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MHOI'OMEPHAS MATEMATHUKA. KOMIIBIOTEPHAS UHKEHEPUSA

N MATEPHUAJIOBEAEHUE MOJEJINPOBAHUE: 'TEOMETPUYECKAS
UHTEPIPETAIIAA N-MEPHOM CUCTEMBI B IBYXMEPHYIO U BBIGOP

OIITUMAJIBHBIX ITAPAMETPOB CUCTEMbI
MULTIDIMENSIONAL MATHEMATICS. COMPUTER ENGINEERING
AND MATERIALS SCIENCE MODELING: GEOMETRIC INTERPRETATION
OF AN N-DIMENSIONAL SYSTEM INTO A TWO-DIMENSIONAL SYSTEM
AND SELECTION OF OPTIMAL SYSTEM PARAMETERS

Annoranusi. [{eap paGoThl COCTOMT B KOMITBIOTEPHOUW WH)XCHEPHH W MaTepUATIOBEICHUE!
MOJICIMPOBAaHNE, UHTEpIpeTans N-MEepHOU B JIBYXMEPHYIO M BBHIOOP ONTHMAJIBLHBIX MapamMeTPOB
WHXCHEPHOUW CUCTeMbI Ha 0a3e MHOTOMEPHOW MAaTeMAaTHUKH (pa3ei: TEOPHUH U METOJIOB BEKTOPHOU
OHTI/IMI/I3aI_[I/II/I). B paMKax TCOpUHU BCKTOpHOﬁ OINITUMHU3AIIMK TPCACTABICHbBI IIPHUHIMUIILI
OINTUMAJIbBHOCTH PCIICHHA BCKTOPHBIX 3aaa4d IIPU PAaBHO3HAYHBIX KPUTCPUAX W IIPU 3aJaHHOM
npuoputere kputepus https://rdcu.be/bhZ8i. (Pabora "Vector optimization with equivalent and
priority criteria” Springer Nature pacnpoctpansiercst 6ecriatro.). Ha ocHoBe Teopuu pa3paboTaHbl
KOHCTPYKTUBHBIC MCTOJAbI PCHICHHA 3aJday BeKTopHOﬁ OIITUMHU3AlIUH, KOTOPBIC IIO3BOJIAIOT
OICHUBATH 3KCICPUMCHTAJIBHBIC JAHHBIC, BO-IICPBLIX, ITPU PABHO3HAYHBIX KPUTCPUAX, BO-BTOPBIX,
Ipu MOACIUPOBAHHUN HHIKCHCPHBIX CHCTEM C 3aJaHHBIM IMPHOPUTCTOM KPHUTCPHA IIPHU IPUHATHUHA
OINTUMAJIBHOTO PCHICHUA. HpaKTquCKaSI HAIpaBJICHHOCTL IIOKa3aHa HIpHW aBTOMATU3HPOBAHHOM
IIPOCKTUPOBAHUN Ha Oaze BeKTOpHOﬁ ONTUMHU3AIUN HWHIKCHCPHBIX CHCTEM, KOTOPBIM OTHOCATCA
CTpyKTypa Marepuana. Jlms 3Tol menu pa3paboTaHO TPOrpaMMHOE OOECTICUEHHE pPEIIeHUs
BEKTOpHBIX 3a7a4 HenmmHeHoro (B3HIT) mporpammupoBanus. [IporpaMmMHoe obecrieueHre pemeHus
B3HII wucnone3ytorcst mpu mudpoBoil TpaHchopManuu NPUHATHAS ONTUMAIBHBIX pPEUICHUH B
WH)KEHEPHBIX 3a7a4ax. YMCIIeHHBIE PUMEPHI TPEICTABICHBI IUPPOBOH TpaHchopMaIend MpuHITHS
ONTUMAJIBHBIX PEHIEHUI MO CTPYKTYpE MaTepHaa.

HpI/I MMPUHATHU OIITUMAJIBHBIX pCI_HeHI/Iﬁ B MHIKCHCPHBIX CUCTEMAX pa3pa60TaH0: IMOCTPOCHHUC
WCXOJIHBIX JaHHBIX (TEXHUYECKOE 3a/JlaHue) /IS MOJICTUPOBAHUS CTPYKTYpbl Marepuania;
Hp606p8.30BaHI/IC MaTeMaTHIECKOHN MOJCIIN CTPYKTYPhI MaTCpHraja B YCIOBUAX HCOIIPCACICHHOCTH B
MOJCIIb B YCJIIOBUAX OIPCACICHHOCTH, INMPUHATHC ONTUMAJIBHOTO PCIICHUA (KOTOpOG BKJIFOYACT
rmapaMeTpbl W XapaKTePUCTUKH Marepuana) C pPaBHO3HAYHBIMU KPUTEPHUSAMHU; TPHHITHE
OINTUMAJIBHOTO PCHICHUSA C 3aJaHHBIM MIPUOPUTETOM KPUTCPUA.

Abstract. The purpose of the work is in computer engineering and materials science:
modeling, interpretation of N-dimensional into two-dimensional and selection of optimal parameters
of an engineering system based on multidimensional mathematics (section: theory and methods of
vector optimization). Within the framework of the theory of vector optimization, the principles of
optimality of solving vector problems with equivalent criteria and with a given priority of the criterion
are presented https://rdcu.be/bhZ8i. (The work "Vector optimization with equivalent and priority
criteria» by Springer Nature is distributed free of charge.). On the basis of the theory, constructive
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methods for solving vector optimization problems have been developed, which make it possible to
evaluate experimental data, firstly, with equivalent criteria, and secondly, when modeling engineering
systems with a given criterion priority when making an optimal decision. Practical orientation is
shown in computer-aided design based on vector optimization of engineering systems, which include
the structure of the material. For this purpose, software for solving vector problems of nonlinear
programming (VPNP) has been developed. VPNP solution software is used in the digital
transformation of optimal decision-making in engineering problems. Numerical examples are
presented by the digital transformation of optimal decision-making on the structure of the material.
To make the optimal decision in engineering systems (on the example of the structure of the material),
the following has been developed: the construction of initial data (technical specification) for
modeling the structure of the material; transformation of a mathematical model of the structure of a
material under conditions of uncertainty into a model under conditions of certainty; making an
optimal decision (which includes parameters and characteristics of the material) with equivalent
criteria; making an optimal decision with a given priority criterion.

KuawueBble ciaoBa: HWuxeHepHas cucrema, Teopus MHOINOMEPHOHM MaTEMAaTHKH,
AKcUOMaTHKa BEKTOPHOM onTtuMu3auuud, MeTtomonorus MojaelupoBaHus, MarTemaTtuyeckoe u
IIporpaMMHOC 06CCH6‘I€HI/I6, CJIOKHas TEXHHUYECKasd CUCTEMA CTPYKTypa MaT€pHrajia.

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

1. Beenenue.

HccnenoBanne pa3BUTHA HMHKEHEPHBIX CHUCTEM M HAyKHM O MaTepuasax, B YacTHOCTH,
M0Ka3aJi0, YTO UX Pa3BUTHE 3aBUCUT OT HEKOTOPOTO MHOKECTBA (PYHKIMOHATIBHBIX XapaKTEPUCTHK,
KOTOpbIE HEOOXOJIMMO YYWUTBIBaTh Ha CTAaJUU NPOEKTHPOBaHUSA. AHaIU3 (yHKIHMOHHUPOBAHHUS
WH)KCHEPHBIX CHUCTEM TIOKa3all, YTO YIJy4YlIeHHWe IO OJHOW M3 XapaKTePUCTHK TNPUBOJUT K
YXYIIIEHUIO IPYTUX XapaKTepUCTUK. [ yimyuiieHus GyHKIIMOHUPOBAHUS MHKEHEPHON CUCTEMBI B
EJIOM HEOOXO0IMMO YIIY4IIICHHUS BCEX XapaKTEPUCTHUK B COBOKyIHOCTH [1, 2].

MaremaTHnueckas MO/JIEJIb TaKuX (MHXEHEepHBIX) cucTeM npeJcTaBiIeHa
MHOTOKPUTEPHAILHBIMU  33Jla4aMH  ONTHMHU3AllMM W, Kak CIEICTBHE, TpeOyeTcs pelieHne
MHOTOKPUTEPHAIFHBIX (BEKTOPHBIX) 3a/1a4 MaTeMaTHYECKOTO MporpaMMupoBanus. MccienoBanus
TaKOro Kjacca 3ajad Havajoch Oojiee cTa JieT ToMy Haszal B pabote Pareto V. [3]. anbHeliiee
WCCIIEZIOBAaHMSI MHOTOKPHTEPHAIHHON ONTUMH3AIMH MTPOBOJMIOCH KaK Ha TEOPETUIECKOM ypPOBHE
3apyOexxueiMu [4, 5, 6, 34-39] u pycckumu asropamu [13, 14, 15-33], Tak u Ha peuieHUH
MPAKTUYECKHX 3aJ1ad CHadaia B o0acT SkoHOMHKH [15, 16, 44], a 3a TeM B 00J1aCTH HH)KEHEPHBIX
cuctem [7-12, 16-33, 44].

Ilenv padomsr aHaM3, TOCTPOCHHWE MATEMaTHUYECKOW MOJENW CTPYKTYpHl Marepuana,
UCCIIeZIOBaHNE MPOIECCOB HUGPPOBOM TpaHCPOPMALIMU PA3BUTHSI MHKEHEPHBIX CUCTEM B YCIOBHUSX
OTIPEIEIICHHOCTH W HEOTIPEIEIICHHOCTH, BHIOOP ONTHMAIBHBIX MapaMETPOB CTPYKTYpPHI MaTepualia
Ha 0a3e TeOpUU U METOJI0B BEKTOPHON ONTUMH3ALIHH.

B pamkax Teopusi BEKTOpHOW ONTHMHU3AIMHA TPEACTABICHBI TMPHHIUIBI ONTHMAIBHOCTH
pelleHrst BEKTOPHBIX 3a71ay MPU PaBHO3HAUYHBIX KPUTEPHUAX U MPH 33JJaHHOM IPUOPUTETE KPUTEPHSL, a
TaK)Ke ITOKAa3aHbl KOHCTPYKTUBHBIE METONBI pEIICHHs 3a1ad BEKTOPHOW ontumm3anuu. Jlis
MOJETUPOBaHUsT M LU(POBON TpaHCcHoOpMalMU HHKEHEPHBIX CHCTEM MCIOJIb30BAaHBI BEKTOPHBIE
3a7a4ll HEJIMHEHHOro NpOrpaMMMpPOBAHMSA, KOTOpPbIE pEIIAIUCh B YCIOBUSX ONPENEIEHHOCTH HU
HEONpe/IeIIEHHOCTH.

Jlns peanu3alyy OCTaBICHHOM 1esu B paboTe MpeicTaBlIeHbl 1B 0071aCTH UCCIIEA0BAHUS:
MaTeMaTH4ecKoe, porpaMMHOe oOecrieueHIe 1 MPUKIagHast 00IacTb.
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B oOmactu  maremMaTHMueckoro M HPOrPaMMHOrO  OOecHedeHHUs  IMpeAcTaBiIeHa
XapaKTepUCTHKa, POBEIEH aHAIIU3 U UCCIIEIOBAHUE 3a/1a4 BEKTOPHOM ontumu3anyy, [13, 14, 15-33,
44]. B pamkax TeOopHM BEKTOPHOW ONTHUMH3ALMM IPEJICTABICHbl AKCMOMATHKa M IMPUHLUIIBI
ONTUMAJIFHOCTH PELICHUs BEKTOPHBIX 3a7lad NpPU PaBHO3HAYHBIX KPUTEPUSX U TPH 3aJaHHOM
npuoputere Kpurepus. Ha ocHOBe NPUHIMIIOB ONTHMAaJIbHOCTH pPa3pabOTaHbl KOHCTPYKTHUBHBIE
METO/Ibl PEeIICHHs 3a7[ad BEKTOPHOW ONTUMH3AINY, KOTOPBIE MO3BOJSIOT MPUHUMATH ONTUMAIILHOE
peleHue, BO-NIEPBbIX, MPU PABHO3HAYHBIX KPUTEPUSIX, BO-BTOPBIX, MPU 33aJaHHOM IMPHOPUTETE
kputepus. [Ipu uccnenoBannu mpoOIeMbl BEKTOPHOH ONTHMM3ALMU MPEICTABICHO YHCICHHOE
pelieHre BEKTOPHOM 3aJayd  HEJMHEWHOro (BBIIYKJIOIO) IPOrPaMMUPOBAHUS C YEThIPbMS
OJTHOPOJHBIMH KPUTEPUSIMHU.

B npuxnagHoit yactu paboThl B OpPraHU3alMOHHOM IUIaHE MHPOIECC MOJEIMPOBAHUS U
CHUMYJIMPOBaHUS CTPYKTYpBI MaTepHala MpeICTaBlIeH B BUJE METOI0JIOTHH: «MeTo010rus BeiOopa
ONTUMAJIbHBIX  [IAPaMETPOB  MHXKEHEPHbIX CHCTEM B  YCIOBHMSX  ONpPEICIIEHHOCTH U
HeomnpeaeneHHocth». (Texuuueckue cuctembl [16-32], TexHomormyeckue mpoiecch [16, 22],
Mmatepuaisi [18, 44]),

3amaun, KOTOpBIE BO3HMKAIOT B IPOLIECCE MPUHATHS ONTUMAIBHOTO DELICHHs BBIOOpa
ONTUMAJIbHBIX IAPAMETPOB CIOXKHBIX WMH)KEHEPHBIX CHCTEMaX BKJIKOYAET I10CJIEA0BATENIHO TpPHU
Buja. | Bua. Pemienue BEKTOpHOM 3a/1auu IpU paBHO3HAYHBIX KpuTepusx. [lomyuenHslil pe3ynbrar
SBJIICTCSI OCHOBOHM I JaJIbHEHIero ucciefoBaHus cucrteMsl. [Ipu 3TOM HCHob3yeTcs METo
pelieHusl BEKTOPHOW 3aJaydl MpPHU pPaBHO3HAYHBIX KpUTEpHUsX. Eciu moixydeHHBIH pe3ynbraT
YIIOBJIETBOPSIET JMIly, IpuHuMaromero pemenusi, (JIIIP - mpoextupoBiuk), To oH Oepercs 3a
ocHoBy. Ecnu pemenne He ynosnerBopser JIIIP, To nepexonum ko 2-my Buay (mpsmas 3ajnaga),
CBSI3aHHAs C M3MEHEHHUEM IapaMeTpOB; WM 3-My BHJY pelleHHs] BEKTOpHBIX 3anau (OOparHas
3amada: «Kakme OyayT mapaMeTphl CIIOXHBIX TEXHMYECKHMX CHCTEM TIPH  3aJaHHBIX
XapaKTePUCTHKAX).

B opranu3annoHHOM IJTaHE MPOIIECC MOJEIUPOBAHUS M cuMyiupoBaHus (the process of
modeling and simulation of a engineering system) CJIOXHBIX MHXEHEPHBIX CUCTEM, BKIFOYAIOIINN
TPY BU/IA BBIIIE MPEICTABICHHBIX 33/1a4, CQOPMHUPOBAH B BHJI€ METOI0JIOTHH:

«Metononorus BbIOOpPa ONTHMAJbHBIX IAPAMETPOB CIIOXKHBIX WH)XEHEPHBIX CHUCTEM B
YCJIOBUSIX ONPEICICHHOCTH U HEONPEACICHHOCTY, [18, 44].

MeToponorust BKIFO9aeT TPH OJI0Ka, pa3fAelIiCHHBIX Ha PsijI ATAIOB:

bnok 1. ®opmupoBaHMEe TEXHHYECKOTO  3aJaHusi, IMpeoOpa3oBaHHE  YCIOBUH
HEOIIPEICIIEHHOCTH B OTIPEICIICHHOCTB;

bnok 2. Metoznonorus nporecca NpUHIATHS ONITUMAIIBHOTO PeleHus (BhIOOpa ONTUMAIIbHBIX
napamMeTpoB) B MH)KCHEPHOW cuCTeMe Ha 0a3e BeKTOpHO# onTumMu3zaimu (the process of simulation
of a engineering system)

bnok 3. UccnenoBanue, MpoOeKTUPOBAHUE, TEOMETPUYECKAsi HHTEpIpeTalus nepexoa ot N-
MEPHOMY TNPOCTPAHCTBY M BBIOOpP ONTHMAJBHBIX MapaMETPOB CIOXKHOW HHKEHEPHOW CHCTEMBI
(CTpyKTYypBI MaTeprasia) B MHOTOMEPHON MaTeMaTHUKE

Peanuzanust Bcex OJOKOB METOAOJIOTHM TOKa3aHa Ha YHCICHHOM IpHUMepe (CTPYKTYpbI
Marepuaa)

2. IlocranoBka mnpodiembl. IlocTpoeHne MaTeMaTH4eCKOH MOJEJH CTPYKTYpPBbI
MaTepHaJja B YCJIOBHUAX ONpPeaeIeHHOCTH U HEONpe1eJeHHOCTH.

XUMHUYECKHUH COCTaB MaTepuallia W3JeNus ompejaessercs (Ha eAMHUIy oObema, Beca)
MIPOLICHTHBIM CO/IEP’)KAaHUEM HEKOTOPOI'0 MHOYKECTBA KOMIIOHEHT MaTepuasla, KOTOphIE B CyMMe
paBHbl cra mporeHtam. CocTaB Marepuana, XapaKTepU3yeTcsi OIpelesieHHbIM HabopoM
(YHKIIMOHATIBHBIX XapaKTEPUCTUK, KOTOpbIE BKJIIOYAIOT B €01 MEXaHMYECKHe U (PU3HKO-
XMMUYECKHe CBOWCTBa MaTepuasioB. OpHa rpynmna cBOWCTB ((DyHKIIMOHAJIBHBIX XapaKTEPUCTHK)
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Marepuaia XapaKTepu3yeTcsl TeM, UTO MX JKEJIaTEIbHO 10 CBOEH YMCIOBON BETMYMHE TIOJTYYUTh KaK
MOXHO Oouibllie (HampuMep, MPOYHOCTH), pyrasi TPyIIa CBOWCTB XapaKTePU3yeTcs TEM, YTO HX
JKEJIaTeNIbHO TI0 CBOEU YMCJIOBOM BEIMYMHE MOJYYUTh KaK MEHbIIE. YIIYUIIEHHUE 10 OJHON U3 3THX
XapaKTePUCTHK TPUBOAMNT K yXYAIICHUIO APYyroil. B 1memom tpebyercs momoOpaTh TakoW COCTaB
Marepuaia, 4ToObl Bce CBOMCTBA MaTepuajia ObLIM KaK MOKHO JIYYIII€ B COBOKYITHOCTH.

2.1. Mamemamuueckas mMooenv CHMPYKmMypol Mamepuana

PaccmatpuBaeTcs coctaB MaTepuana Kakoro-iu00 u3eiusl, TEXHUIECKON CUCTeMBbl, KOTopast
3aBHCUT OT psijla KOMIOHEHT Mmatepuana: Y = {y;,¥,,..., Yy}, rie V - MHOXECTBa KOMIIOHCHT
marepuana, Y = {y;,j = 1,V}, V - 4ucio KOMIIOHEHT, U3 KOTOPHIX MOMKET OBITh COCTAaBIIEH
(M3roTOBIICH) MaTepual, Yy, - BEJIMYMHA B MPOIEHTAX V-0l KOMIIOHEHTHI MaTepHalia, Kaxaas 13
KOTOPBIX JISKUT B 33/IaHHBIX Tpeieiax:

Yr<y, <y, v =1V, (2.1)
rae y, ", vt Vv € V - HIoKHUH B BEpXHUH MPeiesbl K3MEHEHUS BEKTOpa KOMIIOHEHT MaTepuaia.
Y 1Yy = 100%, (2.2)

CyMMa BCEeX KOMITOHEHT MaTepHaia paBHa CTa MPOICHTaM.
CoctaB MaTepuaia olleHuBaeTcst HAbopoM (MHOXkecTBOM) K (pu3nueckux CBOWCTB MaTepuana:
HY) ={h(Y),k =1,K}, (2.3)

KOTOpble (PYHKIMOHATIBHO 3aBUCAT OT KOHCTPYKTHBHBIX mapamertpos: ¥ = {y,, k = 1,V}T;

k - mHIEKC BUIa pU3ndecKoro cBoicTBa Marepuaiia, k = 1, K, rine K - 4ucio BUIOB CBOWCTB
(pyHKUIMOHANBHBIX XapaKTEPUCTUK) MaTepHaia, NPeACTaBUM HX B BHJIE BEKTOP - (YHKIIHH.

H(Y) - BexTOp-(pyHKIMS (BEKTOPHBINA KpUTEpHii), uMeromas K — komrnoneHT-pyHkmid, (K -
morHocTh MuoskecTsa K): H(Y) = {hy(Y), k = 1,K}. MuosxecTso K coctout u3 noaMuosxectsa K
KOMIIOHEHT MaKCUMU3aluu U noaMHoxecTBa K, munumnsamuu; K = K, UK,;

H (V) = {ht(Y), k =1,K;} — 5TO BeKTOpHBII KpHUTEpHii, KaXK1as KOMIOHEHTa KOTOPOTO
Makcummsupyercs, K; — uncio kpurepues, a K;=1, K;- MHOXXECTBO KpUTEpUEB MakCUMHU3aLuu. B
nanebHeiimem Oynem npeamonarath, uto Hy(Y) = {hy(Y), k =1,K;} HenpepbiBHbIE BOTHYyThIE
¢byHkumu (MHOTAA OYJIeM UX Ha3bIBaTh KPUTEPHSIMU MAaKCUMH3AIINN);

H,(Y) = {ht(Y), k =1,K,} - BekTOpHBIl KpuTepuii, Kaxgas KOMIIOHEHTAa KOTOPOTO
muHummsupyerces, K,=K; +1,K=1,K, - MHOXECTBO KpPUTEPHUEB MHUHUMHU3auuu, K, — 4ducio.
[pennonaraem, urto hy(Y),k = 1,K,- HemnpepsiBHbIE BBIMyKIble (QyHKIHH (OyJeM HMHOTJA HX
Ha3bIBaTh KPUTEPUSAMU MUHUMU3ALUH), T. €.:

K=K,UK, K,cK K,CcK.

Xapaxtepuctuku matepuana H(Y) = {h,(Y),k = 1,K} Mbl ucnonb3yem Kak KpUTEpHH, a
npenensl W3MEHEHHs, HakJIaJblBaeMble Ha KaXIbli BHJ KOMIIOHEHT, KaK MapaMeTpU4ecKue
orpaHudeHus. MaTeMaTHUecKyl0 MOJAEIb MaTepuaia, PelIalollylo B LEJOM IpobiieMy BbliOopa
ONITUMAJIFHOTO TIPOEKTHOTO pelIeHus (BBIOOpa ONTHMAJIBHON CTPYKTYPBl MaTepuania), MpeacTaBuM
B BUJI€ BEKTOPHOH 331a4ll MaTEMaTUYECKOTI0 IIPOrPaMMUPOBAHMSL:

Opt H(Y) = {maxH;(Y) = {maxh, (Y), k =1,K,}, (2.4)
min H,(Y) = {minh, (Y), k =1,K,}}, (2.5)

G(Y) <B, (2.6)

Yo-1¥p(t) = 100%, (2.7)

ymin <y, < ymax p = 1,7, (2.8)

rae Y = {y;,j = 1,V} - BeKTOp ynpaB/seMbIX NEPEMEHHBIX (KOMIIOHEHT MaTepuana) us (2.1);
H(Y) ={hy(Y),k = 1,K} - BeKTOpHBII KpUTEPHH, Kaxasi PyHKIUS KOTOPOTO MPEACTABISICT
XapaKTEepPUCTHKY (CBOMCTBO) MaTrepuaina, (PyHKIIMOHAIBHO 3aBUCSIIYIO OT BEKTOpa MEPEMEHHBIX Y
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GY)={g:(Y), ..., gu(Y)} — Bekrop-QyHKUMA OrpaHMYEHHii, HAKIAALIBAEMBIX Ha
CTPYKTYypy MaTepuana, M — MHOXKECTBO OTpaHUYCHHUI.

[pennonaraercs, uro Gynkuuu H(Y) = {h,(Y), k = 1, K} muddepeHuupyeMbl U BHITYKIIbI,
G(Y)={g;(Y),i =1,M}T uenpepslBHbI, a 3ajaHHOE OrpaHHueHUAMHU (2.6)-(2.8) MHOXKECTBO
JIOMyCTUMBIX TOYEK S HE MYCTO U MPEACTaBIIET COOOH KOMITAKT:

S={XeR™G(Y) <0,Y™M" <Yy < Y™} % @, (2.9)

CootHomienus (2.4)-(2.8) o6pa3yroT MaTeMaTHIECKYIO MOIeIb MaTepuaia. Tpedyercst HalTh
TaKOW BEKTOp MapaMeTpoB Y° € S, mpu KOTOPOM KakAas KOMIIOHEHTa (XapaKTepPHCTHKA) BEKTOP —
¢yukmuu: Hy(Y) npuHHMaeT MakCHMajdbHO BO3MOKHOE 3HaueHue, a BekTop - ¢GyHkuuu H,(Y)
MPUHUMAET MUHHMAaJIbHOE 3HaUYEHUE:

H (V) = {h(Y), k =1,K,}, Hy(Y) = {h(Y), k =1,K,}. (2.10)

B nanHOI cTaThe UCCIIEI0BAHUE KOHCTPYKTUBHBIX CBOMCTB MaTepHalla pacCMaTpPUBAIOTCA B
cratuke. Ho cTpykTypa MaTepuansa MOTYT paccMaTpuBaTbCs B JAMHAMUKe (Hampumep, Mpu
W3MEHEHHH BHEIIHEH TemImeparypbl 3a KakKoi-HMOyAb mepuon BpeMeHH). [[ns 3Toro MoHO,
UCIOJIb30BaTh  Au(depeHInaIbHO-pa3HOCTHBIE MeTOoAbl mpeoOpazoBanus [4] W TPOBOAUTH
UCClieZIoOBaHNE 3a HEeOOJBIION AMCKPETHBIM mnpoMexyTok BpemeHu At € T. B coBokymHocTH
MaTeMaTHYeCKyI0 MoJenb Marepuana (2.4)-(2.8) MOXKHO TpaKTOBaTh KaK CHCTEMHBIN IMOIXOJ K
HCCIIEI0BAaHUIO MaTepuaa.

2.2. Ilocmpoenue mamemamuyeckoil MoO0eaU CHIPYKMYPbl Mamepuand 6 Yclo6Uax
onpeoeneHHOoCmuU U HeonpeoealeHHoCmu

[Ipu mocTpoeHNM MaTeMaTHYECKON Moaenu Matepuania (2.4)-(2.8), kak u JyIsl TEXHUYECKON
cuctembl [20-26], BO3MOKHBI YCIIOBUS: OTPEICIICHHOCTH U HEONIPEACTICHHOCTH.

2.2.1. Ilocmpoenue mamemamuuecko MOOeIU MAMepuala 8 yCio8Uusx onpeoeieHHoOCmu

Venosus onpedenennocmu XapakTepu3yIOTCsl TEM, YTO M3BECTHA (DYHKIIMOHAIIbHASI 3aBUCHUMOCTD
KaX/IOM XapaKTEepUCTUKU (CBOMCTBA) MaTepualia U OTPaHMYEHUH OT KOHCTPYKTHBHBIX KOMITOHEHT
Marepuana. /|yt moctpoerns pyHKIMOHATIBHON 3aBUCHMOCTH BBITIONTHSIEM CIIEAYOIIE paOOTHI.

1. ®opMupyeM MHOXKECTBO BceX (PYHKIIMOHATIBHBIX XapaKTepUCTHK (CBoOcTB) MaTepuana K.

BenuunHy XapaktepuctHku o6o3HauuMm hy(Y), k = 1,K. OnpenenseM MHOKECTBO BCEX
KOMIIOHEHT Marepuana V, OoT KOTOpbIX 3aBUCAT 3TH XapaKTEpUCTUKU. BenumuumHbl mapameTpoB
NpEeNCTaBUM B BHAE Bektopa Y = {y;,j = 1,V}. JlaeM BepOanbHOE ONICAHHE XapaKTEPHCTUK
Marepuana.

2. MBI IpOBOAMM HCCIIEIOBaHHE (PU3NUECKUX MPOIIECCOB, MPOTEKAMIUX B MaTtepuane. s
TOTO  HUCHOJb3yeM (yHIaMeHTaJdbHbIE 3aKOHBI (U3WKHA: MOJEIHPOBAHWE MArHUTHBIX,
TEMIEPATyPHBIX TMOJIEH; 3aKOHBl COXpPAHEHWs] SHEPIUM, [BWKEHUS W T. J. YCTaHaBJIMBAaEeM
MHPOPMAIMOHHYIO U (PYHKIIMOHAIBHYIO CBSI3b XapaKTEPUCTHK MaTepHaia u ee napamerpos: H(Y) =
{hy(V),k =1,K}.

3. M1 onipesiensieM dynkiuonanbabie orpanmuenns: H(Y) = {h,(Y), k = 1,K}

R < by, < Rk = 1,K, wma H™" < H < H™
Y IapaMeTpHuecKue OrpaHrueHUsI:

y;nin <y, < ylgnax, v = L—V, Y min <Y < ymax
CyMMa Bcex KOMIIOHEHT MaTepuala paBHa cTa IpoleHTaM: Y.v_; y,(t) = 100%.

4. B pe3ynbTare Mbl MOCTPOMM MaTEMaTHMUECKYIO MOJEIb MaTepuaia B BUAE BEKTOPHOU
3a/la4yil MaTeMaTU4YeCKOro MPOrpaMMHUPOBAHHUS:

Opt H(YY) = {maxH,(Y) = {maxh, (Y), k =1,K;}, (2.10)
min H,(Y) = {minh; (Y), k =1,K,}}, (2.11)
H™" < H < H™MaX, (2.12)
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TIPY OTPaHUYEHUIX Yo—q YV, = 100% , (2.13)
<y, Syt =1V, (2.14)
3amaua (2.10)-(2.14) anexkBarHa 3amauun (2.4)-(2.8).

2.2.2. I[locmpoenue mamemamu4eckou MOOeIu Mamepuaia 8 yCio8usx HeonpeoeieHHOCmu

Vcnosusa neonpedenennocmu XapakTepu3yrTCsl TEM, 4YTO OTCYTCTBYET JIOCTaTOYHAs
nHpopmanus o GyHKIHOHAIBHOM 3aBUCUMOCTH CBOMCTBA MaTepualia OT COCTaBa KOMIIOHEHT. B aTom
cllydae IPOBOJATCS SKCIEPUMEHTAJIbHbIE HccienoBaHus. [l 3aJaHHOTO 4YHUClIa COCTaBOB
MaTepHasoB:

Vi={yj=LV}i=1M
OTIPENIENIAIOTCS COOTBETCTBYIOIIUI HAOOP CBOMCTB:

H(Y;) = {he(Y), k = LK}, i=1,M.

