (YOC, p,) Ha pa3HBIX ITyOWHaX.

HaGmonaemble 3HaueHus1 reopU3MYECKUX TOIeil BJOJIb PO MOXKHO CUUTATh PEATH3alMAMHU Pa3iIny-
HBIX CIy4alHbIX (QyHKUMH. DTOT (akT mpennosnaraeT UCMOJIb30BaHHE B mHpolecce 00pabOTKH M MHTEpHpPETAIHH
reoJIoro-reo(pu3n4eckoi HHPOpPMaIMK CTATUCTHYECKUX MeTOOB. MccnenoBansl rpaduku p, s riyous 5, 10, 20,
40 m. OnpeneneHsl cpeHNE 3HAYCHUS U AUCTIEpCUs p,, paauyc aBTokoppensaiun (AK®D) u B3aumHas Koppemsius
rapameTpa p, Ha pa3HbIX TPODIIIAX.

YcTaHOBIIEHBI BBIICPXKAHHBIC HU3KUE 3HaueHus P, (3 — 15 Om M) Ha rayoute 20 u Oosiee METPOB, YTO yKa-
3bIBa€T HAa HaJMUWE (UIBTPAIMH BEICOKOMHHEPAIN30BAHHBIX IIIAMOBBIX BOJ Y€pe3 TEJIO OTpakJarouiel JamOBblL.
Ha ry6une 5 — 10 m YOC cocrtaBnsier 70 — 100 Om-M, a panuyc AK® nopsinka 20 M, 4TO yKa3bIBaeT Ha HEOJIHO-
POIHOCTB MapaMeTpa p,, 00YCIOBICHHYIO HAIUYMEM YYaCTKOB CE30HHOTO IPOMEp3aHMsl JaKe B JIETHUH NEPHOJ, U
orcyrcTBue GuibTpanuy. CUIIbHas N3MEHYMBOCTh IIapaMeTpa P, He MO3BOJISIET CTPOUTH IIJIaHBI H300M JUISL BEPXHE-
O CJI0s 1aMOBbl, €CITH PACCTOSIHUE MEXAY MPOGHUISIMU HCClleToBaHus peBbiniaeT pagunyc AK®.

Hayunblii pyKoBOaMTeJIb: K. T€0JI.-MUH. HayK, 101l A.B. Ky3uHn.

II.H. UBAHOB
Hayuonanvusiii uccnedosamensckuil mexronoeuveckuti ynugepcumem « MHCuCy

OCOBEHHOCTH PACUETA HECYUIENA CITIOCOBHOCTHA
CAMOPACKPBIBAIOIIIUXCA I'PYHTOBBIX AHKEPOB SAKOPHOI'O
THUITIA C UCITOJIB30OBAHUEM INTPOI'PAMMHOI'O KOMIIVIEKCA
PLAXIS 2D

HeoTrpemieMoil yacTbi0 COBPEMEHHOTO CTPOUTENBCTBA CTAHOBUTCSI HHKEHEPHAs 3allliTa TEPPUTOPUH, KO-
TOpas MpU3BaHa 00ECIEYUTh YCTOHUMUBOCTE CHCTEMBI COOPYXKEHUH U mpuiieraromeii reppuropun. OJHUM U3 HH-
CTPYMEHTOB, IPUMEHSIEMBIX IIPU MPOSKTUPOBAHUU U CTPOUTEIHCTBE HHKCHEPHOH 3alIUThI, ABIISIOTCS aHKEPHBIE
CHUCTEMBI.

Knaccnueckuit moaxo/1 mpy pacueTe HecyIeil ClIOCOOHOCTH CaMOPAaCKPBIBAIOIIET0Cs TPYHTOBOTO aHKEpa
SIKOPHOTO THIIa OCHOBaH Ha TEOPETHYECKOM PEIICHNH 33Ja4ll O BBIJCPTUBAHNY SKOPS ONpPEIEICHHON IIOIAaaN ¢
ompeeneHHoH riryonHsl. OJJHAaKO, JaHHAs CXEMa HE ITO3BOJISIET YUECTh CI0XKHOCTh T'€0JIOTMYECKOT0 CTPOCHUS Tep-
PHUTOPHHM M HET BO3MOKHOCTH OIIEHHUTH ITOBEJCHNE AHKEPHOH TATH, YTO B HEKOTOPBIX CITydasix, MOXKET OKa3aThCs
OCHOBOTIOJIATAFOIIIM.

[TosToMy GBI IPOBEAEH pacyeT ¢ UCTIOIL30BAHUEM ITporpaMMHOro koMiuiekca Plaxis 2D. I'pyHTOBBII aH-
Kep MOJEIHMPOBAJICS CIEAYIOIINM 00pa3oM — KOHCTPYKIHS aHKepa OblUIa pa3iesieHa Ha JIBa COCTABIISIONINX 3JIEMEH-
Ta:

HenocpeacTBeHHO SKOPb — CaMOPAaCKPBIBAIOLITHICS 3JIEMEHT, KOTOPBIH KECTKO (PUKCHPYETCS B TPYHTE IPH
00yCTpOICTBE aHKEPHOTO TIOJISI.

CranpHas TATa — 3JIEMEHT, BOCIIPHHUMAIOIINH IeHCTBYIOIIEE YCHIINE B TIEpEIaeT ero Ha SKOPb.

INokazaHo, 9TO TPH KCIOJIB30BAHUH TIPOrpaMMHOro komiutekca Plaxis 2D , Bo3MoxeH yJeT HapsKEHHOTO
COCTOSTHHSI CUCTEMBI C y4ETOM MHXEHEPHO-TEOJIOTHUECKHUX YCIOBHH, a TAK)Ke y4eT paboThl Kak I'PYHTOBO-aHKEPHOU
CHCTEMBI B II€JIOM, TaK U OTJICJILHBIX €ro 3JeMeHTOoB. [Ipu pacdeTe, BO3MOXHO MOITYYUTh HHHOPMALIUIO O BEINYH-
Hax YCHJIMH B KaXJIOM M3 2JIEMEHTOB KOHCTPYKIMH aHKEPa, a TAKXKe BEJIMUMHBI Jeopmanni.

Hayunslii pykoBoauTens: 1.1.H., mpod. E.b. Uepenenkas
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HN.A. UBAHOBA, A.A. HOCOBA, C.M. IIETPOB, 3.P. HACBIPOBA
Kazanckuii nayuonanshulii ucciedosamensCkuti mexHoI02UHecKuti YyHUeepcumem

W3MEHEHHWE COCTABA HE®TH B ITPOLIECCE
BUOJIETPAJAIINN

HaGmogaemoe B mociieiHee BpeMsi 3HAYUTEIIbHOE UCTOLICHUE TPAJUIIMOHHBIX 3aI1acOB HE(TH CTABUT Iie-
pen HedTeqOObIBAIOIIMMYI KOMIIAHUSAME HETIPOCTYIO 3ajady, 3aKJIIOYaroLIyIOCs B IOMCKE CIIOCOO0B JTOOBIYH TPYA-
HOM3BIIEKAEMBIX peCypcoB He(TH. 3a MOCIECTHIE TOOBl BBEJCHO MHOKECTBO CITIOCOOOB 3(PPEKTHBHON pa3paboTKu
MECTOPOXKICHUH BEICOKOBS3KMX M ONTYMHUHO3HBIX HE(TEH, OCHOBAaHHBIX Ha Pa3INYHBIX (PU3HUECKUX XMMUYECKHX U
UHBIX sBIeHUSX. ONHAKO, NaJeKO HE BCE M3 MCIOJB3YEMBIX HAa MPAKTHKE METOAOB yBEIWUCHUsS HedTeoTnadn 0e3-
OTIACHBI JJIS1 OKPY’KarOLIEH CPEIbI.

OmHAM #3 BO3MOXKHBIX CIIOCOOOB MOOBIYHM HETPATUIIMOHHBIX HE(QTSIHBIX PECypPCOB SIBIISETCS OHONIOTHYE-
CKHI METOJ, OCHOBAaHHBIH Ha CIIOCOOHOCTH HEKOTOPBIX MHKPOOPTaHH3MOB IPE0OPa30BBIBATH BBICOKOMOJICKYIIAP-
HBIE YIJIEBOJOPOJBI B HU3KOMOJIEKYJSIPHBIE, CHU)KAsl TEM CaMbIM BSI3KOCTh HE()TH HEMOCPEACTBEHHO B IUIACTE U
oOeryasi TeM caMbIM Hpoliecc HeTeu3BiIeueHs. B oTiuyre oT MHOTHX JTaHHBIA CIIOCO0 XapaKTEepH3YeTCsl IKOJIO-
TMYHOCTBIO, YTO B COBOKYITHOCTH C €ro 3((eKTUBHOCTHIO TIOPO’KAAeT MHTEpeC YYEHBIX BCEro MHpa K Oojee Tmia-
TEJILHOMY €T0 H3YUYEHHIO.

Llenbr0 HACTOSIETO MCCICAOBAHMUS SBJIAETCS M3y4Ye€HHE M3MEHEHUs COCTaBa He()TH B Tpolecce duonerpa-
JaIUH, 9TO SBISCTCS aKTyaJbHBIM BBUAY HEJOCTAaTKa (yHAAMEHTAJIbHBIX JaHHBIX JUIA pa3paOOTKU NMPAKTHUECKH H
9KOHOMHUYECKH (P (HEKTUBHBIX METOIO0B MHTEHCH(UKAINH JOOBIUHN TPYIHOU3BIECKAEMBIX PECYPCOB.

OOBEKTOM HCCIIE0BaHMS CTana He()Th AIIAITBYNHCKOTO MECTOPOXKICHHUS, XapaKTEPU3yIOLIETOCs 3aacaMu
Tsokénoit HepT. B kadecTBe nectpykTopoB Obutn BeiOpaHbl OakTepun poaa Bacillus subtilis B mutatensHoit cpene,
MIPEACTABICHHON BOAHBIM PAacTBOPOM IOJHMCAXapHIOB aMHWIO3bl M aMWIIONEKTHHA. B IEmsIX MOAeInpOBaHUS
HeTeBMeIIaoIIell mopo/sl UCIONIb30BaHa KapOOHaTHas N00aBKa M3 KaIbIIUTAa U JOJOMHTA. DKCIEPUMEHTHI IIPO-
BOJWIIMCH B JJADOPAaTOPHOM peakTope mepuonudeckoro neiicteus. OOpasyroliuecss B pe3ysbTaTe OINbITa Ta3bl U
KOMITOHEHTHBI COCTaB MPOaHATU3UPOBAHbI IIPU ITOMOIHM XpoMatorpaduu. Kpome Toro, n3yueHsl peosornieckue
CBOWCTBA HAYaJILHOTO M KOHEYHOT'O COCTOSTHUS 00pa3ia HeTH. Pe3ynbraThl MpeacTaBieHbl B rpaduueckoM BHIE U
MPOAaHATU3UPOBAHEI.

Hayunblii pykoBoauTens: k.x.H, o1 J[.A. I6parumosa

A.B. IBAHOBCKHUH
PI'Y nepmu u eaza (HUY) umenu U.M.Iyo6xuna

BJIUSIHUE MEXAHUYECKUX IPUMECEN HA YCJIOBUS
IKCIVIYATAIIMA HE®TAHBIX CKBA’KUH C YCTAHOBKAMMA
JEKTPOITPUBOJHBIX JIOITACTHBIX HACOCOB

Ha ceromusmnuuii ness B PO 0CHOBHBIM METOIOM 3KCIUIyaTallMy JOOBIYHBIX CKBAXHH SIBIISICTCS IPUMEHE-
HHE YCTaHOBOK 3JIEKTPOIIPUBOAHBIX JIOMAacTHBIX HacocoB (YOJIH), kak mpaBmiio neHTpoOexHOro tumna. JlaHHBIMU
yCTaHOBKaMH# OOBIBaeTCst 0K0JI0 75% oT ob1ero oobséma 1o0bun HeTH, 1 3Ta Udpa HEYKIIOHHO BO3paCTaeT.

[[Iupoxoe MpUMEHEHHE TAKOTO TUIA JOOBIYHOTO 00OPYJOBaHUS OOYCIABIMBAETCS CBOWCTBAMU J00BIBae-
MOTo (IO M TEXHOJOTHAMHU SKCIUTyaTallii CKBaXHWH (B T.4. B OJHOBPEMEHHO-pa3AeIbHOMN IKCIUTyaTalliy U J0-
Oblua He(TH U3 OOKOBBIX CTBOJIOB MaJloro aumamerpa). Tak, oqHoil n3 npobiem npumeHenus DJIH Ha HedTsIHBIX
MECTOPOXKJICHHUSIX C TEPPUTCHHBIMH KOJIJIEKTOPaMH SIBIISIETCSI OTKa3 000pyI0BaHMS W3-3a NU3HOCA U 3aCOpeHHs pado-
YMX OPraHOB MEXaHMYECKUMH MPUMECIMH.

[ockonbKy TpagUIMOHHBIE METOBI OOPHOBI ¢ BBIHOCOM MEXIPUMECEH He BCET/a MO3BOJIIOT MOJIHOCTHIO
pemmTh npodiieMy 3aIIUThl 000PYJOBAaHMS W YBEIMYHTh €ro HapabOTKy Ha OTKa3, BOIPOC 3KCIUTyaTallMOHHOMN
HaaéxHocTH YOJIH npu BeIHOCE MeXTIpUMeECEH SIBIISIETCS OUY€Hb aKTyallbHBIM.

Lenpro npeacTaBiaeHHONW pabOTH! OBIJIO MCCIIEOBAHUE O OINPENESNICHHIIO 3aBUCUMOCTH Pa00YHX MoKa3are-
nert cryneneit DJIH ot u3Hoca abpa3sMBHBIME YacTHIIAMH, B T.Y. TIPH Pa3HBIX KOHIIEHTPAIUAX a0pa3uBHBIX YaCTHIL B
OTKa4MBAEMOM KHUJIKOCTH.

[TomyueHHBIE pe3yabTaTHl SKCIIEPUMEHTAIBHBIX paboT IO ONpeeNIeHIIo0 Aerpaganni Xxapakrepuctuk DJIH
MTO3BOJISIFOT TOBBICHTE YHEPT03(PPEKTUBHOCTH JOOBIYH 3a CUET MOBBIIMICHUS TOYHOCTH Ipu moadope YIJIH k ckBa-
KHHE, a TaK e MOTYT OBITh HCIIOJIB30BAHBI TP ONTHMH3ANNU PabOTHI CHCTEM aBTOMAaTH3WPOBAHHOTO Oe3cemapa-
LIMOHHOTO 3aMepa Ae0HTa CKBRKMH — TaK Ha3bIBAEMOT'O «BUPTYAILHOTO PAacX010Mepay.

Hay4nsblii pykoBoauTens: K.T.H. JleroBroBA.B.
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B.A. U30TOBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

TEXHOT'EHHOE IIOJIE BUBPAIIMI TEPPUTOPUU
BACUJIBEBCKOI'O OCTPOBA CAHKT-IIETEPBYPT'A

Pa3Butne ropooB NPUBOAUT K POCTY HHTEHCUBHOCTH AMHAMHUYECKUX Harpy30K Ha T€0JIOTHUECKYIO Cpeny.
B 2015 rogy B MHKCHEPHO-TEOJOTHUCCKUX M3bICKaHUAX BrepBbic ObuT BBegaeH ['OCT P 56353-2015 «Metoabt
71a00paTOPHOTO OMpENENICHNsT ANHAMUYECKUX CBOMCTB IMCIIEPCHBIX TPYHTOB». JTO TOMYEPKHUBACT aKTyalbHOCTh
aHanM3a TEXHOTEHHBIX TIOJIeH BHOpamum M HEOOXOIUMOCTh H3YUCHHUS AWHAMHUYECKHX CBOICTB TPYHTOB Ha
tepputopun Cankt-IlerepOypra. O6bekTOM HccaenoBaHni BEIOpaH BacnibeBCKH OCTPOB, IMMOCKOIBEKY BOCTOYHAS
94aCTh €r0 TEPPUTOPUH OTHOCHTCS K HCTOPUYECKOMY IIEHTPY TOpOJa, a 3amafHas 4acTh aKTUBHO Pa3BUBACTCH.

OCHOBHBIMH HCTOYHMKAaMH TEXHOTE€HHBIX HAarpy30K Ha TEPPUTOPHH BacHIBEBCKOTO OCTPOBa SBISIFOTCS
aBTOMOOWJIM, METPOIOJINTEH, TPaMBaWHBIA TPAaHCIOPT M PabOTAIOIINE CTPOWUTEINbHBIE M IPOMBIIUICHHBIC
MexaHu3Mbl. [IpoTsKeHHOCTh TpaMBaWHBIX NyTel Ha TeppuTopuM BacumbeBckoro octpoBa — 3,4 KM, JHHUH
METPONOJIUTEeHA — 2,5 KM, aBTOMOOWJIBHBIX J0opor — Ooiee 45 kM.

s onpeneneHust ypoBHsS BHOpPalMOHHOTO BO3ACHCTBHUS HA TEPPUTOPHUU BacmiibeBCKOTO OCTpOBa JIETOM
2016 rona ObLIM MPOBEACHBI 3aMEPhI Ha CIEAYIONINX XapaKTepHBIX ydacTKax: y MeTpo BacuieocTpoBckas — BIOIb
CpenHero mpocrekra, Mexay 6 u 12 nuausimu; B paiione CMOJICHCKOTO KJIaa0uIna — Mexay yiuiiamu bepunra u
Hanmunas. M3Mepenne XapakTepHCTHK IOJsI BUOPALUK MPOBOAWINCH MOCPEACTBOM OIpeeNeHIs BUOPOCKOPOCTH
BuOpomeTrpoM Dxodusnka 110A.

BepxHss 4acTh Te0J0rHIecKoro paspe3a BacHibeBCKOro ocTpoBa mpeicTaBiieHa cIaObIMU JUCIEPCHBIMU
TPYHTaMH, KOTOPBIE TTOJIBEPTAIOTCS BO3ACHCTBUIO TMHAMHUYECKUX HAarpy30K Ha Tiryouny no 10-15 M, okaspiBast BIH-
STHUE Ha 00JIaCTh B3aMMOJICHCTBHS 34aHUH 1 T'€0JIOTHIECKON CPEIIBI.

[To pesynpraTam 3amepoB ObITa IMOCTPOCHA CXeMa palOHHMPOBaHMS BacHIbEBCKOTO OCTPOBa MO YPOBHIO
BHOpAIIMOHHOHN Harpy3Kku. BbUTH BBISBIEHB! yYaCTKH C BHICOKUM M CPEIHUM YPOBHEM BO3AEUCTBHS, TPU U JBA HC-
TOYHHMKa BO3ZCUCTBHSI COOTBETCTBEHHO, IJie HEOOXOAMMO NPOW3BOIWTH Y4eT BHOPALMOHHOTO BO3JEHCTBUS Ha
rpyHTHL. IlOoCKONIBKY CUHMTaeTCs, 4TO MpPU 3HAUYEHUSIX BHOpockopocTd 124 n1b BO3MOXKHO YIJIOTHEHHE BOIOHACHI-
LIEHHBIX NeckoB. Ha uccienyeMoll TeppuTOpHH TaKoro 3HaYeHUs] BAOPOCKOPOCTh IOCTHIaeT Ha NepeceueHnd 6 u 7
nuHu# 1 CpeHero npocIeKTa.

ITocne coBmelieHNs Te0IOTHYECKO KapThl U CXEMBbl palOHUPOBAHUS 10 YPOBHIO BUOPALIMOHHON Harpy3KH
OBUIO BBISBICHO, YTO HAaHOOJbIIEE BO3ICHCTBIE MPUXOJUTCS HA 03€PHO-MOPCKHE JINTOPHHOBBIE OTIIOXKEHHS, CIIO-
KEHHbIE TIECKaMH U CYNECSIMU, M 03€PHO-JICAHUKOBBIC OTJIOKEHUSI, IPE/ICTABICHHbIC TIIMHAMH M CYTJIMHKAMH.

B nmanpreiimeM, OynyT NpOBEAEHBI HCCIIEAOBAHUS STHX TPYHTOB C HCIOJIb30BAaHUEM YCTAHOBKH JHHAMHYIE-
CKOTO TPEXOCHOTO CXKATHS JUISL OTIPEAEIICHHS X TNHAMHYECKHX CBOHCTB.

Hayunblii pykoBoauTenb: K.I.-M.H., 1om. kad. ['ull" K.B. [TarkparoBa.

A.Il. LWJIBUHA
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

UCCJIEJOBAHUE IMPOIIECCA TBEPJIO®A3HOM
IKCTPAKIIMU PEAKO3EMEJIBHBIX METAJIJIOB U3 ITPOAYKTOB
INEPEPABOTKH AITATUTOBOT'O CbIPbA

PenxoszemenbHbie 3neMeHTH! (P33) mpUMEHSIOTCS BO MHOTHX BBICOKOTEXHOJIOTHYHBIX OTPACIIAX MPOMBIIII-
JIeHHOCTU. Poccus 3aHMMaeT BTOpOE MECTO B MUPE T10 3allacaM PeKUX 3eMellb, HO IIPU ITOM MPAKTUYECKH HE Mpo-
M3BOJANT TOTOBOH peaKo3eMeNbHOIN MpoaAyKIH. 3HauuTeIbHas yacTh P30 Poccun cocpenorodyena B pymax XuOmH-
ckoro amatuta. Takum 00pa3zoM, pa3paboTKa TEXHOJIOTUHM W3BJICUYECHUS U Pa3JeNICHNs] PEIKO3EMENIbHBIX 3JIEMEHTOB
npu niepepaboTKe anaTHuTa sIBISIETCS] KPUTHYECKH BOCTPEOOBAHHOI cTpaTerHyecKoi 3ajaueil B COOTBETCTBUH C I'OC-
yaapcTBeHHOU nmporpammoit PO [1].

OcHOBHasl Macca anaTHuTa nepepadaThIBaeTCs TyTeM CEPHOKHUCIIOTO BBINIEIaYMBaHUs, B pe3yjIbTaTe KOTO-
poro moiy4aercsi 3kcTpakiuonHas ¢ocdopHas kucnora (OPK), ncrons3yemast B 1apHENIIEM [UIsl IPOU3BOJICTBA
¢dochopreix ynodpenuit. B 3®K conepxkurcs okono 0,01% P33. [Npu ucnons3zopannu DK ans momyuenus P35
He TpeOyeTcs mpenBapuTellbHas 00padoTKa CBHIPhS, a TAK)KE yTUIM3AIUSA U COBIT BTOPUYHON MpoayKiuu. Kpome
toro, D®K 1o cpaBHeHHIO ¢ ApyrumMu ucTouHukamu P30 oboramena Hanbosee EHHOH CpeaHe-TKEIOH TPYIIoi
PEeAKO3EeMENbHBIX METAUIOB. DTO 00yCIaBIMBACT €€ MOTCHIHAIBHYIO IPUBJIEKATEIBHOCTh B KaUeCTBE MCTOYHHUKA
P35.
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B nHacrosmiee Bpems CyliecTBYIOT TEXHHUYECKHE perieHus 1mo u3Biedennto P332 uz DPK [2]. B npenpiny-
X padoTtax ObUT OIPOOHO M3ydeH METOJ KUIAKOCTHON dKcTpakunu P3M ¢ Hcrob30BaHHEM B KaueCTBE dKCTpa-
TeHTa JU-2-3THIATEeKCHI()OCPOPHOI KUCIOTH U JOKa3aHa ero 3((GeKTHBHOCTH IJIs U3BJICUCHHA U pasneneHus P3M.
OnHaKko METOJ KHUIKOCTHOW SKCTPAKINHU UMEET M CBOM HEIOCTaTKH, TAKHE KaK MCIOJIb30BaHUE OOJIBIINX 00BEMOB
TOKCHYHBIX KCTPAreHTOB M ITOXKAPOOIIACHBIX PACTBOPUTEIIEH, BBI3BIBAIOIINX HEM30EKHOE 3arpsI3HEHUE OKPYIKaro-
mieit cpensl [3]. [ToaToMy B maHHO# paboTe OBLT CACTaH MEPexo K TAKOMY METOy Kak TBepAo(hazHast IKCTPaKITHS,
KOTOPBIH 00BEIUHSAET CBOMCTBA SKCTPAKIMOHHBIX M COPOLMOHHBIX MporeccoB. Meto TBepaoQa3HOi 3KCTPaKIHH
BO MHOTOM I103BOJISIET N30€XKATh MEPEUHUCIICHHBIX HEJOCTATKOB )KUAKOCTHON 3KCTPAKIMK U SABISIETCS 9KOJIOTMYECKH
Oosiee mpuBiIEKaTeIbHBIM. TakuM 00pa3oM LIENbIO TaHHOW pabOThI CTal0 U3ydYeHUE SKCTPAKIMOHHBIX XapaKTepH-
CTHK TBepAo(a3HOro skcTparenTa Ha ocHose J120I'®K u cpaBHeHHE X € TOKa3aTeNsIMH, OJTYUYCHHBIMU paHee MpH
HCCIIEJOBAaHHUH JKHJIKOCTHOM 9KCTPaKIUH.

HccnenoBanus B nanHoU pabote nposoannuch Ha oopasne TBOKC-A23I'®K. I1pu ero npousBoacTBe ak-
TuBHOE BemecTBO — J[20I' @K no6aBisiiiock B mpolecce CONOIMMEpHU3aui CTHPOIa M AUBHHIIIOeH301a. OH mpea-
CTaBIsIET coOoi Oemnble chepudeckre rpaHyIisl, MaccoBas 10 (pocdopa B KOTOPHIX cocTaBiseT HE MeHee 5,3%.
OKCTPaKIMOHHBIE 3aBUCUMOCTH ONPENEISUINCH B CTATHYECKUX YCIIOBHSX, C HCIIOJIB30BAHIEM TEPMOCTATHPYEMOT O-
MIEpEMEIINBATENS C BO3MOXKHOCTBIO PErYJIIMPOBAHHSA CKOPOCTH NTEPEMEITHBAHMA.

B pesynbTate MpoBENEHHBIX YKCIIEPUMEHTOB OBIIH ONPEAETICHBI 3aBUCUMOCTH CTEIIEHH n3BiedeHuss P3M
Ha MpHUMEpE UTTPHS OT (HAKTOPOB BPEMEHH MEPEMEIINBAHNS, CKOPOCTH MEPEMEIINBAHNUS, TEMIIEPATyphI, OT COOT-
HOLIECHHS TBEPAOH M KUIKOW (a3 u oT KoHIeHTpauun docdopHoil kuciorsl. Kpome Toro, onpeneneHo 3HaueHne
emkoctd TBOKC-JI20I'®OK 110 UTTPHIO ¥ MOTyYCHBI CPAaBHUTEIBHBIC XapaKTEPUCTHKH TBepAO(ha3HON U KuaAKohas-
HOW SKCTPAKIIMK KATHOHOB MTTPHS U Kele3a (3+) mpu UX 3KCTPaKIMK U3 000POTHOM 3KCTPAKIIMOHHOH (hochopHOi
KHCJIOTHI.

B xozxe npIHHOM paboTHI BBIABICHO, YTO MPOTrHO3bI o npumeHeHuio TBOKC-IA20I'®PK Becsma mepcnek-
TUBHBI, TBepAO(]a3Has SKCTPAKIMA HE yCTYyMaeT )KUAKO(PA3HON MO MOKa3aTeIsIM paBHOBECHON CTEIICHH M3BJICUCHNS,
a TaK)Ke OHA MO3BOJISICT B 3HAUYNTEIHHON CTEIICHH OTJEIATh KOHKYPHPYIOIINE HOHBI XKele3a (31) OT LeneBbIX HOHOB
P3M.

Jlureparypa

1. ITocranosnenne [IpaBurensctBa PO ot 15.04.2014 N 328 "OO yTBepKIeHHH TOCYIapCTBEHHOH MpO-
rpammbl  Poccmiickoit @epepanmu  "Pa3BuTie NPOMBINUICHHOCTH U IIOBBIIICHHE €€ KOHKYPEHTOCIIOCOOHO-
ctu"//KoucynsraullmrocURL:http://www.consultant.ru/document/cons_doc LAW_162176/?frame=1#p37, cBobox-
HbI(1aTa oOpamenus:26.05.2017) — 3aru. ¢ akpaHa.

3.CopO1us B XUMHM PeIKO3EMENIbHBIX 3JeMeHTOB, Jpiux ['.B., Jlucuuxkun I'.B. XKypHan oOmeit xumuu.
2017.T. 87. Ne 6. C. 1001-1027.

B.P. KABUPOB
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

AHAJIN3 BO3MOKHOCTHU DHEPTETUYECKOM
OIITUMU3AIINA YCTAHOBKHU ®PAKIIMOHUPOBAHHUSA BEH30JIA "
TOJIYOJIA

3amadeii JTaHHOM PaOOTHI ABJISAETCS PACCMOTPEHUE BO3MOKHON MOJCPHHU3AMUUCEKIINY YETKOW PEeKTU(PUKA-
mun  OeH3olla W TONyOJa  KOMIUIEKCA  MOJNYYCHHS  apoOMaTHYecKHX  YrieBonoponoB  «bamrHedTs-
Yanedrexumy»,peqHasHAYCHHON U1 (PAKIHOHUPOBAHUSA OCH30Ja, TOIYy0Ja, CyMMApHBIX KCHIIOJIOB U TSKEIBIX
apOMaTHYeCKUX YTIIEBOJOPONOB. PaznencHre MpOUCXOAUT METOIOM pPEKTH(HUKAINH BOCH30JIFHOW M TOIYOJIBHOU
KOJIOHHAX.

B pesynbrate MOoAenupoBaHus paCCMOTPEHHON YCTAHOBKH B IPOTPaMMHOM makere Hysys ¢ mpumeHeHneM
TepmoauHamuueckoro nakera NRTL Oputa mosyuyeHa MoJenb, aJeKBaTHO OIHKCHIBAIONIAS PEATbHYIO YCTaHOBKY.
KoppexTHocTh MOsienu ObliIa OlleHEHA M0 KOPPEJSAIMH MAaCCOBBIX PACX0JI0OB, COCTABOB, TEMIIEPATYpP CHIPbS U LieJe-
BBIX TIPOJTYKTOB B MOJIEITH C JAHHBIMH OTEPAI[MOHHOTO JINCTa YCTaHOBKH. COCTaB HCXOHOTO CHIPhs (Macc %): OeH-
3oma - 18,07 %, Tonmyomna - 55,41 %, stunbdenzona - 0,89 %, [1-Kcumona - 10,47%, M-Kcunona - 4,66%, O-kcumnomna
- 4,19%, Bogna - 0,7%,C9 - 5,06%, C10 - 0,55%.

Bruta mpeioskeHa WM CMOJETHPOBAaHA CXEMa BTOPUYHOTO HCIOJIH30BAHUS TEIIA, BKIIOYAIOMIAS B ceOs
IOJIBOJT TeIlIa B OCH30JILHYIO KOJIOHHY 32 CYET KOHJICHCAIIMK W OXJIAXIICHHS ITapOB TOJYOJIa KOHIICHTPAI[HOHHON
CEKIIUH TOJYOJILHOW KOJIOHHBI. Peanmu3anusi JaHHOW CXeMBI TpeOyeT MPOBEACHUE PEKTH(PHUKALINN IO BAKYYMOM C
LENBI0 CHIDKEHHS TeMIIEpPaTyphl KyOOBOTO MPOIYKTa OCEH30JILHOW KOJIOHHBI, YTO MO3BOJIUT YBEIHYHTH Pa3HOCTH
TEeMIEpaTyp ¢ BEPXOM TOJIyOJIbHOMKOIOHHBI 10 pUeMiIeMoro ypoBHs nopsiaka 20-30°C.

TemoBble TOTOKH, ITOIBOJAUMBIC B KyO OCH30JIbHOM KOJIOHHBI M HEOOXOJUMEIC JJIsi KOHICHCAINN TTapOB B
TOJIYOJILHOW KOJIOHHE, COOTBETCTBEHHO paBHBI 5,4 I'kan/u n 7,0 I'kan/4. 3HaunTENbHAS PA3HOCTh TEIUIOBBIX MOTO-
KOB HeoOXoauma Jiist oOecrieueHus] THOKOCTH paboThl YCTAHOBKH U MOXKET OBITh KOMIICHCHPOBAHA aIiapaToM BO3-
JYITHOTO OXJIXKISHUSI.
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Ben npensnokeH ¥ MpoaHaIM3UPOBAH METOAONTHMU3AINN TEXHOIOTHYECKOTO Mpouecca (ppaknnoHNpOBa-

HUsI OEH30J1a ¥ TOJTyoJIa IyTE€M HCIONb30BaHUS TEIUIA, BBIACIIEMOTO NP KOHICHCAIIMU TOJIyoJIa, Ui 000rpeBa Ky-

6a 6eH30JIbHOM KOJTOHHBI. CXeMa MO3BOJIIET COKPATUTh pacxo Tera Ha 5,4 ['kan/da. Dxonomudeckuit 3¢ dexr, mpu
cpenHeii ererperomiero napa 1200 py6/I'kan, cocraBuser 43 miuH. py0. B ron. Cpok okymaemoctu 1,5 roxa.

Hayunblii pykoBoauTesn: gou., k.T.H. H.A. Pomanosa, gou., k.1.H. J[.B. ['opiienkoB

F0.A. KABAKOB
Canxm-Ilemepbypeckuii 2opHbili yHUepcumem

OBOCHOBAHUE KOHCTPYKTUBHBIX PEIIEHUI
OBOPYJAOBAHUA A MEXAHU3AIIUU YKIIAJAKN MOBUJIBHBIX
JAOPOXKHBIX IIVIMT HA CJABBIX OCHOBAHUAX

B Hacrosiee BpeMsi Ha IyTH OCBOEHUSI 3€MENb NIPUCYTCTBYIOT 3a00I0UCHHBIE YIACTKH OOMIEH MIIOMabi0
okoyo 110 MiH. Ta, Ha KOTOPBIX MPOBOIUTCS OONBIION KOMITIEKC paboT IO CTPOUTEIBCTBY, T€OJIOTHIECKON pa3Be-
Ke, JIECO3aroToBKaM, H00brde u rnepepaboTke HeTH U rasa, oObrde Topda, MPOKIaJKe MArHCTPAIbHBIX HEBTE- U
ra3onpoBooB. IIpy ocynIecTBICHNN TEXHOJIOTHYECKOH ESTENbHOCTH NPEANPHUATHH, BOSHHKAET HEOOXOIUMOCTh B
obecrieueHny TPaHCIIOPTHOW CBS3H IO TPYJHOIPOXOIUMBIM 3a00JI04EHHBIM TEPPUTOPHSIM ITOCPEICTBOM COOPYKe-
HUS BPEMEHHBIX JOPOT. B COOTBETCTBUM ¢ Hay4HO-TEXHHYECKUM IMPOTPECcCOM TaKue JAOPOTH pealn3yroTcs U3
TaK Ha3bIBA€MBIX JOPOXKHBIX IIUT, KOTOPBIE CKPEILIAIOTCS MEXIy co0oii, o0pasys equHoe monoTHo. s
MEXaHHU3UPOBAHHOHN NMPOKJIAIKU JTOPOXKHBIX IJIACTUH IIpeJIaraeTcsl UCIOoJIb30BaTh CIenHnalbHoe 000py 0B a-
HUe, KOTOPOE YCTaHaBJIMBAETCS Ha MEpPEBUKHYIO Hecylyto 6a3y. Takas MallMHa Ha3bIBACTCS CAaHEYKJIa JI-
UK.

CraHeyKIaauiK COCTOUT U3 TPEX OCHOBHBIX YaCTEH:

. TPAKTOPHOTO JBYXOCHOTO MOJympHiena (Hecyiias 6a3a), B KaUecTBE Tsiradya KOTOPOTO BBICTYMAET
TPaKTop,

. cucTeMbl OapabaHOB M OTKIOHSIOMNX OJIIOKOB,

. KacCeThl, TaK HAa3bIBAEMO# 000NMBI U3 TUTUT (PUCYHOK).

Pucynok. TpakTOpHO-TpaHCIIOPTHBIN arperar Jyisi IPOKJIaJIKU BPEMEHHOTO JOPOKHOTO OKPBITUS

[TprHIMD cnaskeHHOW pabOTHI ATHUX YacTed 000OPYAOBaHMUS 3aKIIOYAETCS B MX IOCIIEIOBATEIFHOM pa3Mellie-
HHM Ha Hecyer Oase (osympuiere), 4To TOo3BOJIIET HauMEHee SHEPro3aTpaTHO M MaKCUMAIBHO 3(D(EKTUBHO OCYIIIECTB-
JISTH TPOKIIAKY JOPOXKHBIX IHT. [I1acTHHBI N3 000HMBI TIOTIANAIOT B CUCTeMy 0apabaHOB MIECTUTPAHHON (hOPMBI U YKIIa-
JIBIBAeTCS Ha IPYHT, 00pa3yst HENpepbIBHOE JOPOXKHOE MOKPBITHE. YKIIa/[Ka MPOUCXONT 3a CUeT TOTo, YTO cama Hecylast
0a3a Hae3’KaeT Ha IUIACTHHBI ¥ TEM CaMbIM TI0J] ACHCTBUEM BEKTOpPA CKOPOCTH MAIIMHBI 1IETh W3 IJIACTHH YKJIaJbIBaeTCsI Ha
HEOOXOMMBII y4aCTOK TPYHTA.

O6opynoBaHHe ClIaHEYKJIaT9MKa BKIIOYAET B ce0s CHCTEMY OTKIOHSIONIMX OJIOKOB M KaTKOB, CTHOCO0-
CTBYIOIIHX MEPEMEIIECHHUIO CIaHeH, HAPaBIIAIONIUE 1010355, B KOPMOBOH YaCTH MAIINHBI, KOTOPBIE CIOCOOCTBYIOT
CTaOMJIBHOM YKJIaJIKe U CBOPAUYMBAHUIO JIOPOTH, a TAK)XKE INIaBHBIN OapabaH 1ecTUrpaHHO# (HOPMBI, KaKaas rpaHb
KOTOPOT0 paBHA IIMPHUHE OJHOM IUTaCTUHBL. TPakTOPHBIA ABYXOCHBIM HNOIYHPHUIET U TPAKTOP 00OPYHAOBAHHBI CBO-
€HHBIMH KOJIeCaMu C (pJIOTAlMOHHBIMU IIMPOKUMH IIHHAMH U1l 00ECIICYSHNUs BBICOKOH MPOXOMMOCTH BCETO arpe-
rara 1o cjabbIM IpyHTaM Ha MOJbE3/1€ K MECTY YKJIA/IKH.

[Ipocrora B3anMoOJeWCTBHS 000PYIOBaHHS CIAHEYKJIQJIYHKA MO3BOJISIET OCYILIECTBISTH Pa3BEPTKY M cOOp
JIOPO>KHOTO TI0JIOTHA Ha CIa0bIX TPYHTAaX B KOPOTKHE CPOKU O€3 MCIOJIB30BAHUS PyYHOTO TPYAa, U TEM CaMbIM pe-
LIATH TPOOIIEMyY NPOe3/1a TEXHUKH B PA3IMYHBIX ITPUPOIHO-KIMMATHUECKUX YCIOBHUSIX.

HayunsIii pykoBoauTens: aA.1.H., npo¢d. A.B. Muxaiinos
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T.B. KASBHAYEEBCKASI
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

HPOEKTUPOBAHUME OBBEKTOB TEIIVIOOHEPI'ETUKHU C
NPUMEHEHMEM TEXHOJIOI'MU BIM-MOIEJIMPOBAHUSA

[poekTrpoBanue BOILIO B HOBBIH 3tam — BIM-monenuposanus (BuildinglnformationModelling), kotopoe
MIO3BOJISIET CO3J]aTh MOJIENb 00BEKTA, COICPKALILYIO BCIO HEOOX0ANMYIO HH(OPMAILHIO ISl IIPOSKTUPOBAHUS, CTPOH-
TEJILCTBA, SKCIUTyaTallul COOPYKEHUS M Pa3IMYHbIe HHCTPYMEHTHI JIsl YIIPAaBICHUS 3TUMHU AaHHBIMU. MHpOpMariu-
OHHasi MOJIeJIb3/IaHMsI TIpeojaraeT 00beJMHEHHE PA3INYHBIX JaHHBIX (MH)XEHEPHBIX CeTel, apXUTEKTYpPhI U T.11.) B
OJTHO B3aMMOCBSI3aHHOE WH(OPMAIMOHHOE LIENOE Uil BH3yalIM3allH, ONTHMU3AIMU PaOOThl HECKOJIBKUX TPYII
CHELHUAIMCTOB, KaK B IPOEKTHPOBOYHOM OpraHMU3allii, TaK U Ha CTPOUTENBHBIX TUIOLIAJIKAX.

Ha ceromusuinuii geHp nmporpammuoe obecnedenue s BIM-npoektuposanust Revit octaercst oqHoi u3
ocHOBHBIX Matdopm mist BIM-npoextupoBanus. MaTEpdeiic JaHHON MpOrpaMMBI MO3BOIISIET padOTaTh B OJHOM
«MOJIeNIN», HO aBTOHOMHO JIPYT OT JPYra U ¢ PasHBIMHU IIPAaBaMH JOCTYyIa, 00ecIeunBas BO3SMOKHOCTh MEHSTh Ia-
paMeTphl TOJIBKO B IIOIBEIOMCTBEHHOM TpyIIIIe.

OrmBIT peINpUATHH MOKA3BIBACT, YTO BHEIPEHNE TAHHOW TEXHOJIOTHU CHIKAET BPeMs Ha MIPOCKTHPOBAHHE
o0bekTa. [IuK aKTHBHOCTH MOJACIUPOBAHUS NIPU MCHONIB30BaHNH BIM-TeXHONMOrHN cOBUraeTcsl Ha Ha4albHbIH dTall
NPOCKTUPOBAHMS, YTO IO3BOJIIET MHHHMH3HPOBATH BEPOSTHOCTh BO3HHKHOBEHHS OMIMOOK NpU (HOPMHPOBAHHH
JOKYMCHTAlMH, TaK KaK ¢ TCUCHUCM BPEMCHU KHU3HCHHOI'O IUKIIA 3JaHHUA YMCEHLIIACTCA BO3MOKHOCTH BHECCHUA
U3MEHEHHsI B IPOEKT. Tarke, nHPpOpMALMOHHOE MOJIEIIUPOBAaHKE HPENOCTABISET BO3MOKHOCTh aBTOMAaTHYECKOTO
(bopMHUPOBaHUA JOKyMEHTAILUH TI0CIE NIPOLecca MOACIUPOBaHUSL.

B nokinane npencrasiena texHonorus BIM-mMonenupoBanust 00beKTa TEIIO3HEPTeTHKH — CUCTEMBI 00111Ie-
O6MeHHOI71 BCHTUJIALIMU IPOMBIIIIJICHHOT'O 3/IaHUA aJTFOMUHHUEBOT'O 3aBO/Jia.

Hayunblii pykoBoauTenb: 0.T.H., mpod. B. A.JleGenen

A.IL. KAJTAEB
TromeHncKuil UHOYCMPUATLHBII YHUBEPCUTHEM

HOBBIINIEHUE TOYHOCTHU ®PE3EPHBIX CTAHKOB C
YU CJI0BbIM IPOI'PAMMHDBIM YIIPABJIEHHEM 110 CPEACTBAM
PABPABOTKUN UHTEJUIEKTYAJIBHOU CUCTEMBI TUAT'HOCTHUKHN

Lenbto manHON pabOTHI SBJISCTCATIOBBIIIEHHE TOYHOCTH (PE3EPHBIX CTAHKOB C YHCJIOBBIM MPOTPAMMHBIM
yIpaBJeHUEM II0 CPeJCTBaM pa3pabOTKH MHTEIIEKTYalbHOW CHCTEMBl ANarHOCTHKHU,ONPEIEICHHE MTOTPEIIHOCTEH,
BO3HHKAIOIINX B IpoIiecce 00paboTKN KPUBOJIMHEHHBIX TOBEPXHOCTEH y pabodero y3ia CTaHKa «IIIHHACITBY.

Ha nannoM sTare paboThl, NPOU3BENN AMATHOCTHKY MCIIOIHUTEIbHBIX paboumX y3710B ()pe3epHOr0 CTaHKa
0e3 CHIIOBOTO BO3ZICHCTBHSI.

Jlig ompeneneHns TeoMeTpHYECKO TOYHOCTH (PPE3EPHOTO CTaHKA C YUETOM CHJIOBBIX HArpy30K, OBLIT Ipo-
M3BEJICH 3aMep MOTPEIIHOCTEH NCTIOMHUTENBFHOTO Y3714 CTaHKA IIMHHICIB)» B IIpoliecce 00paboTKH eTaau — JUCK
(Cr. 40), 6azupyeMoil B TPEXKyJIa4KOBOM IaTPOHE, YCTAHOBJIIEHHOM Ha CTOJIe CTaHKa. B KauecTBe pexxylero nH-
CTpYMEHTa HCIOJIb30BaJlach KoHIeBas (ppesa D16mm (P6MS). O6paboTka neTanu mMpou3BOAMIACH TI0 HAPYKHOHU U
BHYTPEHHEHN LWINHIAPUYECKOMN MOBEPXHOCTHU C pa3MEPaMHU.

[MToce Mexanuyeckoit 00paboTku Aeranu «Jluck» Ha (pe3epHOM CTaHKe, NPOU3BOIUINCH U3MEPEHUs 10
BHYTPEHHEH M Hapy>KHOH HMOBEPXHOCTH KOHTaKTHBIM METOJOM Ha KOHTPOJBbHO-W3MepHUTEeNbHOH Mammue ¢ UITY
EOS 5-4-4, npsiMbIM 1IyTIOM ¢ pe3b00it M2, pyOMHOBBIM IIAPUKOM JHaMeTpoM 2 MM, mumHoi: 20 MM, DP/1: 14 mwm.
JUi1s MHTepIpeTaliy JaHHBIX U3MEPEHUIT HCIIONB30BAIOCH porpaMMHoe obecniedenre Metrologicgroup.

[To mpoBeneHHBIM M3MEPEHMSIM BBISABICHO, YTO MOTPEeNIHOCTH pabouero ysna «llInuumens» ¢dpeszepHoro
CTaHKa M JAeTalH «/IUCK» NMEIOT CX0XKHe YHCIIoBble 3HaueHus. Clie[oBaTeIbHO PY YMEHBIIEHHH KOHTaKTa padoueit
MIOBEPXHOCTH PEXKYIIEro HHCTPYMEHTa — (hpe3a, OyJeT yMEHBIIAThCS TIOTPELIHOCTD MTOJy4aeMbIX pa3MepOB, B CBS3H
C YMCHBIICHUEM KOHTAKTHBIX HaHpH)KCHHﬁ. Taxk xe BBISIBJICHO, YTO B MECTE BPE3aHUA MHCTPYMCHTA IMPOUCXOOUT
MPEBBIMICHUE NOITYyCKa. HpI/I CMCHE TPaCcKTOpHUHU ABWXCHHUA WHCTPYMCHTA C HNEPIICHAUKYIAPHOIO0 Ha KacaTCJIbHOC
(m1s BHEIIHEH MOBEPXHOCTH) M CIIUpaibHOE (s BHYTpPEeHEH) MPOMCXOIUT BBIACPKUBAHME pa3Mepa B Ipeaenax
TIOJIST TOTIyCKa.

Hayunblii pykoBoauTens: k.1.H, nou. P.YO. Hekpacos
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I1. A . KAJIMBIKOB
Canxm-Ilemepbypeckuii I oproiil yHusepcumem

INPUMEHEHHUE CITYTHUKOBBIX TEXHOJIOT' UM ITPH
HNPOU3BOJACTBE 'EOJAE3UYECKHUX PASBUBOYHbIX PABOT B
CTPOUTEJIBCTBE

B nanHoit paboTe paccMOTpeHBI OCHOBHBIE JOCTOMHCTBA U HEAOCTATKH ITPUMEHEHHS CITlyTHUKOBOTO I'e0j1e-
3M4ecKoro 00OpyZOBaHUS NPH NPOU3BOJCTBE Pa3OMBOYHBIX pabOT Ha CTPOMTENBHOM Iutomajike. Mcmonbp3oBanue
I'HCC no npuHIMNUaIbHO HOBBIM TEXHOJIOTHSIM MTO3BOJIUT 3HAYUTENIBHO YIPOCTHUTH M YCKOPHUTH Hpoliecc pa3ouB-
KM Ha MOHTaXKHBIX TOPU30HTAX BBICOTHBIX 3/aHUM U coopykeHui [1,2]. OqHako Ha JaHHBIM MOMEHT TEXHOJIOTHUS
MIPOU3BOJICTBA TAKUX PadOT el HeAOCTaTOYHO OTpaboTaHa.

PazouBounsie pabdotsr ¢ npumeHerneM 'HCC ciemyer nmpon3BOANTE B CIEAYIONIEH MOCIEIOBATEIEHOCTH:
BHAYaje OT ONMIDKANIINX ITyHKTOB TOCYIAPCTBEHHOW T'€OAE3MYECKON CETH OMPEACISIOT IMOJIoKeHHe IMyHKToB PO
CTPOUIUIOMIAAKH, OT KOTOPBIX Pa30MBAIOT INIaBHBIC WJIM OCHOBHBIE OCH COOPY)KCHHH. 3aKpeIICHHBIE MyHKTHI BHEIII-
HHUX CeTeil 000pydyIoT ycTpoiicTBaMH NPUHYANTEIBHOTO HEHTPUPOBAHUS M UCIIONB3YIOT UX B KAa4eCTBE 0Aa30BBIX
CTaHIM{ IJIs IETaIbHBIX pa30MBOK HA MOHTAXHBIX TOpU30HTaX. [Ipn HaMM4INK SKPaHUPYIOMUX MPENSATCTBHN 06a30-
BbIC CTAaHIIMU pacriojiaraloT Ha KpbIIaX COCCAHUX SHaHHfI.

IIpennaraemast TexHOJIOrHYeCKas CXeMa CMOJICIMPOBaHa Ha IPUMEpe MHOTO3TaKHOTO YKHJIOTO KOMIUIEKCA.
BrInoHeHB! pacdyeTsl TOYHOCTH MOJIOKEHUS IIYHKTOB CeTel M BBIHOCHUMBIX Todek ¢ ucnoib3oBanueM 'HCC npu-
émunka Trimble R8. [TonydyeHHbIe pe3yIbTaThl COTTACYIOTCS ¢ TPEOOBAHUAMHE ICHCTBYIOIINX HOPMATHBHBIX JOKY-
MCHTOB.

Cnucok numepamypol:
1. SappoB U.A. HccnenoBanne u pa3paboTKa KOOPAMHATHOTO METOJa Pa3OMBOYHBIX pabOT B CTPOMTEINb-
ctBe. ABTOpedepar AuccepTalii Ha CONCKaHUE YIEHOW CTETIeHN KaHINIaTa TeXHUIeckuX Hayk M.: 2009
2.http://sgs-geo.ru/rabota
Hayunblii pykoBoauTe b: K.T.H, I01I. Kad. HHXeHepHoi reoxe3nn B.I". [ToTroxisies

K.10. KATAYMHCKHUX
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

OBOCHOBAHHUE CTPOUTEJIBCTBA I'/1YBOKOBO/HOI'O
I'A30ITPOBOJA U3 BJIAIUBOCTOKA B AITOHUIO 11O AITIOHCKOI'O
MOPIO

Ipupoausiii ra3 Tpydomnposoaa «Caxanun-XabapoBCK-BiaguBoCTOK» mpeniaracTcsi TPaHCIIOPTHPOBATH B
Snonuio (ror ocTpoBa X0HCIO) TI0 MapHIPYyTy, 00XOAAIIEMY ITyOOKOBOAHYIO SIMOHCKYIO KOTIOBHHY, HAXOISIIYIOCS
B SlmoHCKOM MoOpe.

B TeXHOIOTHIO BKIIFOYCHO CTPOUTEIIHCTBO JTOKUMHOIM KOMITPECCOPHOW CTaHIIMU B paiioHe nmopta Brmanuso-
CTOK ¥ 00OCHOBAaHBI CIIEIIHAIBHBIC METOIBI MPOKIIAJKH TITyOOKOBOJHOTO Ta30MPOBOIA HAJl JHOM MOPS IS 3aIHUTHI
oT 3emJieTpsiceHuil. [IpoeKTHAs IPOU3BOAUTEIBHOCTD Ta30MpoBoa - 8-16 Mip/. M. Ky0. ra3a B TOJ.

B Teuenne psapa mocnenuux aet [TAO «[a3mpom» o0CyKaaeT ¢ MPaBUTEIHCTBOM SIIOHIH BO3MOXKHOCTE U
[eJIeco00Pa3HOCTh MPOKIAIKA TIOABOIHOTO ra30MpoBoAa o SMOHCKOMY MOPIO.

B cBs131 co creyrommMu npoOiieMaM, BOSHAKAOIUMHE MTPH MPOKIATIKE:

. 6onpmras riryouHa Smorckoro Mops - 3699 w;
. BBICOKAsl CEHCMUYHOCTD PaiioHa;
. CTOMMOCTHBIE COOOpakeHUS;

PaccmoTpeH anpTepHATUBHBINA MapIIpyT M HOBBIE TEXHOJOTHH CTPOUTENBCTBA, CHIKAIONIUE BhIICYKa3aH-
HBIE PUCKH.

I"azonpoBo/ NpOKIIabIBAETCSI MUHYS INTyOOKOBOAHYIO SITOHCKYIO KOTJIOBUHY Ha riryOmHax He Gosee 1500
M. Boas KH/IP, HO BHE ee TeppUTOpPHAIBHBIX BOA M Ipuiexarieil 30Hs! (44,4 xM). B aTOM cityuae yBenmmuuBaeTcs
Ha 300 kM jiMHa MapuipyTa. PHCK pa3pylIeHHIO Ta3olpoBoja BCJIEACTBHE KAaTacTPOPHUUECKHUX 3eMIICTPSICEHUH
TIpe/sIaraeTcss CHU3UTh 3a CUET MPOKJIAJKK BONM3M MHA SIMOHCKOro Mopsi Ha pa3HOW riryOuHe. TexXHOJIOTHs CTpou-
TEJILCTBA NPUHATA aHAJIIOTHYHOM TEXHOJOTUH CTPOUTEIHCTBA MOPCKUX TpyOonpoBo1oB «I oyboii motoky», «Typen-
KHi TOTOK» U «CeBEpHBIN MMOTOKY.
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Jns obecniedeHust MPOU3BOAUTENBHOCTH 16 MIpA. M. KyO. B TOA JUAaMETp ra3onpoBOAa MPUHAT PaBHBIM
813 MM., a ToMIUHA CTEHKH B paiioHe BiagmBocToka 39 MM. KOTOpasi yMEHBIIIEHAa TAKUM 00pa3oM, 4TOOBI TpyOo-
poBOA 00Janan HeOOJBIION MOJOXKHTEIBHONW IIaBydecThio. IIpoekTHOe naBieHHE B TPYOONPOBOJE COCTABUT
28,45 MI1a.

C nomomIpio GETOHHBIX MPUTPY30B 00ECTIeTUBACTCs MOJIOKEHIE TpyOompoBoaa Ha paccTosHuH 5-10 M oT
nHa Mops. [Ipodmts TpybonpoBoaa B pa3pe3e uMeeT BAL "3MEUKH" KaKk B TOPU3OHTANBHOM, TaK U B BEPTUKAIEHOM
HanpasieHun. [lo mpeaBapuTeNnbHBIM pacyeTaM, KOTOpPbIE B JaJIbHEHIIEM JOJDKHBI OBITH MOJKPEIUICHBI 3KCIIepH-
MEHTaMH, TaKasi TEXHOJIOTHUS CTPOUTEIBCTBABIIEPBhIC ITO3BOJIUT CHU3UTH PUCKH pa3pylLIeHUs] TPYOOIpOBOia BCIEd-
CTBHE TTOJIBMIKEK JTHA SIMTOHCKOTO MOPSI U ITOJIBOJTHOTO I[yHAMH B CiIyyae KaTacTpO(QUUECKUX 3eMIICTPSCCHUI.

Jst Toro, 4ToOBI M30€XKaTh JaHHBIX IPOOJIEM, B pabOTe MIcaHa NpeI0KEeHHAass HAMH TEXHOJIOTHSI, KOTOpast
MIO3BOJIUT OecriepeOOHO MOCTABIATh Ta3 B SIMOHUIO M CHU3UT PHUCK 3eMJICTPSICEHUH U OeICTBHH.

CrpoutenbcTBO razonpoBoja OyzaeT 3(h(GeKTHBHO COAESHCTBOBATH NMPHUHATON ceifuac B SImoHMM cTpareruu
9KOHOMHYECKOTO POCTA, TIAHAM NEPECTPOIKH SHEPTETHKN CTpaHbl. [103TOMy MBI CUMTaeM, UTO JaHHAsI TEMa UMEET
aKTyaJIbHOCTh B HACTOSAIIIEE BPEMS M HYKHO JajbllIe Pa3BUBAaTh HAyIHbIC HCCICAOBAHNUS 110 HEH.

Hayunslii pykoBoaurensn: E.J. Kpanusckuit

A.B. KAPMAHOBA
Hayuonanvusiii uccnedosamenvcxuil Tomckuti nonumexHuyecKutl yHugepcumem

UCCJIEJOBAHUE OCOBEHHOCTEM COCTABA NPUPOJHBIX
BO/Il OBb-TOMCKOI'O MEXAYPEYbBS B YCJIOBUAX
AHTPOIIOIT'EHHOI'O BO3JEVCTBUS

Okosoruyeckasi cutyanus Ha tepputopud O0b-TOMCKOro MeXypeubs B OCIEIHIE TO/Ibl CTAHOBUTCS BCE
Oosee HaNPsDKEHHOM M3-3a2 CHUIBHOTO aHTPOIIOTEHHOTO Bo3zaelcTBus. Celdac Ha JaHHOI TEPPUTOPHH CTOJIKHYJIHUCH
HHTEepEeChl MHOTHX Bojomonb3oBateneii. Cample KpymHBbIe W3 HUX: «Cubupckuii xummdeckuit komOuHat» (CXK),
B0J103a00p ropoxa Tomcka, nBa Bogo3abopa r. CeBepcka U HacelneHne. B pesynbraTe HesSTENbHOCTH 3THX YETHIPEX
BOJIOTIOIb30BATENEH BOZHUKIN MpoOiembl. OCHOBHAsS — ()OPMHUPOBAHHE BOPOHKH JCTIPECCHU B PE3YNbTATE JUIH-
TEJIFHOH 3KCIUTyaTauy Bofo3abopa Ha Tepputopun O0b-TOMCKOT0 MeXIypedbst, KOTOpast 10 JaHHBIM psiia uccie-
JIOBaHUII TIeperia Ha paBklit Oeper p. ToMb, rae pacmonoxkeHs! miomanky 18 u 18 A 3aX0poHEeHUS JKAIKUX PaHo-
aKTHBHBIX 0TX0/10B CHOMPCKOro XMMHUUECKOro komOnHaTa. [1o JaHHBIM HAalIMX MCCIENOBAaHUN BO3MOXKHO TEepeTe-
KaHUE U3 HIDKENIEXaIlero MeJIOBOTO BOJOHOCHOTO TOPH30HTA B BHIIIENESKAIINE MTaIeOTeHOBbIE. Tak Ha TeppUTOpUU
O065-ToMCKOTO MEXAypedbs B TAI€OT€HOBOM BOJOHOCHOM T'OPH30HTE BBISBIICHA XJIOPHUIHAS THAPOreOXUMUYECKas
aHOMaJTHs, KOTOpast ABJISETCA MHIUKATOPOM THAPOJHHAMHUYECKHUX B3aUMOCBSI3€H IBYX BOJOHOCHBIX TOPH30HTOB.
I'eoxummueckass 0COOEHHOCTh MOJI3EMHBIX BOJ TeppuTopun OO0B-TOMCKOr0 MeXAypeubs 3aKIouaeTcs B
crocoOHOCTH BOJ] 00pa30BBIBAThH PA3IMYHBIE BTOPHYHBIC MUHEPAJIBI, YXY/MIAOIMINE IKCIUTyaTaIHIO TIOA3EMHBIX BOJ
U TEXHOJIOTHYECKOT0 000pyaoBaHus. Bo3HuKaeT eme ogHa npobiema, KOTopas CBsi3aHa ¢ 00pa30BaHHEM BO BpeMs
BOJIOTIOJITOTOBKH OOJIBIIOTO KOJIMYECTBA JKelle30coeprkamero ocaaka. OH SBISIETCS PAKTHIECKH HEBOCTPEOOBaH-
HBIM BTOPUYHBIM MUHEPAJIBHBIM ChIpheM. CBOEBpeMeHHast 00paboTKa TaKoro 0cajka IpH COOIIOJICHUH CYIIECTBY-
IOMIMX TPAaBWJI OXPAHBI TIOBEPXHOCTHBIX BOJ OT 3arps3HEHMS W NPU OIPaHWYEHHOM BO3MOXHOCTH OTBOJA 3HAUM-
TEJILHBIX 3€MENIbHBIX YYaCTKOB JUISl €CTECTBEHHOH ITOJICYIIKM YKEIe30CO/AEPXKAIIEero OcajaKa sBIIETCS OIHOH W3
HanboJiee aKTyalbHBIX MPOOJIEeM B TEXHOIOTHH 00paboTkK Boabl. HaMu ObutH poBeneHb! 1abopaTOpHbIe HCCIe10-
BaHUs, HAINIPaBJICHHBIC Ha BBIBICHHWE M YCTAHOBIICHUS MHMHEPAJIBHOTO COCTAaBa JKEJIE30COAEPIKAIlero ocajka Ha
Pa3HBIX CTaIUSIX BOJOIOATOTOBKH.
Hayunble pykoBoauTeau: 1.1-M.H., ipod. B.K.ITonos, k.r-m.H., no1. E.1O. ITaceunnk

H. 1. KAPIIEKNHA
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

OBOCHOBAHUE ®AKTOPOB, BJIMAIOLINX HA
YCTAHOBJIEHHUE BUJIA PASPEIIEHHOTI'O UCITOJIB3OBAHMU A
SEMEJIBHBIX YYHACTKOB U OBBEKTOB KAIIUTAJIBHOI'O
CTPOUTEJIbCTBA B OGIIIECTBEHHO-IEJIOBOI 30HE
BACHUJIEOCTPOBCKOI'O PANOHA CAHKT-IIETEPBYPTA

PaSpeH_IeHHBIM HCIOJIB30BAHUEM SABJIACTCSA TaKOC HMCIIOJIB30BAHHUEC 3€MEJIBHBIX YYAaCTKOB U 00BEKTOB Kalu-
TaJIbHOTO CTPOUTECIILCTBA, KOTOPOE COOTBETCTBYET HC TOJILKO YCTAHOBJICHHBIM I'paJOCTPOUTECIIbHBIM PETJIaMEHTaM,
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HO U IPUHLUITY PAIlMOHAIBHOTO U TIOJIHOTO MCIIOIb30BaHMS 3eMIH. [ paMOTHOE yCTaHOBIICHHE BHA Pa3pEIICHHOTO
UCTIONIb30BAaHMS MO3BOJISICT ONTUMU3NPOBATH MEXAHU3MBI YIIPABJICHHS 36MEIbHBIMU yJaCTKaMU M 00bEKTaMHU KallH-
TaJILHOTO CTPOUTEIBCTBA.

Bcernencreue HEZOCTaTOUYHON 3aKOHOJNATENBHONH OOOCHOBAaHHOCTH OOJIACTH HCCIIECAOBAHUS M OTCYTCTBUS
METOIUYECKOTO 00ECIICUCHNS MOPSIIKa yCTAHOBICHUS BUIOB PAa3pELICHHOTO MCIIOIb30BaHMS, IETBI0 paOOTHI SIBIS-
eTcs pa3paboTKa METOAMIECKOTO MOAX0/a K YCTAHOBJICHHUIO BUIOB PAa3PELICHHOTO UCIIOIb30BAHMA.

I'naBHoIi 3aa4eii BeIcTynaeT GopMHpOBaHUE 1 0OOCHOBaHHE INepeydHs (haKTOPOB, BIMSIOMINX HA YCTAHOB-
JICHWE BHJIOB Pa3peIICHHOTO HCIIOJIb30BAHUS 3€MENBHBIX YYaCTKOB M OOBEKTOB KAIUTAIBHOTO CTPOHMTENLCTBA. B
pe3ynbTare moadopa (pakTopoB, OCHOBAHHOTO Ha aHAIN3E NOKYMEHTAIMM IO IUIAHWPOBKE TEPPUTOPHH M TPajo-
CTPOUTEIBHOMY 30HHUPOBAHUIO, BBISBICHO LIECTh (haKTOPOB, BIMSIONIMX Ha YCTAHOBJICHHE BUJIOB Pa3pelICHHOTO
UCIIONIb30BaHMs, M IaHO UX 000CHOBaHHE.

Jnst onpenieneHyst CTENICHN BIMSHUS BBIIEICHHBIX (PaKTOPOB MPOBEJICH ONPOC SKCIEPTHOW TPYIIIEI U B pe-
3ynbTaTe 00pabOTKU MOITYIEHHBIX OIICHOK YCTaHOBIICHBI KO3(D(DUITMEHTH 3HAUNMOCTH IS K&KIOTO (aKTopa.

B memsax mpuMeHEHUsI NMEIOIIUXCS Pe3yIbTaTOB MPOBEICHA OLEHKA ONTHMAJIbHOTO BHAA Pa3pEIICHHOTO
HCTIONB30BAaHMA Ha NMPHMEPE OJHOTO 3eMENBHOTO YJacTKa paifoHa mccienoBaHus. B pesynpTare 6bU10 TOMTydeHO 2
ONITHMANIBHBIX BHJIA PA3PEUICHHOTO HCIIOIB30BAaHMS HCCIEAYEMOTO 36MENBHOTO YJacTKa M 2 MEHEE ONTUMAIbHBIX,
KOTOpBIE, TI0 MHEHHIO aBTOpPA, COOTBETCTBYIOT XapaKTEPHCTHKAM M OCOOCHHOCTSIM MECTOIOJIOXKEHHS 3EMEJILHOTO
ydacTka.

Hayunblii pykoBoAHTeJBb: K. T. H., J01. Kad. nHmxeHepHoii reone3nn M. E. Ckaukosa

K. B. KAPIIOB
Canxm-Ilemepbypeckuii I oprbiil yHusepcumem

MNOBBIIIEHUE ABPASUBHON U3HOCOCTONKOCTHU 3YEBEB
KOBIIEW 9KCKABATOPOB IPUMEHEHUEM
TEPMOMEXAHUYECKOM OBPABOTKHA

B mpouecce skcrutyaranuy 1o abpasWBHBIM CBHITYYMM HOpPOJAM, HalpuMep HPU BCKPBIMIHBIX paboTax,
3yObsi KOBLIEH 3KCKaBaTOPOB IOJBEPraroTCs MHTEHCUBHOMY H3HOCY, YTO NMPHUBOJIUT K HEOOXOAWMOCTH UX YacCTOM
3aMeHbl. Tak cpok ciyx0bl 3yObeB u3 cranu 110I'13J], kak Hanboee MUPOKO HUCIIONB3yEMOI0 KOHCTPYKIIMOHHOTO
MaTepuaia, Ha dKCKaBaTopax “mpsMas JiornaTta”, COCTaBIseT mpuMepHO 2...3 mecsma. J[ins 60pbOBl ¢ yKa3aHHBIM
SIBICHUEM HM3TOTaBJIMBAIOT 3yObsl B BHJIE COCTABHBIX KOHCTPYKIMH, IPUMEHSIOT HAIUIABKH, YIPOUHSIOT B3PHIBOM U
1.1. OHAKO, BCE 3T METO/BI HMEIOT CBOM HEJJOCTATKH M IPO0OJIeMa ITOBBIIICHNS N3HOCOCTOWKOCTH 3yObeB OCTaeTCs
aKTyaJbHOW. B 3TOM CBS3M 3KCIIepUMEHTHI, poBeaeHHbIe Ha Kadeape Mammuoctpoenus Casnkr-IlerepOypreckoro
TOPHOTO YHHBEPCHUTETa, MOKA3bIBAIOT, YTO 3((EKTUBHBIM CPEACTBOM MNOBBIIEHUs (10 10 pa3) M3HOCOCTOWKOCTH
CTAJBbHBIX JIeTalel, KOHTaKTUPYIOIUX C aOpa3sMBHON CPENOM, SIBISIETCS MX BBICOKOTEMIICpATypHas TEPMOMEXaHH-
yeckas oopaborka (BTMO), 3akmrouaroniascsi B IMIaCTHYECKOM 1e(OPMUPOBAHUN CTallM, HAXOJIIEHcs B aycTe-
HUTHOM COCTOSIHWH, U MOCIenyromei 3akanku. Tak, mpumenurtensHo k cranu 110I713J1, mpumenenne BTMO cro-
COOCTBYET MOBBIIMIEHUIO €€ TBEPAOCTH U a0pa3sMBHOW M3HOCOCTOMKOCTH TO CPaBHEHHUIO C THUMOBOW TEPMUYECKOU
00pabotkoii (TTO), mpakTHKyeMOil Ha 3aBOJax M3rOTOBHUTENAX 3yObeB, 10 47 u 70%, coorBeTcTBeHHO. [IpH 3TOM,
MoJTy4aeMble 3HaYCHUS yKa3aHHBIX MapaMeTPOB 3aBUCAT OT MHTEHCHUBHOCTH IITACTHUECKOH onepanuu o mpu BTMO
U BO3PACTaIOT ¢ €€ yBenuueHueM (Tabiuma)

Tabnuya
TBepmocTs 1 XapakTepucTUku m3HamuBanus crainu 110113J] mocite pa3nuaHBIX peKUMOB 00pabOTKH

Tsepnocts, | Cropocmob uzHawusanus Benuwuuna usnoco-
Crroco6 00paboTku obpasna o pa i P 2 cmoiikocmu R;,
HB K;, mr/(MM“-MHH) 2
(MM“-MHH)/MT
TTO - 180 3,46 0,29
BTMO 1,56 228 3,02 0,33
BTMO 2,25 264 2,05 0,49

ITo HameMy MHEHUIO H3HOCOCTOMKOCTH 3y0a MOKHO CYIIECTBEHHO MOBBICUTH nprMeHuB BTMO B mporec-
ce ero IPOW3BOJCTBA, NMPHUIAB HAWOOIBITYI0O WHTEHCHUBHOCTH IUIACTHYSCKOW AedopMaru Haubojee WU3HAIIUBac-
MBIM 30HaM. Pa0oTy 1m0 MOBBIIICHHIO a0pa3MBHON M3HOCOCTOMKOCTH 3yOhEB KOBIIEH IKCKABATOPOB IUIAHUPYETCS
MIPOBECTHU MO CIEAYIOUIeH cxeme:

. pa3paboTka MaTeMaTHYECKOW MOJIENH IIpoliecca N3HAMIKMBAHUS 3y0a M0 OHOPOTHOH CHITy4ei ab-
pa3uBHOM TIOPO/JIE C YCTAHOBIEHHUEM 30H HAUOOJIBIIIETO U3HAITUBAHUS;
. CO3/1aHUE MOJENN IUIACTHYECKOro TeUSHHS MeTajlla B IPOIECCe TOPSYero MPecCOBaHUS 3yda H

ompeneneHne (HOpMBI 3aTOTOBKH, IPH KOTOPOI B MecTaX HauOOJBIIETO W3HAIMIMBAHUS JOCTUTACTCS MaKCHUMaJIbHAs
HMHTEHCUBHOCTH Ie(OpMAaLINY;
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. YCOBEPIICHCTBOBAHNUE TEXHOJIOTHH U3TOTOBJICHHMS 3y0a, BHenpeHrneM BTMO.
HayuHnblii pykoBoauTeb: 1.T.H., ipod. B.1. bono6or

A.H. KACBSAHOBA
Cauxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

IHOBBIINIEHUE SGHEPT'O3P®EKTUBHOCTH
AJIEKTPOTEXHUYECKHUX KOMIVIEKCOB KOTEHEPAIIMOHHBIX
YCTAHOBOK JIAA SQHEPI'OCHABXEHUSA OBBEKTOB
HE®TETA30OBBIX IPEJINPUATUIA

IIpn pa3paboTke HeTETa30BBIX MECTOPOXKICHNI B KaUECTBE MEPBUIHOTO YHEPTOHOCUTENS HCIIOIb3YEeTCS
MPUPOIHBIN WIM HOmyTHBIA Tra3. st s¢deTnBHOrO HMCMONB30BaHUS MOTEHIMANA MEPBUYHOTO SHEPTOHOCHUTEIS
MIPUMEHSIOTCSA KOT€HEPAMOHHbBIE KOMIIEKCHI, TEHEPHPYIOIIN KaK JIEKTHIECKYIO, TaK U TEIIOBYIO 3HEPTHIO, IPHUEM
KIIJ] npousBoacTBa snekTpudeckoi saneruu gocruraet 40%, a temosoi — 10 60%. OgHako TEuioBasi SHEPrus He
BCETr/1a MOXET OBbITh UCIIOJIb30BaHHA, M3-3a CE30HHOT0 XapakTepa ee notpednenus. CiaeaoBaTenbHo, 4TO Obl MaKCH-
MaJIbHO HCIIOJIB30BaTh MOTEHIMAN MEPBUYHOTO YHEPTOHOCUTEINS, TEIUIOBYIO YHEPIHI0 HY)KHO NPEoOpa3oOBHIBATH B
INEKPUUECKYIO.

Jist peneHust JaHHOM 3a/1a4M HaMK ObLT pa3paboTaH KOr€HEepalMOHHBIH KOMIUIEKC ¢ OMHAPHBIM [IHKIIOM,
KOTOpasi BKIIIOYAeT JiBa TeHepaTopa: ocHOBHYIO (OQY) u BcioMorarenbHylo d1ekTpoyctaHoBky (BOY). B kauectse
ODY B ycnoBusx He)Tera3oBbIX MPEANPHATHI 11€1ec000pa3HO UCIIOJIB30BaTh MUKPOTA30TypOMHHYIO JJIEKTPOyCTa-
HOBKY, B KadecTBe BOY — nmapoTypOHHHYIO yCTaHOBKY. YPOBEHb MapaMeTpPOB BBHIXJIONMHBIX TA30B AJSI MIPHBOAA ITa-
POBOI TypOMHBI, IPH KOTOPBIX MMeeT MecTo 3ddexTnBHas padora BOY, obecneunBaeTcs ¢ IMOMOIIBIO JTOMOIHH-
TEJIFHOTO KOHTYpa C IIPOMEKYTOYHOW HU3KOKHMILAIIEH pabodeit cpenoid. IIpu pabore Ha o0mIyro ceTh B peXXuMe Ko-
TeHEepaluy BO3HUKAET HEOOXOIUMOCTh OCYILICCTBIICHHS MapaIeIbHOM pabOThl HCTOUYHHKOB C YCIOBHO HEPETyIH-
PYeMO# POM3BOAMMON MOIIHOCTBIO TIPH KOTOPOH JOCTHUTAeTCs MaKCHUMallbHas TIepefada IEeKTPUICCKON SHEpTuu
¢ gacroroit 50 I'y B Harpy3ky. M3-3a pasnudms 4acTOT reHEPUPYEMBIX TOKOB U BEIMYHMH BBIXOJHBIX HAIPSDKECHHH,
TpeOyeTcs: 00ecnenTh MPeodpa3oBaHue MaPaMETPOB AICKTPOIHEPTUH, TCHEPUPYEMOIT KaXKI0H yCTaHOBKOH, ISt €€
3¢ PEeKTUBHOI Nepeauu B HAarpysKy.

O3V nuraer muHbl noctosHHOro Toka (IIIT) uepes Heynpasisemsiii Beimpsimurens (HYB). [lns corna-
COBaHUSA HamlpspKeHUs Ha Beixoje BOVY ¢ Hanpspkenuem IIIT ncnonp3yeTcs MOBBIIIAIONINI aKTUBHBIHN peobpa3o-
BaTellb M0 CXeMe aKTUBHOTO BBIIpAMuTens HanpsukeHus (ABH). Ot HIIIT nomydaeT nutaHne aBTOHOMHBIN HHBEP-
Top Toka (AUT), ocymecTBistomuii anekTpocHabxeHne norpedureneit HanpspkenneM 220 B ¢ gacroroit 50 I'm.

Jns onenkn 3¢ dekTHBHOCTH pabOThl YCTAaHOBKH ¢ OMHAPHBIM IIMKJIIOM pa3pabdoTaHa KOMIBIOTEpHAs MO-
nens B cpene Matlab Simulink.

IIpoBepka 00OCHOBAaHHOCTH PE3YJIETATOB MOJCIUPOBAHMS MapawiensHol padoTel OOY n BOY mposoau-
Jlach B MPOMBIIICHHBIX YCIIOBUSX C UCIIOJIb30BAaHUEM aKTHBHBIX IpebpasoBarenel, peann3oBanHbix HAa IGBT Tuma
SK 15 GB 063 xomnannu Semikron. B pe3ynbraTe WccieJOBaHUI BBISBICHO, YTO HCIIOJIF30BaHHE aKTHBHOTO IIO-
BBIMIAIOIIETO BHINIPSIMUTENS I OaJaHCHUPOBKH BBIIPSAMIICHHBIX HANPSHKECHUH AJIEKTPOTCHEPUPYIOIINX YCTAHOBOK,
MO3BOJIUT MaKCUMaJIbHO 3()(EKTUBHO HCIOJB30BaTh MOTCHIMAT MEPBHYHOIO IHEPrOHOCHTEIs. TakuMm 00paszom,
ANIEKTPOTEXHUYECKUIT KOreHEePalMOHHBI KOMIUIEKC ¢ OMHAPHBIM IUKJIOM IMO3BOJISIET OCYLIECTBISATh I PEKTUBHOE
MMUTaHNE HAarpy3KU IpU CHIWKEHUAX HanpsxeHns OOV u obecnieynBaeT BEICOKOE Ka4eCTBO DJIEKTPOIHEPTHH B COOT-
BercTBuHU ¢ TpeboBanusmu ['OCT.

Hayunsblii pykoBoautens: mpod., 1.1.H. b.H. A6pamoBuu
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A.B. KATEPOB
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

AHAJIN3 OIIBITA NTIPUMEHEHUA JTUCITEPCHO-
APMHUPOBAHHOI'O BETOHA B KAHECTBE MATEPHAJIA
IHOCTOSHHBIX OBAEJIOK ITOA3EMHbBIX COOPYXEHUU

OcBoeHHE MOJ3EMHOr0 MPOCTPAHCTBA KPYMHBIX TOPOJOB JOJKHO
OCHOBBIBAaTh Ha HOBBIE JOCTH)KCHHSI HAYKH U TEXHHUKH, BHEJPEHUE KOTOPBIX
B peaJibHOEC NPOU3BOJCTBO IMO3BOJIUT CHU3UTH TPYIOEMKOCThH BBIITOJHEHUS
onepanuii U CHU3UTh UX CTOUMOCTb. 3HAUUTENILHYIO YaCTh OT CMETHOH CTO-
UMOCTH CTpouTenscTBa ToHHeNneld CaHKT-IleTepOyprckoro MeTponoiuTeHa
COCTaBISIET CTOMMOCTD M3TOTOBJIEHHS OOJENKH. TpaanuIMOHHO B WHXKEHEp-
Ho-Teonormuecknx ycnoBusix Cankrt-lIlerepOypra Hamum IpUMEHEHHE
cOOopHBIE 00JeTTKN M3 apMUPOBAHHOTO O€TOHA WiM 4yryHa. Ecnm ayrynnas
o0zenka B MOCIIEAHEE BPEMS HE HCTIOJIB3YETCSI IPHU CTPOUTEIBCTBE TOPU30H-
TAJIBHBIX TOHHENEH, TO 00AEIKa M3 apMHPOBAaHHOI'O OETOHA MONy4YHiIa IO-
BCEMECTHOE pacrpocTpaHeHue. 110 JaHHBIM HE3aBHCHUMBIX SKCIEPTOB CTOH-
MOCTb M3TOTOBJICHUS K€JI€300€TOHHOW O00JEIKH MOXKET OBITh CHIDKEHA BIUIOTH JIO 40% npn 3aMEHE OTJEJbHbIX
apMaTypHBIX CTep)KHCI/I B 06}16.]11(6 Ha AUCIEPCHOC apMHUPOBAHUE OTACIbHBIMU MCTAINIMYCCKUMU BOJIOKHAMU HIIU
BOJIOKHaMH, BBIMNOJHCHHBIMU U3 APYTrUX MaTCpUaIOB. ITomumo YMEHBIICHUSA CTOUMOCTHU HU3rOTOBJICHUA O6Z[CJ'IKI/I,
Takue KOHCTPYKIIMM MPUOOPETYT U IpyTrHe MONOKUTENIbHBIE KaueCTBa CBOMCTBEHHBIE AUCIEPCHO-apMUPOBAHHOMY
OetoHy. B TOXe Bpems Ha mpakTHke NPUMEHEHUs TAaHHOT'O BUJA apMHUPOBAHUSI OCTOHHBIX O0JIENIOK ITOKa elle He
HOJIyYHIIO IIMPOKOTO PACIPOCTPAHEHHUS, YTO B HE MOCIIEIHIO OYepe/ib CBA3aHO ¢ HEKOTOPO HEONpeaeIEHHOCTHIO
IIpu BBIOOpE THIA BOJIOKOH M MX pacxoma. Takum oOpa3oM, BOIPOCHI M3yUCHUS MEXaHWIECKOTO IOBEICHUS HC-
MIEpPCHO-apMHUPOBAHHOTO OETOHA HAa YPOBHE 3JIEMEHTapHOTO 00pas3lia, IEMEHTa 00/ICNKH 1 BCETO KOJIbIIA SIBISETCS
aKTyaJbHOM 3a/1adeil, pemeHne KOTOpPOH MOXKET YCKOPHTH NPOIECC BHEIPEHHS AAHHOTO MaTephaia B NPAKTHKY
KpETUICHUsI TOHHETIEH.

B nmoxnane mpencTaBiIeHs! OCHOBHBIE PE3y/IbTaThl MCCIIEAOBAHUI, BBITOJIHEHHBIX CTOPOHHUMHE HCCIIEI0BA-
TCIIIMU B OGHaCTI/I N3Yy4YCHUS MEXAaHUYCCKOI'0 MOBCACHUA AUCIIEPCHO-apMUPOBAHHOT'O 6CTOHa " €ro UCII0JIb30BaHUsA
JUIsL M3TOTOBIICHUS 00I€I0K IOA3EMHBIX COOpYXeHUIl. OCHOBHOE BHUMAaHHE yJEIE€HO YKCIIePHUMEHTAIbHBIM HCCIe-
JIOBaHMSAM MEXaHMYECKOTO MOBEACHUS AUCIEPCHO-apPMUPOBAHHOTO OETOHA KaK Ha YypPOBHE 3JIE€MEHTapHBIX 00pa3-
IOB, TaK, OYAyT pacCCMOTPEHBI U KPYITHOMACIITAOHBIC 3KCIIEPUMEHTHI HArPYKCHHUS DJIEMEHTa OOICIKH BILUIOTH 10
JOCTIDKEHHS ¢ MPeleNbHOr0 COCTOSHMA. B paboTe 3aTpOHYTHI BOIPOCH MaTEMAaTHYECKOI'O MOAEIUPOBAHUS Je-
(bopMHpPOBaHUs M Pa3pyIIEHUs TUCIIEPCHO-aPMUPOBAHHBIX OETOHHBIX KOHCTPYKLHA, BBIINOJIHEH aHaJN3 CYIIECTBY-
IOMIMX TTOJIX0/I0B M Mojenei aeopMHpOBaHUS CPENbl, UCIIOJIB3YEMbIX JUIA STHX Iiefeid. BuInmonHeHHbIH aHamm3
TI03BOJIUT CHOPMYIIMPOBATh HANPABJICHHE AATBHEUIINX UCCIEI0BAaHNH 110 3asBICHHON TEMaTHKE.

HayuHbIii pyKOBOAMTEb: K.T.H., JIOI. Kad). CTPOUTENHCTBA TOPHBIX MIPEIIPUATHI H MOI3EMHBIX CO-
opyxeHuit M.A. Kapaces

E.Il. KBAIIA
bpsanckuii 2ocyoapcmeennulii mexHUueCcKull YHUGepCumem

YIIPABJIEHUE MEXAHU3MAMMU UTHHOBAITMOHHOT' O
PA3BUTHSI TIPOMBIINIJIEHHOTI'O CEKTOPA PBIHOUYHOM
IKOHOMMUKH

B yciioBusSiX cOBpeMEHHOH pPBIHOYHOW SKOHOMUKH OJIHY W3 IJIABHBIX pOJIei 3aHMMaeT cepa MpOMBIIIICH-
HOCTH. bBombImas 4acTh MPOMBIIIIEHHUKOB CUUTAET CIIPOC HA CHIPhE HOPMAIBHBIM «B COBPEMEHHBIX HEIPOCTHIX U
HE JI0 KOHIIA MOHATHBIX YCJIOBHAX)», 3TO OOSA3BIBACT COBPEMEHHBIE NMPEeINpUATHs, paboTaromue B chepe H0ObHN
MTOJIE3HBIX HMCKOMAEMbIX, 3aHUMAThCS MOCTOSHHBIMU U IIOCJIEIOBATEIbHBIMA HWHHOBAaIlMOHHBIMH DPa3paboTKaMH ¢
LIEJTBIO TIO/ITICPIKaHUsS CBOSH KOHKYPEHTOCIIOCOOHOCTH M TOBBIIICHHS TPOU3BOIUTEIFHOCTH B COOTBETCTBUH C 3aKa-
3aMH FJTH MEHSIOIMIAMCS CTIPOCOM.

MHHOBaIIMOHHOE Pa3BUTHE MPOMBIIUIEHHOCTH CTOUT CETOTHS PacCMaTpUBATh B Ka4eCTBE BEIYIErO 3BEHA
9KOHOMUKH. CHUCTEMHBIN aHaN3, ynpaBiieHHe 1 00paboTka MH(OPMALMK — OCHOBHBIE ACTEKTHl B M3YUEHHH IIPO-
61eM pa3pabOTKN MEXaHW3MOB YIPaBJICHUS HHHOBALIMOHHOTO pa3BUTHS. Bo3nelicTBue YenoBeka Ha OOBEKT HCClie-
JIOBaHUsl, BKJIIOYasl BOIMPOCH! aHAIN3a, MOJEINPOBAHMS, ONTUMU3ALUY, COBEPIICHCTBOBAHUS YIPABIECHUS U MPUHS-
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TSI peIICHUH HEO0XOIMMO pacCMaTPHBATh C LIENbI0 MOBBIMICHHS 3()(EKTUBHOCTH HHHOBAIIMOHHOTO Pa3BUTHS HPO-
MBIIIJIEHHOTO KOMIIIEKCa.

YnpasneHne HHHOBALMOHHBIMYA M3MEHECHUSIMU Ha MPEINPHATHIX JODKHO BKIIOYATh B cebs oOecnieucHne
HEOOXOANMBIX MaTepPHATbHO-TEXHUIECKUX, (PMHAHCOBBIX, KaJAPOBBIX M HH(OPMAIIMOHHBIX YCIIOBHH, TIO3BOJISIONINX
pa3paboTaTh CTPATETHIO HHHOBAIMOHHOTO PA3BUTHS HA KPATKOCPOUHYIO M JOJITOCPOYHYIO EPCIICKTHBY.

B mensix ynpasieHHs] HHBECTHLMSIMU B chepe MPOMBIIIIIEHHOCTH, ONUPAIONIEHCs Ha JOCTHXEHUS B 001a-
CTH COBPEMEHHBIX TEXHOJIOTHI oOecrieueHrss HAHOTEXHOJIOTHH, ONOTEXHOIIOTHI 1 JIp., B paMKax (eiepanbHbIX Ie-
JIEBBIX, aiPECHBIX ¥ BEJOMCTBEHHBIX HHBECTHLMOHHBIX ITPOTPaMM HEOOXOAUMO:

1) ucnonp30BaHUE TOCYAAPCTBOM HHCTUTYTOB Pa3BUTHUS, UHHOBAI[HOHHBIX HHCTPYMEHTOB;

2) cozpanue neatpoB HUOKP (mo tumy crposiuerocs neHtpa «CKonkoBo» B I'. MockBa), HalpaBIEHHBIX
Ha pa3ButHe pbiHka HUOKP st 3amenieHust TEXHOJIOTHUECKOTO UMIIOPTA, B T.U. B PETHOHAX, B KOTOPBIX HAXOATCA
LEHTPBI JOOBIYH MOJIE3HBIX UCKOIIAEMbIX;

3) cTUMyITpPOBaHNE HMHHOBAIMH HENIOCPEICTBEHHO HA MIPOU3BOJCTBECHHBIX 00BEKTAX.

HayuHblil pykoBOaMTeJIb: K.T.H., A0L. JeMuaenko A.M.

E.T. KEPUMOBA
®@I'A0Y BO Cesepo-Kasxazckuiit @edepanvHulii Yuueepcumem

N3YUYEHUE KAPBOHATHBIX KOJUVIEKTOPOB I1O
KOMIUVIEKCY I'EOJIOT'O-TEO®U3NYECKUX JAHHbBIX HA
MNPUMEPE OTJIO)KEHUA HEOTEKYMCKOM CBUTHI

B noxmazne paccMOTpeHBI BOMPOCH! TOBBIIEHNS 3()(HEKTHBHOCTH T'€0JI0T0-TeO(U3MIECKAX NCCIIEOBaHUI
CJIO’KHOTIOCTPOCHHBIX KapOOHATHBIX KOJUICKTOPOB HIDKHETPHAcOBOTO Bo3pacTta [IpenkaBKasbst HA OCHOBE BHEApE-
HUSI BBICOKOMH(OPMATHBHBIX METO/IOB POMBICIIOBOI re0(pH3UKH (Pa3HOTITyOMHHOTO OOKOBOTO KapoTa)xa ¥ HINPO-
KOIIOJIOCHOT'O aKyCTHYECKOTO KapoTaxa) C 11eJbI0 MOBBIICHHsSI IOCTOBEPHOCTH BBIJICNICHHSI K OLICHKH (BHIIbTpALU-
OHHO-EMKOCTHBIX CBOICTB KOJIJIEKTOPOB Ha IIpUMEpE OTIIOKEHUH Hedrekymckoi cBuThl Bocrounoro [IpenkaBka-
3b4L.

OTMedaeTcsi, YTO OTIOKEHHsT He(hTEKYMCKOI CBUTHI XapaKTEPU3yIOTCSI BBICOKMM CONPOTHBICHUEM
(200-500 Om-M) u 3HauHTENBHON UX AU depeHIaIel TT0 pa3pe3y, HU3KUMH 3HaYeHHsIME Ha KpuBbix ['K (45 y)
u Beicoknmu niokazaausMu HI'K (10—-13 yceu. en.). B mienmom paspe3 xapakrepusyeTcs Kak yIDIOTHEHHBIH, CIaboriau-
HUCTBIH ¢ KOJUIEKTOpaMH TPEUTMHHO-KaBEPHOBOT'O, TPEIIMHHO-KaBEPHOBO-TIOPOBOTO THIIA, IIOTOMY TaKHe IpU3Ha-
KM TITy0OKO3aIerarouX KOJUIEKTOPOB IIOPOBOT0O THIIA, KAK HATWYHE TTHHUCTONW KOPKHU, paCXOXKACHUE TTOKa3aHUH
MHUKPO30HIOB, OTpHHaTensHble aMiuTyabl [1C, Tpexcnoitabril xapaktep KpuBbix bK3 1mist kapOOHATHBIX KOJIIEK-
TOPOB He XAPAKMEPHDL.

Jist 3¢ dexTnBHOTO N3ydeHNs MPOAYKTHBHON KapOOHATHOM TOMIIN He(hTEKYMCKOM CBUTHI ITpEAJIaraeTcst
3aMEHUTH CTaHAAPTHBIE METO/IbI T€O()U3NUECKUX NCCIICJOBAHUN CKBaXHH CJICAYIONINMHU 3()(HEKTHBHBIMH METO/a-
MH IIPOMBICTIOBOH re0(H3UKH: METOJIOM pa3sHOITyOHHHOTO BK, B KOTOPOM COIOCTABIISIFOTCS] COPOTHBIICHHUS TTOITY-
YEeHHBIE 30H/IaM Pa3IMIHbIX JJIMH U METOJIOM IIMPOKOTIOJIOCHOH aKyCTHKH, B KOTOPOM M3MEPSIOTCS IHHAMHYECKHIE
1 KHHEMaTHYeCKHe XapaKTePUCTHKH TPEX TUIIOB yIIPYTHX BOJH. B oKiaze MpUBOAATCS KapOTaXHbIE THATPAMMBI
9THX METOJIOB.

Hayunsble pykoBogutean: A.-I'. I'. Kepumos, a. 1. 1., no11. O. E. 3enuBsauckas

E.K. KHPUJIVZIOBA, A.A. IKOBJIEB
Canxm-IlemepOypeckuii 2opHbili yHusepcumem

OBOCHOBAHUE TEXHOJOIMYECKOM CXEMBbI JTOBBIYM YIJIS
OTKPBITBIM CIIOCOBOM B YCJIOBUAX APKTUKHU

OmHUMM W3 BaXHEWIIMX MHPOBBIX PETHOHOB, KaK C 3KOHOMHYECKOM, TaK M C Te0CTPAaTETHYeCKOH TOYKH
3peHus BIsAeTCd ApKTHKA. DKOHOMUYECKHI MMOTEHIMA peruoHa orpoMeH. Tak, Ha ApKTUYECKYIO 30HY IPUXOAUT-
cs1 12-15% BBII Poccun n okono 25% skcnopra. ITosToMy pa3BuTHe Kakoil-1100 M3 oTpaciieil 5KOHOMHKH, KaK B
MHPOBOM KOHTEKCTE, TaK U B KOHTEKCTE HaIllell CTpaHbl HE CTOMT paccMaTpuBaTh 0e3 yuéra CTpaTern4eckoro 3Ha-
YEeHHUs JaHHOTO PErHOHa.

Jis apkTU4ecKkHx pernoHoB PoccuM XapakTepHO BIMSHHE SKCTPEMANIbHBIX NPUPOJHO-KIMMATHUECKUX
YCIIOBHH, 04YaroBOro XapakTepa pacceneHus u OCBOEHU, OTCYTCTBUS HOpMaJlbHOMN
TPaHCHOPTHOH WHQpacTpykTypsl. Ha ceromHAmHui AeHs NEWCTBYIONINE YIeA0O0BIBAIONINE TPEATIPHUATHS, ydac
BYIOIIIHE B 3aB0O3€ YIVII B PETHOH MM MOCTABIISAIONINE €T0 B CMEXHbBIE PailOHBI HCIIOIB3YIOT TPaIUIIOHHBIE OTKPHI-
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THIE WM TIO/I3€MHBIE TEOTEXHONOTHH. [IpH 3TOM OHM CTANKMBAIOTCS CO CIEAYIOIIMMH MPOU3BOICTBEHHBIMH CIIOXK-
HOCTSIMH: C1a00¥ TEeXHUYECKOH OCHAIEHHOCTHIO, BBICOKUM U3HOCOM OCHOBHBIX (DOHJIOB, NEPHUITUTOM KBATH(DUIIN-
POBAaHHOTO TepCOHANA. AMOPTH3AIMOHHBIE OTYHCICHHUS W TIOydaeMmas MpUOBUTE He 00eCIeunBaIOT MPOBEACHUE
HOpPMAJTbHBIX PEHOBAIIHOHHBIX MEPOTIPHATHH.

