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FOCYRAPCTBEHHDBN CTAHRBAPTYT COI3A CCP

KonyuecTeeHHbIE MeTOAb! ONTHMMIALMM
napameTpoB oObEKTOB CTAHAAPTH3ALMM

METO[1bl OBECNEYEHNA KOMIMAREKCHOCTH rOCT

OcHOBHME NONOXKEHKUA I 3 - 4 0 l _77

Quantitative methods of optimization
for parameters of standardization objects.
Methods for providing integrity. Basic aspects

[MTocraHoBneHnem JocypapcrseHHOro Komuretra cradpzproe Coeera MuHMCTPOBD

CCCP or 12 pexabps 1977 r. N2 2858 cpok AeNCTBMR YCTAHOBNEH
c 01.04. 1979 r.

Ao 01.01, 1984 r.

Hacrosiunit craHaapT yCTaHaBAHBaeT OCHOBHEIE IOJIOXKEHHS, CO-
nepxamue TpeboBaHHS K MeToaaM ofecrnedyeHHs KOMIJIEKCHOCTH Ofl-
THMH3allUH apaMeTpoB OOBEKTOB CTaHAAaPTH3alHH, KJacCHPHKaUHIO
TPYNNH METOAHYECKHX U HOPMATHBHO-TEXHHUECKHX AOKYMEHTOB, per-
JJAMEHTHDPYIOLIUX MeTOoAbl obecneueHHs KOMIIJIEKCHOCTH, aTaKKe Tep-
MHHBI M OnpejieJIeHHs] OCHOBHEIX TMOHSITHH, HCNOJAb3YEeMBIX npH obecre-
JEeHHH KOMIIJIEKCHOCTH OIITHMH3IHH.

1. OCHOBHbIE MOHATHUA

1.1. KoMInaeKcHOCTh ONTHMH3ALUH NapaMerpoB O00beKTOB CTaH-
paprHzauuu (xoMniaekcHoctr OI1OC) — cBoOficTBO ONTHMH3ALHH, Xa-
paKTepU3yeMoe IPHHATHIMH TPaHHLAMH KOMIIJIEKCHOCTH U ONpelesrsaio-
[llee TOYHOCTb M MOJAPOOHOCTbL ONTHMH3AaLHH (CM. CIPaBOYHOE IIPHJIO-

JKeHue 1).
1.2. TpaHHUbl KOMIJIEKCHOCTH — TPaHULBl, OINpeaesasioliye COBO-

KYITHOCTh COBMECTHO ONTHMMH3HUDYEMLIX napaMeTpoB OObeKTa CTaHAap-
TH3aUMH 4 (PAKTOPOB, YYUTHIBAEMBIX [IPH ONTHMH3ALHH H BJIHSIOLIHUX

Ha ONTHMAaJIbHbBIE 3HAaUYeHUs apaMeTpos.
1.3. Meroap! oGecrneyeHUs KOMIJIEKCHOCTH ONTHMH3ALMM napaMer-

poB O00LEeKTOB CTaHAApPTH3AUMH — METOAbl, INO3BOJSAIOILINE NPOU3BO-
IHTb ONTHMH3ALHIO NMPH JOCTATOYHO IIHMPOKMX rpaHHLlAX KOMILJIEKC-

HOCTH.

H3pnanme ouumansHoe NMepeneuarka BocnpelleHa

*x
© Msparenbcrso crangapros, 1978
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1.4. OnTHMKB3UPYEMBIH KOMIJEKC B 3allayax ONTHMK3AUKM mapa-
MeTPOB OGBEKTOB CTAHAAPTH3AUUM — ONTHMH3UPYEMblH OOBEKT CTaH-
JapTH3alHE, NPEeNCTaBIAIIINH COBOKYIHOCTR [JBYX M 6oJjee 3ae-
MEHTOB.

1.5. dueMeHT KOMMJeXxca — YacTb KOMILJIEKCa, Y KOTOPO# Teope-
THYECKH HJIH 3KCIEPDHMEHTAJIbHO MOXKHO ONDEeNeJNHUTb BXOJ H BBHIXOJ H
YCTaHOBHTL 3aBUCHUMOCTb BHIXOJA OT BXOJ4, ONpelenisieMyIo IPHPOAOH
JIeMeHTa.

BX0OJ4 1 BLIXOJ, 3JieMeHTA NPeACTaBASIOT CO00H CKaJisiPHbIE UJIH BEK-
TOPHBLIC BeJHYHHLI, HMEIOUIHe onpelesieHHBIH (QU3UYEeCKHH, SKOHOMHYe-
CKHUM H COIHAJIbHBIH CMBICJI. BXOLaMH M BHIXOAAaMH MOryT OBITh BeJIH-
YHHBI, 3HAYEHHUSA KOTOPBIX XapPaKTEPH3YIOT H3AEJHS, MPCAYKTH, MPO-
ILECCHI.

- K 3JIeMeHTaM KOMILIEKCa OTHOCATCS MallWHbI, COOPOUHBIE € AHHHIIH,
HeTajH, TEXHOJOTru4ecKne olepauMd, OObEKTHl B Pa3HbIX COCTOSHHIAX
H B OT/leJIbHbIe MOMEHTHl BpEMEHH H T. I.

Pacusiesenue xoMmmaekca Ha 3JIeMEHTH omnpejaensiercs TpebyeMmol
TOYHOCTBIO, MOAPOOGHOCTLIO H IIEJibI0 ONTHMH3AUUHE H HaJIHYHEM JAaHHBIX
O CBA3SIX MeXIy napaMerpaMu OoObeKTa.

1.6. OpHomepHBIA 3JeMeHT KOMILJIEKca — 3JIeMEeHT XOMILJIeKca,
BXOJ H BBIXOJ KOTOpPOro IpPEACTaBJASIOT COOOH CKaJsipHbie BeJHYHHH
(uepr. 1).

1.7. MHoroMepHbI 3JEMEHT KOMILJIEKCa ~— 3JIEMEHT KOMIIJIeKcCa,
BXOX ¥ (HJIM) BBLIXOJ KOTOPOro NPEeACTaBAAIOT cOOOH BeKTOpPHHLIE BesH-
YHHH (4epT. 2).

OjpnoMepHBMA 3JEMEHT MuoroMepHuifi |9J1EMEHT

Uepr. 1 k — UHCNO CKaJSAPHHX
COCTABJAIONIMX  BEKTOpa

BXOAA X; U4 ~— YHCJO CKa-
JAAPHBIX  COCTaBJTIOLHX

BEKTOPA BHIXOAA Y

HepTt. 2

1.8. 3aBepuieHHbI 3JEeMEHT KOMIJeKca — 3JIeMeHT KOMILIeKca,
0O6JTafaroluH CAeLYIOUIMMUA CBONMCTBAMHU:

9JIEMEHT MOXKeT (DPYHKIHMOHHPOBAaTh HE3aBHCHMO OT (YHKIHOHHPO-
BAHUA OCTaNbHOH 4YacTH KOMIIJIEKCa;

B CJyyae IIpexpauieHyus @YHKUHOHHDOBAHHS 3JIEMEHTA OCTaJIibHas
YaCTh KOMIIJIEKCA MOXKeT (PYHKIHOHHPOBATb, OAHAKO 3((PEKTUBHOCTH
KOMILJIEKCa IIPU 3TOM CHHUIKaEeTCH.
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HoMeHknaTypa cOCTaBASAIOIIMX BEKTOpa BHIXOJA 3aBepIUEHHOTO

3JIEMEHTAa BXOJAHT B HOMEHKJIATYDPY COCTABAAIOIINX BeKTOpa BBIXOLA
KOMIIJICKCA.

1.9. HesaBepiueHHbIH 3JE€MEHT KOMIJIEKCA — 3JIEMEHT KOMILJIEKCa,
He 00Jafalollui XoTa OBl ONHHUM H3 CBOMCTB 3aBEpPIIEHHOr0O 3JeMeHTA.
1.10. OgHOCTOpPOHHAS CBSI3b MEXAY 3JEMEHTAMH KOMILJIeKca —
CBA3b, IIPM KOTOpPOH BBHIXOJ OAHOTO 3JieMeHTa (HanpuMmep, {-ro) HOJ-
HOCTBIO WJIH YAaCTHYHO §BJSETCS BXOAOM HJH YacTb BXOJa ApPYroro

9JieMeHTa (HanpuMmep, j-TO) W HHKAaKas 4acTb BBIXOHA j-r0 3JEMEHTa
He ABJSETCA XOTA OBl YacCTbIO BXOAA i-Ir0O sjeMeHTa (uepT. 3).

{-# 2/€MEHT Ha3bIBAae€TCsA MNpeibAYyILHM, [-H 3JeMeHT — nocje-
AYIOLIHM.

1.11. JBYyCTOpPOHHAA CBA3b MEXJY 3JEMEHTAMH KOMNJEeKca —
CBfI3b, IIPH KOTOPOH He TOJbKO BHIXOJ HJH 4YacTb BBIXOAA OAHOrO 3Je-
MeHTa (HanpHMep, i-I0) SABJASETCH BXOJAOM HJIH 4aCTbl0 BXojAa APYroro
3JieMeHTa (HallpuMeEp, j-ro), HO M BLIXOJ HJIH YacTb BHIXOJa j-TO .3Jie-
MEHTa fIBJIAETCS BXOMOM HJIM 4aCTblO BXOJa i{-ro saeMenta (uepT. 4).

JGHoCmoporkAA cBA36 L ﬁycﬂmpaﬁﬁm
c0R3k

Hepr. 3 Yepr. 4

1.12. HocaepmoBaredbHOe coeIMHEHHe 3JEMEeHTOB KOMMNJeKca —
COEJIHHeHHE 3JIEMEHTOB KOMIIJIEKCAa C DOMOIIbI) OJHOCTOPOHHHX
CBA3eH.

1.13. TlocaenoBareJbHbIi KOMOJEKC — KOMIWIEKC, COCTOSIIMK H3
He3aBepLISHHBLIX 3JIEMEHTOB, B KOTOpOM JAiobasg mapa CBA3AaHHHIX 3Je-
MEHTOB COeJHHEeHa MOCJeI0BATEeNbHO.

OcHoBHble OOBLEKTHl CTaHZapTH3ALUH, KOTOPHIE IIPH ONTHMH3aUHH
X napaMeTpoB uenecoob6pa3Ho pacCMaTpPHBAThb KaK NOCHAEAOBATENb-
Hble KOMIIJIEKCHI, TPHBEAEHbI B CIIPABOYHOM HPHJOXEHHH 2.

1.14. Flpocredimuuin nochaenoBaTeJbHBIH KOMIJIEKC — TIOCJ/ed0Ba-
TEJbHLIH KOMIIJIEKC, B KOTOPOM BBIXOZ JI0OOTO 3JeMeHTa (Kpome moc-
JIefHero} COBIlajfiaeT ¢ BXOJAOM II0OC/AeAYIOLIEro.

Bxonx npocrtefilnero nocjaefoBaTeNbHOIO KOMIIJIEKCa COBIAanaeTr C

BXOJAOM NE€PBOro 3JieMeHTa, a BBIXOA — C BBIXOAOM NOCHENHErO 3JIC-
MEHTaA.

1.15. IloJHag 3aMeHsIeMOCTb 3JEeMEeHTa KoMiljJeKca — BO3MOXK-
HOCTh 3aMEHB! 3JIeMEeHTa KOMILJIeKCa ¢ OAHHMH IapaMeTpaMH Ha 3Je-
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MeHT (3JIeMeHThi) C APYrHMH napaMeTpaMu 6e3 U3MeHeHHUSs 3pPeKTHB-
HOCTH GYHKUHOHHPOBAHHA KOMILJIEKCa.

OrpaHu4yeHHass 3aMeHsAeMOCTb 3JeMeHTa KOMILJIEKCa — BO3MOXK-
HOCTb 3aMEHBbI 3JIEMEHTAa KOMIVIEKCAa ¢ OJHHMH IapaMeTpaMH Ha 3Je-
MEeHT (3JIEMEHTBHI) ¢ APYTHMH NapaMeTpaMH, IHPHBOAALLAS K CHHXKeE-
HHIO 3Q(PEKTHBHOCTH (PYHKIHOHUPOBAHUS KOMIIJIEKCa.

1.16. MMapannesibHbII KOMIIJIEKC — KOMIIJIEKC, COCTOSLUHEA H3 3a-
BEPUIEHHBIX 3JIEMEHTOB C OIUPAHHYEHHOH 3aMEeHSeMOCThIO.

[lapaMeTpuueckuii psaA B 3alavyaX ONTHMH3AIHH ABJSETCS 4YacT-
HbIM CJAy4YaeM MapaJlJieJbHOroO KOMIJIEKCa, Y KOTOPOrO BEKTOPHI BHI-
X0/Jla KaXJoro 3JeMEHTa H BCEero KOMIJIeKCa HMEIT OAHHAKOBYIO HO-
MEHKJATYPY COCTaBJSIOUINX.

1.17. 3¢pdexTnBHaags COBOKYNHOCTL 3HAYEHHH MNapaMeTpPOB KOMI-
JIeKCa MHOroueJeBoro HasHayeHH — COBOKYITHOCTb 3HaUeHHH Iapa-
METPOB, B KOTOPOH Ji060e H3MEHeHHe 3HaueHHs nmapaMerpa (MAH He-
CKOJIbKHX ITapaMeTpOB), NPHBOJAALIee K MNOBLIUIEHHIO YPOBHSA NOCTHIKE-
HHA XOTS OH OAHOH LEeJH NPH JaHHBIX YCJIOBHAX, 0053aTeJbHO NpU-
BOAHT K CHHXEHHIO YPOBHA AOCTHIKEHHS XOTA Obl OAHOH APYroH LEJH.

COBOKYIIHOCTb ONTHMAJbHBIX 3HaYeHHH IapaMeTPOB KOMINJIEKCa

IBJISIETCA YAaCTHHIM cJaydaeM 3¢PeKTUBHOH COBOKYMHOCTH 3HAUEHHH
mapaMeTpoB.

1.18. baszoBas mMareMaTHyecKas MOJedb ONTHMH3ALUHH -— MOJEJb
ONTHMH3AaUHH OOJBIIOro KJacCa KOMILJIEKCOB JaHHOH OTpac/iH HJH He-
CKOJIbKHX OTpacJief, IpefHa3HaYeHHas AJIS COCTaBJieHHs1 pabOuHX Ma-

TEeMaTHYECKHX MOJEJIell ONTHMH3allHH KOHKPETHBIX OOBEKTOB (KOMIi-
AEeKCOB).

B 6a30BOi MaTeMaTHYeCKOH MOLeNH He 00s3aTeJbHO PaCKpPHIBATH
BCEe MaTeMaTHYeCKHe BhLIpaXKeHHs A0 CTENeHH AeTaJH3aLuH, LOCTAaTOY-
HOM A/ pa3pabOTKH MporpaMMBbl BHIYHCJEHHS Ha D BM.

ba3oBrle MexoTpacJ/ieBple MaTeMaTHYeCKHe MOAEJNH ONTHMH3ALHUH
NPOCTEHIINX MOCAEN0BATENbHLIX H NapaljebHBIX KOMIIJIEKCOB NpHBE-
HeHbl COOTBETCTBEHHO B CNPaBOUYHBIX NMPHUJIOKEHHAX 3 U 4.

1.19. Pa6ouyass mareMaTHYeCKast MOJAEJb ONTHMM3AULUUH — MOICJb
ONITHMH3AalHH, COAepxKallasa BCIO HHPOPMAUHUIO, HEOOXONUMYIO IJS OIl-
THMHU3AIUH KOMILJIEKCA.

1.20. ¥YuuduuupoBaHHblii paja MaTeMaTHYECKHX Mopgejel ONTHMR-
3aUMM — COBOKYIIHOCTb pabOyuX MaTeMaTHYeCKHX MOJAeJed ONTHMH-
3anuu, obecrneunuBaOIIUX pEIIeHHe HEKOTODOI'o KJjacca 3ajJay OTPaCiH
{nIpeAnpHaATH).

