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NPEAUCIIOBME

Ipo6aema npuHATUS peleHHi HMeJa M HMEeT B JKH3HH yeJlo-
BeKa ocoboe 3HaueHHe, Belb Jilo6Gasi JesiTeIbHOCTh — 3T0 B KO-
HEYHOM HTOre LlelmoyKa MpHHATHA pelueHuii. OIHAaKO B noaas-
JsolemM GOJIbLIHHCTBE CJy4YaeB MPOLECC NMPHHATHS pelUeHHH,
T. €. BbIGOp OJHOM M3 BO3MOXHBIX ajbTepHaTUB AEHCTBHS, He
Tpe6oBaJl MPHBJ/IEYEHHS! KAKHX-JHO0 HAaYYHBIX METOAOB — CH-
TyauuH ObLIH JOBOJIBHO NPOCTHI H JIIOAU OGXOAUJIMCH OMNBITOM,
TPAAMUHOHHBIMH HaBBIKaMH, UHTYHLHEH.

Ho wuHOoraa cuTyaumu OKa3plBaJMChb TAaKMMH CJIOK-
HBIMH, YTO Y YyeJIoBeKa, NIPUHHMAIOILEro pellieHHe, YiKe He OblIo
yBepeHHOCTH B TOM, 4YTO €ro BhiGOp mnpaBU/bHEIA. B Takux
cayyasix BO3HHKaJla HeO6XOAMMOCTb B HaYYHBIX METOAAX MpH-
HATHA pewleHnil. locTeneHHO 3TH MeTOABI Pa3BHBAJNHCh H K
HACTOSILLEMY BPEMEHH CJOXHJIHCh B OTAE/NBHYIO AUCUHIIMHY —
TEOPHIO TPHHATHA peLUeHHH.

TpyaHo cka3aTh, KOTAa 3apoAH/ach 3Ta AUCUMIVIHHA. SICHO
OfHO, YTO ee HCTOKH — Tfie-TO B I1yGHHE 4eJIoBeyeCKOH HCTO-
pPHH — OHH MOSIBUJIMCh BMECTe C 3a4aTKaMH BOEHHOTO HCKYC-
CTBa, TOProBJH, NPOHU3BOACTBA M T. M.

PasBuTHe TeopuH NMPUHATHSA pelleHHii onpeaessioch, ¢ OA-
HOH CTOpOHELI, pa3BHTHeM MaTeMaTHYeCKOro ammnapaTa, MosB-
JleHHeM npHeMOB ¢opmajH3aLMH, a ¢ APYroii — HOBbIMM 3a-
NayaMH, BOSHHKAaBLIHMH B MPOMBIIJIEHHOCTH, BOEHHOM JeJe,
5KOHOMHKe.

OcoGenHo 6ypHOe pa3BUTHe TEOPHH NPHHATHA pelieHuUit Ha-
4aJI0Ch MocJie NATHAECATHIX FOJ0B, KOTa Ha OCHOBE TEOPHH 3¢-
(eKTHBHOCTH, TEOPHH Hrp, TEOPHH MAacCOBOrO OOC/YXKHBaHHA
MOSIBHJIaCh CHHTETHUECKasi AUCUHUMJIHHA — HCC/IeJOBAHHE ore-
pauMii», KOTOpasi 3aTeM MOCTENEHHO Nepepocsa B CHCTEMHBIiH
aHaJu3.

CoBpemeHHasi TEOPHA MPHHATHSA pelleHHH HMeeT OOLHPHbLA
HHCTPYMeHTapHii, BK/IOYalOMH B ce6si Pa3BHTOH MaTeMmaTH-

1%, 3



YeCKHHl annapaT M .COBpeMeHHble BbIUHC/UTENbHBIE CHCTEMBI,
U Bce xe, Kakue 6Bl yCrexH HH JeJajla TEOPHS NPHHATHS pe-
1eHHH C MOMOLIbI0O 3THX HOBEHIIHX COBPEMEHHBIX METOJOB,
ONHUpAIOLMXCA Ha (OpMaJM30BaHHOE OMHCAHHE CHUTYyauui, Bce
elle OCTAloTCs HEOGXOAMMBIMH, @ MOAYAC U MIPAIOT pellaiollyio
pOb TPAJHLMOHHBIE TPHEMbl aHANHM3a, HCNOJb3YIOUHE ONBIT
H MHTYHIHIO, COCOGHOCTH YesloBeKa K aCCOLHALMUsIM H MHOTroe
Jpyroe, 4To JIEXXHT BHE MaTeMAaTHKH M IOKa ellle He MpHCYIe
HCKYCCTBeHHOMY HHTeJl1eKTY. MMenHO 06 sToM M 6yneT muaru
peub B Haiueii GpoLiope.

OueHb BaXXHO NOKa3aTb, KaK SBPHCTHYeCKHe, HedopMaJb-
Hble METOJbl BNHCHLIBAIOTCS B COBPEMEHHYIO TEOPHIO NMPHHATHS
pelieHHH, KaK OHM BHAOHU3SMEHSIOTCSI MOJ BJIHMSIHHEM TOTO HH-
CTPYMEHTapHusi, KOTOPbIM Tellepb OCHAlIEHA 3Ta TEOpHs.

OG6cyxnaemblét npeaMeT oueHb 1WHpPoK. Y coBa «aBTOMaTH-
3alys NPOEKTHPOBAHHA», KOTOPLIE CTOSIT B 3ar/aBHH, NpH3Ba-
HEI €r0 HeCKOJIbKO CY3HTb. M Bce e TepMHH «aBTOMaTH3auus
NPOEKTHPOBAHUA» CETOJHS OXBAaTbiBaeT OYeHb MHOIO pasJjiHy-
HBIX 110 CBOEMY COZIePIKaHHIO NOHATHIA. Cpeay HHMX H YHCTO Tex-
HOJIOTHYEeCKHe: CTPYKTypa 6aHKOB AaHHBLIX, CpeACTBa aBTOMa-
TH3auHH rpaduyeckHx paboT, ynpapJsioliie POrpaMMel 4 Ja-
M€ A3BIKH NporpamMMHpoBaHusi, Bce 310 Mbl 06CyxAaaTh He
6yneM.

“TlenTpaJbHEIM paccCMaTPUBaeMbIM 37€Ch BOMPOCOM AABJIAETCSA
npo6/ieMa aBTOMaTH3alMH NPOEKTHPOBAHHSI H B Hel — BHIGOP
aNbTepHAaTHBHbIX BapHaHTOB. Bexb own6Ka B HCXOOHBIX NO-
3HLHAX He MOXKET ObITh 3aTeM HCNpPaBJeHa HH COBEPILEHCTBOM
rpaduueckoi TeXHHKH, HM METOAHKaMH 06paGoTKH pe3yJbTa-
TOB 3KCNIEPHMEHTa, HH CTAaHKAMH C NpPOrpaMMHLIM YnpasJe-
HueM. Ec/M Mbl ceroiHs Hayyumcsi MOMOTaTb KOHCTPYKTOPY,
NPOEKTHPOBILHKY HJH [MJAaHOBHKY He owuHbGaTbcs B Bhifope
OCHOBHOTO «Ga3oBoro» BapHaHTa Oyayiled KOHCTPYKUMHM HJH
NpoeKTa HapOJAHOXO3AHCTBEHHOIO KOMMJeKca, TO 3To H 6yner
TEM pelLaloIXM BKJaZOM TEOPHH NPHHATHS pelleHHH B aBTo-
MaTH3allMI0 NPOEKTHPOBAHHS, KOTOPLIH CTO/Ib HEOOXOAHM B
nepHoj Pe3KOro YCJIOXKHEHHS pasJHYHBIX HapOJHOXO3AHCT-
BEeHHBIX M TEXHHYeCKHX pa3pabOTOK, TeXHOJOTHH H T. A
$1 yBepeH, uTO HCNOJNb30BaHHE COBPEMEHHOTO apceHaJsia CpeaCTB
06paGoTKH HHPOPMAL UK U METOLOB, CO3JAHHBLIX B HaYyKe, NOTpe-
6yeT TaKoi 2Ke KOPeHHOH nepecTPOHKH MpPOLECCOB MPOEKTHPO-
BaHWs U NJIAHHPOBaHH A H COBEPLIEHCTBOBAHH 1 NPOLEAYP NPHH -
THS pellleHHsl, KaK MOsBJeHHe NapoBo3a NoTpeGoBajgo B CBOE
BpeMsl 3aMeHBI TPYHTOBBIX JOPOT JKeJle3HBIMH.

OxBaTHTb BCe BONPOCH], KOTOpPbl€ CBf3aHbi C NMPOLEAYPaMH



NPHHATHA PEIlleHHi NMPU CO3ZAHHH MPOEKTOB M TEXHOJOrHit B
KHHre JIIoObIX pa3MepoB, BepOsiTHO, HeBo3MOXHO. [Tostomy aB-
TOp CTaBUT ce6e 3HauMTE/IbHO Gosiee CKPOMHYIO 3ajiaqy— Hamu-
caTb BBeJieHHEe, KOTOpOE IPH3BAHO NOKa3aTb YHTaTeNiO, UTO
CO3/laHHe CHCTEMBI IPOTPAMMHBIX MPOLEAYP AOIKHO ONHPATHCH
Ha HeKoTopble o6liye MPHHIHIbL,

I. UCCIEAOBAHUE OMEPALIMM
M HEDOPMAJIbHBIE MPOLIEAYPI

Hccneposanue onepaumit. TOT TEPMUH POAUJICS B MOCJEBOCH-
Hele TOfibl, KOrja MoJ omepauHeil cTajqH MOHHMATh Jioboe Ie-
JieHanpaB/ieHHOe JeHCTBHE M BO3HHKJA NOTPeGHOCTb OGBeAu-
HUTb €JMHBIM TEPMHHOM CO3/laHHBIE K TOMY BpEeMeHH NpHeMb
aHa/u3a pas3JIMYHBIX onepauui, NOCKOJbKY MOJOGHBIX 3afad K
3TOMY BpeMeHH HAKOIHJIOCh YiKe HeMaJso. DTo ObLIH 3aJayH O
pacrnpenesieHHH pecypcoB, BbIGOpe MapLIPYTOB I€PEeBO3OK,
OLIEHKH 3(p}eKTHBHOCTH OPYMKHSI M TEXHHUECKMX CPEACTB, 3a-
HauH TEOPHH MAaccoBOro OGC/JYKHBAaHHSI U MHOTHE ApYyrue, Ko-
TOpble BCE CBOAMJIMCH K HEKOTOPbIM CrelUasbHbIM 3afayaM ofl-
THMH3AlHH.

[Tpeanonaranock, YTO Le/b ONMEpaLHH BCErAa YeTKO 3ajaHa
H MOXeT GbiTb CHOPMY/IHpPOBaHA B CJEAYIOUWUX TEPMUHAX]

f (x) = max,

rie f — HekoTopasi cKaJsipHas QYHKLHS, 8 X — BEKTOp, OMH-
CHIBAIOLMH BO3MOXKHOCTH onepupymwuell croponbl. Hanpumep,
B 3aJlayaX O nepeBo3KaX QYHKUUs f MOrJIa O3HAyYaTh HJH CTe-
neHb YIOBJIETBOPEHHOCTH mMOTpebuTeseit (Hampumep, npu Ae-
¢uUHTe NPOAYKTOB), HJIH CTOUMOCTb NepeBO3OK (TOria BMeCTO
MaKCHMyMa c/iefioBaJlo Obl HCKaTb MHHHMYM), a KOMIOHEHTHI
BekTOpa X={x!} — KOJIHUECTBO NPOXYKTa, KOTOPOE CJeAo-
BaJI0 B3ATb K3 Ka)JOro {-ro cKJjaja.

" OnHako Bce 5TH 3ajiau 06/1ajajan OfHOH 0COGEHHOCTBIO, KO-
TOpasi HX KayeCTBEHHO OT/IMYaJa OT 3ajay, H3yyaBIUHXCH O
TOr0 BPEMEHH KJIaCCHYECKHM MaTeMaTHYeCKHM aHa/H3oM. Bek-
TOpP X ObI1 He MPOM3BOJIBHBIM BEKTOPOM, a MPHHAJIEKA/M HEKO-
TOPOMY OrpaHHYEHHOMY 3aMKHYTOMY MHOxecTBY, Hanpuwmep,
KOJIMYECTBO MPOAYKTa, KOTOPOE MOXKHO GBIJIO B3SITh C {-T0O CKJla-.
Ja x!, He JO/KHO GbLIO GBITH GOJIBLIMM, YeM OGBEM MPOAYKTA X;
Ha CKJaje, T, €, MMeJIH MeCTO OrpaHHYeHHsl THNA HEPaBEeHCTB:



Otn 3ajayn TpeGoBa/H. OTHICKAHHSI IKCTpeMyMa (yHKUMH
f(x) na HexoTopom MHOKecTBe G, KOTOPOE MOTJIO GhITb H 3aMKHY-
ThiM. Takoii dakt 6yaem 3anuceiBaTh B ciepyloweii dopme:

fo =, max (1)

Tlopo6uas ¢dopMynupoBKa oTBeyasa TOMY €CTECTBEHHOMY
YCJIOBHIO, YTO KOJIHYECTBO pecypca, KOTOPoe HaXOAHTCH B pac-
NOpSIXKEHHH onepHpylolel CTOPOHEI H KOTOpPOe OHa MOXET H3-
pacxooBaTh AJIs IOCTHIKEHHSA CBOEil L€/, BCeria OrpaHHyeHo,

3anauu, BOHHKILME NPH HCCIEJOBAHUH Onepauuii, npuBeJaH
K MOSIBJIEHHIO HOBLHIX pPa3fe/loB NPHKJAAHOH MaTeMaTHKH —
JHHEeHHOro, HeJNMHeHHOro, AHHAMHYECKOro, AHCKPETHOro Npo-
rpaMMHpoBanHsl. BosHMK HOBHI pa3jes TeOpHM BeposITHOC-
Teil — CTOXacTHYeCKOe NPOrpaMMHpOBaHHe, NOSBUJOCH H MHO-
roe Ipyroe.

Pa3puTie MeTOOB. pellleHHsI ONTHMHM3aLHOHHBIX 3ajay Chl-
rpajo 6o/bliyil0 pPosib B Pa3BHTHH PasHbIX AUCUHIJIHH, H
npexje Bcero 3KOHOMHKH. Bce OCHOBHLIe JOCTHIKEHUS COBpe-
MEHHOH 35KOHOMMKO-MaTeMaTHYeCKOH HayKH TaK MM HHaue
CBf3aHBI C HCNOJb30BaHHEM METOJOB HCC/e0OBaHUSA onmepauHii.
Muorue 3apy6exHble aBTOPHI CKJIOHHBI JaX{€ CYUMTaThb 3KOHO-
MHKO-MaTeMaTHYeCKHe MeTOIbl CKOpee 4YacTbio MCCJeJOBaHHSA
onepauni, HexenH paslesioM SKOHOMHYECKOH HayKH.

Oyukuusa f(x) u3 (1) HocuT HasBaHHe GYHKUMH LeJH MM
neseBoii GyHkuuu. Ha nepBoM 3Tane, 3Tame CTaHOBJIEHHS HC-
CJlelOBaHHs onepauuii KaK AMCLHMIJINHBI, NpeAnoaranoch, 4To
¢yHkuMs f(x) sagaHa Tem HAHM MHBIM 06pasoM M3BHe. 3ajaua
CTaBUTCSl KEM-TO, HaNpHMep OnepHpyIollell CTOPOHOH, B HHTe-
pecax KOTOpOH OHa M pellaeTCs, a MCCJeNOBaTe/b OnepaLuu
JIOMXKEH H3YYHTh YCJOBHUS LOCTHXKEHHS LeJH, T. €. U3YuHThb
BCE OrPaHHueHH s 3aauH (B Hallueii TEpPMHHOJIOIHH ONUCaTh MHO-
xKecTBO G) M NMOCTPOMTDb NPOLEAYPY PElUeHHs, T. €. OThICKaHHsA
3KcTpeMyMa GYHKUHH f(x) Ha MHOXecTBe G.

Takum o6pasoM, yxe ¢ caMOro HayaJjla MccJeJOBaHHe one-
pauuii NMpeACTaBJSIOCh KaK HEKOTOpasi CHHTeTHYecKasi AHC-
LIHMIJIHHA, B KOTOPOH 0ObeAHHEHO HedopMabHOe HayaJlo — Co-
AepKaTeJbHOe H3yyeHHe YCJOBHil 3ajayd W ¢opmasnbHoe —
NOCTPOEHHE METOA PelIeHHs ONTHMH3aUMOHHOH 3ajauH.

Onnako yxe oyeHb CKOPO CTaso $iCHO, 4TO NoAoGHas «Ka-
HOHHYEeCKasi» TPAaKTOBKa NpeiMeTa 3aBEeIOMO HeJOCTaTOYHA.
B camom aienie, ocHOBHLIE 3aaUH HCCJIeIOBaHH s ONepaLyi Bcerja
MHOTOKPHTEPHAJ/IbHEIE, H Onpefe/enHe GYHKLUHH LeTH He MOXeT
CUMTATbCS 3K30TeHHOH NMpoueAypOi, & JOMKHO ObITb BKJIOYEHO
‘B MCCJIElOBaHHe, '
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- Tlpexne Bcero 3ameTum, 4TO Aaxe 3afauy (1) MoxHO pac-
CMaTpHBaTh KaK YaCTHBLIH CJy4ail MHOrO3KCTpeMaJsIbHOM 3aJayH.
IleitcTBHTeNIBHO, YyCa0BHe X € G — 3TO TOXKE HEKOTOpas leb.
BBsenem HOBYIO Ue/IeBYI0 QYHKIHIO, HalIPHMeP, MO CJAEAYIOLIEMY
npaBuJy:

1, ecau x € G;
f1(x)= —
0, ecan x €G.

Torma HcxoaHyIo 3ajadyy HMCC/eJOBaHHSI ONepalLuii Mbl MO-
xkeM copmyJsiHpoBaTh B cielyrolled (opMe: HAlTH TaKOH Bek-
TOpP X, KOTOPBHIH ONHOBPEMEHHO JOCTaBJ/f/M Gbl MaKCHMaJbHOE
3HaueHHe o0euM QyHKUMAM: f,(x) u f(x).

B ofueM ciyyae MHOroueJeBasi 3ajaya MaTeMaTHYeCKOro
cMmbIc/1a He HMeeT. B camom nesie, o603HaunM yepe3 Q u Q, MHo-
#ecTBa MaKCHMYMOB pyHKumii f(x) u f,(x). OueBuaHo, uTO pe-
IUEHHE 3aJlayd He CYLUECTBYET, eC/M MHOXectBa Q M Q, He
Tepecekatotcsi. Hanpumep, ecau ¢yukuun f(x) u fi(x) yuumo-
HaJbHBl M TOYKH, € 3TH (YHKUHMH HAOCTHTAIOT MaKCHMYMOB,
He COBMAjaloT, TO, OYEBMAHO, HE CYLIECTBYET TaKOro 3Haue-
HHSL X, KOTOpOe [aBajio Gbl OJHOBPEMEHHO 3KCTPEMaJsbHOE 3Ha-
YeHHe 0GeHM ¢yukuuam. Eciun ke Q ) Q, 5= &, 10 3anaua cBo-
IOHTCS K OTHICKaHHIO 3KCTpeMyMa Ha MepeceyeHHH 3THX MHO-

KECTB:
== Q n Ql'

B 3agauax, KoTopnie MOJOXKHJ/IH HAa4yaJI0 HCCeJOBaHUIO one-
pauui, cO6CTBEHHO roBOps, TaK H 0OCTOSJIO JeJ0: Pa3biCKHBAaJI-
csi MakcUMYM yHKuMH f(x), KoTopasi Gbljla YHHMOJAJbHOM Ha
MHOXKECTBE MaKCHMYMOB (YHKUMH f,(X) — MHOXecTBe Q,.

Ho B mpakTHyecKux 3amayax, NOMHMO IeJieBOi (QYHKUUH
tHna f,(x), onucebiBalolleil orpaHuueHHs, BO3HHKaJH JOMOJ-
HuTesbHble Lend. Hanpumep, B TOH ke 3ajaue o nepeBo3Kax
oOblyHO TpebyeTcsi He MpocTo obecneyuTb MNOTPEGHOCTH, HO
ele H MHHUMH3HPOBaTh PpyHKuUHMIO 3aTpaT F(x) = min, T. e. TH-
NHYHO# ABJseTCH He 3ajayva (1), a 3agava (2):

f (x) = max; 2)
—F (x) = max.

dra 3ajaua B oTJIHYHe OT 3aauu (1), Kak npaBHJIO, peLIeHHs
yxe He umeer. B camom aene, yem 6oablue 6yRyT 3aTparthl, T. €.
yeM MeHblue ¢pyHkuusi —F(x), TeM Jyylle MBI MOXeM YJOBJIeT-
BOPHTb noTpeGHOCTH. O6e LeaH OKa3LIBAIOTCS MNpPOTHBOpeva-
IIHMH APYT ApYyry. 3aMeTHM, 4TO 3TOT (aKT Halles CBOe Bblpa-
KeHHe B pacnpocTpaHeHHOH ¢pase: AOOHTbCA MaKCHMYMa mpo-
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M3BOJCTBA C MMHMMYMOM 3aTpaT. OHa CTPOro HayYHOTrO CMBIC/NA
HE HMeeT, H60O MMHHMYM 3aTpaT — HYJb, a HYJIEBBIMH 3aTpa-
TaMH NPOHM3BECTH KaKYIO-JHGO MoJesHylo paboTy HeJb3sl.

U sta THNMYHAs CHTyauusi MOKas3bIBaeT, UTO, JaXKe 3Has lie-
au (KeJIaHHs) omepHpYIoleil CTOPOHBI, HCCJIeIoBaTelb onepa-
IHH ellle He MOXET MPHCTYNHTb K CBOEMY ¢OCHOBHOMY JAeNy»:
PeILeHHI0 ONTHMH3aLHOHHON 3aJauH.

Ho kak c¢opMy/upoBaTh €IMHYIO L€/b, €CH KPHTEPHEB
MHOro:

Fi(9) = max; fo(x) = max; ..; fa(x) = max,

a pecypc AJA WX JOCTHXKEHHS! HaXOAHTCS TOJNBKO B COIHHX PY-
Kax»? M XoTa MaTeMaTHKa He MOXKET JaTh OJHO3HAYHOI'O OTBETa
Ha 3TOT BONPOC, OHa MOXKET MOMOYb NPHHATb pelleHHe W cle-
JaTh NpaBHJbHBIA BbIGop! O6 3TOM HuXKe.

Bropas TpyaHocTs, ¢ Kompon CTOJIKHYJIOCh HCC/IefOBaHHE
onepaunii yxe B CaMOil Haya/IbHOM CTauK CBOErO PasBUTHS, —
HaJnuyve HeonpefeseHHocTell. C OZHMM THIOM HeOMpejeJieH-
HOCTH MBI YK€ CTOJIKHYJIHCb — 3TO HeonpeJeJIeHHOCThb LeJei
(menannu) Hanpumep, KenaHHe riaBHOrO KOHCTPYKTOpa ca-
MOJIETOB — J0GHTBCS TOT®, YTOGbI €r0 CaMoJieT GblI CAMBLIM CKO-
POCTHEIM, CaMbIM BBICOTHBIM, CaMbIM HaJe’KHBIM H K TOMY e
cambiM JelieBbiM. Ho Belib 10GHTbCS BCero 3TOro OXHOBPeMeH-
HO HeBO3MOXHO B npuHuune! PeajibHasi KOHCTPYKUHSA BCeraa
6y,ueT KaKHM-TO KOMIMIPOMHCCOM, KaKHM-TO COUeTaHHeM Tpebye-
MbIX ‘KauectB. Ho Kakux — KOHCTPYKTOp 3apaHee He 3HaeT.
B 3TOM H COCTOUT OJIHA U3 TpareiHii MHOTOKPHTEPHATIBHOCTH —
HeonpefieJIeHHOCTh LieJy.

Jlpyroii THN HeompenesleHHOCTH Mbl 6yJeM Ha3blBaThb He-
onpejesieHHOCTbIO NpHPOALI. IIpeAnosoKuM, YTO MbI 3HaeM
Hally leJb, HampHMep, Mbl XOTHM TaK INPOJIOKHTb MaplupyT
H pacnopsAHTbCS HMEIOUMMCS 3amacoM roproyero, YTo6bl Halll
camoJIeT Kak MOXHO ObicTpee nosieten U3 Mocksul jo. Bnaau-
BocToka. Ho Bpems nosieta T GyJer 3aBHCETh He TOJIBKO OT Hac,
HO ellle U OT NOTOAbI Ha Tpacce, T. €.

T =f(x7 a),

rie ¢ € G — HeKoTOpHIii mapameTp, KOTOPHIH Mbl 3apaHee He
3HaéM M He MOXKEeM KOHTPOJIHPOBaTb, a BbIGOpP X — Hallero
cnocoba JedcTBHi, KOTOpHIH HaMm ofecneuyBaeT MHHHMaJb-
Hoe 3HaueHHe T, GyfleT CYLIECTBEHHO 3aBHCETb OT Q.

Tpetu#i THN HeonpeleJeHHOCTH — peanbHbIH  «MPOTHB-
HUK». §1 HapoOuHO B35/ CJIOBO B KaBRIYKH. PeaysbraT Hammx
JIefiCTBHII MOXKET 3aBHCeTb OT AeficTBHH Apyroro ymua. M stot
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ApPYrofi He BCeria NPOTHBHHK — OH MOXET ObiTh M HalUHM
apyrom. Ho y Hero ectb Kakue-To CBOH LieJH, KOTOPEIE Mbl MO-
J)XeM W He 3HaTbh., U OH, JaXe€ KeJlag HaM INOMOYb, MOXKET He
SHATh HALIKX leJed. H choBa snauenne nesneBolt pyHkumu f
OyneTb 3aBHCETb He TOJILKO OT Hallero BbIGOpa. X, HO H OT BhI-
6opa y, 2, ... APYTHM JHLUOM (CYGBEKTOM): ‘

f=f(x’ Y, 2, ...).

a5 Toro yTto6bi MpeoaoneTb STy HEONpeNeNeHHOCTh M Jo-
6paTbCsl A0 MaTeMAaTHKH, Mbl JOJKHbI GyJeM BBOAHTb KaKie-
JAn60 THNOTE3bl O NOBEAEHHH APYTHX cy61>emon.

Takum obpasom, HcclleoBaHHe onepauuii — HayKa O NMpH-
HATHH pelleHHH Heo6XOoAMMO NOJIXKHA ONHPAThCs -Ha Hedop-
MaJIbHBIH aHa/Ii3, yMeTb CTPOHUTb BO3MOXHLIE THIIOTE3bl, HC-
NoJIb30BaTh Pe3yJIbTaThl IKCNIEPTHLIX OLLEHOK U T. A.

Bosmewnbie THRb runote3. «HccienoBanne onepauniiy no-
HEMHOTY HayaJio npeBpallaThCsl B HEKOTOPYIO CHHTETHYECKYIO
JMCUMIINHY, OMHpAIoILylocsl He TOJBKO Ha OOLIMPHBIA MaTe-
MaTHYeCKHH annapar, HO M Ha LeJblil Pl METONOB NpeoaoJie-
HusA HeonpesenenHocteii. Ilokoinbiil, 1O. b. I'epmeiiep — op-
raHH3aToOp W MNepBblii .3aBeAyloiluii Kadeapoi HccleNOBaHHsS
onepaunii B MI'Y — BBen name CrneuHaJbHbIi TEPMHH «Teo-
pHS HCCJIeOBaHHSI onepauuiiy *

B pamkax Teopuu uayanmu,, B YaCTHOCTH, Pa3jHUHble
cnoco6bl NpeojioNeHnsi HeonpeneJeHHoOCcTeH, HeOOXOAHMblE AJS
STOrO THNOTe3Hl M CBOHeTBa pelleHHH, UM YHOBJETBOPSAIOLLIHE.

OcTaHOBUMCSl 3]1eCb Ha HEKOTOPHIX HaubGoJiee YnoTpe6H-
TeJbHbIX Crnoco6ax npeojoJieHHsi HeonmpeneJeHHOCTEH.

HauneMm cHavana ¢ npoGnembl HeonpeleJeHHOCTH LeJel, ¢
o6CyKleHHs1 TOro cJiyuasi, Korja nepej HccJeloBaTesieM omne-
pauHH CTOMT 3afiaya BeiGopa cmocoba HeHCTBHsI (BEeKTOpa X),
ofecneynBalollero MaKCHMaJlbHoe 3HauyeHHe (YHKUMOHaIaM!

fl(x)a fz(x)’ vevy fN(x)'

Jiuneilinasa cBepTKkKa. Buecto N pas/HuHHIX KpH-
TepHeB NpeAsaraeTcsi paccMaTpHBaTh OLHH KPHTEPHil BUIa:

N
F@x)= 2 ¢ifi (x), d)

i=1

Tie ¢; — HEKOTOpbl€ NOJIOXUTEJbHbIE YHCJA, TEM WJIH HHBIM

*€m.: JO.65. Tepmeitep. MatemaThyecKas TeOpHA -HceNeROBa--
Bus onepaunt, M,, «Haykay, 1971, ' )
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o6pasom HOPMHDOBAHHbIE; HaNPHMeP, eciH fi(x) — Gespas-

MepHbI, TO 20,- =1.
=1
Takoit cnoco6 cBepTKH SKBHBATEHTEH paHXKHPOBAHHUIO KDPH-
TepHeB (LeJeBbIX (QYHKUHH), TaK KaK BeJHYHHBI C; MOKa3bi-
BAIOT, HACKOJIbKO H3MeHseTcs leseBasi GYHKuus F npH Hame-
HEHHH KPHTEPHsI C HOMEPOM i Ha eJUHHLY:

oF

‘=
KoshHuuueHTsl ¢; — pe3y/bTaT 3KCNepTH3bl, OHHU OTpa-
JKAIOT NPeAcTaBjieHHe ONepHpYlollell CTOPOHBI O COfepHKaHHH
KOMIIPOMHCCA, .KOTOPbIH OHa BbIHYXKA€Ha NpPUHATb. 3HAYHT,
ColepXKaHHE KOMIIDOMHCCA COCTOHT B DAaHIKHPOBAHHH CBOHX
neneii. Takoe paHXXHpDOBaHHe, pa3yMeeTCsi, NpeLCTaBJseT
coboii fajieKoO He YHHBepcaJbHbIfl croco6 npeofoJsieHusl Heom-

penesNeHHOCTH LeJeH.

Hcnoapr3oBanue KOHTPOJBHB X LHGD.
OueHb yacTo B 3ajlayax IJIAHHPOBAHHA H NMPOEKTHPOBAHUS 3a-

. *
JlaeTCsi HeKOTOpasi CHCTeMa HOPMATHBOB: fi, fa, ..., fx. DTO 3Ha-
YHT, HalpHMeEp, YTO NMapaMeTpnl Gyayiuen KOHCprKan JOMK-
Hbl ObITH TaKOBbl, YTO

fi (x) = max mnpu ycnosun f, (x) = f, .

