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BBEJEHHUE

OCHOBHOM LIENIBI0 CTPOMTEIBCTBA PA3BEJOUYHBIX M DKCIUIyaTALIMOHHBIX CKBa)XXUH SIBIISIETCS
BBISIBIICHHE HE(PTEra3oHaChIIIEHHBIX IUIACTOB, OOECHeueHHe NPUTOKA IUIACTOBOW JKUAKOCTH U
TPaHCIIOPTUPOBKA IIOCJIEIHEr0 HAa YCTbE CKBAXUHBI. BeChb LUK CTPOUTENBCTBA CKBAKUH MOXKHO
YCIIOBHO MOJPAa3/IeiNTh Ha NMPOBOAKY (OypeHue) u 3akaHuuBaHue. Iloj 3akaHYMBaHMEM CKBaKUHBI
IIOHUMAIOT KOMIUIEKC IIPOBOJAMMBIX pabOT MO BCKPHITHIO MPOAYKTUBHBIX TOPU30HTOB, HX
ONMpOOOBaHUI0 W UCHBITAHUIO, a TakXke pa3oOlIeHHI0 He(TEHACHIIEHHBIX IOPOA OT BBIIIE H
HIDKEJIeKaIuX 00beKTOB. Bech KOMIUIEKC MOYKHO Pa3/IeNUTh HA CIEAYIOLINE ONepaltu:

- BCKPBITHE NPOIYKTUBHBIX IUIACTOB;

- KpeIuIeHHe CKBAKUHBI U Pa300ILEeHHE [11aCTOB;
- OCBOCHHUE CKBaXUHBI;

- ONpOOBIBAHUE U UCTIBITAHUE CKBAXXUHBI,

- PEMOHTO-U30JISIIUOHHBIE PAOOTHI;

- IMKBUJIaLUsl U KOHCEPBALUs CKBAYKUHBI.

[Ton BCKpbITMEM MPOAYKTHUBHBIX ILJJACTOB TMOHHMMAKOT KOMIUIEKC paboT, NPOBOJUMBIX B
CKBa)XMHE IpH pa3OypUBaHHUU IEPCIEKTUBHBIX B OTHOIIEHUHM He(Tera3ocolaepxaHus TOPU30HTOB.
OcHoBHas 3a1aya, KOTOpasl pelaercs MpU BCKPBITUM NPOAYKTHUBHBIX IIJIACTOB - 3TO MaKCHMAaJbHOE
COXPaHEHHE KOJJIEKTOPCKUX CBOWCTB Iuiacta. [Ipu pemieHun naHHONM 3amauM HEOOXOIUMBI 3HAHUS
¢u3uKy 1iaacta, XMMUAU IPOMBIBOYHBIX U TAMIOHAXKHBIX PACTBOPOB, 3HAHUS MEXaHUKU FOPHBIX MOPOA
U psa Apyrux npeameroB. llepen BCKpbITHEM MPOAYKTUBHBIX NOPHU30HTOB MHIKEHEP-TEXHOJIOT, KaK
IIPAaBUJIO, PELIaeT CJIEIYIOLUe BONPOChl -O0OCHOBBIBAET BHIOOP KOHCTPYKLMHU CKBAXKHHBI, METOJA
BCKPBITHSI, BBISIBIISIET Han0oJIee ONTUMANIbHYIO PELIENITYPY HPOMBIBOYHOM KUJIKOCTH U T. 1.

Kpennenne ckBaxuH 3TO Haubojee OTBETCTBEHHAs OIlepalus, Kak I10 TEXHHUKE CBOEro
OCYILIECTBIIEHUS, TaK M MO 3HaYUMOCTU. OT YCHEIIHOCTH €€ BBIIOJHEHUS 3aBUCUT KOHEYHas IIeJb
Oypenus. OHa OKa3bIBaeT pellaoliee BIMSHUE Ha JTOJTOBEYHOCTh pabOThl CKBaKUHBI, HA YCIIEIIHOCTD
3aKaHYMBAaHUS U OCBOCHUS, Ha
oxpaHy HeJlp u T.1. Kpenienue ckBaXnHbI TECHBIM 00pa3oM CBA3aHO C pa300LIeHUEM MPOAYKTHBHBIX
m1actoB. OCHOBHBIMM 33JlauaMU KPEIUIEHUsI CKBAXKUH SIBJISIETCSI CO3JIaHME HAJEKHOIO KaHaja CBS3U
IUIACT-YCThe CKBAXHHBI M OOeCreueHHe HaJEeKHOW HM3O0JALUM He(TSIHBIX, I'a30BbIX M BOJOHOCHBIX
IIJJACTOB, B TOM YHUCJIE U C TOUYKHU 3PEHUS OXPAaHbI OKPYXKAIOLIEH CPEIBIL.

Jnis penieHns 3THX 3a7a4 HEOOXOMMO PACCMOTPETh OONIBIION KOMILJIEKC BOIIPOCOB, CBA3aHHBIX

C pacdyeToM Ha MPOYHOCTh 00CAAHBIX TPYO M KOJIOHH IpPH Pa3IMYHOM COYETAaHUU Harpy3ok, BEIOOpOM
TaMIOHA)XHBIX MaTEpUaoB U MOJAO0OPOM HX PELeNnTyp, U3y4eHHEM KOHKPETHBIX THAPOTeOI0rHYECKHX
YCIIOBUH, CIOCOOCTBYIOLIMX UJIU MPEMATCTBYIOIIMX KaYECTBEHHOMY Pa300IIEHHUIO IJIACTOB, U3YYEHHEM
0CcO0EHHOCTEH KperieHHsI ra30BbIX CKBAXHH U T. JI.
OcHOBHO¥ 3a7a4eil MpU OCBOCHUHM CKBAKUHBI SBISETCS 00€CIIEUeHUE MPUTOKA TIJIACTOBOTO (UIFOMA B
CKBaXMHY. O(P(PEeKTUBHOCTH 3TOr0 BUAAa pPAOOT 3aBUCUT OT MPABHJIBHO BBIOPAHHOW BEIMYUHBI
penpeccuu Ha IUIACT MpU OypeHUM CKBOXXHMHBI U JICTIPECCUM NPU OCBOEHUHU, CBOMCTB >KUIKOCTH
Haxo/dIIeics B CKBaXKMHE M MHOTUX JIpYTUX (akTopoB. MeTo BbI30Ba MPUTOKA BHIOMPAIOT UCXOS U3
TEOJIOTHYECKUX M TEXHOJOTMYECKHUX YCIOBUHM SKCIUIyaTallMM 3aJIEKA C YYETOM HWHIWBHIYaJIbHBIX
0COOEHHOCTEH KaXK10i CKBaKUHBI.

B mnocnennee Bpemsi 0oiblloe 3Hau€HUE B IUKIE CTPOUTENBCTBA CKBAXKMH Ha HEPTh U ras
npuobpenu paboThl, CBA3aHHbIE C MCIBITAaHUSAMH IU1acToB. IlodydeHne HEOOXOTUMBIX CBEACHUH O
IJJaCTE IO3BOJSET KOPPEKTHPOBATh 3aJaud, pEIIaeMble C IOMOIIBIO JaHHOW CKBa)XMHBI, JaTh
IIPEIBAPUTENIBHYIO OLIEHKY NPOJYKTUBHBIM FOPU30HTaM, OLIEHUTh KOJUIEKTOPCKHE CBOMCTBA IUIacTa U
ONPEJEIUTh IPOTHO3HBIE 3aI1aChl TOW WM MHOM 3aJIEKH.



TEMA 1. DJJEMEHTBI HEGTEITPOMBICJIOBOM I'EQJIOTAHA U ®PU3UKH HE®DTETA30BOI'O
IJIACTA
Kaxx1p1i1 pOAYKTUBHBIN IIJIACT XapaKTEPU3YETCsI COBOKYITHOCTBIO BEJIUYMH, 110 KOTOPBIM MOKHO
OIPEICJINTh BEPOSATHBIC 3aIachl INIACTOBON KUAKOCTH, OLIEHUTh BO3MOXHBIN 1€0MT CKBAaXXHH, BEIOPATh
XapaKTepUCTHKH (UIBTpa, MPABWIBHO MON00paTh COCTaB MPOMBIBOYHON JKUAKOCTH, KOHCTPYKLIHUIO
CKBa)XUHBI U T.J.

1.1. TI'panyjiomeTpr4YecKHH COCTAB MOPOJ

HedTp 1 ra3 conepkutcs B mopax M TPEUIMHAX MOPOJ - KOJUIEKTOpoB. Eciu mopona-KoiekTop
COCTOUT U3 3€peH pa3HoOi (GOpMBI, CLHEMEHTUPOBAaHHbIX MEXAy CcoO0Oi (MecyYaHuK) WM
HECIIEMEHTHPOBAHHBIX (IIECOK), a JKUAKOCTh (HEe(Th, ra3, BOJA) 3aMOJHSIET MOPHI TAKOH MOPOJBI, TO
KOJIJIEKTOP HAa3blBAlOT TIPaHyJSApHbIM. Ecin ke XHUIKOCTb COIEpPKUTCS B OCHOBHOM B TpPELIMHAX
MOpOJIbI, KOJJICKTOP HAa3bIBAIOT TPEUIMHHBIM. B mpupone BCTpedaroTcs TakKe CMEUIaHHbIE WU
IpaHyJISIPHO-TPEIIUHHBIE KOJIIIEKTOPBI.

['panynomMeTpruecKuM COCTaBOM TaKOW IOPOJbI HAa3bIBAlOT COBOKYIHOCTh JAHHBIX O pa3Mmepe
(macce) 3epeH pa3Hoil ppakiuu. B cocTaB ogHO# (ppakiuy BKIIOYAIOT BCE 3€pHA, pa3Mep (WM Macca)
KOTOpBIE HE BBIXOJUT 3a MpPEIeINbl, YCTAaHOBJICHHBIE UIA AaHHOW (pakmuu. ['panyisomerpudeckum
COCTaBOM IIOPOJI B OCHOBHOM ONpEIENSAIOTCS M Bce JApyrue (u3Mueckue mnapamerpbl Iulacta -
MOPUCTOCTD, yAeIbHAas IOBEPXHOCTb, IPOHULIAEMOCTb U T.JI.

['panynoMeTpruecKuii COCTaB OMNPEACTSIOT C IOMOIIBI0O CHUTOBOTO M CEAMMEHTOMETPUYECKOTO
aHAJI30B.

Pasmepsl wacTuil mopoj KoJeOnroTcs B MIMPOKOM JUara3oHe (0T KOJUIOMAHBIX Pa3MEpoB 0
HECKOJIbKUX CaHTUMeTpoB). CTeneHb HEOJHOPOAHOCTH XapaKTepU3yeTCsl OTHOIIEHUEM JuaMeTpa
4acTull, Ha KOTopeli npuxoautcs 60 % oOieil Macchl HABECKU K IUaMETPY, Ha KOTOPbIN MPUXOAUTCA
10 %. B ciyuae cuTOBOro aHaiM3a MPUHUMAIOT JUAMETpbl OTBepcTHMl cuT. s OOJBIIMHCTBA
He(TSAHBIX U Ta30BbIX [UIACTOB CTENEHb HEOTHOPOAHOCTH Kosebnercs ot 1,1 1o 20.

1.2. TIlopucrocThb U yaejbHasi IOBEPXHOCTh
[IpakTHueckn Bce OCaJOUYHBIE MOPOJBI SBJISAIOTCS MOPUCTBIMU. [IOpBI, COEOUHASCH PYr C APYIOM,
00pa3yroT MOPOBBIE KAHAJIBI, KOTOPBIE YCIOBHO JEAT HA TPU TPYIIIIHL:
- cBepxXKanwuisapHele > 0,5 mm;
- KalmUIIPHbIE 0,2 +m 0,5 MM;
- cyokammsipabie < 0,2 mm. [ToprcTOCTh  KOJJIEKTOPOB, JAIOMIMX MPOMBIIUICHHYIO HE(PTh, 0OBIYHO
cnenytomas (B %).

[TeCUaHUKH. .....ccuveeeeeeeanienene 10—30

KapOonartHble KOJIeKTOpEBL... 10—25 1 MeHblIe

CTpyKTypy HOPOBOTO MPOCTPAHCTBA MIPHHATO XapaKTePHU30BaTh:

- abCOMIOTHOM (00111e#) MOPUCTOCTHIO - OTHOILIIEHHE CyMMapHOro o0bemMa mop kK 00beMy o0pasiia;

- OTKpBITON (3((heKTUBHON) MOPUCTOCTHIO - OTHOILIEHHE CYMMapHOIro o0beMa MOp, COOOIIAIOIINXCS
Apyr ¢ ApyroM K o0bemy oOpasna. Kosh¢uimeHT OTKpBITOW MOPUCTOCTH OMPEIENSIOT METOAO0M
B3BCIIMBAHMS BO3IYITHOTO (CyXoro) obpasma W 3Toro ke oOpasiia HACHIIIEHHOTO, TMOJ BaKyyMoOM,
KEPOCHHOM.

AOCOJIIOTHYIO TTIOPUCTOCTh OIEHUBAIOT 10 KOA(PGUIMEHTY TTOJIHOW MOPUCTOCTH: 3TO OTHOIIECHUE
00bEMa B3aMMOCBSI3aHHBIX U M30JIMPOBAHHBIX MYCTOTHBIX KaHAJIOB K 0011eMy 00bEMY 00pasiia ropHOU
TTOPO/IBI:

Kn=Vnop/VVo6p

OtkprITyI0 (9 PEeKTHBHYIO TOPUCTOCTH) OIEHUBAIOT C TMOMOIIBIO Kodhduimenta 3¢ heKTUBHOM
MOPUCTOCTU: OTHOLICHHE 0OBbeMa IMOop, Yepe3 KOTOphle BO3MOXKHO JBMD)KEHHE HE(TH, BOJBI MM ras3a
MIPU ONPEJIEICHHBIX TEMIIEpaType U rpalueHTax JaBleHUs K 00beMy 00pa3ia rOpHOM MOPOIbI.
CyMMapHYI0 TOBEPXHOCTh BCEX MOPOBBIX KAaHAJIOB, COACPIKALIMXCS B MHHILIC



o0beMa oOpasiia Mopobl, Ha3bIBAIOT YAEIHHON MOBEPXHOCTHIO. BenuunHa yaeabHOH MOBEPXHOCTH
3aBHCUT OT (DOPMBI M TPAHYIOMETPUYECKOTO COCTaBa MOPOJbl. UeM Ooublie yaenbHas MOBEPXHOCTD,
TeM OONBIINK 00BEM KUIKOCTU (PU3UUECKU YICPKUBACTCS HA HEH B BUJIE IJICHOK.

B cnyuae HamMmeHee TUIOTHOM KyOW4eckoW ykmaaku 3epeH (pucyHok 1.1, a) xoadduimeHt
MOPUCTOCTU OyAeT cocTaBisaTh - 47,6 %. JlaHHOE YHMCIIO MOXHO CUMTATh TEOPETHUUECKH BO3MOKHBIM
MaKCUMYMOM IOPUCTOCTH JIJIsl TEPPUTCHHBIX 1opo1. [Ipu Gosee MiIoTHOW yKIIaJKe UAeaTbHOrO IPYyHTa
(pucynok 1.1, 6) mopuctocTs OyaeT cocTaBiaTh Beero - 25,9 %.

Pucynok 1.1 - CBobonHoe (a) u TecHoe (0) pacroyiokeHue MapoB B MOJEIN (UKTUBHOTO
TpyHTa
ITockonbKy peanbHbIE 3epHa UMEIOT He chepudeckyro Gopmy U 1ajeKko He OAMHAKOBBIE Pa3MeEpHl,
MO3TOMY YJETbHYIO IOBEPXHOCTh BBIYMCIIIOT KaK CYMMY YAEIBbHBIX TOBEPXHOCTEH BceX (pakuuii
IPaHyJIOMETPUYECKOTO COCTaBA.

1.3. IIponumaemMocTh rOpHbIX NOPOJI

CnocoOHOCTh MOPOJ TMPOAYKTUBHBIX IUIACTOB MPOIYCKaTh >KUAKOCTh HIJIM Ta3 Ha3bIBAIOT
NpOHHUIIAeMOCThIO.  [IpoHWIIaeMOCTh  XapakTepu3yeTcs  aOCONIOTHOW  MPOHHUIIAEMOCTHIO -
MIPOHHUIIAEMOCTh MOPHUCTON cpenbl mpu (GUIbTPAIMM Yepe3 Hee KaKoro MO0 areHTa, XUMHYECKU
WHEPTHOM K mopojie. B kauecTBe Tako KUAKOCTH UCTOJIb3YIOT CYXOH BO3AYX WJIU Ia3.

B Mexnaynaponnoit cucreme (CH) 3a eauHUIly NpPOHHUIIAEMOCTH B 1 M 2 PUHUMAETCS
MIPOHUIIAEMOCTh TaKOW TOPUCTOM Ccpefbl, TpHU (GUIBTpAIUU Yyepe3 o0pa3el] KOTOpOoH mioniaapio 1 M’ u
muHOU 1 M mpu nepemnaje naBieHus 1 H/M” pacxo/1 JKUAKOCTH BSI3KOCThIO 1 H * cex/m’ cocrapiser 1
m*/cex. Emnmmueii U3MEPEHMS NPOHUIAEMOCTH SIBJIACTCS KBAJAPATHBIA METP (MZ). Yame Bcero s
0003HaYeHHS TPOHHUILIAEMOCTH MOPOJT UCTIONB3YIOT KBaIPaTHBIM MUKPOMETP (MKMZ).

OOBIYHO ISl OLIEHKM IMPOHUIAEMOCTH IOJIb3YIOTCS MpaKTHUYecKoil eauHuuen Jlapcu, xotopas
NpUOIHU3UTENBHO B 10%2 pa3 MEHbIIE, YeM ITPOHULIAEMOCTH B | M2, m muraapen (M/J1). 3a enununy
nponunaemoctd B 1 Jlapen (1 Jl) nmpuHHUMArOT NPOHMIIAEMOCTbh TaKOM MOPUCTOW Cpenbl, MpU
¢buibTpanuu yepe3 oOpaser; KOTOpoil riomazso 1 cM? m umHOM 1 cM IIpY nepenaje AasieHus |
Kr/cm? pacxo]t KUIAKOCTH BA3KOCTHIO 1 cm3 (caHTHUITya3) cOCTaBIseT 1 em®/cex.

ITockonbKy ra3 sSBiIseTCs COKUMAEMOM KHUJIKOCTBIO €r0 00BEMHBIHN pacxoa OyJeT HEMOCTOSIHEH 110
JUTMHE 00pasiia, ModTOMY OOBEMHBIM pacxojl Ta3a MPUBOIAT K CpPEIHEMY [aBJIICHUIO B 0OpasIle.
ITonararoT, 4yTO ra3 paclMpsAeTcs U30TEPMUYECKH B COOTBETCTBHHM € 3aKOHOM boiinsa-Mapuotra.

B nmpoayKTHBHBIX IUTacTax BCeraa coaepkurcs Ase win Tpu (assl. [Iponuriaemocts ams o000k
u3 (a3 npu GUIBTPALIUK JBYX UM TpeX(azHON KUIKOCTH MEHbIIIE ee a0COTIOTHON MPOHUIIAEMOCTH.

[Ton ha30BOI NPOHUIIAEMOCTHIO0 TOHUMAIOT MPOHUIIAEMOCTD ISl TAHHOM KUAKOCTH IPU HATUUUU
B IIOpax MHOT0(a3HOM CUCTEMBI.

OTHocuTeNbHAS TPOHULIAEMOCTD - OTHOIIEHUE (a30BOM MPOHUIIAEMOCTH K aOCOTIOTHOM.

da3oBas U OTHOCHTEJIbHAs NMPOHUIAEMOCTb JUISI Pa3IUYHBIX (a3 3aBUCUT OT BOJO, HepTe- U
ra30HACHIIIEHHOCTH MOPOBOTo IMpocTpaHcTBa (pucyHok 1.2). Tak, Hanmpumep, ecnu yacTh IOp 3aHsATa
BOJIOM, TO NMPOHUIIAEMOCTH JUIsI He(TH WM Ta3a OyJeT yMEHbLIAThCsS C YBETUUYEHUEM COJEp’KaHUS
Boabl. [Ipu conepxanuu Boasl MeHbIe 20 %, oHAa QU3NYECKH YAEPKUBACTCS B TOHKUX U TYHHKOBBIX
nopax. Tak kak 4acTb oObeMa MOp 3aHATa HEMOJBMKHON BOAOH, TO GMIbTpanus HeQTH BO3MOXKHA
JUIIb B CBOOOJHOM OT BOJIBI YacTH CEUEHHUS TMOPOBBIX KaHAJIOB; IIO3TOMY OTHOCHUTENIbHAs
MPOHHUIIAEMOCTh Ui He(TH MpH TAaKOH BOJOHACHILICHHOCTH He mpeBbimaeT 80 %, a ams BOAbI
npakTU4yecku paBHa Hymo. Ilpu BomonacwimenHoctd 80 % mnpoHMIIaeMocTh uisi HeTH mHagaer
NPAaKTUYECKH 0 HyJs. DTO O03HAYaeT, 4To He(Th, copeprkaliascs B MOpax TaKOH MOPOABI, MPOYHO
YAEPKUBAETCS KATWJUISIPHBIMU CHUJIAMHU.



IIpoHHIIaeMOCTh

20 40 60 80 100
BOJAOHACHIOIICHHOCTE
Pucynok 1.2 VI3MeHeHHE OTHOCHUTEIIBHOW MPOHUIIAEMOCTH O0Opaslia B 3aBUCUMOCTH OT €ro

BOAOHACBIINICHHOCTHU

VYXxynmeHue MpoHUIIAaeMOCTH PUCKBAXXUHHONW oOyiactu B 9, 10, 50 pa3 mpuBOIUT K CHUKCHHIO
NPOAYKTUBHOCTH B 2, 3, 5 - 15 pa3.

VYBeJInYeHNnEe TPOHUIIAEMOCTH OKOJIOCKBXHHHOM 0071acTh B 5-10 pa3 1o CpaBHEHHUIO C HCXOTHON
YBEJIMYMBACT IPOAYKTHUBHOCTH HA JIECATKU MPOIEHTOB.

B cpennem Oosnee 50% Bcex IUIACTOB HMMEIOT B 2 pa3a MEHBINYK) MPOJYKTUBHOCTH, YEM
noTeHumanbHas, 25% - B 4 paza, 10% mnactos B 10 pas.

1.4. HeonHOPOAHOCTH KOJIJIEKTOPCKHUX CBOMCTB

K KOIeKTOPCKUM CBOMCTBaM TOPHBIX MOPOJA OTHOCST OOBIYHO UX MOPUCTOCTHh U MIPOHUIIAEMOCTb.
Komnekropckue cBolcTBa peajgbHBIX KOJUIEKTOPOB HEOJHOPOJHBI. HeonHopoaHocTh siBisieTCA
CIIEICTBUEM pa3HOOOpa3usi yCJIOBUH OCAJKOHAKOIUIEHMS, YIUIOTHEHMs M LEMEHTalUuu IOopof,
MEPCOTIIOKCHUA colle WIM WX BBIICIIAYMBAHUA B IIPOLHCCCC MUTPALIUK IJIACTOBBIX )KI/II{KOCTCﬁ,
TEKTOHWYECKHUX JBWKEHMH 3eMHOM Kopbl M Jpyrux ¢akropoB. Kak mpaBuiio, B CBOJOBOW yacTu
CTPYKTYphI IPOHUIIAEMOCTh KOJUIEKTOPA 3HAUUTENBHO BBIIIE, YEM Ha NepUupepuH.

JIOBONBHO YacTO MOLIHOCTh IPOHHULIAEMOM YacTU MPOJYKTUBHOIO IUIACTA CYILECTBEHHO
HU3MCHACTCA IO IUIomaan CTPYKTYPEIL. Ha OTACJIBHBIX YYaCTKax BO3MOXHO BBbIKIIMHUBAHUC
IIPOHULIAEMBIX 30H, 3AMELEHUE UX HETIPOHUIIAEMBIMH ITOPOJAMH.

OpnHolt M3 NPUYMH HEOAHOPOJHOCTU KOJUIEKTOPCKMX CBOMCTB MOXKET OBITh TaK)Ke HalIUyue
TPELINH, KaBePH, MUKPOKAPCTOBBIX MTyCTOT U T.J.

Komnnekropckue cBoiicTBa MOpoJa M3MEHSIIOTCS C YBEJIMYEHUEM TIIyOUHBI 3aneraHus miacra. Tak
KaK C TJIyOMHOM rOpHOE JaBJI€HHE BO3PAcTaeT, YBEIMUUBACTCS YIUIOTHEHHOCTh MOPOJI, YMEHBINIAIOTCS,
KakK IIpaBHJIO, pa3MCpPbl MOPOBLIX KaHAJIOB B TPAHYJIAPHBIX KOJUICKTOPAX W KOJIUYCCTBO KPYITHBIX
MIOPOBBIX KaHAJOB; COOTBETCTBEHHO YMEHBIIAETCS MPOHMIIAEMOCTb. BMecCTe ¢ TeM TOBOJBHO YacToO
BCTPCHAIOTCA TPCIIMHHBIC U IMTOPOBO-TPCHIMHHBIC KOJUICKTOPLI.

1.5. CocraB u pu3znyeckoe cOCTOAHUE He(PTH U ra3a B YCJAOBUSIX MPOAYKTHBHOIO IJIACTA

HedTe u npupomHblii ra3 COCTOMT M3 CMECH pa3IMYHbIX YIJIE€BOAOPOIOB. B HHMX Takxke
MPUCYTCTBYET YacTO a30T, YIJIEKHCIOTa, CEPOBOJOPOJ, PEIKHE Ta3bl W JpYrue KOMIIOHEHTHL. B
3aBHCUMOCTH OT COCTaBa M IIIACTOBBIX YCJIOBHH YIJIEBOMOPOJBI MOTYT HAaXOIUTCS B 3aJIeKH B
Pa3NUYHBIX (PU3UYECKUX COCTOSHUSAX - Ta3000pa3HOM, KUKOM, B BUJE TA305KUIKOCTHONH CMECH, JINOO
TBEpAOM. B umncTo rasoBoii 3anexu conpepkarcs B OCHOBHOM MeTaH (10 98 % mo o0bemy), 3TaH U
nponad. Ha nomto meHTaHa u 6osiee TSDKENbIX YIriieBOIOpoioB npuxoautcs He 6onee 0,2 %. XKunakue
YIIIEBOAOPOABI MPUCYTCTBYET B BUJIE MAPOB.

[Ipy BBICOKOM IIJJACTOBOM JaBJICHMM IUIOTHOCTh Tra3a MNPHOIMKAeTCd K IJIOTHOCTH JIETKHX
YIIIEBOAOPOAHBIX KUAKOCTEH. [Ipr 3TOM YacTh )KHIKHAX YTrIIEBOIOPOOB PACTBOPSETCS B CHKATOM rase.
3anexu, cojepikaliie MOJ00HBIE CMECH YIJIEBOJOPOAOB B Ta3000pa3HOM COCTOSHUM Ha3bIBAETCS
ra30KOH/IEHCaTHBIMH.

Ecnu B 3anexu conep UTcs HE TOIBKO OOJIBIIOE KOJUYECTBO raza, HO U JOCTATOYHO OOJIbIIOE
KOJIMYECTBO HEPTH, TO €€ Has3bIBaroT HedrerazoBoi. [Ipu GobIIOM MaBIeHUHM 4YacTh HEMTH MOXKET
ObITh pacTBOpEHa B CkaToM rasze. Eciam copepikaHue Trasa IO CpaBHEHHIO ¢ 00beMOM He(pTH



HEOOJBIIIOE, a JABJICHUE CPABHUTEILHO BBICOKOE, Ta3 MOXET OBITh MOJTHOCTHIO PACTBOPEH B HEPTH H
razoHe(TsSHAs CMECh B IIJIACTE HAXOAWTCS B OAHO(A3HOM (PKHUIKOM) COCTOSHUM. Takylo 3ajexhb
Ha3bIBAIOT HEPTIHOM.

1.6. HexoTtopsle cBoOlicTBa razoB u HedTel

[Ipupoanbie ra3bl HE MOIYUHSIOTCS CTPOTO YPaBHEHUSIM COCTOSHUS UICaTbHBIX ra30B. OOBIYHO
JUIS pacyeTa COCTOSIHUS IIPUPOAHBIX I'a30B MOJIB3YIOTCS ypaBHeHHEeM KianeiipoHa, B KOTOpoe BBE/IEHA
MOIPAaBKa, YYUTHIBAIOLIAS OTKJIOHEHUE PEAJIbHBIX I'a30B OT 3aKOHOB CXKATUS U PACLIIMPEHUS UICATbHBIX
ra3os.

OpHol M3 BaXHBIX XapaKTEPUCTUK Tras3a SBISETCS KOIPPHUIMEHT CKaThsg M OTHOCHUTEIbHAs
IIJIOTHOCTB rasa.

KoaddunmenT cxxaTust mpu HOPMaIbHBIX YCIOBHUAX, KOT/Ia YHCIIO MOJIEKYN B €IMHULIE 00beMa U
3aHMMAEMbIl UMU 00bEM HEBENMKH, pUOIIKaeTcs K equHuue. C yBeIMYEHUEM J1aBJICHUS MOJIEKYJIbI
raza CONMXKAIOTCS, CHJIBI IPUTSHKEHUsT OyayT criocoOCTBOBaTh UX cOnmmxkeHuto. Ecnu ra3 Oyner cxkar
HACTOJBKO, 4YTO IUIOTHOCTh €ro MNpUONMIKAeTCsl K IUIOTHOCTH KMJKOCTH, MEXKMOJIEKYJISIPHbIE
pPAcCTOSIHUSL COKpPAILAIOTCS CTOJb 3HAYUTENbHO, YTO HAUMHAIOT JEMCTBOBATh CHJIbI OTTAJIKUBAHUSA, [
OyzaeT pacTH.

KoaddunmenT c:xumaeMocT 00BIYHO ONPEAETISIOT M0 SMIMPHUUYECKUM 3aBUCUMOCTSIM.

OTtHocuUTeNbHAS MJIOTHOCTh €CTh OTHOILIEHHE MACChI ra3a, 3aKJII0YeHHON B €IMHUIE 00beMa IpH
JTAHHOM JaBJICHUH U TEMIIEPAType, K Macce CyXOro BO3AyXa B TOM K€ 00bEeMe MPH TeX K€ yCIOBHUSX.

[InoTHOCTH Ta3za 3aBUCUT OT COCTaBa, TeMIeEparypbl U AaBieHus. OIUH KUIOMOJb JI0O0TO rasa
[P HOPMAJIBHBIX YCJIOBUSIX 3aHUMAeT 00beM B 22,4 M.

VYrneBogopoaHbIe U JIpyrHe Ta3bl pacTBOPsIOTCS B HePTH. OT KOJIMYECTBA PACTBOPEHHOTO B
IIaCTOBOM He(pTH ra3a 3aBUCAT €€ BAKHEHIIME CBOHCTBA, B TOM YHCJIC CKUMAEMOCTh, BSI3KOCTb,
IJIOTHOCTh. YeM BhIlIe MOJIEKYNIIpHAsi Macca rasa, TeM BhIIIe ero pactBopumMocts B Heptu. C pocTom
JIaBJICHUS paCTBOPUMOCTD ra30B yBeJIUUMBaeTcs, a pu AasiaeHuun 10 Mlla konndyecTBO pacTBOPEHHOTO
raza CTa0WIM3UPYETCS U B HEKOTOPHIX CIydasx Jake yMmeHblaeTcs. C MOBBIIMICEHUEM TEeMIIepaTyphl
PacTBOPUMOCTD YIJI€BOIOPOAHBIX Ta30B YMEHBIIAETCS.

VYnpyrocts HedTelt Xapakrepusyercss KOdpGUIMEHTOM C)KUMAeMOCTH, O] KOTOPBIM OHUMAIOT
OTHOCUTENILHOE U3MEHEHHE €€ 00beMa Mpu yBeIuueHuu AaieHus Ha 111a:

Ecnu orobpats npoOy HedTH MpH MIACTOBLIX YCIOBHIX M CHUXKATh JaBJieHHE, U3 He(PTU HAUHET
BBIJIETISITHCSL paCTBOPEHHBIN ra3. To naBieHue, Ipyu KOTOPOM HAUYMHAETCS BbIIEJICHHUE T'a3a Ha3bIBAETCs
JaBJICHUEM HacbIlleHus. J[aBneHue HacChIIEHUs 3aBUCUT OT cOCTaBa He(pTel, TeMIiepaTypbl U COCTaBa
pacTBOpEeHHBIX Ta30B. UeMm BhIlIe TemMrepaTypa WiK O0Jbllie COIep)KaHUEe a30Ta U MeTaHa, TeM OOJIbIIIe
JTABJICHUE HACBIILICHHUS.

C noBbIIIEHWEM JaBJIEHUSI IJIOTHOCTb HE(TH, HACBHIIIEHHON YIJIEBOJOPOAHBIMU Ta3aMH
YMEHBILIAETCS, a a30TOM WM YIJIEKUCIBIM T'a30M - HECKOJBKO Bo3pacTaeT. C pocToM TemImepaTypsl
IJIOTHOCTh HE()TU YMEHBIIAeTCH.

BsiskocTh He(TH CHIDKAeTCs TO Mepe YBETWYEeHHS TeMIepaTyphbl, PacTBOPEHHBIX B Hel
YIJIEBOJOPOAHBIX Ta30B M HECKOJbKO BO3pAacTaeT NP MOBBIILIEHUH [ABJICHHS BbIIIE JaBICHUS
Hacblienus. [Ipu pactBopeHun a3ota B He()TH BA3KOCTh BO3PACTAET.

Bsi3kocTh MeHsieTcs B IIMPOKUX Mpeziesiax OT MHOTHX COTEH A0 AecsThix noieit mlla ¢ c.

1.7. IlnacToBbie BOIABI

HedrsHble u ra30BbIe MECTOPOKICHUS BCETIAa COMIEPKAT BOY. BoIbl moapa3iesstoT: Ha BEpXHUE
- €CJIM OHA HACBIMIAET IJIACT, 3aJICTAIOIINK BHIIIE MPOJYKTUBHOTO; HUKHHE - HUXKE MPOAYKTHBHOTO;
MIOJIOIIBEHHBIE WJIH KPAEBbIE -€CIIN 3aMOIHIIOT MOPHI KOJUIEKTOpa Mo He(TAHOM (Ta30B0il) 3aJIeKBI0 U
BOKPYI' TIOCJTICJHEW; IMPOMEKYTOYHBIE - €CIIM HACBHIIAIOT MPOHUIIAEMBIA MPOILIACTOK B CaMOM
MPOYKTHBHOM ILJIaCTe.

B coGctBenHo HedTsHONM (ra3oBOi) YacTH IUIacTa, BCErla TaKXKE, COJCPKHUTCS BOJA,
COXPAHMBINASCS CO BPEMEHU OOpa30BAHMS 3alEKH. OJTH BOJBI HA3bIBAIOT OCTATOYHBIMU WITU
PEIUKTOBBIMH.



[TmacToBble BOABI BCerjza MHHEpaATM30BaHbl. B HHUX conepxarcs XJIOpUIb, KapOOHATH,
OukapOOHATHI, YIJIE€BOJOPOAHBIE Ta3bl, cepoBogopod u ap. ComepxaHue coyield B IMJIACTOBBIX BOAAX
KONEONeTCs OT HECKONbKHX ecaTkoB 10 300 kr/m°. KOHIEHTpamms comeil B OCTATOYHBIX BOJAX
OOBIUHO BBIIIE, YEM B IMOJOLIBEHHOM.

Boga B mopucToi cpeie MOXKeT CyLeCTBOBATh B BUJE:

- KamWwUISIpHO CBS3aHHOM B Y3KMX IIOPOBBIX KaHallaX, B KOTOPBIX B OOJbIICH CTENEHU
CKa3bIBAETCs BIMSHUE KAIMJUISIPHBIX CHUII;

- aJICOpPOIIMOHHOM, yAepKMUBAEMOW MOJIEKYJISIPHBIMU CHJIaMU Y TIOBEPXHOCTH CKeJIeTa MOPOJIbI U
IIPOYHO CBSA3aHHOM C YaCTHIIAMM CKEJIETa;

- IJICHOYHOM, MOKPBIBAIOLICH ruApOodUIbHBIE YIaCTKH IIOBEPXHOCTH CKEJIeTa MOPO/IbL;

- CBOOOTHO.

1.8. MoneKkynapHO-TIOBEpXHOCTHBIE CBOMCTBA BOJIbI, CUCTEMA "JKUIKOCTD -IIOpUCTast cpena”

YroObl JeTambHO pa3odpaTbcs € mpoleccaMu  (PU3UKO-XMMHUYECKOTO  B3aWMOJICHCTBHSA
JUCTIEPCHBIX CUCTEM U AMCIIEPCHON CPEbl pACCMOTPHUM OoJiee MOAPOOHO CTPYKTYPY BOJIBI.

Monekyna BOJbl, KaK HM3BECTHO, IPEJCTABICHA JBYMsI OJHOBAJEHTHBIMH HMOHAaMU BOJOpOJa U
OJIHUM JIByXBaJ€HTHbIM MOHOM KHCIIOpOoJa. Momekyna BOAbBI HE SBISETCA SHEPreTHUYECKH
HEUTpATBHOU. DTO OOBACHSIETCS TEM, YTO aTOMBI BOJIOPOJa MPUMBIKAIOT K KHUCJIOPOIY C OAHOM M TOU
K€ CTOPOHBI, YTO M BbI3bIBAET BOBHUKHOBEHUE 3JIEKTPUUYECKOr0 MOMEHTa. [lo ApyruM JaHHBIM MOHBI
BOJOpPOJa W KHCIOpOJa B MOJIEKYJIE€ BOJbI PACIOJIOKEHBI B BEpUIMHAX PaBHOOEIPEHHOTO
TPEYTroJbHUKA, IPUYEM YIOJ Y BEPLIMHBI TPEYTOJIbHUKA, 3aHATHIA HOHOM KUCI0poJa, paBeH 105°.

JIMMoaBHOCTh MOJIEKYI BOJIbI 00YCIIaBIMBAET UX CIIOCOOHOCTH BCTYMATh APYT C APYTOM B CBSI3b,
MPUTSTUBASACH IMOJIIOCAMHM MPOTUBOIIOJIOKHOIO 3HAKa. DTO MPUBOAMUT K TOMY, YTO CTPYKTypa BOJbI
UMeeT phIXJioe cTpoeHue. Ee HCTUHHBIN 00beM MPEBBIIIAeT pacueTHbIC 3HAYCHUS.

OOBACHUTD OTCYTCTBUE JJIEKTPOHEUTPAIBHOCTH MOJEKYJIbl BOJAbl MOXHO U CJEIYIOIIUM
o0pa3oM. ATOM BOAOPOJa, UMEIOIIUN OHY CTAaOUIbHYIO OPOUTY, CIOCOOEH 00Pa30BHIBATH JIHILb OAHY
KOBaJICHTHYIO CBs3b. OJHAKO, HECMOTpPSI Ha 3TO OKa3bIBA€TCS, YTO B HEKOTOPHIX CIy4asX aToM
BOJIOPOJIa MOXKET NMPHUHATH K cebe M TeM caMbIM CBs3aTh MEXIy co0O# 1Ba aroma. B aTtom ciyuae
BO3HUKAET YK€ HOHHAsI CBA3b, T.€. CBSA3b, B OCHOBE KOTOPOU JIEKUT KYJIOHOBCKOE MPUTSKEHUE MEXKIY
Pa3HOMMEHHO 3apsHKEHHBIMU TEJIaMH.

Takas BojoponHasi cBs3b Oosiee BeposiTHA 4YeM OoJsiee  3JIEKTPOOTPULATENIbHBI  aTOMBI,
coeuHsAeMble BOIOpoAOoM. MOH KHCIIOpoJa MMEET BBICOKMH OTPHULATENBHBIM 3apsii U IO3TOMY OH
JIETKO 00pa3yeT BOJOPO/IHbIE CBSI3U C HOHaMHU Boopoa. BenmeacTBue 3Toro sxe MoJIeKyibl BOABI MOTYT
JIETKO acCOLIMMPOBATHCS MEXIy co0oi B kommiekchl. IIpu sToM cTpykTypa BoJbl n3MmeHsercs. Ee
M3MEHEHHE BO3MOXKHO M Yy TIOBEPXHOCTH TBEPAOH (ha3bl.

Hannuue »snexkTpuyeckoro MOJs Y MOJIEKYJbl BOABI OOYCIaBIMBAE€T U UpPE3BBIYAWHYIO €€
PacTBOPSIOLIYIO CIIOCOOHOCTh, T.K. CHJIBI B3aUMOJECHCTBUS MEXAY 3apsyKEHHBIMM YacTULAMHU B BOJE
yMmeHbIaroTes B 8 1 pa3. B pesynbrare 3TOro NpoYyHOCTH BHYTPH MOJIEKYJISIPHOM CBSA3M CTAHOBHUTCS
HEJ0CTAaTOYHOW M YaCTUYKHU O] IeWCTBUEM OPOYHOBCKOT'O JIBI)KEHHUS IEPEXOJIAT B PACTBOD.

JIMnonu MOTryT NPUTATUBATHCS HMOHAMHU BCJEICTBUE B3aMMHOIO TNPUTSDKEHUS DJIEKTPUUECKUX
3apsA0B, MPUCYIIUX, C OJJHOW CTOPOHBI MOHY a, C APYroM - MOJKOCaM MOJIEKYJ BOJBI. JTO SIBIICHUE
Ha3bIBAETCS TUApaTaleil HOHOB U BhIpakaeTcs B 00pa30BaHUU TMAPATHON 000JIOYKH BOKPYT MOHOB,
COCTOSIIIIEN U3 MPUTSHYTBIX MOHOB MOJIEKYJ BOJBI. VYuurteiBas pa3IvyHbIA pa3Mep HOHOB, MOKHO
3apaHee MpeABUJIETh, YTO BETMUMHA 3TUX MMJIPATHBIX 000JI04eK OYAET y Pa3InYHbIX HOHOB Pa3HOH.

B HacTosiiiee BpeMst CTpyKTypa TBEPABIX T€1 B OCHOBHOM JIOBOJIBHO TAaKH JIETAIbHO H3y4yeHa. B
€€ OCHOBY IIOJIOXKEHBl MOJEIM THUIA JKECTKUX MIAPUKOB, IIAPUKOB C MPUTSHKEHUEM U YIPYTHUX
miapukoB. Kak cienctBrue 3TOro CymecTBYIOT KOJIMYECTBEHHbIE TEOPUH KUAKOCTEH, THIA HJealIbHbBIX
ra3oB, YaCTUYHO KUJKHUX METAJUIOB M HEKOTOPBIX MOJIEKYJISIPHBIX KUAKOCTEN. /11 acconmmpoBaHHBIX
KHUJKOCTEH C BOJOPOIHBIMHU CBSA3SIMH TEOPHH, YAOBIETBOPUTEILHO OOBSCHSIOUIEH B3aMMOEWCTBHE
TBEpOi (hazbl ¢ )KUIKOM Cpeoii B HACTOSIIIEE BPEMSI HET.

B nurepatype cTpykTypa 3JE€KTPOHHOIO O0Jlaka B OCHOBHOM OINMCHIBAETCSl TETPadIpHUECKOi
MOJIETIBIO, C AaTOMOM KMCJIOpOJa B ILIEHTPE M aTOMaMM BOJOpOJA B JBYX BEpPIUMHAX M JBYMS



OTPUIATENLHBIMH 3apsSAaMH, CUMBOJIM3UPYIOIMIUMH yEeIUHEHHBIC 3JIEKTPOHHBIE Maphl B ABYX JIPYTUX
BEpILMHAX TETpadIpa.

[ToaTomMy MoJeKyia BOABI MOKET y4acTBOBATh B UETBHIPEX BOJOPOJHBIX CBS3SX: B JBYX 33 CUET
MIPOTOHOB U B JIBYX 3a CUET HEMOJEJICHHBIX Hap aToMa Kuciaopoja. OcoOEHHOCTH MOBEACHUS BOJbI
OOyCIIOBJICHBI W OpHUEHTAIMEH SIACPHBIX CIHHOB JBYX MpoTOHOB. Hambomnee pacmpocTpaHeHBI
CIIeyIOIIMEe CTPYKTYpPHBbIE MOJIETH BOJIbI: KJIaCTEpHAs, KJIaTpaTHas U KOHTHHYaIbHAast (HEPEephIBHAS).

B xnacrtepnoit monenu (OK. Hemern, H. lllepera) Mmozaenb BojbI peAcTaBiIcHa B BUJIE KJIACTEPOB,
T.€. B OIPEJICTICHHON 30HE MOJIEKYJIbI CBS3aHbI MEX]Ly COOOH, U IPYroi CBSA3H HET.

Knarpatnas monens (CamoitnoB C. Sl.) mpemycmarpuBaer oOpa3oBaHHE CETKH BOJOPOIHBIX
CBSI3€M MEXy MOJIEKYJIaMHU BOJIbl, BHYTPH KOTOPOIH MUMEIOTCS MyCTOTHI, 3alI0JHsIEMble MOHOMEPHBIMU
MOJIEKYJIaMH (HE UMEIOIIIMMH BOJOPOJIHBIX CBSI3EH).

Kontunyansnas wmogens (M. Ilomn) mnpegycmaTpuBaeT OTCYTCTBHE MOJEKYJI BOABL €
Pa30pBaHHBIMU BOJIOPOJIHBIMU CBSI3SIMH, 00Pa3yIOIIMMH KOJIBIIEBBIC ACCOLIUATHI.

CrnoxkHast CTpyKTypa BOAbI OOyClaBiIMBAaeT U €€ cHenu(Huueckre CBOHCTBA, a TakXkKe HX
3aBHCHMOCTH OT TeMIIepaTypbl. BOT HEKOTOphIC U3 HUX:

Tabnuma 1.1 HekoTopsie cBoOICTBa BOJIBI U €€ MPOU3BOIAHBIX.

CBoiicTBa Bo Jlen Bo
na na/nen
nnaneii?);%;:cizzcmﬂ 87, 90 0.9
74 75
MIPOHHUIIAEMOCTh
[L10THOCTD, KI/M" 100 917 10
0 90,5
[TokazaTenb mpesToMICHHS 1,3 1,35 1,0
339493 |93 19
Komuuectso wumonmoB H+, 3,3 1,4 24
MOJIB/T 6107 |10 0
DNeKTPOIPOBOAHOCTE, OM"" 12« 3 4
ecmt 10 107
Kosdduupent 1,4 10 1,4
camoaudysuu, cm/c < 10° «10°
BsskocTts, 11a ¢ 1,7 10° - 10
9 10°* 810"
TennonpoBoaHocTh, BT/M * 0,5 2,21 0,2
K 51 41
Temmoemkocts, /T « K 4,2 2,05 2,1
1 1
CkopocTb 3ByKa, M/C 140 3080 0,3
4 53

VYaenbHas MOBEPXHOCTh KOJIEKTOPOB HE(TH M ra3a HEPEAKO JOCTUTAET THICSY M2, [TosTomy
Mexny GUIbTPYIOIIEHCS JKUIKOCTbIO M KOJJIEKTOPOM Ha TpaHHUIax paszjena (a3 cyuiecTByer
MMOBEPXHOCTHOE B3aMMOJCHCTBUE. DTO B3aUMOJEHCTBUE OKa3bIBA€T CYLIECTBEHHOE BIIMSHUE Ha
(dbunpTpanuio.

Bakneiimieli xapakTepuCTUKON MOBEPXHOCTH paszena (a3 sBisSeTcs MOBEPXHOCTHOE HATSKEHUE.
I/ISBeCTHO, 4TO MOBEPXHOCTHOC HATAKCHUEC HA I'PAaHULEC KUIAKOCTH-ra3 3aBUCUT OT MHOI'HUX q)aKTOpOB -
XUMHUYECKOTO COCTaBa XHUAKOCTU M Ta3a, TEMIEpaTyphl, AaBieHus U ap. GaktopoB. C yBenTudeHHEM
TEMIICPATYPBI U JABJICHHA ITOBECPXHOCTHOC HATAKCHHUE YMCHBIIACTCA. CioxxHee XapaKTEP U3MCHCHUA
MOBEPXHOCTHOT'O HATSDKEHHUS] HAa TpaHHIle HEePTh-KUAKOCTh. Ecium HedTh AerazupoBaHa W MOYTH HE
COJIEP>KUT TOJISIPHBIX KOMIIOHEHTOB, €€ TIOBEPXHOCTHOE HATsHKEHHE HA TPAHUIIE C BOJOW MPAaKTUYECKU
HC 3aBUCHUT OT TCMIICPATYpPbl U HABJICHUS. Ecmu xe B He(i)TI/I COACPKATCA IMOJIAPHBIC KOMIIOHCHTHI,
pacTBOpUMBIE B BOJIE, TO C POCTOM JaBJICHHUS U TEMIEpaTyphl MOBEPXHOCTHOE HATSDKEHUE ee Ha



IPaHMIIE C BOJOM MOMKET YyBEIMYMBATBHCA. lIpyM Hanuuuu pacTBOPUMBIX Ta30B 3aBUCHMOCTH
YCIIOXKHSETCS.

HCHOCpeHCTBeHHO HU3MCPHUTH IMOBCPXHOCTHOC HATSIKCHUC Ha IMOBCPXHOCTH TBECPAOTO TCIa
TpyaHo. B 3TOM cliydae MOBEpXHOCTHOE HATSHDKEHHUE OIICHHBAETCS KOCBEHHO - IMYTEM HM3MEHEHHS
KpacBoOro yrijia CMa4uBaHUs, KOTOpBIﬁ TAKKEC CIIYKUT U MCpOfI CMaYuBaHUA KUJIKOCTBIO IMTOBEPXHOCTHU
TBepaoro tena. [loBepXHOCTH TBEpAOro Tejla CMAuMBAaeTCs TEM JIyd4lle, YeM MEHbIE pPa3HOCTb
HOJISIpHOCTCﬁ MCXKAY TCJIOM U KUIAKOCTBIO. BBICOKOHOJIHPHBIG KHUIOKOCTHU, T.C. 06HaﬂaIOH_[I/I€ BBICOKHMM
MOBEPXHOCTHBIM HATSDKEHHWEM, CMauMBaeT TBEPAYID IIOBEPXHOCTh XYXKE€, YEeM MaJlOMOJspHEIE.
HaHpHMep, PTYTb CMAaUMBACT JIMIIb HCKOTOPBIC MCTAJJIbI, TOrZId KaK MCHCC IMOJIApHAad )KUJAKOCTh - BOJa
CMauMBaeT HE TOJBKO METAJUIbl, HO U MHOTHE JIpyrHe MHUHepaibl, a Majo MOJSpHbIE Macia - Bce
TBEp/IbIC Tea.

Benuunna yrna cMauMBaHUs 3aBUCUT OT MHOTUX (akTopoB. OcoOeHHO 0OJIbIIOE BIUSHUE HA HEe
OKa3bIBaeT mporiecchl aacopbuuu. Hampumep, oOpabotkoii [TAB MOXHO 3HAYHMTENBHO YBEIMYUTH
CMauMBaeMOCTh U HA00OPOT YMEHBIIIUTD.

B mepuon BCKpBITHS MPOIYKTHBHOIO IJIACTa W B TIEPHOJ OCBOCHHS TPAHMIBI pasznenia a3 He
OCTal0TCs CTAOMIIBHBIMU: TPU BCKPBITHH - HEPTh OTTECHSIETCS OT CKBa)KUHBI, IPU OCBOEHUU HA00OPOT.
HpI/I TaKOM U3MCHCHUU HAIIPaBJICHUA ABWIKCHUA MCHACTCA U YT'OJI CMaYUMBAaCMOCTH.

1.9. Ilonsitue 0 KO3I(pPpuIHEeHTEe AHOMAJILHOCTH, HHAEKCE TABJEHHS MOIJIOIEHUsI U TOPOBOM
JaBJIeHUH

[Tox k03 PuneHTOM aHOMAILHOCTH B OYpEeHUW MOHMUMAIOT OTHOIICHHE IUIACTOBOTO JIABIICHUS
Ha TTTyOMHE K JaBJICHUIO CTOJI0A MPECHOM BOABI TAKOU K€ BBICOTHI:

WnngexcoM naBlIeHUs IOIVIONICHUS HA3bIBAIOT OTHOIICHUE IABJICHHUS IIOTJIONMICHUS HAa CTCHKH
CKB&)KHHBI, IIPH KOTOPOM BO3HHMKAET IOTJIOIICHUE MPOMBIBOYHOMN KUJIKOCTH, K JTABJICHUIO CTOJI0a BOJIBI
OT pacCMaTpPUBaEMOT0 0OBEKTA J0 YCThSI.

I'paguent rractoBoro naeineHus gradPy u rpamueHT maBieHus moriomeHus gradP, moHMMaroT
OTHOIIIEHNE COOTBETCTBYIOIIETO JABJICHUS K TNIyOMHE 3aJIeTaHus pacCMaTPHUBAEMOro IJIacTa.

TEMA 2. BCKPBITUE IPOAYKTUBHBIX IVIACTOB TP BYPEHUH

BckpbITHe MpOAYyKTUBHOTO TuiacTa (pa3BeAbIBAEMOTO WM SKCILTyaTallMOHHOTO OOBEKTa) - ATO
oTiepalliy, CBSI3aHHBIC ¢ OYpPEHHEM CTBOJIA CKBAKUHBI B MHTEPBAJIC MPOAYKTHUBHOTO TJIaCTa Ha MOJIHYIO
€ro MOIIHOCTh WM 4YacTU4HO. [Iporecc OypeHHs B MPOMYKTUBHOM IIJIACT€ UMEET OMPEIEICHHYIO
cnenupuky. OHa COCTOMT B TOM, YTO NPHU BCKPBITUU OOJBIIOE 3HAUYEHHE MPHOOpETaroT (U3HUKO-
XUMHUYECKHUE TMPOLECChl, KOTOPHIE MPOUCXOIAT B OKPECTHOCTSX CTBOJIA CKBAXXMHBI U MPUBOIAT K
00pa3oBaHHUI0 TPUCKBAXKUHHOW 30HBI TLIACTA. [IprCKBO)KMHHON 30HOW IJIaCTa HA3bIBAIOT
HEKOTOPBI 00bEeM MOCIETHETO, PACIPOCTPAHSIIONINIICS OT CTEHOK CTBOJIA CKBYKUHBI B TIyOb IJ1acTa U
MTOABEPKEHHBINA MPU BCKPHITHH JCHCTBUIO MPOIECCOB, HAPYIIAIOIINX MEPBOHAYAIEHOE MEXaHUYECKOE
U (PU3UKO-XUMHUYECKOE COCTOSIHHE KOJIJIEKTOpa M COAEpIKAlleicss B HEM MOJABIKHON (KUIKON WM
razoo0pasnoii) ¢azsr [1].

OcHoBHas 3aj7jaua MPH BCKPBITUU IJIACTa COCTOUT B TOM, YTOOBI HE JIOMYCTUTH CYIIECTBEHHOTO
HapyIIEHUsS €CTECTBEHHBIX CBOMCTB U COCTOSIHUSI TOPHOM TOPOJBI-KOJJICKTOpAa U TPABUIBHO 337aTh
BEJIMYMHY 3arityOlieHus B TuiacT. Ee ycTaHaBIMBAaIOT B 3aBUCUMOCTH OT TMOJIOKEHHUS BOJIOHE(TSIHOTO
KOHTaKTa, OJIM30CTH TOJIOMIBEHHBIX BOA U T.I. [Ipu OypeHnn B MPOAYKTHBHOM TOJIIIE JOJDKHA OBITh
obOecrieueHa Takas TJyOMHAa BCKDBITHS, KOTOpas TapaHTHUpoBaia Obl [JIUTEIbHYIO O€3BOJIHYIO
IKCIUTyaTaIlMI0 CKBOKUHBI 1 MUHUMAJIBHBIE B JAHHBIX YCIOBHUSIX THAPABINYECKUE COPOTUBIICHUS TTPH
MOCTYTUICHUU HE(THU WM Ta3a B CKBAXKHHY.

B pesynprate QuzNK0o-XUMHUECKOTO U (DU3UKO-MEXAHUYECKOTO BO3JCHCTBUS TPH TEPBUIHOM
BCKPBITHM  U3MEHSIOTCS  (DUIBTPAllMOHHO-EMKOCTHBIE  CBOWMCTBA  TOPOJ-  KOJJICKTOPOB B
MPUCKBAXKUHHOM 30HE [2].



OU3NKO-XMMUYECKOE BO3ACUCTBHE HAa MPUCKBAKHMHHYIO 30HY OOYCIIOBJIIEHO B3aUMOJICHCTBHEM
nopoa ¥ (GuouAoB IuacTa ¢ (UIbTpaTaMu MPOMBIBOYHBIX JKUAKOCTEH, MOCPEICTBOM JAEHCTBUS
a/ICOpOLIMOHHBIX, KaMMUIAPHBIX U AU (HY3HOHHOOCMOTHYECKUX CHIL.

OU3NKO-XUMUYECKOE BO3JCHCTBHME Ha MPOLYKTUBHBIM TOPHU30HT OKAa3bIBAIOT CIEAYIOIIUE
(baxTopsI:

- pasrpy3ka TOpPHOTO MaccuBa B pe3yibTaTe pa3OypuBaHHs (COOpPYXKEHHMsS BBIPAOOTKH)
IIPOJAYKTUBHOIO IUIACTA;

- U3MEHSIoLIeecs IPOTUBOIABIEHNE CTOJI0A TPOMBIBOYHOM KUIAKOCTH;

- KOJIbMaTalusi TOPOBOTO TPOCTPAHCTBA AMUCIEPCHONW (pa30i NPOMBIBOYHBIX JKUAKOCTEH U
YacTUI[AMU BbIOYPEHHOH MOPOIbI;

- U3MEHEHHE TEMIIEPATyPHOI0 peXuMa B IPUCKBA)KUHHOU 30HE;

- TUAPOJMHAMHUYECKOE M MEXaHHMYECKOE BO3JeHiCTBME Ha NOpOJbl pa30ypuBaeMoOro IulacTa
JBIDKYIIUMCS OYpPOBBIM HHCTPYMEHTOM.

IIpu »>TOM cCleayeT OTMETUTh, YTO (PU3UKO-XMMHYECKHE NPOLECChl, NPOMCXOIALINE B
NPUCKBAKMHHON 30HE IUIACTAa TPH TIEPBUYHOM BCKPBITHH, SBISIIOTCSA CIEJACTBHEM (DU3HUKO-
MeXaHU4ecKuxX BozjeiicTBuil. Hampumep, B3aumozeicTBUe NOPOA-KOUIEKTOPOB C (UIbTpaTOM
IIPOMBIBOYHOM  KUAKOCTH  OOYCIOBJIEHO IPOHUKHOBEHHEM IIOCIEIHEr0 BHYTPh IOPOBOIO
IIPOCTPAHCTBA, BEI3BAHHOTO penpeccueld. Mnu BeinageHue 0cagkoB BHYTPU TOPOBOTO IIPOCTPAHCTBA U3
HACBHIIIAIOUINX €ro >KUJIKOCTEH M ra30B MOXET ObITh CHPOBOLIMPOBAHO M3MEHEHHEM TEMIIEpaTypHOTro
peXuMa IPUCKBAKUHHON 30HBI.

2.1 DyieMeHTHI TeOpUH (PUIbTPALNHU

bypenne HeTAHBIX M Ta30BBIX CKBAXHH HEM30EKHO CONPOBOXKIACTCS pPa3IMYHBIMU (pU3HKO-
XUMAYECKHUMHU TIPOLIECCAMH B3aWMOJICHCTBHA OypOBOTO pacTBOpa CO CIIArarOIIMMHU CTEHKH TOPHOMN
BeIpabOTKM mopoxamu. K »Tum mpomeccam otHocsTcs QuibTpanus, aupys3us, TemI000MeH,
KanmwuisipHass nponutka u ap. OmuH w3 Hamboliee CYIIECTBEHHBIX MPOIIECCOB B3aUMOJICHCTBUS
OypOBOI'0O pacTBOpa C OKPYXKAIOIIMMHU CKBAXHHY MOpoJaMH - (UIbTpaLus, KOTOpas OIpenenseT
BO3HUKHOBEHHE IOTJIOMICHUI OypOBOTo pacTBOpa W HE(PTEra3oBOJAONPOSIBICHUH, TIIMHU3AINIO CTEHOK
CKBA)XMHBI, KOJIbMATAIMIO MPHCTBOJILHOW 30HBI MPOAYKTHBHBIX IJIACTOB, cypQo3uio B (GpUIBTPOBOI
30HE CKB@XUHBI B IIPOIECCE BBI30BA NMPHUTOKA M IOCIEAYIOMIEH SKCIUTyaTallud, pa3yIUIOTHEHHE U
HaOyXaHHe INIMHUCTBIX OTJIOXKEHUH

¥ MHOTHE JIpYTHE SBJICHHUS, CYIIIECTBEHHO BIIMSIONINE HA KAYEeCTBO 3aKaHYMBAHUS CKBAXKHH.

Jns  co3naHus HaydHO OOOCHOBAaHHBIX MPHUEMOB MPEJOTBPALLCHHUS PSIOB  OCIOKHEHHH,
TOCTIOKEHUS 2P PEKTHUBHBIX PE3yIbTATOB MPU BCKPHITUU U OCBOCHHH IIJIACTOB, PEATN3AIMHU TIPOIIECCOB
OypeHUsT C MUHUMaJIbHBIMH TPOTHUBOJABJICHUSAMH Ha IUIaCThl HEOOXOAMMO  pacrojiaraTh
KOJIMYECTBEHHBIMU 3aBHCHMOCTSIMHU, OIHCHIBAIOIINMH JIBUKCHHUE JKUIKOCTEH W Ta30B B IUacTax,
U3y4eHHe KOTOPBIX COCTaBIIAET MpeAMET TeOpuu GpuibTpanuu [4].

2.1.1 3akonbl GUILTPALUM KUAKOCTEH U I'a30B

JIBrokeHre KUAKOCTEH B TMOPUCTOM cpele Ha3piBaioT (uubTpanuei. [lopucteie cpenbl wuim
MaTepuaigbl - 3TO TBEpJAble Tela, HMEIIUE B JOCTATOYHO OOJBIIOM KOJMYECTBE IYCTOTHI,
XapakTEepHbIE pa3Mepbl KOTOPBIX Majbl MO CPAaBHEHMIO ¢ pa3Mmepamu Tena. CTpyKTypa HOPHUCTBIX
MaTepHaioB MOXeT ObIThb BecbMa pa3zHooOpa3HoOW. Tak, camble Malible MYCTOTBI, B KOTOPBIX CHJIBI
MOJIEKYJIIPHOTO B3aUMOJIEUCTBUSl JKMJIKOCTH C TBEPJABIMH CTEHKAMHM BECbMa BEJIMKH, HA3bIBAIOT
MOJIEKYJIADHBIMU  TOpaMU. [IpOTHUBOIIOJIOKHOCTBIO WM SABIISIIOTCS IIOPbI, B KOTOPBIX JABUXKCHHUE
KUJKOCTH JIMIIb BECbMa HE3HAYMTENIBHO 3aBUCHUT OT B3aWMOJEHCTBHS CO CTEHKAMH, W MX HA3bIBAIOT
kaBepHamu. IlomoctH, 3aHMMarIIME IIPOMEKYTOYHOE IIOJOKEHHE MEXAY KaBepHAMH U
MOJIEKYJISIPHBIMM TIOpaMH, Ha3bIBalOT HpocTo mopamu. [lopbl MOryT OBITH COOOLIAIOUIUMHCS U
HecooOmaronmucs. IlepBeie 00pa3yioT akTHBHOE MOPOBOE MPOCTPAHCTBO, a BCE TOPHI - oOIee
IIOPOBOE IPOCTPAHCTBO.

Haunbonee BaxkHas XapakTepUCTHKA MOPHCTHIX MaTEPUAIOB - MOPHCTOCTb, T.€. J0JIs 00Bbema,
MPUXOIAIIASACA HA MOPBI.
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[Tpu 3TOM MOPUCTOCTH MOXKHO TAKXKE Pa3AeIUTh HAa aKTUBHYIO U a0COIOTHYIO, TN TIOJTHYIO.

[TopuctocTh M3MepseTcs pa3nuvHbIMUA criocobamu. Hambonee mpocThie cocoObl M3MepeHUs
a0COFOTHOM TIOPUCTOCTH - MPSIMOM, a TaKXKe CIOco0 m3MepeHus IUIoTHocTU. [lo mepBomMy cmocoly
U3MepsoT 00beM oOpasiua, A 4ero oOpasel] MOKPBHIBAIOT BOJOHENPOHUIIAEMBIM TMOKPBITHEM U
OTIpEeNIeNIAI0T 00BEM BBITECHEHHOW BOJBI, a 3aTeM, M3MEJIbUMB 00pasel, U3MEpsoT 00beM TBEpAOH
¢azbl. [lo Bropomy crioco0y omnpenensioT 00beM U MIOTHOCTh 00pasiia, a 3aTeM 00beM U IIOTHOCTh
Marepuaia oopasua.

Jlis u3MepeHus aKTHMBHOW IMOPUCTOCTU OOBIYHO HCIOJIB3YIOT METOJl HarHeTaHWsl PTYTU WIIU
nponuTku Bonoi. Ilo mepBomy cmoco0y oOpaserl MoMeImarT B COCY C PTYThIO U ONPEACTSIOT ero
00BEM 1O U3MEHEHHIO YPOBHSI, TaK KaKk PTYTh HE CMayMBaeT oOpasell. 3aTeM YBEJIMYHUBAIOT 1aBJICHUE B
cocyJie, M BOIIEIINI B 0Opa3er 00beM PTyTH OmpeAessieT 00beM aKTUBHOTO TOPOBOTO MPOCTPAHCTBA.
[Ipu sTOM 00BEMOM CXATOrO BO3JyXa IpeHeOperarT, 4To sBIsSETcs HemoctatkoMm Merona. I[lo
BTOPOMY CIOCOOY, HIMPOKO paclpOCTPaHEHHOMY B HE(PTSAHOM NPOMBINUIEHHOCTH, HCIIONb3YIOT
CBOMCTBO YHCTBIX TOPHBIX MOPOJ XOPOILIO cMayuBaThCcs Bomoil. OOpasen, W3 KOTOPOro OTKadaiu
BO3/YX, IOTPYKAIOT BBOY, M IPUMEPHO Yepe3 HEEII0 €ro aKTUBHOE MTOPOBOE MPOCTPAHCTBO HEITUKOM
3aIoIHsIEeTCS BOJOM.

[Topucrocts UIs pa3IMYHBIX MaTEpPHAJOB KOJEOJIETCS B JIOCTATOYHO IIMPOKHX TPEIenax
(Tabmuma 2.1).

Tabnuma 2.1 - I[lopucToCTh pa3IuyHbIX MaTEPUAJIOB.
Ha3zBanue [Topucro

MaTepuaia CTh, JI.€.
[Tecuanuku 0,08-0,38
U3sBecTHIKH 0,04-0,10
I'muHb 0,03-0,48
Beron 0,02-0,07
KBaprieBslii mecok 0,37-0,49
PrIxible meckn 0,37-0,50

Jljig peanbHBIX IJIACTOB-KOJUIEKTOPOB HE(TU U Tra3a 3HAUEHUS! MOPUCTOCTH OOBIYHO HAXONATCS B
npezaenax 0,15-0,22 ¢ BO3BMOXXHBIMU OTKJIOHEHUSIMH B Ty UJIU APYTYIO CTOPOHY.

[ToTOK XMIKOCTH, ABMXKYILEWCS B MOPUCTOM Cpele, MOKHO XapaKTepU30BaTh €ro O0OBbEMHBIM
pacxonaom Q, M/c. [Tpu >TOM OTHOIIEHHE €ro K TUIOMIAJX MOMEPEYHOro ceueHus odpasmna S, M? ecTh
CKOpOCTh (PHIIBTPALIUH.

B Tteopun ¢unbTpanuu paccMaTpuBaeTCs CKOPOCTh (MIBTpAlMM, s KOTOpOMl 1o
pe3yJibTaTaM 3KCIEPUMEHTAIbHBIX UCCIEI0BAaHUIN YCTaHABIMBAIOT MAaTEMaTUUECKUE MOJIEIHN TEUEHHUS.
DT MoJenu, WIM 3aKOHbl, (QUIbTpAllMM XapaKTEepPU3YIOT CBSA3b MEXAY MOTEpsIMH Hamopa Mpu
JBUKEHHUH KUJKOCTU B IOPUCTOMN CPEJIE, €€ CBOMCTBAMM M ITapaMETPaMH >KHJIKOCTEM.

OnuH U3 OCHOBHBIX 3aKOHOB (DMIIBTpAIIMH - 3aK0H J[apcu

Crenyer OTMETUTH, YTO KO3(PPUIIMEHT MPOHUIIAEMOCTH U3MEPSIOT OOBIYHO C IOMOIIBIO Ta3a.

Crnenyer Takke OTMETHTb, YTO IIPU TEYEHHM JKHJIKOCTH Yepe3 IOPUCTYIO Cpeny, KOoTopas
HACBIIIEHA TUIACTOBBIM (MIIIOMJIOM, NPOHUIIAEMOCTh 3aBHCUT OT HACBHIIIEHHOCTH UM IOPUCTON CpPEIbl.
Tak, oTHOcuTenbHAas, WK (a3oBasi, MPOHUIIAEMOCTH /71l BOJIbI U He()TH Tpe/CTaBlieHa Ha pUcyHke 2.1.

3Ha4YeHUs: OTHOCUTEJIbHOM MTPOHUIIAEMOCTH HE MOTYT OBITh OOJIbIIIE €AMHUIIBI, HO U CyMMa MX JJIs
NByX(a3HbIX CUCTEM HE IpPH JIOOOM 3HAUEHMM HACHIIIEHHOCTH paBHA €IWHUIE. 3HaueHUs (a30BbIX
MIPOHUIIAEMOCTEH 3aBUCAT OT THIIAa IOPUCTON CPeibl, HACBIIAIOMUX (HIFOMIOB U Yncia (as.

TedeHne KUAKOCTEN CKBO3b MOPHUCTYIO Cpely MOAYMHSETCS 3aKOHY Jlapcu numb mpu MaibIx
CKOPOCTSIX T€YCHUS.
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Pucynoxk 2.1 - U3mepenne oTHOCUTENbHOMU ((pa30BOI) MPOHUIIAEMOCTH JUIst BOABI (KpuBast 1)
1 HeTu (KpuBas 2) B I€CYaHOM KOJIJIEKTOPE B 3aBUCUMOCTH OT BOJOHACHIILIEHHOCTH
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2.1.2 JIBH:xeHHe KHMAKOCTEH U ra3oB B IJiacTax

IIpn paccMOTpeHMM JBWXKEHMS JKHJIKOCTEHW M Ta3oB B
IUIacTax, MNPEACTABISAIOIIMX CO00H  NMPOHHMIAEMYIO  Cpeny,
HEOOXO/MMO 3HATh XapakTep HM3MEHEHHUS [aBJICHUS B TOYKaX
IUIacTa ¥ Ha ero IpaHMIax, a 0COOCHHO Ha CTEHKaX CKBA)KUHBI, a
TAaK)KE pacxo]] TIUIACTOBBIX  (IIIOMIOB  4Yepe3  Kakue-Tuoo
OrpaHMYMBAIOIINE TTOBepXHOCTH. [Ipn OypeHun 3T0 mpeacraBiseT
WHTEpEC C  MO3UIHHU OLIEHKHU IPOIIECCOB
razoHe(pTeBOAONPOSBICHUI,  TOTJOUICHUH,  NPOHUKHOBEHHS
OypoBOro pacTBOpa B TPOAYKTUBHBIC TUIACTHI, yXY/IIICHUS
POHUIIAEMOCTH MTPU3a00IHOM 30HBI U JIp.

PaccmoTpum HECKOJIBKO YaCTHBIX Clly4yaes,
NPEACTABISIOIMX HHTEPEC C MO3MLUUA NPOBOAKH HE(MTIHBIX U
ra3oBbIX CKBOXWUH M IIHPOKO HCIONB3YEMBIX B Pa3IMYHBIX
pacderax npu OypeHHH.

[Tycte pu OypeHHWW CKBaXHHBI PAJNYCOM T¢, M YAaCTHYHO
(pucyHok 2.2, 6) WJIM MOJHOCTBIO (PUCYHOK 2.2, B) BCKpPBIT

IIPOHUIAEMBIA  IUIACT  KPYrOBOIO  KOHTYpa,  UMEKOLIMH
HEMPOHUIIAEMbI€ KPOBJIIO U MOJIOMIBY U TOJNIIUHY (PUCYHOK 2.2).
a 0 [
| | |
|| % I = [l =
I I I
777777777 L | L |
| 4 | ;
| | I
ZZZ. I v/ V. i/ ZZ VL _L’ 7

Pucynok 2.2 - Cxembl BCKpBITHS TPOHULIAEMOTO I1J1aCTa
CKBAKUHOU
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B cnyuae nmpumenumocTtu 3akona Jlapcu aisi Hec)KHMMaeMoi
KHUJIKOCTH CHpPaBEIJIUBBI cienyromme (GopMynsl uis pacyera
pacxoja MpH cTallMOHapHOU (pUIbTpaLuu.

IIpu ycnoBuu, 4TO paguyc KOHTypa HUTaHHUS OOBIYHO B
COTHU WM ThHICAYU pa3 OoJibllie MOIUIHOCTH IIacTa WIHM paauyca
CKBA)KMHBI, IEpPBbIE WIEHbI Bcerja OyAyT Ha NOPANOK OoJjblie
BTOpPbIX wWieHOB mpu M = 2+3. [lodToMy mNOrpemrHOCTH OT
OLIMOOYHOr0 3aJaHusl paJuycoM KOHTypa NHUTaHHUs B 2-3 pasa
npuUBOIAT K omwubkam mopsaka 10 %, T.e. AByX-, TpeXKpaTHbIE
OIMOKM MpH 33JaHUM pAAUYCOM KOHTypa IUTaHMsI BIIOJHE
JOTYCTUMBI.

2.1.3 TI'mapoauHamMmu4ecKoe COBEPIIEHCTBO CKBAKUHBI

Kak yxe roBopwioch, HPUTOK KHUJIKOCTH K 3a000
TUAPOANHAMUYECKA  COBEPUIEHHOM  CKBAXKMHBI  ONHUCHIBACTCA
ypaBHeHueM [lromrou, mpeacraBieHHoOM B opmyie (2.33).

'mapoanHamMuyeckn COBEPIIEHHOM CUMTAeTCsl CKBa)KMHA,
pa3MelleHHass B IIEHTpEe KpYyroBoro Imiacra paguycoMm 11,
CBOMCTBa KOTOPOT'O M30TPOIHBI BO BCeX HampamieHusx. [Ipu stom
KHUJKOCTb MOCTYMAET K OTKPBITOMY 320010 U SBJISIETCS OJHO(DA3HOMN
u HecxkuMaeMou. T.K. MPUTOK KUJKOCTH K CKBOKHHE HOCUT
paguanbHBIA  XapakTep,  MOXHO  yTBEpXKJaTb, UYTO B
TUAPOAMHAMUYECKA COBEPIICHHOM CKBaXWHE OCHOBHAs JOJIA
nepenajga  JaBI€HUS ~ COCpPEIOTOYEHa B 30HE  IUIacTa
HEMOCPEJCTBEHHO BOKPYI CTEHOK CKBaXXWMHBL. Tak, eciu
MPUTOK OCYILIECTBIISIETCSI OT KOHTYpa MHUTAHUS, HAXOMAIIErocs Ha
pacctostHun 300 M OT CTeHKHM CKBaxHHBI paauycoM 0,1 M, TO
MOJIOBMHA  BCEro  Iepemnajaa  JaBi€HUS  pacXxoAyercs  Ha
MPOJIBMYKCHHE KUIKOCTH B TIOPUCTOM ITPOCTPAHCTBE TOJIHKO B 30HE
5,5 M BOkpyr ckBaxuHbl. CieaoBaTelbHO, NMPUCKBAXKUHHAS 30HA
IlacTa UrpaeT peHlalonlyld pojib B IMPUTOKE KHUJIKOCTH K
CKBa)XKHMHE.
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[IpUTOK KUAKOCTH B PEANBHYIO CKBAaXUHY OTIMYACTCS OT
IIPUTOKA B THIPOJUHAMHYECKHA COBEPUICHHYIO CKBaXXHUHY TEM, YTO
B IIPUCKBO)XMHHOW 30HE IUIACTa W B CAMOW CKBaXXMHE IPOTHUB
IIPOLYKTUBHOIO  TOPU30HTa  BO3HMKAKOT  JOIOJIHUTEJIbHbBIE
(UIbTPalMOHHBIE  CONPOTHBIICHUS  M3-32  UCKPHUBICHHUS U
3aryCTeHUs JIMHMM TOKa IUIaCTOBBIX (DIIOMAOB. YuuThIBas
COBpPEMEHHBIE NIPEICTABICHNUS O (PUIBTPALIH KUJKOCTEH U Ta30B B
IIOPUCTBIX Cpelax W O TEXHOJOIMSIX 3aKaHYMBAaHUS CKBa)KHH,
BBIICJSIIOT TpU THUNA T'HMAPOAMHAMUYECKOTO HECOBEPLICHCTBA
CKBaKUH (pUCYHOK 2.3.).

a

Pucynox 2.3 - Cxembl NpUTOKAa B THUAPOJUHAMUYECKU
COBEpIICHHYI0 (a) ¥ THUAPOAMHAMUYECKA HECOBEPIICHHBIC
CKBa)KUHBI 110 KauecTBY (0), creneHu (B) u xapaktepy (T) BCKPHITUS
MIPOTYKTHBHOTO TOPU30HTA.

1) mo cremeHu BCKpBHITHS IUlacTa (CKBa)KMHA BCKPBIBAET
MPOAYKTUBHBIN IJIACT HE HA BCIO €r0 MOITHOCTH (PUCYHOK 2.3, B);

2) mo XxapakTepy BCKpBITHS IulacTa (CBA3b IUIacTa CO
CKBR)XMHOM OCYILECTBIISIETCSI HE 4Yepe3 OTKPHITHIN 3a00if, a uepe3
nepgopaioHHble KaHalbl (PUCYHOK 2.3, T);

3) mo KayecTBY BCKpHITUS (IIPOHHUIIAEMOCTH TOPUCTOMN
cdepbl, WIM TWIMHIPA, B MPUCKBAXUHHOW 30HE yMEHBLIEHa IO
OTHOILICHMIO K MEePBOHAYAIBHON MpOHUIIaeMOCTH iacta (Pucynok
2.3,0).
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N3BecTHO, 4TO B O0IIEM Cllydae B IJIACTE BOKPYT CKBAKHHBI
00pa3yloTcsi 1BE 30HBI C W3MEHEHHON NPOHUIIAEMOCTHIO - 30HA
MIPOHUKHOBEHUST (DUIIbTpaTa MPOMBIBOYHON KHIKOCTH PATUYCOM
SAsn., M ¥ 30HA KOJIMATallUU Ty (PUCYHOK 2.4).

Takue cKBaXMHBI Ha3BIBAIOT HECOBEPIIICHHBIMU 110 KAYE€CTBY
BCKPBITHS TIACTA.

DR 3 TR 1

L R

Pucynok 2.4 - Cxembl IPHUCKBAaXMHHOM 30HBI IJIACTa
MOCIIe BCKPBITUS €r0 OYpeHHEM:

1 - crTeHka CKBaXWHBI; 2 - TJIMHHUCTas KOpKa; 3 - 30Ha
KoJbMaTanuu; 4 - 30Ha MIPOHUKHOBEHUS (PUIILTpaTa MPOMBIBOYHOMN
xuakoctH; K, Ky Ky - mpoHHIzaeMocTH, COOTBETCTBEHHO, HaYaIbHasl,
B 30HE KOJIbMATalliu ¥ B 30HE TPOHUKHOBEHUS (DUIIbTpATA.

B HedTerazoBoi MPAaKTUKE JIOIIOJTHUTEIbHbIE
(GUIBTPAIMOHHBIE  COTMPOTHBICHUS 332  CUET  HM3MEHEHHs
MPOHUIIAEMOCTH TOPOJbI B MPU3a00HHON 30HE HA3BIBAIOT CKHUH-
apdexTom S.

Jlnst OolleHKHM BIUSHUSA TAYOWHBI W CTENECHU 3arps3HEHUs
mpu3a00iHOM 30HBI Ha JOOBIBAIOIIME BO3MOXKHOCTH CKBAXKHHBI,
HECOBEPIICHHOW IO KAa4eCTBY BCKPBITHUS NMPOAYKTHBHOIO ILIACTa
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OypenueMm, BBOIUTCS  KOI(Q(OUIMEHT  TUAPOIUHAMUYECKOTO
HECOBEPIICHCTBA CKBaKUHBI.

Ha pucynke 2.5 u pucynke 2.6 n300pakeH0, KaKk U3MEHSETCS
KO3 (OULKUEHT THIPOJUHAMHYECKOIO COBEPIICHCTBA CKBAXKUHBI B
3aBHCUMOCTH OT ITapaMETPOB 30H KOJIbMATAllUU U TIPOHUKHOBEHUS
¢bunpTpaTa OPOMBIBOYHOWM  >kuAakocTH. Ilpm  sToM  ecnm
MPOHHUIIAEMOCTh OPUCTOM Cpellbl B 30HE KOJbMATallUU Pa3MepoM
5 cm cHmxkeHa B 20 pa3, TO CKBauHa Oyaer paboTaTh JIHUIIb
Ha5 1 % cBouX MOTEHIUATBLHBIX BO3MOXKHOCTEH, a eciii B 100 pas
(4T0 BO3MOXHO), TO Ha 18 %.

Kak ©Obuto oOTMeueHO paHee, CKBaXHHA, HMEIOIIAs
neppopupoBaHHbI 320011, Ha3bIBaE€TCS HECOBEPILIEHHOW MO
XapakTepy  BCKPBITHSA POJTYKTHBHOTO IacTa. Ecmu
MPOAYKTUBHBIA TIJIACT BCKPHIT OypeHHEeM HE Ha BCIO €ro
MOIITHOCTh, TO TaKas CKBaXMHA HECOBEPIIEHHA 110 CTENEHH
BCKpbITH. B o0oux cnydasx ¢aktuyeckuil NeOUT TpuU OOIIHUX
OJIMHAKOBBIX YCIIOBUSX OyJIeT MeEHbINEe JeOuTa CKBaXKHUHBI C
OTKpPBITBIM 3200€M W3-32 BO3HMKHOBEHHSI JOTOJTHHUTEIHHBIX
(UIBTPAIMOHHBIX CONMPOTUBJICHUI, BHI3BIBAEMBIX UCKPUBICHHEM U
CTYIICHHEM JIMHUH MTOTOKOB JKUJKOCTH M Ta3a B OKOJIOCKBaKHHHOM
30HE TIJIacTa W Ha CTEHKE CKBaXHHBI, BEpHEE, Ha TpaHUIIE
ckBaxkuHa-Tact. CrymeHue TOTOKOB, B  CBOIO  OYepesb,
OOyCIIOBJIIGHO TE€M, 4YTO YMEHbBIIHUIACh IUIONIAJb TOBEPXHOCTH
CKB)XHMHBI, TPaHUYAIIas C IJIACTOM, IO CPABHEHHIO CO CIIydaeM
OTKPBITOTO 320051 CKBaXMHBI, KOTOPBIM BCKPBLT ObI MPOTYKTHUBHBII
TOPHU30HT Ha BCIO €T0 MOIITHOCTb.

Takum 00pa3oM, HECOBEPILIEHCTBO MO CTENEHH M XapakTepy
BCKPBITHS MPOYKTHBHOTO TOPH30HTA  XapaKTepH3yeTCs
KO3 PHUIMEHTOM THAPOIMHAMUYECKOTO HECOBEPIICHCTRA.
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O1oT KO03()(PUIMEHT HAXOIATCS MO HM3BECTHBIM rpadukam
B.A. IlypoBa, MOCTPOEHHBIM IO pPE3YyJbTaTaM 3KCICPUMEHTOB.
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Pucynok 2.5 - BiugHue mnapaMeTpoB  30HBI
KOJIbMaTallud Ha  KOA(QQHUIMEHT T'HIPOANHAMHYECKOTO
COBEpIICHCTBA CKBa)KUHBI NP P2 = 1. p1 - CTENIEHb CHUKEHUSI

nponutaemoct (2, 5, 10, 20, 50, 100, 200).

Jia Takoil wuaeanu3upoBaHHOW KapTuHbl rpaduxu B.U.
[lypoBa, Kak MOKa3aJld CPABHEHMSI C MATEMATUYECKUM PELICHUEM
YHCIOBBIM MeToioM M. Xappuca 3a1a4il 0 MPUTOKE KHUAKOCTU K
TFEOMETPUUYECKA HECOBEPIIEHHOW CKBaXXMHE, AT JIOBOJBHO
TOYHBII pe3ylbTaT B TMpefeNax MCCIEAOBAHHbIX 3HAYEHUU
napameTpoB nepdopanuu.

VYka3aHHbIE BBIBOJBI CIPABEAJIUBBI TOJBKO JJIS HJI€ATbHBIX
yCIOBUI NPUTOKAa B CKBa)XMHY, KOTJa IOpOBas CpeJa BO BCEX
TOYKaxX IUJlacTa HMEeT OJMHAKOBYI0  IPOHHUIIAEMOCTh, a
LWIMHIPUYECKUE KaHalbl UUCTBI 1O BCEH CBOEH JUIMHE.
CxemarnuHoe n300paxkeHue IIPUCKBAXXMHHOU 30HBI
nepdoprupoBaHHOIO IJIacTa MOKa3aHO Ha pucyHke 2.7. U3 Hero
cinenyer, 4ro B QopMyny Ui ompeneiacHuss koddduimenrta
THJIPOAMHAMHYECKOTO COBEPUICHCTBA CKBAXHHBI HEO0XOIUMO
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BBECTH emie U KodpduuueHT SN (ckuH-3pdexT nepdopaunun),
YUUTHIBAIOLHN JIOTIOJTHUTENbHBIC (GuIBTpaOHHBIC
COIIPOTHBIICHUS B MPUCKBAKUHHOM 30HE BOKPYT MepOoparimoHHbIX
KaHaJIOB.

1

09

[} 1 2 3 4 5 6 7 28

FnyBnna npoHvKHOBEHNA, M

Pucynok 2.6 - BausHue nmapameTpoB 30HBI IPOHUKHOBEHUS
¢unbTpara Ha K03()HUIMEHT IUIPOAMHAMUYECKOTO COBEPILICHCTBA
CKBAYKUHBI 1pHU P1 = 1. p2 - cTENEHb CHU)KEHUS IPOHUIIAEMOCTH (2,
5, 10, 20, 50, 100, 200)

B TO Xe BpeMs H3MEHEHHE NPOHUIAEMOCTH TOPOJbI B
NPUCKBAKUHHON 30HE IUIacTa M reoMeTpusi 3a00s CKBAXKHUHBI C
TUIPOJIMHAMUYECKOW TOYKM 3pEHHUS HMEIOT OYEHb CJIOXKHYIO
KapTUHY U HE MOAJAI0TCA TOUHOMY MaTEMAaTUYECKOMY ONMCAHHUIO.
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Pucynok 2.7 cxemarnyeckoe M300pakeHHE NMPUCKBAKUHHON
30HBI IJIACTA U MePHOPUPOBAHHON CKBAKHUHBI.

JIeCTBUTENBHO, B pEAlbHOM CKBAaXUHE B IPOMBICIOBBIX
YCJIOBHUSIX TEXHOJOTHM HE 3HAIOT, HAmpuMep, pasMmepbl U (hopmy
MOJIYYEHHBIX TMepPPOPAIMOHHBIX KaHAIOB, CTENEHb W3MEHEHHUS
MPOHUIIAEMOCTH TIOPOJ BOKPYT NephOPAIIMOHHBIX KAHAJIOB U T.J.
TexHonorn Takxke He HWMEIOT JOCKOHAIBHOU HWHGPOpPMAIUU U O
IPYTUX TapaMeTpax, IO KOTOPBIM OMPENeISIOTCS 3HAaYeHUs
JIOTIOTHUTENBHBIX (PHIBTPAIIMOHHBIX COMTPOTUBIICHHH.

Benmnunna kodddunmeHTa  THAPOMPOBOAHOCTH  TUTACTa

OIpeIeINACTCSI 1o pe3ynbraTaMm UCCIIeIOBaHU Ha
HCYCTAHOBUBIIUXCS PEKUAMAX pabOThl  CKBOKHHBI  METOIOM
MMOCTPOCHUMA KpI/IBOﬁ BOCCTAaHOBJICHUA JaBJICHUA B
nonyjgorapupmMuueckux — koopauHarax Jp - In(t). U3
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TEOPETUUECKUX OCHOB T'a30THUPOJIMHAMUYECUX HMCCIIEIOBAaHUM Ha
CTAllMOHAPHBIX W HECTAlMOHAPHBIX pPEKUMax padOThl CKBaXHH
BBITCKAET, YTO KOAPPHUIIUEHT POAYKTUBHOCTH, OMPEICICHHBIN 110
NJI, xapaxkTtepusyeT BCIO 30HY JPEHUPOBAHHUS - OT KOHTypa
MUTAHUS pi (o) CTEHKH CKBa)KUHBI, a  kodpdummeHt
TUIPONPOBOAHOCTH, onpeaeneHHbll o KBJI, xapakrepusyer Tak
Ha3bIBAEMYI0 YIAJICHHYIO, OT CKBAXXUHBI, 30HY MPOIYKTUBHOIO
miacTa C HEU3MEHEHHBIMH MPUPOJHBIMUA  (UIBTPAIMOHHBIMU
CBOMCTBaMH. ODTOT KOHEUHBIN BBIBOJ IIO3BOJIIET HHTETPAIBHO
OLICHUBATh 3aBHCHUMOCTh M3MEHEHHS MPOJYKTUBHOCTH CKBA)KUHBI
OT CyMMBI (haKTOpPOB B IPOLIECCE €€ CTPouTeNbcTBa. Ha ocHOBaHuM
3TUX JAaHHBIX  CJIEAyeT TNpeaycMaTpuBaTh  MEPOINPUSTHS,
HaIpaBJICHHBIC HA MHTCHCH(PHUKAIIUIO TPUTOKA U3 TIIACTA.

2.2 MeToabl BCKPBITHSI MPOAYKTUBHBIX TOPH30HTOB

[Ipn crnoxuBLIEHCS K HACTOSILIEMY BPEMEHU IIPAKTUKE
MPUHIIUIIAATIEHO CYIIECTBYET TPU OCHOBHBIX METOJIa TMEPBHUYHOTO
BCKPBITHS MPOAYKTUBHBIX TOPU30HTOB:

1) Ha penpeccun - ruapocTtaTH4eckoe NaBJICHHE CTOJ0a
MIPOMBIBOYHOM JKMJIKOCTH MPEBHIIIACT IJIACTOBOE.

2) Ha paBHOBecuu - THApPOCTATHYECKOE [aBIEHHE CTOJ0a
MIPOMBIBOYHOM JKUJIKOCTH COOTBETCTBYET INIACTOBOMY.

3) Ha nenpeccun - ruapoctatudyeckoe [aBieHHE CTOJ0a
MIPOMBIBOYHOM JKUJIKOCTA MEHBIIIE TIJIACTOBOTO.

Ha Ttekymem »srtane pa3BUTHA TEXHHUKA M TEXHOJIOTMH
OCHOBHOM 00BeM OypeHHs CKBOXHH BEACTCS B YCIOBHUAX
MPEeBBIICHUS] 3a00MHOTO JaBIEHUS HAJA IJIACTOBBIM, T.€. MPH
perpeccun  Ha TwtactT. B cooTBeTcTBHM ¢ TpeOOBaHUSAMH
neiictBytomux IlpaBun Ge3omacHOCTH B HEPTSIHOW U Ta30BOM
npoMmbIlIUIeHHOCTH  [3],  CcO3MaHHOE  CTOJOOM  pacTBOpa
THAPOCTaTUYECKOE JaBJeHHE Ha 3a00€ CKBaXHUHBI, JOJDKHO
MPEBBINIATh MPOCKTHBIC IIJIACTOBBIC JABJICHUS HAa BEIUYUHY HE
MEHeEe:
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- 10 % nnsa ckBaxuH riryounoi 1o 1200 m (uaTepBasioB ot 0
10 1200 m);

- 5 % nns uaTepBasioB ot 1200 M 10 IpOEKTHOM T1yOHHBI. B
HEOOXOJMMBIX ~CIIydasX IPOCKTOM MOJXET YCTaHaBIMBAThCS
OoJbIIasi IVIOTHOCTh PAacTBOPA, HO MPU 3TOM IPOTHUBO/IABICHNE HA
TOPHU30HTHI HE JOJDKHO IPEBBINIATH TUIACTOBBIC JaBJCHHUS Ha 15
kre/em?® (1,5 MIda) mist ckBaxkuH riy6uHoil 10 1200 M u 25-30
Kre/em’ (2,5-3,0 MIIa) myist 6oee riTyOOKHX CKBaXKHH.

BekpeitTne  HedTerazocopepikammx, — paBHO  KaK @ H
BOJIOTIPOSIBIIIFONINX, IUIACTOB  C  NPEBBIIICHUEM  JaBIICHHS,
CO3J1aBaeMOT'0 CTOJIOOM MPOMBIBOYHOMN KHUJIKOCTH, HAJI TIACTOBBIM
00YCIIOBJICHO, npexie BCETO, POPUITAKTUKOM
bmounonposienenuii. [lpu peanm3anum  yka3aHHOTO METOJa
BCKPBITUSl TPOJIYKTUBHBIX TOPU30HTOB JIaBJICHHE B CTBOJIC
CKBR)XMHBI TPOTUB HACHIIIEHHOTO IUIACTa TPEMSITCTBYET TOKY
HaChIIIAoIero (JIrouaa U3 TIacTa B CKBAKUHHOE IPOCTPAHCTBO.

[IpenmymiecTBOM MeTOJa BCKPBHITHS TUIACTOB HAa PEMPECCHU
ABIISICTCS CpaBHMUTENbHAs MPOCTOTa €ro peanusanuu. T.e. A
BCKPBITUS TMPOAYKTUBHBIX TOPU30HTOB HE TpedyeTcs HHUKaKUX
CTEMATBHBIX TEXHOJIOTUH WM TEXHUYECKHX CPEJICTB, JJISI ATOTO
JOCTaTOYHO MNPUMEHEHUs CTaHAAPTHOTO MPOTHBOBBIOPOCOTO
00OpYyIOBaHUS ¥  YCIICUIHOTO PETyJIUPOBaHUS  IapaMeTpoB
IIPOMBIBOYHOM KHJIKOCTH.

K HemocraTkam crieyeT OTHECTH:

- CHIDKEHHE (UIbTPAlMOHHO-EMKOCTHBIX CBOWCTB IOPOJ
CIIaralolNX KOJUICKTOP B TIPUCKBAXHHHOW 30HE BCIIEIACTBUE
NPOHUKHOBEHUS B HUX JAMCIEPCHOW (a3bl W JAUCHEPCHOHHOU
Cpeabl MPOMBIBOYHBIX KHIKOCTEH;

- TOTJIOIICHUS! TMPOMBIBOYHBIX XHMJKOCTEH MO JeicTBHEM
nepenaaa JaBJCHHUS JICHCTBYIONMIETO CO CTOPOHBI  CTBOJIA
CKB)KUHBI,

- TIOTCHIHAIBHYIO OINACHOCTh BO3HHKHOBEHHUS NPUXBATOB
OypHJIBHOM KOJIOHBI BBI3BAaHHBIX AH(PepeHIINATbHBIM TaBICHHEM,
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JNEHCTBYIOIIMM Ha CTEHKM CKBAXXUHBl IIPOTHUB HHTEPBAJIOB
IIPOHUIIAEMBIX TTOPOJ;

- CHWKEHUE MEXAHWYECKOM CKOpPOCTU pa3pyLIEHHs] TOPHBIX
nopoa Ha 3a00e CKBaXHHbI, OOYCIOBJICHHOE W30BITOUYHBIM
JaBJICHHEM CTOJI0A IIPOMBIBOYHOM JKUAKOCTH.

Ocob6oe MmecTo B npobiieMe COBEPILIEHCTBOBAHUS Ipolecca
BCKPBITHS IUIACTOB 3aHMMAIOT BOIIPOCHI MOBBILIEHHS KauecTBa
BCKPBITHS IJIACTOB C JABJICHUSIMH HUXKE THIPOCTATHYECKOTO.

Eciu 1npu  BCKpPHITUHM TNPOAYKTUBHBIX TOPU3OHTOB C
BBICOKMMH IJIACTOBBIMU JIaBJICHUSIMH OTPULIATEIbHOE BO3/IEHCTBHE
OypoBOrO pacTBOpa MOMET OBITh CHHKEHO IPH HCIBITAHUU
IUTACTOB IIyTEM CO3JaHMs 3HAUMTENIBbHBIX JENPeccCHil Ha Iuiact,
KOIJla B CHCTEME <«IUIACT-CKBa)KMHA» MOTYT OBITb 00€CHedeHbI
OosblMe mepenajsl aBieHui, TO yiepO, HaHECEHHBIH Mopoaam
npu3a0OWHOW 30HBI C HHU3KMMH IUIACTOBBIMH  JaBIICHHSIMH,
ycTpaHseTcst ¢ O0JIbIIMMU TPYIHOCTAMU. TpyAHOCTH BO3HUKAIOT U
IIPU UCHBITAHUU IJIACTOB C HU3KOM NMPOHUIIAEMOCTHIO, KOTJIa Jaxe
3HAYUTENIBHBIE TIEPENaibl JABICHHUS MEXY IUIACTOM U CKBaKMHOM
HE TIO3BOJIAIOT BO30YIUTh NPUTOKA IKUIKOCTH (rasa) U3
npu3aboiiHoil 30HBI. [lo3TOMy BOIpOCHI KayecTBa BCKPBITHS
IIPOJYKTUBHBIX TOPU30HTOB C HU3KUMH IUIACTOBBIMH JIaBICHUSIMU
Y HU3KOW IPOHMUILIAEMOCTBI0 UMEIOT 0CO00 BaKHOE 3HAUYEHHUE.

Pemenne »THX BOmpocoB MOTpeboOBano  pa3paboTarhb
CHelHalbHbIE JKUAKOCTH W TPOMBIBOYHBIE AareHThl, a TaKXKe
METOBl BCKPBITHA IUIACTOB 0€3 M30BITOYHOTO [JaBJIEHUS Ha
MIPUCKBAXUHHYIO 30HY IJIACTOB, OCHOBHBIM IMPU3HAKOM KOTOPBIX
SBIISIETCS BO3MOKHOCTh DETYJIHMPOBaHUS JaBleHHMs Ha 3a00i B
ONpeseNIeHHBIX Mpelenax, He MPEBHIIIAIOIINUX IUIACTOBOTO
JaBJICHHUS.

PerynupoBanue ruapoCcTaTUYECKOTO JaBieHHs Ha 3a0oi
CKB2XMHBI MOXET OBIThb JIOCTUTHYTO H3MEHEHHEM IUIOTHOCTH
OypoBOro pacTBOpa, Kak 3TO AENIAaeTCs NMpPHU pealn3alud MeToja
BCKPBITUS TUIACTOB Ha penpeccuu. OIHAKO IUIOTHOCTh OYpOBBIX
PacTBOPOB MOXET U3MEHATHCS TOJIBKO B OIPEEICHHBIX Mpeieiax.
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[TosToMy B psize ciaydaeB AJsl BCKPBITHS IUIACTOB TPUMEHSIOT
MeTozAbl OypeHusi, oOecreuuBarollie COXpPaHEHUE [aBJIECHUS Ha
3a00€ CKBaXHHBI JIMOO pPaBHBIM IUIACTOBOMY, JIMOO MEHBIIE €ro
(6ypeHue Ha paBHOBECHU U OypeHHUE Ha JICTIPECCUH).

3a pyOexoM B TOCIHEAHEE BpeMs IPU  BCKPBITUU
BBICOKOHAIIOPHBIX ~ IJACTOB €  HHU3KOM  IIPOHHMIIAEMOCTBIO
NPUMEHSIOT METOA OypeHHs C HHU3KUM JaBlieHHEeM (3a0oiHoe
NaBjieHHue Huxke IIactoBoro). CyIIHOCTh yKa3aHHOI'O METoAa
3aKJII0YaeTcss B TOM, YTO JUIS TIPOMBIBKM 32005 TMOAOUpaeTCs
OypoBOI pacTBOpP TaKOH IUIOTHOCTH, YTOOBI CyMMapHOE JaBJICHHUE,
co3JaBaeMoO€ UM, Ha 3a00H OBLUIO MEHBIIE INIACTOBOro. B aTOoM
Cllyyae BCKPBITHE IUIACTa CONPOBOXKIACTCA MPUTOKOM IIACTOBOM
KHUIKOCTH B CKBakuHY. OJHAKo peanm3amus OJTHUX YCIOBHH
BCKPBITUS IUIACTOB BO3MOXHA TOJIBKO NPH HAJIUYUU HAJEKHOTO
YCThEBOIO0 000pYAOBaHUS, CIHOCOOHOIO TE€PMETU3UPOBATH YCThE
CKBa)XMHBI IIpU OYpEeHUH B NMPOJYKTUBHOM IIACTE U BBLAECP)KUBAThH
BO3HUKAIOIINE TIEpenaibl TABICHUS MEXIY CTBOJIOM CKBaKHHBI H
MOBEPXHOCTBIO 3eMJIM (MMEIOTCS B BUJY CHUCTEMBI CTallMOHAPHBIX
U BPAIIAIOLIUXCS MPEBEHTOPOB). 3apyOeKHBIN OIBIT MOKa3all, YTo
MPUMEHEHHE ITOTO METOJIA TIO3BOJISAET TONIYUUTh TOJOKUTEIbHBIC
pe3ynbTarhl. BypeHue B NpOAYyKTHBHBIX TOPH30HTaX, B KOTOPBIX
TUTACTOBOE  JIaBJICHWE HW)KE THIPOCTATUYECKOTO  JIaBJICHUS
KHUJIKOCTH, 3aIOJIHSAIOIIEeH CKBaXHHY, COIIPOBOKIAETCS
YaCTUYHBIMUA TOTJIOIIEHMSIMH OYpOBOTO pPAacTBOpa, a B CHIBHO
JIPEHUPOBAHHBIX IUIACTAX MOTYT OBITh TOJHBIE IOTJIOLICHUS
OypOoBOTO pacTBOpa.

[IpumeHeHHe B 3TUX CIy4asXx OOBIYHBIX METOAOB OypeHus
MPHUBOANT K 3HAYUTEIBHBIM CHIDKEHHSIM TPOHHUIIAEMOCTH TUIACTA,
TaK KaK BCKPBITHE IUIACTa MPOMCXOJUT MpHU OOJBIINX IMepernagax
JABJICHUS MEXKy CKBaXXUHON M PUCKBAXKUHHOMN 30HOM.

Haubonee panuoHaNbHBIMU Ui BCKPBITUS MPOTYKTUBHBIX
TOPU30HTOB C HU3KHUMH IUIACTOBBIMH JaBICHUSMH SIBIISTFOTCSI
MeToAbI OypeHust 6€3 N30BITOYHOTO JaBJICHUS.
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bypenue 1o TpaAULIMOHHON TEXHOJIOTUHU c
IIPOTHBOJABIIEHUEM (perpeccueil) Ha MPOAYKTUBHBIN IIIACT, Kak
II0KA3aHO BBIIIE, COIPSKEHO C YaCTBIMU OCJIOKHEHUSMU B BHJIE
NOIJIOIIEHUT OypoBOro pacTBopa M IpHUXBaTaMH OypHIIBHOTO
nHCTpyMeHTa. OCHOBHBIMM JK€ HETaTUBHBIMU IIOCJIEACTBUAMHU
IIEPBUYHOIO, PaBHO KaK M BTOPUYHOro (mepdoparus), BCKPbITH
Ha pEnpeccud Ha NPOLYKTUBHBIMA IIIACT SBISECTCA YXYyILIECHUE
[IEPBOHAYAJIBHBIX  KOJUIEKTOPCKMX  CBOMCTB  NPOJYKTHUBHOIO
IjjacTa, W, Kak CIEJICTBHE, CYLIECTBEHHOE CHUXEHUE €ro
MOTEHIHAJILHOTO JIe0uTa; MPOJODKUTENbHBIE 3aTpaThl BPEMEHHU Ha
OCBOCHHE CKBaXXHMHBI; HHU3KHH KodpduuueHt ©HedreoTnaun
IJIaCTOB.

Ocobenno OTPULIATEIILHOE BIIUSIHUE BCKPBITHSA
IIPOAYKTUBHOIO  IUIacTa HAa PEIPECCHMM  CKa3blBacTcsd Ha
MECTOPOXKICHUSAX € HU3KMMM ILJJACTOBBIMHU JIaBJICHUSAMHU (HUXKE
TMJIPOCTATUYECKUX), B  TOM  4YHCJI€, Ha  MCTOLICHHBIX
MECTOPOXKICHUSAX, B KOJUIEKTOPAX € HHU3KOW IPOHUIIAEMOCTBIO,
Ha MECTOPOXKICHUAX C TPYAHO M3BJIEKAEMOM HEPTHIO.

MupoBOil ONBIT CTPOUTEINBCTBA CKBAXXUH  OJHO3HAYHO
YKa3bpIBa€T HaIIPaBJIEHUE, IPH KOTOPOM BO3MOXKHO JTOCTHKCHHE
MaKCUMaJbHOI'O YCII€Xa - 3TO BCKPBITHE MPOIYKTUBHBIX ILIACTOB
Ha JIEIPECCUH, TO €CTh IIPH JIaBJIICHUH HHUKE IacToBoro. [lIupokoe
BHE/IPEHHE 3TON TEXHOJOTHH B 3apyOeXHBIX CTpaHaX C pa3BUTOU
He(Tera3oBoi MPOMBIIIIEHHOCTHIO MOKa3aJId MEPCHIEKTUBHOCTh U
0003HAYMIIN PSIJL €€ CYIIECTBEHHBIX MPEUMYIIECTB Nepes MpeKHen
TEXHOJIOTHEM:

- 3HA4YUTEIIBHOE MIOBBILLICHHE IIPOJYKTUBHOCTHU
He(Tera3oHachlIEHHBIX TUIACTOB;

- COKpallleHUE 3aTpaT U BPEMEHU Ha OCBOCHUE CKBAYKUH;

- TOBBbIIIEHHE KO3PPUIMEHTa U3BICUEHHUS MPOIYKIUU
IJIACTOB;

- TIOBBIIIEHWE  CKOPOCTM  MPOXOJKM M  pecypca
[IOPOJAOPA3PYLIAKOLIETO HHCTPYMEHTA,

- IpeI0TBpaIlEHNE OIIOIIEHUI OypOBOTo pacTBOpa;
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- CHI)KEHHE  BEPOSTHOCTH  IPUXBATOB  OYPHILHOTO
UHCTPYMEHTA.

Texnomnoruss OypeHUs CKBRXHH Ha JCMPECCHUH HAaILa
pazBurtue B JIYKoiin-bypenue-Ilepmb, koTOpoe siBIs€TCS TUAECPOM
B Poccun no o6wemy BHenapeHus naHHOM TexHoioruu. Coznanue
nenpeccud (CHUKEHHUS JIaBJCHHs]) Ha TMPOAYKTUBHBIM IJIAaCT
OCYIIECTBJISIETCS 3a CUET IMPOMBIBKA CKBaXHHBI B IIpollecce
OypeHuss Ta3upoBaHHOW He(ThIO, TO €CTh CaMOH JIETKOH
TIJIACTOBOM KUJIKOCTBIO, KOTOpasi, K TOMY K€, HEe MPUHOCUT Bpea
MPOAYKTUBHOMY IUIACTy, B OTJIMYHUE OT IPOMBIBKH OYpOBBIMH
pacTBOpamMH Ha BOJIHOM OCHOBE, KOT/Ia 3HAYUTEJIbHBIE KOJIMYECTBA
¢bunpTpaTa MPOHUKAIOT B TOPUCTYIO CpeAy U HaBCerja Tam
OCTaIOTCA.

CyTb »TOW TEXHOJOTUU 3aKIIOYaeTcs B TOM, 4YTO IMpHU
OypeHMH Ha JCNPECCHH, B TPOIECCE BCETO BpPEMEHU OypeHHS
ydyacTKa CTBOJIa B MPOJYKTUBHOM TOPU30HTE, JaBJICHHUE B
CKB@)XHHE TMOCTOSHHO MOJJEP>KUBACTCS] HIKE JIABJICHUS B ILIACTE.
Takum 00pa3oM UCKIIOYaeTcs 3arpsi3HEHUE IUIacTa YacTUIIAMU
BBHIOYpEHHON MOpobl. B miacT He MPOHMKAET HUKaKas KHUAKas
(haza TPOMBIBOYHOM JKUJIKOCTH, & HA0OOPOT, UJIET PEryIUPyEeMbIid
MPUTOK B CKBAKWHY TUIACTOBBIX (IIOMAOB. 3a CUET JTOro
TEXHOJIOTHSI TIO3BOJISIET B MAKCHUMAJIbHOW CTEMEHU COXPAHUTH
KOJUIEKTOPCKUE CBOMCTBA TPOJYKTUBHOI'O TOPU30HTA.

l'asupoBanue HePTH OCYIIECTBISETCS  KOMIIPECCOPOM,
OCHAIIEHHBIM  CNEHHAIbHBIM  YCTPOMCTBOM,  CHIDKAIOUIUM
COZIepKaHUE KUCTIOPO/Ia B ra30Boi cMecH. CHMKEHUE COJIEpKAHUS
KHCIIOpOJIa B Ta30BOM cMecH HEOOXOIMMO MMl MPEIOTBPAICHHS
o0Opa3oBaHMsI B3PHIBOONIACHOW CMECH C IapamMH YTJIeBOJIOpPOIOB
Heptu. OOBEM TMOJaBAaEMOro a30Ta pPEryIupyeTcs C IeNbIo
Mo/IepKaHusi He0OXOIMMOMN TUIOTHOCTH Ta30HACHIIIIEHHOW HEPTH,
WCIONB3YyEMOM B KayecTBE  IMPOMBIBOYHOM  KHMJKOCTH.
OKOHUATEIBHBI PEXKUM PabOTHl OMPEACTACTCS TOKA3aHUSIMU
rIIyOMHHBIX MaHOMETpoB. [lo 3TUM TmoOKa3aHWUsM BEIOHMpaeTCs
ONTHUMAJIBHBIA PEXUM a’paluu (ra3upoBaHus), MPH KOTOPOM
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cooTHomeHne (a3 azora W HepTH B Ta3upoBaHHONW HePTH
obecrieunBai Obl 6JArONPUATHBIA PEXKUM CO3JaHUs ACTPECCUU Ha
MPOAYKTUBHBIN TJIACT MIPU BCKPBITHH.

Ota TexXHOJOrHss M OO0ecleYuBaeT HYKHYIO JAEIpPECCUlo,
KOTOpas COXpaHAETCS B TEYCHHE BCEr0 BpPEMEHH OypeHHS
IPOAYKTUBHOIO  TOpPU30HTa CKBaXuHbl. Ilpu  3TOM, Kak
yKa3bIBaJIOCh BBIIIE, OOECIIEYMBACTCS PETYIUPYEMbIH TMPUTOK
IUIACTOBBIX YKUJKOCTEH M3 BCKPHIBAEMOI'0 MPOAYKTUBHOIO ILIACTA.
OueHb Ba)KHO, 4YTOOBI 00OPYZAOBAHUE YCThSI CKBAKUHBI UCKITFOYAIIO
HeymnpasisieMoe He(Tera3onposiBieHHe B Iporecce OypeHus,
OBUIO CHOCOOHBIM CHAENATh €r0 KOHTPOJIUPYEMBIM, HCKIIIOYAIO
mo0yl0 BO3MOXKHOCTH HEYNPaBIsIEeMOIO pocTa JaBICHUSA MU
¢doHTaHMpoBaHus CcKkBaxuHbl. CHcrema s OypeHHS Ha
JIeTIpeccuy, B OTIMYME OT KJIACCHYECKOM IUPKYJISALUOHHOM,
JIODKHA ~ OBITh  aOCONIOTHO ~ TEPMETHYHOW, TpH  3TOM
obecrieunBaeTcsi IOJIHAS M30JMA  3aTpyOHOro IPOCTPAHCTBA
YCThsl CKB@&)XMHBI CHCTEMOM IIPEBEHTOPOB U TI'€pPMETU3ATOPOM
¢upmer  Shaffer (England). [lns OypeHust TOpPH30HTAIBHBIX
CKBRXMH TpeOyeTcs HCIOIb30BaTh BEPXHUH IMPHUBOJ, KOTOPBIH
MTO3BOJIUT C OoJbIIeH 0€30MacHOCThIO MIPOXOJIUTh
TOPU30HTAIIBHBIN CTBOJI CKBaXKHHBI Ha JICTIPECCUM.

CaMBIM TIPOCTBIM METOJIOM JUISI BCKPBITHSA IIACTOB C
JIaBJIEHUEM HMKE TMJIPOCTaTHYECKOTO SBJISIETCS 0ObIYHOE YAapHOe
O0ypenue. OTCyTCTBUE TIepernaja 1aBjaeHus: 0ypoBOTo pacTBOpa Mpu
yIapHOM OypeHUM YCTpaHseT BpeIHble BO3JCHCTBUS €ro Ha
OpoAbI Mpr3a00HON 30HBI ITIACTA.

bnaronaps sToMy, a Takke MpeuMyIIecTBaM JJaHHOT'O METO/1a
[0 CPaBHEHHUIO C BpallaTeiabHbIM CrocoOoM OypeHus (JIErKOCTb
o0opynoBaHus, HEOOJbIIas €ro CTOMMOCTh M Jp.) 3TOT METOJ
WCIIOJIb30BAJICS TIPU BCKPBITUU IJIACTOB B HErNTyOOKUX CKBa)KMHAX
psana HepTsaHBIX MecTopoxaeHuil CIIA. B TeueHue NiaMTenbHOTO
Bpemenu B CIIIA mnpumensncs KOMOMHUPOBAHHBIM CcHOCOO
MIPOXO/IKH CKBXHH C HU3KUM IJIACTOBBIM JIaBJICHHUEM, KOTJa BECh
CTBOJI CKB@XMHBI JI0 TPOAYKTMBHOTO IUIACTa IMPOXOIMIN

27



POTOPHBIM CIOCOOOM, a BCKPBIBIM IUIACT YJApPHBIM CIOCOOOM
OypeHusl.

[ToBbIIeHNE KauecTBa BCKPBHITHS MPOAYKTHUBHBIX IJIACTOB C
HU3KUMHU JABJICHUSMM B HHUX JOCTUTAeTCS NPUMEHEHUEM METOa
OypeHHst ¢ MPOTYBKOU 320051 BO3yXOM WJIM Ta30M, KOTJa BMECTO
MIPOMBIBOYHOM KUAKOCTH JJII OYUCTKU 32005 HMCHOIB3YIOT
ra3oo0pa3Hbld areHT, KOTOpbI HE OKa3bIBae€T MPOTHUBOJABICHUS
Ha NPOAYKTUBHBIA IUIACT, U TOTJA BCKPBITHE CONPOBOKIACTCS
MPUTOKOM TIACTOBOM >KHIKOCTH WM Ta3a B CKBaxuHy. Kpome
3TOTrO, JAaHHBIN crocod obecreunBaeT 3HAYUTENHLHOE YBEIUYCHHE
CKOpPOCTH OypeHus u, CJIEIOBATEILHO, YMEHBIIAET
MIPOJIOJKUTENIBHOCTD IIPOLIECCA BCKPBITUS I1J1ACTA.