BaxxHO yuecTp, 9TO IpH pa3paboTKe MECTOPOXKICHHS, HEOOXOANMO MHHUMH3UPOBATH pa3yOOKMBaHUE U
3aCOpEHHe YIJIs, YTO MO3BOJIHUT CHU3UTE 3aTPAThl Ha epepadoTKy W 00ECTIEYHTh CIIPOC CO CTOPOHBI ITIOTpeOnTENeH.

BeienepeuncieHHble CI0KHOCTH JIMIIb Majasi 4acTh TOTO, C YeM MPUAETCS CTOJNKHYTBCS MPH pa3paboTke
MECTOPOXICHUS B APKTHKE, OHAKO IPaMOTHBIE M 3((EeKTHBHbIE WHXCHEPHBIE PEIICHHS MTO3BOJISAT CIIPABHUTCS C
TaKUMH 337a9aMH 1 00€CIIeYnTh BHICOKYIO PEHTa0EIbHOCTh U 3()(DEKTHBHOCT OTKPBITOM TOOBIYN YISl B YCIOBUAX
ADpKTHUKH.

Hayuneblii pykoBoauTens: K.T.H., 1o1. A.C. CemeHOB

B. A. KHPUYEHKO
TromeHncKutl UHOYCMPUATLHBII YHUGEPCUTHEM

OILEHKA NEPCIHEKTHUB PA3BUTUA TPAHCIIOPTHO-
JOTUCTUYECKOH UH®PACTPYKTYPbI HA IPUMEPE
TIOMEHCKOM OBJACTHU

Henpro HacTosmeil paboTH SBIUIIOCH BCECTOPOHHEE M3YUYCHHE MPHYMHHO-CIICICTBCHHBIX CBSI3€H, Ompene-
JISTIOIIUX YPOBEHb M MHTCHCHUBHOCTH PAa3BUTHS TPAHCIOPTHO-JOTHCTHUCCKOW HH(PACTPYKTYyphl peruona. Tak ke
MIPOU3BENCHBI pacyeThl B 000CHOBAaHUH TPeOYEMbIX YPOBHEH HHTEHCHUBHOCTH Pa3BUTHUS JOPOKHOTO CTPOUTENILCTBA
TroMeHCKOlH 007acTH, KOTOPBIE OBl OTBEUYAIX MOTPEOHOCTSM Pa3BUTHUS TPAHCIOPTHO-TIOTUCTUICCKON HHPPACTPYK-
Typbl PETHOHA B 1eJIOM.[[JIs1 JOCTHIKCHHS BBIICOTMEUCHHOM 1IeNIM B pab0OTe JaHa KOMILUICKCHAs OIICHKA IOKa3aTe-
JISIM, XapaKTEPHU3YIOIIMM TPAHCIOPTHO-JIOTHCTHYCCKYIO HHPPACTPYKTYPY PETHOHA U CTPOUTEIIBHYIO OTPACIbB TOM
yucine 3a nepuon ¢ 2005 mo 2017 rr.

U 1o ceit 1eHh aBTOMOOHMITBHBIE TOPOTH OCTAIOTCS HAIIMOHATIHHON 0COOCHHOCTHIO POCCHICKOH SKOHOMUKH,
BBHJY WX OTCYTCTBHSA, HEYJOBJICTBOPUTEIHFHOTO COCTOSIHUS WIIM HU3KOTO YPOBHS TPAaHCIIOPTHO-IKCILTYaTallHOHHBIX
ToKa3artesel, CAepKUBAOIIUXPAa3BUTHE TPAHCIIOPTHO-IOTUCTHICCKONH HHPPACTPYKTYPHI PETHOHA, a KaK Pe3yJbTaT
€ro 3KOHOMHYECKOI'0 M COIMAIILHOTO ITOTEHIIHAIA.

B cBs13u ¢ yeM, pe3yabpTaThl HCCIEIOBAHUSA MOTYT OBITh MCIIOJIE30BAHEI (heepabHBIMU U PETHOHATEHBIMHU
OpraHaM¥ HCTIOJTHHUTEIFHOW BIIACTH JJIS KOPPEKTHPOBKHU CTPATETHIECCKHUX MPOTPAMM COLHAIBEHO-YKOHOMHUYECKOTO
Pa3BUTHsI pETUOHA U MOBbIICHHS 3()(HEKTUBHOCTH HHBECTUIIMOHHO-CTPOUTEIILHON JCITEIEHOCTH HA PErMOHAIBHOM
YpOBHE; OTEYECTBEHHBIMU U 3apyOEKHBIMH HHBECTOpPAMH IMPH pa3padOTKe IJIAHOB, MPOEKTOB; MPEANPHUITHIMHU
CTPOMTEBHOTO KOMIUIEKCA C IEJIbI0 MOBBIMICHUS 3(P(PEKTUBHOCTH UX AesTeabHOCTH.IIpakTHUeCKas 3HAYMMOCTh
WCTIOJIb30BaHUsI OCHOBHBIX PE3YJIbTATOB pa0OThl COCTOUT B MOBBIMIEHUH MPEICKa3yeMOCTH Pa3BUTHUS TPAHCIIOPTHO -
JIOTHCTUYECKOH HMHPPACTPYKTYPhI PETMOHA U €ro JOPOXKHOTO XO35AHCTBA, MNPHIAHHH MPOIECCY YIPAaBICHHUS CH-
CTEMHOCTH; yIyUIICHHs B3aUMOJIEHCTBUS CEKTOPOB TOPTOBIH, cTpouTenbcTBa U JKKX, MyHUIIUTIaNbHBIX OpTraHOB
BIIACTH W HACETICHHUS PETHOHA.

Hayunblii pykoBoauTeb: 1.3.H., Aou. JI. A. ®uiumoHoBa

KHUPOC KABACKAHI'O BAJIEPUS DCTE®AHUA
Canxm-IlemepOypeckuii 20pHblil yHugepcumem

NCCIEAOBAHUE NPOLHECCA KOPPO31UHN HA YCTAHOBKE
CEJEKTUBHOM I'MJIPOOYNCTKHN BEH3UHOB
KATAJIMTUYECKOI'O KPEKUHI'A PRIME G+
HA HII3 JIA-IMBEPTA/, I'. CAHTA-EJIEHA, 9KBAJOP

Tepmun "Koppo3ua" HMPOUCXOINUT OT JIATHHCKOTO ciioBa "corrodere" uTo o3HadaeT "MOXKUpATh, M3TIIAIBI-
Bath". Hanbomnee m3BecTHOU (hOpMOH KOPPO3UM SBISIETCS prKaBICHHE jkene3a M cranu. COrjlacHO ONpeNeiIeHUI0
TepMHH "KOppo3us" 03HAYaeT MpoIecc. ITOT MPOIecC 3aKII0YaeTcsl B GH3UKO-XUMHUIECKON PEaKny MEXIy MaTe-
pHaIOM M OKpYXKaromeil cpeaoil U MPUBOANT K M3MEHEHHUSIM B CBOICTBax Marepuaia. Pe3ynprar sBisiercs "koppo-
3MOHHBIM 3 dekT" 00BIYHO BpeaHas, HO WHOTJA W TOJE3HOH (KOPPO3MOHHOE pa3pylieHHe KOHCEPBHBIX OaHOK,
OporreHHple ManuHbl). [IpuMepamMu BpeaHBIX KOPPO3MOHHBIX 3(P(EKTOB SIBISAIOTCS TaKuWe Kak: Iop4a Marepuaa,
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3arpsi3HEHUE OKPYXKaIOIIEel Cpeabl MPOIyKTaMHi KOPPO3WH U, KaK CIEJCTBUE, HAPYIICHHE pabOThl CUCTEMBI, PU3H-
KO-XMMHYECKHH COCTaBHAs 4aCTH KOTOPOH SBISIETCSI M MaTepHal, U OKpyskaromas cpexa. IIpornecc koppo3nu Hac
3aMHTEPECOBAIl ¥ TOITOMY MBI PEIIIIIN N3YyYUTh €TO Ha YCTAaHOBKAaX CEJICKTUBHOMN IMAPOOYNCTKN OCH3MHOB KaTallH-
TH4eckoro kpekunra Prime G+, va HII3 Jla-JIuGepran r. Canta-Enena, JxBamop.

Heo6xoaumMocTh 3amUThl YCTAHOBKU CENEKTHBHOW THIPOOYNUCTKA OCH3MHOB KAaTalIUTHYECKOTO KPEKHHIa
OT KOPpO3WH BBI3BaHA TEM, YTO YCTAaHOBKa HaxoJWTCs Ha momyocTtpoBe CaHra-Enena, Ha BbicoTe 21 MeTpa Hafg
YPOBHEM MOpPS U BIaKHOCTBIO 70%, KOTOpBIE MOTYT YCKOPATH Ipolecchl koppo3uu. Kopposus cHuxaer
PpaboTOCIOCOOHOCTD YCTAHOBOK MIIM JIENIAeT €0 IOJIHOCTHIO HEPaboTOCIIOCOOHBIM.

KaioueBble cioBa

Koppo3sus, ycranoka Prime G+, HII3 Jla-JluGepran

Jluteparypa
1. [Fundamentals of corrosion — Mechanisms, Causes and Preventative Methods]. Philip A. Schweit-
zer, Taylor and Francis Group, LLC (2010) ISBN 978-1-4200-6770-5, p. 25.
2. Shparber A. 3ammTa oT KOppo3uu B HedTenepepadaTeiBaromield mpomsinuienHoctn CIIA // 2-i
MexayHap. KOHTp. «3ammTa-95». Mocksa 20-24 HosOps. 1995: Tes. goki. M., 1995 ¢.204.
3. HpsxoB B.I'. 3amuTa 0T KOPpO3uH anmapaToB U 00OPYIOBaHHUS YCTAHOBOK KaTAJIUTHIECKOTO PH-

¢opmurra. O630p. M.: HHUUTOHedprexum. 1979. 55¢.
Hayunsblii pykoBoauTens: K.1.H., fou. O. B. Kynunuu

B. 1. KHI3bKUHA
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

ITOBBIIIIEHUE H3HO§OCTOFIKOCTPI IJEMEHTOB
TPAHCMUCCHUH TOPDSIHOU MAIIINHBI CTABUJIM3ALIUEN
NCKYCCTBEHHOMU CPE/JIbl UX ®YHKIIMOHUPOBAHUA

Ha ceromusmHuii 1eHb ypOBEHb PA3BUTHS TOPHOJOOBIBAIONIECH TEXHUKH MPEABSABIAET BBHICOKHE TpeOoBa-
HUSL K 3QPEKTUBHOCTH U HaJEKHOCTU TOP(SHBIX MamuH ¥ o0opynoBaHua. Hanboisee monHoe HCHOIb30BaHUE HH-
JVBHIYaIbHBIX BO3MOJKHOCTEH TOP(SHBIX MAaIlMH M 00ECHEYeHHE Ha 3TOH OCHOBE INOBBIMICHUS UX HAAEKHOCTH
MOXET OBITh OCYIIECTBIICHO 3a CUET BHEAPEHMS B TEXHOJIOTHUECKHH MPOIECC TEXHUIECKOTO OOCITYKUBAHUS U pe-
MoHTa (TO u P) nomomHUTENFHON TEXHOIOTMYECKOH Ollepannyl - TUarHOCTUPOBAHHS TEXHUYECKOTO COCTOSHHS 110
(axTryeckoMy cocrossHu0. Takoe obcmyxuBaHne 6azupyercst Ha 003aTeTbHOM PHUMEHEHNH HOBEHIINX CPECTB,
METOJIOB KOHTPOJII M HAJIAAKH OOOpYyIOBaHUS M TpeOyeT KOMIUIEKCHOTO MOJX0/Aa K PEIICHHI0 HHKEHEepHO-
TeXHU4ecKkux npobnem. Hanbosnee nHGOPMATHBHBIM M MHTETPAJIbHBIM METOJIOM IHArHOCTHKHM COCTOSHHUS TpaHC-
MHUCCUH TOP(SHON MaIUHBI SBJISETCS aKyCTHKO-OYMHUCCHOHHBIA METO/.

B 3y0uateix nepenagax TOp(SHBIX MAaIIMH KOHTAKTHBIC JABJICHUS JHOCTATOYHO BEJUKH, B CBS3H C 3TUM B
CTOJIb TSXKEJBIX YCJIOBHX 3KCIUTyaTalluy CMa3Ka J0JDKHA FapaHTHPOBATh pa3jielieHHe KOHTAKTHPYIOIIUX ITOBEPXHO-
CTe, IpeoTBpaIlaTh 3aIUp U 3aelaHie, CHUXKATh U3HOC.

[Ipn ompexnenenny cMmasbIBaroniel CIIOCOOHOCTH Maces HEOOXOANMO JOCTOBEPHO ONPEJCIUTh COCTOSHHE
KOHTAaKTa B Mape TpeHus. CUrHan aKkyCTUKO-IMHUCCHOHHOIO TPEHHS HE 3aBHCUT OT TEMIIEpPATyphl U MaTepHasoB Ia-
PBI TPEHHUSI, OT CBOMCTB MCIBITBIBAEMOM CMa3KH, a TAK)KE OT IIOLIA U KOHTAKTA.

B memsax wW3ydeHHs JaHHOTO TMpollecca OBUTM IMOCTaBICHHI AKCHepuMeHTHL. [Ipubopom OO0
«METKATOM» APII-11 mpoBOOmiuch U3MEpPEeHUsT OTHOCHUTENFHOTO TMoKaszarens D, mpomopuuoHanbHOTO BenH-
YHHE aKyCTUYECKOI SMHCCUH, BOSHUKAMOIIEH B KOHTAKTE IIPH TPEHHH B NIAPe «KOHTPTEJIO-ILIUTa» U KoadduimeHty
TPEHHUs B Mape.

YuuTeiBas BBISIBICHHBIE TEHACHIIMM HAa OCHOBAaHUH JJa0OPATOPHBIX IKCIIEPUMEHTOB yJaJIOCh BBISIBHTH 00-
JIACTH TpaHWU4HOTO TpeHus Hioke 4 Mlla. JlaHHas 001acTh SABJIAETCS MPEAETbHONW ISl KOHKPETHOTO BHJIA CMa3KH
«MugyctpuansHoe Macio V-20». YuuTeiBas pe3yabTaThl U JPYTUX 3KCIEPUMEHTOB, CIEIyeT KOHCTaTUPOBATh, YTO
IIPU TPEHUH OMEIHEHHBIX 00pa3I0oB CHTHAJ aKyCTHYECKOW SMHUCCHHM MMEET MEHBIIYIO BEIMYHHY IPHU COXPAHCHUU
00X TeHAeHINI 1 Takoe TpeHue ooee 3P HEeKTUBHO.

CBOEBpEMEHHOE KaueCTBEHHOE 00CITy)KMBaHUE U PEMOHT TOP(SHBIX TEXHOJIOTHYECKUX MAIINH U 000py/10-
BaHMS SBJSIETCSI BOXXHBIM YCJIOBHEM JUIsi 00ECIIEUeHHUs IKCIUTYaTallMOHHON HaJeKHOCTH 3JIEMEHTOB TPAaHCMHCCHH
TOPQSHBIX MAIIMH. Y AaJ0Ch MOJYYHTh IKCIIEPUMEHTAIBHOE MTOJITBEPKACHHE TOTO, YTO N3MEHEHHE BEJIMYMHBI aKy-
CTHYECKOH SMHUCCHH OTPaKaeT TPUOOMPOIECCH B IIape TPEHHUS U MO €r0 BEINYHWHE MOXKHO OILCHUTH XapakTep Tpe-
HUsl. B KOHEYHOM HTOTE, SKCHEPUMEHTANBHO MOATBEPKACHA BO3MOXKHOCTD MOJYUYEHHS OLIEHKU TEXHHUYECKOTO CO-
CTOSIHUS 3JIEMEHTOB TPAHCMICCHH NPHU €€ padoTe IO BEJMYHMHE M XapaKTepy aKyCTHKO-PMHCCHOHHOIO CHTHAIIA, C
OJTHOBPEMEHHOM KOMIIEHCallMe HEraTUBHBIX BO3/IEUCTBUN HCKYCCTBEHHOM OKPY KaloIIeH cpeibl Ha JOJITOBEUHOCTh
3JIEMEHTOB TPAHCMHUCCHH.

Hayunplii pykoBoauTesib: 1.T.H., ipod. C.JI. IBaHoB
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M.A. KOBAJIEB
@I'FOY BO Puibunckuti 20cy0apcmeenHulil asuayOHHbIL MeXHUYeCKUll yHusepcumem
umenu I[1.A. Conosvesa

OIITUMM3AIIUA POBOTU3UPOBAHHOI'O KOMIIVIEKCA
ABTOMATHU3UPOBAHHOM IITAMIIOBKH JIOITATOK
KOMITPECCOPOBI'TJI C HCIIOJIB3OBAHUEM METOA0OB
KOMIIBIOTEPHOI'O MOAEJINPOBAHUA

B Harre BpemMsi B MaIllMHOCTPOUTEIILHOM MPOU3BOJICTBE BCE YaIlle MCIOIB3YIOT POOOTOB M POOOTOTEXHHUKY.
Baenpenne poOOTOTEXHHKH B MAIIMHOCTPOCHHE NTACT OOJIBIIME MPEHMYINECTBa. [IpOM3BOACTBO MOXKET paboTaTh
OeCIpepbIBHO M MPU STOM BBIMOIHITH TPEOYeMbIe HOPMBI TOYHOCTH. TakkKe MOHMKAETCS PUCK TPABMOOIACHOTO
MIPOU3BOJICTBA 32 CUET TOTO, UTO BCS OIACHAsH JIJISI 3I0POBbsSI YeJIOBEKa paboTa MOKET BBEIOIHATECS pobotamu. Ho y
POOOTOTEXHUKH €CTh HeOONbIIOW MHHYC. POOOTHI caMu 1O ceOe CIOXKHBIC MAIMHBI, COCTOSIINEC M3 MHOJKECTBA
3JIEMEHTOB, YIIPaBJISAIONIEH CUCTEMBI, CHCTEMBI CBSI3H, UCTIOJIHUTENILHON cucTeMbl. M Ha peanuzamuio oHO#M onepa-
UM MOKET YXOAUTh MHOTO BPEMEHH, JJIsl YMEHBIICHHS BpeMeHH nenator ontummsanuio PTK. OnriMusanus odeHb
Ba)XKHA, TaK KaK ONITUMHU3UPOBAHHBIA POOOTH3NPOBAHHEIN KOMILIEKC MOXKET HE TOJBKO COKPAaTHTh BpeMs Ha MpOBe-
JCHHUE OTIepalrii, HO M MOJHATH MPOM3BOIUTEIHHOCT. VIMEHHO 3Ty MpoOIeMy MBI HOMBITAINCH PEIIUTh B CBOCH
pabore.

IIpoekT mpeacTaBisier cobol paboTy B BUPTYAIBHOM CPEe C ICIbI0 ONTHMU3UPOBATh PabOTy poOOTH3H-
POBAHHOI'O0 TCXHOJIOT'MYECKOI'0 KOMIUICKCA U YBCJIMNYUTH MMPOU3BOAUTCIILHOCTDL NPEATIPUATHA. I[J'ISI 3TOTI'0 6bIJ'I mnpo-
U3BEJICH aHAJIHM3 CYIICCTBYIOIINX CHCTEM KOMIBIOTEPHOTO MOJICIUPOBAHUS POOOTU3UPOBAHHBIX KOMIUICKCOB U BbI-
Opana Hanbosee moaxosmias nporpamMma. J{Jis peanu3anuu MOCTaBJICHHBIX IIeJeH HaMK ObUT COCTABJICH KOMIIOHO-
BOYHBIN TIaH POOOTH3MPOBAHHOTO KOMIDIEKCa aBTOMATH3UPOBAHHON IITAMITOBKH JomaTku KommpeccopoB I'T/. B
9TOM ITaHe OBLI BRIOpaH HanboJee MOAXOIMMINN HaM POOOT, €ro ONTUMAaIbHOE PACIOI0KEHHE H BCIIOMOTaTEIIFHOE
obopynosanue. [IpoBeneHO BUpTyanbpHOE MpOrpaMMUpoBaHue B cpene fanuc roboguide. B xome koToporo Obum
BEISABIICHBI Bce ocTomHCTBA U HegocTatku PTK, ero BosmoxHOCTH. [IpoaHanm3upoBaHbl TEXHIKO-YKOHOMUYECKUE
moKa3atesy padoThl KOMILIEKca, 0€30IIaCHOCTh, TPOU3BOANTEIBHOCTD M ONTUMHU3AIN InkiIa pabotsr PTK.

Hayunblii pykoBoaureib: K.T.H., f1ou. A.B. Koptokos

N.H.KOKOPUH
Tromenckuii uHOYCMpUAnbLHLLU YHUBEPCUMEN

NCCIEJOBAHHUE TOYHOCTHU PABOYUX OPI'TAHOB MHOT'O
OCEBBIX OBPABATBIBAIOIIIUX HEHTPOB

Lenpto gaHHOW pabOTHI SBISETCS ONpEIETICHHE MOTPENIHOCTEN, BOZHUKAIONIMX B Mpolecce o0paboTKu
KPUBOJHMHEHHBIX MTOBEpXHOCTEH y pabouero y3ia ctanka «CTom».

Ha nanHoM sTane paboThl, IPOU3BENIN AUATHOCTHKY HCIOJIHUTENBHBIX pabo4ynx y3J10B (pEe3epHOro CTaHKa
0e3 CHIIOBOTO BO3JICHCTBHSI.

s onpesieneHys reoMeTpUIEcKOH TOYHOCTH ()PE3EPHOTO CTaHKa C YUETOM CHIIOBBIX HAarpys3ok, ObUI Ipo-
W3BE/IEH 3aMep MOTPENIHOCTEH UCIONHNTENBHOTO y31a cTanka «Ctom» B mponecce 00padoTku netanu — auck (Cr.
40), Ga3upyeMoii B TpEXKyJIauKOBOM IIaTPOHE, YCTAHOBICHHOM Ha CTOJIE CTaHKa. JlaHHas (hopma neTanu B IMOITHOH
Mepe OTpa’kaeT BO3MOJKHbIE MOTPENIHOCTH NPH M3TOTOBJICHWH. B KadyecTBe pexyIlero HHCTPYMEHTa HCIIOIb30Ba-
nach KoHIeBast ppesa @16mm (P6MS). ObpaboTka neTanu Mpou3BOMIACH IO HAPYKHOW W BHYTPEHHEH HIHHIPH-
YeCKO# MMOBEPXHOCTH C pa3MepaMHu.

[Moce Mexanuyeckoit 00paboTku aeranu «Jluck» Ha (pe3epHOM CTaHKe, NPOU3BOUINCH U3MEPEHHUs 10
BHYTPEHHEH M HapYy’>KHOM MOBEPXHOCTU KOHTAKTHBIM METOJOM Ha KOHTPOJBHO-U3MEpUTENbHOW MamuHe ¢ YITY
EOS 5-4-4, npsiMbIM 11ynIoM ¢ pe3b00ii M2, pyOHHOBBIM IIAPUKOM JHaMeTpoM 2 MM, JutnHOM: 20 mm, DP1: 14 mm,
CTepKHEM M3 HeprKaBerollel cramu auamerpoM 1,4 Mm. [[ng wHTEpIIpeTanuy JaHHBIX H3MEPEHHH HCIIOIB30BaIOCh
nporpammHoe obecrieuenue Metrologicgroup.

[To npoBeeHHBIM N3MEPEHUSM BBISBICHO, YTO IOTPEIIHOCTH padouero y3na «CTom» GpesepHOro craHka u
Jetany «/Iuck» UMEr0T CX0’KHE YUCIIOBBIC 3HAUCHHUS.

Tax ke BBISIBJIEHO, UYTO B MECTE BPE3aHUsI HHCTPYMEHTA B 3aTOTOBKY IIPOUCXOIUT MIPEBBIIIEHHE JOMYCKa.

[Ipn cMeHe TpaeKTOpUM JIBMXKEHHS WHCTPYMEHTa C NMEPHEeHIMKYJSIPHOTO Ha KacaTelbHOE (ISl BHEUIHEH
MIOBEPXHOCTH) ¥ CIIMPAJIbHOE (JUIsl BHYTPEHHEH) TPOUCXOANT BEIJIEP)KUBAHNE pa3Mepa B Ipeiesax MoJst OIycKa.

Hayunpblii pykoBoauTens: k.1.H, nou. P.}O. Hekpacos
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H.K. KOJIOCKOBA
Hayuonanvuwii uccneoosamenvcxuii mexnonocuyeckuii ynusepcumem « MHUCuCy

IMPUMEHEHUE KOCMHWYECKHWX TEXHOJIOTUHA 115
OINITUMU3ALIUU MAPKINEMJEPCKO-TEOJE3MUYECKHNX PABOT 3A
HABJIIOJEHUEM COCTOSIHUS 3EMHOM NOBEPXHOCTH ITPU
PA3PABOTKE I'A30OKOHJIEHCATHBIX MECTOPOXJIEHUI

B nmocrnennue ronpl pa3BUTHE KOCMHYECKUX TEXHOJIOTHI 03HAMEHOBAJIOCH OOJIBIINM ITPOPHIBOM B MOSIBIIE-
HUM OECIIaTHBIX CIyTHUKOBBIX CUCTEM. MOHUTOPUHI OKpYXKalollel Cpeabl UMEeT BaKHEHIIee 3HaUeHHE B COBpe-
MEHHOM MHpE Il o0ecredeHus: 6e30nacHOro 1 KoM(OopTHOro NMpoKUBaHUs Jrojei. OnTuMu3ays MOHUTOPHHTA
AHTPOIIOTEHHBIX U TEXHOTEHHBIX (PaKTOPOB BHINIA HA HOBBIH YPOBEHb M MOJIydHia OOJbIIOE pa3BUTHE OIaromaps
MOJTYYEHHIO OECIIaTHBIX IaHHBIX HA MCCIIEyEMBIX TEPPUTOPHSX B JIOOBIX YrOJKax 36MHOTO LIapa.

B manHOI paboTe paccMOTPEHO MPUMEHCHHE PAIHOIOKAMOHHON HHTEP(HEPOMETPHH C LIENIBI0 ONTUMH3a-
MM MapKIIEHIEPCKO-Te0Je3NUECKNX PAdOT ¢ HCIIOJIB30BaHMEM OECIIaTHBIX AAHHBIX, MOMYYEHHBIX CO CITyTHHKO-
Boii cucremsr Sentinel-1B. TpoBeneHne COBPEMEHHBIX MapKIIEHIEPCKO-TE0IC3MIECCKUX PA0OT Ha TEPPUTOPHH Ta-
30KOH/ICHCATHBIX MECTOPOXKICHUH OCII0KHEHBI OOJIBIION IIJIOIIA/IBI0 TOPHOTO OTBOAA, YTO MPHUBOAUT K HEOOXOIIH-
MOCTH TIPOKJIAbIBAHUSI MHOTOKMIIOMETPOBBIX HUBEIHPHBIX XOAOB, YTO B CBOIO OYEpEIb CHHXKACT MX 3P(PEKTHB-
HOCTBb.

bnaronaps pa3BUTHIO KOCMUYECKMX TEXHOJOTMH M NMPUMEHEHHUIO CIIyTHUKOBBIX TaHHBIX MOSIBHJIACh BO3-
MOJKHOCTh HOJy4aTh PaJHOIOKAI[OHHBIE CHUMKH, KOTOpPbIE IMOKPHIBAIOT B OJUH MOMEHT BPEMEHM BCIO TEPPHUTO-
PHIO HCCIIEYEMOr0 WIIH AKCILTyaTUPYEeMOTo 00BbeKTa, B HalleM cirydae Actpaxanckoro I'KM.

B pabore 1o naHHBIM pajJapHOil CheMKH, HAXOAALIMMCSI B CBOOOHOM JOCTyIle U 00pabOTaHHBIX METOAOM
panapHoit uHTep(epOMeTpUH MOSBISIETCSI BO3MOXKHOCTD BBISIBUTH CMELICHHUS 3¢ MHOW OBEPXHOCTH 110 BCEH IUIONIa-
JIM Ta30KOHACHCATHBIX MECTOPOXKICHUI U CTPOUTH KapThl CMELICHUI 3eMHOI MOBEPXHOCTH C CyOCaHTUMETPOBOMA
TOYHOCTBIO 33 pACCMAaTPHUBAEMBII IEPHOJ BPEMEHH.

Hayunblii pykoBoauTenb: K.T.H., 1oil. [.O. AGpamsH

.. KOHAPATBEBA
Canxm-Ilemepbypeckuii 2ophbill yHueepcumem

MOHUTOPHHI' 1 OHEHKA COCTOAHUA KOMIIOHEHTOB
MPUPOJHOM CPEJBI B 30HE BO3JEVCTBUA OTPABOTAHHOT'O
KOPKHHCKOI'O PA3PE3A

B pabote npejiaraeTcs BApMAHT CHUMKEHUS HETaTHBHOIO BO3EHCTBHS HA OKPYKAIOLIYIO CPely OT TEXHO-
reHHoi Harpysku «KOpKUHCKOTo» paspesa.

3a MHOroJIETHUI HepHOJl SKCILTYaTallid Pa3pe3 BHEC CEPhE3HbIE HAPYILEHHUS B SKOJIOTMUECKOE PABHOBECHE
B paiioHe ero pasMelleHys.

Llensio NpoBOJUMBIX HCCIIENOBAHUI SBIANOCH OIpeeleHHe COCTOSHUS KOMIOHEHTOB OKpPYKaIoLie cpe-
bl HA MOMEHT OKOHYaHHUs (YHKLIMOHUPOBAHUS Pa3pe3a, a TAKXKE COCTABIEHHE IPOrHO3a BO3MOMKHBIX M3MEHEHHIt
KOMIIOHEHTOB OKpY’KAIOIIEH Cpe/ibl Ha MOMEHT JIMKBHIAIMHM TOPHBIX BhIpaboTOK. IIpomsseseH oT60p M aHaIU3
Npo6 MOYB, HOBEPXHOCTHBIX BOJ M JOHHBIX OTJIOKEHHH B paifoHe TEXHOTE€HHOTO BO3JEHCTBMS pa3pe3a U B MecTe
OyayIIero cTpouTebcTBa TOMMHCKOTO IOPHO-00OTaTHUTENLHOTO KOMOMHATAa. B pesynbTaTe aHaIM30B BBISABIEHO:
TpeBbIIEHHE MPEIENbHO A0MYCTUMBIX KOHLIEHTPAUi B MOYBAX Mo TakuM snementam kak Ni, Zn, Cu, As u Cd; B
Boxax p. Kamenka u p. Uymmsk npessimenue 11JIK s peiboxossiicTeennsx Bogoemos o K, Cd?*, Cu?, Mg?,
Ni?*, Zn®*, Fe**, SO,%, NO3’; a Takoke B IOHHBIX OTIOXeHMsX npebinrerne I1JIK mo Zn, Cu, Mg, Co u As.

B nacrosimee BpeMs pa3paboTaH NPOEKT IMKBUAALMHE KAPbePHOH BHIPAGOTKM ITyTEM pa3MELIEHUs B BhIPa-
OOTaHHOM MPOCTPAHCTBE MACTOBOrO MATepHasa, MOCTYHAIOIIEro ¢ odorarutenbHoi Gadbpuxu Tomunckoro I'OKa.
Hameuaemas Xo3siicTBeHHas NEATENLHOCTh BKIIOUAET B ce0s MPO(GUIAKTHKY M TyIIEHHUE SHIOTEHHBIX T0XAPOB [0
Hayana I0Ja4yy 3aKIaJOYHOr0 MaTepuala, 4To NpUBEAeT K MUHUMU3ALMK YPOBHS 3arpA3HEHHs aTMOCHEPHOro BO3-
nyxa. Takxke B pe3y/bTaTe IPOrHO3a OBUIO YCTAHOBJIEHO, YTO BOKPYT pa3zpesa OY[eT COXPaHAThCA NeNPeCCHOHHAS
BOPOHKA, 3TO MOJHOCTHIO HCKITIOYAET MOCTYILIEHHE BOJIBI U3 TEXHOTEHHOTO BOJI0EMA B BOJOHOCHbIE TOPU30HTHI H €€
MOATATUBAHKE K MOJ3EMHBIM BOI03a60pam.

Hayunblii pykoBoauTesib: 1.T.H., mpod. M.A. [TamkeBud
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K.JI. KOPHEB
Canxm-Ilemepoypeckuii I opnulii Ynusepcumem

IHOBBINIEHUE DPPEKTUBHOCTU BEJIEHU A
BYPOB3PBIBHBIX PABOT B YCJIOBUSIX BICOKOI
OBBO/IHEHHOCTH MACCHUBA

B nannoii pabore paccMaTpuBAarOTCs, MPOOJIEMBI, MPUBOIAIINE K OOPYILICHHIO U 3aWIMBAaHHIO OYypPHUMBIX
CKBaXXHH, CIOCOOBI BEJCHHS OYPOB3PBHIBHBIX pa0OT B YCIOBHSAX BBICOKOHM CTENEHH OOBOJHEHHOCTH MacCHWBa Ha
npumepe KoamBurckoro mecropoxaeHust AO “Amatur”.

Pacuerom mokassiBaeTcs 3()(EKTUBHOCTE IPHUMEHEHUS APSHAXKHBIX CHCTEM IIPU BOJOIOHIKEHHHU YCTYIIOB.
OmucanHble B paboTe METOABI BOJOIOHIKEHHS JOCTATOYHO XOPOIIO anpoOHPOBaHbl U HAXOAAT MPUMEHEHHE IIPU
pELICHUH NPAKTUYECKUX 3aa4 MOBBIILIECHUS YCTOWYUBOCTH MOPOIHBIX MACCHBOB JOOBIYHBIX YCTYIIOB.

[TpousBeneH pacyer 3aTpaT, a TAKKe SIKOHOMHYECKast OIICHKA Ka)KIOro U3 IpeliiaraeMblX Clioco0o0B, ¢ MC-
MOJIb30BAaHUEM MOJICIHPOBAHHS MPEATaracMbIX CIOCOOOB B CIEIHANBHOM MporpaMMHOM obecrieuenun Shotplus 5
Primier. Ilpu pacuere s3koHOMHUYECKOU 3)(HEKTUBHOCTH CIIOCOOOB MOSICHACTCS 11€7eCO00Pa3HOCTh BBECHUS CIICIH-
QIBHBIX MOIPAaBOYHBIX KO3((HUIMEHTOB IMOTEPU CKBXWUH Ha pa3pabaTbiBaeMOM OJIOKE, KOTOPHIC YYHTHIBAIOT
HACBIIICHHOCTb BOJIOHM B 3aBUCUMOCTH OT PACIOJIOKEHHSI CKBaXKMH Ha OJIOKe.

Kak 1enecoo0pa3HOCTh BOJONOHIKEHHUS JOOBIUHBIX YCTYIIOB, MOYKHO BBIJICNTUTh CJICAYIOLIHE TTOJIOKCHUS:

. YMeHbIlIeHHE MTPOIIEHTa OPAKOBAHHBIX CKBKHH 0 MPUYUHE 3aBAJIOB.

. [NoBbIIIEHUE MPOU3BOAUTEIBHOCTH MOTPY304YHON TEXHUKH B 3UMHEE BPEMsi, BCICICTBUE TOTO, YTO
HE MIPOUCXOUT HAMEP3aHHs OPOJI Ha 3yObsi U CTEHKU KOBIIIA SKCKaBaTOpa.

. YBenuuMBaeTCS BEC MEPEBO3UMOrO MOJIE3HOTO HCKOMAeMOro (BCICACTBHE YMEHBIICHUS BIAXHO-
CTH 1 00BEMHOTO Beca IOpoT)

. [MoBbIIIaeTCss CTOMKOCTD MIAPOUICYHBIX JOJIOT 32 CYET OypeHHst B 00€3BOKEHHOM MaCcCHBE.

ITosToMy 3aaua cHUXKEHUS 0OBOJHEHHOCTH pa3padaThIBaeMbIX OPOJ ABJISAETCA BEChbMa aKTyalbHOI.
Heo6xomum BeIOOp Hambosee 3h(HEeKTHBHOrO croco0a BOJOMOHIKCHHS, OOCCICUUBAIOIINN TPeOyeMbIit
pe3ynbTat npu nposeneHuu bBP Ha kapbepe.
Hayunblii pykoBoauTeNb: K.T.H., 1o1l. M.A. Mapuaux

H.A. KOPO.IEB
Canxm-Ilemepbypeckuii 2opbili yHueepcumem

O IMOBBINEHUHA DPPEKTUBHOCTU CUCTEM
JAUATHOCTHUKHN ACUHXPOHHOT O 3JIEKTPOIIPUBO/IA I1O
HOTPEBJIAEMOMY TOKY

(ON IMPROVEMENT OF EFFICIENCY OF DIAGNOSTIC
SYSTEMS OF THE ASYNCHRONOUS ELECTRIC DRIVE ON THE
CONSUMPTION CURRENT)

3¢ deKTHBHOCTD MTPOMBIIUICHHOTO MIPOU3BOICTBA HETIOCPEICTBEHHO CBsI3aHa C HAJICKHOCTBIO PadOTHI TEX-
HOJIOTUYCCKOI'O O60py}IOBaHI/I${, OOHUM H3 CTPYKTYPHBIX 3BEHHBCB KOTOPOTO SABIAIOTCA JJICKTPOTEXHUYCCKUEC KOM-
mwiekcsl (3TK) ¢ anexTponpuBoaoM, KOTOPHIH HAa CErONHSMIHUNA JeHb B OOJbINEH CTENEHM peann3oBaH Ha Oaze
ACHHXPOHHOTO JBHUTaTeNsl ¢ KOPOTKO3aMKHYTBIM POTOPOM. 3aTpaThl HA PEMOHT U TEXHHYECKoe 00CITyKMBaHHUE CO-
CTaBJIAIOT 3HAYUTEIIbHYIO 4aCThb OT O6H_[I/IX OKCILUTYaTalMOHHBIX 3aTpaT NPEANPUATHA, a TAKKE 3Hepr0n0Tpe6neHHe
ACHHXPOHHOTO 3JIEKTPOIPHUBOJA ¢ HATMUMEM OJIHOTO Aedekrta BozpacraeT Ha 5-10% ot HomMuHAIBHOTO. [Ipn 3TOM
uX 001ast oIS B MPOLECCe IKCIUTyaTalliK C TEYEHHEM BPEMEHH BO3pacTaeT. B CBsI3M ¢ 3THM B 00JaCTH JUAarHOCTH-
K{ OCTalOTCS HEpeLIeHHbIE 3a/aun:

- TOYHOCTh OIPEJENICHNS] TEXHUYECKOTO COCTOSHUSI 3JIEKTPOIPHBO/A B YCIOBHSAX JAWHAMHUKHU DKC-
IJTyaTallMOHHBIX BO3JEHCTBUIA;

- JIOCTOBEPHOE BBISIBJIICHHE BHUJIA U CTEIIEHH Pa3BUTHS Ae(PEKTOB.

[Tpu BEIOOpE JMAarHOCTHYECKHX ITapaMeTpOB IPHOPUTET OTAAETCS TE€M, KOTOpPhIE yIOBJIETBOPSIOT TpeOOBa-
HUAM TOCTOBEPHOCTU U HU30BITOYHOCTH I/IHq)OpMa[H/II/I O TCXHHUYCCKOM COCTOAHHWU CHUCTEMBI B PCAJIBHBIX YCJIOBUAX
OKCILTyaTaluu. Ha ITPAKTUKE 0OBIYHO HCIOJB3YIOT HECKOJIBKO JUATHOCTUYCCKUX IMapaMETPOB OJHOBPEMEHHO, IIPU
9TOM HX KOJHMYECTBO BO MHOTOM OYJIET 3aBHCETh OT CJICAYIOIUX (paKTOPOB:

1) CJI0)KHOCTB TEXHOJIOTHIECKOTO TIPOIIECCa;

2) IIPUMEHEHNE MITH OTCYTCTBHE TIOIYIPOBOAHUKOBBIX IPeoOpa3oBaTeneil 9acTOTHI;
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3) BO3MOXKHOCTh HETIOCPEACTBEHHOTO IOCTYMA K 3JIEKTPOIPHBOY;

4) SKOHOMHYECKAS IEIeCO00Pa3HOCTh;

5) CTENEHb OMACHOCTHU IPU aBapUITHON CUTYaLlUH.

[ToBbImeHne TOYHOCTH M Ka4eCTBA AUATHOCTUK (OLIEHKH TEXHUYECKOTO COCTOSHHS M OCTATOYHOTO PECyp-
ca) aCHHXPOHHOTO 3JIEKTPOIPUBOAA U CBA3aHHOTO ¢ HUM MEXaHHYECKOTO 00OPYIOBaHHS C YUETOM KadecTBa IHTa-
IOIIEH CEeTH M YCIOBHH 3KCIUTyaTalllH, JOCTUTAETCs IMyTeM NMPUMEHEHHS KOMOWHHPOBAaHHBIX METOAOB, oOecredn-
BAIOIIUX ITOJIHOIEHHYIO KapTHHY COCTOSHUSI.

Hayunblii pykoBoauTes: 1.T.H., npod. A.E. Kozspyk

H.M. KOPOTAEBA
Hsanosckuii I'ocyoapcmeenuviii Inepeemuueckuni Yuueepcumem um. B.U.Jlenuna

NCCIEAOBAHUE TNAPABJIUYECKOI'O COITPOTUBJIEHU A
TBEPAbIX KOMMYHAJIBHBIX OTXO/J10B B IPOLECCE CYUIKHA

B mpomecce TepMmuueckoil mepepabOTKA B peakTOpe MIAXTHOTO THIA TBEPAble KOMMYHAIBHBIC OTXOJBI
(TKO) npoxonsT mociaenoBaTeNbHO 30HBI CYIIKH W MHPOJN3a, I/Ie pasjarasich, 00pa3yloT TOIUTUBHEIHN ra3. B 30He
cymku u3 BIaxHBIX TKO mpow3BoAnTCs yAaleHHE BIATH B pe3ylbTaTe HarpeBa Clos (GUIbTPYIOIIUMCS TTHPOIH3-
HbIM ra3oM. Ilo BeicoTe BeicymuBaemoro ciost TKO Gynet npoucxoauTs He TOJIBKO U3MEHEHHE TeMIIepaTyphl, HO U
U3MEHCHHUC T'HAPaBIMYCCKOTO COIPOTUBJICHUA.

[TpoBeneHo SKCIepUMEHTANILHOE HCCleioBaHue Kod(duImeHTa ruapaBInyeckoro COMPOTHBICHUS BBICY-
HIMBAaEMOIro CJjiosa TKO, NOJIYUYCHBI JaHHBIC O TEpPEraac AaBJICHUA, CKOPOCTHU JABUXCHHUA rasa, MpoOU3BEACH pacyeT
TIOPO3HOCTH closl. B mporiecce skcnepuMenTta nopo3HocTh cinost TKO usmensinace B npenenax ot 0,78 mo 0,58, BbI-
cota ciost — oT 0,04 M 10 0,16 M, ckopocTh ABMWKeHHUs Taza — ot 0,8 M/c 10 2,7 M/c.

Pacuer ko3¢ dummeHTa ruIpaBINnIecKOTO CONMPOTUBICHHUS CIIOS TBEPABIX KOMMYHAJIBHBIX OTXOJOB B TIPO-
I[eCce ero CYIIKH MPOBOAMIIH IT0 METOMKE, TipetokeHHoi JI.M. Mapuen6axom [1].

2
ap =g HW
2.d-f
rae d — cpeanuii pasmep snemenrta TKO;
H — BrIcOTA C1OS, M;
f — moposHocTh cros;
W — CKOPOCTbh JIBMIKCHUSI ra3a, M/C;
p — IIOTHOCTb Ta3a, KI/M>;
AP — mepenan naBneHus Ha BXOJI€ M BBIXOA€ U3 cios, [1a;
& — K03 PUIMEHT THAPABINYECKOTO COIIPOTUBIICHHS CIIOS.
Io pesynbraTtaM Mccie0BaHMS TTOCTPOSHBI HOMOTPAMMBI JUISl onpeenaeH s KO3 QUIMEHTOB COIPOTHBIIE-
Hus BeicymmBaemoro ciosg TKO. HomorpaMmbl MOTYT OBITH MCIOJIB30BAaHBI MPH pacdyeTax THAPOAWHAMHUKH B 30HE
CYIIKH TEPMHUYECKOT0 peakropa s yruiamsaruu TKO.
HayuHblii pykoBoauTenb: K.T.H, fou. O.b. Konmn6aba

A.K. KOTIIOBA
Poccuiickuii 2ocyoapcmeennbiii yHugepcumem Heddmu u 2a3a (HAYUOHAILHBIU UCCAEO08AMENb-
ckuil ynusepcumem) umenu M.M. I'yoxuna

OCOBEHHOCTH PABPABOTKH «CYXOKHUCJ/IOTHBIX»
COCTABOB 1JIsd TEPPUT'EHHBIX ITJIACTOB

KucnotHble 00paboTKN MCIIONIB3YIOTCS] Ha PA3IMYHBIX dTanax go0erdu HeTH U rasa. PazpaboTka KHCIOT-
HBIX COCTaBOB BKJIIOYAET B ceOs HECKOJBKO ITAIOB HCCIICJAOBAHUS: ONpEAEICHHE CKOPOCTH PEaKIMU KHCIIOTHI C
MIOPOJION, CKOPOCTH KOPPO3UH OOOpYyJOBaHUS; MeX(Da3HOTO HATSDKEHHS Ha TpaHHUIE KHCIOTHBIA COCTaB-
YTIEBOIOPOIBI; COBMECTHMOCTH KHCIIOT C ITACTOBBIMH (JIIOMIAME H yjepykaHus HOHOB Fe** B oGbeMe KHCTOTHI
IIpY HEWTpAJIN3aLIUU.

CymecTBYIOT pa3TUYHbIe METOAWKH HCCIEAOBAHMS KMHETHKN PEAKIUU KHUCIOTHBIX COCTaBOB C MOPOIOH,
CaMBI CIIOXKHBIA M TPYJOEMKHUI MPOBOJAT Ha KEPHOBOM MaTepHalle, MCHee CIOKHBIA - Ha KBapIeBOM Iiecke U 0o-
Jiee TIPOCTOM — Ha KBapueBoM cTekiie. OHaKO 3TH METOIUKN HUKAaK HE KOPPETHPYIOTCA MEXIY, TI0ATOMY IoJTyde-
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HHE 3aBHCHMOCTH, KOTOpPbIE OBl CBSI3aJM CKOPOCTH PEAKIIMU PACTBOPOB KHCIIOT C KBApIEBHIM CTEKIIOM M 3€pHAMH
KBapIia MpeJICTaBIIsIeT HAYYIHbIN U TPAKTUIECKUA HHTEPEC.

Tak ke OIHUM W3 TIEPCIEKTUBHBIX HAINPABICHUH COBEPIICHCTBOBAHMS KHCIOTHBIX COCTABOB SIBIISIETCS
MIPUMEHECHHE «CYXOKHCIIOT», KOTOPHIE BBITYCKAIOTCS B CYXOM BHZE, UTO ITO3BOJISET JIETde OCYIIECTBIATH TPAHCIIOP-
THPOBKY. KpoMe Toro, «CyXOKHCIOTBD MEHEe TOKCHYHBI M MIPEICTABIISIOT MEHBIIYIO OIIACHOCTS JIJIS YEIIOBEKa.

IIpu pa3paboTke cOCTaBOB Ha OCHOBE «CYXOKHCIIOT)» IPOBOAMIHNCH CPaBHEHU 0a30BBIMU COCTaBaMH, MIPH-
MCHSICMBIMH B KHUCIIOTHOW 00pabOTKe TEPPUTCHHBIX KOJJICKTOPOB — IPSA3EBOM KUCIOTOH (CMECh TNIABUKOBOM M CO-
nstHOM kuenoT). B HOILL «IIpombiciioBast XUMUsl» OBLIH MPOBEICHBI Pa0OTHI IO aHAU3Y PACTBOPHUMOCTH KBapICBO-
r'0 CTEKJIa M KBapIIEBOTO IMECKa B IUIABUKOBOM KUCIIOTE M €€ «CYXOKHCIOTHBIX» aHanorax — (ropune u oudropusie
aMMOHHS, a TAKXKE B CMECSIX JAHHELIX KHCIIOT C CONSHOM Kucnoroi. Takxke ObUIM HCCIEA0OBAHbI 3aBUCHUMOCTH JT0IU
PacTBOPEHHOTO BELIECTBA U CKOPOCTH PACTBOPEHHS OT KOHUEHTPALUU KUCIIOT, TEMIEPATyphl U BPEMEHHU Pearupo-
BaHM.

Hayunblii pykoBoaureib: K.T.H., fon. JL.®. laBnermuna

H.B. KPACHOB
Canxm-Ilemepbypeckuii 2opHwili yHUepcumem

ONTUMM3ALIUA UHAYKIIMOHHBIX YCTPOUCTB IIPU JIUTHE
AJIOMUHUSA B DJEKTPOMATHUTHBIA KPUCTAJIJIU3ATOP

Mertannuueckue CIUTKH, NoJTydyaeMble IPH HeIIPEPBIBHOM JINTHE ATIOMHUHUS B KPUCTAIIN3aTOPhI CKOJIbXKe-
HUSI, UMEIOT psift IepEeKTOB MOBEPXHOCTH M BHYTPEHHEW CTPYKTYphl. BbI3BaHbI OHH, B MEPBYIO OYEPEb, HATUUUEM
(bHU3KMYeCcKOro KOHTaKTa META/UIMYECKOr0 PAcIiaBa U KOPIyca KPUCTAIIU3aTopa. Pemuts 3Ty npobieMy mo3Bosiser
UCTIONIb30BaHKE 3JIEKTPOMAarHUTHOTO KpucTamum3aTopa (OMK), npuHInn aeicTBUs. KOTOPOTO OCHOBAH Ha MCIIOJNb-
30BaHUH 3MEKTPOIUHAMIYECKOTO BO3ACHCTBYUS MIEPEMEHHOTO MarHUTHOTO MOJISI HA )KUAKOMETAJUINIECKHH pacIijiaB.
Hcnons3oBanne IMK crocoOCTByeT COKpaIIeHHIO IUKIIa MPOU3BOJICTBA, MOBBIIICHUIO TEXHOIOTHYECKUX CBONCTB
U OJHOPOAHOCTH BHYTPEHHEH CTPYKTYpBI CIUTKA. JKUAKHH METana B IyJIbCHPYIOIIEM 3JIEKTPOMAarHUTHOM IIOJIE
UCTIBITBIBAET CHIIOBOE BO3JCHCTBHE, KOTOPOE BO3HHUKACT 3a CUET B3aMMOJICIHCTBHUS BUXPEBBIX TOKOB, HABEJCHHBIX B
MeTaiie, ¢ MarHUTHBIM TI0JIEM MHAYKTOpa. B pesynbpraTe )HUIOKHHA MeTalul, HaXOMIIUICS IO HEKOTOPBIM JlaBlie-
HHUEM, YAep)KHUBaeTcd OT pacTekaHus. C MOMOIIBIO 3JTEKTPOMAarHUTHOTO IKpaHa MIPOUCXOIUT BO3/IEHCTBHE HA JJIEK-
TPOMAarHUTHOE TI0JIE ¥ TEM CaMBIM OKa3bIBACTCS BIMSHUE HA IUPKYJIAINIO METalIa.

PacrnmapneHHbIN MeTa/ll MOAAETCS MO JIOTKY B PACIpeAeIUTENbHYI0 KopoOKy. C MOMOLIBIO IUIaBaroIel
Yaly MOJAEPKUBACTCS TIOCTOSHHBIN YPOBEHb MOBEPXHOCTH JKUAKON 30HBI M PABHOMEPHOE paclpe/ielieHHe MeTall-
na. ITogoH BHITSATHBAET CIUTOK M3 3JIEKTPOMArHUTHOTO Kpucramimsaropa. Cam OMK cocrtout n3 MHAyKTOpa,
KOJIBIIEBOT'O OXJIAJTUTEIS ¥ SJIEKTPOMArHUTHOTO SKpaHa.

[IpaBuibHO omperneneHHble TeoMeTpuueckre mapamerpsl DMK 1mo3BoiIsII0T MUHIMH3HPOBATh SHEPTETHI -
CKHE 3aTpaThl IPH JINTHhE, JUKBHIUPOBATH INOBEPXHOCTHBIE CKJAJKH W CBECTH K MHUHUMYMY Pa3sHO3EpHHTOCTDH
CTPYKTYpBI CIMTKa. PaccuuTbiBaemMast KOHCTPYKIHUS 3JIEKTPOMArHUTHOTO KPHUCTAIIIM3aTOpa UMeNa THaMeTp CIIUTKA
34 cm; nuametp uHIyKTopa 39.4 cMm; yactoty Toka 2400 'l ¢ 351eKTpOMAarHUTHBIM 3KpPaHOM M3 HEpiKaBeIoLIEeH cTa-
I C TIEPEMEHHBIMH MTapaMeTpaMy CMETICHUs SKpaHa BHYTph nHaykTopa (h) 1 n3menenuem yria ckoca skpana ((.).

B mepBoii cepun pacdeToB HCCIIEAOBAIOCH BIMSHHE 3JIEKTPOMArHUTHOTO 3KpaHa C MOCTOSHHBIM YIJIOM
¢,=30° Ha pacmpelelieHHe SJIEKTPOMArHUTHBIX CHJI IIPU pa3jIMuHBIX 3ariayOsieHusx. Bo BTopoil cepun pacueros
koHcTpykumit DMK wuccnenoBanocs BAMSHHUE YIIa CKOCA SKpaHA Ha paclpellesieHNne HJICKTPOMarHUTHBIX cril. Tak-
e UCCIIeIOBAJIOCh BO3pAacTaHKE IIOTEPh 3KpaHa OT IapaMeTpoB @, u N. Mcxoas U3 pe3ynbTaToB pacyeToB ObLT clie-
JIaH BBIBOJ] O TOM, YTO KOHCTPYKIHUS C IPSIMOYTOJIbHBIM 9KPAHOM SIBIISIETCSI CAMOM SHEPTOEMKOH.

I[To pesynbraTam pacyera psijia KOHCTPYKIMH Obliia nocTpoeHa rpaduk-cxema ontumuzanuu DMK ¢ nac-
CHUBHBIM 3KpaHOM. I'paduk-cxeMa Mo3BOJISeT ONpEeaeIuTh SJHepreTHIecKre moTepu B ycraHoBke. Hanbonee onrtu-
MallbHbI BapuaHTthl ¢ (,=30-45° pu h = 6-8 Mm. OHK 00eceYnBalOT HEOOXOAUMOE paclpeeieHHe IEKTPOMar-
HUTHBIX CHJI P MUHUMYME 3aTpaT YHEPTUH B TAKUX KOHCTPYKIIHAX.

Hayunblii pykoBoaurtens: npod., 1.1T.H. 1.1. PactBoposa
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B.B. KPYKOBHUY
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

MPUMEHEHMUE JIA3BEPHOM TEXHOJIOT'UHU JJ151 MAPKUPOBKU
IKCIIOHATOB I'OPHOI'O MY3EA

B naHHOIi cTaThe paccMaTPUBAIOTCS TAKHE COBPEMEHHBIE METO/IbI MAPKHPOBKH € UCIIOb30BaHHEM QR —
kona u Hano6ap-kona (HBK) u ¢ mpuMeHeHueM J1a3epHOT0 MapKUPOBOYHOTO KOMILIEKCA.

QR — kox npencTaBisier co00W MaTPUUHBIN KO C 3aKOTUPOBAHHOM 001e10CTYHO# (OTKpBITON) HHpOP-
Manueil. OCHOBHOE ero JJOCTOMHCTBO — 3TO JIETKOE Paclo3HaBaHUE JOCTYITHBIM CKaHHPYIOIIUM 000pYAOBaHUEM.
OCHOBHBIM HEZOCTAaTKOM JAaHHOTO KOZa SIBIISIETCS TO, YTO C YBEINYEHHEM 3aKOANPOBAHHON NHPOPMAIINHU YBEIHIU-
BaeTCsl MUHIMAJIBHBIHM pa3Mep KoJa U OH yXKe He MOXKET OBITh pa3MeIleH Ha HeOOIbIINX YKCoHaTax. Kpome Toro,
13-3a €r0 OTKPBITOCTH BO3MOXKHO CO3/[aHHE "KJIOHOB", KOTOPBIE MOTYT Pa3MEIIAaThCs Ha MTOANCTKAX.

Hanro0ap-koap! — 3TO 0TEYECTBEHHOE HOY-Xay, COOCTBEHHAs! 3alIaTEHTOBAHHAs Pa3pabOTKa COTPYIHUKOB
Kagenpbl MaTepUaoBEACHHUS — JBYXMEPHBIE U TPEXMEPHBIE IBETHBIE KOJBI C YIbTPABBICOKOH INIOTHOCTBIO COZEP-
xaHust nHGopmanuy. OCHOBHBIMHU JOCTOMHCTBAMH JAHHBIX KOJOB SIBIISIETCS YJIBTPAIIOTHAS 3aIIUCh HA MUHUMAIb-
HBIX pazMepax kozaa (10 10000 cuMBoJIOB), M BO3MOXKHOCTh UCIIOJIb30BaHMS INU(GPOBAHHMS, @ TAKIKE IIEKTPOHHOM
MIOJINTMCH, YTO 00ECIIeYNBAET HAJ)KHYIO 3aIIUTY OT MOJIeNOK. J|aHHBIH BUJI KOJA SBIISICTCS. HAUOoJIee MPaKTHYHBIM
JUIS MCTIOJIB30BaHMS IIPU MapKUPOBKE MY3€HHBIX 3KCIIOHATOB.

B kagecTBe MaTepuanoB A HAHECEHUS IBYMEPHBIX KOJOB paCCMaTPUBAINCh HECKOIBKO BapUAHTOB: Map-
KHpPOBKa Ha Oymare ¢ IpUMEHEHHEM MPUHTEPa U Ja3epHas MapKHpoBKa Ha ruieHke. Cpasy e OblT HCKITI0YeH Bapu-
aHT NPAMOro HaHECEHUs] MapKUPOBKH Ha 3KCIIOHATHI C IIOMOIIBIO JIa3epa, T.K. MHOTHE U3 HUX SABJISIOTCS PEIKUMU
WIN YHUKaJIbHBIMHU. Hanbosee moaxoasmmM crmocodoM MapKUPOBKH SIBISETCA JIA3epPHOE HAHECEHHE HA TIICHKY, T.K.
JlaHHas IUICHKA NMeeT KISHKHUil CII0i ¢ BEICOKOH aare3ueil K pa3indHbIM MaTepuaiaM, KpoMe TOro 00J1aiaeT BBICO-
KOM CTOMKOCTBIO MPOTHB XUMHYECKUX U KIIMMAaTHIECKNX BO3JEHCTBHH, TeMIIEpaTypsl, ICTHpaHus. HakieeHHbIe Ha
CyXYI0 00€3KHPEHHYIO TOBEPXHOCTh TUKETKN CHUMAIOTCS TOJIBKO ITyTEeM YHHUYTOXKEHHS, BO H30€KaHHE BO3MOXK-
HOCTH HIOAAMEHBI, KPaXXH WJIH CIIy4alHON yTepe MapKHUpPOBKH.

OCHOBHBIMH TPEOOBaHUSIMH, IPEIBABIIEMBIMHA K HAHECEHHOMY KOy Ha IUICHKY, SBJISIFOTCS ITOTy4EHHE
MaKCHMaJIbHOI KOHTPACTHOCTH U YETKOCTH M300pa)keHHsI IPU €ro MUHUMAIIBHBIX pa3Mepax, He0OX0AUMBIX JIJIs
CUMTBIBAHUS, U YOBJIETBOPAIOLINE S3CTETHUECKHE TOTPEOHOCTH TOIb30BaTENs.

B pesynbTaTe npoBeAEHHBIX HCCIIETOBAHUH ObliIa MPUHATO PEIICHHE O MAPKUPOBKE SKCIIOHATOB C UCIIOJIb-
30BaHHEM TIOJUMEPHOH TIEHKH, TIO3BOJISIONIEH CO3/1aBaTh J1a3epoOM ITUKETKH pazmMepoM 20x20 MM ¢ 06beMOM 3a-
konupoBaHHo# nHdopmanuu ot 1500 no 2000 cumBoioB. MHpopMarus Ha 3TUKETKaX (GOPMHUPYETCsI ¢ IPUMEHEHHU-
eM Hanobap-kxona.

Hayuwnblii pykoBoaurensb: 1.T.H., npod. [Ipsxun E. Y.

A.A. KPYTEHA
Hayuonanvnviii uccnedosamenvcxui Tomckuii norumexHuyeckutl ynueepcumem

ONITUMM3 AN TEXHOJOI'MU JIMHENHOM
AJKWJIBEH30JICYJb®OKUCJIOTHI C UCHTOJB30BAHUEM
METOJ0B MATEMATHYECKOTI' O MOJIEJIMPOBAHUSI

B nmaHHOM Hcciie10BaHUH MIPECTAaBICHBI OCHOBHBIC BBIKJIAIKU 110 TEME, CBSI3aHHOM C ONTHMHU3AIMEeH TeX-
HOJIOTHH cHHTeTHdeckux Mormomux cpencts (CMC). M3BecTHO, yTO HaMOOJNBIIEH MOMYIAPHOCTHIO MOJIB3YIOTCS
CMC, B 0CHOBE KOTOPBIX JIe)KaT aHHOHHbIE OBEPXHOCTHO-aKTUBHbIE BellecTBa. JIMHeitHas ankuinOeH3051cynb(o-
kuciota (JIABCK) siBnsercss THIIMYHBIM MIPECTaBUTENIEM NAaHHBIX XUMUYECKHX COCTUHCHUH. [laHHOE BEMIeCTBO B
OCHOBHOM II0JTy4alOT ITyTE€M B3aUMOAEHCTBHUS CEPHOTO aHTUAPHA C JIMHEHHBIM alknioen3onoM (JIAB).

Lenpto naHHOH paboOTHI CTalo MOJIEIMPOBaHME ONTHMAIBHOIO Mpoliecca IOJadd Cepbl B TEXHOJIOTHUH
JIABCK u BBIpabOTKa peKOMEHIAIMH 110 ONTUMH3AINH C LEJIBI0 TOJIyYSHUS ATKHIOSH30CYIb(OKHUCIOTH BEICOKOTO
kauectBa (conepxkanne JIABCK ne menee 96 % macc., conepikanne Hecylnb(OUPyEeMbIX COeMHEHNH He Gosee 2%
Macc.), Ha OCHOBE MPUKIJIAJHOTO MCIIOJIB30BaHUs pa3padOTaHHON MaTeMaTHYeCKOH MOJIeNH Ipouecca cyabpupoBa-
uus JIAB. B ocHOBY uccie1oBaHMH JI€T aHAIN3 TEXHOJIOTHIECKUX JaHHBIX U Pe3yNIbTaThl, TOTyYSHHBIE C TOMOIIE IO
MaTEMaTHYECKOH MOJIEIIH.

B xone pa®oThr ObIIa yCTaHOBJIEHA HETIOCPEICTBEHHAS CBSI3b MEXIY COAEP)KaHHEM HEXKEeNaTeNbHBIX apo-
MaTHYECKUX COCIMHEHUII B UCXOTHOM CBHIPhE M KA4e€CTBOM KOHEYHOTo mpoaykTa. [lo3Tomy OblTa BEIIBUHYTA THUIIO-
Te3a, YTO JJI1 HOPMAIBHOTO MPOTEKAHMUS TpoIiecca CyIb(UPOBAaHIS JTHHEHHOTO alKWIOeH30J1a CEPHBIM aHTUAPUIOM
B peakTope Ipu OOJBIIOM COAEP)KaHUHM HOOOYHBIX apOMATHYECKINX KOMIOHEHTOB B MCXOJIHOM CHIphE HEOOXOINMO
MOBBIIIATH MOJaYy CEphbl Ha CXKUTAHUE C LIETbI0 YBEJINUEHUS! KOHIIEHTPAlUU CEPHOIO aHTHIPUIA B PEAKTOPE CYylb-
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¢upoBanna.C MOMOIIBI0 MAaTEMaTHIECKOW MOJENN YAAIOCh PACCUUTATh ONTHMAJIBHBIC KOJINYECTBA CEPbI, KOTO-
PBICHEOOXOAMMO HANpaBISITh HA CKUTAHUE B 3aBUCUMOCTH OT TOM WMJIM MHOM KOHIIEHTPAIUM apOMAaTHYECKHX CO-
eIMHEHUN B CHIpbE, ¢ menbio moanepxanns Beixona JIABCK Ha mMocTOSHHO BBICOKOM ypOBHE.Y CTaHOBJICHO, YTO
MIOJTyYCHHBIE JaHHBIE TI0 ONITUMAJIFHOMY PAacXOay Cephl IIO3BOIIIIOT MOBRICUTH coneprkanue JIABCK B mpogykroBom
notoke Ha 1,5%.

HayuHblii pykoBoaAuTeb: K.T.H., Hay4HbIH accucteHT W.O. [lonranosa

N.C. KPIOYKOB
benzopoockuii 2ocyoapcmeenHblll HAYUOHATbHBLU UCCAEO08AMENbCKULL YHUBEPCUMEN

NMHXEHEPHO-T'EOJIOI'MYECKOE COITPOBOXIEHUNE
BYPOB3PBIBHBIX PABOT HA KAPBEPAX

IIpn OTKpBITOH pa3pabOTKE MECTOPOXKACHWH OCHOBHBIMH TNPHPOAHBIMH (AKTOpAMH, BIUSIONIMMHU Ha
B3PBIBAEMOCTh PA3IMYHBIX JINTOJIOTHUECKUX THIIOB TOPHBIX IOPOJ, SIBISIOTCS WX TPEIIMHOBATOCTH (BBIPAKECHHAS
pa3sMepoM D3JIEMEHTapHOro OJIOKa) W KpemnocTh (IIPOYHOCTB), YTO OINpeJeseT HEOOXOAMMOCTh HHKEHEPHO-
Te0JOTMYECKOr0 CONPOBOXKACHUS OypOB3PBIBHBIX PabOT Ha Kapbepax, LieJb KOTOPOTo 3aKI0YaeTcss B JOCTOBEPHOU
OLICHKE YKa3aHHBIX NapaMeTPoB JUII KaXIO0ro IIaHUPYEeMOro K 0TpaboTke OypOB3pHIBHOTO GJIOKA M HA OCHOBE 3TO-
'O MPaBUIILHOM BBIOOPE yJEIBHOTO Pacxo/ia B3PHIBUATOTO BEIECTBA.

B crarbe Ha mpumMepe kapbepa paspabarsiBaroniero OIMMIMAAUHCKOE 30JI0TOPYAHOE MECTOPOXKICHUE U3-
JIO)KEHa METOJMKa TaKOTO COIPOBOXICHHS Ha OCHOBE T€OMETPH3AIMH KaphepHOTO IO MO OJI0YHOCTH MOPOJ 110
JaHHBIM JTUCTAHIMOHHOH OIEHKM OJIOYHOCTH IIOPOJHOTO MAacCHBAa B OTKOCAX YCTYNOB (JOTOMETPUYECKHM METOIO0M
C MCTOJIB30BaHUEM I (hparMeHTaIuy H300paXEeHHUsI aITOpUTMa MapKepHOTo Bogopasaena @. Maiiepa.

[Tyrem coBMemmieHHs1 KapThl OJIOYHOCTH TOPOJ ¢ 0109HOHN Mozensio OIUMITHATUHCKOTO MECTOPOXKICHUS
10 KPEIIOCTH MOPOJ ONPEAEIICHB 3HAUE€HHS JAHHOTO IapaMeTpa Mo KaTEropusaM OJOYHOCTH HOPOJ AJIS KaXKI0To UX
MeTpOrpaduIecKoro TUIA.

IIpu 3TOM yCTaHOBIIEHO OTCYTCTBHE CBA3HM MEX]y CPETHHM Pa3MepOM OTICIBHOCTH U CPEIHUM 3HAUCHUEM
MPOYHOCTH (KPETOCTH) TOPOJI, HO B TIpeJiesiax UX OJHOT0 MeTporpaguyeckoro THIa YeTKO HaOIoJaeTcs TeHACHIHS
K YBEJIMYEHHIO TIPOYHOCTH MOpoj B HampasieHuu ot |l k V kareropun 6104HOCTH, 0COOCHHO KOHTPACTHO MPOSB-
seHHas Mexay cocennumu 11 u IV kareropusmu.

Hayunblii pykoBoauTeNb: 1.T. — M.H., 1po¢. B.A. J/lyHaes

B. 1. KYAPABIEBA
DI'FOY BO Puvibunckuii 20cy0apcmeenHblii agUAyUOHHbII MEeXHUYeCKUll YyHUugepcumem umeHu
I1. A. Conosvesa

I'MBPUJIHBIE TEXHOJIOTMYECKHUE KOMIIJVIEKCBI
MAHNIMHOCTPOUTEJBHBIX TPOU3BOJACTB

OO1memMpoBasi TEHJICHIUS K COKPAIIEHHIO YKU3HEHHOTO IMKJA HPOMBIIIJICHHBIX H3/EJIUi, B TOM YHCIE
MaIIMHOCTPOCHUS, AUKTYET ITPOTHBOPEYHBLIE TPEOOBAHMS Ha Tarax MX MPOSKTUPOBAHUS U NOATOTOBKH IPOU3BOI-
cTBa. B mepByto odepens 3TO KacaeTcs CyIECTBEHHOTO COKPAIIEHHsI CPOKOB BBIITyCKa HOBBIX M3JECIHUH, YITydIIeHHS
TEXHHYECKHUX XapAKTEPUCTHUK, oOecrieueHus TpeOyeMbIX KauecTBa ¥ Ha/Ie)KHOCTH IIPH CHIDKEHNH Ce0E€CTOMMOCTH 10
KOHKYPEHTOCIIOCOOHOTO ypoBHS. OUEBUIHO, YTO NPH CYIIECTBYIONIIEM TEXHOJIOTHYECKOM YKIaJe OJHOBPEMEHHOE
BBITTOJIHEHHE 3TUX TPEeOOBAHHUH SABIAETCS TPYAHOpPA3pemnMoi 3agaueil. OMHUM U3 BO3MOXHBIX HOAXOJ0B K €€ pe-
IICHUIO SBJISIETCS M3MEHEHHUE MapaJurMbl MOCTPOCHHUS I'MOKUX aBTOMATH3UPOBAHHBIX TEXHOJOTMYECKHX KOMITIECK-
COB, KOTJ]a HA CMEHY KJIACCHYECKHM TEXHOJOTHMAM 3arOTOBHUTEIHHOIO IPOM3BOJICTBA, MEXaHWIECKOH 00paboOTKH 1
COOPKH MPUXOIAT THOPUIHBIE TEXHOIOTHH, 00ECTIEYNBAIONINE CHHEPTETHIECKUN 3((PEKT 0T coueTaHus cyOTpak-
TUBHBIX U aJITUTHBHBIX METOJIOB B PAMKAX OJHOTO TEXHOJIOTMYECKOTO ITHKIIA.

B pabote paccmarpuBaeTrcst CTpyKTypa FMOPHAHOTO TEXHOJOTHYECKOT0 KOMIUIEKCA JUISi MEJIKOCEPHIHOTO
MHOTOHOMEHKJIATYPHOTO TIPOM3BOZCTBA CIOKHONPO(MIBHBIX AeTaliedl M cOOpOYHBIX €IMHUI] Ha 0a3e JHMCTOBBIX
MarepuasioB. OcCOOEHHOCTHIO KOMIUIEKCA SBISIETCSI MHTErPalysl 3ar0TOBUTEIBHOT0, MEXaHUYECKOTO U cOOPOYHOTO
9TANoOB Ha €AWHOH NPOMBIIUIEHHON TUIONIAKe ¢ OJHOTHIIHBIM 00OPY/ZI0OBaHHEM KJIacca MHOTOLICJIEBBIX CTAaHKOB C
UYITY. ®opmoobOpazoBaHHE 3arOTOBOK OCYLIECTBIISIETCS! C IMOMOIIBIO TEXHOJIOTHH IOCIOHHOTO aehOopMHUPOBAHUS
JIMCTOBBIX MaTepuanoB Ha cranke ¢ UIIY wmu ¢ momoinsro mpomblinuieHHOro po6ota (Incremental Sheet Metal
Forming, ISMF), mo3Bossiforiieif MCKITIOYUTh TOPOTOCTOSIIIYIO IITAMIIOBYIO OCHACTKY. MOHOJUTHBIC JIEMEHTHI
JeTajlell IOJIy4aroTcsl OJHUM M3 aIJUTUBHBIX METOJOB, HANpPUMEDP, CEJIEKTUBHOM Ja3€epHOM HaIUIaBKOM.
ObGecrieuenne TpeOyeMOH TOYHOCTH ¥ IIEPOXOBATOCTH PAOOYMX TOBEPXHOCTEH JeTaliell JoCTUTaeTcs
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MEXaHWYeCKol o00paboTkoii ((hpe3epoBaHreM, NIIHPOBAHWEM) IO YIPABIAIOMEH TporpaMMe Ha TOM IKe
MHoTOoI1eeBOM cTaHke ¢ UITY.
HayuHblii pykoBoaAMTEb: K.T.H., To1. M.B. Tumodees

I.A. KY3HEIIOB
Canxm-Ilemepbypeckuii 2opHbili yHUGepcumem

MOBBIINIEHUE YX®P®EKTUBHOCTHU DJIEKTPUUECKUX CETEN
C PACIIPEJEJIEHHOU T’EHEPAIIUEN

B Hacrosimiee BpeMs B TPaJUIIMOHHBIX JIEKTPUUECKHUX CETSX IOSBIISIETCS BCE OOJbIIE HCTOYHUKOB ajJbTep-
HATUBHOH AHEPTHM M T€HEPaTOPOB MO MOIIHOCTH, YTO MPEBPAINAET X B CETH C PaclpeleliCHHOW reHeparuen.
Ananuz craTucTHKH PocTexHaa30pa IeMOHCTPUPYET, YTO KOJIMYECTBO OOBEKTOB PACIpE/ICICHHOW TeHepaluy, 1Mo-
JY4MBIINX JIOIYCK Ha BBOJ B 3KCIUTyaTanuio 3a nocienuue 10 ner yBennumnock Ha 940%, a cyMMapHasi MOILITHOCTh
yCTaHOBOK cocTaBuia oonee 3 ['Br.

CeTH Takoro THUIIa CUMTAIOTCS Ooyiee HAJESKHBIMU U MOOMIIBHBIMHU, B CPAaBHEHHUH C DHEPrOKOMIUIEKCAMH
TPaIUIMOHHOTO THIA. TeM He MeHee, POCT UCTOYHHWKOB aJbTCPHATUBHOMN SHEPIETUKH M HKCILTyaTAl[MOHHBIC TIPO-
OJIEMBI CBUICTEIBCTBYIOT O TOM, YTO IKCIUTyaTallsl CeTel ¢ pacTpeenEHHOM TeHepanuel ABIsIeTcs TPyIHOH 3a1a-
4yeld. bonbiroe kommuecTBO reHepaTopoB, pabOTAIOIINX B PA3HOE BPEMs C Pa3HBIMHU IapaMeTpaMH BBIIBUTAET J0-
TIOJTHUTEbHBIE TPEOOBAaHMSI K MX CHHXPOHHM3ALMM W MOJJEpXKaHMM OajlaHca MOIIHOCTeH. HeraTwBHBIN mpumMep
aseKTpoceTet ['epMaHuy, Tl MHOXECTBO BETPSIHBIX cTaHIMi padorato Ha 30-50% cBoeil Harpy3KH u3-3a OTCYT-
CTBHS BO3MOKHOCTH OBICTPO CHHXPOHHM3HPOBATH paclpeaeIEHHYI0 TCHEPAIHIO ¢ OCHOBHOW YHEPTOCETHIO TOBOPHT O
TOM, YTO OBICTpasi MOJICPHU3ALINS MOXKET HAHECTH Bpe[. [1epCHeKTUBHBIM PEIICHUEM Ka)KyTCsl BCTABKH MOCTOSHHO-
ro toka. OnHaKo, HaIW4Me HEIUHEHHBIX NpeoOpa3zoBaresiell TeHEPUPYET MHOXKECTBO T'apMOHHUK, HCKaXKAIOLIMX
(OpMBI KPUBBIX TOKA U HAIPSDKEHUsI, Aeiasi paboTy 000pyAOBaHUS B CETH HEyCTOWYMBOM. Bce aTo mpuBoauT K BO3-
HUKHOBEHUIO KaCKaJHbIX OTKIIIOYEHUH, UTO JiesaeT paboTy MOJEpHU3UPOBAHHBIX CeTel MeHee Ha/leXKHOM, yeM Tpa-
JULHOHHBIX.

Ha xadenpe DnekTposHEpreTHKU M AJIEKTPOMEXaHUKU ObLIM pa3paboTaHbl AITOPUTMBI Pa3BUTHS KacKal-
HBIX aBapuil B TPAAMIMOHHBIX 3JIEKTPOCETSIX M MX MOJCPHH3MPOBAHHBIX AHAJIOrAaX C HAJIMYHUEM HMCTOYHHUKOB pac-
TIpeAeNEHHON TeHepanny, a Takke BaApHAHTHI UX NpenoTBpamenns. [lonoxuTensHeit 3¢ ek gocturaercs Gmaro-
Japs YCTaHOBKE pa3pabOTaHHOTO NMPOTOTHIIA KOHTPOJUIEpa, COCAMHEHHOIo 4epe3 mpotokod Ethernetc akrtuBHBIM
CHJIOBBIM (PHIIBTPOM C BO3MOXKHOCTBIO CEJIEKTUBHON KOMIIEHCAIIUH TaPMOHUK.

Pa3paboTaHHbIil KOHTPOJUIEP BBHIMOIHEH HA 0a3e OJHOIUIATHOrO KommbioTepa RaspberryPl13 ¢ noakmroua-
€MbIM MOJYJIbHBIM JIMCIUIEEM M YCTPOMCTBaMHM BBOJA. AmmaparHas miar¢popMa MOHTHPYETCS B allFOMHHHEBBIN
KOpIIyC ¢ BO3MOKHOCTBIO ycTanoBku Ha DIN-peiiky. Konrpomiep coobimaercs mo nmporokony Ethernetc ucrmonnm-
TEJIbHBIMH MOJYJISIMH HHKHETO YPOBHSI, OJYyYAOUIMMH UH(OOPMALIUIO OT IOTPEOHUTENEH M BBIMOJHEHHBIX Ha IJIaT-
¢dopme Arduino.

OYHKIIMOHANBHO KOHTPOJJIEP COCTOMT M3 CIEAYIOIIMX MOJYJIEeH: MOAYJIb HAaCTPAaMBAeMbIX NapaMeTpoB
TI0JIb30BATEIsI, MOJYJIb BHIYUCIICHHUS] YMEHBUICHUsI HAPY3KH, MOJIYJIb BBIYUCIICHUS OTKIIIOUEHHUS Harpy3KH, MOYJIb
KOHTPOJISI OTKJIIOUEHHS Harpy3KH, MOAYJb BBIOOpa TMOJACETEH M NPHOPUTETHOCTH, MOIYJb BBIYMCICHUS CTEIICHH
KPUTHYHOCTH CTENEHN CHW)KEHHS YaCTOTbI, MOJYJIb BBIYHMCIICHHS CTETICHH CHWXXEHUSI YaCTOTHI, MOJYJIb KOJHMYECTBA
WBII, momynb ompeneneHus MOACETeH, MOIYNb BBIYUCICHHS MaccuBa (ha30BBIX YIJIOB, YMHOE 3JIEKTPOHHOE
YCTPOMCTBO HHXKHETO YPOBHSI.

B Hacrosmmee Bpemst yCTPOHCTBO MPOXOAMT AOBOJIKY aJITOPUTMOB M MCIBITAHHUS B COCTaBe JIaOOPaTOPHBIX
CTEH/IOB.

Hayunsblii pykoBoauTenb: 1.T.H., npod. b.H. A6pamoBuu

N.B. KY3HELIOBA
Upxymcekuii HayuoHanbHwill Ucciedo8amenbCKull MeXHUYeCKUll YHUgepcumem

OIIEHKA CEHCMMYECKOTI'O PUCKA TEPPUTOPUN
TAHIKEHTA C YYETOM YA3BUMOCTHU 3ACTPOUKH U
I'PYHTOBBIX YCJIOBUU

Bompockl ceficMUuecKOro pucka M ysI3BUMOCTH XKHJIOM 3aCTPOUKM ITOPOJOB U HACEICHHBIX IIYHKTOB TECHO
CBSI3aHBI C OCOOCHHOCTSIMH CEHCMUYECKOIl OOCTAHOBKM TEPPUTOPHUH W BIMSHHEM MECTHBIX TPYHTOBBIX YCIOBHIL.
MHorue KOHCTPYKTHUBHBIE TUIIBI 37aHAN Y30eKHnCTaHa HETIOBTOPUMBIL, OTPAYKAIOT TPAIUINH U HAIMOHAIBHBIA yKIIaJ
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KOPEHHOTO HaceleHus PecrmyOnuky v He WACHTHGHUIMPYIOTCS ¢ TUITOBOW KiaccuuKaueil 3MaHni, OTpaXeHHOH B
ceficMuieckux mikanax. Tepputopust Y30eKkucTaHa pacrojoxeHa B LleHTpanbHO-A3HAaTCKON 30HE M XapaKTepHU3y-
€TCs CIIOXKHBIM I'€0JIOTHIECKUM CTPOCHUEM U BBICOKOM TEKTOHWIECKOW aKTHBHOCTHIO. Ha OCHOBaHMM MHOTOJIETHUX
CeHCMOTEKTOHIYECKIX HUCCIICIOBAaHUN HA TEPPUTOPHH Y30SKUCTaHa BBIJCICHBI TPU KaTETOPHUH CEHCMOTEHHBIX 30H,
T/Ie BO3MOKHO BOHUKHOBEHHE 3eMJICTPSICEHUI ¢ MaKCUMaJIbHBIMHU MarHUuTygaMu M<7.5, M<6.5 u M<5.5, uro co-
OTBETCTBYET HHTCHCUBHOCTH COTPSICEHUH Ha MOBepXHOCTH 3emutd <9, I<8 u I<7 Gammor

Xapakrtep 3acTpoiiku T. TallkeHTa CHJIBHO OTJIMYaeTcs OT APYTHX ropojoB. B coBpeMeHHON cTpykType
XKUJIMIIHOTO (hOHJA MpeolIaaloT KPpyITHOMaHEIbHBIE I0Ma, B KOTOPBIX IIPOKUBET IIOYTH MOJIOBHHA HACEJIEHHS I'0-
pona. KapkacHble U KpyNHONaHeNbHbIE 9-3Ta)KHbIE 3/IaHUs 3alIPOEKTHPOBAHBI C YPOBHEM CEIICMOYCHIICHHS HE Me-
Hee 8 0aJuIOB COTIIaCHO TPEOOBAaHUSM HOPM CEHCMOCTOMKOTo crpouTtenscTBa. CrenyeT oOpaTUTh BHUMaHHUE Ha TO,
YTO MPU pacueTe CeHCMUYECKOro PUCKa B paboTe HE yYUTHIBAJICS YaCTHBIH JKHIIOH CEKTOP, T.K. OTCYTCTBOBAJIH JaH-
HBIE M0 KOJIMYECTBY CYIIECTBYIOIIEH 0OIIeH IIomay 3aCTPOHKH M YUCICHHOCTH MPOXKHUBAIOIIET0 Ha HEll Hacele-
HUSL.

PacuéT mokasal, uTo ypoBHIO mpremIemMoro prcka 1-10™ (1/rox) B r. TamkenTe B pe3yabrate 8-6amIbHOTO
3eMIIETpsICEHHs OyIET COOTBETCTBOBATH MTOJIOBHHA XHUJIHMIIHOTO (DOHIA — 3TO CEHCMOCTONKHUE JIoMa, TOCTPOWKHU TO-
cie 1966 r. Ceronus B TamkeHTe BO3BOAATCS HOBBIE MHUKPOPAHOHBI C IOMaMH, OTBEUAIOIIUMHU TPEOOBAHUSAM CEM-
CMHYECKUX HOPM, a CTapble BETXHE IOCTPOWKH MOCTENEHHO YXOAAT B MPOMIIOE, YTO TOBOPUT O OIArOMpPUSATHBIX
MIEPCIIEKTUBAX.

Hayunsrii pykoBoaurtens: 1.T.H., npod. C.C. Tumodeena
HayuHblil pyKOBOAMTE/Ib ¢ MECTA NPAKTUKU: K.T.H., CTapLIUI HAYYHbINA COTPYIHUK VHCTUTYT 36MHOI1
xopel CO PAH, r. Upkyrck, JI.IL. bepxxunckas

K.A. KY3bMHUHA
Heanosckuil 20cy0apcmeeHHblil XUMUKO-THEXHOI02UYeCKUL YHUBEPCUmem

CUHEPTETUYECKUHN CUHTE3 ACTATUYECKOI'O
AJITOPUTMA YIIPABJIEHUSA KOHIIEHTPAILIMEH B
HOJIMTEPMHUYECKOM PEAKTOPE

[ToBeimeHne TpeOOBaHUI K KauyecTBY pabOThl XMMHUYECKHX PEaKTOPOB - YCTOWYMBOCTH M HAJIEKHOCTH -
00yCIaBIMBAIOT aKTYaIbHOCTh U HEOOXOIUMOCTh TOMCKA IyTeH COBEPIICHCTBOBAHUS CHCTEM YITPABICHHS 3THMHU
00BEKTaMHU.

B nmanHol paboTe mpeanaraeTcs pemuTh 3aJady CHHTE3a CHUCTEMBI YIPABIEHUS XUMUYECKUM PEAKTOPOM,
UCTIONB3Ysl CHHEPTeTUYCCKUU MOAX0], KOTOPBIA MO3BOJISIET aHAIUTHUCCKH CHHTE3MPOBATh 3((EKTHBHBIC 3aKOHBI
YIOpaBJICHUS IS HETHHEHHBIX, MHOTOMEPHBIX X MHOTOCBSI3HBIX JTHHAMHUYECKUAX CUCTEM.

B peaxTope peanusyercs 3K30TepMHUYECcKast PEaKIHs BUAA:

A+B—P;— Py

rae A u B - ucxonueie pearentsl, Py u P, - nponykTel peakiuu. LleneBpiM KOMIIOHEHTOM siBisieTcs Pi.

Ucnone3ys meron AKAP, nosyyeH 3akoH ynpaBieHUs] KOHLIEHTpaluei neaeBoro npoaykra. [Ipumepst ne-
PEXOHBIX MPOIIECCOB PEryTUPOBAHUS PECTABICHBI HA pHC. 1.

|
{

Av2, Nwins

]
I
|

= Dpesir, som
Hpeux vam

Puc. 1. U3MmeHeHue peryaupyeMoil NepeMEHHON U YIPABIISAIOIIEr0 BO3AEHCTBUS IPU JEICTBUM CTyIIEHYa-
TOTO BO3MYIICHHUS 110 BXOJHOW KOHIIEHTPAIHH
Pe3ynbraTel MOAENTUPOBaHHS TOBOPAT O TOM, YTO CHCTEMa YNPABJICHUS MHBAPHAHTHA K BO3MYIICHUSM U
KOBapHaHTHA C 33JJaHUEM. DTO CBHIETEILCTBYET 00 3P PEKTUBHOCTH CHHEPTETHUECKOTO MOIX0/Ia K PEIISHHUIO 3324
CHHTE3a 3aKOHOB yIIPaBIICHHS HEIMHEHHBIMHA 00BEKTaMU.
Hayunblii pykoBoauTens: 1.T.H., npod. A.H. Jlabytun

188



A.A. KYHIIUH
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

PABPABOTKA KOHCTPYKIIMHU XBOCTOBHUKA - ®PUJIBTPA JIJIA
CKBAKHH C BOJbBIINM OTXO/J0M OT BEPTUKAJIN

CII0’XHOCTB OCBOGHHS TPYTHOAOCTYITHBIX TEPPUTOPHH, TAKUX KaK APKTHUECKHH 1IN}, MPEeayCMaTpUBaCT
OypeHHe CKBa)XKUH C MOpPCKOH mmaTdopmsl, mibo ¢ OeperoBoii nuHuU. Kak mpaBmito, MPOEKTHBINH MPOQIITH TaKIX
CKBaXMH mMeeT Oompmmioit orxox ot BepTukanu (BOB), xoropsrii moxer mpepbimats 12 kM. Ilpum sTom mmmHa
HAKJIOHHBIX ¥ TOPU30HTAIBHBIX Y9aCTKOB CKB)KHHBI COCTABIISET OT 4 KM 10 9 KM.

[Ipn Oypennnu u 3akaHYMBaHNM CKBaXXWH ¢ BOB BO3HUKAIOT OCI0XXKHEHNUS M aBapUu 0OYCIIOBIICHHBIE CHTa-
MU TPSHHSA U HEKOHTPOINPYEMOCThIO HANPsDKEHHO-eopmupoBaHHBIX coctostanid (H/IC) OypunbHOro HHCTpyMEH-
Ta ¥ 00CaIHBIX KOJOHH BO BpEMsI X BPALIEHUs U CIIYCKO-TIOABEMHBIX ornepanuii. K Hanbosee 4acThIM OCI0KHEHH-
SIM MO’KHO OTHECTH HEJOXOKIEHHE B MpoLecce CIyCcKa A0 MPOEKTHOM ITTyOWHBI XBOCTOBHKA — (UIBTPA. DTO MPH-
BEJIO K HEOOXOJMMOCTH COBEPIIEHCTBOBAHUSI KOHCTPYKIMH (PUIIBTPOBOM YacTH XBOCTOBHMKA ONTHUMHU3ALMEH Mapa-
MetpoB H/IC B 30HaxX KpUTHYECKUX HAIIPSHKEHUH B 3aBUCHMOCTH OT TEXHOJIOTHH CITyCKa KOJIOHHBI C Y4ETOM TOPHO-
T€0JIOTHYECKUX YCJIOBUH, KOTOPOE B MEPBYIO OUEPEAb ITO3BOJIUT 0OECIIEUNTh MOBBILIEHHE ero HaAEKHOCTH U JI0JI-
TOBEYHOCTH B ITPOIIECCE IKCILTyaTaluu ckBaxxunsl ¢ bOB.

B pabore HayuyHO 000CHOBaHA HEOOXOANMOCTD Pa3pabOTKM KOHCTPYKIMH U TEXHOJIOTHH CIycKa (HUIbTpa-
XBOCTOBHKa B CKB)XXHHBI ¢ BOB ¢ menbio CHIDKCHNST PHCKOB aBapUHHBIX CHTYaIMi, 00yCIOBICHHBIX HEIOCTATOY-
HON KoHTponupyemocTbio HJIC MHCTpyMeHTa, NPUBOAALIETO K IIOCAZKaM M IIOJKIMHKaM B MpoILecce CIycKa.
[TpennoxeHa KOHCTPYKIHSA KECTKOTO TypOYIH3aTOPa C PErYJINPYEMBIM YIJIOM HAaKJIOHA HAIIPaBIIAIOIINX BUHTOBBIX
JIMHUH U BBIICJICHBI KPUTEPUH ISl €70 YCTAaHOBKH Ha (puibTpe.

Pa3paboTka KOHCTpYKIMK (PUIBTPOBOIT YacTH XBOCTOBUKA onTuMu3saiuei mapamerpoB HJIC B 30Hax kpu-
TUYECKUX HANPSKEHUN B 3aBUCUMOCTU OT TEXHOJIOIMU CITyCKa KOJIOHHBI ¢ Y4ETOM I'OPHO-T€0JIOIMYECKUX YCIOBUN
CKBQ)XWHBI TIO3BOJIUT 00ECTICUNTD MOBBIILICHNE €T0 HAAEKHOCTH U JIOJITOBEYHOCTH B MPOLIECCE IKCILTyaTalluy CKBa-
xuHbI ¢ BOB.

Hayunblii pykoBoauTens: A.1.H., npod. M.B. J[BoiiHnKkoB

H.C. KYPMAHYYK
TromeHncKutl UHOYCMPUATLHBII YHUBEPCUTHEM

UCCJIEJOBAHUE BJIMSIHUS UMITYJIbCHOI'O BO3JEVCTBUA
TOKA HA IPU3ABOMHYIO 30HY IIJIACTA

B Hacrosimee Bpemst yBennueHne Kod((uIHeHTa U3BJICUCHUS HEPTH IyTeM YIyUIICHHs KOJUIEKTOPCKUX
CBOMCTB SIBJISIETCS MEPCHIEKTHUBHBIM HAlpPaBICHHUEM Pa3BUTHSA B HE(TIHOH M ra30Bod MHIycTpuu. HoBBIE TeXHOMIO-
TMHU MO3BOJISIFOT MOBBICUTH He(TEra3o0TAauy Iiacta Ipu 3TOM YJIYYLIUTh YIPABIAEMOCTh, JKOHOMHYECKYIO PEHTa-
0ebHOCTD, IKOJIOTHYHOCTH TIpOolLecca.

B nanHOi1 paboTe paccCMOTpPEH OJMH U3 TAaKUX METOJOB - HMITYJILCHOE BO3ACHCTBHE TOKa Ha MPpU3a00iHYyI0
30HY macTa. JlaHHBIH CIOCO0 MpeAcTaBisieT co00i co3aHus IEKTPUIECKON IyTH B TeKyuel cpee, Haxoaseics
B CKB&)KMHE, MPOOYPEHHOH B IUIacTe, MPUYEM 3JIEKTPHUECKas Jyra MHAYLHPYET BOJHY JaBJICHUs, KOTOpas COBEp-
IIaeT MOJIE3HYI0 MEXaHWYecKylo paboTy B macte. B maHHOM ciyyae Bo3jeiicTBHE Ha IUTACT MPOMCXOAUT BO BCEX
HaIMpaBJICHUs, a HE y3KO JOKAJIM30BaHHON TPEIUHE.

Tak ke B paboTe NOKa3aHbl CXEMBbl YCTAHOBOK, C KOHKPETHBIMH XapaKTEePUCTUKaMH, OIIMCaH MPUHINT JIeH-
CTBHS, IPOBE/ICH MX aHAIU3 U cpaBHEHHE. [IoMUMO BO3EHCTBHS Ha IIACT MPOUCXOANT (PU3NIECKOE U XUMHIECKOE
BO3ZCHCTBUE HA YTIICBOJOPOIBI B MPH3a00HHOM 30HE.

B xone amamm3a crmoco00B W yCTaHOBOK MMITYJIBCHOTO BO3JICHCTBHUS TOKa Ha NMpHu3a0O0iHYIO 30HY IUIacTa
ObUTH BBISIBIICHBI ITPEUMYIIECTBA, a TaK )K€ MPOOJIEeMBI KOTOPBIE IPEACTONT PEIINTh JUIS JalbHEHIIero IepCIeKTH B-
HOTO Pa3BUTHs JaHHOW TEXHOJIOTHH.

Hayunblii pykoBoauresb: accucteHT, H.M. IlakinuHoB
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HU.M. KYPUATOB
Poccutickuti cocyoapcmeennviil ynusepcumem ne@mu u 2aza
(HayuoHabLHLLI Uccaed08amenvbekull yrusepcumem) umenu U.M. I'yoxuna

KOMILIEKCHBII AHAJIN3 BA3OBBIX BAPUAHTOB
OCBOEHUSA HE®TEI'A30OBOI'O MECTOPOXIEHUA «A»,
PACHOJOXEHHOI'O HA HIEJBb®E BOCTOYHO-CUBUPCKOI'O
MOPAA

Poccust 001agaeT oMHIM M3 CaMBIX BEICOKMX MUHEPaIbHO-CHIPHEBBIX MOTEHINAIOB B MUPE. JTO, B YACTHO-
CTH, OTHOCHTCSI K apKTHYECKOMY PETHOHY, I'JI€ 3amachl yrJ€BOAOPOJHOTO CHIPHS OIEHHBAIOTCS MUHHCTEPCTBOM
[Mpuponueix Pecypcos n Dxonornu PO npubnuzurensHo B 15,5 MiH. ToHH HedTH 1 84,5 TpiH. Ky0. M. Taza.