B Takux ciyyasx meseBylo QYHKUHIO YAOGHO NpeAcTaBHTb

B ¢opme:
f‘

H HCKaThb BEKTOP X, KOTOpBIi 00ecneyHBaeT MaKCHMAJbHOE
aHauenne F(x). CMbica 3Toro mocratouyHo mpocT. [Ipu paHHOM
8HaueHHH BeKTOpa x BeJMuHHa F(x) naeT HaMm 3HayeHHe HAUXYA-
mero W3 nokasarenei f;(r). 3uauut, ycnoBue F(x)=> max
03HauaeT BLIGOP TAKOH CHCTEMBI KOHCTPYKTHBHBIX NMapameTpos
X, KOTOpasi MaKCHMH3HPYeT OTHOLIEHHE i-TO peasibHO NOCTHTHY-
TOrO 3HaYeHH KPHTEPHS K ero KOHTPOJBbHOMY 3HAYeHHIO.

3nauenus [;, ec/li OHH eCTKO He 3aJaHBl, TAKKe MOLYT
ObITb OmpefiesieHbl B pe3yJsbTaTe SKCNEPTHOTO Onpoca.

Kputepuu B dpopme (3) u (4) 06/1a1a10T C/IEAYIOIHM BaXKHBIM
AocToHHCTBOM. IIpeanosioxkum, 4To OrpaHHYeHH s, HaJIOXKEeHHble
Ha BbIGOD KOMIMOHEHT BEKTOPa X, SBJIAIOTCA JIMHEAHBIMH:

Zaxt < by, (5)
TaK xe Kak H QyHknusa f,(x)=2Zd,x°,

LU

F (x) = min L& )
{



Torza 0ueBHAHO, UTO 331a4a BLIGOPa C HCHOJIb30BAHHEM KpPH-
TepHus (3) CBeAeTCS K 3ajlaye JIHHEHHOro NporpaMMHpOBaHMA:
onpeie/MTh MAKCHMYM JIHHEHHOH (OpMBL:

F (x) =2 2 cid,yx* = max
s i

npH JNHHEHHBIX orpaHHyeHHsAX (D).
Kputepuii (4) npu 3THX ycnoBHsiX 00JialaeT TeM Ke CEROii-
CTBOM. JTO JIETKO.NOKa3aTb, HCNOJb3Ysl HOBYW LEPCMCHHYIV:

V = minfL& i)
I f' .
Torpa, oueBHAHO, K OrpaHHYEHHAM 100aBsITCA ellle ¥ TaKue:
filx) = Vi, . (6)

M MBI npuzeM K caenyollei 3ajaye JHHEAHOTO NpOrpaMMHu-
pOBaHHs: onpele/UTh MAKCHMYM N0 X CKaJsipa V, yJIOBJETBO-
psiiolero orpanHyeHuaM (5) u (6). B

KomnpoMmuccn IlaperTo. Crankusasch ¢ MHOro-
KPHTEpHANbLHBIMH 3aJjadyaMH, €CTEeCTBEHHO MCIHITHIBAaCllb JKe-
JlaHHe HalTH crnoco6bl CBENEHHs HX K OGLIYHBLIM OXHO3KCTpe-
MaJIbHBIM 3afiayaM. TH cnocobbl, pasymeeTcsi, JOJKHB HOCHTD
HeopMaJIbHBI XapaKTep, H60 OHH He MOryT GbITb NOJIYYeHb
KaK pe3yJbTaT pelleHHsl KaKOH-JH60 MaTeMaTHYECKOH 3ajauu.
Mb yxe paccMoTpenn aBa TakMX cnocoGa, OCHOBaHHHIX Ha
onepalHuH CBepTHIBAHHS KpHTEpHEB.

Ho x anann3y MHOrOKpHTepHA/NbHBIX 33]1a4 MOXKHO NOAOHTH
H C APYTHX NMO3HLHH: MOXKHO NMONBITATECS COKPATHTb MHOXKeECT-
BO HCXOAHBIX BapHAaHTOB, T. €., HCKJIOYHTb U3 HedOpMaJIbHOro
aHa/JM3a Te BapHaHTH pelleHHH, KOTOpLie 3aBeioMO GYAYT
njoxu. PaccMOTpUM OZMH M3 NOAOGHEIX MyTel, NpeAoXKeHHbIH
H3BECTHLIM HTaJbHCKHM 3KoHOMHcTOM Ilapeto B 1904 rony.

IpeanonoxuM, 4TO MBI CAesall HEKOTOphIl BbIGop. OGo3-
HauuM €ro yepes x* H NPELNONOKHM Jajee, YTo CYLIECTBYET He-
KOTOpHIH ApYyroil BHIGOp X, TakKo#, 4TO AJsi BCEX KPHTEpHEB
fi (x) UmeloT MecTO HepaBeHCTBa:

fix) = fulx). (7

OueBuHO, UTO Bbl60p " npeanouytuteabHee x*. IlosTomy
BCe BEKTOPHI: X*, yJOBJIETBOPSIOLIHE 3TOMY HEpPaBeHCTBY; cJe-
JyeT Cpa3y HCKJIOYHTb M3 paccMoTpeHusi. VMeer cMbics 3a-
HHMATbCS CONOCTABJIERHEM, MOABEPraTh HeopMasIbHOMY aHa-
JH3Y TOMBKO Te BEKTOPH X, A/ KOTOPHIX HE CYIECTBYET X,
AJsl BCeX KPHTepHeB, YJOBJIETBOPAIOWMX HepapeHcTBaM [7].

1



MuoKecTBO BCeX TAKUX 3HAYEHHHA X HA3BIBAIOT MHOMECTBOM
Iapero.

IMpexnosnoxxum, yto wesau cyObeKTa ONMPEAEAIOTCA ABYMS
OfHO3HAYHBIMU (PYHKIHSIMH:

fi (x) = max;
fa (X) = max.

Toraa KkaxaoMy JONYCTHMOMY 3HAUYEHHMIO [EPEMEHHOM
x € G otBeyaer ogHa TouKa Ha maockoctd (fy, fs) (puc. 1), u

paBeHCTBa
fir="FH0x); fs="F: (¥

OfipeJie/IAIOT MapaMeTPUYECKOe 3aJlaHHE HEKOTOPOH KPHBOIl
abcd. K mHoxkectBy IlapeTo MOMKHO OTHECTH TOJBKO YYacTKH
ab v cd 310it KpHBOH. Y4acToK bc, OUeBUAHO, HE MPHHALIEHKHUT
K MHOXecTBY [Tapero, mocKo/bKYy BMecTe ¢ PocToM f, mpomc-
XOMHT H pocT fo. Takum o6pasoM, Ha 3TOM YYacTKe H3MEHEHHIO
nepeMeHHO# Xx OTBeyaeT OJHOBPEMEHHOE YBe/HYeHHe O6eHX
ueneBblX GYHKUMH, H, CJelOBaTe/bHO, TaKue BapHaHTH pe-
IWEeHHH MO/IKHBI ObITh CPa3y HCKJ/IOYeHbl H3 JaJjibHeMLlero pac-
CMOTPEHHH.

B’ Teopuu NpUHATHS pelueHHH CYWECTBYeT TEPMUH NPHH-
uun [Tapero», 3akiouatomuiics B ToM, YTO BbIGHPATh B KayecT-
Be DPELUeHHS CJIeAyeT TONbKO TOT BEKTOP X, KOTOpbIil MpHHaA-
JexuT mHoxecTBY [lapeto.

INMpunuun ITapeto He Bbiae/sieT efHHCTBEHHOrO peLLeHHSs,
OH TOJIbKO CyIKaeT MHOXeCTBO a/ibTepHaTHB. OKOHYaTe/bHblil
BBIOOp OCTaeTcs 3a JIMIOM, NpPHHHUMAIOWKMM pewende. Ho mc-
CJlefoBaTe b, MaTeMaTHK, MOCTpouB MHomecTBo Ilapero, ko-
HeyHo, ofJ/ieryaeTt npoueaypy BoiGopa pelueHHs.

%

Puc. 1.
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Mpunuun Ilapeto Hrpaer oueHb BaXkKHYIO poOJib B aBTOMA-
TH3aLKH NPoeKTHpPoBaHHUs. [TpennoiokuM, HanpuMep, YTo peub
HIET O NPOEKTHPOBaHHH BOAOXO3sIHCTBEHHOTO KOoMIlekca. B pe-
3yJbTaTe CO3JaHHs STOrO KOMIJIEKCA MOSBHTCS BO3MOXHOCTb
06eCcneynTh BOIOH HECKOIBKO KPYNHBIX NPOMBILIEHHEIX H CeJb-
CKOXO3SIICTBEHHBIX KOMIJIEKCOB M TEM CaMbiM MOBLICHTb HX
sapdekTuBHOCTb. HO OnHOBpeMeHHO BO3HMKaeT M Lesblll psj
OTpHLATeJIbHLIX sBJeHUi. BoJbluas niowans BOAOXpaHHAHMIL,
'KOTOpasi Heo6XoAuMa /sl PEeryJsipHOil paGoOThl THAPOKOMILIEK-
ca, NPHBOJHT K 3aCTOHHBIM sIBJIEHH M, GOJIbIIMM NOTEPSM BOJK
Ha McrnapeHue U T. 4. [lToMMMO 3TOro, yMeHblueHHe KOJHYECTBa
BOJIbl B PEYHOH CHCTeMe yXYAILaeT YCJOBHs PLIGOBOACTBA H CY-
JOXOACTBAa, & CTPOMTENBCTBO TNPOMBILIJIEHHBIX KOMIJIEKCOB
yBeJIHYHBaeT 3arpsidHeHHe H, CJIeJOBaTeNbHO, YXYAIIaeT Ka-
YyeCTBO BOJAbI, MocTynaiouieil Ha neJisi, U T. 1. OXHHM CJIOBOM,
CHTYallisl OKa3blBaeTCsl NPHHLUHNHAJIBHO MHOTOKPHTEPHAJILHOH,
e/H TPOeKTHPOBHUIMKA MOTYT GbITh BLINMHCAHBI B BHIE:

fl (x)=> max’ i = ]’ 29 srey No

TIpoeKTHPOBIUMK OKa3blBaeTCs nepel HeoOXOAHMOCTBIO MC-
KaTb Komnpomucc. Ml ogHHM M3 myTeil OTHICKaHHSI 3TOTO KOM-
npoMucca. 6yfer noctpoeHHe MHoxectBa Ilapero, u3yuenue
‘KoToporo jaeT Gosbluylo HH$opMmauuio. JIuuo, npHHHMalowiee
pelleHHe, BHIHT, B YaCTHOCTH, CKOJIbKO «CTOHUT» YBeJHUEHHe
OIHOrO M3 MNOKa3aTesel, Kak OHO OT3BLIBA€TCH Ha OCTaJIbHHIX
nokasaTeJisiX, 3HaueHHe KOTOPHIX HelpeMeHHO YXYJALIaeTcs.
3To MHOXKECTBO OKa3blBaeTCsl, KaK NPaBHJIO, BeCbMa CJIOMHON
npupoabl. Ero aHanu3 HHTYHTHBHBIM METOJOM BPSIA JIH OKasbl-
BaeTcsi BO3MOXKHBIM.

Ho nomumo kpuTepueB f;, B pacnopsikeHHH NpPOEKTHPOB-
IlMKa ecTb OOBLIYHO ellle HEKOTOphf oOwWHii Kputepuit F(x).
Huorza oH ObiBaeT ¢opManH3oBaH, 3anHcaH B SIBHOM BHJE.
Hanpumep, TakuM KpHTepHeM MOeT ObiTb CTOMMOCTb MpoO-
ekTa. B aToM cayvyae HccaenoBatedsio onepauuii npeacTap/iseT-
csl BO3MOXKHOCTb PELIMTh 3ajauy A0 «KOHUa». Jlas 3TOrO emy
JIOCTAaTOYHO ONpPERENHTh BEKTOP X, KOTOPHIN JaeT pelleHue sa-
naun: F(x) = max nmpux € P (fy, ..., fy)N G, rme P(f,,

..+ [y) — MHOXectBO Ilapero ans ¢yHKuHonanos f;, a
G — MHOXeCTBO IONYCTHMBIX BeKTOpoB x. Hanpumep, B cay-
yae BOJOXO3s1HCTBEHHOTO KOMILJIEKCa MHoxkecTBo G onpeje-
N5€eTCA  pacnpejiesieHHeM . BObl IO 06beKTaM X!, TPH KOTOpOM
€e KOJIHYeCTBO He NpPeBOCXOAMT NputoKa Q (f).

IIpyHUUTM rapaHTUPOBAHHOIO pPe3yhb-
TaTa. PaccMOTpHM npHpOAHYIO HeonpeaeeHHOCTb— Heonpe-
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AeNleHHOCTb HalMx 3HaHuf. [TycTb neseBast QyHKUMA HMeeT
Bua: f(x)=f(x, &). 3necb x — B o6LIeM c/lyyae BEKTOp, BbIGOP
KOTOpOrO 3aBHCHT OT Hac, NnpuueM x € G (Hanpumep, ecju
x — pecypc (ckaasip), To ¥ € [0, cl, rae ¢ — ero npegenbHO
HONYCTHMOe 3HaueHHe); o — (aKTop, KOTOPbifi HAM HEeH3BeCTeH
(norona, pbiHOYHBE LEHHl H T. A.). B Hallem pacnopsixeHuu
ecTb TOJbKO onHa HHpopmauus: a € G,, rae G, — HEKoTo-
poe_OrpaHHWYeHHOE MHOMXECTBO.

B 3Toii cuTyauuu cienyer pasiuyath CJeAyIoLHe ABa Kpaii-
HHX cJyYas:

a) BbiGop x npoOM3BOAHTCS MHOFOKpPaTHO, o — CJyyaiHas
BeJIMYMHA, 3aKOH pacnpejeieHHsi KOTOpPOo# K3BecTeH. Torja
3HayeHHe (PYHKIHMH TakxKe GyJeT HEKOTOPOil clyualiHOi BesH-
yuHO#H. 3Jech MCXOAHYIO 3ajauy [ => max cJepyer 3a-

MEHHTb HEKOTOPOH BeposiTHOCTHOH. OGO3HayuM yepe3 a. cpea-
Hee 3HayeHHe cJayvyaiiHOH BequuuHbl. EMy Gyaer oTBeuaTh He-

KoTopas pyHKuus f*=f(x, &), KOTOPYIO MBI MOMEM HCMOJIb30-
BaTb B KayecTBe HOBOrO KpHTepHsi. 3aMeTHM, 4TO NOAOOHas
3amMeHa GyJeT HeKOTOPHIM HeOpMasbHBIM aKTOM H f* B o6LieM

c/llydae He PaBHO CpeflHeMY 3HAUYeHHIO f.

B 3To#t cuTyauuu MoryT GbiTb H ApYrue cnocobbl CBeaeHHUst
HCXOHOH 3ala4uH K HeKOTopoii BepositHocTHO#. Ho B sioGom cary-
yae OHH He GYAyT CTPOrHMH MaTeMaTHUYeCKHMH ONepauHsiMH, a
O6yayT onupaTbCs Ha MpeAmnoJsioxKeHue, YTo BbIGOP MapaMeTposB,
NPOU3Be/leHHbIH COTJIaCHO HOBOMY, BBEIEHHOMY HaMH NpaBHJY,
obecneynHBaeT Halleil CHCTeMe XeJjlaeMoe KayecTBo.

6) Bribop x — onHOKpaTHas onepauusi. B sTom ciayyae vH-
dopmaiHus 0 TOM, YTO & — cJyyaiiHasi BeJIM4HHA C H3BECTHBIMH
CTaTHCTHYECKHMH XapaKTepHCTHKAMM, MNPAaKTHYECKH HHYero
HEe MOXeT AaTh, H6O MapameTp o B HallleM OJHOKPAaTHOM OfbITe
MOXKET NPUHATH J060e 3HayeHHe. 10 06CTOATENLCTBO HE BCer-
Jla JOCTaTOYHO OTYETJIHBO NOHMMaeTcs. IIpeanonoxeHus o ToM,
yTo o paBHO O uau 10'° B paBHO# CTeneHH SIBASIOTCA THMOTe-
3aMH, KOTOpbIe OCTAIOTCS Ha COBECTH HMCCJ/Iel0BaTe/Is onepauui.
Ho Bor nndopmauusi o Tom, uto o € G, MOXKET CJAYKHTb HC-
TOYHHKOM ILIeJIOr0 Psiia Ba)KHLIX 3akJioyeHuil. Ilpexae Bcero
OHAa JiaeT BO3MOXHOCTb MOJIyYHTb TapaHTHPOBAHHYIO OLEHKY.

Tak kak pas soboro x  f (x, &) =min f (x, &), TO 1 AJs
Joboro a:

f* = max min f (x, @) < max f (x, ).
X  0EGy x
Takoe f* Ha3blBaeTCsi rapaHTHPOBAaHHON OlEHKOM (rapaHTH-
pyloleit crparerueii) B ToM CMbIC/IE, YTO, KaKoBO Obl HH GbLIO
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o, TapaHTHpyeTcsl TakoH Bei6op X = x*, uto npu Jio6oM o
3HayeHHe UesneBOH (QYHKUHH OyleT He MeHblue, ueM f*. Ias
NoJyYeHHS! TapaHTHpYIoOLlell CTpaTerHH HEOGXOAMMO pEIUHTDb
cleayioliye 3afauyd ONTHMH3ALMH:

1) BhlyMcanTs min f (x, @) aas Jawo6oro x; B pe3yabTarte
: a€Gy

GYAYT HaljeHb -
a=oa*x) u ) =7[(x a*x)
2) BblyHcauTL max f (x, a* (x)); B pesyabTaTe 6yAyT on-
X

peneneHl x = x* u f* (x*).

[apaHTHPOBaHHYIO OLEHKY MOXHO 3HAYHTeJbHO YJYyY-
IUNTb, €CJH 3HAaThb 3apaHee, YTO B MOMEHT «JAEHCTBHS» HJIH
«onbiTa» OyJeT H3BeCTHA BeJHYHHA mapametpa o.. Omnpenennm

3HauenHe QYHKUHMH X = X (@) Takoe, YTO AJs JIOGOro o OHa

Aaer max f (x,a) =f (x (&), @) = [ (@).

x -

BhiyHc/IHM 3aTeM Takoe & = o, KOTOpoe onpepefsier

min [ () = f (@) = min max | (x, a).
a€Gy, a x

IockonbKy f (@) = f* (@*), To uHdOpMauHs O ToM, uTO
B MOMEHT NPHUHATHS pelleHHs Mbl GyleM 3HATb BeJHYHHY He-
onpeneneHHoro ¢:akTopa, HanpHMep COCTOSIHHSI NMOTrObl, NO3-
BOJINET MOJYYHTb HOBYIO FapaHTHPOBAaHHYIO OLIEHKY, HO 6oJsee
«coBeplieHHylo». Ho B.3TOM ciyyae rapantupyioueit crpare-
ruell GyJeT He BeKTOp X = x*, a HeKOoTOpass QYHKUHSA:

x = x(a).

HeonpepeneHHOCTH, CBSi3aHHbIE C AKTHBHBIM MNAPTHEPOM.
B Teopuu muccrenoBaHus onepauuii ocoboe MeCTO 3aHHMaeT
H3yueHHe CHTYauHuil, B KOTOPEIX YU4aCTBYIOT MHOIO CYGHEKTOB
(MHOTO OnepUpYIOUIHX CTOPOH), NpUYeM KaXAblA M3 HHX
CTPEMHTC HOCTHYb CBOEH LeJH:

fi (x4, %3, ..., xy) => max
Xi

M HMeeT JJisi STOrO Onpejie/leHHble BO3MOMHOCTH, KOTOpHIE
ONHCHIEAIOTCA BEKTOpoM X;, X; € Gy.

3ameTnM, uTo GOpMaJIbHO 3Ta CHTYaLHs BKJIOYAeT ‘B cebs
npo6seMy MHOTOKPHTEPHA/NBHOCTH,  TPEOYIOUYI0  OThICKa-
HHSl BEKTOpa X, NPH KOTOPOM ROCTHIaeTCsi MAaKCHMYM KpH-
TepueB f, (x). B camom jese, eciH Mbl OTOXAECTBHM Liesb
KaXJ0ro U3 Cy6GbeKTOB C €ro KpurepueMm f; (x;), a B KauecTBe
onicanus MHOxecTBa G; nNpHMeM YCJOBHe
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xl = xz = vree — xN,

TO MOJIYYHM YaCTHBIA CJyyail 3ajjayd CO MHOIMMHU aKTHBHBIMH
naptHepamMi. Ho, KoHeuHo, OGLMHA C/yyail CHTYaHUH CO MHO-
ruMu CyGbeKTaMH ropasjo CJoxHee H TpebyeT I/l CBOEro
aHanM3a wLesnoro psifa cneudguyeckux runorted. IlosicHHM
9TO Ha npumepe JBYX CYOBEKTOB.

Hrak, nyctb aBa cy6bekta A u B, pacnonaraioune Bo3-
MOXKHOCTBIO BbIGOpa (BEKTOPOB) X H Y, CTPeMATCS K JOCTHIKe-
HUIO CBOMX leJsiefi, KOTOpble Mbl OyleM 3amnuchiBaTb B BHAE:

[ (x,y) = max; ¢ (x,y)=>max; x €X, y €Y.

B yacTHOM c/lyuae MOXeET OKa3aTbCst, YTO [ = —@; TaKywo
CHTYyaluI0 Mbl GyJieM Ha3biBaTb aHTATOHHCTHYeCKOH. Ilpu us-
y4YeHUH MONOGHBIX CHTYaUU#H, T. e. onpejesieHHH BO3MOXKHBIX
cnoco6oB Bbi6Opa, YAOOHO OTOXKAECTBHUTb HCCJEAOBaTeJisl C Of-
HUM U3 CYOBEKTOB., YCJIOBUMCS,, HAanpHmep, T'OBOPHTBH ¢Mbi»,
KOrZa peub HAeT 0 cy6pekre A. D10 Tem Goslee MMeET CMBIC
Aenath, MOCKOJBKY aHaJH3 BCerja MpOBOJMTCA C MO3HLHIA HH-
TepecoB KaKoro-iu6o M3 CyOBeKTOB,

"B cBfi3U ¢ TeM YTO MCXOA Hallero BbIOOpPA 3aBHCUT OT Bbl-
6opa cyObekTa B, MBI JOJIXKHBI MPHUHATH TY HJH HHYIO THIO-
Te3y O ero MoBeleHHH, KOTOpoe, B CBOIO ouepenb, GyleT 3a-
BHCeTb OT XapakTepa HH(GopMHpoBaHHOCTH cy6beKTa B. 3aech
BO3MOXKHO HECKOJIbKO THIOTe3 (HECKOJIbKO CJiyuaes).

a) Kaxnplii 3 cyObeKTOB HHYEro He 3HaeT O BbiGope ApY-
roro. B 3ToM ciyyae efMHCTBEHHO®, YTO Mbl MOXKEM CHEJIAaTb,—
HafiTH rapaHTHPOBAHHYIO OLEHKY

f¥ = max min f (x, y)
X€X yeY
M BEKTOp X, KOTOphifi ee peanusyef. DTo 3HAYUT, uTO, Cre/naB
BBIGOP X = x*, MBI NpH JIOGBIX YCJOBHSIX rapaHTHPYeM 3Haue-
HHE Halwel ueneBoil GyHKUHMH [ (X, y) He MeHbIUe, yeM [* (x*).

6) HaBectHo, yTO cy6beKT B nenaer «nepBuiit Xoa». Ha ssbi-
Ke TEOPHH MIP 3TO O3HA4aeT, YTO B MOMEHT HAILero ACHCTBHA
(Bbt6bopa x) Mbl GyZeM sHaTb BhiGpanHOe cy6bekTom B 3Haue-
ne y. Orcioga cjeayer, YyTo Hally CTpaTeruro — BbIGOp X —
clefyeT MCKaThb B BHAe QYHKUHH X = X (Y), KOTOPYIO Mbl MO-
JKeM onpefennTb, 3PPEeKTHBHO pelliast 3ajayy MaKCHMH3aLHU:

f (x, y) = max.

l'apanTHpoBaHHOH OLEHKOH Aas 3TOro ciayyas GyjeT Be-
JIMYHMHA '

2~

[ = min max [ (x, ).
v x
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B) Mnl fesiaeM nepBblfl X0 — 3TO O3HAyaeT, YTO CyObeKT B
OyzeT sHaTb Hall BBIGO. Kakue cieacTBHs MBI MOXeM MOJY-
WiTb A/ cebsi U3 sToit runotesni? Haunem paccyxpath ¢ no-
auuMit HHTepecoB cyGbekTa B. Pemas 3a Hero sagauy BoiGopa

¢ (x, y) = max,

MBIl MOXEM oOmnpeneutb GYHKUHIO ¥ = y (x) — OTBET CyOb-
ekta B Ha Ham BhiGop. IlockoJibKy Tenepp Halla LieJeBast
(YHKUMS 3aBUCHT TOJILKO OT X:

f ) =F(xy ),

TO 3ajaya BbI6Opa CBOAMTCA K PELIEHHIO 3alayd MaKCHMH-
3aUuH

| f (%, y (x) = max.

. 1) INpennonoxum, yto mnepBuili XOA Aenaer cy6bekT B,
HO B OTJIHYHE OT CHUTyaUMH «0» OH MOXKET paccyxkiaTh GoJiee
TOHKO, T. €. crocofeH pellaTh 3afiadyy «3a Hac». B sToMm ciyyae
OH HAaXOAMT HAll OTBET X (y), MOCJe Yero, MOBTOPSS TONBKO
HTO NpHBEJEHHbIE PacCCyKIEHHsd, JAejaeT CBOH Bhifop: Yy =
=y [x (y)]. 3nanue 3TUX OGCTOATENLCTB MBI MOXEM HCIOJb-
soBaThb JAJs1 cBoero BhiGopa. Ilockosbky B sTOM Cayuyae
[(x,y) =f (x4 [x(y)]) saBucut or dynkuuu x (), a y =
=y [x (y)] — nekoTopoe uHCIO (BEKTOp), TO MBI, pelas
sajayy ONTHMU3ANMH, JesaeM cBod Beibop. Eme Gosee TOH-
Kas CHTyaluss BO3HHMKaeT, KOTJa Mbl MpejnoJsaraeM, YTO
cy6sekT B 6yner sHaTh Hail BHIGOp M 3TOT BhIGOP GYAET UMETh
XapakTep CHHTe3a, T. €. NpPeACTaBAATb coboit GYHKUMIO X (y).
Torpa Hawr BoIGOp GyAeT CBOAMTLCA K 3ajaye

' fx@: ylx@®) = max,

B pesyJ/ibTaTe pelICHHs KOTOpOH MBI HaiifieM ¢yHKuuIO X (Y).
bl NPHBEJIH LeJbIi Psl NPeANnoNOoxKeHHH, HOCALUX XapaKTep
pedwieKcuit THNA «s 3HAI0, YTO OH 3HAET O TOM, YTO s 3HAIO,
O TOM, YTO OH 3HaeT» U T. A. Y BbiGop B obLueM ciyyae Gyner
3aBHCEThb OT TOH IVIYOMHBI pedJieKCHH, KOTOPYIO Mbl GyaeM
npennosarathb *,
Hrak, ana Ttoro, 4yToGbl H3Y4YUTb CHUTYaUHH CO MHOTHMH
aKTHBHBIMH NapTHepPaMH, HEOGXOAMMBI NpPEeANOJNIOKEeHHsI O MOo-

* B nociiepuue rogpl MoJyveH psifi MHTePeCHBIX Pe3yJbTaToB, MOKas
- SBIBAIOIIAX, YTO HeOrpaHMYeHHOe HapalUBaHWe MNOAOGHBIX peduexcui
BO MHOTHX CJIy4afiX He HMeeT CMBIC/Ia (cM. mofpoGHee B MOHOTpaduu;

JO.B. Tepmeitep. Hrpbo ¢ HenpoTHBOMONOXKHBIMH HHTepecaMH. M.,
«Hayka», '1975).
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BeleHHH 3THX TNapTHEPOB, T. €. NPEANOJIOXKEHHS 06 UX aHa-
JIUTHYECKUX CNOCOGHOCTAX.

Ho cyulectByer u gpyro#ft THm rumores, ¢ KOTOPHIMH IIpHs
XOJHTCA UMEThb JieJio. BaxHYI0 POJIb MIPalOT pasjiHuHbe Npejs
NOJIOXKEHHS, CBsI3aHHble C YCTOMYMBOCTbIO pelnenus. Pac-
CMOTPUM TaKoH mnpuMep.

[lyctb B peaynbTaTe JAHCKYCCHH BO3HHK KOMIIPOMHCC,
T. €, MHOXECTBO B3aUMOAEHACTBYIOIIHX CYGBLEKTOB JAOTOBOPHe
JIUCB, YTO CYGBEKT 1 JOJKeH MPHAAThL CBOEMY pecypey 3Haues

HHe xl, cy6beKT 2 — ¥, M T. A. B pesyabrate uesieBbie QyHKe
Uuu CyObeKTOB (HampuMep, HX J0XOx) OyayT fl = f, (xy

xz» teey XN), f2 = f (xlv Xy xs» ceee XN) n T I

Ho MoxeT clyunTbCsi Tak, 4TO. KTO-1HGO, Hanpumep cyGBexT i,
HapyLIUB JOrOBOPEHHOCTb, BMECTO pecypca x; BBIJEJNUT pe-
CYPC X M TpH 3TOM OKaXeTCs, YTO €ro IOXOA CTaHeT Gob-
LIHM, qu TOT, KOTOPHIH OH HOJIXKeH Oblj nONyYHTb, €C/IH Obl
C/leJloBaJl JIOrOBOPEHHOCTH, 'T. €. [ *1s oers Xi—1» x,, x,H, ey

,xN) > f;. JIoXOmBI OCTANLHBIX CYGLEKTOB BC/IJICTBHE Ta-
KOI‘O noBeJieHHs1 CYOBeKTa i MOTYT OKa3aTbCsl MEHBLIHMH, YeM
T€, Ha KOTOpPbl€ OHH PACCUMTHIBA/IH, T. €. HapylleHHe JOroBO.
PEHHOCTH OKaXKeTCsl BBIFOAHBIM TOJBKO ORHOMY CYGBeKTY
(unu B KpaiiHeM ciyyae HeCKOJ'lePlM)

Cutyauuu, nonoGHble ONHCaHHOM, KOrAa HapylieHHe YcJio-
BHH KOMIIDOMHCCA MPHBOJMT K TOMY, YTO GOJIbIUHHCTBO CYGHeKs
TOB TepPSIIOT 3HAYHTEJBHYIO YacTh CBOHX «AOXOJOBY, SIBJSIOTCS
OIHOH M3 OCHOBHBIX TPVAHOCTEH NPHHATHA KOJJIEKTHBHBIX
pewenuii. Komnpomucc noskeH AaBaTh onpelesieHHne rapaHe
THH TIPOTHB HeNOOPOCOEeCTHBIX NapTHEpPOB, HHaue TOBOPH,
OLITb YCTOHYUBBIM.

Onxo M3 ycJoBHi oGecneyeHHsi YCTOMYMBOCTH GblIO mpen-
JIOJKEHO B JBafllaThIX IOflaX aHTJIHHCKHM MaTeMaTHKOM Hamewm,
OH cdopmynnpoBan ero B BHIE TNPHHUKNA YCTOMYHBOCTH!
KOMITPOMHCC, T. €. BLIOOp BeJMUYHH X; = X;, HAa3bIBaeTCsl yCTOH-
YHBBLIM, €CJIH OTCTYNJIeHHe OT HEro HEBBITOJAHO INpeXKAe BCero
NapTHePY — HapyLIHTeNI0 KOMNPOMHCCa. IJTO YCJOBHe, Ouee
BHIHO, Bcerjia 6yeT BHIOJHSATHCSH, €CJAH -

max [y (Xiy cooy Xy Xgy Xygds ooey Xy) = f,.
X
ITpunuup H3la roBOpHT O TOM, YTO KOMIIPOMHCC C/IERYEP
HCKaTb CpPeAH YCTOHUMBHIX peIEHH.

