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AnHotauus. llenp paboThl MpencTaBUTH TEOPUIO U METOAbl MHOIOMEPHOW MaTeMAaTHKH,
BKHIO‘I&IOHIGﬁ AKCUOMATUKYy, NPUHOUIIBI ONTUMAJIBHOCTU W MCTOAbI JJid PCIICHHA BCKTOPHBIX 3adad
ONTUMHU3AIMKU B MOJACIUPOBAHHNU MPOMBIINIJICHHBIX IIPOLCCCOB. TCOpI/ISI U METOAbBI BGKTOpHOfI
ONTUMU3AINU MOTYT SABJIATBCA MAaTCMATUYCCKHUM alllapaTOM BBIYHCIIMTCIBHOI'O0 MHTCIIJICKTA B paMKax
HCKYCCTBCHHOI'O MHTCJIJICKTA. B paMKax TCOpHA BCKTOpHOﬁ ONTUMHU3AIMU TTPCACTABJIICHBI IMPUHIIUIIBL
ONTUMAJIBHOCTH PCIICHHUA BEKTOPHBIX 3a/1a4 IIPHU PABHO3HAYHBIX KPUTCPHUAX U IIPU 3aJTAHHOM IIPUOPUTCTEC
kputepust https://rdcu.be/bhZ8i. (Padora "Vector optimization with equivalent and priority criteria"
Springer Nature pacmpoctpansercst OecruiatHo.). Ha ocHoBe Teopuu pa3paOOTaHbl KOHCTPYKTHBHBIC
MCTOJbI PCIOCHUA 3ada4d BCKTOpHOﬁ ONITUMHU3AUH, KOTOPBIC IO3BOJIAKOT INPUHHUMATL PCIICHUC, BO-
MCPBLIX, ITPHU PABHO3HAYHBIX KPUTCPHUAX, BO-BTOPLIX, ITPHU 3aAAHHOM IIPHOPUTETE KPHUTCPH.

HpaKTH‘{eCKa}I HaIlpaBJICHHOCTDb pa60TBI CBsgA3aHa € aBTOMATHU3UWPOBAHHBIM IIPOCKTUPOBAHUC
HHXXCHCPHBIX U ITPOU3BOACTBCHHBIX CUCTEM HaA Oase BeKTopHOfI OIITUMU3AIINHN.

C(l)OpMI/IpOBaHHBIe KOHCTPYKTHUBHBIC MCTOJAbI PCIICHHA BCKTOPHBLIX 3aJa4 MaTEMaTHYCCKOI'O
(BBIMYKJIOTO) TPOrPAMMHUPOBAHUS TIPEJICTABICHBI TMPH MPOCKTUPOBAHUU TMPOU3BOJICTBEHHBIX U
HHKCHCPHBIX CHCTCM. Peanmaulxm MCTOHOJIOTHN TMPEACTAaBJICHA Ha PCIICHHU YHCIICHHBIX 3ajad.
NPUHATHS PEIIeHUH BHIOOpA ONTHMAIBHOM CTPYKTYpHI MaTepHalia U BbIOOpa MapaMeTpoB TEXHUIECKOM
CHCTEMBI C IIECTHI0 XapaKTePUCTHKaMHU (HCCIIeAyeTCss MHOTOMEPHOCTh: IIecTh (yHKimii). PerieHue
HpO6J’IeMLI MMPUHATHA pCI_I_ICHI/Iﬁ BKJIFOHACT: IMOCTPOCHUC YUCIICHHOU MOACIN 00BLEKTa B BHUC BCKTOpHOﬁ
3aa4yu, pCHICHUC 3ala4u NPHUHATHUA pe]J_ICHI/Iﬁ IIpU paBHO3HAYHBIX KPUTCPUAX, PCHICHUC BCKTOpHOﬁ
3aa4u MPUHATHUA peI_I_IeHI/Iﬁ C IIPUOPUTECTOM KPHUTCPUA.

Abstract. The purpose of the work is to present the theory and methods of multidimensional
mathematics, including axiomatics, principles of optimality and methods for solving vector optimization
problems in modeling industrial processes. The theory and methods of vector optimization can be the
mathematical apparatus of computational intelligence within the framework of artificial intelligence.

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 methods for solving vector
optimization problems have been developed, which make it possible to make a decision, first, with
equivalent criteria, and second, with a given priority of the criterion.
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The formed constructive methods for solving vector problems of mathematical (convex)
programming are presented in the design of production and engineering systems. The implementation of
the methodology is presented on the solution of numerical problems: decision-making on the choice of
the optimal structure of the material and the selection of parameters of a technical system with six
characteristics (multidimensionality: six functions is investigated). The solution to the problem of
decision-making includes: the construction of a numerical model of the object in the form of a vector
problem; solution of the decision-making problem with equivalent criteria, solution of the vector decision-
making problem with the priority of the criterion.

KaroudeBble ciioBa: MHOFOMepHa}I MaTeMaTuka, BCKTOpHaﬂ OIITUMM3allHA, MeTO,Z[BI pPEeIICHUA
BCKTOPHBIX 3ajay, TeopI/IH IIPHUHATHA peHleHHﬁ; MOI[GJ'II/IpOBaHI/Ie HpOI/ISBO,I[CTBeHHOﬁ CHUCTEMBI,
MoaenupoBaHHe TEXHUYECKOW CHCTEMBI.

Keywords: Multidimensional Mathematics, Vector Optimization, Methods for Solving Vector
Problems; Theory of decision-making; Modeling of the production system; Modeling of the technical
system.

Itoduction

OCHOBHOIW TCHICHIIMEH pa3BUTHs METOJOB YIPABICHHS OOIIeCTBA (IKOHOMHYCCKUMH,
TEXHHUYECKUMU CHUCTEMaMH) SIBISIETCS HCIIOJIb30BAHUE WMCKYCCTBEHHOTO HMHTEJUIEKTa. VICKyCCTBEHHBIN
unrewiekt (M) npencraBiser HOBOE HayyHOE HAlpaBJICHUE, KOTOpas MCCIEAYeT U pa3padaThiBacT
TEOPUIO, METOABl M TPHUKIAIHBIC CHCTEMbI, HCIOJIb3yeMbIC JUISI MOJCIUPOBAHUSA M PACHIUPEHUS
YEeJI0BEYECKOro HMHTEIeKTa. McciienoBanus B 3TOH 00JacTH BKIIOYAIOT B CEOSl BBIYMCIIMTENBHBIN
WHTEIIJICKT, PACIIO3HABAHUE SI3BIKOB, M300pa)KeHUH, 00pabOTKY €CTeCTBEHHOrO SI3bIKa M JKCIIEPTHBIC
CUCTeMBI. Pa3BUTHE COBPEMEHHBIX CHCTEM HMCKYCCTBEHHOTO WHTEIUICKTa WICT 1O IyTH HWHTETpaIluu
BBIYHCITUTEIILHOTO HHTEUICKTa U MH(POPMAITMOHHBIX CHCTEM.

[Tpw ucce[0BaHUN Pa3BUTHS MPOU3BOJACTBCHHBIX M MH)KCHEPHBIX CUCTEM BBISICHICTCS, YTO OHU
(cucTeMbl) 3aBUCST OT HEKOTOPOTO YHUCIOBOTO MHOXECTBA (DYHKIIMOHAIBHBIX XapaKTEPUCTHK, KOTOPHIC
B COBOKYITHOCTH ONPEIEISIFIOT MHOTOMEPHOCTh HCCIIEyeMOH CHUCTEMBL. OJTy MHOTOMEPHOCTh
HEOOXOJUMO YYHTHIBATH HA CTAJWH IMPOCKTHPOBAHUS M MOJCIUPOBAHUSA. AHAIH3 W HCCICIOBAaHUE
MHOKE€CTBA WH)XEHEPHBIX, SKOHOMHYECKHX CHCTEM TI0Ka3ajo, YTO YIyYIIEHHE MO0 OJHOW u3
XapaKTePUCTHK CHCTEMbI MPUBOAUT K YXYAIICHUIO APYTUX XapPAKTEPUCTHUK.

A mnis ynydieHus: QyHKIIHOHUPOBAHUS CUCTEMBI:

BO-TIEPBBIX, TpeOyeTcs peleHue MpoOJeMbl, TIPH KOTOPOH B HCCIACAYEMOM CHCTEME OJHO
MOJIMHOKECTBO XapaKTEPUCTHK (KPUTEPHEB) OBLIO HAMpaBJIEHO Ha yBEIWYEHHE YHCIOBOTO 3HAYCHHMS
(MakCHMU3AIHIO), @ BTOPOE MTOJIMHOMXKECTBO XapaKTePUCTUK (KPUTEPHUEB) CHCTEMBI OBLITO HAIIPABJIEHO Ha
YMEHBIIIEHHUE YHUCIIOBOTO 3HAYeHUS (MUHUMH3AIIHIO);

BO-BTOPBIX, HEOOXO0IMMO, YTOOBI BCE XapAaKTEPUCTHKH YIIYUIIATUCH B COBOKYITHOCTH.

B Hacrosmiee BpeMsi M3BECTHO pPENICHHE OJHOKPHUTEPHAIBHON ONTHMH3AINH, KOTOPYIO MOXHO
TPAKTOBATh KaK OJTHOMEPHYO ONTUMH3AIIHIO.

HccnenoBaHuss MHOTOKpUTEPUAIBHBIX 33J1a4 Ha4aJjoch OoJiee cTa JIeT TOMy Hazaj B pabote Pareto
V [1]. B mocnennue Tpu AECATHIECTHE METOAAM PEIICHUS BEKTOPHBIX (MHOTOKPHUTEPHANIBHBIX) 3a1a4
MOCBSIIEHO OOJIBIIIOE KOMUYECTBO MOHOTpaduil M OTHENBHBIX CTaTeil. DTO CBSA3aHO C IIUPOKUM
UCIOJIb30BAaHUEM 3THUX METOJIOB B PEIICHUM MPAKTUYECKHX 3adad. AHAJIN3 METOAOB M aIrOpPUTMOB
pEIIeHNs] MHOTOKPUTEPUATBHBIX 33/1a4 B COOTBETCTBUU CO CBOSH KiacCU(UKaLMeH IPEICTABICH B PsIE
pabor [6, 10, 22, 39, 45]: MeToabI perieH st MHOTOKPUTEPHATIBHBIX 3a/1a4, OCHOBAHHBIC Ha CBEPThIBAHUH
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KpUTEpUEeB C BecoBbIMH Koddduimentamu [3, 5, 25, 27]. UccrnenoBaHnue MHOTOKPUTEPHATBHON
ONTHMHU3AIMH TPOBOIMIOCH KaK Ha TEOPETUYECKOM YpoBHE 3apyOexkHbiMu [3, 25-30] u pycckummu
aBropamu [4-23], Tak ¥ Ha PELICHUY MPAKTHYCCKUX 3a/1a4 CHavyasa B o0nacTu sKkoHoMuku [31-45], a 3a
TEM B 00JIaCTH HHKEHEPHBIX crcTeM [6-21].

MHOX€eCTBO KpUTEpUEB B MHOTOKPUTEPHAILHON 3a/aye ONTHMHU3AIMH MOKHO NPEACTAaBUTH B
BUJIE BEKTOpa, C KOTOPHIM MOXHO HPOBOIMTH MaTeMaTHUECKUE ONepalMy, OTCI0a MOSBUIHMCH
BEKTOpHbIE 33/1a4l ONTUMHU3ALUH UM BEKTOPHBIE 331a4l MaTEMaTUYECKOTI0 POrPaMMHUPOBAHHUS.

Pemenne npoOiembl BEKTOPHOW ONTHMHU3AaLUU OOYCIOBICHO PSAOM TPYAHOCTEH, NpUYeM
KOHLIENITYaJbHOIO XapakTepa, W IJIaBHAs M3 HUX IOHATh: «4TO 3HAYUT PEIIUTh 3a/ady BEKTOPHOM
ontummuzanuuu». [ig pemeHus mpodieMbl ¢ MHOKECTBOM KPUTEPUEB MAaTEeMAaTH4YECKU HEOO0XOIUMO
CO3/IaHWe, BO-TICPBBIX, AKCHOMATHKH W TPUHIMIIOB ONTHMAJIBHOCTH, ITOKA3bIBAIOIINX JIIOOOMY
MOJIb30BATEINI0, B YEM OJHO pEIIeHHUE Jydllle APYToro PEelIeHHs, U, YTO TaKOE ONTUMAIIbHOE PEIICHHE
MHOTOKPUTEPHATIbHOM (T.e. CO MHOTMMH XapaKTEpPUCTUKAaMH) ONTHMHU3AI[MOHHOW 3agaun. A Ha
CJIEYIOIIEeM dTare Ha 06a3e akCMOMATHKH U MPHHLUIIOB ONTUMAIBHOCTH pa3pabOTKH KOHCTPYKTUBHBIX
METOOB PELICHUsI MHOTOKPUTEPHUAIbHBIX 3a1a4.

Llenv pabomwl TPENCTaBUTh TEOPUI0 M METOAbl MHOTOMEPHOH MaTeMaTHKH, BKIIOYAIOIICH
aKCMOMATHKY, IPUHIUIIBI ONTUMAIbHOCTH U METOMBI JUIsl pEIIeHUs] BEKTOPHBIX 3ajjau ONTUMH3AIUU B
MOJICIMPOBAHUH TPOMBIIIJICHHBIX MpoleccoB. Teopus MU METOJbl BEKTOPHOH ONTUMH3ALMU MOTYT
SBISITHCS MAaTEMATUYECKUM allapaToM BBIYMCIMTEIBHOIO MHTEIJIEKTa B paMKaX HCKYCCTBEHHOTO
UHTEJUIEKTA.

B pabGore B paMkax TeopuHM BEKTOpPHOW ONTUMHU3ALMK CHOPMYJIHUPOBaHBl AKCUOMBI U
IpeCTaBICHbI IPUHLUIIBI ONTUMAIbHOCTH PELICHNS BEKTOPHBIX 3a/1a4 ITPU PABHO3HAUHBIX KPUTEPUSX U
NP 33/IaHHOM TIPUOPHUTETE KPUTEPHS, & TAKIKE MPEIICTABICHBI KOHCTPYKTUBHBIE METOIBI PEIICHUS 3a/1a9
BEKTOPHOW ONTHUMH3AIMA. B NMPUKIaTHONW YacTH MPENCTaBICHBl KOHCTPYKTHUBHBIE METOJBI TIPUHSATHS
ONITUMAITEHBIX PEIICHUH, METOBI PEIICHHUST BEKTOPHBIX 3314 JIJIsl MOJICITUPOBAHHS HHKEHEPHBIX CHCTEM,
KOTOPBIE OMICAaHBI MHOXXECTBOM (DYHKIIMOHAIBHBIX XapaKTEPHCTHUK.

B opranu3zaiiioHHOM IJ1aHe B IEPBBIX I1aBax MPEICTaBIeHa BEKTOPHAS 3a1a4a MaTEMaTHIECKOTO
nporpaMMHpOBaHus, [6—22], as pemieHuss KOTOpoit chopMyupoBaHa aKCHOMAaTHKA U TPEJICTABICHBI
NPUHIUIBI ONITUMAIBHOCTH. B paMKkax Teopuu BEKTOPHOM ONTUMM3ALNU pa3padoTaHbl METO/IbI pEIICHUS
BEKTOPHBIX 3aJad NpU PAaBHO3HAYHBIX KPUTEPUSAX M TMPH 3aJaHHOM IPHOPUTETE KPHUTEPHS.
[IpencraBneHHble KOHCTPYKTMBHBIE METOJbI  PEIICHUS BEKTOPHBIX 3a/Jad  MaTeMaTHYeCKOro
POrpaMMUPOBAHUS MO3BOJISIOT IPUHUMATh PEIIEHUE, BO-NIEPBbIX, IPH PABHO3HAUHBIX KPUTEPHSX, BO-
BTOPBIX, IPU 33JJAHHOM IIPUOPUTETE KPUTEPHSI TOTO WIM MHOT'O KPUTEPHUSL.

B o6macTi MHXKEHEPHBIX CHCTEM, K KOTOPBIM OTHOCSATCSI TeXHHYecKHe cuctemsl [11-14, 18, 19],
TEXHOJIOTH4ecKue mpoiecch [15, 21], marepuainsr [17]. B pabote chopMupoBaHHbIE KOHCTPYKTUBHBIC
METOJIbI PEIICHHUS BEKTOPHBIX 3aj1a4 MATeMaTH4ecKoro (BBIMYKJIOT0) MPOrpaMMHUPOBAHUS, HCIIOIb3Ys
AKCTIEpUMEHTAIBHBIC JJAaHHBIC, TIPEACTABICHBI ITPH MTPOSKTUPOBAHUN TEXHHUECKOW CHCTEMBI.

Peanmu3anuss MeTONONIOTMM TIpENCTaBlieHAa HA pEIIeHWH YHCICHHOM 3aJadd  MPUHITHSA
ONITUMAJIFHOTO PEMHICHHUS MPH BBIOOPE CTPYKTYpPHI MaTepHajia W BHIOOpa ONTHMAIBHBIX MapaMeTPOB B
TEXHUYECKON CUCTEME.

Pemenne npoOaeMbl MPUHATHS PEIICHHUH KaK IpU BRIOOpE CTPYKTYpPhI MaTepuaa, TaKk U BhIOope
ONTUMAJIBHBIX TAPAMETPOB B TEXHUYECKON CUCTEME BKIIIOYAET: IIOCTPOCHUE YHCICHHOM MoieNin 00 beKTa
B BUJEC BEKTOPHOW 3a/lauM; pelieHHE 3aJauyd NPUHATHS PEIICHUH NpH pPaBHO3HAYHBIX KPUTEPHUSX;
peleHre BEKTOPHOU 3aauil IPUHATUS PELICHUH ¢ IPUOPUTETOM KpUTEPHSI.
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MopenupoBanue U MPUHATHE ONTUMAIBLHOTO PEIICHHS MPEACTABICHO MPH MPOSKTHPOBAHUM
CTPYKTYpbl MaTepuana. Peanuzanuss METOJOJIOTMM HalpaBiieHAa HAa PEHICHUM YMCICHHOW 3a1adyu
NPUHATHS PEHICHUN 0 CTPYKTYypE MaTepuaia ¢ YeThIphMs MapaMeTpaMu (KOMIOHEHTaAMH MaTepuaa).
Pemenne nmpoOiaemMbl MPUHITHS PEIICHUN BKIIFOYAST: TOCTPOCHUE YHCIEHHOW MOJEN 00BheKTa B BUIE
BEKTOPHOM 3a/Jaud; PEICHUE 3aJayd MPUHATUS PELICHUN NPU PaBHO3ZHAYHBIX KPUTEPHUAX, PEIICHUE
BEKTOPHOM 3aJ1a4il IPUHATHUS PEIICHUN C TPUOPUTETOM KPUTEPHUSI.

[IpeacraBieHO MOJEAMPOBAHME M NPHUHITHE ONTHUMAJIBHOTO PELIEHUS MPU MPOEKTUPOBAHUU
TEXHUYECKOM CHCTEeMBbl. Peanuzanus METONOJOTMM MPEACTaBICHA HA PEIICHUM YHUCICHHOW 3aJadyu
MPUHATUS PEIICHUM B TEXHUYECKOW CUCTEME C YEThIpbMS IapaMeTpamMu M IIECThIO KPUTEPUIMH
(MHOTOMEpHOCTD IIecTh (QYHKIHi). Pemenne mpobieMbl MPUHATHS PEHICHUN BKJIFOYACT: MOCTPOCHHUE
YUCJICHHOW MOJeNM O0BEKTa B BHJIC BEKTOPHOM 3aJayu; PEHICHUE 3a/Jaud MPUHATHS PEIICHUH TpHU
PAaBHO3HAYHBIX KPUTEPUSX, PEIICHUE BEKTOPHOMU 3a/1a4d IPUHATHUS PEIICHUH C IPUOPUTETOM KPUTEPHSI.

Beenue B MHOrOMepHY10 MaTeMaTUKy. BekTopHas 3aj1a4ya MaTeMaTUYECKOT0 IPOrpaMMHUPOBAHUS.

Beoenue ¢ mnozomepuyio mamemamuxy.

B kauecTBe TmpeacTaBUTENsI MHOTOMEPHOW MaTeMaTHKH Mbl  CHOpMyIUpyeM 3aaady
MaTEeMaTHIECKOT0 IPOTrPaMMUPOBAHUS, TIPEACTABICHHYIO MHOXECTBOM (DYHKIIHIA, KOTOPBIE ONPEACTISIOT
MHOTOMEpPHOCTh HcciaenyemMoro oowekra. Kaxmas ¢yHKuus 3Toro MHokecTBa (YHKIUN HMEIOT
Pa3IMYHYIO LEJIEBYIO HANPABIEHHOCTh: MAKCUMHU3ALMKN WIM MUHUMU3ALMNHU, KOTOPbIE B COBOKYITHOCTH
U3MEHSIOTCS Ha ONpejie]iecHHOM (He IyCTOM M 3aMKHYTOM) MHOXKECTBE NepeMeHHbIX (mapamerpoB). He
Hapyuias OOIHOCTH MHOXECTBO (YHKIUH MOXHO TNPEACTaBUTh B BHUJE BeKkTopa (yHkuuil. B urtore
[oJy4yaeM BEKTOPHYIO 3ajady Matemathdeckoro mnporpammupoBanus (B3MII). Ha 6Gase BekTOpHOI
3aJ1a4¥ ONTUMH3ALUHU MIPEICTABUM TEOPETHUECKHE MPOOIeMbl HEOOXOIUMBIE JIJISl €€ PElIeHHsI, KOTOPhIe
BKJIIOYAIOT aKCHOMATHKY (T€OpETHYECKHE OCHOBBI), MPHHIIUI ONTHMAIBHOCTH M KOHCTPYKTHBHBIC
METOJBl pEIICHUST BEKTOPHBIX 3a/lad C PABHO3HAYHBIMU KPUTEPUSIMH W 3aJaHHBIM TPHOPUTETOM
kpurepwus, [6, 15, 29, 31, 33].

Bxkmopuasa 3a0aua mamemamuueckozo npozpammuposanus

Bexmopnas 3a0aua marematudeckoro nporpammupoBanus (B3MIT) — ato cranmapTHas 3aada
MaTEMaTHUYECKOro IMPOrpaMMHpPOBAHMs, UMEIOIIasi HEKOTOPOE MHOXECTBO KPHUTEPUEB, KOTOpHIE B
COBOKYITHOCTH MPEJCTABIISAIOT BEKTOP KPUTEPHUEB.

B3MII nogpaznensitorcs Ha OAHOPOAHbIE U HEoJHOpoIHbIe B3MIT.

Oonopoonvie B3MII maxcumuzayuu — 3T0 BEKTOpPHAs 3a/1a4a, y KOTOPOH Kakaas KOMIIOHEHTa
MHOECTBa KPUTEPUEB HAIIPaBJIE€HA HA MAaKCUMHU3ALIHIO.

Oonopoonvie B3MII munumuzayuu — 3T0 BEKTOpHAs 3ajlada, y KOTOPOH Kaxkaas KOMIIOHEHTa
MHOKECTBA KPUTEPUEB HAIIPABIE€HA HA MUHUMHU3ALUIO.

Heoonopoousie B3MII — 5T0 BeKTOpHAas 3a7ja4a, y KOTOPO MHOKECTBO KPUTEPHUEB pa3JieIeHO Ha
JIBa TOJMHOXeCTBa (BEKTOpa) KPUTEPUEB — MAKCHMM3AIMA W MHUHUMH3AIMA COOTBETCTBEHHO, T. €.
HeoaHopoaubie B3MII — 310 00be1nHeHNne 1BYX BUIOB OJHOPOIHBIX 3a/1a4.

B cooTBercTBMM C 3THMH ONpEeAENEHUSMU MPEACTABUM BBITYKIYIO BEKTOPHYIO 3ajady
MaTeMaTU4eCKOro MPOrpaMMHUPOBAHHUS C HEOAHOPOIHBIMU Kputepusimu [6, 20, 22].

