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BBEJIEHUE

IIpm paccMOTpeHHM pa3MUYHBIX 3a7lad OOOTAIIeHUS TOJE3HBIX
WCKONIAaeMBIX YacTO BO3HHUKAET HEOOXOAMMOCTH BBISBICHHS TEX WIH
WHBIX SMITUPUYCCKUX 3aBUCUMOCTEH, PEUICHHUSI CUCTEM YpaBHCHUH (M-
HEHHBIX ¥ HENWHEHHBIX) U IPYTHX JOCTATOYHO OOMIMX MPOOIIEeM, KOTO-
pBIe MOTYT OBITH COPMYIHPOBAHBI MATEMAaTHIECKH, & JIJISl UX PEIICHUS
MIPUMEHEHBI TEPCOHALHBIC KOMIBIOTEPHI.

Llenpio KypcoBoi paboThl MO MHPOPMATHKE SIBISETCS yriayoOie-
HUE 3HaHWN 110 MHPOPMATHUKE U MPOTPaMMHUPOBAHUIO, TTOYIEHHBIX CTY-
JIeHTaMH{ TPH U3ydeHun auciuiuHbl Ha | kypce. Kypcosast pabora gaer
BO3MOXKHOCTh CTYJICHTY OBJIaJICTh OCHOBHBIMH METOJaMU BBIYHUCICHHN
Ha mepcoHasibHOM KomrbioTepe (I1K), mpuHIMIIAMH TTOCTPOSHUS ajro-
PUTMOB U WX peaju3alliy, MPHOOPeCTH HABBIKH ITOCTAHOBKH 3a/1ad, I10-
CTPOCHUSI MaTEeMaTUYECKUX MoJelei, MOMydeHus: PU3NUECKUX 3aKOHO-
MepHOCTeH Tpu 00pabOTKe AKCIEPUMEHTAIBHBIX JAaHHBIX W WX aHaJH3:
MOJTyYUTh TIPEJCTABIICHNE O MPUMEHEHHUH NIEPCOHATHFHOTO KOMITBIOTEPA U
Haubosee paclpoCTPaHEHHBIX MAaKeTOB MPOrpaMM IpU pEUIeHUH 3ajad
W3 TIpeIMETHOM 00J1acTH.

IIpumeHeHne MaTeMaTU4YeCKUX Mojenel, ux peannszanus Ha [1IK
MO3BOJISIET TMPOAHAIM3UPOBATh HAMOOJIEe CYIIECTBEHHBIE B3aWMOCBSI3U
Ppa3iInYHbIX HOKa3aTeJICI>'I, IMOJIY4YUTh ONTUMAJIBHOC PCIICHUC U CPAaBHUTH
€ro C JPYTUMH, HAMETUTH ITyTH YCTPAaHEHUs HEJIOCTATKOB M IMOKAa3aTh, K
KaKUM Ka4eCTBEHHO HOBBIM BBIBOJAM MOXXHO TIPHUUATH, UCIIONB3YS MaTe-
matuyeckue moaenu u I[IK. TIpuMeHeHre MmepcOHATBLHOTO KOMITBIOTEpA
MO3BOJISIET COKPATHTh paboTy, 3aTpayrMBaeMyl0 Ha BBIYHCIICHUS, YBEIH-
YUTHh KOJMYECTBO PacCMaTpUBaeMbIX BapHAaHTOB C LENBIO BHIOOpA OMTH-
MaJIbHOT'O PEHICHUA, a TAKKE IMOBBICUTH NOCTOBCPHOCTHL U TOYHOCTH PC-
3ynbTatoB. HampumMep, mpu U3y4yeHUH KHHETHKH (IIOTAIUH TPEACTaBIIS-
€T MPaKTUIECKU WHTEPEC MOTyUeHHE 3aBUCHUMOCTH W3BIICYCHUS B KOH-
[EHTPAT TIOJIE3HOK KOMIIOHEHTa W CKOPOCTH (PIIOTalli OT BPEMEHH,
MPOIIEAIIEro OT Havajia (ioTanuu. PellleHne cUCTeM ypaBHEHUH BCTpe-
YaeTcs, IpY pacyeTe TEXHOJIOTHIECKHX CXEM 00OTaIleHMs..

B aTux, Kak ¥ BO MHOTHX JIPYTHX CITydasx, MPUMEHEHHE IepCco-
HAJIbHBIX KOMIIBIOTCPOB IMO3BOJIACT MAKCHUMAJIbHO YYC€CTbh KOHKPETHYIO
cnennUKy 3aJadd 3a cyeT MOCTPOEeHHUs OoJiee CIOXHON MaremaTude-
CKOU MOJIENH.



U3 kypca nHGOPMATHKH U3BECTHO, YTO BECh MPOIIECC TONTYyUCHHMS
pe3yJIbTaTOB C MPUMEHEHHEM MEPCOHAIBHOTO KOMIThIOTEpa TpeOyeT 3Ha-
YUTENBHBIX YCHIMA U YMECHUS TUIAHUPOBATh CBOM JieWCTBUsI Briepea. OH
COCTOHMT M3 CJICIYIOUIUX ITATOB!

1)

2)
3)
4)

5)
6)
7)

IIOCTAaHOBKA 3aJa4 U €€ MaTeMaTH4YeCKOe MOJCIUPOBa-
HHE,

BBIOOP METO/IA PELICHHS U Pa3pabOTKa alNropuTMa;
BBIOOD MPOrPaMMHOTO TIPOAYKTA /ISl PEIICHHS 3a1auH:
HAIMCaHUE TEKCTa MPOrpaMMbl U TPEACTABICHUE HCXOI-
HBIX JJAHHBIX;

NOATOTOBKA TECTOB JJISl OTJIAJKH MPOTPaMMBI;

OTJIaJIKa IPOTrPaMMBI;

BBITIOJTHEHHE PACYETOB 110 OTJIAKEHHON NpOorpamMMme u
00paboTKa MOyYeHHBIX Pe3yIbTaTOB.

KypcoBas paborta mpeamoiaracT pemicHue KaKIsIM CTYACHTOM
HECKOJIBKUX 3a/1a4. B METOIMYECKHUX YKa3aHUAX MPUBOIMTCS OIMHMCAHUC
Tpex 3anad. IlepBas U3 HUX AEMOHCTPUPYET MOIYYEHUE IMIUPUUECKUX
3aBUCHUMOCTEH B 3ajaue KMHETHKH (IIOTALUH, BTOpas - 3HAKOMHUT CTY-
JIeHTa ¢ peajm3aiueil Metoga ['aycca Ha MEPCOHATBLHOM KOMITBIOTEPE
IPH pacyeTe TEXHOJIOTMYECKOU CXeMbl 000TAICHHS, TPEThS — MOTYyYCHUE
OMITUPUYCCKUX 3aBUCUMOCTEH METOJAOM HAUMCHBIIUX KBAJPAaTOB.

Pemenne 3THX 3a1a4 JgaeT XOpoIIee MPeACTaBICHHE O TPOrpam-
MHPOBAHHH 33/1a4 BEIYHCIUTEIBHOTO XapaKTepa.

MeToauueckue yKa3aHUsl COJIEpKaT BCIO HEOOXOAMMYIO HH(OP-
MAITUIO JIJIS BBITIOJIHEHUS KYPCOBOM paOOTHI:

CBEZICHHA O TJIABHBIX 3Tamax paboThl, HAYMHAS OT (Hop-
MaJM3aluy 3a/1a9 W KOHYas 3allUTOH OT4YeTa O BBINOJI-
HEHHOI paboTe;

PEKOMEHAMH TI0 TPOrPaMMHPOBAHHIO, OTIAJKE IPO-
rpaMM U BBOJY UCXOJHON WH(POpPMAIIUH;

OOILIYI0 TIOCTAaHOBKY MpeaiaraeMbIX Uil PEeIeHUs 3a-
nau;

yKa3aHUs IO BBIBOAY PACUYETHHIX (JOPMYI M IO CHOCOOY
(opManm3anuy JaHHBIX C COOTBETCTBYIOUIMMH IIPHMe-
pamu:



TpeOOBaHUS, TIPEIBSBIIEMBbIC K OTYETYy O KypCOBOH pa-
oore;

BapUaHThI 33JJaHUN 1O KaXXI0U 3a7a4e;

CIMCOK PEKOMEHIyEMOH JTUTEepaTypHhI.

1. MOPAJIOK BBIIIOJTHEHUS KYPCOBOM PABOTHI

Mepen BbINONHEHMEM KYPCOBOWM PaboTbl HYKHO M3Y4YUTb AaH-
Hble MEeTOoAMYECKME YKa3aHUs N peKomeHgyemyto antepatypy. Mpouecc
hanbHenwen paboTbl pa3buT Ha cneayroLmne sTanbl:
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CoctaBnieHMe TeKcTa 334aHWi B COOTBETCTBUM C HOMe-
pOM BapuaHTa;

dopmanmsauma ncxogHom nHdopmaumum;

BbinonHeHne pacyeToB B TabanmyHom npoueccope MS
Excel, pe3ynbTaTbl KOTOPOrO MCMNONbL3YIOTCA B KayecTse
TecTa Npu oTnagKe NporpaMmmbl;

BbinonHeHWe pacyeToB B MaTeMaTU4YECKOM nakeTe
SMathStudio (MatlLab);

ANropuTMM3aumMA M HanMcaHWe TeKCTa NPOrpammbl Ha
A3blKe nporpammupoBaHusa (VBA. MUToH nan ap);
OTnagka nporpamm Ha NepcoHanbHOM KOMMblOTEPE;
MonyyeHne oKOHYaTENbHbIX PE3Y/IbTAaTOB U UX aHaNU3;
OdopmneHune oTyeTa o pabore;

3awmTa paboTbl.