Ho npunuun Hswa aanexo He BCceria MOXET OhiTb NpHe
MEHEH,
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B camom pene, Beab BHGOD BeJHUMH {X;... Xy} 06si3aH
ObiTh euie U SPpeKTUBHBIM, T. €. NMPHUHALMEKATb MHOMKECTBY
ITapeTo: He NO/IKHO CYIIECTBOBaTb APYroro BblGOpa, KOTOPHIit
BCeM RapTHEPaM OLHOBPEMEHHO MO03BOJAJ Gbl LOOHTbCA CO/b-
1Iero 3HayeHUs LeseBblX (YHKIMiHA, HexeJd TO, KOTOpoe Aa-
Baa Obl uM Kommnpomucc Hama.

[Tocie Bcero CKasaHHOrO KakeTcsi eCTeCTBEHHbIM HCKaTb

KOMIPOMHCC CpelH BbI6OPOB {X; ... Xy}, TNpPHHALJIENKALIMX
OJIHOBPEMEHHO Kak MHoxecTBY Ilapeto, Tak M MHOXeCTBY
Hswa. Ho npoTHBOpeuuBOCTh BCeX CHTYaluH, TpeGyIOMHX
NPHHATHS KOJIJIEKTHBHBIX PeleHHH, COCTOMT B TOM, Y4TO HaH-
Gosiee THMHYHBIMHM CJYYasiMH SIBJISIIOTCS Te, KOrJa TOYKH MHO-
xectBa [lapeTo He ABAAIOTCA YCTOMYMBHIMH, a ycroﬁqunue
TOYKH 3(PeKTHBHBIMH.

Mzl nanu ouenb GerJibiit 0630p HEKOTOPBIX MPOGJEM, KOTO-
PbIMH 3aHHMaeTCsl KJacCHyeckasl TeOPHS HCCJIeOBaHHSA oOfle-
pauuit*, OCHOBHO@ CONepiKaHHe  KOTFOpo#l  CXeMaTHYHO
MOXHO NpEeACTaBHTb B CJeAyolleM BHAE:

1) aHanM3 HeompelejeHHOCTeH ¢ mnocJemylowum ¢dopmy-
JHpoBaHHEM GYHKIUHH LeJH;

2) pelieHuHe ONTHMMH3aLHOHHBIX 3akau.

Bropas rpynna BORpOCOB OTHOCHTCS K TeM pasjenam
NPHK/AAJHOH MaTeMaTHKH, OCHOBHBbIM COJEPMKAaHHEM KOTOPHIX
AIBJIIETCSI pa3BHTHE CTPOTHX METOZOB YHCJ/IEHHOTO pelleHHS.
Yro ke KacaeTcs nepBoil rpynmbl BOMPOCOB — Mpo6JemMbi He-
ornpefesieHHOCTeH, TO B ee pelleHHH MaTeMaTHKa MrpaeT BTOPO-
CTENeHHYI0 poJib, TaK KAaK CaMbiM BaXKHhiM 3J€Cb SBJfAETCA
NPHHSTHE HJIH HENMpPHHATHE TeX WJH HHbIX runore3. C MX TH-
NUYHBIMH NPHMEPAMH MbI YXKe MO3HAKOMHJIMCh B 3TOH rJaBe,

CHUCTEMHbBIA AHANIM3 U UMUTALIUA

O TepMuHe «CHCTeMHbIH aHaaHa». B nocriesHee Bpems B JHTe-
patype Ha PYCCKOM si3blKeé QU€Hb ILHPOKO HCMOJIb3YIOTCS TPU
«CHCTEMHBIX» TOHSATHS: KCHCTEMHBIH aHAJIH3», «TEOPHS CHCTEM»
M ¢CHCTeMHBIH NoAX04s. MeXXYy HHMH 4aCTO CTaBAT 3HAK TOXK]e-
CTBa, YTO MPHBOAMT K HeKoTopoit nyraHuue. ITocko/sbKy B
JanbHelileM Mbl GyJeM TOBOPHTb O MeTOJaX CHCTEMHOro aHa-

* Cv. I0.B. 'epmeite p. MaremaTHuecKas TeopHs Hccnenoaanuﬂ-
onepauitit. M., «Hayka», 1971,

2* 19



JIM3a, TO HaM CpPasy HYXKHO YETKO ONPEAE]HTb Te TEPMHHBI,
KOTOpble Mbl NpeAnoJiaraeM HMCHOJb30BaTh.

CloBO «CHCTeMa» W CBsiI3aHHBIE C HHM TEPMHHBI NOJYYHJIH
0COGEHHO B TOCJE[iHEee JecSTUJIETHE OYeHb ILMPOKOe pacnpo-
CTpaHeHHe, DTO CBfI3aHO C TeM, YUTO Ha TepeiHHil MJaH Ece
Gosiee U GoJiee BBHICTyNaeT HEOOXOAMMOCTh H3YUYEHHS CJIOMKHBIX
KoMmnJiekcoB (cucreM). Takasi HeoGXoQUMOCTb OmNpenessieTcst
PE3KHM YCJIOXKHEHHeM CO3/aBaeMBIX TEXHHYECKHX KOHCTPYK-
LM, YCTPOHCTB, TEXHOJIOTHA H BCEX COBOKYNHOCTEH XO3sHi-
CTBEHHBIX CBsizel, C KOTOPbHIMH NPHXONMTCS MMETb AEJO KO-
HOMHCTaM H XO35iCTBEHHBIM PYKOBOAHTE/SM,

IToTpeGHOCTD H3yyeHHst GHOJNOTHYECKHX OGBEKTOB M TpO-
6JieM 5KOJIOTHH, KOTOpble C KaXKIbIM TOJOM CTaHOBATES Bce
Goslee u GoJiee aKTyaJIbHbIMH, TaKXe NMPHUBOAHT HCCJENOBaTes
K CJOXHEHIUMM CHCTeMaMm.

H BoT B oTBeT Ha NOTPeGHOCTH H3YYEHHS CJIOMKHBEIX CHCTEM
BO3HHKJIAa JMCLUHMIJIHHA — «CUCTEMHBIH aHa/H3», KOTOPYIO ecTe-
CTBEHHO CYHTATh JaJbHEHIIMM pa3sBHTHEM HCCJEJOBaHHA ofe-
pauui,

B npembiayuweii rnaBe Mbl paccMOTpesH KpYr BONpPOCOB
TEOPHH HCCJIEJOBAHUSA onepaiuil, CBsi3aHHBIX C Npo6aeMoil
HEONpeleJeHHOCTH, B YacTHOCTH HeOoNpefieleHHOCTH LieJIH,
H YKasanu psii THNOTe3 M MPHEMOB, KOTOPhIE NMOMOraloT HaM
PelINTb 3Ty npobjaeMy M YTOYHMTh HalM xeénauua. Ho Toro
HMHCTPYMeHTa (MHCTPYMEHTa TEOPHH HCCJENOBaHHS Onepaiii),
O KOTOPOM MBI pacCKasblBaJlM, 4acTO OKa3blBaeTCsl HeJocTa-
TOYHO.

Heonpenenennoctb e, ¢ KOTOPOH Mbl CTAJKHBaJIHCh A0
CHX NOp, COCTOsJIa B MHOTOKpHTepHaabHocTH! Ham 6bi10 Tpy-
HO COM3MEPHTb H COMOCTaBHTbL MeXAY co60ii pa3/HuHEle Tpebo-
BaHHsA. Ho MoxeT okasaTbcsl Tak, 4To MBI IH60 BooGLLe HE CMO-
JeM CKOJIbKO-HUOYIb TOYHO IOCTaBHThb LeJH, JHOO Te LeJH,
KOTOpBle HaM XOTesoch Obl MOCTaBUTh, HepeasbHbl. ([Ipumepst
Nofo6HEIX CUTYaLHit faeT nopoil SKOHOMHKAa.) B sToM cayuae
HaM Ha NOMOIb NPUXOAHT CHCTEMHBIH aHaJ/u3.

JonyctuM, yTo peub HIET O MNJaHaX NEPCNEeKTHBHOIO [as-
BUTHA 3anaaHo-CHOHPCKOro TOMJIHBHO-3HEPTreTHYECKOrO KOM-
nnekca. Kak ompesenutsh ueiu? KoHeyHo, MBI BCEria MOeM
NPOM3HECTH Te MJIH HHBIE CJIOBa: TOMJMBAa NoGoJblle, 3aTpaT
nomenblie u T. A. Ho anst npoekra niaHa Heo6xoauMbl Gonee
WIH MeHee TOYHblE NOKa3aTeNH H, €CTECTBEHHO, PeaslHCTHue-
CKHe. 1leJIH, KOTOphle COIJIacyloTCsl ¢ NOTPeGHOCTSMHM CTPaHbl
M MOTYT ObITb oGecrneyeHbl CYLIECTBYIOWMMH pecypcamu. Ilo-
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IoOHbIe po6/ieMbl Y2Ke He BIHCHIBAIOTCS B CTAHAAPTHYIO CXeMY
HCCACAOBaHUS onmepauuil. 31ecb HEOOXOAUMO ONHUCATb CHCTEMY
Mofiesiell, CO3JaTh TOT MAaTeMaTHYECKHH «CEePBHC», KOTOPBIH
MO3BOJIUT «3arJIssHYTb B 3aBTpa», YBUAETb CJEACTBUS HALUKUX
peilleHHH, OLEHHUTb Hallli BQ3MOMHOCTH NPH Pa3/IMYHBIX aJb-
TEPHATHBAX W TOJILKO Ha OCHOBE TAKOTO CHCTEMHOrO aHaJIn3a
chopmyIMpoBaTh LeH. ClOKHOCTh H3Y4aeMbIX H MPOEKTHpYe-
MBIX CHCTEM MPHUBOAMT K HEOOXOAUMOCTH CO3JaHMsl CreLHalib-
HOH, KauyeCTBEHHO HOBOH TeXHUKH HCC/e[JOBaHUS, HMEHYeMO#
CHCTeMaMH HMMHTALUH — CMEeLHaJbHO OPraHH30BaHHBIMH CH-
CTeMaMH MaTeMaTHYeCKMX Mojiesiel, Bocnpouspoasuux B IBM
(YHKUMOHMPOBaHHE MPOEKTHPYEMOr0 HJH H3Y4YaeMOro KOM-
nJeKca. _

Ho wuccrenoBanue JuHaAMHMKH mpolecca, MNO3BoJsiollee
yBUAETb MNEepPCNeKTHBbI H HAMeTUTb UEJNH,— 3TO JHIUb OLHH
M3 aCneKTOB CHCTEMHOrO aHaJu3a, MOXKeT ObiTb, H CaMblil Bax-
Hblfl, HO OTHIOAb He HCYepnbiBaloUMH BCcero MHOroobpasus BO-
NPOCOB, HAa KOTOPhIE OH B COCTOSIHHH JaTb OTBET.

OnvH U3 TPYIHBIX BONPOCOB, KOTOPBIH H3yyaeTcsi B paMKax
CHCTEMHOrO aHaJ/ii3a, OTHOCHTCA K IpobJieMaM NpOeKTHPOBa-
HUSl HepapxuuecKoil opraHusdauuu. JlioGole GoJiee UM MeHee
CJIOXHbIE CHCTeMbl BCerja OpraHM30BaHbl MO HepapXHUYeCKoMY
NPHHLMNY, B CBSI3H C TeM, YTO LleHTPaJIH30BaHHble 06paGoTKa
MH(OpMALMH H NPHHATHE pelleHHH 4YacTo ObIBAlOT HEBO3MOXK-
HBIMH H3-3a 60/IbLIOrO 06beMa HHGOPMALHH, KOTOPYIO CleayeT
cobupaTh M nepepabaTbiBaTh, H3-3a BO3HHKAIOWMX NPH 3TOM
3ajiepeK U MCKaxeHHH U T. A. Eciu peub HAET O mMpOEKTHPO-
BaHHH TeXHHYECKHX CHCTeM, TO 3aJaya HCCJAEeJOBAHUSA CHCTEM
(3ajaua npoeKTHPOBILIMKA) COCTOMT MNpexie BCero B paspa-
6oTke caMOi ()YHKUHOHAJbHOH CXeMbl, KOTOPas MOMKeT ObiTh
peasiM30BaHa 3aBeJlOMO He eJMHCTBEHHBIM CIoco60M, H B Orpe-
JleleHUH 4YacTHBIX LieJsed.

3HauHTeIbHO CJIOXKHee OOGCTOMT JAeJio, KOrAa peyb HAeT
O HapOJHOXO3SAHCTBEHHBIX KOMMJeKcaX, (YHKIUHOHHPOBAaHHE
3JIEMEHTOB KOTODBIX 3aBHCHT OT TOro, KakK YMNpaBJsiOT HMH
JiofH. B oT/iMuMe OT MalUMHBI YeJIOBEK BCeria HMeeT COOCTBEH-
Hble LeJH U UHTEePeChl, U NPOEKTHPOBLIHUKY CHCTEMbI YKe HEeRO-
CTaTOYHO TOJIbKO (POPMYJIMPOBATb LieJIH AJsi HHMKHHX 3BEHbEB.
HeoGxoaumo ete GbiTh yBepEHHBIM, YTO 3TH LeJAH GYAYT AO-
CTHTHYTHI, T, € YTO HHXKHHE 3BeHbsSl BBLINOJHAT TpeGOBaHHA
BEPXHHMX 3BeHbeB. A 1/l 3TOro, B CBOIO oyepelb, NOJKeH ObiTh
CMPOEKTUPOBAH CrieLHaJIbHbI «MEeXaHH3M», KOTOPBIH B npHMe-
HEHHH K HApOAHOXO3SHCTBEHHBIM CHCTeMaM 4YaCTO Ha3bIBalOT
HapOAHOXO34HCTBEHHBIM MEXaHH3MOM.

2y



Teopus nepapxuyecKHX CHCTeM, KOTOpas 3aHMMaeTCsi He-
KOTOPEIMH M3 aCNEeKTOB STO#l NpoG/ieMbl, ABJSAETCS OAHOH H3
Ba)XXHeHIIMX yacTell CHCTEMHOro aHaJiu3a.

TakuM o6pa3oM, CHCTeMHBbIl aHa/H3 — 3TO TeXHHYEcKasi
IHCUMIJIMHA, pa3BHBAlOWIasi METOAbI NPOEKTHPOBaHHS CJOXK-
HbIX TeXHHYECKMX H HapOJHOXO3SIHCTBEHHBIX CHCTeM, OpraHH-
3aLHOHHBIX CTPYKTYP M T. A. CHCTeMHBIH aHa/Iu3 Kak JaJbHei-
llee pa3BHTHE TEOPHH HCCJEAOBaHHS oOnepauuil BKJI0YaeT
B ce0si TIOC/IEfHIOID CO BCEM apCeHasJoOM CPelCTB, Pa3BHTHIX
B ee paMKax.

IlockonbKy /i060# aHa/M3 CJOXHBIX CHCTEM HEBO3MOMKEH
6e3 ncnosb3oBanusi IBM, To Korza roBopAT 0 MeTOIax CHCTeM-
HOTO aHaJiM3a, UMeloT OOLIYHO B BUAY NpoLeAypbl, OCHOBAHHbIE
Ha HcnoJib3oBaHHH JDBM.,

TepMHH «CHCTeMHBIl aHa/lW3» B H3BECTHOM CMEBICJE He3a-
KoHHBIl. B Havase wectupecsateix rogoB B CIIA nosuacs
TepMHH «system analysis» aasi o06o3HaueHHs BO3HHKaBLIeH
TOrJa TEXHHKH aHa/IN3a CJOXKHBIX CHCTeM, pa3BUBaBILeH Npex-
Ze BCero MeToAbl HMcc/eloBaHHs onepauuit. Hccaenosaresb
onepalHi B aHIJVIOA3bIYHOH JHTepaType HasbiBajcsi «analyst»,
Jas Toro yto6bl NMORYEPKHYTb KBaNHPHKALMIO CMElUHaJHCTa,
3aHHMMAIOLLEroCsl aHaJHM30M H NPOEKTHPOBAHHEM CJOXKHBIX CH-
CTeM, ero CTa/li Ha3biBaTb TePMHHOM «system analysts. Takum
o6pas3oM, TepMHH «system analysis» csienoBasio Gbl nepeBecTH
KaK «aHaJIi3 CHCTEM», HO €ro OJHaXIbl NepeBe/iH KaK «CHCTEM-
HbIH aHaJIW3», TaK KaK Ha aHIJIMACKHI fA3bIK 062 3TH TepMHHA
nepeBoAsATCS OAHHaKOBO — system analysis. B pycckoM xe
A3blKe TEPMHH «CHCTEMHBbIHl aHaJIH3» HeCeT ropasio GOJbLIYIO
CMBICJIOBYI0 Harpysky, OH sBAS€TCs CHHOHMMOM G6OJIblIOH
CaMOCTOSITE/IbHOM JHCUHIIHHBL,

Hapsny c¢ TepMHHOM «cHCTeMHBIR aHaJu3» GoJblLOE pac-
NPOCTpaHeHHe MNOJNYYHJ H JPYroH TEPMHH «TEOPHS CHCTEM»,
HecmoTpsi Ha ILuMpoKoe MCNO/Nb30OBaHHE STOTO TEPMHHA, €ro
elMHOe NOHHMaHHe OTCYTCTBYeT. TOYHO TaK e He yJaercs
ONnpejesuTh AOCTaTOYHO YETKO H CaM TEPMHH «CHCTEMay.

BO3HHKHOBEHHE «TEOpHH CHCTeM» OOLIYHO CBS3LIBAIOT C
nAMeHeM M3BecTHoro O6uoJsiora Jliogeura ¢on Beprenangu, xo-
TOpbIl B NATHIeCATHIX rofgax B KaHnaze oprasu3oBaj LEHTP
CHCTEMHBIX MCCJeNOBaHHil M ony6/HKoBaJ O6ajblloe KOJHYE-
¢TBO pa6oT, B TOM YHCJie ¥ KHHMI, B KOTOPHIX NHITaJCsi HaWTH
TO ofluee, YTO MPHUCYILe JiIOObIM JOCTATOYHO CJIOXKHBIM Opras
HH3alMsM MaTepPHH Kak GHOJIOrHYecKoi, Tak H o6llecTBeHHOH
npupoasl. OnHako 3anoaro a0 beprenandu Haw cooTeyecTBEH+
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HHK A. A. BoraanoB Hauan co3faBaTh TEOPHIO OPraHU3aLHH *,
B cBoeit paGore A. A. BorzaHoB BBOAHT MOHSATHE OpraHH3a-
LMK KaK OJHOrO H3 NMEepBHYHBIX NOHATHH. MaTepHs CyllecTBYeT
BO BpeMeHH M npocTpaHcTBe. OHA Bcerja MMEET TY HJIH HHYIO
opraHusauuio. B To xe Bpemsi ¥ OpraHU3aLHIO HEJIb3fl MBIC/HTD
Ge3 ee MaTepHaJIbHOrO HOCHTEJS.

OcHoBanue misi noctpoeHusi teopuu A. A. BoraaHos Bu-
IMT B TOM, 4TO, HECMOTPS Ha ()aHTACTHYeCKoe pa3HOOGpasHe
MaTepHana, CYIUECTBYIOWETrO B IPHpOAE, KOJHYECTBO apXH-
TEKTYPHBIX HJIH OPraHH3aUHOHHBIX (JOPM OTHOCHTEJBHO He-
BenHKo. OH  1eMOHCTPHpYeT 3TO Ha Macce IpHMepOB.
Mrue kaxeTcst, YTO BOT 3Ta «GOrAaHOBCKAasly TPAAMLUSI B TEOPUH
cHcTeM (MJIH, Jyyllle, TEOpHH OpraHU3auuH) oGnanaeT 60/ bLIOH
3BPHCTHYECKOH LIEHHOCTBIO, BO BCSIKOM CJlyyae B FHOCeOJIOruye-
ckoM nuiaHe. OHa fIB/IS€TCSl BaXKHBIM 3BEHOM B TOM CHCTEMe
npeaCTaBJieHHH, KOTopasi pUCYeT HaM eXUHCTBO MaTepPHaJIbHOrO
mupa. Ho, koHeyHO, OHa JMIIEHA KaKOW-THGO MpPHKJIaRHOH,
annapaTtHOH OCHOBBI.

Takum o6pasomM, B OT/IHYHE OT CHCTEMHOrO aHaJM3a, AuC-
UMIVIMHBL TPHKJIaJHOH, OPHEHTHPOBAHHOH Ha pelleHHe KOH-
KPeTHbIX NMPAaKTHYECKHX 3aflay, TEOPHS CHCTEM OTHOCHUTCH CKO-
pee K MeTOHOJIOTHH HayKH.

Kak MBI ye roBopuJ/iH, CYLIECTBYET MOHATHE (CHCTEMHBIH
nogxofy — eile 6osiee pacnjbiBuaToe H HeTtoyHoe. M TeM He
MeHee OHO OTPaXKaeT onpeje/eHHble TeHAEHLHH, KOTOpble CTa-
JIi OCOGEHHO 3aMeTHHl B MOC/eBOEHHbIE AECSTU/IETHS.

B pa3BuTHH HaykH Bcerja OTYETJIMBO NPOCJEKHBAIHCH
IBe JHHHH — aHaJH3 H CHHTe3. Mbl Bceraa BHAHM CTpeMJEHHE
K aHa/lu3MPOBAHHIO — H3YYeHHIO KOHKPeTHHIX (JaKToB, Mpo-
HHKHOBEHHIO B I/yOb H3yyaemoro (akrta, BCKPBITHIO TOHKOH
CTPYKTYpHI fiBJieHHst M T. 1. Ho psloM ToyHO Tak e Bceraa
CYUIeCTBYET CTpeMJIeHHe CO3aBaTh CHHTE3HPYIOUIHE TEOPHH,
no3poJisiiouHe O6beAHHHTL pa3/vuHbie (paKThl, YBHAETb fepc-
NeKTUBbI Pa3BUTHSA TOTO HJIH HHOTO MPOHLECcCa, ero CBsA3H ¢ ApYy-
THMH  SIBJIEHHSIMM, YYeCTb HX B3aUMHYI0 O0GYCJ/IOBJ/eH-
HOCTb H T. I

* A.A. Boraanos. Teopus opraHu3auMH UAH TeKTOMOrHs. M.,
1913. Bropoe H3nanue Buiuuto B Mockse B 1923 r., a nocsepHee 8 1929 r.
Takxke B MOCKBe yXe nocsle CMepTH ee aBTOpa, OpraHH3aTOpa H INepBoro
AUpeKTOpa l/IHcmtyTa nepesIUBaHUA KPOBH, ceiyac HOCSILIEr0 ero HMs.
Bo MHOTHX HOBEHIUHX HCC/IENOBAHHAX COBETCKUX M 3apyGeXHbX aBTOpOB
OTMeYaeTcsl, YTO HEKOTOpbie MOJIOXKEHHS TeKTOJOrHH NMPeiBOCXUTHIN HUjed
KuGepHETHKH. B TeKTOJOrHH OTpa3sHJHCh H MeXaHHCTHYECKHE OLHGKH
A. A. Borpanosa.
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Ilpu co3paHuH CHHTE3HDPYIOLMX TEOPHH NPOHCXOAWT HHO-
rla U HekoTopasi yTepsi WHpopmaTHBHOCTH. Hampumep, Teo-
pus Iltonemess, noMumo oOuIeH TeOLEHTPHYECKOH KOHIen-
MM, JaBaja CINocoObl pacyeTa TNOJOXEeHHs IJIaHeT Ha He-
Gectom cBone. Teopus KonepHuka copepikasia IeJIHOLEHTPH-
YeCKYI0 KOHLENLHIO, HO Ha NepBbIX NMOpax HHUKAKHMH CrOCO-
6aMH, NO3BOJIAIOUMMH IPEACKa3biBaTh MOJIOXEHHS TJIAHeT,
He pacnoJjaraja. 3HauuT, A NPAKTHKH (HanpuMep, AJs
NpaKTHKH MOpeIJIaBaHHsl) Ha NEPBOM 3Tane CBOEro CYLIeCTBO-
BaHHs OH& B OTJHuHe OT Teopuu IlTonemes 6bia  Henpw-
rojHa. .

B pasHble nepHoAb! BpeMeHH 3HaueHHe TaKHX MOAX0A0B GbiJIo
pasinyHbIM. B nocnennue jpecsiTuiieTHs, KOTAA Ha ueJIOReye-.
€TBO 06pYIIMJIaCh JIABHHA HOBBIX (PAKTOB, POJib CHHTE3HpYIO-
IMHX NOCTPOEHHH cTasla ocobeHHO GoJibwioi. IloTpeGHOCTL He
NpoCTO H3YyyaTb siBJieHHe, (aKT, HO YCTaHABJIMBaTb €ro CBS3b
¢ APYTrHMH (paKTaMH M MNpHBeJa K NOSIBJEHHIO CNeLHabHOro
TePMHHA «CHCTEMHBIH TNOAXOHY,

HHTepec K nofo6HBIM CHHTETHYECKHM NOCTPOEHHSIM CBSI3aH
C BO3pOCLIMMH BO3MOXHOCTSIMH TepepaGoTKM HHGOpMauny.
Io-Buaymomy, HccienoBaTeslb BCerjia CTPEMHJICS MO BO3MOXK-
HOCTH «CHCTEMHO» MOJOHTH K BO33PEHHIO Ha TOT HJIM UHO# aKT.
Ho nanexo He Bcerzna oH MOr WMeTb B CBOEM PacropsiKeHNH
HeoGxonuMbili HHCTpyMeHT. Cefiyac B Bek DBM 3TH BO3MOX-
HOCTH pe3Ko Bo3pocsH. OTClofla KaK CJIEACTBHE H CTpeMJIeHHe
K H3YYEHHIO sIBJIEHHS] BO BCEeH €ro noJiHoTe, B CBSI3H C APYTHMH
SIBJIEHHSIMU.

CHucTeMHBI NOAXOJ HeNpephIBHO CTHMYJHpYeTCs NoTpeo-
HOCTSIMM TNIPAaKTHKH, KOTOpasi BbABUraeT Bce Gojee H GoJee
CJIOXKHblE TIPOEKTHI, TpeOylollHe aHa/H3a MeXIAMCUMIJIHHAp-
HBIX npobJeM,

" B at0i1 6poliope Mbl 6yfeM rOBODHTb TOJBKO O CHCTEMHOM
aHaJjiM3e, €ro MeTojax M COCPELOTOYHBAaTb BHHMaHHe Ha ca-
MOM CYIECTBEHHOM €ro OTJHMYHH OT APYTHUX AHUCLHUIJIHH —
Heo6XoaHMOCTH oObenuHeHHs (OpPMaNbHBIX W HeopMaJbHBIX
METOJIOB aHaJM3a.

Mopenn u MogeaupoBanue. MeToan! ciHcTEMHOro aHanusa ™
ONHPaIOTCAd Ha ONHCaHWe TeX WJH MHBIX (aKTOB, SBJIEHHH,
npoueccoB. Haule 3Hanue Bcerga OTHOCHTEIbHO, NMO3TOMY JiO-
6oe onucanHe Ha JMIO6OM s3bIKe TakkKe OToOparkaeT JHLIb HEKO-
TOpbIe CTOPOHBI SIBJE€HHH M HUKOrZa He siBJisieTCs ab6COJIOTHO
noaHbM. Ec/H mosb3oBaThest A3BIKOM (PHIOCO(PHH, TO MCKHO

* Tak e Kak H MeTOAbl HCCAe0BaHNs onepauuﬂ.
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CKa3aTb, YTO OMNHCaHHe, OTpaxasl HalM 3HaHHfA, BCETAA §iB-
JI€TCSl  OTHOCHTEJBbHLIM.

B Hacrosiee BpeMsi OyeHb ILMPOKOE pacnmpocTpaHeHHe
NOJIY4YHJIo cJIoBO «mofenb», IloHsTHe «Mofesby ceHuac gony-
CKaeT MHOTO Pa3JIHYHBIX TPAKTOBOK, CYILECTBYeT KJacCH(pHKa-
uusa mozesiell U T. A. IlonpoGHEI aHaJIH3 9TOro NMOHSATHS Je-
JKHT 32 PaMKaMH DaHHOH paGoThl, YnoTpe6sisi CJI0Ba «MOZENbY,
«MOJIeJIbHOE ONHCaHHe», Mhl 6yfleM HMeTb B BHAY HEKOTOpoOe
onHcaHHe, OTpaxkalollee HMEHHO Te OCOGEHHOCTH H3yuyaeMoro
Apolecca, KOTOpble H HHTEPEeCcyIoT HccsenoBaTessi. TOYHOCTB,
KauyecTBO TaKOTO ONMHCaHHSl OMNpeNeNSIOTCS MpeXhe BCero
COOTBETCTBHEM MOJENH TeM TpeGOBaHHSIM, KOTOpble Npeib-
SIBJISIOTCS K MCCJIEIOBAHHUIO, COOTBETCTBHEM IOJIyYaeMbIX C 1O-
MOIIBIO MOJEJIM DPe3yJIbTaTOB HAaG6JIOLaeMOMY TeueHHIO Nnpo-
ecca.

Ecan npu onucanuu mogenell MCnosab3yeTcsi sI3bIK MarTe-
MaTHKHM, TO MMEIOTCS B BHUAY MaTeMaTHYeCKHE MOJENH, peub
O KOTOPLIX M TOHAET JaJblile.

Hayuenne MaremaTHyecKOH MOLeNH Bcerja CBSI3aHO C He-
KOTOpOH «aJsire6poli» — npaBuJIaMH JIEHCTBHSL HaJ H3YyaeMbl-
MH OOBEKTaMH, KOTOphIE NO3BOJISIIOT YCTaHABJAMBaTb CBS3H
MeX1y NMpHYHHAaMH M cJaepcTBUsiMu. Korpa moao6GHasi anre6pa
OKasblBaeTcsi JOCTATOYHO PasBHTON, MBI TOBOPHM, YTO B paM-
KaX JaHHOH MOJeJH BO3HHKJIa Teopusi. MHorpa roeopaT o fe-
TanbHOH pa3paboTKe TeOpHH.

IMocTpoeHne MaTeMaTHUeCKHX Mojeseli SIBJSIETCS OCHOBOf
BCEr0 CHCTEMHOrO aHajH3a. DTO LEeHTpPaJbHLIH STanm HCCJeao-
BaHHS WJIM DOPOeKTHpOBaHMs Jo6oi cucTemMbl. OT KauyecTBa
MOZe/M 33aBHCHT cyAbOa BCero NOCJEAYIOWIEro aHaJjH3a.

INocTpoenne Mopenelt Bcerja mpoueaypa HepopmaJjbHas H,
KOHEYHO, OYeHb CHJIbHO 3aBHCHT OT HCCJIeOBaTe s, €r0 ONbiTa,
tanauta. OHO Bcerza OnHpaeTcss Ha onpejieleHHBIH ONbITHLIA
MaTepuaJ, B CBsI3H C YeM Mbl TOBOPHM, YTO NMPOLIECC MOLEJUPO-
BaHHs HMeeT ()eHOMEHOJIOTHYEeCKYI0 OCHOBY. Mojesb J0/1:KHA
JIOCTaTOYHO NpPAaBHJbHO OTPaXKaTb SBJEHHS, OJHAaKO OJHOro
aToro eule Majo. OHa joJjxkHa ObiTb YHOOHOH AJisi HCNOJIB3O-
Banuda. Ilo3ToMy cTeneHb JeTanu3aunu Moienan, ¢opMa ee
NpeACTaBJeHHs] M T. A. ONpeesoTCs LeJdsMH HCCJIeOBaHUSA
M HEnocpeJCTBEHHO 3aBHCAT OT HccsefoBaTessi. Pa6oTas ¢ oa-.
HUM M TeM XKe ONbITHBIM MaTepHaJsoM, pasHble HCCJeloBaTe/H
MOTYT MPEACTaBJSTb €ro COBCEM MO-Pa3HOMY.