Mojenu yHUPHUUPOBAHHOTO pPSAfa OTJHYAIOTCA APYr OT Apyra rpa-
HUIIaMH KOMIVIEKCHOCTH, CTEIEHbIO HeonpeneNeHHOoCTeH, criocoboM yue-
Ta HeOonpeleJeHHOCTEH, IMOJIHOTOH Yy4Ye€Ta H3MEHEHHS BO BPEMEHH H
IPYTHMH OCOOEHHOCTSIMH, KOTOpBle OTPazKaloTcsl Ha BHIAX MaTeMaTH-
YECKHX 3aBHCHMOCTEH H BBHIYHCJUTENbHBIX NPONEAYPaX.
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2. OCHOBHbIE TPEBOBAHMA K METOJAM ONTUMMU3ALMM NAPAMETPOB
OBBLEKTOB CTAHBAPTH3IAUMM NN OBECNEYEHMS KOMMAEKCHOCTM
ONTMMHNI AN

2.1. OcHoBHEIe Tpe60OBaHHMS K MeTONAaM ONTHMH3ALHH MapaMeTPOB
00bekTOB cTanfaptusanun — no 'OCT 18.001—76, pasn. 2.

2.2. Ilo Mepe pacuiupeHHsi TPaHHIl KOMIIJIEKCHOCTH C LEJIbIO YAOB-
JIETBOpEHHS TpeOOBaHUH K METOJaM ONTHMHU3AUHH IO TOYHOCTH, MOA-
POOHOCTH H CBOEBPDEMEHHOCTH, a TaKXke OOeCHeueHHs] IIHPOKOro MpH-
MEeHEHHS 3THX METOAOB B HAPOJHOM XO35SIHCTBE CleNyeT:

HCIIONb30BaTh pa3Hbie NOCTAaHOBKH 3a4a4 ONTHMH3ALHH KOMIIJIEKCA;

KOODAHHHPOBATh pabOThl pa3HHIX CIELHANHUCTOB U OpraHH3aliHH,
COCTABJIAIOIIHX MaTeMaTHYeCKHe MOJeNH ONTHMHU3allHH;

YBEJHYHTh YpOBEHb YHHOHKAUHH H arperaTHPOBAaHHS MaTeMaTH4Ye-
CKHX MOJeJIEH U BHIYHCJIHTEJbHEIX IPOUEAYD;

0oJsiee NOJHO OCYLUECTBHTb NMPOBEPKY NPHMEHUMOCTH H KODPEKUHH
HCMOJIb3YEeMEIX MaTeMaTHUECKHX MOLeJIeH;

IUMPEe HCNONMb30BATb COUETAHHS TEOPETHUYECKHX METOAOB ONTHMH3a-
IIHU C KCINePHMEHTaJbHBIMH METOJAaMU ONTHMH3aUUH U ¢ npuUbJIHIKEH-
HBIMH MeToJdaMHU OOOCHOBAHUA,

YYUTBIBATb MHOrole/jieBoe Ha3HaueHHe O0ObeKTOB CTAHIaPTH3AIHH;

COYeTaTb HMHTAUHOHHLIE 3KCIEpPHMEHTH Ha DBM mno mateMatuuye-
CKHM MOJENsM C MeTOAaMU MaTeMaTHYeCKOro NPOorpaMMHpPOBAHHNA H
JDPYTHMH BBHIYHCJIHTEJNBLHEIMH NPOLENYPAMH;

yBsI3aTh 3aJa4d aBTOMATHU3UPOBAHHOH CHCTEMBI ONTHMH3AalUMH Ia-

paMeTpoB OOBEKTOB CTAaHAAPTH3AUUH C APYrHMH 3aJlauyaMH CMEXKHBIX
ACY.

2.3. B 3aBHCHMOCTH OT (YHKUHWH YIPABJEHUS KAYeCTBOM, I/ BHI-
MOJIHeHHUSA KOTOPOH IPOH3BOAUTCS ONTHMU3ALHSI, HAJHYUSA HCXOAHBIX
NaHHBIX, BPEMEHH, pa3pa0OTaHHHIX METOLOB H CPEACTB ONTHMH3AllHH,
UCNOJIb3YEMbIE IJIs1 ONTUMHU3AIUH JAHHOTO KOMIIJIEKCA MaTeMaTHUe-
CKHe MOAeJM OOJIKHBl OTJIUYaThbCA APYr OT APYyra COBOKYIHOCTHIO OI-
THMH3HDYEMBIX NapaMeTpPOB H 3JIEMEHTOB KOMIJIeKca, aHaJH3HpyeMbi-
MH sIBJAEHHSIMH (npoueccaMH), CTEeINeHblo arperaTHPOBaHHSI NapaMerT-
POB U IDPYTHMU OCOGEHHOCTSMH.

HexoTtopbie mapaMerpsl H 3JIeMEHTH KOMIJIeKCa BXOIAT B JABE H
OoJsibllie MOJEJNH, 4 HEKOTOphIe MaTeMaTHUYEeCKHE MOJAENHU OXBaThIBAIOT
BECh KOMIIJIEKC U €ro B3aUMOJEHCTBHE C APYrHMH OOBbeKTaMH.

2.4. C uesnbio KOOpAUHAUUH pabOT Pa3JHUYHBIX CIEUHANUCTOB U obec-
MeYeHHsT UX CNeuHaJH3aluH Npolece IMOCTPOeHHST MaTEMAaTHYECKHUX MO-
AeJel ONTUMH3aUUH [apaMeTpPOB KOMIJIEKCa, BBHIIOJHAEMBH 1O
[TOCT 18.101—76, cnenyer npoBOAUTb B TPH 3Tana:

MOCTPOEHHE 3SCKH3HOH CXeMbl CTPYKTYPH H (YHKIHOHUPOBAHHA
KOMIIJIEKCA;

MOCTPOEHNE MaTEMaTHUECKOH MOJAeAH (QYHKIHUOHHPDOBAHUA KOMII-
Jiekca;
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NOCTPOEHHEe MAaTEeMaTHYeCKOH MOAEJNH ONTHMH3AUHH KOMILJIEKCa
(cocTaBieHHE 1eaeBOA (QYHKUHMH H JONOJHHUTE/NbHBIX OrPaHHYEHHI).
CxeMma pacnpenesieHHss paboT Mo 3TanamM npusBefgeHa B Tabu. 1.

Tabauunga !

TunoBas cxema pacnpefenenus paboT MO MOCTPOECHHIC MATEMATHUYECKOR MOJENH
KOMAJIEKCHOH ONTHMH32alHHK

W
Bunoaxnenre sranos paGornt
"—-I-——-_——__—-———__________________—___

Cozepxauue paGoT

OCTPOSHHE 9CKU3HOHA
CXeMBl CTPYKTYDH H

HOCTDOCHHE MaTeMaTH-

YEeCKOH MoZear (yHk-
LHHOHHUPOBAB KA

NOoCTPOSHKE MAaTe-
MATHYRCKORE MOleaK
ONTHMM3AIIH

WM
)

1. CaoBecHas MOCTAHOB-
K3 3aiadd  ONTHMUGAUHH,
B MOM YHCJIEe TIOCTPOCHHE
depeBa uenen

2. C/1OBECHOE ONHCaHue

OYHKOHOHUPOBAHUA (KOM-
NJAOKCS

3. Brinesenne KOMIIJIeK-
Ca H3 CpenH

4. Pacyjienenue woMmI-
JeKCa Ha 3NeMEHTH

0. YCTaHOBVICHHE HO-

MEHKJIATYpH NapaMeTpoB

KOMIIJIEKCa®
OIITHMHSHPYEMbIe

HHYECKHEe [apaMeTphl
OCTANbHEE TEXHHYESCKHE

TEX-|

O YHKUHOHUDOBAHKS
Uworna BHNOJA-
gaercd
rVIBHO
Brurosmgaercs
BrmoJsmsgencs
IpeABAPHTENBHO
To oKe
»
-

IapaMeTpH
3KOHOMHYecKHe  noxa-| He Brmosusercs
saTesn  (3atparth, 3ddex-| 4 BHITOJEAETCH
IBL) IpeB apU TEJALHO
6. Cocrasnenne o¢yux-| Bomomsercs
IHH TpeobpasoBafHis AJ5 | peiBapPHTEAbHO

SJICMEHTOB

7. Cocrapiesne orpa-
HHUYCHAHR Ha:
ONTAMH3HDYVEMblE  TeX-

HHYEeCKHe mapaMeTphl
OCTaJbHBIE TEXHHUECKHUE
napaMenpH
3ampaTH # 3NMeKTEH

8. CocrapyleHde TPAaHHY-
HLIX YCJIOBHHA

9. IlpormosupoBanye H3-
MEHeHHN HCXOAHLIX HaH-
HBIX

fe3 neTaJausauAH

HMrorxa semouv-
HACTCS
To ke

He BHIIOJHACTCH

Huonma  BHnmods-
HAETCA peaBapHu-
TeNLHO

He sumosuserca

BemoJHreTCH

apenBapH- | peaBapKTeInHO

Yrougemcs

T0 oKe

D
>

Moxer
YTOUHATHCH

VirouHgeTCH

Brtloauaercs
To xe

He sromonusgercs

Bumoauseres,
HRODAA {IpeaBapH-
TeJIbHO

He BrnoJgnsercH

YrouHsgeres

To xKe

>

B RITOJIHSIeTC S
To XKe
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ITpodoascenue Taba. 1

Buinoauenue sranos padoTH

ConepxaHue pabor MOCTPUOGHHE SCKH3IHOHK MOCTPOCHHE MaTeMaTH-| NOCTpoeHHE MaTe-
CXEMBI CTPYKTYPH H | YeCKOR MoZenn pyiHK- |[MaTuveckoR MONLeaH
PYHKUHOHNDPOBAHNE HHOHUDOBAHHS ONTHMH33LHH
10. IlpeaBapuTeabHOE He snmoaugercs He sumomnserca | BumosHsercs
[IPOTHO3UPOBAHHE  HaCTy
lapaMenpos, noJavIeKa-
(IHX OCOTHMH3AUHK
11. ®opmamuzauusa ue-| To Xe To xe To xe
NeBOH QYRKIHY
12. ¥YTounenue dopmy- » » »
JIMPOBKH 3aJa4YH OINTHMH-
3alHH
13. Ilpupganne Mopenu > Huonga  BHNOJI- »
BHEA, YJIOOHOTrO AAS BHI- HAETCH
YHCACHU A
14 IlpoBepka ToOuHOCTH > B BIouIH e TC S B uumoJrHAeTCH
H CHOXKHOCTH MOAENTH OI- IPEIB APHTEJIBHO nmpeasapHTENbHO
THMH3AUHY (DpaHHL KOM-
TJSKCHOCTH:)
15. Koppexkuus marema- » He snmomuserca | To xe
THUECKOH MOJESJH OIITHMH-
34Uy

ITpumeuanue. [ognyukTH 14 H 15 BHNOMHAIOTCA TakXKe NpH DPa3paboTKe
AJITODHTMA BBHIYHCJACHHSA H Nocjie NPoOHHX BHYHCJIEHHH.

2.5. [Insa obGecriedeHU KOMIIJIEKCHOCTH OINTHMH3aIHU COCTABJSAIOT
CJIelyIolllHe MaTeMaTHYeCKHEe MOJEJH:

Ga30Bbie MEXOTpacJseBhIe;

6a30BbI€ OTpAaCiieBhIE;

VHH(PUUHPOBAHHBIE PAABI MaTeMaTHUYECKHX MoOjJeJied OTpaciH
{(npennpHaTHA).

2.5.1. IlocTpoenue yHHUGUIUPOBAHHOTO pAla MaTeMaTHUYECKHX MO-
nenei obecrieyuBaeTr GoJsiee BHICOKHH YPOBE€Hb YHHQHKAUHWH, Y€M IOCT-
poeHre $a30BLIX MaTeMaTHUeCKHX MOJAejed. Da3oBhie oTpaciieBbie MO-
JeJH caefyer NPUMEHSTb NPH OTCYTCTBHH HH(POPMAUHUH NI INOCTpPOE-
HHS YHHQHUHPOBAHHOIO Psifa MOJEJIEH.

2.5.2. l;1g yBeJHUeHHs 4YHCJAa 3a7ad, peulaeMHX 110 NaHHOH MarTe-
MaTHYECKOH MOJEJH, H YMEHbLIEHHS YuCjla HeoOXOAHUMHIX MOJeJen
CAellyeT YBEJHUYHTb HX VHHBEPCAJbHOCTh. HO 9TO yCIAOXKHAET MOJAEIH
H 3aTPYJHSET UX IPUMEHEHHEe B KOHKPETHHX cJayyasX.

[lenecoo6pasHyio VHHUBEPCAJbHOCTb H IeecooOpasHoe YHCJIO MO-
Aenell YHHQHUUUPOBAHHOIO psja CIEAyeT ONpelensaATb Ha OCHOBE aHa-
JHU3a ciaenyonux GaKTopoB: )

KOJIHYECTBO 3aJay, peliaeMBIX NMPH HOMOLIK JaHHOH MOJEJIH;
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cpeaHHH 3¢ deKT HCMNONb30BAHUA YHHOHUHPOBAHHOH MOJENH INpPH
pellleHHH OJHOM 3a4ayH B pe3yJbTaTe YIPOLIEHHS COCTABJIEHHS MOJe-
JIH H BRIYHCJIECHHUH.

- 2.6. Ilpu onpenenesnn nenecoo6pasHbIX TrpaHHL KOMINIEKCHOCTH
No Mepe HX pacClIHpeHHSA CJHeAYyeT B IIPOHECCe IOCTPOEHUST MOJENH N
NPpU BHIYHCJIEHHH ONTHMAJbHBIX [apaMeTpoB O6oJiee CTPOro nNpoH3BO-
IHTb KOJHUECTBEHHYIO NPOBEPKY NPHMEHHMOCTH HCHOJb3yeMOH MaTe-
MaTHYECKOH MOIEeJH H IPH HeOOXOAHMOCTH ee KOPpEeKTHPOBaTh COr-
JJacCHO OOIleH cXeMe ONTHMH3AUHWH MapaMeTpOB OOBEKTOB CTAaHIapPTH-
3apuy no 'OCT 18.101—76.

2.6.1. IIpuMeHuMOCTp HAHHOH MaTeMaTHYECKOH MOMAENH Ciaeayer
NpOBepsTb OLEHKOH BJHSTHHSA NPHHHMAeMBIX JONYIIEHHH Ha pe3yJbTa-
THl ONTHMH3AaUHU H (HJH) CpaBHEHHEM pe3yJIbTAaTOB pacyeTa M ONbITA.
- Ilenecoo6pa3HO OTAENBHO NIPOBEPATH TOYHOCTh H NOAPOOHOCTL Ma-
TEMAaTHYECKOH MOJeNH DYHKUUOHHPOBAHHSA, AN KOTOPOH OOBIYHO Jer-
ye noJIYyYuThb ONLITHLIE NAHHHE, YeM IJis BCEH MOIENH ONTHMU3AIHH.

2.6.2. [I5ns npoBepKH NPHMEHHMOCTH AAHHON MaTeMaTHYECKOH MO-
ILeJH CNeldyeT NPelyCMOTPETh COOTBETCTBYIOHIHE pacuyeThl, HMesl clie-
nuaJabHui 60K (OJIOKH) B MaTeMaTHUECKOH MOJeJH ONTHMH3AIHH,
HJIH 1O CHEelHaJIbHOK MaTeMaTHYECKOH MOJAEJNIH.

2.7. ArperaTupoBaHHe MaTeMaTHUYECKHX MoJeJeli 3akKJoyaercs B
COYEeTAHHU TOTOBHIX OJIOKOB OOlllei CXeMBI ONTHMH3alHH ITIapaMeTpOB
06beKTOB CTaHAApPTH3allUH, 4 TaKXe B arperaTHpoBaHHHU 6JIOKOB M3
OTAEJbHBEIX 3JIEMEHTOB.