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

min F>(X) = {min f (X),k =1,K,}}, )

G (X) <B, 3)

X>0, (4)
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rae X = {x;,j = 1, N} — BeKTOp IepeMeHHbIX, T.e. 3T0 BekTop n3 N-mepHoro ekimosa RV,
(0o603nauenue j = 1, N skBuBanentHo j = 1,...,N);

F(X) — Bextop-QyHKuus (BEKTOPHBIA KpHUTepHii), uMeromas K — koMmnoHeHT-¢yHkimi, (K —
montHocTs MuOkecTBa K), F(X) = {f,(X),k = 1,K}. MuoxectBo K cocTouT u3 moamHoxecTsa Ki
KOMIOHEHT MaKCHMHU3anuu u noamuoxectsa K2 munumuzanmu; K=Ki1UK2, 11 OlleHKH COBOKYITHOCTH
KPUTEPHUEB BBOIUTCS 0003HAUCHHUE Omepalus «0pt», KOTOpoe BKIFOUaeT B cedst max u min;

F,(X) = {fi(X),k =1,K;} — 5To BeKTOpHBIIl KpuUTepHil, Kaxjas KOMIOHEHTAa KOTOPOIO
Makcumusmpyertcs, K1 — uncno kputepues, a K;=1, K;- MHOXeCTBO KpUTEpHEB MakcUMu3aluy (3a1aya
(1), (3), (4) nmpencrasastor codoit B3MII ¢ 0AHOpOAHBIME KPUTEPHSIMU MaKCUMHU3aLKK). B nanpHeiieM
OynaeM mpeanonarath, uto fi(X),k = 1,K; — HenpepbiBHble BOrHyThble (GyHKIMM (MHOTAA OyneM HMX
Ha3bIBaTh KPUTCPUSIMH MaKCHMHU3AIIHH);

F,(X) = {fi(X),k =1,K,} — BexkTOpHBIi KpuUTepHii, Kakmas KOMIOHEHTa KOTOPOTO

muHuME3Hpyetcs, K,=K; + 1, K=1, K, — MHOXeCTBO KpUTEepreB MUHUMU3a1Mu, K2 — ducio, (3agaya (2)
— (4) at0 B3MII ¢ ogHOpOAHBIMK KpUTepUaMH MuHUMU3amun). [Ipennonaraem, uto fi,(X), k = 1,K,-
HETPEPBIBHBIC BHIMYKIIbIe GyHKIMH (Oy1eM HHOTa X Ha3bIBaTh KPUTCPUSIMU MHHUMH3ALUH), T. €.:

Ki UKz =K, K1 c K, K2 =K. (5)

G(X)<B,X>0 - crangaprabie orpanuuenusi, g;(X)<b;,i=1,...,M, rme bi — wuabop
BEIICCTBEHHBIX yKcel, a pyHkuuu g;(X) mpeamnonararoTcsi HEMPEPHIBHBIME U BHITYKJIBIMU.

O6o3naunm: S = {XeR"|G(X) < 0,X™" < X < XM} = ¢ - (6)

9TO JOIyCTUMOE MHOXECTBO TOYEK (MM OoJiee KPaTKo — IOMYCTUMOE MHOXKECTBO), 3a/1a0IHEeCs]
CTaHAapTHBIMU orpanuucHusMU (3)- (4) u TpuBHambHBIME orpaHudeHusiMu X> 0. [Ipeamonaraem, 4to
JIOITyCTUMOE MHOXECTBO TOUEK HE MyCTO U MPEACTABIAET COO0M KOMMIAKT.

BekropHas ¢yHkuus (kputepuit) MunuMusanun F, (X)Moxer ObITh MpeoOpa3oBaH B BEKTOPHYIO
(GyHKIHIO (KpUTEpHil) MaKCHMHU3AIMH YMHOXKCHHEM KaXIO0W KOMIOHEHThl F,(X) Ha MUHYC €IWHUILY.
Bexropusiii kpurepuii F,(X) BBenen 8 B3MII (1)- (4) ans Toro, 4To0bl OKA3aTh, YTO B 3a4a4e UMEETCS
JIBa MOAMHOKecTBa kputepueB K1, K, ¢ NIpUHIUIINAIBHO Pa3IMYHBIMU HAIIPABICHUSAMHU ONTUMH3AIHH.

Ilpeononazaem, 94To TOUKU ONTUMYMa, IOJYUYEHHBIE 10 KAXKJIOMY KPUTEPHUIO, HE COBNAJAIOT XOTS
ObI U1 IByX KpuTepHeB. Eciiu Bce TOUKHM ONTUMYyMa COBIAJAIOT MEXay co00il il BCeX KPUTEPUEB, TO
CYMTAEM PELIECHUE TPUBUAIBHO.

Topus eekmopuou onmumuszayuu

Teopus eexmopHoll onmumu3ayuy HaTpaBlieHa Ha PEIICHNE BEKTOPHBIX (MHOTOKPUTEPHATbHBIX )
3a/1a4 MaTeMaTH4YecKoro nporpammupoBanus (1)- (4) ¢ 0THOPOIHBIMU U HEOJHOPOIHBIMHU KPHUTEPHSIMHU.
Teopuss BEKTOPHOM ONTHUMM3ALMK BKJIIOYAET TEOPETHMUYECKHUE OCHOBBI. AKCMOMATHKA, MPUHIIMIIBI
ONTUMAJILHOCTU U METO/Ibl PELICHHUs] BEKTOPHBIX 3a]ay, BO-TIEPBBIX, C PABHO3HAYHBIMU KPUTEPUSIMHU U,
BO-BTOPBIX, C 3aJlaHHBIM IPUOPUTETOM KpHUTepusi. B COBOKYNMHOCTH TEOpHs] BEKTOPHONW ONTHUMH3ALUU
IpeJICTaBIsIeT MaTeMaTUYeCKUd ammapar MOJEIMPOBaHUS W TMPUHATHS ONTHUMAJIBHOTO pPEIIEHUS
«00BEKTa MPUHSITHS PEIICHUN.

B coorBercTBUM ¢ 3TMM omnpezaeneHueM «Teopuss BEKTOPHOM oONTHUMH3ALMM' BKIHOYAET
CJIEIyIOIINE pa3Aebl.

OCHOBHBIC TEOPETHYECKHE TOHATHS M OIpPEICNICHUs, KOTOphIe OyIyT HCIOIB30BAHBI TPHU
NOCTpOoeHHH akcuoMaTku (akcmomaTtnku MamrynnHa FO.K.), IpUHIMIIOB ONTHMAIILHOCTH M METOJIbI
pelieHnss 3a1ad BEKTOpHOW onTtuMu3anuu. Axkcuomatuka Mamynuna [O.K. moppasnensiercss Ha
aKCUOMATHUKY, NPHUHLMIBI ONTHUMAJbHOCTU W METOJbl PEUIEHHS BEKTOPHBIX 3ajay, BO-TIEPBBIX, C
PaBHO3HAYHBIMHM KPUTEPUSIMH U BO-BTOPBIX, C 33laHHBIM IIPUOPUTETOM KPUTEPHSL.
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Konuenmus pemienus 3a1a4 BEKTOPHON ONTUMH3ALMH C paBHO3HAUHBIMU KpUTepusiMu. KoHuenms
BEKTOPHOM ONTUMH3AllMM C TNPUOPUTETOM KputTepus. CHUMMETpUs B BEKTOPHBIX 3ajaydax
MaTEMaTHYECKOI0 IPOrPaMMUPOBAHUS: UCCIIEI0OBAaHHUE, AHAIIN3.

«OOBEKTOM MPHUHATHUS PEHICHUI SBISIETCSA: COLATbHAS CUCTEMa, SKOHOMUYECKAs U TEXHUYECKast
cucreMa. MaTeMaTH4ecKUi ammapar IO03BOJSeT BbIOpaTh 00yH0 TOYKY U3 MHOXKECTBAa TOYEK,
onTUMaibpHbIX 10 Ilapero, u mokasarh €€ ONTUMAIBHOCTb. MBI NPEACTABWIA aKCUOMAaTUKY, IPUHLIUIL
ONTHMAJIBHOCTH M METOIbl pEIIeHUs 3ajad BeKTOpHo# ontumuzanuu (1)- (4) ¢ paBHO3HAYHBIMH
KPUTEPHSMH U 3aJIaHHBIM IpUOpuTeToM Kputepues [6, 20]. [lns mpocTOThI McciieI0BaHuUs KPUTEPUH U
orpannuenuss B3MII (1)- (4) mpeacraBiacHbl MOJUHOMAMH BTOPOH CTENCHH, T.€. PaCCMATPUBAIOTCS
BBIIYKJIBIE BEKTOPHBIE 3aJayd, KOTOPbIE TAaKXE BKJIKOYAKOT BEKTOPHBIC 33Jaud JIMHEWHOTO
nporpamMmmupoBanus. Beimyknsie B3MII  xapakrepusyroTcss CBOWCTBOM, YTO TOYKa ONTHUMyMa
CYIIIECTBYET U Takas Touka Toybko oaHa (Teopema Beitepiirpacca).

Acuombl u Akcuomamuyeckue mMemoobvl: XapaKmepucmuxa

AKcruoMa — 3TO yTBEpXJAEHHUE, HE TpeOyrollee JOrHYecKoro JoKa3areiabcTBa. Ha ocHOBe 3THX
yTBEpIKAeHHH (MCXOMHBIX MOJ0KEHHIT) CTPOUTCS Ta MM UHASI TCOPUSL.

AKCHOMAaTHYECKUH METOJl — 3TO CIIOCOO MOCTPOCHUSI HAyYHOW TEOPUH, MPU KOTOPOM B OCHOBY
TEOpUHU KIJIaLyTCs HEKOTOPbIE MCXOJHBIEC MOJIOKEHUS, Ha3biBaeMble AKCMOMaMM TeopuH. B urore Bce
OCTaJIbHBIC MOJI0KEHUSI TEOPUH MOYYarOTCs KaK JOIMYeCKUe CIECTBUS akcuoM, [1, 2].

B maremaTtnke AKCMOMAaTHUYECKHIl METOJ 3apOAMJICS B paboTax JpEeBHErPEUeCKUX IeOMETPOB.
OO0pa31oM aKCHOMAaTHYECKOr0 METOIa ABJISETCA ApeBHErpeueckuil yueHnslid EBKIN, akcnoMbl KOTOPOTO
ObUIN 3aJI0’)KEHBI B €r0 3HAMEHUTOM couMHeHnH «Hauanay.

JlanbHeliee pa3BUTHE aKCHOMAaTHYECKOro MeToja nosyums B padorax . ['mnsbepra B Buae Tak
Ha3bIBaeMoOro meroja ¢opmanusma cucteMmbl. O0IIas cxema MOCTPOEHUS! MPOU3BOJIBHON (popMalibHOM
cucTeMbl («S») BKIIOYAET:

1. S3bIK cucTemsl («S»), B TOM uncie aagaBUT — 3TO NEPEUEHb JIEMEHTAapPHBIX CUMBOJIOB; IIpaBUia
00pa3oBaHus (CHHTAKCHC), IO KOTOPBIM CTPOUTCS HOPMYITBI «Sy.

2. AKCHOMBI CUCTEMBI «S», KOTOPBIE MIPECTABISIOT HEKOTOPOE MHOXKECTBO (hOpMYII.

3. [IpaBuiia BeIBOJIa CUCTEMBI «S» [2].

B mpunoxeHMM K peIIeHHI0 3a/Ja4d BEKTOPHOW ONTUMH3AalUUK (MHOTOMEPHOW MaTeMaTHKH)
aKCcHOMaTHKa MOApa3IeysaeTCs Ha Ba pa3iena:

1. AkcuomaTHKa peleHus 3a1a4i BEKTOPHON ONTUMHU3ALMU C pABHO3HAYHBIMU KPUTEPUSIMU;

2. AxcuomarHKa peleHus 3a/1a4i BEKTOPHON ONTHUMU3ALMH C 3aJaHHBIM IPUOPUTETOM KPUTEPHEB.

Tonpko npu NOCTPOEHNUU NEPBOHAYAIBHON aKCMOMAaTUKHA BO3MOXKHO B JAJIBHEHIIIEM ITOCTPOCHHE
IIPUHILIANIA ONTHUMAJIbHOCTM M BBITEKAIONIMX M3 HETO aJIrOPUTMOB pEUICHHMs BEKTOPHBIX 3a1ad
MaTEeMaTHYECKOTro IPOrpaMMHUPOBaHUSI.

AcomaTHKa, NPUHIUI ONTUMAJIbHOCTH M KOHCTPYKTHUBHBIE METOJbI BEKTOPHOH ONTUMHU3ALUU C
PaBHO3HAUYHBIMHU KPUTEPHUSIMHU
Acuomamuka pewienusa 6eKmMopHOIl 3a0a4u ORMUMUAYUYL C PAGHOZHAYHBIMU KPUMEPUAMU

B cooTBeTCTBUM C BBIIEU3IIOKEHHOW TPAKTOBKOW SI3BIK CHCTEMBI MHOTOMEPHOM MAaTE€MAaTHKH
BKJIIOYAET: BO-TIEPBBIX, HOPMAIM3AIUIO KPUTEPHEB, BO-BTOPBIX, OTHOCUTEJIBHYIO OLIEHKY KPUTEpPUEB
(byHKUMiT), U, B-TPETHUX, MUHUMAIIbHBIH OTHOCUTEIBHBIA YPOBECHb.

Onpeoenenue 1. (Hopmanuzayus Kkpumepus).

Hopmanuzayuss  kpumepuee (MaTeMaTHyecKas ONepalys: CIOBUT IUIFOC HOPMHPOBAHUE)
IPEJICTABIISIET OJHO3HAYHOe oTobpaxkenue Gynximu f, (X) Vk € K, B omHomepHoe mpoctpanctBo R?
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(cama ¢yukuus f,(X) Vk € K npexncrasiser coboii GyHkiuio mnpeobpazoBanust u3 N-MepHOTro
eskuaoBa mpoctpancta RY B RY). Jlna HOopManmsamuu KpuUTepHeB B BEKTOPHBIX 3a7]auax OymayT
HCTIOJIb30BAThCS IMHEHHBIE TPeoOpa3oBaHus:
fiX) = arfi(X) + e Vk € K, wmn fi,(X) = (fi (X) + i) /ayVk € K, (7
re fi (X),k=1,K — crapoe (1o HOpmanmsanum) 3HauyeHme kputepus; f(X),k=1,K —
HOpPMAaJIM30BaHHOE 3HAYCHHE, (A, Cj- IOCTOSHHBIE.

Hopmammarms — kputepueB [ (X) = (fi (X) +cx)/ax VkeK  upencramser  mpocToe
(MuHeitHOE) MHBapUAHTHOE MPeoOpa30BaHKe MOJMHOMA, B PE3YJIbTATe KOTOPOrO CTPYKTYpa MOJIMHOMA
oCTaeTcss HEeM3MEHHOW. B onTuMu3anmoHHOW 3amade HopMmaimsaims kpurepueB fi(X) = (fy (X) +
cr)/ax Vk €K He BiuseT Ha pe3ynbTaT peleHHs.

JleiCcTBUTENBHO, €CIIA PEIIAeTCs BBIMYKJIasi ONTUMHU3AlMOHHAS 3a/1a4a;:

maxycs f (X), T0 B Touke ontumyma X" € S: % =0. (8)

B o0miem citydae (B ToM umciie ¢ HopMmanu3samuen kpurepus (1)) pemiaercs 3aaaya:

maxyes (arfi(X) + ), ©)
TO B TOUKE onThMyMa X~ € S:
d(af(XDte) _  d(f(XD) | d(cw) _
dx STt 0 (10)

PesynbTar HMICHTHYEH, T.e. TOYKa onTUMyma X, k = 1,K sBiseTcsl OMHONW M TOM jKe IS
HCHOPMAJTM30BaHHBIX ¥ HOPMATM30BaHHBIX 33/1a4.

Onpeoenenue 2. (Omuocumenvhas ouenka Qynkyuu (Kpumepus).

B BexTopHoii 3agaue (1)- (4) Bemonnum HopManu3anuto (7) Bua:

0
2.0 =%, vk € K (12)

9TO OTHOCHTENIbHAs OllcHKa K-ro kputepust B Touke X € S, rae f; Hawmydmias BenuduHa K-ro
KpuTepus, noiyueHHas npu pemennu B3MII (1)- (4) otaensho o K-My kpurepuio;

fR2- mauxymmas BenuuumHa K-ro xpurepus (aHTHONTHMYM) B Touke Xp (Bepxnuii mnmexc 0 —
HOJIb) Ha JIOITyCTUMOM MHOYX€ECTBE S;

B 3anaue Ha max (1), (3), (4) Benuuuna f¥ ABNAETCS HAUMEHBIIUM 3HAUEHHEM K-TO KpHTEpHS:
fii = mingesfi(X) Vk € K,

a B 3a7a4e Ha Min (2), (3), (4) Benuuuna ;) aBnseTcs HAUGOIBIINM 3HAYEHHEM K-TO KpPHTEpHS:
fii = maxyesfi(X) Vk € K,.

OtHocutenbHas oneHka A, (X) Vk € K, Bo-TiepBbIX, U3MEPSETCS B OTHOCHTENILHBIX €IMHHUIIAX;
BO-BTOPBIX, OTHOCUTEIbHAs OlleHKa A, (X) Vk € K: Ha JOMyCTHMOM MHOKECTBE MEHSETCS C HYJIS B

touke X?: Vk € K limolk(X) A (X) =0,
X=Xy

K SIMHHMIIE B TOYKE ONTUMyMa X :

X=X

Vke K0 <1,(X)<1XES, (12)

B pe3synbrate Takoi HopMmanu3zaiuu Bce kpurepun B3MIT (1)- (4) cou3mepumbl B OTHOCUTEIBHBIX

CIIMHUIIAX, YTO MO3BOJISCT, CPABHUMAsE MX JPYT C JPYrOM, UCIOJIBb30BaTh KPUTCPUH TPU COBMECTHOM
ONTUMH3AIIHH.
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Onpeodenenue 3. Onepauus cpasHenus OMHOCUMEIbHBIX OUeHOK yHKuuu (Kpumepus) mexcoy
coboit.

Tak xak, mobast QyHKUus (KpUTEpHUH) TPEACTABICH B OTHOCHTENIBHBIX OICHKAX (YHKIUH
Ax(X) Vk € K, xotopble nexar npezaenax (2.8), ToO BO3MOKHO CPaBHEHHE OTHOCHTENILHBIX OLIEHOK IT0
YHUCI0BOM BenuuuHe. [l cpaBHEHMs MCHOJB3YETCs ONepalus «BbluMTaHUus». Eciin cpaBHUBaeTcs aBe
¢Gyukuuu (KpuTepusi), U3MEPEHHbIC B OTHOCHUTEIBHBIX OIEeHKaX Ap—;(X) u A, (X)Vk € K, TO
BO3MOYKHBI TPH CUTYaLIUU:

nepBast, koraa Ax—q(X) > A=, (X);

BTOpas, Koraa Ag—q(X) = Ax—o(X);

TpeThst, Koraa Ay—q(X) < A=, (X).

[lepBast u TpeTbs CUTyalHs UCCIeAyeTCs B pasnene 2.3.

B aToMm paszzene ucciemyercst Bropasi CHTyalusl.

Acuomamuka 6eKmMmopHOIl ONMUMUAYUU C PAGHOZHAYHBIMU KPUMEPUAMU

Axcuoma 1. (O pasnosnaunocmu Kpumepuee 6 OORYCHMUMOU HOUKE GEKMOPHOU 3a0auu
Mamemamu4eckozo nPpozpammupoeaHu)

B BekTopHOIi 3a1aue 1Ba Kputepus ¢ uaaekcamu k € K, q € K OyneM cuntath paBHO3ZHAYHBIMH
B Touke X € S, eClii OTHOCUTEIbHBIC OICHKH 10 K-My U (-My KPUTEPHIO paBHBI MEXIy COOOU B 3TOM
Touke, T. €. A, (X) = 4,(X), k,q € K.

Tosicnenue. Eciu B Touke X € § ¢pynkuun (kputeprn) OyIyT paBHBIL:

L(X)=0451€K u A,(X) =0,45qg €K (r.e. 45% ot cBoell onTUMAIbHON BEJIMYUHEL,
KOTOpasi B OTHOCHUTEJIBbHBIX €AMHULIAX PaBHA 1), TO Takhe KPUTEPUH HE «PaBHBD JPYTr IpPyry, a
paBHO3HAYHBI MO CBOEMY YHCIOBOMY 3HaueHHUIO. W KaXIblii M3 HUX HECeT CBOW (PYHKIIMOHATbHBIN
CMBICIT, KOTOPBIA MOKET OBITh MOJIYYEH, UCTIONIB3YsI HopMau3auio kpurepues (11).

Onpeoenenue 4. (Onpedenenue MUHUMAILHO20 YPOBHA CPEOU 6CEX OMHOCUMETbHBIX OUYECHOK
Kpumepueg). OmHocumenvbHbill ypoéeHb ). B BEKTOPHOM 3a/1a4e MPEICTABISICT HUKHIOK OLICHKY TOYKH
XeS cpeau Bcex OTHOCUTENBHBIX OIIeHOK Ay (X), k = 1,K:

VX €ESA< (X)), k=1K, (13)
HWDKHUH ypOBEHb JUIs BhiosiHeHus ycioBust (13) B Touke XeS onpenensercs Gpopmyioit
vVXeS 7\‘ = minkeKAk (X) (14)

Cootnomenns (13) u (14) sBnsroTcs B3aUMOCBsI3aHHBIMU. OHH CITy’KaT IEPEX0JJ0M OT OIepaluu
(14) ompenenenuss min k orpanuueHusM (13) U HA0OOPOT. YPOBEHH A IMO3BOJIIET OOBEIUHHTHL BCE
KpUTEpUH B BEKTOPHOM 3ajjaue OJHOW YHCIIOBOM XapaKTEepUCTUKOM A M TNPOU3BOAUTH HaJ HeH
OIIpECIICHHBIE ONIEPALH, TEM CAMBIM, BBIIIOIHSIS OTH ONIEPALUU HAJl BCEMH KPUTEPHUAMH, H3MEPEHHBIMU
B OTHOCHUTEJIBHBIX €IMHUIaX. YPOBEHb A (DYHKLIHMOHAJIBLHO 3aBUCHUT OT NepeMeHHO X € §, u3menss X,
MOKEM M3MEHSTh HIKHUH YPOBEHb — A.

Ilunyun onmumanvHocmu 6eKMOPHOL ONMUMUZAYUU C PAGHOZHAYHBIMU KPUMEPUAMU

Onpeoenenue 5. (Ilpunyun onmumansnocmu 1 C pagHO3HAUHBIMU KPUMEPUAMU).

BexTopHas 3amaua MareMaTH4eCKOro IPOTrPaMMMPOBAHMS MPU PaBHO3HAUHBIX KPUTEPHSIX
pelieHa, eciu HailjeHa Touka X° € § U MakcuMalbHbIi ypoBeHb A° (BEpXHUI WHIEKC O — ONTUMYM)
Cpeay BCEX OTHOCUTEINIBHBIX OLICHOK TAKOM, YTO

A’ = maxyesmingeg A, (X) (15)
Hcnonb3ys B3auMocBs3b Beipakenuit (13) u (14), nmpeobpasyem MakcuMuHHYIO 3amady (15) B

IKCTPEMAJIBLHYIO 3371auy:
1’ = maxyegh (16)
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nipu orpannuennax A < A,(X), k = 1,K. 17

[Monyuennyto 3amauy (16)- (17) nasoBem A-3amaveil. A-3amaua (16)- (17) umeer (N+1)
pa3sMepHOCTh, KaK CJEACTBHE pe3yabTaT peimieHus A-3amadn  (16)- (17) mnpencrtaBiusier coOoi
ontuMaibHbI BekTop X°e€RN*1 | (N+1)-1 KOMIIOHEHTa KOTOpOro CyTh BemuuuHa A°, T. €. X° =
{x2, x9, ..., x5, X941}, mpu atom x9 ., = A°, (N+1) kommonenra Bektopa X° BeiieieHa B A°.

[onygennas mapa {A°,X°} = X° xapakTepusyeT onTHMabHOE pemenue A-3anadu (16)- (17) u
COOTBETCTBEHHO BEKTOPHOH 3a/lauM MaTeMaTHYecKoro mnporpammupoBanus (1)- (4) ¢ paBHO3HaYHBIMH
KPUTEPUSIMH, PELICHHYI0O HAa OCHOBE HOPMAJHM3allMM KPUTEPUEB W NPUHLIUIE TapaHTHPOBAHHOTO
pesynbrata. Hazosem B onTumansaom pemenun X = {A° X°}, X° — onTuManbHOM TOUKOM, a A° —
MaKCHMaJIbHBIM YPOBHEM.