Ho npu BceM ToM pas3nuuuy CyLIeCTBYIOT OOLIHe APHHUHNMBI
MOJ€eJIHPOBaHHMsl, HTHOPHPOBaHHE KOTOPbIX HeponycTumo. Ocra-
HOBUMCSI Ha 3ToM nojpoGHee. ‘
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OcHoBHasi 3ajaya Hay4yHOro aHa/K3a — BBHIJEJHTb peasib-
Hble JBHXKEHHS * M3 MHOXECTBA MBICJIEHHO JONYCTHMBIX,
¢jopMupoBaTh NpHHUMNK KX oTGOpa. IIpoGrema maTematHye-
CKOTO MOJIeTHPOBaHUSI COCTOMT B OMHCAHHH 3THX NPHHIHNOB
ot6opa B TeDMHHaX H TeX NepeMeHHbIX, KOTOpble COIJIACHO
B3IJ/IsaM MccaefoBaTesisi Haubosee IOJHO XapaKTepH3YIOT
v3yuyaembi#i npeamer. [IpuHuunbl oT60p& CYIKAMOT MHOMKECTEO
JONYCTHMBIX ABHXKEHHH, OTOpachiBasi Te, KOTOphble HE MOTYT
OuiTh peaJsiH3oBaHbl. Uem Gosiee coBepliieHHa MOAE/b, TeM YyxKe
CTAHOBHTCS MHOJKECTBO peasIbHbIX JABHXKEHHiH, TeM TOYHee
0Ka3blBaeTCsl Haul NMporHo3. B pa3nuusbpiX 06/acTAX 3HAHHSA
NPUHUHNE oT6Opa JBHIKEHHH pa3Hble.

CoBpemMeHHast HayKa pacCMaTpHBaeT TPH YPOBHSl OpraHH-
3alUMH MaTepHH: HEXKHBAsi MaTePHs, JKHBAasi MaTepHsi H camas
BBICOKAasi OpraHH3alHusi MaTepHH — MbIC/IALIAs, MO3Haloas
ce6s Martepusi — o6lecTBO. Takoe HesieHHe ONpaBRAaHO Kaue-
CTBEHHO pa3/IMYHBLIMH NMPHHHMNAMH OTGOpa peasibHBIX ABHMKe-
‘HHH, He CBOAMMBIMH K NMPHHIMNAM HHXHHX YPOBHeH OpraHH-
BalHH. '

Ha camoM HH)KHEM ypOBHe — YPOBHE HEXHBOH MaTepHH —
OCHOBHBIMH NPHHIMMAMH OTOOpA SIBJAAIOTCS 3aKOHBI COXpaHe-
HHS: BellecTBa, WMIMyJbca, SHeprud M T. A. Jlio6oe monesu-
poBaHHe JO/IKHO HauyMHaTbhCcs ¢ BhI6Opa HCcCJiefioBaTesieM oOc-
HOBHBIX (HJIH, KaK roBOPSAT, (a30BbiX) NepeMEeHHbIX, C TOMOLLbIO
KOTOPLIX OH 3aNHChIBaeT 3aKOHbI COXPaHEHHS.

Ho 3akoHB coxpaHenust He BbIIENSIOT €IMHCTBEHHOrO JBH-
XKEHHS H He HCYepnbIBalOT BCeX NMpUHUHMNOB oT6opa. Heobxo-
AUMO YYHTBIBATH BTOPOH 3aKOH TePMOAHHAMHKH, NPHHLHIBI
MHHHMYMa [QMCCHNALHKH SHEPTHH, YCTOHYHBOCTH. OueHb Bax-
HBl BCAAKOTO POZa YCJIOBHS (OrpaHHYyeHMs): rPaHUYHbIE, Hadyallb-
HEe H T. A, ,

Ha ypoBHe xuBo# MaTepus Bce NPUHLMNBI OT6OPa ABHIKE-
HHH, CrpaBelJIMBbie B HEXHBOH MaTepHH, COXPaHSHOT CBOIO
cuny *. TlostoMy M 3mech mpouecc MOAEJNHPOBaHHS Ha4H-

* 3mech M Jallee ABHXKeHHe YINOTpeG/isieTci B LIMPOKOM CMbic/e —
H3MeHeHHe BOOGHIE, BCAKOe B3aHMOJAeHCTBHE MaTepHaJIbHbIX OGBEKTOB.

* Tor ¢aKT, YTO 3aKOHHI, CMpaBeAJHBLIE NS HeXHBOH MaTepuH, CO-
XPaHAIOT CBOIO CHJY W JJIsi XKHBO{l -MaTepHH, K0Jroe Bpems OblJ MpeaMeTOM
AHcKyccHit. Oco6eHHO MHOro TPYAHOCTeH BBI3bIBAJ BTOPOM 3aKOH TepMo-
AHHAMHMKH. DTOT BOMpoc. Obi/1 pellieH B TPHAHATHX rogax JI. ¢ou Bepre-
NaHGH, KOTOpHIl,. NO-BHANMOMY, NepBbIM NOKAa3aJj, YTO XKUBHE CYLIECTBA
ABJIAIOTCA OTKPHTBIMH CHCTeMaMH. DTO O3HauaeT, YTO OHH He MOTYT Cyllie-
cTBOBaTh Ge3 0GMeHa BelleCTBOM H SHeprHel C OKpYKalollei cpeRoi (3THM-TO
H OGBACHSAIOTCA Ha6JIofaeMbie Y HHX YMEHbLICHHS SHTDOMHH).
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HaeTCsli € S8anHUCH 33aKOHOB coxpaHeHHs. ONHAKO CCHOB-
Hble NepeMeHHble OKAa3bIBAlOTCH YK€ HHBIMH,

Ilycth, Hanpumep, peub HAET O KAKOH-J1H60 GHOJIOrHYECKOM
makpocucTeMe. OCHOBHOE COAEpIKaHHe NPOHCXOASAIUMX B_Hel
NpoleccoB — CYLUECTBOBaHHe COoO06IIeCTB GHOJNIOTHYECKHX BH-
JoB. BnepBbie AMHaMHKY NOAOGHBIX CHCTeM Haya/J H3yyaTb
3HaMeHUTHIH HTaJbAHCKUH MaTeMaTHK Buto Bosabreppa. Hau-
Gosiee XapaKTEPHLIMH LISl TAKHX CHCTEM SIBJISIOTCS NPOLECCHI
notpe6/aeHHa NHLH. 3HAYUT, 3aKOHEI COXPaHEHHWsl BelleCTBa
Y SHEPTHH JO/KHBI GbITh BhIPAXeHbl B TEPMHHAX TPOPHUECKHX
CBsi3eft — KTO KOro eCT H B KaKOM KoJanuecTtBe. VIMeHHO EniBOZ
STHX COOTHOLIEHHH H HMX HCCJELNOBAHHE EOCTABJISIOT COLEpKa-
HHE HM3BeCTHOH KHHTH Bosbreppa «MaTemaTHyeckasi TeopHs
60pb0bl 3@ CYIECTBOBaHHED.

Ho Tex npuHumnoB ot6opa, peasbHbIX ABHIKEHHIl, KOTOPbIE
CBOHCTBEHHBI HEXHBOH INpHpOJE, HENOCTATOYHO, YTOOH 00b-
SICHHTb COJlepIKaHKe TPOLECCOB, MPOHCXOANHINX B KHBOM MHpe,
JKuBoit MaTepuH CBOMCTBEHHBI IleJiecOOGpasHLte JeiCTBHA,
N03TOMY OOBACHHTb HabJlloflaeMoe B KHBOM MHpe 6e3 HCnoJib-
30BaHHsA MOHATHH O6paTHOH CBSI3H H MHGOPMALHH OKa3biBaeT-
CAl HEBO3MOXHBIM, '

JKuBOH OpraHH3M CTPEMHTCA COXPaHHTb CBOIO CTaGHAb-
HOCTb — TOMeOCTa3HC. DTO O3HayaeT, YTO NpPH Pa3/HYHBIX
BHELUHHX YCJIOBHSIX OH JOJIXKEH BeCTH ce6si Tak, YTOOHI €ro co-
CTOfIHHE He BLILVIO M3 TOi 06JacTH mapameTpoB, KOTOpble obe-
CMeYyHBalOT BO3MOXKHOCTb TNPOAOJ/KEHHSI CYLIeCTBOBaHUS Op-
rauuama. JlioGoi KHBOii opraHusM oGJanaeT peLenTopaMH
(naTyMKaMH), NO3BOJIAIOLIMMH €My OLEHHTb CBOE MOJOXKEeHHe
N0 OTHOLLEHHIO K IpaHHLle roMeocTasHca (BeKTOop X) U Crnoco6-
HOCTbIO K oOnpejeJieHHbIM JAeHCTBHAM (BeKTop ). Takum oG-
pasoMm, noJyuyas HHGopmauuio (CHTHaja) o6 OKpyaKalouleM €ro
MHDE, OH (OpPMHpYET CBOH HEHCTBHS B 3aBHCHMOCTH OT Xa-
pakTepa 3Toi HHdopmauuu. Ilocnennee osnagaer, uto Aeil-
CTBHS JKHBOTO OpraHHM3Ma, T. €. peasibHble JBHIKEHHs, BbIOH-
paioTcst BMOJIHE ONpefesieHHbIM 06pasoM — € NoMoLubio o6par-
Hoil CBHBH

u=_F(x) (1)

OpraHusM CTpEMHTCA YHATH OT CBoeil romeoc'ra'mqecxoﬁ
TPaHULbI.

CrpemJieHne coxpaumb CBOIf roMeocTasuc nopoxmaeT BNOJI-
He omnpejesieHHble MeXaHH3MHl OT6Opa peasibHhIX JABHIKEHHH
(noBeseHHs), He BLIBOAMMEIE M3 NPHHLMIIOB, ONpeAessIOWHX
TeYyeHHe NPOLECCOB B HEXHBOIl mpHpoze,
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[Monuepkuem elue pa3, uto cBs3u BuJa (1) HasbiBatotcsi o6part-
HBbIMH CBSA3SIMH, Y OHH He MOTYT ObITb BhIBEJEHbI H3 OOLIUX 3a-
KOHOB (PM3HKH. DTO 0OCTOSTENIbCTBO HE BCErAa MPaBHJIbHO MO-
HUMaeTcsi, U TepMHH «oOpaTHas CBSI3b» B CUCTEMHOM aHaJu3e
'MHOTA MCHOJIb3YIOT TaKe AJs TeX CBsi3ell, KOTOpble MOTYT
6bITb BbIBEJEHLI, HaNpHMep, U3 3aKOHOB (U3UKH. 3hech W Ja-
Jiee KOria Mbl TOBOPHM 06 OGpaTHBIX CBfA35X, TO Mbl HMeeM B
BHJY TOJIBKO Te CBfi3i, KOTOphe HOCSIT LieJecooGpasHblil HIH
eJieHanpaBJeHHBIH XapakTep.

Buosiornueckue cucTeMbl OTHOCSITCS K KJacCy YnpasJisieMbIX
cHcTeM pedIeKCHOTrO THMA. YNpaBisieMblX — MOTOMY YTO OHH
cofiepxat cBo6oAHble PYHKIHH, HAXOASILKECS B PACHOP AKEHHH
9TUX CHCTEM, H HCMOJb3YIOTCA MMM AJS JOCTHXKEHHS CBOMX
uesaed, a peduieKCHbIMH — B CUJY pedyIeKCHOCTH (QYHKLUMi
nosefeHusl. TepMHH «ped/IeKCHOCTb» MOAYEPKHUBAET MPOCTOTY
3aBHCHMOCTH ynpaBJsiolled (QYHKUHH OT HH(OPMALUH, HJH,
KaK HMHOTJa roBOpPSAT, Xapakrepa pedsekca OT BO36GYKAEHHS.

Ilpu onucannu ¢yHKUMOHHPOBaHMs OuoJOrMYeCKUX (opm
OpFaHM3alMK MaTepHH GOJIbLIYIO pOJIb MIPAeT IOHSTHE «Opra-
HH3M». OpraHu3MoM Mbl HasbiBaeM Jio0ylo cucteMy, o6Janaio-
Y0 COGCTBEHHBIMH LEJNSIMH H CINOCOGHOCTBIO (pecypcom) s
HX JOCTHXKEHUS, T. €. lieJleHanpaB/eHHbIMH feAcTBUsAMH. MiMeH-
HO OpraHM3M HHAYLHMPYeT neTiu OOpaTHHIX CBs3ei.

. OThenbHbIH HHAMBUA SABJISIETCS OPraHM3MOM. DTO OYeBHI-
Ho, Onpepe/ieHHble OpraHH3MHYeCKHe OCOGEHHOCTH MpOSIBJIS-
I0T, HanpuMep, M TPYNNbl XUBOTHbIX. OKasbiBaeTcs, 4TO M
NOMyJIsIMI0O B H3BECTHBIX YCJOBHSIX MOXHO DacCMaTpHBaTh
Kak opranusm *, Jlio6as OGuosoruyeckass MakpocHcrema Beer-
Ja sABJseTca Hepapxuuyeckoil cuctemoi. Ilpu anasnuse Jerko
o0HapyKHBaeTCs, YTO Lieau GoJiee BHICOKOIO MepapXH4yecKoro
YPOBHS, KaK NPaBUJO, He TOXAECTBEHHBI LEJSAM HHXKHETO
ypoBus. Hanpumep, HHTepechl cTaja B LEJOM (T. €. TOMeo-
CTa3uC) He TOXKJECTBEHHbl CTPEMJIEHHIO COXPaHUTb romeocTa-
3HC OTAE/NBHOrO XKHUBOTHOro. DBoJiee BbICOKHE HepapXxHyecKue
YPOBHH YKe HeJb3sl CuuTaTh opraHusmamu. Hanpumep, 6umo-
reoLeHo3 (3KOCUCTeMa) He SfBJSETCS OpPraHU3MoM, XOTS H
MOXKHO T'OBOPHTb O roMmeocTasuce Guoreoilenoda, OaHakKo OH,
no-BUAMMOMY, He o06JajaeT Heo6XOAUMOH MOTEHLHMeH AJIs Op-
TaHH3aLUH BepXHedl mneT/iM oOpaTHON CBfA3H, T. €. LieJ1ecoo6-
Pa3HOro . HCIOJIb30BAHUS PECYpPCOB MJIfi COXPaHEHHSI TOMeo-

* Cm. noppoGuee: K. Il. Hauunos nC.C. lIsapu. O 6Guxo-
JOTHYECKHX MaKpocucremax, — B ¢6.: «Hayka u uenoseyecrso, 1975»,
M., 3Buanue», 1975, *



cTasuca 6HoreoieHo3a. Ho 310 BoBce He 03HauaeT, YTO ONHCATh
IMHAMHKY 3KOCHCTEMbl MOXHO 6€3 MCNOJIb30BaHHUSI NOHATHS
'06paTHOI CBfI3M, W60 3KOCHCTEMa COCTOMT M3 GOJbILOTO KO-
JIHYeCTBa OPraHH3MOB.

Tor ¢akr, uyto onucatb GpyHKUHOHHPOBaHHe JI0GOH XKHBOK
opranu3auuy Ge3 HCNOJNb30BaHUS TOHATHS «06paTHas CBSA3b»
‘HeJb3sl, M3BeCcTeH AOCTaTOUHO JAaBHO, MO KpaiiHeit mepe 3a-
“HOJTO N0 TOrO, KakK MNMOSIBUJICSI CaM TePMHH «o6paTHasi CBA3b».
Bo Bcsikom cayyae B 1911 ropy ero yke 3nan A: A. Borznanos.
IMpunumn o6paTHOM CBS3M B COBPEMEHHBIX TEPMHHAX Obl1 cHoOp-
myaupoBan B 1931 ropy co3naresieM GHOKHGEPHETHKH
I1. K. AHOXMHBIM.

Ha o6uiecTBeHHOM YpOBHE OpraHM3alWM MaTepHH MNOSBJS-
‘€TCSl COBepIUeHHO HOBOe siBJleHHe — TPYJ0Basi AesiTeNbHOCTb.
HiMeHHO nostoMy Ans onucaHus Mopeseii B 3TOH 06JacTH Mbl
JIOKHBI  MOJIb30BAaTbCA TEPMHHAMM TPYAOBOH JIeATEJbHOCTH
JiofeH, S5KOHOMHYECKHMH TepMHHaMHM. B kauecTBe npumepa
pPaccMOTpPHUM H3BeCTHbie 6aslaHCOBbl€ COOTHOLLEHHS.

O6o3HaunM uepe3 X — BEKTOP NMPOH3BOAUMON NMPOAYKHMH.
‘Hanpumep, x! — 3T0 KOJIHYECTBO BBINJIABJEHHON CTanH, x* —
IBETHBIX MeTaJslJIoB, X3 — MeTaslJIOpeXYIHX CTaHKOB U T. A.,
yepe3 A = || q;; | — MaTpuily npsAMBIX 3aTpat, T.e€. Be-
JHYMHA @;; onpelessieT KOJHYeCTBO NMPOAYKLUMHM BHAA i, He-
'06X0AMMOTO /s MPOM3BOACTBA €NMHHILI NMPOAYKUHH BHAA j.
Torpa oueBupHO ciepyoillee GajlaHCOBOE COOTHOLUEHHE:

= Z a;xl + y', wan unave: X = Ax + y,
1

rie BekTOop Yy = {y!,..., Yy"} HOCHT Ha3BaHHe BeKTOpPa KOHeY-
Horo npopykTta. OH MoXeT GbiTh HCNOJIb30BaH -Ha HHBECTHLIWH,
norpebJieHHe, OTnpaBJeH Ha CKJaj M T. A.

Ho ecau, onuchiBas mporeccel, NpoTeKaioliye Ha GHoJoO-
THYeCKOM YPOBHe OpraHM3allii, Mbl TOBOPHM O LeJecoobpas-
HBIX JIEHCTBUAX, TO OYEBHAHO, YTO NPH ONHUCAHMHM NPOLECCOB,
NPOTeKaloKX B YeJOBEeYeCKOM oOilecTBe, CJeAyeT TOBOPHTb O
IefCTBUAX LleJleHanpaB/eHHbIX. 3JeChb MBI TaKXe roBopHM 00
o6paTHEIX CBfi3fiX, 06 HWHGOPMALMOHHBIX mpoueccax M T. A.
Ho Bce 310 OKasbiBaeTCsi HeH3aMepHUMO 6oJiee CJIOMKHBIM.

Sl yke OTMETHJ1 PONb NOHATHS OpPTaHH3Ma M TO, YTO Opra-
HH3MOM SIB/ISIeTCSl He TOJIbKO Kax</ioe XKHBOe CYLIeCTBO, HO NpH
M3BECTHBIX YC/JOBHSIX H TPYNINA XHBBIX CYLIECTB H jAaxke mony-
asuus B uenoM. Ho sTHMH MakpocucTeMaMH W MCUepnblBaeTCs
OpraH#3MHYHOCTb GHOJIOTHYECKOro YpOBHs opranusauuu. Muoe
LeJo yesoBeyeckoe o6IIecTBO. 3JeCh NPaKTHUECKH Jwobast
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rpynna Jiofie#, Jlo60H ueNoBeuyeCKHH KOJJIEKTHB HMEIOT CBOH
LeMH W CpeiAcTBa WX RocTHiKeHHs. (OcoGeHHOe 3HaueHHe NpH-
0o6peTaioT O6LHOCTH, CBSI3aHHbIe C IPOH3BOACTBEHHOH JAedTelNb-
HOCTbIO Jitofiedl.) MHTepeckl pa3/iMyHBIX TPYNN MOT'YT OKa3aThb-
C CHJbHO OTJIMYAIOIHMHCA APYr oT Apyra. B mnpeaenbHoM
clyyae — B CJyyae KJacCOB — 3TH HHTEpechl 4acTO HOCAT
aHTAroOHMCTHYeCKHi XapakTep. s Toro utolul onucaTh Gosee
HJIH MeHee afleKBaTHO peasibHOCTH, JI06of mpoluecc, NPOUCXO0-
IAWUH B oﬁmecTBe, Mbl HEOOXOAHMO JOJIKHBI YMETb ONHCHIBATD
CJIOXKHEHIIYI0O TAMMY OGILECTBEHHBIX MHTEPECOB H IPOTHBOpe-
ynit, Knaccuyeckas moMMTIKOHOMHS JaeT GJeCTAIIUHE npumep
TaKOro 06beUHeHHSI YHCTO SKOHOMHYECKHX H COUHMAMNBHBIX Ha-
yaj, Ge3 KOTOPOro MOHSATh CYTb OOGLIECTBEHHBIX HPOLECCOB H
MOCTPOHTb MOJeJb, 06/1aJaiollyl0 XOPOIUMMH IPOTHOCTHYe-
CKHMH BO3MOXHOCTSIMH, BHAHMO, HeJb3fl.

$Icho, 4TO MHTepechl Pa3/IMYHBIX TPYNN CBSA3aHbI C HX ro-
MeocTasucoM. K nostomy 3aech Takxke yMeCTHO TFOBOPHTb O
roMeocTaTHYeCKHX obuwHocTaXx. Ho cBA3M ycioBHi romeo-
CTaTH4YeCKOH CTaGMJIbHOCTH, HHTEPeCOB, KOTODbie HeNOoCpeA-
CTBEHHO BJIHAIIOT Ha XapakTep pelLleHHH, NpUMeHseMbIX CyGb-
eKTaMH (Mbl OTOX/JECTBJ/IsieM NOHATHE OpraHH3Ma H cyObekTa),
H caMH JeHCTBHS, NpeANpHHUMAaeMble AJS JOCTHIKEHHs 3THX
uesieff, Kak npaBH/Oo, BecbMa onocpefoBaHHbhi. Hu o Kakoil
pedvieKCHOCTH 3ech He MoxeT GObiTb H peud. YesoBek obua-
JlaeT Crnoco6HOCTbIO aHAJM3HPOBATh NMPOHCXOAsLIHNE POLECCH,
npelBHAeTb HCXOAbl CBOMX HEeACTBHH, CTPOHTb THIOTE3bl O
NOBeleHHH JAPYruX CYGBEKTOB, NpeAyrainiBaTb HX JefACTBHA
H T. A. ¥ T. i1. [losTomy oOpaTHbIe CBSA3H, KOTOPbIE BO3HHKAIOT
B 4YeJioBe4eCKoM oOliecTBe, He MOTYT ObITb peaiM30BaHbl C
MOMOIIbIO MpocTenX GYHKLUHI NoBefieHHs pedJIeKCHOro TH-
na. MarematHyeckoe onucaHHe 3TOH HepedIEKCHOCTH — TPYA-
He#as npo6seMa. Ouenb yacTo (CKOopee, KaK NpaBuJIO) Mbl He
B COCTOSIHUM ¢OpMaJIN30BaTh 3TH NPOLECCH H AOJIKHBI HCIOJb-
30BaTh AJIg MX OMHCAHHSA MapaMeTpH3auuio B ¢opme PYHKUUA
NOBEJeHHs, MOJYYEHHYI0 Ha OCHOBE 3KCHEPTHBIX OLEHOK.

[Topsonst utor ckasaHHOMY, PacCMOTPUM CJIOXKHBLUYIOCS B
HacTosilliee BpeMs HEKOTOPYIO YCJOBHYIO KJacCH(HKaUHIO Ma-
TéMaTHYeCKHX MOJeJieH, MO XapakKTepy H Cnocoby HCMoJ/b30-
"BaHHs NPOU3BOJbHBIX (QYHKUHH M NapamMeTpoB, KOTOpPble OHH
colepar. '

Mopnenu 6e3 ynpaBaeHHU s OHH ONHCHBAIOT
JUHAMHYeCKHE INpoLecchl (C MOMOLIbIO, Hanpumep, AHddepeH-
LHaJNbHLIX HJIH Pa3HCCTHBIX ypaBHEHHUI), KOTOpble He COAEPKaT
cBOGOAHLIX MapaMeTpoB HJH GYHKUMHA. K MX uucay orTHoCAT-
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cs1 GOJILIUMHCTBO YMCTO NPOTHOCTHYECKHX MozeJseli, Koria
3aJlaHHOe HauyaJbHOE COCTOSTHHE ompejesisieT TPAaeKTOPHIO npo-
necca. Mozen Takoro posa MoryT GhITb H CTOXaCTHUECKHMH,
Hanpumep, OHH MOTYT COAEpMKATb CJAyyaiHbIE BEJHYHHB H

(YHKUHHL '
X = f (X, t g)o

rle & — HeKOTOphIi CayyafiHbli BEKTOP C H3BECTHLIM 3aKOHOM
pacmpezesieHHsi BeposiTHocTedi. B stom cayuyae nac 6yAyT HMH-
TepecoBaTb He OTHeJbHble TPaeKTOPHH, a MX CTaTHCTHUECKHe
CBOWCTBAa, HanpHUMep CpelHee 3HauyeHHe.

Moneau, Kortopbe MOTryT OHBHTb HC-
NoONb30OBaHB AJS ONTHMH3alLHUH HaWHX
aeicTBHH Paccmorpum anHaMHuecKmi mpouecc, Molelb
KOTOpOT'O OMNHChIBaeTCS HEKOTOPLIM YpaBHEHHeM BHIA:

x=[(x, t, u), 2)

rie BuI6Op QYHKUMHU U (£, X) HAXOAUTCSA B PacnoOpsiKEHHH CY6b-
exta. BekTop-pyHkuMs u (f, x) Ha3biBaeTCsi YynpaBJeHHEM.
YnpabJjeHHe BbIOHpaeTCss M3 YCJOBHS HOCTHMEHHSI HEKOTODOi
nesu. BecbMa pacnpocTpaHeHHBbIH KJacC 3ajiay, ONMChIBaeMBIX
JaHHOH MOJENbIO, MOXHO CGOPMYJHPOBaTh CJeAylomHM o06-
pasom: 3a Bpemsi T mepeBeCTH CHCTEMY H3 COCTOSIHHs

x (0) = x, (8]
x(T) = xr, @

TaK, YTOOH! ¢3aTpaThiy OBLLIH MMHHMAJLHBIMH, T. €.:

B COCTOsiHHE

T .
j F (x, u, E)dt = min, (5)
0

sueck F (x, u, §) — ueneBas (bym(unﬂ.
Orpanunuenus (3) u (4) u ueneBoi qJYHKllHOHaJl (5) MBI He BKJIIO-
yaeM B NOHSITHe MojesH. J1J1s ofHO# U ToH e MopesH (2) MOTYT
CTaBUTbCSl pasHble 3ajayH. ,
Monenu, KoTophe MOTYyT HCNOJAbL3O-
BaTbCs JANs aHaJu3a KOHPIHKTHB X CH-
Tyanui [Ilpeanosoxum, 4To AMHAMHYECKHH npouecc omn-
penensiercss JeHCTBHSIMH HECKOJIbKHX CYGBEKTOB, B pacnops-
XEHHH KOTOpHIX HMEIOTCS YNpaBjieHHs: u, U, ®,... . 1Oria

Xx=f(x t u v w.).
Ho ynpaBnenns '6yny'r BLIOHPATLC M3  YCJOBHI
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T . r
SFl(x, 4, v, @,..., {) = min, jF,(x, 4, v, W, 1) X
0 ]

X dt = min u 1. J,

KaxJaoe M3 KOTOPBIX OTPakaeT BMOJIHE ONpejesieHHble HHTe-
pecbl TOro MJH APYroro cyGbekTa.

Mozenn onucaHHBIX THMOB M3YyalOTCA B TEOPHU YMmpaBbiie-
HHS M TeOpHM HccaefoBaHHs onepauuit. Ho okasbiBaercsi, uto
NoJO6HOrO THNA MOAEJSIMH He OXBaThlBaeTCs GOJIbLIOE KOJIH-
YeCTBO CHMTYalHil, KaK pa3 TeX, HEOGXOAMMOCTb H3YYEHHS KO-
TOPBIX M NpHBeJia K MOSIBJEHHIO MpeaMeTa, WUMEHYeMOro CHc-
TEeMHbLIM aHaJ/IM30M.

HUmuTanuonnsie cuctembl. PaccMoTpuM Tenepb Takylo 3a-
Aayy. ITycTb Mbl H3yyaeM HEKOTOPbIi HeynpaB/seMblii AUHA-
MHYECKHH MpoLecc, 3aBHCSIIMA OT- clydyalHOro BeKTOopa § ¢
3aKOHOM pacnpefeneHust BeposiTHoctedt F (§):

x=f(x t ¥). (M

Ypashenue (1) onpenesnser HEKOTOpOe MHOMECTBO Tpaek-
TOpHil. Bynem cuuTaTh AJA YNpOLIEHHSA, YTO HayajbHOE CO-
CTOsIHHE (PHKCHPOBAHO:

x (0) = x,. 2)

Kak omnpenennTb cpeiHee 3HaueHHe KOMIOHEHT BEKTOpa
x (T) B MmoMmeHT ¢ = T? JI1s1 3TOr0 MOXKHO, Hanpumep, HCMOJib-
30BaTh MAalIMHHBIA AaTYHK CJAYYAHHBIX YHCEJ, HMEIOWUX 3aKOH
pacnpenenenust BepositHoctell F (§). On Gyzer BbiaaBaTh 3Ha-
yeHus §j, §,, &s,... [loacraBassi 3T 3HaueHUs B ypaBHenHe (1),
MBI NOJYYHUM CHCTEMY YpaBHEHHIi:

;‘i = f(xy,2,81); xz = [ (xg,l5,85) M T. )1-.

Pelnas 3TH ypaBHeHHsi npu Yyc/I0BHH (2), Mbl HaiJeM COBo-
KY[NHOCTb TPaeKTopuil x = x, (f); x = x, ({) 1 T. A., nocne
yero MHTepecyiollasi Hac BeJMUYHHA MoxeT ObITb OnpejesieHa
ycpeaHeHHeM:

£(T) = 2 xa (8)s

rie N — uncjo ucnbitanu#i 3a Bpems T,

DTOT mpHeM MaLIHHHOrO 3KCnepHMeHTa (MOJEJHpPOBAHHS)
noJiyyds B CBOe BpeMsi Ha3BaHMe HMHTAauMH. [lo-aHr/HiACKH
MOJIe/Id TaKoro THma HasbiBaloTcs «simulation model,» yto Ha
PYCCKuit si3blK GbLIO MepeBefeHO KAK <HMUTALHOHHAS MOZE/by,
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Takoit mepeBoj He coBCeM YAaueH, HOO MO-PYCCKH «HMHTALLUSI»
H «MOJe/JHpOBaHHe» NPAKTHYECKH CHHOHHMBI.

Ho raiaBHoe 6bl/10, KOHEYHO, He B CJIOBaX — 3TOH MpOLeaY-
pe MOxHO Obl10 MpHAYMaTh U 6oJiee TOUHOE Ha3BaHHe; BaXKHO
TO, YTO OHA COAepKaJia KayeCTBEHHO HOBBIH CIOCOO HCHOJb-
3oBanus DBM. '

DNeKTPOHHAs BLIYHC/HTE/bHAA MAallMHA TNpeBpaliajach B
BKCMEPUMEHTANIbHYIO YCTAHOBKY. D10 ObLI HOBBI 3Tam B HC-
NOJIb30BAHHH BBIYUC/UTEJNBHOH TEXHHKH.