BBuiy Manoil M3y4eHHOCTH KOHTHHEHTAILHOTO MIeib(ha APKTUKU M YKECTKHX MPHUPOAHO-KIMMATHYECKUX
YCJIOBHIA,0CBOCHHIO HE(TEra30BbIX MECTOPOKACHHH COMYTCTBYIOT TEXHUUECKHE U KOMMEPUYECKHE CI0KHOCTHU. Jlo-
KaJIM30BaHHBII XapakTep pa3sBUTHs MHPPACTPYKTyphl, 0COOCHHO B TaKUX paioHaX, kak BocrouHo-Cubupckoe mMo-
pe, 3aTpynHseT cOOp NaHHBIX,HEOOXOAMMBIX JUIS TPOBENCHHS JETAIBHOTO TEXHOJOTHYECKOTO aHalin3a B paMKax
KOHLENTYaJbHBIX UCCIIEOBAaHHH.

Lenpto naHHOW PabOTHI SBISAETCS ITOATOTOBKAKOMIUIEKCHOW OCHOBBIOA30BBIXBAPHAHTOB OCBOCHHUS YCIIOB-
HOTO MECTOPOXKICHHUS «A», pacloiokeHHOTro Ha menbpe Bocrouno-Cubupckoro Mopsi, myTem:

-OTIpEICNICHUACTATYCAaTeXHOJIOTHHIIAPAa3pabOTKH MECTOPOXKICHUH B SKCTPEMAaIbHBIXYCIOBUSIXAPKTHKH-
NPaHKUPOBAHHUACYIIECTBYIOMNXTYUIINXITPAKTHUKOCBOCHHS TAKHXMECTOPOXKICHUH;

- cObopa 1 aHaNMM3a JOCTYITHOW MH(OPMAIUH 0 IPUPOAHO-KIMMATHIECKUM YCIOBIFIV,

- pacueTa BO3MOJXKHBIX MPUPOJIHBIX HAarpy30K Ha COOPYXKEHHs, KOTOpble MOTYT OBITh HCIIOJIb30BAHBIIPH
OCBOCHUMYCJIOBHOTO MecTOpOXxJieHns1 B BocTouno-Cubupckom Mope;

- UACHTU(UKALNY KIIFOUEBBIX ONTACHOCTEH U PUCKOB.

[TpoBeneHHbIe UCCIIEOBAHMUS TTO3BOJIMIIHN:

1) BBISIBHTBH CIEKTP CYLIECTBYIOIINX TEXHHKO-TEXHOJIOTHYECKHX PEUICHUH, NMPUMEHUMBIX JJISI OCBOCHUS
menbha Bocrouno-Cubupckoro mops,

2)oaAroTOBUTh HH()OPMAIIMOHHEIH 0a3uc, KOTOPHIA B OyaymieM, MpH HATHIHH TpeOyeMoro oObemMa IaH-
HBIX, MOKET HCIIOJIb30BATHCS LIS IIPOBEACHHS IOAPOOHOTO KOHIIETITYaIbHOTO aHAJIH3a,

3)npenBapuTEIbHO OLEHNTH S3PPEKTUBHOCTD pa3pabOTKN TAKUX MECTOPOKACHHH,

4yTO OyIeT MoaApoOHO 00CYKICHO B TOKIIAIE.

Hayunblii pykoBoauTens: 1.T.H., mpod. A.b. 3omotyxun

H. A. KYKCOB, I1.A.CA®OHOBA
Canxm-Ilemepoypeckuii I opuwiti ynusepcumem

NCHOJBb30BAHME TEPMOJJIEKTPUYECKOI'O TEHEPATOPA
W T'EHEPATOPA HA COJTHEYHBIX 3JIEMEHTAX U151 HUTAHUWSI
YIAAJIEHHBIX CEHCOPHBIX CUCTEM

Poccus u3-3a cBoeit 0ONBIION TUIOMAAN UMEET MHOXKECTBO YAAJCHHBIX MPOMBIIUICHHBIX 00BEKTOB, KOTO-
pBI€ PACHOJI0KEHBI HA PACCTOSHUM COTEH KMIOMETPOB APYT OT Apyra. IIpu 3ToM Ha 00BbEKTax MOTYT OTCYTCTBOBATh
omepaTopsl M JIpyroil obcmykuBaromuil nepcoHan. Mcxonas u3 3Toro, 3ajada aBTOHOMHOTO 3JIEKTPOCHAOXKEHHs
000pyI0BaHUS 11 MOHUTOPHHIA COCTOSHHUS OOBEKTOB aKkTyajbHAa. OCOOCHHOCTHIO TAHHOTO THIA 000pyIOBaHMS
ABJISIETCS HU3KUH YPOBEHB HHEPTONOTpeOIeHNs (MOITHOCTD MOPSAAKA HECKOJIBKHX BATT), MIO3TOMY HCIIOJIE30BAHHE
MOIIHBIX BETPOT'€HEPATOPOB ¥ BHEIIHETr0 LIEHTPAIM30BAHHOTO 3J1€KTPOCHA0KEHHS U3JIUIIIHE.

Ha nanHbBII MOMEHT B HcclieyeMoi 00JIacTH MPUMEHSIOTCS CUCTEMBI, IIMTAIOLINECs] OT CeTel AIIEKTPO-
cHaOxeHwus1. [Ipu 3TOMB mojaBistoeM OOJBIIMHCTBE CIIy4aeB JAOCTYII K CETSAM orpaHuueH. B nmpoBenénHom uccie-
JIOBaHWH PacCMaTPUBAETCS BO3MOXXHOCTH HCIIOJIB30BAHMS JUIi aBTOHOMHOT'O 3JIEKTPOCHAOXEHUs: 000pyI0BaHUS
TepMoteKkTprueckux reneparopos (TOI'), paboTa koTOopbIX OCHOBaHA Ha 3 dexTe 3ecOeKa, U COTHEUHBIX OaTapei.

B nensx mccnenoBanus Oblia coOpaHa yCTaHOBKA, BKIFOUYAIOIIAs ce0sl TEPMORJIEKTPHUYECKUH MOIYINb, U
TIOJTYYCHBI OKCIICPUMEHTAJIbHBIC JaHHBIC. ITo TMOJTYYCHHBIM JTaHHBIM ObLIN BBIBCJICHBI 3aBUCUMOCTH ITO3BOJISIOIICC
JlaJ'IBHCI\/'IH_Iee IIPOCKTUPOBAHUEC Z)HGKTpOCHa6)KeHI/I}I aBTOHOMHBIX CHUCTEM. B dacTHOCTH TIOJIYYC€HBI 3aBUCHUMOCTH
MOIIIHOCTH OT Pa3HOCTU TEMIIEpaTyp Ha CTOPOHAX MOAYJIA, BOJbT-aMIIEpHAs XapakTepuctuka u apyrue. Ilpu pac-
CMOTPCHUH XapaKTCPUCTHUK BO3MOXKHBIX K IPUMCHECHUIO CbOTOi)J'IeKTpI/I‘IeCKI/IX 9JIEMEHTOB OBLIN BBI6paHBI TIOJIMKP -
crayutel. Ha coBpeMeHHOM dTare pa3BUTHS MOHOKPHUCTAJUIMUECKUE TIaHEeIM UMel0 Heckobko Oonbmmit KITJ[ mpe-
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00pa3oBaHusl, HO NPEUMYIIECTBOM IOJIMKPUCTAIIIMYECKNAX ABJISAIOTCS HU3Kas II6HAa M MEHbIINN KOI(DQUIUCHT ae-
rpajanuu. B ncenenoBaHuy Ui IBYX THIIOB T€HEPATOPOB ObLIA PACCUUTAHA CTOMMOCTH OJHOTO BaTTa MOIIHOCTH,
BEIpabaTeIBaeMOW B HEHTpPalIbHOM wacTh 3amagHoit CuOupw, OZHOM W3 KpymHeWmmx cyowsexkTtoB PO mo mome
HedrenoOsrun. [Ipu 3ToM Hanboee BRITOAHBIM OKA3aJICs TEPMORICKTPHIECKUI TEHEPATOP, B TO BPEMsI KaKk reHepa-
TOp Ha COJHEYHBIX OaTapesX B BEIOPAHHBIX KIMMATHYECKHUX YCJIOBHSAX HE SIBIISIETCS TIOJIHOCTHIO aBTOHOMHBEIM. Cire-
IyeT OTMETHTh, YTO NPH CMEIICHWH K IEHTPAIBHBIM M CEBEPHBIM IIHUPOTAM pPE3yJIbTaThl PACUETOB 3HAUNTEIHHO
OTJIIMYAIOTCH.
[ToxBosst UTOT, MOXKHO CKa3aTbh, YTO PE3YJIBTAThl UCCIIECIOBAHUI [TOJTBEPKAAIOT BO3MOKHOCTD HCIIOJb30-
BaHMs KaK OJJHOTO, TaK M JPyroro MCTOYHHMKA 3Hepruu. [ BeIOOpa Hanbosee BBITOJAHOIO HEOOXOAMMO TMPHUBS3BI-
BaThCsl K KOHKPETHBIM YCIIOBHSIM HCIIOJIb30BAHUSL.
Hayunslii pykoBoauTens: K.T.H., 1o11. B.C. [loOym

A.P. KYTIYMYXAMETOB
Poccuiickuii cocyoapcmeennbiii 2ceonozopassedounsiit ynusepcumem um. Cepeo Oposconuruose

PACYET OCAAKHUIIOA COOPYKEHUMMU ADC

B pabote npuBogutcs pacuer ocaaku noa coopyxkeHusMuADC. Hapsiny ¢ TpaJAWIIMOHHBIM pacyeToM Me-
TOJIOM TIOCJIOHHOTO CYMMHpPOBAHUS, OBII HMCIOJIB30BAaH ITOAXOJ, OCHOBAHHBIM HAa METOJIC I'PAaHWYHBIX HJIEMEHTOB
(MI'3), peanu3oBanHblii B nporpaMMHoM komiuiekce Settle 3D.MI'D pexomengoBan CIT 22.13330.2016. OcHoBa-
HUS 31aHUH U coopykeHUU. OIHaKO MPAKTUUECKUM ONBIT ucnobp30Banus MI'D aiis pacuera ocaZok y HaC B CTpaHe
OTCYTCTBYET.

Vcnonp30BaHme YHCIEHHBIX METOIOB CYIIECTBEHHO PAcIIMPSIET BO3MOKHOCTH MaTeMaTHIECKOTO MOAEITH-
poBanmsa. K mpenmymectBam Settle 3Dcienyer oTHECTH BO3MOXHOCTh MOJIEIHPOBAHUS OCAAKH OCHOBAHUH CO
CJIOKHBIM MH)KEHEPHO-T'€OJIOTHYECKUM CTPOSHHEM M YUHUTHIBATh TpeXMepHble 3 (eKThl OT Harpy30K QyHIaMEHTOB
CIIOKHO (hOPMBI.

Llenb paboTHI 3aKiIOYaeTCs B CPAaBHEHHH pacyueTa O0CaJKMMETOJOM IOCIOHHOTO CyMMHPOBaHHS U B IIPO-
rpamme Settle 3D.

B merozne neckonpkux cnoes Settle 3D kommanun Rocscience, moiaHoe ynpyroe penieHue ocanku GyHaa-
MEHTa NPOU3BOJILHOM ()OPMBI, ONUPAIOIIETOCs HA CIOMCTYIO YIPYIYIO TONILY I'PYHTOB, BBIYHUCIISETCS ITyTEM HUHTE-
rpupoBanus ¢yHKIMH ['prHa Ha 0cHOBE 3(h()EKTHBHON BBIYMCIUTENBEHON NPOLETYphl, paspaboTanHON mpodecco-
pom Yue, Z. Q.

B kauecTBe nprMepa ObIT BEIOPAH CYIIECTBYIOIINH 0OBEKT aTOMHOM MPOMBIIIIICHHOCTH.

B pesynbraTte 00paboTKM MaTepHaIOBHHKECHEPHO-TEOJIOTHYECKIX HM3bICKaHMH B cepe B3anMOJCHCTBHS
COOPYKEHHS C TeOJIOTHUECKON CpeIol BRIACICHO 5 MHKEHEPHO-TeoornuecKkux anmemMentos (UID).

B kavecTBe MCXOAHBIX JaHHBIX, 3aKJIQJBIBAEMBIX B pacuyeT MCIOIb30BaINCh PEKOMEHIOBAaHHbBIE 3HAYCHUS
MIPOYHOCTHBIX U 1e(hOPMAITHOHHBIX CBOWCTB IPYHTOB M3 OTUETA IT0 HH)XEHEPHBIM HU3BICKAHUSIM.

Pacuer meTomoM mocioiHOTO cymmupoBanus mpoBonuics cormacHo CHull 2.02.01-83 «OcHoBanus u
(byHIaMEHTBD.

MaxkcuManbHasl 0cajika METOJOM MOCIOMHOTO CyMMUpPOBaHus cocTaBuia 49,8 cM.

Janee ObLIM MpoM3BEACHBI pacyeThl B mporpamme Settle 3D mMeTomom rpaHu4HBIX 37eMeHTOB.Pacder B
IIporpamMme IPOBOJIMICS C TEMH )K€ HCXOIHBIMH JaHHBIMUA. MaKkcuMalnbHas ocajika cocraBmuia 53,3 cM.

[IpoBeneHHbIE pacyeTsl MOKA3aIM, YTO MAaKCUMAJIbHAS OCaJlKa COOPYXKEHUs (axke NpH HEeOIarompusSTHBIX
YCIIOBUSIX) HE MPEBBIIIACT HOPMATHBHYIO, YCTAaHOBJICHHYIO IPOEKTOM M HOPMAaTHBHBIMH JTIOKYMEHTaMU.

Hayunblii pykoBoauTenb: 1.r.—M.H., mpod. .K. domenko

T.C. JAJEMIIUKOBA
Tepmckuii HaYUOHATBHBIL UCCIE008AMENLCKUL NOTUMEXHUYECK UL YHUGEPCUMem

OIIEHKA D®»PEKTUBHOCTHU METOJA «XOJIOJTHBIN ITOTOK»
B BOPBBE C ACOPAJIBTEHOCMOJIOTAPA®UHOBBIMHA
OTJIOKEHUAMU

OnHOM U3 aKTyalIbHBIX IPOOJIeM TPyOOIIPOBOAHOTO TPAHCIIOPTA SIBIISIETCS HAKOIUICHHUE ac(aibTeHOCMOIIO0-
napaduHoBbIX oTinokeHHH (ACIIO). OcHoBHbIM MexanusMoM ¢opmupoBanust ACIIO siBisiercst MonekyJspHast
i dy3us, OCHOBaHHAs Ha BIMSHHUU TeMIIepaTypHoro rpagueHTa. CoBpeMeHHbIe MeTo 1! Ipenynpexaenus ACIIO,
BO3ZICHCTBYIOIINE HAa TEMIIEPaTYPHBIA I'PaANEHT, HAIIPABJICHBI Ha MOAJIEPKAHNE TEMIIepaTyphl HE(TH BhIIIE TEMITe-
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paTypsl KpucTaum3anuu napaduHa. AJBTEPHATHBHBIM CITIOCOOOM OOPBHOBI SBJISETCS METOJ «XOJOIHBIN MOTOKY,
TIPEATIONIArAIONINA OXJIKICHHEe HEPTH O TeMIepaTyphl OKpykaromeld cpensl. Llenpio maHHON paboThl SBISETCS
oreHKa 3G PeKTHBHOCTH NPUMEHEHNS MeTo1a «XOJIO0IHBIH MOTOK» B 6oprde ¢ ACIIO.

Jus oueHkH 3¢ (EeKTUBHOCTH IMpeIaraéMoro MeToga B cuMyisiTope MHorogaszHoro moroka OLGA mo-
CTpOEHa MOJIENb CYIIECTBYIOIIEro HedTenpoBoa. BrInonHeHbI 1abopaTopHbIE NCCIENOBAaHNUS KOMIIOHEHTHOTO CO-
CTaBa W PEOJIOTHYECKHUX CBOMCTB HedTH. KOMIOHEHTHBINH cocTaB 06paboTaH B MPOTpaMMHOM mpoaykre PVTsim.
Ha ocHoBe pe3ynbraTtoB 1abopaTopHBIX HccieaoBanuil B mporpaMmMHoM komiuiekce OLGA npoBezieH pacuer mapa-
(bHUHOOTIIOKEHHS C HCIIOIb30BaHHeM MeTtoauku Matzain.

B pesynbrare paboThl yCTaHOBIEHO, YTO 3((EeKTHBHOCTH NMPUMEHEHUS MeToja «XOJOAHBIH HMOTOK» B
6oprbe ¢ ACTIO cocraBiser 94%. Vcnonb3oBaHue HpeiaraeMoro MeToJa MOYKET 3HAUYUTENbHO YMEHBIIUTh U3-
JICP’KKU [IPOM3BOJICTBA, CBS3AHHBIC C TPAHCIIOPTUPOBKOW nmapaduHucTor HedTH. Ha ceromusuiHuii 1eHb OCHOBHOM
npo0IeMOil MCTIONIB30BaHUsT MeTo/1a «XOJOMHBII MOTOK» SIBISIETCSI OTCYTCTBHE OOOPYIOBaHHUS Ul OXJIQXKACHUS
He)TH, YCTIEIIHO MPUMEHSAEMOro Ha mpaktuke. [lnsg 3¢((eKTHBHOrO MCIOMB30BaHHUA PACCMATPUBAEMOTO METOIA
HeoOxoanMa JanbHeHmas pa3padoTKa TEXHOIOTHH OXJIAXKACHHS OTOKA He(TH Iepe]] TPAHCTIOPTHPOBKOH.

Hayunblii pykoBoauTens: K.1.H., 1ot [1.1O. MmommsH

M. A. JTASEBHASA
Poccutickuii I'ocyoapcmeenuwiti Ynusepcumem negpmu u eaza (Hayunwvii Hccieoosamenvexuil
Uncmumym) umenu U. M. I'yoxuna

PEJJIOKEHUS IO MOJEPHU3ALIMA MOHUTOPUHI' A
COCTOSIHUSI TPAHCCAXAJIMHCKOM TPYBOIIPOBOJJHOM
CHUCTEMBI B BUAY BBICOKOH CEMCMUYECKON AKTUBHOCTH
PETTOHA

Tpanccaxanuackas TpyOONpoOBOHAS CUCTEMA SBJISETCS OJHUM U3 CIIOKHEHIINX MPOEKTOB B chepe Tpy-
OOIPOBOIHOTO TPAHCIIOPTA: MOA3EMHBINA CIIOCOO MPOKIAIKH HUTCH, BRICOKAs CeiicMUYeCKas aKTUBHOCTh OCTPOBA,
19 aKTHBHBIX TEKTOHHYECKUX pa3ioMoB U 0osiee 200 BOJHBIX 00BEKTOB, KOTOPBIC MEPECEKAIOT TPYOOIIPOBOIBI, BCE-
/12 BBI3BIBAJIM MHOTO BOIIPOCOB U CIIOPOB.

B teuenune mociennux 7 net mpousonuio Gomee 200 3emierpscenuit (mo maHHBIM eqalert.ru) MarHuTynoit
Ooiee 4 6aIoB, B 30HY BO3JCHCTBHSA KOTOPHIX IIOTIajia [OJI0Ca OTBOJIA TPYOOIIPOBOTHON CHCTEMEI.

B nacTosmee Bpems skcIutyaTupytonieil komnanuen «CaxanuH DHep KU MPOBOAUTCS JIOKATIbHBIA MOHU-
TOPUHT TOJIOKEHUS TPyOOIpOBOAa B MECTaX AaKTUBHBIX TEKTOHHYECKHAX PA3JIOMOB ITOCPEICTBOM T€0IE3UICCKOM
CHEMKH.

OpHaKo, 3eMIICTPSCCHHS MOTYT OKa3bIBaTh BO3ICHCTBUE HE TONBKO HAa 30HBI TEKTOHUYECKHUX PA3JIOMOB, HO
Y Ha U3MCHCHUS JINTOTCHHOW OCHOBBI JIFOOBIX JTaHAMAPTOB, TIOMAAIONINX B 30HY UX BIIASHUS.

[ToMuMoO 3TOTO, 3EMIIETPSICEHUS HAMPSMYIO BIMUSAIOT HA PEKUM TPYHTOBBIX BOJ, HE TOJHKO HM3MEHSS UX
YPOBEHb, HO MOT'YT TAK)KE U TPAHC(HOPMHUPOBATH ITOTOKU U MEPEHANPABUTH MX, YTO B KOHCYHOM HUTOTC MOXKET MPHU-
BECTH K MOJATOIUICHHUIO TMOJIOCHI O0TBOJA TPYOONPOBOAA, WIIM OTOJICHHIO HUTEH B MECTax MEpexoJia BOJHBIX 00BEK-
TOB.

EsxeronHo xommaHusi MPOBOJUT MOHHTOPHHI TPYHTOBBIX BOJI, B KOTOPBIA BXOJUT 3aMep YPOBHS BOJBI U
reoie3mYecKie padoThl B MeCcTaX MPOKIIAJKH TPYOOIPOBOIHON CHCTEMEI Yepe3 peku. OIHAKO, KOPPEIIIIUI MEKIY
M3MEHCHHSIMU ITapaMeTPOB B CEHCMUIECKUMHI COOBITHSAMYU HUKOTIA HE TIPOBOJUIIOCH.

[TomuMo mpoyero, T MOBHIMICHHSI TOYHOCTH, OBICTPOTHI PearnpoBaHKs B 00beMa MmorydaeMoi HHpopma-
UM, He0OXOAUMO ITOCTABUTH BOIIPOC 00 Hcmoib30oBaHuu naHHBIX /133 u chemku ¢ BITJIA mis mocTpoeHHS MyITBTH-
apaMeTPUIECKOW MOJIENN TIOJIOCH! OTBOJIA U JaJbHEUIIIET0 MOHUTOPHHTA €€ M3MCHEHUSI.

Hayunblii pykoBoauTens: kK.11.H., nom. H. E. JloOxanunze
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N.P. JAIIUT A
Canxm-Ilemepbypeckuii I opuulii ynugeepcumem

INPOIrHO3UPOBAHUE OCTATOYHOTI'O PECYPCA
I'ASOHE®TEIIPOBOJAOB METOJ0OM HEUPOCETEBOI'O
MOJAEJIUPOBAHUA

OlneHka ypoBHSI HAKOTUIEHHBIX MOBPEXKACHUNA METaJIOM, KOTOPBIN 3KCIUTyaTUPYeTCs MPHU Pa3IuYHBIX BHU-
JlaX HampsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUSI M BHEIIHEH Cpeibl JJisi HepTera3oBoil OTpaciu CeromHs BeChbMa
aKTyalbHa. DTO CBsI3aHO C MPOOIEMOI OIIEHKH OCTATOYHOTO Pecypca ra30He(TEIPOBOIOB, HAXOISAIIMXCS B SKCILTY-
aTaluy [UTUTEIBHOE BpeMs (CpeIHUI BO3pacT MarucTpalbHbIX TPyOomnpoBoaoB B PO ceeimie 15 net).

CeromHs TpH OTIPEENICHUH OCTaTOYHOTO pecypca TpyOOIpoBOIOB OCHOBHOE BHIUMAaHWE YACIACTCS HaJlH-
YHIO WM OTCYTCTBHIO Je()eKTOB B CTCHKE TPYOOIPOBOJA, a TakKXKe TONIIMHE CTEHKH TpyOrl. Ho HemanoBaXHBIM
(aKkTOPOM, KOTOPEIF MOXKET MOBIUATH HA IPOYHOCTH TPYOOIIPOBOAOB SIBISCTCS HUKIMUECKUE MYIbCAIIUH CPEdbl U,
KaK CIIeICTBHE, BOSHHUKAIOIIIE [IMKINIECKUE HAarpy3Ke B MeTayuie TpyOsl. I1o Bo3aeiCTBIEM IUKINYECKUX HATpy-
30K MEeTaJll JErpagupyeT, UTO BEAET K CHI)KEHUIO €ro IMPOYHOCTHBIX XAPAKTEPUCTUK U, KaK CIEACTBUE, K BO3MOX-
HOMY pa3pyIICHUIO CTEHKH TPYOBI.

Jns yBenuueHHsi TOCTOBEPHOCTH OLEHKH M MPOTHO3a OCTaTOYHOTO pecypca BO3MOKHO NPUMEHEHHE HE
OJIHOTO, a IBYX WJIM TPEX JUATHOCTHUYECKUX MapaMeTpoB. J[Js moaTBep kIeHusl JaHHOW TUIOTE3bl ObLT MPOU3BECH
yIBTPa3BYKOBOM U MArHUTHBIA KOHTPOJIb IUKIMYCCKH HATPYKCHHBIX 00pa3ioB. B pe3ynbTare OBLIO MOJYyYSHO, YTO
C yBEJIMUYCHHEM HApaOOTKU CHUXKAETCS CKOPOCTh YJIBTPAa3BYKOBBIX BOJH B MaTepHalie, a TAKXKE CHH)KCHHC HAIIps-
’KEHHOCTH MarHUTHOTO TOJIA.

Tax kak He0OX0IMMa KOMIUIEKCHAS OLIEHKA JUATHOCTHIECKHUX ITapaMeTPOB, TIO3BOIIIONIAS OIICHUTH JIerpa-
JAIUI0, a MOJIyYEHUE SMIUPUUYECKUX, TOTYIMIUPUUECKUX U Ap. 3aBUCUMOCTEH MEXAYy AUArHOCTUYECKUMU Iapa-
MEeTpaMH JOCTaTOYHO 3aTPYOHEHO, TO Ui 0OpabOTKH pe3ylbTaTOB BO3MOXKHO HCIOJH30BAHHE HCKYCCTBEHHBIX
HelipoHHBIX ceTell. OOpaboTKa pe3yabTaTOB MPOU3BOAMIACE IIPH IMMOMOIIK MOIyJs Anfis B MaTeMaTHYeCKOM ITaKe-
te Matlab. Braromaps mcmonp30BaHHIO HEHpoceTel yaanoch MOMyduTh 0oJiee TOYHOE 3HAUCHHE OCTATOYHOTO pe-
cypca, KOTOpOE YYUTHIBAET B3aUMHOE BIUSHUE TUArHOCTHUECKHUX MapaMeTpoOB ApYr Ha Japyra. Takxke 1o moiaydyeH-
HOM MOBEPXHOCTH BO3MOXHO MIPOTHO3UPOBAHNE OCTATOYHOTO pecypca TpyOOIpoBOAOB.

Hayunslii pyxkoBoautenan: A.M. [lunaues

C.C.JIEBEJbKOB
Ypumckuii 2ocydapcmeennulii Heghmsnolt mexHu4eCKuil yHusepcumem

NHOOPMALINOHHO-USMEPUTEJIBHAA CUCTEMA C
NEPEMEHHOM CTPYKTYPOU AJIs1 UBMEPEHUS PACXOJA U
KOJIMYECTBA I'A3A

AHanu3 pacxoZ0MepOB PAa3IMYHbIX BUJIOB IOKA3bIBAET, YTO B HACTOSIIEE BPEMsl BECbMa MEPCIEKTHBHBIMHU
SIBIISIFOTCSL BUXPEBBIE PACXOJIOMEPHI, KOTOPBIE UCIIOIB3YIOT B CBOeil pabore addekr nopoxkn Kapmana. OnHaxo,
pacxosoMepbl JaHHOTO TUIA, IMEIOT OJIMH CEPhE3HBIH HEJOCTATOK — CHIDKCHHE TOYHOCTH TP UX MCIIOJIb30BAaHUU B
TpyOOIPOBOJaX OOINBIIOTO THAMETPA.

Llenpto naHHOHM pabOTHI SABISETCS MOBBIMICHHE TOYHOCTH PE3yJIbTaTOB W3MEPEHHUS Ta3a C IOMOIIBIO TO-
TPYXXHBIX BUXPEBBIX PacXxoJIoMepoB. B padoTe ObUT MpOM3BENEH aHANIN3 MOTPENTHOCTEH N3MEPEHHS pacxo/ia BUXpe-
BBIM PacxoZiOMEPOM, OLIEHEHbI OCHOBHBIE (DAKTOPHI, BIMSIOIINE HA TOYHOCTh M3MepeHus. [logpoOHa paccMoTpeHa
MIOTPEIIHOCTD, BEI3BAaHHAS OIIMOKAMM MOHTaXa Tejla 0OTEKaHUS B MOTPYKHBIX PAcX0oZoMepax, BOSHHUKAIONIAs H3-3a
HETOYHOCTEH IpH BHIMOJHEHUH JaHHOH onepanni. K HUM MOKHO OTHECTH: HEIepIeHANKYJIISIPHOCTh BBICOTBI OCHO-
BaHUS Tesla O0TEKaHUS M OcH TPYOOIIPOBO/IA; HENMEPIEHIUKYIIPHOCTh IIUPHUHBI OCHOBAHHUS TeNla O0TEKaHUSA M OCU
TpyOOIIpOBOAA; CMELIEHUE OCH Tesla 00TeKaHHs MpeoOpazoBaTelsi Pacxoja OTHOCUTEIBHO OCH CHUMMETPUH IOIe-
PEYHOTO CeueHus TpyOonpoBoIa.

[Ipennoxena nHGpoOpMaMOHHO-U3MEPUTEIIbHAS CUCTEMa Pacxojia ¢ MEPEMEHHON CTPYKTYpOH, YTO Jenaer
€€ MHBapUAaHTHOM K BO3MYIIAIONIMM BO3AEHCTBUAM, a peau3alys e€ 03BOJIMT 3HAYUTEIFHO YMEHBIIUTh MOTpell-
HOCTH IIPH M3MEPEHMH pacxojia M KOJIMYEeCcTBA Tasza. B mpemokeHHON cHucTeMe MapajuielbHO OCHOBHOMY TpyOO-
MIPOBO/LY YCTaHOBJICH OaWIAaCHBIN N3MEPUTENBHBIN TPyOOIIPOBO, HA KOTOPOM pa3MelleH 0Opas3loBbIH yIbTPa3By-
KOBOH pacxozomep. BbIBeeH anropuT™ BEIYUCIICHUS pacXoia, KOTOPBIH MO3BOJISIET JOOUTHCS HOBBIIEHHUS TOYHO-
CTH M3MEPEHHs Pacxoja 3a CUET UCKIIIOUYEHHS MYJIbTHIUINKATHUBHON COCTABIIIONIEH MOTPEIHOCTH BUXPEBOTO pac-
xomomepa. Iy TaHHOH CHCTEMBI IPOM3BEICH pacuéT MOTPEITHOCTH, U Ha OCHOBAHHWHU PacueTOB JaHBI PEKOMEHIa-
LMK TI0 YMEHBIIEHHIO TIOTPEIIHOCTH PU U3MEPEHNUH PAcX0/ia BUXPEBBIM PACXOIOMEPOM.

HayuHblil pyKkoBOAMTEJIb: KaHJ. TEXH. HayK, nou. JI.H. JlaTbiues.
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B.A. JETKOKOHEIL
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

OBOCHOBAHUE METOAUKH ITIOAI'OTOBKH HCXOHBIX
JAHHBIX JJJIA HIOCTPOEHUA TEOMEXAHUYECKOU MOJAEJIN
HE®TEI'ASOKOHIAEHCATHOTI'O MECTOPOXIEHUSA

Llenbro paboTHI SBISAETCS CO3/IaHHE IMOCIEA0BATEIILHOTO ajrOpUTMa BOCCTAHOBIICHHSI MPOQMIIS Iornepey-
HBIX BOJIH BJIOJIb CTBOJIA CKB)KWUHBI. 3aIHCh IIUPOKOIIOJIOCHON aKyCTHUKH € TPO(QUIIEM MONEPEYHBIX BOJIH HE BXOJIUT
B CTaH/apTHBIH KoMIUIeKe reodusndeckux uccienoBanuii cksaxud ([MC) n sBiseTcss AOpOrocTosei, 4To 00y-
CJIaBIMBACT PEIKOCTh NMPOBEICHHS 3THUX HCCIEAOBAHMN Ha CKBa)KMHAX HE(PTAHBIX MECTOPOXKICHUI, OTHAKO HAJIH-
qHe 3TOT0 PO HEOOXOANMO VIS TOCTPOCHHS MOJIENN YCTOWYNBOCTH CTBOJIA CKBAYKHHBI (OTHOMEPHOH reoMe-
XaHUYECKOH MOJIENN).

Hcnone3yemble Ha NaHHBIH MOMEHT METOIBI BOCCTAHOBIECHHUS HNPO(MISL CKOPOCTEH IONEPEdHBIX BOJH
HMEIOT Psii HEJOCTATKOB, KOTOPBIE MOXHO PEMINTH C MTOMOIIHI0O METOJI0OB MalIMHHOTO 00ydeHus. B pabore mpen-
JIOKEH CHCTEMHBIH MOAXOA K OTOOPY W BH3yalH3alUHM BXOTHBIX JAHHBIX W UX IMOJTOTOBKE, BEIOOPY HAaMIydIIeH
MOJIEIIH, OLIEHKE BKJIaJa BXOIHBIX IIEPEMEHHBIX B TOYHOCTH IIPOTHO3a M crioco0aM BepH(UKAIMU NOITYYSHHBIX MO-
neneid. PekoMeHyeMblii METO MaIIMHHOTO 00YyYeHHs] — MaTeMaTH4ecKas MHOKECTBEHHAs! PErpeccust C UCIOb30-
BaHHEM HEJIMHEWHBIX 3aBUCUMOCTEH. JlaHHbII MeTo]| 3apeKOMEHI0Ball ce0sl KaK OTHOCHTEINILHO IMPOCTON U OBICTPBIN
(B cpaBHeHUH ¢ 6oJIee CI0KHBIMH JITOPUTMAMH MAallIMHHOTO 00Y4YEHUSs], TAKMMH KaK HEHPOHHBIE CETH U PELIAIOLINE
JIEPEBDHST).

B pesynpraTe ampoOammy IpeanaraeéMoro MeToja Ha CKBa)KMHAX OJHOTO M3 MECTOPOXKICHHUH ITOJTydeHa
BBICOKAsl MIPOTHO3HAs CHJIa MOJENH, KOTOpasi CIIOCOOHA BOCCTAHABIIHMBATH NMPOQHIb CKOPOCTEH MONEPEdHBIX BOJH
BIIOJIb CTBOJIA CKBa)KHHBI, MCIIOJIb3Ysl B KAaUeCTBE BXOJHBIX JaHHBIX HAOOp M3 YETHIPEX I'cOPH3NIECKUX KPUBBIX
(mpodunm MPoOIBHON BOJHBI, HEHTPOHHOTO KapOTaXka, KapoTaska COOCTBEHHBIX MOTECHIMAIOB U IPaJINCHT-30HA).
Heo6xoanmMo oTMeTHTh, 9TO HaOOp BXOAHBIX JAHHBIX JJISI MOAETH MOET OTJIMYATHCS B 3aBUCHMOCTH OT I'€0JIOr0-
(U3HYECKNX YCIOBHH MECTOPOXICHHMS, HAMYMS M Ka4eCTBA MCXOAHBIX JAHHBIX, @ TAKKE OT IIETH MPOTHO3HPOBa-
Hus (co3mpanue 1D/3D reoMexaHHYECKON MOJICITH, OHJIAHH T€OMEXaHUIECKOE COIIPOBOXKICHIE OYPEeHHUs, BOCCTAHOB-
JICHWE CKOPOCTHOTO 3aKOHA B paspese s 00pab0TKH CeHCMUYECKUX JaHHBIX U TaK JaJiee).

Hay4yHblil pykoBoaNTENb: K.T.H., 101. J[.B. Mapnamos

HN.H. JEOHTBHEB
QI'BOY BO “Yomypmcxuii 2ocyoapcmeaennsiii ynusepcumem”

HCCIIEJOBAHHUE PEKUMOB bYPEHWSI ITPU HEPBUYHOM
BCKPBITHUHA IIVIACTA B 30HAX ITOBBIHNIEHHOU
TPEIMHOBATOCTH

OmBIT POMBICIIOBOH TPAKTUKH IMOKA3bIBAET, YTO JKCIUTyaTallMOHHbIE XaPaKTEPHCTHKH T'OPHU30HTAIBHBIX
CKB&)XMH, pPa3MEIICHHBIX B 30HaX TPEUIMHOBATOCTH pa3INyaroTcs. B HacTosIee BpeMs U3BECTHBI TEXHHUYECKHE pe-
LIEHHS TIOBBIIICHUS JOOBIBAIOIINX BO3MOXKHOCTEH TOPH3OHTAJIBHBIX CKBaXHMH ITyTEM ONTHMHU3AIMHU YTJIA, MEXIY
OpPHEHTHPOBAaHWEM CKBaXXHMHBI, JIOMUHHPYIOIIEM HalpaBlIeHHEM TPEIIMHOBATOCTH M YYETOM BEKTOpa I'paJHeHTa
nasneHus. Hanbonee onTHManbHBIM YITIOM C TOYKH 3PEHHUS pa3pabOTKH He(TSIHOM 3ajexku sBisercs yroa 30° k
JOMUHHPYIOIIEMY HAIPaBJICHUIO TPEIIMHOBATOCTH U YBEIWYCHUIO JAHHOTO YIjla B 3aBUCHMOCTH OT arperaTuBHON
YCTOHYMBOCTH BOAO-HEPTSHON dMynbcuu. OJHAKO TEPBUYHOE BCKPBHITHE 30H TPEUIMHOBATOCTH KaK IPAaBUIIO CO-
MIPOBO’KAAETCS MPOSIBICHHUEM DPA3IHYHBIX BHUIOB OCIOXKHEHHS: IOTJIONICHHE M HAapyLIeHHE YCTOHYMBOCTH CTEHOK
CKBaXMHBI. VI3BeCTHBIE TEXHMYECKHE PEIICHUs 10 MPeAyNpPekKICHHIO TaHHBIX BHIOB OCIOKHEHHS 3aKII0YAIOTCS B
MIPUMEHEHNHN CHEIHAIbHBIX KOJIbMAaTaHTOB U OYPOBBIX PACTBOPOB C KoJbMaTaHTaMU.OCHOBHBIM HEIOCTATKOM MpH-
MEHEHHS JaHHBIX TEXHHMYECKHX PEUICHUH SBISIETCS BOZMOXHOCTh KOJBMATALMHUIIPUCKBA)KEHHON 30HBI OYPOBBIMU
pacTBOpaMu, YTO MOXET NPUBECTH K MOJHON M30JSALMU CKBAXHHBI OT IUacTa.B aHanu3e TeXHOIOrMueckux mapa-
METPOB OypeHHs] TOPU30HTAIBHBIX CKBa)XXWH, NMPOOYpeHHBIX Ha HOCHKMHCKOM MECTOPOK/IAEHWH, ObLIa BBISABIECHA
3aBHCUMOCTb MEXKIY MHTEHCUBHOCTBIO IPOSIBICHUS OCIOKHEHUHM M YIJIOM MEXIy a3UMYyTalIbHBIM HalpaBlIeHHEM
CKBaXXHHBI U JOMHUHUPYIOLIEM HalpaBI€HUEM TPELIMHOBATOCTH.

OCHOBHOM pexOMeHaluel, NOIy4eHHOH B X0 MPOBEACHUS UCCIIEA0BAaHUN SBISETCIYMEHBIIEHUE PEKO-
MEH/IOBaHHOTO yTia, paBHOTO 30° B 3aBUCHMOCTH OT HHTEHCHBHOCTH TPOSIBICHHUS OCIIOKHEHUH.

Hayunble pykoBoguTenu: K.1.H., 1o11. O.M. Mupcaetos, accuctent A.A. lllymuxun
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. C. JIEIIETIOXA
benzopoockuii 2ocyoapcmeenHblll HAYUOHATLHBIU UCCAEO08AMENbCKULL YHUBEPCUMEN

PA3BPABOTKA MEPOIIPUSITUH 11O CTABNJIN3AIINN
OITIOJIBHEBBIX ITPOIIECCOB HA OTBAJIE Ne7 AO
«MUXANJTOBCKUMN I'OK»

DopMHUpOBaHUE KEIE3HOAOPOKHOro oTBana No 7 phIXJIOW BCKpBIIM MUXANIOBCKOIO MECTOPOXKACHUS
OCYILECTBJISICTCS B MpejiesiaX F0yKHON MPaHUIbl Ha PACCTOSHUM OT KapbepHOro moius Ha 1.5- 2.0 xm. OtBan npenHa-
3Ha4eH Ul BCKPBIIIHBIX MEeCYaHO-TJIMHUCTHIX MopoJ. FOro-3anagHas yacTe oTBaja paclojokKeHa Ha JIEBOM CKIIOHE
JIOJIMHBI peky Peuniia 1 Ha OCHOBHOM YacTh €€ MONMBI.

Penved ocHOBaHMsi oTBana 0OYCJIOBIICH HMOHMXKCHUEM ITOBEPXHOCTH OT LEHTPAILHON YacTH Ha CKIOHAX
pexu Peuntia u YepHs ¢ ykiioHOM 0T 2 110 4%. AOCOTIOTHBIE OTMETKH ITOBEPXHOCTH OTBaJIa COCTABILIIOT 10 210 mMeT-

pOB.

B paspese npeobnaagaroT KeUIOBEHCKHE TIIMHBI M YaCTUYHO BEPXHEOATCKUE OTIOXKEHHS, NIPEACTaBICHHBIE
MEIIKO3EPHUCTBIM TTecKOM. COCTOSIHHE MOPOJHOM CMECH OTBajla XapaKTEPH3YeTCs OT MTKOIUTACTHYHOW JI0 TI0-
JIyTBEPAOA KOHCUCTEHIINH.

Oco0eHHO ONacHBIMH SBJISIOTCS y4acTKu 0opToB kapbepa AO «Muxaitnosckuit 'OK», koTOpbIi BIIOT-
HYIO TIOJIOIIEN K BHELTHEMY OTBaTy PhIXJIoi BCKphin Ne7. Ha atom otBasie B 1997 u 2015 rT nmpou30uid MOIIIHbIE
oromsun oGsemom 20 MiH M°. Ornomsens, npousomeumii B Mae 2015 rofa, ©Me Ciie/yolie TapaMeTphl: MpoTs-
EHHOCTb 10 ¢poHTy 1 kM; mmpuHa 700 M; BeicoTa 60 - 70 M; Topu3oHTanbHO cMmenienue 30 - 80 M; BepTHKaIbHOE
cMmerenue 10 40 M.

OOpaTHBIMH pacueTaMy OBLIHM OMPEICICHBI (PU3UKO-MEXaHUICCKHUE CBOICTBA MOPO/I, CIATAIOIINX TEJIO OT-
BaJla U KEJUIOBEHCKUX IIIMH, 3aJIeralolnX B ero ocHoBanuu. Mcnone3oBanue nporpamMmsl «Slope Stability Calcula-
tiony, paspaborannoit B HUY «benl'Vy, mo3Bonmio pa3paboTaTe MEpPOIPHUSATHS MO CTAOMIM3AIHKA OMOJI3HEBBIX
mporueccoB Ha oTBasie Ne7, BKIIIOYAIOMKX B ceOs: YMEHBIICHNE BBICOTH OTBaka Ha 20 M; CO3JaHHE IPHU3MBI yIiopa
13 TOPOJI CKaJbHOW BCKPBIIIM B OCHOBAHHE OTBAJIA; OPraHU3alMs 3aperyIHpOBaHHOIO BOAOCOOpa, IMyTeM BOCCTa-
HOBJICHUSI BOJIOCOOPHBIX KaHAB, B KOTOPBIE YIIOKEHBI HEPPOPHUPOBAHHBIE TPYOBl; BOCCTAHOBJIEHHE BOZOCOOPHHUKA.

Hayunblii pykoBoaurtesnb: no1. b.A. Xpamiion

K.B. JIEHIYKOBA, M.A. CEPEBPAKOB, A.41. BOAY2H
Canxm-IlemepOypeckuii 2opHbili yHusepcumem

MPUMEHEHUE ABTOKJIABHOT'O BBIIIEJTAYABAHWS 1151
HEKOHIAIINOHHBIX PYIHBIX KOHIIEHTPATOB, COIEPKAIINX
MEJb Y IUHK

3amacsl MOHOMETALTMYECKUX PYA COKPAIIAIOTCs, BCICACTBUE YET0O YBEIMYUBACTC HHTEpEC K OoJiee CIOXK-
HBIM, TTOJIUMETAJTHYECKUAM PYyIaM, OCOOCHHOCTh KOTOPBIX 3aKIFOYAETCs B CIIOKHOCTH OOOTAIeHNsI B CBSI3H C JTUC-
MIEPTHPOBAHHOCTHIO CYITB(MUIOB U OTHOCUTEIHFHO ONHM3KUM 3HaueHHEM (DIOTAIIMOHHBIX CBOMCTB. COOTBETCTBEHHO
JUISL BCKPBITUS 9acTO TPEOYIOTCS CBEPXTOHKOE M3MENbUYCHHE, OOJNBIINE YHEPro3aTpaThl HA CTaIUH OOOTAMICHUS U
JampHEeHIe mepepadoTKU MOITYISHHBIX MTPOIYKTOB.

[ToaTomy 06o0JbIIIOE 3HAUEHWE B MOBBINIEHUH KOMIUIEKCHOCTH HCIIOJIL30BaHUS CHIPBS, CO3JJaHUH MajoOT-
XOJTHOTO MPOU3BOJICTBA, COKPAIIEHHH BBIOPOCOB CE€Phl B aTMOC(epy UMEIOT THAPOMETAJUTYPTHIECKUE MPOIIECCHI C
MIPUMEHEHUEM aBTOKJIABHOTO BBINIEIAUMBAHUS.

OOBEKTOM UCCIICIOBAHMSI SBIISJICS HEKOHIUITMOHHBIN METHBIM KOHIEHTpAT banmxamckoit oboraTutenbHOM
(habpuku ciaeayronero XMuMUIeckoro coctana (tabmauma 1).

Tabmmna 1 — XuMudecknii cocTaB UCXOAHOTO KOHIIEHTpaTa

Conepxanue, macc.%

Cu Zn Pb Fe S Au,r/T | Ag, /T

8,44 743 | 097 | 27,2 | 244 2,48 106,1

IIponecc aBTOKIaBHOrO BBINIETAUYUBAHMS OCYLIECTBISUICS MIPU MOCTOSHHBIX TemnepaTtypepaBHoil 150 °C u
nasnenun pasHoMm 0,6 MIla.Jlo6aBka Xxiopuzaa HaTpus BapbHpoBasiach B quamnasoHe 8 - 33 r. Ilo nmurepaTypHBIM
JIaHHBIM M3BECTHO, 4TO KoHIeHTpanus NaCl 3HauuTeIbHO BIMSAET HA CKOPOCTH BbINIenaunBanus Meau. C yBennde-
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HHEM KOHLEHTPALUH XJIOpHIA HATPHs, CKOPOCTh BBIIIEIAYMBAHUS XaIbKOIMPUTA YBEIMYUBACTCS. XJIOPHA B NaH-
HOM IIpoliecce KaTalu3UpyeT peaklMy OKUCICHUS Cyab(UIO0B, NIPEMATCTBYSI CMauyMBaHHIO UX PACIUIABICHHOH dile-
MEHTHOH1 cepoii 1 00pa30BaHUIO CEPOCYIbPHUIHBIX KOHTIIOMEPATOB.

ITo pe3ymbraTaM 3KCIIEPUMEHTOB BUAHO (PUCYHOK 1), uTo mobas-

SEC ! Ka XJIOpW/a HaTpHsl CHOCOOCTBYET OoJiee MOJHOMY IMEPEXOay B pacTBOp

90,59 o
BK- | <o g Mmenu 1 nuHKa. OnbiT BK-0 (6a30Bblii onbiT) npoBoauiics 0e3 no0aBiaeHus
j371 NaCl, uto obecrmeunio H3BJICYEHHE B PACTBOP LEIEBBIX META/UIOB Ha

BK-3 | I °: :
f’; ., yposme Cu=47,78 %, Zn = 86,44 %. OcranbHbIe OMBITHl MPOBOJUIHNCH C
BK-2 _’;;_’-s Jo0aBIICHUEM XJIOPUIA HATPHSI U U3BJICUCHHUE BO BCEX IKCIIEPUMEHTAX OKa-
Jss33  3QJOCh 3HAYMTENLHO BBIIIE, YeM B 0a30BoM ombiTe. OrnpeseneHo Kojiuye-
BE-1 | . 5 : ; i
5033 CTBO XJIOpW/A HATpHs, 0OECIeCUnBaloIiee HauboIee MOTHBIAICPEXO MU
K- o ) 8648 U MHKAa B pacTBOop. MakcumansHoe wusBieuenne Cu=93,78% wu
Zn = 95,71 % 6bu10 mocturayTo mpu 20 /1 o ClI™.
0,00 £0,00 100,00
Hisnewernze, %

P 1 Ko Ag4ecTS0 W34 A LHHKE,
ICeNeHHels S pacdEOD

AK.B.JINCOBA
Camapckuti 2ocy0apcmeentblil mexHUYecKull yHusepcumem

AHAJIN3 IEPCIIEKTUBHBIX PA3SPABOTOK I10
OITPEAEJIEHUIO YPOBHA U MACCBI bPYTTO HE®TU B
PE3EPBYAPAX

CymecTByromas cucTeMa y4dera HeTepOIYKTOB BKIFOYACT aBTOMATHYECKOEC U3MEPEHHE YPOBHS U TEM-
HepaTypsl, a TaKkKe pydHoil oTOop mpod. s BhIUMCIEHHS Macchl OpyTTO Hedrenpoaykra TpedyeTcsl MepeBecTH
HU3MEPEHHBIN YPOBCHb B 00BEM C MOMOIIBIO TPAJIyUPOBOYHON TAONHUIBI U U3MEPUTH IUIOTHOCTh OTOOpaHHOU 00b-
eIMHEHHO IPOOKI B 1a00paTOpHH, @ MACCy MPOIYKTa MOXKHO MOJNYIUTh IPOM3BEACHUEM TIIOTHOCTU U 0ObeMa.

Jst aBTOMATH3AMNH TOTyYEeHHS MAacChl OPYTTO MpeiaraeTcs UCIOoNb30BaHHE MHOTO(YHKI[HOHAIBHON CH-
crembl Multi-functionTankGauge (MTG). Cucrema MTG peanu3yer KOCBEHHBIH METOJ U3MEPEHHs, OCHOBAHHbIH
Ha TUIPOCTATHYECKOM HPHHIMIE, 1 00eCreYrBaeT: ONpeeeHue IPAaHMIBI pasjiea cpel, H3MEpPEHNe ¢ BBICOKOIL
TOYHOCTBIO MaccChl IPOAYKTA, 00beMa, YPOBHSI, TEMIIEPATYPBI, IOCIONHON ¥ YCPEAHEHHOI IUIOTHOCTH, KOJIUYECTBA
MOATOBAPHOM BOJbBI, TEMIIEPATyphl U JaBJCHHUs ra3oBoil (a3bl, OOHApYy)XeHHE YTEYeK, 3aIUTy OT Pa3pyLICHHS H
nepesnuBa pesepByapa. Bece m3MepeHHs BBITOIHAIOTCS MOJTHOCTHIO aBTOMATHYECKU OTHHM ITPUOOPOM.

Hayunebrii pykoBoaurenb: noi. JL.E. 3emnepy0

E.B. IUTBUHI EBA
PI'Y negpmu u eaza (HUY) umenu U.M.Iyoxuna

BJIMAHUE TAPAMETPOB CTPYKTYPHO-TEKTOHHYECKOI'O
N JIMTOJIOI'NYECKOI'O CTPOEHMUA IIVIACTA HA ITIOTEHILHAJI
HOBbBIX CKBA’KUH MECTOPOXIAEHUA UM.IO.KOPYAT'MHA

Ienpto paOoTHI sBIAETCS OMNpEIENCHHE CTENEeHH BIMSAHUS HEONpPEACNCHHOCTEH B CTPYKTYPHO-
TEKTOHUYECKOM M JIMTOJIOTHYECKOM CTPOCHHH IIIacTa Ha OIEHKY ITOTEHIIHMAlla HOBBIX CKBAKHH MECTOPOXKICHHS
nM.}O.Kopuaruna.

Ha ocHOBe JaHHBIX O MOTPEUTHOCTH WHTEPHPETANNH CEUCMUYECKUX 00JacTeil m pe3yiabTaTax COIpPOBOXK-
neHns OypeHHs YCTaHOBJIEHA HEOIPENeNeHHOCTh B ceficMudeckoil monenu. [ OIEHKH BIUSHHSA IapaMeTpoB
CTPYKTYPHO-TEKTOHUYECKOTO CTPOECHHUS IJIacTa HAa MOTEHIMAN HOBBIX CKBA)KUH ITOCTPOEHO HECKOJIBKO peanu3anuil
CTPYKTYPHOH IOBEPXHOCTH B paiioHe OOKOBOTO CTBOJIA OJJHOM M3 CKBaXXHH W B paiiOHE CKBRXWUH OJOK-KOHAYKTOpa
(BK). B xaxxnoit 3 peanmnzanuii mpu MpoBOAKE TpaeKTopuii OOKOBOTO CTBOJIA M cKBakuH BK obecrieunBanock orn-
TUMaJbHOE COOTHOLIEHHE MHTEPBAIOB MEXKAY cTBOJIOM, Kposiel mnacta, BHK u 'HK, ycranoBienHoe Ha ocHOBe
THJIPOAMHAMHYECKOTO MOJETUPOBAHUS.

ITo pe3ynpTaTtam ajanTanuu THAPOJUHAMUYECKON MOAEIM OTMEUEHO BIIMSHHUE paclpe/eIeHus 30H 3aMe-
IIEHHS KOJIJIEKTOPOB B 3aKOHTYPHOU 00J1acTH Ha Toka3aTenu paboThl ckBakuH. Co3/laH aHCcaMOITb pealiu3annii pac-
MIpeesICHNsI 30H 3aMEeIIeHIsI KOJUIEKTOPOB B 3aKOHTYpHOI obmactu MectopoxaeHus uM. 0. Kopuaruna. B pacue-
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Tax Ha MOJEJH OLICHEHO BIMSHUE HEONPENEeNCHHOCTH pacIipe/ieNIeHUst 30H 3aMEIeHUS Ha BEIUYUHY HAKOIUICHHOM
JOOBIYH MO CKBaYKHHAM.

Io pesynpTaTaM JaHHOH PaboTHl cHOPMUPOBAHEI PEKOMEHIALUH O MPOBOJIKE CKBAXXUH B YCIOBHAX He-
OIPE/ICNICHHOCTEH CTPYKTYPHO-TEKTOHUYECKOTO CTPOCHHS M PACIIPEACIICHUS 30H 3aMEILEHHUS KOJUIEKTOPOB B 3aKOH-
TYpHOU 00JIACTH, 00ECTIEYNBAOIIIIE MUHIMHU3AIINIO PUCKOB OypEeHUSI.

Hayunrbie pyxkoBogutean: k.T.H. A.B. 'aBypa, k.¢p.-m.H. I.H. CanankoB

A.I'. JUXOWEPCTOB
Camapckuti mexHuueckul 20Cy0apCmeeHHblll YHUsepCcumem

OIITUMM3AIIUA TEXHOJOI'MYECKOI'O ITPOIECCA
IHHEPEKAYKHN HE®THU HA TEXHOJIOTHYECKO YYACTKE C
INPOMEXYTOYHBIMHA HIIC

B pabote BBINOTHEH pacyeT BO3MOXKHBIX PEKMMOB MEpeKayku HE(TH M0 paccMaTPHUBAEMOMY TEXHOJIOT -
yeckoMy ydacTtky «Camapa-Kpacuoapmeiick» MH «KyiiOpimieB-Jlucnuanck», B pe3ysibrare KOTOPOTO IOJydeHa
KapTa TEXHOJOTMYECKUX PEXKUMOB.

OmnpeneneHbl ONTHMANIBHBIE peXuMbl padoTel MH, mapameTpsl mepekauku (JaBlIeHUE Ha BXOJE/BBIXOJE
HIIC) n ympasnstomye Bo3aeHcTBUSA (KOMOMHAIINY BKJIIOYEHUS! HACOCOB), UI 00ECTICUeHHsI CYyTOYHON ITPOU3BOIH-
TensHOCTU. [Ipn 3TOM BBEIMONHAIOTCS ycnoBus o yctaBkaM CAP, oTcyTcTBus camoTedHbIX yyacTkoB Mexay HIIC,
a TaKKe YYNTHIBAIOTCS OTPAHMUYCHUS 10 JMHEWHON JacTH (HEe MPEBBIICHHUE JOMYyCTHMBIX PadO4YMX AAaBICHUH CEK-
i Tpy6onpoBona). Kpome Toro, mpousBeneHo 3KOHOMHYECKOe 000CHOBaHKE pabOTHI.

HayuHnblii pykoBoauTeib: K.1.H., gou. .M. Opnosa

B.M. JIOI'NHOBCKHUX
Tromenckutl UHOYCMPUATbHBIIL YHUBEpCUmMem

YUCJIEHHBIA METOJ 1 KOMILIEKCBI ITPOI'PAMM JJIA
PEHIEHUA CUCTEMbBI YPABHEHUU MOJAEJUPYIOIUX
KOJIEBATEJIBHBIE IBUKEHUS HACOCHBIX AT'PET'ATOB

YpaBHeHHe, TO3BOJISIONICE HANTH MOTIEpEYHBIE KOJIEOaHUsI ¢ MOCTOSIHHOW KecTKocThio EJ
0*w 0% (E]d*w
Poe T ox (L4 aXZ) =0
re p — IUIOTHOCTH ( ke/m®), EJ—xecTKOCTD Ha nporub [E (/7a) — moayns ynpyrocrtu, J (m”) - MoMeHT
HMHEPIUH MOTIEPEYHOr0 CEUCHUS CTEPIKHS OTHOCHUTEIBHO IICHTPAIbHON OCH CEYCHHUS, IEPIICHIUKYISIPHON K IJIOCKO-
cti kojiebanuii], L — mnuna Bana (u).

Jis pernenus ucnons3yercs meto byoHoBa — ["anepkuHa.
L

L
, a*b,
,uxJ(anan)bndx+E]j Zanw b,dx =0
0

0
rIe a,ay ...d, — HEN3BECTHbIE (PYHKINU NEPEMEHHOII t;

by, b, ...b, — 3ananHBIc Oa3uCHBIC QYHKIIMH IEPEMEHHOM X.

Juis pemieHust mpeanoKeHHbBIM METO0M HEOOXOIMMO ONpeNeUTh MUHUMAaJIbHOE KOJINYECTBO OA3MCHBIX
(YHKIMH, KOTOPOE MO3BOJIHUT PacCUNTHIBATH MapaMeTpsl 0e3 moTepu TOYHOCTH. OLEHUM, Kak OYAyT M3MEHSTHCS
3HAUEHMS TapaMETPOB NPH U3MEHEHNH KosndecTBa 0a3ucHbIX GyHkumi (ot 1 10 10).

IIpu yBenudaeHnu 6a3uCHBIX (QYHKINH, TapaMeTpsl KolebaHuil cTpeMsTcss K HeKoTopomy npenery. OTkio-
HEHHS MEXIY PEIICHUSMH, B KOTOPBIX YUYHUTHIBAIOCH CeMb U BoceMb (pyHKIHi, coctaBnseT — 0,02%. OTkioHeHUS
pH YeThipex U mATH cinaraembix — 0,01%. i momydeHus: yIOBIETBOPUTEIbHBIX PE3yIbTaTOB JOCTATOYHO YaAep-
KUBATh 10 /1B (QYHKINH.

Pacuer mapameTpoB KojeOaHMT HHTETPUPOBAH B IPOTPAMMHBINA KOMITICKC.

HayuHblii pykoBoOaAMTEb: K.T.H., 1011. JI.A.YepeHron
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P. E. JYKOHHH, B. A. PYJKO, H. K. KOHAPAIIEBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

N3YUYEHUE 3AKOHOMEPHOCTEM W3BJIEYEHUS BAHA WS
N3 HEOTAHOI'O KOKCA METO/IOM BBIIIIEJTAYUBAHUA C
INPUMEHEHMEM PA3JINYHBIX PEATEHTOB

B nedrsiHOM KOKCe, BEIpabarsiBaeMoM Ha HII3, KoHIEHTpHUpyeTCcs: OOJIBIIMHCTBO METAIUIOB, COJEPIKAINX-
csi B He(hTH, B TOM unciie BaHaaui. OH SBISETCS PaCCESHHBIM JIEMEHTOM U IIPUMEHSETCS B KaUeCTBE JIETHPYIOILEH
J00aBKH JUISl YITy4IIEHHS CBOMCTB CILIaBOB.

B nansO# paboTe mpemaracTcsi H3BIEKaTh BaHAANH U3 HEPTIHOTO KOKCa BBINIEIAYNBAHUEM PA3ITHIHBIMU
peareHTaMu, B Ka4eCTBE KOTOPBIX MPUMEHSIOTCS: TIPH CEPHOKHCIOTHOM BBIIIEIAYUBAHNY - cepHast kucioTa (10 u
98 %), cMech KOHLIIEHTPUPOBAHHBIX CEPHON M a30THOW KHCiOT (1:1); IpH IIENOYHOM BBIMIETAYNBAHUK - PACTBOP
ruapokcuna Harpus (12 %).

[lepBoHauanpHO, OBLT MPOBENECH TEPMOJMHAMHUYECKHAN aHAIN3 IPOLECcCa BBINIEIAUYNBAHUSA, U3 KOTOPOTO
CIIeyeT, 9TO TPOIEecC SBISIETCS SK30TEPMHUIECKHAM, a BCE PEaKIHu MpH paccMaTpuBaemoii Temneparype (100 °C),
3a UCKJIIOUEHHEM cepHOi KUCIOTHI (10 %), IBNAIOTCS TEPMOAUMHAMUUECKU BEPOSITHBIMU.

OOBEKTOM HCCIIEZI0BaHMsI ObLT BEIOPaH HE(TSIHON KOKC, MOJTyUYCHHBIN Ha JIAOOpaTOPHOH yCTaHOBKE 3aMeI-
JICHHOTO KOKCOBAaHMS, I'/ie B KQUECTBE ChIPbs UCIIOIB30BAIICS ac(ajbT Iocie mporecca aeachanbTu3aluu ryapoHa
cMecH 3amagHoCHOupcKuXx HedTeil. MetomoM peHTreHodIropecieHTHOro aHanu3a (PDA) Oblia onpeneneHa KOH-
LEHTpalMs BaHAANS B NCXOJHOM HEPTSIHOM KOKCE.

BrimenaunBanue npoBoanin B haphopoBOM THIIIE, Ky/a MOMEIaIl oopaser Maccoit mpuMepHo 1 T 1 Ko-
JMYECTBO PeareHTa B COOTHOIICHUH TBEPAOH (a3bl (KoKca) U xKHUIKoH (a3el (kucmoTsl Wi menoun) 1:3; 1:1 u 3:1.
Ipomecce mpoBonwmiics B TeueHue 1 u 2 gacos npu temneparype 100 °C. IToryueHHYI0 cMeCh QIIBTPOBAIHN H IOy~
Yay pacTBOpP, B KOTOPOM OIPENeIIIN colepkaHue BaHaaus Ha crekrpodoromerpe mo ['OCT 10364 npu amiae
BOJIHBI 436 HM METOJIOM TPaJyHpPOBOYHOTO IpaduKa.

B xoze 3kcrepuMeHTa OBUIO yCTAaHOBICHO, YTO CTENICHb W3BJICYECHUS BaHAIWS IIPU CEPHOKHCIOTHOM BBI-
mienayrBaHuu cocrasisier 21-99 %, a npu mienodHoM - 17-67 %. CreneHp U3BJIeUEHHs BO3pacTaeT MPH yBeJIn4de-
HUH KOJIMYEeCTBA KUCIIOTHI WM LIEJIOYH U YMEHbIIAeTCs MPU YBEIMYCHUH BpeMeHH ¢ 1 10 2 4.

Hayunblii pykoBoauTen: 1.T.H.,mpod. Konapamesa H.K.

E.C. JIAJINHA
Canxm-Ilemepbypeckuii 20pHbill yHueepcumem

NCCIIEJOBAHUE PABOTbHI PACCTPEJIOB
B I''1IYBOKHUX KOTJIOBAHAX U OBOCHOBAHMUME BBIBOPA
UX TEOMETPUYECKUX TAPAMETPOB

B ycnoBusIX IUIOTHOH TOPOACKOHN 3aCTPOMKH BO3HHKAET HEOOXOIMMOCTh MPOSKTUPOBAHUS 30aHHUH CO BCE
OOJNBLIMM YHCIIOM IIOJI3EMHBIX ATaXKEW U, CIIEOBATENIbHO, YCTPOHCTBa BCE Ooliee TIyOOKHX KOTIOBAHOB C MHHU-
MaJIbHBIMU B IUIaHe pa3mepamu. OJHUM M3 CIIOCOOOB M30€XKaTh MOJBMKKU I'PYHTA MPU CTPOUTEIHCTBE SIBISETCS
COOpYXXEHHEe Hecyllel 1 OrpakIatolieil KOHCTPYKIIMU «CTE€Ha B TPYHTE» C PUMEHEHHUEM PACIIOPHBIX CHCTEM.

B nanHo#t paboTe paccMaTpHBaeTCss MHOTOSIpYCHasI CUCTEMa PACCTPEJIOB C IIaroM 5 METPOB, YCTaHABIHMBA-
eMBIX B KOoTJ0BaHe co cteHkor 800 mm u3 6erona B40. [[ng uccnenoBanus ObUTH MPUHATH HEMPOCAOYHbIC, HEITY-
YUHUCTBIE TTeCUaHble IPyHTHI ¢ Koaddunmenrom nopucroctu ot 0,75 1o 0,45 u rmMHUCTBIE TPYHTHI ¢ KO3 duimeH-
toMm nopuctoctu oT 0,85 mo 0,55. Tlpu BHIMOTHEHUN YHCIEHHOTO MOJIEIUPOBAHMS COOPYKEHHS KOTJIOBaHA, B Kaye-
CTBE TECOMEXaHMYECKOH MOJIENM MOBEICHUS TIPYHTOBOTO MAcCHBA INPHHATA MOJIEIb YIPOYHSIOIETOCs TPYHTa
(Hardening soil model). Pacuér Besicst Ha He OPEHUPOBAHHOE COCTOSIHUE TJIMH C YYETOM E€CTECTBEHHOI CKOPOCTH
(GUIbTPaLMK U paclpesesIeH sl MOPOBOTo JiaBieHus. B kaduecTBe paccTpesoB ObUIM MCIOJIB30BaHbl CTAIbHBIE TPY-
6b1. Llenb paboThl — BEISIBUTH 3aKOHOMEPHOCTH TIPH I10100pe CeUYeHHH PaclopoK B 3aBUCUMOCTH OT IIyOWHBI, U~
PHHBI KOTJIOBaHA M CBOMCTB IpyHTA. [[JIs1 BBINIOJIHEHUS [TOCTABICHHBIX 33a4 ObIII HCIIOJIB30BaH NPOTPAaMMHBIH TPO-
aykt Plaxis, roe Obiia co3naHa MoOzeNb KOTJIOBaHA B IJIOCKOM MOCTAHOBKE 33a4d U ObUIH MOJYYSHBl YCUIIHUS, CO-
3/1aBaeMble IPYHTOM B PaccTpesax MpHu UX 3aaHHOM KEeCTKOCTH.

Pe3ynbTaToM HCCIIeIOBaHUsl SIBJSIETCS TOCTPOCHHAsI 3aBUCHMOCTh T€OMETPUYECKHX XapaKTePHCTHK cede-
HUSI CTAILHOM TPYOBI OT €€ pacIojoKeHHs 110 TIyOnHE B KOTJIOBaHE C MCIIOJIb30BAHUEM BCIIOMOTATENILHOIO KO3 (-
¢bunmenTa Juis epexo/ia K pa3inyHbIM M0 IIUPUHE, [TyOHHE U CBOMCTBAM I'PYHTOB KOTJIOBaHAM.

[Mony4eHHbIe pe3ybTaThl MOTYT MPUMEHSTHCS [UIsl IIPEBAPUTEIILHOTO HAa3HAYCHUSI [TApaMETPOB paccTpe-
JIOB.

Hayunslii pykoBoauTens: aA.1.H., npo¢. [1.A. JlemeHKkoB
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N.0. JIAIINHA, B.A. CACAPOB
@I'FOY BO Puibunckuti 20cy0apcmeenHulil asuayOHHbIL MeXHUYeCKUll yHusepcumem
umenu I[1.A. Conosvesa

NCIHOJb30BAHUME TBEPJAbBIX BBITOBBIX OTXOJ10B B
KAYECTBE AJIBTEPHATUBHOI'O BO3OBHOBJISAEMOI'O
NCTOYHUKA SHEPI'NU

TBepapie 6b1TOBBIE 0TX0ABI (TBO) TpeacTaBIAIOT IPSAMYIO0 OHOJIOTHIECKYIO M OAKTEPHOJIOTHUECKYIO YTPO-
3y It HaceneHus. Vcmonp30BaHme UX B KAYECTBE TOIUTMBA MOYKET PEIIUTh SKOJIOTHIECKYIO IPoOIeMy YTHIH3aHN
CBAJIOK.

CymecTByIoT pa3numanabsie Metons! yriusanuu TEO. Ho Bece onn mibo TpeOyroT 3HAYNTEBHBIX (PHHAHCO-
BEIX BJIOJKEHHH, THOO HE ABIAIOTCS HKOJIOTHIECKH O0€30ITaCHBIMHU.

OpnnuMm u3 Hanbosee 3 HekTUBHBIX crioco0oB nepepadboTku THO sBIseTCs UX TEPMOXHUMHYECKAS Tepepa-
00TKa ¢ MOMOIIBI0 MUPOJH3a ¢ Mocienyromeil rasudukanuei. [IpogykroM muponusza U ra3uUKaIUK SBISCTCS
CHUHTE3MPOBaHHbIH T'a3, COMOCTABUMBIN IO TEIIOTBOPHON CIIOCOOHOCTH ¢ HEKOTOPBIMH Mapkamu Oypbix yriei. O -
HAKO CYIIECTBEHHOU Mpo0bieMoii sBisiercs Hanumuue B ThO coennHeHnl cepsl U XJiopa.

CyIHeCTByIOT OTCUCCTBCHHLIC YCTAHOBKH IO YHUYTOXKCHHUIO PA3JIMYHBIX TUIIOB OTXOAOB, UCIIOJB3YIOIIHEC
MUPOJIU3 U Ta3u(pUKALNIO, KOTOPBIC CYMENH YCICIIHO PEUINTh MPOOJIeMy BPEIHBIX BEHIOPOCOB. ITO, C OJHOI CTOPO-
HBI IPAMEHEHHUE COPTHPOBKHU OTXOJOB, H C IPYTOM — YCTaHOBKA CKpyOOepa ¢ AYITUpOBAaHHEM BBHIXJIOIHBEIX T'a30B
M3BECTKOBBIM MOJIOYKOM, YTO CBS3BIBACT CEpy M XJOP B Oe30macHble coeAMHEHUs. [IpnMeHeHne B KOHCTPYKIIHU
TaKAX YCTAHOBOK KaMephI CTOPAHUS BUXPEBOT'O MIPOTHBOTOYHOTO THITA IIPEJOTBPAIIACT BOSMOKHOCTE 00Pa30BaHUS
OKHCIIOB a30Ta. VcciieqoBaHms HE3aBUCUMBIX J1ab0opaToOpHii TOKA3aJH, YTO TOTYICHHBIH Ha BRIXOJIEC BBIXJIOITHOMN Ta3
COIICPKUT B ceOe KOTMYESCTBO BPEAHBIX BEIIECCTB HE IPEBBIMIAIOIICE TOITYCTUMBIC HOPMEL.

Hanmgme B Takux ycTaHOBKaX BOZOTPEHHBIX TEIDIOOOMEHHUKOB U MTApOTIeperpeBaTesieii 1acT BO3MOKHOCTh
MOJIy4YaTh TOPSYYI0 BOAY WIIM NEPErpeThiil map, KOTOPBI MO3BOJHUT MCHOJIB30BAaTh MapOBYIO TypOUHY VIS MOJy4e-
HUA DJICKTPOOHEPTUH.

Vcnonb3oBanue ycTaHOBOK sl nepepadotku ThO M30aBUT YeIOBEUSCTBO OT CBAJIOK M CHU3UT HArpPy3Ky
Ha HeJpa IUIaHEeThl. JTO BIIOJHE PEajbHO OCYIIECTBUTH IMYTEM 3aMEICHUs] HCKOMAaeMbIX HEBO30OHOBIISIEMBIX yTIIe-
BOJOPOJHBIX TOIUIMB Ha HCFKOI[OCTyHHbII‘/’I n BOSO6HOBHHCMLII>II HUCTOYHHK DHEPTUM - TBépL[I)Ie 6I>ITOBI>IC OTXObI.

HayuHnblii pykoBoauTeib: K.T.H., 1ou. .H. HoBukos

N.A. MAKCIOTOB
Ypumckuii 2ocyoapcmeennwiti negpmanou mexnuuecKull yHugepcumen

HNPUMEHEHUE I'EJIUKOUAHBIX ITIEPEPT'OPO/IOK B
KOXYXOTPYBYATBIX TEIINTIOOBMEHHBIX AIIITAPATAX

B HedrerazoBoii orpacimu, HedTerazonepepadoTKe MW JAPYIUX OTPACISAX MPOMBIIUICHHOCTH HEBO3MOXKHO
oOoiliTuch 6e3 TerooOMeHa, T.e. Mpoliecca NepeJayy Temia OT Topsuero TeIUIOHOCUTENs K XosoqHomy. Jist ocy-
IIECTBJICHHUS TaHHOTO Mpoliecca MPUMEHSIOT TEINIOOOMEHHBIE anmapaThl.

HawnOomnbiiee pacimpocTpaHeHHe Ha CErOJHSINIIHUN IeHb TONIYYMIA KOXKYXOTpyOdaTele TeINIOOOMEHHBIE afl-
napatsl (KTA). Ho a3 dekTuBHOCTS pabOThl TEIIIO0OOMEHHUKOB HEAOCTATOYHA [0 CPABHEHHIO C JAPYTMMHU THIIAMH,
9TO 3aCTaBIISIET UCKATh BapHAHTHI YBEIMYCHNS 3PPEKTUBHOCTH UX PAOOTHI.

[IpumeHsieMble Ha CErOAHSIIHUN JICHb BH/BI IIEPErOPOJOK B KOXKYXOTPYOUaThIX TEMIIOOOMEHHBIX amnmapa-
Tax He o0ecreunBaroT Heobxoanmoi 3¢ dexTnBHOCTHIO. [Ipeanaraemas KOHCTPYKINS C TETMKOUIHBIMH MIEPETOpOI-
Kamu OyzeT obecrieunBaTh HEOOXOIUMBIH Pe3ybTaT.

MHoTr0006eIatoIM METOIOM YBEINYeHHsT KO3 HUINEeHTa TeIIoNepeladd U yCTPAaHEHHUsI 3aCTOMHBIX 30H
SIBIISIETCSI OPTaHU3alMsl B MEXTPYOHOM ITPOCTPAHCTBE JBIKEHUS TEIUIOHOCUTEIS 110 BUHTOBOH sinHuH. [lepemene-
HHE TEIUIOHOCHTENS B ATOM Cilydae IoiydaeTcs 0e3 pe3sKnx M3MEHEHHH HampaBJCHHS, 4TO 00eCIeyMBaeT PaBHO-
MEpPHBIH ITPOTPEB U UCKITIOUCHHUE 3aCTOWHBIX 30H. VI3BECTHBI pa3Nu4HbIe BAPHAHTHI CO3MAHNS BUHTOBOTO JIBHKCHHUS
TEIUIOHOCHUTENS 110 MEXTPYyOHOMY TPOCTPAHCTBY, OJHUM M3 KOTOPBIX SBISETCS MIPUMEHEHNE TeIHNKONIHBIX Mepero-
POJIOK — CTICITHATIBHBIX CEKTOPHBIX EPETOPOIOK, KOTOPBIE YCTAHABIHMBAIOT IO YTIIOM K OCH KOXYyXa.

s onpenenenns 3¢dexrnBHOCTH puMeHeHN B KT A TemTMKOUIHBIX IeperopoIOK BMECTO CETMEHTHBIX,
HEOOXOINMO CPAaBHUTH TEIUIOBBIC M THAPABINYECKHE XAPAKTEPUCTUKH MOTOKA B MEXTPYOHOM IPOCTPAHCTBE, IS
0001X THIIOB EPETOPOIOK

Junst cpaBHeHust s dexktuBHOCTH TermmoooMeHa B KTA ¢ cerMeHTHBIMH UM TeJIMKOUIAHBIMHU MEPErOpPOAKaMHU
BBINTOJTHEHO YMCIIEHHOE MOJICIMPOBAHKE C UCIIOJIb30BaHHEM MporpaMmMHoro komruiekca ANSY'S.
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[IpoBeneHHOE cpaBHEHNE MOKA3BIBACT 3(PPEKTUBHOCTH MPUMEHEHHS TEIUKOAHBIX MEPEropoJOK B KOKYXO-
TpyOYaTHIX TEMJIO0OOMEHHBIX armaparax.
Hayunblii pykoBoauTenb: 1.T.H., npod. P.I'.PuzBanos

E.A. MAJIO®EEB
@I'BOY BO Puiburckuil 20Cy0apcmeeHtbill A8UAYUOHHBLI MEXHUYECKUL YHUBEPCUmMem
umenu I[1.A. Conosvesa

COBEPHIEHCTBOBAHUE PABOYEI'O ITPOIECCA
T'OPEJIOYHOTI'O YCTPOMCTBA KOTEJIBHOI'O ATPEI'ATA

B npornecce u3Bneuenns: 1 pa3pab0TKU HOBBIX MECTOPOXKICHHUI TOJIE3HBIX MCKOMAEMBbIX, HEO0OX0IMMa Kak
TEIUIOBAsl PHEPTUs, TaK U JIEKTpUUECcKasi. ITO BOZMOXKHO JOCTUYb ITyTEM MOJCPHU3AIMH NapoBOi KoTeabHOH. OHa
CMOXKET BbIpabaThIBaTh TEIJIOBYIO SHEPTHIO 110 MPSIMOMY Ha3HAYEHHIO, 3JIEKTPOIHEPTHUIO, U JIOTIOJIHUTENBHBIN map
JUIS TEXHUYECKHX HYXI.

[Ipennaraercst H3MEHUTH pabOYMH MTPOIECC TOPENOYHOTO YCTPOHCTBA KOTEIBHOTO arperara, OCyIleCTBUTh
3aMEHY €ro y3JIOB C IOJyYEeHHEM HOBBIX CBOWCTB M IapaMeTpoB pabOTHI KOTesNbHOH. B pabore paccmarpuBaercs
BapHaHT 3aMEHbl IITATHBIX KOTJIOB Ha IIApOBBIE KOTJIBI B COCTaBe TypOOTEHEPAaTOpOB, M 3aMEHAa TOPEIOYHBIX
YCTPOWCTB Ha KAMEPBI CTOPAHUSL.

B pesysbprare npozaenaHHO MOJEpPHU3AIMU KOTEIbHAs CMOXET (DYHKIIMOHMPOBATh Ha JIIOOOM BHUJIE yIJie-
BOJIOPOZHOTO TOIUTMBA (TBEPIOTO, )KUAKOT0, Ta3000pa3HOro U X KOMOMHAIMH, a TaKkKe IMYJIbCUIl ¢ BOIOM), MOTY-
YUTh YKOHOMHIO TOILIMBA, CMOXKET 00ecnedyrBaTh Kak ceOs, TaK ¥ MPOU3BOJCTBO TEIUIOBOI M 3JIEKTPOdHEpPrHUeil.
BrixionHsle ra3sl KoTenbHON OyneT HaxoauTbes B npeaenax HopMm CHull. Pacdersl mokasamu, 4yTo MpH UCIONIB30-
BaHUH BOAOTOIUIMBHON AMYJIbCHU MOXHO CYIIECTBEHHO CHU3UTH 3aTpaThl HAa TOILJIMBO, IPH MOJIyYCHUH TOH XKe Tell-
JIOBOI MOIIIHOCTH U TEMIIepaTyphl B KOTJE. DTO JOCTUraeTCs MyTEeM YBEIMUYCHUS MOJIHOTHI CTOpaHus ToIuBa. s
3TOTO CIeAyeT MPUMEHNUTHh KaMephl CTOPAHHS BUXPEBOTO MPOTHBOTOYHOTO THIIA, HACTPOCHHBIE HA PadOTy Ha BOXO-
TOIUIMBHOM 3MyJibcuU. B uyacTHOCTH, mpH ucnoib3oBaHuu Mazyta M-100 konuyecTBO BOABI B BOJOTOIUIMBHOM
SMYJIECUH MOXKET gocturath 20%, a npu pabote Ha qu3eabHOM ToruHBE 37%.

[Tpennonaraemslii BapHaHT MOAEPHHU3ALNH ITO3BOJIUT CYIIECTBEHHO OOJIETYUT JKU3Hb PabOYHX MPH HOBBIX
pa3paboTKax MECTOPOXKACHUH IPUPOJHBIX HCKOTIAEMBIX B TPYJHOMOCTYITHBIX Y9aCTKAaX CTPAHBbI.

HayuHnblif pykoBoauTeib: K.T.H., go1. 11.H. HoBukos

n. M. MAJIIOIINH
Canxm-Ilemepoypeckuii I opuwiti ynusepcumem

HOBBIHA NIOAX0J K ®OPMUPOBAHMUIO 3-X MEPHBIX
IBETHBIX MATPUYHBIX KOJIOB FOJIbIIONH HH®OPMAIIMOHHOM
EMKOCTHA

AnHoTanusi. Ha naHHBIT MOMEHT MaTpWYHBIE KOZBI B psJie CIydyaeB O0JIaAal0T HEIOCTATOYHOM
nH(OPMAIMOHHON €MKOCTBIO 1 He 00eCIeYMBAIOTHAACKHON 3alUThl HHTEIICKTYalbHOW COOCTBEHHOCTH, a TaKKe
HE pacKpbIBAIOT MOTEHIMAJ MCIOJIB30BAHUS IMOAOOHOTO METOJa XpaHEHHWs, 3allMCH M YTEHUS MH(POpMAIHH, YTO
o0ycaBnuBaeT HeOOXOIMMOCTh CO3/IaHHsI HOBOI'O MATPHYHOT'O KOJIA.

HITpuxoBoii kox — rpaduyeckas nHbOpPMAILKSI, HAHOCHMAs Ha TIOBEPXHOCTh, MAPKHPOBKY WM YIAaKOBKY
W3ENH, MPEACTaBISAIONas BO3SMOXKHOCTD CUUTHIBAHUS €€ TEXHUIECKUMH CPEJICTBAMH.

CaMbIM CyLIECTBEHHBIM HEIOCTATKOM CTaHJAPTHBIX JBYXMEPHBIX MATPUUYHBIX KOJIOB SABISETCSHENOCTA-
TOYHO OoJIbIIast HHPOPMAIIOHHAS EMKOCTTh CAMHUX KOZIOB.

Ha xadenpe MTXU nox pyxoBonctBom npodeccopa E. U. TIpsxuna 011 pazpaboTaH 3HaUUTEIBHO OosIee
€MKHH JIByXMEpHBIH KOJ C YJIBTPAIUIOTHOM 3amuchlo, HasBaHHBIH HanoOap-kox. OO0BEM 3amucu MHpOpMAanuu B
HBK moxet 65116 10 10000 cumBosios, uimu 1o 10KbB nro6oii nudposoit napopmarmu. Taxke, Ha ocHoBe Hanobap-
Koaa OB pa3paboTaH MHOTOCIIOMHBIA IBETHOH TPEXMEPHBIN KOJ, TIIaBHBIM OTJIMYHEM KOTOPOTO OT CYIIECTBYIO-
IIUX IIBETHBHIX IPOIYKTOB CTAJIO0 3HAYUTEIHHOE YBEIUICHNE EMKOCTH IpapUIecKiX KOIOB, a TAKXKe MOSIBIIIACH BO3-
MOJKHOCTh (DOPMHUPOBAHMSA PAa3HOTO KOJIMYECTBA CIOEB KOJA, KAXIBIH M3 KOTOPBIX MMEET PaszINYHYIO I[BETOBYIO
XapaKTePUCTHKY, TPUUEM KaXIbId U3 CIOEB MOXKET COACP)KaTh COBEPIICHHO Pa3IMYHYyI0 HH(POpPMAIHIO (TEKCT,
n300pakeHune, BUIEO, ayauo U T.1.). [Ipu 3ToM, cooOIIeH s HUKAK HE CBSI3aHBbI MKy COOOH, MOTYT MMETh Pa3HbIC
METO/Ibl KOJUPOBAHMS, OBITH OTKPHITHIMHU MM )K€ 3alIM()POBAaHHBIMHU.
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Hcnonp3oBaHme IIBETOBBIX CIOEB OCHOBAHO HA M3BECTHOM BO3MOXKHOCTH Pa30OHMEHHs PacTpOBOro M300pa-
XKeHHs Ha KaHaibl. Takum 00pa3oM, MOKHO IIPOM3BECTH KIIACTEPU3ALHUIO BETA U BBIABUTD 3 WM 4 CIIOS IS 3aIIHCH
nH(popManuy B 3aBHCUMOCTH OT HCIIOIb3YEMOH IBETOBON cxeMbl. Ha OCHOBE 3THX CIO€B MOXHO C(HOPMUPOBATH
MTOJTHOI[BETHOE M300pa’keHUe B BEIOPAHHOW IIBETOBOM CHCTEME.

Hcnonp30BaHne MPENCTaBICHHOTO METOIA TIO3BOIISIET HE TOIBKO yBenmuunuTh eMkocTh HEK u ¢opmupoBats
MHOTOMEPHBIA MaTPUYHBIA KO, COAEP KAl HECKOIBKO 3aBHCHUMBIX WIIM HE3aBUCHMBIX CIIOEB, HO U MaTPHYHBII
KOJ, COJIep KAIIUN Pa3IuUHbIe KOAbI HA HE3aBUCUMBIX CIIOSX.

TexHHuecKuM pe3ynbTaToM, JOCTHUTaeMbIM IIPU HCIIOJIB30BaHUU NpeIaraéMbIX CoCOO0B, ABISETCS MHO-
TOKpaTHOE IOBBIIICHHE EMKOCTH KOZa, MOBBIIICHUE 3aIUIIEHHOCTH HH(POPMAIIMH, pacriojlaraeMoi Ha CIOsIX KoJa,
npeoOpa3oBaHKUe TPEXMEPHOTO OOBEKTa B JBYXMEPHBII ITOCPEICTBOM (POPMHUPOBAHMUS HA IIOCKOCTH MHOTOLIBETHO-
r'o KOJia, OBBIIIEHUE HAJAEKHOCTH CaMOro KoJa.

Hayunblii pykoBoauTes: 1.1.H., npo¢. E.W. [Ipsxun

N.H. MAMAJIMEB
PI'Y necpmu u eaza (HUY) umenu U.M.Iyorxuna

KOMINVIEKCHBIE PEHIEHUWS 110 TIOBBIHIEHHUTO
IOOEKTUBHOCTU OBOPYJIOBAHUSA ITPU JIOBBIYE BA3ZKOU
HE®THU C MEXAHUYECKUMHU IPUMECAMU

B Hacrosmiee Bpemsi B PO 0CHOBHBIM METOZOM 3KCIUTyaTaluy HE(TSIHBIX CKBAKHUH SIBIISIETCS IPUMEHEHHUE
YCTaHOBOK 3JIEKTPONPHUBOIHBIX JlonacTHhIX HacocoB (YOJIH). JlaHHbIMU ycTaHOBKaMHu JOOBIBaeTCS OKOJo 75% OT
o0iero 00béma noObIuM HedTH, U 3Ta IK(pa HEYKIOHHO BO3pacTaer.

H3meHeHne nuaMeTpalibHbIX rabapuToB 000pYyAOBaHUS I TOOBIUM He()TH, MPUMEHEHNE HOBBIX MaTepHa-
JIOB ¥ CLIOCOOOB M3rOTOBJICHHS 3JIEMEHTOB, PACIIMPEHNE JHalla30Ha MoJay U HallOpOB CTYIEHEH Hacoca IPUBOANT K
3HAYUTEIBHBIM MOTPENIHOCTSIM PacyeTOB IPH HCIIOIB30BAHUU CIIOKHBIIMXCA METOAMK nombopa.lloatomy momep-
HHU3aIUsl METOIUKH IepecuyéTa XapaKTepPHCTHKH JIOMACTHBIX HACOCOB, OOECIEYMBAIONIEH ONTUMAIBHBIN Mog0op
HACOCHOTO 00OPYHOBaHUS, SIBISICTCS aKTyalbHOM 3a/aucii.3HAauMTEIbHBIH MHTEPEC IPEACTABISIOT 3aBUCHMOCTH
Jerpaialiiy XapakTepucTuK ctyneHed DJIH npu ux u3HOCE, a TakKe BIMSHHE M3HOCA CTYIEHEH Ha IepecuyeTHbIC
K03()(pUIMEHTHI HA BA3ZKYIO KHUIKOCTb.

Jlis pereHus 3TO# 3amaun Ha creHnax kadeapsl «MaimHbl 1 000pya0BaHHEe HEDTIHON M ra30BOil mpo-
MBIIIUIEHHOCTH» OBUTH IPOBEIEHB! KOMITJIEKCHI UCTIBITaHui cTyneHeil DJIH pa3HbIX KOHCTPYKLMI Ha BOAE U BA3KHUX
KHJKOCTAX, TIOCTPOCHBI PacueTHbIE U (PAKTUUECKHE XapaKTePUCTHKH CTYIICHEeH, MOJy4eHbl rnepecueTHbie Kodddu-
LUEHTHI, OIPEAEIICHbI 00JIACTH MPUMEHEHHUS CTAaHAAPTHBIX U MOJAECPHU3NPOBAHHBIX METOIUK IIEpecdeTa XapaKTepu-
CTHK IIEHTPOOEKHBIX HACOCOB.

ITonmy4yeHHbIe pe3yabTaThl SKCIIEPUMEHTAIBHBIX padoT 10 ONpeaesieHHIO Aerpaganui xapakrepuctuk DJIH
TIO3BOJISTIOT TIOBBICUTH SHEProd(PPeKTHBHOCTH JOOBIYH 3a CUET MOBBIMIEHUS TOUHOCTH IpH noaoope YOJIH k ckBa-
XKHHE, a TaK )K€ MOTYT OBITh MCIOJIB30BaHbl IIPH ONTHMHU3AINU PAOOTHI CHCTEM aBTOMAaTH3MPOBaHHOTO Oe3cernapa-
IIMOHHOTO 3aMepa AeOHuTa CKBRKMH — TaK Ha3bIBAEMOTO «BUPTYaIBHOTO PACX0J0MEpay.

Hayunblii pyxoBoaurte/n: K.T.H. A.B. JleroBuos

C.B. MAPKUTAH
Tsepcioti cocyoapcmeenHvlli mexHu4ecKull yHugepcumen

NCCUIEJOBAHUE 3ABUCUMOCTU ITAPAMETPOB
KOBHIOBOI'O 2JIEBATOPA OT CKOPOCTH
TPAHCIHHOPTUPOBAHUSA TOP®A

B pabote onmcana KOHCTPYKIHMS HCCIEAYEMOTO KOBIIOBOTO 3JIEBATOPA M SKCIIEPUMEHTAIBHO OMPEACTICHO
BIIMSTHAE CKOPOCTH MOIbeMa Topda Ha ero mapaMeTphl: MPON3BOAUTENIFHOCTh, MOIITHOCTh, HEOOXO0AUMYIO JUIS OB~
eMa rpysa, Ko3(pQHUIHUEHT 3ar0THEHNS KOBIIEH, KOA(QPHUIMEHT MMOJIE3HOr0 ASUCTBHUS U yIENbHBIA pacXxoa YHEPTUU
IIpU NIOABEME Tpy3a.

B cBs131 ¢ TeM, 9YTO MaIIMHBEI HEIIPEPBIBHOTO TPAHCIIOPTA, B T. Y. KOBIIOBBIE 3JIEBATOPHI, HanOoJIee MHOTO-
YHUCIIEHHBI cpenn 00opynoBaHus TopdorepepadaThBaONINX 3aBOJOB, OT 3()(EKTUBHOCTH MX PAa0OTHI HAINPSIMYIO
3aBUCUT IIPOU3BOAUTEILHOCTD 3aBOJIOB.

3agaua UcclIel0BaHUs 3aKIII0YAETCsl B AKCIIEPHUMEHTAIbHOM ONPEEIEHUH BIUSHUS CKOPOCTH MOJIbEMA Ma-
Tepuaja Ha NPOU3BOJIUTEIBHOCTh KOBIIOBOTO 3JI€BATOPA, MOIIHOCTH MOJbEMa I'py3a, KOI(QOHUIMECHT 3al0HEHUS
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KOBIIEH, KOAPOHUITUEHT MOJIE3HOTO NESHCTBUS M yIEIbHBIN pacXod dHEpTuH NpH NoabeMe Tpy3a. [loctaBieHHas 3a-
Jlada permaeTcs ImyTeM MMPOBEACHUS SKCIEPUMEHTOB Ha J1ab0paTOpHON YCTaHOBKE KOBIIIOBOTO 3J€BAaTOpa, MOACUYETA
SKCIEPUMEHTANBHBIX TaHHBIX U TIOCTPOCHUS Ipa)UKOB 3aBUCHMOCTH IIApaMETPOB Pa0OTHI KOBIIOBOTO 3JIEBATOPA OT
CKOpPOCTHU TPAHCIIOPTHPOBAHUS TOp(a.

JlabopaTopHasi yCTaHOBKa KOBIIOBOTO 3JI€BaTOpPa, COCTOWT M3 TPHBOJA, BKIIOYAIOMIETO ACHHXPOHHBII
ANEKTPOABHUTraTEbh MIEPEMEHHOTO TOKAa, BapHaTOp, KIMHOPEMEHHYIO Iepeaady, YepBsIUYHBIA PEAYKTOp M YIPYTYIO
My(]Ty; JIEHTHI C MPUKPEIUICHHBIMY K HEll KOBIIAMH;, KOPITyca 3JIEBAaTOPa, 000PYIOBAHHOTO 3arpy309YHON BOPOHKOM
U Pa3rpy30uHBIM PYKaBOM; HATSHKHOTO YCTPOMCTBA. DJIEBaTOpP CHA0KEH KOHTPOJIBHO-U3MEPUTEIHHBIMHU IPUOOpa-
MHU.