OnpIT Mokazaj, 4TO NPUMEHEHHE Tra3000pa3HBIX areHTOB
Haumbojee HSKOHOMHUYHO TIPU BCKPHITHUHM IUIACTOB Ha Ta30BbIX
MECTOPOXKICHUSIX, KOTJa Il OYHCTKH 3a00s1 OT BBIOYpEHHOM
MOPOJbl HCIONB3YIOT T'a3 M3 COCEOHUX CKBaXMH. OJQHAKO mpu
3HAQUUTENIbHBIX TPUTOKAX IUIACTOBOM JKMJIKOCTH TpeOyercs
yBeJIIMYEHHE pacxofa Bo3ayxa (WM rasa) B 2-3 pasza Wi
MPUMEHEHHE CHEIUAbHBIX MEHOO0Opa3ylomuX BemecTB. B aTux
CIy4Jasix BCKpPBITHE IUIACTOB TMPOBOAST C TMPOMBIBKOM 3a00s
aQIPUPOBAHHON JKUIKOCThIO WM TeHOW (nByxdasHoW win
TpexdaszHoi).

B 3aBucHMMOCTH OT COOTHONIEHMS KOJHMYECTBA CHKATOTO
Bo3/ayxa (raza) u OypoBOTO pacTBOpa, MOJIABAEMBIX B CKBAXKHUHY,
yCTaHABIMBAETCS OIpe/IeJICHHOE JaBlieHue Ha 3a0011.

l'a3000pa3Hble areHThl, adpUPOBAHHBIE KUIKOCTH U TICHBI
JIOCTaTOYHO IIHPOKO TPUMEHSIOT MPU OYpPeHHH CKBaXUH Ha
HepTaHbix MecTopoxkaeHusix CIIA. ¥V Hac B cTpaHe Takxke
HaKOIUIEH OMNpPEAENEHHBI OMNbIT MO MCHOJb30BAHUIO JAaHHBIX
METOZOB TIpH OYypeHWH ¢ BCKPBHITUM TUIACTOB C HHU3KUMHU
MJIACTOBBIMM JIaBJICHUSIMU WJIM C HU3KOW TPOHUIIAEMOCTBIO TTOPOJI.

Ha oTedecTBEHHBIX MECTOPOXKICHUSAX paCHIUPSIETCS 00BEM
MIPUMEHEHHUSI METOJ]a BCKPBITHUS IJIACTOB C MECTHOM LUPKYJSLUEH
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IIPOMBIBOYHOM JKUJKOCTH, IO3BOJISIOUIMI BCKPBIBATh IJIACTHI IIPU
cOaaHCUPOBAaHHOM JIaBJICHUU B CUCTEME «CKBa)KMHA-TIJIACT».

PannoHasbHbIiI METOA BCKpBITHSI IJJaCTa MOXET OBITh
nofo0paH M MpPHUMEHEH TOJbKO B TOM cCllydae, ecid Oyzer
obOecriedeHa  OObEKTHMBHAs  OHeHKa  3(deKkTuBHOCTH  €ro
npuMeHeHus. OneHky s3¢dekra oT HCNONB30BaHMUS TOrO WU
IpYroro  MeToAa  BCKpPBITHS  IJacTa  IIYyTEM  CPaBHEHHUS
JKCIUIYaTallMOHHBIX ~ XapaKTEPUCTUK  BHOBb  BCKPBIBAEMOI'O
MPOAYKTUBHOIO TOPU30HTA C AHAJOTUYHBIMU JIaHHBIMHM IO
COCEIHUM CKBaXMHAM BpAJ JIM MOXXHO CUUTaTh MPABUIIbHOM,
IIOCKOJIBKY ~MpPUXOAUTCA OpaTh Uil CPaBHEHUS CKBaXKHUHBI,
UCIBITAHUE IUIACTOB B KOTOPBIX HPOBOJMIIOCH IOCIE KPEIJICHUS
CTBOJIa 00Ca/IHOM KOJIOHHBI, IEMEHTUPOBAHUS U TIep(OpaIii.

bosiee Toro, kak IOKa3bIBAaeT aHaIU3 MCIBITAHUS OJIM3KO
PacroJIOKEHHBIX CKBAXKUH (HampUMep, CKBaXUHBI MyXaHOBCKOTO
MectopoxxkaeHus Camapckoil 00nacTH), HEpeaKo MPUXOIUTCA
UMETh  JeJI0  CO  3HAUUTEIbHOM  H3MEHUYMBOCTBIO  HX
9KCILTyaTallMOHHBIX XapaKTEPUCTHK.

[TosToMy 1enecooOpa3HO ONPEAEIUTh CTENEHb BIMSHUA
OypoBOro pacTBOpa HE Ha HayaJbHBIH JEOUT CKBa)KUHBI,
3aKOHYEHHOW OypeHHeM, a Ha H3MEHEHHE IPOHUIAEMOCTH
npu3a00NHOM 30HBI IJJaCTa U COOTBETCTBEHHO HA HAYaJbHBIN
KOA(Q(GHUIMEHT MPOAYKTUBHOCTH CKBAXHHBI. DTH HapaMeTpsl, a
TaKK€ U JpYyrue XapakTEepUCTUKH MPOAYKTUBHBIX ILIACTOB
JIOJDKHBI OBITH OIpe/ieNieHbl B Ipoliecce OypeHHs CKBaXKUHBI, KOTJa
BCKpBITHE M UCIHBITAHUE IIJJacTa MOTYT TMPOM3BOAUTHCA 0e3
IIPOMEXYTOUHBIX TEXHOJOrm4yeckux onepauui. Ilostomy 3a
HocjelHee  JAECATHIETHE  COBEPLICHCTBOBAHME  METOIUKHU
UCTBITAHUN TIJIACTOB IUIO MO MYTH MAKCHUMAIbHOTO MPHOIMKEHUS
mpolecca HCMBITaHUSI K BCKPBITHIO OOBEKTOB B OypsiLuXcCs
CKBa)XMHAX JI0 CITyCKa 00CaTHON KOJIOHHBI.
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2.3 Biausinme NPOMBIBOYHOI JKMIKOCTH HAa
KAa4ecTBO BCKPBITHS NPOJIYKTHBHOIO IJIACTA

O PeKTUBHOCTE  COBPEMEHHBIX  METOJIOB  pa3paboTKu
HEe(TAHBIX U Ta30BBIX MECTOPOXKACHUNW BO MHOIOM 3aBHCHUT OT
COCTOSIHMSI TPUCKBAXMHHOM 30HBI IulacTa. B onyOiaumkoBaHHOMN
TuTepaType MO BONPOCAM 3aKaHYMBAHUS U PEMOHTA CKBaXKUH
UMeeTCsl OOIMPHBIA (PAKTUYECKHI MaTepuall, MOKA3bIBAIOIIHIA
3G (HEeKTUBHOCTH Pa3IUYHBIX METO/I0B, TEXHOJIOTUNA U MaTepHAalIOB,
UCIOJIb3YEMBIX JUISl IOBBILIEHUS TPOJYKTUBHOCTH CKBAaXKUH.
Opnako MpUMEHEHHE TeX WJIM MHBIX METOJOB PEKOMEHAYETCS B
OOJNIBIIMHCTBE CIy4aeB IIOCIE CHW)KCHUS IIEPBOHAYAIBHOMN
MPOHUIIAEMOCTH  MPUCKBAXKUHHOM 30HBI Tuiacta. [loatomy
COXpAaHEHUE €€ B IPOLIECCE CTPOUTENbCTBA CKBAXKUH SBISIETCA
BAKHOM M aKTyaJIbHOU 3a/1aueil.

Cucrema «CKBaXMHA-TIACT» SABJISIETCSI HEpaBHOBECHOU. Bcee
W3MEHEHHUS B HEW 3aBUCAT OT COOTHOIICHUSA TeMIepaTyp,
JABJICHUH, OT XapaKTEPUCTUK MMPOMBIBOUHBIX XHJIKOCTEH, cocTaBa
MIOpOZ, HEOJHOPOAHOCTH IUIACTOB, CBOWMCTB KOJJIEKTOPOB U
Hachlmaonmx ux ¢uonaoB. Kosmrekropckue cBoiicTBa miacta
MEHSIOTCA B OTUX YCIOBUSAX IO-pasHOMY IpU pa30ypUBaHUU
IU1acTa, IpU BCKPBITHU ero nepdoparueil, MHTeHCUPUKaIUd U B
MpoLecce UCTBbITaHUS CKBaKMH. OHU MOTYT BO3pacTaTh Ha OJIUH-
7Ba TIOpSAKAa M CHMKAThCSA BIUIOTH A0 IPEKPALICHHS MPUTOKOB
¢dbmounioB [5]. [Iporeccsl 3akaHuMBaHUsl, OCOOCHHO UCHBITAHUS U
MHTeHCU(UKAIIMM, HANpaBieHbl Ha  YIydllleHHE KayecTBa
KOJUJIEKTOPOB U YBETTMYEHHUE MTPOYKTUBHOCTH CKBaXKHH.

VYXyzaueHne kayecTBa KOJUIEKTOPOB B IPUCKBa)KMHHOM 30HE
BO MHOIOM ompezenseT 3pGeKTUBHOCTh pa3BelKH U Pa3pabOTKH
HE(TIHBIX U TA30BBIX MECTOPOXKICHHI [6].

[IpoayKTUBHOCTh M KauecTBO CKBaKUH OIPEACTSAIOTCS B
3HAYUTEIBHON Mepe TEXHOJIOIMYECKHMMHU YCIOBUSMH U CIIOCOOaMHU
3aBepUICHHs] CTPOUTEIbCTBA CKBAXHH M HX THOCIEAYIOUIeH
JKCILTyaTaluen.
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Ha m0poayKTUBHOCTH CKBaXMH HauOOJbIIee BIHMSHHUE
OKa3bIBAaeT COCTOSHUE MPOHUIIAEMOCTH IPU3a00iHOM 30HBI IJ1acTa
HENOCPEACTBEHHO Y CTEHKUM CKBaXuHbl [7]. VYXyauieHue
IIPOHUIIAEMOCTH 3TOM 30HBI IPOUCXOANUT MPAKTUYECKU IIPU JFOOBIX
YCIIOBUSIX 3aBEPILIEHUS CTPOUTEILCTBA CKBAXHH [8].

OnbIT  pa3paboOTKU  Ta30BBIX W Ta30KOH/AEHCATHBIX
MECTOPOKIEHUM CBUJETENBCTBYET O TOM, YTO B TEX Cllydasx,
KOrJa TMpU BCKPBITUM U  OHNPOOOBAaHMM  MHOTOIIJIACTOBBIX
NPOAYKTHUBHBIX ~ 3alie)Ke  HE  YYUTHIBAIOTCS  OCOOCHHOCTH
OTJENbHBIX 9KCIUTYaTal[MOHHBIX 00OBEKTOB, KOHEYHBII
KOX(QPHUIHMEHT ra300TAa4yM cocTaBisgeT HeMHoruM 6omnee 50 % [7].

Baxuyto poJIb B COXpaHEHUHU €CTECTBEHHO
NPOAYKTUBHOCTH CKBXHH WIPaeT W  YCICIIHBIA  BBIOOD
TaMIOHAKHBIX MaTepHasoB, TEXHOJIOTUH IIPOBEACHUS
TaMIIOHAXHBIX pPadOT, a TaKXKe METO/Ja BTOPUYHOTO BCKPBITHS
miacra [9].

Opnuum 13 HanboJiee IPUOPUTETHBIX HapaBiIeHUH B o0nacTu
CHIDKEHHMs]  OTPULATENbHBIX  (AKTOPOB,  BIMAIONMX  Ha
(GUIBTPALlMOHHO-EMKOCTHBIE ~ CBOWCTBA  KOJUIEKTOPOB,  HpHU
LIEMEHTUPOBAHUU CKBAXXUH SBIIIETCS 3aBEPILIEHUE CTPOUTEIHCTBA
CKBQ)XMH OTKPBITHIM 3200€M WJIM CO CIYCKOM HEIIEMEHTHPYEMBIX
XBOCTOBUKOB-(GWIBTPOB. [Ipm 3TOM uCKIIOYaOTCS MpOOIEeMBI,
CBSI3aHHBIE C HEraTHBHBIM BJIMSHUEM TaMIIOHHPYIOIIUX CMeECEH.
Omnako 0co00 OCTPO BCTAET BOMPOC O MOA00PE COCTaBa M CBOMCTB
IIPOMBIBOYHBIX KMJKOCTEM, HCHOJB3YEMBIX IpU TEPBUYHOM
BCKPBITHH MTPOTYKTUBHBIX TOPU30HTOB B Ipoliecce OypeHHs..

Ha pUCYHKE 2.8. IIPEACTABJICHA JuarpaMmma,
WUTIOCTPUPYIOIIAs 3aBUCHUMOCTh CpeIHUX 3HaYeHUHN
KOX(Q(QHUIUEHTOB  YAEIbHOM MNPOAYKTUBHOCTH CKBaXHH Ha
MecTopokaeHusix ~ KpacHoineHuHCkoro  cBojga  OT  THMa
MPUMEHSEMBIX KOHCTPYKLHMI 32005 pa3BedOYHbIX CKBaXuH. U3
PUCYHKA BHJIHO, YTO Cpe/iHee 3HaueHue KoddduimenTa yaenbHon
MPOAYKTUBHOCTH B CKB&)KMHAX OOCaKEHHBIX JKCIUTYaTallMOHHOM
KOJIOHHOM nmouty B 10 pa3 BbllIe, 4YEM y CKBaKUH HCIBITBIBAEMBIX
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OTKPBITBIM 3200€M WM C NMPUMEHEHHEM XBOCTOBHKOB-(HIBTPOB
1o oobekTam TanuHCKoro MecTopokaeHuss. OOBICHIETCS 3TO TEM,
YTO B MPOIIECCE MEPBUYHOTO BCKPHITHS KOJUIEKTOPOB OypeHHEM Ha
IJIMHUCTOM PacTBOPE BBICOKOW IIJIOTHOCTH B COBOKYIHOCTH C
KCMOJIb30BAHUEM IIAPOLIEYHBIX JOJIOT MPOUCXOAUT CTOWMKAs 30HA
KOJIbMaTalluk TPUCKBAKMHHOM 30HBI Iwiacta. (Co3gaBacMbIMU
JIENIPECCHUSIMU HA IUIACT, 3TA 30HA MPAKTUYECKU HE pa3pyllaeTcs U
CO3/1a€T JIOMOJTHUTEIbHBIC THAPABINYECKUE COTPOTUBIICHHUS.

B ciyyasx ucnonp30BaHUs 3KCILTyaTallMOHHOW KOJIOHHBI U
ee mnepdopanuu CONMPOTUBICHHS, OOYCIOBIECHHBIE HATUYHEM
KOJIbMaTallMOHHON 30HBI, HEUTPATU3YIOTCS, TaK Kak TiIyOuHa
neppopalMOHHBIX KaHAJOB IMPEBBIIACT PAAUYC DSTOH 30HBL
3ameruM, uyto Ha Kamennoir u Ewm-Erosckoii mimomamsax
CJIOKHWJIACh OYEHb II0XOXas CUTyalMs, TaM 3HAYCHHE CpeaHeH
YAEIbHOM MPOAYKTUBHOCTUM 10 pPa3BEIOYHBIM CKBAKHHAM C
OTKPBITBIM 3a00eM TouYTH B 6 W 3 pa3a, COOTBETCTBEHHO, ObLIN
HIDKE, 4YeM B IeJIOM M0 MECTOpOXIeHut. Takum oOpazom,
MPUMEHEHHE KOHCTPYKIIMU CKBaXHH C OTKPBITBIM 3a00eM He
Croco0CTBOBAIO, a HAOOOPOT YCYT'YOMIIO CUTYAIIMIO, B PE3YyibTaTe
WCMOJIb30BAHUS HEMOIXOMSIINX JUISI BCKPBITHS TPOJYKTUBHBIX
MJ1acTOB OYPOBBIX PACTBOPOB.
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kod(duimenta  yaenbHOU MPOTYKTUBHOCTH oT  THNa
MPUMEHSEMBIX KOHCTPYKIIUN 32005
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Ecin wucxoaute M3 YCIOBUH MaKCHUMaJIbHO COXpaHEHUs
MPUPOAHOTO COCTOSHUS KOJUIEKTOpA, TO MPOAYKTHUBHBIM IIJIACT
HE00XO0IMMO BCKPBIBATH MPHU YCIOBUH JCTIPECCUH HIIM PABHOBECHS
MEXJy IUIACTOBBIM U 3a00WHBIM JaBieHusMH. OaHako B
Hacrosiiee  BpeMsi  OTCYTCTBYIOT  TEXHHUYECKHE  CpEICTBa
(Bpamaromuecs MpPEBEHTOPbI, JUCTAHIIMOHHBIE YIPaBIIsiEMbIC
Jpoccenu, cemapaTopsl OypoBOro pacTBopa U T.1.), KOTOpBIE
MOTJIM OBl HAJIEKHO OOCCIICUYUTh TaKHE YCIOBHS IPOBOIKU
CKBOXMH TIpu obecriedeHHH Oe3aBapuiHOrO IMpolecca UuX
crpoutenbcTBa. [[03TOMYy B NpakTHKE BBIHYKAEHBI BCKPBIBATH
miacTel Ha pemnpeccuu. Pempeccus kak — (QakTop umeer
MPEBAIMPYIOIIEE 3HAUYCHUE - OT HEE 3aBUCIT BCE OCTaJbHbIC
MPOLIECChl  B3aMMOJIEHCTBUSL IUTacTa C OYpPOBBIM PACTBOPOM.
Penpeccus Takxke SBIAETCS NPUYMHOM HM3MEHEHUS PaCKpPBITOCTH
TPEIIMH ¥ BIUSET Ha CTelneHb Jaepopmanmuu TOpOa B
npuckBaxuHHo 30He [10]. Ha pucynke 2.9 mokaszaHo BiusiHuE
perpeccuu CO31aBacMOW IPU MEPBUYHOM BCKPBITUU IUIACTOB B
CKBA)KMHAX Cesepo-/leMbsiHCKOTO 5 I'yn-Eranckoro
MECTOPOKIACHUI pAacTONOKEHHBIX B YBaTckom 51
HuxHeBapTOBCKOM palioHax COOTBETCTBEHHO.
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Pucynox 2.9 - 3aBUCUMOCTb CpEIHMX 3HAYCHUH
kod(pduimenta yneapHONM MNPOIYKTUBHOCTH OT PEMPECCHH
CO37]aBa€MOM IIPU MEPBUYHOM BCKPBITUH IJIACTOB

Ha pucynke BuAHO, 4YTO NpH NPEBBILICHUH JABJICHMUS,
CO3/1aBa€MOTI'0 CTOJIOOM MPOMBIBOYHOM JKUIAKOCTH, HAJ| MJIACTOBBIM
6onee wem Ha 3 MIla (15 % oT miIacToBOro), MPOUCXOAUT
«3a/1aBIMBaHUE» IJIACTOB, U, BCIEACTBHE UETO, PE3KOE YXYIICHHE
(GUIBTPaLlMOHHO-EMKOCTHBIX ~ CBOWCTB  Koyiektopa. Crenyer
OTMETUTh, YTO BCE OOBEKTHl BCKPHIBAIUCH Ha €CTECTBEHHOM
TJIMHUCTOM pactBope, oopaboranHoM YIIIP, I'KXK, xayctuueckoi
COJION U B psijie CIy4aeB JIOYTSKEIECHHBIX OapUTOM.

He manoBaxHyr posib B IPOLECCE OCBOCHMS CKBAXXUHBI U
BbI30Ba MPHUTOKA M3 IUIaCTa WUIPaeT BHIOOP COCTaBa U CBOWCTB
KHUJIKOCTEH, MCIIOJIb3YeMbIX B KauecTBe MEp(OpPAIMOHHBIX Cpel
MIPpY BTOPUYHOM BCKPBITHH IUIACTOB M KHUJAKOCTEH TIIYIIEHUS MPH
KanutaiabHbIX peMoHTax [11]. XKuakocTu raynieHus BbI3BIBAIOT TeE
K€ HETraTHBHBIC IOCIEACTBMs, OKa3blBalOUIME BIMSHUE Ha
(GUIBTPaLlMOHHO-EMKOCTHBIE CBOMCTBa KoyiekTopa. Ilpumenenue
BO/bI B KauecTBe MNepPOpALMOHHON cpelbl MOXKET BBI3BAThH
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YXYAIIEHHE MTPOHUIIAEMOCTH TNPUCKBAXKMHHOM 30HBI IJIacTa B
OOJIBIIIEH CTETEeHHW, YeM JaXe TJIMHUCTBIM pacTBOp. AHaim3,
MPOBEACHHBIM 10 psiAy MecTtopoxkiaeHuid 3amaanou Cubupw,
MOKa3aj, 4YTO YyAeJdbHas NPOAYKTHMBHOCTh CKBAa)KWH, BTOPUYHOE
BCKPBITHE B KOTOPBIX MPOBOJAMIACH HAa TEXHUUYECKOW BOJAE, B

HECKOJIbKO pas HIDKE, 4em npu HCIOJIb30BaHUU
IIOJINMEPIIIMHUCTOIO PacTBOPA.

Ha pUCYHKE 2.10 MpeJcTaBlIeHa JarpaMmma,
WJUTIOCTPUPYIOIIAs 3aBUCUMOCTh CpEeIHHX 3HAYCHUU

KO3 (ULUEHTOB  yIEIbHOM MNPOAYKTUBHOCTHM CKBOXHMH Ha
MeCTOpOXIAeHUsIX  KpacHOJIGHMHCKOTO  CBOJa  OT  THIIA
npuMensieMbix rnepdopanuonnbix cpen. Jns Em-Erockoro wu
Kamennoro wecTtopokieHusi 3aBUCHMOCTh TIPEJCTaBIE€HA IO
mactaM BukynoBckoil cBUTHI, a [uist TaIMHCKOTO MECTOPOKIACHUS
10 IOPCKHUM OTJIOKEHHUSIM.

N3 pucynka 2.10 BUOHO, UTO caMble IUIOXUE PE3YJIbTATHI
MOJTy4eHbl Ha 00BEKTaX, KOTOPhIE BCKPHIBAIUCh HA TEXHHUYECKOU
BoZie. OTO OOBICHSETCS TE€M, 4YTO B TMOPOJAaX KOJIJIEKTOpax
COJIEp>KaTCsl TIMHHUCTBIE MHUHEPANIbl CIIOCOOHBIE TPU KOHTAKTE C
MPECHON BOAOW B HECKOJBKO pa3 yBEIWYUBATh CBOM 00BEM
BciencTBue HalOyxaHus. B pe3ymbraTe dYero MPOUCXOIUT
YMEHBIIIEHWE CEYEHUs TOPOBBIX KaHAJIOB M, KaK CJEICTBHE,
MIPOHUIIAEMOCTH 30HBI IJ1acTa MOABEPKEHHOW BO3JIEHCTBUIO BO/IBI,
Ha KOTOpPOW MPOU3BOJUIIOCH BCKphITHE IulacTta. I[lo oObexTam
TanuHCKOrOo MECTOpOXACHHS MouThu B 12 pa3 cpenHss yaenbHas
MPOJYKTUBHOCTh BHINIE OOBEKTOB, NEPPOPUPOBABIIUXCS HaA
rnvaucToM pactBope. [lo o6vexkram Em- EroBckoro u Kamennoro
MECTOPOXKIAEHUI 3TO COOTHOIIEHNE COCTABIISIET MPUMEPHO 3 U 3,75
paza COOTBETCTBEHHO. YaenbHas MPOITYKTUBHOCTH OOBEKTOB,
BCKPBIBABIIMXCS HA CIIEIMAIBHBIX COJIEBBIX PACTBOPAaX HECKOJIBKO
yCTynaeT MPOAyKTUBHOCTU OOBEKTOB, IPU BTOPUYHOM BCKPBHITUH
KOTOPBIX, MCIOJB30BAJICA TJIMHUCTBIM pacTBOp. I[lo Bcen
BUJIUMOCTH, O3TO OOBSCHSETCS MEHBIICH BS3KOCTHIO COJIEBOTO
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pacTtBopa, a, CJEAOBaTelbHO, MW  OOJBIIMM  PATUYCOM
MPOHUKHOBEHHSI.

Takum 00pa3oM, YYHWTHIBas BBIMICU3IIOKEHHOE, OJHUM H3
OCHOBHBIX  HAIlPaBJICHUH TOBBIIICHUS  KayecTBa  BCKPBITHUS
MPOAYKTHBHBIX TUIACTOB HAa HE(PTEra3oBBIX 3aJeKax SBISCTCS
COXpaHEHUE KOJUIEKTOPCKMX CBOMCTB IulacTa B  Mpoliecce
MEPBUYHOTO BCKPBITHSI.
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Pucynok  2.10  3aBuUcHMMOCTP  CpeAHMX  3HA4YEHUH
KodpduuueHTa  yAenpHOW  NPOAYKTUBHOCTH  OT  THUMA
nephoparmoOHHON CPeIbI

2.3.1 BiusiHue CBOMCTB M COCTaBa MPOMBIBOYHBIX
KMIAKOCTeH HA PUIbTPALIMOHHO-€MKOCTHBIE CBOMCTBA
NPUCKBAKUHHOM 30HBI IJIACTA

YuuthiBas BBIIE HU3JI0KEHHOE, MOKHO YTBEPKIAThb, 4YTO
OJTHUM M3 OCHOBHBIX (AKTOpPOB, BIUSIOIIUX HA COCTOSHUE
NPUCKBOKUHHOM 30HBI IUIACTa, SBIAETCS (PUBUKO-XUMHUYECKOE
BO3JCHCTBUE Ha HEro OypoBOro pacTBOpa IpHU IEPBUYHOM
BCKpBITUU. [IpOHUKHOBEHME B 3Ty 30HY IPOMBIBOYHON >KHUIKOCTU
Wi ee (QuiabTpaTa BbBI3BIBAECT YXYALICHHE (UIBTPALIUOHHO-

36



€MKOCTHBIX CBOMCTB IPOAYKTHBHOIO IIJIACTa, B PE3yJbTaTe YEro
BOKPYI CKBa)XHMHbI 0Opa3yeTcs 30Ha C IOHMKEHHOH, IO
CPABHEHUIO C €CTECTBEHHOW, TPOHUIIAEMOCTBIO.

OCHOBHBIM (PaKTOPOM, BIEKYLIMM 3a COOOH OCIIOKHEHHS U
OTpULATENIbHBIE IOCJIEACTBUS INPU BCKPBITUHM IPOAYKTHBHBIX
OTJIOKEHUH, ABJIACTCS I depeHImanbLHoe JaBJICHHE,
JEICTBYIOIEE HAa CTBOJ U NMPUCKBAXKUHHYIO 30HY Miacta. OgHako
U3BECTHBIE  METOABl  PEryIupoBaHus  JU(epeHIHaTbHbIX
JABICHUH B CKBa)XMHE HMMEIOT BeChbMa OrpPaHMUYEHHYIO 00JacTb
a¢ddexTuBHOrO MpUMeHenus [12, 13, 14].

[Ipu Hanuumu W3OBITOYHON pEnpeccHH Ha MPOAYKTHBHBIC
IUTACTBl  PE3KO BO3HUKACT HeraTMBHas pojib  (uiabTpanuu
pa3nuyHbIX  (UIIOMIOB M TPOHUKHOBEHUS TBEPIBIX YaCTHII,
KOJIbMATUPYIOIIUX  IPOHULAEMBIA  KOJUIEKTOp.  YKa3aHHOE,
yCYryOsieTcst 3HaYUTEeNbHBIMU KOJIE0aHUSMH JJaBJICHUS HA CTEHKU
CKBAYKMHBI B ITPOLIECCE CIIYCKO-TIOABEMHBIX onepauui [15].

2.3.2 Baussnue  TBepaoii da3spl NPOMBbIBOYHBIX
KHAKOCTEe HAa (UIBTPALMOHHO-€MKOCTHbIE CBOMCTBA MOPOJ
KOJLJIEKTOpPA

AHanmu3 pe3yabTaToB HKCHEPUMEHTAIBHBIX U IMPOMBICIOBBIX
MaTepHaJIOB OJHO3HAYHO YKa3bIBA€T O HETaTUBHOM BIIUSHUH
colepkaHuss  TBepAodW  ¢da3zbl  KOJUIOMJHBIX  pa3MepoB B
MPOMBIBOYHBIX JKHJIKOCTSIX Ha €CTECTBEHHBIE KOJUIEKTOPCKHE
CBOWCTBa MPOHUIAEMBIX IJIACTOB. B pe3ynbraTe MPOHMKHOBEHUS
TBepAOH ¢a3bl B MOPHl M, OCOOEHHO B TPELIUHBI KOJIEKTOPOB,
PE3KO YMEHBIIAeTCs MPOHMUIAEMOCTh TPUCKBAKUHHOW 3O0HBI.
[IpoBogsimue KaHajubl 3aMOJHAIOTCA IUIOTHOM MAacTOo0Opa3HOM
TJIMHUCTOM Maccoii, KOoTopasi Ha JJHMTEIbHBIN CPOK 3aKyNOpPHBAET
MyTH JBUKEHUSI YTIIEBOIOPOAOB K CKBakuHe [16].

[IpoHMKHOBEHHE B IIACT KOJUIOMJIHBIX M CYOKOJIJIOMIHBIX
YacTUIl  CONPOBOXKIAETCS WX  ajcopOuued B MOPOBOM
IPOCTPAHCTBE KOJUIEKTOpA. OTH 4YacTUIBL, Kak IpPaBUIIO,
aZIcOpOMpPYIOTCST Ha TpaHMIax pasnena HedTh (ra3) -puibTpar U
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TepstoT cBobonxy mnepememienuss [7, 17]. Ilpu Hamuuum B
YIJI€BOAOPOAAX, HACHIIAIOMIMX IUIACT, OOJIBIIOrO KOJIMYECTBA
ac(aJbTOCMOJMCTHIX BEIIECTB ATH YaCTHUIIBI aJICOPOUPYIOTCS Ha
MIOBEPXHOCTHU pa3zena (a3 COBMECTHO ¢ achanbTeHaMH U CMOJIaMHU
u 00pa3yloT Mex(paszHble IUIEHKUM. B ra3oHachIIEHHBIX IIIacTax
OHHU aZcOpPOUPYIOTCA Ha CTEHKaX MOpOBbIX KaHaioB. Ilockonbky
yKa3aHHble MeX(a3Hble IUIGHKM W  aJCOPOIMOHHBIE  CIIOU
YMEHBUIAIOT CEYEHUE IIOPOBBIX KAaHAJIOB M IPAKTUYECKU He
pacTBOPAIOTCS B GUIBTpYIOHXCS yIJI€BOJIOPOAAX,
IIPOHUIIAEMOCTh KOJUIEKTOPA PE3KO CHUXKAETCS.

PaccmarpuBas BinusiHEEe OYPOBBIX pacTBOPOB, IPUMEHSIEMBIX
B HacTrosIiee BpeMsl IpHU BCKPBITUM MPOAYKTHUBHBIX ILIACTOB,
CJIEyeT OTMETUTh, YTO BCE CYILECTBYIOIIME PACTBOPHI B OOJIbIIEH
WM MEHbILEH CTEeNeHN yXYAIAOT ero KOJJIEKTOPCKHE CBOMCTRA.

[Togropuos B. M. [18] mnoxka3zaj, YTO NOTEHIIMAIBHO
CYIIECTBYET HECKOJIBKO MPUHIUIOB (JOPMHUPOBAHUS NPU3A00HHOM
306! Tutacta (I13I0):

- coxpaHeHHue ectecTBeHHOro coctosHus II3I1 (BckpeiTHe
MPOAYKTHUBHOI'O TUIACTA HA JIEPECCHH WIIM PABHOBECHN);

- m3ouisitust [1311, kotopas pa3pymaercs nepdoparueii;

- BpEMEHHas U30JIALUs, KOTOpas 3aTeM pa3pylIaeTcs
(MeXaHMYEeCKUM MJIM XUMUYECKUM CIIOCOO0OM).

MHoOruMH HccieoBaTeNsIMU [OKa3aHO, 4TO B Ipolecce
BCKPBITUSI TPOAYKTHBHBIX IIIACTOB OYpOBBIMH PacTBOpaMH,
COJIepKALIMMHU B CBOEM COCTaBE TIJIMHUCTYIO a3y, MPOUCXOAUT
KOJbMaTalus KOJIJIEKTOpa, KOTOPYIO YCIOBHO MOXHO Pa3/eiuTh
Ha JIBa OJTama: MEpBBIH - 3TO MEXaHHYECKOE 3aKyNOpUBaHHE
MOPOBBIX KaHAJIOB TIMHUCTBHIMH YaCTHIIAMHU, BTOPOU - aJCOPOIIHS
KOJUIOWJHBIX ~ TJMHUCTBIX  YacTUI[ Ha CKeJleTe IOpPOBOT0
MIPOCTPAHCTBA, B IMPOLIECCE YEro MPOMUCXOJUT CYXKEHHE MOPOBBIX
KaHAJIOB WJIM TOJHAas WX 3aKylNopKa, NMPUBOJAIIAS K PE3KOMY
CHIDKEHHIO 3()(QEeKTUBHOM  MOPUCTOCTH U  MPOHUIIAEMOCTH
KOJIJICKTOpA. B orpaHn4eHHOM IOpPOBOM IPOCTPAHCTBE, TJE
HapsALy C CHJIaMU TOBEPXHOCTHOI'O HATSKEHUS AEHCTBYIOT CHIIBI
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MEXMOJIEKYJIIPHOTO  NPUTSIKEHUS,  KOJIbMaTalus  I[OPOBOTrO
MPOCTPAHCTBA  TJIMHUCTOW  TBepHoll  (a3oil  MpakTUYECKH
HeoOparuma [19].

I[To pamaeiv  IllapumoBa A. VY. [20] HauGosbmui
OTpHULATENBHBIA dPPEKT Ha MPU3a0OHHYI0 30HY MPOTYKTUBHBIX
TOPU30HTOB OKAa3bIBAIOT TBEP/bIE YACTHUIIBI C pazMepoM MeHee 5-10
MKM, KOTOpBIE COCTABJIAIOT B JUCHEPTUPOBAHHBIX TIJIMHUCTBIX
pactBopax 70-80 % ot oOuiero oobema TBepaoH Gazbl.

Kpome YXyALIEHUs €CTECTBEHHOT'O COCTOSIHUSI
MPOIYKTUBHOIO IJIACTa, 33 CUET IMPOHUKHOBEHHUS B HETO TBEPIOM
¢da3pr OypoBOro pacTBOpa, COAEp)KaHUE M COCTaB IOCICAHEH
BIUSIET Ha CKOpocTh OypeHus. Tak, Hampumep, Mo JaHHBIM [21]
MeXaHUYeCKass CKOpPOCTh  OypeHHs, TpH  HCIOJIb30BAHHUU
TJIMHUCTBIX AUCIIEPCHIl, MOXKET YMEHBIIUTHCS Oojiee YeM B YEThIpE
pa3za, uYeM IpU UCIOJIb30BAHUU PACTBOPOB, HE COJEpPKAIIUX
TBepAoi ¢azbl. YBenuuenue Ha 1 % TBepaol ¢asbl ¢ pazmMepom
gacTul, MeHe 10 MKM yMEHBIIAeT MEXaHMYECKYH) CKOPOCTh
Oypenus Ha 7-8 %, a TBepible YacTHLIbI MeHee 1 MKM CBOOOIHO
NPOHUKAIOT B IUIACT BMECTe C (PUIBTPATOM Ha 3HAYUTEJIbHbIE
paccTosiHus.

HccnenoBanusamu [22, 23] moka3aHo, YTO INpU INPOMBIBKE
pacTBopamH, COAEpX aIlMMHU YacTHIbl pa3MepoM MeHee | Mk,
MeXaHu4eckass CKOpoCTb OypeHus B 12 pa3 HIDKe, 4eM Ipu
MIPOMBIBKE BOJIOH. Y CTaHOBJIEHO, YTO B OOBIYHOM OEHTOHUTOBOM
OypoBOM pacTBope coiepx)uTcs okono 13 % wuactuil pazmepom
mMenee 1 wmkm. Ilpm pgoGaBmeHMMm K 3TOMY  pacTBOPY
JUTHOCYNIB(OHATHOTO AMCIIEPraTopa, COAEp)KaHUE YKa3aHHBIX
yactull Bo3pactaeT 10 80 %, a mpu o0paboTke MOIMMEPHBIM
(bIOKyISHTOM - yMeHbIIaeTcs 10 6 %.

[TonsxoBeiM B. H. mokazana BO3MOXHOCTb PETYJIMPOBAHMS
rTyOMHBl TMPOHUKHOBEHUs (uibTpata OypoBOro pacTBopa H
TBepAOM (a3pl NyTeM KOJIbMaTallid KOJUIEKTOpa CTPYsIMHU
OypoBOIro pacTBOpa, 3a CUET IUIOTHOM YIAaKOBKH TBEpAOH (ha3bl
OypOBOTO pacTBOpa Ha MOBEPXHOCTH MPOHHUIIAEMOU TOpoabl [24].
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[IpoBenenue omepanuii MPUCTBOJIBLHON KOJbMATallUd OypOBBIM
pacTBOpPOM, COJEPXKALIUM KOJIBMATUPYIOLIYIO TBEPAyIO a3y
ONPEIEICHHON JMCIEPCHOCTH U PacTBOPUMYIO B  KHUCIOTE,
SIBJISIETCS 3¢ hexTUBHBIM CPECTBOM MpeAYNPEKICHUS
3arpsAA3HEHUS.  KOJUIEKTOpa, HO HE TapaHTUPYET IIOJHOTHI
BOCCTAHOBJICHHSI €CTECTBEHHBIX (MIBTPAIIHIOHHO-EMKOCTHBIX €ro
CBOMCTB.

O} PexTuBHBIM MOXKET ObITh W MPUMEHEHHE KOJIbMAaTalluu
IJIACTOB IOJIMMEPHBIMU KOMIUIEKCAMHM O€3IJIMHUCTBIX OYpOBBIX
pactBopoB. MagntotoB M. P. [25] nokasai, 4To 1 KoJibMaTaluu
MOPOBBIX KAaHAJIOB 4YaCTHUI[AMU CTPYKTYPUPOBAHHBIX PacCTBOPOB
KpOME COBEpIIEHUSI padOThl M0 BAABIMBAHUIO YACTUIl B KaHAJbI,
HeoO0Xo/MMa JONOJHHUTENbHAS JHEPrus JUIs pas3pylieHUs uX
KOaryJsIMUOHHBIX  cBsizedl. Takoil addekr mocturaercss mpu
MPUMEHEHUH CHEUUAIBbHBIX KOJbMATUPYIOUIUX YCTpoMCTB. [Ipu
OypeHMM CKBaXMH Ha HECTPYKTYPUPOBAHHBIX IOJIMMEP-COJIEBBIX
pacTBopax, 3allUTHBIA SKpaH B MprU3a00itHON 30HE MPOTYKTUBHOIO
IJ1acTa CO3JMaeTcs IOJ JACHMCTBHEM IMeEpenaja NaBJICHUS IyTEM
noxbopa (bpaKImoOHHOTO cocTaBa  JMCHEPCHOU ¢bazbr
IIPOMBIBOYHOM >KMJIKOCTH COIVIACHO pa3MepaM IOPOBBIX KAHAJIOB
KOJIJIEKTOPOB.

2.3.4 Buusinue puIbTPATOB TEXHOJIOTHYECKUX
KHIKOCTEH HA (PUJIbTPALMOHHBIE CBOMCTBA KOJJIEKTOPOB

Hckmrouenne TBepAoi (a3sl M3 cocTaBa MPOMBIBOUHON
KHUJKOCTHU MO3BOJISIET CHU3UTh HETaTUBHOE BIIMSHUE MOCIIEIHEN Ha
IIPOHUIIAEMOCTh  NPUCKBAXUHHOW  30HBI  Iacta. Jpyrum
HEMaJIOBaXHBIM aCIEKTOM NPUMEHEHHUS! cucTeM 0e3 coaepiaHHs
TBepAOW (a3bl SABISETCS 3HAUUTEIBHOE YBEIMYEHHE CKOPOCTH
Oypenus. Takum o00pazoMm, ¢ yMEHBIIEHHMEM BPEMEHU OypeHHUS
UHTEpBaJla MPOAYKTHUBHOIO TOPU30HTA, a, CIEJOBATEIbHO, H
BPEMEHU KOHTaKTa OypOBOr0 pacTBOpa ¢ MOPOJAMU KOJIEKTOPOB
3HAYUTEIBHO CHIKACTCS CTETNIEHb HEraTUBHOTO BIUSHHS OypOBOTO
pacTBopa Ha PUIBTPALIMOHHO-EMKOCTHBIE XapaKTEPUCTHKH.
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JlucnepcuoHHast cpena MIPOMBIBOYHOM KUJKOCTH,
UUPKYJIUpPYIOLIEl B 30HE MPOAYKTHBHOIO IUIacTa Oypsiieiics
CKBRKUHBI, TIOJ] IEHCTBUEM TMepenana MaBicHHs] (QUIBTPYETCS B
MOPUCTHIE MPOHUIIAEMbIe TIacThl. PUIBTPAT MPEACTABIAET COOOM
BOJIy, COJIEPKAIIlYIO PAa3IMYHbIC PACTBOPEHHBIC B HEM XMMUYECKHE
BellecTea. B mopasistomem OO0JIBIINHCTBE ClIy4yaeB
MIPOHUKHOBEHUE dwibTpaTa B IJIACTBI  BBI3BIBAET TaKKe
yXyAlIeHUuEe (QUIbTPAIIMOHHBIX XapaKTEPUCTUK IMOCIEIHUX U, KaK
CJIEJICTBHE 3TOT0, CHUXKEHHUE JEOUTOB CKBAYKHH.

JlucnepcuoHHast cpela, MOCTYNAIIas B IPOJYKTHUBHbBIC
IJIACThl U3 CKBAXKHH, HE TOJBKO OTTECHSET YIJIEBOJIOPOILI OT
3a00€B, HO U U3MEHSAET (PHU3HKO-XUMHUYECKHE CBOWCTBA MOPOBBIX
KaHaJIOB, CHIKasgs  uX  (a30Byl0  IPOHUIIAEMOCTH IS
YIJI€BOJOPOAOB, COACPIKALIUXCS B KOJUIEKTOPE.

OcCHOBHBIE  HApYIICHUS  OTHOCHUTEIHLHOTO  PaBHOBECHS
CUCTEMBI «KOJUIEKTOP-(IIOU MpH MONaJaHuK B Hee (PUIbTPATOB
MIPOMBIBOYHBIX KUIKOCTEH, BBI3BIBAIOIINE YXYIIICHUE
(GUIBTPAIMOHHBIX XapAaKTEPUCTUK BBI3BaHBI H3MEHEHHEM (PU3UKO-
XUMHUYECKUX XapaKkTepUCTHUK 53TOM cucrtemsbl. [lpu mnonaganuum
JVCIIEPCUOHHOW CpeAibl B IOPOBOE IMPOCTPAHCTBO KOJIIEKTOPA
MIPOUCXOJAT PA3TUYHBIE MPOLIECCHl: XUMHYECKHe, (U3NUYECKUE,
COpOIIMOHHBIE, OCMOTHYECKHE, KalWUIIpHbIC, aATre3HOHHBIE,
3ieKTpocTaTuueckue u Jp. OCHOBHBIE MPOLECCHI, TPOUCXOASAIINE
B MPUCKBAKWHHOW 30HE TUIACTAa M BJIEKYIIHE 32 COOOM CHUXKEHUE
ee (UIBTPALMOHHBIX XAPAKTEPUCTUK TPU TMPOHUKHOBEHHUH
(bUITBTPATOB MPOMBIBOYHBIX JKHJIKOCTEH, BRI3BAHBI CIEAYIOIINM:

- Ha0yxaHWeM TJIMHUCTHIX YacTHUIl, BXOMISIIUX B COCTaB
MOPOJT KOJUICKTOpA. YBEJIMYMBACTCS HX OOBEM, YMEHBIIASTCS
MOPOBOE MPOCTPAHCTBO M pa3Mep MNpOoBOASIIUX KaHaioB. [lpu
9TOM MHOTHE€ TOpPHI, MyCTOTHI M KaHajdbl MOTYT HEOOpaTUMO
OJIOKMPOBATHCS;

- JIUCIIEPTUPOBAHHEM TMOPOJ, COCTaBISIOLIUX  CKEJIET
KOJUIEKTOpa, TMoj  Bo3deiicTBuem  ¢uibTpata. llocnennue,
OTPBIBasiCb ~ OT  TOBEPXHOCTH, TMpH MUTpanuu  (pIouaoB
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HACBHIIIAIOUINX MOPOBOE IMPOCTPAHCTBO, OYAYT CKAIJIUBaThCS B
MeCTax Cy)KEHUH U TEM CaMbIM KOJIbMaTUPOBaTh KaHAJIbI CBSI3U;

- B3aMMOJICHCTBHEM (MIBTpaTa MPOMBIBOYHOHN XUAKOCTH C
IUTACTOBBIMM (UIOMIaMH ¢ 00pa30BaHUEM CTOMKUX 3MYJIbCUH, KaK
IEepBOro, Tak M BTOporo poxa. Ilpm sTOM pe3ko Bo3pacTacT
BA3KOCTh BHOBb OOPa30BaHHOI CHUCTEMBI, KOTOPYIO OUYEHb CII0KHO,
a MHOTJa ¥ BOOOIIe HEBO3MOXKHO YIAUTh U3 IPUCTBOJILHON 30HBI.

- 00pa3oBaHHMEM HEPACTBOPUMBIX CTOMKHMX COEIUHEHUH,
BBIIAJAIONIMX B OCAJOK B BHUJE XJONBEB WM KPUCTAUIOB IIPH
B3aMMOJCHCTBUM  COAEPXKAIIMXCS B  JUCIEPCUOHHOM  Ccpene
PacTBOPEHHBIX BEUIECTB (COJIH, TOJIUMEPHI) C IIIACTOBBIMU BOJAMU
U YTJIEBOJOPOIAMHU.

- YBEIMYEHHUEM PAa3MEPOB aICOPOLIMOHHOTO CJIOSI BCIEACTBUE
azicopOLIMK MOJIEKYJI BOJIbl HAa MOBEpXHOCTH Nop. ['uapaBnudeckuit
pagnyc KaHana JUid IPOXOXACHHS YIVIEBOAOPOLOB YMCHBILAETCS.
OTOMY BO MHOTOM MOT'YT CHOCOOCTBOBAaTh MOHBI JUCIEPCHOHHON
Cpensl, azicopOMpPOBaHHBIE 3apsKEHHOU ITIOBEPXHOCTBIO
MHUHEPAJIOB.

- o0pa3zoBaHuEM cJ1ab0npOHHUIIaeMON IIJICHKH
aZicopOMpPOBAaHHBIX MOJIEKYJ IOJIMMEpY, KOTopas OJOKHpYyeT
nepeaBkeHne (GuouaoB. MHorue npuMeHseMble B OypeHHH
MOJIMMEPBl NPHU JACHUCTBUM HOHM3UPYIOIIETO M PaJUALlMOHHOIO
U3IYYeHUH CHIMBAIOTCS, o0OOpa3ys KpyIHBbIE arperarbl, He
YAQUIAIONIMECS U3 IUIAcTa TPAJAWLMOHHBIMH METOJAMHM OCBOCHUS
CKBQ)KMH.

- YXYALIEHNEM (UIBTPALMOHHBIX XapaKTEPUCTUK
KOJJIGKTOpa  MPOJIYKTaMU  KU3HEAEATEIILHOCTH  OakTepui,
MOMaBIIMMU BMecTe C (UIBTPATOM IMPOMBIBOYHOM >KUJIKOCTH B
IJ1aCT.

- ONOKMpOBaHHMEM IyTeH MNepeABUKEHUS YIIIEBOAOPOIHBIX
KHUJIKOCTEH W Tra30B (QUIBTPATOM, YIEPKUBAEMBIM B Y3KHX
KaHaJIaX KaNWIIAPHBIMU CHJIAMH.

st 0Opa3oBaHusl SMYJIbCHOHHBIX CHCTEM M NPUIAHUS UM
arperaTUBHOM  YCTOMYMBOCTH TIJIaBHBIM YCIIOBUEM SIBIISIETCH,
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NPUCYTCTBUE TPETHETO  CTAOMIM3HMPYIOUIETO KOMIIOHEHTa -
aMyJbraropa. B kauectse sMynbraTopoB BBICTYIAIOT ac(aibTeHO-
CMOJIMCTBIC BEIIECTBA M HA(TEHOBBIC KUCIOTHI He(Tel, KOTOpHIE
KOHILEHTPUPYIOTCA Ha TIOBEPXHOCTH pazaena HedTh-BoAa. B
3aBHCUMOCTH OT IUIACTOBBIX YCIIOBHH BO3MOXKHO OOpa3zoBaHHE
ruApoGUIBLHBIX (YIJIEBOIOPOJ B Bojae) M TuapodoOHBIX (Boga B
yrieBopoposae) cucteM. luapodoOHble >Mynbcun Haubosee
YCTOWYMBBI U OHHM OOpa3zyloTCs dalle BCero Ha TuapodoOHOH
noBepxHOCTH.  CTOWKOCTh ~ SMYyJIbCHH  YBEIMYHBACTCS  C
MOBBIIICHUEM €€ AHUCIEePCHOCTH. PemamomuMu mapameTpamu,
OTIPENICNIAIONIUMH  CTETIEHb JUCIIEPCHOCTH, SBISETCS CKOPOCTh
nepemenieHus HepTH U BOJABI, BEIMYMHA TOBEPXHOCTHOTO
HaTSOKCHHSI Ha TpaHuie pasgena ¢a3 [26]. B npucyrcTBum
AMYJBraTopa MPOUCXOIUT CHIKEHNE TOBEPXHOCTHOTO HATSXKEHUS,
9TO, BO-TICPBBIX, HHTCHCU(UIUPYET IUCIICPTHPOBAHUE, a BO-
BTOPBIX, MOBBIIIAET MPOYHOCTH aACOPOLMOHHON TUIEHKH [27].
BrisiBneHa Tak K€ 3aBHCHUMOCTb YCTOMYMBOCTH 3MYJIbCUH OT
BEeJMYUHBI BojaopoaHoro mokazarens pH. C yenmuenuem pH
peonornyeckre CBOMCTBa MOBEPXHOCTHBIX BOJ] HA TPaHUIIE HEPTh-
BOJIa CHUKAIOTCS, YTO BICUYET 3a COOOM pacciioeHne IMYJIIbCHA.

IIpn omnpenenéHHBIX (HUMKO-XUMUYECKHX YCIOBUSAX, B
pe3yJibTaTe B3aMMOJCHCTBHS  COJIEd OCTATOYHOM  BOJBI  C
XUMHYECKUMH  peareHTaMu, TOCTYMalIIUMUA B  MJIacT C
(GUIBTPaTOM, MIPOUCXOIUT BBITIAJICHUE OCAJKOB, YTO OMPEACTISAeTCS
HaJIMYMEM B BOJI€ 0CAJIKOOOPa3yIOMIMX MOJUBAJICHTHBIX KATHOHOB
[7. To ectp QuipTpaThl C IMETOYHOW cpenoi  Oosee
MPeIpacioiIokKeHbl K OOpa30BaHHIO OCAAKOB, 4eM (DUIBTPATHI
pacTtBopoB ¢ HeuTpampHOM cpeaor (pH = 7). OO6pasyromuecs
HEpPACTBOPHMBIE COCIMHEHUS B 3aBUCHMOCTH OT Xapakrepa
CMaYyMBAEMOCTH WX IMOBEPXHOCTEW CKAIUIMBAIOTCS B BOJHOW WIIH
He(TsAHOM ¢azax, acopOUpYsICh Yallle BCEro Ha IPpaHUIIaX pasjesa
HePTh-QUIBTPAT, W, €CITM IMOBEPXHOCTH pasfesia HEMOJBUKHBI,
TEPSIFOT CBOOOTY MEepPEMEIIICHHUSI.
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OOpaszoBaHue HEpPaCTBOPUMBIX  OCAJKOB B  TIOPOBOM
MPOCTPAHCTBE  KOJUIEKTOpa TPU  B3aMMOJICHCTBHH  HOHOB
PacCTBOPEHHBIX COJICH, COJIEp)KalIUXCS B IUIACTOBBIX BOJAX U
¢buIbTpaTax MPOMBIBOYHBIX XHIKOCTEH, MPUBOJUT K CHUKCHUIO
KOJUIGKTOPCKUX CBOWCTB B MPOIYKTHBHBIX HE(PTETa30HOCHBIX
00BeKTax.

Ha mporecc CoONEOTIIONKEHHS OINpPEACTsIoniee BIUSHUC
OKa3bIBAIOT XapaKTEPUCTUKHU (PIIOUIOB, U3MEHEHHE TEMIIEPATYPHI,
JABJICHUS B CKBOXKHUHE, CKOPOCTh (PHIILTPAIIMH U COCTAB TTOPO/I.

HauoOosee 4acTo HaOJIrogaercs obOpazoBaHue
HEPACTBOPHMBIX OCAJIKOB KapOOHATOB cephl u cyibharo [S]. [Ipu
W3MEHCHHM KOHIIGHTpauuu cojied u pH cpenbl oTmeuaercs
BBICTICHUE  KOJUIOMJHOTO  OCagKka THIPOKCHIA, a  IIpH
B3aMMOJICHCTBHH MICJIOYHBIX (PHIBTPATOB C XJIOPKAIBIUCBHIMU U
XJIODMAarHUEBBIMH ~ TUIACTOBBIMH ~ BOJAaMH -  OOpa3oBaHUeE
THJIPOOKKCEH TOJIMBAJICHTHBIX METalIoB. TBepiable OCaJKH B
mopax  o0pa3yloTcss ¥ TpH  B3aUMOJICHCTBHU  T'yMaToB,
colepkammxcs B (UIbTpaTax MPOMBIBOYHBIX IKHJIKOCTEH,
00paOOTaHHBIX  YIJICHIENIOYHBIM  peareHToM.  BrimageHue
HEPACTBOPHMBIX  OCQJKOB  TMPOWCXOJUT W3  HepTeld W
ra30KOHJIEHCATOB (HampuMep, napa@uHOB) IpU MPOHUKHOBEHUU B
mnacT ¢uiabTpatra OypoBOTO pacTBOpa, B pe3yJbTaTe CMEIICHUS
HECOBMECTUMBIX BOJ, TUIACTOBBIX U MPOHHUKAIOUINX B TIIACT, WIH
M3MEHEHUs (DA30BOTO COCTOSHUS (IFOUIOB TOJ BO3JCHCTBHEM
TEPMOAMHAMHYECKUX (PAKTOPOB.

[TpoayKTHBHBIE TOPU30HTHI MECTOPOXKJICHUH, KaK TPABHIIO,
MPEJICTAaBICHBl  KOJJIEKTOpAaMH,  CIOXHBIMH [0  CBOEMY
MUHEPAJIOTHYECKOMY ¥ TPaHYJIOMETPHYECKOMY  COCTaBy,
CONIEpKAIllMMKA  TJIIMHHUCTBIE MHHEpalbl, YYBCTBUTENbHBIE K
MUHEpaJIU3allid  BOJbl. Pa3Mokanme wu HaOyXaHWe TJUH B
pe3ylbTaTe MPOHUKHOBEHHUS B IUIACT MPECHOW BOABI WM BOBI
OTJUYAOIICHCS  MHHEpAIHM3AllMM  MPHBOJUT K  CHUKCHHIO
a0COFOTHON TTPOHUIIAEMOCTH MPOAYKTUBHOTO TUTACTA.
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[Topoas! KoJUIeKTOpa coaepxar, kKak npaswio, ot 1010 60
% TIMHUACTBIX MuUHepanoB. Kak B N€CYaHUCTBIX, TaK U B
KapOOHATHBIX KOJUIEKTOpAX CTETeHb HaOyXaHHs COAEPIKAIIUXCS B
MOpPO/I€ TJIMH MPU KOHTAKTE UX C (UIBTPATOM TEXHOJIOTUYECKOM
KHUJKOCTH 3aBUCHUT OT THUIA TJIMHUCTOrO MaTepuaga U OT
XMMHUYECKOTo cocTaBa camoro ¢uibrpaTta. Boga, dunstpyemas u3
OYpOBBIX PACTBOPOB, MPOHHUKAET MEXAY CTPYKTYPHBIMHU CIOSMH
MUHEpajda ¥ MOXKET YBeIMYuMBaTh ero oobem B 8-10 pa3, mo
CpPaBHEHUIO C MepBOHAYAIBHBIM [28, 29, 30].

OTH W Jpyrue SBIEHUS NPUBOAIAT K 3HAYUTEIbHOMY
CHIKCHUIO TPOU3BOAUTEIBHOCTA CKBAXHMH. B 3TOl  CBS3M
CHIDKCHHUE (PHIIBTPAIIMOHHBIX COMPOTHBICHUNH B HEOONBINON MO
pa3Mepy 30HE IUIacTa BOKPYI CKBaKMHBI W BOCCTAaHOBJIEHUE
MOTEHIIUAJIBHBIX BO3MOXKHOCTEH CKBKUH OYIET CIOCOOCTBOBATH
MOBBILIEHUIO CTETIEHU BBIPaOOTKH 3a11acoOB YIJI€BOIOPO/IOB.

Kak B TeppureHHbIX, Tak U B KapOOHATHBIX KOJUIEKTOpax
CTENEeHb Ha0yXaHMs COAEPIKALUXCS B MTOPO/E TJIMH MPU KOHTAKTE
WX C BOJIOW 3aBUCHUT OT THIA TIMHUCTOTO MUHEpaja U OT o0bema
BOJbl, KOTOPYIHO OTHEIbHBIE TJMHBI  YACPKHUBAIOT  [OCIE
cenuMmenTanuu. [lo  crmocoOHocTH  HAaOyxXaHUS  TJIMHHUCTBIE
MUHEpaJbl pacloiaraloTcs B CIECAYIOUIUN Pl MOHTMOPHWIJIOHUT -
TUJIPOCIIO/A - XJIOPUT -KAOJUHUT.

OnHOBpEMEHHO C HaOyxaHueM MIPOUCXOIUT u
JUCHEPrUpOBaHUE  TJMHHUCTBIX ~ MHMHEpPAJIOB HAa  OJHO- U
MHOTOKPUCTAJJTIMYECKUE YACTHUILIbI, KOTOPBIE OCAXKIASICh B MEJIKHX
mopax, OJOKHPYIOT WX, CO37aBas TaK HA3bIBAEMBIN KJIAITAHHBIN
¢ dekr.

Pa3Oyxanne u  HamMoOKaHM€ TJIMH -  IPaKTHYECKU
HeoOpaTHMBIN  TpoIlecc, TMOITOMY TIIATEIbHBIA TOAOOp U
KOHTPOJIb Ka4eCTBa IMPOMBIBOYHBIX >KHJIKOCTEH W XUMHUUYECKHX
peareHToB UMeeT OO0JIbIIOe 3HAYCHHE.

BcekpeiTHe MPOAYKTUBHBIX TOPH30HTOB MPOW3BOJIUTCS, Kak
MPaBWIIO, Ha OOBIYHBIX PACTBOpax, GUIBTPAT KOTOPHIX, MOMAIas B
npu3aboiHyI0  30HY  IUIacTa,  Pe3Ko  YXYALIAIT  ee
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(buIbTpanOHHbIE CBOICTBa 3a cyer YBEJINYEHUS
BOJIOHAcChIIeHHOCTH [15, 29, 30].

OOpa3syromasicst Ha CTEHKaX CKB)KWHBI TTIMHUCTAasi KOpKa He
IPENATCTBYET NPOHUKHOBEHUIO (DUIbTpaTa U3 CKBAXKHHBI B IIACT,
U YIJIEBOJOPOJOB M3 IUIACTa B CKBAXHHY, TaK KaK B pe3yjbTaTe
OOJIBLIIOrO  COJEpKAHUSA IIeCKa €€ MPOHMLAEMOCTb MOXKET
nocturates 0,050 MKM> U Gojice. BMecTe ¢ TeM TJIMHUCTBIE
YaCTHIII, IPOHKKAs B IIacT Ha riayouny 0,5-1,5 cM, a o JaHHBIM
[31] - mo 20 cM, CHWXaKOT MNPOHHIAEMOCTh, OCOOCHHO
BBICOKOIIPOHUIIAEMBIX KOJIIIEKTOPOB.

Bbonbiioe BnusiHME Ha MPOJYKTUBHOCTh CKBAXKMH OKa3bIBAcT
IPOAOIDKUTEIBHOCT  KOHTaKTa IMPOMBIBOYHOM JKHUAKOCTH €
POAYKTUBHBIM I1acToM. Ha MecTopoxxnenusx 3anaanoi Cubupu
IPOAOIDKUTEIBHOCTh  BO3JACHCTBUS HA  IJIACThl  PacTBOPOM
nocruraer 4-8 Heznenb, a ri1yOMHA NMPOHUKHOBEHUS (UIbTpaTa B
IUIACT M0 TMOKa3aHUsAM reopu3nyeckux AaHHbIX 8§ M. OO0beMm
¢unbTpaTa pacTBOpa, BHEAPSIOLIMMCS 3a TakoM mepHof
BO3ICWCTBUS, NpEBbIIAeT 5 M~ Ha oAMH MeTp 3(QeKTUBHOM
TONIIMHBI T1acTa [32].

[ToBbITIIEHNE BOJAOHACHIIIIEHHOCTH MPU3a00MHBIX 30H IUTacTa
Ha 20-30 % mpu Manom cojepkaHuM miaacToBoi Boabl (10 10 %) u
Ha 10-15 % mnpu OomnbuieM colep)kaHUU TOTPeOEHHOW BOJBI
(cBbime 30 %) MOXET NMPHUBECTH K CHMXKEHHIO OTHOCUTEIbHOM
MpoOHUIaeMocTH Uil HepTu B 2-3 pa3a IO CpPaBHEHHUIO C
MIPOHUIIAEMOCTHIO 32 Mpe/iesiaMi 30HbI IPOHUKHOBEHUS (pubTpata
[28]. DTO paBHOLEHHO MOSIBICHUIO HMCKYCCTBEHHOM paauaabHOU
HEOJHOPOAHOCTH IuiacToB, OJIHOBpeMEHHO ¢ HaOyxaHHeM
MIPOUCXOUT U AUCTIEPTUPOBAHNE MTMHUCTHIX MUHEPAJIOB Ha OJIHO-
U MHOTOKPUCTAJUIMYECKHUE YAaCTHULBI, KOTOPHIE OCaXAasiACh B
MEJNKUX Topax, OJIOKHPYIOT HX, CcoO37aBasi TaK Ha3bIBa€MbIii
KJIaITaHHBIA AP PEKT.

Pa3Oyxanue u  HamMokaHWe TJMH -  IPaKTHYECKU
HEOOpaTUMBIN TpolecC, TOATOMY TIIATENbHBIA MmOAOOp W
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KOHTPOJIb KadyeCTBa MPOMBIBOYHBIX JKUAKOCTEH M XHUMHUYECKUX
peareHToB UMeeT 00JIbIIOE 3HAYCHHUE.

BckppiTiHEe NMPOAYKTUBHBIX TOPU30HTOB MPOU3BOIMTCS, KaK
IIPABUJIO, Ha OOBIYHBIX PAaCTBOPAX, (PUIBTPAT KOTOPHIX, MONAlas B
npu3a0oiHyl0  30HY  IUIacTa,  PE3KO  YXYALIAlOT  ee
(GuIbTpaLlMOHHbIE CBOMCTBa 3a cuer YBEJIUYEHUS
BoJIoHackIieHHocTH [15, 29, 30].

OOpasyromasicst Ha CTEHKAaX CKBa)KHMHBI INIMHUCTasi KOpKa He
MPEIATCTBYET TPOHUKHOBEHUIO (DUIIbTpaTa M3 CKBAXHHBI B TIACT,
U YIJIE€BOJOPOJOB U3 IUIACTa B CKBAaXMHY, TaK Kak B pe3yJbTare
OOJNIBIIIOTO  COJCpKAHUS TIeCKa €€ MPOHHMIAEMOCTh MOXKET
nocturats 0,050 MKM® U Gonee. BMecTe ¢ TeM TIJIMHMCTBIC
YaCTHIIbI, IPOHUKAs B IJIacT Ha riayouny 0,5-1,5 cM, a o JaHHBIM
[31]] - mo 20 cM, CHIWXKAOT MPOHUIAEMOCTh, OCOOCHHO
BBICOKOTIPOHUIIAEMBIX KOJUIEKTOPOB.

Bbosbiioe BiMsHUE HAa MPOJYKTUBHOCTh CKBAXKMH OKa3bIBaeT
MPOJOIDKUTEFHOCTh  KOHTaKTa TMPOMBIBOYHOM JKHUAKOCTH C
IPOAYKTUBHBIM IutacToM. Ha Mecropoxxaenusx 3ananHoir Cubupu
IPOAOIDKUTEIBHOCTh  BO3JACHCTBUS HA  IJIACTl  PacTBOPOM
nocruraer 4-8 Heznenb, a riIyOMHA MPOHUKHOBEHHUS (UIbTpaTa B
IUIACT MO TMOKa3aHUsAM reopu3nyeckux AaHHbIX 8§ M. OO0beM
¢unbTpaTa pacTBOpa, BHEAPSAIOLIMICA 3a Takoll mepuoa
BO3CHCTBHA, MpEBBIIIAET 5 M° HAa OXMH MeTp d(QEKTHBHOI
TOJIIUHEI TI1acTa [32].

[ToBbIlIeHNEe BOJOHACBHIIIEHHOCTH MPHU3a00MHBIX 30H IUIacTa
Ha 20-30 % npu mManom coepxaHuu miactoBoi Boasl (10 10 %) u
Ha 10-15 % mnpu OonbiueM coaep)kaHUM MNOTPEOCHHON BOJIBI
(cBbimie 30 %) MOKET MPHUBECTH K CHUKEHHIO OTHOCHTEIBHOM
NPOHUIIAEMOCTH i HepTH B 2-3 paza IO CPaBHEHHUIO C
MIPOHUIIAEMOCTHIO 32 TIpe/eNlaMH 30HbBI IPOHUKHOBEHHS (priIbTpara
[28]. DTO paBHOLEHHO MNOSIBICHHUIO HMCKYCCTBEHHOM pajnHaIbHOU
HEOJTHOPOJHOCTH TUTACTOB, T.€. 30H YXYAUICHHOH MPOHUIIAEMOCTH
BOKPYT JTOOBIBAIOIICH CKBaXMHBI C PAIHYyCOM, PAaBHBIM TIyOHHE
IIPOHUKHOBEHUS (UIIbTpaTa.
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OU3NKO-XMMHUUYECKHE HCCIECIOBAHUS TI0 B3aUMOJICUCTBUIO
XUMpPEAareHTOB C 1eNbl0 HHTEHCHU(HUKAUU paboThl CKBaXHH
MPUMEHUTEIBHO K YCJIOBHUSIM 3arjIMHU3UPOBAHHBIX KOJUIEKTOPOB
MeCTOpOXIAeHUN omucanbl B padore [33]. Tam ke mpuBenCHBI
pe3yiabTaThl  SKCIIEPUMEHTOB, MPOBEACHHBIX aBTOpaMU  Ha
peanbHbIX KepHax 1iacta 03 Xapamnypckoro MeCTOpOXJI€HHUs, U3
KOTOPBIX CJIEyeT, YTO UCIOJb30BaHUE OYypOBBIX pPacTBOPOB,
COJIepKalluX MOJMMEp callaH, NMPUBOAUT K YAaCTUYHOU, 10O
MOJHOM KOJIbMaTallMd TOPUCTOM Cpelbl, W Kak CJIEJICTBUE,
HEBO3MOKHOCTH OCBOCHMS CKBAYKHH.

B nocnennue roasl omyOaMKoBaH psAg pabOT, MOCBSIIEHHBIX
W3Y4YEHHIO MUKPOGIOPHl MPOAYKTUBHBIX OTiokeHu# [34, 35, 36,
37, 38]. B pe3ynbTare BOo3AEMCTBHSI MUKPOOPTraHU3MOB Ha HEPTH
00pa3yroTCsl HEPACTBOPUMBIE BEIIECTBA, 3aKYIMOPHBAIOIIEE MOPHI
miacta [39, 40].

MUuKpOOpraHu3MbI (B 0COOEHHOCTH
Cyib(aTBOCCTaHABIMBAONINE OaKTEepUM), B3aUMOJCHCTBYS C
HeQTbIO, IPOAYLHUPYIOT HEpacTBOPUMBbIE COEZIMHEHUS.

Cynbdarpenykuus o0ycnaBIuBaeT W3MEHEHHUE ¢buzuko-
XUMHYECKUX CBOMCTB BOJBI, COINpPHKAcaromiecs ¢ HeThio.
[InactoBas Boma Tepsier HWOH cynbdara U oboramaercs
CEpOBOJIOPOZIOM W  YIJIGKHCIOTOH, B  pe3yibTare  dYero
mpeBpamaercs Hu3 Cyiab(haTHO-HATPHUEBOW B TUAPOKapOOHATHO-
HaTpueByro. CepoBOIOPO/, B3aUMOJICHCTBYSI C HMOHAMH JKeJe3a,
o0Opa3yeT HEpacTBOPUMBIH CyIb(QUT Kele3a U, OJHOBPEMEHHO,
MUTPUPYS B 30HBI C OKHCJICHHBIM PEXHUMOM, OKHCISAETCS JI0
ANIEMEHTApPHON Cephl. YTIEKUCIOTA, BRACISIONAs P OKHCICHUN
napahHOB W  BOCCTAaHOBJIICHHH CyJIb(aTOB, CIIOCOOCTBYET
BBITIA/ICHUIO BTOPUYHOTO KAJIBIIUTA.

Bce 3TO  JACWCTBHTENBHO  TNMPHBOJUT K  CHIDKECHHIO
npoHuraeMoctd miacra. OpHako cleayeT OTMETUTh, UTO
HanOoJIee CHIIBHOE BBIMAICHUE BTOPUYHOTO KAIBIIMTA TIPOUCXOIUAT
B 30HaX KOHTaKTa He(THU C BOJOH, YTO CIIOCOOCTBYET W3OJISIIHH
HEMPOMBITBIX YYaCTKOB 3aJICKH OT BOJOHAITOPHON CHCTEMBI.
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MuxkpoopranuzMel npu (QUIBTPAMKA Yepe3 TMOpbI IUIacTa-
KOJIJIGKTOpa aJcopOMpYyIOTCS Ha IIOBEPXHOCTHM €ro KaHaJOB,
00pa3yloT KOJOHHM OaKTepuUil pa3iMyHBIX BUIOB U MPOIYKTHI MX
MeTaboau3ma (ciu3b, OMOIUIEHKA, HEPACTBOPUMBIE B BOJIE OCAJKH,
MUKPOOHBIE TeNa U Mp.). DTO MPUBOIAUT K YMEHBIICHUIO THAMETpPa
IIPOBOJAIIMX KAaHAJIOB B MOPOZE, YTO BJIEYET 3a COOOH CHMXKEHME
IIPOHUIIAEMOCTH I1acTa-kojuiekTopa [41]. Ilpu Hamuuuu B Boae
OO0JIBIIIOr0 KOJMYECTBA OakTepuil U MPOIYKTOB MX JAEATEIbHOCTU
MIPOHHUIIAEMOCTh HEPTEHOCHBIX MOPOJI CHIDKaeTcs Oosee yem Ha 50
% [42].

DKCIepUMEHTATbHBIMU HCCIIEOBAHUSMHI YCTAHOBJICHO, YTO
XOTSl OCHOBHAasl 4acTb OaKTepuil 3a/lep’KuBaeTcs B NpU3a0ONHHON
30HE, OJHAKO YacTh U3 HUX MPOJBHUTAETCS C BOJAOH BIIyOb IUIACTA.
CkopocTb Murpauuu coctasiser 58 MM B cyTku. CiieZjoBaTeNbHO,
BO3MOJKHA 3aKYIIOpKa MOPOJ] HE TOJILKO B MPU3ab0MHOM 30HE, HO U
B INIyOMHE IjacTa. YMEHbIIEHHE MPOHUIIAEMOCTH KOJJIEKTOPOB
MPHUBOANT K M3OJSIMH IENTUKOB He)TH M CHIDKaeT HedreoTnaqy
naacToB [34].

B mocneanee Bpems npu 3aKaHUYMBAaHUM CKBaKUH IIMPOKO
WCTIOJNB3YIOT BOJHBIE PACCOJIbl HEOPTaHWYECKHX DIIEKTPOJIUTOB.
NmeroTcss myOnuKauu M O MPUMEHEHMM COJIel OpraHMYecKux
kuciotr [43, 44]. CoctaB 3THUX paccoyioB TMOAOMpAETCS st
CO3JIaHMsl 3a/laHHOTO MPOTHBOJABIECHUS Ha IJIacT, oOecredyeHus
WHTHOHMPYIOIIETO BO3/CHCTBUS Ha THIIPATUPYIOIINE
COCTABJISIOLINE MPOJYKTHBHBIX OTJIOKEHUM M TpPEaylpexIeHUs
OTJIOKEHUS COJIe BHYTPH MTOPOBOTO MPOCTPAHCTBA.

OnHako MpH UCIOJIB30BAaHUM HWHTHOMPYIOIIMX COJIEBBIX
pacTBOpPOB, HE COJEpPKAIIUX TBEPIOH (pa3bl, HECMOTpPSI HA TO, YTO
HCKJTFOYAIOTCS OOJIBIITMHCTBO ¢akTopoB YXYIIIAIOMIAX
(GUIBTPallMOHHO-EMKOCTHBIE CBOWMCTBA TIOPOJ TMPHUCKBAKUHHOU
30HBI IJIacTa, BCE-TAKU IMPOU3BOAUTEIBHOCTh CKBAXKUH OCTaeTCs
ropas/io HUXe MOTeHINAIbHOMU [45].

[Iponukatomuit B mimact ¢(uiabTpar OypoOBOro pacTBOpa
BBITECHSIET YIJIEBOJOPO/Ibl, MOBBIIIAsl BOJOHACKIILIEHHOCTh. Koraa
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CKB)XMHY BBOJIST B SKCIUTYaTaIUIO, IJIACTOBBIN ()IIIOH]] BBITECHSET
¢GuibTpaT 00paTHO B CKBAXKHUHY; IPH TOM BOJOHACHIIIEHHOCTh
CHIDKAETCS B HAIPABJIECHUU OCTAaTOYHOIrO 3HaueHusa. OJHAKo, IO
Mepe NpUOIMKEHUS K  OCTaTOYHOM  BOJOHACHIILIEHHOCTH
OTHOCUTENIbHAs (a30Basg MPOHHUIIAEMOCTh JJISI BOJBI CTAaHOBUTCA
OYEHb HU3KOM.

[loaToMy 1[0 HOJIHOrO BBITECHEHUS ¢usTpaTa u
JOCTH)KEHUSI  MAaKCHUMaJbHOM IPOU3BOAUTEIBHOCTH CKBa)KUHBI
MO>KET IMPOWTU OYEHb MHOI'O BPEMEHM, OCOOEHHO MpU HU3KOM
COOTHOILIEHUM Bs3KOCTeH (uronaa u BoAsl. B OosblimMHCTBE
KOJUIEKTOPOB IIACTOBBIE JIABJICHUS JOCTATOUYHO BBICOKH, YTOOBI, B
KOHIIE KOHIIOB, BBITECHUTb BECh (DUIIBTpAT; [MO3TOMY YXYIALICHHE
KOJUICKTOPCKMX ~ CBOMCTB 3a c4eT nposiBieHus dddekra
OTHOCHUTEJIbHOW NPOHMLAEMOCTH HOCHUT JIMIIb  BPEMEHHBIN
Xapakrep.

OnHako B KOJUIEKTOPaxX C HU3KUM IIJIACTOBBIM JIaBJICHUEM U
HU3KOW MPOHHULAEMOCTHIO, a TaKkKe B CKBOXHMHAX, TIJe
IIPOU3BOJUTCS KalUTAJIBHBI PEMOHT, KAalWJUIAPHBIE JaBJICHHUS
UrparoT BaxHYK poib. KamuwnspHele pgaBiaeHus oOpaTHO
MPOIMOPLIMOHANIBHBI PAaUyCy, a JUaMeTp KanwUIsIpoB B TOPHOH
MOPOJIE MOXKET OBITh HACTOJIBKO MaJl, YTO 3HAUYEHUS KaMWIISIPHOTO
JABJICHUSI JTOCTUTAlOT HECKOJBKMX Meranackanei. KanmuispHoe
JaBlieHHe  OJIarONpPUSATCTBYET  BBITECHEHHIO  YIJIEBOJOPOIOB
BOAHBIM (UIBTPATOM, HO MPENSATCTBYET MPOTEKAHHUIO OOpPaTHOTO
npouecca. CymecTByromui nepenaja JaBJICHNAsS MOYKET 0Ka3aTbCs
HEJOCTAaTOYHBIM JJIi  BBITECHEHHMS (uiIbTpata U3  MEIKHUX
KalUIsIpOB, 0COOEHHO B HEMOCPEICTBEHHOM OIM30CTH K CTBOJY
CKBAKMHBI, TJE€ Tiepenaj JdaBJIeHUs Ha TpaHulEe pazjena
YTJIEBOOPOIOB M BOJIBI MPHUOIMIKACTCA K HYJIO. DTOT MEXaHU3M,
KOTOPBIi uccienoBaTenu OTIpEeACTISIOT KaK BOJISIHOE
ONOKMpOBaHME, TNPUBOJUT K HEOOpaTUMOMY  YXYJIIICHUIO
KOJUIEKTOPCKUX CBOMCTB B mpu3a0OilHOW 30HE ©  Jaxke
MPEKpAIIEHUI0 MPHUTOKA IUIACTOBOTO (JIIOMIAa B CKBAXHUHY U3
CHJIBHO UCTOILIEHHOTO KOJUIEKTOPA.
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Cuntaercs, 4TO 3HAYEHUS HavalbHOW BOJOHACBHIILIEHHOCTU
HUKE 3HAUYEHUH OCTATOYHON B JHMama3oHe MPOHUIIAEMOCTEH,
KOTOpbIE XapakKTepHbl JJs IMPOAYKTUBHBIX IulacToB [46].
Hanpumep, oObluHBIE HCCIEAOBaHUS MO KANUJUIAPHOW MPOIMUTKE
00€3BOXKEHHBIX 00pAa3IOB TOPOJIbI, MOKA3BIBAIOT, KaK IPABHIIO,
ropa3zo 0Ooyiee BBICOKYIO OCTaTOYHYIO BOJIOHACHIIIEHHOCTh
KOJUIEKTOPA, YeM B €CTECTBEHHOM cOCTOsiHMM. MccnenoBaHus Ha
KepHax [47] mo omnpeneseHu0 OTHOCUTENbHBIX MPOHUIIAEMOCTEN
JUIS  BOJOHE(QTSHBIX CHUCTEM II0Ka3blBAalOT, YTO OCTATOYHBIE
3HAYEHHUS BOJOHACHIIIEHHOCTH, IOJIydaeMble TpU OOBIYHOM
KaIllWJUIIPHOM BBITECHEHHH, JOJDKHBI COCTAaBIATH 40-50 %.

Huskass HavanmpHash BOJOHACHIIEHHOCTh MOPOABI MOYKET
OBITh BBI3BaHA €€ PACIIOJIOKCHHWEM 3HAYUTEIHHO BBIIIE KOHTAKTa
CO CBOOOJIHOM BOMOHM WJIHM, BO3MOXHO, CMEHIAHHBIM XapaKTepOM
CMauMBAaE€MOCTH IJIMH. CnenoBarenbHO, KapOOHAaTHbIE
KOJUIEKTOPBl ~ MPOSBISIIOT ~ MOTEHIMAIBHYI0  CIIOCOOHOCTh K
CaMOTIPOM3BOJIFHOMY BITUTHIBAHUIO BO/IBI.

[Ipu 3HaYeHHAX BOJOHACHIIIEHUS HIKE BOJOYAEPKUBAIOIIEH
CIOCOOHOCTH MOPHUCTOM Cpesibl MOJBMKHOCTb BOJIbI NMPAKTHUECKU
paBHa Hymo. [lpm 3TOM co3naroTCs YCIIOBHS, MPU KOTOPBIX
BO3HUKAET BO3MOXKHOCTH 3allleMiieHus: (a3 BOIHBIMH OypOBBIMU
pactBopamu. B pe3ynbrare yBenMUeHHsS BOJOHACBHIIIEHHOCTH B
MPUCKBAKUHHON 30HE 3((eKTUBHAS MPOHULAEMOCTb A HePTH
nerko moxet causutcs Ha 80-90 % [46].

AHanus pe3ysnbTaToB MHIYKIIMOHHOTO KapoTaxka [47, 48, 49,
50, 51, 52, 53] BBIIBWI MHOXECTBO CIydaeB 3aMETHOTO
pas3zeneHus KpUBBIX, MMOJYYEHHBIX MPU UCIOIb30BAHUU KOPOTKUX
W JUIMHHBIX 30HJIIOB, 4YTO CBHJETEIBCTBYET O BHEIPEHUH U
yaepKaHuM (IF0MI0B BOJIM3H CTBOJIA CKBAKUHBI.

AHanus, npoBeJeHHBIN aBTOpaMu paboThI [46], mokasan, 4To
MPOHUIIAEMOCTh JJIs1 He(PTH PE3KO CHUXKAETCS M3-3a MPOSBICHUS
MPOTHBOTOYHBIX I(PQPEKTOB MPHU BO3ACHCTBUU BOJABI HA MOPOIY Y
320051 JOOBIBAIOIICH CKBaXHHBL. JTO MPOUCXOIUT OaKe TOTIa,
Korja 3a00iiHoe aBiieHHe HIDKE IUIaCTOBOrO; Ha HEPTH AEHCTBYET
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nepenan gasineHud, paBHblii 0,7 Mlla. Otcroma cinepyer, 4uTo
BOJIOHACBIILIEHHOCTh HM)K€ HOPMAJIBHOTO YPOBHS B COYETAaHUH CO
CMEIIAHHOM CMaYMBa€MOCTBIO LEMEHTHPYIOIIMX TJIMHUCTHIX
MHUHEpPAJIOB CO3AAI0T YCJIOBUS Ul CHJIBHOTO KalWUISIPHOTO
BIIUTBIBAHUS, TPAJUEHT KOTOPOIO MOXET CIOCOOCTBOBATH
3HAYUTEIbHOMY CHUKEHHIO ITPOHHUIIAEMOCTH BO BPEMEHHU.

Kpome Toro, rimHucras npUMech KOJUIEKTOPOB MHOIMX
MecTtopoxaeHui 3amannoii CuOupu HMMeeT, TJIaBHBIM 00pa3oM,
TUAPOCTIOJUCTBI M KPYCTHU(PHUKALMOHHO-XJIOPUTOBBIA COCTaB.
Kpyctuduxarsl (uemyiiku) XJIOpHTa pPACIOJIOKEHBI OOJbIIeH
4acTbl0 MEPHEHAUKYISIPHO IOBEPXHOCTU OOJOMOYHBIX 3EpEH.
Mexnay dewmryiikaMup — XJIopuTa  (OpMUpYETCS  MHOKECTBO
CyOKaInuJUISIpHBIX MHUKpPOIIOP, CIIOCOOHBIX yIIE€p>KUBATh
PBIXJIOCBSI3aHHYIO BOAY. TOJIIIMHA KaeMOK KPYCTU(UKALMOHHOTO
XJIOpUTa, HACBIMIEHHBIX BojaoW, gocturaer 0,02-0,04 wm
(mpumepHo 1/10 wyacTe auMameTpa MEXK3EpHOBBIX IIOp), 4YTO
OTpHULIATENILHO CKa3blBaeTCsA Kak Ha ()a30BOM MPOHMUIIAEMOCTH, TaK
U Ha (PUIBTPALlMOHHO-EMKOCTHBIX CBOMCTBAX B IIEJIOM.

VYuureiBas =~ U3J0XKEHHOE,  CIEAYeT, 4YTO  YyJAJECHHE
KPYCTU(PUKAIIMOHHOTO XJIOpUTA, a TaKKe CTa0WiIM3alus WId, MO
KpailHelf  Mepe, mpenoTBpalleHHe HaO0yXaHHMS  TIJIMHUCTBIX
MUHEPAJIOB B NpHU3a00NHON 30HE CKBAXKMH JOJDKHO NMPUBECTH K
JUKBUJALMU 3HAYUTENIBHON 4YacTH PBIXJIOCBSI3aHHOW BOJBI W3
MUKpOMIOpP M TNPEeAOTBPAILEHUI0 BO3MOXKHOIO MOCIEAYIOLIEro €e
MOSIBIICHUSI U yJepKaHus B 00paOOTaHHOW 30HE. DTO MO3BOJMT
3HAYUTEIIBHO ITOBBICUTh 3¢ (EeKTUBHOCTH pa3paboTku
MECTOPOXKJICHUN KUAKUX U ra3000pa3HbIX MOJIE3HBIX HCKOMAeMbIX
U3 YKa3aHHBIX TUIIOB KOJUIEKTOPOB.

ABtopsl pabor [27, 54, 55] cuuTaroT, 4TO OCHOBHOM
MPUYMHON CHUXEHHSI TMPOHULAEMOCTH KOJUJIEKTOPOB SBISIETCS
HaOyXaeMOCTh IIEMEHTHPYIOLIEr0 MaTepuana MNpU KOHTAKTE C
npecHbIM  (unabTparoM. BennumHa HaOyXxaeMOCTH 3aBHCHUT OT
MHUHEpAJIBHOTO COCTaBa BELIECTBA, (PU3UKO-XUMHUECKUX CBOMCTB
KHUJIKOCTEH, C  KOTOPBIMM OHAa  KOHTakTHpyeT U  OT
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TepMoOapudeckux ycioBuid. Hanbomee BBICOKOW HOHHO-OOMEHHOMN
PEaKIMOHHON CHOCOOHOCTHIO U HaWOOJBIIMMU COPOIMOHHBIMU
CBOMCTBaMHU, KaK Ha MOBEPXHOCTH YACTHUII, TAK U MEXK]Y MMaKeTaMu
[JIMHUCTBIX YaCTHUIl 00J1aJal0T MOHTMOPHUIIJIOHUTOBBIE MaTEpUAIIbI.

[Toutm BO Bcex TMeckax U TMECUYAHUKAX COJAEpKATCS
[JIMHUCTBIE  YaCTULIBI, KOTOpPbIE 3HAUYMUTEIBHO BIUSIOT Ha
MIPOHUIIAEMOCTh 3TUX TOPOJI. Takue MIMHUCTHIC YaCTUIIBI 00s3aHbBI
CBOMM IPOUCXOXJACHUEM JIByM HUCTOUYHUKAM. J[eTpUTOBbIE TJIMHBI
OCaXJAMCh  BMECTE€ C 3€pHaMM Iecka B  Ipolecce
OCaJKOHAKOIUIeHUs. JluareHeTHMueckue TIMHBI  OCaXIAIHCh
MO3JJHEE M3 IUIACTOBBIX BOJ WJIM ObUTM 0Opa30BaHBI B Pe3yJbTaTe
B3aMMOJICHICTBUS TUIACTOBBIX BOJ| W paHee CYIIECTBOBABIIUX
JIMHUCTBIX MUHEPAJIOB. ODTH TJUHBI MOTYT BXOJUTh B COCTaB
CKeJIeTa MOPO/bl, MOKPHIBAask CTEHKH MOP, UM HAXOJAUTHCS B MOpax,
He Oyay4d CKpEIUICHHBIMH ¢ UuX CTeHKkamMu. OHH OOBIYHO
MPHUCYTCTBYIOT B BUJI€ OTJIOKEHUIN HA CTEHKAX IMOP IUIACTUHYATHIX
TJIMHUCTBIX YacCTHUIl, OPUEHTHUPOBAHHBIX MEPIEHIUKYISIPHO K
MMOBEPXHOCTHU 3€peH. [ JTMHBI MOTYT TaK»e MPHUCYTCTBOBATH B BHUJIE
TOHKHX CJIOE€B WJIM MPOCIIONKOB B MECUAHBIX IJIACTaX.

JlelicTBrE BOAHBIX (PMIHTPATOB HA IJIACTOBBIC TJIMHBI MOKET
MPUBECTH K KaTacTpOPUYECKOMY CHIDKEHUIO MPOHHUIIAEMOCTH
MOPOJIbI, HO TOJBKO B TOM CJIy4ae, €CJu TJIMHBI PacrioiaraloTcs B
nopax. HoBak u Kprorep [15] oOGHapyXuiau, 4To NMPOHUIIAEMOCTh
Ul BO3JyXa CYyXOro KepHa, COJepKallero MOHTMOPHIJIOHHT,
cocrasysa 0,06 MKMZ, a I BOABI U3 TOro e mjacrta - Bcero 0,02
MKM®. B OmBITaX € MCIONB30BAHMEM APYIHX ILIACTOBBIX BOJ
MIPOHUIIAEMOCTh CHUKAJIACh 10 MEPE YMEHBUIEHUSI MUHEpaIU3aliu
BOJBI, @ B OMBITE C JUCTWUIMPOBAHHOW BOJIOM TPOHMIIAEMOCTH
COCTaBUIIA TOIBKO 2 HM?.

Pesynbrarh ITUX IKCIIEPUMEHTOB TTO3BOJISIOT
MPEANON0XHUTb, YTO CHUKEHHE MPOHUIIAEMOCTU BBI3BIBAETCA
Ha0yXaHWeM W JUCIEPTUPOBAHWEM MOHTMOPWJUIOHUTA, a TaKXKe
MOCIEAYIoMUM OJOKUPOBAaHUEM TIOpP B pPe3ylbTaTe MUTPALUU
Y4acTUIl MOHTMOPHJIJIOHHUTA.
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llpyrue wccnemoBarend  TMOKa3aldd, YTO HaWOOJbIIEe
CHIDKCHHE TPOHMIIAEMOCTH HaOJIoJlaeTcsi, Korja B ILJIacTe
MPUCYTCTBYIOT MOHTMOPHJUIOHUT W TIE€PECIIaUuBAIOLIMECs TJIMHBIL.
VYXyaiieHue NPOHUIAEMOCTH MOXET OBITh BBI3BAHO TaKkKe
CBOOOJITHBIMU MeEJIbYAHIITUMU YaCTULIAMH TaKUX MHUHEPAJIOB, Kak
CIII0/Ia ¥ KBapII.

B paGore [56] mokazaHO, dYTO TpPH  HACHIIICHUU
MOHTMOPWJIJIOHHTa BOJMOM ¢  MuHepanuzamuedn 3-20 /0
MEXKCIJIOEBBIE PACCTOSHUSA COCTABISIIOT 19-20 A, 4TO COOTBETCTBYET
4eThIpéM cliosiM BoJbl. C yBennueHueM KoHueHTpauuu a0 30 r/ma u
BBIIIIE PACCTOSTHUE MEXIYy CIOSMU CHIDKaercs a0 14-15 A, uto
COOTBETCTBYEeT HU3MEHEHHI0 o00BbEMa moponel a0 30  %.
AHaNOTUYHO BEAyT ceOsi CMENIaHHOCJIOWHBIE O0pa3oBaHMS psiaa
THAPOCITIONA - MOHTMOPWUIOHMT. B paGore [26] mokasaH
CTYTIEHYATHIN XapaKkTep HaOyXaHUs.

[IpoHMKHOBEHHE BOABI B MEXKIIAKETHOE IMPOCTPAHCTBO U
CBA3BIBAaHHME €€ C TIOBEPXHOCTHIO TMPOUCXOJUT  IOCIOIHO.
Pacuéramu mokazaHo, uyTo Ha0yxaHHWE OYEHb UYYBCTBUTEIHHO K
CTPYKTYPHBIM TE€pPECTpPOMKaM, TO €CTb HW3MEHEHHMIO SHTPOMHHU.
DHepreTuka 3TUX MPOIECCOB Maja, YTO OOBSCHAET MX BBICOKYIO
YyBCTBUTEIHHOCTh K JIHOOBIM (PM3UKO-XUMHYECKUM BO3JICHCTBUSM.
[TosToMy HapyllleHHEe CyIIEeCTBOBABIIETO PABHOBECHs B IIJIACTE,
BBI3BAHHOTO €T0 BCKPBITHEM, MOXKET TMOBIUATh U HA HA0yXaeMoCTh
[IEMEHTHUPYIOIIETO Marepuana. Haxe HE3HAYUTEIIbHOE
MPUCYTCTBUE MOHTMOPHWIJIOHUTA B MECUAHBIX OPOAAX MPUBOJIUT K
PE3KOMY CHWXEHHUIO TPOHHUIIAEMOCTH TPH KOHTAKTE C MPECHOU
KUIKOCThI0. OHM NPAKTUYECKH HEOTPAaHUYEHHO 3aXBaThIBAIOT
BOJy B MEXKITAKETHBIE MPOCTPAHCTBA BIUIOTH JO pa3pbiBa CBs3CH
Mexay mnaketamu. J[lucnmeprupoBanue u HaOyxaHuUe TJIUH B
pe3yibTaTe ACHCTBUS MPECHOMN KUIKOCTH MPUAAOT MOYTH JIFOOOMY
MeCYaHOMY IJIACTY CIIOCOOHOCTH CHUXKATh €T0 MPOHUIIAEMOCTb.

MexaHu3M yXyamieHUs: TPOHUIIAEMOCTH YYBCTBUTEIBHBIX K
BOJIE TMOPOJ TOJ BO3JECUCTBHEM BOJHBIX PAcCTBOPOB H3Yy4alH
MHorHe uccieaoBarenu. OcobeHHO WHOOPMATUBHBIMU OBLIH
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skcriepuMmenThl bapnona u JKakena [15]. Tak um ygpamoch
pacWwICHHUTh BIMSHHE, KOTOPOE OKa3blBalOT HA CHUXKEHHUE
MPOHUIIAEMOCTH HaOyXaHHE KpUCTAJUIOB TJIMHBL, a TaKxke
JUCIEPTUPOBAHWE M IMENTHU3auus [IMHUCTBIX 4actul. OHHU
ONpeAeIWIM AUala30H MHUHEpaIU3alUd, B KOTOPOM KaXJ0€ W3
3TUX SIBJICHUN UMEET MECTO.

Ha ocHoBaHuU psija 3KCIIEPUMEHTOB Ha MEeCYaHOW HaOMBKE,
coJiepkKalleii MOHTMOPUJUIOHUT, OHU YCTaHOBHWJIM, YTO CHHM)KECHHE
IIPOHUIIAEMOCTH C YMEHBIIEHHEM KOHILIEHTPALUHU XJIOpua HaTpus
o 20 T1/n1 KOJMYECTBEHHO KOPPEIUPYETCS C MOBBIIICHUEM
CyMMapHOT0 00beMa TIIMHBI TPU Ha0YXaHUU €€ KPUCTAILIOB, O YeM
coobmianr Hoppum [57]. Ilpu Mmunepanu3anuu meHnee 20 1/ TIIMHBI
CTaHOBATCS «HEYCTOMYMBBIMUY, T. €. JUCHeprupyrorcs. bapaon u
XKaken ormerunu, uTto KoHueHTpauus 20 /1 - 3TO MOYTH Ta XKe
KOHIIEHTpAIKs XJIOpUAa HATpHsl, Ipu KoTopoir Hoppum Habmroqan
HEOKHUJAHHOE PaCIIMPEHHE PEIIeTKH TTIMHUCTBIX YacTHUll, U OJIn3Ka
K TOM MuHepanu3anuu (23 r/1), npu KOTOPOH MPOUCXOIUT HePEXo/]
OT arperanyy K JUCreprupoBaHuIo.

Hakonen, nmpu mnpokauMBaHMM Yepe3 IMECYaHyK HaOMBKY
JUCTUUIMPOBAaHHON Boabl bapnon u JKakeH oTMedann MosiaHOE
3aKyNopHBaHUE HAaOMBKH, €ClIM 00bEeMHAas 107151 MOHTMOPHIIJIOHUTA
B Hed cocraBmsuia 10 %. OpHako mnpu CHUKEHUH  JIOJH
MOHTMOPWJIJIOHUTA 710 5 % MpOHHUIIaeMOCTh HAOUBKU BO3pacTaia, 1
y BBIXOJHOTO TOpLA HAOWBKM HAOMIOJAIM BBIHOC TJIMHHMCTBIX
gacTull Boiol. Takue pe3Kue M3MEHEHHs B MOBEJCHUM MECYAHOMN
HAaOMBKM CTAHOBSITCS TMOHSTHBIMH, €CIIM Y4ecTb, 4YTO IpHU
MUHEpaJIM3alUu PacTBOpa MeHee | I/ MPOUCXOAUT HE TOJIBKO
JTUCTIEPrUpOBaHUE, HO U MENTH3alUs TITMHUCTBIX YacTUIl, KOTOpbIE
CTaHOBSITCS HAMHOTO 00Jjiee MOIBUKHBIMH, YeM MpH (IIOKYISALNU U
nucneprupoBanuu [15].

Pe3ynbrarhl aHaNOTMYHBIX MCCIENOBAHUN €CTECTBEHHBIX
MECYaHUKOB, KOTOpBIE COJIEP’KAaT WILIUT, XJIOPUT WM KaOJIMHUT,
KOJIMYECTBEHHO COIVIACYIOTCSI C JaHHBIMHU, IIOJIy4EHHBIMH Ha
MeCYaHbIX HAOMBKAaX C MOHTMOPHIIJIOHUTOM.
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Heo0XxoauMo y4HTHIBaTH 4YTO, B E€CTECTBEHHBIX ITECYAHBIX
IlacTax M IecyaHuKax (WIBTPALIMOHHBIE KaHalbl Oosee
W3BMJIMCTBI, 4YeM B  [€CUYAaHBIX  HAaOMBKaX,  MO3TOMY
JUCIEPrUPOBaHHBIE M IENTU3UPOBAHHBIE TJIMHUCTBIE YaCTHIIBI
OJIOKHPYIOT MECTa CY)KEHHUSI MOPOBBIX KAaHAJIOB, YTO MPUBOIUT K
PE3KOMY CHHYKEHHUIO IIPOHULIAEMOCTH.

PaGoth1 nmpyrux uccienoBareneii He OCTaBISIOT COMHCHUN B
TOM, YTO CHW)KEHUE IPOHUIAEMOCTH MPU HU3KOW MHHEPAIU3ALUN
pacTBopa CBSI3aHO C BBITECHEHUEM TIJIMHHUCTBIX U JPYTUX MEJKHX
4acTHLl CO  CTEHOK IIOp  IPOHUKAIOIIEH  KUIKOCTBIO,
JUCHEPrUpOBAaHUEM  ATUX  YacTULl U MOCIEAYIOIIMM  HX
3aCTPEBAHUEM B CYXKCHHMAX MOp. OTOT MEXaHU3M yXyIUICHUS
KOJUIEKTOPCKUX CBOMCTB IIOJYy4YMJI Ha3BaHUE KaK TIJIMHUCTOIO
OnmokupoBaHusa. OH  aHajgorMyeH OOpa30BaHMIO  BHELIHHMX
(GUIBTPalMOHHBIX KOPOK OypOBOTO PacTBOpa, HO B IAaHHOM CIydae
B MECTaxX CYXEHHUs I0p 00pa3yloTCss MHOTOYMCICHHbIE BHYTPEHHHE
(buIbTpaMOHHbIE MUKPOKOPKH. [Tpu HarHeTaHuu
JUCTWJUIMPOBAaHHOW BOJBI B YCIOBUSAX NPOSBICHUS NENTH3ALUU
HaOJI0AAI0TCs TaKUe )K€ HU3KHME MPOHUIIAEMOCTH, KaK U B CiIydae
oOpa3oBaHMsl (PUIBTPALIMOHHBIX KOPOK TMpPU  HCIOIb30BAaHUU
(boKynTUpoBaHHBIX OYpOBBIX pacTBOpOB [15].

2.4 TpeboBanuss K CBOiicTBaM M cocTaBy OypoBoi
MIPOMBIBOYHOM KHUJIKOCTH JJISI BCKPBITHS TPOAYKTUBHBIX I1JIACTOB

VY4uuThIBas BbIIIE H3JI0KEHHOE, MOXHO C(HOpPMYIHpPOBATH
clieyronme TpeOOBaHUS B CBOWCTBY M COCTaBY INPOMBIBOYHBIX
KHUJIKOCTEH, TNpPEAHA3HAYEHHBIX ISl BCKPBITHA MPOAYKTUBHBIX
TOPH30HTOB:

1. CocraB NMPOMBIBOYHOM KHJIKOCTU JIOJKEH OBITh TaKHM,
9TOOBI €€ (PUIbTpaT HE CMOCOOCTBOBAN HAOYXaHWIO TJIMHUCTHIX
YacTHUI], YBEIUYEHUIO TUAPOPUIBLHOCTH MOPOJbI, YBEJIWYCHHUIO
KoJM4yecTBa GU3NIECKU CBI3aHHON BOJIBI B TIOPAX IJIacTa.

2. CocraB (¢unpTpara OypoBOrO pacTBOpa JIOJIKEH
COOTBETCTBOBATh COCTaBY (DJIIOMJIA, 3AMOJIHAIOUIETO IJIACT, YTOOBI
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MIpY MPOHUKAHWK (PUIBTpATa B TUTACT HE MPOUCXOAMIN HU3HUECKUE
WM XMMHYECKHE B3aUMOJACHUCTBUS, B Pe3ylbTaTe KOTOPHIX MOTYT
00pa30BBIBATHCS HEPACTBOPUMBIE OCAIKH.

3. B cocraBe nmpOMBIBOYHON >KHJIKOCTH HEOOXOJIUMO HUMETh
JOCTaTOYHOE KOJIHMYECTBO TpyOOAMCIIEpCHOM TBepmoi  (asbl,
CIOCOOHOM C03/1aBaTh 3aKYyMOPUBAIOIINE MOCTUKH B TpPEIIMHAX U
TEM CaMbIM TIPEMATCTBOBATH TIYyOOKOMY TPOHUKHOBEHUIO
IIPOMBIBOYHOM JKUAKOCTHU B IIACT.

4. ConeHocTb U COJIEBOM cocTaB (uiIbTpara JOJIKHBI
COOTBETCTBOBATh COJICHOCTH U COJIEBOMY COCTaBy ILIACTOBOM
BOJIBI.

5. OunbTpaT NPOMBIBOYHOMN KUAKOCTU, UCIIONB3YEMBbIH IS
BCKPBITHS HE(TAHBIX TJ1aCTOB, JTOJKEH YMEHBIIIATh
MMOBEPXHOCTHOE HATSHXKEHUE HA IpaHulle GUIbTpaT - HeTh.

6. Bomoornada OypoBoro pactBopa B 3a0OWHBIX YCIIOBHSIX
JOJKHA OBITH MUHUMAIIBHOM.

7. IIOTHOCTH MPOMBIBOYHOM KUIKOCTHU JOJKHA OBITH TAaKOM,
9T00BI AU PepeHnanbHoe JaBieHne ObUT0 OTU3KUM K HYJIIO HIIH,
€CIM BCKpBIBAE€TCA IUIACT C AHOMAJIbHO HHU3KHM JaBJICHHUEM,
MEHBIIIE HYJIA.

2.5 IlpombIBOYHBIE  KUAKOCTH, MPUMEHSEMBIE IIpU
BCKPBITUH NPOJYKTUBHBIX IJIACTOB

3HaunTEIbHAS TJIMHUCTOCTD opoI, CIIaTaloIIIX
NPOAYKTHUBHBIN IIACT, TpeOyeT 0co00Tro MoAX0a K €ro BCKPHITHIO.
Jlns mpenoTBpamieHus HaOyXaHWs TIMHHCTHIX IOpOJa Hambolee
YacTO HCHOJb3YIOTCS MHTUOMpPOBaHHBIE OypOBBIE PAcTBOPHI, T.e.
pacTBOpbl ¢ J00aBKaMH Yalle BCETO MHHEPAIBHBIX COJEH
(XJ0pHUCTOrO  Kanlus, aJllOMOKAJIMEBBIX KBACLOB, XJOPUCTOTO
KaJIbIIMsl, M3BeCTH U T.11.) [ 15, 58].

Haubonee s¢ddexkTuBHBIE C TOUKM 3pEHHMS] WHTUOMPOBAHHSA
JIMH  pacTBOpHL, coxaepxamue a0 5% KO, tpeOyroT B CBOMO
ouepenb CreualbHOW 00pabOTKM TMOJIMMEpaMH, NPHUBEICHHIO K
MUHUMYMY [JIMHUCTO-KOJUIOMJHOW KOMIIOHEHTBI B HHUX JUIA
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perylMpOBaHMs W ONTHUMH3AIMK  (QWIBTPAIMOHHBIX U
pPEOIOrUYeCcKUX XapakTepucTuk [15, 59].

Co3ganne MHTUOUPYIOIIMX PACTBOPOB BO3MOKHO Ha OCHOBE
MUHEpaJbHBIX coJied u mnonuMepoB. HaubGonee 3¢dexkTuBHBIM
apnsierca npumenenue coequnenuit (KC1, KOH, docdarer xanus),
SIBJISIFOIIMXCSL  TTOCTaBIIMKaMK HOHOB Kaiusa [60, 61], kotopeie
3aMeIIAIOT paclIMpeHre HaOyXaroluX TJIMH U claHleB. Boicokuit
YpOBEHb COJIEP)KAHUS TaKMX XMMHUYECKHX COCIMHEHUI BO MHOTHX
OYypOBBIX pacTBOpax aKTUBU3UPYET (UIOKYISIHUIO TJIMH 32 CYET
CKaTusg JBOMHOTO  DJIEKTPHUUECKOTO CIosl. OTO  IMO3BOJSET
OTrpaHUYUBATh AUCIIEPTUPOBAHUE CIIAHLIEB.

Cy1iecTByeT MHEHHE, YTO BHICOKOMOJIEKYJIIPHBIC JTHHEIHHbBIC
MIOJIUMEPHI, TaKue KaK YaCTUYHO THJIPOJTU30BaHHBIN
MOJIMaKpUIIaMUJl, 00pa3yloT Ha TMOBEPXHOCTH MHHEpala TOHKYIO
IUICHKY, 00€CIEeunBalONIyl0 MEXaHUYECKYIO IEIOCTHOCTh CIIaHIIa,
pa3MAr4eHHoro moj naeiictBueM ¢uinpTpara OypoBOTO pacTBopa
[60, 62].

B TO ’xe Bpems mepexoj JEerko TUCHEPTUPYEMBIX TJIMH
reoJOTHYECKOro pa3pe3a B OypoBOil pacTBOpP SBISETCS MPOCTHIM U
SKOHOMUYECKHU OTPABAAHHBIM CIOCOOOM TMOJTYYEHHUs TIMHUCTHIX
cycneHsuil s maccoBoro Oypenus. Ilostomy wuHruOupoBaHue
JIMHUCTBIX  CJIAHIIEB JIOJDKHO OCYIIECTBIATHCS B Pa3yMHBIX
npenenax, He MPHUBOJS K OCIOKHEHHUSM (OCHIIAM, oOBajaMm) U
CO3/1aBasl PacTBOPbl C YAOBJIETBOPUTEIBHBIMU PEOJIOTHYECKUMU,
(GUIBTPAIMOHHBIMU I CMA30YHBIMU CBOMCTBAMHU.

Becpma HeoHO3HAUHOE BIHSTHUE HA (PUIIBTpaniiio OypoBOTO
pacTBopa OKa3bIBalOT XUMUYECKHUE PEareHThI, MPUMEHSEMBbIC s
crabmimm3anuu. Tak, BOJIHBIE PAaCTBOPHI OOJBITUHCTBA M3BECTHBIX
XUMHUYECKUX PEareHTOB CHUXAIOT MPOHHUIIAEMOCTh IUIacTa-
KOJUIEKTOPA 3HAUYUTEIBHO OOJIbIIIe, YeM TEXHUYECKas BOJa, IpUYEM
MEXaHM3MBbl TaKOTO CHIDKEHUS TPOHUIIAEMOCTH MOTYT OBITh
COBEPIIIEHHO Pa3In4HbI [63, 64, 65].

Hammune B HedTH acdanbTeHO-CMONUCTBIX  BEIECTB,
KOTOpBIE SIBISIIOTCA AMYJIbraTOpaMy, 3a4acTyl0 CIOCOOCTBYET
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00pa3oBaHHUIO AMYJLCUH, 3aKyMOPUBAMOIIUX IOPHI W KaHAJBI
KOJUIEKTOpAa U MPEMsITCTBYIOUIMX NPOABMXKEHHUIO HEDTH K 320010
CKBa)XMHBI [66]. Pasnuunbie aBTOpbl pekoMeHayroT n06aBku [1AB,
MPemsITCTBYIONIMEe O0pa3oBaHUIO TaKUX OMYJIbCHUH, OJIHAKO
CHUCTEMHBIC HCCJIEJIOBAHUS [0 3TOMY BOMNPOCY B MyOJIUKALMIX
MPaKTUYECKH OTCYTCTBYIOT. Ilocrneanee, BUIUMO, CBSA3aHO C
MAaTEHTHON CIIOCOOHOCTBIO TAKOTO POJia UCCIIeIoBaHMi [66, 67, 68].

ITAB, natornue 3¢ ekt B 0JHOM cirydae, MOTYT IPUBOAUTH K
MPSIMO TIPOTHBOIIOIOKHOMY IP(PEKTy B APYTrUX yCIOBHUSAX. Takum
puUMepoM MOTYT cinykuTh [IAB wunm xomMOuHAnuu Ha OCHOBE
AQHUOHAKTUBHBIX BEIHICCTB, KOTOPHIC TMOJOKUTEIBHO H3MEHSS
cBOiicTBa  ¢uiubTpaTa OypOBOTO pacTBOpa, OJHOBPEMEHHO
TUAPOPMIM3HPYIOT TIOBEPXHOCTh IMOPOBBIX KAHAJIOB, YMCHBINAS
($a30ByI0 IPOHUIIAEMOCTh JUIS YTJIEBOJOPOAHON KUAKOCTU. ITO
emie  pa3  MOATBEPXKIAET, 4YTO  MOAXOJ  OOJIBIIMHCTBA
uccienoBareneil K JaHHON mpoOseMe Jale BCero SMIUPUYCH U HE
0asupyercsi Ha TIIYOOKHWX KOMIUIEKCHBIX 3HAHUSX MPUPOJBI ITOTO
sBieHus [66, 67, 69].

OpnHolt u3 3a/1a4 B 00J1aCTH 3aKaHYUBAHUS CKBKUH SBIISETCS
co3maHue penentyp OypoBBIX pacTBOPOB, 00ECIEUNBAIOIINX
MaKCHUMaJIbHYIO COXPAaHHOCTh KOJUIEKTOPCKUX CBOMCTB
MPOAYKTUBHBIX TUIACTOB, W TEpPHOPAIMOHHBIX IKUIKOCTEH, HE
3arpsI3HSIONIMX TUIACT TMPU BTOPUYHOM BCKPBITUM M OCBOSHUU
CKBQ)KHH.

B Hacrosimee Bpemsi 3a pyOekoM U3 BCEX THUIOB OYpOBBIX
pacTBOpPOB HamboJiee IMHUPOKOE PACHPOCTPAHEHUE TONYUUITH
OC3TNTMHUCTBIE ~ MHTUOMPOBAaHHBIE  PACTBOPHI  HAa  OCHOBE
OMOMOJIMMEPOB M PACTBOPHI Ha YIJIEBOJOPOAHONH ocHOBe - PYO
[59, 64]. [Tocneanue 06IaAaOT MOBBIMIEHHON MOKAPOOMACHOCTHIO
U TpeOyIT IOMOJHUTEIBHBIX JTOPOTOCTOSAIINX MEPOMPUITHH TIO
OXpaHe OKpYyXaromeh cpeapl (yTHIM3alus, 3aMKHYTHIH UK
MUPKYJSIUY, XpaHEHHE MaTepUajioB M 3aMEIIEHHOTO PacTBOpa U
T.1.).
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C [eapl0 HCKIIOYEHHST dYacTM HegoctatkoB PVYO,
[I0’)KapOONIaCHOCTH,  CJIOXKHOCTM  IIPUTOTOBJICHUS,  BBICOKOM
CTOMMOCTH, HCIIOJIb3YIOT WMHBEPTHBIE OSMYJIbCUM Ha OCHOBE
YIJIEBOJOPOJIHBIX KUAKOCTEH C BBICOKUM COJIEpKAHUEM BOIBI 65,
70]. OcHOBHBIM TpeOOBaHUEM, MPEIBSIBIIEMBIM K TaKOTO pPOAa
MYJbCUSAM SIBJISIETCS UX YCTOMUMBOCTH IPOTHUB oOpalieHus (a3 u
paspyuieHus. B uyacTHOCTH, NpuUMEHsSeMble B HACTOSILEE BpeMs
BBICOKOKOHLIEHTPUPOBAHHbBIE HHBEPTHBIE SIMYJIbCUOHHBIE PACTBOPBI
(BUDP), paspaboranneie BHUUBT, ob6magatror  HHU3KOU
arperaTuBHON yCTOMYMBOCTBIO, U MX MCIIOJIb30BAHUE ITPAKTUYECKH
HEBO3MOXXHO IpU  HaJM4YUM B  TEOJIOTUYECKOM  pa3pese
BOZOIOTJIAINAOIIUX WU BOJONPOSIBIISIFOIIMX IU1acTOB [71].

Hawubonee IIPUEMJIIEMBIM c SKOHOMMYECKOH u
TEXHOJIOTUYECKOM  TOYKM  3peHHs  METOAOM  oOecreuyeHHs
COXPAHHOCTH MPOAYKTUBHBIX 30H HY)KHO IIPU3HATh UCIOJIb30BaHUE
curetnueckux  I[IAB, wu3MeHsoommMX  QU3UKO-XUMHUYECKYIO
npupoay (¢uibTpaTa, 4YTO IO3BOJSIET BMECTE€ C JIPYTUMHU
TEXHOJIOTHYECKUMHU  [IpUeMaMH  o0ecleyuTb  HauMeEHbIee
CHIDKEHHE TMPOHMUIAEMOCTH HE(PTEHACHIIIEHHBIX KOJJIEKTOPOB.
WN3yuennto BiausHus [IAB  Ha mpoueccsl  ajncopObuuu U
CMaYyMBaeMOCTH TOPHBIX MOPOJ MOCBSAIIEHO JOCTATOYHO OOJbIIOE
KOJIM4YecTBO pabor [14, 72, 73, 74,

75, 76].