ITo ka’kAOMy M3 3THUX ATANOB UMEIOTCS COOTBETCTBYIOLIUE PEKO-
MCHAAlIMU B METOANYCCKUX YKa3aHUAX WA B yKa3aHHOﬁ JIMTeparTrype.

Brinaua 3aganuii mo KypcoBoit paboTe mporu3BOANTCS HE MMO3/IHEE
4eM 4Yepe3 JIB€ HeAeNH MOcie Hadana 3aHATHil. Bo BpeMs Bblmaum 3ana-
HUM OOBSBISIIOTCS CPOKH BBIIOJHEHUS! CTYIEHTOM OTHAENbHBIX 3TaIloB,
Ha3HAyYaeTCs J1aTa cAayy OTYeTa Ha MPOBEPKY W J1aTa 3allluThl PadOTHI.

[Ipu BBICTaBIEHHM OLIEHKH IO KypCOBOil padoTe YUHMTBHIBAIOTCS
Ka4yecTBO OTYETa, 3HAHUS CTYJEHTa IO CYIIECTBY PabOThl, OPUIMHAIIb-
HOCTb M TBOPYECKUH MOAXOJ K IPOIPaMMMPOBAHUIO, a TaKXKE CBOEBpE-
MEHHOCTD BBIIIOJTHCHUS BCEH pa6OTBI 1 OTACJIBHBIX €€ OTAaIIOB.

CryzneHT 00s13aH HE MEHEe OIHOrO pa3a B Mecsll HHPOPMUPOBATh
PYKOBOJUTESI paOOTHI O BHITOJTHEHHBIX dTarax.
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2. TPEBOBAHUSA K OTUETY 110 PABOTE

OT4er MO KypcoBO#l padoTe MOIDKEH COJEepX aTh CIETYIOIIne
4acTu:
1) TUTYNBHBIH JHCT;
2) 3agaHue Ha KypCOBYIO padorTy;
3) aHHOTAIHIO;
4) BBeCHHUE;
JIUIst KaxkI01 3a/1a49m:

— TEKCT Ka)KI0H 3aJauH,

— TEOpETUYECKUE CBEICHNUS,

— ¢opManuzanus 3aaaud,

— OmnHcaHue ATOPUTMA,

— peleHue 3a1a4 ¢ MOMOIIbI0 TabaumyHoro mpoueccopa MS Excel,
cuctembl SMathStudio (MatLab), si3s1ka mporpaMMupoBaHus;
— aHaNu3 pPe3yNbTaToB,;

5) zaksroueHue

6) CIHCOK JHUTEpaTypBhl.

Ha tuTynbsHOM nHCTE yKa3blBaeTcs: opuIManbHOe Ha3BaHUE MH-
CTUTYTa, HAUMEHOBaHHUE Ka(eaphl, BUI paObOThl M Ha3BaHHE JUCIIUILIN-
HBI, TeMa KypcoBOi paboThl, haMuius W WHUIMAIBI CTYACHTA, QP
TPYHIIEL, 1aTa OOPMIICHHS OTYeTa, (PaMIINS U MHUIHAIB PYKOBOIUTE-
JIsz pa6OTBI, MECTO AJId BBICTABJICHUSA OLICHKH.

TeKkCT KakIOoW 3aJayd COCTAaBJIAETCS CTYJEHTOM C YYETOM IIO-
CTAaHOBKHM 33J1a4l M KOHKPETHBIX IAaHHBIX, COOTBETCTBYIOIINX HOMEPY
CTyJCHTA B CIIUCKE TPYIIIIBL

TeopeTrnueckre cBelleHHS MO KaXKAOH 3agade MOJDKHBI COAEp-
XKaTh HHPOpPMAINIO, HEOOXOANMYIO JUIA e pemieHus B oouiem Buae. [Ipu
yKa3aHu# (HOpMYII CIIelyeT Pa3bsCHUTH CMBICT BCEX BEJIMYMH, BXOJISIINX
B HUX.

Perrenne 3a1a4 ¢ momorpio Tabmuaroro mporeccopa MS Excel
JOJDKHO JIEMOHCTPUPOBAThH BCE ATAINbl pacyueTa ¢ IMOSICHEHUSIMU, HE00XO-
JAUMBIMHA U1 UX ITOHUMAaHUA. Pe3y.HBTaTBI BBIYMCIIEHUH CJICOYCT UCIIOJIb-
30BaTh B KAa4YCCTBE TCCTA JId IPOBEPKU NPABHUIIBHOCTHU PCUICHUA, IOTY-



YEHHOTO C IOMOIIBI0 pa3padOTaHHOM NpOrpaMMbl Ha MEPCOHAIEHOM
KOMIIBIOTEPE.
dopmManuzanus 3amad IPEAIoaraeT, 4ro JOJDKHBI OBITh pac-
CMOTPEHBI CIEAYIOLINE BOIPOCHI:

=" B KaKoi popme npeacTaBUTb UCXOAHbIE AaHHble ANA UX
BBOJZa B KOMMNblOTEP,

=" Kakue GOpmMyJibl U B KaKOW MOC/eAoBaTe/IbHOCTM caeay-
eT NPMMEHUTb ANA NONYYEHUA NPOMENKYTOUHBIX U OKOH-
YyaTeNbHbIX pe3ybTaTos,

=  KaKOBAa TOYHOCTb BbIYMC/EHMA BCEX MApPameTpoB U Mpa-
BW1a MX OKPYTNEHUA.

KonkperHsle pekoMeHAauH U KaKA0H 3a1a4y UMEIOTCS B IO-
CIIEIYIOIUX pa3Aenax METOJUUECKUX YKa3aHUH.

OnmucaHue aaroOpuTMOB JOJDKHO OBITH CTPYKTYPUPOBaHHBIM
«CBEPXY BHHU3». JTO O3HAYaeT, YTO CHAayajla HY)XHO BBIIEIHUTH YKPYII-
HEHHBIC JTallbl PEIICHUS 3aJadd. 3aTeM KaXKIbIA 3Tanm pa3OuBaeTCs Ha
Oonee Menkue mard u T.4. [Ipoliecc aeranuzanuu 3aBepuiaeTcs TOT/a,
KOTJa BCE LIard CTAHOBSITCA OYEBUIHBIMHU IJIsI IPOrPAaMMUPOBAHHUSA, T.C.
WX MOXXHO TPEACTaBUTH THOO OIHHUM OIEpPaTopoM, JHOO0 HEOOIHIINM
KOJMYCCTBOM OYCBUAHLBIX OIIECPATOPOB.

IIporpamMMbl TOJKHBI COCTaBIATHCS TaK, YTOOBI MX MOT IOHSTH
M000H 3HAKOMBIH C OCHOBAaMH IPOTPaMMHPOBAaHUS dYellOBeK. B HHX
JOJIZKHO 6I)ITL A0CTAaTOYHOC AJId MOHUMAaHUA KOJIMYCCTBO KOMMCHTAPHCB,
I/II[GHTI/I(l)I/IKaTOpI)I JOJIZKHbI UMETb MHEMOHHMYECKHUM CMBICT U OeIb JOJIK-
Ha OBITh TOCTUTHYTA MPOCTEHIINMHU CPECTBAMHU.

I/ICXOILHI)IC OaHHBIC HYKHO MPEACTaBUTh B TOM BUIC, B KAKOM HX
BBOJAT B KoMIibtoTep. Eciu ux mHoro (Oosibliie maTy-1IeCcTH), TO CAeLyeT
co3nath ¢aiy ¢ UCXOAHBIMU JaHHBIMU M BBOJHUTH MX B IPOTpaMMy H3
aToro (haiina.

Pacniewatka momkHa conxep)kaTh HCXOAHYIO MPOTPaMMy, BBOJIH-
MyI0 WHGOPMALMIO U PE3yJbTaThl BBHIIIOJHEHUS Nporpammbl. B Hauaie
TEKCTa NporpaMma Hy>KHO yKa3aThb: BUJ PaOOTHI, (aMHUIIMIO M MHULIUAIIBI
CTyJeHTa, mudp rpyIsl, HOMEpa 3a/laud U BapuaHTa 3ajJaHus. Pe3yib-
TaThl, pacri€d4aTaHHBIC nporpaMMoﬁ, JOJIKHBI GBITI) IIOHATHBI, T.C. JOJIXK-
HBI COJIEPKaTh CIIOBECHBIE MOSICHEHUS. B 1eTs1X KOHTPOJIsl MPaBUILHOCTH



BBOJa I/ICXOI[HOfI I/IH(l)OpMaLII/II/I mnporpaMMa J0JDKHAa NpeayCMaTpuBaTh €€
BBIBO/I.

AHanu3 pe3ynbTaToB MpPEIoiaraeT uX CpaBHEHHE C Pe3yiIbTa-
TaMU PYYHBIX BI)I'{HCJICHI/Iﬁ, a TaKiX€ UX CMBICJIOBYIO OIICHKY M BbBIBOBI.

B KoHUe oTyeTa O KypcoBoi paboTe Hy)KHO AaTb CMWUCOK MUC-
NONb30BaHHOW NNTepaTypbl N0 MHOPMATMKe U oboraweHuto nones-
HbIX MCKOMaeMblX. ITOT CAUCOK AOJ/IKEH YyA0BNETBOPATb 0b6LLEenpUHA-
TbiM TPEeOOBAHMAM.

3. PEKOMEHJAIIUU 11O COCTABJIEHUIO ITIPOI'PAMM

[Ipu pa3paboTke mOporpamMmbl HYXKHO CJIeJOBaTh NPUHIUIIAM
CTPYKTYpHOTO IMPOTPaMMHUPOBAHUS: IMO3TAMHAs JeTanu3anus (cM. mpe-
TBITYIAN pa3zien), NCIOIB30BaHMe TOIBKO 0a30BBIX CTPYKTYp (ciiemoBa-
HUE, BETBJIICHUE, LIMKJ), IOBBIIICHUE HATJISIIHOCTH IPOrpaMMbl (KOMMEH-
Tapuu, OTCTYIIBI IPU 3aIMCH BJIOYKEHHBIX ONEPaTopoB U T.1.).