JlaHHOe uccienoBaHUE HAIJISAIHO TMOKa3bIBA€T, YTO CKOPOCTh TPAHCIOPTUPOBAHUS TIpy3a BIHUSIET Ha BCE
BBILIETIEpEUUCIICHHbIE MTapamMeTpbl. ONTHMalbHOE e 3HaueHHE B YCIOBUX dKcnepuMenTa cocrasisier 0,95 m/c. C
MOBBILLICHUEM JTaHHOW CKOPOCTH YBEIWYMBAIOTCS 3aTpaThl SHEPTUU Ha MOABEM MaTepuaja, a IMpONOPIHUOHATIBLHOTO
TIOBBIIICHUS TIPOU3BOAUTEINEHOCTH HE MPOUCXOANT. [10NB3ysACh pe3ylpTaTaMu 3TOTO HCCIEOBAHUSI MOXKHO CIEIaTh
paboTy KOBIIOBOTO 31eBaTopa 6osee F3PPEKTHBHOM U BHICOKOIIPONU3BOIUTEIHHOM.

Hayunblii pykoBoauTeab: 1.T.H., 1o, A.Jl. SI6moHeB

51.B. MAPTBIHEHKO
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

IHNPUMEHEHUME KUIKOCTHO-TA30BOI'O 9KEKTOPA B
CUCTEMAX XPAHEHUA C KU KEHHOI'O ITPUPOJHOI'O I'A3A

B pabote Teopernyeckn nokazaHa 3(HEeKTHBHOCTb HCIONIB30BAHUS 3KEKTOPHBIX CHCTEM JIsl 00eCTIeYeHUsI
0€301acHOr0 XpaHEeHUs! CHKIKEHHOTO PUPOHOTO ra3a, a TaKKe BbIOpaHa Hanbolee POU3BOUTENIbHASL ad9POHHA-
MHU4YecKas cxeMa MPOTOYHOM 4acTH KEKTOPHOH yCTAHOBKH, KOTOpas MO3BOJIUT 3HAUUTENBHO CHU3UTH KalMUTaJo-
BJIOXKEHHUS M SHEPro3aTpaThl IPU CTPOUTEIHCTBE U IKCIITyaTallul KPUOTEHHBIX Pe3epByapoB.

Knrouesvie cnosa: cxvwxennsiii npupoansiii ra3 (CIIT), kpuoreHHbIH pe3epByap, 0TOOp Mpoo, HKUIKOCTHO-
ra3oBeIif MkekTop (PKI'D), copoc mapos CIII', a5kekTOpHAS cCUCTEMA.

B cootBercTBHHU ¢ npaBuiaMu 0€30MaCHOCTH, IIPHUMEHSIEMBIMHE KO BCEM THIIAM KPHOTCHHBIX PE3EPBYapOB,
TIPEABSBIIIOTCS MHOTOUYHCIICHHbBIE TPEOOBAHUS, CBSI3aHHBIC C YCIOBMSIMHU HX SKCIuTyaTanun. OTHUM U3 HUX SBIIACT-
cs1 obecrieueHne coOpoca mMapoB CxKIKEHHOTo npupoxaHoro rasa (CIIIN) u3 xpanunmima gepe3 ra3ocOpocHoOM TpyOo-
MIPOBOA M NIPEAOXPaHUTENbHBIC KIanaHsl. Takue cOpockl 00pa3yloTes Kak MEPUOJHMYECKH, TaK M B aBAPUHHBIX CIIy-
qasix.

ITpu npeBbIIeHNH W30BITOYHOTO IABJICHUS B pe3epByape OTHOCUTEIFHO HOMUHAJIBHOTO Ha 33/1aHHYIO MPO-
€KTOM BEJTHMYUHY MPOU3BOIUTCS cOpoc n30bITKa mapoBoit ¢a3el CIII', KOoTOphIi cxkuraeTcs B (akene CUCTEMBL. DTO
MIPUBOAXT K 3HAYUTEIHHBIM IOTEPSIM JOPOTOCTOAIIEr0 TOIUIMBa. B ciaydae ecnm pesepByap 000pymOBaH TEXHOJO-
rHYecKol OOBSI3KOM, TO O0TOOp M30BITKA MapoBOil (a3bl MPOU3BOAUTCS KOMIPECCOPAMHU, MCIIOIB30BAHUE KOTOPBIX
BJIEUET 32 COOON JOTIOITHUTENIBHBIE SHEPro3aTpaThl.

B kauecTBe anbTepHATHBHI TPAAMIIMOHHBIM CPEICTBAM KOHTPOJSI M cOpoca mpeiaraercs HCIOJIb30BaTh
KHUIKOCTHO-Ta30BbIe 3KeKTophl (JKI'D), BKIITOUCHHBIE B TEXHOJOTMYECKYIO0 00BSA3KY pe3epByapa Julsl MOJAEPKaHUSL
pabodero paBieHHs MyTeM cOpoca TOIUIMBA B CEIapaTop 3a CUET SHEPTUH BRICOKOHAIIOPHOTO MOTOKA ra30BoH (asbl.
Tak kak cpabaTbIBaHNE NPEJOXPAHUTENBHBIX KianaHoB B pe3epByape CIIIT mponcxomuT mpw NMpeBbINIEHUN W30bI-
TOYHOTO JIaBJICHUS [TApOB, BOTIPOC CO3AaHMsI BHICOKOHAIIOPHOTO IIOTOKAa HE BO3HUKAET. Takue CHCTEMBI PEeHMYyIIe-
CTBEHHO OTJIMYAIOTCS TPOCTOTOH, HEOOIBIIMMHI KaNNTAJIOBIOKEHUSIMHA ¥ MaJIBIMH SHEprosarparamiu [2].

Jnst o6ocHoBanust 3¢ dexTrBHOCTH Hcnonb3oBanust XKD mpou3BeneH TEOPETUYECKUi pacyer orpezes-
IOIINX MOKa3aTesiel, B COOTBETCTBUH C KOTOPBHIMH BhIOpaHa HamboJiee MPON3BOIUTENbHAS a3POJUHAMUYECKas CXe-

a [1,3]. Jnst HarmsaaHOM OIIEHKH IMOJYYE€HHBIX PE3yJbTaTOB B paboTe MPHUBEACHBI 3aBUCUMOCTH KOdPQUIMEHTa
a»xekuuu ot KIIJ ycTtaHOBKHM, IOKa3aTess MOIIHOCTH M JABJICHUS CMecH Ha BbeIxoje. Ha ocHOBaHMM BBHIOpaHHOI
CXEMBI MTOCTPOeHa HATIOpHAs XapaKTePHCTHKA yCTPOICTBA, pabOTAIONMIETO HA ONTUMAJIHFHOM, CPBIBHOM M MPEAETb-
HOM pexknmax. IIpomsBeneH pacdeT reoMeTpHUecKUX pasMepoB IMPOTOYHON YaCTH IKEKTOpa W MPEJCTaBlICHA €ro
KOHCTPYKTUBHAsI CXeMa.

[ToMuMo TexHOJIOTHYECKOH OOBS3KM AJIsl cOpoca MapoB IpeAIaraeTcsi MOJEPHU3NPOBATh CUCTEMY TOYEY-
HOTO 0TOOpa MPOO, BKIIIOYMB 3KEKTOPHYIO YCTAHOBKY, TEM CaMbIM 3aMEHHMB KOMIIPECCOp, 3aKauMBAIOLINN pera3u-
¢unuposanuslii CIII' B mpo600oTOOpHUK.
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C.II. MAYPUHA
Canxm-Ilemepbypeckuii 2opHbili yHUgepcumem

PABPABOTKA METOJAUKHU KAJIMBPOBKU BUBPOAKYCTHYECKHUX
JATYUUKOB CUCTEMbI KOHTPOJIA U IUATHOCTUKHU MTPOLECCA
MN3MEJIBYEHUSA B BAPABAHHBIX U TPYBHbBIX MEJIBHUIIAX

B pabote mpencraBneHsl pe3ynbTaThl HCCIEAOBaHMS pabodero mporiecca M3MENbUeHHUs MaTepHaoB, pac-
CMOTPEHBI TEXHUYECKHE CPEJCTBA ONEPATHBHOIO KOHTPOIIA 3a PaboToi OapabaHHBIX MEIBHHUI, YCTAHOBICHA B3aH-
MOCBSI3b MEXKAY BHOpOaKycTHIeCKAMH d(h(eKTaMu u MpoIieccaMy, MPOUCXOIAMAMHI B MallnHe, pa3paboTaHa me-
TOJMKa KaTHOPOBKN BHOPOAKYCTHYECKHX NAaTYMKOB CHCTEMBI KOHTPOJS M JUATHOCTUKH IIPOIECCa N3MENbUCHUS B
0apabaHHBIX U TPYOHBIX MEIBHUIIAX.

W3BecTHO, 4TO paboTa 6GapabaHHBIX MEJBHUI] COMPOBOXKIACTCS BOSHUKHOBCHHUEM IITYMOBBIX 3(p(eKTOB pas-
JTMYHOM (U3MYEeCKOH MPHUPOABI (aKyCTHYECKOTO, BUOPAIIMOHHOTO U 3JeKTpudeckoro noueit). [Ipu aTom xapakrepu-
CTHMKH 3TUX I0JIeH (MHTEHCUBHOCTh, YaCTOTHBIE CBOWCTBA) B 3HAYMTEIILHOM CTEIIEHU 3aBHUCAT OT CTENEHH 00BEMHO-
ro 3aroyiHeHus OapabaHa MeJIbHHUI] U3MEJIbYaeMbIM MaTE€PUalIOM, YTO IPEJONPEIEIIET BO3ZMOKHOCTh ITOCTPOCHHS
CUCTEM CTa0MIIM3alK 0OOBEMHOTO 3aII0JIHEHHUS MENbHHII, OCHOBAHHBIX Ha MCIIOJIb30BaHUHU ITHX 3P (EKTOB.

ABTOMaTHYECKOE PETyIHPOBAaHHE IPOLECCa N3MENbUCHHS MOJIE3HOTO MCKOMAEMOro B MEIBHUIIE JOJKHO
BKJIIOYaTh B Ce0s1 aBTOMaTHIECKYIO JOTPY3KY M3MEJIbYaeMOT0 MaTepHaia M MEIOMINX TeJl HA OCHOBE OOBEKTHBHBIX
JAHHBIX O CTCTEHH 3aNOJHEHMS MENbHHUIBI U3METbYaeMBIM MaTEpPHAIOM, METIOIIMMH TEeJIaMH, U O CTEICHH H3-
MEIIbUEHHS TOTOBOTO POIYKTA.

JIJs TIOBBITIIEHUST TOYHOCTH YIIpaBJieHUsT paboToif OapabaHHBIX W TPYOHBIX MENBHUI] OBUTH pa3padOTaHbI
CHoco0 aBTOMAaTHYECKOr0 KOHTPOJIS CTENICHN 3alOTHEHHS MEJIBHUIBI N3MENIbUaeMbIM MAaTEPHAIOM H CHCTEMa KOH-
TPOJISt TUAMETPOB MEJIOLIHX TeJl.

[MpensnoxeHHsIi B paboTe crnocod aBTOMAaTHYECKOTO0 KOHTPOJISL CTETICHH 3aIoIHeHHs1 OapabaHHOW MeNTbHU-
LBl M3MENbYaeMbIM MAaTEpPUAIIOM M CHCTEMa KOHTPOJS IMaMETPOB MENIOMIUX Tell 0a3upylTcs Ha WU3MEPEHUH
BHOPOAKyCTHYECKUX KOJIeOAaHUH KOpIyca MENbHHIBI Ha XapaKTEPUCTUUECKON 4acToTe, SBIIIOIIEHCS BO3MYIIAIO-
LIeH 4acTOTOMH CIIeOBaHMUS YAAPHBIX UMITYJIbCOB MEINIOIINX Tell 0 Kopiyc 6apabaHa MenbHUIBI. OCTaJbHbIE 4acTO-
ThI CIIEKTPa BUOPOAKYCTHUECKHX KOJIEOAHUH MPENCTaBIAIOT cOOON rapMOHHMKH U MTPOM3BOAHBIE OT XapaKTEPUCTH-
YEeCKOW 4acTOTHI, HaJIO)KEHHbIC Ha PE30HAHCHBIE YacTOTHl Kopiyca Oapabana menpHMIBI. HacTpoiika Ha maHHYIO
YacTOTY HO3BOJISIET N30aBUTHCSI OT BO3MYILICHUH, BEI3BIBAEMBIX PE30HAHCOM KOHCTPYKIIMH MEJILHHIIBI, @ TIOCKOJIBKY
JMana3oH 4acTOThl HE3HAYUTEIICH, TO 3TO CHU)KAET BO3MOXKHOCTH TIOMEX, HABOANMBIX KaK OT padOThI COCeTHUX Ka-
Mep MHOTOKaMEpHOI MEITbHHUIIBI, TaK U OT COCEAHUX MENbHHUIL.

HenpepbIBHO KOHTPOIMPYS YacTOTy COyJapeHNH MEIOIIMX Tl O KOPITYC MEJIBHHIBI M YaCTOTY BPAIIEHUS
MEIIBHHMIIBI, & TAK)XKe, 3Hasl JUIMHY U TMaMeTp KaMepbl MOXKHO B aBTOMAaTHYECKOM DPEXHME OIPEICIUTh CPEAHHI
JIMaMeTp MEJIIOIUX TeJI ¥ ero M3MEHEHHe BO BPEMEHH 110 Apei(y XapakTepuCTUUECKOM YaCTOTHI.

H3meHeHne aMILIUTY/IbI BUOPOAKYCTHYECKUX KOJIeOAaHUH KOpIyca MENbHUIIBI Ha YaCcTOTe COYAapeHHH Me-
JIIOIUX TEJT O €€ KOPIYC 3aBHCHT OT KOJIMYECTBA M3MEJIbYaeMOro Marepuaia B pa3MOJIbHOW Kamepe. YUeT 3Toro
(axTopa mo3BossieT 3PPEKTUBHO YIPABIATh PACXOJ0M MaTepHaa B MEJIbHHUILY.

Ha ocHoBe mosy4eHHbIX pe3ysibTaToB Oblla pa3paboTaHa METOMKA KaIuOPOBKHM BUOPOAKYCTHYECKUX JaT-
YMKOB CUCTEMBI KOHTPOJIS M IMATHOCTHKH Ipoliecca H3MeNIbYeHNs B 0apabaHHBIX U TPYOHBIX MEJIbHHIIAX.

HayuHnblif pykoBoauTeJIb: 1.T.H., 10oL. J.A. Kpemueen

M. 3. MUXAIJIOB
Canxm-Ilemepbypeckuii copHbili yHusepcumem

YCTAHOBKA DJIEKTPOPOTI'PEBA HE®TSIHON CKBAXKWHBI C
IIMTAHUEM OT BETPOI'EHEPATOPA IS BOPBBBI C
HHAPA®UHOBBIMHA OTJOKEHUAMHU

IIpu noOsrue HEdTEH Cephe3HON MPOOIEMOH, BRI3BIBAIOIIEH OCIOXKHEHHUS B paboTe CKBAXKHUH, HE(TENpo-
MBICJIOBOTO O0OPYHAOBaHUS M TPYOOIIPOBOAHBIX KOMMYHHKAIMH, ABJsETCA 00pa3oBaHue MapadUHOBBIX OTIIOXKCHUN
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(ITO), dpopmupoBaHre KOTOPHIX TMPUBOANT K CHIKEHHUIO TIPOU3BOJAUTEIHHOCTH CUCTEMBI U 3(h(HEKTHBHOCTH PabOTHI
HACOCHBIX yCTaHOBOK.

Br16op ontuManbHEIX crioco0oB 60pb05!I cI1O 1 3P PEeKTHBHOCTD pa3TMIHBIX METOIOB 3aBUCHT OT MHOTHX
(akTOpOB, B YACTHOCTH, OT crocoba moOsran HedTH, TePMOOAPHUIECKOTO pekrMa TEUYCHUS, COCTaBa U CBOWCTB 10-
Op1BaeMoii mpoxyknun. HecMoTpst Ha Ooibinoe pasHooOpasue meronoB 00psOsl ¢ I10, mpobiema eme maieka oT
pa3pemieHns 1 0CTaeTCs OTHOW M3 BaXKHEHIINX B OTEYECTBEHHOH He(TeI0OBIBAOIIEH OTPACIIH.

[pakTrka n0ObMM HETH HA MPOMBICIIAX TOKAa3bIBAET, YTO OCHOBHBIMH ydyacTKamH HakoruieHus [10 sB-
JISIFOTCSL CKBa)KMHHBIE HACOCHI, NMOJbEMHbBIE KOJIOHHBI B CKBa)KMHAX, BBIKMJIHBIC JIMHUU OT CKBA)XKUH, pe3epBYyaphl
TIPOMBICIIOBBIX COOpHBIX IMyHKTOB. Hanbonee naTencuBHO I10 oTKIanbpIBaloTCsl HA BHYTPEHHEH MOBEPXHOCTH TIO/1b-
€MHBIX TpyO CKBa)XMH. B BBIKMAHBIX JIMHUSAX MX 00pa3oBaHME YCHIIMBAETCS B 3UMHEE BpEMsl, KOTJa TeMIleparypa
BO3/lyXa CTAHOBUTCS 3HAYMTEILHO HI)KE TEMIIEPATYPhl ra30HE(TIHOTO MOTOKA.

HawnbGounee adpdextuBHbIMU crioco6amu 60psObI ¢ TapaUHOBBIME OTJIOKEHUSIMH SIBIISIIOTCSL TETJIOBBIE Me-
TOJBI BO3JCHCTBUS HAa CTBOJI CKBaXMHBI, OCHOBaHHEIE Ha crocoOHocTH 1O He 00pa3oBEIBaTH TBEPAOW (ha3bl HITH
IUTABUTHCS TIPH TEMIIEPATypax, IPEBHIIIAIONINX TeMIIepaTypy Kpuctammmsanmn 35-50°C.

[IporpeB mo3BoOISIET MPEAOTBPATHTh 00pa30BaHUE OTIOKCHUN HA CTEHKax TpyO. B pesymsTare, mpomyck-
HOE CeUeHHUe TPYO OCTAaeTCs MOCTOSHHBIM B 00BEMBI JOOBUN HEPTH W3 CKBaXMHBI HE CHIDKAIOTCS. TakXKe IMPOUCXo-
JUT COKpAIEHNE U3/IEPKEK HAa PEMOHT CKBa)KHHHOTO 00OPYIOBAaHHS, 3@ CUET YEro 3KOHOMUYecKast 3((EeKTUBHOCTh
9KCIITyaTalliy CKBaKIHBI yBEINIHBACTCSI.

B crarbe npeuioxkeHa MO/IENb YCTaHOBKH 3JIEKTPONPOrpeBa HeTSHOI CKBaXKMHBI C MCIIOJIb30BAaHUEM BET-
poaniekTpryeckoit ycraHoBkd (BOY) mis 60ps0Obl ¢ mapadMHOBBEIMU OTIOKEHUSIMH. Besi BhIpaOoTaHHAs! DIEKTPO-
sHeprust BOY pacxoayercs B HarpeBarensHOM Kabesie. HarpeB ckBa)kHHBI 3aBUCUT OT TEKYIIUX BETPOBBIX YCIOBHH,
TaKkuM 00pa3oM, MPOUCXOJUT ee IePUoJuIecKuii HarpeB. B ciyuae neperpeBa HeTH, 10 CUTHATY OT AaTYUKA TEM-
nepaTypbl, YCTaHOBKa BPEMEHHO OTKJIIOYACTCA. I[OCTOI/IHCTBaMI/I I[aHHOﬁ KOHICIIUHN ABJIACTCA HEIMOCPCACTBCHHOC
TEIJIOBOE BO3/EICTBHE HA MapaMHOBBIC OTJIOKEHHUS 0€3 NCIOJIB30BAHMS IPOMEKYTOYHOTO TEIFIOHOCHUTES, YI00-
CTBO TEXHHUYECKOH peann3anneil, BBICOKas HaJe)KHOCTh, OTCYTCTBHE CJIOKHBIX CUCTEM YIPaBIICHUS.

B paboTe nponsBeseHO HMHUTAIIOHHOE M KOMITBIOTEPHOE MOJAEINPOBAHUE, CPABHEHHE KOJIWIECTBA BBIpa-
6otaHHOM BOY smexTposHepruu mpu HEM3MEHHOM CONPOTHBIICHWH HArPY3KH WM NPH €ro peryiuposaHud. Ilomy-
YEHHBIEC 3aBUCHMOCTH ITOCTPOCHBI C YI€TOM BapHaIlMH BETPOBBIX YCIOBHH, KaK IO CPEIHEr0I0BOM CKOPOCTH BETpa,
TaK W 1O mapaMmeTpy (GopMsl IO IrpafanysM CKOpocTel BeTpa. [Ipou3BeneH TEmIoBOM pacyeT, KOTOPHIi MO3BOISIET
BBIOpaTh HEOOXOAMMYIO YCTAaHOBJICHHYIO MOIIHOCTH BETPOINEKTPUUECKON YCTAHOBKH B 3aBUCUMOCTH OT BETPOBBIX
YCIIOBHH, KJIUMaTa U MMapaMeTpoB Kabes.

HayuHblii pykoBoaMTeNb: K.T.H., 101. A.A. benbckuit

M.C. MUXAJIEBA
bBpsnckuii 2cocyoapcmeenuviii mexnudeckuil yHugepcumem

IKOHOMMNYECKUE ACIIEKTbBI PASBUTHUSA HAYKOEMKHX
OTPACJIEHA HA BA3E BPSIHCKUX IPEJIIIPUATUIA
MAHNIMHOCTPOEHUA

Poccus — ctpana ¢ MOIIHBIM PECYPCHBIM IOTEHIUAIOM, YTO AAET €i OrpOMHOE IPEUMYILECTBO BO BHEII-
HEIKOHOMUYECKOU JiesTesibHOCTH. OJIHAKO, KaK T0Ka3ajo BpeMsl, pecypcooOeceYeHHOCTH He JOCTATOYHO JAJISl TO-
r'0, YTOOBI TIOCTPOUTH MOIIHYIO SKOHOMHUYECKYIO CHCTEMY.

B nocnenaue yetsipe roja HaOIIOAATOCHh YCTOMYMBOE Pa3BUTHE SKOHOMHUKH CTPaHbl, K IpUMepy, B bpsH-
cKoi oOyacTH HaOIIOIAeTCs MOJOXKUTEIbHAs AMHAMUKA WHJIEKCA HPOMBIIIJIEHHOTO MPOMU3BOJICTBA, AKTHBHO OCY-
LIECTBIISIETCS. MOJAEPKKa MHBECTHULIMOHHBIX MPOEKTOB. OHAKO, HEAOCTATOYHO BKJIAJbIBATH JEHBIH B YK€ CyIIe-
CTBYIOIIE MOIIHOCTH, HEOOXOIMMO pa3BUBAaTh WHBECTHUIMOHHBIN MOTeHIMan npennpustuil. Cremyer yaennTb
ocoboe BHUMaHHE MHTEIUICKTYaJIbHBIM, (PMHAHCOBBIM, TEXHOJIOTHYECKHM W HH(PACTPYKTYpHBIM pecypcaM Mpen-
npusTHid. [IpMOpUTETHBIM NIPEACTABIAETCS Pa3BUTHE HAYKOEMKHUX OTpaciel, B ToM uucie B pamkax BIIK crpansl.

CTouT ynenuTh BHUMaHHUE TaK JK€ TEeXHOJOTHYECKOW 0a3e MpeanpusTHii, OOHOBISThH €€ He TI0 Mepe M3HO-
ca, a UICXO[S U3 pe3yabTaTOB MOHUTOPHHTA U OIIEHKH Y(PPEKTUBHOCTH UCTIOJIE30BAHUS YHEPTHU U JPYTHUX PECYPCOB.
BaxxapIM (hakTOpOM MHHOBAIIMOHHOW EATEIHFHOCTH Ha MPEANPHUITHAX TaK K€ CTaHET MPHUHATHE IPOTyMaHHON CH-
CTeMBI CKIIAJPOBAHUS U JIOTUCTHKH B 3aBUCHMOCTH OT CIIEIIU(HUKH IMPON3BOACTBA, YTO IMO3BOJIUT CHU3UTH 3aTPATHI
Ha JIOCTaBKY, apeHAy, X OJaronpHusTHO CKaXXeTCs Ha Ka4eCTBE TOTOBOW IPOTYKIIHH.

Takoe Mpou3BOACTBO 00ECHEUNT Pa3BUTHE PhIHKA BPSHIIMHBI B JOITOCPOYHOM NMEPCIEKTUBE, HOCKOIBKY
JIaCT BO3MOKHOCTD KPYITHBIM MPEATIPUATHAM IOTy4aTh OOJIblIee MHBECTHPOBAHUE M PA3BUTh COOCTBEHHOE IPOM3-
BOJICTBO. Pa3zBuTOE NMPOM3BOACTBO — 3TO MPHOBLIB, a B JATLHEHIIIEM M HAJIOTH, 33 CUET KOTOPBIX YBEIMIHUTCS PETHO-
HaJIbHBIA OIOJDKET, a 3HAUUT U KayeCcTBO )KU3HH HACEIICHHS.
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B macmTabax cTpaHsl JaHHBIE MEPHI TO3BOJIIT PEATM30BATh CTPATETUYECKHE IPUOPHUTETEl B Pa3BUTHH CO-
LUaJbHOW M TPOU3BOJCTBEHHOW MH(PACTPYKTYpHI M CO3AaHMM OJArONpPUSTHOrO KIMMaTa AJsI WHBECTUPOBAHHSA
IIPOU3BO/ICTBA.

Hayunblii pykoBoauTelib: K.3.H., f1ou. H.E.boiiko

H.A. MOPO30B
Hayuonanvuwiii uccnedosamenscxkuil mexronoeuueckuti ynugepcumem « MUCuCy

HCCJIEIOBAHUE MUKPOTPEHIMHOBATOCTH OCH
I'MAPO3ATBOPA METOAOM JIASEPHO-YJIBTPA3BYKOBOU
CTPYKTYPOCKOIINAN

Llenpto naHHOM pabOTHI SABISIETCS M3y4YEHUE HPOYHOCTHBIX CBOIMCTB M CpaBHEHHE METOJA JIa3epHO-
yIBTPa3BYKOBOTO KOHTPOJSI C MEXaHUYECKHMMHU UCIBITAHUAMU. MeXaHW4eCKUe UCTIBITAaHUS TPOBOJMWINCEH Ha TIPOU3-
BozactBe B cooTBeTcTBUU ¢ I'OCT 25.506-85. «PacueTsl U UCHBITaHUS Ha MPOYHOCThb. METObl MEXaHUUECKUX HUC-
ImeITaHUHA MeTauioB. OnpeneneHrne XapakKTepPUCTHK TPEIMHOCTONKOCTH (BA3KOCTH pa3pylIeHUs) IPH CTaTHYECKOM
Harpy>xeHuu». B xauecTBe 00BEKTOB KOHTPOJIS BHICTYNAIN (pparMeHThl pa3pyIIMBILEiics OCH THAPO3aTBOpA CTaH
Mapku 25 (MeXaHHYeCKHe CBOMCTBA MpeACTaBICHHI B Tabmmie 1).

Tabmuma 1. laaasie npu Temmeparype 20 °C.
602(MIIa) | 6,(MIIa) | 810 (8s) (%) KCU (Jix / cv®) | E10°(MIla) | O (xr/v’) | Vs
%

310 490 28 58 78 1.98 7820 5905-5920

B xome MEXaHWYECKOTO HCIIBITAaHUS Ha CKAaTHe, OOBEKT pa3pyIIWics MPH JOCTIDKCHHH Harpy3Ke COCTaB-
TSIOMYIo ~25% 0T 0KMAaeMoro mpezesia TeKydecTH. [[puanHON SBISUIOCH IpeAroaraeMoe Hamnarne 1e()eKTOB B
cTpykType obpasma. OmHaKO yIbTPa3BYKOBOH KOHTPOIB C UCHOJIB30BaHUEM ITBE303JCKTPHUSCKUX IpeoOpa3oBaTe-
JIeH He CMOT BBIIBUTH e(EKTHI, YTO MOCTYKUIIO0 IMPEAJIOrOM K IPOBEICHUIO JTa3ePHO-yIbTPa3BYKOBOTO KOHTPOJIS.

[esbt0 KOHTPOJIS SIBISIIOCH OOHAPYKEHNE BHYTPEHHHX 1e()EKTOB CTPYKTYPHI C MOCIEAYIOIIEM IOCTPOCHH-
eM JedeKTorpaMMBbl ¥ BU3yalIM3alyeil Mpu MOMOIIM IPOrpaMMHOTO KOMIUIEKCa MHTeprpertarun «Autoscany. [le-
(bexTorpamMma InpezcTaBisuIach B BUJIE TAOJIHUIBI C TIYOWHHOI 3aJieraHusi U CTPYKTYPHBIMH OCOOCHHOCTAMH eeK-
TOB, a TaKXke nmpuioxkeHueM B-ckana. B xoze nccnenoBanusi, Ha oOpasiie ObUIH BBISIBICHBI § Je(EKTOB pa3IudHON
(hOopMBI U TITyOWHBI 3aJIETaHUs, a TAKKE YIIPYTHE XapaKTEPUCTUKH 00BEKTA.

Hayunblii pykoBoauTenb: 1.T.H., mpod. E.b. Uepenenkas

I1. . MOPO30OBCKHI
Canxm-Ilemepoypeckuii Ionumexnuueckuti ynugepcumem Ilempa Benuxozo

YU CJIEHHOE MOJEJUPOBAHUE )KYCTKOI'O Y3JIA
CTAJIbHOM KOJIOHHBI

PaccmarpuBaeTcst HOZATIMBOCTH JKECTKOTO y3J1a CTaJIbHOIN KOJIOHHBI TUIIOBOTO IBYTaBPOBOTO CEUEHHS O]
JIEICTBUEM BHELEHTPEHHO-CKUMAIOLIEH HArpy3Ku €O CIIy4allHbIM 5KCLEHTPUCUTETOM. PaccMoTpeHa ynpolieHHas
cxeMa 3alleMIICHHS — JKEeCTKOIIapHupHasd. Takke MpeacTaBlieHa aHAJIOTHYHAs CXeMa, I/Ie )KeCTKas 4acTb CTEP)KHS
CMOJIeTMPOBaHa B BUAE y3na (pyHIaMeHTa, QYHIaMEHTHOM IUTUTHI, TpaBepc M IJIAHOK C aHKEPHBIMH OoiTaMu. beum
MIPOBEICHB! YHCIICHHBIE MCCIEAOBAHMSA JAHHOTO y3Ja C WCIOJIBb30BAaHHEM BBIUMCIMTENHFHOTO KOMILIEKca Abakyc
2017. Anamm3 pe3ynbTaToB pabOTHI MOKA3al, YTO y4eT MOJATIMBOCTH MPH JAOCTaTOYHO TOYHOM YHCICHHOM MOJe-
JMPOBAHUN JAeT OAWHAKOBBIC 3HAYCHUS COKMMAIOIUX ycwinil. TakuM o0pa3oM, AaHHBIH y3€7d MOXKHO CUHTATh
KECTKHM, a KOI(GPHUIUECHT MTPOI0IHHOTO U3rnda NMPakTHIECKH PaBEH TEOPETHIECKOMY 3HAUEHHIO.

IIpu pacuere cuibl IpeANnoIaragoch, YT0 PABHOBECHE CTEPIXKHSI MOJ, JEHCTBUEM BHEIIHUX CUN yCTOHUUBO.
Bo MHOrHX cityyasix, HOMHUMO NPOBEPKH NMPOYHOCTH, HEOOXOJUMO MPOBEPHUTH YCTOWYHMBOCTH 31eMeHTOB. COoCTOSI-
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HHUE PAaBHOBECHS CUMTACTCS CTAOMIBHBIM, €CIIHM MPH JFOOOM BO3MOKHOM OTKIIOHEHUH CHCTEMBI OT NOJIOKEHHS PaB-
HOBECHS BOSHUKAIOT CHJIBI, KOTOPBIE CTPEMSTCS] BEPHYTh €T'0 B HCXOIHOE MOJI0KEHHE.

[IpenenbHast Harpy3Kka B MOMEHT IIOTE€PH YCTOMIMBOCTH KOJIOHHBI C TOMOIIBIO aHATUTHYECKOTO PacdeTa o
HopMmam CII 16.13330 mosryumnacs pasHoit 2290 kH.

B HacTosimee Bpems, ¢ OBICTPBIM pa3BUTHEM TEXHHUYECKOTO IPOrpecca U KOMIIBIOTEPHON TEXHHUKH, U3yde-
HHE yCTOWYMBOCTH CTEP)KHEH BBIXOAWT HA HOBBIH ypOBEHb. HOBBIE KOMIIBIOTEpPHBIE MPOTrPaMMbI, OCHOBAaHHBIE Ha
MeTo/ie KOHEYHBIX 3JIEMEHTOB, CIIOCOOHBI 00pabaThiBaTh OOJNBIION 00beM WHPOPMAIMK, TEM CaMBIM IOJTy4as J0-
CTaTOYHO TOYHBIC MOJIEIH MOBECHUS CTEPIKHEH.

[TporpamMMHBIi pacueT B mporpaMMHoM KoMmiuiekce Abakyc 2017 mokasan pesyasbrar 2320 xH u 2310 xH
JUIS TDIOCKOM M 0O bEMHON pacyeTHOM CXeMBI COOTBETCTBEHHO, YTO IIPUMEPHO SKBUBAJICHTHO.

Takum 00pa3oM, JaHHBIA y3€J1 MOKHO CUMTATh JKECTKUM, a KO3()(HUIMEHT MPOJOIBHOIO M3rnda AaHHOM
KOJIOHHBI IPAKTUYECKH PaBHBIM TEOPETUYECKOMY 3HAUEHHUIO.

Hayunblii pykoBoaures: gou., a1.T.H. T. B. Hazmeesa

A.B. MBICUH
Canxm-Ilemepbypeckuii eopuviti Ynusepcumem

MOJIEJHUPOBAHMUE B3PbIBA HUJIMHAPUYECKOI'O 3APAA
B3PBIBUATOI'O BEHIECTBA B BJIOKE TOPHOM IOPO/IbI
CPEJACTBAMM IIK ANSYS

TexHn4ecKuii porpecc B TOPHOJOOBIBAIONIEH MPOMBIINICHHOCTH OIPENENAETCS B IIEPBYIO OYepeab BHEA-
peHHEM HOBEHINHMX HAYYHBIX JIOCTHXKCHUH B MPOU3BOJCTBO. B 4acTHOCTH, BBINONHEHHE OOJBUIMX 00BEMOB PabOT
[0 pa3pyLICHHUIO, YIUIOTHEHHUIO M BBIOPOCY MOpOJa HEBO3MOXKHO 0€3 MPUMEHEHUs] TEeXHOJOTHIl, OCHOBAaHHBIX Ha
HCTIOJIb30BaHUH YHEPTUHU B3pBIBYATHIX BeniecTB. OIHON U3 TaKUX JOCTH)KEHUH ABIISETCS BO3MOXKHOCTh IPUMEHEHHUS
KOMIIBIOTEPHOTO MOJAETHPOBAHUS MPOLIECCca B3PHIBA.

Ienpto paboTHl SBIISETCS pELICHHE 3aJadM B3phIBAa IMIMHIPUYECKOTO 3apsaa B3pHIBYATOrO BEIIECTBA B
TpexMepHOH mocTaHoBKe. Il ocymecTBiaeHus npouecca MonenupoBanus B ANSYS AUTODYN paccmatpuBa-
JUCH N1Ba THUIa pemateneit: Jlarpamkes, Ditnepo. OMHON W3 TIIABHBIX YHHUKAIBHBIX 0COOCHHOCTEW NAaHHOTO pac-
YETHOTO MOJYJISI SIBIISIETCSI XOPOIIO pa3pabOTaHHBIN aJrOPUTM CBS3BIBAHUS PA3IIMYHBIX peluaTencil. ANTOpUTM CBS-
3BIBaHMS DWUIEPOBOM pacdeTHON ceTKH ¢ JlarpaHxkeBoH AenaaeT BO3MOXKHBIM pPEIICHUE 3a1a4 B3aUMOACHCTBHS Tede-
HUS JKAIOKOCTEH H Ta3oB ¢ TBepOsIMH Tenamu. MopaenupoBanne (u3M4ecKux mporeccoB B cpeme ANSYS
AUTODYN peanu3yeTcst TOCPEICTBOM YHCICHHOTO PEIICHUS CHCTEMBl Mu(QepeHINaIbHbIX YpaBHEHHA B 9acT-
HBIX NPOU3BOJIHBIX, YTO MPEICTABIAET COOONH COBOKYITHOCTH 3aKOHOB COXPAaHEHHs HEPTHH, UMITYJIbca M Macchl, a
TaKK€ JONOJIHUTENBHBIX YPABHEHUH U MOJIEJIEH MaTEepHUaoB.

[IpuBeneHO CpaBHEHHE PE3yNIbTAaTOB JaOOPAaTOPHOTO SKCHEPUMEHTA U YUCICHHOTO MOJEIHPOBAHUS, BBI-
MOJIHEHHOTO cpeAcTBaMu nporpamMHoro komiuiekca ANSY'S. TlosrydeHHble pe3yibTaThl, HO3BOJSIOT UCIIOIB30BATh
B JaJbHEHIEM OTJIaKEHHYI0 MOJETb IOBEJCHMS B3PHIBUATOrO BEIIECTBA M TOPHOM MOPOJBI JUIS PEIISHUs 3a1ad
TOPHOTO NMPOU3BOJICTBRA.

Hayunblii pykoBoaurens: 1.T.H., mpod. ['.I1. [TapamoHoB.

A.Jd. HASAPOB
Hesanosckuti cocyoapcmeenusiil XUMUKO-MEXHOI02UYeCKULl YHUBEePCUMem

CUHEPTETUYECKHWH CUHTE3 BEKTOPHOI'O 3AKOHA
YIPABJIEHUS HEJIMHEMHBIM OB BEKTOM

B pabote pemaercs 3agada CHHTE3a HETUHEHHONW BEKTOPHOW CHCTEMBI YIIPABJICHUS TEMIIEPATYPHBIM pe-
JKHMOM U KOHHGHTpaHPIeﬁ IECJIEBOTO KOMIIOHEHTA B XUMHUYECKOM PEAKTOPE C MCIOJB30BAHUEM TCOPUN CUHEPTECTH-
YECKOTO YIIPABJICHUSI.

MaremaTtnueckas MOJ€JIb, OTTUCHIBAIOIIAA JUHAMHUKY ITPOLECCOB, MPOUCXOAANINX B XUMHYICCKOM PEAKTOPE,
HMeEET CIeYIOInN BUA:

Xy f1 XU, d;(i?: F24b(X - X,)u,; Xa
T

= £3-bX,U,;
T

. . dX
dx—“: f4-bX,U, %: f5+bp X, +b(t, - XU, d—ez f6+b (X =X U,
dr dr dr
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rae fl, 2, 13, f4, 5, f6 — Henuneiinbie GpyHxuuu nepemennsix cocrosuus; U;, U, — yrpapisronie Bo3aei-
CTBHS.

Hcnonp3ys METOA aHAMTHYECKOTO KOHCTPYHPOBAHUS arperipoBaHHBIX perynsaTtopoB (AKAP) Ha ocHOBe
MIOCIJIEI0BATENILHO-TIAPANIIIETIHHOTO BBEICHNS HHBAPHAHTHBIX MHOTO0Opa3uil OBUTHM CHHTE3MPOBAHBI 3aKOHBI YIIPaB-
JICHUS] XUMHYIECKUM PEaKTOPOM. YIPaBJIECHHS MEPEBOAST N300PAKAIONIYI0 TOUYKY CHCTEMbI B ()a30BOM HPOCTpPaH-
CTBE M3 NMPOM3BOJIBHOTO HAYAJIBHOTO COCTOSHHS B OKPECTHOCTh MHBAPHAHTHOI'O MHOT000pa3Hs, a 3aTeM 00eceun-
BAaIOT JIBI)KCHHUE CHCTEMBI BIOJIb MHOT00Opasus B 3a/laHHOE MOJIOKEHHE. BhIpakeHHs AJ1sl aJIrOPUTMOB YIIPABICHHS
HUMEIOT BH:

_ X=Xy s
l_ 1
bT;X;  bX,
X6+(X5_X5)+L
U - bpT, BB ) fo (1 Bitu+o,+U \(f+bBX,)
’ BT, (X" = %) by (X5" = Xe) \DAT, By by (X5 — Xe)

MeToiaMu KOMITBIOTEPHOTO MOJCIMPOBAHUS ObLIA HCCIeJ0BaHa PAOOTOCIOCOOHOCTh CHCTEMBI yIpaBlie-

HUSI XUMUYECKUM PEaKTOPOM. Y CTaHOBJICHBI CBOMCTBA MHBAPHUAHTHOCTH K BO3MYIICHHSIM, KOBAPHAHTHOCTH C 3a]1a-
IOIMMU BO3ACUCTBUSIMU U YCTOHYMBOCTH 3aMKHYTOW CUCTEMBI yIIPABICHHUS.

Hayunblii pykoBoauTens: K.1.H., noi. B.}O. Hepuaunisia

A.A. HABUIIOBA
Kazanckuii (Ilpusonsiccxutl) pedepanvHulil yHusepcumem

BBIABJIEHUE NEPCIIEKTUBHBIX 30H 1 ITIOABOP I'TM C
HEJIBIO HAPAIIMBAHUSA OB BEMOB J1OBbIYY HE®THU HA
3AJIEKU N

OnHOM M3 BaKHEHMIIMX 3a/lad palMOHAJIbHONW pa3paboTKu He(TSHBIX MECTOPOXKICHUI SBISETCS MOAJEP-
JKaHWE BBICOKOTO YPOBHS J0OBIUK yriieBomopooB Ha ee |l u IV cragusx. YMeHbleHHE TeMIa TaaeHus JOObIYH
He)TH Ha MOCIEIHUX CTAUAX U ee CTa0WIM3alys Ha TEKYIEeM YPOBHE JIOCTHUraeTCsl IPUMEHEHUEM Pa3IMYHbIX BH-
JIOB reosioro-Texuuaeckux meponpusatuid ('TM), Takux kak OypeHue HOBbIX ckBaxuH, Oypenrne CM/, 36C u 1.1.

[Toxbop ckBakMH-KaHAMAATOB NpH TuiaHupoBanuu ['TM ocyniecTBisieTcs 10 0OJIBIIOMY KOJIMYECTBY KPH-
TEpUEB: HaJM4YME OCTATOYHBIX H3BJIEKAEMbIX 3aracoB, TeKymas oOBogHeHHOCTh Imuiacta, ®EC komiekTopos,
YCHEIHOCTh paHee npoBeAeHHbIX [ TM.

B xone Hammcanus paboTel ObUT TpOBeeH aHaMU3 pa3paborku 3anexu N PomamkuHCKOro MecTopoxie-
HUSI C TIOCTPOCHHEM THIPOJUHAMHYECKOH MOJIENH, IMPOBEAEHB aHaIn3 OOBOIHEHHOCTH NPOAYKIHH 10 KaXKIOH
CKBa)XMHE, aHAJIU3 TIPOBEIeHHBIX panee ['TM, OblIM U3y4eHB! IMHAMUKK PaOOTHI CKBaXXKWH M U3MEHEHHS IIIIACTOBBIX
1 3a00HHBIX naBineHui. Takke, ObUIM MOCTPOSHBI KapThl OCTATOYHBIX W3BJIEKAEMBIX 3al1acoB, MO KOTOPHIM MOXKHO
BU3YyaJIbHO BBISIBUTH U OLEHUTH B KOJIMUECTBEHHOM BBIPXXCHUH HAaHOOJIee MEePCIEKTUBHBIE YUaCTKU IS 3aJI0KEHHs
I'TM.

B pesynbrate mpoBeACHHOTO MCCIIENO0BaHMs, ObLIO BBISBIECHO, YTO Haubosee onTuManbHbiMu [ TM sBiIs-
1otcsa 3b6C u GypeHue HOBBIX CKBaKMH. Ha OCHOBE MOJIy4€HHBIX JIAHHBIX OBLITM PEKOMEHIOBAHbBI CIEYIONINE MEPO-
npusitust: B 120 ckBaknHax cymiecTBytoero Gponaa 3adypuBanre 60KOBOIO CTBOJIA; HA HOBBIX y4acTKax, IJe JoKa-
JIM30BaHbl JOCTATOUHBIE ISl TEXHUKO-DKOHOMUYECKON BBIPAOOTKH OCTATOYHBIE 3alachl NpeiaraloTcs K OypeHuro
220 CKBaXKUH.

Pexomennyembie I'TM OblH 3a7105KeHBI B THAPOJMHAMHYIECKYIO MOJIEINb, B KOTOPOIT OBIIT MPOU3BEJICH pac-
YET IPOTHO3HBIX JI€OUTOB M 0XKMAAEMOI 0OBOTHEHHOCTH IO BRIOPaHHBIM CKBa)KHHAM-KaHAUAaTaM. JlJist yTouHeHNs
BXO/IHBIX I€OMTOB TaKKe ObUI IIPOBE/ICH aHAIN3 KO3()(HUIMEHTOB NPOJYKTHBHOCTH CKBA)XKHH.

Hayunblii pykoBoauresib: 3aM. aupekropa UT'nHI'T no nnnoBanmonHoit nesrensunoctu B.A. CynakoB
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3.P. HACBIPOBA
Kazanckuii nayuonanshulii ucciedosamensCkuti mexHoI02UHecKuti YyHUeepcumem

IMPOBEJIEHUE MOJEJBbHBIX SJKCHIEPUMEHTOB CO
CBEPXTSI’)KEJION HE®THIO NOJ JEUCTBUEM
IMMOPOJOOBPA3YIOIINX COEJJUHEHU KAPBOHATHBIX
KOJJIEKTOPOB

3HaynTeNbHAS YacTh HE(TSHOTO CHIPhs MPHUXOJUTCS Ha BBICOKOBS3KHE TSDKENbIC OMTYMHUHO3HBIC HE(TH.
W3yyeHune cBoicTB HE(TH IPEICTABISIECTCS aKTyaJIbHOM 3a/1aueii IpHu BEIOOpE MeTo/a pa3paboTKU U KOMIUIEKCHOTO
OCBOCHUSI CBEPXTSDKEJIOTO0 OUTYMHHO3HOTO HE(TSHOTO CHIpbs. Llenbio paboThI sBIsIETCS M3y4eHUE U3MEHEHHS B
COCTaBe M MCOXMMHYCCKHX XapaKTePUCTUKAX TSKEIOW OMTYMHHO3HOW HE(TH B YCIOBHUIX MPOTCKAHUSA THIPOTEP-
MAaJIBHBIX TpoLeccoB. [ uccinenoBanus Oblia BRIOpaHa TskeIast He()Th MPOMBINUICHHOTO Ha3HAYCHHS ATIaTburH-
CKOTO MECTOPOXKAEHHS U3 IepMCKUX oTiokeHuil PecryOnukn Tatapcran. J{ast MOJENbHBIX SKCIEPUMEHTOB OBUIN
BEIOpAaHBI COSIMHEHHS, BXOAIINE B COCTAB TIOPOAO0OPA3YIOMINX MHHEPAJIOB KapOOHATHRIX KOJUIEKTOPOB: KaIbIUT,
noiomur, MnO,, koamuH. B cocTaB MozenpHOI cMecH BXOAWIA TsKenas HeTh, BOJAa W MUHEpalbHBIE JOOABKH.
PaGoTs! o reorepManpHOMY TpeoOpa30BaHUIO IMPOBOAMINCH B aBTOKJIABE IpH TeMmepaTypax ot 250 mo 300C u
nasneHUsX ot 10 go 20 atM. B pesynbpTare uccienoBaHus ObUIH CACTAHBI CIICAYIONINE BRIBOABL. TepMoKaTanuTIde-
CKas KOHBEPCHS TsDKEIOW HE(BTH COMPOBOXKIANACh HM3MEHEHHEM KOMIIOHEHTHOTO COCTaBa NpeoOpa3oBaHHBIX
Hedreil. B pe3ysibrare 2IeMEHTHOrO aHalli3a BO BCEX OMBITAX MIPOM3O0IILIO0 CHU)KEHHE cojiepykaHus cepbl. OOpasiibl
C MCHOJIb30BAHUEM TOJIBKO KaJIbIUTA M JOJIOMUTA OKa3alnuCch HauOosee TEePMUUECKH YCTOHUYMBBIMU. B pesynbrare
XpOMaTorpa)uIeckoro aHajin3a BO BCEX IKCICPUMEHTAX HaOII0IaoCh Bo3pacTaHue mapadguHo-HadTeHOBOTO (o-
Ha. Kpome sToro HeTh MMeeT GHOMapKepHbIe MPU3HAKHM Y4aCTHsI MOPCKOTO OPraHMYECKOTO BELIECTBa BOIOPOCIIe-
BOro THIa B (GOPMHUPOBAHUH 3ajexel He()TH, O 4eM rOBOPST paCCYMTaHHBIE TEOXUMHYECKUE MoKa3aTenu. B pesynb-
TaTe PEHTICHOCTPYKTYPHOTO aHaIn3a HAOJIIONAIICS POCT 3€PEeH, YTO CBUETEIBCTBOBAIO O MPOTEKAHWH MPOLIECCOB
xemocopOrm. Kpome 310ro, OBUI0O OTMEYEHO TO, YTO MapaMeTPhl PEIIETOK HOPOA000Pa3yIOMUX COCTUHCHUH 13-
MEHTUCh HE3HAYUTEIHHO. DTO TOBOPHUT O TOM, YTO WCIIOJNIE30BAHHBIC COSAMHEHHS MOXKHO OTHECTH K J0OaBKaM,

MIPOSIBIIIONINE KaTaTUTHIECKUE (PYHKITHH.
Hay4uHblif pykoBoaHuTE b K. X. H., o1l. Kad. «XTITHI» C.M. ITetpoB

T.IO. HUKUTHUHA, E.B. CU35IKOBA
Canxm-Ilemepbypeckuii I'opruiil ynusepcumem

HOJYYEHHUE TOHKOAUCIIEPCHOI'O 'MIPOKCHUJIA AJTFIOMUHUA
IPU NIEPABOTKE HE®EJIMHOBOI'O CbIPbA

BrImyck crienMapOoKIHIpOKCHIOB AJIFOMUHHS B MUPE HETIPEPHIBHO PACTET M B HACTOAIIEE BPEMS UX accop-
TUMEHT cocTaBisgeT Ooinee 65 HamMeHoBaHUiL.M3yueHHe ombiTa 3apyOeKHBIX ITMHO3EMHBIX 3aBOJIOB ITOKA3BIBACT,
YTO TOJIHAS MUIM YacTH4YHas MOJAEPHU3AIMS IPOU3BOJCTBA C MEPEXOJOM Ha BBIIYCK HMPOXYKIIMH HEMETaTypruie-
CKOTO Ha3HAYCHMS TO3BOJISET PELINTh COBOKYIHOCTH MPOM3BOJCTBEHHBIX MPOOIEM M CYIIECTBEHHO IOBBICUTH IKO-
HOMHYECKYIO 3((QEKTUBHOCTD TPEIPHUSTHA.

Axmyanvnocms pabomut. [IponsBoactBo ToHKoaucnepcHoro Al(OH)ssBisieTcss Ha CETOAHANIHANA MOMEHT
BBICOKOA()()EKTHBHBIM, TaK KaK C(ephl ero NpUMEHEHHsT MHOT000pa3Hbl u BocTpeOoBaHbl. [loryueHre BBICOKOIHC-
MIEPCHOTO THUAPOKCHIA AFOMUHHS B Ka4ecTBE MOOOYHOTO MPOIYKTa mepepaboTKu HeEeTUHOB TTO3BOIUT CHHU3HUTH
ce0ecTONMOCTh TIIMHO3EMa U ITOBBICHTH SKOHOMHUYECKHUE TTOKA3aTeIH POM3BOACTBA.

Lenv pabomer.Ilonyuenne TorkoaucnepcHoro Al(OH)sz, cooTBeTCTBYOMIETOTPeOyEeMBbIM TEXHHICCKAM Xa-
paKTepUCTHKaM; ONPEJEIEHNEONTUMAIILHOTO BPEMEHH U PEXXHUMa CTYIIEHUST MPOJYKTa C UCIOJIb30BAHUEM B Kaue-
ctBe koarynsHra [ KAK.

Memoouxa nposedenus sxcnepumenma. JlabopaTopHbIE HCCIEIOBAHUS OCYIIESCTBISIINCE MO CXeMe, Ipe-
CTaBJICHHOW Ha pUCYHKe 1.

OCHOBHBIM CIIOCOOOM, TTO3BOJISIOIINM MOIYYaTh TOHKOAUCIIEPCHBIN THAPOKCHUI ATFOMHUHUS, SIBISETCS CIIO-
00 KapOOHU3AIMY AMOMUHATHBIX pacTBOpoB. [lepenen kapOoHM3anuu B criocobe criekaHus He(heTUHOB C M3BECT-
HSKOM Ha MPOTSDKEHHHM MHOTHX JIET OCTaeTcs Hem3MeHHbIM. KapOoHn3anys SBISIETCS CII0KHBIM T€TepOTeHHBIM IPO-
LIECCOM, CYLTHOCTb KOTOPOT'O 3aKJII0YaeTCs B!

1. Heiitpanusammu cBOOOTHOM €IKO MIeT0YH ¢ 00pa30BaHUEM COJOBOTO PacTBOpA:
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2NaOH + CO, = Na,CO3+H,0.

2. Pa3znoxeHnn aJIOMHHATHOTO PacTBOPa, COMPOBOXKIAIOMEMcs BrImaneHueM B ocanok Al(OH); n cHmke-
HHUEM BEJIMYHHBI KAyCTHIECKOTO MOTYJIS:

NaAl(OH),< Al(OH); + NaOH.

IIpn mpoBeneHNN 3KCIICPUMEHTOB MO CTYIICHHIO, IPOMBIBKE H
¢unbTpanmuronkonucnepcHoroAl(OH); npouecc mpoBoamicss B COOT-
BETCTBUH CO CTaHIAPTHBIMH JIaOOPaTOPHBIMU METOJUKAMH, KOHIIEHTpa-

I npwnvcnmn ANKNAKRATHOID PACTRODA ]

AsEnNI K XOPPEETHROBES Amoumlmoro_l

uuss ['KAK paccuuTeiBaiach UCXOAS M3 JaHHBIX NPOU3BOACTBEHHOI TeOpA
MPAKTUKH. I

Pesynomamur sxcnepumenma.3apUKCUPOBAHBI TEXHOJIOTHYCCKUE | Harpes anowsmarworo pacreops |
mapaMeTpbl  MOJMYYCHUS TOHKOAMCICPCHOTO THAPOKCHAA  ATFOMHU- l
HUSL,COOTBETCTBYOIETO (a3ebaiieputa. TemmepaTypa mporecca kapoo- L KapOomnsauns ]
Hmsarmn ~ 36 °C; KayCTHYeCKHil MOXymh pactBopa 1,55; pacxon rasa
CO; ~ 1 n/MuH., TPOTOIDKUTENBFHOCTh KapOoHM3ammu ~ 446 cex. win [ Cryuenwe, snreronwmw orvwiens |
7,43 MAHYTEI. l‘-l [_’|

| Tnepaandaa Monikan hase |

IIpoBeneHBI MOMCKOBBIE OIBITHI IO CTYIIEHHIO TOHKOJUCIEPCHO-

r0 THAPOKCUA aJIFOMUHUS B IPUCYTCTBUM B KadecTBe Koaryimsinta ['KAK
MNposeaenie HuInKo-
U B OTCYTCTBUM €ro.OCYIIEeCTBICHbl UCCIEN0BAHUS 110 MPOLECCY CryIlle- XML Avsanies v ALO,, N3,O
o WECIRN0MAM M

HUS B COOTBETCTBME C MATPHUIICH INIaHMPOBAHUS HKCTIIEPHUMEHTA, IIOCTPO- —
€Ha MareMaThyeckas JIMHeWHas MOJelb, PacCYMTaHbl Kod(QQUIMEHTHI
perpeccuu MoJMHOMA, OCTPOCHBI TpaduKu Uit ONpenesieHNs CKOPOCTH
CTYILIEHUS U ee 3aBUCUMOCTH OT BpeMeHHU U koHueHTparuu ' KAK.

Pucynok 1 — Cxema npogedenus
aKcnepumenma

A.A. HUKYJIMHA
Heanosckuii 20cy0apcmeeHHblil XUMUKO-TNEXHOI0SUHECK UL YHUGEpcUumem

OB OJJTHOM MOJEJIA ONTUMM3AIIMA CTPYKTYPBI
PACIIPEJEJEHUA NPOAYKIIMA TOPTOBOM OPTAHU3AIIUA

B pabore paccmarpuBaeTcsi MOAENb, O3BOJISIONIAs ONITUMU3NPOBATH TIOJINTHKY TIPOABHKEHHS TPOTYKINT
IIBEHHBIM MPEATIPUITHEM.

OntuMu3aIys MOJUTUKH TPOJBIKECHUS IPOAYKIIMH MPOU3BOAMIACH HA OCHOBE CIIEHAIBHON (hopManmn3o-
BaHHOW MojieNu, pa3pabOTaHHON aBTOpamMu. B kauecTBe BXOJHBIX NMapaMETPOB MOJEIH YUYUTHIBAJIMCH KOHKYPEHTHI
Ha HCCIIEYyEeMOM PBIHKE, 00BEMBI IPOU3BOANMON UMM IPOJYKIIMH, PETHOHBI - MOTEHIIHAIBHBIE TOTPEOUTENHN IIPO-
IYKIIMH, UMEIOIHEe HEKOTOPhIe €MKOCTH, a TalKe PACCTOSIHUS MEXIy Pa3INYHBIMU pernoHamu. IIpu 3ToM MBI mo-
JIOXKWJIM, YTO €CITM MOTCHIMAJIbHBIA MOTPEOUTENIb U MPOU3BOJUTENb HAXOIATCS B OJJHOM PErHOHE, TO B KauecTBE
JTAHHOTO 3JIEMEHTa BRIOHpAIICS PaiyC MIIOIIAIH TOT0 PeruoHa, CBEICHHBII K YCIOBHOMY KPYTY.

MBI HCXOAMIN U3 MPEAIION0KEHHS, YTO MOTPEONTENbCKAS TPUBIIEKATEIBHOCTD PhIHKA JUIS TPOM3BOIUTEIIS
(0 aHAJOTHH C 3aKOHOM TPAaBUTALMH) C OAHOW CTOPOHBI MPSMO IPONOPIHOHATIBHA €r0 EMKOCTH, a C APYTOH CTO-
POHBI 00paTHO NMPONOPLHOHATIBHA KBapaTy pacCTOsSHMA 10 Hero. Kpome Toro, yuuTeIBanoch BIMSHUE KOHKYPEH-
TOB Ha MOTEHIHAJIBHYIO JOJII0 PhIHKA PETHOHOB, YTO aHAJIOTMYHO AEHCTBUIO CBOEOOPA3HOTO «aHTUTPABUTAHTAY.

CorylacHO AaHHOMY HPEAIOI0KEHHIO MBI PAaCCUMTAIN BEJIMYMHBI HOTPEOUTEIBCKONW MPHUBIEKATEIHHOCTH
PBIHKOB JUIS BCEX MOTECHIIMAIBHBIX KOHKYPEHTOB, a 3aT€M (PAKTHUECKHE BEIMYMHBI ONTHMAIBLHOTO PACTIpeeICHHUS
MIPOAYKIIUH UCCIIEAYEMOTO MPEeRNpPUATHSL.

Arnpobarust MOIeIH OCYIECTBIIIACh Ha ITpuMepe mmBelHoro npeanpustus ITAO «AHBeHTo».

MO’KHO OTMETHTB, UTO NPEICTaBICHHAs U apoONpoOBaHHAS HA OJHOM BHAE MPOAYKIIUH MOAETs HOCHT J0-
CTaTOYHO YHHWBEPCAJBHBIN XapakTep M MOXKET OBITh MPUMEHEHa K JI000MY MPEeaIpHsITHIO, TIOOOMY BHIY HPOIYK-
UM U 711 T000H BEIOOPKH PETHOHAIBHBIX PHIHKOB.

HayuHblii pykoBoauTeab: a.3.H., mpod. M.b. Epmonaes

P. A. HOI'TEB
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Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUMEN

CUCTEMA YIIPABJIEHUA QJIEKTPOTEPMUYECKUM
KOMILIEKCOM HA OCHOBE 3ABOMHOI'O CKBAYKUHHOI'O
IJIEKTPOITAPOTEHEPATOPA JJUIAA TEPMUYECKOI'O
BO3JEVCTBUS HA ITPOYKTHUBHBIE IIJIACTHI BBICOKOBSI3KOM
HE®PTH

CocrosiHIE pecypcHON 06a3bl YIIeBOAOPOJHOTO CHIPhs B Poccnu 1 Mupe B LENOM XapaKTepu3yeTcs 3HAUH-
TEJIHBIM YBEJIMUEHHUEM JOJIU TPYAHOM3BIEKAEMBIX 3aI1acOB B HU3KOIPOHHUIIAEMBIX KOJUIEKTOPaX ¢ He(TSAMHU MOBBI-
LIEHHOH M BBICOKOH Bsi3kOCTH. OCO0YI0 Ba’)KHOCTB MPUOOPETAET pallMOHAIBHOE OCBOSHHE MIMPOKO PACHPOCTPaHEH-
HBIX 3aJIe)Kel TsOKENbIX BBICOKOB3KMX HedTel (BBH), MupoBbIie 3amachkl KOTOPBIX MPHOJM3UTENEHO B 7 pa3 mpe-
BBILIAIOT 3amackl Jierkuit Hedrert (6onee 700 muipa T). bezanpTepHaTUBHBIMU MeTOJaMU HE(TEOTNAUN OTEUECTBEH-
HBIMH ¥ 3apyOeXHBIMHU CIELHUaIHCTaMu MpHU3HaHbI TepMuyeckue Metonasl (TM) Bo3aelcTBUS Ha MPOXYKTHUBHBIC
mnactel BBH.

Lleny pabomyl - COBEPIICHCTBOBAHNE 3a00MHBIX 3JEKTPOAHBIX HArpEBATENICH M MapOTeHEPATOPOB MOIIHO-
cteio cBhime 1000 xBt. PazpabaTsiBaeMoe CKBaXKHHHOE AJIEKTPOTEPMUIECKOe 000pyI0BaHNE JOIDKHO 00ECTIeYNTh
TETJIOBOE BO3/EiCTBHE HA PU3a00iHbIC 30HBI JOOBIYHBIX M HATHETATEIBHBIX CKBAXHH C MCIOIb30BAHUEM IIJIACTO-
BOM JKHJIKOCTH (TOBApHOW BOJIBI), & TaK K€ JOIyCKAaTh IPUMEHEHHE TEPMOXUMHYECKUX METOAOB HOBBIMICHHUS HE(-
teotnaun mwiactoB BBH. IIpoBenén anamus pa3paboToK Ul TEPMHIECKOTO BO3ICHCTBHS Ha MIPOAYKTUBHBIC MIACTHI
BBICOKOBSI3KOM HedTu. [IponsBenena pa3paboTka CTPYKTYPHOH CXEMBI CHCTEMBI YIPABICHUS HIIEKTPOTEPMUICCKUM
KOMIUIEKCOM U MPOBEACHO MOJeNpoBaHue cructeMbl ynpasienus B cpeae MATLAB Simulink. [Tonyuenst Bexoa-
HBIE€ XapaKTEePUCTUKHU OCHOBHBIX AJIEKTPOTEXHUUYECKHX IEMEHTOB KoMIulekca. OUeBUAHO, YTO KaXKAOMY 3HAYCHHUIO
4acoBOH MOIIHOCTH P, Tpu paboTe CKBaXMHHOTO HarpeBaTess JOJDKHA COOTBETCTBOBATH BIIOJIHE OIpE/EIICHHAS
MIPOM3BOIUTEIBHOCTh NMHUTaTEIbHOr0 Hacoca Q,. OOecneynBaTh CTPOroe COOTBETCTBHE ITHUX JBYX IMapamMeTpOB C
TIOMOLIBIO PYYHOTO YIPABJICHUS JOCTATOYHO CIOKHO. Eciu Kk aTOMy N006aBUTh, YTO TIOMHMO peXUMa mapoobdpazo-
BaHMA Ha 3a00€ B KOMIIJIEKCE JOJDKHBI OBITh TaK K€ MPEAYCMOTPEHBI PEXXHUMBI TOPSYEH M XOJIOAHON BOJBI, aBTOMA-
TH3aIMs KOMIUIEKca B JalbHeHIeM OyaeT HeoOxoauma. B pexxnme ropsdeil Boabl CKBaKMHHBIN 3JIEKTPOHArpeBa-
TeJIb JOJDKEH paboTaTh ¢ MaKCHUMAJIbHBIM TOKOM |ma M HMHTATENbHBIH HAacoc JNOJDKEH paboTaTh ¢ MAKCHMAIbHOU
MIPOU3BOAUTENBHOCTBIO Qmax. DTO 3HAUUT, YTO ATOT PEKUM SIBISETCS MPEACIBHBIM ISl yCTAaHOBICHHOTO 000pyHO-
BaHMA. B pexxuMe XoJI0HOI BOJIBI CKBaKMHHBIN 3JICKTPOHArpEBaTeNb OTKIIOUEH OT MCTOYHHKA JIICKTPOIHEPTHH
(THPUCTOPBI PEryNIATOpa HANPSDKCHUS ITOJTHOCTBIO 3aKphITH). IIpy 3TOM TOK HarpeBaTess paBeH HYJIO, a IINTATEIb-
HBII HacOC JIOJDKEH MO-NPEXKHEMY paboTaTh C MaKCUMAaJIbHOM MPOM3BOAUTENHLHOCTEI0 Qmay. II0CKOIBKY BBIXOAHBIE
IapaMeTphl IVIaBHBIX 3JIEMEHTOB KOMIUIEKCa (PHEprus CKBaXMHHOIO 3eKTpoHarpeBatesnss W U IpOU3BOIUTENB-
HOCTh Hacoca Q) SIBISIOTCSI HEJMHEHHOW (B IIEPBOM MPUOIIKEHUH) KBaAPaTUUHON (DYHKIMEH BBIXOIHBIX MapameT-
pOB (TOKa CKBaXMHHOTO 3JIEKTpOoHarpeBaTelss | M 4acTOTHI BpalleHHUs JABHUTATENs MUTATEIBHOTO Hacoca wy), 00b-
€IMHEHHE CUCTEM YIPABJICHHS COCTaBHBIMU YaCTSIMHM KOMIUIEKCA JOJDKHO OBITH BBIITOJHEHO HA OCHOBE MHKPO-
KOHTpOJUIEPa, B KOTOPOM HCXO/Hast HHPOPMAIHS O JKEJIAeMOM COCTOSIHMM KOMIUIEKCa J0JDKHA OBITh B BUJIE TaOJIH-
16l BOAA-TIAP.

HayuHnblif pykoBoauTeb: K.T.H., Jou. B.M. Manapés

P.P. HYPEEB
Canxm-Ilemepoypeckuii copHulil YHusepcumem

PEKYJIbTUBAIIUSI OTPABOTAHHOM BBIPABOTKH
KOPKHHCKOI'O PA3PE3A

B pabote npeznnaraercsi 000CHOBaHHE U MPOEKT PEKYJIbTUBALMK OTpabOTaHHOH BhIpaOboTKH KopkuHCKOTO
paspesa.

Kopxuacknii pazpe3 Hagan otpabateiBaTtecs B 1934 roxy u ABISUICS KpYyMHEHIINM NPEANIPUATHEM 10 J10-
obrye Oyporo yrist B EBponie. B 2005 roay 0bu10 100BITO pekopaHOE KOJWYecTBO yriusl — 1,2 MumnoHa ToHH. Ha
CETOHSANIHUN JIeHb, BBUY HEPEHTA0EIHbHOCTH OTPaOOTKH OYpOro yriisi OBbIJIO MPUHATO PENICHUE O 3aKPBITHH TPeI-
npuatus. B pesynpTare mumTensHOro GyHKIMOHNpoBaHNs KopkuHCKOTO pa3pes3a BO3HHK psf mpodiaeM. OCHOBHBI-
MH U3 HUX SIBJISTFOTCSI: MHOTOUHCJICHHBIE YHIOT€HHBIE TIOXKaphl U ONOJ3HEBbIe Aedopmariu Ha 6opTax paspesa. JH-
JIOT€HHBIE MOXKaphl SBIAIOTCS TJIAaBHBIM HCTOYHUKOM 3arpsi3HEHUsI aTMOC(HEPHOTO BO3/IyXa OJIM3IIEKaIINX HACEICH-
HBIX IYHKTOB. B pesynbraTe ropeHus BbIOpachiBaeTCsl 3HAUMTEIHFHOE KOJIMYECTBO 3arps3HSIONINX BEIIECTB, CPEIU
KOTOpPBIX Heopranudeckas nelib, H,S, NO,, SO, u CO, KOHIIEHTpallUu KOTOPBIX MPEBBILAIOT NPEAEIbHO JOMYCTH-
MBI€, YTO B CBOIO O4Yepelb, BBHI3BIBACT OOOCTPEHHE XPOHUUYECKHX 3a00JIEBaHMN BEPXHHMX JbIXaTEIbHBIX IyTEH y
HaceneHus. Ornos3HeBble AeopMalii IPUBOIAT K KaTaCTPOPHUIESCKUM MOIABHKKAM 36MHOH ITOBEPXHOCTH, KOTOPbIE
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MPUBOIST K Pa3pyLICHHUIO JKIJIBIX TIOCTPOEK, a TAKXKE CIIOCOOCTBYIOT 00pa30BaHMIO HOBBIX 0YaroB HHIOTECHHBIX IO-
XKapoB. B 310l cBA3M, A yCTpaHEHHS BBIIETIEPEUHCICHHBIX MIPO0IeM HeoOXoauMa pa3paboTKa MPOEKTa PEKyIb-
tuBanun KopkuHCKOTO paspesa.

Becw npoekt pexynpruBanuun KopKHHCKOro paspesa IenuTcs Ha 4yeTelpe dtana. Ha cerogHsiuHui neHb
cosmectHO ¢ AO «PMK», OO0 «IIpompexynsruBarusi» u OO0 «HTL[-I'eoTexHomorus» mepBbIe TPH dTara MpoeK-
Ta peKyJIbTUBALNH pa3pabOTaHbl M MOAPOOHO M3ydeHbI. Jl0 HACTOSINETO BPEMEHH MPOEKT (MHAIBHOTO 3Tama pe-
KynsTHBaMu KopkuHCKOTO paspesa He pa3paboraH. B 3Toii cBsi3u, aBTOPOM MpejyiaraeTcsi pOeKT YEeTBEPTOrO ITa-
T1a peKyJIbTHBALUK, KOTOPBII IMOJpa3yMeBaeT peallu3alnio TEXHHIECKOro M OMOIOTHYECKOT0 3TaroB BOCCTAHOBIIE-
HUS HapyIIEHHBIX 3eMenb KopkuHCKoro paspesa.

Hayunblii pykoBoauTensb: 1.T.H., mpod. M. A. [TamkeBnya

I1.B.OBOPUH
TromeHncKutl UHOYCMPUATLHBII YHUBEPCUTHEM

IIPUYNUHbI HE COOTBETCTBUS 'EOJIOTHYECKHUX
MOJAEJEU MECTOPOXIEHNU PE3YJIBTATAM UX PASPABOTKH
(HA IPUMEPE CAMOTJIOPCKOI'O MECTOPOXIEHUS)

PaznomHuo-0s10Kk0Bast TekToHuKa 3anaaHo-Cudupckoir HI'TI oOycnoBnuBaeT gpopMupoBaHHe 30H AECTPYK-
LMY U Pa3BUTUETPEUTMHHBIX KOJIJIEKTOPOB BO BCEX MPOIYKTUBHBIX OTIOKEHUAX. B mporecce BepTUKAIBLHON MHUTpa-
uun YB mocTynaroT B TpeuIuHbl M KalWUIAPHBbIE KaHAJbI, COM3MEPUMBIE C TMOPaMH, UMEIOIIUMU TEKTOHUYECKOE
npoucxoxaenue. [1o Mepe yaaneHus oT pa3ioMOB HE(PTCHACHIIICHHOCTh KOJUICKTOPOB M MPOJAYKTHBHOCTh CKBAYKUH
cHIDKaroTcs. Hammane 0OMEHHBIX TIPOIIECCOB MEXIY cpelaMu (IopaMH M TpEIIHHAMHE), W MPEBATUPYIOIIEE Pa3BU-
THE BEPTUKAIBHOW TPEUIMTHOBATOCTH OOBEAMHSIIOT MHOTOILUIACTOBBIE MECTOPOXKICHHS B CIUHYIO THIPOIMHAMIY C-
CKYIO CHCTEMY.

[Ipu HEe3HaUHTENBHEIX Aenpeccusax(no 2-3 Mlla) npeHupoBaHrEe OCYIIESCTBIICTCS TI0 JIATEPald U He Hapy-
IaroTcsi OOMEHHBIE MPOIIECCHI, YTO 00eCTIeYMBacT OJTHOBPEMEHHYIO BRIPA0OTKY HEOJHOPOTHBIX IO MPOHUIIAEMOCTH
KoJuIeKTOpoB. Co3laHre 3HAYUTENBHBIX NEMPECCHi M 3aKadka OONBIINX OOBEMOB BOABI HCKIIOYACT MOITOK
He(TH U3 TOP B TPCUIUHBI U KOJUICKTOP BBHIPA0ATHIBACTCS KaK OJHOPOJHOTPEUIHHHBIA. ITO 0O0YCIOBIIO JOCTHKE-
HHE MakcuMasibHOTro 00béMa 1o0bun(1980r) u Beicokuit pocT o6BoaHEHHOCTH 110 10-11% B roa. IIpu aTom HaGut0-
JTAIOTCSl MEXKIUIACTOBBIC MEPETOKH M3 TPEUMHHOW €MKOCTH BCETO MECTOPOKICHHSI M HAKOIUIEHHBIH OTOOP MO OT-
JICTBHBIM CKBXKHHAM MocTuraeT 3,5-3,6 MiH.T, ux (o He mpebimacT 20% u Ha Hux npuxomutcs 80% Bceil 10-
ObIYN.

ITo maHHBIM CeWCMOpa3BEAKH 3TH CKBaXHHBI HAXOMIATCS B PA3IOMHBIX y371aX, KOTOpbe CHOPMUPOBAHBI
JIBYMsI CHCTEMaMH 30H TPEIIUHOBATOCTH, 0Opa30BaHHBIX Pa3pBIBHEIME HAPYIICHUSMHA PAHHUX CTAIUi Pa3BUTHSA
CTPYKTYPHI.

HenocTrarounslii y4€T reoornaeckoii MoIeIn MECTOPOKICHUI MPHUBOIUT K Pa3lIeNbHON BeipaboTke YBu
(OpMHUPOBAHUIO TPYIHOM3BIIEKAEMBIX 3aI1aCOB. BBIABICHHYIO MOIEH 3aJIeXKel MOATBepKAaeT aHamm3 3(pQexTus-
HOCTH 3aBOJHCHHA. TeMIT TOIOBEIX 0TOOPOB, HE MpeBhIMatonIwii 2% 0aTaHCOBBIX 3allacoB, CIOCOOCTBYET OJHOBpE-
MEHHOH BBIPAOOTKE JIBYX Cpell, U 00ecreunBaeT IOCTIKEHHE 0oiee BEICOKON HE(TEOTAauH IIIacTOB.

Hayunplii pykoBoauTesib: a.r.-M.H.,ipod. U.I1.ITomos

HU. M. OBUNHHUKOB
@I'BOY BO Ypansckuii I'ocyoapcmeennbiii 20pHblil YyHUBEPCUMEM

M3YYEHHUE OKOJIOPYIHBIX METACOMATHTOB
BAPAHBEBCKOI'O PYJIONPOSIBJIEHNS 30JI0TA (KAMYACTKUI
KPAT)

[IposiBnenne bapanbeBcKoe NPHUYPOUYEHO K CyOBYJIKaHHYECKOH MHTPY3MHU JAILIMTOB, TPOPHIBAIOIICH aHze-
3uTHI U Ty(sl. Bece 00pa3zoBaHus MpUHAAIEKAT K KAXTYHCKOMY KOMIUIEKCY MUOLIEHa—IUTHOIIeHa. B mpupa3iioMHbIX
YacTsIX PYAONPOSIBICHHUST 00pa30BaHbl KBapIEBbIE 30JI0TOPY/HBIE JKHJIBI, BIOJIb KOTOPBIX PAa3BMIIMCH IPONMIMTH3A-
LHsT, apTIILIM3AINS, PEIKO N3MEHEHHs 10 kBapuuToB. CpexnHee copepskaHue 305101a 12,7 1/T, cepedpa 8,5 1/T.

AKTYaJIbHOCTh JTaHHOW pabOThI 3aKJII0YaeTCsl B TOM, YTO SHUTEPMalbHbIE MECTOPOXJICHHS B ITOCIIECTHHE
BpeMsl B Poccun BbIIENAIOTCS, KaK OTAENbHBIA CPaBHUTEIbHO HOBBIN MPOMBIIUIEHHBIN TUI 30J0TOPYAHBIX MECTO-
poxnenuii. Kpome Toro, «dnurepMaibHas cpelia sSBISETCS JIMITb HeOONBIION YacThi0 BCEH THIPOTEPMATLHON CH-
CTEMBI, KOTOpast BOBJICYCHA B IPUBHOC, TPAHCIIOPTHPOBKY M OTIOKeHHe MeTauiosy (Hedenquist, 1988).
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Lenb nccenoBanuii - N3y4UTh OCOOCHHOCTH MHHEPAILHOTO 1 XUMHYECKOTO COCTaBa NOPOJ M Py, onpe-
JeJUTh TUII PYJOHOCHBIX METACOMATHTOB U YCIOBHS X ()OPMHUPOBAHUS.

B pe3synbTaTe npoBeIeHHBIX HCCIISIOBAHUH HOJMyYeHbl HOBBIC JaHHbBIE O CTPOCHHH  OKOJIOPYIHBIX METO-
coMaTuTOB. Bo3ie kBapLeBbIX MPOXKUIKOB HAOIIODASTCS HAJTMYHE KBAapI-MOJICBOIIIATOBBIX METaCOMATUTOB. [Ipu-
MeYaTeNbHO, YTO BIOJb KBApLEBBIX HPOXKWIOK OOHApPY)KEHBI CKOIUICHHS alaTHTa (XMMHYECKHH COCTaB yTOYHSET-
cs1). CormacHo B.H. JlogoyHnKkoBy, Takue CKOIUICHHUS allaTHTa BO3JIE KOHTAKTOBBIX 30H CBHAETEIBLCTBYIOT O TOM,
YTO 3TO, BEPOSITHO, allaTUT IMHEBMAaTOJIMYECKHiH. KpoMe Toro, B M3ydeHHBIX K HACTOSIIIEMY BPEMEHH 00paslax He
ObUIO OOHApPYKEHO CBOOOIHOTO 30JI0Ta, OJJHAKO, IIPH W3yYEHUH aHIUIN(OB HAa CKAHUPYIOIIEM DJIEKTPOHHOM MHK-
pockornie JSM-6390LV ycTaHOBIICHO, 4TO 30J0TO HAaXOJUTCS B KAaueCTBE MUKPOBKIIIOYEHHH B Cyiab(uaax, gaiie
BCETO B IUPUTE.

JanbHeiimye uccienoBaHus MpoA0DKAIOTCs, IIIAHUPYETCs OCTPOCHNE METACOMATHYECKON KOJOHKH JJIS
U3y4aeMbIX PYIHBIX TEJ U OIpE/IelICHHE MeCTa B Hell 6J1aropoiHOMETaNIbHOW MUHEPAJIN3aIHH.

HayuHblii pykoBoaANTE b: K.T.-M.H. A. A. Maimorusa

B.A. OTAl
DI'BOY BO «Tromenckull uHOYCMPpUAIbHbLL YHUBEPCUTNET »

PA3PABOTKA UHTEJJIEKTYAJIBHOU CUCTEMBI
IKCIIVIYATAIIUU I'A3OBbIX U I'ASOKOHAEHCATHbBIX CKBAXKHUH
CIIAB

B pamkax mpoekra pa3pabaTbIBacTCs MHTCIUIEKTYalbHas CHCTEMa Ul SKCIUTyaTallMH Ta30BbIX U ra30KOH-
JICHCATHBIX CKBA)XWH, pabOTAIONINX B PEKUME HAKOIUICHHS *KUAKOCTH, C MIOBEPXHOCTHO-aKTHBHBIMH BEIIECTBAMH
(ITAB). B kagecTBe HakamIuBaromeiics Ha 3a00€ CKBa)KMHBI KHIKOCTH MOKET BBICTYIATh ITOCTYTAIOMIAs U3 IjIacTa
MUHEpaJIn30BaHHAs BOJa MIPUPOTHOTO MPOUCXOXKICHHUS WM TEXHUUECKas BOJA; *KUIKUI Ta30KOHCHCAT U3 IUIACTa;
ra30KOH/ICHCAT, MEPEIIeANINN B )KUAKYIO a3y NMpu ABWIKEHUH IIPUPOTHOTO Ta3a B BEPXHUX ydacTKaxX CTBOJIA CKBa-
JKMHBI; KOHJICHCAlIMOHHAsl BOJIA, MEpelIeAlIas B KUKy (a3y U3 IMPUPOIAHOTO ra3a B BEPXHHMX Y4acTKax CTBOJA
CKBQ)XWHBI; BOJHBIM WM HHOM pacTBOp MHTHOUTOpa THApaTooOpa3oBaHusl, MojjaBaeMblii B CKBaXuHy. Hakoruienue
KHUJIKOCTH MPOUCXOAUT H3-3a HEAOCTATOYHON CKOPOCTH MOTOKA Ia30XKHIKOCTHOM CMECH B KCILTyaTallHOHHOW KO-
JIOHHE ¥ IPUBOJMT K CHIDKCHUIO IeONTa MM OCTAHOBKE CKBayKHHBI.

Jns pemenus naHHOM TpoOIeMBl pa3padaThIBA€TCS CHUCTEMA, BKIIOYAIOIIASHCTOYHHUK 3JIEKTPO3HEPIHH;
€MKOCTh C XHIKHM pacTBOpoM IeHooOpasyromiero [TAB,HeoOXoauMBIM 111 BCIIEHMBAHMS CKAIUIMBAIOLIEHCS B
CKB)XMHE *XUAKOCTH M €€ yHaJeHUs ITOTOKOM ra3a, JIM0O Ul TOCTOSIHHOM SKCIUTyaTalllii CKBRXKUHBI B yCIIOBHAX
TIOCTYIUICHUS JKUAKOCTH; JATYUKH M IIPUOOPHI ISl M3MEPEHHs aBJICHUS B 3aTPYOHOM NPOCTPAHCTBE CKBA>KHHBI,
TeMIepaTypbl U JaBJICHUS Ha yCThe, AaBJICHUS Ha 3a00€ B CiIydae NMaKepHOM AKCIUTyaTaI[iH; IPOMBIIUICHHBIH KOH-
TpOJUIEP, OCYIIECTBISIONIMIA COOp, XpaHEHHE U aHATU3 UH(POPMAIMH, TOCTYMAIONMIEH OT IaTYNUKOB, M YIPaBJISAIOLINNA
PETYIHUPYIOMKUM O0OpPYIOBAaHUEM C IENbI0 3PPEKTUBHON dKcIyaTanuu ckBakuHbl ¢ [TAB; mporpaMMupyemsrit
BBIUMCIUTEIBHBI MOMAYJb, BXOAAIIMHA B COCTAaB IPOMBIIIICHHOTO KOHTPOJUIEpa M COJIEp)KaIlMi MpOorpaMMHOE
obecrieueHre, BKIIOYAMOIIEe PaCUETHYIO MOJIENb 10 UICHTU(UKAIIMN CKOIUICHUS KHUAKOCTH M I10100py HE0OX0IH-
Moro oonséma 3akauku [TAB.

B pesynbrare paboThl CKBRXHMHBI ¢ CHCTEMOM MPOMCXOIUT MOJHOCTHI0 aBTOMATH3MPOBAaHHAs SKCILTyaTa-
IINM CKBA)XXUHBI 0€3 OCTAaHOBOK M CHIDKEHHMS AebuTa. B paMkax pa3paboTKy mpoekTa IoaHo 2 3asBKH HA MaTEHT Ha
n3o0peTeHne, MpOBEICHbI J1ab0paTOpHbIE HCCIeNOBaHMs 1O BIMAHMIO [IAB Ha BBIHOC XHMIKOCTH M3 CKBa)KHHBI,
pa3paboTaH MPOTOTHII ONTMCAHHOM CHCTEMBbI, TECTUPYIOIIUICS Ha CTEHIE.

HayuHnblii pykoBoauTeib: K. T. H., gol. A.}O. HOmkos

H.A. ITABJIOB

Hayuonanvnviii uccnedosamenvexuu mexnonoeuveckuu ynueepcumem « MUCuCy

NCCIEAOBAHUE NOPUCTOCTHU IECYHAHUKA HA OCHOBE
JA3EPHO-YJbTPA3BYKOBOM CTPYKTYPOCKOIINH C
NCITOJIb3OBAHUEM TEXHOJIOI'MHA «IUPPOBOU KEPH»

Texnonorus «L{uppoBoit kKepH» SBISETCS HOBBIM M IEPCIEKTHBHBIM METOJIOM HCCIIEIOBaHHS TOPHBIX I10-
poa. Ha ceropnsiHuii eHs B 1a00paTOPHBIX YCIOBUSX AJIS TTOJIyYEHUS] (PM3HKO-MEXaHHUECKHX CBOMCTB 00pas3ioB
TOPHBIX MOPOJ NMPUMEHSIOT Pa3IMYHBIE METO/bI, KaK pa3pylIaioline, Tak W Hepa3pyllalolue, HalpuMep, TEpMOo-
rpaduio, peHTIeHOBCKYIO AN(PPAKTOMETPHIO M TOMOTpaduio, YJIbTPa3BYKOBYIO IHAHOCTHKY, aKyCTHYECKYIO H
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NIEKTPOHHYI0 MHKPOCKOIHMIO, MAarHWTHbIE W mpodune. M3 BhIIETEpednCICHHBIX, HAHOONBIICH IMOMYISIPHOCTHIO
MOJIb3YETCs YJIbTPa3BYKOBOH HEpa3pyIIArOMIUi KOHTPOIIb, HCHOIb3yEMBIi JUIS TOIyYSHNS! OCHOBHBIX (PM3HUYECKUI
XapaKTepUCTHK MaTepHajoB: ynpyrocts (Moayns FOnra, capura, kodddumment I[lyaccona); MEKpOCTPpYKTYpHEIE U
Mopdonornueckre 0COOEHHOCTH (pa3Mephl 3€PEH, UX PaCcIpeNeNICHNE 110 pa3MepaM, TEKCTypa, MUKPOTIOPUCTOCTh U
MHUKPOTPCIIHHEI).

JlazepHO-yIBTPa3ByKOBasi CTPYKTYPOCKOIHS MO3BOIIAET peann3oBbiBaTh 2D n 3D Busyanusanuio BHyTpeH-
HEH CTPYKTYpbI, 0OHApYKUBasi MUKPOTPEIIMHEI M PACCIOEHHs, MUKPOIIOPBI, MUKPOBKIIIOUEHUS U ApYTUe Ne(eKThI ¢
TOYHOCTBIO 10 30 MKM.

Brua pean3oBaHa oHa U3 METOJUK MOJTYyYEHHsT HHPOPMAIMU O TIOPUCTOCTH 00pasia necyanuka. B rio-
OanbpHOM Maciutabe JaHHAs METOJMKa, B YCIOBHUSX HEOJHOPOAHOTO XapakKTepa MOPHCTOr0 MPOCTPAHCTBA TOPHBIX
TIOPOJI, B TIEPCIEKTHBE CMOXKET JaBaTh HH(OOPMALUIO ISl yBEIHYCHUs! (IIIONI00TIauM MHOTUX TEPPHUI€HHBIX TOp-
HBIX MOPOA (HampuMep, MPU TUAPOPA3phIBE IUIACTA), 8, COOTBETCTBEHHO, NMPEIOCTaBUT BO3MOXKHOCTH ITOBBILICHUS
3¢ PEKTUBHOCTH OCBOECHUSI MECTOPOKACHHUH MOJIE3HBIX NCKOMaeMbIX. Hemb3s1 He OTMETHTB TaKXKe TO, YTO JIa3epHas
YIBTPa3BYKOBAsl CTPYKTYPOCKOIIHS SIBISIETCSI OMHUM M3 MCCIIEIOBAHMH KOMIUIEKCHON METOIUKH MOCTPOCHHS «IH (-
poOBOro KepHa». BBumy pa3HBIX TOCTOMHCTB M HEJOCTATKOB Pa3HBIX METOAMK MCCIECIOBAHHS TOPHBIX MOPOJI, BBICO-
Kas MOTPeOHOCTH MOSIBIIsICTCS B 00BENMHEHNN pasHOMacIITaOHBIX Hccaenoannii (POM, merporpadus, peHTreHOB-
cKast ToMorpadus u T.JI.) U CO3JaHUN IUHOTO IHU(YPOBOTO KEPHOXPAHUIIUIIIA.

Hayunplii pykoBoaurtens: 1.T.H., nmpod. E.b. Uepenenkas

T.A. ITABJIOBEIL]
Hayuonanvnoiii uccnedosamenvcxui Tomckuti norumexHudeckutl ynusepcumem

YCJIOBUA ®OPMHUPOBAHUSA ITOPOA-KOJIVIEKTOPOB
HAAYTOJbHOM TOJIIU BOJATHOI'O HEGTAHOI'O
MECTOPOXIEHUSA (TOMCKASA OBJIACTD)

B pabote Ha ocHOBe aHanu3a reo(GU3NIECKIX MaTEpPHAIOB, MAKPOCKOIIMUYECKOTO OMHCAHHS KepHA, TETPO-
rpaUIecKuX U TPaHyJIOMETPUIECKUX NCCICIOBAHMI OINPEaEICHb! YCIO0BH (JOPMUPOBAHHS TEPPUTEHHBIX OTIOXKE-
HUH HagyroabHOH Tommuu bonrHoro HedrsiHOrO Mectopoxnenus (3amagHo-Cubupckas HeTera3oHOCHAsS IPOBHH-
uusi, Bacroranckas HedrerazonocHas o6nacts, Kasanckuii HedrerazoHocHBIH paiioH, [Tapabenbckuii anMUHUCTpa-
TUBHBIA paiioH Tomckoil oOnacTn). B TeKTOHHYECKOM ITaHE MECTOPOXKACHHE MPUYPOUYEHO K OJHOMMEHHOMY JIO-
KaJIbHOMY IIOJIHATHIO Ha 3amaje Kanrauckoro Me3oBBICTYIA, OCIOXKHSIOIIETO IOTr0-BOCTOYHBIH 0ok Bacroran-
[TyuHCKOTO aHTUKIIMHOPHS.

HanyronpHast Tomma BbIAETICHA B BEPXHEH 9acTH PeTHOHANBHO MPOAYKTHBHOTO ropu3oHTa KO, BepxHeBa-
CIOTaHCKO#1 MO/ICBUTHI OKc(hopackoro BpemeHHu (J30VS,). Tosa 10cTaTouHO HAAEKHO BBIACISIETCS U XOPOLIO KOp-
penupyetcs no nanHeM [VIC, B pa3pe3ax 3aneraer Ha yrojbHOM IUTacTe Y M HMEPEKPhIBACTCSA TIMHUCTBIMHU OTIIO-
KEHHUSMH TeOPTHEBCKO# CBUTHI (J3KM), mocTeneHHo mepexosiuMu B GUTYMHHO3HBIC apTHILUTHTHI 0a)KEHOBCKOM
cButhHl (J3vbg). JIuTonmorndeckn Tojma UMEET CIOKHOE CTPOCHHE M IPE/CTaBIeHa NepecIanBaHueM TepPUTEeHHBIX
nopox: mecuannkos (mractsl F0;°6 u F0;°a), aneBponnTOB, yrieil, TIMHUCTHIX MOPOJ, @ B KPOBJIE — [IMHHCTHIX,
TJIMHACTO-KapOOHATHBIX TIOPOJ M OPraHOTEHHBIX N3BECTHSKOB (pETepHBIi TOpH30HT P).

Ha ocHOBaHMM T€HETHUYECKHX INPH3HAKOB (COCTaB OTIOXKEHWH, WX TOJIIMHA, IpeodiagaHue BOTHHUCTHIX
TUIIOB CJIOMCTOCTH, XOPOIIasi OTCOPTHPOBAHHOCTh IE€CYAHHWKOB, JAOHHAs OMOTypOamust W Ap.), XapaKTepHBIX IS
OTJIOKEHWH HAJAYTOJIBHOW TOJIIIN, CACTAHBI BHIBOIbIL:

- 0CaJIK{ HAaKaIJIMBAJIUCh B IPUOPEKHO-MOPCKUX U TIEPEXOIHBIX YCIOBHSAX;

- TIecCUaHblil MaTepHrajl aKKyMYJIMPOBAaJICs B LIEHTPAJIbHBIX y4acTKax BAOJILOEPEroBbIX MPUOPEKHBIX OapoB,
QJIIEBPUTOBBIN — HA UX CKJIOHAX, INIMHUCTBIA U YIIIMCTHINA — B MpefesiaX OTIIHYPOBAaHHBIX OT MOPS JIaryH, TJIHHUCTO-
KapOOHATHBIN 1 KapOOHATHBIN — B MEPUOUUECKH COOOIIAIOIINUXCSI C MOPEM JIaryHax;

- B IO3HEM OKC(]Op/Ie Ha TEPPUTOPHUH BOITHOTO MECTOPOXKICHHS 0CaJKOHAKOIUIEHHE OCYIIECTBISIIOCH Ha
(hoHE yCHIIMBAIOMIECHCS TPAHCTPECCHH MOPS Ha CYIITY.

HayuHnblii pykoBoauTeib: K.r-M.H., 1ou. H.M. Hegonusko

P.C. MAJTAMAPUYYK
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Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUMEN

B3AUMOCBs13b MACHITABOB OPYTEHEHWA
ININIATUHOHOCHBIX POCCBIIIEX U KOPEHHOI'O OPYJIEHEHUS B
AYHUTAX IINTATHHOHOCHOTI' O ITOACA YPAJIA

B nenom, nns MIIIT KTMHONMPOKCEHUT-AYHUTOBBIX MAaCCUBOB U CBSI3aHHBIX C HUMU POCCHINENH XapaKTEpHO
abcomoTHOe npeobnananue Pt-Fe munepanoB ¢ BriroueHUsIMA TBepAbIX pacTBopoB Os-Ir-Ru cocraBa. Haubonee
XapaKTepHbI MMHAKOUJAIbHBIE ITACTUHKH CaMOPOAHOTO OCMUS, peXke BCTpeuaeTcs UpUAni, Kak B BUAE CAMOCTOSI-
TENBHBIX 000CO0JICHUH, TaK U B KauecTBe pacmana Pt-Fe-Ir tBepmoro pactsopa.

MeHbIIMM pacrpocTpaHeHueM MoJb3ytoTest cynbGuasl DT n30MOphHBIX PsIIOB NaypUT-IPIUKMAHNUT U
KamuHUT-0aynT. OTMedaroTCs eqUHUYHbBIE 3epHa THOLIMMHENeH. B oTaensHbIX poccrinax BepecoBobopckoro mMac-
CHBa B 3HAYUTEIHFHOM KOJIMYECTBE BCTPEUAIOTCS] MUHEPAIIBI HANOOJIEE TTO3/AHETO ITapareHe3rca: UpapcuT, XOJUINHT-
BOPTHT, MOTAPUT, KYIIEPHUT U APYTHE PTYTHBIE, MBIIIBIKOBUCTHIC, CYPEMSIHbBIC COCUHEHHS C HJICMEHTaMH IIIATHHO-
BOM TPYIIIIBL.