BakHbIM pe3ysIbTaTOM ITOPUTMA PEIICHUS BEKTOPHOM 3aJa4il ¢ PABHO3HAYHBIMU KPHUTEPUSMH
(1)- (4) siBnsietcs caeayrolias Teopema.

Teopema 1. (Teopema o 08yx nHaubosee npomusopeuusvlX KpUmMepusx 6 6eKmMopHou 3aoaue
MAMEMAMuUYecKoz0 RPOPAMMUPOCAHUA C PAGHOZHAUHBIMU KPUMEPUAMU).

B BeIIykiIol BEKTOpHOW 3ajade MaremMartudeckoro muporpammupoBanus (1)- (4) npm
DKBUBAJCHTHBIX KPUTEPHSX, PCLUICHHOW HAa OCHOBE HOPMAJIM3AllMd KPUTEPUEB W IPHHIUIIA
rapaHTHPOBAHHOTO Pe3yjbTaTa, B ONTHMAIbHOM Touke X° = {A° X°} Bcerna umeercs aBa KpUTEpUs —
0003HaunM ux uHnekcamu qeK,peK (koTopblie SBISIOTCS CaMbIMH IIPOTHBOPEYMBBIMU M3 MHOXKECTBA
kputepueB k = 1, K), U U1 KOTOPBIX BBITNOIHAETCS PABEHCTBO:

A° =7\q(X°) =7\p(X"),q,p€K,XeS, (18)
U IpYTU€ KPUTEPUH OIIPEACIIAIOTCSI HEPABEHCTBOM:
A2 <A (X°),VkEK,q+p+k. (19)

BriepBeie 10Ka3aTensCTBO TeopeMbl | mpezctaBieHo B [6, ctp.22], B AajbHEHIIEM TOBTOPEHO B
pab6ore [10, cTp.234].

Bwmecre ¢ Tem, uto Touka X sABIsSETCS ONTUMAIBHBIM perniearneM B3MIT.

Mmemamuueckuii anzopumm peuwieHus 3a0a4u 6eKMOPHOIl ORMUMUZAUUL C PAGHOZHAYHBIMU
Kpumepusamu

Jlns pemieHHsi BEKTOPHOW 3ajadd MateMaTtudeckoro nporpammupoBanus (1)- (4) paspaboran
METOJl, OCHOBAaHHBII Ha HOpMaiHu3auuu KputepueB (7), akCMOMAaTWKEe M NPUHIUIEC MaKCHMHUHA
(rapanTupoBanHoro pesyibrata) (11). KOHCTpYKTHMBHBII METOA pEUICHUS BEKTOPHOM 3a1auu
ONTUMH3AIMH C PABHO3HAUYHBIMU KPUTEPUSMH BKIIOYAET J1Ba Onoka: 1-u 610k «CUCTEMHBII aHATU3» —
pasneneH Ha Tpu miara; 2-i 0710k «lIpuHSATHE ONTHUMABLHOTO pEIICHHS», BKIIOYAIOMIMK JBa Iara:
MOCTPOCHUS A-33]Ja4l U €€ PEIICHHUS.

bnox 1. Cucmemnuiit ananus3.

Illaz 1. Pemaetcs 3agaya (1)- (4) o kaxxqoMy KpUTEPHIO OTAEIBHO, T.€. i Vk € K, pemaercs
Ha MakcumywM, a 1 Vk € K, permiaercs Ha MUHUMYM.

B pesynpraTe nomydnm:

X}~ TouKa ONTHUMyMa II0 COOTBETCTBYIONIEMY kputepuio, k = 1, K;

fie = fr (Xx) —Bemuuuna K-ro xpurtepus B 3Toit Touke, k = 1, K.
Ilaz 2. OnpepenseM HAUXy/IIYyIO BEIMUMHY KakA0r0 Kputepus (antuontumym): fi, k = 1,K.
Jlnst uero pemaetcs 3axada (1)- (4) ans kaxmoro kpurepus k = 1, K; Ha MUHEMYM:
O =min f, (X),6 (X) <B,X >0,k =1,K,
ans kaxaoro kputepus k = 1, K, Ha MakcUMyM:
2 =max f, (X),G (X) <B,X >0,k =1,K,. (20)
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B pesyubrare pemenns nonyanm: X = {x;,j = 1, N} — To4Kka ONTHMyMa [0 COOTBETCTBYIOIIEMY
kputepuio, k = 1, K;

2 = fi (X)) — Bemuuuna k-ro kpurepus B Touke, X2, k = 1,K.

[llaz 3. BpIOIHAETCS CUCTEMHBIN aHAIN3 MHOKECTBA TOUEK, ONTUMaJIbHBIX 10 [lapeTo. B Toukax
X* = {X;,k = 1,K} onpenensiorcs Benuuunnl neiesbix Gpynknuii F (X*) # 0THOCHTENBHBIX OIEHOK A

_£0
(XY A () = LBk wpek,
fie—Jx

o FuXD, e fie (X7
FX)={fi Xx),q=1K,k=1K}= , (21)
fr Kk oees fe (Xie)
A (X1), o, A (X1)
= . (22)
A (Xie)s woes A (Xie)
B 1eniom no 3anade oTHocuTenbHas onenka (22) A, (X), k = 1,K nexwur B npenenax:
0<M(X)<1,k=1K.
bnok 2. IlIpunamue onmumanvnozo peurenusn ¢ B3MIL.

(X =, XD,q =LK k=1K

—

Bxirouaer nBa mrara — 4, 5.

Llae 4. Iloctpoenue A-3anauun. Co3nanue A-3a/1aud OCYIIECTBIISICTCS B JIBA ATAIA: IEPBOHAYAIBHO
CTPOMTCS MAaKCUMHUHHAs 3ajlaya ONTHMHU3ALUKM C SKBUBAJCHTHBIMU KPUTEPUSMH, KOTOpbIE HA BTOPOM
aTare MpeoOpasyloTCcs B CTAHIAPTHYIO 3a/lady MaTeMaTHYeCKOro MpPOTrpaMMHUpPOBAHMsS, Ha3BaHHOW A-
3ajaueil. [1Jis MOCTpOCHUsI MAaKCUMHHHAS 3a/1a4a UCTIOJIb3yeM OIpeieIieHue 2:

VXeS A =mingg), (X).

Hwxauii ypoBens A makcummsupyeM mo XeS. B pesyibrare chopMmynupyeM MaKCHMHUHHYIO
3a71a9y ONTUMHU3AINH ¢ HOPMAJTHN30BAHHBIMU KPUTEPUSIMHU:

? = maxycsMingeghy (X). (23)

Ha BropoM »stame 3amaua (23) mpeoOpasyeTcs B CTaHAApTHYIO 3agady MaTeMaTHYECKOTrO
IpOTrpaMMUPOBAHUS, HA3BaHHYIO A-3ajava:

A% = maxyes A, A° = maxyes A, (24)
- _£0 -
x—xk(x)so,kzLK,—m—%so,k = TK, (25)
k™ Jk
G(X)<B,X>0,G(X)<B,X>0, (26)

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

Illaz 5. Pemenme A-3amaun. A-3amada (24)- (26) — crangapTHas 3aaada  BBIITYKIIOTO
NPOrPaMMHPOBAHHUS U JUTS €€ PEIICHUS HCTIONB3YIOTCS CTaHAapTHBIE METO/IbI, B PE3yJIbTaTe PEIICHUS A-
3a1a49M MOJTY4UM:

X° = {1% X°} — TouKy onTUMyMa; 27)
fx(X°), k = 1, K- BenuuuHbI KpUTEPHEB B 3TOM TOUKE; (28)
0y_£0 -
A (X°) = % ,k = 1, K- Benu4uHbl OTHOCUTENBHBIX OLIEHOK; (29)
kK

A° —MakcuMalibHasi OTHOCUTEIIbHAS OLIEHKA, KOTOPasi SBISETCS MAKCUMAIbHBIM HUKHUM YPOBHEM
JUISL BCEX OTHOCHUTEIBHBIX OIEHOK Ay(X?) , TapaHTHPOBAHHBIM pPE3yJbTATOM B OTHOCHTEIBHBIX

enuHMIaX. A° rapaHTUPYET, 4TO B TOUKe X° OTHOCUTEbHBIC OLEHKH Ay (X°) Oosbiiie nin paBHBI A°:
MX) =A%k =1,K or A° <1 (X°),k =1,K,X° €S, (30)
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M B COOTBETCTBMH C TeopeMoii 1 Touka ontumyma X° = {1% x4, ..., Xy} ABJIAETCA ONTMMAIBHOM
o ITapero.

AcomaTHKa W TPUHIMI ONTHMAIFHOCTA BEKTOPHON ONTHUMU3ALMU C 33JaHHBIM MPUOPUTETOM
KpUTEpUs

B ompenenennn 3 ykasaHo, 4TO €cCliM CpaBHMBATh JBe (GyHKuMHU (KpUTEpHsi), U3MEPEHHBIX B
OTHOCHTEIBHBIX OLEHKAX Ap—q(X) u Ax—,(X) Vk € K, TO BO3MOKHBI TpH CUTyaluu. Bropast curyanmus,
korza Ag—1(X) = Ax—,(X) uccrenoBana B paszaene 3.2 (paBHo3HauHbBIC KpuTepun). CUTyalnu: epBasi,
Koraa Ag—q1(X) > Ap=2(X), u peths, koraa Ai—;(X) < Ai—,(X), uccnenyrorcs B 3ToM pasueie. Takue
CUTYallUU ONPEAENAI0TCA, KaK 3a/1a4 C IPUOPUTETOM KPUTEPHSL.

Jlns mocTpoeHHsT METOAOB peIIeHUs MPOoOJieMbl BEKTOPHOM ONTHUMH3AIUU C MPHOPUTETOM
KPUTEpHsI MBI BBEIEM cleayromue ompeneneHus: O mpuopuTeTe OJHOTO Kputepus Hajx npyrum; O
YHCIIOBOM BBIPOKEHHH TPHOPHTETa KpuTepuss Haja apyruMm; O 3aJaHHOM YHCIOBOM BBIPAKCHUHU
NPUOPUTETA OJJHOTO KpHUTepus Hax ApyruM; O HIDKHEM YPOBHE CPEIH BCEX OTHOCHTEIBHBIX OIIEHOK C
npuoputeToM Kputepusi; O TMOAMHOMKECTBE TOYEK, NPUOPUTETHBIX 10 KpuTepuio; IlpuHimm
ONTHUMAIBHOCTH 2 — PerieHre BEeKTOPHOM 3a/1a41 C 33JJaHHBIM NPHOpUTETOM Kputepwus, [20, 22].

Acuomamuka pewienus 6eKmMOPHOU 3a0auu ORMUMU3AUUU C 3A0AHHLIM RPUOPUMEMOM
Kpumepus

A3b1K cucmempl aKCUOMATUKHU PEIICHUS BEKTOPHOM 3a/1aui C 3aJJaHHBIM IPHOPUTETOM KPUTEPHUs
BKIItoyaeT ompenenenus: 1) Ilpuoputer omHoro kputepus Hang Apyrum; 2) UuciaoBoe 3HaueHHE
npuopurera Kputepus; 3) Hwkuuil ypoBeHb KpHUTEpHUS Cpeau BCEX OTHOCHTENBHBIX OILIEHOK C
PUOPUTETOM KPUTEPUSI.

Onpeoenenue 6. (O npuopumeme 001020 Kpumepus HAO OPy2UM).

Kpumepuu q € K 6 BexkTopHOUl 3amaue ¢ mouxe X € § umeem npuopumem HaJ NPYTUMU
kputepusmu k = 1, K, ecnm OTHOCHTeNbHAs OIEHKA Aq(X) mo sTomy kpuTepuro GombIIe MM paBHA
OTHOCHTEJIbHBIX OIIEHOK Ak (X) Ipyrux KpuUTepues, T. €.:

A (X)) =N (X), k =1K, (31)
¥l CTPOTHH MIPHOPHUTET, €CIHM XOTs ObI 11t oHOTO Kputepus t € K: A, (X) > A, (X),t # q, a ana
octanbHbIX Kputepues Ay (X) =1, (X),k =LK,k #t # q.

BBencuuem ompenenenus mnpuoputera kputepus (qeK B B3MIT (1)- (4) BbIIOIHEHO
nepeorpesielieHue paHHero MOHATHA HpuopuTera. Eciin paHblie B HEro BKJIAIbIBAIOCh MHTYHUTHBHOE
MOHSATHE O BAYXHOCTH ATOT0 KPUTEPUs, TO ceiiuac 3Ta “BaKHOCTH OIpPENeNsIeTCs MaTeMaTUYEeCKH: YeM
OoJbIlle OTHOCUTENbHAS OICHKA (-TO KPHUTEpUS Haja JAPYTMMH, TeM OH BaxkHee (IPUOpUTETHEE), U
HanOoJiee BRICOKHI IPUOPUTET B TOUKe ontumMyma X, Vq € K.

W3 onpeneneHus BEIpaXeHUs IpUOpUTETa KpuTepust ¢ € K B BeKTOpHOII 3a1aue B ypaBHeHHsIX (1)-
(4) cnemyer, 4TO BO3MOXHAs OONACTh COOTBETCTBYIOIIAS MHOXECTBY TOYeKk S,C S, KoTOpoe
xapaktepusyercst kak A, (X) = A (X), Vk # q, VX € §,;. Onnako, Bompoc Ha CKoJbko kputepuii q € K
B TOYKE MHOXKECTBA S, HMMEET OONBIIMA MPUOPUTET OTHOCHTENLHO JPYrOro KPUTEPHUsS OCTAETCH
OTKPBITHIM. J[J1s1 OTBETa Ha 3TOT BOIIPOC, MBI BBOJUM KOA(P(GHUIIMEHT CBSI3H MEX/y TApOil OTHOCUTEIBHBIX
OLICHOK ( ¥ K, 4TO0, B 11€7I0M, MTPECTaBIISAET BEKTOP:

PIX)={pl X)|k=1K},qe KVXeS,.

Onpeoenenue 7. (O uucioeom eviparceHuu RpuOpumema Kpumepus Hao opyzum).

B BeKTOpHOI 3a7aue ¢ IPHOPUTETOM KPHTEpHs (-0 Haj APYrMMH Kputepusmu k = 1,K, mns
VX €Sy,

OCTaJIbHBIX OTHOCUTEIBHBIX OIEHOK A, (X), k = 1,K:

BekTop P7(X) mokaseiBaeT BO CKONBKO pa3 OTHOCHTENbHAs oneHka A, (X),q € K, 6onpure
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A [ R
PA(X) = (pI(X) = Azggk TR} p!(X)>1,VX e S,cSk=TK,VgeK. (32)
A
Takoe otHomenue py(X) = Aq—gg HA30BEM YUC/OBbIM GbIpAdCeHUueM npuopumema (-20
k

kpumepus Hao ocmanvHoimu kpumepusmu k = 1,K.

Onpeoenenue 7a. (O 3a0aHHOM YUUCT080M GbIPAICCHUU RPUOPUMEmMA 00HO20 KpUumepus Hao
opyzumu). B BexkropHoit 3anade (1)- (4) ¢ mpuoputerom kputepus q € K mis VX € § Bekrop P9 =
{p,‘z k= 1,_1(}, CUMTACTCS 3aJaHHBIM JIUIOM, npuHuMaromuM pemenusi, (JIIP), ecnu 3amana xaxmas
KOMITOHEHTa 3Toro Bektopa. 3amanHas JIIIP xkommoHeHTa p,‘j, ¢ Ttouku 3penust JIIIP, moka3siBaeT BO
CKONbKO pa3 OTHOCHTeNbHas oueHka Aq(X),q € K Oonblle OCTalbHBIX OTHOCHTEJBHBIX OLEHOK
Ae(X), k = 1,K. Bekrop p,z, k = 1,K sBnsercs 3aJaHHBIM YUCIOBBIM BBHIPAKEHHEM HPHOPHTETA (J-TO
KPHUTEpHUs HaJl OCTAIbHBIMHU Kputepusamu k = 1, K:

PI(X) = {pf(X),k =LK} pl(X)21,VX e S,c S,k =1,K,Vq € K. (33)

Bekrophas 3agaua (1)— (4), B KOTOpO# 3a7aH MPHOPUTET KAKOTO-THOO0 M3 KPUTEPHUEB, HA3bIBAIOT
BEKTOPHOHW 3a/adyeil ¢ 3aJaHHBIM MPUOPUTETOM KpuTepus. [Ipobiema 3agadm BEKTOpa MPHOPHUTETOB
BO3HHUKACT TOT/Ia, KOT1a HEOOXOIUMO ONPEIeIuTh TOUKY X € § 10 3aaHHOMY BEKTOPY IPHOPUTETOB.

[Tpu onepanuu cpaBHEHUsI OTHOCUTEIBHBIX OLIEHOK C IPUOPUTETOM Kputepus (€K, aHalioruyHo,
KaK ¥ B 3a/1a4e C SKBUBAJICHTHBIMU KPUTEPUSMHU, BBEJIEM JOMOJTHUTEIHHYIO YACIOBYIO XapaKTEPUCTUKY
A, KOTOPYIO Ha30BEM YPOBHEM.

Onpeoenenue 8. (O Hudichem yposHe cpedu 6cex OMHOCUMETbHBIX OUYEHOK C RPUOPUMENOM
Kpumepus).

YPOBEHB A SBIICTCSI HIDKHUM CPEJIA BCEX OTHOCHTEIBHBIX OIICHOK C TPHOPUTETOM KpUTEPHSI q €
K, Taxum, uTo

A<pin(X),k=1,K,q € K,VX €S, S, (34)
HIDKHHUIA YPOBEHB s BhInosiHeHus ycnoBus (54) onpenensercs
A = mingexPr(X),q EK,VX € S, S. (35)

CootHorienus (34) u (35) ABISIOTCS B3aMMOCBSI3aHHBIMH M CIYXKAT B JaJIbHEHIIIEM TIEPEX0I0OM OT
orepaIy onpeeieHus: MiN K OrpaHuYeHUsIM 1 Hao0opoT. B pasnerne 4 Mbl ganu onpeieieHue TOUYKH
X° € S, ontumanbHoii o [Tapero, ¢ SKBUBaICHTHBIMU KPUTEPHUSIMU. PaccmaTpuBasi JaHHOE OTIpe/IeIICHNE
KaK MCXOJHOE, MBI IIOCTPOUM PSiJI aKCHOM JIeNIEHHsI TOIYyCTUMOIO MHOYKECTBA TOUEK S, BO-NIEPBbIX, KaK
MOJMHOXECTBO TOYEK, ONTUMalbHBIX 1o Ilapetro S°, u, BO-BTOpPBHIX, HAa MOJMHOXECTBO TOYEK
$,<8,q € K, npuOpUTETHBIM Ha (| -My KPUTEPHIO.

4.2. AKcuoma 6eKmMoOpHOI ONMUMUZAUUN C RPUOPUMEMHBIMU KPUMEPUAMU

Axcuoma 2. (O noomuodicecmee mouex, npuopumemHsix no KpUumepuro).

B BekropHoii 3amaue (1)- (4) MOAMHOXKECTBO TOYEK SqCS Ha3bIBaeTCsl 00JACThIO MPUOPUTETA
kputepus €K Hag IpyruMu KpuTepusMH, €CITu

VX €S, VkeK A, (X)= A (X),q#k.

DTO omnpeneNieHre pacpoOCTPaHIETCss U Ha MHOXECTBO Touek S, onTuManbHbIX 10 [laperto, uTo
JTAETCs CIICAYIONIMM OTIPEICIICHUEM.

Axcnoma 2a. (O noomuodcecmee mouex, npUOPUMEMHbIX NO KPUMEPUIO, HA MHOICECMEE MOYeK
onmumanvuvix no Ilapemo).

B BextopHoii 3aaue (1)- (4) monqMHOKeECTBO TOUEK SGS°C S HasbiBaeTcs 00J1aCTBIO IPHOPHUTETA
kputepus q € K man npyrumu kputepusamu, ecmu VX € S§ Vk € K A (X)> A (X), q # k.

JlamuM HEKOTOpbIE MOSICHEHUS.
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Axcroma 2 1 2a TI03BOJIHJIA TTPEACTaBUThH B BEKTOpHOU pobiieme (1)— (4) momycTuMOe MHOYXKECTBO
TOYEK S, BKJItOYas MOJAMHOKECTBO TOYEK, ONITUMANIBHBIX 110 [Tapeto, $°C S, B moaMHOXeCTBA:

OJTHO TOJMHOXECTBO TOYEK S'C S, I/ie KPUTEPHH SKBUBAJICHTHBI, M MOJAMHOKECTBO TOYCK S',
IePECeKasCh C MOJAMHOMXKECTBOM TOUeK S°, BBIIEISIET MOIMHOKECTBO TOUCK, ONTUMAJIBHBIX 10 ITapeTo, B
IIOJIMHOKECTBO C 3KBHBAJICHTHBIMH KpHuTepusimu S$°° = §' N §°, KoTOpoe, Kak 3TO MOKa3aHo Jalee,
COCTOHUT U3 0HOM Touku X° € S, 1.e. X° =852 =85 NS S S, S°CS;

«K» MOIMHOKECTB TOUEK, TJe y KaKI0ro Kputepus q = 1, K uMeeTcs NpUOPHTET Haj APYTHMU
kputepusmu k = 1,K,q # k. Takum o6pa3oM, BBIIOIHEHO pasfelieHHe, BO-TIEPBHIX, MHOMKECTBA BCEX
JIOCTUMBIX TOYEK S, Ha MOJMHOXeCTBA S,C S, q = 1,K, 1, BO-BTOPHIX, pa3jieJieHNe MOJAMHOKECTBA
TOYEK, ONTHMAILHBIX 110 [Tapero, S°, Ha mogMHOXeCcTBa S g $,c8,q = 1,K.

OTcro/1a BEpHBI CIICAYIOIHE COOTHOIICHUS:

S'U(Uger S9) = 8°,59cS°cS,q =TK.

MBI 3aMeTHM, 9TO ITOJMHOKECTBO TOYEK SO, C OJHOM CTOPOHBI, BKJIIOYEHO B 00JaCTh
(TOMHOKECTBO TOYEK) WMMEIOMIUX IPUOPHUTET Kputepuss ¢ € K Hajg ApyruMu  KpUTEPHSIMHU:
§qcS,cS,

M C IPYro¥ CTOPOHBI, Ha MOJMHOKECTBO TOYEK, ONTHMaNIbHbI 1103 [Tapeto: §§ <S°c S.

Axcuoma 2 W 4YHCIOBOE BbIpakeHHe mpuopurera kputepus (OmpenencHue 5) MO3BOJACT
OIPEIEIIATh KaXKIYI0 JOIMyCTUMYIO TOUuKy X € S (IIocpeicTBOM BEKTOpa:

Aq(X)
PICN) = i) = 145,

k = 1,K}, bopMupoBaThCs U BEIOHPAT:

* IOIMHOKECTBO TOYEK 110 IPUOPUTETHOMY KPUTEPHUIO Sg, KOTOPBIN BKIKOUYEH B MHOXKECTBO TOUEK
S, Vg€ KXeS,cS , (rakoe TNOAMHOXKECTBO TOYEK MOXKET HCMOIb30BaThCA B MpoOiemMax
KJIaCTepU3alli1, HO 3TO BHE CTaTbH);

* MMOJIMHOXKECTBO TOUYEK IO IMPHOPUTETHOMY KPHTEPHUIO ST, KOTOPBII BKIIIOYEH B psii TOUYEK S°,
onTumanbHeIx 110 [Tapeto, VqeK, XeSgcS®.