2.8. Ilo mMepe yBesHYEHHS KOMINIEKCHOCTH CJIeflyeT IIHpEe HCMOJIb-
30BaTh COUETAHHS CTPOTHX METOJ0B ONTHMH3ALUHH C NPHOJIHKEHHBIMH 1
TeOpeTHYECKHX MeTodoB C 3KcrnepuMeHTalbHbIMH ([OCT 18.001—76).

[TIp¥ ¥CHOJNBb30BAHHK CTPOTHX TEOPETHUECKHX METOJNOB COIVIacHO 00-
el cxeMe OITHMH3AaLH¥ TapaMeTpoB OOBEKTOB CTaHAAapTH3aUUH
(FTOCT 18.101—76) cnenyer packKpHTb PYHKHHOHHDOBAHHE OOBEKTA,
3¢ ¢deKTH, 3aTPpaThl, COCTABHTb OTPAaHNYEHHUS H IeJieByI0 (QYHKIHIO.

O6aacTp NPpHMeEHeHHs NPUOANIKEHHBIX METOAOB ONPEHeNsIoT CO-
IJIACHO CIPaBOYHOMY IPHJOXKEHHIO O.

2.8.1. MakpoMeTOAbl INIPH HX COYETAHHH CO CTDOTHMH MeETOLaMHh
clieAyeT NPHUMEHSTb NPEHMYILIECTBEHHO AJIs MOJYYEeHHS HCXOAHBIX 3a-
BHCUMOCTEHl HJM arperHpOBaHHLIX IOKa3aTeJIeH, KOTOphle 3aTeM HC-
MOJbL3YIOT NPH ONTHMH3alHH CTPOTHMH MeTOoAaMH (CM. CIPaBOYHOE
IPUJIOKEHHE D).

[lo Mepe nepexofia OT MEPCIEKTHBHOTO IIAHHPOBaHHA K pa3pabor-
K€ CTaHJapTOB, NPOEKTUPOBAHHIO H aTTECTAlHH KayecTBa NPOAYKIHH
POJIb MaKPOMETOAOB YMEeHbIIaeTCsd, a CTPOTHX MEeTOAOB YBEJIHYHBAETCH.

2.9. C nennio obecrneyeHHss KOMIJIEKCHOCTH ONTHMH3AUHUU IJd yue-
Ta MHOTOILIEJIEBOTO Ha3HaueHHs 0ObeKTa CTaHAAPTH3aUHH B Caydasx,

korxa Merogsl TOCT 18.001—76, pasa. 1 HenocTaTOYHH, ONpENESIET-
ca 3d(eKTHBHAS COBOKYIHOCTb, a 3aTeM BbIOMpaercs ONTHMAaJbHBIHN

BapHaHT H3 S5TOH COBOKYIHOCTH.
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2.10. C uenpio ynpouieHus: BHIYHCJEHHH IO MOJEJSM, COAEpKAaLIUM
MHOTO B3aMMOCBS3aHHBIX OINTHMH3HpPYEMBIX MapaMeTpoB, CJHydaHHbIE
YHCJIAa H CAy4YaHHble (PYHKIHH, HETHHEHHOCT, OTHOCHUTEJbHO ONTHMH3H-
PYEMBIX ITapaMeTpoOB H YYHTHIBAIOLUIHM H3MEHEHHs BO BpeMeHH, a TakK-
Ke a5 o6JierYeHus NPOBEPKH M KOPpPeKLUHH MOJENEeH ClieyeT IIHPOKO
HCIIOJIb30BATh B KaYeCTBE BBHIYHCJUTEJbHOH NPOUEAYPH HMUTALHOHHEIE
3KCNepUMeHTHl Ha DBM 1o nocTpOeHHBIM MaTEéMaTHYECKHM MOIEJSIM.

2.11. ITo BO3BMOXHOCTH CJIeyeT HCXOAHYIO CJOXKHYIO MOJesb pPa3-
HeJUTh Ha CGoJiee MPOCTHIE MOJENHU, KOTOphle MOTYT OLITh pelleHbl Ka-
KHMH-JIH0O YHCJEHHBIMH METOJLaMH.

3. COCTAB U ObO3HAYEHMA METOAMUECKMX
U HOPMATMBHO-TEXHMHECKHUX ROKYMEHTOB IPYTINGI

3.1. MexoTpacseBble METOAHYECKHE H HOPMATHBHO-TEXHHUYECKHE
JOKYMEHTBI, perJaMeHTHPYIOLIHE MeTOAbl OOecreYeHHs KOMIJEKCHOC-
TH ONTHUMH3AUHH, KJACCHPUIUPYIOTCHA Ha MOArPYINbl B COOTBETCTBHH
c tabJa. 2.

Tabanuuma 2
Hoarpynnul fOKYMEHTOB, YCTAHABJHBAIOIIHE METOAB
obecneyeHHs KOMMJIEKCHOCTH

Kox noxrpynnsl HanMeHOBaHRe NMOATPYNINHI JOKYMEHTOB

40 OcHoBHBIR TOJOXKEHHS

4] Meroyibl OLleHKY NPHMEHUMOCTH H KO-
pPEeKUHY IpaHUI KOMIIJEeKCHOCTH

42 MeTonnsl  OOTHMHSANHM TapadJdeSbHBIX
KOMIIJIEKCOR

43 Merogbl ONTHMH3AUHH {10CISN0BaTb-
HBEEX KOMIINEKCOB

44 MeTons  OOTHMH3AUMY KOMOWHHD OB a-
HBIX KOMILJISKCOB

45 COCTaBJIGHHEe U 4HAJH3 CBA3aHHBIX Ma-
TEMaTHUECKHX MOeseH

46 Pe3eps

47 Pesepn

3.2. Jlonyckaercss KaAacCHOHUUKPOBATL OTpPacjeBbie JOKYMEHTHI, OIl-
pelensiionine MeTOAbl o0eCledYeHHsT KOMIJIEKCHOCTH, N0 OCOOEHHOCTAM
00bEKTOB CTaHIapTU3ALHH.
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IIPH/IO)XEHHE }
Cnpasounoe

KOMNNEKCHOCTb ONTMMMKIALMK M METORbI EE OBECTNIEYEHNUA

KOMIVIeKCHOCTh CTaHASPTHIAUMNY XaDAKTOPUSYETCS KOMINVIEKCHOCTBIO OIITHMH3A-
MK, a TaKXKe CTeNeHbI0 0XBAaTa CTaHAapTH3aUHed COBOKYINHOCTH B3aHMO/HCTBYIOMHAX
00BeKTOB H TNapaMeTpOB B COBOKYIIHOCTHIO B3aHMOCBS3AHHEIX CTAHIAPTOB.

Kax npasH0, He BCS COBOKYIHOCTD CTAHIAPTHIVEMBIX 3JIEMEHTOB 00BHEKTa KOM-
NJEKCHOH CTAaHAAPTH3aUHH ONTHMH3HPYETCS COBMECTHO. DJIeMEHTH 00bEKTa KOMIIJIEKC-
HOH CTaHAAPTHIAUWE MOryT pasbuBaTbCA Ha IPYINH, Ka)Kxasd H3 KOTOPHIX OIIMHMHMEH-
pyercs OTASIbHO, IIPH STOM LOMVCKaeTCd BKJAIYEHHE OIHONO H TONO JKe 3JeMeHTa
B 1Be ¥ OoJsee NPYIMILL.

Kpome TOMO, HEKOTOpHIE ONTHMHBMpYEMbEe IrapaMeTPH MONYT OLITh HE 3amMCaHblL
B cTaHaaprax (Hampumep, o6o6lueHHHe NTOKa3aTeJH KavyecTBa) H, Hao6opoT, He Bce
CTaHIapTHSHpyeMBEle mapaMenpH OUTHMHESHPYIOTCH; YaCTh STHX MapaMerpoB MOKeT
OHITL 33J1aHa B BHUE ONpaHHUSHHUH.

KOMINVIEKCHOCTh ONTHMHSAUMKE HeoOxommma aaa obecneueHHs 3hOdeK THBHOCTH:

KOMIJIEKCHON CTamIapTH3aLMH.
bes poCTaTOYHONO YPOBHSA KOMINVIEKCHOCTH OIITY MHSAUHN HEJAb3A B IIOJHOH Mepe

obecneyuTh ONTHMAJLHOE YIOBJSTBOPEHHEe TpeOOBaHUN IAHHTEPECOBAHHHIX OpTAHW3E-
OHH B IPeINPUSTHA IYTeM CONIACOBAHHA UaPaMEeTPOB B3AVUMOCBA3AHHHIX XOMIMOHEH-
TOB, BXOJAUIUX B OOBEKTH KOMINIOKCHOHR CTAaHAAPTHIAUHY, ¥ YBA3KY CPOKOB BBeje-
il B AeHCTBHE CTAHAAPTOB.

MeTogn ofecniedeHMS KOMIJIEKCHOCTH IPH TeOpeTH4eCKOH OINTHMH3aUHH — 3TO:
COBOKYTIHOCTh NpHemoa (ollepauui), a Takxe HNOPALOK COCTABJIEHHS COOTBETCTBYIO-
UIHX MareMaTHUeCKHX MoaeJel OUTHMUSAUHY NMpH LUIHPOKHX I'paHHLAX KOMIIJISKCHOCTH.
STH METOIH CONEPIKaT TaKuke DeKOMEHJIAUH® 10 BHOOPY MaTeMaTHYeCKOH NPOLenY-
pH ONpENeJIeHHST ONTHMANLHLIX apaMenpos 0 yXXKe COCTABVIEHHOH MOJeNH,

B cayuae SKCIePHMEHTAJHHOH ONTHMHSALHN METOLH O0eCHedeHus KOMIWVISKCHOC-
TH — 370 COBOKVOHOCTL npuHemoB (omepaumit) paspaborxu (Bnbopa, MOIEPHHUS3AUH)
COOTBETCTBYIOUIHX TEXHHMOCKHX YCTPOHCTB, IVIAHHPOBAHHUS IKCTEPUMEHTOB H 0OpabdoT-
KH JAHHBLIX SKCIIEPHMEHTOB MPH ITHPOKHX IPaAHHIAX KOMIJISKCHOCTH.

Beway 1000, ¥TO ¢ paCITHpEHHEM IPaHHL KOMINIEKCHOCTH CYLIECTBEHHO BO3Pac-
TAIOT TPYJAHOCTH COCTABJIEHHA, INPOBEPKH NPHUMEHHMOCTH H KOPPEKUHH MaremaTHde-
CKOfi MOUENH, HAaCTOMILHA CTAHHAPT NpemHasHauyeH NaBHHM 00pasoMm mvsa obecireues
HUT KOOPUHMHAUMH pPaspa®OTKH H NOBHULUEGHHS YHWPHKAUHH 3THX MOIEJeH € LeJblo:
obecgeyeHns IHPOKONO NPHUMEHeHHA UX B HApOJHOM XOSINCTEE.
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IHIPHJIOKEHHE 2
Crpasodnoe

OCHOBHbBIE OBBEKTHI CTAHOAPTUIALLMM,
KOTOPLIE LLENECOOEPA3HO PACCMATPUBATE KAK NMOCNEAOBATENBHbIE
HKOMINNEKChbI

OcHOBHBIEe 0CO0EHHOCTH ONTHME3IANLMU

O6bexr OcxoBu nocr- | CymHuocrs yuu-
onTHMH3auMH | Onrumusupye- | PaccMaTpuBae- | noepug crpyk- | ToiBaemuix cag- | Obecnednsae-
Mbie rmapamerpn | MM SBAGHHR | pypy pommaex- | seft mexay sae-| Moe CBORCTRBO
(nponeccwn) ca MEHTaMHU CTaHAaPTH3ALHH
1. Komm- [ Iapamer- O yHKUHO- I TpAamm- [ Ipeobpa- KoMmJiex-
JIGKC 3JIeMEeH- | pHl npOAYK- |HHPOBAHHE HIO -CJ1€1CT- 30BaHHEe Ma- {CHOCTD,
roB IPOAYK- | LHH (npumeHe- seyHas ode- | repuana, HHOT L2 Ofe-
UHH HHe, HCIONb- | peIHOCTD HEPIrUH pexxaeMoCTh
30BaHHeE) (cean), HH-
OPOJYKUHH ¢ dopmaHy
| saTpaTH Ha
ee pa3pabor-
|iﬁy U po-
H3BOJCTBO
2. Texno- I Tap ameT- I Iponsson- Ererna [lpeobGpa- To Xe
IOT FMeCKHH pH oflepalrdA | STBO JI1pO- ouepeiHOCTh | 30BaHHE HB3-
Tipoliece (npymmo ome- | AYKIHH, Omepauuii BO | JeTHS, IO~
pauyH, mepe- | oxkaszaHHe BpeMeHH, aydabpuxa-
XI0,00B ) yeaIyT AHOrAA M Ta, SHEPIHH,
| I PHYUEHO- HWHPOPM AT HTH
clIeCTBeH-
Has ouepen-
| HOCTb
3. Cogo- Hamene- Cosepuien- | Ouepen- To ke, KomMmaex-
KYIHOCTEH Hye mapa- CTBOB AHHE HOCTH BO UYTO H B HOJ- (CHOCTD ©
IBYX H GoJsiee | METPOB IIpO- | MPOJIVKIIHH BDeMEeHH U nyuxre 1 ¥ {onmepexkae-
nocaenosa- | AYKUHHE BO TP HHHO - HCIIOJIB30BA- |MOCTH
TE€JIbHLIX BO | BpEMEHU cJeJCTBEH - HUC 3aeda
BPEMEeHH MO- Has ouepen- | obopynosa-
nejneg mpo- HOCTh HUA, MaTe-
LY KIHH | pranos,
9JIEMEHTOB,
| 3HAHHN,

OIIHTA
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OcHOsHbBIe 0CO0@HHOCTH ONTHMH3AIHH

ITpodorxnenue

nn?nﬁa‘:;axa{xun OntHMu3snpye- | PaccMmarpnpae- | OcroBH NOCT- y&ﬂfﬁfﬁﬂx Obecneunnae-
Mbie Mbie 9BJeHHs | poeHHA CTPYK- cpasell Mexay | MOe CBOHACTBO
napaMeTrphl (npouecch) TYPbl KOMNJACKCA | gremenTamu | CTAHAZDTH3IELHN
4. CoBo- HN3amene- Cosep- IIpuurHno- | To xe, Kommuek-
KYIIHOCTD gHe mapa- HIeCHCTBOBA- | CJAeCTBEH- qT0 8 MOy~ [CHOCTh M
JByXx @ 60- [MeTpOB \BYX |HHEe IpoO- Has oyepen- {myakrax 1 |ouepexkae-
Jee mocie- |u Gojee sa- | AYKIHH HocTbROye- {H 3 MOCTh
OB areJib- MEHSTIOIIH X DENHOCTD BO
HHX BO Bpe- |ApYyr Apyra BpeMeHY 33a-
MEHH TOoCJae- |BO BpEeMeHH MEHHL MOJe-
TOBATEJLHBIX |MocaenoBa- JeR NpOoayK-
KOMIUVIEKCOB [TeJbHEIX AR
KOMIIJIEKCOB
IPOAYKIHH
H3mene- Cosep- Ouepen- To xe, To xe
Hye fapa- HIEHCTBOBA- | HOCTH OIIe- qTO B NOA-
METPOB ONe- |HHe TEeXHO- paudy ¢ Tex- | myHxTax 2
pauys JByX | JJOMMYECKHX | HOoJOrHYe- B3
1 6oJsee 3a- | IPONECCOB CKHX IIpO-
MEH IO HX HeccoOB BO
IPYT gpyra BpEMEHH
BO BpEMEHHU
TE€XHOJIOTH-
YJeCKHX
NpoOLecCoB,
BJI SLIOIIHX -
28 mocaeno-
BATEJILHBIMH
KOMIIJIeKCa -

MH
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IIPHJIO)XEHHE 3
Cnpasounoe

BA3OBbLIE MEXXOTPACNEBBIE MATEMATUYECKME MOLENU
ONTUMMIALMM NMPOCTENLLMX NOCNEAOBATEJIbHbIX KOMNNEKCOB

1. IlpocTpancTeenHas 6a30oBaf MaTeMaTHYECKas MON&Ib ONTHMHBAUHHY NpocTef-
MIHX DOCJAGNOBATEIBHEIX KOMIIEKCOB

1.1, Kacknui n2-blff 3JeMeHT NpPOCTEeRlllere NOoCAeNOBATEILHONO KOMIJEKca COofep-
KHT HaOOp ONTHMM3HpYEMBIX Iap'aMeTpoB

P(n)=(Py(n), Py(n) ..., Py (n)), (1)

rae k, -—— GHCIO ONTHMH3HPYEMEX NapaMerpos N-N0 3JeMEHTA.