[Ipn cpaBHUTETHPHOM aHATHM3€ POCCHINHBIX M KOPEHHBIX acCONMANNil HaOIFOJaeTCs MOYTH MOITHOE COOTBET-
CTBHE COCTaBOB Kak ais Pt-Fe TBepapIx pacTBOpOB, Tak W AJIS Pa3iWYHBIX MHHEpPaJIbHBIX BKIoueHHH OS-Ir-Ru
TBEPIBIX PacTBOPOB, a Takke cynbhunoB DIII'. Ucxons uz cradmisHOCTH cocTaBa MIIIT B pocCHIIAX ¢ pa3muIHOM
yIaJIEeHHOCThIO OT KOPEHHOI'0 HCTOYHHUKA MOKHO TpeINojaraTb OTCYTCTBHE BEpTHKAIbHON 30HABHOCTH HA UHTEP-
Bajie, COOCTABUMOM C BEIMYHHOM 3POANPOBAHHBIX OPOJ.

HecMmoTpst Ha KpyIHBIE CaMOPOJIKH, XapaKTepHbIe, Harpumep, it BepecoBobopckoro MaccuBa, Handouee
kpynHas McoBcko-TypHHCKas pocchinb cBsa3aHa co CBETI000pCKUM MaccHBOM. Takue yHUKaJIbHBIE 3aIachl IIaTU-
Hbl B McoBcKO-TypHHCKON POCCHIMTHOM CHCTEME 00YCIIOBJICHBI TPOCTPAHCTBEHHONW OPHEHTHPOBKOW, 2 HMEHHO TO-
PHU30HTANBHBIM TI0JIOKeHHeM CBETIIO00PCKOTO0 MAaccHBa, M3-3a YEro B IPOLECCHl POCCHINeo0pa3oBaHusl OBUIM BO-
BJICYCHBI 3HAYUTEIFHO OOJBIINE 0OBEMBI TOPO AYHUTOBOTO SI/Ipa, YeM B coceiHeM BepecoBoOopckom MaccuBe.

Hayunblii pykoBoauTe b: 1.I.-M.H., 3aB.kad. [PMIIU A.B. Ko3mnos.

A.A. TAHTIOXUH
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

NCCIEAOBAHUE CMA30YHbBIX 1OBABOK J1JIAA
INOBBIIIEHUA KAYECTBA ITPOBO/JIKHN HAKJIOHHO-
HAITPABJIEHHBIX U TOPU30HTAJIBHBIX CKBAKUH

Ha y4acTkax cTBOJa C MPOCTPAHCTBEHHBIM MCKPUBJICHHMEM BO3HHMKAIOT OOJBIINE KOHTAKTHBIE HArPY3KH U
OTPOMHBIE CONPOTHUBIICHUS JIBHXKCHUIO OYPUIIbHON KOJIOHHBI IPH MOJJbEME, YTO IPUBOAUT K MPOTUPAHHIO 00CaIHOM
KOJIOHHBI M MOBBINIEHHOMY W3HOCY OYPHJIBHBIX TPYO, YTO B MTOr€ 3HAYMTENILHO COKPAIIAeT CPOK JKCILTyaTaluH
OypoBoro o0opyI0BaHUS.

Jn1st CHIOKEHUSI CHITBI TPEHUSI MKy OypHIIbHOM KOJIOHHOW M CTEHKOW CKBa)KHMHBI B HACTOSIIIIEE BpeMs da-
11I€ BCEr0o NMPUMEHSIOT OypOBBIE PACTBOPHI € YIIyYIICHHBIMH CMa304HBIMU CBOWCTBAMH.

Lenpto ncrionb30BaHUA CMa304YHBIX JOOABOK B OypeHMH SIBISETCS YIIydIICHHE CMa3bIBalomero sgdexra u
MHUHAMH3ALUs TpeHus. Bricokas cMmasbIBaromas criocOOHOCTh YBEIMYMBAET CKOPOCTH CTPOMTENHCTBA CKBa)KHHBI,
YTO CIIOCOOCTBYET 3HAYMTEILHOMY CHIDKEHHIO 3aTpaT, B TO BPEMsI KAK MAJIO€ COJEp)KaHNE CMa3bIBAIONINX BEIIECTB
B OypOBOM pacTBOpe MPUBOAMT K U3HOCY JI0JI0Ta, 00CAHBIX KOJOHH, BHI3bIBAET 3HAUUTEIBHOE CONPOTUBIICHUE TIPH
nepesiaue KpyTsIIEro MOMEHTa U MOBBIIIAET BEPOSTHOCTh TU(depeHIMatbHbIX IPUXBAaTOB. Bo MHOTHX HccienoBa-
HUSIX OBUIO BBICKA3aHO MHEHHE O TOM, 4To Aud(depeHInanbHOe NPUITUITaHHE MOXKET OBITh NPEJOTBPAILEHO MyTeM
pa3paboTku cocTaBa OypoOBOro pacTBOPA, KOTOPBI CHU3HUT TPEHUE MEXKy OYpUIbHON KOJIOHHOM U CTEHKaMH CKBa-
HKHHBI.

B craree mpencTaBieHbl HCCIEAOBAHUS Pa3IMUHBIX CMa304HBIX JJ00aBOK Ha OINpEJeIeHHE IapamMeTpoB
CIOCOOHBIX  BBIIBUTH HaWOOJee MONXOAANIYI0 TOOABKY O/l HOBbIUIeHUS KAYecmed NpPOGOOKU HAKIOHHO-
HANpagIeHHbIX U 20PU30HMATLHBIX CKBANCUH.

HccnenoBanusi MpOBOOMIOCH Ha TecTepe cMasbiBarolieil criocobHoctu Fann EP/Lubricity Tester Model
212, npubope anst onpexneneHus kodduienta Tpenus rauaucrod kopkn KTK-2, poTanoHHOM BHCKO3MMETpE
Fann 35SA, pH-merpe Crison GLP 21

Hayunblii pykoBoaures: k.T.H. nou. E.JI. Jleymesa

I'.M. IEHBKOB, JI.A. KAPMAHCKHI
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Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUMEN

MOJAEJIHUPOBAHUE ITPUTOKA B CJIOXKHOIIOCTPOEHHBIX
IIJIACTAX 3AITATHOU CUBUPH

B coBpeMeHHBIH THAPOANHAMIYECKIH CUMYIISATOP 3aJI05KEHO, OOJBIIOE KOIMYECTBO MOJIEIEH, TO3BOIISIO-
IIMX MOACTHPOBAThH MPAKTUIECKUN 000 mporiece, IPOUCXO ANt B Iiacte, crBose ckBaxnae u [13[1. OxHoit u3
TaKUX MOJIENIeH, sBIsgeTCS Mojenb GuibTpanuu ¢uronaa. s NporHO3UpOBaHKs M pacyeTa IUIACTOBBIX, 3a00MHBIX
JaBJIeHui, nebura Qironaa, He0OX0UMM KOMILIEKCHBIN Moaxoj. HemanoBaxHy0 poib IpU 3TOM TpoLecce Urpaet
BBIOpaHHAs MOJIeNb (pHUIbTpaIyy.

BoJIbIIMHCTBO CYyIIECTBYIOIUX Mozeiel (GUIbTpaluy HE YYUTHIBAIOT B IOJHOW Mepe MEXaHHKY TOpHOI
nopoabl. A (pU3NKO-MEXaHUUECKHE CBOICTBA HETAHBIX TUIACTOB OKa3bIBACT CHIIBHOE BIMSHHE Ha MPOLECC MPUTOKA
¢ronna.

Llens pa®oTHI: OLEHKA BIMSHUS W3MEHEHHS OCHOBHBIX (DMIIBTPAIIMOHHO-€MKOCTHBIX CBOWCTB Ha (hpu3mko-
MEXaHUYECKHE CBOMCTBA HACHIIEHHOMN MOPOIBI

HccaenoBanus moxkasanu:

1. BOIOHOCBIIICHHOCTh OKa3bIBACT HauOoOJbllIee BIHUSHHE HA M3MCHECHHE TIPOYHOCTHBIX XapaKTEpH-
CTHUK MOPOJbI, KOTOpas MPEUMYIICCTBECHHO CJIOKCHA I'NTMHAMMU.
2. qDI/IJ'IBTpaI_II/IH CI)J'IIOI/I,I[EI 3aBUCHUT OT PA3JIMYHBIX ITPOLECCOB, NPOTCKAOIIUX B IJIACTEC. O,I[HI/IM Hu3 Ta-

KHX MPOLIECCOB SIBJISIETCS - U3MEHEHUE (PU3NKO-MEXaHUYECKHX CBOWCTB MOPOABI, 3aBUCAIIEE OT MHOTHX MapameT-
POB, B TOM YHCJI€ OT COOTHOLIEHUS HE(TH 1 BOJBI B TOPOAE.b
3. Bonee neranpHbIil y4eT M3MEHEHUS (U3MKO-MEXaHMYECKUX CBOWCTB IO3BOJIUT TOYHEE CHPOTHO-
3MPOBATh M3MEHEHHE JcOuTa (ronaa
HayuHnblii pykoBoauTe)Ib: K.T.H., 1ou. [I.I'. Ilerpakos

B. A. INTAIIMHCKU
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

CHHOCOB ITPEJOTBPALIEHUSA HAJIMITAHUA " KUIKOI'O
AJIIOMHUHMUA K ITIOBEPXHOCTHU MEJJHOI'O KPUCTAJIVIM3ATOPA

OnuuM M3 (GaKkTOpPOB, CHIKAIOIMINX PECYpC MEJHOTO KPUCTAIIM3AaTOpa JUTEHHOW MAIMHBI arperara He-
TIPEPBIBHOTO JINTS M IIPOKATKN aJIFOMUHUEBOW KaTaHKH, SBJISETCS HaJWIIAHWE HApOCTOB aJllOMUHHEBOTO paciuiaBa K
CTEHKaM MPOTOYKH KPUCTAJUIN3aTOPa, CHIDKAIOIINX KauyeCTBO MIOBEPXHOCTH aMIOMUHUEBON OTIMBKH. [Ipu ynaneHnn
HapOCTOB MEXAHUYECKOH 3aUUCTKON yJaJsieTCs U NOBEPXHOCTHBIN CJIOM KPUCTAJUIM3ATOPA, YTO IPUBOJUT K YTOHE-
HUIO €T0 CTEHKH M HapyIIeHHIo pabotTsl. [ mpenoTBpamieHusl YKa3aHHOTO HAJIUIAHUS MOBEPXHOCTH HMPOTOUKU
KpPHUCTAJTU3aTOPa CMA3bIBAIOT PA3IMYHBIMU IPOTUBONIPUTAPHBIMU MaTepHaiaMu ()KHUBOTHBIE JKHUPBI, TBEPJbIE CMa-
304HBIE MaTepHabl, Macja, IMYJIbCUH, OXJIaKIAIOIINe KUJIKOCTH U JIp.), IPUMEHEHNE KOTOPBIX, TEM HE MEHee, He
pemaeT B MOJIHOW Mepe yKa3aHHYIO MPOOJIeMy M3-32 CPABHUTENIBFHO BBICOKOM MX IEHBI M HEOIAarompHUATHOTO BO3-
JEUCTBHSI HEKOTOPBIX U3 HUX, HAIPUMeEp, PTOpCoAEpKaIINX, Ha IEPCOHA M Ha OKPY’KaloIylo cpeny. B aToli cBsizn
pa3paboTka 3 PEKTUBHBIX W HE JOPOTHX MEpP 3AIIUTHl KPUCTAIIM3ATOPa OT HAJIUIAHUS >KHJIKOTO aTFOMUHHMS SBIISI-
eTcsl aKTyalIbHOM npoOuiemMoii. B HacTosmieit paboTte npearaeTest OJMH M3 BApHAHTOB ee perieHus. Kak mokaspiBa-
€T aHaIM3 JUTEPaTypHbIX NCTOYHUKOB, HAJIMYHME OKCHJIHOHM IUIEHKH Ha JKUJIKOM MeTajuie siBisieTcs: 3 (heKTHBHBIM
6apbepoM ISt €T0 aJre3ud K TBEpAOH METaJUIMYecKOl MoJutoxkke. [Ipon3Boami nogdop XUMHYECKUX PEarcHToB,
CIOCOOHBIX BCTYINATh B PEAKIMIO C PACIUIABOM ATIOMHHHMS C 00pa30oBaHMEM OKCHAHOW IJICHKH, HE OKa3blBasi Hera-
THBHOTO BJIMSHHS Ha TEXHOJIOTHUYECKHUII MpoIecc ero KpucTayuiM3anui. B kadecTBe Takoro peareHra ObUT BRIOpaH
BOJIHBIN pacTBOP MapraHIOBOKUCIOTO Kanusi KMnO,, B3auMOIEHCTBYIOIIETO C )KUIKUM aJTIOMUHUEM TI0 PEAKIHH

2Al + ZKMnO4 = A|203 + Kzo + 2Mn02

AmnTnanare3noHssii a3¢ppext KMnO, nposepsun sxcriepuMeHTanbHo. O6pasisl Mean M3 B BHIE IPOBOIOKH
qmamerpoM | MM BeIEpKHBAIM ~| MHH B TepMOCTaTe IPH TEMIIEpaType moBepxXHocTH Kpuctammmsaropa (150°C).
B npyroif TepMocTar, HarpeThlil A0 TEMIEPATypbl XKUJKOTO ATOMHHUS B MOMEHT KOHTaKTa C KPUCTAJUIN3aTOPOM
(7OOOC), roMerany HaBecKy (~10 r) TeXHHYecKOoro aqroMUHHUS AS M BBIIEPKUBAIHM B TUTJIE JI0 TIOJIHOTO PacIliaB-
JICHUs] U HarpeBsa JI0 YKa3aHHOW TeMIepaTrypbl. 3aTeM OKOHEYHOCTH 00pa3lioB OKYHAJIH B paciulaB U OCMAaTpUBAIIH
Ha HaJIMYHUE CJICI0B HAJIUITIIErO allfoMUHMA. JIpyrie oOpasisl peBapuTelIbHO OKyHaJIM B BOJHBIH pactBop KMnO,
Pa3IMuyHOM KOHIEHTPALMU. BBIIO yCTaHOBIIEHO, YTO NpEIBApUTENbLHOE OKYHaHHE MEIHBIX 00pa3loB B 3-X u Ooiee
% pactBop KMnO, npenoTBpamiaer HaJMIaHue )XUAKOTO aTIOMUHMSA. VICX0ls U3 TEIIOCoAepKaHNsI MEIHOTO 00-
pasia i yAeIbHOMN TEIIOTH apooGpa3oBaHist BOJBI, OleHHBaIH KommdectBo KMnO, (8,6%10™ kr/m?), ocraromero-
Cs1 HA MEJTHOHM TIOBEPXHOCTH TOCJIE BRIKUTIAHUS BOJIBI 3 3% ero pactBopa. C y4eToM mapaMeTpoB KpUCTALIN3aTOPa,
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paccuutbiBaiu pacxon 3% Bognoro pacrBopa KMnOy (5,4 mir/c), KOTOpBIA TOCIe MonajAaHus Ha MPOTOYKY U BHIKH-
HaHUs BOJBI HOJDKEH 00ECIIeUUTD MOSBJICHUE Ha TIOBEPXHOCTH KpucTajuiusaropa koianyectBa KMnO, mocraTodHo-
ro Juisi 00pa30BaHKs OKCHIHOM IUICHKH, NPEI0XPaHSOel paciuiaB OT HanunaHus. Kak moka3slBaloT pacyeThl 3TO
JocTHraeTes pH ee toimuHe (~0,2 MK), IpaKTHYECKH COoBMaaaromieit ¢ Tommunoi mienku Al,O3, oGpasyromieiics
Ha aJTIOMUHUY B €CTECTBEHHBIX ycloBUsX. [1000paHo cOOTBETCTBYIOIIEE 000pYI0BaHHUE.

Hayunblii pykoBoauTens: 1.1.H. mpo¢. B.11. bomo6os

E.N. ITIOI'OPEJIBLIEBA
Beneopoockuii eocydapcmeennulii HAYUOHATbHYLIL UCCTIE008AMENLCKULL YHUBEPCUMEM

OCOBEHHOCTH 'MIPOXUMHUYECKOI'O PEJKUMA AJIbE-
CEHOMAHCKOI'O BOJOHOCHOI'O TOPU30HTA B 30HE BJIMSIHUS
OBBEKTOB OAO «CTOUJIEHCKHU I'OK»

B mpenenax Crapoockonbsckoro sxenesopyaHoro paiiona KMA mnpennpustuem OAO «CroitneHckuit
T'OK»oTkpBITEIM criocoO0oM paspabaTeiBacTcss CTOMICHCKOE KENe30pyTHOE MECTOPOIKICHUE, YTO OKA3hIBACT CYIIC-
CTBCHHOE BIIMSHIE HA THAPOTUHAMUYCCKHE W THAPOXUMHUYECKIE MMOKA3aTeIH IMOJ3EMHBIX BOJ, HapyIlas UX ecTe-
CTBCHHOE COCTOSIHHE.

OCHOBHBIM B palilOHE MO BOJOOOHILHOCTH sIBIsieTcsl anb0-cenoMmaHckuii(Kj ,al-s)BomoHOCHBII ropu-
30HT.ITo/13eMHBIC BOIBI TOPH30HTA MPHYPOYCHBI K IECKaM, MOIIHOCTh 00BOMHEHHOH Tommu coctaBiseT 20-40 M.
Hapymenne ecTecTBeHHOTO peXMMa TOPH30HTA MPOMCXOINT 32 CUET OCYIICHU APEHAKHBIM KOMIUIEKCOM Kapbepa
U BOJIOOTOOPAIIS XO3sIMCTBEHHO-TIMTHEBOTO BOJOCHAOXKEHUS paiioHa. B cpeqHeM u3 anb0-ceHOMaHCKOTO BOJOHOC-
HOTO ropu3oHTa oTkaumnBaetcs 120 000 M BOJIbI B CYTKU.B CBSI3M ¢ UCNONIB30BaHUEM MOA3EMHBIX BOJ AJIA XO035ii-
CTBCHHO-TUTHCBOTO BOJOCHAOKCHHUATPEOYETCSI TMOCTOSHHBI MOHUTOPHHI THAPOXMMHYECKOIO pEXHMa aib0-
CEHOMAHCKOT'O BOJJOHOCHOT'O TOPU30HTA U BBISIBIIEHUE HCTOYHUKOB TEXHOTC€HHOTO 3arpsi3HeHus. KoHTpolb kadecTBa
MOJI3EMHBIX BOJI aJIh0-CCHOMAHCKOTO BOJOHOCHOI'O TOPH30HTA MPOU3BOIUTCS MO 19 HaOII0aTEIbHBIM CKBAYKHHAM
PEKUMHOM CETH, a TAKKE TPU 0TOOpE MPOO M3 XBOCTOXPAHHIIHUIIA.

ITo pe3ymnbTaTaM IPOW3BEIEHHOTO aHAIN3a YCTAHOBICHO, YTO COACpIKaHUE 3arpsA3HAIONINX BEHIECTB B IO-
BEPXHOCTHBIX BOJIaX XBOCTOXPAHWIHIIA B OCHOBHOM HIDKE 3HAYCHHH TpPEACIbHO-IONMYCTHMBIX KOHICHTPAIHH IS
BOJI XO3SMCTBEHHO-TIUTHEBOTO Ha3HaueHus. ConepxaHne psjga BemecTs (okene3o obmiee u He()TeIPOTYKTHI) ITOCTO-
SIHHO WUTH 3rm3oandecku npeBocxoant 3HaueHne [1/IK. [To pesympraTraM rupOXHMHYECKOTO OMPOOOBaHHS B aJIb0-
CEHOMAHCKOM BOIOHOCHOM TOPH30HTE BBIJACICHO 6 THIIOB BOIBIL: THAPOKAPOOHATHBIC KaJbIMEBEIC, THIPOKapOo-
HATHBIC MAaTHHEBO-KaJbIIMEBHIE, CYIb()aTHO-THAPOKApOOHATHRIE KaNbIHEBbIC, THUAPOKAPOOHATHBIE HATPHEBO-
KaJIbIMEBbIC, CYIb(aTHO-THAPOKAPOOHATHBIC HATPUEBBIC U CYIb(PATHO-THIPOKAPOOHATHBIC HATPUEBO-KAJIbIIUEBHIC.

Takum 00pa3oM BBISIBJICHO, YTO OCHOBHBIM HCTOYHWKOM HApYIIEHUS TUIPOXMMHUYECKOTO pexXUMa ajan0-
CEHOMAaHCKOTO BOJJOHOCHOTO Topu3oHTa B mpenenax aesrensHoctd OAO «Croitnenckuit 'OK» sBisercs xBocTo-
XpaHWIHile. B OCHOBaHMM Yallld XBOCTOXPaHWJIMIIAOTCYTCTBYIOT PETHMOHAIBLHBIE BOJOYMOPHBIECTION, YTO CO3/AeT
YCIIOBUS AJIS1 3aTPYTHEHHON THPABINYECKON CBSI3U TEXHOTEHHBIX BOJI C MPUPOTHBIMU BOJOHOCHBIMHU TOPU30HTAMH.

Hayunblii pykoBoauTe/b: 1011, K. T. H. J[.A. 3aiiues

K.b. IOHOMAPEHKO
Beneopoockuii 2ocyoapcmeennvlil HAYUOHATLHBLU UCCACO08AMENLCKULL VHUBEPCUMEM

PACYET YCTOMYHUBBIX IMMPOJIETOB OBHAKEHUM I'OPHBIX
BBIPABOTOK U HA UX CONPSI)KEHUSIX B YCJIOBUAX
MECTOPOXJIEHUNA KMA

Bompoc kpemnieHus 1 yCTOWYHBOCTH HPOJICTOB OOHAKESHHUH TOPHBIX BRIPAOOTOK ITPH UX MPOXOJKE SBIAETCS
aKTyaJIbHBIM IIPU OCBOEGHHMH MOI3EMHOTO IPOCTPAHCTBA B JIFOOBIX TOPHO-TEOJIOTHYECKHUX ycloBusX. IIpu BeneHnu
MOJI3EMHBIX TOPHBIX PaboT Ha MecTopokaeHHax Kypckoi marautHoit anomaniu (KMA) Heo0X011MMO 3HaTh YCTOM-
YHUBBIE pa3Mepbl 00HAXKEHHUI TOPHBIX BBIPA0OTOK. [lJIst onpesieneHus yCTOHUMBBIX NPOJIETOB OOHaKEHHUIT BEIpaOOTOK
1 Ha MX COTIPSDKEHUSIX MCII0NIBb30Bajlach TeopeTuueckas ¢popmyna [1]:

v § -
SaRoﬁd)[ZEplu_vde sKsin=28;-P(1-w)] [,
= w " !(1)
VD pedye( 1=V K L K 1 (N)KomKcK, |8

el

Jlig monmyueHns MHXEHEPHOH GopMyIbl pacdera Ha pynHIKax KMA mpoBOIMINCE KOMITIEKCH TPOU3BOI-
CTBEHHBIX, JJA0OPATOPHBIX U KAMEPAITBbHBIX PaOOT W OMpeAelieHbl YNCICHHbBIC 3HAYCHHS TapaMeTpoB B Gopmyie (1).
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YcranoBneHo, 9yTo B ¢opmyiie (1): paccTossHEE MEXAY KOHTYPHBIMH mITypamMu - a=0,6 M; TOMyCTUMBINA pazMep 00-
pymenns (Ry=d.); mokaszarens TpemuHoBarocTd — O=8; MOIYIIb pasrpy3Ku Ep=4,25*1010 [Ta; ko3 dumuent tpe-
HUS MEXIY oTAenbHOCTIMU - pu=0,4; xoapumment Ilyaccona — v=0,234; BennurnHa CMEIEeHUS OTACIBHOCTEH, 10-
CTAaTOYHAS [ MX 00pyIIeHHs - A; packpbiTie Tpemmt — 8=0,4*10" M, pasmep otaemsHoCTed - d:=0,45 M , 8/d.=10"
% Yksin=2 B; =3,0; BenMUMHA TOPHOTO JABJICHAS B 30HE MAKCHMyMa Hampsvkernii — P,(B cpexnem — 0,8*10 ITa);
CKOPOCTh JICTOHALIUY - D:4,2”‘1O3 M/C; IJIOTHOCTH 3apsijia B3PHIBYATOrO BEIECTBA - p,f:0,8*103 KF/Ms; JIuaMeTp 3a-
psima B3peiBuaTOrO Bemiecta - 0,=0,04 M; CKOPOCTH TPOMOIBLHOM BOJHEI - ¢=5,5%10° m/c; mokasarers YUUTHIBAIO-
i B3anmMoIeicTBHE 3apsanoB B rpynme K,1=1,5; B3anmoeiicTBue Tpymn 3apsI0B IPH B3PHIBAHIH IPOXOIIECKUX
mmypoB - Ku(N)=2; kospdurment otmaun - K, =0,7; kospdurment 3amnaca ycroiunsoctu - K,=1,5; mokazarensb
VUUTBIBAIOIINH CeHCMUUYECKOe JeHCTBHE B3phIBA IS TIPOXOJKH OAWHOUYHOM Bhipabotku - K =1,l4, mpu oTBeTBIIE-
aun K=1,32; mpu nepeceuennu K.=1,56. IloxcraBus gncieHHple 3HaUYeHUSA B hopMyiry (1) momydnm HHKESHEPHYIO
(Gopmyny pacuera: A =d,Pa[7.8*107u—P(1 —u)] *1077K;1K; 1 (2). Hoacrasus B
¢dopmyny (2) uncieHHBIEe 3HAUYCHUS mapaMeTpoB pyaHHKoB KMA Ha riryOune 225 M, HONXYyYMIH, YTO yCTOWIHBBIN
NpoJieT OOHAKEHU: I OJMHOYHOM BBIPaOOTKH — 3,3 M; Ha OTBETBJICHHH BBHIPaOOTKH — 2,88 M; Ha mepecedeHun
BBIPaboOTOK — 2,44 M.

Hayunslii pykoBoauTens: npod. a.T.H. Tronux B.H.

E.N. IPAXUH, .M. MAJIIOLLINH
Canxm-Ilemepbypeckuii I opruwiti Ynugepcumem

HOBBIHA NIOAX0J1 K ®OPMUPOBAHMUIO 3-X MEPHBIX
HBETHBIX MATPUYHBIX KOJIOB FOJIbIIIOIH HH®OPMAIIMOHHOM
EMKOCTHU

AnHoTanusi. Ha paHHBI MOMEHT MaTpuuHble KOABI B psiJie CilydaeB o00JaJar0T HEJOCTaTOYHOU
nH(OPMALMOHHON €MKOCTBIO U He 00eCIIeYBaIOT HA/IC)KHOW 3aIUThl UHTEIUIEKTYaIbHONH COOCTBEHHOCTH, a TaKXKe
HE PACKpPbIBAIOT IMOTCHIMAJI HCIOJIB30BaHUA H0}106HOF0 METOJa XpaHCHU, 3allUCU U YTCHUA I/IH(I)OpMaHI/II/I, qTo
o0ycnaBnuBaeT HeOOXOIMMOCTh CO3/IaHHsI HOBOI'O MaTPUYHOTO KOAA.

Kawuessie ciioBa: barcode, intellectual property, data protection, nanobar-code, laser marking.

Abstract. Currently, the two-dimensional matrix codes in some cases have insufficient information
capacity and do not provide reliable protection of intellectual property, due to lack of the achievement of its
potential that makes it necessary to create a new matrix code.

Keywords: barcode, intellectual property, data protection, nanobar-code, laser marking.

ITpuxoBoii kox — rpaduyeckas HHGOPMALHS, HAHOCKHMAs Ha TIOBEPXHOCTh, MAPKUPOBKY HJIM YIMAKOBKY
H3H6HHﬁ, NpeaACTaBIAOIAsA BOBMOXHOCTh CYUTBIBAHUA €€ TEXHUYECKUMU CpeacTBaMu.

CaMbIM CYIIECTBEHHBIM HEIOCTATKOM CTAHAAPTHBIX ABYXMCPHBIX MATPUYHBIX KOAOB ABJISACTCA HEAOCTA-
TOYHO OO0JIbIIast UHPOPMAIMOHHAS EMKOCTTh CAMHX KOJIOB.

Ha xadenpe MTXMH non pykoBoacrsoMm npodeccopa E. Y. [Ipsxuna Obin pa3paboTaH 3HAUUTEIBHO Oosiee
E€MKHUH JTBYXMEPHBIA KOJ[ C YJIBTPAIUIOTHON 3amuchio, Ha3BaHHbIH HanoOap-koa. O0bEM 3amucu uHOpMAIMK B
HBK mosxet 6p1Th 10 10000 crmBouoB, win 10 10KB nro6oit nudporoit nadpopmanmu. Takxke, Ha ocHoBe Harobap-
Koma OBLT pa3paboTaH MHOTOCIIOWHBIA BETHOW TPEXMEPHBIN KOJ|, TIIAaBHBIM OTIMYAEM KOTOPOTO OT CYIIECTBYIO-
[IUX [BETHBIX TPOIYKTOB CTANIO0 3HAYUTEIHHOE YBEIHICHAE EMKOCTH IpapUIECKIX KOMIOB, a TAKXKE IMOSBUIACH BO3-
MOXKHOCTh (DOPMHpPOBaHHS Pa3HOTO KOJMYECTBA CIOEB KOJa, KaXKIBIH M3 KOTOPBIX UMEET Pa3IHMYHYIO IIBETOBYIO
XapaKTePUCTHKY, TPUYEM KaXIBI U3 CIOEB MOXET COJACPKaTh COBEPIICHHO pPazINYHYI0 HH(POpPMAIHIO (TEKCT,
n3o0pakeHne, BUAEOo, ayauo | T.1.). [Ipu 3ToM, coOOIIeHNs HUKAaK HE CBA3aHBI MEXIY COOOM, MOTYT UMETh Pa3HEIC
METOABI KOAUPOBAHMH, OBITH OTKPBITBIMHA HUJIN KE 3aIlII/I(prBaHHI)IMI/I.

Vcnionp30BaHNE 1IBETOBBIX CIOEB OCHOBAHO HA M3BECTHOM BO3MOXKHOCTH pa30HEHHUs pacTpOBOro M300pa-
JKEHHUs Ha KaHaJbl. Takum O6p330M, MOXXHO ITPOU3BECTH KJIACTEPU3ANIO IBETA U BBIABUTH 3 Wi 4 cios JUIA 3aIIUCHU
nHGOPMAIIUU B 3aBHCUMOCTH OT HCIIOJIB3YEMOH I[BETOBOW cxeMbl. Ha ocHOBE 3THX clio€B MOXXHO c(hOpMHUPOBATH
TIOJTHOI[BETHOE N300pakeHHE B BEHIOPAHHOMN I[BETOBOM CUCTEME.

Hcnonp30BaHne MpeICTaBISHHOTO METO/1a TIO3BOJIIET HE TOIBKO yBenuunTh eMkocTh HEK u ¢hopmuposats
MHOTOMEPHBIN MaTpUYHBIN KO, COAEP KAIIUN HECKOJbKO 3aBHCHUMBIX MM HE3aBUCUMBIX CIIO€B, HO U MaTPUYHBIN
KOJ, COJEp KALIUHA Pa3IUUHbIE KOAbI HA HE3aBUCUMBIX CIOSX.

TeXHNYeCKUM pe3yIbTaToOM, JJOCTHIAEMBIM IPH HCIIOJIB30BAHUHU IPEJIaraéMbIX CIIOCOOO0B, SIBISIETCSI MHO-
TOKpaTHOE ITOBBIIICHHE EMKOCTH KOIa, MOBBIIIEHHE 3alIUIIEHHOCTH HH(POPMAIINH, pacrojlaraeMol Ha CJIOSX KoJia,
mpeoOpa3oBaHUE TPEXMEPHOTO 00BEKTa B IBYXMEPHBIN MOCPEICTBOM (HOPMUPOBAHHUS HA TUIOCKOCTH MHOTOIIBETHO-
r'0 KOJ1a, TOBBIIIEHHE HAJAEKHOCTH CaMOTo KOJa.

A.B. PASHUIIBIH
Tlepmckuii HayUoOHATLHBIU UCCIE008AMENbCKULL NOJUMEXHUYECKUL YHUBEpCUmem
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OCOBEHHOCTH ®AIIMAJIBHOI'O CTPOEHUSA MAT'OBCKOI'O
MECTOPOXKIEHUSA

B pabore paccmaTpuBaroTcs pamMeHCKue oTiaoxeHns Marosckoro, Paesckoro u IOxHo-PaeBckoro momHs-
TUI MaroBcKOro MeCTOPOKICHUSA, KOTOPBIE MPEACTABIEHBI OPTaHOTCHHBIMU M3BECTHAKAMHU, HEPABHOMEPHO HACHI-
IIEHHBIMH HE(THIO U Ta30M.

OcHOBOI1 [UIs BBIAENEHHS Tpynn daruid B puGOreHHOM MacCHBe MOCTY)KWIJIa TUAPOJANHAMUKA W TIyOnHa
naseodacceliHa 0caJKOHAKOIUICHHs, 00YCIIaBIMBAIOLIAsl COPTUPOBKY 00JOMOYHOIO MaTepuajia OTHOCUTENBHO SIpa
puda u ero coctaB. C 1aHHOW TOYKHU 3peHHs B pUPOBOM (aluaabHOM KOMIUIEKCE MOTYT OBITH BBIJCICHBI (hauuu
6uorepmHuoro siapa (bI'), poBHOro MOpCKOro JiHa € MOJBIKHBIM I'HApogrHaMuYeckuM pesxumom (PM/IIT), poBHoro
MOPCKOTO JIHA CO CIIOKOWHBIM ruapoauHamuueckuM pexumoM (PMJIC), rmybokoBonHoit otmenu (OTM) u pudo-
Boro ckiona (PC). Beinenenne danuii mpoBoAMIOCH C TOMOIIBIO MaTEPHAIOB HCCIIEI0BaHMsI KEPHA, OIMCAHUS MeT-
porpaduueckux nungos, a Taxke ganasX [VC ('K, HI'K u KB) mo naraeM 16 ckBaxuH, BKrodatomux 105 onu-
canmii noudoB, 135 onucanuii kepHa.

B xaxmoii rpynme danuii paccMaTpuBanuch 3HaYeHUs! OTKpbITOH mopuctocTh (Ko, %), mpoHUIIaeMoctn
(Ko, MKM2), 00BEeMHOM TUIOTHOCTH (P, F/CMS) 1 octatouHOU BomoHackimeHHoCcTH (K5, %), onpenenennsie mo 135
oOpasiamM kepHa (paMEHCKHUX OTII0KEHHH.

Juis onpenenenus cratuctnaeckux pazmmanit ®EC mo cpeHUM 3HAYCHUAM ISl pacCMaTpHUBaeMBIX (armit
obuT puMeHeH t-kputepuii CThiozicHTa. B pe3ynbpTare aHamu3a ObLIO BBISBJICHO, YTO IO BEJIMYMHE OTKPHITON MOPH-
CTOCTU U 0OBEMHOI IJIOTHOCTH BCE (ALK OTIMYAIOTCS APYT OT JAPYra, a MO MPOHUIAEMOCTH M OCTATOYHON BOJO-
HACBIIICHHOCTH CTaTHCTHYECKU oTianyaercs jauiub pauus PMIT ot ¢aunit BI', PMJIC u OTM.

B xone npoBeieHHOT0 aHajK3a IPU KOMIIEKCHOM HMCIIONIb30BaHUK JaHHBIX KepHa u [IC ObLIN BBIIETEHBI
rpynnsl ¢anuit BI', PMJC, OTM, PMIIL, PC s kaxaoro nukiuTa B paMeHCKUX OTIOKEHHSX M ObUIN MOCTpOe-
HBI (aragbHBIE CXEMBI 10 KaXI0OMY IMKIHTY. Beut npoBenen anann3 m3meHunBoctd @EC s BbIeneHHBIX (a-
nuil. Ilony4eHHBIE pe3ynbTaThl MOYKHO HCIIONIB30BATh AN MOCTPOEHHS ACTANBHBIX T€OMOTHYECKUX MOJEIEN U BbI-
6opa HanboIee ONTUMAIBHBIX TOUEK 3aJ0)KEHHS 3KCIUTYaTallHOHHBIX CKBAaKHUH.

HayuHnblii pykoBoauTeIb: K.T.H., A0L. O.A. Menkuies.

A.A. PASHULIBIHA
TlepmcKuii HAYUOHANBLHYBLIL UCCIEO008AMENLCKUL NOIUMEXHUYECKUT YHUBEPCUMe

CPABHUTEJIbHBIN AHAJIN3 ®WJIBTPAIIMOHHO-
EMKOCTHBIX CBOUCTB NIPOJAYKTUBHBIX ILIACTOB
YHBBUHCKOI'O U TABJIOBCKOT'O MECTOPOXKJIEHUM IO
JAHHBIM U3YYEHMUS IIOJTHOPASMEPHOI'O KEPHA

Lenbto paboTHI ABISIETCSI CPAaBHEHHE T€OJIOTHIECKUX XapaKTEPUCTHK IMPOAYKTHBHBIX IIACTOB ABYX MECTO-
poxnaenwuii - [TaBmoBckoro, pacnonokeHHoro Ha Bocrouno-EBpomneiickoit mardopme (BEIT) u Y HEBHHCKOTO, TIpH-
ypouenHoro k I[Ipenypamsckomy kpaeBomy mporu0y (ITKIT). [IpuypoueHHOCTE MECTOPOXKACHUI K OMpPEICICHHOMY
T€OTEKTOHMYECKOMY JJIEMEHTY 00YCIIaBIMBaET 0COOCHHOCTH NX T€0JIOTHYECKOTO CTPOCHHUSL.

HcxonupiMu  MarepuaiaMy ISl BBIOJIHEHWS aHAIN3a IOCHYXWIM JaHHbIE 10 (GHIBTPAMOHHO-
emKocTHBIM cBoiicTBaM (DEC) 06pa3noB mosHOpa3MepHOro KepHa, 0TOOPaHHOTO M3 CKBAXHH H3y4aeMBIX MECTO-
poxnenuii. B padore nzyuenst ®EC ameHckux 1 TypHeiickux kapOoHaTHbIX (ruiactel @M 1 T) U G0OPUKOBCKHUX U
TYJIBCKUX TEPPUTCHHBIX OTIOXKeHUH (tuacTel b6 u T).

s cpaBHEHUsI CBOWCTB MPOJXYKTHBHBIX IUIACTOB HCIOJB30BAJHCH CIEAYIOLINE MOKa3aTeau: 00beMHas
IJIOTHOCTS (py,), K03 dunuenT otkpriToif nopucroctH (K,,), kos3dpuiment npornnaemoctn (K,p).

C nenbio ompenenenus cratucrtiudeckux pasnuanii ®EC n3yyaeMblx MecTOpoKaAeHHH OBl NMpUMEHeH t-
kpurepuii Ctprofenta. [lo pedynpraTam aHanm3a ObIIO YCTAHOBIEHO, YTO (DaMEHCKHE M TYpHEWCKHE KapOOHATHbIE
OTJIOXKEHHSI 000MX MECTOPOXKJCHUH MPAKTUUECKH HE OTIIMYAIOTCS APYT OT Jpyra, a 000pUKOBCKHE U TYJIbCKHE TEP-
PUTEHHBIE - TIOMHOCTBIO PA3IUUUMBI.

B pesynbTare npoBeNEeHHBIX UCCIEAOBAHUM MOIyYEHBI CIEAYIOIINE BBIBOABL: BO-NIEPBIX, IPUYPOUEHHOCTh
MECTOPOXK/JCHUS K OINpPENEIEHHOMY I€0TEKTOHUYECKOMY 31eMeHTy BiuseT Ha ®EC KoJIIeKTOpOoB MPOAYKTHBHBIX
OTJIOXKECHHH; BO-BTOPBIX, IPUYMHAMH PA3JIMUUs B CBOMCTBAX MOTYT SIBIATHCS, C OAHOM CTOPOHBI, (harHanbHbIe 00-
CTaHOBKH, B KOTOPBIX IPOHUCXOAMIO OCAIKOHAKOIUICHHE, a C IPYTOf CTOPOHBI, BIMSIHNE KaTareHETHIECKUX MPOoIec-
COB, KOTOpBIE Hanboee pa3BUTHI Ha MecTopoxaeHusaX [1KII; B-TpeTprux, MpH NPOYNX PaBHBIX YCIOBHIX MECTOPOXK-
nerans 1IKIT B GonpmmHCTBE citydaeB OyxyT ycrymats MectopoxkaeHusM BEII no npuunne yxyamennsix ®EC, a
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TaKke OOJbLIeH ITyOWHBI 3aleTaHus] MPOJYKTUBHBIX IUIACTOB, YTO, HECOMHEHHO, YBEIHMYHT CTOMMOCTb OypEHUS
CKBa)XHH.
Hayunblii pykoBoaure/b: cTapimuii npenogasatens B.A. Penuna.

A.C. PAKHUIIOB
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

BbIBOP 1 OBGOCHOBAHUE TEXHOJIOT MM LA JSLIEN
JOBBIYY THTAPEHOCHO¥ I'TMHBI HA MECTOPOKJIEHUA
MPUMOPCKOE

[Tpumopckoe - eMHCTBEHHOE B MUPE, 0TpadaThIBAEMOE MPOMBIIIIEHHBIM CIIOCOOOM, MECTOPOXK/ICHUE Oa-
THICKOTO SIHTaps. B COBpeMEHHBIX peansix, Iie IOMHUMO CIIpOca Ha SIHTapb, pacTyT U TpeOOBaHUs, PEIbsBIIEMbIC
K KQ4eCTBY IIPOLYKINH, BO3HUKAET HEOOXOIUMOCTh Pa3paboTKU MAIAIIECH TEXHOIOTHH, KOTOPas ITO3BOJIHT yOepedb
SIHTapb OT MEXaHWYECKOTO pa3pylICHUs B Iporecce TOOBYH. DKOHOMHYCCKHN 3(PPEKT OT pa3paboTKu mogo0HOM
TEXHOJIOTUHM OYCBHJCH, T.K. CTOMMOCTh «COJTHEYHOT'O KaMHs» SBIACTCS HEIMHEHHONW (QyHKIHMEH OT ero pasmepa u
BO3pAcCTacT IOPOH B JIECATKU M COTHU pa3s.

INono6Has 3amaya 1 TOPHON MPOMBIIIIIEHHOCTH J0CTAaTOYHO HETPUBHAIBHA, M B OTCYTCTBHUH HCYEPIIbI-
BaIOIIUX JIAHHBIX O CTETICHH BO3JICHCTBUM MEXaHU3MOB Ha SIHTaph, TpeOyeT SKCIIEPUMEHTAIBLHOTO [TOX0/1a.

[Tpn ananu3e cymiecTByOLIEH TEXHOJIOTHU J00BIYM OBUTH BBIIEICHBI OCHOBHBIE €€ HEJAOCTATKH, CaMbIMHU
CYIIECTBEHHBIMH M3 KOTOPBIX CTaM: ycTapenliee 000py/A0BaHUE, HANWYKME PYYHOTO TPYAa, pa3pyllIeHUE sHTaps B
npotrecce 100bYU ¥ TPAaHCIIOPTUPOBaHKS MO TPYOONPOBOLY Ha 000TaTHTENbHYIO (haOpHKY.

st obecrieueHnsi COXpAaHHOCTH SIHTapsl PaCCMOTPEHBI Pa3IMYHbIE TEXHOJIOTHUH BEJICHUS JOOBIUYHBIX padoT
U BBIOpaH aBTOMOOMIIbHO-3KCKAaBAaTOPHBIH CIIOCO0, MPOBEICHBI OIBITHO-NPOMBIIIJICHHBIE HCIIBITAHUS HA MECTOPOXK-
JICHUH 10 BBIOOPY THIIA 3KCKABaTOPa, OKa3bIBAIOIIETO HAUMEHBIIICE BIMSHHUE Ha [IETIOCTHOCTH TOOBIBAEMOTO SIHTapsl.
HcnbiTanns MpOBOAMINCH C UCTIONB30BAHUEM JpariaiiHa, THAPaBIMYECKOTO IKCKaBaTopa W X KoMOuHanuu. Jlyd-
IMe Pe3yabTaThl MOKa3al THIPaBINYECKUI SKCKaBaTOp, KOTOPHIH OBII 3aJI0KEH B pa3pabOTKy HMPOEKTHOH MOKy-
MEHTalllU B paMKax CO3IaHUs 0OBEKTOB TOPHO-000TaTUTEIHHOTO MPOU3BOICTBA Ha Oa3e I[IpMMOpPCKOTo MECTOPOXK-
JCHUSL.

Astop BeIpaxkaet OmarogapHocTh kKoMmanud OO0 «TOMC WHXHHUPUHTY», €¢ TeHEPATbHOMY JAUPEKTOPY
A.A. TloTeMKHHY U BceMY KOJUICKTUBY, 3a NPEIOCTABICHHYIO BO3MOXKHOCTD ITyOJIMKaIMK JaHHBIX MaTEPHAIOB.

Hayunblii pykoBoauTens: K.1.H., 10o11. A.C. CeMeHOB.

HU.B. PAMUX
Tromenckuii uHOYCMpUAnbLHLLU YHUBEPCUMEN

AHAJIM3 TEKTOHHUYECKOI'O PA3BUTUA MECTOPOKIAEHUSA

ITonnmanue npomeccoB 00pa30BaHUS M MUTPAIMU YIJIEBOIOPOJIOB, BBIICHEHHE 3aKOHOMEPHOCTEH pa3me-
IIEHUsT MECTOPOXKICHUH He()TH M ra3a Ha COBPEMEHHOM 3Talle Pa3BUTHS I'€0JIOTMYECKOW HAayKHW HEMBICIMMBI 0e3
aHaIU3a TEKTOHUYECKOTO Pa3BUTHsI TEPPUTOPUN MECTOPOXKICHHUS.

AGcomoTHOE YMCII0 HE(TSIHBIX M Ta30BBIX MECTOPOXKAECHUH TATOTEIOT K TPAaHULAM JMTOC(HEPHBIX IUTUT U
BHYTPHUIUTUTHBIM aKTHBHBIM TEKTOHHYECKUM OOpa30BaHMAM, KOTOPHIE B T'€OJIOINYECKONH NCTOPUH MCHBITHIBAIM T10-
CIEJCTBHS YePEJOBAHUS MACCUBHBIX U aKTUBHBIX JTANIOB TEKTOHUYECKOTO Pa3BUTHSA U MMENU B3aUMHOE COHAXOXK-
JEHHE TOJI0KUTENBHBIX U OTPULATEIbHBIX CTPYKTYP, Pa3JeICHHBIX Pa3IOMaMH.

I'eonornueckass mHTEpIIpEeTAIsl KyOOB CEHCMOpPa3BEIOYHBIX JAHHBIX ITO3BOJISIET MPOCIEANTh BCE MMEIO-
IIMecss Ha BOJIHOBOM IIOJIE€ TEKTOHMYECKHE HApyIICHHUs: cOPOCHI, CABUTHM, HAJABHTH, PACTSHKCHHA. Takke MOXKeM
OIICHUTh XaPaKTEP PaCUICHEHHOCTH IPUPA3JIOMHOIO IPOCTPAHCTBA II0 Pa3pe3y M IO JATEPATH C BO3MOKHOCTBIO
BBIJICIUTH TJIABHBIA M COMyTCTBYIONME pasnoMbl. [lo manusiM 3-D ceiicMopasBenku nmeeM BO3MOXKHOCTH OTIpesie-
JIeHWs BpeMEHH (OPMHUPOBAHMS TOTO WIM HHOTO JU3IBIOHKTHBA, YTO MO3BOJSIET TPOBOAUTH CTPYKTYpPHO-
cTpaturpadudeckyio mHTEprperanuio. OT 0COOCHHOCTEH TEKTOHWYECKOTO PA3BUTHS HIDKEJIEKAIEro Ieoormde-
CKOTO YPOBHSI 3aBHCHUT CTPYKTYPHBIH OOJIMK BEPXHEro, Tak CHUCTEMBI Pa3jIoMOB (yHIAaMEHTa OINpPENEIsIoT CeTh
JU3BIOHKTUBHBIX HapYIIEHUH U B 0CaJ0YHOM YeXJIe.

Teppuropust UcciIeayeMOro MECTOPOKACHHS TPeCTaBIeHa KPYITHBIM ME30BajoM — cTpykTypoit ll-ro mo-
psAAKa, aHTHKJIMHAIBHOW CKIAJKOH CpelHeTpHacoBO-KaMHO30MCKOTO OCaJ04YHOro uexjia, KOTOpas BO3HUKIA Haj
0JIOKOM CKJIaJ[4aTOT0 Najeo30UCKOro (yHIaMeHTa, BBIABUHYTOI'O BBEPX 10 BEPTHKAIBHBIM pa3iioMaM. Bes teppu-
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TOPHSI MECTOPOXKJICHNS N3PE3aHa CeThI0 TEKTOHMYECKHUX HapyImIeHn. MHOTHE CBOMMHU KOPHSIMHU yXOZAT TIIyOOKO B
(yHAaMEHT U [A0T «HAdao» Ul GOPMUPOBAHUS HAPYIICHUH B OCaIOYHOM UYEXIIE.
[TomydeHHBIE pe3yNbTaThl aHANIN3a YKA3bIBAIOT HAa 3HAUYUTEIBHYIO POJIb PA3pPHIBHOW TEKTOHUKH B 00pa3oBa-
HHUH CTPYKTYPHBIX JOBYIIEK MECTOPOXKACHUH HE(YTH U rasa.
HayuHblii pykoBoauTe b: 1.T.-M.H., ipod. B.U. Ky3nemnos

A.JO.POBKHHA
TromencKutl UHOYCMPUATLHBII YHUSEPCUTHEM

COBEPHIEHCTBOBAHME CUCTEMBbI YITPABJIEHUSA
OPTAHU3AIIMU HA OCHOBE CUCTEMHOI'O AHAJIM3A

Cucrema yIpaBIeHHS - CHCTEMaTH3MPOBAHHBIN (CTPOTO ONpeAeTICHHBIM) Ha0Op cpencTs, cOopa cBeneHUI
0 TIOIKOHTPOJILHOM OOBEKTEe M CPEACTB BO3ACHCTBHSA Ha €ro IMOBEICHHE, NpPEeIHA3HAYCHHBIH IS TOCTHIKECHHS
ompezeneHHbIX Hened. CHCTEeMHBIH aHAIW3 MpeNcTaBiIsieT CcO00H METOMOJOTHIO HCCIISNOBAaHUS  CIIOXKHO
ITOHUMAEMBIX U CIIOKHO HaOromaeMbIXx o0BekToB. JIF000# OOBEKT paccMaTpHBaeTCS C y4ETOM €ro CHCTEMHOTO
XapakTepa, He KaK eIMHOE IIeJIoe, a KaK KOMIUICKC B3aHMMOCBS3aHHBIX COCTaBHBIX JJICMCHTOB, UX CBOMCTB H
nponeccoB. OKkpysKaromasi cpefia CUCTEMBI — 3TO COBOKYITHOCTb BCEX OOBEKTOB, U3MEHEHHE KOTOPBIX BIUSET Ha
CHCTEMY.

Jlrobast opraHuzanys MOXET OBITh paccMOTpeHa Kak eAWHas CHCTeMa, COCTOSsIas W3 OTICIbHBIX

MOJICUCTEM M BIIMSIONMX HA Hee (pakTOpOB BHEIIHETO OKpY)KeHHs (BHEIIHEH cpeabl) puc. 1
BHewnss cpena opranuzanumu

s ITonmuTtuka E:U

g ) Cucrema BHyTpeHHSS cpesia OpraHH3anuy g

5 é Ioxcucrembl BHYTpeHHEH cpelibl ;E Z

E S | Tlpomssoncteo | Ilepconan | Crabxkenne | CObT | OuHAHCH = 2

&n 1P I CH C ) E

s BHenrsss cpena opraHu3auu s
OKOHOMUKaA

Pucynok 1 — Opranuzanus kak cuctema
OCHOBHBIM 3TaloM H3y4eHHs OPTaHMU3alMU KaK CHCTEMBI SBIISIETCS aHAJIU3 €€ TEeKYyIero COCTOSHHS C
MIPUMEHEHUEM METOJAMK CTPATEerHn4ecKOro M KOMIUIEKCHOTO aHalIn3a PUCYHOK 2. BBIBOJIBI, MOJIy4YEHHBIE B paMKax
HCCIIEJOBAaHNUH, MO3BOJISTIOT JOCTUTHYTH JKEJIAEMOT'0 COCTOSIHUSI CHCTEMBI.

MeToauku aHauM3a

SWOT | PEST (STEP) | SNW | ®wunancoBslii | MmymectBennslii | PeiHounsti | Tpymosoit
Buemnsis cpena + + +
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250 C +
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Pucynox 2 — Konn4ecTBEeHHBIE METOJMKH CHCTEMHOTO aHalI3a
B mpaktudeckoil WacTu pabOTBI Ha OCHOBE CHCTEMHOTO aHaji3a OBUIM CHCNaHBl COOTBETCTBYIOIIHE
BEIBOJBl 1O COBEPIICHCTBOBAHUIO TPACKTOPHU PA3BUTHSA U  yIPaBICHUS COBPEMCHHOM CTPOUTEIHHOM
opraHuzanuei.
HayuHnblii pykoBoauTeib: K.5.H., gol. E. I'. Matbic

A.B. PO3EHIIBET
Canxm-Ilemepbypeckuii 20pHbill yHUepcumem

NCCIEAOBAHUE NTUBUPYIOIINX TOBABOK JIJISA
MMOBBIIIEHUA CTABUJIBHOCTHU PACTBOPOB I1PU BYPEHUU B
INIMHUCTBIX TIOPOJAX

HeycToWunBOCTE CTBOJA CKBAXXHHBI B TTTUHHUCTBIX OTJIOXKEHHAX — OJHA M3 IJIABHBIX NMPUYMH OCTAHOBKU
npouecca OypeHUst 1 BOSHUKHOBEHHS OCJIOKHEHMH. Ha ycTOHYMBOCTD CTBOJIA CKBa)KUHBI BIMSIOT Takue (hakTopsbl,
KAaK OPUEHTALMS CKBa)XMHBI B IIPOCTPAHCTBE, BHICOKUE 3HAYEHMS HAIPSHDKEHUN, NEUCTBYIOLUIMX HAa KOHTYpE CTBOJIA
CKBaXHHBI, THII OYpOBOTO pPacTBOPA, THAPOCTATUIECKOE W TIOPOBOE JABJICHHE, TEOMEXaHMIECKIE CBOWCTBA TIIMHU-
CTOM TIOPOJBI, a TAK)KE XapaKTep B3anMOJICHCTBHS MEXKAY IUCTIEPCHOHHOM cpeioi OypoBOro pacTBopa M IITMHACTON
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MOpomoH. YKa3zaHHbIE (PAKTOPHI BIMAIOT HA TOPHBIE MOPOJBI MO-PA3HOMY: IUIACTUYHBIC MOPOABI BBIIABINBAIOTCS B
CTBOJI CKB)KMHBI, TBEPBIC XPYIKHE MOPOABI Pa3pyLIAIOTCS MO/ ACHCTBUEM PACTATUBAIONINX HAMIPSKECHUH, OChINa-
10TCS 1 00BanMBaroTCA. Bece 3To MPUBOAUT K CYKEHHUIO CTBOJIA CKBAXKMHBI, 00pa30BaHUIO IPOOOK U3 BBHIBAJIOB OPO-
b1, YTO B KOHEYHOM WTOTE€ IPUBOANT K MPUXBATaM M 3aTsHKKaM OypOBOrO HHCTPYMEHTA.

Ha cremenp ycTOWYIMBOCTH CTBOJA CKBa)KMHBI BIIHMSIOT TaKHe (haKTOPBHI, KAK COOTHOLIEHUE MEXIY YIIIOM
HAaKJIOHA CKBAKMHBI W YTJIOM HAIIACTOBAHMS, a TAKKE Pa3IMYMEM INPOYHOCTHBIX CBOICTB BHOJIb HOBEPXHOCTH
HAIJIACTOBAHMS U 110 HOPMaJIK K Hell. YacTHuHOe 00pyIIeHHe CTBOJIA YacTO BCTPEYAETCS B BEPTUKAIBHBIX CKBaXKH-
Hax, IPOOYPEHHBIX B MIIMHHUCTBIX MOPO/AX ¢ OOJIBIINM YTJIOM TaJeHUsI MM B HAKIOHHBIX CKBa)KHHAX, KOTOPbIE ITe-
pECceKaroT INIOCKOCTH HAIIACTOBAHMS TIIMHUCTBIX CJIAHLIEB 110JI MAIBIMU YTIaMHU.

ABTOpamM# OBLIH TOATOTOBJIEHBI HECKOJILKO 00pa3IoB INIMH C Pa3IMYHON IIacTHYHOCTHIO. Mcxoas u3 ak-
TUBHOCTU MOHOB, OBIIH 1TOJI0OpaHbl KOMIIOHEHTBI, KOTOPBIE JTOKHBI ObLIH OBl MaKCHMAJIBHO 3aMEUTUTh ITPOIIECCH
JMCTIEPTUPOBAHMS TIIMH

ITocnme o6pabotkm 00pas3moOB, MPOM3BOAWICS 3aMep BPEMEHH 10 YACTHYHOTO M IOJHOTO pa3pyIICHUsS
CTPYKTYpBHI INIMH. bnaromapsi MOydeHHBIM JaHHBIM YAAIOCh NMOAZOOPaTh KOMIIOHEHTHI IS CO3/aHHA PacTBOPOB
CTaOMIIBHBIX B JIIOOBIX BUAAX TIMHUCTHIX MOpoX. B nampHelmem mmaHupyercst 4opaOb0TKa 3THX COCTABOB M HUCIIBI-
TaHWE B IPOMBICITIOBBIX YCIOBHSAX.

Hayunblii pykoBoautensb: a.T.H. npod. H.W. Hukomaes

M.A. POCJIOB, B.A. CACAPOB
DI'BOY BO Puibunckutl 20cy0apcmeeHtbill A8UAYUOHHBLI MEXHUYECKUL VHUBSEPCUmMem
umenu I1.A. Conosvesa

OBECNEYEHHUE TEILJIOBOM YHEPTUEN )KWJIBIX JIOMOB ITIPHU
I'OPHOJOBBIBAIOIIUX NPEAIIPUATUAX

ITpu OCBOCHHHM HOBBIX MECTOPOXKICHHU IMOJIC3HBIX HCKOMAEMBIX, a TaK K€ Ui JalbHEHIell ux mo0bdu
TpeOyeTcs: OOJBIIOE YHCIO PAdOYMX M OOCITY)KUBAIOIIECTO MePCOHANA. B CBSI3M ¢ TeM, YTO HOBBIC MECTOPOKICHHUS
HAXOMATCS B YIAJICHUH OT TOPOJIOB M MOCEIICHHUH, HEOOXOUMO OpPTraHM30BHIBATH MECTa MPOKUBAHMS JIIOJICH B 10-
CTYIHOU OJU30CTH OT MX MecTa paboThl. UTOOBI OM OBUT MPUTOACH Ui MPOKUBAHKUS HEOOXOIUMO Hamuuue 3 G-
(heKTHBHOM CHUCTEMBI OTOILUICHHS. B TaKMX YCIIOBUAX JKHJIBIC JOMa MOTYT OTAIUTMBATHCS C IIOMOIIBIO CAMOCTOSTETb-
HOT'O reHepaTopa TeIula — BOASHOIO KoTia. B kauecTBe TOIIMBA MOKET UCIIOJIb30BATHCA: KAMEHHBIA Yrojb, JpOBa,
pa3HOro poxa OPUKETEHI, Ta3 U Ap.

IIpu BEIOOpE KOTIIa HEOOXOOUMO PYKOBOACTBOBATHCS IPHHITUIIOM 3KOHOMHH, KOTOPBIA 3aKIIOYaeTCs B
HaMMEHBIIIEM OTPeOJICHIEM TOIUTHBA M HaNOOJBIIIEM BBIICIICHUN TEIIA. Y CTAHOBKY KOTJIA MPOM3BOIAT KaK MOKHO
OMIDKe K JKHJIBIM TIOMEIICHUSAM JoMa. [Ipu 5TOM JOIDKHBI COOMOAATHCS CAHUTAPHO-TUTUCHHICCKHIE YCIOBUS TIPO-
JKMBaHUS TIOACH.

B kauecTBe TomIMBa ISl KOTIA BEIOMpPAEM MeJUIeThl. DTO IPaHyJIUPOBAHHOE OMOTOIUIMBO, MOTy4aeMoe U3
Top(ha, TPEeBECHBIX OTXOJIOB U OTXOOB CEIHCKOI0 XO3SIHCTBA.

[emeTsl OTIIMYHO 3aPEKOMEHIOBAIM Ce0s B KaYeCTBE JOCTYITHOTO JKOJIOTHYECKUA YHCTOTO HCTOYHHMKA
sHepruu. lenneTHpie KOTJIBI TOAXOASAT He TOJIBKO JJISl PETYJIIPHOTO 000TPeBa KUIIOTO MOMEIICHHS U IO IePKAHHS
B HEM HY)KHOM TeMIepaTyphl. FIX MOKHO HCIIOJIB30BaTh U JIJIS TIOJTyUEHUS TOpsiueii BOJIbI Ha OBITOBBIE HYKIBI.

IIpuHuun nefcTBUs KOTJIa COCTOUT B caeayroueM. [lemneTsl nogaroTcest BHYTph TONKU MPHU MOMOILU CIIe-
LMAJIbHOTO aBTOMATUYECKHU-YIIpaBiiieMoro mHeka. Korga Bce nomeneHus: JoMa NporperoTest 10 Hy>KHOM TeMrepa-
TYpBI, ITHEK OCTaHABIMBACTCS U MOJada TpaHy npekpamiaercs. [loTpeOHOCTH B TeIUIe HAPSAMYIO ONPEIEIITIOT KO-
JUYECTBO MEIUIET, HEOOXOAUMBIX [UIS O IepKaHusI KOM(POPTHOH TEMIIePaTyphl B )KHUIOM TTIOMEIIICHHH.

B paboTe BEINOIHEHO OMMMCaHUE CHCTEMBI OTOTUICHHS YKIJIOTO OJHOSTaKHOTO JIOMA, a TaK e 00OCHOBaHHE
BEIOOpA TIEJUTET B KaYeCTBE TBEPAOTO TOILTHBA IS KOTEIHHOTO arperara.

Hayunblii pykoBoauTe b: K.T.H., cTapimi npenogasarens A.M. Tomakos

A. C. PBIBAKOB
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Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUMEN

PA3PABOTKA 3D MOJIEJIN MOAbEMHUKA-
OITPOKMILIBATEJIS JIJISI TTOUIEPYKAHUSI KY30BOB
ABTOMOBWIEN B PABOTOCHOCOBHOM COCTOSIHUU

B nanHoii HaydHO-MCCIenOBaTeIbCKON padoTe Ha ocHOBe aHanmm3a MeronoB TO m P aBTOMOOMIEH pac-
CMOTPEHBI YCTPOWCTBA, MO3BOJIAIOIINE TTOBBICUTH KAYECTBO BBIIOJIHAEMBIX PadOT M yMEHBIINTh BPEMS MX BBIIOJ-
HEHHS.

[pencrasnstor naTEpec Metoas! nposeaenust TO u P, ¢ moMOIIBI0 KOTOPBIX BO3MOXKHO 00ecrednuTh pabo-
TOCIOCOOHOE COCTOSIHUE JieTaeil, 0e3 IpHOOpETEeHNsI HOBBIX, a TAKIKE COKPATUTh BPEMsI U TPYA0EMKOCTh PabOTHI.

Ky30B nerkoBoro aBToMoOmIs ABISIETCA HeCcyllel KOHCTpyKuueil. PEeMOHT Ky30Ba CBSI3BIBaeTCs C yCTpaHe-
HHEM BceX JIe)eKTOB, KOTOPBIE MOSIBUINCH B 3TOM y3JI€ B Ipoliecce aKkcIutyatanuy. K unciy Takux 1e)eKToB OTHO-
CSTCSL YCTAJIOCTHBIE W CBapHbIE TPEIIMHEI, OcJabjeHue 3aKIENOYHBIX U PEe3bOOBBIX COEAMHEHUH, KOPPO3HOHHBIE
U3bSI3BIICHNUS, Pa3pBIBBI METAJLIA, IPOTHOBI M IEPEHOCHI CTOEK, YIpyTast U IIacTHYecKas 1eopMalyu, 1 1p.

CymiecTByIomue ycTpoicTBa NOABEMHIKOB-ONPOKHUIBIBATENEH 00I1aJat0T PSIIOM HEJOCTATKOB, TAKUX KaK:
Masiasi BEICOTa TMOIbEMA, OTCYTCTBHE (PUKCATOPOB aBTOMOOWIIA HA MOJXBATaX, BO3MOXKHO MOMEPETHOE OMPOKHIIBI-
BaHME aBTOMOOHJISL.

Jns neMoHCTpanuu JaHHOTO TTOXBEMHHMKA-ONIPOKHBIBATENA pa3padoraHa 3D monens, mo3Bossiomas
HATJSTHO TIPOJEMOHCTPHPOBATH MIPEUMYIIIECTBA JAHHOTO YCTPOUCTBA, aBTOpcKoe cBuaeTenbcTBO No RU Ne 167367
U1, ony6nukoBanubiit 10.01.2017 r., 6narogaps «KECTKOTo» 3aKperyIeHUsl aBTOMOOMIISI, C OJJHOM CTOPOHBI C TO-
MOIIBIO KPEIUICHUs CHEeIMalbHOM OMOpbl K CTYIHLE, a C APYrol — MOPOroBoro 3axsara. JlaHHOE yCTpOMCTBO BO3-
MOJKHO HCIIONB30BaTh C Pa3HBIMM MapKaMU aBTOMOOMJIEH, B pe3ysbTaTe 3aMeHbl OJHOW KpeNnEéXHOMN MIacTUHBI Ha
apyryio. [IpuHnun paGoTsl: mepen HadalaoM HoabEéMa K aBTOMOOMIIO KPEMATCs MOpPOrOBbIe 3aXBaThl, a C APYro
CTOPOHBI aBTOMOOWIISI CHUMAIOTCSI KOJIeCa M K TOPMO3HBIM JMCKaM NPUBHHYMBAIOTCS TUIACTHHBI ISl KPETIJICHUS K
JHUCKY Kojeca omop. IIpu nmoabpéMe aBTOMOOMIIS, Ha pacuETHYIO BBICOTY, IPy303aXBaTHBIN OpraH TSHET HOPOTOBBIH
3axBaT C MOPOTOM aBTOMOOWIISL BBEPX, B 9TO BpPEeMs IUTACTHHA AJISI KPEIUICHHS K JUCKY KoJieca ITOBOPAauYMBAETCS Ha
OCH OCHOBaHHs OIOPBI A0 TEX MOp, MOKA, INIACTHHA HEe YHNPETCS B OTPAHUYMTEIND, NPENATCTBYIOIIUNA EPEBOPOTY
Ky30Ba.

Taxum 00pa3oM, pacCMOTPEHHOE HaMH YCTPOMCTBO, 3aIMIIEHHOE MTATCHTOM, MO3BOJISIET YMEHBIIUTE TPY-
JI0EMKOCTh, MaTepHAJIbHBIE U BpEMEHHBIE 3aTpaThl Ha poseaeHue padot TO u P aBromoOmiei.

Hayunblii pykoBoauTenb: K.B.H, mpod. A. C. Adpanacsen

A. A. CABJIMHA
Canxm-nemepOypacKkuti 20pHbvlll yHUGepcumen

OCOBEHHOCTH MOHUTOPHUHI'A 3EMEJIb _
CEJIbCKOXO34AUCTBEHHOI'O HASHAYEHUW A JTEHUHI' PAACKOU
OBJIACTH

MOHI/ITopI/IHF 3eMellb CEJIbCKOXO03SHCTBEHHOIO Ha3HAYCHUS ITO3BOJIUT IIOBBICUTD 3(1)(1)€KTI/IBHOCTL yiipaBJie-
HUS 3EMCJIBHBIMU peCypCaMU PEruoHa, nNyTeM pEeHICHUS HpO6J’ICM, BO3HHUKIIUX B CBA3U C HpHBaTPISaIIHCﬁ 3€MCJIb-
HbIX YYaCTKOB H IOSBJICHUCM OOJIBIIOrO YHCIIa 3CMIJICBJIAICIIBIICB U (I)OpM CO6CTBGHHOCTI/I.HPOBC,Z[€HHBII7[ aHaJIn3
HOpMaTHBHO-HpaBOBOﬁ 0a3bl MOHUTOPUHI'A 3€MEJIb CEIIbCKOXO3SIHCTBEHHOI0 Ha3HAYCHUS BBIABHJI, YTO 3aKOHOJa-
TCIBHO ,Z[aHHI:II‘/'I Ipouecc He OTPEryjinpoBaH, CJICA0BATCIbHO, TEMaA I/ICCJIC,Z[OBaHI/Iﬁ SABIIACTCA aKTyaﬂbHOﬁ.

HpeﬂnomeHa HaMH1 MCETOJIMKA TMPOBEACHUSA MOHHUTOPUHIA 3€MEIIb CEBCKOXO03SMCTBEHHOTO Ha3Ha4YCHUS,
KOTOpas BKIIOYACT CICAYIOIIUEITAIIbI pa6OTBII

1.HpOBC}IeHI/IeI/IMyIHeCTBeHHO-TGXHI/I‘ICCKOf/'I WHBCHTApU3AIMUN3EMEIIBHOT'O Y4aCTKa B BUJIC!
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a) cbopa OOmMX CBEJACHHIA O 3eMEILHOM yJacTKe (TUIOIIah, aJpec, BUA Pa3pelIeHHOTO HUCIOIL30BaHUs,
KaJlaCTPOBBIC TIOKA3aTeNM) M JAHHBIX O MpaBax (C yKa3aHWeM JaThl MPUOOPETEHUS TIpaBa, TOJHbIE TaHHBIE O CYOb-
€KTax MpaBa, B CIy4ac apeH/bl — €€ CPOK);

0) 3a00pa MOYBCHHBIX 00PA3IOB /UL aHAIN3A U ITOYBEHHAS XapaKTEPHUCTHKA 3eMENIFHOTO yJacTKa ¢ pa3pa-
00TKOW KapTorpaduIecKoro MaTepraa;

2. IPOBEJICHUETIO PE3yIbTaTaM JUATHOCTHYECKUX CBOMCTB IOYBBI HX OOHUTHPOBKY M pa3pabOTKa KapThl
MIOYBEHHOT'0 30HUPOBAHUS;

3.aHaJM3 JTaHHBIX [0 PalMOHAIBFHOMY HCIIOJIb30BAHHUIO,IETICBOMY HAa3HAUEHHION BOCTPEOOBAHHOCTU 3€-
MEJIBHOTO y4acTKa;

4.1mocTaHOBKA 3eMEJIBHOIO Y4acTKa Ha KaIacTPOBBIM y4eT U (WIN) yTOYHEHHE €ro IPaHHIL;

5.KanmactpoBas olleHKa 3¢MEIBHOT0 Y4acTKa [0 HOPMaTUBHBIM JJOKyMEHTaM.

Bce npeuioxkeHHbIe 3Tarbl MOHHUTOPHHIA 3€MEJIb CEIbCKOX03HCTBEHHOTO Ha3HAYEHHS MTOJPOOHO pa3bsic-
HSIOTCSL U HayYHO OOOCHOBEBIBAIOTCA HAa MPHUMEPEMHOTOKOHTYPHOTO 3eMeNbHOro ydactkamromansio 1000,3 ra,
npunamnexamero ®I'HY HUUCX «benoropka» pacmonokeHHoro B ['aTunHCcKoM paifoHe JIeHUHrpaackoi obma-
CTH.

Hayunblii pykoBoauTtens: 1.0.H., mpod. kad. nmxeHepHOU Teonesnu B.®. Kops3un

A.A. CABEJIBEB
Hayuonanvuwiii uccnedosamenvckuil mexnonoeuueckuil ynugepcumem « MUCuCy

OIIbIT UCIIOJIb3OBAHHUA KBAJIPOKOIITEPA I1PH
MAPKIIEUJIEPCKOU CBEMKE KAPBEPA CTPOUTEJIBHBIX
MATEPHAJIOB

bruto BeimonHeHO 0K0J10 40 MCMOMHUTENBHBIX ChEMOK C HCIIONBb30BaHMsI KBaJAPOKONTEpa Ha 5-6 Kapbepax
MockoBcKoit 001acTH.

AspodoTrorpammerpuueckas cbeMka (maee mo tekety AOI'™) npon3BoANTCS ¢ MIPUBSI3KOW OTCHATOTO Ma-
TepHaia K paHee 3aKOOpIMHUPOBAHHBIM pernepaM (OIM03HaBaTEIEHBIM 3HAKAM).

Hamu ncronmp3yercst Or0keTHBIH KBagpokonTep OCHOBHBIE HJOCTOMHCTBA JAHHOTO ammapaTa: CHapsKCH-
Has macca — 1o 1,4 xr; kamepa 4K ¢ paspemennem 4096x2160. V3 HemocTaTKOB MOKHO OTMETHTB: OTpaHHUYCHUE
MIOJICTOB TPY HU3KUX OTPHUIIATENBHBIX TEMIIEpaTypax BO3IyXa M CKOPOCTH BeTpa Ooiee 10 m/c; 3ampeT moieToB npu
aTMOC(EPHBIX OCaIKaX.

g uccnenoBaHuS TOYHOCTH ObIIa BBIIOJHEHA HCIIOJHUTENIbHAS ChEMKa Ha Kapbhepe KBapLEBBIX MECKOB
Bo Bragmmupckoit obGmacti nByms meronamu. Kapbep orpabaThIiBaeTcs THAPOMEXAHH3UPOBAHHBIM CHOCOOOM CO
CKJIaIUpOBaHMEM IeCKa Ha KapTax HaMmbIBa. BBUT mpom3BesieH MoAcCYeT JOOBITOrO MOJIE3HOIO MCKOMAeMOro 4epes
00beM kapT HambiBa. CpeaHuii 00beM KapThl HambiBa cocTaBisieT 30 — 40 Thic. v®. TonoBast MPOU3BOJUTENBHOCTD
kapbepa — okoJio 180 TrIC. M.

OnpITHAas ChEMKa CKJIaa CyXOro Iecka Ipom3BOAmIachk ¢ ucmons3oBaeM GNSS — mpueMHUK (TOYHOCTH
+1 cm) u ¢ momonipio — ADI'M. CpaBHHUTEIBHEIE JaHHBIC PACYETOB JBYMS METOIaMU MPEICTABICHEI B TAOIHIIE.

CBoiHas Ta0NIHIIA MTOKa3aTeleil CheMOK

TToka3zarenu Meron
GNSS ADOI'M
1. Ilmomans ckianma, ra 0,5 0,5
2. Pasmeps! B ruiaHe:
JunHa, M 96 96
Hupuna, M 56 56
Bricora, M 6,29 6,29
3. KoumuecTBO TOUYEK CHEMKH 178 9947
4. PacuerHblii 06beM CKIajia, M° 33830,05 34284,88
5. CpaBHuTenbpHOE pa33jmtme 454,83 +454,83
00BEMOB, M
5.  OTHOCHTENBHAS nc:)rpeumocm 134 +1,34
cheMKH, %

[Ipumeuanue: *—PHHATO K pacyeTy pa3psHKeHHOE 00J1aKo TOYEK.
dakTuueckas TpyI103aTpaTHOCTh Ha moJieBbie paboTsl coctaBmina: GNSS — 3 yaca; AOT'M — 1 yac. Ha ka-
MepasibHyI0 00paboTky: GNSS — 2 yaca; AOI'M — 3 yac.
JlaHHBIN METOJT COOTBETCTBYET HHCTPYKITUH 110 MapKIIeHepCKuM paboTam.
CpaBHUBas B2 PACCMOTPEHHBIX METO/IA [0 TPY03aTpaTaM MOKHO OTMETHTh, YTO METOJ C UCHOJIb30BaHH-
€M KBaJIpOKOIITEpa MEHEE 3aTpaTeH IIPH MOJIEBBIX PadOTax.
HayunsbIii pykoBoauTens: K.T.H., fou. A.W. Tymos
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0.B. CAJIAXYTANHOBA
IOoicno-Ypanvcxuii cocyoapcmeennwiii ynusepcumem (Hayuonanvuwiii ucciedosamenbCkull yHu-
sepcument)

HCCJIEJJOBAHUE YCJIOBUIM BO3IOPAHUSI PA3JIMYHBIX
I'OPIOYUX MATEPHUAJIOB ITPU JIOKAJIBHOM HAT'PEBE

B nocnennue roasl JOCTATOYHO aKTUBHO OOCYXIAeTCs BOIPOC O BO3MOXKHOCTH BO3HHMKHOBEHHMS IOXKapa,
3a cyeT ChOKYCUPOBAHHOTO COJHEYHOTo M3iydeHHs. OJHaKO OCTaeTCsl OTKPBITHIM BOIIPOC O TOM, KaKuM 00pazoM
WIN 32 CYET 4ero oOpa3yercsi IMEHHO C(hOKYCHUPOBaHHBIM MOTOK JYYHCTOH 3HEPIHH, YTO MOXKET UIpaTh poJib, B
3a)KUTaHUM MaTepuia.

Kak u3BecTHO, Naxke B yJaJCHHBIX OT HACEIEHHBIX MECT TEPPUTOpPUI (JIECHbIE MACCUBBI, MeCTa JOOBIUU
HCKOMAEMBIX TOIUIMB) JOCTATOYHO YacTO BCTPEYAIOTCS T€ WM HMHBIE TPOAYKTHI YEIOBEUECKOTO IMPUCYTCTBUS,
HaTpuMep, Tapa U YIMaKOBKa OT HAIIUTKOB, KOTOPBIE YEJIOBEK OCTABISET IOCIE UCIIONB30BaHUs TaM, TI€ OTAbIXAI —
«HYy HE TalIUTh K€ MyCTyr0 OaHKy WM OyTBUIKY ¢ c000il 00paTHO AOMOIl». YUHTHIBas, YTO MOBEPXHOCTH TaKOH
YIaKOBKHM MMEET ONpPENeNIEHHYI0 KPUBU3HY, 4 B CaMOM MOCy 1€ MOTYT HaXOAUTBCS OCTATKH KUAKOCTH, TO TaKas CH-
CTeMa BIIOJIHE MOXKET UTPATh POib (POKYCHPYIOMIEH JIMH3BI («3P3all-INH3a»), T.€. CIIYKHUTh IPUINHON BO3TOPaHHUS 3a
c4eT (POKYCHPOBKH COTHEUHBIX JTydeH.

Llenbro HacTosiIel pabOThI SBISUIOCH ONPE/IeICHHE ONTHYECKUX MapaMeTpoB ((POKYCHOTO PACCTOSIHUS, OTI-
TUYECKOM CHIIBI U BIIMSHUE PaJNyca KPUBU3HBI) IIOJOOHBIX «3p3all-THH3Y.

B pabore u3yueHbl onTHYECKUE TapaMeTphl OA00HBIX «Ip3all-INH3» — CTEKISIHHON M TUIACTUKOBOW Tap U
(parMeHTOB Tapbl. YCTaHOBJIEHO, YTO HAaWOOJBILIEH ONTHYECKOW CHIION XapaKTepU3YIOTCsI CTEKJISIHHblE OaHKU M
OYTBLIKH, 3aTI0JTHEHHBIE BOIOM.

[IpoBeneno nepuBarorpaduieckoe U3ydeHNEe YCIOBUI ra30BBIACICHNUS U PA3IMYHBIX MaTepHaoB, KOTO-
pBIE€ MOTYT BBICTYNATh KaK TOPIOYHE MaTE€pHaIbl, CIOCOOHbBIE K BOCIINIAMEHEHHIO B JIAHHBIX ycloBusx. M xapakre-
pHCTHKa HanboJIee OTacHOTO, I BOSHUKHOBCHHMS BO3TOPaHUs, TEMIIEPATYPHOTO ANAIIa30HA.

IToka3aHo, 4TO AaHHBIE BUIABI «3p3all-IMH3» MOTYT BBICTYNATh B Ka4€CTBE OJHON M3 NMPUYUH BO3TOPAHUS
Pa3INYHBIX MAaTepHAJIOB — JICCHOH Omajl, He(TepasauBbl, TypThl KAMEHHOTO YIS U Topda.

Hayunblii pykoBoaure/b: K.T.H., 1o0. A.W. CongaTos.

JL.U. CAJIMMI'APAEBA
Canxm-IlemepOypeckuii 2opHbili yHugepcumem

MUHEPAJBHBIA COCTAB Y CTPYKTYPHO-TEKCTYPHBIE
OCOBEHHOCTH KOBAJIbT-MEJTHOKO/TYEJAHHBIX PY ]|
JEPTAMBIIIICKOI'O MECTOPOKAEHUSA (FTOKHBIN YPAJI)

JlepraMbIIcKoe MECTOPOKICHUE SBISETCS OTHUM M3 HEMHOTHX KOJTYeTaHHBIX MECTOPOXKICHHIH Y paa,
OTHOCHMBIX OJHUMH HCCIICJIOBATEISIMU K KUIIPCKOMY TUTY [1], a ApyruMu — K aTIaHTHYECKOMY [2], YTO BBI3BIBACT
HHTEpeC K MUHEPAIOTHH Py TOTO MECTOPOKICHUS.

M3ydeHnne MUHEPATEHOTO COCTaBa U CTPYKTYPHO-TEKCTYPHBIX 0COOEHHOCTE! TPOBOIMIOCE METOIaMH OTI-
TUYECKOU MUKPOCKOIIHH. KpOMe TOT0, AMarHOCTUKA HEKOTOPBIX MUHEPAJIOB YTOUHAIACH METOAAMHU MUKPO30-
PC®A B Uentpanshoii naboparopuu BCEI'EN Ha 37€KTpOHHOM MHUKPOCKOIIe-MUKPOAHAIN3aTOPe
MV2300 Cam Scan u pamanoBckoii ciekrpockoruu B IIKIT I'opHOro yHrBEepcHTETa HA PAMAHOBCKOM CIIEKTPOMET-
pe Renishaw InVia.

B pesynprarte GBI BBIIEIEHBI U OMHCAHBI CIEAYIONINE TEKCTYPHO-CTPYKTYPHBIE THIIBI Pyl IPOKHUIIKOBBIE
(IOATUNBL: THPUTOBBIC, MMPHUT-XATEKOMUPUTOBEIC), KOJULTIOMOP(HBIEC, MACCUBHEIC. [ TaBHBIC MUHEPAITBI N3Y9ICHHBIX
PYI: IAPHUT, MAPKA3UT, XaJIbKOIUPHUT, MATHETUT, TETUT, chaneput. Kpome Toro, ObUT BRISBICH THAPOTESPMATBHBIH
T€THUT, HE OIMCBHIBABIIUICS UL Py 3TOTO MECTOPOXK/ICHHS paHee.

Ha ocHOBe OHTOrCeHHYECKHX MPU3HAKOB YCTAHOBJICHBI CTAAUHHOCTH MUHEPAIOOOPA30BAHUS ISl KAXKIOTO
TUTA PYI.

I'maBHBIC BHIBOJIBI, CIICTAHHBIC B PE3YJILTATE UCCIICTOBAHMUS:

1) Cpena pynooOpa3oBaHUs HEOTHOKPATHO MEHSIIACh C BOCCTAHOBUTEIIBHON Ha OKHUCIUTEIBHYIO;

2) Ha popmupoBanme pyasl 3HAYUTEIEHOE BIMSHNAE OKA3aJIH JeHYAAIHOHHBIE IIPOLIECCHI, IPH OTCYTCTBUU
CJICI0OB XUMHUYECKOI'O0 BLIBETPUBAHUA.
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Jlumepamypa:
1. Cepasxun U. b. Munepazenus FOxcnozo Ypana // Jlumocgepa, 2002. Ne 3. C. 19-37.
2. Menexecyesa H.FO. 'emepoeentbie koOanbmM-MeOHOKOI4eOaHHble MECIOPOXCOeHUs 8 YIbmpamagumax
naieoocmposooycholx cmpykmyp. M. — Hayxa, 2007, 245 c.
HayuHblii pykoBoauTe b: 1.I.-M.H., 1po¢. kadp. MKIT M. A. 1BaHoB.

A.P. CAPCEHAJIVEB
PI'Y ne¢pmu u 2aza (HUY) umenu U.M.Iyoxuna

BJIAUAHUE HECOOCHOI'O PACITIOJIOKEHUSA COIIJIA U
KAMEPBI CMEIIIEHUS HA XAPAKTEPUCTHUKH CTPYHHOI'O
HACOCA

Crpyitnsrii Hacoc, corimacao I'OCT 17398-72, ecth HacOC TPEHUs, B KOTOPOM KHIKas Cpela IepeMeniacT-
Cs1 BHEIIHUM ITOTOKOM JKHIKOW cpenbl. OH OTIMYaeTcs BHICOKOH HAAEKHOCTBIO, T.K. HE MMECT IIOJBIKHBIX, Bpa-
LIAIOIINXCS YacTel, BHICOKOI caMOBcachIBaloLIeld CIIOCOOHOCTBIO, IPOCTOTOM PEryJHpOBaHMs HANoOpa M IOJauu,
MaJibIMH rabaputamu ¥ T.4. Cpeau siBHBIX MHHYCOB MOKHO 3ameTuTh Hu3kuil KI1/1, kotopslii He npesbimaer 30%,
OTCYTCTBHUE ITOCTOSIHHOTO ITPUBO/A.

Bonpoc BIHSHUS HECOOCHOTO PACHOJIOKEHUS COIUIAa U KaMephl CMEUICHUS Ha XapaKTePUCTHKU CTPYHHOTO
HAcoCa BBI3BIBAET MHTEPEC, T.K. OCHOBHOW I'€OMETPUYECKUU IapaMeTp Uil CTPYMHOH T'MApPaBIM4YECKOW MAalIMHbI
HaXOJWTCS B MIMPOKOM Jauana3oHe. [loaToMy onpenennB M3MEHEHHE XapaKTEPHCTHK ISl HAcOca C OJHUM I'€OMeT-
PHUYECKHAM ITapaMeTpOM, HEBO3MOXHO C JIOCTAaTOYHOH yBEPEHHOCTHIO FOBOPHTH KaKUM OyIeT NaHHOE M3MEHEHHE
JUISL IPYTOTO HAcoca.

B pabote npoBeneHB! HCCIEeAOBaHUS 0 U3YUCHHIO BIMSIHUS HECOOCHOTO PACIIONOXKEHHS COIUIa M KaMepbl
CMEILICHUsI Ha XapaKTepHCTHKH CTPYHHOro Hacoca. lccienoBaHus BKIIOYAIOT B CEOsl YHCICHHBIE W (U3HIECKUE
9KCTIEPUMEHTBHI.

UuncneHHBIH 3KCIIEPUMEHT MPOBOAMICS B mporpaMmHoM Komiuiekce SolidWorks ¢ momomipro makera
FlowSimulation.

Ou3HUeCKUil IKCIEPUMEHT NOoJpa3yMeBal I'MApaBIMYEcKHe HCIBITaHUS o0Opas3lia CTPyHHOTro Hacoca Ha
CIEIMAIbHO CO3AaHHOM JIa00PAaTOPHOM CTCHJE.

B uTore nosrydeHHble pe3yNbTaThl BUPTYAIbHOTO M (DU3UUECKOTO IKCIEPHMEHTA JEMOHCTPUPYIOT J0CTa-
TOYHYIO CXOJUMOCTb B auana3one 10—15%. Takum o6pa3oM, MOKHO TOBOPUTE O TOM, YTO TEOPETUYECKHUE PACUETHI
JOJDKHBIM 00pa3oM M ¢ JOCTaTOYHOW TOYHOCTBIO OTPAXKAIOT BHYTPEHHHUH NPOIECC TEUSHUS U SHEProoOMeHa I0To-
KOB.

Hayunslii pykoBoaures: k.T.H. C.C. [lekun

B. A. CACAPOB, M. A. ®PEIOPOBA, A.B. IO/IMH
DI'BOY BO «Pvibunckuil 20cy0apcmeeH blil A8UAYUOHHBII MEXHUYECKULL
yuusepcumem umenu I1. A. Conosvésay

CTEHI JJIsI UCCIAEJOBAHMUSA ITPOLHECCOB OBPABOTKHA
HE®THU KOPOTKO - UMITYJIbBCHBIMU BBICOKOUMHTEHCHUBHBIMHA
PA3PAIAMU

JloObiua ¥ TpaHCHOPTUPOBKA HE(TH OCYIIECTBISIETCS B )KECTKHX TeMIepaTypHbIX ycioBusx: ao -50 °C.
3T0 00CTOSTENBLCTBO CKa3bIBAETCS HA CKOPOCTH IepeKauyku HeTH ¥ kECTKHMX TpeOOBaHMI K MEepeKauyMBaIOIIEMY
obopynoBanuro. CireICTBHEM KOTOPBIX SIBISIOTCS SKOHOMHYECKHE 3aTPaThl Ha TPAHCIIOPTUPOBKY HeTH. DTO CBSI-
3aHO ¢ (U3NYECKUM CBOICTBOM HE()TH, KOTOPOE XapaKTepU3yeTcs BSI3KOCTHIO. MIHOTIa BS3KOCTh HETH JOCTHUTACT
TaKUX 3HAYEHUH, 4TO 100bIYA M IepeKadyKa CTaHOBSTCS HEBO3MOXKHBIMH. A 3HAYUT, HEOOXOJUMO OINPEAEIHTH 3 (]-
(beKTHBHBIE CLIOCOOBI BO3/ICHCTBUS Ha HE(Th, CHIDKAIOIINE €€ BI3KOCTb.

Bbutn BBISBICHBI M pACCMOTPEHBI CIEAYIOIINE CTIOCOOBI IO CHIDKEHHUIO BS3KOCTH He(TH: TepMmMuue-
CKH Harpes; A00aBJICHHE XWMHYECKUX IMPHUCATOK; BO3IEHCTBHE yIbTPa3BYKOBBIMH KOJIEOAHWSMH; MATHUTHBIMU
MOJISIMH;, ANEKTPUYECKIMH TOJSIMHA C CO3JaHHUEM BBHICOKOMHTEHCHBHBIX HMITYJIBCOB TOKA; MEPEMEHHBIM ACCHMET-
puaHBIM TOKOM [1-2]. Becbma 3HEpro3hheKTHBHBIM SIBIISIETCS BO3ICHCTBUE IEKTPOTHAPOANHAMHYECKIMH Pa3psi-
JIaMH CO3/1aBaeMbIMH UMITyIbcamu Toka [3]. CyTh MeTo/1a 3aKITF0YaeTCsI B BO3ACHCTBUH Ha MOTOK HE(M)TH DIICKTPOTHI-
POIMHAMHYIECKUMH yJlapaMH. DTO MPUBOIUT K PA3BUTHIO KaBUTALIUH, (POPMUPOBAHUIO UMITYIECOB AAaBICHUS U UHTCH-

225



cuUKaLUK TEIUIO- ¥ MAaCCOOOMEHHBIX MPOLECCOB. [IPOMCXOAUT pa3pblB XUMHUYECKHX CBs3ei ¢ 00pa3oBaHHEM CBO-
OONHBIX  paauKalioB, I3MEHEHHE (PM3UKO-XMMUIECKIX CBOMCTB HE(PTH, yMEHBIIICHNE TUIOTHOCTH U 1p [3].

Henpro paboTsl sBmsieTcs pa3paboTka CTEHAA UL MCCICJOBAHUS IMPOIECCOB CHIDKCHHS BSI3KOCTH HE()TH
IyTEM BO3JICHCTBHS HA MOTOK JKUAKOCTH KOPOTKO-UMITYJIbCHBIMH 3JICKTPHYCCKUMHU pa3psaMyu HE0OX0IUMOU MOTII-
HOCTH.

Bruta pa3zpaborana MareMaTuyeckas MOJCIb JJIMHHBIX MEKMOJICKYIIIPHBIX YHEPTeTUUCCKUX CBsi3ei. B pe-
3yJIbTaTe KOTOPON MONYYMIM 3HAYCHUS IHEPrETHUYCCKHX MEKMOJCKYISIPHBIX CBsize Egmin = 1319,74 xJlxk/kr u
Eg.max = 3422,73 JIx/kr (aast Min 1 max 3HavueHuii BA3kocTd HeTr). OHA MO3BOJIUIIA MPOU3BECTH OIIEHOYHBIE pac-
YeThl SHCPTUH M MOIIHOCTU Pa3psoB, HCOOXOAUMOW UIS pa3pbiBa MEXKMOJICKYIISPHBIX CBsi3el. BBUIO BBISBIICHO,
YTO TIPH MOBBIIICHUN MOIIHOCTH Pa3psiioB, a TaK XK€ WX YaCTOTHI, KOJIMIECTBO PA30PBAHHBIX CBS3€H, KaK JETKOM,
TaK U TSHKEOW HeTH yBEITMIUBACTCS.

Jis mpoBeieHUs HATYPHBIX MCCIEIOBAHMI OB pa3paboTaH SKCIEPUMEHTANBHBIN 00pa3en HCTOYHHKA ITH-
TaHUS U1 yCTAaHOBKH CHIDKEHUS BI3KOCTH. B €ro cocTaB BXOIT: MOBHIMAIOIIHAN TpaHC()OPMATOP, BEIIPSIMHUTEIND 10
CXeMe YIBOCHHS HAIIPsDKEHISI, pa3psAAHBIA KOHACHCATOp, a B KAUYeCTBE TeHepaTopa MMITYIIECOB HCIIONB3YETCS KOM-
MYTAaIUOHHBIN pa3psTHUK.
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Puc. 1. DnexTpuueckas cxema CUJIOBON YacTH U cXeMa YIIPaBJICHUsl YCTaHOBKH
Taxxe ObUT CIIPOSKTUPOBAH, CO3[]aH U UCIIBITAH 00pa3ell pa3psaHOi KaMepbl. B pa3psaHoi kamepe ObLIH
3aJI0’KCHBI HECKOJIBKO THUIIOB Pa3psiIHBIX YCTPOMCTB, IS ONpenesieHus UX d(P(EKTUBHOCTH: pa3psgHOE YCTPOUCTBO
C TapaJuIeIbHBIMH 3JICKTPOJAMHU U BAYBOM Ta3za B 30HY paspsija; pa3psamHOe YCTPOWCTBO THIIA «aBTOMOOWIBHAS
CBEYa» U pa3psIHOE YCTPONCTBO C paAuaIbHBIMU AJIEKTPOJAAMU U aBTOMATUYECKUM PETYIHPOBAHUEM 3a30pa MEXKAY
HUMU.
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Puc. 2. BapuaHT onsITHOTO 00pasiia pa3psiiHON KaMephl

Ha pucynke 2 uzo0paxkeHbl: 1 — BXOJAHOE YCTPONCTBO; 2 — pa3psaHas kamepa; 3 — pabouas 30Ha pa3psiaHON
KaMepbl; 4 — pa3pagHOe YCTPOMCTBO € HapayIeNbHBIMHU 3JEKTPOJaMHM CO BIYyBOM Ta3a B 30HY paspsaa; 5 —
paspsAHOE YCTPOMCTBO THIA «aBTOMOOHIIBHAS CBEYa»; 6 — pa3psiHOe YCTPOWCTBO C paJualibHBIMU AJIEKTPOJIAMH C
aBTOMAaTHUYECKUM PETYITUPOBAHUEM 3a30pa MEXy HUMH; 7 — CY’KMBAaIOLIEECs COILIO.