C yderoM 53TOro Marpuia 3KCHEPUMEHTOB IO MCCIEIOBAHUIO CTPYKTYpbl Marepuasna
MIPUHUMAET BHI:

i = v =1V (Y1) ... he(Y1)
= . (2.15)
Yu = mv, v =1, Vil hi(Yag) - hg(Ya)
rae cronden veV mpencTaBiseT YMCIOBYIO BEJIMYMHY V-OM KOMIIOHEHTHI MaTepuana B
npouentax, v = 1,V cronben ke K npeacraBiseT 4UCIOBYIO BeIMUMHY K-ro cBoHCTBa MaTepuaa,
k = 1,K. 3anaya nuua,
npuHuMarolero pemienus, (JIIIP) - koHCTpyKTOpa COCTOUT B BHIOOpE TaKOW ajJbTepHATUBBI,
KOTOpasi MO3BOJIWJIA Obl MOJY4YUTHh ‘B HAWOOJIBLIEH Mepe YCTpauBaroIIMi ero (ONTHMasbHBbIH)
pesynpTar”’ [18, 20]. MHOXecTBO KpuTepueB (XapakrepucTtuk) K moxapasmensiercs Ha aBa
noagmuoxkectBa K = K, UK, K, K, K,Cc K.
K, - 5TO TOJAMHOXXECTBO XapaKTEPHCTUK, YHCIOBBIE BEIHMYMHBI KOTOPHIX JKEIaTeIbHO
MOJTyYUTh, KaK MOKHO BBIIIIE:
L(Y) = {h (Y, i =1,M),k = 1,K;} » max
K, — 5TO0 MOAMHOXXECTBAa TEXHUYECKHUX XAPAKTEPUCTHUK, UUCIIOBBIE BEIMYMHBI KOTOPBIX
KeJaTeITbHO TOJTYYHTh, KaK MOXXHO HIDKE!
L) ={h(Y;,i =1,M),k =1,K,} - min.
Pemenue 3aaun npuHATHS pEIIEHUH IO CTPYKType MaTtepuaina (2.15) no cBoeli cytu 0au3ka
K pEIIEHUIO BEKTOPHOH 3aJadl MaTeMaTH4eCKOro IpOrpaMMHpPOBAHMs, KOTOpas B YCIOBHSX
HEOIPEIEIIEHHOCTH MPUMET BUJIL:

Opt H(Y) = {maxI;(Y) = {maxh, (Y;,i = 1,M), k =1,K;}, (2.16)
minl,(Y) = {minhy (Y;,i = 1, M), k =1,K,}}, (2.17)

NIPU OTPaHUYCHUSX h}tni”(Yi,i =1,M)< h, < hg**(Y;, i =1,M),k = 1,K, (2.18)
Y1V = 100% , (2.19)

yWt <y, <y v =1V, (2.20)

rne YV ={y;j,j =1LV} i= 1,M - BeKTOp yHpaBisieMbIX TEPEMEHHBIX (KOHCTPYKTUBHBIX
apaMeTpPOB);

HY;)) ={L,(Y;)),[;(Y;)} - BextopHbIii KpuTepHii, Kaxaas KOMIOHEHTa KOTOPOTO
NPEJICTABIISAET XapaKTEPUCTUKY (CBOWCTBO) MaTepuana, QyHKIIMOHAIBLHO 3aBHCAIIYIO0 OT BEIUYHHBI
JUCKPETHOTO 3HAYCHUsI BEKTOpa NmepeMeHHbIX Y;,i = 1, M; M — MHOXeCTBO AMCKPETHBIX 3HAUCHHI
BEKTOpa nepemeHHsIx Y;,i = 1, M;

B (2.18) hPM(Y)) < hy, < hP*(Y),k = 1, K — Bexktop-QyHKIHA OrpaHHYCHHIA,
HaKTa/[blBaeMBIX ~ Ha  (YHKOMM  Marepuana  mgenns, y,t <y, < ym* p =1V -
napamMeTpUIecKue OrpaHuuCHHS.
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2.3. Ilocmpoenue mamemamuueckol mMooenu Mamepuana 8 Yclosusx onpeodeleHHOCmu U
HeonpeoeleHHOCMU 6 8Ude BeKMOPHOUL 3a0ayu

B peasibHOI1 )KM3HM yCITOBUSI ONIPENICTICHHOCTH U HEOPEICIICHHOCTH COBMEIIatTcs. Moenp
MaTepualia Tak ke oTpaxaer 3tu ycioBus. O0benunum moaenu (2.10)-(2.14) u (2.16)-(2.20). B
UTOre IMOJIyYUM MOJENIb MaTephalia B YCJIOBHSIX OIPEICICHHOCTH M HEOIpeNeIeHHOCTH B
COBOKYITHOCTH B BHJIE BEKTOPHOM 32/1a4¥ MAaTEMAaTUIECCKOTO MPOTPAMMHPOBAHHS:

Opt H(Y) = {max H, (Y) = {maxh; (Y), k =1,K*/}, (2.21)
max I, (Y) = {maxh; (Y;,i = 1, M), k =1, K"}, (2.22)

min Hy(Y) = {min by (¥), k =1,K°}, (2.23)

minl,(Y) = {minh, (Y;,i = 1,M), k =1,K}"}}, (2.24)

pu orpaEmMdeHHaX ATVt < hy < hV k= 1,K, (2.25)
=1y = 100%, (2.26)

Wt <y, <y v =1V, (2.27)

rae Y - BEKTOp yIpaBiseMbIX IEPEMEHHBIX (KOHCTPYKTUBHBIX [TApAMETPOB MaTEPHAIIA);

H(Y) ={H,(Y) I,(Y) Hy(Y) I,(Y)} - BeKTOpHBIil KpHUTECPHIi, KaxKasi KOMIIOHEHTa KOTOPOTO
IPEICTABIIAET BEKTOP KPUTEPUEB (XapaKTEPUCTHK) MaTepraia, KOTopble (pyHKIMOHAIBHO 3aBUCST
OT 3HAYCHUI BEKTOpa MEPEMEHHBIX Y Kld e, sz ef (definiteness), K{"¢, K3™¢ (uncertainty)
MHOXECTBO KPUTEPUEB Max M min CPOPMHUPOBAHHBIE B  YCIOBHAX OIPEAEIECHHOCTH |
HeompeeaeHHocTd; B (2.25)  BeKTOp-QYHKIMSA  OTpAaHMYEHWH,  HAaKIaJbIBAEMBIX  Ha
(GYHKIMOHMPOBAHUE MaTepHana B IPOU3BOACTBEHHBIX YCIOBHAX, (2.27) mNapaMeTpryecKue
OrpaHUYCHUSI.

3. BBemenne B MHOIOMEpPHYK) MaTeMaTHKy. AHajau3, BekrTopHas 3agaua
MATeMaTH4eCKOro nporpaMmMupoBaHusi, Teopusi, AKCHOMBI 1 AKCHOMATHYECKHE METOJbI,
IpuHIMIBI ONTUMATBHOCTH

MaremaTnueckie MoJenu CTpYKTypbl Matepuana (2.21)-(2.27), a Taxke MOAENH TEXHHYECKUX
CHCTEM, TEXHOJIOTHYECKUX MPOLIECCOB M TMHAMUYECKON CHCTEMBI MPEJICTaBICHbI BEKTOPHBIMU 33/1a4aMH
Maremarnieckoro nporpammupoBanusi (B3MID), [16 - 21, 44]. JlanbHeliniee pa3BUTHE HCCIIETOBAHUSL
paboT Mo TeoprH BEKTOPHOM ONTHMHU3ALMK NpUBeia K (popmupoBaHuio "MHOroMepHoi MaTeMaTuKH' .

3.1. Ananu3s pazeumus coépemeHHOI MamemMamuKu.

AHanmm3 MaTeMaTHKH COBPEMEHHOM MPOBEICH B COOTBETCTBHH [ 1, ¢. 560 — 563].

MatemaTnka — 3TO HayKa O KOJMYECTBEHHBIX OTHOUIEHHSIX U MPOCTPAHCTBEHHBIX (opMmax
JENUCTBUTENBRHOrO MUpa. MaTemaTHKa, Kak HayKa CcTajla BO3MO>KHOH I10CJI€ HAKOIUIEHUS JOCTaTOYHO
00JBIIOT0 (PAKTHIECKOTO MaTepualia, BO3HUKIA B ApeBHEN ['peruu B 6 — 5 Bekax 10 HOBOM 3pHI, B
COOTBETCTBUH c [ 1] ueTbipe nepuoaa.

1. 3apoorcoenue mamemamuku. Ha paHHUX CTaausX pa3BUTUS CUET MNPEIMETOB OBITHS
MIPUBET K CO3JaHUIO IPOCTEUIINX MOHATUN apu(METUKH HATYPAJIbHBIX YHCEN.

2. Ilepuoo rnemenmapnoit mamemamuku. ViccinenoBanue npeIMeToB OBITHS MPUBET K
CO3JIaHUIO POCTEHIINX MOHATHI apr(PMETHUECKUX BBIYMCICHUHN, OTIpe IeIeH s TUIoIaael, 00beMOB
U T.II. BOBHUKAET MaTeMaTHKa, KaK HayKa.

3. Ilepuoo cozoanus mamemamuxu nepemennvix eeauyun. C 17 Beka HaUMHAETCS HOBBIN
NeproJl pa3BUTUS MaTeMaTuku. Ha mepBblil [U1aH BBIABUTACTCS. HOHAmMUE YHKUUU, OTIPENEISIoNIee
B3aMMOCBS3b IEPEMEHHBIX (ITapaMeTPOB) UCCIIETYEMOro 00beKTa. M3yueHne nepeMeHHbIX BEINYHH U
(YHKIMOHAIBHBIX 3aBUCUMOCTEH IIPUBOAMT Aajiee K OCHOBHBIM MOHITUSM MaTEMAaTUYECKOIO aHAJIN3a,
K MOHATHUIO TpeJierna, MPou3BOIHOM, nuddepennnana u unterpana. Co3naercss aHaan3 OECKOHEUHO
MaJIbIX B BHIE OudepenyuanvHoco u uHmeeparbHo20 BBIYUCIECHHUH, IMO3BOJISIOLIEE CBS3bIBAThH
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KOHEUHBbIE H3MEHEHMsI TEPEMEHHBIX BEJIMYMH C HMX IIOBEJCHHEM Ha NPUHHUMAEMOE pelleHHe
(pynxmmio). OCHOBHBIE 3aKOHBI MEXAHUKU U (DPU3UKH 3aMUCHIBAIOTCSA B (popMme muddepeHnaabHbIX
YpaBHEHUH, W 3a/laya UHTETPUPOBAHMS 3TUX YPABHEHUW BBIIBUTACTCS OJHOM M3 BaXKHEHIIMX 3a7a4
MaTEeMaTHUKHU.

4. Cospemennasa mamemamuxu. Bce cozgannbie B 17 n 18 Bekax pa3ziesibl MATEMAaTHUYECKOTO
aHajM3a MpoJoJbKaiu pa3BuBaThes B 19, 20 u 21 Bekax. B kauecTBe OCHOBHOTO armapata HOBBIX
oOjacTeii MEXaHMKM M MaTeMaTUYeCKOW (U3MKH YCHUJIEHHO pa3pabaThiBaeTcsi Teopus
muddepeHIMaTbHBIX yYPaBHCHUN OOBIKHOBEHHBIX WM YpPaBHEHUH C YaCTHBIMU IPOU3BOJHBIMH,
BBIUMCIUTENbHOM MaTeMaTuku. [IpoGieMbl HaxXoXKIEeHUS HAWIY4YIero peleHus B 3ajJadax
ynpaBieHUs] GU3NIECKUMU WIH MEXaHUYECKHUMH CHCTEMaMH, ONMChIBaeMble TU(depeHIINaTbHBIMU
YpaBHEHUSAMHU, IPUBEIU K CO3IAHUIO 1Meopul ONMUMAIbHO20 YNPABTIEHUSL.

B nenom nponecc pazBUTHUs MAaTEMAaTHKU MOKA3bIBAET, YTO MPHU PELUICHUH MAaTEMAaTUYECKUX
po0JieM, MPOUCXOIUIIO UCCIICAOBAHNE U aHAIHN3 OTICIBLHON yHKYuu (00HOMepHOIL), 3aBUCITIICH
OT HEKOTOPOTO MHOXKECTBAa TEPEMEHHBIX (TapamMeTpoOB) HCCIEIyEeMOr0 OOBEKTa, CHUCTEMBI.
(ITogpoGuee cmotpu B [1, ¢. 560 — 563]).

B peanpHOIl XHM3HH HCCIeIyeMblii OOBEKT, cHCTeMa NpU CBOeM (YHKIIMOHUPOBAHUU
(pa3BUTHH) XapaKTEpU3yeTCs HEKOTOPHIM Ha0OpOM (hYHKIIMOHAIBHBIX XapaKTEPUCTUK, KOTOPHIE
3aBUCAT OT OJHUX W TEX K€ MapaMeTpoB cucTteMbl. OTcioga mnpobjemMa MHOTOMEPHOCTH
HCCIIEyEMBIX OOBEKTOB, CUCTEM CTajia OOIIEHAYIHOM.

st pereHust mpoGieMbl MHOTOMEPHOCTH MBI TIPEICTaBUM BEKTOPHYIO (MHOTOMEPHYIO)
3a/layy ONTHMHU3ALMU U PACCMOTPUM TEOPHIO (aKCMOMATUKY, MPUHIMUIBI ONTUMAaJIbHOCTH) €€
pemenus, [15, 29, 44].

3.2. Bexmopnas 3a0aua mamemamuueckozo RPOZPAMMUPOCAHUA

Bekropnas 3amada matemaruyeckoro mporpammupoBaHus (B3MII) — sto cranmapTHas
3a/laua MaTEeMaTUYeCKOro MPOTrpaMMHUPOBAHUSA, UMEIOIIAsi HEKOTOPOE MHOMXECTBO KPUTEPHEB,
KOTOpbIE B COBOKYIIHOCTH TIPEICTaBIAIOT BekTop KputepueB. B3MII mnoapaszpensioTcs Ha
OJIHOPO/IHbIE U HeoHOpoaHbIe B3MII.

Oonopoonwvie B3MII maxcumusayuu —3T0 BEKTOpHAas 3a/1a4a, y KOTOPOH KaxkJasi KOMIOHEHTa
MHOECTBa KPUTEPUEB HAIIPaBJIEHA HA MAaKCUMH3ALUIO.

Oonopoonvie B3IMII munumuzayuu — 3T0 BEKTOPHAS 3a/1a4a, Y KOTOPOH KaKaas KOMITOHEHTA
MHOECTBA KPUTEPUEB HAINPABIIEHA HA MUHUMM3ALHUIO.

Heoonopoonwvie B3MII — >T0 BeKTOpHAs 3a/1a4a, y KOTOPOH MHOKECTBO KPUTEPHUEB Pa3/IETIECHO
Ha JIBa MIOJIMHOECTBA (BEKTOpA) KPUTEPUEB — MAKCUMHU3AIMU 1 MUHUMHU3AIIMA COOTBETCTBEHHO, T.
e. HeomHopoaueie B3MII — 510 00BeAMHEHNE ABYX BHIOB OJAHOPOIHBIX 3a7a4. B cooTBeTCcTBHM C
STUMHU  ONpPEAENICHUSAMHM TPEICTaBUM  BBINIYKIYK0 BEKTOPHYIO 3aJadyy MaTeMaTU4YeCcKOro
MIPOrpaMMHUPOBAHUS C HEOJHOPOIHBIMU KPUTEPHUSIMU.

Opt F(X) = {max F, (X) = {max f, (X), k =T,K;}, (31)
minF,(X) = {minf,, (X), k=K, +1,K = K, € K}}, (3.2)
G(X) <B, (3.3)

X>0, (3.4)

e X ={x;, j = 1,N} - BEKTOp TEpeMEeHHBIX, T.e. 9TO BEKTOp M3 N-MepHOro eBKIMI0Ba
npoctpanctBa RY; F(X) - BekTop-QyHKIMs (BEKTOPHBINA KpHTepuii), uMerommas K — KOMIIOHEHT-
dynxmuit, F(X) = {f,(X), k = 1,K}. Muoxectso K cocTonT u3 moamHoxecTBa K; KOMIOHEHT
Makcumu3auu U nogMHoxecrBa K, munumunsauuu; K = K{UK,, 11 OLEHKH COBOKYIIHOCTH
KPUTEPHEB BBOAUTCS 0003HAYCHHE ONeparns «0pt», KOTOpoe BKIIIOYaeT B ceOst max u min;
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F,(X) = {fi,(X), k =1,K;} - 5T0 BEKTOpHBIE KPUTEpPUM MaKCUMM3aluM, Ki — MHOXkECTBO
kpuTepues Makcumusanuu, K;=1, K;, K — uucno, (3agaua (3.1), (3.32)-( 3.4) sBnsieTcs oqHOPOIHOIM
3amaveit Mmakcumusanun). [peamonaraem, uro f, (X), k = 1, K; ABISIOTCS BBITYKJIBIMA (QYHKIIAAMHE;

F,(X) = {fi(X), k =1,K,} - 9T0 BeKTOpHBIE KPHTEpHM, KaXIas KOMIIOHEHTAa KOTOPOTO
munumusupyeres, K,=K; + 1,K=1,K, - MHOXecTBO KpuUTepueB MUHMUMH3aiuu, K2 — dguco,
(3amaua (3.2)-( 3.4) sBiseTcs OMHOPOMHOW 3ajadeii MHUHUMHU3AIMH). MbI MpearnoiaraeM, 4To
f (X)), k = 1, K, ssnsiorcs Bemmykisivu Gyaxmuamu (We will sometimes call these the minimization
criteria), i.e.,

KiuKz = K, KicK, KocK. (3.5
G(X)<B,X >0 - crangaptusie orpannuenus. g;(X)<b;,i = 1,...,M rae bi — mHO)ECTBO
peanbHbIX grcen u g;(X) He mycToe BBIMYKI0E MHOKECTBO TOUCK.
S ={XcR"X>0,G(X)<B, XM < X < XM} % @ - (3.6)
3TO JOIMYCTUMOE MHOXXECTBO TOYEK (MM Oosiee KpaTKO - JOMYCTHMOE MHOXECTBO),
3a/1at0NIMecs: CTaHAapTHBIMU orpaHudeHus MU (3.3)-(3.4) u TpuBUanbHBIMU orpaHudyeHussMu X > 0.
[Ipennonaraem, 4To AOMYCTUMOE MHOXKECTBO TOYEK HE IyCTO M IMPEACTaBIAET COOON KOMIIAKT.
BekropHast pynkuusi (kpurepuit) Murumusaimu F, (X)MoxeT ObITh mpeoOpa3oBaH B BEKTOPHYIO
GyHKIMIO (KpUTEpHil) MaKCUMHU3AIMU YMHOKCHHEM KaXI0il KommoHeHThl F,(X) Ha MuHyC
enunuily. Bextopusiit kpurepwmii F, (X) BBenen 8 B3MII (3.1)-(3.4) mist Toro, 9T00bI IOKA3aTh, 4TO
B 3ajaye MMeeTcs JBa MoaMHOXecTBa kputepueB Kq, K, C TUpUHIMNHUATBHO pPa3TUYHBIMU
HaNpaBJICHUSIMHU ONTUMU3ALINY.
IIpeononazaem, 94TO TOUKH ONTUMYyMa, MOIYUYEHHBIE 10 KaXKAOMY KPUTEPHUIO, HE COBIIAJAIOT
XO0Ts1 Obl UIg OBYX KpurepueB. Eciau Bce TOUKM ONTHMyMa COBIAJAIOT MEXIY COOOM A Bcex
KPUTEPHEB, TO CYNTAEM PEIICHHE TPUBUAIBHO.

3.3. Teopus eekmopmnoii onmumuzayuu

Teopusa  eexmopHOou  onmumu3ayuyu  HAIpPaBI€HA  HA  PEIIEHHE  BEKTOPHBIX
(MHOTOKpHTEpHAIILHBIX ) 33][a4 MaTeMaTU4IecKoro nporpammupoBanus (3.1)-(3.4) ¢ omHOPOAHBIMU U
HEOJHOPOAHBIMU KpUTEpPUSAMH. Teopusi BEKTOPHON ONTHUMH3ALMU BKJIKOYAET TEOPETHUECKUE
OCHOBBI: aKCHMOMAaTHKa, MPUHIMIBI ONTUMAJIbHOCTH M METOJbI PEIIeHUs BEKTOPHBIX 3aJad, BO-
NIEPBBIX, C PABHO3HAYHBIMU KPUTEPUSMHU M, BO-BTOPBIX, C 3aJaHHBIM IPUOPUTETOM Kputepus. B
COBOKYITHOCTH TEOpHUsS BEKTOPHOM ONTUMHU3ALMU MpPEICTaBIsSeT MaTeMaTHUYeCKUd ammapar
MOJICIUPOBAHUS U MPUHATHS ONTUMAJIBHOTO PEIICHUS «00bEKTa MPUHATHS PELLICHUI.

B cootBerctBUM ¢ 3TUM ompexaeneHneM «TeopHsi BEKTOPHOM ONTHUMHU3ALMM' BKJIIOYAET
CIIETyIOIINE Pa3eibl.

OcCHOBHbBIE TEOPETHUYECKHE MOHSTHUS U OMNPEIENICHUs, KOTOphle OyIyT HCIOJIb30BAHbBI MpPU
IIOCTPOEHUH aKCMOMAaTUKH (akcuoMaTuku ManrynuHa FO.K.), mpuHIMIIOB ONTUMaJIBHOCTH U METOIBI
pemieHust 3a7a4 BEKTOpHOM onTuMmu3anuu. Axcuomatuka Mamynunna FO.K. nmoapasnpensercs Ha
AKCHOMATHKY, ITPUHIMIIBI ONTUMAJIBHOCTH M METOABl PELICHUS BEKTOPHBIX 3a]a4, BO-IIEPBBIX, C
PaBHO3HAUYHBIMU KPUTEPHUSIMHU U BO-BTOPBIX, C 3a/IaHHBIM IPUOPUTETOM KPUTEPUSI.

KoHnuenmus pemeHus 3ajad BEKTOPHOW ONTHUMHU3ALMU C PAaBHO3HAYHBIMU KPUTEPHSIMH.
Konuenmus BeKTOpHOM ONTUMH3AIMH ¢ IPUOPpUTETOM KpuTepusi. CHMMETPHS B BEKTOPHBIX 33/1a4ax
MaTeEMaTHYECKOI0 IPOrpaMMHUPOBAHHUS: UCCIIEI0BAaHUE, AHAJIN3.

«OOBEKTOM MPHUHATHS pPEIICHUN» SBISETCSA: ColMajbHas CHUCTEMa, SKOHOMHYECKas U
TEeXHUYECKas cucTeMa. MaremMaTHYecKHii anmapar no3BOJIsIET BHIOpATh JI00YI0 TOUKY U3 MHOXKECTBA
TOYEK, ONTUMAJIBHBIX 10 [lapeTo, u nmoka3aTe ee ONTUMAIBLHOCTb. MBI IPEACTaBUIN aKCUOMATHKY,
MPUHIUIT ONTHMAJIBHOCTH W METOJbI pellieHus 3anad BekropHou ontumusarmu (3.1)-(3.4) ¢
PaBHO3HAYHBIMU KPUTEPUSAMH M 3aJaHHBIM MpUOpPUTETOM KputepueB. [6, 20]. i mpocToThl
uccrnenoBanus kpurepuu U orpanndenuss B3MII (3.1)-(3.4) npenacraBicHbl MOJUHOMAMH BTOPOU
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CTENEeHM, T.€. PACCMATPHUBAIOTCS BBINYKJIble BEKTOPHBIE 3aJaud, KOTOpPbIE TaKKe BKIIOYAIOT
BEKTOpPHBIE 3a/]aud JIMHEWHOro mnporpammupoBanus. Bemmykiasie B3MII  xapakrepusyrorcs
CBOMCTBOM, YTO TOYKAa ONTHUMyMa CyIIECTBYeT M Takas Todyka Toibko onaHa (Teopema
Beiiepuirpacca).

3.4. Teopemuueckue ocnoewt. Akcuomol u Akcuomamuueckue Memoobwl.

AKcuoma — 3TO yTBEpKJeHHUE, HE TpeOylollee JOrHuecKoro Joka3arenbcTBa. Ha ocHoBe
ITUX YTBEPKJACHUN CTPOUTCS Ta WM UHAS TCOPUSL.

AKcuomamuyecKkuii Memoo — 3TO CIIOCO0 MOCTPOEHUSI HAYYHOUM Teopuu, IpU KOTOPOM B
OCHOBY TEOPHUU KJIATyTCs] HEKOTOPHIC UCXOIHBIC MOJIOXKEHUS, Ha3bIBaeMble AKCHOMaMu Teopun. B
UTOT'e BCE OCTAIbHBIC TIOJIOKCHUS TEOPUH MOJYUYArOTCS KaK JIOTHUECKHE CIICACTBUS akcuoM, [41]. B
MaTeMaTUKe AKCHOMAaTHYECKHI METOJ 3apoauics B paboTax JIPEBHETPEYECKUX T'E€OMETPOB.
OO0pa3ioM akCMOMaTUYeCKOro METOoJa SBIJIAETCS JApeBHErpedyeckuil ydeHbl EBKiIua, akcuombl
KOTOPOTO OBLIN 3aJI0’KEHBI B €r0 3HAMEHUTOM counHeHnn «Hauamay.

JlanpHeliee pa3BUTHE aKCHOMAaTHYECKOTO MeToa noxy4ui B padorax J[. ['unsbepra B Buae Tak
Ha3bIBaeMoro meroaa popmanusma cuctembl. O0Mmas cxemMa MoCTPOCHUS TPOU3BOIBLHOM
dhopmanbpHOI cucTeMbl («S») BKIIFOYACT:

1. A3vix cucmemsl, B TOM 4rciie andaBUT — 3TO MEPEUSHBb JIEMEHTAPHBIX CHMBOJIOB; TIPABHJIa
00pa3zoBaHus (CHHTAKCHUC), IO KOTOPBIM CTPOUTCS (OPMYJIIBI «S)».

2. Axcuomol cucmemst «S», KOTOPBIE MPEACTABISIOT HEKOTOPOE MHOKECTBO (hopMyII.

3. Ilpasuna BeIBOIA crcTeMbl «S» [41].

B npunosxeHuu K pemieHuro 3a/1a49u BEKTOPHON ONTUMH3AIUN AKCHOMATHKA MOAPa3IeIsIeTCs
Ha nBa pazgena: 1. Akcmomaruka pelleHus 3aJa4d BEKTOPHON ONTHUMH3ALUU C PaBHO3HAUHBIMU
KpuTepusmMu;, 2. AKCHOMATHKA pEIICHUS 33Ja4d BEKTOPHOW ONTUMU3AIMK C 3aJIaHHBIM
MIPUOPUTETOM KPUTEPHUEB.

TonbkO TpPU NOCTPOCHUM NEPBOHAYAIBHONW AKCMOMATHKUM BO3MOKHO B JlaJbHEUIIEM
MIOCTPOCHHE MPUHIUIIA ONITUMAJILHOCTH U BBITEKAIOIIUX U3 HETO AITOPUTMOB PELICHHS] BEKTOPHBIX
3aJ1a4 MaTeMaTHIECKOTO MPOrPaMMHUPOBAHHS.

4. Teopusi, aKCHOMATHKA, I HHIOUII OITHUMAJBHOCTH H METOAbI clIeHUusA 3aJa4
’ 9
BeKTopHOﬁ ONTUMM3AMH: PABHO3HAYHBIC KPUTEPHUHU U C IPUHOPUTETOM KPUTEPUA

4.1. Teopua, akcuomamuka, RPUHUUN ORMUMAILHOCIMU U MemMOObl peuieHus 3a0ay
6EKMOPHOU ORMUMUZAUUN: DAGHOZHAYUHbIE KDUMEPUU

AKcHOMaTHKa BEKTOPHOW ONTUMH3alUMU C pABHO3ZHAUYHBIMU KPUTEPUSIMH, KaKk H
TeopeTHdecKas akcuoMmaTuka, pekoMmeHaoBaHHas [[. I'mibOeprom [41, c. 111], Bkmtouaer Tpu
pasjena, Ipe/iCTaBICHHBIC: 1) S3bIKOM CUCTEMBI B BUJIC ONPEICICHUI HOPMATU3AIUN KPUTEPUEB U
OTHOCHTEJIIBHOW OLEHKH; 2)  aKCMOMAaTWKOW paBEHCTBa KPHTEPUEB B 3aJadye BEKTOPHOU
ONTHMHU3AIMK; 3) TPHHIUIIOM ONTHMAILHOCTH pEIICHHUs BEKTOPHOHM 3aJa4yd, HAa OCHOBaHHH
KOTOpOro (opMHpyeTcsi KOHCTPYKTHBHBIM METOJ| pelleHHs 3aJaud BEKTOPHOM ONTHMHU3ALUU C
PaBHO3HAYHBIMU KPUTEPHUSIMHU.

4.1.1. A3bik cucmemot: Hopmanusayus kpumepues, OmHocumenbHas oUeHKa

Onpeoenenue 1. Hopmanusayusa kpumepues.

Hopmanuzanus kputepueB (MaTemMaThyeckas oIepanusi: CABHUI IUIIOC HOPMHPOBAHHE)
HPEJICTaBISET OJJHO3HAYHOE 0TOOpaxeHne QyHKuuu fi(X) Vk € K, B 0lHOMEpHOE MPOCTPAHCTBO
R! (cama dyunkums f;,(X) Vk € K npencrapnser coboil GpyHkiuio npeobpazosanus u3 N-mMepHOro
esuaoBa npoctpanctea RV B RY). Jlna mopManusarum KpuTepueB B BEKTOPHBIX 33a4ax OyIyT
HCIIOJIb30BATHCS JIMHEHHBIE TPeoOpa30oBaHuUs:

fe0) = @efi(X) + o Viek , mm £, (X) = (F1(X) + c)/ay Vi ek, (4.)
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rne f,(X) , k = 1,K - crapoe (10 HOpManu3aiuu) 3HaueHue kpurtepus; fi(X), k = 1,K -
HOpMAaJIM30BaHHOE 3HAYCHUE, Ay, Cj- TOCTOSHHBIE.

Hopmanuzamus kpurepues (4.1) fi,(X) = (fi (X) + cx)/ay Yk eK npencrasnsier mpoctoe
(TuHeiiHOe) WHBapHaHTHOE NpeoOpa3oBaHME MOJIMHOMA, B PE3yJbTaTe KOTOPOTO CTPYKTypa
MOJINHOMA OCTAETCsl HEM3MEHHOM. B ONTHMH3aIIMOHHON 3a1a4e HOpMau3aiust Kpureprues fi (X) =
(fr(X) + cx)/a, VkeK we Bamser Ha pe3ynbTaT penieHus. J[eWCTBUTENBHO, €CIH PELIaeTCs
BBIITYKJIasl ONITUMU3AL[MOHHAs 3a/1a4a:

maxyes f(X), T0o B Touke ontumyma X * e S: dfd(;(*) =0. (4.2)
B o0miem citydae (B TOM 4ncie ¢ HOpMaiau3anuen kpurepus (2.7)) pemaercs 3ajava:
maxyes (arfi (X) + cp), (4.3)
TO B TOUKE onThMyma X € S:
dlaxf(XD+ew) _ o af(xD) | dlew) _
ax = Qg ax + ax 0. (44)

Pesynbrar uueHTH4eH, T.€. TOUuka ontuMmyma Xy, k = 1,K sBisieTcst OMHOM U TOM Ke IS
HEHOPMAJIM30BaHHBIX U HOPMAJIN30BaHHBIX 3a/1a4.