Wnen uMHMTauMu HAYMHAIOT MOCTENEHHO 3aBOEBLIBATb HO-
Bbie ¥ HOBbIe NMO3UIMH. OueHb HHTepecHas paboTa Mo HMHTALHH
HCTOPHYECKOro mpoilecca Gbla MpojiesaHa COBMECTHO CHEHH-
anucramu BL AH CCCP u Uucruryra ucropuu AH CCCP,
ABtopbl 3TOfi paGoThl MOABEPr/M aHAJM3y OAWH H3 HHTepec-
HeilMX nepuofoB Hcropuu [pesneit ['peunn — INenononuec-
"cKY10 Boitny. HMcnosb3oBanHe mMaTeMaTHUeCKHX MOJEJIEH ‘U 3K-
CePUMEHTBI C HUMH HMEJIH He TOJIbKO METOJHUECKOe 3HaueHHue,
yIa/soCh YCTAHOBHTb LE/bIH pSAA HOBHIX (hakTOB, NpeACTaB-
JISBUIMX MHTEpeC A/ CrneluajHuCTOB-HCTOPHKOB *,

HIMUTaLHOHHBIN SKCIEPUMEHT JJIsl aHaJM3a TOrO HJIH HHOFO
SIBJIEHUS] WJIM Tpollecca — 9TO, MO CYHIECTBY, XOPOILO A3BeECT-
HbIl «BapHaHTHBIA MeTol»., 3ajaBasi HEM3BECTHhIM BeAUYHHAM
HJIH QYHKUHSAM Te HJIM HHble 3HaYeHHs!, MBI C IOMOLLbIO MOJe/IH
onpejensieM HHTepecyOLMe Hac XapaKTepucTHKH, ConocraBisist
HX C HaOJOfeHUsIMH, Yke HMelowlefica uHbopMauueidl u, Ha-
KOHell, MPOCTO PYKOBOACTBYSICb 3APaBbiM CMBICJIOM (H HHTYH-
uMeii), Mbl HM3MeHsieM MX 3HaueHHWs M CTaBUM HOBBIH 3Kcre-
puMeHT. Bnaromaps DBM ucnosnb3oBaHue BapHaHTHBIX pac-
yeToB JesiaeTcsi 3pGEeKTHBHBIM CPeICTBOM HCCJIENOBaHHUS.

Jlio6oe HccenoBaHHe — 3TO B KOHEUHOM CUeTe AHAJIOr.
UccnepoBatenb 3amaer npupoge Bonpoc. [1si 3TOro OH CTaBUT
skcnepumeHT. Iocsie aHanM3a pe3yJpTaTOB OH 3ajaeT APYroi
BOMPOC, JJIsi 4eTO BHUIOM3MEHseT SKCIIePUMEHT, U T. A. Bapu-
aHTHBIE pacueThl H MAalUHHHBIH 3KCNEPHUMEHT BbINOJIHAKT 3Ty
¥Ke poJb.

To riaBHOe, yTO JuaJjor yenoBek-OBM Ha ocHoBe MaTema-
THYECKHX MofeJsiell, MMHTHPYIOLMX peaslbHOCTb, NPeiCTaB/seT
co6oit KayeCTBEHHO HOBbIi HMHCTPYMEHT HCC/IEJOBaHHH# U npo-
€KTHPOBAaHHA W YTO MEPCNeKTUBbl €ro HCHOJIb30BaHHUs
OueHb IUMPOKH U HHTEPECHHI, ObIIO MOHATO ellie B NepBo#i no-
JIOBHHE LIECTHAECATBIX TOJOB,

«
*Cm.: B.A. Yctuuos uap. OnbiT HMHTaLHOHHOTO MOJeJiHPOBa-
#HHA HCTOPHKO-COLHANBHOrQ npouecca.— «Bonpocw ucropuu», 1976, Ne 11.
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ITpumepHO B Te e roabt (Hauano 60-x roxoB) aBTOPOM JaH-
HOi1 paGoThl Obl1a NpeNJIoKeHa H peanu3oBaHa Ha IBM
BA3CM-2 wugzess ucnosb3oBaHus Auanora uesnoBek-OBM ans
OTBICKaHHSl 3KCTpeMyMa CJOXHBIX (yHkuuii. HecmoTpsi Ha
GosplIoe pas3BHTHe, KOTOPOE MOJYYH/IH METOAbl ONTHMHU3alMH,
OTBICKAHHE 3KCTpeMYMOB (YHKUHH, TonorpadHsi KOTOPHIX
HMeeT «OBPAXHYIO CTPYKTYPY», A0 CHX NOp NpeACTaBJseT Npo-
OsieMy AJIsl BRIYHCJIHTEbHOH MaTeMaTHKH. ¥YmnotpebJsis 3TOT
TepMHH, MBI MMeeM B BHAY, YTO TOBEPXHOCTH IOCTOSIHHOIO
ypoBHs [ (x) = const ycTpoeHml Tak, YTO B KaXJoH TOuKe
X = X Tpou3BopHble Of/dx! oueHb CHJIBHO Da3JIHYaloTes zlpyr
OT Jipyra no BeJIHUMHe.

Tem He mMeHee HacToOsillasi pa6oTa ¢ WIMPOKHM HCNOJb30Ba-
HHeM HuJell WMHMTalUM Hadajacb COBCEM HelaBHO. H npnunna
3TOr0 B CJIEAYiOlIeM.

Ina Toro yTo6bl AMaJor yesoBeK-DBM Obun s¢peKkTHBEH,
HeoOXOIWMO IO MeHbllefi Mepe BBINOJHEHHE IBYX YCJOBHH,

a) Urobbl npouenypa NOCTaHOBKH BOMpoca M aHaJju3a OT-
BeTa Obijla Obl OTHOCHTEJNBHO MPOCTOH.

6) UToOnl Bpemsi Mexy MOMEHTaMH, KOTJa BONpPOC 3aAaH H
NoJyyeH OTBET, TaKxKe OblIO Heﬁonbmum. .

JIpyruMH CJI0BaMH, 4TOGbI 3TOT AHAJIOT He Gbl1 HeBEPOATHO
LJUTEIbHBIM M TPYHLOEMKHM,

Jo nopel 1o BpeMeHH BO BCSKOM CJlyyae rnepBoe H3 3THX
YCJIOBUH peasn30BaTb ObLIO HeAb3sl H3-3a KOHCTPYKTHBHBIX
ocobenHocteii OBM nepBuix noxkosenudt. Ilponeaypa 3anasa-
HHsl BOmpoca MallliHe (COCTaBJieHH€ NpPOrpaMM, BBOA HHGOp-
Mauuu) 6pli1a BecbMa TpyjaoeMKka. Elle 6osee TpyaoeMKoit 6bla
npouenypa paciuHdpoBKH nosyyaemoro oteera. OTBeToM OB,
KaK NpaBHJIO, PYJIOH C MHOTHMH Thicsiuamu uudp. Hamo 6bino
B HHX pa3o6paTbCsi, NOCTPOUTL rpadHkH, NpoaHaJH3HMPOBATDb,
Ha Bce 3T0 yXoausao 3HauHTeJIbHO GoJibllle BpEMEHM, 4eM Ha
HeToCpeACTBeHHbIN cueT. MuJiHoHHOe OnicTponeiictBue OBM
He CHHMaJslo MecsiieB KPOMOTJIMBOrO H KBasH(HLHPOBAHHOTO
TpyZAa. BoT nouemy Ha mepBbIX mopax HeH UMHTAUMH HCNOJb-
30BaJIMCh JIHIIb SMH30AHYECKH.

CuTyanuss KaueCTBEHHO H3MEHHJaCb Tocjie MNOsiBJIEHHS
OBM TtpeTbero nokoseHus, o6JajaloWUX He TOJNBKO 6OJIbIUHM
GLICTPOJEICTBHEM U NaMSITbiO, HO H TEPMHHAJbHBIMH YCTpPOH-
CTBaMH, TIO3BOJISIIOILMMH TNPEACTaBAATL MHQOpMauHio B rpa-
¢uyeckom Bue (rpadHueckHe AMCTJIEH, YePTEXHbIE aBTOMa-
Thl, rpadonoctpoutesu u T. A.). Kpome Ttoro, 6naropaps cuce
Teme pasjie/ieHHsi BpPeMEHH TMOsIBHJIach BO3MOXHOCTb BBOAA
MHGOPMaLHH HENoCpPeLCTBEHHO C MYJbTa TepMHHaJa,
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Peanusanus aTHX HOBBIX BO3MOXKHOCTeH norpe6GoBaJia nepe-
CMOTPA. YCTaHOBHBIUMXCSl B3r/IiIOB Ha XapaKTep MaTeMaTH-
yeckoro obecneuenusi. OKasasnocb, 4To A5l 9¢¢EeKTHBHOrO HC-
NOJb30BAHUA HJAEH HMHTAUMH CJAQXKHLIX MPOLECCOB CHCTEMBI
Mozesiefl JO/IKHBI GBITh ChelHaNbHbBIM 06pa3oM OpraHM30BaHHI,
T. €. CO3/laHa CreilMasibHas ynpabJsioliass nporpamma (ee Te-
Nnepb MHOrJAa Ha3biBAalOT BHELLHEH OnepanHoOHHOH CHCTEMOH) M
MHOroe JpYyroe, o0 4eM paHbllie H He 3afyMbiBaHCh. [To-HOBOMY
CTasla BRIIVISAETR U npobaema NpHMeHseMbIX 3bIKOB. B camom-
Jejie, MMHTalUst JaeT BO3MOXKHOCTb HCMOJb30BaTb OMBIT Clie-
I[HaJIHCTa, KOTOPHI, KaK MpPaBHJIO, He SIBJIAETCS MaTeMaTHKOM.
D10 MOXeT OBITb KOHCTPYKTOP camoJieTa, 6HOJIOT, SKOHOMHCT. ..
M ecrecTBeHHO »esaHHe JaTh 3TOMY CNELMANHCTY BO3MOX-
HOCTb caMoMy 6e3 mocpejHHMKa (MaTemaTHKa) 3agaBaTh IOBM
BOMPOCH!, ONHHM CJIOBOM, BecTd AuaJjor. Ho ansa storo ssmik
obuieHHss ¢ OBM no/ken GbITb JOCTATOYHO MPOCTHIM M MpH-
Crnoco6J/ieHHBIM K JAaHHOMY KOHKPETHOMY HCCJ/eZOBaHHIO.

Tak mocTeneHHO BO3HHKJIO MpeNCTaBJieHHE 06 UMHTALHOH-
HOH CHCTeMe KaK O CleLHaJbHbBIM 00pa3oM . OpraHH30BaHHOM
COBOKYIHOCTH MOJeJiell, ynpam/siolell nporpamme, Heo6Xo-
AUMOH JIJIsi OCYIUECTBJEHHMA AHaJora, pa3sHooGpas3HOro Marte-
MaTHYeCKOro obecleyeHUs H NpPOLEAYP HCINOJIb30BaHUs Bcefi
oToit cucTeMbl. TlocsenHee ouenb BaxHO. Belb HMHTAaUHOHHAS
CHCTeMa TMO3BOJISIET peaJiH30BaTh CHHTE3 (JOpPMaJbHBIX H He-
¢dopmasbHBIX MeTOfOB HccaenoBanus. CucreMa mofesieil U Ma-
TemaTHyecKoe ofecrieueHHe HeCyT Ha ceGe BCIO HarpysKy pyu-
HBIX pacyeToB, a BCe yNpaBJieHHe HCCJeJOBaHHeM OCTaeTcCst 3a
yesoBekoM. IlosTomy wuccrrenoBaTesio, KOHCTPYKTOPY OYeHb
Ba¥HO HMMeTb JOCTATOYHO KAHOHU3MPOBAHHYIO CHUCTEMY npo-
uenyp, cBoeo6pasHblil aIrOPHTM, KOTOPHIl IOMOraeT eMy HaUTH
HauboJsiee MPOCTOH MNYTh K JOCTHIKEHHIO HaMeYeHHOH UeJIH.
Ecan peub uzeT 06 HCMOMB30BAaHHH METOAOB MOJENHPOBAHHSA
NpOEKTHPOBAHHS, HanpHMep, camoJieTa, TO 3Ta CHCTeMa Mpo-
LeRYp, O KOTOPO# MBI ceiiyac roBopuJiH, GyIeT TOiHHOBO# Tex-
HOJIOTHell NPOeKTHPOBAHHA CaMoJieTa, KOTOpasi OCHOBBLIBAe€TCH
Ha npUMEHeHMH coBpemeHHbiXx DBM. Jta cucrema npouenyp
ROJUKHA ObITh HOBLIM «PYKOBOACTBOM JIJIsi KOHCTPYKTOPOB».
EcTecTBenHO, YTO Takast HOBAasi TEXHOJIOTHSI NMPOEKTHPOBAHHS
6yner 3aBHCETb KaK OT BO3MOXKHocTeil DBM, Tak M OT coeep-
LIEHCTBA MaTeMaTHYeCKoro oGecneuenusi. Ilo Mepe pasBuTHSA
TOrO M APYroro M KBajJH(HKaUHH KOHCTPYKTOPOB TEXHOJOIHS
NpOeKTHPOBaHUs OyleT BHAOHU3MEHSITBCS.

HmuTaunonnele cucTeMbl Bce B GOJIbILEH CTENEHH H3MEHSIOT
TPaJMUHOHHOE MpeJACTaB/JeHHe 00 HcnoJb3oBaHHH OBM, co-
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J€PXKaHHHU H CMbICJTIE npux.na,uﬂoﬁ MaTeMaTHKH. OHH CTaHOBSAT-
€A OCHOBHBIM HHCTPYMEHTOM COBPEMEHHOIO CHCTCMHOro aHa-
JIhn3a.

. SKCNEPTU3bI U 3BPUCTHUYECKUE
MPOLIEAYPbI

Mpocreitiune sxcneprusnl, Kak yxe He pa3 roBopn..uch B npe-
IbIAYLHX TJiaBaX, MeTOAbl CHCTEMHOINO aHaju3a IIHPOKO HC-
NO/Ib3YIOT pa3fiuyHble HedopMasbHble NPOLEAYPHl NPHHATHA
pelleHHH M HHGPOPMalMOHHble MacCHBbl, IOJIYYeHHble C To-
MOLIBbI0 HHTYHLHMH, ONbITAa M 3HAHMN HCCJefoBaTeNel, KOH-
CTPYKTOPOB M APYrHX JIHI, KOTOPbIX MBI YCJOBMMCSl B JAaJlb-
HeHllleM HasblBaTh sKcnepramu. Ecau yroaso, skcnepTt Mrpaet
posib HeKoToporo npubopa, KoTophiii JHGO cOBepiiaeT npea-
NOYTHTEJbHLIH BHIGOP, JIMOO yCTaHABJWBaeT 3HayeHUsl KO3(-
¢uIMeHTOB, JHOO CBf3bIBaeT JIOTHYECKOH HHUTBHIO NPHYHHY H
cyeicTBHe H T. A. Takum o6pasom, obpallleHHe K 3KCnepTy To-
JKe HEKOTOPHIH CBOeOoOpasHbIH SKCIEPHUMEHT, H KaMeTcs €cC-
TECTBEHHBLIM CTPeMJIeHHe YTOYHHTb €ro, NOBTOPHTb, OOGPaTHTLb-
Csl C OJHHM U TeM JXe BONPOCOM K Pa3/IHYHbIM SKCnepTaM, Mc-
NoJ1b30BaTh He TOJNbKO HHAMBHAYaJbHbifl, HO H KOJJEKTHBHbIHA
ONbIT.

Ilpumepamu TpaiHLHOHHBIX NPOLEAYP, HCNOb3YIOWHX KOJI-
JIEKTHBHBIA OMNBIT, SABJAIOTCA Ppas3JjHyYHBIE SKCNEPTH3bl, KOH-
CHJIMYMBI, COBelliahHusi H T. A. B 3aBucuMOCTH OT Xapakrepa
CUTYallMH STH NPOLeAYPHl MOI'YT CHJIBHO OTJIMYaTbCs APYr OT
apyra. B oxHuX ciyyasix oCHOBOHM MOJOGHBIX NMPOLEAYP MOXeET
CJIYXHTb AUCKYCCHS, B APYTHX OHa KaTerOpHuyecKH He Jomy-
ckaerca. Hanpumep, Bo BpemMsi MeIMUMHCKOrO KOHCHJIHYMa
OuYeHb BaXKHO OOCYIHTb BCe JOBOALI, He YNYCTHTb JeTaJef,
B3BECHTb BCe 3a M NPOTHB H T. A. ITosTomy mpouecc xuarso-
CTHPOBaris 6OJIe3HH — 3TO MpeKie BCero Npouecc pa3BUTHA
auckyccuu. JIpyroii npumep «koHcusinyma» onucaa JI. H, Tosn-
croit B «BoiiHe u mMupe» — coBer B Punsax. Kaxabiii U3 reue-
pajioB, mpurJamieHHelXx K KyTy3oBy, BbiCKasasl CBOIO TOYKY
3PeHHUsl, MPENJIOKHJ CBOH BapHaHT pelueHusi. [J1aBHOKOMaH-
AYIOLMA BHIC/YIIAJ BCe MHEHHS M cKasaJ: «$ npukasbiBaio...».
Pemienne 6b110 NPUHSATO «eAMHOT/IacCHO» — MHeHHe KyTy3oBa He
06CyKA3I0Ch. o

INopsnox npoBefeHHsi MOAOOGHLIX BKCNEPTH3 M COBellaHMi
OYeHb YacTO perJiaMeHTHpYeTcsi Tpajuuuei (T. €. B KOHEYHOM
CyeTe CHOBA ONBITOM) H BO MHOTMX OTHOLIEHHMSIX NMpPeACTaBJseT
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coboit nckyccrBo. OIHAKO NMOCTENeHHO M B 3Ty 006JacTh HayH-
HalOT NPOHHKATb Pa3sHOOOpa3Hble MaTeMaTHUYECKHe METOAbl 0O-
paboTKH MHDOPMALHH.

BeposiTHO, OAMH M3 NepBBIX NPHUMEPOB NpPUMEHEHHs «Ma-
TeMaTHYECKHX METOJOB» B SKCMEPTH3aX Jaju BuHoAebl. C He-
3anaMsATHBIX BPeMEeH CYIIECTBYET MHCTHTYT AErycTaTopos. Hx
3ajjaua OlEHHMTb KayeCTBO BHHA (OOBIYHO B 6asiiax), paHKu-
poBaTb MO KayecTBY pasjiMyHble BHHa U T. A. Ilpocteiiumit
cnoco6 06paboTku HHGpOpPMaLKH, KOTOPLI OCYILECTB/AET IPyn-
na JerycraTopoB, — 3TO pacyeT cpeiHell oueHkH. [lanbHeiliiee
yC/I0KHEHHE HCIO/Nb3YeMbIX MPOLEAYP CBA3aHO C BBeJeHHEM
«BeCa» OTAEJBHBIX JKCIEPTOB.

D10 yKe CYIIECTBEHHOE YCJ/OXKHEHHE TPAaAHIIIOHHOH npo-
uefypbi. B camom jgesne «Bec» skcnepTa MOMKET ONpele/siThCs
He TOJMbKO OMBbITOM, HO W pe3yJbTaTaMH €ro JAesiTeJbHOCTH.
Hanpumep, «Bec» 3kcneprta (mpuueM MaTepHaJsibHOe MOOLIpe-
HHe 3KCrepTa 3aBHCHT OT €ro Beca) CYHTAeTCs TeM MEHbLLUUM,
yeMm GoJibllle €r0 MHEHHE OTKJIOHSETCS OT CpeJHero 3HaueHHUs
oueHKH. BJsaroaps TakoMy YC/IOXHEHHIO B NPOUEAYpHl IO-
CTPOEHHSI SKCNEPTHbIX OLEHOK BHOCHTCSI 3/1eMEHT OOYuYeHHS.
IMpouecc pyHKUHOHHPOBAHUS KOJIJIEKTHBA SKCIEPTOB MpeBpa-
1aeTcsl B HEKOTOPbI AMHAMHYeCKUH mpouecc ¢ o6paTHOM
CBfI3bl0, NMOCKOJIbKY MaTepHaJsibHOe 6JIaromnoJiyyHe Kamkioro us3
SKCMEepPTOB (T. €. ero «BeC») CTABUTCH B COOTBETCTBHE C pesyib-
TaToM MpodeCCHOHANBHOH JesiTe/IbHOCTH,

‘B nociensee BpeMs AealoTCs MOMBITKH AaJjIbHEHILEro yc-
JIOXKHEHUs NOJOOHbIX mpoueayp. OHH CBSI3aHBbI CO CTPeMJICHH-
€M yueCTb PBIHOYHBIH CIIPOC M MpeiCTaB/AsIOT COGOH 3/eMeHTHI
ajanTauuH <KOJJIEKTHBHOTO BKYCa» JeryCTaTOPOB K MEHsI0-
IIeHCs CHTyaLHH.

IIpuMep C JerycTaTopaMH sBJSIETCS THIMYHBIM TPUMEPOM
NPOCTBIX SKCNEPTH3, LUHPOKO chonbsyemmx IJis pelleHUs
OTHOCHTE/IbHO HECJIOKHBIX BONPOGOB.

Cy0beKkTHBHbIE BEPOATHOCTH H nporuosnponauue 3apnaua
TIPOTHO3HPOBAHHA CHTYAaLHH (Hay4yHbIX, TEXHHYECKHX, IOJH-
THYECKHX H T. Jl.) Ha OCHOBE SKCMEPTHbIX OLEHOK TpebyeT yxke
3HAYUTEbHO GoJiee CJOMKHBIX NMPOUERAYP, NMOCKOJAbKY NPH 3TOM
SKCNIePT He B COCTOSIHHH AaTb JOCTATOYHO OMNpeAe/IeHHOro OT-
BeTa Ha INPSAIMO MOCTaBJIEHHBIA BONPOC; B TAaKOH MOCTaHOBKE
OH OKasbIBaeTCsi OYeHb YaCTO BHE KOMIETEHIMH SKCMepTa.

[IporHos co6uiTss A 3akK/ioyaeTcss B OTBeTe Ha BONPOC:
«[Tpousofizet sto cobbitTe 3a Bpems ¢ << T uau Her? H o6bIu-
HO 3KCMHEPT HE MOXKET JaTh 4eTKoro orBeTa. OH 6YJeT roBOpUTDb
0 «GoJiee UJIH MeHee BEPOATHOM» CBEPLUEHHH COOBLITHS MJH ro-
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BOPHTb O liaHcaxX M T. A. IToatomy Bonpoc skcnepTy oGbIYHO
3aJiaeTcsl B BepPOSITHOCTHhIX TepMHHaX: «KakoBa, MO MHEHHIO
skcnepTta, BepositHocTh P (T) Toro, yto cobbite A npousoit-
JeT 3a Bpemsi ! < T?™

Ilono6Hylo OoLeHKY MBI GyleM HashlBaTb HHTYHTHBHOH Be-
POSITHOCTbIO. 3aMeTHM Cpasy, UTO K MaTeMaTHYeCKOMY MOHf-
THIO «<BePOSITHOCTb» 9Ta OLEHKa HMeeT BeCbMa YCJOBHOE OT-
HOIlIleHHe, TNOCKOJIbKY peyb HAeT 06 OfHOM eIUHCTBEHHOM CO-
6bITHH. DTO MpocTo cBoeobpasHasi (opMa HeueTKOro npeacTaB-
JiéHusa sKcneptHoH HHpopmauuu. Ho oHa, Kak 9TO Mbl YBHIUM
HHXKe, BecbMa YHOOHa [/l pelleHHsl NpPaKTHYECKHX 3ajay.

Bropas TpyaHocTh CBsi3aHa C TeM, YTO NPOTHO3HpYeMbie
COObITHSI JOCTATOYHO CJIOXKHBI H KOMMNETEHLHH 3KCIepTa He-
JOCTaTOYHO AJisi TOrO, YTOOGbl JaTh UeTKUH OTBeT. B sTOM Cay-
yae COObITHE JOMXHO ObITb pacuJieHeHO, MOCTPOEHO, KaK ro-
BOPAT, JepeBo LeJeH, AepeBO 3JeMEeHTapHbLIX COOBITHH, KOTO-
pbie yxe O6yAyT AONYCKaTb OSKCIePTHLIE OLEHKH ONHCAHHOro
BbIlllI€ THINA.

IlpexnosoxuM, YyTO peub HAET O NPOTHO3e TAKOro COObLITHS,
KaK Bbicajka Jiofeit Ha Mapce B 2000 roay. 1o cobbithe (S)
Mbl YCJOBMMCS Ha3blBaThb 3aKJIOYHTEJbHBHIM. Kamablii u9JeH
KOJIIEKTHBAa 3KCNEPTOB JOJ/KEH IpexJe BCero Nnepeuyrc/iHThb
cobpitiss S;, Sg..., S,, OT BLINOJHEHHSI KOTOPBIX 3aBHCHT
CoBepllieHHe HJIH HecoBeplleHHe coObiTHA S. B HameM npumMepe
cobbiTHe S; MoxeT ObITb CO3JiaHueM JBUrartens, o6Jjapaio-
mero Tpe6yeMbIMH XapaKTepHCTHKaMH, co6biTHe S, — CO03-
JlaHHeM CHCTeMbl HeoOXOXMMOro iusHeobecreueHHsi, Sz —
CYIIeCTBOBaHHEM OKOJIO3€MHOH CTaHUMH /il COOPKH KOHCTPYK-
uuit -1, 4. Onpenenum ewe cobbitHe S/:

S/ = f (Slv Szv--’ Sk)’

rie f — HeKoTopas Jioruueckasi GyHKIMsl CBOHX MEPEMEHHBIX,
B npocreiiiem cayyae f o6pasoBaHa ¢ NMOMOLLbIO OAHHX TOJb-
KO onepauui KOHDBIOKUHH, T. €. CO6biTHE S/ COCTOHT B OfHO-
BpPeMEHHOM TOsIBJIeHHH cobmitnit S,, S,,..., S,. Ho, BooGue
roeopsi, GyHKuus f MoxeT UMeTb H Gosiee CJIOXKHYIO CTPYK-
Typy. Ecau, Hanpumep, c6opKy KopabJist MOXKHO OCYLIECTBHTb
He TOJIbKO Ha OKOJIO3eMHOM CTaHUHH, TO BMECTO ONEpPaLHH «u»,
T.e. S; U S;,i, MOXET COJepIKaTbCs Onepauus <HJH».

B. M. I'nymkoBbiM A/ NopoGHBIX CHTyauu# Obli npex-
JIOXXeH BapHaHT aHaju3a (cM. «KubepHetnka», 1969, Ne 2),
COrJIaCHO KOTOPOMY 3ajilaya 3KCnepTa COCTOHT B TOM, YTOGhI OLle-
HHTb YC/IOBHYIO BeposiTHOCTb P/ (f) HactynsieHHs cobbitHsa S
8a BpeMsl, He NpeBOCXOJsIee ¢, NPH YCJIOBHH, YTO PyHKUHSA f
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NPHHMMAeT 3HauyeHHe, PaBHOE eAHHHLE, T. €. YTo cobbitHe S/
COCTOSJIOCD.

ITpenno/oXuM, 4TO 3KCHEPTHl MOT'YT HasHAuHTb 6e3yCJIOB-
Hble BePOATHOCTH P; (f) HacTynsieHHs coObiTHi Sy, S,,..., S,
B Teyenue BpeMehu ! =<<t. Toria Ha 3TOM mpoueRypa SKcnep-
TH3bl 3aKaHYHBAeTCs, H MBI CMOeM nepeiiTH K o6paboTke ee
pesy.btatoB. ITokaeM, KaK 3T0 Je/naercss NJsi NpocTeiiuero
cnyyasi ¢pyHkuud f. IlockonbKy co6biTHe S/ COCTOMT B OAHO-
BpPeMEHHOM COBeplleHHH COoObITHH S;, TO Ge3yc/OBHast BEpOSAT-
HOCTb P((T), 4TO OHO HACTYNMHT 3a BpeMs ! << T GygeT:

P; (1) = Py (v)- P, (7)... P, (7).

OcHoBHas 3ajaya 5KCNepTOB, KaK Mbl YXe CKa3a/ii, COCTOHT B
TOM, YTOObI AaTb YCJOBHYIO BEPOSTHOCTb NOSIBJIEHHS COOBITHST S
B TeyernHe BpeMeHd T mocse HacTynJeHus cobeitis S/. Ocpen-
HAs (C Y4eTOM Beca 3KCNepToB HJIH 6e3 3TOre) OLIEHKH dKcmep-
TOB, Mbl MOMYYUM 3Ty ¢yHKuuio. O6osHauum ee uepes Q (f).
Tenepb y:e coBceM MpoCTO MOACYHTATh Ge3yCJIOBHYIO BEpOST-
HOCTb HACTyINJ/IeHHs COOBLITHS. S 3a BpeMs { < t*i

"
P (1) =§Q(t“’§)dpf (). (M

Ecau Tenmeph Jsis co6GuiTisi S; 3KCNepThl HE MOTYT YKa3aTh
6e3yc/oBHEIX BeposiTHocTel P, (f), T. e. cobbiTHe S; A/t STOrO
yepecuyp CJOXKHO, TO HeOGXOAHMO NepPedTH K CJaeRylolemMy
wary.
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OH COCTOHT B TOM, 4TOObI 1JIs1 3TOrO COOBITHS S; yKasaTb
co6bITHsl {S;;}, OT HaCTYN/IEHHSI KOTOPbIX 3aBHCHT MNOSIBJIEHHE
cobbiTHsI S;; 3aTeM BBeCTH coObiTHe Sf, cocTosuuee B HacTy-

NJIeHnH CoObiTHH S;;. Ecam skcnepTel €noco6Hbl OUEHHTH Ge3-
ycjioBHele BepositHocTH P, (T) HactymjieHus coObithii S; 3a
BpeMsi { << T M YCJOBHYIO BeposiTHOcTb Q; (T) cBepiueHus co-
O6biTHst S; 3a Bpems T nocse HacTynJjeHust cobbitisi Sf, TO
no ¢opmyse (1) mbl nopcuntaeM 6e3ycaOBHLIE BEPOSITHOCTH CO-
ObiTHA S; U T. A. .

Ecin skcnepThl He MOTYT OLEHHTb BeposiTHocTel Py; (1),
TO NMPOAOJIKAeM Ipouecc yjeHeHusi. B peayabrate MBI nosy-
yaeM HeKOTOpoe jepeBo COObITHH (puc. 2). OpHaxXiabl MBI JOH-
JieM JI0 TaKOro ¢JIost, B KOTOpoM 6yIyT yKe JOCTaTOYHO NPOCThIE
COOBITHS, NOCTYNHbIE AJISI SKCNEPTHBIX OLEHOK.’

IMono6HbIfi cnoco6 paccykieHuil JaBHO YTBEPAMJICS B CHC-
TeMHOM aHaJsu3e. IIpuMep BepOSITHOCTHBIX OLEHOK — OflHA M3
MHOTHX HJIJIIOCTPALMHA TOH TE€XHOJOrHH 06pabOTKH SKCNEPTHLIX
JaHHBIX, KOTOpasi U3BECTHA KaK HCNOJb30BaHHe JiepeBa LeJeil.
lleHTpa/bHBIl MOMEHT BCeil OMMCAHHONH CXeMbl — 3TO NPHHLMN
yJleHeHUs1 60J1bLUOM NPo6JeMbl Ha OTAE/bHbIe YacTHe. UTo e
KacaeTcsi CaMHX OLIEHOK, TO 3TO MOTYT ObiTb H He TOJIbKO Be-
POSITHOCTH, 3TO MOTYT ObITb CTOMMOCTH, HAJE€XKHOCTH H T. H.