Hatypnble uccnenoBaHus NpoBOAMINCH HAa CTEHAE, B KOTOPBIM BOIUIM MCTOYHHMK MUTAHUS U pa3psiiHas
kamepa. Llenpro npoBeneHus UCTIBITaHUH OBLIO: MOATBEPK/AeHHE paboTOCIOCOOHOCTH Pa3pabOTaHHOTO MCTOYHUKA
MMUTaHWUs, BBIsBICHUE 3()(QEKTHBHOCTH pa3IMYHBIX BAPHAHTOB Pa3psTHBIX YCTPOHCTB, aHAJU3 BBIXOJHBIX XapaKTe-
PHUCTHK UCTOYHUKA.

B pesynbraTe SKCHEpUMEHTAIBHBIX MCCIIEJ0BAHUH pa3paboTaHHOTO MCTOYHUKA MTUTAHUS OBIIO BBISABIEHO,
YTO aBTOMOOWJIbHAS CBeYa SBJIAETCS HEA(PPEKTUBHON B KAUECTBE Pa3psIHOTO YCTPOHUCTBA. DTO 0OYCIIOBICHO pa3-
PYLICHHEM H30JIATOpa CBEYH YAAPHOI BOIHON C TIOCIEAYIOMINM JIEKTPUIECKUM IPoOoeM.

O PeKTUBHO, C TOUKHU 3PEHUS HAJACKHOCTH, ITOKA3aIH ceOsl mapajuiebHbIe DIEKTPOIbI, U3TOTOBICHHBIE U3
MTOJTHOPE3H00BOH CTATBHOM MIMMIBKH U KalpoJioHa (OH MpodHee PTroporiacTa, YTO YMEHBIIAET BO3MOXKHOCTH I10-
BPEXICHUH B pe3ybTaTe THAPOIUHAMUIECKOTO YAapa).
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Tabmnma 1
TTosrydeHHBIEC B PE3yJIbTATe HATYPHBIX KCIIEPHUMEHTOB M PACCUHUTAHHBIC 110 HUM JTaHHBIC

3a30p Ha KoMyTall. | 3a30p Mexnay 3Jiek- | Hampsoxenwe Yacrora MomtHOCTB CymmapHas »Hep-
paspsIIHUKE, MM TPOIaMHU, MM U, xB v, ['g P, MBT THA CepUH UM-
IyJIECOB
t = 60 cex)
ECVMM! KH)K
1 0,5 4 4,4 4,6 4,9
0 0,5 4 4,5 4,6 5
3 0,5 4,5 3,7 58 52
5 0,5 8 3 18,4 13,2
5 1 8,5 2,7 20,8 13,5
7,5 0,5 20 15 115 41,4
5 15 20 2,5 115 69

B pe3ynbTrate 3KCIEpUMEHTOB, OblTa MOJTyYeHa MaKCHMAllbHO-BO3MOXKHAS CyMMapHasi SHEpIusi paspsiioB
HA CO3JJaHHOM CTeHJIe, KoTopas coctaBmia 69 kJx (vacrota v = 2,5 I', Hanpspkerune U = 20 kB, Bpems t = 60 cek).
[lo monmy4eHHOW CyYMMAapHOW JHEPTHUU OMNPEACTIIA MaKCUMAllbHO-BO3MOXKHYIO MPOHM3BOJUTEIBHOCTD JTaHHOTO
cTeHna, kotopas cocraBmwia 0,046 kr/MUH He(TH. YBEIHYUTH MPOU3BOJAUTEILHOCTh YCTAHOBKH MOXKHO TIOBBICHB
3HAYCHUA YaCTOTHI U HAIIPSXKCHU .

3akJaoyenue
OCHOBHBIM PE3yJIbTATOM MPOBEACHHOTO HCCICIOBAHMS SIBISICTCS pa3paboTKa U CO3/IaHHE SKCHEePUMEH-
TAJILHOTO CTEHJA ISl UCIOJIb30BAHHS €r0 B AAJbHEHIIMX HCCICIOBAHHSX, COACPIKAIIETO HCTOYHHUK KOPOTKO-
HUMITYJILCHBIX Pa3psoB U Pa3psIHYI0 KaMepy C pa3psHbIMU YCTPOHCTBAMH, a TaK K& MPOBEACHHE IKCIIEPUMEHTOB
C MOJIyYSHHUEM SKCIEPHUMEHTAIBHBIX JAHHBIX PA0OThl UCTOYHHMKA MUTAHUS C M3MEHSIOUIMMUCS MapaMeTpaMH HM-
MyJIbCOB 32 CYET PEryIMPOBAHHUS 3a30pa KOMMYTAIIMOHHOTO PA3PSIIHAKA  MEKIIICKTPOIHOTO PACCTOSHHSL.

bubaunorpaduyecknii circok

1. Xykoa E.M. BoszeiicTBue BBICOKOBOJBTHOTO 3JCKTPOTHAPABINYECKOr0 paspsga Ha (U3UKO-
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TPOTHAPOANHAMHYECKON 00paboTku HepTH U e€ coctaBistonmx. [Tekct] // COoCcTOSHUS U MyTH Pa3BUTHS POCCHIA-
ckoif sHepretuku. (. Tomck). 2014. — C. 42 — 45,

P.3. CA®OUHA
Kazanckuii (Tlpusonsccxuil) pedepanvHulil yHusepcumem

PA3PABOTKA IIOAXOJA K HIOCTPOEHUIO
I'EOXUMMNYECKUX MOJAEJIEN 3AJIEZKEU CBEPXBA3KOU HE®THU

B mocnenHee BpeMs B pa3BHUTHH MHUPOBOW He()TSHOW MHAYCTPHH BO3pacTaeT mHTepec K 3amexam CBH.
OpHOI U3 TEXHOJIOTHH W3BIICYCHUS BBICOKOBSI3KOH HedTH siBisiercss TexHonorus SAGD, kotopas Oputa co3maHa
eme B 1970-Xx W mpuMeHSeTCs MO CETOAHSANIHHUNA JIeHb, B TOM YHCIe U B peciyonuke Tarapcran. OmnpenencHue
HarpaBsJeHHUE PACHPOCTPaHEHHs MapoBOW KaMephbl, OCHOBHOTO JIEHCTBYIOIIETro (haKTopa 3TOr0 METOJa, SIBISIETCS
[JIaBHOM 3a7aueil MonenupoBaHus 3anexeid CBH.

B nanHo# pabote mpemokeHo MoaenupoBanue 3anexku CBH Ha ocHOBE JaHHBIX TEOXUMHYECKOTO aHAJIH-
3a. B OCHOBY MOCTPOEHHOH reOXMMHUYECKON MOJETH JIETJIO OTHOIIEHHE M30MEPOB METHIAHOCH30THO(EHOB, SBIA-
IOIUXCS] KOCBEHHBIX NMPU3HAKOM CTeTNeHn Omozerpamannu. OneHeHa BO3MOXKHOCTh UCTIONBb30BaHMUs JAHHOW T€OXHU-
MHYECKOM MOJEeNH Al YTOYHEHHUS T'eOJOTHYECKOH MOJAEIM W MOHHTOPHHTA DPa3pabOTKU 3aJIeKH CBEPXBSI3KUX
He(Tel Ha MpUMEpPE OJTHOTO U3 MECTOPOXKIACHMI peciyOnku TaTapcTaH.

B xone manHON pabOTH MpOaHATN3UPOBAHBI 00PA3Ibl KepHA U3 8 OIIEHOYHBIX CKBa)XWH U MPOOBI HE(QTH U3
7 TOPU3OHTANBHBIX CKBXXHH. AHAIN3 BKIIIOYAJT AKCTPAKIUIO OMTYMOUJIOB, BBIZIEJICHUE HACBHIIIEHHOH (pakiuy Me-
tozoM JKAX 1 nccietoBaHNe HAChIIIEHHOH (pakIMy B XpoMaToMacc-CIIEKTPOMETPUUYECKOl cucreMe. AHaIM3 pac-
TIpe/ieIeHHs] 3HAaUeHNsI COOTHOILIECHUSI M30MEPOB METHIIMOEH30THO(PEHOB MO3BOJIMII YCTAaHOBUTH B3aMMOCBSI3b CTE-
NIeHn Onojerpasanuy ¢ HeTeHACHILIEHHOCTHIO, onpeaenuTs rpanuny BHK, a koppensiuns naHHBIX MO U 3Ha-
YEeHUsI COOTHOLICHUsI HM30MEPOB METHIIMOEH30THO(PEHOB B ITpodax HE(TH U3 TOPU3OHTAIBHBIX CKBaYKHH MO3BOJIH-
Jla OLIEHUTH BEPOATHBIC ITyTH MPHUTOKA HE(PTH K JOOBIBAIOIIMM CKBAXMHAM M ONPENEIUTH BO3MOKHBIE TPAHHUIIBI
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mapoBOX KaMepsl. [ ompeneneHust BO3SMOKHOCTH HCIIOIB30BAHUS T€OXUMHUUECKOW MOJETH IS aHajm3a pas3pa-
60TKH MecTopoxaeHus MeTogoM SAGD He00X01UMO IPOBOANTE AaIbHEHIINNA MOHHTOPHHT.
Hayunblii pykoBoauTe/b: MIaJINi HaydHbIi coTpyaHUK A.E. UeMonaHoB

A. A. CEMUH
Cubupckuii 20cy0apcmeeHHblLL UHOYCMPUATbHBLUL YHUBEPCUMEm

OIIEHKA TEXHOT'EHHOTI'O ITPOSIBJIEHUA CEUCMUYECKOM
AKTUBHOCTHU HA OXPAHSEMBIE OBBEKTBI OT MACCOBBIX
B3PBIBOB HA PA3PE3E «CTETAHOBCKHI»

B3priBHBIE paboThl ABIAIOTCS Hamboiee 3(P(GEKTUBHBIM CIIOCOOOM IMOATOTOBKH TOPHBIX MAacCHI K BEIEMKE.
MaccoBsie B3pBIBEI HECYT COOOH psA HETaTWBHBIX BO3MEHCTBHN Ha Onmm3nexamue tepputopun. CeficMmdeckoe
MIPOSIBIICHUS — SIBIIAETCSA HAanOOJee OMacHBIM, HETaTUBHO BIMAIOIIAM Ha COCTOSHHE TOPHBIX BBIPAOOTOK, a TaKXKe Ha
OXpaHseMble OOBEKTHI, HAXOSIINXCA B MaJOM YIAJCHHUH OT BEJCHUS B3PBIBHBIX paboT. [locTosHHBIE AMHAMUYe-
CKHE Harpy3KH B BHJIC BBIHYXKJICHHBIX KOJ€0aHUI IpyHTa B OCHOBAHHH OOBEKTOB, BHI3BAHHBIE CEHCMHYECKUM BO3-
JICWCTBHEM MacCOBBIX B3PBIBOB, CHIIKAIOT UX HECYLIYIO CIOCOOHOCTB.

TeHZleHHI/IH YBECIUYCHUA 00BEMOB I[O6BI‘-II/I yriig JUKTYET HCO6XOZ[I/IMOCTI> B YBCIIMYCHUHN KOJINYECCTBA MacC-
COBBIX B3PbLIBOB Ha TOPHBIX NPCANPUATUIAX. IloBceMecTHOE YBCIIMYCHUE FJ'Iy6I/IHI)I OTpa6OTKI/I 3aIlacoB BBI3BIBACT
POCT DKCILTyaTallMOHHOTO K03 (UIMeHTa BCKPHIILU B CPETHEM 110 BCEH OTPACIH, YTO TaK JK€ CKa3bIBAaeTCs Ha KO-
JIMYECTBE MAcCOBBIX B3PHIBOB. B CBsI3M C 3THM, NaHHas paboTa SBISIETCS akTyaJbHAa M HeoOXoaumMa [uisi obecrede-
HUSI 6€30IIaCHOCTH OXPAHSAEMbIX 0OBEKTOB, PACIIONIOKEHHBIX BOJIM3H TOPHOLOOBIBAIOIIIX TIPEANPHITHH.

Ha nporspkennn 4-ex neT oCyIecTBISIETCsI MOHUTOPHHT HHTCHCHUBHOCTH KOJ€OaHUH TpyHTa B pe3yiabTaTe
BEICHHS B3pBIBHBIX paboT Ha paspese «CTernaHOBCKHID.

B pesynbrare aHanM3a ¥ CHHTE3a AAHHBIX O KOJICOAHHUAX TPYHTA, TTOMYICHBI 3aBUCIMOCTH HHTCHCHBHOCTH
CCHCMHYECKOTO BO3JCHCTBHS OT NPUBEICHHON MacChl B3PhIBUATHIX BEIECTB M MPHUBEICHHOTO PACCTOSIHUS OT Mac-
COBBIX B3PBIBOB Ha Pa3jIMYHbIX YYaCTKax pa3pe3a A0 IMYHKTa pEerucTpanuu. HpOBeZ[CHa OLICHKA BJHAHUA TOPHO-
T'COJIOTMYCCKUX yCJ'IOBI/Iﬁ U TEXHOJOTHUYCCKUX MMapaMeTpOB Ha MHTCHCHUBHOCTDH CEHCMUYECKOTO BO3ﬂeﬁCTBHH, €ro
XapakTep 1 0coOeHHOCTH. B paboTe oTpaskeHO BIMSHME yIapHON-BO3AYIIHON BOJHBI KaK (hakTopa, BHI3BIBAIOLIETO
BBIHYKACHHBIC KoJieOaHus 3J1aHHUA.

B PEIYAbTATC NMPOBEACHHOI'O UCCICAOBAHUS, MTOJTYYCHBI 3aBUCUMOCTHU U PCKOMEHAAIWN IJIs1 NPEATIPUATUA,
obecrieunBaronye 6e30macHoe BEJCHUE B3PBIBHBIX PA0OT ¥ MUHHMH3ALUIO HETATUBHOIO CEHCMHYECKOTO BO3/EH-
CTBHS Ha OXpaHseMble OOBEKTHI.

HayuHblii pykoBoaMTeJIb: K.T.H., A01. 1.B. Mamykos

E.C. CEMUH
PI'Y ne¢pmu u eaza (HUY) umenu U.M.Iyoxuna

KOMIUVIEKCHBIE PEITEHHUA 11O NTOBBIINEHUIO
IOOEKTUBHOCTU OBOPYJIOBAHUSA ITPU JIOBBIYE BA3KOU
HE®THU C MEXAHUYECKUMHU IPUMECAMU

B Hacrosimee Bpemsi, 6oibIIas 4acTh MECTOPOKIACHUH Poccuy HaxonuTcs Ha 3aBeplIaroniel CTaguu pas-
paboTku. B cBSA3U ¢ 3THM, OCIIOKHSIOTCS YCIOBHUS IKCIUTyaTallid CKBAKUH U TPEOYIOTCS HOBBIE pemieHus mpodieM
JUIS TIOBBIIIEHUS 3 QEKTUBHOCTH MEXaHHU3UPOBAHHOW 100BIYM HEDTH.

VYunteiBas, 9ro Ha 70% (OHIA CKBa)KUH, HKCILTYaTUPYEMBIX MEXaHH3UPOBAaHHBIM CIIOCOOOM, MTPUMEHSIOT-
cs1 YOJIH, pazpaboTka u MoJiepHHU3aIMs 000pyI0BaHHS JJIsi MUHUMH3ALNH BIMSHUSL OCIIOXKHSIOMNX (haKTOpOB Ha
paboty YOJIH siBnsieTcs aKTyaiIbHOI 3a1adeii.

BrlcokoerazocoiepkaHie — OIMH U3 OCHOBHBIX OCJIOKHSIIONMX (haKTOPOB, BIHUSIONIMX Ha padory YOJIH.
[MorpyxHoii IEeHTPOOEXKHBII HACOC, B CTAaHJAPTHOM HCIIOJIHEHUH, MIPEKPAIAET BHIOJIHATE CBOU (DYHKIMH yKE TIPH
25% cBOOOAHOTO Ta3a Ha NpUEME, B CBSI3M C YEM PaclpOCTPaHEHO HCIIOIb30BaHNE Ia30CenapaTopoB, YAAISIOMINX
110 85% cBOOOLHOIO ra3a U3 KUIKOCTH.

Ha 6a3e maboparopun xadenpsr «Mamriasl 1 000pyJOoBaHHEe HE(PTSIHONH M Ta30BOIl MPOMBIIUICHHOCTH
ObLTH IMPOBEACHBI U IPOBOJAATCA UCIIBITAHUA ra30Cc€napaTopoB pa3JIMIHbIX Fa6apI/ITOB n KOHCprKHPIﬁ, B XOJ€ KOTO-
PBIX BBIABIIAIOTCA PEAJIBHBIC XapaKTCPUCTUKU O60py}IOBaHI/I${ B pas3IMYHbIX YCJIOBUAX OKCILUTyaTalluu.

Js MonienmupoBaHus TeX WM HHBIX YCIOBUH paboThI ra3ocenapaTopoB MPOBOJUTCS NOCTOSHHAS MOJICPHU-
3aIys UCTIBITATEIbHBIX CTEH/IOB, a TaK XKe CO3/[aHa pacdéTHas Mozieb paboThl rasocenaparopa.
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[TomyueHHbIe TaHHBIE TIO3BOJIAT MOBBICHTH TOYHOCTH MOAO0pa 00OPYIOBAHMUS, YTO MPUBEAET K ITOBBIIIC-
HUI0 3((HEKTUBHOCTH T0OBIYM HEDTH.
Hayunblii pykoBoauTtenb: k.T.H. F0.A. JloHCKO#

N. b. CEPT'EEB, IL.I1. SMHOBBEBA
Canxm-Ilemepbypeckuii 2opHbili yHUgepcumem

POJIb IU®POBU3AIINN OBIHIECTBA B UIBMEHEHHUUN
CTPYKTYPbI PBIHKA TPYIA

Annomayusn: B cOBpeMEHHBIX YCIIOBHSX PBIHOK TPyJa OABEPKEH OIPOMHOMY BIIMSIHUIO HOCIIEIHUX TECH-
JCHIMH MHpa LUPPOBBIX TEXHOJOTHWH, H3MEHSETCS €ro npogeccHOHaJIbHAsl CTPYKTYpa, IOSBISIOTCS HOBBIC
HalpaBJIeHUs] Pa3BUTHS, MMOBBIILIAIOTCS TpeOOBaHUS K CHelUaIncTaM. B cTaThe OTpakeHbl OCHOBHBIC TEH/ICHIUH B
N3MEHEHHUHU CTPYKTYPBI PhIHKA TPY/a, CBA3aHHBIE C MpoLeccaMy (poBU3any 00LIIecTBa.

Knrwoueesvle cnoea: 1udpoBbie TEXHOIOTUH, PHIHOK TpyHa, IH(PpPOBas SKOHOMUKA, TPYIAOBOW MOTEHIUA,
pecypchl Tpyna, KOMITaHHH.

PriHOK Tpyna — BaxkHeimas cdepa SKOHOMUYECKOH KHU3HU 00IIECTBa, IPEICTABIAONMAs cO00H KOMIUIEKC
COLMATBHO-TPYJOBBIX OTHOIICHUI MEXy 3KOHOMHIECKUMH arceHTaMU, TA€ B Pe3yJIbTaTe KOHKYPEHIINH, Yepe3 Me-
XaHU3M CIPOCa U MPEIIOKCHNUS, yCTAHABINBAIOTCS OTPEEICHHBIN 00BbEM 3aHATOCTH M YPOBEHb OIUIATHI TPY/A.

'maBHEHIIMMHU COCTAaBISIONIMMHU PBIHKA TPYZAA BBICTYNAIOT COBOKYIIHOE IIPEUIOKECHUE, BKJIIOYAIOIICE
HaeMHYIO pabo4ylo CHITy U3 YKCJIa SKOHOMHYECKH aKTUBHOTO HACEJICHMS, U COBOKYITHBII CIIPOC, BBICTYNAIOIINHN B
KavyecTBe OO0l YKOHOMUUECKOH MOTPeOHOCTH B HaeMHOU padoueii cuiie. COBOKYITHOCTD ()aKTOPOB, BIMSIOIIUX Ha
(hopMHpOBaHUE PHIHKA TPY/a CKIaAbIBaeTCs N3 (haKTOpOB, BO3ACHCTBYIONINX HA €ro CIpoc U npeanoxenue. K nep-
BOW IpyIIIe OTHOCATCS YPOBEHb pa3BUTHUS, (OpMBI, 0OBEMBI M CTPYKTYpa OOILIECTBEHHOI'O IMPOU3BOJICTBA, TEMIIBI
pPOCTa ¥ ypOBEHb Pa3BUTHsI HALMOHAJIBHOW SKOHOMHKH, B TOM YHCIIE CTaJusl HaAy4dHO-TeXHHYeCKuil mporpecca. Ko
BTOPOI1 rpymIie: cperHuil ypoBeHb OIUIATHI TPYAa, AeMorpaduieckie Kputepuu, npodeccruoHanbHas 1 KkBanuduka-
LIMOHHAS CTPYKTYpa PBIHKA TPyJaa U JIp.

B coBpeMeHHBIX YCIIOBHSX PBIHOK TpyZa MOJBEPKEH OIPOMHOMY BIHMSHUIO TTOCICTHUX TCHACHIMH MHpa
U(pPOBBIX TEXHOIOTHH, K mpumepy, «anycTpus 4.0». OTo Ha3BaHUE TEKyIIEH TCHICHIIMH aBTOMATH3aLUH U 00-
MEHa JJaHHBIMH B TEXHOJIOTHAX mpomn3BoacTBa. «MHmycTpus 4.0» co3maeT Tak Ha3pIBaeMyto «yMHyIo (abpuky I1pu
9TOM aKTUBHO HCIIOJIB3YIOTCA M JPYyTHe IN(POBHIE PEIICHNUS: 00IauHbIe CEPBHUCHI, HCKYCCTBEHHBIN MHTEIIEKT, MO-
OwiIbHBIE YCTpOiicTBa, colpalbHble ceTH, TexHomoruu Big data, 3D-neuyath, KOTHUTHBHBIE CHUCTEMBI, KuOEpOe3-
OIIaCHOCTB U JIP.

KoMmnaHusiM Npe/ICTOUT MOCTOSIHHO BECTH MOMCK MHHOBAI[MOHHBIX PElIeHUH W OM3Hec-Mojesei, OCHOBaH-
HBIX Ha MPUMEHEHHU IIM(POBBIX TEXHOJIOTHH, & TAK)Ke KBATU(PHUIUPOBAHHBIX CIIEIMAINCTOB, CHOCOOHBIX Pa3BUBAThH
HOBBIE Npo(ecCHOHANbHBIE HABBIKUA BHEJIPEHHS, Pa3paOOTKH, MOIJIEPIKKH U COIPOBOKACHHS LIU(PPOBBIX MPOIECCOB
B YCJIOBUSIX OBICTPOPa3BUBAIOIIMXCS HU(PPOBBIX TEXHOJIOTHI, HOBBIX CTAHAAPTOB M METOJIOB OOYYEHUsI 1 TIOBBIIIE-
HUSI yPOBHS 3HAHUH M TI00an3aum.

[Ipn nccnenoBaHny phHIHKA TPY/la B IEJIOM, CaMOH SIBHOW TEHJCHIMEH SIBISIETCS] BRITECHEHUS psizia mpodec-
CHI HOBBIM CEKTOPOM INPOQECCHH, CBA3aHHBIX, MPEXkK/IE BCEr0 C HAYYHO-TEXHOJIOTHYECKUMH NPOPBIBAMH M OTKPBI-
tusimu B UT-cdepe, aBromatuzanuu. B nepByio odepenp, B 00macTu moucka U pabOThl ¢ JaHHBIMH, 3aIIUTHI WH-
(dopmaryu, 1mojIepKKa MPUHATHS PEICHUH, CONPOBOX/ICHHE MHTEIUIEKTYaIbHBIX cucteM. 1o onenkam ['mobans-
Horo uHcTHTyTa McKinsey, B mupe k 2036 rony Oymer aBromatusupoBano 110 50% pabdounx mporeccoB. OnHaKko
CTOUT OTMETUTh, YTO HA TEKYIIHMH MOMEHT KOMITBIOTEPHU3Al[H MOJJIEKAT B OCHOBHOM CTaH/IAPTHBIE U PYTHHHBIE
3aJ]a4M, BBICOKOMHTEIUICKTYalIbHbIE PEIICHHs €lle He HallIM 3aMEHbl MCKYCCTBEHHBIM HHTEIUIEKTOM B IIHUPOKHX
MacmTabax. B Toxxe BpeMs CTpYKTYpbl KPYITHBIX KOMIIAHHMI BCe Yallle MpeaycMaTpUBalOT MOOMIBHOCTh COTPYAHH-
KOB, BO3MOXXHOCTb CO3/IaHHsI yJaJICHHBIX WIIM BUPTYaJIbHBIX PabOYUX MECT, ayTCOPCHHI YCIYT, YTO CHOCOOCTBYET
CHIDKEHUIO KOJIMYECTBA COTPYIHUKOB Ha (oHe moBblieHns 3¢dexTuBHOCTH Tpyna. UTo B CBOIO ouepeib IPUBOJUT
K 3HAYUTENLHOMY Pa3JIMYMI0 B YPOBHE 3apILiaT, & 3HAYHUT, HEKOTOPbIM 00pa30oM YCHJIMBAET COLMAJbHOE HEPaBEH-
CTBO, CO3/1aBasi HOBBIE YIPO3bI M BHI30BHI OOIIECTBY.

[NosBnenne HOBBIX Mpodeccuii TpeOyeT HOBBIX CTAaHAAPTOB U METOIOB 00ydeHHs B 0oOpazoBaHUH, pedop-
MBI €ro cucteMsbl. [Ipenmourenue ornaeTcs ruOKoi yueOHOM IporpaMMe, HENPEPbIBHOMY 00pa30BaHHIO, OHJIAMH-
00y4eHHUI0 U OHJIAWH-OMOINOTEKaM, JOCTYITHBIM HU(POBEIM 00pa30BaTEIbHBIM KypcaM BBICIIMX YUEOHBIX 3aBelie-
HUMH, NepeKBATUPHUKALNYI COTPYIHUKOB U 00bEMHEHNN HECKOJIBKUX oOusacteil 3HaHni. CBOEBpEeMEHHOE TIPOBe/ie-
HHE MEPONPHATHHA 10 BHEAPEHUIO HU(PPOBIX PEIICHUH Ha NPEANPHUSITHH, TT0 00YUYEHHIO U NEPEroATrOTOBKE paboT-
HHUKOB, a TAKXKe CO3/laHre 00pa30BaTeNbHBIX POrPaMM, HAIIPABJICHHBIX Ha IOBBIILICHUN KBAITN(HUKALUK CHIEIAAIIH-
CTOB 00ecTeuuT MoBbIIeHNne Y (HEKTUBHOCTH JIEATENHHOCTH KOMITAHUY B HOBOW UG POBOIi 3pe.
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B.A. CEPUKOB
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

KOMIIBIOTEPHOE MOJIEJIMPOBAHUE PEKUMOB PABOTbI
CUCTEM 2JIEKTPOCHABKEHMUAA

[IpakTrka paboThl IPOMBIIUIEHHBIX MPEANPUATHH, & B HACTOSIIEE BPEeMsI M KPYITHBIX aJIMHHUCTPATUBHBIX
3MaHUI MOKAa3bIBaeT, YTO CETH AJIEKTpOocHaOkeHus HampspkeHneM 0,4 kB «3apakeHb» BBICIIMMHU TapMOHHKAMH.
Bbarapen konnencaropos (BK), paboraronie npu HeCHHYCOUATBHOM HAIIPSHKCHUH, B PAJIE CIIydacB 9acTO BBIXOJSIT
U3 CTPOS M3-3a MEPerpy3kn TOKAMH BBICIIMX rapMoHHMK. OCOOCHHO Takasl Meperpys3ka OIacHa, Korja WHIYKTHB-
HOCTB ceTH U eMKOCTh bK 00pa3yroT pe3oHaHCHBIN KOHTYP.

B pabote paccMaTpuBaeTcs THIOBas cXeMa 3JIEKTPOCHAOXKEHUS B Tpex(a3HOM HCIOIHEHUH, BKIIOYAIO-
masi ICTOYHUK IHUTaHUS (TpaHcopMaTop), MHTAIOMNN THHEWHYI0 U HeanHelHyo Harpysku u BK. HccrnenoBanue
peKHMa pabOThl CUCTEMBI 3JIEKTPOCHA0KEHHUS! BHINOJHSIOCH B IPOTPAMMHON Cpezie JUIsi MOJICTUPOBaHUS JJIEKTPH-
YECKHX U DIICKTPOHHBIX cxeM Multisim.

Bce pacueTsl M KOMITBIOTEpHOE MOEIHPOBAHUE IPOBOJMINCEH U1 CTAaHAAPTHOTO Psiia HOMHHAJIBHBIX
MOIIHOCTEH S, 0, TPaHCHOpMaTopoB HampspkeHueM 10/0,4 kB, a HeTUHEHHOW HATPY3KOH CIYXKHJI BHIIIPSIMHUTEIb.

TpanchopmaTop u IMHEHHAs Harpy3Ka MOJETHPOBAINCH WHIYKTUBHBIM U aKTUBHBIM CONPOTHUBIICHUSMH,
npuBeleHHbIMU K HanpspkeHuto 0,4 kB. HenuHeitHas Harpyska MopaeinpoBajach Tpex(a3sHbIM MOCTOBBIM BBINPSI-
MHTEJIEM Ha BUPTYaJIbHBIX AMO/AX C PETYIHUPYEeMOH MOITHOCTBIO Py Ha CTOpPOHE MMOCTOSTHHOTO TOKA.

Paccunranb! B otHOCHTENbHBIX equHHaX (Q = Qg / S;yon) MoIHOCTH BK, HPH KOTOPHIX BO3HHKAET Pe3o-
HAHCHBIA PEKUM JJIsl KAHOHHYSCKUX TapMOHHK. Tak it TpaHchopmaropa S, .., = 1000 kB-A oTHOcuTenIbHBIC
momtHocTd bK cocraBuamn Q* =0,89; 0,45; 0,18 u 0,13 o. e. 1 rapmMoHuK ¢ HoMepamu N =5, 7, 11 u 13 cooTBeT-
ctBeHHO. CreoBaTenbHO, Takue MoIHOCTH BK HerenecooOpa3Ho ycTaHaBIMBATH Il KOMICHCAIMN PEaKTUBHOM
moutrocTH. [Tomyuena obmmas hopmyna st Q, IpocTast U y06HAs TS MPAKTHIECKOr0 MPHMEHEHHUS.

B pexumax 6e3 BK BBIABICHO H3MEHEHHE OTHOCHTENbHBIX aMIIuTyA |, = |, /l; TOKOB BBICIIMX rapMOHHK
B 3aBUCUMOCTH OT 3arpy3ku TpaHcGopmaTopa HeIMHEHHOW Harpy3Kon Py /S; on- B acTHOCTH, TIpH 3arpy3-
ke Tpancdopmaropa ot 0 10 | ammiuTyma ls nuHeiiHO yMensmaercs Ha 10% (ot 0,2 10 0,18), a ammiutyaa |3 Ha
50% (ot 0,076 mo 0,038).

YcranosieHo, uyTo B pexuMax ¢ bK u OIu3kux K pe30HaHCHOMY, CYMMAapHBIM TOK, MPOTEKAIOMUN Yepes
BK, moxer B 1,5-2 pa3a npeBblmiaTh HOMUHAIBHEIN TOK BK, a aMIuTy 161 TOKOB BBICHIINX FAPMOHUK MOTYT MPEBHI-
I1aTh aMIUIUTYy TOKa OCHOBHOW TapMOHHKH.

IIpu paznmuHOH 3arpy3ke TpaHchopMaTopa JTHHEHHONH W HENWHEHHOH Harpy3Koil yCTaHOBJICHO MOJOXKU-
TeJIbHOE BIMSTHHE JIMHEHHON Tpex(a3HOi Harpy3KH Ha pe3oHaHCHbIE sBieHus. Tak mpu 3arpyske TpaHcdopmaropa
0,75 (0,25 — nenuuelinas Harpy3ka u 0,5 — nuHeiiHas HArpy3Ka) U Pe30HAHCE HA 5- TapMOHUKE CYMMAapHBIN TOK,
npotekaromuii yepe3 bK ymensmaercs Ha 15 %.

PesynbraTel MOJENMPOBAHHS TOKa3aly, 4To B pexuMax ¢ bK u OMM3KMX K Pe30HaHCHOMY aMILIHTY.IbI
BBICIIIMX TAPMOHHK TOKA, TEHEPUPYEMBIX BBIMPIMHUTEIEM, 3aMETHO OTJIMYAIOTCS OT BeawuuH |, = l3/n, mpunumae-
MBIX TIPH pacueTax B TEXHHUECKOil TuTeparype. B wactHocTH, ipu otcyTcTBHE pesonanca ls = 0,2; ;7 = 0,14; 1y, =
0,09; 1,3 = 0,075 0.e., a [IPY PE30HAHCE HA ISTON rapMOHUKE I =0,09; I;"=0,035; 1;; =0,12; I;5 = 0,14 o.e.

Hayunblii pykoBoauTenb: jao1l., K.T.H. B.H. Koctun

230


http://d-russia.ru/wp-content/uploads/2016/10/strategy.pdf
http://d-russia.ru/wp-content/uploads/2016/10/strategy.pdf

O.1. CUAEJIBbHUKOBA
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

KAJACTPOBAS OHEHKA 3EMEJIb IPOMBIIIJIEHHOI'O H
CKUIAICKOI'O HASBHAYEHUA C YYETOM OBPEMEHEHHNHU B UX
NCITOJb30OBAHUN

B paboTe paccMOTpeHBI aKTyallbHbIE BOIIPOCHI KaJJaCTPOBOI OLIEHKH 3€MeJIb MPOMBIIUICHHOTO U CKIIAJICKO-
ro HazHaueHusi (BPU 9) B acnekre yueta oOpeMeHEHNH B HCIIOJIB30BaHUM TeppuUTOpHUH. Llenbo nceneqoBaHus siBU-
Jack pa3zpaboTKa METOJMYECKUX PEKOMEH/IAIMI 110 COBEPLIEHCTBOBAHUIO METOIMKH MACCOBOI OLIEHKH 3€MEIlb.

Jns peanu3anuy MOCTaBICHHON IIETH MIPOBEACH aHAIHM3 MCXOJHON MHPOPMAIMU O 36MENBHBIX ydacTKax
BPU 9 n nadopmanum o 30HaX ¢ 0COOBIMH YCIOBHSMH HCIONB30BaHUS TEPPUTOPUH, KOTOPHIE HAKJIAABIBAIOTCS Ha
IUTOINAAb 3THX YYacTKOB. [IpocTpaHCTBeHHBIH aHanmm3 BHIIONHICA ¢ moMoinbio I'IC Maplnfo, npu 3Tom ompene-
JICHHE TIIOMIany 3eMelnb, 3aHnMaeMbix 30YUT Ha 3emenbHbIX yaacTkax BPU 9 nmponsBoaninocs myTeM HaJOXCHUS
cioeB «3emenbHbIe yaacTku BPU 9» u «3eMenbHbIC yUacTKH, 3aHATHIE 00pEMEHEHUSIMI.

Jis mokasaTenbcTBa peakInu phIHKa Ha paccMatpuBaeMbiil ¢pakTop «30YUT» ObLIO BBEITIOTHEHO MOACITH-
pOBaHME PHIHOYHOW CTOMMOCTH C BKJIFOUEHHEM €ro B COCTaB IIEHOOOpa3yromux (akTopoB B BHJE (UKTHBHOU Iie-
pemenHoit (Hamuywe -1, orcyterue — 0).

[IpousBenena rpynnupoBka Bcex BunoB 30YUT, pacnonararoniuxcs Ha TEPPUTOPUU 3eMETbHBIX YUYaCTKOB
BPU 9, mo xonuuecTBy MOSIBICHUH Ha 3eMEIbHBIX y4acTKaX, 10 3aHMMaeMOH MU IUIOINAIH U IO periiaMeHTy, Ko-
TOPBIN HaK/IaJbIBACTCS HA XO3AHCTBEHHYIO 1EATEIbHOCTh, BOZMOXKHYIO K OCYIIIECTBICHHUIO HAa 3eMEIbHbIX y4acTKax.
B pesyaprate Boineneno 5 rpynn 30YUT, cpenu KOTOpBIX NpEACTaBICHBI OXpaHHAasi 30Ha HHKEHEPHBIX CETEH, BO-
J0OXpaHHas 30Ha BOJHOTO 00bEKTa, OXpaHHast 30Ha Bo3AymHbIX JIDI, 30Ha perynmupoBaHus 3aCTpOHKH U OXpaHHAs
30Ha 0OBEKTOB KYJIBTYPHOTO HACJIEANSI.

IIpoBeneHo MopenMpoBaHUE KaJaCTPOBOH CTOMMOCTH B COOTBETCTBHM C BBIIEJIECHHON TI'PYNIHPOBKOH H
BBesieHHeM mapamerpa ionfagn 3OYUT Ha 3eMesnsHOM ydacTKe, KOTOPOE MO3BOJIMIIO MTOCTPOUTH (PYHKIMOHAIb-
HBIC 3aBUCHMOCTH KaJZacTPOBOW CTOMMOCTH OT IIEHOOOpa3yromux (GakTopos, B ToM gucie gakropa «30YUT».

HayuHbli pykoBoauTe/Ib: K.T.H., 1o1. E.H. beikosa

M.B. CUBUKOB
Hayuonanvuwiii uccnedosamenvckuil mexnonoeuueckutl ynugepcumem « MUCuCy

IKCHEPUMEHTAJIBHOE UCCJIEAOBAHUE
TPEHIMHOOBPA3ZOBAHUS B OBPA3IHAX 'ABBPO-IMABA3A I1PHU
OJHOOCHOM CXKXATUU METOIAMMU JIAZEPHO-
VJIbBTPA3BYKOBOM CTPYKTYPOCKOIIMU U PEHTTEHOBCKOM
TOMOI'PA®UH

®opmMupoBaHHe W Pa3BUTHE MHUKPOPA3pYIICHHH B reomMarepuaiax HA4MHAETCS C MOMEHTa IPUMEHEHUS
HarpyskKku HE3aBUCHUMO OT €€ BUAA U MPOAOJDKACTCA B TCUCHHUE BCETO BPEMEHU HAXOXJICHUA TOPOABI MO HanySKOﬁ,
BILJIOTH JI0 €€ pa3pyuieHus. MHpOpMaTHBHBIM MapaMeTpoM, CBA3BIBAIOIINM IPOYHOCTH MOPOBI C 1e(EKTHOCTHIO €€
CTPOEHHSI, SIBIISIFOTCSI TTOPBI, TOPOBbIE KAHAJIbI, MUKPOTPELIMHBI ¥ POYHe Ae(EKThI CTPYKTYPHI.

Jlnist u3ydeHusi BHyTpEHHEH CTPYKTypbl reoMarepuaoB ObUIM MOJIy4eHbl 00pasipl rabopo-auabdasa B dhop-
Me mnapaienuieaa 0e3 BUAMMBIX jedekToB. JlazepHO-yibTpa3ByKOBas CTPYKTYpPOCKOIHsS 00pa3sioB radbopo-
nuabasza npoBoawiaack aedexrockonom Y JI-2M, tomorpadudeckue ucciemaoBanus — Ha «SkyScan-1172», u mo-
cienyromas peKoHCTpykuus mo mporpammaM Nrecon, CTan, CTvol Sky Scan. Onpenensimicek pasmepsl, ¢hopma,
00beM, yJielbHask TIOBEPXHOCTh, coodIaeMocTs mop. OOpasis! TOBOAWINCH 10 MOJIHOTO pa3pyIIeHHUs OJHOOCHBIM
cxatueM npu Harpyske 192MIIA na ruppasnmueckom npecce TII-1-1500, mpoBoaMinch J1a3epHO-YyIbTPa3ByKOBast
CTPYKTYPOCKOIHS U PEHTTCHOBCKast ToMorpadust 006JI0MKOB.

WzyueHne CTpyKTYpbI TPELIMH MTOKA3bIBAET, YTO OHHU SIBIISIOTCS JINHEHHO-TIAHAPHBIMH 00JIaCTSIMH, COCTO-
SIIIUMH U3 B3aHMOCBSI3aHHBIX OJIOCTEH, B KOTOPBIX NMPHUCYTCTBYIOT MUHEPAJIbHbIE YaCTUIBI MUKPOHHOTO pa3Mepa.
[NostBneHMe TPEIIUH yIOBIETBOPUTENEHO OOBSICHIET yBEIMUEHHE cO00IMmaeMocT op. B ncxomgaom obpasne cood-
maeMocTh Top cocrasisuia 2,81%, B pazpyiieHHOM 00J0MKe — Ha TIOpsA0K BoIte (27,88%).

Takum oOpazom, korma obpazer rabopo-auabdaspl pa3pymaeTcs Mmoj AEHCTBHEM CKUMAIONIEH Harpys3KH,
CTPYKTYpa MOPOBOTO IPOCTPAHCTBA MpPeoOpa3yeTcs: BHYTPUKPUCTAIIIMYECKUE TTOP YACTUYHO 3aKpBIBAIOTCS, & HO-
BbBIC IIOPBI, C KaTUJIJIApaMU OOIBIINX PpasMEpPOB, OKA3bIBAOTCA COCPEIOTOUYCHHBIMU B HEPCATTN30BAHHBIX TPCIINHAX.

Hayunslii pykoBoauTens: 1.1.H., npod. E.b. Uepenenkas
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K.B. CMHEBPIOXOB
Hayuonanvusiii uccnedosamenvckuil Tomckuti nonumexHuyecKutl yHusepcumem

OIIPEJIEJJEHUE OIITUMAJIbBHOM CTPATETUH PASPABOTKHA
MECTOPOXJIEHWUHA 3ATTIATHOM CUBUPHU ITPU IIOMOIIH
T'OPU30HTAJIBHBIX CKBAYKUH C MHOT'OCTAJIMAHBIM

T'HJIPABJIMYECKHM PA3PBIBOM INIACTA IOPCKHUX OTJIOKEHUN

B pesynbrate paboThl ¢ MPOEKTHO-TEXHOJIOTHYECKIUMHU JIOKYMEHTaMU BO3HUK BOIPOC 00 ONTHUMAalbHOH 1
3¢ QEeKTUBHOM cTpaTeruu pa3paboTKu MecTopoxaeHnit ToMckol 00JlacTH MPH MOMOILIM CKBAXKUH C TOPU30HTAIb-
HbIM okoHuYaHHeM cTBosa (I'C) ¢ mpuMeHEeHHneM TEXHOJIOTMM MHOTOCTaaAuiiHOro paspbiBa ruiacta (MI'PIT). Onaum
U3 IJIaBHBIX BOMPOCOB sBIsieTCs () (HEKTHBHOE PaCIOI0OKEHHE CKBa)KUH, @ IMEHHO OPHEHTALMsI CKBKUHBI B TIPO-
CTPaHCTBE OTHOCUTENILHO JIMHUM PETHOHAIBHOTO CTPecca.

[TpoBenst aHanu3 (GakTUUECKUX AAHHBIX 110 MECTOPOXKAEHHSIM, rae Obutn npoOypensl I'C, Ob1 moiydeH
CIIEAYIONINHA pe3ynbTar: 0e3pa3MepHbIi HHACKC NMPOAYKTUBHOCTH TIPH MONEPETHOM PACIIOJIOKEHUH TPEILINH, OTHO-
CHUTEJBHO CTBOJIA CKBAXXUHBI, B 1,38 pa3 BeImIe, 4eM IIPH MPOJOTEHOM.

Jus onpenenenns 3¢¢GeKTUBHON OpHUEHTAIINH CKBa)XUHBI OBIJI CMOZICITHPOBAH CEKTOpP 4X4 KM C IDIOTHO-
cTeio ceTku ckBakuH 500x500 metpoB ¢ 12 HarHeraTenbHbIMU ckBakMHaMd M 6 I'C ogunHakoBOM AyvHHBL s
touHocTH 3ananust MI'PII Obuti mOCTpOEHBI JBa BapHaHTa MOJENEH C Pa3IMIHBIMU METOAAMH CO3JAaHUs TPEIIUH:
MeToJ BupTyanbHol nepdoparnmu u meton LGR (Local Grid Refinement). Pa3auma B moTy4eHHBIX JaHHBIX COCTa-
Buna 0,01%, i MozenupoBaHust ObUT BEIOpaH METO/ BUPTYAJIbHOM nepdopaluy, Kak MeHee TPYA0SMKHIL.

Boutu paccunTaHbl MOAETH C Pa3IMYHON INPOHULAEMOCTHIO NP MPOUYUX PABHBIX MapaMeTpax CEKTopa, B
pe3yabpTaTe 4ero MOJTy4eHBl CIEAYIOIINEe pe3yIbTaThl: IPH NMPOHUIIAEMOCTH MIpUMepHO Gosbiie 3 M/l, mpoaonbHbIe
TPEIIMHbl HAaYMHAIOT OOTOHATH IONEpeYHble TPEIIMHBI 110 €XETOAHBIM YPOBHAM Yyxe mnociie 1 roma pabo-
TBI;[IPOJIOJIBHBIC TPELIMHBI MO3BOJISIIOT YBEJIHYHUTh BpeMsi 0€3BOJHOM pabOThl CKBa)KUH;IONIEPEUHbIE TPEIUHBI PU
nponuaeMoctu 6ombie 20 M/l npexxaeBpeMeHHO 0OBOIHSIOTCS ¥ HE OTOMPAIOT 3arachl.

W3 sTOTO0 CniemyeT, 9To NpM pacueTe SKOHOMHYECKHUX MOKa3aTelel sl KaKI0Tro KOHKPETHOTO CIIydasi, Mc-
TIOJIb3YSl TIOJy9YEHHBIE BBIBOABI, MBI CMOKEM MOA0OPATh ONTUMAIBHYIO CTPATErHIO pa3pabOTKH MECTOPOXKICHUS C
ucronbp3oBaHueM ckBaxuH ¢ MI'PII Ha ropH30HTIEHOM OKOHYAHHH CKBAYKHHBI.

Hayunblii pykoBoauTeab: 1.T.H., mpod. I[1.H. 3aTukos

A.A. CHPOTKHUH
Heanosckuti cocyoapcmeentbiti XUMUKO-MEXHOJI02UYECKUL YHUBEpCUME

HCCJEJOBAHUE MPOIIECCOB NOHOOBMEHHOM OUYNCTKH
PACTBOPOB U CTOYHbBIX BOJI OT NHOHOB TAKEJIBIX METAJIJIOB
B EMKOCTHOM AIIITAPATE ITPOTOYHOI'O THUITA

B paboTe npoBeneHBI SKCIIEPUMEHTANBHBIE U TEOPETUIECKUE HCCIICIOBAHUS POIIECCOB HOHHOTO OOMEHa B
€MKOCTHOM aIllapaTe MpOTOYHOTO THIA. TeopeTrndeckoe 000CHOBaHME paOOTHl COCTOUT B OTCYTCTBHU aHAIHTHYIEC-
CKHX peIIeHHUH 3a7ad O MepeHoce BEIIeCTBA B TelaX HMPaBUIBHBIX TeOMETPUYECKHX (HopM (HEOrpaHHYEHHOH Iula-
CTHHE, HEOT'PaHHYCHHOM IIWIIMHIAPE H IIape), HOMEIIEHHBIX B IOIYHEPHOJMYECKUH anmapar (MepHoANYecKUH Mo
TBEpIOii (ha3e W HEMPEPHIBHBIH MO KHUIKOH (ha3e) MOJHOrO CMemIeHUs. B M3BECTHBIX PaboTax MPUBOIATCS TOJIHKO
AaHAJUTUYECKHE PELICHUS 3aJa4d HeCTalHOHApHON nu¢p¢y3uu B Telax MPHU YCIOBUU IOCTOSHHON KOHIEHTpaLUU
pacTBOpa WM OTpaHHYEHHOr0 oObeMa pacTBopa. HaiiieHHbIe pelieHns MoMydeHsl IPH TPaHUYHBIX YCIOBUSAX Tpe-
TBEro POAa, B KOTOPBIX KOHIIEHTpanus pacTBopa C 3amaercs B Buae (GyHKINH, 3aBUCAIICH OT BpeMEHH Ipoliecca T,
a B KadecTBe 3aKkoHa C=f(T) HCHOJB3yeTCs YpaBHEHHE MAaTCpUALHOTO OallaHca ammapaTa WAealbHOTO CMEIICHUS
MPOTOYHOTO THIA. [ToTydeHHBIE YpaBHEHUS MO3BOJISIFOT POAHAIN3HPOBATh BIUSHIE 00BEMHOIO pacxojia pacTBO-
pa, TOCTYIAOIIETO B aapaT, COOTHOIICHHE TBEPIOH U JKHUIIKOH (a3 B ammapare, AuaMeTpa WIH TOJIIHUHBI YaCTH-
1bl, a TAKXKE JPYTUX NapaMeTpPOB Ha paclpeesieHne KOHIEHTPAMH BEIIECTBA 110 BHYTPEHHEN KOOpAUHATE TBEPIO-
ro tena. Taxke HalileHBl YpaBHEHHS IS pacueTa CpPelHEH KOHIICHTPAIMH COPOMPYEMOro BEIIECTBA B HOHHUTE U
KOHIIEHTPAI[MN PAacTBOPA Ha BBIXOJIC M3 allllapaTa B 3aBUCHMOCTH OT BpeMEHH mporecca. /i1 mpoBepkH ageKBaTHO-
CTH MaTeMaTH4YeCKUX MOJEJeH OBUIM MPOBEAEHBI YKCHEPUMEHTATBHBIE HCCIIEHOBAHMS IPOIECCa MOHOOOMEHHOU
OYHCTKH PACTBOPOB M CTOYHBIX BOJA OT MOHOB TSIKEIBIX METAJUIOB HA MeMOpaHax, BOJIOKHUCTOM MOHUTE M MOHUTE
cthepuueckoii GOpMBI B eMKOCTHOM alapare MPOTOYHOTO THUIA C MPOTEJUIEpHOM Memankod. PacxoxxneHue pe-
3yJbTaTOB pacueTa U SKCIIEPUMEHTa He TpeBbImaino 15 %.

Hayunblii pykoBoauTens: 1.H.T., mpo¢. C.B. Hatapees.
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A.B. CHTHUKOB
Yumckuii 2ocyoapcmeennulii Heghmsanol mexHu4eckuil yHusepcumem

MATEMATHYECKOE MOJAEJIMPOBAHHME IIVIACTUHHOI'O
PE3OHATOPA JJIAA UBSMEPEHUSA IIVIOTHOCTHU U BA3KOCTHU

B pabote paccmarpuBaroTcsl KOneOaHHs IUIACTHHHOTO PE30HATOPa BHOPAIIMOHHBIX IUIOTHOMEpPA M BUCKO-
3uMeTpa — HauboJjiee NePCIEeKTUBHBIX IIPHOOPOB, KOTOPBIE HEMOCPEACTBEHHO B TEXHOJIOTHUECKHX JIMHUSAX WIH TIPO-
W3BOJICTBEHHBIX arperaTax U3MepsIoT OJHU U3 KIIIOUEBBIX [TapaMETPOB MpH A00bI4Ye, nepepaboTKe, TpaHCIIOPTUPOB-
K€ ¥ KOMMEPYECKOM ydeTe HeTh U He(TeIIPOTyKTOB.

HccnenoBanbl M3ruOHbIE KOIEOaHUs MPSIMOYTOJIbLHO-TUIACTUHHOTO PE30HaTOpa BUOPAIMOHHOTO MJIOTHOME-
pa (BUCKO3UMETpa) MOCPEACTBOM pelleHus AudepeHInanbHOr0 ypaBHEHH CBOOOIHOTO JBMKEHUs (C MpUMEHe-
nueM ¢ynkuuii KpsutoBa-Jlynkana) u merogom Penes-Purna (¢ yMeHblIeHneM KoJmuecTBa cTeneHeil cBodos). B
pe3ynbpTaTe MOJTyYeHbl aMIUIMTyIHbIe QyHKINH U GOPMBI KOJIeOaHHUH, a TaK)Ke yCTaHOBJICHBI 3aBUCUMOCTH, CBSI3bI-
BAaIOIME YacTOTy KojeOaHM M mapaMeTpsl IUTACTHHHOTO pe3oHaTopa (pa3Mepbl, JKECTKOCTh, JHHEHHYIO IUIOT-
HOCTB), IPUYEM PACXOXKACHUSI PE3YJIbTATOB IPH PELICHUH Pa3INYHBIMU MeToaMH He npeBbimaeT 0,5 %.

PaccmoTpeHo BimsSHHUE XUAKOCTH (UbE AEHCTBHE HA PE30HATOP MOAOOHO ACWCTBHIO HEKOTOPOH «IIPHCO-
€IMHEHHON Macchl») Ha KOJeOaHWs M IMyTeM PEUICHUs] ypaBHEHHUS IWHAMUKU B PEKHME CBOOOIHBIX 3aTYyXarOIIUX
KosieOaHU{ AJISl INTACTUHHOTO PE30HATOPA C «IIPHCOSAMHEHHONW MAaccoi» MOJTydeHBI 3aBUCUMOCTH, CBS3BIBAIOIINE
MEXAy co0o0if mapamMeTpbl CBOOOJHBIX 3aTyXaloIIMX KoyieOaHWH (4acToTa, 3aTyXaHWE) M MapameTpbl JKHIKOCTH
(IIOTHOCTB, BSI3KOCTH). [IoMHUMO 3TOr0, OBUIO YCTAHOBJICHO, YTO JaXKe NPH 3HAYMTEIHLHOM 3aTyXaHUH 4acToTa 3a-
TyXaloUIUX KoJIeOaHUH NPaKTHYECKU HE OTIMYACTCS OT YaCTOThl COOCTBEHHBIX KOJIEOaHUH. DTO MO3BOJISET CUUTATS,
YTO TPEHHE MPAKTHYECKU HE BIHMAET Ha YacTOTY KOJEDaHWil, U 4yacTOThl MPUOJIM3UTENIHHO paBHbL. Ha ocHOBaHuM
9TOTro omnpezaeieHa (hopmyla Jyis pacyeTa pe30HAHCHOM 4acTOTHI, HA OCHOBE KOTOPOI MOXeT OBbITh MOJyueHa Ipa-
JTyUpPOBOYHAS XapaKTEPHCTHKOHN IIIOTHOMEPA.

Hay4uHblii pyKkoBOAHTENb: K. T.. H., 1o1. H.A. Mmuubaes

M.A.CKBO3HOB
Yumckuii 2ocyoapcmeennulii Hegpmanoti mexnuueckuil yHusepcumem

COBEPHIEHCTBOBAHHUE KOHCTPYKIN
KOXYXOTPYBYATBIX TEIINTOOBMEHHBIX AIIIIAPATOB

[Toutn Ha Bcex CyMIECTBYIOIIMX IPOW3BOJCTBAX MPUMEHSETCS Hpolece TermaoooMeHa. st ocymecTsie-
HUS TaHHOTO TIpoliecca NMPHMEHSIOT TelIooOMeHHbIe anmnapaTsl. Hanbonee pactpocTpaHeHHBIH THI TeI000MeH-
HUKOB Ha CETOIHAIIHMHI J€Hb — KOXYXOTpyOuaTsie TerioooMeHHble ammapatsl (KTA), HecMOTps Ha HU3KYIO HH-
TEHCHBHOCTbH TEIUIONEpesaun, B 3 pasza HIDKe, YeM y IUIaCTHHYATHIX TeruiooOMeHHUKoB. IllupoTa nx mpuMeHeHus
o0ycIioBiieHa pa3HOOOpa3HeM THIIOB M BAPUAHTOB MCIIOJIHEHHS JUIS Pa3JIMuHbIX YCJIOBHUII SKCIUTyaTalluy, HaJekKHO-
CTBIO M XOPOIIIEH pEMOHTOIIPUIOJHOCTBIO.

OnHOM M3 IPUYUH HU3KOW dPPEKTUBHOCTH SIBJISIOTCS Yallle BCErO MPUMEHSIEMbIE CErMEHTHBIE TIEPEeropoi-
ku. [Ipu oOTexkaHMM TaKMX MEPEropoIOK MOTOK MHOTOKPaTHO MEHSET HalpaBjeHUE ABMXEHUs, 00pa3ys B MecTax
TIOBOPOTOB 3aCTOWHBIE 30HBI, KOTOPBIE CHIXAIOT 3()(PEKTUBHOCTH TETIONEpeayn.

OnHUM W3 TEepCHEeKTUBHBIX MmyTeil yBenmueHus sdexruBHocTn KTA sBnsiercss oprannsanys BUHTOBOTO
JBIDKCHUS TETTIOHOCHUTENS. [IJIsl 9TOTO MPUMEHSIETCS TEPEropo/iKa BUHTOBOH (hOPMBI.

Jns onpenenenus 3(¢GEKTUBHOCTH NMPUMEHEHHS BUHTOBOM IEPEroposikv, HEOOXOJMMO CPaBHHUTH TEILIO-
BbIE ¥ TH/PaBINYECKHIE XapaKTEPHUCTHKH MOTOKA B MEXXTPYOHOM IpocTpaHcTBe. J{IIsl OEHKH TeTIIOrnAPaBIMYECKUX
xapaktepucTuk KTA ¢ cerMeHTHBIMU ¥ BUHTOBOW MEPEropojikaMu ObLIO BBITIOJIHEHO YUCICHHOE MOJACINPOBAHHUE C
NpUMeHeHneM rporpammuoro kommiekca ANSYS.

B pesynerare MomenupoBaHUs OBUIH OINpENeNeHBl BCe HEOOXOAWMBIE MapaMeTphl Ul CPaBHEHUS TEIIo-
0OMEHHBIX anmaparoB. BEIMOTHEHHBIE pacdeThl MOKA3ajl, YTO HATPEBaHUE B alllapaTe ¢ BHHTOBOH MEPEropoaKon
TIPOUCXOJUT MHTEHCHBHee, Ha 60 % yBeMMIMBaeTCS KOJMYECTBO IMEpelaBaeMOi TETUIOBOW DHEPTHH NP TOW Ke
MOIIHOCTH, 3aTPayrBaeMOil Ha MPOKAUKy TETIJIOHOCHUTEIIS.

[IpoBenenHoe cpaBHeHHE MOKa3bIBaeT 3(P(PEKTUBHOCTh MPUMEHEHHs] BHHTOBBIX HEPETOPOAOK B KOXKYXO-
TpyO4aTHIX TETUIOOOMEHHBIX aNmapaTax.

Hayunblii pykoBoauTeb: J1.T.H., npod. P.I.Pu3zsanos
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A. B. CJIETIYXOBA
Tromenckuti uHOyCmMpuanbHblil YHUBEPCUMEN

CIIOCOBb YHPABJIEHWS ITIOT'PY2KHBIM HACOCOM IIPU
HEPUOINYECKOU OTKAYKU HE®THU

[Ipn 100buM HeTH U3 CKBAXXHWH C M3MEHSIOIMMCS YPOBHEM XHUIKOCTH BO3HHKAET HEOOXOUMOCTh IEPH-
OAMYECKU OTKJIIOYATh NOTPYXKHOU Hacoc. il OCYLIECTBIEHUSI aBTOMATHYECKON MEPUOANYECKON OTKAUYKHU >KHUJIKO-
CTH B 9KCIUTYyaTallHOHHOW CKBa)XKWHE, HEOOXOANMO MOCTOSIHHO KOHTPOJIHUPOBATh TUHAMHUECKHN YPOBEHB KHUIKOCTH
B CKBa)XMHE HaJl IOTPYKHBIM 3JIEKTPOHACOCOM.

[onoxxeHne TUHAMHYECKOTO YPOBHS XHIKOCTH B CKBaKHHE OOBITHO OMPEACIAIOT aKyCTHUECKUMH CIIOCO-
6amu. B Hactosmiee Bpemst Hanbouiee MHUPOKOE paclipoCTPaHEHNE MOTYyYMIIN [BA METO/IA!

— TPaJUIOHHBII — C TOMOILBIO IXOJIOTA;

— W Haleqmuil Hanboliee IMUPOKOe PacIpocTpaHeHne Ha npombiciax Tatapun u bamkupun — BosHOMET-
pUpOBaHUeE.

O6a 3Tux crnocoba NMEIOT OJIMHAKOBYIO M (PU3NYECKYI0 OCHOBY U CXEMY peaji3allii, KOTopas 3aKiIiodaeT-
cs B cienyromeM. Ha ycTbe CKBaXKHHBI CO3JaeTCs BOJHA M3MEHEHUs JaBJIEHUS, KOTOpas pacHpOCTpaHsAeTCs B 3a-
TpyOHOM TIPOCTPAHCTBE 1O YPOBHS JKHIKOCTH, OTpa)KaeTcs OT HEro M BO3BPAILACTCS HA MOBEPXHOCTH 3€MJIM K
ycThi0 CKBaXHH. [Ipom3BoanTCS M3MEpeHHE BPEMEHH MEXAY BO30YXKICHHEM BOJIHBI M BO3BpAIlCHHEM €€ Ha I10-
BepxHOCTh. OTpenenB CKOPOCTh PaclpOCTPAHEHNE 3BYKa W BOJIHBI JABJICHUS B 3aTPYOHOM HPOCTPAHCTBE MOXKHO
OTIPENECTINTh IUHAMWIECKUH YPOBEHb KHUIKOCTH B CKBaKMHE. HemocTaTkoMm criocoba sBISIETCS CI0KHOCTD OIpese-
JICHUS] CKOPOCTH 3ByKa B 3aTPYOHOM IPOCTPAHCTBE CKBa)KHHBI.

[Ipennaraercst crioco® mosrydeHnst HHPOPMAIMK O JUHAMHYECKOM YpPOBHE JKHAKOCTH, B OCHOBE KOTOPOTO
JIOKUT (QUKCUPOBaHKE IIYMOB B CKBakMHE. Kak M3BecTHO, paboTa CKBa)XHMHBI COMPOBOXKIAETCS IIyMaMH IIacTa U
LIyMaMH IOTPYKHOTO TIacTa, KOTOphIe He HeCyT ToJie3HoM uHpopmanuu. CyIHOCTh COco0a 3aKIo4yaeTcs B I10-
JIYYCHUHU B CHEKTPE YaCTOT IIYMOB aKyCTUYCCKUX MCTOK IMOABIAONIUXCA HA T'PAHULIC IEPEXOoaa KUJAKOCTU U I'a3a B
3aTpyOHOM IIPOCTPAHCTBE C MOMOIIBIO YETBEPTHBOJIHOBBIX aKyCTHUYECKUX PE30HATOPOB.

W3BecTHO, YTO MpU BHELUIHEM BO3/IECUCTBUHU 3BYKOM YETBEPTHBOJHOBOTO aKyCTHUECKOTO pe30oHaTopa, Mpo-
HCXOJUTH MOJIAaBJICHUE 3ByKa HAa Pe30HAHCHOHN YacTOTe aKyCTUYECKOTO PE30HATOpA.

CBOICTBO 4ETBEPTHBOIHOBOI'O PE30HATOPA MOTJIOMATH YaCTOTHI, IIPEIUIAraeTCsl UCTIOIb30BaTh Il (POPMHU-
pOBaHUS aKyCTHYeCKOM MeTKH. [Ipy HaXOKIEHHWM PEe30HATOpa B JKUAKOCTH, B KOTOPOW pacHpOCTpaHAETCA IIyM,
MIPOMCXOIUT TOTJIONICHHE YacTOThI, PABHOM PE30HAHCHOW YacTOTHI PE30HATOPA, T.€. POPMHUpYETCS aKyCTHIecKas
METKa B BHJIE UMIIYJbCa MOMIOIIEHHON 9acTOTHI, a KOI/la PE30HATOP HAXOAUTCA B ras3e, TO aKyCTUYECKas METKa
CTaHOBUTCA B BUJ€ UMITyJIbca MOSIBUBILIEIICA 4acTOTHL. B KadecTBe cpelcTBa KOHTPOJIS HIYMOB B CKBa)KHHE MOXKHO
UCTIONB30BaTh TMAPO(OH

AxkycTHdeckas MeTKa IpeoOpa3yercsi ¢ IOMOIIbI0 BTOPHUYHOM ammapaTrypoil B 3JIEKTPUYECKMH CHIHAJ
YIIPaBJIEHUS MOTPYKHBIM HaCOCOM.

IIpennaraemsiii cioco6 mpocT u HagekeH. OCHOBHOE yCIOBHE pPealn3aliu crocoba, 3To HaJHYHe IIIyMa B
CKBaXXHHE.

Hay4Hblil pykoBoauTeb: K.T.H., 1011, X.H. My3unos

T.A. CMUPHOBA
Heanosckuii 2ocyoapcmeennulii snepeemudeckutl ynusepcumem umenu B.U. Jlenuna

3ATPSI3HEHUME ITOYB B UBAHOBCKOM OBJACTH

Lenpro paboTHI SBISETCS aHATH3 COCTOSHHUS ITOYB B MIBaHOBCKOH 00JIACTH HA HAJIMYHE B HUX TSDKEIIBIX Me-
TaJUIOB.

MHTeHcuBHOE pa3BUTHE MPOMBIIUIEHHOIO MPOU3BOACTBA MPUBOAMUT K POCTY XMMHYECKHUX OTX0J0B. U3
YHCJIa 3JIEMEHTOB, MOAJIEKALIUX B HACTOALIEE BpeMs IEPBOOUEPEAHOMY HCCIEAOBAHUIO B MTOUBE, SBIISIOTCS MbILIb-
K, pTyTh, KQIMU/A, CBUHEIl U IWHK (TIEPBBINA Ki1acc omacHOCTH). Cofiep)kaHue yKa3aHHBIX JIEMEHTOB B IOYBE SIBJIS-
€TCSl BOXKHEHIIINM MMOKa3aTeeM, XapakTepHU3yIoIM CaHUTAPHO-TUTHEHHYECKYIO 00CTaHOBKY, TaK KaK OHU CIOCO0-
HbI HAKAITMBATLCS B OPTaHU3ME YeJIOBEKa M OKa3bIBATh OTPABJIAIONIEE U KAaHIIEPOTCHHOE JICHCTBUE.

B nanno# paboTe MpOBOAMIOCH UCCIICIOBAHKIE HA IPUCYTCTBHUE TSHKEIBIX METAJUIOB B MPoOax MoYB € Tep-
putopuu roponoB MBanoBo u KruHemma, a Takke MPUIIETAIONINX K HUM TeppUTOpHi. B mabopaTopun n3 orobpan-
HBIX 00pa3loB OBLIM MOJYYEHBI KHUCIOTHBIE BBITSDKKH M TIPOBEAEH PsJl OMBITOB, BBISBISIONINX HATMYHUE TSKEIBIX
METaJJIOB: HOHOB CBUHIIA, MEJU U XKeJle3a.

Ha ocHOBe npoBeIEeHHOTO KaYeCTBEHHOTO aHali3a OBUIO BBISBICHO HAIMYHE METAJUIOB B HEKOTOPBIX MPO-
0ax. Monsl cBuHIA ObLTH OOHApYKEHBI B P0o0Oax MOYBBI, COOpaHHOW y aBTo3ampaBku B I. KuHemmMa u y 1oporu ¢
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WHTEHCHUBHBIM JBMKEHHEM. MIOHBI MeIy MPHUCYTCTBYIOT B MPOOAX IIIOZOPOJHBIX MOYB C OTOPOAOB 000X TOPOJIOB,
n3 sieca r. IBaHoBO 1 aBTo3anpasku . Kunemma. MoHBI xene3a HaOI0anuch BO BceX 00pasiax Moy, KpoMeE 1Mod-
BHI Jieca T. KuaemmMa u mouBbl, coOOpaHHOHN Y TPaccHl.

JUis mepBOHAYaNbHOW OLICHKHM HA HAJIMYME METAJUIOB B MOYBE MPOBOIAT KAYECTBEHHBIN aHANM3, [UIA I1O-
crenyromel, 6oee MOTHON, OIEHKH COCTOSIHUS 3eMeIb HEOOXOANM TaK K€ KOJIMYECTBEHHBIH aHAIN3 COJCpP KaHU
3arpA3HAIONINX BEIIECTB.

B xoze paboThI OBUIH MPOBEIEHBI IPAKTUYECKHE OIBITHI IO TMPOPAIIMBAHUIO CEMSH KYJIbTYPHBIX TPaBSIHH-
CTBIX PACTCHUH Ha aHAJIM3UPYEMBIX TOYBAX.

HayunebIii pykoBoauTens: K.T.H, tou. H.A. Epemuna

K.10. COJIBEBA
Yumckuii 2ocyoapcmeennulii Hegpmanoti mexHuueckuil yHusepcumem

COBEPIIEHCTBOBAHME OPTAHU3AIIMOHHO-
METO/IMYECKOI'O ATIITIAPATA B YUACTH PEAJIM3AIINN
IMPOTI'PAMMBI TOBBIIIEHUS SHEPT OY®PEKTUBHOCTH
PEJANPUSTHNA TOK

MupoBsle SHEPreTUYECKUE TPEHIbl XapaKTEPHU3YIOTCSI HA COBPEMEHHOM JTalleé HANpaBICHHOCTBIO Ha OU-
BEPCU(PHKAIMIO MCIIOJIb3YEMBIX HCTOUHHKOB YHEPIHH, @ TAK)KE aKTHBHBIM MOMCKOM TEXHUUYECKHX M OpraHH3allHoH-
HO-YIPaBJICHYECKUX TEXHOJIOTHH TOBBIIEHHUS SHEPro3()(HEeKTHBHOCTH COLUATIBHO-O)KOHOMUYECKHX CUCTEM.

Ceropss, nepexo/l Ha HHHOBAIMOHHBIN IyTh Pa3sBUTHA YKOHOMHKH — IJaBHas 3afgada Poccuiickoit dene-
parmu. J{71s OCyIIecTBICHUS JaHHOTO Mepexoia He0OX0IMMO HUCII0NIb30BaTh TEXHOJIOTUH COBPEMEHHBIX TEXHOJIOTH-
4yeckuX ykianoB. C OJHOW CTOPOHBI, JKOHOMHYECKOE Pa3BUTHE BCETa COMPOBOXKAAETCS POCTOM DHEpronoTpediie-
HUSI, C IPYrOW — CTaBUT CEPHE3HYIO 33jauy M0 SHEProIKOHOMHUU.B pamkax TpaHchopMalyy MUPOBOM IKOHOMHY e-
CKOW CHCTeMBbI, HabIIoJaeTcst pocT MOTpeOIIeHHS IeKTpoIHeprun.3a nociennue 20 ner obmee noTpedieHne YHep-
THHA B MUpPE YBEJIUYIHIOCH B 2 pa3a, focTurayB B 2016 1. 21 191 TBT1*u.CornacHo mporso3am, MEPOBOE TIOTpede-
Hue nepBudaHOit aHepruu ¢ 2011 mo 2030 r. Oyxer pacTu kak MUHUMYM Ha 1,6% B roa. JInanpyrommM HCTOYHHKOM
SHEPTHH B MHUpPE Ha CETOJHS BCE €IIe OCTaeTcs He(Th — A0 B MUPOBOM MOTPEOICHNN SHEPTOHOCUTENIEH COCTaBIIA-
eT 30%, a 1011 BO30OHOBIIIEMBIX HCTOUHHUKOB — OKOJIO 3,2%.

[IporHO3bI CBHAETENBCTBYIOT, YTO K 2030 T. B CTPYKType SHEPropecypcoB OOJBIIYIO YacTh I10-TIPEKHEMY
OyAyT COCTaBIIATh UCKOTIAaeMbIe pecypchl. IIpn 3ToM, caMmble BBICOKHE TEMITBI pocTa OYIyT UMETh BO30OHOBIIIEMBIE
HUCTOYHUKH SHEPTUH.

MOXHO TOBOPUTH O ABYX HMPOTHBOCTOSIIHUX HHEPTOTEXHOIOTHYECKUX IUIaThopMax: CHCTEMbI MPOHU3BOI-
CTBa M HUCIIOJIb30BaHMA TOIUIMBHBIX M HETOIUIMBHBIX PecypcoB. B 3Toif cBs3u O0JbIIOe KOMUYIECTBO YUEHBIX 00Opa-
Tunu BHMMaHue Ha mokasatenb EROEI - cooTHomenne noimydyeHHOW 2HEprum K 3aTpaueHHou. [lo cpaBHeHHIo C
1930 r. mokazarens cHuxkancs, B 1970 roay on coctasist okosio 30, a B 2000 — ot 10 go 20. JlaHHOE CHUXEHME
EROEI rosopur o ToM, 4T0 HE()TH CTAHOBHUTCS MEHEE TEPCIEKTUBHBIM HCTOYHUKOM 3HEPIUH, YTO BBIHYXIAET JIN0O
MIOCTETICHHO 3aMenIaTh e€, TM00 IMOBHIIATh 3()(HEKTHBHOCTH €€ NCIIOJIb30BAHMSL.

Takum oOpazoM, skoHOMHKa Poccum, CHCTEMHO 3aBHCAIIAs OT JIOXOAOB B TOIIMBHO-YHEPTETHYECKOM
KOMIUIEKCE, TpeOyeT BapHaHTOB OPTaHU3AI[IOHHO-9KOHOMHYECKOTO IEPENPOSKTUPOBAHUS C 1IETBI0 yUeTa MUPOBBIX
TEXHOJIOTUYECKUX TPEHIOB B JHEPTETHKE.

HayuHblii pykoBoauTenb: kK.0.H., 1oi. J.A. 'amusosa

II.LA. COPOKHHA
Canxm-Ilemepoypeckuii I opnwiti ynusepcumem

PEHTABEJIBHOCTDb IEPEBO3OK MUHEPAJIbHO-CBIPBEBBIX
PECYPCOB ABTOMOBUJ/IbHBIM TPAHCIIOPTOM B YCJIOBUSIX
KPAUHEI'O CEBEPA

O6mas miomans tepputopun Kpaiinero Cesepa Poccun u npupaBHEHHBIX K HUM PaliOHOB COCTaBIISET
11,9 muH. kB. kM (okono 70% Tteppuropuu PD). OTn TeppuTOpHN OTIANYAIOTCS HU3KOHM IUIOTHOCTBIO HACENICHUs, B
cpenHeM 1 uenoBek Ha 1 kB. kM. OOmIas 4nCIEHHOCTh HaceneHus paiioHoB Kpaiitnero CeBepa cCOCTaBISIET OKOJIO
11,5 mH. yenosek. Pa3BuTue 3TUX TeppUTOPHI MPEACTABIAET CTPATETUUECKUI HHTEpEC AJs TOCYAAapCTBa, TaK Kak
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Ha HUX cOCpenoTodeHa OoJblias 4acTh MPUPOIHBIX pecypcoB Poccun. Ha tepputopmsx Kpaiinero Ceepa Haxo-
mutes 90% 3amacoB yrirsa, 80% THAPOIHEPTETHYECKIX PECYPCOB, OOJBIINE CTpaTeTHIECKUE 3armacsl HeTH u rasa,
MOYTH BeCh 00BEM pa3BEeAAHHBIX PEAKUX METAJUIOB M ajlMa30B, ITOJIOBHHA JKEJIEe30PYIHBIX 3aiexei, 80% mecHbIx
pecypcoB u 6onee 60% 3amacoB MPecHOH BOIBI.

TpymoeMKOCTh BBHITIOJTHEHHUS TUIAHOB 3aB03a Ipy30B B CeBepHBIC PETHOHBI OOYCIIOBIIEHA 3HAYUTEIHHBIMHU
PAacCTOSIHUAMHU NEPEBO30K, CIOXKHOW TEXHOJIOTMEW NOCTaBKH, IIMPOKON HOMEHKJIATYPOH NEPEBO3UMBIX I'PY30B U
OrpaHMYCHHBIMH CpoKaMH. HecraOuibHas morojga M CypoBble KIMMaTH4eCKHE YCIOBHS — KIIIOYEBBHIE (haKTOpHI,
OCJIOXKHSIIOIIME 3aBO3 I'PYy30B B pailoHbl KpaitHero CeBepa ¢ mMcnosib30BaHMEM aBTOTpaHcHopTa. [Ipobnemy cosna-
IOT:

1. Huskue Temneparypbl, KOTOpbIE IOMHUHUPYIOT B pETHOHE OOJIBIITYIO YacTh T0J1a;

2. CHerona/ipl, CO3/Iat0IIe HETIPEOJ0INMbIE ITPerpasl Ha J10porax;

3. [Toxoe cocTosHUE JTOPOXKHOTO MOKPBITHS, MOJBEPrarolieecs: MOCTOSHHOMY arpecCMBHOMY BO3-
JICHCTBHIO;

4., Hanmune HEMPOXOOMMBIX yJacTKOB;

5. OTcyTcTBHE €QUHOM aBTOTPAHCIIOPTHOH CETH;

6. Hepassurocts HHPPaCTpyKTypHI.

B Takux ycioBuSAX peHTAOEIHHOCTH IEPEBO30K TPY30B, KaK OTHOIICHHE MPHUOBUTH K AKCIUTYaTallHOHHBIM
pacxoiam, aBTOMOOMIIEHBIM TPAaHCTIOPTOM YMEHBIIACTCS.

Io cymecTByOIIEH METOAUKE pacueTa PEHTA0CIFHOCTH 0 KKION U3 CTaTeH SKCIUTYaTallMOHHBIX 3aTPaT
00513aTeNBHO YYUTHIBATh OIPABOYHBIE KOIPQUIHEHT.

[IpoBeneHHbIN aHAIN3 HOPMAaTUBHO-TIPABOBBIX aKTOB TMO3BOJIAET CHENaTh CIEeAyIOlIe BRIBOALL. B HacTos-
ee BpeMsi OTCYTCTBYET METOJIMKA pacdyera PeHTaOCIbHOCTU MEPEBO3KU I'PY30B aBTOMOOUIIBHBIM TPAHCIIOPTOM B
ycnoBusix Kpaitnero Cesepa, B KOTOPOU Obl YUUTHIBAIKUCH BCE OCOOCHHOCTH 3THX IIEPEBO30K.

B kauectBe pacuera peHTaOCIEHOCTH IPY30BHIX IIEpeBO30K B ycimoBusax Kpaitnero CeBepa MOKHO OBIIIO OBI
MIPEUIOKUTh YIUTHIBATH TIPU OTIPENEICHUH SKCIUTYaTallHOHHBIX PACXOMOB TaKHE COCTABIIAIOIINE: HAaIpUMeEp, KOc-
BEHHBIE PAaCcXOJbI Ha CTPOHUTEIHCTBO BPEMEHHBIX JOPOT (3UMHHKOB). [IpoaHamuM3upoOBaTh M YIECTh 3aTpaThl Ha Xpa-
HEHHE W TOTPY30YHO-Pa3TPy30YHBIC PaOOTHL, pPa3leiNB TEPPUTOPHIO pa3MEIICHHs pa3BEeJaHHBIX M MPOTHO3HBIX
3aracoB MUHEPAILHOTO CHIPhS MO CTETIEHN BO3MOKHOCTH 00ecTieueHIsI peTHOHAIBHBIX MTOTPEOHOCTEH.

Hayunblii pykoBoaurTeib: K.T.H., fou. Tanesunkuii 1.B.

H. K. CTAPIIEB
Hepmcruii Hayuonanonwuii ccneoosamenwvckuil Ionumexuuveckuil Ynusepcumem

IHEPT O®P®EKTUBHBIE METObI IIOABOPA I''YBUHHO-
HACOCHOI'O OBOPYJIOBAHUA

B Poccwuiickoit eneparnyu Ha HacTosIIee BpeMs HE MEHEE JBE TPETHBCEH IHEPTHH, MOTpeOIsIeMoil pu
n00bde HePTH YXOAWUT Ha MOJBEM IUIACTOBOM >KHIAKOCTH Ha MOBEPXHOCTh, T.€. HA pab0Ty CKBaKMHHBIX HACOCHBIX
ycraHoBok. [Toutn 75% o6bvema noObrun HedTH B Hamel crpane obecreuensl YIIH. Tonbko 45% Beex poccmii-
CKHX CKBaXXUH, 3KcIuTyatupyemsix YOLIIH paboratoT B mpeaenax pabodeil yaCTH HOMMHAIBHOW XapaKTepUCTUKH. B
3HAYUTEIbHON YacTH CIy4yaeB yCTAHOBKH 3KCIUIYyaTHPYIOTCA 3a IpeAeiaMM JIEBOW IpaHUIlB paboueil xapakTepu-
CTUKH, HEKOTOPOE YUCIIO — B MpaBoi yacTu. JleBast 30Ha oTiinyaetrcs Hu3kuM KIIJ] 1 BEICOKMME TemIepaTypamHu.
[ToBsImeHue TeMIIEpaTypsl NPUBOJUT HE TOJBKO K CHHXKEHHIO HapaOOTKM Ha OTKa3, HO M OYEHb CHJIBHO BIIUSET Ha
sHepronorpediaeHne obopynoBanus. B cBsi3u ¢ 3TUM akTyanbHOW Temoil craHoBUTCS 3¢ dexTuBHbIN noadop 'HO,
KOTOPBIIl HEBO3MOXEH 0€3 HCIOIb30BAHUSI COBPEMEHHBIX METOAMK pacyeTa.

Texymue MeToanku, ucnosnsdyemsle npu moxdoope 'HO ycrapenu u He Moryr obOecrnednTh JOJKHOTO
YPOBHSI TOYHOCTH PacueToOB, B CBSI3M C YEM BO3HHKAET MpobieMa HEeOOXOIMMOCTH pa3pabOTKHM HOBOW METOIMKH
mooopa, kotopas obecreunt dhdextuBHbIi nogdop F'HO, cHU3HUT 3HEPromoTpedIcHHE U YBEINIHUT BpeMs PabOoTHI
000pyI0BaHUS.

e HacTosimer paboThI:

. PaszpabotkanoBoit metoguku nogbopa 'HO, xotopast obecnieunt 3 PexTuBHYI0 paboTy 060pymo-
BaHUS Ha BCEM CPOKE IKCIDTyaTalluy ¥ OOIBIIYI0 CXOANMOCT PACUETHBIX TApaMeTPOB ¢ (GaKTHIECKUMHU JaHHBIMHU.

3amaun HaCcTOAIICH PaOOTHI:

. AHanu3 TEKyIIMX METOJMK Mojdopa U oreHka d()(PeKTHBHOCTH Ha TpuMepe OOoNbIIoro odnema
JAHHBIX

. Cosznmanue HOBOM MeToaukH moa6opa 'HO, ¢ yaeToM MpoBeeHHOTO aHAIN3a,

. [IpoBeneHne TEXHUKO-IKOHOMUYECKOTO aHAITN3A.

PesynbraT HacTosme paboThI:
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Ha 01.02.2018 r. mpomsseaen moadop mrst 15 ckBaxnn 000 «J TYKOMJI-IIEPMby. Cormacro dakrude-

CKHM 3aMepaM, METOANKA,B CPABHEHHHU C TEKYIIUMH METOJAMM,II03BOJIMIIA COKPATUTh IOTPEOICHHE JIIEKTPOIHEP-
run Ha 10% mpu ToM e ypoBHE H0OBIIH HEPTH.

Hayunblii pykoBoauTenb: K.T. H., 1oil. Kadg. HI'T TH® I[THUITY I1.1O. Umommia

A.E. CTAPLHEBA
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

OCOBEHHOCTHU NPOEKTUPOBAHMSI HECYUIUX
’KEJIE3SOBETOHHBIX KOHCTPYKIUH 3JIAHUI B CEUCMHNYECKHUX
PAMOHAX

Lenp paboTsl — Ha IpHMepe MPOSKTUPOBAHMS HECYIIETO MOHOJIUTHOTO JKeJIe3006TOHHOTO KapKaca JKHIIOTo
JIOMa, CTPOSIIErocs B ceiicMudeckoM paifoHe (T. I'elleHIKUK), BBISIBHTH OCOOCHHOCTH MPOCKTHPOBAHUS 3IaHUM,
CIIOCOOHBIX BOCHPHHHUMATE 3eMJICTPSICEHUS 0KUIAeMOil HHTCHCUBHOCTH ¢ MHUHUMAIIBHBIM YIepOOM, U HaiiTu pe-
LIEHHS C ONTUMAJIBHBIMU TEXHHUKO-KOHOMUYECKHMHU TOKa3aTessiMi. [IpoekTHpyeMblii 0OBEKT MpEeACTaBISIET CO-
0011 HIECTHAITAIKHOE JKHUIIOE 3[aHUE C MOHOJMTHBIM KeJIe300€TOHHBIM IPOCTPAHCTBEHHBIM KapkacoM. B pabore BbI-
MOJIHEHO CpPaBHEHHE PE3YJIbTATOB PAcyYETOB, BBINOJIHEHHBIX «BPYYHYIO» C MOMOIIBIO HW3BECTHBIX METOAUK MAEH-
CTBYIOIIMX HOPMAaTHBHBIX JIOKYMEHTOB U C MOMOIIBIO POrPaMMHO-BBIUUCIUTENILHOTO KoMIuiekca Autodesk Robot
Structural Analysis Professional. Ha ocHoBaHuM aHaiiM3a MoJly4eHHBIX pe3y/IbTaToOB, @ UMEHHO CEHCMHUYECKUX CHI U
YCUIIMI OT UX BO3JEHCTBUS, BHIIOJIHEHO YTOYHEHHE T€OMETPHU M OCHOBHBIX THUIIOPA3MEPOB 3JIEMEHTOB HECYIIHX
KOHCTPYKILHi KapKaca, KOTOpPBIEC 3aJ0KEHBI B OCHOBY Pa3paboTKu pabodeil KOHCTPYKTOPCKOH JOKYMEHTAIMU B BBI-
ITyCKHOH KBaJM(UKAIIMOHHOI padoTe.
Hayunblii pykoBoauTeab: 1.T.H., mpod. JL.A. 'omnobuna

B.C. CTEIIMHA
bpsanckuii 2ocyoapcmeennvlil mexHU4ecKuil yHugepcumem

METO/ bl YTUJIN3ALIMNU N TIEPEPABOTKHN OTXOA0B MJ1® U
JIICII MEBEJIBHOTI'O ITPOU3BOACTBA HA ITPUMEPE
0OAO «IATBKOBO-103»

HccrnenoBanme mokasano, 9TO Ha CETOAHSNIHHUN JIEHb Y OOJBITMHCTBA JIEPEBOOOPaOATHIBAOIINX 3aBOJIOB
IO 3aBEPIIICHUIO [IUKJIA MPOU3BOACTBA ocTaeTcs OT 25 10 40 % BTOPHUYHOTO CHIPHS, KOTOPOE HE HAXOIWT IIPUMEHE-
Hust. [IpoOneMsl 3arps3HeHHs OKpYKaloIIeld Cpeibl, COKpallleHHe IUIOMANeH JIeCHBIX HACAKICHUN IPEICTABISIOT
coboit TobanpHy0 pobdieMy coBpeMeHHOCTH. Hanpumep, ¢ Tepputoprn MOCKBBI Ha 3arOpOIHbIE CBAJIKH CBO3UT-
Cs CBBINIE 5 MIIH. TOHH JIPEBECHBIX OTXOJIOB. Jlpyrue peruoHsl CTpaHbl ¢ A1epeBOOOPadATHIBAIOIIUMU MIPEATIPUITH SI-
MU UMEIOT TaKoe ke MoJiokeHue. Takum o0pa3oM, BOMPOC YTHUIM3AIMHM OCTATKOB JPEBECHOTO CHIPbS BEChbMa akK-
TyaJIeH Ha CEerOJHAIIHUN JIEHb.

CornacHo nanHbIM PoccTar, oOmuii 3anac IpeBeCHHBI B HAIIEH CTpaHe JOCTUTAeT 82 MIIP/I. M. D10 B 4 pa-
3a 6oxpmie, yem B CIIIA, 16 pa3 6onpme, vem B Gunmsaaun u B 40 pas 6onpiie, yem B LlIBerun. boree BBICOK 00B-
€M JPEBECHBIX OTXOIIOB B OTEUECTBEHHOU NIepeBO0OpadaTHIBAIOICH TTPOMBIIIIEHHOCTH. TONBKO B SJHEPTETHYECKIX
nensx B Poccnn TeXHIYECKH BO3MOKHO UCTIONB30BaTh 0 800 MITH. TOHH APEBECHOTO CHIPBS €IKETOJTHO.

Ha nepBoHawanpHOI cTagWu pa3BHTHSA OTCUSCTBEHHOW JepeBO0OpadaThIBArOIICH MPOMBIIUICHHOCTH, B
MIEPBYIO OYepelb, BOSHUKANI BOIIPOC 00 YTHIIM3AIIUH OTXOIOB, IIOCKOJIBKY OHH 3arPOMOXKIAIN 3HAYHTEIEHYIO YaCTh
TEPPUTOPUM, NPUIIETAIOUIEH K MPEeANpHUsITHIO, a TaKXe MOBBILAIN YPOBEHb BO3HUKHOBEHUS MOxapoB. CeromHs
ATOT BOMPOC JI0 CHX TIOP OCTAETCSI OTKPBITHIM.

Ha wmoit B3rsan, Hambomnee 3¢ GEKTHBHBIM CHOCOOOM YTHIIM3AIMH OTXOIOB JIPEBECHOTO CHIPHS SBISAETCS
OpUKETHPOBaHHE.

Jannas texronoruss mo3BosuT OAO «/lsTpk0oB0-J1O3» yTHIN3HPOBATh OTXOMABI IEPEeBOOOpadaThIBatOIIe-
TO TIPEINPUSITHS, TOBBICUT 3KOJOTUYHOCTh MPOU3BOJCTBA, CHU3UT 3aTPaThl HA 3JIEKTPOIHEPTHUIO, TOTPEOIIEMYIO
TIPEATIPUATHEM, & TAKXKE MMOBLICUT PEHTA0EIBHOCTH POU3BOACTBA HA 50%.

Hayunblii pykoBoauTeib: K.9.H, 1o1. H.E. boiiko
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K.O. CTENKHUHA
Hayuonanvuwii uccneoosamenvcxuii mexnonocuyeckuii ynusepcumem « MHUCuCy

CIIOCOB BUBPOAKYCTUYECKOM KJIACCU®PUKAIIUA
YI'OJIBHBIX I1YJIbII

[IpencraBneHbl pe3ynbTaThl TEOPETUUECKUX M HKCIIEPUMEHTAIBHBIX HCCICIOBAHUM MPUMEHEHUS BHOPO-
aKyCTHYeCKUX KoJieOaHMH /U1 MHTEHCH(HUKALINK MPOLECCOB KIacCH(UKAIMU U MOBBIIICHUS ero 3pQeKTHBHOCTH.
OmnucaH (pU3NUECKUX MEXaHU3M BO3AEHCTBHUS YNPYrHX KojeOaHUil Ha IpoLecchl KiIacCU(pUKaIMY, CTYIIEeHHs, 00e3-
BOKMBaHUsL. PaccMOTpeHbl ONTUMAJIbHBIE PEXUMBI BO3AEHCTBUS ITUX KOJIEOAHUH HA PAa3IMYHBIC TEXHOJIOIMYECKUE
HPOLECCHl 000TalleHUS.

[TpoBeneHHbIE TEOPUTHYECKHE U SKCHEPHMEHTAIBHBIE HCCIIEJ0BAHUS TTO3BOJIAIOT B KAXK/JIOM KOHKPETHOM
ciyyae oueHHUTh 3P QEeKTUBHOCTH Hpoliecca Kiaccu(UKAMU CyCIIEeH3Uel Ha ONTHMalIbHBIE PEKUMBI BO3AEHCTBHUS
BHOPOAKyCTHIECKUX KOJIEOaHMI B 3aBUCHMOCTH OT TPaHYJIOMETPUIECKOTO COCTaBa CyCIEH3MH, €€ KOHLICHTPAINH, a
TaKke pa3MepoB M IIOTHOCTH B3Becei. Ha 0a3e mpoBemeHHBIX HCCIEAOBaHMII ObLIA CIIPOCKTHPOBAHA OMNBITHAS
MIPOMBIIITICHHAs] BUOPOaKyCTHUYECKas! YCTAaHOBKA JUISl KNAacCH(UKAIUH YTOJIbHBIX MBIl HA CHTE.

[Ipennaraemslii IPUHIMI BUOPOAKYCTHUECKON KIacCH(UKAIMK HA HETOABMKHBIX CHTaX MOXKET OBITH HC-
TIOJIb30BaH YIS CO3JaHMS HOBBIX BBICOKOI((EKTHBHBIX ManorabapUTHBIX KJIACCH(HUKATOPOB Ul 00E3BOXKHMBAHUS
yIJIed U MIJIaMOB, 0OECIIUIAMIIMBAHUS PAIOBBIX YIJIIEH M MOBBIMICHUS MPOU3BOIUTEIBHOCTH CYIIECTBYIOMINX 3JI€Ba-
TOPHBIX COOPHUKOB Ha yriieo00raTuTeabHbIX (hadbpHuKax.

PaccMoTpeH MexaHn3M BO3/EHCTBHS BHOPOAKyCTHUECKHX KOJieOaHNWH Ha Mpolece KIacCU(PUKAIUH YTroJlb-
HBIX CYCIIEH3U, KOTOPBI MOXHO MPEICTaBHUTh CIEAYIOIUM 00pa3oM. [Ipu MpOX0KIASHUH CYCIIEH3UH 4Yepe3 CHTO
Ha ero MOBEPXHOCTH 00pa3yeTcs IUIOTHBIN CJI0I U3 YroJbHBIX YAaCTHL, YTO MPHUBOAUT K PE3KOMY IaJCHUIO IIPOH3-
BOJIUTENBLHOCTH Ipouecca. [Ipu Bo3neicTBIM BUOPOAKYCTHYECKUX KOJIEOaHHH TPOUCXOIUT pereHepaus GpuibTpo-
BaJIBHOTO 3JIEMEHTa (BOCCTAHABIHMBACTCS €ro IPOITYCKHas cIocoOHOCTh). [lomydeHHbIe pe3ynbTaThl CBHAETENb-
CTBYIOT 00 3 (PEKTHBHOCTH TIpOIiecca BUOPOAKyCTHUECKON Kiaccupukaruu. [lampHeiinme paboThl TOMKHEI OBITH
HAalpaBJICHbl HA KOHCTPYKTOPCKHE pa3pabOTKN MPOMBIIUIEHHBIX 00pa3oB BHOPOAKYCTHIECKNX KIACCH(UKATOPOB.

HayuHnblii pykoBoauTeib: K.T.H., Aol. I'.b. ®enopon

JL.A. CYJAPUKOB
Tsepckoii 2ocyoapcmeenHblil mexHUYecKull yHusepcumem

OLIEHKA IMMPOU3BOJCTBEHHBIX IOKA3ATEJEN
JOBbIYU TOP®A C YKPYIITHEHHUEM YACTHIL

B pabore mpoBesieHa oOlleHKa TEXHHWKO-IIPOM3BOJICTBEHHBIX IOKa3zaTeNel NoObuM (pesepHoro topda c
YKPYITHEHHEM YaCTHI] Pa3INYHBIMH CIIOCOOAMH.

YKpynHEHHBIE YaCTHIIBI, 3aIIPECCOBAHHbIE BAJIbLIOBBIM (hopMOBaTEIEM TPAINEHEBUIHOTO CEUYEHHS B OTIIH-
4yre oT (pe3epHOil KPOIKN 001a1al0T OTHOPOAHBIM (PPAKIIMOHHBIM COCTAaBOM M OTCYTCTBHEM IBUIEBUIHBIX (pak-
LUil.