Onpeoenenue 2. Onpedenenue OmHOCUMENIbHOU OUeHKU PyHKuuu (Kpumepus). B BekTopHOU
3agaue (3.1)-(3.4) BBeeM 0003HAUCHHE:

M) = O g g (45)
fe=fi

A (X) — smo omnocumenvhas oyenxa, KOTOpast MPEACTABISECT HOPMATU30BAHHBIN KPUTCPHIA:
fr(X), Yk € K B Touke X € S, rue B Touke X € S BenuunHa K-ro kpurepus paBHa fi (X);

fi - BenmumHa K-ro Kputepus B TOUKe onTuMyma X € S, MOJYYCHHOH NpH PEUICHUH
BekTOpHO# 3amaun (3.1)-(3.4) ormensHo mo K-My kpuTepuio; f- Haumxyamas BeauuMHa K-ro
KPUTEpHs Ha JOIyCTHMOM MHOXKECTBE S B BEKTOpHOM 3amaue. OTHOCHUTENNbHAs otieHKa Ay (X) Vk €
K, BO-TepBbIX, M3MEpSETCS] B OTHOCHTENHHBIX €IUHUIAX; BO-BTOPBIX, OTHOCHTENbHAs OlEHKa
A (X) Vk € K Ha I0IyCTHMOM MHOECTBE S MEHSETCSA C HYJIS B TOYKE X,? K €OVHUIE B TOUYKE
ontumyma Xy, :

Vk € K lim 2, (X) = 0;Vk € K lim 4,(X) = 1:
XX XX

OtHocurenbHas oneHka A, (X) Vk € K HaxoAuTCs B CIEAYIONIMX Mpeeax:
VkeK0O<A,(X)<1,XE€S, (4.6)
B pesynbrate Takoii Hopmanm3auuu Bce kputepuun B3MIT (3.1)-(3.4) comsmepumbl B
OTHOCHTEJIbHBIX €AMHUIIAX, YTO MMO3BOJISIET, CPABHUMAS UX JPYT C IPYTOM, UCIIOIB30BATh KPUTEPHUU
TIPU COBMECTHOM ONTHMH3AIHH.
Onpeoenenue 3. Onepayusa cpagHeHuss OMHOCUMENbHBIX OUEHOK (yHKuuu (Kpumepus)
Medncoy coboil.
Tak kak, m00ass QyHKIMsA (KpUTEPHi) MpeACTaBIEH B OTHOCHUTEIBHBIX OLEHKaX (DyHKIIUH
A (X) Yk € K, xoropsie sexat npenenax (4.6) Vk € K0 < 1;,(X) < 1, To BO3MOXHO CpaBHEHHE
OTHOCHUTEJIbHBIX OICHOK MO YHCIOBOM BenuuuHe. sl CpaBHEHHS MCIONB3yeTCsS OIepausl
«BerauTaHus». Ecnu cpaBHUBaercst 1Be (OYHKIMH (KPUTEPHsI), U3MEPEHHBIC B OTHOCHTEIBHBIX
oteHkax Ag—;(X) u A4, (X) Vk € K, TO BO3MOKHBI TPH CUTYAIIUU:
niepBast, koraa Ay—q (X) > A=, (X);
BTOpas, Koraa Ax—1 (X) = A=, (X); 4.7)
TpeThs, Koraa A1 (X) < A=, (X). (4.8)
[lepBast 1 TpeThs CUTYAIMs UCCIIeayeTCs B paszere 6.
B pasnene 5 uccnenyercs Bropas curyarus (4.7).

4.1.2. Akcuoma pasencmea Kpumepues 6 3a0aie 6eKMOPHONU ONMUMUIAUUU.
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Axcuoma 1. O pasencmee u pasHO3HAUHOCMU KpUmMepues 6 OONYCMUMOI MOUKe
6eKMOPHOIL 3a0a4u MAMEMAMUYECKO20 NPOPAMMUDPOEAHUA.

B BekTopHO# 3a/1a4e onTUMU3AIMH ABa KpuTepus ¢ uanekcamu | € K, g € K Gynem cunrath
pPaBHO3HAYHBIMU B TOYKE X € S, €CIIM OTHOCHTENBHBIC OLCHKH MO K-My U (-My KPUTEPHUIO PaBHBI
MeXTy coboii B aToit Touke: A;(X) = 14(X),l,q € K.

Iloscnenue. Ecnu B Touke X € S QyHKIMM (KpUTEPUHU) B OTHOCUTEIBHBIX €AUHUIAX OyIyT
pasnbl: A;(X) = 0,451 € K u 1,(X) = 0,45,q € K (r.e. 45% 0T cBOeii ONTUMANBLHOH BETHIMHBI,
KOTOpasi B OTHOCHUTEJIbHBIX €IMHUIAX paBHa 1), TO Takue KPUTEPUU HE «PaBHBI» APYT APYTy, a
PaBHO3HAYHBI 110 CBOEMY 4YHCIIOBOMY 3HaueHHIo. M kaxnawiii kpurepuii | € K, q € K HeceT cBoi
(yHKIMOHATIBHBIA CMBICI, YUCIIOBas BEJIMYMHA KOTOPOIO MOXKET OBbITh MOJy4Ye€Ha, HCIOJIb3YS
HOpMaJIM3aLUIo0 KpuTepues (4.5).

Onpeodenenue 4. Onpedenenue MUHUMATLHO20 OMHOCUMEILHO20 YPOGH L.

OTHOCHTENBHBII YPOBEHb A B BEKTOPHOM 3aaue MPECTABISET HIDKHIOK OIEHKY TOYKH X €S
Cpelu BceX OTHOCHTENbHBIX oeHoK A, (X), k = 1, K:

VXESA< (X)), k=1K, (4.9)
HWDKHUH YpOBEHb JUIsl BBIMOIHEHUS ycinoBus (2.9) B Touke X €S onpeaensercs Kak:
VXeS A= mingxli(X). (4.10)

Cootnomrenus (4.9) u (4.10) sBusrorcs B3auMOcBs3aHHBIMUA. OHH CIIyXaT MEPEX0J0M OT
oneparmu (4.10) onpenenenust Min x orpanudeHusM (4.9) 1 Ha060poT. OTHOCUTEIBHBIN YPOBEHBD A
M03BOJISIET OOBETUHUTH BCE KPUTEPUU B BEKTOPHOI 3ajjaue OJHON YUCIOBOM XapaKTEpUCTUKON A U
MIPOU3BOJINTH HA/l HEW OTpE/ICTICHHBIC ONEPAIlH, TEM CaMbIM, BBIITOJIHSS STH ONEPAlMU HaJl BCEMHU
KPUTEPHUAMU, U3MEPEHHBIMU B OTHOCUTEJIBHBIX €UHULIAX.

OTHOCHUTENbHBIN YpOBEHb A (DYHKIMOHAIBHO 3aBUCUT OT nepeMeHHON X € S. [loatomy,
mMenss X, MoxkeM m3MeHATh Bce A,(X),k = 1,K M COOTBETCTBEHHO HIKHHI ypOBEHb A =
min,.x A, (X), KOTOpBIH SBISETCS XapaKTEPUCTUKOW MHOTOMEPHOU (MHOTrO(YHKIHOHAILHOM)
CUCTEMBI.

THoscnenue. Bennunna otHocuTenbHOM ouneHkd VkeK Ay (X) saBasercs XapakTepUCTUKOM
OOHOMEDHOU cucmembl, a BEINYNHA MUHUMAIBHOTO OTHOCHTEIBHOTO YPOBHS A = MiNyex A, (X)
SIBJIAETCS XapaKTEPUCTUKOW MHO2OMEPHOU MAaTEMATHKHU.

4.1.3. Ilpunyun onMuUMAILHOCMU peWEeHUA MHO2OMEPHOU (8eKMOpPHOI) 3a0auu
ONMUMU3AUUU C PAGHOZHAYHBIMU KPUMEPUAMU.

Onpedenenue 5. Ilpunuyun onmumanbHocmu peuwieHuss 6eKmMOpHoOU 3adayu C
DPAGHO3HAYHBIMU KDUMEPUAMU.

BexTopHas 3aaua MaTeMaTHUYecKOro MPOTPaMMHPOBAHUS MPU PABHO3HAYHBIX KPUTEPHSIX
pellleHa, eciu HaiiieHa Touka X° € § ¥ MakcuMAanbHbIH ypoBeHs A° (BepXHUIl HHIEKC O - OIITHMYM)
Cpeliu BCEX OTHOCUTENBHBIX OIIEHOK TaKOH, U4TO

L’ = maxyegmingg A, (X) (4.11)

Hcnonb3ysa B3aumocBsa3b BelpaxxkeHuil (4.9) u (4.10), npeobpazyeM MaKCUMHHHYIO 3a]ady
(4.11) B sKCTpEMaNBHYIO 3a/1a4y:

L’ = maxyeg A (4.12)
npu orpannueHusix A < A, (X), k = 1,K. (4.13)

[Monyuennyto 3anauy (4.12)-(4.13) HazoBem A-3amaueii. A-3amada (4.12)-(4.13) umeer (N+1)
pa3MepHOCTh, KaK CICICTBHE pe3ylbTarT perieHus A-3amaun (4.12)-(413) mpencrasisier co0oit
ontuManbHblii Bektop X° RNt (N+1)-1 xomnonenta kotoporo cyTh Benuuuna A°, T. e. X° =
{x?, x9, ..., x3, x%41}, mpustom x5,; = A%, (N+1) kommonenra Bektopa X ° BhigeneHa B A°.
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Homyuennas nmapa {A°,X°} = X° xapakTepusyeT onTHMaJbHOE pelieHue A-3agaun (4.12)-
(4.13) 1 COOTBETCTBEHHO BEKTOPHOM 3ajaun MaTeMaTudeckoro nporpammupoBanus (3.1)-(3.4) c
paBHO3HAYHBIMH KPHUTEPHUSMH, PEUICHHYI0 Ha OCHOBE HOpPMAIIM3alliMl KPUTEPHEB ¥ TPUHIIHIIC
rapaHTHPOBAaHHOTO pe3yibTata. HaszoBeM B ontumanbHom pemenun X° = {A°,X°}, X° -
ONTUMAJILHOM TOUKOM, a A° - MAKCUMAJILHBIM YPOBHEM.

Teopema 1. Teopema o 08yx Hauboree npomueopeuusvix Kpumepusx ¢ B3MII c
PABHO3HAYHBIMU KDUMEPUAMU.

B BbIIykI0MW BEKTOpHOW 3ajade MaTeMaTudeckoro mporpammupoBanus (3.1)-(3.4) c¢
pPaBHO3HAYHBIMHU KPUTCPHSIMHU, PEUICHHOW HAa OCHOBE HOPMAJIM3AllMM KPUTEPHEB M NPUHIUIA
rapaHTHPOBAHHOTO PE3yJIbTaTa, B oNTUMaiIbHOM Touke X° = {A°, X°} Bcerna umeercs nBa KpuTepus
- o0o3HaunMm ux wuHIekcaMu qeK,peK (KoTopbie SBISAIOTCS CaMbIMU NPOTUBOPEYHUBBIMH W3
MHOKecTBa KpurepueB k = 1, K), 1 U1 KOTOPBIX BBINOJTHSIETCS PABEHCTBO:

A0 =2,X°) =A,(X°),q,pEK X €S, (4.14)
U IPYrHe KPUTEPUH OIPEAEIIAIOTCA HEPABEHCTBOM:
A < M(X°),VkEK, q #p # k. (4.15)

BnepBbeie nokazatenbcTBO TeopeMbl 1 mpeacraBieHo B [15, ctp.22], B ganbHeiiiem
MOBTOPEHO B padore [19, cTp.234]. BMecte ¢ TeM, 4To TOUYKa X © SBIIIETCS ONTUMATBHBIM PEIICHHEM
B3MIL

4.1.4. Koncmpykmugnuvlii Memoo pewieHus 3a0auu 6eKmopHOl ORMUMUAUUU C
PABHO3HAYHBIMU KPUMEPUAMU.

JInsg pemieHus BEKTOPHOHM 3agaud MaremaThueckoro mporpammupoBanus (3.1)-(3.4)
pa3paboTaH MeTOJZl, OCHOBaHHBIH Ha HOPMAJIM3ALUU KPUTEPUEB, AKCHOMATHKE W TPUHIIHIIC
MaKCUMHHA (TrapaHTUPOBAHHOTO pe3ynbTaTa). KOHCTpYKTUBHBIN METO peleHHs BEKTOPHOH 3a/1aun
ONTHMHU3AIMY C PABHO3HAUHBIMH KPUTEPUSMHU BKJIIOUAeT aABa Osioka: 1-1 610k « CUCTEMHBIN aHAIIN3»
- pazzerneH Ha TpH 1mara; 2-u 610k «lIpuHATHE ONTUMAIBHOTO PEIICHUs», BKIIOYAIOIIMH JABa 1Iara:
MOCTPOSHHS A-337aYyl U €€ PeIIeHHs.

bnox 1. Cucmemmnbutii ananus3.

Iar 1. Pemaetcs 3anava (3.1)-(3.4) mo KaxJaoMy KpPUTEpHIO OTHENbHO, T.e. 1 Vk € K,
peraeTcs Ha MakCUMyM, a Uit Vk € K, pemaercs Ha MUHUMYM.

B pesynbTare nonyuum: Xj- TOUKa ONTHMyMa 110 COOTBETCTBYIOIEMY kputepuio, k = 1, K;
fi = fr(Xg) — Bemuuuna K-ro xputepus B 3Toii Touke, k = 1, K.

Ilar 2. OnpesenseM HauXyAUIyl0 BEJTMUUHY KakH0ro Kputepus (antuontumym): f2, k =
1, K. JIns gero pemaercs 3anava (3.1)-(3.4) st kaxmoro kpurepus k = 1, K; Ha MUHUMYM: ka =
min fi,(X),6(X) <B,X 20,k = 1, K; nnsa kaxnoro kputepust k = 1, K, Ha MakcUMyM:

9 =max f,(X),G(X) <B,X >0,k = 1, K,.

B pesynprate pemieHHs HOdyduM: Xp = {xj,J = 1,N} - Touka oNTUMyMa IO

cooTercTByIomEeMy kputepuio, k = 1,K; £ = f,(X?) — Benmuuuna k-ro kpurepus.
[ITar 3. BeinonHsieTcs CUCTEMHBIA aHAIU3 MHOXECTBA TOYEK, onTUMaibHbIX 10 [lapero. B
toukax X* = {X;, k = 1, K} onpeznenstorcs BeTMInHbI 1eheBbIX GyHKImiA F (X *) ¥ OTHOCHTENBLHBIX

_£0
oeHoK A(X™): A (X) = M, VkeK. Pe3ynbTaT CUCTEMHOTO aHAIN3a:

fri—Tx
fl(Xf)l 'fK(X;)
F(X*) = {fk(Xlt)rq = 1,K,k = 1'K} = y (416)
fi(Xie), e e (Xie)
Al(Xik)f iAK(XI)
MXT) ={14(X)q =1,K, k =1,K} = (4.17)

M (Ki)s s A (X)
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JIi06as oTHOCHTeNbHAS olleHKa (4.17) nexut B penenax 0 < A, (X) < 1,k = 1,K.

W3 pesynbraTtoB cuctemHoro ananusa (4.16)-(4.17) BeiTekaer mpobsiema: Haiitu Takyro
(oNTHMaNbHYI0) TOUKY, B KOTOPOH BCE OTHOCHTENbHBIE OUEHKH: A4(X),q = 1,K ObLtH GIH3KH K
eaunuie. Ha perenue 3Toil mpoOyieMbl HampaBjieHa A-3a/1a4a.

bnok 2. IIpunamue onmumanvno2o peutenus. BKiroyaer qBa mara.

[Har 4. Iloctpoenune A-3amaun. Co3maHuwe A-3aayu  OCYIIECTBISACTCS B JiBa JTama:
MEPBOHAYAIIBHO CTPOMUTCS MAKCUMHHHAS 3a/1adya ONTHMHU3AIUU C HKBUBAJICHTHBIMU KPUTEPUSMH,
KOTOpbIE Ha BTOPOM JTale NpeodpazyloTcs B CTaHAAPTHYIO 3a/adyy MaTeMaTH4eCKOro
MIPOrpaMMUPOBaHMsI, Ha3BaHHOW A-3amadeid. [l mocTpoeHHs MaKCUMMHHAs 3a/lada HCIOJb3yeM
onpeaesneHue 2:

VXeS A= minkeK)\k(X).

HwxHuii ypoBeHb A MakcuMusupyem 1o XeS. B pesynbrare chopMmynrpyemM MaKCHMHHHYIO
3a/la4y ONTUMHU3AIHNH C HOPMAIM30BAHHBIMU KPUTEPHUSIMHU:

A% = maxyesming g, (X). (4.18)

Ha BTopom stane 3amaua (4.18) mpeoOpa3yeTcs B CTaHAAPTHYIO 33/1a4y MaTeMaTHIECKOTO
MPOrpaMMUPOBAHHUS, HA3BAHHYIO A-3aj1a4a:

A% = maxyes A, A° = maxyes A, (4.19)
- _f0 -
A—MX)<0,k=T,K, — - %so,k = T,K, (4.20)
kK Jk
G(X)<B,X>0, G(X)<B,X>0, (4.21)

rJie BEKTOp HeM3BeCTHBIX X umeeT pasmepHoctb N + 1: X = {4, x4, ..., xy }.

[lar 5. Pemenne A-3amaum. A-3amada (4.19)-( 4.21) — crammapTHas 3aja4a BBITYKJIOTO
MIPOrPaMMHPOBAHUS, ISl €€ PEIICHUS UCIOIB3YIOTCS CTaHAAPTHBIE METOABI. B pesynbraTe penienus
A-3a71a91 IOy YHM:

X° = {1% X°} - TouKy onTUMyMa; (4.22)
f(X°), k = 1, K- BenmunHBI KPUTEPUEB B 3TOM TOUKE; (4.23)
_f0 —
A (X)) = %, k = 1, K- BeM4YMHBI OTHOCHTENBHBIX OIICHOK; (4.24)
k™ Jk

A° - MaKCHUMalbHYI0 OTHOCHTENBHYIO OLEHKY, SBIAIOMALCS MAKCHMAILHBIM HUKHHM
yPOBHEM JIJIsl OTHOCHTENBHBIX OIIEHOK Ay (X©). A° - rapaHTHPOBAHHBIH Pe3yIbTaT B OTHOCUTEIHHEIX
eMHUIIAX.

A° rapaHTHpYET, 9TO B TOUKe X° OTHOCHTENBLHBIE OIIEHKH Aj (X ©) Gomnbine uian paBHbI A°:

M(X9)=A°% k = 1,K or 2°<0 . (X°),k = 1,K,X° € S, (4.25)
U B COOTBETCTBUM C TeopeMoii 1 Touka ontumyma X° = {1°x,..,x5} sBnsercs
ontuMaiibHOM no [lapero.

4.2. Teopusa, akcuomamukxa, RPUHUUR ONMUMAILHOCIMU U MeMOObl peuieHus 3a0au
6EKMOPHOU ORMUMUZAUUU: C NPUOPUMEMOM KPUMeEPUs

B omnpenenenun 3 ykazaHo, 4TO €CliM CpaBHUBATH J1B€ (PYHKIUU (KPUTEPHUS), U3MEPEHHBIX B
OTHOCHUTENBHBIX OHEHKaX Ap—1(X) u Aj—,(X) Vk € K, To BO3MOXHBI TpH CHUTyalMu. Bropas
curyamus, korma Ag—;(X) = Ap—,(X) wuccnemoBana B pasmene 2.2 (paBHO3HAYHBIE KPHUTEPHUH).
Curyanuu: nepsas, Koraa Ag—, (X) > A=, (X), 1 TpeThs, koraa A, (X) < A,=,(X), uccaemyrorcs B
sTOM pazzene. Takue cuTyaluu OnpeaeNsIioTcs, KaK 3a7a4i ¢ IPUOPUTETOM KPUTEPHUS.

Jis OCTpOSHHUST METOJIOB pEIIeHUs] POOIeMbl BEKTOPHOH ONTHMU3ALUU C TIPUOPHUTETOM
KpUTEpUs MBI BBEJEM cieaytome onpeaenenus: O mpuopurere OgHOro Kputepust Haa apyrum; O
YHCJIOBOM BBIPAKCHUH NMPUOpPUTETa KpUTepus Haa apyruMm; O 3aJaHHOM YHCIOBOM BBIPAKCHHU
MIPUOPHUTETA OJTHOTO KpUTepus Hala Apyrum; O HUKHEM YPOBHE CPEIU BCEX OTHOCUTENBHBIX OIIEHOK
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¢ npuoputreroM kputepus; O NOIMHOXKECTBE TOYEK, MPUOPUTETHBIX MO KpuTepuio; [IpuHummn
ONTUMAJIBHOCTH 2 - PelleHne BEKTOPHOH 3a7a4uu ¢ 3aJaHHBIM IPUOPUTETOM KpuTepus, [17, 43, 44].

4.2.1. AKcuomamuka 6eKmMOPHOII ONMUMUZAYUUU C RPUOPUMEMOM KpUmepus

A3biK cucmempl aKCMOMATHKH PEIICHHUs] BEKTOPHOHM 3alauyd ¢ 3aJaHHBIM IPHOPUTETOM
KpuTepHs BKIrouaeT onpeaeneHus: 1) IIpuopurer omgHoro xpurepus Haja apyrum; 2) Yuciosoe
3Ha4YeHue npuopurera kpurepus; 3) HiwkHuil ypoBeHb KpUTEpUs CpeAM BCEX OTHOCHTEIBHBIX
OLIEHOK C IIPUOPUTETOM KPUTEPHSL.

Onpeodenenue 6. O npuopumeme 00H020 Kpumepus HAO OPY2UM.

Kpurepuit q € K B BektopHo#t 3amaue (3.1)-(3.4) B Touke X € § MMeeT NMPHOPUTET HaJ
npyrumu Kputepusamu k = 1, K, ecnn oTHOcHTeNnbHas oneHKa A, (X) 1o 3TOMy KpHTepuio Gombire
W PaBHA OTHOCHUTEIbHBIX OLICHOK Ay (X) APYrUX KpUTEPHUEB, T. €.:

Ag(X) = (X)), k = 1K, (4.26)
CTPOTHUH IPUOPUTET, €CIIU XOTsI ObI 7Tt OAHOTO Kputepus t € K
Ag(X) > N (X), t # q, a anst ocranbHeix kputepues Ag(X) = A (X), k = LK,k #t.  (4.27)

BBenenuem ompenenenusi npuoputera kpurepus qeK B B3MII (3.1)-(3.4) BbImonHeHO
HepeornpeielieHue paHHEero MOHATUS IpHopuTeTa. Eciy paHbllie B HEro BKJIabIBaJIOCh UHTYUTUBHOE
MOHATHE O BAXHOCTH 3TOTO KPUTEPUS, TO Ce€iuac 3Ta “BayKHOCTH~ ONPEIENIIETC MAaTEMaTHUECKU:
4yeM 0oJIbIlie OTHOCUTEINbHAs OLEHKA (|-TO KpUTEpUs HaJl APYTUMH, TEM OH Ba)kHee (IPUOPUTETHEE),
1 HauOoJiee BEICOKHI IIPUOPUTET B TOUKE onTUMyMa X, Vq € K .

W3 onpeneneHus BbIpaXeHUs NpUOpUTETa KpuTepus g € K B BEKTOPHOM 3ajgadye B
ypaBHeHusx (3.1)-(3.4) ciemyer, 4To BO3MOKHAs 00JIACTH COOTBETCTBYIOIIASS MHOXKECTBY TOYCK
S, 8, xotopoe xapakTepusyercs Kak Aq(X) = A (X), Vk#q, VX € §,;. Onnaxo, Bompoc Ha
CKOJIbKO KpuTepuii q € K B TOUKe MHOXECTBA S; MUMEET OOJBIIMA IPUOPUTET OTHOCHTEILHO

JPYTOr0 KPUTEPHSI OCTACTCS OTKPBITHIM. J[J1s1 OTBETa HA 3TOT BONPOC, MBI BBOJAUM KOI(PPHUIHCHT
CBSI3U MEKIY Iapoil OTHOCHUTENIBHBIX OICHOK ( U K, 4TO0, B I1€JIOM, IIPEACTABISET BEKTOP:
PIX)={pl(X)|[k=1K}LqeKVXeS,. (4.28)
Onpeoenenue 1. O uuci060m 6vlparxceHuu npuOpuUmMema Kpumepus Hao Opyzumu.
B BekropHoii 3amaue (3.1)-(3.4) ¢ mpuOpUTETOM KpUTEepHUs (-TO HAJ IPYTUMHU KPUTEPUIMU
k=1K, nnia VX e Sq, BekTop P9(X) moka3piBaeT BO CKOJBKO Pa3 OTHOCHTENIBbHAS OICHKA
Aq (X), q € K, 607b111e OTHOCHTENBHBIX OlIeHOK A, (X), k = 1,K:

PICX) = {pi(X) = izggk =TK}pl(X)21VXeS,cSk=TKvqeK. (429
TaKOC OTHOILICHHUC p;z (X) = iq—gg HA30BEM YUCIOBLIM BLIpa)KeHI/IeM HpI/IOpI/ITeTa q'ro
k

KpUTEpUS HaJ OCTAIbHBIMU Kputepusmu k = 1, K.
Onpeoenenue 7a. O 3a0aHHOM YUC/I060M BbIPAICEHUU NPUOPUMEMA 00HO20 Kpumepus
Hao opyzum. B BexTopHoii 3anaue (3.1)-(3.4) ¢ mpuoputerom kpurepusi g € K s VX € S BekTop
Pl = {p,‘(’ ,k =1,K}, cuuraercs 3a7aHHBIM JIMIIOM, TpUHUMatoIuM peenus, (JITIP), ecnu 3amana
KaXk/lass KOMIIOHEHTa 3TOro BekTopa. 3anmanHHas JI[IP kommoneHTa p,z , ¢ Touku 3penus JIIIP,
TI0Ka3bIBAET BO CKONBKO pa3 OTHOCHTeNbHas oneHka A,(X),q € K Oombmie OCTambHBIX
OTHOCHTENBHBIX oleHOK A, (X),k = 1,K. Bexrtop pg,k =1,K sBisiercs 3aJaHHBIM YHCIOBBIM
BBIPAKEHHEM PUOPUTETA (-TO KPUTEPHs HaJl OCTAIbHBIMU KpuTepusmu k = 1, K:
PI(X) = {pf(X),k =LK}, pl(X)21,vX e S,c S,k =1,K,Vq € K. (4.30)
Bekropnas 3amaua (3.1)—(3.4), B KOTOpO#l 3a7aH MPHOPUTET KAKOTO-JIMOO M3 KPUTEPHUCB,
Ha3bIBAIOT BEKTOPHOH 3a/adeil ¢ 3agaHHBIM mpuoputTeToM Kputepus. [Ipobnema 3amaun BekTopa

@Memz{yHaponHmﬁ HayuHbIi xKypHan "®narman Hayku" Ne3(26) Maprt 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: MarematndecKkue U €CTECTBEHHbIE HAYKH
Hanpasnenune: ®u3nko-mMaTreMaTUYECKUE HAYKU

NPUOPHUTETOB BO3HUKAET TOTJA, KOTJa HEOOXOMMMO OMpeNneNuTh TOuKy X° € § mo 3aJaHHOMY
BEKTOPY IIPHOPUTETOB.

[Ipn omepanuu CpaBHEHHS OTHOCHUTENBHBIX OLIEHOK C MpUOpUTETOM KpuTepus (ekK,
AQHAJIOTUYHO, KaK U B 33/1a4€ C SKBUBAJICHTHBIMU KPUTEPUAMU, BBEIEM JOIOJHUTEIbHYIO YUCIOBYIO
XapaKTEPUCTUKY A, KOTOPYIO HA30BEM YPOGHEM.

Onpedenenue 8. O HusicHem ypogHe cpedu 6cex OMHOCUMENbHBIX OUEHOK C RPUOPUNIENIOM
Kpumepus. YPOBEHb A SBISETCS HUKHUM CPEIM BCEX OTHOCUTEIBHBIX OLIEHOK C NPHOPUTETOM
Kpurepus q € K, Takum, 4To

A<pIN(X), k=T,K, g €K, VX € 5,5, (4.31)
HIDKHUU YPOBCHB JIJIs BBINOJIHEHUS yciioBus (4.32) onpenernsercs
A = mingexpiA(X),q EK,VX € S, . (4.32)

CootHorienust (4.31) u (4.32) sABJISIFOTCS B3aWMOCBSI3aHHBIMH M CJIYXaT B JaJIbHEHIIIEM
MEePEeX0I0M OT OIEpalry ONMpeeacHUsT MIN K OrpaHnYeHUsIM 1 Hao00poT. B pasznene 3.1 mbl ganu
ompenernenue Touku X° € §, ontumanbHOW 1O [lapeTo, ¢ 3KBUBAJICHTHBIMH KPUTCPHSIMH.
PaccmarpuBas [aHHOE ONpENENIeHNE KaK HCXOQHOE, Mbl IIOCTPOUMM psi aKCUOM JIEJICHHUS
JIOITy CTUMOTO MHOKECTBA TOUYEK S, BO-TIEPBBIX, KaK IMOJIMHOKECTBO TOUEK, ONTUMANIBHBIX 110 [TapeTo
S, 1, BO-BTOPBIX, Ha TMIOJIMHOKECTBO TOYEK S, S, € K, IPHOPUTETHBIM Ha ( -My KPHTEPHIO.

4.2.2. Akcuomamuka npuopumema Kpumepues é 3a0aue 6eKmMopHoil ONMUMUIAUUU.

Akcuoma 2. O noommuodxcecmee moyeK, NPUOPUMEMIHBIX NO KpUmMepurw 6 3adaue
6EKMOPHOI ORMUMUZAUUL.

B Bekroproii 3amaue (3.1)-(3.4) moamHOKecTBO TO4YeK S, CS Ha3bIBaeTcs O00NACTBIO

npuopurera kputepus €K Haa qpyruMu KpuTEepUsIMH, €CIIH

VX €85, VkeK A, (X)2A(X),q #k.

3TO ompeeNcHre PacpoOCTPAHICTCS U Ha MHOXKECTBO ToueK SC, onTuManbHbIX 1o [lapeTo,
YTO JAA€TCS CIICIYIONINM ONPE/ICIICHUEM.

Axcuoma 2a. O noomuoxicecmee mouek, NPUOPUMEMHBIX O KDUMEPUIo, HA MHOMCeCH e
mouek onmumanvhoix no Illapemo.

B BexropHoil 3amaue (3.1)-(3.4) moamHokecTBO TOUeKk SgCS°C S HasbiBaeTcs 00IACTHIO
MIPUOPUTETA KpUTEpUS q€EK HaJI JPYTHMH KPUTEPUSIMU, ecnu
VX € S Vk € K Ay (X)= A, (X), q # k. [lamum HEKOTOPEIE TIOSCHEHHS.

