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MHOI'OMEPHASI MATEMATUKA. UHTEPIIPETAIIASI N-MEPEPHOM
B IBYXMEPHYIO CUCTEMY U BbBIBOP OIITUMAJIBHBIX TIAPAMETPOB
TEXHUYECKHUX CUCTEM, CTPYKTYPbl MATEPHUAJIA ITPU ITPOEKTUPOBAHUU
MULTIDIMENSIONAL MATHEMATICS. INTERPRETATION OF N-MERER INTO
A TWO-DIMENSIONAL SYSTEM AND SELECTION OF OPTIMAL PARAMETERS
OF TECHNICAL SYSTEMS, MATERIAL STRUCTURE IN DESIGN

AHHOTa].[I/Iﬂ. HOCTpOCHI/Ie MaTeMaTHYECKOU MOJCIN C YYCTOM MHOXKCECTBA XapaKTCPUCTUK
(xpuTepueB) U BbIOOpa ONTHUMAJIBHBIX I1APAMETPOB MPU MIPOESKTUPOBAHUM MHKEHEPHOU CUCTEMBI, K
KOTOPBIM OTHOCATCA TEXHUYCCKUEC CUCTEMbI, TCXHOJIOI'MYCCKUE ITPOLECChI, MaTCPpHUalIbl (CprKTypa)
Y TMHAMUYECKUE CUCTEMBI, IPEICTABIISET CIOKHYIO MaTeMaTHUECKyo mpobaemy. [IpoBeaen ananms
" MPEACTABJICHBI TCOPETUUCCKHUE OCHOBEI MHOFOMCpHOfI MaTeéMaTuKu, BI(J'IIO‘IaIOH_Ieﬁ dKCHUOMATHUKY,
NPpUHOUIBI ONTUMAJIBHOCTU W KOHCTPYKTUBHBIC MCTOIAbI MHOT OMCpHOfI MAaTCMAaTUKN KakK IIpu
PAaBHO3HAYHBIX KPUTCPUAX, TaK U IIPU 3aJaHHOM IMIPHUOPUTETE KPUTCPHUS.

Teopml U METOAbI MHOI‘OMCpHOfI MAaTECMAaTUKH KUCIIOJB30BaHbI B MOACIIMPOBAHUN U BBI60pe
OIITUMAJIBHBIX TIapaMETPOB IIPU IHNPOCKTHPOBAHUHN CJIIOXKHBIX HMHXCHCPHBIX CHCTCM. Ha o©6aze
MAaTeMaTH4YCCKOIO U IMPOrpaMMHOTIO obecrieueHus pa3pa60TaHa MCTOHOJIOTHUSA MOACIIMPOBAHUSA U
OIITUMAJIBHOI'O BBI60pa CJIOKHBIX HMHIKCHCPHBIX CHUCTCM. Pemena 3aga4da FGOMeTpH‘IeCKOﬁ
uHTepnperauu  N-MepHOM  cucTeMbl Ha  JIByXMEpPHYIO CHUCTEMY, UTO IIOKa3aHO Ha
TECTOBBIX(YUCIICHHBIX ) MPUMEPAX CIOXKHOW TEXHUYECKOW CUCTEMBI M CTPYKTYPBI MaTepHaa.

Abstract. The construction of a mathematical model taking into account a variety of
characteristics (criteria) and the choice of optimal parameters in the design of an engineering system,
which include technical systems, technological processes, materials (structure) and dynamical
systems, is a complex mathematical problem. The analysis is carried out and the theoretical
foundations of multidimensional mathematics are presented, including axiomatics, principles of
optimality and constructive methods of multivariate mathematics both with equivalent criteria and
with a given priority of the criterion. The theory and methods of multidimensional mathematics are
used in modeling and selection of optimal parameters in the design of complex engineering systems.
On the basis of mathematical and software, a methodology for modeling and optimal selection of
complex engineering systems has been developed. The problem of geometric interpretation of an N-
dimensional system to a two-dimensional system is solved, which is shown by test (numerical)
examples of a complex technical system and material structure.

Kurouessble ciioBa: lnxenepHas cuctema, Teopust MHOrOMEpHOI MaTeMaTHKH, AKCHOMaTHKa
BCKTOpHOﬁ OIITUMH3alInH, MCTO,I[OJ'IOFI/I}I MOJCIINPOBAHUS, MaremaTtuueckoe H IMporpaMMHOC
o0ecrnieueHue, ClI0KHas TEXHUYECKasl CUCTEMa CTPYKTypa MaTepHaa.

Keywords: Engineering System, Theory of Multidimensional Mathematics, Axiomatics of
Vector Optimization, Modeling Methodology, Mathematical and Software, Complex Technical
System Material Structure.

BBenenue.

MaremaTu4eckoe HCCIICOBaHUE CUCTEMHOM, MHOTOKpHUTEpHANbHOW onTtumuzanuu [1, 2]
Havasnoch ¢ pabor Pareto V. [3], Kapnuu C. [4]. He Hapymias 0OIIHOCTH CHCTEMY KPUTEPUEB, MOYKHO
NpeACTAaBUTH B BUAC BCKTOPA KPUTCPHUCB, BBINIOJIHAA Ha €TI0 OCHOBC OIMPCACIICHHBIC MATCMATUYCCKUC
ollepalyy, T.€. BBINOJIHAETCS BEKTOpPHas onTHMu3anma.  [IpobiemMe MHOTOKpUTEpPHATBHON
(cucTeMHO¥M, BEKTOPHOM) ONTUMHU3AIMKM YIENAETCS JOCTATOYHO OOJBIIIOC BHUMAaHHE B
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OTe4YeCcTBEHHON Hayke, HauumHas ¢ padot FO.b. I'epmeiiepa [S] B MI'Y um. M.B. JlomoHocoBa u
Beaynmx HaydHsix mko1 AH CCCP — PAH [6 — 14], BHecmmx OOJIBIION BKJIAJ B PEIICHHE BaXKHBIX
HAy4YHO-TEXHMUYECKUX 3ajad, pabor aBtopa [15 — 33, 42, 43, 44], u 3apyOexHOil HaydyHOU
nesteapHocTH [34 - 39] B TeopeTHyecKMX M MPHUKIATHBIX aclekraXx. MaremaThdecKash MOJCNb
WH)KEHEPHOU CUCTEMBI, K KOTOPHIM OTHOCSATCS] TEXHUYECKHE CUCTEMBI, TEXHOJIOTMUYECKHUE MPOIECCHI,
MaTepuaisl (€ro CocTaB) M JIMHAMUYECKUE CHUCTEMBI, KaK MPaBUJIO, YUUTHIBAET HEKOTOPHIN HabOp
napaMeTpoOB U XapaKTePUCTUK, PYHKIMOHAIBHO 3aBHCAIIME OT 3TUX mapametpoB [15, 16, 20, 22].
[Ipy mocTpoeHHMM MaTeMaTUYecKOM MOJENU HWH)KEHEPHOW CHUCTEeMbl BO3HUKAET psia MpoOieM,
CBSI3aHHBIX, BO-TICPBBIX, TEOPETHUECKUX MPOOJIEM, ONPEACIIIONIMX B YeM OJHO pEIICHUE JydIle
(omTuMalibHEE)  IPYTOTO, BO-BTOPBIX, YCIIOBHSAMH ompeaenennoctd [17, 18, 22] wu
HeonpenaeneHHoctu [21, 23], B koTOpbIX ()YHKIMOHUPYET CHCTEMa, M, B-TPETHUX, MPOOJIEMOil
pasMEpHOCTH MMapaMeTPOB U €€ TeoMeTpuuecKoi uaTepnperanucii [29, 30, 31], koraa KOIU4eCTBO
napameTpoB Oosbie aByX [31, 32]. TloaToMy BaKHBIM sIBIsiCTCS pa3pabOTKa TEOPUU U HOBBIX
METO/I0B OLIEHKH UCXOHBIX JIaHHBIX U MPUHATHUS ONTUMAJIbHBIX PEHICHUN B CIOKHBIX HHKEHEPHBIX
cucTeMax.

Llenv Oanmnoti pabomel COCTOMT B pa3pabOTKe M MOCTPOEHUU MaTEMaTHUYECKUX Mojesei
JOKaJbHBIX M CJOXHBIX HH)KEHEPHBIX CHUCTEM B BHJIE BEKTOPHBIX 3a7ad MaTEeMaTHYECKOTrO
nporpamMMmupoBanus. llpencraBieHus TeOpUM UM KOHCTPYKTUBHBIX METOJOB MHOTOMEpHOM
MaTEeMaTHKH, BKIIOYAIOIICH aKCHOMATHKY U TMPUHIHUIB ONTUMAIBHOCTH BEKTOPHOW ONMTHUMU3AINH
MIPU PaBHO3HAYHBIX KPUTEPUSIX U MPHU 3aJaHHOM IIPUOPUTETE KPUTEPHS U UCTIOIH30BAHUS TEOPUH U
METOJIOB JIJISl PEUICHUS MPAKTUICCKUX UHKEHEPHBIX CUCTEM.

Jliig peanu3anuy MOCTaBIEHHOM LEH pa3paboTaHbl U MPECTABIICHBI YETHIPE pas/iena.

MeTono0rus MOCTPOSHHSI B BUJIE BEKTOPHOH 33/1a4l MaTeMaTUYECKONH MOJIENTN MH)KEHEPHBIX
CUCTEM, K KOTOPbIM OTHOCSITCSI TEXHUYECKHUE CUCTEMbI, TEXHOJIOTUYECKUE MPOLIECChI, MaTepHAIIbl U
MHOTOKpUTEpHAIIbHBIC THHAMHYECKUE CUCTEMBI.

Teopuss 1 MeToAbl MHOTOMEPHOW MaTEeMaTHKH, BKJIIOYAIOIIEH aKCMOMATHKY, MPUHIIMIIBI
ONTUMAJTFHOCTH BEKTOPHOW ONTUMHU3ANNN M KOHCTPYKTUBHBIC METOIbI PEIICHHSI BEKTOPHBIX 33724
ontuMuzanuu. Ha 6a3ze MeTo10B perieHns BeKTOPHBIX 3a7ja4 ONTUMH3AINH pa3paboTaHo B CUCTEME
MATLAB  nporpammHOoe  oOecnedeHME  pElIeHHs  BEKTOPHBIX  3a/Jad  HEJIMHEHHOro
MIPOrpaMMUPOBaHMsI, KAK OCHOBBI JJI MOCTPOCHUS MOJENe U BHIOOpA ONTHUMANIbHBIX apaMeTpOB
WHXCHEPHBIX CUCTEM.

BrImonHeHO mocTpoeHne MaTeMaTH4ecKol 1 Ha €€ OCHOBE YHCJIEHHON MOJIENTH TeXHUYECKON
CHCTEMBI B YCJOBHUSX OIpPEICICHHOCTH M HEONpeAeNeHHOCTH. Vcnonp3ys mporpaMMHOE
oOecrieyeHre, BHITIOJHEH BHIOOP ONTHUMAJIBHBIX MapaMETPOB TEXHUUYECKON CHUCTEMBI B YCIOBHSX
OTIpEeICIEHHOCTH U HEOTIPEICTICHHOCTH, C PABHO3HAYHBIMU KPUTEPHUSIMH U C 3a]JAHHBIM IPUOPUTETOM
kputepus. Permena 3agaga reoMmeTpudeckoil mHTEpIipeTarui N-MepHO# CHCTEeMBI Ha IBYXMEPHYIO
CHUCTEMY, YTO TIOKa3aHO HAa TECTOBBIX(YMCICHHBIX) MPUMEpax CI0XHONW TEXHHUYECKOW CHCTEMBI U
CTPYKTYpPBI MaTepHaia.

1. MeTo10/10THsl TOCTPOEHHUSI MATEMATHYECKOI MO/1e/IH CJI0KHON NHKEHEPHOH CUCTEMBI.
IIocranoBka nmpoodJiemMbl.

[IpencraBneHo MOCTPOEHUE MATEMAaTHYECKON MOJENM WH)KEHEPHOW CHCTEMBI, K KOTOPBIM
OTHOCATCSl TEXHWYECKHE CHUCTEMBI, TEXHOJOTHMYECKHE TPOIECCHl, MaTephasbl (ero cocTaB) U
JMHaMu4eckue cucteMbl. [locTpoeHus MaTeMaTH4ecKod MOAETH MHKEHEPHOH CHCTeMBbl (TepBbie
TPHU pas3zenia) pacCMaTpPHBAETCS B CTaTHKe. B deTBepToM paszene MpencTaBICHO MOCTPOCHUS
MaTeMaTHYeCKOW MOJIETH MHOTOKPUTEPUATHHON CUCTEMBI B TUHAMUKE.

1.1. IHocmpoenue mamemamuueckou Mmooenu CA0HCHOU MEXHUYECKOU CUcmembl HO
MHOIHCECMEY XAPAKMEPUCMUK U IKCNEPUMEHMATIbHBIX OAHHBIX

1.1.1. Mamemamuueckas moOenb MmexHUYeCKOl CUCTEMbL 8 YCIIOBUSX ONPeOeleHHOCMU

OyHKUMOHUpOBaHKE 10001 Texanyeckot cucteMsl (TC) 3aBHCUT OT HEKOTOPOTO MHOXKECTBA
N KOHCTPYKTHBHBIX HapameTpoB: X = {Xy,X,..., Xy}’ wim X = {x;, ] = 1,N}, KoTOpBIE MOTYT

U3MEHATBLCS B HEKOTOPBIX IPEAEIIAX:
"< x; < X", j=1,N, toe x/""- HwxHu#, x;"**,V j € N - Bepxuumii mpejen, B

paMKax KOTOpbIX U3MeHstoTcs napametpsl TC.
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Pesynbrat €€ pynkunonupoBanusi TC MOXKHO MPEICTaBUTh HEKOTOPHIM HAOOPOM TEXHUYECKHUX
XapaKTepUCTHK (KPUTEpUEB), KOTOpPhIe (YHKIMOHAIBHO 3aBUCAT OT mepeMeHHou X: F(X) =
(LD, LX), fxGOY  mwm F(X) ={fi,(X),k=1,K}T, na KoTopsle  HAalOKEHHI
(YHKIIMOHATILHBIE OTPAaHHYCHHS:

fiin < £.(X) < f"%*, k =1,K wm G(X) < B.

MmuosxecTBo Xapakrepuctuk (kputepreB) TC cocrout u3 aByx noamuoxects K; u K,. [lepBoe
TIOZIMHOKECTBO KpuTepreB K; C K HampapieHo Ha Makcummsanmio. fi(X) = max, k = 1, K, a
BTOpOE TOJIMHOKECTBO Ha MuHHMu3amio: f(X) » min,k = K; +1,K ,K; +1,K = K, C K.

MareMaTHYeCKyI0 MOJEIb TEXHUYECKOH CHCTEMBI, PEIIAIOUIyI0 B IEJIOM MpobiieMy BbiOOpa
OINITHMAJIBHOTO MTPOEKTHOTO pelieHus (BIOOpa onTuMaibHbIX napamerpoB TC), TomkHa BKIIOYATh
Bce xapaxtepuctuku cuctemsl F(X) = {f,(X),k =1,K}Y K=K, UK, u orpanudenus Ha
dyHKIMM ¥ mapameTpsr: X < X < X™aX,

IIpencraBum moxenr TC B Buae BekrtopHoit (MHOro QyHKIHOHAIBHOW) 3agauu
Matematuueckoro IIporpammuposanus (B3MII):

Opt F(X) = {max Fi(X) = {max fi (X),k =1,K1}, (1.1)
minF,(X) = {minf, (X),k =1,K, =1+ K;,K}}, (1.2)

npu orpanndennsx G(X) < 0, " < fo,(X) < ",k =1,K, (1.3)
XMt < x; < X%, j =T1,N, (1.4)

rie B (1.3) B BHme G(X)={g9:(X),9,(X),...,gu(X)}’ npencrapnena BekTOp-PyHKIHSI
OrpaHUYeHU, HaKIaapIBaeMbIX Ha pyHkimonupoBanue TC. OHM onpeaesstoTCs MPOTEKAIOIINMU B
HEll TEXHOJIOTUYECKUMH, (U3MYECKUMH W TOMY TOJOOHBIMH MpPOIECCAMH M MOTYT OBITh
IIpeJICTaBIICHbI (DyHKIMOHATBHEIMU OrPAaHMUEHHUAMH, HanpumMep, " < f.(X) < "% k = 1,K,
KOTOpbIe TIpeacTaBieHsl B (1.3).

[pennonaraercs, uro gpynxuuu fi (X), k = 1,K nuddepennupyemsl u Bumykisl, g;(X),i =
1, M uenpepsiBHBL, a 3amanHoe orpanHudcHusMH (1.3)-(1.4) MHOKECTBO JOMYyCTHMBIX TOYEK: S =
{XeR™"|G(X) < 0,X™" < X < X™3*} + () He mycTO W TIPEACTaBIAeT cOOOH KOMMAkT. B
COBOKYITHOCTH MaTeMaTHYECKYI0 MOJIeh TeXHH4YecKor crctembl (1.1)-(1.4) MOKHO TpaKTOBaTh Kak
CHUCTEMHBIN To1x0/1 K ucciienoBanuio TC B yCIIOBUSIX ONPEIETIEHHOCTH.

1.1.2. Mamemamuuecxas mooenv TC 8 ycnosusix HeonpeoenieHHoCmu

Vcnosus neonpedenennocmu XapakTepU3yIOTCs TEM, YTO HCXOIHBIE JaHHBIC, XapaKTePU3YIOIINe
HCCIIEyEMOTO OOBEKTa, MPEICTABICHBI: @) CIlyYallHBIMHU, §) HEYCTKUMH, WIH, ) HE TOJHBIMU
JAHHBIMH, T. €. B YCJIOBUSIX HEONPEACICHHOCTH W3BECTHBI JIMIIb KOHEYHOE MHOXECTBO X,
M3MepEeHHbIX mapaMeTpoB x = 1, X:

X;={x;;,j=1,N},i=1M, rne j=1,N - gucno napamerpo, i =1,M — Homep H
MHOXKECTBO JIaHHBIX (IKCIIEPUMEHTAILHBIX H3MEPEHUI);, W COOTBETCTBYIOIEE MHOXECTBO K
XapaKTePUCTHK:

filX;={x;, Jj=LN}Li=1M)k=1K
B ycnosusx neonpeoenennocmu OTCYTCTBYeT AOCTaTouHas WHpOpMAIus O (YHKIHOHATHHOM
3aBHCHMOCTH KaXIOW XapaKTePHCTUKH M oOrpaHmdeHuii ot mapametrpoB TC [7, 42 - 44].
Wudopmarmonnsie naHHbIe omiuii 8) U D) mpeoOpasyroTcs B 4YMCIIOBBIC JaHHBIE OMIUU C) |
npeACTaBiIsAoTcs B TabmuuHoi (opme. B pabore paccmarpuBaeTcs omius C) uHpopManus c
HETIOJTHBIMH JJAHHBIMH, KOTOpbIE, KaK IPABUJIO, HOYYEHbL 8 Pe3Yibmame IKCHEPUMEHMA.
C y4eToM HM3MEpPEHHBIX MapameTpoB Y, U COOTBETCTBYIOLIETO MHOXeCTBA K XapaKTEpHUCTHK:

fx (X] ={x;;, j=1LN}i=1M )k=1K IpeICTaBUM MaTpHILy pe3yJbTaToB
SKCIIEPUMEHTANBLHBIX JAHHBIX MO UCCIIELYEMOM TEXHUUECKOH CHCTEMBI:
a; X1 = X110, s 218} [1(X1), ooy [ (K1)

I=]..|= (L5)

am Xy = mr o Xun} X))y oo fe (X))
[IpeacTaBUM MaTEMATHYECKYIO MOJIEIb TEXHUIECKON CHCTEMBI B yCIOBHAX HEONPEAEIEHHOCTH
B BHJIE BEKTOPHOM 3aJ]a9i MATEMATHIECKOTO IPOrPAMMHUPOBAHUSL:

Opt F(X) = {maxF,;(X) = {max f, (X;, i = 1,M)}T, k =1, K}"}, (1.6)
min F,(F) = {min f (X;, i = 1, M)}’ k =1,K}"}}, (1.7)
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Ipu orpaHUYEHUSX finin < £.(X) < firoX k =1,K, (1.8)
XMt < x; < x%,j = 1N, (1.9)
e X = {xj, j = 1, N} - BeKTOp yNIpapisieMbIX HepeMeHHBIX (TapaMeTpoB);

F(X) = {F,(X) F,(X)} - BexTOpHBIil KpuTEpHUii - BBIXOIHBIC XapakTepucTUKH ucciexyemoit TC.
Bennunna XapakTepUCTUK 3aBUCHUT OT AUCKPETHBIX 3HAYCHHI X.

F,(X) F,(X) - MHOECTBO AUCKPETHBIX 3HAYCHUI XapaKTEPUCTHK MaX u Min:

F,(X) = {max f, (X;,i = 1, M)}, k = 1, K"},

F,(X) = {min fi, (X;, i =1, M)}, k = 1,K}™ (uncertainty) —

copMHPOBaHHBIE B YCIOBHSIX HEOMPEICICHHOCTH;

B (1.8) MM < f.(X) < fi"* k = 1, K — BexkTOp-DYHKIMS OrpaHUYCHHIT, HAKIIA[bIBAEMBIX HA
(YHKIIMOHUPOBAHUE MCCIIEAYEMOTO OOBEKTA, x}"i" <x; <x"",j= 1,N — mapamerpuueckue
orpanuueHus uccienyemoro oowvekra (TC).

1.1.3. Mamemamuueckas mooenb MeXHUHECKOU CUCMeMbl 8 YCI08UAX ONPeOeleHHOCMU U
HeonpeoereHHOCmU (C IKCNEPUMEHMATbHBIMU OAHHBIMU) 8 COBOKYNHOCMU

B peanbHO# KM3HU YCIIOBUS ONPEIEIICHHOCTH W HEOMPEACICHHOCTH COBMeEIAaroTcest. Moienb
TEXHHYECKOH CHCTEeMbI TaK e JMAOJDKHA OTpakaTh ATH ycloBus. Mcmonb3ys 0003HAYCHUSI
maremarundeckoit Moaenu (1.1)-(1.4) B yclaoBUsIX ONMpPEIeICHHOCTH, 1 MaTeMaTHIecKyto Mojenb TC
(1.6)-(1.9), yuntsiBaromieli ycioBUsl HEONPEACICHHOCTH, B UTOTE MOIY4YuM: «Modenb mexnuueckot
cucmembvl 8 YCI0BUAX ONPeOeNeHHOCHU U HEONPEOeNeHHOCIUY.

Opt F(X) = {max F,(X) = {max f, (X),k =1,K*}, (1.10)
max I;(X) = {max f, (X;, i = 1, M)}, k =1, K¥"}, (1.11)
min Fy(X) = {min f, (X), k =1,K*, (1.12)

minI,(X) = {min fi, (X;, i =1, M)}, k =1, K¥"<}3, (1.13)
Orpannuenns G(X) < 0, ™" < fi(X) < f"** k = 1,K, (1.14)
XMt < xp < 1", j =T1,N, (1.15)

e X ={x;, j = 1, N} — 9T0 BEKTOp yHpaBiIseMbIX MepeMeHHbIX (mapameTpos) TC;

F(X) = {F,(X) F,(X) I;(X) I,(X)} npencraBisier BEKTOPHBIA KPUTEPUH, KaXKIast KOMIIOHEHTa
KOTOpPOro sBIsieTCS BekTOpoM KpurepueB (xapakrepuctuk) TC (1.10)-(1.12), xortopsie
(YHKIIMOHATIBHO 3aBUCST OT AUCKPETHHIX 3HaYCHUIl BekTopa nepeMeHHbx X, rae B (1.10) u (1.12)
Kldef, szef (definiteness), a B (1.11) u (1.13) K{**¢, K3'™¢ (uncertainty) MHOXeCTBO KpUTEpHEB MaX
¥ Min chOpMUPOBAHHBIC B YCIOBHUSIX OMPEICICHHOCTH U ONPEICICHHOCTH.

1.1.4. Ilpeobpazosanue 3a0auu npunsmus peutenuss ¢ TC ¢ ycrosuimu HeonpeoeieHHOCmu 6
3a0a4y 6eKMOPHOU ONMUMUZAYUYU C YCTOBUAMU ONPEOENEeHHOCTU.

Hcnonp3ys MeTobI perpeccoHHoro ananusa B 3aaade (1.10)-(1.15), k-it cronber matpuiist | B
(1.11), mpeobpazyem Vk € 1, K*¢ f¥, i =1, M, B dynxmmo f;.(X), Vk € 1, K¥™, xoTopyto Gynem
UCIIOJIb30BATh B KauecTBe KpuTepus. AHanorudHo Vk € 1, K¢ IlonmHoxecTBO Kputepues 1, K¢
MaKCUMH3UpPYyeTCs, a HOAMHOXecTBO KputepueB 1, K¢ MUHUMH3HpyeTCs, T. €. KaxIoe
MOJIMHOKECTBO KPUTEPUEB MPEICTABICHO BEKTOP-(DYHKITHEH:

max [; (V) = {max f; (Y),k =1, K{"*},min [,(Y) = {min f;, (Y), k =1, K3},

K orpanudeHusiM OTHOCATCS: (DYHKIIMOHAIbHBIC OTPAHUYCHHS:

frns £,(X) < fn%, k= T,K.

r7e MUHUMATbHbIE 3HaueHus fi'™ = min;_13 f(X;), n MakcuManbHble 3HaueHUs f%* =
max ;-1 f{(X;). TlapameTpuueckue OrpaHudeHUs: x}”in <x; <x"%,j = 1, N, rae MUHEMATbHbIE
3HAYCHHUSI x}"i” = min;_7y X;j, VjeN, Makcumanbubie 3Hauenus y;"** = max -t X;j, VieN.
Takum 06paszom, sxcriepumenTanbHbie nanubie [; (X) u [,(X) npeobpa3oBansl B pyHKIIMOHATIBHBIC

nanueie, [17, 43, 44].
1.5, Mamemamuueckas MmoOenb MeXHUHECKOU CUCMEMbl 6 YCIOBUAX ONPeOeieHHOCMU U
HeonpeoeieHHOCmuU 8 COBOKYNHOCMU
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Kpurepuu I;(Y), I,(Y), dysxunonanbhbie fi(X) ¥ mapameTpuyeckue OrpaHHYEHHUS X;

HCIIONB3yEeM Ul IIOCTPOCHMS 3aadd ONTUMH3ALUU U IPEICTaBUM HUX B BHJE BEKTOPHOU 3aJayu
MaTeMaTHYECKOTO MPOTPaMMHUPOBAHHUS B 00IIIEM BHUJIE:

Opt F(X) = {max F,(X) = {max f, (X),k =1,K;}, (1.17)
minF,(X) = {min f,, X), k =1,K,, (1.18)
Orpannuenus G(X) < 0, fkmi" < fi(X) < "k =1,K, (1.19)
X" < x < ", j=1,N, (1.20)

rae X = {x;,j = 1, N}- BeKTOp BEIECTBEHHBIX EPEMEHHBIX — IAPAMETPOB,

MHOECTBO Kputepues K; =1, Kldef U1 K™, Ky=1, szef U1, K}

3amauya (1.17)-(1.20) sxBuBanenTHa BekTopHoii 3axaqn (1.1)-(1.4).

K conepxarenbHOMY KJacCy TEXHHUUECKUX CHCTEM, KOTOpbIE MOTYT OBbITh IpPEICTABICHbI
BekTopHoii 3amaded (1.1)-(1.4), MOXKHO OTHECTH JOCTATOYHO OOJBIIOE WX KOJMYECTBO 3ajay U3
Pa3IUYHBIX OTpacieil SKOHOMHUKHU TOCYAapCTBa: AIIEKTPOTEXHUUECKOM, aBUAllMOHHO-KOCMUYECKOIA,
METAJUTyPrHYeCcKOi (BBIOOP ONTHMAIBHOM CTPYKTYPBI MaTepraia), XAMUIEeCKOH U T.II.

B kauectBe npumepa npezacraBum padoty Jlesurnkoro B. JI. «MoaenupoBaHue 1 ONTUMU3ALHUS
[apaMeTpoB MAarHUTORJIEKTPUUECKUX JIMHEMHBIX HMHAYKTOPHBIX 3jekTpoasurareneit  (JI)
MOCTOSIHHOTO ToKa» [14, ¢.50-120].

2.2. Mamemamuueckas mooeib mexnoaozuieckozo npoyecca: Ilocmpoenue

B xauecTBe 00BEKTa UCCIEAOBAHHS MHKEHEPHBIX CUCTEM MbI UCIOJIb3YEM «TEXHOJIOIMUYECKHIt
nporeccy. IlocTaHoBKa MPoOIEMbl IPUHATHS PEIICHUH B TEXHOJIOTHH TPU MTPOU3BOJICTBE M3IEIHAN
BBINOJIHEHA B COOTBETCTBUU C [22].

PaccmarpuBaercs TexHomorndeckui mpouecc (Hanpumep, I mbpuanas nazepHas 1yropas cBapka
(HLAW) (Hybrid Laser Arc Welding (HLAW), B xortopoii cruiaB ZE41-TS5 Obul BeIOpaH Kak
Martepuai, KOTOPhIH HY»KHO CBapuTh ¢ cruiaBoM AZ61 kak matepuan 3anojHutens). JlesTeapHoCTh
TEXHOJIOTUUECKOT0 MpoIiecca 3aBUCUT OT OIPEICIIEHHOI0 MHOXKECTBA YCIOBUH - KOHCTPYKTHBHBIX
MapamMeTpoB:

X={x,%..., x5}, mm X ={x;, j = 1, N}, (manpumep: MomHOCTH nasepa, (laser power);
ckopoctu nepemenienus (travel speed); ckopoctu momaum mpoBosioku, (wire feed rate); Toka,
(current); gacrots (frequency). O6o3uaunm N - MHOKECTBO KOHCTPYKTHBHBIX TapaMeTpoB. Kaskaprit
napamMeTp TEXHOJIOIMYECKOTro MpoIlecca JICKUT B 33/1aHHBIX MpeJieNax:

XM < xp < M, j = TN, mm XM < X < XM,

rae x]mi", X", VjeN - HWKHMH W BEPXHMH TIpeNeNbl H3MEHEHHs BEKTOpa MapameTpoB
TEXHOJIOTHYECKOTO Tporiecca, N - MHOKECTBO ITapaMeTPOB.

PesynbraT (QyHKIMOHMPOBAHUS ONpEICIsAeTCS HAa0OPOM TEXHOJOTHUECKUX XapaKTEPUCTHK
F(X) = {f,(X),k = 1,K}7, xotopsle (yHKIHOHATHLHO 3aBUCAT OT KOHCTPYKTHBHBIX TAPAMETPOB
TEXHOJIorMuecKkoro npouecca X = {x;, j = 1, N}, (manpumep: ray6una capsoro msa (weld depth);
uemosarpyska (underfill); mpouentnsiit nedext (percentage defect); naxorennas amuna mop (total
accumulated pore length)). B coBokymHOCTH Bce TEXHOIOTHYECKHE XapPaKTEPUCTUKHU TPEIICTABIISIFOT
BEKTOP-(PYHKIIHIO:

FX) = {AX), LX), fx XY mmm F(X) = {fi(X),k = 1K},
rae K, (K) — MHOXeCTBO (YMCII0) TEXHOJOTUUECKUX XapaKTEPUCTUK (KPUTEPHUEB).

MHokecTBO XapakTepucTuk K nojapasensercs Ha noaMHoxkecTsa Kq, K :
rae K; - 3T0 MOAMHOXXECTBO TEXHOJIOTHYECKHX XapaKTEPUCTUK, YMCIOBBIE BEJIWYMHBI KOTOPBIX
JKeNaTeNbHO MOJYUMTh, KAk MOXHO Bbmme: fi(X) - max,k = 1,K;; K, - 3T0 HoIMHOXeCTBa
TEXHOJIOTUYECKUX XaPAKTEPUCTHK, YHCIOBBIC BEIMYMHBI KOTOPBIX JKEJNATENbHO MOIYyYUTh, KaK
MoxkHO HUXE: fi,(X) > min, k=K, +1,K ,K; +1,K =K, c K.

MareMaTrueckasi MOJICIb JOJDKHA, BO-TIEPBBIX, OTPAXKATh IS TEXHOJIOTMYECKOrO Mpoliecca,
KOTOphIE TPECTaBIEHBI XapakTepucTukaMu F(X), BO-BTOPBIX, YUHMTHIBATh OrpaHmueHns X ™" <
X < X™MA* MaremMaTH4YeCKYI0 MOJIC]b TEXHOJIOTUYECKOTO MpOoIecca, PEHIAIOIIero B ICJIOM
npo6aeMy BbIOOpa ONTUMANBHBIX MTAPAMETPOB TEXHOJIOTHUYECKOTO MPOIiecca, MOKHO MPEJICTABUTD B
BHJIC BEKTOPHOM 33]]a4i MaTeMaTHYECKOTO MTPOTPAMMHUPOBaHUSI.
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Opt F(X) = {max F,(X) = {max f,, (X),k =1,K,}, (1.21)
minF,(X) = {minf, X), k=K, +1,K =K, c K}}, (1.22)

npu orparmdennsx G(X) < 0, M < f,(X) < fim9¥ k = 1, K, (1.23)
X" < x; < ", j=1,N, (1.24)

rae X ={x;, j = 1,N}, - BeKTOp YIpaBIsEMbIX MCPEMCHHBIX (KOHCTPYKTHBHBIX [apPaMeTPOB)
TexHojoruueckoro mpouecca; fx(X),k = 1,K- BeKTOpHBI  KpuUTepHii, Kaxaas KOMIOHEHTa
KOTOPOTO  MPEJCTABJIACT  XapaKTEPUCTHKY  TexHoiormdeckoro mpouecca  (1.21)-(1.24),
(YHKIMOHATIBHO 3aBUCALIYIO OT BekTopa mepemeHHbx X; B (1.23) G(X) = {g;(X), k = 1,M}T —
BEKTOP-(YHKIMSI OTpAaHWYCHUIl, HAKIaIbIBaeMbIX Ha (PYHKIMOHHUPOBAHUE TEXHOJIOTUYECKOTO
nporecca, M — MHOeCTBO orpaHndeHuid. OTpaHUYEHHUsT ONPENENSIOTCA MPOTEKAIOIMMU B HUX
TEXHOJIOTUYECKUMH, (PU3UYECKUMH U TOMY TOJO00HBIMH IPOLECCAMH M MOTYT OBITh IPE/ICTABIICHEI
(DYHKIHOHANEHBIME OrpaHHYEHHUSAME, HapuMmep, fiM" < fi.(X) < "%,k = 1,K.

[pennonaraercs, uro dynkuuu fi (X), k = 1, Knupdepenupyemsl u Boimykibl, g;(X),i =
1, M menpepsiBHBL a S = {X eR™|G(X) < 0,X™" < X < XM} # @,

Cootnomenus (1.21)-(1.24) 0Opa3yroT MaTreMaTu4ecKyr MOAEIb TEXHOJIOTHUECKOTO MPoIiecca.
TpeOyercst HaiiTh Takoil BeKTOp mapameTpoB X €S, nmpu KOTOPOM KaxJasi KOMIIOHCHTa BEKTOp —
dynxmun: F; (X) = {fi,(X), k = 1,K;} npunuMaeT MakCUMAILHO BO3MOXKHOE 3HAYEHHE, 2 BEKTOP -
byuxumu F,(X) = {f,(X),k = K; + 1,K = K, € K} npuHuMaeT MUHIMAaJIbHOE 3HAYCHHE.

1.3. Mamemamuueckaa modenv cmpykmypol mamepuana: Ilocmpoenue

XUMUUYECKUH COCTaB MaTepuana u3JeNnusi ompenensercs (Ha enuHuIly o0beMa, Beca)
MPOICHTHBIM COJICP’)KaHUEM HEKOTOPOT'0 MHOKECTBA KOMIIOHEHT MaTepuaya, KOTOphIE B CyMMe
paBHbl cra mporeHtam. CocTaB Marepuana, XapaKTepU3yeTcs OIpelesieHHbIM HabopoM
(YHKIIMOHATBHBIX  XapaKTEPUCTHUK, KOTOpPHIE BKIIOYAIOT B Cce0S MEXaHHMYECKHe U (PHU3UKO-
XMMHYECKHe CBOWCTBa MaTepuasioB. OpHa rpymnmna CBOWCTB ((hyHKIMOHAJIBHBIX XapaKTEPUCTHK)
MaTepHualia XapaKTepH3yeTcsl TEM, UYTO X KeJATeIFHO MO CBOCH YHCIIOBOM BETMUNHE MOTYUNUTh KaK
MOKHO Oouiblie (HarmpuMep, MPOYHOCTH), Apyrasi IpyIia CBOWCTB XapaKTEpU3yeTcs TeM, UYTO HX
JKEJNaTeNIbHO MO CBOEH YMCIIOBOM BEIMYHMHE MOJYYUTh KAK MEHbIIE. YIIyUIIEHHE IO OJHOM U3 dTHX
XapaKTepUCTHK MPHUBOAMT K YXYIIIEHHIO Apyroil. B memom Tpebyercs moaoOpaTh Takoil cocTaB
MaTepuala, 4ToObl BCe CBOMCTBA MaTepraia ObIIH KaK MOYKHO JIy4Ille B COBOKYITHOCTH.

PaccmarpuBaercsi cocTaB MaTepuana Kakoro-iu0o M3/eiHs, TEXHUYECKOH CHUCTEMBbI, KOTopas
3aBHCHUT OT psijia KOMIIOHEHT Matepuana: Y = {yy,V,,..., yy}, rae V - MHO)KeCTBa KOMIIOHEHT (BUI0B
- V) matepuana, Y = {y,,v = 1,V}, V - 4uCI0 KOMIIOHEHT, U3 KOTOPHIX MOXET ObITh COCTaBJIECH
(M3roTOBJIEH) MaTepHal, Yy - BeIUYMWHA B MPOLEHTAX V-0if KOMIIOHEHTHI MaTepHaja, KaxkJaas U3
KOTOPHIX JI&KUT B 3aJaHHBIX Tpefenax: y,in<y <yMme¥ p =1V, tae y/", ym* vy eV -
HIDKHUHN ¥ BEpXHUN MTPeeibl U3MEHEHHs BEKTOpa KOMIIOHEHT Marepuaia. CymMma BceX KOMIIOHEHT
MaTepuala paBHa cTa IpoleHTaM: Yo, ¥, = 100% .

CocraB Marepuana oleHHBaeTCs HAOOpoM (MHOkKecTBOM) K (pM3NYEeCKHX CBOWMCTB Marepuania:
H(Y) = {h(Y),k = 1,K}, xoTopble QYHKIIMOHATLHO 3aBUCAT OT KOHCTPYKTHBHBIX MapaMeTpOB:
Y = {y,,v = 1,V}T; k - unnexc Buna ¢pusuyeckoro coiictea Matepuana, k = 1,K, rue K - uucino
BUJIOB CBOWCTB ((YHKIIMOHANBHBIX XapakTepucTuk) warepuana. H(Y) - BekTtop-QyHKIHS
(BekTOpHBIN KpuTepuil), umewmas K — koMmmnoHeHT-GyHKuuA. MHoxectBo K coctouT wus
noamuoxkecta K, xommnonent makcumumsaruu: H, (Y) = {h,(Y), k =1,K;} u noqmuoxectsa K,
muanmuzanun. H,(Y) = {h,(Y), k =K, + 1,K}; K=K,UK,;, K;, K, — 4YuclIO KpHUTEpPHEB:
K.=1,K,,K,=1,K,: K=K,UK, K,cK,K,c K.

Xapakrepuctukun Matepuana H(Y) = {h,(Y),k = 1,K} MBI ucnonb3yeM Kak KpPHUTEpUH, a
npeaenbl W3MEHEHHS, HAKJIAJAbIBaEMble HA KaXKABIH BHJ KOMIIOHEHT, KaK IapaMeTpU4ecKue
orpaHudeHus. MaTeMaTH4ecKyl0 MOJENIb MaTepuaia, PELIalollyl0 B LEJOM IMpodiieMy BbiOopa
OINITHMAJIBHOTO MTPOEKTHOTO PeIIeHHs (BBIOOpa ONTHMAIBHON CTPYKTYpBI MaTepHaia), MpeacTaBuM
B BUJIC BEKTOPHOM 3a7]a4il MaTeMaTUYECKOT0 IIPOTrPaMMHUPOBAHHMSL:

Opt H(Y) = {maxH,(Y) = {maxh,, (Y), k =1,K,}, (1.25)
min H,(Y) = {minh, (Y),k =K, + 1,K =K, c K}}, (1.26)
G(Y) <B, (1.27)
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V1) = 100% (1.28)
yl‘gnin < Yy < ygnax’v — 1’—[/, (129)
ne Y ={y;,j = 1,V} - BekTOp yNpapisieMbIX HepeMeHHbIX (KOMIOHEHT MaTepuana);

H(Y) = {h(Y),k = 1,K} - BekTOpHBIil KpuTEpHii, Kaxaas GyHKIUS KOTOPOTo MpPeCTaBIsIeT
XapaKTePUCTHKY (CBOICTBO) MaTepuaia, (yHKIIMOHAIHHO 3aBUCSILYIO OT BEKTOpa MEPEMEHHBIX Y; B
(1.25) G(Y) ={g:(Y), ..., gu(Y)} — BexTOp-QyHKIMS OrpaHMYECHWH, HAKIAIAbIBAEMBIX Ha
CTPYKTYpy Mmarepuana, M — MHOXecTBO orpanmyeHuid. [Ipeamonaraercs, yro ¢ynkuuu H(Y) =
{h(Y),k =1,K} muddepenrmpyemsr u somyknsl, G(Y) = {g;(Y),i = 1, M }T menpepsisusl, a
3aganHoe orpannueHusaME (1.27)-(1.29) MHOKECTBO JIOMYCTUMBIX TOUEK S HE IyCTO U IPE/ICTABISACT
coboit kommakT: S = {X eR"|G(Y) < 0,Y™" <Y < Y™} % @,

Cootnomenus (1.25)-(1.29) oOpa3yroT MaTeMaTHYECKyIO MOJIeNb MaTepraia. TpedyeTcs HauTH
TaKOW BEKTOP MapaMeTpoB Y° € S, mpu KOTOPOM KaxKas KOMIIOHEHTA (XapaKTepHCTHKA) BEKTOP —
dynxmmm: Hy (Y) = {he (Y), k =1,K,} npuauMaeT MakcHManbHO BO3MOKHOE 3HAUEHHE, 3 BEKTOP
- ¢oyuxmmu H,(Y) = {h(Y), k =K, +1,K =K, € K} npuHuMaeT MHHHMaJIbHOE 3HaueHue. B
COBOKYIIHOCTH MaTeMaTHYecKyro wmogaenb wmarepuana (1.25)-(1.29) MOKHO TpakTOBaTh Kak
CHCTEMHBIN TOAXO]I K UCCIIEIOBAaHUIO MaTepHaa.