VYike Ha cTaguu pa3pabOTKU MPOrpaMMbl HY>KHO MPOIyMaTh Me-
porpusatust no eé€ oriagke. Croga BXOOUT MOATOTOBKA TECTOB AJIS MPO-
BEPKH PE3YJIbTATOB, BKIIOYEHHE B IIPOrpaMMy HOIOIHUTEIBHBIX OIepa-
TOPOB BBIBOJIa TPOMEKYTOUHBIX PE3YJIBTATOB C IENBIO0 JIOKATU3AIHN
BO3MOXHBIX OIIMOOK (TIOCie OTIaIKU MPOrpaMMbl 3TH OIIEPATOPbI MOX-
HO 1100 yNaIuTh, INOO MPEBPATUTH B CTPOKA KOMMEHTApHs), YIET 0CO-
ObIX ciy4aeB (HEIOMyCTUMBIC 3HAYEHHs IapaMeTpoB, 3ampelleHHBIC
ofieparyn) 1 omuOOK BBOJIA.

W3-3a Henpezacka3yemMoro xapakTepa BO3MOXKHBIX OIIMOOK CIIH-
COK PEKOMEHJIAIINI 10 OTIaJKe, B MIPUHIIUAIIE, HE MOXET OBITh MCUYEPIIbI-
BaromuM. B o0rieM citydae Hy)XKHO OBITh TOTOBBIM K HEOXHUIAHHOCTSIM
[IpH 3aIlyCKe MPOrpaMMBbl U IOTOMY UMETh "TBepAble" KOMHU MPOTrpaMMBbl
W MCXOAHOM WH(OPMAILUK AJIST UX BOCCTAHOBJICHHUS B Ciydae HEoOXOmu-
MOCTH.

PaspabatbiBasd mporpamMmy, Hy»HO MOMHUTb O Lesecoobpas-
HOCTM 0bOPM/IEHNA HEKOTOPbIX BaXkHbIX €€ yacTel B BuAe Moanpo-
rpamm. Metog nognporpamm obsieryaeT HanucaHwe M OTAaAKy Npo-
rpammbl. XOoTA B KaXAOW 3ajaye YKasaHO, YTO KOHKPETHO [OJIKHO
6bITb ONMCAHO C MOMOLLBIO NOANPOrpaMm, CTYAeHT UMeeT NpaBo Ao-
MOJIHUTENIHOTO UCMOJ/Ib30BAHMA NOANPOrPaMMm.



PekomeHZauuu no BBOAY W BbIBOAY WMCXOAHOM MHbOpPMALMU
[AaHbl B NpeablayLiem pasgene.

[pyrve yKasaHuMA No NPOrpaMMMpPOBAHUIO MPUBOAATCA NpU
PacCMOTPEHUN KOHKPEeTHbIX 3ajay, BXO4ALWMX B KypcoBylo paboty
[4,5,6].

4. KHHETUKA ®JIOTAIIMN

4.1. TIOCTAHOBKA 3AJAYH

JIJtst [IeCTH 3HAYCHUI BpeMEHU (IIOTAIMH YKa3aHbI SKCTIEPUMEH-
TaJbHBIC 3HAUCHHS H3BJICUCHHUSI.

TpebyeTcss MOTyYUTh IMIUPUUCCKYIO 3aBUCHMOCTD HM3BJICUCHUS
U CKOPOCTH (DIOTAIMK OT BPEMEHH, MPEACTABUTH PE3yJIbTaThl B TabINY-
HOIl 1 rpaduyeckoii Gopme, COMOCTaBUTh pacYETHBIC U IMIIMPUUCCKUE
3HaYCHHMSI.

TeopeTuueckue cBeACHHS, HEOOXOAUMBIE ISl PELICHHs ITOU 3a-
Ja4u, PUBEICHBI B Iofipasaeie 4.2 u B padote [4].

VKka3zaHus 10 MPOrpaMMHUPOBAHHIO JAHBI B pa3jene 3 U Mmoapas-
nene 4.4 MeTOAMYECKIX YKA3aHHM.

KOHKpeTHble BapuaHTbl 334aHWA [AaHbl B KOHLE AAHHOMo pas-
[lena, 1 3aBUCAT OT HOMEpa CTyAEHTa B CNUCKE rpynnbil.

ITpumep pacueTa Bpy4dHYyI0 uMeeTcs B pabdore [4].

4.2. TEOPETHYECKHE CBE/JEHUA

UzBneueHnne & B KOHLEHTpAT 3a BpeMsl (UIOTALMU 3aBUCHT OT

BPEMEHH CIEIYIOINUM 00pa3oM:
e=g, (1— e‘kts, (4.1)
roe
&, - TpefenbHOe 3HaYeHHe u3BieueHus npu t — oo

K- Tekymias ckopocTs (hroTalnm, 3aBUCAILIAs OT BpeMeHH .
Jlerko nokasars, 4To €< &, Ul q000ro 3HadeHus t>0.

3aBUCUMOCTh CKOPOCTH (PJIOTALIMU OT BPEMEHU UMEET BHUJI
t

k=a+be ™ 4.2)
roe
a - CKOPOCTb n3Bsie4yeHuA Heno/sie3HOM YacTu B KOHUEHTpaT,
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b -gManasoH M3MeHeHUs CKOpPoCcTU GaoTaumu;
t - NOCTOAAHHAA BPEMEHMN.
N3 popmyn (4.1) n (4.2) BUAHO, YTO KMHETMKA dnoTauum onpe-
Aenaetca YeTblpbMs NapameTpamu: & a, b, t.
B obuiem cnyyae 3TM napameTpbl MOXHO onpeaenunTb, npume-
HAA MeToq, HaumeHblwux KBagpaToB (MHK). C uenbto cokpalleHus pac-
YeTOB B KypcoBol paboTe npuMmeHaeTca ynpoweHHblM meToa. Pac-
CMOTPUM €ro CyTb.
MycTb ana AByX MOMEHTOB BpemeHun t; u t, oT Havyana ¢noTa-
LN N3BECTHbI COOTBETCTBYIOLLME 3HAYEHUA U3BJIEYEHUA & U &. Toraa,
CUYMTAA NapameTpbl & W @ 3a4aHHbIMU, MOXKHO ONPeAennTb ABa ApPY-
rmx napameTpa b u t no popmynam

Inb= tzAl _tlAZ .

’

tz_tl
m = tz _tl ;
A - A
K =—Tin|1- ],
&

i n
A =In(k —a),
(i=12)
[Tocne BhIYMCIICHHS MapamMeTpoB b 1 t ¢ yueToM 3aJaHHBIX 3Ha-
YeHHUH &, U & MOXHO 10 popmynam (1) u (2) mody4dnTh pacyeTHBIE 3HA-
4yeHus K ¥ £ B MPOU3BOJIbHBIC MOMEHTHI BPEMEHH, OTIMYHbIC OT ty, 1 t).
PacyeTHble 3HAYE€HMA MOXHO CPaBHUTb C IKCMEPUMEHTAsIbHbI-
MU U pe3ynbTaTbl NPeACTaBUTb rpaduyecku.
3ameTuM, 4TO ANA KOPPEKTHOCTM pacyeToB [O/IKHbI cobto-
[aTbCA cnefyloLme ycaoBuma
t, <t,
£<¢&,<g,<1 (4.3)
0< a< k< k;
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3Tn ycnosBua cnepyet yuuTbiBaTb Npu dopmanusauum sbibopa
t;, t, gyna.

Kpome Toro, Kak yKasaHo Bbllle, &< &, ana noboro t>0.

PaccmoTpum noapobHee Bbibop napametpos t; u t,, O603Ha-
YUM Yepes tpin U tmex COOTBETCTBEHHO MMHUMAIbHOE M MaKCUManbHoe
3HAYEHUA U3 WECTU IKCNEPUMEHTAIbHbIX 3a4aHHbIX MOMEHTOB Bpeme-
HM dnoTauum.

MycTb t, - Bpems, HauMHas C KOToporo npouecc ¢otaunm
MOXHO CYMTaTb YCTaHOBMBLUMMCA (B KayecTBe tp, BbIOMpaeTca MWUHU-
MaJibHOE M3 33a4aHHbIX SKCMEPUMEHTa/IbHbIX MOMEHTOB BPEMEHU, KO-
Topoe npesbiwaeT 15-20 c).

Torga MOXHO NPUHATL

t, =max(t,,t, ) t,=t_ (4.4)

[na Bbibopa 3HaYeHMA NapameTpa &, C yY4eTOM YKa3aHHbIX Bbl-
e YC/I0BUI MOXKHO peKkomeHA0BaTb dpopmyny

g, =1-06)e,, +5 (4.5)
roe

€max -~ MaKCUMaNbHoe M3 3a4aHHbIX SKCMEPMMEHTaNbHbIX 3Ha-
YeHUI n3BNeYeHUn;

4 - moboe uncno ot Hyna ao 1 (Hanpumep, 6 =0,5).