Axcuoma 2 1 2a mo3BOJIMIIA TIPEACTaBUTh B BEKTOpHO# mpoodiieme (3.1)—(3.4) momyctumoe
MHOXKECTBO TOYEK S, BKIOYas IOJAMHOKECTBO TOYEK, ONTUMaibHBIX 1o Ilapero, S°c S, B
MTOJIMHOYKECTBA:

OJTHO TIOJIMHOKECTBO TOUEK S’ C S, T/Ic KpUTEPHH SKBUBAIICHTHBI, U IIOJIMHOKECTBO TOUEK S,
MepeceKkasch ¢ MOAMHOXKECTBOM TOueK S°, BBIAEISET MOJMHOXKECTBO TOYEK, ONTHMAJIBHBIX IO
[TapeTo, B MOAMHOXECTBO C SKBUBAJICHTHBIMH KpuTepusmMu S°° = §' N S°, xoropoe, Kak 3TO
ITOKa3aHo Jiajee, COCTOUT U3 OJHOM Touku X° € S, T.e.

X°=8°=58NnS°58€eS,S°CS; (4.33)

«K» TIOZIMHOMXeCTB TOuek, rje y Kakmaoro kpurepus q = 1, K nMeercs mpHOpHTET Haj
npyrumu  kputepusimu k = 1,K,q # k. Takum 00pa3oM, BBIMOTHEHO pa3/elieHUE, BO-TIEPBBIX,
MHOJKECTBA BCEX JIONYCTHMBIX TOYEK S, Ha IIOJMHOXKECTBA S,CS,q = 1,K, W, BO-BTOpBIX,

paszeneHre oIMHOXKECTBA TOUEK, ONTUMaIbHBIX 10 [TapeTo, S°, Ha moaMHOXKecTBa S, g S q< S,q=
1,K.
OTcro/1a BEpHBI CJIETYIONINE COOTHOIIICHUSI:
S'U(Ugex S9) = $°,85cS°cS,q =1K. (4.34)
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MpbI 3aMeTHM, YTO MOJMHOXKECTBO TOUYEK S9, C OJHOW CTOPOHBI, BKIIOYEHO B 00JaCTh
(TTOAMHOXKECTBO TOYEK), MMEIOLIMX MPUOpUTET Kputepus g € K Hax OpyruMU KpUTEpHUSIMU:
AYAah P ¥

¥ C IPYTO¥i CTOPOHBI, HA TIOIMHOKECTBO TOYEK, ONTUMaIIbHBI 1103 [TapeTo: §3 —S°c S.

Axcuoma 2 W 4MCIOBOE BbIpaxkeHue mpuopurera kpurepus (OmpeneneHue 5) mo3Bosiser
OMPENIEIATh KAKIYIO JOIMYCTUMYIO TOUKY X € § (IIOCpeICTBOM BEKTOpA:

Ag(X)
PICX) = (P00 =343,

* [IOJJMHO>KECTBO TOYEK 10 MPUOPUTETHOMY KPUTEPHIO Sq, KOTOPHIM BKIIOYEH B MHOXKECTBO
Touek S, Vq € K XeS§,C S, (Takoe NMOJIMHOKECTBO TOYEK MOMKET MCIONIb30BAaThCS B MPOOIEMax

KJIACTEPU3ALIMH, HO 3TO BHE CTaThH);
* TIOJIMHOXECTBO TOYEK 10 MPUOPUTETHOMY KPHUTEPHUIO S, KOTOPBIA BKIIOYEH B Psijl TOUCK

S°, ontumaneHbIX 10 [Tapero, VgeK, X ESZCSO.
B utore nonyunm:

k = 1,K}, bopMupoBaTbCs U BHIOUPATH: (4.35)

MHO0KECTBO ITogmHOX€EcTBa TOUEK ITogmHOMXKECTBO OTaenpHas TOYKa,
JOMYCTUMBIX TOUEK| omnTtumyma 1o [lapero, ONTUMAJIbHBIX TOUEK VXeS
XeS > Xe §°cS —> MpUOPUTETOM q €K XeSqcS°cS
XeSqgcS,cS—

OTO0 caMblil BaXKHBIN pe3yJbTaT TEOPUU, KOTOPBIHA MO3BOJISET HA OCHOBE ITHX TPEX aKCHOM
BBIBECTU HPUHIUII ONTUMAIBHOCTH M TOCTPOUTH METOMABI BBIOOPA J17000U MOUKU W3 MHOMKECTBA
TOueK, onTuMainbHbIX 1o Ilapero. Takas knaccudukanuss NOJMHOXKECTBA TOYEK MOXKET
HCIOJIb30BATHCS B Mpo0iieMax KiIacTepHu3allu, HO 3TO BBIXOJUT 3a PAaMKH CTaThbH.

4.2.3. Ilpunyun onmumanbHOCMU peUleHUs GEKMOPHOU ONMUMU3AUUU C 3A0AHHbIM
npuopumemom Kpumepus

Onpeoenenue 9. Ilpuniun ontumanbHOCTH 2. PerieHne BEKTOPHOW 3ajladyd C 3aJIaHHBIM
MPUOPUTETOM KPUTEPHSI.

Bekrophas 3amaua (3.1)—(3.4) ¢ 3amaHHBIM TPUOPUTETOM (-TO KPUTECPUS pglk(X),k =
1, K cuurtaercs pelieHHOH, ecnu HaiineHa Touka X° M MakcMMAajbHBIH ypoBeHb A° cpeau Beex
OTHOCHUTEINIbHBIX OI[EHOK TaKOMU, UYTO

2% = maxyesmingxpir(X), q € K. (4.36)

Hcnone3ys B3auMocBsizb (4.31) u (4.32), mpeobpazyeM MakCMMUHHYIO 3anady (4.36) B A-
3aady, KOTOPYIO Ha30BEeM A-3a/1adeil ¢ MPUOPUTETOM (-TO KPUTEPUSL:

A° = maxyes A, (4.37)
npu orpannuenusx A <piA(X), k = 1, K. (4.38)

Mpe1 HasbiBaeM ypaBHeHus (4.37)-( 4.38) A-3amadeit ¢ IPUOPUTETOM KPUTEPHSL.

B ontumansHoMm pemennn X° = {X°,1°}, X° - ontumanbHas Touka, a A° - MaKCHMAaJbHBIH
HuKHMI ypoBeHb. Touka X° u ypoenb A° cOOTBETCTBYIOT orpannyeHusm (5.8), KOTOpbIE MOKHO
3amucarh Kak: A°< pg?\k (X°),k =1,K.

OTH OrpaHUYEHUs SBJSIOTCS OCHOBOHM OLIEHKM MHPaBUIBHOCTH PE3yJIbTAaTOB PELICHHS B
MPAKTUYECKUX BEKTOPHBIX 3aJjauaX ONTHMHU3AIIH.

Omnpenenenne 1 u 2 «IpuHIMIBI ONTUMAIBHOCTHY JAIOT BO3MOXKHOCTH C(HOPMYIINPOBATH
MIOHATHUE ONepaIu «0pt».

Onpenenenue 9. (Mamemamuueckas onepayus «Opty).
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B Bekrophoii 3amaue (3.1)-(3.4), xoTopas HpeACTaBICHA KPUTEPHSAMH «Max» H «Miny,
MaTeMaTH4ecKas omepamus «O0pb» COCTOUT B ompeneseHuH TOYKH X° U MaKCUMaJIbHOTO HUKHETO
YPOBHsI A° , B KOTOPOM BCE KPUTEPUH U3MEPSIOTCSA B OTHOCUTENBHBIX €JMHULIAX

0
A° <A (X°) = %,k = TK, (4.39)

T.e. Bce kputepuu A, (X°),k =1,K paBHbl uau Gojiblle MaKCHMMAJIbHOTO YPOBHS A°,
(mosToMy A° Tak)ke Ha3bIBa€TCSI TaAPAHTUPOBAHHBIM PE3YJIbTATOM).

Teopema 2. Teopema o Haudo1ee npomueopeUUblX Kpumepuax ¢ 6eKmopHoi 3aoaue ¢
3A0aHHBIM RPUOPUMEMOM.

Ecnu B BBIIYKIIOM BEKTOPHOH 3a7jaue MaTeMaTH4YE€CKOT0 IPOrpaMMHUPOBAaHUS MaKCUMU3aLUU
(3.1)-(3.4) 3anman npuopurer g-ro kpurepus py, k = 1,K,Vq € K nan apyrumu KputepusMu, B
Toyke ontuMyma X° € §, NOJy4YeHHOH Ha OCHOBE HOPMAlIM3allMd KPUTEPHEB M TPUHIMUIIA
rapaHTHPOBAaHHOI'O pe3yJbTaTa, BCerja Haiaercs JBa Kpurepus ¢ unaekcamu r € K, t € K, nus
KOTOPBIX BBINOJIHAETCS CTPOrO€ PaBEHCTBO U3:

A = pEA.(X°) = pE A (X°),1,t, € K, (4.40)
U IPYyTUe KPUTECPUM ONPEACISIIOTCI HEpAaBCHCTBAMMU
A<pl(X°),k=1KVqeK q=r=t. (4.41)

Kpurepuu ¢ unnekcamu r € K, t € K, 1si KOTOpBIX BBITOJIHSCTCS paBeHCTBO (4.40),
Ha3bIBAIOTCSI Han0oJIee MPOTUBOPEUNBHIMH.

Hoxka3zatenbcTBo. AHanorudHo Teopeme 2 [19, 20].

3amerum, uto B (4.40) u (4.41) unnekcel kpurepueB r € K, t € K moryr coBmagath ¢
nHjaekcoM q € K.

Cneocmeue meopemuvr 1. O paBeHCTBE ONTHUMAJIBLHOTO YPOBHS U OTHOCHUTEIBHBIX OL[EHOK B
BEKTOPHOH 3a/1a4e ¢ ABYMSI KPUTEPUSIMHU C IPHOPUTETOM OFHOTO U3 HUX.

B BeImykioil  BeKTOpHOW 3ajade MaTeMaTHYECKOro MPOTrPaMMHUPOBAHHUS C  JIBYMs
SKBUBAJIECHTHBIMU KPUTEPHSIMHU, PELIaeéMOl Ha OCHOBE HOPMAaJU3allMM KPUTEPUEB U IPUHIIMIA
rapaHTHPOBAHHOTO PE3ysbTaTa, B ONTUMAIBbHOW Touke X° BCerja BBITIOJHIETCS PaBEHCTBO: MpPHU
MIPUOPUTETE IEPBOT0 KPUTEPHUS HAJ BTOPOI:

2 =21 (X0) = pR(X)A,(X°),X° €S, (4.42)
re pz (X°) = 4 (X°) /A, (X°),

MIPUA IPUOPUTETE BTOPOTO KPUTEPHUS HAJT IEPBHIM:

2° =2, (X°) = p? (XN (X°),X° € S,

rae p7 (X°) = A,(X°) /A (X°).

4.2.4. Koncmpykmugnuvlii MemoO peuwieHus 3a0auu 6eKmopHOoil ORMUMU3AUUU C
3a0AHHbIM RPUOPUMEMOM KPUMEPUA.

[ar 1. Pemaem BeKTOpHYIO 3a/ayy C PaBHO3HAYHBIMM KPUTEPUSAMHU. AJTOPUTM pEIICHUS
npeacTasieH B pazzene 4.1.4. B pesynbpTare perieHus noixyqyaeM:

ONTUMaNbHBlE TOYKHM IO KakIOMy KpMTepuio otaenbHo Xy, k = 1,K u pasmepsl
KpuTepHanbHbIX QyHKIMH B 9THX Toukax fr = fi(Xp), k = 1,K;

TOYKH aHTHONITHMYMA T10 KaXKIOMY KPUTEPHIO X = {xj,j = 1, N v Hauxy el Hen3MEHHOM
4acTH Kaxaoro kputepus f;0 = fi (X)), k = 1, K;

X° = {X°,1°} onTumanbHas TOYKa, Kak pe3ylbTar pemeHus VPMP ¢ >KBUBaleHTHBIMH
kputepusmu, T. E. Pe3ynbTara perieHus MakcuManbHOM 3aJlaud M A-3aJa4d, MOCTPOCHHON Ha ee
OCHOBE; A° - MakCUMaJibHasi OTHOCHUTEJbHAs OLIEHKA, KOTOpas SBJISIETCS MaKCUMaJIbHBIM HIDKHUM
YPOBHEM Uil BCEX OTHOCHTEIBHBIX OICHOK Ak(X®), WIM TrapaHTUPOBAaHHBIA pe3yJbTaT B
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OTHOCHTEJIBHBIX CIMHUIAX, A° TapaHTUPYET, YTO BCE OTHOCHUTEIbHBIC OLECHKH Ak(X°) paBHBI WiIH
Oonbiie A°:
2 <A (X9, k=1,K,X°€S (4.43)

JIuio, npuHUMAaOLIEee PeLIeHNne, TPOBOIUT aHAIN3 PE3YJIbTATOB PEIICHUs BEKTOPHOM 3aaun
C PpaBHO3HAYHBIMH KpUTEpUSAMH. ECIu MoiydeHHbIE pe3yJbTaThl YAOBJIETBOPSIOT JIUIIO,
[IPUHUMAIOILEE PEIIeHUE, TO KOHEll, HA4Ye BBIIOIHSIOTCS MOCIEYIOINE PacyeThl.

JIOTIOTHUTETHHO BBIYHCIIHIM:

B Kax/0it Touke Xj, k = 1, K onpesenum Beandunsl Beex kputepues fr = f.(X0), k = 1, K,
KOTOpBIC TIPEJCTABISIFOT TPaHUIly MHOXKecTBa [lapeTo, W OTHOCHTENBHBIX OICHOK: A(X™) =
00, = Tk = TEY, 400 =0 v e i

fi(X1) - fre(XD) Aq(X1) o A (XT)

, AXH) = .
fi(Xg) - fxe(Xg) A (Xg) o Ak (X)

Martpunpst kputepues F(X) u otHOCHTenbHBIX oueHOK A(X") MOKA3BIBAIOT BEIMUMHBI
Kaxoro kputepust k = 1, K npu nepexone ot Touku ontumyma Xy, ke K x npyroii X;, g€ K;

B TOYKE ONTHUMYyMa IPU PABHO3HAYHBIX KpUTEpUsX X° BHIYMCIUM BEIHUYHUHBI KPUTEPUEB U
OTHOCHUTEIILHBIX OIICHOK:

F(X*) = (4.44)

(X0, k = TR; LX),k = TR, (4.45)

KOTOpBIC YIOBJICTBOPSIOT HepaBeHCTBY (4.43). B npyrux toukax XeS® MeHbuit u3
KPUTEpUEB B OTHOCHTENIBHBIX €IUHHMIAX A = Ming.xA,(X) Bcerna mensie A°. 3aOMUHAIOTCS
naHHble A-3a1a4u (4.37)-(4.38). Dta undopmaius U SBISETCS OCHOBOU JIJIS TAJIbHEHINIETO U3y YCHUS
MHoxkecTBa [Tapero.

Ilar 2. BeiOop npuopurerHoro kpurepus q € K.

W3 teopun (cM. Teopemy 1) W3BECTHO, YTO B ONTHMAIbHON TOuke X° Bcerga MMeercs aBa
HanboJiee MPOTUBOPEUNBBIX KpuTepusi q € K m v € K, Ui KOTOPbIX B OTHOCUTEIBHBIX €IMHHUIAX
BBIMOJIHICTCS TOYHOE PABEHCTBO: A° = Aq (X°) =2A,(X°),q,vE K,Xe S, a misa ocTanbHbIX: A° <
M (X°),Vk €K, q+v +k.

Kak mpaBwuiio, u3 370 mapsl BeIOMpaercs: Kpurepuid, kotopsiit JIIIP xoren Ol yayqmuTs,
TaKOW KpUTEPUI HA3BIBAECTCS «IIPUOPUTETHBIM Kputepuem»: q € K.

[ar 3. OnpeaenstoTcs YUCIOBBIE MTPEAEIIbI HK3MEHEHUS BETMYMHbBI IPUOPUTETA KPUTEPHS q €
K. Jlna npuoputetHoro kputepus q € K w3 marpuins! (4.44) omnpenenuMm 4YHCIOBBIE Mpeeibl
M3MEHEHHUS BEIMYMHBI KPUTEPHS: B HATYPAIbHBIX €IMHUIAX fg(X) M B OTHOCHTENBHBIX €IMHULIAX
Aq(X), KOTOpBIE NIEXKAT B MpeeNax:

XS f,(X) Sfy(X;), ke, (5.16)
rae f,(X;) BoiBoauTes u3 Matpusl ypasHerus F(X') (5.14), Bce KpUTEpHH MOKA3IBAIOT Pa3MepEl,
U3MEpPEHHbIE B GM3MUECKUX eqUHUIax, fi, (X°), k = 1,K u3 ypaBHeHus (4.45), ¥, B OTHOCUTEITBHBIX
eIMHUIIAX:

A (X°)SA,(X) SA,(X7), keK, (4.47)
rne Aq(Xq) BbIBOmMTCA W3 MaTpunbl A(X™), BCe KPHUTEpMHM IIOKasbIBAIOT Pa3MeEPhI,
M3MEPEHHbIE B OTHOCHTENBHBIX €IMHULAX (0TMETHM, 4To A, (Xg) = 1), 4(X°).

Bripaxenus (4.46) u (4.47) BeIIarOTCS HA TUCTUISH [T aHAIIN3A.

[Iar 4. Ber6op Benmuunnbl ipuoputetHoro kpurepus (Ilpunstue pemenns). JIITP mpoBoaut
aHalu3 pe3ynbTaToB pacueTos (4.46), BHIOUpaeT YHCIOBYIO BENUUUHY f;, q € K

fi(X)sf, <f,(X;).q € K. (4.48)
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Jlns BHIOpaHHOH BETMYMHBI KPUTEPHS f; HEOOXOMMO ONIPEIEIUTh BEKTOP HEU3BECTHBIX X 27,

JUISL 3TOTO MPOBOJUM MOCJIEIYIOIINE BEIYUCICHUS.
IIar 5. PacyeT OTHOCUTEILHOU OLICHKH.
fq_fc?
A = 4.49
a fq _qu’ ( )
KOTOpas npHu nepexoje oT Touku X k Xz, B COOTBETCTBUM C (4.44):
(e} *\ —
Ag(X°) < Ag < 4(Xg) = 1.
[ar 6. Beruncnenue kosdduirenta IMHEHHON anmpokcumManuy. Mcnoab3yst cTaHaapTHbIE
MIpUEMBl JINHEHHOHN anmpoKCHMaluH, BBIYUCIUM KO3()(QUIMEHT MPONOPLUUOHATBHOCTH P MEXITY
Ag —Ag(X9)
. — q q
Kq(X"),?\q. p = W,QEK,
q q
[ar 7. Beraucienue KOOpAMHAT IPUOPUTETHOTO KPUTEPHA f.
KoopauHarel TOYKM NPUOPUTETHOTO KpHUTEpUs X, JEeXKaT B CICAYIOIIUX MNpeenax:

X° <X, <X3,q € K. Tlpennonaras nuHeHHBIH XapakTep M3MEHEHMs BekTopa X, = {xg, ., x3}
ONpPENENUM KOOPJMHATBHI TOYKHM MPHOPUTETHOTO KPUTEPHs € BEIMYMHOM f; C OTHOCHTEILHOM
OLIEHKOH A, (4.44):
X, = {x] =20+ p(x; (1) — xD), ...,
xy = x§ + p(xg(N) — xf)}, (4.50)
rae X¢ = {x7, .., x5}, Xq = {x5(1), ..., xg(N)}.
[lar 8. Beraucienne OCHOBHBIX MOKa3aTeNeH TOUYKH X ;.
Jns monmyuennoi Touku X, = {x4j,j = 1, N}, BelumcauM:
BCE KPUTEPUH B HATYypalIbHbIX eaununax: F9 = {f; (X q), k = 1,K};
BCE€ OTHOCHUTENbHBIE OLIEHKH KPUTEPUEB!
3 = (b = TR A (x7) = L0k
fe—fx
MUHUMAJbHYI0 OTHOCHTENBHYIO OlleHKy: A°7 = min (py A, (Xg) k= 1,K).
AHaJOrHYHO paccUUThIBacTCs I00as Touka 1o [lapero: X7 = {47, X?} e S°.
Ananus pesynomamos. Paccunrannas penuuuna kputepus fo(X7),q € K o0b4HO He paBHa

Jk=1,K; (4.51)

sananHodl  fq. OmmOka BBIGOpa Af, = | fa(X?) — fq| OIIpeJIeNsIeTCS  OUIMOKOW  JIMHEHHOU
anmnpoOKCUMAlUH.

Pesynbrarel nccnenoBanus cummerpur B B3MII ¢ 3agaHHBIM IPHOPUTETOM aHAJIOTUYHBI,
kak 1 st B3MII ¢ paBHO3HAaYHBIMU KPUTEpPUSAMH, HO IIEHTP CUMMETPUH CMEIIEH B CTOPOHY
MIPUOPUTETHOTO KPUTEPHSL.

3ak/r04eHue 10 TEOPUH U AKCHOMATHKE BEKTOPHOI ONITHUMHU3aLNH.

[IpencraBneHHast Teopusi, akCHOMAaTHKa, PUHIUIIBI ONITUMATIBHOCTH SBIISIOTCS AaJIbHEHIINM
pa3BUTHEM AKCHMOMAaTHYECKOIO IMOJAX0Ja, 3aJ0XKEHHOIO B 3HAMEHUTOM counmHeHun «Haganay,
JIPEBHETPEUECKOT0 Yy4deHOro EBKIWIa, KOTOPBIM MPEACTaBUI aKCUOMBI JI1 OJHO MEpPHOMU
MaTEMaTUKU. DTO HAIUIO OTPAaXXEHUE B TEOPUU ONTHMHU3ALMU C OJHUM KpUTEpUEM. AKCHOMAaTHKA
(Mamrynuna 10.K.), u3noxennas B pabote, HarpaBieHa Ha CHCTEMHOE (C MHOKECTBOM KPUTEPHER)
ucclieIoBaHle 00BEKTOB, MPOLIECCOB WHXEHEPHBIX CUCTEM.

5. IIporpammHuoe o0ecneyenne W MeTom0JIOTUSI MOAETUPOBAHUSI WU TPHUHATHUS
ONTHMAJILHOTO pellleHHs] BHIOOpAa NapaMeTPOB CJI0KHBIX HHKEHEPHBIX CHCTEM

5.1. Hpozpammnoe obecneuernue Modeﬂupoeanu}z CNLOHCHBIX UHMNCEHEPHBbIX cucmem Ha
oaze meopuu u Memooos 3el<m0puoﬁ onmumuslayuu
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MareMaTHUeCKHE MOJEIH CTPYKTyphl Martepuana (2.4)-(2.8) ¥ HHXEHEPHBIC CHCTEMBI
IIOCTPOEHBI B BHJI€ BEKTOPHOM 3a1auu HeaumHeilHoro nporpammupoBanus (B3HII). IIpeacraBum
MporpaMMHOE ObOecrieueHre MOJAETUPOBAaHUS MH)KEHEPHBIX CHUCTEM Ha 0a3e Teopudh M METO/IOB
pelieHus 3a/1a4 BEKTOPHOU onTUMM3aLuH, [46].

5.1.1. Paszpabomka npozpammnozo ovecneuenue pewienus B3HII

[IporpamMmMHOe oOecrieueHue pelieHrsl BEKTOPHOM 3a/1a4il HETMHEHHOIO IPOrpaMMUPOBAHUS
(3.1)-(3.4), na 6a3e KoTOpOI CHOPMHPOBAHBI MOJCITH HHXCHEPHBIX CHCTEM, PEATM30BaHO Ha OCHOBE
anroputMma pewenuss B3HII, uznoxenHoro B npenpiaymux pasznenax. IIpu pemennn B3HII nmo
KaKJIOMYy KpUTepHIo ucnoiib3oBana nporpamma FMINCON(...) B cucteme MATLAB.

IIpu wucnonszoBanuu nporpaMmmbl  FMINCON(...) HeoOxomumo paszpaboTaTh JBe
noanporpammbl — GyHKuuu. [lepBas GyHKIMS BKItOYaeT /1Ba OJIoKa: MEpBBINA OJOK MpeqHa3HAYeH
aust oueHku B Touke X kputepus fi, (X) Vk €K; Bropoit 650k ais pacyera nepBoil NpOU3BOIHON B

. dfi(X .
9TOU TOYKE fdk—x() vk eK. Bropas ¢yHKuMs BKJIIOYAET Te€ ke JBa OJ0Ka TOJIBKO JJIsl OTpaHUYEHUI.

[Iporpamma FMINCON(...) ucnosnp3yeTcs Ha IEPBOM LIare alropuTMa (MaKCUMHU3aluu KPUTEPHEB)
Y Ha BTOPOM IlIare ajiroputMa (MMHUMHU3AUH). AHAJIOTHYHO B COOTBETCTBUU C aJITOPUTMOM Ha 4 u
5 mare pemaercs A-3a1aya.

B nenoM mnpu HeNMHEHHBIX OrpaHMYEHMSX IporpammHoe oOecrneueHue pemieHust B3HIT
Briovaer: K*2(1 mar) + K*2(2 mar)+2(A-3agaua) Gynkuuii. Tak Kak KpUTEpUHA U OTPAHUUYCHUS
B3HII wunnuBuayaneubl, TO s kaxzao B3HII numercs wHAMBUIyallbHOE MPOrpaMMHOE
obecrieueHue.

Jia pemwenuss B3HIT (3.1)-(3.4) Huxe mpezacraBiieHa IporpamMma, KOTOpasi IO CYILIECTBY
NPEJCTABISACT MpOrpaMMmy — IIAOJIOH Ui HAalMCaHUs M pPELIeHUs JAPYTHMX BEKTOPHBIX 3ajay
HeJMHeHHoro nporpamMmmupoBanus (3.1)-(3.4) — MaTeMaTHUECKUX MOJIENICH HHKEHEPHBIX CHCTEM.

5.1.2. Yucnennas peanuszayun 6eKmopHoil 3a0a4u HeAUHEHUHO20 NPOZPAMMUPOCAHUA

Ilpumep 1.

Jano. PaccmatpuBaeTcst 6ekmopHas 3a0a4a HeIuHeuHo20 (8bINYKI020) NPO2PaAMMUPOBAHUSL
C YETBIPbMS OAHOPOJHBIMU KPUTEpUSAMHU. B KauecTBe KpUTEpPHEB HCIOJb3YEM OKPY>KHOCTb, a Ha
MIepeMEHHbIE HAJI0KEeHbI JIMHEHHbIE OrpaHrueHus. Tak Kak KpUTEpUH U OTPAaHUYEHUS] CHMMETPUYHBI,
TO OTBET OYEBUJCH.

opt F(X) = {min F,(X) = min f;(X)=(x; — 80)% + (x, — 80)2, (4.1)
min f,(X)=(x; — 80)% + (x, — 20)?, (4.2)

min f3(X)=(x; — 20)? + (x, — 20)?, (4.3)

min f,(X)=(x; — 20)% + (x, — 80)?, (4.4)

npu orpanudeHusx 0 <x; <100, 0 <x, <100. (4.5)

Tpeoyemca onpedenums. Pazpabotats mporpammuoe obecrieuenne B MATLAB pemenus
BEKTOPHOM 3a/layll HEJIMHEHHOro mporpaMMmupoBaHusi. Vcmomib3ys mporpaMMHOE oOecreyeHHe
pemuTh 3amaay (5.1)-( 5.5).

4.3. Ilpozpammnoe obecneuenue peuieHuss 6eKMOPHOU 3a0auu  HEIAUHEHHO20
npozpammuposanus (B3HII)

Jlns perieHus: BEKTOPHOM 3agaun HeauHelHoro nporpammupoBanus (5.1)-(5.5) - moaenu
WH)XEHEPHOU CUCTeMBI pazpaboTrana nmporpamma B cucreme MATLAB, koTopas peanu3yeT aaropuTM
pemenusa B3HII ¢ paBHo3HauHbIMU KpuTepusmu. Huxke npencrtasneH pesynbrar pemenus B3HII
(5.1)-(5.5), momy4eHHBIH 3TOH MPOrpaMMOi.