1.4. /lunamuueckue mHOZOKpUMEPUATIbHBIE CUCHEMbL: NOCHIPOCHUE MAMEMAMUYUECKOU
Mooenu

1.4.1. Beeoenue 6 ounamuyeckue MHO2OKpUMEPUATbHbIE CUCTIEMbL

B mpenpiaymmx pasznenax uccieloBaHWE KOHCTPYKTUBHBIX CBOMCTB MHKCHEPHBIX CHUCTEM:
TEXHUYECKHUX CHUCTEM, TEXHOJIOTHYECKHX MPOLIECCOB M MaTepuaia paccMaTpuBaloTcs B ctatuke. Ho
CTPYKTYpa HH)KEHEPHBIX CHCTEM MOXET pacCMaTpUBAThCs B IMHAMHKE, HAIPUMED, IPU U3MEHEHUN
BHEIIHEH TemrepaTyphl 3a Kakoi-HUOY b epuo]] BpeMeHu. J[MHaMU4YecKue MHOTOKpUTEepUaIbHbIE
3aJja4i BO3HUKAIOT IPU ONTUMAIBHOM YIIPABICHUH TEMIEPAaTyPHBIMH PEXHMaMHU HarpeBaTeIbHbBIX
neyeil, korma TpeOyeTcss MHUHHUMH3UPOBATH IMOTPEIIHOCTh BOCIPOU3BEACHUA Tpedyemoi
TEMIIepaTypbl 3arOTOBOK Ha BBIXOJE W3 IIEUH B YCIOBUSAX CHHXPOHHON pabOTHI Me4el u arperaToB
TEXHOJIOTUYECKOr0 TMOTOKa TmpokatHoro crtana [9]. MHorokputepuanbHas ONTHMHU3AIHS
CTaTUYECKUX PEKUMOB MAacCCOOOMEHHBIX IPOIECCOB Ha TMpUMepe abCOpOIMH B IMPOU3BOJCTBE
razopaznenenuss [32]. Takum o0pa3oM, mnpoOiemMa MHOTOKPUTEPUATBHOCTH BO3HHMKAaeT B
OOJIBIIMHCTBE CITy4aeB MPH aHAINW3E U CUHTE3€ YNpPaBICHHUS AMHAMUYECKUMH, TEXHOJIOTUIECKUMHU
mpoueccamu. MccienoBaHueM TakuX 3a7ad 3aHUMAETCS TEOpUsS ONTHMAJIbHOTO YMpaBICHHUS.
OcHoBbI 3TOM Teopun OblIH 3a10keHbl akageMukoM JI.C. [ToHTpsATUHBIM, B KOTOPOU LIEHTPaJIbHBIM
PE3yIbTATOM SBISICTCS IPHUHIUI MakcumymMa [7, 8, 9].

Hamm nmnpennaraercs WCHoOnb30BaTh A YOPaBICHHS JHHAMHYECKHMH CHCTEMaMH
nuddepeHIraIbHO-pa3HOCTHBIE  METOABI  IpeoOpasoBanust uHpopmanuun [16]. Ilpm sToMm
MPEIOIaraeTcs, YT0 CKOPOCTh MPOBEACHUS paCUETOB COM3MEPHUMA C TEMITAMHU U3MEHEHHS BXOIHBIX
MapaMeTpoB, T.€. MPOBOJUTH pACUeT 32 HEOOJBIION TUCKPETHBIA MPOMEXYTOK Bpemenu At € T.

1.4.2. (Ceedenue 3adauu onmumaibHO20 YAPAGIEHUsi K 3a0ade MamemMamuyecko2o
NnpOSPaAMMUPOBAHUSL

Pa3zpaboTka BBICOKO 3(PPEKTHBHON CHCTEMBI YNpPaBICHHUS IWHAMHYECKUMH TPOILIECCAaMH
MpearoiaraeT Co3JAaHHe MaTeMaTHYeCKONM Mojenu OoO0beKTa HCCeloBaHus, Ha 0a3e Teopuu
orntuManpHoro ynpasneHus. [7]. Ilpu paspaboTke 3amadym CHHTE3a ONTHMAILHOTO YIIPABIICHUS
JIMHAMHMYECKOH CHCTEMBI NPEANOIaraeTcs, 4ro u3BecTHol: X(t) = {x;(t), j = 1,N} - BekTOp

IIepeMEHHBIX, OIUCHIBAIONINIA TTapaMeTphl cocTosHus cuctemsr; U(t) = {u;(t), i = 1, M} - BekTop
MEPEMEHHBIX, OMHUCHIBAIONINI TTapaMeTphl YIPpaBISIOMUX (BXOAHbBIX) curHanos; Y (t) = {y,(t), | =
1,L — BEKTOp TIEpEMEHHBIX, ONMCHIBAIONIMI BBIXOJHBIE CHTHANBI (IApaMeTphl) MCCIELyeMOro
00BEeKTa; MaTeMaTHIeCKasi MOJIENb poriecca PYHKIIMOHUPOBAHUS TUHAMHUYECKON CUCTEMBI, KOTOpast
OOBIYHO TIpE/ICTABJICHA, KAK CHCTEMAa HENIMHEHHBIX AudQepeHInanbHbIX YpaBHEHUH:

PO = FXO VD), X)) =Xt <t <T, (1.30)
Y(t) = h(X(t),U(t), t); (1.31)
rge t — Bpems, X; = d’;jt(t), j=1,N — 510 mpou3BoiHas MO BPeMEHH t Ka)IOro IapameTpa

COCTOSTHUSI UCCIIEAYEMON JTUHAMHYECKON CUCTEMBI;
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FX@®) = {fj(x;(©)), j = 1, N} — usBectHble QyHKLMH CBOMX apIyMEHTOB;

X(ty) = X, 3ananHple HavajbHble YyCJOBHSA, Y (t) XapakTepu3yeT MapaMeTpbl BBIXOJHBIX
CHUTHAJIOB.

Cucrema  oObIKHOBeHHBIX  Juddepennuanbupix  ypaBHenwit  (1.30)  HasbiBaercs
MaTeMaTH4ecKOi MOJENbI0 mporecca (YHKIMOHUPOBAHHUS JHHAMHYECKON CHCTEMBI. YpaBHEHHE
(1.30) onmceiBaeT HE KOHKPETHOE JMABIKCHUE YIPABISIEMOr0 OOBEKTa, a €ro TEXHHYCCKHE
BO3MOKHOCTH. J[JI1 OmMcaHusi KOHKPETHOTO JIBM)KEHHS YNPaBIsieMOro o0beKTa CiexyeT: BHIOpaTh
yrpasnenne U(t) = {u;(t), i = 1, M}, xak HeKOTOpyI0 (GYHKIMIO BPeMEHH 1; 3a1aTh HAYAIbHOE
ycnosue (ty) = X,.

OyHKIMOHAN, ONPEACISIONINNA KPUTEPHA Ka4eCTBa CHCTEMBI YIIPaBICHHUS:

J = LEX(%), %) + [o(X(6), U(®), t)dt; (1.32)

Oyukiuonan (1.32) | MoxeT UMeTh (U3UYECKUN CMBICT, B 3aBHCUMOCTH OT (YHKIIMU
L(X(t),U(t),t), [10]:

a) pacxoja TOIUIABA, (1.32a)
0) PHEepreTUYeCcKuX 3aTpar, (1.320)
B) ()MHAHCOBBIX 3aTpPaT WU MPHOBLIH, (1.328)
) BpeMeHu nepexoaa u3z M0 8 M1, (1.32r)
1) ¥ T.1. (1.32n)

[Tpu 5TOM JTOJI)KHBI YUYUTHIBATHCS OTPaHUYCHUS, HAKIIAJBIBACMbIC HA NIEPEMEHHBIC COCTOSIHUS

Y YIIpaBIICHHS:
g(X(©®,u@®) = 0. (1.33)

s moctpoenust cootnomenuii (1.30)-(1.33) ucnons3yrorcst pyHIaMeHTalIbHbIe (GU3HUYCCKHIE
3aKOHBI (3aKOH COXPAaHEHUS BELIECTBA, SHEPTHHU U T.I1.). Jlajee mpoBoIsATCS CCIeI0BaHUE BXOIHBIX-
BBIXOJTHBIX CUTHAJIOB U ONIPECIISICTCS apaMeTPhbl MOJIEIH, T.€. HICHTU(UKAIUS CUCTEMBI.

C yd4eToM CKa3aHHOTO, 33J]auya ONTUMAJIBHOTO YIPAaBJICHUS TEXHOJIOTMYECKUMH MPOLECCAMU
COCTOUT B TOM, YTOOBI OIPEICIUTH BEKTOP YIPABISIOMMX CUTHAIOB U(t), KOTOpBIA JaBai
skcTpemyM ¢yHkuuonany J B (1.32) u yaosnerBopsin 0b1 cootHomeHusM (1.30), (1.31) u (1.33):

max(min) J = L(X(to), to) + ftTO L(X(0), U(D), t)dt. (1.34)
d);_(tt) = f(X(@®),U®), X(£)), X(to) = Xo, to<t<T, (1.35)

Y(©) = h(X(2), U (1)), (1.36)
G(X@®),U®) = 0. (1.37)

[Ipennonaraercs, 4To B OOJNBIIMHCTBE TEXHOJOTMUYECKUX (JIMHAMMYECKHX) IPOLIECCOB
MHTEHCHUBHOCTh WM3MEHEHHs IapaMeTpOB BO BPEMEHM IIpU YIPABICHWHM HE CIMIIKOM BEJIMKA.
[TosToMy Bcerza MOXKHO BBIOpaTh TaKOM MPOMEKYTOK BpeMeHH At, B Te4eHHE KOTOPOTO HapaMeTphl
Iporecca U3MEHSIOTCS Ha JI0CTaTOYHO Mallyl0 BeIuuuHy. PazoObeMm HccienyeMblil IPOMEKYTOK
spemenn t = 1, T ua T paBHBIX IPOMeXyTKoB At € T

AT =t —t,t =1,T. (1.38)
Bexkrop ympaBieHus Ha KaK0M JUCKPETHOM IPOMEXKYTKE b, t;41HE U3MEHSETCS:
Uuit) =U(,),1<t<T. (1.39)

Cucrema HenuHenHbIX aupdepennmansabix ypaBuenuit (1.30), (1.31) mpeobOpasyercs B
CHCTEMY Pa3HOCTHBIX ypaBHEHUI:

X(t‘r+1) = X(t‘c) + Af(X(t‘r)' U(t‘c): t‘r) + Q4 (t-[), (140)
Y(t‘r+1) = Y(t‘r) + Ah(X(t‘r)r U(tr): tr) + QZ (t‘r); (141)

HHTerpanbHpiil (yHKIIMOHAT KauyecTBa yIIPaBJICHUS IIPEICTABIICH B BUJIC:
J =L(X(%,t% +XI_, L(X(A1), U(AT), AT). (1.42)

AHanoruyHo npeoOpa3oBaHbl K AUCKPETHOMY BUy orpanuueHus (1.29).
Otcroma 3amauy ontumansHoro ympasieHus (1.34)-(1.37) mnpencraBum, Kak 3amady
HEJMHEHHOTO MPOrPaMMHUPOBAHHSI.
Onpenemuts max(min) | = L(X(to), to) + Xr=; L(X(At), U(AT), AT),(1.43)

IIPU OTPAHNYECHUSIX
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X(t‘r+1) = X(t‘r) + Af(X(t‘r)r U(t‘r)» t‘c); T=1T, (1.44)
Y(t;41) =Y (t;) + Ah(X(t), U(t,), t), T =1,T, (1.45)
g(Xt), Ut))=0,1=1T, (1.46)
X(t,) =0,U(t) =0,t=1,T, (1.47)

1.4.3. Ilocmanosxka 6eKMOPHOU 3a0ayu ONMUMATLHO20 YNPAGIEeHUS U ee Npeodpazosanue 8
BEKMOPHYI0 3A0a4y MAMEMAMUYECKO20 NPOSPAMMUPOBAHUS

[Tyctes B 3amaue onrtumanbHoro ympasieHus (1.34)-(1.37) kauecTBO (HYyHKIIMOHHPOBAHHUS
CHCTEMBI YIIPABJICHUS TMHAMHYECKON CUCTEMBI OTIPENIEIISIETCS] HE OJTHUM, @ HEKOTOPBIM MHOKECTBOM
K moxka3zatesneil kpurepusi kauecTsa, Hanpumep, (1.32a), ..., (1.32n). I[Ipu 3TOoM yacTh u3 HuUX K;

paboTaeT Ha MaKcuMyM, a npyras 4actb K, Ha muanmyM: K = K; UK,,K; N K, = §,K; € K, K, €
K.

G(X(O),U®)) =

K; - 9TO MOJMHOXECTBO TEXHOJOTMYECKUX XAPAKTEPUCTUK, YHCIOBBIE BEJIMYUHBI KOTOPBIX
KeNaTeIbHO MOJTYYHTh, KaK MOXHO BbIIIE (O0JbIIe):

Ji = LIX (), %) + [5(X(8), U(D), t)dt > max,k =T, K;.  (L48)

K, - 3TO MOAMHOXXECTBa TE€XHOJOTUYECKUX XAPAKTEPUCTHUK, YHCIOBBIC BEIWYMHBI KOTOPHIX
KeNaTeIbHO MOJTYYHTh, KAaK MOXHO HIDKE!

Jie = LIX (), ) + [5(X(8), U(D), t)dt » mink = TK;.  (1.49)

Hcnone3yss ToIMHOXKeCTBAa TexHoormueckux xapakrepuctuk (1.48) wm (1.49) 3agada

ontuMansHoro ynpasnenus (1.34)-(1.37) mpeoOpasyercss B BEKTOPHYIO (MHOTOKPUTEPHAIBHYIO)

3aa4y OIITUMAJIbBHOI'O YIIPpaBJICHUA:
Opt F(X(t),U(t),t) = {max F;(X(t),U(t),t) = {max ], (X(t),U(t),t) = L(X(ty), ty) +

Yi=1Le(X (A7), U(AT), A7),k =1,K; (1.50)
min F, (X(t), U(t),t) = {min J, (X(¢t),U(t),t) = L(X(ty), ty) +
Yi-1 Ly (X (A7), U(AT), A7), k =1, K3}, (1.51)
IIpHU OIrpaHUYICHHUAX
d;;(tt) = f(X (), U(t), X(to)), X(to) = Xp, to<t<T, (1.52)
Y(t) = h(X(0), U(1)), (1.53)
G(X(0),U@®)) = 0. (1.54)

Hcnonp3ys moaxo.1 MpenblIyIero pasiena npeodpasyemM BEKTOPHYIO (MHOTOKPUTEPUAIBHYO)
3agauy onrtumanbHoro ympasieHus (1.50)-(1.51) B BekTOpHYIO 3amady MaTeMaTHYECKOrO

porpaMMHpPOBaHUS:
Opt F(X(t),U(t),t) = {max F, (X(t),U(t),t) = {max ], (X(t),U(t),t) = L(X(ty),ty) +
Jo LX@®,U@®, 0dt k =Tk, (1.55)
min F,(X(t),U(t),t) = {min ], (X(t),U(t),t) = L(X(ty), to) +
ftTo LX (), U®), Hdt, k =T, K1}, (1.56)

IIpUu OTpaHUYCHUAX

(X(trs1) = X(t) + Af (X (t), U (L), t), T =1, T, (1.57)
)Y (teh) =Y () + ARX (), U(t), t), T = LT, (1.58)

Gx®, VM) = J g(X(),U)) =0t =TT, (1.59)

X(t)=0,U(t) =0,7t=1,T, (1.60)
3amaya (1.55)-(1.60) npencraBiseT BEKTOPHYIO 33/1a4y MaTEeMaTUYeCKOT0 MPOrpaMMHUPOBAHUS
C HEOAHOPOJHBIMH KPUTCPUSIMH H  SIBISIETCS MaTeMaTHUECKOW MOJENBbI0  BEKTOPHOH
(MHOTOKpUTEpHUATBbHOM) NUHAMHYECKOW CHCTEMBbl ymnpaBieHus. [Ji1 ee pemeHus: MCHOib3yIoTCs
METO/IbI, H3JI0KEHHBIE B CIIEAYIOMICH TJIaBe.
2. MHoromepHasa matemMaTuka. Teopusi, AkcuomMaTuka, [IpuHIMNBI ONTHUMAJILHOCTH,
NMporpaMMHoe odecrieyeHue MOAeTMPOBAHMS HHKEHEPHBIX CHCTEM
MaremMaTHuecKue  MOJCIH  TCXHHYCCKOM CUCTEMBI (1.1)-(2.4), (1.17)-(1.20),
texuojoruueckoro mpouecca (1.21)-(1.24), crpykrypsl martepuana (1.25)-(1.29) u nuHamudeckoim
CHUCTEMBI (1.55)-(1.60) MPECTaBIICHBI BEKTOPHBIMU 3aga4amu MaTeMaTUYECKOTO
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nporpammupoBanus (B3MII). [lanbHeiiee pa3BuTHE UCCIEIOBAaHUS pabOT MO TEOPHH BEKTOPHOU
ONTUMU3AIINH MPUBeEJIa K GopMUPOBaHHUIO "MHOTOMEpPHOI MaTEMaTHKH

2.1. Ananu3s pazeumus coépemenHou mamemamuxu. Bekmopuaa (mnozomepnasn) 3aoaua
onmumuzayuu.

2.1.1. Ananus pazeumusi cO8peMeHHOU MAmMeMamuKy

AHaJi3 MaTeMaTHKH COBPEMEHHOM MPOBEIEH B COOTBETCTBHH [ 1, ¢. 560 — 563].

MareMaTika — 3TO HayKa O KOJMYECTBEHHBIX OTHOLICHMSAX M MPOCTPAHCTBEHHBIX (hopmax
neiicTBUTEN HOrO MUpa. MaTemaTHKa, Kak HayKa CcTaia BO3MOXKHOM 110Ciie HAaKOIUICHHUS JOCTATOYHO
60sb1I0TO (PaKTHYECKOTO MaTepuaa, BO3HUKIA B ApeBHEH [ 'pennu B 6 — 5 Bekax 10 HOBOW 3pbl, B
COOTBETCTBUHU C [ 1] ueTbipe nepuoja.

1. 3apostcoenue mamemamuxu. Ha paHHUX CTaAMSAX PA3BUTHUS CUET IPEAMETOB ObITHS IPUBEIT
K CO3JJaHUIO MPOCTEUIINX MOHATHI apuMETHKN HATYpaJIbHBIX YHCET.

2. Ilepuoo nemenmapnoii mamemamuku. ViccienoBanue NIpeAMETOB OBITHSA TNPHUBEN K
CO3/IaHUIO MPOCTEHUIUX MOHATUHN aprUPMETUUECKUX BEIYMCICHUN, OTPE/IeNICHNUS IJI0IaAei, 00beMOB
U T.II. BO3HUKAET MaTeMaTHKa, KaK HayKa.

3. Ilepuoo cozoanun mamemamuku nepemennvlx éeauuun. C 17 Beka HAUMHACTCS HOBBIN
NepHOoJ] pa3BUTHs MaTeMaTUKU. Ha niepBblil 11aH BBIIBUTAETCSA HOHAMUE YHKYUU, OTIPENEIAIONIEe
B3aMMOCBSI3b [IEPEMEHHBIX (IapaMeTPOB) HCCIeAyeMOoro o0bekTa. M3yuenue nepeMeHHbIX BEIUYUH
1 (yHKIIMOHAJIBHBIX 3aBUCUMOCTEH MPUBOJIUT JAajiee K OCHOBHBIM IOHSITHAM MaTEMaTHYECKOTO
aHaJlM3a, K MOHATHIO Tpejenia, Ipou3BOAHOU, Auddepenurana u uHrerpana. Co3gaercs aHamus
0ECKOHEUHO MaNbIX B BHUJE OUPPepenyuanivHo2o u uHmezpaibHO20 BBIYMCICHUH, MO3BOJISIONICE
CBSI3bIBATh KOHEYHBIE W3MEHEHUS MEPEMEHHBIX BEIUYMH C HX IOBEACHMEM Ha MPUHHUMAeMOe
pemenre (¢pyHkuuio). OCHOBHBIE 3aKOHBI MEXaHUKM M (PU3MKH 3aluCBIBAIOTCA B (opme
muddepeHIMaTbHBIX YPaBHEHHM, U 3a/1a4ya UHTETPUPOBAHUS ITUX YPaBHEHHUM BBIABUTAETCS OJHOU
13 BOKHEHIIMX 3a7]a4 MaTEMATHKH.

4. Cospemennasa mamemamuku. Bee coznannble B 17 u 18 Bekax pa3aensl MAaTeMaTHYECKOTO
aHajM3a MpoJoJLKaiu pa3BuBaThesa B 19, 20 u 21 Bekax. B kauecTBe OCHOBHOTIO ammapara HOBBIX
oOjacTeii MEXaHMKM M MaTeMaTUYecKo (U3MKH YCUJIEHHO pa3pabaThiBaeTcs TeOpHs
muddepeHIMaTbHBIX YPAaBHEHUN OOBIKHOBEHHBIX WM YPaBHEHWH C YaCTHBIMU IPOU3BOJHBIMH,
BBIUMCIUTENFHOM MaTeMaTuku. [IpoGieMbl HaXOKIEHUS HAWIY4YIIero peleHus B 3ajJadax
ympaBieHus: GU3NIECKUMHU MM MEXaHHYECKUMH CHUCTEMaMH, ONTUChIBaeMble i depeHnnanbHpIMU
ypaBHEHUSAMHU, IPUBEINU K CO3/IaHUIO 1Meopull ONMUMAIbHO20 YNPABTIEHUSL.

B nenom npouecc pa3BUTHS MaTEMaTHKH [MOKA3bIBAET, YTO MPHU PEIICHUH MAaTEMaTHYECKUX
po0JIeM, MPOUCXOINUIIO UCCIICAOBAHUE U aHAIN3 OTICILHON yHKyuu (00HOMepHOoil), 3aBUCSIIICH
OT HEKOTOPOT0 MHOXKECTBA IEPEMEHHBIX (ITapaMEeTPOB) HCCIEAYEMOr0 OOBEKTa, CHCTEMBI.
(TTogpoGuee cmotpu B [1, ¢. 560 — 563]).

B peanbHOl >XKU3HU HCCIeAyeMblii OOBEKT, CHUCTeMa MpHU CBOEM (PYHKIMOHHPOBAHUH
(pa3BUTHM) XapaKTEpU3yeTCs HEKOTOPHIM HaOOpOoM (YHKIMOHAJIBHBIX XapaKTEPUCTUK, KOTOpPbHIE
3aBUCAT OT OJHMX M TeX JKe MapamMeTpoB cucrembl. OTciona mnpobiieMa MHOTOMEPHOCTH
HCCIIEyEeMBIX OOBEKTOB, CHCTEM CTajia OOIEHAYIHOM.

Jns pemeHust mpoOjaeMbl MHOTOMEPHOCTH MBI IMPEJICTaBUM BEKTOPHYIO (MHOTOMEpPHYIO)
3a/a4y ONTHMHU3ALMM U PACCMOTPUM TEOPHIO (aKCMOMATUKY, NPUHIUIBI ONTUMAaJIbHOCTH) €€
pewmenus, [13, 27, 29].

2.1.2. BexmopHas 3a0a4a Mmamemamuiecko2o npocpamMmupo8aHus

BexkTopnas 3agaua maremarudeckoro nporpammupoBanus (B3MII) — ato crangapTHas 3a1a4da
MaTeMaTHYeCKOro MPOrpaMMHUpPOBaHUs, UMEIOIIas HEKOTOPOE MHOXKECTBO KPUTEPHEB, KOTOpPHIE B
COBOKYITHOCTH MPEACTaBIAIOT BeKTOp kpurepueB. B3MII nonpasgensdrorcs Ha OJHOPOIHBIE U
HeoHOopoaHbie B3MII.

Oonopoonvie B3MII makcumusayuu — 3T0 BEKTOpHAs 3ajiaya, y KOTOPOU Kax/1asi KOMIIOHEHTa
MHO>KECTBa KpUTEPUEB HAIPaBJieHAa HA MAKCUMH3AIUIO.

Oonopoonvie B3MII munumuzayuu — 3TO BEKTOpHAs 3aJa4a, y KOTOPOH KakJasi KOMIIOHEHTa
MHOKE€CTBa KpUTEPUEB HAIpaBlieHa HA MUHUMM3AIIHIO.

Heoonopoonvie B3MII — 310 BEeKTOpHas 3a1a4a, y KOTOPOH MHOKECTBO KPUTEPHEB pa3AeiIeHO
Ha JIBa MOJIMHOKECTBA (BEKTOPA) KPUTEPUEB — MAKCUMM3AIMN 1 MUHUMH3AIMH COOTBETCTBEHHO, T.
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e. HeogHopoausie B3MII — 3To 0o0bennHeHHE ABYX BHJOB OJHOPOIHBIX 3371ad. B cOOTBETCTBUH C
9TUMHM  ONPENEICHUSAMM IPEACTaBHM  BBIIYKIYIO BEKTOPHYIO 3aJady MaTeMaTH4eCKOro
IIPOrpaMMUPOBAHMSI C HEOTHOPOAHBIMU KPUTEPUSIMHU.

Opt F(X) = {max F; (X) = {max fi, (X), k =1,K;}, (2.1)
minF,(X) = {minf, (X), k=K, +1,K =K, c K}}, (2.2)

G(X) <B, (2.3)

X>0, (2.4)

e X ={x;, j= 1,N} - BekTop NepeMeHHBIX, T.e. 3TO BeKTOp u3 N-MEepHOro eBKIHMIOBa
npoctpanctea RY; F(X) - BekTop-QyHKIMs (BEKTOPHBIA KpHUTEpHii), nMetomas K — KOMIOHEHT-
dynxuuit, F(X) = {f,(X), k = 1,K}. MuoxectBo K cOCTOMT U3 MOAMHOXecTBa K; KOMIOHEHT
MakcuMu3auu U nogMHoxectBa K, munumusauuu;, K = K{UK,, 11 OLEHKH COBOKYIHOCTH
KPUTEPUEB BBOAUTCS 0003HAUYCHUE Orepalys «0pt», KoTopoe BKIIOYaeT B ceds max u min;

F,(X),F,(X) — »5To BeKTOpHBIE KpHMTEpHH MaKcUMM3almu, MuHAMH3aimmu; K;=1,K;,
K,=K; + 1,K=1,K, - MHOXECTBO KPHUTEpHUEB MAaKCHUMH3AIMM, MUHUMU3AIUU COOTBETCTBEHHO.
G(X)<B,X >0 - crangaptasle orpanuueHus. JJomyctiumoe MHOKeCTBO Touek: § = {XeR"|G(X) <
O’Xmin <X< Xmax} + (Z)

2.1.3. Axcuomvl u Axcuomamuueckue Memoobsl.: meopemuyecKue OCHOBHL.

AKcuoma — 310 yTBEpXKICHHE, HE TpeOyIollee JIOTHYECKOro Joka3zaTenbcTBa. Ha ocHOBe 3THX
YTBEPKACHUNA CTPOUTCS Ta WIM UHAsL TEOPUSL.

AKcuomamuyeckuii Memoo — 3TO CIOCOO MOCTPOEHMSI HAYYHOM Teopuu, MPU KOTOPOM B
OCHOBY TE€OpHUH KJIAIyTCsl HEKOTOPbIE UCXOAHBIE MOJI0XKEHUS, Ha3bIBaeMble AKCMOMaMu Teopuu. B
UTOre BCE OCTAJIbHBIE MOJIOKEHUSI TEOPUHU TTOJIYHarOTCs KaK JIOTHYECKHUE CIIEJCTBUS akcuom, [39]. B
MaTeMaTuKe AKCHOMAaTHUECKUH METOJa 3apojawics B paboTax JApeBHETPEYECKHX I'€OMETPOB.
OO0pa3ioM akCMOMaTUYeCKOro METOoJa SBIJIAETCSA JpeBHErpedyeckuil ydeHbli EBKing, axkcrombl
KOTOPOro OBbLIH 3aJI0’KE€HBI B €r0 3HAMEHUTOM counHeHnH «Havanay.

JlanpHeliee pa3BUTHE aKCHOMAaTUYECKOT0 MeToj1a nostyuus B padorax JI. I'mnbOepTa B BUIE
TaKk Ha3plBaeéMoro Meroja Qopmanusma cuctembl. OOmas cxemMa HOCTPOSHHS MPOU3BOJILHON
dhopmanbpHOI cucTeMbl («S») BKITFOYAET:

1. A3vix cucmemul, B TOM unciie andaBuT — 3TO NMEpeYeHb NEMEHTAPHBIX CUMBOJIOB; IpaBUIIa
00pa3oBaHus (CHHTAKCHUC), IO KOTOPBIM CTPOUTCS (OPMYITBI «S)».

2. Axcuomul cucmemol «S», KOTOPbIE MIPECTABISAIOT HEKOTOPOE MHOXKECTBO (hOpMYII.

3. Ilpasuna BeIBONA cUCcTEeMBI «Sy» [39].

B npunoxeHn# K pemeHuo 3a1a4u BEKTOPHON ONTUMM3AINH AKCHOMATHKA TOpa3iemsieTcs
Ha /Ba paszgena: 1. Akcmomaruka pelleHus 3ajjadyd BEKTOPHON ONTHUMH3ALMU C PABHO3HAYHBIMU
KpuTepusaMu; 2. AKCHOMAaTHKa pEIIEHUS 3aJaud BEKTOPHOM ONTUMHU3ALMU C 3aJlaHHBIM
MIPUOPUTETOM KPUTEPHUEB.

Tonmpko MpH TOCTPOCHUU TMEPBOHAYATIHHOW aKCHOMAaTHUKHA BO3MOXHO B JalIbHEUIIEM
MIOCTPOEHHE NMPUHIUIIA ONITUMAJIbHOCTU U BBITEKAIOIINX U3 HETO aJITOPUTMOB PELIECHHS] BEKTOPHBIX
3a/la4 MaTeMaTHYeCKOro MPOrpaMMHUPOBAHHS.

2.2. Teopus, akcuomamuxa u Memoobl 6eKMOPHOU ORMUMUZAUUU. PAGHOZHAYHbIE KDUMePUU

AKcHOMaTHKa BEKTOPHOM ONTUMHU3ALIMHU C PABHO3HAYHBIMU KPUTEPUSIMH, KaK U TEOpETUYECKas
akcMoMartuka, pekoMmeHmoBanHas [[. Tmiasbeprom [39, c. 111], BkiaowaeT Tpu paszzena,
npejcTaBieHHbIe. 1) SI3BIKOM CHCTEMBI B BHJE OINpPEACICHHN HOpPMAaaH3allid KPUTEPHUEB |
OTHOCHTEJILHOW OLEHKH; 2)  aKCMOMAaTHKOW paBEHCTBA KPHUTEPUEB B 3aJadye BEKTOPHOU
ONTHMU3AIMH; 3) TPHHIUIIOM ONTHMAILHOCTH pEIIeHUs BEKTOPHOHM 3aJa4yd, HAa OCHOBaHHH
KOTOpOro (OpMHpYETCsi KOHCTPYKTHBHBIM METOJ| pPEIICHHs 3aJauyd BEKTOPHON ONTHMHU3ALUHU C
PaBHO3HAYHBIMU KPUTEPHUSIMHU.

2.2.1. H3vik cucmemvl: Hopmanusayus kpumepues, OMmHOCUMENbHASL OYEHKA

Onpeoenenue 1. Hopmanusayua kpumepues.

Hopmanuzanuss kputepueB (MaTemMaTHuyeckas ONEpalus: CIABUT IUIIOC HOPMHPOBAHUE)
IpeCTaBIsET OMHO3HAUYHOE oToOpaxenue GyHkuuu f,(X) Vk € K, B omHOMEpHOE TPOCTPAHCTBO
R! (cama dyunkums fi(X) Vk € K npencrapiser co6oil GpyHkiuio npeobpazosanus u3 N-mepHOro
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eskuaoBa npoctpanctsa RV B RY). Jlna Hopmanusanuu kpuTepueB B BEKTOPHBIX 3aadax OyayT
HCIOJIb30BATHCS JIMHEHHbIE TPeoOpa3oBaHuUs:

fie(X) = afy(X) + ¢ VkeK , mmn fi(X) = (fr(X) + c)/ax Vk €K, (2.5) -
rne fy(X),k=1,K - crapoe (mo nHopmanmsainumu) 3Hauenue kpurepus; fi(X),k=1K -
HOPMaJN30BaHHOE 3HAYEHUE, dj, Cx- NOCTOSHHBIE.

Hopmamuzamust kpurepueB (2.5) fi,(X) = (fiy (X) + cx)/a, Vk eK mnpencrasiseTr mpocroe
(JinHeliHOE) WHBAapUaHTHOE IpeoOpa3oBaHHE IIOJMHOMA, B PE3YyJbTaTe KOTOPOro CTPYKTypa
MOJIMHOMA OCTAETCsl HEM3MEHHOM. B ONTHMH3aIMOHHOM 3a1a4e HOpMaTu3anust Kpurepues fi (X) =

(fi(X) + cx)/a, VkeK we Bamsier Ha pe3ynbTaT penieHus. J[HCTBUTENBHO, €CIH PEHIacTCsI
afx”) _
= 0.
dx
B oOmem crmydae (B TOM uuciie ¢ HopMmanu3anued kpurepus (2.7)) pemiaercss 3aaada:

maxycs (ay fi (X) + ¢i), T0 B Touke ontumyma X~ € S:
dlaf(XD+er) _  d(f(XD) | d(ex) _
—dX = Qg ax + ax 0. (26)
Pesynbrar waeHTHueH, T.e. Touka ontumyma Xj, k = 1,K sBIsieTcs OXHOWM M TOW Ke s

HCHOPMAJIN30BAHHBIX ¥ HOPMAJIM30BaHHBIX 3a/1a4.
Onpeoenenue 2. Onpedenenue omuocumenvHoul oyenku Qyukyuu (Kpumepus). B BeKkTopHOU
3agaue (2.1)-(2.4) BBezeM 0003HAUCHHE:
0
L) = L8 e o g 2.7
=Tk
A (X) — smo ommnocumenvhas oyenxa, KOTOpas MPEACTABIACT HOPMAIW30BAHHBIA KPHUTCPHIA:
fi(X), Yk e K B Touke X € S, rne B Touke X € § BenuumHa K-ro kpurepus pasHa fi(X); fi -
BennurHa K-ro kpurepus B TOUke onTumyMa X € S, MOJy4SHHOW MMPU PELICHUH BEKTOPHOMN 3a1a4uu
(21)-(24) oTmensHO 1O K-My KpuTepHIo; f;)- HauXy/amas BeIMUnHA K-TO KpUTepus Ha JOMyCTHMOM
MHOXeCTBe S B BEeKTOpHOI1 3a1aue. OTHOCHTENbHAs orieHKa A, (X) Vk € K, BO-TIepBbIX, H3MEpsETCs
B OTHOCHTEJIBHBIX €IWHMIIAX; BO-BTOPBIX, OTHOCUTENIbHAs orieHKa A, (X) Vk € K Ha momyctiMom

MHOKECTBE § MEHSETCS C HyJIsl B TOUKe X; K €IMHHIIE B Touke onTumyma Xy: Vk € K lim0 A(X) =
XXy

BBINyKJIasi ONTUMU3ALMOHHA 3a/1a4a: MAXys f (X), To B Touke ontumMyma X *“ € S:

0;Vk € KXlg)r(l;Ak(X) =1:

OtHocurenbHas oneHka A, (X) Vk € K HaxoAuTCS B CICAYIONIMX Mpeeiax:
VkeK0O<A,(X)<1,XE€S, (2.8)

B pesynbrare Takoii Hopmammzanuu Bce Kputepuu B3MII (21)-(24) cousmepumbl B
OTHOCHUTEJIBHBIX €IMHHIIAX, YTO MO3BOJISET, CPABHUMAS UX JIPYT C JPYTrOM, UCIIOJIb30BaTh KPUTEPUN
MIPA COBMECTHON ONTHMH3AIINH.

Onpeodenenue 3. Onepayus cpasHeHus OMHOCUMETbHBIX OUEHOK (yHKyuu (Kpumepus)
Medncoy coboil.

Tak kak, mo0ast GyHKIMA (KPUTEpHii) NPEACTAaBICH B OTHOCHTEIBHBIX OIEHKAX (YHKIMN
A (X) Vk € K, xoropeie nexar mpeaernax Vk € K0 < A,(X) <1, To BO3MOXHO CpaBHEHHE
OTHOCUTENIBHBIX OLICHOK I10 YHUCIOBOW BenuuyuHe. [l CcpaBHEHMS HCHOJb3yeTCs oOlepanus
«BBIUMTaHUS». Ecnm cpaBHUBaeTcs nBe (YHKIHMU (KpUTEpHs), M3MEPEHHBIE B OTHOCHTEIHHBIX
oueHkax Ay—;(X) u A4, (X) Vk € K, To BO3MOKHBI TPH CUTYAIIUU:

niepBasi, koraa Ay—q (X) > A=, (X);

BTOpas, Koraa A,—q (X) = Ap—,(X);

TpeThst, Koraa Ay -, (X) < A=, (X).

IlepBas 1 TpeThs CUTyalMs UCCIIENyEeTCs B pa3aene 2.3.

B sTOM paznene uccnenyercs BTopas CUTyarusl.

2.2.2. Akcuoma pasencmea Kpumepues 8 3a0ade 6eKmMopHO ONMUMUAYUL.

Axcuoma 1. O pagencmee u pagHo3nayHOCMU KpUmMepuee 6 00NyCmuMoil mouke 6eKmopHoll
3a0auu MamemMamuyecKozo nPozPaAMMUpPOSaAHU.

B BekTOpHOI1 3a7aue onTUMH3AIMK J1Ba KpuTepus ¢ uuaekcamu | € K, q € K Oynem cuutathb
pPaBHO3HAYHBIMU B TOYKe X € S, €ClIi OTHOCHTENbHBIC OICHKH MO K-My U (-My KPUTEPHIO PaBHBI
MexTy coboit B aToit Touke: A;(X) = 44(X),l,q € K.
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THoscuenue. Ecnu B Touke X € § QyHKIMU (KpUTEpPUH) B OTHOCUTENBHBIX €IUHHUIIAX OYyIyT
paBubl: 4;(X) = 0,451 € K u 1,(X) = 0,45,q € K (1.e. 45% OT cBOEii ONTUMANLHOI BETUYUHEL,
KOTOpasi B OTHOCHTENBHBIX €AMHHUIAX paBHA 1), TO Takue KPUTEPUU HE «PaBHBD» APYT JIPYry, a
pPaBHO3HAYHBI IO CBOEMY YHCIIOBOMY 3HaueHMIo. M xaxnueni kputepuii | € K, g € K HeceT cBOi
(YHKIIMOHATIBHBIA CMBICT, YHCIIOBas BEJIWYMHA KOTOPOTO MOKET OBITh IOJTydeHa, HCIIONb3Ys
HOpMaJu3anuio Kputepues (2.7).

Onpeoenenue 4. Onpedenenue MUHUMATILHOZO0 OMHOCUMENLHOZ0 YPOGHA.

OTHOCHTENBHBII YPOBEHb A B BEKTOPHOH 3ajjaue NMPEACTaBIsIeT HUKHIOK OIEHKY TOUKHA XES
Cpe/M BceX OTHOCHTENbHBIX oreHoK A (X), k = 1, K:

VXESA<AX),k=1K, (2.9)
HWDKHUH YpOBEHb JUISI BBIMOIHEHUS ycioBus (2.9) B Touke X €S onpepensercs Kak:
VXeS A= mingxli(X). (2.10)

Cootnomrenus (2.9) u (2.10) sBrstorcs B3auMOCBsS3aHHBIMU. OHU CIy’KaT MEPEXOAOM OT
ornepanuu (2.10) onpenenenus Min k orpanudeHusM (2.9) u Hao60poT. OTHOCUTENIBHBIN YPOBEHD A
M03BOJISIET OOBbETUMHUTH BCE KPUTEPUU B BEKTOPHOH 3aJjaue OJHON YUCIIOBOM XapaKTEpUCTUKON A U
MIPOU3BOJIUTH HA/l HEW OMpE/ICTICHHBIE ONEPAIlK, TEM CaMbIM, BBITIOJIHSS 3TH ONEPALUU HaJl BCEMU
KPUTEPHUSIMH, HW3MEPEHHBIMH B OTHOCHUTEJIBHBIX enuHUIax. OTHOCHUTENBHBIA ypPOBEHb A
(byHKIIMOHAILHO 3aBUCHUT OT mepeMeHHOH X € §. [losromy, m3meHsss X, MOXKEeM H3MEHATH BCE
A(X),k =1,K ¥ COOTBETCTBEHHO HMKHHUH YPOBEHb A = MiNyexAr(X), KOTOpBIA sBIAETCA
XapaKTePUCTHKONH MHOTOMEPHOW (MHOTO(YHKIIMOHATBHOI) CUCTEMBI.

Toscnenue. Bennunna oTHOCUTENbHON oOueHKH VkeK A (X) siBusiercs xapaKTepUCTHKOI
OOHOMEDHOU cucmembl, a BEJIMYNHA MHHUMAIbHOTO OTHOCHTEIBHOTO YPOBHS A = MiNyex A, (X)
SBIISICTCS XapaKTEPUCTHKON MHO2OMEPHO MATEMATHKH.

2.2.3. Ilpunyun onmumansHoCmu peuleHusi MHO2OMEePHOU (8eKMOPHOLL) 3a0adu ONMUMU3ayul
C PABHO3HAYUHBIMU KDUINEPUAMU.

Onpeodenenue 5. Ilpunyun onmumanvHOCmMU peuieHus 6eKmMopHou 3adauu C
PABHO3HAYHBIMU KDUMEPUAMU.

BekropHas 3ajaua MaTeMaTHYECKOTO MPOTPaMMHUPOBAHUS MPU PAaBHO3HAYHBIX KPHTEPHUIX
pelleHa, eciu HalizeHa Touka X° € § 1 MakcUMaJIbHbIHA ypoBeHb A° (BepXHMIT MHIEKC O - OIITUMYM)
CpeaM BCeX OTHOCHUTENBHBIX OLEHOK TaKOM, 4TO

L’ = maxyegmingegA, (X) (2.11)

Hcnonb3ys B3anMocBs3b Beipakenuii (2.9) u (2.10), nmpeoOpaszyeM MaKCUMHHHYIO 337a9y

(2.11) B akCTpEMaIBHYIO 33134y
L’ = maxyeg A (2.12)
nipu orpannuenusx A < 1, (X), k = 1,K. (2.13)

[Monyuennyto 3amauy (2.12)-(2.13) nHazoBem A-3amaucii. A-3amaua (2.12)-(2.13) umeet (N+1)
pasMEpHOCTh, KaK CIEACTBHE pe3ylbTaT pemieHus A-3amaun (2.12)-(2.13) mpencraBiseT coboit
onTuMaibHbIA BekTop X°eRN*L (N+1)-1 koMIIOHeHTa KOTOporo cyTh BenumuuHa A°, T. e. X° =
{x?, x9, ..., x3, x341}, mpuotom x5,,; = A%, (N+1) kommonenTa Bextopa X ° Boigenena B A°.

[omyuennas mapa {A°,X°} = X° XapakTepusyeT oNnTHManbHOE penrenue A-3agaun (2.16)-
(2.17) u COOTBETCTBEHHO BEKTOPHOM 3aJaud MaTeMaTH4YecKoro nporpammupoBanus (2.1)-(2.4) c
PaBHO3HAYHBIMH KPHUTEPHSIMHU, PEIICHHYI0 Ha OCHOBE HOPMAJIM3AIMU KPUTCPHEB W TPUHITUIIC
rapaHTHPOBAaHHOTO pe3yibTaTa. HaszoBeM B ontuMambHoM pemenmn X° = {A°,X°}, X° -
ONTUMATBHOM TOUKOH, a A’ - MAKCHMAJIbHBIM yPOBHEM.