MHO)eCcTBO ITogmHO)ecTBa IToagmHOX)€ECTBO OtnenpHas
JOITy CTUMBIX TOYEK ONTHMyMa IO | TOYEK, ONTUMYyMa IO | Touka, VXeS
Touek Xe § — | [lapero, Xe S°c S | Pareto XeSqcS°cS

%
XeS$SgcS°cS —»

OT0 camblii BaXKHBIM pe3yibTaT, KOTOPBIM MO3BOJUT BBIBECTH NPUHIUI ONTUMAIbHOCTU U

MOCTPOUTH METO/IbI BBIOOPA JIF00O0M TOUKHM M3 MHOXKECTBA TOUEK, ONTUMANIBHBIX 10 [TapeTo.
4.3. IIpunyun onmumanbHOCMU peuienus 8eKMOPHOU 3a0auu ¢ 3a0aHHbIM HPUOPUMENOM

Kpumepus

Onpenencune 8. ([lpunyun onmumanvnocmu 2. Pewenue eexmopmnotl 3a0auu ¢ 3a0aHHbIM
npuopumemom Kpumepusl). BekropHas 3amada (1)— (4) ¢ 3amaHHBIM TPHOPHUTETOM (-TO KPUTEPHS
p,‘j)\k (X), k = 1,K cuuraeTcs pelieHHOH, ecu HaiijeHa Touka X° U MakcUMalbHBIA ypoBeHb A° cpeau
BCEX OTHOCUTENbHBIX OLIEHOK TaKOM, 4TO

2% = maxy.sminggpih, (X),q € K. (36)
Hcnonb3ys B3aumocssizb (34) u (35), mpeobpazyem MakcuMuHHYO 3a1a4y (36) B 3a1auy:
A% = maxyesh, (37)
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at restriction L <p/, (X),k = 1K. (38)
3amauy (37)- (38) HazoBeM A-3aaueii ¢ MPUOPUTETOM (-TO KPUTEPHSL.

PesynbpraTom pemienust A-3amaun Oyzer Touka X°={X° A°} — oHa ke SABIACTCS U PE3yJTbTATOM
peumienuss B3MII (1)- (4) ¢ 3amaHHBIM IPUOPUTETOM KPHUTEPHS, PEIICHHOW HA OCHOBE HOPMAJIHM3aLUH
KPUTEPHEB U MPUHIIMIIA TAPAHTUPOBAHHOT'O pe3yJIbTaTa.

B ontumansrOoM pemennn X° = {X O,XO}, X° — onrTuManbpHas TOYka, a A° — MaKCHMAaJIbHBII
HIDKHUHA ypoBeHb. Touka X° W ypoBeHb A° COOTBETCTBYIOT OrpaHUYEHHUsIM (4), KOTOpBIC MOXKHO
sarmcath kak: A°< plA,(X°), k = 1,K.

OTH OrpaHWYCHUs] SBISIOTCS OCHOBOW OICHKH NPAaBUIBHOCTH PE3YJIbTATOB pEIICHUS B
NPaKTUYECKUX BEKTOPHBIX 3a7adyaX ONTUMH3AIIHH.

Omnpenenenne 1 1 2 « IpuHIMIIBE OITUMAIEHOCTHY AAIOT BO3MOXXHOCTH C(HOPMYITUPOBATH TIOHSATHE
orepanuu «optH».

Onpenenenue 9. (Mamemamuueckas onepayus «Opty).

B BekropHo#t 3amaye (1)- (4), KoTOpas TmpeACTaBiICHA KPHUTEPUSAMH «MaxX» W «Miny,
MaTeMaTH4ecKas Oreparus «Opth COCTOUT B ONpeieIeHnH TOUKH X° 1 MAaKCUMAIIbHOTO HIDKHETO YPOBHS
A°, B KOTOPOM BCE KPUTEPHH U3MEPSIOTCSA B OTHOCUTENBHBIX €IMHULIAX:

o <h (x9) = L0k e = T, (39)
T.¢. Bce kputepur A, (X°),k = 1,K paBHbHI uiu Gobllle MAKCHMAIbHOTO YpoBHS A°, (IIO3TOMY
A° TaxKe Ha3bIBACTCS TAPAaHTUPOBAHHBIM PE3YIIHTATOM).

Teopema 2. (Teopema o naubonee npomueopeuusvix Kpumepusx 6 6eKmMOPHOU 3adaue ¢
3A0AHHBIM RPUOPUMENIOM).

Ecnu B BBIMYKIIOH BEKTOPHOU 3a/jaue MaTeMaTHYECKOTo MpOorpaMMUpoBanus Makcumu3aiun (1)-
(4) saman mpuopurer g-ro kputepus p;,k = 1,K,Vq e K Haj ApYyrUMH KpUTEPHSMH, B TOUKE
ontumyMa X° € S, MOMYyYCHHOI Ha OCHOBE HOPMAJIM3AlUU KPUTEPHEB M TPUHIIMIIA TAPAHTHPOBAHHOTO
pe3yibTara, Bcerna Haljercs aBa Kputepus ¢ wHiaekcamu 1 € K,t € K, 1 KOTOPBIX BBITIOTHSIETCS
CTPOTO€ PABEHCTBO 3!

A =ik (X°) = pi A (XO),1,t, € K, (40)
U JPYTUC KPUTCPUU OIIPECACIIAOTCA HCPABCHCTBAMU
A<pl (X°),k=1KVqeK q=r=+t. (41)

Kpurepuu ¢ unnexcamu r € K, t € K, 1151 KOTOpBIX BBITIOJNHAETCS paBeHCTBO (41), Ha3bIBAOTCS
Haun0oJiee MPOTUBOPEUNBBIMH.

JlokazarenbcTBO. AHamorudno teopeme 2 [20].

3amernm, yto B (40) m (41) manexcel kputepueB 1 € K,t € K MOryT coBmajaTh ¢ WHIEKCOM
qeK.

Cneocmeue meopemvr 1. O paBeHCTBE ONTHUMAJbHOTO YPOBHS M OTHOCHUTENBHBIX OIICHOK B
BEKTOPHOH 3ajJjaue ¢ ABYMs KPUTEPUSIMH C IPUOPUTETOM OJHOTO U3 HUX.

B BbINyKII0# BEKTOPHOII 33/1au€ MaTEMAaTUYECKOTO MPOrPaMMHUPOBAHUS C IByMS SKBUBAJIE€HTHBIMU
KpUTEpUSMH, DEIIAeMOM Ha OCHOBE HOpMalM3allMM KPUTEPUEB M MPHUHIMIA TapaHTUPOBAHHOTO
pe3ysbTata, B ONTUMaIbHON Touke X° BCEr/Ja BBHINOJHSAETCS PAaBEHCTBO: MPU NPUOPUTETE MEPBOIO
KpUTEpUs HaJ BTOPOMU:

2° = 1,(X°) = p} (X),(X°),X° €S, (42)
re pz (X°) = 4 (X°) /A, (X),
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IIPY IPUOPHUTETE BTOPOTO KPUTEPHUS HAJl TIEPBBIM:
A% =2,(X°) = p? (X)) (X°),X° € S,
rae pi (X°) = A (X°) /A (X°).
4.4. Memoo pewenusa 3a0auu 6eKMOPHOU ORMUMUAUUU C 3A0AHHBIM NPUOPUMENIOM
Kpumepus

Ilar 1. MbI pemaeM BEKTOPHYIO 337ady C PaBHO3HAUHBIMHU KPUTEPUSAMHU. AJTOPUTM pPELICHUS
npeJcTaBiceH B pasaene 4.4.

B pesysbrare penieHus morydaem:

ONTHMANbHBIE TOUKH MO KaKI0MY KPHTEPHIO OTAeNbHO X;, k = 1, K ¥ pa3Mepsl KpHTepHATbHEIX
dynkmmit B 3THX Toukax fi = fi, (X;),k = 1,K, xoTopble NPEeCTaBIAIOT IPAHKIIA MHOKECTBA TOUEK,
ontuMalbHBIX 1O [Tapero;

TOYKH aHTHONTHMYyMa 110 KaKIOMy KpUTepHI0 XP = {xj,j = 1,N u Haumxyjumel HeU3MEHHOM
yacTH Kaxaoro kpurepusfy = fr (X9),k = 1,K;

X° ={X°, 1°} ontuManbHas TouKa, Kak pe3yibrar pemenus VPMP ¢ 5KBHBaJIEHTHBIMH
KputepusiMy, T. E. Pe3ysbrarta pereHust MakCuMalibHOU 331a4M U A-33]1a4u, IOCTPOEHHOM Ha €€ OCHOBE;

A° — MakcuMaJlbHasi OTHOCUTEIIbHASI OLICHKA, KOTOpast SIBJISIETCS MAaKCUMaIbHBIM HUKHUM YPOBHEM
JUIL BCEX OTHOCHTEJBHBIX OIEHOK Ak (X°), WM rapaHTHPOBAHHBIA pE3yJIbTaT B OTHOCHTEIBHBIX
¢IMHUIAX, A° rapaHTHPYET, YTO BCE OTHOCUTEIBHBIC OIICHKH Ak (X°) paBHBI HiIH GoJIbIe A°:

2 <A(X9),k=1,K,X°€S (43)

JIuio, MpuHUMAOIEe PElICHHEe, MPOBOJUT AHAIHU3 PE3YJIbTaTOB PEUICHHS BEKTOPHOW 3a/lauyd C
OKBUBAJICHTHBIMU KPUTEPUSMHU.

Ecnu nony4yeHHbIe pe3ybTaThl YIOBICTBOPSIOT JIUIO, TPUHUMAIOIIEE PEIICHUE, TO KOHEIl, HHaue
BBITTOJTHSFOTCS TIOCIIEAYIOIIHE PACUETEHI.

JIOTIOTTHUTETHHO BHIYHCITAM:

B Kaxuoi touke X,k = 1,K ompenenum BenmuuuHBI Bcex KpurtepueB f; = fi (Xz), k=1,K,
KOTOpBIC TIPEJCTABISIFOT TPAaHUIy MHOXKecTBa [lapeTo, WM OTHOCHUTEIBHBIX OICHOK: A (X*) =

. - _f£0
Dy XD, qa =T K k=T,K}, &, (X) =8k vy e
y i

fi(X1) - fre(XD) A (X1) - Ak (X7)

L AXY) = .
Xz o fre(Xg) A (Xg) - A (Xg)

Matpuns kputepues F (X) u otHOCHTenbHBIX oleHOK A (X) MOKa3bIBaIOT BEIMUMHBI Ka’kI0TO

F(X) = (44)

xkputepus k = 1, K npu nepexoje ot Touku ontumyma Xy, ke K k npyroii Xg, qeK;
B TOYKE ONTHUMyMa IpPH PAaBHO3ZHAYHBIX KpuUTepHsiX X° BBIYUCIUM BEITUYHMHBI KPUTEPUEB U
OTHOCHUTEJIbHBIX OLICHOK:
fiX%), k=1,K; 4(X°), k=1K, (45)
KOTOpbIE YIOBIETBOPSIOT HepaBeHCTBY (43). B apyrux toukax XeS° MeHbIIMN U3 KPUTEPHEB B
OTHOCUTENbHBIX eANMHUNAX A = MiNgkA, (X) Bcerna menbie A°. 3aOMUHAIOTCS JaHHBIE A-3a7a4d
(24)- (26). DTa uHdoOpMaIHs U SBISIETCS OCHOBOH JUIs TalbHEHIero u3y4deHus Muoxecrtna [lapeto.

lar 2. Buibop npuopumemnozco kpumepus q € K.

U3 Teopun (cMm. Teopemy 1) U3BeCTHO, YTO B ONTUMAIBHOM TouKe X° Bceria MMeeTCsl JiBa HauboJiee
MIPOTUBOPEUYMBEIX KpuTepusi ¢ € K m v € K, 1 KOTOPBIX B OTHOCHTEIBHBIX €IUHUIAX BBITIOTHSICTCS
TOYHOE PAaBEHCTBO:

A =2,(X°) =A,(X°),q,v €E K,X€ S, a 11 0CTaNbHBIX BBIIOJIHAETCS HEPABEHCTBA:
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A < M(XO),VkEK,q+v #k.
Kak mpaBuiio, u3 3T0i nmapsl BeiOupaercss kpurepuid, kotopsiid JIIIP xoTen Obl yydmuTh, Takoi
KPUTEPHIA HAa3bIBACTCS «IIPUOPUTETHBIM KpUTEpHEM», 0003HauuM ero q € K.
Hlar 3. Onpeoensitomes uucnogvle npedenvl usmeHeHus eauyunvl npuopumema kpumepus q € K.
Jns mpuoputetHoro kpurepusi q € K u3 marpunsl (40) ompenenuM YuCIIOBBIC TPEACIbl U3MCHEHHUS
BEJIMYMHBI KPUTEPUS: B HATYPaJbHBIX equHunax fq (X) 1 B OTHOCUTENBHBIX eanHHIAx Aq (X), KoTopbie
JeKaT B CIEAYIOIUX peenax:
FeXOV<fy (X) <fy (X3) keK (46)
rie f; (Xg) BBIBOIUTCA M3 MaTPUIIBI ypaBHeHuUs F (X”) (44), Bce KpUTEPHH IIOKA3BIBAIOT Pa3MEPBI,
u3MepeHHble B (usnueckux emuHuuax, fx(X°),k =1,K u3 ypaBuenus (45), U, B OTHOCHUTEIBHBIX
eIMHUIIAX
(X)) <Ay (X) <44 (X)), keK, (47)
rie A4 (Xz) BBIBOAMTCA M3 MaTpulbl A (X*), BCe KPUTEPHH TTOKA3bIBAKOT PA3MEPbI, U3MEPEHHBIE
B OTHOCHTENBHBIX eMHULAX (0TMeTHM, 4To A, (X7) = 1),4, (X°) u3 ypaBuenus (64).
Kaxk npaBuiio, Beipaxkenust (46) u (47) BbLAAIOTCS HA JUCIUICH JUIS aHAJIM3A.
Hlar 4. Bvoibop seauuunvt npuopumemmnoeo kpumepus (Ilpunsitue peeHus).
JIuno, mpuHUMAalOLIee pelIeHNe, TPOBOAUT aHAIM3 PE3YJIbTaTOB pacyeToB (44) u U3 HepaBEHCTBA B
HaTypaJIbHBIX enuHHIaX (46) BeIOMpaeT uncioByo Bennuuny fq, q € K:

fiXO)=f, <f,(X5).q € K. (48)

Jlist BBIOpaHHOM BeTHUYMHBI KpuTepus fq HeoOXoaumMo onpenennTs BEKTOP HEM3BECTHRIX X°°, /st
ATOTO MPOBOAMM IOCJEIYIOIINE BEIUUCICHHUS.
Ilar 5. Pacuem omuocumenbHol OyeHKU.
Jl1st BBIOpAHHOMN BEIMYMHBI TPHOPUTETHOTO KpUTEPHs fq BEIUMCIIAETCS OTHOCUTEIbHAS OIIEHKA!
_ fa=1g
T s
KoTOpast mpu mepexofe oT Touku X° k X;, B coOTBeTCTBMH C (43) NEXMT B mIpesenax:
Ag (X°) <A<, Xy =1
[ar 6. Buiuucnenue xosghguyuenma nuHetiHou annpoKCUMAayuu.

A

[Mpenmonarast nuHeHHbIH xapakTep u3MmeHeHus kpurepus fq (X) B (48) m coorBeTrcTBEeHHO
OTHOCHTEIBHOU OLCHKHU Aq (X), HCIOJNIB3Ys CTaHAAPTHBIC IPUEMBI JIMHEHHO alllPOKCHMAIINH, BEIYHCIAM
K03 GHUIMEHT TPOTIOPIMOHATBHOCTH P MEKIY Aq(X°), A,

Ag —Ag (X9
q q
= —-5—,9€EK
P Ap-29 4 :

[ar 7. Boruucnenue KoOpOuHam npuopumenHo2o Kpumepus ¢ 6eIU4UHoU fg.

B cootsercTBuM ¢ (44) KOOPAMHATHI TOYKU IPHOPHTETHOTO KpUTEpUs X, JexKaT B CIEAyIOMHUX
npenenax: X° <X, <X3q €K

[Ipenmonarast NMMHEWHBIA XapakTep M3MEHCHHsS BeKTopa X, = {xf ) s x,?,} OIpEeACITUM
KOODPJIMHATHI TOYKH MPHOPUTETHOTO KPUTEPHUs C BETMIMHOU fq C OTHOCHTENBHOI o1ieHKOH (45):

— a _ o * o]
Xg=1{x; =x7 +p(xg (1) —x7), ...,
a _ ,o * o
xy = xy +p (xg (N) — x5}, (49)
0 — o o -

rae X0 = {x7{, .., xy}, Xq = {xg (1), ..., x5 (N)}..

Iar 8. Buiuucnenue ocHogHwix nokazamenet mouxu X4.

Jlnst monmyvenHo# Touku X9 (49), BeraucInm:
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BCE KpUTEpHH B HaTypanbHbix eqununax: F9 = {f;(x9),k = 1,K};
BCE OTHOCHUTEJIbHBIC OIICHKH KPUTCPHCB!
_ qy_ £0 —_
29 = (29 k = TR} A, (x9) = %,k = 1TK; (50)
k Tk

Ag (x9) .

T D 1,K};

BekTOp npuoputetos. P4 = {p] =

MaKCHUMAaJIbHYI0 OTHOCUTEJIbHYIO OLEHKY

2°4 = min (p} A, (x9),k = 1,K).

Ananoruyno (50) Mmoxer ObITh paccunTaHa Jro0ast TOUka 13 MHOKecTBa [lapero:

¢ ={A7,X?}e Ss°.

Ananuz pesynomamos. Paccuurannas BenuuuHa kputepus f; (X7),q € K oObluHO He paBHa
sajanHoit Af, . OmmOka BeIOOpa Afy = |fy (X7) — fy| onpenensercs ommOkoi muHEHHOM
annpokcuMmanuu. Pesynpratel uccinenoBanus cummerpun B B3MII ¢ 3agaHHBIM IpHOpPUTETOM
aHaJIOTMYHBI, KaK ¥ 17151 B3MII ¢ paBHO3HaYHBIME KPUTEPUSMHU, HO LIEHTP CUMMETPHH CMEIIECH B CTOPOHY
IPUOPUTETHOTO KPUTEPHSL.

IInnagHas MHOrOMepHas MareMmarvka: BekTopHas 3ajada JIMHEMHOIO NPOrpaMMHUPOBAHMS —
MO/JIEJIb PA3BUTUS IKOHOMUYECKHX CUCTEM.

B sTOM pasnene Mbl paccMaTpuBaeM OTAENbHYIO 33/1a4y MHOTOMEPHOM MaTeMAaTUKU: BEKTOPHYIO
3ajjauy JIMHEHHOTro HporpaMMHpOBaHUs. MaremaTuyeckoe W IMporpaMMHOE OOecreueHHe peIieHUs
BEKTOPHOM 3a/1a4uM JIMHEMHOT0 pOrpaMMUPOBAHUS, alTOPUTMBI PEIIEHUS] KOTOPOH IIPU paBHO3HAYHBIX
KPHUTEPHSIX MPEACTABIIEH B pa3jeiie 3 U MPH 3aJaHHOM PHOPHUTETE KpuTepus B paszaene 4, [13, 39, 45].

Bxmopnas 3a0aua auneinozo npozpammuposanus (B3JII)

BekropHas 3aa4ya JTMHEHHOTO MPOrpaMMHUPOBAHHS — ATO CTAaHJApPTHAS 33/1a4a MAaTEeMaTHIECKOTO
NPOTPAMMHPOBAHUS, HWMEIOMIAs HEKOTOpPOe MHOXECTBO KPUTEPHEB, KOTOPhIE B COBOKYIHOCTH
NPEJCTABISIOT BEKTOP KPUTEPHEB.

B3JIII noapasnenstoTcst Ha 0JJHOPOAHBIE U HeogHopoaHbie B3JIIT.

Oonopoonasa B3JIII maxkcumuzayuu — 3TO BEKTOpHAs 3ajada, y KOTOPOW Ka)KJIas KOMIIOHEHTa
MHOYECTBa KPUTEPHEB HAIpaBJIeHa HA MAKCUMH3AIHIO.

Oonopoonvie B3JIII munumusayuu — 3TO BEKTOpHAs 3ajada, y KOTOPOH KaxJas KOMIIOHEHTa
MHOXECTBa KpUTEpHEB HalpaBiieHa Ha MuHUMM3anuto. Heoqnopoausie B3JIIT — 3To BekTopHas 3aaaya,
y KOTOPOH MHOXECTBO KPHTEPUEB pa3leieHO Ha J(Ba IOJAMHOXECTBa (BEKTOpa) KpPUTEPHEB —
MaKCUMM3allMi 1 MMHUMU3AIUH COOTBETCTBEHHO, T. €. HeoAHOpoiHble B3MII — 310 00BeIMHEHNE ABYX
BUJIOB OJJHOPOIHBIX 3a7a4. B COOTBETCTBUU C 3TMMHU OIpPEEIIEHUSMH MIPEJCTABUM BEKTOPHYIO 3a7auy
JMHEWHOT0 NPOrPaMMHUPOBAHUS ¢ HEOJHOPOAHBIMU KPUTEPHSIMHU.

opt F(X(®)) = {max F;(X(t)) = {max fi,(X(®)) = ¥, ¢fx;(®) , k = 1K, (51)
min F, (X(t)) = {min fk(X(t)) = 2?’:1 c}‘xj (t),k=1,K,}}, (52)
N o a; ®x; ®)<b; (0),i=1,M (53)
j=1%ij j i & Y
Yy ¢fx; (©) 2 by (8), keK, 0<x; (D)< x; (t),j = 1,N, (54)
rne X ={x; (t),j = 1,N} — BEKTOp IepeMEHHBIX, T.€. 3TO BeKTOp M3 N-MepHOro eBKIHMa0Ba
npoctpanctBa RV, (o603mauenne j = 1, N sksusanentao j = (1,...,N));
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F(X)- Bextop-¢yHkuus (BEKTOpPHBIN KpuTepwii), uMeromas K — KoMmmoHeHT-GyHkiui, (K —
MOITHOCTh MHOXecTBa K). MHOXkecTBO K COCTOMT U3 moaAMHOXKeCTBa K; KOMITOHEHT MaKCUMU3AINH H
noaMHoxkectBa K, munummzamuu: K = K{ UK, , Mg OLEHKH COBOKYIHOCTH KPUTEPHUEB BBOJMTCS
o0o03HaueHue onepanus «0pt», KOTOpoe BKIFOUAET B ceOst Max u min;

F (X)) = {max f; (X (t)), k =1,K; — 5To BeKkTOpHbIl KpuTepuii, Kaxkaas KOMIOHEHTa
KOTOPOTO MaKCUMHU3UpYeT, K; — umcio kpurepues, a K;=1, K;- MHOKeCTBO KpHTEpUEB MAKCUMH3AIIUK
(3amaua (51), (53)- (54) npeacrasistoT codoit B3JII1 ¢ 0AHOPOAHBIMU KPUTEPUSIMA MAKCUMH3AIIHNH );

F, (X (t)) = {min f (X (t)), k = 1,K,- BEKTOpHBIIi KpUTEpHii, Kak1as KOMIIOHEHTa KOTOPOTO

muaummsupyercs, K,=K; + 1, K=1, K, — mHO)ecTBO KpurepueB Munumm3zanuu, K2 — uncio, (3amava
(52)- (55) »ato B3JIII ¢ 0HOPOAHBIME KPUTEPUSIMH MUHUMH3ALINN ).

K;VUK, = K, K;cK, K,CK.

B3JIIT (51)- (54) moskeT paccMaTpuBaThes kKak K-mepHast 3agada ontuMusanuu, rae K = K; UK.

(53)- (54) — cTaHgapTHBIC OTPAHUYCHUSL.

S={XeRMG(X) < 0,X™Mn <X <X™M*} %@ — »5T0 JOMyCTUMOE MHOXKECTBO TOYEK,
3ajaromuecs craHaapTHbivu - orpanudcHusMu  (53)- (54) W TpUBHAIBHBIMH  OIpaHUYCHUSMH
0<x; (t)<wu; (t),j = 1, N. Tlpeamonaraem, 4To JOMyCTHMOE MHOXKECTBO TOUEK HE MyCTO U TIPE/ICTaBIAET
c000¥ KOMIAKT.