Mertop, pewaouiux marpuyu. Mtak, ycnex cjoXHOH 3kcnep-
TH3Bl ONpejesseTcs Nnpexie BCero TeM, KaK Mbl CMOXEM pas-
JIOXHUTDb CJIOXKHYIO NpoGJeMy Ha Psii NMPOCThHIX. 3/eCh HET elH-
HbIX -peuenTtoB. MeTon nepeBa ueseii, KOTOpHIH GbL1 H3/0XeEH B
npeawiiymem naparpacde, 3TO JHLIb OAHH H3 MHOTHX NPHEMOB
nexomnosuunu. Ipyro#t cnoco6 6nin1 mpepnoxen I. C. Ilo-
cnesoBbiM. PaccMOTpHM ero Ha npHMepe 3aJaud pacnpenesieHns
aCcCHTrHOBaHHH Ha (yHIaMeHTaJIbHbIE HCCJIEJOBaHH.

dta 3ajaya TPyJHa MO CYLIECTBY, TaK KaK U3 HENOCPEACT-
BEHHOTO Onpoca HccJeoBaTeseil, 3aHUMaIOWHNXCsl AaHHOH npo-
6sieMoil, OueHb TPYZHO H3BJeUb Kakylwo-1H60 HHPopmauHuio.
Jlnuy, naaHupylomeMy GIOIKET, NPHXOAUTCS TNPeOJOseBaTh
NPOTHBOpPEYHe MeXAy eCTeCTBEHHbIMH HAaYYHBLIMH HHTEepecaMH
YUYEHOro, KOTOPOMY ero npeiMeT MCCJeOBaHUs NpeicTaBseT-
Csl BeCbMa BaKHbIM, M MHTepecaMu oO6LIeCTBa, KOTOPOE MOXKeT
BBIIEIHTL Ha Pa3BUTHE HAyKH JHLIb BMOJHE OrpaHHYeHHble
cpeacta. HMurtepechl ofuiecTBa HOJMXKHbI ObITb NpelCTaBJeHbI
B (hopMe HeKOTOPOH NporpaMmbl, HEKOTOPOro NepeuHsi uenei,
KOTOpHIH M $SIBJIIeTCSl OTNPaBHOH TOYKOH Bcell paGoThl. ITH
Hean Moryt OhiTb camoro pasHoro cofepxkanusi. Hekotopbie
M3 HUX OYLyT UMeTb YMCTO HayuHblli XapakTtep. Hanpumep, K
2000 rony monmxkHa GbITb MpoM3BelleHa Bhicagka Ha Mapc u B
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Tyckapopckoit BnagiHe NO/KHa OGBITb CO3/laHa NMOABOAHAS Jia-
Gopatopus. [pyrue uenH MOryT HOCHTb SKOHOMHYECKHl Xa-
pakTep, Hanpumep, CO3JldHHe TePMOSIEPHBIX 3/EKTPOCTAHUHMH
WJIH MOJIHAS MeXaHH3alHusl TeX HJHM HHBIX TEXHOJIOTHYECKHX
npoueccoB. TpeTbH — OGOPOHHLI XapakTep, AONYCTHM, CO3-
Janue HajgexHo# cucremel ITPO u T. I _

Mbl ocTaB/isieM B CTOpPOHe mpolecc BHIPaGOTKH camo¥ npo-
rpammbl. [lo cymecTBy, 9TO TOXKe HeKoTOpasi mpouepypa, Ko-
TOpasi ONpelesisieTCsl HanpaBjeHHeM PpasBHUTHS HAYYHOTO IO-
TeHuMana ctpansl. IlepeueHp pa6oT Mbl 6yAeM CUHTATh 3aj]aH-
HbiM. O603HaYHM €ro uepes o; 0—>TO BEKTOP ¢ KOMIOHEHTaMH
@ (i =1,2,.., n,). '

IMpouenypa nocTpoeHusi myaHa pacnpefiesieHHst acCHTHO-
BaHHH mNpeAycMaTpHBaeT, YTO BCe KOMIIOHEHTHl BeKTopa o
B3BelLleHbl, T. €. 3HaYeHHAM STHX KOMIIOHEHT NMPHIHCaHHBI onpe-
Jie/IeHHble TOJIOXHUTesbHEIE 3HayeHHs, MX yno6HO TeM MJH
HHBIM Cnoco60M HOPMHPOBATb.

HaJsbHelilyio npouefypy fpHBsKEM K TOMY pasfiesieHHIo
HcCleloBaTeIbCKUX  paboT, KOTOpoe CYIUeCTBYeT B Halue.
cTpaHe. TpajHLHOHHLIM SBJsIeTCS pa3jesieHHe Ha ONbITHO-
KOHCTPYKTOpCKHe pa3pabOTKH, NpHUKJaJHble H QyHAAMEHTaNb-
Hble HccJefoBaHusi. [TosTomMy caenyromuii sTam COCTOMT B
onpejeJleHHH NePeyHsl ONMBITHO-KOHCTPYKTOPCKHX pa3paboToK.
I'pynna sxkcnepToB Ha3biBaeT HEKOTOPLIi nepeyeHb f (BeKTOp €
KOMNOHeHTaMH fY) ONBITHO-KOHCTPYKTOPCKHX  Pa3paboTok,
NpH3BaHHBIX o6ecmeyHTb AOCTHXeHHe Lened. OnHako Tenepb
BPAIA JIH BO3MOXHO TpeGOBaTb OT SKCNEPTOB 33aJaHHS BeCOB
KOMIOHEHT BekTopa . B camom gmene, u3 xakux coobpaxeHun
MOXKHO COMOCTaBHTb 3HayeHHe pa3paGoOTKH ABHMraTesIbHOH ycC-
TaHOBKH IJIs1 KOCMHYeCKOro KopabJss ¢ cosnaHueM po6oTa st
MeXaHH3aLWH pYYyHO#H paboThI?

M Bor TI'. C. TlocnenoBeiM AJs onpefieieHHst 3THX BeCOB
npeasoxeHa cJjenyiowas npoueaypa. OnNbITHO-KOHCTPYKTOP-
ckHe pa3paboTKH, KaK NpPaBHJO, CIYyXKaT CpPasy HECKOJbKHM
HayuHbIM neasiM. ITosTomMy mepen 3KCnepTOM CTaBHTCH OTHO-
CHTEeJIHO MPOCTasi 3ajaya MOCTPoeHusi MaTpuusl AP = | a?’."

3HAaYHMOCTH OTIBLITHO-KOHCTPYKTOPCKHX pa6oT. diement af —

BTO TNOJIOXKHTENbHOE YHCJO, MOKashiBaloLlee OTHOCHTEbHOe
3HayeHHe KOHCTPYKTOPCKOH pa3pabOTKH Homepa i JJs LeJeH
HOMepa j. DTH BeJIHUHHBI ONpeleeHHBIM 06Pa3oM HOPMHPYIOT-

b =1
cs. Hanpumep, MOXHO NpHHATb aij = 1.
i
Tenepb B KauecTBe Beca KOHCTPYKTOPCKOH pa3paboOTKU HO-
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N . ‘
Mepa [ €CTeCTBEHHO TPHHSTb BeJHUYHHY p =Z“u°"-
i

Takum o6pasoM MbI noJyyaem:
B = Aba. @

®opmyna (2) maetr oToGpa)keHHe MHOMXECTBA HAaYy4HO-TeX-
HHYECKHX LieJleff Ha MHOXXECTBO OMNbITHO-KOHCTPYKTOPCKHX pa3-
paboToK.

Iss obecneyeHHsi ONBITHO-KOHCTPYKTOPCKHX pa3paboTok
JOJIXKHBL ObiThb NPOBENeHbl HayuHble HCCJENOBaHHS NPHKIAA-
HOro xapakrepa. Ilepeuenb 3THX pa6ot mbi Gynem 06o3HauaTbh
C TMOMOLIBIO BEKTOpa y (y! — KOMNOHEHTH 3TOrO BEKTOPa).
Tenepn 3ajaya rpynnbl 3KCNepTOB COCTOUT B YKa3aHHH nepey-
Hfl M COCTaBJIEHHH MaTpHUbI AY 3HAYHMOCTH MPUKJAJHBIX HC-
cJieJOBaHM .

[pynner skcneptos, cocrasasomue MaTpuust AP u AV, B
ofleM cJy4yae COCTOAT H3 Pas3HBIX JIHL, NOCKOJNBKY HJisi pe-
IIeHHsT YKa3aHHBIX BONMPOCOB TpeOyeTcsl pas/HuHast KBaJH(H-
KaluWsl U pasjiMyHasl HanpaBJeHHOCTb Hay4YHBIX HHTEpecoB.

Konb ckopo matpuma AY 3anaHa, Mbl MOXeM, paccyxpuas
2HAJIOTMYHO MNPEAbIAYLIeMY, MNOCTPOUTH 0T06pa>KeHue MHOe-
CTBA ONBITHO-KOHCTPYKTOPCKMX pPa3paGOTOK Ha MHOXEeCTBO
NPHKJIAAHBIX HCCJIENOBaHUI.

~ 4. (3)

ITocnie sToro Ham ocraercst ciaesaTh Juib ofuH war. Cre-
nylollas rpynna 9KCnepTOB MepevyHc/sieT BO3MOXKHbIe Hamnpas-
JNeHHs (YHAaMeHTaJbHBIX HccaegoBanuil. Hanpumep, §, —
YHCJIEHHBIE METOIbl B TEODHH TYPOYJIEHTHBIX TeueHHi, 8,
YCJIOBHSI CTaOW/IbHOCTH MOMYJSIUMH NPH NOBBLILIEHHOH pafina-
uuH, 083 — KynaccupuKauMs S/MeMEHTapHBIX YacTHL M T. .

Ilanee, Ta xe rpynna skcnepToB (MoXeT GbiTb pacluHpeHa
3a CYeT NPHUBJIEYEHHS CMNELHAJHCTOB B 06]1aCTH NMPUKIAXHBIX
ACC/eloBaHUi) cocTaB/isieT MaTpuuy A% 3HauuMOCTH COOTBeT-
CTBYIOLIMX (YHIAMEHTAJbHBIX HCCAeNOBaHUH, HEOOXOMHMBIX
A/ YCMELIHOTO 3aBeplIeHHsI COOTBETCTBYIOLIHX MPHKJAHLIX
HCCJIelOBaHH .

B pesysnbraTe Mbl mosyyaeM BO3MOXKHOCTb NMOCTPOMTH OTO-
OpakeHHe MHOXKECTBA MPHKJAJHBIX MCCJENOBaHHM Ha MHO-
XKeCTBO (YHAAMEHTaJIbHbIX MHCCJIENOBaHHI:

= Aby. 63}
®opmyast (2}, (3) u (4) N03BONSIOT MOCTPOUTD moﬁpaméaue
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MHOXKECTBa LieJied Ha MHOXKeCTBO ()yHAAaMEHTaJbHbIX HCCAENO-
BaHHH}

§ = A0 AV ABa,.

Ecnan Beca KOMMOHEHT BEKTOpa « 3ajaHbl, TO TeENnepb MH
MOXEM BbIMHC/JHTL H BeCa KOMIIOHEHT BEKTOpa 8.

B pesysbraTe onMcaHHOH npoueAypPH MBI HaXOJHM OTHO-
CHTEJIbHYIO POJIb OTAeJNbHbIX (yHIaMeHTaJbHEIX HCCJIeNOBaHU M
B YCNEWHOM peasiH3alliM HaMeueHHOM mnporpammel. Tenepb
pacnpezenuTenio GloIKeTa yxe He NpeNCTaBseT TPyaa pas-
LeJNTh CPeNCTBa, BbifeJisieMble Ha (YHAAMEHTaJbHBIE HCCJie-
IOBaHMsl: OH JOJIKEH Pa3leJHTb HX NPONOPLUUOHANBHO BecaM
KOMMOHEHT BeKTopa &,

HecMoTps Ha cylllecTBeHHOe pasJiiuHe mpHeMOB 0GpaGOTKH
SKCMEPTHHIX OLEHOK, CBSI3aHHBIX C HCMOJIb30BaHHEM JepeBbeB
UeJH M pellaloliMX MaTpHI, Yy HHX eCTb OfHa obulas uepTa:
CJIOXKHBIl BONpPOC, HA KOTOPBLIH Mbl JOJIXKHBI OTBETHTb, pac-
ujleHsieTcsl Ha psal GoJsee mpocTeix. HesoBeK crnocoGeH Npo-
aHaJH3¥ POBATh CHTYALHIO JHLIb TOTAa, KOrAa TpebyeTcst yuecTb
OTHOCHTE/IbHO He6O/1blUOe YHCJ0 OGCTOSTENbCTB (B3aHMHBIX
cBsizeit). [ToatoMy MHeHHe 3kcmepTa Gyjer Gosiee HJIH MeHee
LOCTOBEPHBIM JIHIUb B TOM CJyuyae, KOrja eMy NPHXOIHMTCA
OTBeYaTb Ha CPaBHHUTEJbHO NPOCTHIE BONPOCHI.

Ecau 6bl pasubiM 3KkcneptaMm B 1959 ropy npeasioxuau oue-
HHTb BEpPOSATHOCTb BLICAJKH yeJsoBeKa Ha JIyny B 1969 rony,
TO OTBETbI 3aBeJOMO ObliH Obl OYeHb AaJieKH OT UCTHHH. B TO
e BpeMsi ecaH Gbl OblJIO NPOBEJEHO NpelBapHTesbHOE pac-
yjieHeHHe mpo6ieMbl, HanpHMmep, OblIH Obl Ha3BaHbHI OCHOBHLIE
9Tanbl peaJjM3allid TPOrpaMMul «AMoJJIOHY, TO NpHMEHEHHe
METOJMKH, H3JIOXEHHOH B mpeiblayiieM naparpage, najo 6wl
3HayeHHe BEPOSTHOCTH HEMHOTHM MeHbLue eIHHHURBL.

Ycnex B peasiH3auyi 3BPHCTHYECKOH Npouefyphl NPsMbIM
00pasoM 3aBHCHT OT TOro, Kak Mbl pacusieHsieM npobJemy. Benp
ZIOCTOHHCTBO MeTOAa pacnpefieleHHs GlofKeTa COCTOSJIO Npex-
Jie BCero B yMeJIoM pasfie/ieHHu npoGneMbl. Bpsan nu Hafinercs
XoTsl Ohl OMH 3KCNEPT, KOTOPLIH MOMKET BbICKa3aTb CYXKJIEHHE
006 OTHOCHUTEJbHOH 3HAYHMOCTH HCCJAeJOBaHHH B 06JaCTH pa-
AHALHOHHOMN TeHETHKH, KJacCH(pHKALHH 3JIeMEHTapHBIX YaCTHIL
HJIH CO3JaHHSl MaTeMaTHYeCKOH TEODHH YCTOHYHBOCTH IBHIKe-
HuA rasa. M B To e BpeMs MHOTHe SKCNEPTHl OTHOCHTEJIbHO
JIerKo OTBeTAT Ha BONPOC O POJIH TOH MH(OpMamHH, KoTopast
6yleT noJyyeHa B pe3yJbTaTe HCCJeJOBaHHs (yHAaAMEHTalb-
HOro XapakTepa TeX WJIH HHBIX NPHKJAAHBIX HCCJIeNOBaHHH,
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Cnenyer, ogHakKo, HMeTb B BHAY, YTO HMKAaKMX OOLIMX pe-
KOMeHZalu# o crnocobax pasiesieHrst npo6/aeMbl HeT. DT1a Npo-
neAypa onpeie/sieTcst Mpexnie BCEro NPHPOAOH 3aJauH U KBa-
Judukaueit Jvua (uAd JuL), MOATOTOBJIAIOMWMX MPOBefeHHe
aHa/M3a: pasie/ieHHe CJOXKHOTrO BONpOca Ha LeMnouky OGoJee
NPOCTHIX — 3TO BCErja HeKOTopasi 3BPUCTHYECKAsi MPOLEAypa,
Tpebyloiiass 3HaHUH W HU306peTaTe/bHOCTH.

IIpoGnema coctaBiennsi pacnucanus pa6or. B nnanupo-
BaHHH U NPOEKTHPOBAHHH OTPOMHYIO POJIb MIPAIOT pPas/HyHble
8aJlayd TEOPHH pacnucaHuii — pacnucaHuiit pa6or, Heo6GXo-
IMMBIX JJI1 peasiu3auuu npoekrta. ITosicHHM HX cojaepaHue
Ha OJHOH M3 OCHOBHBIX 3aJlau 3TOro KJjacca: HaiTH Takoe pac-
npeje/sieHre pecypcoB, a C/eAoBaTeJbHO, TaKoe Ha3HauyeHue
ouepegHOCTH paboT, MpU KOTOPOM COBOKYNHOCTb pabot, co-
CTaBJIsIiOIIAsA MPOEKT, OyleT BHINOJHEHA 32 MHHHMAJbHOE
BpeMms.

Hrak, skcnepT (MpOeKTHPOBIIHK, KOHCTPYKTOP, NJAHOBHK)
onpejensieT nepeueb pabotr P,, P,,..., P,, HeO6XOIUMbIX A5
3aBepilieHHsl NPOeKTa, H, eCTeCTBEHHO, TpeGyeMblil pecypc AJs
ero BbiNnoJiHeHUs. OIHAKO BLINOJHEHHE 3THX PaGoOT CTeCHEHO
MHOTMMH OrpaHH4YeHHsIMH, KOTOpble, KaK MNpaBuJIO, YAAeTcA
pa3buTb Ha jABe TPYIMHL. .

OrpaHunueHU s (*): OHH ONMUCHIBAIOT B3aHMHYIO 3a-
BHCHMOCTb pabuT. DTO OrpaHHYEHUs JIOTMYECKOro Xapakrepa.
Haun6onee TunuuHbli npuMep — orpaHdyeHMss THna rpada:
BBIMOJIHEHUIO PabGOThl HOMEP | MpeAIIeCTBYET HEKOTOpas COBO-
KyNnHOCTb paboT, Ge3 BHLIMOJHEHUsI KOTOpPhIX pabora Homepa i
HauyaTbCsd He MOXKeT. Y CJOBUMCSI paboThl 0603HA4aTh BepLLM-
HaMH OpHEHTHpOBaHHOro rpada, Torza ero pe6pa 6yAyT no-
Ka3blBaTh, KaKHe paGoTh! H B KaKO¥ MOC/e0BaTebHOCTH JOMK-
HbI BbINONHATBCSA. OrpaHuyeHus (o) MOryT HMeTb H 6oJiee CJI0K-
HYIO JIOTHYECKYIO NpPUPOAY.

Orpanunuenusa (f): stor TMn ycnoBuil CBfi3aH ¢
o6peMoM pecypca, KOTOpPBIt MOXKET GbiThb BbileJieH Ha peasiu-
8aLHIO NPOEKTa.

O6o3Hauum yepe3 v () BeKTOp pecypca, KOTOPbIA MOXeT
ObITh BBIZIEJIEH Ha BbINOJIHEHHE NPOeKTa B rof Homepa f. Uepes
u' () 6ymemM o6o3HayaTbh 100 PaGoOThl HOMepa I, KOTODPYiO
MJIaHUPYETCA BBIMOJIHUTD B rof Homepa ¢ (0 <u! <1), a
yepe3a ¢! (u' (f))— BeKTOp pecypca, KOTOPbIfi JOJIKeH ObiTb
Bblie/ieH AJA BLINOJHEHHS paboTel u! (f). B atux ycsoBusx
orpanuuenus (f) MoryT ObiThb NpelcTaB/jeHbl B CJeLYIOUEH

¢dopwme: :
¢ (W ()<v (.
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Hrtak, ecan BekTopl v (f) HaM 3ajaHH, TO IJIaH peaJjiu-
33aLMM NpPOEKTa CBOAMTCH K CJeAyolleil 3ajave: AJs KaXKAOro
HHTepBasa BpeMeHH { IO/KeH ObIThb Ha3BaH nepeueHb paGoT H
noasi u! (f) atux paboT, KoTopasi JAOJKHA ObITb BbINOJHEHA
TaK, 4ToGbl CyMMapHOe BpeMsl BHINOJIHEHHs NPoeKTa OblIO
MHHHMAJIbHBIM,

Ions u! (f) onpepensieTcs B A€CATHYHON LIKAJE, a BpeMsi —
JauckpeTtHo, ITosToMy 3anaya nocTpoeHHs pacnHCaHHS MOXKET
6HITb pellleHa NPOCTHIM NepeGOpoM, MOCKOJNBKY HMMeeTcs JIHib
KOHEe4YHOe YHCJIO BO3MOXHBIX BapHaHTOB. OIHAKO ec/H YHCJO
paboT JOCTaTOYHO BeJIHKO, TO peajiu3auus nepeGopa Haxe Ha
MolllHo#i DBM TpebyeT acTPOHOMHYECKOrO BpeMEHH M NpaKTH-
YeCKH HeBO3MOXKHa. KM OCHOBHasi TPYAHOCTb COCTOHT B TOM,
uTo0bl YKa3aTb TOPSZIOK BLINOJHEHHsT PaGoT, He Hapylaro-
‘Wil orpaHMyeHHit (a): ecaM HeT (yHIAMeHTa, TO Hesb3si Ha-
YHHATb CTPOMTb KPHILY 3[aHHs.

IMosTomMy B 3ajauax TeopuH pacnucaHui, NONOGHBIX TOMH,
KOTopas onicaHa, HeBO3MOXHO O6GOHTHCH 6e3 HedoOpMaJIbHBIX
SBPHUCTHYECKHX METOJOB,

Ecan ynaercst TeM WM HHBIM 06pa3oM paHKMpoBaThb pa-
60TEl, T. €. NIPUNHCATh MM Bec, M IO 3TOMY BeCcy Onpeje/isiTh
NOPAJAOK MX BbINOJHEHHs, TO 3a/laya COCTAaBJEHUsI PACNHCAHUs
1 ‘aHaJM3 XapaKTepHCTHK NJaHa peasu3allH NMPOeKTa CTaHO-
BSITCSl MOYTH TPHBHAJIBHBIMH,

B 1960 rony aBTOpoM 3TOH Gpolutopbl GblJ NMpPEeAJOKeH Ba-
pHAHT NMOJOGHOH 3BPUCTHYECKOM Npouefyphl, KOTOPHIH mnojy-
YuJl Ha3BaHHe JIOTHYECKOro paHxkupoBaHHs. OHa npunuchiBaer
GosblIMH Bec ToH pa6oTte, KoTopasi npeaulectByeT GOJblueMy
KoJIMuecTBy pa6or.

INosichuM cmbic NOAOGHOM paHKUPOBKU Ha NpuUMepe, KO-
TOPBI MPOHJIJIIOCTPUPOBAH pHC. 3.

Pa6ots P,, P, u Py 3aBeplialoT NpoekT, OHH OAHHAKOBO
BaXXHbl H HM NO3TOMY €CTECTBEHHO NMpPUNHCATh OAHH M TOT Xe
BeC; PaBHbIA, HanmpuMep, eIHHHIE, IOCKOJbKY OHHM MpeALie-
CTBYIOT €IMHCTBEHHOH «paboTe» — OKOHYaHHUIO (TipHeMKe) npo-
exkta — P,.

Pa6otel P4 u P, npenwecTsyloT yxe AByM paGotam: P, u
P,. Tlostomy pa6oraM P, u P, mbl npunuiueM Bec 2. Takoii xe
Bec 6YeT HMETb, OYEBHIHO, H paﬁoTa P,. Pa6ora P, npeauie-
cTByeT TpeM paboram: Py, P, u P4. Ee Bec GyzneT paBeH Tpem.
Takoit ke Bec 6ynet y pabotr Pg (P,, Pg, P,) u Pg (P, P,,

P,). Pa6ora P, Gyner umetrb Bec 4 — (Pg, P4, P,, P;).
Pa6ore P,, Mbl JOJXKHBI NpHUNHCAThb BeC 6, NMOCKOJbKY CHa
npeauwectsyer paboram Py, P,,, Pg, P, Pl u P,. Pa6ora
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P,, npemmectByer wectH paboram — (P;, P3, Py, Py, P,
P,), T. e. Toxxe mmeeT Bec, paBHblil 6. Tako# ke Bec nmeer u
pa6ora Py3— (P19, Pg, Py, P,, Ps, P,). PaGota P, npen-
wecrByer P;, Py, Pg, Py, P;, P, u Py, T. e. HMeeT Bec,
paBHbIA 7.

Bce Halum paGoTel OKa3asHCh CrPYNNHPOBaHHBLIMH B LIECTb
rpynn. Beinonnenne paGoT Hajo HauuHatbh ¢ rpynnsl 1 (pa-
6ota P,,), TaK KakK OHa 3ajJiepKHBaeT HauboJbllee KOJHYECTBO
pabor (cM. puc. 3).

Takoe paHxxHpoBaHHe HMeeT MHOrO npeumyulecTs. I'1aBHoe
9TO TO, 4TO paGoTel, NpHHaJJ/eXKallde K OfHO# TpYyMmne, He3a-
BHCHMBI: HX MOXKHO HPOM3BOIAMTH B Jito6oM nopsake. O6beau-
HAA paboThl OAHOrO Beca, Mbl MPEBPATHM CJOXKHBIH rpad B
JuHelHbl. Bce pacuernl ansa Takoro rpaga yme npakTHue-
CKOrO TpyJa He MNpeaCTaBJSAIOT.

H3noxxeHHBIA METOA MOXKHO GbIIO Gbl Ha3BaTh METOAOM CHSi-
THA JIOTHYECKHX OrpaHHYeHHi. DTO JIUIIb OAMH H3 MHOTHX BO3-
MOXHBIX Crnoco6oB ynpouleHHsi 3afauyH. KoHeuHo, nonoGHbIe
SBPHCTHYECKHE NOAXO/b! B O6LIeM CJyyae He JaloT BO3MOXKHOCTH
NOJTYYHTb TOYHOE, AEHCTBHTEJIBHO ONTHMaJbHOe peiueHHe. Ho
HMesl B BHAY HETOYHOCTb HCXOAHBIX MOCBUIOK, HeH30ex Hbie
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HIOMEXH, KOTOpLIe He BXOASIT B. IOCTAHOBKY 3ajiayd, H MHOTHe
Apyrue (akTopbl, HAMH HeYyTeHHble, CJeAYeT NMpPH3HaTh, 4TO
B 33Jlayax NpPOEKTHPOBaHHs, B KOTOPBHIX JaeTCs OLEHKa Cpo-
KOB (MJIH CTOMMOCTH), 0COGOH TOYHOCTH, KaK MNpaBHJIO, H HE
Tpe6yercsi. Kpome Toro, HaijieHHbIH BapHaHT pacnpeleseHns
pecypcoB Bcerja MoxKeT ObiThb HCNOJb30BaH B KayecTBe NepBO-
ro npubaunxkeHusi AJsi 6ojiee TOYHOro pacuera, a YTOYHEHHe
MOXeT GbiTb CAENaHO C MOMOILbIO 3HAYMTENLHO MeHee TpPYHO-
€MKHX MEeTOIOB TEOPHH BO3MYILEHHH,

B stoii rnase Mbl paccMoTpesiH npHMepnl HedOpMasbHBIX
npoueayp NPHHATHA pelleHHi, Hrpaiomwux 60JblLIyI0 PoOJb B
npaKkTHKe NPOEKTHPOBaHHA M NJaHHpoBaHHA pabor. Hecmot-
ps Ha TO YTO KaKoH-NH6O TeopHH HehOPMaJbHBIX MPOLENYD
HET, a BeposiTHO, H ObITb He MOXET, TeM He MeHee MOXHO To-
BODHTb O HEKOTOPHIX OOLIMX MNOAXOJaX K HMX OpraHH3aluH,
TTpumephl M GBIM NOAOGPaHE HAMH C TeM PacyeToM, 4TOGHI
NPOAEMOHCTPHPOBATb 3TH NMOAXOABI,

IV. Ob ABTOMATU3ALMUA TMPOEKTUPOBAHUA

Hekotopble ofuiue BONpPOChl aBTOMATH3AUHH MPOCKTHPOBAHHA.
B nocnepnue roapt mpobsiemMaM aBTOMaTH3alMH NPOEKTHPOBa-
HHSA yRenasieTcs Bce Gosibluee H GoJibluee BHUMaHHe, NPUYEM 3TO
fiBJIeHHe XapaKTepHO AJisl BCeX HHAYCTPHAJbHO Pa3BHTBIX CTPaH,
CO3/AI0IHX . CIOXKHBIe 06pasubl TEXHHKH H Ppeasiu3ylolux
NPOEKTHl CJOMHEHINX HAPOAHOXO3SHCTBEHHBIX KOMIJIEKCOB.
ITocTteneHHo aBTOMaTH3auMs NPOEKTHPOBAHUS CAeJanacb Of-
HOM U3 obsacTed HanGoJjiee NEpCHEKTHBHOIO HCHOJb30BaHHSA
BHIYHC/IUTENIbHOl TEXHMKH H METOIOB MeXAUCLMIJIHHAPHBIX
HCC/IeIOBAHHH TPOLECCOB pa3HOM (H3HUECKOH NpHpOABl, NO-
JIYUMBIUIMX Ha3BaHWe CHCTEMHOTO aHaJsH3a. Y CJOXHEHHe Npo-
€KTHPYEeMbIX KOHCTPYKUHI NPHXOAHT B NMPOTHBOpeuHe € Tpa-
JMUAOHHLIMH TNPHHLHKIAMH NMPOEKTHPOBAHMSA, KOTOpble BCerja
npexnoJsiaraJju, 4To rJaBHbBI KOHCTPYKTOP HMeET BO3MOXKHOCTh
LeJIOCTHOTO NpPeACTaBJeHHS MPOEKTHPYEeMOH KOHCTPYKLHH,

ITockonbKy ¢u3HOJOrHYUECKHe BO3MOXKHOCTH 4YeJioBeKa Or-
paHHYeHbl, a CJOXHOCTb CO3JaBaeMbIX KOHCTPYKIHH Hempe-
PHIBHO pacTeT, TO OJIHaJbI 3TOT Te3HUC nepecTaeT GbiTh CripaBef-
JuBbIM. M1 B nocnennye necsiTHNeTHs: Mbl HAYHHAEM Bce yalle H
yallle CTaJKHBATbCS € CHTYaUMsSIMH, KOTAa I'VIaBHBIH KOHCTPYK-
TOp MJH PYKOBOAMTEJb NpPOEKTa YyxKe He MOxeT 3hdeKTHEHO
.BMeLINBaTbCS B MpPOLECC NPOEKTHPOBaHMS,
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OGcyxpaas npo6J/ieMbl OPraHU3alUyH 3KCNepTU3, Mbl BUAEJH,
1TO yCreLIHbIH OTBET Ha CJIOXKHBIH BONPOC HEOGXOAMMO TpeGyeT
3ro pacu/ieHeHHsl Ha OTAeJIbHble, 6oslee npocTrie. TOYHO TakK xe
U CJOXHBIH NMPOEKT TpeGyeT pacysieHeHHUsl MpoLecca MPOeKTH-
pOBaHUs Ha NPOEKTHPOBaHHE OTHENbHBIX MOJACHCTEM H arpe-
raToB, pasfesieHHsi OGA3aHHOCTEH MeXAY pPa3/IHYHBIMH KOH-
CTPYKTOpPaMH, HPOEKTHPOBIUMKAMH U HCCJefOBaTe/sIMU-pac-
ueTynKaMu. M Takoe nosoxeHnue yxe gaBHO umeeT mecto. Cos-
JaHHe NpOoeKTa CamoJieTa, KPYMHOH BOJAOXO3SIMCTBEHHOH HJIH
TEXHOJIOTHYECKOH CHCTeMBl — 3TO Bceria  AuddepeHuupo-
BaHHbI! TPYyX G6OJIbLIOFO KOJJIEKTHBA. i

Ho pacuneHeHue npobGiembl HEOGXOAMMO NpeamnoJiaraer M
o6paTHbIil npoluecc — npouecc OObEAMHEHHMS, CHHTe3a, KOTO-
PhIit JlaeT BO3MOXKHOCTb NPEACTaBUTb KOHCTPYKIUHMIO B LEJIOM,
OLEHUTb ee pa3HOOGpa3Hble KauyecTBa U COOTBETCTBHE 3aMbICTY.