W3 ananuza 3THX paboT ciedyeTr, YTO NMpPUMEHSEMBbIE, MpU
IIEPBUYHOM BCKPBITUM IIACTOB cuHTeTHUeckue IIAB momxHbI
YIOBJIETBOPSTH CJIETYIOIIUM TpeOOBaHUSM: MOJIHOCTBIO
pacTBOpATbCA B IUIACTOBOM M TEXHUYECKOHW BOJE; CHMXKATh
Mex(a3zHoe HATSHKEHUE Ha TpaHulle paszzaena «puiabtpat 0ypoBoro
pactBopa - He(Tb» IpPH BO3MOXKHO MAaJbIX KOHIEHTPAIMAX;
MOBBIIIATH CMAYMBAEMOCTh IOBEPXHOCTU KOJIJIEKTOpa HEPTHIO, T.€.
obmnangath ruApo(OOU3HUPYIOIIMMH CBOMCTBAMH; HE3HAUUTEIHHO
a7copOMpoBaThCs HAa TOBEPXHOCTH KBAapLEBBIX, KapOOHATHBIX H
TJIMHUCTBIX — MOpPOJ;  Mpenynpexaars obOpazoBanue B I3[0
OMYJIbCHUHU, a €CIM OHa 00pa3yercsi, TO CHI)XaThb €€ CTOMKOCTb;
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MIPEeIYIPEeRAATh KOAryISAIHUIO TBEpAOH (a3sl OypOBOro pacTBOpa H
1iaMa ¥ He JIOMYCKaTh BBINAJCHUS UX B 0CaJ0K; CIIOCOOCTBOBATh
BCKPBITHIO IIJJacTa NPU MHHHMMAJBHBIX 3aTpaTax; HE OKa3bIBaTh
BJIMSIHYS HA OCHOBHBIE IIapaMETPhI pacTBOpa.

B OypoBoii nmpakTHKe MPH BCKPHITUN MPOTYKTHBHBIX TUIACTOB
Bce Oousblliee TNPUMEHEHHE HAXOJAT OE3MNIMHUCThIE OypOBbIE
pactBopbl. O1HAaKO nepexoj Ha OypeHUe CKBaKUH C IPUMEHEHHUEM
OE3rMUHUCTBIX ~ OypOBBIX  PAcTBOPOB  IEPBOHAYATIBHO  OBLI
00YCJIOBJICH CTPEMJICHHEM IOBBIIICHUSI MEXaHUYEeCKOH CKOpOCTH
MPOXOJKHM 3a CYET CHIDKCHHUS COJep)KaHUs TBepaod (as3el B
OypOBBIX pacTBOpax, H, CIIEAOBATEIbHO, COKPAIIEHHIO CPOKOB
CTPOUTEIBCTBA CKBAXKHH.

Tak I'ycemanom A.M. u 1p. OTMEYEHO, 4YTO MEPEXOA C
MIPOMBIBKHA 320051 BOJIOM Ha MPOMBIBKY TJIMHHUCTBIM PAacTBOPOM
BJICYET 3a COOOM M3MEHEHHWE MEeXaHM3Ma OYHUCTKU 3a00s OT
BBIOYpeHHOU mopozsl [77]. AHanu3 ¢GpakIMOHHOTO cocTaBa Mpod
nutamMa, OToOpaHHBIX TPU OypeHHH, MOKa3ajl, YTO MPHU MPOMBIBKE
CKBAKMH TJMHHUCTBIM pPacTBOPOM, IPOLIEHTHOE COZAECpXKaHUE
KpYIHBIX (pakiuil MeHbIe, a MeIKUX OoJbllle, YeM MpHU
MIPOMBIBKE BOJOWH. DTO OOBACHSIETCS TEM, YTO IpPU IPOMBIBKE
IJIMHUCTBIM ~ pacTBOpoM, oOpa3oBaHMe Ha 3a00e TJIMHUCTO-
[IUIAaMOBOM TOJYIIKM M pocT Au(PepeHIuaNbHbIX JaBIEHUN
3aTpy/AHSAET OT/AEJICHHE OTKOJIOTOM YacTH MOpoJsl OT 32004, a
OTJIeJIEHHAas 4acTh IOJIBEPraercss MOBTOPHOMY BO3JEHUCTBHIO 3yOa
LIapOILIKH, TO €CTh IOBTOPHOMY U3MENIBYEHHUIO.

Jlumkecom M.U. m JlutBumko B.I'. mokazano [78], 4rto
IPUMEHEHHE CIIa0OCTPYKTYPUPOBAHHBIX OypOBBIX PAaCTBOPOB C
MajbIM  COJEep>KaHueM TBepAod (a3l TMO3BOJSET  CO3JaTh
TypOyJIEHTHBIII pEXUM TEUeHUs pacTBopa IO 3aTpyOHOMY
MIPOCTPAHCTBY, YTO CIIOCOOCTBYET YIYULICHHIO KAaueCTBAa OYMCTKHU
CTBOJIa CKBaXXMHBI U MOBBIIIEHUIO 3(p(PeKTHUBHOCTH pabOTHI A0JIOT.

[rypaom B.b. moka3anHo, 4TO yBeJIMYE€HHE KOHLEHTpALUU
TBepAOW a3pl B OypOBOM pacTBOpPE OKa3bIBAET CYILECTBEHHOE
BIIMSHME HAa 3HAYCHUE MEXAHUYECKOM CKOPOCTH IPOXOJKH,
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YIEIbHYI0O MOIIHOCTh pa3pylIE€HUs U JPYrHe 3SHEPreTUYECKUe
MoKa3aTey npolecca pazpyuieHus [79].

Brlimeykazannbie JaHHBIE O BIMSHUU COJIEpPKaHUS TBEPAOU
(a3bl OypoBOro pacTBopa Ha MEXaHHYECKYI0 CKOPOCTh MPOXOAKHU
COIJIACYIOTCS C pe3yJIbTaTaMU 3KCIEPHUMEHTAIbHBIX HCCIIEOBaHUM
aMEpUKaHCKUX y4eHbIX [80] W MOATBEPKIECHBI HCCIEAOBAHUSIMU
Kpeicuna H.M., Haunenunckoit A.M. u np. [81] Ha mnpumepe
Oypenuss ckBaxkuH B Ilepmckom Ilpukampe. Heobxommmo
OTMETUTh, YTO MOBBIIIEHNUE [TOKA3aTele MEXaHUYECKONH CKOPOCTH
OypeHHUsT MOXET OBITh JIOCTUTHYTO HE TOJBKO PETYIMPOBAHUEM
OOIIETEXHOJIIOTHYECKUX IOKa3aTeneil OypoBOro pacTBopa, HO H
MOBBILIEHUEM €T0 CMa3bIBAIOLIUX CBOMCTB.

Cnenyer OTMETUTb, YTO HAJIUYUE B PACTBOPE AKTUBHOMN
TJIMHUCTON (ha3bl HE TOJBKO HETATHBHO OTPA)KaeTCs Ha CKOPOCTHU
CTPOUTENHCTBA CKBAXKUHBI, HO U B OOJIbIIICH CTETIEHU MPUBOIUT K
WHTEHCUBHOW KOJbMAaTalldd TOPOBOIO MPOCTPAHCTBA TMOPO/I,
3HAYUTENIbHO CHMXKas HMX MOPUCTOCTh M MpPOHMIIaeMOCTh. Kak
W3BECTHO, TJMHBI, MPUMEHsIeMble Il MPUTOTOBICHUS OypOBOTO
pactBopa, conepxat 10 50 % uactun BennunHoi meree 0,01 MM u
25 % yactun - 0,001 MM, 4TO COM3MEPUMO C BETUUYHUHOMN MOPOBBIX
kaHanoB. CHU3UTh OTpUIATENIbHOE BIUSHUE TBEPAOH (a3bl MOXKHO
3a CYEeT YMEHBUICHUs €€ KOHIIEHTPAIMH, a TAaK)Ke peryJIupoBaHHEM
€€ JMCIEPCHOCTH M XHUMHYECKOIO COCTaBa, HO IIPU 3TOM
HEOOXOIMMO YYMUTHIBATh 3HAUEHUS BEIUYUHBI TUIOTHOCTH W
CTPYKTYPHO-MEXaHHUECKUX CBOMCTB.

B cBi3su ¢ 3TMM, B TOCIEOHHE TOABl OCHOBHBIM
HampaBlIEHHEM B CO3JaHUM HOBBIX THUIIOB OYpPOBBIX pPacTBOPOB,
ObUTa pa3paboTka perentyp Oe3rJIMHUCTBIX OYpOBBIX PacTBOPOB,
pPacTBOPOB ¢ MUHUMAJILHBIM COJIEpP:KaHUEM TBEPI0H (a3bl HITH Ke C
KHCIIOTO-PAaCTBOPUMBIMH YTSKETUTEISIMHU.

W3BecTHBI MHOTOUYHWCIICHHBIE pEUEnTyphl OE3TIMHUCTHIX
OypoBBIX  pacTBOpoOB, paspaboranueie  Amremonyio O.K,,
Annpeconom B.A., Jlxxekconom /., Kucrepom D.I'., BynaTtoBbim
A.N., Jlunkecom M.U., MunxaiipossiM K.JI., Kpsicuneim H.H.,
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Hanenunckoit A.M., Tlogropuoseim B.M., [llapunoseim A.Y. u
JPYTUMHU OT€UECTBEHHBIMU U 3apYOCKHBIMU HCCIIEI0BATEISIMHU.
[Ipu pa3paboTke OE3TIMHUCTBIX CHCTEM HCCIEI0BATEISIMU
0oJbIIOE  BHUMaHHE  yIEJseTCs CHUKEHUIO TITyOUHBI
MPOHUKHOBEHHUS (uibTpaTa B IUIACT, 32 CYET PETYJIMPOBAHUS
coJiepKaHus MTOJINMEPCOJIEBBIX U KOMILUIEKCOOOPA3yIOIIUX
KOMIIOHEHTOB JAMCIIEpCHOW (Da3bl M JMCHEPCHOHHOW Cpelbl B
oypoBom pactBope. Tak, bmokom X. W ap. [82] mpemnoxen
OypoBOll pacTBOp, B COCTaB KOTOPOTO BXOJAT: BOJA, JOOABKH,
MOHMXKAIOLIME BOJAOOTAAUY, YTSDKEIUTEIN U BA3KOCTHOM areHr, B
KauecTBE KOTOPOrO HCIIOJIBb3YIOT MPOJAYKT PpEaKIUH >Kejle3a U
ruapookrcu. CoCTaB M TEXHOJIOTMSl IPUTOTOBJIEHUS pacTBOpa
JIOBOJIBHO CJIOXHBI JUI IPUMEHEHHUS B IPOMBICIIOBBIX YCIOBHSIX.
Kpoutos B.U. u Kpeuyn B.B. [83] yka3biBatoT, 4To 1moadop
IpaHyJIOMETPUIECKOTO COCTaBa TBEpAOH (ha3pl OypoBOro pacTBopa
JUIS BCKPBITHS MPOAYKTUBHBIX ILIACTOB CHOCOOEH CYIIECTBEHHO
YIYy4IIUTh  KauecTBO  (UIBTPAMOHHOM  KOpKH, H30exaThb
KOJIbMaTallUd IOPOBOTO IMPOCTPAHCTBA IIOPOJABI M COXPaHUTh
KOJUIEKTOPCKUE CBOWCTBA IPOAYKTUBHBIX TOPU30HTOB.
OcCHOBBIBasiCb Ha BBICOKHME PEOJOTMYECKHe IOoKa3aTeln
pacTtBOpoB B Iu1acToBbiX ycioBus B OAO «HIIO «bypenue» Oblina
pazpaboTaHa yHUBEpcaJbHasi TEXHOJOTHYEeCKas KUAKOCTH VIP
(viscosifier petroleum) [84]. [anHas >HIKOCTh MPEACTABISIET
co0Oif  TCEeBAOIUIACTUYECKYI0 B  IUIACTOBBIX  YCJIOBHUSX
reJeo0pa3HoOro BHJAa, OCHOBOW KOTOPOHl sBisieTcs HePTh WIH
CTaOWIBHBIA Ta30BBIA KOHJEHcAaT. HemocTtaTkoM mNpuUMEHsIEMOM
TEXHOJIOTMH, TIOMHMO OTHOCSAIIMXCS KO BCEM JKUIKOCTSIM Ha
He(TAHOM OCHOBe, SBISIOTCS MOBBIIICHHBIE PEOJIOTUYECKHE
cBoiicTBa (ycnoBHast Bs3kocTh 480 c¢), HempuemieMmble IIpH
MIPOBOJIKE CKBAYKHUH.
®enocoBbIM U JAp. pa3paboTaHa peuenTypa Oe3rJIMHUCTOTO
MOJINMEPHO-TUJIPOTENIEBOIO PacTBOpa THMA «IKOPHIL» HAa OCHOBE
ykcycHokucnoro xeneza (III) [85]. Dtu cucremsr o0OnagaroT
HEJUCTICPTUPYIONTUM JCHCTBUEM M BBICOKOW (DIOKKYIUPYIOIIEH
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CIOCOOHOCTBIO TOPOJA PA3TUYHOTO MUHEPATOTHYECKOTO COCTaBa,
SBIIAIOTCS. CUJIBHEHIIMMU WHTHOMTOpAaMH TJIMHHUCTBIX IOPOJ,
[PEIOTBPALAIOIIMMY ~ UX  HalyxaHue, JAMCIEPTUPOBAHHE U
oOpaszoBaHue M30BITOYHBIX 00BEMOB. Peonornueckoit
0COOEHHOCTBIO ITHX PAcTBOPOB SIBISIETCS ITCEBIOIUIACTUYHOCTD, B
pe3ylbTaTe Yero YyIydIllaeTcssi O4McTKa 3a00s U YyBEIMYMBAETCS
MEXaHMuecKas CKOpocTb OypeHus. [uupporeneBble pacTBOpBI
MO3BOJISIIOT ~ MPOBOJAUTH Teo(U3UUECKUE HUCCIEIOBaHUS IS
ornpezeseHus: 00beMa 3aracoB YIieBOJOPOOB B 3aJI€XKHU, a TaK Ke
paboThl, CBSI3aHHBIE C MPOBOAKOW CKBaKMH. OJHAKO Haau4ue B
cocTaBe

JUCIIEPCUOHHOW Cpelbl KaTUOHOB TPEXBAJIEHTHOI'O JKeje3a
MO>KET BBI3bIBaTb OOMJIBHOE OCaJKOOOpa30BaHUE MPU KOHTAKTE
(bunbTpaTa ¢ MIACTOBBIMH (IIIOHIaMHU.

Ha npennpusrtusx 3anagHoir CuOupu NpuUMEHsUIM pacTBOPHI
oumoduTa W Kpucraworuapara xjopuaa wmaruus [86]. C
HCIOJIb30BAaHUEM 3TOM JIETKO PaCTBOPUMOMN COJIM MOKHO MOJIYYUTh
pactBOp IoTHOCTHIO A0 1300 xr/mM”. OpHako pacTBop OuiogpuTa
TaKOW IJIOTHOCTH MMEET TEMIEPATypy KPUCTAIUIM3ALUU OKOJO 3
9C, uTo 3aTpyHACT €ro MPUTOTOBICHAE ¥ IPUMEHEHHE B YCIOBHSIX
Cesepa.

JUis WCKIIIOYEHUS OTPULATENIHOTO BIUSHUS TJIUHUCTOIO
pactBopa B uHctutyre «TarHUIIMHedTtr» Obuta pa3paboraHa
perientypa oOJIEr4YeHHOTO MOJIMMEP-MEIOBOr0 OypOBOro pacTBOpa
[87]. CoxpaHeHHE KOJJIEKTOPCKUX CBOMCTB, a TOYHEE, MEHbIIEE
MOBPEXKIACHUE TIJIacTa, JOCTHUTAeTCs 3a CUeT HE3HAYUTEIbHOTO
COJIEp’KaHUsI B PAcCTBOPE INIMHHUCTOM COCTaBJIAIOLIEN M HaJIW4Ms
XUMUYECKA aKTUBHOM TBepAouW (as3el, KOTOpas CO3JaeT
HWCKYCCTBEHHBIN 3allUTHBIA SKpaH. Ha craguu ocBoeHMs Takou
9KpaH JIETKO YyAalseTcs KUCIOTHBIM cocTaBoM. Hanuuune
TJIMHOIIOPOIIIKA B TaKOM pacTBope oOyciaBiMBaeT HeoOpaTtumoe
CHIDKEHHE (DUIIbTPALlMOHHON XapaKTEepPUCTUKH IJIacTa.

Knamnutom P. mpenyioskeH Oe3rmMHUCTHIN OypOBOM pacTBOp,
B COCTaB KOTOPOI'O BXOJAT TMAPOJIU30BAHHBIA IMOJIUAKPUIAMUL -
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0,048-0,48 %, runpocynbdur Hatpus - 0,13 %, Ouxpomat HaTpus -
0,13 % u Boma [88]. PactBop mmeer HM3KHE (IIOKYIUPYIOLIUE
cBoiictBa.  XUMHUYECKME  DPEareHTbl,  IPUMEHsSEMBbIE I
MIPUTOTOBIICHUS PaCTBOPA, I0POTrHe U AePUIIUTHBIE.

3060uunbM M. [89] mpemiokeHa mpOMBIBOUHAS KHIKOCTb
JUIS ~ KaueCTBEHHOTO  BCKPBITUS  MPOJYKTUBHBIX  IJIACTOB
cozepkamiasi B cBoeM cocraBe Ouomonmumep, NaOH wumun KOH,
kapoonar Harpus, kpaxmai, PAC-R, PAC-CL, KCI, mpamopnyto
KpOIIIKY, TICHOTacuTenh W Ouonua. Kak MOXHO 3aMETHUTh COCTaB
CUCTEMBl O4YEHb CIIOKHBIH U PpEeryjlupoBaHHE MapaMeTpoOB
KHUJIKOCTH B TIPOMBICTIOBBIX YCIIOBUSX MOYKET ObITh HEBO3MOHBIM.

XapuesiM W.FO. u ap. pa3paboran 6e3rmuHUCTBIA OypoBOM
pacTBOp Ha BOJHOW OCHOBE, B COCTaB KoToporo BxoisaT: 3-10 %
xnopuaa kamus; 0,02-2,0 % nomuakpunamuma; 3,0-4,0 %
JUTHOCYIH(OHATHOTO peareHTta — cradwim3aropa (Hampumep,
KCCB, nmm ®XJIC, wimm ox3wmi); 0,2-0,5 % KMII; 1-40 % cmecu
KapOOHaTa KaJbllusi U CEpHOKUCIIOTO *kee3a [90]. Jlns moBbImeHus
3¢ (HEeKTUBHOCTH peareHToB CTabUITU3aToOpOB pacTBop
oOpabateiBatoT mienouyamu B kommuectBe 0,1-0,3 % oT oOwnema
pacTBopa, JUIS YIY4IICHHUS CMa3bIBAIOIIUX CBOWCTB BBOIAT HE(Th,
HepTenpoaykTel, rpadut u paszmuuHsie [IAB. OcHOBHBIM
HE/I0CTaTKOM JTAHHOT O pactBopa SIBIISICTCS ero
MHOTOKOMIIOHEHTHOCTh U HE TEXHOJOTHYHOCTh B TPOMBICIOBBIX
YCIIOBHSX.

HasbyioBeiM  B.K. [91], mpu pa3paboTke TEXHUKH U
TEXHOJIOTUU TEPBUYHOTO BCKPBITUS TMPOJYKTUBHBIX IUIACTOB Ha

MECTOPOKICHUSIX,  HaXOJAIIMXCS  HAa  MO3JHEH  cTaguu
IKCIUTyaTaIluu, OBLT TPEMIOKEeH OYpOBOM pacTBOP COJEpIKaIIHii
UHTHOUpYIOIIHe J00aBKH u HEHOHOTCHHBIE ITAB,

o0ecTeYnBarOIINe HU3KUE 3HAUCHHS TOBEPXHOCTHOTO HATSHKCHUS
¢unbTpara Ha TpaHule ¢ HegThio. OHAKO B paboTe OTCYTCTBYIOT
JTaHHBIE TI0 COCTAaBYy pacTBopa u AuddepeHInpoBaHHAs OLIEHKA €T0
BJIMSIHUS HA CBOMCTBA MPUCKBAXUHHOW 30HBI IUIACTA.
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MunxaiiposeiM K.JI., Angpeconom b.A. u gp. [92] nns
BCKPBITHSI ~ MPOIYKTHUBHBIX  IUJIACTOB  HAa  MECTOPOXKICHUIX
bamkoproctana npeanokeH Oe3rNIMHUCTBIM MOJIMMEPHBIH pacTBOp
¢ ucnonb3zoBanueM I[IAA u Henmonorensnoix IIAB. B kauectse
KOMIIOHEHTOB ISl IOJIY4YEeHMs YKa3aHHOI'O pacTBOPA MCIOJIb30BAIN
ITAA, venonorennsie [TIAB (mkomay, OII-10 u ap.), TeXHHUECKHE
COJIM (XJIOpUABI HATPUsl, KAJIbLIMS, LIMHKA WK YKeJle3a) U IIaCTOBas
BOZa. DTHU PACTBOPHl UMEIOT BBICOKHE DPEOJOTMYECKHE CBOMCTBA
(Mun = 71-546 mlla-c) u BBICOKYIO IJIOTHOCTh, YTO OIPAaHHMYMBACT
00JacTh UX MPUMEHEHUS.

JUis BCKpBITHSA IUIaCTOB-KOJUIEKTOpoB Ha KacumoBckoMm
MOA3EMHOM XpaHWJIMIIE Ta3a aBTopamMu [93] ObLT TIpeaioKeH
BBICOKOMHUHEPAJIM30BAHHBIN OC3TIIMHUCTBIA OYpOBOH pacTBOp, HE
CONIEp>KaIllMii  TUCIEPCHOTO  HAMOJHUTENSA-yTHKeIUTens  (mpu
miotHoctH 1o 1500 kr/m®).  OcHOBa  CHCTeMBI -
BBHICOKOMUHEpAIM30BaHHAas BojHAas (haza CMEIIAHHOTO COCTaBa,
BKJIIOYAIOI[Asi HEOPTaHUYECKHE COJIU U HKOJIOTMUYECKU 0€30I1acHYI0
KOMIIO3UIIMIO TOJIUMEPHBIX  PETYISATOPOB  PEOJOTUYECKUX U
¢buabTpanmoHHbIX cBOUCTB. [lo 3asBneHN0 aBTOPOB KOd(hHULIHEHT
BOCCTAHOBJICHUSI ITPOHULIAEMOCTHU (GuIbTPyIOIIEro clos,
WMUTHPYIOLIETO MeCYaHUK miacta C HaydaJbHOU
npoHuIaeMocTbio 5386 M/l, mocie ucnosnb3oBaHus pa3padoTaHHOM
cucteMbl coctaBuin 70 %, B TO Bpemsl Kak NpU NPOKAYMBAHUU
CTaH/IAPTHOTO  MOJUMEPIVIMHUCTOTO pacTBOpa  YTSKEIEHHOTO
6aputom He mpesbiman 10-20 %. [Ipu onpoOoBaHus cocTaBa Ha
CKBa)KMHE YJAJIOCh MOJYYNUTh BBICOKYIO NMPOU3BOAUTEIHHOCT MPH
nenpeccun He npeBblmatomedn 1,5 MIla. Ognako cBeaeHus: o
KOMITOHEHTHOM COCTaBe pacTBopa B paboTe OTCYTCTBYIOT, KaK U
OTCYTCTBYIOT Pe3yJIbTaThl 1a00PaTOPHBIX UCTIBITAHUH.

beneit . u KonoBanos E.A. pa3pabotanu mnonuMepHbIN
AIFOMOAKPUJIOBBIN pacTBOp cieayroliero cocrasa: runad - 0,7-1,0
%; cepHOKHCTBIN amromMuami - 1,52,0 %; KaJbIIMHUPOBaHHAS COJIA -
0,5-0,6 %; Boma - ocranbHoe [94]. B pesynbrare B3aumMoaeiicTBUs
TUMaHa M CEPHOKUCIIOrO alllOMUHUS OOpa3yloTCs KOMILIEKCHI,
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KOTOpbIE U3-32 HU3KUX 3HaueHui pH cpenst (4,9-5,2) ocaxxnaroTcsi.
[ToBeimienne pH cpeapl BBeAEHHEM KalbLIMHUPOBAHHOW COJbI
NPUBOIUT K  OOpa30BaHUIO  OJHOPOIHBIX  PACTBOPOB  C
YIOBJIETBOPUTEIBHBIMU CTPYKTYPHO-MEXaHUYECKUMHU CBOMCTBAMH.
HecoBepiieHCTBO TaHHOTO pacTBOPa MOKHO OOBSICHUTH BBICOKUMU
(bIOKKYTUPYIOUMMHU CBOMcTBaMHU. UTO NPUBOIAUT HE TOJIBKO K
OUYHUCTKE €ro OT BEIOYPEHHON MOPOABI, HO M YIAICHHUIO U3 CHCTEMBI
MOJINMEPHBIX KOMILJIEKCOB.

JleonunoseiMm  B.M., Ilaxmypuneim I.A. mnpemioxen
MOJIMMEPHBIA  PacTBOp, B COCTaB KOTOporo BXomsaT 2.5 %
xpomnuka, 16 % KCCB-2, 1,5 % xaycrudeckoit combi, 80 %
IJIACTOBOM BOABI ¢ MuHepaym3aruen 75 r/n [95]. T1onoxuTenpbHbIM
JUTSL TAaHHOTO PacTBOPA SIBIISIOTCS HU3KUE TTOKAa3aTeNn (PHIIBTPAIIHH.
K HemocraTkaM crieqyeT OTHECTH HCHOJIB30BAHUE B OOJBIIHMX
KOJIMYECTBAX XPOMITHUKA U JIUTHOCYJIb(OHATOB.

AHnanu3 peuentyp O€3TTUHUCTBIX OYpOBBIX pPacTBOPOB
MOKa3aJ, YTo MOAXO0J K BBIOOPY COCTaBa pacTBOpa IMEepBOHAYAIHHO
oOycrmoBnuBaiCcs He  oOOecleuyeHWeM  KauyecTBa  BCKPBITHUSA
MPOIYKTUBHBIX TJIACTOB, a TOBBIIIEHHEM CKOPOCTH OypeHus u
0aszupoBajiCsi, B OCHOBHOM, Ha TPATUIMOHHBIX XUMHYECKUX
peareHTax, UCIMOJIb3yeMbIX JUISl PErYIUPOBAHMS OCHOBHBIX (DU3UKO-
XUMUYECKUX XapaKTePUCTUK TIMHUCTHIX cucTeM. OCHOBHBIM
HampaBlieHHEM B pa3paboTke OE3TTHHUCTBIX CHCTEM, B COCTaB
KOTOPBIX BXOJSAT AKPUJIOBBIC MOJHUMEPHI, d(PHUPHI IEIUTIONO3bI U
murHocynbdonarel [81, 82, 88, 90, 92, 94, 95], saBusercs
dhopMupOBaHUE YCTOWYMBON BO BPEMEHH 30HBI KOJbMAaTaIlUuH, IS
paspyuieHus KOTOPOW TpU OCBOCHHH CKBRKHUHBI HEOOXOIMMO
WCIIONB30BaTh  CHCIUAIbHBIE TEXHOJOTHHU. [lOMOXUTETHHBIM
MOMEHTOM SIBIISIETCSl MOAXOJA K BBIOOPY COCTaBa AMCIIEPCHOHHOMN
Cpenbl, KOTOPBIM MPEeAyINpeKaacT HAOyXaHue M JIUCIIEPTUPOBAHKE
JIMHUCTBIX ~ MHHEPANIOB  KOJUIEKTOpa  (KaJWeBblE  PacTBOPHI,
MJIACTOBBIE BOJBI MPOAYKTUBHBIX TOPU30HTOB) U MPEAYIPEKICHHE
obpazoBanust BHD (Bei6op [TAB).
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ABtopamu [96] mpemiokeH OE3TITMHUCTBIA 3MYJIbCHOHHO-
resieBelid  monucaxapuaabii  pactBop (BOITIP) s BckpwiThS
IUIaCTOB U TPOBOJKM CKBAXXMH B  OCJOKHEHHBIX TOpHO-
re0JOrM4YeCKUX YCIOBHSIX. PacTBOp MpUTrOTaBIMBAETCs Ha OCHOBE
1acTOBOM Bonbl. MHruOupyromue CBOWCTBA €My MNPHAAIOT
BBOJMMBIC  XJIOPHIbI Kanuss ©W  MarHusa. Peosornueckue
XapaKTEPUCTUKHU PETYIUPYIOTCS BBOJOM KpaxMmaia, IOJIMaHUOHHON
LEJUTIONO3bl WJIM KCAaHTAaHOBOM CMOJIbI, MOBEPXHOCTHO-AKTHUBHBIC
CBOWCTBA - 0OABKOW B COCTaB MIOBEPXHOCTHO AKTHBHOTO BEIIECTBA
KOMIUIEKCHOTO JIeHCTBUS. B KauecTBe KOJIbMaTaHTA-yTSXKEIUTENS
ucnosb3yercs: kapOoHar kanbliusg. Kpome Bcero mpouero B cocras
pacTBopa BKJIIOYaeTca HedTh, TMO-BUIUMOMY, B KadecTBe
cMasblBawoIie  no0aBku. JlaHHBIT pacTBOp IEpBOHAYAIHHO
paspabatrbiBasics [Uisi OypeHHS B HEYCTOMUYMBBIX TIJIIMHHUCTBIX
OTJIOKEHUSAX M B pabOTe HE paccMaTPUBAETCSl €ro BIUSHUE Ha
(bUIBTPAIMOHHO-EMKOCTHBIE CBOWCTBA IIACTA.

OcHoBHas 3ajada pa3padOTKU PEHEenTyphl OE3TJIMHUCTOTO
OypoBOro pacTBOpa 3aKjiloyajach B BbIOOpE MOJUMEPHOIO
peareHTa, CHocOOHOr0 B TIPOLECCE CTPOUTENBCTBA CKBAXKHUHBI
obecrieunTh (OpMHUPOBAHUE KOJIbMATAIMOHHOTO 3KpaHa B [I3TI,
KOTOPBIM JIE€CTPYKTYpUPYETCSL IOCIIE OKOHYAHHS CTPOMUTEILCTBA
CKBOKMHBI, = TE€M  caMblM, oOecreunBasi  BOCCTaHOBJICHHE
(GUIBTPALMOHHO-EMKOCTHBIX CBOMCTB NMPOJYKTUBHOTO ILIACTA.

B nmnocnenHee BpeMs B MUPOBOM MpakTUKe OypeHus ais
BCKPBITUS ~ MPOAYKTUBHBIX  IJIACTOB  NPUMEHSIOT  OypoBBIE
PacTBOPBI, COJIEpIKaIIIe B CBOEM COCTaBE MOJIMCaXapU/Ibl.

Tak, OxyneBeim M.C., Cepruenko JLII. u ap. nmpennoxkex
0e3rMUHUCTBI OypoBOW pacTBOpP ISl BCKPBITHS MPOAYKTUBHBIX
IJIacTOB, conepkammii kapookcumerumnmentonosy 0,8-1,2 %,
3aMeyHyIo BLIb, YIIOBJICHHYIO ANEKTpOoPUIbTPAMU
[IEMEHTHOOOKUTOBBIX meueir 16,8-37,2 %, GOpHYIO0 KHUCIOTY WM
terpadopatr Hatpus 0,1-0,1 % u Boxy [97]. OpuruHanbHble U HE
TPaJIULMOHHO MHCIIOJIb3YEMbIE PEAareHThl, JAal0T BO3MOXXHOCTb
MIPUMEHEHHUSI PaCTBOPA TOJILKO B €IUHUYHBIX CITyYasiX.
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Tpetbsix A.Sl. mpeanoxun OypoBOil pacTBOp, CoxepKaIluit
kapOokcumerunetonosy 0,5-2,0 %, AeKCTPUHOBYIO KpPOUIKY -
CMECh  YIJIEBOJOPOJOB,  OOpa3yIOUIMXCS  HpPH  THAPOJIU3E
kapTodenbHoro u mamcoBoro kpaxmana 0,5-2,0 % u Bomy [98].
JlexcTpruHOBas KpOIlIKa ABJIETCS KOJIbMaTallMOHHBIM
HaIlOJIHUTEJIEM, & OCTAIIbHOM COCTaB pacTBOPA OYEHb YYBCTBUTEIICH
K IOJIMCOJIEBOM MHUHEpaIU3alii, IO3TOMY NPUMEHEHHE JaHHOIO
pacTBOpa HOCUT OTpaHUYEHHBIM XapaKTep - TOJBKO B IPECHBIX
CUCTEMaX.

Tem ke aBTOpOM IPEAJIOKEH CIEAYIOLIUNA COCTaB pacTBOpa,
KOTOPBIN COJEpKHUT OeKCTpuHOBYIO Kpyny 0,5-3 %, KMI] 0,5-2,0
%, enkuit HaTp 0,1 % u Boxy [99]. Hanmnuue kaycTuyeckoi copsbl
co3jaer moBbllIeHHOe 3HaueHue pH cpenst (mo 14), uyro
OrpaHMYMBAET HMX NPUMEHEHUE B YCIOBHSIX HCIOJIb30BAHUS
QIIOMUHHUEBBIX TPYO M HEraTHBHO CKAa3bIBAETCSI HAa YCTOMUMBOCTH
CTEHOK CKBa)KUHBI.

Xapue W.IO. mpennoxusi HCMOIB30BATh JJISi BCKPBITUSA
MPOAYKTHUBHBIX IUIaCTOB OypoBOW pacTBop, conepxamuii KMI]
0,5-5,0 %, xpaxman 1-3 % u Bomy [100].

PazpaGotan psim TPOMBIBOYHBIX JKHUJIKOCTEH Ha OCHOBE
Kpaxmana ¢ Jgo0aBkamMu  (EpPMEHTHBIX TMpernapaToB  THIIA
SHJIOTIOUTAMEKTYPOJIO3bI WM aMuJioiuThuYeckux pepmentos [101,
102]. Ognako nelCTBUS W CBOMCTBAa (EPMEHTOB B ILIACTOBBIX
YCIIOBUSIX €LI€ HE€ JOCTaTOYHO W3Y4YEHbl, HX BIUSHUE Ha
KOJJICKTOPCKHE  CBOMCTBa IjjacTa W  He(TEHACBHIIIEHHOCTb
HEOJAHO3HAYHBI, TO3TOMY TPUMEHEHHE TaKUX IPOMBIBOYHBIX
XKHUJKOCTEH OTPaHUUEHO.

B ycrnoBusix BBICOKMX TeMIeparyp W JAaBlIeHUH, ObuIH
MOTBITKM ~ MCIIONIb30BaHMS B  KadecTBe OypoBOro pacTBopa
MJIACTOBOM BOJBI coxaepykamieit me3uid [103]. Takas Boga MoOXKeT
MOCTaBIATBECA Ha OypoByl0 IUIOTHOCTBIO 2200 kr/m®  Ges
colepkKaHusl  TBEPIAbIX  B3Becel. bBypoBbBIE  pacTBOpPBl  C
colepKaHUEM II€3Usi MOTYT MPEJCTaBIATh IMOTEHIUAIbHBIN
uHTEepec uid OypeHus M 3aKaHYMBAaHUSI CKBAXKMH, HO TOKA ellle He
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BBISIBJIEHBl BO3MOJKHBIE HEraTHBHbBIE IIOCJIEACTBUS, C KOTOPBIMHU
MIPEJICTOUT CTOJIKHYTHCS MPU OYPEHHUH MOCIIEAYIOIINX CKBAXKHH.

IIpy BCKpBITMM  TPEIIMHOBATBIX KOJUIEKTOPOB  HalUIU
MPUMEHEHHE CHUCTeMbl OYPOBBIX  PAacTBOPOB  COJAEpKaIUe
MHEPTHBIC HAIOJHUTEIN B Ka4eCTBE KOJIbMATAHTOB. B psizie Takux
pacTBOPOB  HCHOJB3YIOT  He(TEepacTBOPUMbBIE  OpPraHUYECKHE
YaCTHIIbl, HAIPUMEP BOCKHU U cMOJIbI [ 15]. B HEeKoTOpBIX pacTBOpax
IIpU  ONTUMAIbHBIX  TEMIIEpaTypax »dTH  YacTULbl  MOTYT
nepopMupoBaTbCs M JIEHCTBOBaTb Kak  MaTepuaibl UL
perynupoBanusi  (QUIBTpalMd U OOpa30BaHUS  CBOJIOBBIX
IepeMblYeK. OTH CHCTEMbl JIydllle BCEro paboTalT IpHU
temrneparypax ot 65 no 95 °C. Ilpu temneparype Hmxe 65 °C
TakM€ 4YacTHULIbl CTAHOBSATCS CIMIIKOM TBEPIAbIMHU, a IpuU
TeMieparypax csoie 95 °C - CIIMIIKOM MITKUMH.

B KHCIOTOPAacTBOPUMBIX U MOAJAIOIINXCS OMOXUMHYECKOMY
pa3NoXKEHUI0 cucreMax OypoBBIX PAcTBOPOB B KadecTBe
3aKyMOPUBAIOIINX MaTepuasoB 0OBIYHO HCIOJIb3YIOT
M3MENbYeHHBI  KapOoHaT Kambimst [15]. °H  MONHOCTBIO
pacTBOpSIETCS B KUCJIOTE M MOCTABIISIETCA B BUJIE IIMPOKOW raMMBbl
MOPOIIKOB  Pa3jIMYHOTO TpaHyJIOMETPUYECKOro coctaBa (OT
HECKOJIbKUX MUJUIUMETPOB IO COTBIX JIOJNEeH MHUJUIUMETPA).
VYcranosneHo, 4TO npu MPaBUJIBHOM noabdope
IPaHyJIOMETPUYECKOTO COCTaBa C IOMOILIBIO CYCIEH3MH OIHOTO
KapOoOHaTa KajJbI[Usl MOXHO IPOBOJUTH KPATKOCPOUHBIA PEMOHT
CKBa)XMH.

[IpoBeneHHsIM aHaln3 CYILLECTBYIOIIUX CUCTEM,
MPUMEHSAEMBIX [IJIS BCKPBITUS MPOJYKTUBHBIX IJIACTOB, IMOKAa3al
HaJMuMe MX MHOKECTBA, pa3pabaTbIBaeMbIX KaK CIEUUaIbHO IS
KOHKPETHBIX T€0JIOTMYECKHUX YCIOBUM, TaK W TMOMNBITKM HaWTH
YHUBEPCAJIbHYIO pPEleNnTypy. OJHAKO OOJIBIIMHCTBO PacTBOPOB
pa3pabaThIBalINCh OMUPASCh HA OTAEIbHbIE (PAaKTOPHI BHI3BIBAIOIIINE
CHIDKEHHE €CTECTBEHHOI MPOHUIIAEMOCTH KOJIEKTOpOB. B peaxux
CIIy4asix yYUTBIBATIUCH IBa-TpH (pakTopa.
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Haubonee mnepcreKTHBHBIM HalpaBlieHUEM, B CO3JaHHU
peuenTypsl IPOMBIBOYHOM JKUIKOCTH SIBJISIFOTCSL MCCIEAOBAaHUSA
MOJIMMEPCOJIEBBIX COCTaBOB 0e3 cojaepikaHus TBepaod ¢assl. B
cllyyasix HEOOXOJMMOCTH HCIOJIb30BAHUS PACTBOPOB INIOTHOCTBIO
Beume 1400 Kkr/mM°, BO3MOXHO  100aBiIcHHE WHEPTHOTO
YTSDKEJINUTENA, IpU  YCIOBUM OOECIEYeHMs OTCYTCTBHS €ro
OTPULIATEIILHOTO BIIMAHMS Ha IPOHULAEMOCTb IPUCKBAKUHHOU
30HBI KOJUIEKTOPA.

KoHTpoJibHbIE BOIPOCHI:

1. Yro Takoe KOA(PPUIIMESHT COBEPIICHCTBA CKBAKUHBI?

2. Kaxue mapamerpsl Bxoast B ypaBHenue lapcu?

3. KakoB MexaHu3M 3arpsi3HEHHs IUIacTa TBEPAOH
¢azoii pactBopa?

4. KakoB MexaHM3M 3arpsi3HEHHs IUIacTa (QHIBTPATOM

pactBopa?

5. Chopmynupyiite TpeOOBaHUS K pacTBOpaMm AJis
BCKPBITHS IJIACTOB.

Tema 3. KOHCTPYKIUSA CKBAKNHBI

HaubGonee pacmpocTpaHeHHBIM  cmOcOOOM — KperuieHUs
CKBAYKUH SIBJISIETCS CIIYCK B CKBa)KMHY KOJIOHHBI 00CaJgHBIX TpYO,
3aloTHEHNE 3aKOJIOHHOTO MPOCTPAHCTBA pacTBopamy,
CIIOCOOHBIMH  CO  BpEMEHEM  3aTBepAeBaTh M  CO3/1aBaTh
TEPMETUYHYI0O U TIPOYHYIO CBSI3b MEXAY TpyOaMH W TOPHBIMHU
MTOPOJIAMH.

3.1 TIloHsATHE O KOHCTPYKIIUU CKBAYKUHBI

HO}I KOHCTPYKHI/IGI\/’I CKBAXXHUHBI ITOHUMACTCA COBOKYIIHOCTH
CBEICHMI O KOJMYECTBE U INIyOMHAX CIycKa 00CaJHBIX KOJIOHH, UX
AnaMETpax, JuaMeTpax CTBOJIa CKBAXXHUHBI ITOA KaXKAYI0 U3 KOJIOHH
U UHTEpBaJlaX LEMEHTUPOBaHUS (TJIyOMHAX BEepXHEH M HIKHEH
TPaHMI] KAXJI0TO HHTEPBaJIa).
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3.2. Buzpl 06cagHbIX KOJIOHH

IIponiecc  cTpouTenbcTBa  CKBOXKHMHBL, Kak  MIPAaBUIIO,
COIIPOBOKAACTCS MPEAYIPEKIACHUEM, a 3a4acTyI0 M JIMKBUIAIAEH
pasIMYHOIO poJia OCJIOXKHEHUH -00Bajbl, OCHIIHM, IOTJIOLICHUS,
He(TEBOAOra30nposiBiIeHUs U T.4. [1o3TOMy mpH MpOeKTUPOBaHUU
KOHCTPYKLIMU CKBaXHHbI, B 3aBUCHUMOCTH OT TI'€OJOTMYECKUX
yciaoBuid OypeHHs, OCOOCHHOCTEW 3aJieraHusi TOPHBIX MOPOJ, UX
(U3MKO-MEXaHNYECKUX CBOMCTB, BEJIMYUH IJIACTOBBIX TEMIIEPATYP
W JIaBJICHUH, TABJICHUI THUAPOpa3phiBa MOPOJI, HA3HAYCHUS U LENIN
OypeHus, MpeanojJaraéMoro MeTo/a 3aKaHYMBAHUS CKBA)KHUHBI,
crniocoba OypeHwus, crnocoda U TEXHUKH OCBOCHUS M IKCIUTyaTalluu
CKBa)XMHBI, YPOBHsI OpraHU3allMy TEXHUKU U TEXHOJIOIMU OypeHus,
IpelycMaTpuBaeTcsi  pasielieHue  30H  (MHTEpBalOB)  C
HECOBMECTHMBIMU YCIOBUAMU OypeHUs: 00CcaJHBIMU KOJIOHHAMHU.

Bce oOcamabie KOJIOHHBI 10 CBOEMY Ha3HAUCHHIO HMEHYIOTCS
CIIEAYIOIIUM 00pa3oM.

Hanpasnenune - mnepBas KoJloHHa o0OcCaJHbIX TpyO ¢
HauOONBIIMM  JMAMETPOM, ciyXamas i [peJoTBpaleHUs
pa3mMbiBa M OOpYIIEHUS TOPHBIX MOPOJI BOKPYT YCThbS CKBaXKHHBI,
W30JISAIIUN BEPXHUX BOJOHOCHBIX TUIACTOB, TIEPEKPHITHS U30BITOYHO
JBANUCTBIX MEP3JIBIX TOPHBIX MOPOJ, a TakXke I COeIUHEHMS
CKBA)KMHBI C KEJIOOHON cUCTeMOM. B ckBakMHax cOOpyKaeMbIX B
aKBaTOPHSIX, HaIpaBJIeHUE HEOOXOAUMO Ul YKPEIJICHHUs CTBOJIA B
TOJIIE JOHHBIX ocaakoB. ['myObuHa ee cimycka ot 20 10 60 m (pexe
no 100-150 ™), omnpenensercs KOHKPETHBIMH — T'€0JIOTO-
TEXHUYECKHMH YCIOBUSMH PETHOHA (MECTOPOKICHUS).

Hanpasnenue, kak mnpaBuio, oaHo. OgHaKo MOTYT OBITH
CITydal KpeTUIeHHs] CKBXHH JBYMSI, KOTJIa BEPXHsIS 4acTh pa3pes3a
NpEJCTaBlIeHa  HACBIIHBIM  IECKOM  WJIH  HMeEeT  JIpyrue
O0COOEHHOCTH. OO6b1YHO HaIpaBlieHUE CIyCKaIOT B
3a0JIaTOBPEMEHHO TOATOTOBJICHHYIO INAXTy WM CKBaXHHY U
[EMEHTUPYIOT JI0 YCThSI.
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Hannune nampaBieHust - 0053aTeNbHO (MCKIIOYEHUE €ro U3
KOHCTPYKUUH  CKBXXHHBI  JIOJDKHO  OBITh  TEXHOJOTUYECKHU
000CHOBaHO).

Kongykrop - komoHHa o0cagHbpIx TpyO, ciyckaemas B
CKBR)XHMHY IIOCJI€ HANpPaBICHUSA, M CIyXKallas s pa3oOuieHus
BEPXHEr0 MHTEpBaja pa3pe3a TOPHBIX MOpPOA, H3OJSALUU
MPECHOBOJHBIX ~ TOPU30HTOB  OT  3arpsA3HEHUH,  MOHTaxa
MIPOTUBOBLIOPOCOBOTO O0OPYIOBAaHUS U TOJBECKH IMOCIEIYIOIINUX
oOcamHpix  KoJMOHH. KoHmykTop  siBisieTcst  00s3aTEIbHBIM
JJIEMEHTOM  KOHCTPYKIMU  CKBaXWHBL.  ['nmyOmHa  cmycka
KOHJIYKTOpa OMPEIEIsIeTCS M3 YCIOBUS TEPEKPBITHS BEPXHUX
HEYCTONYMBBIX OTIIOKEHUH, M3OJSIUH BOJAOHOCHBIX TOPHU3OHTOB,
300 MI'TI ¢ oOs3aTenbHBIM pa3MellleHueM OaliMaka B IUIOTHBIX
TIIMHUCTBIX Topojax. PekoMmeHayercss Uis MECTOPOXKICHUM
3amamHoit CuOWpHM TEpeKphIBaTh KOHAYKTOPOM HEYCTONYMBBIE
OTJIOKEHUS JTIFOJIMHBOPCKUX TJIKH.

[Ipomexyrounas  oOcagHass  KOJIOHHA  CIY)KUT  JJis
pa3o0IeHNsT HECOBMECTUMBIX M0 YCIOBHUSIM OypeHHsS 30H MpHU
yrayOJeHUN CKBaKUHBI 0 HAMEYEHHOW TITyOUHBI, OHH MOTYT OBITh
CIIEYIOIINX BUOB:

CrnomHele - TMEepeKpHIBAIOIINE BECh CTBOJI CKBaXXHHBI OT
320051 10 yCThsI HE3aBUCUMO OT YCIIOBUM KpEIUIEHUS IPEIbITyIIEr0o
WHTEpBaa.

XBOCTOBUKM - JUISl KpEIUIEHHUSI TOJBKO HEOOCaXXEHHOrO,
WHTEpBalla CKBAXKUHBI C TEPEKPHITHEM TMpeAbIayIeil oOcamaHoi
KOJIOHHBI Ha HEKOTOPYIO BEITMIMHY.

Jleryuku - cHOenWanbHBIE MPOMEXKYTOYHBIE O0OCagHBIC
KOJIOHHBI, CHIYyXaIllie TOJBKO JUIsl TIEPEKPHITHS HWHTEpBaia
OCTIO)KHEHUH W HE HWMEKIIHUE CBSI3W C MPEABIAYIIMMH WIH
MOCJIEIYIOIUMHU 00CaTHBIMUA KOJIOHHAMM.

DKCIUTyaTalliOHHasl KOJIOHHA - camasl MOCIETHss KOJOHHA
o0camHbIX TpyO, KOTOPOW KpEMST CKBOKHHY JJIs pa3oOIeHus
MPOAYKTHBHBIX TOPU30HTOB OT BCEX OCTANBHBIX TIOPOJ U
W3BJICYCHUS] U3 CKBAXXUHBI HE(TU WIM ra3a, Wik, HA00OpOT st
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Hargu€tTaHusa B IJIACThI KUJAKOCTU HJIN ra3a.IlH0rﬂa B Ka4e€CTBC
IKCIUTyaTallAOHHON  KOJIOHHBI ~MOXET OBbITh  KCIIOJb30BaHa,
YaCTUYHO WJIH MOJHOCTBIO, MTOCIEIHSS TPOMEKYTOUHAS KOJOHHA.

B TexHumyeckoil JMTEpaType KOHCTPYKIHIO  CKBAXKHH
M300paxaroT ClieayromuM o0pa3oM (pucyHOK 3.1): CIUTONIHBIMU
KUPHBIMU JIMHUSIMH ~ TTOKa3bIBAIOT OOCAIHBbIC KOJOHHBI, YHCIO Y
BEPXHETO KOHIIa 03HAYaeT TUAMETP KOJIOHHBI, Y HIXKHETO-TITyOuHy
CITycKa.

20 2024 “A
i |
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400 400 400
800
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/ 900
1000 °, 1000 g
#, %
/| 1500
7 b
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Pucynok 3.1 - I'papuueckoe m3zoOpaxeHHe KOHCTPYKLUU
CKBAYKUHBI:

Ecnu xonoHHa mepekphlBaeT IUINh HIDKHUN HHTEpBal
CKBKHUHBI ¥ HE JIOXOJIWT JIO YCThS, TO YHCJIO y BEPXHEro KOHIIA
KUPHOU JINHUU O3HAYaeT TNIyOUHY HaXOXK/IEHUSI BEPXHETO CEUCHHUS
KOJIOHHBI, THAMETP K€ KOJIOHHBI ITOKA3bIBAIOT YUCIIOM Ha YPOBHE
BEPXHUX KOHIIOB OCTATBHBIX KOJIOHH (pUCYHOK 3.10).

Korga BepxHmii y4acTok 0OCaJHONW KOJIOHHBI COCTaBJICH W3
TpyO GoJbILIEro AuameTpa, YeM HIKHHM, ee H300paxaroT JOMaHOH
KUPHOU JInHKUEH (pucyHOK 3.1 B). Y BEepXHEro KOHIA YKa3bIBAIOT
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oba auameTpa, a y MecTa HU3JOMa JHHHUU -TIYOMHY CTBIKOBKU
y4acTKOB. Takyro KOJIOHHY Ha3bIBalOT «KOMOMHUPOBAHHOM.

HHTrepBanpl LEMEHTUPOBAHMS IIOKA3bIBAKOT IITPUXOBKOM;
4lClla y BEPXHEH W HWKHEW I'PAHMIl 3aIUTPUXOBAHHOIO Y4acTKa
O3HAYaIOT INIyOMHBI HHTEPBAJa IEMEHTHUPOBAHUSI.

3.3. TpeGoBaHUs K KOHCTPYKIIMH CKBOKHH

Ilon HanEXHOCTBIO KOHCTPYKLHH CKBa)XMHBI ITOHMMAETCS
Tako€ TEXHMYECKOE COCTOSHUE 3aKpeIUIEHHOW 4YacTH CTBOJIA
CKBAKMHBI, KOTOPOE TO3BOJSET OCYILECTBIATh KOMIUIEKC
TEXHOJIOTUYECKUX OIEpalvii, HaIpaBICHHBIX Ha YCIEIIHOE
MPEOJOJICHUE  BO3HHMKIIMX  OCIOXHEHHM W JaJIbHEH1ee
yriyoneHue CKBaKuHbl. [IpH 3TOM KOHCTPYKIMSI CKBa)KHUHBI
JOJDKHA OTBEYATh CIICAYIONIUM TpeboBanusm [3]:

- MAaKCHUMaJIbHOE MCIOJb30BAaHUE IUIACTOBOW OHEPrUU
MPOAYKTUBHBIX TOPU30HTOB B IPOLIECCE AIKCIIyaTallud 3a CYET
BbIOOpaA ONTUMAJILHOTO JUAMETPa SKCIUTYaTallMOHHOM KOJIOHHBI U
BO3MOYKHOCTH JOCTUKEHUS MIPOEKTHOTO YpOBHS
TUIAPOJIMHAMUYECKON CBSI3M  NMPOLYKTHBHBIX OTJIOXKEHHUH €O
CTBOJIOM CKBa)KHMHBI;

- IpUMeHeHne 3PPEKTUBHOTO 000PYIOBaHMS, ONTUMAIBHBIX
CIOCO0OB M PEXHUMOB 3KCIUTyaTallM, MOJJEPKAHUS IIaCTOBOTIO
JaBJICHUS U APYTUX METO/I0B MOBBILICHHS HEPTEOTIauu TUIaCTOB;

- ycioBus Oe30macHOTO BeaeHus pabor Oe3 aBapuil u
OCJIO)KHEHUH Ha BCEX 3Talax CTPOMUTENIbCTBA M JKCIUTyaTallMH
CKBAKUHBI;

- YCIIOBHUSI OXpaHbl HEIp U OKPYKAIOIIEH Cpeibl: B MEPBYIO
ouepelb 3a CYET NMPOYHOCTU KPENMU CKBAKUHBI, T€PMETHYHOCTH
00CaJHBIX KOJIOHH U KOJIBLIEBBIX MPOCTPAHCTB, a TAK)KE MU3OJISLNU
¢bmoniocoepKaliuX ~ TOPU3OHTOB  JApYyr  OT  JApyra, OT
MIPOHUIIAEMBIX TIOPOJI M THEBHOM MOBEPXHOCTH;

- MUHUMAJIbHYIO YHU(UKALHUIO TIO0 THIIOpa3MepaM 00CaJHbIX
TpYyO U CTBOJIA CKBa)KUHBI.
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[Ipu mocTHMKEHUU yKa3aHHBIX TPeOOBaHUI 00ecTeYnBaIOTCs
HaWIy4llie TEXHUKO-I)KOHOMHMUYECKHE IOKa3aTead Kak Ipolecca
OypeHus, TaK U MOCJIEAYIOUICH IKCIUTyaTallii CKBAYKHHBI.

3.4 OcHoBHBIC (AKTOPHI, BIMSAIONIME HA MPOCKTUPOBAHUE
KOHCTPYKIIUU CKBAKUHBI

Haubonee onpenenstomyMu (akropamy, BIMSIOIIMMH Ha
KOHCTPYKLIMIO CKBaXKUHbI, SBJISIOTCS I'€OJOTHYECKUE YCIOBUS
OypeHusi, Ha3HauU€HHE CKBA)XMHBI M croco0 OypeHus. OcTaibHbIE
(bakTopsl SBISIOTCA CYOBEKTHBHBIMH W HW3MEHSIOIIUMUCS BO
BpeMeHU. OTHU (aKTOpbl MO3BOJSAIOT YNPOUIaTh KOHCTPYKLIHUIO
CKBAYKUHBI, HO HE SIBJISIIOTCS ONPEAETSIOUUMHU.

PaccmoTpuM BKpaTiie BIMSHHME OCHOBHBIX (DaKTOpOB Ha
110/100p KOHCTPYKIUU CKBaKUHBI.

I"eosiornyeckue ycnoBus OypeHus

CrnenyeT y4uThIBaTh:

a) XapakTep IOpOJ, BCKPHIBAEMBbIX CKBAXHHON (C TOYKH
3peHusi BO3MOKHBIX 00BaJIOB, OCBINIEN KaBEpHOOOpa30BaHU);

0) HamuuuMe 30H BO3MOXHBIX Tra3o- Hedre- u
BOJIOTIPOSIBIIEHUI M TOTJIOMIEHUH HPOMBIBOYHOM >KUAKOCTH H
YCIIOBUS, IPU KOTOPBIX 3THU OCJIOKHEHUS BO3HUKAIOT;

B) MpPOHHUIIAEMOCTh TMOPOJ M IUIACTOBBIE  (IIOPOBHIC)
JIaBJICHHUS;

I') TeMIIepaTypa ropHbIX OPOJI IO CTBOJTY CKBa)KUHBI;

N) yribl MajJeHusi MOpOJ M YacToTa 4YepeloBaHus HMX IO
TBEPJIOCTH.

[Topoasl ¢ HU3KOW TPOYHOCTHIO JOJDKHBI OBITH TEPEKPHITHI
oOcalHOW KOJIOHHOM cpa3dy ke TIOCie BCKPBITUS Bcei ee
MOIIIHOCTH. B MpOTHBHOM citydae MOT'YT 00pa30BbIBaThCS OOBAIIbI.
Ecnmu  MOImHOCTh HEYCTOWYMBBIX MOpoJ Oomblas, cleayer
pa3feNnuTh €e Ha psi MHTEPBAJIOB, KOTOPbIE IOCTE MPOXOAKU
3aKpeIUIAIOTCS 00CaTHBIMU KOJIOHHAMH.

30HBI C pa3IMYHBIM XapaKTePOM OCJIOKHEHUU (Hampumep,
MPOSIBJICHUS. M TIOTJIOIIEHHS) TaK)Ke JOJDKHBI OBITh M30JMPOBAHBI
Apyr oT apyra. Eciau miacToBele JaBlieHUs! IPEBOCXOIAT AaBICHUS
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TUIpOpaspblBa MOPOJ, TO NPEAYNPEKIECHUE KAXKIOTO0 M3 ITUX
OCJIO’KHEHU I JOCTUTAIOTCS MIPOTUBOMOJIOKHBIMU
HECOBMECTHMBIMH MeToJaMu. Hampumep, Uit mpenynpexacHus
He(Tera3oBOONPOSIBICHUN, OChINEeH, 00BaloB TpeOyeTcs BECTH
OypeHue ¢ NMPUMEHEHUEM YTSKEIEHHBIX OYpOBBIX pPacTBOPOB, a
JUIS TIPEAYNPEKICHHs TOTJIONICHUH MIIOTHOCTh PacTBOpa CIEIyeT
CHIDKATb.

TemmepaTypa TOpHBIX MOPOJ OKa3bIBaeT 3HAYUTEIHHOE
BIMSIHUE Ha (U3NKO-MEXaHWYECKHE CBOWCTBA OYpOBBIX H
TaMIIOHKHBIX PACTBOPOB. OJTO MPUBOJUT K HEOOXOIMMOCTHU
UCIOJIb30BaTh  Pa3JIMYHbIE  HECOBMECTHMbBIE  CHUCTEMBI, a
cienoBarenbHO  TpeOyercs — pa3o0marh  MOJOOHBIE  30HBI
o0caHBIMU KOJIOHHAMHU.

Yriuel majeHuss TOpPOA M YacToTa 4YepeAOoBaHUA HX IO
TBEPJIOCTH TIPU TMPOYHMX YCIOBHSIX OKA3bIBACT BIHMSIHAE HA YIOJN
UCKPUBJICHHS CKBaXUHBI.  Uem OoJbllle yribl MajJeHus MOpoJl U
4YeM 4allle MOpoJbl 4YepeAylTcs, TEeM BbIllIe TeMI Habopa
KPUBU3HBI.

JUis  yCHEemIHOTO  BBINOJHEHUS 3aJlaHHOW  MPOrpaMMbl
KpEeIUIeHUsI HeoOXOIMMO, YTOOBI yIJIbl HMCKPHUBJIEHUS  OBLIN
MUHUMaJIbHBIMH, KpOME€ TOro, Kojie0aHHs 3E€HUTHOTO U
Q3UMYTQJIBHOTO  YIVIOB  SIBIIFOTCA ~ OCHOBHOM — NPUYHHOMN
0o0pa3oBaHMs KeNOOHBIX BHIPAOOTOK B CTBOJIE M HENOMyCKa
00caHON KOJIOHHOM 1O TPOEKTHOM TITyOHHBI.

Hasnauenue ckBaxkunbl. CoyeraHue 00CaAHBIX KOJIOHH
Pa3IMYHBIX JHAMETPOB, COCTABIISIONINX KOHCTPYKITHIO, CKBOKUHBI,
3aBUCHUT OT TMaMETpPa IKCIUTYaTalHOHHOW KOJIOHHBI.

JlnamMeTp PKCITyaTallMOHHON KOJIOHHBI HEPTSHON CKBOKUHBI
BBIOMPAIOT B 3aBUCUMOCTH OT JeOMTa CKBAXKHUHBI, a TaKxke
BO3MOYKHOCTH TPOM3BOJICTBA TeO(DU3HUYECKUX, aBapUUHBIX W
PEMOHTHBIX PabOT B CKBAXHHE.

JlmaMeTp OKCIUTyaTallMOHHBIX KOJIOHH HarHETaTeIbHBIX
CKBa)XMH 3aBHCHUT OT JIaBJICHUS, IPU KOTOPOM OyJeT 3aKaunBaThCs
pabouunii areHT B TUIACT M OT MPUEMHUCTOCTH IiacTta. [Ipu BeIOOpE
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JMaMeTpa IKCITyaTallMOHHON KOJOHHBI pa3BEI0YHbIX CKBAXXUH Ha
CTPYKTypax C BBISBJICHHON MNPOAYKTUBHOCTHIO He(DTH WM Ta3za
pemaomuM  (HaKTOpOM  SIBJISIETCS 00€CIICUCHHUE YCIOBHMA IS
MPOBEJCHUSI ONPOOBIBAHUA U TOCIEAYIOIIEeH JKCIUTyaTalluu
MIPOMBIIIJICHHBIX 00BEKTOB.

B pa3BepouHbIx CKBakMHaxX (IIOMCKOBOT'O XapakTepa) Ha
HOBBIX IUIOIIAJSAX JAUAMETP 3KCIUTyaTallUOHHOW KOJIOHHBI 3aBUCUT
OT HEOOXOJIMMOTO KOJIMYECTBA CITYCKa€MbIX IPOMEXYTOUHBIX
00CaHBIX KOJIOHH, KaueCTBa MOJIYy4aeMOro KEpHOBOTO MaTepuana,
OT BO3MOXKHOCTH IPOBEICHUS DSJIEKTPOMETPUUECKUX paboT H
UCTIBITAHUS BCKPBITBIX OOBEKTOB Ha MPHUTOK. CKBaXHHBI 3TOU
KaTeropuu IOCJe CIyCcKa MOCIeAHEeH MPOMEXYTOUHON KOJIOHHBI
MOXXHO OypuTh nauamerpoM pgojora 140 MM u MeHbIIE C
MOCIEAYIOIUM CIIyCKOM 114 MM 53KCIUTyaTallMOHHOM KOJOHHBI
WM KOJIOHHBI MEHBIIET0 AUaMEeTpa.

CHmxKeHne ypOBHSI JKUJIKOCTH B CKBaXHHE MpH J00bIUe
He(pTHU WIM  CHWKEHHE  JaBJieHHs Tra3a  oOycllaBIMBaeT
BO3HMKHOBEHHE CMHUHAIOIIUMX Harpy3ok. Bcnexcteue 3rtoro
KOJIOHHA JOJDKHA OBITh COCTaBJ€Ha M3 TpyO Takoil NPOYHOCTH,
YTOOBI B MPOLIECCE IKCILIyaTalluy HE MPOMU30LLIO Obl UX CMSTHS.
VYBenndyeHue auameTrpa TpyO CHMXKAeT UX CONPOTHBIISEMOCTh Ha
cmatue. [loatomy st obecrieyeHMs JIUTENBbHON  pabOTHI
CKB)XMHBI OJIHUM M3 OCHOBHBIX (PAKTOPOB MpH BBHIOOpPE AHaMeTpa
AKCILTYyaTalMOHHON KOJIOHHBI SIBJISIETCS HEOOXOAMMAsl MPOYHOCTb
Ha, CMHHAIOIIME W CTparMBalollMe YCWIHA, a TakXke U Ha
BHYTpEHHEE J1aBJICHHE.

Metoa BCKpBITHS I1acta. MeTOJ BCKPBITHS OIPENENIOT
IJIaBHBIM  00pa3oM OCOOEHHOCTSIMH TPOJAYKTHUBHBIX IIIACTOB,
HQJINYMS TPOIJACTKOBBIX UM TMOJOLIBEHHBIX BOJ, BEITUYUHON
IJIACTOBOTO JABJICHUS, IMPOYHOCTHIO JABJIEHUS MOPOJA, THUIIOM
KOJIJIGKTOPOB (TpaHyJIApHBIN, TpeIMHOBAThIM U 1p.). Ha pucynke
3.2 moKa3zaHbl pa3jMyYHble KOHCTPYKIUHU SKCITyaTallMOHHBIX
KOJIOHH B 3aBHCHMOCTH OT METOAAa BCKPBITUS M CIocoba
KpEIUIeHUsI TPOYKTUBHOTO I1JIacTa.
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[Ipu HOPMAJIbHBIX U MOBBIIICHHBIX  JABJICHUSAX
AKCIUTYaTal[MOHHYIO KOJIOHHY IEMEHTHPYIOT uepe3 Oalmax.

[Ipy mMOHMMXKEHHBIX TUIACTOBBIX JABJICHUSX, OTCYTCTBUU
MPOIJIACTKOBBIX UM MOJOIIBEHHBIX BOJA M JIOCTATOYHON MPOYHOCTH
MOPOJI TJIaCTa B HEKOTOPBIX CIYyYasx, MOCIE BCKPHITHA OOBEKTa,
SKCIUTyaTallMOHHYI0  KOJOHHY, WMEIOIIYI0 (QWIBTp MPOTHB
MPOAYKTHUBHBIX TOPH30HTOB, IIEMEHTUPYIOT Yepe3 OOKOBBIE

1 2 3 4 5 6 7
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Pucynok 3.2 - Tumbel KOHCTPYKIHMH SKCIUTyaTallMOHHBIX
KOJIOHH: 1, 2 - CIUIOIIHBIE KOJIOHHBI, 3alleMEHTHPOBAHHBIE
COOTBETCTBEHHO uepe3 OalIMaK M CHeNHaTbHBIE OTBEPCTHUS HaJ
iactToM; 3, 4 -3alleMEHTHPOBAHHbIE KOJIOHHBI C XBOCTOBUKOM; 5 -
KOJIOHHA CHyIIEHHas 0 Iutacta (dKCIUTyaTalusi ¢ OTKPBITBIM
3aboeM); 6 , 7 - KOMOWHUpPOBaHHbIE KOJOHHBI CIYIIEHHBIE

CEKIMSIMH

OTBEPCTHS, PACIIONIOKEHHBIE HAJl KPOBJIEH 3TUX TOPU30HTOB
(MaHXETHOE IIEMEHTHPOBAHHUE).
B psane ciydaeB 10 BCKpBITHS IPOAYKTUBHBIX TOPU3OHTOB,
Ipy HaJIWYMM B pa3pe3e IUIaCTOB C AHOMAJIbHO BBICOKHUMHU
rwiactoBbiMu  AaBineHusMu  (ABIIJl) unm  HempouHBIX TOpPOJ,
CKBO)XHHBI OYypsAT C TPOMBIBKOW 320051 OypOBBIMH pacTBOpaMU
MOBBIIIEHHON MJIOTHOCTH. BCKpBITHE 00BEKTa C HCIOJIb30BaHHEM
YKa3aHHBIX PacTBOPOB YaCTO CONPOBOYKIAETCS MX MOTJIOLICHHEM
TPELMHOBATBIMU  KOJUIEKTOpaMH. (OCBOEHME TaKUX CKBaXHH
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3aTpyAHSETCS, a WHOI/Aa 3aKaH4YMBalOTCsA Oe3pe3ynpTartHo. Jlis
YCHEIIHOTO BCKPBITHUS, a 3aTE€M OCBOCHHUS TaKHUX OOBEKTOB,
IUIOTHOCTh OYpPOBBIX PAacTBOPOB JIOJKHA OBITH MO BO3MOXKHOCTH
MUHUMaIbHOH. B paccMarpuBaeMbIX — Clly4asX  BCKPBITHS
MNPOAYKTHUBHBIX IUIACTOB BO3MOXKHO TOJBKO IPH  YCIOBUHU
MIPEIBAPUTENILHOTO TEPEKPHITHS BCEro paspe3a 10 HX KpOBJIH
IIPOMEKYTOUHOU o0caHOM KOJIOHHOM pu 3TOM
AKCIUTyaTallMOHHAs KOJIOHHA MOKET OBITh JIMOO CIUIOIIHOM, 100
IIPEACTABJIEHA XBOCTOBUKOM M IIPOMEKYTOYHOM KOJOHHOW. Ecnm
MOpOAbl  MPOAYKTHBHBIX TOPHU30HTOB  BECbMa  YCTOWYUBHI,
CKBaYKMHBI MOTYT 3KCILJIyaTUPOBAThCA U 0€3 KpeIuieHHusl 00ca HoM
KOJIOHHOH.

Croco6 Oypenwmsi. bypeHue CKBaXWH OCYIIECTBISETCS
POTOPHBIM crocobom, TUIPaBINYECKUMU 3200 HBIMU
JBUTATEIISIMU WJIH JICKTPOOypaMHu.

TypOunnslii cioco6 Haubosee 3pdeKTUBEeH, TpU MPOBOAKE
BEPTUKAJIBHBIX W HAKIOHHBIX CKB&XHH C HOPMAaJIbHBIMH
YCIOBUSAMU OYpEHUS C UCIOIb30BAHUEM HEYTSKEJIEHHBIX OYpOBBIX
pacTBOpPOB MJIM BOJABI, OCOOEHHO NpU pazOypHBaHUU MPOYHBIX
KapOOHATHBIX OTJIOKEHUHM, XapaKTEpHBIX JUIsl pallOHOB Ypayo-
[ToBomxbs, a Takke 3anagHoit Cubupw.

PotopHbiii cioco® 3¢dextuBeH ans OypeHHs CKBaXXUH C
NPUMEHEHUEM YTSDKEJIEHHBIX OYypOBBIX PAacTBOPOB IUIOTHOCTBIO
6omee 1500 4 1600 kr/mM> 1 BBICOKOTEMIEPATYPHBIX CKBAXHH Ha
6onpmx riyoumHax O6oinee 3000 m. Kpome Toro, 3ToT cmoco®
s dextuBen mpu Oypenun gonoramu meHee 00,2159 m um mpum
MIPOXO/IKE MIACTUYHBIX TJIMH THIPOMOHUTOPHBIMU JOJIOTAMH.

DnekTpoOypoM OypsAT HEOOJBIIOE KOJTMYECTBO CKBAKUH.
O6nacte >QPEeKTUBHOCTH JAHHOTO Croco0a TOCTaTOYHO YETKO He
YCTaHOBJICHA.

OcoOeHHOCTBIO TYpOMHHOTO crocoba OypeHHs SBISETCS
CHIDKEHHE ero 3()(QEeKTUBHOCTU C POCTOM IIYOMHBI CKBaXXKMHBI, a
TaKXK€ PEe3Koe CHU)XEHHWE MOIIHOCTH U KPYTAIIEr0 MOMEHTa C
yMEHBIIIEHHEeM  auametrpa TypboOypa. s  obGecrnedeHwus
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I0CTaTouHOM 3((HEeKTUBHOCTH paboOTHl A0NO0Ta MpH OypeHHuH
IYOOKUX CKBOKHH HCIOJB3YIOT TypOOOyphl auamerpom 168 4
190 mm.

[To auamerpy TypOOoOypOB NpH 3aKaHUMBAHUM CKBAKUHbI
OTIPEIENIAIOT BO3MOXKHYIO €€ KOHCTPYKIIHIO.

Juametp Typ60o6ypa, mm 190 168

KoHCTpyKIIMM CKBaXHWHBI, MM 377x273x146 (168)
351x245x146 (168)

Eme MeHbIMe BO3MOXHOCTM HWMEIOTCS sl BbIOOpa
KOHCTPYKLIMH CKBaXHMH IPU HCIHOJIb30BAHUU BJIEKTPOOYpOB.
Haumenbmmii nmuamerp paboTOCIIOCOOHOTO 3IeKTpoOypa paBeH
215 MM, MO3TOMY BO3MOXKHO TOJBKO CIEAYIOIEe COYETaHHe
o0camHbIX KOJOHH 377x299 (273)x146 (168) MMm.

HauOonee mupox Auana3oH BO3MOXKHBIX — COYETaHWUH
JIMaMETPOB OOCAIHBIX KOJIOHH B KOHCTPYKIHSIX IpH OypeHHH
CKBa)XMH POTOPHBIM CIIOCOOOM.

JInsi TIOBBIIIEHUS] CKOPOCTH OypeHHsI 4YacTO MPUMEHSIOT
coyeraHue oboux crmocoboB OypeHus. B »stux  cioydasx
TypOUHHBIN croco0 UCTOJNb3yeTCsl B HMHTEpBajax,
00ecneunBaIIUX MAaKCUMaJbHYIO0 €ro 3(¢QeKTUBHOCTb, U, KaK
NPaBUJIO, HA KOHCTPYKUHUIO CKBaXHMHbI OH OTPHILATEIBHOTO
BIUSHUS, HE  oka3piBaeT.  (OCHOBHBIE  TpeOOBaHUA K
IPOEKTUPOBAHNIO KOHCTPYKIIUU CKBKHUHBI.

IIpn pa3paboTke panuOHaIbHOW KOHCTPYKIIMHM TIYOOKHX
CKBXMH HEOOXOJMMO HCXOAWUTh M3 YCIOBUH TMOTYy4eHHUs
HauOOJBIIUX CKOpocTe OypeHHs] NMpU HaMMEHbIIUX OObeMax
paboT B MPOMEXKYTOUYHBIX KOJIOHHAX, BbIOOpa MHHHUMAJIBHO
JOMTYCTUMBIX 3230POB MEXKIY KOJOHHOW M CTEHKAMH CKBa)KHHBI,
MaKCUMaJbHO BO3MOXXHOTO  YBEIMYEHHS TIYyOMHBI BBIXOJA
CIyCKa€MOM KOJIOHHbl M3 TMOJ TMpeAplaylled, a Takxke -
YMEHBIIIEHUS IUaMeTpa SKCILTyaTallhOHHOM KOJIOHHBHI.

BennumHa KoJBIIEBOTO 3a30pa W KOHQUTYpaIus CTBOJA
CKBOXUHBI JOJDKHBI OBITh TAaKUMH, 4YTOOBI OOecCTeuUBaICS
OCCTIPEISITCTBEHHBIN JOMYCK OOCaJHOW KOJIOHHBI JI0 3aJlaHHOU
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MPOEKTOM TJIyOMHBI, TOABEM TAMIIOHAKHOTO pacTBOpa 0
HaMEUCHHON BBICOTBHI, a IpPU LEMEHTHUPOBAHUHU CO3/aBajJaCh
HAJe)KHAs M30JALUs TNPOAYKTUBHBIX M  BOJOHACBIIEHHBIX
ropu3onToB. Ilpu ompeneneHnn BenMYMHBI 3a30pa HEOOXOIUMO
IPEeIyCMOTPETh MaKCHUMaJbHO BO3MOXHBIE BBIXOABI 00CaIHBIX
KOJIOHH M3-110J] OaliMaka npeblayIieil KOJIOHHBI.

JUis CKBaXHMH C BBICOKMMHU IIJJACTOBBIMHM JABJICHUSIMU
HEOOXOAMMO  HUCXOIUTb U3  YCIOBUH  IpeaylpexacHUs
cenu(UYHBIX OCIIOKHEHHW, MPOUCXOIIIIUX TpU OypeHUH U
9KCIUTyaTallMK: MPOPHIBOB Ia3a 3a SKCIUTyaTallMOHHOM KOJIOHHOM,
NepexoidliuX HHOrga B (OHTaHbI; IPOCAYMBAHUE Ta3a B
MEXKOJIOHHOE MPOCTPAHCTBO Yepe3 pe3bOOBbIE COEMHEHUs TPYO;
neperoka HePTH W Traza M3 HWKEISKANIMX TOPU30HTOB B
BbILLIEJIEXKALME; 00pa3oBaHue IPU(OHOB U IPYTUX OCIOKHEHHH.

3.5. Ocobennoctu IIPOEKTUPOBAHHUS KOHCTPYKLUHI
ra30BbIX U ra30KOH/ICHCATHBIX CKBAXKUH

B sTtom cnywae cnemyeT — y4MTHIBaTh  CIIEAYIOLIUE
XapaKTepHble 0OCOOEHHOCTH:

- IaBJIeHHE ra3a Ha ycThe OJIM3KO K 3a00HHOMY, 4yTO TpeOyeT
oOecrieueHrsT HauOOJbIIEH MPOYHOCTH TPYO B BEpPXHEH YaCTH
KOJIOHHBI;

- HeOousbllasi BETMYMHA BSI3KOCTU ra3za OOYCIIOBJIMBAET €ro
BBICOKYIO  NPOHHMKAIOIIYI0  CIIOCOOHOCTb, YTO  IOBBIIIAET
TpeOOBaHUSI K TEPMETHMYHOCTH PE3bOOBBIX COCIUHEHUU W
3aTpyOHOTr0 MPOCTPAHCTBA.

- MHTEHCUBHBIM HarpeB OO0CaJHBIX KOJOHH HPHUBOJUT K
BO3HUKHOBEHHUIO JIONOJHUTENIBHBIX TEMIIEPATYPHBIX HalpsKEHUM
Ha HE3al[EMEHTHPOBAHHBIX YYaCTKaX KOJIOHHBI. Y4YeT JTHuX
SABJICHUN TpeOyeTcs MpU pacyere UX Ha MPOYHOCTb.

- BO3MOXHOCTh Ta30BbIX BBIOPOCOB B THpolecce OypeHus
TpeOyeT YCTAaHOBKM COOTBETCTBYIOIIETO IPOTHBOBBIOPOCOBOTO
000pyI0BaHUS;
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- JUIMTENBHBI CPOK SKCIUTyaTalldd W CBSA3aHHAs C HUM
BO3MOKHOCTb KOPPO3UM 3SKCIUTYaTallMOHHBIX KOJOHH TpeOyer
MPUMEHEHHS aHTUKOPPO3HOHHOTO TIOKPBITHS U TAKEPOB.

OOmue TpeboBaHUs, MpEeIbsABIAEMble K KOHCTPYKLHAM
ra30BbIX M Ta30KOHJIEHCATHBIX CKBAXHH MOTYT OBITh CBEIEHBI K
CIICAYIOIIHM:

- MPOYHOCTh KOHCTPYKIMH B COYETAHHH C T€PMETUYHOCTHIO
KaX/10i1 00cagHON KOJOHHOW M IIEMEHTHOI'O KOJIbla B 3aTpyOHOM
MIPOCTPAHCTBE;

- KaueCTBEHHOE pa300IleHue BCeX IOPU30HTOB, U B IEPBYIO
ouepenb, Ta30HE(TAHBIX IUIACTOB, SIBISIIOLNIMXCS  OOBEKTOM
CaMOCTOSITENIbHON pa3paboTKa € BO3MOXKHOCTBIO MX pa3JesIbHON
IKCILTyaTaIiH;

- MakCHUMaJIbHO€ HCIIOJIb30BaHUE IIJIACTOBOM 3HEPrUM rasza
JUIE  ero  TPAaHCHOPTHPOBKH IO  BHYTPHUIIPOMBICIOBBIM U
MarucTpaibHbIM ra30MpoBOIaM.

3.6. OcoOEHHOCTH MPOEKTUPOBAHMSI KOHCTPYKLHUU CKBAKUH
B pailOHaX MHOTOJIETHEH Mep3JI0THI

B paiioHax MHOroJeTHEMEp3JbIX TOPHBIX IMOPOAaX K
KOHCTPYKIIMM ~ CKBAXWH  TPEABSBISIOT  JIOTIOJHUTEIbHBIC
TpeOoBaHUS:

- KOHCTPYKIMSI CKBRKHHBI JTIOJDKHA 00€CTIeunBaTh HaISKHYIO
COXPaHHOCTh YCThsI M1 OKOJIOCTBOJIBHOTO IPOCTPAHCTBA B MpoIiecce
BCETO IIUKJIA CTPOUTENLCTBA M IKCIUTyaTaI[H 32 CYET MPUMEHEHHS
TEXHUYECKUX CPEJICTB U COOTBETCTBYIOIIUX PELICHMIA;

- KOHAYKTOp IIOJDKEH MepEeKphIBaTh TOJIIY HEYCTOHYMBBHIX
IpU MPOTAaUBAHUU MOPOJ - KPHOJIMTO30HKI. bammak Heo6Xxoanmo
pacrnojaraTh HWXe J3THX mopoia (He meHee uyeM Ha 50 M) B
YCTOMYMBBIX OTJIOKEHHSX;

- IIyOMHa CIycKa KOHAYKTOpa [IOJDKHA HCKIIFOYaTh
THJIPaBINYECKUI pa3pbIB IUIACTOB, JISKAIIMUX BhIIIE OamMaka, Ipu
TOCTIDKEHUH B CTBOJIE CKBAYKMHBI JIaBJICHUSI PABHOTO IJIACTOBOMY;

- JUIA YCIICUIHOM MPOBOJKU CKBA)XHUHBI, TIOCJE MEPEKPBITUS
MEp3JIbIX MOpOJ U MOCIEAYIOIIEH, HKCIUTyaTalliH, TEeMI0BOe
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BO3JICHCTBUE €€ Ha IOPOAbl C OTPULATEIBHOM TEMIIEpaTypon
HE00XOAUMO CBECTH K MUHUMYMY;

- HEOOXOAMMO OLIEHUTh BEJIUYMHBI CMUHAIOIIMX HArpy3oK U
IIPOBEPUTH IPOYHOCTH KOHCTPYKLUU B ILICJIOM IPH LUKIMYHOM
pacTeIyieHMd M CMEpP3aHUM  MHOIOJETHEMEP3IBIX  IOpOL,
BBI3BAHHBIX BBIHY)KJIEHHBIMH OCTaHOBKAMH JKCILTYyaTUPYIOLIUXCS
CKBAYKUH.

3.7. [IpoekTupoBaHUE KOHCTPYKIIUM CKBaKUH

[TpoexTrpoBaHre KOHCTPYKLUN CKBaKUH IPOU3BOIUTCS
B ZiBa 3Tana. Ha nepBoM 3Tane 000CHOBBIBAETCSI METO/] BXOXKICHHS
B IIJIACT, KOJIMYECTBO OOCAIHBIX KOJOHH, IIIyOMHBI UX criycka. Ha
BTOPOM - pa3Mepbl KOJOHH, JUAaMETPbl [JOJIOT, HHTEPBAJIbI
neMeHTHupoBaHus. Ilpu 3TOM ciieyeT y4uuThIBaTh HAKOIUIEHHBIN
OIIBIT CTPOUTENIBCTBA CKBAXKUH KaK B LIEJIOM 10 PErMOHY, TaK U IO
paccMaTpUBaeMOMY MECTOpOXKACHUI0. HeoOXxomumo mpuHUMAThH
BO BHHMMAaHME JCUCTBYIOIME HA NPEIIPUITHH WHCTPYKLUHU,
perJamMeHTsl U T.1.

B nacrosimee Bpemsi HE0OXOAMMOE KOJIMYECTBO OOCAJHBIX
KOJIOHH M TIOyOMHBI HUX CIIycka BbIOMPAalOT U3 YCJIOBHUSA
MIpeNyNpexICHUS THIPOpa3phIBOB TOPHBIX nopoj u
HECOBMECTHMOCTH OTJIEIbHBIX HHTEPBAJIOB IO YCIOBHIM OypeHHUs.
IIpu 3TOM BBOAWTCS, €IMHBIN NPUHIUN BBIOOPAa KOHCTPYKIIMIM
CKB&)XMH  —  COBMECTUMOCTH OTHENBHBIX  HMHTEPBAJIOB
re0JOrM4ecKoro paspe3a IO TOPHO-T€OJIOTMYECKUM YCIOBHSIM
Oypenus. Ilog coBMecTUMOCTBIO OypeHUs WM, Ha0OOpOT, MOA
HECOBMECTUMOCTBIO YCJIOBUH OypeHHs IOHHMAIOT TaKoe UX
COUETaHME, KOIZa 3a/JlaHHble IapaMeTpPbl TEXHOJOTMYECKUX
MPOLIECCOB  OypeHUs HIDKEJIEKalllero HWHTEpBalla BBI3BIBAIOT
OCJIO)KHEHHUSI B MPOOYpPEHHOM BBILIENEKAIIEM HHTEpBaJe, €CIU
MOCJICIHUM HE 3aKpeIuieH 00CaJHOW KOJOHHOW, a IPOBEICHHE
JIOTIOJIHATENBHBIX CHEIUAIBHBIX TEXHOJIOTMYECKUX MEPOIPHUATHH
10 MPEAOTBPAILIEHUIO STHUX OCIIOKHEHUH HEBO3MOXKHO.

OnTuManbHOE YUCIIO TPOMEXKYTOUHBIX 00CATHBIX KOJOHH U
IIyOMHBl YCTAaHOBKM HX OallMakoB IIpU MPOEKTUPOBAHUU
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KOHCTPYKIIUU CKBAXXHH OMPEACISAIOTCS TpadUIecKu, M0 YUCITy 30H
C HECOBMECTHMBIMHU YCIIOBUSIMU OypeHUsl, KOTOpBIE CTPOSTCS
COIIOCTABJICHUEM TIPAJUEHTOB IUIACTOBBIX (TIOPOBBIX) JABJIECHUM
(grad Prut, , maBneHuii THApOpaspbiBa (IOTJIOMICHHUS) IUIACTOB
(grad P,), mpounoctu u ycroitunsoctu nopox (grad Pye,) (pucynok
3.3).

grad Prut, = Py,/z, MIla/m, (3.1)

grad Prp;, = P;p/z, MIla/Mm, (3.2)

grad Pycr,, = Pyct/z, MIla/m.  (3.3)

rae Pyer = Py © K, - JaBiieHre OTHOCUTENBHOM YCTOMYMBOCTH
noposl; K, - koadduiment pesepsa B tabnuie 3.1/

Tabmuna 3.1 - Koadurments! pesepra

['myOuna <1200 >1200
Z, M

Kp HE 1,1 1,05
Oonee

B raszocomepxamem mmmacre grad P,, u grad Py
PaCCUUTHIBAOTCS JIJIs1 KPOBIHU U JIJIS TIOJOMIBHI.

Koaddumment peszepa o3Hawaer, uyro mpu OOOCHOBAHUU
BBIOOpPa  MJIOTHOCTHM  OypoBOrO  pacTBOpa  HEOOXOIUMO
peycMaTpuBaTh CO3/TaHHE CTOIOOM pactBopa
THIPOCTATUYECKOTO JaBIEHUSI HAa 3200l CKBaXUHBI M BCKPBITHS
MPOJIYKTHBHOTO  TOPWU30HTA,  IPEBBIMAIONIETO  MPOSKTHHIC
MJIACTOBBIE JABJICHHS HA BEJIMUUHY HE MEHEE:

- 10 % nns ckBakuH rayounoi no 1200 m (uaTEpBasioB OT 0
10 1200 m).

- 5 % nns uaTepBanoB oT 1200 M 10 MPOEKTHON TITyOUHBI.

B HEOOXOTUMBIX CITyqasx MPOEKTOM MOKET
YCTaHABIIMBATHCS OOJNbBINAs TUIOTHOCTH PacTBOpa, HO TPH ITOM
MPOTUBOAABIICHHE HA TOPU30HTHl HE JIOJDKHO TMPEBBIIIATH
IUIACTOBBIE HaBieHWA Ha 15 Kre/cm? (1,5 MIla) mist ckBaKuH
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rnyounor 1o 1200 M u 25-30 Krc/cm? (2,5-3,0 MIla) mist Goaee
IITyOOKHX CKBA)KUH.

B wuHTepBasax, CIOXKEHHBIX TJIMHAMH, apPTHUIMTaMH,
TJMHACTBIMUA ~ CIIAHIIAMH, COJSIMH, CKJIOHHBIMH K  IOTEpe
YCTOMYMBOCTH M TEKYYeCTH,  IUIOTHOCTb,  (HIbTpalus,
XMMHYECKHH COCTaB OypOBOTO pacTBOpa yCTAaHABIMBAIOTCS UCXOJIS
U3  HEoOXOAMMOCTH  OOECHEeYeHHs  YCTOHYMBOCTH  CTEHOK
ckBaKUHBL. [Ipy 3TOM pempeccuss HE JOJDKHA NPEBBIIIATH
MPEENIOB, YCTAaHOBJICHHBIX Ui BCETO WHTEPBala COBMECTHMBIX
ycinoBuii Oypenus. Jlomyckaercs nenpeccusi Ha CTCHKH CKBAKUHBI
B mpexnenax 10-15 % 5QQeKTHUBHBIX CKENETHBIX HANpPSHKEHUH
(pasHHLIa MEXy TOPHBIM U TIOPOBBIM JIaBJICHUEM MTOPOJ).
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mremr e MOHIL YOKE cTROPA,
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450 _| §
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=]
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- = . HUK i
900 _|
1050_|
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1200, |
1350
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2
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1800_|
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1950_| 2
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2100Q_| o b5
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Pucynok 3.3 - I'paduk M3MeHEHUS I'paJUEHTOB IJIACTOBOTO
JABJICHUs] U JABJIEHUs TUAPOPA3pbIBa TOPHBIX MOPOJ ¢ INIyOUHOH
CKBA)KUHBI
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B npeaBaputensHOM BapuaHTE KOJMYECTBO 30H KPETUICHHSI
COOTBETCTBYET KOJIMYECTBY OOCAIHBIX KOJOHH. [yOuHa cmycka
00caHOM KOJIOHHBI (YCTaHOBKH Oarmaka) npuaumaercst Ha 10-20
M BBIIIE€ OKOHYAHMS 30HBI KpEIUICHHs (30HBI COBMECTHMBIX
YCIIOBHIA), HO HE BBIINIC TJIyOWHBI Hayana CICIYIOMEH 30HBI
COBMECTHMBIX  yCJIOBHUH. 3aTeM  KOHCTPYKIHS  CKBaKUHBI
KOPPEKTHPYETCSI.

1. Ecmu Ty mnmM WHYIO 30HY MOXHO H30JIMPOBATH IPYTUM
CIOCOOOM, KpOMe CIycKka O0OCaJHOW KOJIOHHBI, U CTOUMOCTh
CKBRXHMHBI TIpU OSTOM HE BO3pacTeT, TO COOTBETCTBYIOIIYIO
KOJIOHHY M3 KOHCTPYKIIMH UCKJTFOYAIOT;

2. VYuyutbiBass OCOOCHHOCTH T€OJOTHMYECKOTO pas3pesa,
MpeyCMaTPUBAIOT HAINpPaBICHUE M KOHIYKTOP, BBIOMPAIOT THII
MIPOMEKYTOUYHBIX KOJIOHH.

3. YTOYHSIOT TIyOWHBI CIyCKa TE€X KOJIOHH, Ha KOTOPBIX
JIOJKHO OBITH YCTAHOBJIEHO MPOTUBOBBIOPOCOBOE 00OPYIOBaHHE.

MunumanbHas  TIyOMHAa  COycka  KOHJIYKTOpa WU
MIPOMEKYTOUHOM  KOJIOHHBI ~ YTOUHSETCS u3 yCI0BHUS
HEJIOMYIIEHNs TMPOphIBa IIACTOBOTO  GuIronaa moj OammMakoM
KOJIOHHBI TIPH 3aKpPBITOM YyCTb€ BO BpeMsl JTUKBHJIALUU
ra3omnposiBieHus. B o0mieM cirydae DOmycKaeTcsl OmpenelsiTh 1o
bopmyne

PR

HeK ———2 ,
* gradPrr, M (34)

rae PB, - MakcuMalbHOE BO3MOXKHOE [OaBJIEHHE rasa Ha
rIIyOUHE Z TIPU TTOJTHOM OMOPOKHEHUU CKBAXKUHBL;

py,~ Y112 =8) i (3.5)
(2+5)

S=10"-¥-(L-2). (3.6)

rae [l - OTHOCHTENBHBIM YACIbHBIA BEC Ta3a MO BO3AYXY

(0,6-0,7)
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B tex cnydasx, korjga 3HaueHUs IUIACTOBOTO JaBJICHUS U
MOTJIOLIECHUST HEM3BECTHBI, JJISl pacueTa UHJEKCOB (TPaJMeHTOB) U
JABJICHUN TMOTJIOHIEHUsT (THAPOPA3phbIBa) MOXKHO IMOJI30BATHCSA
samrupudeckoi popmysoit b.A.HTona:

K= (K, -K,)+K,. (3.7)
1-u

rae-Kr - MHIEKC reocTaTH4ecKoro JaBlieHUs (OTHOIICHHE
reoCTaTUYeCKOro JaBj€ HHUSA K THAPOCTaTUYECKOMY IaBJICHUIO
cronba MpecHO BOAbI Ha TOH ke ruyoune); Ka - xoaddunument
aHOMaJTbHOCTH  (OTHOIICHHWE  IUIACTOBOTO  JIABJCHHS K
THIPOCTaTUYECKOMY JIaBIICHUIO CTOJI0A MPECHOM BOJBI Ha TOHM XKe
riryoune); [ - koaddumment [lyaccona amst TOpHOM TOPOIBL.

OpHUEeHTHPOBOYHO JIJIs1 KPENMKUX KBApILIEBBIX NMECUAHUKOB [] =
0,17, mecyaHUKOB C KOHTAaKTHEIM 1HeMeHToM - 0,20; s
MEeCYaHUKOB U aneBpoiauTOB - 0,30; A U3BECTHSIKOB U I0JIOMUTOB
- 0,25; apruuutos - 0,30; yrmoTHeHHBIX TTHH - 0,36; MIIacTUYHBIX
IJIMH 1 KaMeHHOU comnu - 0,44.

I[Ipu mpoekTupoBaHmM W  OypeHWUH  TMEPBBIX  TPeX
pa3BEOYHBIX CKBa)XXMH, €CIH JIOCTOBEPHOCTh TI'€OJIOTUYECKOTO
paspe3a HeJ0CTaTOYHA, JOMYCKAeTCs BKIFOYCHHE B KOHCTPYKIIHIO
CKBa)KHUHBI PE3EPBHON MTPOMEKYTOUHOMN KOTOHHBI.

B sToMm cirydae OypeHne CKBaXUHBI TPOU3BOIAT B pacyeTe Ha
KpeIUICHHE pe3epBHOM  00CaJHON  KOJOHHOM HAMEUYEHHOTO
uHTepBana. OnmHako ecnum B Tporecce OypeHus  Oyner
YCTaHOBJIEHO, YTO HEOOXOAMMOCTh B €€ CIIyCKe OTmana, To
MPOJIOJDKAIOT yrayOJeHHe CTBOJA TOA OYepeaHylo 0O0caaHyIo
KOJIOHHY IO 3alPOEKTUPOBAHHON TTyOUHBI.

I'myOuHa cmycka SKCIUTyaTallMOHHOM KOJOHHBI B 00IEeM
clydae  ompefensercs  TIyOWHOW — 3alleraHusi  MOOIIBBI
MPOTYKTUBHOTO TOPU30HTA (TIPOSKTHBIM WHTEPBAN nepdoparum) ¢
ydeToM TexHomorudeckoro 3ymmda (mo 50 M) U 1EeMEHTHOTO
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crakaHa (B cpeaaeM 20 M) B 3aBUCHMOCTH OT CIIOCO0a BXOMKICHHS
B IJIACT, BTOPUYHOTO BCKPBITHUS IIJIACTA.

Jlo BCKpBITHS TPOAYKTHBHBIX M HAMOPHBIX BOJOHOCHBIX
TOPU30HTOB JIOJDKEH IPEIYCMaTPUBATHCS CIYCK MHHHUMYM OJIHOM
MPOMEXYTOYHON KOJOHHBI WM KOHAYKTOpa JIO TJIyOHHBI,
HCKJIFOYAIONICH BO3MOXXHOCTH pa3pbiBa IOPOJ TOCJE TIOJHOTO
3aMenieHus: OypoBOTO pacTBOPA B CKBAXKMHE IJIACTOBBIM (DIIFOHIOM
WU CMEChIO (MIIIOMIOB PA3IUYHBIX TOPHU30HTOB M T€pMETHU3AIUU
YCThsI CKBOXHUHBI [3].

I[Ipu BBIOOpPE wuYHncaa O0OCaAHBIX KOJOHH HEO0OXOJAMMO
VYUTHIBATh YCTOHYHMBOCTH TOPHBIX IMOPOJ U HEOOXOIUMOCTh
MIEPEKPHITHSA MEP3JIbIX TOPHBIX TOPOA. BaXHO TOMHHUTH O HATUYHH
(GIIOUI0B, arpecCHBHBIX TI0 OTHOIICHHWIO K IMPOMBIBOYHBIM
KHUAKOCTAM, 00CaTHBIM TpyOaM M TaMIIOHaXXHBIM MaTepuaiaM. B
cllydae MPOCKTHPOBAHUS IOMCKOBO-PAa3BEAOYHBIX CKBAKUH -
MPEeIyCMOTPETh BO3MOXKHOCTh CITyCKa pe3epBHOM 00caaHoi
KOJIOHHBI.

NuTepBansl [EMEHTHPOBAHUS OTIpEeICTISAIOTCS B
cooTBeTcTBUM ¢ [IpaBunamu [3], cormacHO KOTOPHIM HaIlpaBJICHUS
U KOHIYKTOPBI IIEMEHTUPYIOTCS 0 YyCThsi. BrwicoTa moabema
TaMIIOHAKHOTO  pacTBOpa  HaA  KPOBJIEH  MPOTYKTHBHBIX
TOPU30HTOB, a TaK K€  YCTPOHCTBOM  CTYIICHYATOTO
[EMEHTUPOBAHUS WM Y3JIOM COCIUHEHHS BEPXHUX CEKUUH
00CaJHBIX KOJOHH B HE(PTSHBIX W Ta30BBIX CKBAKWHAX JOJDKHA
COCTaBIATh COOTBETCTBEHHO He MeHee 150m 500 M.
[TpoyKTHBHBIC TOPU30HTHI, B T.4. HE IMOICKAIINAE IKCILTyaTaIl|H,
HCTOIIIEHHBIC TOPU30HTHI, BOJJOHOCHBIE MTPOHUIIAEMbIE TOPU3OHTEHI,
WHTEPBAIBI  CJIOKEHHBIC ITUTACTUYHBIMH TIOPOJIAMU U TTOPOJIHI,
HACBIII[EHHBIE arPECCUBHBIMH 10 OTHOIIEHUIO K 00CaJHBIM TpyOam
OOBEIUHAIOTCS B OAWH OOIIMA, KOTOPBIA JIOJDKEH OBITh
3alleMEHTHUPOBAH.

Kpome TOro, mpoekTHas BBICOTa IMOABEMa TAMITOHAXHOTO
pacTBopa 3a 00CaIHBIMHU KOJIOHHAMH JIOJDKHA 00E€CTIeYnBATh:
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- TPEBBIINICHHE THUIPOCTATUYECKUX HaBICHHH COCTaBHOTO
cToJ106a OYpPOBOr0O pacTBOpPa M KUAKOCTU 3aTBOPEHHUS LIEMEHTA HaJl
TUTACTOBBIMH JTABJICHUSIMH TIEPEKPHIBAEMBIX (DIIFOUI0COIEPIKAIINX
TOPU30HTOB;

- WUCKJIIOUEHHE TUAPOpa3pbiBa IMOPOJ WM HHTEHCHUBHOTO
MOTJIOLIEHUST PAcTBOpPa; - BO3MOXKHOCTb pa3rpy3Ku 0OOcCaaHOMN
KOJIOHHBI Ha IIEMEHTHOE KOJIBIIO JJIs

YCTaHOBKH KOJIOHHOM T'OJIOBKH.

PaccunThiBaTh BBICOTY MOABEMA TAaMIIOHAKHOTO PacTBOpa
H=1,05>Prn/g*poep . , (3.8)
MOJKHO 110 (hopMyIIe:

rne Proom - muactoBoe faBiieHHE  (PIIFOMIOCOJIEPIKAIINX
TOPU30HTOB; Prop.x. - INIOTHOCTH IOPOBOH KHUJKOCTH B LIEMEHTHOM
KaMHe.

IIpn cTyneH4YaToM IIEMEHTHPOBAaHHH, CIIyCKE€ KOJOHH
CeKIMSIMH HIDKHSISI W TPOMEXKYTOYHBIE CTYNEHH 00CaJHBIX
KOJIOHH, a TakXe MOoTaifHbleé KOJOHHBI JIOJDKHBI  OBITh
3alleMEHTHPOBAHBI TI0 BCEH JUTHHE.

Pa3pbiB CIJIONIHOCTH LIEMEHTHOTO KOJIbLIA 3a 00CaJHBIMU
KOJIOHHAMH HE JIOITyCKaeTCsl.

[Ipy mnepekphITUM KOHAYKTOPOM WIJIM HPOMEXYTOUHOU
KOJOHHOM 30H TOMVIOMIEHMs, TPOHJIEHHBIX ©0e3  BbIXOJa
LUPKYIALNY, JTOMYCKAeTCs MOAbEM TaMIIOHAXHBIX PACTBOPOB [0
MOOIIBHI TOTJIONIAIOMIETO TiacTa ¢ nmocienyronum (mocie O310)
MIPOBEICHUEM BCTPEYHOTO IIEMEHTHPOBAHUS Yepe3 MEKKOJIOHHOE
MPOCTPAHCTBO. 3arpemaeTcs MPUCTYIATh K CITYCKY TEXHUYECKUX U
HKCIUTYaTallMOHHBIX ~ KOJOHH B  CKB@KHHY, OCIIOKHEHHYIO
MOTJIOMIEHUSIME ~ OypoBOTO ~ pacTBOpa C  OJHOBPEMEHHBIM
GIIOUIONIPOSIBIICHUEM, — OCBHINIAMHU, OOBalaMH, 3aTsHDKKaMH U
nmocajKkaMy OypHJIBHOW KOJIOHHBI, JIO JIMKBHJIAIIMH OCIIOKHEHHN
[3]. Auamerpsl 0OcaHBIX KOJOHH U JJUAMETPbI TOJIOT JJIs1 OypeHHs
MOJ1 HUX ONPEENSIIOT CHU3Y BBEPX.

JUis  SKCIUTyaTallMOHHBIX ¥ HArHETaTelNbHBIX CKBAKUH
IUaMeTp HKCIUTyaTallMOHHOM KOJIOHHBI 3a/1aeTCsl 3aKa3uyuKOM -
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HedTerazo100bIBAIOIIUM TPEANIPUATHEM HCXOIS M3 OXKHIAEMBIX
CyMMapHbIX jAebutoB (HepTh + Taz3 + Boma), rabapuTOB
000pyIOBaHUs, KOTOPOE [OJDKHO OBITh CIYIIEHO B JaHHYIO
KOJIOHHY Juis obecriedeHusl 3a1laHHbIX 1e0uToB. B Tabnunax 3.2 u
3.3 mpuBeneHBI NMPUMEPHBIE COOTHOLICHUS JAUAaMETPOB 00CAIHBIX
KOJIOHH U 1€0MTOB, IPUMEHsEMbIE Ha IPAKTHKE.

JluameTp OKCIUIyaTaUMOHHOM KOJOHHBI JUI IIOMCKOBO-
Pa3BeIOYHBIX CKBAXUH BBIOMPAIOT TaK, YTOOBI B HUX MOXHO ObLIO
BBITOJIHUTh HEOOXOMUMBIA KOMIUIEKC T'€0J0r0-Te0(PH3NIECKUX
UCCIIEeIOBaHMM, OPOOOBaTh NEPCIIEKTUBHBIC TOPU3OHTHI.

Jnsi  BBICOKOACOMTHBIX  CKBRXHMH  BBIOOp  JHaMeTpa
OKCIUTyaTAal[AOHHON  KOJIOHHBI  JIOJDKEH  OCYIIECTBISITHCS U3
YCIIOBHI MaKCHMaJIbHOTO HCIOJB30BaHUS HHEPIUM IUTacTa C
Y4ETOM KalHUTaJOBIOKEHUH.

Tabnuua 3.2 - HeTsiHble CKBaKHUHBI

Cg/MMapHHﬁ neour, 100-  |150-

M°/CyT <40 |0-100 |150 300 >300
Huametp 114 |127- |140- |168- |178-194
IKCIUTyaTaI[MOHHOM 140 146 178

KOJIOHHBI, MM

Taobauua 3.3 - ['a30BbIe CKBaXKUHBI

C;/MMapHLIﬁ eourT,

m/cyr TO®? <75 |[<250 |<500 [<1000 |<5000
Juametp 114 |114- (146- |168- |219-273
IKCIUTyaTaI[MOHHOM 146 168 219

KOJIOHHBbI, MM
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PE. Cmur u M.Y. Kierr oueHHBAaIOT panuOHaJIbHOCTb
KOHCTPYKLIUH Ta30BOM CKBAKUHBI IO IIOKA3aTeIsIM YACIBHOTO
CpeIHEro 1e0uTa CKBAKHIHBIL:

J= V. /K(pa-py), (3.9)

rae V- 3agaHHbBIi 0TOOP ra3a U3 MECTOPOKICHHIA;

K -  KanuTajnoBIOXKEHHss B COOPYXEHHE  BCEX
OKCIUTYaTallAOHHBIX CKBOKHH MECTOPOXICHHUS; Pr - JaBJICHHE Ha
YCThE CPEIHEN CKBAYKHHBI, Py - IUIACTOBOE JIABJICHHE.

JlnamMeTpsl TPOMEXYTOUHBIX KOJOHH M KOHIYKTOPOB, a
TaKXKe JUaMETPhI JTOJIOT JUIst OypeHHUs MO KXyl KoJoHHY (d)
HaxOoJsT U3 CJIEIYIONINX COOTHOIEHUH [3]:

- JIMaMeTp CTBOJIA CKB&KHHBI IMOJ O0CAJHYI KOJOHHY C
HapyKHBIM JTHAMETPOM 1o my(Te

d;=di+ Ay, Mu (3.10)
(dv)

- HApY)XHBIA JUAMETP MPEeabIayIie 00caaHON KOJOHHBI (
dH)npeﬂ
(du)npc:li d:l + E(AB +6)« MM (3] 1)

rae Ay. pa3HOCTh AMAMETPOB MeX1y My(pToil u cTeHKoin
CTBOJIA CKBAXKHHBI

Ay - paguanbHBIA 3a30p MEXKIY AOJIOTOM M BHYTPEHHEH
MOBEPXHOCTBIO TOM KOJOHHBI, Yepe3 KOTOPYI0 OHO JOJDKHO
MPOXOAUTH MPH OypeHUH CKBaXUHBI (0T 5 710 10 MMm);

O - HamOoJIbIIas BO3MOXHAs TOJIIMHA CTEHKHU TPYO AaHHOMN
KOJIOHHBI.

PacueTrHble 3HaueHns quameTpoB A0a0T yTouHsAT o 'OCT
20692-2003, a o6cagubix Tpyo mo 'OCT 632-80.

Hwxke npuBenensl TpeOyembie [3] 3HaueHus Ay s psijga
obcamubIX TpyO (Tabmuma 3.4).
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OcHOBHBIE COUETaHHE Pa3MEPOB OOCATHBIX KOJIOHH M JOJIOT
IpUMEHSEMbIX Ul OypeHMs CKBaKMH Ha MECTOPOXKIECHHIX

3anagnoit Cubupu npezacrasieHsl B Tadmuie 3.5.

Tabauma

3.4

MuHnManbHO aonycrtumMasg pasHOCTb

nuaMeTpoB My(hT 0OCaaHBIX TPYO M CKBaKUH

HomunaneHblil tuametp o0CagHbIX TPYO, MM

114 140 168 273 324
127 146 178 299 340
194 351
219 377
245 426
PaznocTs auameTpoB®, Mm
15 120 125 135 139 - 45

*OTKJIOHEHHE OT YKa3aHHBIX BEJIUYUH JIOJDKHBI OBITh
000CHOBAHBI B IPOEKTE

HeoOxonumasi pa3HOCTb JHMaMETPOB CKBOXMH U My(dT
00caJIHBIX KOJIOHH JOJDKHA BBIOMPATHCS MCXONS U3 ONTHMAaJIbHBIX
BEJIMYMH, YCTAHOBJICHHBIX IPAKTHUKOM OypeHUs U MaKCUMAaJIbHO
o0ecreynBamUX OeCpensITCTBEHHbIM CHYCK KaX/10i KOJIOHHBI
0 TPOEKTHOM TJIyOMHBI, a TakKKe KAauyeCTBEHHOE  HUX
LIEMEHTUPOBAHUE.

Tabmuua 3.5 - OcHOBHBIE COYETaHHE pa3MEepOB 00CATHBIX
KOJIOHH, My(T U 10J70T

YcnoBHBIM . Juamerp , MM
HapyxHb1it
JIAAMETP HMAMETp TPyo MypT oJ0Ta
obcaHoit P TPYO;
MM
KOJIOHHBI
1 2 3 4
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508 508,0 533,4 550
473 473,1 508,0 550
426 426,0 451 490
406 406,4 431,8 490
377 377,0 402,0 4445
351 351,0 376,0 4445
340 339,7 365,1 393,7; 444,5
324 323,9 351 393,7
273 273,1 298,5 349,2
245 2445 269,9 295,3; 311,1
219 219,1 2445 269,9
194 193,7 215,9 250,8
178 177,8 1945 (198,0) [222,3
168 168,3 187,7 215,9;
190,5; 215,9;
146 146,1 166,0 105%: 212%
140 139,7 153,7 (159,0) [190,5; 188,9*
127 127,0 141,3 (146,0) |158,7; 161,0;
190,5
114 114,3 127,0 (133,0) |146; 138,1*
[Tpumeuanus: Pazmepsl B KpyTribix ckoOKax MpUBEIEHBI U1l TPYO
ucnonHenuss b * - gomora Beimyckaemple OOO  HIIIT
"BYPUHTEX" (BUT)

3.8 Ob6opynoBaHue yCThs CKBaKUHBI

Kpurepusimu BbiGopa IIBO  sBistoTcss MakcHMaibHOE
JaBJIICHWE, BO3HUKAIOIIEE HA YCThE CKBAKMHBI IPU IOJHOM
3aMELIEHUHN MPOMBIBOYHOMN >KUJIKOCTH IJIACTOBBIM (DIIIOMJIOM TNPU
3aKpBITOM IIPEBEHTOPE M JAMAMETPbl IPOXOJIHBIX OTBEPCTUI
IIPEBEHTOPOB, TO3BOJISIIOIIME HOPMAJIBHO BECTH YINIyOJeHHE
CKBa)XMHBI UJIM MTPOBOJIUTH B HEH JIIOOBIE pabOTHI.
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IIpu  BbIOOpe  kosoHHOM  rosmoBku (KI')  mommmo
MaKCUMaJIbHOTO YCTHEBOTO JIABJICHUSI YUUTHIBAIOT AHMAMETPHI BCEX
00CamHBIX KOJIOHH, OOBS3BIBAEMBIX C IIOMOIIBIO KOJOHHOH
rojoBku. [lpm Hanuuumu B 1utactoBoM (IIIOMAE CEPOBOIOPOAA
HeoOxoaumo BeIOMpaTh IIBO m KI' B KOppPO3MOHHOCTOHKOM
WCIIOJIHEHUU.

KoHCTpyKIIMM ~ yCThSI CKB&KWHBI, KOJIOHHBIX TOJIOBOK,
TePMETH3UPYIOIINX YCTPOUCTB JIOJDKHBI oOecrieunBars [ 1]:

- TOJBECKY C pacyeTHOM HATSHKKOM NPOMEXYTOYHBIX U
OKCITyaTAallMOHHBIX ~ KOJIOHH €  Y4eTOM  KOMIICHCAIlUU
TEMIIepaTypHBIX JeGOopMalnii Ha BCEX CTAIMIX PaOOThI CKBAKUHBI
(KONIOHHBI), a TakXKe IOJBECKY KOJIOHHBI OypMIBHBIX TpPyO Ha
MIPOTHBOBBIOPOCOBOM 000PY/IOBAHNH;

- KOHTPOJIb BO3MOXKHBIX (DIIFOMIONPOSBICHUH 32 00CaHBIMU
KOJIOHHAMU;

- BO3MOXHOCTb aBapPUIHOTO TIYIIEHUS] CKBAXKUHBL;

- TEPMETUYHOCTh  MEXKOJOHHBIX  MPOCTPAHCTB  MpH
CTPOUTENHCTBE U DKCIUTyaTallul CKBaKUH;

- UCObITaHHE OOCAAHBIX KOJOHH MW  MEXKKOJIOHHBIX
MPOCTPAHCTB HA TEPMETHYHOCTb.

KoHTpoJibHBIE BONIPOCHI :

UYrto Takoe KOHCTPYKIHS CKBAUHbI?

Ha3znauenue konmykropa?

UYro Takoe OTHOCUTEIbHAS INIOTHOCTD?
Koaddunuent pezepa sl CKBaXXMH TITyOMHOM 10

1200 m?

UE RN E

Ha3nauenune TeXHUYECKUX KOJIOHH?
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Tema 4. OBCA/IHBIE TPYBbI U UX COEAJUHEHUSA

4.1. Koncrpykuus o0caHbIX TpYyO

Jis  KpemjeHus CKBaXHH IPUMEHSIOT  CIeLUalIbHbIe
oOcaaHbIe TPYOBL. OTedecTBEHHOM MIPOMBIIIIJICHHOCTHIO
M3rOTaBJIMBAIOTCS 00CaIHBIE TPYOBI CIEAYIOIIUX KOHCTPYKIIHMMA:

* My(pTOBBIE C KOPOTKOW U YIJIMHEHHOW KOHHUYECKOM
pe3pboit TpeyronsHoro mpoduis (mo 'OCT 632-80 u API Spec
5CT); MydTOBbIE C KOHHYECKOM pe3b00il TpaneunenaaabHOro
npoduist (turt OTTM o 'OCT 632-80);

* My]TOBbIE C KOHHYECKOW pe3p00il TpamenenaaabHOro
npoduiIsd U KOHHYECKMMHU YIJIOTHUTEIbHBIMH MTOSICKAMU Ha KOHIAX
3a pe3pboil co cropoHbl MeHbIMX auamerpoB (tun OTTI mo
'OCT 632-80);

* tuna OTTM ¢ yHJIOTHUTENBHBIM POTHUBO3aJUPHBIM
nokpbiTieM pe3sosl Mypt (TY 14-3-1417 -86 u TY 14-3-1487 -
87);

* o 'OCT 632 - 80 ¢ y310M YIUTOTHEHHS U3 TIOJTHMEPHOTO
marepuana (TY14-157-11-98);

* mtagkue 6e3mydroseie ¢ pe3pboit OI'IM (tun OI'IM no
TV 14-3-714-78);

* Tmuna OTTI' ¢ NOBBIIEHHOM IIACTUYHOCTBIO U
XJIQOCTOMKOCTBIO U My)THI K HUM (110 TY 14-162-4-94, TY 14-3-
1505-87 u TY 14-3-1736-90);

* My]QTOBBIE C  YINOPHOW  KOHHMYECKOW  pe3b0oil
TpanenenganbHoro npodpmirst «barpece» (TY 14-162-13-95 u TY
14-3P-29-2000);

* TpyOBI paBHONIPOXOHBIC ¢ pe3rboi «barpecc» mo TY 14-
161-169-96;
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* Tpyosl OTTM u «barpecc» cToMKHE K CEPOBOLOPOIHOMY
pacTpecKUBaHUIO B cpefie, cojaepikalei cepoBoiopoa 10 6 % (1o
TV 14-162-3-94 u TV 14-15747 - 97);

* My(TOBBIE 3JEKTPOCBApPHbIE C YIOPHOH KOHHYECKOMH
pe3bboit OTTM u «barpece» (TY 39. 0147016.40-93);

* oOcamHbie TpyObl W My(TH K HHM B XJIaJJOCTOMKOM
WCIIOJIHEHUU C PE3b00i

OTTT wucn. A (TVY 14-157-24-92);

* My(TOBBIE 3JEKTPOCBApPHbIE C YIOPHOH KOHUYECKOU
pe3pboit  «barpeccy ¢ y3710M YIUIOTHEHHS H©3 MOJUMEPHOTO
matepuaina (TY 14-3-1732-90);

* 0e3my(TOBBIE TOJCTOCTEHHbIE C pe3pboi Tuma OTTM
Beicokonpounbie (TY 39-0147016-28-92 wnu TY 14-3-1487 -87);

* wMmydrToBele Tuma  «baTpecc» ¢ MOBBIINIEHHBIM
comportuBienuem cmaruio (TY 39-0147016-40-93 u TY 39-
0147016-63-96);

* TpyObl MydTOBBIE C pe3pboii Tuma «barpecc» (1o
crierudukaruu cranaapra APl 8pec 5CT u TY 14-162-13-95);

* TpyOel MydroBele OecmoBHble Tuna OTTM-B,
OCHAIIICHHBIE Pe3b00i, YHHUPUIIUPOBAHHOM ¢ pe3pdoil THUIa
«barpeccy» (mo TY 14-162-18-96) u np.;

* OesmydroBrie OecmoBHbie THUNa «CTT» ¢ pe3pOOBBHIM
COEIMHEHUEM, KOTOPbIE SIBIISIOTCS aHAI0roM pe3bosl Thna «FL 45
o crangapty AP,

» Tpyosl Tuna OTTI" nuamerpom 245 MM U3 CTajlu TPYMIIBI
npoyHocTy P.