Teopema 1. Teopema o 08yx naubonee npomueopeuusvix kpumepusax ¢ B3MII (2.1)-(2.4) ¢
PABHO3HAYHBIMU KDUMEPUAMU.

B BbIMyKk/I0#i BEKTOPHOW 3a7ade MaTeMaTHYecKoro mporpammupoBanus (2.1)-(2.4) ¢
PaBHO3HAYHBIMH KPUTEPHSIMH, PEIICHHOW Ha OCHOBE HOPMAJIM3ALMU KPUTCPUEB M TPUHITUIIA
rapaHTHPOBAHHOTO PE3yJIbTaTa, B ONTUMAaIbHOM Touke X° = {A°, X°} Bcerna umeercs nBa KpuTepHs
- o0o3HaunMm ux uHIekcaMu qeK,peK (koTopbie SIBISIOTCA CaMbIMU TNPOTUBOPEYUBBIMH M3
MHOXecTBa KputepueB k = 1, K), u JUIst KOTOPBIX BBIMOIHAETCS] pAaBEHCTBO:

20 =2,(X°) =21,(X°),q,pEK,X €5, (2.14)
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U IpyTHE KPUTEPUH ONPEACISIOTCS HEPAaBEHCTBOM:
A <A (X°),VKkEK, q#p #k. (2.15)

BriepBbie 1oka3arebCTBO TeopeMsl 1 mpeacrasieHo B [15, ctp.22], B nanbHEHIIIEM ITOBTOPEHO
B padore [19, cTp.234].

2.2.4. KoucmpykmusHvlll Memoo peuwieHuss 3a0ayu  6eKMOPHOU  ONMUMUAYUU  C
PABHO3HAUHBIMU KPUMEPUAMU.

Merton BritouaeT aBa 60ka: 1) 010K CUCTEMHOTO aHaJIW3a, COCTOALIETO U3 TPEX LIAroB; U 2)
MIOCTPOCHHUS U IPUHATHS ONTUMAJILHOTO perieHus (A-3a1aun).

bnok 1. Cucmemnulii ananus.

lar 1. Pemaercs 3amada (2.1)-(2.4) o KaxaoMmy KpUTEPHIO OTAENbHO, T.e. s Vk € K,
pelaeTcs Ha MakcUMyM, a Uit Vk € K, pemiaercs Ha MUHUMYM.

B pesynbTate HoyuuM: X,- TOYKa ONTHMYyMa 110 COOTBETCTBYIOLIEMY kputepuio, k = 1,K;
fi = fi(Xg) — Bemuuuna K-ro kputepus B 3Toii Touke, k = 1, K.

Ilar 2. OnpejenseM HauXyJIIyI0 BEIMYMHY KaXIOro Kputepus (antontumym): f0, k =
1,K. Jlna gero pemaercs 3agaua (2.1)-(2.4) ans kaxmoro kputepus k = 1, K; Ha MunmmyM: f;0 =
min f,(X),G(X) <B,X >0,k = 1,K, nna xaxnoro kputepus k = 1,K, Ha makcumym: f =
max f,(X),G(X) <B,X >0,k =1,K,.
B pesynbTaTe penieHus monyuum: Xp = {xj,j = 1,N} - Touka ONTUMYMa MO COOTBETCTBYIOMIEMY

kputeputo, k = 1,K; f0 = f,(X?) — Benuuuna K-ro kpurepus.

[Har 3. BeinonHsAeTCs CUCTEMHBIA aHAIUM3 MHOYKECTBA TOYEK, oNTUMaibHBIX 1o [lapeto. B
toukax X* = {X;, k = 1,K} OTIPEICNAIOTCS BETMUUHBI 11eeBbIX GpyHKkuui F(X™) 1 OTHOCUTENBHBIX
onerok A(X™): A (X) = LT ek

fe=fr

PesynbTar cucteMHOro aHanusa:
fl(Xik)' 'fK(XI)
FX) ={fiX),q=1K,k=1K}= , (2.16)
fi(Xk), - fie (Xk)
Al (XI)I L) AK(XT)
= : (2.17)
A (Xk), e Ak (Xk)
JIrobast oTHOcUTe bHAs orieHKa (2.17) nexwur B npeaenax 0 < A, (X) < 1,k = 1, K. U3 pe3ynbTaros
cucteMHoro ananuza (2.16)-(2.17) Beitekaetr mpobiema: Haiitu Takyio (ONTUMallbHYIO) TOYKY, B
KOTOPOH BCE OTHOCHTENbHBIE OLEHKH: Aq(X),q = 1, K 6wm 6nmsku k enuamie. Ha pemenne atoit

—

MXY) = Aq(XD),q =T K k=TK

po0GJIeMbl HarpaBjieHa A-3ajaya.

bnox 2. llIpunamue onmumanvnozo pewrenus. Bxiaoyaet Ba 1mara.

Hlar 4. Iloctpoenne A-3amaun. Co3maHue A-3aJaud  OCYIIECTBISETCS B JBa JTama:
MEPBOHAYAIBHO CTPOUTCS MAaKCUMHUHHAs 3ajadya ONTHMH3AIMM C PAaBHO3HAYHBIMU KPUTEPUSIMHU
(2.11):  A° = maxyesmingexA,(X), xotopas mnpeoOpa3yloTcs B CTaHAApTHYIO  3a1ady
MaTeMaTHYeCKOro IporpaMMHUpPOBaHus, A-3aaya:

A% = maxyes 4, (2.18)
_£0 -
g =L oo = T, (2.19)
fe=T%
G(X)<B,X>0, (2.20)

r7ie BeKTOp Hem3BecTHBIX X mMeeT pazmepHocTh N + 1: X = {4, x4, ..., xy }-

[Ilar 5. Pemenue A-3amaum. A-3amada (2.18)-(2.20) — cranpmapTHas 3ajada BBITYKIOTO
MPOrpPaMMHUPOBAHHS, JJIS €€ PEIICHHUS UCIIOIB3YIOTCS CTaHAapTHBIC METOIbL. B pe3ynbrare perieHus
A-3amaun nomyuum: X° = {A° X°} - touxy ontumyma; fi(X°),k = 1, K- BeIUUMHBI KpUTEPHEB B
9TOU TOUKE;

X)-f2 —
A (X°) = %, k = 1, K- BeIMYUHBI OTHOCUTEIBHBIX OIEHOK;
kK
A° - MakcUManbHYI0O OTHOCHTENBHYIO OLIEHKY, SABISIOMAACS MAKCUMAIbHBIM HIKHUM
YPOBHEM TSl OTHOCHTEIILHBIX OIICHOK Ay (X ©):
A< (X°),k =1,K, X° € S.
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2.3. AKcuomamuKka, RPUHYUN ORMUMATLHOCIMU U KOHCIMPYKMUGHbIE MEMOObl 6€KMOPHOI
ONMUMU3AUUU C RPUOPUMEMOM KPUMEPUS

B onpenenenun 3 yka3aHo, YTO €CIIM CpAaBHUBATh JBE (PYHKUUHU (KPUTEPHs), H3MEPEHHBIX B
OTHOCUTEBHBIX OHEHKAX Ap—1(X) u Ap—,(X) Vk € K, T0O BO3MOXHBI TpH CHTyaluu. BTopast
curyanusi, korma Ag—;(X) = Ap—,(X) wuccnenoBana B pasmene 2.2 (paBHO3HAYHBIC KPHUTCPHUH).
Curyauuu: nepsast, Koraa Ag—; (X) > A=, (X), v TpeThs, korga Ay, (X) < Ax=,(X), uccnenyrorcs B
sTOM pazzene. Takue cutyaluu onpeaesIsioTcs, KaK 3a7a4i ¢ IPUOPUTETOM KPUTEPHUSL.

JUis IOCTPOEHUSI METOOB pPELICHUs] MpoOIeMbl BEKTOPHOM ONTHUMHU3ALMUU C MPUOPUTETOM
KPUTEPHsI MBI BBEJIEM CJenyromue onpeneneHus: O MpUopUTETe OHOTO KpUTepus Haa qpyrum; O
YHCJIOBOM BBIPAKEHUM HpPUOpUTETa KpUTepus Haa apyruMm; O 3aJaHHOM YHMCIOBOM BBIPAXEHUU
MPUOPUTETA OJTHOTO KpUTepHs Haja ApyruM; O HIKHEM YPOBHE CPEId BCEX OTHOCUTEILHBIX OIICHOK
¢ npuopureroM kputepusi; O NOIMHOXKECTBE TOYEK, MPUOPUTETHBIX MO Kpurepuio; llpuHimn
ONTUMAIBHOCTH 2 - Pelienre BEeKTOPHOU 3a/1auu ¢ 3aJJaHHBIM IPHOPUTETOM KpuTepus, [17, 43, 44].

2.3.1. Axcuomamura 6eKMOPHOU ONMUMUZAYUY C NPUOPUMEMOM KPUNEPUsL

A3bIK cucmembl aKCMOMATUKU PEIICHUS BEKTOPHON 3aladyd C 3aJaHHBIM TMPHOPHTETOM
Kputepus BKmouaeT onpezaeneHus: 1) IIpuopurer omgHoro kpurepus Haja apyrum; 2) Yuciosoe
3HaYeHHWe mpuopurera Kpurepus; 3) HiokHUil ypoBeHb KpUTEpHS CPEAM BCEX OTHOCHTEIBHBIX
OLIEHOK C IPUOPUTETOM KPUTEPHSL.

Onpeoenenue 6. O npuopumeme 00H020 Kpumepus HAO OPY2UM.

Kputepuit q € K B BekTOpHOU 3ajgaye B Touke X € § MMeeT NPUOPUTET HAJ JPyTUMHU
kputepusmu k = 1, K, eciii OTHOCUTEIbHAs OLEHKa A4(X) 10 5TOMY KpHTEpHIO GOMIbIIE MM PABHA
OTHOCHTEJIbHBIX OLIEHOK Ay (X) ApYrHX KpUTEPHEB, T. €.

A0 =0 (X), k =1,K, (2.21)
CTpOTruii MPHOPUTET, €CIU XOTa Obl is omHoro kputepus t € K: A,(X) > A (X),t # q, a nna
ocTanbHbIX Kputepues A, (X) = A (X), k = 1,K k # t.

Benenunem ompenenenusi npuoputera kpurepus qeK B B3MII (2.1)-(2.4) BeImoaHeHO
nepeornpeielieHle paHHETro MOHATHUS puopuTeTa. Eciu paHbliie B HEro BKIaAbIBaJIOCh HHTYUTHBHOE
MOHATHE O BaXHOCTH 3TOTO KPUTEPHS, TO celuac 3Ta “BayKHOCTH OINpEAENseTCs MaTEMaTHUYECKU:
yeM OoJibllle OTHOCUTENbHAS OLIEHKA (|-TO KpUTEepHs HaJ IPYTUMH, TEM OH BakHee (IPUOPUTETHEE),
1 HanOoJiee BEICOKHI IPUOPUTET B TOUKE onTUMyMa X;,Vq € K .

W3 onpenenenus BeIpakeHUs MpHOpUTeTa KpUTepHs q € K B BEKTOPHOI 3a7aue B ypaBHEHUSX
(2.1)-(2.4) cnenyert, uTo BO3MOXKHAsA 00JIACTH COOTBETCTBYIOMIAs MHOXKECTBY TOUEK §,C § , KOTOpOe
xapakTepusyercs Kak A, (X) = A, (X), Vk#q, VX € §;. OnHaxo, BOonpoc Ha CKOIbKO KPHUTEPHii
q € K B TOuKe MHOXKeCTBa S, MMEET OOJNbLINK NMPUOPUTET OTHOCUTEILHO JPYTOro KPUTEPHUs
oCTaeTcs OTKPBITHIM. [lJIsT OTBETa Ha ATOT BOMPOC, MBI BBOJUM KOX(PPHUIIMEHT CBS3H MEXIY HMapon
OTHOCHTEJBHBIX OLIEHOK ( U K, 4TO, B IIEJIOM, NIPECTABISET BEKTOP:

PIX) ={pl(X)|[k=1K}LqeKVXeS,.

Onpeoenenue 1. O 4uUC1080M 8bIPAICEHUNU NPUOPUMEMA KPUMEPUSL.

B BeKTOpHOI1 3a1a4e ¢ MPHOPHTETOM KpHTEpHUs (-TO Haj ApyruMH Kputepusvu k = 1, K, nas
VX € §,, BEKTOp P?(X) moka3sIBacT BO CKOJBKO pa3 OTHOCHUTEIIbHAS OI[CHKA Aq (X),q € K, 6onb1ie

OTHOCHTENBHBIX OLEHOK Ay (X), k = 1,K:

_ (. a _M&O T _ T
Pa(X) = {pk(X) = k=1, K},vx e S,cS,k=TK, VqeK.(222)
qyy — 2a@)
Takoe otHOmeHue p(X) = %.0r) A30BEM  UHCIOBBIM  BHIDAXKEHHEM TPHOPUTETA (-TO
k

KPHUTEpHS HaJl OCTAIBHBIMU KpuTepusivmu k = 1, K.

Onpeoenenue 7a. O 3a0aHHOM YUC/I060M 8bIPANHCEHUU RPUOPUMEMA 00HO20 KPUMEPUA HAO
opyeum. B BextopHoii 3amaue (2.1)-(2.4) ¢ npuopurerom kputepust ¢ € K st VX € S Bekrop P4 =
{pg Jk = 1,_1{}, CUHMTAETCs 3aJaHHBIM JIMIIOM, TpuHUMatouM peutenus, (JIIIP), ecnu 3anana kaxnas
KOMIIOHEHTA 3TOro Bekropa. 3aganHas JIITP kommnonenTa p,f, ¢ Touku 3penus JIIIP, noka3piBaeT BO
CKOIIbKO Pa3 OTHOCHTENbHas OleHKa Aq(X),q € K Gomble OCTalbHBIX OTHOCHTENBHBIX OIEHOK
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A (X), k = 1,K. Bextop p,‘c’, k = 1,K sBasercs 3aJaHHBIM YUCIIOBBIM BBIPAKEHHEM IIPHOPHUTETA (-
ro KpUTepHs HaJl OCTaIbHBIMU Kputepusamu k = 1,K:

PIX) = {pl(X),k = 1K}, pl(X)>21,VX € S,c S,k =1,K,Vq € K.

Bekropnas 3amaua (2.1)—(2.4), B KOTOpOH 3alaH NPHOPUTET KaKOro-lInOO M3 KpPUTEPHEB,
Ha3bIBAIOT BEKTOPHOW 3ajaueil ¢ 3aJaHHBIM NpuoputeToM Kputepus. [IpoOiema 3amaun BekTopa
MPUOPUTETOB BO3HHMKAET TOTNA, KOTJAa HEOOXOJMMO OMpenesuTh TOuKy X° € § mo 3aJaHHOMY
BEKTOPY IPUOPUTETOB.

[Ipu omepanuu cpaBHEHHS OTHOCUTENIBHBIX OLIGHOK C MpHopuTreToM Kkpurtepus (ekK,
AQHAJIOTMYHO, KaK U B 3a/1a4€ C SKBUBAJICHTHBIMHU KPUTEPHUSIMH, BBE/IEM JONIOJIHUTEIbHYIO YUCIOBYIO
XapaKTEPUCTHUKY A, KOTOPYIO Ha30BEM YPOBHEM.

Onpeoenenue 8. O nuxcnem yposHe cpeou cex OMHOCUMENbHBIX OUEHOK C NRPUOPUNIEMOM
Kpumepus. YPOBEHb A SBISETCS HUKHUM CPEIH BCEX OTHOCUTEIBHBIX OIIEHOK C MPHOPUTETOM
kputepus q € K, Takum, 4To

A<pin(X), k=1K, €K, VX € S,cS, (2.23)
HIDKHUH yPOBEHb IS BBINOJIHEHUS yCIIOBUS (2.23) onpeenseTcs
A = mingexPiA(X),q EK,VX € S, S. (2.24)

CootHomienust (2.23) u (2.24) sBASIOTCA B3aMMOCBS3aHHBIMM W CIIyXaT B JaJbHEHIIEM
MEPEeX00M OT ONEPaI|K OTpeaAeICHUs MIN K OrpaHHYCHHUSIM U HA000POT.

2.3.2. Akcuomamuxa npuopumema Kpumepues 8 3a0aie 6eKmopHou ONMuUMU3ayuu.

Akcuoma 2. O noomuodxcecmee mouex, npUOPUMEMHBIX O KPUMEPUIO 8 3a0aue 6eKmopHoil
onmumuzayuu.

B BekropHOi 3amaue (2.1)-(2.4) moamMHOMKECTBO TOodeK S, C S HaspIBaeTcs 00JACTBIO

npuoputera kputepus €K Haa ApyruMu KpUTEpUSIMH, €CIIH

VX €5, VkeK A, (X)=2 A (X),q #k.

DTO ompeneieHue pacipoCTPAHIETCS U HA MHOXKECTBO Touek S, ontumaibHbix 1o [lapero,
YTO JAA€TCA CIEIYIONINM ONPEICIICHUEM.

Axcuoma 2a. O noomHodicecmee moueKk, PUOPUMEMHbIX N0 KPUMEPUIO, HA MHOMCECHGe
mouek onmumanvhoix no Illapemo.

B BexropHo# 3anaue (2.1)-(2.4) moamHOMKECTBO Todek SqcS°C S HasbiBaeTcs 00JaCTBIO
MIPUOPUTETA KpUTEpHUS qeEK HaJT JIPYTHMH KPUTEPUSIMH, ecim
VX € g Vk € K Ay (X)= 2 (X), q # k. [lanum HEKOTOPbIE MOSACHEHHS.

Axcuoma 2 u 2a TO3BOJWIA MPEACTaBUTh B BeKTOpHOU mpobneme (2.1)—~(2.4) momyctumoe
MHOXKECTBO TOYEK S, BKIIIOYas IMOJAMHOXECTBO TOYEK, ONTHMaibHBIX 1o Ilapero, S°C S, B
MTOJAMHOKECTBA:

OJTHO TIOZIMHOXECTBO TOYCK S'C S, T/ie KpUTEPHUU SKBUBAJICHTHBI, H IMOIMHOKECTBO TOUEK S',
MepeceKkasch C MOAMHOXKECTBOM ToueK S°, BBIAEISET MOJMHOXKECTBO TOYEK, ONTHMAIBHBIX II0
ITapeTo, B TMOAMHOXECTBO C SKBHUBAJICHTHBIMH KpuTepusmMu S°° = §' N §°, xoropoe, Kak 3TO
[IOKa3aHo J1ajee, COCTOUT U3 oJHOM Touku X° € S, 1.e. X° = 5°° =5 N 5°,5'<S,S°CS;

«K» TOIMHOXKECTB TOYEK, Te Yy Kakmoro Kputepus q = 1,K uMeeTcss NpHOpHTET Haj
npyrumu  kputepusimu k = 1,K,q # k. Takum 00pa3oM, BBIMOTHEHO pa3ielieHUE, BO-TIEPBBIX,
MHOJKECTBA BCEX JIONYCTHMBIX TOYEK S, Ha IOJMHOXKECTBA S,CS,q = 1,K, U, BO-BTOpBIX,
pasJieNieHre TIOIMHOKECTBA TOUEK, ONTHMATBHBIX 110 [TapeTo, S?, Ha MOAMHOXKECTBA S g S q< S,q=
LK.

Otcro/1a BEpHBI CIIEIYIOLINE COOTHOIICHUS:
S'U(Ugex S9) = 8°,85cS°cS,q =1K.
Mag1 3aMCTHUM, YTO MNOJMHOXCCTBO TOYCK SO, C OJHOH CTOPOHBI, BKJIIFOUCHO B 00J1acTh
(IOOMHOXKECTBO TOYEK), MMEIOLIMX INPUOPUTET KpuTepus ¢q € K Hax IpyrUMH KpPUTEpUSAMU:
0
S q cS qC S,
Y C IPYTOM CTOPOHBI, HA MIOJAMHOKECTBO TOYEK, ONTUMANIbHBI 1103 [lapero: Sg cS°cs.

AkcnoMa 2 M YHCIIOBOE BbIpaKeHHE mpuopurera Kputepus (OmnpexneneHue S5) MO3BOISET
OTIPEIETIATh KAKIYIO JOIMYCTUMYIO TOUKY X € § (MOCpeCTBOM BEKTOpA:
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Aq(X)
PIX) = Py () =375

* IMOJIMHOKECTBO TOYEK IO MPHUOPUTETHOMY KPUTEPHUIO Sg, KOTOPBIM BKIIIOUYEH B MHOKECTBO
Touek S, Vq € K Xe§,C S, (Takoe IOJAMHOXKECTBO TOYEK MOMKET MCIOIB30BAaThCA B MPOOIEMax

k = 1,K}, bopMupoBaThCs ¥ BLIOHPATH:

KJIACTEPU3ALIMH, HO 3TO BHE CTaThH);
* IOJIMHOKECTBO TOYCK IO MPUOPUTETHOMY KPUTEPHUIO ST, KOTOPBIi BKJIFOUCH B PsiJ] TOYEK S°,

ontumanbHbIX 10 [lapero, VgeK, Xe§ ch °.
B utore nonyunm:

MHOXkeCTBO ITonmHoOxecTBa Touek| logMHOKECTBO OtaenpHas TOUKa,

JIOITy CTUMBIX ontumyma 1o [laperopnrumanbHeix Touek | VXe§

Touek Xe § —» | Xe S°cS — npuopureToM qeK XeSgcS°cS
XeSycS,c85—

OTO camblii BaXKHBII pe3yJbTaT TEOPUHU, KOTOPBINA MO3BOJSET HA OCHOBE 3TUX TPEX aKCHOM
BBIBECTU HPUHIUII ONTUMAIBHOCTH U TOCTPOUTH METOABI BBIOOPA J17000U MOUKU W3 MHOMKECTBA
TOYEeK, ONTHUManbHBIX 10 Ilapero. Takas kmaccudukanuss TOJMHOKECTBA TOYEK MOXKET
HCIOJIb30BATHCS B MpoOiIeMax KIacTepHU3alluy, HO 3TO BBIXOJIUT 3a PAMKH CTaThbH.

2.3.2. Ilpunyun onmumanrbHOCMU peuleHuss 6eKMOPHOU ONMUMUZAYUU C 3A0AHHBIM
npuopumemom Kpumepus

Onpeodenenue 9. Ilpunuun ontumanbHOCTH 2. PereHue BEKTOPHOW 3a7avyd C 3aJaHHBIM
IpUOPUTETOM KpuTepusi. Bektopnas 3anaua (2.1)—(2.4) ¢ 3a1aHHBIM NPHOPUTETOM (-TO KpUTEpHUs
p,??\k (X),k = 1,K cunraercs pemeHHOH, ecnu HaiifeHa Touka X° M MaKCUMAIbHBIA ypoBeHb A’
CpeaM BCeX OTHOCHUTENBHBIX OLEHOK TaKOH, 4TO

° = maxy.sming P (X), q € K. (2.27)

Hcnonb3ys B3auMocBsazhb (2.23) u (2.24), npeoOpazyeM MakCUMUHHYIO 3amady (2.27) B A-
3aJauy, KOTOPYIO Ha30BEM A-3a/1a4eil C MPUOPUTETOM (-TO KPUTEPUS:

A° = maxy.g )\, npu orpanuyenusx A <pir(X),k=1K. (2.28)

B ontumansHoM pemennn X = {X°,A°}, X° - onTuMainbHas Touka, a A° - MaKCMMaJbHBbIi
HIKHUH ypoBeHb. Touka X° u yposeHb A° COOTBETCTBYIOT OrpaHMUEHHAM (2.4), KOTOPbIE MOKHO
sanmcath kak: A°< pi A (X°), k = 1 K.

Teopema 2. Teopema o HambOoyiee NPOTUBOPEUMBBHIX KPUTEPUSAX B BEKTOPHOM 3ajaue ¢
3aJJaHHBIM ITPHOPUTETOM.

Ecnu B BBIYKJIOM BEKTOPHOM 33/1a4e MaTeMaTHYECKOTO MPOrpaMMHUPOBaHHUS MaKCUMU3ALUU
(2.1)-(2.4) 3anan npuopurer g-ro kputepus py, k = 1,K,Vq € K nanx apyrumu KpuTepusMH, B
Toyke ontuMyma X° € §, MOJIy4YeHHOH Ha OCHOBE HOpPMATW3allMMd KPUTEPHEB M TPUHIMUIA
rapaHTHUPOBAHHOI'O PE3YyJIbTAaTa, BCErAA HaWIETCs ABa Kpurepus ¢ unaekcamu r € K, t € K, s
KOTOPBIX BBIMOJIHSAETCS CTPOTOE PABEHCTBO U3:

2 = PIA(X°) = pLt A, (X°), 7 t, € K, (2.29)
W JIPYTHe KPHTCPHH OTIPE/ICIIAIOTCS HEPABEHCTBAMHL
A<pl(X°),k=1KVqeK,q=r=t. (2.30)

Kpurepun ¢ ungekcamu 1 € K, t € K, 1iss KOTOPBIX BBINONHACTCS paBeHCTBO (2.29),
Ha3bIBAIOTCS HAanbOoJIee MPOTUBOPEUNBBIMH.

2.3.3. Koncmpykmuguwlii mMemoo peutenust 3a0a4u 8eKMOPHOU ONMUMUZAYUU C 3A0AHHbIM
npUOPUMeEmoM KpUmepus..

[ar 1. Pemaem BeKTOpHYyIO 3ajjady C paBHO3HAUHBIMH KPUTEPHUSMHU. AJITOPUTM pELICHUS
npecTaBieH B pasaene 2.2.2. B pe3ynbraTe penieHus noiryyaem:

ONTUMAJIbHBIE TOYKM TI0 KaKAOMY KpuTepuio otaeiabHo Xi,k = 1,K u  pasmeps!
KpUTepHanbHbIX QYHKIH B 9THX Toukax fr = fi(Xi), k = 1,K;

TOYKH AHTHONTHMYMA MO KaXI0MY KPUTEPHUIO Xp = {xj,j = 1, N u Hauxy/ameil HeM3MEeHHOH
yacTH Kaxaoro kpurepusf = fi,(X2), k = 1,K;

X° = {X°, 2°} onTuManbHas TOUKA, KaK pe3yabTaT penieHus VPMP.

Jluio, mpuHUMAOIIEe PEHICHNE, IPOBOJUT aHAIHU3 PE3YJIbTaTOB PEIICHUS BEKTOPHOW 3a/1a4n
C PpaBHO3HAYHBIMU KpuTepusMu. Ecnu moiydeHHble pe3yibTaThl YIOBIETBOPSAIOT JHUIIO,
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MIPUHUMAIOIIEE pEelIeHUEe, TO KOHEL, HHA4€e BBITOJHAIOTCS MMOCIEAYIONINE pacueThl. J{OMoIHUTENEHO
BBIYHCIIAM: B KO0 Touke Xy, k = 1, K onpenenum BenuduHbI Bcex kputepues fi;, = fr.(Xz), k =
1, K, xoTOpble MPENCTaBISIOT IPaHUIly MHOXecTBa [lapeTo, U OTHOCHTENBHBIX OIEHOK: A(X™) =
* T T X)—fie
Pq(Xid,q = TK k = TK}, (X) =125 vk e K
kT Jk
(XD e fie(X1) A (X7) - A (X7)

, AX) =
fi(Xg) - fre(Xg)

[ar 2. Bei6op npuopuretHoro kpurepus q € K.

N3 teopun (cM. Teopemy 1) M3BECTHO, YTO B ONTHMAJILHOM TOYKe X Bcerma MMeercs JBa
HauboJiee MPOTUBOPEUUBBIX KpuTepusi q € K u v € K, /Ui KOTOPbIX B OTHOCUTEIBHBIX €AMHHUIAX
BBINOJIHAETCS TOYHOE PaBeHCTBO: A% = A, (X°) =2A,(X°),q,vE K,Xe S, a s ocTanbHbIX: A° <
A (X°),VkEK, q#v +k.

Kaxk npaBuiio, u3 310l napsl Beioupaercs Kputepuid, Kotopsiit JITIP xoten Obl yIydmmTh, TaKoi
KpUTEpU HA3BIBAETCS IIPHUOPUTETHBIM Kputepuem»: q € K.

[Har 3. OnpenensitoTcst YUCIOBbIE TMPEesIbl K3MEHEHUS BEIMUMHBI IPUOPUTETA KpUTEpHsI q €
K. JIns npuopuretrHoro kpurepus q € K u3 marpunsl (2.29) ompenenuM YUCIOBBIE TPEAEIb
M3MEHEHMS BEIMYMHBI KDUTEPHSA: B HATYPAIbHBIX €IMHULAX fq(X) M B OTHOCHTENBHBIX €IMHULIAX
Aq(X), KOTOpBIE NIEXKAT B PEENaXx:

F(X*) = (2.31)

21X . A (XE)

firX)=fe(X) <fy(X7), k€K,
A (X°)<,(X) <A4(X7), keK, (2.32)
rae Aq4(Xg) BeIBOOMTCA U3 MaTpulbl A(X™), BCE KPUTEPUM IOKA3bIBAIOT Pa3MEPHI, H3MEPCHHBIC B
OTHOCHTEJIBHBIX EIMHUIAX (OTMETHM, 4TO A4(X5) = 1),44(X°).
Bripakenus (2.32) BpIIAIOTCS HA TUCILICH /IS aHAIU3a.
lar 4. Beibop Benmuunnbl npuopuretHoro kpurepus (Ilpunstue pemenwus). JIIIP npoBogut
aHallu3 Pe3yJIbTaToB pacyeToB (2.32), BRIOMPAET YMCIIOBYIO BEIUUMHY fq, € K

fiXO)=f, <f.(Xs).q € K. (2.33)
Jly1s BbIOpaHHOW BEIMYMHBI KPUTEPUS fq HEOOXOMMO OIPECTUTh BEKTOP HEU3BECTHBIX X °°, st

3TOTO MPOBOJUM IMOCIETYIOIINE BHIYUCICHUS.
[IIar 5. PacueT OTHOCUTEIILHON OIIEHKU.
fq_f(?
Ag = 2.34
q fq _fz?1 ( )
KOTOpas npHu nepexoje oT Touku X k Xz, B cooTBeTCTBUH C (2.32):
o * j—
Ag(X°) S g < 24(Xg) = 1.
Hlar 6. Beruncnenue kodpduuuenTa JuHeitHON anmpokcuManuu. Mcmonb3ys craHnapTHble
MIpUEMBl JIMHEHHON anmpoKCHMAalluH, BBIYMCIUM KO3()QUIMEHT MpONOPLUUOHATBHOCTH P MEXITY

Ag —Ag(X%)
. — q q
Ag(X°),Agip = 0 4€ K,
q~q
[lar 7. Beraucienre KOOPAMHAT NPUOPUTETHOTO KPUTEPHUS f;.
KoopauHatel TOYKM TIPUOPUTETHOrO KpPUTEPUS X, JIEKAT B CIEAYIOUMX MpEenax:

X° <X, <X3,q € K. Tlpennonaras nuHeHHBIH XapaKkTep H3MEHEHMs BeKTopa X, = {xf, ., x3}
ONpPEJENUM KOOPJMHATBI TOYKHM MPHOPUTETHOTO KPUTEPHs € BEIMYMHOH f; C OTHOCHTEIHLHOM
OLIEHKOH A, (2.34):

Xy ={x! =20+ p(x; (1) — xD), .,

xit = xf, + p(ra(N) = xf)},
rae X° = {x7, ...,xy}, Xg = {xq (1), ..., xg(N)}.

Ilar 8. BerancieHne OCHOBHBIX MMOKa3aTeNel TOYKU X .

Jnst oy4yennon Touku X, = {X4j,j = 1, N}, Beruuciamm:

qj’
Bce KpUTepHH B HaTypanbhblx equnnuax: F4 = {f(X,),k = T K};

BCC OTHOCHUTCIIBHLIC OLICHKN KPUTCPHCB!
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0
20 = (A ke = TR h () = L0
Jie—Tx
MUHUMAJIBHYIO OTHOCUTEIIbHYIO OlleHKy: A°? = min (p,f M (Xg) k= 1,K).
AHanornyHo paccuuThiBacTCs ar0bast Touka o [apero: X7 = {47, X7} e S°.
Ananus pesyibraToB. Paccunrannas BemuuuHa kputepus fq(X7),q € K oObluHO He paBHa
3aJaHHoM f,. Ommbka BeIGOpa:

Jk=1,K;

Afg = | fa(X?) — fq| OIIpeIeTSCTCS OIMOKO JTMHEHHOM anpOKCUMAITIH.

3aki04eHHe 110 TEOPUH M AKCHOMATHKE BEeKTOPHOH ONTHMH3ALHH.

[IpencraBieHHast Teopusi, aKCHOMAaTUKa, PUHIUIIBI ONITUMATBHOCTH SIBJISIFOTCS JAJIbHEUITUM
pa3BUTHEM aKCHMOMAaTHYECKOIO IOJAXO0Ja, 3aJ0KEHHOIO B 3HAMEHUTOM counmHeHun «Haganay,
JPEBHEIPEYECKOr0 y4YeHOro EBKIMIa, KOTOPBIM MPEACTAaBHI AaKCUOMBI I OJHO MEpPHOU
MaTeMaTHKU. DTO HAILIO OTpa)X€HHE B TEOPUU ONTHUMHU3ALMU C OJHUM KpUTEpHEeM. AKCHOMAaTHKa
(Mamynnna }0.K.), u3noxxenHnas B paboTe, HallpaBJIeHa Ha CUCTEMHOE (C MHOKECTBOM KPUTEPHUEB)
uccieoBaHNe 0ObEKTOB, MPOLECCOB MHKEHEPHBIX CUCTEM.

2.4, Ilpocpammnoe obecneuenue pewieHus GeKMOPHOU  3A0a4U  HEIUHEHUHO20
npoOZpaAmMMUpPOSanus NPU paA6HO3ZHAYHBIX KPUMEPUAX

Jlns penieHuss BEKTOPHOM 3a1auu HelauHeHoro nporpammuposanus (B3HII) (2.1)-(2.4) npu
PaBHO3HAYHBIX KPUTEpUSIX pa3zpaboraHa mporpamma B cucteme MATLAB, koTopas 1o cymiecTBy
MPECTABISET MpOrpaMMmy — IIA0JIOH JUIss HANMCAaHUs M DPEUICHUs JAPYTHUX BEKTOPHBIX 3ajad
HEJMHEHHOro nporpaMmupoBanust (2.1)-(2.4) — MaTeMaTHYECKMX MOJIENICH HHKEHEPHBIX CHCTEM.

2.4.1. XapakTepucTika nporpaMmHoro ooecrnedenue pemenuss B3HIT

[IporpamMMHOe obecrieueHUE pelieHrs] BEKTOPHOM 3a/1adyi HETMHEHHOro MporpaMMHUpPOBaHUS
(2.1)-(2.4), na 6a3e KOTOPOI CHOPMHUPOBAHBI MOJICIIH HHKCHEPHBIX CHCTEM, PEATM30BaHO HA OCHOBE
anroputMma peuienus B3HII, usnoxkenHoro B npenpiaymmx pazaenax. Ilpu pemennn B3HIT mo
KaXXJ1I0My KpuTepuio ucrnoiibzoBana nporpamma FMINCON(...) B cucteme MATLAB.

[Ipu wucnonp3oBanun nporpamMmbl  FMINCON(...) HeoOxomumo pa3paboraTth JiBE
MOJIporpaMMbl — QYHKUUU. [lepeas ynxyus BKIIOYAET JBa OJOKAa: MEpBbIA OJIOK MpeaHa3HAYeH
must ottenku B Touke X kputepus fi, (X) Vk €K; Bropoit 610k st pacyera mepBOil MPOU3BOIHON B

" df (X
3TON TOYKE fdk—X() vk eK.

Bmopas ¢ynxyus BKIIIOUaeT Te ke Ba 0JIOKA TOJIBKO JUIsl OTPaHUYCHHIA: ISl OIICHKH B TOUKE
X orpannyenust g;(X),Vi € M; BTopoii OJIOK Jyuisi pacdera MEpBOW MPOU3BOJHOM B ITOW TOYKE

dgi(X) Vi eM
dx )

[Tporpamma FMINCON(...) ucmons3yeTcs Ha IepBoM Inare anroputMa pemienus B3HII
paznena 2.2.3 W Ha BTOPOM IIare ajaropurma (MUHUMHU3AIUHU). AHAJIOTHYHO B COOTBETCTBUU C
anropuTMoM Ha 4 u 5 mare pemaercs A-3ajaava.

B nenom mnpu HeNMHEWHBIX OrpaHMYEHMSX IporpaMMHoe obecreuenue pemeHuss B3HII
BiimouaeT: K*2(1 mar) + K*2(2 wmar)+2(A-3agaua) ¢pynkuuil. Tak Kak KpUTepUu U OrpaHUYECHUS
B3HII wnmuBuayansHbl, TO 1 Kaxao B3HII numercs wHIMBUAYyalbHOE MNpPOTrpaMMHOE
obecrieueHue.

Hns pemenust B3HIT (2.1)-(2.4) B [43, 44] mpencTaBieH TEKCT MPOrpaMMbl, KOTOpas IO
CYIIECTBY NPEACTABISET IPOrPaMMy — IIA0JIOH ISl Hanmcanus u pernenus apyrux B3HIT (2.1)-(2.4)
— MaTeMaTUYEeCKUX MOJieNiell MH)KEHEPHBIX CUCTEM.

2.5. Memooonocusa moo0enupoéanus u RPUHAMUA ONMUMAILHO20 DPeuleHUs 6vlbopa
napamempog  CHONCHbIX  MEXHUYECKUX  cucmem 6  YCI08UAX  ONpedenieHHOCmU,
HeonpeoeneHHocmu

2.5.1. Buowvl 3a0ay, eo3nukarowux 6 npoyecce MoO0eaupo8aHuss u NPUHAMUS ONMUMATLHO2O
peutenus 6b160pa NApamempos CIOHCHbIX MEXHUYECKUX CUCTIEM.

3agaun, KOTOpbIE BO3HUKAIOT B IPOLIECCE MNPUHATHS ONTUMAJIBHOIO peIIeHus BbIOOpa
ONITUMAJIBHBIX TApaMETPOB CIOXKHBIX TEXHMYECKHMX CHUCTeM Ha 0a3e BEKTOPHOM ONTHMU3ALUU
BKJIIOYAET IOCIIEI0BATEIBHO TPU BUA.

1 euo. Pewenue 6eKmMoOpHOU 3aA0aAYU MAMEMAMUUECKO2O NPOSPAMMUPOBAHUA  NpU
paeno3Haunvlx Kpumepusx. llodydeHHBIH pe3yJabTaT SBJSETCS OCHOBOM JUISl JajbHEHIIEro
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ucciueoBaHusl cuUcTeMbl. [Ipum 3TOM HCHONB3yeTCcsl METOJ pelIeHUsT BEKTOPHOM 3aJadd Mpu
PaBHO3HAYHBIX KpUTEpUsX. ECIM MOMydYeHHBIN pe3ysbTaT yAOBIETBOPSET JIMIY, IPUHUMAIOLIETO
pewenust, (JITIP - mpoekTupoBIIMK), TO OH OepeTcs 3a OCHOBY. Ecim He ynoBineTBOpsieT, TO
Mepexo MM KO BTOPOMY BHAY (IpsiMas 3aJadya) WM TPEThbeMy BUAY PELICHHUS BEKTOPHBIX 3aJad
(Obpartnast 3amaya).

2 6u0. Pewenue npamoii 3a0a4u 6eKmMopHoOU OnMuMu3ayuu, KOTopas COCTOUT B CJICIYIOIIEM:
«Kakue OyayT mokazarenu (XapaKTepUCTHKH), €CJIM U3MEHUTh IMapaMeTPhl CIOXKHBIX TEXHHUYESCKUX
cucteM». - Mcronb3yercss MeTo/ pelieHusl BEKTOPHOM 3aJ1a4il [IPU PAaBHO3HAUHBIX KPUTEPHUSX.

3 6uo. Pewenue oopammnoil 3a0ay 6eKMOPHOU ONMUMU3AYUU, KOTOPAST COCTOUT B CIICAYIOIIEM:
«Kakue OynyT mapameTpbl CIOKHBIX TEXHMUYECKHUX CHCTEM IPHU 3aJaHHBIX XapaKTEPUCTUKAX». -
Hcnonb3yercs METOJ pellieHHsl BEKTOPHOW 3a/1auM IIPH 3aaHHOM IPUOPUTETE KPUTEPHSL.

2.5.2. Memooonozusi mooenuposauus u 66160pa ONMUMATLHLIX NAPAMEMPOS CILONHCHLIX
UHIICEHEPHBIX CUCMEM 8 YCII0BUAX ONPEOeleHHOCMU, HeONnpeoeleHHOCMU.

B KauecTBe o0BEKTa  HCCIIEJOBAHUS HaMHU  pacCMaTpUBAIOTCS «CIIOKHAst
(MHOTOYHKITMOHAIBHAS ) HH)KCHEPHAs cucTeMay, [17, 42, 44]. B opraHi3aliMOHHOM ILIaHE MPOLIECC
Mo IenupoBanus u cumyarposanus (the process of modeling and simulation of a engineering system)
CJIOXKHBIX HWHXEHEPHBIX CHCTEM, BKIIOYAIOUIMN TPU BHUAA BBIIIE MPEJACTAaBICHHBIX 3a/ad4,
c(hOpMHUPOBaH B BUJIE METOOJIOTHU:

«Memooonozusa 6vl00pa ONMUMANLHBIX NAPAMEMPOE CAOHCHHIX UHIHCEHEPHBIX CUCMEM 6
YC08UAX ONPeEOeeHHOCHU U HEeONPeDe1eHHOCHU).

MeTtononorus BKIIO4YaeT TpH OJI0Ka, pa3eNiCHHBIX Ha s ATAroB.

bnox 1. @opmuposanue mexHuueckozo 3adaHus, TIpeoOpa3OBaHHWE  YCIIOBHM
HEOIPEEIIEHHOCTH (CBS3aHHBIX C SKCIIEPUMEHTAIbHBIMU JIaHHBIMM) B YCIIOBHS ONPEIEIIEHHOCTH,
[IOCTPOCHHE MaTEMaTHUCCKOM M YUCIIEHHOM MOJIEIN HHKeHepHoi crctembl (the process of modeling
of a engineering system) BkitodaeT 4 sTarna.

1 sman. dopmupoBaHHE TEXHUYECKOTO 3a7aHMs (MCXOIHBIX JaHHBIX) HA YHCICHHOE
MOJICIUPOBAaHUE W BBHIOOPA ONTHUMAJBHBIX MapaMeTpOB CHCTEMBI. VcxoaHble MaHHBIE (HOPMUpPYET
KOHCTPYKTOP, KOTOPBIN TPOEKTUPYET NHKEHEPHYIO CUCTEMY.

2 sman. IlocTpoeHne MaTeMaTH4eCKOW M YHUCIEHHOM MOJEIN WHXKEHEPHON CHUCTEMBI B
YCJIOBHSIX OIIPENEIEHHOCTH.