Bextop P(n) NpHHAJIEKHT HEOKOTOpoMy MmuoxecTsy { P(n) } ero momyctummx
3Ha9eHHUN

P(n) € {P(n)}. (2)

Bxon B nmepBHI 3JIeMEHT mmmexca_;(l) i y(0) cosnagaer ¢ BXOJOM KOMf-
nexca X g

x (1) =y(0) = xg . (3)

BxogoM B KaxAWNA NOCNEAYIOUIHH 3JeMEHT 7 CJHAYXHT BHXO0A TNPeARAYILIETO:
(n—1) snemenTa

x(n) =y(n=1)=(p(n=1), y2(n—1),..., yun_l(n-—l)). (4)

rpe n=2 ..., N;
N — gucsio sieMeHTOB KOMIIJIOKCA:

4, 1 — YHCJO COCTABJIMOULAX BeXTOPa BhXOAA y(n—1I).

Bexrop y(n—l) IPHHANJEIKHT HEKOTOPOMY MHOMXECTBY {y(n—-—l)} eno JOmYyCTH-
MEIX BHaueHHH

¥ (n—1) € {y(n—1)). (5)
Buxon n-ro ajaemeHTa paseH
g (n)=((91(n), ¥a(n),....bu_(n)), (6)
rae
y(n) €{y(n)}, (7)

{ y(n) } — MHOXECTBO AONYCTHMBIX 3HayeHu Bexmnopa y(n).
Brixon nocensero 3JeMeHTa COBIanaer ¢ BHXOMOM BCENO KOMILJIEKCA

y—(N)=-£;K-

Buxon n-ro sneMedTa sBasercs PyHKUHeH ONTHUMHIMpDyeMBIX IapaMe€TpOB H BXO-
na

y(n)=F™(y(n—-1), P(n)) (8)
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HJIH

yi(m)=F," ((n—1), ga(n—1), ..., Yup_y(n=1); Py(n), Py(n), ..., Py (n) );
ya(m)=F" (51(n—1), ga(n=1), ..., Ygp_y(n—1); Py(n)Pa(n), ..., Py ()3

llllllllllllllllllllllllllll

Yu(M=F3 (52(n—1), 42(n—1), ..., Yup_1(n—1); Py(n), Py(n), ..., Py_(n)),
rac

F[“I—_—(F{"], FE"], con FL’”) — BEKTOD-PYHKIUHS @peoOpasoBaHHs IEMEHTa M.

f1
['paHUMHBEIMHE YCJAOBHAMH MODYT OhITh

{; K =y(0) — ouxcuposasn,
Y=Y(N) — ue duxcuposam,
{;K=§(0) — e OHKCHPOBaH,
Yp=Yy(N) — duxcuposan,
FK=§(O) — (uKCHpOBaH,

yx=Y(N) — duxcuposan. (9)

3apuwcamocTy (1)—(9) cocTasaAsiOT OPOCTPAHCTBEHHYI0 6A30BYIO MAaTeMATHUEs
CKY1I0 Moyienap (YHKUHOHUPOBAHHS ILPOCTEHIIEN0 NOCVISIOBATEILHON) KOMIJICKC .
1.2, [Ina nocTpoedus mpoctpascTeeHnoll 6a30Boff MarmeMaTHYECKOH MOIEJNH OTH=

MH3aNHH K 3aBHCHMOCTAM (1)-—(9) HeobOxomuMO n0GaBHUTL BHPANKEHHE HENeBOH (DYBK«
UHH H, HHOTA 4, LOMOJHHTENBHEIE ONDaAHHUEHHS .

Ilenepass GYHKIHA ONTHMH3AUHH YacTO HMeeT BHJ

—_ N o in](— —_
U= (yN))+ 2 @™ (y(n—1). Pln) ), (10)
rpe ¢>_(__z}_(N)) — QYHKIHS BHXOJA KOMILIEKCA,
Clnl(y(n—1), P(n)) — dyskumus, KOTOpas OmEHHBAGT BKJIaZ KaXIOTO OTAeJbHOr®

SIEMEHTA B NOCTHIKEHUE ILeJIH,
Oymxkuua Gl obnuHO BHpaxaer sarpark 3[rlHa co3gaHHe H PYHKIHOHHPODBAs

e n-ro syementa, sbdexr Jal yny npubune 37l -3l ot n-no anemenra.

OmrmMiMH3ayHg  3aKJI0MaeTCy B HaXOXKJAeHHH SHAUeHHH OITHMHSHpPYEMBX Hap&e

MeTpOB, NPH KOTOPHX LeJeBasi PYHKUHA KOCTHraeT MAaKCHMAaJbHOro (MHHHMAJNbLHOIO}
SHAYeHH .

2. IlpocTpancTBeHHO-BpeMernHasi §a3oBas MaTeMaTHueCcKas MOJeJb ONTHMH3AanMA
IPOCTEHIIHX OCASI0BaTVILHEIX KOMIIMEKCOB

2.1. Kamxaslil n-uiff siieMeHT NPpOCTEHIIEND MOCASIOBATENEHON0 KOMIJIEKCA COJeps
¥uT K, ODTUMUSHPYEMHX NapaMeTpOB, 3HAUSHHS KOTODHIX 3aBHCAT OT BDEMEHH

P(n, ty=(Py(n, t), Py(n, t), ..., Pe(n, t)). (11)

BeKTop P(n, 1) NpHHALNCKHMT REKOTOPOMY MHOXKECTBY P(n, ) } ero agonycre-
MBEX 3HaYeHHH

P(n, t)E{P(n, 1)}. (12)

HexoTopre HeONTHMH3MpPYEMHE KOHCTPYKTHBHEHE NapaMeTpH 3J6MEHTa TAKXe

MOTYT OBLITh (PYHKIMAMH BPEMEHH BCJSNCTBHE HIHOCa, BHIMODAEHS, NSpEMEIReHAR RAce
¥ yp., T. €.
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. —————— T NS,

Pe(n,t)= (P, (n,1), P, (n,1),... P, (n, t)), (13)
A
Mp — YACJHO TNEPEMEHHHNX BO BPEMEHH HEOUTHMH3UDYEMHIX INapaMeTpOB f7-T0
3JIEMEHTA.
Bxos 8 nepsnifl sJeMeHT KOMIVIEKCa COBNAJAET C BXOJOM BCETO KOMIICKCA

(1, 1) = Zg(H= (0, 1). (14)

~ Bxozmom B KaxpaH@ NOCKEAYIOUH 37EMEHT CAYXKHT BRIXOJX npennbl Ayiero
(n—1)-ro snemenrta

-"?(H, t)=§-tn"—]: t)=(y1(n_'1: t)! res yﬂn_](n_ll t))! (15)
nae
=23 ..., N;
N — unciio 3seMeHTOB KOMIJIEKCA; _
U4, 1 - YACTO COCTABJSIOUINX BEKTOpa BXoHa y(n—I1, f).

BexTop -y_(n—l, ) npHHARJeXHT HEKOTOPOMY MHONKECTBY | 57 (n—1, {)} ero zo-
BYCTUMEIX 3HAYeHUH:

y(n—1, HE {yin—1,1)}. (16)
Buxon n-ro siaemMeHTa paseH
-.';(n: t)=(y1(n! t): yﬂ(n: t): .19y y!ln(nl t)):

LAe

y(n, 1) € {y(n—1, 1)}. (17)
Brxoz nocaeaHero sjeMeHTa COBIANAeT ¢ BHIXOUIOM KOMIJEKCa

Y(N, 1) = yg(t).

Brixon n-no sneMeHTa ABvifercs (yVHKIUMER BX0Ja, ONTHMH3HDYEMBLIX MHapamer-
POB H BPEMEHMU:

y(n, t)=F"l(y(n—1, t),P(n, t),t). (18)

Bunssie #HaMeHeHH# HeONTHMHIHDYEMBIX HKOHCTPYKTHMBHHIX HAapaMenpOB YUYHTHI-
BacIcad KaK QPYHKUHS OT [
Yacto smecto ypaBHenua (18) coctasasercs pudoepeHIMaJbHOE YpaBHEHHE

‘-I-ﬂa'-ffﬂ ="(y(n—1, 1), P(n, ), 1). (18)

[Ipu Hanuuum auddepennuansHux ypapHeHnit (18’) B maremarthuecKyio MOZeNb
bymrOROHBPOBAHUA HeOOXOOIHMO BKJAIMHTL HadasIbHHE YCJAOBHA (COCTOSHHE B MO-

MEQHT {= to) .

y(n, t)=y*(n, t,). (18%)
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'paHHYHHMH YCJOBUSIMH MOTYT OHITh

{;K(t) =.g_{(0, {) — 3ajpaHHas QYHKUMS BPEMEHH;

?K(t)::?(N, {) -— He3azanHAA QYHKIUHSA BPEMEHH;

{}-K(t)=?(0, {) — HesazaHHad QYHKIMS BPOMEHH;

EK(t)=E(N, {) — 3anaHHas QYHKUHS BpEMEHH, (19)
{xK( {)=y(0, {) — sanamHas OYHKIHT BPEMEHHU:

?K(t)=§'(N, {) — 3ajnawyas GYHKUUS BpOMEHU:

{:’FK( t}=57f0, {}) — He3anaHHad GYHKIHS BPEMEHH:

?K(t)=ﬂN, {) -— He3agaHHaf GOYHKUHMA BDOMEHH.

SasucumocTd (11)—(19) cocraBasioT NPOCTPAHCTBEHHO-BPEMEHHYI0 6a30BYIO
#aTeMaTHYEeCKYI0 MOJeJib QYHKUUOHHUPOBAHUSA HPOCTEHIIerc MNOCJeL0BATENLHOTO KOM-

111'11 e:I{c a )

2.2. laa mOCTpOeHHA NPOCTPAHCTBEHHO-BpeMEHHOH 6a30BOA MaTeMAaTHUECKOI
MOJEJH ONTHMH3AUUH NPOCTEHINHX MNOCAeZOBATEABHHIX XKOMIJIEKCOB K 3aBHCHMOCTAM
(11)—(19) weobxomumo m0oOaBUTH BHIPAKEHHE IUIeBON (GYHKIMH H WHOIEA AOMOJ-
#UTENbHbIE OTPAHRYSHHS, HAUPHMEp, M0 MPOUSBOACTBEHHBLIM BO3MOXKHOCTIM.

[leneBass ¢GyHKUHS ONTHMH3AUHMH YACTO HMeeT BHJ

=52 6", 0 Fn, 1), 0)as + OGN, 1) (20)

0

L£]e
} — 3aJaHHBIH KOHeYHLIA MOMEHT BDEMEHH HJAH MOMGHT BpPEMEHH, AJA KOTODOI0

sagad y(N, t).
Bropoe caaraemoe @ (y(N, ¢;)) BupaxkaeT BJAHAHHE COCTOAHHS N-ro sjieMeHTa B
‘MOMEHT {;. ___
[lonumrrerpanbiaa ¢yakuus Glal 3aBHCHT oT H3MeHeHHsA cocTosHHA y(n—1, i),

3HayeHu# mapamerpos P(n, f), Bpemenu { ¥ BRJOUaeT mpuBejenue 3¢deKTOB M 3aT-
PaT K OJHOMY MOMEHTY BPEMEHH,

2.3. llpocTpaHCTBeHHO-BPEeMeHHAsl MOJeNb, pPacCMOTpeHEad B nm. 2.1; 2.2, yunTh-

BaeT H3MEHEHHE BO BPEMEHH BX0ONAa KOMILJIEKCa, KOHCTPYKTHBHHX NapaMeTpoB dJeMeH-
‘TOB (BCJAeACTBME H3HOCA, NOBPEXIAEHHS, H3MEHEHHS MacChl 06beKTa B pe3yJabTare BHI-

TOPaHHA TONJEBZ H JAPYTHX XUMHUNECKHX peaklui, pacxoga MaTepHaJdos, HepeMellle-
@UA MacChl, GHONOrHYECKHX MPOUECCOB H IP.), HAYAJBHEIX BO3MYILEHHH, a TaKXKe 3KO-
HOMHUCCKHX W COUHAJIbHBIX YCJIOBHH.

2.4. C neapio pacumpenns obuiacTd npuMeHeHUs 0a30BRHIX MOJeNeH ONTHMU3AUHUH
fIPOCTEHIIHX NOCNSMOBATSIBHEIX KOMINIEKCOB BXOJAMH H BHXOOAMH B 3THX MOJAedAdX
CYHUTAIOT JHLIL MapaMeTPHl COCTOSHHS pacCMampHBaeMOro mpouecca (COCTOTHME Mo-
aydabpuxara, MOJLIH NPONYKIHH, SHEPTHH, AeATENbHOCTH), HEe BKJIOUAIOIIHNE 3aTpaThl
H 30¢deKTH, CBA3AHHBE C CO3MaHTEM U 3XCHAYATAaUHEH XaHHONO 3JeMeHTa H YYHTHIBA-
emble pyukuuamu Ginl.

2.5. IMpumenstTe ykasaxHble §6asoBhle MOJeTH it pa3pabOTKH pabouyux MoaeNed
cnefyer B COOTBETCTBHH C TabaHued.
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Pabouyaqa MOAeab

basoBas o ue a1
MOZED N0 AUHAMHYHOCTH 3nge§nﬁngn$;{$§i%ye- 1o YPOBHIGH},;E-?EPMMEH-
MBIX NapaMeTpos
[Tpocerpancraen- Cramaueckas Onxocrynenua- HerepMuHKHpPOBaHHAS
g2 Tad
To xke To ke BepostyocTHas
KiBasucratuye- » JleTepMUHHPOBAHHAA
cKan?
To xke » BeposmHocTHARA
Bpemennasn? JHHaMIuecKas MuopocTyneH- IerepmuHupoBanHas
6e3 pasgeneHN 1aTas
KOMIIIeKCa Ha 3Je-
MEHThL
To xke To xe BepoamHocTHAA
[IpocTpancteen- JvHaMuyeckad ¢ OnHoCTYNeHqAa- IeTepMuHHpOBatHHAR
H0-BpeMeHHas pasneneHHeM XOMI- | Tan
JeKCa Ha IJIeMEHTH
To xKe To xe BepoaTHOoCTHAA
> Mmoroctynen- HeTepMUHHPOBAHHAA
yaTas
» To xke BepostTHOoCTHAA

I Yucno cTyneHel 3HaYeHHHA ONTUMHSHPYEMEIX MapaMeTPoOB — YHCJA0 OJHOBpPEMEH-
€0 ONTHMH3HPYEMHX, CMEHAIIIHX JApyr Apyra, Mojaeneill NPOAYKIHH.

2 KpagucratHueckas Moaesb — no 'OCT 18.0601—76.

9 B paHmoM cjayuae MOCTENOBATENBHHN KOMIJIEKC IOJIyYaeTcsS NPH PacCMOTPEHUH
COCTOAHHA 006BbeKTa B HEKOTOpPHIE MOMEHTH BPeMEHH KaK OTLeJbHHX 3JeMeHToB. Uuc-
0 3JEMEHTOB paBHO YHCIY pacCMaTPUBaeMHX MOMEHTOB BpeMeHH (UHCHTYy COCTOf-
HHA), [laa TakKHX 3afay MOXHO NMOVIb30BATBHCA MPOCTPAHCTBEHHOH 06a30BOH MOIENbIo,
3aMeHsIf B Hell HOMep 3JieMeHTa Ha HOMeD MOMeHTa BDEeMeHH.