N3rorosurenu:

- OAO «BpIkcyHCKHI MeTaTypriudeckuii 3aBoa» (BM3).

- OAO «Ceepckuit TpyoHsiit 3aBo» (CeBT3) - B TOM uucie
TpyOBI 245X12P.

- Cunapckuii TpyOHbIi 3aBoa (CunT3).

- UensbuHckuit TpydonpokatHsiii 3aBox (UTII3).

- OAO «Bomxckuii TpyoHnsIit 3aBom» (BT3).

- Hwxaennenposckuit Tpydonpokatubiit 3aso (HIT3).
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TpyObsl oOcanHble W3rOTaBIMBAIOTCS W3 CTAlCH TpyHn
npouynoctu [, K, E, JI u M, Mexanudyeckue CBOMCTBA KOTOPBIX
npuBeeHHI B TabmuIe 4.1.

[Tocanka pe3bObl OCYIIECTBISIETCS 1O OOKOBBIM CTOPOHAM
npoduiis. ['epMeTUYHOCTh COCTUHEHUS! CO3/1aeTCsl YIJIOTHEHUEM B
3a30pax pe3p0OBOM CMAa3KOM MPU CBUHUMBAHUU MEXAaHUYECKUM
CIIOCOOOM.

Coenunenus ¢ yaImHEeHHOU pe3b0oit (V) obnanarot Gobiei
TePMETUYHOCTBI0O W CONPOTHUBIISIEMOCTBIO  PACTATHUBAIOLIUM
Harpy3Kam.

Tadomuma 4.1 MexaHudecKkue CBOWCTBA CTaJEHd JUIA

o0caHbIX TPYO

IToka3arens I'pynna npoynoctu cranu
Jil K E JI M

Bpemennoe 637 (687 (690 |758 (861
conporusiieHue. Mlla
IIpenen Tekyuyectu. Mlla:
HE MEHee 372 |490 |551 |655 |758
He Oonee 551 |- 758 |861 [964
OTHOCHTENLHOE 16 12 13 125 10,8
ynmaeHue 85. %

HanpaBneHuss 1 KOHIYKTOPHI MHOTZIA COCTaBIISIFOT W3

CBApHBIX CTANbHBIX Tpy0. OHM WMEIT BHJI UIMHHOTO IOJIOTO

KPYIJIOTO THMJIMHIPA, HAa KOHIIAX KOTOPOTO Hape3aHa Hapy)KHas

KoHuYeckass pespbOa. CoenuHSIOTCS MEXIy coboit  MydToil.

O6cannsbie TpyOb! M3TOTOBIIAIOT OectoBHBIME ¢ D = 114 + 508 MM

U Pa3InYHBIMHM TOJIIMHAMHU CTCHOK. TOJIIMHY CTEHKH TPYObI
YBEIIMYHMBAIOT 33 CUET YMEHBIIICHHSI BHYTPEHHETO THaMeETpa.

PeanbHO TpyOBI BCeraa OTIM4YalOTCS MO (opMe OT

uaeaIbHOTO Kpyriioro mwinmHApa. [lomepeuHoe cedeHme crerka

OBaJIbHO, TOJIIMHA CTCHKH HE BCETJa IOCTOSIHHA HE TOJIbKO TI0
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JUTMHE, HO U B TIONIEPEYHOM CEYCHUHU. B CBSI3U C 3TUM YCTaHOBIICHBI
nomnycku. Tak Juist OObIYHBIX OOCaAHBIX TPYO C IHUAMETpPOM He
O6omee 219 MM ¥ MypT K HUM OTKJIIOHEHHUS IO HaPYKHOMY
IUaMeTpy He JOJDKHO mpeBblmate 1 %, st TpyO Oosibliero
muamerpa - 1,25 %; OTKJIOHEHHSI MO TOJIIUHE CTEHKU JOJIKHO
ObITh He Oonee mMuHyc 12,5 %; mo mMacce OTHnenbHOW TPyOBl He
6onee mtoc 9 % unu munyc 6 %.

OBalbHOCTh - OTHOIICHHE PA3HOCTU HAMOOJBLIETO U
HAaMMEHBIIETO HApPYXHBIX JIHaMETPOB TMONEPEYHOTO CEUYCHHUS
TpyOsb! Kk ux nonycymme (C).

OBanbHOCTB 1151 TPYO 10 219 MM - C < 1,6; mist Tpyo >
219mmMm - C < 2.

OO6cannple TpyObl U3rOTaBIMBAIOT U3 YIJIEPOAUCTHIX U
JIETUPOBAHHBIX CTallel, B KOTOPBIX cojepxaHue cepbl U docdopa
He gaomkHo mnpesbimath 0,045 % kaxgoro, a cojep)KaHUe
MblIlbsKa - He 6onee 0,15 %. OGcaanbie TpyObl B 3aBUCIMOCTH OT
npezelia MPOYHOCTH CTAIH BBITYCKAIOT CIEAYIONIUX TUIIOB (MapoK)
-1, K, E, JI, M.

TpyOsl U MypTHl K HHUM, Kak MpaBUJIO, JOJIKHBI
W3TOTOBIIATh W3 CTIM  OJWHAKOBOH TPYNINBI  IPOYHOCTH.
JlonmyckaeTcst U3roTOBJIATh My()Thl K TpyOam auamerpom o 245
MM IpH TOJNIIMHE CTEHKH He Oosee 10 MM, a Takke KO BCEM
TpyOaM OOJIBIIIOrO JuamMeTpa M3 CTald TMOCIeAYIOIIed TPYIIbI
MPOYHOCTH, HAIIPUMEP, K TpyOaM M3 CTalld TPpyNIbl mpoyHocTH K,
Myl U3 cranu rpynmnsl E. TpyOs! rpynn npounoctu K u Bbime
JIOJDKHBI 00pa0aThIBaThCA B CTAHAApTE, OJTHAKO, HE YKa3aHbBI BUIBI
TEPMOOOPAOOTKH.

Cornacho T'OCT 632-80 Bce oOcagHble TpyOBI
araMeTpoM 10 219 mm u mMeHee u 50 % TpyO Gosbliero guamerpa
rmocjie HAaBUHYMBAHMS W 3aKpEIUICHUsT MY(T IOJDKHBI Ha 3aBOjIE
MOJIBEPraTbCcs  MCIBITAHUIO THJAPABIMYECKUM  JaBICHUEM -
onpeccoBke. [IponomknuTensHOCTs OnpeccoBkU - He mMeHee 10 c.
JlaBnieHHE ONPECCOBKU PACCUUTHIBAIOT TaK, YTOOBI SKBUBAJICHTHOE
HampspKeHHE Ha BHYTPEHHEH MOBEPXHOCTH COCTABIISIIO B TpyOax ¢
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Hapy>XHbIM auameTpoMm 10 219 MM He menee 80 %, a B TpyOax
Oonbmero nuamerpa - 60 % or mpenena TEKydyecTH MaTepuala;
IPU 3TOM NPEANOIararoT, YTO AMAMETP M TOJNIIMHA CTCHKH TPyO
COOTBETCTBYET = HOMHHAJIBHBIM  3HadyeHusM. TpyObl, 1npu
UCTBITAHUN KOTOPBIX OOHApy>KeHa TeUb WIM MOTEHHE B CTCHKE, HE
pasperniaercst oTrpyxarb norpedurento. Eciu oOHapykeHa Teub B
pe3p00BOM COETMHEHHH, COSIMHEHHE JODKHO OBITh 3a0paKkoBaHo,
a Ha TpyOe Hape3zaHa HoBas pe3pOa. Ilocine Hape3ku pe3bObl
00513aTENIbHO MTPOBOIUTCS MMOBTOPHAS ONIPECCOBKA.

OO6canupie TpyObl HOMKHBI OBITH OpsMbIMU. Ecnu
MEXy KOHIIAMH TPYOBI Tyro HaTSHYTh HUTh, CTpeNia Mporuda Ha
PacCTOSIHUU OJIHOM TPETH JUIMHBI TPYOBI OT Ka)/10r0 U3 €€ KOHIOB
HE JIOJDKHA MpeBbIIaTh 1,3 MM Ha KaXAblii METp JIMHBI 3TOTO
ydyacTka, rocepeiuHe TpyObl - Mporu0® He JOJKEH MpeBbIIIAaTh
1/2000 ee nauHBL

3aBo/bl OTTPYXKalOT OOCajgHble TPYOBl MOTPEOHUTEISIM
naptusimu.  Kaxknas maptust cHaOxaercst cepTuduKaTamu, B
KOTOPBIX YJIOCTOBEpsieTCS KayecTBO TPYO M COOTBETCTBHE HX
TpeOOBaHUAM CTaHAAPTA.

YcnoBHoe 0603HaUeHHE TPYO JOHKHO BKIIIOYATH THIT
coeiMHeHUs (KpoMme TpyO C KOpPOTKOH TpeyronbHOl pe3pOoii),
YCIIOBHBIN JAMaMeTp TPYObI, TONIMHY CTEHKH, TPYIITY MPOYHOCTH
U 0003HAaYEHUE.

VYcnoBHoe 0603HaUeHHE MY(PT JOJKHO BKIIIOYAThH THI
coeuHeHUs (kpome MypT K TpydaM C KOpPOTKOH TpeyroiabHOMH
pe3b00oif), YCIOBHBIM AuaMeTp TpyObl, TPYIIy MPOYHOCTH, BH]
MydTel (Uit cnenmanbHeIx Myt k Tpydam OTTM u OTTI) u
o0o3HaueHWe  Hacrosimero  cranmapra.llpumepbl  yCIOBHBIX
o6o3HaueHni TpyObl U3 cTanu rpymmsl NpoyHocTd /I, ¢ yCIOBHBIM
nuameTpom 245 MM, ¢ TOMIIMHON CTeHKU 10 MM U MyQTHI K HUM:

245x10-ATOCT 632-80 - ans TpyO C KOpPOTKOM
TpeyroipHOW pe3pboii; 245-J1 TOCT 632-80 - mis MydT K 3TUM
TpyOam;
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V-245x10- TOCT 632-80 - st TpyO ¢ yUIMHEHHON
TPEYroJIbHOU Pe3bOOoi;

V-245-]1 TOCT 632-80 - st Myt Kk 3THIM TpyOam;

OTTM-245x10-AT'OCT 632-80 - pmma Tpyd ¢
TpaneueuaIbHOu pe3booit;

OTTM-245-]1 TOCT 632-80 - musa MmydT HOpMaATBHBIX
K 9THM TpyOawm;

OTTM-245-]1-C TOCT 632-80 - gma wmydT
CTMEIUANBHBIX (C YMEHBIICHHBIM HAapyXHBIM JHAMETPOM) K ITUM
TpyOam;

OTTT-245x10-I TOCT 632-80 - mms T1pyd ¢
BBICOKOT€PMETUYHBIMU COCIUHEHUSIMH;

4.2. Pe3b00BbIe COSAMHCHHS 00CaTHBIX TPYO

Pe3pObl  0oOcamubix  TpyO  W3rOoTaBIMBAIOTCA B
cootBerctBue ¢ I'OCT 632-80 -konmdeckas (pucyHok 4.1, a),
TpeyrojapHoro (pucyHok 4.1, 0), TpameueuBugHOro Mpoduis
(pucyHok 4.1, B ). 'eomeTpuyeckue napaMmeTpsl TpyO NMpUBEICHBI B
Tabmaune 4.2.

KonycHocTh  pe3bObl, T.e. OTHOIIEHHWE Pa3HOCTH
JIMaMETPOB €€ B JIBYX IMOTEPEUHBIX CEYCHUAX K PACCTOSTHUIO MEXTY
ocJIeAHUMH, paBHa 2 * tgV = 1/16.

a) C KOPOTKOM W Y/JIMHEHHOM KOHWYECKOW pe3bOoit
tpeyronpHoro npoduias no ['OCT 632-80; 0) ¢ KOHHYECKOM
pe3b00il TpeyroibHOro Npo@uiis U yNpoOYHEHHBIMU MOSCKaMH; B)
tpyosl Tma OTTM no I'OCT 632-80 ¢ xoHudeckoil pe3bOoii
Tparnenen1aIbHOTO MPOQHUITS.

102



a) 0) B)

“ BN
22223

et

v\ o

4

.
,’}ﬂ 7
AV

)
[~}

KoHey mpybot

Pedyyuposanuviii

Pucynox 4.1. TpyObl o6caanbie My(dTOBbIE

Konungeckass pe3pba MO3BONISIET IyTeM HATATa TpU
CBUHYMBAHHUM JIOCTHYb HECKOJBKO OOJbIIEH TepMETUYHOCTU IO
CPaBHEHHUIO C IWIMHIPUYECKON pe3pOOi TMpH OJMHAKOBOM
TOYHOCTH M3roTOBiIEeHUA. bonbmas yacte o00cagHbIXx TpYO,
m3roroBieHHbIx 1o I['OCT 632-80, wumeeT coeguHEHUS C
HOpMaJIbHOW JyTHOU pe3bObl. Ha Tpybax muamerpom 127 u 140
MM C TOJNIIMHOW CTEHKH 7 MM JJIMHA Pe3bObl HECKOJIBKO KOpOoue
HOPMAaJIbHOM.
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Tabnuna 4.2 TexHUYECKHE XapaKTEPUCTHKU TPyO C

TpeyronbHoi pe3rooii mo 'OCT 632-80

Tpy0a Mydra

D, [S,MM- [Macca 1|Dy' mM|LM, MmMm|Macca 1 M,

MM (12,5 M, KT +3 +3 KT

+0,7

5

114 |5,2- 14,0-26,7 |127 157; 3,7;4,1 (Y)
10,2 177(Y)

127 |5,6- 16,7-30,7 |141,3 |165; 4,6, 5,7 (Y)
10,7 196(Y)

140 |6,2- 20,4-33,6 (153,7 |171; 203|5,2; 6,4 (V)
10,5 Y)

146 |6,5- 22,3-35,7 (166,0 |177; 8,0, 9,7 (V)
10,7 215(Y)

168 |7,3- 29,0-46,5 (187,7 |184; 222|9,1; 11,3
12,1 )

219 |6,7- 35,1-71,5 (244,5 |196; 254|16,2; 21,6
14,2 )

245 |7,9- 46,2-89,5 (269,9 |196; 17,9; 25,2
15,9 266(Y) |(Y)

273 |7,1- 46,5 -1298,5 (203 20,7
16,5 104,5

299 |8,5- 60,5 -1323,9 |203 22,5
14,8 103,5

324 |8,5- 66,1- 351,0 |203 23,4
14,0 106,9

351 |9,0- 75,9- 376,0 |229 29,0
12,0 100,3

377 |9,0- 81,7 -1402,0 |229 31,0
12,0 108,0

426 {10,0- |102,7 -|{451,0 |229 37,5
12,0 122,5

[Mpumeuanue. dmuna tpydo L = 9500+ 13000 mm;
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nomnyckaercst B maptuu Tpyo muymnoi 8000-9500 mwm - no
20 % u mmuon 5000-8000 MM - 1o 10 %.

Cranpapt mnpenycMaTpuBaeT TAKKe HW3TOTOBIEHHE TPYO
auaMeTpoM oT 114 no 245 MM BKIIIOYHMTENBHO U MY(PT K HUM C
YIUIMHEHHOW pe3b00il. YBenuueHue JUIMHbBI pe3bObl COCTABISIET OT
13% nns Tpy6 nuamerpom 114 mm o 40 % ansa TpyO auameTpom
245 MM. YKa3zaHHOMY THUIly pe3b0 MPUCYIIM JBa HeJxocraTka. Bo-
IIEPBBIX, IPOYHOCTH TAKOI'O My(PTOBOI'O COEITUHEHUS COCTABIISET OT
55 no 70 % npoyHOCTH NO TEIy HEHape3aHHOI'O Y4acTKa TPYOBbI;
Haunbosee cnadbIM SBISETCS CEYEHUE TTI0 OCHOBHOM MI0cKoCcTH. Bo-
BTOPBIX, HEIOCTaTOYHO BBICOKA WX T'epMETHYHOCTb. IlosToMmy,
TpyOBl C TaKUMH COEAUHEHMSIMH II€J1IeCO00pa3HO HCII0JIb30BATh,
IpeX/ae BCEro, B HIDKHUX YdacTKaXx o0OCaJHbIX KOJOHH, TIJe
MPOYHOCTh ~ HA  pAacTsHKEHUE  HE  SBISIETCS  CEPhE3HBIM
JTUMHUTUPYIOIIUM (aKTOPOM, a U30BITOUHOE BHYTPEHHEE JaBlieHHUE
CPaBHUTEIBLHO HEBEIUKO.

IIpoyHOCTE COEIMHEHUI MOXHO CYIIECTBEHHO IOBBICHUTb,
€CIM TPEYroJIbHbIA Tpoduiib pe3b0bl ¢ OOJBIIMM YIJIOM TMpU
BEpILIMHE 3aMEHUTh TpaneleuaaIbHbBIM C MaJIbIMU YIJIaMH HAKJIOHA
OOKOBBIX IpaHed. B mocnenHue roapl NpUMEHSIOTCS TPYObI, Ha
KOTOPBIX Hape3aHa TpamneleuanbHas pe3b0a ¢ KOHYCHOCTbIO 2 ¢
tgV = *16. Ilocaaka pe3bObl OCYIIECTBIISIETCS 110 BHYTPEHHEMY U
Hapy)KHOMY ee jauameTrpaMm. TpyObl ¢ TakMMU COEAMHEHUSIMU
nmeror mmpp OTTM-1 (oGcamable TPyOBI C TpamnenenIaIbHON
pe3b0oii, ¢ mydTamu). [IpouHocTs Ha pacTsxkenue Ha 25 -=- 50 %
BBIIIIE, YEM COSAMHEHUH C pe3b00i TPEYroJIbHOTO MPOQHUIISL.

Tpy6sl ¢ My(QTOBBIMH  COEIMHEHUSMHU  TOBBIIICHHON
repMeTnyHOCTH UMeroT mudpp OTTI-1. OHu cHaOxeHbl pe3bOoit
Takoro xe npo¢wmist, uto U Tpyost OTTM-1, HO oTnHMyarOTCs OT
HOCJEHUX, BO-TIEPBBIX, HaJINYHEM YIJIOTHUTEIbHBIX
MOBEPXHOCTEH - HapyXHOH Yy HUMIEIHHOIO KOHLA TpPYOBl WU
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BHYTpPEHHEH - B CEpeAMHHON 4acTH MY(THI: BO-BTOPBIX, TEM, YTO
pe3b00BOE COEIMHEHHE 3aKpeIUIsieTcsl O yrnopa Topua Tpyobl B
CPEIUHHBIN BBICTYN MY ThI. [Ipy TakoM 3aKperieHuU COCTUHEHUS
co3laercs  Tocajgka IO  YIUIOTHUTEIbHBIM  KOHUYECKUM
MOBEPXHOCTSIM M [0 BHYTPEHHEMY W HapY>KHOMY JHAMETpamM
pe3b0bl, TOYHO (PUKCHpYyeTCs 3aJaHHBIA JUaMeTpajbHBIA HATST
(0,5 mm), ycTpaHsieTcsi 3a30p MEXAY COCIUHSIEMBIMH JIETaISIMU,
4yeM JocTuraercs 0ojee BbICOKas repMeTUYHOCTh. OTKIOHEHUS 110
KOHYCHOCTH TJIAJIKUX YIUIOTHUTEIBHBIX IMOBEPXHOCTEU TPYyOBI H
MyQTHI Ha THE 14 MM He 10JDKHBI npeBbimaTh £ 0,03 mm.

CymectBytor  O6e3mydToBBIE  coeAuHEHUsT TpyO ¢
YTOJNIIEHHBIMA KOHIIAaMH U TpPyO C TOCTOSHHOM TIO JJIMHE
TONIIMHOW  CTEHOK. TpyObl C  yTOJIICHHBIMH  KOHIIAMHU
pazpabotansl B JByX BapuaHtax. Y T1pyoer TBO-4 (TpyOsl
0e3my(dToBEIC 00CaTHBIC) YTOMIICHHBIE 00a KOHIIA, HA OJHOM W3
KOHIIOB Hape3aHa HapyKHas, a Ha JIpYyroM -BHYTPEHHSS
KOHMUECKas Tpamenenaanbaas pe3roa. B tpydax THO-5 yromnmen
TOJIBKO OJIMH KOHEIl, Ha KOTOPOM Hape3aHa BHYTPEHHsS pe3b0a; Ha
JIpyroM, HEYTOJIIEHHOM KOHIIE HMeeTcs HapykHas pe3boa.
[Ipodune u pasmepsl TpameueugaabHbXx pe3bd Ha Tpybax THO
TaKue e, kak ¥ Ha Tpyoax OTTM-1.

Ha xonnax tpyo TBO Ttak xe, kak u Ha Tpydax OTTI-1
MMEIOTCSl TJIaJIKHE KOHWYECKHE YIJIOTHUTENIbHBIE IMOBEPXHOCTH.
CoenuHeHns 3akperuisitoTess 10 ynopa TopuoB. Tpyost TBO u
OTTT-1 MOXHO COEAMHSTH APYT C APYroM 0O€3 JOMOTHUTEIHHBIX
MIEPEBOTHUKOB.

besmydroBeie Tpyorr OI'-1M ¢ TOCTOSHHOW MO JUIMHE
TOJNIIMHONW CTEHOK CHAOKEHBI Ha OJHOM KOHIIE HApPY)KHOW, a Ha
JIpyroM BHYTPEHHEH KOHHYECKOH pe3b0oil Tpamenen anabHOro
npoduisi. Konycnocts 1/12. (pucyHoxk 4.2).
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Pucynox 4.2. TpyOs1 o6cainbie
a) tuna OI'l M; 6) Tuna «batpecc» TY 14-161-169-96

Pe3p0OoBoe coeMHEHHE 3aKperisieTcs 0 yrnopa TOPIOB.
[Tocaaka pe3pOBI MPOUCXOMUT MO BHYTPEHHEMY JIMAMETPYy e€e;
KpOMe TOro, MJii YBETUYEHHUS KECTKOCTH My(TOBOTO KOHIIA
MPEeIYCMOTPEHA MOCAJKa MO0 CPE3aHHBIM BepITUHAM TpoduiIs Ha
ydJacTKe OT Havaja coera pe3p0Obl Ha HUIMIETFHOM KOHIIE TPYOBI 10
YIOOPHOTO  yCTyma. XapakKTepHOH OCOOCHHOCTHIO  00CaTHBIX
KOJIOHH, COCTaBJeHHBIX u3 Tpyd OI'-1 M, siBisieTcs MOCTOSIHCTBO
HapYXHOT'O JHaMeTpa 1o BCeH JUTHHE.

Tabmuma 4.3 TexHUYECKHE XapaKTEPUCTUKU TPyO
orimm
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Junamer
p
Huam Anametp Hom KoHHuec | nHa
Huametp OOJIBIIIOTO Ha .
erp |Toumm KOM pe3bObI
YCIIOBHBI OCHOBaHHUSI  |KOHY
¢ Hapy |MHa BBITOYK (MYy(TOB
| - e [FOHYCR ca | sloit
TPYyOBI T pe3bObI 10 (pe3b
HBIH, |H, MM . IJIOCKOC |9acTH,
D, MM HUIIIIEJILHOM |OBI,
MM TH MM
YacTH, MM MM
TOpIIA,
MM
114 114,3 (89 109,5 66 |109,3 |82
78
127 127,0 (89 122,2 66 |122,0 |82
78
140 139,7 |89 1349 66 (134,7 |95
10-11 78
90
146 146,0 (89 141,2 66 |137,1 |95
10-11 78
90
168 168,3 |89 163,5 66 (1594 |95
10-12 78
90
178 177,8 (89 173,0 66 |168,9 |95
10-14 78
90
194 193,7 |89 188,9 66 (184,8 |95
10-14 78
90
219 219,1 |9 214,3 89 [210,2 |95
10-12 90
245 2445 (89 239,7 66 2356 |95
10-14 78
90
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273 273,1 |89 268,3 66 (2642 |95
10-12 78
90

TpyOsl oOcagHble C  YHOPHOH  KOHHYECKOW  pe3pOoit
TpaneneugaipbHoro npodmis «barpece» (TY 14-161-169-96, TY
14-162-13-95, TY 39.0137016-6396 u np.), n300pakeHbl Ha pUC.
4.2, oOecneuyuBalOT BBICOKYIO T'€pMETHMYHOCTh COCIWHEHUS U
MOBBIINIEHHYIO  MPOYHOCTh TpPU  JICHCTBUU  PACTATHBAIOIIUX
Harpy3oK II0 CPaBHEHHIO C pe3b0OH TpPEeyrosbHOro Mpoduis.
OKCIUTyaTallMOHHBIE XapakTepUCTHKH TPYyO ¢ pe3pboii «barpecc»
a"Hanornunel Tpybam OTTM mno I'OCT 632 - 80. Pe3bOnl
«batpecc» u OTTM He B3aumo3aMeHsiEeMbl H3-3a Pa3IUYHON
unHbL. ['eomeTpuueckue mnapaMmerpbl o0cagHbIX TpyO ¢ pe3bOoii
«barpecc» mpuBeneHs! B Tadnuue 4.4.

Tabmuna 4.4 TexHuueckue XapaKTEpPUCTUKH
oOcamubIX TpYyO ¢ pe3rboit «barpece» quamerpom 219 u 245
MM

Tpy0a Mydra
D,mm |S,Mm [Macca 1 m,|Dy, Mm |bm, MM |[Macca,
KT KT

146 6,5- 22,4-35,7 |166,0 |237,0 (9,7
10,7

168 7,3- 29,0-41,2 (187,7 |2445 (111
10,6

245 7,9 46,1 269,9 2699 |23,2

OcrtanbHble TEOMETPUYECKHE TapamMeTpbl TpyO JOJKHBI
COOTBETCTBOBATH JIaHHBIM, IPUBEICHHBIM B Ta0I. 4.1.

TpyOsl oGcanHble My(TOBBIE MOBBIIIEHHON KOPPO3HMOHHOM
CTOMKOCTH W XJIAJOCTOMKOCTH C pe3pboit Tmma «barpeccy
n3rorasnuBaotcd no TY 14-15747-97 u3 craneit mapku 25«M»
cenekT, 20«M» cenekt u 20«C» cenekT (Koppo-3uOHHOCTOUKHE),
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O, 32I'2(J) , 32I'2 (oObrunoro ucmnonHenus). duamerp TpyO
orl14 mo 245 mMm, mmHa ot 7,62 10 10,36 M u ot 10,36 mo 13,0.

4.3 CapHble COeAMHEHUS 00CaTHBIX TPYO

OnnuMm w3 Hambonee 3((HEKTUBHBIX CIOCOOOB IOBBIIICHUS
TePMETUYHOCTH SIBJISIETCS CBApKa COEIMHEHHMI OOCaIHBIX TpYO.
[IpuMeHsieTcs  HECKOJBKO  THUIIOB  CBApPHBIX  COEIMHEHMIN:
pacTpyOHOE, BCTBHIK, JBYXpacTpyOHoe, My(]TOBOE, HHIIIEIb
pacTpyOHOe, JByXpacTpyOHOE€ ¢ ILEHTPUPYIOLUIMM  KOJBLIOM.
[Ipo4HOCTh TpU paCTSHKEHUH PAcTpyOHOTO U MYy(TOBOTO CBAapHBIX
COEJIMHEHUI NPUMEPHO paBHA, a ABYXPAacCTPyOHOrO - HECKOJIBKO
BBIIIE TPOYHOCTH CTAaHAAPTHOTO pPE3bOOBOTO  COCAMHEHHUS.
IIpo4HOCTB CTBIKOCBApHOT'O COEMHEHUs On3Ka (a B psizie cilydaeB
-lake paBHA) K TpouHOCTH Tena TpyOsl. CyliecTBeHHBIM
HE/JIOCTaTKOM  CTBIKOCBAPHOTO ¥ B  MEHbIIEH cTemeHu -
JBYXpacTpyOHOro COEAMHEHUH sIBiIsleTCs 0Opa3oBaHUE TIpaTa Ha
BHYTPEHHEH  IOBEPXHOCTH  TpyO  BCIEACTBME  3aTEKaHUs
pacIIaBIeHHOTO METaljia MPH CBapKe W BEI3BAHHOE 3TUM 3aMETHOE
YMEHBIIIEHUE BHYTPEHHETo AuameTpa o0cajHOW KOJOHHBI. TpyOsl
CBapUBAIOT HETOCPEACTBEHHO HAJ YCTheM CKBAXKUHBI IIPU MOMOIIU
aBTOMATOB W TIOJyaBTOMAaTOB JUISl OJEKTPOJIYTrOBOH CBapKH.
[TpumensieTcs Kak cBapka B 3alllUTHON cpefie, Tak 1 0e3 3alUTHON
cpenbl. MiMeercst ombIT KOHTAaKTHOW cBapku. KoHTakTHas cBapka
OCYILECTBISIETCA IMyTEM HarpeBa KOHILOB TPYO [0 IJIACTUYHOTO
COCTOSIHMSI M OCEBOTO CHAaBJIHMBAaHWSA WX MO Topram. lIpouHocTs
oOpasylomierocsi IIBa paBHAa MPOYHOCTH Tena TpPyObl. Y 3TOro
crocoba WMEIOTCSI CIEQYIONIe HEIOCTATKA - MPH CHAAaBIMBAHHUU
KOHIIOB Tpy0 Ha BHYTpEHHEH NOBEPXHOCTH O00Opaszyercs TIpart;
YCTaHOBKH I KOHTaKTHOM CBapK Ooyiee TPOMO3IKH, YeM JUIs
JIyTOBOM.

TpyObl o6canHble 3MEKTPOCBApHbBIE C YIOPHONW KOHHUYECKOMH
pe3p6oit Tuna «barpece» (TY 14-161-149-94, TY u crangapt API
Spec 5CT), xapakTepu3ylTCsS TIOBBIIIEHHONH TOYHOCTBIO 10
Hapy)XKHOMY JMaMeTpy M TOJIIMHE CTEeHKU. [ eomeTpuueckue
napameTpsl TpyO puBeeHBI B Tabaute 4.5.
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Tabnuma 4.5. TexHudeckrue XapakTepUCTUKHA 00CaTHBIX
Tpy0 ¢ pe3pboii «barpecc» nuamerpom 146, 168 u 245 mm

Tpyba MydTa
D, S, MM Macca 1| Dy, bMm, | Macca,
mm M, KT MM MM KT
146| 6,5-10,7| 22,4-35,7| 166,0 237 9,7
,0
168| 7,3- 29,0-41,2| 187,7 2441 111
10,6 9
2451 7,9 46,1 269,9 269 | 23,2
9

[IpouHocTh pPe3bOOBOrO COEAMHEHHUS IO OTHOUICHHIO K
MPOYHOCTH TI0 OCHOBHOMY Teiy TpyOsl cocraBimser 0,9 u
HaXOJUTCSI HAa YPOBHE MPOYHOCTH ropsyekataHbix Tpyo OTTM.
CBapHOe coeTMHeHHEe PaBHOIIPOYHO C TEJIOM TPYOHI.

4.4. TIpoyHocTs 00CagHBIX TPYO0 M WX COCOUHEHHH NpuU
OCEBOM PACTSHKEHUHU

4.4.1. Tlo texy TpyOsI

IIpn BO3mEHCTBHMM pPACTATHBAIOUIMX CHJI B TeJle TPYObl
BO3HHUKAIOT PACTATHUBAIOLIME HampspkeHus. lpu 3ToM cuutbl, mpu
KOTOPBIX HAIPSDKEHHsI JTOCTUTHYT TIpe/iea TeKy4eCTH MaTepuana,
MO>KHO OIIPENeTUTh MO clenayromiei popmyne 4.1:

P,-0,785 (D> D)ot

4.4.2. ITo cBapHOMY COEJUHEHUIO
P =K, n-d, 50, (4.2)

rae dy - CpeHuil TuaMeTp CBapHOTO IIIBa,;
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K - mompaBouHblii KO3 (UIMEHT, 3aBUCUT OT BHUIA
CBAPHOTO COEAMHEHMA, Ui MY(PTOCBAPHOTO U pacTpyOHOro
coenunenust Koz = 0,7, mna creikocBapuoro  Kg = 0,9, s
KOHTakTHOTO  cBapHoro coeamnenus Kcs = 1,0; or _mpexmen
TEKy4YECTH;

0 - HOMHHAJIbHAs TOJIIMHA CTEHKH TPYOBI.

4.4.3. B MypTOBOM COCTMHEHUH TPEYTOJIBHOTO MPOGUIIS

[Ipu BbIBOmE GopMyn i ONpeAeTCHHS MaKCUMaJIbHOM
pacTsATruBaroIIeH

Harpy3Ku cZeJIaHbl CIEIYIOIINE JOMYIIECHUS:

1) Tpy6a u mydra npeacTaBisitoT co00H KpyTible IMIUHIPHI
C IOCTOSTHHOW TOJIIIUHOM CTEHKHU.

2) oceBas Harpy3ka paBHOMEpHO paclpejieiieHa IO BCeM
BHUTKaM.

3) my(dTa abCOMOTHO KECTKAs.

4) oceBas cujia TIOJHOCTHIO TEPEIACTCS MO TMOBEPXHOCTH
CEUeHMsI B 30HE MEPBOT0 BUTKA MOJHOTO MPOHIIS.

PaccmoTpum mydToBoe coeuHEeHNe, CBUHUEHHOE C YIPYTUM
HaTAroM. B paccMmarpuBaeMOM CEYEHMM BBIJEIUM OJIMH BUTOK
(pucyHok 4.3) u o6o3HaunM N -CHIIy peakiUul HOPMaJbHYIO K
ONOPHOM NOBEPXHOCTH, T - CHIIly TpPEeHMS Ha TOH K€ OIOPHOU
noBepxHocTU. [lomHas peakiusi OyoeT OTKIOHEHA OT peakIuu
HOPMaJIbHOTO JaBJICHUSI HA YTOJl TPEHUS Q.

Pasnoxxum cuny R Ha paauanbHy0 coOCTaBisiONIylo R

-

R, =R -cos{o + 0)

{p2-p)o, @.1)
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Pucynok 4.3 - Cxema k pacueTy My(pTOBOTO COECTUHEHHUS U
IIPOAOJIBHYIO, OCEBYIO COCTABIISAIOLIYIO

Rj =R -sin(c + )=R, - tgfe 1 ¢) (a)

0~ YroJl HaKJIOHA TPaHU BUTKA K OCH PE3bOBI.

OueBugHO, TakWe >K€ CUIBI OyAyT JeWCcTBOBaTh W Ha
onopHyto noBepxHocth "BC". Ecnm Takoe 3aTSHYTOE COEIUHEHHE
Harpy»aTb OCEBOM CHIJION P, TO cuia HOpMaJabHOTO AAaBJIECHUS Ha
OMOPHYIO MOBEPXHOCTH "aB" OyzAeT, BO3pacTarh, Ha MOBEPXHOCTh
"Bc" yMeHBpIIATHCS.

[TockonbKy OBUIO MPHUHATO, YTO OCEBas CHJIa PaBHOMEPHO
pacmpesienieHa IO BCEM BHUTKaM, TO YCJIOBHE pPaBHOBECHUS
BBIJICJICHHOTO BUTKA MOYKHO 3aITMCaTh:

(R,E) + y)—(Ra - y): P/uB =0,
rac nB - YUCJIO BUTKOB, HAXOAAIMMUXCA B 3al1CIIIICHUN

y - BEJIMYMHA WU3MEHEHHUsl PEaklMM pPaBHOJACHCTBYIOLIEH CHUJI,
MPUIIOKEHHBIX K OJTHOM MOBEPXHOCTH, HA OCh PE3bOBI.
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P -
Y=o (6)
Otcrofa: 2y
PagnanpHas  cocTtaBisdmomias — paBHOACHCTBYIOLICH — CHII
IIPUJIO’KEHHBIX K OIIOPHON OBEPXHOCTH "aB":

erpl'f

rae Pi - paavalibHOE AaBICHHUE;
f - ruToma b OMOPHO# MOBEPXHOCTH.
[Ipoekiuu cui1, MPUI0KEHHBIX K ONIOPHBIM MOBEPXHOCTSIM:

Ry +y=R, 't‘c’(ﬂﬂp)=pl -f-tg(aJr(p).

Otcrona paauanbHOE JaBJIeHUE HA IIOBEPXHOCTH "aB'":

Ry +y Ry P
R, =- = + - .
1-tg(a+(p) f-tglo+ o) 2-nﬁ~1-lg(u.+(p)
Rj 7R[]-clg(o:+(p)7p
~ - =L
[Mpumem L tgfo + o) £
P-ctglo +
P1=Pn+—,) ( f(P) (1)
Nmeem: e
AHaJIornyHO paaruaJIbHOC JaBJICHUC Ha ITIOBCPXHOCTH "BC":
P-ctgla +
Py=Py——— el ‘(p) ()
2-n, -t

N3 mocnegHero ypaBHEHMsI BHJIHO, YTO TMPU HEKOTOPOM
3HaUYEHUU OCEBOW Harpy3ku P naBnenue P, Ha MOBEpXHOCTH BUTKA
MOXET OOpaTUTHCS B HYJIb.

Ecmu P, > 0, 1o mpu yBenmuueHuu cuibl P panuanbpHOE
JaBJIeHUE Ha TIOBEPXHOCTH "aB" Oy/leT BO3pacTarh, BO CTOJIBKO K€
pa3 OyIeT yMeHbIIAThCsA paAralibHOE JaBIEHHE Ha MOBEPXHOCTU
"pa". CpemHee ke 3HAYECHHE PAJUATBLHOTO [IABJICHUS Ha
MOBEPXHOCTh BCET0 BUTKA OyAeT OCTaBaThCsl HEU3MEHHBIM U
paBHBIM Po.

HapesanHblii KOHEL] HAXOAUTCS B CJHOKHO - HAaIPSKEHHOM
COCTOSIHMM, UCIBITBIBAsI OCEBbIE CWJIBI P M pannanbHOE NaBiEHUE.
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PannanbHoe naBiieHHE IPEPHIBUCTO: OHO PE3KO MEHSETCs INpuU
nepexoze OT OJHOW I'paHU BUTKA K APYToH.

Jlnist ympoIeHusi IPUHATO: TOBEPXHOCTh PE3bObl 3aMEHHTH
MOBEPXHOCTBIO IVIAJKOr0 WJIMHAPA, HAPYKHBIH JUaMeTp KOTOPOro
paBeH cpenHeMY AMAMETpy pe3bObl, BHYTPEHHHUH - BHYTpEHHEMY
IUaMeTpy TpyObl, a JUIMHA paBHA IPOEKLUUHU [UIMHBI pPe3bObl C
BUTKaMHU TIOJIHOTO MPOGUIIA Ha OCh PE3BOBI.

Ha noBepxHOCTh Takoro HUJIMHIAPA AEHCTBYET paBHOMEPHOE
JaBJICHHUE, BEJIMYUHY KOTOPOTO MOYKHO OIPEAEIUTbh U3 YCIOBHOIO
paBeHCTBA CYMMBbI CHUJI paJlMaJIbHBIX JIaBIECHUH, AEHCTBYIOIUX Ha
IIOBEPXHOCTh pe3b0bI u Ha MOBEPXHOCTh

P, m-Dy, 1=Py - F (1)
LWIMH]pA:

rae: F =2 ¢ fen, - cyMmmapHas MOBEpXHOCTh BUTKOB.

Ilon neiicTBUEM 3TOro AaBICHHS B IMJIMHAPE BO3HHUKAIOT
HOpMaJIbHBIE HANPSHKEHUS, BETMUYNHY KOTOPBIX MOYKHO OTIPE/ICIHUTh
o opmyne Jlsma:

_P,-d*-P,-d;

Ow =

(P, —P)-d*-d}

di—d2 - df-(di—dz)

rae: Py u Py - BHyTpeHHEE 1 Hapy>KHOE JJaBIICHUS,
d. - AMaMeTp paccMaTpUBaeMOW TOUKHU CEUCHUSL.

[Monaras, uto P, =0, P, =Py, d. =d, djj =dq,, umeem:

(4.4)

2

o, =_—2de* jip (e)
cp
B MOIICPCUYHBIX CCUCHUAX ITOA [[CIZCTBI/ICM cuibl P Bo3HMKAIOT
TAKKC W HOPMAJIBHBIC PACTATMBAIOIIUE HANPSXKCHUA U ;. HpI/I
nepexojie OT MENLHOrO Tela TPYObl K HApPE3aHHOMY y4acTKy
BCIIMYMNHA JOTHUX Hanpﬂ)l(eHl/If/'I HCCKOJIBKO YMCHBIIACTCA. 21.]-[5[
YIIpOIICHHUA paCcdCTOB 6yIICM HpeHCGperaTL OTUM YMCHBUIICHUCM U
cyuTaTrh, YTO Ha CECUCHUC TPY6I)I cuiia nepeaacTcs moJIHOCThIO, T.C.

4.P

S ey ()
ndgp —d-

115



CornmacHO TpeTbeil TeopuHM MPOYHOCTH  HaAMOOIbIlIEe
KacaTeJIbHOE HaNpsHKEHUE, paBHOE MOJIYPa3HOCTH HAWOOJBILIETO U
HAaUMEHBIIETO TJIABHBIX HAINPSKEHWM, HE JOJDKHO MPEBBIIIAThH
npeziena TeKy4ecTd MaTepuaa:

o, —0 g
—_ z T T -
Tinax = 5 ST (4.3)

[TockonbKy TONIIMHA CTEHKU OOCaIHBIX TPYyO BO MHOTO pa3
MEHBIIE JUAMETPA TO MOKHO IIPUHATE, YTO €¢p + d»2e Ecp-

Y4uuThIBas 3TO U MOACTABISASA B BhIpakeHue (4.5) 3HaUeHUS ay
" 8; u3 Gopmyn (e) u (k) mosrydaeM 3HAYCHUE OCEBOU CHUIBI, IPU
KOTOPOM HAIPSKEHUSI JOCTUTAIOT Mpezeia TeKy4ecTH:

4.7 2P, -dl 5,
+ =—r;
2-m-{dy, —d)-dg, +d) 2-d, —d)-d,, +d) 2
2-P _ o, Podg
n8e2-dg, 2 2-8,
P, -dgy )
Pep = -8 - dey [ T, J (4.6)
d, —-d
ac :( (‘2 J
rac: - CpeI[HfIfI TOJIIMNHA CTCHKU III/IJ'H/IH}Ipa.

Paccmotpum cnyuait korma P2 = 0. DTo0 BO3MOXXHO Korjaa
pP= Po, T.C.
Py -ctg(o + @)

0=P, — ==
= B

PU:Z-P(,-f-n": P, -F @7
ctgla+o) ctg(a+o)
IToka cuna P < Po ona pasrpyxaeT nmoBepxHOCTb "BC'" BHUTKa
OT CWJIbI JaBJIEHUS, BOZHHUKAIOUIEH MpU HABUHUYMBAHUU MY(QTHI, U
Kak OBl MepeKIIaJbIBaeT 3Ty CHIIy Ha moBepXxHocTh "aB". Ilpu sTom
CpeAHee J[aBJICHME Ha IIOBEPXHOCTb BCEro BHUTKA OCTAETCS

HeusMeHHbIM. Ho kak Tonbko cuna P mpes3oitner Benuuuny PO
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MOBEPXHOCTH "BC" HE OyIeT OOJIbIIE pa3rpyKaThCsl K PA3HOCTH CHJI
P - Py OyayT BOCHpPHHHUMATBCS TOJBKO TIOBEPXHOCTHIO "aB".
Ilostomy mpu P > Py BenmuuumHa paguaJbHOTrO JAaBlIE€HUS Ha
MMOBEPXHOCTH "aB" OyAeT paBHa:

o -ctgla+ o) { (P—Py)-ctg(a + @)

= {
1=% - -
2:-[-n, [-m

B

Iloxcrasisig 3HaueHus Py numeem:

_P-ciglato)

P,
fon,

(4.8)
Tak xak P, = 0, TO cpemHee paguaibHOE JaBlIEHUE IO BCeH
MMOBEPXHOCTU BUTKA:

:u:\i-ctg(a : cp):%dg(ﬂ o) (4.9)

cp " 2. f
B

Takum oOpazom, mpu P > Py cpennee naBieHue ¢
YBEJIMYEHUEM CHJIBl pacTeT NpsSMO MPOMOPLUUOHANIBHO M HE
OCTaeTcsi HeM3MEHHBIM KaK OBIJIO B TIEPBOM CITydae.

IIpoBeneM aHamOrMYHBlE JONYLIEHHS, T.€. 3aMEHHUM
CJIOKHYIO MOBEPXHOCTh HA NUJIIMHAPUYCCKYIO.

Tak xak npu P > Py paguanbHOe AaBieHHE HA TOBEPXHOCTh
"Bc" paBHO 0, TO CyMMa paaualbHOIO JIaBJICHHS HA MOBEPXHOCTH
pE3bOBI:

[TosToMy yciioBHE paBEHCTBA JABIEHUW CYMMBbI PaguaibHbBIX
JABJICHUN Ha TOBEPXHOCTh LUJIMHAPA W TMOBEPXHOCTH PE3bObI
3aluUIIETCs B BUJIE:
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F
Pwde 1=P

P, _2-P-ctgla+e)

F '
P*~n-dcp-l:" ctglot ¢ F;
2.F
p, P ciala+o) 4.10)
Tl <1

[loncraBuB Tenepb B GOpMyITy TPEThEH TEOPUU MPOYHOCTH
_8270: . Ox 4.11
S S (4.11)

P :P-ctg(a +Q)
3HAYECHUS a; U &, C YYECTOM

mdg, -1, umeem:
2-P*-d2 2-P- ctg(a.+(p}-dfp @.12)
T ) 2 > :
2 - (2 - dmedg, -l
4.p
G, = — —. (4.13)
Tc‘idzp —d- '
. 2.P-ctglo+¢)-d,
e 2heserordy g
wold?, —d?) wele? - d?)

VuauteiBas do, +d = 2 ¢de, ude, = d = 2 3¢, uMeeM

4.p +2-P-ctg(a+<|>)-dcp

-0, (4.15)
m2dg 28, w2-dg 28,1

O, M8, rdy,

a

. (4.16)
1+ tg(o+ @)

Jannas Qopmyna BmnepBeie Obuta momyduena . M.
SIKOBJIEBEIM U oJryduJjia Ha3BaHUEC €ro UMCHU
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[IpakTuka moOKa3aja, YTO OOpPBIB MPOUCXOIUT OOBIYHO B
CEUEHMM IEpPBOr0 BHUTKA C IOJHBIM NpoduiaeM, MOITOMY B ITY
(dopMyiTy BMECTO CpeiHEH TONIIMHBI CTEHKU TPYOBl OJCTABISIOT
TOJIIIMHY CTEHKH 110 BaJuHe pe3bObl. Bennunna P, xapakrepusyer
Ty OCEBYIO CHIly, UMEHYEMYIO CTParuBarollel, Ipu KOTOPOH B 30HE
NIEPBOT0 BUTKA Pe3bObl C MOJHBIM MpodUIeM HAIpPsSKEHUs B Tele
TpYOBI CTAHOBATCS PaBHBIMHU IIPENIETY TEKYUECTH.

ITockonbKy NpH BBIBOAE CHENAHO PAJ JONYLIEHWH, TO 3Ta
dopMyna sBiseTcss NpUOMMKCHHONH. CUMTAIOT, YTO pacueTHOE
HanpsDKeHWe M0 3TOM (opMysie HECKOJIBKO 3aHHKEHO IPOTHB
neiicTBuTeNnbHOr0. YUToObl CONMM3UTH pacueTHOe C (paKTHUYECKHM
3aBBIILIAIOT 3HAYEHUs yriia TpeHus 10 18°. JlelcTBUTENbHBIN yroiu
TPEHMS JIJIs1 CTAYMBAEMBbIX IIOBEpXHOCTEH paBeH 3+9°

Kpowme Toro, popmyia SIkoBieBa crpaBeinBa, KOT1a 0ceBas
cuna P > Py. Ecnu P < Py BenmumHa cTparuBaromied CHIIbI,
BBIUMCIIEHHOH 10 »3Toil Qopmyne, OyneT TakkKe MEHbIIEe
(hakTHYEeCKOM.

3amaya O BeJIMYMHE CTparuBarolleldl Harpy3sku B Oolsee
TOYHOM IIOCTAaHOBKE C YYE€TOM HEKOTOPOW HEPaBHOMEPHOCTHU
pacrpesiesieHuss OCeBOM CHJIbI MO BUTKaM pe3bObl M peabHOU
xecTkocTd My(ThI pemiena /I, FO. MouepHIOKOM U UMEET BUJL:

P n+dgd, -0, @17
! dZ -(1-p)-(1-0)-K, '
1+ -ctg(a+(p)
2-dg, -1

cp

rae: do, - cpenHuii AuaMeTp TpyObl B OCHOBHOM IIOCKOCTH;
dep - cpenHMit auameTp pe3bObl B TOM K€ CEUEHUH; O - CpemHss
TOJILIMHA CTEHKH TPYOHI; |U - K03 unuent [lyaccona;

K; =0,8 - 0,9 - xoaddurmeHT, paBHbIif OTHOLICHHUIO TIpeIeia
MIPOITOPIIMOHATBHOCTH pH pacTsHKeHHUN K npeeny
MIPOTMOPIIMOHAILHOCTH MIPH CYKATHUH;

C - 6e3pazmepHbIit KOG OUITHESHT:

C= em Yo (4.18)
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dev - cpenHuit quaMeTp My(Thl B OCHOBHOM TUIOCKOCTH; Oy -
TOJIIIIMHA CTEHKH MY(]THI.

BennuuHy cTparuBaronieil Harpy3Ku MOKHO ITOJIYYUTh U 110
dbopmyne Ilymunona:

n:6,-d,, 0
P, = \ (4.19)

d,

I+K, -a—l-ctg(a | (p)

rre: Ky - koadduuument, yuutsiBaromuii, 4to oceas cuia
YaCTUYHO Iepenaercss My(Te yepe3 BUTKH HETOIHOTo Mpopuiis H,
IIOTOMY, Ha Ce4YeHue TpyObl, COBHAJAIONIEH C OCHOBHOMU
IIJIOCKOCTBIO JIEHCTBYET JIMIIB YaCTh ITOU CHJIBI.

Benuuuna, Haiinennas no ¢opmyne IllymunoBa nexur
MEX]Jy 3HAaYCHHUSMHU, BBIUUCIECHHBIMU IO (opmynam SkoBieBa u
MouepHIoKa.

B 3apy6exxHoii mpakTuke My(QTOBBIE COEUHEHUS C pe3bOoit
TPEYroJbHOTO  MpOQUIs  PacCUUTBHIBAIOT IO  Harpyske,
paspyluaroned COeIUHEHNUs WIM BbI3bIBaloOIIeil OOpbIB TpyOBl B
CCUYEHUU OCHOBHOM IIJIOCKOCTH.

n-d; -8 -0 .
P = {4.20)
pas -8, }-cte ’ )
0.4 +0,65. L =81) ctgle + o)

rae: d - cpemaHuil auamerp TPyObl B CEUCHHHU MOCEPEINHE
Hape3aHHOTO KOHIA; 81 - CPSTHSS TOJIINHA CTEHKH TPYOBI B TOM XKe
CEUCHUHU.

Pesynbrathel pacueToB mo 3Toi popmysie 0OBIYHO HECKOIBKO
HUKE OMBITHBIX JAHHBIX, HO B OTJENBHBIX CIydasx MPEBBIIIAIOT
omnbITHBIE 3HaYeHHs Ha 3-10 %.

4.4.4 B coenHEHHNH C TpareuueBUIHON pe3p0oit

[Ipu pacyere coeawHEHW ¢ pe3pOOM TpaNenenaaTbHOTO
npoduiis ONpeiessitoT CUly, HpU KOTOPOH BO3MOXKEH OOpHIB

P, =n(d13,)5, o, (4.21)

P

TpYyOBI:
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TaK M CHJIYy, NPH KOTOPOH BO3MOXKEH BBIPBIB TPYOBI M3
MYQTHI:

PBmp =m0, | Gy 'dc,z

AC-L, +2'E1'h2} (4.22)
Hy m-K
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4.5. ConpoTuBisieMOCTb OOCAIHBIX TPYO M3OBITOYHOMY
THAPABIMYECKOMY JaBJICHHUIO. [I[pouHOCTH TPYOBI.

[Tox BnmstHMEM W30BITOYHOTO THAPABIUYECKOTO JABIICHUS
TpyOa MOXeT ObITh pa3pylieHa. Bo m30exkaHne BO3HUKHOBECHHS
OMacHBIX JUIsi €€ MPOYHOCTH HAMpPSKEHUM HKBUBAJICHTHOE
HalpsDKEHWEe Ha BHYTPEHHEH ITOBEPXHOCTH TPYOBI COTJIACHO
TEOPUU HAWOONBIIMX KAaCATeIbHBIX HANPSHKECHUH HE JOJKHO
MPEBBIIIATH MPEACS TEKYYECTH MaTepraa.

Opyp =0, —0, <0, (4.24)

[ToncraBuB 3HaueHusi CT; ; U3 Qopmynsl Jlsmd, Haiimem TO
M30BITOYHOE JaBIICHUE, IPU KOTOPOM COOTIOAACTCS PABCHCTBO:

[P=Pu| _o, (2 -d?)

— 25
e, —p,| 2.42 (4.25)

Ecimu monoxuts, uto cl, + d =2 ¢ dj,

Jr Pn - Pn l

=P;=2-K_, o opMyaa bapioy
IPJI - P]’.J ’ (d) ] ’ ’ ] ’ )

(4.26)
rae: Ker -xo3pguument creHHoCTH TpyOBI.

®opmyna bapioy 0O0BIMHO MCHIONIB3YETCSA ISl OTpEeICHUS
MPOYHOCTH OOCaJHBIX TPyO0 Ha pa3pblB  OT HU30BITOYHOTO
BHYTpeHHero jgaBieHus. [lockoimpKy CcTaHAapT  JAOIYCKaeT
YMEHbIIIEHUE TONIINHBI cTeHKH a0 12,54, To pacuetHas (opmymna

OyJIeT ClIenyIomen:
P,y = (P, —P, ), =0.875-2-K

cT

"Op. (4.27)

YcroitunBocth Qopmel. Ecan Tpyba TOHKOCTEHHAas, dopma
MOTIEPEYHOI0 CEYEHMS] €€ MOXKET H3MEHUTHCS TMOJ BIIUSHUEM
M30BITOYHOTO HAPYKHOTO T'HJIPABIMYECKOTO JAaBJICHUS JaKe B TOM
cllydae, €ClIM SKBUBAJEHTHOE HANpsOKEHHE Ha BHYTpPEHHEH
MIOBEPXHOCTH MEHbIIE IIpeiena TeKkydecTu. M3BecTHO, 4TO
KpUTHYECKOE M30BITOYHOE JaBJICHHME, IPU KOTOPOM Kpyrias
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paBHOCTEHHAasi Tpyba TepsieT YCTOWYMBOCTh, MOXXHO HAWTH TIO
dhopmyne Jleu:
2-E-K:
P, == (4.28)
1=
[IpupaBuuBas P, = Ps MOXHO HallTU rpaHUYHOE 3HAYCHUE
K03 (UIIMEeHTa CTEHHOCTH pa3/elioliee 001acTi MPUMEHIEMOCTH

3TUX GOpMYIT:

K, = TR (4.29)

4.6. IlpounocTs 00caaHbIX TPpyO NMPU COBMECTHOM AEHCTBUU
OCEBOM CHJIBI U PABHOMEPHOTO OOKOBOTO JJaBJICHUS

Pemenue 3amaun, korma Ha 0OOCagHyl TPyOy COBMECTHO
NEICTBYET M OceBas cuja, U OOKOBOE JaBJIEHUE UMEET HECKOJIbKO
BApUAHTOB.

[Ipu paccmaTpuBaeMoil cxeme HarpyKeHus B TeJle BO3ZHUKAET
CIIO)KHO€ HANpsDKEHHOE COCTOSIHME. MOJKHO BOCIOJIb30BaThCS
OJIHOM M3 TEOpUH MPOYHOCTU, HANTH SKBUBAJIEHTHOE HAIPSKEHUE,
W, TPUPABHIB €ro TMpeAeNy TEeKY4eCTH, PEIIUTh IMOJIYYSHHOE
YpaBHEHUE OTHOCUTEIBHO MPEIEIbHOTO JABICHHUS.

B  npambonpmieli  cremeHd IS OTOrO0  MOAXOINAT
JHepreTuyeckass Teopuss MNpodyHocTU. COrjJacHo 3TOM Teopuu
MOMEHTY TIepexofa U3 YIPYroro COCTOSIHUS B IUTACTHYECKOE
COOTBETCTBYET PABEHCTBO MEXKJY YACIbHOW NOTEHIMAIbHON
sHeprur  (HOPMOM3MEHEHUS TIPH CJIOKHOM HarpyXeHUU W
OJIHOMMEHHOW SHEpPrued Nnpu MPOCTOM PACTIKEHUHU. Y CIOBHE
MMPOYHOCTH TIPH 3TOM 3aMHCHIBACTCS:

(GI_GZ)2+(GI_GZ)2+(GZ_G[)2SQ'G$' (4.30)

Ecnu B 3Ty QopMyity BMECTO G HOJCTaBUThH €r0 3HAUCHHE,
nosiydeHHoe u3 ¢popMyibl JIAMd, OTydyuM Clleyroliee BhIpaKeHUE
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JUIA  ONIPEHCNICHUA IPEIENbHOIO HApYKHOI'O TIHMIPAaBIMYECKOIO
JABJICHHUs NP OJHOBPEMEHHOM IIPWIIOKEHHU OCEBOM CHUIIBI IS
KPYIJIBIX PaBHOCTEHHBIX TPYO:

ds —ds 3(o V2 c.
Pu]"'c:,t =— ')“ O ]__{_/ - z . (4%2)
2.d: 4 o, 2.0,
Ecnmn  monoxutes  34€cCh Ps=2°K_ *0. MOJTYy4YUM
OKOHYATEJIBHO:

Pr[pc,:[ = K ! P6‘

K = (4.33)
rae:

Nwmeercs psa ananornydsix popmyn A. A. ailBOpoHCKOTO 1
JI.10 . H3zmaitnosa.
T. E. Epemenko mpeanoxxui SMIUPUIECKYIO HOpMyTTy:
P = (1-Kg -P)-P, (4.34)

rne: Kg - omnupuyeckuil ko3¢huIMeHT, onpeaeaeHHbIH
aBTOPOM JUIsl 00CaAHBIX TPYO C HapyXHBIM AuaMeTpoM 146 u 168
MM rpymi npounocty [l u K, P - oceBast pactarusaromas cuia.

4.7. Metonuka BbIOOpa o0OcCagHBIX TPYO M PE3bOOBBIX
COCIMHEHU I

Bri6op ob6canubix TpyO M pe3bOOBBIX COCAMHEHHM NIl HUX
MPOBOJAT C YYETOM TeO0JIOTO-TEXHUYECKUX YCIOBUM OypeHHs H
JKCIUTyaTallui CKBaKMH corjacHo "HomeHkiaType o00cagHbIxX
TpyO, OCBOCHHBIX OTE€UECTBEHHOI MPOMBILIUIEHHOCTHIO".

BxitoueHne B KOMIIOHOBKY TIPOCKTHPYEMBIX 00CaIHBIX
KOJIOHH HUMIIOPTHBIX TPYO C COOTBETCTBYIOIIMMH pE3bOOBBIMU
COCIMHEHUSIMH JIONTYCKAETCSl TPH OTCYTCTBHHM WIN JIeUINTE
OTEUYECTBEHHBIX  Tpy0 ¢  TpeOyeMbIMH  IPOYHOCTHBIMHU
XApaKTEepUCTUKAMU M TEOMETPUYECKMMHU pa3MepaMu  pe3b0
(criernanbHbIe MYQTHI, TOJICTOCTEHHBIE TPYOBI U T.1I.).
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C yd4eroM Treoloro-TeXHHYECKUX YCIOBUH  OypeHwusd,
BbIODAHHOM KOHCTPYKLIMM M METO/a 3KCIUIyaTallud CKBaXKUH,
HOMEHKJIATYPBI BBITYCKAEMBIX U BBIJCICHHBIX OOBEIUHEHUIO
UMIOPTHBIX 00CaZHBIX TpPy0 yCTaHaBIMBAIOT HEOOXOAUMBIE
OTpaHUYEHUS 1O JUaMeTpaM TPYOHBIX COEAMHEHUH U BHIOMPAIOT
My TOBBIE WiIH 0€3MYy()TOBBIC TPYOBI.

Tun pe3pb0BOro coenuHeHus, MpUMEHsIeMbIe TIPH ero cOOpKe
CMa3KH, FepMETU3UPYIOIIUE CPEICTBA JOKHBI COOTBETCTBOBATD:

- BUIy (IIIOWa, HAXOASIIETOCS B KOJOHHE B PA3JIMYHBIX €€
UHTEpBalax; Jis MHOroga3zHOW cucTeMbl THINA Ta3-He(Thb-
KOHJIGHCAT  HaxoAsmasci B  KOJOHHE cpela  CUMTaeTcs
ra3o000pa3HoOH, eciM ee yCpeIHEHHbII 10 UHTepBally y/AelIbHbII Bec
y<0,3-10° H/m?;

- MAaKCUMaJIbHOMY BHYTPEHHEMY U30bITOYHOMY AABJICHHIO 110
CEKIIMSIM PAaCCUYUTHIBAEMON KOJIOHHBI. MaKCHMallbHBIM 3HAaYCHHUEM
BHYTPEHHEIO JaBJICHUS] CUMUTAETCA: JUIA JKUAKHX Cpell - JaBlieHUE
THJIPOUCTIBITAHUS, JUTS Ta3a -MaKCUMalIbHOE paboyee TaBIeHHE;

- MakCHMaJbHOM TemIeparype, MoJ BO3JeiCTBUEM KOTOpOH
HaXO/ATCSl KOJIOHHA -B NPOLIECCE CTPOUTENBCTBA M IKCILTyaTalluu
CKBa)KHH;

[Ipopunp pe3pOBl, THUID UM KOHCTPYKLHUS pPe3bOOBOTO
COCMHEHUS, BHJ TEPMETH3UPYIOIIErO CPEICTBA YTOUYHSIOTCS C
YUYETOM CIEYIOIIUX YCIOBHIMA:

- YCJIOBUH IIPOYHOCTH;

- YCIIOBU T€PMETUYHOCTH (TFIOTHOCTH);

- ycioBuUsl 00ecreueHus MUHUMAIIBHOTO PaIdaibHOTO 3a30pa
Mexay MydToii (pacTpyOoM) ciryckaeMoi KOJIOHHBI, MpeabIayIIen
KOJIOHHOW M CTBOJIOM CKBaYKHHBI.

4.8. Bo16op oO6caaHbIX TPYO M0 YCIOBHUSM MPOYHOCTH

JInsi WHTEpBAIOB KOJIOHH, PACCUUTHIBAEMBIX Ha CMSTHE,
cllelyeT BbIOMpaTh TpyObl Hanbosee HU3KOW TPyMHIIbl MPOYHOCTH C
MaKCUMaJbHOM TOJNIIMHOW CcTeHKW. Hampumep, eciim HapyXHOMY
n30pITouHOMY NaBiieHuto 14 Mlla anst KoJIoHH [uaMeTpoM 245 MM
cootBercTByroT Tpyosr 1171, 10K, 10E, 10JI, 10M (uudpa
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0003HaYaeT TOJIIMHY CTEHKH B MM, OyKBa - TPYIIy MPOYHOCTU
TpyOBl), TO PEKOMEHAYETCS HCIIOJIb30BaTh PACIPOCTPAHEHHBIE
TpyOs! 11/1.

TpyObl Gojnee BBICOKMX TPYII MPOYHOCTU LIEIECO0Opa3ZHO
IPUMEHATh B TEX Cly4yasX, KOIrJa HMEIOTCS OrpPaHUYEHUs 110
Ipy30M0IbEMHOCTH 000PYI0BaHUS, TUAMETPY A0JI0Ta WIH JPYTroro
MHCTPYMEHTA, a TAK)KE C LIEJIbI0 S3KOHOMUHU METallla B HHTEpBaJIax
KOJIOHH, JUIsl KOTOPBIX TPYOBI BBIOUPAIOTCS U3 YCIOBHS TPOYHOCTH
Ha PacTsSKEHHE.

B unTepBanax KoJOHH, ISl KOTOPBIX TPYObl BHIOMpAIOTCS U3
YCIIOBUSI NPOYHOCTH HA PACTSDKEHHE, a TakKe B HMHTEpBalax ¢
WHTCHCUBHOCTBhIO WCKPHBIJICHHS CKBaXHHBI Oosiee 1,5° Ha 10 M
PEKOMEHIYEeTCsI IPUMEHSTH TPYOBI € TparneluenJaIbHON pe3b0oil.

Jlis  MHTEpBaJOB BO3MOXHOTO MPOTUPAHUS  KOJOHHBI
1es1ecoo0pa3Ho BEIOMpATh TPYOBI ¢ MaKCHMAaJIbHBIMH TOJIIIMHAMHU
CTCHKH.

B ciyuae, koria 3To HEBO3MOKHO, pEKOMEHAYETCSI:

- YCTaHOBKa B 3THX MHTEpBajaX CMEHHBIX KOJIOHH;

- YCTaHOBKa TpyO, W3TOTOBJIEHHBIX, M3 CTadd TpyHI
npoyHocty M u Bbiie, Mmapok N-80 u BbILIe.

JUis  MHTEpBaIOB  KOJIOHH, HAaXOJAIIMXCA B 30HE
BBICOKOIUTACTHYHBIX TOPOJT (Hampumep, coJiel), peKOMEHIyeTCs
BBIOMpATh TPYOBI C MaKCHUMalbHBIMH TOJIIMHAMHU CTEHOK JHOO0
UMIIOPTHBIE CIIEHUAIbHBIE C TOBBIIIEHHBIM COMNPOTHUBIECHUEM
CMSTHIO.

Hapesnpie 1pyOb1 muamerpamu 351, 377 u 426 MM u
9JIEKTPOCBapHble  oOcaaHble TpyObl  auamerpoM 478 MM
JIOTTYCKaeTCsl HCMOIb30BaTh B OCHOBHOM B KauecTBE HalpaBlIEHUH
1 KOHAYKTOPOB.

O6cagnpie  TpyOBI 2-TO  copTa C  TIOBBIINICHHBIMH
OTKJIOHEHUSIMH TI0 T€OMETPUYECKUM pa3MepaM M MOHWKEHHBIMU
MPOYHOCTHBIMHM XapaKTEPUCTUKAMHK 3aIlpellaeTcsl UCI0JIb30BaTh B
He(TSHBIX U Ta30BbIX CKBAKHHAX.
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4.9. Boibop pe3bOOBBIX COCTUHEHMH M TePMETH3UPYIOIIUX
CPEICTB MO YCIOBHUSIM I€épMETUYHOCTHU (IUIOTHOCTH)

JUis  Bcex CEKUMM OJKCIUTyaTallMOHHBIX KOJOHH (BHE
3aBUCHUMOCTH OT BBICOTHI IOJbEMa IIEMEHTa), a TaKkKe
IIPOMEXYTOUHBIX KOJOHH M  KOHAYKTOPOB, Ha KOTOPBIX
YCTaHABIIMBAETCS  IMPOTHUBOBBIOpOCOBOE  oOopynoBaHue (B
UHTEpBAJIE OT YCThSl CKBaKHMHBI JI0 CEUEHUs, PACIIONIArarolierocs
Ha 150 M BbIlIE TPUHATON BBICOTHI IOIbEMA LIEMEHTA, HO HE MEHEE
500 M OT yCThS) PEKOMEHIYIOTCS COYETaHUS THIIOB PE3bOOBBIX
COCIMHEHUI M TepPMETU3HUPYIOIIUX CPEICTB B 3aBUCUMOCTH OT
WHTCHCUBHOCTH HCKPUBJICHHUS ¥ BHYTPEHHET0 H30BITOYHOTO
naBieHus. s ocTanbHON YacTH STUX MPOMEKYTOYHBIX KOJOHH
JOMyCKAeTCsl HCIIOJIb30BaHUE TPYO € pe3pdaMu TpeyrojabHOTro
npoduns u OTTM nHa cmaskax P-2 unu P-402.

Jlj1 IpOMEXYTOUHBIX KOJIOHH, KOHAYKTOPOB U HAIPaBJICHUMH,
Ha  KOTOPBIX HE  YCTaHaBJIMBAeTCA  IMPOTUBOBHLIOPOCOBOE
o0opynoBaHue, PEKOMEHAYIOTCI  TPYObl € pe3bOOBBIMH
coeiMHEeHUsIMH TpeyroibHoro npoduist uin OTTM Ha cmaskax P-
2 u P-402, nomyckaercs nmpuMeHeHHE TIpaUTOBOM CMa3Ku IO
I'OCT 3333-80.

[Ipu ucnonp3oBaHuM TAAAKUX 6e3My(dTOBBIX TpyO THma OI'
peKoMeHyeTcsi mpuMeHeHue coctaBa YC-1 B razoBbIX cpenax u
cma3ok P-2 umn P-402 B s)xuakux cpenax.

TpyObl ¢ pe3bOOBBIMH  COEIUHEHHSIMH  TPEYTOJbHOTO
npoduns mo 'OCT 632-80 B coueranuu c neHTo ®YM Moryr
HCIIOJIb30BaThCS MPU BHYTPEHHEM M30BITOUHOM JaBICHUU T'a30BOM
cpensl 1o 15 Mlla u xuaxoii cpenst 1o 20 MITa.

TpyObr ¢ wMydramu, MeTaJUIM3UPOBAHHBIMU IIMHKOBBIM
YIULIOTHEHUEM, HCIOJB3YIOTCS TOJBKO B CKBO)XMHAX C >KMIKON
cpenoit mpu nasienusix 10 10 MIla u rimy6unax go 1500 m.

Bri6op THma pe3b00BOro coeMHEHHUs U TePMETU3UPYIOILEro
MaTtepuaiga JJii MHTEPBAJIOB KOJIOHH, pAacCUUTHIBAEMbIX Ha
Hapy)XHOE HU30BITOYHOE JaBJICHUE TNPOM3BOMUTCA Ui KUIKOM
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CpeIbl, HWCXOJs W3 MAaKCUMAIIbHBIX H30BITOUYHBIX HapPYKHBIX
JABJICHUN, PABHBIX BHYTPEHHUM HU30BITOYHBIM J1aBIICHUSIM.

JIo TIOJTHOTO YIOBJIETBOPEHHS MOTPEOHOCTH He(TEra3oBOu
MPOMBIIIJICHHOCTH B TpyOaxX, C pe3bOOBBIMH COEITUHEHUSMU
MOBBIIICHHOW TEePMETUYHOCTH TMPU MNPOCKTUPOBAHUU KOJOHH
clieIyeT BHIOMpATh COeTUHEHUS Hanboee MPoCTO KOHCTPYKIIMH C
WCIIONB30BAHUEM COOTBETCTBYIOIIMX KOHKPETHBIM  YCIIOBHUSM
FePMETU3UPYIOIINX CPEACTB.

3apy0OeXHbIe BBICOKOTEPMETHUYHBIC PE3bOOBBIC COCAMHCHHUS
MOTYT OBITh HCIOJIb30BaHbI i 3ameHbl coeauneHuid OTTI u
THO, B mepByl odYepensb, B Ta30BBIX CKBAXHUHAX U B HEPTIHBIX
CKBa)XMHaX C aHOMaJIbHO BBICOKUMH IJIACTOBBIMU JABJICHUSIMHU.

KoHTpoJibHbIE BOIPOCHI:

1. [To ¢opmyne bapnoy oueHHBaIOT MPOYHOCTH TPYO
10 KaKOMy KpUTepuio?

2. A60peBuatrypa 6e3mMypToBbIX TPYO?

3. Ilo xakoil Qopmyne pacuuTbBalOT TpPyOBl Ha
cTparuBaHue (aBTop)?

4. ITorepst ycroitunBocT (OPMBI PAaCUUTHIBAETCS I10
dhopmyne (aBTop)?

5. Yem ornnyaercst popmyna llymunosa oT hopmyisl
SxoBnesa?

Tema 5. TEXHOJIOI'UAA KPEIVIEHUA CKBAXKHUH
OBCAJIHBIMU TPYBAMU

5.1. YcnoBus paboThl 00CaTHBIX KOJIOHH

OcHoBHOE Ha3zHadyeHHE 00CAaTHBIX KOJIOHH 3TO pa3o0IIeHue
BCKpbIBaEMbIX OypeHHeM IUIacTOB Apyr oT apyra. Ilpu Oypenun
CKBaXHH, cec BKCHHyaTaLII/II/I, HpOBe,Z[eHI/II/I peMOHTHO-
M30JISIMOHHBIX ~ pa0oOT, IUIACTOBBIC  YCIIOBUS ~ M3MEHSIOTCA.
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W3menstorcst u - ycnoBusi paboThl  0OcagHbIX KOMOHH. Ha
MOCJIEIHIOIO B OCHOBHOM JEHCTBYIOT CHJIbI, BBI3BIBAIOIINE
CMHUHAIOLINE (HapyXHBIE M30BITOYHEBIE), BHYTPEHHHE
(pa3ppIBaOIIKE), CTPAruBaKOIIKE (PACTATUBAIOIINE) U CKUMAIOIIINE
HarnpspkeHus. VX BeTuYuHbI HE MOCTOSTHHBI KaK BO BPEMEHH, TaK U
Ha pa3MYHBIX CTAAUsAX PAOOThl CKBAXUHBI, KaK TEXHHUYECKOIO
coopyxeHus. PaccMOoTpuM BKpaTile HMX HM3MEHEHHME B IIPOLECCE
CIIyCKa, IIEMEHTUPOBAHUS, SKCILTYyaTalluK U T.1.

Cnyck B ckBaxkuHy. Ilpu cmycke Ha 0OcCajHyIO0 KOJIOHHY
NEICTBYeT pacTAruBaromias cuia OT COOCTBEHHOTO Beca TpYoO;
BBITAJIKMBAIOIIAs CUJIA KUAKOCTH; pacTsArMBarollas Cujia OT Beca
KUJKOCTU B KOJIOHHE; CHJIa TPEHUSI MEXAY KOJIOHHOW U CTEHKAMHU
CKBO)XHHBI, OCEBBIC CHUJIBI HMHEPUHH KOJOHHBI M JKHIKOCTH,
HaxoJsIIelcss B KOJIOHHE M B 3aKOJOHKOBOM ITPOCTPAHCTBE;
TUIpOJIMHAMUYECKasl oOceBasl Cuja, BO3HUKAIOLIAs BCIIEJICTBUE
JNBUKEHUS TPOMBIBOYHOM KUJKOCTH, BBITECHSIEMON M3 CKBa)KUHBI
WIM TpPOKaYMBaeMOM JUIs TPOMBIBKM TOCJHEIHEH; paauaibHble
CTaTUYECKUE U TUAPOJUHAMUYECKHE JABJIICHHS Ha HaApPYXHYIO U
BHYTPEHHIOIO TIOBEPXHOCTh TpyO; M3ruOaroluii MOMEHT OT
COCTaBJISIIOLIEH COOCTBEHHOI'O BeCa B HAKJIIOHHO PACIIONIOKEHHBIX
ydacTKax KOJIOHHbBI M OT pPa3HOCTH [ABJIEHUW KUIKOCTU Ha
HUKHIOIO U BEPXHIOIO MIOBEPXHOCTH UX.

OceBast cuna OT TUIPOJAUHAMHYECKOTO JaBJIEHUS MpU
MpsIMOW MPOMBIBKE SIBJIsIETCS Beerja cokumaronieid. Cuna TpeHus B
MOMEHT TMPUIIOJHUMAHUSA KOJOHHBI C poTOpa WIA TpH
pacXaXMBaHWW SIBIIAIOTCS PAaCTATUBAIONIMMHU, TOTJa Kak TMpH
nepeMeNIeHNH KOJIOHHbBI BHU3 - CKUMAIOIIMMHU.

LlemenTupoBanue. B meproa 1eMeHTHUpOBaHUS KOJIOHHBI C
pacxaXMBaHUEM Ha Hee JIEUCTBYIOT T€ K€ CHJIbI, UTO U NP CITyCKE,
HO BEJIMYMHA HMX CYLIECTBEHHO MeHserca. [lockonbky 0ObIYHO
YCKOPEHHE MPU PacXaKUBaHUU KOJOHHBI Majo, BEITUYMHA CHIIBI
MHEpUMH CcaMOM KOJIOHHBI MEHbIIe, YeM IpU CIYCKe, HO
3HAYUTEIBHO MOTYT BO3pPAacTU OCEBBIE CHIIBI, OOYCIIOBJICHHBIC
TUAPOANHAMUYECKAM JABJICHUEM; CUJla BECa KUJKOCTH B KOJIOHHE
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B IIEpUOJ JBIKEHUS B HEW TaMIIOHA)KHOTO pacTBopa Oouiblie
HEXEJIW IPU JBHKEHUU IPOMBIBOYHON MKHUIKOCTH BCIEICTBHE
OonblIe TUIOTHOCTM TMEPBOTO; BBHITAJIKUBAIOIIAS CHJIa TIOCIIE
BBITCCHEHHs TAMIIOHA)KHOI'O pacTBOpa TaKkke BblIE. B MOMeEHT
MOCaZKH LEMEHTUPOBOYHOW TPOOKM Ha KOJBIO HAa KOJOHHY
IIEpPEIaeTCs CHila THAPABINYECKOrO yAapa.

B nponecce oxumanus 3arBepaeBanus 1ementa (O3L)
TUIPOCTaTUYECKOE JIaBJICHUE CHIDKAETCH, BCJIC/ICTBHE
CeIMMEHTAIIMOHHBIX MPOIECCOB M3-3a OCeNaHus TBepaoi (as3pl Ha
CTCHKH KOJIOHHBI BEC IIOCIIEIHEN yBEINYNBACTCS.

W3meneHne TtemnepaTypHbIX YCIOBUW IIpH  TBEPACHHUH
TaMIIOHA)XHBIX PacTBOPOB IPHUBOAMT, BCIEICTBUE AedopMaiuu
KOJIOHHBI, K BOSHUKHOBEHMIO JIOMIOJHUTENBHBIX OCEBbIX HAIPY30K U
T.J.

Bypenue. Ilocme oOpa3oBaHusi I[IEMEHTHOTO KaMHsA B
KOJIBLIEBOM IIPOCTPAHCTBE OOCAJHYI0 KOJIOHHY HaTSATHUBAIOT C
HEKOTOpPBIM YCWJIMEM M COEOUHSIOT C MpeAblAylled Tak, 4To,
0CEBOE MEPEMEILEHNE OJHOW KOJIOHHBI OTHOCUTEIBHO APYrOH, Kak
NPaBUJIO, OKa3bIBaeTCs HEBO3MOXHBIM. Jltoboe u3MeHeHHe
JABJICHUS WIM TEeMIepaTyppl B CKBaXXMHE COIPOBOXKJIAETCS
COOTBETCTBYIOLIEH Jedopmanueil o0cagHON KOJOHHBI, a €Clu
nepopMaiusi HEBO3MOXKHA - BO3HHMKAIOT JOIMOJIHUTEIbHBIE OCEBBIE
U pagualbHble CHIJIBI KOTOPhlE€ B OCHOBHOM OYIyT OTpaskaThCsl Ha
MpebIAYIIEH KOJIOHHE.

[lepuoguuecku, HampuMmep, B INEPUOJ CIYCKOIOABEMHBIX
omnepanuii, Ha KOJIOHHY JEUCTBYIOT JIWHAMHYECKHE Harpy3KHu.
BuyTpenHss IIOBEPXHOCTh IIPOMEXKYTOUHOM KOJIOHHBI
W3HAIMBAETCSl B pe3ylbTaTe TPEHUS O Hee JO0JIOT, OypUIIbHBIX
3aMKOB M JpYruMX TIpeaMeToB Ipu MHorokpatuslx CIIO wu
BpallleHnH OYpUIIbHOM KOJIOHHBI.

OcBoeHME U HKcIulyaTalus CKBaxuHbl. IIpu ocBoeHMu n
SKCIUTyaTallil  CKB&XKWHBI HA OKCIUTyaTallMOHHYIO  KOJIOHHY
JNEUCTBYET TOT € KOMIUIEKC CHJI, YTO M Ha MPOMEXKYTOUHYIO
KOJIOHHY B IEpHOJ OypeHUs, OJHAKO KOJMYECTBEHHbIE 3HAUCHUS
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9TUX CHJI CYIIECTBEHHO M3MEHSoTCA. Tak Mpu OCBOEHUU
CKB)XMHBI JJIs MOJIy4Y€HHs IIPUTOKA W3 IJIACTa JaBJIEHUE BHYTPHU
KOJIOHHBl YMEHBILIAIOT, CYLUIECTBEHHO MEHSETCSl TeMIleparypa
00calHON KOJIOHHBI.

B HepUOL DKCIUTyaTalluu CKBAKUHBI XapakTep
pacrpesieieHusl pa3HbIX CWJI IO JUIMHE KOJIOHHBI HEOJMHAKOB.
HuxHuii, cpaBHUTENBHO HEOOJBLIONW JUIMHBI, YYacCTOK OOBIYHO
HaXOJUTCS B CKATOM COCTOSIHUM, IPUYEM MAKCHUMYyM HampsKeHUs
MPUXOAUTCA HAa HWOKHUHA KOHEL, MUHMMYM (BIUIOTh JO HYJS) Ha
BepxHUil. BepxHuil ydacTOok Bcerza pacTSHYT, HaIpPSKCHUS
BO3paCTalOT OT HYJS OT HUYKHEH I'paHUIbl 10 MAKCUMYMa Y YCThSI.
WNnaue pacnpezneneHsl CHIbl paJualibHOro JaBiieHUs. B nepuon
paboThl, KOrJa BHYTPEHHEE IaBJIEHHE MEHbIIE HApY>KHOTO (IIpH
CIIyCKe KOJIOHH, 0e3 J0jMBa, NpU IMOHWKEHUU YPOBHS U T.1.)
M30BITOYHOE HApPY)KHOE JaBlICHHE C TJIyOWHOW YBETUYHMBACTCS.
IIpu uemenTupoBanuu, npu GOHTAHHOHN HKCILTyaTallMd U B APYTUX
Cllydasix B KOJIOHHE CYIIECTBYET N30BITOUHOE JaBJIEHUE, KOTOPOE C
ryOuHONM  yMeHbIaeTcs.  VIHTEHCHBHOCTh  KOPPO3MOHHBIX
IIPOLIECCOB YBEIMYNBAETCA.

IoaroroBka 06caHbIX TPYO

Kononna oOcanHpix TpyO, NpeAHa3HAYeHHas K CIIYCKY,
KOMIUIEKTYETCSI B COOTBETCTBHH C 3aKa3oM-3asiBkoil. Ha TpyOHOI
0a3e oHa MojBepraercs TLIATEIbHOM HpoBepke. Buabl mpoBepok
ONpesieNsieT PYKOBOJACTBO OOBEAMHEHMS] B 3aBUCHUMOCTH OT
r'€0JIOTO-TeXHUYECKHUX YCIIOBUI OypeHusl.

Komruiekc mpoBepok BKIIIOYAeT: KOHTPOJIb MapKHPOBKH
TpyO, COOTBETCTBUE MapKUPOBKH COIIPOBOJUTENIBHOM
JOKYMEHTAlli¥, BHU3yaJbHbI KOHTPOJb, WHCTPYMEHTAJIbHBIN
KOHTPOJb, JE€(PEKTOCKONMUYECKUIA KOHTPOJIb, T'HIPOUCIBITAHUS
TpyO.

IloBepxHOCTHBIN KoHTposib. [IpoBepsiercss y Bcex Tpyo
3aBOJICKasi MAPKUPOBKa, KOTopas ciuyaercs ¢ ceptuduxaroM. [Ipu
OTCYTCTBHH CepTH(HKaTa HE pa3pelIaeTcs: KOMIUICKTAIUs KOJIOHH
JUIsl TQ30BBIX CKBA)KMH; JUI CKBaKMH, HA KOTOPBIX MIPETyCMOTPEHA
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yCTaHOBKA TMPOTHBOBBIOPOCOBOTO OOOPYAOBAaHUS; A MOPCKUX
CKBAXKUH; JUIsl CKBOKUH C I'PAJMEHTOM IIJIACTOBOTO JaBieHus 1,3;
qutst kosioHH =3000 M u Oosiee nipu nuamerpe 114-168 mm; 1000 m
u 6osiee mpu guamerpe 178-324 mm, mmuHoro 500 M u Gonee npu
muamerpe 324 mM. Ilpu Hamuuuu pacxokKIeHUs KOMILJIEKTOBATH
KOJIOHHY TpyO Takke He paspemaercd. CoBepIIEeHHO He
JOIyCKAETCsl KOMIUIEKTOBATh KOJOHHY M3 TPYO BTOPOTO coOpTa.

B apyrux MeHee OTBETCTBEHHBIX CKBa)XKMHaX TpyObl ¢
HAIMYMEM pAcXOXKICHHUS B MAapKUPOBKE U  CepTU(HUKATE
HCII0JIb30BaTh JOIYCKAeTCs. PacueTsl pu 3TOM ClIeayeT BECTH Kak
it Tpy® ¢ rpymnmoil mpouHoctH I, mpuHUMas (QaKTHUECKYIO
TOJILLUHY.

Busyanbnblii KOHTpoJIb. [IpoBepseTcs OTCyTCTBHE BHELIHUX
IIOPOKOB - IIJIEH, PAKOBMH, 3aKaTOB, BMATUH, TPELIUH, NECOYUH.
JlonmyckaeTcst BIpyOKa IMEpedYHCICHHBIX Ae()EeKTOB IMPH YCIOBHU
YTO MX TIJIyOMHAa HE MPEBbILACT MPEIeIbHO JOMYyCTUMbIE
MUHYCOBBIE OTKJIOHEHHUS 110 TOJIIUHE.

Pe3b0bl MpoBEpsIIOTCST Ha OTCYTCTBHE PBAaHUH, 3ayCEHHMIL,
3a001H, CPBIBA HUTOK U JPYTUX J€(PEKTOB.

HNHcTpyMeHTaIbHBIA KOHTpOJIb. [IpoBepsitorcst mapaMerpsl
pe3pd M YIMIOTHUTEIBHBIX IMOSICKOB, 3a30p MEXIy HapyKHOU
MOBEPXHOCTHIO TPYOBl M IIMJIMHIAPUYECKON BBITOUKOW y MYQTHI,
JUIMHA TPYObI, €€ MPSIMOJIMHEHHOCTh, HApY)KHBIM M BHYTpEHHMH
UaMeTp TpyOBbl.

3a3op MNpoBepseTcs ULIYNIOM TOJIMHON | MM, KOTOpBIH
JOJKeH CBOOOJIHO MPOXOAUTH 10 BCEH OKPYKHOCTU. B mpoTuBHOM
ciyyae TpyObl K KOMITJIEKTOBAaHHUIO HE JOMYCKAIOTCS.

KommekroBanue Tpy6. O6canHy0 KOJIOHHY KOMIUIEKTYIOT B
COOTBETCTBMM C KOHCTPYKIMEW, HAa Hapy)KHOH IIOBEPXHOCTH
BOJMM3M  HHMNIMEIBHOTO KOHIIA CBETJIOW KpPAacKOW  HAHOCAT
NOpAIKOBbIM  HoMmep. Homepa mnpocraBisioTcs B MOpPSAKE
ouepenHOCTU ciycka. CBeeHHs] O Kaxaoh TpyOe 3aHOCSTCS B
BegoMocTH. [y 3aMeHbl TpyO JOCTaBISIOTCS pe3epBHbBIE TPYOBI C
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MaKCHMaJbHOW IO PacyeTy MPOYHOCTBbIO - M3 pacyera 50 M Ha
kaxkaele 1000 M OCHOBHOT'O KOMILJIEKTA.

ITepen cmyckom TpyOBl MIAOIOHUPYIOTCS H TOJBEPTalOTCS
MOBTOPHOMY BH3YyaJIbHOMY OCMOTpYy. OIIHOBpEMEHHO ¢ TpyOamu
IIO/IrOTABJIMBAETCS] TEXHOJIOTUYECKAsI OCHACTKA.

Ilocne ocmoTrpa TpyOBl, B KOTOpPBIX JE(PEKTOB HE
OOHApY>KEHO, IMOJBEPralOT HCIBITAHUIO Ha TePMETHYHOCTH
METOAOM oIpeccoBKU. ONpeccoBKy MPOBOAAT Ha TpyOHOU Oase,
6o Ha OypoBoil. JlaBieHHE OINPECCOBKH OOCAIHBIX KOJIOHH U
OTBETCTBEHHBIX IPOMEXYTOUYHBIX JOJDKHO OBITH HE MEHEe YeM Ha 5
% TpeBBIIIaTh U30BITOYHOE BHYTPEHHEE JJAaBIIEHUE, KOTOPOE MOXKET
NeCTBOBaTh Ha COOTBETCTBYIOILYIO CEKLHUIO KOJOHHBI IpU
IIPOBEPKE IEPMETUYHOCTU €€ IOCJE CIycKa B CKBaKHMHY. Bpems
orpeccoBkd B TeueHue 30 c. M3MeHeHMe NaBieHUs HE JIOJIKHO
npesbimath 0,5 MIla. Herepmernunsie TpyObl 0TOpaKoBBIBAIOTCS.

Jns cMa3ku  pe3bOOBBIX COEJMHEHUH IpH HU30BITOUHOM
BHyTpeHHeM naBieHun 20-25 MIla ucnonssyercs go T=100°C
cmaska P-2, a npu Oonbiielt Temneparype P-402 Ha cunmukoHoBoOM
ocHoBe. [Ipu Gonee BBHICOKMX H30BITOYHBIX JIABJICHHUSAX, a TaKXKe
JUIE  KOJOHH B  Ta30BbIX  CKBAXHHAX  PEKOMEHAYETCS
nonumepusyromasics cmaszka YC-1, KHUMHII-2. J{ng noBeiieHus
TepPMETUYHOCTH COETMHEHUI MOJKET HCIIOJIb30BaThCS
¢ToporutacroBas neHtra ®YM. Onun u3 Hanbosnee 3¢hHeKTUBHBIX
CHOCOOOB MOBBIIEHUSI TEPMETUYHOCTH PE3bOOBBIX COEAMHEHUN -
MeTajuin3anuss pe3b0. TOHKMH CIIOM JIETKOIIaBKOro MeTasula
(uMHK, amoMUHMM u T.m.) TommmHoM 0,2 - 0,5 M HaHOCAT Ha
MOBEPXHOCTh  Pe3bObl  My(THl C TOMOUIbIO  CIEHUAIBHON
METAJUTA3AUOHHOW YCTaHOBKH.

[Ipu3HaHHBIE TOAHBIMH TPYOBI 3aBO3ATCS Ha OypOBYIO.
Bmecre ¢ TpyOamu TOCTaBIsIOT M OCHACTKY OOCaAHOW KOJOHHHBI
OHM TOIKHBI OBITH POBEPEHBI, & HEKOTOPBIE U3 HUX MOABEPIHYTHI
Takke ompeccoBke. OOpaTHble KjamaHa  OIPECCOBBIBAIOT
JaBlieHHEM, TpeBbIIaomuM B 1,5 pa3a HauOoONBIIYIO pa3HOCTb
BJICHUU CTOJIOOB JKHUIKOCTEH B 3aKOJIOHHOM TIPOCTPAHCTBE M B
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KOJIOHHE  Tocie  HeMeHTUpoBaHus.  ONpeccoBKe  TaKxke
MO/IBEpraroTcst MyQThl CTYIIEHYATOr0 IEMEHTHUPOBAHUSI.

K Hauany cnycka KOJOHHBI B CKBaKHMHE JOJKHBI OBITH
3aBepUICHbl BCE HCCIENOBATEeNbCKUE paboThl (KaBepHOMETPHS,
otbop npo6 OOKOBBIM IPYHTOHOCOM, orpoOoBaHue
MEePCIEKTUBHBIX OOBEKTOB H T.1I.).

Ilocne nonmydeHus: CBEAEHUN O KABEPHOMETPUU OIPEIEISAIOT
MECTO YCTaHOBKHM LIEHTpUpyomux (oHapeit u ckpebkoB. PoHapu
peKoMeHayeTcs  pa3MemaTb B TE€X ydYacTKaX HHTepBaia
LEMEHTUPOBAHUS, T/Ie TUAMETP CTBOJIA OJM30K K HOMHHAIHLHOMY.
Ecnyu 3eHUTHBIA Yroia He NpeBbIIaeT 3°, PacCTOSHUE MEXIY
dbonapssMu MoxkeT cocTtaBiiaTh 20-25 M; Ha ydacTkax ¢ OOJIBIINM
3€HUTHBIM YTJIOM, & TAK)K€ HA YUYaCTKaX MHTEHCHBHOTO U3MEHEHUS
36HUTHOTO yria, (GoHapW IeIecooOpa3HO CTaBUTh Ha KaxkIol
TpyOe.Uncio 1EeHTPaTopoB  pAaCCUUTHIBACTCS IO  METOAMKE
BHUHWKPHedTH.

[lo wWHKIMHOTPaMME  ONPEACNSIIOT  YYaCTKH  PE3KOTo
U3MEHEHMsI a3UMYTAJIBHOTO W 3€HUTHOTO YIVIOB. YYacTKU
CYKEHUH, BBICTYNOB MU IEPeruOOB CTBOJIA CKBAaXHHBI TIIATEIbHO
MpopadaThIBAlOT HOBBIMU JIOJIOTaMHU CO CKOpPOCThIO 35-40 m/4, a
y4acTKH HauOoJiee OMACHBIX CY)KEHHH U MeperudoB cO CKOPOCTHIO
20-25 m/u.

JXecTKoCTh KOMIIOHOBKM HH3a OYpUJIBHON KOJIOHHBI MpHU
MpopabOTKe JOJKHA COOTBETCTBOBATH JKECTKOCTH OOCAIHOM
KOJIOHHBI.

[locne mpopaGOTKM ¥ TPOMBIBKH, CTBOJ CKBaKHHBI
mabnonupyercs. s 3Toro B CKBaKUHY CITYCKalOT Ha OypHIIbHON
KOJIOHHE KOMIIOHOBKY W3 TpPEX-UeThIpeX O0OCaaHBIX TpyO ™
yOeXJaloTcsl B TOM, YTO OHa JOXOIUT Ja 3a0os. Ilo oxoHuanun
Ia0JIOHNPOBAHNUS, CKBOXWHY TPOMBIBAIOT C IMENBIO IOJIHOTO
yoaieHuss 1uiaMa.  Bo  BpeMs  IPOMBIBKH  JKeNlaTeNbHO
MOJICP)KUBATh TYpPOYIIEHTHBIH PEXUM TEUCHHS JKUIKOCTH B
KOJIBLIEBOM ITPOCTPAHCTBE.
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Ecnmu mpu npombIBKE OTMeuaeTcs IOCTYIUIGHHWE ras3a B
CKBaXHHY, TO JeJalT mnepepsiB B TedyeHue 10-15 wmuH.
JUTUTENbHOCTh  KaXJIOTO TEpHoJa TPOMBIBKM - JBa IUKIJIA
mupkynauuu.  Ilpy  3TOM  NpPOMBIBOYHAs KHJIKOCTh  JIOJDKHA
00JIajlaTh MHMHHUMAJIBHOM BOJOOTJAauei, HU3KHMH 3HAYCHUSIMU
CTaTUYECKOT0 M JUHAMUYECKOIO  HANpPSDKEHWsl  CHIBUTa,
MUHHMAaJIBbHO BO3MOXKHOW BSA3KOCTBIO. JIJIsl CHMKEHMS CHJI TPEHHUS
(JIunkocTH) (GWIBTPALMOHHBIX KOPOK B COCTaB PacTBOpa BBOJAT
cMma3ouHble 100aBku. [I1OTHOCTH pacTBOpa J0JKHA o0ecreunBaTh
YCTOMYMBOCTh CTEHOK CTBOJIa CKBaXHHbL. [Ipn mnoxbseme
OypWJIBHON KOJIOHHBI TIOCJIE€ MPOpPadOTKA W Ia0JIOHHPOBAHUS
U3MEPSIOT €€ JUIMHY U, TakuM o00pa3oM, YTOUHSIOT UIMHY
CKBa)KHMHBI.

IlonroroBka o0opynoBaHUs K cHycKy ob6camabix TpyO. [lo
Hayaja CIyCKa TIIATENIbHO TIPOBEPSIOT HCHPABHOCTh BCErO
OypoBOro o0OpyI0BaHuUs, HAJIEKHOCTh €r0 KPEIICHHsI, COOCHOCTH
BBIIIKH, CTOJIA POTOPA C YCTheM CKBaXHMHBL. Ha OypoByIO JTOIKHBI
OBITH JI0CTABJICHbI UCTIPABHBI HHCTPYMEHT JJISl CIIyCKa KOJOHHBI -
3JIeBAaTOPBI, KIHOYH, XOMYThI. [Ipn HEOOX0AUMOCTH OCYIIECTBIISIOT
3aMEHy TaJeBOr0 KaHaTa.

O6canupie TpyOs! mmHOM 10 3000 M OOBIYHO CIYCKAIOT C
MTOMOIIIEI0 MEXAaHU3UPOBAHHBIX KIIMHBEB U OJHOTO 3JeBaropa. s
MPEJOTBPALCHNs MTOBPEXIAEeHUS TpyO, oOcaaHble TpyObl OosbIIen
JUIMHBI CITYCKAIOT C IIOMOIIIBIO JIBYX 3JIEBATOPOB.

OO0s3aTenbHBIM SBISETCS HAJUYMEe Ha OypoBOil MepeBOIHUKA
JUIs  OBICTPOTrO TMPUCOEIUMHEHUs Beaylled TpyObl U 0OpaTHOTO
KJIalaHa B IeJIsIX IpeaynpexIeHus BhIOpoca rasa.

5.3 Pacuet 00cagHBIX KOJOHH Ha MMPOYHOCTH

Beibop oOcaanbix TpyO M pacdeT 0OCaJAHBIX KOJOHH Ha
MPOYHOCTh TPOBOJAATCS C YYETOM MAaKCHMAaJbHBIX OKHIAEMbIX
M30BITOYHBIX HAPY)KHBIX M BHYTPEHHUX IaBJICHUH NpPH IOJTHOM
3aMmenieHu  OypoBoro  pactBopa  (KMIKOCTH  IJIYIIEHHSA)
TUTACTOBBIM (DJIFOMJIOM WJIM Ta30KHIKOCTHOM CMEChIO, CHIKEHHHU
YPOBHSI B IIPOLIECCE OCBOCHMSI WJIM MEXaHW3UPOBAHHOW N00BIUE,
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Harpy3oK, BO3HHUKAIOIIMX B pe3yJbTaTe€ IPOCTPAHCTBEHHOIO
UCKPMBIICHHS] CKBaXXMH, a TAaK)K€ OCEBBIX HAarpy3ok Ha TpyObl U
arpecCMBHOCTM  (QuioMAa Ha  CTAAMAX  CTPOUTENBCTBA U
JKCIUTyaTaluH.

IIpu  pacyere oOcCamHBIX  KOJOHH  JIOJDKHBI  OBITH
UCIOJb30BaHbl ~ HOPMAaTHBHbIE  JOKYMEHTBI,  COIJIACOBAHHBIE
I'ocroprexnanzopom Poccun.

IIpoyHOCTE  KOHIYKTOPOB, TEXHMYECKUX  KOJOHH U
YCTAaHOBJIEHHOIO HAa HHUX IPOTUBOBBIOPOCOBOrO 000pYyHOBaHUS
JI0JKHA 00€CIIeUNTh:

- TEePMETH3alUI0  YCThSl  CKBOXUHBI B  CIyYasx
ra30Bo/I0HE(TENPOsBICHUH, BBIOPOCOB u OTKPBITOTO
(OHTAaHMPOBAHUS C YYETOM IMPEBBIIMICHUS JOMOJHUTEIHLHOTO
NaBlIeHHs, HEOOXOAMMOro sl TJIYIIEHUS CKBaXMHBI, HE MEHee
gyeMm Ha 10 %;

- yCTOWYMBOCTb  (COXpaHEHHWE  LEJIOCTHOCTH)  IpHU
BO3JICHCTBUM TUIPOCTATHUYECKOTO JaBJIeHUs CcToj0a OypoBOro
pacTBOpa MakCUMaJIbHOM IJIOTHOCTH;

- IIPOTUBOCTOSIHUE BO3/1EHCTBUIO MaKCHUMaJIbHbBIX
CKUMAIOIIUX HArpy30K B CIydasX OTKPBITOTO (OHTAHHPOBAHUS
WM TIOTJIOIEHUS C MaJieHUeM YpPOBHS OypOBOIO pacTBOpa, a TaKxkKe
B MHTEpBaJIaX 3aJIETaHMsI CKIIOHHBIX K TEKYYECTH MTOPOJ.

PacueT o0caHBIX KOJIOHH JJIs1 HAKJIOHHO HalpaBJIeHHBIX
CKBAKMH TIPOM3BOJAAT C Y4YETOM IUIAHUPYEMOTo mpoduis Ha
CTaJuM TPOEKTUPOBaHMUA WM TO (AKTHUYECKUM JIAHHBIM
WHKJIMHOMETPHH CTBOJIA CKBAYKUHBI.

OcHOBHOE OTIAMYME pacyeTa OOCAJAHBIX KOJIOHH IS
HAKJIOHHO HAaIPaBJICHHBIX CKBKUH OT pacueTa JJisl BEpTUKAIbHBIX
CKBa)XMH 3aKIII0YAETCs

B OMpe/IeNICHUH 3araca IPOYHOCTH Ha PaCTsSKEHHE, KOTOPBIN
MPOU3BOJIUTCS B 3aBUCHUMOCTH OT WHTEHCHUBHOCTH HCKpPUBJICHHSA
CTBOJIA CKBRXHHBI, a TaKXKe pacueTa HapYXHbIX W BHYTPEHHHX
JaBJICHUH C YIETOM YIJIMHEHUS CTBOJIA CKBAXKHHBI.

5.5. TexHoOrnyeckass OCHacTKa 00CagHBIX KOJIOHH
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DneMeHThl OCHACTKM OO0CaHBIX KOJOHH MPEICTaBISIOT
KOMIUIEKC YCTPOMCTB, NPUMEHSEMBIH JJIsi YCHEIIHOTO CIycKa
00CaHBIX KOJOHH M Ka4€CTBEHHOTO IIEMEHTHUPOBAHMS CKBAKHUH,
HAJEKHOTO pa3zo0IleHusl IUIACTOB M HOPMaJbHOW MOCHEAYIOLIEH
HKCIUTyaTallil CKBAYKUH.

bamiMak ¢ HanpaBistomed HacaakoW MpeaHa3HayeH i
00OpyIOBaHUS HIKHEW dYacTH 0O0CaJHOW KOJIOHHBI C IIEJIbIO
MOBBIICHUST €€ NPOXOAMMOCTH IO CTBOJY CKB@XHUHBI U
MIPEIYIPEKACHUS TTOBPESIKICHIS HIDKHEH TPYOBI pU

nocaakax. bammaku TpPUCOSAMHSIOT K HIDKHEH dYacTu
oOcamHOW KOJOHHBI Ha pe3pde mim cBapke. Hampasmsromue
HAcaJIKi B OCHOBHOM H3TOTOBJISIOT W3 YyryHa uiu OeToHa. B
MPOMEKYTOUHBIX KOJIOHHAX TMPH TOCIEAYIOMIEM YIIIyOJIIeHUH
CTBOJIa WX pa3OypuBaroT. [ 0b6cagHbIX KOJIOHH auametpom 351
MM U Oosiee B psjie ciay4yaeB NMPUMEHSIOT OamMaku ¢ (ackoit 6e3
METANTMYECKUX HAIMPABISAIOMIMX HACATOK C IENbI0 HCKIIOYCHUS
paboTt 1o pazdypuBaHUIO METaJIa Ha 3a00¢€.

bamvaunbiii maTpyOOK ¢ OTBEPCTHSIMH TPUMEHSIOT B TeX
CIIy4asix, KOTJa CYIIEeCTBYEeT OMAacHOCTh 3a0MBaHUsI TPOMBIBOYHBIX
OTBEPCTUI HATPABJISIONIEN HACAIKU.

Pucynok 5.5 - bammak xononusiii BKM-146

Tabmuma 5.8 - TexHu4eckue XapakTEPUCTHKH
OamrMakoB 00CagHBIX KOJIOHH

| |LH1/1(pp Oammaka
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[TapameTpsl BKM- |BKM- |BKM- |BKM- |BKM-
140, 146, 168, 245, 324,
BKM- |BKM- |BKM- |BKM- |BKM-
140 146 168 245 324
OTTM |OTTM |OTTM |OTTM |OTTM

VYcnoBHBIN 140 146 168 245 324

JTUAMETP

o0caHbIX TPYO,

MM

HapyxHbiii 159 166 188 270 351

JTUAMETP

OalmMaka, MM

Bricora 296 298 303 378 390

OammMaka, MM

Huametp 70 70 80 120 160

[EHTPATHLHOTO

OTBEPCTHS, MM

Macca, kr 16 17 23 53 85

OOpaTHbIi KJanaH IMpelHa3HaueH JUIs MpeAoTBpallleHus
NEpeTOKOB  OypoBOrO  WJIM  TaMIOHAXXHOTO  pacTBopa M3
3aKOJIOHHOTO MPOCTPAaHCTBAa B OOCAJHYIO KOJIOHHY B IIpoliecce
KperuieHust CKBaKUHbl. Ero MoHTHpyIOT B Oammake o0caaHOi
KoJoHHbI uia Ha 10-20 M Bbime Hero. OOpaTHbIE KiamaHbl
U3TOTOBIIIIOT ~ KOPIYCHBIMM M OeckopmycHbiMH. [lo  Buay
3allOpPHOTO 3JIEMEHTAa OHU JENITCS Ha TapeibuaThble, LIapoBble U
HMEIOIIUE LIAPHUPHYIO 3aCIIOHKY.

[To mpuHLMIYy AEWCTBUS pa3InyarOT TPU TPYIIBI 0OPAaTHBIX
KJIaIlaHOB:

a) UCKIIIOYAIOIIUE MepeMeNIeHNne KUAKOCTU U3 3aKOJIOHHOTO
MIPOCTPAHCTBA B 00CATHYIO KOJIOHHY IIPH €€ CITYCKE B CKBKUHY;

0) o0ecreunBamIIe  CaMO3AaNOJIHEHHE  CITYCKaeMOM
o0canHOW KOJIOHHBI OypOBBIM pacTBOPOM TIpU OIpPEaCIIEHHOM
(3amaBaeMOM) nepenajzie JaBICHUH HaJ KJIallaHOM U B 3aKOJIOHHOM
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IIPOCTPAHCTBE, HO MCKJIIOYAIOLIME BO3MOYKHOCTH OOpaTHOM
LUPKYJSILUU PacTBOPA;

B)  o0ecleuuBaroOle  IIOCTOSHHOE  CaMO3aIllOJIHEHUE
o0caJHOW KOJIOHHBI DPACTBOPOM IpPU CIYCKE B CKBOXUHY U
II03BOJISIIOIINE €€ IIPOMBIBKY METO0M OOpaTHOM LUPKYJISLUU, OHU
BKJIIOYAIOTCA B paboTy IoOcie JOCTaBKU 3allOPHOTO 3JIEMEHTa
KJIallaHa C TOBEPXHOCTHU B €0 KOPILYC.

Ecin BO3MO>KHBI He(Tera3oBOOIPOSBIECHUS, HO
OTCYTCTBYIOT IIOIJIOIIEHHUS, TO NPHU KPEIUICHUH BEPTUKAIBHBIX U
HAKJIOHHO HAIIPABJICHHBIX CKBa)XUH CJIEIyeT MPUMEHATh 0OpaTHbIE
KJIAIIaHBl COOTBETCTBEHHO IIepBOM M BTOpod rpymi. llpu
BO3MOXXHOCTH IIOIVIOUICHUS M OTCYTCTBUM IPOSIBICHHS IUIACTOB
1es1eco00pa3Ho  MCHOJIb30BATh KJIAMAHBl TPEThEH TPYNNbl TpU
KPEIUICHUH BEPTUKAJIBHBIX U HAKJIOHHO HAIIPABJICHHBIX CKBAYKUH.
XapakTepuCTUKN OOpaTHBIX KJIAIIaHOB MPEACTABJICHBI B TaliHIle
5.9.
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Pucynok 5.6 - Kinaman oOpaTHBI JIpOCCENbHBIA IS
ropu3oHTanbHbix  ckBaxkudH ~KOII:  1-kopmyc;  2-KonbLo
HaXXUMHOE; 3-KOoJbIl0; 4-nradparma; 5,6-Habop pa3pe3HbIX IIaio;
7-orpanuuutenp; 8§-mArta; 9-gpoccens; 10-mpyxuHa; 11-BTynka;
12-ymop; 13-xomb110 yIIOTHUTENBHOE; 14-11ap

5.7 - Knanan oOpaTHBI  ApPOCCETBHBIN
MozaepuusupoBanHblii [LIKOJIM: 1-kopnyc;2-Koablo HaXKUMHOE; 3-
muadparma; 4,5- HabOp pa3pe3HbIX 1Iaid; 6-kombIo; 7-map; 8-
orpaHuuuTens; 9-nsra; 10-npyxuna; 11-srynka; 12-ynop
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l'onoBKa LIEMEHTUPOBOYHAS YHHMBEPCAJIbHAS MpEJHAa3HA4YCHA
Ul OOBSA3KM YCThSl IPU LEMEHTUPOBAHUM HE(QTSAHBIX M Ta30BBIX
CKBOXMH B OJHYy H 0Oojee CTyHmeHedW C OJIHOBPEMEHHBIM
pacxaxuBaHueM OOCaJHbIX KOJOHH, a Takke B Clydasx

MaHXETHOTO [IEMEHTUPOBAHHUSL. XapakTepucTuKa
[IEeMEHTHPOBOYHBIX TOJIOBOK NpecTaBieHa B Tabmuie 5.10.
Tabmuma 5.10 - TexHuyeckue XapaKTepUCTUKU

HEMCHTHUPOBOYHEBIX I'OJIOBOK

Hanmenos I'my- I'1y- Iy I'T]
aHue 140 TIIY-|168 -178 V-245
MoKa3areJiei 146

YcnoBHBIN 140- 168 178 245
JTUaMeTp, MM 146

Haun6opir 40 40 32 32
ee pabouee
nmasienue, Mlla

Baytpenan 130 144 153 209
U IAaMeETP
TOJIOBKH, MM

macca, Kr 222 298 342 420

i
[Tl
==

Pucynok 5.8 - ['osioBKa IEeMEHTUPOBOYHAS
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YnopHoe Kkoablo (koabio "crom") mnpenHa3HAYeHO s
NOJyYeHHs UYETKOro CHrHaja o0 OKOHYaHWM  Ipolecca
npoaaBJIMBaHUA TaMIIOHAKHOI'O pPAacTBOpa HpHU HECMCHTHPOBAHUU
CKBaKUHBI. Er0 M3roTOBJIAIOT U3 CEPOro 4yryHa U yCTaHABIMBAIOT
B My(Te 006caaHOl KOoMOHHBI Ha pacctosiHus 10-30 M oT HGammaka.

[[eHTpaTOpPbl NPUMEHSIOT A LEHTPUPOBAHMS OOCaTHOM
KOJIOHHBI B CTBOJIE CKBYKHHBI C II€TIbI0 PABHOMEPHOT'O 3alIOJTHEHHUS
KOJIBIIEBOTO IPOCTPAHCTBA TaMITOH)KHBIM pacTBOpaMu
Ka4eCTBEHHOr0  pa3olmeHus IuiactoB. Kpome Toro, oHu
00JIer4aroT MpoLecc CIycKa 00CaaHOM KOJOHHBI, yMEHbIIAs CHITY
TPCHUA MCKAY O6C3I[HI)IMI/I Tp}I6aMI/I U CTCHKaMH CKBa>XUHBI,
YBEIMYHMBAIOT  CTENCHb  BBITECHEHUS  OypoOBOro  pacTBopa
TaMIIOHa>XHBbIM, BCJICACTBUC O6pa3OBaHI/I$I JJOKAJIBbHBIX 3aBHXpeHHfI
BOCXOZSIIETO0 IOTOKA pacTBOpa B 30HaX  PaCIOIOKEHHS
LIEHTPATOPOB, a TAKKe 00JIeryaroT padoTy MOJIBECKE XBOCTOBUKOB
U CTBIKOBKE CEKUHUH O00CAJHBIX KOJOHH NPH IEHTPUPOBAHUHM HX
BCPXHHX KOHIIOB.

LleHTpaTopbl MO KOHCTPYKIMM JENATCS Ha pPaz3beMHbIE U
Hepa3beMHblE, MPYXHUHHBIE M IKECTKME, a [0 XapakTepy
3aKperICHUs MPYXUHHBIX IJIAHOK - Ha CBapHbIE U pa3dopHble. Mx
OOBIYHO YCTAHABJIMBAIOT B CpeIHEH dYacTu Kakaod o6caaHoi
TPYOBL, T.€. B MECTax HauOOJIbIIEro U3ruoa.

[Ipu KpemyieHMM HAKJIOHHO HANpPaBJIEHHBIX CKBAXHUH
MIPUMEHEHHE [IEHTPATOPOB 00S3aTEIHHO.