3 sman. IlpeoOpa3oBaHue YCJIOBUH HEONPEIEICHHOCTH B YCIOBUS OIPEIEICHHOCTH U
MIOCTPOCHHE MATEeMATHYECKOM M YHUCICHHOW MOJENH WHKEHEPHOM CHCTEMBI B YCIOBHSX
OIpPEIEIEHHOCTH.

4 3man. IlocTpoeHre arperupoBaHHON MaTEMaTUYECKON M YMCIEHHON MOJEIN MHKEHEPHOMN
CUCTEMBI B YCIIOBHSIX ONPEIECIEHHOCTH.

bnoxk 2. Memoodonocus npouecca npuHamus ORMUMANLHO20 peuwienusn (6vloopa
ONMUMATILHBIX RAPAMEMPOB) 8 UHIICEHEPHOU cucmeMme Ha Oaze eekmopHou onmumusayuu (the
process of simulation of a engineering system)

5 oman. PemeHue BEKTOpHOW 3ajayM MareMaTHueckoro mnporpammupoBanus (B3MII) -
MOJIEJI MH)KEHEPHOU CHUCTEMBI IPH PABHO3HAYHBIX KPUTEPHUSIX (pEIICHUE TIPSIMOM 3a1a9H).

6 sman. I'eomeTprueckas uHTEepIperanus pesynbratoB pemenus B3MII ¢ N mapamerpamu u
K xpuTepusiMu B IByXMEPHYIO CHCTEMY KOOPJIMHAT B OTHOCUTEHHBIX €AH-HUIAX..

7 2man. PeuieHue BEKTOPHOM 3a/layd MaTEMaTUYECKOrOo MPOTPaMMHMPOBAHUS - MOJIEIH
WHXEHEPHOU CHCTEMBI ITPH 33/1aHHOM IPUOPUTETE KpUTEpHsl (pelieHrne oOpaTHO 3a1a4n).

bnok 3. Hccnedosanue, npoekmuposanue, zeomempuyeckas uHmepnpemauyus u 6vloop
ONMUMAIbHBIX RAPAMEMPOE CLONHCHOU UHIHCEHEPHOU CUCHEMbL 8 MHOZOMEPHOI MamemamuKe
BKJIFOYAET 2 ATana.

8 sman. 'eoMeTpuyeckas HMHTEpIpETalUsl PE3yJIbTAaTOB PEIICHUS INPU MPOECKTUPOBAHUHU
WHXXEHEPHOU CHCTEMBI Mepexojia OT ABYXMEPHOro Kk N-MEepHOMY MPOCTPAHCTBY B OTHOCUTEIBHBIX
eAMHULAX.

9 sman. T'eomeTpuuecKkass WHTEpPHpPETALMS PE3YJbTATOB PEHICHUS MPU NPOCKTUPOBAHUU
WHXEHEPHOUM CUCTeMBbl mepexofa OT ABYXMepHOro kK N-mMepHOMy NpocTpaHCTBY B (PU3MYECKUX
eAMHUIAX.
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3. BbIOop onTHMANBHBIX NapaMeTPOB CJIO0KHOH TeXHHYECKOH CHUCTeMbl B YCJIOBHMAX
OIpeeJICHHOCTH M HeOomNpeAeJeHHOCTH Ha 0a3e MHOroMepHoOM mareMaTuku. YuciaeHHast
peanuzanus.

YucneHHas peanuzalus BIOOpa ONTUMAIBHBIX TAPAMETPOB CIIOKHON TEXHUYECKON CUCTEMBI
BBINIOJIHAETCS. B COOTBETCTBUM C TEOPETMYECKMMHM OCHOBAMM MHOTOMEPHON MAaTE€MAaTHKH,
BKJIFOYAIOLIEH AaKCUOMATHUKY, IPUHIIUIIBI ONTUMAJIBHOCTH U KOHCTPYKTUBHBIE METObI MHOTOMEPHOM
MaTEeMaTUKU KaK IPU PaBHO3HAYHBIX KPUTEPUSX, TaK U MPU 3aJaHHOM IPUOPUTETE KPUTEPUEB, B
COOTBETCTBUM pa3zzesioM 2. MeToaonorus mpoiecca IpUHATUS ONTUMAIbHOTO perieHus (BpiOopa
ONTUMAJIbHBIX MAPaMETPOB) B TEXHUYECKON CHCTEME U3JIOkKeHa B pazzeine 2.5.2. PaccMarpuBaercs
3a/1aya MPUHATHS PELIECHUN B CJIOXKHOM TEXHUYECKOM CUCTEME, O KOTOPON M3BECTHBI: BO-IEPBBIX,
JaHHbIE 0 (QYHKIIMOHAIBHOW B3aMMOCBSI31 HECKOJIBKUX XapaKTEPUCTUK C €€ KOMIIOHEHTaMH (VC108Us
onpeodeneHHOCMU); BO-BTOPBIX, TaHHBIE O HEKOTOPOM HAbOpe NHUCKPETHBIX 3HAYEHUH HECKOJIbKHX
XapaKTEPUCTHUK (IKCIIEPUMEHTAIIbHBIE PE3YJIBTAThI), BO B3aUMOCBSI3U C JUCKPETHBIMU 3HAUEHUSIMHU
mapamMeTpoB — OKCIEpUMEHTalbHbIC JaHHble (VCiosuss HeonpedelenHocmu), B-TPETHHX,
OTpaHUYCHUH, HaKIaJbIBAGMbIX Ha (YHKIMOHMPOBAHUE CIIO)KHOW TEXHUYECKOH CHCTEMBI.
YucieHHass 3aja4ya MOJCIHMPOBAHUS CIIOKHOW TEXHUYECKOM CHCTEMBI pPacCMAaTPUBAETCS C
PaBHO3HAYHBIMU KPUTEPUSAMU U C 3alaHHBIM [IPUOPUTETOM KPUTEPUSL.

3.1. Bnok 1. @opmuposanue mexHuuecko2o 3a0aHUA U NOCMPOEHUE MAMEMAMUYECKOU U
yucaennou mooenu mexunuueckou cucmemst (the process of modeling of the Technical System).

[TepBbiii 3Tam, a TaKKe 3TAIl aHAIKM3a PE3YJIbTAaTOB PEIICHUS, BHIOOpa IPUOPUTETHOTO KPUTEPHS
U €ro BEJIWYUHBI BBINOJIHACTCS KOHCMPYKMOPOM MmeXHUueckou cucmemsl. OCTAIbHBIE 3Tallbl
BBIIIOJIHAIOTCS MAMEMAMUKOM - RPOZPAMMUCIOM.

3.1.1. 1 aran. Texnuueckoe 3a0anue: «Boloop onmumanbHbvlX napamempos mexHu4ecKkoul
cucmemul)

Jano. Mp1 uccnegyem texuuueckyto cuctemy (TC). DyHKUMOHMPOBAHUE TEXHUYECKOU
CHCTEMBI OIpeIeTIsieTCsl YeThIpbMs apamerpaMu X = {X1, X5, X3, X4 }, KOTOPBIE TPEICTABISAIOT BEKTOP
yIpaBiIsieMbIX IepeMeHHbIX. [lapamMeTpbl TEXHUYECKON CUCTEMBI 331aHbI B CIIEAYIOIIUX Npeenax:

20.0<x, £80.0,0.0<x,<60.0,2.0<x3<8.0,2.0 <x, <8.0. (3.1)

QOyHKIIMOHUPOBAHNE TEXHUYECKOH CHCTEMBI OIPENENSIOTCS IIeCThI0 KpurepusmMu K=6
(xapakrepuctukamu): F(X) = {f;(X), ,(X), ..., f¢(X)}, BenmnunHa OLEHKH KOTOPBHIX 3aBHCHUT OT
BEKTOpa napameTpos X.

Ycnosuss onpedenennocmu (xoraa w3BecTHa (PYHKUIMOHANbHAs 3aBUCUMOCTh KPUTEPHUS OT
napametpoB). st maToi u mrectoir xapaktepucthku fs(X) u fg(X) w3BecTHa (QyHKIMOHATBHAS
3aBUCHMOCTH OT ITapaMeTpoB X = {xj, j= 1,N,N = 43.

fs(X) = 886.27 + 26.28x; + 33.95x, — 27.445x3 — 49.5x, — 0.8451x,x, +
0.5173x;x3 + 0.8219x;x, — 0.1411x,x5 + 0.3593x,x, — 0.0123x3x, + 0.0438x% +
0.0401x2 + 3.5281x% + 2.9103x2, (3.2)

fe(X) = 41.758 + 0.6598x; + 0.4505x, — 0.3094x; — 1.8334x, — 0.011x;x, —
0.0069x;x3 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x3x, — 0.0003x% —
0.0002x2% + 0.0279x% + 0.1033x2, (3.3)

Ycnosus meonpedenennocmu, OHU OIpPENENSIOTCS TEM, YTO HEU3BECTHA (DYHKUIMOHAJIbHAs
3aBUCHUMOCTb KPUTEPUS OT IapaMeTPOB.

W3BecTHBI 1151 IEPBO, BTOPOM, TpEeThe U ueTBepToil xapakrepuctuku: fi(X), k =1,2,3,4
pe3yibmamol IKCHEPUMEHMAbHBIX OAHHBIX. BO-TICPBBIX, BEIMYUHBI TapaMeTpoB X = {x, = {x,;,
i =1,M},n = 1,N}, BO-BTOPBIX, BEIHYMHBI COOTBETCTBYIOIIMX XapakTepucTHk fi(X), ..., fo(X).
UucnoBble 3HaYEHUS MTapaMeTPoB X, XapaKTEPUCTUK MpeACTaBIeHbI B Tadbmule 1.

Tabmuma 1
DKCIepUMEHTAIbHBIC 3HAUCHHUS TAPAMETPOB M XapaKTEPUCTHK TEXHUYCCKOW CUCTEMBI.
X1 X2 X3 xa | f1X) | f2(X) f3(X) f4(X) - min
20.0 0.0 20.0 | 20.0 330.0 957.8 43.4 20.2 22.617
20.0 0.0 20.0 | 50.0 340.0 970.0 43 23.0 23.001
20.0 0.0 20.0 | 80.0 348.0 980. 42.9 24.0 24.920
20.0 0.0 50.0 | 20.0 353.0 1010. 46.1 25.0 23.850
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20.0 |0.0 50.0 | 50.0 |360.0 1050. 42.5 26.0 26.286
20.0 0.0 50.0 | 80.0 365.0 1048. 42.1 27.0 28.299
20.0 |0.0 80.0 | 20.0 |376.0 1047. 40.2 28.0 27.311
20.0 0.0 80.0 | 50.0 381.0 1044. 39.1 29.0 29.947
20.0 |0.0 80.0 | 80.0 |[390.0 1043. 38.6 29.0 31.260
20.0 50.0 20.0 | 20.0 250.0 1785.8 53 16.6 13.176
20.0 |50.0 |20.0 |50.0 |258.0 1795.0 52.3 18.0 16.864
20.0 50.0 20.0 | 80.0 263.0 1803.0 51.9 21.0 20.228
20.0 50.0 50.0 | 20.0 270.0 1814.2 51.4 24.8 22.045
20.0 50.0 50.0 | 50.0 279.0 1821.0 50.1 279 25.732
20.0 |50.0 |50.0 |80.0 |[283.0 1832.0 49.9 31.0 29.097
20.0 50.0 80.0 | 20.0 290.0 1842.6 49.8 32.9 30.925
20.0 |50.0 |80.0 |50.0 |[301.0 1860.0 48 35.0 34.612
20.0 50.0 80.0 | 80.0 310.0 1871.0 48.2 41.0 37.977
20.0 100.0 | 20.0 | 20.0 170.0 2461.8 69 13.0 11.565
20.0 100.0 | 20.0 | 50.0 175.0 2350.0 65 15.0 15.304
20.0 |100.0 |20.0 |80.0 185.0 2310.0 62 18.0 18.720
20.0 100.0 | 50.0 | 20.0 190.0 2290.2 60.4 20.2 23.353
20.0 |100.0 |50.0 |50.0 198.0 2360.0 62 24.0 27.092
20.0 100.0 | 50.0 | 80.0 204.0 2420.0 64 27.0 30.508
20.0 |100.0 |80.0 |20.0 |210.0 2518.6 65.8 29.3 35.152
20.0 100.0 | 80.0 |50.0 221.0 2530.0 65 33.0 38.891
20.0 |100.0 |80.0 |80.0 |[230.0 2547.0 64.2 37.4 42.307
50.0 0.0 20.0 | 20.0 10.0 2985.8 91.4 9.4 20.246
50.0 |0.0 20.0 | 50.0 16.0 3001.0 91 12.0 23.131
50.0 0.0 20.0 | 80.0 24.0 3007.0 90 14.0 25.693
50.0 |0.0 50.0 | 20.0 |30.0 3014.2 89.8 17.6 31.623
50.0 0.0 50.0 | 50.0 38.0 3019.0 89 19.0 34.508
50.0 |0.0 50.0 | 80.0 |44.0 3031.0 88.7 23.0 37.070
50.0 0.0 80.0 | 20.0 50.0 3042.6 88.2 25.7 43.011
50.0 |0.0 80.0 | 50.0 |60.0 3060.0 87 30.0 45.896
50.0 0.0 80.0 | 80.0 70.0 3071.0 86.6 33.8 48.457
50.0 |50.0 |20.0 |20m 410.0 0996.2 49.6 44.0 25.595
50.0 50.0 20.0 | 50.0 417.0 1010.0 46 50.0 30.244
50.0 |50.0 |20.0 |80.0 |[423.0 1030.0 44 54.0 34.569
50.0 50.0 50.0 | 20.0 430.0 1043.0 43.4 57.2 39.892
50.0 |50.0 |50.0 |50.0 |[439.0 1060.0 42 63.0 44.540
50.0 50.0 50.0 | 80.0 444.0 1080.0 41 69.0 48.865
50.0 |50.0 |80.0 |20.0 |[450.0 1099.8 40.2 73.4 54.199
50.0 50.0 80.0 | 50.0 460.0 1120.0 38.4 81.0 58.847
50.0 |50.0 |80.0 |80.0 |[470.0 1156.6 37 89.7 63.172
50.0 80.0 20.0 | 20.0 410.0 1814.2 56.2 33.8 38.558
50.0 |100.0 |20.0 |50.0 |[418.0 1830.0 55 38.0 44.970
50.0 100.0 | 20.0 | 80.0 423.0 1850.0 54 44.0 51.059
50.0 |100.0 |50.0 |20.0 |[430.0 1871.0 53 50.0 55.773
50.0 100.0 | 50.0 | 50.0 437.0 1905.0 52 56.0 62.185
50.0 100.0 | 50.0 | 80.0 444.0 1912.0 o1 61.0 68.274
50.0 100.0 | 80 20.0 450.0 1927.8 49.8 66.2 73.000
50.0 |100.0 |80.0 |50.0 |460.0 1950.0 43 71.0 79.411
50.0 100.0 | 80.0 | 80.0 470.0 1984.6 46.6 82.5 85.500
80.0 0.0 20.0 | 20.0 330.0 2490.2 72.2 26.6 17.347
80.0 0.0 20.0 | 50.0 338.0 2510.0 71 30.0 19.480
80.0 |0.0 20.0 | 80.0 |[343.0 2530.0 70 36.0 21.291
80.0 0.0 50.0 | 20.0 350.0 2547.0 69 42.8 34.151
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80.0 0.0 50.0 | 50.0 358.0 2590.0 69.2 51.0 36.285
80.0 0.0 50.0 | 80.0 363.0 2630.0 69.6 60.0 38.095
80.0 0.0 80.0 | 20.0 370.0 2703.8 69.8 69.0 50.966
80.0 0.0 80.0 | 50.0 380.0 2690.0 65 72.0 53.100
80.0 50.0 80.0 | 80.0 390.0 2660.6 62 75.3 87.623
80.0 50.0 20.0 | 20.0 170.0 3014.2 94.6 19.4 37.270
80.0 50.0 20.0 | 50.0 178.0 3033.0 93 25.0 42.879
80.0 50.0 20.0 | 80.0 182.0 3050.0 92 30.0 48.165
80.0 50.0 50.0 | 20.0 190.0 3071.0 914 35.6 56.993
80.0 50.0 50.0 | 50.0 198.0 3090.0 90 40.0 62.602
80.0 50.0 50.0 | 80.0 204.0 3110.0 89 45.0 67.889
80.0 50.0 80.0 | 20.0 210.0 3127.8 88.2 51.8 76.728
80.0 50.0 80.0 | 50.0 220.0 3060.0 87 61.0 82.337
80.0 50.0 80.0 | 80.0 230.0 3184.6 85 68.1 87.623
80.0 100.0 | 20.0 | 20.0 490.0 1014.6 53 72.5 64.806
80.0 100.0 | 20.0 | 50.0 498.0 1040.0 51 79.0 73.891
80.0 100.0 | 20.0 | 80.0 503.0 1060.0 50 86.0 82.653
80.0 100.0 | 50.0 | 20.0 510.0 1099.8 48.2 96.8 87.449
80.0 100.0 | 50.0 | 50.0 518.0 1120.0 46 105.0 96.534
80.0 100.0 | 50.0 | 80.0 523.0 1160.0 44 114.0 105.295
80.0 100.0 | 80.0 | 20.0 530.0 1185.0 43.4 121.2 110.102
80 100.0 | 80.0 | 50.0 541.0 1220.0 40 130.0 119.187
80 100.0 | 80.0 | 80.0 550.0 1270.2 38.6 145.6 127.949
MuHuMaabHbIE 3HAYEHUS 10.0 957.8 37 94 121
MakcuMallbHbIe 3HAYECHUS 550.0 3184.6 93 145.6 128.1
Nunekc koppeasuuu 0.6115 0.7149 0.6149 0.9017
Koo dumment nerepmunarmn | 0.3740 0.5111 0411 0.8130

B npuHrMaeMoM perieHny, BEIMIHHY OIICHKH 110 IEPBOM, TPEThEH U MIECTOH XapaKTePUCTUKH
(KkpHUTEepHsI) KeTaTebHO, MOIYIUTh Kak MOXHO BbIe: f; (X) — max, f3(X) = max, fo(X) - max;
BTOPOIA, YETBEPTOM U MSATON XapaKTepUCTUKH (PyHKINM), Kak MOKHO HIKe: f,(X) — min, f,(X) -
min, fs(X) - min.

20.0 <x;<80.0,0.0<x,<60.0,2.0<x3<8.0,2.0<x, <8.0.

IMapametpst X = {X;, X5, X3, X4} H3MEHSFOTCS B CIIEAYIOIINX TIPEIEiax:

x; € [20.50.80.],x, € [0.30.60.],x3; € [2.0 5.0 8.0],x, € [2.2 5.5 8.8].

Orpannuenue: x; + x, + x3 + x4, = 120. (3.4)

Tpeoyemca. IlocTpouTh MAaTEMATHYECKY IO MOJIETh TEXHUYECKON CHCTEMBI) B BUIE BEKTOPHOMN
3a7a4yn. PemmTes BEKTOPHYIO 3a1auy C paBHO3SHAYHBIMU KPUTEPUSAMHE (XapaKTeprcTUKaMHu). BeiOpaThb
IIPUOPUTETHBINA KPUTEPHUM. Y CTAHOBUTH YHCIECHHOE 3HAYEHUE IPUOPUTETHOTO Kputepus. [IpuHiaTh
HawjTy4iiee (ONTUMAaIbHOE) pelleHHE C 3aJaHHBIM IPHOPUTETOM KPUTEPHSL.

la sran. [locmpoenue mamemamuueckou MoOenU MEXHUYECKOU CUCHEeMbl 8 YCILOBUSX
onpeoeieHHOCMU U HeOnpeoesleHHOCmU 8 0bujem suoe.

[TocTpoeHre MaTeMaTHYECKOH MOJENM Ui MPUHSITHS ONTUMAJIBHOTO YIPABICHYECKOTO
pellieHHs] TeXHHUUYECKOW CHUCTEMbI TIOKa3aHO B mepBoM pasnene. B coorBerctBuu ¢ (1.17)-(1.20)
NpEeJCTaBUM MAaTeMaTHYECKYI0 MOJICNIb TEXHHYECKOH CHCTEMbI YCJIOBHSX OIPEICICHHOCTH |
HEONPE/ICIIEHHOCTH B COBOKYITHOCTH B BUJI€ BEKTOPHOU 3a/1a4u:

Opt F(X) = {max F,(X) = {max f, (X),k =1,K*}, (3.5)

max I;(X) = {max fi, (X;, i =1, M)}, k =1,K}"}, (3.6)

min F,(X) = {min f,, (X), k =1,KJ, (3.7)

minl,(X) = {min fi, (X;, i =1, M)}, k =1, K}™}}, (3.8)

orpanmuenus fiM" < fi(X) < "k = 1K, (3.9

X" < x < 1", j =1,N, (3.10)
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e X = {xj, j = 1, N} — 5T0 BEKTOp yNpaBseMbIX IEPEMEHHBIX (IIapaMETPOB);
F(X) ={F,(X) F,(X) ,(X) I,(X)} npexncraBnsieT BEKTOPHBIH KpUTEPHH, Kakias KOMIIOHEHTA
KOTOPOTO sIBJIsIeTCsl BeKTOopoM Kputepues (xapakrepuctuk) TC (3.5)-(3.8), koTopbie HyHKIIHOHATEHO
o def def
3aBUCAT OT AWCKPETHBIX 3HAUeHWH BeKkTopa mepeMeHHbIX X, rme B (3.5) m (3.7) K; ', K,
(definiteness), a B (6) u (8) K{"¢, K;™ (uncertainty) MHOXeCTBO KpHUTepHEeB Max u mMin
chopMHpOBaHHBIE B YCIOBUSIX ~ ONPEACICHHOCTH ©  omnpexaencHHoctw; B (3.9)
fiing £, (V) <fma¥ k =1,K — BekTop-pyHKIMS OrpaHMYEHMH, HAKIAJAbIBACMBIX  Ha
(bYHKIIMOHMPOBAHKME TEXHUYECKOU crucTeMbl; B (3.10) x}"""_< xj <xj",j = 1, N — mapameTpHuecKue
OTpaHUYCHUSL.

Ipennonaraercs, uto pynkuun fi,(X), k = 1, K nuddepeHnupyemMbl U BHITYKIbI, @ 331aHHOE
orpannuenuamu g;(X), i = 1,M (3.9)-( 3.10) MHOXECTBO JOIYCTHMBEIX TOYeK S He MyCTO M
MIPEJCTaBISAET COOOM KOMITAKT:

S={YeR™G(Y) <0,Y™n <Y <YM} % ¢,

3.1.2. 2 3tan. Ilocmpoenue mooenu mexHuweckou Cucmemol 8 yClo8UAX ONPeOeleHHOCIU

Ilocmpoenue TC 6 ycnosusx onpedeireHHocmu — OnpenenseTcs  (yHKIMOHAIBHON
3aBHCUMOCTBIO KaX/I0 XapaKTePUCTUKU U OTPaHUYCHUI OT IapaMeTPOB TEXHUYECKOH crcTeMbl. B
HaleMm npuMepe u3BecTHbl xapakrepuctuku (3.2)-( 3.3) u orpannuenus (3.1). Mcrone3yst naHHbIe
(3.1), (3.2) mocTporM IBYXKpUTEPUATBHYIO 334y HEJIMHEHHOrO MPOrpaMMHUPOBAHUS B YCIOBHSIX
OIIpEeICIIEHHOCTH:

min fs(X) = 886.27 + 26.28x; + 33.95x, — 27.445x5 — 49.5x, — 0.8451x;x, +
0.5173x;x3 + 0.8219x;x, — 0.1411x,x5 + 0.3593x,x, — 0.0123x3x, + 0.0438x% +
0.0401x2 + 3.5281x2 + 2.9103x2, (3.11)

max f¢(X) = 41.758 + 0.6598x; + 0.4505x, — 0.3094x3; — 1.8334x, — 0.011x;x, —
0.0069x;x3 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x3x, — 0.0003x? —

0.0002x3 + 0.0279x% + 0.1033x2, (3.12)
IIPU OTPAaHUYECHUAX: X1 + X, + x3 + x4 = 120,
20.0<x,<80.0,0.0<x,<60.0,2.0<x3<8.0,2.0 <x, <8.0. (3.13)

OTH JaHHbIE B JAJIbHEHIIIEM HCIIOIB3YIOTCA MPU MOCTPOSHUH 001l MaTeMaTHYeCKON MOoJIeNn
TEXHUYECKOH CUCTEMBI (OTIPEIEIICHHOCTH W HEOTIPEICIIEHHOCTH).
3.1.3. 3 oran. Ilocmpoenue Mmodenu mexHUYECKOU CUCHMEMbl 6  YCNOGUAX
HeonpeoeneHnocmu
[ToctpoeHne MopaenM TEXHUUECKOM CHCTEMBI B YCJIOBUSAX HEONPEICNCHHOCTH COCTOUT B
WCTIOJIh30BAaHNH KQYEeCTBEHHBIX U KOJMUECTBEHHBIX ONMMMCAHUN TEXHUYECKOW CHCTEMBI, TOTYYSHHBIX
HKCHEPUMEHTATbHBIX JAaHHBIX [0 MNpUHIUMIY “BXoX-Beixon . IlpeoOpa3oBanue uHpopmanuu
(MCXOIHBIX JaHHBIX B TaOmuIe 1):
filx, i=1,M), fo(x;,i =1,M), f5(x;,i = 1,M), fu(x;,i = 1,M) B pyHKIMOHATIBHBINA BU/I:
XD, (X)), 5(X), fo(X) ocymiecTBiseTcss IyTeM HCIOIB30BAHUS MATEMAaTHUYECKHX METOJI0B
(perpeccuonHoro aHanmsa). Mcxoausie manabie Taduisl 1 cpopmupoBansl B cucteme MATLAB B
BUJIE MaTPUIIBL:
1= X, F| = {Xi1, Xiz, Xz, Xias firs fizs fiss fiard = T, 10}, (3.14)
Jns xkaxmoro Habopa SKCIIEPUMEHTANBHOTO MaHHBIX fi, k =1,2,3,4 crpoutcs (yHKIHS
perpeccum MeToJI0M HaMMEHbIIMX KBaapaTos min Y 'L, (x; — x,)? B cuctreme MATLAB. JI1s1 3T0r0
(dopmupyetcsi MOTHHOM Ak, OTIPENENSIONINN B3aUMOCBS3b mapaMeTpoB: X; = {X;1, X2, Xj3,Xjs} H
byuxumn X, = f(X;, Ay), k =1, ...,4. Pesynbratom sBisieTcss cucrema Kod(pduimeHToB: A; =
{Aok, A1k, -+ » A1ak }, KOTOPBIE OTIPEACTSAIOT KO GUIIMEHTH KBaPATHUYHOTO MOJIMHOMA!
fu(X, A) = Aoy + Aqxy + Agpexy + Az + AgeXy + AspXy Xy + Agrxi X3 + Azpxy Xy +
AgiXaXs + AgrXaXy + AropX3Xy + AppX? + AgpiX2 + Agzpx2 + Appxi k= 1,...,6. (3.15)
[TporpamMMHOe obecrieueHre MOTMHOMHUAIBHON alMmpOKCUMAIINH C YETHIPbMsI IEPEMEHHBIMU U
YeTBHIPHAIATEIO (DaKkTOpamMu mpeacTaBiieHo B [44]. B utore sxcniepuMeHTa IbHBIC JaHHBIC TaOIUIIBI
1 mpeobpazyrores cuctemy koddduimeHToB yeThIpéX GyHKIuU Buga (3.15) B Buae TaOIHIIbL:
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A0=[269.8673 795.7195 39.7581 17.5032 9% Ay (3.16)
-1.8746 23.8932 0.6598 -0.0081 %A,
-2.9115 30.8660 0.4493 -0.7005 %A,
8.9389 -25.8586 -0.3094 -0.3605 %Ay,
10.9366 -45.0026 -1.8334 0.9769 %A,y
0.0807 -0.7683 -0.0110 0.0138 %A,
-0.0517 0.4703 -0.0069 0.0708 %Ay
-0.1413 0.7472 0.0161 -0.0001 %A,
0.0619 -0.1283 -0.0143 0.0436 %Ag,
-0.0868 0.3266 0.0134 0.0002 %Ay
0.0030 -0.0112 -0.0005 0.0005 %A, 0k
0.0119 0.0398 -0.0003 -0.0018 %A1,
0.0098 0.0365 -0.0002 0.0029 %A,
-0.2028 3.2074 0.0279 0.0050 %A,
-0.4188 2.6457 0.1033 -0.0259]; %A, 41

Rj =[0.6115 0.7149 0.6551 0.9017];
RRj=[0.3740 0.5111 0.4292 0.8130];
Ha ocnoBe Ao(1), Ao(2), Ao(3), Ao(4) crpositcst pyukuuu f;(X), ..., fo(X), KoTOpBIE C yUeTOM
MOJTyYeHHBIX K03(pPHULIMEHTOB IPUMYT BUJI:
max f;(X)=269.86-1.8746x,-2.9115x,+8.9389x5+10.936x, +0.0807x,x,-0.0517x; x5 -
0.1413x; x4+ 0.0619x,x5-0.0868x,x,+ 0.003x3x,+ 0.0119x7+ 0.0098x2-0.2028x% -0.4188x2,
(3.17)
min f,(X)=795.72 +23.89x,+30.866x, -25.8586x5 -45.0026x, -0.7683x;x, +0.4703x, x5 +
0.7472x; x4~ 0.1283x,x3+0.3266x,x,-0.0112x3x,+ 0.0398x2+ 0.0365x2 +3.2x2+2.6457x2,
(3.18)
max f3(X)=39.7581 +0.6598x, +0.4493x5 -0.3094x5 -1.8334x, -0.0110x, x, -0.0069x, x5 +
0.0161x;x,4-0.0143x,x3+0.0134x,x,-0.0005x5x,-0.0003x%-0.0002x%+0.0279x3+0.1033x 2,
(3.19)
min f,(X)=17.5032 -0.0081x, -0.7005x, -0.3605x; +0.9769x, +0.0138x,x, +0.0708x, x5 -
0.0001x; x,+0.0436x,x3+0.0002x,x,+0.0005x3x, -0.0018x2+0.0029x3+0.005x2-0.0259x2,

(3.20)
NPY OTPaHUYCHUSX: X1 + X, + X3 + x, = 120, (3.21)
20.0 < x, <80.0,0.0 <x, <60.0,2.0 < x5 <8.0,2.0 < x, < 8.0. (3.22)

MuHHMMaJIbHBIE W MaKCUMaJlbHbIC 3HAYCHHS JKCICPUMEHTAIBHBIX JaHHBIX Xq, ..., X4
npeiactaBieHpl B Tabia. 1. MuHUMalbHBIE W MaKCHUMalbHble  3HA4eHUs  (QYHKIUN
fi(X), ,(X), f5(X), fo(X) He3HAUUTETBHO OTIIMYAIOTCS OT DKCIIEPUMEHTAIBHBIX JAHHBIX. MHIEKC
KOppensiui U Ko3(pPUIMEHTBI IeTepMUHALIMN TIPEJICTABICHbl B HIDKHUX CTPOKaxX TaOMuIel 1.
Pesynbratel perpeccuonHoro ananusa (16) B mambHEWIIEM WCIONB3YIOTCS TPH TOCTPOCHUH
MaTeMaTH4eCcKOi MOJCTH TEXHHYECKOH CUCTEMBI.

3.1.4. 4 stan. [locmpoenue azpecupo8aHHOU MAMEMAMUYECKOU U YUCIEHHOU MOOelu
MEXHUYECKOU CUCMEMbl YCII0BUSIX ONPeOeNeHHOCU

JInst MOCTPOCHUST MAaTEeMaTHYECKOM MOJICNTM TEXHHYECKOH CHUCTEMbI MCHONb3yeM: (YHKIIUH,
nojiyueHHble ycnoBusix onpeaeneHroctu (3.11)-( 3.12) u wneompenenennoctu (3.17)-( 3.20),
napamerpuieckue orpanuueHus (3.21)-( 3.22).

Oynkimu  (3.11)-(3.12), (3.17)-(3.20) paccmarpuBaeM Kak KpUTEPUHU, ONPEACISIONINE
[[EJICHANTPABICHHOCTh (PYHKIIMOHUPOBAHUS TEXHUUYECKOH CHUCTEeMbl. MHOXecTBO kputepreB K=6
BKIOYaroT Tpu kputepus fi(X) = max, f3(X) - max, f¢(X) > max u 1mpu f,(X) = min,
f+(X) = min, fs(X) -» min. B wurtore maremaruueckas Mojelb (DYHKIHOHUPOBAHUS CIIONKHON
TEXHUYECKOM CHCTEMBI IIPEACTABUM IIECTUMEPHOM 3aJadd B BHJAE BEKTOPHOM 3ajadeit
MaTeMaTu4eckoro mporpammupoBanus: f;(X) - max, f53(X) - max, f¢(X) - max; Bropoi,
4eTBEPTOW W TsITOW XapaktepucTuku ((pyHkuum), kak MoxHo Hmke: f,(X) — min, f(X) -
min, fs(X) - min.
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opt F(X) = {max F; (X) = {max f;(X)=269.86 — 1.8746x; — 2.9115x, + 8.9389x; +
10.936x, + 0.0807x,x, — 0.0517x,x5 — 0.1413x,%, + 0.0619x,x5 — 0.0868x,x, +
0.003x3x, + 0.0119x# + 0.0098x% — 0.2028x% — 0.4188x2, (3.23)

max f3(X)=39.7581 +0.6598x; +0.4493x; -0.3094x5 -1.8334x, -0.0110x; x, -0.0069x, x5 +
0.0161x;x,4-0.0143x,x5+0.0134x, x,-0.0005x5x,-0.0003x#-0.0002x%+0.0279x%+0.1033x 7,
(3.24)

max fy(X) = 41.758 + 0.6598x, + 0.4505x, — 0.3094x; — 1.8334x, — 0.011x,x, —
0.0069x, x5 + 0.0161x,x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x5x, — 0.0003x2 —
0.0002x3 + 0.0279x2 + 0.1033x%}, (3.25)

min F; (X) = {min f,(X)=795.72 +23.89x, +30.866x, -25.8586x; -45.0026x, -0.7683x; x,
+0.4703x; x5 +0.7472x,x,-0.1283x,x5+0.3266x,x,-0.0112x3x,+0.0398x7+0.0365x2
+3.2x2+2.6457x2, (3.26)

min f,(X)=17.5032 -0.0081x, -0.7005x, -0.3605x5 +0.9769x, +0.0138x,x, +0.0708x, x; -
0.0001x; x,4+0.0436x,x3+0.0002x,x,+0.0005x5x, -0.0018x7+0.0029x5+0.005x3-0.0259x2,
(3.27)

min fy(X) = 886.27 + 26.28x; + 33.95x, — 27.445x5 — 49.5x, — 0.8451x,x, + 0.5173x, x5 +
0.8219x,%, — 0.1411x,x5 + 0.3593%,x, — 0.0123x5%x, + 0.0438x2 + 0.0401x2 +

3.5281x% + 2.9103x%}}, (3.28)
MIpU OTPaHUYCHUSX: X1 + X, + X3 + X4 = 120,
20.0<x,<80.0,0.0<x,<60.0,2.0<x3<8.0,2.0<x, <8.0. (3.29)

BekropHas 3agada MaTeMaTndeckoro nporpammuposanus (3.23)-(3.29) npeacraBiseT MOIEb
MNPUHATUS ONTHMAJIBHOTO PEIICHUS TEXHUYECKOW CHUCTEMBI B YCIOBHSX OIPEICICHHOCTH U
HEOIPEICIICHHOCTH B COBOKYITHOCTH.

3.2. bnoxk 2. Memoodonozus npoyecca NPUHAMUA ONMUMATLHOZ0 peuieHus (evloopa
ONMUMAIBHBIX RAPAMEMPO8) 8 mexHuuecKkoi cucmeme na oéaze B3MII

3.2.1. 5 sran. Pewenue B3MII - mooenu mexuuueckou cucmemvl NPU PABHOZHAYHBIX
Kpumepusx (peuterue npsamoti 3a0a4u).

Jlns  pemieHWss BEKTOPHBIX 3ajad MareMaTudeckoro mporpammupoBanus (3.23)-(3.29)
MPEJICTaBIICHBl METOJIbI, OCHOBAHHBIC HA aKCHMOMATHKE HOPMAJH3allMd KPUTEPHEB U TPUHIIHIIC
rapaHTUPOBAHHOTO pe3yJbTaTa, BHITEKAIOUINE W3 aKCHOMBI | W TMpHHIMIA ONTUMAIbHOCTH .
ANTOpPUTM TIPEJICTAaBUM B BHJIE Psijia IIIAroB.

Hlaz 1. Pemenne 3amaun (3.23)-(3.29) mo KaxaoMy KPHUTEPUIO OT/AEIBHO, MPU ITOM
ucnone3yercs Gyukuus fmincon(...) cucremsr MATLAB, ob6pamienne x ¢yakmun  fmincon(...)
paccmotpeHo B [17, 44]. B pe3ynbrare pacdera o KaxaoMy KpUTEPHUIO MTOJIy4aeM TOYKH ONTUMYMa:
Xeu fii = fiu (X3), k = 1, K, K=6— BemuumHbI KpUTEPHEB B OTOM TOUKE, T. €. HAUTyYIIee PEIIeHHE 110
KaXX/IOMY KPHTEPHIO:

1. X7 = {x; = 46.76,x, = 43.23,x3 = 8,x, = 2}, fi = fi(X;) = —323.9; (3.30)
2: X; ={xq = 25,x, = 23.65,x3 = 4.98,x, = 6.307}, f; = f,(X3) = 1696.7;

3: X3 ={x; =80.0,x, =0.0,x3 =2.0,x, =80}, f5 = f3(X3) =—91.25;

4: Xy = {x; = 20.0,x, =58.08,x3 = 2.0,x, = 2.0}, f;' = fo(X;) = 10.815.

5:X: ={x; = 25.2,x, = 23.69,x3 = 4.8,x, = 6.75}, f = f5(Xs) = 1882.3;

6: X; = {x; =80.0,x, = 0.0,x3 = 2.0,x, = 8.0}, f¢ = fe(Y¢) = —93.25.

Orpannuenus (3.29) u Toukm ontumyma Xi, X5, X3, X5, X:,X¢ B koopauHatax {X1, X2}
MpeACTaBJIECHBI Ha pUC. 1.

Illaz 2. OnpenenseM HaUXYAIIYIO BEIUUMHY KakKOTO KpHTEpUs (aHTHONTUMYM): X U [0 =
fi(X ,8 ), k= 1,K, K=4. Jlns gero pemaercst 3agada (23)-(29) nns xaxnoro kpurepus k = 1, K; Ha
MHHHUMYM, 715l Kaxk10ro kputepus k = 1, K, Ha Makcumym. B pesynbTraTe permenus nonyunm: Xg =
{xj,Jj = 1,N} - Touka onTMMyMa MO COOTBETCTBYyomeMy kputepuio, k = 1,K; f2 = fi,(X?) —

semunHa K-ro kputepus B Touke, Xp, k = 1, K, (BepXHHil HHIEKC HOJb):

1: X2 ={x; =80,x, =0,x3 = 2.,x, = 8.}, f> = —175.15 (3.31)
2: X0 = {x, = 80,x, = 0, %5 = 8,x, = 8.0}, 0 = £,(X9) = —3548.08:

3: X0 = {x, = 20.0,x, = 25.37, %3 = 8,x, = 6.625}, £ = f3(X®) = 50.57:
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A Pareto set in a two-dimemsional plane: x1 - x3

8 T T X T
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Puc. 1. Muoxectso Ilapero, $°c S, X7, ..., X; B IByXMEpHOii cCTEMe KOOPHHAT {X1, X2}

4: X9 = {x; = 62.71,x, = 22.88,x3 = 6.39,x, = 20}, f2 = f,(X?) = —61.35;

5: X2 = {x; =80.0,x, = 0.0,x3 = 8.0,x, = 8.0}, 2 = f;(XJ) = —-3921.8;

6: X0 = {x; = 20.0,x, = 25.36,x3 = 8.0,x4 = 6.63}, 2 = f,(YY) = 52.604.