Cpykmypa npozpammmnozo obdecneueHus peuwieHus 6eKMOPHOU 3a0auu  JUHEUHO20
nPOZPAMMUDPOBAHUS

[Mporpammuoe obecrneuenne pemenus B3JIIT (51)- (54) paspaborano Ha 6ase ajaropurma,
OCHOBAaHHOTO Ha HOPMAJIM3allUM KPUTCPUECB M IPHHIMIA TapaHTUPOBAHHOTO pE3yJIbTaTa, KOTOPBIH
npeacrasiaeH B [33]. TIporpammuoe obecneuenue pemrenuss B3JIIT (51)- (54) B cucteme MATLAB
BKJIIOYAET ABa OJIOKA:

1 o6nox (mommporpamma): IlomroroBka wucxomHoil wuHpopmarnmu s pemienus B3JIIT:
VPLP_DATA_N;

2 6nok (moamporpamma): mpeactasisier (yHkiuio VPLP Solution — «PemieHne BekTopHOM
3aJ1a4M JUHEHHOI0 MPOrpaMMHUpPOBaHUA», KoTopas 3arpykeHa MATLAB 3apanee.

[ToaHOCTBIO TEKCT MPOrPaMMHOTO 0OecTiedeHus npeacTanieH B [33].

Ilakmuka pewienus 6eKMOPHLIX 3a0a TUHENUHO20 RPOZPAMMUPOBAHUA.

[IpencTaBuM perieHre BEKTOPHBIX 3a7a4 JTHHEHHOTo nporpammupoBanus (B3JIIT).

Ilpumep 5.1.

Jlano. BekTopHas 3a1a4a TUHEWHOTO MTPOTPAMMHUPOBAHUS C ABYMSI KPUTEPHSIMU MaKCUMH3AIAU U
OJTHUM KPUTEPUEM MUHUMHU3AIIHH:

Opt F(X) = {max F; (X) = {max f;(X)=43.2x; + 36x,, (55)
max f,(X)=7.2x, + 14.4x,}, (56)

min F, (X) = {min f;(X)=7.2x; + 8.64x,}}, (57)
7.2, + 8.64x,<5184, (58)

2.64x, + 2.4x, > 528, (59)

%1<56,x,<40,x; = 0,x, = 0. (60)

Tpeoyemca. Haiit HeoTpHIIaTEIBHOE pPEIICHUE Xq,X, B cucteme HepaBeHCTB (58)- (60) Takoe,
npu  kotopom ¢yukuuu f;(X), f,(X) npuHEMAaT, BO3MOXHO, MakCHMalbHOE 3HaueHue f3(X)
MHHUMAJIbHOC 3HAYCHHE.
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Peuienue. Mpl ipeICTABUM F€OMETPUIECKYIO HHTEPIPETAIHIO IOy CTHMOTO MHOXKECTBA PEIICHHUI
S, onpenensiembix orpannuenusmu (58)- (60), na puc. 1.

Perienne BekTOpHON 3amauu JuHEHHOro mnporpammupoBanus (55)- (60) B cooTBeTCTBHH C
anroput™MoM pemenuss B3JII1 Ha ocHOBe HOpManM3alMu KPUTEPUEB U NPHUHLMIIA TapaHTHPOBAHHOTO
pesyabTaTa npeactaBuM B cucreMe MATLAB. [[is penienuns 3a1auu JIMHEHHOTO MTPOrpaMMHUPOBaHUS Ha
Ka)XJIOM I1are ucnonb3yercs yukuus linprog (...), [24].

Aneopumm npeacrauMm B cucreme MATLAB kak nociie1oBaTebHOCTD 11ATOB.

Llae (. DopMUPYIOTCS UCXOOHbBIE OAHHbIE:.

cvec = [-43.2 -36;

-7.2-14.4;

7.2 8.64]; % BexTtopHas neneBast GyHKUUS B BUIE€ MaTPUILIbI.

a=/[7.28.64;

-2.64 -2.4]; % Matpuiia JIMHEWHBIX OTpaHUYCHUIN

b=[5184. -528.]; % Bekrop, conepskaruii orpannueHus (bi)

Aeg= []; Beg= []; % OrpanunucHus paBeHCTBa

Lb=[0. 0.]; % Lower bound of variables

Ub= [600. 540.]; %Upper bound of variables.

Ilae 1. Pemraercst B3JIIT (55)- (60) mo kaxxqoMy KpuTepHIo.

1. Pemienue mo nepBoMy KpUTEPHUIO TpeCTaBisieT obpaienue Kk Gpyukimu linprog (...):

[X1, f1]=linprog (cvec (1,:),a,b,Aeq,Beq,Lb,Ub),

rne (...) — MICXOJHbIE JaHHBIC, IPEACTaBICHHBIC Ha HYJIEBOM IIIare;

[X1, f1] — Beixoxubie manHbIe: X1 — BEKTOp HEM3BECTHBIX MepeMeHHbIX; f1 — BennunHa 1ieneBoi
byHKIUH.

B pe3ynbTrare pemieHus nojryyum:

X1 =X] ={x; = 600,x, = 100} — onTUMabHbIC 3HAYCHUS ICPEMECHHBIX;

f1=f{ =—29520 — onTuManpHOE 3HAYCHHUE LIEICBON (YHKIHH

2. Pemienuie mo BTOPOMY KPUTEPHIO:

[X2,f2]=linprog (cvec (2,:),a,b,Aeq,Lb,Ub)

B pesysbrare penieHus mo BTOpoMy KPUTEPHIO MOTYYHIIH:

X2 =X; ={x; =72,x, =540}; f2 = f;; = —8294.4

3. Pemienue 1o TpeTbeMy KPUTEPHIO:

[X3,f3]=linprog (cvec (2,:),a,b,Aeq,Lb,Ub)

B pesynbrare penieHus 1mo TpeTbeMy KpUTEPHUIO TTIOTYIHITH:

X3 =X3 ={x; =200,x, = 0}; f3 = f3 = 1440

[TosrydeHHBIE TOUKM ONTUMYMa ITOKa3aHbl HA pucC. 1.
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Vector Problem of Linear Programming with equivalent criteria
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Puc. 1. Jonyctumoe muoxectBo pemeruii B3JIIT (55)- (60)

[lae 2. Peraercst B3JIIT (55)- (60) mo kaxxqoMy KpuTEepHIO.

1. Pemenue mo nepBoMy KpUTEPHUIO TPEICTaBIseT oOpamenue K Gpynkmumu linprog (...):

[X1min, fimin]=linprog (-1*cvec (1,:),a,b,Aeq,Beq,Lb,Ub),

rne (...) — MICXOJHbIEC JaHHbIC, IPEACTaBICHHBIC Ha HYJIEBOM IlIare;

[X1min, fimin] — BeixoaubIie qaHHbBIe: X 1MIN — BEKTOP HEM3BECTHBIX IepeMeHHbBIX; f1min —
BEJIMYMHA 11eJIeBON (YHKITHH.

B pesynbrare penieHus moxydum:

X1min = X = {x; = 0,x, = 220} — onTUMAaIbHbIE 3HAUEHNS TIEPEMEHHBIX;

flmin = £ = 7920 — onTUManbHOE 3HAYEHHUE LIETEBOH DYHKINH

2. PelieHre o BTOPOMY KPUTEPHIO:

[X2min,f2min]=linprog (-1*cvec (2,:),a,b,Aeq,Lb,Ub)

B pesynbrare penieHust 1o BTOpoMy KpUTEPUIO MOTYUNIIH:

X2min = XJ = {x; = 200,x, = 0}; f2min = f = 1440

3. Pemienue 1o TpeTbeMy KpUTEPHUIO:

[X3max,f3max]=linprog (-1*cvec (3,:),a,b,Aeq,Lb,Ub)

B pesynbrare penieHust o TpeTbeMy KPUTEPHIO MOy YHIIU:

X3max = X2 = {x; = 600,x, = 100}; f3 = f = —5184.

Illaz 3. Bemonnsercs cucteMHbIM aHanu3 kpurepueB B B3JIIT (55)- (60). dus storo B

ONTHMAIBHBIX Toukax: Xi,X; UX3; oONpenensioTcss BEIMYMHBI LeneBblXx GQyHKmMA F (X*) wu
OTHOCHUTEJIbHBIX OLICHOK:

_ <0
A X, A (X) = LB ek

fi—1e
—29520 — 5760 5184
FX*)={fi X2),q=1Kk=1K,K =3} =|-22550 — 8294 5184/,
—8640 — 1440 1440
1.0000 0.6303 0
A(X*) ={A; X3),q = 1K,k =1,K,K = 3} = [0.6773 1.0000 0|
0.0333 0 1.0000

Illaz 4. Ctpoutcs A-3ama4a: A° = maxyeg A,
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A= <0 h— fo X)—f <0 h— fs X)—f5 <0
A fi-rf T A - = A fi-ff T
7.2x; + 8.64x,<5184, 2.64x; + 2.4x, > 528, x,<56,x,<40,x; = 0,x, = 0.
Ilaz 5. Pemienune A-3amaum. [l pemienus A-3agauu B cucteme Matlab ananornyno mary 0

IIPU OTPaHUYCHUAX:

3a1al0TCS UCXOTHBIE MTAPAMETPBI.

Oopamenne k Gynaxiwn linprog () s pemieHns A-3a1a4yu MPeACTaBICHO B BHJIE:

[Xo, Lo]=linprog (Lo,A0,bo,Aeq,Beq,Lbo,Ubo).

Pesynbratel perienus A-3agaun: X° = { x; = 0.4573,x, = 252.4,x; = 191.4}.

rae X° onpeenseT onTUMAalbHbIE 3HAYEHHUs IEPEMEHHbIX; KOOPAMHATA X; COOTBETCTBYET A°—

MaKCHMalbHOMY OTHOCHTEIBHOMY YPOBHIO: X;=A°; a X,, X3 COOTBETCTBYeT X;,X,3anaun (55)- (60).

Lo =A% = 0.4573 npejcrapiser ONTHMaIbHOE 3HAYEHHE LEIEBOH (QyHKIHY.

A° ABIgeTcS MAaKCUMAJIBHBIM YPOBHEM CPEIU BCEX MHHHUMAJIBHBIX OTHOCHTENBHBIX YPOBHEH Ha
JIOMyCTUMOM MHOXecTBe Xe€S: A% = maxyesmingogAy, (X).

®ynkuun A (X), A, (X) and A3 (X) ataxxke Touku ontumyma X° u A°, KOTOpBIE MOJTyYeHbI Ha X
IIepECEUCHHH, ITI0OKa3aHbl Ha pUC. 2.

Vector Problem of Linear Programming with equivalent criteria

2595
.

1.5 Af(x;)
14 )

Lambda

15— | L — XO

. A . 600
g S .4 400
208 400 - -
x2

x1

Puc. 2. Pesynsratsl pemenns B3JIIT: pynkuun: A;(X),A,(X) u A5 (X) Touku ontumyma X°,A°

Beimonaum tipoBepky: f;(X°) = —17798,1,(X°) = 0.4573;

f2(X°) = —4575,2,(X°) = 0.4573; f3(X°) = 3472,25(X°) = 0.4573,;

T.e. A2 < A,(X°),k=1,2,3.

OTH  pe3ynbTaThl  IOKa3bIBalOT, 4YTO B Touke ontumyma X° Tpu  KpuTepHs
A1 (X9), 2,(X°), A3(X°), u3MepeHHBIE B OTHOCHTEIIBLHBIX €AWHUIIAX, JOCTUTIH YpoBHs: A° = 0.4573 ot
CBOMX ONITUMANIBHBIX BeTHMUUH f7', f5, f4 . JIF000€ yBemmueHe 0JHOTO U3 KPUTEPHEB BBIIIE ATOTO YPOBHS
NPUBOJHT K YMEHBLICHHUIO IPYToro KpuTepus, T.e. Touka X° ontumansHa 1o [lapero.

[Inmagnas MHOromepHas MareMaTvka: BeKTopHas 3ajadya HEJIMHEHMHOrO NMpPOrpaMMHUPOBAHUS —
MOJIENIb PA3BUTHUSI MHKEHEPHBIX CUCTEM.

B sTOM paznene Mbl paccMaTpuBaeM OTAEIBHYIO 33/1a4y MHOTOMEPHOM MaTEeMaTUKU: BEKTOPHYIO
3ajjauy HEJNMHEHHOro MporpaMMHUpOBaHMA. MaremMaTuyeckoe M MporpaMMHOE OOecreueHHe PelIeHHs
BEKTOPDHOW 3a/laud  HEJNWHEWHOTO TPOrPaMMHUPOBAHUS, AalTOPUTMBI pEIICHHS KOTOPOH IpH
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paBHO3HAYHBIX KPUTEPUSIX MPEACTABIIEH B pa3zieie 3 U Ipy 3alaHHOM IIPUOPUTETE KPUTEPUS B pas3zelie
4,120, 22, 43, 45].

Bxkmopnas 3a0aua neauneinozo npocpammuposanus (B3HII)

Bekropnas 3amada HenuHeiHoro mnporpammupoBanusi (B3HII) — 310 cranmaptHas 3amaua
MaTEMaTHYECKOr0 IMpOrpaMMHpPOBaHMUs, HMEIOLIAsi HEKOTOPOE MHOXECTBO KPHUTEPUEB, KOTOpBIE B
COBOKYIIHOCTH IIpeACTaBiAOT BekTop KpurepueB. B3HII mnoapaspensrorcs Ha OXHOPOAHBIE U
HeonHopoaHble B3JIII. B cooTBeTcTBMM € 3TMMM ONPEIEIICHUSMU IPEICTAaBUM BEKTOPHYIO 3ajady
HEJIMHEHHOTO IPOrPAMMUPOBAHUS C HEOTHOPOIHBIMU KPUTEPHUSIMHU.

Opt F(X) = {max F;(X) = {max f;,(X) = cox + C1pXy + -+ + CygrxX1Xy + o+ Cpypxf + - +

ChnieX2, k = 1,K;, (61)
min F,(X) = {min fi,(X) = co + C1pX1 + - + Cyp1 X1 %2 + - + cnl,kxlz + o+ X, k =
1, K>3}, (62)
Qo + AyXy + o+ Qg X X + o+ Qg X2 + o+ QX< by, i = 1, M, (63)
Yy ¢fx; (£) 2 by (8), keK, 0<x; ()<w;,j =1,N, (64)

rne X ={x;,j = 1,N} — BekTop HepeMeHHHIX, T.e. 3TO BEKTOp M3 N-MepHOro eBKIMI0BA
npoctpanctsa RN, (0603nauenne j = 1, N sksusanentno j = (1,...,N);

F(X)- Bexkrop-byHKIuMs (BEKTOPHBIH KpuTepuii), nmeromas K — KOMIOHEeHT-QyHKui. DOyHKIus
Ipe/ICTaBISCT KBAAPATUIHBIN TIOJIMHOM.

MmuoxectBo kputepueB (monmHomMoB) K cocrout u3 moaMHOXKecTBa K; KOMIIOHEHT
MaKCHMHU3allMd M MoaMHOecTBa K, wMmunumuzammu: K = K;UK, , Ui OLUEHKH COBOKYITHOCTH
KPUTEPHEB BBOIUTCS 0003HAUCHHUE Onepalus «0pt», KOTOpoe BKIFOYaeT B ceds max u min;

F,(X) = {max f,,(X),k = 1,K; — 570 BexTOpHbIil kKpuTepuii (61), Kakaas KOMIOHEHTA KOTOPOTO
Makcummsmpyet, K; — dmcno kputepues, a K;=1, K;- MHOXeCTBO KpUTEpHEB MaKCHMU3aIuH (3a1ada
(61), (63)- (64) npencrasstor codoit B3HIT ¢ 01HOpOIHBIMEU KPUTEPUIMH MAaKCHMHU3AIIHN );

F,(X) = {min f,(X),k =1,K, — BeKTOpHBIIi KpuUTepuii, Kakmas KOMIOHEHTAa KOTOPOTO

muHummsupyercs, K,=K; +1,K=1,K, — MHOXECTBO KpUTEpHUEB MHUHHUMHU3aLMH, K, — uyucio
Kputepues, (3anaya (62), (63)- (64) ato B3HII ¢ oqHOpOIHBIME KPUTEPUSIMH MUHUMH3AIINH):
K,UK, = K, K,cK, K,cK.

(63) — cTangapTHBIC HEJMHEHHBIC OTPAaHUYCHUS (B BHJIE TOJMHOMOB).

(64) — orpannueHMs1, HAKIIIbIBACMbIC Ha KPHUTEPHUH.

S={XeRMGX) <0,X™MN <X < XMy £ @ — omo Oonycmumoe MHOICECMEO TOUEK,
3a/Ial0IMecs] CTaHAapTHBHIMU orpaHnueHusmu  (63)- (64) ¥ TpPUBHAIBHBIMH  OTpAaHUYCHHSIMH
0 <x; (t)<u;,j = 1, N. Ilpeanonaraem, 4To JOMyCTHMOE MHOKECTBO TOYEK HE MYCTO M HPEICTABISCT
co0oii kommakT. BexTopHas GpyHkuus (kputepuit) MunuMuzanun F,(X) Moxer ObITh IpeoOpa3oBaH B
BEKTOPHYI0 QYHKIHIO (KpUTEPHil) MAKCHMH3ALUH YMHOKEHHEM KaXKI0i KOMIOHEHTHl F,(X) Ha MuHyc
enunuity. Bextopusiii kputepuit F2 (X) BBenen B B3HII (61)- (64) mist Toro, 4To0bI MoKa3aTh, 4TO B
3aj1a4e UMEEeTCs JIBa MOJAMHOXKeCTBa KputepueB K, K, ¢ MPUHIMITHAIBHO Pa3IUYHBIMH HAPABICHUSMH
ONTHMU3AIHH.

Bekrophas 3amada HenuHERHOTO porpammupoBanus (61)- (64) moxkeT paccmarpuBarbes Kak K-
MepHas 3aJja4a ONTUMU3ALNH, T1Ie pa3MepHOCTh KputepueB K = K;UK,, c MHOKeCTBOM napamMeTpoB N.

Cpykmypa npozpammnozo obecneuenus peuileHUs GeKMOPHOU 3a0auu HeAUHEUHO20
NPOCPAMMUDPOBAHUSA
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Jlns  peuieHWss BEKTOPHOM 3ajayd  HEJNWHEWHOro mporpammupoBanus (61)- (64) npu
PaBHO3HAYHBIX KpUTEpHsX pa3paborana nporpamma B cucteme MATLAB ¢ yetsippMs kputepusimu (66)
U JByMs MapamMeTpaMu, KOTOpas IO CYHIECTBY MPEICTABISICT MPOTrpaMMy — IIAOJIOH IS HAMMCAHUS U
pelieHus APYyruX BEKTOPHBIX 3ajad HeJIMHEHHOro mporpammupoBanus (61)- (64) — maTemaTu4eckux
Moienel nrkeHepHbIx cuctem [20, 21, 22].

[IporpaMMHOe oOecrieueHre pelleHUsT BEKTOPHOW 3a/ayd HEJIMHEHHOTO MpOoTrpaMMHUpPOBAHUS
(61)- (64) nmpu paBHO3HAUHBIX KPUTEPHUSIX PEATM30BAaHO HA OCHOBe airoputMa perienuss B3HII,
U3JI0)KEHHOTO B pasjeie 3 u ucmnoib3oBanus mporpaMmbl FMINCON (...), mpeacTaBieHHON B CHCTEME
MATLAB.

[Tpu ucnions3oBanuu nporpammsel FMINCON (...) HeoOx0auMo pa3paboTaTh ABE MOAIPOrPAMMBI
— hyHKIHIH:

[lepBas QyHkIust BKIOYaeT nBa OJOKa: MEPBBIM OJOK MpeaHa3HAYEH IJIs OIEHKH B TO4Yke X

. o . . dfkX)
kpurepus fi (X) Vk € K; Bropoii 610K 1jIst pacdera mepBoi MPOU3BOIHON B 9TOM TOUKE fdk_X Vke K,
Bropast ¢pyHKIMS BKIFOYAET T€ K€ JIBa OJI0Ka TOJIBKO ISl OTPAHMYEHUN: JUISl OIICHKH B TOYKE X

) . . . . dgi(X) .
orpannuenus g;(X) Vie M; BTopoii 610K [U1s pacueTa epBoii MPOU3BOIHOI B 3TOM TOUKE % Vie M.

[Tporpamma FMINCON (...) ucniosib3yercs Ha nepBoM mare anroputma pemenus B3HII paznena
2.2.3 (MakcUMHM3aKM KPUTEPUEB) M HA BTOPOM IIIare 3TOro aaropurMa (MUHMMHU3AIMU KpuTepues). B
nansueimem ITporpamma FMINCON (...) HCIonb3yeTcst B COOTBETCTBUU C aIrOpUTMOM paszena 2.2.3
Ha 4 u 5 miare, rae pemaercs [1-3agaya.

B memnoM mnpu HenWHEHHBIX OTrpaHMYCHHMSIX MporpaMMHOe obOecrnedeHune pemenus B3HIIT
Biirouaet: K*2 (1 mar) + K*2 (2 mara)+2 ([J-3aga4a) oopamiennii k pynkiuun FMINCON (...). Tak kak
kpurepuun n orpannuenus B3HII maauBunyansuel, To it kaxao B3HII numercs nHauBuayaapsHOE
IporpaMMHOe oOOecrieueHrue, HO 10 CTPYKType aHaJOrMYHO NPEJICTaBICHHOMY MPOTrPaMMHOMY
o0ecIeYeHmIo.

s pemennst B3HIT (4.1)- (4.4) pa3pabortannas nporpamma B [33] mpeacTaBiiseT nporpaMmy —
mabJioH g Hanucanus U petenus apyrux B3HIT — maremaTudeckux mMojieneit MH)KEHEPHBIX CHCTEM.

Mmemamuueckaa noo02omoeKka 014 peuwleHus  6eKMOPHOU  3a0auu  HeIUHEUHO020
npoOZpamMmupoeanus

Ilpumep 4.2.

Jlano. PaccMaTpuBaeTcst eekmophas 3a0aua HeauHeuno2o (8bINYKi020) NpoSpamMmMuposaHus ¢
YETBIPbMSI OJHOPOAHBIMH KpUTEpUsAMH. B KayecTBe KpUTEpPUEB HCIONb3YEM OKPYKHOCTh, a Ha
MIEPEMEHHBIE HAJIOKEHBI IMHEWHBIE OTPAaHUYEHMS, [I03TOMY 3a/1a4a PEIIAeTCs] YCTHO.

opt F (X) = {min F,(X) = min f;(X)=(x; — 80)2 + (x, — 80)?, (65)
min f,(X)=(x; — 80)2 + (x, — 20)?, (66)

min f3(X)=(x; — 20)2 + (x, — 20)?, (67)

min f,(X)=(x; —20)% + (x, — 80)?, (68)

npu orpanndeHusx 0 <x;<100, 0 <x, <100, (69)

Tpeoyemca. Haiitu HeOTpHUIATEIBHOE PEIICHHE Xq,X, B CHCTeMe HepaBeHCTB (69) Takoe, mpu
koropoMm pyukiun fi(X), f,(X) f5(X), fo(X) npuHEMaroT, BO3MOKHO MUHAMAJIBHOE 3HAUYCHHE.
Pewienue 6ekmopHoii 3a0auu HeTUHEUHO20 RPOZPAMMUDPOBAHUSL.
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Jns pemenus 3amaun (65)- (69) mo kaxaoMy KpuUTepHio, a B AajbHEUIIEM M A-33[auH,
ucnonb3yercs cucrema MATLAB (bynkums fmincon (...) — pelneHue HEIMHEHHON 3a1a4uu
ontumusaiyn) [23].. Perienue npencTaBiieHo, Kak MOCIEI0BATEIBHOCTD IIIaroB.

Illaz 1. Pemraercs BekTopHas 3amada (65)- (69) Ha mMax mo KakIoMy KPUTEPUIO OTICIBHO.
Pesynbratel pemienus B3MIIT (65)- (69) o kaxmomMy KpUTEpHIO:
={x; = 0,x; = 0}, fi = f1(X]) = —12800;
={x; = 0,x, =100}, f; = f,(X;) = —12800;
= {x; = 100,x, = 100}, f5 = f5(X3) = —12800;
= {x; = 100,x, = 0}, f; = f,(X;) = —12800;

Illaz 2. Pemaercs BekTopHas 3amada (65)- (69) Ha MIN 1Mo KaKAOMYy KPUTEPHUIO OTAEILHO.