Uucno 1eHTparopoB, HUX THUON U MECTO YCTAaHOBKH
OTIPEIENIAIOTCSA B COOTBETCTBHHM ¢ [123 - 127].
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Pucynox 5.9 - Lientparop tTuna L{L]

CKkpeOKH HCIONIB3YIOT IS pa3pylieHUs KOPKH OypoBOTO
pacTBopa Ha CTEHKaX CKBaXUHBI NPU CITyCKe 00CaAHON KOJOHHBI B
LEeNAX TOJYYEHUs] MPOYHOTO KOHTaKTa IIEMEHTHOTO KaMHS C
ropHoii mopojmoil. IIpoBonounble CcKkpeOKH KOPOHYATOrO THUIMA
KOMIUIEKTYIOT YIOPHBIM KOJIBIIOM 'cTom" ¢ BHUTBHIM KJIHMHOM H
yCTaHABIMBAIOT Ha 00CATHONW KOJOHHE PSAIAOM C IEHTPATOPOM,
BBIIIIE U HUKE KaXJI0ro U3 HUX. Jlomyckaemas oceBasi Harpys3ka Ha
orpannuntenbHoe kosnbo CK 1,18 tc. Ha pucynke 5.10
npeJcTaBieH ckpedok koponuaToro tumna CK.
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Pucynok 5.10 - Ckpebox koponuatsiii Tuna CK: 1-kopmyc;
2-mtudr;

3-CKpeOyIIre IeMEHTHI;, 4-HAKJIaIKH; 5-CTOTIOPHBIE KOJIBIIA;
6-kMHbS; 7-00caaHas TpyOa

TypOynuzaTopsl IIpEeIHA3HAYEHbl  JUIA 3aBUXPEHUS
BOCXOJSIIIIET0 MOTOKAa TaMIIOHAXXHOTO pacTBopa B 3aTpyOHOM
IIPOCTPAHCTBE  NPU  LEMEHTUPOBAHUM  CKBa)KHUHBI. Nx
YCTaHABIIMBAIOT Ha 00CaJHOW KOJOHHE B 30HaX pacIIMpPEHUs
CTBOJIa CKBaXMHBI Ha PacCTOSHUM He Ooyiee 3 M Apyr OT Jpyra.
Jlomactu TypOyaM3aTOPOB MOTYT OBITh METAITUYCCKUMU HIIH
PE3NHOBBIMM  (pE3MHA IOKPBIBAETCA [JBYMS CJOSMU KOpPIHOM
XJIon4aroOyMa)kHOM ~ TKaHW).  YTrojll ~ HakJIOHa  Jomacrei
TypOymnu3aropa tuna LT x ero BeprukanbHON ocu 30, JIOITyCTUMAs
oceBas Harpy3ka Ha kopmyc 1,18 Tc. Ha pucynke 35.11
MPEJCTaBIeHbI LIEHTPATOPHI - TypOynu3atopsl ¢ ynpyrumu (LT) u
xectkumu (LITT) nonmactsamu.
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Pucynok 5.11 - LleHTpaTopbl-TypOyau3aTopbl ¢ yIpyruMu
(IT) m xectkumu (LTI) nomactamu; 1-Hakmanku; 2-ynpyrue
J0macTH; 3-Kopiyc; 4-BUHTOBOW KJIMH.

MydThl CTYNEHYATOr0 IEMEHTUPOBAHUS MPUMEHSIOT IS
KpeIUIeHUsT CKBOXHMH B TEX CJydasX, KOIJa BO3HHUKAET
HE0OXOIMMOCTh MOABEMAa TAMIIOHAKHOTO pacTBOpa Ha OOINBIIYIO
BbIcOTY (10 3000 M u Gomnee). Ilpu ocHameHnu 00CaTHBIX KOJIOHH
yKa3aHHBIMH MY()TaMU CTAaHOBHUTCS BO3MOXHBIM IIEMEHTHUPOBAHUE
CKBOKWUH B JIBE CTYIICHH KaK C pa3pblBOM BO BPEMCHH MEXKIY
CTYIIEHSIMH, TaK U 0e3 Hero. B cTBoJIe CKBaXKMH MX PEKOMEHIyeTCs
YCTaHABIIMBATh B MHTEPBAJIaX YCTOWYUBBIX HEMTPOHUIIAEMBIX ITOPO]]
M Ha ydYacTkaX, TJe OTCYTCTBYIOT YIIUPEHHUS, KaBEPHBI WU
XKeno0oo0pa3oBaHUs, 2 B HAKIIOHHO HAIMPaBJICHHBIX CKBAKWHAX -
Tak)Xe B BEPTUKAIBHON YacTH CTBOJIA.

[Mapamerpsl My(]T JUIS CTYNMEHYATOrO IIEMEHTHPOBAHHS U
MaKepoB MpeAcTaBlIeHbI B Tabmuie 5.12.

OcHOBHBIE TEXHHMUYECKME JaHHble makepoB tuma I[IIITY
MpEACTABJICHBI B TabmuIe 5.13.
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Tabmuna 5.12 - TexHudeckue mapameTpsl MyQT A
CTYNEHYATOT0 IEMEHTHPOBAHMSI U TIAKEPOB

Hapyxupbiit Buyrpennuii Hnusa i
[Mudp u3genus |muamerp, HE | TnaMeTp, ne|P abotem
oonee, MM MeHee, MM TOTIOMCHMH, HE
bosee, MM
MIIII-140M 178 124 2145
MIIII-146M 178 124 2145
MIII-168M 200 144 2145
II11Iy-140 180 120 4100
II1I'Y-146 180 124 4100
II1I'Y-146 182 124 4200
CMII 1T
I11I'Y-146 182 124 4200
CMI] IM
I11I'Y-146 182 124 6500
CMI] 2T
I11I'Y-146 182 124 6500
CMI[ 2M
I11I'Y-168 200 144 4100
[Tpumeuanue. B mudpax nznenmii:
140, 146, 168 - wHapyXHbIli nuameTp 00CaaHOW  KOJOHHBI,
Ha KOTOPOW yCTaHABIMBAIOTCS My(Ta U TIaKep;
M - wucnomHeHue MyQTHl CHEMUAIBHO JJS MaHXETHOTO
[IEMEHTHPOBAHHUS;

CML] - wucnojHeHHE TMaKepa CHEeHUANIbHO IJs MAaHXXETHOTO U
CCIICKTUBHO-MAaHKXCTHOT'O IEMCHTHUPOBAHNA

1,2 - KONMYeCcTBO CEKIIUN PYKABHOTO YIJIOTHUTEIHHOTO JIEMEHTA;
T, M - UCNOJIHEHWE CUJIOBOTO CJIOSI PYKABHOIO YIUIOTHUTEIBHOTO
AJIEMEHTA -COOTBETCTBEHHO, TKAHEBBIM U METAJUIMYECKHIA.
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Tabmuma 5.13 - TexHuveckue JaHHBIC MAaKEpOB THIIA
Iy

TICY- |TICY- |TCY- Y-
146|146  |146  |146
CMI] |CMI[ |CMI[ |CMII
1T 2T M M

HaunmenoBaunue nokasaresns

12 3 45

MakcuMallbHBIM  Tiepenaj
JTABJICHHUS MEXTY
pa3o0IIeHHBIMU 30HAMU
npu HOMHHAJILHOM
KoduUIlMeHTe MaKepOBKH,
MITIa

16,5 22 16,5 22

N30biTOUHOE JaBlieHHE B
MMPOXOJAHOM KaHaJc npu
MOJATOTOBKH nakepa|9
cpabaTbIBaHHMIO, HE MEHEe
MlITa

VYnpasmusiomee — gaBieHuc |6 12 6 12
ycTaHOBKHU nakepa, MIla
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Ilepenan  naBneHuss  Ha
PEAYKIMOHHO-00paTHBIN
KJIaIlaH, o00eCIeYNBaIOIINT

nojady  SKHJAKOCTH  TOJ 6 6
HIDKHUN  yINIOTHUTEJbHBINA

3JIEeMEHT, HE MEHee ,

MIla

Jnuna nepekpriBaecmoii [ 1140 2280 1140 2280
VIUTOTHATEIbHBIM

3JIEMEHTOM TIaKepa 30HbI,
MM He 0oJiee
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Pa3beuHUTENIN XBOCTOBUKOB M CEKIMH 00CAIHBIX KOJOHH
npeaHa3sHaueHb! Ui 6€30MacHOro CIycka Ha OypHIIbHBIX TpyOax u
JUIS UEMEHTHUPOBAaHUS TOTAaWHBIX KOJIOHH (XBOCTOBUKOB) WIIU
CEeKIMi1 00CaJHBIX KOJIOHH U MOCIIEAYIOIIEro OTCOSAMHEHHUS OT HUX
OypuiIbHBIX TpyO. Pasbenunurenu nemsTcs Ha pe3bOOoBbIC (JIeBas
pe3pba) u 0Oe3pe3p0OoBbIe, K KOTOPHIM OTHOCSTCS KYJIa4KOBBIE,
3aMKOBBbIE W WTU(PTOBBIE pa3beauHUTENU. PazbenuHuTEnN
OCHAalIEHbl BHYTPEHHUM I[AKEPYIOIIUM Y3JIOM JJsi 00ecredyeHus
UUPKYISIUN JKUJKOCTH 4epe3 OallMak MOTalHON KOJOHHBI WITU
CEeKIMH 00CaHOI KOJOHHBI TOCIIEe OTCOCTUHEHHS 00CaJHBIX TPYO
0T OYpWJIbHBIX B pa3beIMHUTENIC U IEeMEHTUPOBaHUs uX. Hanuumne
CEeKLIMOHHOM pa3beIUHUTENbHON MPOOKH B pazbeAUHUTEIAX
MO3BOJISIET B TPOIECCE IIEMEHTUPOBAHUS TMOTAHHBIX KOJOHH U
CeKUUH 00caJHBIX KOJIOHH Pa3o0IiaTh TaMIIOHAXHBI pacTBOp U
MIPOJIABOYHYIO JKUJKOCTD.

IloBecHbIE YCTpONCTBA NPUMEHSIOT [UIsl IOJABELINBAHUS
XBOCTOBHMKOB MJIM CEKIIUM 00CaHBIX KOJIOHH B CTBOJIE CKBAXKHUHBI C
LEJIbI0 TPEAOTBPALCHUsT MX M3ruba OT JeHCcTBUS COOCTBEHHOIO
Beca. [nyOMHHYIO TIOABECKY TOTAaWHBIX KOJOHH U CEKIMH
00CaJIHBIX KOJIOHH IpPU KPEIUIEHUH CKBAXHH MPOU3BOIAT TpeMs
crocobaMy: Ha IIEMEHTHOM KaMHe, KJIUHBbSIX U  OIOPHOM
noBepxHocTu. IloTaiiHble KOJOHHBI M CEKLHMU OOCAIHBIX KOJIOHH
MO>XKHO TIOJBEUIMBaTh Ha ILIEMEHTHOM KaMHE B OOCaXEHHOM u
HEOOCAKEHHOM dYacTsAX CTBOJa 0Oe3 OrpaHUMYeHHH HX JUIMHBI,
IIIyOWHBI CKBRKUHBI U KOJIBLIEBBIX 3a30pOB, HO MPHU 00s13aTEILHOM
MIOIbEME TaMIIOHAKHOT'O PACTBOPA Ha BCIO JJIMHY LIEMEHTUPYEMOM
KOJIOHHBI.

KoMIIeKkC TEXHMYECKHUX CPEACTB JI CIYCKA, MOJABECKU U
repMETU3alMi  XBOCTOBUKOB 114 MM 0e3 HMX IIEMEHTHPOBAHUSA
IIXH 114/ 168.

IIXH 114 /168 xoMIUIEKC TEXHUUECKUX CPEACTB JJISI CITyCKa
U TOABECKM XBOCTOBHMKAa auaMmeTrpoM 114 MM c ycTaHOBKOH
3aKOJIOHHBIX ~ IPOXOIHBIX MAKepOB  MEXAY CKBaXMHHBIMU
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buIbTpaMU W TepMETH3alMed MEXTPYOHOTO MPOCTPAHCTBA MPH
YCTaHOBKE XBOCTOBHUKA B KOJIOHHE 168 MM.

B xommnekc texumueckux cpenacts IIXH 114 /168 Bxoasar:
MOAYJb PAa3bEAUHUTENS IOJBECKH; MOJAYJIb IAKepa IIOJIBECKH;
Moaynb sikops moasecku; ¢uwibTp Tuma PI'C ; apoccenbHbIR
KJIanaH; OOpaTHBIN KilanaH; 6ammak; HeHTpaTop.

[Ipn wucnonb30BaHUM KOMIUIEKCA TEXHUYECKUX CPEJICTB
OCYUIECTBJISIETCS CJIEYIOLIAsl COBOKYIHOCTh TEXHOJOTHYECKHX
OIIEepaLAiA:

* CHYCK KOMIUIEKCAa TEXHUYECKHX CpEACTB B COCTaBe
XBOCTOBHUKA 114 MM Ha TpaHCIIOPTUPOBOYHON KOJIOHHE TPYO;

* MPOBEJCHUE IPOMBIBOK CKBAXKMHBI, M IIpU CO3JaHUHU
OTIPEICTICHHOTO pacxoia Xuakoctu (5 -6 1/cek) , mpuUBEICHUE B
JNEUCTBUE  JIPOCCEIIBHO-3allOPHOTO  KJamaHa W CO3JIaHusd
BHYTPEHHETO JABJICHUS VISl IPUBEACHUS B JICHCTBHUE TEXHUUECKUX
CPEICTB;

* IpUBEJICHUE B JICCTBUE 3aKOJIOHHBIX MTPOXOJHBIX MTAKEPOB,
YCTaHOBJICHHBIX MEXAY CKBOXXUHHBIMU (DUIBTPAMU;

* MpPUBEICHHE B JEHCTBUE MOJAYJIBHBIX Y3J0B IOJBECKH
XBOCTOBHUKA

* MPOBEJCHUE MPOMBIBKM U TOIBEM TPaHCHOPTUPOBOUHOMN
KOJIOHHBI. [IpuBegeHne B  JEHCTBUE TEXHUUYECKHX  CPEJNICTB
obecrieunBaeTcs

MOCJIEZI0BATENBHO OT 3a00s1 K YCThIO CKBAYKHMHBI IOATATHBIM
MOBBIIIIEHUEM BHYTPEHHETO U30BITOYHOTO JABJICHUS B XBOCTOBHKE,
COCAMHEHHOM C TPAaHCIOPTUPOBOYHOU KOJIOHHOW. [loBbIIeHME
BHYTPEHHEro  HM30BITOUYHOTO  JABJICHHUS  OCYIIECTBIAETCS B
3aJaHHOM pPEXHUME C MPEIBAPUTEIBLHON HACTPOMKONW KaxKIIOTO
TEXHUYECKOTO CPEJICTBA HA IOBEPXHOCTH.

Kommiekc TeXHMYECKUX CPEACTB JUISl CIYCKa, MOABECKU M
IIEMEHTUPOBAaHMs XBOCTOBUKOB nuamerpoM 114 mm ITXIT 114/168.
B cocraB kommiekca IIXI[ 114/168 Bxoasar: Oammak
kosoHHBI YCIII'X 114/168.080; TapenbuaThiii 0OpaTHBINA KiIamaH
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YCIITX 114/168.070 ; xanan paccekarens YCIII'X 114/168.100 ;
"cron" marpyboxk YCIII'X 114/168.090A ; y3en sxops IIXI]
114/168.030; y3en makepa IIXI[ 114/168.020 ; y3en
pasbenuuutens [1XI] 114/168; nonas moasecHas mpodka YCIIT'X
114/168.010A ; mnatpybox uementupoBounbiii III[ 114.000;
npoOka

nementupoBounas  YCIII'X  114/168.050A;  >xectkuit
neHtpaTtop npsmotounsi [IIDK-114

[Ipn wWcroNb30BaHUM KOMIUICKCA TEXHUYECKHX CPEICTB
OCYILIECTBISICTCS  CJENYIoU[asi COBOKYIHOCTh TEXHOJIOTHUECKUX
OIIEepaLIAA:

* CIYCK KOMIUIEKCAa TEXHMYECKUX CPEACTB B COCTaBe
XBOCTOBUKAa 114 MM Ha paBHONPOXOIHOW TPAHCIOPTUPOBOUHOMN
KOJIOHHE TpyO ¢ BHYTPEHHUM JIHaMEeTPOM He MeHee 55 MM;

* TPOBEACHHWE TMPSMOTO IEMECHTHUPOBAHUS XBOCTOBHUKA C
MIyCKOM TIOPOJIOHOBOM TMPOOKH Tepe] 3aKaukKoil IIEMEHTHOTO
pacTBOpa M IYCKOM BEpPXHEW IIEMEHTUPOBOYHOU MPOOKU st
pas3JeneHrs EeMEHTHOTO PacTBOpa OT MPOIABOYHOM KHUIKOCTH;

* CTBHIKOBKA BEpXHEH IEMEHTHPOBOYHOU MPOOKH C TMOIOM
LIEMEHTUPOBOYHON  NpPOOKOW, YCTAaHOBJIEHHOM B  IOJBECKE
XBOCTOBUKA;

* MpOJAABIMBAaHME LIEMEHTHOIO pacTBopa B 3aTpyOHOE
MPOCTPAHCTBO XBOCTOBMKA M TIONyYE€HHE CHUTHama (CTOM) MpHU
napiennu P3 - 10,0 Mlla;

* TMpHUBEACHUE B JIEHCTBUE MOMAYIHHBIX Y3JI0B TMOJBECKH
XBOCTOBHKA

* MPOBEJIEHNE MPOMBIBKH H TMOABEM TPAHCHOPTHUPOBOUHOM
KOJIOHHBI.

[lpuBenenne B JAelicTBUE  TEXHUYECKUX  CPEICTB
o0ecrnieunBaeTcs MOCiIe0BaTeIbHO OT 32005 K YCThIO CKBa’KUHBI 32
HECKOJIbKO TPHEMOB TIOBBIIICHHUS] BHYTPEHHEro M30BITOYHOTO
JIABJICHUST B XBOCTOBHUKE, COCIUHEHHOM C TPAaHCIOPTHPOBOYHOM
KOJOHHOU. [loBbBIlICHHE BHYTPEHHETO W30BITOYHOTO JIABJICHHS
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OCYUIIECTBJISIETCS. B 3aJJaHHOM pPEXHUME C MpeABAPUTEIIbLHON
HaCTPOMKOM Ka)XJ0T0 TEXHUYECKOTO CPEJICTBA HA TIOBEPXHOCTH.

YcTpoiicTBa coycKa, MOABECKH M T€pPMETH3AIMU XBOCTOBHKA
tuna YCIIT'X-114/168.

Y CeTpoUCTBO NpeIHa3HAYEHO VIS CIIyCKa, IEMEHTUPOBAHUS U
MOJIBECKA XBOCTOBMKa nuameTpoMm 114,3 Mm ¢ repmerusanuei
MEXTPYOHOTO MPOCTPAHCTBA TPU IMOJBECKE €ro B 00caaHOI
KOJIOHHE JTMaMETPOM 168,3 MM.
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Komnnekc KPP 146 npenna3HaydeH Jis:

* TEPMETHYHOIO Pa300IIEeHNs TOPU3OHTAIBLHON YacTH CTBOJIA
CKB@XHHBI  3aKOJOHHBIMU  MPOXOAHBIMH  THUIAPABIMYECKUMU
MaKepaMH, 3aI0JIHIEMbIMUA TBEPJICIOIUM MaTEPHUATIOM;

* pa3MeNIeHUsT MEXAY MaKepaMu MEXaHUYECKU YIPABIISIEMBIX
-OTKPBIBAEMBIX M 3aKpbIBAEMBIX - KOJIOHHBIX (UIBTPOB H
KJIallaHOB;

* TPOBEICHHS OINEpaldid IMAKEPOBKH CKBAXUHBI U
pPETyJIMPOBaHMsI KOJOHHBIX (WJIBTPOB W KIIAIIAHOB C TTOMOIIBIO
MHOTO(QYHKIIMOHAJILHOTO  BHYTPHUKOJIOHHOTO  YIPAaBJISIOLIETO
WHCTPYMEHTA, CITyCKaeMOro Ha HACOCHO-KOMIIPECCOPHBIX Tpydax
(HKT) wu npuBoaMMOro B JEWCTBHE THAPABIWYECKHUMH U
MEXaHUYECKUMH OTEPAIUSIMH.

OO6macTh pUMEHEHHUsT KOMILIEKCA - CKBXHHBI JHAMETPOM
215,9 wmmM, oOcaxeHHBIE OSKCIUTyaTallMOHHBIMH KOJIOHHAMMU:
auamMeTpoM 146 MM € TOPHU30OHTaJIbHBIM OKOHYAaHHEM CTBOJIA,
BCKPBIBAIOIIUM OTJIOKEHHUSI, KOTOPHIE TOJKHBI OBITH pa300IIeHbI B
3aKOJIOHHOM TMPOCTPAHCTBE CKBAXHHBI 0€3 YXYAIICHUS HX
KOJUJIGKTOPHBIX CBOMCTB M C BO3MOXXHOCTBIO HX COOOIICHUS U
pazo0mIeHUsT C TMOJOCTBhIO AKCIUTyaTal[MOHHOM KOJIOHHBI 4Yepe3
MEXaHWYECKU yIpaBisieMble (GUIBTPYIOIIME U MEPemyCKHbIe
YCTPOICTBA.

B cocraB komiuiekca BXOAST: LEHTPATOpPbl CHUpAIbHBIC
TYpOYIU3UPYIOIITHE; MydTa HHUPKYJISIIIUOHHAS JUISL
uementupoBanus MIIII-146; makep IIIT'Y-146; ckBaXUHHBIM
ynpasnsemblt  kinaman KPP 146.03;. QuubTp CKBaKUHHBIN
ynpasisieMblid KPP 146.02.; makep KPP146.01.; oOpaTHbIi Ki1anan
TOK-146; dukcarop MIII1-220; nonmmuBHOE ycTpoiictBo JY-146;
Oammak neiapHoMerammnueckuii BOK-146.

Texnnueckue manHeie komruiekca KPP 146 npuBeneHsl B
tabnwmie 5.14.

PazgenurenbHble  11IEMEHTUPOBOYHBIE TPOOKH HCIOIB3YIOT
UL pa3oOLIeHUsT TaMIIOHAKHOTO pacTBopa OT OypoBOrO H
MPOIaBOYHOM KHUAKOCTH TIPH IIEMEHTUPOBAHUU OOCATHBIX KOJIOHH,
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a TaKKe IMOIY4eHHs CHrHajga o0 OKOHYaHMM IIpoliecca
IIPOAABIMBAHMUA TaMIIOHaXHOro pactBopa. OHM JensaTcs Ha
HIDKHUE W BepxHHe. HIDKHIOI MpoOKy BBOIAT B 00CagHYIO
KOJIOHHY.

Taomuua 5.14 - Texuuueckue nanabie koMmiuiekca KPP

146
HanmenoBanue napaMeTpoB Benununn
a
MakcumaiibHOE BHYTpEHHEe nasieHue, MIla 25

MaxkcuMmanbHas pacTsruBaromnias oceas Harpyska, kH|800
*

HapyxHsiit nuamerp, He 6osiee, MM 180

JrameTp npoxXoAHOTO KaHaia, HE MEHEE, MM 124

JlimHa ~ pyKaBHOTO  YIUIOTHUTEIHHOTO  DJIEMEHTA
nakepa, He MeHee, MM
O0nem 3amnpaniisieMOl B IMakep CMOJIbI, HE OoJiee, JI 18

3000

JiuHa ~ QUIBTpyOLIEro  3JeMEHTa  KOJOHHOTO
¢ubTpa, HE MEHEee, MM

3000

Bennuuna 3a30pa B QUIBTPYIOIIEM BIIEMEHTE 0.25+0.0
5

JlnuHa B paboueM MOJI0KEHUH, He Ooliee, MM

nakepa 7113

bunsTpa 5827

KJIaraHa 2827

JlnHa B TpaHCIIOPTHOM TOJIOKEHHH, He Oosiee, MM

nakepa 7216
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¢mibTpa 6046

KJIaraHa 3046

Macca B pabouem moJioxKeHuH, He Ooee, KT

nakepa 360
bunpTpa 265
KJIaltaHa 140

Macca B TpaHCIIOPTHOM MOJIOKEHHH, HE OoJiee, KT

nakepa 370
¢unbTpa 275
Macca koMIuiekca, He 0ojee, KT 3000
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BepxHioro mpoOKy BBOAAT B 00CaJHYIO KOJOHHY IIOCIE
3aKauKy TaMIIOHAXXHOT'O PacTBOpa U Mepe]] 3aKauKou MpoIaBOYHOM
KUJIKOCTU. [IpM LIEMEHTHPOBAHUU MOTAWHBIX KOJIOHH W CEKUHUU
0o0CaZHBIX KOJIOHH HCHOJB3YIOT BEpXHHE JABYXCEKIHOHHBIC
npoOKH, COCTOSAIIME W3 JBYX 4YacTed: HIDKHEH 4YacTH,
MO/IBEIIMBAEMOM Ha CpeOHUX KalMOpPOBAaHHBIX MITU(PTAX B
oOcagHOW TpyOe, COCAMHEHHON ¢ OypHUIBHOW KOJOHHOH, U
BEpPXHEW YacTu, IPOAABINBAEMOIl 10 OYPUILHBIM TpyOam.

OcHoBHBIE TEXHUYCCKHE napaMeTpsl KOMIUIEKTa
paznenuTenbHbIX TpoOoK ¢ ¢ukcaropom KPIID  140-146
npeicTaBiIcHbl B Tabuie 5.15 u Ha pucyHke 5.15.

Tabmuna 5.15 - OcuoBubie napamerpsl KPII® 140-146

YCIOBHBIM BHYTPEHHUN JHAMETP 140-146
KOJIOHHBI, MM

JlnameTp MaHXeT MpoOOK, MM 143

Jlyimaa TpoOoK, MM 345:; 350

Ilepenan JTaBJICHUS, 15

BBIJICP)KHBACMBIN KOMILUIEKTOM
nocie (ukcauu Mexay coOoil u
Ha cTom-konbio, MIla,
HE MEHee
JlaBneHue cpabaThIBaHUS 15
nuadparmel, MIla, He 6onee
PaGouas temmeparypa, 'C (K) 130 (403)
Macca KoOMILIEKTa, KT, He 0oJiee 8
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Pucynok 5.15 - KoMmekT pasaenurenbHbIX MOpoOOK ¢
¢ukcatopom KPII®D 140-146: I-mpodka Bepxuss [IPBD; IlI-npodka
HUKHSAS

[NPH®; III- kombuo-crom; 1l-kopmyc; 2-HaKOHEYHUK; 3-
MaHxkeTa; 4-auadparma; S5-yrmiaoTHUTENbHOE KOJBIO; O6-IITH(T; 7-
KOJIBIIO pa3pe3Hoe ((pukcatop); 8- BOpoHKA; 9-MECTO MAPKUPOBKH.
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5.6. Cioco0O#!I cirycka 00caaHbIX KOJIOHH

ITepen cmyckom oOcamHBIX TpyO, OHHM IIAOJIOHHPYIOTCS
1a0JIOHOM COOTBETCTBYIOIErO pa3mepa. TpyObl, uepe3 KOTOopble
mabjJoH HE TMPOXOAUT, OpakylOT U 3aMEHSIOT HOBBIMHU.
CBuHYMBaHME OOCAaTHBIX TPyO NPOHU3BOIAT C OIpPENEICHHON
BEIMYMUHON HaTsAra. (s TpyO ¢ TpeyroiabHbIM mpoduieM pe3bObl
HaTAT KOHTPOJIMPYETCS BETUYUHON MOMEHTA, KOTOPBIE 3aBUCST OT
auamerpa TpyO, M UYHCIOM HE 3aBEPHYTBHIX BHUTKOB PE3bOBbI,
KOTOpOE HE JOJDKHO OBITh Oonee Tpex-ueTwipex. s TpyO ¢
TpaneueuJanbHbIM TpoduiaeM pe3bObl HATAT KOHTPOJIUPYETCS
METKaMH, HAHECEHHBIMHU Ha TIOBEPXHOCTH MY(THI i HUTITIEIIS.

Cryck KOJOHHBI OCYIIECTBIISIFOT B OJIMH IIPUEM, T.€. Cpa3y 10
320041, MK TI0 YaCTSIM - CEKIIMOHHBIH CII0C00 CIycKa.

[lepBBiii crmoco0 MPUMEHSIOT, KOrjaa: TIpy30H0IbEMHOCTh
OypoBOWl YCTaHOBKM COOTBETCTBYET BeCy OOCAIHOW KOJIOHHBI, B
TeYeHHe 2-3 CYTOK OTCYTCTBHUS LHMPKYISIHMH HE MPOUCXOAUT
OCJIO’)KHEHHUE CTBOJIA CKBa)KUHBI; UIMEETCSI BEChb ACCOPTUMEHT TPYO,
OTpeAeNeHHbI pacyeTaMd M TUJpABIWYECKas  MOIIHOCTh
UMEIOIINXCS EMEHTUPOBOYHBIX arperaToB OOECIEeYUT MOJbeM
TaMIIOHA)XHOTO pacTBOpa B 3aKOJIOHHOM IPOCTPAaHCTBE Ha
TpeOyeMyIo BBICOTY.

B mporecce cnycka KOJIOHHBI, B OCOOEHHOCTH, KOI'Jla OHa
o0opynoBaHa OOpaTHBIM KJIallaHOM, BO M30€XKaHHE CMATHUS
TpeOyeTcsi NepUOINYECKU JOIUBATh €€ MPOMBIBOYHOM KHUIKOCTBIO.
JlonuB, 00bI4HO Tpou3BOAAT uepe3 kKaxkasie 300-400 M, a ©HOTIA U
gamre. B aToM ciyuae mydie HCMOiIb30BaTh OOpaTHBIC KilamaHBI
nradparmMensoro tuna. OJHAKO U B 3TOM cliiyyae JUlsl u30exaHus
ra3upoBaHusl  pacTBopa,  Takxke  TpeOyeTrcss  MpPOBOJIUTH
IIPOMEXKYTOUHBIE IIPOMBIBKH, KOTOpBIE OCYHIECTBIIAIOT depe3 500-
600 M. IIpoMbIBKY BeIyT B TE€YEHUU OJHOIO IHMKJIA IUPKYJIALUA
JUIS JTAHHOW TUIyOWHBI CITyCKa, a TpU CHIBHOM Ta3UpOBaHUU
pacTBopa -0 MOJIHOTO yJAJIeHUs ra3a U3 Hero.

Ilo oOkOHYaHMM CIIyCcKa BCEM KOJIOHHBI, CKBa)XMHY, KakK
MpaBWJIO, MPOMBIBAIOT B TEUYEHUU OJHOTO-ABYX  ILIUKIIOB.

159



BoccranaBnmuBath LUPKYJISIUIO TPH  3TOM, BO H30€kKaHUE
MOTJIOIICHUS, CIEAyeT C MaJlod CKOPOCThIO. YBEIUYHBATH
CKOpPOCTb  TOJIaYyu  CJEAYeT TOJBKO IMOCIE  pa3pylICHUs
TUKCTPOITHOM CTPYKTYPhl MPOMBIBOYHON >KUIKOCTU. JKenaTteabHo
P 3TOM paccMaTpUBaTh BO3MOXHOCTh PACXaXKUBAHUSI KOJIOHHBI
nnbo ee BpalleHHe. 3aTeM MPOU3BOIAT JAOKpPEIUICHHE Pe3bOOBBIX
COCIMHCHUI MAIIMHHBIMU KJIIOYaMH C KOHTPOJEM KPYTSIIETro
MOMEHTA.

Cnyck [IMHHBIX KOJOHH 3aHMMAET [JIMTEIBHOE BpeMs,
uHorga 2-3 cyrok. Ilpu 3TOM yBenWYMBAETCS BEPOSITHOCTH
BO3HHUKHOBEHHUS OCJIOXKHCHHI B BUJIC OOBAIIOB, OCBINEH, TPUXBATOB
U T.JO., KOTOPbIE BBI3BIBAIOT HEAOXOXKICHHE KOJOHHBI O
IIPOEKTHOM IITyOHHBI.

B oTux cay4asx OCYHIECTBISIIOT CIOYCK KOJOHHBI B
HECKOJIBKO MIPUEMOB. CeKIMOHHBIHN CITyCK KOJIOHHBI
OCYILIECTBISIOT B CIEIYIONINX CIy4asx:

1. Korma Bec o0cagHOW  KOJIOHHBI  IPEBBINIAET
Ipy30MObEMHOCTH OYpPOBOIl YCTaHOBKH;

2. Korzma orcyrcTBHE LMPKYISIIMM B TEYEHUU 1-2 CyTOK
MIPUBEJIET K OCJIIOKHEHHUSM B CTBOJIE CKBOKHHBI; '

3. Korma orcyrctByeT TpeOyemblii acCOPTUMEHT Tpyd H
TUAPABIMYECKAsT MOIIHOCTh IIEMEHTUPOBOYHBIX arperaToB He
obecrieunBaeT MoabeMa TaMIOHAKHOTO PacTBOpa Ha TpeOyemyro
BBICOTY.

Kpennenvne ckBaXvH ¢ MCHOJIB30BAHUEM CEKIIMOHHOTO
crycka 00CaTHbIX KOJIOHH TTO3BOJISIET:

- TepeKphIBaTh HMHTEPBAIBl OCIOKHEHWH Ha OONBIIHNX
MIyOMHAX ¢ MUHUMAIBHOM 3aTpaToi BpEMEHH OT KOHIIA MOCIIEeTHEH
MIPOMBIBKH JI0 Hayajia [IeMEHTUPOBAHMS;

- HAJSKHO H30JUPOBATh JBa WM OO0Jee MPOJTYKTHUBHBIX
TOPU30HTA CKBAKUH C BBICOKMM IUIACTOBBIM JIaBJIEHUEM WIIU
Kakue-Tu00 OCJIOKHEHHBIE WHTEPBAJbI, pa3/ICEHHBIE MEXIY
c000i1 MOIITHOHN YCTOWYMBOM TONIIEH TOPHBIX TOPOS;
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- IPUMEHATh KOMOWHUPOBAHHBIN OYPHIBHBIM UHCTPYMEHT, B
pe3ylibTaTe Yero yBeIUYMBAeTCS MPOYHOCTh OYpUILHOM KOJIOHHBIL,
CHIDKAIOTCST THJPABIMYECKUE CONPOTHUBICHHS, OOECIIEUMBACTCS
3¢ PeKkTUBHOCTh OYPOBBIX PabOT M BO3MOXKHOCTH YIIyOJeHUS
CKBa)XMHBI Ha OOJIBIIYIO TTyOHUHY;

- SKOHOMHTb METaJI B Pe3yJIbTaTe UCIOJIb30BAHUS 00CaTHBIX
Tpy0 C€ MEHBUIMMHM TOJIIMHAMM CTEHOK II0 CpPaBHEHUIO CO
CIUIOIIHBIMU KOJIOHHAaMH, a TakKe MHCII0JIb30BaTh TPYOBl C
MOHMKEHHBIMH TPOYHOCTHBIMU XapPaKTEPUCTUKAMHU.

[Ipn CEeKIIMOHHOM CIyCKE€ CHayajla CIIyCKaloT YacTh
00caTHOW KOJIOHHBI, JJTMHA KOTOPOH MOCTAaTOYHA JJISl MEPEKPBITUS
OTKpPBITOTO CTBOJIa, MpPH OSTOM BEPXHUU €€ KOHEI[ JIOJDKEH
pacronaraTbCsl B OpeablAyliedl KoJoHHe. Ecnu amMHa OTKPBITOrO
CTBOJIa OOJIbINAsA, TO KPEMsIT €ero B HECKOJIBKO MpHEeMOB. BepxHuii
KOHEI HWYKHETO y4acTKa CJIEyeT pa3MellaTh MPOTUB YCTONYHUBBIX
MOPO/I, HA YYaCTKE CTBOJIA C HOMUHAJILHBIM TUAMETPOM.

JUinHy miepBOM ceKuMM 00cagHOM KOJOHHBI BBIOMPAIOT U3
Te0JIOTHYECKUX TPeOOBAaHUM MEPEeKPhITUS WHTEpBala OCIOKHEHUN
B MMHHUMAJIbHO BO3MOXHOE€ BpeMs M U3 YCJIOBUH IMPOYHOCTU
BEpXHUX TPYO CEKIMW Ha PACTIATHBAIOIIYIO Harpy3ky. B cmydae
YCTaHOBKH T'OJIOBBI CEKIIMM B OTKPBITOM CTBOJIE MECTOIIOJIOXKEHUS
YCTpOMCTBa JUIsl CTHIKOBKM CEKLUN BBIOMPAIOT C Y4E€TOM JaHHBIX
KaBepHOMETPUU HAa HOMHHAILHOM IO JHaMETPy ydYacTKe CTBOJA
CKBaXHHBI. [IpH TEpeKpHITUM BBICOKOHATIOPHBIX TOPH30HTOB U
HQIMYUM 3aKOJIOHHBIX TIPOSIBIIEHUH HAaJ TOJOBOW OMYIIEHHON
CeKUMU HEOOXOAMMO HapauluBaTh IOCIEAYIOUIYI0  CEKIIHIO
o0casHOW  KOJIOHHBI ~C  TNPUMEHEHHEM TIe€pPMETU3UPYIOIINX
3aKOJIOHHBIX YCTPOMCTB.

HwkHue ydacTku 00CagHBIX KOJIOHH —CITyCKalOT —Ha
OypuibHBIX TpyOax. [lns coemuHeHuss OypwiIbHOM W 0OCaIHON
KOJOHH TPUMEHSIOT CIELUUAIbHBIE IEPEBOJHUKH, KOTOPbIE
MO3BOJISIIOT ~ [IEMEHTUPOBATh  HUKHUM  y4acTOK, [POMBIBATh
BEPXHIOIO  YacThb CKBAXHHBI IOCIE  LIEMEHTUPOBAaHUS U
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OTCOCIUHATH OypuUIbHBIE TPYObI OT OOCAJHBIX O OKOHYAHHH
LIEMEHTUPOBAHUS U CTBHIKOBAThH MOCIEIYIOIINE CEKIIUU.

Cy1iecTByeT HECKOJIbKO KOHCTPYKLUM CTHIKOBOYHBIX Y3JIOB,
KOHCTPYKLHS KOTOPBIX B OCHOBHOM BKJIOYaeT B  ce0s
HANPABJISIOIIEE YCTPOMCTBO, JEBBIA MEPEBOAHUK, ITOCATOYHBIN
MEPEBOJHUK, CIEeUUaIbHY0 MYPTy. CTHIKOBOYHBIE MOBEPXHOCTH
MIOKPBIBAIOTCSA CJIOEM MSTKOIOo MeTaia (CBHHIA). 3aKaHYMBAIOT
CIIYCK BEpXHEH CEeKUMH ¢ Majoil ckopocThio. Ilepen mocaakoi
OCYIIECTBIISIIOT ~ NPOMBIBKY CKBRXHMHBI W HaONIOJAIOT 32
W3MEHEHHEM  JlaBleHHs. bbeicTpoe  yBenMYeHHUE  JIaBICHUS
CBUJICTEIBCTBYET O BXOXKJIECHUU HUYKHETO yJaCTKa BEPXHEU CEKIIUU
B MybTy HIKHEH. BepxHIOIO CEeKIMI0  CHOYCKalT 110
COIPUKOCHOBEHUSI ~ COWICHSEMbIX IIOBEPXHOCTEH, U  3aTeM,
MPUIOJHUMAIOT TakK, 4YTOOBI €€ HIDKHHMM KOHEI[ pacrojarajics
BHyTpu My(DThl. lleMeHTHpOBaHHME JTOH CEKIMU KOJOHHBI
OCYILIECTBISETCS Ha BECy. [Tocne EMEHTHPOBAHU
COCMHUTENIbHBII  KOHYC BEpPXHEro ydacTka CaXalT Ha
KOHUYECKYIO TIOBEPXHOCTh CHEIHAIBbHON My()THI HUKHETO y4acTKa
U KOJOHHY OCTaBIISIIOT B IIOKOE Ha TBEPJECHHE LIEMEHTHOIO
pacTBopa.

5.7. Ciiyck XBOCTOBHMKA

XBOCTOBUK CIYCKAlOT Takke Ha OypWIbHBIX TpyOax.
JInvHHBIE XBOCTOBUKH MOJBEIIMBAIOT B MPEAbIAYIIEH KOJIOHHE C
MIOMOUIBIO  CHELMATBHBIX YCTPOMCTB -MOJABECOK, JIMOO Ha
[IEMEHTHOM KamHe. B mocnegHem cnyuyae OypuiibHash KOJIOHHA
OTBOpauMBaeTcsi oT 00cagHOW MOce 3aTBEPAEBAHUS LIEMEHTHOTO
pactBopa. Eciam XBOCTOBHK CIYCKAaeTCs B Ta30BYIO CKBaXUHY
COEMHEHHE €r0 C MPEIbIAYIIEH KOJOHHON OCYIIECTBIISIETCS Yepe3
nakep.

[Ipn cmycke KOJOHH IO CEKIUSM U XBOCTOBHKOB 0c000€
BHUMaHUE cleayeT oOpamarh Ha BBIIOJHEHHE  YCIOBUI
npoyHoctu. HarskeHue KOJOHHBI C  OOJBIIMM  YCUIIUEM
HeZomycTuMo. B 3ToM ciywae ciemyer oOpaimiaTh BHUMaHHE Ha
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pEeryJIMpOBaHUE CBOWCTB IPOMBIBOYHOM JKHJIKOCTH - BBEICHHUE
CMa304HbIX J0OOABOK.

KoHTpoJibHbIE BOIPOCHI:

1. Kakme crocoObl crycka oOCaaHBIX KOJIOHH Bbl
3HaeTe?

2. Ha3nauenue oOpaTHOTO KilanaHa

3. I'ne yctanaBnuBaroTcst TypOyInu3aTophl?

4. Ha3nauenue ckpeOkoB

5. CocraBHble  3JIEMEHTBl MY(TBl  CTYNEHYAaTOIo
[IEMEHTUPOBAHUS

Tema 6. BTOPUYHOE BCKPBITHE

IMPOAYKTHUBHBIX IIVIACTOB

BcekppiTe NpPOAYKTUBHBIX IUIACTOB TMPOBOAAT  JABAXK/bI:
NEepBUYHOE - B Ipolecce OypeHus, BTOpuyHoe - mnepdoparueit
MOCJI€ KPEIUIEHUS CKBAaXUHBI SKCIUTyaTallMOHHOM KOJIOHHOM.
BckpeoiTre miacta nepgopanmeil B 00Ca)KeHHbIX CKBa)XMHAX - OJIHA
U3 Hauboyee BaXHBIX ONepaluid MpU HUX CTPOUTEIHCTBE,
MOCKOJIbKY OT HEE€ 3aBUCUT JaJbHEUIIMH yCHeX HCIbITaHMuS,
MOJIy4EHHUsI TIPUTOKA TMJIACTOBOTO (DIIFOMa U OCBOSHUS CKBA)KMHBI
KaK 00bEeKTa 3KCIUTyaTallu.

B oOmem ciyyae mnpu BTOPUYHOM BCKPBITMM IUIACTOB
nepdopanueii  HeOOXOAUMO TPEOJIONIETh CIOW  CKBOKHMHHOM
xuIkoctH (5-10 MM), CTEHKY cTalbHOM TpyObl (6-12 MMm),
TOJILIUHY 1IEMEHTHOTO KaMHs (B 3aBHCHUMOCTH OT (DaKTHUECKOTO
auameTpa CKBaxHHBI 25-50 MM U 6oree), a TakKe TOJIIKUHY 30HbI
pu3a00HON 3aKYIMOPKH KOJUIEKTOPA, KOTOPasi B 3aBUCUMOCTH OT
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TUNA KOJUICKTOpPA W BIIMSHUS HA HETO OTPHUIATEIBHBIX (haKTOPOB
BCKPBITHS OypeHHEM MOXKET HaXOoauThes B mpenenax ot 40-50 mo
100-150 MM u Gonee. Takum 0Opa3oM, IIIaBHOE MpeAHA3HAYCHUE
npouecca nepdopanuu - MpeoosieTh yKazaHHbIE MPEMSTCTBUS U
YCTAaHOBUTH TUAPOJMHAMHUYECKYIO CBSI3b CO CKBAXMHOHM, a TaKkKe
obecrieunTh 3¢ PeKTUBHOCTD MIPOBEACHUS Ppa3IMYHBIX
MEpPONPUATHIA MO0 HMHTCHCU()UKALUU TPUTOKOB M YBEIWYCHHUIO
MIPOHUIIAEMOCTH MPU3a00HHON 30HBI.

OcHOBHast 3amaya BTOPHUYHOTO BCKPBITHS - CO3JaHHE
COBEpIICHHON THUIPOJUHAMHUYECKON CBSI3M MEXAY CKBAKHUHON H
MPOAYKTHUBHBIM IUIACTOM 0€3 OTPHIATEIILHOTO BO3ACUCTBUS Ha
KOJUIGKTOPCKHE CBOMCTBa mpu3abONWHOM 30HBI Macta, Oe3
3HAYUTENBHBIX AedopManuii 00CagHBIX KOJIOHH W IEMEHTHOU
000JIOUKH.

Pemenue »Toit 3amaum obecrieuyuBaeTcs BHIOOPOM YCIOBHUU
nepdopaiuu, neppopamoHHON cpebl, ONTUMANBHBIX ISl TAHHBIX
YCIIOBHI THIIOpa3Mepa CTPENSIONEe anmapaTypsl M IUIOTHOCTH
nepdoparum.

s nepdopanuy, B OCHOBHOM, UCIIONB3YIOT CTPENISIONUE U
THIPOTIECKOCTpPYITHBIE NTepdopaTOphl. 3a MOCIEAHUE TOAbl HAXOAT
Bce Oosiee MIMPOKOE MPUMEHEHHE CBEpIWIbHBIE MepdopaTopsl U
pasiauyHble IpPOpe3arolve IPUCIIOCOONIECHNUS, MIO3BOJISIIOIIINE
0o0pa3oBbIBaTh B  OOCaJHBIX KOJOHHAX W IIEMEHTHOM KaMHe
pasHble menu. B mpakTHKe HAaXOAWT NMPHUMEHEHHE XUMHYECKOe
pacTBopeHue ATFOMUHHUEBBIX WIn MEJTHBIX BTYJIOK,
YCTaHABIMBAEMBIX B TOH YacTH OO0CagHON KOJOHHBI, KOTOpas
pasMmelaercs B MHTEpBaJIe 3aJIeraHusl MPOJTYKTUBHBIX OTIOKEHUI.
B Tabmuume 6.1 mpencraBineHo — pacmpeneieHue  00beMOB
nepdopaoHHBIX padoT MO BUIAM.

Tabmuma 6.1 - Pacnpenenenue mnepdopalmoHHBIX padoT B

MHUPOBOM W OTEYECTBEHHOWIpaKTHKEe HedTera3oqo0bIBaoIei
HpOMBIH_UIeHHOCTI/I I10 BUJAaM U 06’beMaM HpI/IMeHeHI/IH.
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Kymynarusnas nepgopanus 90-95 %

B tom umcne ¢ nenpeccueii Ha tutact 2-4 %

[TyneBas nepdopauus 2-3 %

I'uppoabpazusnas 1-2 %

IIpoune Buzabl (MexaHMuYecKas, C pacTBOPSAIOLIUMUCS
BcTtaBkamu u ap.) 0,5 %

6.1 Crnioco6s1 nepdopanuu

Bropuunoe BCKPBITHE macra OCYILIECTBIISETCS
nepdoparueif, IS UYEro NPUMEHSAIOT  CTPEISIONINE  WIH
ruJponeckocTpyiinpie nepdoparopsl. Ilo mpunHnuny neicreus
cTpersitonie  mepdopaTopbl  MOAPA3NENAIOTCS Ha  IyJIEBBIC,
TOpIIEJHBIE M KyMYJSTHUBHbIE. B mocienHue roisl NOSBHINCH
nyiaeBsle  mepdopaTopsl € BEPTUKAIbHO-KPUBOJIMHEHHBIMH
CTBOJIAMH, 00J1a/1a011e€ BHICOKOM MPOOMBHOM CIIOCOOHOCTHIO.

6.1.1. [TyneBast nepdopanus

IlyneBbie nephopaTopsl IIPEJICTABIISIFOT coboit
KOPOTKOCTBOJIbHBIE ~IIYIIEYHBIE CUCTEMBI, B KOTOPBIX ITyJIH
pasroOHAIOTCS MO CTBOJY Oylarofapsi SHEPIUH  paclIMpeHHs
MIOPOXOBBIX Ta30B M, IOJIYYUB JOCTATOYHYH) KHHETHUYECKYIO
SHEPrUI0 Ha BBIXOJE U3 Hee, MNpOOMBAIOT MpensTcTBHe. B
nepdoparopax tuna AIIX, I1b, IIIIM anuHa cTBOJNA, B KOTOPOM
MyJU Pa3TOHSIOTCS MOJ JAaBJICHHEM ITOPOXOBBIX TIa30B, OYEHb
OrpaHHUYEHA, I03TOMY KMHETHUYECKAsl DHEPIUs IIyJIM Ha BBIXOJE U3
OTBEPCTHSl CTBOJIa HEJOCTATOYHA Ul TOJY4YeHHs B IOpPOJE
KaHaloB  Oonpmioi  JuiMHbl.  HoBeIMH  cpenu  myseBBIX
neppopaTopoB  SABISIOTCS  nepdopatopsl ¢ BEPTHKAIbHO-
KpUBOJIMHEHHbIMU cTBOjamu Ttuna [IBH, B KoTOpeIX Iynn
Pa3rOHAIOTCS MO CTBOJAM 3HAYUTENbHOM UIMHBI, pa3MeIleHHbIM
BJIOJIb OCH KOpITyca. IIpn Takol KOHCTPYKLMM JUIMHA CTBOJIA
yBenuuuBaercs 10 400-500 mm npotus 60-70 MM B mepdopaTopax
C TOPHU30HTAIBHBIM PAa3MEIIEHUEM CTBOJIOB, a CKOPOCTh IIyJIM Ha
BbIXO2Ie U3 Ayna pocturaet 900-1000 m/c. [TockombpKy Macca mynu
B nepdopartopax tuna [IBH B 4-5 pa3 OGonpmie Maccwl myinb,
npuMeHseMblx B mnepdoparopax tuna AIIX, IIb, IIIIM, To
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KMHETUYECKasi SHEprus, KOTOPYIO IOJIydaeT IyJis Ha BBIXOJE U3
cTtBoma, Oompmie B 10 pa3. bmaromaps 3ToMy yKa3aHHbBIC
nepopaTopsl UMEIOT TPOOUBHYIO CIIOCOOHOCTH, KOTOPYIO MOKHO
CPaBHUTb €  MPOOMBHOM  CIOCOOHOCTBIO  KYyMYJISITUBHBIX
nephopaTopoB TaKOTO K€ MOMEPEUHOro pa3Mepa MpHU OTCTpenax B
MOPOIAX CPEIHEH MPOYHOCTH.

JUis ~ BTOPUYHOTO  BCKPBHITHS ~ IPUMCHSIOT  ITYJICBBIC
nepgopaTopsl 3aIMOBOTO JCHCTBHUS C BEPTUKAJIbHO-HAKIOHHBIMU
creosamu [IBH90, IIBHO0T, TIBT73, IIBK70 (muametpsr 90, 73,
70 MM), KOTOpble MOTYT CIYyCKaTbCcs B OOCAQJHYI KOJIOHHY C
MUHUMAaJbHBIM BHYTpeHHMM auamerpoM 117.5 m 98 mm. B
nepdopatopax tuna [IBH B nByx B3auMHO NHeprieHIUKYISIPHBIX
IUIOCKOCTSIX IONApHO  PAacCIOJIOKEHbl ueThlpe cTBoja. Jlis
B3aMMHOI'O YPAaBHOBEIIMBAHMS CUJI PEAKIIUU MApHbIE CTBOJBI UAYT
OT OOIIUX MMOPOXOBBIX KAMEP HABCTPEUY APYT APYTY.

[Tepdoparop IIBT73 OTJINYaeTCs JIBYCTBOJIBHOM
KOHCTPYKIMEH, B KOTOPOHM  TyJdd  PasTOHSAIOTCSH o
IIPOTUBOIIOJIOKHBIM HaIlPaBJICHUAM. B OJIHOKaHAJIbHOM

MHorocepuitHoM nepdoparope I[IBK70 cTBOA MpoxXoauT BAOJIB OCH
nepopatopa, ¥ B HEM HCIIOJIB3YIOTCS NYyJIU C YBEIUYEHHBIMU
JUaMETPOM U MacCOH.

JlinHa kaHana, mpoOuBaeMoro myJjed B IMOpOJE CpeaHen
npouHoctH, cocrasiusier 140 mm st IIBH90 u [IBHOO0T, 180 mMm
g [IBT73 u 200 mm s [IBK70. [IpoGuBHas cnocoOHOCTH Myib
B 3HAUUTENHLHO OOJIBIIEH CTENEHH 3aBUCUT OT MPOYHOCTU MOPOJIBI.
JlniHa KaHajIOB B TMOpPOJAX HU3KOM M CpeJHEd IPOYHOCTH,
CO3/laBaeMbIX MyJeBbIMH mepdopaTtopamu, OOJbIIEe  JTHMHBI
KaHaJIOB, CO3/aBaeMbIX KYMYIJSATHBHBIMH IepdopaTopamMu, a B
nopojax Bblmle cpeaHed mpounoctu (50 MIla) - nHaobopor,
Menbiie. Ilostomy 1menecooOpazHee TNPUMEHSATH  IyJIEBbIE
nepdopaTopsl  ANA  BCKpPBITHUS ~ IUIACTOB,  COCTABJICHHBIX
cJ1ab0CIIEMEHTUPOBAHHBIMH, HEMTPOYHBIMU NTopoaMu. Kpome Toro,
6narosapst HHTEHCUBHOMY TPEIIMHOOOPAa30BaHUIO MIPU BXOXKICHUU
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yJad B Opoay 3(P(PEKTUBHOCTh BCKPHITHS BO MHOT'OM 3aBHCHT OT
qucia U AJIUHBI TPEILUH.

C »or10if TOYKM 3peHHs OoJibliiee MPEANOYTECHHE ITYJIEBBHIM
nepdopaTopam cienyeT OTAaBaTh NIPU BCKPBITUH CBHITYYUX HOPOJ.
[Tockonbky BO3aelicTBHUE mmyneBoro nepdoparopa Ha 00cagHYIO
KOJIOHHY HECKOJbKO OOJbllleé KYMYJISATHBHOTO KOPIYCHOTO,
IIPUMEHEHHE  €ro  HEeXenaTelbHO  (IpU  KAaueCTBEHHOM
LEMEHTUPOBAaHUM OOCaJHOW KOJIOHHBI) INpPH HAIUYUU OIM3KUX
BOJIOHOCHBIX ~ TOpu30HTOB. ClleyeT Takke Y4ecTb, UTO
IPOAYKTUBHOCTh paboT ¢ MyJEBBIMU MephopaTopaMu HECKOIBKO
HUXKE, YEM C KYMYJIITUBHBIMH, TaK KaK 3a OJUH CITyCK OHH MOTYT
BCKPBITh JIMLIb /10 2-3 M IJIacTa ¢ INIOTHOCTBIO /10 MSITU OTBEPCTUH
Ha 1 M.

6.1.2. KymynsatuHas nephopanus

MexaHu3Mm 00pa3oBaHUs KyMYJIATUBHOW CTPYH CIICAYIOIIHMA.
IIpu B3pbIBE BellecTBA B BUAEC LWIMHAPUYECKOTO 3apsaa
MPOUCXOJUT  TMOYTH  MTHOBEHHOE  IMpEeBpalleHHE €ro B
ra3omno/00Hble IPOAYKTHI, KOTOPBIE PA3JIETAIOTCS BO BCE CTOPOHBI
B HANpAaBJIECHUAX, MNEPIECHIUKYJSPHBIX K TIOBEPXHOCTH 3apsja.
Cytb 3ddexra KyMyJsIIud B TOM, YTO Ta30MOI00HBIC MPOITYKTHI
JNETOHALMU YacTH 3apsja, Ha3bIBAIOIIMECS AKTUBHOM 4YacThIO U
JBUKYIIMECS K OCH 3apsiaa, KOHUEHTPUPYIOTCS B MOIIHBIN MOTOK,
KOTOPBIN Ha3bIBaeTCs KyMYJISATHBHOM cTpyeil. Eciu yriyOnenue B
3apsfe OOJIMIIOBAaHO TOHKHMM CJIOEM MeTajlla, TO MpU JETOHAIUH
3apsijia BIOJIb €€ OCH 00pa3yercss KyMYJISITUBHAsL CTPYsl, COCTOSIIAs
HE TOJIBKO U3 ra3onoJ00HBIX MPOJIYKTOB, HO M U3 Pa3MSATYE€HHOTO
MeTaJula, KOTOPBIN BBIIENAETCS U3 METALITMUECKONW OOIHUIIOBKH.

Hmest 04eHb BBICOKYIO CKOPOCTH B TJIaBHOW 4acTH (6-8 kmM/c),
IIpU yAape O TBEPAYIO IEPETOPOAKY CTPYys pa3BUBAET TaKoe
JaBJIeHHWEe, T0J BO3JCHCTBHEM KOTOpPOro Hauboiee MpOoYHbIe
MaTepHuaibl paspymatorcs. s GoJbIIMHCTBA 3apsiioB JaBICHHE
KYMYJISITUBHOM CTpyHM Ha neperopoaky cocrasiser 20-30 I'Tla, B To
BpeMsl KaK IpaHuLla MPOYHOCTH TopHbIX mopon B 400-600 pas
MEHBbIIIE.
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[lo ruppoaunamuueckoit Tteopuu kymymsauuun (M.A.
JlaBpentheB u [.M. TlokpoBckuii), IuMHA MPOOMTOrO0 KaHalla B
MEPEropoJIKE HE 3aBUCUT OT MEXaHUYECKOW MPOYHOCTH Marepuaia
MIEPETOPOJIKH, a OMPEEseTCs TOIbKO COOTHOLICHHEM IIIOTHOCTEH
MaTepuajioB CTPYH U MEPErOPOAKU

Takum o0pazoMm, MHAa KaHala B TEPETOPOAKE IpHU
MIPOHUKHOBEHUU B HEE KYMYJISITABHOM CTPYH MOYTH HE 3aBUCHUT OT
MPOYHOCTU  TMEpPEeropojku, Ojarogaps YeMy KyMYJIATHBHBIE
neppopaTopel MOXKHO TPHMEHSATH JUIsl BCKPBITHS IUTACTOB C
HauboJjee MPOYHBIMU MTOPOIAMHU.

dopmupoBanue nepPoparioHHbIX KAaHAJIOB B IUIACTE HOCHUT
cienyomuid  xapaktep. Ilpu  paspyiieHun  MeTaTH4ecKoi
OOJIMIIOBKM OT JICTOHAIIMHM 3apsiia B KYMYJSTHBHYIO CTPYIO
nepexoaut Jumb 10 % ee wmaccel. OcranbHas ee 4acThb
dopmupyeTcss B CTEp)KHE CUTapornonoOHOi (OpMBI - TecTe,
KOTOPBIA JIBMJKETCS CO CKOpocThio okoyio 1000 m/c. OGmanmas
MEHBIIIEH KUHETUYECKOW SHEpPrHer M OOJBIIUM TUAMETPOM, YeM
[JIaBHasE 4acThb CTPYH, TI€CT MOXET 3acTpATb B YK€
oOpa3oBaBIIeMcs KaHajie W YACTUYHO WM Jake TMOJHOCTHIO
3akynoputh ero. Oxono 15 % Bcex nepdopalliOHHBIX KaHaJIOB
MOJIHOCThIO  3aKYMOPEHBI 3acTPSBIIUM B OOCAAHOW KOJOHHE
MEeCTOM.

Jlns oOpa3zoBaHUsl KyMYJISTUBHOW CTPYH MPHU B3phIBE 3apsja
HEOOXOJMMOE YCJIOBHE - OTCYTCTBHE B KyMYJSTUBHOW TMOJOCTH
3apsga Jr000M KUAKOCTH, WHA4Ye OT B3pbIBa 3apsga BMECTO
KYMYJISTUBHOTO 3¢ dekTa OyaeT uMeTh MecTo (yracHoe IeiiCTBHE.

B cBs3u ¢ oTUM KyMmymSTHBHBIE 3apsabl nepdopartopos
M30JIUPYIOT OT CKBRXWUHHOM >KHJIKOCTH ITyTEM pa3MEIIEHUS HX B
WHIUBUAYAIbHBIE TepMeTHYecKHe 000J04Yku (OECKOpITyCHBIE
nepgopaTopsl) WK B 001ME TepMETHYECKHE KopIlyca (KOPITyCHbIE
nephopaTopsl.

KopnycHele kymynsTuBHblE mnephopaTopbl 00ECIEUUBaAIOT
HauMEHbBIIIee HeXKeNaTeIbHOE BO3/ICHCTBHE Ha 00CaTHYI0 KOJIOHHY
U 3aTpyOHOE LIEMEHTHOE KOJIbLIO, TaK KaK OCHOBHYIO 4YacTb
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SHEPI'UU B3phIBA 3apsa BOCIPUHUMAET Kopnyc nepdopatopa. [lpu
3TOM B 3aBUCHUMOCTU OT OCOOEHHOCTeH Kopryca mephopaTopbl
nensT Ha KoprycHele MHoropazooro (IIK) wu  koprmycHbie
onnopazosoro (ITKO) ucnonas3oBanms.

B nepdoparopax tuna I1K koprryc BocmpuHUMAET HE TOIBKO
TUIPOCTaTUYECKOE [aBJICHHE, HO M MHOTOKpPATHbIE B3PBIBHBIE
HArpy3KH, MO3TOMY TOJIIMHA €ro JOJDKHA ObITh OOJbIle, YeM B
nepdoparopax tumna [IKO. D10 npuBOAUT K TOMY, 4TO TIPH OAHHUX
u Tex ke radbaputax nepgopartopos B IIK macca 3apsina mMeHnblue,
gyem B I[IKO. W3 mnepdoparopoB tuma IIK Haubonee
pacnpoctpanensl niepdopartopsr [TIK1051Y, TIK8SAY, I[IK95H, a
u3 nepdopatopos tumna [1IKO - nepdoparopsr I[TKO89, ITKO73.

BeckoprycHbie KyMyJIITUBHBIE TTep(opaTopsl C 3apsiiaMHu B
WHIUBUAYAIBHBIX 00OJIOYKAX IMO3BOJISIIOT 3HAYUTEIHHO YCKOPSTH
IIPOBEJICHUE IPOCTPENOYHO-B3PbIBHBIX padOT, Tak KakK 3a OJIUH
cnyck mnepdoparopa MoxkeT ObITb BckpbiTo 30 M miacra.
ManoraGapuTHbIMU  OECKOPIYCHBIMH  miepdopatopaMyu  MOKHO
BBIMIOJIHATh BTOPUYHOE BCKPBITHE IIACTOB, CIYCKas HMX BHYTPb
HACOCHO-KOMIIPECCOPHBIX TpyO. OHAKO cTeneHb BO3JEHCTBUA
3TUX neppopaTopoB Ha 0OCAJHYIO KOJOHHY M IIEMEHTHOE KOJIbLIO
3HAYUTENBHO OOIbIe, YeM TMpPU HCIOIb30BAHUU KOPITYCHBIX
nepdoparopoB. Kpome Toro, mocne B3pbiBa 3apsijioB Ha 3aloe
OCTarOTCsI 0OJIOMKH OT KOPITYCOB 3apsiia U COCAUHSIOIUX JeTaleH,
HaJMuue KOTOPBIX MO3KE€ MOXKET MPUBECTU K OCIOXHEHUSIM IPU
JKCIUTyaTalluy CKBa)KUHBI.

W3 xoprycHbIX nofypaspymatronuxcs nephopaTopoB Ha
MpoMBICNIaX ~ Hauboiee  pacmpocTpaHeHbl  mephopaTopbl B
CTeKIAHHBIX  oOosoukax IIKC80, IIKC105, IIKC65, w3
paspymarnmxcs - neppopaTopsl ¢ 3apsgaMud B aTOMHUHHUEBBIX
o6onoukax KIIPY65, I1P54.

Pazmeps! nepdopallnoHHBIX KaHAJIOB, KOTOpbIE 00pa3yroTcs
Ipu  OTCTpesne  3apsAoB  Haumbojee  pacHpOCTPaHEHHBIX
KYMYIISITUBHBIX TIep(OpaTopoB B MOBEPXHOCTHBIX YCIOBUSX U MPHU
napiieanu 30 MIla mo ogMHaKOBBIM LENSAM C TOPOJOH MPOYHOCTHIO
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pu ofHOoocHOM cxartuu 45 Mlla, nokasansl Ha pucyHke 6.1 [M3 -
Mmacca 3apsza, 1y -AJuHa KaHana).

B Tabmune 6.2 NPUBEJCHBl KJIACCH(HUKAIMUA THIIOB
KyMYJSITUBHBIX ~— nepdopaTtopoB M obOjgacTh  IPUMEHEHMs
CTpeNsonx mnepdopaTopoB, PEKOMEHAYEMBIX U BCKPBITUS
IUTaCTOB.

Tabmuuma 6.2 - Krnaccupukanuss KyMyJISSTUBHBIX
nephopaTopos
Knacce |Tun Mapxk [OcobenHoctr
a
Kopmyc |Muoropazos |[IK |C 3apsgamu B 6yMaxHBIX 000JI0UKax
HBIC oro
MCIIOJIb30BaH
us
[IK- [YeThIpexCTOPOHHETO JIEUCTBUS
10x4
IKJ |C MOBBIIIIEHHOM
M TePMOOAPOCTOUKOCTHIO
IIKH (C 3apsA1aMu ITOBBIIIICHHOU
POOUBHOM CIIOCOOHOCTH u
MIPOXOUMOCTH B ITUHKOBBIX
00oJI0uKax CeK11oHHbIE c
KOPITYCHOM TpyOoi
Onnopazoso [[TKO
ro
UCIIOJIb30BaH
ust
ITIKO (C ONOPHBIMU  TpyOamu u
T TTOBBIIIEHHOMN
TEpMOOAPOCTONKOCTHIO
ITKO |C onopHbIMH BTYJIKAMHU
C

ITKH [Cnyckatorcs Ha HKT
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ITHK |To Ke c MOBBIILIEHHOM
T TEpMOOAPOCTORKOCTHIO
beckopn |YacTtuuno I[IKC |[C  3apsgamMu B CTEKJISTHHBIX
YCHBIE  |camMOpa3pylll 000I04Kax
aroluecs
Jlentounrie |IIKC-|C 3apsgaMu B CTEKJITHHBIX
T YIOPOUYHEHHBIX W CTaJIbHBIX
obomoukax(c MOBBIIIICHHON
TEpMOOaPOCTONKOCTHIO)
IllTanroseie |I[IPB [/Ins BOASHBIX CKBaXHH OOJIBIIIOTO
JmaMerpa
IIPI" |To >kxe miag ra3oBBIX CKBaXKUH
[Tonnocteio |KIIP [C  3apsgamMmu B allOMHUHHMEBBIX
paspymarony |Y 000J109Kax, YCOBEPIIIEHCTBOBAHHBIC
uecs
HEpacKpbIBae
MbI€
ITomnoctero (ITP |To ke ¢ BMOHTHPOBaHHOUN CHCTEMOU
pazpymatrony |[IKP |neronamuu, cnyckarorcs uepes HKT
uecs WIIN OypuJIbHBIE TpYyOBI c
packpbIBaeM MUHHUMAaJIbHBIM BHYTPEHHUM

bIC

nuameTpom 50-62 mm
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Pucynox 6.1 - Pasmepwr mepdopalimoHHBIX KaHAJIOB TPH
nasienun atMocheprom (a) u 30 MIla (6).

6.1.3 T'mapomneckoctpyitHas nepdoparus

I'uaponeckoctpyiinas nepdoparus (I'TIIT) - sto meTon, mo
KOTOpPOMY 00pa30BBIBAIOIIMECS KaHAIBI MPOXOAAT Yepe3 KOJOHHY
TpyO, IMEMEHTHOE KOJBI0 U YIIYOJNAIOTCS B TMOPOAY IO
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JEHCTBUEM KHHETHYECKOW 3HEPTUM MOTOKA YKUJKOCTH C IECKOM,
c(hOpPMHUPOBAHHOTO B HacaJIKax.

Kanansl, o0pa3oBaHHbBIC BCJIE/ICTBHE NecTBUS
KMHETUYECKOM SHEpruu cQOpMHUPOBAHHOTO B HAcagKkax IMOTOKa
KHUJIKOCTHU C TIECKOM B IMOPOJaX MPOYHOCTHIO HA CXKATHE acy =10-20
MIla, umerot anuny | = 10-30 cM u oBepXHOCTh GUIBTPALUU S =
200-500 cm®.  TIOCKONBKY TMOBEPXHOCTh (DHIBTPAIMH TaKHX
KaHaJIOB B HECKOJBKO JECATKOB pa3  Ooybllle  MOBEPXHOCTH
KaHAJIOB, BO3HHKIIMX B pe3yJbTaTe KyMYJIATUBHOU nephoparum,
to [ITIII ocobeHHO TIONE3HA TPU BTOPHUYHOM  BCKPBITHH
TPEILIMHHBIX KOJJIEKTOPOB U MOCJIE€ KaUTAaIbHOIO PEMOHTA.

Jlnss oOpasoBanus  kanajoB [TIII, Oospmmx, dYem
nojiyyaeMble pu KymyistuBHoi nepdopanuu (KII), npumenstor
MHTEHCHUBHBIE NIapaMeTphbl MpoBeAeHUs mnponecca. JlnuHa kanana
yBenuuuBaercs Ha 30 % Mpu UCIONb30BaHUM HACAJIOK IHaMETPOM
d = 6 mm Bmecto 4,5 MM, Ha 30-50 % - mpu rasupoBaHHH
KUJIKOCTH a3oToM, Ha 40 % - TpW BO3pacTaHUM Tiepenaaa
nmaBneHus B Hacagkax AP ot 20 mo 40 MIla.

Ecnu Bpems popmupoBanus kanana t yseanuuts ot 20 10 60
MHH., TO €ro UIMHa OyJeT MemjeHHO Bo3pactatb Ha 20 %, a
noBepxHOcTh (unbTpanmu - Ha 400 % (odeHp OwicTpo). Ilpum
OJIHOBPEMEHHOM MPUMEHEHUH YIOMSIHYTBIX CPEJICTB JJIMHA KaHala
MOJKET yBeln4MBaThes B 2-3 paza. OjHaKo He cieqyeT 3a0bIBaTh,
yTo ['TI -TeXHOTOTUYECKH CIIOKHBIA U TOPOTOCTOSAIINN MpOoILecc.
Hanpumep, I'TIIT ¢ mnoTHOCTBIO 2 OTBEpCTUS HA 1 M B HECKOJIBKO
pa3 nopoxe, dyem KII 3apsmamu IIK-103 mpu morHoctn 20
oTBepcTUii Ha 1 M.

Texnonornueckue Bo3moxkHoctu [TIII B moGbiue HedTH
MOTYT OBITh 3((PEKTHUBHO HCHOJIB30BAHBI TOJBKO B pe3yibTare
palMoOHaJIbHOTO IUTAHUPOBAHMUSL ATOrO IMpoIecca C  YYETOM
OXKUJAeMOW JIOTIOTHUTENBFHOW JOOBIYM MPOIYKIIMH CKBAKUH H
3aTpaT Ha ero NpoBeACHHUE.

I'TIII [puUMEHAIOT NPEUMYIIECTBEHHO B  Pa3BEIOYHBIX
CKBa)XMHAX C MHOTOKOJIOHHON KOHCTPYKLHEW, C TPEIIMHOBATBIMU
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KOJJICKTOPaMHU, a TaKXKe MPH KaUTAIbHOM PEMOHTE, OCOOCHHO
MocJie U30JIALMOHHBIX paboT, 1J1s HOBTOPHOM nepdopanuu.

Jia nposenenust I'TIII B ckBaxuny (pucynok 6.2) na HKT
CIyCKaIOT TMecKocTpyiHbii ammapar (AlIl), B kopmyce KOTOpPOTo
pa3MeIleHbl JIBe-4eThIpe HACaaKu auaMmeTrpoMm 4,5 uiu 6 MM u3
aOpa3uBHO-CTOMKOTO Marepuana. Jlns TouHoi ycraHoBku All
HanpoTuB mnepdopupoBanHbix IwiactoB Haxgy HKT pasmemaror
TOJICTOCTEHHYIO MY()Ty JutiHOM 10 50 cM ¢ ToJIuHOM cTeHku 10-
15 mm. B AIl mpexycMoTpeHo Ba THe3/a ist KianaHoB. Bepxuuii
OOJBIION IIAPOBOM KJallaH YCTaHABJIMBAIOT BPEMEHHO IS

6

onpeccoBku HKT, motom ero

Pucynox 6.2 - Cxema mnepdopauud B  CKBaOKUHE
TUIPOTIECKOCTPYHHBIM MeTosioM: 1-00caaHast konoHHa; 2-HKT; 3-
All; 4-nacanka; 5-mmnact; 6-kanainsl ['TII; 7-canpHUK.

MOJTHUMAIOT OOpaTHBIM MpOMbIBaHHEM. HuKHUN, MEHBIIETO
IUaMeTpa, - YCTaHaBJIMBAIOT Ha BpeMsi OOpa30BaHUS KaHAJOB.
I'epmernzanuio 3aTpyOHOr0 MPOCTPAHCTBA I OTBEIEHUS IMOTOKA
MIPOBOJAT IPU MOMOIIY CaMOYIJIOTHEHHOTO CAJIbHUKA.

[TocnenoBarensHocTh pabotel. Ilepen mpoemenuem [TIIT
onpeccoBbiBatoT HKT, mocie dwero oOpaTHBIM NpOMBIBAHHEM

174



MIOAHMMAIOT BEPXHUM IIAPOBOM  KJIAalaH H  ONPEHEISIOT
THJPABINYECKUE 3aTparhl JAaBIeHUS Pup,. ManorabapuTHeiM
npubOpOM HCCIEIYIOT TEOJIOTHYeCKUi paspe3 ckBakuHbl 'K
(HI'K), uTo6s1 HanpaButh All k maactam, YTOYHSIOT JUIMHY TPYO,
yuuThiBasi MX coOcTBeHHBIM Bec. llocie 3roro ycraHaBiIMBarOT
HWKHUKA mapoBod knanaH v B HKT 3akaumBaroT XKUAKOCTH C
aOpa3uBHBIM MaTepuaaoM. [IpenMyIIecTBEHHO 3TO MECOK (ppaKLInuu
pazmepom 0,8-1,2, pexe - 2 mm. CMech KUIKOCTH C TMECKOM
MOCTYTAET C pacxooM 8-16 Ji/c, Ipu ATOM JaBJICHHE Ha HACOCHBIX
arperatax cocrasisieTr 25-45 Mlla. IIpu Takux ycioBHSIX CKOPOCTb
MOTOKA Ha BBIXOJIE U3 Hacalok cocrapiser 160-240 m/c.

JlaBieHre Ha MaHOMETpax arperaToB BO BpeMsi 00pa30BaHUS
KaHaJIOB JIOJDKHO OBITh IMOCTOSIHHBIM, Hampumep, 35 MIla. Ha
BBIXOJIC U3 HACaJKW MOTEHIUATbHASI SHEPTUsl AaBICHUS KUJIKOCTH
MIEPEXO/IUT B KMHETHUECKYIO SHEPruI0 MOTOKa, KOTOpas BO BpeMs
yIIapoB MECYHMHOK O MEePEropoaky (TpyObl, MOPOJbI) CHOCOOCTBYET
UX pa3pyLIECHUIO.

Yactunpl pa3pylIeHHOW MOpPOABI BBIHOCATCS U3 KaHaja
nepdopau B 3aTpyOHOE NPOCTPAHCTBO M BBIMBIBAIOTCS Ha
noBepxHocTh. Ecnu anmapaT ¢ HacaakamMu 3aUKCUPOBaH SKOPEM
Ha KOHLE TpyO HEMOJBM)KHO, TO OOpa3oBaHHBIA KaHam Oyzder
UMETh TPYLIEBUAHYIO (popMmy.

Takue ycnoBus 00pa3oBaHus KaHajga Ha3bIBAIOT 3aKPHITHIMH.
Ecnu anmapat He 3aduxcupoBaH (4to ObIBaeT Haubosee 4acTo), TO
oH B koHune HKT mnomyuaer oceBoe nepeMelIeHHME M KaHal
NpUHUMAeT (GOpMy BEpPTUKAJIBHOM BBIEMKH anuHOW 5-10 cm.
JIBi>keHue ammapara OOYCIIOBJIEHO NpPOHM3BOJBHBIM KoJeOaHHEM
nasienus (£ 2-3 MIla) na arperartax. [Ipu He3adukcupoBaHHOM
afnmapare M3 IUlacTa BBIHOCATCS 4acTUIBI MOpojs! (damie ao 10
MM), a YcioBHA OOpa3oBaHMs KaHaja Ha3bIBAIOT OTKPBITHIMHU.
Mexanu3sm o00pa3oBaHUsl KaHaja CXEMaTHMYHO TIpE/ACTaBIE€H Ha
pucyHke 6.3.

PaccMoTpuM miIoCKO€ cedeHHME IOTOKA, BBITEKAIOIIETO U3
Hacaaku guamerpoM Oy C HavambHOM CKOpPOCThIO Uy W
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oOpazoBbiBatoniero  kaHai. CkopocTh UO  cOXpaHsercss Ha
paccrosiHuu oT Hacanaku lp < 5do, KOTOPYIO HA3BIBAIOT HAYAIHHBIM
y4acTKOM TIOTOKa, Jjajiee CKOPOCTh PE3KO CHUIKACTCS, IIOTOMY UYTO
C OTHaJCHHWEM OT HACaJKH BHEUIHHE TPAHMIBI TYpOYJIEHTHOTO
MOTOKA PACHIMPSAIOTCS 3a CYET 3axBaTa YaCTHUI[ JKUIAKOCTH U3

OKpY>KaroIen cpeibl.
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Pucynok 6.3 - Cxema BbITEKaHUS MTOTOKA B KaHam 1-o0cagHas
xononna; 2-HKT; 3-All; 4-nacanka; S-nnact; 6-kananel I'TIIT; 7-
CaJIbHUK.

[TockonbKy CKOpPOCTH TBEPIBIX YacTHUIl (Iecka) Ooublie
CKOPOCTH TIOTOKa, TO Oojee Tshkenas TBepjAas dYacTula Ppe3Ko
yaapseTrcss O MeperopoAky (MeTall  KOJIOHHBI, TOpONY),
MIPEO/IOJIEBACT CUJIBI CIEIJICHUsS MaTepuaa MEeperopoakd Hu
paspymaer ero. OOcanHas KOJOHHA JIOJDKHA HaxXOJUThCA B
npejenax HadaJbHOIO ydyacTKa IOTOKAa, TaK KakK TOrAa IpoIecc
0o0pa3oBaHMsl OTBEPCTUS B KOJOHHE JJIMTCA JUIIb 1-2 MUH.
OcranbHOE BpeMs pe3aHusl 3aTpayrBaeTcsi Ha 00pa3oBaHUE KaHaia
B IIEMEHTHOM KOJIBIIE U TIOPO/IE.
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Cxema 00pa3oBaHusl KaHAJIa B CKBOXHMHE M300pakeHa Ha
puUcyHke 6.4.

Ecnmu B 30He 00Opa3oBaHusi KaHalla HMEIOTCS OOJbIINE
KaBEepHbI, TO IEWCTBUE IOTOKA HE MOXKET BBIUTH 3a TPaHULBI
nementHoro konbua, u ['TII Oyner HeadhekTHBHOM.

[IpoektupoBanue I'TIII mpoBomar nns  obecredeHHs
3aJJaHHOTO KayecTBa KaHAJOB COOOIICHUS CKBa)KUHBI C IUIACTaMHU
nyreM o0pa3oBaHMs ~ HEOOXOAMMOIO  KOJMYECTBA  KaHAJIOB
OTIpEeJICIIEHHBIX Pa3MEPOB.
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Pucynok 6.4 - Cxema ¢opmupoBanus kanama [TIII B
CKBa)XMHE: | - TMAPONECKOCTPYWHBIM ammapar; 2 - Hacajaka; 3 -
KOJIOHHA; 4 - IIEMEHTHOE KOJIBLO; 5 - IJIaCT.

Bo Bpemsi mpoekTtupoBaHus HE0OXOAMMO: OOOCHOBHIBATH
BBIOOP CKBaXUHBI, BBIOpATh perentypy >kuakoctu ans [TII; tun
a0pa3uBHOTO  Marepuana; ero (pakIMOHHBIA  COCTaB U
KOHIIEHTPAILIMIO B JKUJIKOCTH, PACCUUTATh OCHOBHBIE MapaMeTphl
mporecca;, TomoOparh TAyOWMHHOE, YCThEBOE U  HA3eMHOE
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000pyJOBaHUE; OLEHUTh TEXHOJIOTHYECKYI0 U SKOHOMUYECKYIO
3G GEKTUBHOCTH CIIPOEKTUPOBAHHOTO MpOLECCa.

['TIIT nambonee 1enecooOpa3HO MPUMEHSATh B CKBAXKHHAX,
TUAPOJIMHAMUYECKH HECOBEPIICHHBIX II0 XapaKTepy BCKPBITHS
iacra. Ecnu Takoe HECOBEpPLIEHCTBO HE OOHApYX EHO , TO
OPUHUMAIOT Oojblllee IO CPABHEHUIO C HUM 3HA4YCHHE
kod(pdulleHTa TUIPOAMHAMHYECKOTO COBEPIICHCTBA CKBA)KHHBI
nocie ['TII, koTopoe HE0OXOAMMO JTOCTHYb.

Kunkoctn s I'TIII He AOJKHBI CYIIECTBEHHO CHHWXAaTh
IIPOHULIAEMOCTh  IPOAYKTHBHBIX IUIACTOB M COJEHCTBOBATbH
OYUIIICHUIO TPU3a00MHOM 30HBI OT 3arpsA3HEHMUSL.

Jna T'TIHI npernmyiniecTBEHHO TPUMEHSIOT BOAHBIE PACTBOPHI
I[IAB Ha 1npecHOM TEXHHYECKOW WIM MHMHEPAIU30BAaHHOU
wiactoBoil Boje. [TAB BbIOMparOT MO TakKUM K€ NPUHIMIIAM, KaK U
[IPOJBUTAIOIINE U BBITECHSIOMIME JKUIAKOCTH JUISI KHUCIOTHBIX
00paboTOK.

IlenecooOpa3Ho, Kpome TOro, HCHOJIb30BaTh PELENTYpPHI
TaKMX XUAKOCTEH AJIS TIIIIEHUS CKBAKUHBI NE€PE] TEKYIIUM HIIU
KalHUTaJIbHBIM PEMOHTOM.

AOpa3uBHBIA Marepuan - 3TO OOBIYHO KBapLEBbI IECOK C
HeOosbmMM coaepkaHueM TiauHbl (10 0,5 %), ¢pakunoHHBIHI
cocraB 1ecka 0,5-1,2 MM

HauOonpime gacTuipl He TOJKHBI OBITH Oosee 2 MM, Tak
KaKk HHAa4Y€ OHM MOTYT 3aKpblBaTb OTBepcTHs Hacagok All
OnTumainbHas KOHLEHTpauus necka cocrasiser 30- 50 kr/m® (3-5
%). C Bo3pacTaHUEM KOHIIEHTPAIMH IecKa OOBIYHO YBEIUYUBACTCS
oobem kanana ['TIIT npu Toif xe riryOuHe.

[IpoyHocTh MOpPOABI Ha CXKATHE 3HAYUTENBHO BIMSET Ha
JUIMHY KaHasa.

Hanpumep, npu OAMHAKOBBIX YCIOBUSIX JJMHA KaHala B
nopoJjie ¢ npo4HocThio Ha cxaTtue 20 Mlla cocraBusier 185 MM, a ¢
npouHocTero 60 MIla - 125 mm.

@dopma ¥ AMAMETP HAaCcaJKH TaKXKe 3HAYUTEIbHO BIIMUSIOT Ha
mmHy kadama [TIII. HawmGomee »ddexTtuBHBIE Hacagku ¢
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KOHOM/IaJIbHBIM BXOJOM M KOHYCHOM IPOTOYHOM 4acThlO, TUAMETP
KOTOpBIX BBIOMPAIOT, HCXOJS U3 THIPABIMYECKON MOIIHOCTH
MPUMEHSAEMbIX HACOCHBIX arperatoB, paBHbIM 4,5 Wiu 6 MM.
VYBenuueHue aAuaMeTpa Hacaakd B 2 pa3a IpU MPOYUX PaBHBIX
YCIIOBUSIX YBEIMUMBAET JJIMHY KaHaja [I0YTH BJIBOE.

Ilepenan naBieHuss B Hacagke - OJIMH M3 MapaMeTpoOB
nporecca, KOTOphId 00yCIOBIMBAET yBEIMUEHUE ITyOWHBI KaHaia
I'TIII, m ero Haumboyiee TPYIHO TMOJACPKUBATH ITOCTOSHHBIM.
HauanbHass cKOpOCTh TMOTOKA sIBIIsIeTCS (PYHKIMEH KBaapaTHOTO
KOpHS W3 Tiepenaaa naBieHus Uy = f(APO'S), U MMEHHO OHa
JUHENHO BIMAET Ha JIUHY oOpasyrouerocsi kanaia. Hampumep,
yBeJIMYeHHue nepenaja aasieHus ot 17 go 32 Mlla coxelictByer
BO3pAcTaHUIO JJIMHBI KaHaia oT 9 10 13 cM npu mpodux paBHBIX
YCIOBUSIX.

Bpemst oOpazoBaHusi KaHalla - KOHTPOJUPYEMBIH Tapamerp
mpolecca, KOTOPbIA HE 3aBUCHT OT Apyrux ¢akropoB. Kanan
oOpa3yeTcss MHTEHCHUBHEE B IMEpPBbIE MHUHYTHI pE€3aHUs MOTOKOM,
nocne 30 MHH. pocT TIyOMHBI KaHala 3HAYUTEIHHO 3aMEIJIIeTCs.
3n1ech crefyeT pa3auvarh YCIOBUS pe3aHus ¢ 3adUKCUPOBAHHBIMU
n HezadukcupoBanHbiMU HKT ¢ AIl. B nepBom ciyyae umeem Tak
Ha3bIBa€MbIe 3aKpBITHIE YCJIOBHS 00pa3oBaHWs KaHajga, a BO
BTOPOM - OTKpPBIThIE. B 3aKpBITHIX yCIOBHSX pacUIMpeHUE KaHaja
YCIIOKHSIETCA, TaK KaK MHOTO »JHEPruM 3aTpayuBaeTCs BO
BCTPEUHBIX IOTOKAaX KpYyrjoro OTBEPCTHs, OOpa3oBaBILIErocs B
IKCILTyaTaIlMOHHON 00CaJHON KOJOHHE W MMeEromiero pasmep (3-
4)dy mnameTpa HacajKu. B OTKpBITBIX YCIOBHUSX, KOTJla OTBEPCTHE
B KOJIOHHE OBaNbHOW (hopMbI M Oojbmas och ero ommska k 20d0,
MOTOK, BBITEKass W3 KaHaja, HE BCTPEYaeT CONPOTUBIEHHUS U
ryouHa — KaHama ~— yBenuumBaeTcs.  OTKpBITBIE — yCIOBHS
cBoiictBenHb! A ['TIII B 30He ¢punbTpa nnu 6€3 KOJOHHBI.

I'TIIT ¢ ucnonb30BaHWEM TIMHUCTBHIX PACTBOPOB MPUMEHSIOT
B CKB@XXMHAX C BBICOKMM IUIACTOBBIM JAaBiieHHeM. OcOOEHHOCTH
TEXHOJIOTMM  3aKJIOYAIOTCSI B MCIOJIb30BAaHUU  TJIMHUCTBIX
pacTBOpOB MIOTHOCTHIO 1,5-1,8 r/em’ ¢ aOpa3uBHBIM MaTEPHAIIOM.
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Bo Bpems mnpoBeneHHs BO3pacTalOT BSI3KOCTb M CTAaTUYECKOE
HaIPSDKEHUE CIBUTA, HECKOJIBKO YMEHBILAETCS BOJOOTAAYA. IJTO
OOBSICHACTCSl  JUCIIEPTUPOBAHHEM TJIMHHUCTBIX W  aOpa3sWBHBIX
YacTHILl BO BPEMs PE3aHUsl.

Hnsa nposenenus ITII ¢ wucnons3oBaHueM TIIMHUCTOTO
pacTBOpa TOTOBAT pacTBOpP OCHTOHUTOBOW TIVIMHBI IIOTHOCTBIO
1,14-1,18 1/1140-1180 xr/m>. [ToTOM Ha TOBEPXHOCTH MPOM3BOISAT
5-6 IMKJIOB LUPKYJIALUU BCErO pacTBOpa ¢ MeEpernagoM JaBIeHUs
25-30 MIla, HampaBiisist MOTOK HA METALTHYECKUI mpeamMeT. B aToT
MOMEHT JUCIEPIUPYOTCS YaCTHULbI TJIMHBL, U1 PACTBOP CTAHOBUTCS
Oomee cTaOwibHBIM. braromaps JIUCIEPTUPOBAHUIO 3aTPATHI
IJIMHOIIOPOIIKA yMeHbLIatoTcs BABoe. Jlamee no0aBisdoT K
MPUTOTOBIICHHOMY pacTBOpPY aOpa3WBHBI MaTepuan -0apwur,
reMaTUT, KBaplLeBbli necok. B 3ToM psany abpa3uBHOCTH
BO3pacTaeT OT Oaputa K mecky. JnurenpHas paboTa arperatroB
obecrieynBaeTcss B TOM cCilyyae, €Clid JHaMeTp 4YacTull abpa3uBa
Haxoautes B nipeaenax 0,4-0,8 mm. B pacTBop BHavane 100aBstOT
5 % abpasuBHoro Mmarepuana. Ilocne 2-3 IUKIOB IUPKYJIALUU
yepe3 Hacaaku All pactBop cpabaTbiBaeTcs, M IMOITOMY
HE0OXO0JIMMO 3aMEHUTh a0pa3uBHBIM MaTepuana HOBBIM (Takxke 5
%). OcranbpHble MapaMeTpbl W TEXHOJOTHA oOcTarTcs 0e3
CYIIIECTBEHHBIX H3MEHEHUN.

ITIII ¢ ra3zoBoil da3zoif (a3orom) 1enecooOpa3HoO
MPOU3BOJIUTh B CKB&KMHAX C HU3KUM ILJIACTOBBIM JIaBJIEHUEM.
Oco0EeHHOCTH TEXHOJIOTHHU CBSA3aHBI C IPUMEHEHUEM JIBYX a30THBIX
ra3u(ukanuoHHbIX ycTtaHOBOK AI'Y-8K, KoTOpble mepeBo3sT
KHUJIKUHA a30T W rasupuuupyroT ero noxa nasienueMm 22 Mlla c
pacxonom 6 Me/MuH.

I'a3 moctymaer B >KMIKOCTb 4Ye€pe3 3KEKTOp, U IOITOMY
JIABJICHUE Ta30’KUIKOCTHOW cMecH nocturaercs Ha ycrbe 30 Mlla,
€CJIM JIaBJI€HHE Ha HAcOCHBIX arperarax cocrasisier 40 MIla. B
OCTaJbHOM TEXHOJIOTHSI CYIIECTBEHHO HE OTJIWYaeTrca OT
texHosmorun oObryHOM [TIII. Cnemyer dYeTko mNpHAEpKUBATHCS
MPaBUJI TEXHUKH OE30MaCHOCTH BO BpeMs MPOBEJCHUS PadoT.
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Taxum o6pazom, npu ucnons3zoBanuu ['TII1 ¢ razoBoii dazoii
riyOuHa kaHana BospactaeT Ha 30 %, a ero o6weM - Ha 200 %.
Bo3HuKaeT AONOJHUTENBHBIN Iepenaj JaBiICHMs Ha Hacaakax M
yYMEHbIIIaeTCsl TMPOTHUBOJAaBIeHHEe Ha tuacT. K HemocTatkam
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cienyer OTHECTH TPYIHOCTH, CBSI3aHHBIC c
TPaHCIIOPTUPOBKOM JKUJKOTO a30Ta HAa CKBaXHUHE, U €T0 BBICOKYIO
CTOMMOCTb.

I'TIIT ¢ co3panreM NEPEKPECTHBIX KAaHAJIOB MpeularacTcs Juis
TOHKOCJIOMCTBIX Tu1acToB. /Ly mpoBenenus nepdopanuy HacaaKH
pa3MeIaT oA YriioM OObIYHO MeEHbIne 45° k ropuszoHty. s
I'TIII npUMEHSIOT KOHCTPYKIMM YacTO € aBTOMAaTUYECKUM
NEPEeKPBITUEM YaCTH HACaJ0K U MPOAOKEHHEM 00pa3oBaHUs TeX
KAaHAJIOB, KOTOpbIE HE MepeKpbIThl. OOpaTHBI MOTOK YaCTUYHO
cOpacbIBaeTcsl B KaHall, 00pa30BaHHbIH EPEKPHITON HAcaIKOM.

I'TIIT ¢ anmaparamu aj1st 0Opa30OBaHUSI BEPTHKAIBHBIX HIIH
TOPU3OHTAIIBHBIX HAJIPE30B ILIacTa BIEpBbIE mNpemioxxkeHa BHUNU
(MockBa) s maunuupoBanus 1menedd ['PII, ymyumenus cBsizu
CKBA)KMHBI C IUIACTAMU U T. II.

I'TIIT ¢ BBIABMIKEHMEM HACAaAKH B ILIACT INPUMEHSIOT JUIS
oOpa3oBaHusl IIyOOKuMX KaHanoB. CyllecTBYIOT —pa3iUyHble
KOHCTPYKLIMU aIapaTtoB ¢ OJHON Hacaakod Ha THOKoW Tpyoe,
KOTOpas BXOAUT B IUIacT, a Takke KoHcTpykuumu LIHJJT AT
«YkpHadra» (r. HMBano-®pankoBck), umHcTHTyTa «CHpka» (T.
JIsBoB). [Ipoextuposanue I'TIII mpoBoasAT mo3TaNHO:

- OLCHUBAIOT TEXHOJOTMYECKYHD M  OKOHOMHUYECKYIO
s dextuBnocts npumenenus ['TIIT;

- OIIPEIENISIOT TOMYCTUMBIE 3HAUEHUSI OCHOBHBIX IIapaMETPOB
pe3aHusi, HEOOXOMUMBIX sl oOpa3oBanus kanaioB [TIIT nHa
MIPOEKTHOM IITyOuHe;

- PAacCUMTBHIBAIOT OCHOBHBIE IIApPAMETPBl pE3aHus W
HE00XO0AMMBIE MaTepHaIbHBIE PECYPCHI Ul IPOBEACHUS paboT.

[IpyHuMaroT  mpakTH4YecKoe 3HaueHue KodPuImeHTa
TUIPOIMHAMUYECKOT O COBEPILIEHCTBA cp, OIIPEIEIAIOT
JIOTIOJIHUTENBHYIO /100bIYy HeQTH U ra3a, a TakXKe OICHUBAIOT
croumocts ['TIIT u ee 3¢ hekTuBHOCTS.

3anaBasch UIMHOM U TUIOTHOCTHIO KaHanoB ['TII1, TpeOyembix
UL JAOCTIDKEHHMSI TPOEKTHOro 3HadyeHus Koddduuumenra p,
OLICHUBAIOT, KaKU€ PpEeXHUMbl pe3aHHs HEOOXOAUMBI IS
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00pa3oBaHMs KaHAJOB, M TMPOBEPSIOT, JOCTHKUMBI JIU OHU TPH
BO3MOKHOM JIaBJICHMM Ha YCTb€ CKBaXuHbl. Eciau naBieHus
IIPEBBIIIAIOT BO3MOXKHBIE, TO YMEHBIIAIOT YACIO HACAI0K, a €CIIA U
3TO HE IOMOTAeT, TO YMEHBIIAIOT IPOECKTHOE 3HAYEHHUE JTABIICHUS.
Hcnone3yss pe3ynbTaThl NEPBBIX [BYX 3TalOB, PaCCUUTHIBAIOT
napaMeTpbl pe3aHusl KaHAJIOB M PEXUMBbl PabOThl HACOCHBIX
arperaroB U ux kauyectBo, koJoHHY HKT u3 Tpy0, umeromuxcs Ha
npennpustuy; anurenbHocty [TII, ompenenstor nmoTpeGHOCTH B
Matepuanax. Ha ocHoBe nosyuyeHHOM MH(POpPMAIMU MOKHO TOUHEE
paccuutath croumoctb ['TIII u onpenenuth ee 3KOHOMHUUYECKYIO
3¢ (HEKTHBHOCTS.

6.1.4. TopnienupoBaHue CKBaKUH

B psine cimyuaeB Ui yIydlIeHHsI IPUTOKa HE(PTH M rasza K
320010 11€1ecO00pa3HO MPUMEHATH crocod TopreaupoBaHus. C
9TOM MLEJNbI0 B CKBAXKUHY CIIYCKAlOT CHELNUAIbHYIO TOpHEAdY,
3apsUKEHHYIO  B3pBIBYATBIM BELIECTBOM -TPOTHUJIOM, TETPUIIOM,
IFeKCOr€HOM, HUTPOIJIMIIEPUHOM, aMMOHUTOM, JTUHAMUTOM H T. 1. -
U B3pBIBAIOT €€ INPOTHUB MNPOAYKTUBHOro Iuiacta. [lpu
TOpPHENINPOBAaHUM B IUIacCTe OOpa3zyercss KaBepHa, OT KOTOPOil BO
BCE CTOPOHBI PACXOOUTCA CETh TPEUIUMH, B pE3yJbTaTE 4YEro
MOBBIIIAETCST MPOHMLIAEMOCTh MOPOJ B MpH3a0OHHOM 30HE WU
YBEJIMUYUBAETCS 1€OUT CKBAKUHBI.

C nesnbto mpenoxpaHeHust 06CcaaHbIX KOJOHH OT HapyLICHHs
B MpOLECCe TOPIEAUPOBAHUS HAJ TOPIEAON YCTAHABIMBAKOT MTAKEP
WINA TE€PMETU3UPYIOT UX (KUIKOCTBIO, TECKOM, TJIMHOM U T. 11.).

Topnenbl UCHONB3YIOT HECKOJBKUX THUIIOB: (yracHele,
IIHYPOBbIE, KyMyJIsATUBHbIE. DyracHple TOpHEAbl W3rOTaBIUBAIOT
repMETUYHBIMU U HETEPMETUYHBIMHU.

I'epmernunble  (QyracHble  TOpHEAbl, B  OCHOBHOM,
W3rOTOBJISIIOT ABYX TUNOB: ®-2 u PT-2 ¢ MeTammmyecKuMu
Koprycamu. [IpuMeHsI0T B KadecTBe 000JI0YEK M acOOLEMEHTHBIE
TpyOBl. JIOCTOMHCTBOM T€pMETHYHBIX TOpHEd C acOOIEMEHTHBIM
KOPITyCOM SIBJISIETCSL OTCYTCTBHE B CTBOJIE IIOCJIE B3pbIBA TOPIIEIbI
METAJUIMYECKUX OCKOJIKOB, 3aCOPSIOIIMX CKBaXHHY. 3apsg B
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(yracHeIX TOpIIEAaX COCTOMT M3 CIUIaBa TPOTHJIA W T'eKCOTeHa.
B3peiBaTenb cpabaTbiBacT OT JCHCTBHUS TOKA, ITOJaBAEMOI0O C YCThs
CKBaKHUHBI o KkabeJro.
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Bce Gonbiiee pacnpocTpaHeHHE B MPOMBICIOBOM NMPaKTHKE
HaxOJAT HETePMETHYHBIE TOpIEIbl, B KOTOPBIX B3PHIBYATOE
BEILIECTBO COIPUKACACTC CO CKBOXKMHHOW KUIKOCTBIO. Takwue
Topreapl Jub0 coBceM He UMerT ob6onouku (tuma THIB), nmu6o
UMEIOT O000JIOYKYy U3 MAaJONPOYHOTO Marepuaiga (TOpHelsl
marnreunsie TIIT).

Bec 3apspma Ttopmex ompenensroT, MCXOAd M3 JuUaMerpa
CKBA)KMHBI, HAa3HAYEHUS B3pbIBA, CBOWCTB B3PbIBYATBIX BEIECTB
(BB), a Takxe CBOMCTB MOPOA.

B mioTHBIX mOpoAax NPUMEHSIOT TOpPHEAbl C OONbIIUMU
3apsgamu BB, a B MmArkux - ¢ mMenpmiumu. Bce paboTsl 1o
TOPIEIUPOBAHUIO CKBAKUH IIPOBOJST CIIELUAIIbHBIE IIPOMBICIIOBbIE
MapTHUH.

BaxxHo npu B3pbIBHBIX padoTax C LEibI0 UX 0E€30IacCHOTO U
0e3aBapHifHOTO TIPOBEJIEHHsI YETKO 3HAaTh M COOJIOAATh BCE
IpaBuia OOpalleHusl co B3pbIBYATBIMU BeliecTBamMu. MHorue BB
BPE/IHO JIEHCTBYIOT HAa OpPraHU3M 4YeJOBEKa, HAKaIUIMBAIOTCS B HEM
U OTPaBJISIOT.

6.1.5. TexHuKa W TEXHOJOTUS PAa3BETBIEHHOIO CTPYWHOIO
BCKPBITHSI IJIaCTa

B nocnennue roapl B pa3HbIX HeQTAHBIX KOMIaHUsAX Poccun
MPUMEHSIETC TEXHOJOTUSl TJIyOOKOTO CTPYHHOTO BCKpPBITHS,
pa3paboTanHas amepukaHckol kommanuedr Rad Tech. [Ins ee
OCYILIECTBJICHUSI C TOMOIIbIO OaliMaka ¢ HM30THYTHIM KaHAJIoM,
cnyckaemoro Ha kojoHHe HKT, cHawama cBepnar oTBepcTue B
JKCIUTyaTallMOHHOW KOJIOHHE, a 3aTeéM 4Yepe3 HEro ¢ MOMOIIBIO
CTPYMHON TOJOBKM, YCTaHOBJIEHHOM Ha KOHIIE IUIAHTra,
MPUKPEIJIEHHOT0 K THUOKOM MeTramnudeckod TpyOe, moaaueit
KHUAKOCTH TpoBOAAT KaHanel JummHOM 10 100 m. Ilo naHHBIM
pa3paboTurKa, MonepeyHblid pa3Mep KaHalIoB B IIOPOJIE COCTABISET
30-50 mm. B nanHOM ciiyyae HampaBieHHE IBMXKEHUS CTPYHHOMN
TOJIOBKM HE KOHTPOJIHMpYeTcs U He peryiupyercs. Ha 6aze aTux xe
npuHunoB u ycraHoBku «Kontioouar» B OAO «TartHedTb»
pa3paboTaHbl 000pyIOBaHME U TEXHOJIOTUS Ul Pa3BETBIEHHOIO
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CTpYHHOTO BCKPBITUS IUiacta. [Ipu 3ToM ObUIO MPHHATO pelIeHHE,
4YTO JUIMHA KaHAJIOB HE JOJDKHA  MpEeBbINATh 5 M.
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ObopynoBaHue BKIIOYAET CISAYIOIINE OCHOBHBIE Y3IIbI:

- IOBOPOTHO-HAIPABJIAIOLIEE YCTPOHCTBO;

- CBEPIWJIbHBIA KOMIUIEKT, COCTOSIINN M3 CBEpJia, THOKOTO
Bajla, Harpy>kKarollero ysja, KOMIIEHCATOpa MEpEeMELIECHUs, IKOps,
TUIPaBIMYECKOTO JABUTaTENs;

- CTpYHHYIO r'OJIOBKY;

- TUOKUI IIIJIAHT;

- YCTBEBOM MIPaBINYECKUN JOMKpAT;

- CUCTEMY OYUCTKH pabodel HKUAKOCTH.

Ha pucynke 6.5, a mokazaHa cxemMa IIOBOPOTHO-
HaIpaBJISIOIIETO YCTPOUCTBA. Y CTPOMCTBO coAepkUT kopmyc 11 ¢
TpeMsl U30THYThIMU KaHaiaMu 12, BBIXO/bI KOTOPBIX Pa3HECEHBI 10
OKpY>XHOCTH Ha 120° O M Ha HEKOTOpOE PacCTOSHUE IO BBICOTE.
CBepxy KOpIYC COEIUHEH C IOMOIIbIO MPOJOJbHON KaHAaBKH 3 U
mrudra 2 ¢ BTyNKod 9, BHYTpH KOTOpO# momemnieH 6apaban 8 c
BOPOHKOOOpa3HBIM KaHaJIOM 7, B3aMMOJICUCTBYIOILMI
npodunpHeIM 1a3oM 4 Ha CcBOEH HApYKHOM MNOBEPXHOCTU CO
mrudrom 5. Brynka 9 BepXHUM KOHIIOM COEIMHEHa C KOJIOHHOM
HKT 6, a xopnyc 11 cHu3y - ¢ MexaHudeckuMm sikopem 13. B
Hayajle M KOHIE KaXJ0ro M30THYTOTO KaHajlla YCTaHOBIIEHBI
BTYyaku 1 u 10.

HauGonpuryto CJIO)HOCTh COCTaBMJIa pa3zpaboTka
CBEpJIMJIBHOTO KoMILIekTa. IlepBoHadampbHO ObUIa HCIHBITaHA
KOHCTPYKLUS B BHUJE CBEpyia C TMOKMM BajJOM, COEIMHEHHOTO C
BaJIOM T'MJIpaBJIMUECKOTO JABUraTelns. McnblTaHus Ha cTeHAe Takoi
KOMITOHOBKH TIOKa3aJIi BEChMa HH3KYI0 PabOTOCIIOCOOHOCTD:
CBEPJIO HE HAYMHAJIO CBEPJIIUTHh M3-32 €ro «PbICKAHUA» IO
MTOBEPXHOCTHU JKCILTyaTallHOHHON KOJIOHHBI, IPU BBIXOJIE CBEpIIa, a
MHOTJA U B CEPEUHE CBEPIICHUS, IIPOMCXOANIIHN MOJIOMKH CBEpPIIA U
rudKoro Bana.
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Pucynox 6.5 - OOopynoBaHue Ul pPa3BETBICHHOTO
CTpYIHOTO BCKPBITHUS IacTa
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B pesynbTare nabopaTOpPHBIX WCHBITAHUNA U HMCCIEIOBaHUN
MPUYMH TOJOMOK ObUIM BbIPAOOTaHBI OCHOBHBIE TPEeOOBaHUS K
CBEPJMJIBHONM KOMIIOHOBKE, OOECIIEUMBAIOLINE €€ HAJEKHYIO
pabory.

1. CrabunpHass W MUHUMAQIBHO HEOOXOAWMAs OCeBas
Harpyska Ha CBEpJIO.

2. UckmroueHne «pbhICKaHUs» CBEpIIa B Ha4aje CBEPIJICHHS.

3. Uckmouenne GueHust ruOKOro Baja.

4. MakcuMaabHOE YUCIIO PEKYIIX KPOMOK.

C uenbto co3laHusi KOMIIOHOBKM, OTBEUAIOLIEH 3TUM
TpeOoBaHUAM, OBUI TIPOBEACHBI HCCIIEIOBATEIbCKUE paObOThI. Jliist
oTpeeNneHus ONTUMATbHOU 0ceBoOit Harpy3Ku ObL1a
CKOHCTPYHMPOBaHa CTCHJOBAs YCTaHOBKA, ITO3BOJIAIONIAS M3MEPATh
KpyTAIIUHA MOMEHT IMpH CBEpJCHHM M TMpWIaratb K CBEpIy
3a/laHHbIe OCeBbIe HArpy3ku. C IMOMOMIBIO ATOrO CTEHJA ObUIH
ompejeNieHbl ~ MUHUMAlbHBIE  HArpy3kd,  OOecleyuBarouIue
yCTOIUMBOE CBepiieHHe. MUHHMaIbHBIE HArpy3KH JOCTHTAOTCS
Py MUHUMAIBHOM KpYTSIIEM MOMEHTE Ha THOKOM Bally |
YMEHBIIIAIOT BEPOATHOCTh «3aKyChIBAaHUS» CBEpJIa MPU €ro BBIXOE
Cc 00paTHOM CTOPOHBI AKCILTyaTallMOHHOW KOJIOHHBI. [ cBepi
nuametrpoMm 15- 20 mm 31H Harpysku coctasuiau 500-700 H.

OnHako yMEHbBIIEHHE HArpy3Kd Ha CBEpJIO JI0 MHUHUMyMa
MIOJTHOCTBIO HE MCKIIIOYAET €r0 «3aKyChIBaHUS», TaK KaK B MOMEHT
€r0 BBIXO/a YMEHBIIAETCS TUIOMIAIb TOBEPXHOCTH PE3aHMUs, CBEPIIO
«IIPOBAIMBAETCS» U 3aKIMHUBAET, YTO B CBOIO OYepelb MPUBOJIUT K
OCTaHOBKE JIBUTATEIISI MITM TIOJIOMKE THOKOTO Basa.

[Ipobnema Oblia pemieHa pa3paboOTKOM cBepiaa 0ocoOoi
GOpMBI C IIECTHIO PEXYIIMMH KPOMKaMH. OTO 00ecrednBaeT
IUTABHOCTh CBEPJICHUSI U YMEHBIIAET BEPOSTHOCTh 3aKyChIBAHUS
cBepima. «Prpickanme» cBepia B Hauaje CBEpJCHUS OOBIYHO
yCTpaHsieTCsl KEpPHEHHUEM, HO B CKBAXHHE JaHHBIA Mpolecc
OCYILIECTBUTh HEBO3MOXHO. [Ipobnema Obula perieHa yCTaHOBKOM
3a CBEPJIOM HANpPaBIAIOLIEH, KOTOpas B3auMOACUCTBYET C
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OTBETHOM  BTYJIKOM B  H30THYTOM  KaHajle  IIOBOPOTHO-
HaIpaBJISIOIIEr0 YCTPONUCTBA.

B pesynbraTte Obu1a pa3paboTaHa cBepiMIIbHAs KOMIIOHOBKA,
Moka3aHHas Ha pucyHke 6.5, 6. Ona BkIO4aer cepio 14 ¢
HAQJIETBIM Ha HEro YIOPHBIM TNOIIIMIHUKOM 15, coeauHEeHHOe
yepe3 Hampasisitomyto 16 ¢ rubkum Baiom 17, KoTopslil uepes
BTOpYI0 HampaBisitoumlytro 18 u mpomexyrounsiii Banm 19 ¢
BeicTyoM 20 u rpy3om 21 coeauHEH ¢ KOMIIGHCAaTOPOM
nepememieHuss B Buae maza 22 u mrtudpta 23. Kommencatop
NepEeMEILEHUs] COEJMHEH C BBIXOJHBIM BaJOM THIPABIMYECKOIO
nBuratens 24, BbBIIIE KOTOPOTO YCTAaHOBJECH THAPABIMYECKHMA
AKopb 25. KOMIIOHOBKY CITyCKalOT B CKBa)XXMHY Ha KOJTIOOMHTE 26.

Haunbonee cinaObiM 3BE€HOM KOMIIOHOBKH SIBJISIETCSI THOKHIA
BaJl, KOTOPBIH IEPBOHAYAIBLHO JIOMAJICA Jjake 0€3 «3aKyChIBaHUS»
cBepia. BbulM WCTBITAaHBI pa3IMyYHBIE BapUaHTBl KOHCTPYKIMIA:
TPOC, KapoOTaXHbIM Kabenb, TMOKHE Balbl NPYXKUHHOTO THIIA,
pa3Hble BapMaHTbl KOHCTpyKUuM c mapHupoMm ['yka. Hauboinee
IIpUEMIIEMBIM OKa3ajcs CTAaHAApPTHBIM Bajl TMOKU, BHIOIHEHHBIN
no 'OCT 514780. B xauecTBe ABUTraTesI UCHBITHLIBAIN BUHTOBEIE
runpasiuueckue jnsuratenu [[-54 u J[-43. Ilocnennuil oxazancs
MEHee HaJeKHBIM: paboTal HEyCTOMYMBO, pPBIBKAMH, YacCTO
ocraHaBiuBaicd. [losToMy B fanbHEiIIeM BCE CTEHIOBBIE U
MIPOMBICIIOBBIE pabOTHI MPOBOAMIN C UCHOJIb30BAHUEM JBUTATEIS
J1-54. CrpyiiHasi TOJIOBKAa BBINOJHSAET /1B€ (QDYHKIUU: pa3pylIaeT
Mopoay W TSHET 3a co0oil ruOkumii nutanr. beula mpeanpunsTa
MOMBITKA  MPUMEHUTh BMECTO THOKOTO IUIAHTa  TOHKYIO
MeTaJuInYecKylo TpyOky. OJHAKo HUCHBITAaHUS MOKa3aJd, YTO
TpyOKa CIUTIOUIMBAeTCSI M 3arubaercs T1I0cie IEepBOTO  Ke
MPOXOXKJEHUS uYepe3 M3O0THYTHIM KaHal M BTOPOW pa3 BOWTH B
JIpyroil KaHal HEBO3MOXHO. Upe3mMepHOoe yMEHbIIEHHE €€
IMaMeTpa TMPUBOJUT K IIOTEPE OCHOBHOTO MPEUMYIIECTBA
METAITNYEeCKON TPYOKH ->kecTKOCTH. [1lmaHru BEICOKOTO 1aBiIeHUs
BBIITYCKAIOTCSI MHOTMMHU KOMIAHUAMHU C JIIOOBIMH TapamMeTpaMu U
BITOJIHE JIOCTYITHBI HA POCCUHCKOM DPBIHKE.
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Kak mokazanu ucnbITaHUs CTPYMHBIX T'OJIOBOK C pa3MepaMu
comesl MeHee | MM IpU CKOPOCTSAX HCTEYEHUS KUIKOCTH OKOJIO
300 wm/c, pEeKOMEHJOBAHHBIX MHOTHMMH HCCJICIOBATECIISIMHA, B
CTEHJOBBIX YCJIOBHSX pa3pyLI€HHs NOPOJ HE3HAUYUTEIbHBI. JTO
OOBSICHSIETCSI TE€M, YTO TpH aTMOC(EepHOM MABJICHUU TIPOIECC
KaBUTAallMM  CONPOBOYKIAETCS  BBIACICHHMEM  HEAOCTATOYHOIO
KOJIMYECTBA DBHEPIUM, a IopoJa HE HMMEET BHYTPEHHHX
HanpsbkeHuid. [Ipu yBennueHun AuamMeTpoB CONEN U COXPaHEHHUH
TEX € CKOPOCTEH MCTeueHus: HaYnHaeTcsi oOpa3oBaHUe KaHAJIOB B
nopoae. OnHako B JaHHOM ciy4dae OBICTPO BO3pacTaeT
HEOOXOMMBIN PAacXo BOABI MPU TEX K€ JABJICHUAX 3aKaukd (25-
50 MIIa). Ucnonb3oBaHue comen MaleHBKOrO AuaMeTpa Tpelyer
OUYEHb BBICOKOTO KayecTBa OYMCTKH BOJBI OT MEXAHUYECKUX
npumeceid. J[ns ounCTKU BOABI ObLT pazpaboTaH GuUIbTp U3 Tpex
MIOCJIEZI0BATENBHO COSAMHEHHBIX CTyneHel (pucyHok 6.5). Kaxnas
CTYNIEHb TpEACTaBIsSeT CcOO0OM UMIMHAPUYECKHA cocyd ¢
TAHI€HCAJbHBIM ~ BXOJOM, IO OCH  KOTOPOTO  IPOXOJAUT
nepdopupoBaHHas TpyOka C HaJeTOM Ha Hee HeprKaBerollen
METAUIMYECKOM  CEeTKOM C  YMEHBIIAIOUIMMCI B KaXKIOU
MOCJIEAYIOLIEH CTYIIEH! pa3MepOM SUECHKH.