3anucs nporpammsel B popmare MATLAB

% IllporpaMMa "PemeHure BEKTOPHOM 3aladM HEJMHEMHOTO NporpaMMMpOoBaHMa":
function [x,f] = VPNP 2 4Krit 100 (x)
ABTOp: MamwyHmH KOpun KoHcTaHTMHOBMU (Mashunun Yu. K.)
% ANTOPMTM M IpoTpaMMa NpelHasHaueHa OJIS MCIOJIb30BaHMsA B OOpPa30BaHMUM M HAYUHBIX

o
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o o oo

o

MCCJIeNOBAHUSAX,
Algorithm VPNP:
[X,Fval,EXITFLAG, OUTPUT, LAMBDA, GRAD, HESSIAN] =

IJ1s KOMMEPUYEeCKOT'O MCIOJIb30BaHMA O0pamaTbCs:
4Kritery + L-zadaha

FMINCON (FUN, X0, A, b, Aeq, beq,

1b,ub,nonlcon,options,P1,P2,...)

disp ('*** Bjoxk JMCXOZIHBIX HOAaHHBIX. B3HII:***')

disp('opt F(X)={max F1(X)={min fl=(x1-80)."2+(x2-80).7%2; ")
disp (' min f2=(x1-80) .72+ (x2-20).72; ")
disp (' min £3=(x1-20) .72+ (x2-20).72; ")
disp (' min f4=(x1-20) .72+ (x2-80).7%2; ")
disp (' 0<=x1<=100, 0<=x2<=100 ")
1b=[0. 0.];

ub=[100. 100.]; Xo=[0. 0.1];

options=optimset ('LargeScale', 'off');
options=optimset (options, 'GradObij', 'on', 'GradConst', 'off"');

A=[1 O;
0 17;

b=[100 100];
beqg=[];

Aeg=[];
XoKlmax=[0.

disp ('*** Ilar 1.
xlmax, flmax]= fmincon ('VPNP 2 Kritlmax', XoKlmax,A,b,Aeq,beq,lb,ub,’

flX1lmax] =
f2X1max]
f3X1max]
f4X1max]
oK2max=1[0.

x2max, f2max]= fmincon ('VPNP 2 KritZmax',6 XoK2max,A,b,Aeq,beq,1lb,ub, '
= VPNP 2 Kritlmin (x2max)

[

[

[

[

[

X

[

[f1X2max]
[f2X2max]
[£3X2max]
[f4X2max] =
XoK3max=[0.
[
[
[
[
[
X
[
[
[
[

x3max, f3max]= fmincon ('VPNP 2 Krit3max'

f1X3max] =
f2X3max]
f3X3max]
f4X3max]
oK4dmax=[0.

x4max, f4max]= fmincon ('VPNP 2 Kritdmax', XoK4max,A,b,Aeq,beq,lb,ub,’

flX4dmax]
f2X4dmax]
f3X4dmax] =
[f4X4dmax] =
disp ('***
XoKlmin=[0.

f1X1lmin] =
£2X1min]
f3X1Imin] =
f4X1min] =

f1X2min] =
£2X2min]
f3X2min] =
f4X2min]

[
[
[
[
[
[
[
[
[
[
[
[

f1X3min] =

lar 2.

xIlmin, flmin]= fmincon ('VPNP 2 Kritlmin', XoKlmin,A,b,Aeq,beq,lb,ub,’'

x2min, £f2min] =

x3min, £3min] =

0.1

PemeHyre IO KaxXIOMy KPUTEPMUO

(Hammnmyumee) ***')%

VPNP 2 Kritlmin (xlmax)

= VPNP 2 KritZ2min (xlmax

)
VPNP 2 Krit3min (xlmax)
VPNP 2 Kritdmin (xlmax)
0.1

VPNP 2 Krit2min (x2max)

VPNP 2 Krit3min (x2max)

VPNP 2 Krit4min (x2max)

0.1;

, XoK3max, A, b, Aeq, beq, 1b,ub, '
VPNP 2 Kritlmin (x3max)

= VPNP 2 Krit2min (x3max

( )
VPNP 2 Krit3min (x3max)
VPNP 2 Kritdmin (x3max)
0.1;

= VPNP 2 Kritlmin (x4max)

VPNP 2 Krit2min (x4max)
VPNP 2 Krit3min (x4max)
VPNP 2 Krit4min (x4max)

PeumeHre 0 KaXIOMy KPUTEPUIO

(Hauxymmee) ***')%

0.1

VPNP 2 Kritlmin(xlmin)
VPNP 2 KritZmin (xlmin)
VPNP 2 Krit3min (xlmin)
VPNP 2 Kritdmin (xlmin)
fmincon ('VPNP 2 Krit2min',Xo,A,b,Aeq,beqg,1lb,ub,'',options)
VPNP 2 Kritlmin (x2min)

= VPNP 2 KritZ2min (x2min)

VPNP 2 Krit3min (x2min)
VPNP 2 Kritdmin (x2min)
fmincon ('VPNP 2 Krit3min',Xo,A,b,Aeq,beq,1lb,ub,'',options)
VPNP 2 Kritlmin (x3min)
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[£2X3min] = VPNP_ 2 Krit2min (x3min)
[£3X3min] = VPNP 2 Krit3min (x3min)
[f4X3min] = VPNP 2 Krit4min (x3min)
[x4min, f4min] = fmincon ('VPNP 2 Kritd4min',Xo,A,b,Aeq,beqg,lb,ub,'',options)
[f1X4min] = VPNP_2 Kritlmin (x4min)
[£2X4min] = VPNP_ 2 Krit2min (x4min)
[£3X4min] = VPNP 2 Krit3min (x4min)
[f4X4min] = VPNP 2 Krit4min (x4min)

disp('*** Ilar 3. CHUCTEMHHM aHallM3 Pe3yJIbTaToB ***')%

Q

disp ('OueHKka KPpUTEPMEBR B TouKax OnNTmMyMa: Xlmin,X2min,X3min,X4min')$%

F=[f1X1Imin f2X1min f£3X1lmin f4Xlmin;
f1X2min £2X2min £3X2min f4X2min;
f1X3min f£2X3min f£3X3min f4X3min;
f1X4min f£2X4min £3X4min f4X4min]

dl=f1XImin-fl1X1lmax

d2=£f2X2min-f2X2max
d3=£3X3min-f3X3max
dd=f4X4dmin-f4X4max

disp ('OLueHka KPUTEPUEBR B OTHOCUTEJIbHBIX eIMHMIIAX :

L=[ (f1XImin-fl1Xlmax) /dl (f2X1min-f2X2max) /d2
f4xX4max) /d4;

(f1X2min-flXlmax) /dl (f2X2min-f2X2max) /d2
f4X4max) /d4;

(f1X3min-f1Xlmax) /dl (£2X3min-f2X2max) /d2
f4X4max) /d4;

(f1X4min-flXlmax) /dl (£2X4min-f2X2max) /d2
f4X4dmax) /d4]
disp('*** Ilar 4. IocTpoeHue L-3amaum ***')%
Ao=[1 0 O;

01 0];
bo=[100 100]; Aeg=[]1; beg=[];
Xoo=[0 0 0]
lbo=[0. 0. 0.]
ubo=[100. 100. 1]
disp('*** IMlar 5. Pemenume L-3amaum ***')%

[Xo,Lo]=fmincon ('VPNP 2 L', Xoo,Ao0,bo,Aeq,beq, lbo,ubo, 'VPNP 2 LConst')

disp ('OueHka KpMUTEPMEB B TOUKe ONTMMyMa Xo')$%

[f1Xo] = VPNP 2 Kritlmin(Xo(1:2))
[f2X0o] = VPNP 2 KritZmin(Xo(1:2))
[£3Xo] = VPNP 2 Krit3min(Xo(1l:2))
[f4Xo] = VPNP 2 Kritd4min(Xo(1l:2))

disp ('OueHKa KPUTEPMEB B TOUKEe OINTMMyMa XO B OTHOCHUTEJIbHHIX eIMHMIax')$

Ll1Xo=(flXo+flmax) /dl
L2Xo=(f2Xo+f2max) /d2
L3Xo=(f3Xo+f3max) /d3
L4Xo=(f4Xo+fdmax) /d4

% ****KOHeH*********

X1lmin, X2min, X3min, X4min') %

(£3X1min-f3X3max) /d3
(£3X2min-£f3X3max) /d3
(£3X3min-f3X3max) /d3

(£3X4min-£3X3max) /d3

% [lporpamma "Pacuer 1 kpurep. - max"] ¢arin: VPNP 2 Kritlmax
function [f,G] = VPNP 2 Kritlmax (x)
f=-(x(1)-80)."2-(x(2)-80)."2; $Pacuetr bGyHKUMM - kKpuTepuy 1

G=[-2*(x(1)-80), -2*(x(2)-80)];%Pacuer 1 OpoM3BOOHOM KpuTepusa 1
% [lporpamma "Pacuer 1 kpurep. — min"] ®armn: VPNP 2 Kritlmin
function [f£,G] = VPNP 2 Kritlmin(x);

f=(x(1)-80) .72+ (x(2)-80)."2;
G=[2*(x(1)-80); 2*(x(2)-80)1;

% [lporpamma "PacueT 2 xkpuTep. - max"] ®amn: VPNP 2 KritZmax

function [f,G] = VPNP 2 KritZ2max(x);
f=-(x(1)-80) .7"2-(x(2)-20) ."2;

(f4X1min-
(f4X2min-—
(f4X3min-

(f4X4min-

%,options)
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G=[-2*(x(1)-80); —2*(x(2)-20)1;
[[lporpamma "PacuyeT kpuTep. 2 - min"] damm: VPNP 2 Krit2min
function [£f,G] =VPNP_ 2 Krit2min (x);

o

f=(x(1)-80) .72+ (x(2)-20) ."2;

G=[2*(x(1)-80); 2% (x(2)-20)1;

% [llporpamma "Pacuer 3 kpuTep. - max"] damm: VPNP 2 Krit3max
function [f,G] = VPNP 2 Krit3max(x);

f=-(x(1)-20) .%2-(x(2)-20) .72;

G=[-2*(x(1)-20); -2*(x(2)-20)1;

% [llporpamma "Pacuer 3 kpuTep. - min"] ®ari: VPNP 2 Krit3min
function [£,G] = VPNP 2 Krit3min(x);
f=(x(1)-20) .72+ (x(2)-20) .72;

G=[2*(x(1)-20); 2*(x(2)-20)1;

% [HIporpamma "PacuerT 4 kpurtep. — max"] ®amn:VPNP 2 Kritdmax
function [£,G] = VPNP_ 2 Kritdmax(x);
f=-(x(1)-20).72-(x(2)-80) ."2;

G=[-2*(x(1)-20); -2*(x(2)-80)1;

% [HIporpamma "PacuerT 4 kpurtep. — max"] ®amn:VPNP 2 Kritdmax
function [f£,G] = VPNP 2 Kritdmax(x);
f=-(x(1)-20).%2-(x(2)-80) .72;

G=[-2*(x(1)-20); —2*(x(2)-80)1;

% [[lporpamma "PacueT kpurep. L-3apaun"] dann: VPNP 2 L
function [f£,G] = VPNP 2 L (x)

f=-x(3);

G=[0; 0; -11;

% [lporpamma "PacueT orpaHmueHurt L-szamaum"] ¢arm: VPNP 1 LConst

function [c,ceq,DC,DCeg]= VPNP 2 LConst (x)
d1=12800;d2=12800,;d3=12800;d4=12800;

f1X1Imax=12800; £2X2max=12800; £3X3max=12800; £4X4max=12800;
c(1)=((x(1)-80) .72+ (x(2)-80).72)/dl+x (3)-f1lX1lmax/dl;

c(2)=((x(1)-80) .72+ (x(2)-20) .72) /d2+x (3) -f2X2max/d2;
c(3)=((x(1)-20) .2+ (x(2)-20) ."2) /d3+x (3) -£3X3max/d3;
c(4)=((x(1)=-20) .72+ (x(2)-80).72) /d4+x (3)-f4X4max/d4;
Gl=[2*(x(1)-80)/dl, 2*(x(1)-80)/d2, 2*(x(1l)-20)/d3, 2*(x(1l)-20)/d4;
2% (x(2)-80)/dl, 2*(x(2)-20)/d2, 2*(x(2)-20)/d3, 2*(x(2)-80)/d4;
1.0, 1.0, 1.0, 1.01;
ceg=[]; DCeg=I[];

% *****KOHeu*****

5.1.4. Pewenue eéexkmopnoit 3a0auu HeIUHENHO20 RPOZPAMMUPOBCAHUSA

s pemenns B3HIT (5.1)-(5.5) ucnons3oBana Bblllie MPUBEICHHAs MTporpamma. PereHue
MPEJCTAaBICHO, KaK IMOCIIEA0BATEILHOCTh IIAr0B.

[llaz 1. Pemaercs BekTopHas 3anada (5.1)-(5.5) Ha max mo xaxaoMy KpUTEPHIO OTAEIBHO.
Pesynbratsl pemenns B3MIT (5.1)-(5.5) mo kaxmaoMy KpUTEpHIO:

1 xputepuit X7 = {x; = 0,x, = 0}, fi" = f1(X]) = —12800; (5.6)

2 xputepuii X; = {x; = 0,x, = 100}, f; = f,(X;) = —12800;

3 xpurepuit X3 = {x; = 100,x, = 100}, f5° = f5(X3) = —12800;

4 xputepuit X; = {x; = 100,x, = 0}, f;/ = f,(X;) = —12800;

[llae 2. Pemaetcst BektopHas 3amada (5.1)-(5.5) Ha mMin mo KaxaoMy KPUTEPHIO OT/EIBHO.
Pesynbratsl pemmerns B3MIT (5.1)-(5.5) mo kax oMy KpUTEpHUIO:

1 xpurepuit XY = {x; = 80,x, =80}, = (X)) = 0: (5.7)

2 kpurepnii X2 = {x; = 80,x, = 20}, ¥ = f,(X?) = 0:

3 kputepuii X3 = {x; = 20,x, = 20}, f7 = f3(X3) = 0:

4 xpurepnii X = {x; = 20,x, = 80}, £ = fo,(X2) = 0:
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Pesynpratel pemienns B3MIT (5.1)-(5.5) mo kaxmaoMy KpUTEepHIO (HaWITyUIIHe, HAUXYIIIHE)
IIPY OrpaHUYEHHUAX (5.6) IpeaCTaBIEHbI HAa PUC. 5.1 B YIJIOBBIX TOUKAX.

x2<100 *exx3agada 4 Kputepus it
100 = . . : Xt ‘
[
90 [
[
80 * X4min : *X1min
70F  f4=(x1-20)2+(x2-80)2 : f1=(x1-80)2+(x2-80)2
60 M>A1,22,)3 : M>A2,A3, )4
|
¥ 0 ———————————— O X12
[
40 - 3=(x1-20)%+(x2-20)? | f2=(x1-80)2+(x2-20)?
[
30 A3>A1,A2,)\4 [ A2>A1,A3,\4
[
20 * X3min | * X2min
| o
i | 12
10 | v
O 1 1 1 1 l 1 1 1 1 <
0 10 20 30 40 50 60 70 80 90 100

Puc. 5.1. Orpannuenus B3MII (5.1)-(5.5), Touku ontumyma
X{ = X1min, X2min, X3min, X4min u OTHOCHUTEJIbHBIC OLICHKH

MuoxectBo [1apero siexut Mexay Toukamu ontumyma X1 X, X3 X, T. €. 00J1acTh JOMYCTUMBIX
Touek S, 00pa3oBaHHBIX OrpaHuyYeHUSAMHU (5.5), COBIAAaET ¢ MHOXKECTBOM TOYEK, ONITUMAJILHBIX T10
IMapeto S°, S°=S.

[llae 3. BeimosiHs€TCS CUCTEMHBIA aHAJIN3 MHOKeCTBa Todek [lapeTo.

B toukax ontumyma X* = {X;, k = 1, K}, onpenensoTcs BeMMUIMHBI IeaeBbX Gpynkmuit F(X)
¥ OTHOCHTENBHBIX orieHoK A(X"):

F(x?) = {f;(X0),9 = 1K}k = 1K},

MX) = {h(X0),q =LK}k =1,K},

B cucreme MATLAB B Toukax ontumyma: X; = {X1min, X2min, X3min, X4min}
BBIUKCJICHHE STUX (PYyHKIUH OyaeT ciaeayronmm (Pe3yapTaT CHCTEMHOT0 aHaIu3a):

AED L7 f5(X1) (XD 10 3600 7200 3600

f1(X2) f2(X3) f3(X3) fu(X3)| _ [3600 03600 7200

[(X3) f2(X3) f3(X3) fa(X3) 72003600 0 3600|’

A3 LX) (X)) (X1 136007200 36000

A1 (X1) A2(X1) A3(X1) 44(X1)] 1.0 0.7188 0.4375 0.7188

1(X3) A2(X3) A3(X3) A (X2)| _ [0.7188 1.0 0.7188 0.4375

(X3 A(X3) A3(X3) 2,(X3)|  10.43750.7188 1.0 0.7188 |

(X3 ,(X)) A3(X5) A, (X5) 0.7188 0.4375 0.7188 1.0

B Toukax ontumyma Xj,k =1,K Bce OTHOCHUTEIbHBIC OLECHKH (HOpPMAaJM30BAHHbBIC

F(X*) =

AX") =

*y 0 .
KpUTEpUH) paBHbI equHuie: A, (Xy) = % =1,k= 1,K,K =4.
kK~ Jk

B Toukax ontumyma X, ,? ,k = 1,K Bce OTHOCUTEIIbHBIEC OIIEHKU PABHBI HYITIO:

0y_ 0
e (X0) = LD e — o ) = TR, K = 4.
fre—Tx
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Otcrona Vk € K,VXeS, 0<h, (X)<1.

lllaz 4. Ctpoutcs A-3a1aya.

Llae 5. Pemienue A-3amauun. Pe3ynbraTsl pemieHus A-3a1aum:

X0=X? = {x; = 50.0,x, = 50.0,x3 = 0.8594} — Touka onTrMyMa, rJe

X3=A°%; a xy,X, COOTBETCTBYET X1, X, 3aaauu (5.1)-(5.5);

Lo = A°= 0.8594 npecTaBiseT ONTUMAIbHOE 3HAYCHHUE 1IEJICBON (DYHKIINH.

Oynxmun A (X), A,(X),A3(X),A4(X), a Taxxke Touku ontumyma X°u A°, KoTopble
MIOJTyYCHBI Ha UX MEPECCUCHUH, B TPEX MEPHOU CUCTEME KOOPJIMHAT X1, X5, A IOKa3aHbI HAa puUC. 5.2.

A 3apava
A(X4min)
A3(X3min) :

A1(X1min)

A2(X2min) °

Lambda

100

Puc. 5.2. ®ynkiun A4 (X), A5 (X), A3(X), A4(X), Touku ontumyma X° u A°.

Ha puc. 5.1, 5.2 ButHO, 4T0 061aCTH (MHOKECTBO TOYEK) OTPAHMYEHHAS TOUKaMu S = {X{ =
X10ptX12X°X41} xapaxtepusyercst Tem, uto Ay (X)2A, (X), k = 2,4, XS4, (na puc. 4.1 nokasao,
kak A1>A2, A3, A4), T. e. 061acTh Sy—q MPUOPUTETHA TIO MEPBOMY KpUTEpUI0. B oToi obnactu

MPUOPHUTET MEPBOTO KPUTEPHUSI OTHOCUTEIHHO OCTAIBHBIX BCETa OOJIBIIE MM PABEH CIUHUIIC:

PLCX) = A (0) /A (X)21, VX €Sy

AHaJIOrMYHO MOKa3aHbl 00J1aCTH (MHOXKECTBA TOYEK) MPHOPUTETHBIC [0 COOTBETCTBYIOIIEMY
KPHUTEPUIO, B COBOKYITHOCTH OHH JAIOT MHOXKECTBO TOUYEK, ONTUMAJBHEIX 110 [Tapeto, $°, a oHO (11s
JaHHOTO TIPHMEPa) PAaBHO MHOKECTBY JIOMYCTHMBIX Touek: $° = §7 U S5 U S U S5 UX° = §S.

Ecnu pemats 3apauy (5.1)-(5.5) ¢ nByMs KpuTepusiMu, HallpuMep, TPETbUM U YETBEPTHIM, TO
MHOECTBO TOYEK, ONTHMANbHBIX 1Mo [lapeTo, NexuT Ha orpeske X3X;, a Touka X°° ompenenser
pe3yJbTaT PelICHUsL.

A°°-  MakcumanbHBIH  ypoBeHb, mpuueM A% = A3(X°°) = A,(X°°) =0.7917 B
COOTBETCTBUH ¢ TeopeMoit 1. MHoxecTBo [TapeTo nexuT mexny Toukamu ontumyma X1 X, X3X;, T.
€. 001acTh JOMyCTHMBIX TOYEK S, 00pa30BaHHBIX OrpaHUYCHHUSIMHE (4.5), COBIMAAAET C MHOKECTBOM
TOYCK, ONTHMaJbHBIX 10 [TapeTo §°, §° = §S.

5.2. MeTtonoJiorusi MOAeJIUPOBAHNS M NMPHUHATHS ONTHMAJIBLHOIO pelIeHHs BbIOOpa
NMapaMeTPoOB CJ0KHBIX HHKEHEPHBIX CHCTEM B YCJIOBHSIX OINpe/ieIeHHOCTH, HeolpeaeJIeHHOCTH
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B kauecTBe 00bekTa McceOBaHUS HaMM paccMarpuBaroTcsi «VIHKEHEepHbIe CHCTEMBI», K
KOTOPBIM OTHOCSTCS «TE€XHUYECKHE CUCTEMBI», «TE€XHOJIIOIMUYECKUE MPOIIECCHD, «MaTepraib», [17,
18]. UccrnenoBanue MHKEHEPHOUM CHUCTEMBI BBIIIOJIHEHO, BO-TIEPBBIX, B YCIOBUIX ONPEIEICHHOCTH,
Korga u3BCCTHbI JaHHBIC O (bYHKI_II/IOHaJIBHLIX XapaKTCPUCTHUKAX PIH)KGHCpHOﬁ CHUCTCMBbI; BO-BTOPBIX,
B YCJIOBUSIX HEOTIPEAENEHHOCTH, KOT/1a U3BECTHBI AUCKPETHBIE 3HAUCHHSI OTICNIbHBIX XapaKTEPUCTHK;
TaKXX€ HN3BCCTHBI [JaHHBIC 06 OrpaHUYCHUAX, KOTOPBIC HAKJIAABIBAIOTCA Ha q)yHKI_[I/IOHI/IpOBaHI/Ie
cucteMbl. MaTeMaTHUECKUI anmapaT MOAETUPOBAHUS MHKEHEPHOH CUCTEMBI Oa3upyeTCsl Ha TEOpUn
U METO/JaX BEKTOPHOM ONTUMHU3AIMU, KOTOpbIE TPEACTABICHBI B TpeTbeM paznene. B
OpPraHM3aIlMIOHHOM IUIaHE MPOLECC MOJACTUPOBAHUS M CUMYJIUPOBAHUS TEXHUYECKOW CHCTEMBbI
npeaAcCTaBJICH B BHUHAC MCTOAOJIOTUU: ((MGTOI[OJIOI‘I/ISI BBI60pa OINITUMAJIBHBIX MapaMCTPOB
WHXEHEPHBIX CUCTEM B YCIIOBUSAX OMPEIEICHHOCTH U HEONPEACIEHHOCTIY.

5.2.1. Buowt 3adau, 603HUKAIOWUX 6 NpOUecce MOOCTUPOBAHUA U HNPUHAMUSA
ONMUMAIbHO20 PEUleHUs 6b1O0PA NAPAMEMPOE CLOHCHBIX UHIHCEHEPHBIX CUCMEM

33)13.‘{1/[, KOTOPBIC BO3HHUKAIOT B IMPOLHCCCEC IMPUHATUA OHNTUMAJIBHOI'O PCIICHHUA BBI60pa
OIITUMAJIBHBIX IapaMETPOB CJIOXKHBIX HHXKXCHCPHBIX CHCTEMax Ha 0aze BCKTOpHOI;'I OIITUMHU3alINH

BKJIIOYAET MOCJIEI0BATENIbHO TPU BUA.

1 6uod. Pewenue 6eKmopHOU 3a0auu MaAmMeMamuiecKko20 NpoSPAMMUPOBAHUL NpU
pasHo3Haunvlx Kpumepusx. llodydeHHBIH pe3ylnbTaT SBJISETCS OCHOBOM Il JalibHEHIIero
uccienoBanus cucremel. Ilpu 3ToM wHcnonb3yercs METOJ pEIIEHUS BEKTOPHOM 3aJaud IpU
pPaBHO3HAYHBIX KpUTEpUsX. Eciau monydeHHbI pe3ynbTar YJIOBIETBOPSIET JIMILY, MPUHUMAIOIIETO
pemenust, (JITIIP - mpoekTHpOBIIMK), TO OH OepeTcs 3a OCHOBY. Eciam He ynOBIETBOPSET, TO
Mepexo MM KO BTOPOMY BHAY (IIpsiMasi 3ajjauya) WU TPETheMY BUIY PELIECHHUS BEKTOPHBIX 3aay
(Obparnas 3amaya).

2 6u0. Pewenue npsamoti 3a0a4u 6eKmMopHOU ONMUMU3ayuu, KOTopasi COCTOUT B CJICTYIOIIECM:
«Kaxue OyayT mokazaTenu (XapaKTepUCTUKH), €CIIM U3MEHUTH MapaMeTpPhl CI0KHBIX TEXHHYECKUX
cuctem». - Mcronb3yercst METO/] pelieHHsi BEKTOPHOMU 3a/1auM MPH PaBHO3HAYHBIX KPUTEPHSIX.

3 euo. Pewenue obpamuou 3a0a4 6eKMOPHOU ONMUMU3AYUU, KOTOpask COCTOUT B
cinenyromemM: «Kakue OyayT mnapaMerpsl CIIOXKHBIX TEXHHUYECKMX CHCTEM HPH  3aJIlaHHBIX
XapaKTepUCTHKaX». - MIcronb3yeTcst MeTo ] pellieHrs BEKTOPHOU 3aJ1auu MIPH 3a1aHHOM IPUOPUTETE
KpUTEpHUSL.

5.2.2. Memooonozus mooenuposanus u 6b100pa ONMUMAILHHIX HAPAMEMPOE CLOHCHBLX
UHMCEHEPHBIX CUCMEM 8 YCI08UAX ONPEDeIeHHOCMU, HeOnpedeneHHOCmU

B kauectBe  OOBEKTa  HCCIEAOBAHHMS  HAMU  pPACCMATPUBAIOTCS  «CIIOXKHAS
(MHOTO(YHKIIMOHANIbHAS ) HH)KEHEPHAS CUCTeMay, [17, 42, 44]. B opranu3aiimoHHOM IIJIaHe MPOLIecC
MoJienpoBanus 1 cumyrpoBanus (the process of modeling and simulation of a engineering system)
CIOXKHBIX WHXEHEPHBIX CHCTEM, BKIIOYAIOUIMHA TpU BHUJA BbIIIE MPEACTABICHHBIX 3ajad4,
c(OpMHUPOBAH B BUJIE METOOJIOTHU:

«Memooonozusa 6b100pa ONMUMANLHBIX NAPAMEMPOE CAOHCHBIX UHIHCEHEPHBIX CUCHEM 8
YC06UAX ONPEOEIeHHOCMU U HEORPeOeNeHHOCU .

MeTto050THs BKIIIOYAET TpU OJI0Ka, pa3IeICHHBIX Ha P/l OTAIOB.

bnox 1. @opmupoeanue mexHuueckozo 3a0anus, TPeoOpa3OBaHUE  YCIOBHMA
HEOMpeeIEHHOCTH (CBSI3aHHBIX C AKCIIEPUMEHTAIbHBIMU JTaHHBIMH) B YCIOBHS OMPEACIIEHHOCTH,
MOCTPOCHUE MaTEMaTHUECKON U YHCIIEHHOMN MOJIen HHXeHepHou cuctembl (the process of modeling
of a engineering system) Bxiroudaer 4 stamna.

1 sman. ®opmMupoBaHUE TEXHMYECKOTO 3a/laHus (MCXOOHBIX IaHHBIX) Ha YHCICHHOE
MOJICTUPOBAaHUE W BHIOOpA ONMTHMANBHBIX MMapaMETPOB CHCTEMBI. VcXonaHble AaHHBIE (GopMHpyeT
KOHCTPYKTOpP, KOTOPBIA IPOEKTUPYET MHKEHEPHYIO CUCTEMY.
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2 3man. llocTpoeHre MaTEMAaTHYECKOW M YHMCICHHON MOJEIN WHKEHEPHOW CUCTEMBI B
YCJIOBHSIX ONPENEICHHOCTH.

3 sman. llpeoOpa3oBaHue YCJIOBUI HEOINPEACICHHOCTH B YCIOBHUS ONPEICICHHOCTH U
IIOCTPOEHUE MATEMATHYECKOW W YHUCICHHOM MOJEIM WHXEHEPHOM CHCTEMBI B YCIOBHSIX
OTIpe/IeIEHHOCTH.

4 sman. [locTpoeHue arperupoBaHHON MaTEMaTHUYECKON 1 YUCICHHON MOJIEIN MHXXEHEPHOU
CUCTEMBI B YCIIOBHSX ONPEICIEHHOCTH.

bnox 2. Memooonocusa npoyecca npuHamus ORMUMAIbHOZ0 peuieHus (evloopa
ONMUMATILHBIX RAPAMEMPOS) 8 UHICEHEPHOU cucmeMe Ha 0a3e eekmopHoi onmumusayuu (the
process of simulation of a engineering system)

5 man. PemieHne BEKTOpHOM 3amayM MaTeMaTHYeCKOTro mporpammupoBanus (B3MII) -
MOJIEJIM UHXKEHEPHOM CUCTEMBI IPU PABHO3HAYHBIX KPUTEPUSIX (pELICHUE PSIMOM 3a1a4uH).

6 sman. I'eomeTpudeckas uaTepnperanus pe3yiabraToB pemienus B3MII ¢ N mapamerpamu u
K kpuTepusiMu B IBYXMEPHYIO CUCTEMY KOOPAUHAT B OTHOCUTEIbHBIX €UHUIIAX.

7 sman. PeuieHue BEKTOPHON 3aJaud MAaTEMaTHYECKOTO MPOTPaMMHUPOBAHUS - MOJIEIH
WHXXEHEPHOM CHCTEMBI IIPH 33JJaHHOM IPUOPUTETE KPUTEPHs (perieHue oOpaTHOM 3a1aun).

bnok 3. Hccneoosanue, npoekmuposanue, 2eomempudeckas uHmepnpemayus u 6vloop
ONMUMATbHBIX NAPAMEMPOE C/IONHCHOU UHIHCEHEPHOU CUCMEMbl 6 MHO2OMEPHOI MamemamuKe
BKJIFOYAET 2 HTamna.

8 sman. T'eoMeTpuyeckas HMHTEpIIPETALUsl PE3YJIbTATOB PELICHUS MPU MPOCKTUPOBAHUU
WHXEHEPHOUM CHUCTEMBI IEpexo/ia OT ABYXMepHOTro K N-MepHOMY MpOCTPAaHCTBY B OTHOCUTENIBHBIX
eAMHUIIAX.

9 sman. ['eomeTpuyeckass UHTEPIIPETALUS PE3YJIbTaTOB PEUICHHs MPU MPOEKTUPOBAHUU
WHXXCHEPHOW CUCTEMBI Tepexoja OT ABYXMEpHOro kK N-MepHOMYy MmpocTpaHCTBY B (PU3MUYECKUX
eAMHUIIAX.

6. Be10op onTHMAJILHBIX apaMeTPOB MaTepHAaJIa CJIO0KHOH CTPYKTYPbl B YCJIOBHSIX
ONpeeJIeHHOCTH M HeoNpeaAeJeHHOCTH Ha 0a3e MHOIOMepHOM MareMaTUKH. YucieHHas
peanusanus

UucnenHas peanusalysi BHIOOpa ONTUMaIbHBIX TapaMeTPOB MaTepHalia CI0KHON CTPYKTYpPhI
BBIMOJIHIETCS B COOTBETCTBUHM C TEOPETHMYECKMMU OCHOBAaMHM MHOTOMEPHOM MaTeMaTuKH,
BKJTFOYAIOIIEH aKCHOMATHKY, IIPUHIIAIIBI OTITUMATbHOCTH U KOHCTPYKTHBHBIE METOIbI MHOTOMEPHOM
MAaTeMAaTHKU KakK MPU PABHO3HAUHBIX KPUTEPUSX, TAK U MPU 33JaHHOM NPUOPUTETE KPUTEPHUEB, B
COOTBETCTBUM pa3zzenioM 2. MeTtojonorusi mpoiecca NpUHATUS ONTUMAIbHOTO pellieHus (Bbidbopa
ONTUMAJIbHBIX MAPAMETPOB) UHKEHEPHOI CUCTEMBI, B TOM UHCIIE€ MaTepuala CI0XKHOU CTPYKTYpHI,
u30KeHa B paszaene 5. PaccMarpuBaeTcs 3amada TMPUHATHS PEIICHUH B CIIOXKHOW CTPYKTYype
Marepuana, O KOTOPOH W3BECTHBI: BO-TIEPBBIX, JaHHbIE O (YHKIMOHAIBHON B3aUMOCBS3H
HECKOJIbKUX XapaKTEPUCTHK C €€ KOMIIOHEHTaMHU (VC106usi onpedeleHHOCmU); BO-BTOPBIX, TAHHBIE O
HEKOTOPOM Ha0Ope ITUCKPETHBIX 3HAYEHUN HECKOIBKUX XapaKTEPUCTUK (IKCIIEPHUMEHTAIbHBIC
pe3ynbTaThl), BO B3aUMOCBSI3U C JHUCKPETHBIMU 3HAYEHUSIMHU MapaMEeTPOB — JKCIIEpUMEHTAIIbHbIE
NaHHble (Ycnosus  HeonpeoeleHHOCcmu); B-TPETbUX, OTPaHMYCHMH, HaKJIaJbIBa€MbIX Ha
(yHKIMOHMpPOBaHHE MaTepuaja CIOXKHOM CTpyKTypbl. UYucieHHas 3ajada MOJEIMPOBAHUS
Marepuaia CIOXHOW CTPYKTYypbl pacCMaTPUBAETCs C PAaBHO3HAUHBIMU KPUTEPUSIMU U C 3aJaHHBIM
MIPUOPUTETOM KPUTEPHSI.