Illaz 3. BeimoHAETCS CHCTEMHBIN aHAIM3 MHOKECTBA TOUYEK, ONTUMAIIbHBIX 110 [Tapero, (T.€. ananu3
0 KaXJI0My Kputeputo). B Toukax ontumyma X* = {X7, ..., X¢ } onpenessiroTcs BEIMYMHBI LIEIEeBBIX

dymamit FX) = || ol
324.0 19979 58.0 57.1 2216.7 60.0 148.8
2723 1696.8 53.8 269 1882.4 55.8 —1851.3
. 175.2 3285.6 91.3 22.1 3627.1 93.3 40.7
FX™) = 221.5 22664 62.0 10.8 2506.0 64.0 e = -50.5 || (3.32)
2709 16969 54.0 26.5 18823 56.0 —2039.5
175.2 3285.6 91.3 22.1 3627.1 93.3 40.6

BEKTOpP OTKJIOHEHHIT 10 KaKI0OMy KpUTepHIo Ha MHOkecTBe S: dj, = fir — 2, k = 1,6:
D = (d, = 148.7,d, = —1851,d5 = 40.6,d, = —50.5,ds = —2039,d,; = 40.6)T;

¥ MaTPHIGI OTHOCUTEIBHBIX OLEHOK 110 KaXI0My KPHTEPHIO B Toukax X * u X°:

XY = g s T M) = (i = £/ i

1.0000 0.8373 0.1814 0.0843 0.8361 0.1821
0.6527 1.0000 0.0787 0.6825 1.0000 0.0787
AMXY) = 0 0.1418 1.0000 0.7774 0.1445 1.0000 .
0.3114 0.6923 0.2804 1.0000 0.6942 0.2816
0.6433 1.0000 0.0832 0.6898 1.0000 0.0832

0.0000 0.1418 1.0000 0.7774 0.1445 1.0000
0.0 0.1418 1.0000 0.7774 0.1445 1.0000

0.1129 0.0 09135 0.1414 -0.0000 0.9134
W(X°) = 0.8005 0.9846 0.0 0.6063 0.9831 0.0000

0.7108 0.5921 0.4401 0.0 0.5912 0.4403
0.1129 0 0.9135 0.1414 0.0 09134

0.8005 0.9847 0.0000 0.6062 0.9832 0.0
AHanu3 BEJIMYUH KPUTEPUEB B OTHOCUTENIBHBIX OLIEHKAX ITOKA3BIBAET, UTO B TOUKAX ONTUMYMa

X ={X{,X;,X3,X;,Xs,X;} (0 muaroHanu) OTHOCHTENbHAs OllICHKAa paBHA eauHuIle. OcTalbHbIC
KPUTEpUHU 3HAYMTEIBHO MEHbBIIE eIMHHIBL Tpedyercs HaWTH Takylo TOYKY (MapaMeTpbl), MpH

(3.33)
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KOTOPBIX OTHOCUTENbHBIC OIICHKM Haubojee ONMM3KM K eauHuie. Ha perienue 3Toil mpoOGiiemsbl
HaNpaBJICHO pellieHue A-3a7auu - maru 4, 5.
Hlaz 4. Tloctpoenue A-3a1aud. OCYLIECTBIIETCS B J[BAa JTana: NEPBOHAYATIBHO CTPOUTCS
MaKCUMHHHAs 337a4a ONTHUMHU3ALUN ¢ HOPMAJTM30BAHHBIMU KPUTEPUIMU:
L’ = maxyegmingegAy, (X), G(X)<0,X >0, (3.34)
KOTOpas Ha BTOPOM 3Tare mpeodpa3yercs B CTaHAAPTHYIO 3a/1a4y MaTeMaTHYECKOTO
porpaMMHpOBaHus (A-3ama4a):

A’ = max A, (3.35)

C OTPaHMYEHHAMU A — L)1 <0,A— fs(f) 53 <0, A — L& 0f6 <0, (3.36)
f1 f1 f3 _f3 f6 f6

}\, fZ(X) f2 _O }\, f4-(X) (]:4- _O }\, fS(X) ({5 SO, (337)
515 fa—Ta fi~1a

X1+ x5 + x3 + x4 =120, (3.38)

0<h<1, (3.39)

20.0 < x, <80.0,0.0 < x, < 60.0, 2.0 < x5 < 8.0, 2.0 < x, < 8.0. (3.40)

IrZie BEKTOp Hen3BecTHBIX uMmeeT pasmepHocTh N+1: X = {x4, ... , xy, A}; yHKIUH
fi(X), 2,(X),,,,, f¢(X) coorBetcTBYIOT (3.23)-(3.29) cooTBeTCTBeHHO. [10CTAaBHB YKMCIOBBIE
snauenus Gpyukuuii f;(X), f,(X),,,,, fe(X), MbI monyunm A-3a1ady:

A = max A, (3.41)
orpaHMueHus A — 269.86—1.8746x1— f—O;OZBX3 -0. 4ISBX4 f1 < 0 (342)
1 1
A — 39.7581 +0.6598x4 +0.449;)363f—--- +0. 0279x3 +0.1033x4—f3 < 0 (343)

37J3
A — 41.758+0.6598x1+0.4505x,— ... +0. 0279)(,'3 +0. 1033)(,'4 f6 < O (344)
fe fs
X1 + Xy + X3 + Xq4 = 120, (345)

0<A<1, 20.0<x;<80.0,0.0<x,<60.0,2.0<x3<8.0,2.0<x,<8.0. (3.46)
Ilaz 5. Pemienue A-3amaun.
Pemrenune A-3amaun. (3.41)-(3.46) ocymiectsisiercst oopamieareM k Gpyukiuu fmincon(...), [44]:
[Xo, Lo] = fmincon('Z_TehnSist_4Krit_L', X0, Ao, bo, Aeq, beq, lbo, ubo,
'Z_TehnSist_LConst', options).
B pesynbrate pernenust BexktopHoi 3amaun (3.23)-(3.29) mpu paBHO3HAYHBIX KPHUTEPUSAX H
COOTBETCTBYOMIECH eif A-3amaun (3.41)-(3.46) moayuwu:

X° = {X° L%} ={X° = {x; = 61.188,x, = 12.219,x3 = 4.591,x, = 2.0, A° = 0.5196}, (3.47)
TOUKy onTuMyma X°, KoTopasi MpelCTaBIsIeT KOHCTPYKTHBHBIC TapaMeTPhl TEXHHUECKOW CHCTEMBI
MIPU PaBHO3HAYHBIX KPUTEPUSX (XapaKTepUCTUKAX), puc. 1.

f(X°), k = 1, K- Benmuunsl kputepues (xapakrepuctuk TC):

{f1(X°) = 252.47,f,(X°) = 2308.6, f5(X°) = 71.709, f,(X°) = 35.09, f5(X°) =
2555.0, fo(X°) = 73.723}; (3.48)

A (X°), k = 1, K- BenuuuHBI OTHOCHTENIBHBIX OLEHOK

{A,(X°) = 0.5196,1,(X°) = 0.6695,A3(X°) = 0.5196,1,(X°) = 0.5196,A5(X°) =
0.6702, A¢,(X°) = 0.5196}; (3.49)

A°=0. 5196 — 3T0 MaKCHMaJbHbBI HUKHHUH YPOBEHB CPEIHM BCEX OTHOCHTENIBHBIX OICHOK,
W3MEpPEHHBI B OTHOCUTEIILHBIX ¢IMHUIIAX:
A% = min (A, (X?),1,(X?), 13(X°), 1,(X°), 15(X?), 14(X°)) = 0.5196, (3.50)
A° — Tak)Ke Ha3BIBAIOT rapaHTUPOBAHHBEIM PE3YJIHTATOM B OTHOCHTEIILHBIX €IMHHIAX, T. €. A, (Y°) B
(3.50) U cOOTBETCTBEHHO XapaKTEPHUCTUKU TEXHHUYECKOH cHCTeMbI fi, (X°) Heb3sl yaydmiuTh, HE
yXyAllas IpU 3TOM JPyTrHe XapaKTePUCTHKU.

3aMeTHM, YTO B COOTBETCTBUM C Teopemod C 1, B Touke X° kpurtepuu 1, 3, 4 u 6
MIPOTUBOPEUYUBBIL. DTO MPOTHUBOPEUHE OTPEIEIIIECTCS PABEHCTBOM:

MXO) =2A3(X°%) = A, (X°) = Ac(X°%) = A° = 0.5196,

OCTallbHbIE KpuTepuH HepaBeHCTBOM {A, (X°) = 0.6695},As(X°) = 0.6702 > A°.
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B urore teopema 1 ciay UT OCHOBOH I ONPEIEIICHUS MIPABUIBHOCTH PELICHUs BEKTOPHOMU
3amaud. B BEKTOpHOW 3agadye MaTeMaTHYeCKOTO MPOTPaMMHUPOBAHHS, KaK MPaBWIIO, IS JBYX
KpUTEPUEB BBITIOJIHAETCS PaBEHCTBO:

A =2,(X°) =2A,(X°), q,p € K,X €S, (B Hamem npumepe TaKUMU KPUTEPUAMH SBIAIOTCS
1, 3, 4, 6), nnst APYTUX KPUTEPHUEB OMpPENEISIETCS KaK HEPaBEHCTBO.

Takum oopazom. Pesynsrar pemerns B3MII (3.23)-(3.29) ¢ pasnosnaunvimu kpumepusamu
— MaTeMaTU4YeCKONl MOJeNd TEXHUYECKOH cHCTeMbl (C YeThIpbMs MapaMeTpaMHh U MIECTHIO
KpUTEPUSIMH) BKIIFOYAET:

ONTUMAJIBHBINA PE3yJbTaT M0 KAKIOMY KPUTEPHUIO - TOUYKU ONTHMYyMa

Xi={x,j = LN}, (351)

ONITHUMAJILHBIA PE3yJIbTAT 110 KAXKIAOMY KPHTEPHIO -(DYHKIIHH:

fi = fieX),k = TR, K=4

ONTHMAJBLHBIA PE3yJIbTAT - TOYKH ONITHMYMa U (PYHKIIHH:

X° ={X° L% f (X9, k =1,K; A (X°),k = 1,K - (3.47), (3.48), (3.49).

3.2.2. 6 3rtan. [eomempuueckou unmepnpemayus pesyiomamos peuwtenuss B3MII ¢ 4
napamempamu u 6 Kpumepusmu 6 08yXMepHylo cucmemy koopounam (C 2 napamempamu) 6
OMHOCUMENbHBIX €OUHUYAX.

s reomeTrpuyeckoil uHTepnperauus pe3yibraroB pemenus B3MII ¢ 4 napamerpamu u 6
KpUTEpUSIMH B JBYXMEPHYIO CHCTEMY KOOpAMHAT (¢ 2-Msi MapamMeTpaMu) B OTHOCUTEJIBbHBIX
enunuiax BeeaeM maMeHeHus. B B3MII (3.23)-(3.29) mapamerpsl x; U X3 paccCMaTpUBAIOTCS Kak
NepeMeHHbIe, MapaMeTphl X, U X, PACCMAaTPHUBAIOTCS KaK MOCTOSHHBIC. [IpMCBOMM NOCTOSHHBIM
rmapaMeTpam pa3MepHOCTb X, = 12.219,x, = 2.0 B cCOOTBETCTBUHM C pe3ysbTaToM pemrenus B3MII
(3.23)-(3.29) npu paBHO3HAYHBIX KPUTECPHSX, IPEACTaBICHHBIX B (3.47).

B urore B3MII (3.23)-(3.29) crana 1ByX MEpHOIA.

B pesyasrare pemrenus B3MIT (3.23)-(3.29) ¢ a1ByMs epeMEHHBIMU X; U X3 (B 0003HAaYECHHUS
Pe3yJIbTaTOB BBEJIH JOMOIHUTEIBHO «0» X10max) Mmoixyduiu.

1. Koop/iMHATHI TOYKH I10 TIEPBOMY KPUTEPHIO HA MAKCHMYM:

Xlomax = {x; =46.7636 x, =12.2194 x; =8.0000 x, =2.0000}. (3.52)

Benuuunsl mectu Kpurepues B Touke X1omax:

FX1lomax = {f; (X1omax) = 270.4 f,(X1omax) = 2103.7 f;(X1omax) =63.0
fa(X1lomax) =43.0 fs(X1lomax) =2333.1 f;(X1lomax) =65.0}

BenrmuuHbI OTHOCUTENBHBI OLIEHOK KPUTEPUEB B Touke X1omax:

LX1lomax = {A, (X1omax) =0.6399 A, (X1omax) = 0.7802 A;(X1omax) =0.3063
M (X1omax) =0.3635 As(X1omax) = 0.7790 As(X1lomax) =0.3062}.  (3.53)

KoopauHatsl TOYKM 1O IEPBOMY KPUTEPUIO HA MUHUMYM:

Xlomin ={ 80.0000 12.2194 2.0000 2.0000 20.0000}.

Benuuune mectu kputepreB B Touke X1omin:

FX1omin ={1.0e+03 * 0.2466 2.6747 0.0830 0.0242 2.9552 0.0850}.

BennuuHbl OTHOCHTENILHBI OI[EHOK KpUTEepHeB B Touke X 1omin:

LX1omin =(0.4803 0.4717 0.7976 0.7345 0.4740 0.7978) (3.54)

2. KoopauHathl TOUKH, GYHKIIMU ¥ OTHOCHTEIBHBIE OIICHKH MO0 BTOPOMY KPUTEPHUIO Ha
MaKCHMyM U MHHHMYM:

X2omax ={25.0532 12.2194 4.9806 2.0000 20.0000}.

FX2omax ={1.0e+03 * 0.2688 1.5342 0.0535 0.0239 1.7036 0.0555}.

LX2omax ={0.6293 1.0878 0.0716 0.7403 1.0876 0.0713}.

X2omin ={80.0000 12.2194 8.0000 2.0000 20.0000).

FX2omin ={1.0e+03 * 0.2678 2.9282 0.0785 0.0596 3.2400 0.0805}.

LX2omin ={0.6229 0.3348 0.6857 0.0356 0.3343 0.6859}. (3.55)
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3. KoopnuHatsl ToukH, GYyHKIHUU U OTHOCUTENIbHBIE OIICHKH MO TPEThEMY KPUTEPHIO Ha
MaKCHMyM U MUHHMYM:
X3omax ={ 80.0000 12.2194 2.0000 2.0000 20.0000}.
FX3omax ={1.0e+03 * 0.2466 2.6747 0.0830 0.0242 2.9552 0.0850}.
LX3omax ={0.4803 0.4717 0.7976 0.7345 0.4740 0.7978}.
X3omin ={20.0000 12.2194 8.0000 2.0000 20.0000).
FX3omin ={1.0e+03 * 0.2915 1.5037 0.0501 0.0268 1.6731 0.0521}.
LX3omin ={0.7821 1.1043 -0.0111 0.6847 1.1026 -0.0115}.  (3.56)
4. KoopauHaTsl TOUKH, (YHKIIMHA U OTHOCUTEJIBHBIE OIICHKH 10 YETBEPTOMY KPUTEPHIO Ha
MaKCHUMyM U MUHHMYM:
X4omax ={20.0000 12.2194 2.0000 2.0000 20.0000}.
FX4omax ={1.0e+03 * 0.2517 1.4195 0.0522 0.0169 1.5745 0.0542}.
LX4omax ={0.5143 1.1498 0.0397 0.8793 1.1509 0.0393}.
X4omin ={62.7178 12.2194 8.0000 2.0000 20.0000}.
FX4omin ={1.0e+03 * 0.2659 2.4885 0.0705 0.0514 2.7564 0.0725}.
LX4omin ={0.6097 0.5723 0.4905 0.1963 0.5715 0.4905}. (3.57)
5. KoopauHatel TOUKH, PyHKIUN U OTHOCUTEIIbHBIEC OLIEHKH T10 TSATOMY KPUTEPHUIO Ha
MaKCHUMyM U MUHHMYM:
X50max ={25.2469 12.2194 4.8033 2.0000 20.0000}.
FX50max ={1.0e+03 * 0.2675 1.5354 0.0537 0.0237 1.7047 0.0557}.
LX50omax ={0.6206 1.0872 0.0757 0.7458 1.0871 0.0754}.
X50min ={80.0000 12.2194 8.0000 2.0000 20.0000}.
FX50min ={1.0e+03 * 0.2678 2.9282 0.0785 0.0596 3.2400 0.0805}.
LX50min ={0.6229 0.3348 0.6857 0.0356 0.3343 0.6859}. (3.58)
5. KoopauHatel TOUKH, QyHKIUU U OTHOCUTENIEHBIE OLIEHKH TI0 IIECTOMY KPUTEPHIO Ha
MaKCHMyM U MUHHMYM:
X6omax ={80.0000 12.2194 2.0000 2.0000 20.0000}.
FX6omax ={1.0e+03 * 0.2466 2.6747 0.0830 0.0242 2.9552 0.0850}.
LX6omax ={0.4803 0.4717 0.7976 0.7345 0.4740 0.7978}.
X6omin ={20.0000 12.2194 8.0000 2.0000 20.0000}.
FX6omin ={1.0e+03 * 0.2915 1.5037 0.0501 0.0268 1.6731 0.0521}.
LX6omin ={0.7821 1.1043 -0.0111 0.6847 1.1026 -0.0115}. (3.59)
[IpencraBuM B 1enom pesynbTatsl perieHust B3MIT ¢ aBymst mepeMeHHBIME MTapaMeTpaMu Xy
u x3 (nByxmepHas B3MII):
X =[Xopt(1,:)={46.7636 43.2364 8.0000 2.0000}, A,(X1omax) =0.6399;
Xopt(2,:)= {25.0532 23.6583 4.9806 6.3079}, A,(X20max) =0.6293;
Xopt(3,:)= {80.0000 0 2.0000 8.0000}, A;(X30omax) = 0.4803;
Xopt(4,:)= {20.0000 58.0862 2.0000 2.0000}A,(X4omax) = 0.5143;
Xopt(5,:)= {25.2469 23.6988 4.8033 6.2509}, A5(X50max) = 0.6206;
Xopt(6,:)= {80.0000 0 2.0000 8.0000}, A¢(X60max) = 0.4803;
Xo(1:4)={61.1888 12.2194 4.5919 2.0000}, A(Xo) = A° = 0.5196. (3.60)
B nomyctuMoM MHOXECTBE TOYeK S, o0pa3oBaHHBIX orpanuueHusMu (3.45)-(3.46), Touku
ontumyMa Xi,X;, X3, X4, Xs, X¢ , oObeIMHEHHBIX B KOHTYp, MPEICTABISIOT MHOXECTBO TOYCK,
ontuManbHbIX 10 [1apero, $° S, nmpencrasieHs! Ha puc 1.
KoopauHaThI 3THX TOYEK, a TAK)KE XapaKTePUCTUKU TEXHUYECKOW CHCTEMBI B OTHOCHUTEIBHBIX
equauLax A4 (X), 4,(X), A3(X), 44,(X) nokazaHsl Ha pHC. 2 B TPEX MEPHOM MIPOCTPAHCTBE X; X, U A,
i€ TPETHS OCh A - OTHOCUTEJIbHAS OIICHKA.
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A-zadacha Vector Optimization 6 criterion

ASX,)
= Ae(%s)
©
-

X

30

2 %20
x3 X, ¥

Puc. 2. Pemenne A-3a1aun B TpPEXMEPHOU CUCTEME KOOPAUHAT X1 X3 U A

Discussion. CpaBuum pesynbratel pemieaus B3MIT (3.23)-(3.29) ¢ mnepeMeHHBIMU
KOOpJAMHATAMHU {X1X, X3 X4} (deTbipex mepHas B3MII), npencrasnennsie B (3.47), (3.48),(3.49), ¢
pesynbratamu pemenust B3MII (3.23)-(3.29) ¢ nepemeHHBIME KOOpAWHATAMU {X; X3} (IByX MepHast
B3MII), npeacrasnennsie B (3.50).

Mpbl BHAWMM, 4YTO KOOPAWMHATHI IIECTH TO4YeK onTumyma B {x; X3} u A° cCOBHagaioT.
OnrumanbHble BeuYrHbl KpuTepueB fi (Xy), k € K u cOOTBETCTBYIOIIME OTHOCUTEIIBHBIC OICHKH
A (X)), k € K He coBmaaior.

PaccMotpuM, Hampumep, ontuMmanbHyr0 TOouky X3. Dynkuus Az(X) chopmupoBana u3
byukiun f3(X) ¢ nepeMeHHBIMH KOOPAMHATAMU {X; X3} U C MOCTOSIHHBIMU KOOpIUHATaMu {x, =
12.219, x, = 2.0}, B3satbie u3 ontuManbHoi Touku X (3.47). B Touke X3 OoTHOCHTENbHAs OLICHKA
LX3omax(3)= 0.7976 — noka3ana Ha puc. 2 4epHOi Toukoil. Ho MBI 3HaeM, YTO OTHOCHTENbHAs
oteHKa A3 (X3) momydeHHas U3 QyHKIUH f3(X3) Ha TpeTheM IIare paBHa e€AWHUIE, 0003HAYUM ee
kak A3(X3:) = 1 — moka3ana Ha puc. 2 KpacHOi TOUKOIA.

Pasnocts Mexay A5(X3) = 1 u A;(X3) = 0.7976 sBnserca ommubkoit A=0.2024 nepexoja OT
yeThipexMepHoit (a B oOmiem ciydae N-mepHOIT) K IByXMepHOH 00nacTu. AHAJIOTHYHO MOKa3aHa
TOuKa X; ¥ COOTBETCTBYIOIINE OTHOCHTEIbHBIE OLEHKH A, (X;) u A5 (X]). O606mas u o6beanHss
MPOOIEMBI TUCKYCCHUU, MOKEM CPOPMYIIHUPOBATH METOIOJIOTHIO.

Memooonozua 2eomempuueckoit. unmepnpemayuu nepexooa om N-mepnozo K
ogyxmepnomy  usmepenuto  Qyukyul 6  6eKkmopHou  3a0aue  MamMeMAMUUECKO20
nPOPAMMUDPOBAHUSL.

1 mar. IToctpoenue u permenne A-3anaun ¢ N-MepHBIME TapamMeTpaMu.

2 mar. ITocTpoeHue u pelieHne A-3afadu ¢ 2-MEpPHBIMH Tapamerpamiu, octaibHbie (N-2)
napaMeTphl IIOCTOSTHHBIE B3SATHIC U3 PE3YJIbTATOB pemeHus A-3anaun ¢ N-MepHBIME TapameTpamu (13
mara 1).

3 mrar. ['eoMeTpuueckoe mocTpoeHne (YHKIUH W3 A-3amaud ¢ 2-MEpHBIMH TapaMeTpamu
CTaHJAPTHBIMH METOJIAMH U COOTBETCTBYIOIUMH HaAITUCSIMH.

Takum obpazom, BIepBbIE B OTEYECTBEHHON M 3apyOe)KHOI MpaKTHKE MOKa3aH MEPEXo/ U ero
reoMeTpuyIecKast WLTIOCTparyst oT N-MEpHOTo K ABYXMEPHOMY M3MEpPEHHIO ()YHKIIMU B BEKTOPHBIX
3a7a4ax MaTeMaTHYECKOTO IPOrPaMMHPOBAHHS C COOTBETCTBYOIIMMH OIIMOKAMH allPOKCUMAIIUH.

3.2.3. 7 aran. Pewenue B3MII - moOenu mexnuueckou cucmemsl npu 3a0aHHOM RPUOpumeme
Kpumepusi (peuieHue 06pamHot 3a0ayu).

JIumom, MPUHUMATOIINM PEIICHUs, KaK MPAaBHUIIO, SBISIETCS KOHCTPYKTOP CHCTEMBI.
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Illaz 1. PenieHne BEKTOPHOM 3ajaud IPU PaBHO3HAYHBIX KPUTEPUAX. AJITOPUTM pEIICHUS
BEKTOPHOM 3a/1a4uM MPEACTaBIEH Ha cTaauu 3. YncneHHbIe pe3yJIbTaThl PEIICHUS] BEKTOPHOM 3a1a4u
MPEICTaBIICHBI BBIIIE.

MHOXECTBO TO4YEK, ONTHUMaJbHBIX 1O [lapero S°CS HaXOAMUTCS MEXIy ONTUMAIbHBIMU
toukamu X; X° X3 X¢ X© Xz X° Xz X°X5 X° X{. MBI npoBezieM aHaiu3 MHOXKeCTBa Touek [lapero
S§°cS. Jlns oToit enu Mbl COSIMHUM BCiomMoratenbHbie Touku: X X3 X; Xe X5 X7 ¢ toukoit X©,
KOTOpasi yCJOBHO TMpPEICTaBIsIeT ILEHTp MHOkectBa [lapeto. B pesysibrate monyduinu msTh
TIOJIMHOKECTB To4ek X €S9CS°CS, q = 1,4. TlonmHOX)ecTBO $CS° S XapaKTepu3yeTcs TeM, 4To

OTHOCHTEJbHASI OIIEHKA A; = A,, A3, A4, A4, TO €CTh B MOJIE TIEPBOTO KPUTEPHS ST UMECT IPUOPUTET
HaJ ocTanbHBIMH. [10100HO $9,5%, S3- MOIMHOXECTBA TOYEK, TI€ BTOPOM, TPETUIl M YETBEPTHIil
KPUTEPUIl UMEET MPHOPUTET HAJ APYTHMMH COOTBETCTBEHHO. MHOKECTBO TOYCK, ONTHMAIIBHBIX IO
[Tapeto, Oynem obo3Hauate S° = §7US5US3USEUSE. KoopanHaThl BceX MOMYyYCHHBIX TOYCK H
OTHOCHTEJIbHBIC OILICHKH IPEJCTABICHBI B JBYMEPHOM MPOCTPAaHCTBE {X; X,} Ha puc. 1. Dtn
KOOPJIMHATHI IOKa3aHbl B TPEX M3MEPEHHBIX MPOCTPAHCTBaX {X; X, A} Ha puc. 2, T TPEThs OCh A-
OTHOCHTEJIbHAsSI OLICHKA.

Orpannuenus Habopa ToueK, ONTUMabHBIX 10 [lapeTro, Ha puc. 2 oH cHukeH 10 -0,2 (4ToObI
ObUTM BHIMMBI OTpaHUYEHHs). DTa WHPOpMAIMs TaKKe SBISAETCS OCHOBOM JUIsl JAJIbHEWIIEro
UCCIIeIOBaHMs CTPYKTYphl MHOKecTBa [lapero. JIuio, mpuHHMAaroiiee pemieHus, Kak MpPaBHIIo,
SIBIISIETCS pa3paO0TYMKOM CHCTEMBI.

Ecnu pesysnbraThl pelieHHs BEKTOPHOM 3aJaud C PABHO3HAYHBIMH KPHUTEPUSIMH HE
YIOBICTBOPSIOT ~ JIMIO, NPUHUMAIOIIEE pEIIeHHe, TO BBHIOOP ONTUMAIBHOTO  PEHICHHS
OCYILECTBIISIETCS U3 KAKOTO-TMOO0 MOIMHOXKECTBA TOUYEK ST, $9, S9, $9, S2. DTH NOAMHOKECTBA TOUYCK
IMapeto moka3zansl Ha puc. 1 B Buae byukiuii f;(X), f,(X), f5(X), fo(X), fs(X), fe(X).

Ilaz 2. Beibop npuoputeTHoro kputepus q € K.

W3 Teopuum M3BECTHO, YTO B ONTUMAaJbHOW Touke X° Bcerma mMeercs jaBa Haubosee
MPOTHUBOPEUMBBIX KpuTepus, q €E K u p € K, ans KOTOPBIX B OTHOCHUTEIBHBIX EIMHHUIAX
BEITIONHACTCA TO4YHOe paBeHCTBO: A% =A,(X°) =A,(X°),q,p €K, Xe S, a nna ocTanbHBIX
BBITOJTHsIeTCS HepaBeHeTBa: A° < A, (X°),Vk €K, q #p # k.

B monenn texumdeckoi cucremsl (3.23)-(3.29) u cooTBercTBYMomei A-3amaun (3.41)-(3.46)
TaKUMH KPUTEPUSIMU SIBISIOTCS BTOPOi 1 Tpethii: A° = A, (X?) = A3(X°)= 0.51958, T.e. st 3THX
KPHUTEPUEB BBIMOJIHACTCS YUCIOBAS CHUMMETPHSI.

DTy CUMMETPHIO TEOMETPUYUESCKH TTOKAXKEeM Ha pHC. 3, TAe mpeacTaBieHbl GyHKIUU A; (X) u
A3 (X) OTHENBHO CO CTOPOHBI ONTUMaTBHOI Toukn X° = {X°,1°}.

A-zadacha Vector Optimization L1, L4 criterion

A-zadacha Vector Optimization L1, L3 criterion

Aoy,
«\33<2,ib(><b )

A (X
Ay

A (X
AX))

Lambda
Lambda

Puc. 4. Pemenne A-3amaun A, (X),A3(X)) B
TPEXMEPHOU CHCTEME KOOPAUHAT X1 X, U A.
A, (X°) = A3(X°)=0.5195 (TouHO Ha

Puc. 3. Pemenue A-3amaun (A, (X) uA3;(X)) B
TPEXMEPHOI CHCTEME KOOPAUHAT X; X, U A.

MIEPECCUCHHH ).
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Jis cpaBHEHUs] aHAJOTMYHO MPEACTaBUM (PYHKIMHM Hamboyee MPOTHBOPEUYMBBIC KPUTEPHU
A (X) u A, (X) oTmenbHO €O CTOpOHBI onTMManbHOH Touku X° = {X°,A°}. Ha pucynkax 3 u 4
MOKa3aHbl BCE TOYKU M JAaHHBIE, O KOTOPBIX TOBOPUIIOCH HA PHUC. 2.

Kax mpasmiio, u3 51oit mapel A° = A,(X°) = A3(X°)= 0.5196 npoTHBOPEUYMBHIX KPUTEPHEB
BbIOMpaeTcst kputepuil, kotopsiid JIIIP xoren Obl ymyummrth. Takoil KpuTepuil Ha3bIBaeTcs
CTPUOPUTETHBIM KpHUTEpUEeM», 0003HauuM ero q = 3 € K. DTOT KpUTEpHil HCCIEIyeTCs BO
B3aUMOJCICTBUU C NepBbIM KpuTepueM q = 1 € K. MbI uccinenyeM 3TH 1Ba KpUTEPHUS U3 BCETO
MHOKecTBa kpurepueB K = 6, nokazaHHbBIX Ha puc. 3 ().

Ha nucnuteit Beigaercst cooOrieHue:
g=input('BeeauTe npuopuTeTHBINA Kputepuii (Homep) = ") — Beenu kpurepwuit =3.

Ilaz 3. OnipenensitoTcs YUCIOBBIE MPEIENIbl U3MEHEHHSI BETUUYUHBI IPHOPUTETA KPUTEPUS q =
3eK. Jlns npuoputeTHoro kpurepus q = 3€ K onpenensioTcss U3MEHEHUs] YUCIOBBIX MPEEIIOB B
HaTyPaIbHBIX CJIMHUIIAX IPU NEPEXOJIE U3 TOUKK ontumyma X © (50) B TOUKy X =, MOMyYEHHYIO Ha
nepBoM mare. JlaHable 0 KpuTepuu (=3 BBIAAIOTCS HA SKPaH:

fq(X°) = 71.709< f,(X) <91.25 = f,(X3),q € K. (3.61)
B oTHOCHTENBHBIX eMMHHUIAX KPUTEPUil (=3 U3MEHSETCS B CICIYIOIINX Mpe/esiax:

24(X°) =05196<2,(X)<1= 4,(X;),q =3 €K.

OTHU JaHHbBIE AaHATTU3UPYETCS.

Illaz 4. Beibop Benmuuunbl nproputeTHoro kpurepus e K. (Decision-making).

Ha cooOmienue: «BBeaute BenmuuuHy npuoputetHoro kpurepus fg=»: BBoaum f3=80.

Hlaz 5. Bviuucnsaemcs omHocumenbHas OyeHKa.

Jlist BBIOpaHHON BETMYMHBI IPUOPUTETHOTO KpUTEPHUs f; = 80 BBIYMCIAETCA OTHOCUTENbHAS
_ fi_fé; _ 80-7L709 ooy

fo-f9  91.25-71.709
KOTOpas IPH Iepexoie oT Touku X © k Touke X4 jexkut B npeaenax (3.61):
A3(X°) = 0.5196 <A,_3 = 0.7234 <1 = A3(X3),q€<K, (3.62)
Hlaz 6. Beraucaum ko3 PUITMEHT TMHEWHON allPOKCUMAIIHH
I[Ipenmonaras JTUHEWHBIA XapakTep u3MeHeHuss Kputepus fu(X) B (3.61) U COOTBETCTBEHHO

OTHOCHUTENILHOM OLEHKH A, B (3.62), HCIONB3YS CTaHAApPTHBIE NPUEMBI JIMHEHHOM anmnpoKCHMAalluH,

OLICHKA: Aq

BBIYMCIMM KO3()(QHUIMEHT NPONOPLHOHATBEHOCTH MEXIY Ay (X©), A4, KOTOpBIN HA30BEM p:

Ag—Aq(X° 0.7234—-0.5196
= Ll = 0.4243,q = 3 K. (3.63)
Aq(X)—2Aq(X°) 1-0.5196
Ilaz 7. BerauciuM KOOPAMHATE TOYKH NPHOPHUTETA Kputepues f, = 80.
[penmonarast JUHEHHBIA xapakTep u3MeHeHust Bektopa X7 ={x; x,x3 x4} , q =3

ONpeJeMM KOOPAMHATHI TOUKH C f, = 80 ¢ 0OTHOCHTENbHOM OleHKol (3.52):
Xio7s = 0 = X°(1) + p(Xg(D) — X°(1),
x, = X02) + p(X;(2) - X°(2)),
x3 = X°(3) + p(X;(3) - X°(3)),
Xy = X0 + p (X4 - X°)}, (3.64)
re X° = {X° = {x; = 61.188,x, = 12.219,x; = 4.591,x, = 2.0,A° = 0.5196},
X; = {xl = 80.0,x2 = 00, X3 = 2.0,X4_ = 80}
Kaxk pesynbrat pemienus (3.64) Ha 9KkpaH BBIBOIUTCS COOOIICHHUE:
'Koopaunatel Toukn Xq=[x1=69.1698 x2=7.0351 x3=3.4922 x4=4.5456]'
B urore momy4uiau TOYKy ¢ KOOpIMHATAMH:
X7 ={x; =69.169,x, = 7.035,x3 = 3.492,x, = 4.545}.
Ilaz 8. Beraucnenye riaBHBIX MOKazaTene Touxu X 9.
Jnst monmyyeHHOU Touku X 9, BBIYMCINM: L
BCE KPUTEPUH B HATypalbHbIX eauHunax fr (X7) = {f,(X?),k = 1,K},
fXD ={f1(X7) = 228.1,f,(X?) = 2638.5, f3(X9) = 78.3, f,(X?) = 31.1, f5(X?) =
2916.8, fo(X1) = 80.3};
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BCC OTHOCUTCIILHBIC OLICHKU KPUTCPHUCB!

M= (k= TRY, h(xe) = SOOI

A (X)) = {A(X9) = 0.3557,A,(X7) = 0.4913,7\3(Xq) = 0.6812,0,(X9) =
0.5981,15(X%) = 0.4928,14(X?) = 0.6812};

MUHUMAaJIbHAs OTHOCUTENIbHAS OIleHKa: min A(X 1) = rI?EiI?(xk (X?)) = 0.3557.

A.(x4 —
BEKTOP npuopureToB kputepust P9(X) = {pg = /,ng q; Jk=1,K}:
k

P4 = [p3 = 1.9151,p3 = 1.3865,p3 = 1.0,p3 = 1.1389,p3 = 1.3824,p3 = 1.0];
OTHOCUTCJIbHAsA OI_ICHKa C COOTBCTCTBYIOIIIUM BCKTOPOM IIPUOPUTCTOB:

A (X * P = (p} 1y (X) = 0.6812,p3 « 75 (X) = 06812, + 15(X)
= 0. 6812 p3 % 1, (X9) = 0.6812, p3 * As(X9) = 0.6812,p3 * 1,(X7) = 0.6812}
MHHHUMAJIBHAA OTHOCHUTCJIbHAsA OLICHKaA: 7\,00 =

min(piiy (X9, p31p (X9, pIs (XD, DIAa(XD), P35 (XD), Ds(X)) = 0.6812
AHaNIOTHYHO MOTYT OBITh MOJy4eHbI Apyrue Touku [lapeto X7 = {47, X }e S°
Ananus pesynomamos. Paccunrannas senuuuna fu(X7) = 78.3,q = 3€K 00b4HO He paBHa

3afannoi f;, = 80. Ommbka BwiOOpa Af; = |f5(X{) — fq| =178.3 —80] = 1.7 onpenensercs

omuOKoi uHelHoH annpoxcumamuu: Afgy, = 0.2%. Ecim ommbka  Af, = |fo(X7) — f4l =

A fq

|78.3 — 80| = 1.7, u3mepeHHas B HaTypaJbHBIX €IMHULAX WM B MPOLEHTAX Afge, = r * 100 =
q

0.2%, Gomnbme 3anannoi Af, Af, > Af, To nepexonum x mary 2, eciu Af, < Af, T0 BeIUMCIEHUS
3aBepiuatorcs. Koney.

B mpornecce moaennpoBaHust MOTYT OBITh H3MEHEHBI ITapaMeTpuieckue orpanudenus (3.29) u
(GYHKIHH, T. €. TOJIYYCHO HEKOTOPOE MHOXKECTBO ONTHUMAIBHBIX pemieHuid. M3 3Toro MHOXecTBa
ONITHMANIBHBIX PEIICHWH BBIOMpAaeM OKOHYATEIbHBIH BapHaHT (IpoLecC NMPHHATHA pemieHuii). B
HallleM TpUMepe OKOHYATEebHBIM BapHaHT BKIouaeT mapameTpsl: X0 = {X°,1°} = {X° = {x; =
61.188,x, = 12.219,x; = 4.591,x, = 2.0, 4° = 0.5196},

napaMeTpbl TEXHHYECKOM CUCTEMBI IIPH 331aHHOM IIPHOPUTETE KPUTEPHUSI:

g=3: X7 = {x; = 69.169,x, = 7.035,x3 = 3.492,x, = 4.545}.

3.3. bnok 3. Hceneodosanue, zeomempuueckas unmepnpemavyusn N-mepnozo npocmpancmea
6 2-x MmepHOoe u 6blOOp ONMUMATIBLHBIX RAPAMEMPOE CHONHCHOU MEXHUYECKOU CUCHmeMbl 6
MHOZOMEPHOU MamemMamuxe.

bnok 3 Bkiaroyaer 2 dTama: & JTall UCCIENOBAaHWSA B OTHOCHUTEILHBEIX €IUHHUIAX: 9 3Tam
UCCIIeIOBaHUS B (PM3MUECKUX CAMHUIIAX.

3.3.1. 8 aman. ['eomempuueckas unmepnpemayus pe3yiomamos peueHus: 8 OMHOCUMENbHbIX
eOUHUYax npu NPOEeKMUpOB8aAHUY MeXHU4ecKol cucmemsl nepexooa om N-mepHo2o k 08yxmepHomy K
npoOCMpancms).

['eomeTpuueckas HMHTEPNPETALMIO PE3YJIbTATOB PELICHUS] B OTHOCHTENBHBIX EJHHUIAX
MPEJCTaBUM, BO-TIEPBBIX, Ha npumepe ¢yHKuuit A4(X), A3(X), BO-BTOPBIX, OTJAENBHO HA IpUMEpE
bysxmmi A3 (X) u A4 (X).

1. Hccneoosanue ghpynkyuii A4(X), A3(X) Ha MakcUMyM.

[lpr wuccrenoBaHWM TAapaMeTPOB TEXHWYECKOH CHCTEMBI  Ha MHOMKECTBE TOYEK S,
o0pa3zoBaHHbBIX orpaHuueHusIMHU (3.45)-(3.46), Toukn ontumyma X7, X5, X3, X;, X<, X¢, Ooka3aHHBIC
Ha puc 1, 0ObeIMHEHBI B KOHTYP W TPEICTABISIOT MHOXECTBO TOYEK, ONTUMalbHbBIX 1o [lapero,
§°c S. KoopauHaThI 3TUX TOYEK, @ TAK)KE XaPaKTEPUCTHKH TEXHUUECKON CHCTEMbI B OTHOCHTEIILHBIX
emuHANAX A1 (X), 4,(X), A3(X), 24(X), A5(X), 1¢(X)  mokazanbl Ha puc. 2 B JABYXMEPHOM
MPOCTPAHCTBE X; X5 M A, TJI€ TPEThS OCh A - OTHOCUTEIbHAS OICHKA.
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A-zadacha Vector Optimization L1, L3 criterion
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Puc. 5. ®yukuuu 1, (X), A3(X) u 1° B A-3a1aue B AByXMEPHON CHCTEME KOOPAUHAT X X3 U A U
reomeTpuyeckas uHrepnperanus A, (X), A13(X) B yeTbipex MEpHOH CUCTEME KOOPIUHAT X1 Xp X3 X4

['asiast Ha PUCYHOK 2, MBI MOXKEM TIPECTAaBUTh U3MEHEHUsI BceX QyHKuui Aq (X), ..., A6 (X) B
YEeTBIPEXMEPHOM  TNIPOCTPAHCTBE Xy, ...,X4. JIs HarmsaHocTH BbIOEpeM JBe  HamOolee
npotuBopeunBsle GyHKIMH A4 (X), A3(X), nokasanHele Ha puc. 3, U MPEICTaBUM 3TH (YHKIHU
A1 (X), A3(X) na puc. 5.

Paccmorpum Ha Puc. 5 ontumanpHyto Touky X;. DyHkums Az(X) — B OTHOCHTENBHBIX
enuHuIax chopmupoBaHa u3 QyHKUMU f3(X) — B (QU3MUECKUX €IUHMIAX C MEPEeMEHHBIMU
KOOPJIMHATAMHU {X; X3} ¥ C TIOCTOSTHHBIMHU KOOPJIMHATAMH:

{x, = 12.219,x, = 2.0}, B3t U3 ontumaibHOi Touku X° (3.47). B Touke X3 oTHOCHTENIbHAS
oueHka Az (X3) = 0.7976 — nokaszaHa Ha puc. 5 YepHOI TOYKOIA.

Ho MBI 3HaeM, 4TO OTHOCHTENbHAS OIICHKA A3 (X3 ) moy4eHHas u3 yHkimn f3(X3) Ha TpeTheM
Iare paBHA eIMHHIE, 0603HaunMM ee kak A53(X3) = 1 — moka3aHa Ha pHC. 5 KpacHOH TOUKOA.
Pasnocts Mexay A5(X3) = 1 u A3(X3) = 0.7976 sBnserca ommoOkoit A=0.2024 mepexoma OT
yeTblpexMepHoil (a B obmem ciayyae N-MepHOi) k AByxMmepHO#M obnactu. CoeluHUM JTHHEHHOU
dyskimeii orHOcuTenbHbIe oneHky A° u A5(X3), nexanteit Mexry Toukamu X© u X;.

AHaorM4HO X3 TIPEACTaBUM TOYKY X; C COOTBETCTBYIOUIMMH OTHOCHTEIHHBIMH
onenkamu A, (X;) B xoopauHatax {x; X3} u A4(X}), monyueHHyI0 B KOOPAMHATAX {X; X; X3 X4}.
JIuneiinas GpyHknus, coenuusomas Touku A° u A4(X]) B OTHOCHTENBHBIX eIMHHUIIAX XapAKTEPU3YeET
¢bysKmo f;(X) B OTHOCHTENBHBIX SIMHHUIIAX B YETHIPEXMEPHOM H3MEPEHHUH APAMETPOB X1, ..., Xy4.

A B menom otpeskn A5(X) -A°- A53(X3) mpencTaBiAIOT reoMEeTPHYECKYI0 HHTEPIIOISIIIO
¢byskmmii f;(X) u f3(X) B OTHOCHTENBHBIX €IWHUIIAX B YETHIPEXMEPHOM HU3MEPEHUU ITapamMeTpoOB
X1, ) Xg.

2. Hccneoosanue ¢hynkyuin Aq(X),A3(X) oTmenbHO Ha MaKCUMyM UM MHHHUMYM
YETBIPEXMEPHOI CUCTEME.

Ilposedem uccnedosanue gyuxkyuii f;(X), npeacTaBIeHHYI0 B OTHOCUTEIBHBIX €IWHUIAX:
A4 (X), xoTopas nmoka3zaHa Ha puc. 6.
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A-zadacha Vector Optimization L1: N-Dimensional Optimization
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Puc. 6. ®yukuuu A, (X) u 1° B A-3a1aue B ABYXMEPHON CHCTEME KOOPAUHAT X X3 U A U
reomMeTpuyeckas uHreprnpetanus A, (X) B 4eThIpEXMEPHOI CUCTEME KOOPAUHAT X1 Xy X3 X4,
(BBIICIIEHO KPACHBIM I[BETOM).

Jlns oueHkH MakcuManbHOro A$(X;) = | 3HaueHHS TEpBOrO KPHUTEPHS B OTHOCHTEIBHEIX
eIMHMIAX B YETBIPEXMEPHOH CHCTeMe KOOpAMHAT {X; X, X3 X4), (BBLAEIEHO KPAaCHBIM I[BETOM)
HCIOJB3YIOTCSA, TOJMy4YeHHbIe Ha TpeThbeM Iare, gaHubie (3.33) marpumbl A(X™). us oueHku
muHuManbHoro AY(XY) = 0 3HayeHus mepBOro KpMTEpHsS B OTHOCHTENbHBIX EIMHUIAX B
YETBIPEXMEPHOH CHCTEME KOOPIHMHAT {X{ X, X3 X4), (BBICIEHO KPACHBIM LBETOM) UCIIOIB3YIOTCS,
HOyYeHHBIE Ha TpeTheM miare, fqannsie (3.33) matpuusl A(X©).

PasHocts mo maxcumymy Mexay AS(X;) = 1 (ueTwlpexmepHas cuctema) u Aq(X;) =
0.6399 (nByxmepHas cuctema) sBisiercs ommoOkoit A=0.3601 mepexona oT yeThIpexXMepHOH (a B
obmem cimyuae N-MepHOIT) K TByXMepHOi 00IacTH.