Tspxenble yacTUIBl 0OTOPACHIBAIOTCS LIEHTPOOEKHOM CHUIION K
CTEHKaM COCyJa, a BC€ OCTaJbHOE OT(QUIBTPOBBIBAET CETKA.
Bonbmias BeicoTa ycTaHOBKH «KONTIOOMHI», HE MO3BOJIAIONIAs i
paboTaTh OJHOBPEMEHHO C IMOABEMHBIM arperaroM, o0yciaoBHIIA
CO3JaHHE  YCTBEBOIO  THMJPABIMYECKOTO  JOMKpara Ul
Manunyasmuii ¢ komoHHod  HKT. VYcranoBka  paboraer
creaytomuM obpazom. B ckBaxkuny Ha koimonHe HKT cmyckaror
MMOBOPOTHO-HAIPABJISIFOIIEE YCTPOUCTBO (CM. PUCYHOK 6.5, a) 1 1o
JOCTUKEHUM 3a/IaHHOTO MHTEpBaja CaKal0T MEXaHWUUYECKUU SKOPb
13 (oOprgHO MO TeodU3MUYEeCKOW NPUBS3KE), a Ha KOJNTIOOMHTE
BHYTpb HKT cmyckaioT cBEpiIHiIbHYI0O KOMIOHOBKY (CM. PHCYHOK
6.5, 6) mo ymopa cepiyia 14 B CTEHKY AKCILTyaTallMOHHOW KOJIOHHBI.
3areM nojadyel KHUAKOCTU B YCTHEBOW T'MIPABIMUYECKUN TOMKpaT
MPUINOJHUMAIOT KOMIIOHOBKY Ha TOJOBHHY JUIMHBI Ta3za 22 B
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KOMIICHCATOpE IEpEeMEIICHUsT W HauyMHAIOT 3aKauky paboueit
xunkoctu. Ilog neiictBueM naBieHUs )KUIKOCTU THAPABIMYECKUM
skopb 25 ¢ukcupyercs crenkamu HKT, a gBurarens 24 npuBoaut
BO BpallleHHE BBIXOJHOH BaJl, KOTOPBIN IepesaeT ero yepes na3 22
co mrugToM 23, mpoMexxyTounbli 19 u rubkuii 17 Banbl Ha cBEpIIO
14. Tlon nmeiicTBMEM TOCTOSHHOM Harpy3ku oT rpy3a 21 cBepno
MIPOCBEPIIMBAET CTEHKY SKCILTYaTallMOHHOM KOJIOHHBI, a Oiarogaps
oco0oil (opme mnpenorBpamiaercs ero mnposanuBaHue. Ilocie
BbIXOJa cBepiia 14 u3 creHku TpyObl B HEE yIUpAaeTCs MOIIIMITHUK
15. DTO NpUBOAUT K YMEHBIIEHUIO MOMEHTa COIPOTHUBICHHUS Ha
Bally JIBUTATelIsI W COOTBETCTBEHHO YBEIMYCHHUIO pacxoja
KHUJIKOCTM W TAJEHUI0 JaBJICHMS, 4YTO CIYXHUT CHUTHAJIOM
OKOHYaHUs cBepieHus. [lociae HeKOTOPO# BBIIEPKKU MPEKPAIIAIOT
3aKayKy BOJbl, IPUIIOJHUMAIOT CBEPJIMJIbHYIO KOMIIOHOBKY [0
BbIxona cBepia 14 w3 BopoHku /7 OapabaHa M C TIOMOIIBIO
YCTBEBOI'O JOMKpaTa MPUIOJHUMAIOT U criyckaroT kosoHHy HKT.
[Tpu sTOoM BTynKa 9, mepeMeniasch TOJIBKO B OCEBOM HAIIPaBICHUH
3a cUeT KaHaBKM 3 co WTH(TOM 2, moBopauuBaeT OapabaH 8 Ha
120° u cooGuaer BOPOHKY / CO CIEIYIOIIUM M30THYTHIM KaHaJIOM
12. OmyctuB TpyOy KONTIOOMHTa BHOBBH 1O ymopa cBepia 14 B
9KCIUTYaTallMOHHYI0 KOJOHHY, CHOBa IIOBTOPSIIOT OIEPALUIO
CBEpJICHUs. 3aTeM AETAI0T TO KE CaMOe U C TPEThUM OTBEPCTHEM.
[locne 3TOro MOAHMMAIOT CBEPIMIIBHYIO KOMIIOHOBKY U
MPUCOCTUHSIOT K TpyOe KonTioOmHra nutanr 27 (pUCyHOK 6.5, B),
MPOMBIBAIOT CUCTEMY, MOJaBas BOAY uepe3 (HIBTPbI CHUCTEMBI
OUYHCTKH, 3aTeM TIPUCOCIUHSIIOT CTPYWHYIO TOJIOBKY 28 W,
NpoAOIDKash TOCTOSHHO IPOKAYMBATh JKUAKOCTb, CITYCKalOT
cTpyiiHyto ronoBky BHyTpb koioHHbI HKT. ITpu npuGnimkenun k
MOBOPOTHO-HAIPABIIAIONIEMY  YCTPOMCTBY  BBIBOJAT  MOAAuy
KHUJKOCTH Ha pabouuil pexuM, BXOIAT CTPYWHOH TOJIOBKOH B
M30THYTHIM KaHan 12 u janee yepe3 NMpOCBEPIIEHHOE OTBEPCTHE
MEJIEHHO JIBWXKYTCS MO IJIACTy /A0 yrnopa TpyObl KONTIOOWHTa B
Oapaban 8. Ilocne 3TOro NPUIOAHIUMAIOT CTPYWHYIO TOJIOBKY 28 110
BBIXO/la e¢ u3 OapabaHa 8, BBIMONHSIOT OMNEPANMIO TIO €ro

193



IIOBOPOTY M OCYUIECTBJIIIOT IPOXOJAKY CIEAYIOLIEro KaHaja.
Taxum xe 00pa3oM NPOCBEPIINBAIOT M TPETUH KaHAJ.

Ecnmu mmact kapOOHATHBIM, TO Tmepes CIYCKOM JApYyrou
TOJIOBKM Ha ULUIAHTe IPOBOAAT  KUCIOTHYIO  00paboTKy
MOJTyYeHHBIX B IuacTe KaHayoB. Ilocie storo Bce obopynoBaHue
U3BJICKAIOT WIM JAENAlT elle pPsAbl KaHaJIOB, HU3MEHUB MECTO
YCTAHOBKHM ITOBOPOTHO-HAIPABIAOLIErO yCTpoicTBa. PaccrosiHue
MEX]Jy BbIXOJaMH HU30THYTBIX KaHAJOB B YCTPOWCTBE MOXKET ObITh
BBIOpAHO JIFOOBIM B 3aBUCHMOCTH OT KOHCTPYKIWH. [Ipn n3BecTHOM
U HE CJIMIIKOM MaJOM PAacCTOSSHUM MEXAY OTBEPCTUSAMHU MOXKHO
IPU HCCIEIOBAHUSAX ONPEACTUTh, KaKOH (IIIOHI W3 KaKoro
OTBEPCTHSl  IOCTYNAET, W B IOCICAYIOIIEM  CEJIEKTHUBHO
oOpabaTeiBaTh KaHAbBI WJIH, HA00OpPOT, HM30JMPOBaTh. B Xoze
OIBITHO-TIPOMBILIUIEHHBIX ~ Pa0OT € IIOMOLIBIO  MHTPOCKOIA
ONpEAEIUIN IPOCBEPJIEHHbIE B O3KCIUIyaTallMOHHOM KOJIOHHE
OTBEpPCTUS, a C IIOMOIIBIO KAapPOTaXHOro Kabens - TIIyOuHY
MIPOHUKHOBEHUSI B IJIACT T'MJAPOMOHUTOPHOW TOJIOBKHM - JI0 5 M.
WuTpockon  mpeAcTtaBiaser  coOOi  MarHUTHBIM — mpubop,
OIIPEACISAIOMI COCTOSHUE JKCILTyaTallMOHHOM KOJOHHBEL. [lo ero
3allMCHU  Cpelyd HMeEIoImXcs MnepdopalioOHHBIX OTBEPCTUH IO
paccrosiHUI0 Mexay oTBepcTusMu (300 MM) U UX PaBHOMEPHOMY
pacnpeleNieHn0 10 OKPY)KHOCTH  TOYHO  ONpPEIEIHIIN
IIPOCBEPJICHHBIE B X0J1€ CTPYHMHOI'O BCKPBITHSI.

[Ipennaraemasi  TEXHOJOTHS  BCKPBITUS  MPOJYKTHUBHBIX
IUTACTOB  3arpsi3HEHHBIX  IIOCNE€  BO3ACUCTBUS  OypOBBIM H
TaMIIOH&XHBIM ~ PAacTBOPOM  MO3BOJSIET  NPOHUKHYTH B
3arps3HEHHBIN IJIACT Ha TIYOMHY 0 5 METPOB B 30HY OTCYTCTBUS
IIEMEHTa WIN TBepaoi (a3el OypoBOrO pacTBopa, a TakK Ke
CEJIEKTMBHO MHCIIONb30BaTh HpoIuiacTku. Kpome Toro, naHHas
TEXHOJIOTHUS MO3BOJIUT COKPATUTh BPEMsI HA OCBOCHHUE CKBAXMHBI U
NPEeJOTBPaTUTh HEOOXOAMMOCTh MPOBEACHUS JIOPOTOCTOSIIUX
nononmauTenbHBIX onepanuii (I'PIT u CKO).

6.2  Tlepdopanus npu qenpeccuu Ha IIacT
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Orta mnepdopauuss - Hamboiee MPOTPECCUBHBI CHOCOO
BTOPUYHOTO BCKPBITUSl IUIACTa, TaK KaK B MOMEHT CO3JaHUS
nepQopalMoOHHBIX ~ KaHAJIOB  TOJ  BO3ACHCTBHEM  OOJBIINX
IPaJUeHTOB JaBJICHUN BO3HMKA€T WHTEHCHUBHBIA NPUTOK HEDTH
WIM raza u3 IjlacTa B CKBaXHHY,  BCJIEJICTBUE  4YEro
MIPOUCXOUT CAMOOYHUIIEHHE Tep(HOPaLMOHHBIX KAHAIOB U MOPO/IbI
B nipu3aboitHON 30HE. OHOBpPEMEHHO MPOIIECC BTOPUYHOTO
BCKPBITHSI TJIACTOB COBMEIIAETCS C IPOLIECCOM BbI30BA MPHUTOKA
Hepti wiu rasza. Oty mnepdopanrio B HACTOSIIES BpeMs
OCYILIECTBISIOT MO IBYM BapHUaHTaM.

[lo mepBoMy BapuaHTy HOPUMEHSIOT IepdopaTopbl THUIA
KIIPY65, I1P54, I1P43. [lo cmycka mnepdopaTopa CKBaKUHY
obopynytot konoHHoi HKT, a Ha ycThe MOHTHPYIOT (POHTAHHYIO
apmatrypy. Ha wmecte OydepHoro mnarpyOka yCTaHABIMBAIOT
JTyOpHUKaATOp - YCTPOMCTBO, O3BOJIAIOIIEE CIIYCKATh U OJHUMATh B
paboTarorieil ckBaxuHe JT00bIe TPUOOPHI MPU HAIUYUU JaBICHUS
Ha yCTheE.

ITyremM cHMKEHUS YpPOBHS pacTBOpa B CKBa)KMHE, 3aMEHBI Ha
Oosee JIETKUI pacTBOP, MOJIHOTO Y/AAJ€HUs PacTBOPa U3 CKBAYKUHBI
U 3al0JIHEHUS €€ BO3JyXOM, MPUPOJIHBIM Ta30M WM a30TOM
co3JlaeTcs HeoOXOAUMBIH Mepernaj Mex,1y MJIaCTOBBIM U 3a00HHBIM
NaBlIeHUSAMU. B ckBaxuHy depe3 JyOpuKarop HEOOXOAUMOM
JUIMHBL  (MakCHUMalbHOE  YHCIO  KYMYJISATHBHBIX  3aps/OB,
CIIyCKaeMbIX OJIHOBPEMEHHO, He JO0bKHO mpeBblmiaTh 300) Ha
KapoTa)XKHOM Kabelle CIycKaloT MaylorabapuTHbIM nepdoparop c
YCTAaHOBKOM  €ro  HAalNpOTUB  HMHTEPBAJIA, KOTOPBIM  HAIO
neppopupoBate  (pucyHok  6.7.). Ilocme  cpabarbiBaHUS
nepopatopa IIacT HAuMHAET cpa3y JKe ceOs MpOsBIATS,
MIPOUCXOJIUT MHTEHCUBHBIN MPOIECC OYHUIIEHUS MephoparmoHHbIX
KaHaJOB M  TMOpOJbl  IJJacTa  BOKPYr  CKBaXWHBL. B
BBICOKOTIPOJYKTUBHBIX HE(TAHBIX © OCOOEHHO B Ta30BBIX
NOOBIBAIOIIMX CKBAaXXMHAX IO MEpE 3alOJIHEHUSI CTBOJIA CKBaXKUHBI
TUTACTOBBIM (DITFOMIOM HAOMIONAETCS MHTEHCUBHBIN POCT JaBICHUS
Ha ycrbe. KoHeTpykuus nyOpukaTopa TMO3BOJIIET BBIBECTH
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KapOTaXKHBI Kabenb M3 CKBAKUHBI, a IPU HEOOXOIUMOCTH €ro
MOKHO OIISITh CITYCTHTh B CKBaKUHY Ui AOCTpesia HEOOXOAUMOI0
UHTEpBaJIa.

IIpu wucnonp3oBaHUM ManorabapuTHbIX HepdopaTropos
KYMYJSITUBHOM ~ CTpye  IPHUXOAUTCA  NPEOAOJIETh  OOJbIIOE
paccrosiHue 10 yaapa € Heperopojakoil -o0cagHOil KOJOHHOM,
IIPUYEM HU3BECTHO, YTO JUIMHA KaHAJIa 3aBUCUT U OT TOJILUHBI CJIOS
x’uakoctu. [lostomy Hambombmuii  3¢P¢GeKT MmomaydaroT OT
IIPUMEHEHHUSI TaKUX 11ep(opaTopoB B Ira30BOM Cpele.

Tak, na Mectopoxxaenusx CeBepHoro KaBkasza BcienctBue
BCKPBITHSI TIPH JICTIPECCUU B Ta30BoM cpene nepdoparopamu [1P54
oOecrieunBaeTcs yBeJIMYEHHE NeOUTOB CKBaXXHUH B 2-3 paza u
COKpalIeHHE BPEMEHH OCBOEHHUS CKBAKUH B CPEIHEM Ha § CyT. IO
CPaBHEHHUIO CO BCKPBITHUEM IJIACTOB MPHU PEMPECCHH Ja’Ke€ HAMHOTO
6onee momubME niepdopatopamu Tuna 1K u TTKO.

I[lo Bropomy BapuaHty mnepdopanuy  HUCHOIB3YIOT
niepdoparopsl, cnyckaemble B ckBakuHy Ha HKT. OTo kopmycHbie
nepdopatopsl OJIHOPa30BOT0 neucTBus TUNA [TKO,
cpabaThIBaloONIe OT MEXaHU3Ma YAapHOIrO JEHCTBUS MpPU HAXKHUME
Ha HEro PE3MHOBOTrO Iapa, BOpacklBA€MOro B KOJOHHY TPyO ¢
MOBEPXHOCTHU U JIAJIbLIIe
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Pucynok 6.7 - Cxema cnycka B CKBaKMHY MajorabapuTHOIO
nepdopartopa: 1 - myOpukarop; 2 - KpecToBHMHa; 3 - obcagHas
kononHa; 4 - HKT; 5 - kabenb; 6 -nepdoparop.

JIBMDKYILETOCST BHU3 TOJI BO3JCHCTBHEM IMOTOKA MKHJIKOCTH.
Taxue nepdoparopsr umeror mudpp IMTHKTE9 u [MHKT73. Ot
nepdopaTopsl CHaOXEHbI MPHUCIOCOOJIICHUSAMH UL Tepeslaun
JETOHAIIMM OT CEKIUM K CEKIMH, YTO TIO3BOJISIET COCTUHSITH MX
APYT € IPYroM Uil OAHOBPEMEHHOI'O BCKPBITHS IJIacTa TOJIIMHOM
50 m u Gonee. [locne cpabarteiBanust mepdoparopa U CO3TAHUSA
TUAPOIMHAMUYECKON CBSI3U TUIACTA M CKBAXXUHBI OTCTPEISTHHBIN
Kopryc nepdopaTtopa ocTaeTcsi B CKBaXHHE, €Clii OHa paboTaer
(hOHTAHHBIM CcTIOCOOOM (PHCYHOK 6.8).
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Takum  oOpazom, mepdopamuss  OCYHIECTBISCTCS B
CIIELYIOIIEM IOpsiIKE. B CKBa)kMHY, 3allOJIHEHHYIO ITPOMBIBOYHOM
KUIKOCTBIO, ciyckatoT KoioHHy HKT, B HuKHEN yacTu KoTopou
HalpoOTHUB MPOAYKTUBHOW YacTH IUIacTa pasMellieH nepdoparop
ITHKT.

Pucynok 6.8 - Cxema BbITIONIHEHHS paboT mephopaTtopom,
cmyckaembiM 1o Tpyoam (tuma [THK): 1 - pesunoBsli map; 2 -
UHUPKYJISIMOHHBIN KJIanaH; 3 - MEXaHU3M YJapHOTO JelcTBus; 4 -
npucrnocoOjIeHne HMHUIMMPOBAHUS 3apsAnoB; S5 - mepdopaTop.
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VYcTbe CKBaXHHBI 000PYAYIOT (OHTAHHOM apMmaTypoil Ha
HeoOxoauMoe naBieHue. [lyreM ypaneHus yacTu KHUJIKOCTH W3
CKBR)XMHBI WJIM 3aMEHBI €e Ha 0ojee JIETKYI0 CO3[al0T 3apaHee
BBIOpPAHHYIO JIETIPECCHUIO0 Ha IUIACT, IPU 3TOM JaBlieHHE Ha 3a0oe
nowkHO ObITh He Menee 5 MIla. Yepe3 yCTheBYIO 3aIBUKKY
BHyTph HKT Opocaror pe3uHOBBIN 11ap, KOTOPBIM ITOTOKOM
KHUAKOCTH, IToaBaeMoil B TpyOsl, aBmxkercs B HKT no mexanusma
yIapHOTO JIEHCTBUS, OT KOTOPOro cpabaThIBaeT MPHUCIIOCOOJIEHUE
uHUIHManuy 3apsanos. [locie nepdopanyu HedTh WK ra3 U3 miIacTa
noctynaer B konoHHy HKT uepe3 orBepctus B xopmyce ITHKT,
oOpa3oBaBIIMecss TOCie cpaOaThIBaHUS 3apsAoB, WIH dYepe3
CHEeLUAbHbIE LUPKYIALUOHHbIE OKHA, pPAa3MELICHHbIE BBIIIE
nepdoparopa.

Ot neppopatopsl SABISAIOTCS €AMHCTBEHHBIMH, Ui CITyCKa
KOTOPBIX B CKBXKHUHY HE UCIOJIb3YyeTCs Kabenb. 1x nenecooOpasHo
IPUMEHATh B CKB@)KHMHAX € OOJBLIMM YIJIOM HaKJIOHa CTBOJIA, IIE
cnyck mnepdoparopa Ha kabene 3arpyaHeH. B wacTHOoCcTH, B
TOPU30HTAJIBHBIX CKBaXXHMHAX 3TO OJMH M3 Haubojee pealbHbIX U
3G eKTUBHBIX METOJ0B mepdopanun. IDTu nephopaTopbl OYEHb
3¢ (}EeKTUBHBI U B TOM Cllyyae, KOrJa HaJl0 BBINOIHITH BTOPUYHOE
BCKPBITHE B YCJIOBUSAX MHOIOKOJOHHBIX KOHCTPYKLMH, TIe
TpeOyeTcst MOBbIIIEHHAs! TPOOUBHAs CIIOCOOHOCTD 3aps/I0B.

6.3  Ilepdopauus mpu pernpeccuu Ha IIacT

IIpu penpeccun cienyer BCKpbIBaTh OOBEKT, IJIACTOBOE
JABJICHWE B KOTOPOM PAaBHO TMAPOCTATUYECKOMY MJIM BBIIIE HETO
HE3aBHCUMO OT MECTOHAaXO0KJEHHUSI UHTepBasia nepdopannu, B TOM
yucae u B npukoHTypHBIX (BHK, 'HK), a Takke npu Hanmuuuu B
He(TH arpecCUBHBIX KOMIIOHEHTOB.

[Ipy BCKpBITUM IJIACTOB TMOJ penpeccuell HeoOX0IuMo
o0ecneunTh 0€30MaCHOCTh MPOBEACHUS PabOT U MPHUHATH MEpPHI
JUIS TIPEAYNPEKAEHUS IPOHUKHOBEHUS KUIAKOCTEN U3 CKBAKUHBI B
miact. ['mapocraTudeckoe — AaBiieHME — CTOJI0Aa  KUAKOCTH,
3alOJIHSIOIIETO CKBAXKMHY, [OJDKHO NIPEBBINIATH IUIACTOBOE Ha
CIICAYIOILYIO BEIMYMHY:
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- 10 % nnsa ckBaxkun rayouHoi g0 1200 m, Ho He 6onee 1,5
MIla;

- 5 % nnst ckBakuH rayOuHoU Oonee 1200 M, HO He Ooree
2,5-3,0 MIla. Ilepen mupoBenennem mnepdopanuu B CKBAKHHY
cinyckatoT HKT ¢ npombIBKOW 10 MCKYCCTBEHHOTO 3a00s. YCTbe
CKBaXMHBI 000py1yI0OT IPOTUBOBBIOPOCOBBIM 000PYI0BAaHHEM.

[lepdopamuto cnenyer mpoBOIUTH He Oonee YeM IBYMs
cryckamu nepdopaTopoB B OJIMH U TOT K€ HMHTepBal. B 30Hax
BHK u I'HK nepdopanuro pazpemiaercst BHIIOIHATh TOJIBKO OJHH
pas.

OnTumainbeHas IUIOTHOCTh nepdoparum JIOJKHA
obecreynBaTh MaKCHUMaJIbHO BO3MOKHYIO THAPABIMYECKYIO CBS3b
CKBAKMHBl C MPOAYKTHUBHBIM IUIACTOM, a TaKXe COXpaHEHHE
o0caJHOW KOJIOHHBI M LIEMEHTHOrO KOJIbLA 3a HIpee]aMH 30HbI
niepdoparum.

[InotHoCTs mNepdopauun onpeaensercs (UIBTPALUOHHO-
€MKOCTHBIMU CBOWCTBaMM IIJacTa, €ro OJHOPOJHOCTBbIO H
npouHocTeto, pacctosHueM oT BHK u I'HK, a taxke cnmocobom
nepdoparuu (Tabauua 6.4).

IIpu wucnonb3zoBaHuM nepdoOpaTopoB ¢  MOBBILICHHON
pOoOUBHOM c1TOCOOHOCTHIO, cooTBeTcTBYIOIUX [TK089, miaoTHOCTH
nepdopanuu MoxeT ObITh yMeHblieHa Ha 50 %, 1o cpaBHEHUIO CO
3HAa4YEeHUSIMH, YKa3aHHBIMU B Tabmuie 7.4.

6.4 CnenuasibHbIE XUIKOCTH Ui Teppopanii CKBaXXKUH

KonpmaTtanus mneppopallMOHHBIX KaHAJOB 3HAYUTEIHHO
BIUSET HAa  TUAPOJAMHAMUYECKYIO  CBSI3b  CKBOXHHBI  C
MIPOAYKTUBHBIM I1acTOM. OJTHAKO CETOJHS HAa MECTOPOXKICHUAX B
ctpanax CHI' Gomee 90 % o0bema paboT 1O BTOPUUHOMY
BCKPBITUIO IIJIACTOB IPOBOJAT KYMYJSTHBHON mnepdopanueii B
YCIIOBUSIX TIPEBBIIIEHMS] JaBlieHUWsT Ha 3a00€ CKBaXUHBI HaJ
miactoBbiM. [Ipy 3TOM 1O HBIHE AEUCTBYIOIIMM TEXHUYECKUM
mpaBWwJIaM BeleHHs OypoBbIX paboT mepen mnepdopaiueit
TpeOyeTcss  3amoJHATHh OKCIUTyaTallMOHHYIO KOJOHHY TaKUM
OypOBBIM pacTBOPOM, KOTOPBIH TNPHUMEHSAJICS NpPU HNEPBUYHOM
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BCKPBITHU IJIACTOB, YTO IMMPUBOJUT K H€O6paTI/IMOMy 3arpsA3HCHUIO
npr3a00iHOM 30HBI ITACTOB. 3a PyOEeKOM JABHO yXKE OTKA3aIUCh
OT TmpoBeneHUs: nepopamroHHBIX paboT B cpene OypoBOro
pacTBOpa M MCIOJIB3YIOT JJIsl ATUX IEJICH CIeUaIbHbIC )KUIAKOCTH

(CX) 6e3 TBepmoit ¢a3bl unu

Tabmuma 6.4 - Pexomengyemas IJIOTHOCTD
nepdoparun 3apsgamu 3I11K105, 3TTKC80
Yucno orBepcTui
Koaddurum wa lm p
[Topoasl cuT npu pu
HpOHHHiac Jenpecc |penpeccu
OCT U, MKM
uu u
CraboyrIoTHEHHBIE necuano-|0,1 6 12
QJIEBPOJIUTOBBIE HOPOJIbI c|0,01 10-12 12-18
TJIMHUCTBIM IIEMECHTOM 0,001 18-20 18-20
VII0THEHHEIE necyano-|0,001 18-20 20-24
AJIIeBPOJIUTOBBIC TOPO/IbI c
KBapUeBbIM U KapOOHaTHO-
TJIMHUACTHIM IEMEHTOM
KapOonarasie noposl, (0,01 18-20 18-20
ApPTUJUTUTHL U JIPYTHE, B KOTOPBIX
OTCYTCTBYET TPEIIMHOBATOCTH
CunbHO ymnotHenHbie|0,01 20-24 20-24
MIECYAHUKH, AJICBPOJIUTHI,
U3BECTHSKH, TOJIOMHUTHI, MEPTeIy,
JIpyrue TIOopoJabl €  Pa3BUTOH
TPEINHOBATOCTHIO
TonkocIOUCTBIE - 20 20-24
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XKHUJKOCTH, B COCTaB KOTOPBIX BXOISAT KHUCIOTOPAaCTBOPUMbIE
HAIlOJTHUTEIH.

TexHosorus BTOPUYHOIO  BCKPBITHSl  IUIACTOB  IIyTEM
KyYMYJISITUBHON mepdopanuu B Halie BpeMms Mpoluia TPU 3Tara
pa3BUTHS.

Ha nepBom sTane KymyJsSTUBHYIO HepQopaiiio MpoBOIMIN
B cpene OypoBoro pactBopa. JlaHHbIe MCCIEIOBaHHUIA OJTHO3HAYHO
CBUJETENBCTBYIOT, 4YTO B O3THX YCJIOBUSIX HMEET MECTO
KOJIbMaTalys IMIMHUCTBIMU YacTUIIAMU Nep(OpaLlOHHBIX KaHAJIOB,
BCJIC/ICTBHE YET0 UX IMPOIYCKHAsi CIIOCOOHOCTh YMEHBIIAETCS B 2
pasza u 6onee. 0HAKO TAaKyI0 TEXHOJIOTHIO CETOAHS IMPUMEHSIOT Ha
OOJIBIIMHCTBE MECTOPOKICHHU, YeM HaHOCHUTCA YIIepO HApOJAHOMY
XO3SIICTBY.

Bropoiil 3Tan pa3BUTUSA TEXHOJIOIMH BTOPUYHOTO BCKPBITHUS
XapaKTepu3yeTcs HUCIOJIb30BaHUEM B KauecTBe INepopalmoOHHON
Cpelbl CHEIMalbHBIX pacTBOpoB Oe3 TBepaod daspl. U3 Takux
KHUJAKOCTeH Hauboyee IIMPOKOe TNPUMEHEHHE HalUId BOJHBIE
pacTBOpBl  COJIEH, IOJNMMEpPHBIE  COJIAHBIE  PAacTBOPBl  Ha
yriaeBoiopoaHoi ocHoBe (PYO) u HekoTopble ApyTHE.

IIpu wucnonb3oBanun CXK 1pu BTOPUYHOM BCKPBITUU
IUTACTOB TMOJIy4aroT OoJiee MO3UTHUBHBIA Pe3yabTaT MO0 CPAaBHEHMIO C
nepdoparueit B cpefie IMHUCTOr0 pacTBopa. OIHAKO MpU 3TOM HE
UCKJIIOYAEeTCsl KOJIbMaTalusl IlacTa B3BEUICHHBIMU YaCTHULIAMU,
koTopele momanaroT B CX BOo Bpems ero mNpuUroTOBIIEHUS,
TPAHCIIOPTUPOBAHUS U 3aKaUYNBAHUS B CKBAKHUHY.

OCHOBHBIE UCTOYHHKH 3arpsI3HEHUs pU HCob30BaHn CK
- OCTaTKU OypOBOTO pacTBOpa B KOJIOHHE, MaHU(OIb/E, 3a/IBUKKAX
U APYTUX 3JE€MEHTaX [HUPKYISIHUOHHON CHCTEMBI.

JlaHHble 3apyO€XHBIX HCCIIEAOBAHUM  CBHJIETEIBCTBYIOT
(pucyHok 7.9), yTo mpu KOHIEHTpanuu TBepiabix uyactui B CX,
cocTaBisitouie 485 Mr/m, pe3ko yXyIIIaloTCs KOJUIEKTOPCKHE
CBOICTBA MOPO/I.

B cBA3m ¢ oTUM janbpHeWIee  COBEPLICHCTBOBAaHUE
TEXHOJIOTUM BTOPUYHOTO BCKPBITHS IUIACTOB TpeOyeT pelieHus
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npoOyiembl Ty0okoi ourcTki CXK OT B3BEMICHHBIX YacTHUIl. DTO
SIBJSICTCS. TPETBUM JTAllOM TEXHOJIOTHU BTOPUYHOTO BCKPBITHS
m1actoB. CyTh TakOW TEXHOJIOTMU - BBEJICHUE JOIMOJHUTEIHHOTO
KOMILUIEKCa pPabOT 10 CHIKEHUIO KOHIIGHTPAIMU B3BEIICHHBIX
gacTuil. JTO MpeaycMaTpuBaeT 3aMeHy OypoBOro pacTBopa B
ckBaxkuHe Ha CJK B HECKOJILKO ATAIlOB:

- 3aMeHa OypOBOTO pacTBOpa BOJOH B AIKCILTyaTallMOHHOMN
KOJIOHHE;

- OTMBIBKA CTBOJIa CKB2XXUHBI OT OCTaTKOB OypOBOTO
pacTBopa ImyTeM LUPKYISIIUKA BOAbI ¢ qoOaBkamu crupTtoB u [1AB
M0 3aKPBITOMY ITUKIY €MKOCTh -HacoC - (QWIbTp Ui yAaJeHUs
BBIMBITBIX TBEPABIX YACTHII - CKBAXKHUHA - EMKOCTh;

- 3aMelieHrue BOJBl OT(UIBTPOBAHHOW NeEpHOPAIIIOHHON
KUIKOCTHIO. JIJIT U3BATHS U3 BOABI BBIMBITBIX TBEP/ABIX YaCTHUI[ H
ouynmienus CXK

UCHOJNB3YIOT (UIBTPHI PA3HBIX KOHCTPYKILUN: CeTYaThle, C
GOUIBTPYIOIIMMH 3JIEMEHTAMH B BHJIC IUIACTHH, 3aIllOJHCHHBIX
KBapLEBbIM TECKOM, U Jp. Takue (UIABTPHI MO3BOJISIOT CHU3UTH
KOHIIEHTPAIIMIO B3BEIICHHBIX YaCTHUI[ 0 2 MI/I, XOTS IMpaKTUKa
MOJATBEPHKIAET, YTO (UIBTPOBAHHE CHUKACT 3Ty KOHIICHTPAIIHIO
TOJIBKO 110 10 Mr/mI.
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Pucynok 6.9 - BnusiHMe KOHLIEHTpallMM TBEPIbIX YacTHIl B
CIELUAIBbHBIX KUIKOCTAX Ha IIPOHULIAEMOCTD ITOPO

[IponomkuTenbHOCTh paboT MO o4HMCTKe CKBaXHHbI CXK
MOXET cocTaBmsiTh 10 CyT. B 3aBUCUMOCTH OT 0OBbema
(GUIBTPYIOMIKX KUAKOCTEH U MPOMYCKHON CIIOCOOHOCTH (DPUITBTPOB.
3a pyOeXoM Takas TEXHOJOTHS CUMTAETCd HSKOHOMUYECKH
nenecoobpasHoid. B Hamiell mpakThke Takue pabOTHl IMOKa He
TIPOBOJISTCSL.

He wmenee Baxen BbiOOp Tuma CXK 11 KOHKpETHBIX
ropHoTexauueckux yciaoBui. I[lpm Beibope tuma CX s
3aMoJIHEHNUs 30HBI Mepdopanruu HE0OXO0AUMO PYKOBOACTBOBATHCS
MpaBUJIAMH, PETJaMCHTUPYIOIIUMHU TpeOOBaHUS K QUIBTPATy
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OypoBOTO pacTBOpa Ha CTAIUU TIEPBUYHOTO BCKPBITUA. [Ipu 3TOM
ClenyeT Y4YUTBhIBaTh M CBOMCTBa (UIbTpaTa, KOTOPHIA IPOHUK B
IIJIACT BO BPEMsI IEPBUYHOTO BCKPBITHS.

[Tocnennee yciaoBue B Hamie BpeMs TNPAKTHYCCKH HE
yuuThIBaeTCA. Tak, MHOT/Ia MPOMBICIIOBO-TEOJIOTHUECKUE CITYKOBI
PEKOMEHIYIOT IIPUMEHATh PACTBOPHI HA YTIIEBOJOPOIHON OCHOBE, B
TO BpeMs KaK IMPHU MEPBUYHOM BCKPBHITUU HCIIOJIB3YIOT OypOBBIC
pacTtBOpbl Ha BOJHOM ocHOBe. [[s orienku B3aumozerncteust CXK ¢
KOJUICKTOPaMH, Ha OCHOBAaHMU MOJCIMPOBAHUS IOITAITHOTO
BO3JICHCTBUSL Ha KOJUIEKTOp (uibTpara OypOBOIO pacTBOpa IMpH

IIEPBUYHOM  BCKPBITUM,  TAMIIOHAQXHOI'O  pacTBopa  IpHU
LEMEHTHUPOBAHUU U TEeP(POPALMOHHON KUAKOCTU MPU BTOPUIHOM
BCKPBITHUHU.

O. bauepukoBbIM pa3paboTaHa METOAMKA, OLEHHBAIOIIAS
TaKXXe M BBITECHEHHE ATHX (DMIBTPATOB B OOPATHOM MOPSIKE MPH
BbI30BE IPUTOKA. 3a KPUTEPUH OLEHKH B3SAT KOIPPHUIHUEHT
BOCCTAHOBJICHUSI TPOHMIIAEMOCTH, KOTOpPOM ompenensercs Kak
OTHOLICHHE  TPOHUIAEMOCTH  KepHa  mocie  o0paboTku
TEXHOJOTUYECKUMH  SKUJKOCTSIMU K €ro IEepBUYHOU
MIPOHUIIAEMOCTHU

OneITEl TPOBOAWIN C HUCHOJB30BAHUEM HPUPOZHBIX KEPHOB
mHOM 5 cM, mponwumaemoctbio 0,1-0,3 MKM®, KOTOpbIe MOcCie
HKCTPAarupoBaHUs MOCIEI0BATEIbHO HACBIIIAIUCH MOJIENIBIO HEPTH
(80 %) m mmactoBoit Bomou (20 %). Pe3ymbTaThl 3THX ONBITOB
nokasanu, 4ro 3¢pdexkruBHocTs nmpuMeHernus CXK B 3HaUnTENBbHON
CTETIEHU 3aBUCUT OT YCJIOBMHM NEPBUYHOTO BCKPBITHS ILJIACTOB
(trabmuna 7.5). Ecnu mpu pa3OypuBaHMM IUIacTa MCIOJIB30BAIN
pacTBOp Ha BOJHOM OCHOBe, TO TPUMEHEHHE B KadecTBe
nepdopanmonHoii  cpeapl  pactBopa CaClp  obecneunBaeT
koa¢pdunuent P = 0,58, B To Bpemsi KaKk NMpUMEHEHUE WHBEPTHO-
MyNIbcHOHHOTO pacTtBopa (II9P) no3somnsier nomyuuts P = 0,34.

[Ipuunna HU3KON 3P dexTuBHOCTH NMpruMeHeHus PYO B Towm,
YTO IIPU MHCIOJIB30BAaHUM IMPOTHBOIOJIOKHBIX 10 IPHUPOJE
cMauMBaHMsg OypoBOro pacTBOpa Ha BOJAHOH OCHOBE U
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nepdopaMoHHON KUIKOCTH Ha HE(QTSIHOH OCHOBE B KOJUIEKTOpE
MOSIBIISICTCSI HOBasi 30HA YTJIEBOJOPOJHOTO KOHTAKTa, CO3JIaHHAs
¢unbTparamu 3TUX cucteM. IIpu 3TOM BO3HUKaeT OirarompusiTHas
cpena st oOpa3zoBanusl B pu3adoitHoi 30He macta (I1311) Bsa3kux
BOJIOHE(DTAHBIX SMYJIbCUNA M A OJOKMPOBAHMS YaCTH MOPOBBIX
KaHAJIOB BOJIHBIM ¢uibTparoM. Kpome TOro, mpm ykazaHHOM
coequnenun CXX u OypoBoro pactBopa B 30HE HMX KOHTAKTa
MPOUCXOIUT ABYX(ha3Has QPHIbTPAIHs.

Tabmuma 6.5 - BrausgHue ycloBUH  BCKPBITUS — Ha
kod¢hdunment B
CocraB ¢QuubTpaTa, nomnajatomero B|Temmeparypa
KEPH MPY BCKPHITUN npoBencHus |B
MIEPBUYHOM BTOPUYHOM onbITOB, °C
C y4eToM yCJIOBUU TIEPBUYHOTO BCKPBITHUS
0,3 -me1ii BoaHbIii|20 %-Hbelil BoaHbii|20 0,62
pactBop KMI] pactBop CaCly; |80 0,58
¢mreTpar HOIT |20 0,39
80 0,34
0,4 %-ubIi1|20 %-ubIi1|20 0,48
pacTBop pactBop CaChb; 80 0,44
dMyJbTana B|unpTpar HOII 20 0,78
JIA3EILHOM 80 0,73
TOIJINBE
be3 ydera ycioBuil mepBUYHOTO BCKPBITHS
20%-nb1it pactBOp|20 0,72
CaCb;
¢mwieTpar HOII |20 0,9

B OGonpmmHCcTBe He(TEMPOMBICIOBBIX palioHOB Poccum u
ctpad CHI" npu pa3OypuBaHuU MJIACTOB MCTOIB3YIOT PaCTBOPHI Ha
BOJHOM ocHoBe. HccnepoBanusi mokasanu, 4TO BOAHBIE PaCTBOPBI
coineit NaCl, KCI1, CaCl, xapakrtepusytorcsi Ko3(hGHIMEHTOM
BoccTaHOBJeHUs1 mponunaemoctu B = 0,54-0,61. IlonumepHsbie
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pactBopbl ¢ coaepxkanuem 0,3-0,5 % nonuakpunamuna (ITAA) u
20 % CaCl, xapaktepusytorcs kodpduuuentom B = 0,39-0,46.
[lpyurHaMu TOMY SIBJISIFOTCSI TPOHHKHOBEHHE MAaKPOMOJICKYJT
mojiMMepa B KOJUIGKTOP U ajcopOuuss MX Ha TOBEPXHOCTU
(buIbTpanMoHHBIX KaHaIOB. Hanbonee auskue 3Hauenus B = 0,31-
0,35 monyuensl npu ucnonb3zoBanuun UDP (32,5 % nuzenpHOTrO
toruBa + 1,5 % smynerana + 6 % CMA/J + 60 % BoibI).

[Ipumensiembie B mpouecce ucnbiTanuii CX cyiecTBeHHO
pa3IMyYaTCs M 1O JICTKOCTH BBITECHEHUS (UIBTPATOB U3
KOJUIEKTOpA.

KoHTpoJibHbIE BOPOCHI:

1. Kakoii Tun nepdopanuu Hanbonee npumMeHuM?

2. B yeMm CYLIHOCTh TUIPONIECKOCTPYUHON
niepdopamnyu?

3. UTo Takoe BTOPUYHOE BCKPHITHE TIIacTa?

4. OO6nacTh MpUMEHEHUs TOPIEeIHON nepdopanuu

5. Uro dpopMupyeT KyMyISITUBHYIO CTPYIO?

TEMA 7. HUCIIBITAHUE, OITPOBBIBAHUE
IHEPCIIEKTUBHBIX TOPU30OHTOB

7.1 METOJbBI OIIPOBOBAHIS U UCIIBITAHUS

JInst OIeHKW TIPOMBIIIICHHONW He(TEera30HOCHOCTH BCKPBITOTO
CKBQKMHOU TCOJIOTUYCCKOI'O pa3pe3a MpOBOIAT CIICIIUAJIbHBIC
HUCCIICI0BAHNAA, 00BeEM U MCTOJbI KOTOPBIX 3aBUCAT OT MLCJIICBOIO
Ha3HAYEHUS CKBKHUHBL JTH HCCIICAOBAHMA HAIIPABJICHBI Ha PCIICHHUC
CIICAYIONIMX 3a/ad; ONpeselicHue He()TEerasoHOCHOCTH — OTIENTBHBIX
HHTCPBAIOB W NIPCABAPHUTCIIbHYHO  OLCHKY HX HpOMBIIJ.U'IGHHOfI
3HAYMMOCTH, TTOJTyIeHUE JJOCTOBEPHBIX JIAHHBIX JUTS TIOJICUCTa 3aIlacoB
TIOCTIC/TYIOIIETO MPOSKTUPOBAHUST CUCTEMBI Pa3pabOTKH MECTOPOKIICHHHA,
ONpeICIICHUE IKCILTYaTAIIMOHHBIX XapaKTePHUCTHK ILIACTA.
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JI1st OLIEHKH TPOYKTHBHOCTH pa3pesa MPHMEHSIOT KOCBEHHBIE U
npsiMble  MeTofbl.  KOCBEHHbIE  METOIbI  TO3BOJIIOT — TIOJTyYarh
XapaKTEPUCTHKH, OPUEHTHPOBOYHO YKA3bIBAIOIIME HA TIPUCYTCTBHE
He()TH WM Ta3a B MCCIICJIOBAaHHOM HMHTepBajie. K KOCBEHHBIM MeToliam
OTHOCSIT OTIEPaTHBHBIN TeONIOrHYeCKUd KOHTPOJIb B Tporiecce OypeHus u
reoU3MIECKUE METOJIBI UCCIICIOBaHUSI B CKBaKHMHE. [IpsMble MeTombI
0a3MpyYIOTCS. Ha HEMOCPEICTBEHHBIX CBUJIETENILCTBAX O TPUCYTCTBUM
Hedpti WM raza (0TOOp MPOOBI, MOTyYeHUE TPUTOKA U T.1.). [IpsiMble
MeTO/IbI TpeOYIOT BBI30Ba MPHUTOKA He(hTH MM Tasa u3 riacta. Hanbornee
TIOJTHY!O MH(OPMALIUIO 00 UCCIIeTyeMbIX He(hTera3oBbIX OObEKTaX MOXKHO
TIOJTYYHTb TIPH HCTIONB30BAaHUM TPSIMBIX METOZIOB, T.€. OCHOBAaHHBIX Ha
BBI30BE IMPHUTOKA U3 TUIacTa. B 3amavy wcciiejoBaHust MPSIMBbIM METOIOM
BXO/ISIT TAaKHe BOMPOCHL, KaK BBIABICHAE BO3MOXKHOCTH IONYYECHHUS
MpUTOKa He(hTW WM Ta3a U3 HCCIETYeMOro oOBeKTa, OTOop Mpod
IUIACTOBOM KUKOCTH JUIS U3y4EHHS €€ COCTaBa U CBOKUCTB, YCTAaHOBJICHUS
COOTHOIIICHHs] KOMIIOHCHTOB B TIJIACTOBOM (DITFOMJIE, OLICHKA BO3MOYKHOTO
nebuta W3 HCCIeTyeMOro OOBEKTa, OLIEHKA BEeJIMYMHBI IUIACTOBOTO
JIaBJIeHNs], TIOJTy4EeHHE MCXOHBIX JaHHBIX I TEPBOHAYATBLHON OLIEHKU
KOJUIEKTOPCKHX CBOMCTB OOBEKTA, BCKPHITOTO CKBAXKUHOIA.

B rpyrime npsiMbIX METOZIOB BBIZIEIISIFOT CTAIMOHAPHBIE M SKCIIPECC-
MeToapl. CTalMoHapHbIe METOIbI NPEANoJaraloT, YTO HCCIIe/JOBaHHE
TIPOBOJIAT HAa YCTAHOBHBIIEMCS pexumMe (unbTparmm. Hanprmep, Meton
NpOOHOM IKCIUTyaTalMy MpeaycMaTpuBaeT HAOMIOZCHUS B TEUEHHUE
JUIUTENBHOTO BpeMeHu (o 1 mecsina u Oornee), MpU HCHOJIB30BaHUU
METO/Ia YCTAHOBUBILMXCS OTOOPOB HAOJFOJIEHUE U M3MEPEHUSI TIPOBOJIAT
Ha HECKOJBKUX PEeKUMaX, JOBENCHHBIX JIO0 CTAOMIM3ald TIPUTOKA,
TMO3BOJISIFOT TIOMYYUTh XapaKTEPUCTHKY IUIacTa M IKCIUTyaTallMOHHbIE
BO3MOYKHOCTH CKBYKHHBL

HccnenoBanust 1O 3KCIIPECC-METOAy - TPeOYIOT 3HAYMTETHHO
MEHBIIIE BpeMeHH. B MX OCHOBE JIGKUT KOHTPOJIb 32 BOCCTAHOBJICHUEM
JIaBJICHUsI B OTPaHUYEHHOM OObEME CKBAKMHBI, COOOIIAOIIEMCS C
TIPOTYKTHBHBIM TITACTOM TIOCIIE BBI30BA MPUTOKA H3 HETO.
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Wuorma it MamoieOMTHBIX CKBKHH MPHIMEHSFOT SKCIPECC-METOT
WCCIIe/IOBaHMS Ha MPUTOK, KOT/IA €T0 KOHTPOJIUPYIOT 110 BOCCTAHOBJICHHIO
TPEIBAPUTETHHO CHIKEHHOTO YPOBHS KUJIKOCTH B CKBKHHE.

Ilo TtexHoNOrMM, TNPUMEHSEMBIM TEXHUYECKUM CPEICTBAM U
00BbeMy TOTydaeMoi MH(OpMAIMK MUCCIIENOBAHMUS 10 SKCIIPECC-METOLY
MO>KHO TIOJIpa3/IeUTh Ha UCIIBITAHHE U ONIPOOOBAHME.

3amaya onpoOOBaHWS - BBI3BATH TPUTOK (IIOMIA W3 TUIACTa,
0oTOOpaTh €ro mpoOy id aHaIM3a, ONPEACIUTh CBOOOTHBIA JICOUT
CKBKHMHBL [Ipy TNpOBENCHWM WCIBITAaHUN CTaBSTCS OoOJiee IIMPOKHE
3a/1a4u.

[NpakTrKyOT 1Ba METO/IA UCTIHITAHUS CKBKHH: «CHU3Y BBEPX» U
«CBEpXY BHU3.

Ipu rcHoNBE30BaHIN METOJIA «CHH3Y BBEPX» CKBOKUHY JIOBOJIAT JI0
MPOEKTHOW TJTyOUHBI, 3aKPEIUIIOT OOCATHOM KOJMOHHOM M IIEMEHTHOM
0007104KOl 3a Hel. VICTIbITaHks HAYMHAIOT C HIDKHETO O0BEKTa, ISl Yero
00CaJIHyI0 KOJIOHHY IPOTHB 3TOTO IUIACTa Mep(opupyroT, OCYIIECTBISIOT
BBbI30B TPHUTOKA, OTOMPAIOT MPOOBI IUIACTOBOM >KUIIKOCTH U IPOBOJAST
HeoOxomuMble m3MepeHus. [locne 3aBepilieHHs] WCTIBITAaHUSI HUDKHETO
O0OBEKTa YCTAHABIMBAIOT IEMEHTHBIM MOCT WM PE3MHOBBIA TaMIIOH
BbIIIIE IEP()OPUPOBAHHOTO YYACTKA, PACCUMTAHHBIN HA MEpEnajl TaBIeHUs
1o 25 MllIa. 3arem nepdopupyroT 06cagHy0 KOJOHHY HAMpPOTHB
BBIIIIEe PACTIONIOKEHHOTO 00BEKTa, UCIIBITHIBAIOT €T0 M MEPEXOJIAT K
clenyIeMy o0beKTy, nepemeniasch BBepx. OTcioa U Ha3BaHHE
METOJIa «CHU3Y BBEPX).

DTOT METOJ MPOJOIDKAIOT MPUMEHSTH B HACTOSIIEE BpeMs,
XOTS OH HWMEET CYIICCTBCHHBIC HEJIOCTATKH: 3arpsi3HSIIOTCS B
OTKpPBITOM CTBOJI€ TpPOHJCHHBIE TpPU JOOYPUBAHUU CKBAKUHBI
IJIACTHI; BO3MOXHBI HMCKOKEHUE PE3yJIbTaTOB HCCIICOBAHHS, a
WHOTJAa Y TPOMYCKH NPOAYKTUBHBIX TOPHU30HTOB C HHU3ZKUM
IJIACTOBBIM JIaBIICHUEM; HEOOXOJIMMO CITyCKaTh W IEMEHTHPOBATH
00CaHYI0 KOJOHHY JUIsl pa3001IeHus: onpoOyeMbIX OOBEKTOB.

JUis  yCTpaHEHHsS OTMEYCHHBIX HEJIOCTATKOB  CO3JIaHBI
CHeIHalbHbIC H3MEPUTEIbHBIC HHCTPYMEHTBI, KOTOPBIE MTO3BOJISIFOT
ornpoOoBaTh U HUCHBITATh KaXIbIii OOBEKT B OTKPHITOM CTBOJIE
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CKBAKMHBI cpa3y e mocie BCKpbelTHA. C CO3JaHMEM TaKUX
MHCTPYMEHTOB HOSBMJICSI HOBBIM CIOCOO, MOJYYUBUIMNA Ha3BaHUE
METO/1a «CBEPXY BHU3Y.

7.2 OITPOBOBAHUE ITIJIACTOB U UCIILITAHUE CKBAXUH B
[TPOLIECCE BYPEHUSA

Jns peanusalMd MeTOJa MCIBITaHUS IUIACTOB IO CXEMe
«CBEpPXy  BHHU3»  HCHOJB3YIOT  pas3iIUuHble  [IIyOWHHBIC
MHCTPYMEHTBI, KOTOpbI€ IO KOHCTPYKTUBHOMY HCIIOJIHEHHIO,
0COOEHHOCTSIM TIPUMEHEHUS M HAa3HAYCHHUIO MOXKHO YCIOBHO
pa3fenuTh Ha TpU THUMa: 1) IUIACTOUCHBITATENHM, CIyCKaeMble B
CKBR)XHMHY Ha KOJIOHHE TpyO; 2) anmaparsl, cOpacsiBaeMble BHYTPb
KOJIOHHBI OYpWJIBHBIX TpPYO cCpa3zy Imocie BCKpPbITHS OypeHueMm
HAMEUEHHOTO 00BEKTa; 3) ammapaThl, CIIyCKaeMbIe B CKBAXUHY Ha
KapoTa)XKHOM Kabele.

HauGonee nomayro mHpOpMaIuio 00 HCCICTyeMOM ILIacTe
[OJy4aloT C IOMOULIbIO IUIACTOUCHBITATENS] Ha KOJIOHHE TpYO.
Amnmapatbl BTOPOTO MU TPETHETO THUIIOB MO3BOJIIOT BBIOJHUTH
JUIIb ONpPOOOBaHME IUIACTA, MOITOMY HMX OOBIYHO Ha3bIBAIOT
ornpoOoBaTeNsIMu (pucyHoK 7.1).
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Pucynoxk 7.1 - Oramet  (I-lll) paborer  ompoboarens,
cOpachIBA€MOro BHYTPb OYpHILHOM KOJIOHHBI:

1 - mmmncoBasi TOJOBKA; 2 - TPYHTOHOCKA; 3 - CemIJio
3allOPHOTO yCTPOWCTBA; 4 - BIYCKHOE OKHO; 5 - OTCeKarelb; 6 -
MaKepyroliee yCTPOHUCTBO; 7 - HIDKHEE celjio ornpobosarens; 8§ -
BITYCKHOM KJIaTaH; 9 - JI0JI0TO.
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COpacbiBaeMblii BHYTpb OYpHILHON KOJIOHHBI OMPOOOBATEINb
MO3BOJIIET  BBI3BIBATH  MPUTOK  Cpa3y  IOCIE  BCKPBITUA
MPOAYKTUBHOTO IIacTa U OTOMpPATh NpoOYy MIIACTOBOM JKUAKOCTH.
Jing  sToro Hax  JA0JOTOM  YCTAaHAaBIIMBAKOT  CHELUAIbHOE
[AKepyHoIllee YCTPONCTBO, KOTOPOE MPU MPOMBIBKE CKBAKUHBI HE
MPEMsITCTBYET LUPKYISIUU OypOBOrO pacTBopa MO 3aTpyOHOMY
KOJIbLIEBOMY 3a30py (pucyHok 7.1, aram I).

ITocne cmycka ompoOoBaTens B Makepyrollee YCTPOHCTBO
OTKpBIBAIOTCS KaHAJIbl, IO KOTOpPhIM OYpOBOH pacTBOp MOJ
JABJICHUEM MOJAETCS MO/ MaKEPYIOIIHUM 3JIEMEHT U BBI3bIBAET €0
paciiipeHe BIUIOTh J0 IOJHOIO KOHTAaKTa CO CTEHKaMH CTBOJIA
CKB@XHHBl M IEPEKPBITHS KOJBLEBOIO 3a30pa: IPOUCXOIUT
M30IIALUST TTPU3a00WHOM 30HBI CKBaXUHBI OT OCTAJIBHOTO CTBOJIA
(pucynok 7.1, stan |l). C moBbllleHHEM [aBJICHUS BHYTPH
OypWJIBHON KOJIOHHBI OTKpBIBA€TCS KjamaH B ONpoOoBaTesie M
JIABJICHUE B MOJIAKEPHON 30HE PE3KO MOHMKAETCS, B PE3yJIbTATe
YEero TUTaCTOBBIM ()JIIOU]T TIPOHUKAET B CKBaXWHY (puUCyHOK 7.1,
sran  IlI) u mnomamaer B ompobGoBatenb. OIHOBPEMEHHO
PETUCTPUPYIOIIUM MaHOMETPOM 3alMChIBACTCS KpuBast
BOCCTAHOBJICHUS J1aBJICHUSI.

[lo ucTeuyeHMM BpeMEHH, OTBEAEHHOIO Jisi ONpPOOOBaHUS
acTa, JaBleHUEe B OypUIIbHOW KOJIOHHE CHUYKAIOT, B PE3yJbTaTe
Yero 3aKpbIBAaeTCsl KJamaH B ompoOoBaresie W Makep MOCTENEHHO
BO3Bpallaercs B HMCXOAHOe  mojoxeHwe.  OmnpoboBarenb
3aXBaThIBalOT OBEPLIOTOM M MOJHUMAIOT C IMOMOIIBIO KaHaTa Ha
MOBEpXHOCTh. MHOrAa ero m3BieKaroT HAa MOBEPXHOCTh BMECTE C
OypHILHOI KOJIOHHOM.

OnpoboBarenb, cHyckaeMbli Ha KapoTakHOM Kabere,
NPUMEHSIOT TOTJa, KOrja HEeoOXOJMMO HCCeloBaTh IUIACT Ha
OTJENbHBIX YPOBHSIX, HalpUMep, JUId OLEHKH H3MEHEHUs
IIPOHUIIAEMOCTH IUIaCTa MO MOIIHOCTH, JJIs OIpeAeIcHUs
MOJIOKEHUS TPaHUIbl TIACTOBOM BOABI M HEPTU M T.I. (PUCYHOK

7.2).
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Pucynok 7.2 - DranbipaboTs! onpoboBaresis Ha Kabere:

1 - BepxHmii 3apsig W 3ariymika; 2 - auddepeHIHanbHbIH
BO3BpAaTHBIA MOpIIEHb, 3 - HIKHUM 3apsn M 3ariymka; 4 -
NpWXKHMHAs Jlanma; 5 - TrepMeTU3upyrolas Hakjiaaka, 6 -
KyYMYJISITUBHBIA 3apsn; 7 -BIOYCKHOM KiamaH, &8 - OaJuIoH.
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INocne norbema OypHIIBHON KOJIOHHBI OMPOOOBATEIh CITYCKAIOT B
CKBXHMHY Ha 33JIaHHYIO IITyOuHY (pucyHOK 7.2, otan ). C moBepXxHOCTH
0 Kalemo AEKTPUYECKMM HMIIYJbCOM IOJAI0T KOMAHIy Ha
BBIIBIDKEHHE yNOpHOro Oammvaka. OH MPWKUMaeT K OrpaHUueHHOMY
Y4acTKy CTEHKH CTBOJIA CKBAKMHBI YIUIOTHUTEIIbHYIO TIOJYILIKY, KOTOpast
M30JIMPYET HEeOOMbIIYIO IUIOMIb OTKPHITOM MoBepxHOCcTH Iuiacta. [lo
KOMaH/Ie C IIOBEPXHOCTH B3pbIBAIOT KYMY/IATUBHBIA 3apsi, U B
M30JIMPOBAaHHOM dYacTW IUlacTa oOpasyercsi KaHal, [0 KOTOPOMY
TUIACTOBBIN (UIIOMJT TIOCTYNaeT B HIKHIOKD €MKOCTh OMpoOOBaTelIs
(pucynok 7.2, sran II). Peructpupyrommii MaHOMETp 3aIllChIBACT
BOCCTaHOBJIEHHE JIaBIIEHHS B €MKOCTU [0 MEpe €€ 3allOJHEHMS.
l'uppapBnuueckas cucreMa ompoOoBaTrelss B KOHIE HCCIEIOBAHUS
3aKpbIBacT BXOIHOM KJiaraH eMKOCTU. B pe3ynbTrare oTtoOpaHHas mpoda
3amMpaercsi, N30bITOYHOE JTABIICHHUE MOJT MPYKHUMHOM JIAIioN CHIDKACTCS, U
o7l JICHCTBUEM NPY)KMHBl OHA BO3BPAILAETCS B TPAHCIOPTHOE
nosiokenwe (pucyHok 7.2, tart ).

W3 skcrpecc-MeToNoB, NMPUMEHSEMBIX TPU HCCIENIOBaHUAX B
CKBOXMHE, HaMOOJIee paclpoCcTpaHeH CHOco0 C  HCMOJIB30BaHHEM
UCTIbITATENs TUIACTOB, CITyCKaeMOro Ha KoioHHe TpyO. Ero mpumenstor
JUISL MCTIbITaHUsI OOBEKTOB Cpa3y MOC/e MX BCKPBITUS, U MO3TOMY IpH
COOJTIOZICHUM TIPAaBWJIBHOM TEXHOJOIMM HCHBITAHUS OH  IO3BOJISIET
MOJTy4YUTh HanOosIee JOCTOBEPHYIO OLIEHKY HE3arpsi3HEHHOro OYypOBBIM
PacTBOPOM ILIACTA.

HWcnbrTarens miacToB MPUMEHSIOT U B 0OCAKEHHBIX CKBAKHHAX, B
YaCTHOCTH, TIPY MCHBITAHWUM TIJIACTOB C HU3KUM ILJIACTOBBIM JIABJICHHEM,
JUTSl OYMCTKU TIPH3a00MHOM 30HBI, JUISl UCITBITAHKS 00CATHBIX KOJIOHH Ha
TepMETMYHOCTh M BBUSBICHMS B HUX  Y4YacTKOB  HapyIICHUS
TepPMETUYHOCTH U TPH APYIuX paboTax, KOrja B OrpaHUYEHHOM O0beMe
CTBOJIa CKBaYKMHBI HAJI0 CO3/1aTh JIETIPECCHIO.

CoBpeMEHHBI  IUIACTOUCIIBITATEND  BKJIFOYAET HWHCTPYMEHTHI,
arnmapartbl W TPUOOPHI, CKOMIIOHOBAHHBIE BOEMHO [UIS BBITIOJHEHUS
GyHKIMHA, HEOOXOIUMBIX IPH UCHBITAaHUMM IUIacTa M TPOBENCHUN
M3MepeHnil. Takoi UCTIbITAaTENb HA3bIBAIOT KOMIUIEKTOM HCITBITATENbHBIX
uactpymentoB  (KWM). Ilpumenstoniiecss B HacTosiee  Bpems
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KOMIUIEKTHI IUIACTOUCTIBITATENEH pa3paboTaHbl COBMECTHO [ po3HEHCKMM
1 YPUMCKAM He(TSHBIMU HAy9IHO-HCCIICI0BATEIILCKIMHA HHCTUTYTAMH U
Hocsat HasBamme KWW — T'posYPHUM. Wmeercs HECKOIBKO
THIIOPa3MEPOB  TUIACTOKCITBITATENICH, KOTOPbIE OXBAaThIBAIOT  BECh
JIMAIA30H JMAMETPOB CKBKHUH OT 76 110 295,3 MM (Tabmuma 7.1).

Tabmuua 7.1 - TexHuyeckash XapakTEpUCTUKAa KOMIUIEKTOB
HCIIBITATEIbHBIX HHCTPYMEHTOB

Ilokazarenn Twur 1tacroncobITaTeNIsA

KHnu- |KnUn- (K-
65 95 146

HapyxHp1ii muameTp Kopityca, MM 65 95 146

JlnanazoH MaMeTpoB CKBKHH, MM 76-109 {109-  [190-295
150

OO111as1 JUTMHA KOMITIIEKTA, M 200 (216 |178

OO111ast Macca KOMIUICKTA, KT 300 910 1200

Jonyctrmas arpyska, kH:

CHKaTUst 150 300 600

pacTshKeHHst 100 250 400

Jlomyctnmoe BHenHee naBienne, MIa 80 80 70

MakcumanpHasi TeMmIiepatypa OKpy Karomien
cpenpl, °C, U151 KOMIUIEKTa C PE3UHOM

OOBIUHOM 130 (130 [130

TEPMOCTONKOM 200 200 200

B cocraB miactoucnbITaresnisi BXOAAT CIAECAYIOLME OCHOBHBIE Y3IIbI
(pucyHOK 7.3): IMPKYJSIMOHHBIM KJIAMaH, TEPEBOJHUK C TITYOMHHBIM
PETUCTPUPYIOIIMM MAaHOMETPOM, 3aMOpHBIN TOBOpoTHBIN KinanaH (3I1K),
ruapaBmueckuii - ucnbrrarens  1wiactoB  (MIID), sice, OGe3omacHbIi
TIEPEBOTHYIK, TTaKep, (PUITBTP-XBOCTOBHK, OMIOPHBII OAIlIMAaK.

l'unpaBnuueckuif UCHBITATEeNlb IJIACTOB - TJABHOE 3BEHO
TUTACTOUCTIBITATENS -OCHAIICH YPAaBHUTEIBHBIM UM MPHEMHBIM
KJIarlaHaMH. YPaBHUTENbHBII KJamaH B OTKPBITOM COCTOSHUU
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o0ecreynBaeT TUAPABIMYECKYIO CBS3b MEXIY MOJNAKEPHBIM U
HaJMaKePHbIM MIPOCTPAHCTBAMH, ypaBHUBasI B HUX
THIPOCTaTUYECKOE JIaBJICHUE, a TaKKe CIYXUT Ul IpOIycKa
XKuAkocTu npu cnycke u noabeme KMUM Bo uzbexkanue sddexra
MIOPLIHEBAHUS.
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Pucynok 7.3 - Cxema IUIaCTOUCIIBITATENSI, CITyCKaeMOTro Ha
OypwibHbIX TpyOax: 1 - OypuiibHble TpyOBI; 2 - IUPKYJISLUOHHBINA
KJanaH; 3 - TiyOMHHBIE MaHOMETPBI; 4 - 3alOPHBINA MOBOPOTHBIN
KJIanaH; 5 - TUAPABIMYECKUN HCHBITaTeNb IJIACTOB; 6 - sicc; 7 -
0e30macHbIN MepeBoaHUK; 8 - makep; 9 - ¢punbTp; 10 - XBOCTOBHK;
11 - OTIOPHBII Oammaxk (msiTa).
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l 1
Pucynox 7.4 - Cxema makepoBaHusi npu padore ¢ KUM: 1 -

kojoHHas rosnoBka; 2 - HKT; 3 - mupkynsauuoHHbId KiamnaH; 4 -
BEPXHHMH MaHOMETp; 5 -3allOPHO-TIOBOPOTHBIM KjamaH, 6 -
WCIIBITATENb TUTACTOB; 7 - sicc; 8 - mpoOooTOOpHHK; 9 - makep; 10 -
obcannast konmona; 11 - ¢unetp; 12 - mact; 13 - manomerp; 14 -
oTiopHas TIJTUTA,; 15 - OammMax.
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Ilo ncreyeHnu onpeneneHHOro MpoMeXxyTka BpEMEHH I10CIIE
3aKpBITUSl YPABHUTEJIBHOIO KJallaHa cpadaThIBaeT CIELUAIBbHOE
THJIPaBIMYECKOE pEJieé  BPEMEHH, YIPABJSIOUIEE IPUEMHBIM
kinanaHoM. OH OTKpbIBaeT JOCTYH IUIaCTOBOMY (urouay B
OypWJIbHYIO KOJIOHHY HaJ| IUIaCTOMCIHBITaTeneM. Perne BpemMeHU
cpabaTblBaeT IOJ  BO3JEHCTBMEM  CXHMMAIOLICH  Harpysku,
BO3HUKAIOMICH NMPH YaCTUYHOM pa3rpy3ke OypUIbHON KOJOHHBI Ha
3aboi (Ha 60-120 kH).

[1o okOHYaHUM UCTIBITAHUS O] AEUCTBUEM PaCTITHUBAIOILETO
YCHUJIUS TIPUEMHBIN KJIallaH 3aKpbIBAcTCs. 3allOPHBINA ITOBOPOTHBIN
KJIallaH 3aKpbIBAE€TCS IIyTEM BpalLEHUS OypUIbHOW KOJOHHBI C
MIOBEPXHOCTU M CIYKUT JUIsl IEPEKPBITUS IIPOXOJHOIO KaHala B
OypwibHYIO KoJIOHHY. Ilocime ero 3aKkpbITHS PETUCTPHUPYETCS
IIPOLECC ~ BOCCTAHOBJIEHUS  JaBIEHUS B IOANAKEPHOM
npocrpaHcTBe. MMeETCs OJHO- W MHOTOLMKIOBBIE 3allOpPHO-
MIOBOPOTHBIE KJIanaHbl (PUCYHOK 7.4).

[IMpKyIAMOHHBIN KianaH, YCTAaHOBJIEHHBIM HaJ 3allOPHBIM
MOBOPOTHBIM KJIAIIAHOM, CIYXKHT JUIsl BO3OOHOBJIECHUS LUPKYIISIIUN
OypoBOI'0O pacTBOpa MO CTBOJY CKBaXXHHBI. [ ero cpabaThiBaHUS
He00X0IMMO, 4TOObI JaBJI€HUE BHYTPH OypHIIBHON KOJIOHHBI Ha 7-
10 MIla npeBpImano BHENIHEE THAPOCTATUYECKOE JaBIICHHUE.

B xommexkt KMU BXxonmar Takke HECKONbKO TNTyOMHHBIX
MaHOMETPOB, KOTOpble MOMEIIAl0T B MPHOOPHOM NaTpyoke u
YCTaHABIMBAIOT B JPYrHX MecTax JJis 3alucH H3MEHEHUs
naBineHud.  OZHOBpEMEHHOE  MCIOJb30BAHUE  HECKOJIBKUX
MaHOMETpPOB  IO3BOJISIET  KOHTPOJIMPOBATH  JOCTOBEPHOCTh
MOJTy4eHHOM nH(popMaIu 06 U3MEHEHUH JaBJICHUS U Ha/IEKHOCTb
cpabaTbIBaHUS CUCTEM IJ1aCTOUCIIBITATENS. [IpoBepky
OCYILECTBISIOT ~ CONOCTaBIEHUEM JuarpamM, 3alUCaHHBIX B
pa3HbIX MyHKTaX. I[IpUMEHSIOT pPErucTpUpyIOIIMEe MaHOMETPbI
MTOPUIHEBOT'O WJIU TE€JIMKCHOIO TUIIA.

[TopurHeBble MAaHOMETPHI UCIIOJIB3YIOT Yallle, XOTS MO CPOKY
CIIy’)kObI M TOYHOCTH H3MEPEHHS OHHM YCTYMAIOT TECIUKCHBIM.

219



BMmecte ¢ MaHOMETpPOM HHOT/Ia MPUMEHSIOT PErHCTPUPYIOIINNA
TEPMOMETD.

[InacroucnslTaTenssMi  yIpaBiIslOT C I[OBEpXHOCTU. B
COOTBETCTBUM C KOMaHJaMH IUIACTOMUCIIBITATENb BBIIOJIHSET
creayomye (QyHKIUU: H30JIMPYET HHTEPBAJI CTBOJIA CKBAKUHBI
HAlpoOTUB UCCIEyeMOro O0bEeKTa OT OCTaJIbHOM €ro 4YacTH,
BBI3BIBAET MPUTOK IUIACTOBOTO (DIIFOMAA CO3AaHUEM JICIPECCHH Ha
miacT, oToupaeT MmpoOsl MmiIacToBoro ¢uirouaa A UcCiel0BaHus,
PETUCTPUPYET BOCCTAHOBJICHUE JIaBJICHUS B TIOJIIAKEPHON 30HE.

W3meHeHus naBieHHs] PErHCTPUPYIOTCS aBTOMATUYECKU B
TEYEHHE BCET0 IIepUOJa HAXOXKICHUS IIJIACTOMCIIBITATENS B
CKBa)KMHE B MpeJiesiax pecypca paboyero BpeMeHU MaHOMETpa.

Onucannpli  Bbiie THO  Tuiactoucneitatens KWW o -
I'po3YbHUU pabotaer cnenyromum oOpa3zom.

[Tox ne¥icTBUEeM ycuivs CKaTHS 3a CUET pa3Tpy3KH Ha 3a00ii
4acTU Beca KOJIIOHHBI OYpHIBHBIX TpyO makepyroliee yCTPOHCTBO
W30JIPYET TOMJISKAINNA HUCTIBITAHUI0O OOBEKT OT OCTaJIbHBIX
IPOHHUIIAEMBIX 30H B CTBOJE CKBAXHHBI M OT BO3JCHCTBUSA
TMJIPOCTAaTUYECKOTO  CTON0A KUJAKOCTM; Ha O3TOW  CTaauu
HaJMaKepHas M TOAMAaKepHas 30HbI COOOIIAIOTCA MEeXAy co0oit
(pucyHok 7.5, atan I).

[lo wucTeyeHWH ONpENENEHHOTO0 BPEMEHU CpadaThIBaeT
THJIPaBIMYECKOE peJie, W 3aKpbIBAeTCS YpPaBHUTENbHBIM KiamaH
(pucynok 7.5, stan Il), a 3aTemM OTKpbIBaeTCsl MPUEMHBIA KJanaH
UIIl" (pucynox 7.5, osram Ill), depe3 KoTopwIid mMoAmaKepHOE
MIPOCTPAHCTBO COOONIAETCSI ¢ BHYTPEHHEW MOJIOCThIO OYpPHIIBHBIX
TpyO, 4YacCTUYHO 3alOJHEHHBIX KHJIKOCTbIO. JlaBieHue mox
MaKepoOM PE3KO YMEHBIIAeTCs 10 3HAYSHHs THUAPOCTATHYECKOTO
TaBJIEHUs CTOJIOA JKUAKOCTH B KOJIOHHE TPYO, M Ha HMCCIIeqyeMbli
TUTACT EHCTBYET NENpPECcCHsi, MPUBOISIIIAS K TPUTOKY ILIACTOBOTO
¢mronsia BHYTph OYpHiIbHOM KOJOHHBIL. [Ipyn MHTEHCMBHOM MPUTOKE
Ha KOHIIE OTBOJHOTO TPYOONpPOBOJA HA YCThE OTMEYAETCS BBIXOI
BO3/yXa, )KUJKOCTH, 3ATOJIHSIONIEH KOJOHHY, M JIaXe IJIacTOBOTO
¢bmronaa. BpaiieHueM KOJOHHBI TPYO C MOBEPXHOCTH 3aKPBIBAIOT
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3allOpHBIA  MOBOPOTHBIM  KJalmaH M 3alMChIBAIOT  KPUBYIO
BOCCTAaHOBJICHUS JaBJICHUS.

Ha xoHeuHoM »3Tane nalOT HATSKEHUE HUHCTPYMEHTA, O]
BO3JIEHCTBUEM KOTOPOIro 3aKpbiBaeTcsi mpueMHbli kiaman UIIL, u
HEKOTOPOE BpEMsi CIYCTsI OTKPBHIBACTCS YpaBHUTEIbHBIN KIalaH,
BOCCTaHABIIMBAOIINI TUAPABINYECKYIO CBSI3b IMOJINAKEPHON 30HBI
C HaJmakepHou. /[aBiieHME B 3THX 30HAX BBIPABHUBAECTCSA, U MOJ
BIIUSIHUEM HATSDKEHHUs IMaKep BOCCTaHABIMBaeT cBowo ¢opmy. B
HEKOTOPBIX CIy4asix JUIsl €ro OCBOOOXIEHUS MPUXOJUTCS
UCIONIb30BaTh sicc. B ciywyae mpuxBata makepa wiu (GuiIbTpa
TUTACTOUCIBITATENh PA3BUHYMBAIOT TI0 O€30MIACHOMY TEPEBOTHUKY.
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Pucynok 7.5 - Ortansipaborsl kiamanoB MWIII: 1 -
ypaBHUTEIbHBIE KaHaNbl; 2 - YIUIOTHUTENb YPAaBHUTEIBHOTO
kimamaHa; 3,5 - THIB3BI COOTBETCTBEHHO YPAaBHHUTEIBHOTO H
MIPUEMHOTO KJIAIlaHoB; 4 - MPUEMHBIN KJaraH.

221



Ha moBepxHOCTH  IUIaCTOMCHBITATENh  pa30OMpaAlOT U
U3BJICKAIOT IMAarpaMMBbl PETUCTPUPYIOMIUX TPUOOPOB.

[Tnacrouctsrraremn KUU-I'po3Y pHUM numerotT HemocTaTku: OHU
OJIHO-IIMKJIOBOT'O JICHCTBUS, M TIOBTOPHOE HCIIBITAHUE BO3MOYKHO TOJIBKO
TIOCJIE TIOIhEMA U CITyCKa MHCTPYMEHTA; HEKOTOPHIE Y3ITbl HEIOCTATOYHO
HAaJeKHBL:  OONacTb  HAAeKHOM  paboThl  IUIACTOMCIIBITATENIS
orpaHruMBacTCs JaBieHus MU He Oosee 40 MIa.

JIns TOBBINIGHUSI JIOCTOBEPHOCTH MCIIBITAHUS  1IEIECO00pPa3HO
TIPOBEICHHE TIOBTOPHBIX IIUKJIOB M COMOCTABIICHUSIX MX pe3yIbTaToB. Jlis
TIPOBEICHUS MHOTOLIMKIIOBBIX UCTIBITAHUI pazpalboTaHsbI
wiacrouctbraresy cepurt MUI (Tabnuma 7.2).

Tabnwva 7.2 -TexHuueckas XapaKTEePUCTUKA
rIacToucnslirarenei cepun MUIT
Ilokazarennb Tun macrtoucnsITaresst

MUI-127 |MUI'-146

Hapy»xHbIi1 tnameTp Kopiyca, MM 127 146
Jlnaras3oH qaMeTpoB CKBOKUH, MM 195-243 190-295
OO111as1 JUTMHA KOMITJIEKTA, M 27,2 274
OO11ast Macca KOMIUICKTA, KT 5680 5440
Jonyctrmas narpyska, kH:
CHKaTUst 1250 1500
PacTsDKEHMS 600 700
Jlomyctnmoe BHenHee naBienne, MIa 100 -
MakcumanpHas Temreparypa OKpYKarolen
cpenpl, °C, U1t KOMITIEKTa C pE3UHOM:
OOBIYHOMN 130 130
TEPMOCTONKOM 200 200

MHOrOIMKIIOBBIM  TMAPABIMYECKUM  WCIBITATENb  IUIACTOB
MO3BOJIIET IPH OJHOKPATHOM CITyCKE IPOBOIMTH HECKOJBKO IIOJHBIX
LUKJIOB MCIBITaHMM Iiacta. KakKmbli IIMKII BKIIFOYAET JBE OCHOBHBIE
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OIICpALMU: BBI30B IIPUTOKA W3 IUIACTA U PETUCTPALMIO BOCCTAHOBJICHUS
JIABJICHUSL.

B kommnekr MUI™ BXOAWT MHOTOLIMKIIOBBINA HCIBITATEND L1aCTOB
NIIM-2 konctpykimu CesBKaBHUTINHed™# (prucynok 7.6). biarogaps
JEWCTBUIO HAa 3alOPHYIO THIIB3Y H30BITOYHON THAPOCTATHYECKOU
clibl, (UKCHUPYIOLIEH €€ B HIKHEM TMOJIOXKEHUU, MOSBISETCS
BO3MOXHOCTh MHOTOKPAaTHOT'O OTKPBITHUSI U 3aKPBITHS 3alIOPHOIO
KJIAIlaHA [IPU 3aKPbITOM YPABHUTEJIBHOM KJIAIIAHE.

I[Ipy  OTKpBHITOM  TPUEMHOM  KJAllaHEe  IOJIAKEPHOE
MPOCTPAHCTBO COOOIIAETCS C BHYTPEHHEW MOJOCTHIO KOJIOHHBI
TpyO, B pe3yJapTaTe YEro CO3JaeTCsl JElpeccusl Ha IUIacT U
MIPOUCXOUT BBI30OB IPUTOKA (HIKHEE MoyokeHue mrToka). [Ipu
IIOAbEME WITOKAa [0 BXOXKJIECHHsS IIPUEMHOIO KJallaHa BHYTPb
3aMOpPHON TUJIb3bI MOCTYIUICHUE KUAKOCTH B OYpUIIbHYIO KOJIOHHY
IIpeKpaniaeTcs, U JaBJICHUE B IIOANAKEPHOU 30HE
BOCCTaHABJIMBAETCS.
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Yto0s! n30exaTh IIPEXKIEBPEMEHHOTO OTKpPBITHS
ypaBHUTEIbHOTO  KiamaHa, Haa MWIIM-2  ycraHaBiuBaroT
TEJIECKOITMYCCKUN Pa3ABIKHON MEXaHU3M CO CBOOOIHBIM XOJIOM
1,5 M.  Ero ruzpaBinuyeckas HEypaBHOBELIEHHOCTh HHXKE, YEM Y
3allOpHOM TUJB3bl, M IIOCHE 3aKPhITHS IMPUEMHOIO KJlaraHa
3aropHasi TUIIb3a OCTAETCsl 3aKPBITON 10 TeX MOp, MoKa He OyneT
«BBIOpaH» CBOOOHBIN X0/ B pa3IBU)KHOM MEXAaHU3ME.

MHOrOUMKIOBBIA  HCHBITATENIb OCHAUIEH JABYXLMKIOBBIM
3arOpHBIM MTOBOPOTHBIM KJIAIIaHOM, PErUCTPUPYIOITUM
MaHoMeTpoM renukcHoro tuma MI'M-1, sccom 3akpsiToro tumna,
JUISL  KOTOPOTO  pacTATHBAIONIEEe yCUIIME€ HE 3aBUCUT  OT
TUAPOCTATUYECKOTO JIaBJIEHHUS B CTBOJIE CKBaXMHBI, a TakKXe
0€30MacHBIM MTEPEBOTHUKOM.

Jns HaneKHOM M30MSAMM  YCTAaHABJIMBAIOT JBa IaKepa
ycoBeplieHcTBOBaHHOM KoHCcTpykuuu [I1IP-2 ¢ pacnpenenurenem
napiieHusA. B koHcTpykumu nacroucnsitarens MUIDT ocrarores
emie  HEKOTOpble  HENOCTaTKU. TaK,  OTIEIbHBIE  Y3JIbl
(UMPKYISIIIMOHHBIA KIIANaH, UCTIBITATENb TUIACTOB U AP.) JOBOJIHHO
CJIIOXHBI MO KOHCTPYKILHMHU, IMOCJE Ka)XJOro CIIyCKa B CKBAXKHUHY
HE0OXOMMO MOIBEPraTh pa3dopke U 00s13aTeILHON PEBU3UH.

UccnenoBanme He(pTErasoHOCHOCTH OO0BEKTa - BechbMa
OTBETCTBEHHBIN JTall TOWCKOBOTO U Pa3BEIOYHOr0 OypeHus.
[IpaBunbHas  omeHka  He(TEra3oHOCHOCTH M TEPCIEeKTHB
TanbHEHIINX paboT OMpeeNnsieTcs: JOCTOBEPHOCTHIO MOJTYyYEHHBIX B
pe3ynbrate OmpoOOBaHMS WM HUCHBITaHUA AaHHBIX. O0beM u
JIOCTOBEPHOCTh HMH(OpPMAIUM 3aBHCIT OT MHOTUX (DAaKTOpOB H
MpEeKIe Bcero, OT 0e30macHOW MPOJOKUTENHHOCTH —IHKIIA
WCTIBITAaHUSI W JJIUTETLHOCTH TPEOBIBAHUS TJIACTOMCIIBITATENST HA
3a00€ CKBaXHUHBI, OT HAAEKHOCTH €ro padoThl W KadecTBa
M3OJIAIIUA  HWCCIIEIyeMOTO WHTEpBaja, T.6. OT HaJIEKHOCTH
MaKepOBKH.

OCHOBHOHM »3Tal HKCCIEAOBaHUSA TNOAPA3NAEIAETCI Ha JBa
Mepuoia: Mepuoj MPUTOKA U TMEPHO], BOCCTAHOBIICHUS J1aBJICHUS.
Paboty mnacToucneiTaTens B pexXUMe MPUTOKA U BOCCTAHOBJICHUS
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JaBJICHUS HPUHSATO HA3bIBATh [IUKIIOM WCIIBITAHUS.
[IpogomxuTensHOCTh TEPBOro mepuona (mepuoja IMPHUTOKA)
3aBUCUT OT TIPOHHUIAEMOCTH TOPHBIX IOPOJ, COCTOSHUSA
npuzaboitHoi 30HbI Tutacta (I13I1), cBo#CTB mmacToBoro Gronaa u
nenpeccuu Ha miact. [lo ucredyeHnn BpeMEHHU IEpBOrO MEpHOAa
MyTh MOCTYIJICHUS XUJIKOCTU B KOJIOHHY TPYyO MepeKphIBAaIOT, U
HAYMHAETCS BTOPOM MEPHOJ - MEPHO BOCCTAHOBIICHUS /1aBJICHUS B
nmoAmnakepHor (MeXnakepHOH) 30HE, (DUKCUPYEeMbId TIIyOMHHBIM
MaHOMETPOM. PeruCTpUpYIOT TeMI U XapakTep BOCCTAHOBJICHUS
IJIACTOBOTO JIaBIICHUSI.

[To xomM4ecTBy IMKJIOB HCHBITAHHE MOXET OBITh OJHO- H
MHOTOIIMKJIOBBIM  (Yallle  JABYXIMKIOBBIM).  J[BYXIHKIOBOE
uCTbITaHUE  oOecrieunBaeT  0ojiee  BBICOKME  KAayecTBO U
JOCTOBEPHOCTh ~ HMHGpOpMAIMK, UYe€M  OJHOIMKJIOBoe. B
JBYXITUKIOBOM UCTIBITAHUU TIePBBIN KT urpaer
BCIIOMOTaTENbHYIO POJb. Ero mpoBoAsT A ynajaeHus] TIMHUCTON
KOPKU CO CTE€HOK CKBaXUHBI W pasrpy3ku II3II or u3bbITOUHOTO
JaBJleHUS, CQOPMHUPOBABIIETOCS TMOJA JCWCTBUEM JIaBICHUS
OypOBOI0 pacTBOpa B CKBa)KMHE.

B 00CaKEHHOM CTBOJIE MO>KHO MIPOBOJIUTH
MOJIyTOPAIMKIIOBOE UCTIbITaHUE. B 3TOM citydae pecypc xoJ1a 4acoB
MaHOMETpa MOYTH MOJHOCTHIO MCIOIB3YeTCS JJISl 3aliCH KPUBOU
BOCCTAHOBJICHHS JaBIICHUS Ha TMPOTSHKEHUH NEPBOrO IUKIA, a
3aT€M  OCYILECTBISIETCS  OTKPBITHIM mpuUTOK  ¢urouaa  0Oe3
pETUCTpALINH JABICHHUS.

JlomycTiMasi TpOAOIDKUTENFHOCT IIMKIIA WITH IHKIIOB (TIPH
MHOTOITMKJIOBOM HCTIBITAHUU) 3aBUCUT B OCHOBHOM OT YCIIOBUI
0e3aBapHiTHOTO HAXOXICHHsI TUTACTOUCIIBITATENSI B CKBOKUHE U OT
pecypca paboThl peruCTPUPYIOUINX TITYOMHHBIX IPUOOPOB.

Pacnipenenenne BpeMeHM Ha TPHUTOK W BOCCTAHOBIICHHE
JABJICHUS 3aBUCHT OT XapaKTepa MpOsSBICHUS IIacTa.

WuTepBan onpoOoBaHus BBIACISIOT HA OCHOBAHUW H3YYCHUS
T€0JIOTUYECKOTO pazpe3a M reojoro-reopu3nIecKux MpeanochuioK.
TouyHOCTh OmpeneneHus] TpaHUI] WHTEpBajla 3aBUCUT OT CTEMEHHU
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M3Y4YEHHOCTH pa3pe3a U 3a/1a4 ucciieJoBaHus. ['paHuLibl HHTEpBaia
UCCIIeIOBaHMsl  ylaeTcs oOTOuTh 0Oojee YETKO B  IOPOBOM
KOJUIEKTOpPE 110 CPaBHEHHMIO C TpEIIMHHBIM. B psane ciydaes
ONTUMAaJIbHAasl NIPOTSKECHHOCTh MHTEPBAJIA UCIIBITAHUS HAXOIUTCS B
npenenax 10-50 M. B 3anexxax ¢ M3BECTHOW MOIIHOCTBIO
He(TEHACBILIEHHOM YacTM B HWHTEPBAJI BKJIIOYAIOT BCIO €€
MIPOTSKEHHOCTh 10 OCU CKBaXHUHBI. J[OCTOBEPHOCTH IOJIy4aeMOil
uHbOpMAallUd M TOYHOCTb ONPEIENCHHUs] THIPOJANHAMHUYECKUX
XapaKTEPUCTUK MOBBIIIAIOTCS C YMEHbBIIEHUEM MPOTSKEHHOCTH
uHTepBaia. [Ipn HEOOXOAMMOCTH HHTEpBAJ HCHBITAHUS MOXKET
OBITh YMEHBIICH 10 1-2 M.

OOmMpHBIA ONBIT MCCIENIOBAaHUSA IJIACTOB C IOMOIIBIO
IUIACTOMCHBITATENIE  MOATBEP)KIACT OJNAaronpusTHOE BIUSHUE
PE3KOro M3MEHEHUs BEJIMYMHBI Jlenpeccud Ha iacT. ['myGokas
JeTIpeccusi CIIOCOOCTBYET WHTEHCHBHOMY YIAICHUIO TIMHHUCTOM
KOPKH, BOCCTaHOBJIEHHIO HPOHMLIAEMOCTH MpH3a00iHON 30HBI
TJ1acTa, MOABEPTIIEHCS OTPULIATEILHOMY BO3JICUCTBHUIO (QUIbTpaTa
OypOBOI'O PacTBOpa, U BBI3BIBACT AaKTUBU3ALUIO HE(DTENPOSBICHUS
U3 OTHEIBHBIX JIMH3 B OKPECTHOCTSAX CKBAXKMHBI M TOHKHX
nporactkoB. Hanbonee OnmaronpusiTHble yCIOBUSL CO3AAIOTCS B
TeX Cllydasx, KOrJa Aenpeccus B 3 pa3a PEBBIIIAET PENPECCUIO HA
IJ1acT MPHU BCKPBITUH.

ITpu nenpeccun Huxe 10 MIla custue OnoxupoBanus I1311
MOKeT ObITh Hed(pPexTuBHBIM. C TOUKM 3peHHs MPUTOKA
He(TerazoBoro COCTaBJISIOLIETO IJIACTOBOTO dronna
MOJIOKUTETIbHOE BIUSHUE OKAa3bIBA€T Takas Jempeccus, KoTopas
BbI3bIBACT TYpPOYJNEHTHBI peXuM TeueHus QIonga B IUIACTE.
Takum o00pa3oM, C yd4eToM YCTOWYMBOCTH TOPHBIX MOPOA
UCCIIElyeMOro 00BeKTa, TMpeNlelbHO JIOMYCTUMOro Iepemnajaa
JaBJICHUS Ha TaKepe M JOMYCTUMBIX JaBIIEHUN CMATUSA IS
OypwiIbHBIX TpyO HEOOXOAMMO IIJIAHUPOBATh MAaKCHUMAaJIbHO
BO3MOXKHYIO JI€MPECCUIO Ha TUIACT.

Haubonee  pacmpocTpaHeHHas  NpUYMHA  HEYIAYHBIX
UCHBITAHUN -HErepMETUYHOCTh MakepoBKU. HanexHOCTh paboThI
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[IaKkepa 3aBUCUT OT [PAaBUIBHOCTU OIPEIEIEHUS MECTa €ro
YCTAaHOBKM U TPaBUIBHOCTH M0A0Opa HAPYKHOTO JuaMeTpa
MaKepyromero syieMeHTa. Jlns ycTaHOBKM Makepa IOJ0UparoT
UHTEpBaJI, MPEACTABICHHBIH MOHOJUTHBIMU MaJIONMPOHHUIIAEMBIMHU
YCTONYHUBBIMU TIOPOJIAMHU.

MuHnumanbHas TPOTSKEHHOCTh ydacTKa YCTAHOBKHU TMakepa
nowkHa ObITh He MeHee 4 M. IlpaBwibHBIA MOXOOp aUaMeTpa
MaKepyILero JJIEMEHTa O3HadaeT olpejAesieHne HaubOoblei
BO3MOYKHOW €ro BEJIMYMHBI, IMPH KOTOPOHW IUIACTOHMCIIBITATEINb
CBOOOJHO TPOXOIUT IO CTBOJAY CKBaXUHBIL. COOTHOLICHHE
IUaMeTpa CTBOJA CKBaXMHBI B 30HE IIAKEPOBKU U JAMAMETpa
MaKepYyIIero JJIEMEHTa XapakTepuszyeTcss KO3 PHUIHEHTOM
nakepoBkd Yem MeHblne 3HaueHHE KOd(D(UIMEHTa MAKepPOBKH, TEM
BBIIIE TEPMETUYHOCTh MAKEPOBKM W HANAKHOCTh pPabOTHI Makepa.
OntuManibHble  3HaYeHHMs KOX((HIMEHTa TAKePOBKU HAXOISITCS B
npeaenax ot 1,10 mo 1,12.

OOmIyr0 MPONOIDKUTENHFHOCTh IMKIa PAOOThI TUIACTOMCIIBITATEIS
(T) B CKBayKHHE OMPENENSIOT MO JOIMyCTUMOMY BpeMeHH Oe3aBapUifHOTO
HAXO0XKIEHUS] MHCTPYMEHTOB B OTKPBITOM CTBOJIE CKBKHHBI H 110 PECYPCY
paboThl  PETUCTPUPYIOIIUX  CKBAKUHHBIX  MPHOOPOB  (MaHOMETP,
TEPMOMETP). [TponomkuTenbHOCTE  OE30MAaCHOTO  OCTaBJICHUS
TUIACTOUCTIBITATENSI B OTKPBITOM CTBOJIE cocrapisger or 30 MuH 10
HECKOJIbKHMX 4acoB. B ciydae oOcaXkeHHOTO CTBOJIA BpPeMsl UCIIBITAHUS
YCTOWYMBOCTH CTEHOK CKBOKUHBI HE OTPaHIYEHO.

3amaya MpaBHJIBHOIO pAclpeneieHls BPEMEHH M0 Iepuosiam
OTKpBITOTO TPUTOKA M BOCCTAHOBIICHWS JaBJIEHHs MPEACTaBIISIET
ONPENENICHHYIO  TPYIHOCTh,  TaK Kak  TpeOyeT  HEKOTOpbIX
TIPE/IBAPUTEIILHBIX CBEJICHM O CBOMCTBAX W HACBHIIICHWH OOBeKTa. B
CBI3M C O3TUM HHOIJA IPUXOOUTCS  IIPOBOAUTH  HECKOJIBKO
TIOCTIEIOBATENbHBIX UCIBITAHUH, YTOOBI JIydIlle MPHCIOCOOUTHCA K
PEXUMY IIPUTOKA.

CxeMmy 00OpylOBaHUSI YCTbSl CKB@KHHBI TPU  HCIIBITAHUM
pa3pabaTbIBAIOT B 3aBUCUMOCTH OT OXKM/IAEMOT'O MPHUTOKA U JABJICHUS Ha
ycThe. B mpocreiiiieM cirydae, Koria HET OMacHOCTH BBIOpOCa, CBEPXY K
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KOJIOHHE TPYO MOJICOSIMHSIOT BEIYILIyI0 TpyOy, a TpyOOmpoBOA I
YIaJICHHs! TIOCTYITUBIIIETO Ha YCThe (IIFOM/IA TOJICOSIMHSIOT K OTBO/LY Ha
CTOSIKE MJTH K BBIKM/THOM JIMHUK OypoBoro Hacoca. [Ipu 3ToM Ucosb3yroT
AJIEMEHTBI THIPABIIYECKON OOBS3KM M3 KOMIUICKTA IIEMEHTUPOBOYHOTO
arperata. Ecimm yctbe CKBaXMHBI 00OPYHOBaHO MPEBEHTOPOM, OH
3aKpbIBACTCS Ha KOJIOHHE TPYO.

Bonee yno0HO HCIIONB30BaTh HA YCThE KOHTPOJIBHYIO TOJIOBKY-
BepTIOr ¢ MaHudonbaoM (pucyHok 7.7). Takas Tor0BKa-BEepTIIFOT
o0yeryaeT MOJCOS/IMHEHNE YCThEBBIX KOHTPOJBHBIX IMPHOOPOB, OTOOP
npo0 Ha YCThE IPU HCIBITAHUM, TOIKIFOYCHHE [IEMEHTUPOBOYHOTO
arperara.

Bonee croxHYr0 cxeMy OOBSI3KM TIPUMEHSFOT TIPU HCITBITAHHU
TUTACTOB C BBICOKUM IUIACTOBBIM JABJICHUEM.
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Pucynok 7.7 -KoHTtposbHast rofoBka-BepTIor: 1 - mepeBoaHUK K
Benyueil Tpybe, 2 - mpoOKoBBIH KpaH, 3, 8 - COeIMHUTENbHbIE
NIEPEBOJHUKH, 4 -pECTOBHHA, 5 - pa3JeNUTENb K MaHOMETPY; 6 -
OTBOJI, 7 - MPOOKOBBII KpaH.
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HcnplTanue B OTKPHITOM CTBOJIE CKB&KMHBI BBI3BIBACT
BPEMEHHBI TEepephlB B HOPMAJIbHOM Ipoliecce OypeHus Hu
MpeKpalieHnue HUPKYJSIIUA TPOMBIBOYHOM KUAKOCTH. B cBsizu ¢
TUM CKB@)XMHA JIOJKHA OBITh NOJArOTOBJIEHA K UCHBITAHUIO TAKUM
00pa3om, 4TOOBI B TEUEHUE IIUKJIA HCIIBITAHUS B HEH, HECMOTPS Ha
OTCYTCTBHE ILIMPKYJSALMK, HE BO3HMKAJA aBapuilHas CHUTyalus,
yrpoxarouiasi ~ NpPUXBaTOM  HaxoJsUIErocsi B CKBAXKUHE
UHCTPYMEHTA.

TexHonmormuecknii pexxuM OypeHHs TpPH TMOAXOIE K
UCClIelyeMOMY OOBEKTY JOJDKEH CIOCOOCTBOBATH COXPAHEHHUIO
HOMHMHAJIBHOTO JlMaMeTpa CTBOJIa CKBaXKuHBL. [lpu mnocienHem
peiice MOAroTaBIMBAIOT 3a00M JUIsl YCTAHOBKM IJ1ACTOUCIBITATEIS.
[lepen cmyckoM MJIAaCTOUCIBITATENSl MPOBOJAT PEBU3UI0 U
Texo0cIy)KUBaHUE Ha3eMHOI'0 o0opyoBaHus, 4TOObI
MpeNyNpPEaUTh MTOJIOMKU U O0TKa3bl. Jo crycka He0O0X0IMMO UMETh
TaKXe CBEIECHUS O IUIOTHOCTH OYpOBOIO pacTBOpa B CKBaKMHE,
Harpy3ke Ha KpIOKE IpH CIYIIEHHOH KOJIOHHE TpyO, CHUYKEHUU
Beca Ha KpIOKe MpH MMaKepOBKe U Pl IPYTUX CBEICHHM.

Cryck MacTOMCIIBITATENsl OCYIIECTBIISIOT IUIaBHO  0e3
TONYKOB M PBIBKOB. ECIM TpW cITycKe BO3HHKAIOT HPUXBATHI
(mocagky) HHCTPYMEHTa, HEOOXOOUMO OBICTPO  Pa3Tpy3uTh
WHCTPYMEHT, MPHUIIONHATH €ro Ha 1-2 M W OCBOOOIUTH IS
NPOXOXKJIEHUST  CY)KEHHOIO  ydacTKa  CTBOJAa  CKBAKMHBI.
JInmuTenbHOCTh TOCAJIKM HE JobkHa mpeBbimath 30 ¢ BO
n30eKaHUue MPEXKIEBPEMEHHOTO OTKPBITUS BITYyCKHOIO KJIalaHa
iactoucnsitaTend. Ilpu cnycke MHCTpyMeHTa BHHMaHUE HaJo
YIENATh 00eCIeUeHUI0 TePMETUYHOCTH KOJIOHHBI Tpy0. Pe3nboBbIe
COeUHEHMS TPYO MOJIKHBI OBITH XOPOILIO CMa3aHbl U YIUIOTHEHBHI.
IlepBbie nBe-TpU TPYOBI 3alONHAIOT KaYeCTBEHHBIM TIIMHUCTHIM
pacTBOpOM, a 3aTeéM B CIYCKaeMyl KOJIOHHY NEepUOJANYECKU
JIOJIMBAIOT KHUJIKOCTb, YTOOBI K KOHILY CITyCKa KHJAKOCTh 3aIl0JIHIIA
KOJIOHHY J0 YPOBHS, IPEIyCMOTPEHHOTO M3 pacueTa CO3JaHHs
JIeTIpeccuy Ha IiacT. [ epMeTHYHOCTh KOJIOHHBI B ITPOIEcCe CIyCKa

231



KOHTPOJMPYIOT IO Harpy3ke Ha KPIOKE U MHTEHCUBHOCTU H3JIMBa
pacTBoOpa U3 CKBa>KMHBI.

Ilocne cnycka MHCTpYMEHTa B CKBa)KMHY BEpPXHSS 4YacTh
KOJIOHHBI JIOJKHA HaxXOJMUTHCS HaJ pPOTOPOM Ha BBICOTE 2-3 M.
[Tocneantoro TpYyoy, [10/ICOEIMHEHHYIO K KOJIOHHE,
3a01aroBpeMeHHO 000pyAyIOoT oTBoaMu. [locne ee HaBUHYMBAHUS
Ha KOJIOHHY yCThE€ 000PYAYIOT 110 IPUHSITOMN cXeMe.

[lepen TemM Kak NPUCTYNUTh K IAKEPOBKE, U3MEPSAIOT BEC
[IO/IBEILIEHHOT0 MHCTPYMEHTA Ha KPIOKE U BBIUUCIISIIOT OCTaTOYHYIO
Harpy3Ky Ha KpIOKe @pH DakepoBke. Pasrpyxkas dacth Beca
KOJIOHHBI TPYO Ha 320011, CO3/1at0T Harpy3Ky Ha Mmakep.

[locne mnakepoBKM 1OA JAEUCTBUEM TOW K€ Harpys3ku
MEePEIYCKHOM KJIanaH 3aKpbhIBAETCS, @ BIYCKHOW OTKpbIBaeTcsa. B
3TO BpEMsl KOHTPOJHUPYIOT KauyeCTBO IIAKEPOBKU 110 YPOBHIO
KHUJKOCTH B CTBOJE CKBAaXHHBI: €CIIM OH COXpaHSET CBOE
MOJIOKEHUE, IIaKepOBKa HAJEKHAsl; pPE3KOE €ro CHMIKEHHE
CBUJETENBCTBYET OO0 OTCYTCTBMM H3OJSLUH  IOAMNAKEPHOTO
MPOCTPAHCTBA OT CKBAXWHBI - B 3TOM CJIydae IMPUXOJUTCA
MIPUHUMATh MEPHI JIJIs1 TOBTOPHOM MaKEPOBKH.

[Tocne OTKpBITHS BIYCKHOIO KJlamaHa B KOJIOHHY TpyO
HAaYMHAET TMOCTYNaTh IUIACTOBBIA (IO, TPU HHTEHCHBHOM
MPOSBIEHUM IUIaCTa HA YCTb€ MOXET HaOIIoAaThCsl H3JIUB
KHUJIKOCTH, 3IMTOH B KOJOHHY, M Jaxe rmiactoBoro ¢uounna. O
MOCTYIUIEHUH JKUJKOCTH B KOJIOHHY MOXHO CYIUTh IO
BBITECHEHHIO U3 Hee Bo3Ayxa. [1o ncredyeHnn BpeMEHM OTKPBITOTO
MIPUTOKA BpallleHHEM POTOpa 3aKPBIBAIOT 3aMOPHBIM MOBOPOTHBIN
KJIallaH, ¥ B TAKOM COCTOSIHMM IJIACTOMCHBITATENb OCTaBISIOT B
MTOKO€ JIIsI 3aIIMCH KPUBOI BOCCTAHOBJICHUS JaBJICHUS.

3aBeplIMB LMKJI HUCIHBITAaHUS, K HMHCTPYMEHTY NpHJIararoT
ycuine HatsbkeHus, Ha 10-15 % mpeBslmatoriee nepBoHavalIbHYIO
Harpy3sky Ha Kkproke. Ilog nedicTBueM CHIl  pacTsKEHUS
OTKpBIBAETCSl YpaBHUTENbHbIN KjlamaH, JaBJI€HHUE B IMOIMAaKEPHOMN
30HE€ PE3KO BO3pacTaeT Jd0 TUAPOCTATUYECKOTO B  CTBOJIE
CKB&)XMHBI, MEpENaj [NaBJICHHS Ha MAKepe HCYe3aeT, W MaKep
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BO3BpAIACTCsl B UCXOAHOE MOJIOKEHUE. B HEKOTOPBIX ciydasix 1is
CHATHS TIaKepa TMPHUXOTUTCS Npuiaratb Oojee 3HAYUTEIbHBIC
YCUJIHSI WM IPUHUMATD JOMOJTHUTEIBHbBIE MEPHI.

[Tocne ocBoOOXIEHHSI TAaKepa MHCTPYMEHT IOJHHMAIOT W3
CKBaXHHBI. [Ipy mombemMe KOJOHHBI 4Yepe3 KaxkIble IBE-TATh
CBeuel oTOMparoT MpoOkI KHUIKOCTH Ha aHaW3. Eciu B CKBakuHe
NposiBJieHne ObUI0 WHTEHCUBHBIM W KOJIOHHA TpyO 3aroiHeHa
TUIACTOBBIM (HITFOMIIOM,

€r0 MOXKHO BBITECHUTh 4Yepe3 IMPKY/SIMOHHBIA KiIalmaH B
3aTpyOHOE IIPOCTPAHCTBO U MPOOY OTOOPATH Y YCThSI U3 MOTOKA.

W3 momHsTOr0 Ha TOBEPXHOCTH IUIACTOMCIIHITATENS HM3BIICKAIOT
[JIyOMHHBIC MaHOMETPhl W Ha JMarpamMmax JIaBJICHHs JICJIAroT
JIOKyMEHTAIBHBIE 3aITUCH O JIaTe MPOBEICHUS MCIIBITAHKSI M MHTEPBAJe
uctbranust. 13 mpo6oorbopHrka oTorparoT npoly IacToBoro (uonaa
Y HanpaBSIOT ee B Jaboparopuio Ha aHam3. B maboparoprm
ONPEICIISIFOT KOMITOHGHTHBIN COCTaB TpPOObL, (PU3MYECKHE CBOMCTBA
1poOBI M KOMITOHEHTOB, KOJITYECTBO 1 COCTAB ra3a B Ipooe.

OCHOBHOM ~ JIOKyMEHT, TMONy4aeMblii B pe3yibrate paboThI
TUIACTOUCTIBITATENSI B CKBOKWHE, - JUarpaMma JaBJIeHUs] TTyOMHHOTO
peructpupyroriero MmaHoMerpa. OObIMHO B KOMIUIEKT IUIACTOUCITBITATENIS
BKJIIOYAIOT HECKOIBKO TIIYOMHHBIX MaHoOMeTpoB. OmMH W3 HUX,
Ha3bIBAEMBIIi TPYOHBIM, pPa3MEIIAIOT BBIIIE 3aMOPHOTO TTIOBOPOTHOTO
KJaraHa B TMPOMEXKYTKE MEXIY HUM U IHMPKYIAIMOHHBIM KJIAIIaHOM.
OcHOBHOI MaHOMETD (3a00WHBIN) pa3MEIaloT HIbKE (PUITHTPa 32 TITyXUM
nepexoqHukoM. JUis  HaZeKHOCTM €ro IOKazaHWs TyOIHpYIOT
JIOTIOJTHUTEIIbHBIM ~ MaHOMETPOM, KOTOPBI  TTIOMEIAIOT BMECTE C
OCHOBHBIM WJH B (puibTpe. B HEKOTOPBIX CllydasX ero yCTaHABIMBAIOT
BBIIIIE OE30IMACHOTO TIEPEBOTHIKA IO/ THAPABIMYECKAM HCITBITATEIIEM,
9yTroOBl B CJy4ae HEOOXOAMMOCTH M3BJI€Yb W3 CKBKHHBI IOCTIE
Ppa3zbeIMHEHNsT OE30TTaCHOTO TTEPEBO/THHKA.

[omHyto wuH(pOpPMAIMIO O HAASKHOCTU IUIACTOUCHIBITATENS U
paboTe TuacTa Ha pa3HbIX JTalax WCIBITAHWS TIOMYYaroT C TIOMOIIBIO
JIByX MaHOMETPOB - 3a001HOT0 U TPYOHOTO.
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3a00iHBIA MAHOMETP PErHCTPHPYET MOJIHYI0 KApTUHY W3MEHEHHS
JIaBIICHHs] B CTBOJIE CKBAXUHBI IPOTUB (PUITBTpa, B IPOMEKYTKE BPEMEHH
MEXTy TIAKEPOBKOM 1 CHSATHEM TaKepa 3a00iHBI MAaHOMETP (DHKCHPYeT
W3MEHEHHE JaBlICHUs B TMOANAKEPHOM 30HE, T.€. Ha BCEX JTamax
WCTbITaHUA IUIacTa. Ero moka3aHvs OTHOCAT K BEPXHEH OTMETKE
MIPOHUIIAEMOM YacTH MCIBITYEMOro MHTEpBAIA WM K [TyOMHE YCTAHOBKH
TaKepa.

TpyOubrit MaHOMETP MO3BOJISIET KOHTPOJIHPOBATh
TePMETUYHOCTh KOJIOHHBI TPYyO, NaBICHHE JOJMBAa B KOJIOHHY M
W3MEHEHUE JaBJICHUS B KOJIOHHE B MEPUOJA OTKPBITOTO MPUTOKA.
Ero mnokazaHus OTHOCAT K TJIyOMHE pAacIOJIOKEHUS B CTBOJIE
CKBa)KMHBI 3a00ITHOTO MITYIEpa WM TUAPABIUUYECKOTO UCIIBITATENS
TUTaCTOB.

Jliia peructpanuu JaBiICHUs UCTIONb3YIOT ONaHK MUpUHON 60
MM # BeicoTOM 120 MM. Ero 3ampaBisitoT B KapeTKy, KOTopas y
MaHOMETPOB MOPIIHEBOTO TUIA COBEPIIACT OAHMH MOJHBIA 000POT
3a 1 y wnu 3a 4 4. Pecypc paboTsl yacoBoro Mexanusma ot 8 10 24
4. Takum oOpa3om, Ha oAWH OJaHK Ha MPOTSHKEHUH HCIBITAHUS
MOKa3aHUs MaHOMETpa 3alMCHIBAIOTCS MHOTOKPATHO (PHCYHOK
7.8).

I'enukcHbIE MaHOMETPHI MMEIOT HECKOJIBKO HHYIO CHUCTEMY
perHcTpanyy JIaBlieHus. B HUX KapeTka ¢ 3aKperuIeHHBIM OJJaHKOM
MePEeMEIIaeTCsl YACOBBIM MEXaHU3MOM C TIOMOIIbIO BUHTOBOM Maphl
C TIOCTOSTHHON CKOPOCTBIO BAOJIb OCH, @ TIEPO HAHOCHT IOTIEPEUHBIE
MeTKU. Pecypc dYacoBOro MexaHW3Ma TeIMKCHOTO MaHOMETpa
MOYKET TOXOIHUTH 10 72 .

Toryac mocne usBneuenus u3 KWW TexHomor TtmaTenbHO
MPOBEPSICT JMAarpaMMbl JIaBJICHUS, 3allMCaHHBIC TJIYOMHHBIMHU
MaHomeTrpamu. OH J[OJDKEH CAeNaTh 3aKIIOUeHHE O KauecTBE
WCIIBITAHUSA, €T0 3aBEPIICHHOCTH M HEOOXOIMMOCTH ITOBTOPHOTO
UCIIBITAHUS.

[Ipexxae yeM TPHUCTYNHTHh K aHAIW3y JaHHBIX TIIYOHMHHOTO
MaHOMeTpa M pacyeTy IO HEMYy XapakTEepHUCTUK Iutacta (WUiu
UCCIIETyeMOr0  MHTEpBala),  MNPOBOAAT  MIPEIBAPUTEIHHYIO
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00paboTKy auarpaMMbl W TO HEH CTPOST pa3BEpHYTHIA Tpaduk

u3MeHeHus: jaaBieHuss Bo Bpemenu p = f(t). [ns ymoGcrea
pacmpoBKM  aUarpaMMm  HCHOJB3YIOT  Kommaparop. Ha
pasBepuytoM rpapuke p = f(t), mocrpoeHHom Mo nuarpamme

JIABJICHUS, 3aIIMCAHHON 3a00MHBIM MaHOMETPOM, OTPAKAIOTCS BCE
3Tanbl U PaKTUUECKHE PEKUMBI UCTIHITAaHUSI.

B  oOpaGoTrke  gumarpamMM  JaBl€HHs,  3alHMCaHHBIX
INIyOMHHBIMH ~ MaHOMETpPaMH, TMPAKTUYECKH TMPUMEHSIOT JBa
MeToma: 00pabOTKy jaumarpaMMm IO  JKCIPECC-METOAy U
KaMepalibHyI0 00paboTKy.
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Pucynok 7.8 -IIpumep nuarpammel, 3alMCaHHOW € MOMOIIBIO
ryOMHHOrO MaHoMmerpa mnopumHeBoro Tuna MITI-3M  npu

WCIIBITAHWM IIacTa: 1, 2 - THAPOCTAaTHYECKOE JaBJICHHE B
CKBa)KMHE COOTBETCTBEHHO JO HCIBITAaHHS H MOCJe HEro; 3 -
OTKPBITHE MPUEMHOTO KJlamnaHa; 4 - OTKpBITHE
YPaBHUTEIBHOTO KJIamnaHa; 5 - KpHUBas BOCCTaHOBJICHHUS

3a00MWHOTO AaBieHUS; 6 - MPUTOK; 7 - HAYAJIO OTCYETA JABICHUS
(HyneBas IUHUSA).

236



DKcIpecc-MeTol  MO3BOJIIET Cpa3y IOCie IMPOBEACHUS
UCTIBITAHUN B TMOJICBBIX YCJIOBUSX OICHHTh HauOoOJiee Ba)KHBIC
THIIPABIIMYECKUE  XAPAKTEPUCTHKH  HMCCIEIyeMOro  OOBEKTa:
IJIACTOBOE JABJICHUE Ppy, 11a; K03DPUIMEHT THAPOTPOBOAHOCTH
ucneitannoro uHrepBaga (kK-h)/u, (K - cpemuuii xoadduimeHt
TPOHMIIAEMOCTH, M’); MOIIHOCTb HHTEpBaia h, M; BS3KOCTh IUTACTOBOIX
XKUIKOCTH 11, [lax; TMOTeHIMaTbHBIA KOI(DQPHIMEHT POAYKTUBHOCTH
IACTa Thor, MY/(cyrMITa), cpemmmii  (axTrdeckuii  kod(dHLECHT
MPOAYKTUBHOCTHU IIACTa TPU UCIIBITAaHUH T, M3/(cyT-MHa); CpEITHUIA
K03 UIMEeHT Mpr3aboHHON 3aKyIOpKH U KOd(D(HIMEHT NPU3a00iHOM
3aKYIMOPKH B KOHIIE ITPHTOKA.

Ilo skcnpecc-meTony 00pabaTHIBAIOT JIHArPaMMBI, 3alMCAHHBIC
3a00iHBIM U TPYOHBIM MaHoMeTpamu. C 3THX JMarpaMMm Ha y4acTKax
TIPUTOKA M BOCCTAHOBJICHHS IABJICHHSI CHIMAIOT MTOKa3aHHs B HECKOJIBKUX
XapaKTepHBIX TOUKaX (PUCYHOK 7.9).

PA

=

g t

Pucynok 7.9 - Toukm 3amepa JaBieHMs] Ha JMarpamMMax
3amMcaHHbIX 3200iHBM (1) 1 TpYOHBIM (2) MaHOMETpamMu
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VYyactku AB n EG 3anmcanbl B Tieprof; OTKPBITOrO MPUTOKA, a
yuactku BD u GH - npoTspkennn BoccTaHoBIeHus apiieHus. Ha kprByro
BD mnanocsT mpomexyrounyto Touky C, Ha ymmmo EG - Touky F.
[Nonoxenue Touek C u F Ha quarpamMme BBIOMPAIOT MPOU3BOIBHO, HO C
TaKMM pacyeToM, 4TOObI KaKmas OTCTOsUIa OT MOCIEAYIOIIEH TOYKU
( b m G COOTBETCTBEHHO) HAa PACCTOSHUM, COOTBETCTBYIOIIEM B
Macurabe BpeMeHH 1-5 MHH, a pa3HOCTh JABICHUS B KOHEYHOW M
YKa3aHHOW TOYKAaX [MpEBbINAIA YyBCTBUTEILHOCTh  IUTyOWHHOIO
MaHOMETpA.