1 kputepuit X;
2 kputepuit X,
3 xpurepuii X;
4 xkpurepuit X,

Pesynbratel pemrenuss B3MIT (65)- (69) mo kax oMy KpUTEPHIO:

= {x; = 80,x, = 80}, f = fi(X{) = 0:

{x; =80,x, = 20}, f = fL,(X7) = 0:

{x; = 20,x, = 20}, f{ = f3(X3) = 0:

= {x; = 20,x, =80}, f = fo(X)) = 0:

[IpencraBuM reomerpuueckyto uHTeprpetamnuto orpanndenuii B3HIT (65)- (69) u pesynbTatoB

1 xpurepuii X

2 kpurepuit X3

3 kputepuit X3
4 xpurepuit XJ

pelieHus Ha puc. 3.
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Puc. 3. Orpannuenus B3MII (65)- (69), Touku ontumyma XY = X1min, X9 = X2min, X3 =
X3min, X 2 = 4min U OTHOCUTEILHBIE OLIEHKM.

[llaz 3. BeinonHseTCA CUCTEMHBIN aHAIU3 MHOXeCTBa Touek [lapero.

B touxax ontumyma X* = {X;, k = 1,K}, onpenensiorcs BenuuuHsl nenesbix Gpynxiumit F (X)) u
OTHOCHTENBHBIX o1eHOoK A (X¥):

FOX) = ({f,(60),q = TRL k = LK}, A& = {{2,&X}),q = TK}k = TR},

B cucreme MATLAB B Toukax ontumyma: XImin, X2min, X3min, X4min BBIYUCICHUE ITHUX
byHukiwii OyaeT cieayromuM (Pe3yabTaT CHCTEMHOT0 aHATU3a):

[1(X7D) (X0 (X)) (XD 10 3600 7200 3600
f1(X2) f2(X3) f3(X3) fu(X2)| _ {3600 03600 7200
f1(X3) f2(X3) f3(X3) fo(X3) 7200 3600 0 3600|
(X2 f2(X3) f5(X3) fa(X3)1 1360072003600 0

A (X7) A2(X7) 23(XT) A, (X1)|  11.00.7188 0.4375 0.7188
M (X3) A,(X5) A3(X3) A,(X3)| _ 10.7188 1.0 0.7188 0.4375
2 (X5 A, (X3 (X)) A,(xH| ~ [0.43750.7188 1.0 0.7188 |
(XD A, (XD Aa(X2) A, (XD 0.7188 0.4375 0.7188 1.0

F(X") =

A(X") =
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Pamcn XKXypHalia: MaremaTH4YeCKHUe U €CTECTBEHHbBIC HayKH
Hanpasncnnc HCCJICAOBAHUA: Duznko-MaTeMaTUUYECKUE HayKH

B Toukax ontumyma X,k = 1,K Bce OTHOCHUTEIbHBIC OLEHKH (HOPMAaJIM30BaHHBIC KPHUTCPHUH)

*y 0 .
paBHbI eauHHLEe: Ak (Xy) = % =1k= 1,K,K =4.
k™ Jk

B Toukax ONTHUMYyMa X,g, k= 1, K Bce oTHOCUTEIIBHEIC OLICHKH PaBHBI HYJIFO:

%0y £0 _
M) =P =0k = TR K =4.

Otcrona Vk € K,VXeS§, 0<h, (X)<1.
Lllaz 4. Ctpoutcs A-3amaya.

A° = maxyes A, (70)
_f0 _f0 _f£0 _ 0
[Ipyu OrpaHUYEHUsIX: K—% <0, k—% <0, X‘%S O,K—% <0,
1_f1 f2 _fz f3 _f3 f4_f4.

0 <x,<100, 0 <x, <100.

Llae 5. Pemienue A-3anaun. Pe3ynbraTsl perieHus A-3a1aqm:

X° ={x; =50.0,x, =50.0,x3 = 0.8594}.

Xo={x1=50.0, x2= 50.0, x3=0.8594} — Touka onTrMyma, e

X3=A°% a Xq,X, COOTBETCTBYET X, X, 3anauu (41)- (45);

Lo = A°=0.8594 mpezcraBiseT ONTUMAIbHOE 3HAUYCHHE 1IETICBOI (DyHKIINH.

Dynxmun Ay (X), A, (X), A5 (X),A, (X), a Taxke Touku ontumyMa X° u A°, KOTOpble HOTydeHbI
Ha MEPECCYCHUH, B TPEX MEPHOM CHCTEME KOOPJHMHAT X1, X, A TIOKa3aHbI Ha puc. 4.

A 3apgava
A4(X4min)
A3(X3min) 3

08 M(X1min)

A2(X2min) 2©

0.6

Lambda

Puc. 4. Pesynbrartsl pemenust B3MII (65)- (69) u (70): @ynkmun A4 (X), A, (X), A3 (X), A4 (X),
Touky onTumyma X° u A°.
Ha puc. 3, 4 BuaHO, 4T0 00s1aCTh (MHOXKECTBO TOUEK) OorpannveHHas ¢pyukiueit f1f1 =
(x; —80)% + (x, — 80)? —xapakrepusyercs TeM, uto A (X)>A, (X), k = 2,4, XeS$,, (1a puc. 3
MoKa3aHo, kak A1>A2, A3, A4), T. e. 061acTh §; MPHOPHUTETHA TI0 IEPBOMY KpHUTEpHIO. B 3T0i 00mactu
MIPUOPUTET NMEPBOTO KPUTEPHUSI OTHOCUTEIHFHO OCTAIBHBIX BCET/Ia OOJIBIIE UM PABEH €AMHUIIE:
PLOO) = 44 (X /A (X)21, VXESy.

AHaNOrMYHO TMOKa3aHbl 007acTH (MHOXECTBA TOYEK) MPUOPHTETHBIC MO COOTBETCTBYIOIIEMY
KPHUTEPHUIO, B COBOKYITHOCTH OHH JIAIOT MHOXKECTBO TOYEK, ONTHMANbHBIX 1m0 [lapero, $°, a oHo (mis
JaHHOTO MPUMepa) PaBHO MHOKECTBY JIOMYCTUMBIX Touek: S° = ST U S U ST U ST UX® = S.

Taxum 00pa3oM, BEKTOpHAsE ONTUMH3AIMSA SBJISIETCS MAaTEMAaTHUECKUM alllapaToM HCCieI0BaHUs

AKCHUOM B PA3JIMYHBIX CUCTECMAX.

(@r MesxayHapoaHbIH Hay4HbIH xKypHal ""'Bexrop HayuyHoi Mbicau' Nel0(15) Oxrsaops 2024
www.vektornm.ru | 8 (812) 90529 09 | info@vektornm.ru
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Hamnpasnenue uccnenopanus: @U3NKO-MaTEMATUYECKUE HAYKU

HcenoBanus M METOABI NPHUHATUS YIPABICHYECKOTO PEIIEHUs IPU NEPEXOAEC W3 YCIOBHUU
HEOIPEIEICHHOCTH B YCIOBUS OIIPENCICHHOCTH B BEKTOPHON ONITUMU3aLUN

VYcroBus OnpeeeHHOCTH XapaKTepPU3yIOTCs TEM, YTO U3BECTHA (DyHKIIMOHAIbHAS 3aBUCUMOCTD
Ka)KJIOr0 KPUTEPHUs U OTPAHUYEHUN OT IIApaMETPOB UCCIIEYEMOU CUCTEMBI. Y CIIOBHSI HEOIIPEIEIEHHOCTH
XapaKTepU3yrTCs TEM, YTO OTCYTCTBYET JOCTaTO4YHas MH(popMauus o (yHKIMOHAIBLHON 3aBUCUMOCTH
KOKIOW XapakTEpUCTUKA M OrPaHMYEHUH OT mapaMeTpoB cucTeMbl. Kak mpaBmio, ycloBuUs
HEOIIPEeIeIEHHOCTH HanboJiee yacTasi CUTyals B 3aJja4ax MPOEKTUPOBAHUS HHKEHEPHBIX cucteM. s
peleHys 3aj1ad MHOIOMEPHOW ONTHMHU3aLMU HEOOXOIUMO 3HaHUE (YHKIMOHAJIBHON 3aBHCHMOCTH
KpuTepueB OT napamerpoB. Ha pemenue 3Tux mnpobiseM U pa3pabOTKM METOMOB IPUHATHS
YIPABJIEHYECKOTO PEUICHMS TIPU NIEPEXOAE U3 YCIOBUN HEONPEAEIEHHOCTU B YCIOBHS ONPEAEICHHOCTH
B BEKTOPHOM ONTHUMH3aLIMH HAIPABIICH JAHHBIN pa3iell.

«ObeKm 0114 NPUHAMUA PEUIEHUA)» 6 YCTI06UAX ONPEOeICHHOCIU U HEOnPedeneHHOCIU

OObeKTOM [UIsl TPUHATUS PELIEHUS MOXKET ObITh: IOJIMTHYECKas, 3KOHOMHUYECKas WIN
TexHudeckas cucrema. Kaxaplii OOBEKT [UIsi TPUHATHS PELICHUS HMEeT HEKOTOpBId Habop

napameTpos X = {x-, j=1, N} , roe cucrembl N MHOXeCTBO mapameTpoB. (DyHKIMOHMpOBaHUE

OOBbekTa xapakTepuszyeTcs HEKOTOPhIM HaOOpOM MOKazaresel, KOTopble (DyHKIIMOHAJIBHO 3aBUCST OT
napametpoB: fr(X),k = 1,K, rae cuctembl K MHOXkeCTBO mokaszaTesieil. [TapameTpbl X 1 MOKa3aTelnu
f1(X) moryT ObITh onpeseseHb! (HapHUMEp, B YHCIOBOM BH/IC) WM HEONPEAeICHHbI (HATIPUMED, B BUJIC
CJIIOBECHOTO BbIpaxkeHus1). OTcrofa MNPUHATHE PEIIEHUH MOXET OCYIIECTBIAThCS B YCIOBHUSAX
OIIPE/ICIICHHOCTH M YCIIOBHSX HEONPEACICHHOCTH, (YTO YaIle Bcero v ObIBaeT).

Ycnosus onpedenennocmu XapakTepusyroTCcsi TEM, YTO U3BECTHA (PYHKLMOHAIbHAS 3aBUCUMOCTh
kaxjoro kpurepus f(X),k = 1,K u orpannuenuii G (X) ot mapamerpos cuctemsl Xj,j = 1, N, [20],
T. €. OECKOHEUHOMY MHOXKECTBY IapaMeTpoB X COOTBETCTBYET OCCKOHEYHOE MHOXECTBO OLIEHOK
byukipn (kputepus) f1 (X);

8 YCI0BUAX HeonpeoeleHHOCmU W3BECTHA JIMIIh KOHEYHOE MHOXKECTBO TapameTpoB X u
COOTBETCTBYIOIIIEE MHOKECTBO OIECHOK GyHKImU (kputepus) fr(X), T.e. 4eM MeHbIIE MHOXECTBO
napaMeTpOB, TEM BBIIIIE HEONPEICIEHHOCTD.

Ilepsvii  acnekm OIpenensercss TeM, YTO OTCYTCTBYET JocTaTo4yHas HHpopMamus o
¢GyHKIMOHATBHON 3aBUcHMOCTH xapaktepuctuku fi(X),k € K , orpanwucnnit g;(X),i €M ot
napameTpoB X wucciieryemMoro oobekra. B aToM citydae UCXOHBIE TaHHbBIE, XapaKTEePU3Yy IO 00BEKT,
IPE/ICTaBIICHBbI:

a) CIIy4alHbIMU JIaHHBIMU;

0) HEUCTKUMU JTaHHBIMH,

B) HE MMOJIHBIMU JTAHHBIMH, KOTOpBIC, KaK MPABHJIO, MOJyUYeHBI U3 IKCIIEPUMEHTAIBHBIX JTaHHBIX.
Jlnst BapuaHTOB, a) 1 0) NCXOJHBIE TaHHBIE TOJIKHBI OBITH MPpeoOpa30BaHbl K BAPUAHTY B) U MIPE/ICTABICHBI
B BHjie Tabnuipl: 1 rpada — BenmuurHa mapaMmerpa, 2 rpada — BeIUUrnHA XapaKTEPUCTHKH.

HavanpHblil 5Tam — 310 mpeodpa3oBaHuEe CIyYalHBIX M HEUETKUX JAaHHBIX B YETHBIC JTAHHBIE.
(Bamemem, 9T0 eciu MPOBOIUTH UCCIICIOBAHIE C HEUCTKUMHU JaHHBIMH, TO U PE3yJIbTAT PEIICHHs OyAeT
HEYETKHH, BpsJ JIU IPUTOJIHBIM K UCIIOJIb30BAHMUIO).

Metononoruss npeoOpa3oBaHUs CIy4YallHBIX M HEUETKUX JMJAaHHBIX B TaOIMuHyro (opmy
JOCTAaTOYHO MIMPOKO mpencraBieHa B kypHaie: "Fuzzy Decision Making and Soft Computing
Applications". TaOmuunble (PKCIEPUMEHTATbHBIC) [aHHBIC, HCIOJB3Ysl PErPECCUOHHBIN aHau3,
npeobpasyrorest B pyukuuio f(X), T.e. B yCIOBUS OMPEICICHHOCTH.
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B npampHeiimem B paboTe paccMaTpuBaeTCs TOJIBKO BapHaHT B) M €ro INpeoOpa3oBaHHA
PErpecCHOHHBIME METOaMH B YCIOBUSI onpeeieHHoCTH — B pyHkuuio f(X).

Bmopoiti acnexm HEONPENEICHHOCTH NPUHATHS PpEIICHUH CBsI3aH TEeM, YTO OOBEKT
XapaKTepU3yeTcsi MHOXKECTBOM XapakTepucTuk: f1(X), ..., fx(X) um fr(X),k = 1, K. MuoxectBo
xapakrepuctuk K mojnpaznensiercs Ha aBa noaMmHoxectBa Kq u K,. IlonMHOXECTBO XapaKTepUCTUK
K4 1o cBoeii YMCIIOBOM BEIMYMHE XKEJIATESIbHO MOJYYUTh KaK MOYKHO BbIiie (Max), a MOJMHOXECTBO
xapakTepucTuk K, jkeiaTenbHO MOyYnuTh KaKk MOXHO Hike (Min).

Kuuyenmyanvnaa cospemennas nocmanoéka 3a0auu NPUHAMUA DPeUIeHUIl 6 YCI06UAX
HeonpeoeneHHoCmu

[lepBoHayasibHO B OOIIEM BHJIE€ KOHIENTyalbHas IMOCTAHOBKA 33Jayd MPUHATHS pPEIICHUMN
BeimosiHeHa B padote R. L. Keeney and H. Raiffa [24, ctp. 79], B COOTBETCTBHH C KOTOPOil BBEICM
0003HaYEeHHUS:

a;,i = 1, M — jonycTuMBble albTePHATHBEI IPHHATHS PEIICHHI;

A= (ay a,,..,ay)T — BexTOp MHOXKECTBA JOMYCTUMBIX aJbTEPHATHUB.

Kaxmoit ansTepHatnBe acA mocTaBuM B COOTBeTCTBUE K YHCIIOBBIX IOKa3aresel (KpUTepHEB):
f1(a), ..., fx(a), xapakTepusyronmx cucreMy. MOXKeM CYHTAaTh, YTO ITO MHOKECTBO IOKa3aTesei
OTOOpaKAIOT KAXKIYH ajJbTEPHATUBY B TOYKY K-MEPHOIO MPOCTPAHCTBA HCXOJOB (IOCIEICTBUIA)
npunnMaeMsix gaeiicteuit: F(a) = {fq(a), f2(a), ..., fx(a)}!. ByaeM ucnons30BaTh OAMH U TOT XKe
cumBoi f (@), Kak it KpuTepus, Tak U il PyHKIUH OLCHKHU 110 3TOMY KPUTEPHIO.

3ametum, 4To B Mt000# Touke fj(a) K — MEepHOro MpOCTPAHCTBA MOCICACTBUNA MbI HE MOYKEM
HEMOCPEICTBEHHO CpaBHUBATH BemnuuHbl f,(a) v fi(a), v # k, 160 B 6ONBIINHCTBE CITyYacB 3TO ObLIO
OBbI MPOCTO OECCMBICIIEHHO, T.K. 3TH KPUTEPUU KaK MPABUIIO U3MEPSIOTCS B PA3NIUYHBIX €IMHUIAX.

Wcnonb3ys 3T JaHHBIe, MOKHO C(POPMYIIMPOBATH 3a/1a4y MPUHSTHS PEIICHUH.

3adaua nuya, npunumarouje2o peuieHue, COCTOUT B BBIOOPE TaKOW albTepHATUBHI @ € A, KoTopas
M03BOJTMIIA ObI TIOTYYUTh B HAUOOJIBIIIEH Mepe YCTpauBatOIIHii ero pe3ybTar, T. e. F(a) - min.

W3 sTOTO OMnpenenenus BHITEKAET, YTO HAM HYy’KHA Takas (QyHKIMS OI[EHKH, KOTOpast ObI CBOJIMIIA
BekTop F(@) B CKamsApHBINA KPUTEPUI IPEAMOYTHTELHOCTH WK «IIEHHOCTH». B 1pyroit ¢popMyaupoBke
ATO PAaBHOCUJILHO 3aJaHUI0 CKasipHOW (pyHKIMU V', ompeneneHHON B MPOCTPAHCTBA IMOCIECACTBHI U
oOajaroeit cieayomuM CBOHCTBOM:

V (F(a)) = V(F(a')) & F(a) » F(a'),

rle CHMBOJ >> O3HayaeT «HE MeHee mnpennodtutencH, udem» [20]. Haszosem ¢yHKIuIo
V (F(a)) ¢ynxyuet yennocmu. B nuteparype 5Ta (DyHKIHS HOCHT MHOTO JIpYyTHX Ha3BaHUN —
nopsaKkoBasi (yHKIUS TMOJME3HOCTH, (DYHKIMS MpearnouTeHus: Wik GyHKIUs Mojie3HOCTH. Toraa 3agada
JIMIIa, TPUHUMAIOIIETO PElIeHUe, CBOUTCS K BEIOOPY Takoro a € A, koropoe makcumusupyet V (F(a)).
@OyHKIMSA EHHOCTH CIYXHUT JUII KOCBEHHOTO COTIOCTABIICHHS BaXKHOCTH TEX WM WHBIX 3HAYCHUN
Pa3IMYHBIX KPUTCPUEB CHCTEMBI.

C yderom ckazanHoro marpuiia F(a@) momyCTUMBIX HCXOIOB aJbTEPHATHUB IPUMET BH/I:

as fi . f1
F= , (71)
am fip - [

e f¥= fr(a;),i=1M,k=1,K, B Heii Bce anbTEPHATHBBI NPEICTABICHB BEKTOPOM
nokasareneit F(a). st onpenenéHaoct 6e3 orpaHuYeHus OOIHOCTH ITPUMEM, YTO MEPBBII KPUTEPHiA
(a M MOKeT OBITB JIF000I ) OTCOPTHPOBAH IO BO3PACTAHMUIO (110 YOBIBAHHIO) H TTOCJIC STOTO ATbTCPHATUBBI
nponymepoBsanbl i = 1, M.
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3aoaua 1 éuoa nuna, MPUHUMAIOIIETO PEIICHUE, COCTOMT B BBIOOPE Tako# anbrepHaTHBel a’ € A
(71), xoTopas mo3BosiwiIa OBl TIOJNYYUTh «B HAHOONbBLICH Mepe yCTpauBaroUMi ero (ONTHMaibHbIH)
pesynbrar» [21].

JUis TEeXHUYECKOM CHUCTEMBbl KakJas ajibTepHAaTHBA @; MOXET ObITh mpencraBieHa N-mMepHbIM

BEKTOpOM X; = {{x,-j, j= 1,N},i = 1,M} mnapamerpoB, a e€ wucxomsl — K-MEpHBIM BEKTOPHBIM

kputepueM {f1 (X;), ..., fx (X;)},i = 1,M. C ydyerom sT0ro Matpuna ucxoaos (2.1) mpuHUMAaeT B
X1 f1(X1), ., fx (Xy)
I= . (72)
Xy f1(Xn), o, fx (Xm)
[To cpaBHenuto ¢ Heid B Marpuie (71) xomuuecTBo mapamerpoB N =1, T. e. 3HaYCHHSIMHU
CIMHCTBEHHOTO ITapaMeTpa SBIISIOTCS CaMU aJIbTEPHATHUBEI.
3a0aua 2 (72) nvna, OPUHUMAOIIETO pEHICHHE, COCTOMT B BBIOOpPE TaKoro Habopa

KOHCTPYKTHUBHBIX TIapaMeTpoB cucteMbl X° = {{x j=1, N},i =1,M}, KOTOpBIi TMO3BOJHI OBl

ijr
HOJIYYUTh ONTUMAJIbHBIN_pe3ynbTat [20].

Aanu3z cogpemennvix Menoo0s NPUHAMUSA PeULeH Ul N0 IKCREPUMEHMATIbHBIM OAHHbIM

B nacrosimee Bpems s pemenus 3anau (71) u (72) ucnonb3yercs paj «IpOCTHIX» METOJIOB,
0azupyrommxcsi Ha GOPMHUPOBAHUY CIEIUATBHBIX KPUTEPHEB, K KOTOPBIM OTHOCATCS KpuTepuu Bamnba,
Caupka, ['ypBuna, baiieca-Jlamiaca — oHu ABIIIIOTCS OCHOBOM JUIsl IPUHATHS PELICHU.

Kpumepuii Banboa MakcuMu3allid MUHHMAJbHOM KOMIIOHEHTHl HAIpaBiIeH Ha BBIOOD
ONTUMAJILHOTO PELIEHUS, TapaHTUPYIOIIET0 MaKCUMaJIbHBIN BBIUTPHIII CPEIN MUHUMAJIbHBIX:

max j—tgmin i—tx [

Kpumepuui Cs6udica MUHUMATBLHOTO pPHCKa B KayeCTBE ONTHUMAJBHON BHIOMpPAET TaKyro
CTpaTeruio, NpH KOTOPOHl BEIMYMHA pHUCKA T NPUHHMAET HAWMEHbIIEE 3HAYCHHE CpeIH
MaKCHMaJIbHBIX 3HAUE€HUI PUCKOB 10 CTOJIOAM:

min ;_TyMax y_1x 17"

Cama BeIMYuHA pucCKa T'l-k

BBIOMpAETCSl W3 MUHUMAIBHON pPa3HOCTU MEXIy pEeLICHUEM,
NPUHOCAIIAM MaKCHMAaJbHBIM JIOXOI: MaX ;=Th7 X,k =1,K, u Texymum 3HauenmeM f;*, r} =
k _ sk k||=1K
(max ;=tw f;° — fi"), a ux HabOp NpeCcTaBIAET MaTPHUILYy PUCKOB R = ||rl- ||i=W'
Kpumepuii I'ypeuya no3BoisieT BBIOpaTh CTPATEr IO, 3aHUMAIOIIYI0 HEKOTOPOE MPOMEXKYTOUHOE
MOJIOKEHHUE MEXY KpallHUM MECCUMU3MOM M ONITUMH3MOM (T. €. HanboJiee 3HaUUTEIbHBIM PUCKOM):
max p=1g (A Min ;—1x k- 1- )max ;=1 9,
rae o —koddduiurent neccuMmusma, BoiOMpaeMsblii B uHTepBaie 0 < a < 1.
Kpumepuu Baueca-/lannaca y4uThIBaeT KaXKJI0€ W3 BO3MOXKHBIX CJIEICTBUU BCEX BapHaHTOB

pEIICHUI C yYETOM UX BEPOSTHOCTEH P;:
K k
maxi=im Yk-1 fi Dis

Bce 3T MeTOmBI M APYTHE JOCTATOYHO MIMPOKO MPEACTABICHBI B JMTEPAType MO MPUHSITHIO
pemrenutii [7, 13, 20]. Bcem uM npucymym onpeieieHHbIe HeJOCTATKH.