Pasnocts o MurEMyMy Mexay A5(XY) = 0 (ueTspexmepHas cuctema) u A (X?) = 0.6399
(mByxmepHas cuctema) siBisiercss omuokoir A=0.3601 mepexoma oT YeThIpexMepHOit (a B oOmeM
ciyuyae N-MepHOIt) K AByXMEpHOI 001acTH.

CoenuHuM JTHHEHHON (yHKIHMel oTHOcHTenbHbIe omeHkH AL(X;) A° u A4(XYD), nexameit
Mexny Toukamu X; X° m X2, A B memom otpeskm A5(X;) -1°- A3(XY) mpencraBnsior
TE€OMETPUUECKYI0 HHTepHosiuuio ¢GyHKuuid f1(X) B OTHOCUTENbHBIX enuHHMIAXx A.(X) B
YETBIPEXMEPHOM N3MEPEHHUH TTAPAMETPOB X1, ..., Xy4.

Ilposeoem uccnedosanue @yuxkyuu f3(X), TpenCcTaBICHHYI0 B OTHOCUTEIBHBIX €IWHUIAX:
A3(X), nokazaHHyto Ha puc. 7.
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A-zadacha Vector Optimization L3: N-Dimensional Optimization
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Puc. 7. ®yukuuu A3(X) u A° B A-3a7a4ue B ABYXMEPHOW CUCTEME KOOPJAMHAT X X3 U A U
reomeTpuyueckas uHTepnpetanus Az (X) B yeTbIpex MEpHOI cucTeMe KOOPAUHAT X1 Xy X3 X4,
(BBIIETIEHO KPACHBIM IIBETOM).

Jlns omeHkHM MakcuMmanbHOTo A3(X3) = | 3HAUeHMS TPEThEro KPUTEPUS B OTHOCHTETHHBIX
eNMHMIAX B YETBIPEXMEPHOH CHCTeMe KOOpAMHAT {X; X, X3 X;), (BBLAEICHO KPAaCHBIM I[BETOM)
WCTIONB3YIOTCS, TIONy4YeHHBIE Ha TpeTbeM Imare, mansble (3.33) marpumbl A(X™). Hdns oueHkn
muHuManbHoro A3(XJ) = 0 3HayeHus mepBOro KpuMTepHsS B OTHOCHTENbHBIX EIMHUIAX B
YEeTHIPEXMEPHOH CHCTeMe KOOPAMHAT {X; X, X3 X4), (BBIIEIIEHO KPACHBIM IBETOM) HCIIOJIB3YIOTCS,
HOJTy4YeHHbIE Ha TpeTheM miare, naHHble (3.33) marpums: A(X ).

PasHocTh 10 MakcumyMy Mexay A3(X3) = 1 (ueThipexmepHas cuctema) u Az (X3) = 0.3063
(mByxMepHasi cuctema) siBisiercs: omuokord A=0.6937 mepexoma oT 4yeTblpexMepHOH (a B o0IieM
ciyyae N-MepHOit) K IByXMEpHO# 001acTH.

Pa3HocTh o MuEEMYMY Mexay A3(X9) = 0 (ueThipexmepHas cuctema) u A3(XJ) = 0.7976
(mByxmepHasi cucteMa) siBisiercss omuokoit A=0.6937 mepexoma oT 4eTbIpexMepHOil (a B 0OIeM
ciydae N-MepHOIf) K AByXMEpPHOH 00IacTH.

CoennHuM nHHeHHONH (yHKIHMeH oTHOCHTenbHBIE oneHKHM A3(X3) 1° m A5(XY), nexameit
Mexay Toukamu X; X° um X9, A B memom ortpesku A53(X3) -A°- A5(X?) mpemcraBmsior
TE€OMETPUYECKYI0 HHTEpPHOSIIUI0 (QyHKUMH f3(X) B OTHOCHTENbHBIX enuHMIAX Az3(X) B
YETBIPEXMEPHOM U3MEPEHHH TTAPAMETPOB X1, ..., Xy4.

Takum obpazom, BIIEpBbIE B OTEYECTBEHHON U 3apyOEKHON NMPaKTHUKE MOKa3aH IMePexo]l U ero
reoMeTpuueckas nuTepnperaus oT N-MepHOro K AByXMEpHOMY U3MEPEHHIO (PYHKIIMU B BEKTOPHBIX
3aauax MaTeMaTHIEeCKOTO MPOTPAaMMHPOBAHUS C COOTBETCTBYFOIIUMHE OITMOKAMH amIpOKCHMAITHH.

3.3.2. 9 aman. I'eomempuueckas unmepnpemayus pesyibmamos pewenuss B3IMII — moodenu
MEeXHUYeCKol cucmembvl npu NPOEKMUPOBAHUU 8 MPEXMEPHOU cucmeme KOOPOUHAm 6 u3udecKux
eOuHuuax.

Ha msiTom mare anroputMa Mbl pacCUnTaIIH ApaMETPhl TOYKH ONTHMyMa IPH PAaBHO3HAYHBIX
KPHTEPHAX: X° ={X° L%} ={X° ={x; = 61.188,x, = 12.219,x5 = 4.591,x, = 2.0, 1° =
0.5196}. IlpencraBunu X° B OIBYXMEpHOW CHCTeMe KOOPIMHAT X, X, Ha Puc.l u B TpexmepHOH
cUCcTeMe KOOPJMHAT X4, X, U A B OTHOCHUTEJIBHBIX €AMHUIAX Ha pHC. 2, 3, 4 IpU MPOESKTUPOBAHUH.
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Paznmen JKypHaia: MaremaTuyecKkre U eCTECTBEHHEIC HayKH
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Ha Puc.5 moxaszanbl: Touku ontumyma X;, X3, C COOTBETCTBYIOIIMMH OTHOCHUTEIHHBIMU
omenkamu Ay (X7) A5(X7), A3(X3) A5(X3) w mumeiimple ¢ymkmmm A°A3(X7), 2°15(X3) B
OTHOCHUTEINIBHBIX €IUHMIIAX, KOTOpble XapakrepusyeT QyHKuuio f;(X) ,f3(X) B ueTblpexmMepHOM
M3MEPEHUU TTaPaMETPOB X, ..., Xg4.

Hccrneqyem W mpencTaBUM 3TH MapaMeTpbl A KaKIOH XapaKTEePUCTHKH TEXHHUECKOM:
f1X), £(X), f3(X), fo(X), f5(X), f6(X) B pusuueckux eounuyax.

9.1 sman. ['eomempuueckas unmepnpemayus pe3yrbmamog pewenus B3MII — nepeoii
XapakmepucmuKky mexHuyecKoll Cucmemsl npu nPOEKMupO8aHuu 8 QusuUUecKkux eOuHuyax.

IlepBasi xapakTepuCTHKa TeXHHUYeCKOW cucteMmbl f;(X) chopmupoBana B pasgene 3.1.4:
max f;(X)=269.86 — 1.8746x; — 2.9115x, + 8.9389x; + 10.936x, + 0.0807x;x, —
0.0517x;x3 — 0.1413x;x, + 0.0619x,x; — 0.0868x,x, + 0.003x5x, + 0.0119x? +
0.0098x% — 0.2028x3 — 0.4188x7%, (3.23)

[IpencraBuM reoMeTpudeckyro uHTeprnperauuio Gpynkuun f;(X) B GU3HYSCKUX SIUHHUIAX C
MEpEMEHHBIMHI KOOPIUHATAMH {X; X3} ¥ C IOCTOSSHHBIMU KOOopAMHaTamu {x, = 12.219,x, = 2.0},
B3sIThIC U3 onTuMaibHOM Touku X (3.47) Ha puc 6.

Koopaunate! Toukn Mmakcumyma X; = {x; = 46.7636,x3 = 8.0} (Ha puc. 6 o003HaUYeHa KaK
X1lomax). Benmmuuna neneoit pynkmuu F;'=FX1omax = 270,4.

Koopauuatsl Touku muammyma X = {x; = 80.0,x; = 2.0} (sa puc. 6 obo3HayeHa Kak
X1omin). Benuuuna nenepoit pynxiuu FY=FX1lomin = 246.6.

Koopaunater Toukn X° = {x; = 61.188,x3 = 4.591} (Ha puc. 6 o6o3HaueHa kak X100).
Benwnuuna neneBoit pynkiuu f; (X°) =FX100 = 252.5.

Touku onTuMyma: X{ C YETBIPbMs MapaMETPaMH pacCYMTAHbl HA mare 1 W BEJIWYUHON
xputepus f;* = f1(X7) = —323.9; Touka X{ ¢ BenmMuMHOI KpuTEpUS

2 = fi(X?) = —175.15 — na pucynke ob6o3nauens! (f2(X3), fL(XD).
JInneitHast GyHKIMA, coeuHsiomas Touku f; (X°) u f£(X;) B QU3MUeCKUX SANHNNAX XapaKTEPU3yeT
¢y f; (X) B 4eThIpeXMepHOM H3MEPEHHH MAPAMETPOB Xy, ..., X4. A B 1eniom oTpeskn [ (X;) -
f1(X°)- fFA(X?) mpencTaBasIOT reoMeTpHYECKYIO MHTEPIIONAIHIO GyHKIHH f; (X) B 4eTHIpeXMepHOM
WU3MEPEHHUH TTaPAMETPOB X1, ..., X4.

Function F1->max in Vector Optimization problem
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Puc. 6. @yukuus f; (X) B AByXMepHOI cHCTEME KOOPIHMHAT X; X3 M F€OMETpHUYECcKast
unaTeprnperanus Gyuknun f; (X) B cucTeMe KOOPIAUHAT X1 X, X3 X4
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9.2 aman. ['eomempuueckas unmepnpemayus pe3yibmamos peweHus B3MII — emopoit
XapakmepucmuKky mexHu4ecKou CUcmembl npu NPOeKmupoO8aHuU 8 Qu3UIecKux eOuHUYax.

Bropass xapakTepucTHKa TeXHHUYECKON cucteMbl f,(X) mpeacraBieHa B pasmene 3.1.4:
min f,(X)=795.72 +23.89x;+30.866x, -25.8586x; -45.0026x, -0.7683x;x, +0.4703x;x3
+0.7472x,x,-0.1283x,x3+0.3266x,x,-0.0112x5x,+0.0398x2+0.0365x2 +3.2x5+2.6457x%, (3.26)

[IpencraBuM reomMeTpuueckyro uHTeprperannio GyHkiuo f,(X) B Qusnueckux equHUIAX C
MepEeMEHHBIMI KOOPAWHATAMHU {X; X3} W C NMOCTOSHHBIMU KOOpAHMHaTamMu {Xx, = 12.219,x, = 2},
B3ATBIC U3 ONTUMaJIbHOM ToukH X © (3.47) Ha puc.7.

Koopaunatel Toukn makeumyma X; = {x; = 25.0,x3 = 4.98} (na puc. 7 obo3Ha4yeHa Kak
X2omax). Bennunna nieneBoii ¢pynknun F, =FX20max = 1696.7.

Koopaunatel Touku mMuaumymMa X? = {x; = 80.0,x; = 8.0} (na puc. 7 o6o3HaueHa Kak
X20min). Benuuuna nenesoit pynxiuu FR=FX2o0min = 3548.08.

Koopmunater Toukn X° = {x; = 61.188,x3; = 4.591} (na puc. 7 obo3HaueHa kak X200).
Bennuuna neneBoit gpynkun f, (X °)=FX200 = 2308.6.

Touku onTmMyma: X, C 9YETBIpbMs IMapaMeTpaMH pPAcCUMTAHbl Ha mIare | W BEITMYWHOU
xputepus f, = f,(X3) = 1696.7; Touka X2 ¢ BeJIUIUHOM KpUTEPHS

2 = £,(X9) = —3548.08— na pucynke o6o3nauensl (f£(X3), fA(Xd).

Function F2->min in Vector Optimization problem
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Puc. 7. ®yukius f,(X) B AByXMEpHOU CHCTEME KOOPIUHAT X; X3 W F€OMETPHUECKas
unaTeprnperanus GyHkiun f,(X) B cucTeMe KOOPAUHAT X1 Xy X3 X4

JIuneitnas ¢yskuus, coenuHsomas Touku f5(X°) u fA(X;) B dusMueckux emuHHMIAX
xapakTepusyer GyHKIHIO f5(X) B 4ETBIPEXMEPHOM H3MEPEHHUH MapaMETPOB Xi, ..., X4. A B IIEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBasroT reoMeTpUUYeCcKy0 HHTEPIONSIMIO QYHKIHH f, (X)
B YETHIPEXMEPHOM U3MEPEHHUH MaPaMETPOB X1, ..., Xg4.

9.3 aman. I'eomempuueckas unmepnpemayus peuterusi B3MII — mpemuweii xapakmepucmuxu
MEeXHUYEeCcKOoll CUCTNeMbl NPOEKMUPOBAHSL 8 PU3UYECKUX eOUHUYAX.

Tperbss XapakTepHCTHKA TeXHHYECKOW cucTeMbl f3(X) chopmupoBana B pasumene 3.1.4:
max f3(X)=39.7581 +0.6598x; +0.4493x; -0.3094x; -1.8334x, -0.0110x;x, -0.0069x;x; +
0.0161x;x,4-0.0143x,x3+0.0134x,x,-0.0005x5x,-0.0003x%-0.0002x2+0.0279x2+0.1033x%, (3.24)
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[IpencraBiuM reoMeTpuvecKyr uHTeprnperauuo GyHkiun f3(X) B QU3MUECKUX STUHHUIAX C
NEpEeMEHHBIMHI KOOPIUHATAMH {X; X3} ¥ C IOCTOSTHHBIMU KoopAMHaTamu {x, = 12.219,x, = 2.0},
B3sIThIC U3 onTuMaibHOM Touku X (3.47) Ha puc 8.

Koopaunater Toukn makcumyma X; = {x; = 80.0,x3 = 2.0} (Ha puc. 8 oOo3HaueHa Kak
X3omax). Benmnunna nienesoii pynkmun F; =FX3omax = 91.25.

Koopaunatel Toukn MuHMMyma X3 = {x; = 20.0,x; = 8.0} (na puc. 8 o6o3HaueHa Kak
X3omin). Benuuuna nenepoit gpynxiuu fL=FX3omin = 50.1.

Koopaunater Toukn X° = {x; = 61.188,x3 = 4.591} (Ha puc. 8 o6o3HaueHa kak X300).
Benuuuna nenesoii ¢pynkimn f3(X°) =FX300 = 71.7.

Touku omTuMyma: X3 C 4YETHIpBMs MApaMEeTpaMH pacCUMTaHbl Ha mare | W BEIUYUHON
kputepus f5 = f3(X3) = —91.25; Touka X2 ¢ BeJIMUUHOM KpUTEpHs

2 = £,(X2?) = 50.57 — na pucynke o6osnauensl (f£(X3), fA(X).

Function F3->max in Vector Optimization problem
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Puc. 8. ®yukiust f3(X) B AByXMepHOU CHCTEMe KOOPIUHAT X; X3 W F€OMETPHUECKas
unTepnperanus GyHkiun f3(X) B cucteMe KOOPAUHAT X1 Xy X3 Xy

Jluneiinas QyHKUMA, coemuHsAOmas Toukd f3(X°) u fA(X3) B (u3MUeckMX eaMHMIIAX
xapakTepusyer GyHKIHIO f3(X) B 4eTBIpEXMEPHOM M3MEPEHUH MapaMeTPOB Xi, ..., X4. A B IEJIOM
otpeskn fL(X7) -f3(X°)- fA(XT) mpencTaBaaroT reoMeTpUYecKy0 HHTEPIONSIMIO QyHKIHH f3(X)
B YETHIPEXMEPHOM U3MEPEHUHU MTAPAMETPOB X, ..., Xy4.

9.4 sman. ['eomempuueckas unmepnpemayus pe3yibmamos pewenus B3IMII — uemeepmoii
Xapaxmepucmuxu mexHuyeckol cucmemsl npu NPOEKMuposaHuu 8 hu3U4ecKux eOUHUYax.
YeTBeprasl XapaKTEpPUCTHKA TEXHUUYecKoi cucrtembl f,(X) mpeacraBiena B pasmene 3.1.4:
min f,(X)=17.5032 -0.0081x; -0.7005x, -0.3605x; +0.9769x, +0.0138x;x, +0.0708x;x; -
0.0001x; x,+0.0436x,x5+0.0002x,x,+0.0005x3x, -0.0018x7+0.0029x3+0.005x2-0.0259x%, (3.27)

[pencraBuM reoMeTpUYECKy 0 nHTepnperaruio GyHkuuio f,(X) B pU3MUISCKHX eAUHHIAX C
MEpEeMEHHBIMHI KOOPIUHATAMH {X; X3} ¥ C IOCTOSIHHBIMU KoopAuHaTamu {x, = 12.219,x, = 2.0},
B3sIThIC U3 onTuMasibHOM Touku X (3.47) Ha puc 9.

Koopaunatel Toukn mMakcumyma X; = {x; = 20.0,x3 = 2.0} (Ha puc. 9 oOo3HaueHa Kak
X20max). Benmnuuna neneBoit pynkmuu F, =FX4omax = 10.815.
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Koopaunatel Toukd MuHAMyMa X9 = {x; = 62.71,x; = 6.39} (na puc. 9 06o3HaYeHa KaK
X4omin). Bennuuna nenesoit pyukiun F; =FX4omin = 61.35.
Koopmunatel Toukn X° = {x; = 61.188,x3 = 4.591} (na puc. 9 obo3HaueHa kak X400).
Benunuuna neneBoit pyukiuu f (X°) FX400 = 35.1.
Touku onmTuMyma: X; C 4YETHIpbMs MapaMeTpaMH pacCYMTaHbl Ha mare | W BENTUYMHON
xkputepus f;' = fo(X;) = 10.815; Touxa X ¢ BemMuMHON KpUTEpUS
2 = f,(X)) = —61.35- na pucynke o6osnauens (£ (X;), f2(X2).
Function F5->max in Vector Optimization p_{.'oblﬁgm
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Puc. 9. ®ynkuus f,(X) B IByXMepHOit CHCTeMe KOOPAMHAT X; X3 K '€OMETpUYECKast
unaTepnperanus Gyakiwn f,(X) B cHcTEeMe KOOPIMHAT Xq Xy X3 X4

JIuneitnas dymkiusa, coemuusiomas Toukd f,(X°) m fA(X}) B dusmueckux emMHHIAX
xapakrepusyeT GyHKIHIO f,(X) B U4eTBIpEXMEPHOM M3MEPEHUH MapaMeTPOB Xi, ..., X4. A B IIEJIOM
orpeskn f2(X}) -f2(X°)- fA(X?) npencTaisioT reoMeTpUYeCKy0 HHTEPIIONSINIO0 QYHKIHH f5 (X)
B YETHIPEXMEPHOM M3MEPEHUH MTAPAMETPOB X1, ..., X4.

9.5 aman. ['eomempuueckas ummepnpemayus pezyiomamos peuienuss B3MII — namoii
Xapakxmepucmuxku mexHuueckou cucmembvl RPU NPOEKMuUposaHuU 8 Pu3uieckux eOUuHuYax.

IlaTass XapakTepucTHKa TeXHHUYECKON cucteMbl f:(X) chopmupoBana B pasmene 3.1.4:
min f;(X) = 886.27 + 26.28x; + 33.95x, — 27.445x5 — 49.5x, — 0.8451x,x, + 0.5173x,x3 +
0.8219x;x, — 0.1411x,x3 + 0.3593x,x, — 0.0123x3x, + 0.0438x% + 0.0401x2 +
3.5281x3 + 2.9103x3}}, (3.28)

IpencraBuM reoMeTpudeckyro uHTeprnperannto Gpynkuun f;(X) B QU3MUSCKUX SITUHUIAX C
MepEeMEHHBIMHI KOOPIUHATAMH {X; X3} ¥ C IOCTOSIHHBIMU KoopAuHaTamu {x, = 12.219,x, = 2.0},
B3sIThIC U3 onTuMaibHOM Touku X © (3.47) Ha puc 10.

Koopmunatel Toukn makcumyma X = {x; = 25.2,x; = 4.8} (na puc. 10 obo3Ha4yeHa Kak
X50max). Benmnunna neneBoit gpynkimu Fe =FX50max = 1882.3.

Koopmunatel Toukn muaamyma X0 = {x; = 80.0,x; = 8.0} (na puc. 10 06o3HaueHa Kak
X1omin). Beauuuna nenesoit gpynkuuu fo=FX50min = 3921.8.

Koopmunater Toukn X° = {x; = 61.188,x3 = 4.591} (na puc. 10 obo3nayeHa kak X600).
Benwnuuna neneBoit gpynkiun f5(X°) =FX500 = 2555.1.
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Touku onrtiMyma: X; ¢ YETHIPbMS MapamMeTpaMH PAacCUUTaHbl Ha miare 1 W BETHMYMHOMN
kputepus fo = fs(X2) = 1882.3; Touxa X9 ¢ BenmuuuHOI KpUTEpHS
9 = f.(X2) = —3921.8 — na pucynke o6o3nauens! (f2(X3), f2(X).

Function F5->max in Vector Optimization problem
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Puc. 10. ®yukuus fz(X) B IByXMEpHOIi CHCTEME KOOPAUHAT X; X3 W F€OMETPUUECKas
uaTepnperanus GyHkiun f;(X) B cucTeMe KOOPAUHAT X1 Xy X3 Xy

JIuneitnas Qynkims, coeauHsiomas Toukd f5(X°) m fO(XZ) B dusmdeckmx eamMHMIAX
xapaktepusyeT QyHKIu f5(X) B 4eTBIpeXMEPHOM U3MEPEHUH ITAPAMETPOB X1, ..., X4.

A B ienioM otpesku fE(X2) -f5(X°)- f&(X9) npeacTaBasioT reoMeTpHUECKY 0 HHTEPIOIALMIO
¢byskimu f5(X) B 4eTHIpEXMEPHOM U3MEPEHUU TTAPAMETPOB X1, ..., Xg4.

9.6 yman. ['eomempuueckas umnmepnpemayus pesyromamod peuienuss B3IMII — wecmoti
Xapakxmepucmuky mexHuyecKol cucmemol NPU NPOEKMUPOBAHUYU 8 PUULECKUX eOUHUYAX.

[llecTass xapakTepUCTHKAa TEXHUUYECKOW cucteMbl fg(X) mpexcraBiena B pasgene 3.1.4:
max f¢(X) = 41.758 + 0.6598x; + 0.4505x, — 0.3094x; — 1.8334x, — 0.011x;x, —
0.0069x;x3 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x3x, — 0.0003x? —
0.0002x2 + 0.0279x3 + 0.1033x%}, (3.25)

[pencraBMM reOMeTPUUYECKYIO HHTEpIpeTanuio GQyHKIHo fi; (X) B QuU3HUECKUX eTUHUIAX C
NepEMEHHBIMH KOOpPAWHATAMH {X; X3} ¥ C IIOCTOSIHHBIMU KOOpAMHAaTaMu {x, = 12.219,x, = 2.0},
B3sThIC U3 onTUMaabHOU Touku X (3.47) Ha puc 11.

Koopaunatel Toukn makcumyma X = {x; = 80.0,x; = 2.0} (uma puc. 11 oOo3HaueHa Kak
X6omax). Benmuunna neneoit gpynkmmu Fg =FX60max = 93.25.

Koopausatel Toukn MuHEMyMa X¢ = {x; = 20.0,x; = 8.0} (ua puc. 11 oGo3HaueHa Kak
X60min). Benuuuna nenesoit pynkiuu fX=FX60min = 52.604.

Koopmunatel Toukn X° = {x; = 61.188,x3 = 4.591} (na puc. 11 obo3nayeHa kak X600).
Bennuuna neneBoit pynkiun fq (X °)=FX200 = 73.7.

Touku onTrMyma: Xg C 4YETBIpbMs TMapaMeTpaMU pPACCUMTAHbl Ha MIare | W BEITUYWHOU
kputepus fo = f,(X;) = —93.25; Touka X2 ¢ BeJIMUUHON KpUTEPHS

2 = fo(X2) = 52.604— na pucynke o6o3nauensl (f2(Xg), fA(X2).
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Function F6->min in Vector Optimization problem

100 ~

E3

Puc. 11. ®yukuus fg(X) B IByXMEpHOIi CHCTEME KOOPAUHAT X; X3 W FeOMETPUUCCKas
unTeprnperanus GyHkiun fi (X) B cucTeMe KOOPAUHAT X1 Xy X3 Xy

Jluneitnas dynxmms, coemuHsiomas Touku fo(X°) u fA(X5) B (usMyeckmx emuHMIAX
xapakTepusyer GyHKIHIO fg(X) B 4ETBIpEXMEPHOM M3MEPEHUH MapaMeTPOB Xi, ..., X4. A B IIEJIOM
otpesku fE(XZ) -f5(X°)- fA(XQ) npencTaBIsIOT TeOMETPHYECKYIO HHTEPIOIAIMIO QYHKINHU f5(X)
B YETBHIPEXMEPHOM MU3MEPEHUH MAPAMETPOB X1, ..., Xg4.

B cosoxkynnocmu, mpenctaBieHa BepCHsl MPOrPAMMHOTO OOECIEYCHHS MOJICITHPOBAHHS
TEXHHYECKOH CHCTEMbI B MHOTOMEPHOH MaTeMaThKe BBIJAeT CIEAYIOIIME PEe3yJbTaThl: TOYKa
ontuMyma - X °;

xapaxtepuctiku (kpurepun) F(X?) = {f1(X°), /,(X°), f3(X°), fa(X°), f5(X°), fs(X*)};

otHocHuTeNnbHBIE OMEHKH — A(X?) = {A;(X?), A, (X?), A3(X?), s (X?), hs(X°), Ae(X°)};

MaKCHMalbHY0 OTHOCHTENbHYO OlleHKY - A, Takyro uto A°< A, (X°) Vk € K.

TOYKY ONTHMYyMa C IPUOPUTETOM (-T0 Kputepus — X 7,

xapakrepuctuku (kputepun) — F(X7) = {f1(X9), /,(X9), f3(X9), fo(X), fs(X), fe(XD};

otHocuTeNbHBIE OLEeHKH — AM(X?) = {A1 (X9), A, (X D), A3 (X D), Xt (X9), As (X D), g (XD };
MAKCHMAJIbHYIO OTHOCHTENbHYIO orierky A%, Takyto uto A°’<p{ & (X9),k = LK.

4. BpI0Op ONTHMAJIBHBIX NAPaAMETPOB MATEPHAIA CJI0KHOH CTPYKTYPbI B YCJIOBHSAX
ONpe/Ie/ICHHOCTH W HeOoINpeleJIeHHOCTH Ha 0a3e MHOrOMepHoOM mareMaTuku. YuciaeHHas
peanu3anus.

UucneHnHas peaqu3anysi BbIOOpa ONTUMAIBHBIX MTApaMEeTPOB MaTepHalia CI0XKHOM CTPYKTYpPbI
BBIIIOJIHSIETCS. B COOTBETCTBUHM C TEOPETUYECKMMU OCHOBAMH MHOIOMEPHOM MAaTE€MATHKH,
BKJIFOYAIOIIEN aKCHOMATHUKY, TPUHIIUAIIBI ONTUMAJIBHOCTHA U KOHCTPYKTUBHBIE METOIbIl MHOTOMEPHOU
MAaTE€MATHKU KaK IPYU PAaBHO3HAYHBIX KPUTEPUSX, TAK U NPU 3aJAHHOM NPHOPUTETE KPUTEPHUEB, B
COOTBETCTBUM pazzienoM 2. MeTooorus nporecca MNPUHATUS ONTUMAIBHOIO pelleHus (BbiOopa
ONTHMAJIbHBIX MAPAMETPOB) MH)KEHEPHOW CHCTEMBI, B TOM UHCIIE MaTepuaia CI0XHONU CTPYKTYpBHI,
n3JI0’)keHa B pasfene 2.5.2. PaccMmarpuBaeTcs 3amaya NPUHATHS PEILIEHUN B CIOKHOM CTPYKType
MaTepualia, O KOTOPOH W3BECTHBL: BO-TIEPBBIX, ITaHHbIE O (YHKIMOHAIBHON B3aMMOCBSI3U
HECKOJIbKUX XapaKTEPUCTHK C €€ KOMIIOHEHTaMHU (YC108Us onpedeneHHoCmu); BO-BTOPBIX, JaHHBIE O
HEKOTOPOM Ha0Ope IUCKPETHBIX 3HAYEHUH HECKOJIBbKUX XapaKTEPUCTUK (IKCIIEPUMEHTAJIbHBIC
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pe3yJIbTaThl), BO B3aUMOCBSI3M C JUCKPETHBIMH 3HAYCHUSMHU MAPaMETPOB — IKCICPUMECHTAIbHBIC
JTaHHbIC (YCosus  HeonpeoeieHHOCcmu); B-TPETbUX, OTPAaHMYCHHN, HAKJIAJbIBAEMBIX  Ha
(GYHKIIMOHMPOBAHUE MaTepuaia CIOXKHOW CTPYKTyphl. UHCIeHHas 3ajada MOJCIMPOBAHUS
MaTepHualia CIIOKHOU CTPYKTYPBI paCCMAaTPHBAETCS C PABHO3HAYHBIMH KPUTCPUSIMH U C 3aJaHHBIM
MIPUOPUTETOM KPUTEPHSI.

4.1. Bnok 1. @opmuposanue mexHuueckozo 3a0aHus u ROCMPOCHUE MAMEMAMUYECKOU U
yuciennou mooenu mamepuana cioxcuoii cmpyxkmypeut (the process of modeling of the structure
(composition) of the material).

[TepBblii 3Tal, a TAKXKE 3TAIl aHAJIK3a PE3YJIbTATOB PEIICHHS, BHIOOPA TPHUOPUTETHOTO KPUTEPHUS
Y €r0 BEIMYWHBI BBITIOIHICTCS KOHCHIPYKIOPOM MAMEPUANA C/10MHCHOU cmpyKmypbl. OcTallbHbIC
3TaIlbl BHIIOIHSIOTCS MAMEMAMUKOM - RPOZPAMMUCHOM.

4.1.1. 1 sran. Texnuueckoe 3adanue: «Bvioop onmumanvnvix napamempos mamepuana
CLOJHCHOU CIMPYKMYPbL)

Jano. Uccnemyercs CTpyKTypa MarepHuaia, KOTopas XapakTepU3yeTcsi YeThIPbMS
napameTpamu: Y = {y;,¥,, V3, V4}. 3HaueHUs Y MPEACTABIIAIOT BEKTOP YIIPABISEMbIX IIEPEMEHHBIX.
3aaHbl MapaMeTpbl CTPYKTYPhl MaTepUalia, KOTOPbIC H3MEHSFOTCS B CIICAYIONIMX MPEIeiax:

21<y,;<79; 5<5y,<59; 21<y;<9.0; 2.2<y,<7.0. (4.1)

OyHKIIMOHUPOBAHUE CTPYKTYPbl MaTepHajia OMNPEACISIOTCS YETBHIPbMs XapaKTePUCTUKAMU
(xputepusmu): H(Y) = {hy(Y), ..., hy(Y)}, BenmuunHa O1ieHKH KOTOPBIX 3aBUCHT OT ITapaMeTpoB Y =
V1, ¥2,¥3, 4}

Venosus onpedenennocmu. Jins nepBoit xapakrepuctuk: hq(Y) usBectHa (QyHKIIMOHAIBHAS
3aBHCUMOCTH OT mapametpoB Y = {y,, v = 1,V,V = 4}

h,(Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y; + 13.124y, + 0.0968y,y, — 0.062y,y; —
0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y3y, + 0.0143yZ + 0.0118y% — 0.2434y% —
0.5026x2, 4.2)

Venosusi neonpeoenennocmu. VI3BeCTHBI pe3ynbmamut IKCREPUMEHMATbHBIX OAHHBIX. TUTS
BTOPO#i, TpeThell U ueTBepToit XapakTepuctuku hy (Y), k = 2, 3, 4 11 COOTBETCTBYOMIUX BEIHYUH
napamerpos: Y = {y, = {y,;, i = 1,M},v = 1,V}.

Yucnossie 3HaUeHUs mapametpoB Y u xapakrepuctik h,(Y), h3(Y) npencrasnens: B Tab. 2.

Tabnuna 2. DKCHEpUMEHTAJbHBIC 3HAYCHUS TAPAMETPOB Yq,V,, V3, Y4 U XapaKTEPUCTUK
crpykrypsl Matepuana h,(Y), h;(Y), hy(Y).

yi | Yo | ys | ya | hoY) hs(Y) ha(Y)
20 0 2 2 1149.6 115.1 24.24
20 0 2 5 1164.0 114.5 27.60
20 0 2 8 1176.0 114.4 28.80
20 0 5 2 1212.0 118.8 30.00
20 0 5 5 1260.0 113.8 31.20
20 0 5 8 1257.6 113.3 32.40
20 0 8 2 1256.4 110.7 33.60
20 0 8 5 1252.8 109.2 34.80
20 0 8 8 1251.6 108.5 34.80
20 30 2 2 2143.2 128.3 19.92
20 30 2 5 2154.0 127.4 21.60
20 30 2 8 2163.6 126.8 25.20
20 30 5 2 2176.8 126.1 29.76
20 30 5 5) 2185.2 124.3 33.48
20 30 S) 8 2198.4 124.1 37.20
20 30 8 2 2211.6 123.9 39.48
20 30 8 5) 2232.0 121.4 42.00
20 30 8 8 2245.2 121.7 49.20
20 60 2 2 2954.4 150.4 15.60
20 60 2 5 2820.0 144.9 18.00
20 60 2 8 2772.0 140.8 21.60
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20 60 3) 2 2748.0 138.6 24.24
20 60 5 5 2832.0 140.8 28.80
20 60 5 8 | 2904.0 143.5 32.40
20 60 8 2 3022.8 146.0 35.16
20 60 8 5 | 3036.0 144.9 39.60
20 60 8 8 3056.4 143.8 44.88
50 0 2 2 | 3583.2 181.3 11.28
50 0 2 5 3601.2 180.8 14.40
50 0 2 8 | 3608.4 179.4 16.80
50 0 5 2 3616.8 179.1 21.12
50 0 3) 5) 3622.8 178.0 22.80
50 0 5 8 3637.2 177.6 27.60
50 0 8 2 | 3651.6 176.9 30.84
50 0 8 5 3672.0 175.3 36.00
50 0 8 8 36852 174.7 40.56
50 30 2 2 1195.2 123.6 52.80
50 30 2 5) 1212.0 118.7 60.00
50 30 2 8 1236.0 115.9 64.80
50 30 3) 2 1251.6 115.1 68.64
50 30 5 5) 1272.0 113.2 75.60
50 30 3) 8 1296.0 111.8 82.80
50 30 8 2 1318.8 110.7 88.08
50 30 8 5) 1344.0 108.2 97.20
50 30 8 8 1388.4 106.3 107.64
50 60 2 2 2176.8 132.8 40.56
50 60 2 5 2196.0 131.1 45.60
50 60 2 8 | 2220.0 129.7 52.80
50 60 5 2 2245.2 128.3 60.00
50 60 5 5 | 2286.0 127.0 67.20
50 60 5 8 2294.4 125.6 73.20
50 60 8 2 | 23136 123.9 79.44
50 60 8 5 2340.0 114.5 85.20
50 60 8 8 | 2382.0 119.5 99.00
80 0 2 2 2988.0 154.8 31.92
80 0 2 5 | 3012.0 153.2 36.00
80 0 2 8 3036.0 151.8 43.20
80 0 5 2 | 3056.4 150.4 51.36
80 0 5 5 3108.0 150.7 61.20
80 0 5 8 | 3156.0 151.2 72.00
80 0 8 2 3244.8 151.5 82.80
80 0 8 5 | 3228.0 144.9 86.40
80 0 8 8 3193.2 140.8 90.36
80 30 2 2 | 3616.8 185.7 23.28
80 30 2 5 3639.6 183.5 30.00
80 30 2 8 | 3660.0 182.2 36.00
80 30 5 2 3685.2 181.3 42.72
80 30 5 5 | 3708.0 179.4 48.00
80 30 5 8 3732.0 178.0 54.00
80 30 8 2 | 3753.6 176.9 62.16
80 30 8 5 3672.0 175.3 73.20
80 30 8 8 | 3822.0 172.5 81.72
80 60 2 2 1218.0 128.3 87.00
80 60 2 5) 1248.0 125.6 94.80
80 60 2 8 1272.0 124.2 103.20
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80 [ 60 | 5 | 2 [ 13188 | 121.7 | 116.16
80 | 60 | 5 | 5| 13440 | 1187 | 126.00
80 | 60 | 5 | 8 | 13920 | 1159 | 136.80
80 | 60 | 8 | 2| 14220 | 1151 | 14544
80 | 60 | 8 | 5| 14640 | 1104 | 156.00
80 | 60 | 8 | 8| 15240 | 1085 | 174.72
min yi(X), i=1,..., 81 1149.6 92.4 11.3
max yi(X), i=1,..., 81 38220 | 1615 174.7

B mpuHMMaeMOM pelICHWH, BEJIMYUHY OLICHKH IO TIEPBOM U TPETheU XapaKTEPUCTUKU
(KpHUTEepHsl) KeIaTebHO, MOMYYUTh Kak MOxHO Bbime: hy(Y) = max, h;(Y) - max; Bropoii u
YeTBEPTON KaK MOKHO HIke: h,(Y) — min, hy(Y) - min.

[Mapamertpst Y = {yy, V5, V3, 4} H3MEHSIOTCS B CIICYONINX TIPEICIIax:

y1 € [20.50.80.],y, € [0.30.60.],y; € [2.0 5.0 8.0],y, € [2.2 5.5 8.8]. (4.3)

XUMHYECKUI COCTaB Marepualia H3JeNusi omnpeaeisercs (Ha eauHuIly o0bema, Beca)
MPOLICHTHBIM COJIEP)KAHUEM HEKOTOPOr0 MHOKECTBA KOMIIOHEHT Marepualia, KOTOpbIE B CyMME
paBHBI CTa POIICHTAM:

orpanuudenue y, +y, + ys; +y, = 100. (4.4)

Tpebyemcsa. PazpaboTaTh MaTEMaTHUECKYIO MOJIENb CTPYKTYPBI MaTepraa B BUJIE BEKTOPHOM
3aJjaud MaTeMaTHYECKOro IMPOrpaMMUpPOBAHMA. 3ajJady BEKTOPHOH ONTHUMH3AIMUA PEIIUTh C
pPaBHO3HAYHBIMH XapPAaKTEPUCTHKAMU (KpUTEpUsiMH). BbiOpaTh M3 BCEro MHOXXECTBA KPHTEPHUCB
MPUOPUTETHBI KPUTEPUU. Y CTAHOBUTH YMCIICHHOE 3HAUCHHE MPUOPUTETHOTO Kputepus. Pemmrthb
3a7a4y BEKTOPHOW ONTUMH3ALUK M MPUHATH Hawiydmiee (ONTHMAIbHOE) pEIICHHE C 3a/JaHHBIM
MPUOPUTETOM KPUTEPHSI.

la sran. [locmpoenue mamemamuyeckoli Mooeiu CMPYKMypbl Mamepuanid 6 YCl08USAX
onpeoeeHHOCMU U HeoOnpeoeleHHOCMU 8 00ueM suoe.

IMocTpoenne MaTeMaTHYECKONH MOJAETH Ui MPHHSATHS ONTUMAIBHOTO YHPABICHYECKOTO
peleHust CTPYKTYpbl MaTepuaia moka3ano B pasgene 1.3. B coorBerctBum ¢ (1.25)-(1.29)
MPEJCTaBUM MaTeMaTHYeCKyl0 MOJENlb MaTepHalia B YCIOBHSAX OIPEICIIEHHOCTH B BHUJE 3aJaud
BEKTOPHOW ONTHMH3AIIHU:

Opt H(Y) = {maxH,(Y) = {maxhy (Y),k =1,K*/}, (4.5)
min Hy(Y) = {min by (¥),k =1, K, (4.6)

nipu orpannuenusx G(Y) <B, Yi_, ¥y(t) = 100%, 4.7
™ < h(Y) < Pk =1K, y"™ < y; < y"*,j =1,N, (4.8)

ne Y ={y;, j= 1,N} - BeKTOp yHpaBiIseMbIX NEPeMEHHBIX (KOHCTPYKTUBHBIX MapaMeTpOB);
H(Y) ={H,(Y) H,(Y)} - BEeKTOpHBI KpHTEpHii, KaXJasi KOMIIOHCHTa KOTOPOTO IPEICTABISIET
BEKTOp KpUTEpUEB (XapaKTEPHCTUK) MaTepHaia, KOTopble (pyHKIIMOHAIBHO 3aBUCAT Y - 3HAYCHHN
BEKTOpa MEePEeMEHHBIX;

B (4.8) K" <h, (V) <h*** k = 1,K — BekTOp-(yHKIMS OrPAHAYCHHUIA, HAK/IAIBIBAEMBIX HA
(YHKIIMOHMPOBAHUE MaTEpUAIa;

B (4.8) y}"ins Y <yj",j = 1, N — mapameTpudecKre OrpaHHueHHs.

[pennonaraercs, uto Gpynxiuu hy (Y), k = 1, K muddepennupyemst u Boimykisl, g;(Y), i =
1, M HenpephIBHBI, a 33[aHHOE OrPaHUIEHUAMH (4.9) MHOKECTBO JIOMYCTHMBIX TOYEK S He MyCTO 1
MPEACTABISAET COO0 KOMIIAKT:

S={YeR"|G(Y) <0,Y™M" <Y <Y™ma*} % @

4.1.2. 2 yran. Ilocmpoenue 4ucieHHoU mooenu CHMPYKMYpbl MAmMepuaila 6 yci08usx
onpeoeieHHocmu

[TocTtpoerne Monenu CTPYKTYpbl Marepuaja B YCIOBHUSX ONPEACICHHOCTH OIPEAesIeTCs
(YHKIIMOHATBHOM 3aBUCHUMOCTBIO KaXJOW XapaKTepUCTUKM, OrPAaHHYEHUH OT MapamMeTpoB
Marepuana. B Haiiem nmpumepe U3BeCTHBI Xapaktepuctuka (4.2), orpanuuecHus (4.1). Mcrnons3ys
nanubie (4.1), (4.2) MOCTPOMM YHCICHHYIO MOJEIb B BHJC BEKTOPHOW 3aJa4yd HEITHHEHHOrO
nporpammupoBanus (4.5)-(4.8) B ycJI0BUsIX OnpeIeIeHHOCTH:
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max hy (Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y; + 13.124y, + 0.0968y,y, —
0.062y,y5 — 0.169y,y, + 0.0743y,ys — 0.1042y,y, — 0.0036y5y, + 0.0143y2 + 0.0118y2 —

0.2434y2 — 0.5026y7, (4.9)
IPU OTPaHUYEHUSX: Y1 + Vo + Y3 + ¥y, = 100, (4.10)
21<y,<79,5£y,<59,21<y;<9.0,2.2<y,<7.0. (4.11)

OTH JaHHBIC B JAIbHEHUIIIEM UCIIONB3YIOTCS TP MOCTPOCHUH 0011Iel MaTeMaTUYECKOH MOIETTH
Marepuana (B yCIOBUIX ONPEICICHHOCTH M HEONPEACTICHHOCTH).