JIst KaKI0M U3 yKa3aHHBIX HA pUCYHKE 7.9 TOueK 1o AuarpaMMam
ONPENENIIOT KOOPAMHATHI JaBIEHHS M BPEMEHH M C IIOMOUIBIO
TapUPOBOYHBIX TAOJHII IEPEBOIAT B AMHUIIBI IABICHHUS U BPEMEHHU.

[IpenBaputenbHas  OLIEHKAa  pe3yJIbTaTOB  MCIIBITAHUS
JKCIIPECC-METO/IOM TO3BOJISET CENaTh 3aKIIOUEHUE O TMOJIHOTE
MOJIyYeHHOM MHpoOpManuu [Uid XapakTepUCTHUKU OOBEKTa, O
MPOMBIIIJICHHOW ~ €ro  3HAYMMOCTH  HJIM  HEOOXOIMMOCTH

MMPOAOJIKCHUA HCIIBITAHHI. HpOMI)IIHJ'IeHHYIO 3HAYUMOCTD
HUCCICIOBAHHOTI'O 00BeKTa OIICHUBAIOT Ha OCHOBAaHUH
COIMIOCTABJICHUA BBIYHMCJICHHBIX XapPaKTCPUCTHUK. Ecau

kod(ppurmeHT runponpoBoaHocTu He mpeBbimaet 0,1 u cpemuwmit
Ko3ppuureHT npu3aboitHOi 3aKkynopku paBeH npumepHo 0,5-1,5,
TO OOBEKT MOXKET ObITh OTHECEH K HEMPOyKTUBHBIM.

Ecnmu  daxtnueckuii Kod(p@OUIMEHT NPOIYKTUBHOCTU HE
IIPEBBIIIACT 0,01010° MS/(HaDcyT), TO TpU HE3HAYUTEIBHOM
kod¢dunmente npuszabdoitHoii 3akynopku I1, ucnbITaHHBIN 0OBEKT
MOJKET OBITh TAK)KE OTHECEH K HETPOTyKTHBHBIM.

Ecnmu  moreHumanpHbIE  KOXQQPUIMEHT MPOAYKTUBHOCTH
npesbimaer 0,01 010° M3/(HaDcyT) u K03 dULEeHT
npu3aboWHONW 3aKkymopku Bbime 1,5, TO mpu GraronpusTHBIX
YCIIOBUSAX (HAJIM4YUe TNPU3HAKOB HEPTH U Traza) peKoOMEeHAyeTcs
MIPOBECTU MOBTOPHBIE UCTILITAHUSI.

OxoHUaTenbHBIE 3HAYCHUS THIPABIUYECCKAX IapaMETpPOB
O00BEKTa HCIBITAHUS M €ro TMPOMBIIICHHYI0O 3HAYUMOCTh
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YCTaHABJIMBAIOT B PE3yJbTaTe KaMepajbHOH 00pabOTKH, KOTOPYIO
MIPOBOJIAT ITOCJIC 3aBEPIICHUS UCTIBITAHUH.

TEMA 8. OCBOEHHUE CKBA’XKMH U BbI3OB
INPUTOKA U3 ITPOAYKTUBHBIX 'OPU30OHTOB

8.1. OBIIUE HOHATHUI OCBOEHUS CKBAXWH

OcBoeHNE CKBOXUHBI - OCOOBIM TEXHOIOIMUECKHH 1MKII, KOTOPBII
3aBEpIIAECT €€ CTPOUTENLCTBO. KauecTBO OCBOGHHS M Pe3yNbTaThl
TIOCIIEYIOIIEH AKCIUTyaTalui CKBKUH 3aBHCST OT TOTO, HACKOJIBKO
3(deKTUBHO ynaeTcsi BOCCTAaHOBHUTH (PUITBTPALIOHHBIE XapaKTePUCTUKH
MPOYKTUBHBIX ~ IIACTOB-KOJUIGKTOPOB,  CHIDKGHHBIX Ha  CTAIMSIX
MIEPBUYHOIO U BTOPUYHOTO BCKPBITUS IUIACTA, TPU BHI3OBE MPUTOKA,
MPIMEHEHNH Pa3IMYHBIX METOJIOB MHTEHCH(DHUKAIN TIPUTOKA U3 TLIACTA.
KauecTBO OCBOCHUSI CKBKHH, B KOHEYHOM HTOTre, OIMPEENSeT TEMITbI 1
XapakTep pa3pabOTKH MECTOPOYKICHHA.

Ilon ocBoeHMEM CKBaXMH MOHMMAETCS KOMIUIEKC MPOBOAMMBIX
paboT 1o OKOHYaHWM OypeHus, KperuieHuss | rnepdopaiyy  (Wm
KalTMTATGHOTO PEMOHTA) C MEbI0 TOMYYEHUSI TPU  ONTHMAIBHBIX
TEXHOJIOTMYECKUX PeKMMax paboThl AKCILUTYaTal[MOHHOTO — IUlacTa
(oObekTa) MakcMManbHOrO JeOura HedTH (raza) WM JTydien
NPUEMHCTOCTH TUTAcTa MU 3aKauke B Hero (uronoB. MHoraa ocBoeHne
COBMEIIAIOT C THIPOPA3PHIBOM IUIACTA, HO 3TO CKOpEe MCKIIFOYCHHE U3
TpaBuUIIA.

I[poriecc OCBOSHWST CKBXKHHBI 3aKIIFOYACTCS B BO3OYKICHUN
CKBaKMHBI, OUMCTKE MPUCKBAXUHHOM 30HbI 11acTa (I13I1) ot sxumkoctn 1
MPOUMX 3arps3HSIONIMX TPUMeEcel, HaXOmIIMXCs B CTBOJE, B
MPOBEJICHUN HEOOXOAMMBIX PabOT ISl YIydIieHHs! (PIIBTPAIMOHHOM
XapaKTEPUCTHKH TPUCKBKIHHHOMN 30HBI IPOTYKTHBHOTO TIIACTA.

CynHocts  BO30YXIEHUSI CKBAKUHBI COCTOUT B TTOHIKEHHH
nasieHnst Ha 3aboe (B I13I1), cozmaBaemoro cronboM OypoBOro pacTsopa
(M MHOM KUIKOCTH), PA3IMYHBIMU CIIOCOOAMU JIO JABIICHHS MEHBIIIC
TUIACTOBOT'O, YTOOBI 00ECTICUNTh IPUTOK HE(PTH MIJTH Ta3a B CKBOKHHY.
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[onmwkenne napieHUs y 32008 CKBOKHUHBI MOXET OBITh
JOCTUTHYTO CIICAYIOLLIMU criocobamu:
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- 3aMeHOil OypoBOro pacTBOpa pacTBOPOM MEHBIIEH
IUIOTHOCTU (pa3HHIIA B IUIOTHOCTH MOCJIEIOBATENILHO 3aMEHSIEMBIX
JKUIKOCTEH He J0JDKHA GbITh Gonee 500 kr/m’);

- 3aMEHOI OYpOBOT0 pacTBOpa BOIOH;

- CHIDKEHUEM YPOBHS )KHJIKOCTH B CKBOXKUHE (CBAOMpOBaHUE,
MOPIIIHEBAHUE),

- HCIIONB30BAaHUEM adPUPOBAHHBIX KHUJIKOCTEH ¥ TICHHBIX
CHUCTEM,;

- IOPILIHEBAHUEM C [10/IKAUYKON Ira3000pa3HOro areHTa;

- TIPOMBIBKOW CKBaXUHBI ((POHTAHHOW) HAXOJAIIEHCS B
CTBOJIC JKHUIKOCTHIO TIPU TIPAKTHYECKOM PABEHCTBE JIaBIICHUH
mactoBoro u B I1311.

Br13oB mpuToka (ironaa U3 MpOAYKTUBHOTO IUIACTA - OJHA
U3 CaMbIX OTBETCTBEHHBIX ONEpaluii B TpoOIecce OCBOCHHS
CKkBaXUH. [IpUTOK KUAKOCTH M3 TUIACTAa HAYMHACTCS TOTJQ, KOTAa
JaBJICHUE CTOJI0A JKUIKOCTH B CKBAKMHE CTAHOBHUTCS MEHBIIIE
IJIaCTOBOTO JIaBJIEHUS, T.€. IPU CO3/1aHUHU JETPECCUH Ha IIacT.

[Tpu BBI30BE MpUTOKA (QIFOUAOB U3 KOJUIEKTOpa HE0OXO0IMMO
YUUTHIBATh BEIIECTBEHHBI COCTAaB IUIACTa, YCIOBHUS 3ajeraHus,
XapakTep MpOsBICHUS BOA U Jp. Hemoyder KOHKPETHBIX YCIOBHI
MOXKET TPHUBECTH K pa3pylIeHUsIM ClIa00CIIeMEHTHPOBAHHOMN
MOPOJIBI B IPUCTBOJIBLHON 30HE, HAPYIICHUSM IIEMEHTHOTO KOJIBIIA,
nedopmauu AKCILTyaTaIl[MOHHON KOJIOHHBI, MPOPBIBY
MMOCTOPOHHUX BOJ M T.J.

CuuTaroT, 4TO MPUTOK OyAE€T WHTEHCUBHBIM TNPHU CO3JaHUU
BBICOKHX JENpPECCHM Ha IIACT, JOCTUTaeMbIX 3a KOPOTKHM
MPOMEXYTOK BPEMEHH, TMpHYeM [OoCcle Hadaja MPUTOKA
PEKOMEHJIYETCSI HEKOTOPOE BpeMsl TIOIICPIKUBATE (POPCHUPOBAHHBIN
pPEXHUM pabOThl CKBAKWHBI TSI XOPOIIEH OYMCTKH MPU3a00MHOMN
30HBI IJ1acTa. B HEKOTOPBIX cirydasx (MMPOYHBINA IUIACT-KOJUIEKTOP,
OTCYTCTBHE TOJONIBEHHON BOJBI) MOJOOHBIM TOIXOJ MPHEMIIEM,
HO YyKa3aHHas TOYKa 3pEHUS TPOTHBOPEYHT COBPEMEHHBIM
TpeOOBaHUSM K OCBOCHHIO CKBXHH. Pe3ylbTaTUBHOCTh €€
3aBUCUT OT 3(dekTuBHOCTH paspymieHus Oyokansl B [13I1. Bua
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OJIOKaZbl XapaKTepu3yeT CTENeHb yIiepda Ui MPOTyKTHBHOTO
rJiacTa u onpenenseT s dexTuBHOE
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BO3/ICICTBUE, OOECIEUMBAIOIICE TIPOPHIB  ITOM  OJNOKamsl W
BOCCTaHOBJICHUE TPOJYKTUBHOCTH CKBaXUHBI (1U1acta). Kareropuu
omokael [1311 kmaccuUIMpYrOTCS MO CTETIEHU 3arps3HEHUS ¢ YIeTOM
MPOLIECCOB, MPOUCXOAANMX C TOM WJIM MHOM MHTEHCHBHOCTHIO B [13I1
TIPH BCKPBITHH TU1AcTa OypeHHeM.

3T niporiecchl HEPaBHO3HAUHBL, U OLIEHUTD CTENEHb BIMSHUS UX Ha
(UIBTPAIMOHHBIE XAPAKTEPUCTUKH IUIACTA MOXKHO JIMINL TIPA ydeTe
peaIbHBIX TOPHO-TEOIOTMYECKHX YcioBuid. [poriecchl, mpoucxozsiue B
[13[1, cucreMatu3upyrOT, Kak IMPaBWIO, IO TPU3HAKAM BO3/ICHCTBUSL
JIBroKy1Ien CHII0M 3THX MPOLIECCOB SBIISFOTCS:

- TIeperna/ibl IaBJIeHNs Ha TUIACT U UHTEHCUBHOCTD WX MPUJIOKEHIS;

- pa3HOCTb 3a00MHOM U TIJIACTOBOM TEMIIeparyp;

- PE3YNIBTUPYIOIIEE JaBICHUE (DUBHKO-XUMHYECKUX TIPOIIECCOB,
KOTOpBIE ~ OMPEICISIIOTCS  HAIMYMEM KOHTPAKIMOHHOTO — TPaJUeHTa,
TpaeHTa HAIMPSDKEHUST CMAYUBAEMOCTH, SJIEKTPOABIKYIIIMMH CHJIAMH 1
T.1.

Bozneticteue Ha [13[1 mpuBOAWMT K CHWDKEHUIO TIOJBIDKHOCTH
areHTOB, HACBHIIAIIIMX 3Ty 30HY, K M3MEHEHHIO CTPYKTYPhI U 00beMa
(UIBTPYIOIIEro MPOCTPAHCTBA, YTO B KOHEYHOM CYETE CHIDKAET
TIPOYKTUBHOCTH ITJ1acTa.

W3menenne  cTpykTypsl  (QUIBTPYIOIIETO  MPOCTPAHCTBA
XapaKTepu3yeTcss  TMepepacipesiefieHieM pa3MepoB  TOp 3a  CUET
(BUYECKOro MPOHUKHOBEHHS TUCHEPCHOM (ha3bl OYpPOBBIX PAacTBOPOB.
DTO MPOHUKHOBEHUE OIPENENSETCS COOTHOIIEHHEM pa3MEpPOB YaCTHI]
TBepAOH a3kl U TOp M XapaKTEPHO ISl TOBEPXHOCTHHIX YYaCTKOB
CTBOJAa, TJAE€  TPOMCXOJWT  WHTEHCHBHAsS  KOJbMaTalksi  C
riepepacpeieiCHUEM T0p TI0 pa3MepaM.

OtHocuTeNIbHO ~ OoJiee  paBHOMEpPHOE  W3MEHEHHe  00bema
(UIBTPYIOIIEro MPOCTPAHCTBA TMPOMCXOAUT B pe3ylibTare HaOyXaHWs,
(hopMHUpOBaHUSI WM PA3MBIBAHKS /ICOPOITMOHHBIX U TUAPATHBIX TICHOK

Ha ITOBEPXHOCTH TI0P.
CyIecTBEHHOE BIMSIHKE Ha MOJIBIKHOCTD YITIEBOJOPOJIOB B 30HE
IIPOHUKHOBEHUS OKa3bIBAET riepepacpeiesicHue

BOI[OHe(bT €Ira30HaChIIIICHHOCTH n HaJIM4yue BHCECCHHBIX W
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CKOHJICHCHPOBAHHBIX B IIACTOBBIX YCIIOBHSX BEILECTB, HAXOSIIMXCS BO
B3BEIIEHHOM COCTOSHUM.

CHKeHme MoJBKHOCTY KUAKKX yriieBo0po1oB B [13I1 3a 30n0i
MIPOHUKHOBEHHSI IPOMCXO/IUT IPH CHIDKEHUHU TEMIIEPATYPhI U JaBJICHYS B
OKOJIOCKB&KUHHOM TIPOCTPAHCTBE TPU LIUPKYISIIUKA OypOBOrO pacTBOpa
3a cueT (pa3oBbIX MEPEXOOB (BBIIETICHUE TBEPIBIX MM Ta3000pa3HbIX
KOMITIOHEHTOB).

Paspymenne wm nedopmaiyis MPOHULIAEMOTO MPOCTPAHCTBA,
KOTOpBIE BO3MOYKHBI KaK IPU BCKPBITHHM IUIacTa OypeHHeM, TaKk U IpU
BBI30BE MPUTOKA U3 HETO, OMPEIEIISIOTCS YPOBHEM 3HAYEHHI PETIPecCcHii 1
JIETIPECCHI Ha TUIACT.

TexHonorus BbI30Ba U3 MPOIYKTUBHBIX IIACTOB MPUTOKA JOJDKHA
yauThIBaTh Kareroputo Omokanel [13[1.  YHuBepcampHOTO  Criocoda
paspyiienust moboro Tura Onokamel I3[ mpu BbBOBe mpuTOKa B
HACTOsILIEEe BpeMs HET, IO3TOMY IIpU BbIOOpE METOJa BO3JACHCTBUS Ha
TUIACT HEOOXOIMMO YUUTHIBATH COCTOSIHUE MPU3a00MHOMN 30HBL, OCOOEHHO
B HU3KOMNPOHMIIAEMBIX IulacTax. Paznnuusi B Xapakrepe BO3IEHCTBUS
Pa3MYHBIMK  CIIOCOOAMH  BBI30Ba IPHTOKA OINPEICISIIOTCS  YPOBHEM
JIETIPecCut, CKOPOCTBIO M ILMKIMYHOCTBIO €€ MpHIoXkKeHus. Bbioop
crioco0a BbI30BAa TMPUTOKA Il KOHKPETHBIX OOBEKTOB B CKBAXKHHE
MPOM3BOILAT C yY4ETOM OOBEKTUBHBIX BO3MOXHOCTEH IMpou3BojcTBa. B
YCJIOBUSIX TIOMCKOBO-Pa3BEJIOUYHOrO OypeHHsI OIpeJielieHue KaTeropuu
6mnokasp! [1311 3aTpyHEHO U HU3KA BEPOSITHOCTD TOTy4YeHHs TIPUTOKA U3
HU3KOIPOYHBIX KOJUIEKTOPOB MPH NPHIIOKEHUHU BBICOKUX Jernpeccuil. B
9TUX YCJIOBUSIX PEKOMEH/YETCS BBI30B IIPUTOKA U3 ILIACTA OCYIIECTBIISTH
TIO3TAITHO, obecrieunBast TIOCJIEI0BATEIbHOE HapallBaHue
Bo3Oyxatorero nevictBust Ha [13I1. Tlokazarensimu 3Toro Bo3IEHCTBUS
SIBJISFOTCST: TISPETIa T AABJICHUsI (ISTPECCHsl) M XapaKTep ero MpHIoKeHHs],
Pa3HOCTh IUIACTOBOM M 3aboitHOM Temmeparyp. HemocpenctBeHHOMY
BBI30BY MPUTOKA U3 IJIaCTa MOXKET MPE/IIECTBOBATh (DH3UKO-XUMUUYECKOE
BO3/ICICTBUE Ha TIPUCKBAKMHHYIO 30HY 3a CUET PETYJIMPOBAHUsI COCTaBa
KUJKOCTU OCBOCHHUS.

AOCOIOTHOE 3HAYEHME JIEPECCHM ONPENEISIOT, HCXOMI W3
BEJTMYMHBI MAKCUMATLHOW THJIPABIIMUYECKON PENpeccHy, KOTopas Oblia
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Opy  IUPKYMu  OypoBOTO  pacTBOpa B MPOIECCE  BCKPBITHS
MPOAYKTUBHOTO I1acTa OypeHuem. Benmunza genpeccuy OmKHA ObITh
Oomee weM B 2 pasa Oompme. B stomM crmydae  koaduiieHT
BoccTaHoBieHus ponuaemocty [13I1 o yreBompopoaam nocturaer 60-
70 %.

MunvMarbHast — ferpeccus,  OOecrieuMBaromias — paspylleHHe
Omokagpl W JBWKeHME (uibTpara  pacTBopa K 3a0010, B
HUBKOTPOHHUITAEMBIX OTJIOKEHHSIX JIOJDKHA ObITh He MeHee 6,5-8 Mlla.
OmHako  mpu JenpeccHsX  Takoro — ypOBHS — BOCCTAHOBJICHHE
MIPOHUIIAEMOCTH TPU3a00UHOM 30HBI HEBBICOKOE.

BogrneueHme 1m1acToBbIX areHToOB 1 (IIIOUIIOB B ABIDKEHUE K 320010
CKBKHHBI 13 (DHIIBTPYIOLIMX KAHATIOB PA3IMYHOTO pa3Mepa MPOUCXOAUT
HEOJHO3HAYHO.  CHIDKEHWE  CKOPOCTU  NPWIOXKEHUS  JIETPECCUH
criocoOCTByeT Ooriee MONMHOMY OXBary (HIBTPYIOLIMX KaHAIOB M, KaK
TpaBHIIo, O0JIee BEICOKOMY JICOHTY.

C npyroit croponsl, paspyirenue Onmokamel I3[0, cpwiB
(GUIbTPAMOHHON KOpKM A(deKTHBHEE NPOMCXOAUT TIIPU  BBICOKUX
CKOpPOCTSIX TIPWIOXKEHHUs JIEIPECCHU. OnTuManbHBIA  Uana3oH
ckopoctu Tipriokenust aenpeccun 0,5-5 MITa/u. BozOyxaenne nputoka
TUIacToBOro (himonzia wiv rasa u3 3akoibMarvpoBanHou [13I1 3aBucur
TaKKe OT a/Ire3MOHHON aKTUBHOCTH TBEPAOH (ha3bl OypOBBIX PaCTBOPOB U
KOJUIEKTOPCKMX ~CBOWCTB TOponbl. IIpn BCKpBITMM — HETJIMHHMCTBIX
MPOAYKTUBHBIX TUIACTOB HA YTSHKENIEHHBIX OYPOBBIX PacTBOpax MPOpPHIB
rasa OCYILECTBIISIETCS] B OCHOBHOM TIPH CPBIBE KOPOK, TPEOYroIeM Ooiee
BBICOKOM JIETIPECCMM M CKOPOCTU €€ TPWIOKEHHS, OCOOEHHO B
HH3KOIMPOHUIIAEMBIX KOJIIEKTOPaX.

OddexTrBHOE  HaNpsKEHHWE,  HCTIBITHIBAEMOE  MaTpHLEeH
KOJUIEKTOPa, MOMKET OKazaThCsl B JTHX CHUTYalMsIX BBIIIE Ipenena
YIPYTOCTH U JIaXKe Tpeiesia MpoYHocTy nopoapl. [Ipy npoekTrpoBaHnu
TEXHOJIOTUH BbI30Ba PUTOKA 3TU MPOLIECCHl HEOOXOMMO YUUTHIBaTh. B
Clydac OTCYTCTBHSI TIPOYHOCTHBIX JIaHHBIX O MpH3a00WHON 30HE
1e71eco00pa3HO HCIIONB30BaTh METOZbI BbI30BA IPUTOKA C ILIABHBIM
MPWIOKEHUEM JISTIPECCUM. JTO TO3BOJIMT BBIMTH HAa ONTUMATHHBINA
PEXUM TIPU MAKCUMAITBHBIX HAMPSDKEHHUSX B MOPOJAAX, HAXOSIIMXCS B
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npu3aboiHOM 30HE Iiacta. OAHAKO MpU NPUMEHEHMU IS BCKPBITUS
mwiacta OypoBOro pacTBOpa € TOHKOJAUCIEPCHOW M aAre3MOHHO-
aKTUBHOM TBepaoi (a3oit 3¢h(HheKTHBHOCTD MIABHOTO MPUIIOKEHUS
JETIPECCUN CHUKAETCS.

[IpumeHeHnne HeaAre3MOHHO-aKTUBHOM TBepAoill ¢da3zbl B
OypOBBIX pacTBOpax (MeJ, U3MEJIbYEHHbI W3BECTHSK, CHUAEPHT,
LEJEeCTHH U T.I.) C MpeoOSalaHueM YacTHIl pa3MepoM OoJbIle
0,005 MM obecrieunBaeT BoccTaHoBIIeHHE ruponpoBoaHoctu 1311
[P 3HAUYUTEIBHO MEHBIINX JIEIPECCUSIX.

OTUM  OOBSICHAETCS ~ MHOIOKPaTHO  YCTaHOBJICHHBIN
MOJIOKUTENBHBIN 3()()EKT 0T MPUMEHEHHs MEJOBBIX M MOJOOHBIX
OypOBBIX CYyCIIEH3UH JUIsl BCKPBITHS HMPOAYKTUBHBIX OTJIOKEHHM.
KucnoropactBopuMoCcTs B JaHHBIX  YCJIOBMSIX  SIBJISI€TCS
COIIYTCTBYIOLMM  OlaronpusaTtHeiM  (akTopoM. BbiMbIBaHue
0HOOOpa3HbIX  (uIbTpaToB OypoBbIX pacTBopoB w3 I3[
IIPOU3BOIUTCS OJHOLIMKIIOBBIM BO3/IEHICTBHEM.

BoccraHnoBnenue NOABMKHOCTH BSI3KMX M THUKCOTPOITHBIX
xunkocreit B [13I1 obecneunBaeTcsl IUKINYECKUM BO3ACHCTBUEM.
Co3naHue penpeccud B HUMIYJIbCHOM peXHUME (C 4acTOTOW 10
HECKOJIbKUX COTEH Tepll) CIOCOOCTBYET pa3pyLIEHUIO 3MYJIbCHUH,
ra30BbIX JUCHEPCHU, THAPATHBIX CIOEB M ycaJke HaOyXIIUX IJIUH,
a Taxke ounctke [13I1 ot TBepaOii a3bl.

Takum 00pa3oM, TEXHOJIOTUS BCKPBITUS IIacTa OypeHUEM U
MOCNIEAYIONIasi TEXHOJIOTUSl BBI30BA NPUTOKAa B3aMMOCBSI3aHBI, U
TOJIBKO C Yy4€TOM 3TOH 3aBUCUMOCTH MOYHO IOJIYYHUTb IPU BBI30BE
MPUTOKA MAaKCUMaJIbHO BO3MOXHYIO MPOIYKTUBHOCTH OCBA€MOTIO
miacra.

MeTo1bI OCBOCHHSI CKBaXXKMH U BbI30BA JKUKOCTH UJIU Ta3a U3
macTa B CKBaXHHY, KOTOpPbIE NPHUMEHSIIOT B IPOMBIIIICHHON
MpakTUKe, Oa3upyrTCs Ha  TpexX  Crmoco0ax  CHIDKCHHS
IIPOTUBOJAABIICHUS HA IUIACT: YMEHBIIEHUU IUIOTHOCTH KHUJKOCTH,
KOTOpOIl 3amojiHEHa CKBa)XMHA; CHI)KEHUU YPOBHS >KMJIKOCTH B
CKBR)XMHE WJINM 3a00HHOTO JABICHHS IOCIE TMPEABAPUTEIHHOTO
BO3CHCTBUS HA IPOAYKTHUBHBIE IJIACTHI.

246



N3BectHO 0KOO 20 TEXHOJOTUYECKHX IMPOIECCOB BHI30BA

MIPUTOKA U3 TIJIACTA.
8.2 BBIBOB IIPUTOKA 3AMEIIEHUEM XUJIKOCTU B

SKCIUTY ATALIMOHHOM KOJIOHHE

[Iporecc 3amenieHust >KUAKOCTH, HAXOMAIICHCS B CKBAKUHE,
KUJKOCTBIO ~MEHBIIICH IUIOTHOCTH  OCYIIECTBISIETCS IO  CXEME,
MIPUBEJCHHON Ha pUCYHKE 8.1.

3aKkaunBalOT JKUJIKOCTh MEHBIIICH TUIOTHOCTH B 3aTpyOHOE
MIPOCTPAHCTBO JIO0 TOJTHOM 3aMEHbI €10 pacTBopa. MHorma 3akayvMBaHue
xuakoctu  Bemyr uepe3 HKT. IlpeumymiectBo storo  crocoba
3aKJTF0YACTCS B TOM, YTO MPHU TOTyYCHUH MIPUTOKA JI0 OKOHYAHHS 3aMEHBI
pacTBOpa CO3AIOTCS HOPMAIIbHBIE YCIOBHUS ISl PaOOThl CKBAKHHBI U
BBIHOC TBEpBIX YACTHIl M3 HMHTepBaa mepdoparmu Oosiee MOIHBIA B
CBSI3U C BBICOKOM CKOPOCTBIO JBWDKEHHUS JKUIKOCTH. Korma prax BbIIe
mpezieyia MPOYHOCTH  KOJIOHHBI, HEOOXOAMMO CHHU3UTH IUIOTHOCTH
OypoBOr0 pacTBOpa, 3aMEHHB €ro CHayaia JIeTKUM, a 3aTeM JpYroi
JKHJIKOCTBIO €I1Ie MEHBITICH TTOTHOCTH.

[pu 3amene >kuaKoCTel Gosiee JTerKMMI BOZMOXKHBI CITydau, KOr/a
MPUTOK (PITFOMIIOB W3 TUIACTAa HAYMHAETCS JI0 OKOHYaHUs Tporiecca. [Ipu
9TOM JIaBJICHHE Ha BBIKHIIEC HACOCOB YMEHBINACTCS, M MX IMOJaYM MOXKET
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HC XBaTUTh JUIA NOoAACP)KaHUA IIPpUTOKA.
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Pucynok 8.1 - Cxema 00Bs3KM 0OO0OpYIOBaHHS ISl 3aMEHBI
OypoBOro pacTBOpa BOJIOH:

1 - HacocHBII arperat; 2 - eMKOCTh JJISI BOJIBI (WJIH BOJIOBON);
3 - eMKOCTB JJisi cOopa OypoBOTO pacTBOpa; 4 - yCThe CKBAXKHUHBI; 5
- BOJIA; 6 - OypoBoit pacTBop.
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B Takmx cmydasx, a  OCOOGHHO TIpM  HCIBITAaHUH
C71a00CIIEMEHTUPOBAHHBIX U MOJABEPYKEHHBIX PA3PYILICHUIO KOJLUIEKTOPOB,
Ha BBIKWIHOW JIMHUM YCTAQHABIMBAIOT ILTYIIEP, KOTOPHIM PErYIHPYIOT
CKOPOCTb U JJABIICHHE.

YCTaHOBKA IITYIIEPOB M PETYIUPOBAHUE MOTOKA PEKOMEH/TYFOTCS
JUTsl TUIABHOTO 3allyCKa CKBAKMHBL, NPU KOTOPOM JaBjieHHE Ha 3a00ii
CHIDKAETCS TIOCTENEHHO. B pe3ynbrate pocTa JaBlieHHs Ha YCThbE TPH
3aKaYMBAHUM B CKB&KHMHY MXUAKOCTU MEHBILEH IUIOTHOCTH MOYKET
HaOJMIONAThCS TIOTIIOIIEHHE pacTBopa. B aToM cirydae pexoMeHyeTcst
YCTPaHUTh BCE KCKYCCTBEHHbIC COMPOTHBICHUS (YyOpaTh IITYIEpa,
TIOJTHOCTBIO  OTKPBITh 33JIBWXKKM) W YMEHBIIUTH TI0Ja9y HACOCHBIX
arperaroB. llenecooOpasHo Takke NpeaycCMaTpuBaTh OOpPAOOTKY
3aKaunBaeMoi kuakoctd 11AB, 4yToOBI ITomazaromast B IacT >KUIKOCTh
HE YyXyallana ero KOJUIGKTOPCKMX CBOMCTB. MHorma pempeccus,
TIOJTydEeHHAs! B PE3YJIbTaTe 3aMEHBI KUIKOCTEH, HETOCTATOUHA TS BBI30BA
MpUTOKa U3 IUiacTa. Torma MCHONB3YIOT JOPYTHE CIOCOOBI CHIDKEHUS
JIaBlIeHNs Ha 3a00H.

8.3 CHWXEHUE IABJIEHHMS HA 3ABOM C IIOMOILBIO
KOMITPECCOPA

CHwKeHre JaBlieHUs Ha 3200 C IIeBI0 BBI30BA IPUTOKA C
MOMOIIBIO  KOMIpeccopa  sBISIETCS ~ OIHUM M3 HauOoree
PacpOCTPaHEHHBIX CIOCOOOB. DTOT CIOCOO TO3BOJISIET TPOU3BOIUTH
BBI30B TMPUTOKA TIPU YCTAHOBIGHHOM Ha YCThe OOOPYHAOBAaHMH H
CO3/1aBaTh 3HAUMTEITHHBIC JCTIPECCUH Ha TUIACT PE3KO MITH TLIABHO.

B 3aBucHMMOCTH OT TIIyOWHBI CKBKHHBI, MMPOYHOCTH KOJIOHH U
HaM4Mst 000pYy/IOBaHUs CHIKEHUE JTABJIEHUSI Ha 32001 OCYILECTBIISIOT
Pa3HBIMU TEXHOJIOTUUECKUMH TIPUEMAMU: BHITECHEHHUEM (3aMEHOI) YacTH
KUJIKOCTH, HaXOJLIIICHCS B CKBKHHE, Ta30M; N3MEHEHUEM HAIPABIICHUS
MOTOKA CKATOTO Ta3a; MPUMEHEHHEM ITyCKOBBIX OTBEPCTHH U KJIAllaHOB;
HarHeTaHHEM B CKBOKHHY <Ta30BBIX TTAUEK); adPHPOBAHUEM JKHIKOCTH,
MPOMBIBKOM TeHaMu. Kaxaplii U3 3THX MPUEMOB OCYILECTBISIETCS IO
CBOEH TEXHOJIOIMYecKou cxeme. [Ipm 3TOM cneqyer yduThIBaTh, 4TO
INpaBuna Ge3zomacHOCTH B HEPTSIHOW U Ta30Boi npombiuieHHocTH ([1h
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08-624-03)  zampemiarOT ~ CHWKCHWE  YPOBHS  KUJKOCTH B
HKCIUTyaTalMOHHOM KOJIOHHE C UCIIOIB30BaHHEM Bo3ayXa [3].

HaubGonee pacnpocTpaHEHHBIMH B HACTOsIIEe BpeMs Ha
MIPOMBICIIAX SIBJISIOTCS MEPEIBUKHBIE KOMIIPECCOPHBIE YCTAaHOBKHU
VKII-80, ¢ mogaueii 8 M°/MHUH ¥ MaKCUMAIbHBIM JaBICHHEM 8,0
MlIIa. Pexxe nmpumensitor yctanoBku KC-16-100 (KITY-16-100) ¢
nogaueut 16 M3/MI/IH, nmasiaeaneM 10 MITa u KITY-16-250 ¢ Toii ke
nogauer u masiienneM 25,0 MlIa.

Pacyersl  mokaspIBalOT, YTO  OPH  HCIOJb30BAHHUH
kommpeccopa YKII-80 B ckBaxkuHe, 3amOJHEHHOW BOJOW, C
auaMeTpoM KosoHHbl 146 MM, kyaa cnymensl HKT muamerpom 73
MM, YPOBEHb MOXKHO CHM3UTH Ha 600 M, 3akauvBas ra3 B 3aTpyOHOE
npoctpadcTBo, U Ha 200 M, 3akaumBag ra3 B HKT. Korma muamerp
kosoHHbI 168 MM 1 quametp HKT 73 MM, ri1yOUHBI CHIDKEHUSI YPOBHSI B
3aTpyOHOM IIPOCTPAHCTBE M B TpyOax umeroT 3HadeHus 670 u 135 m
cooTBEeTCTBEHHO. (ClieIoBaTe/lbHO, HE HCIONB3YS JIPYyruX IPUEMOB B
paboTe, MOXKHO CO3/1aTh JIETIPECCHIO Ha IUiacT B 146-mMM kosoHHe 6,0
MIlla u B 168-MM komonHe - 6,7-7,0 Mlla, eciu 3akauuBarh ra3 B
3aTpyOHOEe MpOCTpaHCTBO, M coorBerctBeHHO 2,0 m 1,4 Mlla npu
3akaurBanuu ra3a B HKT.

3arem 3akauvBaroT ra3 B HKT. Ilpu naenenun, 6mzkom k 8,0
Mlla, HauHeTcsi BBITECHEHHE BOJAbI W3 CKBKMHBL, KOTOpas 3aTeM
aspupyercsi 1 Oyzer TOJHOCThIO 3amellleHa TasoM. (CrenoBarenbHO,
OCYILIECTBJISISI TTPOLIECC TIOCTIEA0BATENBHO B JBa IPHEMA, MOXKHO JIOBECTH
nenpeccrro Ha mwiact 10 12,0 MITa.

[pu ucnons30BaHUK HACOCHO-KOMITPECCOPHBIX TPYO THaMeTpoM
60 MM ¥ KOJIOHH OOJIBIIIETO AUAMETPa TO 3HAYCHHUE MOXKET OBbITh BBIIIIE
(Tabmua 8.1).

[IpuBeneHHbIC BBITIE PacUeThl CIPABEUIMBBI TOJBKO TS CITydast,
KOIZ1a OTCYTCTBYET MPUTOK M3 1iacta. [Ipy Hamumnm npuToka ypoBeHb B
CKB&)KMHE OYJIET YBENMUMBAaTHCS M JABIICHHS KOMIIPECCOPA MOMKET He
xBatuth. K 3arpyOHOMY TIPOCTPAHCTBY CKBRKUHBI —ITOJKITHOYAIOT
KOMIIPECCOPHYIO YCTAHOBKY M HACOCHBIH arperar.
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Tabmia 8.1 - ['myOrHa CHIKEHUsI YPOBHSI BOJIbI KOMITPECCOPOM
MeToIoM TiepekmodeHus notoka npu  HKT  muamerpom 73 mm
(uncnuTenpb) u 60 MM (3HaAMEHATENb)

Haenenue  |/luameTp KOJIOHHBI,
KOMITpEccopa|Mm
ITokazarenb ’ 16 168
MIIa
CHmkeHre ypoBHsI IpH 3akavke ra3a(8,0 600/670 |670/700
B 3aTpYOHOE MPOCTPAHCTBO 10,0 750/840 [830/890
JlononauTesbHOE CHIbKeHHe ypoBHs (8,0 600/670 [670/700
npu 3akauke raza B HKT 10,0 750/840 |830/940
OOmiee cHwkenne ypoBHs 3a 1Ba|8,0 1200/134 |1340/141
npueMa 0 0
10,0 1500/168 |1660/183
0 0

Ilocne TPOMBIBKM CKBaXWHBI B 3aTpyOHOE IPOCTPAHCTBO
HarHeTaroT ra3, NOKa JIABJICHNE HE JIOCTUTHET MAKCUMAILHOW BEJTMYMHBI
JUISl YCTAHOBJICHHOM KOMIIPECCOPHOM YCTaHOBKH. 3aTe€M KUIKOCTBIO,
KOTOPYHO 3aKauMBaeT HACOCHBII arperar, MPOTaIKUBAIOT HAXOSIIMICS B
3aTpyOHOM MPOCTPAHCTBE I'a3 K OalIMaKy HACOCHO-KOMITPECCOPHBIX TPYO.
[lpy cHKeHUM [aBieHus] Ha BBIKMIE HACOCHOIO arperara HWXKE Prax
KOMIIPECCOPHOM YCTaHOBKOW CHOBA HArHETArOT Ta3. [Ipu naBieHUU prax
KOMIIPECCOP OCTAHABJIMBAIOT M CHOBA BKIIOYAIOT B pabOTy HACOCHBIH
arperar.

UepenoBanre pabOThl KOMIIPECCOPHOM YCTAaHOBKM M HACOCHOTO
arperara MpoBOJAT JO MOMEHTa BbIXxoza raza yepe3 Oammvak HKT. B
MOMEHT, KOT/ia IepBasi ra3oBas navka Hadasa nogaumarses no HKT, 3a
CUET CWJI HAarHETaHWs] U DHEPIMM PACILMPSIOIIETOCS Ta3a MPOMCXOIUT
BeIOpoc Haxomseiics B HKT >xumkoctd ¥ mpopbIB Taza. ITO MOXKET
COIIPOBOXKIATHCSL CO3AHMEM PE3KOM JenpeccMu Ha IuiacT. Bbixon
MOCNIEYIOIIMX MA4eK JKUJIKOCTM W Ta3a TaKKe COMPOBOXKIACTCS
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BeIOpocOoM. [Ipyn HOpMaIbHOM pabOTe KOMIIPECCOPHOW YCTAHOBKU H
PETYJIMPOBaHUM BbIXO/Ia Ta30KUIKOCTHOM cMmec w3 HKT onbItHbIM
MacTepaM YJIaeTcsi OMUCBHIBAEMBIM CIOCOOOM OCYILECTBUTB IPOITYBKY
CKBKHH razoM TTyOUHOM Oonee 2500-3500 M.
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Pucynok 8.2 - Cxema HarHeTaHusi B CKBaXHHY Ta30BBIX

nadYCK OJIs1 CHUXKCHUA JaBJICHHA Ha 3a001:

1 - xommpeccop; 2 - HacOCHBIA arperaT; 3 - €MKOCTb Jif
BOJIbI MJIM BOJIOBOJI; 4 - 0OpaTHBIN KilamnaH; 5 - yCThe CKBaXKUHBI; 6 -

TylepHas kamepa; 7 - Boja; 8 - ras.
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Wnorma s co3nanus KpaTKOBPEMEHHBIX, HO PE3KUX JIETIPEeCCHii
Ha IUIACT B CKBAXUHY 3aKauMBalOT TOJBKO OJHY Iauky rasa u
MPOJABIMBAIOT €€ 0 OalMaka HacOCHO-KOMIIPECCOPHBIX — TPYO.
Pacumpsronmiicsa ra3, Kak nopuieHb, BhITAIKABacT KUAKocTh 3 HKT,
BeneactBue yero y Oammvaka HKT Bo3HMKaeT 30Ha MOHMMKEHHBIX
JIABJIEHUH, YBEJTMUMBACTCSI IETIPECCHS] Ha IUIACT U CO3/IAt0TCS YCIIOBHS JIsI
MPUTOKA KUIKOCTM U3 IUlacTa. B mocnemyromeM SKUIKOCTh U3
3arpyoHoro mnpocrpancTsa 3armoHuT HKT 1 ycTaHOBUTCS HA KaKOM-TO
YPOBHE, ICTIPECCHsI Ha TUIACT YMEHBIIIUTCS.

Ilpn orcyrcTBUM NpUTOKA OMEpalysi MOXKET ObITh IOBTOpPEHA
HEOJTHOKPaTHO. B TiIy0OKHMX CKBaKMHAX C TOMOIIBIO OHOM Ta30BOM
[aykd HE yJaercs TMONy4YWTh MAaKCUMaJbHYIO —JIETIPECCHIO, HO
OKCIUTyaTal[MOHHAsI KOJOHHAa M IUIACT TPETepHeBaloT  OoMblIve
3HAKOTEPEMEHHBIE HArpy3Kd, KOTOpbIE MOIyT OBITh TPUYHUHON
nebopmaimu  konmoHHbL  [losToMy  mepen  IUTaHMpOBaHHEM |
OCYILECTBIIEHMEM IIpoliecca JOJDKHO OBITh  THIATEIBHO  H3YYEHO
COCTOSIHME CKBAKHMHBI.

B nureparype ommcaH OIBIT HKCIIOJB30BAaHUSI KOMIIPECCOPOB
HUM3KOIO JIaBJIEHMS JUISl CO3/IaHMs Ta30BbIX MOMYIIEK U B 3aTpyOHOM
npoctpancTBe. OCOOEHHOCTBIO TpoLiecca SIBISETCS HATTMYHE Ta30CO0pHOM
Oaraper, B KOTOPYIO HAarHETAaeTcsl ra3 KOMIIPECCOPOM TOJT HEOONBIIM
JIABJICHUEM U OTKY/IA OH, 3aT€M BBITECHSIETCS B CKBKHUHY.

OrnuchIBa€MbIM  CIIOCOOOM MOKHO TIPOBOJUTH 3aMEIICHUE
XKUJKOCTU Ta30M C TOMOIIBIO ILIEMEHTUPOBOYHOIO arperara B
CKBa)KMHAX JI0O0M riyOuHBI. [{1s1 3TOro Hajgo UMETh ra30cOOpHUK
HeoOxoauMoi mpouHoctd. OT oObeMa Tra30cOOpHUKA 3aBUCHT
BpeMs IIpoBeieHus Tporiecca. Yem OobIiie 00beM CKBaKUHBI, TEM
OoJbllle TIpH JAaHHBIX 00beMe Ta30COOpHUKAa W JIaBICHUU Ta3a
TpeOyeTcsi BpeMEHHU Ha OCYLIECTBIEHHE Mpolecca.

Y4YuTHIBas, YTO B YCIOBUAX O€30POKbS JOCTaBKA TSHKEIOTO
VKII-8-80 cBs3aHa c OOJBIIMMH 3aTpaTaMd, Ha OTACIHHBIX
Pa3BEOYHBIX CKBaXXMHAX HCIIOJIb30BAHUE OMUCAHHOTO BHIIIE
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croco0a 3aMeIIeHus! KHUIKOCTH ra30M MOXKET OBITh SKOHOMHYECKU
Y TEXHOJOIMYECKH HE OIPaBaHO.

3amMeTuM, 4TO 3TOT CIOCOO MO3BOJSET CO3/1aTh BO3AYIIHYIO
MOJYUIKY BO BCEM 3aTPyOHOM IPOCTPAHCTBE U YTO MOCIIEAYIOILUM
BbIOpocoM xunkoctu 3 HKT Moryt ObITh cO3/aHBl yCiaoBUS IS
IIOJIHOTO OCYIIEHMS CKBAXKUHBI, T.€. MAKCUMAJIbHON JENpPECCU Ha
I1act.

Cxema mNOAKIIOYEHHUS OOOPYIOBAaHUS K CKBa)XHHE IIpH
IIPOBEJICHUH a3pUpPOBaHUs IIOKa3aHa Ha pUCYHKe 8.3.

TexHonoruueckass cxema Impolecca BKIOYAET CIEAYIOLIHNe
oleparuu:

- IPOMBIBKY CKBa)XKMHBI,

- TMPOMBIBKY CKBa)XMHBI a3pPUPOBAHHOM IKHJIKOCTBIO TMIPH
COBMECTHOH paboTe KOMIIPECCOPHOM YCTAaHOBKM U HACOCHOI'O
arperara;

- IPOAYBKY CKBa)KUHBI I'a30M.

Ocy1iecTBieHHe mporiecca TpedyeT 0cod0ro BHUMAaHUS, TaK Kak
BO BpeMsi pabOThl BO3MOXKHO €ro HapylleHHe, 0Opa30BaHUE Ta30BbIX
MaveK, HUTMYMe KOTOPBIX MPHUBEET K HEOOXOIMMOCTH IpepBaTh IMPOLece
BCJIEZICTBUE BBICOKHX JIABJICHUI Ha YCThE M HAUMHATH €10 3aHOBO.

Iporiecc a’pupoBaHMsl HAYMHAETCSI MPOMBIBKOM CKBKUHBI Ha
HECKOJIbKUX pEeXMMax JUIsl YCTAHOBJICHHS TOJladd HACOCHOTO arperara
NpU PA3IMYHBIX JABJIEHUSAX. 3aMETHM, YTO MAaKCHMAJIbHOE JaBJICHHE
MPOMBIBKU ~ a3pUPOBAHHON JKUJKOCTHIO HE JIOJDKHO OBITh  BBIIE
MaKCHUMaJIBbHOTO JIaBJIEHMsI KOMIIPECCOPHON ycTaHOBKM. [losTomy B
pacueTax, KpoMe JaBlieHHsl Ha MPEOJI0JICHNE CHJT TPEHHS MPH IBHKEHUH
KUJIKOCTH,  HEOOXOMMO  YUYMTHIBaThb  IUIOTHOCTh  A3PHUPOBAHHON
JKUJIKOCTH, TIOCTyNarouied B CKBaKMHY. Hampumep, B CKBaKUHE
rryouHor 2500 M, 3amoJHEHHOM BOJOM, MPH JOCTHKEHHU ILUIOTHOCTH
A3pPUPOBAHHOM KUJIKOCTH, paBHOM 900 KoM, niepenaj MeXIy JaBJIeHUEM
B TpyOax M 3aTpyOHOM IpocTpaHcTBe Oyaer okono 2,5 MIla. B csi3u ¢
9TUM B HAYaIbHBIA TEPHOJ, J0 BBIXO/A a3PUPOBAHHOM KUAKOCTU M3
CKB@XMHBI, Pacxoll ra3a MHUHMMAIbHBIM, YBEIMUYMBAIOT €r0 IUIABHO C
Y4EeTOM CKOpPOCTH JIB)KEHMS JKUAKOCTH B CKBaKMHE. 3BecTHO, utO
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A3PUPOBAHMEM MOXKHO JIOBECTH CPEIHIOIO TUIOTHOCTH Ta303KUIKOCTHOM
cMmecu 10 300-400 kM. Hamuuue Takoit JKUIKOCTH B CKBA)KUHE
MO3BOJISIET MCMOJB30BATh MOIHOCTh KOMIIPECCOPHOM YCTAaHOBKH IS
TIOCIIS/TYFOIIICH MPOTYBKH CKBOKHUHBI Ta30M.
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Pucynok 8.3 - Cxema 0OBsI3KM 00OpY/IOBaHUSI TIPH TIPOBE/ICHUN
AdPUPOBAHNS JKUIKOCTH:

1 - nmomxuMHas raika, 2 - comio; 3 - MpokKiIangka; 4 -
perynupymoiiee KoibIlo; 5 - KOpIyc THAPOAKTUBATOPA; 6 - IKpaH; 7
- 9KpaH

it
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OnHako ciemyer OTMETHTh, YTO TPOYBKAa CKBOKHH TITyOMHOMN
6omtee 2000 M ra3oM MPOBOAUTCS B HCKITFOUMTENBHBIX CITyJasiX, P STOM
VUUTHIBAIOT KaK pacyeTHble, TaK U (HaKTUUECKHE XapaKTePUCTUKH
HKCILTyaTaIMOHHBIX KOJIOHH.

Crnoco6 a’pupoBaHUs SKHIKOCTH TO3BOJISIET IUIABHO CHIDKATh
JaBjieHne Ha 3a00i B IVTyOOKMX CKBKMHAX 33 HEMpPOAODKUTEIHHOS
BpeMsl.

CHwKeHHEe YpOBHS KOMIIPECCOPOM C TIOMOIIBIO  ITYCKOBBIX
OTBEPCTHH MOXKHO OBUIO OBI CYMTATh PA3HOBHIHOCTBIO CIiocoba
aOPUPOBAHMS, €CITM HE YUUTBHIBATH BBITECHSIOUIYIO CIIOCOOHOCTD
3aKaYMBAEMOr0 B CKBKHHY raza. J{Jisi mpoBe/ieH s 3TOr0 MpoLecca Her
HEOOXOZMMOCTH B HACOCHOM arperare. ASpUpOBaHUE OCYIICCTBIISCTCS
yepe3 oteepcrus (kiamanpl) B HKT. Dror mporecc oObemuHseT
BBITECHSIFOIIYEO CLIOCOOHOCTH HArHETAeMOT'0 Ta3a M CHIDKEHHUE TIOTHOCTH
CMECH >KUJIKOCTH U Ta3a.

AspHpoBaHue JBIKYIIETOCs MOTOKA OOJIerdaeT €ro JIBIDKEHHE,
YMEHBIIIAET JIABTIeHWE HarHeTaHusl Ha KOMIIPECCOPHOM YCTAHOBKE,
CO3/Ia€T YCIIOBUSI I TPOIBMKEHUS Ta3a K CIEIYIOIIEMY OTBEPCTHIO.
Takum 00pazom, Tporiecc MPOMOIDKACTCS 10 TIOMYYeHHs 3aJaHHbIX
TapameTpoB.

B kadectBe NErKMx >KUIKOCTEH MPUMEHSIOT OypOBOW pPacTBOP
IJIOTHOCTBIO O0J1ee HU3KOM, YeM IJIOTHOCTh PacTBOPA, HAXOASIIErocs B
CKBaKHHE, BO/LY, HE(Th.

8.4.  BBLI3OB IIPUTOKA C MCHOJB30BAHMEM ITYCKOBBIX
KJTATTAHOB

CornacHO 3TOMy METOy MPUTOK B CKBXUHY JOCTUTAIOT ITyTEM
CHIDKEHMS YPOBHSI JKMJIKOCTH B TpyOax 3a cCYeT ee adpauuud u
nocreyroiero Beiopoca. [lepen cryckom B ckBakuHy Ha konoHHe HKT
pa3MenarT B TPEIBAPUTENHFHO PACCUNTAHHBIX MECTaX CIIelHaIbHBIC
ITYCKOBBIE KJIaraHbl. VICTONB3yst KOMIPECCOPHBII arperar, B 3aTpyOHOe
MIPOCTPAHCTBO HATHETAIOT Ta3 W CHIDKAIOT YPOBEHBb JKHUAKOCTH. Ecmm
YPOBEHb JKHIKOCTH B 3aTpyOHOM HPOCTPAHCTBE OYJET HIDKE YPOBHS
pa3menienus kianada Ha kononHe HK'T, To mpu ero oTkpbITuM BO3IyX 13
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3aTpyOHOTO TPOCTPAHCTBA TIOCTYIUT B KOJIOHHY M BBITECHUT JKMAKOCTD,
HaXOJISIIYIOCS HaJl KJIAIIaHOM.

B cityyae npuMeHEHMsT HECKOJIBKHX ITYCKOBBIX KJIAallaHOB IOCIIE
TMIEPBOr0 BHIOPOCA JKMIKOCTH OTBEPCTUE B TIEPBOM KIIANaHE NIEPEKPHIBAOT
(HarpyMep, NP MOMOIM KaHATHOM TEXHHMKH), a YPOBEHb JKMIKOCTU B
3aTpyOHOM  TIPOCTPAHCTBE TMOHIKAIOT IO YPOBHS — pa3MEIICHUsI
CIIEAYIOLIETO KIIAlaHa.

Uucao MycKOBBIX KJIAaHOB 3aBUCUT OT 3HAYEHMS JENPEcCHU,
KOTOpYKO HEOOXOJMMO IOJIy4UTh JUISl BbI30Ba IPUTOKA ILIACTOBOM
KUIKOCTH.

8.5. TIOMHTEPBAJIBHOE CHWXEHUE YPOBHS XHUJIKOCTU B
CKBAXVHE

B s1OM citydae HacOCHO-KOMIIPECCOPHBIE TPYObI CITyCKArOT Ha
rryouny 750-800 M, ucxons U3 TOTO, YTO THAPOCTATUYECKOE JIABJICHUE
crosba KUIKOCTH M CONPOTHBIICHHE IBIKEHHIO €€ ¥ raza He TPEBBIIIAIH
8 MIla (pabouee naBnenue kommpeccopa YKII-80). B komblieBoe
MPOCTPAHCTBO KOMIIPECCOPOM HArHETAIOT T'a3, BBITECHSIOLMIN KUIKOCTb
B kononHy HKT. Harneranue raza nmpoo/pkaroT 10 IOITHOTO BBITECHEHUS
xuakoct B uHTepBate crmycka HKT. Ecim ckBaxmHa He Hauana
(oHTaHMPOBaTh, @ YPOBEHb >KUIKOCTH MOJHUMAETCS MEIIEHHO, TO
nocmyckaror HKT Ha onpeneneHHyro riyOuHy WM 10 KPOBJIH TIj1acTa.

B ycnoBusix momaum kommpeccopa YKII-80 (pacxon a0 8 M3/M]/IH)
BpeMsl MpOJABKM CXKATOr0 Tra3a TMpPU  HCHBITAHUAX  CKBOKHH
YBEJIMYMBACTCS. ITO 00JIee BCEro MPOSIBISIETCS MPU UCTIHITAHUH TITyOOKO
3aJIETaloMX IUIACTOB C HU3KMMM IUIACTOBBIMM JABJIEHUSMH, KOIJa
TpeOyeTcs 3HAUUTENbHOE CHIKEHUE YPOBHSI JKUIKOCTH B CKBAYKHHE.

VkazaHHbli Merton mocreneHHoro norpyxenus HKT ¢
TMIEPUOIMYECKON MPOTYBKOM ra30M MMEET CIIEAYIOIINe HEOCTaTKH: 1) BO
BpeMsl OYEpEIHOTO HApallBaHUS TPyO BO3MOXKHBI (POHTAHHBIE
TIPOSIBIICHNS;, 2) TTYCKOBBIC JABJICHNUS, BOSHHUKAIOIIUE TIEPE]T TIPOIABKOM,
MOTYT BbI3bIBAaTh IOITIOLIEHNE KUAKOCTH B IUIACT; 3) CKBKMHA MOXKET
Hayath paborate g0 Toro, kak Oammvak HKT  mocrurser
¢GuwibTpaiMOHHBIX OTBepcTUid. [lo3TOMY TaKoi MeTon HpUMEHSETCS
KpaifHe peKo.
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8.6. CHWXEHUE VYPOBHA  XWJIKOCTU B  CKBAXWHE
[TOPIIIHEBAHUEM (CBABUPOBAHUEM)

VYpOBEHb KUIKOCTH B CKBOKMHE CHIDKAIOT TPU TTOMOIIA
CIIeIMATIBHOTO TOpIHS (cBaba) ¢ 0OpaTHBIM KJIAIAHOM, JIOITYCKAFOIIAM
MIEPETOK YKUIKOCTH Yepe3 MOPIIECHb TOJIHKO B OJHOM HAIpPaBJICHUU TIPU
CITyCKE €r0 B CKB)KUHY. J[aMeTp MOpIIHS BHIOMPAOT 110 TUAMETPY TPYO
C MUHHMAJIBHBIM 3a30POM.

DT0T crocod OCBOEHHUS CKBKHH HCTIONB3YIOT TP CITYIIEHHBIX B
CKBXMHY HAaCOCHO-KOMIIPECCOPHBIX TPYOaX M YCTAaHOBJICHHOM Ha YCThE
(hoHTaHHOM apmarype .

[Topiiens, 3akperuieHHbld Ha ITadre, crmyckatoT B HKT Ha
CTaJIbHOM KaHAaTe IpU MOMOIIM JeOeIKU OT TPAKTOPHOTO MOABEMHHKA
wm OypoBoro cranka Ha 100300 M mox ypOBEHb XHUAKOCTU U C
MaKCHMaJIbHO BO3MOXKHOM CKOPOCTBIO TOJHUMAIOT BBEPX, Yl W3
CKBXWHBI JKHIKOCTb, HAXOJAIIYFOCS HAJl TOPIIHEM. JTH OMeparyu
TIOBTOPSIOT 10 CHIDKEHUS YPOBHS Ha 3a/IaHHYI0 TIIYOMHY WM JIO
TIOJTy4EeHUsI TJ1ACTOBOTO (IFONA.

8.7. BBI3OB INIPUTOKA ITPY ITIOMOIIU CTPYIHBIX ATITTAPATOB

BezoB mpHuTOKa TpM  TOMOIIM  CTPYHHBIX  alaparoB
00eCreunBaloT TyTeM CHIDKEHUS JIaBJICHWS B TIOJTIAKEPHOW 30HE 0
pa3MepoB, MEHBIIMX T'MAPOCTATUYECKOTO. JTO 3HAYEHHE CIeAyeT
TIOJIEPKMBATh HA TIPOTSDKEHUH 3aITAHUPOBAHHOTO BPEMEHH.

W3BecTHO, 4TO B CTPYHHBIX ammaparax MPOUCXOIUT CMEIICHHUE U
OOMEH PHEPruM JIBYX TIOTOKOB C PasHBIMH JIABJICHHSIMH, B PE3yJIbTare
4ero oOpasyercsi CMEIIaHHbIN MOTOK € MIepeMEHHBIM J1aBiieHueM. [10ToK,
COCITMHSIOIINICS ¢ pabOYMM TIOTOKOM H3 KaMepbl HU3KOTO JIaBJICHUS,
Ha3bIBaCTCsl MH)KEKTHPOBAaHHBIM. B CTpYHHBIX ammaparax MpOHCXOAUT
TpEBpaIlieHie TOTEHIMATPHON SHEPIUM TI0TOKA B KHHETHYECKYIO,
KOTOpasi YaCTUYHO TIEpEacTcsl MHKEKTUPOBAHHOMY TIOTOKY. Bo Bpemst
MIPOTEKAaHUsI 4Yepe3 CTPYWHBIM armapar BBIPABHUBAKOTCS CKOPOCTU
MOTOKOB M CHOBAa MPOMCXOAWT TPEBpAIllCHUE KUHETHYECKOW SHEPruH
CMEIIAHHOTO TTOTOKA B TIOTEHIIHATTBHYO.

OCHOBHBIE 3JIEMEHTBI CTPYMHOTO anmnapara (pUcyHoK 8.4) - corio
(pabouass Hacanka) W TpueMHas kKamepa ¢ auddy3opoM. 3a cyer
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npoleccoB  TpeHus  pabouee  jgaBineHue 0, cMelmMBaeTcs  C
WHXEKTUPOBAaHHBIM TOTOKOM (O, ¥ Ha BBIXOJE CTPYHHOIrO ammapara
noTydaeM cMeranabii motok (.. Bee cTpyiinble anmaparel, paboTatorime
TIPY OCBOEHUH CKBAYKUHBI, [IPUHA/JIEKAT K BBICOKOHAIIOPHBIM, Y KOTOPBIX
COOTHOLIEHHE ILIOIIA/IeH KaMephl cMelmBanus 1. u paboueil Hacamku 1,
MEHBbIIIE YEThIPEX..

Cxema pasMellleHHsl CIPYMHOro ammapara B CKBO)KUHE
npesronaraer ero ycranosieHue B kononHe HKT ¢ makepom (pucyHok
8.5). BypoBoii pacTBOp TONmaeTCs MO KOJIOHHE TpyO K paboueit
Hacaake ammapara. Pacxom paboueil >KUAKOCTH PaBEH pPacXomy
ITOBEPXHOCTHBIX HAcocoB. Jlaee MOTOK MPOXOAUT 4epe3 Kamepy
cMmelmieHus anmapata ¢ auddy3opoMm U yepe3 3arpyOHOE
IMPOCTPAHCTBO HaITpaBJIACTCA K YCTBIO CKBa’XHHBI.
WNnxexkTupoBaHHbI ~ TOTOK  (MIacTOBas  KHUJAKOCTh) MO
BcaCBIBaIOIIIeI\/JI JIMHUKW  HAIPaBJIKACTCA B KaMEpy CMCIICHUA
anmapara, IJ€ ~ CMelIMBaeTcsi ¢ paboduuM  TOTOKOM.
«BcacbiBaromas» TuHUS 00pa3oBaHa HaXOAIIEHCsS HUXKE armapara
KOJIOHHOM TpyO.

Pp R \\%\\

8 [py Z

Pucynok 8.4 - Cxema cTpyiHOro anmnapara:
1 - pabGouas Hacanka; 2 - mpueMHas kamepa ¢ 1uddyzopom.

Heo06xoauMoro CHW)XEHUS NaBJICHUS Ha IUIACT JOCTHTAOT
MyTeM PEryIupOBaHUS AABJICHUs pabodeill KUIKOCTH HACOCHBIMHU
arperaTamu c y4eToM koa(durmenta WHKEKITHH.
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Pucynok 8.5 - Cxema pa3melneHusl CTpYHHOTO ammapara B
ckBaxuHe: 1 - OypuibHas KoJoHHA, 2 - pabodas Hacamka; 3 -
npueMHast kamepa ¢ quddysopom; 4 - 3aTpyOHOE TPOCTPAHCTBO; 5
- BCaChIBaIOMIAs JTMHUS
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TexHonorvss BbI30BA IIPUTOKA C HCIIOJIB30BAaHUEM CTPYMHBIX
armaparoB Obuta paspadorana B 1980-1985 rr. B MBano-®pankoBcKoM
uHCTHTYTe He(TH M raza mop pykoBoactBoMm P.C. Spemuituyka. Ota
TEXHOJIOTHS TIO3BOJISIET OMEPaTMBHO Ha CTaUM OCBOCHUSI CKBAKUHBI
KOHTPOJIMPOBATH IO JAHHBIM KPHUBBIX BoccTaHOBJIeHHs AasieHus (KB/I)
(UIbTPAIMOHHBIE CBOMCTBA MOPOJ B OKOJIOCKBKUHHOM 30HE, BKITIOYAs U
OTJAICHHYIO 30HY, a TaKkKe CO3[aBaThb MHOIOKPAaTHbIE MIHOBEHHBIC
JIETIPECCUU U PEIPECcCHH Ha IUIACT.

[lon TepMHUHOM «MIHOBEHHOTO» CHIDKCHHS JIABICHHS WM €ro
BOCCTAHOBJICHUSI TIPH JICTIPECCHH TIO/Ipa3yMeBaeTCsl BpeMs OT HECKOJIBKHX
cekyaa 10 100 c. Vcnonms3oBaHue CTpYyWHBIX armiapaToB IO3BOJSIET B
OJTHOM LIMKJIe pabOT IPH OCBOEHUH WITH MCKYCCTBEHHOM BO3/ICHCTBUM Ha
MPHCKBKUHHYIO 30HY PeaT30BaTh CIIETYIOIIHE BUIBI pa0oOT:

1) uccnenoBaTh CKBaKUHBI MO JJAHHBIM KPHUBBIX BOCCTAHOBJICHUS
TIaBJICHUST,

2) BO3MCHCTBOBATh HA  MPUCKBAKHMHHYIO  30HY  IUIAcTa
MHOTOKPaTHBIMIA MTHOBEHHBIMH JICTIPECCHSIMHU M PETIPECCHSIMI

3) MpOM3BOIUTH MOjiady B 30HY IIAacTa Pa3iWYHBIX XUMHUYECKUX
PEAKTHBOB C OBICTPBIM y/IAJIEeHHEM POJTYKTOB PEaKLHK;

4) ocyIIecTBIATh HUCCIEN0BAaHUE CKBOKUHBI HA TPUTOK TIPU
Pa3HBIX JEMPEecCcHsiX Vst TOCTPOESHNUSI MHMKATOPHBIX THarpamMM.

TexHonornyecknii mpomecc JaeT  BO3MOXKHOCTb — CO3JaBaTb
MHOT'OKpAaTHbIE JICTIPECCMM W PENpecCMd Ha IUIAcT, aHAIM3UPOBATh
KpUBBIE BOCCTAHOBIICHHS JIABIICHUS, HO TIPUMEHSTH €ro0 PEKOMEHIYIOT
NpPU  ONpPENETCHHbIX  YCJOBUSIX: TOPUCTOCTh W NPOHUIIAEMOCTh
TIPOJTYKTHBHBIX OTJIOKEHWI JIOJDKHA OBITh HIDKE, YeM KPUTHYECKHES
3HAUYEHHUs JUII JIAHHOTO MECTOPOXKICHHS, MPOIYKTHBHBIA TOPH30HT
JIOJDKEH COCTOSITh M3 YCTOWUMBBIX TIOPOJ, HE paspyHIAFOIIMXCS TIPU
CO3/JaHMM MHOTOKPAaTHBIX MIHOBEHHBIX JIETIPECCHMH B  Ipeaenax
OTIPE/IETICHHBIX TEXHOJIOTHYECKIM TIPOIIECCOM BEJTMYHH U T.I,

JUis TpoBeeHMsT TEXHOJIOTMYECKOro Ipolecca HEO0O0XOIMMO,
YTOOBI YCThE€ CKBKMHBI OBUIO 00OPY/IOBAaHO COTJIACHO IMPOEKTY Ha €€
CTPOMTENILCTBO; (DOHTaHHAs apmarypa oOecreyuBaia IPOBEICHUE
paboT mpuU MaKCUMaJbHO HEOOXOAMMOM pabodeM IaBJICHHH;
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HACOCHO-KOMIIPECCOPHBIE  TPYOBI CJIEAyeT pacCYUTHIBATh Ha
IPOYHOCTh IPU MAKCUMaJIbHO HEOOXOAMMOM BHYTPEHHEM
JTaBJICHUU.

Kornma pabouee naBieHue mojaercs B  MEXTpyOHOe
NPOCTPAHCTBO, TO  OOCAaTHYI0O  KOJOHHY  IPOBEPSIOT  Ha
MaKCUMaJIbHOE TEXHOJIOTMYECKOE JaBJICHHUE, CO3/AI0Ieecs BHYTPU
Hee, a HACOCHO-KOMIIPECCOPHBIE TPYOBI IIPOBEPSIOT HA CMSATHE.

B KOMIUIEKT BHYTPEHHEro CKBaXMHHOIO O0OpPYIOBaHMS
BXOJIAT: CTPYHMHbIE ammaparbl (CTalMOHAapHbIE, BCTaBHbIE WU Ap.),
HaKepbl (MexaHHUYeCKHE, T'UJIPABINYECKUE 1100
THJIPOMEXaHUYECKUE), HACOCHO-KOMIIPECCOPHBIE TPYOBI, KIlanmaH
OIIPECCOBOYHBIN (JUIs1 ONPECCOBKM HACOCHO-KOMIIPECCOPHBIX TPYO
BHYTPEHHUM JIaBJICHUEM), KJIallaH LUPKYJISALMOHHBINA, KiIamaH s
OIIPECCOBKH IaKepa.

HazemHoe o0opynoBaHue CKBaXHHBI - O3TO HACOCHBIE
arperatbl Tuma [[A-320M, I11A-400, 4AH-700, emkocth i
XpaHeHus: pabouelt KUAKOCTH 00BEMOM HE MeHee 25 M°, eMKOCTB
WM am6ap Juid npuema QIrona U3 CKBaXHHbI 00bEMOM HEe MEHee
50 M°, eMKOCTh, B KOTODOH XPaHST KHIKOCTh JUIS TIyIICHHAS
CKBOXKMHBL. B KadecTBe TEXHOJIOTMYECKOTO pacTBOpa IS
DIIYIIEHUS ~ CKBAXHMHBI ~ HCIOJIB3YIOT  TEXHUYECKYIO  BOAY,
00pabOTaHHYIO XJIOPUCTHIM KaJbIIMEM JTUOO XJIOPUCTHIM HATPUEM.

PaccMoTpuM MOpSAZOK BBITOJHEHHS PabOT MO OCBOECHHUIO
CKBAYKUH CTPYWHBIMH arIapaTamH.

1. Ecnu ckBaKMHA 3amojiHEHa OypOBBIM pacTBOPOM, TO
HEoOXOIMMO €ro 3aMeHHTh 4Yepe3 CTPYWHbIN ammapar (mpu
pacxojie )KUIKOCTU He Oosiee yeM 1,5 11/c) Ha pabodyro KUAKOCTD -
BOJY WU JIeTa3UPOBaHHYIO HE(PTh.

2. Ilyrem co3gaHuMsi pacyeTHOrO [JABIEHUS JKUIKOCTb
OTKaYMBaOT M3 Iuacta Ha nporsbkeHnu 0,5-1 4. Ilpu sToMm
ONPEAEIAIOT, CYIIECTBYET JM CBSA3b IUIACTA CO CKBAKUHOM,
BEJIMYMHY NPUTOKA U THUII IJIACTOBOTO (oM.

3. Tlocnme mpekpamieHuss paOOTbl HAa3eMHBIX arperatoB B
cllyya€ TPUMEHEHUs BCTaBHOIO CTPYWHOTrO arperata ¢
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THJIPOAMHAMHUYECKUM KJIAlaHOM Ha JICHTE TIIYOMHHOrO MaHOMETpa
3armchiBaercs KB/I Ha mpoTsbkeHyu onpeiesieHHoro Bpemen (3-10 q).

BceraBHol cTpyiiHbIi anmapar U3BJIEKAOT U3 CKBAKUHBI KAHATHON
TEXHUKOW JTMOO 0OpaTHOM MPOMBIBKOM. Ha MmoBepXHOCTH OT BCTaBHOTO
CTPYHMHOIO armapara OTCOCIVHSIOT TIMAPOJMHAMUYECKUM KIallaH |
[TyOMHHBIA MaHOMETp, pasOUpalOT €ro, W MO U3BECTHHIM METOIHMKAM
ONPETICNISIFOT  TUIACTOBOE  JIABJICHWE, CKUH-3PQEKT, TPOHUIIAEMOCTh
OKOJIOCKBKMHHOM 1 OTAAJIEHHOM 30H IJIacTa, MX pa3Mephbl.

4. Bopaceator BHyrpb HKT BcraBHOI cTpyiiHbIi ammapar c
TMO/ICOCIMHEHHBIM K HEMy IITYOMHHBIM MAaHOMETPOM, KOTOPBIM TMOJ
JeCTBAEM COOCTBEHHOTO BECA U MPH HATHETAHHH KUJIKOCTH C PACXOI0M
15-2,5 Mlc TPAHCIIOPTUPYETCS K MECTy €ro pa3MelleHus] B THe3/Ie
koprtyca. [l Hae)XHOro yCTaHOBJICHUS almiapara B THE3Jle Ha Kabene
CITyCKAIOT CBMHIIOBYIO TIe4aTh, M TPU JIETKUX yAapax IO TOJOBKE
BCTaBHOM amrapar 3aHUMAET CBOE [10CaI0YHOE THE3IO.

5. HasemHpIMM HACOCHBIMM arperaramy CO3JaeTcs pacyeTHOE
JIaBJICHUE TIPH IMPKYJISIMA padouel >KUIKOCTH Ha mpoTsbkenuu 10-15
MHH. B niporiecce mupKymsiimy GUKCUPYeTCs: KOMUYECTBO OTKAUYaHHON 13
CKBKHUHBI KUJIKOCTH, a 3aTeM Ha 5-10 MUH LUPKYISIHs TPEeKpaiaeTcsl.
Yucio TakuX LUKIIOB 3aBUCUT OT TEMIIa HApaCcTaHUs MPUTOKA YKUJIKOCTH
u3 miacta. [Ipu ero crabunm3zaryy paboThl CUMTAIOT BHITTOTTHEHHBIMHL.

B pesymbrare BO3AEHCTBHS Ha IUIACT B PEKUME JETPECCHS-
perpeccss  OUMIIACTCSl TPUCKBAKWMHHAS 30HA IUIACTA, U CKBAXKHUHA
TIOCTENEHHO  3amoyHsIeTcsl  TIacToBbiM — (himonioM.  OCOOEHHOCTBIO
TEXHOJIOTUM SIBJIAETCS TO, YTO OHA IO3BOJIIET CO3JABaTh 3aJJaHHYIO
JIETIPECCHIO Ha TUIACT, MPU HEOOXOAMMOCTHU YIPABISITh €€ 3HAYEHUEM U
MPOAOKUTEILHOCTBI0, MHOTOKPAaTHO IIOBTOPSITH LMKJIBI JIEIPECCHIA-
perpeccii Ha IUIacT.

Pexomenmyercst Ha MPOTSHKEHUH TEPBBIX MSTH LUKIIOB IPOBOAUTH
pabotel B pexume: 10-15 MuH - menpeccust u 5-7 MHH - pernpeccHs Ha
IUIACT, JAIbILIE TIOCTENEHHO YBEIMYMBACTCS BPEMsI CO3/IaHMs JIETIPECCUH
110 25-30 MuH ¢ OcTaHOBKOM arperaroB Ha 10-15 MuH.

Ilpy mpoBeneHUH TEXHOJOTMYECKOTO IIporiecca HEeoOXOAMMO
M3MEPSATh KOJMYECTBO MOCTYNAIONMX M3 IUIACTa KUAKOCTEH U Ta3os,
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oTOMpaTh TPOOBI M TPH BOSMOKHOCTH BBITIONHATH aHATW3 HEPTH U
TUIACTOBOM BOJIbL, X cozepskaHue (B %), KOJIMYECTBO U COCTaB TBEPIOM
(ha3bl, MEXaHMYECKHX TTPUMECEH U T.JI.

OCHOBHOM  KpUTEpUl  ONpeNesieHus]  MPOAOJDKUTEIIbHOCTH
BO3/ICUCTBUS (YMCNIA LIMKJIOB) - CTAOMIIM3ALMS TIPUTOKA U OTCYTCTBHE B
HCXOTHOM TIOTOKEe MexaHuuecknx mnpumeceil. Ilocie okoH4aHus
LMKIMYECKOTO0  JIEUCTBUSI HENPEPHIBHO HA IPOTSDKEHUH 2-3 4
OTKAYMBAETCS TUIACTOBASI >KHKOCTh B PEXKHUME ONTUMAIBHON JEPECCHU
JUTs1 KOHEYHOW OUYHCTKY MPU3a00MHOM 30HBI.

6. IlogHrMaroT BCTaBHOM ammapar BMeCTe€ C TIITyOWHHBIM
MaHOMETPOM Ha TIOBEPXHOCTh, B MAaHOMETpP BCTABJIIFOT HOBYIO JICHTY,
MPUCOSIMHSIOT THAPOAMHAMIYECKUI KiaraH u Opocator BHyTph HKT.
PaboTs! BRIMONHSIOT ¢ TIOBTOpHOM 3arnvchio KB/ 1 ee pacimdpoBkoi.
Ilocne 3TOro BO30OHOBMSAETCS LMPKYISLUS HA TMPOTSHKEHHU 2-3 4 |
PabOThI HA CKBOKUHAX CUUTAIOT 3aBEPIICHHBIMHU.

7. Eciu ckBaykuHa Tieperiuia Ha (POHTAHHBIM PeXKUM SKCILTyaTalym,
TO BCTABHOM armapar 1ejiecoo0pa3Ho MOJHUMATh KaHATHOW TEXHUKOM.

IIpu BbIXOZE CKBOKMHBI HA PEKUM (DOHTAHUPOBAHHUS Ha3eMHbIE
HACOCHBIE arperarbl OCTAHABIMBAIOT M CKBAKHHY BBOIAT B paboTy,
HAIpaBIsisl TUIACTOBBIM  (UIIOMIT 4Yepe3 3aTpyOHOe TMPOCTPAHCTBO B
JTU(TOBYIO KOJIOHHY JIO MOJHOTO BBIHOCA M3 CKBKHMHBI OCTATKOB
paboueil sxumkoctv. Ilocne storo crpyiinbni ammapar uepe3 HKT
TIO/THUMAETCS Ha TOBEPXHOCT.

[lpr orcyrcTBuM TipUTOKA (WM TIPH HE3HAYMTEIHHOM TPHTOKE)
pEKOMEHTyeTcsl KOMOWHHPOBAHHBIA  PEXUM, KOTOPBIA  BKITIOYAET
CO3/IaHME MHOTOKPAaTHBIX ~MIHOBEHHBIX JIETIPECCHU-PENIPECCHI U
3aroHeHUe Mpu3a00HHON 30HBI XUMHYECKMMU peareHTaMt (KHCIOTaMH,
meoyamu, [TAB) .

8. Korma mnacroBoe [aBieHHE B  CKBOKUHE  MEHBILE
TWAPOCTaTMYECKOTO  WJIM  PaBHO €My,  CKB&OXMHY  DIIyIIar
TEXHOJIOTMYECKUM pacTBOpoM, pacriakepoBbiBatoT HKT 1 mogaumaror ux
Ha TIOBEPXHOCTh C TOCHEAYIOIIMM CIYCKOM TIJTyOMHHO-HACOCHOI'O
000pYIOBAHHISL.
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8.8. BBI3OB MPUTOKA U3 TIJIACTA C ITOMOIIBIO KOMITJIEKTOB
HUCTIBITATEJIBHBIX MTHCTPYMEHTOB (KUI)

KpoMe OCHOBHOrO CBOEro TMpEIHA3HAYCHHUS - HWCIBITAHUS
MIEPCIEKTUBHBIX OOBEKTOB B MOUCKOBBIX CkBakuHax KU ncnomns3yror
JUTSL BBI30BA TIPUTOKA W3 TUIACTOB MAJIOW MPOMYKTUBHOCTH, OYHCTKH
MPUCKBKUHHON 30HBI IUIACTOB, OMEHKH 3()(EKTUBHOCTH 0OpPabOTOK
TUIACTOB, UCIIBITAHMS HA TePMETUYHOCTh IIEMEHTHBIX MOCTOB M KOJIOHH H
JUISL PEllieHUs. JPYTHX 3a/1ay, CBS3aHHBIX C CO3/IaHUEM JICTIPECCHUM B
OIPaHIMYEHHOM MHTEPBAJIC CTBOJIA CKBAKUHBI, 00CAKEHHOM KOJIOHHOM.

[TnacroucrpIraTen MO3BOJSIEOT CO3/1aBaTh MITHOBEHHO BBICOKYHO
JIETIPECCHI0, YTO SIBJISCTCS OJIArONPUSITHBIM  (PAaKTOPOM  JUTST  OYHCTKH
MPUCKBAKMHHBIX 30H IUIACTa M BBI30BA MPUTOKA IUIACTOBOTO (hIIFOMAA.
Ilpu stomM moBBIIAETCS A(PPEKTUBHOCTE PE3YIBTATOB HCIIBITAHUS
(PKOHOMHYHOCTh, 00BEM W Ka4yeCcTBO MH(OpMaIu) ¥ oOecreunBaeTCs
UCTIbITAHWE OOBEKTOB B CKBWKHMHAX C HETEPMETHYHOW KOJIOHHOM
00caHBIX TPYO.

8.9. UCCIEOBAHUE CKBAXUHBI B ITPOILIECCE OCBOEHU

l'unpoayHamMudeckiie  MCCNENOBaHUsI CKBOKMH TPOBOJITCA  C
LETbI0 ONpEZeNieHNs] pPAlMOHABHBIX PEKHUMOB MX OKCILTyaTallHy,
k02 HIMeHTa THIPONPOBOAHOCTH TIUIacTa B padOHE HCCIeTyeMOon
CKBKHHBIL, THE30MPOBOAHOCTH, KOA((MUIIMEHTa THIPOAUNHAMUYECKOTO
COBEPIIICHCTBA CKBKHHBI, OIICHKH Ka9eCTBA OCBOCHHSL.

o xax0ii BHOBb BBOIMMOM M3 OypeHHsl CKBRKHHE MPOBOIUTCS
KOMIUIEKC THIPOJMHAMHYECKUX UCCIIEIOBAHMI, BKITFOUAFOIIINI:

- HCCIEZIOBaHHME METOIOM YCTAHOBUBIIIMXCS OTOOPOB (HE MeHee
YeM Ha TpEX pPEKMMax) C TOCTPOCHUEM HHIIMKATOPHBIX JHarpaMM,
onpeseneHrueM Kod((HIeHTa MPOIYKTHBHOCTA U OLICHKON BEJTMYHHBI
TUAPOIPOBOTHOCTH TI0 KKIOMY PadOTarOIIEMY TIIACTy (IPOIUIACTKY);

- WCCNEMOBAaHHME METOJOM BOCCTAHOBJICHHUS JIABICHUS C
ompenesieHeM  Kod(D(UIMEHTa  THUAPONPOBOJHOCTA  IUTacTa |
KOJIMYECTBEHHOM  OLEHKOM  kodduimeHta  MpoAyKTHBHOCTH,
MIPUBEIEHHOTO panuyca CKBa)KUHBI U ko3 durmenta
TAIPOIMHAMUYECKOTO COBEPIIICHCTBA CKBAKHHBI,
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- WMCCIe/IOBaHUE MPOQIIIS MPUTOKA C TOTYyYCHHEM 3aBHCHMOCTH
CYMMapHOTO pacxoJia >KHIAKOCTH M €€ OOBOJHEHHOCTH OT TJTyOWHBI
M3MEPEHUS B Tmperenax oOmero wuHrepBata mnepdopaimy U
onpesiesieHueM JeOUTOB JKHIKOCTH ¥ OOBOJHEHHOCTH ISl OT/IEIIBHBIX
Y4acTKOB Nep(hOpUPOBAHHOTO UHTEPBATIA;

- oT0Op W HCCIEAOBaHWE TIIYOMHHBIX TPO0 HEDTH C IIENBIO
ONpeZelieHUsT B IUIACTOBBIX ~ YCJIOBUSX  JIABJICHWS  HACHIIICHUS,
CONICP)KaHMsl PACTBOPEHHOIO Ta3a, BS3KOCTH, IUIOTHOCTH, OOBEMHOIO

kod(durmenta HedTH.

Tema 9. PEMOHTHO-U30JISIHUOHHBIE PABOTHI B
CKBAKUHE

OKcIUTyaTalMOHHAsE HEPTSHAs WM Tra3oBas CKBaXHWHA
JIOJDKHA TPEACTaBIATh COOOW JOJITrOBEYHBIH T'€pPMETUYHBIM KaHa
UL TPAHCIIOPTUPOBaHMA HEPTH WIM raza OT HPOAYKTHBHOTO
acta A0 3€MHOM  HOBEPXHOCTH, 4YTO  oOecreuuBaeTcs
Ka4yeCTBEHHBIM DPa300IIEeHUEM TUIACTOB W HAJIMYHEM B CKBaXHHE
Npo4yHOM oOcagHON KoyMoHHBL. (OOecrneyeHHe JTHX YCIOBUH
ABNISICTCA OCHOBHOM 3ajaueil MEepPBUYHOTO IEMEHTHUPOBAHMS
HE(PTSIHBIX W Ta30BbIX CKBaXHH. OHAKO HEKAYeCTBEHHAs Kpemb -
3TO MCTOYHHUK OCJIOXKHEHUI B TeueHHe BCeH J>KU3HU CKBA)KUHBI,
BBI3BIBAIONINI HEOOXOJMMOCTh TPOBEICHHUS PEMOHTHBIX paboT.
HekauecTBeHHOE IIEMEHTHUPOBaHHME - BECbMa 4acToe€ SIBIEHHUE, TaK
KaK CBS3aHO C BBITECHEHHEM OYpOBOIO pacTBOpa TaMIIOHAKHBIM, a
9TOT IPOLECC, B CTECHEHHOM 3aKOJOHHOM IIPOCTPAHCTBE, HE
BCEr/1a MPOUCXOTUT YAAYHO.

10.1. Bunpl ¥ npuuMHBI HapyLIEHUS T€PMETHUYHOCTH
00CaIHBIX KOJIOHH

Bce  ocHOBHBIE  (DaKTOpBI,  ONpENENsIOUIe  MOTEpIo
FEePMETUYHOCTH 00CaHBIX KOJOHH, MOXKHO Pa3feliuTh Ha YEThIpe
TPYIIBL:  TEOJOTHYECKHUE, TEXHUKO-DKOHOMHUYECKUE, (U3UKO-
MeXaHUYECKHE M CYOhEKTHBHBIE.

[lepBass rpynma ¢akTOpoB XapakTepusyeTcs oOBajIaMu
CTEHOK, BBIOpOCOM OypOBOTO pacTBOpa, BOABI, HePTH U Tasa,
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CMATHEM IPOMEXKYTOUHBIX M  3KCIUIyaTallUOHHBIX  KOJIOHH
AHOMAaJIbHO BBICOKMMHU IUIACTOBBIMU JABJICHHUSIMH, HAIUYUEM
BBICOKMX  IUIACTOBBIX  TEeMIIEpaTyp, HaOyXaHHEM  IOPOJIBI,
poOKooOpa3zoBaHUEM MOPOJA U MPOTYKTUBHBIX IUIACTOB, BHICOKOM
CEHCMUYECKON aKTUBHOCTBIO.

['maBuemmit (haxTop BTOpOH TPYIIIbI - HE
COOTBETCTBYIOILIME YCIOBUSM KOHCTPYKIHMS CKBa)XHMH, CIIOCOO
OypeHHusi, Ka4eCcTBO U KOMIIOHOBKA MPUMEHSIEMbIX 00CaaHbIX TPYO,
CKOpPOCTb M CHOCOO CIyCKa, TEXHOJIOTHSI LIEMEHTHPOBAHMUS
00CaHON KOJIOHHBI, TPOJOJKUTENBHOCTh PabOThl B 00CaaHOI
KOJIOHHE, TEXHOJIOTHSI O0OPYIOBaHMS YCThSl CKBAa)KHUH, OCBOCHUE,
JKCIUTyaTalusi, pEeMOHTHbIE paOOThI, YTOJ UCKPUBJICHHS U a3UMYT
CTBOJIA CKBaXKHHBI.

K ocHoBHBIM mapameTrpaMm TpeTbeil TIpynmnbl (HaKTOpPOB
OTHOCSATCS: IPOYHOCTH, MPOHUIIAEMOCTb, KO3()(DUIIMEHT TUHEHHOTO
pacivpeHusi, MIAaCTUYHOCTh TAMIIOHAXKHOTO KaMHs; MPOYHOCTb,
KOppO3uOHHasi W a0OpasuBHas CTOMKOCTb MaTepuaia Tpyo;
KOXQ(QUIMEHT  JUHEMHOro  pacIIUpEeHUs TOPHBIX  MOPOJ;
TEXHOJIOTUYECKHE CBOMCTBA (PUIBTPALIMOHHOMN KOPKH.

UYerBeprass rpymnmna (akTOpOB B OCHOBHOM 3aBHCHUT OT
OpraHu3ali  IMPOU3BOJACTBA,  ONbITA W  KBaIU(UKaLUU
ucnonnutened. OOHAKO HX poib B IMOTEPE T'EPMETUYHOCTH
oOcaJHBIX KOJIOHH Beiauka. K HHUM OTHOCATCS HapylleHue
OpraHM3aliy Ipoliecca ciycka o0CaJHOM KOJOHHBI, Iojaya Ha
OypOBYI0O HEKaueCTBEHHBIX TpyO, HETOUHBIMH pacyeT oOcaaHON
KOJIOHHBI, HECBOEBPEMEHHBII [OJIMB MPOMBIBOYHOW KUAKOCTH,
HEI0BUHUMBaHUE TPYO U JIp.

ITo M.JI. Kucenbmany, cxema KjlacCU(pHUKalUU TOBPEXKACHUN
00CaIHBIX KOJIOHH BBITJISAUT CIEAYIOIIUM 00pazoM:

1- 5 rpynna - nedexThl METalTypruueckoro Mmpou3BOJCTBA
(Hapy1mieHus: 00caHbIX TPYO NP U3TOTOBJICHUH);

2- s rpynma - nedeKThl, BO3HUKAIONINE MPHU HapyIICHHUSX
NpaBUI TOTPY3KH, pasTpy3KH, MEPEeBO3KM U XpaHEHUs Tpyo
(HapymeHnust 06camHbIX TPYO MPU TPAHCTIOPTUPOBKE U XPAHECHUN);
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3- s rpynma - paedekTbl, MOSBISIOUIMECS B Tpolecce
IKCIUTyaTaluu (HapyIieHus 00CaIHbIX TPYO TP IKCILTyaTalliH ).

Tabmuma 9.1

Knaccupukanus moBpeKICHUI

00CaHBIX KOJIOHH MPH OypeHUH, KPEIJICHUH

paznuuHbix Pabotr B
KOJIOHHE

A. Cwmsarue o6Ocamubix|b. Pa3peiB  kosonH|B. Hapymenue

KOJIOHH (IpOAOJBHBIA  WJIM|T€PMETUYHOCTH
MOTIEPEYHBIN) KOJIOHHBI

1 2 3

L HenpaBunbhsiii|l. Henpapunenswiii|l.  HenpaBunbHbIM

pacueT  KOJIOHH  Ha|pacueT KOJOHH Ha|pacyeT KOJIOHH Ha

MIPOYHOCTh MIPOYHOCTh MIPOYHOCTh

l. He yureHo|l.He yureno makcu-|1.He YUTEHBI

AHOMAJIBHO BBICOKOE|MaJIbHOE BHYTPEHHEE |10NOJIHUTEIIbHbIE

naBieHue He(dTH, BOJbI|JaBICHUE, OCEBBIE yCUIIHS,

WIM ra3a B ILUIacTax,|C03/1aBaeéMoe IIpY |BOHUKAIOLINE IIPU

BCKPBITBIX CKBaXKMHAMHU |[TPOBEACHUU WU3MEHEHNUN

TEeMIIEpaTyp-HOTO
pexuma,

IOPOJT

TSt ompeene-Hus

Hapy>XKHOT'O u
BHYTPEHHET O
JTaBJICHUU
2. He yureno ropHoe|2. He yureHo|2.He Y4TEHO
JABJICHUE COJICHOCHBIX |yBEJIIMYEHHE OCEBBIX |MaKCHMaIbHOE
opoJ Harpy3ok IIpH |BHYTPEHHEE
M3MEHEHUU JaBJICHUE,
TEMIIEPATYPHOTO co3/laBaeMoe  Ipu
peXHMMa CKBa)KUHBI, |[IPOBEICHUU
Hapy>XHOTO U |pa3iInyHbIX paboT B
BHYTPEHHETO KOJIOHHE
JIaBJICHUN
3. He yureno ropnoe|3. IIpumenenst|3. He  yuteHsl
JIaBJICHUE TIUJIACTUYHBIX |HETOUHbIE (HOPMYJIbl | MAKCUMAIbHBIE

OCEBBIC HArPY3KH
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A0IMYCTUMBIX

Harpy3ok
4. He yureHo naBieHue,|4. He YUTEHBI
BO3HHKAIOIIIEEe P | MaKCUMaJIbHbIE

HaO0YyXaHHUHU [TOPOJ

OCEBbIE Harpy3Ku

5. cnonp30BaHbl HE 110
Ha3HAUYCHUIO (OPMYIIBI
onpeeacHus

JJIA
IMPOYHOCTHBIX
XAPAKTCPHUCTHK

6. He yureHo cHmxeHue
NPOYHOCTH TPYO TIpHU

JIEHCTBUH OCEBBIX

yCUIIUHI OT

COOCTBEHHOT0 Beca

KOJIOHHBI

1 2 3

IIL. Hapymenne |11 Hapymenue (11 Hapymenne

TEXHOJIOTHH TEXHOJIOTUHI TEXHOJIOTUHU

I. Cmyck ob6camnpix|l. Cmyck o6cagnbix|l. Cmyck TpyO c

Tpy0 C 3aBOACKUM|TpYO C  3aBOJCKHUM|IedeKTamMu

nedexTom nedexTom Pe3bOOBBIX
COCIMHEHUI

2. HenpaBunpHas|2.  I'mapaBnudeckuit (2. Pe3nba u

MapKHUpOBKa TPyO yaap IIPH | CMa304YHbIN

LEMEHTHUPOBAaHUU MaTepuan HE
KOJIOHHBI COOTBETCTBYIOT

YCIIOBUSIM
CKBAYKUHBI

3. I'mppaBnmueckoe|3.  HekauecTBeHHOE|3. Koncrpyxknus

JIaBJIEHUE TIPU CIYCKE|COEAMHEHUE  CeKUUH |[MypT I E:

KOJIOHHBI C OOJBIION |00CaTHBIX KOJOHH IBYXCTYIIEHYaTOr 0

CKOPOCTBIO LIEMEHTHUPOBAHUS
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HECOBEPILCHHA

4. Hemnonws KOJOHHBI

4. Pasrpy3ka KOJIOHHBI

4. Komounua

npu CIIyCKe c|Ha 320011 B CKBa)KMHAX |HEKaYECTBEHHO
0o0paTHBIMU 3alleMEHTUPOBaHa
KJIanlaHaMH

5. HekaudecTBeHHOE|S. Bnyrpennee|S. Kononna
[EMEHTHUPOBAHUE JaBJICHUE B KOJIOHHE|CIIyIIEeHa B
06C21I[HI)IX KOJIOHH BBIIIC OOITYCTUMOI'O CKBAXUHY,

UMEIOIYIO  PE3Kue
neperuObl CTBOJIA

6. Cnyck Ha KIUHBSX |O. OtcyrcTBHE|6. Kosnonna

TSOKETBIX  OOCAIHBIX |KOHTPOJIA KPYTAIIEro|pasrpy’kaercs  Ha

KOJIOHH MOMEHTa pH [3a00i1 B
CBUHYMBAHUHU CKBa)XKHHAX,
Pe3b0OBBIX HMMEIOIINX OOJIBIIINE
COETMHEHU N KaBEpHBI

7. CBuHuuBanue|7. HekauectBennoe|7. Kpyrsammi

npu LIEMEHTUPOBAHNUE MOMEHT npu

HEKOHTPOJIUPYEMOM  |KOJIOHHBI CBUHYHMBAHUU

KpYTSIIEM  MOMEHTE Pe3b0OBBIX

WJTH «4epe3 HUTKY» COCJIMHEHMI HE

KOHTPOJIUPYETCSI

I11. Cruxniiasle |I11. Cruxuiinsre (111 CTuxuiiHble

SIBIICHUS 1.{aBaeHUs 1.|{aBaeHUs 1.

3eMJIETPSICEHUS 3eMJIETPSCEHUS 3eMIIeTpsICeHUs

2. TexTonmueckue|2. Textonmueckue|2. TekToHHYECKHE

CMECIICHHUA I1JIaCTOB

CMECIICHHUA I1JIaCTOB

CMCUICHHA I1J1aCTOB

3. Onom3HM U OCHINA
TIOPOJT

3. Omoa3Hu U OCHIHU
OO

3. Onoa3Hu u
OCBIITH II0POJT
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W3 ananuza npuyudH HapyLIEHUS TEPMETHUYHOCTH 00CaTHBIX
KOJIOHH CJIEAYyeT, YTO HEKOTOpble (AKTOPHI, TPHUBOMIININE K
aBapUITHOMY COCTOSIHMIO CKBQ)KMHBI, MOTYT OBITh YCTPAaHEHBI B
nporiecce ee OypeHwus, IEMEHTUPOBAHUS U SKCILTyaTalluH.

K TumnoBeiM (4acTo BCTpeHaroONIMMCS) BHUJAAM HapyIICHUS
TEPMETHYHOCTH 00CATHBIX KOJIOHH B CKBR)XMHAX MOJICHO OTHECTH:
PAaKOBHHBI KOPPO3MOHHOTO U 3PO3MOHHOTO HM3HOCA (OTBEPCTHS);
MPOJIOJIBHBIC, TONEPEYHBIC, MOJIBIC MOPBIBBI, MOPE3bI (TPEITUHBI);
HEKA4YE€CTBEHHYIO T€OMETPHIO U TIP.

KomnnuecTBo 1 HOMEHKIATYpy HapylIeHH 00CaHbIX KOJIOHH
MOXHO 3HAQYHTEIBHO YMEHBIIWTH, €CIIH CTPOTO COOJOATh
TEXHOJIOTUYECKHI Tpolecc OypeHuss CKBaXUH; IMPUMEHSTh
oOcamgHble TPYyOBI C AHTUKOPPO3MOHHBIM M TEPMOCTOUKHM
MOKPBITUEM;  HWCIIONB30BaTh  IMPEJOXPAHUTEIbHBIE  KOJIBIIA,
IIEHTPATOPHl Ha OYPHIBHBIX M HACOCHO-KOMITPECCOPHBIX TpyOax;
MPUMEHSTh 3alUTHBIE OOOJOYKU AJIA JOJOT MPHU CIIyCKEe HX Ha
3a00H; TMEepPUOJAMYECKH IPOBOPAUYMBATH HE3AIEMEHTUPOBAHHYIO
4acTh KOJIOHHBI MpPU €€ OJHOCTOPOHHEM H3HOCE; C MOMOIIbIO
CHEIHAbHBIX YCTPOMCTB yMEHBIIUTh a0pPa3MBHOCTH OYpPOBOTO
pacTtBopa.

Onpenenutb MECTONOJOKEHUE M XapakTep HapylIeHUs
TEPMETHYHOCTH B OOCaTHBIX KOJIOHHAX MOXXHO TMPH TOMOIIH
neOUTOMEPOB,  PE3UCTUBHMETPOB,  IJIEKTPOTEPMOMETPOB U
MAaH)XETHBIX JKEJIOHOK; IMUPOKOE PACIPOCTPAHEHUE TMOIYIHIIN
TaK)Ke Te0pU3NIECKUE U aKYCTUIECKIE METO/IbI.

B macrosimiee BpeMsi MPUMEHSIOTCSI HOBBIE TPOTPECCUBHBIC
CIOCOOBI OTpeNeNeHs] MECTOMONOXKEH S, a TaKXKe XapakTepa H
pa3MepoB HApYIICHUS TEPMETHYHOCTH KOJIOHH (poToammapaTamu,
TeJeKaMepaMU U THAPABINYECKON MeYaThIO.

9.2  Cnoco0OsI U cpeacTBa BOCCTAHOBIICHUSI TEPMETHIHOCTH
00CaIHBIX KOJIOHH

B npaktuke OypeHus u dKCIUTyaTani HEPTSHBIX U Ta30BbIX
CKBXUH TPUMEHSIOTCS PA3JIMYHBIE CIIOCOOBI BOCCTAHOBJICHHUS
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TepPMETUYHOCTH 00CaTHBIX KOJIOHH, KOTOPBIE MOXHO pa3ieiIuTh Ha
TPHU OCHOBHBIE TPYIIIBI:

1) He yMmeHbIIAKOLME BHYTPEHHUH auaMeTp oOcagHou
KOJIOHHBI;

2) HE3HAUYUTEIbHO YMEHBIIAIOIINE BHYTPEHHUN JTUAMETP
KOJIOHHBI;

3) CyILIECTBEHHO YMEHbILAIOLIME BHYTPEHHUM TUaMETP.

K mnepBoil rpymme OTHOCATCA: TepMeTH3alusi pPe3bOOBBIX
COCIMHEHUI KOJIOHHBI IyTEM JIOKPEIJIEHUS HUX B CKBaXHUHE;
LIEMEHTUPOBAHUE MEXTPYOHOIO IPOCTPAHCTBA YEpPE3 YCThE
CKBa)XMHbI; 3aMEHa NTOBPEXKICHHON YaCTH KOJIOHHBI HOBOM.

Bo Bropyro rpynmy BXOAAT: IIEMEHTUPOBAHHUE UEpe3
BHYTPUTPYOHOE  MPOCTPAHCTBO; YCTAHOBKA  METAJUTMYECKUX
HAKJIaJI0K; YCTaHOBKA rO(PUPOBAHHBIX TIACTHIPEH.

Tperbst rpynmna BKIIOYAET: CIYCK HAaCOCHO-KOMIIPECCOPHBIX
TpyO C OTCEKaloIMMM MaKepaMy; YCTAaHOBKY KOJIOHH-JIETYYEK;
CIIyCK JOTIOJHUTEIbHOU KOJIOHHBI.

Paccmotpum  kpatko bu3nuecKyro CYyIIHOCTb U
MOCJIEZI0BATEILHOCTh OCHOBHBIX OIEpAlMi yKa3aHHBIX CIIOCOOOB
BOCCTAHOBJICHHSI TEPMETHUYHOCTH.

Bo3moxHOCTE  mpUMEHEHHs  crnocoba  JTOBUHYMBAHUSA
o0caJHBIX TPyO OLIEHMBAIOT MO Pe3yJbTaTaM IMpeABAPUTEIBHOTO
pacdyera mapaMeTpoB ONEpPALMM, a KPYTALIMHA MOMEHT Ha YCThE
CKBQ)XHHBI KOHTPOJUPYIOT MO YINIy YIOPYroro 3akpy4yuBaHUs
JIOBUHYEHHON KOJIOHHBI. OJHAKO WIMPOKOE MNPUMEHEHHE 3STOrO
METOJla CIEP/KUBAET OTCYTCTBUE HAJIEKHBIX TEXHOJIOIMUECKHUX
CPEZICTB KOHTPOJISA 32 KPYTSAIIUM MOMEHTOM.

[ToBTOpHOE IIEMEHTHPOBAHKE BKIIIOYAET B ceOs Cleayrolune
ONEpalMy: ONpENEICHNe MeCTa HapylUIeHUs TepPMETUYHOCTH;
nepdoparuio o0cagHOi TPyObl; YCTAaHOBKY ILIEMEHTHOI'O MOCTa-
MpoOKU N7l OTHAETEHHUs] OT MPOAYKTHBHOIO TOpU30OHTa (TIacTa);
3aKauyMBaHME TAMIIOHHMPYIOIIETO Marepuajga B  3aTpyOHOE
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MPOCTPAHCTBO; pazOypHBaHHE TAMIIOHHPYIOIIETO Marepuana u
MOCTOBOM NMPOOKHU; OIIPECCOBKY.

3amena MTOBPEKICHHOU 4acTH KOJIOHHBI HOBOU
IIPOU3BOJUTCS IO CYHIECTBYIOIIEH TEXHOJIOTUHU U HE MPEACTABIAET
TPYIHOCTEM.

IlemenTupoBanue BHYTPUTPYOHOTO IIPOCTPAHCTBA
IIPUMEHAETCS B TOM CJIy4ae, KOIla He IIOJIy4ECHbI ITOJI0KUTEIbHBIC
pe3yJbTaThl OCIE JOKPEIUICHHUS KOJIOHHBI 00CaJHBIX TPYO.

IIpn YCTaHOBKE METaJUIMYECKUX HaKJIaJI0K Ha
MIOBPEKICHHBIA Y4aCTOK HApPY)KHBIM JUaMETp HAKJIAIKU JIOJKEH
OBITh paBeH BHYTPEHHEMY JHaMETpy 00caaHOol TpyObl B MHTEpBAJIe
MOBPEXKICHMSI, Kpas HAKJIAJOK MMEIOT 3JIACTUYHOE YIIJIOTHEHHE.
Crnyck, OpUEHTAlMIO M YCTAaHOBKY HAaKJIAJOK OCYLIECTBIISIIOT Ha
KaHaTe CIELMAIBbHBIM YCTPONCTBOM.

CymHocTh  peMOHTa O0CaJHBIX KOJIOHH CTaJbHBIMHU
IUTACTBIPSIMU 3aKJIFOYAETCS B TOM, YTO MPOA0IbHO-TO()PUPOBAHHBII
IJ1aCThIPb, W3TOTOBJIEHHBIM M3 TOHKOCTEHHOW CTalbHOM TpPYObI U
MOKPBITBIA CHApPY)KU TE€PMETU3UPYIOIIUM COCTaBOM, CIIyCKalOT B
CKBa)XMHY, B MHTEPBAJl PEMOHTA, Ha CIELMAIBLHOM YCTPOWUCTBE U
PacCHIMPSIIOT JOPHUPYIOIIMM Y3JIOM 3TOT0 YCTPOMCTBA A0 ITOJHOTO
KOHTaKTa ¢ 00Ca/JHOM KOJIOHHOM. DTOT crocod BKIOYaeT B cels

clenyolune oreparuu: orpesieNieHue PU3HAKOB u
OpPUEHTUPOBOYHOTO MecTa HapyUICHUS TEPMETUYHOCTH
ANEKTPOTEPMOMETPAMH, pe3UCTUBUMETPAMHU u ap.;

mabJOHUPOBAaHUE W JUKBHIAIMIO CMATUNH TPH HMX HAIMYUU C
MPUMEHEHUEM MIa0JIOHOB, ONPABOK; OmpeneieHrue 0osee TOYHOTO
MeCTa M XapakTepa HapyLIEHUS TE€PMETHYHOCTU C TOMOIIbIO
THUAPABINYECKNX OOKOBBIX TI€YaTeil; YCTAaHOBKY IUIACTHIPS C
UCIIONIb30BAaHUEM  TPAHCIIOPTHBIX  YCTPOMCTB,  CHAOKEHHBIX
HEOOXOIUMBIMH Y3JIaMU U JJIEMEHTAMH; ONPECCOBKY MPH MTOMOIIH
CIABOCHHBIX [TAKEPOB.

9.3 OO01mue NpUHIUIBI PEMOHTHO-U30JIALIUOHHBIX paboT
(PUP) um mocienoBaTeIbHOCTh BBIMOJHEHUS TEXHOJOTHYECKUX
onepanun
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PaGoTbl TO pEeMOHTY Kpemu BKJIIOYAIOT HCIPABICHUE
HETEPMETHYHOCTH [IEMEHTHOT'O KOJIbIIa, HapaIlMBaHUE IEMEHTHOTO
KOJIbLIa 32 KOJIOHHOM, YCTpaHEHHWE HETePMETHYHOCTU KOJOHHBI U
M30JIAIIUIO TIOJIOIIBEHHBIX, KOHTYPHBIX M HarHetaembIx Boi. [lman
pPEMOHTa CKBaXUHBI JOJDKEH BKIIOYATh TI'€0JOTr0-TEXHUUYECKUE
JAHHBIC, TPUYHMHBI U 11€JTb PEMOHTA, COCTOSTHAE CTBOJIA K MOMEHTY
pEeMOHTa, TMepeYeHb HAMEUYECHHBIX MEpPOIPUSTUH, OIHUCAHUE
TEXHOJIOTHYECKOTO IIMKJIAa PEMOHTHBIX pPaboOT ¢ yKa3aHHUEM
KOJIMYECTBEHHBIX XapaKTEPUCTUK MapaMeTpOB OIepaluii, a Takxke
OTBETCTBEHHBIX MCIIOJHUTENEH 10 KaXKIOH TEXHOJOTHYECKOMH
onepanuu. TepMHUHOJOTUS M CyTh MpOIEcCa, MOHMMAaeMbI€ TOJ
HEH, MIPEICTABIICHBI B Taduue 9.2.
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Tabmuua 9.2 - Tepmunonorus

HKT HacocHo-kommpeccopHbie
TPYOBI.

O31] Oxunague 3aTBEPJCHUS
LIEMEHTHOIO pacTBopa (WiH Apyroi
TaMIIOHUPYIOIIEH CMECH).

TpyOHoe ITpoctpanctBo BHyTpu HKT.
POCTPAHCTBO

3arpyOHoe KonbiieBoe mpocTpaHCcTBO MEXTY
IIPOCTPAHCTBO HKT u OK.

3aKoJIOHH KonbrieBoe mpocTpaHcTBO  3a
oe AKCIUTYaTallMOHHOM KOJIOHHOM B
MPOCTPAHCTBO HEOoOCa)KEHHOM  HMHTEpBaje  CTBOJA

CKBQKUHBI.

Mexkoio KonbsueBoe npoctpancTBo 3a K
HHOE B OOCa)XEHHOM HHTEpBaJle CTBOJA
MPOCTPAHCTBO CKBQ)KUHBL.

Mexxko0 JlaBieHne B MEKKOJOHHOM
HHOE (3aKOJIOH- (3aKOJIOHHOM, 3aTpyOHOM)
HOE, 3aTpyOHOE) MIPOCTPAHCTBE
JaBJICHHE

3agaBieHH CkBaxuna, CTBOJI KOTOpPOi
ast 3aIoJIHEeH OypOBBIM  pPacTBOpPOM,
(3armyménHas) TUAPOCTATUYECKOE JTaBJIICHHE KOTOPOTO
CKBOKMHA YpaBHOBEIINBAET MJIACTOBOE JIaBIICHUE.

Kononna- IlepexppiBaroliee  yCTpOMCTBO,
JeTy4Ka COCTOSINEE W3 OJHOM WJI HECKOJIbKHX
(;meryuka) COETMHEHHBIX MEXIYy CO00H 00caTHbIX

TpyO, ycranaBiauBaembix B  OK
OOMBIIOTO AMAaMeTpa B WHTEpBaje ee
nedexra.

Pazpsanuts Cuum3uth npaBnenne B OK Ha
CKBAKUHY YCThe 10 aTMOC(EPHOTO.
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«CKonb34

MGTOI[ TaMIIOHUPOBAHUA 110

ee» JIaBJICHUEM, pu KOTOpOM
TaMIIOHUPOBAaHU TaMIIOHUPYIOILIas CMECh
e IIPOKAYNBAETCS 1o 3aTpyOHOMY
IIPOCTPAHCTBY CKBaKHUHBI noJ
N30BbITOYHBIM JIABJICHUEM.
3akaunBaH ITonaua IIPUTOTOBJICHHOMN
ue TaMIIOHUpYOIEeH cmecu, OypoBoro
TaMIIOHUPYIO- pacTBOopa  WIM  TEXHOJOTMYECKOU
e CMECH, xkuakoctu B HKT (3atpybnoe wnun
OypoBoro pact- MEXXKOJIOHHOE IIpocTpaHcTBO, OK).
BOpa U
TEXHOJIOTUYECKO
" SKUIKOCTHU
(3aKkaynBaHue)
[Tponasnu 3akayka pacyeTHOro KOJIMYECTBA

BaHUE TaMIIOHH-
pPYIOILLEH CMECH,
TEXHOJIOI'HU-
YECKOU
KUIKOCTH HIIN
MEXaHUYECKOI0
YCTpOMCTBA
(mpoiaBTUBaHUE

)

OypoBoro pacTBopa B HKT
(3aK0JIOHHOE, 3aTpyOHOe WIn
MEXKOJIOHHOE mpocTpaHcTBo, OK) st
TPAHCHOPTUPOBAHUS TAMIIOHUPYIOILEH
cMecH (TEXHOJOTHYECKON >KUIKOCTH
WIA MEXaHWYEeCKOTro YCTpoilcTBa) Ha
3aJJaHHYIO ITYOMHY CKBa)KUHBI.
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9.4 TlonroroBuTeNbHBIE PaOOTHI K MpoBeaeHuto PP

Ilepeq HauyanoM mTPOM3BOACTBA PEMOHTHBIX PAaOOT Kpemu
CKBKMH Ha3eMHBIC COOPYKEHHUs, OypoBOE M BCIIOMOTaTEIbHOE
o0opynoBaHHWEe, HMHCTPYMEHTHI U KOHTPOJbHO-U3MEPUTEIbHBIC
npuOOPHI, UCXOJ U3 IeNield MPEACTOSIUX paboT Ha CKBaKHUHE,
JOJDKHBI  OBITh TIPOBEPEHBI W TIPUBEIACHBI B COOTBETCTBHE C
JEUCTBYIOIUME TpeOOBaHUAMH, OOECIIEUMBAIONIMMH 0€301acHOe
MpoBeACHUE padoT.

[ToaroroBka HacocHo-koMipeccopHbix (HKT) u OypuibHbIX
TpyO ocyliecTBiseTcs B cOOTBeTCTBUU C AeicTByromumu PJ[. Ha
TpyOHBIX  0a3ax MPOM3BOMAT TUIPABINYCCKUE  HCIBITAHUSA,
KauOpOBKY pe3b0, MabIOHUPOBAHUE, MAPKUPOBKY U COPTHPOBKY
TpYyO. TpancnoptupoBanue TpyO Ha CKBROXHHY IOJKHO
MPOU3BOJUTHECS CHEHUATbHBIM TpaHcmopToM. [lpum morpyske
MEXIYy psAgaMu  TpyO pa3MeIaroT JEPEBSHHBIC IPOKIAIKH,
npenoxpansonie Tpyosl ot yaapos. Ilpu sTom KoHIBI TpyO HE
JNOJDKHBI ~ CBEIIMBATBCS WM  BBICTYmaTh  3a  rabapuThl
TPAHCIIOPTHOTO CpencTBa Ooiee yeMm Ha 1 M.
TpancnoptupoBanue TpyO 0€3 NPEIOXPAHUTEIBHBIX KOJNEI[ H
Hummene 3ampemaercs. [Ilpu pasrpyske u  yKiIagke Tpyo ¥y
CKBOKMHBI HEOOXOAUMO, YTOOBI MYy(TOBBIE KOHIBI OBLIH
HampaBJICHBl B CTOPOHY YCThS CKBaXWHBI. He momyckaercs
cOpaceiBaTh TpYOBI, yAapsATh HX JAPYr O Jpyra, NepeTacKuBaTh
BOJIOKOM.

HenocpenctBenHo Ha OypoBBIX MPOBOJSAT  HApYKHBIN
OCMOTp, MOBTOPHOE IIA0JIOHUPOBAHUE, YKIIATKY TPYO B IOpSIIKE
CIyCKa B CKBOXHHY U 3aMep WX JIJTUHBL.

OmnbIT mokasan, uro Ha Kaxapie 1000 M, HEOOXOAUMBIX s
pabotel TpyO, TpeOyercs MOATOTOBHUTH MOMOTHHUTENBHO 50 M
pe3epBHBIX TPYO.