Mpw 3agaHUKM NapameTpa a C y4eToM ycnoBuit (3) MOMKHO BOC-
nonb3osatbcsa dopmynoii (4.6):

a=k,o (4.6)
raoe o- nboe vncao ot Hyasa Ao 1 (Hanpumep, ¢ =0,5)
4.3. [IOPA/]OK PELLIEHHA 34/JAYH

Mcxoaa M3 LWeCTU 3afaHHbIX 3HAYeHUt BpemeHu daoTauumn m
LIeCTM COOTBETCTBYIOWMX 3aAaHHbIX 3HAYEHNN U3BNEYEHMA B KOHLEH-
TpaT, HY}KHO BbIMNONHUTL Cieaytollee:

1) BwIOpaThty Mt, W COOTBETCTBEHHO &1 U &

2) 3a4aTb 3HAYeHuA &, U a;

3)  BbIMMCAUTL 3HAYEHUA b u m;

4) [ans BCex WeCTM 3aAaHHbIX 3HaYeHW BpemeHu GaoTaumMm BblUUC-
nTb k v ty;
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5) pesynbTaTbl Bcex pacyeToB NpeacTaBuTb B TabanyHoM U rpaduye-
CKol popme;
6) OUEHMTb COOTBETCTBME 3KCMEPUMEHTANbHbIX M PacYeTHbIX 3Haye-
HUN &
4.4. 3A/TAHHE I10 IIPOI' PAMMHUPOBAHHIO

[na BbINO/MIHEHMA pPacyeToB, YKasaHHbIX B nogpasgene 4.3,
cnenyeT COCTaBMTb M BbIMNONHWUTL NPOrpamMmy A1a KOMMNbloTepa, KoTo-
paa obecneynBaer, BbINONAHEHWNE CAeAYIOLWNX WaA2086:

1) BBOA M BbIBOA UCXOAHbIX AaHHbIX;

2) aBTOMaTUYeCKUi Bblbop t; Ut,, & W &;
3) aBTOMaTU4YecKuii Bbibop NnapameTpa &,;
4) aBTOMaTM4Yeckuii BbiIbop NnapameTpa a;

5) BbluncneHue b um;

6) BblUMCAEHME PACUYETHbIX 3HAYEeHUN t;

7) BbIBOA PE3YNbTATOB.

Mporpamma fonkHa 6bITb NPUrOAHON U B TOM CAyyae, ecau
3KCNepuMeHTaNbHble 3HaYeHUss BpeMeHM paoTaumm He ynopsaaoYeHsbl
no BO3pacTaHUIo.

HyxHo obecneunTb BO3MOXKHOCTb BapbUPOBAHUA BEAUYUH tg,
0, 0, BBEAEHHbIX Npu popmanunsaumm sbibopa NnapameTpos.

OAMH 13 Wwaros Nporpammol B 0653aTeIbHOM NOpPAAKE AOKEH
6bITb 0popMNEH B BMAE NOANPOrPaMMbl, KAKON MMEHHO - 3aBUCUT OT
HOMepa CTyZeHTa MO CNUCKY rpynnbl.

MycTb 3TOT HOMep paseH N.

O603HauMm 4yepes g ocTaToKk oT aeneHua N Ha 5 (Hanpumep,
npu N =32 nmeem q =2).

Homep wara, 4na KOTOporo fonxHa bblTb cocTaBaeHa noanpo-
rpamma, Ha ABe eauHuuUbl 6onbwe, Yem g (Hanpumep, npu N =32 oH
paBeH 4).

Opyrue TpeboBaHMA K nporpamme yKasaHbl B pasgene 3 meto-
ONYEeCKUX YKa3aHWi.

4.5. BAPUHAHTBI 3A/JAHUA
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3aaHHBl TIECTh 3HAYCHUH BPEeMEHH (UIOTAIlMM M COOTBETCT-
BYIOILLME IIECTh 3KCIEPUMEHTANIbHBIX 3HAUCHUM W3BJICUCHHS B KOHLEH-
Tpar (Tadmn. 4.1).

MonpasBkn At n Ag 3aBUCAT OT HOMepa CTyAeHTa B CNUCKe rpyn-
nbl N cnegyowmm obpasom:

At=uN; AevN
roe u=0,2-0,3;
v =0,0002 - 0,0003.

KoHkperHble 3HaYeHus U, V YKa3bIBa€T pyKOBOAUTENb KypCOBOU

paboTHI IpH BBIJAYE 3aTaHHUS.

Tabmuma 4.1
gngn: Groma- | 15 nt | 30+At | 60+AL | 150+At | 300+At | 600+At
H3eneuenue 6 0,163+ | 0,269+ | 0,410+ | 0,693- 0,843- 0,878-
KOoHyenmpam, Ae Ag A Ae Ag Ag
0071u_eo.

5. JOJIEBBIE BBIXO/IbI IIPOAYKTOB HA IPUMEPE
JABYXCTAINAJIBHOU CXEMbI OBOT'AIEHU S

5.1. IOCTAHOBKA 34/1A9U

JIByxcTamnanpHas cxemMa OOOTaIleHHsT COCTOWT W3 OCHOBHOW U
nepeyrcTHo# utorarmu (puc. 1).
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OcHoBHas | (oTarus

LY
X,
Y2 v
Iepeurcrras | daoTamms N_—
A\ 4
04 o3
Y4 (IR E
v
Konnenrpar Hpommpozyk

Puc 1. [IByxcTagnanpHas cxema 00OTaleHus

3Has coJiep)KaHue IOJIC3HOT0 KOMIIOHEHTA B KQKIOM MPOIYKTE,
ONPEJEIUTH TOJIEBBIC BBIXOABI IPOLYKTOB ¥, %2, ¥sr Ya-

TeOpeTI/I‘ICCKI/IC CBCACHHA JId PCUHICHHUA 3aJa4yu NPUBCICHLBI B
nozpaszene 5.2 u B pabote [4]. YkazaHus 1m0 MporpaMMHUpPOBAHUIO UMeE-
IOTCS B paszene 3 U B noapasnene 5.4 MEeTOAMYECKUX YKA3aHHM.

st BBIOOpa KOHKPETHOTO BapUaHTa 3aJaHusl HY)KHO OOpaTHTHCS
K TIOZIpa3ienty 5.5, e yka3aHo, Kak BapHaHT 3aJaHus 3aBUCHUT OT HOMeEpa
CTyJeHTa B clcke rpynmsl. [Ipumep pacdeToB Bpy4HYIO NPHBEICH B

pab6ote [4].
5.2. TEOPETHYECKHE CBE/IEHUA

Ecnu w3BecTHBI copep)kaHWs KOMIIOHEHTa Ha BXOJIE U BBIXOJIE
KKIOW CTaauy CXeMbl 00OTaIleH!s, TO JJISl OIPENIEIeHHUs JI0JIEBhIX BbI-
XO0JIOB KOMIIOHEHTa B COOTBETCTBYIOIIUX TOYKAX COCTABIIAIOT YPAaBHEHUS
MaTepUaIbHOIo OajlaHca B ATHX TOYKAX KaK JJIs BCEH MacChl MPOIYKTOB,
TaK W 10 OTIEIEHOMY KOMITOHEHTY.

B 3aBucuMocTu OT TOro, KakuMe MpPOIECCHl BhIOpaHBI MpPHU pac-
CMOTPEHHH MaTePUAIBHOTO OajiaHca, MOXKHO TOJIYYHTh Pa3JIMIHBIC CHC-
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TEMbl YPaBHEHUH, OJTHAKO PEUICHUE 3TUX YPAaBHEHUH JOKHO MOTydYaTh-
Csl OJIMHAKOBBIM.

[MosicHUM TIPUHIMIT TIOTYYEHUs] YpaBHEHUH MaTepuallbHOTO Oa-
JlaHca Ha TIPUMEPE PacCMOTPEHUSI BCETO Mpolrecca 00OTalIeHUs B LEIOM.
Ob1mee KoMMYECTBO MaTepuaia Ha BXOJIE [mporecca JOMKHO OBITh PaBHO
CyMMe MaTepuaia Ha BBIXOJlaX 3TOro Imporecca. [loaToMy MOXKHO cocra-
BUTh YPaBHCHHC

M, =M, +M,;+M,
rie M,,M;,M;,M,- konudectBo MaTepuaga COOTBETCTBEHHO
Ha BXOJI¢ OCHOBHOH ()JIOTAIMK, B XBOCTAX, B MPOMIPOAYKTE U B KOHIICH-
tpate (puc.l).
PaznenuB 00e wactu ypaBHEHUWS HAa My, TIOIYYHM JOJIEBBIE BbI-
XOJIBI.
I=r+7:+7, (5.1)
MatepuanbHbIil 0ajlaHC IO MOJIC3HOMY KOMITOHEHTY JUIs YKa3aH-
HOTO BBIIIIE TTPOIIECCA BBRIPAKAETCS ypaBHEHHEM MTPOYKTOB:
oMy =M, +a,M; +a,M,
J1s ToNeBBIX, BBIXOJOB MPOTYKTOB 3TO NIACT CIEAYIOIIEee ypaB-
HEHHeE:
Oy =) TO3)3 + QY (5.2)
Takum oOpa3om, monyueHs! aBa ypaBHenus (5.1) u (5.2) ans uc-
KOMBIX BEIUYHH Y1, Y2, Vs Y4
Eme naBa ypaBHEHUS MOXXHO MOJTYYUTh aHAJIOTUYHO, pacCMaTpH-
Bas B Ka4eCTBE MPOIIEcca OHY U3 CTAANH 00OTalleHHS.
B urore monyvaercs cucreMa JIMHEHHBIX alreOpandecKux ypaBp-
HeHull 4-ro nopsnka. Ee MoxxHo pemmth MetonoM I'aycca, mpensapu-
TEJIHHO TpeoOpa3oBaB HCXOIHYIO CUCTEMY K CTAHJAPTHOMY BHUIY.
5.3. IOPAJOK PELIEHHUA 3AJAYH
J1g momy4eHus: 1oeBbIX BBIXOA0B MPOAYKTOB IO 33JaHHBIM CO-
JepKaHMIM MT0JIE3HOTO KOMIIOHEHTA HYXKHO BBITIOIHUTH CJIEYIOIIEE:
® COCTaBUTb AOCTAaTOYHOE KOJIMYECTBO ypaBHEHWW maTe-
puvanbHoro 6anaHca M Ha ux 6ase NOAYYUTb UCXOLHYHO
cUCTeMy ypaBHEHUN;
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npeobpas3oBaTb CUCTEMY YPaBHEHWUI K Buay, Heobxo-
OMMOMY A8 ee pelleHns metogom Maycca;

meTonom laycca pewwmnTb NONYYEHHYIO CUCTEMY ypaBHe-
HWi;

NPOKOHTPOAIMPOBaTL MOJIyYEHHOE pelleHWe B Tabauu-
Hom npoueccope MS Excel;

NpoaHann3npoBaTb NOJYYEHHOE PELLEHME.