Hampumep, npu aHaimn3e KpUTEpHsi MAKCUMUHA Bastb/1a BBIICHSETCS, YTO 0 YCIOBHUIO 33/1a9U BCE
KPUTEPUH BBITIONIHCHBl B Pa3IMYHBIX equHunax. OTCIOa MEepBBI mar — BBIOOP MHHUMAIBHOM
KOMIOHEHTHl  fi"™™ min _13; f;* BnonHe pasymen, mpu stoMm Bee fit'™ k =1,K usMepens B
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pa3IMyYHBIX €OUHUIAX, IOATOMY BTOPOM IIAar — MaKCUMH3alUd MHUHUMAJIbHONM KOMIIOHEHTHI
max x=1g fMn ye umeer cmbicna. HeckonbKO NMPUOTMKACT K PELICHHIO MPOGIEMBI HCIIONb30BAHME
IIKAJIBl U3MEPEHUSI KPUTEPUEB, HO B IIEJIOM €€ HE peIIacT, TaKk KaK BBHIOpAHHBIC IIKAJIBI KPUTCPUCB
CyOBEKTHUBHBI.

[To nmamemy MHenuto, mis pemienus npodnemsl (69) u (70) HEOOXOAMMO CO3AAHUE MEPBHI,
MO3BOJIAIOIIEH JaTh OLIEHKY JIF0OOTO MPHHUMAEMOT0 PEIICHUS], B TOM YHCIIE U ONTUMaJIbHOTO. J[pyrumu
CJIOBaMH, HEOOXOIUMO TIOCTPOCHUE aKCUOMAMUKU, TIOKA3bIBAIOIIEH, HCX0/s U3 Habopa K KpUTEpHUEB, B
4YeM OJIHa ajbTepHATHBA JIydllle Apyroi. M3 akcMOMaTUKHU B CBOIO OYEPElb MOKHO BBIBECTH MPUHITHUII,
OTIPEACNAIONINN ONTUMAILHOCTh BRIOPAHHOM aJIbTePHATUBBL. A MPUHIIUII ONITUMAIBHOCTH JOJKEH JIeUb B
OCHOBY KOHCTPYKTHBHBIX METOJIOB BBHIOOpa ONTHUMANIbHBIX pelieHui. Takoil moaxoa MpeanoKeH ams
pellleHrs BEKTOPHOM 3a7jaud MaTeMaTHYECKOTo MPOTrpaMMHUpPOBaHUs, KOTOpasi O CBOEH cyTH OnM3Ka K
3ajaue npuHATUs pemenuii B (69) u (70).

Ileobpa3zoeanue 3a0auu npunaAmMUA peuieHUus 8 6eKMOPHYIO 3a0auy

s storo cpaBHuM 3amaun npunatus pemienus (3[1P) (71) u (72) ¢ BekTOpHO# 3amayeii
MaTeMatudeckoro nporpammupoBanus (B3MII). 3amerum, uto 3amada (71) sBasSeTCS YaCTHBIM CITydaeM
3anaun (72).

PesynbTaThl cCpaBHEHUS U3TIOKEHBI B Ta0I. 1.
Tabnuma 1.
Cpasuenue B3MII ¢ 3agauamu npunstus pemienuit (311P)
B3MII — (1) (4) | 3I1P — (72)
2. O6mas nens: [IpuHATHE HAWTYYIIErO PelIeHUs

3. Omnpenenuts BekTop X w3 npomyctumoro | 3. Llens: onmpeaenuTs BEKTOPHYIO aTbTEPHATHBY
MHOkecTBa (3)- (4), B KOTOpOii BEKTOPHBIMH J— ]
. (3)- (4) P P X = {x,-]-,] =1, N} 13 MHOYKECTBA aJIbTEPHATUB { =
kpurepuii F (X) (1) onTrMases.

1, M, B xotopoii BekTopHbIN Kputepuit f (X;), k =

1, K omrrumarieH.

4.  TlomHocThi0  ompeneneHel  BekTop | 4.  IlapameTpsl  ONpeseleHbl, a  KPHTEPHH
mapamerpoB X ¥ (YHKIMOHAIbHAS | MPEACTABJIEHEI B BU/E OTAEILHBIX 3HAYEHHH, TAK 9TO
3aBUCMMOCTh 0T Hero kpurepueB F (X), | QyHKIHMOHAIBHAS B3aUMOCBS3b MEXKIY HHMH He
MHOXECTBO AOIMMYCTHUMBIX TOYCK 6eCKOHeqHO, OonpeaciicHa, MHO>XKECTBO A0y CTUMBIX TOYCK
3anaHo HepaBeHcTBaMu G (X)<B,X >0, (3)- | koneuno u paBHo: i = 1, M.

(4)

Opt F(X) = 5. Tpeobpa3oBanue 3aJaudl MPUHSATHS PEIICHAN B
{max F; (X) = {max f;, (X),k =1,K;}, (1a) | B3MIL
min F,(X) = {min f,, (X),k =1,K,}}, (2a) | Kaxaerii k-t k = 1, K nabop 3HaueHuii KpuTepHeB
G (X)<B,(3a) | fXi=1,M,vk € K, ucnons3ys MHOKECTBEHHYIO
X >0, (4a) | perpeccuto, mpeobpazyeM B  KPUTEPHAIBHYIO
¢yukuuto f(X),Vk € K.

6. 1 3amaun (1a)- (4a) u 6. Opt F(X) = {f(X), ..., fx(X)}T (1b)

(1b)- (3b) fis fie ) < "%k = 1K, (2b)

DKBUBAJIEHTHLI — Xming X < xmax (3p)
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W3 mepBoii m BTOpoW rpadsl BHIHO, YTO JUIs BceX 3amad uenb «l[lpuHATHE HawmTydmniero
(onmTuManbHOTO) perieHus» — oomas. i 3a1aun NpUHSITHAS pelieHni 000uX BUIOB (CTpoka 4) umeercs
HEKOTOpasi HEOINpPENEICHHOCTh — HE W3BECTHBl (DYHKUMOHAIbHbIE 3aBUCUMOCTH KPHUTEPUEB H
OTpaHUYEHUH OT MapaMeTpoB 3aja4yu. B Hacrosmee BpeMsi pa3pabOTaHO MHOXKECTBO MaTeMaTHUECKUX
METOJIOB PErpEeCCHOHHOIO aHalin3a, KOTOpBIE JOBEACHBI JI0 MPOTrpaMMHOr0 obecriedeHus (Hampumep,
cucrema MATLAB) u Mo3BOJSIOT MO HEKOTOpOMY Habopy ucxoaHbix naHHbIX (70) moctpoutsb
dyHsxmonansuble 3aBucumoctu f, (X), k = 1, K. IloaToMy 1715 IOCTPOEHHS KPUTEPHEB U OTPaHHUEHHUI
B 3aJayax MPUHATUS PEUIeHU 000uX BUAOB (CTPOKa 5) HCIOJIB3YeM PErpEeCCHOHHBIC METOJbI, B T.U.
MHOKeCTBeHHOH perpeccud [13]. OObeauHsAsA KPUTEPHH U OTPAHUICHUS, IPEACTABUM 3aa4uK IPUHSATHS
pelieHuit 000X BUIOB B BU/IC BEKTOPHOMU 3a/1a4i MaTEMAaTHYECKOTO MPOrpaMMHUpPOBaHusi (CTPOKa 6).

Beimonaum ot mpeoOpasoBanus. Kaxaeni K-ii cTonbern; marpuibsl I, HCIOIB3yS METOIBI
pEerpecCHOHHOrO aHaju3a i 3aaa4n (69) 1 MHOKECTBEHHYI0 perpeccuto st 3aaauu (70), mpeobpazyem
B Kputepuaibayto Gyukuuio fi (X). Beex ux cobepém B Bekrop-dyHkimio F (X):

max Fy(X) = {max f; (X), k =1,K;} » (1b);

min F,(X) = {min f, (X),k =1,K, B (1b).

DYHKIMOHAIBHEIMA OIPaHUUCHIAMI fI<f, (X)< fMe* |k =1, K, (2b)

rae f =min gy f¥ (X)), fe™ = max ;5 f¥ (X;) — MUHUMAIbHBIEC M MAKCHMATBHBIE
3HAYeHUS KaXAOW (YHKIMHM, a TmapamMeTpbl OrpaHUYEHbl MHHUMAJIbHBIMU M MaKCHUMAaJIbHBIMHU
BEIMYMHAMU Kaxoro Hux (1b).

B pesynbrate noayunm B3MII (1b)- (3b) ananornunyro 3amaun (1a)- (4a), s pereHns KOTOpoi
NIPY PAaBHO3HAYHBIX KPUTEPHSX MCIIOJIB3YEM Ta e aKCHOMATHKA, TOT )K€ MPHUHITUI ONTHMAaJIbHOCTH U TE
K€ METOJIbl, OCHOBaHHbIC HAa HOPMAJIU3aIllMK KPUTEPUEB M MPHUHIIMIIE MAKCUMHUHA, KaK U I MOJIEIH
TEXHUYECKOH CHCTEMBI B YCIIOBHSIX TIOJTHOM ONPEACIICHHOCTH.

Bxmopnasa 3a0aua mamemamuueckozo npozpammuposanus ¢ yciaoeuamu onpeoeneHHoCmu u
HeonpeodeneHHoCmuU

[IpencraBuM  3amady BEKTOPHOH  ONTUMH3AIMM C  YCIOBHUAMH  ONPEACICHHOCTH |
HEOIPEIeIIEHHOCTH.

Ycnosus onpedenennocmu XapakTepu3yrOTCsl TEM, YTO U3BECTHA (PYHKIMOHAIbHAS 3aBHCUMOCTD
KaXI0¥ XapaKTEPUCTUKU U OTPAHUYCHUI OT MapaMeTpoB HCCieyeMoro oobekTa, [7-19].

Ycnosus neonpedenennocmu XapakTepusyroTcsi TEM, YTO UCXO/HBIE JaHHbBIE, XapaKTEePU3YIOLIHe
UCCIIETyeMOT0 00BEKTa, MPEACTABIEHBI: a) CTy4YalfHbIMU, 0) HEUETKUMH, WM, B) HE MOJIHBIMH JJTAHHBIMU.

[TosTOMy y Hac OTCYTCTBYeT AOCTaTouHas WHpopMmanus O (QyHKIHMOHAILHOW 3aBUCHMOCTH
Ka)10M XapaKTEePUCTUKU U OrpaHUYeHu# oT apameTtpos [8-20].

B peanbHON KH3HH YCIOBHUS OINPEICIICHHOCTH W HEONPEACICHHOCTH COBMeNarTcs. Moselb
TEXHOJIOTUYECKOTO TpoIlecca TaK € JOJDKHA OTpaXaTbh 3TH yCIOBHA. MBI TpEACTaBUM MOJAETh
TEXHOJIOTUYECKOTO MPOIECCa B YCIOBUAX OMPEACTICHHOCTH U HEOTIPEICIICHHOCTH B COBOKYITHOCTH:

Opt F (X) = {maxF,(X) = {max f, (X),k =1,K>*}, (73)
max I, (X) = {max f;, (X;,i =1, M)}7, k =1, K"},

min F,(X) = {min f, (X),k =1, K,

minl,(X) = {minf, (X;,i =1, M)}, k =1,K"}}, (74)
at restriction f"" < f.(X) < f"** k = 1,K, (75)
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xjmi" Sx < XM = 1,_N7, (76)

rme X =1{x;,j=1,N} — Bekrop ympaBIsSeMbIX MepEeMEHHEIX (BXOJHBIX HapaAMETPOB
UCCIIEyeMOro O0BEKTA);

F(X) ={F,(X) F,(X) I,(X) I,(X)} — BekTOpHBIii KpUTEpHi, KaKAas KOMIIOHEHTa KOTOPOIO
NPEJICTABIACT BEKTOp KpUTEPHEB (BBIXOMHBIX XapaKTEPUCTUK HCCIEAyeMOro obObekra). Bemuuuna
XapakTepUCTHKH ((DYHKIIMH) 3aBHCUT OT JUCKPETHBIX 3HAUEHHUH BekTopa nepeMennix X. Fy (X) Fp(X) —
MHOKECTBO (QYHKIMIA Max u Min coorBercTBeHHO; I (X) I;(X) MHOXECTBO AMCKPETHBIX 3HAYCHHIA

XapaKTePUCTHK max 5 min COOTBETCTBEHHO; 1, Kld ef 1, sz ef (definiteness),

1, K™, 1, K3™ (uncertainty) MHOXeECTBO KpUTEpHEB Max u MiN chOpMUpOBaHHBIE B YCIOBHSX
ompeneneHHOCTH M Heompexenennocty; B (73)- (74), f™" < fi(X) < "%,k =1,K — Bexrop-

yHKIMs OrpaHMYeHUH, HAK/IA/IbIBAEMBbIX Ha (BYHKIIMOHMPOBAHUE MCCIIEyEMOT0 00beKTa, X' < Xj <

x"*,j = 1,N — napaMeTpHdecKue OrpaHHYCHHs HAKIIAIBIBACMEIC Ha HCCIIEIYCMbIH 0OBEKT.

ITeobpazosanue 3adauu npuHamMuUA peWeHUs 6 YCI06UAX HEONPEOeIeHHOCMU 6 3a0ayy
6EKMOPHOU ONMUMU3AUUU 8 YCTIOGUAX ONPEOCTeHHOCMU

VYcrpaHeHHe HEOIMPEeAeICHHOCTH COCTOUT B UCIOIb30BAHUHM KaYE€CTBEHHBIX U KOJIUYECTBEHHBIX
OIHCAHHUI HMCCIEIYEeMOro 00BEKTa, KOTOPhIE MOTYT OBITh MOJIYYCHBI, HAIPUMED, 110 MPUHIUITY “BXOJ-
BbIx01”. [IpeoOpa3oBaHus TakOH MH(POPMAIMH — UCXOTHBIX [TAHHBIX B (YHKIHOHAIBHYIO 3aBHCHMOCTh
OCYILECTBISIETCS ITYyTEM HUCIOIb30BAHUS MATEMATHYECKUX METOJIOB (pPerpecCHOHHOTO aHam3a), [9-19].

[IpeoGpa3oBanre BEKTOp — (GYHKIMH (KPUTEPHEB) OCYIIECTBISIETCS 10 METOAY HAWMEHBIINX
kBaapatoB: min Y11, (v; — %)%,

rae y;,i = 1, M - peanbHO HabII0aeMble BETMUHMHBL; ¥, i = 1, M MX OLIEHKH, HOTy4eHHbIE I
onHodakTopHOH Mojenu ¢ momomplo (yukuuu  y, = f(X;, A), X; = {x;} . Oywxumio f(X;, A)
HPEICTABIIIN B BUJIC MOJMHOMA. B PHKIaIHO# 9acTi pabOThI UCIIOIB3YETCsI IOJIMHOM BTOPOM CTEIICHH.

B pesynbTare Takoro npeodpa3zoBanus ucxoqHbie qaHHbIe B (73) u (74):

{fi X i =T, MYk =1L,K", {fi Xy, i =T, MY,k =1,K"°

B 3a/1a4aX NPUHSITHUS PEIICHUS B YCIOBUSAX HEONPEIEIEHHOCTH PeoOpa3oBaHbl (pyHKIIMK:

fie X,k = LK™, {fie (X),k =1, K™

B wurore BekTOpHas 3agaya ¢ yCJIOBUSAMH ONpeAeNeHHOCTH M HeompeneneHHoctd (73)- (76)
npeoOpasyercsi B BEKTOPHYIO 33/1a4y B YCIOBUSIX ONPEICICHHOCTH:

Opt F(X) = {max F;(X) = {max f;, (X).k =1,K;}, (77)
min F,(X) = {min f;, (X).k =1,K,}}, (78)

at restriction " < fi,(X) < fi"**, k = 1K, (79)
xjmi” Sx < XM j = 1,N, (80)

rae F(X) = {fx, k = 1, K — BeKTOpHBIil KpuTEpHii, KaK1asi KOMIOHEHTA KOTOPOTO MPE/ICTABIISET
XapaKTEPUCTHKY OOBEKTa, (PYHKIIMOHAIBHO 3aBHCAIIYI0O OT BEKTOpa MEPEMEHHBIX X; MOIMHOXKECTBO

de de
KPUTEPHEB B YCIOBHAX onpeneneHHocTH Ky = K Ty K{"*°, n neonpenenennoctn K, = K, Tu K3,

Bekropnas 3agaya maTeMaTiyeckoro nporpammupoBanus (77)- (80) sBisiercst ananorom B3MIT

(1)-(4).
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Mmooonozusa 6vli60pa ONMUMATILHBIX RAPAMEMPOE UHNCEHEPHBLIX CUCHEM 6 YCI06UAX
onpeoeeHHOCMU U HeONPeOeleHHOCIU HA OCHO6e 6eKMOPHOIL ONMUMUZAUUU

B xadectBe 00BEeKTa WCCIEAOBaHWS HaMU paccMmarpuBaioTcs «HKEHEpHBIE CHCTEMBD», K
KOTOPBIM OTHOCSITCS «TEXHUYECKHE CHCTEMbD», «TEXHOJOTHYECKUE MPOLIECChy, «MaTepuas», [17, 18,
19]. UccnenoBanue MHXEHEPHOW CUCTEMBI BBIIIOJIHEHO, BO-TIIEPBBIX, B YCIOBUIX OMPEIEIEHHOCTH, KOT/Aa
W3BECTHBI JIaHHBIE O (YHKIMOHAIBHBIX XapaKTEPUCTHKAX WHKEHEPHOW CHUCTEMBI, BO-BTOPHIX, B
YCJHOBUSIX HEOINPENEICHHOCTH, KOTJa W3BECTHBI JMCKPETHBbIE 3HAYEHUS OTACNIbHBIX XApPAKTEPUCTUK;
TaK)K€ U3BECTHBI IaHHbIe 00 OrPaHUYEHUSIX, KOTOPbIE HAKJIbIBAIOTCS HA PYHKIIMOHUPOBAHUE CUCTEMBI.
MatemaTtnueckuil anmapar MOZIEIUPOBAHUS MHXKEHEPHON CHUCTEMbl 0a3uMpyeTcsi Ha TEOPUU U METOo/ax
BEKTOPHOM ONTHUMM3AIMK, KOTOPbIE MpPEJICTaBICHbl B TPETheM paszzenie. B opranmzannoHHOM IiaHe
IIPOLIECC MOJICTTMPOBAHUS U CUMYJIMPOBAHUS TEXHUYECKOW CUCTEMBI IIPE/ICTABIEH B BUE METOAOIOTHU:
«Metoaoorusi BBIOOpa ONTHUMAIBHBIX IMAPAMETPOB MHKEHEPHBIX CUCTEM B YCIOBHSIX OMPEIECICHHOCTH
U HEOIPEIEICHHOCTUY.

MeTto10510T1s BKJIFOUAET PsiJT ATAIOB.

1. ®opMupoBaHHE TEXHUIECKOTO 3a1aHus (MCXOIHBIX TAaHHBIX) HA YMCICHHOEC MOJICIIMPOBAHUC U
BBIOOPA ONTUMANIBHBIX MMAPAMETPOB CUCTEMBI. VcXoaHbie MaHHBIE (POPMHPYET KOHCTPYKTOP, KOTOPBIi
MIPOEKTUPYET TEXHUUYECKYIO CUCTEMY.

2. TloctpoeHne maTeMaTHYECKONM U UYMCIEHHOM MOJENIM TEXHUYECKON CUCTEMBbI B YCIOBHUAX
OIPEECIIEHHOCTH U HEOIIPENEIEHHOCTH.

3. PemicHue BEKTOPHO#M 3agadynd MaremMaTndeckoro mporpammupoBanus (B3MII) — moxenu
WH)XCHEPHOU CUCTEMBI ITPU PAaBHO3HAUHBIX KPUTEPHUSX.

4. TTocTpoeHre reoOMeTpUUECKON HHTEPIIPETALUN PE3YIbTATOB PEIICHUS B TPEX MEPHOI cucTeMe
KOOPJIMHAT B OTHOCUTEIIHHBIX €IMHUIIAX.

5. Pemienne BEKTOPHOM 3a/lay MaTeMAaTHUYECKOTO MPOTPAMMHUPOBAHUS — MOJCIH MH)XCHEPHON
CHCTEMBI TIPH 3aIaHHOM MPUOPUTETE KPUTEPHSI.

6. 'eomeTprueckasi UHTEPIPETALHS PE3YJIHTATOB PEIICHUS B TPEXMEPHON CHCTEME KOOPAUHAT B
($u3NYECKUX eTUHULIAX.

MpanupoBaHue CTPYKTYphl MaTepHalia ¢ YEThIPbMS MapaMeTpamMu W MPUHATHE ONTUMAIBLHOTO
pelIeHus 10 YUCIEHHOMY MHOKECTBY KPUTEPHUEB

MpenupoBaHne W NPHHATHE ONTHMAJIBHOIO pelIeHHS 10 YHCJI0OBOMY MHOXKECTBY
KpHUTepHeB CTPYKTYPhI MaTepHaJia ¢ YeTbIpbMs IapaMeTpaMu

B kaudecTtBe 00beKkTa wHcciaenoBaHUS HaMU paccMarpuBaroTcsi «VH)KeHepHBIE CHUCTEMBD», K
KOTOPBIM OTHOCSITCS «CTPYKTypa matepuainay», [18, 20-26]. CtpykTypa mMaTepuana paccCMaTpUBAETCS C
YeTBIPbMsI TIapaMeTpaMH M YETHIPbMS XapaKTepUCTUKAMU. DKCIEPUMEHTANbHbIE JaHHBIE CTPYKTYpPbI
MaTepHasa MpeJCTaBUM B BUE 3aa4d IPUHATHS penieHuii BToporo suaa (70):

X1,1 X2,1 X3,1 X421 fits o f6
F = — problem of 2-type, K = 4.
Xim Xom Xam Xam fi s i

HccnenoBanie NHKCHEPHOM CHCTEMBI (CTPYKTYpa MaTepHalia) BhIMOIHEHO:

BO-TIEPBBIX, B YCIOBHUSAX OIPEACICHHOCTH, KOTJa W3BECTHBI JaHHBIE O (PYHKIHOHATBHBIX
XapaKTEPUCTUKAX UHXEHEPHON CUCTEMBI;

BO-BTOPBIX, B YCIOBUSAX HEOMNPEIETECHHOCTH, KOTJIa U3BECTHBI IUCKPETHBIE 3HAUCHUS OTIACIBHBIX
XapaKTepUCTHK; TAaKKe W3BECTHHI JaHHBIE OO0 OrpaHUYCHUSX, KOTOpPhIE HAKIAABIBAIOTCS Ha
(bYHKIIHOHMPOBAHKME CHCTEMBbI (CTPYKTYpa MaTepuaa).
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Hcnionb3yst perpecCHOHHBIN aHATH3 IKCIIEPUMEHTAIbHbIC TaHHbIE F MpeoOpa3yroTcs B BEKTOPHYIO
3aj1a4y MaTeMaTHYECKOTO MPOrPaMMHUPOBAHUSL:

max fi,(X,A) = agr + X1 + AapXy + A3pX3 + QupXy + AgpX Xy + AgrX1 X3 + Ay XX, +
AgieXX3 + AoXpXy + A1orX3Xs + A11pX] + QuopXs + Ay3Xs + agaexs, k=1, K.

min fi, (X, A) = agr + a1xX1 + AppXy + AzpX3 + AgpXy + AspX Xy + AgrX X3 + A7 X X4 +
AgiXoX3 + AogXpXy + Q1orX3Xs + A1pX] + AuopXs + Ay3iXy + A, k =1, K,

[pu orpanndenusx x < x; < xj,xI<x,< x5, x9< x3< x5, Xx9< x,< x5

X1 + x5 + x3 + x4 = 100.

MaremMaTHYeCKHii anmapar MOJCIMPOBAHHMS WH)XCHEPHOH CHUCTeMbI 0a3MpyeTcs Ha TEOPHH H
METO/IaX BEKTOPHOW ONTHMHU3AIMH, KOTOPbIC MPEICTABICHBI B IPEABIIYIIUX IIaBax.

B opranuzannoHHOM IUIaHE MPOLIECC MOJAEIUPOBAHUS M CHMYJIMPOBAHMS HH)KCHEPHOM CHCTEMBI
IPEJICTABICH B BHJE METOMOJIOIHU: «METOMOIOr s BEIOOpA ONTHMAJBHBIX IMapaMETPOB HHIKEHEPHBIX
cucteM (CTPYyKTypa MaTepHaja) B YCIOBHSX ONPENEICHHOCTH M HEOIPEAEIIEHHOCTIY, IPEICTABIEHHOMN B
pasaene 7.7.