[ToaroroBieHHble TPyOBl YKIAABIBAIOT IITa0EIsIMH Ha
CTCIUTAKHA B TIOPSAKE OYCPEAHOCTH CITYCKAa B CKBOKHHY, MEXKITY
psagaMu  TOMEIIAIOT JIEPEBSIHHBIE TMPOKIAAKH. Topubl MyQT
Ka)XJIOTO psifa TpyO yCTaHABIMBAIOT Ha OOIICH MpSIMON JTUHUH.
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Cocrasnenue kononHsl HKT i paznuunbix onepanuil npu
PUP ocymectBisiercs cormacao PJ[ 39-1-306-79 u wumeer cBom
cnenuduueckiue  0cOOCHHOCTH.  JlIg ~ TaMIOHAXHBIX U
BCIIOMOTATENBHBIX PadoT 00bruHO mpumeHsitorcss HKT pasmepom
60, 73, 89, 114 mm. /I neMeHTHPOBAHUS UCTIONB3YIOT HOBBIE WIIN
HE3HAYUTEIIFHO W3HOIIEHHbIE TPyObl. [IpM TaMIIOHaXKHBIX U
BCIIOMOTATENbHBIX paboTax B TIIIYOOKUX CKBa)KMHAX, HCXOIS W3
YCIOBHA  MPOYHOCTH  HA  paspbiB,  CIEAyeT  MPHUMEHSThH
KOMOMHHPOBAHHBIC KOJIOHHBI TPYO.

BeiOop pa3zMepoB TpyO NPOU3BOAMTCS B 3aBUCUMOCTH OT
TJTyOMHBl CKBRXHHBI M JUAMETPa SKCIUTYyaTallHOHHOW KOJIOHHBI
COTJIACHO JIaHHBIM, IPUBEICHHBIM HIKE.

Huamertp JKcIUTyaTaluoHHou 178 u 168 146, 140
KOJIOHHEI, MM Ooiee

114 wumm 89 73  wm
JuameTtp 3a1MBOYHBIX TPYO, MM WA

89 73 60

Honyctumble rnyounsl ciiycka HKT onpenenstor u3 pacuera
IIPOYHOCTHU PE3bOOBBIX COEAMHEHUH TPYO.

HesaBucumo ot neneit PUP B nepByto odepenp BBIACHSIOT
TEXHUYECKOE COCTOSHHME O00CaJHOW KOJIOHHBI M  TIIyOUHY
(akTHYecKOro 3a00s CKBaXXHHBI ITyTEM CITyCKa B CKBaXHHY M€4aTH
Ha HKT wnmm OypunbHbIx TpyOax. Ecim MHCTpyMEHT cryckaroT
BIIEPBBIE, TO OOCJIEIOBAaHUE COCTOSIHMSI KOJIOHHBI HEOOXOAUMO
MIPOU3BOAUTL IIOJIHOMEPHOM KOHYCHOM II€4aTbhl0, HMEIOIIEH
nuameTp Ha 6-7 MM MeHbllle, YeM BHYTPEHHUHN TuameTp 00caTIHbIX
TpYyO.

IIpu mocangke meuyaTw BblIe TpeOyeMoW TIIyOUMHBI pa3mep
CleAyroueld CIyCKaeMol IedaTd yMEHbIIalT Ha 6-12 MM 10
MIOJIyYEHHUsI SICHOTO OTIEYaTKa, XapaKTEpU3YIOUIETO BEIMYUHY M
XapakTep HapylieHusl KOJOHHBI. C 3TOM K€ ILeNbl0, a TaKXe A
XapaKTEePUCTUKH IMOCTOPOHHUX TNPEAMETOB Ha 3a00€ CKBAKUHBI
II0CJIE KOHYCHOM CITYCKaIOT IUIOCKYIO T1€YaTh.
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B mpomecce oOcrmemoBaHHs TMPOU3BOAAT  OJHOPA3OBYIO
MocaJKy rmedatu npu Harpyske He Oosiee 20 kH. B ckBakmHax
riyounoit 1o 800 M momyckaercs CIYCK Ie4aTh Ha CTATbHOM
KaHare.

Heo6xomuMo uMeTh B BUAy, 4YTO 0e€3 MIpeaBapUTEILHOTO
oOcienoBaHus CTBOJIA HaXOAMBIIEHCS B JKCILTyaTaluu
CKBR)XMHBI TIEUaTSMH OIpe/eieHne TriIyOuHbl 3a00s mabnoHamu,
CIyCKaeMbIMH Ha METAJUIMYECKON IPOBOJOKE WM KapOTaKHOM
kabese, IpOU3BOAUTH HEIb3SI.

9.5 Mertonpl BeIsiBIeHUS 1e(DEKTOB B CKBAKUHE

WccnenoBanne  CKBaXKMH ~ NpU  IUIAHUPOBAHUU U
OCYIIIECTBICHIH PEMOHTA KPEMU BBINOIHSIOT B LIEJSIX:

- BBISBJICHUS M BBIJCJICHUS WHTEPBAJIOB HETEPMETUYHOCTHU
00CaJHBIX KOJIOHH U IIEMEHTHOT'O KOJIbLIa 32 HUMU;

- I3y4YCHUSI  TUAPOJMHAMUYECKHX W  TeMIIepaTypHbIX
YCIOBUI PEMOHTHPYEMOT'O y4acTKa CTBOJIA;

- KOHTpOJS TMOJIOKEHHA My(pT oO0cagHOW  KOJOHHBI,
UHTEpPBAIOB mepdopa UM, HCKYCCTBEHHOI'O 3a004,
UHCTPYMEHTA, CITYILIEHHOT'O JUIs PEMOHTHBIX Ollepauui,
BCIIOMOTaTENbHBIX MOCTOB, U30JIUPYIOLIUI NaTpyOKOB;

- OLIEHKU KauecTBa MPOMEKYTOUHBIX ONepaliii 1 peMOHTa B
L[EJIOM.

9.5.1. TexHonornueckue u reopu3NIECKue METOIbI.

Metoa M KOMIUIEKC METO/I0B BBIOMPAIOT, UCXOAS U3 LENH
PEMOHTA U COCTOSIHMSI CKBAKHMHBI, IIOCJIE TIIATEIBHOTO M3Y4EHMS
0CcOOEHHOCTEH ee CTPOUTENHCTBA U MPOoIlecca dKCILTyaTallly.

Bxirouaemple B IUIAaH pPEMOHTA CKBAXKHMHBI ITapaMeETpPhI
HCCIIEIOBAaHMSI KPEIH CKBAKMHBI YKa3aHbl B Tabmuie 9.3.

I'myOuHy WM  WHTEpBall  pPAcCHOJIOKEHUS  HapyIIEeHUs
KOJIOHHBI OIPEIEISAIOT MeToAaMHu pacxolOMeTpUH,
PE3UCTUBUMETPUH, TEPMOMETpUU. ECIM KOJIOHHA HMEET HECKOJIBKO
HapyLWIeHWH C pa3IMyHOH MPOIMYCKHOH CIOCOOHOCTBIO, BCE
HapylICHHUs YKa3aHHbBIMM METOJAaMHU MOTYT HE BBISIBUTHCS.
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[ToaTomy mocine ucciaeaoBaHU MHTEPBAJ KOJOHHBI HAJl BEPXHUM
HapylIeHHMEeM TPOBEPSIOT HAa TEePMETHYHOCTb, a HIKHUE
IIpeIoIaraéMble UHTEPBajIbl HET€PMETUUHOCTH OTKIIIOYAIOT IIyTEM
YCTaHOBKU ME€CYaHOW WJIM LIEMEHTHOW mpoOku wiM makepa. [locne
MIPOBEICHUS U30JSIMOHHBIX PA0OT UCCIETOBAHHS TOBTOPSIOT.

Tabmuma 9.3 - Tlapamerpsl wHccienoBaHUS Kperu
CKBA)KHMHBI
TexHomornyeckuit [TapameTpsl HCCIIEI0BAHU,
METO KOTOpblE  CIIeAyeT  yKa3blBaTb B
HCCIIEIOBaHUS YTBEp)KJAaeMOM ILIaHe padoT
KpenH CKBAXKHH
OmnpeccoBka I'myOuna YCTaHOBKH MoOCTa
KOJIOHHBI (makepa), OTKJIIOYAIOIIET0  HMHTEpBal

nepopanuu  (HapylleHus); THO U
IUIOTHOCTh ~ JKUJKOCTH  ONPECCOBKH;

BEJIMYMHA YCTBEBOTO JTaBJICHUS
OIIPECCOBKU
ITonnTepBanbHas I'myOuna YCTaHOBKHU MOCTa,
OIIPECCOBKA OTKJIIOYAIOIIET0 MHTEpBaJ nepdopaunun

(HapyieHus); riyOrHa CIycka HaCOCHO-
KOMIIPECCOPHBIX TpYyO; THUI, BS3KOCTb,
MJIOTHOCTh U 00BEM BsI3KON OydepHoit
XKHUJIKOCTH; THUII, BA3KOCTh M IUIOTHOCTb
MIPOMBIBOYHOW KUJIKOCTH; HAaIpaBIICHHUE
npokauMBaHusi  (mpsimoe, oOpartHoE);
00beM TMPOKAYMBAHHS M YHCIO STaroOB
MPOKAYMBAHUS BSI3KOM OydepHoi

KHUJIKOCTH;  TPOAOKUTENBHOCT U

YCThEBOE JAABJIEHUE ONPECCOBKHU
CHmxeHue 51 ['myOuHa YCTaHOBKHU MOCTa,
IIPOCJIEKNBAHNE OTKJIIOYAIOIIETO HMHTEPBaJ mepdopanuu
BOCCTaHOBJICHUS (Hapymenusi); cmocod W TUIyOMHA
YPOBHS JKUJKOCTH B CHIDKEHMSI  YPOBHA  JKUAKOCTH B
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KOJIOHHE CKBAXUHE; CHOCOO0 U MEpPUOJUYHOCTD
PETUCTPALIMA  IOJIOKEHUS YPOBHS B
CKBa)XKMHE

Onpenenenne Pexumbl IIPOJaBIMBaHM

[IPOITYCKHOM JKUJKOCTU 4Yepe3 HapylIeHUE KOJIOHHBI;

CIIOCOOHOCTH YCTBEBOE JABJICHUE HA KaXIOM PEXHUME;

HapyLIEHUs UIIn THII, IIJIOTHOCTh u BSI3KOCTb

CIICLIMAJIbHBIX IIPOJABIMBAEMOM JKUIKOCTH

OTBEPCTUI B

KOJIOHHE

[ITaGioHMpoBaHuE Tum, Marepuall, HapyKHbIN

KOJIOHHBI JuaMeTp M JUIMHA 11a0JIOHa;  THII

(HaCOCHO-KOMIIPECCOPHBIE, OYPHIIbHBIE)
U YCIIOBHBIH TUAMETp TPYO Ui CITycKa
mabsioHa; CKOPOCTh CITycKa I1abJioHa;
BCIIMYMHA MAaKCUMaJbHOW  pasrpy3Ku
Tpy0O mNpu OCTaHOBKE IIabJOHa B
npoliecce CIycka B CKBaXHHY; HHTEpBaJl
(rmyOuHa) mabIoHUPOBaHUS

CHsITHE OTIIeYaTKa ¢
nedexra Kpenu

Tun nevyatu (Tuiockas, KOHyCHas U
1p.); MaTepuai MOBEPXHOCTH JIJISl CHATHS
OTIIEYaTKa; HapYXHBII JUAMETP U JUITMHA
Ne4yaTy; TUI U YCJIOBHBIA AUaMeTp TpyO
(Tpoca) s cmycka medard; TiIyOuHa
CIycKa TIeyaTd; BEJIMYMHA pasrpy3Ku
TpyO M HEOOXOIUMOCTH MPOMBIBKH IPH
MI0CAJIKe MeYaTh

[ IpokaunBaHue
HUHIMKATOpa
(xpacurens)

Tun wan XUMHUYECKUHA COCTaB
WHAWKATOpPA; KOHIIEHTpalHus U 00beM
pacTBOpa MHAMKATOPA

HpI/I HC3HAYUTCIIbHBIX TMPUCMUCTOCTU W TIMPUTOKEC YCPE3
HapymcHue, Korja HCETCPpMETUYHOCTb KOJIOHHBI IIO XHIAKOCTHU
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perucTpupyercs JIMIIb [aJ€HUEM JaBJICHUS IPU OIPECCOBKE,
ryouHy — nedekra  MOXKHO — ONpPENEeNUTh  MOMHTEPBAIbHOMN
ONPECCOBKOM KOJIOHHBI BS3KOM JKUJIKOCTBIO WJIM CXKATbIM T'a30M.
OTH MeTOJbl MNPUMEHSIOT, KOIZla B IPOLECCe 3SKCIUTyaTaluuu
HAOMIOAAIOTCS  MEXKKOJIOHHBIE — Ta30NpOSIBIICHUS HAa  YCTbe
CKBa)XUHBI.

9.5.2. T'a3oruapoJMHaMHUYECKHE€ METOJAbl TOHUCKA MECT
HErepMETUYHOCTH 00CATHBIX KOJIOHH

Kananamu B pe3pbe  SIBIAIOTCS  ILEJIEBBIE  3a30pbl
PacKpBITOCTBIO B JIECATbIE MW COThIE JIONM  MHJLIMMETpA.
[IponyckHasi coCOOHOCTh TAKMX KaHAJOB CTOJIb HE3HAUUTEINbHA,
YTO IPU OIPECCOBKE HENPEPBHIBHOE 3aKAYMBAHUE JKUJIKOCTU IIPU
JIOTYCKaeMBbIX JJIsi OOCaJHbIX KOJIOHH JaBJIEHUSIX HEBO3MOXKHO.
[Tocne mpekpamieHUs: MpOKaYMBaHUS HM30OBITOUHOE JIaBIICHUE B
KOJIOHHE ITOCTENEHHO CHMKaeTcs. [Ipu 3TOM BenM4MHA CHUYKEHUS
JIABJICHUSI B TE€YEHHE KOHTPOJBHOTO BPEMEHHU OIPECCOBKU MOKET
ObITh B IIpenenax [JOIyCKaeMoM, T. €. oOcaaHas KOJOHHAa B
COOTBETCTBUM C JEHCTBYIOIIMMH HOPMaMH MOKET CUUTAThCS
repMeTHdHOM. OJTHaKO MPU OCBOCHHUM WJIM IKCILTyaTallMi CKBaKUH
BBIICTISIIOLIUICS U3 HEPTH pPacTBOPEHHBIM Ta3 MPOHUKAET 4Yepe3
HErepMETHUYHYI0 pe3b0y M, CKaluBasCh B  3aKOJOHHOM
MIPOCTPAHCTBE, OCIOKHSET MPOIIECC TOOBIYN HEDTH.

MecTormnonoxeHue KaHajJoB yTeUKH (IIOUIOB W3 KOJOHHBI
4acTo  ONPENENAIOT  Ta30TUAPOAMHAMUYECKUMH  METOJIaMHU.
lazoruapoaHaMUYEeCKUE METOJbl  MCCIIEIOBAHUS  BKJIIOYAIOT
MOMHTEPBAIBHYIO  ONPECCOBKY  HErepMETHYHON  KOJOHHBI
ra3oo0pa3HbpIM areHTOM WM TAaYKOW BBICOKOBS3KOM IKHJIKOCTH.
[TounTepBanbHas ompeccoBKa OOCAIHBIX KOJOHH Ta3000pa3HbIM
areHTOM OCYILECTBIIAETCS JJisi I[OMCKAa MECT YTEUYKH rasa,
SIBJISTFOLITAXCSl IPUYMHON MEXKOJIOHHBIX MPOSIBJICHUN HA yCThE TIPH
OCBOCHHH M SKCIUTyaTallud CKBAXKHUH.

[TonHnTepBaIbHYIO OMPECCOBKY OOCATHBIX KOJIOHH TAYKOM
BBICOKOBSA3KOM KUJAKOCTH TPOBOJAST, €CIM HErepMETUYHOCTD
KOJIOHHBl 10 JKUIKOCTH PETUCTPUPYETCS JIMIIb IaJICHUEM
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JaBJIEHHUS IIpU OIpeccoBKe. B mocienHem ciydyae HEpPEOKo
MPUMEHSIIOT MOMHTEPBAJIBLHYIO OMPECCOBKY KOJOHHBI C TOMOIIBIO
nakepa.

s ompeneneHuss MHTEpBaja HETEPMETUYHOCTH METOJOM
MOMHTEPBATBHON  OMPECCOBKH  ra3000pa3HbIM  areHTOM  Ha
CKBOKMHE YCTaHABJIMBAIOT LIEMEHTUPOBOYHBIN arperaT (L[A),
ra30HATHETAIONINIA arperar - aBTOMOOWIbHYIO Ta3u(pUKAIMOHHYIO
YCTAHOBKY (ATY) co CKMKEHHBIM a30TOM 15R10
naponpousBoauTenbayto yecraHoBky (III1Y). Ilo cormacoBanuio c
MecTHeIMUM  oprasamMu  PI'TM  pomyckaercss — mpumeHeHue
Bo3aymHOro kommpeccopa (YKII-80 u ap.).

3arpyOHOE€ TPOCTPAHCTBO CKBAKUHBI  OOBSI3BIBAIOT  C
ra3oHarHeTarolUM arperaTtoM 2, a TpyoHO€ - C MEpHON €MKOCTBIO
3 LIEMEHTUPOBOYHOTO arperata (pUCyHOK 9.1).

JlJ11 ONOpO’KHEHHUS U ONPECCOBKU MCCIENYEMOTO0 MHTEpBajia
4yepe3 OTKPBITBIM KpaH 6 B 3aTpyOHOM MPOCTPAHCTBE MOJAIOT
razoo0pa3Hbiii are’T. [Ipu 3TOM 3aMepsitoT 00beM BBITECHSEMOTO
n3 HKT OypoBoro pactBopa, MOCTYNAIOIIETO 4Yepe3 OTKPBITHIH
KpaH 7 B MEPHYIO €MKOCTb.

[Tpr MOCTHXKEHHMH YPOBHS KHUAKOCTH TIyOHHBI h, paBHOTO
50-100 M, 3akpbIBalOT KpaH 7. 3areM mojady Ia3000pa3HOro
areHTa MpeKpamamT, KpaH 6 mnepekpbiBatoT. CKBaXXUHY
BBIJIEPKUBAIOT O] JaBJIE€HUEM B TeueHue BpeMmeHu Ty .Ecnu 3a 310
BpeMsl J]aBJICHUE B MEXKOJIOHHOM NPOCTPAHCTBE HE BO3POCIO, TO
OTKPBIBAIOT KpaH 7 U, MPOJIOJDKAsi HarHeTaTh Ta3 (map) B 3aTpyOHOe
MIPOCTPAHCTBO, JOMOJIHUTEIBHO CHI)XKAIOT YpOBEHb B 3aTpyOHOM
IIpOCTpaHcTBe Ha BenuuuHy oT 50 10 100 m.

OuepenHoil UHTEPBAI KOJIOHHBI CIPECCOBBIBAIOT TAKUM K€
CrocobOM © B TOM K€ TMOpsAKe. Y4YacTKU  KOJOHHBI
ONPECCOBBIBAIOT JI0 TE€X IOp, IOKa IMOBBIIIEHUE JaBICHUS B
MEXKOJOHHOM  MPOCTPAHCTBE HE  YKAXET Ha  HaJIu4due
HErepMETUYHOCTH B OYEPEIHOM HCCIIElyeMOM HHTEpBaje. 3aTeM
CKBKUHY 3aIOJTHSIIOT OYPOBBIM PACTBOPOM JI0 YCThSI.
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[Ipu ompeneneHuu WHTEpBalla HETCPMETUYHOCTH METOJIOM
MOMHTEPBAIBHON ONPECCOBKH 00CAJHON KOJIOHHBI BBICOKOBS3KOM
KHUJKOCTHIO HWCIOJB3YIOTCS 3arylICHHBIE BOJHBIC PacTBOPHI
nonumepoB (Harpumep, KML, ITAA u ap,).
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Pucynok 9.1 - Cxema  moHHTEpBaJIbHOU OIIPECCOBKU
KOJIOHHBI Ta3000pa3HbIM arentom: 1 - HKT; 2 - razonaraeratomuit
arperar; 3 - MepHasi EMKOCTb; 4, 5 - MaHOMETpBI; 6, 7 - KpaHbl

Peunentypsl pacTBOpoB moaOWparOT B J1aOOPAaTOPHBIX
YCJIOBHUSX.
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Bsi3kocTh 3THX pacTBOpOB, Kak IIOKa3blBae€T IPAKTHKa,
JoJbKHA ObITh HE MeHee 4eM B 10 pa3 Bbllie BSI3KOCTH OypoOBOTO
pacTtBopa.

bammak HKT pacnonarator Ha paccrosiuuu 5-10 M Bbilie
HCKYCCTBEHHOI'0 320051 WJIM LEMEHTHOI'O MOCTa, YCTaHOBJIEHHOT'O
Haj wuHTepBaioM nepdopanuu. KoJoHHY OIpeccoBbIBAIOT,
(UKCHPYIOT BETUYHHY Ta/ICHUS JaBJICHUS.

B cnenuanbHOM eMKOCTH WM  MepHOM eMkocTu 1A
[IPUTOTAaBIUBAIOT HE MeHee 1 M BBICOKOBSI3KOTO pactBopa. Ilpu
OTKPBITOM BBIKHUJE U3 3aTpyOHOr0 MPOCTPAHCTBA 3aKAYUBAIOT
npuroroBiaeHHbeli  pactBop B HKT. BricokoBsa3kuii pactBop
MIPOMBIBOYHOM JKHMJIKOCTbIO IPOJABIMBAETCS M BBITECHSETCS U3
HKT.

Boikug w3 3aTpyOHOrO MpOCTpaHCTBA  3aKPHIBAIOT M,
IIPOJ0JIKasl 3aKaYMBaHUsl OypOBOI'O pacTBOpa, 1OBOJAT JIaBJICHUE B
3aTpyOHOM TPOCTPAHCTBE OKCIIYyaTAllMOHHOM KOJOHHBI  JIO
3HaueHus,  JomyckaemMoro  mpu  ompeccoBke.  KomoHHy
BBIJIEPKUBAIOT O] JaBJICHUEM B TEUEHHE KOHTPOJIBHOIO BPEMEHH,
(bUKCUPYIOT BENUYHHY CHWXKEeHMs NaBieHus Ap. Ecmu pesynprar
OTPECCOBKM HE OTIMYAETCS OT JAHHBIX, MOJYYEHHBIX paHee, To,
CHIDKas JaBlieHHEe B 3aTpyOHOM MPOCTPAHCTBE M MPOAOIDKAs
3akaunBath OypoBoii pacTBop B HKT, nepemeriaoT BEICOKOBSA3KUI
pacTBOp 1O 3aTpyOHOMY TPOCTPAHCTBY JJsi  OINPECCOBKH
CJIEYIOILIETO, PACIIOIIOKEHHOIO BbIIIE HHTEPBAJIa KOJOHHBI.

IlonHTEpBaIBHYIO ONPECCOBKY MPOAOIDKAIOT O TEX IOp,
[OKa PE3KOE CHIKEHHE MAABJIEHUS HE YKaXeT Ha MepeKphIThe
BBICOKOBSA3KOMN KUAKOCTbIO HEr€PMETUUYHOTO MHTEPBAIA KOJOHHBI.
KomnuectBo MPOJABOYHOM JKUIIKOCTH st 0YEPETHOTO
MIEPEMELIEHUS] BBICOKOBSI3KOIO pacTBOpa JOJKHO COCTaBISATH HE
6o1ee 80 % ot ero oobeMma.

Ecaim  HerepMeTWYHOCTh  KOJOHHBI  XapaKTEpHU3YeTCs
MoTrJIoleHueM  OypoBOro  pacTBopa IpH  TpOBEpKe  Ha
MPUEMHUCTOCTh, TO TMOUHTEPBAIbHYIO OIPECCOBKY KOJOHHBI
clenyeT NPOU3BOAUTH IPHU CIIyCKE NAKepa B CKBAXKHHY 4Yepe3
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kaxapie 300500 wm. Ilocnme ycTaHOBKM Takepa OIPECCOBKE
PEKOMEHJIyeTCsl MOJBEpraTh MOJAMNAKEPHOE IPOCTPAHCTBO. ITO
YCKOpSIET TpOIIecC NMOWCKA, TaK KaK HE TpeOyeTcs repMeTH3amus
3arpy6HOro mpoctpanctBa. OTCyTCTBHE  MOTJIOLIECHUS  IPHU
OUYEPEAHOM ILIMKJIE OIIPECCOBKU YKAaXKET HAa HAJIMYUE HApYILIEHUs B
UMHTEpBaJie HapalleHHbIX TpyO. MecTomnonoxeHne HapyuieHus
MOXXHO  yTOYHUTb IIpM MOCIEAYIOIIEM IIOAbEME IlaKepa
OINPECCOBKOM KOJIOHHBI, NMPU HEOOXOJUMOCTH - TOCTEe Kaxaon
nonHAToil  TpyObl. Eciu  mpu  mpoBepke  CKBaKMHBI  HA
MPUEMHCTOCTh HAOMIOAAETCS BBIXOJ LUPKYISALUN HA TIOBEPXHOCTh
U KOJMYECTBO 3aKaYMBAEMOW M  BBITCKAIOIIEH KUIKOCTH
OJIMHAKOBO, TO OCYIIECTBIISIFOT 3aKaYKy MHIUKATOpa (KpacuTess).
B npomabioHupoBaHHBIX TOJTHOMEPHOU MEYaThi0 00CaTHBIX

KOJIOHHAX,  HETepMETUYHOCTh  KOTOPBIX  XapaKTepus3yeTcs
[OTJIOLIEHUEM  OypoBOro  pacTBopa IpU  NPOBEpPKE  Ha
MIPUEMHCTOCTb, MIPUMEHSIeTCS METO/T ornpeaeneHus
MECTOTIOIOKEHUS nedexra nyTeM MIPOJaBINBaHUS

LIEMEHTUPOBOYHON MPOOKH MO KOJIOHHE.

IIponaBounas mpoOka, UCHOIb3yeMasi IpU LEMEHTHPOBAHUU
O6C&I[HBIX KOJIOHH, BBOJUTCA C IMMOBCPXHOCTU BHYTPL KOJIOHHBI, a
3aTeM MpOTaJKUBaeTCs OYpOBBIM pPACTBOPOM, HArHETaeMbIM C
YCThsl CKBaXHHBI. KOJIMYECTBO 3aKauMBaeMOro pacTBOpa JOJKHO
ObITb HE MeHblle o0beMa KOJOHHBL. [JyOMHY HapylleHus
ONpPEAEISIOT 10  MECTYy  OCTaHOBKM  HpOOKH,  KOTOpOe
yCTaHaBJIMBAETCA C MOMOMIbI0 anmnapara SIkosneBa. Konctpykuuei
MPOOKU MOKET OBITH MPETYCMOTPEHA BO3MOKHOCTH €€ U3BJICUCHUS
U3 CKBOXHMHBI C IIOMOINBIO NPUCHOCOONEHUS JUIs 3axBara
JIOBUJIBHBIM HHCTPYMCHTOM.

9.5.3. UccnenoBanus MECT HErepMETUYHOCTH
3aKOJIOHHOTO TIPOCTPAHCTBA B MHTEPBAJIC IIEMEHTUPOBAHHS

Jlnsi BBISBJICHMS MECT HErepMETHYHOCTH MO IEMEHTHOMY
KaMHIO HCIIOJIB3YIOT almaparypy AKyCTHYECCKOIo n raMma-
KOHTpPOJIA LEMCHTUPOBAHMUA. BBI/II[y NPUHIOUIIHAIIBHOTO Pa3jinvuus
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uHpopManuy, I10JIy4aeMoi YKa3aHHbIMU METOJIaMH,
PEKOMEHYeTCs COBMECTHOE MX UCIIOJIb30BaHUE.

JUig omnpeneneHuss HaJlW4yusl HUHTEPBAIOB M HAIPaBJICHUS
NEPETOKOB (DIIFOMJIOB 3a SKCIUTYaTaALlMOHHOM KOJOHHON MPUMEHSIOT
TEPMOMETPUIO B cooTBeTcTBMM ¢ PJI, a Ha ydacTkax CTBOIa,
IpUJIETAIOIIUX K HHTepBaly nepopauuu - TaKkKe METoJ
paZMOaKTUBHBIX M30TONOB U JApyrue Meroxabl. MccnenoBaHus
[IEPETOKOB 32 KOHJYKTOPOM WM HPOMEXYTOYHOH KOJIOHHOM
BBIIIOJIHSIOT CHATUEM TEPMOTPaMM IO BHYTPEHHEMY IPOCTPAHCTBY
HKCIUTYaTallMOHHOW KOJIOHHBI JIMOO KOJIBIIEBOMY 3a30py MEXIY
9KCILTyaTallMOHHON KOJOHHOM M KOHIYKTOPOM (IIPOMEXYTOUHOM
KOJIOHHOM ).

Ilepen uccienoBaHreM CKBaXMHY 3aIIOJIHAIOT XKUAKOCTBIO J10
YCThsl B CTBOJIE M KOJIBLIEBOM IPOCTPAHCTBE MEXJY KOJOHHOH U
KOHJYKTOPOM (IPOMEKYTOUYHOM KOJIOHHOM) U OCTaBIISAIOT B IOKOE
Ha 48 u. IIpu BBICOKOM TMOJIO)KEHHUHM CTAaTMYECKOI'O YPOBHS
MPENNOYTUTENbHEE TPOBOAUTDH 3aMEPhI B KOJIOHHE.

3aMephl MO KOJIBLIEBOMY 3a30pY BBINOJHSIOT CEPUHHBIMU
NEKTpOTEpMOMETpaMu  auameTpoM 32 u 35 MM, KOTOpbIE
CIIyCKAaIOT Ha OJHO- WJIM TPEXKWJIBHOM Kabene ¢ perucrparuei
nokazaHui kapoTtaxkHbiMH craHuusaMu AKC wm AII3A. 3amep
MOXKET ObITh HpoBeleH Mexay 146-mm u 245-MM ninm 324-mm
KOJIOHHaMH, a Takxe Mexay 168-Mm u 299-mm unu 324-mm
kojoHHamu. Ilepen mccrnenoBaHMeM KOJBLEBOE MPOCTPAHCTBO 3a
KOJIOHHOM IIa0JIOHUPYIOT M OIpPENENSIOT TOJIOKEHHE YPOBHS
AKHUJKOCTH.

JU1st OLIeHKH BO3MO>KHOCTH M 11€7I€CO00Pa3HOCTH MTOBTOPHOTO
TaMIIOHUPOBAaHUS 00CagHONW KOJIOHHBI METOJOM OOpPaTHOTO
LEMEHTUPOBAaHUsI M OMNpeneieHuss Heobxoaumoro  oObema
TaMIIOHAKHOTO  pacTBOpa  IPOBOAMUTCA  TEPMOMETpPUS  C
3aKaUMBAHUS JKUAKOCTH B KOJIBIIEBOE IIPOCTPAHCTBO C YCTBhS.
TepmomeTp cryckaroT B KoJOHHY. C KOHTPOJIBHOM TepMOTrpaMMoii
CPaBHUBAIOT KPUBbIE, CHATBIE MOCIIEC 3aKauMBaHUs BOABI B 00beMe
34 (mepBast mopius) U AByX OOBEMOB MPEIOIaraéMon 30HBI
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LIEMEHTUpOBaHus (BTOpas nopuus). B mepBoM cilyyae CHUMArOT
3amep uepe3 20-30 muH., BO BTopoM - uepe3 20-30 muH. u 1,5-2 4.

TemnepaTypa 3akauMBaeMoOW BOJbI JOJDKHA OTJIMYATHCS OT
TeMIepaTypbl FTOPHBIX MOPOJ HE MeHee yeM Ha 4-6° C.

HccnenoBaHusIMA MOTYT OBITH BBISIBIICHBI:

- riyOuHa, 10 KOTOpoW HaONrofaeTcs ABMIKEHHE XKHUJKOCTU
3a KOJIOHHOM U KOHAYKTOPOM (IIPOMEKYTOUHON KOJIOHHOH);

- HHTEPBAJIbI IIOTJIOIIEHNUS 3aKa4NBAEMOM JKUJKOCTH;

- HapylleHHE B KOHAYKTOPE (MPOMEKYTOYHON KOJIOHHE) U
ri1yOuHa HapyILIEeHHs.

JIsi yTOYHEHHsI TeMIIepaTypHBIX YCIOBHM B 3aJJaHHOM 30HE
ctBoJia ckBaxkuHsl niepen PUP B HKT uepe3 nyOpukaTop cryckaror
anekTporepMmometp. Ilocne BbIOIHEHUS 3aMepa TeMmIepaTypbl Ha
3aJJaHHOI TIJyOMHE M 3aKayku OypoOBOTO pPacTBOpa MMUTHUPYIOT
IJTAaHUPYEMBbII rporecc LIEMEHTUPOBaHUS, perucTpupys
U3MEHEHHEe TemrepaTypsl. [locne npokaumBaHus >KUIKOCTH, HE
nepeMenas NpuoOp U3 3aJaHHOW 30HBI, BBHINOJHSIOT 3aIUCh
BOCCTAaHOBJICHMSI ~ TEMIIEpaTypsl  BO  BpeMeHH.  JlaHHBIE
UCCIIEIOBAaHMUSI ~ UCMOJB3YIOT  MpH  [OAOOpEe  KOMITO3UIMH
TaMIIOHAKHBIX PACTBOPOB, PE3KO pEarupyrolux Ha U3MEHEHUe
TEMIIEPATYPBI, U OINPENEICHUM CPOKOB IPOBEICHHS OTAEIbHBIX
omepanuii B  IpolLecce TaMIIOHUPOBAHMUS  CKBaXHH. Bce
MIPOMBICIIOBO-TE€O(U3NYECKAE  UCCIEAOBAaHUS  HPOBOJAT IO
CHEIHaJIbHBIM IJIaHAM.

9.6. TexHosorust paboT 10 PEMOHTY KPEIu CKBAXXUH

OCHOBHBIM ~ METO/IOM  JIMKBUAALIMK  HErepMETHUYHOCTHU
0o0CaJHBIX KOJOHH ¥ 3aKOJOHHOTO TPOCTPAHCTBA SIBIISETCS
TaMIIOHHpOBaHWEe. JTOT W jpyrue wmeronsl PHP  Brirowaror
BCIIOMOTATENbHBIE ONEPALIMA 10 YCTAHOBKE Ppa3JEIMTEIbHBIX
TaMIIOH&KHBIX MOCTOB, HapalllMBaHUIO IIEMEHTHOIO CTaKaHa,
HAChIIKE  MECYaHBIX  MPOOOK,  HAMbIBY  HAIlOJHUTENEH.
TammonaxkHple  MaTepuanbl U TEXHOJIOTUYECKHE  CXEMBI
NPOBEACHUSI TaMIOHAKHBIX paboOT cileayer BBIOMpaTh B
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3aBUCUMOCTH  OT 1eneit PHP, r1eoa0oro-teXHUMYECKUX U
T'MJIPOTEPMAIIBHBIX YCIOBUM B H30JIMPYEMOM 30HE CKBAXKHUHBI.

Croco0 TaMIOHUPOBAHHSA HEOOXOIMMO IUIAHUPOBAaTh B
3aBUCUMOCTH OT IOJIOKEHUS IMHAMMUYECKOI'O YPOBHS KHJIKOCTH B
KOJIOHHE IIpU NPOBEPKE CKBAXXUHBI HA 3allOJHEHHME U PACUETHOM
IPOAOIDKUTEIBHOCTH oniepaiuy T, KoTopasi JOJIKHA COCTaBIIATh HE
6onee 75 % oT cpoka 3arycteBaHus T, HCIOIB3yeMOI
TaMIIOHUPYIOILEH CMecH:

JUia  ocylIecTBIIEHHsS Tpoliecca TaMIIOHUPOBAHMS, B
3aBUCUMOCTH oT YCIIOBUH, HE00X0AUMO POBECTU
JIOTIOJIHUTEJIbHBIE PA0OTHI U PACUETHI.

9.6.1 Pacyetsl ipu onpeiereHny NPUEMUCTOCTH CKBaKUHBI

B 3aBucumocTH OT MOJIOKEHHUS JMHAMUYECKOTO YPOBHS B
KOJIOHHE IIpU

IIPOBEPKE CKBAXXMHBl Ha 3allOJIHEHHWE YCTaHaBJIMBAETCA
IepevyeHb JIOMYCKaeMbIX Crnoco0oB TamnoHupoBanus (Tabnuna
9.4). B 3anonHsoummxcs CKBaXKMHAX YKa3aHHBIM MepeyeHb
YTOYHSIETCA IO  pe3yjapTaTaM  IIPOBEPKH  CKBAXKUHBI  Ha
PUEMHUCTOCTb, HAJMYUIO WIM OTCYTCTBHIO OOpaTHOW OTIa4u
IJIACTOM YacTH 3aKayaHHOMU KHJIKOCTH.

Tabnuma 9.4 - BeiOop cnocoba TaMImOHUPOBAaHUSA IO
pe3yabTaTaM  HCCJIEJOBAaHUS  CKBOXUHBI U YCIOBHUSIM
(hopMUpPOBaHUS U3OJISIIMOHHOTO dKpaHa

Criocob PesynbTar MIPOBEPKH Ha
TaMHOHI/IpOBaHI/ISI 1oz HpI/IeMI/ICTOCTB CKBaXUHBI
JIaBJIEHUEM 3aMOHSIOENHCS HE3anOIHAIOIEN
cA
HET OTIAYU
031 |03I]
ectb |O31] |O3L]
oz oe3
orhad (mox |0e3
NaBJIEH |dABJICH
a naBliie | maBiie
HeM Hs
HHUC M |HUA
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1 ([Yepes obcamayro|+ + - + _
KOJIOHHY

2 [Yepes HKT ml, N ] ) ]
00CaIHy 0 KOJIOHHY

3 |Yepes HKT,
YCTaHOBJICHHBIC Ha|- - + - +
30HO BBOJIa

4 [Yepes HKT,
YCTAaHOBJICHHBIC IO |- - + - .
30HOI BBOJIA

5 |KoMOuHHpOBaHHBII + + - + -
crocoo

6 |Ckoib3siee ] ] s ) ]
TaMIIOHHPOBAHHE

7 |C nakepom - - + . +

KomnnuecTBo *HIKOCTH, OTJaBAEMOE TIACTOM, OMpEIesieTcs
crenyromuM obpaszom. Ilepem mpoBepkoil HAa TPHEMHCTOCTH
CKBKMHY CJIEIyeT MPOMBITh B TE€UEHHE HE MEHEE OJHOTO ITHKJIa
IUPKYJISAIAN IO BRIPABHUBAHUS INIOTHOCTEH JKHIKOCTH B TpyOax W
3aTpyOHOM MPOCTPAHCTBE.

[Tocrme mpekpareHusl HarHEeTaHWsI JKUJIKOCTH JUISL IPOBEPKH
CKB2)KMHBI Ha IPUEMUCTOCTh CKBOKUHY OCTaBJISIOT B MoKoe Ha 10-
15 MuH. 1 QUKCUPYIOT yCTaHOBHUBIIEECS B KOJIOHHE HaBieHue Py.
3aTeM OTKPBIBAIOT BBIKHA W3 3aTPyOHOrO MPOCTPAHCTBA U
3aMepsIIOT 00beM BBITEKAIOMIEH KUIKOCTH Vy. OnpenensroT oobeM
BBITEKAIOIIEH  JKUAKOCTH  Vy,  OOYCIOBIEHHBI  yIPYrUMU
nedopmarusimMu  00CaTHON  KOJIOHHBI, U  3alOJHSIONEH ee
MIPOMBIBOYHOM KUAKOCTU MO ACHCTBHEM JaBICHUS

B ckBaxxmHax, rae HaOIIOZaeTcs OTAaya IIacTa, CIoco0
TaMIOHUpOBaHus JomkeH obecreunth O3] mon M30BITOYHBIM
naBjaeHueM 0e3 MMPOMEKYTOUYHON pa3Tpy3KH KOJOHHBI OT JIaBJICHUS
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s mogpema yactu HKT B GesomacHyro 30HY (CmOCOOBI
1,2,5B Ttabnune 9.4).

OTH ke crnocoObl clieyeT MPUMEHATh B HE 3aIOIHSIOMIUXCS
CKBa)XMHAX, a TAK)KE B 3aIOJHSIOIIMXCA CKBAXKHUHAX, IJIe OTHaya
iacTa OTCYTCTBYET, B cilydyasix, korga yciosus PHUP TpeOyroT
(GOopMHpOBaHUS H3OJIALMOHHBIX HKPAaHOB MOJA  HU30BITOUHBIM
nasinenneM npu O3Ll, Hanpumep, pu PEMOHTE KOJIOHH B 30HE
CJ1Ia00CIIEMEHTUPOBAHHBIX MOPOJ, JMKBUAALUN MEXKIUIACTOBBIX
MEPETOKOB B HEMEP(POPHUPOBAHHBIX HHTEPBAJIAX KOJOHHBI U JP.

Caenyer otmeTutb, yto O3L] ox naBiieHueM J10MycKaeTcs U
IpU JIpYrux crocobax TaMmnoHUpoBaHHUs (crocodsl 3 , 4 , 7 B
tabmune 9.4), 0AHAKO, B CBSA3U C NPOMEKYTOUHBIMU pa3rpy3KaMu
KOJIOHHBI OT M30BITOYHOTO JaBJICHHS W Pa3pbIBOM IIpoIecca BO
BpeMeHU 3(PQPEKTUBHOCTh HTOIO TEXHOJOTHMUYECKOro IpHeMa
HECKOJIBKO HUXKE.

9.6.2TamnoHUpOBaHKE MOJT AABJICHUEM

TammonupoBanue 1Moj AaBIeHUEM Yepe3 00CaTHYI0 KOJIOHHY

Crioco® mpuMeHsieTCsl MPH H30JSIIUU CKBO3HBIX JE(PEKTOB
00caJHBIX KOJIOHH U HapallMBaHUU LIEMEHTHOTO KOJIblIa 32 HUMHU, a
TaK)Ke MPU TaMIIOHMPOBAaHUHU KAHAJIOB MEXKIUIACTOBBIX NEPETOKOB
MEXIY HENPOAYKTHUBHBIMU TOPU30HTaMM, KOTJa  YCIOBUS
nposenenuss PHUP He pomyckaroT pasrpy3kud  KOJIOHHBI  OT
M30BITOYHOIO JaBJIEHMS IOCJIE 3aJaBIMBAaHUS TaMIIOHUPYIOLIEH
cmecu. Mcnosnp3oBaHHWe 3TOro crocoda JOMycKaeTcs Kak B
3aIMOHSIOMINXCS, TaK U HE3AMOIHSIOMINUXCS CKBaXKMHAX.

CHayasla TNpPUTOTOBISIIOT ~ TaMIOHHMPYIOIIYKHD CMEChb U
3aKauyMBalOT €e B 00cajHyl0 KOJIOHHY. HeobxoammocTh
NPUMEHEHHs Pa3JeNUTENIbHBIX MPOOOK U Tmadek OygepHbIX
KHUJKOCTEH YCTaHaBIMBAaETCS B 3aBUCUMOCTH OT Xapakrepa
B3aUMOJIEHCTBUS ~ OypoBOrO  pacTBOpa M HCHOJIb3yeMOM
TaMIIOHUPYIOMIEH  CMECH. 3aKauyuBalOT  pacyeTHBIM  00beM
IIPOIAaBOYHOM KUAKOCTHU. TaMIIOHUPYIOIIYIO CMECH 3a1aBJIMBAIOT B
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H30JIMPYEMYIO 30HY IPU JIABJIEHUU, HE NMPEBBIIAOIIEM 3HAYEHUS,
periaMeHTUPOBAHHOIO JIJIs1 OIIPECCOBKHU KOJIOHHBI.

CkBaxuHy ocTaBiIsiloT B mokoe Ha nepuon O3L mnox
JOCTUTHYTBIM ~ WIM  NPEIBAPUTEIBHO  IUIABHO  CHH)KEHHOM
nasnenueM (ae 6onee 0,5 MIla/mMuH.) 10 TUTAHUPYEMOI BETUYNHBI.

TamnonupoBanue moj naeienuem yepe3 HKT u obcamnytro
KOJIOHHY

Cnoco0 mnpumMeHsercss IJid YCKOpEHHUsl Ipolecca JIOCTaBKU
TaMIIOHUPYIOIIE CMECH K H30JUPYEeMOH 30HE B CKBaXXUHAX,
3allOIHEHHBIX ~ OypOBBIM  PAacTBOPOM IpU  MPOBEpKE  Ha
MIPUEMHUCTOCTb.

Hwxunii xonen HKT ycranaBimuBaroT Haj 30HOM BBOAA
(oTBepcTHS B KOJIOHHE) HA PACCTOSIHUM, BMEIAIOIIEM PacUeTHBIN
0o0BEM TaMIIOHUpYIOIIEH cMecu. 3akauuBasi OypoBOH pacTBOp B
HKT, cnegyet BOCCTaHOBUTH HUPKYJIALIMIO.

[Ipn OTKpHITOM BBIKHIE U3 3aTPyOHOr0 MPOCTPAHCTBA
3aKaYMBAlOT W TPOJIABIIMBAIOT TaMIIOHUPYIOIIYIO CMECh B
ckBaxuHy. Ilocie pocTHKeHHMs TaMIOHUPYIOLIEH CMECBIO
HmwxHero koHma HKT Beikug u3 3aTpyOHOrO MpocTpaHCTBA
3aKpBIBAIOT M MPOJOJDKAIOT MPOJABIMBAHME 1O BBIXOJA BCEU
cMecH U3 TpyoO.

IIpu o6paTHOI TPOMBIBKE TPOU3BOJAT KOHTPOIbHBIN BHIMBIB
JUISl TApaHTUU OTCYTCTBHSI TAMIIOHMPYIOUIEH CMECHU B KOJIbLIEBOM
npoctpanctBe 3a HKT. TaMnoHupyronyro cMech 3a/1aBIMBAIOT B
IJIacT JI0 JOCTHKEHHS TPeOyeMOoro JaBiIeHHUS.

CxkBakuHy OCTaBIISItOT B mokoe Ha nepuon O3] moxg
JTABJICHUEM.

TamMnonupoBaHue o IaBJICHUEM qepes HKT,
YCTaHOBJICHHbIE HaJ 30HOM BBOJA TaMIIOHUPYIOUIEH cMecHu 3a
KOJIOHHY

JlaHHBIN cI0CO0 UCTIONB3YIOT:

- TIpU  M3OJAIMH 9YYXIBIX IUIACTOBBIX  (IIIOUIIOB W
MOJOIIBEHHBIX BOJ;
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- TIPU U30JISIUH CKBO3HBIX J1e()eKTOB 00CAJHBIX KOJOHH JUIS
YCKOpPEHHUsI JOCTABKH OBICTPOCXBATHIBAIOUINXCA TaMIIOHHUPYIOIIHX
CMECEM K U30JIMPYEMOI 30HE.

[IpumensaTh cnoco® s M30JALMU UYYKIBIX IJIACTOBBIX
GionI0B M MOJOIIBEHHBIX  BOJA  JOMYCKAaeTCsl Kak B
3alOJHAIOMIMXCA, TaK W B HE3AMOJHSIOIIMXCS CKBaXMHAX IIPU
UCIOJIb30BAHUM  TAMIIOHUPYIOLIMX  COCTaBOB  HA  OCHOBE
MHUHEPAIbHBIX BSLKYLIUX, IOJTUMEPHBIX TAMIIOHAXHBIX MAaT€pUaJIOB
(IITM) ¢ WHEPTHBIMM WM AKTUBHBIMM  HAIOJIHUTEISIMU.
Ucnons3oBate ¢unbrpyromuecs I[ITM 6e3 Hanomuuteneir B
HE3aMOJIHSIOMMXCS  CKBaXHHAX IpU JaHHOM crHocobe He
pekoMeHyeTcsi.  bblcTpocXBaThIBalOIIMECS]  TaMIIOHUPYIOIINE
CMECH MPUMEHSIOT TOJIBKO B 3aIOJHSIOLINXCS CKBAXKUHAX.

Hwxnnii konen HKT ycranaBmuBator Ha 10-15 M Bbime
30HBl  BBOJA, 3akauuBaroT OypoBoil pactBop B  HKT,
BOCCTaHABJIMBAOT HUPKYJISILIHUIO.

[Ipu OTKpBITOM BBIKHJE W3 3aTPyOHOTO MPOCTPAHCTBA
TaMIIOHUPYIONIYI0 CMECh 3aKauMBAalOT W MPOJABIMBAIOT B
ckBaxuHy. llocie JOCTH)KEHHMS TAMIOHHMPYIOUIEH  CMECHIO
HwkHero kouna HKT Bwikug w3 3arpyOHOTO TPOCTpPaHCTBA
MEPEKPHIBAIOT U CMECH 3aJaBIMBAIOT B IJIACT.

M3numkun cMecu BBIMBIBAIOT W3 CKBaXUHBI 00OpaTHOM
MPOMBIBKOM € TMPOTHUBOJABICHHEM, 3HAYEHHUE KOTOPOTO IOJIKHO
OBITh HE MEHbIIIE 3alUIaHpoBaHHOrO Ha nepuo O311.

HKT npunoguumatror nHa 100-150 M a8 rapanTum
orcyrcTBHs npuxBara. CkBaxuHy octaBiasator Ha O3L[ nox
3aIlUIaHMPOBAHHBIM JIABICHUEM.

Ecnu nmpu paborax CKBaKMHA HE 3aloJHSETCS, TO Tepes
TaMIIOHMPOBAHWEM IO/ JaBJICHHEM HEOOXOIMMO YCTaHOBUTH
rIIyOWHY CTaTUYECKOTO YPOBHS JKUJIKOCTH B KOJIOHHE Ul pacueTa
rapaMeTpoB Olepaluu.

IIpn OTKpBITOM 3aTpyOHOM MPOCTPAHCTBE HEOOXOIUMO
3akayaTh B HKT:

- TAMIIOHUPYIOIIYIO CMECH;
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- IPOJAaBOYHYIO JKUAKOCTb B  KOJIMYECTBE, pPABHOM
BHYTpPEHHEMY 00BbEMY

HKT.

Ecnn nupkynsinus He BOCCTAaHOBMJIACH, TO INMPHUCTYHAKOT K
3aKauyMBaHHUIO OypOBOTO pacTBOpa B 3aTpyOHOE MIPOCTPAHCTBO.

Ecin BOCCTaHOBICHMS LMPKYJISALIMM HE IPOU30ILIO, TO
cienyer mnpokadyatb B HKT wu 3arpyOHOEe mpocTpaHCTBO
OJTHOBPEMEHHO KOHTPOJIbHOE KOJMYECTBO OYpOBOrO pacTBOpa,
paBHOE Y/IBOEHHOMY BHYTPEHHEMY OOBEMY ydacTKa KOJOHHBI OT
HxHero koHua HKT no HukHER rpaHunel 30HbI BBOJA, & 3aTEM
MOHATh TPYObl HaJ 30HOM BBOJA Ha PAcCTOSHUE, BMEILAIOLIEE
oobeM Tammnonupyromeit cmecu. Ilocne O3L[ omepauuto cienyer
IIOBTOPUTD.

Ecin nMpkymauus BOCCTaHOBWIJIACH, TO OCTaBIIYIOCS B
3arpyoHom mpoctpanctBe u  HKT Tammonupyromyro cMmech
clleyeT 3aJaBUTh B IUIACT.

TamnonupoBanue 1of, JIaBJICHUEM uepes HKT,
YCTaHOBJIEHHBIE II0Jl 30HOM BBOJA TaMIIOHMPYIOIIEH CMECH 3a
KOJIOHHY

OTOT c1ocod MPUMEHSETCS B CIEAYIOIUX CIyJasx:

- NpU U30JSIIMM HWXKHUX W TOJOIIBEHHBIX BOJ, KOIza
IUTAaHUPYETCS HapacTUTh LIEMEHTHBIM CTaKaH HaJl MCKYCCTBEHHBIM
3a00eMm;

- NpU U30JSILIMM HUXKHUX W TOJOIIBEHHBIX BOJ, KOrIja
IPOTSHKEHHOCTh MHTEpBaia nepdoparuu cocraiser 6omnee 10 M;

- Opu M30JALMU J1e(PEeKTOB KpemH, Korja IpPUEeMHUCTOCTb
cKBaxkHHBI MeHbIe 0,5 M>/(4 * MITa);

- Opu U30JALMK J1eDEeKTOB Kpemu, KOorja IIaHHpyeTcs
BBIMBIB TaMIIOHUPYIOIIETO COCTaBa M3 H30JUPYEMOro OOBEKTa
nocine PUP.

B 3anonHsromuxcs CKBaXHHaX CHOco0 OCYIIECTBISIOT NMPH
BBITIOJTHEHUH CIIEAYIOUINX YCIOBHI:
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- UCIOJIb30BAaHUU TAMIIOHUPYIOIIMX COCTABOB C MOHMKEHHOM
BOJOOTIAYEH, 00paboTaHHBIX IaCTUUITAPYIOIITUMHI
CTaOUITM3UPYIONTUMH T00aBKaMU;

- npumenennu HKT ¢ antoMUHHEBBIM XBOCTOBHKOM WM
HAJIMYUN CIICI[UAJIBHOTO YCTBEBOTO 00opyaoBaHUS c
CATbHUKOBBIMU  YIUTOTHEHUSMH, JOIYCKAIOIIETO pPACXaKUBAHHE
HKT npu 3agaBnuBaHuy TaMIIOHUPYIOLIEH CMECH B ILJIACT.

Hwxnuii konenn HKT ycranaBiauBaroT HUXE 30HBI BBOJA Ha
1-2 M wi y HWXHEH TpaHUIBl IUJIAHUPYEMOIO IIEMEHTHOTO
cTakaHa. 3areMm 3akauuBairOT OypoBoii pactBop B HKT mpu

OTKPBITOM  3aTPyOHOM  NPOCTPAHCTBE,  BOCCTaHAaBJIMBAIOT
HUPKYIALMo.  TaMIOOHMPYIOIIYHO ~ CMECh  3aKauuBalOT U
IIPOJaBIMBAIOT B CKBAKUHY 10 3aI10JIHEHUS €10

nepGpopUPOBaHHOTO UM HAPYILIEHHOTO UHTEPBaJIa KOJIOHHBI.

3akpblBalOT BBIKMJ M3 3aTpyOHOr0 IPOCTPAHCTBA WU
3a/1aBJIMBAIOT TAMIIOHUPYIOLIYIO CMECh B ILJIACT IIPU HENIPEPHIBHOM
pacxaxuBanuu HKT.

[Tocne moctwkeHus: TpedyeMOro AaBIEHUS HWKHUNA KOHEII
HKT nogaumarot Ha 10-15 M BbIIIe 30HBI BBOJa TAMIIOHUPYIOIIEH
CMECH 3a KOJIOHHY.

[Iponomxkas pacxaxusate HKT, B ckBakrHE BHOBb CO3/1al0T
TpeOdyeMoe AaBjeHUE JJI HarHETaHUs TaMIIOHUPYIOIIEH CMECH B
miact. V3IuIIKyu TaMIOHaKHOM CMECH BBIMBIBAIOT M3 CKBaKHHBI
npu oOpaTHOM TPOMBIBKE C TMPOTHUBOJABICHUEM, 3HAYCHHE
KOTOPOTO JOKHO OBITh HE MEHBIIIE 3aIUTAHUPOBAHHOTO Ha MEPHOJT
O31l.

HKT nonuumaror Ha 100-150 M U CKBaXXuHY OCTaBISIIOT B
nokoe Ha nepuoa O31] nox 3amaaHupOBaAHHBIM JaBIECHUEM.

Ecnmu  nnanupoBamucs PHP ¢ BbIMBIBOM — M3iMIIKa
TaMIIOHUPYIOIIEH CMECH W3 H30JMPYeMOro OOBEKTa, TO TOCTe
3a/IlaBIMBAHUSI TAMIIOHUPYIONIYIO CMECh MPH PAacXaXHUBaHUHU TPYO
BBIMBIBAIOT U3 KOJIOHHBI, 3aTeM npunoaaumMaroT HKT wa 100150 m
Haj 30HOHM BBoja. KoJOHHY 3amonHSIOT OypOBBIM PacTBOPOM U
CKBa)XMHY OCTaBJIAIOT B mokoe Ha O3LI.
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KomOunupoBanHblii  cmoco®  TaMIIOHMPOBAHUS  TOJ
JABJICHUEM

Otor cnoco0d mnpumensercs mnpu Jobom Buae PUP B
3aMOJHAIOMIMXCA U HE3ANOJHAIIMXCA CKBaXKMHAX, KOTJ1a BHIMbIB
TaMIIOHUPYIOILIET0 COCTAaBA U3 30HBI U30JISILUH HE IIaHUPYETCS.

[Ipu 1ocTaBke TaMIIOHUPYIOLIEH CMECU B CKBRXXMHY HMKHHUI
koHen, HKT HaxomuTcs HMXKE 30HBI BBOZAA, a MPHU 33JaBJIMBAHUU
cMmecu B 1uiact - Boie Hero. Huxnnii koneny HKT ycranasnuBator
HUKE 30HBI BBOJIA HA 1-2 M WM Y HM)KHEN TPaHUIbl IUTAHUPYEMOTO
LIEMEHTHOTO CTaKaHa. 3aKkauyuMBalOT M NIPOJABIMBAIOT
TaMIIOHUPYIOIIYI0 CMECh JI0 PaBHOBECHUSI CTOJOOB KHUIKOCTU B
Tpy6ax u xonbueBoM mnpocrpanctse 32 HKT. HKT npunonnumaror
BBIIIIE€ YPOBHS TaMIOHUpYIOLIEel cMecH B KojloHHE Ha 30-50 m. Ilpu
OoOpaTHON TPOMBIBKE MPOU3BOJAAT KOHTPOJBHBII BBIMBIB IS
rapaHTUU OTCYTCTBHUS TaMIIOHUPYIOIIEHM CMECH B KOJIBLEBOM
npoctpanctBe 3a HKT. TamnoHupyrolyto cMech 3a/1aBiIMBalOT B
miacT /10 JAOCTHXKEHUsI TpeOyeMoro AaBiieHUs. 3aTeM JaBlieHUE
IUIABHO CHWXXAKOT JI0 IUIAHUPYEMOIO 3HAYEHUS U CKBAKUHY
OCTaBJISIIOT B MoKoe Ha Bpemst O3L1.

TamnoHupoBaHve 1OJ  JABJICHHEM C  HENPEPBIBHOU
MIPOKAYKON TAMIIOHUPYIOLIEH CMeCH N0 3aTPyOHOMY IMPOCTPAHCTBY

Croco0 mnpuMeHsieTcs sl YCTpaHEHHs] HErepMEeTHYHOCTH
o0CaJHBIX KOJOHH, KOIJla MECTOIOJIOKeHHEe JedeKkTa He
YCTAaHOBJICHO U HEIPEPHIBHOE 3aKaUMBAHHUE JKUJKOCTH Yepe3 HEero
IIPU J1aBJIEHUAX, JOMYCTHUMBIX JJIs KOJOHHBI, HEBO3MOXHO, a
MIPUEMHCTOCTh XapaKTepU3yeTCsl JHILb NaJeHUeM IPU ONPECCOBKE
KOJIOHHBI Ha BOJIE.

Hwxunii xoneny HKT ycranaBnuBaror Ha 5-10 M BbIme
HCKYCCTBEHHOTrO 3a00s. B kadecTBe TaMIOHaXHOro Marepuana
UCIIONIB3YIOTCS  Tejeo0pa3yloliue WIH  BOJAOHEPACTBOPHMBIE
otBepxkaaromuecs (IITM), peuentypa KOTOpBIX MOAOUpPAETCs 1O
MaKCUMaJIbHOM TeMIeparype B CTBOJIE CKBa)KHHBI.
IIpUroToBIEHHYIO TAMIIOHUPYIOLYIO CMECH NIEPEKAYMBAIOT B OJHY
13 TIOJIOBUH MEPHON €MKOCTH IeMEeHTHpoBOo4YHOro arperara (11A).
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JIpyryto TOJOBUHY 3aloJHAIOT OypOBBIM PAacTBOPOM. 3aKaduBas
OypoBOil pacTBOp B 3aTpyOHOE MPOCTPAHCTBO IPH OTKPHITOM
TpyOHOM ¢ mopmayeir 3-5 J/C, BOCCTaHABIMBAIOT LHUPKYJSIHIO.
[ryuepysa Boikua u3 HTK, ycranaBiauBaroT aaBjieHUE B KOJOHHE
npu LU PKYIISALUT KHUJIKOCTH, HE IIpEBBILIAOIIIEE
peraaMeHTHPOBAaHHOE MIPU OIPECCOBKE CKBAXKUHBL.

He npekpamas 3akauunBanusi, nepexiaroyaror kpansl [{A Ha
ojayy TaMIIOHAXHOIO COCTaBa B CKBaXHHY. TaMIIOHaXHBIN
pacTBOp MPOKAaYMBAIOT IO 3aTpyOHOMY THPOCTPAHCTBY, HeE
JIOTIyCKasl MPEBBIIICHUSI JaBICHUS B KOJOHHE HAJ JOMYCTUMBIM.
ITo mepe mepexoma pacTBopa u3 3aTpyoHoro mpocrpancrsa B HKT,
MOCTETIEHHO yMEHbIAs I0Jayy HAacOCOB, CHIDKAIOT JaBIICHUE
npokauunBanusg oT 20 po 30 % HIKe NEpPBOHAYAIBHOIO U
BBIMBIBAIOT M3JIMIIKA TaMIOHHUPYIOIIEH CMECH Ha TOBEPXHOCTb.
CkBaXMHY OCTaBJISIOT B Iokoe Ha nepuoa O3L1.

[Ipy  uWCHoONB30BaHUM  OTBEPXKIAIOLIUXCS  MOJIUMEPHO-
taMmnoHaxHbix ~ MarepuanoB  (IITM) mnocie PUP  HKT
MIOJIHUMAIOTCS U3 CKBa)KUHBI.

TammonupoBanue  1OJ ~ JABIEHUEM  POKAYKHBAHHEM
TaMIIOHUPYIOIIEH CMecH 10 3aTpyOHOMY MpPOCTPAHCTBY C
OCTaHOBKaMU

IIpu 3TOM cnocobe 1omycKaroTCsl IEPUOANYECKNE OCTAHOBKH
IpU NPOKAUYMBAaHUM TaMIIOHUPYIOLIEH cMecH Mo 3aTpyOHOMY
MPOCTPAHCTBY JUIsl HAOMIOJEHUS 3a JUHAMMKOW HW3MEHEHUS
M30BITOYHOTO  JTaBJICHUS, 4TO  TO3BOJSET  YCTaHOBUTH
MECTOPACIOJIOKEHUSI HErepMETUYHOT0 MHTEpBaia KOJOHHHL. [Ipu
BBIMOJIHEHUH paboT B KauyecTBe TaMIIOHAKHBIX MaTepHuajoB
HCIOJIb3YIOTCS TOJIBKO reneodpasyromue [ITM.

[IpuroroBnsitor He MmeHee 1 M® BSIBKOl TaMIIOHUPYIOLIEN
cmecu. KolloHHY OIpeccoBBIBAIOT BOJIOM, (UKCUPYIOT BEIMYUHY
CHIDKEHHS JaBJIEHHA Ap B TEUYEHHUE KOHTPOJIBHOIO BpEMEHU 1.
[Ipu OTKpHITOM BBIKUE U3 3aTPYOHOIO MPOCTPAHCTBA 3aKAUMBAIOT
pUroToBiIeHHbIH TamnoHupytommii cocraB B HKT. Cwmecs
MPOJIaBIIUBACTCSI OYpOBBIM pacTBOpoM U BeITecHseTcs u3 HKT.
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Bbikua U3 3aTpyOHOTO HPOCTPAHCTBA 3aKPHIBAIOT M, MPOJOJIKAS
3aKkauuBaHMe OypoBOrO pacTBOpa, [JaBJIeHUE B 3aTpyOHOM
IIPOCTPAHCTBE KOJIOHHBI JOBOJAT O 3HAYEHMUSI, IOIIyCKAEMOTI'0 IIpU
OIIPECCOBKE.

Koj0HHY BBIAEpXKHUBAIOT 1IOJ JaBJIEHUEM B TEUYECHHE
KOHTPOJIBHOTO ~ BPEMEHH  (UKCUPYIOT BEJIWYMHY CHHKCHMS
naBieHusa. Ecium pe3ynpTaT OINpPECCOBKM HE OTIMYAETCS OT
OpeblyIuX paboT, TO, CHMXKas JaBjeHHe B 3aTpyOHOM
IIPOCTPAHCTBE M MPOJOJDKAs 3akaunBaTh OypoBoil pactsop B HKT,
TaMIIOHUPYIOIYI0 ~ CMeCh  IEepeMellaloT 10  3aTpyoOHOMY
IIPOCTPAHCTBY JJIsi OMNPECCOBKU CIENYIOIIET0, PacIOJIOKEHHOIO
BBIIIE HHTEpPBaJa KOJOHHBI. lloMHTEpBalbHYI0 ONPECCOBKY
MIPOJOJIKAIOT /10 TEX IOp, MOKA PE3KOE YMEHBLICHUE P HE YKAXKET
Ha TIEPEKpPBHITHE TaMIIOHHUPYIOIIUM COCTaBOM HET€PMETHUUYHOIO
MHTEpBaJIa KOJIOHHBI.

KonnuecTtBo mNpoaaBOYHOM JKUAKOCTH MJIL  OYEPEJHOTO
TepeMeNIeHus] COCTaBa JIOJDKHO COCTaBlATh He Ooinee 80 % ot ero
o0beMa. 3aTeM CKBAXUHY BBIJCPKHMBAIOT O]l JABJICHUEM J0
ucreyeHnss cpoka O3L[. WM3mumku cocraBa BBIMBIBAIOT W3
CKBA)KUHBI.
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TamnoHupoBaHue 101 AaBJIIEHUEM C IPUMEHEHUEM I1aKepa

OTOT c1OcO0 NPUMEHSAETCS B CIEAYIOLMX CIIydasx:

- IS 3aIIUTHI 00CAIHBIX KOJIOHH NPU JaBICHUH HarHETaHUs,
3HAYEHUE KOTOPOI0 IPEBBIIAET JOIMYCTUMOE JIJIsl ONIPECCOBKH;

- ISl 3alIUThl IPOJYKTUBHBIX IJIACTOB OT 3arps3HEHMs Ipu
HarHeTaHWU TaMIIOHMPYIOIIEH CMECH B M30JMPYEMbId HHTEpBall,
PAacIoyIoKEHHBIN HUKE 30HBI Iephoparim:

- Ui HaIlpaBJICHHOM IOJAa4YM TAMIIOHUPYIOLIEH CMECH IOJ
JABJICHUEM B H30JMPYEMbIH OOBEKT, BBILIE KOTOPOTO HMEIOTCS
HErepMETUYHBIE OTBEPCTHSI B KOJIOHHE.

[Ipumenenue  pmaHHOro  cmocoba  JONMYyCKaeTcss B
3aIOJIHSIOIINXCS U HE3aIOJIHAIOIINXCS CKBAKUHAX.
TamnoHupoBaHue NOJ AaBIEHUEM [0 3aTPYOHOMY MPOCTPAHCTBY
IIPY YCTAaHOBJICHHOM IIaKe€pe 3alpeniaercs, KpOME CiIydacB
npuMmeHeHust reneoOpasyroumx I[ITM  wumm  ucnosnb3oBaHUS
JIFOMUHUEBBIX WIH ApYyrux jerkopazoypusaembix HKT.

HKT cnyckaror ¢ makepom, KOTOPBIA pAacCIOaraercs Haj
30HOM BBOJIa TAMIIOHUPYIOILIEH CMECH 3a KOJIOHHY. PexoMenayercs
HU3 Nakepa 000pyA0BaTh ATIOMUHUEBBIM XBOCTOBHKOM JUIMHOW HE
MeHee 3 M, OalIMak KOTOpOro yCTaHABJIMBAIOT HAJl 30HOM BBOJIAa Ha
pacctossHUM 103 M. IIpoBepslOT 4YMCTOTY CIHYILIEHHBIX TPYO
npokaunBanueM B HKT OypoBoro pactBopa B KOJIMYECTBE, pABHOM
UX BHYTPEHHEMY OOBEMY OT YCTbSl JI0 CTATHUECKOTO YpPOBHSL.
VYcranaBnuBaroT nakep. [IpoBepstoT IprueMUCTOCTh U30JIUPYEMOTO
00BbEKTa TPH YCTAHOBUBIIEMCS pPEXHME I0Ja4d HAaCOCOB
3akaunBanueM B HKT 6ypoBoro pactBopa B KOIU4ecTBE HE MEHEE
BHYTpPEHHEro oobemMa Tpyo.

Tamnonupyromyro cMmech 3akaunBaroT B HKT. 3akaumBarot
pacueTHbIi 00BeM INpoJaBOYHOM >kuAKocTH. Ecnu HanmakepHoe
3aTpyOHOE TPOCTPAHCTBO TE€PMETUYHO, TO JUI YMEHbIICHUS
OCEBOM HAarpy3kl Ha IIaKkep PpPEKOMEHIYETCs B KOJBLEBOE
MIPOCTPAHCTBO 3aKayaTh OypOBOM pacTBOpP M CO3/aTh JaBIIEHUE,
JIOITYCKaeMoe npu OIIPECCOBKE KOJIOHHBI.
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TamnoHupyroyo cMech 3aJaBiIMBarOT B IuiacT. CHMKaIOT
JlaBjieHHe B TPyOHOM M 3aTpyOHOM npocTpaHcTBax. OCBOOOXKAAIOT
nakep. PacnakepoBKy KOHTPOJIMPYIOT pacXxaKMBaHMEM KOJIOHHBI
HKT. Ilpy Hanuyuyd OUPKYISUUM M3JUIIKK TaMIOHUPYIOIIEH
CMECH BBIMBIBAIOT W3 CKBOXHWHBI OOpaTHOW WM TPAMOU
npombiBKo#l. [Toguumaror 100-150 m HKT, 3anonHsitoT cKkBaxXuny
OypOBBEIM pPacTBOPOM H OCTaBJISIOT B mokoe Ha Bpems O3I[. B
3anoJHAMMXCs ckBaxuHax nocie padotr HKT nmogaumator Ha 50-
100 M BbIIIIE MOTJIOIIAOLIET0 HHTEpBaJIa (30HBI 1e(heKTa KOJIOHHBI,
uHTepBana nepdopauuun). Ilepen O3L] ans  BbITECHEHMS
BO3MOXXHBIX OCTAaTKOB TAaMIIOHUPYIOIIEH CMECH IPOKAYMBAIOT B
TpyOHOe u 3aTpyOHOE HpPOCTpaHCTBO OypoBOH pacTBOp B
koiuuectBe, paBHOM o0vemy HKT u o00beMmy KOJOHHBI OT
Oammaka TpyO 0 HY)KHEH rpaHuIlbl OTJIONAOIIEH 30HBI.

O0beM IIEMEHTHOIO pacTBOpa WJIM JpPYyroro cocTaBa
MUHEpPAJIbHBIX BSKYIIMX BbIOMPAIOT HAa OCHOBE HAKOIUIEHHOI'O
pernoHanbHOro omnsita PUP B 3aBucHMMOCTH OT pe3ynbTaToB
IIPOBEPKH CKBAKUHBI HA IPUEMUCTOCTb.

B naGopaTOpHBIX YCIOBHSIX B 3aBHCHMOCTH OT TpeOyeMbIX
CBOMCTB TAMIIOHMPYIOLIEH CMECH YCTaHABIMBAIOT €€ IUIOTHOCTD Py
1 BOJIOLIEMEHTHOE OTHOILIEHUE M.

Komnuectso TaMIIOHAPYIOLIEN cMecHu OTPaHUYEHO
3Ha4YeHHEM J0ITyCKaeMOro JIaBJIeHUs, HE0OOX0AUMOTO Ha BHIMBIB €€
13 CKBaXMHBI IPU 00paTHOW MM MPSIMON IPOMBIBKE IIPH YCIIOBUH,
YTO BCSI CMECh OCTalach B TpyOax.

JlaBiieHre Ha BBIKKJE HAacocCa JJIsi BBIMbIBA TAMIIOHUPYIOIIEH
CMECH IIpPH NPSAMOI NPOMBIBKE Py SIBJISIETCA CYyMMOH CIIEIYIOIINX
BEJIMYMH:

- JIaBJICHUS Ha TPEOJOJIEHHE Pa3HOCTH T'MAPOCTAaTUYECKUX
JABJICHUN CTOJIOOB TaMIOHUPYIOIIEH cMecH U OypOBOTO pacTBOpa
B 3aTpyOHOM mpocTtpancTse U1 HKT:

- JaBJICHUS Ha MIPeo0ICHHE TUAPABINYECKUX
COIIPOTHBIIEHUH NPYU ABMKEHUU IPOMBIBOYHOM kuakoctu no HKT;
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- JaBJICHUS Ha  IpPeoJoJIeHuE TUIPaBIMYECKUX
COIIPOTHBIIEHUM IpU JBWXKEHUHM 10 3aTpyOHOMY IPOCTPAHCTBY
cTOJI00B OYpOBOTO pacTBOpa M TAMIIOHUPYIOIIEH CMECH.

JlaBjieHrE HA BBIKMJE HACOCa JJI BBIMBIBA TAMIIOHUPYIOLICH
cmecu 1pu  oOpatHoW mpombiBKe pO  sBISETCS CyMMOW OT
CJIIEAYIOIINX BEJINYMH:

- JIaBJICHUS Ha INPEOJOJIEHHE PA3HOCTU T'MJIPOCTATHYECKHUX
JABJICHUH CTOJIOOB TAMIIOHUPYIOIIEH CMECH U IPOMBIBOYHOM
XKHUJKOCTU B TpyOax U 3aTpyOHOM MPOCTPAHCTBE ;

- JaBJICHUS Ha IIPEOOJICHHE THJIPaBIMYECKUX
CONPOTUBIIEHUI TpU JBWKEHUUM OypoBOro pacTBopa IO
3aTpyOHOMY IPOCTPAHCTBY ;

- JaBJICHUS Ha IPEO0JICHHUE TUIPaBIMYECKUX
COIIPOTHBIIEHUM NpU JBUXKEHUU IO Tpydam cTOJIO0OB OypoBOro
pacTBopa ¥ TaMIIOHUPYIOIIEH CMeCH.

B npouecce 3akaunBaHus M IPOAABIMBAHMS B 3aBUCHMOCTH
OT yCJIOBHH MNpU3a0OWHON 30HBI YacThb LIEMEHTHOTO pacTBOpa
MOTJIOIIAeTCs IJIacTOM, a 4YacTh IOJAHMMAeTcs B 3aTpyOHOe
IIPOCTPAHCTBO CKBAXKUHBI.

JUia ynpoleHus pacueToB B 3THUX Cllydasx HpUHHUMAaeTcs,
YTO MOMEHT HACBIIEHUS IIJIaCTa COBMAJAET C MOIJIOIIEHUEM BCETO
LIeMEHTHOro pactBopa. Torma 3akauumBaemasi IOCJIE€ pacTBOpa
IIPOJABOYHAs >KMJIKOCTb B KOJUYECTBE , PAaBHOM BHYTPEHHEMY
o0vemy HKT, pacxonyeTcst Ha HaloOJHEHUE CKBa)KUHBI, T.€. 00bEM
KOJIOHHBI OT CTaTUYECKOTO YPOBHS A0 YCThs. Y MEHBIIAETCS.

Jlisg  3amonHeHus KOJOHHBI moTpedyeTcss 3akayaThb B
3aTpyOHOE MPOCTPAHCTBO JIOTOJIHUTENHFHOE PACUETHOE KOJTUYECTBO
OypoBoro pactBopa. MOMEHT 3amnojHEHHsI KOJOHHBI OTMEYaeTcs
I10 MOSBIEHUIO IUPKYIsuK kuakoctu yepe3 HKT.

Ecnu  ¢akTtuyeckn mNpokaueHHOE KOJUYECTBO JKUIKOCTH
0Ka3aJloch MEHbINIE PACYETHOrO, TO 3TO OYAET CBUIETENHLCTBOBAThH
0 TOM, YTO B CKBa)KMHE OCTaJICS LIEMEHTHBIN pacTBOp.

IIpy »3TOM KOIMYECTBO PACTBOPA, HAXOZAIIErocs B
KoJIbIIeBOM  mpoctpanctBe u  BHyrpu  HKT,  moxHO
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OPUEHTUPOBOYHO OIEHUTh MO H30BITOYHOMY JABJICHUIO Ha
MaHOMETpE, KOHTPOJIUPYIOLIEM 3aTpyOHOE MPOCTPAHCTBO.

Tema 10. TEXHUKA BE3OIIACHOCTH N OXPAHA
OKPYXAIOIMIEM CPEJIbBI TIPH 3AKAHUYABAHUM
CKBA’KUH

B nocnennue roapr mpo6aeMbl SKOJIOTHUECKONW 0€301MacHOCTH
[IOCTaBJIE€Hbl IOJl MEXIYHapOJIHBIH KOHTPOJIb B CBSI3U C
npucoequHeHneM Poccuu K psiay MEXIyHapOJHBIX KOHBEHIIMH, B
YaCTHOCTH, O TPAHCTPAHUYHOM 3arpsi3HEHUM BO3JyXa M KOHTpOJIE
3a SMHUCCHEH NapHUKOBBIX Tra3oB (METaH, IBYOKHCH YIIIEPOAa,
3aKMCh a30Ta U JIp.), 337 KUBAIOLINX MH(paKpacHOe H3ITyYyeHHE
3emiid, CrOCOOCTBYIOIIMX HM3MEHEHHIO KJIMMara M MOBBILICHUIO
TeMIIepaTyphbl.

COpocel U BBIOPOCHI BEILIECTB 3arpsA3HSIOT MOYBY M 3€MIIH,
MHOI/Ia C HapylIEHHEM pacTUTEIbHOIO IOKpoBa U pesbeda, a
OTXOJIbl, TIOMYTHBIE, TIOOOYHBIE TPOAYKTHI W  BTOPHYHBIE
MaTepHalibl OTPUIATEIBHO BO3JIEHCTBYIOT Ha OKPYKAIOILYIO CPENy.
Jlnst oTpaciau xapakTepHa 100bI4a, TpaHCIOPTHPOBKA, epepadoTKa
U XpaHeHHe OOJBIINX OOBEMOB B3PBIBO, MOKAPO M TOKCHYECKU
OTAaCHBIX MHTPEIUEHTOB ChIPbS U MPOILYKIIHH.

K OCHOBHBIM OOBEKTaM 3arpsi3HEHHs, KpOME IIPOYETO,
OTHOCHT:

- BO3AYWIHBIA  OacceliH, 3arpsi3HAE€MbI  BpeIHBIMU
BEIIECTBAMH B pe3yjbTaTe BBIOPOCOB Ta3a U3 CKBaXHH,
€CTeCTBEHHBIX T'COJOTHUECKUX HapyIIeHHH W  yTedYeK |3
NPOMBICIIOBBIX M TPAaHCIOPTHBIX  CHUCTEM, OCOOEHHO Ha
ra3onepepadaThBAIOIIAX ~ 33aBOJIAX W Ta30KOMIIPECCOPHBIX
CTaHLUSAX;

- TIOBEPXHOCTHBIC M JHUTOC(EpHBIC BOIBI, 3arpsi3HAEMBIC B

pesynbrate  cOpoca  JKMIKMX  OTXOJOB,  THIPOpa3phiBa,
(bopMHPOBaHUS OTPAaHUYEHHBIX 30H JIPEHUPOBAHUS;

- HapyHmICHUC MOYBCHHO-PACTUTCIILHOT'O CJI104,
Tpanchopmarus naHamadToB, MIPUPOTHOTO pexuma

304



MHOT'OJIETHEMEP3JIBIX I'PYHTOB, HAPYLIEHUS NPUPOIHBIX YCIOBUMI
OoOUTaHUS JKUBOTHBIX, UX OTPaBJICHWE BPEIHBIMHU BELIECTBAMH 3a
CUET BHEIPEHUS TEXHOJOIMYECKUX OOBEKTOB B IPUPOIHYIO
3KOCHUCTEMY.

[Ipu pa3Bemounbix paboTax u pa3pabOTKE MECTOPOXKICHHIt
yiiepd OKpyKarolllei cpelie HaHOCHTCS B CBSI3U C aBapHsIMH Ha
CKBa)XMHAX. DTO NPUBOIUT K HPSAMOMY BBIOpOCY B arMmocdepy
YIJIEBOJOPOAHBIX W HEYIJIEBOJOPOAHBIX COCAMHEHUN U MOTEpe
IIEPBUYHOM IIACTOBOM YHEPTUU.

PaGotbl mo OypeHuio CKBaXHH, 3arpsA3HSIOT TEPPUTOPUU U
JIOKQJIbHBIE SKOCUCTEMBI, B 3TOM CJIy4ae OMAaCHOCTb IIPEICTABISIOT
1 OTXOJIbl OypeHusi, KOTOPbIE XPAHSATCS, KaK MPABUIIO, B TPYHTOBBIX
ambapax.

10.1. MeponpusTuss 1O OXpaHe U  PEKYJIbTUBALUU
OTBEJICHHBIX I10]] CTPOUTEIBCTBO CKBAKUH 3€MEJIbHBIX YYaCTKOB

ITo oxoH4YaHUU OYpEeHHsSI U OCBOEHUSI CKBAXXUHBI TPOBOISTCS
paboThl MO  JEMOHTaXY  OOOpYyIOBaHMs;  pa3pyLICHUIO
TUIPOU30JIALIMOHHBIX MOKPBITUI IUIOIIAIOK: OETOHHBIX
(GyHIAaMEHTOB; OYHCTKE TEPPUTOPUM OypOBOH OT MeTaoioMa,
CTPOUTENILHOTO MYCOpA; CHSTHIO 3arps3HEHHOTO CJIOsI TPYHTA;
BOCCTAHOBJICHHIO JIAHAMIAQTOB Ha IUIOMIAJIKE CKBOXHHBI U
MPUJIETAOIIECH TEPPUTOPHUH.

PaboThl O BOCCTaHOBJIEHUIO 3€MEJIBHOTO y4acTKa JOJDKHBI
MPOBOANTHh HEMPEPBIBHO, BIUIOTH J0 UX 3aBepuieHus. Eciau
KJIMMAaTUYEeCKUE YCJOBUS HE TMO3BOJIAIOT BBIMOJHUTH 3TH PAOOTHI
Cpa3y, TO CpPOK HX IMpPOBEIEHUS MOXKET OBbITh MPOJJIEH, HO He
JIOJDKEH TIPEBBIIIATh OJJHOTO rojla ¢ MOMEHTa 3aBepIleHHs] padoT
1o OypeHUIo U AEMOHTaXKy 000py10BaHUS Ha CKBa)KUHE.

TexHuueckass pekynbTHUBaLUA (IUIAHUPOBKA IOBEPXHOCTH,
TPAHCIIOPTUPOBKA ¥ HAHECEHMsI TIOJJOPOIHOTO CJIOS, €CIIU OH ObLI
CHST) BBINOJHSETCA CHJIaMH OypoBOro mpeanpustus. PaboTsl mo
TEXHUYECKON pPEeKyJbTUBALMM OCYIIECTBISIOTCS Cpa3zy Iocie
3aBepILeHHs OypeHUs] U OCBOCHUS CKBa)KUHHBI.
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10.2. MepomnpusiTuss 1O OXpaHE OSKOCUCTEMBI HEOp M

[IPEIOTBPAIICHHIO PUPOAHO-TEXHOT€HHOM re0JIOTMYECKOM
0e30IMacHOCTH

IIpy TPOrHO3UPYEMOIl BEPOSTHOCTH PAIONPOSIBICHHUS H3
TUAPOXUMHUYECKON TOJIIM  PEKOMEHIYETCs [IPEeLyCMOTPETh

pacueTHyI0  PaBHOBECHYIO pas3rpy3ky (uIronza, 4To I03BOJIAET
NPEeJOTBPATUTh YXYALICHHE CBOMCTB OypOBOTO pacTBOpa H3-3a
BBEJICHHUS M30bITKA YTSDKEIMTENs; MUHUMU3UPOBATh 3arpsi3HEHUE
HKOCHUCTEMBI HE/Ip MPH pa3OypHBAHUN HUKENEKAIIUX TOPH30HTOB,
He wumeromux ABIIJ[; yay4murh KayecTBO  BBITECHEHHUS
TEXHUYECKOM  CYCHNEH3MH TaMIOHAXXHBIM  pacTBOpPOM  IpuU
MOCJIEeIyIOIEM LIEMEHTUPOBAHUY.

JUis CHUXEHHMSI Ppa3BUTHUS BTOPUYHBIX TI'€OXMMHUYECKUX U
ne(GOopMalMOHHBIX IPOLIECCOB, CIEICTBUEM KOTOPBIX MOTYT CTaTh
HapylleHUsT B Kpenu CKBaXHMH, NPOLECChl OypeHHUs JOJKHBI
BECTHCh CTPOrO Ha paBHOBECUH, 0€3 MposBICHUs (IIIOUIO0B HIIH
MOTJIOLIEHUS] TEXHOJIOTMUECKUX (OYpOBBIX, TAMIIOHAXXHBIX U Jp.)
CYCHEH3MH, 4YTO JOCTUTaeTcss IyTeM CHUCTEMHOro mojdopa
KOMIIOHEHTOB,  pEaJIM3allUd  ONTUMAJBbHBIX  PEOJIOTMUECKUX
nporpamMM, UG (GEepeHIIMPOBAaHHOTO Y4eTa JIMTOT€HETHYECKHUX
npeoOpa3oBaHUM  TNIMHUCTBIX  MOPOA M HEOJHOPOJHOCTH
XEMOT€HHBIX TOJILI.

C nenpl0  CHUXKEHMS  BEPOATHOCTH  BO3HHUKHOBEHUS
MEXKOJIOHHBIX ~ JIaBieHMH  M3-3a  TepMOOapHuecKkoro M
ra30ruIpOXUMUYECKOT0 BO3/IEHCTBHS (DIIOMI0B HA TaMITOHAKHBIN
KaMeHb ero (QOopMHpOBaHUE JOKHO HPOUCXOAMTH  IPHU
MUHUMaJIbHOM OOBEMHOM 3axBaTe€ Ta30’KUAKOCTHBIX (IIIOUIIOB;
MUHUMHU3UPOBAHHOM COJIEPKAHUM PEAreHTOB, TOABEPKEHHBIX
TEPMOAECTPYKIMU C BBIJIEICHUEM BTOPUYHBIX KOMIIOHEHTOB B
MIOPOBOE TPOCTPAHCTBO H3OJSIIIMOHHOTO KOMIUIEKCa Kpenmu |
COIIpEEIbHBIE TOPOABI.

[Ipu oOpa3oBanuu  GIIOUTOTPOBOIANINX  3a30pOB  HA
KOHTaKTe "IIEMEHTHBI KaMeHb - TOpHas mopoja’" BCIIEICTBHE
00BEMHBIX MpPeoOpa3oBaHUl HE TIOJHOCTBIO BBITECHEHHOTO
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OypOBOI'0 pacTBOpa WM CHIXKEHUS TUAPOCTATHUECKOTO TaBICHUS
[oc€ CXBAaThIBAHUSA TAMIIOHAXHOIO pacTBopa, JAedopManuii
TOPHBIX MOPOJ MO TEXHUYECKUM M T'€OAMHAMHUYECKUM IPUYMHAM
HEOO0XOAMMO YCTAaHOBUTb IPUPOAY MCTOYHMKA IPUTOKA, €ro
€MKOCTHO-3HEPIreTUYECKU I MIOTEHLIMAT u IIPOBECTHU
BOCCTAHOBUTEJIbHbIE pabOTbl B Kpenu CKBaKUHBI O €€
KOHCEpBAIMH WIX Nepeaadn B KCIUTYaTallHOHHBINA (OH].

IIpy nuKBMIAIMM CKBOXMH HEOOXOJUMOCTh M INIyOMHA
YCTAaHOBKHM LIEMEHTHBIX MOCTOB OIIpElEessieTcsl M3 pacuera
NEePEeKPBITUS HePTEra30HaCHIIIEHHBIX TIACTOB, 30H BOJIOHAIIOPHBIX
KOMIUIEKCOB MJIU 30H, COJIEPKALIUX TOKCUYHBIE KOMITOHEHTBHI.

BbicoTa nieMeHTHOro MocTa AJs JUKBUIAMPYEMBIX CKBA)KUH,
3aKOHUYEHHBIX WJIM MPEKPALEHHBIX CTPOUTENBCTBOM M BCKPBIBIINUX
BBICOKOHAIIOpHBIE ra30HE()TEBOIOHOCHBIE WM COJepKale Ooiee
6 % cepoBoOpOAa TOPHU3OHTHI, JOJKHA OBITH BBIIIE KPOBIH
BepxHero ropu3onTa Ha 100 meTpoB.

[Ipn JIMKBUJIALIUU CKBaYKUH, 00caXeHHBIX
IKCILTyaTallMOHHON KOJIOHHOW, IPOAYKTUBHBIN 1acT
MIEPEKPBIBAETCS LIEMEHTHBIM MOCTOM I10 BCEl MOIIHOCTH muttoc 100
METpOB BbIIIe "KpOBIH" I1acTa.

B cnyuae, xorma mo TEXHHYECKMM IIPUYMHAM BCKPBITHIE
TOPU30HTHl HM30JIMPOBATh JAPYr OT JApyra HE IMpeacTaBIseTCs
BO3MO>XKHBIM, LIEMEHTHBI MOCT YCTaHABJIMBAETCSl HA MAKCUMAJIBHO
JOCTHKUMOW  TNIyOMHEe,  IOCJIeNOBaTeIbHO  M30JUpPYS  BCE
BBIILIENIEKAIME TTPOHUIIAEMbIE IJIACThI, HE MEePEeKPhIThIE 00CcaIHON
KOJIOHHOM.

IleMeHTHBIN MOCT IIPHU M30JISALIMU 30HBI HAPYILIEHUS KOJIOHHBI
(cMsiTHsI, TOTEPTOCTH, OOpbIBAa M T.J.) JOJDKEH pacrojaraThCsi Ha
100 metpoB Bbllle U HAa 50 METPOB HUIKE MECTA HAPYLIECHMUSL.

IlemMeHT [y1s1 yCTaHOBKM LIEMEHTHBIX MOCTOB M BEICHHS
PEMOHTHO-M30JSIIMOHHBIX ~ pabOT, JOMKEH  COOTBETCTBOBATH
reoJoro-TeXHUYECKUM YCIIOBUSM U 00JagaTh KOPPO3UOHHOMN
YCTOMYMBOCTBIO K arpeccCUBHBIM cpenaM. JKHIKOCTb, KOTOPOH
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BBITIOJTHSIETCSI CTBOJI CKB&KWHBI, JOJDKHA OBITH 00paboTaHa
MHTHOUTOPOM KOPPO3HUU U HEHTPaIn3aTOPOM CEPOBOAOPO/IA.

Ilocne mpoBeneHuss HU30JALMOHHO-IMKBUAALMOHHBIX paboOT
yepe3 Mecsl, 4yepe3 6 MecsleB U Jajee C MepUOJAUYHOCTHIO HE
peXe OJHOTO pa3a B IOJl OCYILECTBISETCS MPOBEPKA COCTOSIHUS
YCThsl CKBaXKHHBI, ¢bukcupyercss OTCYTCTBHE JaBJCHUS B
3aTpyOHOM UM MEXKOJIOHHOM IPOCTPAHCTBE, OCYLIECTBISETCS
MOCIIEAYIOIUN KOHTPOJb BO3/lyXa BOKPYI YCTbSl CKB&)XXHUHBI U B
Onu3IeKAIMUX HU3UHAX HA COJEpIKaHUE CEPOBOJIOPOJA U JIPYTHX
arpecCUBHBIX T'a30B, TOKCHUHBIX KOMIOHEHTOB.

B ciywae oOHapykeHHs BBIXOJAOB HEPTH, Ta3a W/WIH
IJIACTOBBIX BOJ B pailOHE yCTbs JTMKBUIUPOBAHHOW CKBAXKUHBI, a
TaKXKe 3arpsi3HEHHS MPECHBIX BOJ WIM HAJW4YUs B HUX HEPTH H
raza NPUMEHSIOTCS CPOYHBbIE MEpPHI MO BBISBICHUIO UCTOYHHKA U
€ro JINKBUAALIUY 110 JOTIOJIHUTEIbHOMY IIJIaHYy.

KoHcepBanuu nojjexar CKBaXHHbI, IKCIITyaTalusl KOTOPBIX
OyZer Hayara HE TMO03K€ YeM uepe3 Toj I[0cje OKOHYaHMs
HCIIBITAHU M.

Hccnenyercs cOCTOSIHME KPEMU CKBAKUHBI C ONPEAEIEHUEM
KJIacca OMacHOCTH (TEXHOJOTUYECKOU U IKOJIOTUYECKOM).

10.3. TlonoxxeHHs O KOHTpOJIE 32 COCTOSSHUEM M OXPaHOU
OKpY’KaroIlel NpUpPOIHOI cpeibl IPU CTPOUTENIHCTBE CKBAKUH

B nepuon wuchbITaHUS CKBaXXUH JIOJDKEH IPOBOJUTHCS
peryyspHblii  KOHTposib ((axenbHbIE 3amepbl) 3a BbIOpOCaMU
¢dakena OypoBoii. IlepmomuyHocTh OTOOpa MPOO, KOITHYECTBO
KOHTPOJIHMPYEMBIX  TOYEK, paccTosiHue OT  HCTOYHHUKA
OIIpEeACIIAIOTCA JUTUTEIBHOCTBIO nporecca UCTIBITaHuUS,
METEOPOJIOTUYECKUMHU  YCIOBUSMHM U 30HOM  paccerBaHMs
3arpsI3HAOMUX BELECTB.

10.5. Meponpuatuss o OXpaHE OKPYKAIOIIEH HPUPOIHOMN
Cpeabl P pa3HBIX CTAAUAX CTPOUTENHCTBA CKBAKUH

Ha ydactkax ¢ HHM3KOTeMmepaTypHbIMU TpYHTaMu (HHXKE -
2°C), rae BO3MOXXHO KPHUOTEHHOE CMSATHE O00CaIHBIX KOJIOHH BO
BpeMS JUIMTENBHBIX MPOCTOEB CKBAXHH, CJIEAYET HCHOJIb30BaTh
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BBICOKOTIPOYHBIE TPYObI M CpeACTBa, OOECIEYHBAIOIINE MOIBEM
TaMIIOHAYXKHOT'O PacTBOPA /10 YCThA.

[Ipu yMeHbIICHUH THUIAPOCTATUYECKOTO JaBIICHUST OypOBOTO
pactBopa JIOJDKHEBI OBITh TIPUHSITHI Mepbl MIPOTHUB
THIIPaTo0Opa3oBaHus Ul M30€KaHHUsI OMACHOCTH BBIXOJAa Ta3a Ha
MOBEPXHOCTb.

Kuakoctu [UIsl MCTIBITAHUST CKBAYKUH JOJDKHBI COOUPATHCS B
3aKpbITBIE ~ €MKOCTH M, IO  BO3MOXKHOCTH,  ITOBTOPHO
HCIOJIb30BATHCS MOCIIE OYUCTKH; CKUTAHUE, 3aKaUKa B CKBAXKUHY
WM  yJAJIeHUEe TEXHUYECKHX KUIAKOCTEH C IUIOUIAJAKU HWHBIM
CIIOoCOOOM JTOTYCKAIOTCS TOJBKO IO COTJIACOBAHHUIO C MECTHBIMH
MPUPOJOOXPAHHBIMU OpPraHaAMU.

[Ipy Hanuuuu arpecCUBHBIX Cpel B IEMEHTHPYEMOM
UHTEpBaJle HEOOXOAUMO MPHUMEHITh KOPPO3UOHHO-YCTONYMBBIE
MapKH IIEMEHTa.

Jns  NEeTOKCHUKalUM  CEepOBOAOPOJAa B MEKKOJIOHHOM
TAMIOHAXKHOM MaTepualie, UCKJIKOYEHHS BbIX0Ja CEPOBOIOPOAA HA
MOBEPXHOCTh TPH  MEKKOJOHHBIX TMPOSIBICHUAX  (IIOUIOB,
YCTAaHOBKE IIEMEHTHBIX MOCTOB W JIMKBUJALUMU CKBaKHH
PEKOMEHIyeTCsl TPUMEHSTh I[IEMEHTHO-IICOJTUTOBBIE CMECH Ha
OCHOBE MOPTJIAHJICKOTO, THUIICOTJIMHO3EMUCTOTO M IIJIAKOBOTO
LIEMEHTOB C  COOTBETCTBYIOIIMMH  PETYJATOPAMH  CPOKOB
CXBAaTBIBAHUS.

Bpemss OypeHuss W KpersieHUST CTBOJIa CKBaXXHUHBI B
untepBanax 3aieranuss MMTT nomkHO OBITh MUHUMAIBHBIM BO
n30€KaHNe PACTEIUICHUS! CTEHOK CKBa)KHUHBI.

Jis  1eMeHTUpOBaHUS  OOCATHBIX  KOJOHH  JOJKEH
MPUMEHATHCS LEMEHT Uil "XOJOJIHBIX" CKBaXHH, TO €CTh C
YKOPOUYEHHBIM BPEMEHEM CXBAThIBAHUSI.

3aTpyOHOE TPOCTPAHCTBO OOCATHBIX KOJIOHH B MHTEpPBaJIax
saneranuss MMII U BOJOHOCHBIX TOPU30HTOB C OTPUUATEIBHOU
TeMIIepaTypoi BOJIBI JIOJDKHO LIEMEHTHUPOBATHCS c
WCIONb30BAaHUEM MAapOK IIEMEHTa, PACCUMTAHHBIX Ha TMEpUoa
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CXBaTbIBAaHUS IE€PEJ 3aMEP3aHUEM M XapaKTEPU3YEMbIX HHU3KUM
3HAYEHUEM TEILIOTHI THAPATaLUH.

HezanemenTupoBaHHble MHTEPBAJIbI 3aTpyOHOTO
npoctpancTBa B MMII 1o/ KHBI OBITH 3aITOJTHEHBI HE3aMEP3aroIIeH
KHUJIKOCTBIO C aHTUKOPPO3HMOHHBIMH JJOOaBKaMH.

IIpn omnpeccoBke KOJOHH M MEXKOJOHHBIX IIPOCTPAHCTB
clieyeT MPUMEHITh HE3aMep3arollie MXUAKOCTH, B TOM YHCIE
UCHoJb3yeMble OypepHbIe )KUKOCTH.

PaboTel 110 BBI30OBY NPUTOKAa MOTYT OBITH HAYaThl TOJBKO
nociae  oOCIIEOBAaHUS  COCTOSIHUA ~ CKB@KWHBI  TIIyOMHHBIMU
npubopamu  (KamuOparopamMHu, TEPMOMETPOM, MaHOMETPOM),
YCTaHOBJIEHMSI UX IPOXOJUMOCTU IO BCEMY CTBOJY M IIpOrpeBa
kpenu B uHTepBasie MMII nmyrem npokadku moaorperou sKuaKoCTH
yepe3 CIyIEHHbIe HACOCHO-KOMIIPECCOPHbIE TPYOBI.

Jlia ocyuecTBieHHusT paboT MO LIEMEHTUPOBAHUIO CKBAXHH
LIEMEHTUPOBOYHAs I'OJI0BKA JI0 BBOJIA €€ B OKCIUIyaTallMIO U JJaJiee C
MEPUOJNYHOCTbIO, YCTAHOBJICHHON JTOKyMEHTAllMeld HW3TOTOBUTENS
JI0JKHA OBITH ONpeccoBaHa JaBJIeHUEM B 1,5 pa3a mpeBbILIAIOIINM
MaKCHMaJbHOE pacueTHoe pabouee JIaBJICHHE npu
LIEMEHTHUPOBAHUU CKBAKHHBI.

HarnerarenbHble TpyOONpPOBOABI ISl LIEMEHTHPOBAHUS [0
Hayaja  @pouecca  JOJDKHbI  OBITh ~ CIPEcCCOBaHBl  Ha
MOJIyTOpaKpaTHoe oOkuaaeMoe pabouee pgasieHue. [lopsaok
paboT MO IEMEHTHPOBAHUIO YCTAaHABJIMBAETCS TOKYMEHTALUEH,

310



pa3paboTaHHON TaMIIOHAXXHOMU OpraHu3anuein 51
COTJIaCOBAaHHOM ¢ OypOBOM OpraHu3aIuei.

B nensx oOecrneyenus 0e30macHOCTH NPOU3BOJCTBA pabOT
IpU KPEIUICHWH CKBAXMH arperatrbl HeoOXOJUMO YCTaHaBIMBAaTh
Ha 3apaHee TMOATOTOBJIEHHOW IUIOMIA/IKE, IMPH 3TOM JOJDKHBI
coOMI0AaThCs CAENYIOIINE PACCTOSHUSA:

- OT YCThSl CKBOXHH JI0 OJIOK-MaHU(DOJIBIOB, arperaToB - He
meHee 10 MeTpoB;

- OT 0JI0K-MaHU(OJIBJIOB JI0 arperaTtoB - HE MEHEE 5 METPOB;

- MEXIy [[EMEHTUPOBOYHBIMHU arperaTamu u
[IEMEHTOCMECUTEIHLHBIMHI MallIMHAMU - HE MeHee 1,5 MeTpoB.

Kabunbl  mepenBIKHBIX ~ arperaroB  JOJDKHBI  OBITh
pacroyio)keHbl B MPOTHBOIOJIOXKEHHYIO OT  IIEMEHTHPYEMOi
CKBa)KUHBI CTOPOHY.

TammonaxxHbIe MaTepUabl JIOJIKHBI UMETh
COOTBETCTBYIOIIUE ceptuduxaTs KayecTBa. CaoiicTBa
TaMIOHAXHBIX ~ MaTepuajioB (B TOM  YHCIE  I[IEMEHTHO-
OCHTOHUTOBBIX cMecei) U (OpMHPYEMOro M3 HHUX IIEMEHTHOIO
KaMHsSI JIOJDKHBI COOTBETCTBOBAaThH TPEOOBAHHUSIM CTaHIAPTOB.
[Mopsimox XpaHEHUST W CPOKM HCIIOJB30BAHHUS TAMITOHAKHBIX
MaTepUajoB YCTaHABIMBAIOTCS 3aBOIOM-U3TOTOBUTEIEM.

Crryck ¥ IeMeHTHPOBaHUE 00CaIHBIX KOJIOHH IMPOBOISATCS 110
TJTaHaM, pa3paboTaHHBIM OypoBoit OpraHu3alei U
YTBEP)KJICHHBIM B YCTaHOBJIIEHHOM Topsizike. K muiany npumararotcs
UCXOJHBIE  JaHHBIE I pacueTta  0OCagHBIX  KOJIOHH,
WCTIOJIh30BaHHBIE KOA(PUIIMEHTHI 3armaca MPOYHOCTH, PE3YIbTaThl
pacuera oOOCaJHBIX KOJOHH (KOMIIOHOBKA KOJIOHHBI) U €€
[IEMCHTUPOBAHMS, aHATU3 IIEMEHTa, a TaK)Ke aKT TOTOBHOCTH
CKBKMHBI M OypOBOIl yCTaHOBKM K CIYCKY U LIEMEHTHPOBAHHUIO
KOJIOHHBI.

ITepen mOATOTOBKOM CTBOJA CKBAKHHBI K CHYCKY KOJOHHBI
JIOJDKEH OBITh TMPOBENEH KOMITIEKC 3JIEKTPOMETPUYECKUX padoT |
JOPYTUX  WCCIEAOBAHUW, HEOOXOAMMBIX Ui  JETAbHOTO
IUTAHUPOBAHUS Mpoliecca KPETUIeHuUs.
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IIpumenenue nemeHTa 0€3 NPOBENEHUS IPEIBAPUTEIBLHOTO
na0opaTOpHOrO  aHainu3a  JUld  YCIOBHM  NPEACTOSIIEro
LIEMEHTUPOBAHUS KOJIOHHBI 3aIIPEIAETCsl.

JU1d coXxpaHEeHHUs €CTECTBEHHON IIPOHULIAEMOCTH IIOPUCTBIX U
MIOPUCTO-TPEIIMHOBATBIX KOJUIEKTOPOB IMPOAYKTUBHBIX OTJIOKEHUHN
TaMIIOHAXHBIE ~ pPacTBOPHl  JOJDKHBI ~ MMETb  MUHUMAJIBHO
BO3MOXHYIO GuibTparuto. OO0Imas MUHEpaTu3alus TaMIOHAXHBIX
pacTBOpOB JOJKHA ObITh ONM3Ka K MMHEpaIU3alMu OypoOBBIX
pacTBOpPOB, NPUMEHSIOIIMUXCS IPU BCKPBITUU TPOJYKTUBHBIX
TOPU30HTOB.

PacueTrHas mpoAomKUTENBHOCTD Mpoliecca LIEMEHTUPOBAHUS
o0ca/IHOW KOJIOHHBI HE J0JKHA MpeBblaTh 75 % BpeMeHH Havyalia
3arycTeBaHus TaMIIOHAKHOTO pacTBOpa.

BbiOop TaMmoHa)KHBIX MaTepUaloB M pacTBOPOB Ha HX
OCHOBE JIOJDKEH OCYILECTBISATHCS C  YUYETOM  CIEIAYIOIIUX
TpeOOBaHMI:

- TaMIIOH&XHBI MaTtepuan U cHOPMHPOBAHHBIK U3 HETO
KaMEHb JOJDKHBI COOTBETCTBOBATh JUANa3OHy CTaTHYECKHUX
TEMIIEPATYP B CKBa)KUHE 10 BCEMY MHTEPBay LIEMEHTUPOBAHUS;

- peuentypa TaMIOHaXXHOTO pacTBOpa MoaOupaercs IO
JUHAMMYECKOM TeMIlepaType U JaBIEHUIO, OXHUJAEMBIM B
LIEMEHTHUPYEMOM MHTEpPBaJIe CKBAXKUHBI;

- IJIOTHOCTh TAMITIOHAKHOT'O pPacTBOpa JOJDKHA OBITh, Kak
MIpaBWJIO, HE HIDKE IJIOTHOCTH OypoBOro pactBopa. OrpaHnyeHueM
BEPXHEr0 Ipefeia IUIOTHOCTH TaMIIOHAKHOTO pacTBOpa IpHU
MPOYMX PaBHBIX POBUAX SIBISETCS HENONMYLIEHHE THUIpOpa3pbIBa

IIOPOI.

[leMeHTHBI KaMEHb IpU HaJUYMM B LEMEHTHPYEMOM
UHTEpBaje arpecCUBHBIX cpen JOJIKEH OBIThH
KOPPO3UOHHOCTOMKHM K BO3JECHCTBHIO 3THX CPEJ.

OO6cannble KOJIOHHBI B npeaenax HHTEpBaja
LIEMEHTHPOBAHUS JTOJIKHBI OCHAIATHCS 3JIEMEHTaMU

TEXHOJIOTUYECKOM OCHAaCTKH, HOMCHKJIaTypa HW KOJHNYCCTBO
KOTOPBIX OIMPCACIIAIOTCA IMPOCKTOM Ha CTPOUTCIBCTBO CKBa*XWHBI,
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a MecTa YCTaHOBKM YTOYHSIOTCS B paboyeM IJJaHEe Ha CITYCK
KOJIOHHBI.

Pexxum cmycka oOCamHBIX KOJOHH M TUApPABIAYECKAs
IIporpaMMa  LEMEHTHUPOBAHMsI  JOJDKHBI  PAacCUUTBIBATBCA U
OCYIIECTBISATHCS TAKMUM 00pa3oM, 4ToObI 00eCIIeYUTh MUHIMAIBHO
BO3MOXXHYIO PEIPECCHI0 Ha IPONYKTHUBHBIE TOPHU30HTBI M HE
JIOIYCKaTh OCJIO)KHEHUH, CBA3aHHBIX C T'MAPOPA3pbIBOM IOPOA U
noriaomenueM. B mpomecce  IeMEHTHpOBaHMS — JIOJDKHA
o0ecreunBaTbCsl PErucTpalusi MapaMeTpoB, XapaKTEPU3YIOIIUX
3TOT IIPOLECC.

HampaBnenus u KOHAYKTOpa LIEMEHTHPYIOTCA 10 YCThsi. B
HIDKEJIeKaIlen 4acTH cTpaTUrpaduyeckoro paspesa
LIEMEHTUPOBAHUIO TIOJJIEKAT:

- IPOAYKTUBHBIE TOPU30HTHI, KPOME 3arTOOEKTUPOBAHHBIX K
9KCIUTyaTalMy OTKPBITHIM 3a00€M;

- IIPOJYKTUBHbBIE OTJIOKEHUS, HE MOJIEKALUE
SKCIUTyaTalli, B TOM YUCJIE€ C HETTOOMBITIJIEHHBI MU 3a1lacaMu;

- HCTOILEHHBIE TOPU30HTHI;

- BOJJOHOCHBIE IIPOHUIIAEMbIE TOPU30HTHI;

- TOPU30HTHI BTOPUYHBIX (TEXHOT'€HHBIX) CKOIJIEHUN HEPTH U
rasa;

- UHTEpBajlbl, CIOXEHHbIE IIJIACTUYHBIMU TOPOJAaMH,
CKJIOHHBIMHU K JieopManusMm;

- UHTEpBaJbl, MOPOABI KOTOPBIX WM TMPOIYKTHl HX
HACBHIIIEHUSI  CIOCOOHBI  BBI3BIBATH  YCKOPEHHYIO  KOPPO3HUIO
o0camHbIX TPYO.

BricoTa mopgbeMa TaMIIOHa)KHOTO pacTBOpa HaJa KpOBIEi
MPOJYKTUBHBIX TOPU30HTOB, @ TaK)KE YCTPONCTBOM CTYNEHYATOTO
LEMEHTUPOBAHUS WM Y3JIOM COCIMHEHHMs CEKUUH 0O0CcaTHBIX
KOJIOHH, a Tak)Ke OamMakoMm Tpeaplaymeld 00caaHoi KOJIOHHBI, B
HE(PTSAHBIX M  Ta30BbIX CKBAXHWHAX JOJDKHA  COCTaBIIATh
cooTBeTCTBEHHO He MeHee 150 u 500 m.

Bce  BhllnleykasaHHbIE ~— HMHTEpBAlbl  LEMEHTHUPOBAHUS
00BbEIUHSAIOTCA B OAMH OOHIMHA. Pa3pbIB CIUIOMIHOCTH LIEMEHTHOTO
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KOJIbLIa 110 BBICOTE 3a OOCATHBIMH KOJOHHAMU HE JIOIYCKACTCH.
WckinrodeHus: COCTaBISIOT CIydan BCTPEYHOTO IIEMEHTHPOBAHUS B
YCJIOBUSIX MOTJIOMICHHUS. '

OOmasi TpOEKTHas BBICOTA TOJbEMa TAMIIOHAKHOTO
pacTBopa 3a 00caJHBIMU KOJIOHHAMH JIOJKHA 00€CIIeUnBaTh:

- TPEBBIIICHUE THIPOCTATUYCCKUX [ABJICHUH COCTABHOTO
cTo706a OYpOBOTO pPacTBOpA M KUJKOCTH 3aTBOPEHUS IIEMEHTA HaJl
TUTACTOBBIMH JIaBJICHUSIMU TIEPEKPBIBAEMBIX (IIFOUII0COIEPIKAIIUX
TOPHU30HTOB;

- HCKIIOYCHHWE THJIPOpa3phiBa TIOPOJ WM  Pa3BUTHUEC
WHTEHCHUBHOTO TOTJIOIIEHUS paCTBOPA;

- BOBMOXKHOCTb Pa3rpy3ku 00CaJIHOM KOJIOHHBI Ha IEMEHTHOE
KOJIBLIO JUIS YCTAaHOBKH KOJIOHHOM T'OJIOBKH.

[Ipy cTynmeHYaTOM [EMEHTUPOBAHHH, CIYCKE KOJIOHH
CEeKIMSIMHA HM)KHUE M TPOMEKYTOUHBIE CTYIEHH 00CaHBIX KOJIOHH,
a TaK)Ke MOTalHBIC KOJOHHBI JOJDKHBI OBITh 3allEMEHTUPOBAHbBI 110
BCEU JIUTMHE.

IIpy mepekpeITUM KOHIYKTOPOM HWJIHM MPOMEXYTOYHOMH
KOJIOHHOM 30H TMOIJIOUIEHHUs, NpOiJIeHHbIX 0e3  BbIXoja
[MUPKYISALNY, JTOIYCKAeTCsS MOIBEM TAaMIIOHAKHBIX PAacTBOPOB [0
MOJIOLIBBI MOTJIOUIAIONIEro iacTta ¢ nociaeayrommm (mociae O3LY)
MPOBE/ICHUEM BCTPEYHOTO HEMEHTHPOBAHUS UYepe3 MEKKOJIOHHOE
IIPOCTPAHCTBO.

3ampemaercss TPUCTYNMAaTh K CIYCKYy TEXHHYECKUX W
OKCIUTYaTallMOHHBIX ~ KOJOHH B  CKB@KHUHY, OCIJIO)KHEHHYIO
MOTJIOMEHUsIM ~ OypoOBOTO  pacTBOpa C  OJHOBPEMEHHBIM
(GIIOUIONPOSIBICHUEM, — OCHIISIMM, OOBajlaMM, 3aTSDKKaMU U
nocagKamMu OypHIIbHOW KOJIOHHBI, 710 JIMKBHIAIIMHA OCJIOKHEHUH.

Pesynpratel  cmycka — oOcamHOW — KOJIOHHBI M e€e
[IEMEHTUPOBAaHNE OQOPMIISIOTCSI aKTaMH TI0 YCTaHOBJICHHOU
dbopMe M XpaHATCS B Jelie CKBAXHHBI Ha MPOTSDKEHHH BCETrO
nepuosia  ee  OKCIUTyaTallud, Hapsay C  3aKII0YeHHSIMH
reopuU3NYecKux  OpraHuM3auuii o (PaKTUYECKOM  COCTOSIHUU
IIEMEHTHOTO KaMH$ 32 00CaJHBIMH KOJIOHHAMH.
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[Ipu MHOArOTOBKE MPOEKTHOMU JOKYMEHTAlUu "
OCYILIECTBIICHUM HEMOCPEACTBEHHO paboOT IO CTPOUTEILCTBY
CKBKMH Ha BCEX €€ CTAIUAX CIIeyeT HUCIOJHATh TpeOOBaHMS,
[IpE/ICTAaBJICHHbBIC B CIEAYIOIINX PYKOBOISAIINX JOKYMEHTAX:

1. PJ] 51-1-96 MucTpykius Mo OXpaHe OKpYXKarollel cpenbl
P CTPOUTENBCTBE CKBAKMH Ha Cylle Ha MECTOPOXKICHUIX
YTJIEBOAOPOIOB TOJMKOMIIOHEHTHOTO COCTaBa, B TOM YHCIE
CEpOBOJIOPOACOACPKAIINX.

2. PermameHT opranm3amnuu paboT MO OXpaHe OKPYKaromei
Cpenbl IpH CTPOUTENBbCTBE CKBaXKWMH Bpa 39-1.13-057-2002 YK
622.24.002.2:502.3(083.74)

3. IIb 08-624-03 IlpaBmia 0e30macCHOCTH B HE(PTAHOH H
ra30BOM MPOMBINIIIEHHOCTH - M: Porroprexunanzop P®, 2003. - 161
c.

4. Pl 39-133-94. UHCTpyKIUS TIO OXpaHE OKpYXKaromiei
CpelIbl IIPH CTPOUTEIHCTBE CKBAKUH Ha HEPTH U ra3 Ha CyIIle.

JI1 caMOCTOSTENBHOTO PAaCUIMPEHUSI IOHUMAaHHUs CYIECTBA
JaHHOM 00nacTu OypeHHst He(TAHBIX U Ta30BbIX CKBAKUH
HE00X0IMMO U3y4YEeHHE CIIEUAIbHOMN JINTEPATYPHI,
IIPEICTAaBICHHON HIKE
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