3. Hcronbszosanue 6a30BHX MAaTeMaTHUECKHX MOJeJeld ONMTHMUIAUHUY ITPOCTEHIDAX

TIOCASIOBATEBHBIX KOMITJEKCOB.
3.1. TIpuMepn HCTIONBIOBAHUS NWPOCTPAHCTBEHHON 6a30BOA MaTeMATHUECKON MO-

NeJNH ONTHMH32aLHH NPOCTEAIIHX NOCAEAOBATEJNbHHIX KOMIIJIEKCOBY.
[pumep 1. OnTumu3auus cuctemnl TpybGonposonos [11].

Heob6xoiuMo TpaHCIOPTHPOBaTh MOTOK Hed™n Q c momowipio N mMOCHe10BaTeNb-
HO DAacHOJIOXKEHHHIX HACOCHBIX CTaHIW, NPH 3TOM HavaJbpHOe [JAaBJIeHHE BCaCHIBAHUA

(Ps):, paccTosHHe OT Hayaja TpyGonmpoBoza mo n-off craHuMH L , H KaBJeHUE B KO-
geunom nyHKTe Y(N)=ypr=(Ps)g .

* V3 mpHBeNeHHHX HHXe MPUMEPOB BHAAHO, UYTO AJA ONTHMH3AUUH CJIOKHOTO
KOMIIJIEKC2 MOKHO NMPUMEHSTh HECKOJLKO MogeseH, B KaXIOH H3 KOTOPHX ONTHMH-
3HPYeTCH TOJBKO YaCTh KOMIJIOKCZ HJH YacTb ero napaMempoB. OfHaKo B TaKHX CJY-
qasix [Js ONpele/ieHHs ONTHMaJbBHHX MapaMeTpPOB KOMIIEKCA CJellyeT NPHMEHATh
TaKXKe MOJENH, CAyKallue AJ8 YBA3KH Pe3yJbTaToOB ONTHMH3AUHH OTAEJbHBIX YacTe.
[Tonyuennnle B mpHMepax ONTHMaJbHHE 3HAYeHHS MapaMeTpoB MoryT OBITh HCIOJb-
3SOBAaHH NpPH NPOSKTHPOBAHHH TPYOGONpOBOJA H ero yacTe#h H KaK HCXOAHHE JNAaHHHE
no morpeGHOCTAM (Cmpocy) NpH ONTHMH3AUHH MapaMeTpHYECKHX DANOB AHAMETPOS

Tpy0, napaMeTpOB HacocoB H T. A.
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L abnernue
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UeprT. |

Ha npoMeXyDPOUHBIX HACOCHHIX CTAHUMAX DOTOKY Q coolulaeTcs smeprus, ILOC-
TATOUHAR NJis KOMIGHCAIHW MOTePh JaBJeHUsl 3a CUeT TPeHHS XMIKOCTH B TpYOOnpo-
BOJe H NOXbEMa XHIKOCTH Ha COOTBETCTBYWOULYIO BHCOTY. HduaMerp TpyGompopoxa
OCTOTHHBL,

ONIeMEHTOM PaCcCMampHMBaeMON0 NPOCTEHIISNO MOCJASIOBATeAbHONO KOMIJEKCa
MOXKHO CYHTaThb KaXAYI0 HAaCOCHYIO CTAHUHIO ¢ OTXOASIIHM OT Hee y4YacTKOM TpY-
Gonposoaa (o caenyloumell HacOCHOH CTAHLIUM).

Ha xaxgoli macocHoi cTaHUuH HeoOXONUMO CcOOOIMTL IMOTOKY Taxoe NONOJHH-
TeNbHOe nasaenne P(n),  npu xoropoM olecneyuBaencs mpebyemoe pasienne (Pg) K

B KOHEUHOM ITYHKTE ¥ MWHHMaJbHbe NPHBEIeHHbHE CYMMapHBE 3aTpaThl Ha TP AaHCIOP-
THpOBauue HedTH.

B 3aBHCHMOCTH OT KOHKPETHBLIX YCJOBUWH MOrYT OBMTb IMOCTaBJEHH JNPYTHE 3a/adH,
HATPHMED, OINTHMH3AUH TapaMeTPOB HaCOCOB VIS KasKA0H CTAHUHH.

ICKU3HAA CXeMa CTPYKTYPH H QYHKIHOHMUPOBAHKA NpeAcTaBJeHa Ha yepT. l.

MaTtTeMaTHyeckass MOoAeJdb PYHKIUHOHUDPOBAHHNA

BxomoM mepsono siemenma aBAfeTCs X p=¢(0)=(Ps),. BxonoM n-ro snemeuta,

n=2 3, ..., N aBjsgercsd pe3WILTHDVIOLIEe NaBJeHHE, CO3jasaeMoe BCeMH IMepBH-
M (n—1) BaCOCHHMH CTAHUHAMH C Y4eTOM IOTE€pb HA Y4acTKe Tpybomposoaa
OT nepBOR WO 7n-0H CTAHIAR

y(n—1)=(P;),. (21)
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Beixomom n-ro  3jeMeHTa SABJSETC pe3yJLTHPYIOlee JaBJeHHe BCACHIBAHUSA
(Ps),, 41 CJAEAYIOUleH CTAHUME, CO34aBaEMOe BCEMH MPEbULYIHMH HACOCHHMH CTaH-

UHAMY C YUeTOM NOTepb Ha y4acTKe OT nepsofi mo (n+1) cranuuy
y(n)=(Ps)n__1 . (22)

Buxomom N-ro snemenTa (BHXOLOM XKOMILIEKCA) SIBVISETCS AaBUCHHE
(Ps)K=y(N)=y}(. (23)

OntuMusHpyeMuiM napamerpoM P (n) n-ro ojeMeHTa SIBJASeTCS NOBHIUCGHHE AaB-
JeHHs, co3JaBaemoe n-00 HacoCHOH CTaHLmes.

YpasHense npeolpasoBaHUs S/MeMeHTA HMELT BHJ
y(n)=y(n—I )+P(n)—AP(n) (L, \—Ln)—k(E, 1 —Epn), (24)

cae
y(n—1)=(Ps)p — |nasJjeHHE BCaCLIBABUS 7-il CTAHLIMH,
A P(n) — moreps HKaBjeHMs 334 CYET TpPeHHA Ha eQUHAHUE [JHHHE HE
Y9acTKe N-n0 9JeMeHTA,
E -1 —E; — pasHocTb BHCOT (n+1)-i H n-ii HACOCHWX CTAaHIHHA;

k — K03¢pOHIHEHT NPONOPIHOHAJBHOCTH;
L, 4.1 —Lp— nnuHA TpyGonmposoja Ha yyacCTKe n-TO 3JEMEHTa.

MaTteMaTHUuecKasds MOJ€Jbh ONTHMU3AUUY

MatemaTuueckas MOAENL ONTHMHSAUWH COCTaBJeHa AJA CJIY4Yas, KOTla H3BECT«
HHl JaHHHE IJIS pacuyeTa NOTepb HaA TpPeHHe B TPyOONpPOBOAAX H pa3MelieHHe HAcoC-
HBIX CTaHIHA H CAedyeT ONTHMHSHPOBATL TOJLKO BeJHUYHHY NOBHILNCHHS [1aBJ/eHHR
P(n), ucxons H3 ueneBOH OYHKUHH MHHHMyMa INpHBeJeHHHX CYMMAapHHX 34TPaT. 3TO
CBOUTCS K OITHMAJbHOMY BHOOPY YHCJIZ M THIIOB HACOCOB HA KaXKOH CTaHUHH.

MaTremarHyeckagd MOJESNIb ONTHMH3AUMH B 3TOM Cayyae Oyaer OOCTOSTE:

U3 ypaBHeHHH IpeolpasoBadHiil 3/ieMeHTOB

y(1)=y(0)+P(1) - AP(1)(Ls—L,) —k (Es—E,),
y(2)=y(1)+P(2)—AP(2)(Ly—L,)—k(Es—E,), (25)

y(N) =y(N““l)+P(N)““AP(N)(LN+1 "'LN)"'k(EN+1 '_EN);
TPaHUYHBIX YCJAOBHH Ha JIeBOM H IpaBOM KOHILAX

Xg=(Ps)1, Y={(Ps)k: (26)

ueJqeBolt (hYHKUHH NpPHBeJEeHHHIX CyMMAapHRIX 3aTpaT Ha TPaHCIOPTHPOBKY He(TH.

MNpumep 2, Onrumusauus napamerpoB OTAEHbHbIX YYacTKOB TpybGoenposona

[14].

| YyacTox TpyGonpoBoAa MOXKHO PacCMaTpPHBAaThL KaKk NPOCTEHIUMH FOCAed0BaTENb-
HH# KOMTJEeKC, COCTOAILINA U3 TPeX 3JeMEHTOB: SJeKTPOABHraTe s, KOTOPHH N3ET Me-
XaHHYeCKYI0 MOWIHOCTL W B TeueHHe BpeMeHM JeHcTBUS cucTeMH I, Hacoca, ofecie-
YHBAIOUIEro HepeKkayKy, Hampumep, HedTH ¢ pacxojom ee Q Ha paccroanue L.

C yBesmaenuem pHamerpa 1pybSonposona D yMesbllaercs rjipaBJHIeCKOe OCOfl-
POTHBJAECHWe ABHXKEHHI0O HedTH H, CISIOBATENBHO, YMEHBUIZETCs HEOOXOMHMAad MOIlL-
HOCTb ABHTATENS H pacxoy SJAeKmposHepruu. ONHaKO ¢ yBeJHYSHHEM IHAMeTpa TPYy-
GompoBOZa BO3PACTalOT SATPATH HAa HBNOTOBJEHHE H YCTawOBKY TpybOmpoBOIa H Ha
ero pemoHT, CJeN0BaTENbRO, CYLUIECTBYET HEKOTODHRA ONTHAMAJBHHA muaMerp TPYOo«
npoBoAA.
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Ha ocxoBe cXeMbl CTPYKTYPH H (DYyHKIIHOHHPOBAHHMS KOMINIEKCE H COOTBETCTBYIO-
Iiefi MaTeMaTHYeCKOH MoOAenH (QYHKUHOHHPOBAHHS HAMIEHO BHpAXeHHE IJAd OPHUBE-

JNEHHLIX BaTpaT:
3 = a';D -} a;D“—l- a;D"'4’75 -+ a:, (27)

TAc * %

¥ *
a;, 6, @z, 3; — KO3(pPHIHEHTH, 3aBUCAILYE OT AHHAMHWUECKOH BASKOCTH M,

NJOTHOCTH  INlepexkayHBaeMoln  HedTH P, pacxoga HedbtH , IJOTHOCTR
MaTepHasa 7y, TOJMMUHHHE CTeHOK Tpy® 3 H JJauHH TpyoOompoBoaa L , Ko3d-
bHLHeHTa NOJE3HOrO NeHCTBUA 9SJNSKTPOABHraTeNs 7, K03bOPUIHEeHTEa OTHOCHTEJBHHX
3arpaT Ha MOHTaXX [, HODMH aMOPTU3AUMOHHHX OTUHCJASHHR @, HODMATHBHONO K09~
buunenTa 3PPeKTUBHOCTH KANHTAaJBHHX BJAOKEHHH E, CTOMMOCTH KHVIOBATT-ANAaCa

syiekTposHeprun Cyy M KHAOTPaMMa 1py6 Cqp.
B xauectBe 3ddexkra I NpHHAT pacxol HethTH B cekyHay Q;. Benuuuna Qg B

paccMaTpMBaeMOM NpHMepe ONpelefieHa 3apaHee H MOCTONHHA
J = Q = const, (28)

MaremaTiyeckas MOLEAb ONTHMHU3AUHH AWAMETpa Y4YacTka TPYOOmpoBOxa COT-
TOHT H3 LeJeBOoH QYHKIHHY MHHMUMHIANMU IPHBEAEHHHIX 3aTpPAaT

3 = aTD +a ;D—4 -+ a;D—4'75 -} a:-—:- min (29)

ILPH O paHHYEeHHH Ha SCIJ(I)EHKI 3*11 YeTHIPeX OTPARMUCHUAX B BHAE OyRKUHBH, ompeneds-

*
OIHX KO3PPHUHEHTH ap, Qy, A3, O4.
Onpepeyiie onTUMaibHbif auamerp Doyr, N0 MaTeMaTHYeCKOX MOAEIH ¢yHKuuO-
HUPDOBAHHUS BHUHCIAIT TPeOyeMYIO MOUIHOCTb JIBHraTesss H APYIHe ImMapaMetpH KOM-

OJeKC A,
[IpuBeneHHOH MaTeMaTHYECKOH MOJEJH MOXHO npuAaath OoJee YAOOHHA BHA.

[lpn omTMMavIBHOM JgHaMeTpe TPYOOnpOBOZa YacTHhle NPOH3BOAHKEE OT IMPHBEEHEHM
aatpaTt no D pasHH HYMO (eCJd 9T0 HE MPOTHBOPEUHT ONpanHYeHHSM), TOMLA

a,D3 4+ a, D3 =1, (30)
rae
da, 4,75a,
a,; = T, Qg == =3,
a a

KosddumuueHTH @) u ap; corsiacHo [14] sutuucasior no ¢opmyaam:
0,0103pTQ3C,,
“1= "Y8an(1+f) (2 + E)Cyy.

) 0:00065(pp)0'75caﬂ_T02'?5
B T T ———————er—

10Q(1 4 f) (o + E)C-rp.

Mogenb B 9TOM BHIE COMEDKRT KoHeuHoe BHpakenue (30) aasa onpeneeHus
ONITHMAJbLHEX 3HAYEHHH MapaMerpos H IOSTOMY ONTHMH3ANHA DIPOH3BOZHTCS 06€3
NpUMEHeHHS CIEeUHMAJbHHX MaTeMaTHYeCKHX MENOJOB ONPEAECHHA 9KCTpPeMyMa
§ YHKUMH.

3.2. Ipumep HCNONB30OBAHHS NPOCTPAHCTBEHHO-BpeMeHHOR 6a30BOA MaTeMaTHye-
CKOH MOZeJH ONTHMH3ALHH NOCTQLOBATENbBHHX KOMILJIEKCOB.

OnTHMH3auua pexuma pabouero cOpoca BoAW BoOROXpanHHanina [4].

Takas 3anaua BO3HHKAeT NPH paspaboTke COOTBETCTBYWOLIENO CTaHAapTa MPeA-
NPHATHA MWJAH HMHCTPYKUHH DO SKCIVIYATAUHH THAPOTENJIOBOH 3HEPrOCHCTCMBL.

(31)
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Henp onTaMu3sanun pexuma paGoyero c6poca BOAL COCTOHT B TOM, YTOOGH MHHH-
MH3MPOBATP 3aTPATHl Ha YAOBJACTBOPEHHe onpeleNeHHHX TpeboBaHuii B 3JEKTPO-
SHEPTHH.

Cxema BOTOXpaHuJMIIa NPHBEaeHA HA uepT. 2. Y[poseHb BOAH B BOAOX]pAHUJIHILE
Hpy (t). Ypoeeubr paboueno c6poca Boabt H, npuHuMaercs NOCTOSHHLEIM, a pabount:
CTOK (pacxoq) ee P(f) perymupyencs B TeueHHe CYTOK. IIDHTOK BOAW B XpasH/IHIIe

@ ()
e

Q(f) ssasiercs pyuxuuell ppeMenn. Konna KoauuecTBO BOAH B BOgoXpauujume S(7)
ROCTHraer MaxCHMaibHOro 3HayeHH S(f)=S8pen, HauHHaerca Hepabounii cbpoc
(T. e. MHHYS DHIpPOTYpOWHB!). IIpH 3TOM MOXHO CYHTATL, 4TO HepaGoumh cbpoc

R(1) = Q(2) — P(1), (32)
TaK KaK TPH 3TOM
S(t) =S8 — const. (33)

ripen

ITompebnenue sneKTposHEPIHH B8 TeueHHe CYyPOK H3Medsercs (ueprt. 3). Has obec-
nesenud NOTpPebGHTeNEeR 32JIeKTPOIHeprued B yacH NHK NOAKJIIOYAIOT TEINJIOBYIO 3JEKT-
pocrasuuio. Uem Goaslile oHa paboraer, TeM AOPOXKe OOXOMHUTCS CHAOXEHHE SJIeKT-
posneprued. Hago tak orperyjuposaTe palouuil CTOK BOAH, YTOOH O0ecneddHTh MH-

W

Winax

0 05 13T, cym.