5.4. 3AJAHHUE 110 IIPOT'PAMMHPOBAHHUIO

7151 BBITIOTHEHUST PAacYEeTOB CIEIYeT COCTABUTH MPOTpaMMy Jis
MEPCOHAIILHOTO KOMIIbIOTEPA, KOTOpasi 00ECIICUNBACT BBIMOJIHCHUE CJIe-
TYIOIUX IIaroB:

1)

2)

3)

4)

BBOZ, M BblBOA, 3a4aHHbIX COAEPKAHUN NOSE3HOrO KOM-
MOHEHTa;

dopmMMpoBaHME MACCUBOB, COAEPMHKALMX KOaddULUMeH-
Tbl NP HEU3BECTHbIX U CBODOAHbIE YNEHbI CUCTEMbI NN-
HeMHbIX anrebpanyeckmx ypaBHeHNUN;

COCTaBWUTb MOAMNPOrpammy, peanusyowyo metog layc-
ca;

BbIBOJ, PE3YNbTAaTOB M UX aHANN3.

IToanporpammy, peanusytoiryto meron ['aycca, coctaBuTh camo-
crosTenbHO. [lomaepkHeM, UTO yKazaHHBIC BhINIE IIaru 1-4 B 00s3aTeNb-
HOM TOPSIAKE OJDKHBI IPUCYTCTBOBATh B mporpamme. O0mue peKoMeH-
JaIiy o MPOrpaMMHUPOBAaHUIO YKa3aHbl B pasnene 3.

5.5. BAPHAHTBI 3AJAHUA

Jia nByXcTaauanbHOM CXeMBI 00OTalleHus, IPECTaBICHHON Ha
puc.l, HyXHO ONpENETUTh IOJIEBBIE BBIXOIBI MPOIYKTOB Y1, Y2, Vs Vaes
€CJIM 3aJaHHbBIE COJIEPYKAHMSI TOJIE3HOTO KOMITIOHEHTA CJIEAYIOIINE:

— Ha BXojie OCHOBHOM (hnorarum - 0,2+A;

— B xBocrax - 0,07 -A;

— Ha BXoje nepeuuctHoit grmorauu  0,35+A,;
— B apomnpoaykre 0,3 +A;

— B konieHrpate 0,85 +A.
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[TonpaBku A j 3aBUCAT OT HOMEPA | CTYJEHTa B CIIMCKE IPYMIIbI
CIICAYIOIINM 00pa3oM:

Aj=pj

rae p=0,001+0,002;

BennumnHy p yKasblBaeT PYKOBOIMTENb KYPCOBOW pabOThI MpH
BBLIAYE 3a0aHHUS.

6. MIOCTPOEHUE ODMIIMPUYECKUX ®OPMYJ METOAOM
HAUMMEHBIINX KBA/IPATOB

6.1. TEOPETHYECKHE CBE/JEHHA

OueHp 4YacTo, OCOOCHHO NPH AHAIU3C AMITUPHUYCCKUX JTAHHBIX
BO3HUKAeT HEOOXOANMOCTh HaWTH B SIBHOM BHJE (YHKIMOHAIBHYIO 3a-
BHCHMOCTb MKy BETHIMHAMU X M Y , KOTOPBIE MOIYyYEeHBI B PE3yJIbTATe
HU3MEPEHUM.

[Ipy aHAIMTHYECKOM MCCIICIOBAHUH B3aMMOCBSI3U MEXKIY JABYMS
BEJIMYMHAMH X ¥ y TIPOU3BOIAT s HAOMIOACHUH U B pe3ysbTare Moiy-
yaeTcs Tabauia 3HaYeHuH (puc.2):

X Xy X, X;

X

n

Y Y1 Y, Yi Yn

Pyuc. 2. Tabnuua 3HaYeHUi

Ota Tabnmia 00bIYHO TOTyYaeTcsl KaK UTOT KaKHX-IIHOO JKCIIe-
PUMEHTOB, B KOTOPHIX X; (HE3aBHUCHMAasl BEJIMYMHA) 330aeTCSl SKCIEPH-
MEHTaTOpOM, a Y; MOJydaeTcs B pe3yibraTe ombiTa. [losToMy 5TH 3Ha-
4yeHus Y; OyleM Ha3bIBaTh SMIMPHUYECKHUMHU WM ONBITHBIMU 3HAUCHMSI-
MH.

Mesxy BETMYMHAMHU X U Y CYIIECTBYET (PYHKIIMOHAJIbHAS 3aBU-
CUMOCTh, HO €€ aHAJIMTUYCCKHUN BUJ OOBIYHO HEU3BECTEH, IO3TOMY BO3-
HUKAaeT MPAaKTUYECKH BaYKHAS 3a/1a4a - HANTH IMITUPUIECKYIO (OpMYITy

y="f(x;a;,a,,...,a,), (6.1)
rue a,,a,,...,a, - IapaMeTpbl), 3Ha4YeHUsI KOTOPOH NpH X = X; BO3MOXK-
HO MaJIO OTIIMYAJIHCH OBl OT ONBITHBIX 3HaueHud Y; (i=12,...,n).

OOBIYHO YKa3bIBAIOT Kiacc (QYHKIWH (HampuMep, MHOXKECTBO
JUHEHHBIX, CTETIEHHBIX, TIOKA3aTeNbHBIX U T.II.) H3 KOTOPOTO BHIOMpaeTCs
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oyukmus f(X), 1 nanee onpenensioTCs HAWITydIIne 3HAYCHHS MapameT-
POB.

Ecnu B smmupuueckyio ¢opmyiny (6.1) moxctaBUTh MCXOIHBIE
X; , TO MOJTY4UM TEOPETUUECKHE 3HAUCHUS

yi =f(x;a.,8,,...,a,), (6.2)
roe i=12,...,n.

PasHocTH Y| — Y; Ha3bIBAlOTCS OTKJIOHEHHSIMH U [IPE/CTABISIOT
co00ii paccTosHUSA 10 BepTUKaNU OT Touek M; 1o rpaduka smnupude-
ckoit hyHkiun (puc.6.2).

CornacHo METOAy HaWMEHBLIMX KBAAPATOB HAWIYYLIMMHU KO3(-
¢unmentamu a,,4a,,...,8,, CUATAIOTCA Te, [UII KOTOPBIX CyMMa KBaJpa-
TOB OTKJIOHECHUH HalIEHHOW SMIUPUIECKO QPYHKIMK OT 3aaHHBIX 3HA-

YeHUH QYHKITUN
n 2
S(a,.2,,..,8,) = > [ f(X:a,8,,...,8,) = ¥ ] (6.3)
i1
OyJeT MUHUMAJIbHOM,
Ilosicuum FCOMeTpI/I‘IeCKI/Iﬁ CMBICJI ME€TOJa HAMMCHBIIIUX KBaJApa-
TOB.
Kaxxmas mapa uncen (X;,Y;) W3 UCXOAHOU TaOIHUIBI ONPEAEIIET

Touky M; Ha miockoctn XOY . Mcnons3ys dpopmyiy (6.1) mpu pazaud-
HBIX 3Ha4YeHHAX KoddduimeHroB a,,a,,...,a, MOKHO HOCTPOHTH DPSI

KPHBBIX, KOTOPBIE ABISIOTCS Tpadukamu Gyrakiun (6.1).
3amada cOCTOMT B ompeelieHHH KOd(PUIUEHTOB &,,8,,...,a,,

TaKUM 00pa3oM, 4TOObI CyMMa KBaIpaTOB PACCTOSIHUM O BEPTHKAIH OT
touek M;(X;,y;) nmo rpadpuka ¢ynknum (6.1) Obuta HaMMeHbIICH

(puc. 3).
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0 S S Xy X

Puc. 3. Cxema K METOly HAUMEHBILINX KBaJPaTOB

[Moctpoenne smmupuueckoit Gopmyinsl (6.1) cocrout u3 ABYX
3TAIlOB: BBUICHEHHE OOIIEro BHIa 3TOH (OPMYJBl U ONpEACICHUE €€
HaWIy4IIuX HapaMeTpoB.

Ecnu Hem3BecTeH XapakTep 3aBUCHMOCTH MEXAy JaHHBIMU Be-
JUYUHAMHU X U Y, TO BUJ SMIUPUIECKON 3aBUCUMOCTH SIBIISICTCS TIPOM3-
BoJIbHBIM. [Ipenmnoutenue otmaercs nmpocTeiM GopMyiiaM, 00JataroIuM
XOpOIIeH TOYHOCTHIO. Y TaYHBIN BEIOOP AMIHPUIECKON (POpMyIBI B 3HA-
YUTEIBHOW MEpe 3aBUCHT OT 3HAHWM HMCCIICJ0BATEINsA B MPEAMETHONW 00-
JIACTH, UCIIONB3Yys KOTOPBIE OH MOXKET yKa3aTh Kjlacc (pyHKIMH U3 Teope-
THYECKUX cooOpaxkeHuil. bospiioe 3HaueHne nMeeT U300paskeHHUE MoITy-
YCHHBIX JAHHBIX B JCKAPTOBBIX WM B CIEHHUAIBHBIX CHCTEMax KOOPIH-
HaT (noxynorapuMUUECKOH, Torapudpmmudeckoit u T.1.). Ilo nonoxeHuro
TOYEK MOXKHO IPUMEPHO yraaath OOLIMHA BHUI 3aBUCUMOCTH IIyT€M YyCTa-
HOBJICHHSI CXOJICTBa MEXIy MOCTPOCHHBIM rpad)MkoM M 0oOpa3lamMu u3-
BECTHBIX KPHBBIX.