PacuneHeHue npouecca NpoeKTHPOBaHUS NMOHA4ajly He Bbl-
sblBaJio npo6seM. Bo3bmeM, HanpuMep, TaKyl TeXHHYECKYIO
cHCTeMY, Kak camoJeT. IlpoekTHpoBaHUe NJaHepa eCTecTBeH-
HbIM 06pa3oM OTJIMYaeTcsi OT BbIOOpa M NPOEKTHPOBAHUS ABH-
ratensi. A3poAuHaMHuecKHe M MPOYHOCTHBIE pacyeThl JAe/aloT
npeiCTaBUTeNM Pas3NHYHbIX npodeccuit U T. . Takas ke cH-
Tyauus HabJiofasnach BCiogy. M Bciony mocreneHHO BO3HHKAJHU
TpagULHOHHbIE (OPMBI pasfieseHusi TPYAA.

HoJiroe BpeMs M npoliecc CHHTe3a NMPOEKTa TaKkKe He BbI3bl-
BaJ/l OCOOLIX OCJIOXKHEHHH: 10 Mepe YCJOMHEeHHS! MPOeKTHpye-
MblX KOHCTPYKLHI COBEpIIEHCTBOBAJHCb U METOABI IPOEKTH-
poBanus. Ho BoT Bce yallle W yalle 3TH TPajULHOHHBIE METOABI
NPOEKTHPOBAaHUS CTa/NH JaBaTb ¢OOM.

[Tpexxpe Bcero Haua/u HEZONYCTHMO YMJIHHATbCA CPOKH
npoekTHpoBaHus. Ho ato Geuio 6wl eute nonbeasl. Ha ucnbita-
HHS CTaJM NOCTynaThb KOHCTPYKLMH, BCe MeHee H MeHee CO-
OTBETCTBYIOLIME 3aMbiCay. M y KOHCTpyKTOpa JO HauaJsa HcC-
‘MbITaHUH He GblJI0 BO3MOMHOCTH JOCTATOYHO XOpOWIO YGEeAHTHb-
csi B TOM, HAacKOJbKO CO3JaHHble MAlLIHHA MJIM TeXHOJIOTHYe-
CKHH KOMIIJIEKC COOTBETCTBYIOT 3aMbic/y. B pesysbrate — He-
H30exXHble MNepefielkH, pe3Koe YAOpPOKaHHE KOHCTPYKLHH H
yA/HHEHHE CPOKOB peasi3allid 3aMmbic/la [0 JecsATHJeTHi!
A 310 03HauaeT, YTO B CTPOH BBOAUTCSA KOHCTPYKUHUSA (HJIH TeX-
HOJIOTHA) y2Ke yCTapeBluasi, OTBeyaiollasi TeXHHIeCKOMY yPOB-
HIO MHHMMYM JeCSiTH-ABaAlaTU/IeTHeH JaBHOCTH.

AHnanusupys 3TH siBJeHHs, Mbl y6exjaaeMcs B TOM, 4TO OC-
HOBHbIe TPYJHOCTH CBSI3aHBI C CHHTE30M, C YBSI3KOH BCEro MHO-
roo6pasusa ocobeHHOCTeii Oynylleli KOHCTPYKUMH. DTH TPYA-
HOCTH PacTyT SKCNOHEHUHAJbHO BMECTE C POCTOM Pa3MepPHOCTH,
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T. €. KOJNHYECTBOM [apaMeTpPoB, KOTOpHie OMPeASAAIOT Kows.
crpykuuio. M kBannbHKalLUsi MPOEKTHPOBLIMKOB 3/1eCh Majo
YeM MOXET NOMOYb—TpPaJULHOHHAST TEXHOJIOTHSI B MPHHLHME
HE MOKET CIIPaBHTbCS C BO3PACTaIOLLel CJIOMHOCTBIO MPOeKTa—
HaJ0 MEHATb TEXHOJIOTHIO NMPOEKTHPOBAHHS.

Bce 3TH o6GcrosiTenbCTBa Hayaad TNOHEMHOTY MOHMMAThCS
NpakTHKaMH BO BCeX CTpaHax, B yactHoctd B CIIA u Lliseuuw,
re ¥ Haya/lu BriepBbie CO3aBaTbCsl CHCTEeMbl aBTOMATH3aLHU
NPOEKTHPOBAHHSI.

BosHukHOBeHHe M opMHpoBaHHe KOHUENUHHA aBTOMAaTH-
3HPOBAHHOTO MPOEKTHPOBAHHUS MPOMCXOAHJIO MNPHMEPHO MO
caenymoleii cxeme,

CHayasia Haya/lH aBTOMaTH3HPOBAaTb YepTexHble paboThl —
3TY OYeHb TPYAOEMKYIO 4acTb JI0GOro mpolecca MpoeKTHPO-
Banus. [TossBU/IHCh yepTexkHble aBToMaThl. OHH, KOHEYHO, om-
paBasu 3aTpayenHble cpeacTBa. OHAKO HUYEro NPHHLHIHANb-
HO 'YJIYYLUAIOIIEr0 MPOEKT MJIH YCKOPSIOLUIEro ero OKOHYaHue
OHH He BHEC/]H, fa H He MOIJIH BHECTH.

OpHOBpeMEHHO LIIO ILHPOKOE BHeJpeHHe B MPAKTHKY HH-
JKEHEPHBIX pacyeToB, HanpHMep NPOYHOCTHBIX, THApaB/IHYe-
CKHX, a3pOAHHAMHYECKHX XapaKTEPUCTUK, C NOMOLIbIO METOAOB
MalUMHHOA MaTeMaTHKU. DTH paboOThl CYLIECTBEHHO YCOBep-
ILIEHCTBOBAJIH Pa3HoOGpa3Hble NpOLEAYPHl MPOEKTHBIX pacye-
TOB, CBe/JH 10 MHHHMYMa BO3MOXKHble OLUMGKH, MOBBICHJH 00-
IYIO KYJbTYPY NPOEKTHPOBAHHsI, OJHAKO TaKiKe He MPUBEJH.
K KaKOMY-JHG0 CYLIECTBEHHOMY COKpAlleHHI0 CPOKOB MpoekK-
THPOBAHHS.

Caepylomuit atan — co3JjaHye aBTOMATH3UPOBAHHBIX pa-
6oYHX MeCT KOHCTPYKTOpa. DTO ye HOBBIfi ypOBEHb MblllLjie-
Husi. Paboune mecTa 0Ka3blBaJHCh HENOCPEACTBEHHO CBS3aH-
HbiMM ¢ OBM, KoTopasi saMeHH/Ia KOHCTPYKTOpY TPaIHUHOH-
HYIO nnnenxy WK apudMOMeTp, MOSIBUJIMCh NMPOCTeHIlHe JHcC-
IJIeH, MO3BOJIMBIIHE KOHCTPYKTOPY peasu30BaTh OGpaTHYIO
cs3b ¢ OBM. HMpues aBTOMaTH3UpOBaHHBIX paGOYHX MeCT MO-
SIBUJIaCh B KOHLE LIECTHAECATHIX roJ0B, OJHOBPEMEHHO C MO-
IBJICHHEM CHCTeM pasfieieHHs BpemeHH. C MX BHeJpeHHeM Obl-
JIo CBSI3aHO HeMaJsto HafiexxA. M XoTsi aTu Hajexnabl AaJieKo He
BCE OKa3a/HCb ONPaBJAHHBIMH, 3aTpaTbl Ha CO3JaHHE aBTO-
MaTH3HPOBaHHBIX PabOYHX MECT, KOHEUHO, BIIOJIHE OKYIHJIHChb
pesysbTaTamu. OfHO TO, YTO OHH MOTPeGOBAJM 3HAYHTEJBHOTO
NOBBILIEHUS] KBaJHPHKALMH H OOLIel SpyAHLIHH KOHCTPYKTOpa,
yxe faBasio MHoroe. Elie OfHHM Ba)KHBIM CJIEACTBHEM MOsiB-
JieHHsi aBTOMaTH3HPOBAHHBIX PaboYHX MeCT OblJIO BHEApeHHEe
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B NpoueAyphl NPOEKTHPOBAaHHA HAeH AHajora DBM-KOHCTPYK-
TOD. ’

OznHako M aBTOMaTH3auus paboyHX MeCT KOHCTPYKTOpa,
KOTOpasi mpoH3olia B psiie CTPaH B Hayasle CeMHAECATHIX To-
JIOB, TaKXe He pellnsa OCHOBHOH mnpoGsembl. CPOKH MeXIy
BO3HHKHOBEHHEM 3aMbIC/1a KOHCTPYKLHH H ee peasiH3auHei no-
NpeXHeMY OCTaBaJHCh 3HayHTeJbHbIMH, KOHCTpyKuMH (HaH
UX OnbiTHHE 06pa3sibl), NpexbsiBJsieMble K HCNBITAHUSIM, Tpe-
6oBaJiH B npoluecce MCNLITAHHH MHOTOYHCJEHHBIX H TPYAHBIX
JIOIeNIOK, a nojyac M CYIUECTBEHHOTO H3MEHEeHHS MX CaMHX.

Crana ouyeBHAHOH HeOOXOAMMOCTb CO3JaHHs B3aHMOYBs-
8aHHOH CHCTeMbl NPOEKTHPOBaHHSA, BKJIOYalolled H cHCTeMy
nporpamm JJ/1s1 HHKeHepHbIX pacyeToB, H aBTOMAaTH3HPOBaHHbIE
pabouue MecTa, H pasHoOOpa3Hble AHAJOroBble NMPOLENYPHI, H,
KOHEUHO, aBTOMaTH3alH10 BceX rpaguueckux pabor. Cefiuac B
OCHOBHBIX Pa3BHTHIX CTPaHaX KakK pa3 M BelleTCs HHTEHCHBHas
pa6oTra B 06J1acTH CO3ZaHHSl U BBOAA B CTPOil MONOOHLIX aBTO-
MaTH3HPOBAaHHHIX CHCTeM NPOEKTHPOBAHHS.

IToka eie paHo NMOZBOANTb HTOTH H TOBOPHTb O pe3yJbTa-
Tax 3KCIJyaTaluMH TaKMX CHCTeM H 00 HX 3(¢peKTHBHCCTH.
C ux BBOJOM CBSI3bIBAIOT GOJbliMEe HaAeX.bl, H aBTOMaTH3HPO-
BaHHOE TNPOEKTHPOBaHHE IepeXXHBaeT ONpefieJieHHBl GyM.
H ¥MeHHO B CBSI3H C 3THM MHe XoTeJsochb 6bl npefocTepeyb npo-
THB HEKOTOPHIX HJIIIO3HH—-CO3ZaHHe MOJHOUEHHbIX CHCTEM
aBTOMATH3NPOBAaHHOTO INPOEKTHPOBaHHA noTpeGyeT MHOTMX
JerT ¥ GONbLINX YCHJHM.

Ipexxpe Bcero ANsi HUX HeoOXoAHMa BeCbMa COBeplUEHHas!
BBIYHCJIMTEIbHASA TeXHHKAa- COBMECTHO C Pa3BHTOH CHCTeMOi ee
KOJIJIEKTHBHOTO HCnosb3oBaHUsl. CHCTeMbl NPOEKTHPOBaHHS,
KaK OHHM 3aJyMBIBAalOTCSl CErofHs, TPe6GYIOT KOJIJIEKTHBHOIO
HCNOJIb30BaHHs GaHKOB JAaHHBIX, CHCTEM MOJeJiell H NporpamM.
Hx skcnayartanus notpeGyeT 60JbLIOTO KOJHYECTBA YHUKaJb-
HbIX no 06beMy XpaHHMMOH HHGOPMAlMHM MarHHTHHIX JHCKOB,
CneunanbHbIX HaGoOpOB TEPMHHAJNbHBIX YCTPOHCTB H T. A

Haxkonen, cosnanne cneunanu3upoBaHHOrO MaTeMaTHue-
cKkoro obecrieyeHHsi moTpeGyeT TaKxke MHOTMX M MHOTHX JeT
YNOpPHOH paGoThl MHOTOYHCJ/IEHHBIX KOJIIEKTHBOB ~ BEICOKOM
KBaJIHpUKALMH: TO COBPEMEHHOMY IPEACTaBJEHHIO Jiobas
CHCTEMa aBTOMATH3aLlWM NPOEKTHPOBAHHA — 3TO Npexje Bce-
ro CJOXHeMHllasi HMHTallMOHHas cucTema. [lostomy oxuuaTh
GLICTPOTO TIOABJIEHHS TOJHOUEHHBIX CHCTEM aBTOMaTH3HPO-
BaHHOTO TpPOEKTHPOBaHHSA He cJjenyeT. PeanbHo HX nossJe-
HHfl MOXXHO OXHMJaTb B CepPeiHHe CJEAYIOlero AeCsATHAETHS.

M3 31001 OLEHKH JOMKeH CeAOBaTh OAWH BaXKHbIA NpPaKTH-



YeCKHil BBIBOX — CHCTeMbl JOJIXKHbI CO3[1aBaThCsi C TAKHM pac-
YeTOM, YTOGBI OHM MOTJIH BBOAHTBCSI B CTPOH- MOCTENEHHO, [0
Mepe TOTOBHOCTH OTAE/bHLIX 3/€MEHTOB, 6J/IOKOB, T. €. TaK,
yToGbl SKCMIyaTalus OTAEJbHBIX YacTeH CHCTeMBbl MOTJa Ha-
YHHATbCSl 3aJI0/IT0 O 3aBepIleHHsl BCeH CHCTeMbl. JTO Bax-
Hblii npuHUMn. OH MO3BOJIUT CIKOHOMHTb He OJIMH MHJUIHOH
py6neit. Ho ero peanusauusi morpebyer He TOJLKO CreLHalb-
HOH OpraHH3aLMH NPOrpamMMHOro o6ecrneyeHHs, HO H CnelHallb-
HO/ opranusaluu paGoThl MOJb30BaTeNeH — rpynn KOHCTPYK-
TOPOB M MNPOEKTHPOBIIHKOB.

Tenepb oTHocHTesnbHO mpoGaeMbl auaJjora. CeroaHs Bce
COrJIacHbI C TeM, YTO CHCTeMa aBTOMATH3HPOBAHHOTO NMPOEKTH-
pOBaHH$sl — 3TO HEKOTOpas CrelyajbHAsi AHAJOroBasi CHCTeMa,
4TO juajior yenoBeK-OBM jo/keH 3aHHMaTh LEHTpaJbHOE
MecTo B mpoliecce npoektupoBaHusi. Ho, K coxanenuio, MHO-
rHe JYyMaioT, YTO HHKAaKOH npo6/eMbl JuaJjiora He CyLIeCTBY-
eT: Gblid 6bl HeOGXOAUMBblE TePMHHaJIbHbIE YCTPOHCTBA M MpO-
rpamMMbl pellleHHS! OTAEJbHbIX HHXXEHEPHbIX 3ajay. ITo IJy-
Gokas owmnbka. M ecaiu oHa He 6yneT ycTpaHeHa CBOEBPEMEH-
HO, TO CO3laHHe CHCTEM aBTOMaTH3HPOBAHHOrO NPOEKTHPO-
BaHHSi MOXKeT NpPHBECTH K pa30o4yapoBaHHIO U Heycnexy. B ca-
MOM Jene, 3(peKTHBHOCTb JI0OOH CJIOXKHOH KOHCTPYKLHH,
6yAb TO MPOMBLILVIEHHBIH KOMIJIEKC, CaMOJIeT HJIM BOJOXO3sil-
CTBEHHasi CHCTeMa, OfpeaessieTcss THICAYAMH pa3JIHYHBIX ma-
pametpoB. He Gynem ke mMbl mepeGupaTh BCe BO3MOXHbie CO--
YyeTaHHs 3THX NapaMeTPoOB B pexKHMe CJeNoro Auajora. 3Ha-
YUT, JOJIKEH ObiTh 3KOHOMHBI CrMoco® OpraHMW3aiLHH. MOHCKa
HauJayyulero BapuaHral

Mo cymecTBy, CKa3aHHOe O3HauaeT CO3laHHe ChelHaJbHOH
CHCTEMBI MPaBHJ H aJrOPHTMOB, KOTOpble H COCTaBAT OCHOBY
HOBOH TEXHOJIOTHH aBTOMATH3HPOBAHHOTO MPOEKTHPOBAHHUSA
C/OMHBIX 06bekTOB. bBe3 cospanus 3Toil HOBOH TeXHONOrHH
CHCTeMbl ABTOMATH3HPOBAaHHOTO MPOEKTHPOBAHHS, MOAOOHO
ABTOMAaTH3HPOBAaHHbLIM paGoyuM MectaM, OYyAYT MNOJIe3HbIM
HHCTPYMEHTOM, KOTODBIH, KOHEUHO, YCOBEpLICHCTBYET NpOoLece
NPOEKTHPOBAHHs, HO BPAA JIH BHECET B HEro Te M3MeHEHHH,
KOTOpbIe ero KauecTBEHHO YJydiuaT. '

Hrak, uentpanbHas 3ajaya B CO3JaHHH CHCTEM aBTOMAaTH3H-
POBaHHOrO NPOEKTHPOBAHHSA — 3TO Pa3paboTKa HOBOH TEXHO-
JorHH npoekTHpoBaHusi. M, KoHeuHo, pa3pabGoTKa TaKo#
TEXHOJIOTHH YXe HauyaTa Bo MHOrMX KB W NnpoeKTHbIX QpraHu-
3aUHsX, TAe CO3AAIOTCA H HAYMHAIOT UCMOJIb30BAThCS NOAOOHbIE
cuctembl. Tlpicnoco6ieHne KOHCTPYKTOPOB, NPOEKTHPOBLIH-
KOB K HOBOH TeXHHKE, HCNOJb3OBaHHE HOBOTO MAaTeMaTHYECKO-
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ro olecrneyeHHst M eCTb YKe 3JIEeMEHTBI 3TOH poxJjaiolleiics
TexHosorid. Ho ee cosjaHHe HOCMT B 3HAUMTENBHON CTENeHH
HWHTYUTHBHBI/i XapakTep M He HWpeBPaTHJOCH NOKa elle B ile-
JleHanpaBJieHHble COBMECTHble HCCJ/IeJOBAHHSI HHXKEHEepPOB-Npo-
€KTHPOBIIMKOB H MaTeMaTHKOB.

C uero Jo/MKHa HauyMHaThCs NOAOOHasE JAEsITENBHOCTL?
Takoit Bonpoc aBTOp 3TOH paGoTHI 3a7aJ OAHAXKIbl OLHOMY
N3 HalUMX BeAYUWHUX KOHCTPYKTOpoB. OTBeT 6bl1 COBEpPLUIEHHO
OJIHO3HAUHBIH: «Bbl, MAalUMHHBIE MATEMAaTHKH, AOJIKHBI NOMOYb
Apexje Bcero MHe — TreHepasJlbHOMY KOHCTPYKTOpY. Bmeete
€O MHOH BBl JOJKHBI pa3paboTrath TaKYyl0 METOAHKY INIPOEKTH-
.pOBaHHUsA, KoTOpas no3soJsisiia 6bl yXke Ha caMbIX PaHHHX 3Ta-
pax TNpOeKTHPOBaHHSA AOCTaTOYHO NPaBHJIbHO BbIGpPaTh oOC-
HOBHbI€ NapaMeTpbl KOHCTPYKUHMH H OLIEHHTb pa3JjiMyHble Xa-
PaKTepHCTHKH ee 3(p(deKTHBHOCTH M Ha MNPOTAXKEHHH BCero
npouecca NpoeKTHPOBAHHS KOHTPOJHPOBATb H3MEHEHHe 3THX
XapaKTepHCTHK TaK, YToObl B pe3yJ/ibTaTe NpPeNbSiBUTb K HC-
NbLITaHHSIM KOHCTPYKLHIO, YIKe He TpeGylolyio 10BOJOK». SI 1y-
Maio, YTO STH NPHHUMNBI OCHOBomoJsaramwilve. M ux peanu-
8allisl MOXeT NeHCTBHTEJNbHO pelLlaloHiuM 06pasoM YJYYLIHTb
CyilleCTBYIOILlee TMOJIOXKEHHE C TNPOEKTHPOBAaHHEM CJOXHbBIX
o6bekToB. M B TO Ke BpeMsi Hallo OTAaBaTh cee OTYeT B TOM,
YTO 3Ta 3ajaya JajieKo He NMpocTa W moTpeGyeT co3JaHHus cne-
MaJIbHOTO amnmnapara.

Heckosbko 3ameuyaHut 0 «TteopuH» HedopMaJbHBLIX MNpo-
HeAYp H ee BBIBOAAX AJA MPOCKTHPOBAHHA CAOXKHBIX TEXHHYe-
CKUX KOHCTPYKuMit. Co3faHHe CJOXKHBIX TEXHHYECKHX KOH-
CTPYKUHH, NOAOOHBIX NPOM3BOACTBEHHOMY KOMIJIEKCY, CaMo-
JIeTy, 9JIeKTPOHHOH MalliMHe W T. A., — 3TO NpexJe BCero aky
TBOPYECKHH, H OH He MOXeT OblTb HHKOrja J0 KoHua ¢opma-
JU30BaH. JTOT ¢GakT Mbl GyleM CUHTaTb aKCHOMOH M U3 Hee
6yAeM HCXOAHUTD.

CrnenyeT 3aMeTHTb, YTO LeJBIi PfJ CMELHAJHCTOB KaK Ha
3anaje, Tak H y Hac MoJIaraioT, YTO aKT TBOPYECTBa B NpOEK-
THPOBAaHHH B 3HAYMTEJNLHOH CTemeHH MOXeT ObITb 3aMeHeH
CnennaJbHO OPraHM30BaHHOH cHCTEMON 0O6paGOTKH CTaTHCTH-
YyecKoro MartepHasna.

Cratuctuyeckast o6paGoTka napameTpoB CYLIECTBYIOLLMX
(MM BO3MOXHBIX) KOHCTPYKLHH, KOHEYHO, OYeHb BaXkHa, H
ee HH B KOoeM CJyuyae He cjeayeT HenooueHuBaTh. Ho ee Heno-
CTaTOyHO B npunuMne. Mcnosnb3oBaHHe TOJBKO ORHOro CTa-
THCTHYECKOTO MaTepHasa MO3BOJIsSieT CO3JaTh KOHCTPYKLKIO,
JUIIb HMEIOULYIO aHAJOTH B OTAE/NbHBIX TEXHHYECKHX pellenH-
AX, 7T. €. noio6HYI0 (MM OJIH3KYID) .yKe CYLIECTBYIOWHM,

62



HeficTBHTE/IbHO OPHTHHAJIbHBIE KOHCTPYKLHH, Tpebyrolliye Ka-
YeCTBEHHO HOBBIX TEXHHYECKHX pelLleHHH, KOHCTPYKIHH 3aB-
TpallHero JHsA BcerAa TpeGyloT HeTpadapeTHOro MbILIEHUS,
cMesiocTH M TanaHrta. [TonyyaTb MX Ha OCHOBE CTAaTHCTHKH
HEBO3MOXKHO — 3TO TOXKe MOCTYJIaT, KOTOPbIi MBI MPHHHUMaeM.

I npymaio, uyto MHOrMe pasjensiioT STH npuHuunel, Ho
UPHHAB B KayecTBe MOCTYJiaTa HEBO3MOXHOCTb MOJIHOH ¢op-
MaJiM3alHH, HajA0 CAeJaTb CJeAYIOWHMA IIar — MOHATb MECTO
H 3HayeHHe (OpPMAJM30BaHHBLIX METOAOB, T. €. METOIOB,
HCMOJIb3YIOIUX MaTeMaTHYeCKoe ONHMCaHHe pellaeMblX 3ajad,
MOHATb, YeM H KaK OHH MOTYT ObiTb MOJIe3HbI KOHCTPYKTOPY,
KaK OHH JO/KHbI ObITb OOBEeAHHEHbI C He(OpMaJIbHLIMH MpO-
ueAypaMu.

Ceroansi mpo6/ieMbl H3y4YeHHS] M OpraHM3alUMH SBPHCTHYE-
CKMX MNpOLEAyp NpHBJEKAIOT BHHMaHHE IUIMPOKOro Kpyra
CreLHaJuCToB, U UM MOCBsILieHa orpoMHas Jintepartypa. M ymxe
BO3HHKJIO OINpejeJieHHOe NOHHMaHHe NPHHIMNOB, KOTOphLIe
JieaT B HX ocHOBe. Mbl 06 3TOM rOBOPHJ/IH B npeibiAylieii raa-
Be, rje OblJIH NPHBEAEHB! HEKOTOPLIe NpUMephl, BoJblloii BKAax
B 3Toli Ba)kHOoH oOsactu Obi1 caenal lO. B. I'epmeiiepom,
KOTOpbIii pa3BHJl HOBYIO CHCTEMy B3IJISIOB Ha CojepmaHue
HehopMaJIbHBIX NPOLEAYP H OLIEHKH, MOJy4yaeMble C HX NOMOLUbIO.
10. K. )KypaBJsieB npeasioxxHs1 HeKoTopyio obLLyi0 cxemy ¢op-
MaJiM3aLMH MHOMKECTBA SBPHCTHYECKMX mpolelyp H Bribopa
cpent HMX Haunyyiweid, OfHHM CJIOBOM, CErofHsi yxe Cyile-
CTBYeT JOCTATOYHO MPOYHAs, ONMOPa B HAKOMJIEHHBIX 3HAHHAX
M NOHMMAaHHHM mnpeJMeTa, NO3BOJSIOLIASl CTPOUTb 3BPUCTHYE-
CKHMe MPOLEAYPBl He TOMbKO Ha OCHOBE MHTYHLHH,

Ho BaxkHeHiluMM M3 BceX NPHHUMMOB SBJISIETCS NPHHLMUM
pasiesieHHsi, 0 KOTOPOM Mbl NOAPOGHO TFOBOPHJIH B MPEAbIAY-
we# rJjase. [les0 B TOM, UTO KOHCTPYKTOP, Kak Obl TaJIAaHTJIHB
OH HH Obl, MOXeET OnepHpoBaTh TOJBKO C OTHOCHTEJNBHO He-
6osbliuM o6beMoM MH(pOpMauuH (nMapaMeTpoB, KpPHTEpPHEB H
T. A.). 1 Bca TexHoJiorus mpoeKTHpOBaHMA JAOJKHA ObITb - Ta-
KOH, yTOOBI KaXKAOMYy OTAENbHOMY CYOBEKTY — YYacCTHHKY
MpoueAypbl MPUXOAMJOCH peliaTb TOJbKO OTHOCHTENIbHO Hpo-
cTble 3ajayd. Becb ycrnex B KOHEYHOM CyeTe 3aBHCHT OT 3TOrO.
IMpumepbi mpejbiaylieit ryaBbl GbIIM MPHU3BAHBEI 3TO NPOHJLIIO-
CTPHPOBATb. 3/eChb Xe HeOGXOAMMO OTMETHTb ellle OJHY OCO-
GeHHOCTb, DTO pasfieneHHe — JEKOMMO3ULHUS — JOJKHO
6biTb MpHcnoco6/eHo U K c6opke — cHHTedy. K coxxaseHuio,
HMKaKHX OOLMX peKOoMeHAauui 3fgecb HeT. B kaxkaom or-
JlesIbHOM CJlyyae HepapXHyecKasi CTPYKTYpa BOMPOCOB HJH
3ajjay, pelaeMblX NPOCKTHPOBUIMKAMH, M HX BHYTPEHHHe



CBSI3H JGVIXKHEI M3YyaTbCl H NPOEKTHPOBAThCA CHENHANbHBIM
06pa3som.

IlosicHuM cKasaHHOe HAa npHMepe NPOEKTHPOBAaHHS CaMoO-
JieTa, XOTSl MHOroe H3 TOoro, 4To 6y/eT roBopHTbCS HHXKe, cnpa-
BeUIHBO AJISl JIOGLIX KOHCTPYKUMH.

Ha pepunne paccMaTpHBaeMoil nepapxuu HaxoiuTCs rjaB-
HbI KOHCTPYKTOp MalIHHBI, H nepei HHM CTOMT npobGJjeMa Ta-
Koro Bhi6Opa (HasHauyeHHs)) napaMeTpoB, KOTOpHIA Owl ofecne-
YHJI pelleHHe 3ajay, NMOCTABJIEHHLIX Nepel, HHM 3aKa3yHKOM.
Ecan peub ufieT 0 maccaXHpCKoM camoJieTe, TO 3aKa3yHK —
I'B®. On xouer, Hampumep, HMeTb caMoJIeT [/l PYHTOBHIX
a3poJpOMOB, KOTOPHIH OblJ1 Obl J1y4llle TeX, KOTOpble OH CeroaHs
skcnayatupyer, — $IK-40, AH-24 u 1. 5. Ecau peup muper
06 ucTpebuTese, TO 3aKa3YHK XOYET HMETb CaMoJieT, KOTOpGIii
6bis1 Gbl Jyullle CyLIECTBYIOIIMX HCTpeGHTeseil (B 4aCTHOCTH,
noGexaan B 60l0 CYHECTBYIOIHe HCTpeOHTeNH). 3ajavya Tak
H JOJI2KHA CTaBHTBhCSl — 3TO eCTeCTBEHHas MOCTaHOBKA Ha ecTe-
cTBeHHOM s3blKe. Co3paTh HekoTophifi ¢yHKuuonan F (x),
3aBHCALIMA OT BCeX napaMeTpoB CamoJieTa X, MaKCHMYM KO-
TOPOro rapaHTHpoBaJ Obl pelileHHe 3aJayd, HHKaKOH MaTeMa-
THK HJIH KOHCTPYKTOP HE€ CMOXKeT.