Jo6brua ¢peseproro Topda ¢ yKpynHeHHEM HACTHI[ pacCMaTpPHBAIACh JUII OYHKEPHBIX ITHEBMAaTHUECKHX
yOOPOYHBIX MaIlIMH U MMOJ00PIIUKOB-TIOIPY3YHKOB. B TeXHOIOTMUECKHH Mponece ISl BBIOJIHEHHS onepanun ppe-
3epOBaHUs C OJIHOBPEMEHHBIM (POPMHUPOBAHHEM OPraHM30BAHHOTO PACCTHJIA ObUT BKJIFOUYEH IIUPOKO-3aXTHBIH Me-
xaHn3M MYK-B.

Jist cpaBHeHUs MpUBE/IeHBI TIOKa3aTenu A00bau (GpesepHoro Topda no paboTaronM B HACTOSIIEE BPeMs
TEXHOJIOTUUECKHM cXeMaM. Bcero mpocuyurtaHo math cxem 100bl4M TomuMBHOro Topda. IlepBas cxema — moObrua
mHEBMOYOOpouHbIM KoMmbaiinom Premier Tech (Kanama) u3 paccTiia, JIHTETBHOCTD IIUKJIA OJMH JeHb, MTabenu-
poBarre MT®-71 (Poccus). Bropas cxema — 106bua HeBMOYOOpOUHBIM KoMOaitHoM Premier Tech us paccria,
mrabenmupoBanne MT®-71, muurensHOCTD IUKIa IBa qHA. Tperhs cxema — po0br4a norpyszunkom IITP-15 (Poc-
cusl) M3 MATHLIUKIOBBIX BankoB BaykoBareneMm BJIT-9 (Poccust), mrabenupoBanne MT®-71. UerBepras cxema —
n06b14a norpyzurkom [1Td-15 u3 TpexuukioBeix BaakoB BaskosateneM BJIT-9, mrabenuposanne MT®-71. [Tsaras
cxema — 10o0br4a norpyzurkom I1T®-15 u3 ogHOIMKIIOBEIX BaJIKOB BajkoBaTenaeM BJIT-9, mrabenupoBanne MTd-
71.

TexHosOrMYeCcKne MOKa3aTeIN MO CPOKaM JAO0OBIYH, YUCITY IIMKIOB M BIQXKHOCTH (pE3epyeMOro Ciost AJs
BCEX CXEM MPUHATHI 0 HOPMaM TEXHOJOTHIECKOTO MPOSKTUPOBAHUS sl Gpe3epHOTO criocoda Jo0sau Topda.

BcenenctBue ontuMu3anyy paccTuiia, JocTuraeMoi hopmMoBaHueM TOP(SIHON KPOIIKKM B YKPYITHEHHBIE Ya-
CTHIIBI YITy4IIaeTCsl TEXHOJIOTHIECKUH IPOLIECC JOOBIUH.
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Ha ocHOBaHNM MPOBEIEHHOTO aHANIN3a YCTAHOBJICHO, YTO B CXEMaX C MOIYYCHHEM YKPYITHEHHBIX YaCTHIL
TPYIOEMKOCTh JOOBIYM CHYDKaeTcs B 1,7 — 2 pasa.
Hayunblii pykoBoauTens: K. T. H., gom. O.B. [Tyxosa

A.C. CYXHX
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

HCCJIEJOBAHUE BJIMSIHUS PACTBOPA IIOBEPXHOCTHO-
AKTHUBHbBIX BEHHIECTB HA ®UJIBTPAIIMOHHBIE CBOUCTBA
HUMU3KOITPOHUITAEMBIX ITIOJIMMUKTOBBIX KOJIVJIEKTOPOB

B Hacrosmiee Bpems B Hauiel cTpaHe OOJBIIMHCTBO MECTOPOXKICHHUH C TPaJULIMOHHBIMH KOJUIEKTOPaMHU
yKe BbIpabOTaHO MJIM HAaXOJMTCS Ha IIO3JHUX CTaAMSAX JKCIUTyaraluu. [laHHblE OOCTOSTENbCTBA BBIHYKAAIOT
HeTsHbIE KOMIIAHWY BCE OOJIbILE YIENsITh BHUMAaHUE pa3padOTKe TEXHOJOTHH ISl PEHTa0EIbHOTO OCBOCHUS HU3-
KO- ¥ CBEPXHU3KOTIPOHUIIAEMBIX KOJUIEKTOPOB.

Mectopoxxaenns ¢ Hu3KonpoHunaeMeiMi Koiiekropamu (HIIK) oTimdaroTcess HEBBICOKHMMH TTOKa3aTEIIMHI
TEXHOJIOTHYECKOH 3 (PEKTUBHOCTH MX pa3pabOTKU Ha JAHHOM J3Talle Pa3sBUTHS HAYKH M TEXHUKH, TIO3TOMY MX BbI-
JETSFOT B 0CO0YI0 TpyHITy.

Hawubonee 3¢ pekTHBHEIM METOAOM pa3pabOTKN HE(PTIHBIX MECTOPOXKICHNI B MUPOBOW NMPAKTHUKE SBISACT-
csl TpaJUIMOHHOE 3aBO/IHEHNE HE(PTIHBIX 3ajexeil. Ho B pa3paboTke HU3KOMPOHUIIAEMBIX 3aJIeXKel TpaIuIIMOHHbBII
METO/I 3aBOJAHEHHS TT0Ka3all celsl KaK HeJI0CTaTOuHO 3()h(HEKTHBHBIN.

Psin ocoOeHHOCTEH HU3KOMPOHUIIAEMBIX [IACTOB, TAKMX KaK CJI0KHAsi CTPYKTypa IOPOBOTO MPOCTPAHCTBA,
HaOyXxaHHe TIMH NPH KOHTAaKTe C BOJOM, BBHICOKHE TAaBJICHUS 3aKaUKH CYIIECTBEHHO OCIIOXHSIIOT MX Pa3paboTKy.
Janst yyera 5THX 0COOCHHOCTEH CleyeT MPUMEHSTh METO/Ibl, HHTHOUPYIOIHe IIIMHOHA0YXaHUe, a TAK)KE CHUKATh
MOBEPXHOCTHOE HATSHKEHUE Ha IpaHulle (a3 «Bojaa — HeThy.

OnHOHM W3 MEePCHEeKTUBHBIX TEXHOJIOTHH pa3pabOTKH HU3KOIPOHUIIAEMBIX MOJIMMHUKTOBBIX NTECUAHUKOB SIB-
JSIETCSI NCTIONIb30BaHue pacTBopa [TAB 1 3akauku B MPOAYKTUBHBIH Tu1acT. [y IpuMeHeHUs] JaHHON TeXHOJIOTUH
HEOO0XOIMMO TPaBWIBHO 1mMoa00path coctaB [TAB mis s dexTuBHOTO BO3MCiiCTBHS Ha HEPTIHOH KoJuteKTop. D (-
¢exruBHBI [IAB nomkeH nMeTh MUHIMAJIBHYIO aCOPOIHI0, MPEeA0TBpaniaTh Ha0yXxaHue TIIMHNUCTBIX OPOJ, CHH-
XKaTh MeX(a3HOE HATSHKCHUE HAa TPAHUIIE «BOJA — HE(TH», OBITH JOCTYIHBIM U SKOJIOTHYECKH OE30IaCHBIM.

Js mpoBeneHnss TabOpaTOPHBIX SKCIIEPUMEHTOB ObUT BEIOpaH coctaB [IAB, mpencraBmsttommii co6oit
cMmech HenoHoreHHoro ITAB u katuonnsiii [IAB (nmonana 3asBka Ha nareHT). BoiOpanusiii [IAB npuBoauT x HaOy-
XaHHUIO TJIMHUCTBIX MUHEPAJOB, COJIEPXKAIIUXCS B IIacTe, Tojapko Ha 0,2 %, 4To SBIAETCS OTIMYHBIM Pe3yIbTaTOM
1 xapaxkTepusyeT BeIOpaHHBIN [IAB kax xopommii nHruouTop ramHoHaOyxaHHA. Tarxke JaHHBIM COCTaB MPOSBHII
ce0s Kak IPEeUMYIIECTBEHHO BOIOPACTBOPHUMBIH.

B pesynbTare 1abopaTopHBIX (GHIBTPAIIHOHHBIX HCCIEJOBAHUI OBIIO YCTAHOBIIEHO, YTO 3aKayKa pacTBOpa
ITAB 103BoJIsIET CYIIECTBEHHO MOHU3UTh IPAIUEHT 3aKAYKH )KUAKOCTH B IUIACT, 3PPEKTUBHO UHIMOMPOBATh HA0Y-
XaHWe TJIMH, a TakkKe MOBBICUTH KOd(duIMeHT BoiTecHeHHs HehTH Ha 6-12%. [To oToOpaHHBIM mpobaM B Xone
¢mreTpanun pactBopa [TAB Obuté moiryueHs! 3HaueHUs agcopOuun [TAB Ha MOBEpXHOCTH MOPOJIBI, KOTOPBIE CO-
craimn 1,88-10° kr/m?, KOTOpbIE MOKHO OXapaKTepU30BaTh KaK HU3KHE.

JlaHHBIE pe3ysbTaThl TO3BOJISIOT CHIEJIATh BBIBOJ O TOM, YTO IIPUMEHEHHS TEXHOJOTHH 3aKadKH pacTBOpa
ITAB B npoyKTHUBHBIN IUIACT HMO3BOJHT IOBBICUTH 3()(PEKTHBHOCTh Pa3pabOTKH HU3KONPOHHUIAEMBIX MOJIUMHUKTO-
BBIX KOJUIEKTOPOB M YBEJINYUTH KOHEUHYIO He()TeOTauy riacra.

Hayunblii pyxkoBoautesn: M.K. Poraues

M.B. CYUKOBA
Canxm-Ilemepbypeckuii 20pHbill yHuepcumem

OILEHKA BO3SMOKHOCTH UCITOJIB3OBAHUA
HEPEPABOTAHHBIX NJIOBBIX OCAJAKOB
B KAYECTBE ITOJIE3HOT'O KOMITIOHEHTA

B xozme paboThl BEINOJIHEHA OIIEHKa BO3MOXHOCTH HCIOJIB30BAHUSI 30JIbI COKUTAHHS OCa/IKa CTOYHBIX BOJ
IOro-3anannsix ounctHsix coopyskennit I'VII «Bonokanan Cankr-IletepOypra» B kadecTBe I0JIE3HOIO KOMIOHEH-
Ta C y4eTOM CTEIeHH ONACHOCTH €€ 3arps3HeHus TshKENbIMH MeTtayutamu. [lo pesynbraTtamM OMOTECTHpOBAaHHS U
PEeHTreHo(IIyOpEeCIEHTHOTO aHaIn3a 30J1a OTHeceHa K [V kilaccy oIacHOCTH: yCTaHOBIICHBI IIPEBBIICHHUS COAEpKa-
nus Cu, Pb, Zn u Mo. Ha ocHOoBe mMpOBeACHHOTO JIMTEPATypPHOTO U MATCHTHOI'O aHANW3a B KayecTBe crocoba CHHU-
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XKeHus conepkanust TM B 30iie Ha MOJIMToHax BbIOpaH MeTox ¢puropemenuanny. Cpeny NepCclieKTUBHBIX HalpaBiie-
HUH JajbHEHIIero MCHOJIb30BaHUS PAacCMaTPUBAJINCH CIIEIYIOIIUe: IPOM3BOJICTBO 30JIONCHOOETOHA, KePaMHKH,
KUPIHYa, KOMIIO3UIIHOHHBIX MaTepHAJIOB JJOPOXKHOTO CTPOHUTEILCTBA. PaboTa BrINomHeHa Ha 0a3e LleHTpa Komek-
THBHOTO 110J1b30BaHus CaHKT-IleTepOyprckoro ropHOro YHHBEpPCUTETa; IO UTOI'aM HCCISIOBaHUS FOTOBHTCS MO~
Ya JIByX 3asBOK Ha H300peTeHHe.

Hayunblii pykoBoauTeNb: K.T.H., 1011. Kad. reoskonorun 0. /. CmupHOB

A.B. CIO3EB
Tlepmckuii HAYUOHATLHBI UCCIEO08AMENbCKULL NOIUMEXHULECKUL YHUBEPCUMem

UHTEJUIEKTYAJIbHBIN THJPABJIUYECKHWA TIPUBO/I
IHITAHI'OBOI'O I'N'1TYBUHHOI'O HACOCA

B paboTe mpencraBneHbl OCHOBHBIE NIPHUHIIMIIBI CO3AaHHUS YCTAHOBKH THIPABINIECKOTO IIPUBOJIA IITAHTO-
Boro riryonHHoro Hacoca I'TIHII'H ¢ KOHTpOJIMPYIOIMM aBTOMAaTH4ECKHUM OOOpYJIOBaHHEM M MHTEIUICKTYaJbHOM
CTaHIMEH ynpaBiieHHsl. AKTyallbHOCTh pa3paboTKu 00yciIaBiInBaeTcsi HEOOX0IMMOCTBIO IPUMEHEHHUSI HACOCOB 00b-
€MHOTO TUIIa MpH J00bIYe He(TH B OCIOKHEHHBIX YCIOBUSX. [laHHBII NPUBOA MOXKET OBITH MCIOJIB30BaH MPH J10-
Oblue BBHICOKOBSI3KOM M TsDKeNoW HedTH, a Takke He()TH C BBICOKUM colepkaHueM acdanbprocMononapaduHOBBIX
BeliecTB. B paboTe omucaHbl OCHOBHBIE AITOPUTMBI pabOTHI THIPABINYECKOro MpuBoja. KoHcTpykuus mpuBoja
MO3BOJISIET HACTPAaWBaTh TaKThl HATHETAHMs M BCACBIBAHUS [0 BPEMEHH M CKOPOCTH JIBHKEHUS IIYHXKEpa, a TakkKe
JUTMHY XO0Jla IITOKa 0e3 ygacTus oneparopa.B paboTe nmpuBeneHs! OCHOBHBIE ITPEUMYILECTBA pa3pabOTaHHON ycTa-
HOBKHM IIepe]] aHaJOTHYHBIMH THIPONPHBOJAMH M CTaHKaMH KadajikaMu. Jloka3aHa SKOHOMHYEcKast 3PQEKTHB-
HOCTb NpEeATIaraéMoi yCTaHOBKH B cpaBHeHUH ¢ npuBogamu YIIIT'H npumeHseMbIMU Ha JaHHBI MOMEHT.

Ipu npoextupoBanmu ['TIIIT'H OpIT yYTEH OMBIT SKCILUTyaTallid aHAJOTHYHBIX YCTAHOBOK. VCKITFOUEHBI
pOOJIEMHBIE Y376l KOHCTPYKIMHU: JaTYUK MOJOKEHHS BCTPOCH B T'HMAPOLIINHIP, YIUIOTHHTEIbHBIE COCIUHEHUS
THAPOLMINH/PA YCHICHBI M aIalTHPOBAHBI IO/ ycinoBusA 3kciuryartanuu. B UCY ycTaHOBKHM3agaHbl alrOPUTMBI TS
BBINIOJTHEHHS CJISIYIOUIMX ONEpalfii: BHIBOJ CKBRKUHBI HA PEKUM, MOJACPKAHNE ONTUMAIBHOTO pPeXnuMa paboThl
Hacoca, peructpanus KBY.

[Tpu pa3paboTke yCTaHOBKM OBLIM PACCMOTPEHBI BapUaHTHI peKynepanuu sHepruu. JlokazaHa s QexTus-
HOCTh TOJIBKO OJIHOTO BHJA PEKyNEepalMu: SHEPTUsl TPATHUTCSHA 3JIEMEHTHI, KOTOpbIe He TpeOyloT OecrnepeboiiHyo
nojiayy 3JeKTpodHepruu. Hanpumep,Ha HarpeB WM oxjaxaeHue paboyel »KUAKOCTH THAPOLMIMHAPA, 000TrpeB
YCTBEBOH apMaTypHl.

[TocTostHHBINH KOHTPOJIL ITapaMeTpoB padboThl ckBaxuHb M ['HO mo3BONMUT yBETMUYUTH CPOK paboTH Hacoca
B ONTHMAJIFHOM peKHMe.DKOHOMHIYecKast 3(p(heKTHBHOCTh JTaHHOW YCTaHOBKM BhIpakeHa B yBenmueHnd MOII Ha
20-30%, a Taxke COKpAICHHUS YACIFHOTO SHEPTONOTPEOICHNS YCTAHOBKH B CPAaBHEHHH C aHAJIOTaMH.

HayuHnblii pykoBoauTeib: K.T.H., aupekrop HOL I'uPHI'M I1.1O. Umommn

A.C. TEJIEHBKO
DI'A0Y BO Cesepo-Kasxazcxuii Pedepanvhviii Ynusepcumem

PE3YJIBTATBI AETAJIBHOI'O AHAJIN3A MUHEPAJIBHOI'O
COCTABA KAPBOHATHBIX HOPO/ ITPUDJIBBPYCbHA

Ha teppuropun IIpusnedpychs oOHaskeHHs Tpuaca mpenctaBieHbsl Kymckoi, Hedrekymckor n Kynraii-
CKOIl CBUTaMM U IPUYPOYEHBI OHM K 00xacTu neHynanuu. Ha tepputopuu Boctounoro IIpenkaBka3ps aHaIOrH4-
HBIE TIOPOJIBI JOIOPCKOTO BO3pacTa, pacipocTpaHéHHbIe Ha riyOnHax Oolsiee 3 KM, 1O JaHHBIM 00pabOTKH KEPHOBO-
ro MaTepuala, ONMcaHus NUIM(OB M aHATK3a IJIaMa MPEICTAaBICHBI U3BECTHAKAMHU B Pa3JIMYHON CTEIIEHN JOJIOMU-
TU3UPOBAHHBIMH C MPOCIOSIMH M TaYKaMH apTIIIINTOB, aJEBPOJIUTOB, a HHOT/IA NIECYAHUKOB, M XapaKTEPH3YIOTCS
3HAYUTEIbHON YIJIOTHEHHOCTHIO M HU3KOH 3((EeKTUBHON MOPUCTOCTHIO. ECM B3sTH BO BHUMaHHE, YTO OCHOBHBIE
MIepCIIEKTHBHBIE He(Tera30HOCHbIE TOPH30HTHI JOIOPCKOr0 BO3pacTa Ha Tepputopui Bocrounoro IlpenkaBkasbs
NIPUYpOUYEHbI K KapOOHAaTHBIM mopoaaM HedTekyMckoil CBHUTHI, TO JeTallbHOE W3y4eHHE MHHEPAIBHOTO COCTaBa
KapOOHATHBIX IOPOJI, HanpuMep, [IpraIEOpyChs MOXKET IPUHECTH TOJIE3HYI0 HH(OpMaLuIo.

B noxmage mpuBOASATCS Pe3yNbTAaThl NETAJIbHOTO aHANINW3a MHUHEPAJIbHOTO COCTaBa KapOOHATHBIX MOPOJ,
BBIITOJTHEHHOTO METO/IOM PEHTICHOBCKOM AN(PPAKTOMETPHH, HCCIIEOBAINCH 00pa3ibl H3BECTHSIKOB, B KOTOPBIX ObI-
71 OOHApy>KeHbl OTIe4YaTku (Iopsl M (ayHbl, B TOM YHCIE HCCIIEAOBAIMCH 00paslbl cOOpaHHbIE aBTOPaMU NPHU
MIPOXOXKICHUN YIEOHBIX T€0JIOTHIECKUX U Teopr3nuecKux mpaktuk B CtaBpomonbckom kpae u KYP.
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Jns onpeneneHns MUHEPAIbHOTO COCTaBa aBTOP HCIIONIb30BAIN PE3YJIbTaThl CTPYKTYPHOTO aHAlM3a rop-
HOH TIOPOJIBI METOJJOM PEHTI€HOBCKON IU()PAKTOMETPHH, HCCIECAOBAHMUS BBITIOJIHINCE HA PEHTTE€HOBCKOM AU(paK-
tomerpe ARLX’TRA. B 6a3e JaHHBIX HOPOIIKOBOTO TU(PPAKTOMETPa «3aIIUTO» B KadyecTBE ATaJoHOB Oomee 200
TBICSY CTPYKTYp, B TOM 4HCIE€ MHUHEpanoB. IIOMCK CTPYKTYp BBINOJIHAET KOMIBIOTEDP IO KPUCTAILIOTpaduuecKoit
“(haze” BBIPHCOBBIBAS YHUKAIBHYIO AU(PAKTOTpAMMy — HAOOp JTMHUHN, XapaKTePHU3YIOMIUXCS ITOJIOKEHIEM U MHTEH-
CHBHOCTBIO ITMKOB, KOTOPHIE MOKHO HCIIOIB30BaTh Ul WACHTH(UKANNHN. BHINONHEHHBIH Ka4eCTBEHHBIN 1 KOIHYe-
CTBEHHBII (a30BBIil aHATN3 U3BECTHIKOB PACIIOJIOKEHHBIX Ha PA3IMYHBIX TEPPUTOPHUSAX BBISBHI CXOXKECTh MHHE-
PaIbHOT'O COCTaBa OJHOBO3PACTHBIX TOPHBIX Nopo B [Ipuansopyceke.
Hayunsie pykoBoautenu: A.-I'. I'. Kepumos, 1. 1. H., no11. O. E. 3enuBsHckas

K.A. TEJIbMAHOBA
FOocno-Ypanvckuii 2ocyoapcmeentulil yHugepcumem
(HayuonanoHwlil ucciedosamensCKuil yHugepcumem,)

HNCCJIEIOBAHUE ®AKTOPOB, BJIMSIONIUX HA IIAPAMETPBI
I'OPIOYECTHU CMECH KAPBHUJIA KAJIBLIUA C BOAOU

KapOun xanpuus MpUHAIIC)KAT K TPYIIIE BEIIECTB, CIIOCOOHBIX CAMOBOCILIAMEHSATHCS MPH KOHTAKTE C BO-
noi. B IpOMBIIIIICHHOCTH HCIIONB3yeTCs KaK UCTOYHHUK MOJMYYCHUS alleTHIeHa. XUMIYecKas aKTUBHOCTh Kapouaa
[0 OTHOIICHHUIO K BOJIE CTOJb BEJHKA, YTO OH pa3jlaraeTcsl JaKe KPHUCTAJUTM3UPOBAHHOMN BOMOH, conepKamieics
B COJISIX.

ALIETHJICH - DHAOTEPMUYECKOE COCTMHEHHE, TIOOTOMY MPH ONPEIEIICHHBIX YCIOBUAX €r0 Pa3IoKeHUe JieT-
KO MOXET IIepeHTH BO B3phIB. B rOpHOI00BIBAOIICH MTPOMBIIIICHHOCTH alleTUIICH MCIIOJIB3YETCs IPU IPOU3BOICTBE
B3PBIBYATHIX BEILIECTB.

Lenpto paboOTHI ABISETCS ONpeAeTeHHE YCIOBUH, MPU KOTOPHIX BO3MOXKHO CaMOBOCINIAMEHEHHUE alleTuIie-
HA, BBIICIISIONIETOCS B PE3Y/IbTAaTe PEAKIIUU KapOu/Ia KaJbIHs C BOJIOM.

TepMomuHAMUYECKHH pacdeT MO3BONHI ONPEACTUTh MUHUMAIFHOE KOJMYECTBO KapOuma KaiubIHsi, KOTO-
poe Harpesno OBl HCCIIEAYEMYI0 CMeCh 0 TEMIIEpaTyphl CAMOBOCIUIAMCHEHHS alleTHIICHA.

DOKCIIepUMEHTAIFHO M3YUYCHO BIUSHHE psifa (GaKTOPOB: COCTaB CMECH (COOTHOIICHHE KapOmaa Kanbuus 1
BOJIBI) U TUCTIEPCHOCTD 3¢pHA Ha CaMOBOCIIAMCHEHHUE KapOnaa KabIIHs.

Ha ocHOBe npoenaHHBIX SKCIICPUMEHTOB CeNIaHbI CIICTYIOIINE BHIBOIBI:

1. TepmoauHamuveckasi OlleHKa MOKa3bIBAET, YTO JOCTHKEHHE HEOOXOAMMOIO YPOBHSI TEMIEPATYPHI IS
CaMOBOCIUIAMEHEHMS alleTHIEHA BO3MOIKHO U JIETKO JOCTHIKHMO.

2. VYcraHOBJICHA CYIIECTBCHHAS 3aBUCHMOCTH TEMIIEPATyphl OOpPAa3yIOIIErocs aleTHeHa OT HCXOIHOMN
(dbopMBI KapOWaa KalbIHsl, a TEMIEPATyphl CMECH BOIA-KapOWI KajbIMs -OT KOJMYECTBA KCIOJIB3yEeMOW BOJIBI.
[IpoIomKUTENFHOCTD Pa3IoKeHUs KapOuaa B KyCKOBOM BHJIE B cpedHeM B 4 pasa JOJbIIe, YeM MPOJIO0JDKUTEIb-
HOCTh PA3JIOKEHHS KapOUIHOTO MOpoiika. ECIi mpor3BOIUTE Pa3ioKEHUE OJMHAKOBBIX KOJHUYECTB KapOuaa Kajib-
U Pa3INIHBIMA TTOCTEIICHHO YBEIUYHUBAIOIIMMUCS KOJMYECTBAMH BOJIBI, TO TEMIIEpaTypa MOIyIaeMOil CMECH BO-
Ja-KapOu KambIys OyAET MOCTEIIEHHO MOBEIMATHCS.

3. KapOun kanpums mpu KOHTaKTe C BOJOW MOJXKET NPHBECTH K BOCIUIAMCHEHHWIO B JBYX CIIydasX: OO
Ipy OONBIINX KOJTMYECTBAX KapOw/Ia KabIHsL, THOO IPH HATMYHUN HCTOYHHUKA 32)KUTAHS.

HayuHblil pykoBoaMTeJIb: K. T. H., 1011l. ConnaroB A.U.

T.B.TUHBI'AEB
Hayuonanvuwiii uccnedosamenvckuil mexnonoeuueckutl ynusepcumem « MUCuCy

OCOBEHHOCTHU ITPOEKTUPOBAHUA MOBUJIBHOT'O
HNPUJIOKEHUSA UISA HIOUCKA MAPHIPYTA B IOA3EMHBIX
COOPYXEHUAX

Bompoc ompeneneHus TeooKanyy SBISETCS BaXKHOW MPOOJIEeMON B MOBCEAHEBHOW paboTe COTPYAHHUKOB
NIO/I3€MHBIX COOPY>KEHHUH.

enp paboThl: pacCMOTPETh M BBISIBUTH PAa3IMUHBIE MOIXOABI K IPOSKTHPOBAHUIO U pa3paboTKe HaBHUTAIIH-
OHHOM CHCTEMBI B TIOZ3EMHOM COOPYKEHUH CO CI0XKHOM apXUTEKTypoil. 3amauu:

- CpaBHHUTEIBHBIHN aHAIN3 CPECTB HABUTAIIH

- O6ocHOBaHME ¥ BEIOOP AJITOPUTMA ITOMCKA KpaTJaiIlero myTu

- Ananranys aarOpuTMOB ¥ METOAMK HaBUTALUH, pacyéra JAIUH MyTei
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ITo pesynpraram nccnenoBaHUA OBIIIO YCTAHOBIIEHO, YTO CYIIECTBYIOIIME TEXHOJIOTHHU SBISIFOTCS HEAKTY-
aNbHBIMH, TaK KaK OHM He YMEIOT OIpelelsaTh ypOBEeHb N0 BEICOTe, curHan GPS He mpoxomut mox 3emiiel, a pas-
merenue Bluetooth-masakoB sBisieTcst CNUIIKOM 3aTPaTHBIM CIIOCOOOM.

Y4uThIBas CeMU(UKY apXUTEKTYPhI OONBIINHCTBA TIOA3EMHBIX COOPY)KEHHH, OBLT C/IeNaH BBIBOA, YTO IIe-
JIeco00pa3HBIM CIIOCOOOM OMpeAeICHHsT MECTOIIONOXKEHH OyIeT yKa3aHue HoMepa ONMKanlIIero HaCTeHHOTO OpH-
SHTHpa, HalpuMep, HOMepa ydacTka WiIH 3a0os. Mcronb3oBaHNE NaHHOTO CIOcO0a He TPeOyeT MOMOIHUTENbHBIX
3atpaT. B wacTu moaxozna k BbIOOpY anropuTMma pacyera IPOJIOKEHUS MapIipyTa CIeIyeT BBLICIUTH CIEAYIOIIHe
BapuanThl: Jleitketpel, Jlepura, Mena, ®noiina - Yopmenta, Jeiixctpsl — I'puGosa, ®opma-bennmana, J[oHCOHa.
W3 Bcex anropuTMoB Ha MpaKTHKE MPOIIE peaan30BbIBaeTCs anroput™ Jleikctpsl. Takxke oH HMeeT MpeuMyIIecTBo,
TaK Kak HeT HeoOXOJUMOCTH paboTaTh C OTPULATENBHBIM BecoM AyT. CI0XKHOCTh ayropurMa coctasisier O(n”2 +
m), TAe N — KOJIMYECTBO BEPIIMH rpada, m - konuuecTBo pebep rpada. ITo cnoxuoctu anropurm Jlesura(O(n*m))
MIPEBOCXOJUT ANropuT™ J{eHKCTpBI, HO yCTyNaeT B TOM, YTO HEKOTOphIE BEPIIUHBI 00pabaThIBatOTCsl HOBTOPHO. [1o-
Jy4EHHbIE Pe3yIbTaThI ABISTFOTCS OCHOBOM IS pa3pab0TKN MOOMIIBHOTO MPHIIOKEHHS TIOMCKA MapIIPyTOB.

Hayunplii pykoBoauTeab: K.1.H., 101l. A.O. ApucToB

A.A. TOPYKOB
Teepckoii 20cy0apcmeenubill meXHUYecKull yHugepcumem

AHAJIMTUYECKOE OBOCHOBAHHMUE OCHOBHBIX
ITAPAMETPOB PACTHJIA KYCKOBOI'O TOP®A ITPU
OPE3®OPMOBOYHOM CIIOCOBE EI'O 1OBbIYHM

OHO M3 OCHOBHBIX HAINPaBJICHUH TOPSIHOTO MPOU3BOACTBA — AOOBIYA KYCKOBOTO TOpda, HCIOJIb3yeMOro
B KayeCTBE MECTHOTO KOMMYHaJIbHO-OBITOBOTO TOIUIMBA. B 3TOM ciydae yaaeTcs MUHUMU3HPOBATh TPAHCHIOPTHBIE
pacxoppl, YTO IO3BOJSIET YBEIMYUTh 3KOHOMHYECKYIO 3((EKTHBHOCTH €ro HCIOIb30BAaHMS MO CPABHEHUIO C
JabHEIPUBO3HBIMH BUAAMH TBEPAOTO W JKUIKOTO ToIuiBa. Kak mpaBmio, KyckoBoi TOpd I0OBIBACTCS METOIOM
IIEIEBOr0 (pe3epOBaHUS 3AJICKHU C MOCISAYIONIEH 3KCTPY3HeH IaCTHIHOW TOp(sSHON Macchl depe3 (hopMyromre
HacaJKW, CTUIKH U CYIIKH KYCKOB B ITOJIEBBIX YCIIOBHSX.

Llens paboOTHI 3aKiI0OYaNach B ONTHMH3ALMN KPUTEPUS CIIOSI U pa3MepoB TOP(SHOTO KyckKa Juis Hauboiee
IIOJIHOTO UCIIOJIb30BaHUS KOHKPETHBIX METEOPOJIOTMYECKUX YCIOBMM THXBUHCKOro pakioHa JleHuHrpaackou
obnactu. g pacyera MpoJOKUTENPHOCTH CYIIKH KyCKOBOro Topda OblT pa3paboTaH aJrOPUTM M COCTaBIEHA
6nok-cxema Ha ocHoBe Metoauku BHUUTII. Pacyers! Obun poBeaeHs! it Topda BEPXOBOTO TUIA CO CTEHEHBIO
pasznoxenust 23 % mpu BapbUpOBaHUHU aAuaMeTpoB KyckoB oT d = 0,06 o d = 0,1 M TpH pa3sIUUHBIX KPHUTEPHSIX
cnost. Ix myimna tipu aTom coctasisia | = 1,5...2 d.

AHaNUTHYECKH YCTaHOBJICHO, YTO MAaKCHMAaJIbHOE 3HAaUYCHHWE CE30HHBIX COOPOB JOCTHraeTcsl B JUara3oHe
3HaueHuil kpurepust ot 0,75 mo 1,1. Ilpuyem Hamnydiiue Moka3aTesd OTMEYArOTCs MPU YMEHBILIEHUU 3HAYEHUU
JIMaMETPOB. DTO MPOUCXOANUT BCIIEACTBHE 3HAUUTEIHHOTO YMEHBIICHHUS IPOAOJDKUTENLHOCTH CYIIKH TAKUX KYCKOB
U, CJIe/IOBAaTEIbHO, YBEIMUCHMS YHCIIA TEXHOJIOTHUECKUX IUKIIOB. JINMUTHpYIOMNM (PaKTOPOM I10 pa3MepaM KycKa
(c yueToM ycaJKu) cIyKaT XapaKTEPUCTHKN TEXHOJIOTHIECKOT0 000pyI0BaHuSI.

Takxum o0pazom, i ycinoBuit JIeHuHTpagckoit o6macti THXBHHCKOTO palioOHa aHAMTHIECKH 000CHOBAHO
JOCTHKEHHE Cce30HHbIX cOopoB 700 T/ra mpu cOOJIONEHMM ONTHMAJIBHBIX MapaMeTpoB pacTuia. B kadecTse
TEXHOJIOTHYECKOTO O00OPYAOBaHHS BO3MOXKHO TIPHMEHEHHE OTEYECTBEHHBIX, 3apyOeXHBIX M CMEIICHHBIX
KOMIUIEKTOB JJisl J0ObIuM ((ppe3hOpMOBOYHBIM CIIOCOOOM), CTHIIKH, CYIIKM M yOOpKH KyckoBoro topda. Bce
MAIIIMHBI arperaTUPYIOTCS ¢ KOJIECHBIME TpakTopaMu. CpoK OKyNaeMOCTH JaHHOW TEXHOJIOTHH — YeTHIpE TO/1a.

HayuHblii pykoBoauTeb: K. T. H., go11. ['.E. Cron6uxosa

HU.H. TPUDPOHOBA
Kaszauckuil nayuonanvbHblil ucciedo8amenbCKull MexHoI0SUYeCKUll YHUsepcumen

NCCIEJOBAHUE KPUOAEOMYJbBI'NPOBAHUA KAK
CIHHOCOBA PA3JAEJIEHUSA HE®TELHIJIAMOB

YTunm3zanys nuiaMoB, 00pas3yromuXxcst Ipu Jo0bue U nepepaboTke HeTH— OJHA M3 BaKHEHINMX 3aj1ad
HedTsHOH npombinuieHHOCTH. HedTsiHble mumaMbl nmpencTaBiIsioT coOol TpyAHOpa3/IeuMble BOJOHE(TIHBIE CH-
cremsl (BHC), crabunusupyemsie achaibTeHaMu, CMOJIaMH U TapadHHAMH.

[IpumeHsieMble B HacToslIiee BpEMsI METOJbI pa3jeleHHs, HalpUMep, TEPMOXHUMHUECKOE BO3ACHCTBHE U
LeHTpU(YrUpOBaHUE, CTAHOBSATCS Bce MEHee d(PEeKTUBHBI BBHY MOCTOSHHOI'O MOBBIIIEHNS CTOMKOCTH CJIOXHBIX
sMyJbcui. B ¢Ba3u ¢ 3THM, BOCTpeOOBaH MONCK HOBBIX CIIOCOO0B paspyIieHus TpyaHopasaenumeix BHC.
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OnHUM U3 aJdbTEpHATUBHBIX MeTOA0B paszaencHus BHC sBisieTcst KpronesMynbrupoBaHue (pas3iesicHHue
BHC nyTém ux mpoMOpaKuBaHUS M IMOCIICTYIOIIET0 OTTANBAHNUS).

OrpomMHoOe pa3zHOOOpa3re KOMIOHEHTOB, CIAralomux AuciiepcnoHHyo cpeny BHC, mpuBomuT k pasmmy-
HOMY XapakTepy WX pasfelcHus npu kpuoaesmynsruposannu (KJI3). JlaHHbIE OTAMYMS 3aCTaBIAIOT MCKATh pas3-
JIMYHbIE IyTH B U3y9eHUN Kpuoaesmynsrupoanus BHC.

OmHMM W3 TEepPEeNOBBIXHHCTPYMEHTOB m3ydeHHs d(hdekra KJID sBiseTcs ero MHKPOCKONHPOBa-
nue.Mukpockonus BHC, nonsepraytsix K/19, mo3Bosinia moaTBepANTh paHee CYIIECTBOBABIIME TEOPETHYECKHUE
MIPEATION0KEHHS O X0/€e Mpolecca, a TaKkKe paciIMpUTh HoHuMaHue npupozasl KJ13.Tak, B xoae uccinenoBaHuid ObI-
JIO TIOJIYYEHO HOATBEPIKICHUE TPENIONI0KEHNH 0 puhTo0Opa3HOM pacTpeckuBaHWU He(TsAHOHM (aszbl U co3naHuu
BOJIOHOCHBIX KOPHJIOPOB, KaK HeoOxoaumoro ycioBus nporecca K/13. brun u3ydeHs! 1 pa3paboTaHbl CXeMbl MUK-
pocKonmMpoBaHus Kpuoaeamynsrupyemeix BHC.

JanbHeiimee pa3BUTHE METOA0B MHKPOCKOIHPOBAHUS MO3BOJIUT TIIyOOKO PacIIMPHUThH MPEACTAaBICHUS O
KJI3. B coueranuu ¢ qpyruMu METOIaMHU HCCIIEIOBAHUI 3TO TIOMOXET M3y4YHTh IPOIEecCH, mpoTekaromue B BHC
IIPU UX TPOMOPAXHBAHWU W OTTaMBAaHMU.BCE 3TOMO3BONMT COBEPIICHCTBOBATH yXKE MMEIOLIMECS CIOCOOBI OCY-
mecteaeHns K/19, a Takke co3gaBaTh NPUHINIIHAIEHO HOBBIC alllapaTHbBIE CXeMbl KproaesMyasruposanust BHC.

Hayunwlii pykoBoauteab:acc. kad. XTITHI" A.M. Epmees

E.IO. TPOIIMHA
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

KOMIIBIOTEPHOE MOIEJIMPOBAHUE KOHCTPYKIIUHN
JAOPOKHOI'O OCHOBAHUA HA TIPUHLIUITAX
TOIHOJIOTHYECKOI'O CAMO3ALEIIVIEHUA

3anagnas CUOUph — NIMPOKKHA Kpaid, OoraThlil MOJe3HBIMU HCKOMIAEMBIMH U HY)KIAIOIIMICS B €€ OCBOCHHH.
Ho cypoBble moropHble yclIOBHSI M 3a00JIOYEHHBIE YYacTKH, 3aMETHO OTIMYAIoLIMecs OT IeHTpaibHOi Poccuwm,
YCIIOXXHSIIOT MPOLECcC MPOKJIAAKN JAOPOXKHBIX ITyTeH K MecTaM A0OBIYH pecypcoB. [yt TOro 4ToOBl yIydmIuTh J10-
PpOXHOE HOKpbITHE B CHOMPH M yCOBEPIICHCTBOBATE JOPOKHO-CTPOUTEIBHBIE IIPOLIECCH, IIPOU3BOAUTEIH CIEIAT 3a
MHHOBAallMOHHBIMH TeXHOJOrHsAMH. [loaToMy co3peBaeT 3amada pacCMOTPEHUSI HAHOTEXHOJIOTUH, KOTOpPBIE B IEp-
CHEKTHBE CIIOCOOHBI MOBBICUTH KaYECTBO M H3HOCOCTOMKOCTH IOKPBHITHH, a TAK)Ke 3HAUYUTENGHO YMEHBIIUTH 3aTpa-
THI HAa CTPOUTENIBCTBO U 00CTyXHBaHUE Jopor. OMHUM M3 IyTeil pemeHns MpoOIeMbl MOXKET CTaTh CTPOUTEIBCTBO
TaK Ha3bIBAEMBIX TUIABAIOLINX JOPOT M3 JIETKUX NEHOOETOHHBIX CErMEHTUPOBAHHBIX KOHCTPYKIUH C MCIIOIb30BAHH-
€M TEXHOJIOTHH IOIIaroBoi cCOOPKH M TOIOJIOTHUECKOTO CaMO3alleIIICHUS.

PaccmarpuBaemasi 10posKHasi KOHCTPYKIMS BBITJSIIUT CleAyomM o0pazoM. JlopoxHOe OCHOBaHHE, COOT-
BETCTBYIOIIEE TPOYHOCTH MaTepHaia U CTPYKTYPhI, IPOIUTAHO CMOJIOTIOAOOHBIM HMPOJYKTOM M MOKPBITO BBICOKO-
IIPOYHBIM TKaHHBIM reoTekcTmiieM. IToBepx Takoi KOHCTPYKIIHH, 3aMEHSIONIeH CTaHAApPTHYIO HACHINb, 1ajlee MOXK-
HO TIPOKJIaIbIBATh CJION 1IE0CHOYHO-MACTUYHOTO achaibToOeTOHA.

Bes cyTh Takoif KOHCTPYKIHH 3aKJIFOYAaeTCS B JTOPOKHOM OCHOBAaHHM, COCTOSILETO U3 «apXHMaray. JTO
MoHATHE 0003HAYaeT MaTepHal ¢ 3aJaHHOW BHYTPEHHEH apXWTEKTypoH Ha MacIiiTaOHOM ypoBHE, OOJbIeM, yeM
MUKPOCTPYKTYpHOM. K 3TOH KaTeropuu 0OTHOCATCS ¥ TOMOJOTHYECKUE CAMO3aKIMHUBAIOMIMECS MaTepHUaIlbl, COCTO-
SIIHe U3 OJIOKOB MaJIoro pa3Mepa, KOTopele fanee GopMHUPYIOT MaTepral MakpOpa3MEpHBIX KOHCTPYKIHii. I maBHOE
OTIIMYUE TAKOT'O KJ1acca MaT€PHANIOB U KOHCTPYKIHH, H3TOTOBIEHHBIX U3 HUX, — HEMOHOJIUTHOCTb U CETMEHTHPOBA-
HOCTb. JlaHHAs CTPYKTYpa, COCTOSIIIIAs N3 OTAEIBHBIX OJIOKOB 0c000H (OPMBI, OPHEHTUPOBAHA TaKUM 00pa3oM, 4To
Kbl CerMEHT NPH JI0JKHOM 3alleIUIEHUH He MIPUIAeTCs ABMKESHHUIO M0 BceM TpeM ocsM. [IpumMep Takoil reomet-
puM — ocTeoMopdHbIe OJIOKH, CaMO3aleIIeHHe KOTOPhIX 00ECIeYMBAET MX BBIYKJIO-BOTHYTask (hOpMa KOHTAKTH-
pyromux noepxHoctel. [Tocie cOopku Takux 0JI0KOB HU OJIMH U3 CETMEHTOB M3BJIeUb U3 KOHCTPYKIIUUA HEBO3MOXK-
HO, a Gyarogapsi «MO3aWYHOCTH» MaTepHaja ero CONPOTHBIEMOCTh Pa3pyLIeHUIO Bo3pacTaeT. [{ng pa3paboTku u
CO3/1aHUs TAaKOTO TUIIA CETMEHTOB NIPUMEHEHNE HAIJI0O KOMITBIOTEPHOE MOICTTHPOBAaHHE.

B mporpamme AutoCAD c Tpé€xmepHOW CHCTeMOW aBTOMATH3MPOBAHHOTO NMPOSKTUPOBAHHS W YEPUCHHS
BEJINCH TIOMCK M IIOCTPOCHUE MOJIEIel TOMOJIOTHYECKUX COMO3ALEIUIIIONIMXCs OJI0KOB, KOTOphIe coOOMpaich Obl B
TPEXCIIOIHOE TIOJIOTHO, 3aKpeIuIsIoNIeecs 0 KpasiM aHaIOTHYHON paMKoiil. B3sB 3a ocHOBY Kiaccudeckyro Gpopmy
Ky0a, Ipy MOMOIIN 3JIEMEHTapHBIX KOMaH]| IPOrpaMMBbl, ObIIIM BBIIIOJIHEHBI JIBE JIETaJIM, OJHa U3 KOTOPBIX — OJIOK
Hapy>XHOTO CJIOSl KOHCTPYKIMH, a BTOpasi — OJOK BHYTPEHHEro ciosi. [Ipon3BeieHHast BBITYKIO-BOTHYTas opma
9THX OJIOKOB COOTBETCTBYET YCJIOBHIO ITOCJIEOBATEIBHOIO CaMO3aleIIICHUs TP cOOpKe, a TaKkke yI0OHa B IIPOU3-
BOJICTBE HE TOJILKO NPH JIUThE, HO U (hpe3epOBAHIEM.

OxHO U3 0COOEHHBIX OTJIMYMN CerMEHTHPOBAHHBIX KOHCTPYKIIHA, BEITOHEHHBIX C MPHHIIUIIOM TOIIOJIOTH-
YEeCKOT0 CaMO3alleTICHH, — 3TO COXpaHEHHE X PabOTOCIIOCOOHOCTH MO/ HATPY3KOMH, JaXke eClIi pa3pylieHa 4acTh
610k0B. To ecTh IKCILTyaTallMOHHAS KUBYYECTh TAKOW KOHCTPYKIIMH CIIOCOOHA BBIMTOJIHATH CBOUM OCHOBHBIE (DYHK-
LU, HECMOTPSI Ha MOBpPEXIeHI. YTOOBI MOATBEPAUTH 3TH CBOMCTBA, Janee OyIeT BBIMOJHEH KOMIUIEKC paboT Imo
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MaTeMaTHIECKOMY YCOBEPIICHCTBOBAHMIO ()OPMBI CaMO3ALCIUIIOIINXCS OJIOKOB U CO3/IaHUIO MaKeTa KOHCTPYKIHH
JOPOXKHOTO MOKPBITHS C IIPOBEICHUEM COOTBETCTBYIOIIUX HCIIBITAHHUH.
Hayunblii pykoBoauTenb: 1.T.H., mpod. B.YO. [Tunpaitnen

P.A. TYXBATYJIUIMHA
Ypumckuii 2ocydapcmeennulii Heghmsnol mexHu4eCKuil yHusepcumem

CUCTEMA IMPOCTPAHCTBEHHOM OPUEHTAILIUA _
NCCIEJOBATEJIBCKOI'O 30HIA B TPYBOIIPOBOJAX CJIO’)KHOHU
KOHOUT'YPALIUN

B cBs3u Cc yBenMUEHHMEM KOJIMYECTBA IPOMBIIIJICHHBIX KOMIUIEKCOB M MPOTSDKEHHOCTH TPYOOIPOBOZOB
pacTér HeoOXOANMOCTh AMArHOCTHKU MX CKPBITBIX AE(EKTOB Ui CBOCBPEMEHHOTO IIPUHATHS MEp IO IPEeNOTBpa-
LICHUIO aBapUUHBIX cUTyauuil. [IpumeHsieMble METObl KOHTPOJIS YCIELIHO CIPaBISIIOTCS CO CBOEW 3amadeil, HO
CYIIECTBYIOT TPYJHOAOCTYITHBIE TPYOOIPOBOIBI CIIOKHOW T€OMETPUUECKOM (POPMBI, Hy KIAIOIINECS B MEPHOANIC-
cKoif muarHoctuke. Hampumep, TpyOuaTbie 3MEEBHUKH ITeUeH MUPOIIN3a IHAMETPOM OT 57 1o 426 MM | [UITHHOMH OT 6
70 24 M 001a1a0T MHOKECTBCHHBIMHU M3rHOaMu. B CBSI3M ¢ 3TUM BO3HMKIA 337a4a Pa3padOTKH BHYTPUTPYOHOTO
JIMarHOCTHYECKOT'0 YCTPOUCTBO, 00J1aJal0Iero KOMIAKTHBIMU pa3MepaMu, THOKOCTBIO, MaJIbIM SHEPTonoTpedIeH -
€M M BO3MOXXHOCTBIO MPUBS3KU TUATHOCTUUCCKOW HHPOPMALIUU K KOHCTPYKIMH TPyOONpoBOIa.

[Tpn mpoXoKAEHUH MOJOCTH TPYyOONPOBO/AA CHAPS MEHSET CBOE IMOJ0XKEHHE HE TOJBKO IO TPAeKTOPUHU
MPOIICHHOrO IMyTH, HO TaKXKE M BpamiacTcs B TPEX MIOCKOCTsAX. [ TOro, 4ToObl COOTHECTH MOKa3aHUS M3MEPHU-
TCJIbHBIX CEHCOPOB € UX TOYHBIM MCCTOIOJIOKCHUEM B UCCIICAYEMOM 061,e1<Te, HeO6XOI[I/IMa HaBUT'allTUOHHAs CHUCTC-
Ma, Mo3BoJrromas onpeacIinTb KOOPAUHATHI B TpéXMepHOM MIPOCTPAHCTBE U COOTBECTCTBYIOIAsA Tpe6OBaHI/IﬂM Mac-
corabapuTHBIX XapaKTepUCTHK. [IpUHATO pelIeHre NCIIOIb30BaTh IJIsl OPHEHTANH 1e(EKTOCKOIa B IIPOCTPAHCTBE
CHCTEMY, OCHOBAaHHYIO Ha MHUKPO3JIEKTPOMEXaHUIECKUX AaTIUKAX.

st mpoBeeH s SKCIIEPHIMEHTOB CO3/IaH MaKeT HaBUTaMOHHON CHCTEMBI Ha 0ase miatdopmbel Arduino u
MHHHATIOPHOTO CEHCOPAa ITOJIOKEHUS, COCTOSIIEI0 M3 TPEXOCEBBIX aKCEIEepPOMETpa, TMPOCKONa M MarHUTOMETpa.
JlaHHBIA TOJX0[ TMO3BOJSIET TOJYYUTh IOJHYIO KapTHHY IepeaBmkeHus nedekrockona. Paspaborano mporpamm-
Hoe o0ecIeueHue, MO3BOJIAIOIIee OTCIKUBATh KOOPIUHATH! HCCIEA0BATEIbCKOIO 30HAA KaK B PEXKUME PEanbHOro
BpPEMEHH, TaK M apXUBUPOBATH JJAHHBIC B OTACIBHBIN (aiti.

Hay4nblii pykoBoauTens: K. T. H., fou. C.B. Emer.

A.A. TBIHTOPOB
Canxkr-IlerepOyprekuii ['opHBIN YyHHBEpCHUTET

TEXHOJIOI'MYECKOE OBECIIEYHEHUE KAYECTBA
HOBEPXHOCTH HITOKOB I'MIPOLIUJIMHAPOB HA OCHOBE
NPUMEHEHUSA BUBPOYCTOMYUBOI'O UHCTPYMEHTA,
N3I'OTOBJEHHOI'O METOJIOM JIABEPHOI'O AIZIMTUBHOI'O
N3I'OTOBJEHUA

Pa3BuTHEe MalIMHOCTPOUTENIEHON OTPAC/I B HACTOSIIEe BPEMs B 3HAUUTEJIEHOW Mepe CBS3aHO C COKpare-
HUEM 00BeMa OTXOJOB MPOU3BOJICTBA W UHWCIA OMNEpaluii B MPOU3BOJCTBEHHOW Ilenu. Peanmnzanus sToW 3amaun
BO3MOJKHA OJ1aroapsi MPUMEHEHHIO TEXHOJOTHIA, 00ECIICUNBAIOIINX TIPUIAHNE 3ar0TOBKEe (HOpPMBI, OJIHM3KOH K Qop-
Me TOTOBOTO H3/EJHs, 32 OAHY TEXHOJIOTHYECKYI0 onepanuio. HOBBIM BUTKOM B pa3BUTHHU MAIIMHOCTPOEHUS CTAJIO
MOSIBIICHHE U TITyOOKast pa3paboTKa METOI0B aJIJUTHBHOTO MMPON3BO/ICTBA, OOBEANHAIONINX TEXHOIOTHH U3TOTOBJIE-
HUs Aertaneid Ha ocHoBe TpexMepHoi CAIIP-monenu 6e3 ncrnosp3oBanus (GOpMOOOpa3yIOIUX 3JEMEHTOB U MeXa-
HHUYecKoi 00paboTku. B Hawane cBoero pasBUTHA aiUTHBHBIE TEXHOJOIMH OPHUEHTHPOBAINCH HA MPOHU3BOJICTBO
poToTUNOB. CeroHs OHN OOBETUHAIOT IUPOKUI KJIACC TEXHOJIOTHUECKHX MTPOIIECCOB M3TOTOBICHHS U3/ICINH.

3ayacTyro Ipy Jla3epHOil HalIaBKe B Ka4eCTBE OCHOBHOTO 00OPYIOBAHUS MCIIOJB3YETCs IATHKOOPINHAT-
HBII (pe3epHbIi cTaHOK, OocHAIEHHBIH cucTeMoil UITY, KoTopas n oTBe4YaeT 3a nepeMelleHNe JIa3epHOil TOJIOBKH
COTJIaCHO BBIOPaHHOM CTpaTeruy.

OTHOCHTENBHOE TIePEeMEICHNE JTa3epHOTo JIyda U padoyeil MOBEPXHOCTH IMO3BOJSET HAHOCHTH MaTepHal
10 BBIOPAaHHOW TPAEeKTOPWH, a MOCIOWHOE HAJOXKEHHE KOHTYPOB — CO3[aBaTh TpeXMEpHbIe 00BeKThI.JlazepHas
HaIUIaBKa MIMPOKO MPUMEHSETCS TS PEMOHTA H3HOMIEHHBIX JAeTanel, MOIU()HUKALIUI IIOBEPXHOCTH U U3TOTOBJICHUS
CpeaHe- U KPYIMHOTa0ApUTHBIX U3JENUi C HEBBICOKMMHU TPEOOBAHUSAMH K Ka4eCTBY MOBEPXHOCTH, TOYHOCTH pa3Me-
POB ¥ 3HAYUTEIHHBIMH MPUITYCKaMU Ha MeXaHHYECKyI0 00paboTKy. OmHAaKO P MUHHATIOPH3AINN 30HBI 00paboT-
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KM CTaJ0 BO3MOJKHBIM H3TOTOBJICHHE M MaJOpa3MEPHBIX M TOHKOCTCHHBIX M3JENHH ¢ 00Jice BBICOKMM KaueCTBOM
MIOBEPXHOCTH.

B HacTosAmmii MOMEHT OONBIINIA YHOpP CHIETaH Ha MOJXYYCHHE yIOBIETBOPUTEIEHON CTPYKTYPHI MaTepraa
Hale4yaTaHHBIX M3JENHUH, a HE Ka4eCTBa MMOBEPXHOCTH, IIO3TOMY ITOCTE ME€YATH 3arOTOBKH MTOJBEPTAIOTCS JOMONHU-
TeNbHON (PMHUITHON MexaHHdecKoi 00paboTke.OCHOBHBIC HKCIUTyaTAIlHOHHBIC CBOMCTBA JIETallell MAIIUH 3aBHCST
HE TOJBKO OT TOYHOCTH WX W3TOTOBIICHMS, HO B 3HAUNTEIHHON MEpe OIPEAEIAIOTCS KadeCTBOM HX IOBEPXHO-
cteil.OJHOM M3 OCHOBHBIX XapaKTEPHCTHK KauecTBa MOBEPXHOCTH sIBJseTCS IepoxoBaTocTh.lIpu oOpaboTke nera-
nel KosebaHue TBEPIOCTH 3arOTOBOK, MPUITYCKOB U UCXOJHOM IIEPOXOBATOCTH, a TAK)KE U3HOC MHCTPYMEHTA MpH-
BOJISIT K M3MEHEHHIO IIEPOX0OBATOCTH 00padaThiBaeMOi MOBEPXHOCTH. Tak MpH 3aTYIUICHUN PEXYIIET0 HHCTPYMEH-
Ta MIEPOXOBATOCTH MOBEPXHOCTH B Ipoliecce 0OpadOTKH MPU TOYEHUH MOXKET yBenUuuThes Ha 50... 60 %.

Hcnonb3oBaHue BUOPOYCTOMYMBBIX CBOMCTB JIEPXKABOK, M3TOTOBJICHHBIX II0 IpElaraeMoOMy CIIOco0y,
HanboJee NPUEeMIIEMO ITPH YHCTOBOW U TOHKOWH 00paboTKe Ha BBICOKHX CKOPOCTHBIX PEXHMMax pe3aHus IpH Majoi
KECTKOCTH 3arOTOBOK, NIEPEMEHHOH, HENPEPHIBHON WM MPEPHIBUCTON MOBEPXHOCTH OOPabOTKH, KOTZA MpPEAbsIB-
JISTIOTCSI TIOBBIIICHHBIE TPEOOBAaHMS K T€OMETPUIECKON TOYHOCTH 00padaThiBaeMOro MpoQwIIs NeTald U IMIepoXoBa-
TocTH NoBepxHOCTH.HOBOE TeXHHUECKOE pEIIeHHE MO3BOJIET MOBBICHUTH BUOPOYCTONYMBBIC CBOWHCTBA PEXKYILETO
WHCTPYMEHTA, YBEIMUUTh €T0 CTOMKOCTD, YIyUIINTh KA9eCTBO 00padaThIBaeMoil MOBEPXHOCTH U MTOBBICUTH T€OMET-
PHUYECKYIO TOYHOCTH ZETalled. YHHUBEPCAIbHOCTh KOHCTPYKIMM ITO3BOJIIECT MCIIOIb30BaTh BHOPOYCTOWUIMBBIA HH-
CTPYMEHT BMECTO CTAaHIAPTHBIX PE3LIOB C TEM XKE 000PYI0BaHHEM.

Hayunslii pykoBoauTens: 1.17.H. npo¢. B.B. Makcapos

M.H. YOUMIIEBA
Tromenckutl UHOYCMPUATbHBIIL YHUBEpCUmMem

NCHOJIb30OBAHUE B IVTACTOBBIX YCJIOBUAX INIMHUCTBIX
IMOPOJA CIIMHOBOU SHEPI'MM 1JI1 POPMHUPOBAHUA
UCKYCCTBEHHBIX 3AJIEXKEN YIJIEBOJOPOJHOI'O ChIPbS

Ha cerogusuiauii 1eHp B 4acTH BONPOCOB (POPMHUPOBAHUS 3aJIEKEH yIIIEBOJOPOIHOTO ChIPbS MHOTHE, €CITH
He OOJIBLIIMHCTBO T'€0JI0TOB, CUUTAIOT TeMIleparypy. B HedTsaX 1 npupoaHBIX yriieBOAOPOIHBIX Ta3ax MpeolnasatoT
METHJIbHBIE U METHJICHOBBIE TPYIIIBI, KOTOPBIX MPAKTHUECKH HET B PACTUTEIBHOM U XHBOTHOM MHpE U KOTOpHIE
SIBIISIFOTCS] OCHOBOI 11151 3aXOPOHEHHOT'O PACCEHHOTO OPraHUYECKOTO BELIECTBA MOPO.

s paspeiBa ceszeit —C—C— (yriiepoa—yriepos) B TBEPAOM OPraHMYECKOM BELIECTBE HEOOXOMMa IHEP-
rus He MeHee 50— 60 kan/monb npu temmeparype 320 °C. Takux Temmeparyp HET B pa3pe3axX 0CaJI0YHBIX MOPO,
TJIe UIMEIOTCS 3aJIEKH YTIIEBOIOPOIHOTO CHIPBS. 3aJeH HeTH B IIPOIECCE CBOETO (POPMUPOBAHUS TEMIIEPATYPHBIH
untepsai 10 320 °C yxe npouutd. HyXHO UCKaTh Ipyrol UCTOYHHUK SHEPTUM KpOME TEMIIEpaTypHOro. Takum uc-
TOYHWKOM Ha CETOAHSIIHUN JIEHb CIYXHT CIIMHOBAsI MOJICKYJISIpHAsl SHEPTHs, KOTOpast UMEETCsl B CAMOM OpraHHye-
CKOM BEIIECTBE.

B nannoi pabGoTe paccMOTpeHa MPUHIMIHAIBHAS TEXHOJIOTHYECKas CXeMa MCKYCCTBEHHOI'O MOJIY4EHUS
3ajexeld He()TH U3 OPraHUYECKOro BEIleCTBa OMTYMHMHO3HBIX TNIMHUCTBHIX MOPOJ B INIACTOBBIX YCIIOBHUSIX HEZp 3a-
KJIFOUaeTCsl B CO3JaHUM YCIOBUM Ul pa30MeHHs MOJIEKYN OpraHMYecKoro emlecTsa. [IpuBeneHsl pe3yabTaThl Ipo-
MBIIIUIEHHBIX UCIBITAHUN MO TPUMUTHBHOIN TEXHOIOTHH UCKYCCTBEHHOTO (popMUpOBaHU 3asiexel. [lokazaHsl ep-
CHEKTHBHI Pa3BUTHUS HCKYCCTBEHHOT'O TTOJIYUEHHS 3aleKei.

Hayunblii pykoBoauresn: accuctent, H.M. IlakiauHos

N.B. YXJIUH, M.A. ®EJIOPOBA
@I'BOY BO Puibunckuil 20cy0apcmeeHtblll A8UAYUOHHBLI MEXHUYECKUL VHUBSEPCUmMem
umenu I1. A. Conosvesa

OBECHEYEHUE DJEKTPODHEPTUEN
T'EOJIOTOPA3BEJOYHbBIX DKCIEIULANA

Ha ceropusinamii 1eHb yriieBOJOPOIHOE TOIUIMBO SIBJISAETCS OCHOBHBIM HCTOYHHKOM SHEPTUH U JIOCTOWHOM
IBTEPHATHUBEI €My He MpeaBuauTcs eé nonroe Bpems. OCHOBHas MPoOeMa COCTOUT B TOM, YTO YIJIEBOJOPOIHOE
TOIUIMBO B BUJIE MOJIE3HBIX NCKOMAEMBIX MCYEPIIAEMO, U TEMIIBI POCTa MOTPEOHOCTEH YeIoBeYeCcTBa B SHEPTUH TP H-
BOJSIT K MCCSAKAaHMIO 3THUX pecypcoB. Ceifyac IIaBeHCTBYIOUIYIO pOJb B DHEPreTHKE UIPalOT MPUPOIHBIN a3 U
He(Th, HO UCCIIENOBAHNSA, IPOBEAEHHBIC YUEHBIMHU Pa3HBIX CTPaH, MOKA3BIBAIOT, YTO PEANbHBIX 3aIlacoB HE(TH Ha
3emie xBatuT Ha 40 - 50 ner, mpupoaHoro ra3a — Ha 30 - 40 jer, 3amacos xe yrist xsatuT Ha 200 - 250 met. s
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pa3BeJK{ HOBBIX 3alacoB U JOOBIYM MOJIE3HBIX HCKOMAEMBIX TPEOyeTCsi OOJbIIOE KOJIMYECTBO JIFOACH B IKCIEIH-
uun. M3-3a yqaneHHOCTH 00BbEKTOB I'€0JIOr0OPa3BeAKH OT HACEIECHHBIX MYHKTOB HEOOXOJMMO CO3/aTh YCJOBHS HX
ABTOHOMHOTO OO0ECIeUeHUs IEKTPOIHEprueil, TpeOyrTCsl TaKue aBTOHOMHBIC MCTOYHHUKH SJICKTPOIHEPIHH, Kak
JNEKTPOreHEPATOPBI.

[Ipu BeIOOpPE ANEKTPOreHepaTopa PyKOBOJACTBYIOTCS €r0 SHEProdhPeKTUBHOCTHIO, & HIMEHHO, MOJTY4YCHHEM
MaKCHMAalIbHO BO3MOYKHOT'O KOJIMYECTBA 3JICKTPUYECTBA MPH HAMMEHBIIIEM PAacXOJie TOIUIMBA. Y CTAHOBKY 3JEKTPO-
reHepaTopa JOJDKHBI TPOU3BOJUTh KAK MOKHO OJIM)KE K TMOTPEOMTENsIM HpPU COOJIOAEHHH BCEX CAHUTAPHO-
rurueHnyeckux HopM. CyIIeCTBYET HECKOJBKO THUIIOB 3JIEKTPOTEHEPATOPOB, KAXIbIA M3 HUX UMEET CBOU MPEUMY-
miectBa. HanGosee mumpokoe nMprMEHEHHE MOMYYUIN AU3EIbHBIE DJIEKTPOreHEPATOPhl, XOPOIIO 3aPEKOMEHI0BAB-
e ce0si KaKk caMblif HaJEeXKHbIM THIT aBTOHOMHBIX MCTOYHHKOB DJIEKTPUUECKON dHEprun. J|aHHBIN THIT 37€KTPOre-
HEpaTopoB MpH 0oJiee HU3KOM, YeM y OCH3MHOBOIO 3JEKTPOTe€HEepaTropa pacxoje TOIuIkBa (mopsiaka 2-3 Ji/gac),
uMeeT 6oJiee OBICTPYIO OKYIIaeMOCTb.

B paboTe BBINOIHEHO OMUCAHUE CUCTEMbI 00ECIIEUEHHSI AIEKTPOIHEPTUel aBTOHOMHOTO KHJIOT0 KOMILICK-
ca, a TaK ke MPHUBEACHO 0OOCHOBaHKE BBIOOpA AM3EIBHOTO TOIUIMBA B KAYECTBE TOILIMBA JJISl NIEKTPOreHepaTropa.
IIpoBeneH pacuer 3aTpar Ha COACPIKAHUE U UCIIOJIL30BAHUE IIIEKTPOreHEPATOpa.

Hayunblii pykoBoaureib: K.T.H., 1o1. b.M. Koxtoxos

. B. DPAJIEEB
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

OBOCHOBAHUE KOHCTPYKTUBHBIX PEHIEHUIA
®OPMUPOBAHUS MOAYJIbHOH IVIABYUYEHN IAT®OPMBbI
KOMIUVIEKCA JUIA JOBbIYA U ITEPEPABOTKH TOP®AHOI'O

CBIPbS U3 HEOCYHIEHHBIX MECTOPOKIEHUI

WnteHcndukanns TophsHOTO MPOU3BOACTBA CTABUT NPUOPHUTETHON 3a/aucii mepeBoopyReHne TophsHOMH
OTpaciy HOBBIM M MOJIEPHHU3MPOBAHHBIM 00OpyIOBaHHEM Ha 0a3e 3HEProd(p(EeKTUBHOCTH M IHEProcOESpEKCHUs.
Pemas nocraBneHHy!0 3anady, IpeuIaracTcs HHHOBAMOHHAS pa3paboTKa KOMILIEKca Ul JOOBIYM U nepepaboTKH
TOpQsiHOTO ChIpbsi. KoMIuieke mpezmnonaraercsi pa3Memarh Ha IJIaBy4eM CpPEICTBE, KOTOpOe IMOIACP)KHBAET Ha
IUIaBy MOJYJIM M 000pyJOBaHHE aBTOHOMHOT'O KOMILIEKca Jyisi JOOBIUM U 1iepepaboTku TopdsiHoro chipbs. [lnaBy-
qas HﬂaT(i)OpMa, CoCTaBJICHAa U3 MOAYJIbHBIX IMTOHTOHOB. Ha 6OKOBI)IX rpaHsaX MOHTOHOB YCTAHOBJICHBI CIICI -
aTM3UPOBaHHBbIC PUKCUPYIOLIUE JIEMEHTHI, CIIyXKalllue JUIsl COeIMHEHHUS MOIYJIbHbBIX TOHTOHOB MEXy CO0OM
B eauHyto miatdopmy. Kopryca moaycienok BhIITOJTHEHBI TEICCKOMMUYECKUMH C CUIOBBIM 3JICMEHTOM B BHJIE
JIMHEHHBIX JBUraTelell, HallpuMep, uApouuInHaApoB. Hag noHTOHaMU yCTaHOBIIEHA HECyIasl pama Kapkac-
HOTO THIIA.

MonynpHas KOHCTPYKIHSI IOHTOHHOTO OCHOBAHUS TTO3BOJISET PEIIATh CICAYIONINE 3a/1a4H:

- yioOHast TpaHCTIOPTHPOBKA K MECTY Pa3BEPTHIBAHMS;

- BBICOKAsI MOOFITEHOCTB M CKOPOCTH COOPKH/Pa300pKH IOHTOHHBIX KOHCTPYKIIHIA;

- IepeBO3Ka U XpaHEHHE Ha BOJIE CTIELHATIbHON TEXHUKH U 000pyI0BaHMS;

- KICTIOJIb30BaHHE TIJIaBy4YMX MOHTOHHBIX KOHCTPYKIIMIA B KaUeCTBE IIaT(opMBbl;

- Ha JaHHBIC TUIAaBCPEACTBA MOYKHO YCTaHABIUBATDH PA3JIMYHBIC TEXHOJIOTMYECKUE MOIYJIU U T. 1.

JIx060i#i psig MOHTOHOB BHEUIHETO IEpUMETpa UMEET BO3MOXKHOCTh OTPAaHUYEHHOTO LIAroBOro ¢ppo H-
TAJIBHOT'O MEPEMCIICHUSA B JIMHEUHBIX H YTJIOBBIX HANpPaBIAOIUX IMOHTOHOB OTHOCHUTCIBHO paMHOﬁ KOH-
CTPYKIHMH JIMHEHHBIMH ABUTATEISAMH TMOJYCIENOK 0e3 MOTepH KOHTAaKTa COOTBETCTBYIOUIUX CTOEK PaMHOMN
KOHCTPYKIIMH C HAIPABJIAOIIUMU ITIOHTOHOB. K MpeuMyIeCTBaM TaKOTO COOPYIKEHUSA MOKHO OTHECTHU:

. MIPOYHOCTH ¥ THOKOCTB;

BO3MOXKHOCTb SIKOPHOTO KPEIUICHHS;
MIPOCTOTY MOHTaka M 00CITYKHBaHHUS;
OBICTPOTY MOHTaXa M JICMOHTaXa;
9KOJIOTUYECKYIO 0€30MaCHOCTh MaTepHaa;
pazHooOpa3ue nu3aifiHa U KOMIUICKTAIINN;
OOJIBIIION pecypc IKCIUTyaTaIHH;

. BO3MOXKHOCTh 00€CIIEUEHHUS YCTAHOBJICHHOTO YPOBHS HaJl BOJIOM.

B Hanpasisifoliiie MOHTOHOB YCTAHOBJICHBI OMOPBI CTOCK, a IS IEPEMEICHHUS] CTOEK OCHOBaHHS IaTdop-
MBI OTHOCHUTECJIBHO IMOBEPXHOCTHU IOHTOHOB YCTAHOBJICHBI B CIICHUAJIBHBIC IMOAINUITHUKA, MTPEACTABIIAIOIINE coboii
TIOAMIUITHUKHU CKOJIBXKCHUSA TTOJYKUAKOCTHOTO TPEHUA O6CCHC‘H/IB3IOH.IHC JIMHEHHOE MEPEMEIICHUEC CO CIICHalIb-
HBIMHM aHTHCKAYKOBBIMH MaciaMH. DTH OIOPBI XapaKTePHU3YIOTCsl BHICOKOH KOHTAaKTHOM JKECTKOCTBIO M XOPOLIMMH
JaeMndupyromumMy cBoiictBamu. Kpome Toro, obecrieunBaroT Haa&KHY0 (HUKCAIMIO HOJABHXHOTO y3JIa IOCJE €To
nepeMelIeHNs B 3a/IJaHHYI0 O3UIIHIO.

Hayunslii pykoBoauTens: a.1.H., npo¢. C.JI. FIBaHOB
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N.P. ®A3bLJIOB
Canxm-Ilemepbypeckuii I opuulii ynugeepcumem

OIHEHKA METOJOB PEI'YIMPOBAHMUSA TEIIJIOBOI'O PEXKUMA
B HE®TAHDBIX IITAXTAX HA ITPUMEPE “APEIAHE®TDH”

B pabore mpoBOAMTCS OIEHKa METOAOB PETYIHPOBAaHMS TEIUIOBOTO PEXMMa B HE(TAHBIX ImaxTax. Bso-
JSITCST OPTaHN3aIMOHHO-TEXHUIECKUE PEIICHUE 110 HOPMalN3alui MUKPOKINMATa, IIPOU3BOJUTCS pacueT TeMIepa-
TypBI B BBIPA0OTKaxX HOOBIYHOTO y4acTKa M CpaBHEHHE MOTYYEHHBIX JaHHBIX C HOPMaMH 10 oxpaHe Tpyna. Llembro
OLIEHKH METOJIOB PETYJIMPOBAHUS TEIUIOBOTO BO3JICHCTBHS B HE(PTAHBIX MIAXTaxX SBISETCS OOOCHOBAHHBINH BHIOOD
OPraHU3aIMOHHO-TEXHUIECKUX PEUICHUH 10 HOpMalH3allui MHKPOKIMMAara B BBIPAOOTKAaX COTIACHO HOPMam
OXpaHbl TpyJa U u3ydeHue 3(P(HEeKTUBHOCTH 3TUX METOJIOB IO PELICHHUIO MPOOJIEM C MOBBIIIEHHBIMU TEMIIEpaTypa-
MM B IIaXTax MPHU TEPMOIIAXTHOH 100bIYe HEDTH.
Hayunblii pykoBoauTens: 1.7.H., npod. C.I'. enmiep

I'.P. PAU30BA
Kaszancxuii (Tlpusonxcckuil) gpedepanvubulil yHugepcumem

AHAJIN3 TEKYIIEI'O COCTOSHUS PABPABOTKU M
IOOEKTUBHOCTDB I'EOJIOI'O - TEXHUYECKUX MEPOIIPUATUN
HA IPUMEPE MECTOPOXIEHUSA PECIIYBJIMKHU TATAPCTAH

BospimnHCTBO pa3pabaThiBaeMBIX MECTOPOXKACHUH HEPTH HAXOAATCS HA MO3JHHUX CTAAMAX pa3pabOTKu n
XapaKTepU3YIOTCS 3HAYUTEIHHON BBHIPaOOTKOW 3aracoB M BBHICOKOH OOBOJHEHHOCTHIO CKBAXHH. B 3THX ycrHoBHsX
aKTyaJIbHOCTh IPHOOPETAIOT TEOJIOTO-TEXHUIECKHE MEPOTIPUATHS, HAIIPABJICHHbBIC HA BBISBICHHUE 30H C OCTaTOYHBI-
MU 3aracaMu He()TH U M3BJICYEHUE ITOH HepTH HA MOBEPXHOCTB.

B nmannoii pabote ObUTO MpoaHanu3upoBaHo 6osee 500 H0OBIBAOIINX CKBAXKUH U 0K0JI0 200 HarHeTaTeNb-
HBIX CKBaXHWH. [loCTpoeHbI M NpoaHaIM3UpOBaHbl IpaguKy pa3paOdOTKH 3ajekH. BBINONHEH AeTaubHbIH aHAIH3
NPUYUH OOBOJHEHHOCTH CKBR)KMH, @ UMEHHO BIIMSHHE 3aKauMBaeMOW BOJBI, NPOPBIBBI IIACTOBOW BOJbI, MPOJIBH-
xenue BHK B nponecce skcruryatanuu. M3ydena 3¢peKTHBHOCTD CYIIECTBYIONIEH CHCTEMBI MOJ/IepKaHUs II1acTO-
BOTO JIABJICHNUS, PACCMOTPEHBI BCE CKBAXXHMHBI C LENIBIO OIIPEACICHHS ONTUMAIbHBIX 00BEMOB 3aKaUKH W HE MPEBBI-
LIEHUS JAaBJIECHHs HarHETaHusI.

s BoLsIBNICHNST HanboJiee yCHENIHbIX MEPONPHUATHH OblT mpoBeieH aHanu3 3¢ ¢dextnBHOCTH ['TM: OBIIO
paccmoTpeHo okoso 1000 pa3nn4HBIX BHAOB reoIoro-TeXHUIECKNX MepONpusTHil. Pe3yapraThl aHam3a MO3BOJIMIIN
BBIJICTINTh ONTUMaiIbHbIe Buabl ['TM i1 coBepiieHCTBOBAaHMS pa3pabOTKH 3ajeku. B mepByio ouepenb 3To Mepo-
NIPUSTHS, HAlIPaBJICHHbIE HA pelIeHNe NpoOJIeMbl HEpaBHOMEPHOH BBIPAOOTKH 3a11acoB OOBEKTA.

BBbIsIBI€HO, YTO OJTHMM M3 HEPCIEKTHBHBIX METOJIOB 110 ONTHMH3AIMU CUCTEMBI Pa3paboTKU U APPEKTHB-
HOW BBIPaOOTKH 3aracoB IMPU MUHUMAJBHBIX 3aTpaTax JJIs N3ydaeMOoH 3aJIeKH SBISIETCS NMEePEBOJ C HIDKEJIEKAITIX
TOPU30HTOB Ha pacCMaTPHUBAaEMBbIE OTIIOKEHHUS C IPUMEHEHHEM TEXHOJIOTHH OJHOBPEMEHHO — pa3eNbHOMN 3KCIITya-
tarun. OnpesesieHsl KpUTEPUH MPUMEHUMOCTH JaHHOW TEXHOJIOTHH B 3aBUCHMOCTH OT I'€0JIOTHYECKHUX YCIOBUI U
cocTosiHusL pa3paboTku. B pesymbrare pexomeHmoBaHO mpoBeaeHue 160 omepaiuii Bo3BpaTa M OJHOBPEMEHHO-
pa3fenbHON 3KCITyaTallii TUIaCTOB-KOJUIEKTOPOB, YTO TO3BOJISAET 3KOHOMUTH 3HAUUTEIBHBIC CPEICTBA M MaTepH-
AJIbHBIE PECYPCHI.

Hayunblii pykoBoauTesib: 3aM. aupekropa UT'mHI'T no nnHoBanmonHoit nesrensuocty B.A. CynakoB

P.P.OAN3ETJIVUHOBA
Kazancxui (Ilpusonoicckuil) pedepanvuviii yHugepcumem

®U3UKO-TUTOJOT'MYECKUE OCOBEHHOCTHU CTPOEHMS
TYPHEMCKNX HE®TEHOCHBIX KOJLUIEKTOPOB IO TAHHBIM
PA3PE30B CKBAJKHH HA I0’KHOM CKJOHE IO)KHO-TATAPCKOI'O
CBOJIA

B cBs3m ¢ TEM, 4YTO 3a11acChbl He(l)TI/I B TCPPUI'CHHBIX OTJIIOXKCHUAX HCTOLIAOTCA, 00JIBIION HUHTEPEC NPUBJIC-
KarT Kap60HaTHLIC OTJIOKCHHS KAMEHHOYTOJIbHOI'O BO3pacTa. B toxe BpEMs 3THU NOPOAbI-KOJUICKTOPLI XapaKTepu-
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3YIOTCSI CBOUM CII0’KHBIM CTPOCHUEM, UTO 3aTPYAHSET MPOLECChl 100brdn HeTH. B CBA3M ¢ 3TUM aKTyalbHBIM CTa-
HOBUTCS U3Y4EHHE UX CTPOCHUS U 0COOEHHOCTEH (hOPMHUPOBAHNUS EMKOCTHOTO MPOCTPAHCTBA.

OCHOBHOM IIeJBI0 TaHHOW PabOTHI SBIAETCS yCTAaHOBICHHE (PU3UKO-IUTOJIOTHYECKIX OCOOCHHOCTEH CTpO-
€HMS TYPHEHCKOro spyca 1o AaHHBIM HUTH(OB KapOOHATHBIX MOPOA U (QHIIBTPAIMOHHO-EMKOCTHBIX CBOWCTB ITOPOJ
KepHa, 0TOOPaHHOTO M3 TPeX CKBaXKHH, MPoOypeHHBIX Ha FOxxHOM ckitoHe FOxHO-TaTapckoro cBofa.

B pesynprare m3ydeHns o0pasnoB, OBUIO BEISBICHO HANIMYHE TPeX METPO(HU3MUECKHX KIaccoB KapOOHAT-
HBIX Topon 1o P./lanxemy (1962 r.) — rpefiHCTOYH, TAKCTOYH M BaKCTOYH, I7ie Hanbosiee XOpOUIMMH €MKOCTHBIMH
CBOWCTBaMM 00JIaJIAI0T TMOPO/BI C MPEUMYILECTBEHHO 3€PHUCTON CTPYKTYpPOH M HE COAEpIKalllie TIIMHHUCTBII Mare-
puan — rpeliHcTOyH. B numndax Habmoaaauch BTOpUYHbIE M3MEHEHUS! — KaJbIUTH3ALUS U JOJOMHTH3ALU, KOTO-
pBle OTPHULIATETIHHO CKA3bIBAIOTCS Ha KOJJIEKTOPCKHUX CBOMCTBax. BeTpedaroTes CTHIIONUTOBBIE BB, 00pa3oBaHHbIE
B Ipoliecce TEPMOXUMHUYECKUX U3MEHEHNI 1 MeXaHW4ecKol aedopmanuu nopox. Tarke ObLIM MOCTPOEHBI rpad u-
K{ 3aBHCUMOCTHU TPOHHULIAEMOCTH OT MOPHUCTOCTU M MOCTPOEHA MOJETh PacdjIeHeHUs He(hTCHOCHOTO pas3pes3a Typ-
HEWCKMX OTJIOKEHUH IO KaXIOH CKBaXXKHMHE, TI€ MHTEPBAIBI HEPTEHOCHOCTH yCTaHABINBAJINCH HA OCHOBE PE3YIb-
TaTOB reo(pU3MIECKNX UCCIEIOBaHNI 1 KEPHA.

Ha ocHoBe BbIMOTHEHHOH pabOTBI MOXHO TpeaIoNaraTh, 9T0 (GUIBTPAIIMOHHO-EMKOCTHBIE CBOMCTBA I10-
BBIIIAIOTCS IIPU TIEPEXO/IE OT MAKCTOYHOB K TPEHHCTOYHAM, UTO CBSA3aHO C TIIyOMHOM 3aleraHus, OT pa3Mepa 1 cop-
THUPOBKH YaCTHI], a TAK)KE THUIIA MEKIIOPOBOTO LIEMEHTA.

Hayunblii pykoBoauTenb: 1.r-M.H., ipod. H.I . Hyprammesa

A.A. PAPYKIIINH
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

I'ASOI'MJAPATDLI. IIEPCIIEKTUBbBI OCBOEHUA

Bce yate u yamie nogHuMaeTcs BOMPOC OCBOCHUS HETPAIUIIMOHHBIX 3aMaCOB YIJIEBOJIOPOJIOB, KOUMHU SIB-
JISTFOTCSI YTIICBOAOPO/IBI IJIOTHBIX KOJICKTOPOB, METaH YTOJIbHBIX MIAXT, BRICOKOBs3KKE HePTH. K HUM ke OTHOCSATCS
Y ra3oBble THIpaThl. ['a30Bble TUAPATHI — COCTMHEHUS, B KOTOPBIX MOJICKYJIBI ra3a 3aKII0YEHbl B KPUCTALTUIECKHIE
SIYCHKH, COCTOSIIIIUE U3 MOJICKYJT BOJIBI, YCPKUBAEMBIX BOJOPOHOM cBs3bi0. Ha ceromus yxe BoisiBieHo 6osee 230
ra3oruapaTHeIX 3anexeil. CTOUT OTMETUTh, 4TO 97% BceX BBIBICHHBIX ra30THIPATHBIX 3AJIEKEN COCPENOTOUEHBI B
MupoBoM okeane. OcTanbHble ke 3% 3aliexeil cocpeOTOUEHbI Ha CYILE, B 30HAX BEYHON MEP3JIOTHL.

HecMoTtps Ha TO, YTO ra3oBbIE THAPATHI SBJIAIOTCS UCKIOYUTEIFHO HEHHBIM MUHEPAIBHBIM ChIPbEM, B CH-
JIy TOTO YTO OHH COCPEIOTAauYHBAIOT OTPOMHEIC PECYPCHI Ta3a, MOMBITKH MX U3yUSHHS, TIOMCKOB U Pa3pabdOTKH CTa-
KHUBAIOTCS C YHUKAJIBHBIMHA, IPUCYIIIMMH TOJBKO U TAHHOTO BUA CHIPH mpobieMami. [IpobiemMspl n3ydeHus BO3-
HUKAIOT U3-3a TOr0, YTO HAllla CTpaHa Ha JAHHBI MOMEHT HE CHJIbHO 3aMHTEPECOBaHa B ra3oruaparax, XOTs BCEM
u3BeCTHasE Meccosixckasi Ta3oTupaTHas 3alie)b Obljla OTKPHITA U BBeJeHa B dkciyartainuio nmenHo B CCCP. Uzy-
YeHHE BEJETCS JIMIb HECKOJIbKUMU HAYYHBIMU MHCTUTYTaMU | Tpynnamu 3HTy3uactoB. B CIIA, nanpumep, razo-
TUApaThl U3y4yaroTcs B 15 HayuHbIX maboparopusx. [Ipobiema moMCKOB BO3HUKAET U3-3a TOTO, YTO Ta30THAPATHBIE
3aJIe)KH MOTYT CYIIECTBOBATh JAJIEKO HE BO BCel muiomaad MupoBoro okeana. M0oXHO MCTIOJIb30BaTh YK€ M3BECT-
HbIE€ METOJIBI U CpelCcTBa re0U3NISCKUX UCCIICOBAHMNA /IS Pa3BEeIKH T'a30TUIPATOB, HO MPOOJIEMOIl Ha cTaauu
pa3BelKHu SBIISIETCSl OLIEHKAa PECypCcoB, TAaK KaK ONpeAesieHHUE TMIPaTOHACHIIEHHOCTH pa3pe3a SBJSETCS BechbMa
npobnematuaHbIM. [TocemHeit sxe mpo0IeMoit Jke SBISIETCS TO, YTO eIlle He CYIIECTBYET TaKOH CHCTEMBI pa3padboT-
KM Ta30THAPATHBIX 3aJIekKEH, MPH KOTOPOW OBl YUUTHIBAIACH B COBOKYITHOCTH T'€OJOTHMYCCKHE, TEXHOJIOTHUCCKHE,
SKOHOMMYECKUE U SKOJIOIMUECKHE KpUTEepHH. ['a30ruipaTHple 3ajeXu UMEIOT CBOWCTBO pa3pyliaThes MPU HapyLie-
HUM paBHOBECHBIX P-T ycioBuii, 4T0 MOXKET IPUBECTH K IKOJIOTHIECKIM KaTacTpodam.

B nmanHOI paboTe paccMaTpUBAIOTCS MCCICAOBAHUS Ta30THIPATOB HHOCTPAHHBIMH TOCYAapCTBAMHU H TIEP-
CHEKTHBBI APKTHUECKUX PErHOHOB PD.

Hayunblii pykoBoauTeJb: K.I.-M.H., accucteHT kad. [HI" 10.B. Hedenos.

@.P. DPATUXOBA
Camapcruti 2ocyoapcmeenHblll mexHu4ecKull yHugepcumen

COBPEMEHHOE OTEYECTBEHHOE OBOPYJIOBAHUE JIA
3KCHPECC-ONPEJIEJIEHUS ITOKA3ATEJEN KAUECTBA HE®TU U
HE®TENPOJAYKTOB B COOTBETCTBHUHU C JEMCTBYIOIIMMHA
rocrt

B paboTe npencTaBieH aHalu3 COBPEMEHHBIX OTEUECTBEHHBIX NMPUOOPOB IS SKCHPECC-ONPECICHUS T10-
Ka3zarenel KauecTBa He(TH U HEPTEIIPOLYKTOB.
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[IpuBoauTCS CpaBHEHHWE XapaKTEPUCTHK OTEYECTBEHHBIX M HWMIIOPTHBIX AHAJIN3ATOPOB, IO PE3yIbTaTamM
KOTOpOTO BBIOMpaeTcss HanboJiee MepCIeKTHBHOE 000PYIOBaHHUE AJS JalbHEHIIETO 3aMENICHUs] Ha MPOM3BOICTBE.
Kpome Toro, paccMoTpeHa BO3MOXXHOCTh NIPUMEHEHUS] MOOMIBHBIX J1Ta00OpaTOpHid A MPUMEHEHHS B 3KCTPEHHBIX
CUTYyaIUsIX B OpTaHU3aLUsIX cucteMbl « TpaHcHE(DTHY.

[Ipou3BoanTCApPacUET KOHTPOIIS KaUeCTBA PE3yIbTATOB H3MEPEHHH TP UCTIBITAHUHN TU3EILHOTO TOILUIHBA C
ITOMOIIBI0 OTEYECTBEHHOTO aHAJIM3aTopa cephl B XMMHUKO-aHanmutuaeckon sadoparopun JIIIJAC «Cenpanpy. Brl-
MOJIHEHO nocTpoeHue kapT LllyxapTa 1Mo KOHTPOIIIO MOTPENTHOCTH, TOBTOPSIEMOCTH U BHYTPUIIA00paTOPHOI Mpenu-
3MOHHOCTH, UX UHTEpIIpETalus.

HayuHnsblii pykoBoauTenb: K.ILH., 1ou. I'.M. OproBa

A.T. PEJJPOB
Canxm-Ilemepbypeckuii I opHbiill yHusepcumem

UCCJEJOBAHME PA3JIEJTEHUS UTTEPBUS, UTTPUS, DPBUS
1 )KEJE3A B IIPOLIECCE X PEDKCTPAKIINU U3 PACTBOPOB
23T ®K

ObecrnieueHNe 3KOHOMUKH CTPaHbl PEAKO3EMENbHBIMH METalJIaMHU HOCHUT KPUTHYECKHHM XapakTep I
HAIMOHALHON 0Ee30MaCHOCTH U SIBISIETCSI BaXKHBIM YCJIIOBHEM MOJCPHHU3AIMHU MPOMBIIUICHHOCTH. [IpuHuMas BO
BHUMaHHE PECYpCHBIN MoTeHIMan XUOWHCKO#M TPYIIbI alaTUTOBBIX MECTOPOXKICHUH, MOBBIIICHUE TTYOUHBI Mepe-
PpabOTKH STHX PY/ C LENbIO U3BICUCHHUS PEIKO3EMENbHBIX METAILIOB SBJISICTCS CTPATETHUECKOM 3a1a4ueil.

3ajayeil HACTOSILETO MCCICIOBAHUS SBISIETCS ONpeeiicHne (pakTopoB, BIHUSIONIMX HA MPOIECC IKCTPaAK-
K pas3nudHbeix P3M (utTpust, opOust U UTTepOus) U xeme3a u3 HochOPHOKHUCIBIX PACTBOPOB U PEIKCTPAKIIUU KX
U3 OpraHn4ecKkoi (aspl, MOMyYEHHON HA OCHOBE ATHX PACTBOPOB.

B xone paboThI MPOBEIEHO MCCIIEOBAHUE IKCTPAKIIMU UTTEPOMS U3 MOJENIBHBIX PACTBOPOB MPHU pa3yiny-
HBIX 3HAYCHUSAX MCXOJHON KOHIICHTPAI[UH UTTEPOUs, COOTHOIICHHS (a3, BpeMEHH 00pabOTKU U CKOPOCTH TepeMe-
LIMBaHMs, UCCIIEI0OBaHNE PEIKCTPAKIIUK UTTEPOUS U3 OpraHMYecKoi (ha3bl M UCCIIeJOBAaHHE PEIKCTPAKIMH JKelle3a 1
P3M wu3 opranuyeckoii ¢a3el, KOTOpas OblIa MOJyueHa MPU 00pabOTKe TEXHOJIOIMYECKOro pactBopa (ochopHO
KHUCJIOTHI cMechio kepocuHa U JI20T'®K B nmponopuuu 1:1.

YcTaHOBIIEHO, YTO NpeiBapUTebHAs 00paboTka opraHndeckoi (a3l paCTBOPOM MEPEKKCH BOJOPO.A, J10-
OaBJieHHE B PEIKCTPAreHT OKCallaTa aMMOHHSI U MOBBILICHUE TEMIEPATyphl CIa00 BIHSIOT HA MPOIECC PEIKCTPAK-
uun urtepbus. JlobasneHune TpubyTriadocdara B OpraHuveckyro a3y 3HaYUTEIbHO YBEIHYHBACT CTEIICHb U3BJIC-
4yeHust uTTepoust. OTnpeesieHbl ONTUMAIIBHOE YHUCIIO CTAAUN, THIT U KOHIICHTPALUH PEIKCTPAreHTa Ha KaXo# cTa-
JIMU PEIKCTPAKIMH, & TAKXKE ONTHMAILHOE COOTHOUICHHSI 00hEMOB OPraHUYECKOM U BOAHOM (a3.

U.C. PUAJIKOBCKHUM
Canxm-Ilemepbypeckuii I'oproiil ynusepcumem

UCCJIEJOBAHUE DKCTPAKIIUU SPEUA U UTTPUSI OJTEUMHOBOM
KHCJIOTOM U3 HUTPATHBIX CPEJI, B IPUCYTCTBHUU BPOMA

Penxozemennable MeTamisl (P3M) HaxoaaT cBo€ MpUMEHEHHE B OOLIMPHBIX O0JIACTAX MPOMBIIUICHHOCTH,
ANEKTPOHUKH, MEAHNIINHEI, a TAK)KE aTOMHOM dHepretuke. Takue P3M kak UTTpuii u 5pOUil MPUMEHSIOTCS IS H3T0-
TOBJICHUSI JIA3€POB, BEICOKOTEMIIEPATYPHBIX CBEPXIIPOBOAHUKOB, a TaK)Ke KaK JOOABKU IPH W3TOTOBJICHHUH CIIJIABOB
YEepHBIX U IBETHHIX MeTayuioB. OIHAKO, HE CMOTPS HA BBHICOKHMI CIIPOC METAJIIOB, MX J00BIYa M NMPOM3BOACTBO HE
MOTYT 00ECTIEYUTh PHIHOK JOCTaTOYHBIM CHIPHEM, UTO CKa3bIBACTCS Ha BHICOKOM cTommocTi P3M.

CeroiHs TJIaBHBIM DKCIIOPTEPOM PEIIKUX 3e€Meb, B TOM unciie U B Poccuto, siBsiercss KHP, kotopas 6maro-
Japs TOTAJFHOMY KOHTPOJIO Haja IMPOu3BOJACTBOM P3M, BimseT Ha PHIHOYHBIE HEHBI W (DAKTHUECKH CO3JacT
nx.YauTeiBas TOT (hakT, 9To Poccust 3aHMMaeT BTOpoe MECTO B MHpE II0 3allacaM PEeIKHX METaJUIOB M COTIACHO TI0-
JUTHKE UMIIOPTO3aMEIICHNS, TIEPBOHAYAIBHON 3aa4uell SBISIETCS pa3BUTHE COOCTBEHHBIX 3(P(EKTHBHBIX TEXHOIO-
THA 1715 m3BnedeHust P3M.