413. 3.1 oran. [Ilpeoopazosanue  IKCHEPUMEHMATbHBIX  OAHHBIX  (YC108UIL
HeonpeodeeHHOCmU) 8 OaHHble C PYHKYUOHATbHOU 3A8UCUMOCHIbIO (YC/108UL ONpedesleHHOCHU)
U nocmpoenue YUuc1eHHol mooenu

Ycnosus  neompedenennocmu  XapakTepuU3ylOTCS  TeM, 4YTO  HCXOJHBIE  JIaHHBIE,
XapaKTEPHU3YIOIINE UCCIEAYEMOTo 00bEKTa, MPEJICTABICHBI: a) CIIy4YallHbIMHU, 0) HEYSTKUMH, WUJTH, B)
HE TIOJIHBIMU JaHHBIMHU, T. €. B YCJIIOBUAX HEOIIPEIEICHHOCTH U3BECTHBI JIMILb KOHEYHOE MHOXKECTBO
Y U3MepeHHbBIX apaMeTpoB y = 1,V

Y, ={yu,,v=1,V},i=1,M,rne v=1,V - uncio KOMIOHEHT (TapaMeTPOB), U3 KOTOPBIX
MOKET OBITh COCTaBJIEH (M3rOTOBJIEH) MaTepuan, [ = 1,M — HOMEp M MHOXECTBO JaHHBIX; U
COOTBETCTBYIOILIEE MHOKECTBO K XapaKTepUCTHK:

hY, ={yw, v=1,V}4i=1,M),k =1,K.

[Toatomy 6 ycrogusx HeonpedereHHocmu OTCYTCTBYeT JOCTaTOuHas HHPoOpMAIUsS O
(YHKIIMOHATTBHONH 3aBUCHMOCTH KaXJIOM XapakTepUCTHKH W OTPaHHYCHH OT TapamMeTpoB.
HNudopmanroHHble JaHHBIC OMNIMK &) u D) mpeoOpasyroTcs B YHCIIOBBIE JaHHBIE OMIMH C) U
MpeCTaBIsAOTCS B TabmuuHoil ¢opme. B paborte paccmarpuBaercss omuusi C) uHpopMmanus c
HEMOJHBIMU JaHHBIMHU, KOTOPbIE, KaK MIPABUIIO, HOIYUEHbL 8 Pe3yibmame IKCnepuMeHma.

C yueToM M3MEpEHHbIX IapaMeTPOB Y, U COOTBETCTBYIOIIETO MHOXKECTBA K XapaKTEpUCTHK:

he(Yy, = {(yip, v=1,V},i=1,M),k=1,K [PEICTABIM MaTpHILy pe3yIbTaToOB
IKCIIEPUMEHTAIIBHBIX JIAHHBIX 110 UCCIEYEMOMY MaTepHay:
a1 Y1 = ¥11, Y12, Y13, Y14 ha (Y1), h3 (Y1), hy (Y1)
[=]| . |= : (4.12)

am Y = Ym1 Ymzr Yuz» Yuaha (Yar), hs(Yar), ha(Yay)
IIpeicTaBUM MaTeMaTHYECKYIO MOJIENb CTPYKTYphI MaTepuaa B yCJIOBHUSIX

HEOMPEIEIEHHOCTH B BUJIE BEKTOPHOM 3a/1aull MATEMATHYECKOTO TPOrPAMMHPOBAHHS:
Opt H(X) = {maxI;(Y) = {maxhy (Y;, i = 1,M)}", k =1,K}!"}, (4.13)

minl,(Y) = {minhy (V;, i = 1, M)}, k =1, K¥"}}, (4.14)
at restriction A < R (Y) < A9k =1,K, (4.15)
V1Y (t) = 100%, yM" <y, < y¥ p = 1,V, (4.16)

rae Y = {y,, v = 1,V} - BeKTOp yNIpaBIseMbIX HepeMEHHBIX (IIAPAMETPOB);

H(Y) = {[,(Y) I,(Y)} - BeKTOpHBIif KpUTEPHii, KaxKasi KOMIIOHEHTa KOTOPOTO MPEACTABISIET
BEKTOP KpUTEPHEB (BBIXOIHBIX XapaKTEPUCTUK HCCIIEyeMOro 00bekTa). Bennunna xapakTepucTuku
(byHKIMH) 3aBHCUT OT AUCKPETHBIX 3HaueHW# Bektopa mepemenusix Y. [;(YV) = 1, K™, I,(Y) =

1, K™ (uncertainty) — MHOXeCTBO KpUTepHeB Max W Min chopMHUPOBaHHBIE B YCIOBHUSIX
HEOMpeIeTIeHHOCTH;
B (4.15) hkmi" < h(X) < h** k = 1,K — BexTOp-(QyHKIHS OrpaHMYEHHH, HAKIAIBIBAEMBIX HA
(yHKIMOHMpOBaHHE HCCIEMyeMOro obbekTa, Yy <y, < y'**, v =1,V — nmapameTpuueckue
OrpaHUYCHUS UCCIIETYEMOro 00bEKTa.

4.1.3. 3.2 yran. Ilocmpoenue uucneHHoil mooeau CTPYKTYPBl Mamepuana 8 ycio8usx
HeonpeodeeHHoCmu

[TocTpocHHe YHUCIEHHONH MOJIENN CTPYKTYpPhl MaTepuaia B YCIOBHSAX HEONPEACAEHHOCTH
COCTOHMT B HCIOJIb30BAHUU KaYECTBCHHBIX U KOJMYECTBEHHBIX OMUCAHUM MaTepuaia, MoTydeHHbBIX
IKCIICPUMEHTAIBHBIX JaHHBIX 10 MPUHIUIY “BXOA-BbIX0a” B TabmuIe 1.

[IpeoOpazoBanue nHpopMaimu (MCXOHBIX JaHHBIX B Tabsuie 1):

h,(Y;,i = 1,M), h3(Y;,i = 1,M), h,(Y;,i = 1, M) B QyHKIHOHAILHBIA BU/I:
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h,(Y),h3(Y),hy(Y) ocymmecTBiasieTcss TyTeM HCIOJb30BAaHHS MATEMaTHYCCKHX  METOJIOB
(perpeccuonHoro ananuza). cxonusie nanubie Tabnuusl 2 chopmupoBansl B cucteme MATLAB B
BH/JIC MATPHIIBI:
I'=|Y,H| = {yi1,Yiz, Viz Viar hiz, iz, hig, i =1, M} (4.17)
Jns kaxkmoro Habopa SKCIEPUMEHTAIBHOTO MaHHBIX My, k = 2,3,4 crpoutcs QyHKIus
perpeccun MeToI0M HauMeHbIIMX KBaapatos min Y1, (y; — 3,)? B cucteme MATLAB. JI1s1 3T0r0
¢dopmupyercss monuHoM Ak, OTpEAETSIOMNN B3aUMOCBs3b mapamMeTpoB: Y; = {V;1, Vi2, Viz, Via} 1
obyukiuu y,, = h(Y;, Ax), k = 2,3,4 . PesyapraTtoMm sBasieTcsi cucTeMa Kod(pQHUIUCHTOB: Aj =
{Aok, A1k, -+ » A1ak }, KOTOPBIE OTIPEACTISAIOT KO GUIIMESHTH KBaPATHIHOTO MOJTMHOMA:

h(Y,A) = Aok + Ay + Aoy + Askys + AgVa + Ask Y1 Y2 + Aeky1Ys + Azyiya +

Agry2ys + AoyaVa + Arorysya + A1yt + A1akys + Avakys + Arayi k= 2,3,4. (4.18)
ITporpaMmHoOe obecredeHne MNoITMHOMHANBLHOMN alIPOKCUMAIIUK C YEThIPhMS IIEPEMEHHBIMU U

YETBIPHAIIATEIO (haKTOpamMu MpeAcTaBieHo B [44]. B urore skcriepuMeHTalbHBIE JaHHBIC TaOIUIIbI
1 mpeobpasyrores cuctemy kodppuienToB Tpex pyHkuuit Buaa (53) B Buae rabnuisl (IIporpamma:
Z_Material MMTT32_0s13_4Kk):

A0=[323.8408 954.8634 110.02 21.0051 % Ay (4.19)

-2.2495 28.6719 0.9106 -0.0101 %A

-3.4938 37.0392 0.6206 -0.8403 %A,

10.7267 -31.0303 -0.4287 -0.4314 %A;,

13.1239 -54.0031 -2.5176 1.1718 %A,

0.0969 -0.9219 -0.0151 0.0166 %As

-0.0621 0.5644 -0.0094 0.0850 %Ag

-0.1696 0.8966 0.0222 -0.0001 %A,

0.0743 -0.1540 -0.0198 0.0522 %Ag

-0.1042 0.3919 0.0184 0.0003  %Aq

0.0036 -0.0135 -0.0006 0.0006  %A;ok

0.0142 0.0477 -0.0004 -0.0021  %A;1k

0.0117 0.0437 -0.0003 0.0035 %A,

-0.2433 3.8489 0.0390 0.0061 %A 3

-0.5026 3.1748 0.1414 -0.0310]; %Aq4

Rj =[0.6115 0.7149 0.6551 0.9017];
RRj=[0.3740 0.5111 0.4292 0.8130];

Ha ocHoBe  Ao(2) Ao(3) Ao(4) crposites dynkiuu hy,(Y), hs(Y) u hy(Y), xoTopsie ¢
YYETOM TMOJYYEHHBIX KOIPGUIHEHTOB (4.19) SBISIOTCS YUCAEHHOU MOOenbl0 CMPYKHYpbl
Mamepuana é ycioeuax HeonpedeieHHOCmu.

Opt H(Y) = {max h3(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, —
0.008y;y; + 0.0193y;y, — 0.0172y,y; + 0.0161y,y, — 0.0006y;y, — 0.0004y? —

0.0002yZ + 0.0335y2 + 0.124y2, (4.20)

min h,(Y)=954.86 + 28.67y; + 37.03y, — 31.03y3 + 54y, — 0.922y,y, — 2y,y5 +
0.896y,y, — 0.154y,y5 + 0.3919y,y, — 0.0134y5y, + 0.0478y? + 0.0438y2 + 3.8489y7 +
3.1748y2, (4.21)

min h,(Y)=21.004 — 0.0097y, — 0.841y, — 0.4326y5 + 1.1723y, + 0166y,y, +

0.085y;y; — 0.0001y;y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +

0.0035y% + 0.006yZ — 0.0311y2}, (4.22)
NIPU OTPaHUYCHUSX: Y1 + Vo + Y3 + ¥, = 100, (4.23)
21<y,<79,5<y,<59,2.1<y5<9.0,2.2<y, <7.0. (4.24)

MuHUMaIbHBIE M MaKCHMajdbHbIE 3HAYEHHS OKCIIEPUMCHTAIBHBIX JTAHHBIX Vi, ..., Vs
NpeICTaBICHBI B HIKHEH YacT TaOauibl 2. MUHUMAIbHBIC U MAKCUMAJIbHBIC 3HAUCHHS (YHKIHI
hi(Y),h3(Y), h,(Y), hy(Y) He3HAUUTETBHO OTIIMYAIOTCS OT HKCIEPUMEHTAIBHBIX JaHHBIX. VHIEKC
KOPPEJSIUU U KOI(PPHUIHUCHTHI JACTCPMHUHAIIMKA TPEACTABICHBI B HIKHHUX CTPOKaX TaOJHUIBI 2.
Pesynbrathl perpeccuonnoro ananmuza (4.20)-(4.24) B janpHEWIIEM HCIONB3YIOTCS —TPH
HEOOXOMMOCTH MMOCTPOCHUS 00IIIeH MaTeMaTHYECKON MOJICITH MaTepHaa.
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4.1.4. 4 stan. [locmpoenue azpecupo8aHHOU MAMEMAMUYECKOU U YUCTIEHHOU MOOeu
CMPYKMypbl Mamepuaa 8 yCio8usx onpeoeieHHoCmu

OObenuHssT MaTeMAaTHYECKUE MOJICIH CTPYKTYPbl MaTepuaia B YCIOBUSAX OMPEIEIEHHOCTH
(4.5)-(4.8) u Heonpeaenéunoctu (4.13)-(4.16) npenctaBuM MaTeMaTHYECKYIO MOJICIIb MaTepraia B
YCIIOBUSX OMPEICTICHHOCTH U HEOMPEACIEHHOCTH B COBOKYITHOCTH B BH/IE BEKTOPHOM 3a/1auu:

Opt H(Y) = {maxH,(Y) = {maxh (Y),k =1,K '}, (4.25)
max I, (Y) = {maxh, (V;, i = 1, M)}T, k =1, K™}, (4.26)
min Hy(Y) = {min by (X), k =1,KJ, (4.27)

minI,(Y) = {minh, (Y;, i =1, M)}, k =1,K*}}, (4.28)

[IPY OTPaHUYCHUSAX
R < (V) < hP*k =TK, y"™ < y; < y™,j = 1N, (4.29)
rne Y ={y;, j = 1, N} - BeKTOp YNIpaBiIsieMbIX HepeMeHHBIX (KOHCTPYKTHBHBIX apaMeTPOB);

Hi(Y) = {he (V). k = LK}, Hy(Y) = {he(Y), k = 1, K} - MuoxecTBO dhymKmmii max
u min coorserctenno; I (Y) = {{he(Y;,i = 1, M)}, k = 1, K™ Ywm,  LL,(Y) = {{h(Y;,i =
1L,MY k=1, K3} - MHOXKECTBO MaTpuI max u min coorsercrBeHHo; (definiteness), K{™¢. K3*¢
(uncertainty) MHOXeECTBO KpUTEpHEB MaxX u MIiN copMUPOBaHHbBIE B YCIOBHUSIX OMPEICIICHHOCTH U
HEOIPEICIIEHHOCTH;

OObeuHss YUCICHHBIC MOJICIU CTPYKTYPhl Marepuaia B yCJIOBUsAX ompenesnéHHoctH (4.9)-
(4.11) u meonpenenénnoctu (4.20)-(4.24) npencraBuM YUCIOBYIO MOJIETh MaTepuaia B yCIOBUSIX
OIPEICTICHHOCTH U HEOIPEICICHHOCTH B COBOKYITHOCTH B BUJIC BEKTOPHOM 3a/1a4H:

opt F(X) = {max F; (X) = {max h,(X)=323.84 — 2.25y; — 3.49y, + 10.72y; + 13.124y, +
0.0968y,y, — 0.062y,y; — 0.169y;y, + 0.0743y,y; — 0.1y,y, — 0.0036y5y, + 0.0143y% +
0.0118y2% — 0.2434y2 — 0.5026yZ, (4.30)

max h;(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, — 0.008y,y; +
0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y3y, — 0.0004y7 — 0.0002y% + 0.0335y2 +
0.124y2}, (4.31)

min F; (X) = {min h,(Y)=954.86 + 28.67y, + 37.03y, — 31.03y; + 54y, — 0.922y,y, —
2y1y3 + 0.896y,y, — 0.154y,y; + 0.3919y,y, — 0.0134y,y, + 0.0478y? + 0.0438y> +
3.8489y2 + 3.1748y2, (4.32)

max h,(Y)=21.004 — 0.0097y, — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y, +

0.085y;y; — 0.0001y;y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +

0.0035y2 + 0.006y2 — 0.0311y2}}, (4.33)
NpY OTpaHUYEHUsX: y; + Vo + y3 + y, = 100, (4.34)
21<y,<79,5<y,<59,2.1<y;<9.0,2.2<y, <7.0. (4.35)

BekropHas 3amaga Mmarematuueckoro mporpammupoBanus (4.30)-(4.35) mnpencraBisieT
YUCIICHHYI0 MOJICNIb TPHHITHS ONTHMAJIBHOTO PEIICHHS CTPYKTYypbl MaTephalia B YCJIOBHIX
OTIPEJICNIEHHOCTH U HEOIPEICIEHHOCTH B COBOKYITHOCTH.

4.2. bnok 2. Memoodonocua npouecca NPUHAMUA ONMUMAIbHO20 peuienusn (evlioopa
ONMUMAIbHBIX NAPAMempos) cmpyKmypol mamepuana na éaze B3IMII

4.2.1. 5 sran. Pewenue B3MII - mooeru cmpykmypvl mamepuana npu PAGHOZHAYHLIX
Kpumepusx (peweHue npsamoul 3a0a4u).

Jlns  pemieHWss BEKTOPHBIX 3ajJad Marematudeckoro mnporpammupoBanus (4.30)-(4.35)
MIpe/ICTaBICHBl METO/IbI, OCHOBAHHbBIE Ha aKCHOMATUKE W MPHUHIIUIIA ONMTHUMAIBHOCTU 1. ANTOpUTM
MPEJICTAaBUM B BHJIC Psi/ia IIArOB.

Hlaz 1. Pemenne 3amaun (4.30)-(4.35) mo KakIOMy KPUTEPHIO OTICIBHO, TPU ITOM
ucnonp3yercs Gpyukuus fmincon(...) cucremsr MATLAB, ob6pamienne k ¢yukmuu fmincon(...)
paccmoTpeHo B [44]. B pesynbTate pacuera 1o KakaoMy KPUTEPHIO IMOIy4aeM TOUKU ONTHMYyMa: Yy
u h, = h (V) k = 1, K, K=4— BenuuuHbl KpUTEpHEB B 3TOM TOUKE, T. €. HAWIy4Ilee pelleHue 110
KaKJOMY KPUTEPHIO:

1. Y] ={y, =46.56,y, = 43.23,y; =8.0,y, = 2.2}, h; = hy(Y;") = —387.9;

2: Yy ={y; =55.60,y, =34.19,y; = 8.0,y, = 2.2}, h; = h,(Y;) = 13614,
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3:Y; ={y; =31.90,y, = 59.00,y; = 2.1,y, = 7.0}, h3 = h3(¥3) = —210.3;

4:Yy ={y; =36.70,y, = 59.00,y; = 2.1,y, = 2.2}, hy = hy(Yy;) = 30.714.

Orpannuenus (4.34)-(4.35) u Touku ontumyma X7, X5, X3, X; B koopauHartax {Xi, X2}
npenacTaBieHsl Ha puc. 4.1.

Set of Pareto on two-measure  plane: x1 - x3

8 T T
7tk
X 554.003*:
6 |
o>2 5 ©

VI
(22
x
VI

4 + o
X +..

3F

Xy
2 - T I I 1 1
30 35 50 55 60

40 45
30< x1<60
x1

Puc. 4.1. Muoxectso [lapero, $°c S, X7, X5, X3, X, B AByXMepHbIE CUCTEMBI KOOPAMHAT {X1, X2}

Ilaz 2. OnpenenseM HauXyIIIyI0 BeJIHUUHY Kaxk0r0 kputepus (antontumyMm): Y, u hp) =
he (Y9), k = 1,K, K=4. Jlna gero pemaetcs 3anada (58)-(62) mis kaxgoro kputepus k = 1,K; Ha
MUHHMYM, 15 Kaskaoro kputepus k = 1, K, Ha MakcumyM. B pesysbrare pereHus noaydum: Xp =
{x;,j = 1,N} - Touka onTMMyMa ITI0 COOTBETCTByIOLleMy Kkputepuio, k = 1,K; fko = fk(X,g) -

BeJIMYUHA K-r0 KpUTEpHs B TOUKeE, X, ,?, k = 1, K, (BepxXHHii HHIEKC HOJb):

Ylo = {y; =31.9,y, =59.0,y; = 2.1,y, = 7.00}, h = hl(Ylo) = 296.6;

Y ={y, =31.9,y, =59.0,y; = 2.1,y, = 7.},hd = h,(Y,)) = —2458.5;

Y30 = {y; = 78.16,y, =9.02, y; = 8,y, = 4.81}, hd = h3(Y3°) = 169.26;

Y40 ={y; =62.71,y, = 22.9,y; = 8,y, = 6.39}, hg = h4(Y40) = —73.62.

Illaz 3. BeimonHsA€TCSl CUCTEMHBIN aHAIM3 MHOXECTBA TOYEK, onTUMalibHbIX 1o [lapero. B
toukax ontumyma Y* = {V{',Y,, Y3, Y} onpenensrorcs BenmmumHbl neneBbix ¢yHkuuid H(Y™) =

g VOS2

D = (d; d, d3 d,)"- BeKTOp OTKJIOHEHHH MO KaXkIOMy KPUTEPHIO HA JOIYCTHMOM

q=1K’ —
mHOX)ectBe S: dy = hj, — h, k = 1,4, 1 MaTpHI11a OTHOCHTENBHBIX o1leHOK: A(Y*) = ||/1q ) :z%,
Me(X) = (hy — h)/dy
388.0 1444.2 183.9 68.5 91.4
H(Y™) = 382.01361.4177.372.1 d. = —-1097
296.6 2458.5 210.4 30.2|| ' ¥ 41.09 |’
330.1 2210.9 208.0 30.7 —42.9
1.0000 0.9245 0.3560 0.1197
«~ _ [10.9367 1.0000 0.1968 0.0363
MY = 0.0 0.0 1.0000 1.011 || (4.36)
0.3669 0.2257 0.9427 1.0000
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CucTeMHbIH aHaIM3 BEIMYUH KPUTEPHEB B OTHOCUTENIBHBIX OLIEHKAX IMMOKA3bIBAET, YTO B TOUKAX
ontumyma Y* ={Y],Y,, Y5, Y} (mo pmaroHamm) oOTHOCWTENbHAs OIEHKAa paBHA EIWHUIIC.
OcranbpHble KPUTEPUH 3HAYUTEIHHO MEHBIIE EAMHUIBL Tpedyercss HaWTH Takyl TOUYKY
(mapameTpsl), pU KOTOPBIX OTHOCHUTENBHBIE OIICHKH HanboJee Ou3Kky K eauHune. Ha pemenue stoi
npoGiemMsl popmupyetcs A-3aiaya, mar 4, 5.

Ilaz 4. IlocTpoeHue A-3aa4d OCYIIECTBIISIETCS B JBa d3Tama: MEPBOHAYAIBHO CTPOUTCS
MaKCUMHHHAas 3371a4a ONTUMHU3ALUN ¢ HOPMAJM30BAHHBIMU KPUTEPUIMU:

L’ = maxyesminggA, (Y),G(Y)<0,Y >0, (4.36)
KOTOpas Ha BTOPOM 3Tare Ipeodpa3yercs B CTaHAApPTHYIO 3a/1a4y MaTeMaTHYECKOro
IporpaMMHpoBaHus (A-3amaya):

A’ = max A, (4.37)
_Ro 50
C OrpaHHYCHHUSIMUA A — L)!fl <0, A — %S 0, (4.38)
h;—h9 h%—hY
s he=hg s ha®hE (4.39)
hy-ng — ' hy—-ng '
yit+ y2+ y3+ y, =100, (4.40)

0<A<1, 21<y,<79,5<y,<59,2.1<y;<9.0,22<y,<7.0. (4.41)
rZie BEKTOp HEU3BECTHBIX uMeeT pazmepHocTb N+1: Y = {y,, ..., yy, A}; byHKuum
h,(Y),h,(Y), h3(Y), hy(Y) coorBerctBytoT (4.30)-( 4.35). ITopcTaBuB YKCIIOBBIE 3HAYEHUS
obyukiwmii hy (Y), hy(Y), h3(Y), hy(Y), MBI monydyum A-3a1a4y:

A’ = max A, (4.42)

_ 323.84-2.249y;,—3.49+x2 .. —0.2434y5 ~0.5026y; ~h]
OTpaHUYEHUS A P, <0, (4.43)
A\ — 110.22+0.7918y; +1.73y,— ... +0.0335y2+0.124y2 —h$ <0 (4.44)

513 - '

1 - 954.8428.67y1+37y2— ... -I3-3.8189y32+3.1748yf—hgs 0 (4.45)

h3—h !
A — 21—0.00<973/1—0.8413/2;*...f-;f).ooeygz—0.031135%—}12S 0, (4.46)

41ty

yl + yz + y3 + y4, = 100, (447)
0<A<1, 21<y,<79,5<y,<59,21<y,<9.0,22<y,<7.0. (4.48)

Ilaz 5. Pemienue A-3amaun.
Pemrenue A-3amaun. (4.42)-(4.48) ocymiectsisiercs oopamerreM k Gpyukiuu fmincon(...), [44]:
[Xo,Lo] = fmincon('Z_TehnSist_4Krit_L', X0, Ao, bo, Aeq, beq, lbo, ubo,

'Z_TehnSist_LConst', options).

B pesymerate pemenuns B3MIT (4.30)-(4.35) mnpu paBHO3HAYHBIX KPHUTEPHIX U
COOTBETCTBYIOMIECH eif A-3amaun (4.42)-(4.48) noayuwu:
X° ={Y° ={y, =43.9,y, = 49.54,y; = 4.348,y, = 2.2,.° = 0.6087}, (4.49)
Touky ontumMyma X°, KOTOpas TpEACTaBIsIeT KOHCTPYKTHUBHBIC IapaMeTpbl Marepuana mpu
PaBHO3HAYHBIX KPUTEPHSX (XapaKTEPUCTHKAX, IPEJICTaBICHA HA pUC. 1;
h,(Y°),k = 1, K- Benuuunbl KpuTEpHEB (XapaKTEPUCTUK CTPYKTYphl MaTepHaa):
{h,(Y°) =364.0,h,(Y?) = 1790.7, h5(Y°) = 194.3,h,(Y°) = 47.5}; (4.50)

A (Y9), k = 1, K- BelTMIMHBI OTHOCHTEIBHBIX OIIEHOK
A (Y°) =0.7372,1,(Y°) = 0.6087,A5(Y°) = 0.6087,A,(Y°) = 0.6087}; (4.51)

A°=0.6087 — 3TO MakCHUMaJbHbIi HWKHUI YpOBEHb CPEIM BCEX OTHOCHTEIBHBIX OICHOK,
WU3MEPEHHBIN B OTHOCHTEIILHBIX SIMHHIIAX:

A% =min (4,(Y?),1,(Y?),A3(Y?),A,(Y?)) = 0.6087,

A° — TaK)Ke HaA3bIBAIOT TAPAHTHPOBAHHBIM PE3YJILTATOM B OTHOCHTEIBHBIX CIUHMIAX, T. €.
A (Y?) 1 COOTBETCTBEHHO XapaKTEPUCTUKU TEXHUUECKOM cucteMbl fi (Y°) Hemp3s yaydmmTh, He
yXY/IIIast IPYA 3TOM JIPYTHE XapaKTCPUCTUKH.

3aMeTHM, 94TO B COOTBETCTBHUH ¢ TeopeMoii C 1, B Touke X kpurepuu 2, 3 U 4 IPOTHBOPECUHBHI.
3TO MPOTHBOPEYHE OMPEACTSACTCS PABEHCTBOM:

A (Y°) =23(Y°) = A, (Y?) =A% = 0.6087,

a OCTaJbHBIC KPUTEPUH HEPAaBEHCTBOM {A, (X?) = 0.7372} > A°.
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Teopema 1 city’kUT OCHOBOH /1J1s OTIpEAEIEHUS IPAaBUILHOCTH PELLIEHUS BEKTOPHOI 3a1aun. B
BEKTOPHOM 3a/ladye MaTeMaTH4YeCKOro MpOrpaMMHUpPOBaHUSA, KaK MpPaBUIIO, ISl JABYX KpPUTEpUEB
BRIMONHAETC paBeHCTBO: A% = A,(Y°) =A,(Y°), q,p € K,X €S, (B HamieM npumepe Takue
Kputepuu 2, 3, 4), 1 Ipyrux KPUTEPUEB OMPEACIIICTCS KaK HEPABEHCTRBO.

4.2.2. 6 3tan. [eomempuueckol unmepnpemayus pesyaibmamos pewenus B3MII c¢ 4
napamempamu u 4 Kpumepusmu 6 O08YXMepHYIO cucmemy Koopounam (c 2 napamempamiu) 6
OMHOCUMENbHBIX eOUHUAX .

Hnst reomeTpudeckoi uHTeprperanus pe3ynbtatoB pemenuss B3MII ¢ 4 mapamerpamu u 4
KPUTEPUSIMH B JIByXMEPHYIO CHCTEMY KOOpAHMHAT (C 2-Ms mapameTrpamMH) B OTHOCHTEIBbHBIX
enuHunax BeegeM m3meHenus. B B3MII (4.30)-(4.35) napamerpsl Y U Y3 paccMaTpUBAIOTCS Kak
NepeMEeHHbIe, MapaMeTpsl Y, U Y, PacCMaTPUBAIOTCS KaK MOCTOSHHBIE. [IpUCBOMM MOCTOSHHBIM
napameTpam pa3MepHOCTb:

Yy, = 49.5492,y, = 2.2 B cootBeTrcTBHH ¢ pe3ysnbraroM pemenus B3MIT (4.30)-(4.35) mpu
pPaBHO3HAYHBIX KPUTEPHSIX, IPEACTaBICHHBIX B (4.49).

B urore B3MII (4.30)-(4.35) crana 1ByX MEpHOIA.

B pesyasrare pemrenus B3BMIT (4.30)-(4.35) ¢ nByMs mepeMeHHBIMU y; U V3 (B 0003HAaYCHHUS
PE3yJIbTaTOB BBEIH JOMOIHUTEIHHO «0» Y 10max) momyquiu.

1. KoopauHathel TOYKH IO IEPBOMY KPUTEPUIO HA MAKCUMYM:

Ylomax = {x; =46.5676 x, =49.5492 x; =8.0000 x, =2.2000}. (4.52)

Benuuunbl yeTbipex KpuTepueB B Touke Y lomax:

FYlomax = {f;(Ylomax) =403.6 f,(Ylomax)= 1430.3 f;(Y1lomax) =190.2
fa(Ylomax) =72.7 .

BennuuHbl OTHOCUTENBHBI OLIEHOK KpUTEPUEB B TOUke X 1omax:

LYlomax = {A;(Y1lomax) =1.1708 A,(Y1lomax) = 0.9372
A;(Y1lomax) =0.5098 A, (Y1lomax) =0.0207. (4.53)

KoopauHatsl TOUKM 1O IEPBOMY KPUTEPUIO HA MUHUMYM:

Ylomin ={31.9000 49.5492 2.1000 2.2000}.

Benuuuubl mecT KpuTepreB B Touke Y1lomin:

FY1lomin ={1.0e+03 * 0.3037 2.2073 0.1957 0.0243}.

BennuuHbl OTHOCHTENILHBI OI[CHOK KpUTEpHEB B Touke Y1omin:

LY1lomin =(0.0774 0.2290 0.6441 1.1503) (4.54)

2. KoopauHatsl TOUKH, GYHKIIMH U OTHOCUTENIbHBIE OI[EHKU TI0 BTOPOMY KPUTEPUIO Ha
MaKCHMyM U MHHHUMYM:

Y2omax ={55.6075 49.5492 8.0000 2.2000}.

FY2omax ={1.0e+03 * 0.4320 1.1936 0.1909 0.0842}.

LY2omax ={1.4813 1.1530 0.5268 -0.2467}.

Y2omin ={31.9000 49.5492 2.1000 2.2000).

FY2omin ={1.0e+03 * 0.3037 2.2073 0.1957 0.0243}.

LY2omin ={0.0774 0.2290 0.6441 1.1503}. (4.55)

3. KoopauHatsl TOUKH, PYHKIIMHM U OTHOCUTEIBHBIE OIICHKH 110 TPEThEMY KPUTEPHIO Ha
MaKCHMyM U MHHUMYM:

Y3omax ={31.9000 49.5492 2.1000 2.2000 }.

FY3omax ={1.0e+03 * 0.3037 2.2073 0.1957 0.0243}.

LY3omax ={0.0774 0.2290 0.6441 1.1503}.

Y3omin ={78.1673 49.5492 8.0000 2.2000}.

FY3omin ={512.9622 636.7052 192.3963 111.3139}.

LY3omin ={2.3673 1.6606 0.5629 -0.8782}. (4.56)

4. KoopauHaThl TOYKH, (YHKIIUU U OTHOCUTENBHBIE OLIEHKH 10 YETBEPTOMY KPUTEPHIO HA
MaKCHMyM U MHHUMYM:

Y4omax ={36.7000 49.5492 2.1000 2.2000}. (4.57)

FY4omax ={1.0e+03 * 0.3182 2.1306 0.1964 0.0283}.

LY4omax ={0.2363 0.2989 0.6603 1.0562}.

Y4omin ={62.7123 49.5492 8.0000 2.2000}. (4.58)
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FY4omin ={1.0e+03 * 0.4559 1.0129 0.1914 0.0930}.
LY4omin ={1.7432 1.3176 0.5391 -0.4511}. (4.59)
[IpencraBum B 1ienoM pesyipTaTsl pemieHuss B3MII ¢ aBymst nepeMeHHBIMU TapaMeTpaMu X,
u x5 (nByxmepHas B3MII):
Y =[Yopt(1,:)={46.5676 43.2324 8.0000 2.2000}, A,(Ylomax) =0.5;
Yopt(2,:)= {55.6075 34.1925 8.0000 2.2000}, A,(Y20max) =0.6087;
Yopt(3,:)= {31.9000 59.0000 2.1000 7.0000}, A;(Y3omax) = 0.6087;
Yopt(4,:)= {36.7000 59.0000 2.1000 2.2000}A,(Y4omax) = 0.7372;
Yo(1:4)= {43.9022 49.5492 4.3486 2.200}, A(Yo) = A° = 0.5196. (4.60)
B nomyctumMoM MHOXeCTBE TOYEK S, 00pa3oBaHHBIX orpanndeHusMu (4.47)-(4.48), Touku
ontumyma Y;',Y,,Y,Y, , 0OObeIUHEHHBIX B KOHTYP, IPEICTABIISIOT MHOXKECTBO TOUEK,
ontumainbHbIX 110 [lapero, $° < S, npeacrasiensl Ha puc 4.1. KoopauHaThI STHX TOYEK, a TAKKE
XapaKTepUCTUKH MaTepuasia B OTHOCUTENbHBIX equHuax A4 (Y), 4,(Y), A3(Y), 44(Y) nokazansl Ha
puc. 4.2 B Tpex MEpHOM IPOCTPAHCTBE X1 X, U A, TI€ TPEThs OCh A - OTHOCHTEINIbHAS OLICHKA.

A-zadacha Vector Optimization four criterion

Lambda

0\

-0.5 =
30

x3 X4.O xO ™ *
50 6 7
5
60 3 4
x1 x3

Puc. 4.2. Pemienne A-3a1a4un B TPEXMEPHOM CHCTEME KOOPAMHAT X; X3 (= Y1 V3), A

Discussion. CpaBuuM pesyibratel pemenuss B3MIT (4.30)-(4.35) ¢ mnepeMeHHBIMH
KOOpAUHATAMU {Y1Y, V3 Y4} (deTbipex mepras B3MII), npencrasnennsie B (4.49), (4.50), (4.51), ¢
pesynbTatamu pemenust B3MII (4.30)-(4.35) ¢ nepeMeHHBIME KOOpIuHATaMu {y; Y3} (IByX MepHast
B3MII), npencrasnennsie B (3.60). (Ha pucynkax 4.2, ..., 4.7 Bekrop Y = {y;, ... , Yy, A} 1 GyHKIUH
hi (Y), hy (Y), h3(Y), hy(Y) 3amenenst Ha X = {Xy, ... , Xy, A}; Qynxumn f1(X), f(X), f3(X), fo(X)).

Mpbl BUIUM, YTO KOOPAMHATHI HIECTH TOYEK onTuMyMa B {y; Y3} W A° coOBmajmaor.
Onrtumanbhbie BetnauHbl kputepueB hy (Yy), k € K 1 cOOTBETCTBYOIINE OTHOCHTEIILHBIC OI[CHKH
A (YY), k € K He coBmanaror.

PaccmoTpuM, Hampumep, ontuMmaibHyro TOouky X3. Dynkuus Az(X) chopmmpoBana u3
¢byskmmu h;(X) ¢ TepeMEHHBIMH KOOpAWHATaMH {Y; Y3} M C TOCTOSHHBIMH KOOPAWHATAMHU
{y2=49.54, y4=2.2}, B3sThIc U3 onTUMaIbHOW Touku Y (4.49). B Touke Y5 OoTHOCHTENbHAs OLICHKA
A3(Y3) = 0.6441- noka3ana Ha puc. 4.2 yepHoii Toukoid. Ho MBI 3HaeM, 4TO OTHOCHTENIbHAS OLICHKA
A3(Y3) momydennast w3 gynkumu hz(Y;) Ha TpeTbeM IIare paBHa €IUHHIIC, O0O3HAYMM €€ Kak
A53(Y5) = 1 — nokasana Ha puc. 4.2 KpacHOH TOYKOH.
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Pasnocts Mexay A3(Ys) = 1 u A3(Ys) = 0.6441 ssnserca ommbkoit A=0.3559 mnepexona ot
yeTblpexMepHoi (a B oOmieM ciydae N-mepHOI) K IByXMepHOHW 00nacTu. AHAJOTMYHO MOKa3aHa
Touka X M COOTBETCTBYIOIINE OTHOCHTENIBbHEIE oreHKH A, (Y;) u A4 (Y;). O606mas u obbeuass
poOIEMBI IUCKYCCHUU, MOXKEM CPOPMYIUPOBATH METOIOJIOTHIO.

Memooonozua 2eomempuueckoii. unmepnpemayuu nepexooa om N-mepnozo K
ogyxmepHomy  usmepenuto  Qyukyul 6  @eKmopHoU  3a0aue  MAMEMAMUUECKO2O
RPOPAMMUDPOBAHUSL.

1 mar. [loctpoenue u pemenue A-3agauu ¢ N-MepHbIMU TapaMeTPaMH.

2 mar. [loctpoeHue u penieHue A-3aaa4qu ¢ 2-MepHBIMU Tapamerpamu, octaibHbie (N-2)
napaMeTphl ITIOCTOSHHBIE B3ATHIEC U3 PE3YJIbTATOB pemeHus A-3anaun ¢ N-MepHbIME TapameTpamu (13
mara 1).

3 mar. ['eomeTpuueckoe nmocrtpoeHne (GyHKUUMH K3 A-3a1a4M C 2-MEPHBIMH TapamMeTpaMu
CTaHJApTHBIMU METOJIAMH U COOTBETCTBYIOIIUMH HAAMUCIMHU

Takum obpazom, BIEPBHIE B OTCUECCTBEHHON U 3apyOeKHOM MPAKTHKE IMOKA3aH MEePEX0/1 U ero
reoMeTpuuecKas WUTocTpanus oT N-MepHOro K JByXMEPHOMY M3MEpPEHHIO ()YHKIIMU B BEKTOPHBIX
3aJa4ax MaTeMaTHIEeCKOTO MPOrPaMMHUPOBAHUS C COOTBETCTBYIOIIIMMH OIIMOKAMH alIPOKCHMAITUH.

4.2.3. 7 atan. Pewenue B3MII - moOenu cmpykmypvl mamepuana npu 3a0aHHOM npuopumeme
Kpumepus (peuienue oopamuou 3a0ay).

JIuiiom, MPUHUMAIOIIKUM PELIeHHUs, KaK [IPABUJIIO, SBJISIETCS KOHCTPYKTOp CUCTEeMBL. B pa3znene
nepeMeHHas Y 3aMEHEHa Ha IepeMEeHHY0 X.

Ilaz 1. Pemienue BEKTOPHOM 3aJaud NpU PaBHO3HAYHBIX KPUTEPHUSIX. AJTOPUTM peEIICHUs
BEKTOPHOM 3aJ1auy IIPEACTABIICH HA cTaauu 3. YucneHHsle pe3yabTaThl pEUICHUsI BEKTOPHOM 3a1a4u
MIPEJICTABIICHBI BBILLIE.

MHOXECTBO TO4YEK, ONTHUMaibHbIX 1O [lapero S°cCS HaxoaMTCs MEXIy ONTUMAIbHBIMU
toukamu X7 X° X3 X° X; X° X, X° X{ (na pucyHkax Bmecto Y ucnosbszyercs X). Mbl nmpoBenem
aHaJIM3 MHOXKecTBa Touek [lapero $°cS. st 3TOM el MBI COSTUHUM BCTIOMOTATEIbHBIC TOYKH:
X1 X3 X4 X3 X{ ¢ Toukoi X°, KOTOpas yCIOBHO NpEACTABIsET LEHTp MHOXkectBa Ilapero. B
pesy/bTaTe IIONYYHJIM 4YETHIPE IOAMHOXKECTB Touek X eSgcS5°cSS,q = 1,4. IloamuoxecTBO

§9c5°cS xapakTepusyeTcs TeM, 4TO OTHOCHTENbHAs OleHKA A; = A,, A5, A4, A4, TO ecTh B mose
MepBOro KpUTepusi S MMEET MPHOPHUTET HaJ OCTalbHbIMHU. [10106HO S9,83, S3- MOAMHOXKECTBA
TOYEK, I'/1e BTOPOM, TPETUHN U YETBEPTHIN KPUTEPHUIA UMEET IPUOPUTET HAJL APYTUMHU COOTBETCTBEHHO.
MHOkecTBO TO4eK, onTUMaNbHbIX 10 [TapeTo, Oyaem 0603HaYaTh:

§° = S7U59 L8508, KoopauHatel BCeX MONMYyYCHHBIX TOYCK M OTHOCHUTEIBHBIC OICHKH
MIPEJICTABIICHBI B IBYMEPHOM IIPOCTPAHCTBE {X; X, } Ha puc. 4.1. DTH KOOPJAMHATHI TOKA3aHbBI B TPEX
M3MEPEHHBIX TPOCTPAHCTBaX {x; X, A} Ha puc. 4.2, Tae TPeThs OCh A- OTHOCHTEIbHAs OIICHKA.
Orpannuenus Habopa ToueK, onTHUMalbHbIX MO I[lapero, Ha puc. 2 oH cHmxkeH g0 -0,5. Drta
nH(OPMAIHS TaKXKe SBISETCS OCHOBOW JIJIS JATbHEHIEro MCCIEAOBAHUS CTPYKTYpPhl MHOXKECTBA
[Mapero. Jlumo, mpuHUMarolee pelIeHUs, KakK MPaBWIIO, SBISETCS pPa3padOTIYMKOM CHUCTEMBI
(cTpyKTYypBI MaTepuana).

Ecnu pe3ynbpTaThl pelieHds BEKTOPHOM 3aladll C paBHO3HAYHBIMU KPUTEPHUSIMH HE
VAOBIIETBOPSIOT ~JIMIO, TPUHUMAIONIEE pEIIeHHe, TO BHIOOP ONTHMAIBHOTO  PEIICHHS
OCYILECTBIISIETCS M3 KaKOro-mubo MOJAMHOXKECTBA To4Yek S9,S59,5%,S9. DT MOAMHOKECTBA TOYEK
[Mapero moka3ans! Ha puc. 4.1 B Buae dyukimii f (X), ..., f(X).

Ilaz 2. Beibop npuoputeTHoro kputepus q € K.

B cootBeTcTBHMM ¢ TeopeMoii 1 M3BECTHO, YTO B ONTHUMAaILHON Touke X Bceraa uMeeTcs 1Ba
HauOoJee MPOTUBOPEUNBLIX kputepus, ¢ € K u p € K, 1511 KOTOPBIX B OTHOCUTENBHBIX €TUHUIAX
BBITIONTHSIETCS TOYHOE PABEHCTBO:

A0 =2,(X°) =2A,(X%),q,p EK,X€eS,

a JUTsl OCTaJIbHBIX BBITIONHsCTCS HepaBeHcTBa: A° < A (X°),Vk €K, q # p # k.