Omnpenenenue Hawlydmux Kodp¢HuUUEHTOB a,,a,,...,d8, BXO-
JSIIUX B SMIMPHUYECKYI0 (OPMYIy HPOM3BOIAT XOPOLIO H3BECTHBIMU
AHATTMTUYECKUMH METOJaMHU.

s toro, yToObl HaiiTh HabOp KOA(pPHUUMEHTOB &,,d,,...,8, ,
KOTOpbIE AOCTABJISIIOT MUHUMYM (pyHKIMHU S , onpenensemMoi Gpopmyioi
(6.3), ucmonb3yeM HEOOXOAMMOE YCIOBHE JKCTpemyMa (GYHKIMH He-
CKOJIBKMX IIEPEMEHHBIX - PABEHCTBO HYJIIO YaCTHBIX MIPOU3BOIHBIX.

B pesynbTare mogyduM HOPMAJIBHYIO CUCTEMY JJIsl ONPEAeIeHUs
k03¢ ¢unuentos a; (i=12,...,m):
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ﬁ:O; ﬁ:0; ..... ;ﬁ:o. (6.4)

Jda, Jda,

Takum 006pa3om, HaxoXJAeHHE KOI(PGUIMEHTOB @; CBOAMUTCS K
pemreHuto cucteMsl (6.4). DTa cucTeMa yrpomaeTcsl, eCIA SMIPUIecKas
¢dopmyna (6.1) nmuHEliHa OTHOCHTENFHO TAPAMETPOB a;, TOTJAa CHCTEMa
(6.4) - Oyner nuHEHHOI.

Konkpetnslii Bua cuctemsl (6.4) 3aBUCHT OT TOTO, M3 KaKOro
KJIacca SMITMPUYECKUX (popMyn MBI mieM 3aBucuMocTh (6.1). B ciydae
JMHEHHOHN 3aBUCUMOCTH Y =@, + &,X cucrema (6.4) mpuMeT BHI:

i=1 i=1 (6.5)

n n 2 n
X a2 X =2 X Y,
i-1 i-1 i-1

OTa nuHeiHas cucTeMa MOKET OBITh pelleHa JTI0OBIM H3BECTHBIM
MeTtoznoM (MeronoM I"aycca, mpocThix ntepauuii, popmynamu Kpamepa).

B crydae KBaAPATHYHOM 3aBHCHMOCTH Y =@, +a,X + 8,X° cHc-
Tema (6.6) mpumer BU:

n n n

2

an+a, > X +az 2y X =2y,
i=1 i=1 i=1

n n 2 n 3 n
QX XX A XX =X Y, (6.6)
i-1

i=1 i=1 i=1

n 2 n 3 n 4 n 2
QX FA X A X = XY,
i1 i1 i1 i1

JIMHEAPU3AIIUSA DKCITOHEHIIUAJIBHOM
3ABUCUMOCTH

B psame ciaydaeB B KauecTBe SMIMPHUYECKON (GopMyisl OepyT
(YHKIHIO B KOTOPYIO HeomnpeJeieHHble KOd(DMOUIIMEHTH BXOJSAT HENH-
HeitHo. [Ipu 3TOM HMHOT/IA 3ajauy ynaeTcs JIMHEapu30BaTh T.€. CBECTH K
nuHeHo!. K 4nciy Takux 3aBHCUMOCTEH OTHOCUTCS 9KCIIOHEHIINAbHAS
3aBUCUMOCTS (6.7):

y — al,eaZX' (67)
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rie a,u a, HeonpejeleHHbIe KO3 QHIUEHTEI.

JluHeapu3anusi TOCTUTAETCS MyTEM JIorapu(MHUPOBAHUS paBEH-
ctBa (6.7), mocie 4ero moyyacM COOTHOIIICHHE

Iny =Ina, +a,x (6.8)
O6o3naunm Iny wm Ina, coorBercTBeHHO uepe3 t u C, Torma
3aBUCHMOCTD (6.8) MoxeT ObITH 3amucaHa B Buiae t=a, +a,X, 4ro mo-

3BOJISIET MPUMEHUTH (hopMyiibl (6.6) ¢ 3ameHol @, HA C M Y; Ha t;.

3JIEMEHTBI TEOPUU KOPPEJIALINU

I'paduk  BoccTaHOBICHHOW (YHKUMOHAIBHOW 3aBUCHMOCTH
y(X) mo pesymsratam m3mepenmii (X;,Y; ) =1,2,K ,n HassBaercs
KPUBOii perpeccum. {151 mpoBepKH cOryiacusi MOCTPOCHHON KpUBOil per-
peccuu ¢ pe3yapTaTaMy SKCIEPUMEHTa OOBIYHO BBOZST CIEAYIOIINE YH-
CIIOBBIC XapaKTEPUCTHKH: KOXPPUIMEHT KOoppensiuuu (JIMHeHHas: 3aBU-
CHUMOCTB), KOPPEISIIHOHHOE OTHOIIEHNE U KO3 PHUIMEHT TeTePMUHHPO-
BaHHOCTH. [Ipu 3TOM pe3ynbTaThl OOBIYHO TPYHIUPYIOT U HPEACTABIISIOT
B (hopMe KOPPETSALMOHHON TaOIUIIBL.

B kaxz0#l KIeTKe 5TOH TabIHLbl IPHBOASTCS YMCICHHOCTH Nj

Tex map (X,Y), KOMIIOHEHTbI KOTOPBIX MOMAJIal0T B COOTBETCTBYIOIIHE

HMHTEpBaJbl TPYNIUPOBKU MO KaxA0W nepeMeHHou. [Ipeanonaras AmuHbl
WHTEPBAJIOB TPYNIHUPOBKU (MO KaKIOW MEpPEeMEHHON) PaBHBIMU MEXITY
co00H, BEIOMPAIOT HEHTPHI X; (COOTBETCTBEHHO Y;) 3TUX MHTEPBAJIOB U
9KCiIa Nj; B KQ4eCTBE OCHOBBI /U PACYCTOB.

Koaddumment koppensiun sBIsSETCS MEpOil JHHEHHOW CBS3H
MEX/1y 3aBHUCUMBIMM CIy4ailHBIMH BEJIMYMHAMH: OH IIOKa3bIBaeT, Ha-
CKOJIBKO XOPOILO B CPEIHEM MOXKET OBITh IIPEACTaBIEHA OJHA U3 BEJIU-
YUH B BUJIE TWHEHHON QYHKIIMH OT APYTOM.

Koaddumment xoppensauun Beraucisiercs no Gopmyie:

> (6 =) (v - Y)
p=——— = (6.9)
\/E(Xi _X)Z\/_:Zl(yi _y)2
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i=1 o=l
) y = L]
n n

rme X

U Y — cpeaHee apuMeTHUECKoe 3HAUCHUE COOTBETCTBEHHO

x|

noxuy.
Koahduuunent koppenasuun Mexay ciIy4aiiHbIMHA BETMYMHAMH T10
a0comoTHOH BenuuuHe He mpeBocxoaut 1. Uem Ommxe | p| K 1, Tem Tec-

Hee JINHEHHast CBA3b MEXKIY X U Y.

B cnydae HeNMHEWHON KOPPEJSIIMOHHHON CBSI3U YCIIOBHBIE
CpeIHHE 3HAYEHUS PACIONIAraloTcsa OKOJIO KPUBOM JIMHUU. B 3TOM citydae
B Ka4eCTBE XapaKTEPUCTHUKH CHIIBI CBSI3H PEKOMEHAYETCS HCIONb30BATh
KOppeasiiMOHHOE OTHOLIIEHHEe, HHTEPIIPETALMS KOTOPOr'O HE 3aBUCUT OT
BHJIa UCCIIENYEMOM 3aBUCUMOCTH.

KoppensauonHoe oTHOLIEHNE BBIYUCIAETCS 110 hopMyIe:

S N
My =1 — (6.10)
HZ; n-(y; -y

rae Ny =2, N;, N;=2;N;, a 9MCIUTEeNb XapAaKTEPU3YeT PacCesHUe
YCJIOBHBIX CPEIHUX Y; OKOJO 0€3yCIOBHOTO CPEHEro Y .

Beerma 0< 775‘ <1
PaBenctso 775‘ . =0 COOTBETCTBYET HEKOPPEIMPOBAHHEIM CITy-

YailHBIM BEJIMYHUHAM; ni‘x =1 Torza U TOJILKO TOrJa, KOIJa HMMEETCS

TOYHas ®YHKHHOHMBH3H CBsI3b MCXKOY Y U X.
B ClIydac JIMHECHHOM 3aBUCUMOCTH Yy OT X KOppPEIALIMOHHOE OT-
HOHOICHUEC COBMAZAACT C KBAApPaTOM K03(1)(1)I/ILII/I€HT3 KOppeIsnuu. Benuun-

Ha T]?,‘ X —p2 HCIOJIB3YCTCA B KAYECTBC MHAUKATOPAa OTKJIOHCHUSA PET-

peccuu OT JTMHEHHOM.
KoppensinnoHHnoe oTHOIIEHUE ABISETCS MEPOil KOPPEIANOHHON
CBSI3U Y C X B KaKoil yrogHo ¢opMe, HO HE MOXKET JaTh MPECTABICHUS O

22



CTeTIeHH NPUOIMKEHHOCTH SMITUPUIECKUX JAHHBIX K CIIeNUanbHOR (op-
Me.