Brua uzyuena skcrpaxuust 3p6ous (111) u urrpus (111) onenHoBo# KMCIOTOH U3 HUTPATHBIX CpeJl B PUCYT-
CTBHMHM aHHOHOB OpoMa. 3ajaueil nccieq0BaHus OBUIO ONpe/eNieHne BIMSHUS Ha SKcTpakuuio P3M n3 BogHoit dazbr
KOHLIEHTPALK OpPOMUI aHMOHOBB YCIIOBUAX I'Hapoiu3a, npu pH=5 n 6e3 Hero npu pH=4.OKkcTpakunio IpoBOIUIN
13 MOJIENIBHBIX PACTBOPOB C KOHIEeHTparueil katnona P3M 0,01 Moib/1, B COOTHOIIEHHH BOJXHOM M OpraHUYecKON
¢a3 1 x 10 npu NOCTOSIHHOHM CKOPOCTH TIEpEMEIINBAHUSL.
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IIpu pH=4 nunelinas 3aBUCHUMOCThL Ko3(pdumuenta pacnpeaeneHuss P3M OT KOHIEHTpAIUU TaJlOTEHU] -
MOoHa OJIM3Ka K JIMHEHHOMW, MPH MOBBIIIEHHH KOHIIEHTPALMY rajJoreHa, MPOUCXOAUT MOHOTOHHOE YBEIIMUEHHE CTe-
MeHU M3BJICUCHUS, YTO CBSI3aHO C YBEINYCHHEM HOHHOM CHIIBI PACTBOPA.
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coB.O/THaKO U3BJICUCHHE DJIEMEHTOB, PABHO KaK M CTENEHb MX Pa3eiIeHHs,B LIEJIOM BO3PAcTaeT C POCTOM COZIEpKa-
HUs OpoMuIa KaJHs.
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Puc.2 3aBucumocts k03(hdunnenrta pacnpeaeneHus or konueHtpauuu KBr mpu pH=5
Hayunblii pykoBoauTess: 1.7.H. nou.kadenpsl Gusnueckoit xumuu T.E. JIntBrHOBa

A.A. DUPCTOB
Canxm-Ilemepoypeckuii I opuwiti ynusepcumem

MNOBBIIIEHUE HAJIEXKHOCTHU CBAPHBIX KOHCTPYKIIUHA
IIYTEM CHWKEHHWS OCTATOYHbBIX CBAPOYHbIX HANIPSI)KEHU I
YJIBTPA3BBYKOBOU OBPABOTKOU

B Hacrosiiee BpeMs cBapka SBIS€TCS Hanboiee BBHITOJHBIM IIPOIIECCOM CO3JaHHE HEpa3bEMHBIX COEIHHE-
HHﬁ, HO, KaK 1 BCC TCXHOJIOTHHU, UMECCT CBOHU HCIAOCTATKU. O}:[HI/IM U3 HUX MOXHO Ha3BaTb BOSBHHKHOBCHHE OCTATO4-
HBIX cBapouHbIX HanpspkeHuit (OCH) B 30He miBa.

B OonbimuHCTBE CitydaeB (OPMHPOBAHUE OCTATOYHBIX HAMPSHKCHHH SIBIASIOTCS CICACTBHEM MPOTEKAHHS
IUIaCTHYECKUX Jedopmaluii B mepuo/] HarpeBaHust MeTajuia. B mpomecce mocieyIomnero ero OCThIBaHUs POUCXO-
JAT 1eopMali KOHCTPYKIUH — U3TN0, YKOPOUEHHUE, B HEKOTOPBIX CIIydasx Jake HoTeps yCTOHUYUBOCTH.

dopmHIpoBaHKE OKOHYATENLHBIX HANPSDKEHUH CBA3aHO C 3aBEPLICHHEM CBApOYHBIX pabOT B KOHCTPYKIIUH U
0CBOOOX/ICHNE OT 3aKpEIUIAIONIMX HArpy3ok. BciiencTBue mpoTekaHWs IUIACTHYECKUX Ae(opMaruid MpOUCXOANUT
nepepacrnpeznenenre H/IC KOHCTPYKIMH, pe3yAbTaTOM SIBISETCS TOSIBJICHUE OCTAaTOYHBIX Ae(opMaliii 1 HanpshKe-
HUI, KOTOPBIE, B CBOIO OYEPE/Ib, BIUAIOT HA BHYTPEHHME HANPSDKEHHSI B CAMOM CBapHON KOHCTPYKIUH.

MaxkcumalibHble 3HaY€HUE OCTATOYHBIX CBapPOYHBIX HaHpﬂ)I(eHPII)'I JJI HU3KOYTJIICPOAUCTBIX crajgei 0OBIIHO
OIH3KH K Tpeserty TeKydecTd Metauia. OHM U3MEHSIOT CBOM 3HAYSHHS OT MaKCHUMAJIbHBIX Ha OCH IIBA M JOCTUTAIOT
HYJIs IIpY ABMOKEHUU K OKOJIOIIOBHOM 30HE.

B Hactosiee Bpemsi cymiecTByeT OOJBIION apceHad METOJOB OOphOBI ¢ OCTATOYHBIMH CBAPOYHBIMH
HapsHKEHUAMU, HO HA OAWH U3 HUX, B CUJIy CBOUX cneunquecxnx OCO6eHHOCTeI71, HE ABJIAACTCA YHUBCPCAJIbHBIM.
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B Hamie Bpemst BCE OONBINYIO aKTyaJIbHOCTh NMPHOOPETAI0 YIBTPA3ByKOBBIE METOIBI 00paOOTKH CBapHBIX
COCTUHEHUH, KaK CIOCco0 TOBBIMICHHUS HX IONToBedHOCTH. ONHUM W3 3THX METOJOB SBIISETCS YIBTPa3ByKOBas
yaapHast o6padotka (YYO).

B nmayuHoi1 muTeparype onmmucaHo OOJBIIOE KOIMIECTBO Pa3IMYHBIX METOAWK IT0 TpoBeAeHuio Y YO, HO Bce
JAHHBIE METOIWKH OOBENUHSICT OOIIHe MpoOIeMBI — BEChbMa Majas IPOU3BOIUTEIHFHOCTh, OYCHb HU3KAs CTEIICHD
MeXaHHM3aIUU IpoIecca IMPH BeCbMa TPOMO3IKOM U 3HEPro3aTpaTHOM 000pyIOBaHUH.

Kpome Toro, B Hay4HOU JMTEepaType He MpeIaraloTcsi 3aBUCHMOCTH MOITHOCTH 00pabOTKU OT KaKHuX-J100
rapamMeTpoB, UCXOAs U3 TOTO, YTO JJIs BCEX MaTEPUaJIOB 3HAYECHUSI MOILIIHOCTEH B OINHAKOBOM CTENEHU OYyIyT BIHATH
Ha pe3yJbTar.

B pabote uccnenyercs Bausaue Y YO Ha cHsatue u nepepacnpenencarne OCH i mOBEepXHOCTEH, Mo-
BEPrHYTHIX NPEABapUTEIbHON 00paboTke. Paboune pexxuMsl, npeyiaraeMble aBTOpaMu paboOThI, OTIIMYAIOTCS HHU3-
KOH CTerneHbI0 MOTPeOIeHHsT MOIIHOCTH 000PY/I0BaHUS, B OTJMYHMHU OT paboT APYTUX aBTOPOB.

Taroke, paccMaTpUBaeTCs BOSMOKHOCTh MeXaHu3amun Y YO B IENIX yBETHUSHHS MPOU3BOTUTEIHHOCTH
00pabOoTKN KOHCTPYKINH, IMEIOIIIX NPOTSHKEHHBIE CBAPHBIC COCIMHEHMS. Pe3yibTaTel paboThl MMOIKPETIICHBI Cepu-
il SKCTIEPIMEHTOB, TIOATBEPIKAAOIIIX TIOCTABICHHBIE 1SN U 3a/1a9H.

Hayunslii pykoBoaurean: A.l'. [lanaes

I1. M. ®POJIOB
Canxm-Ilemepbypeckuii 2opHbill yHueepcumem

CIIOCOB OPUEHTUPHO-COEJJUHUTEJBbHONU CHbEMKHU YEPE3
OJHY BEPTUKAJIbBHYIO BBIPABOTKY C IOMOIIBIO JIASBEPHOI'O
MNOCTPOMTEJIA INIOCKOCTEA

B HacTosiiee Bpemsi COCTOSIHUE TOPHOTO MTPOU3BOJICTBA XapaKTEPU3YETCsl BRICOKON CTENEHBI0 MPOU3BOAHU-
TETLHOCTU TPYZA, B YACTHOCTU MPOXOJKU MOATOTOBUTENBHBIX U HApPE3HBIX BHIPAOOTOK HA pPa3HBIX TOpPHU30HTaX. B
CBSI3H C 3TUM OT MapKIICHAepOB TpeOyeTcs MPUMEHEHHE BBICOKOMPOM3BOIUTEIHFHBIX METOJOB OPHUCHTHPOBAHHS
MTOJIPTAXHBIX BBIPa0OTOK. OTHUM W3 TaKUX CIOCOOOB SIBISIETCS CIIOCOO OPHEHTHPHO-COCTUHHUTEIEHOW CHEMKH C
MTOMOIIBIO JTa3epHOro moctpoutels miockoctei (JIIIIT), koTopsrid GopMupyeT BepTUKAIBHBIE B3aUMHO TEPICHIH-
KYJISpHBIC JTa3epHBIC TUIOCKOCTH. V3MepeHUs BBITONHAIOTCS JCKTPOHHBIMH TaXEOMETPaMH B 0€30TpakaTeIbHOM
peXHUMe 0 TOYEK, PacIIOIOKEHHBIX Ha MIEPECCUCHIH JIa3ePHBIX CIIEA0B Ha CTEHKAaX, KPOBIIC BRIPAOOTKY HIIH HA T10-
JIyIpO3pauyHOM SKpaHE Ha BBIIBUXHOW KOHCOJIM JUIS MOCIEAYIOLIEr0 BBIYUCIECHUS IUPEKLMOHHBIX YIIOB CTOPOH U
KOOPJIMHAT TOUYEK ChEMOYHOH CETH Ha OPHEHTUPYEMOM TOPHU30HTE.

[Tonmy4eHHBIH, B pe3ynpTaTe TECTOBOH OPHEHTHUPOBKH MOI3TAXHOI BEIPpaOOTKH, pacloyI0KeHHOH Ha BBICO-
Te 24 M OT TOPHU30HTa OTKATKH, AUPEKIIMOHHBIA YroJl B MOASTAXHOH BHIPAOOTKE OTIMYAICS OT KOHTPOJIBHOTO,
OIPEIENICHHOTO METOAOM TIPOKIIAIKH MOJUTOHOMETpUYecKoro xoza, Ha 00°01°44”. MHOroKpaTHble MPOBEICHUS
COETMHUTENBHON CHEMKH TIOKAa3ajlH, YTO PACXOXKIEHHUS MEXIy 3HAYeHHSIMH JUPEKIIMOHHOTO yria CTOPOHBI Ha
mopTaxe Koedanock ot 2’ o 10°, 94To HIKe 3asBICHHOTO 3HAYCHUS M3 HHCTPYKIUH, COCTaBIIIIoNIero 14,

(oR— : ")

Ha sepaviem ropusosre

Ha rasrom
B. JOpUIONTS i A

PucyHnok — cxema npumbIkaHus Ha ropuzoHTax: A,D — Toukn ycraHOBKM TaxeoMeTpa; M — TOUKa ycTaHOB-
ku JIIIT; 1,2 — TOukK BU3UpOBaHMUSL.

[Ipumenerne 1aHHOTO croco0a Mo3BOJSAET 3HAYUTEIHFHO IMOBBICUTH ONIEPATUBHOCTH M 0€30MacHOCTh pado-
THI MapKIeiiiepa npy BEIOITHEHUH OPHEHTHPHO-COSMHNUTENFHON CheMKH ¢ obecrieueHrneM TpeOyeMoii TOUHOCTH.

Hayunblii pykoBoauTenb: K.T.H., 1o11. B. A. Kucenes
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JLP. XAUPUTIUHOBA
Hayuonanvuwii uccneoosamenvcxuii mexnonocuyeckuii ynusepcumem « MHUCuCy

HUCCJEJOBAHUE BO3MOKXHOCTHU PELIUKJINHT A
MPOMBIIIJIEHHBIX OTXOJ0B INIACTMACC C IEJBIO
MNOJYYEHHUSA BBICOKOKAYECTBEHHOI'O
METAJLTYPTHYECKOI'O KOKCA B YCJIOBUSX YPAJIA U
3AIIAJTHOH CUBUPU

CoBpeMeHHbIE METAJUTYpPTHUECKHE TEXHOIOTHH M arperaTsl SBISIOTCS YHUBEPCATbHBIMU ISl TIEPEPabOTKH
OoJbIIEH YaCTH MPOMBIIIIIEHHBIX U OBITOBBIX OTXOJOB: OHH IIPUTOIHBI AJSI paOOTHI IIPU HU3KUX M BHICOKMX TEMIIE-
parypax, B OOJIBIIOM IHAIla30HE AABICHUH, MPH PA3TMIHOM OKHCIUTENFHO — BOCCTAHOBHTEILHOM IOTEHIHANE Ta-
30BOH Cpelipl, MPU pa3sHOOOpPa3HOM I'PaHYJIOMETPHYECKOM COCTaBE IepepadaThBaEMOro Marepuana. Tak KOKCOXH-
MHUYECKOE IPOU3BOJICTBO MOXKET OCYIIECTBUTH MTUPOJIU3 OTXOJ0B — Hanbojee KBaTu()UIIMPOBAHHBIN U IEPCIEKTHB-
HBII METOJ MepepadOTKH OTXOJO0B, IIPH KOTOPOM B MOJIHOW Mepe pelaercs 3afada pecypcocOepeeHus: nporecce
He TpeOyeT pacxoaa KHCJIOPOa, MO3BOJISIET UCIIONIB30BATh DHEPIOXUMHYECKUI TOTEHIMAI IlepepadaThIBaEMbIX Ma-
TepUaJIOB.

B xauecTBe MHOTOTOHHA)KHBIX YITIEPOAUCTHIX MAaTEPHUAIOB, COBMECTHUMBIX C OPraHUYECKON Maccoi yris B
Iporecce KOKCOBAHUS, M B TO JK€ BPEMs JIOCTATOYHO JICHMIEBBIX, MOTYT PacCMaTPUBAThCsl OTXOJBI BHICOKOMOJIEKY-
JSIPHBIX COCTMHEHHUH 1 B TIEPBYIO OUEPEb OTXObI IIIACTMACC Pa3HBIX BUIOB.

BaxHeimeld XxapakTepHCTHKOH OTXOAOB IJIACTMACC ABISAETCS MX 3HEpreTHdecKas IeHHOCTh. M 1o XuMu-
YECKOMY COCTaBYy, M MO TEIIOTE CTOPAHHS IIACTMACCHI TIOZOOHBI OCHOBHBIM HMCKOIIAEMBIM TOIUTMBAM — IPHPOIHO-
My Ta3y, He()TH, YTIIsIM.

Jo6aBka 10 5 % OTXOZOB IIaCTMACC K YTOJBHOM MIMXTE NPU KOKCOBAaHMM HE YXy/IIAeT Ka4eCTBO IOTyda-
€MOT0 METaITyprH4ecKOro KOKca.

JobaBka 5 % OTXOAOB IUIACTMACCHI K YTOJILHOW IUXTE IPeoIaracT CHIDKCHUE Pacxoa yrisl U cebecTo-
HMOCTH YyTyHa.

Hayunslii pykoBoauTeb: K.T.H., 1ou. [I.1. YepHoycos

T.P. XAJIUMOB
Canxm-Ilemepbypeckuii 2ophbili yHueepcumem

O HAXOAKE CTPOMATOJIMTOB B IEPMCKOM
KOPAJIJIOBOM MACCHUBE TPATAY

B asrycre 2016 roma Obuta coBepIIeHHA MOE3IKa HAa MHTEPECHBIN Te0IOTUIECKUH 00beKT — muxaH Tparay
B 8 kM ot r. Ummmmbaii. [Ipencrapnstomumii co00# KyIIOJIOBUIHBINA CKabHBIH XOIM C KPYTBIMH CKIIOHAMH, XOPOIIO
BBIICIISIONIHICS B perbede.

OO6pa3oBaHre MIMXaHOB MPOUCXOJUIO B pazHoe Bpems B mepuona ot 300 muH. J.H. 10 273 MiH. J.H. OHI
MIpeTepIeNy JIUTEIbHYI0 UCTOPHIO MOTPY)KEHUSI M OBUTH BBIABHHYTHI HAa IMOBEPXHOCTh OKOJO 20 MJIH. JIET Haza.
Bonbimoe BHUMaHue 3TH TOPHI MIPUBJIEKIN K cede mocie 1932 r., koraa toxHee Tparay, B paiione a. MmmumbaeBo, B
MOTOOHBIX %K€, HO MOrPEOECHHBIX N3BECTHIKOBBIX MAaCCUBAX OBbLIM OOHAPYIKEHBI 3AJICKH HEPTH.

HaiinenHrpie 00pasiipl CTPOMATOIMTOB PEICTABISIOT COO0H TMTH(UIIMPOBAHHBIME CKOTUICHHSIMU KOJIOHU I
anoOakrepuii. OHM M3BECTHBI C IPOTEPO30s U IO HBIHE, T09TOMY Ha OCHOBAHMH MX COBPEMEHHBIX IIPEACTaBHUTE-
JIel ¥ BeIeTCs PEKOHCTPYKIUS 0OCTAaHOBOK MX OOMTaHMSI M 0COOCHHOCTEH 00pa3oBaHus U ()OPMHUPOBAHUSI.

Cama kiaccuuKkaiys CTPOMATOIHT TPOBOJMUTCS MO (OPMATBHOMY METOJY — Ha OCHOBAHHM (OPMBI U
CTPYKTYPBI, YTO CBSI3aHHO C IIJIOXOW COXPAHHOCTBIO si/Iep IMaHOOAKTEpHU U 3aBUCHMOCTBIO (DOPMBI OT TMAPOIMHA-
MHKH, Ye€M OT 0COOEHHOCTEH CTPOEHHS OPTaHU3MOB KOJIOHHH.

ITo cBoeit MopdocTpykType npuIUINGOBaHBIA cTpoMaTosMT Nel OTHOCATCS K IKEIBaKOBO-IUIACTOBBIM
ctpomaronuraM, a Ne2 K cTtonbGuaTeiM. Ilo MHKPOTEKCType WX MOXKHO OTHECTH K JICHTOYHBIM, JIEHTOYHO-
CTYCTKOBBIM M KOMKOBATBIM MHUKPOTEKCTypaM (Hambosiee XapaKTepHbI IS INIACTOBBIX M JKEIBAKOBBIX CTPOMATONH-
TOB), YTO TIO3BOJIIET OINPEEIIUTh OOCTAHOBKH OCAJKOHAKOIUIEHHUS, KaK JUTOpains s opb. Ne2 u cympanmuropais
(maryny) st 06p. Nel.

Bce 310 BaxkHO 11 My4Ieil peKOHCTPYKIIMHA 00CTaHOBOK ()OPMHUPOBAHMS M OCATKOHAKOIUICHHS, a TaK JKe
pacupeneneHus GUIBTPAIMOHHO-EMKOCTHBIX CBOMCTB ImInxaHa Tparay, Tak Kak OH MOXET SIBIATHCS MOJEINBIO Kap-
6oHaTHOrO pU(OBOrO pe3epByapa NaJCO30HCKOr0 BPEMEHH, YTO aKTyaJbHO CeiHyac JJIsl CXOJHBIX PU(OTCHHBIX pe-
3epByapoB Tumano-Ileuepckoit HI'TI.

Hayunblii pykoBoauTensb: K.r.-M.H., 1oul. kad. U M.I'. [lunkoGypoBa
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A. C. XATYHKHHA
@I'FOY BO « Yomypmckuil 20cy0apcmeeHHblil YHUBEPCUMem»

NCCIEAOBAHUE KPUTEPUEB PASMEILEHUSA
F'OPU3OHTAJIbHBIX CKBAJKHH B 30HAX IIJTACTA C
IHOBBIINIEHHOU TPEHIMHOBATOCTbBIO

B npombIciioBoil mpakTHKe U3BECTHBI KPUTEPHUHU, MO3BOJISIONINE ONTHMHU3UPOBATh pa3MellleHHe TOpU30H-
TAJIBHBIX CKBKHMH B ITpeeaax HeTSIHON 3aJIeKH U JOCTHYb XOPOILINX HKCILTYaTal[HOHHBIX XapaKTEPUCTHUK.

K OCHOBHBIM KpUTEpHUSIM MOXHO OTHECTHAa3MMYTaJbHOE HallpaBlICHHE pa3MEIlEHHUs B CTOPOHY OOJBIINX
3aI1acoB MPa3MEIIEHUE CHCTEMbI BEPTUKAIBHBIX M TOPU3OHTAIBHBIX CKBAXXHWH B 3aBUCHMOCTH OT IOJBIKHOCTH
He(TH, MO3BOJISAIONIEE TOTYIUTh JOCTATOYHO BHICOKHI OXBAT IJIACTa BO3/IEHCTBUEM.

B Hacrosmeit paboTe paccCMOTPEHBI KPUTEPUH, YIET KOTOPBIX MO3BOJISET MOBBIIIATH JOOBIBHBIE BO3MOXK-
HOCTH FOPH30HTAJIBHBIX CKBKUH IPH UX Pa3MEIICHUH B 30HAX MOBBIIIEHHON TpeNHOBATOCTH. CyIIECTBYIOT TEX-
HOJIOTHYECKHE PEIICHHUS 110 CIIOCO0Y pa3MEIeH!s TOPU30HTAIBHBIX CKBAXKHUH B 30HAX TPEIMHOBATOCTH, 3aBHUCSIIUC
OT IOMHHHPYIOIIETO HANpPaBJICHHUs PAcloiOXeHHs TPEUINH. B mporiecce coBEpIIEHCTBOBAHUS CIIOCOO0B pa3Melne-
HUS CKBa)KUH JUaNa3oH pa3MelneHus yria usmensuics ot 0 - 90°mo 0 - 30°. HegoctaTkoM pacCMOTPEHHBIX peIIeHHH
SIBJISIETCSI HEIOCTATOYHO IOJIHBIM y4eT BIMSHHS MPOLIECCOB JUCIEprupoBanus GuibTpyrommxcs ¢as3, u Kak ciei-
CTBHE, BBIOOP yIJia HE SIBJIIETCS] ONTUMANIbHBIM.

Pe3ynpraThl KHHEMAaTHYECKUX HCCIIEAOBAHUM (UIbTpaLK OJHO(A3HOW >KUIKOCTH Ha MOJEIH IUlacta C
Xa0THYECKON TPEIIMHOBATOCTHIO MO3BOJIIIIN YCTAHOBUTH BO3MOYKHOCTB IIPUCYTCTBHS MPOLIECCOB JUCIIEPTHPOBAHUS
(a3 TpHu pa3NUYHBIX YIIax Pa3MEMICHUS TOPU30HTAIBHBIX CKBAXHH 0 OTHOLICHHUIO K I'€HEpalbHOMY TPAJNCHTY
JaBJICHUS U TOMUHHPYIOIEMY HAlpaBJICHUIO TPEIIMHOBATOCTH.

PesynbraTel aHamm3a pabOThl TOPH3OHTAIBHBIX CKBA)KWH, Pa3MEIIECHHBIX IO/ Pa3INYHBIMH YIJIAMH, Ha
HOcpkrHCKOM MecTopoXxaeHNN HehTH (TeppuTopus Y AMYypTcKo PecmyOnnkn) mo3BONMMINM MOATBEPANTH J1abopa-
TOPHBIE IKCTIEPUMEHTBHI.

OCHOBHBIM PE3yJIbTATOM HPOBEACHHBIX NCCIECIOBAHUH SBISCTCS PEKOMEHIAINS M0 MIPOCKTUPOBAHHUIO pas3-
MEIIIEHUs] HOBBIX TOPU30HTAIBHBIX CKBXKUH MOA YriioM 30° K JOMUHHUPYIOLIEMY HalpaBICHUIO TPEIIMHOBATOCTU U
yBEJIMYECHUE JaHHOTO yIJia B 3aBUCUMOCTH OT arperaTHBHON YCTOMYMBOCTH BOJAOHE(DTSIHOM IMYJIbCHH.

Hay4Hble pyKoBOAUTEJIM K.T.H., 101l. O. M. Mupcaetos, accucteHT A. A. lllymuxux

K.IO. XOBHA
Canxm-IlemepoOypecxuii I opnviii ynusepcumem

CHUKEHUE OCAJOK 3EMHOM IMOBEPXHOCTH ITIPH
HNOAPABOTKE 3JAHUHN I'OPHBIMH PABOTAMMU B YCJIOBHUSIX
IIVIOTHOU I'OPOACKOHU 3ACTPOUKH

s cHUKeHus: ocaZiok 3eMHOM MOBEPXHOCTHU MIPU CTPOUTENBCTBE MO3EMHBIX COOPYKEHUH UCIOIb3YIOTCS
pasnudHble criocoObl cTabunu3aiuu j1da 3a00s1, BKIIIOYasi UCTIOIh30BAaHUE COBPEMEHHBIX CHEIHATN3UPOBAHHBIX II1H-
TOBBIX KOMIIJIEKCOB C TPYHTOBBIM HJIM T'HJIPABIMYECKUM MPHUTpy30oM. B paGorte mpemmaraercs, HapsAgy ¢ yKa3aHHBI-
MU CHOCO6aMI/I, HpOBOI[I/ITI) JOIIOJTHUTCIIBHOC KOMIICHCAIITMOHHOC HAr"eTaHuEe B 30HBbI prHTOBOFO MacCuBa C
HaI/I6OJ'II)HII/IMI/I BepTI/IKaHBHI)IMI/I CMCUICHUSIMU. BI)IHOJ'IHGHa IIOCTAHOBKA 3aJa4u O KOMIICHCAIITMOHHOM HAarHE€TaHUU
TPYHTOBOTO MacCHBA B 30HY C HANOOIBITUMH OCaIKaMH 36MHOU TIOBEPXHOCTH.

O06ocHOBaHa cXeMa PACIONIOKECHUST KOMIICHCAIIHOHHBIX CKBAXKHH U MX ITapaMeTpoB. [IpoBeeHbI B IIOCKOI
ITOCTAaHOBKE pPacyeThl CMEMICHUI TPYHTOBOTO MACCHBA IIPH CTPOHUTEIBCTBE NMEPETOHHOTO TOHHENS C y4eToM U 0e3
y4eTa KOMIICHCAIIHOHHOTO HarHeTaHus. [IpoBeeHO comocTaBiIeHUs pe3yIbTaTOB pacuera. BEIsBIICHO BIUSHUE Ta-
paMeTpoB HArHETaHUs Ha BEJIMYMHY W 3aKOHOMEPHOCTH 0CaJIOK 36MHOW MTOBEPXHOCTH.

Hayunsrii pykoBoauTens: 1.1T.H., npod. A.I'. IIporocens

253



A.Il. XPAMIOBA
Heanosckutl 20cyo0apcmeeHubili XUMUKO-MEXHONI02UYECKUL YHUBepCUmem

TEPMHUYECKOE ITOBEAEHUE CMECH HA OCHOBE
METAKAOJIMHA C HCIOJIb30OBAHUEM YJIbTPA3BYKOBOM
OBPABOTKHA J1JIAA CUHTE3A IHIEOJIUTA LTA

Jnst TiryGoKoH OCYIIKM MPOMYKTOB HE(PTEXUMHUUIECKOTO CHHTE3a MPUMEHSIOT T'PaHyJIUPOBAHHBIN IICOJIUT
LTA 6e3 cBs3yromIero, mocKoIbKy CB3yoIee CHIKAaeT 3()()EeKTUBHOCTE eoiuTa. (I moIydeHns rpaHyInpOBaH-
HBIX IICOJIUTOB CMECh CHauana (hOpMyIoT, a 3aTeM NpoKanuBatoT rnpu temneparype 500—-900°C. BaxnocTb TepMHu-
4yeckoi 00paboTKH B nporiecce pOPMUPOBAHHS LIEOJIMTOB OTMEUEHa MHOTUMH HccienoBarestsif1].

CoryiacHO JaHHBIM TEPMHYECKOTO aHayn3a ObLI OINpEeesIeH TeMIepaTypHbIi TUana3oH, B KOTOPOM MPOUC-
XOUT PEKPUCTALTM3ALMS 1IEOJIUTA B aJFOMOCHIMKATHL. BBUIM yCTaHOBIICHBI TOYHBIE TEMIIEpATypHBIC JWAIa30HBI
JUISL TPEX CKOPOCTEi HarpeBa 00pasIioB IOCIIe YIBTPa3ByKOBOH 00pabOTKH 1 Oe3 MpeaBapuTesIbHOI 00paboTKH.

CoryiacHO JaHHBIM PEHTIeHO(a30BOr0 aHau3a Uil Kakaoro oopasna o poctmwxenus S00°C Ha peHTre-
HorpaMMme Habxromatorcs pediexcsl orpevaromue rneoanty LTA. YVeemmaenun temmeparypst 1o 700°C conpoBox-
naercsi mosieienueM (aszsl —NagAlySi;O17. Tpu moctmkennn Temmeparypbl 800°C  0OHApYKEHBI peIIeKChI
NagAl,Si,015 1 Hedennna. [Iporecc COMPOBOXKIACTCS PA3NIOKEHHEM METAKAOINHA B OKCHI KPEeMHHS M MYJUIHT.
[pu goctmwxernn 900°C pediiekcoB 0TBEUAIOIMINX [IEOJIUTY HE O0OHAPYKEHO.

Bouo ycTaHoBieHO, 4TO 6€3 yIbTpa3ByKOBOW 00pabOTKM KaXKyIasicsl SHEPTHsl aKTUBALUK BBIXOAUT MPH-
OMu3UTEeNbHO Ha ouH ypoBeHb (350 k/lx/Moin). [Ipu moctmxenuu creneHu npespaiienus 0,5-0,6. [Tocne ynapTpa-
3BYKOBOW 00pabOTKH KaXKyIIasicsi SHSPTUs aKTHBAIIMA MOHOTOHHO Bo3pacTtaeT ¢ 350 mo 450 k/[x/Moib mpu 0CTH-
JKEHUH CTEINeHH npeBpatieHus Boire 0,9, crnaxupas nepexoa pexnma (1o 200 k/{/Moib) Ha KHHETHYECKUH.

[1] N.E. Gordina, V.Yu. Prokof’ev, Yu.N. Kul’pina, N.V. Petuhova, S.I. Gazahova, O.E. Hmylova,
Effect of ultrasound on the synthesis of low-modulus zeolites from a metakaolin, Ultrason. Sonochem. 33 (2016)
210-219.
Hcceneoosanus unancuposanroce PODPU no oannvim uccnedosamenvckoeo npoexma Ne 16-03-00163 A.
Hayunblii pykoBoaurtenb: 1.T.H., mpod. B. 0. [Ipokodpres (UT'XTY)

A.C. XPEKUH
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

AHAJIN3 CXEM BBIJAEJTEHUSI HA®TAJIMHA U3
HA®PTAJIMNHOBBIX ®PAKIIUU PAS/INYHOI'O COCTABA

HadranmuH oTHOCHTCS K OpraHMYECKHM COCIMHEHHUSIM, MIHPOKO HCIOJIB3YIOIUMCS B Ka4eCTBE MCXOIHOTO
CBIPBS U PA3IMIHBIX He(QTEXUMUIECKHUX CHHTe30B. Yamne Bcero HadrannHOBas (hpakIus BHIIEIACTCS U3 KaMEH-
HOYTOJIFHOH CMOJIBI, B KOTOPOIl costepkanne HaTanuHa KoJjeOJIeTcs B IIMPOKUX Tpeeax.

B pabote npoBeseH aHanu3 BO3MOXKHOCTH BBIACTICHNS Ha(TaIMHA BBICOKOW CTETIEHU YMCTOTHI M3 HadTa-
JIMHOBBIX (PpakIuii, MOITY4EHHBIX NMPH JUCTIIIIINM KaMEHHOYTOJIbHON M HEe(TAHOW CMOJI Pa3IM4HOrO COCTaBa.
Opakiuu coxepkaT psija MpUMecei, KOTOpble CYIIECTBEHHO OCJIOXKHSIOT 3a/ady IOJYYeHHS YHUCTOTO MPOIYKTa.
HaunOosbIiryt0 CI0KHOCTh MPEACTABIACT MpoOsieMa pas3jieicHus cMmecd HadranuH-THOHADTEH W HadTaIUH-
KCHJICHOJI.

Ha ocHoBe MonmenupoBaHUs MapOKUAKOCTHOTO PABHOBECHS KOMIIOHEHTOB 3THX CMeCEH MPH pa3sIHIHBIX
JABIICHUSIX, IPOBEICHHOTO ¢ ucnonb3oBaHueM Metona UNIFAC noka3aHo CyIIiecTBOBaHUE MOJOKHUTEIBHBIX TOMO-
TCHHBIX a3€0TPOIIOB 2,3-KCHIICHON —Ha(TadiH U HadTanuH — THOHA(TeH. [IpeickazaH TPOWHOM a3e0TPOI KCHICHO
— HadTanuH — THoHadTeH. [lpu aTMocdepHOM maBiIeHNN cOCTaB a3eoTpona: KcuieHos — 43 % macc., HagTanud — 5
% Macc., TuoHaTeH — 52 % macc. Temneparypa kunenust — 201 °C.

Ha ocHoBe ananm3a (a3oBbIX paBHOBECHH MPEIOKEHBI YHU(HUIMPOBAHHbBIE CXEMBI BblEIeHNs HadTannHa
Ha JIBYX KOJIOHHaX M B OJHOW KOJIOHHE C TpeABAPUTEIBHOM cemapanueil ceipba. OmnpeneneHs! TpeOyeMble peKUMBI
n 3¢ pexTuBHOCTH KOJOHH, 0OECIIeUNBAONINE MTOTYyISHHE TOBAPHOTO MPOAYKTA C COAEp)KaHHEM OCHOBHOTO BeIe-
ctBa 60see 99 % u3 HadhTaNTMHOBBIX (YpaKIUK Pa3HOTO COCTaBa ¢ MUHUMAIBHBIMU MOTEPSIMH HaTaIHHA.

IIpoBeneHsI cpaBHEHNMS MAPOBBIX BHYTPEHHHUX MMOTOKOB KOJIOHH M 3aTpaT HEPTUH Ha MPOBEJCHHE MPOIIeC-
ca peKTH()HKAIMN TPU BBIIEICHUN Ha(TadnHAa U3 CMeceil Pa3sMTUYHOr0 KaueCTBEHHOTO COCTaBa, I/IE COJAEpKaHHe
HadTaTMHA BapbUPOBAIOCh OT 72 10 88 %.

Hayunblii pyxkoBoaurTen: 101, k.T.H. H.A. Pomanosa
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C.I'. HAPEB
Anvbmemvesckutl 20cy0apCcmeerHblll He@hMAHOU UHCIUMY M

YCTPOMCTBO CO3JIAHUS KOJJEBAHUU CKBAKMHHOT' O
HHCTPYMEHTA JUISI HPEAYIPEXKJIEHUS OBPA3OBAHUSI
IIJIAMOBBIX HOAYIIEK ITPU BYPEHUY T'OPU30OHTAJIBHBIX
YUYACTKOB CKBAKHWH

B pabore paccmarpuBaercs mpo0iemMa BbIHECEHHS! BEIOYPEHHOH MOpPOJBI HA AHEBHYIO MOBEPXHOCTh NPH
OypeHHHU TOPU3OHTAIBHBIX YYaCTKOB CKBa)XKHMH U IpejlaraeTcs, Kak OJHO M3 PEIeHUH MpoOJIeMbl, TEXHOJIOTUS Uc-
moyk30BaHus paspadoranHoro Ha kadernpe BHI'C AIHU ocmmmstopa-TypOynmm3aTopa, YCHENIHO MpOIIEAIIero
HPOMBICTIOBBIC MICIIBITAHHUSL.

B HacTosiiee BpeMs BaKHEHIIMM HalpaBJICHHEM ITOBBINICHHS 3()(GEKTHBHOCTH pa3padOTKH MECTOPOXKIE-
HHH CTaJlo CTPOHUTEIBLCTBO HAKJIOHHO-HAIIPABICHHBIX CKBa)XXUH, B TOM YHCJIe ¢ TOPU3OHTAIBHBIM OKOHYaHHEM CTBO-
ma (HHuT'C).

IIpy NPOMbBIBKE CKBAKHH B HHTEPBAIAX C 3¢HUTHBIMU yriamu 10 30°, mumam 5 heKTHBHO BHIHOCHTCS MO-
TOKOM GypOBOrO PacTBOpa I OCAJOK Ha CTEHKAX He obpasyercs. IIpu 3eHuTHBIX yriax Gomsie 30° mumam ocaxa-
€TCsl Ha HIDKHEH CTeHKe CKBaXHHBI. OCaJlok MOXKET COCKajb3bIBaTh BHU3 IO CTBOJY M 0Opa3oBHIBATH NPOOKU B
KOJIBIIEBOM IPOCTPAHCTBE, YTO BEJET K BOSHUKHOBEHHUIO OCJIOHEHHH B ITpoliecce OypeHusl.

IIpobnema oGecnieuenus copepueHHo ounctku cTBoida HH u I'C ot mama norpeboBaia moucka MpuH-
LUNHAJIbHO HOBBIX PEIICHUI KaK TEOPETHYECKHUX, TaK M IKCIEPUMEHTAIbHBIX MCCIIEOBAaHUM B JaOOPaTOPHBIX U
HPOMBICIIOBBIX YCIOBHSIX.

OcsTop-TypOyIM3aTOp YCTAaHABIMBACTCS B KOMIIOHOBKE OYPUIIBHOM KOJOHHBI MEXKIY JOJOTOM U BUH-
TOBBIM 3a00iHbIM aBurateneM (B31). [IpencrapiseMblil OCHMILIATOP-TYypOYIU3aTOP UMEET KOHKPETHBIE TEXHOJIO-
TMYECKHEe NPEHMYILECTBA Mepe]] aHaJIOTHYHBIMH pa3padoTKaMu B 3TOi o0nacTH. B 4acTHOCTH, 3a cyeT CBOeH KOH-
CTPYKLMH, BO3HHKAIOLIHE ITPU MPOKaYKe pacTBOpa BUOPALMK KOPITyca OCIMIUIATOPA OAHUMAIOT HU3JICKALIHE CIIOH
IIaMa, TeM CaMbIM IPEIATCTBYIOT 00pa30BaHUIO IIUIAMOBEIX MOAyIIeK. KpoMe 3Toro, BUHTOBBIC JIMHUM — I1a3bl Ha
BHEITHEH CTOPOHE KOpITyca OCLIJUIATOPa CIOCOOCTBYIOT INEPEXO]y PeKMMa TEUeHHs IOTOKAa U3 JAMHHAPHOTO B
TypOyNEHTHBIH, UTO TakXke, B CBOIO OUepe/Ib, 00JerdaeT MpoIecc OYUCTKH CTBOJIA CKBaXHHEL. [IprMeHeHne ocuI-
JATOPa-TypOyIU3aTOpa TAKKE CIOCOOCTBYeT Hanboee 3(h(HEeKTUBHOMY JOBEACHUIO OCEBOM HATPY3KH Ha JIOJIOTO.

Hayunblii pykoBoauTenb: 1.T.H., npod. Xy3una JI.b.

JI.LH. YAHBIIIEBA
Ypumckuii 2ocyoapcmeennwiti negpmanou mexnuuecKull ynugepcumen

I'EOJIOT'O-ITPOMbBICJIOBOE OBOCHOBAHMUME U3BJIEYHEHUSA
OCTATOYHBIX 3AITACOB HE®THU HE®TAHOI'O
MECTOPOKJIEHUA 3ATIAJTHON CUBUPU

Ha cymecTByroriem starne pa3paboTKu MPOAYKTHUBHBIX TUTACTOB HE(QTAHBIE MeCTOpOXKAeHUs 3anannoil Cu-
OMpHU XapaKTEepPU3yIOTCS BBICOKON BBIpAOOTKOH 3amacoB. [lo aHanmm3uMpyeMoMy OOBEKTY HMCCIENOBAHUS HMEIOTCS
30HBI HE B MOJHON Mepe BOBJICUEHHBIC B Pa3pabOTKy, YTO OOYCIOBIIEHO BHICOKOW JaTepaibHOW U BEPTHUKAILHOU
HEOTHOPOIHOCTHIO, TAKIKE M0 HEMY OTMeUaeTCs HegocTarouHast 3 (EKTUBHOCTh CUCTEMBI TIOAICPKAHUS TIACTOBO-
T'O JJaBJICHUS.

Metoan4eckuil OaX01 K 0OOCHOBAHHUIO I€OJIOT0-TEXHHUCCKUX MEPOIPHUITHN ISl MOBBIICHUS HEPTEOT-
JIaY¥ IUIACTOB CBOJUTCS K YTOYHEHHIO T€OJIOTUIECKOTO CTPOCHHUS, 0000IMIEHUIO T'€0I0T0-TIPOMBICIIOBOI U T'e0JI0T0-
reo(u3nIecKoil MH(POPMAIUK, TOCTPOCHUIO T€OJIOTUICCKON U THIPOJANHAMHYCCKON MOJENCH 3alie)KH, adarTHpO-
BaHHBIX Ha MCTOPHUIO Pa3pabOTKH JO YPOBHS, MO3BOJIIOIIETO OLCHUTH BHIPAOOTKY 3ammacoB H APPEKTHBHOCTH Me-
POTIPHUATHI, a TaKkKe I'e0JIOTO-TEXHOJIOTHYECKOTO aHAIH3Y Pa3pabOTKH, BKIFOYAIOIIETO OIpPEICICHHE CTCICHU U
XapakTepa BhIPaOOTKH 3a1acoB HE(TH 110 TUIOIIAIN U pa3pe3y, aHAIU3y KapT re0JOTHIECKUX IMapaMeTpoB, TIACTO-
BBIX JaBJICHHUIA W OCTATOYHBIX ITOJBHKHBIX 3aI1aCOB HE()TH, PETPOCIIEKTUBHOMY aHAIN3Y 3PPEKTHBHOCTH MPUMECHSI-
€MBIX METOJIOB U TEXHOJIOTHIA BO3JIEHCTBUS HA MJIACT U MPU3a00HHYO 30HY CKBaXKHH.

C uCnosb30BaHNEM JTAHHOTO METOJMYECKOTO TOAX0a BBIJCIECHB 9 yJacTKOB, JJISI KOTOPBIX B TOM YHUCJIE
TIPOBEJIEH aHAN3 TUAPOAMHAMHYECKON CBA3U MEXAY HarHETAaTEIbHBIMHA U OOBIBAIONIMMH CKBRKHHAMU, ITOCTPOE-
HBI CEKTOPHBIE KapThI M0 KaxaA0My y4dacTKy. OmpesesieHbl epCleKTUBHBIE T€0JI0T0-TEXHUUECKHE MEPOTIPUSATHS 110
14 cxBaknHAM, HAIlPAaBJICHHBIX Ha MOBBIMICHUS JeOUTa MTOOBIBAIONINX CKBAXKUH M CTAOMIU3AIUU SHEPTETUIECKOTO
COCTOSIHUS TIaCTOB.

Hayunsrii pykoBoautens: M.M. Xunusaros
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A.C. YEBOTAPEB
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUmMEN

HEKOTOPBIE TEKCTYPHBIE OCOBEHHOCTH ITIOPO
MMAJIEO305 ITAMXONCKOI'O AHTUKJIMHOPHU S

[TpeaMeToM HM3ydeHHs SIBISIOTCS MOPOABI KapOOHATHOTO COCTaBa XEHI'YPCKOH, TalbOEWTHIBHCCKOM, COTI-
YMHCKOH (OpZOBHK) M JIMBAHOBCKOW (HW)KHUH JIEBOH) CBHUT, OOBEIMHEHHBIE OJJHUM OOLIMM TEPMHHOM, OTHOCSIIIUM-
Cs1 K TEKCTYPHBIM OCOOEHHOCTSIM — «IIeTeNbYaThiey. V3ydeHne Takux TEKCTypHBIX OCOOCHHOCTEH MOApa3leneHNi
HIDKHETO ¥ CPEIHETO Maneo30s Ha Tepputopun KOropckoro mosryocTpoBa MpOUCXOIUIIO JIMIIG Ha CTaAHUHU JIUTOJIOTO-
neTporpadnIeckoil XapaKTepUCTHKH OcalouHBIX mopoa. Toxpko B padore K. I'. BoitHoBckoro-Kpurepa Obutu me-
TaJILHO MCCIIEAOBAHBI «IIETEIbUAThIE» TEKCTYpHI 3amagHoro ckioHa [lomspHoro Ypama. B pesynpraTe reomorude-
CKOTO om3y4eHus mromaneii B pamkax pador ®I'BY «BCET'EN» Obuti H3y9eHBI TUTOIOTO-TEHETHIECKHE 0COOCH-
HOCTH 00pa30BaHUIl HIKHETO M CPEIHETO IaIe030s CEBEPHOH OKpanHbl KOTOPCKOTro MOIyoCcTpoBa, YTO MO3BOIHIO
YTOYHUTH BOIPOCHI CEUMEHTAIlNU HEKOTOPBIX CBUT.

Llenbro paboOTHI SIBJISICTCS BBISICHEHNE YCIOBUH M cTaauil (POpMHUPOBaHUS KapOOHATHBIX ITa4eK CpeTHEXeH-
T'YpCKoii moacBuThl XeHrypckoi cButhl (O1.,hn,), TaapoeiTbiBucckoit cBUTHL (0.3 th), BepxHel maykud BepXHECOI-
YUHCKOM IOACBUTHI CONYUMHCKOM CBUTHI (Ogspzz) U BepxHed yactu nuBaHOBCKO# cBuThl (D;lV) Ha ocHOBe KOM-
IUIEKCHOM MHTEpIpeTalui MapKUPYIOUINX TEKCTYyp B COBOKYIHOCTH CO CTPYKTYPHO-TEHETHYECKUM aHAJIU30M OCa-
JOYHBIX (hOPMALTHH.

HUccrnenyemsie oOpazoBanus (OPMUPOBATICH B TITyOOKOBOIHOM 30HE (HMXKE 0a3bl BOJH), KOTJa OCAKICHUE
KapOOHATHOTO MaTepraia ¢ HeOOJIBIIMM KOJINYECTBOM TJIMHUCTOTO M KPEMHHCTOTO OCaJKa IPOUCXOAMIO MPEUMY-
IIECTBEHHO M3 B3BECH. XapaAKTEPHBIC TEKCTYPHBIE OCOOCHHOCTH UMEIOT Pa3InYHBIN TeHe3NC. DTO M PE3yNIbTaT ANa-
TEHETHYECKUX IPOIIECCOB, B BHJE IepepacipencieHus KapOoHaTa KalbIHs, H OCOOEHHOCTH OCaIKOHAKOIUICHHS,
KOT1a HEKOHCOJIMINPOBAHHBIE HIIMCTHIE OCAIKH COCKAIb3bIBAIIM 110 HAKIOHHOMY nHY Ilaii-Xoiickoro naneobacceii-
Ha, ¥ ©3MEHEHHUE NTePBUYHON TOPU30HTAIBHON CIIOMCTOCTH, CBA3aHHOE C B3MYUHBAHUEM OCAJIKa.

Hayunblii pykoBoautens: accuctent K.I1. Psa3aHos.

J.C.HEPEJHUKOBA
Heanosckuii 20cy0apcmeeHHblil XUMUKO-TNEXHOI0SUHECK UL YHUGEpcUumem

BJIUSTHUE YJIbTPA3BBYKOBOM OFPABOTKN HA CUHTE3
HU3KOMOAYJIBHBIX HEOJIMOB BE3 CBA3YIOLIETI'O

I"a3oBast MPOMBIIUICHHOCTD SIBJISIETCS] KPYITHEHIINM TTOTPEOUTENIEM 1e0auToB. biarogapst cBoMM MCKIIOUH-
TEJILHBIM (PU3UKO-XUMHYECKUM XapaKTePUCTHKAM T'PaHYINPOBAaHHbBIE [IEOJIHUTHI 0e3 CBs3ylomero (akTuieckn 0e3-
aJIbTEpHATHBHBIC aJICOPOSHTHI NIPH OCYILKE T'a30B B HedTenepepabaThIBaomIel MPOMBIIUIEHHOCTH. [ paHynpoBaH-
HBII 1IeonuT 6e3 CBS3YIOIIEro 0o0JaaeT BHICOKOHW (Pa30BOM YHMCTOTOM, MEXAaHHMUYECKOH MPOYHOCTHIO M HACBHITHOM
IUTOTHOCTBIO.

st vceeioBaHus CHHTE3a HU3KOMOIYJIBHBIX LIEOJUTOB C PA3IMYHBIM COOTHOoLIeHHeM Si:Al, ¢ ucnoss3o-
BaHHEM YJIbTPa3ByKoBOW 00paboTku (22 kI['1) npuMeHsuicst peHTreHo(a30Bbli aHAIHU3, CKAHUPYIOILAs 3JIeKTPOHHAS
MHUKPOCKOIIHS U HH(paKpacHast CIIEKTPOCKOIIHS.

B pesynbrare tepmuyeckoit oopabdorku (650 °C) npu cooTHomieHun Si:Al = 1 CHHTE3UPYIOTCS allOMOCH-
JIMKaThl HATpHs KyOudeckor cuHroHuu. [locneayromas neonuTtusanus rpanyn B pactsope NaOH (2M) mpuBena k
obpazoBanuio neonutoB Tuna NaP, SOD, NaA. Tepmuueckas o0padoTka rpanyi Si: Al = 2 naet opropoMOUUecKue
M MOHOKIIMHHBIE cHCTeMBbI Na,Si,Os. ITocne kpucTamm3anmu rpanya B 2M pacTBOpe CHHTE3UPOBAIH TIaBHBIM 00-
pasom neoaut NaP u SOD. [{eonntuzanus B pactBope NaOH (6M) kprcTauiu3yeT TOIbKO COJAIIHT.

B pesynbrarte nmpeaBapUTENbHON yIbTPa3BYKOBOM 00pabOTKU MPOUCXOAUT MOP(OIOTHUECKHE M3MEHEHNUS
TBEpAOH (a3bl, KOTOPHIE MPOCIEKHUBAIOTCS HA BCEX CTAIMAX IOJyYEHUS TPaHyIMPOBAHHBIX IIEOJMTOB. Y CTaHOBIIE-
HO, 4TO MOP(OJIOTHYECKHE PA3INIHS ONPEeISIoT (Ja30BbI COCTaB U pa3Mep KPUCTAJUIUTOB TIOCIIE THIPOTEPMHUY e-
CKOW KPUCTAIITM3ALUH.

Takum o6pa3zom, npu cooTHoImeHUH Si:Al = 2 ¢ UCTIOIB30BaHUEM YIBTPa3BYKOBOW 00pabOTKH CyCHICH3HH
1 KPUCTAJUTH3AIMH TPaHys B 2M IIeT0OYHOM pacTBOpe CHHTE3UpyeTcst yucTas (pasza meonuta NaP, a TBepmas daza
HMMeeT MIEPCTIHYI0 MOP(HOIIOTHIO.

Asmopwt Orazooapsm PODHU 3a (punarncosyio noodepiicky uccieoosanuti (epanm Ne 16-03-00163).

HayuHblii pykoBoauTens: 1.1.H., mpod. [Ipokodrer B.IO. (MT'XTY)

256



JIL.M. YUBECA, K.P. APTUMBAEB,
Canxm-Ilemepbypeckuii 2opHulil yHUGEpCUMEN

BOBJIEYEHHUE B PABPABOTKY XBOCTOXPAHUJINII]

B ceronusnemM Mupe cripoc Ha MUHEpaJIbHBIE PECYpChl MOCTOSHHO pacTeT. 113 5KOHOMUKH MBI 3HaeM, 4TO
yeM OoJblIe pacTeT CIpoc, TeM Oomblie npou3BojcTBa. Ho ecTh olHa cymiecTBeHHas mpodieMa Juisi TOPHOU Mpo-
MBIIIJIEHHOCTH U MHpa B OOLIEM, OHA 3aKJIIOYaeTCsl B TOM, YTO MHMHEpaJbl HE BO30OHOBIIsIeMbl. UeM OoJblIe MBI
J00bIBaeM, TEM MEHBIIIE MOJE3HOT0 MCKOIIaeMOT0 CTAHOBUTCS.

[Jpyras npoGiemMa 3aKI04aeTcst B TOM, YTO JIF000€ TOpPHOE MPOU3BOJCTBO, OCOOCHHO Ha OTKPBITHIX TOPHBIX
paboTax, OKa3bIBaECT HETaTHBHOE BIVSIHNE HA OKPYKAIONIYIO CPELy.

OTX0AbI TOPHOTO MPOU3BOJCTBA Pa3MEMIAIOTCS B XBocToXpaHUnIax. OHM IMPaKTHYECKH HE MMEIOT 3Ha-
YUMOCTb, TIOTOMY UTO CUHUTAIOTCS «HEHYKHBIM» MaTepraioM. Ho B oTxomax oboraruTenbHbIX (paOpHKax MMEETCs
MHO’KECTBO ITOJIE3HBIX KOMIIOHEHTOB, KOTOPBIC IIPUTOIHBI JUIA BOBJICUCHUS B pa3pabOTKy.

3a mocegane 20-30 meT TEXHONOTHS 000TANICHNS MUHEPAIBHOTO CHIPhSI YCOBEPIICHCTBOBATIACH B TPeOO-
BaHMS K KOHJULMSAM CHU3HJIMCH, TO3TOMY IIPEIaraeTcsl BOBJIEKaTh B pa3paboTKy XBOCTOXPAHWININA, OCHOBBIBAsICH
Ha U3MEHEHHH 1IeH Ha MUHEPaJIbHbIE PECYPCHI.

Pa3paboTka XBOCTOXpaHMIINII MOXET IPUBECTH TOPHOE MPEINPHUATHE K BBICOKUM SKOHOMUYECKUM MOKa3a-
tenaM. IIpumepom Takoit paspaboTku sBngercs npoekt KanTaiin (ABctpanus). 3a 10 net komnanus noiay4yuna 645
000 yHumit 3o0mota 3 64 MIIH. TOH OTXOZOB TFOPHOIOOBIBAIOLIETO MPEANPUSTHS, KOTOpOoe (DYHKIHOHHPOBAJIO B
1890-¢ roasr.

[Ipobnema BoBneUeHNS B pa3pabOTKy XBOCTOXPAaHWIIHII OCTPO CTOHUT B 3amOun. Hanpumep, «Hepnas I'o-
pa» B KutBe, sBISeTCS MEPCHEKTUBHBIM TEXHOTEHHBIM MECTOPOXKICHUEM, TI€ COAEPKHUTCS MHOXKECTBO ITOJIE3HBIX
KOMITOHEHTOB. LleHbI Ha MeJIb, KaK W Ha 30JI0TO, TOKE BBIPOCIIH U ceiyac 1esiecoo0pa3sHo BOBIIEYb B pa3paboTKy 3TH
U Ipyrue XBocToxpanminiia 3ambun u Appuku, chopmuposasmuecs 10 1990 rona.

Pa3paboTka XBOCTOXpaHWINI MOXKET OBITh OJHUM CIIOCOOOB IOJyYEHHUS! PEIKO 3€MENBHBIX 3JEMECHTOB,
KOTOpBIE OYEHb BOCTPEOOBAHBI B MUPE, a TAKXKE TIOJIOKUTEIBFHO BIUATH Ha OKPY)KAIOIIYIO CPey.

P.H. YYT'YHOB
Heanosckuii 20cy0apcmeeHHblil XUMUKO-TNEXHOI0SUHEeCKUT YHUGEpCUmem

AECTPYKIUA TETPAIIUKJIMHA, PACTBOPEHHOI'O B BO/IE, B
IIJIASME JUDJIEKTPHYECKOI'O BAPBEPHOI'O PA3PAJIA

B nocnenHee BpeMst MHOTHE y4eHBIE aKIEHTHPYIOT BHUMaHHE Ha MOSIBICHUH HOBOW 3KOJIOTHYECKOH Tpo-
0JIeMBbI, CBSI3aHHOI C NMPUCYTCTBUEM B MOJ3EMHBIX U NMOBEPXHOCTHBIX BoJax (hapMareBTHUecKuX npenaparoB. Oj-
HHUM U3 IVIaBHBIX UCTOYHMKOB IOTIA/IaHHS JIEKAPCTBEHHBIX CPEJICTB U MX META0OJIINTOB B BOJIHBIE OOBEKTHI SIBIISIOTCS
cTo4Hble BoAs! (hapmmpon3BoacTB. I[loaToMmy Bompoc o pazpaboTke HOBBIX 3()(HEKTUBHBIX METOIOB OYHCTKHA CTOKOB
OCTAa€TCs aKTyaJIbHBIM.

B mocnenHee BpeMs HMHTEHCHBHO HCCIEAYIOTCS OKHCIHMTENbHBIE IPOLECCH], MONYYMBIINE Ha3BaHUE
Advanced Oxidation Processes (AOP) (ycoBepmieHCTBOBaHHBIE MpOIECCHl OKHCIeHUs). OIHUM W3 CIIOCOOOB
OUYHUCTKM CTOYHBIX BOA, OoTHocsmuMcs K AOP, sBisercs nmpuMeHEHHe AMAJIEKTPHYECKOro OaphepHOTo paspsia
(ABP).

Llenpto 1aHHOM PabOTHI ABIATIOCH U3YUYEHHE TPOIECCOB, MPOTEKAIONINX MIPH JECTPYKIMK BOJTHBIX PacTBO-
POB TeTpanuKiInHa B peakrope [IBP. DkcnepruMeHT nNpoBOAMIICS Ha YCTaHOBKE, MOPOOHOE ONMCaHNe KOTOPOH NpH-
BeJieHO B pabote [1]. O6paboTke B JIBP moaBepranucy BogHBIE paCTBOPHI TETPAIMKIMHA C HAYaJdbHOM KOHIICHTpA-
mueit (C,), Bappupyemoii B quamnazone ot 0,02 g0 0,1 /.

BrIsiBiI€HO, UTO CTENEeHb AeCTPYKUNH TeTpanukinHaa B JIBP munelino cHmkaeTcs ¢ poctom C, 1 B Hcceny-
€MOM MHTepBaJie HaualbHBIX KOHIEHTpauuid u coctaBisieT oT 75 mo 89 %. Ilocie 06pabOTKM MOJENBHBIX pacTBO-
poB TerpanukianHa B [IBP Ha BBRIXOAE M3 Pa3pAgHOTO YCTPOWCTBA PETHCTPHPOBAINCH KapOOHOBBIE KHCIOTHI U allb-
JETUIIBI B XKUAKOHN dase, a Takke CO u CO, B ra3oBoit ¢aze, npudeM npu ymeHbleHnu C,, TETPAIMKINHA B PACTBO-
pe o yriepoja, mepemenmero B koneunsle npoaykThl gectpykunu (CO u CO,) cymecTBeHHO yBETHYNBANACH.
Taxum o6pazom, npumeHenue [IBP 1 04NCTKH CTOYHBIX BOJ OT TETPALMKINHA OCTATOUHO 3¢ deKTHBHO.

1. Grinevich V.I., Kvitkova E.Yu., Plastinina N.A., Rybkin V.V// Plasma Chem. Plasma Process.
2011. V. 31(4). pp. 573-583.

Paboma svinonnena ¢ pamxax I'ocyoapcmeennozo 3adanus (npoexkmuas wacmy) Ne 3.1371.2017/4.6. Ae-
mopvi 6nazooapsm PODHU 3a gunancosyro noddepaicky uccrnedosarnuii (epawm Ne 18-08-01239).

HayuHble pyKoOBOAUTEJM: K.X.H., 701I. A. A. I'ymuH; k.Xx.H., M.H.c. E. FO. KBuTkoBa
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K.T. YYKPEEB
Canxm-Ilemepbypeckuii I oproiil yHusepcumem

HCIOJIb30BAHMUE SIBJIEHUSI AKYCTUYECKOM DMUCCUH
JJIA OHEHKHU NPOYHOCTHU COCYAOB BBICOKOI'O JABJIEHUSA

Cpenu TaaBHBIX HPOOJIEM AKCINIyaTalldd COCYIOB BBICOKOTO JABIICHHS SIBISICTCS HEOINPEIEICHHOCTh MX
MIPOYHOCTH | pecypca.OTHNM M3 TEPCICKTHBHBIXMETOI0B HEPA3PYIIAIONIEro KOHTPOIISA, CIIOCOOHBIX PEIINTh JaH-
HYIO IPOOJIEMY, IBIISIETCS. METOJ aKyCTHIECKO# aMuccHu (AD), HCIOMB3YIONIIHA KaK (GH3UIECKUHIIONXO0T IS CO3/a-
HUSI MOJETIEH pa3pyIeHUs TBEPIOTO TeNa, TAK U CTATUCTUYECKHH, CBA3aHHBIN C IEPEX0OM pa3pyLICHUs Ha 3aKII0-
YHUTENBHYIO CTauI0./JIAroBbImeHns: 3PEKTUBHOCTH TaKOTO MOJXOJANPEATIONEH CIOCO0 Iepexoaa OT MeXaHu4e-
CKHUX NPEJCTABICHHUH O SIBICHUH AD K MUKPOMEXaHHUYECKOI MOJIETI BPEMEHHBIX 3aBUCUMOCTEH napameTpoB AD.

3agadell McciIeoBaHUs SBISIIOCHIIPOBECHNE aHAIM3a M 00pa0OTKa SKCHEPUMEHTAIBHBIX PE3yJIbTaTOB,
MOJYYEHHBIX I0CIIE MCIBITAHUI HACOCYIEBBICOKOTO AaBieHus. [lepBuuHble mapameTpbl AD (KOJIMYECTBO U BpeMs
perucTpayy UMITyJIbCa, €ro aMIUINTY/a U KOJIMYECTBO BHIOPOCOB B KXKAOM UMITYJIBCE) HOABEPIIIUCH (DUIIbTPALNH,
corylacHO BBIOpaHHOHM Meronuke. [lomydeHHble HHQOPMaTUBHEIE TapaMeTphl, ONpeAeNEHHbIE 10 TpaduKkamM3aBUCH-
MOCTEH YHCIlla UMITYyJIbCOB OT BPEMEHH M JIorapu(mMa UHciia UMITyJIbCOB OT BPEMEHHKAaK OTHOIICHUS Jiorapudma-
MIPUPAIICHHS TIEPBUYHOTO AKyCTHKO-?MHUCCHOHHOTO MapaMeTpa K NPHPAIICHUI0 BPEMCHH WM HANpsDKEHHS, pac-
CYNTAHHOTO 110 opmyie Jlamraca npyu N3BECTHOM AABICHHH B COCY/E,yOBIETBOPUTEILHOKOPPEIHPOBAIIN CO 3HA-
YEHUSIMU [TapaMETPOB COCTOSIHUS IIPH Pa3IMYHBIX METOJaX (PMIIBTpalMy CHUTHAJIOB AD, 4TO TOBOPHUT 00 MX yCTOM-
YHBOCTH K JecTabmnmmsupyrommM (akropam.B pesynerate 00pabotku nepBudHOi AD-mHpOpMAaIum, ObUI0 ompee-
JICHOMECTO PACHOJIOKEHHUS HanboJee ONMacHOro, JMMHUTUPYIOLIET0 pecypc abcopoepa, ncTouHnKa AD.

B xoHue mpozenanHoil paGoThl OblIa NPOU3BEJCHA OLIEHKA pecypca M JOKaIu3alys BO3MOXKHOTO paspy-
LIEHHUs OTAEJBHO B3ATOrO Y4acTKa COCYZa BBICOKOTO JABJICHMS, YTO MO3BOJIIET HAM TOBOPHUTbH O MPaKTHYECKOM
Ba)XHOCTHUH(OPMAIIMOHHO-KHHETHYECKOTO T10/1X0/1a 1 HEOOXO0IMMOCTH €0 JAJIbHEHIIIEro pa3BUTHS.

Hayunblii pykoBoauTeis: npo¢. B.B. Hocos

. B. ITABAJIIUH
Canxm-Ilemepbypeckuii I opHbill yHusepcumem

9TAJTIOHHBIE IPEOBPA3OBATEJIM HIEPEMEHHOI'O
HAIIPAXKEHUSA B TIUAITAZOHE BBICOKUX YACTOT

Pasmep enuHunb mepemMeHHOT0 HampshkeHUs B Poccuiickoilt Depepanyy BOCIPOU3BOAUTCS TPU MTOMOIIH
aByx xpassimuxcs 3o BHUUM um. [1.M1. MenneneeBa cenuagbHbIX NEPBUYHBIX ITAJIOHOB COOTBETCTBEHHO B JlMa-
nazone 9actoT 10 I'm - 30 MI't 1 30 MI'p — 2000 MI'n (I'OT 89-2008 u I'DT 27-2009).Crneundukoii pacnpeseine-
HUS JMAana3oHa YacToT SIBISIOTCS T€OMETPUUYECKUE pa3Mephbl MEPBUYHBIX STATOHHBIX MpeodpazoBateneil. TepMoasek-
TpUUECKHe TIpeoOpa3zoBaTesy Mo CBOMM pa3MepaM He MOTyT ObITh Hcrons30BaHb! cBeie 30 MI'm. Ilpu gactotax ot 30 u
BBIILIE IPUMEHSIOTCS OOJIOMETPHYECKHE TIpeoOpa3oBaTeNy HarpsDKEHHUsI, OCHOBOW KOTOPBIX siBisieTcst Gonometp bI14-150.
Bosnomerp mpencrapiser coO0i IUIATHHOBYEO HUTh THAMETPOM 2-3 MUKPOMETPA, U JUTHHOM 2-3 MIUTAMETPA, 3aKTFOUCHHYTO B
CTEKIISIHHBII OAJIJIOH C BBIBOJIAMH JITS BCTPAMBAHKS B KOAKCHATIBHBIHN TPaKT. [ IpocToTa SKBUBATIEHTHOM CXEMBI TAKOTO MpeodpasoBa-
TeJIA TO3BOJICT ONPEIEIISITH €T0 YAaCTOTHBIC XAPaKTePHCTHKHA METOZIOM, He TPEOYIOIIM OoJIee TOYHOH armapaTypsl.

3amada COCTOUT B M3YYCHHH 3TANOHHBIX IpeoOpa3oBaTelieil MepeMeHHOTO HANpsDKEHUS B TUAITa30HE BBI-
COKHMX 9YacTOT, C IIENbI0 YMEHBIICHUs AHMAara3oHa HEOINPEISICHHOCTH NpHU Mepefade eAHHHUIBI ANEKTPHIECKOrO
HanpspkeHus: B auanaszone yactot ot 30 go 2000 MI'n. ['ocynapcTBeHHbIN NEpBUYHBINA ClIEUUANBHBIN 3TAJIOH €/11-
HUIB tekTprdeckoro Hanpsokerus (I'DT 27-2009) uMeeT B cBOeM cOCTaBe OJTHOAIEMEHTHBIA U IBYX)JIEMCHTHBIC
OosoMeTpuueckne mpeodpazoBaTe. B 0CHOBY pabOThI TOCITANIOHA TOJO0XEH METO/ OJHOBPEMEHHOTO CPaBHEHUS
CPETHEKBAIPATUUECKOTO 3HAYEHUS TIEPEMEHHOTO HAMPSIKEHHS ¢ 3HAYEHUEM TIOCTOSTHHOTO HANPSDKEHUSI C MCTIONb-
30BaHMEM YKa3aHHBIX IpeoOpaszoBareneil. bomoMmerpudeckuM mpeodpa3oBaTessiM M3-3a HAIWYUS PEaKTHUBHBIX ITa-
paMeTpoB MPHCYINA YaCTOTHAS MOTPEITHOCTh, KOTOPYIO TpeOyeTCs ONpeIesIATh U YYUTHIBATh B JaJIbHEHIIEH padboTe.
OcHoBHoO# nipeoOpazoBarens B [DT27-2009 sBisieTcst 0JJHOAIEMEHTHBIN, YaCTOTHYIO TIOTPEITHOCTh KOTOPOTO OTpe-
JIEJITIOT B COOTBETCTBUU C pa3pabOTaHHOMW paHee METOIUKOM.

IIpu KOHCTPYHPOBAHUH JABYXIIEMEHTHOTO OOJIOMETPHUYECKOTO MPE0OPa30BaTEIIsl HCXOAMIHN U3 CIICAYIONIC-
ro. [Ipeanonaraercs, 4To B KOAKCUAIbHOM JIMHUU pacnpocTpanseTcs Tojbko BoaHa TEM, Bekrops! E u H nexat B
IJIOCKOCTH MOMEPEYHOro ceueHus. [IpoosibHbIe cOCTaBIISIONINE PAaBHBI HYJIO U, CJIEA0BAaTEIbHO, CTPYKTYpa MOJIS B
MONEPEYHON MIIOCKOCTU aHAJIOTUYHA CTPYKTYpPE CTALMOHAPHOTO AJEKTpUYecKoro mnoiiss. OIHAKO MpU BKIIOUYEHUHU B
MOTIEPEYHOM CEYCHUHM KOAKCHAJIbHON JHHUU OOJIOMETPHYECKOTO 3JIEMEHTA MPOMCXOJUT HCKAKCHHE CTPYKTYPHI
IoJIs B O0JIACTH €r0 BKIIFOYEHMS, YTO BBI3BAHO BO3HHKHOBEHHEM BOJIH BBICIIErO THIA. HauMeHbIIMe W3MEHEHUS
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CTPYKTYpPBI TOJISI MPOUCXOIAT MPU CHUMMETPHUYHOM BKIIOUYEHHH B IONEPEYHOHN IUIOCKOCTH KOAKCHAIBbHOW JIMHUU
YETHOTO KOJIMYECTBA TEPMOUYBCTBUTEIBHBIX JIEMEHTOB, YTO PEAIM30BAHO B ABYXAJIEMEHTHOM OOJIOMETPHIECKOM
npeoOpa3oBaTerne HanpspkeHns . OHAKO 3TO BO3MOXKHO TOJIBKO MPH YCIOBHH, YTO ABYXAJIEMEHTHBIH OolomeTpuye-
ckuit mpeoOpa3oBaTens OyeT BKIIOYCH KaK BA OJHOAIEMEHTHBIX 0OJOMETPHUECKUX IPeodpa3oBaTeis B IBOHHON
WIN B [IBa OJMHOYHBIX MOCTa TIOCTOSHHOTO TOKA C aBTOMAaTHYECKUM YPaBHOBEIIHBAHHEM.

Taxas cxema COeMHEHMH MO3BOIISIET Pa3padoTaTh METOANKY M3MEPEHHUH MOIIPABOYHOTO MHOKHUTEINS, yIH-
TBHIBAIOIETO BIIMSIHUE YaCTOTHOM IOTPEHIHOCTH JIBYX3JEMEHTHOTO OOJIOMETpPHYECKOro npeoOpa3oBaTeis Ha IIO-
TPELIHOCTh BOCIPOU3BEACHUS MEPEMEHHOT0 HampspKeHus: B Auama3one yactoT oT 30 go 2000 MI'w, uto B cBOIO
ouepe/ib MOBBICUT TOYHOCTh U3MEPEHHH, U CY3UT UHTEPBAJ HEOIIPECICHHOCTH.

Hayuneblii pykoBoauTeb: 1.T.H., 101 D.A. Kpemuees

3.M. IAPUIIOBA
Ypumckuii 2ocydapcmeennulii Heghmsnot mexHu4ecKuil yHusepcumem

IHNIAHUPOBAHUE PA3ZBUTUA HEOTECEPBUCHOI'O PBIHKA B
CEI'MEHTE KAIIMTAJIBHBIX U TEKYHIUX PEMOHTOB

Poinb peiHKa HedTecepBrca B TEXHOJIOTHUECKOM PA3BUTHH HE(PTSIHON MPOMBIIUICHHOCTH HA CETOTHSIIHNI
JICHb BeCbMa 3HAYMTENIbHA, BElb IMEHHO OT HETO 3aBUCUT 3((EKTUBHOCTD (PYHKIMOHMPOBAHMS HE(TAHOI oTpacin
B 11e710M. B pabote paccMoTpeHa akTyanabHas TeMa IUTAaHWPOBAHUS Pa3BUTHUS PHIHKA KaIUTAIBHBIX M TEKYIIHX pe-
MOHTOB. L{enpio TaHHOH paboTHI ABIAIOCH pa3paboTaTh MPOTHO3BI M INIAHUPOBAHUE JAbHEHINETO pa3BUTHS HedTe-
cepBucHoro peiika TKPC, Ha ocHOBE MpOBEEHHOIO aHAIM3a.

3aga4uy Ucciea0BaHUA

1. IIpoananu3upoBatTh TEKyILEE COCTOSIHUE PhIHKA PEMOHTOB

2. OmnpenenuTs HHCTPYMEHTHI aHAJIN3A U CTPATETHYECKOTO MIIAHUPOBAHUS

3. Omnpenenuts GpakTopbl, BIMUSIONINE HA PHIHOK PEMOHTOB

4, Pa3paboTarh MpOrHO3bI Pa3BUTHS PhIHKA KAITUTAIBHBIX U TEKYIIUX PEMOHTOB

Pa3paboTaB xapakTepucTuky pbiHka HedTecepBuca B cermente TKPC, ObuH mpoaHamu3upoBaHbl MOKa3a-
Tenu pbiHKa B 1uHamuke 2003-2016 rr., BKIOYas Cpoc ¥ NpeIoKEeHHE, & TAKKE OCHOBHbBIE KOMIIAHUM U UX JOJIS.
Ha ocHoBe mpoBeneHHOro aHanM3a MPHYMHAMH POCTA PACXOM0B KOMIIAHMA HA PEMOHT MOXKHO Ha3BaTh: KOJIMYE-
CTBEHHOE YBEIIMUCHNE U YCI0)KHEHNE KOHCTPYKIIMN CKBAXXHMH B CBSI3U C U3MCHSIOIUMHUCS YCIOBUSIMH JOOBIYH, CTa-
PEHHE CKBaXKHMH U POCT UX OOBOJHEHHOCTH, a TAKXKE TEXHOJIOTUUECKOE YCIOKHEHHUE Psijia ONepaluii KaluTalIbHOTO
pemoHTa.BeienB ocHOBHBIE (hakTopsl, Biustomue Ha peiHOK TKPC u onpenenus cTeneHp WX BIUSHUSA, OBLI Clie-
JaH cienyromuit BeiBoJ. HanbGounbinee Biusinue Ha poiHOK TKPC okasbiBaloT Takue GpakTopbl, Kak LieHa Ha HedTh,
Kypc py0Jis1,00beMbl 3KCIUTYaTallMOHHOTO OypeHus U J00bi4a YB, ypOBeHb TEXHOJOTHUECKOTO PA3BUTH U MEPHI
rOCyJapCTBEHHOTO perynupoBaHus. O3HAKOMHUBIINCH C TEOPETUYECKMMHU OCHOBAaMH IUIAHHPOBAHMSA PBHIHKA, OBIIH
oIpe/ieJIeHbl OCHOBHBIE HHCTPYMEHTBI M METO/IbI Tu1aHupoBaHus. Hanbonee 3¢ peKTHBHBIM METOIOM TIIAHUPOBAHHS
B cermenTe TKPC sBisieTcst cieHapHOe TUIaHUPOBaHUE.
ITo pesympTaTaM MpPOBEAEHHOIO HCCIICAOBAHHS OXHIACTCAd YCKOPEHHE POCTa PKOHOMHUKU C HBIHEIIHHX
3,1% 1o 3,2-3,9% B ron 3a cyer pocTa neH Ha HedTh. Ha ocHOBe npoBeneHHOM paboThl, OBIIM pa3paboTaHbI MPo-
rHO3b6I 00Bema onepanuii TKPC, a takke npyrux mokasarenei peraka 10 2020 r.
Hayunblii pykoBoauTenb: 1.3.H., npod. bypernna 1.B.

M.B. IIHEMJIEP
DI'FOY BO «Tromenckuii uHOyCmpuanbHuiil YHUGEPCUMEm

PAZPABOTKA UHHOBALIMOHHOI'O ITOAXOJA K
HPOU3BOJACTBY APEBECHO-IIOJIMMEPHOI'O KOMIIO3UTA

Tema BBITYCKHON KBadM(PUKAINOHHOW PabOTHI MpeIoKeHa MO 3asgBKe MPEINPUATHS PEalbHOTO CEKTOpa
SKOHOMHUKH.

B xope BBINOIHEHHS BBITYCKHON KBaTH(UKAIMOHHON paboThl ObLIa MocTaBlieHa 1Ieb — pa3padoTaTh WH-
HOBAI[MOHHOE TEXHOJIOTMYECKOE YCTPOHCTBO MO CO3JIaHMIO JpeBecHO-nonuMepHoro komnosuta (AIIK) ¢ mmpuHoit
nosotHa 1000mm qyuHHOM 0T 2000MM M TONIIMHOM, BAppUPYEMOIl B 3aBUCUMOCTU OT HYXJ 3aKa3dlka OT SMM J0
10MM. KoHCTpyKTHBHAS 0COOCHHOCTD, MO3BOJISIIONIAS APMUPOBATH JIPEBECHO-TIOIMMEPHYIO TUIUTY, @ TAKXKE ITOKPHI-
BaTh NOBEPXHOCTh APEBECHO-NOJIMMEPHON IIUTHI 3AIUTHON IUIEHKOM, ABISIETCS MHHOBALMIOHHOM COCTaBIISIOLIEH
JAHHOTO MIPOEKTA.

Jnst peanuzanyy MOCTaBJICHHOM ey ObLT c(hOPMHUPOBAH P 3a4ad:
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— pa3paboTaTh KOHCTPYKIIMIO TEXHOJOTHYECKOTO ycTpoiicTBa o npomussozacTBy JI1K 3amanHOrO pasmepa u
(hopMsI;

— pa3paboTaTh KOHCTPYKIIMIO KOHBeHepa Ui mepeMenierns ToToBor mimTsl u3 JI1K;

— pa3paboTaTh KOHCTPYKIIMIO CUCTEMBI HarpeBa u oxnaxaenns JAI1K;

— 00ecreYnTh MOIYNBHYI0O KOHCTPYKIHIO TEXHOJIOTHYECKOTO YCTPOWCTBA, B YACTHOCTH, KOMIIOHCHTAMH
1t apmupoBanus JIIK ceTkoli 1 HaHeCEHUs 3alIUTHON TUIEHKU HA IOBEPXHOCTh IUIUTHL;

—pa3paboTaTh KOMILIEKT KOHCTPYKTOPCKOH JoKyMeHTauuu B cootBercTBrM ¢ ECK/I.

B xone BbITyCKHOHM KBanH(UKAIMOHHON padOThl OBUIM BBHINOJHEHBI BCE MMOCTAaBIICHHBIE 3a71a4d. bbut mpo-
U3BENIEH PAcy€éT TEXHUKO-IPKOHOMMYECKHMX IOKa3zaTeNel, pacuéT CTOMMOCTH H3TOTOBIEHHSI TEXHOJOTHUYECKOIO
YCTPOWCTBA, pacyéT sHepro3arpar A obdecrieueHus: pyHKIMOHUPOBAHHS YCTPOHCTBA U pacyéT roJ0BOM MIPOHU3BO-
JMTENILHOCTH YCTPOMCTBA ITPU OJJHOCMEHHOM PEXUME PabOTBHI.

Pa3zpaboTaHHBI KOMIUIEKT KOHCTPYKTOPCKOHM JIOKYMEHTalMM Ha IPOEKTUPYEMOE TEXHOJIOTHYECKOe
YCTPOMCTBO OB yTBEPkKAEH 3aKa3IMKOM U ITEpeiaH Ha MPOM3BOACTBO A CO3JaHMUs ONBITHOTO 00pasna.

Hayunblii pykoBoauTens: k.1.H., noi. P.}O. Hekpacos

A.A. LIOKUH
Canxm-Ilemepbypackuii 20pHbili yHUSEpCUMEM

AHAJIN3 PA3BUTHS JE®OPMAIMIT IOPOTHOTO MACCUBA
IMPU CTPOUTEJLCTBE TOHHEJIEN C IPUMEHEHUEM
MEPEJOBOT'O KPEIUIEHUSA JIBA 3ABOS

CTpouTensCTBO TMOA3EMHBIX COOPY-

JKCHUI B YCJIOBMAX IUIOTHOM TOPOJCKOHM 3a- r
CTPOMKHM BCETJA COIPSKEHO C PHUCKOM IIO- | R TR ===-_-__‘3=_:;.=- -
BPEIKICHHUS 31aHUMH, COOPYKeHHiT Wi 00bek- | (S te——

-

TOB HMH(PaCTPYKTYphl, PACIONOKEHHBIX Ha |
MOBEPXHOCTH 3€MJIM WJIM B MPHUIIOBEPXHOCT- Ee—ls L. -y
HOM 30He. [IpyunHON NOBPEXAEHUN TaKUX '
00BEKTOB ABISACTCA pa3BUTHE AedopMaIuii TPYHTOBOTO MAacCHBa BCICACTBUE CTPOHUTEIHCTBA IMOI3EMHOTO COOPY-
KeHHs. B cirydae, ecny Takoe CTPOHWTENBCTBO MPHBOAMT K 3alpelebHBIM AeopMaIiisiM B OCHOBAaHHH TaKUX CO-
OpyKeHHH, HEOOXOIUMO pa3padoTaTh MEPOTIPHUATHS 110 CHIDKECHHIO HETaTHBHOTO BO3ICHCTBHS CTpOUTENbCTBA. OI-
HUM 13 9QPEKTHBHBIX CIIOCOOOB CHIKEHHUS HETAaTHBHOTO BIIUSHUS CTPOUTEIBCTBA SABISETCS KOHTPOIH 3a AedopMma-
LUSMH [TOPOJTHOTO KOHTYpa TMOJ3EMHOTO COOPYKEHHMS, 3IEMEHTOM KOTOPOTO SBIAETCS MEpeaoBOe KpeIuleHue j1ba
3a00s1 ToHHens. HecMoTpsi Ha Jj0Kka3aHHYH0 Ha npakTHKe 3P(EeKTHBHOCTH TaKOro crocoba 1Mo KOHTPOIIIO 33 Pa3BUTH-
eM nedopMaliuii TOpoTHOTO KOHTYpPA, Ha HACTOSIIUNA MOMEHT He CYIIECTBYET €UHBIX MPABHUII BEIOOpA MapaMeTpOB
TaKOT0 KPEIJICHHUS, MTO3BOJIIOMNX 00ECTIeYNTh YCTOIUMNBOCTE J10a 32005 OA3EMHOTO COOPYKEHHS M OJJHOBPEMEH-
HO nedopMaIiuK B JOMYCTUMBIX Ipezeiax. TakuM 00pa3oM HaydHBIH MPOEKT O3YCIIOBHO SBIISACTCS aKTyalbHBIM.

B noknazge Oyzaer yaeneHo BHUMaHUE OTMBITY IPUMEHEHHSI TIEPEJOBOTO KperyieH s Jiba 320051 TOHHENS TIpH
CTPOMTEIILCTBE TOHHENEH M TOI3EMHBIX COOPYXCHHH B CIOXKHBIX TOPHO-
TeOJIOTUIECKHUX YCIIOBHsX. [IpencTaBieH aHaIN3 pe3yiIbTaThl HATYPHBIX HCCIIe-
JIOBaHUI W YHCJICHHBIX PACUETOB, BBITOJHCHHBIX CTOPOHHUMH HCCIICIOBATEIS-
Mu. ChopMyIpoBaHEI IETH ¥ 33Ja9d JUTSL BBITIOJHEHHUS TOCIEIYIONINX HCCIIe-
JIOBaHUM 10 3asBJIEHHON TEMaTHKE.

. o~ ——— .

E.T'. IOPOXOBA
Canxm-Ilemepoypeckuii 2opHbili yHusepcumem

KOJIMYECTBEHHbBIN AHAJIN3 UH®OPMAIIUU [IUDPOBOT'O
MAPKIIEMJIEPCKOI'O IIJIAHA

PocT nmpou3BOIMTENBHOCTH TPY/Aa W UCIIOJIb30BAaHWE aBTOMATHU3MPOBAHHBIX CHCTEM CO3/aHMs LU(PPOBBIX
Mapkmeiinepckux mianoB (LIMII) npuBoasaT kK HEOOXOIUMOCTH BBITIONHEHHS KOIMYECTBEHHOTO aHAIN3a yCIOBHO-
3HakoBoH (¥Y3) uadopmarnun [IMII.
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KomaecTBo napopmanmu onpeiensercs yepes surponuio mo ¢popmyne K. llennona: H =—p; - log P

rae P; - BEPOATHOCTD NOABICHUS 00bekTa Ha miuane. Ha LIMIT meTpudeckas nHpOpManus BKIIOYAET B ceOS MH-

(bOpMaHI/I}O, COACPIKAIYIOCA B TOUCYHBIX, JIMHEMHBIX U IJI0IIAIHBIX o0bekTax. B PE3YIbTATE MPOBEACHHBIX UCCIIC-
JIOBaHUI OBLIO YCTaHOBJICHO, YTO SHTPOIIHUA TOYCHHOTO 00bEKTa MOXKET OBITh npeacTaBJICHA KaK I/IH(l)OpMaIII/IH O €ro

xoopaunatax H r =Py Iog Py — Py - Iog P, . [dna mineiinoro 00BEKTa PHTPOIHMSA MOXKET OBITH OIpeJieNIeHa

[5 23 T/ AN/ T
o gopmyne H, =H, +H, =L, -log{v27e” - o - (I/ Al)"}/ | . Komuuecreo uudopmarm o miomasom
1 1
obnexte paccuntwiaeress kak Ho =H+H, +H,, rie: H| - nndopmarus, conepanascs 8 xonrype; H, -
uH(pOpMALWS, O LEHTPE MacC IUIOIAAHOTO 0OBEKTa, KOTOPask MOKET OBITh ONpE/e/ICHa aHATOTHYHO SHTPOIUH TO-

YCYHOI'o O6’LeKTa; H ro I/IH(IJOpMaHI/IH, XapaKTepusyrouas pasmMepbl 06’beKTa, KaK Cp€AHEC paCcCTOAHUE OT LICHTpa

Macc 00BEKTa JI0 ero KOHTypa H F =0 Iog(- l'_ -ef Ar) / I_’ Takum obpasom, s gannoro [IMII merpuyeckas

nHpOPMALHUS COCTABIAET Mmopsiaka 13 Teic. OuT.

PaboTa mapkmrerinepckoii cimy)0s1 (MC) xapakTepusyeTcss W30BITOYHOCTRIO JaHHBIX. HeoOxommmo pe-
LIATh MPOOJIEMy MOKUCKA ONTHMAIIBHOTO KOJIWYECTBa HH(OPMAIINK, UCKITIOYUB P STOM YacTh JIUIIHEH PaboThI, HE
MOTEepsIB  HATJBSIAHOCTH H  OBICTPOTHI  Bocmpusitusi. JlaHHAas BeENMYMHA XapakTepU3yeTcs H30BITOYHOCTHIO:
R=1-H/H,_.-
BO3MOXKHOE ee 3HadyeHue. [a mannoro LIMIT R=0,63. To ecth, mis otobpaxenus [IMII Heo6XomumMo 5 Thic. OUT.
OnHako He Bcsl M30bITOUHAsE MH(OpMALUS SIBISIETCS «HEHY)KHOI». HeoOX0oanMo NOMONHATh aBTOMATH3HPOBAaHHBIE
cucremsl coznanus LIMIT Moy isiMu, MO3BONISIOIIMME CYUTATh 00beM HHPOPMAIIUHU, KOTOPYIO J0CTATOYHO 00pada-
ThiBaTh MC U1l OTIMCAHUS BCEX HEOOXOTUMBIX XapaKTEePUCTUK 00beKTa. B mepcrnekTuBe KOIMYECTBEHHOTO MOAX0-

na k onenke nHpopmarn LIMII ontuMu3anms He TOJIBKO 00BEMOB KaMepaIbHOW 00pabOTKH, HO H MOJIEBBIX PabOT
MC.

rne: H - cpenssist HHGOpMAIUs, TPUXOAAIIAICS Ha OJHH OOBEKT, Hmax - MaKCHUMaJbHO

Hayunslii pykoBoaureib: K.T.H., 1o1. B.A. Kucenes

C.B.IIYBUHA
TlepmcKuii HAYUOHANLHBLIL UCCIE008AMENLCKUL NOTUMEXHUYECKUT YHUBEPCUM e

®U3NYECKOE MOJIEJJUPOBAHUE HECYIIEN
CIIOCOBHOCTUCOJISIHBIX HEJIMKOB PA3JIMYHOM
FEOMETPUYECKOH KOH®UT'YPALIUU

C nenpro aHanm3a HeCYIIeW CIOCOOHOCTH IIENIMKOB MPU PA3IMYHBIX cXeMaX OTPaOOTKHU MPOIAYKTHUBHOTO
miacta B ycioBusixBepxHekaMCcKoro MectopoxacHus kainuiaeix coneir (BKMKC) npoBeneHo (usndeckoe moje-
JIUPOBaHUE O0PA3IOB Pa3IHMYHON T€OMETPHUYCCKON KOH(UTyparuu. DKCICPUMEHT MPOBOIWICSA Ha 00pasiax, U3ro-
TOBJICHHBIX U3 MOHOJIHMTOB COJISTHBIX mopox (tactel Kpacuenii2 u AB). I3 MOHOJIHTOB Hape3aluch IUIOCKOIApa-
JIeNbHBIC TUIACTHUHBI, KOTOPHIE B TOCIEAYIONIEM paclHINBalach HA0Opa3Ibl MPSIMOYTOIbHON (OPMBI OAMHAKOBOM
IIHPHUHEL IPSIMOYTOIBHOM (POPMBI pa3InIHON MUPUHON U TPaTICIUEBUIHON (HOPMEIL.

Juis mpoBeneHuss (pU3MUECKOT0 MOACIMPOBAHUSA MCIONB30Bajica ruapaBimmdeckuil nmpecc ToniNorm2041,
pa3BuBaromuii MmakcumainpHoe ycunue 5000 kH u ocHaleHHbIH cucTeMoi aBToMaTH4ecKoro usmepenus. Umuranus
paboTHl KOHCTPYKIIMH [EIHK-KaMepa-IeNuK (KaMepHBIH OJIOK)IIpOn3BOAMIACE Ha ABYX 00pasmax TpaneIlneBUIHON
WM TPSMOYTOJILHOW (OPMBI Pa3TUYHON HMIMPUHBI, PA3HECEHHBIX JPYT OTHOCUTENHHO JApyra Ha paccTosHuM 5+10
cM. JImst comocTaByieHUs TPOBOJMIICS AHAIOTHMYHBIA JKCIEPUMEHT IO CXKATHUIO JABYX OOpasloB MPSMOYTOJIbHON
(GbopMBI OIMHAKOBON MIMPHHBL. [10 pe3ynabTataM 3KCIEPHUMEHTa CTPOMJIKMCH IMOJIHBIC TUarpaMmbl 1e)OpMHUpPOBa-
Hus.Bcero Obuto mposeneHo okoino 50 ucmeitanuid. 1o muarpammam aeopMHUpOBaHUS ONPEACTSUTHCH MPEAEIbI
MIPOYHOCTH, HCTIOJIb3yEeMBbIE JIJIsl MPOBEICHUS CPABHUTEIHLHOTO aHAJIH3a.

AHanu3 pe3ynbTaToB (PU3NUECKOT0 MOJSIUPOBAHMS, TIO3BOJMII YCTAHOBUTD, YTO B CPEAHEM HECyIIas Cro-
COOHOCTB TPSMOYTOJILHBIX IIEJHKOB OJMHAKOBOW IIMPHHBI W LEIHKOB TPANCIMEBHIHON (HOPMBI MPHUOIU3UTEITHHO
oAMHAaKoBas. Tak e yCTaHOBJIEHbI IOBBILIEHHbIE MPOYHOCTHHIE MOKA3aTENH JJISl MPSMOYTOJIbHBIX LEIUKOB pa3-
JIUYHOW IIMPUHBI IO CPABHEHHUIO C MPSIMOYTOIbHBIMY IIETMKAMH OJHMHAKOBOW IMIMPHUHEL. TakuM oOpa3oM, pe3yibra-
THI IPOBEACHHBIX MCCIICOBAHUH MTO3BOJISIOT TOBOPHUTH O HENECO00Pa3HOCTH MPUMEHEHHS HEPaBHOMEPHOM BEICMKH,
C OCTaBJIEHUEM MPSMOYTOJBHBIX LIETMKOB PA3IUYHON IUPUHBL.

HayuHblii pykoBoauTeb: K.T.H., 1ou. M.JI. [TanpkoB
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H.10. A3EB
Hayuonanvuwii uccneoosamenvcxuii mexnonocuyeckuii ynusepcumem « MHUCuCy

PA3PABOTKA OCHOB TEXHOJIOI'MA MATHUTHO-
UMITYJBbCHOI'O YHTPOYUHEHUA JETAJIEM MALLIUH

Lenpto paboThI sABIAETCA MPUMEHEHNE albTEPHATHBHOTO METOZAA MOBBIMICHHUS pecypca AeTalleH, moaBep-
TaloNINXCsl BBICOKUM JMHAMHYECKUM Harpy3Kam.

[Tpn npousBojCTBe NeTanell MallMH TPaJUIMOHHO HCIOJIB3YeTCsl UX TepMHUUecKas oOpaboTKa: 3aKajika
MocIeIyIomuM oTIyckoM. IIpu 3akanke yBeITUUMBaeTCa TBEPAOCTb U MPOYHOCTH C OJJHOBPEMEHHBIM POCTOM XpYII-
KOCTH (HM3Kas ylapHas Bs3KOCTh). [locnenyromuil oTmyck NPUBOAUT K CHUXKEHHMIO MPOYHOCTH U TBEPAOCTH C OJI-
HOBPEMEHHBIM POCTOM YAAPHOH BSI3KOCTH.

Jlis moBbIIIeHUs pecypca paboThl AeTallell MallluH MpeAsaraeTcsd MCHOIb30BaTh MAarHUTHO-UMITYJIBCHOE
ynpounerne (MIY) 3akaJeHHBIX AeTanel, YTO MO3BOJIHT MIPHU OAWHAKOBON MPOYHOCTH C JETAISIMU ITOIBEPKEHHBI-
MH OTIIyCKY IOJIyYHTh OOJice BBICOKHE 3HAUEHHS YIApHON BS3KOCTH M TBEPAOCTH. DTO NMPHUBEAET K MOBBIIICHHIO
a0pa3nBHOI N3HOCOCTONKOCTH M COIIPOTUBIICHHIO YCTAJIOCTHOTO Pa3pyLICHUSL.

Om3HYecKue OCHOBHI MarHUTHO-MMITYJIbCHOTO yrnpouHeHus (MIY) GasupyroTcs Ha CHATHH OCTaTOYHBIX
HaNpspKeHUH 3a CUeT yOapHOTO MMITYJIbca BOSHUKAIOUIETO P B3aUMOJEHCTBHUHM TOKOB MHIYKTOPA M HaBEICHHBIX
TOKOB B JICTaJIH, IOMEIIEHHOH B HHAYKTOp. Hanbompmmii s dext or MUY mpenmonaraeTcs morydaTh Ha 3aKajcH-
HBIX JIeTaJIAX, INOO eTansiX, HAKOMUBIIKUX OCTaTOYHbIE HAIIPSXKEHUS B pe3yNbTaTe UX dKCIUTyaTallHu.

JoctouncTBo npennaraemoii TexHosiorun MUY: Bpemst 00paboTku 0JjHO# JeTanu He Ooliee 5 CeKyH/I; IIu-
POKuil TMana3oH MPUMEHEHHH; HU3Kasi ce0eCTOMMOCTh 00pPaOOTKH.

Texuonorus MUY sBnsieTcs sHeprocoeperaroieii Tak Kak 3aTpaThl SJHSPTHH HE PACXOAYIOTCS Ha HArpeB
JieTany U Ha obecnedeHre (pa3oBhIX MPEBPAIICHUH.

IIpu MUV maTepuanoB B COCTOSHUU 3aKalKH JOCTHIAETCs yBEIMYEHUE TBEPAOCTH HA 15% M yBenudeHue
yZIapHOH BSI3KOCTH Ha 4% OTHOCHTEIHHO 00pa31oB MOABEP/KECHHBIX 3aKaJIKE M OTITYCKY.

Hayunblii pykoBoauTenb: 1.T.H., mpod. C.M. ['opbatiok
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