Ho o6vekTHBHO Takoi (yHKUMOHAJ CyIlecTByeT JOCTa-
TOYHO YacTo, BO BCSIKOM CJyyae BCerja, KOrja TeXHHYecKHi
YPOBEHb NPOMBILVIEHHOCTH H YpOBEHb 3HaHHil 3aKOHOB (PyHK-
IHOHHPOBaHHSA KOHCTPYKLHH NO3BOJISIOT B NPHHLMNE CO3]aTh
nofo6HLIH caMoJieT, T. €. ec/li MOCTaBJeHHAs 3ajaua paspe-
wuMa. B camoM nene, eci 6YAYT npeAcTaBJieHb! JiBe KOHCTPYK-
IMH, TO 3KCNnepT (3aKa3yHK, reHepasibHbIi KOHCTPYKTOP),
NpoBeJisl BCECTOPOHHHE HCIBITaHHS, CMOXKET BhIOpaTh JyYlUYIO.
YcnoBus,, Korja Takasi paHXHpPOBKa BO3MOXHa, Mbl GyneM
Ha3blBaTh YCJOBHSIMH KOMneTeHTHOCTH. OHM o03HauyaioT, YTO
y Hac (ToyHee, Yy 3aKa3yHKa HJH KOHCTPYKTOpa) ecTb npex-
CTaBJIeHHE O TOM, YTO 3HAYHT «Jyuule». ToJBKO B 3THX YCJO-
BHAX HMeeT CMBICJ pellaTh 3aiayy, H. TOJbKO B 3THX YCJIOBHAX
Mbl MOXKeM BHIOPATh JYMINYIO (HJM Jy4dllHe) KOHCTPYKLHMIO.

Takum o6pa3oM, nepei TIJIaBHLIM KOHCTPYKTOPOM CTOHT,
Boo6lle roBops, HeMOCHJbHas 3afaua BpiGopa BekTopa napa-
MeTpoB X, OGeCrneuHBalOlINX MaKCHMYM ¢QyHkuuoHana F (x),
KOTOPHIH Mbl HE MOXEM BLITHCATb B SIBHOM BHJE.

JlaBajiTe TeM He MeHee npenCTaBHM ce6e BO3MOXMHLIE MYTH
ee peileHHs. Kaxercs, 4To 1J11 3TOro Mbl MOXKeM HCIOJIb30BaTh
njen MMHTanuH. PaccMoTpuM o6a THna caMoJieTa, O KOTOPBIX lusia
peub: €Hauasa o6CYAMM CHTYyauuio ¢ Hctpe6uteneM, Ilpeano-:
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JI0XKHM, YTO Mbl CO3JaJId CHCTEMY, MMHTHpYIOULYI0O Goft ABYX
HcTpebuTenel.- 3akaansiBas B OBM napaMeTpnl npoekTHpye-
MOrO U Kakoro-iH6o H3 CYLIeCTBYIOIIHX CaMOJIETOB-HCTPeGH-
TeJeH, Mbl pa3birpelBaeM CepHio 60eB Hawlero 6yAyiiero camo-
JieTa C MalUHHOH, C KOTOPOH MBI COGHpaeMCsi €ro CPaBHHTB.
B pesysnbraTte HabupaeM HeoGXOZMMYIO CTATHCTHKY. OHa HaM
¥ MOKa)KeT, KaKOH H3 caMoJIeTOB «ayuiue». B camom pese,
Bellb peyb HJET O 3aBOEBaHHM TOCMOACTBA B Bo3ayxe. M ecau
TaK 0Ka3aJjoch, 4To GoJiblliee KOJHYeCTBO 60€B BhLIUIpas mpo-
eKTHPYyeMblH CaMoJieT, TO 3TO H OYHeT 03HauyaTh, YTO OH JIyylle
CYIIEeCTBYIOLIEro.

C camoJsieToM AJIsi TPaMAaHCKOro Bo3AyInHoOro ¢Jiora jaeno
6yneT 06CTOSAAITb HECKOJIbKO CJIOXKHEe: TaM HeT HHKaROH fB-
HOil XapaKTepHCTHKH «KauecTBa» camoJiera. Ho mpoBons ce-
PHIO MMHTAUHOHHBIX 3KCNEPHMEHTOB, Mbl HaXHM BO3MOXHOCTBb
3KCNepTY, €C/H CHTYalHs OTBEYaeT TrHMnoTe3e KOMIMETEHTHO-
CTH, BHI6paTh O6oJiee NPEANOYTHTENbHBIH BapHAHT.

3HayuT, HMHTAlLHOHHAsi CHCTeMa B NPHHUHUNE MO3BOJSET
CpaBHHBaTb BapHaHTbl U OTOHMpaTh HaWJYyYlIHiA. A 3TO M 03-
HayaeT BO3MOXKHOCTb MOHMCKAa MaKCHMyMa ¢yHKuHoHana Ges
3HaHHSl ero fIBHOrO BbipaxceHHs. OIHAKO B PeasibHOCTH JeJlo
06CTOMT TOpasfo CJOoXHee.

Kak npaBusio, nepBoHaua/bHblif BapHaHT He Gyner Jjo-
CTaToYHO XopowuM. Y nepex KOHCTPYKTOPOM BO3HHKHET THITHY-
Hasi 3ajaya yJyulleHHs NapaMeTpoB camoJieTa, T. €. 3aMeHa
OHOM CHCTeMbl NapaMeTpoB ApYroil. A BOT AJfA 3TOH uEH
HMHTalHOHHAs cHcTeMa Ge3 HajJieXKalllero <HHTEJJIEKTa», He
OCHAlllEHHasl CMeuHaJbHOH CHCTeMOH npoueayp, NPaKTHYECKH
6ecnosiesHa. [as Toro 4ytobpl B 3TOM YOemHTLCS, MonpoGyem
OLEHUTb HEOOXOAMMBIH HaM pecypc MAaLIHHHOTO BpeMeHH:
«POUTpbIBaHHE» ONHOrO 6GOsi 3aHMMaeT Ha MalllHHe He MeHblle
onHOM MHHYTH. Habop Heo6xoQuMOii CTaTHCTHKH — 3TO YiKe
HECKOJIbKO YacOB MAIUMHHOTO BpeMeHH. 3HAYUT, OAUH akKT
HMHTALHOHHOTO SKCNepHMeHTa 3a#MeT HEeCKOJbKO 4acoB Ma-
INIHHHOTO BPeMEeHH. A CKOJIbKO 2Ke MOTPeOyeTcsi KOHCTPYKTOPY
NPOBECTH NOJOOHLIX aKTOB, MpPeXIe YeM OH NMOJYYHT KOHCTPYK-
[HI0, KOTOpasi ero YyIOBJETBOPHT?

Ilepen KOHCTPYKTOPOM CTOMT 3ajaya YJAYYLIMTb MNapaMer-
pel. YacTb 3THX mapameTpoB OH MOMKET H3MEHSTb, BapbHPO-
BaTb, ONHPasCh Ha COGCTBeHHbIH ONbIT, HHTYyHUMIO. Ho u3me-
HEHHE OJIHOTO napameTpa M3MeHseT Apyrue. Bcsi kapTHHa Ha-
YHHaeT «mJbTb». M uyeM clOXKHee KOHCTPYKIMS, TeM XYike
pa6otaet uHTyHuus. Bonpoc ¢Kak BeIGpaTh HOBHIE Mapamer-
pbl, 4TOOBI CaMOJIET CHeJAJICA «TY4LLe»?» OKa3hiBaeTcs Yyepecuyp
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CJOXKHEIM. B npepesie BMecTo HanpaBJ/IeHHOrO MNOMCKa Mbl
NPHXOAHM B KOHLE KOHLIOB K mpocTtomy nepe6opy, Tpebyiouie-
MY, ObITb MOXeT, ThICSiY HTepalMi, T. €. TaKOH 3aTpaThi Ma-
LIHHHOTO BpPEMEHH, KOTopas JeXHT, KOHEeYHO, 3a npelesaMH
HalMX Bo3MoxkHocTell. M aTOT BEIBoJ HHMKaK He CBfi3aH C Ka-
yectBoM DBM. OH ocraercsi cnpaBefJIMBBIM M JJIsl THIOTETH-
yecknx OBM: Ou onpepensieTcss npupoRoH 3ajauM, ee ypoB-
HeM CJI0XKHOCTH. BoT B 3TOM M COCTOMT axuJaJjecoBa nsTa
WMHTaLHUH, ‘€CJIH ee pacCMaTpHBaTh B KayecTBe HHCTPYMEHTa
ONTHMH3AIHH.

HiMuTanMoHHasi cucTeMa — 3TO B NPHHLMNE MalHHHLIA
aHaJIOr HCMbITATENBHOTO TOJHIOHA. DTO HHCTPYMEHT NpoBep-
KH, MOXeT OHITb, OYeHb HE3HAYMTEJbHOro yJayuieHus. CaMm
no ce6e Takoi akT, KOHEUHO, OYEHb BaXKeH: NpexJe yeM Ha-
4aTb HUCNBbITaHHE B HAaType, MBI MOXKEM N1POIKCNePHMEHTHPOBATh
¢ MalUMHHOH Mogenbto. Onepauus GeckoHeyHO GoJiee JelieBas.
Ho Tem He MeHee co3jaHHe HMHMTAaLHOHHOH CHCTeMbl — elle
He pelueHHe npo6JeMbl.

3HauuT, AJs JAeHCTBHTEJNbHO 3(xpeKTHBHOIO HCNOJIb30OBa-
HHSl HMHTallHOHHOMH CHCTEMBI H BCEil CHCTEMBbl aBTOMATH3HPOBaH-
HOTO TNPOEKTHPOBaHHS HEOGXOIUMO BEPHYTLCA K TOMY, O
YyeM roBOpHJIOCH B HauaJie 3Toro naparpada. Heo6xomumo yuu-
TbIBaTb TOT (aKT, YTO H reHepaJibHbIH KOHCTPYKTOpP o6Jajaet
onpefieJeHHbIMH M BIOJIHE OrpPaHHYEHHBIMH ICHXO(H3HOJO-
THYECKHMH BO3MOXHOCTSIMH 00paGoTKH MHGopMauuu. M cae-
JloBaTesIbHO, HeoGXoAHMa JeKoMno3uius npobiaembi. Ilocaen:
Hee O3HauaeT, 4To TpebyeTcsi CUCTeMa npoueayp, NO3BOJSIOLANA
KOHCTPYKTOPY M Ipexie BCero IJaBHOMY KOHCTPYKTOpY,
Onepupys C orpaHM4YeHHOHl HHGpOpMauHed, BeCTH HalpabJieH-
HbIl TOHCK ONTHMAJbHBIX NapaMeTPOB KOHCTPYKIUMH.

Bapnaut cxembl mpoueayp Bbicuiero yposHsi. OGcykaeHue
npouejyp aBTOMaTH3HPOBAaHHOTO NPOEKTHPOBAHHS MBI HayHeM
C BBICILETO YPOBHSI — YPOBHS TIJIaBHOTO KOHCTpyKTopa. Kak
yKe OblJIO CKa3aHO, KOHCTPYKTOP MOXKET MBICJIHTb OTHOCHTEJb-
HO HeGOJIbLIMM YuCJIOM mapametpoB F; (j=1, 2, ..., n). K1 a1n
napameTpbl, Kak NpaBHJIO, SIBJSIOTCSA arperaTam, T.e. He-
KOTOPHIMH (YHKUMSIMH KOHCTPYKTHBHEIX IlapaMeTpoB CaMo-
aera x}, i=1, 2, ..., N, npuuem N >n.

Kax cjenyer M3 onpiTa OpraHM3auMH W, HCNOJIb30BaHKs
HegopMaJIbHBIX ~ NPOLEAYP, arperipoBaHHbie — XapaKTepHc-
THKH, KOTOPHIMH  MBICIHT 3KCMepT BCerja JOCTaTOYHO
WHAWBHAYa/M3UPOBagM. DTO, KOHEYHO, He 3HAYHT, 4TO CH-
CTeMBl aBTOMAaTH3a[HH NMPOEKTHPOBaHHSA KO/KHBI OBHITb CTPGro
HMHIMBHAYaJbHBL. OTae/bHBIE OJOKH CHCTeMBI, ofllas cxema
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onepaunonHo#t CAIIP *, eTpykTypa GaHKOB AaHHBIX, OCHOB-
Has 4acTb MaTeMaTHYeCKOro oGecrieyeHusi AO/IKHBI GbITb CTaH-
AapTusnpoBaHbl. Ho He MOXeT He NMpHHHUMATbCS BO BHHMaHHe
TOT (aKT, YTO TJIaBHbI KOHCTPYKTOP MaLIHHBI NO-CBOEMY AY-
MaeT O Hel, UMeeT COOCTBEHHbIE OLEHKH H KPHTEPHH, OT/IHYHbLIE
OT TeX, KOTopple HMeJ Obl APYroil TIJIaBHBII KOHCTPYKTOP.
Bynyud J0oCTaTOYHO YHHBepCaJbHOH, CHCTEMa aBTOMAaTH3HPO-
BaHHOTO NPOEKTHPOBAHHS JOJIKHA HACTPAaUBAaTbCA Ha onpeje-
JIEHHOE KOHCTPYKTOpPCKOe 610p0 HJIH NPOEKTHYI0 OpraHH3a-
1Hio. 10 3HAUMT, yTO BXOoAHOM A3bIK CAITP nosxkeH GuITh pac-
WMpsieMbIM M ONpeiesieHHass YacTb MaTeMaTHuecKoro obecrie-
YeHHs. JOJKHA CMEeLHaJbHO CO3/aBaThCsl Ha OCHOBE TeX Tpe6o-
BaHHu#, KOTOpble (OPMYJIHPYET TIJIaBHBI KOHCTPYKTOP.

He cnenyer, KoHeuHOo, H mepeoLeHHBATb 3TOTO HHAUBHAY-
anbHOro 3seMeHTa. CyilecTBYeT LeJBI PSA XapaKTePHCTHK:
KOHCTPYKUHH . (CaMosieTa, B YacTHOCTH), KOTOpLIE . SiBJISIOTCS
obmwenpuHsaTeiMi. Hanpumep, ans camosera F,(x) — 3710
MaKCHMaJIbHast CKOPOCTb, F,(X) — MaHeBPEHHOCTb (MHHHMAaJb-
HHIl paauyc Bupaxa), Fy(x) — notosok ‘u T. . Ho, kpome
TOro, B 3aBHCHMOCTH OT XapaKTepa MPOEKTHPYEMOro caMoJieTa
H 0COGEHHOCTEH MBbILIJIEHUS] KOHCTPYKTOpPa MOTYT BO3HHKHYTb
u cneuuduyeckne napamerpnl. Hanpumep, ecau peub uger o
NacCa)HPCKOM JlaliHepe MJH TPaHCNOPTHOM CamoJieTe, TO
MOXeT BO3HHKHYTb NMOTPeGHOCTb B pacueTe NMPOYHOCTHHIX HJIH
SKOHOMHUYeCKHX XapakTepucTHK. Ilepectpoilka MaTeMmaTHue-
CKOro obecrneyeHHs B 3TOM CJyuae He OYIeT HOCHTb NPHHIH-
NHAJBHOTO XapaKTepa, MOCKOJbKY 3TH XapaKTEPHCTHKH Npak-
THYECKH BCerja BHIYMC/SIOTCS B OAHOM M3 GJIOKOB HMHTAllHOH-
HOH CHCTEMBI.

OueHb BaXHHIM MOMEHTOM SIBJISIETCS CJEAYIOllee YTBEpHK-
JieHMe: BBIYHCJEHHE arperipoBaHHBLIX XaPaKTEPHCTHK JOJK-
HO GbITb JOCTAaTOYHO MPOCTHIM C TeM, YTOObl OHO MOrJO GBHITh
NPOBEIEHO C TNOMOLIbIO MaTeMaTHuecKoro obecneyeHHsi, Ko-
TOpOe COAEPKUTCA B OTAEJbHBIX 6JIOKax cucrembl. B uacTHo-
€TH, 3TO pacyeT TAKTHKO-TEXHUYECKHX XapaKTePHCTHK, KO-
Topblii Ha BACM-6 3aHuMaeT ceKyHIbl MalIHHHOI'O BPeMEHH.

Ho otciona crnenyer elile oauH BaXKHBIH BHIBOA: BOJIHE pe-
a/lbHO pellaTh 3aj]ayd ONTHMH3alliH BHJA:

F; (x) = max, (1)

rae x €X — o61acTH BO3MOXKHLIX NapaMeTpoB, T. €. JONMYCTH-
MBIX COBPEMEHHBIMH YPOBHSIMH TEXHHKH H TEXHOJIOTHH, a TaK-

* CAIIP — cucTeMbl  aBTOMaTH3WPOBABHOIO NPOEKTHPOBaRKA.

67



Xe KOHLenuHeH KOMIOHOBOYHOI cXeMbl: 3aMeTHM, 4TO orpeje-
JileHHe MHOXeCTBa X, T.e. CHCTeMbl OrpaHHYeHHi, — OfHH
HX TpPYAHeHAIIMX 3TamoB BCEro Npouecca NpoeKTHPOBAHHA —
TpeGyeT BecbMa BBICOKOH KOHCTPYKTOPCKOH KBaJHGHKALHH,

Bektop x, peanusylouui pewende 3agauu (1), Gyaem
o603HauyaTh uyepe3 x;. B pesyabTaTe pelleHUs] 3TOH 3ajauu
6ynyT HaiigeHnl uuMcaa Fy;, =F; (x;). DTH uncaa xapakTepH-
3YIOT MpejeJbHble BO3MOMKHOCTH CaMOJIETOB, JONMYCTHMLIE B
pPaMKax JaHHOH KOMMNOHOBOYHOH CXeMbl COBPEMEHHBIM YPOB-
HeM TeXHOJNOTrHH M TexHHKH. Camoser, ob6sajaiowuii napamer-
paMu  x;={x{}, MOXHO Ha3BaTb DPEKOPAHCTOM i-ro THIA.

310 MOXKeT ObITb CamoJleT MaKCHMaJbHOH JaJNbHOCTH, MaKCH-
MaJIbHOH MaHEeBPEHHOCTH, MAaKCHMaNbHOM BBICOTHOCTH, MaK-
CHMaJ/IbHOH TPY3ONONBEMHOCTH U T. A. B uccienoBanud omne-
pauuii cyuecTByeT NOHATHE HAEaNbHON CXeMbl, HJIH HIealb-
Horo peleHnsi. CaMOJIETHI-PEKOPAHCTHI SIBJSIOTCA aHaJjora-
MH 3THX HJIeaJIbHbIX H He peasii3yeMblX Ha MPaKTHKE KOHCT-
pykuuil. Pazymeercsi, HH OAMH M3 3THX PEKOPAUCTOB He Gyaer
NpPUTOAHBIM JJIsl PellieHHs TeX 3ajay, pajH KOTOPBIX OH Mpo-
ektupyercs. Ho B pea/sibHOM camoJ/ieTe HeOGXOAHMO AOJIMKHBI
coyeTaThbCsl OCHOBHBIe KayecTBa peKopAHcToB. PeanbHast KOH-
CTPYKUHSI — TapMOHHS OCHOBHBIX XapaKTepPHCTHK caMoJeTa.
U sta rapmoHus omnpezesnsercsi, KOHEYHO, ero Ha3HaueHHEM.
A BOT cTpyKTypa, coueTanHe 3THX XapaKTEPHCTHK B 3Ha-
YHTe/IbHON CTEeNeHH 3aBHCAT OT ONLITA H TaJlaHTa TJiaBHOro
KOHCTPYKTOpa.

Urak, Oyaem cuuTaTh, 4TO KpuTepun F, Ham HasBal
TJ1aBHbIH KOHCTPYKTOp, a 3HaueHHss F;, Mbl BuyuciauM. Co-
CTaBHM HOBYIO LeJieBYI0 (YHKLHIO:

W (x, A) =max A/ (M) )
] Fio /

BoipaxeHue B CKOGKax Bceria MeHbiue eaunuipl. OHO mo-
Ka3blBaeT, HACKOJIBKO peasibHbiil CaMoJIeT Xymke PeKOpAHMCTa
Homepa i No mokasatenio F;, npuuem uem Gojplle 3TO BhIpa-
¥eHHe, TeM GoJibllle OT/IHYaeTCs CcaMoJIeT C MapaMeTpamu
x={x°} or pexopaucTa HoMmepa i. BmipameHue
Fio—Fy (v

Fyo

MOKa3biBaeT HaM, MO KAaKO# H3 XapaKTepHCTHK H Ha CKOABKO
Hall caMoJIeT JaJibllle BCEro OT HJIeaJlbHOH CXeMbl.

Ecsu 661 Mbl HaLJIH TakoH BeKTop x* €X, KOTOphLIA pelian
3ajauy '

max
i

58



max F‘—"_‘,F—'(‘l = min,

{ io

TO STO 03HayaJio 6bl, YTO MBI HaIlIH COBOKYMHOCTb NapaMeTpOB
{x*}, XoTopble ompeneJsioT caMoJieT, HauGosee GJAH3KHH K
PEKOPAHCTaM, €CJIH CYHTaThb, YTO BCE XaPaKTEPHCTHKH paBHO-
uenHbl. Ho Mbl 3HaeM, uTO AJs1 caMoJieTOB pasHbIX Ha3Hauye-
HMA pOJb Pa3/MYHHIX XapaKTePUCTHK paanuyHa. ITosoxku-
TeJbHBlE YHCJa A! OnpenenslOT OTHOCHTEJbHYIO 3HAYHMOCTB
STHX XapaKTepHCTHK JJIsl pelleHHs 3ajay, pajH KOTOpHIX
3axkaspiBaeTcsi camosieT. UeM GoJsibiie BeJMuHMH2Z A;, TeM Bax-
Hee /sl Hac xapakrepuctika F; . Bekrop A={A!} HasmBa-
10T BEKTOpDOM KOHLenuuH camosera, Ha Hero ecrecTBeHHO
HaJIOXXHTb OTpaHHYeHHs: '

n
A=0 Z}J =1, (3)
i=1

TlokaxeM Tenepb, KaK MOXeT ObITb HCMOJBb30BaH (YHK-
uonan W (x, A).

IpennonoxuM CHayasa, YTO IJIaBHHH KOHCTPYKTOP 3HaeT
Ha ¢opMaJIbHOM yPOBHE TOT CMBICJI, KOTOPHIH HA0 BKJIAJAKIBATH
B NOHATHE CONTHMHM3alUHS KOHCTPYKUHH». DTO 3HAYHT, YTO OH
MOXeT I/ KaXA0ro BeKTOpa napaMeTpoB X 1aTb ¢opMaJibHbIN
cnoco6 omnpenesieHHss 3HayeHHst ¢GYHKUHH P (x), MaKCHMyM
KoTopoil mpH x €X AaeT HaM HaUJAY4yllyiI0O KOHCTPYKuHIO. Mgl
BHJleJIH, YTO AJISi HCTPeOHTeNsl 5TO NPOLEHT BHHIpaHHBIX GoeB
NPH JOCTAaTOYHO GOJBLLIOM KOJIHYECTBE MPOBENEHHBIX 3KcIe-
PHMEHTOB.

B npeabiayiiemM naparpage Mbl O6BACHHJH, 4TO NpsiMOe
pelleHHe 3ajayH

@ (x) = max

HEBO3MOXXHO BCJIEACTBHE YPe3BbIYaifHO 6GOJIbILOH pa3MepHOCTH
BEKTOpa X H TOro 06CTOATeNIbCTBA, YTO AJIsi (PHKCHPOBAHHOTO X
ONIHOKpAaTHOE * BbluHCJ/IeHHe KpHuTepus @ (x) tpebyer MHOTHX
M MHOrux uacop paboter OBM kmaacca BICM-6.

Ho, ucnoib3ys ¢yHKUMOHad (2), MOXHO 3HAYHTe/bHO
YNPOCTHTb 3Ty NpOLEAYPY.

Ipenanonoxum, uto Mbl 3aguKcHpoBasin BeKTOp A. DyHK-
uvonan W (x, A) coctaBjieH u3 HeGOJBILOrO yHcaa GYHKUHO-
HanoB F; (x) (HanmoMHuM, uTO i=1, 2, ... n, n HeBeJHKO, H
Kaxablit M3 F; (x) Boiuucasiercss npocro). IlostoMy Mb1 MOXeM
pelnTL 3ajayvy:

' W (x, A) = max, (4)
x



B pesyabrate Mbl HaxoguM x=x (A), T.e. BEeKTOp ONTH-
MaJIbHBIX MapameTpoB /sl 3ajlaHHOH KOHUenuuu, Tenepb
MBI MOXKEM MOCTPOHTb (PYHKUHIO

Vo =W, b,

KoTopasi siBJIsieTCsl pelleHueM 3ajauu (4) mnas moGuix A, T. e,
Ans Jaobbix KoHuenuui. Ham ocranoch TosibKO BbIGpaTh KOH-
uenuHio — BeKTop A. [l 9TOro HOCTAaTOYHO PacCMOTPEThb
3ajJayy MakcHMu3auud  KpuTepus @ (x) Ha MHOXKeCTBe
{x=x (M)}, T.e. pewmnth 3apmauy:

& (A) =P (x () = max. (5)

Tak Kak pa3MepHOCTb BEKTOpa A ropasfio MeHblie (Ha He-
CKOJIbKO MOPSAJIKOB) pa3MEPHOCTH BeKTopa X, TO 3ajaya (5)
OKa3blBaeTCA YyXKe KayeCTBEHHO Mpolle HCXOAHOMH:

® (x) = max.

Ua pewienns 3agayn (5) Mbl HaxofuMm A, T. e. BuiGMpaem
KOHUEMNUHIO, 0 Hell HaXOAUM Onpeje/isieMble €elo MapameTphl X
W 3aTeM MepeXoiuUM K CJeAYIoLleMy 3Tany MPOEKTHPOBAHHMA.

- Ecan ¢yHkunonan @ (x) cocrabjieH sIBHO, TO B NMpPHHIMMIE
NpH ONTHMH3AlUMH KOHCTPYKUHH (T. €. mocjle 3aflaHusl KOMIIO-
HOBOYHOH CXeMbl) Mbl MOXKeM OGOHTHCH M 6e3 9KCNepTHBIX Mpo-
uenyp. Y1 B aToM ciyyae BO3HHKaeT JMLIb MaTeMaTHYecKas
3ajlaya MCCJENOBaHHsA TOro, NPH KaKHX YCJOBHUSAX MOAOGHaA
ABYXSTanHasi ONTHMH3aUHUs JOCTATOYHO XOPOLUO  AMIMPOKCH-
MHDYET ONTHMAaJIbHYI0 KOHCTPYKUMIO. JTa npobGJema caMmo-
cTosiTeJibHasi, U Mbl ee 06CyXJaTb He GyneMm.

B peanpHOCTH, KaK MpaBUJIO, HHKAKOro (pyHKLHOHA/a
@ (x) B 1BHOM BHJie BhIHCAaTh He yaaercs. [J1aBHRBIH KOHCTpYK-
TOP, KOTOPbIH MOXET MBIC/JHTb TOJBKO KaTeropHsIMH KOHCT-
PYKUHH, MOXeT JIHIUb CPaBHMBaTb KOHLENLMH caMoJeTa, Hc-
foJib3ysl, KOHEYHO, CHCTeMy HMHTauuH. M BoT B sTHX YCJ0-
BHfIX, T. €, KOria B €ro pacnopsizKeHHH HNeeTCsl JIMIUb He-
60JIbILIOE YHCJIO MMHTALHOHHBIX SKCIEPUMEHYOB, OH JOJIMEH
BbIOpaTh KOHUENLHUIO, HaHJY4YLIHM oOpasoM, € €ero TOYKH
3peHHsi, COOTBETCTBYIOILYI0 HCXoAHOMY sameicay. W sapaua
MmaTeMaTHKOB, npoektupyiomux CAIIP, — B MakcuManbHO#
cTeneHH 06JIerYuTb STOT IOHCK, OPraHH30BaTh HiuboJsee mpo-
cTylo ero cxemy. Hanmpumep, MOXHO MOCTYNHTb CJEAYIOLHM
o6pasoM. »

B npocTpaHcTBe BO3MOMHBIX KOHUENUHH CTPOUTCS . CeTKa
€ ys/iamu A,, npuyeM Liar CeTKH AOJKel. ObiTh COIVIaCOBaH. ¢
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FAABHBIM KOHCTPYKTOpoM. B Tolf o6sacTH NpoCTPaHCTBa KOH-
Lenuuu A, rae HanGosee BEPOSTHO OXKHAATh yCrexa, ar AoJ-
¥eH ObITb MeJbue.

Jlns*Kaxaoro U3 BeKTOPOB hh peluaercs 3afaya (4) u co-
CTaBJISETCS MHOXECTBO X, ==X (A,). Takoe MHOMECTBO MOXHO
Ha3BaTb MHOXECTBOM NPOTOTHNOB., M ans kaxzaoro us npoTo-
THNOB (M TOJBKO NSl HHX) OpPraHH3yeTCsl MMHMTALMOHHBIA 3K-
CMepHUMEHT, Pe3yJibTaT KOTOPOro Mbl YCJIOBHO 0603HauMM yepe3
D (x,). Bor sTH pe3ysbTaThl MH H TpeAbsB/IsieM TIJaBHOMY
KOHCTPYKTOPY. OH caM (MJIH BMeCTe € 3aKa3uHKOM) NpPOH3BO-
AUT nepByio oT6pakoBKY. B pesy/ikTaTe B nmpoCcTpaHCTBe KOH-
uefnuuit BO3HHKaeT HEKOTOpoe MHOXeCTBO S;. B okpecTHOCTH
TOYEK 3TOr0 MHOXXECTBa MOXKeET ObITb NOCTpPOeHa HOBafl, .6o.ee
MeJKasi ceTka W T. A.

Ecav KOHCTPYKTOp M 3aKa3uMK OCTaHOBATCS Ha HEKOTO-
pOM BapHaHTe KOHUeNUMH A=A*, TO MBI FOBOpHM, YTO Npo-
TOTHIT BbIOPaH.

Ecan riaBHBI KOHCTPYKTOP Takoil BHIOOp cfieslaThb He MO-
JeT, 3TO O3HayaeT, YTo JHOO MHOKECTBO KpuTepHeB F; Gbin0
CJHIIKOM Y3KHM M €ro Haflo pacClIMpHTb, JHG0 HeyJayHO Bbl+
6paHa KOMNOHOBOYHAas cXeMa, JH60 B pPaMKax TeXHHYECKHX
H TEXHOJIOTHYEeCKHX BO3MOXHOCTeH, KOTOPbIMH pacnoJaraer
NPOMBILIJIEHHOCTb, HYXHYIO KOHCTPYKLHIO CleslaTh Helb3s *.

.Ha stoM Mbl 3aKaHunBaeM Haule ¢pparMeHTapHOe 3HAKOMCTBO
C-CHCTEMHBIM aHAJIH30M, €r0 HHCTPYMEHTapHeM, BO3MOXKHOCTS-
MH M nepcrnekTHBamH. OGbelnHeHHe (OpPMaNbHOTO H Hedop-
MaJIbHOTO, a TOuHee W HepopMasu3yemMoro, H €cTb, HaBepHoe,
rJiaBHOE COJ€pXKaHWe 3TOi JUCLMIJIHHBI, BO3MOXHOCTH KO-
TOpPOM OYeHb WMPOKY — OT CPaBHHTEJbHO MPOCTHIX 3ajay,
TaKHX KaK, HanpuMmep, OPraHM3alMs SKCNEPTH3, COCTaBJIEHHE
pacnHcaHuss paGoT, HMMHTallHOHHOE MOJeJNHMpOBaHHE H J0
npo6sieMbl aBTOMAaTH3aLUMH NPOEKTHPOBaHHS, MNPOGJEMHI, OT
pelleHnsi KOTOPOH BO MHOTOM 3aBHCHMT He TOJIbKO COKpalleHHe
CPOKOB H CTOMMOCTH Pa3paGOTKH BCE YCJOXKHSIOUIMXCS TeX-
HHYECKHX M APYIHX CHCTEM, HO W HX peaju3auis,

~* Vizes BBelleHHs MPOCTPaHCTBAa KOMNOHOBOK H Da3BHTOTO Ha €ro oc-
HoBe annaparta npuHapnexur mpod, I, C, Kpachoiueropy,
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