 J

Hepr. 3

HEMaJbHHE 3aTPaTH Ha cHaOXeHHe NMOTpeGHTened 3JeKTPosHeprHed. 3ajnava CBOJAMT-
CAd K ONTHMH32UWH OPOCTEHIIENO MOCJEIOBATENBHON0 KOMIJAEKCa, COCTOAIETC H3 TPeX
3/J1eMenTOB (BOLOXPAHHJMIILE, IMAPOTYPOHEA H TEWJIOBas 3JeKrpocTaHlMs) (uepT. 4).
Tax xak mapaMeTpPhl COCTOSHHSA H3MEHAIOTCH He TOJAbKO IpH NMepexone OJHOro 3Je-
MeHTa K ADPYrOMY, HO ellle 3aBHCAT OT BPEMEHH, TO IJA NOCTPOSHHS MaTeMATHYECKOMN
MOLeJH OMTHMHM3aUMH CAeAYeT MO0Jb30BaThes 0asoBofl NpocTpaHCTBEHHO-BPEMEHHOLE

MO/ EJIbIO.
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P (L)
H

! == BopoXpaHHAKLIE;, 2 — FHAPOTYPOHHE, 3§ — Tenjo-
3JeKTPOCTaHUHA

Hepr. 4

MartemarnuyecKas Mozeadb OGYHKOIWOHHPOBAHNS
BxoaoM B KOMIZIEKC fIBJIIETCA  NIPHTOK BOZAH X p=xX1=y(0) =Q(f). Ommamusn-
pyeMblM mapaMeTpPOM KOMIVIeKCa sBJsiercs pabounit crok P (f).

CocrofHre BOXOXPaHHVIHILA XaPaKTEPHIYETCAd NEepEMEHHBM ypoBHeM Bogn H g (f)
HJIH KOJIH9ecTBOM Boaul S(7).

Ceasp Mexy yposHeM Hg(f) ¥ koauuecTBOM BOHK S(f) 3aBHCHT OT pasmepoB
BOOXPaHUJNINA H ONPEJeVIACTCA KBaXpaATHIHOR 3aBUCHMOCTHIO

Hy(t) = Cy + C1S(1) 4+ C3S(1)2, (34)
rae
Co, C1, Cg — NOCTOSHHEIE,
Fwapapiuyeckuy HallOP PAaBEH Pa’HOCTH MEXAY TEKYIUMM yposHeM Bogu Hy(Z)

H ypoBteM cbpoca e U moxer OHTb BhIpakedH ¢(yHKUMeH# oT OOIEr0 KOJAHYECTHA
80/ B BONOXPaHHIHIILE

H(t) = Hg(t) — He = (Co — He) + C15(1) + CoS(¢)% (35)
CKOPOCTb M3MEHEHHS mmq;gm? ;1 BOJAL B BOAOXPAHUJIUILE PAaBHA DA3HOCTH MEXKe
Iy npuroxkoM H cOpocoM, T. e. d(t :
dS(t)
a1 = Q(t) — R({) — P(1). (36)
Ipuuem, mpu S(¢) =Snpen
R(t) = Q(t) — P(t) (37)
H IpH S(t) ‘{--SHPE.R R(t) =),

Hasg HopMadbHOrO (QYHKIMOHHDPOBAHUA HeOoO6X0ooHMO, wTOOH KOJMHYECTBO BOAH B
BONOXPaHUJAHINE B HayaJe H KOHHE CYTOYHONO mepuond Obio ONHHAKOBHIM, T. €.

S(0) = S(1). (38)

YuyHTHIBag HaJHuHe B MareMaTHueckok mogemn auwddepenumaspHOro ypaBHEHHS
(36), Heo6xonMMO 3a3JaTh HavaJIbHBEIE VCJOBHA, 2 HMEHHO KOJHYeCTBO BOAH B Ha-
YAJIBHBIA MOMEHT

S = S(0) npu ¢{=0. (39)

Tax xak nepexoxHble peKHMH (PasroH H TOpPMOXKeHKe) TYPOHMHHI (BTOpONO 3Jje-
MEHTa KOMIIEKCZ) Hac B 3TOH 3ajjaye HE HHTEPECYIOT, MOINHOCTb, BHpadarHBacMag

neapoTypOrHamMH Wr, BHIYHCAAIOT 110 KOHeuHOMY (He AuddepeHunalbHOMY) ypas-
HeHHIO

W (f) = kH(t) P(1), (40)

rje & — nocToSHHAA;
H(t) — rmmpaBJHYeCKHH Hanop;
P(t) — paboumit cbpoc.
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Ha ocnosanvn ¢dopmyn (34) u (35) Bripamenue (40) MOXEO 3amHCATH:

Wr(2) = k[(Cy— H;) + C1S(t) + C.S(1)2]P(1). (41)

flompebsienre MOWHOCTH B TeYeHHE CYTOK HMSMEHSETCHd NO 3aBHCHMOCTM (GM.
qepT. 3.

Wrnax
W(t) = —-3—--(2-[-cos 2nt), (42)
e
Wmax — MakCHMaJbHaf NompedirsieMast MOLLHOCTD:

{ — BpeMs, BHParkeHHOE B CYTKax.
Maxcumanoias nonpedHocTb 6ymer mpy f=0 « {=1, Muaumavipaas — apu {=0,5.
Ilpp sepocram™ke MommocTH rmgpocranuuy Wp K cHCTeMe NOAKJIIOHAIOT TEeNao-
BYI0 SJIEKTPOCTAHUHMIO, AAIOULYI0O MOUIHOCTD

Wo=W W, opn W > W;., (43)
WI""'_"O ITPpH W‘\< Wr-

Takum oO6pasoM, mareMaTHueckas MOASAb (DPYHKUHOHEDOBAHHA KOMILIEKCA COC-
TOHT ¥3 3apucumMocTelt (34)— (43).

MarTemMaTHuecKkas MOWEeJdb ONTHMHU3IANUH

B xauecTBe nenesol GYHKUHH MOXKHO MPHHSTD MHHHMYM CYTOUYHHX 3aTpaT Ha
SKCIJIYaTaAllHi0O CHCTEMER, T. €.

I = %3( £)d ' min, (44)

p:{
3 (f) — sKcnayarauHOHHEIE 3aTpaTH B eIHHHIY BpPEeMeHM.
I[To swcnepHMEHTAVIBHHIM JaHHLIM CTPOAT TaOJHIY HJIH SMIHPHYSCKYI0 32BHCH-
MOCTb VIS MOYACOBLIX 38MPAaT ¥ MOUIHOCTH TENJIOCTaHUHE

3 = 3(W,), (45)

CYHTas, ¥TO IIOUACOBHIE 3aTPaTH HA IKCIVIyATAUHIO THOPOTYPOHHL! KpaiHe MaJihl

Us ypaBuenni (41) u (42) caepyer, yro mowmHrocTs W (¢) saBucdT OT pabouend:
c6poca P(t). Tpebyercs  nHafiTy  Takoe  H3MeHeHHe  paGouero  c6poca
B TeyeHHe CYTOK, MpU KOTOPOM VYIOBJIETBOPSIOTCH 3aBHCUMOCTH MOJeJH (YyHK-
DHOHHDOBAHHA W LejeBas QYHKUMS (44) LOCTHraeT MHHHMAJLHONO 3Ha4EHMS.

Tak xak s3atpaTel (4D) 3aBHCAT, I'MIaBHHIM 00pa3oM, OT HCHONB3YEMOH MOUIHOCTH
rengocraingr Wy, 7o ommuMu3aius no uevieBoft GyHxuHE (44) NPHBOMHT X HEKOTO-
pOMY YMEHLIIEHHIO 3TOH MOHHOCTH H, CAIOBATEJBHO, K HEKOTODOMY pDauHOHAJBHOMY
pacxony romnausa. OQgHako MHHHMYM pacxoga TONJHBA IPH ONTHMH3AUMH IO IeNe-
BOi ¢yHKUHU (44) Oyner AOCTHTHYT TOJBKO B Clydae MOHOTOHHOro H3MeHEHHSA RO

8pemeny 3(f) M pacxoja TOMJIHBA.
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ITPHJTIO)KEHHE 4
Cnpasounoe

BA3OBbIE MEXXOTPACJIEBLIE MATEMATUHECKME MO ENM
ONTUMHUIAUMN NAPANNENbHLIX KOMNNEKCOB

. OCOGeHHOCTH MAaTeMATHYECKHX MOJe/Neld ONTHMU3AUMH NapaVeJbHHX KOM-
f1J1eKCOB

1.1, Kaxkapii n-4 9/JeMeHT NapaNVieJIBHONO KOMIJIeKCA XApaKTepHIYeTCsl BeKTO-
POM BXOA

x(n)=(xy(n), xe(n), ..., %, (n)), (1)
BEKTOPOM BBIXOULa:
-.J(n)= (yl(n)r ya(n). e yun(n)) (2)
M YNpasJAIUIUM BEKTOPOM
P(n)=((Py(n), Py (n), ..., Pp,(n)), (3)
afae P;(n) — ONTHMH3HpPYEMBEe MapaMeTpH,

n=1,2 ..., N;
rn — YHCJO COCTaBJISIIOUIHX BEKTOPA BXOAa X(n);
Up — YHCJIO0 COCTABJAIOUIMX BEKTOPA BHIXOAA Y (7);

Rp — HCJSO COCTaBVISIIOIIMX BEKTOpa ympasseHus P(n);
N — qucao 3JeMeHTOB B KOMIIVIEKCE.
1.2. OyHkuUHOHMPOBAHHe 7n-TO 3JeMeHTa MapaJiNeJbHOr0 KOMIJIeKca Ofipeedyisier-
€5 CAENYIOIHMH PYHKUHIME mpeodpa3oBaHna:

n(n)y=F~F,, (xl(n), X(n), ooy X, (n), Py(n), ..., Pkn(’l));
Yo (n)=F, (xl(n), x(n), «.., % (n), Pi(n), ..., Pkn(ﬂ)); (4)

yun(n)':Fun (-’fl(n): X9{n), ou. s xru(n), Piy(n), «,., Pkn(n))'

1.3. Oas nonyueHusgs 6a30Boff MaTeMaTHYeCcKOX MOAENH OITHMHU3AUHH HeoOXOMM-

MO JOoOaBHTh K MOJENH (PYHKIHOHUDOBAHHST uIejeByi0 (YHKUHIO, KOTOpas B o0uIeM
LJhyqae umMeer BHI:

I =L(y(1), ..., g(N), x(1)5...X(N), P(1), ...,P(N) ). (5)

B cayyae aUiIHTHBHOCTH BHIXOJOB 3JEMEHTOB

N — — -
I =~ ZIG[”](y(n),x(n), P(n)), (6)

n==
THE o -
Ginli(y(n),x(n) . P(n))—— GVHKIUHSA, KOTOpasA OIeHHBAET BKJAJ N-T0 3JeMEHTA B

NOCTHXKeHUEe LETH.
Ynpasaenye mnpoueccoM (QyHKIMOHHDOBAHHMA  pacCMaTpPHBaeMOno ofpeKTa OCy-

anecTBASETCS BHOGOPOM 3HaYeHHH YNpaBAAOWMX MapaMerpoB P (n); n=1, 2, . ., N,
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fMPH KOTOPHX BHIMOJHAIOTCA 3ajJlaHHHE OrpaHHuyeHHT M uenepas ¢ynkuua (5) moc-
THraeT MaKCHMAJbHONO (MHHUMAJILHONO) 3HAYCHHS.

2. bazoBas craTHyecKkas MaTeMATHYECKas MOJAETb ONTHMHIAUHH NapaMeTpuue-
CKOTO psAjaa

2.]. MareMaTHYeCKYI0 MOJE/]b ONMHMH3AUHH MaPaMETPHYECKONO psia MOJAYYaloT
Ha oCHOBe 0a30BOR MareMaTHYecKofl MOZeJH ONTHMH3AIHM NapalJeabHON KOMIJIEKCA.
Backnefiineli oCOOEHHOCTRIO NapaMepHYeCKHX pPAAOB SBJASETCH OJHHAKOBOE KO-

Rn{nqecmn COCTaBJISIOUHX BEKTOPOB BHXOMOB Y (n) AN BCeX SJeMEeHTOB n=1, 2
, T. €.

b | - ] - '

u1=u2=.--=un=---=uN=u,

IIpH STOM BEKTOD BHIXOJ4d BCENO KOMILIGKCA COBNANAET IO HOMEHKJIAType ¢ BEKTOpa-
MH BHIXIOIOB €N0 9JI&MEHTOB.
l

2.2. KosbpunueHrom 3aMeHASMOCTH 2 ) HaBhBaeTCS UYHMCJO, IMOKasHBalollee

CKOJIbKO B CpemHeM TpelOyeTcs 3/JEeMEHTOB KOMIJIEKCa n-r0 BHAZ AJA9 o0ecledeHHs

TaKoNl BEJIHYHHH, KaKOH HMeeT {-ad COCTaBJAKIIAA BEHX0AA 3JMeMeHTa j-ro BHAa. OO6Hu-

HO z‘t j MOXKHO BHIPasHTb uepe3 Z jj — CPefHHA 06beM SJeMeHTa KOMIJIeKCa i-ro BHA3

(B 4acTHOCTH 00beM NPOAYKUMH HJH 9HCAO 06beKTOB), HeOOXOAHMHN AJa obecneye-
HUS eJMHUYHOR [-0fi cocTaBjafOLlelf BEeKTOpa BHIXOJMA

S 21t
il ZU i

Ilpu xaaom o¢uxcuposasHoM [ xoaPdUIUEHTH 24, i=1, ..., N, =1, ...,
(f

N o6pasyior MaTpuuy 3aMeHSeMOCTH.
2.3. OnpanuuyeHHas 3aMeHAEMOCTh XAPaAKTEPH3YETCAd MATPHIAMH 3aMeHSeMOCTH

{zfj} H QyHKLHeH NpPHMEHAEeMOCTH KacKlono siaeMeHTa ©n(P), koTopas ompene.s-

€T, KaKas 4acTb 33JaHHHX MOTpeOHOCTER THNA P YMOBJIETBOPAETCS HINSJHAMH THNA
P(n).
2.4. MaremMaTHyeckas MOAeJb OTITHMHSALMH NapaMeTpHUECKHX PALOB OPH MaKpO-
NOAXOJle 4acTO COMEPKHT ¢yHkuuio cmpoca @ (y) umae (P) . B yacTHOCTH, ecau
V(P) — obbem paboT, A/ KOTOPHX Tpebyercss usnesne ¢ napamerpom P, a Il (P)—
MPOH3BOMUTENFHOCTD HIACAMS ¢O 3HaUeHWeM napamerpa P, 10

— V(P
?(P)=E%-

Ilpu onTHMH3AUNU apaMeTPHUYECKHX PAMOB IPH HSBECTHOH (PYHKLUHH clpoca HJIH
pH 3afaHHOM OoO6beMe BHMOJHAeMBIX pafor Heo0XOaUMO yyecThb pasMellcHHe 00bex-
Ta ONTHMH3AUMH IO NPeANpHATHAM (Lexam), a8 TaKkIXKe pasMelleHHe HEeKOTODHIX BHIOB
CEILCKOXO3SHCTBEHNONO, JECO03aNOTOBUTEJBHONO ¥ APYIHX BHAOCB 060pynoBanus Ha
o0C/NyXHBaeMON TeppPHTOPHH, OT KOTOPOTO 3aBHCAT KOSPPHUHEHTH HCIOAb30BaHMA
STOr0 060PYIOBAHMS.