6.1. bnok 1. @opmuposanue mexHu4ecKo20 3a0anus U NOCMPOEHUE MAMEMAMUYECKOU U
yuciennou mooenu mamepuana cioxcnoii cmpyxkmypewt (the process of modeling of the structure
(composition) of the material).
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IlepBbIii STam, a TaKKe STall aHaIM3a pPE3yJIbTaTOB PEHICHHs, BHIOOpA TMPHOPHUTETHOTO
KPHUTEPUS U €r0 BEJIMYUHBI BBITOJHIETCS KOHCHPYKHOPOM MAMEPUANQ CONCHOU CHPYKMIYPbL.
OcranbHbIE ITAITBI BBITIOIHSIIOTCS MAMEMAMUKOM - RPOZPAMMUCHIOM.

6.1.1. 1 sran. Texnuueckoe 3adanue: «Bvioop onmumansuslx napamempos mamepuana
CLOMNCHOU CIMPYKMYPbL)

Jano. Viccnemyercst CTPyKTypa MaTepuaia, KOTOpas XapaKTEPU3yeTCs YCThIPbMS
napamerpamu: Y = {y,V,, V3, Vs }. 3HaueHus Y TPEACTABISIOT BEKTOP YIPABISEMBIX TIEPEMCHHBIX.
3a/1aHbl TapaMeTphl CTPYKTYPhI MaTepraia, KOTOPBIC H3MEHSIOTCS B CIICIYOIINX Peaeax:

21<y,<79; 5<y,<59; 2.1<y;<9.0; 2.2<y, <7.0.

DYHKIMOHUPOBAHUE CTPYKTYPHI MaTepHaja ONPENEISIOTCS YETHIPhMS XapaKTePHUCTHKAMH
(xputepusmu): H(Y) = {h,(Y), ..., h,(Y)}, BenmuunHa OeHKH KOTOPBIX 3aBUCHT OT IIapaMeTpoB Y =
V1, ¥2,¥3, ¥4}

Venosus onpedenennocmu. J{ns nepBoit xapakrepuctuk: hq(Y) n3BecTHa QyHKIIMOHATbHAS
3aBMCHMOCTB OT mapametpos Y = {y,, v = 1,V,V = 4}:

hy(Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y5 + 13.124y, + 0.0968y,y, —
0.062y,ys — 0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y5y, + 0.0143y2 + 0.0118y2 —
0.2434y2% — 0.5026x2, (6.1)

Venosus neonpedenennocmu. VI3BECTHBI pe3yibmanmsl IKCHEPUMEHMATIbHBIX OAHHBIX. TS
BTOPOI, TpeThell u deTBepToii Xapaktepuctuku hy (Y), k = 2, 3, 4 a1t COOTBETCTBYIOIINX BETHMIHH
mapametpos: Y = {y, = {y,;, i = 1,M},v=1,V}.

YucnoBble 3HaYeHUs TapameTpoB Y u xapaktepuctuk h,(Y), h3(Y), h,(Y) npeacrasness! B
Tadymue 2.

Tabnuna 2.
DKCIepUMEHTATbHBIC 3HAUCHHUS TAPaMETPOB V1, Vo, V3, V4
U XapaKTePUCTHK CTPYKTypbl Matepuana h, (Y), h;(Y), hy (V).

y1 y2 Y3 ya ha(Y) h(Y) ha(Y)

20 0 2 2 1149.6 1164.0 115.1 24.24 27.60
20 0 2 5 1176.0 1212.0 1145 28.80 30.00
20 0 2 8 1260.0 1257.6 114.4 31.20 32.40
20 0 5 2 1256.4 1252.8 118.8 33.60 34.80
20 0 5 5 1251.6 2143.2 113.8 34.80 19.92
20 0 5 8 2154.0 2163.6 113.3 21.60 25.20
20 0 8 2 2176.8 2185.2 110.7 29.76 33.48
20 0 8 5 2198.4 2211.6 109.2 37.20 39.48
20 0 8 8 2232.0 2245.2 108.5 42.00 49.20
20 30 2 2 2954.4 2820.0 128.3 15.60 18.00
20 30 2 5 2772.0 2748.0 127.4 21.60 24.24
20 30 2 8 2832.0 2904.0 126.8 28.80 32.40
20 30 5 2 3022.8 3036.0 126.1 35.16 39.60
20 30 5 5 3056.4 3583.2 124.3 44.88 11.28
20 30 5 8 3601.2 3608.4 124.1 14.40 16.80
20 30 8 2 3616.8 3622.8 123.9 21.12 22.80
20 30 8 5 3637.2 3651.6 121.4 27.60 30.84
20 30 8 8 3672.0 36852 121.7 36.00 40.56
20 60 2 2 1195.2 1212.0 150.4 52.80 60.00
20 60 2 5 1236.0 1251.6 144.9 64.80 68.64
20 60 2 8 1272.0 1296.0 140.8 75.60 82.80
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1344.0
2176.8
2220.0
2286.0
2313.6
2382.0
3012.0
3056.4
3156.0
3228.0
3616.8
3660.0
3708.0
3753.6
3822.0
1248.0
1318.8
1392.0
1464.0

1524.0

138.6
140.8
143.5
146.0
144.9
143.8
181.3
180.8
179.4
179.1
178.0
177.6
176.9
175.3
174.7
123.6
118.7
115.9
115.1
113.2
111.8
110.7
108.2
106.3
132.8
131.1
129.7
128.3
127.0
125.6
123.9
114.5
119.5
154.8
153.2
151.8
150.4
150.7
151.2
151.5
144.9
140.8
185.7
183.5
182.2
181.3
179.4
178.0

88.08
107.64
45.60
60.00
73.20
85.20
31.92
43.20
61.20
82.80
90.36
30.00
42.72
54.00
73.20
87.00
103.20
126.00
145.44

97.20
40.56
52.80
67.20
79.44
99.00
36.00
51.36
72.00
86.40
23.28
36.00
48.00
62.16
81.72
94.80
116.16
136.80
156.00

174.72
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80 30 8 2 176.9

80 30 8 5 175.3

80 30 8 8 1725

80 60 2 2 128.3

80 60 2 5 125.6

80 60 2 8 124.2

80 60 5 2 121.7

80 60 5 5 118.7

80 60 5 8 115.9

80 60 8 2 115.1

80 60 8 5 110.4

80 60 8 8 1085
min yi(X), i=1,..., 81 1149.6 92.4 11.3
max yi(X), i=1,..., 81 3822.0 161.5 174.7

B npunumaeMoMm penieHuM, BEIWYMHY OLICHKM II0 NEPBOM M TPEThEM XApaKTEPHUCTUKHU
(KpuTepus) KelaTelbHO, IONYyYUTh Kak MOXHO Bbiue: hy(Y) - max, h;(Y) - max; Bropoii u
4eTBEPTON KaK MOKHO HiKe: h,(Y) — min, hy(Y) - min.

[Mapamerpsl Y = {yy, V5, V3, Y4} H3MEHAIOTCA B CIICAYIOIINX TIPEIeax:

y1 € [20.50.80.],y, € [0.30.60.],y; € [2.05.08.0],y, € [2.25.58.8]. (6.3)

XUMHYECKUN COCTaB MaTepuaia W3JAeNus ompesenseTcs (Ha eauHUuIly oObema, Beca)
MIPOLIEHTHBIM COJIEP)KAHUEM HEKOTOPOTO MHOKECTBAa KOMIIOHEHT MaTepuaina, KOTOpble B CyMMe
paBHBI CTa POIICHTAM:

orpanuvenue y; + y, + ys +y, = 100. (6.4)

Tpedyemcsa. 1). Pa3paboraTh MaTeMaTHYECKYIO MOJIEIb CTPYKTypbl MaTepuana B BUJE
BEKTOPHON 3a/la4d MaTeMaTHYECKOTO MPOTrpaMMHUpPOBaHHs. 2) 3agady BEKTOPHOW ONTHMH3AINU
pElINTh C paBHO3HAYHBIMU XapakTepucTukamu (Kpurepusimu). 3) BuiOpaTh U3 Bcero MHOXeCTBa
KpUTEPHUEB MMPUOPUTETHBIN KPUTEPHA. Y CTAHOBUTH YHUCICHHOE 3HAYCHHUE IPUOPUTETHOTO KPUTEPHSL.
4) Pemuth 3a7auy BEKTOPHOM ONTHUMM3AIMM U MPHUHIATH Hauidyullee (ONTUMAaIbHOE) pElIeHHE C
3aJIaHHBIM ITPHOPUTETOM KPHUTEPUSI.

la stan. [locmpoenue mamemamuueckol Mooenu CMPYKMypvbl Mamepuala 8 YCLo8UsIX
onpeoenreHHOCMU U HeOnpeodeleHHOCMU 8 00uem guoe.

[TocTpoenne maTemMaTH4ecKOW MOJENHM MAJs TMPUHSATHUS ONTHMAIBHOTO YIPaBIECHUYECKOTO
peleHusl CTPYKTYpbl MaTepHuaia Toka3aHo B paszaene 2.3. B coorBerctBuu ¢ (2.21)-(2.27)
MpeICTaBUM MaTeMaTHYeCKYyI0 MOJIEJIb MaTepualia B YCJIOBHSX OMPEICICHHOCTH B BUIE 3aJauu
BEKTOPHOW ONTUMU3AIIHNHN:

Opt H(Y) = {maxH,(Y) = {maxh; (¥),k =1,K}, (6.5)

min Hy(Y) = {minh (V) k =1, K5, (6.6)

npu orpannuenusx G(Y) <B, YV_, y,(t) = 100%, (6.7)

A < h(Y) S hP**k =1K, y"™ < y; < y["™*,j = 1N, (6.8)

e Y ={y;, j=1,N} - BeKTOp YNpPaBIAEMBIX TEPEMEHHBIX (KOHCTPYKTHUBHBIX

napametpoB); H(Y) = {H,(Y) H,(Y)} - BekTOpHbIi KpuTepHii, Ka)K1asi KOMIIOHCHTa KOTOPOTO
MIPEJCTABISET BEKTOP KPUTEPUEB (XapaKTEPUCTUK) MaTepraa, KOTopble (pyHKIIMOHAIBHO 3aBUCAT Y
- 3HAYECHUI BEKTOPA NIEPEMEHHBIX;

B (6.8) KM <h, (V) <hI9*, k = 1, K — BekTOop-(yHKIUS OrpaHUYEHHIA, HAKITAIBIBAEMBIX HA
(YHKIIMOHMPOBAHUE MAaTEPUAa;
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B (6.8) yjmi"s yj Sy, j = 1, N — napameTpuuecKye OrpaHHdeHHs.

I[pennonaraercs, uto pynkuun hy, (Y), k = 1, K nuddepentmpyems! u Boimykisl, g;(Y), i =
1, M HenpepbIBHEI, a 33JJaHHOE OrPAHMYEHUAMH (6.8) MHOKECTBO JOMYCTUMBIX TOUEK S He MycTo U
MIpeICTaBIsET COOON KOMIAKT:

S={YeR"G(Y) <0, y™n <y < Y™ma&*} = @,

6.1.2. 2 sran. Ilocmpoenue “ucieHHOU Mooenu CMPYKmMypbl MAmMepuanld 6 ycioeusx
onpeoeneHHocmu

[TocTpoenue Mozenu CTPYKTypbl MaTepuaja B YCIOBUSX OINPEAEIEHHOCTH OIpenesieTcs
(YHKIIMOHATBHOM 3aBUCHUMOCTBIO KaXXJOW XapaKTepUCTUKH, OrPAaHUYEHUH OT I[apamMeTpoB
Matepuana. B Hamem npumepe u3BeCTHbI XapakTepuctuka (6.2), orpanuuenus (6.1). Ucnonb3ys
nanaele (6.1), (6.2) mocTpouM YHCIEHHYIO MOJENIb B BHAE BEKTOPHON 3aJaydl HETUHEHHOTO
nporpaMMupoBanus (6.5)-(6.8) B yCIOBUSAX OIPeEIeHHOCTH:

max hy(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, — 0.0036y5y, + 0.0143y? + 0.0118y2 —

0.2434y2 — 0.5026y2, (6.9)
[P OTPaHUYCHUAX: y; + Y, + y3 + y, = 100, (6.10)
21<y,<79,5<y,<59,2.1<y;<9.0,2.2<y, <7.0. (6.11)

OTu JaHHBIE B JAJbHEHIIEM MCHOJIb3YIOTCS IPU IOCTPOEHUU OOILIEH MaTeMaTU4eCcKOou
MOJIeNT MaTepuaia (B yCIOBHIX ONPEAeIEHHOCTH U HEOIIPEIeTICHHOCTH).

6.1.3. 3.1 ortan. Ilpeobpazosanue IKCnepumMeHmManbHuIX OAHHLIX  (Yc06uUll
HeonpeodesieHHOCmU) 68 OaHHble C PYHKYUOHATIbHOU 3A8UCUMOCHbIO (YC108UA ONPEOEICHHOCHU)
U nOCMpOeHUue YUCiAeHHOl Mooenu

Vcnosusa  HeompedenemnHocmu — XapaKTepU3yHOTCS TE€M, UYTO  HCXOJHbIE  JIaHHBIE,
XapaKTePU3YIOIIIE UCCIIEeyeMOro 00bEKTa, IPEICTABIICHBI: a) CIIYYaiiHBIMU, 0) HEYSTKUMHU, UITH, B)
HE TIOJTHBIMU JaHHBIMHU, T. €. B YCIOBUAX HEOIPEIeJICHHOCTH U3BECTHBI JIUIIb KOHEYHOE MHOXKECTBO
Y U3MepeHHBIX apaMeTpoB y = 1,V

Y, = {yi,v=1,V},i =1,M,rne v =1,V - uncio KOMIOHEHT (apaMeTPOB), U3 KOTOPHIX
MOKET OBbITh COCTaBJeH (M3rOTOBJIEH) MaTepuan, i = 1, M — HOMEp U MHOMKECTBO IaHHBIX; U
COOTBETCTBYIOIIIEE MHOKECTBO K XapaKTepUCTHK:

h (Y, ={yy, v=1V}i=1M),k =1,K.

[loaTomy 6 ycnosusax HeonpedenennHocmu OTCYTCTBYET JIOCTaTO4YHas HWHGoOpManus o
(YHKIIMOHATTEHOW 3aBUCHUMOCTH Ka)XJIOH XapakTEepUCTUKH W OTPAaHMYEHUH OT TMapaMeTpoB.
Wudopmarmonnsie JaHHbIe omiuii 8) U D) mpeoOpa3yroTcs B 4YMCIOBBIC JaHHBIE OMIMU C) H
NpeCTaBIAOTCS B TabmuuHoi Qopme. B pabote paccmarpuBaercss omuus C) uHpopMmanus c
HEMOJIHBIMU JaHHBIMU, KOTOPbIE, KaK MIPABUIIO, HOIYUEHbL 8 Pe3yibmame IKCnepumMeHma.

C ydeTom U3MepEeHHBIX apaMeTpoB Y, 1 COOTBETCTBYIOLIETO MHOXKECTBA K XapaKTepUCTHK:
h (Y, = {yin, v = 1,_V},L' =1,M),k=1K MpeACTaBUM MaTpuILy pe3yabTaTOB
9KCIIEPUMEHTAIIBHBIX IAaHHBIX IO UCCIIENYEMOMY MaTepuay:
a1 Y1 = y11, Y12, Y13, Y14 ho (Y1), Rz (Y1), hy (Y1)

I = = , (6.12)

am Yv = Ym1 Ymz Yuz» Yuaha (Yar), hs(Yar), ha(Yay)
[IpencraBuM  MareMaTHYeCKyl0  MOJENIb  CTPYKTYpbl ~ MaTepuaia B YCIOBHSX

HEONPEICICHHOCTH B BUJIE BEKTOPHOU 3aja4ll MAaTEMaTHIECKOTO ITPOrPaMMHUPOBAHUS:
Opt H(X) = {maxI;(Y) = {maxhy (Y;, i = 1,M)}", k =1,K}*"°}, (6.13)

minl,(Y) = {minhy (V;, i =1, M)}, k =1, K¥"<}}, (6.14)
at restriction R < h(Y) < Ak =1,K, (6.15)
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=1 Y (t) = 100%, ;" < y, < ¥, v = 1V, (6.16)
rne Y = {y,, v =1,V} - BekTop ynpapisieMbIX IEpeMEHHBIX (TTapaMeTPOB);

H(Y) = {I,(Y) I,(Y)} - BeKTOpHBIIf KpUTEPHH, KaXKTasi KOMIIOHEHTA KOTOPOTO MPEACTABIISIET
BEKTOP KPUTEPHEB (BBIXOAHBIX XapaKTEPUCTUK UCCIIEAYEMOro 00beKTa). Bemnunta xapakTepUCTHKH
(byHKIMH) 3aBHCUT OT AUCKPETHBIX 3HaueHHU Bektopa nepemenusix Y. [ (V) = 1, K™, I,(Y) =
1, K™ (uncertainty) — MHOXeECTBO KpUTepHeB Max u Min choOpMHUPOBAaHHBIE B YCIOBHUSIX
HEOTIPeIeTICHHOCTH;

B (6.15) R < h(X) < h"* k = 1,K — BekTOp-pYHKIMS OrpaHMYCHMH, HAKIIA[bIBAEMBIX HA
(YHKIHOHMpOBaHHE MCCIeAyeMoro odbekTa, Y <y, < y** v =1,V — mapamerpuueckue
OTrpaHUYEHUS UCCIEAYEMOro 00bEKTA.

6.1.3. 3.2 sran. Ilocmpoenue uucieHnoil mooenu CTPYKTyPbl Mamepuana 6 yciousax
HeonpeodeneHHOCmu

ITocTpoeHre YHCICHHONW MOJEIH CTPYKTYpbl MaTepuaja B YCIOBHSX HEOMPEICIEHHOCTH
COCTOMT B HCIIOJIb30BAHWU KaYE€CTBEHHBIX U KOJIMYECTBEHHBIX OMMCAHUM MaTepuala, OJTyYeHHbIX
AKCIIEPUMEHTATBHBIX IaHHBIX MO MPUHIIMITY “BXOA-BBIXOM B Tabmwmie 1.

[IpeoOpa3zoBanue nHpopMaluu (MCXOIHBIX JaHHBIX B Tabnuue 1):

hy(Y;,i =1,M), h3(Y;,i =1, M), hy(Y;,i = 1, M) B QyHKIMOHATBHEIH BUT:
h,(Y),h3(Y),hy(Y) ocymiecTBiasieTcss TyTeM HKCIOJb30BAaHHS MATEMaTHYCCKHX  METOJIOB
(perpeccuonnoro anaimsa). Micxoausie manabie Tadauis 2 copmupoBansl B cucteme MATLAB B
BHUJI€ MATPHIIBL:

I'=1Y,H| = {yi1,Yi2, Vi3, Viar hiz, iz, hia, 1 =1, M} (6.17)

Jns kaxzaoro HaOopa SKCHEPUMEHTANbHOTO AaHHBIX My, k = 2,3,4 crpoutca QyHKIUSA
perpeccun MeToI0M HauMeHbIIMX KBaapatos min Y1, (y; — 3,)? B cucteme MATLAB. Jl1s1 3T0r0
hopmupyercs momHOM Ak, OTIPEIETISIOIINA B3aUMOCBSI3b TTapaMeTPOB:

Yi = Vi1, ¥z, Vi3, Via} v Gysxummm i, = h(Y;, Ag) k = 2,3, 4.

Pesynbratom sBnsiercst cucrema kodpdummentos: Ay = {Aok, A1k - A14k}, KOTOpBIE
OTIpeNIeNAIOT KOd(PPHUIMEHTH! KBAAPATHYHOTO TIOJTHHOMA:

hi (Y, A) = Aok + A1xys + Aoy + Azys + AgrYa + Asiy1Ya + Agryrys + A7edaya +

Agry2ys + Ao yaVa + Arorysya + A11kY: + A1akys + A1akys + Arayi k= 2,3,4. (6.18)
[IporpaMMHOe 0OecIeueHre NOIMHOMUATLHOMN alNPOKCHUMAIIUK C YETHIPbMS TIepeMEHHBIMH

M YeTBIPHAIATHIO (pakTopaMu nmpeacTaBiieHo B [44]. B utore sxcriepruMeHTaIbHBIE JaHHBIE TAOIHIIBI
1 mpeobpasyrorcs cucrtemy KoddduuumeHtoB Tpex ¢yHkuuii Buga (6.18) B Buae TaOIHIIBI
(TTporpamma: Z_Material_ MMTT32_0s13_4k):
A0=[323.8408 954.8634 110.02 21.0051 % A (6.19)
-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 %Ay
13.1239 -54.0031 -2.5176 1.1718 %A,
0.0969 -0.9219 -0.0151 0.0166 %Az
-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  %Agy
-0.1042 0.3919 0.0184 0.0003 %Aq
0.0036 -0.0135 -0.0006 0.0006  %Aqgk
0.0142 0.0477 -0.0004 -0.0021  %Aq1x
0.0117 0.0437 -0.0003 0.0035  %Aq5
-0.2433 3.8489 0.0390 0.0061  %A;3
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-0.5026 3.1748 0.1414 -0.0310]; %A;4k
Rj =[0.6115 0.7149 0.6551 0.9017];
RRj=[0.3740 0.5111 0.4292 0.8130];

Ha octoBe  Ao(2) Ao(3) Ao(4) crpositcst dyukuuu h,(Y), hs(Y) u hy(Y), KOoTOpBIE C
y4eTOM TONy4YeHHBIX Kod(hduuueHTtoB (6.19) SBISAIOTCS uucaeHHoii Modenvlo CcmpYKmypbl
Mamepuana é ycioeuax HeonpeoeieHHOCmU.

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, — 0.0006y5y, — 0.0004y? —

0.0002yZ + 0.0335y2 + 0.124y2, (6.20)

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, — 0.0134y,y, + 0.0478y? + 0.0438y2 + 3.8489y2 +
3.1748y2, (6.21)

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? +

0.0035yZ% + 0.006y% — 0.0311y2}, (6.22)
NpU OTpaHUYCHUsX: Y1 + Vo + y3 + y, = 100, (6.23)
21<y,<79,5<y,<59,2.1<y;<9.0,2.2 <y, <7.0. (6.24)

MuHuManbHbIE W MaKCUMAlbHbIE 3HAUEHHUS OSKCHEPUMEHTAIBHBIX MJAHHBIX Vi, ..., Vs
MIpe/ICTAaBICHBI B HIKHEH yacT Tabnuipl 2. MUHMMaNbHBIE M MaKCHUMAaJbHBIC 3HAYCHUS (DYHKIUN
h,(Y),h3(Y), h,(Y), hy(Y) He3HAUUTETBHO OTIIMYAIOTCS OT HKCIEPUMEHTAIBHBIX AaHHBIX. VHIEKC
KOppemnsiuuu 1 Kod(h(UIMEHThl JETepPMUHAIMU TPEJCTABICHbI B HIDKHUX CTPOKAaX TaOmUIbl 2.
Pesynbratel  perpeccuonnoro anamuza (6.20)-(6.24) B mambHEWIIEM HCHOJB3YIOTCS TPH
HE00XOIMMOCTH MTOCTPOCHHUS 00IIEi MaTeMaTHYEeCKO MOIETT MaTepHaia.

6.1.4. 4 sran. [locmpoenue azpecupO8aHHOU MAMEMAMUYECKOU U YUCIEHHOU MOoOenu
CMPYKMYpbl MAmMepuaa 8 ycio8usx onpeoeieHHoCmu

OObequHss MaTEMaTHIECKAE MOJICTH CTPYKTYPBI MaTepHaja B YCIOBHIX ONMPEACIIEHHOCTH
(6.5)-(6.8) u Heonpenenéunoctu (6.13)-(6.16) npencraBuM MaTeMaTHYECKYHO MOJIE]Ib MaTepraa B
YCIIOBHSX OIPEJICIICHHOCTH M HEOTIPEICIICHHOCTH B COBOKYITHOCTH B BHJIC BEKTOPHOH 3aIa4H:

Opt H(Y) = {maxH,(Y) = {maxh; (Y),k =1,K**}, (6.25)
max I;(Y) = {maxhy (Y;, i = T, M)}", k =1, K™}, (6.26)
min Hy(Y) = {min by (X),k =1, K, (6.27)
minl,(Y) = {minh, (Y;, i = 1, M)}, k =1, K*°}}, (6.28)

IIPU OTPaHUYEHUSAX
R < (V) S Rk = LK,y <y; < y"*,j = 1N, (6.29)
rne Y = {y;, j = 1, N} - BEKTOp ynpaBseMbIX IEPEMEHHBIX (KOHCTPYKTHBHBIX TAPAMETPOB);

Hi(Y) = (D), k = LK} Hy (V) = (i (V),k = 1K} -

MHO€ECTBO (PYHKI[HH Max u MiN COOTBETCTBEHHO;

L) = {h(i=1,M)} k= LK"Y, L) = {{he(V;,i =1, M)} k = 1, K37} -
MHOXKECTBO MaTpuil Max u min coorserctBenHo; (definiteness), K{™¢.K3™¢ (uncertainty)
MHOKECTBO KPUTEPHEB MaX © MiN chOpMUPOBaHHBIE B YCIOBHSX OINPEAEIEHHOCTH U
HEOTIpe/IeTIeHHOCTH;

OOGbeuHsIsE YMCIIEHHBIE MOJIENIH CTPYKTYpPhI MaTepualia B YCIOBUSAX ONpeeaéHHocTH (6.9)-
(6.11) u neonpeaenéunoctu (6.20)-(6.24) mpencTaBUM YUCIOBYIO MOJIETh MaTepuaia B yCIOBUSIX
OTPEIEICHHOCTH ¥ HEOTIPEIETIEHHOCTH B COBOKYITHOCTH B BHJIE BEKTOPHOM 3a/1a4u:

@Memz{yHaponHmﬁ HayuHbIi xKypHan "®narman Hayku" Ne3(26) Maprt 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: MarematndecKkue U €CTECTBEHHbIE HAYKH
Hanpasnenune: ®u3nko-mMaTreMaTUYECKUE HAYKU

opt H(Y) = {max H{(X) = {max h,(Y)=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 — 0.5026y2, (6.30)

max h5(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, — 0.008y,y5 +
0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y5y, — 0.0004y7 — 0.0002y% + 0.0335y2 +
0.124y2}, (6.31)

min H,(Y) = {min h,(Y)=954.86 + 28.67y, + 37.03y, — 31.03y; + 54y, — 0.922y,y, —
2y,y5 + 0.896y,y, — 0.154y,y; + 0.3919y,y, — 0.0134y,y, + 0.0478y# + 0.0438y2 +
3.8489y2 + 3.1748y%, (6.32)

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}}, (6.33)
IpU OTpaHUYCHUSIX: ¥, + Vo, + Y3 + y, = 100, (6.34)
21<y,<79,5<y,<59,2.1<y,<9.0,2.2 <y, <7.0. (6.35)

Bekropnast 3amaua maremaTtudeckoro nporpammupoBanus (6.30)-(6.35) mnpeacraBisier
YHUCIIEHHYI0 MOJIENIb MPHUHATHUS ONTHUMAJIBHOTO pEIIEHHS CTPYKTYypbl MaTepuala B YCIOBHSIX
OIPEEIEHHOCTU U HEOIIPEIETIEHHOCTH B COBOKYITHOCTH.

6.2. bnok 2. Memooonozusa npouecca NPpUHAMUA ORMUMAILHO20 peuleHus (evloopa
ONMUMAIbHBIX NAPAMEMPO8) CMPYKMypbl Mamepuana na éaze eexkmopnoi 3aoayu (B3MII)

6.2.1. 5 3ran. Pewenue B3MII - modenu cmpykmypvl mamepuaia npu pasHO3HAYHBIX
Kpumepusx (peuienue npsamoti 3a0aqu).

Jlns pemieHWs BEKTOPHBIX 33jla4 MaTeMaTH4YecKoro mnporpammupoBanus (6.30)-(6.35)
MIPEJICTaBIICHB METOJIbI, OCHOBAaHHbIC HA aKCMOMATHKE M MPHUHITUIA ONMTUMAIBHOCTH 1. Anroputm
MIPe/ICTaBUM B BUJIE ps/ia IIAaroOB.

Ilaz 1. Pemienue 3amaun (6.30)-(6.35) 1O KaXAOMy KpPUTEPHUIO OTAEIBHO, MPH 3TOM
ucnones3yercst pynkmums fmincon(...) cucremer MATLAB, obpamienue k ¢ynkuuu fmincon(...)
paccMoTpeHo B [44]. B pesysbrare pacueTa 1o Ka)xJ oMy KPUTEPHIO TOJTy4aeM TOYKH ONTHMyMa: Yy
u hj, = hi (Y9), k = 1, K, K=4— Benuuunbl KpUTEpUEB B 3TOM TOUKE, T. €. HAWIYUIIEe PElIeHHe Mo
KaKJIOMY KPUTEPHIO:

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

2: Yy ={y; =55.60,y, =34.19,y; = 8.0,y, = 2.2}, h; = h,(Y;) = 13614,

3:Y; ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(¥Y3) = —210.3;

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

Orpanunuenus (6.34)-(6.35) u Touku omrtumyma Xi,X;,X3,X; B KoopmuHarax {Xi, X2}
IIpeicTaBJIeHbl Ha puc. 6.1.
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Set of Pareto on two-measure  plane: x1 - x3
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3+ i
2 = T I ! I I
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30< x1<60
x1

Puc. 6.1. Muoxectso Touek [lapero, $°cS, X7, X5, X3, X4
B IByXMEPHBIC CHCTEMBbI KOOPIMHAT {X1, X2}

Ilaz 2. OnpesiensieM HAUXyAIIYIO BETHYHHY KaXKI0TO KpUTepHs (aHTHONTUMYM): Y 1 hy =
he (Y), k = 1,K, K=4. JIna gero pemaercs 3aaua (6.30)-(6.35) ans xaxgoro kpurepus k = 1,K;
Ha MUHUMYM, AJIs Kaxxaoro kputepust k = 1, K, Ha MakcumyM. B pesynbrare pemieHus moinydum:
X2 = {xj,j = 1, N} - Touka onTHMyMa 110 COOTBeTCTBYyIomeMy kputepuio, k = 1, K; f0 = fi.(X?2) -

BenuuuHa K-ro kputepus B Touke X2, k = 1, K, (BepXHHUii HHIEKC HOJIb):

Y? ={y, =31.9,y, =59.0,y; = 2.1,y, = 7.00}, h? = h; (Y?) = 296.6;

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

Y? = {y, =78.16,y, =9.02, y; = 8,y, = 4.81},hd = hy(Y?) = 169.26;

Y ={y;, =62.71,y, = 22.9,y; = 8,y, = 6.39}, hd = h,(Y?) = —73.62.