UToO0b! BBISICHUTH HAaCKOJBKO TOYHO IIOCTPOECHHAs! KpHUBas OTpa-
KaeT SMIIMPUYECKNE JaHHBIE BBOAUTCS €IIE OJTHA XapaKTEPUCTHKA — KO-
3¢ pUuMeHT 1eTePMUHUPOBAHHOCTH.

Jns  ero omnucaHus paccMOTPUM — CIEAYIOLIUME BEIUYMHBL

n - —
Soome =2 (Y — y)? - moiHas cyMMa KBaJpaToB, Te¢ Y CpejHee 3Hade-
i-1

HHE Y;.
Mo:KHO 10Ka3aTh CIEAYIOLIEe PABEHCTBO

_:il(yi —y)? =_:il(yi V% +_:il(y? —y)2.

n
Teppoe cnaraemoe pasHo S_.. = (Y; —y7)® ¥ HaspBaercs
i=1

0CTATOYHOM cymMMO# kBagpaToB. OHO XapaKTepu3yeT OTKJIOHEHHE JKC-
NEPUMEHTAIBHBIX JAHHBIX OT TEOPETUUECKHUX.

Bropoe cmaraemoe paBHO S

n -
verp = 2 (Y1 — y)? u HasbIBaeTCs
i-1

perpeccMOHHOIl CyMMOW KBaJgpaTOB M OHO XapaKTepu3yeT pa3opoc
JTAHHBIX.
OueBUIHO, UTO CIPaBEAIIMBO CIIEIYIOIEee PABEHCTBO
S =S ., +S

TIOJIH perp *
Koaddumment nerepMUHUPOBAHHOCTH OMpeAenseTcs mo Gpopmy-

JIec:

2 octT
r=1- 6.11
Snom—x ( )

YeM MeHbIIIE OCTAaTOYHAs CyMMa KBaJpaToB 10 CPAaBHEHHIO C
o0Iieil cyMMOlH KBajpaToB, TeM OOJblle 3HauYeHUE KO3(Dduimenrta me-

TEPMHHHPOBAHHOCTH I, KOTOPBIH MOKA3bIBAET, HACKOIBKO XOPOIIO
ypaBHEHHE, TOJy4EHHOE C TIOMOIIBIO PErPeCCHOHHOIO aHan3a, 00bsC-
HSET B3aUMOCBS3M MEXy NepeMeHHbIMU. Eciiu oH paBeH 1, To umeer
MECTO TOJIHAST KOPPENSALHUS C MOJICNBIO, T.€. HET PA3IIUUUs MWy QaKkTH-
YECKUM U OLICHOYHBIM 3HAUYCHUSIMU y
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B mportuBononoxHOM citydae, eciii KO3(QQUIMEHT ACTSPMHHU-
poBarHOCTH paBeH 0, TO ypaBHEHHE PErpeccHH HEyIa4HO IS TpeicKa-
3aHUA 3HAYEHUH Y.

KoaddunueHt neTepMUHUPOBAHHOCTH BCErlla HE MPEBOCXOIUT
KOPPEISIIIMOHHOE OTHOIIICHHE.

B CJIydac, Korja BBIIIOJHACTCA PaBCHCTBO r2 = 775‘ X TO MOXHO

CUUTaTh, 4YTO IMOCTPOCHHAsA SMIIMpHUYCCKad (bopMyﬂa HaubojIee TOYHO
OTpaXac€T SMIIMPUICCKUEC TaHHBIC

6.2. BAPHAHTBI 3A/TAHHH

TpeOyercst BELSICHUTD - Kakas w3 (yHKIHA - JTHHEHHAs, KBajpa-
TUYHASI WU DKCIOHCHIUAIbHAS HAWIYYIIUM 00pa30M armpoOKCUMHUPYET
(hYHKITIIO 33/1aHHYTO TaOIHIIeH.

Pac4etsl, mocTpoeHue rpaMKOB BBITIOJHUTH B TAOIHMYHOM TPO-
neccope MS Excel u cucteme MathCad.

Bapuanr 3aganus B3sTh U3 Ta0uis! 6.1.

Tabnuma 6.1

Bapuanum 1 Bapuaum 2 Bapuaum 3 Bapuanm 4
Y(x) X Y(x) X Y(x) X Y(x) X
615 298 613 304,08 253 594 244 640
727 338 727 309,14 360 677 287 633
584 287 583 303,02 288 655 314 668
753 324 840 310,71 415 672 413 729
707 307 707 306,29 452 796 447 796
657 304 658 304,9 485 777 499 782
654 307 720 308 355 632 356 634
693 290 697 305,14 416 727 420 690
704 314 704 307,93 501 833 497 835
780 319 784 308 403 680 402 740
796 341 827 310,4 208 523 142 502
554 295 795 3111 462 808 576 944
560 290 556 302,5 368 707 365 751
473 258 694 306,6 399 716 397 790
672 321 674 306,8 314 624 339 707
877 348 794 306,94 354 665 353 665
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Bapuanm 5 Bapuanm 6 Bapuanm 7 Bapuanm 8
Y(x) X Y(x) X Y(x) X Y(x) X
596 913 597 913 614 299 616 304
417 806 422 826 723 297 696 319
354 606 354 610 532 287,9 585 297
526 876 527 877 754 3145 754 327
934 1314 935 1310 711 309 632 305
412 593 409 596 661 305 654 309
525 754 527 753 657 307,7 657 305
367 528 362 532 606 292 652 306
364 520 362 520 747 313 662 309
336 539 341 538 662 302 620 302
409 540 413 542 834 320 756 341
452 682 456 685 554 286,8 595 306
367 537 371 533 557 290,4 595 306
328 589 332 589 549 295 542 291
460 626 461 626 558 294 667 314,8
380 521 383 524 636 301 796 330

Bapuanm 9 Bapuanm 10 Bapuanm 11 Bapuanm 12
Y(x) X Y(x) X Y(x) X Y(x) X
303 555 304 594 597 968 599 960
357 620 356 624 422 800 415 826
312 593 275 549 354 610 356 603
413 672 414 669 527 877 525 935
456 801 452 801 889 1310 931 1312
502 775 500 777 409 596 410 592
355 628 355 628 527 753 529 758
417 692 415 693 362 532 370 529
508 838 527 836 362 520 361 525
403 680 405 677 341 538 333 537
209 495 205 520 413 671 410 542
467 817 465 803 456 685 456 682
368 712 365 680 371 533 365 538
403 747 401 723 332 589 329 592
338 593 337 593 461 626 461 625

25




352 | 666 359 | 664 383 | 524 | 379 | 504
Bapuanm 13 Bapuanm 14 Bapuanm 15 Bapuanm 16
Y(x) X Y(x) X Y(x) X Y(x) X
600 306 600 304 301 558 260 551
613 311 720 307,25 330 593 361 605
612 310 580 303,06 273 548 308 656
754 327 850 310,71 413 676 412 674
632 305 707 306,29 448 801 450 795
654 309 658 305,13 502 781 498 773
680 305 720 308 354 634 350 630
652 306 697 305,14 444 727 412 689
662 309 704 307,93 503 835 502 831
620 302 784 308 407 686 403 676
756 330,6 827 3104 206 524 207 520
595 306 795 310,06 461 817 458 800
580 306 556 302,5 366 720 371 727
542 291 694 306,6 399 740 398 720
667 314,8 674 306,2 340 605 305 593
796 330 794 308,08 357 664 354 661
Bapuanm 17 Bapuanm 18 Bapuanm 19 Bapuanm 20
Y(x) X Y(x) X Y(x) X Y(x) X
600 968 594 910 620 300 615 278
416 715 419 832 730 303,2 723 310
349 664 351 610 660 298,8 589 282
528 914 524 897 740 3145 756 304
938 1314 932 1313 711 309 706 302
408 594 415 594 661 305 655 300
527 754 521 757 657 307,7 658 2955
364 530 370 533 606 292 689 287
366 516 365 517 747 313 701 302,3
336 537 331 535 662 302 776 305
443 540 405 541 834 320 828 319
455 687 451 680 554 286,8 558 267
366 541 365 539 557 290,4 560 267
329 585 326 588 549 295 544 271
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459

680

457

626

558

294

675

299

379

522

379

521

636

301

800

302
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INPUJIOKEHHUE 1

PEIIEHUE CUCTEMBI JIMHEWHBIX AJITEGPANYE-
CKHUX YPABHEHUI METOJIOM I'AYCCA

PaccMoTpuMm onuH M3 HaMOOJEe M3BECTHBIX W IIUPOKO IPUME-
HAEMBIX MPSMBIX METOJOB PELICHHUS CUCTEM JIMHEHHBIX YpaBHEHUI.
OOBIYHO ATOT METOJ HAa3BIBAIOT METOJOM HWCKIIOYEHHS WIH METOIOM
l"aycca.