2.5. Tlpy omMuMH3aUMH napaMeTpHUEeCKHX PAMOB, KakK MPaBHI0, HeoOXOLHMO
YYeCTh 3aBHCHMOCTb NPHBEIEHHHX 3aTpaT Ha pa3palOTKy, H3MOTOBJCHHME M NpHMeHe-
HHe eAHHMUHE O00BbeMa 9JeMEeHTA KOMIIEKCA OT CepHHAHOCTH HE TOJBKO NaHHOMO SJe-
MEHTZ, HO H OT CepUHAHOCTH OJU3KUX 9JIEMEHTOB.

OnteMH3anus NpH LedeBod (YHKUMM MHHHMyMa 3aTpatr (norepb) Ha ajanra-
HHI0O BCJICACTBHE HeCOBMaJeHHS HMHAMBHAYAJLHOrO CIOpoca ¢ npepjlaraeMbBIMH H3-
DeJUSIMA OONYCKaeTCHd TOJbKO INPH MNPAKTHUECKOR HE3aBHCHMOCTH OCTaJbHHX CO-
CTaBJAIONIHX 3aTPaT OT BHOPAaHHOro mnapaMeTPHYECKOro pAAa.

2.6. CxeMa CTPYKTYpH #H OYHXUMOHHPOBaHHA OOBEKTE CTAHNAPTHIAUWH B ClyYae
ONTHMH3AUHH NapaMEeTPHYECKOro PAYla BLHIPOXKAACTCH B ONMHCaHMe OOJACTH NpHMeHe-
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HWS ¥ Ha3HaueHHd pana, QYHKUKOHHPOBAHUSA OTUSABHHX €no 3JeMeHTOB ¢ YKA3aHHEM
HOMEHKJIATYPH COCTABJANOIIUX 9(PipexTOB M 3aTpaT Ha MX CO3iaHHe M NpHMeHEHHe, A
TAKDKe MapaMeETpOB HBIeJHH psAfia, 3HAYEHHS KOTOPHX HAm0 ONTHMHUSHpOBaTh. Ilp®
3TOM CHAELYET YKas3aThb:

HeMeHeHHe S(XPEeKTOB H 3aTpaT IPH BO3MOXKHBIX HIMEHEHHSIX MNapaAMETPOS SNVies
MEHTOB;

BO3MOXHYI0 O6JaCTh TPHMEHEHHS KaXMOro 3JeMeHTa;

fpefebHbe 3HAUSHHS rapaMeTpoB KOMIJIeKCa;

3HAUEHHS NapaMeTpoB CYLISCTBYIOIEr0 KOMIJISKCA,

HeJ1eco00pasHOCTh MPOBEPKH MTOMYyCTHMOCTH HEKOTOPHIX ONMpaHH4YeHH® IPH ONTH-
MH3AUHE (HampuMep, HeJecooOpasHo JH (QHKCHPOBATh HEKOTOPHIE SJEeMOHTH, 3a18-
BaTbh HX YHCI0 N HJIR WHTEpBAS HONYCTHMHX 3Hauenuft gus N).

2.7. Ilpu cocTaBJieHHH OJHOMEDHOR MaTeMaTHYECKOH MOJeNH — (BeKTop P HMe-
€T ONHY KOMITOHEHTY) OpHHHMAIOTCA CASMYIOIMe AOMYIUleHHS:

BO3MOKHO ONpeIe/uTe cupoc ¢ (P), BHpacKeHHE KOJHUECTBOM HIAeVHl, KSK
dbyukuHo napamerpa P;

9JIeMEHT KOMILJIeKCa ¢ mapamenpom P(n) RCHOAL3YIOT TOIBKO AJS VWIOBJAESTBOpDE«
HUSA CIIPOCA B HATEPBAJE HSMEHEHHS apaMeTpa

Pin—1) < PP(n+1);

nons cnpoca ansa P(n—1)<P<P(n), xoTtopas YAOBJIETBOPAETCA 9JeMeHTOM
KOMIIJexca ¢ mapamempom P(n), onpenensercas ¢yuxiHed npumensemoctu 6,(P) =,
CAeN0BaATENbHO, MO CIIPOCa, KOTOpas Y.IOBJSTBOPAETCS 3JeMEHTOM KOMILIEKCA € N8-
pamMmerpom P(n) B HHTEpBavie

P(n) < P < P(n+1) 6yner {1—8,_,(P)};

CIpOC YWOBJIETBOPSeTCS H HeT H30HTKAa NPOOYKUMH ONTHAMH3HDYeMOno KOoM-

nJaexca.
O6beM 3JeMeHTAa KOMILJIEKca ¢ mapamenpoMm P(n), HCOOJb3yeMoro AJf YIOBJAeT-

BOpeHHs cnpoca B HHTepBane P(n—1)<P<«<P(n), Gyner
,  P(n)

Ve= § @(P)8,(P)dP (7)
Pin-1)
¥ 1S VioBJeTBOpPEHHA cipoca B HHTepBate P(n) < P<P(n+1)
. Plntl)
V, = an) ¢(P)[1—6,_ ,(P)]dP. (8)

CJilenoBaTeJbHO, oOIMA o6beM 3JeMEHTa KOMIJIeKca ¢ nmapamenpom P(n)
Va="V, + V,. (9)

B paccMampuBaeMoM YaCTHOM CJAydae ONTHMH3AOHE DapaMeTpPHUEcKOoro phaa
vpapHedus (7)—(9) ZnawT 3aBHCHMOCTb MeXAY o00BeMOM BHIYCKa R-ro 3JeMEHTa
KOMILIEKca H cnpocoM B uHTepBane P(n—1)<P<P(n+1).

2.8. B paccmarpHBaeMOM YNPOLIEHHOM cCJlydae CyMMapHbie NpHBEJAEHHLIEe 3aTpa-
TR (ueneBas PYHMKIMA) BRMHCASOT m0 GOpMYyJe

N o
i (PQ). ....P(N)) =2 (g5 (P(n)) +CnlVa) + Va -+

P(n P(n+1)
+ P{(.i )__Utp(P) - 8,(P) - g2(P(n), P)dP + Ps(n) o(P) - (1—8,,,(P)) g° (P(n),P)dP},
(10)
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L e ——

e

g, (P(n)) — sampatn #Ha WCCAENOBAHME W MPOSKTHPOBAHHE f-10 3JEMEHTA:
Cn(V, ) — 3aTpaTH Ha H3roTOBJIEHHE €IHHHIN OGBeMa M-ro 9JeMeHTa, NPOH3-
soxuMoro B o6beme Vi
g3(P(nyP) — 3ampaTH HA SKCANYATANKIO SRMEHMIH O6LEMa SJeMEHTA ROMIIEKCA

¢ napamerpom P(n), HCOOAL3IyeMOro Bmecn TpebyemMoro oObexTa
€ napamerpoM P;

0, (P) moxer saBucers ot P(1),, .., P(N).

B 3aBHCUMOCTH OT 0COGeHHOCTEN KOHKPETHON 3alaud BBOLATCH CAELYIOIHEe NO-
UOJHHETENbHEE ONp AHHNCHUA

qactb napamerpos P(n) ¢mxcmposama: P3, Pj, . . ., vaa.
rae

N3 — wuc/I0 9/eMeHTOB ¢ 3aLaHHBIMY J1aP AMETD AMH;

mpebyerca rapaHTHpOBAHWe 3HAUSHHA HEKOTOpPOro j-ro csofictBa (HampuMmep,
CapaHTHPOBAHHASA TOYHOCTh, ONpaHUYeHHe Beca, onpaHHueHHe ralfapETHHX pasMepos

H Jp.).
yl> al wnam y! < al; (11)

3aTpaTH Ha paspabOTKy, HINOTOBJIEHHe M NPHMEHEHHe He MJOIKHH ITpeBHIIATH
BeaHIUHKN 3gop -

L < 3pom; (11')
Pecypc HEKOTOPOro MaTepHa/a, KOMILIEKTYIOMEro SJeMEHTa @ T. J. OTpaHHYeH
V « Vaons (117)

sanana GyHKUHA npuMeHseMocTH O, (P) MM u3BecTeH BUA 5Tof (QYHKIME M Ha-
JO ONTHMHSHPOBATL €€ KO3(PPHUHeHTH.

2.9. 3asucumocty (7)—(9) cosmectTHO ¢ uenepoft ¢yuxriHed (10) ¥ momoawA-
TeJILHBIMH orpaHHueHdsMH (11) cocraBasior 6a30BYI0 CTATHYECKYI0O MareMaTHue-
CKyI0 MojJeJib ONITHMH3AIHH NHapaMeTPUYEeCKHX PAIOB.

2.10. B cayuae HeaytiMTHBHOCTA OTIENbHEIX COCTaBJSIOIIEX BHXOAA (BXOma)
€30 IOJb30BATHCA METONAMH ONTHMHUSAILMHK NpH HaNHYHH ABYX H OGosee enael
(IOCT 18.001—76, I'OCT 18.101—76).

2.11, Oynxuuu @ (P), 6,(P), a TakXKe BXOAH ¥ BHXOJH MOIYyT OHTbH AeTepMHU-
HUPOBAHHEIMY B CJAYYaHHbIMH,

Gopmanbao 6as0oBasi MaTeMaTHUECKAs MOUeNb NPR 5T0M He H3MeHsAercd. OpHako

HauHgpe caydafiHmXx BesMAHH M (MyTH) GYHKIUA CYIUeCTBEHHO BJIMRET Ha Ipomece
NONYYeHHA HCXOJHHX HAaHHHX M BHUYHCJIHTENbLHYIO IPOULEAYPY.

3. TpeboBaHHa K JUHAMHUECKHM MAaTEMATHICCKHEM MOAEASM O THMHS AlHH

3.1. B muHaMMgecKOod MATEMATHUYECKON MOZEJHY ONTHMH3SAIHE Iapaaae/bBoro
KOMIJeKca nesieBasg GYHKUHA M (HMJAH) X0Td O OHO K3 OTPAHHYCHHH SaBHCAT OT
BpeMeHH.

NunaMuueckas Mogesab KOMKHA CONEPXKATh HATAIbDHLE YCJHOBHS:

B MOMeHT BpPEeMeHH [==f; CYLIeCTBYeT Napa/ileJbHHHA KOMIJIEKC C 3JeMEHTaMH,

AJsE KOTODHX 33JaHH BEKTOPH BX0AA x0(1), %(2), - . ., —.;:-o(N) H IapaMeTphl

Py(1), Po(2),.. . ., Po(N).
Oyukiuy npeoGpasoBawHs, OlpefeNsiollde (QYHKIMOHHDPOBAHHe n-r0 3JeMEeHTa
KOMIJIEKCA, TAKXe MOTYT 3aBHCETh OT BPEMEHH:

yi(n, t) = Fip (x (n, t),P(n, t), t)
ys(n, t) = Fap (x(n, t),P(n, t), t) (12)

L *¥ = a ® s a = - » . [ ]

Yu,(n,1) =Funn(;(n,t),ﬁ(n,t),t).
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3.2, JInHamHueckass MaTeMaTHUECKas MOJENh [T03BOJAET ONPEAETHTh H3MeHEeHHe
MapaMeTpoB KOMIIJIEKCA BO BpPEeMEHH, H3MeHeHHe o6beMa ero NpOU3SBOJCTBA W CPOKH
CHATHA C IKCINIyaTauHd, IPH KOTOPHIX liedeBas (PYHKUUS MQOCTHTAeT IKCTPEMAJABHOTO
3HAUCHHA B YJOBJAETBOPAIOTCA ACHCTBYIOIIHE OnpaHuueHHs. PacCMOTpenHe Takux MO-
JeJied NO3BOJsET IIOCTPOHTHL METOAB BHITIMCJEHHA ONTHMAJBHHIX ONepeXxalollHX 3Ha-
YeHU YUCAa TUIOB CTAHIAPTHIYeMbIX OOBEKTOB M HX NapaMeTpos.

Taknm oOpasoM, ympaB/eHHe IPOUECCOM OCYIIECTBASETCS BHIOODOM 3HayeHHH na-

pamerpoB P(n, t), n=1, 2, .., N, t €[t,, T], npH KOTOPHX BHNOJHAIOTCA OrpaHH-
qenHs (12) ® ueseBass QPYHKUHS JOCTHrAET 3KCTPEMAJLHOrO 3Ha4YeHHs,

3.3. B 32BHCHMOCTH OT KOHKPETHHIX YCJAOBHA B AMHAMHYECKYIO MaTeMATHMECKYIO
MOJEJb ONTHMH3ALUHE [OapaiIeNbHOTO KOMIJIEKCa  TOJNXHH OHTL AONONHATELHO
BKJIIOUCHR! CACAYIOLIHe CrenHduyecKHe OnpaHHYeHus:

331aH0 H3MeHeHHe crnpoca IR obbema pabor (ycayr) BO BpEMeHH:

3a/iaH TPOLECC 3aMeHB! TEeXHOJOIrHUecKoro oO6OpYIOBAHUM, TEXHOIOTHH H3IOTOB-
JIOHHS, a TaKIKe H3MeHeHHe crocoba U O0JAaCTH NMPUMEHEHHUA KOMIJSKCA BO BPOMEHH;

sdafaHbl TpebyeMule pecypchl (TpymosHe, (pHHAHCOBHE, MaTepHalR H T. A.) Kak
OYHKIHR BPEMEHH;

(pHKCHPOBAHE CPOKH OCBOSHHMH NPOH3BOACTBA (fIOCTABOK) KOMIIIEKTYIOUWMX SJe-
MEHTOB, MaTePHAVIOB.

3.4. Lenepas QyHKIHR ZAOVCKHA COCTABJARTLCH Kak (QYHKUMA OT COCTOSHHUS KOMII-
Jexca B KOHEUHHIX MOMEHT BpeMeHu I WM B BHAe HHTErpana no BPeMeHH B mpese-
Jax ot =1, mo t=T.

3.5. B 3aBHCHMOCTH OT KOHKDETHHIX YCJ/JOBHHA B pesyJ/bTaTe ONTHMH3AUHH MOTYT
OILDEAENATHCA:

ONITHMAaJILHOE H3MEeHEHHEe IapaMeTpOB KOMINIEKCZ yYepe3 oIrpeneNeHEne (3ahad-
Hbi¢) HHTEPBAJH BpeMeHH (HampuMmep, uppe3 3—3§ Jer);

H3MEHEHHe NapaMeTpoB KOMIWIEKCA KaK (QYHKUHM BpeMeHw B nepuog o1 f=1s 10
t=T nmpu T>5—10 ner, BKAIONA MOMEHTH BDEMEHH BBOMA HOBBLIX H3NEVIHA H CHATHSA
CTAPHIX C NPOUSBOICTBA;

MOMEHTH BpEMeHH Hauaida NPOHSBOJUCTBA HJIH CHATHA C NPOMSBOACTBA H (HVIH)
noTpebieHns ONpefeNeHHEX HIIeHH.

4. Hcrnonb3oBanue 6a30BOf CTATHUECKON MaTeMaTHUYeCKOH MOJZEeJAH  ONTHUMH3a-
IMH TapajfieIbHOTO KOMILJIeKca.

4.1 OnTuMH3auus MHOTOMEPHOro mnapaJjijiejibHoro KommnJjekca [17].

3anan xoMmaerc pafor, comepxaumi 18 smgos pabor J={1,2, ..., 18}
Cpenueronooli o6beM paGoTH [; kaxwmoro w3 18 sHpos mpEBeneH B Ttada. 1. Hase
BHINIOJHEeHHS] 3TOr0 KOMIJeKkca pa6oT NpHMeHSIOT MamuHul 15 Ttumos [/={1, 2,...15}.

Ins MammHEel KaAoro THOa uaBecTHH cebecrommocts Cp, (Vp), n&/7) B 3amucHMoOcC-
TH OT 06beMOB Vj, Bunyckaemoil cepHH (TalJs. 2) ¥ roJOBHE 3aTpaTHl Ha 3KCIIYya-

Tammio gy (Ta6n. 3) (gp; — 3aTpaTh Ha SKCIIYATALHIO SIHHHUHODO H3AENHA M-TO

THNA, YAOBNETBOPRAIOIIEN0 COpoc j-ro BwuaE, j € J).
Kpome TtOro, H3BECTHO CpeAHEE YHUCIO MAlUHH KAXIONO THNA, HeoOXoaumoe IJn
BHIMOJTHEHIIA eAHMHHYHOH paboOThl Kaxaoro Buaa (tabu. 4).