Illaz 3. BBINONHAETCS CUCTEMHBIN aHAJIIM3 MHOYKECTBA TOYEK, ONTUMANIbHBIX 1O [lapeTto. B
toukax omnrtumyma Y* = {Y[',Y,, Y5, Y, } ompenensrorcs BenmmumHbl neneBbix ¢yHkmmid H(Y™) =

AL
e
mHOX)ecTBe S: dy = hj, — hY, k = 1,4, u MaTpHIIa OTHOCHTENBHBIX omleHOK: A(Y*) = ||lq )
Me(X) = (hi — hi)/di

D = (d; d, d3 d,)"- BekTOp OTKJIOHEHHI O KaXkKIOMy KPUTEPHIO HA JOMYCTUMOM
|k=1,_K
q=1K’

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
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1.0000 0.9245 0.3560 0.1197
0.9367 1.0000 0.1968 0.0363
0.0 0.0 1.0000 1.011

0.3669 0.2257 0.9427 1.0000
CucreMHBIM aHaIU3 BEJIWYMH KPUTEPUEB B OTHOCHUTEIBHBIX OLICHKAaX ITOKA3bIBAa€T, 4YTO B

Touykax ontumyma Y* = { V], Y5, Y5, Y, '} (mo nmaronanu) oTHOCHTENbHAs OIICHKA pPaBHA CIUHMIIE.
OcranpHble KPUTEPUU 3HAUYMTEIBHO MEHbBIIE EAWHHIBL Tpedyercs HaWTH Takyl TOYKY
(mapameTpsbl), IPU KOTOPBIX OTHOCUTEIIbHBIE OLIEHKHU HanboJiee 0i1n3Kku K enunuue. Ha pemenue atoi
npoOaeMbl popMupyeTcs A-3aaada, mar 4, 5.

Hlaz 4. Tloctpoenue A-3aay OCYIIECTBISETCS B J[Ba 3Tala: MEPBOHAYAIBHO CTPOUTCS
MaKCHMMHUHHAs 3a/1a4a ONTUMHU3AINUN ¢ HOPMAIN30BAHHBIMHI KPHUTEPUSMH:

LA’ = maxy.sming.gh, (Y),G(Y)<0,Y >0, (6.36)

KOTOpasi Ha BTOPOM 3Tare npeodpa3yercsi B CTAHAAPTHYIO 33/1a4y MaTeMaTHYSCKOTO
porpaMMupoBanus (A-3agada):

MY = (6.36)

A = max A, (6.37)
_30 30
C OTpaHUYCHHUSIMU A — L);ll <0, A— MS 0, (6.38)
hi-hg s =h3

LA e Y N ML SO 3 (6.39)

hZ_hZ h4—_h4
yi+ y2+ y3+ y, =100, (6.40)
0<A<1, 21<y,<79,5<y,<59,21<y;<9.0,2.2<y,<7.0. (6.41)

rIe BEKTOp HEW3BeCTHhIX wuMeeT pasmepHocth N+1: Y ={y;,..,yy,A}; byHKUIHK
hi(Y),h,(Y),h3(Y),hy(Y) cootBerctByror (6.30)-( 4.35). IloacTaBUB UYHCIIOBBIC 3HAYCHUS
byukuuii hy (Y), hy (Y), h3(Y), hy(Y), MBI monyuum A-3amauy:

— — * - Z- i—h}
S—— 323.84—2.249y; —3.49 x;*...h00.2434y3 05026y. =M1 ) (6.43)
17 ™M
- 110.22+0.7918y1+1.73}}Z—];.(-)+0-03353’§+0-1243’Z_hg <0, (6.44)
37J3

1 - 954.8+28.67y,+37y, —h.;. +;(;8489y32+3-17483’f—h3 <0, (6.45)

2712

_ _ _ 2_ 2_130

5, _ 21700097y, O.841y2h*...;-;).006y3 0.0311yF-hg _ (6.46)

4~ g
yi+ y2+ y3+ y, =100, (6.47)
0<A<1, 21<y,;<79,5<y,<59,21<y;<9.0,22<y,<7.0, (6.48)

Illaz 5. Pemenue A-3amaun.

Pemrenne A-3amaun. (6.42)-(6.48) ocymectBiusercst obpamienneM K ¢yHkuu fmincon(...),
[44]:

[Xo,Lo] = fmincon('Z_TehnSist_4Krit_L', X0, Ao, bo, Aeq, beq, lbo, ubo,

'Z_TehnSist_LConst', options).

B pesynbrare pemenus B3MII (6.30)-(6.35) mnpu paBHO3HAYHBIX KPHUTEPUAX U
COOTBETCTBYIOIICH il A-3amaum (6.42)-(6.48) momyuniu:

X° ={Y° ={y; =439,y, = 49.54,y; = 4.348,y, = 2.2,.° = 0.6087}, (6.49)

TOuky onTuMyma X, KOTOpas MpeACTaBIsieT KOHCTPYKTUBHBIC MapaMeTpbl MaTepuana npu
PaBHO3HAYHBIX KPUTEPHSX (XapaKTEPUCTHKAX, MPEJICTaBICHA HA pUC. 1;

h,(Y°),k = 1, K- Benuuunbl KpUTEPUEB (XapaKTEPUCTUK CTPYKTYPhl MaTEpUAa):

{h,(Y°) = 364.0,h,(Y°) = 1790.7, h3(Y°) = 194.3,h,(Y°) = 47.5}; (6.50)

A (Y9), k = 1, K- BeTMYUHBI OTHOCUTEIBHBIX OLIEHOK
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A (Y°) =0.7372,1,(Y°) = 0.6087,A5(Y°) = 0.6087,1,(Y°) = 0.6087}; (6.51)

A°=0.6087 — 3T0 MakCHMMAaJIbHBIA HUXHUH YPOBEHb CPEIH BCEX OTHOCHUTEIBHBIX OICHOK,
U3MEPEHHBIH B OTHOCUTENIbHBIX €JMHULIAX:

A2 =min (A4,(Y?),1,(Y?),A3(Y?),2,(Y°)) = 0.6087,

A° — TaKKe Ha3bIBAIOT TAPAHTUPOBAHHBIM PE3YJILTATOM B OTHOCHTEIIBHBIX CIUHHUIIAX.

["apanTupoBaHHBI pe3ysbTar A° mokasbiBaet, 4to A°=0.6087 u XapaKTepUCTUKU MaTepuaia
B OTHOCHUTENBHBIX eauHunax A;(Y°) u COOTBETCTBEHHO XapaKTEPUCTUKH CTPYKTYpbl MaTepHaia
hi (Y°) Henb3s yinydninTh, He yXyIIas [IPU 5TOM JIPyTHE XapaKTePUCTHKH.

3aMeTHM, 4TO B COOTBETCTBUU C TeOpeMoii C 1, B Touke X kputepuu 2, 3 U 4 IPOTUBOPCUUBHI.
DTO NPOTUBOPEUHNE ONPEAEIAETCS PABEHCTBOM:

A (Y%) =2A3(Y°%) = A,(Y?) =2° = 0.6087,

a OCTallbHbIC KPUTEPUH HEPABEHCTBOM {A,(X?) = 0.7372} > A°.

Teopema 1 ciy>kKUT OCHOBOI /7151 ONIpeieNeHus] MPABUIBHOCTH PEIIEHHUs] BEKTOPHOM 3aj1auul.
B BekTopHOH 3amaye MaTeMaTHYECKOTo NMPOTpaMMHUPOBAHUS, KaK MPABUIIO, IS JIByX KPHUTEPHUEB
BpIONHAETCA paBeHCTBO: A% = A4(Y°) =24,(Y°), q,p e K,X €S, (B HameMm npumepe Takue
Kputepuu 2, 3, 4), 11 qpyrux KpUTEPUEB ONPEAEIAETCS KaK HEPaBEHCTBO.

6.2.2. 6 3ran. [eomempuueckou unmepnpemayus pe3yiomamog peutenus B3MII c¢ 4
napavempamu u 4 Kpumepuamu 6 OBYXMEPHYI0 cucmemy KoopouHam (¢ 2 napamempamu) 6
OMHOCUMENbHBIX eOUHUYAX.

Jlyia reoMeTpuyeckoil uHTepnperanus pe3ynbratoB peuieHust B3MII ¢ 4 napamerpamu u 4
KPUTEPUSIMH B JIByXMEPHYIO CHUCTEMY KOOpJAMHAT (C 2-Ms mHapamMeTpamMH) B OTHOCHTEJIbHBIX
eauHunax BeeneM usMeHenus. B B3MII (6.30)-(6.35) nmapameTpsl y; U Y3 paccMaTpUBAIOTCS Kak
IepEMEHHbIE, MapaMeTpsl Y, M Y, PacCMaTPUBAIOTCS KaK NOCTOsHHBIE. IIpuCBOMM NOCTOSHHBIM
rapaMeTpam pa3MepHOCTb:

vy, = 49.5492,y, = 2.2 B cooTBeTCTBUU ¢ pe3ynbTatoM pemieans B3MIT (6.30)-(6.35) npu
PpaBHO3HAYHBIX KPUTEPHSIX, IPEICTaBIEHHBIX B (6.49).

B utore B3MII (6.30)-(6.35) crana AByX MEpHOIl.

B pesyabrate pemenus B3MIT (6.30)-(6.35) ¢ niByMs iepeMEeHHBIME Y4 U Y3 (B 0003HAYCHUS
Pe3yIbTaToOB BBEIH JOMOIHUTEIBHO «0» Y 10max) nmomyquiu.

1. KoopmHaThl TOUKH IO IEPBOMY KPUTEPHUIO HA MAKCUMYM:

Ylomax = {x; =46.5676 x, =49.5492 x; =8.0000 x, =2.2000}. (6.52)

Bennuunsl ueThipex KputepreB B Touke Y1lomax:

FYlomax = {fi(Ylomax)=403.6 f,(Ylomax)= 14303 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;(Y1omax) =0.5098 A,(Y1lomax) =0.0207. (6.53)

KoopanHaTel TOUKH 10 TIEPBOMY KPHUTEPHIO HA MHHUMYM:

Y1lomin ={31.9000 49.5492 2.1000 2.2000}.

Benuuunel mectu kpuTepres B Touke Y1lomin:

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

Benu4uHbl OTHOCHTENILHBI OIICHOK KpUTEpHEB B Touke Y1lomin:

LY1lomin =(0.0774 0.2290 0.6441 1.1503) (6.54)

2. KoopauHatel TOYKHM, ()YHKIMH U OTHOCHTEJIbHBIE OLIEHKU 110 BTOPOMY KpPUTEPHUIO Ha
MaKCUMYM U MUHUMYM:

Y2omax ={55.6075 49.5492 8.0000 2.2000}.
FY2omax ={1.0e+03 * 0.4320 1.1936 0.1909 0.0842}.
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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}. (6.55)
3. KoopauHaTel TOYKH, (QYHKIMM U OTHOCHUTEJIbHBIE OIICHKU MO TPEThEMY KPHUTEPHIO Ha
MaKCHMyM U MHHHMYM:
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}. (6.56)
4. KoopauHaThl TOUYKH, (PYHKIIMU U OTHOCUTEJIbHBIE OLIEHKH 110 YETBEPTOMY KPUTEPHUIO Ha
MaKCHMyM U MHHHMYM:

Y4omax ={36.7000 49.5492 2.1000 2.2000}. (6.57)
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}. (6.58)
FY4omin ={1.0e+03 * 0.4559 1.0129 0.1914 0.0930}.
LY4omin ={1.7432 13176 0.5391 -0.4511}. (6.59)

[IpencraBuM B niesiom pe3yibrathl pemieHuss B3MII ¢ nByms nepemMeHHbIMU apaMeTpaMu Xq

u x3 (mByxmepHas 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) = 1° = 0.5196. (6.60)

B monmyctuMom MHOKeCTBe TOUEK S, 00pa3oBaHHBIX orpaHudeHusMu (6.47)-(6.48), Touku
ontumyma Y7, Y5, Y, Y, , 0ObeTMHEHHBIX B KOHTYP, TPEICTABISIOT MHOKECTBO TOUEK, ONTUMAIBHBIX
o [Tapero, $°c S, npencrasiensl Ha puc. 6.1. KoopanHaThl 3TUX TOYEK, a TAKXKE XapaKTEPUCTUKU
MaTepuasia B OTHOCUTENbHBIX enuHUIax A (Y),4,(Y),A5(Y), 44(Y) mokazansr Ha puc. 6.2 B Tpex
MEPHOM IMPOCTPAHCTBE X1 X, U A, I/I€ TPEThsl OCh A - OTHOCUTEIbHAS OLIEHKA.

A-zadacha Vector Optimization four criterion

Lambda

Puc. 6.2. Pemienne A-3a1a4n B TPEXMEPHOM CHCTEME KOOPIAMHAT X1 X3 (= Y4 V3),
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Discussion. CpaBuum pesynbratel pemieans B3MIT (6.30)-(6.35) ¢ mnepeMeHHBIMU
KOOpIHHATAMU {Y1V, V3 Y4} (deTsipex mepras B3MII), npencrasnennsie B (6.49), (6.50), (6.51), ¢
pesynbTatamu pemenust B3MII (6.30)-(6.35) ¢ nepeMeHHBIME KOOpaIuHAaTaMu {y; Y3} (IByX MepHast
B3MII), npencrasnennsie B (6.60). (Ha pucynkax 6.2, ..., 6.7 Bektop Y = {y4, ... , ¥y, A} u QyHKIIHH
hy (Y), hy(Y), h3(Y), hy(Y) samenensr Ha X = {x1, ... , Xy, A}; Gynxunn f1(X), f2(X), f3(X), fo(X)).

Mpbl BHIOMM, YTO KOOPJAWHATHI IIECTH TOYEK onTuMymMa B {Y; Y3} W A° cOBHaumaror.
Onrumanbhbie BetnauHbl kputepueB hy (Yy), k € K v cOOTBETCTBYIOIINE OTHOCUTEIIBHBIC OI[CHKU
A (YY), k € K He coBnagaror.

PaccmotpuM, Hampumep, ontumanbHylo Touky X;. @yHkims Az(X) chopmupoBana u3
¢byskmun h;(X) ¢ TepeMEeHHBIMH KOOpAWHATaMH {Y; Y3} M C TOCTOSHHBIMH KOOPAWHATAMHU
{y2=49.54, y4=2.2}, B3sTBIC U3 ONTUMaIBbHOW TOukHU Y (6.49). B Touke Y5 oTHOCHTENbHAs OLICHKA
A3(Y3) = 0.6441- noka3ana Ha puc. 4.2 4yepHO# Toukoil. Ho MBI 3HaeM, 4TO OTHOCUTEIIbHASI OIICHKA
A3(Y3) momydennas u3 Qynkumu hz(Y;) Ha TpeTbeM Imare paBHa €IUHHIIE, O0O3HAYMM €€ Kak
A3(Y3) = 1 — nokazana Ha puc. 4.2 KpacHO# TOYKOIA.

Pasnocts Mexmy A5(Y5) = 1 u A3(Yy) = 0.6441 spnserca ommbkoit A=0.3559 mepexoma oT
YyeThIpexMepHOi (a B obmiemM ciydae N-mMepHOH) K IByXMEpHOW 001acTH. AHAJOTHYHO TOKa3aHa
TOuKa X; M COOTBETCTBYIOIINE OTHOCHTeNbHBIe oneHkr A; (V") u A4 (Yy). O606mas u o6beaunss
pOOIEMBI IUCKYCCHUU, MOKEM CPOPMYIIHPOBATH METOIOJIOTHIO.

Memooonozus zeomempuyeckoii unmepnpemayuu nepexooa om N-mepnozo k 0gyxmeprnomy
usMepenuro (PyHKyuU @ 6eKMOPHOIL 3a0aie MamemMamuieckoz0 RPOZPAMMUPOBAHUL.

1 mrar. [Toctpoenwue u perienue A-3a1auu ¢ N-MEpHBIMU TTapaMETPaMH.

2 miar. [ToctpoeHue u perieHne A-3amaduu ¢ 2-MepHbIMH MapameTpamu, octaibHbie (N-2)
napameTpbl IIOCTOSIHHBIC B3ATHIC U3 PE3YJIBTATOB pelieHus A-3a1aun ¢ N-MepHbIMH apameTpaMu (13
mara 1).

3 miar. ['eomerpuueckoe noctpoeHne QyHKUUH U3 A-337a4dl ¢ 2-MEpHBIMU MapameTpaMu
CTaH/IapPTHBIMH METO/IaMH U COOTBETCTBYIOIINMH HaITHUCIMHU

Takum o6pazom, BIEPBBIC B OTEYECTBEHHOH 1 3apy0eKHOM NPaKTHUKE IMOKa3aH MEPEXo ¥ ero
reoMeTpuyeckas wunocTpaius ot N-MepHOTro K JBYXMEPHOMY U3MEPEHUIO (YHKIUH B BEKTOPHBIX
3aaduax MaTeMaTHIeCKOTO MPOrPaMMHPOBAHUS C COOTBETCTBYFOIIMMH OITMOKAMH amlIpOKCHMAITHH.

4.2.3. 7 sran. Pewenue B3MII - modenu cmpyxmypvl mamepuaia npu 3a0aHHOM
npuopumeme Kpumepusi (peuieHue 0opamHotl 3a0a4u).

JIMoM, TPUHUMAFOIIMM PEIICHNs, KaK PABUIIO, SBJISIETCSI KOHCTPYKTOP CHCTeMEBL. B pa3nene
nepeMeHHas Y 3aMEeHEeHa Ha MepeMeHHYI0 X.

Hlaz 1. Pemenne BEeKTOPHOM 3a/1aud NPU PAaBHO3HAYHBIX KPUTEPUSX. AJTOPUTM PELICHUS
BEKTOPHOM 3a/1a4M MpeACTaBIEH Ha cTaauu 3. YucneHHbIe pe3yJIbTaThl PEIICHHS] BEKTOPHOM 3a/1auu
MIPEICTABIICHBI BBIIIIC.

MHOXEeCTBO TOYEK, ONTUMalbHBIX Mo [lapeto S°CS HaxomuTCs MEXIY ONTUMAIbHBIMU
toukamu X7 X° X3 X° X; X° X5 X° X{ (ma pucynkax Bmecto Y ucnoin3yercs X). Mbl mpoBeaeM
aHaM3 MHOXecTBa Touek [lapero S°cCS.

Jlns 9TOM menM MBI COeITUHMM BcromorartenbHble Toukw: X; X3 Xj X5 X{ ¢ Toukon X°©,
KOTOpasi YCJIOBHO TMPEICTABIsIET IEHTp MHOoxkecTtBa [lapero. B pesynbraTe monydminm yeThIpe
TOJIMHOKECTB Touek X €S9c8°cS,q = 1,4. TToqMHOXECTBO §95°cS xapakTepu3yercsi TeM, 4To

OTHOCHTEJIbHAs OlleHKa A; = A,, A3, A4, A4, TO €CTh B MOJIE TIEPBOTO KPUTEPHS ST UMEET PHOPUTET
Haj octaiabHbIMH. [10700HO $9,S5, S$3- MOIMHOKECTBA TOYCK, IJIe BTOPOM, TPETHH U YETBEPTHIA
KPUTEPHUI MMEET MPUOPUTET HaJ JPYTHMMH COOTBETCTBEHHO. MHOKECTBO TOYEK, ONTUMAJIBHBIX 110
[Tapero, Oynem 0003HAYATH:

SO = §9US9 LS LSS,
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KoopauHaTbl BceX NOITY4EHHBIX TOYEK M OTHOCHUTENIbHBIE OLIEHKHM IIPEJCTABICHBI B
JIBYMEPHOM TPOCTPAHCTBE {X; X3} Ha puc. 6.1. DTH KOOpAMHATHI MOKa3aHbl B TPEX M3MEPEHHBIX
mpocTpaHcTBax {X; X3 A} Ha puc. 6.2, TIe TPEThS OCh A- OTHOCHUTEIbHAsl OleHKAa. OTrpaHuYCHHS
Habopa ToYek, onTuManbHbIX 1o Ilapero, Ha puc. 2 oH cHkeH 10 -0,5. Ota uHGopmalus TaKxe
SBJISICTCSI OCHOBOHM il JalbHEMIero uccieloBaHus CTPYKTypbl MHokecTBa I[laperto. Jluno,
MIPUHUMAIOIIIEE PEIICHHUS, KaK IPaBHUIIO, SBIISIETCS pa3pabOTYMKOM CUCTEMBI (CTPYKTYPBI MaTepHalia).

Ecnu pe3ynbTaThl pelieHHs BEKTOPHOM 3aJaud C DPABHO3ZHAUHBIMU KPUTEPUSIMHU HE
YIOBJICTBOPSIIOT ~ JIMIO, [PHHUMAIOIIEE peIIeHHe, TO BBHIOOP ONTUMAIBHOTO PEHICHHUS
OCYIIECTBIISICTCS U3 KAKOrO-TH00 TMOJAMHOKECTBA TOYeK S9,S5%,53, 5. DTH MOAMHOKECTBA TOYCK
[Tapero noka3ansl Ha puc. 4.1 B Buae ¢pyukimit fi (X)), ..., f(X).

Ilac 2. Beibop npuoputeTHoro kputepus q € K.

B cootBeTcTBUM ¢ TeopeMoit | U3BECTHO, YTO B ONTHMAIBHOW TOUKe X © Bcerja umeercs aBa
HauboJiee MPOTUBOPEUUBBIX KpuTepus, ¢ € K u p € K, 1uid KOTOPBIX B OTHOCUTENBHBIX €AMHULIAX
BBINOJIHACTCSI TOUHOE PABEHCTBO:

A° = Aq(X") = Ap(XO), q,p EK XeS,

a JUIsl OCTAJbHBIX BRIMONHsCTCS HepaBeHcTBa: A < A (X°),Vk € K, q # p #+ k.

B mopemu matepuana (6.30)-(6.35) u cooTBeTcTByMOIICH A-3amaun (6.42)-(6.48) Takumu
KPUTEPUSMH SIBIISIIOTCS BTOPOU U TPETHUH:

A% =2, (X°%) = A3(X°)=0.6087, T.c. BHIIOIHAETCS YUCIOBAST CHMMETPHSL.

DTy CHMMETPHIO TOKaXkeM Ha puc. 6.3, rie npeacrasieHbl pyHkuuu A; (X) u A3 (X) oTnensHo
CO CTOPOHBI onTHManbHOH Toukn X° = {X°,1°}.

JUisi cpaBHEHUs] aHAJIOTMYHO IMPEJICTaBUM (PYHKIUM Haubojee NMPOTUBOPEUUBBIE KPUTEPUHU
A, (X) u A3(X) oTmenbHO €O CTOpOHBI onTUManbHOM Touku X° = {X°,A°}. Ha puc. 6.3 u 6.4
MOKa3aHbl BCE TOYKH U JJAHHBIE, O KOTOPBIX TOBOPHUIIOCH Ha pucC. 4.2.

Kaxk mpaBwiio, u3 31oit mapst A2 = A,(X°) = A3(X°)= 0.6087 nmpoTHBOPEUNBBIX KPUTEPUEB
BeIOMpaeTcst kpurepwid, kotopeid JIIIP xorenm Obl ymyuymuTh. Takod KpuTepuil HasbIBaeTcs
TIPUOPUTETHBIM KpHUTEpUEM», 0003HauuM ero q = 3 € K. DT1oT KpuTepuil wuccieayercss BO
B3aMMOJEMCTBUM C MepBbIM KpuTepueM q = 1 € K. Mbl nccneayeM 3Tu JiBa KpUTEpUs U3 BCETO
MHOXecTBa kputepueB K = 4, moka3zaHHbIX Ha puc. 4.3. Ha aucmuieid BeIgaeTcst COOOIICHUE:

g=input('BeeauTe npuopuTeTHBIN KpuTepuii (Homep) q=") — Benu kputepwuii g=3.

A-zadacha Vector Optimization three criterion

A-zadacha Vector Optimization two criterion: L2, L3

R wird

Lambda
Lambda

Puc. 6.3. Pemenue A-3amaun: A, (X), A3(X) . Puc. 6.4. Pemenne A-3amaun (A, (X) u A5(X))
A4(X) B TpexMepHOI cucTeMe KOOPIHMHAT X1 X, B TPEXMEPHOM cUCTEME KOOPIMHAT X1 X, A,
uh, A (X% =2A;3(X°) = A, (X°)=0.6087 A, (X°) = 2A3(X°)=10.6087.
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Hlaz 3. OnpenenstoTcs: YACIOBbIE NMpeNenbl U3MEHEHNs BEJIMYUHBI IPHOPUTETA KPUTEPHUS
q = 3€K. Jlna npuopureTHoro kputepus ¢ = 3 € K onpenenstorcs U3MEHEHUs YUCIIOBBIX MTPEIEIOB
B HATYpaJIbHBIX €IMHUIAX TIPH NIEPEX0/Ie U3 TOUKH onTumyma X © (6.49) B Touky X -, HOJTyYEHHYIO
Ha nepBoM 1are. JlaHHble 0 Kputepuu (=3 BBIJAIOTCS HA SKPaAH:

f(X°) = 194.27< f,(X) <210.35 = f,(X;).q € K. (6.61)
B oTHOCHUTENBHBIX eIMHUIIAX KPUTEPUH (=3 U3MEHSIETCS B CICIYIOIIUX Mpeaeiax:
2q(X°) = 0.6087< 1,(X)<1 = 2,(X;),q =3 €K. (6.62)

OTH JaHHBIE AaHATU3UPYETCA.

Hlaz 4. Beibop Benuumnbl npuoputeTaoro kpurepus K. (Decision-making).

Ha cooOmienue: «BBeanTe BenMunHy nMpuOpUTETHOTO Kputepus fg=» - BBoauM, Hampumep,
fq=200.

Hlaz 5. Buiuucnaemces omHocumenvHas OyeHKa.

Jlns  BHIOpaHHOM — BENMYMHBI ~ NPHOPUTETHOrO  Kputepus fq = 200  Bhrumcnsercs
fq*—fi _ _200-19427 _ 0.7479.
fi-fQ  21035-194.27

KOTOpast PH MEPEXOJIE OT TOUKU X © K Touke X4 JeKUT B npeenax (6.61):

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

Hlaz 6. Beruucnum ko3¢ UIMEHT JIMHEHHON annpoKcuManun

[Ipenmnonaras TMHEHHBIA XapakTep U3MeHEHUs Kputepus f; (X) B (6.61) n COOTBETCTBEHHO
OTHOCHUTEILHOM OLEHKHU A, B (6.62), HCIOMB3YS CTaHAAPTHBIC NPUEMbI JIMHEHHON aNnpoKCHMAalluH,

OTHOCUTEJBbHASA OLICHKA: ?\q =

BBIYMCIIMM KO3()QUIMEHT NPONOPLUUOHAIEHOCTH MEXKIY Ay (X ), A4, KOTOPBIN HA30BEM p:

Ag—Aq(X°)  0.7489-0.6087 _ B
P = rpaqx ~  1-ososr - 0:3558,0=3¢K. (6.63)

Illaz 7. BprumciauM KOOPAMHATBHI TOYKH NPHOPUTETA KPUTEPHUEB C PAa3MEPHOCTBIO f.

[Mpeamonaras nuHeHHBIH XxapakTep m3MmeHeHus: Bektopa X7 = {x; x, x3 x4},q = 3, onpenenum
KOOPIMHATHI UIs TOUKH C f; = 200 ¢ oTHOCHTENBHOM oLeHKoH (6.53):

X ome = T = X°(1) + p(Xg(1) — X°(1),
=X+ p(X;(2) - X°(2),
x; = X°(3) + p(X;(3) - X°(3),

X, =X°(4) + p (x;; (4) — x0(4))}, (6.64)
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}.
Kak pesynbtar pemienus (6.64) Mbl HOTyYUM TOUKY C KOOPIUHATAMHU:
X1 ={x; =39.63,x, = 52.91,x; = 3.54,x, = 3.907}.
Ilaz 8. BeruucneHnue riiaBHbIX IOKazaTenei Touku X 7.
JInst monmy4deHHOM Touku X 9, BBIYUCITUM:
BCe KPUTEPUHM B HAaTypanbHbIX eaununax fi (X9) = {f,,(X9),k = 1,K},
fX9) = {f1(X?) = 344.3, ,(X7) = 2000, f3(X9) = 199, fo(X) = 41.7};

BCE OTHOCHUTEIIbHBIE OLIEHKN KPUTEPUEB:
A = (A% k = TR}, 0 (x9) = L&D 4 T

= LR g T
Ae(XT) = {A(X?) = 0.5224,A,(X?) = 0.418,A3(X7) = 0.7244,1,(X?) = 0.7446};
MUHHMAaJIbHasi OTHOCHUTENIbHAS OlleHKa: minA(X7) = rlgleil?(kk (X7)) = 0.418.

P = [p$ = 1.3868,p5 = 1.7333,p3 = 1.0,p; = 0.973];
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q
BekTop npuoputetos P4(X) = {p! = ingi,k =1,K}:
k
(XD « P9 = {p3 = 1,(X9) = 0.7244, p3 * 1,(X9) = 0.7244,
p3 * A3(X9) = 0.7244,  pi x A,(X?) = 0.7244}
MUHHMMAaJIbHas OTHOCUTENIbHAS OLICHKA!
A%% = min(pih (XD, p3h2(X D), p3A3(X9), P (X D)) = 0.7244
Awnanoruuno apyrue touku [Tapero X7 = {17, X’ }e S$° MoryT ObITh HOITYUYCHBI.
Ananus nonyuennvix pesynomamos. Paccunrannas senuuuna f, (X)) = 199,q = 3eK,qeK
00bIYHO He paBHa 3a1auHoH f; = 200. Ommubka BeiGOpa Af, = |f;(X7) — f;] = [199 — 200| = 1.0

OIpeNeNsAeTCs OMMOKOW JMHEHHOM ammpokcumanmu: Afyo, = 0.5%. Ecmm ommbka Af, =

|fg(X?) — fgl = 1199 — 200| = 1.0, usMepeHHas B HaTypalbHbIX €IMHULAX WX B IIPOLEHTAX
Afqy, = % * 100 = 0.5%, Gonbe 3anannoii Af,Af; > Af, To mepexoaum K mary 2, ecimi Afg <

Af, To BeIYHCIICHUS 3aBepmaroTcs. Koney.

B mponecce moaenupoBaHust MOTYT OBITh M3MEHEHBI TapaMeTpUUecKue orpaHnueHus (6.48) u
(GyHKIUH, T. €. MOJIyYeHO HEKOTOPOE MHOKECTBO ONTHMAJIbHBIX pemnieHuid. M3 3Toro MHO)KecTBa
ONTUMAJIbHBIX PEIICHHUI BHIOMpPAEM OKOHYATENbHBIM BApUAHT (IIPOLIECC MPUHSATHUS PEIICHUI).

B HameMm nmpuMepe OKOHYATENbHbI BapuaHT BKIodaeT napameTpsl: X0 = {X°, A%} = {X° =
{x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2}, 1° = 0.6087};

napaMeTpbl TEXHUYECKOW CUCTEMBI MTPH 3a/1aHHOM IPUOPUTETE KPUTEPHUSL:

0=3: X1 = {x; = 39.63,x, = 52.91,x; = 3.54,x, = 3.907}.

6.3. bnok 3. Hccneoosanue, npoekmuposanue, zeomempuyeckas unmepnpemayus N-
MEPHO20 npocmpancmeéa 6 2-x MepHOoe u 6blO0p ONMUMAILHBIX NAPAMEMPOE CLONCHOIL
CMPYKMYpPbl Mamepuana 6 MHO20MEPHOIL Mamemamuke.

brox 3 Bxmowaer 2 srama: § 3Tam MCCIENOBAaHMUS B OTHOCHUTEIBHBIX €IMHMIAX: 9 3Tan
UCCIIeIOBaHUS B PU3NIESCKUX SAMHHIIAX.

6.3.1. 8 aTtan. I eomempuueckas unmepnpemayus pe3yibmamos peuieHue 6 OMmHOCUMEIbHbIX
eOUHUYAX NpU NPOEeKMUPOBAHUY CMPYKMYPbl Mamepuaia nepexooa om N-MepHo20 K 08YXMEPHOMY
npoOCMpaHcmey.