B mopmenu marepuana (4.30)-(4.35) u coorBercTByIOIICH A-3amaun (4.42)-(4.48) Takumwu
KPUTEPUSAMH SIBIISIFOTCS BTOpod W TpeTtuii: A° = A,(X°%) = A5(X°)= 0.6087, T.e. BBIIOIHSIETCS
YHUCIIOBAst CAMMETPHSI.
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DTy CUMMETpHIO TToKaXxkeM Ha puc. 4.3, rae npencrasiensl GyHKIMU A4 (X) u A3(X) otaensHO
CO CTOPOHBI OoNTHManbEHOH Toukn X° = {X°,1°}.

Jlnst cpaBHEHHsI aHAJIOTHYHO TIPEICTaBUM (YHKIMH HanbOjee MPOTUBOPCYMBHIC KPUTECPHUU
A, (X) u A;(X) oTmensHO co CTOpOHBI onTuUManbHOM Touku X° = {X°,A°}. Ha puc. 4.3 u 4.4
MOKa3aHbl BCE TOYKH U JJAHHBIE, O KOTOPHIX TOBOPUIIOCH Ha pHC. 4.2.

Kak mpaBuio, u3 31oit mapsl A° = A,(X°) = A3(X°)= 0.6087 mpOTHBOPEYMBHIX KPUTEPHUEB
BbIOMpaeTcs kputepuid, kKoTopbii JIIIP xorem Obl ymyummTh. Takoil KpuUTEpUW Ha3bIBAeTCS
«IIPUOPHUTETHBIM KpUTEpHEM», 0003HaunmM ero q = 3 € K. DToT KpuUTepuil HCCIeIyeTcss BO
B3aUMOJEHCTBHUHU C NEpBBIM KpuTepreM q = 1 € K. MbI nucciegyeM 3TH J1Ba KPUTEPHS M3 BCETO
MHOXecTBa KputepreB K = 4, noka3zaHHbIX Ha puc. 4.3. Ha nucruieit Beiaaercst cooOIieHue:

g=input('BeeauTe npuopuTeTHBI KpuTepuii (Homep) = ") — Benu kpurepwuit =3.

A-zadacha Vector Optimization three criterion A-zadacha Vector Optimization two criterion: L2, L3

Kol

D
® P>
S -.52'

Lambda

Puc. 4.3. Pemenne A-3amaun: A,(X), (A;(X) u Puc. 4.4. Pemenne A-3amaun (A, (X) u A3(X))

A, (X) B TpeXMepHOit cHCTEME KOOPIUHAT B TPEXMEPHOU CHCTEME KOOPAMHAT X; X A,
x1 xz u 7\4, }\2 (XO) = }\3 (XO) = }\4(XO): }\2 (XO) = }\3 (XO): 06087
0.6087

Ilaz 3. OnipeensiFoTCs YUCIOBBIC TIPEACITbl H3MEHEHUS BETMYUHBI IPUOPUTETA KPUTEPHUS § =
3eK. Jlns npuoputeTHoro Kpurepus q = 3€ K onpenenstoTcss U3MEHEHHUs] YUCIIOBBIX MPEIEIIOB B
HaTypalbHBIX €MHMIAX HPU Hepexo/e u3 Touku ontumyma X (4.49) B Touky Xj &, HOJTYYEHHYIO
Ha IepBoM 1are. JlaHHble 0 KpUTEpUH (/=3 BBIJAIOTCS HA SKPAH:

fq(X°) = 194.27< f,(X) <210.35 = f,(X),q € K. (4.61)
B oTHOCHTENBHBIX eMUHHUIAX KPUTEPUH (=3 U3MEHSETCS B CICIYIOIINX Mpe/eiax:
2q(X°) = 0.6087< 3,(X)<1 = 2,(X;),q =3 €K. (4.62)

OTH JaHHBIE aHATIU3UPYETCS.

Hlaz 4. Beibop Benmuunnbl mpuopureTHoro kpurepus K. (Decision-making).

Ha coobmenue: «BBenure BelMYMHY MPUOPUTETHOTO KpuTepus f0=» - BBOIUM, HampuMep,
fq=200.

Illaz 5. Bviuucnsiemess omnocumenvbHas oyeHKda.

Jlnst BHIOpaHHOM BEJMYMHBI IPHOPUTETHOTO Kputepus f;, = 200 BBMHUCIIAETCA OTHOCUTENbHAS

fa= 13 200-194.27

- f(;‘—]%’ = 21035-19427 0.7479,
KOTOpas MpHu nepexojie oT Touku X k Touke X4 nexuT B npezenax (4.61):

0.6087 = A3(X°) <23 =0.7489 <A3(X3) = 1,q<K,

Ilaz 6. Beraucianm kod)GHUIIMEHT JTMHSWHOM armpoKCUMAIH

[Ipennonaras nuHEHHBIH XapakTep n3MeHeHus kpurepus fy(X) B (4.61) u cOOTBETCTBEHHO
OTHOCHUTENLHOH OLEHKHU A4 B (4.62), Hcronb3ys cTaHAAPTHBIE IIPUEMbI IMHEHHON aNNpOKCHMAIHH,

OIIEHKa: A,

o 4 .
BBIYUCIIUM KOO()(HUIMEHT NPONIOPLHOHATBHOCTH MEKIY Ay (X °), A4, KOTODPBIA HAa30BEM P!

Aq—Aq(X°) _ 0.7489-0.6087 _ _
= s = s = 0.3558,q = 3 ¢K. (4.63)
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Illaz 7. BbMUCIMM KOOPJMHATHI TOYKH IIPUOPUTETA KPUTEPHEB C PasMEPHOCTBIO fg.
[Ipeanosaras nuHeiHbIH XapakTep u3MeHeHus Bektopa X9 = {x; x, X3 x,},q = 3, onpenenum
KOOpPJUHATHI TSl TOYKHU C fq = 200 ¢ oTHOCHTENBHO# o1eHKOi (4.53):

Xio7s = o = X°(1) + p(Xg(D) — X°(1),
x, =X + p (X2 - X°(2)),
x3 = X°(3) + p(X;(3) — x°(3),

X, = X°(4) + p (X;;(4) - X0(4))}, (4.64)
rae X° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2},
X3 ={x; =31.9,x, =59.00,x3 = 2.1,x, = 7.0}.
Kaxk pesynbrat pemienus (4.64) Mbl OJTy4UM TOUYKY C KOOPJAUHATAMH:
X% = {x; =39.63,x, = 5291, x5 = 3.54,x, = 3.907}.
Ilac 8. BeruucieHue riiaBHbIX MoKaszatesnei Touku X 9.
Jns monmy4yeHHOU Touku X 9, BeIUncInM:
BCe KPUTEpPUM B HATYpalbHbIX eaununax fi (X9) = {f,(X9),k = 1,K},
FXT) = {f,(X9) = 344.3, f,(X9) = 2000, f5(X9) = 199, £,(X9) = 41.7);
BCE OTHOCHUTEIIbHBIEC OLICHKH KPUTEPUEB!
_ qy_ 0 _—
A =%k = TK), 0 (X9) = %,k =T,K:
k Jk
A (X)) = (A (X9) = 0.5224,%,(X?) = 0.418,A3(X?) = 0.7244,1,(X?) = 0.7446};
MUHHMaJIbHas OTHOCUTEIIbHAS OlleHKa: minA(X?) = I"?Eilgl(Kk (X7)) = 0.418.
P9 = [p3 = 1.3868,p5 = 1.7333,p3 = 1.0,p; = 0.973];
Aq(XD) —.
= /‘lk(Xq)’k =1,K}:
(X)) * P9 = {p3 * 1,(X9) = 0.7244, p3 * A,(X9) = 0.7244,
p3 x A3(X9) = 0.7244,  p3 x A,(X9) = 0.7244}
MHHUMAJTbHAsi OTHOCHTENIbHASI OIICHKA!
2°° = min(pihy (XD, p3Ao(X9), pIAs (XD), piha (X)) = 0.7244
Awnanornuno apyrue touku [Tapero X7 = {17, X }€ S$° MOryT OBITH ONTyUYEHBI.
Ananus nonyuennvix pesynomamos. Paccunrannas senuuuna f, (X7) = 199,q = 3eK,qeK
00bIYHO He paBHa 3a1anHHOH f; = 200. Ommbka BebOpa Af, = |f, (X7) — fq| =199 — 200| = 1.0

OTIpENIEeSAETCS OUIMOKON JWHEHHON aNmpOKCUMAIIUH: qu% = 0.5%. Ecmu ommnbka qu =

Bektop npuoputetos P4(X) = {p;

|fg(X?) — fgl = 1199 — 200| = 1.0, u3MepeHHas B HATypalbHBIX EIMHMIAX WO B ITIPOLEHTAX
Afqo, = % * 100 = 0.5%, Gombmie 3amannoit Af, Afg > Af, To nepexoaum K mary 2, ecinu Af, <
Af, To BbIUMCIICHUS 3aBepiiatoTcs. Koney.

B mpornecce moaennpoBaHust MOTYT OBITh M3MEHEHBI TapaMeTpuieckue orpannueHus (4.48) u
(GYHKIHH, T. €. TIOJIYYSHO HEKOTOPOE MHOXKECTBO ONTHUMAJBHBIX pemnieHni. M3 sToro MHOXecTBa
ONTUMAJIBHBIX pellIeHHH BEIOMpPaeM OKOHYATENIbHBIA BapUaHT (IPOIecC MPUHATHS PEILICHUN).

B Harem nmpuMepe OKOHYATENbHbI BapuaHT BKIrodaeT mapameTpsl: X0 = {X°, A%} = {X° =
{x, = 43.9,x, = 49.54,x; = 4.348,x, = 2.2}, A° = 0.6087};

napaMeTpbl TEXHHYECKOH CUCTEMBI IIPH 331aHHOM IIPHOPUTETE KPUTEPHSI:

g=3: X7 = {x; = 39.63,x, = 52.91,x; = 3.54,x, = 3.907}.

4.3. bnox 3. Hccneoosanue, npoekmuposanue, 2eomempuieckas unmepnpemayus N-
MepH020 npocmpancmea 6 2-X MepHoe U 6blO0p ONMUMANBLHBIX NAPAMEMPOE CHOHCHOU
CIMPYKMYpbl MAmMepuaia 6 MHOZOMEPHOI Mamemamuxe.

biox 3 Bkmrowaer 2 »sTama: 8 3TAal MCCIEIOBAHHS B OTHOCUTEIBHBIX €OUHUIIAX: 9 sTam
UCCIIeIOBAaHMS B (PU3UYECKHUX €TMHHIIAX.

4.3.1. 8 atan. [ eomempuueckas unmepnpemayusi pe3yabmamos peuieHue 6 OMHOCUMENbHbIX
eOUHUYAX NPU NPOEKMUPOBAHUU CIMPYKIMYPbL Mamepuana nepexooda om N-mepHo2o K 08YXMEPHOMY
npOCMpancms).
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Paznmen JKypHaia: MaremaTuyecKkre U eCTECTBEHHEIC HayKH
HaHpaBHeHI/Ie nuccienoBanms: OU3NKO-MaTeMaTHISCKUE HAayKH

I'eomerpuueckass WHTEPHPETALMIO PE3YJIbTATOB pPEIICHUS B OTHOCHTENBHBIX €IMHMIAX
MPEJCTaBUM, BO-TIEPBHIX, Ha mpumepe QyHKuui A,(X), A3(X), BO-BTOPBIX, OTJENBFHO HA pUMEpE
bynkiui 1, (X) u 15(X).

1. Hccneoosanue gpynxuuii A5 (X), A3(X) Ha MakcuMyM.

Ilpy wuccnenoBaHuMM MapaMeTpOB CTPYKTYpbl MaTepuaja Ha MHOXKECTBE TOYEK S,
obpa3zoBaHHbIX orpanndcHusMH (4.30)-(4.35), Touku ontumyma X7, X5, X3, X, MOKa3aHHbBIC HA PHC
4.1, 0ObeTMHEHBI B KOHTYP H MIPEJCTABISIOT MHOKECTBO TOYEK, ONTUMANBHBIX 110 [lapeto, S°cS.

A-zadacha Vector Optimization two criterion: L2, L3
1.4 1 .
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Puc. 4.5. ®yuakuun A, (X), A3(X) u A° B A-3a1aue B AByXMEPHOI CHCTEME KOOPIUHAT X; X3 U A U
reomeTpuueckas uHTepnperanus A,(X), A;3(X) B yeTbipex MEpHOM CUCTEME KOOPIUHAT X1 X X3 X4

KoopanHaTsl 3THX TOYEK, a TAaKXKe XapaKTePUCTUKU CTPYKTYPHI MaTeprajia B OTHOCUTEIBHBIX
enuaUIAX A4 (X), A, (X), A3(X), 44 (X) moka3ans! Ha puc. 4.2 B IByXMEPHOM IPOCTPAHCTBE X1 Xy U A,
I TPEThS OCh A - OTHOCHTENbHAS OIICHKA.

[ssiast Ha pUCYHOK 4.2, MBI MOXEM MPEACTABUTh U3MEHEHUSI BCeX QyHKIHA A (X), ..., A4(X) B
YEeTBIPEXMEPHOM  TIPOCTPAHCTBE Xy, ...,X4. JIs HarmsaHocTH BbIOEpeM JBe  Haumboiee
npoTtuBopeunBble QyHKIMH A,(X), A3(X), mokazanHsie Ha puc. 4.3, U MPEACTaBUM dTH (YHKIIHU
A2(X), A3(X) na puc. 4.5.

Paccmotpum Ha Puc. 4.5 ontumanbsHyto Touky X3. @yHknus Az(X) — B OTHOCHTEIBHBIX
enuHUIaX chopmMupoBaHa u3 QyHKUUMH f3(X) — B (QHU3MUECKHMX EIUHHMIAX C TEPEMEHHBIMU
KOOpJIMHATAMU {X; X3} ¥ C TOCTOSHHBIMU KoopauHatamu {x, = 1790.7,x, = 47.5}, B3sThIC W3
ontuManbHoi Touku X ° (4.50). B Touke X3 oTHOcuTenbHas orieHka Az (X3) = 0.6441 — noka3aHa Ha
pHcC. 2 4epHOU TOYKOM.

Ho MBI 3HaeM, 4TO OTHOCHTENBbHAS OIICHKA A3 (X3 ) moy4eHHas u3 yHkiun f3(X3) Ha TpeTheM
IIare paBHA eIMHHIE, 0603HauMM ee Kak A3(X3) = 1 — mokasaHa Ha puc. 4.5 KpacHOil TOYKOIA.
Pasnocts Mexay A53(X3) = 1 u A3(X3) = 0.6441 sBnserca ommoOkoit A=0.3559 mepexoma oOT
yeTbIpexMepHoil (a B obmem ciaydae N-MepHOi) k AByxmepHO# obnactu. CoenuHUM JTHHEHHOU
dysKmeii orHOCuTenbHbIe oneHky A° u A5(X3), nexanteit Mexry Toukamu X© u X;.

AHalOTMYHO X3 TIPEACTaBUM TOYKY X, C COOTBETCTBYIOUIMMH OTHOCHTEIHHBIMH
oneHkamu A, (X3)= 1.1530 B koopamHaTax {x, x3} u A53(X}) = 1, nonydeHHyI0 B KOOpPAMHATAaX
{x; x5 x3 x,}. Jluneiinas GpyHKms, coeauHsromas Touku A° u A15(X;) B OTHOCUTENBHBIX eIHHHUIIAX
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Paznmen JKypHaia: MaremaTuyecKkre U eCTECTBEHHEIC HayKH
HaHpaBHeHI/Ie nuccienoBanms: OU3NKO-MaTeMaTHISCKUE HAayKH

Xapakrepuzyer QYHKIHIO f,(X) B OTHOCHTENBHBIX €IMHHIAX B UYETHIPEXMEPHOM HM3MEPEHUH
MapaMeTPOB Xy, ..., Xg.

A B menom otpeskn A5(X3) -1°- A53(X3) mpencTaBIAIOT reOMETPUUYECKYI0 HHTEPIIONSIHIO
¢byskumii f,(X) u f3(X) B OTHOCHTENBHBIX €IWHUIAX B YETHIPEXMEPHOM HU3MEPEHUH MapaMeTpoB
X1, ) Xg.

2. Hccneoosanue ¢yukyuin A,(X),A3(X) oTmeassHO Ha MaKCHMyM W MHHHEMYM
YETBIPEXMEPHOU CHCTEME.

[IpoBenem uccnenoBanue GyHKMH f,(X), MpeacTaBIEHHYI0 B OTHOCHUTEIBHBIX €JHHUIIAX:
A,(X), koTopas moka3aHa Ha puc. 4.6.

A-zadacha Vector Optimization criterion: L2

1.5 -

X 43.9022
Y 4.34861 [
4 Z0.60874

Lambda

Puc. 6. ®yukuuu A,(X) u A° B A-3a71a4ue B AByXMEPHOU CUCTEME KOOPJIUHAT X; X3 U A U
reoMeTpuyueckas uHTepnpetanus A, (X) B yeTbIpeXMEpPHOI cUCTEME KOOPAMHAT X1 X5 X3 X4,
(BBIZIETIEHO KPACHBIM IIBETOM).

Jlns oneHKH MakcuManbHOro A5(X;) = 1 3HaueHHsS BTOPOTO KPHUTEPHS B OTHOCHTEIHHBIX
eNIMHMIAX B YETBIPEXMEPHOH CHCTeMe KOOpAMHAT {X; X, X3 X;), (BBLAEICHO KPAaCHBIM I[BETOM)
WCTIOJNB3YIOTCS, TIONyYeHHBIE Ha TpeTbeM Imare, nanbie (4.36) marpumbl A(X™). Hdns oueHkn
MuHEManbHOTO A5(XY) = 0 3HaueHMss BTOPOrO KpUTEpHMS B OTHOCHTEIBHBIX EIMHUIAX B
YETBIPEXMEPHOM CHCTEME KOOPIMHAT {X{ X, X3 X4), (BBIIEIEHO KPAaCHBIM IBETOM) UCIIOIB3YIOTCS,
HOJTy4YeHHbIE Ha TPeTheM miare, naHHble (4.36) marpumst A(X ).

PasHocTh 10 MakcumyMy Mexay A5(X3) = 1 (ueTspexmepHas cuctema) u A, (X;) = 1.1530
(mByxMmepHasi cuctema) siBisiercst ommoOkoi A=0.1530 mepexona oT 4yeTblpexMepHOH (a B oOIIeM
ciyuyae N-MepHOit) K AByXMEpHOI 001acTH.

PasHocts 0 MuHEMYMY Mexay A5 (XY) = 0 (versipexmepras cuctema) u A, (X9) = 0.2290
(nByxmepHas cuctema) siBisiercs omnokoid A= 0.2290 mepexoma oT 4yeThipexMepHO# (a B oO1ieM
ciyyae N-MepHOit) K AByXMEpHO# 001acTH.

CoenuuuM nHHEHHONW (yHKIHMeH OTHOCHTenbHBIE oneHKHM A5(X3) A1° m A5(XY), nmexameit
Mexny Toukamu X; X° m X2, A B memom otpeskm A5(X3) -1°- A5(X?) mpencraBmsior
TCOMETPUYECKYI0 HWHTEpHOIsIIui0 (QyHKuud f,(X) B OTHOCHTENBbHBIX emuHHMIAX A,(X) B
YETHIPEXMEPHOM U3MEPEHHU TTAPAMETPOB X1, ..., Xy4.

‘@ MexayHapoaHBIA HAYYIHEIH KypHaT "BekTop HayuHoii Mbican' Ne2(19) ®@espaasb 2025
www.vektornm.ru | 8 (812) 905 29 09 | info@vektornm.ru



Paznmen JKypHaia: MaremaTuyecKkre U eCTECTBEHHEIC HayKH
HaHpaBHeHI/Ie nuccienoBanms: OU3NKO-MaTeMaTHISCKUE HAayKH

Ilposedem uccnedosanue gyuxkyuu f3(X), IpeacTaBIeHHYI0 B OTHOCUTEIBHBIX €IWHUIAX:
A3(X), mokaszanHyto Ha puc. 4.7.

A-zadacha Vector Optimization criterion: L3
AdX)
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Puc. 7. ®ynkuuu 15(X) u A° B A-3a1a4e B IByXMEPHOW CHCTEME KOOPAMHAT X X3 U A H
reomMeTpuuecKkasi HHTeprperanus A;(X) B 4eTbIpex MEpHOM CUCTEME KOOPIUHAT X1 X, X3 Xg4,
(BBIIEIICEHO KPACHBIM IIBETOM ).

Jlns omenkn MakcuMambHOro A3(X3) = 1 3Ha4YeHMS TPEThEro KPHUTEpHsS B OTHOCHTENBHEIX
eNMHHUIAX B YETBIPEXMEPHOH CHCTeME KOOpAMHAT {X; X, X3 X;), (BBLAEICHO KPAaCHBIM I[BETOM)
HCIIONIb3YIOTCA, TOJIyYeHHblE Ha TpeTheM Imare, naHHble (4.36) marpuisl A(X™). [ns ouenku
muHEManbHOro A3(XJ) = 0 3HayeHMs MepBOro KpHUTepHs B OTHOCHTENbHBIX EIMHUIAX B
YETBIPEXMEPHOH CHCTEME KOOPJMHAT {X; X, X3 X4), (BBIIEIEHO KPAaCHBIM I[BETOM) UCIIOIB3YIOTCS,
TOJTyYeHHBIE Ha TPETheM Iare, nanubie (4.363) marpuust A(X©).

Pa3HocTh 10 MakcuMyMmy Mexay A3(X3) = 1 (deTspexmepHas cucteMa) u Az (X3) = 0.6441
(nByxmepHas cucteMa) siBisercsa omuokoit A=0.3559 mepexoma oT deTbpexMepHOil (a B oOiemM
cinydyae N-MepHOIf) K AByXMEpPHOH 00IacTH.

PasnocTs o MuHEMYMY Mexay A3(XY) = 0 (detsipexmepHas cuctema) u A3 (X9) = 0.5629
(nByxMmepHasi cuctema) siBisiercst omuokoi A=0.4371 mepexona OT 4yeThpeXxMepHOH (a B oOmieM
ciyuyae N-MepHOit) K AByXMEpHOI 001acTH.

CoenuHuM jHHeHHON (yHKuMeH oTHOcHTenbHBIE omeHku A5(X3) A° u A5(XY9), nexameit
Mexny Toukamu X; X° m X2. A B memom otpeskm A3(X3) -1°- A5(X9) mpencraBmsior
TE€OMETPUYECKYI0 HHTEpPHOISIINi0 (QyHKUMH f3(X) B OTHOCHTENBbHBIX equHMIAX A3(X) B
YETBIPEXMEPHOM U3MEPEHHH TTAPAMETPOB X1, ..., Xy4.

Takum ob6pazom, BIIEpBbIE B OTEYECTBEHHOHN M 3apyOe)KHOM NMPaKTHKE TOKa3aH IMEePEXO U €ro
reoMeTpuyecKkast nHTeprperanus oT N-MepHOTo K IByXMEPHOMY H3MEPEHHIO (PYHKIIMU B BEKTOPHBIX
3a7a4ax MaTeMaTHYECKOTO IPOrPaMMHPOBAHHS C COOTBETCTBYOIMMH OIIMOKAMH allPOKCUMAIINH.

9 sman. ['eomempuueckas unmepnpemayus pesyavmamos pewenus B3MII — mooenu
MEXHUYeCKOU CUcmemvl npu NPOEKMUPOSAHUL 8 MPEXMEPHOU cucmeme KOOPOUHAm 6 u3udecKux
eounHuyax.
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Pasnmen JKypHaia: MaremaTuyecKkre U eCTECTBEHHEIC HayKH
HaHpaBHeHI/Ie nuccienoBanms: OU3NKO-MaTeMaTHISCKUE HAayKH

Ha nsitom miare anroputMa Mbl pacCUMTaIN apaMeTphbl TOYKK ONTUMYMA IPU paBHO3ZHAYHBIX
kputepusx: X° = {X°,1°} = {Y° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2},1.° = 0.6087},
B IByXMEPHOH CUCTEME KOOpIAUHAT X1, X, Puc. 4.1
1 B TPEXMEPHOM CHCTEME KOOPJMHAT X1, X, U A B OTHOCHUTEIBHBIX eAMHHIAX Ha puc. 4.2, 4.3, 4.4
P IPOSKTHPOBAHNH.

Ha Puc. 4.5 noka3zanpl: Toukd onTuMyma X;, X3, C COOTBETCTBYIOIIUMH OTHOCHTEIbHBIMU
omenkamu A; (X7) A4(X7), A3(X3) A5(X3) w mumeiimpie ¢ymkuum A°A5(X;), 2°45(X3) B
OTHOCHUTEINIFHBIX €IUHHIAX, KOTOpble XapakrepusyeT QyHkuuio f;(X) , f3(X) B deTpipexmMepHOM
W3MEPEHUU MTapaMETPOB X, ..., Xg4.

Hccrnegyem u mpeiactaBuM 3T HapamMeTpbl A KakJOHW XapaKTePUCTUKU TEXHUYECKOM
cuctemsl (kputepust): fi(X), fo(X), f3(X), fo(X), fs(X), fo(X) B ¢puszuueckux eounuuax.

9.1 3man. ['eomempuueckas uwmepnpemayusi pe3yibmamog pewenus B3MII — nepeoii
Xapakxmepucmuky mexHuyecKol cucmemovl NPU NPOEKMUPOBAHUYU 8 PUULECKUX eOUHUYAX.

[lepBast xapakTepucTHKa CTPyKTypsl Marepuana f;(X) cdopmupoBana B 4.1.4:
max h,(X)=323.84 — 2.25y, — 3.49y, + 10.72y; + 13.124y, + 0.0968y,y, — 0.062y,y; —
0.169y,y, + 0.0743y,y; — 0.1y,y, — 0.0036y5y, + 0.0143y? + 0.0118y3 — 0.2434y% —
0.5026y2, (4.30)

[pencraBuM reoMeTpuuecKyro nHTepnperanuio GyHkuuu hy (V) B Qu3HUecKknx eIuHUIEX C
NePEMEHHBIMH KOOPAMHATAMU {Y; Y3} ¥ C IOCTOSHHBIMU KoopauHatamu {y, = {49.54,y, = 2.2},
B3SThIC U3 onTUMabHOM Touku Y (4.49) Ha puc 4.6.

Function f1(X)->max in Vector Optimization problem
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Puc. 4.6. ®yukuus f; (X) B AByXMEpHO#H CHCTEME KOOPIHHAT X; X3 M F€OMETpHYECKast
unaTeprperanus Gyuknun f; (X) B cucTeMe KOOPIUHAT X1 X5 X3 X4

Koopaunate! Touku makcumyma Y, = {y; = 46.7636, y; = 8.0} (ua puc. 4.6 o0003HaueHa KaK
Xlomax). Benmnunna nieneBoii ¢pynkuun hy=FX1lomax = 387.9.

Koopaunatel Toukn muaumyma X{ = {x; = 31.9,x; = 2.1} (na puc. 4.6 o603HaueHa Kak
X1omin). Benuuuna nesnepoit pynxiuu F=FX1lomin = 296.6.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ma puc. 4.6 o6o3HaucHa kak X100).
Bemmunna nenesoii pyukun f; (X°) =FX100 = 364.0.
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Touku onmTuMyma: X;{ C YETHIpbMs IMapaMeTpaMH pacCYMTaHbl Ha mare | W BEIUYNHON
kputepus f;' = f1(X;) = —387.9; Touxa X{ ¢ BelIMUMHON KpUTEpHS

2 = fi(X?) = 296.6 — na pucynke o6o3nauens! (f(X;), f2(XD).

JIuneiinas dynxius, coemmusiomas Toukd f1(X°) m fA(X]) B dusmueckux emmmHMIAx
xapaktepusyeT GyHknuo f; (X) B 4eTBIpeXMEPHOM U3MEPECHHH MTAPAMETPOB X1, ..., Xy4.

A B 1ieniom otpesku f2(X7) -f1(X°)- fA(XY) npencTaBasior reoMeTpHUECKY 0 HHTEPIIONIALMIO
¢bysakmu f; (X) B 4eTHIpEXMEPHOM U3MEPEHUU ITAPAMETPOB X, ..., Xy4.

9.2 aman. [‘eomempuueckas unmepnpemayus pe3yiomamos pewienus B3IMII — emopoii
Xapaxmepucmuxu mexHuyeckol cucmemvl NPy NPOEKMuUpPoSaHuU 8 Pu3U4ecKux eOUHUYax.

Bropass xapakrtepucTHKa TeXHMYeCKOi cucremsl f,(X) npencraBimena B 4.1.4:
min f,(X)=795.72 +23.89x,+30.866x, -25.8586x; -45.0026x, -0.7683x;x, +0.4703x;x3
+0.7472x,x,-0.1283x,x5+0.3266x,x,-0.0112x5x,+0.0398x7+0.0365x3 +3.2x5+2.6457x%, (3.26)

[pencTaBuM reOMEeTpUYECKYIO HHTepHpeTaiuio GyHkuuio f,(X) B GU3MUICCKHX eAUHHIAX C
MEPEMEHHBIMH KOOPAWHATAMHU {X; X3} ¥ C MOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3AThIC U3 onTUMabHOM ToukH Y (4.49) Ha puc 4.7.

Koopaunatel Toukn makeumyma X, = {x; = 55.6,x; = 8.0} (na puc. 4.7 ob6o3HaueHa Kak
X2omax). Bennunna nieneBoii pynkuun F,=FX20max = 1361.4.

Koopaunatsl Toukd MEHMMYMa Xo = {x; = 31.9,x; = 2.1} (ua puc. 4.7 o6o3HaueHa Kak
X2omin). Benuuuna nenesoit pynxuun Fy=FX2omin = 2458.5.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ua puc. 7 obOo3naueHa kak X200).
Bennuuna nenesoii pynkuu f, (X ) =FX200 = 1790.7.

Touku omTuMyma: X, C YETHIpbMs NApaMEeTpaMH pacCUMTaHbl HA miare | W BEJIMYUHON
xkputepus f, = f,(X3) = 1361.4; Touka X2 ¢ BeJIMYUHOM KpUTEPHS

2 = £,(X2) = —2458.5- na pucynke o6osnauens! (f£(X3), fL(X2).

Function f2(X)->min in Vector Optimization problem

Puc. 4.7. ®yukuus f,(X) B AByXMEpHOU CHCTEME KOOPIUHAT X; X3 W F€OMETPHUYCCKAs
unTepnperanus GyHkuun f,(X) B cucteMe KOOPAUHAT X1 Xy X3 Xy

JIumeitnas Qynkmms, coemuHsiomas Touku f,(X°) u fA(X3) B (u3MdyeckMxX emMHMIAX
xapakTepusyer QyHKIHIO f>(X) B 4ETBIpEXMEPHOM M3MEPEHHUH MapaMeTPOB Xj, ..., X4. A B IIEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBaAroT reoMeTpUYECcKy0 HHTEPIONSAIMIO QyHKIHH f5 (X)
B YETHIPEXMEPHOM U3MEPEHUU MAPAMETPOB X1, ..., Xy4.
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9.3 aman. ['eomempuueckas unmepnpemayusi pe3yabmamos peuwienus B3MII — mpemueii
XapakxmepucmuKyu mexHuuecKou Cucmembl npu npoeKmupo8aHuu 8 hu3uUIeckux eOuHUYax.
TpeThst XapaKTepUCTHKA TEXHUUECKON cucTeMsl f3(X) chopmupoBana B 4.1.4:
max h;(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, —
0.008y,y; + 0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y5y, — 0.0004y? —
0.0002y% + 0.0335y2 + 0.124y2}, (4.31)
[IpeacTaBuM reOMETpHYECKYI0 HHTeprpeTanuio GyHkimu f3(X) B (H3MYECKUX eqUHHIAX C
MEPEMEHHBIMH KOOPJIMHATAMHU {X; X3} U C MOCTOSIHHBIMH KOoOpauHaTtamu y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMaNIbHOM ToukH Y (4.49) Ha puc 4.8.
Koopaunatel Toukn makeumyma Xz = {x; = 31.9,x; = 2.1} (ua puc. 4.8 o003HaueHa Kak
X3omax). Benmnunna nienesoii pynkmun F; =FX3omax = 210.3.
KoopauHatel Touku MEHHMYMa X3 = {x; = 78.16,x; = 8.0} (ua puc. 4.8 o6o3HaueHa Kak
X3omin). Benuuuna nenepoit pynxiuu f=FX3omin = 169.26.
Koopaunatel Touku X° = {x; = 43.9,x3 = 4.348} (ua puc. 4.8 obOo3nauena kak X300).
Bennuuna nenesoii ¢pynkiyu f3(X°) =FX300 = 194.3.
Touku onTuMyma: X3 C 9YETHIpbMs TMapaMeTpaMU pPACCUMTAHbl HA MIare | W BEITMYUHOU
xkputepus f5 = f3(X3) = —210.3; Touka X3 ¢ BeJIMIUHON KpUTEPHs
9 = f3(X9) = 169.26 — na pucynxe o6o3nauens! (f2(X3), fL(XI).

Function f3{X)->max in Vector Optimization problem
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Puc. 4.8. ®yukiws f3(X) B AByXMEpHOU CHCTEME KOOPIUHAT X1 X3 W F€OMETPHUYECKas
uHTepnperanus GyHkiun f3(X) B cucTeMe KOOPAUHAT X1 Xy X3 X4

JIuneitnas dynxiums, coeamHsiomas Touku f3(X°) m fA(X3) B du3mMdeckumx eaMHMIAX
XapakTepusyeT GYHKIHIO f3(X) B 4eTBIpeXMEPHOM M3MEPEHUH MAPAMETPOB X1, ..., Xy4.
A B ieniom otpesku fL(X7) -f3(X°)- fA(XS) npencTaBasioT reoMeTpHUECKY 0 HHTEPIOIALMIO
¢bynkuu f3(X) B 4eTHIpEXMEPHOM U3MEPEHUH MAPAMETPOB X, ..., X4.
9.4 sman. [ eomempuueckas unmepnpemayus pe3yiomamosg peuierus B3MII — uemeepmoii
Xapakxmepucmuxku mexHuyeckou cucmembvl Npu NPOEKMuUposaHuu 8 Pu3uyeckux eOUHUYax.
YeTBepTas XapaKTEpUCTHKA TEXHUUECKOU cucTeMsl f; (X) mpencrasiena B 3.1.4:
max h,(Y)=21.004 — 0.0097y; — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y, +
0.085y,y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y% +

0.0035y2 + 0.006y2 — 0.0311y2}}, (4.33)
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[IpencraBuM reomMeTpuuecKkyro UHTeprperannto GyHKiuo f,(X) B Quznueckux eIuHUIAX C
MEPEMEHHBIMH KOOPIMHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpauHAaTamMu y, = {49.54,y, = 2.2},
B3SIThIC U3 onTUMaNIbHOM Touku Y (4.49) Ha puc. 4.9.

Koopaunatel Toukn makcumyma X, = {x; = 36.70,x; = 2.1} (Ha puc. 4.9 o003HaucHa KaK
X4omax). Benmnuuna neneBoit pynkmuu F, =FX4omax = 30.714.

Koopausatel Toukn Mmunamyma X. = {x; = 62.71,x; = 8} (na puc. 4.9 o603HaueHa Kak
X4omin). Bennunna nenesot pyukimu £, =FX4omin = —73.62.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ma puc. 4.9 o6o3nauena kak X400).
Bennunna nenesoit Gpyukimu f,(X°) FX400 = 47.5.

Touku onTuMyma: X; C 4YETHIpbMS IMapaMeTpaMU pPAcCUMTaHbl HAa IIare | W BETMYMHOU
xputepus f; = f,(X3) = 30.714; Touka X ¢ BenuuuMHOI KpuTEpHUs

0 = £,(X?) = —73.62— na pucynxe obo3mauens! (f2(X;), f£(XD).

Function f4{X)-=>min in Vector Optimization problem
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Puc. 4.9. ®yukiwus f,(X) B IByXMepHO#t crCcTeMe KOOPAWHAT Xq X3 W TeOMETpUYecKast
unaTepnperanus Gyakiwn f,(X) B cHcTEeMe KOOPIMHAT Xq Xy X3 X4

JIuneitnas dymkiumsa, coeauusiomas Toukd f,(X°) m fA(X}) B dusmueckux emMHHIAX
xapakrtepusyer GyHKIHIO f;(X) B YETBIpEXMEPHOM H3MEPEHHH MapaMETPOB Xj, ..., X4. A B IIEIIOM
orpeskn f2(X}) -f2(X°)- fA(X?) npencTaisioT reoMeTpUYECKy0 HHTEPIIONAINIO QYHKIHH f, (X)
B YETHIPEXMEPHOM M3MEPEHUU TTAPAMETPOB X, ..., X4.

B coeokynnocmu, nipencraBieHa Bepcusl IPOTPAMMHOTO OOECTICYSHHS BBIAET CIIEIyIOIINe
pe3yJIbTaThl: TOUKA onTUMyMa - X ?;

xapakrepuctukn (kputepun) — F(X?) = {f,(X°), £,(X°), f5(X°), fo(X*)};

otHOcuTeNbHBIE OeHKH — A(X?) = {A;(X?), A, (X°), A5(X?), Ay (X2},

MaKCHMabHY0 OTHOCHTENbHYO olleHKY - A, Takyro uto A°< A, (X°) Vk € K.

TOYKY ONTHMYyMa C IPUOPUTETOM (-T0 Kputepus — X 7,

xapaxrepuctngn (kpurepun) — F(X9) = (f,(XD), £,(X9), f5(XD), f(XD};

otHocHuTeNnbHbIE OMEHKH — A(X?) = {A; (X1), A, (X 1), A3 (X9), A (XD},
MaKCHMAaJbHYI0 OTHOCHTENbHYIO olleHky A°° , Takyio uTo A°°< pg Kk X9,k =1,K.

3aknwuenue no pazoeny. IlpoOiiema pa3paOOTKH MAaTEMAaTUYECKHX METOJOB BEKTOPHOM
ONITUMH3AIMHY U IPHHATHUS ONTHMAIBHOTO PEIICHHS HA HX OCHOBE B CIIOKHOM CTPYKType MaTepuasia
10 HEKOTOPOMY Ha0OPY IKCIIEPUMEHTAIBHBIX TAHHBIX M ()YHKIIMOHATBHBIX XapaKTEPUCTHK SBIISCTCS
OJTHOW W3 BaXHEHIIMX 3a/1ad CHCTEMHOTO aHalIHM3a M MPOEKTHpoBaHWsA. B pabore paszpaborana
METOJIOJIOTHS aBTOMATHU3AIlMH TMPOSKTUPOBAHUS IMyTEM: IOCTPOCHUS MAaTEMAaTHYECKOW MOJEIH
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Marepuaia B YCIOBHSAX OIPEACICHHOCTH M HEOINPEICICHHOCTH, Pa3padOTKU METOJOB PEIICHHS
BEKTOPHOM 33/1a4M ¥ BEIOOPA ONTHMAIIFHBIX ITAPAMETPOB MaTepuaa 1o MHOKECTBY XapaKTEPHUCTHK.

5. CpaBHeHme NPHUKJIAAHBIX MeTOA0OB MHOTOMEpPHOH MAaTeMATHKH C MeETOdaMH
HCKYCCTBEHHOT0 HHTEJVIEKTA.

O1eHNM MPHUKIIAHBIE METOABI MHOTOMEPHOI MaTeMaTHKH - {akcuomaruka Mamrynuna F0.K.,
NPUHINIBI ONTUMAIBHOCTH U METO/BI PEIICHHS BEKTOPHBIX 3a/1a4 MaTEMaTHYECKOTO (BBITYKIOTO)
NPOrpaMMHPOBAHHS |, TPEACTABICHHBIC B TPETHEM M YSTBEPTOM pas3Jielie JaHHON paOOThl, U CPABHUM
UX C METOJAaMHU MCKYCCTBEHHOTO MHTEIIeKTa. VCTonb3yst TeOpHIO BEKTOPHOW ONTUMH3ALUH, MBI
TOJTYYHIIH [Tl ”H)KCHEPHOM CUCTEMBI (B YaCTHOCTH, TEXHHUYECKOM CHCTEMBI, CTPYKTYPbI MaTepHalia):

Touku ontumyma - X° = (x?,j = 1,N};

xapakTepuctuku (kpurepun) — F(X°) = {f,(X°),k = 1,K};

otHocuTenbHble oneHkH —  A(X°) = {&(X°),k = 1,K}, xoTopble nexaT B mpejenax
{0 <2, (X°)<1(100%),k = 1,K}, u nerko nepeBoguTCs B HATypaibHble (QU3MUECKre) TaHHBIE.

MoOXKeT 71 3TH pPe3yJIbTaThl IOJyYUTh HCKYCCTBEHHBI MHTEIUICKT, ()YHKIMOHUPYIOIINH, KaK
npaBuiio, 1o npuHimny nepedopa. Oreetum: «Het». IcKycCTBEHHBINH MHTEIUICKT MOXKET TOJIyYUTh
TOJBKO TPHUOIM3UTENBHBIN Pe3yibTaT, KOTOPBIA 3a/al YeJOBEK, HO YeM JTOT pe3yjbTaT JydIle
JPYTHX Pe3yJIbTaTOB TAKXKE IOJDKCH OLCHUTh YSJIOBEK HA OCHOBE MHTYHUIIHH.

Takum oOpa3zom, pa3paboTaHHasi TEOpUS BEKTOPHOW ONTHMHU3AIMA MOXET SIBISTHCS
MaTeMaTUYEeCKUM alllapaToM BbIYHCIUTEILHOIO HHTEUICKTa HCKYCCTBEHHOTO MHTEIUICKTA.

3akaouenue

[TpoGiema pa3pabOTKu MaTEMAaTHYECKUX METOJOB MHOTOMEPHON MaTEeMAaTUKH B MPUIIOKEHUN
K BCKTOpHOfI 3a4a49C OIITUMHU3ALINN U HpI/IHHTI/If{ OIITUMAJIBHOT O pemeHI/m Ha UX OCHOBEC B CJ'IO)KHOfI
TEXHUYECKON CHCTeME€ 1O HEKOTOpOMY HaOopy (YHKIHMOHANBHBIX XapaKTEPUCTUK U
3KCH€pI/IM€HTaHLHBIX JAHHBIX SBJISICTCA O}IHOI\/’I nu3 Ba)KHCI\/'IIHI/IX 3aa49 CHUCTCMHOI'O aHaJIn3a Hu
MPOEKTUPOBAHMS TEXHUYECKOW cucTeMbl. B pabore pa3zpaboTaHa MeTOHOJOTHS aBTOMATHU3AIMU
HpOGKTI/IpOBaHI/IH HYTeMI HOCTpO@HI/ISI MaTeMaTI/I'-IeCKOI\/II MOAeCIn I/IH}KeHepHOﬁ CHUCTCMBI B YCJ'IOBI/IﬂX
OTIPEACNIEHHOCTH W HEOMPENeICHHOCTH; pa3pabOTKM METOJOB pEIICHUs BEKTOPHOW 3aavu.
[IpencraBiaeHoO TMOCTPOCHHE MATEMAaTHUYECKOW W YHCICHHOW MOJENH BBIOOpa ONTHMAIBHBIX
MapaMeTpoB CIOKHOU TEXHUYECKOW CUCTEMBI U MaTepuaia CIOXKHOU CTPYKTYPBI U UX pean3aius
110 MHOXECTBY XapaKTEpUCTUK.
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