[Tycrast {(n, j} xnetka Tabs. 4 o3HauaeT, YTO MAIIHHA f-r0O THIZ HE MOXET HC-
rOJIb30BATHCS AJS1 BRNIONHEHUA paboT J-m0 BHAA.
MaremaTHueckas MoAedb QYHKULHOHHUDPOBAHHA KOMIJEKCA

DJeMeRTOM KOMUJIEKCa ABJASETCS MAUIHHa 1-I0 THIA.

j-ol cOCTaBNfAOIIEN BEKTOpA BHIXOAA N1-T0 3IJEMEHTa KOMILIEKCA ABJSETCH INpPO-
H3BOAHTEJNBHOCTL MAalUMHB 1IPU BHIIOJHEeHHHW paboT j-ro BHJA.

2pj — CpemHee YHC/O MAIDHH 7-N0 THNE, HEOOXOXHMOE IS BRIIONHEHHN €AMWHH-

IH paGoTH j-10 BHAA.

B paccmanpHBaeMOR 3ajaue MaTeMaTHUECKas MOA&Ib (QYHKIHOHHPOBAHMS KOMM-
JieKCa BHIPOMKAAETCH B MATPHIY {Znj) .
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MatTemMaTHyecKaas MOHgeJdb ONTHMUH3ANHH

B paccmampuBaemoi#t sagade QyHKuHs npuMmensemoctd O (j, n) (mons cmpoca Ha
pabOTH j-ro BHAA YZIOBJETROpPSEMass MAINWHAMH (-0 BHI4) OITUMHU3HPYETCS OAHO-
BpeMEHHO ¢ BHOOPOM TUNIA MalllUH.

KonxuecTBo eiuMHHU ClIpoca BHAA j, YAOBJETBOPSieMOe n-HM THIIOM MauUIKH fpaj,
PaBHO

fnj=e(f= n)fj! (13)

rae f; — copoc suRa j.

KoaH4ecTso MalBH n-m0 temna V, BHMECJASETCd, HCXOAS H3 YCAOBHA DOJHOTO
YAOBJIETBOPeHHA ciipoca 6e3 H3bLITKa

Vi =2 2n4;fn;, n€ I. 14
n IeJn;fnj & (14)

Ecan V,=0, 10 n-pifl THO MaLIMH He HCIOJL3YETCH.
[leneBasg ¢GYHKUMA ONTHMH3AUKH pacCMaTPHBAEMOrO KOMILJIEKCA

= X Gn(Vn)s (15)
ncl

TAE

Gp — CTOMMOCTD NPOHGBOMICTBA B SKCIVIYATAllHH MAauIMH n-no THna (B obbeme
Vﬂ.‘)r

=3 {c, > . 6
[ ngf{c (Vn)Vn'l'!zngu!znifnjl (16)

Taxum o6pasom, Tpebyencsa OmpeyesUTh ONTHMAJLHEA HaGOp THIOB MailldH, BHIG-
pPaBHBX M3 cumeka [= 1, 2, ..., 15}, opy koTopHX QYHKUMA CYMMapHHX 3ATPAT
(16) mocmuraer MHHHUMYMa ¥ BHUOVIHSETCA ycaosue (14).

[Ipn peuienuy 3ajaun BHOOPA ONTHMAJBHOTO KOMILJIEKCA MAIIHH C MHHUMAaJbHBI-

MH CYMMAaPHBIMH NPHBENEHHBIMHM 3aTpaTaMi HA NPOU3IBOJICTBO H SKCMJAyaTauMio NpH
BHIIOJNIHEHHH 3aJa”HHOro Kowmijexca pabor J pgaa Besgkoro n=l1, 2, .. ., 15 Hc-

ONb30BaNach 3aBHCHMOCTb cebectroumocTH or obbema mpu V, =1000, V, =4000,

V,, =10000. Iloryyesnas npu 3romM 3anava Bu6opa onTUMasbHOno Habopa peurasack

Ha 3BM B32CM-6 ¢ noMoOLIbI0 ayiropUTMa THIZ2 BeTBEH ¥ NpaHHU, H3AOKEHHODNO B
[15]. Pe3yapTaTH pacyeToB MOMELUEHE B TabJ. 5.

OnTumaJabHbIH NapaiiensHblli KoMIeKe (pe3yabTaThl pacuera)

Tabaunma d

Hanmenpuine cyMmap- OnTumarbHB napag- Ob6beMnt Obaactu
HBIE€ 3ATpaThl JeJbHLIH KOMIJIeKC BHINIYCKA MCIIOAbL30BaHHUY
1 1820 1
5 7300 2,3, 4, 5
11400 6 260 6
S 3120 7, 8, 9, 10
14 4410 11, 12 13, 14, 15

IlpoBepka mMaTeMaTHUECKOH MOLECNH 3aKJIOYASTCH B ONpPENEJeHHH OTK/IOHEHHH
HeTeBOH (QYHKUMH OT OUTHMAJBHOMD SHaUeHHS BCJASACTBHE NpeImoviaraeMbX OIIHOOK

qMpOTHO3upoBanua o6beMa paboT f; GyHKumil saTpatr M MaTpPHIL 3aMEHAEMOCTH
(Taba. 4).
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[TPHJIO)KEHHE &
Cnpasounoe

OBJIACTb MPMMEHEHMSA TIPUBJIMKEHHLIX METOOB
NP KOMNNEKCHOA ONTMMU3ALLMM

B sagwCcHMOCTH OT LeNHM ONTHMM3ZUHMM, CTaAHH paspaboTku O06BEKTa, a TaKKe
OT HaNHUUS HCXOIHOH HHQOPMAIHUH, CPSACTB H BPeMEHH HCHOMB3YIOTCH CTPOIHE Teo-
petayeckue (I'OCT 18.101—76) m skcnepumentansune (I'OCT 18.001—76) meronm:
ONTHMHGAUHNH HJAH NPHOTHKEeHHBC METOUH OGOCHOBAHHSA.

[IpaGanXKeHHHe MeTOOW B SABHCHMOCTH OT THOCEOJOTHYECKHX OCHOB, MCIOJE-
SyeMHX A7 YNPOILNeHHA 3ajayH, NOADPA3AENAOTCA HAa YacTHHE MEeTOAW H MaKpo-
METOAH.

HacTHHA MeTON ONTHMHSAUHH NapaMeTPOB OGBEKTOB CTAHAAPTH3ALHH 3aKJIOUa-
€TCH B YOPOILEHHH COBOKYIIHOCTH SaBHCHMOCTEHd CTPONONO MeTona COOCHOBAHHHM
HCKJIOUEHHEM H3 aHaJH3a HeKOTOPHXx (PaKTopoB, 3aTpaT, uendel,, orpaHHYeHHH HJH.
BBOJ2 MOIOJHHTEIBHEX OIDpaHHYeHHH.

CyilHOCTb MAaKpOMETOJa 3aKJIoyaeTca B TOM, YTO SaBHCHMOCTH IJf 3(d-
dexTOB, 3aTpaT, Lenedl H OrpaHHuYeHHH He pacKpHBAWTCA, a npH o60CHOBaHHH
HCXONST M3 aHaJH3a YJauyHbIX pelleHHH B NPOWJIOM N0 OJHIKHM BOMpPOCaM, NPHHA-
THIX AJIsi YCaoBHA, O/H3KHX K MHTEPECYIOIHM B HaHHOH 3amane H (HIH) H3 aHaJH3a
nepeioOBOro ONLITA, NMOBeJeHHsT K MHEHHf JIIofeH, HampHMep, MO JAaHHBIM TOProBoit.
CTATHCTHKH, IPHEHSTHIM ITPOSKTaM.

C yBesnueHHeM KOMNJEKCHOCTH ONTHMHSAUHH cJeAyeT WIHPE HCNOJb30BaTh Coue-
TaHHe CTPOrHX H TNpPHOJHIKEHHHX METOXOB ONTHMH3alHH IapaMeTpPOB OOBEKTOB KOM-
MIEKCHOR craHmiapTH3ammy (. 2.7 HacTOSWeno CTaHnapTa).

ITpy sroM HeOOXONHMO YUHTHBATb OTPAHHYEHUs HA 00JAaCTb NpUMeHeRHs mpub-

JHKEHHHEX MEeTOU0B, YKasaHHhe B TabJule.

IMpubinmeHnsie MeTOAL! O6aacTh NPHMEHEHUSN

1. YacTHHe METOAL HA OCHOBE CpaB-
HeHHSI SKOHOMHYECKOH 3HM(EeKTHBHOCTH Ecom  agoKasaHo, YTO OIITHMANAbHLIA Ba-

no NPHHATHM METOAHKAM PHaHT HaXOQJUTCA CPEAH CPABHHBAEMLIX M
crielHaJbiple M TeXHHYeCKHe 3(PPeKTH

IPH 'H3MEHEHHMH qapameTpoB oObexkTa HU3-
MEHAIOTCH MOHOTOHHO C H3MeHEeHHEeM SKO-

HOMHUYECKOTO 3(h¢eKxTa

Ha Ga3e HHXKEHEPHHIX pacyeToB H 3K- Ec/H  NOKa3aHO, YTO 3KOHOMHMeCKHEe R-
CNepHMeHTOB HAa MIPOYHOCTb, YCTOAMH- | counMavibHbie 50¢heKTH H3MEHAITCA MOHO-
BOCTb, H3HOC, Hamnpes, NPOU3BOAUTENb- | TOHHO ¢ U3IMEHEHHEM TEXHHUEeCKHX CBOHCTR

HOCTb, TOYHOCTh H ODP. CBOHCTB o0beKTa
Ha OCHOBC CONOCTABHTEJBHONO aHa- Ecoiii  10Ka3aHo, MTO OMNTHMAaJbHBIA Ba-
JIH3a W0 HHTETPANLHOMY MOKa3aTeal0 | pHaHT HAXOAHTCA CPEAN CPAaBHHBAEMHX K-
KaqecTBa LONYCTHMO HCMOJb30BaTh NPHHATHHA NOKa-
3aTensb
Ha OCHOBE aHAaJH3a Pe3yJbTaToB H3- Fcenp poxasana wenecoobdpassHocTh HC-

roToBJIeHHss TNpPH AAHHOM TeXHOJIOrHYe- | MO/JbGOBAHHA TEXHOJOMHYECKOTO MpOLIECCEax
CKOM f1polecce 6e3 H3MEHEHHA
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[TpubaniKeHHble METOLbI

Ha OCHOBC adaHaJ/JH3d HEKOTODBIX ITIOT-

pebHOCTEeH HaCeJEeHUT M HapoIHOTO XO-
3AHCTBA

II. MakpomeTroanl Ha OCHOBE TeoO-
PHH ONTHMAJLHLIX CTATHCTHYECKHX pe-
INeHHH

Ha OCHOBE AaHaJH3a YLayHo IIPHHA-
THIX PelleHUH (HCIONB3I0BAHUA NEPEIO-
BOTO ‘OTILITA)

Ha OCHOBe COIIOCTABUTENIbHOH OlleHKH
No CpeiHe-B3BellleHHHM ODOOHIEHHBIM
moKasarteJasaM

Ha OCHOBE 3KCTPANOJRLHH 3aKO0HO-
MEDHOCTEH H3MEHeHHs NOoKa3saTeJeu Ka-
YyecTsa B NPOLIJIOM

O6aacTh NpUMeHeHUA

Ecan  o60oCHOBaHA 1eneco0dpa3HOCTD
YAOBJNETBOPEHHA ITHX NOTPeOHOCTEN

Ecan pacmosararoT J0CTaTOYHBIMH JaH-
HBIMH 0[O OPUHATHIM B INPDOUIOM YIaUHBIM
pemreHHsiM M pa3apaborTaHn MeTOIbl Mepe-
pacuyera JaHHBIX IIPOHLIONO OMBITA C Yue-
POM H3MEHEHHUA YCJAOBHHA M Lenen



JUTEPATYPA

1. bo6ewxo A OnrTumMsamus napaMeTpHuYECKHX DANOB Hageauit. Hecoaenosa-
TEJIbCKHH LeHTP DO CTaHpapTH3auwHd. Bapinasa, 1973.
2. Komapos JI. M. OcHOBHE COCTaB/IEHHS MAaTEMATHIECKHX MOJEJel OINTHMHSa1H
TpeGoBaHHil cTanmpapros. Ms-so crampmapros, M., 1976.
3. HutpuaHratop M. MareMaTHuacKHe METOAB ONTHMH3AaLHH M 3KOHOMHYe-
ckasa teopus. «[lponpeces», M., 1975.
JduT. T, Anamec . M, Tefius ¥V. M. Vupassenue mpoueccaMi ¢ MoMOLILIO
OBM. M., «Coserckoe panuo», 1972.
Jlscpon Jl .C. Onrtumusauus GSosabmux cucreM. M., «Hayka». 1975.
Moucees H. H Drementn Teopuu otmimansnnix cucreM. M., «Haykas, 1975.
Heltaop T, MawnuHble MMETAUHOHHBIE 3KCIEPHMEHTH ¢ MOLEJAMM SXOHOMH-
yecknX cHcerem, M., «Mup», 1975.
8. [Tacprxo H. U. [Tocnpoenue psanos THIOPa3MEPOB ¢ MOMOLIbIO MATEMaTHYECKUX

pewennit, «CraygapTHsanuss, 1965, Ne 3.
9. [Torox aes M. B, Ilomax B. A. O6o6lieHnbne MOKa3aTeJH B 3aNadax V-

pasaenuss, HTO, Homocubupcex BILICO AH CCCP, 197%.
10. ITIponoft A. U. DaeMeHTH TEOPHH ONTHMAJIBHEIX JNHCKPETHHX npoleccos. .M.,

'ﬁHaiY’Ka», 1973.
11. Po6eprc C. [JrHamMHueckoe NpOTpPaMMHPOBAHHE B IPOLECCAX XHMHUEOKOH TeX-

HOJIOTUH H Merodbl yiopasuienus. M., «Mup», 1965.
12. Cutrtur IIx. 3KoHOMHUECKHE BO3MOXKHOCTH ONMTHMAJbHOH CTaHAaPTH3AIUHUY.

c6. «3dxkoHOMHKA craHgaptusauuu» M. 1970, Ne 10.
13. Pan-Jlsub-1lsub Baus-Uy-Cexr. [IMCKDETHHIH NPHHHMII MaKCHMYyMAa.

M., «MlHtp'», 1967.
14. Uyes 10. B,, Caoexosa I. Il. Texunueckue 335290 HCCNSNOBAHHUS ONEPAUHH.

M, «CoBetrckoe pagno», 1971. ]
15. MeToanka ONTHUMH3ALHH NaAPaAMETPOB IPOCTEHIIHX NOCJAELOBATENbHBIX KOMIL/IEK-

coB 06nekToB cranpaprusamuun. BHUWC, 1975.
16. Tunopasg MeTOAHKA ONTUMMU3AUHH OJHOMEPHOTNO NapaMeTpHUecKOro (THIIOpasMmep-

Horo) psanma. Msa-Bo cranzapros. M., 1970.
17. TunoBass MeTOAMKA ONTHMH3ALWHH MHOTOMEDHOMO NapaMeTpHuyecKoro psaa., HMsa-so

crarmpapToB. M., 1975.

== LR N

Penaktop P. C. Pedoposa

Texunueckuit penaxrop I. A. Maxaposa
Koppextop E. H. Mopososa

CnaHo B raGop 26.12.77 lMonn. B ney, 20.04,78 2,25 n. . 2,41 yy.-uan. a. Tup, 20000 1lewa IS5 wom.

Opaena <«3nax Ilouera» HspatenncrBo craHAapros, Mockea, J1-567, HosonpecHeHCKHA nep., 3
Kanyxckas THnorpadus CTaHAapToB, YJ. Mockosckasi, 256, 3ak. 3243