['eomeTprueckas WHTEPIPETANUIO PE3YJTbTATOB PEIICHHS B OTHOCHUTEIBHBIX E€IMHHUIAX
MpeICTaBUM, BO-TIEPBBIX, Ha mpuMepe GyHKIuN A,(X), A3(X), BO-BTOPBIX, OTAEIHFHO Ha MpPUMEpPE
bynaxmmii A, (X) u A3(X).

1. Hceneoosanue ghynxuyuii A,(X), A13(X) Ha MakcUMyM.

[lpy wccnemoBaHWM TApPaMETPOB CTPYKTYpPHl MaTepualia Ha MHOXECTBE TOUYeK S,
o0pa3zoBaHHbBIX orpanndeHusMH (6.30)-(6.35), Toukn ontumyma X7, X5, X3, X, TOKa3aHHbBIC HA PHC
6.1, 00beIMHEHBI B KOHTYP U MPEICTABISIOT MHOKECTBO TOUYEK, ONTHMANBHBIX 10 [Tapero, $°cS.
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A-zadacha Vector Optimization two criterion: L2, L3
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Puc. 6.5. ®ynkiun A, (X), A3(X) u A° B A-3a1aue B IByXMEPHO# CUCTEME KOOPIUHAT X; X3 U A U
reometrpuueckas uareprperanus A, (X), A1;(X) B 4eTbpex MEPHOI CUCTEME KOOPIUHAT X1 X X3 X4

KoopauHaThl 3THX TOYEK, a TAKXKE XapaKTePUCTUKU CTPYKTYPbl MaTepraa B OTHOCUTEIIbHBIX
enuaunax A4 (X), A, (X), A3(X), 44 (X) nmokazaus! Ha puc. 4.2 B IByXMEPHOM IPOCTPAHCTBE X1 X5 U A,
TJIe TPETHSI OCh A - OTHOCUTEJIbHAS OLICHKA.

[siast Ha pUCYHOK 6.2, MBI MOXKEM MPEICTABUTh M3MEHEHUs Beex pyHKuuid A (X)), ..., A4 (X)
B UETHIPEXMEPHOM TMPOCTPAHCTBE Xy, ...,X,. JIg HarmsgHOCTH BBIOEpEM JBE HambOoiee
npoTtuBopeunBsle QyHKIMH A,(X), A3(X), mokazanusie Ha puc. 6.3, U MPEACTaBUM 3TH (YHKIIUU
A,(X), A3(X) na puc. 6.5.

Paccmorpum Ha Puc. 6.5 ontumManbHyo TOuky Xz. @yHKuus A;(X) — B OTHOCHTENBHBIX
enuHuIax chopmupoBaHa u3 QyHKUMH f3(X) — B (QU3MUECKUX €OUHMIAX C TMEPEeMEHHBIMU
KOOpJMHATAMH {X; X3} ¥ C MOCTOSIHHBIMH KOoopawHaTamu {Xx, = 1790.7,x, = 47.5}, B3sTHIC U3
ontuManbHou Touku X © (6.50). B Touke X3 oTHOcuTenbHAs orieHKa Az (X3) = 0.6441 — noka3aHa Ha
puC. 2 4YepHOW TOUYKOM.

Ho MBI 3Haem, 4TO OTHOCHTENbHas OmeHKa A3(X3) momydeHHass w3 ¢yHKumu f3(X3) Ha
TpeTheM IIare paBHAa eMHHIE, 0603HauMM ee kKak A3(X3) = 1 — moka3ana Ha puc. 6.5 KpacHOf
Toukoit. Paznocts Mesxay A3(X3) =11 A3 (X3) = 0.6441 sensercsa ommbkoit A=0.3559 nepexona ot
YyeThIpexMepHOi (a B obmiem ciydae N-MepHOi#) kK AByxMmepHOH obnactu. CoequHUM JTUHEHHOMN
dyHKIHel oTHOCHTENbHEIE oneHKH A° n A3(X3), nexarmeit Mexry Toukamu X© u X3,

AnamornyHo X3 TPEACTaBUM TOYKY X, C COOTBETCTBYIOIIUMH OTHOCHUTEIHHBIMHU
omenkamu A,(X3)= 1.1530 B koopamHatax {x, x3} u A5(X;) = 1, mony4eHHyI0 B KOOpIMHATAX
{x; x, x5 x,}. Jluneitnas Qynkmms, coemunsromas Touku A° u A5(X;) B OTHOCHTENBHBIX €JMHHIIAX
xapaktepusyer (yHKIHIO f,(X) B OTHOCHUTENBHBIX CIMHHIAX B YETHIPEXMEPHOM H3MEPEHHU
MapaMeTpPoB Xy, ..., X4.

A B nenom otpesku A5(X3) -A°- 15(X3) HpeacTaBIAIOT TeOMETPHUECKYI0 MHTEPIONSIINIO
¢bysakumit f,(X) u f3(X) B OTHOCUTENBHBIX €IMHUIAX B YETBIPEXMEPHOM HU3MEPEHUH MapaMeTpoB
X1, v s Xg.

2. Hccneoosanue @ynkuyuit A,(X),A3(X) oroensHO Ha MaKCUMyM M MHUHUMYM
YETBIPEXMEPHOU CUCTEME.
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[TpoBenem uccnenoBanue GyHKIHHA fo(X), MPEeNCTaBICHHYIO B OTHOCHTEIBHBIX €IMHHUIIAX:
A, (X), xoropas nmokaszana Ha puc. 6.6.

A-zadacha Vector Optimization criterion: L2

1.5 - A

X 43.9022
Y 4.34861

Lambda

Puc. 6.6. ®yukiuu A, (X) u A° B A-3a1a4e B IByXMEPHO# CUCTEME KOOPIUHAT X; X3 U A U
reoMeTpuyueckast uHTepmnpeTarus A, (X) B 4eThIpeXMEepHOU cucTeMe KOOPAUHAT X1 Xy X3 Xg4,
(BBIIETIEHO KPACHBIM IIBETOM).

JIs OEHKH MaKCHMAanbHOTO A3(X3) = 1 3HaueHMs BTOpPOTO KPHTEpHS B OTHOCHTEIHHBIX
€IMHUIIAX B YETHIPEXMEPHOH CHUCTEME KOOPAWHAT {X; X, X3 X4), (BBIICJICHO KpPACHBIM IIBETOM)
WCTIONB3YIOTCS, TIONyYeHHBIE Ha TpeTheM Imare, maHHble (6.36) marpumbl A(X™). Hdns omeHkn
muHEManbHOTO A5(XJ) = 0 3HaueHMs BTOPOro KpHUTEpHS B OTHOCHTENBHBIX €IWHHUIAX B
YETBIPEXMEPHON CUCTEME KOOPIWHAT {X; Xy X3 X4}, (BBIIETICHO KPACHBIM IIBETOM) HMCIIOJIB3YIOTCS,
OJTy4eHHBIE Ha TPETheM miare, naHHble (6.36) Marpuis: A(X ).

Pa3HocTh 0 MakcuMyMy Mexay A5(X5) = 1 (ueTspexmepHas cuctema) u A, (X;) = 1.1530
(nByxMmepHasi cuctema) siBisiercst omuokoit A=0.1530 mepexona OT 4eTbpexMepHOil (a B 00Imem
ciyuyae N-MepHOit) K AByXMEpHOI 001acTH.

Pa3HoCTh 0 MUHEMYMY Mexy A5(X9) = 0 (deTspexmepHas cuctema) u A,(X3) = 0.2290
(nByxmepHas cuctema) siisiercs omnokoid A= 0.2290 mepexoaa oT 4yeThIpexMepHO# (a B 001ieM
ciyyae N-MepHOit) K AByXMEpHO# 001acTH.

MBI coe/TMHIM JTHHEIHOM (ByHKIIHeH OTHOCHTENbHbIE OeHKH: A5(X5) A2 1 A5(XY), koTopsie
nexar Mexmy Toukamm: X; X° um XJ. B uenom mmmeitHeie otpeskm: A5(X;) -1°- A5(XY)
MPEJCTABISIOT TEOMETPUYECKYI0 HMHTepnoisiuio (QyHKUuu f,(X) B OTHOCHTENBHBIX €IMHHUIAX
A, (X) B 4eTBIpeXMEPHOM U3MEPEHUH MAPAMETPOB X1, ..., X4.

IIposedem uccnedosanue @yuxkyuu f3(X), IpeaCTaBICHHYIO B OTHOCHUTEIBHBIX €IHMHHIIAX:
A3(X), mokazanHyto Ha puc. 6.7.
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A-zadacha Vector Optimization criterion: L3
A
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Puc. 6.7. ®ynkunu A3(X) u A° B A-3a7a4ye B AByXMEPHOH CUCTEME KOOPJIUHAT X X3 U A U
reoMeTpuieckas HHTeprnpeTanus Az (X) B 4eThIpeX MEPHOI cUCTeMe KOOPAWHAT X1 Xo X3 X4,
(BBLIEJIEHO KPACHBIM LIBETOM).

JIns oneHKH MakcUManbHOTO A3(X3) = 1 3HaueHHs TPEThero KPUTEpHs B OTHOCHUTENBHEIX
€IMHUIIAX B YETHIPEXMEPHON CHUCTEME KOOPAMHAT {X; X, X3 X4}, (BBIIEICHO KpPAaCHBIM ILIBETOM)
WCIIONIb3YIOTCS, TOJIyYeHHbIE Ha TpeTheM Imare, AaHHbie (6.36) marpunsl A(X™). [ns oueHku
MuHEManbHOTO A3(XJ) = 0 3HayeHMs mepBOro KpHUTEpHS B OTHOCHTENBHBIX EIMHHIAX B
YETBIPEXMEPHOH CHCTEME KOOPIMHAT {X; X, X3 X4}, (BBIIEICHO KPAaCHBIM LBETOM) UCIIOIB3YIOTCS,
TOJTy4eHHBIE Ha TPEeTheM Iare, Aanusie (6.36) matpuist A(X?).

Pa3HocTh o MakcuMyMy Mexay A3(X3) = 1 (deTsipexmepHas cuctema) u Az (X3) = 0.6441
(mByxmepHas cucteMa) siBisiercs omuokoit A=0.3559 mepexoma oT deThpexMepHOil (a B 0OmeM
ciydae N-MepHOIf) K AByXMEPHOH 00IaCTH.

Pa3HocTs 0 MEHAMYMY Mexay A3(XY) = 0 (detsipexmepHas cuctema) n A3(X9) = 0.5629
(nByxmepHas cuctema) siBisercs ommnokoil A=0.4371 mepexoma oT 4eThIpexMepHOl (a B obiiemM
ciyyae N-MepHOit) K AByXMEpHO# 00JIacTH.

CoenvHUM THHEHHON (yHKIMeil oTHOCHTenbHbIe onenkn A3(X3) A1° m A5(XY), nexameit
Mexay Toukamu X; X° m X2. A B memom otpeskm A3(X3) -1°- A5(X9) mpencraBmsior
TCOMETPUYECKYI0 HWHTEpHOSIui0 (QyHKOUH f3(X) B OTHOCHTENBHBIX emuHHMIAX Az(X) B
YEeThIPEXMEPHOM U3MEPEHUU APAMETPOB X1, ..., Xg4.

Takum obpazom, BIEpBbIE B OTEUECTBEHHOH U 3apy0eKHOI MPaKTHUKE ITOKa3aH MePeXo/] U ero
reoMeTpudeckas nHTeprperanus oT N-MepHOTo K IByXMEPHOMY H3MEPEHHIO (PYHKIIMU B BEKTOPHBIX
3aJauax MaTeMaTH4YeCKOro MPOrpaMMHUPOBAHUS C COOTBETCTBYIOIIMMH OIIMOKaMU alMpOKCUMAIUH.

6.3.2. 9 aman. ['eomempuueckas unmepnpemayus pesyivmamos pewenus B3MII — mooenu
CMPYKMYPbl MAMepuaia npu npoekmupo8aHuul 8 mpexmepHol cucmeme KooOpouHam 6 puzuyecKkux
eouHuuax.

Ha nsTom miare anroputMa Mbl pacCUMTalId HapaMeTphl TOUKA ONTHUMYyMa IPU PABHO3HAYHBIX
kputepusax: X° = {X°,1°} = {Y° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2},1.° = 0.6087},
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B IByXMEPHOW CUCTEME KOOPAUHAT X1, X, Puc. 6.1 M B TpeXMepHO#l cucTeMe KOOPIUHAT X1, X, U A
B OTHOCHUTEJIBHBIX €JMHMIIAX Ha puc. 6.2, 6.3, 6.4 npu NPOEKTUPOBAHUH.

Ha Puc. 6.5 moka3zansl: TOUkH ontuMyma X7, X3, C COOTBETCTBYIOIIMMHU OTHOCHUTEILHBIMHU
omenkamu A, (X7) A2(XD), A3(X3) A5(X3) wm mmmeitmele ¢ymxmmm  A°A5(X;7), A°A5(X3) B
OTHOCHUTEINIbHBIX €IUHMIAX, KOTOpble XapakrepusyeT QyHkuuio f;(X) ,f3(X) B ueTpipexmepHOM
U3MEPEHUU NapaMETPOB X4, ..., Xg4.

Hccrnegyem M mpeacTaBUM 3THU NapaMeTpbl s KaXIOW XapaKTepPUCTHUKU CTPYKTYpPbI
marepuana (kpurepusn): f;(X), f,(X), f3(X), fo(X) B ¢puzuueckux edunuyax.

9.1 aman. ['eomempuueckas unmepnpemayus pesyaibmamos pewenuss B3MII — nepeoii
Xapakmepucmuky CmpyKmypvl Mamepuaia npu npoekmupo8aHuu 8 huauieckux eOuHUYax.

IlepBass xapakTepuCTHKa CTPYKTypbl Matepuana f;(X) chopmupoBana B 6.1.4:
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, (6.30)

[pencraBiuM reoMeTpUIECKyt0 UHTeprnperanuio GpyHkuuu hy (V) B pU3HUIECKUX eqUHUNAX C
MEPEeMEHHBIMH KOOPAWHATAMU {Yy; Y3} U C MOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANIbHOM TOUKH Y ° (6.49) Ha puc 6.8.

Function f1{X)->max in Vector Optimization problem
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Puc. 6.8. ®yuknus f;(X) B AByXMepHO#H cHCTEME KOOPAUHAT X X3 W reOMETpHYeCKas
uHTeprnperanus GyHkuun f; (X) B cucTeMe KOOPIUHAT X1 X5 X3 X4

Koopaunatel Touku Mmakcumyma Yy = {y; = 46.7636,y; = 8.0} (na puc. 6.8 o603HaUeHa
kak X1omax). Benmuuna nieneBoit pynkmum hj=FX1omax = 387.9.

KoopaunaTel Touku munumyma XY = {x; = 31.9,x; = 2.1} (ua puc. 6.8 0603HaueHa KaK
X1omin). Benuuuna nenepoit pynxiuu FY=FX1lomin = 296.6.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ma puc. 6.8 obo3HaueHa kak X100).
Benuunna nenesoit dpyukiwn f; (X°) =FX100 = 364.0.

Toukn ontumyma: X; € YeTHIpbMs MapaMeTpaMu pAacCYUTaHbl HA mare | W BeTMYMHON
xkputepus f;' = f1(X;) = —387.9; Touka X{ ¢ BEIMUMHON KpHTEPHS

@Memz{yHaponHmﬁ HayuHbIi xKypHan "®narman Hayku" Ne3(26) Maprt 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: MaTemaTu4ecKkre U €CTECTBEHHbBIE HAyKN
Hanpasnenne: ®u3nko-maTeMaTHYeCKUE HAYKU

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

JIuneiinas ¢yukuus, coenuusomas Touku f;(X°) u fA(X]) B dusmMueckux emuHHMIAX
xapaktepusyeT GyHkuo f; (X) B 4eTBIpeXMEPHOM U3MEPECHHH MTAPAMETPOB X1, ..., Xy4.

A B muenom otpeskn  fL(X;) -fi(X°)- fE(XP) mpemcTaBISIOT reoMeTpHuecKyo
UHTEPIOAIHI0 GYHKIUH f; (X) B YETHIPEXMEPHOM N3MEPEHHUHU TTAPAMETPOB X1, ..., X4.

9.2 aman. I'eomempuueckas unmepnpemayusi pe3yibmamos peuienus B3MII — emopoit
Xapaxmepucmuxu CmpyKmypbl Mamepuaia npu npoeKmuposanuu 8 Gu3uyeckux eOUHUYax.

Bropas xapakrepuctuka CTPYKTypbl Marepuana f,(X) npencraBmena B 6.1.4:
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%, (6.32)

[pencTaBUM reOMETPUIECKYI0 HHTEpIpeTanuio QyHKIH f,(X) B Qu3nueckux equHUIAX C
MEPEeMEHHBIMH KOOPAWHATAMU {X; X3} U C MOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANIbHOM TouKH Y ° (6.49) Ha puc 6.9.

Koopaunate! Toukn Makeumyma X; = {x; = 55.6,x; = 8.0} (na puc. 6.9 o60o3HaueHa KaKk
X2omax). Bennunna nieneBoii pynkuuun F,=FX20max = 1361.4.

Koopaunatel Touku MEHEMYMa X9 = {x; = 31.9,x; = 2.1} (#a puc. 6.9 o6o3HaueHa Kak
X2omin). Benuuuna nenesoit pynxuun Fy=FX2omin = 2458.5.

Koopaunatet Touku X° = {x; = 43.9,x3 = 4.348} (na puc. 6.9 obo3naueHa kak X200).
Bennuuna nenesoii pynkuuu f, (X ) =FX200 = 1790.7.

Toukn ontumyma: X, ¢ 4eTBIpbMS NapaMeTpaMH PACCUUTaHBl Ha Imare | W BETMYMHOM
xkputepus f, = f,(X3) = 1361.4; Touka X2 ¢ BeJIMYUHOM KpUTEPHS

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

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

Puc. 6.9. ®yukuus f,(X) B AByXMepHOU CHCTEME KOOPAUHAT Xy X3 U FEOMETpHUYECKast
unaTeprnperanus GyHkiun f,(X) B cucTeMe KOOPAUHAT Xq Xy X3 X4

gMemnyHapoaHmﬁ HayuHbIi xKypHan "®narman Hayku" Ne3(26) Maprt 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: MaTemaTu4ecKkre U €CTECTBEHHbBIE HAyKN
Hanpasnenne: ®u3nko-maTeMaTHYeCKUE HAYKU

JIuneiinas ¢yukuus, coenuHsomas Touku f5(X°) u fA(X;) B dusMueckux emuHHUIAX
xapaktepusyeT GyHkIuo f,(X) B 4eTBIpEXMEPHOM H3MEPEHUHU MAPAMETPOB Xq, ..., X4. A B IEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBaAroT reoMeTpUUYECKyI0 HHTEPIONAIMIO QYHKIHH f5 (X)
B YCTHIPEXMEPHOM U3MEPCHUU MAPAMETPOB X1, ..., Xy4.

9.3 aman. ['eomempuueckan unmepnpemayus pesyromamos peuenus B3MII — mpemoeit
Xapaxmepucmuxu cmpykmypbl Mamepuaia npu npoeKmuposanuu 8 Gu3uyeckux eOUHUYax.

Tpethst xapakTepuCTHKa CTPYKTYpbI Matepuana f3(X) chopmuposana B 6.1.4:

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}, (6.31)

[IpencraBiuM reoMeTpHYECKy0 nHTepHperauo GyHKimu f3(X) B pU3NYECKUX SIUHULIAX C
MEPEeMEHHBIMI KOOPIMHATAMHU {X; X3} W C MOCTOSHHBIMH KOOpAUHATamMu y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANIbHOM TOYKH Y ° (6.49) Ha puc 6.10.

Koopaunate! Toukn Mmakeumyma Xz = {x; = 31.9,x3 = 2.1} (na puc. 6.10 o603HaueHa KaKk
X3omax). Benmnunna nieneBoii ¢pynkuuu F; =FX3omax = 210.3.

Koopaunatel Touku MEHEMYMa X3 = {x; = 78.16,x3 = 8.0} (ua puc. 6.10 0603HaueHa KaK
X3omin). Benuuuna nenepoit pynkiuu f2=FX3omin = 169.26.

Koopaunatet Toukun X° = {x; = 43.9,x; = 4.348} (na puc. 6.10 ob6o3nauena kax X300).
Bennunna nenesoii ¢pynkiyu f3(X°) =FX300 = 194.3.

Toukn ontumyma: X3 ¢ 4eTBIpbMs NapaMeTpaMH PACCUUTaHBl Ha Imare | ¥ BETMYUHOM
xkputepus f5 = f3(X3) = —210.3; Touka X3 ¢ BeJIMUUHON KpUTEPHS

9 = f,(X9) = 169.26 — na pucynke o6o3nauens! (f2(X3), fA(XI).

Function f3{X)->max in Vector Optimization problem
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Puc. 6.10. ®ynkuus f3(X) B AByXMEPHOI CHCTEME KOOPAMHAT X; X3 M T€OMETpUYECKast
unaTeprnperanus GyHkiun f3(X) B cucTeMe KOOPAUHAT Xq Xy X3 X4
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JIuneiinas ¢yukuus, coenuHsomas Toukd f3(X°) m fL(X3) B dusmueckux emuHHUIAX
xapaktepusyeT QyHKIuo f3(X) B 4eTBIpeXMEPHOM U3MEPEHUH ITAPAMETPOB X, ..., X4.

A B menom otpeskn fL(XD) -f:(X°)- fA(XY) mnpencraBnsioT TeoMeTpUUECKYIO
MHTEPIONANNIO0 GYHKIUH f3(X) B 4ETBIpEXMEPHOM M3MEPEHUH apaMETPOB X1, ..., Xy.

9.4 aman. ['eomempuueckas unmepnpemayus pe3yibmamos pewerus B3MII — uemeepmoii
Xapakmepucmuku CmpyKmypvl Mamepuaia npu npoekmupo8aruu 8 huuieckux eOuHuYax.

YeTBeprast XapaKTepHCTHKA CTPYKTYpbI Matepuana f,(X) npencrasiena B 6.1.4:

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? +
0.0035y% + 0.006y3 — 0.0311y2}}, (6.33)

[IpencraBUM reOMETpUYECKY 0 HHTeprpeTanuto GyHkuuo f,(X) B GU3HYECKUX SIUHUIAX C
MEPEMEHHBIMH KOOPIUHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpIUHATamMu Y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANIbHOM ToukH Y ° (6.49) Ha puc. 6.11.

Koopaunate! Toukn Mmakeumyma X, = {x; = 36.70,x3 = 2.1} (1a puc. 6.11 o603HaueHa Kak
X4omax). Bennuuna nenesoit pynkmuu F, =FX4omax = 30.714.

Koopaunatel Toukd muaumyma X2 = {x; = 62.71,x; = 8} (na puc. 6.11 o603HaueHa Kak
X4omin). Bennunna nenesot pyukimu £, =FX4omin = —73.62.

Koopaunate! Toukn X° = {x; = 43.9,x; = 4.348} (na puc. 6.11 obo3Hauena kak X400).
Bennuuna nenesoit pyukiun f,(X°) - FX400 = 47.5.

Touku ontumyma: X, C YeTHIpbMs MapaMeTpaMH PACCUMTaHbl HA mare | W BeIMYHMHON
xputepus f; = f,(X3) = 30.714; Touka X ¢ BenuuMHOI KpuTEpHUs

0 = £,(X) = —73.62— na pucynxe ob6o3nauens (f2(X}), f£(XD).

Function f4{X)-=>min in Vector Optimization problem
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Puc. 6.11. ®ynkuus f,(X) B AByXMEpHOIH CHCTEME KOOPAUHAT X; X3 W F€OMETpHYECKast
unaTepnperanus QyHkiwn f; (X) B cCHCTEMe KOOPIMHAT Xq Xp X3 X4
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JIuneitnas dynknus, coemuHsomas Touku f3(X°) m fA(X}) B QusHyecknx eaMHMIAX
xapaktepusyeT GyHknuoo f,(X) B 4eTBIpeXMEPHOM HM3MEPEHUH MAPaMETPOB Xq, ..., Xs. A B IIEJIOM
otpeskn fL(X;) -f2(X°)- fA(X?) npencTaBasioT reoMeTpUUYECKy 0 HHTEPHOAIHI0 GyHKIHH f (X)
B YETHIPEXMEPHOM MU3MEPCHUU MAPAMETPOB X1, ..., Xg4.

B cosoxynnocmu, ipencTaBicHa Bepcusi MPOrPaMMHOTO 00CCIICUCHHS BBIIACT CIISTYFOIIIE
pe3yIbTaThl: TOUKA ONTUMyMa - X ©;

xapakrepuctuku (kputepun) — F(X?) = {f1(X°), /,(X°), f5(X°), fo(X*)};

otHocHuTenbHbIe OeHKH — A(X?) = {h;(X?), X, (X)), A3(X°), hya (X°)};
MaKCHMaJIbHYI0 OTHOCHTEIbHYIO olleHKY - A, Takyto uto A°< A, (X°) Vk € K.
TOYKY ONTHMYyMa C IPUOPHUTETOM (-T0 Kputepus — X 4;

xapaxrepuctuku (kputepun) — F(X?) = {f,(X?), /,(X9), f3(X?), fo(XD};
otHocHuTenbHbIe OHEHKH — A(X?) = {A (X ), A, (X9), A3(X9), X, (XD},
MAKCHMAJIbHYIO OTHOCHTENbHYIO orierky A%, Takyio uto A°’<pl A (X9),k = LK.

3axknwuenue no pazoeny. llpoGiiema pa3pabOTKH MAaTEMAaTHYECKUX METOJIOB BEKTOPHOM
ONITHMU3AIMY ¥ IPUHSTUS ONTUMAJILHOTO PELICHUS Ha UX OCHOBE B CIIOKHOHM CTPYKType MaTepHaia
10 HEKOTOPOMY Ha0OPy IKCIICPUMEHTAIBHBIX JaHHBIX U (YHKIIMOHAIBHBIX XapaKTEPHUCTHUK SBIISCTCS
OJJHOHM M3 Ba)KHEHIIMX 3a/a4 CHCTEMHOTO aHalk3a W IpOeKTHpoBaHUs. B pabote paspaborana
METOJIOJIOTHS aBTOMATHU3AIMK TMPOSKTHUPOBAHKS IMYTEM: MOCTPOCHHS MATEMATHYEeCKOW MOICIH
Marepuana B YCJIOBHSAX OIPEACICHHOCTH M HEONPEICIICHHOCTH; Pa3pabOTKH METOIOB DPEIICHHS
BEKTOPHO 3a/1a4M ¥ BBIOOPA ONTUMAJIbHBIX MTAPAMETPOB MaTepralia o MHOKECTBY XapaKTEPHUCTHK.

7. CpaBHeHHMe NPHUKJIAAHBIX MeTOJ0B MHOTOMEPHOH MAaTeMaTHKH C MeTOJAaMH
HUCKYCCTBEHHOT0 HHTEJLIEKTA.

OueHuM TpUKIAIHbIE METOJbl MHOTOMEPHOH MaTeMaTHKH - {akcMoMmaruka MamryHuHa
10.K., mpuHIMIBI ONTUMAIBHOCTH W METOJbl PEHICHUS BEKTOPHBIX 3a1au MaTeMaTHYeCKOTO
(BBIITYKJIOT0) TPOTPaMMHUPOBAHUS |, TPE/ICTABICHHBIE B TPEThEM M YETBEPTOM pazjeiie JaHHON
paboThl, U CPAaBHUM HMX C METOJaMH MCKYCCTBEHHOI'O MHTE/UIEKTa. MCronb3ys TEOpUI0 BEKTOPHOI
ONTHMU3AIMH, MBI MOJYYWIH IS MHXEHEPHOH CHUCTEMBI (B YaCTHOCTH, TEXHUYECKOW CHCTEMBI,
CTPYKTYpbl MaTepHaa):

Toukn ontumyma - X° = (x7,j = 1,N};

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

otHocutenbHble omeHKH — A(X?) = {4, (X°),k = 1,K}, koTOopsle nexaT B Tpeaenax
{0 <A, (X°) <1 (100%), k = 1, K}, u nerxo mepeBoauTCs B HATypanbHble ((PU3MUIECKUe) JaHHBIE.

MosKeT 71 3TH pe3yIbTaThl MOJYYUTh HCKYCCTBEHHBIA HHTEIUICKT, (DYHKIIMOHUPYFOIIHIA, KaK
npaBuIIo, 1o MpuHIMITy repedopa. OtBetuM: «Het». MIcKyCCTBEHHBINH HHTEIEKT MOXKET TTOJTyYHUTh
TOJBKO TPHUOIM3UTENBHBIA PE3ysbTaT, KOTOPBIM 3a/lall YEJIOBEK, HO YeM JITOT PE3yJIbTaT JIydlle
IPYTHX Pe3yIbTATOB TAKXKe JOJDKECH OLCHUTh YeJIOBEK Ha OCHOBE MHTYHITHH.

Takum oOpa3zoM, paspaboTaHHasi TEOpUS BEKTOPHOW ONTUMH3ALUH MOXET SBISATHCS
MaTeMaTH4YeCKUM alapaToM BBIYHCIUTEIFHOTO HHTEIUIEKTa UCKYCCTBEHHOTO HHTEIUICKTA.

3aki0ueHnue

[IpoGnema pa3pabOTKM MaTeMaTHYeCKUX METOJOB MHOTOMEPHOH MaTreMaTukd B
MPUJIOKEHUU K BEKTOPHOM 3a/1a4€ ONTUMH3AIUY U IPUHATHS ONTUMAIBHOTO PELICHUS HA UX OCHOBE
B CIIOKHOM TEXHMUYECKOH CHCTEME 10 HEKOTOPOMY Ha0opy (DyHKIMOHAIBHBIX XapaKTEPUCTHK U
OKCIIEPUMEHTAIBHBIX JIAHHBIX SIBJSICTCS OMHOM W3 BaXKHEHINIMX 3a/lad CHUCTEMHOTO aHajiu3a |
NPOCKTUPOBAHUSI TEXHUYECKOW CHCTeMBbl. B pabore pa3paboTaHa METOHOJIOTHS aBTOMAaTHU3AIHH
MPOCKTUPOBAHUS MyTEM: MMOCTPOCHUSI MATEMATUUECKON MOJICIH MHXEHEPHON CHCTEMBI B YCIIOBHSX
OIIPEIICTICHHOCTH W HEONPEIEICHHOCTH; pPa3pabOTKW METONOB pEIICHHs BEKTOPHOHW 3aJadi.
[MpeacraBieHO MOCTPOCHUE MATEMAaTHYSCKOH W YHCICHHOM MOJENH BbIOOpa ONTHMAJIbHBIX
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apaMeTpOB CI0KHOM TEXHUYECKOM CHCTEMBI U MaTepHaja CIIOKHOW CTPYKTYpPbI U UX peanu3anus
110 MHOXECTBY XapaKTepucTHK [IepBrIii 3Tam, a TakKe 3Tall aHAJIKM3a Pe3ysbTaTa PeleHus U BBIOOpa
MIPUOPUTETHOTO KPUTEPUS U €r0 BEJIMUHUHBI BBIIOJIHACTCSI KOHCHPYKIMOPOM Mamepuand.
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