UToOBI MPOWUTIOCTPUPOBATh 3TOT METOJ, PACCMOTPUM CHadvalia
CUCTEMY M3 TPEX YPaBHEHUU C TPEeMsI HEU3BECTHBIMU:

X +a,X, +aX = by
Ay X 8,0 X, +8y5X, =D, (IT1.1)

83,% 83X, +833%; =Dy
B Takoii cucreme mo kpaiiHelr mMepe ogwH H3 KOd(DQHUITMEHTOB
dy;,a,,, a5, JOIKEH OBITh OTIMYEH OT HYyJs, MHA4€ Obl Mbl MMEIH ObI
JIeNI0 B OTHX TPEX ypaBHEHHSX TOINBKO C ABYMs HeW3BeCTHhIMH. Ecim
&, =0, To MOXHO TepecTaBUTh ypaBHEHUs TaK, 4TOOBI KO3 HIMEHT
npu X; B IIEPBOM ypaBHEHUM ObL1 OTIIMYEH OT Hyls. OYEBHIHO, YTO Ie-

pecTaHOBKAa YpaBHEHMH OCTaBIISIET CHUCTEMY HEHW3MEHHOH: ee peleHHe
OCTaeTCsl MPEKHUM.

a
Teneps BBeiEM MHOXKHTEDL M, = -2

a
VYMHuoxuM nepBoe ypasHenue cucremsl (111.1) na M, u BbYTEM

ero W3 BTOPOro ypaBHeHHMs cucTeMbl. («[lepBoe» n «BTOpOE» ypaBHEHHS
OepeM yke Tocye MepecTaHOBKH, €CIi OHa Oblta HeoOxommuMma). Pesynb-
TaT BBIYUTAHUA PABCH!:

(ay —M,a,,)X; +(ay, —M,a )X, +(ag —M,a;5)X; =b, —myb
Tak xak

a,;
Ay —Mya; =8y ———a;; = 0,
11

29



X, (paKTHUECKH MCKIIOYAETCA U3 BTOPOTO YPaBHEHMs (MMEHHO I J10C-

THKEHHS TAKOTO Pe3yNIbTaTa U OblI0 BEIOpPaHO 3HavYeHue M, ).
Ompeaenum Tereph HOBbIE KO3 HHUITHESHTHI
o
a2 =a,, —M,a,,
U
823 = 83 —M,a,5

b's =b, —m,b,.
Torna BTOpoe ypaBHEHHE CHCTEMBI IPHOOPETAET BU
/
a/22X2 +a 23X; = b’ (I11.2)

3aMeHUM BTOpPOE€ W3 NEPBOHAYAIBHBIX YPAaBHEHHH ypaBHEHHUEM
(IT1.2) 1 BBeneM MHOKHUTENb JJIsl TPETHETO YPaBHEHHS

— a3l
all
YMHOXHM IEPBOEC YPAaBHCHHUE HA 3TOT MHOXKHUTEIIb U BBIYTEM €TI0

m,

u3 Tpetbero. Koopduuuent mpu X, CHOBa CTaHOBHUTCS HYIICBBIM, H
TpeThe YpaBHEHHE IPUOOPETACT BH/]
' ’ N
Ay, X, +agX, =, (IT1.3)
rae
I —
@32 = 833 —Mya,
L
a's3 =a,, —M,a,,
S
b's =b, —m,b,.
Ecnu teneps B ucxogHo cucteme ypasHeHuit (I11.1) 3ameHuTh
TpeThe ypaBHeHue Ha (I11.3), To HOBas cucTeMa BBHITIISTUT TaK:
X + ApX, + ApXy =Dy
/ / _h
a'22X, +a'23X; =h"2 (I11.4)
/ / /
a'32X, +a'33X; =b's
DTV HOBBIE ypaBHEHHUS MOJHOCTHIO SKBHUBAJIEHTHBI MCXOIHBIM
YPAaBHEHHAM C TEM IPEMMYIIECTBOM, YTO X; BXOJMT TOJILKO B IIEPBOE
ypaBHEHHE U HE BXOAUT HHU BO BTOPOE, HU B TpeThe. Takum oOpas3om, 1Ba

MOCJEIHUX YpPaBHEHUS NPEACTABISIOT COOOM CHCTEMY M3 IBYX ypaBHE-
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HHI C JABYMS HCHU3BCCTHBIMU; €CJIN TCIICPb HaUTH peHICHUC JTOH CHCTE-
MBI, T.C. OIPECACIUTDH X2 u X3 , TO PE3yJbTaT MOXHO IOACTABUTH B

nepBoe ypaBHEHHE M HallTh X, . MlHaue rosops, 3ajauya cBeleHa K pe-
IICHHUIO CHCTEMBI U3 JIBYX YPAaBHEHHUH C TBYMS HEM3BECTHBIMH.
INonbITaemcs Teneph UCKIIOYUTL X, U3 ABYX HOCIEIHUX YpaB-

. /
Henwid. Ecima’ 22 =0 , To cHOBa MBI IepecTaBUM ypaBHEHHS TaK, YTOObI

/ / /
Q'22 6bUI0 OTIMYHO OT Hynst (ecnmu @22 =0 u @'s2 =0 , To cucrema

BBIPOXKJIEHA M JINOO BOBCE HE MMEET PEIIeHUS, MO0 uMeeT OecUHCIIcH-
HOE MHOKECTBO PEIICHHUH).

BBeneM HOBBIIT MHOKUTEIE

/
a 32

/
a 22
YMHOXUM BTOpO€ ypaBHEeHHE mosyueHHOU cuctembl (I11.4) Ha

m/3 =

m’s u BbIYTEM €ro u3 TpeTbero. Pe3ynbTaT BEIYMTAHUS paBEH
(@'s2 —m'sa’22)x, +(a'ss —m’sa’23)x, =b’23 —b’2m’s
B cuy BoiGopam’s
a'zz—a,a'22=0
Ilonaras, uro
a3 =a’ss—m'sa’ss

b”s = b/3 — mlsb/z
OKOHYATCJIIBHO HOJ'Iy‘II/IM
a’33x, =b'’3 (I11.5)

Tperse ypaBHeHue momyueHHoU cuctembl (I11.4) moxHO 3ame-
HuTh ypaBHeHueM (I11.5), mocie gero cucrema ypaBHEHH pHOOpETaET
CJIEYIOUIMN BUIL:
X, X, FapX, =D

a'2x, +a'2ax, =b', (I11.6)

a”33x3 =b"
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Takast cucrema ypasHenuii (I11.6) uHOrzma HasbIBaeTcsi mpe-
Y20NbHOT W3-3a CBOETO BHEIIIHETO BUJA.

Jns penieHns HEOOXOAUMO ONPENEIUTh X, U3 TPETHErO ypaBHe-
Hus cuctemsl (I11.6), mogcTaBUTH ATOT pe3yabTaT BO BTOPOE YpaBHEHHE
U ONpEeNEnuTh X, . [lomydennpie 3HaueHuss X; U X, MOACTABHTH B IMEp-

BOE YPAaBHEHHUE M ONPENEIMTE X; . DTOT MPOLECC, KOTOPBIA OOBIMHO Ha-

3BIBACTCH 0OpaAMHOU NOOCMAHOBKOU (0Opamublll X00), OIpenenseTcs
dhopmynamu:

b3
Xy =——
’ a//33
blz —alzsx
g = — 2 (I11.7)
a 22
X, = bl — 31X, —a5X;
| = .

all

I .
Heo6xomumo otmeTuts, ecu @' 33 =0, To cucrema ypaBHEHHIA
BBIPOICOCHA.

IIpumep.

Jana cucrteMa ypaBHEHMII:
X+y+z=4
2Xx+3y+z2=9
X—y—z=-2

Haiitu penienne cucteMbl ypaBHEHUM.

Pewenue.

Jlerko yOemuTbCs, YTO MHOXHTENH JUIS BTOPOTO M TPETHETO
ypaBHeHUH paBHbI 2 1 1. Ilocie uckimrodeHnss X W3 BTOPOTO U U3 TPEThe-
0 ypaBHEHUW, HOBBIM MHOXHWTEIb, UCKIIOUYAIOIIUI Y U3 TPETHEro ypaB-

HEeHMs, paBeH —2. TpeyronabHas cucreMa ypaBHEHUH UMEET BUJL
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X+y+z=4
y—z=1
—4z7=-4
W3 nocnenuero ypasuenusi Z =1, u3 BToporo Yy =2, U3 mnepso-

roX=1. MoXHO MOJACTABUTh TH 3HAYEHHS B HMCXOIHbIC YPAaBHEHHS W
yOCIHUTHLCS, YTO OHH TOYHO YIOBICTBOPSIFOTCS.

Teneps MOKHO 000OIIUTH 3TOT METOJ] HAa CAy4ai CUCTEMBI U3 N —
ypaBHEHUI C N-HeW3BeCTHBHIMU. Hibke 3amucaHa cucTeMa ypaBHCHHIA,
npuBeneHHas K TpeyroiasHoMy Buy (I11.8).

A X +a,X, 85X+t A X, =Dy

1n“*n

a0y X, +ApXy ..+ A5 X =b'2

ay, X; + .ot ap X, = b} (I11.8)
alyx, =b{"

DopMyITBI 17151 BBIYUCICHUS] HEU3BECTHBIX (00paTHBIN X0/1) OyayT
MMETb BUJ:

. br(]n—l)
"ol
..................... (I11.9)
n
by - Zali * X
"o = i=2
: ayg
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NHP®OPMATHUKA

Memoouueckue yka3anusa K Kypcoeoii padome
st cmydenmog cneyuanvhocmu 21.05.04

Cocr. T.P.Kocosyesa
[legaTaeTcs ¢ opurnHaI-MakeTa, HOATOTOBICHHOTO Kadeapoi
UH()OPMATHKU U KOMITBIOTEPHBIX TEXHOJIOTHH

OTBeTcTBEeHHBIH 3a BeTyck 1.P.Kocosyesa

Jnnensus U] Ne 06517 ot 09.01.2002

TMoamucano k nedatu 06.02.2023. ®opmar 60x84/16.
Yen. med. 1. 2,0. Yen.kp.-otT. 2,0. Ya.-u3a.a. 1,8. Tupax 50 3k3. 3akas 70.

Cankr-IleTepOyprckuii rOpHBINH YHHBEPCUTET
PUILL Canxrt-IleTepOyprckoro TopHOTO YHHBEPCHUTETA
Anpec yausepcurera u PUL: 199106 Cankr-IletepOypr, 21-51 nuHug, 2
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