Dan 1. PazpaboTKa TEXHHYECKOT0 3a1aHus1 (MCXOAHBIX JaAHHBIX) JUIsI MCCJIeI0BAaHUs U BbIOOpa
CTPYKTYpPBI MaTepHaJia

Jano. Mbl uccinenyeM CTpyKTypy Matepuaiga. CocTaB CTPYKTypbl MaTepHajia OIpeaeiseTcs
YETBIPbMSI KOMIIOHCHTaMH:

Y = {1, V2, Y3, Va}, KOTOpBIE IPEACTABISAIOT BEKTOP yIPABISAEMBIX IIEPEMEHHBIX.

[TapameTpbl CTPYKTYpBI MaTepHralia 3aJaHbl B CIICAYONIUX Mpeesiax:

21<y;<79; 5<y,<59; 21<y3<9.0; 2.2<y,<7.0. (81)

KauecTBO cocTaBa CTpyKTypbl MaTepuaia ONpeIeiIsiOTCS YSThIPhbMS XapaKTEPUCTUKAMHE:

H(Y) ={h,(Y),h,(Y),h3(Y),h,(Y)} , BenuumHa OIEHKH KOTOPBIX 3aBUCHT OT BEKTOpA
napameTpoB Y = {yj,j =1,N,N = 43.

Venosus onpedenennocmu. OHU XapaKTEpU3YIOTCS TEM, YTO JUIS NIEPBOil XxapakTepucTuku h, (Y)
M3BECTHA (DYHKIMOHAIbHAS 3aBUCUMOCTD OT apaMeTpoB Y = {y;,j = 1,N,N = 4}.

hy(Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y; + 13.124y, + 0.0968y,y, — 0.062y,ys —
0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y3y, + 0.0143y? + 0.0118y7 — 0.2434y2 —
0.5026x2, (82)

Venosus neonpeoenennocmu. OHA XapakTepH3YIOTCS TEM, YTO JJIsl BTOPOil, TPETheil 1 4eTBepTOil
xapakrepuctuku: h,(Y), h3(Y), hy(Y) u3BECTHBI pe3yabTaThl SKCIIEPUMEHTAIBHBIX JAHHBIX: BEJTMYHHBI
apamMeTpOB U COOTBETCTBYIOIIMX XapaKTEPHUCTHK.

Yucnossle 3HaueHHs mnapameTpoB Y u xapaktepuctuk h,(Y),h;(Y), h,(Y) mnpeacraBnenst B

Tabiuue 2.
Tab6auna 2.
UYucioBble 3HaYEHN [TapaMETPOB M XapaKTEPUCTUK MaTeprasa
y1 y2 y3 | ya h2 (Y) hs (Y) ha (Y)
20 0 2 2 1149.6 1151 24.24
20 0 2 5 1164.0 114.5 27.60
20 0 2 8 1176.0 114.4 28.80
20 0 5 2 1212.0 118.8 30.00
20 0 5 5 1260.0 113.8 31.20
20 0 5 8 1257.6 113.3 32.40
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20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

0 8 2 1256.4
0 8 5 1252.8
0 8 8 1251.6
30 2 2 2143.2
30 2 5 2154.0
30 2 8 2163.6
30 5 2 2176.8
30 5 5 2185.2
30 5 8 2198.4
30 8 2 2211.6
30 8 5 2232.0
30 8 8 2245.2
60 2 2 2954.4
60 2 5 2820.0
60 2 8 2772.0
60 5 2 2748.0
60 5 5 2832.0
60 5 8 2904.0
60 8 2 3022.8
60 8 5 3036.0
60 8 8 3056.4
0 2 2 3583.2
0 2 5 3601.2
0 2 8 3608.4
0 5 2 3616.8
0 5 5 3622.8
0 ) 8 3637.2
0 8 2 3651.6
0 8 5 3672.0
0 8 8 36852
30 2 2 1195.2
30 2 5 1212.0
30 2 8 1236.0
30 5 2 1251.6
30 5 5 1272.0
30 5 8 1296.0
30 8 2 1318.8
30 8 5 1344.0
30 8 8 1388.4
60 2 2 2176.8
60 2 5 2196.0
60 2 8 2220.0
60 S) 2 2245.2

110.7
109.2
108.5
128.3
127.4
126.8
126.1
124.3
124.1
123.9
121.4
121.7
150.4
144.9
140.8
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

33.60
34.80
34.80
19.92
21.60
25.20
29.76
33.48
37.20
39.48
42.00
49.20
15.60
18.00
21.60
24.24
28.80
32.40
35.16
39.60
44.88
11.28
14.40
16.80
21.12
22.80
27.60
30.84
36.00
40.56
52.80
60.00
64.80
68.64
75.60
82.80
88.08
97.20
107.64
40.56
45.60
52.80
60.00
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50 | 60 | 5 | 5 | 22860 | 1270 67.20
50 | 60 | 5 | 8 | 22944 | 1256 73.20
50 | 60 | 8 | 2 | 23136 | 1239 79.44
50 | 60 | 8 | 5 | 23400 | 1145 85.20
50 | 60 | 8 | 8 | 23820 | 1195 99.00
80 | 0 2 | 2| 29880 | 154.8 31.92
80 | 0 2 | 5| 30120 | 153.2 36.00
80 | 0 2 | 8 | 3036.0 | 151.8 43.20
80 | 0 | 5 | 2| 30564 | 150.4 51.36
80 | 0 | 5 | 5| 31080 | 1507 61.20
80 | 0 | 5 | 8| 31560 | 151.2 72.00
80 | 0 | 8 | 2| 32448 | 1515 82.80
80 | 0 | 8 | 5 | 32280 | 1449 86.40
80 | 0 | 8 | 8 | 31932 | 1408 90.36
80 | 30 | 2 | 2 | 36168 | 1857 23.28
80 | 30 | 2 | 5 | 3639.6 | 1835 30.00
80 | 30 | 2 | 8 | 36600 | 1822 36.00
80 | 30 | 5 | 2 | 36852 | 1813 42.72
80 | 30 | 5 | 5 | 37080 | 179.4 48.00
80 | 30 | 5 | 8 | 37320 | 1780 54.00
80 | 30 | 8 | 2 | 37536 | 176.9 62.16
80 | 30 | 8 | 5 | 36720 | 1753 73.20
80 | 30 | 8 | 8 | 38220 | 1725 81.72
80 | 60 | 2 | 2 | 12180 | 1283 87.00
80 | 60 | 2 | 5 | 12480 | 1256 94.80
80 | 60 | 2 | 8 | 12720 | 1242 | 103.20
80 | 60 | 5 | 2 | 13188 | 1217 | 116.16
80 | 60 | 5 | 5 | 13440 | 1187 | 126.00
80 | 60 | 5 | 8 | 13920 | 1159 | 136.80
80 | 60 | 8 | 2 | 14220 | 1151 | 14544
80 | 60 | 8 | 5 | 14640 | 1104 | 156.00
80 | 60 | 8 | 8 | 15240 | 1085 | 17472
min yi (X), i=1,..., 81 1149.6 92.4 11.3
max yi (X), i=1,..., 81 3822.0 | 1615 174.7

Ha uncnossie 3HaueHus nmapametpoB Y = {y;,V,, Vs, Y4} HATOKEHBI OTPAHHYECHUSL:
Y1 +Y2 + y3,+y, = 100.
BenmuuuHy oleHKH 10 TIEPBOi U TPEThel XapaKTEPUCTUKH (110 KPUTEPHUIO) XKeTaTeIbHO, TOIYyIHTh
Kak MOxHO BbIme: hy(Y) —» max, h;(Y) - max; Bropoii u 4eTrBepToil Kak MOKHO HEKe: h,(Y) —
min, h,(Y) = min. [Tapamerpsl (cocTaB) MaTepuana:
Y = {y1, V2, Y3, Y4} I3BMEHSIOTCS B CIIEAYIONMX MPEIEIaX:
y, € [20.0 50.0 80.0], 7, € [0.0 30.0 60.0], 5 € [2.0 5.0 8.0],y, € [2.2 5.5 8.8]. (83)
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Tpeoyemcsa. 1) Pazpabotath MaTeMaTHYECKYI0 MOJIENIb CTPYKTYpPhl HCCIEIyEeMOro MaTepHuaia B
BUJIC BEKTOPHOH 3a/1a4M MaTeMaTHYECKOTO MporpaMmupoBanus. 2) Ha ocHOBe pa3paboTaHHBIX METOI0B
pemennst B3HII noctpouts nporpammuoe obecrieuenue B cucteme MATLAB.

3) PeminTh BEKTOPHYO 3a/1a4y C pABHO3HAYHBIMU KPUTEPHUSMU: BEIOPATh ONITHMAIBHYIO CTPYKTYPY
marepuana. 4) BrpiOparte mnpuopuTeTHbI Kpurepuil (Tperumii). YCTaHOBUTH YHCIEHHOE 3HAYCHHE
npuoputeTHoro kputepusi: hs (X?) = 80. [Ipunsate Hamny4iiee (ONTUMATIBHOE) PELICHUE C 3aJlaHHBIM
IPUOPUTETOM KpUTEPUSI.

Ilpumeuanue. ABTOpOM paszpaboTaHo mporpammHoe obecrneuenne B cucteme MATLAB s
pelieHsT BEKTOPHBIX 3aJad MaTeMaTHYeCKOro IMpOorpaMMHpOBaHMs. BekTopHas 3ajada BKIIOYACT
YeThIpe MEPEMEHHBIX (apaMeTpoB TEXHHYECKOH cucTeMbl): X = {Xy, X5, X3, X4} U YETHIPbMS KpUTEPHS
(xapaKTepUCTHKH)

FX) ={iX), 2(X), f5(X), f(X)}. Ho mst KakKIbIX HOBBIX IAHHBIX (HOBasi CHCTEMa) IporpamMma
HACTPAMBAEeTCS  WHAWBHAyaJdbHO. B mporpammHoM  obecrieuenmd  kputepun  F(X) =
(LX), LX), ..., fe(X)} ¢ ycnoBusimu HeonpenenenHocTd (B Tabmume | OHM TPEICTaBICHBI KaK 9acTh
{¥1, Y2, V3, Ya}) MOTYT U3MEHSTHCS OT HYJIsA (T.€. BCE KPUTECPUU MOCTPOCHBI B YCIIOBHSIX ONPEICICHHOCTH )
JI0 1IeCTH (T.€. BCe KPUTEPUH MOCTPOCHBI B YCIOBUSAX HEONPEICICHHOCTH).

23Tan. IlocTpoeHne MaTeMaTH4YeCKOH M YMCI0BOI MO/IeJIM MaTepuaJia B YCJIOBUSAX ONPe/ieJIeHHOCTH U
Heonpe/1eJIeHHOCTH

8.3.1. @opmuposanue mamemamuiecKkoi Mooeau CmMpPyKmypvl mamepuania

Co31anue YUCII0BOI MOJIENTM MaTepHalia BKITIOYAET CIICAYIOIIIE pa3/ieibl: BEIOOp MaTeMaTHYeCKOM
Mojnenu Matepuana; [locTpoeHne Monmenu B YCIOBHUSIX oOmpeaeieHHOCTH; [locTpoeHHe B YCIOBHUSIX
HeolpeaesieHHOCTH; [locTpoeHHe YMCIIOBOW MOJENW MaTepualla B YCIOBHSX ONPEACICHHOCTH |
HEOIPEICIIEHHOCTH.

8.3.2. Mamemamuueckas modesib CMPYKmMypovl MAmMepuaia 8 yCioGusax OnpeoeieHHoCmu

[TocTpoeHrne MaTeMaTHYECKOW MOJIEITH JIJISl PUHSATHS ONTUMAIIFHOTO YIPABICHYECKOTO PEIICHUS
CTPYKTYpbl MaTepuana Toka3aHo B paszgene 7.5. B coorBerctBum ¢ (73)- (78) mnpencraBum
MaTeMaTHYeCKyl0 MOJeNIb MaTephaja B YCJIOBUSX ONPEACICHHOCTH U HEONPEACNCHHOCTH B
COBOKYITHOCTHY B BHJI€ BEKTOPHOH 3a/1a4H:

Opt H (Y) = {maxH,(Y) = {maxh; (¥),k =1,K}, (84)
max ;(Y) = {maxh, (V;,i =1, M)}7, k =1, K"}, (85)
min Hy(Y) = {min by (X),k =1, K3, (86)
min L, (Y) = {min by (¥, i = T, M)}", k =1, K"}, (87)
npu orpannyennsax: " < h,(Y) < k%, k = 1,K,
yr <y < Yy i =1 N, y1 + ¥, + y3,+y. = 100, (88)

rae Y ={y;,j = 1,N} — BeKTop yNpaBIseMbIX [ePEMEHHbIX (KOHCTPYKTHBHBIX [1apaMeTpOB
MaTepuana);
H(Y)={H,(Y)H,(Y) I, (Y), I, (Y)} npencraBisiecT BEKTOPHbIIi KPUTEPHii, KaX1asi KOMIIOHCHTA
KOTOPOTO SIBIISIETCSI BEKTOPOM KPHUTEPUEB (XapaKTEPUCTHK) MaTepHana, KOTOpbIe (YHKIIMOHAIBHO
3aBHCAT OT TUCKPETHBIX 3HAYCHHUI BEKTOPA MIEPEMECHHBIX;

Hy (Y) = {h (V). k = LK}, Hy (Y) = {h (V) k = 1,KS} — 510 muONecTBO dhyHKImii

max 1 MiN COOTBETCTBEHHO;
L (V)= {h (Yii =1, M)}, k = 1, K™},
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L (V) ={{h (Y,i =T, M)}",k =1,K¥°} — 510 MHOXKECTBO MaTpumi Max u min
cootBercTBeHHo; ( definiteness), K. K3 (uncertainty) MHOXeCTBO KpuUTepHeB Max u mMmin
cOpMHUPOBAHHBIC B YCIOBUSIX OMPEICICHHOCTH U HEOIPEICIICHHOCTH;

B (88) hPM"<h, (Y)<h™ k=1,K mpencraBieHa BeKTOp-(QYHKIMS OTpPAHHUYCHHIA,
HAKJIaJ[bIBAEMbIX Ha ()YHKIIMOHHPOBAHUE MaTepHaa;

B (88) y}”ins y <y j = 1, N — mapaMeTpuuecKue OrpaHHYeHHS.

[pumem, uto ¢ynxiuuu hy (X),k = 1, K muddepenmupyemsl u Bemyknsl, g; (X),i=1,M
HEMPEPhIBHbI, a 3aJaHHOE OrpaHrnYeHUAMHE (88) MHOKECTBO JOMYCTHUMBIX TOYCK S HE MYyCTO:

S={YeR"G(Y) <0,Y™M" <Y <Yymax} £ @,

U TIPEJCTaBIIsIeT cOO0M KOMITaKT.

8.3.3. Ilocmpoenue yucieHHoU Modeau CmpPyKmypvl MAmepuaa 8 ycio8usx onpeoeieHHocmu

Ycnosua onpedenennocmu  XapakTepusyroTcs (YHKIMOHAIbHOM  3aBHCHUMOCTBIO  Ka)KIOM
XapaKTEPUCTUKU M OTPAHUYCHUI OT MapaMeTpoB MaTepuaia. B nmprMepe u3BeCcTHBI XapakTepucTuka (82)
u orpannuenus (81). Mcnonb3ys unpopmarmonusie ganubie (81), (82) moctpoum oHOKPUTEPHAIIEHY O
3aJ1a4y HEJIMHEHHOr0 MPOrpaMMHUPOBAHUS B YCIOBUSX ONPEAEIECHHOCTH:

max h;(Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y; + 13.124y, + 0.0968y,y, —
0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y3y, + 0.0143yZ + 0.0118y3 —
0.2434y2 — 0.5026y2, (89)

IIpU OTpaHuYEHusAX: Yy, + y, + y3 + y, = 100,

21<y,<79,5<y,<59,21<y;<9.0,2.2<Ly,<7.0. (90)

DT TaHHBIE B JAIbHEHIIIEM UCIIONB3YIOTCS P MOCTPOSHUH MaTeMaTHYECKON MOIeTT MaTepuarna.

8.3.4. ®opmuposanue mamemamuueckoli Mooeau CMpPyKmypvl Mamepuad 8 ycioeunx
HeonpeoeneHHocmu

®opMHUpOBaHUE B YCIOBHSIX HEOIPEIEICHHOCTH COCTOMT B HCIOJb30BAaHUM KAayeCTBEHHBIX,
KOJIMYECTBEHHBIX OMMCAHUHN MaTepuaia, OJyUYEeHHBIX 10 IPHHIIAITY “‘BXOJ-BBIXOJ B TaOJHIIE 2.

[TpeoOpa3oBanue UCXOHbIC TaHHBIX (HH(DOPMAIIUH):

hz(Yi:i = L_M), h3(Yi'i = L_M)v h4(Yi'i =1,M)

B (DYHKIIMOHANBLHBIA BU/I;

h,(Y),h3(Y),hy(Y) ocymiecTBisieTcss TyTeM HWCIOJB30BAaHHS MAaTEMaTHUYECKMX  METOJIOB
PErpecCHOHHOTO aHaU3a.

Hcxonnpie nanabie copmupoBansl B Tabauie 2 B cucteme MATLAB B Bujie MaTpuIib:

I=|Y,H| = i, Yi2 Vi3 Via hizs hiz, hiay 0 = 1, M} (91)

Jnst kaxxioro Habopa SKCIePUMEHTAIBHOTO JaHHbIX Tabnuuel 2 hy, k = 2,3,4 crpoutcs
(yHKIHUS perpeccuu METOOM HaUMEHbIUX kBaapatoB min Y, (y; — ¥,)? B cucreme MATLAB.

dopmupyeTcst TOTUHOM Ak, OTIPEACTSIONIMNA B3aUMOCBA3b TapameTpoB Y; = {Vi1, Vi2, Viz, Via} ¥
byukuuu  y, = h(Y;, Ax), k = 2,3,4 . Pesyabrarom  (GOPMHpOBaHHS  SBISIETCA  CHCTEMA
K03 PHUIIUEHTOB:

A = {Aoks A1ks - » Ararc},
KOTOPBIE ONPEACISIOT KO (OUIIMEHTHI KBaJPATUIHOTO MOJTMHOMA!
hi (Y, A) = Aok + A1xys + Aoy + Asiys + AgrYa + Aspy1Ya + Agry1ys + A7edaya +

Agry2y3 + Aok yaVa + ArorY3ya + Ar1kyt + Arakys + Avzkys + Arayi k = 2,3,4. (92)
[IporpaMmHOe obGecreueHre MONTMHOMHAILHON ANIIPOKCUMALMU C YETHIPbMS IEPEMEHHBLIMH U

YyeThlpHaALaThi0 (pakTopamu paszpaboraHo. B wuTore skcnepuMeHTajbHbIE JaHHbIE TaOMUIBl 2
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npeoOpasyrrcsi cuctemy koddduimentoB Tpex o¢ynkuuu (92) B Bume Ttabmunsl ([Iporpamma:
Z_Material_ MMTT32_0s13_4Kk):

Ao=[323.8408 954.8634 110.02 21.0051

-2.2495 28.6719 0.9106 -0.0101

-3.4938 37.0392 0.6206 -0.8403

10.7267 -31.0303 -0.4287 -0.4314

13.1239 -54.0031 -2.5176 1.1718

0.0969 -0.9219 -0.0151 0.0166

-0.0621 0.5644 -0.0094 0.0850

-0.1696 0.8966 0.0222 -0.0001

0.0743 -0.1540 -0.0198 0.0522

-0.1042 0.3919 0.0184 0.0003

0.0036 -0.0135 -0.0006 0.0006

0.0142 0.0477 -0.0004 -0.0021

0.0117 0.0437 -0.0003 0.0035

-0.2433 3.8489 0.0390 0.0061

-0.5026 3.1748 0.1414 -0.0310];

Rj =[0.6115 0.7149 0.6551 0.9017];

RRj=[0.3740 0.5111 0.4292 0.8130];

Ha ocuoBe A0 (2) Ao (3) Ao (4) crpositest dyukituun h,(Y), hs(Y) u hy(Y), KoTOpBIE ¢ ydeToM
MOJTYYEHHBIX KOA(POHUIIMESHTOB IPUMYT BH/I:

max h;(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, — 0.008y,y; +
0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y3y, — 0.0004y? — 0.0002y% + 0.0335y2 +
0.124y2, (93)

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 + 3.8489y3 +
3.1748y2, (94)

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, + 0.0006y;y, — 0.0022y% + 0.0035y7 +
0.006y% — 0.0311y2, (95)

IpU OrpaHudeHusx: y, + y, + ys + y, = 100,

21<y,<79,5<y,<59,21<y;<9.0,2.2<y,<7.0. (96)

MuHUMaIbHBIE W MaKCHMajbHbIe 3HAYCHHS  OKCIEPUMEHTAIBHBIX  JAHHBIX V1, ..., V4
NpE/ICTaBICHbI B HIDKHEHW yacTh TaOnuiel 2. MUHHMalbHbIE W MaKCHMAJbHbIC 3HAYCHHS (QYHKI[HIA
hy(Y),h3(Y),h,(Y),hy(Y) He3HaYMTENBLHO OTIHYAOTCS OT DKCIEPHMMEHTAIBHBIX HaHHBIX. WHIEKc
KOppeSIu: U KOI(PQPHUIUEHTHI JIETEPMHUHAIMK IIPEACTABIEHb B HIDKHHX CTPOKAax TaOauIbl 2.
Pesynbratel perpeccuonnoro ananmza (93), (95) B manbHeiIIeM HCIOIB3YIOTCS TPH MOCTPOCHHUH
MaTeMaTU4eCcKOi MOJICIH MaTepuaa.

8.3.5. @opmuposanue mamemamuueckou Mmooeau CMPYKMypbl MAmepuala 6 Ycl06UsX
onpeoeieHHOCIU U HeonpeodeleHHOCU

st hopMupoBaHHs MaTeMaTHYECKOW MOJIETH CTPYKTYpPhl MaTepuaia B BUEC BEKTOPHOH 3amaueii
maremarndeckoro mporpamMupoBanus (B3MII) wucnosib3yem: (GYHKIUH, ITOJYYCHHBIE YCIOBHSIX
onpenenennoctu (89)- (90) u neonpeneneunoctu (93)- (95), mapamerpudeckue orpanuuecHus (96).
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GOyukmmn - (92), (93), (94), (95) paccmarpuBaeM Kak ~KPHTEPUH,  OMPEICIISIOIINAE
IeJICHANIPABICHHOCTh (DYHKIMOHMPOBAaHHUS CHCTEeMbl. MHOXECTBO KputepueB K=4 BKiIOUaroT aBa
kpurepusi hy(Y),h;(Y) » max u mBa h,(Y),hy(Y) » min. B wurore momens (GyHKIIHOHHPOBAHHS
CTPYKTYpBI MaTepuaia MpecTaBUM BEKTOPHOW 3a/1a4eli MaTeMaTHYECKOTO IPOTPaMMHUPOBAHHUSL:

opt F (X) = {max F; (X) = {max h,(X)=323.840 — 2.249y, — 3.4901y, + 10.7267y; +
13.124y, + 0.0968y,y, — 0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y3y, +
0.0143y?# 4+ 0.0118y2 — 0.2434y% — 0.5026y2, 97)

max h3(Y)=110.220 + 0.7918y, + 1.73y, — 0.3713y; — 2.201y, — 0.0132y,y, —
0.008y,y5; + 0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y;y, — 0.0004y? — 0.0002y2 +
0.0335y% + 0.124y7}, (98)

min F; (X) = {min h,(Y)=954.860 + 28.67y, + 37.03y, — 31.03y; + 54y, — 0.922y,y, —
2y,y5 + 0.896y,y, — 0.154y,y5 + 0.3919y,y, — 0.0134y,y, + 0.0478y# + 0.0438y2 +
3.8489y2 + 3.1748yZ, (99)

max h,(Y)=21.0040 — 0.0097y, — 0.8410y, — 0.4326y5 + 1.1723y, + 0166y,y, +
0.085y,y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y3y, — 0.0022y% + 0.0035y7 +
0.006y% — 0.0311y21}, (100)

orpaHudeHus: y; + y, + yz3 + y, = 100,

21<y,;<79,5<y,<59,21<y,<9.0,2.2<y,<7.0. (101)

Bekropnas 3agaua maremarmdeckoro mnporpammupoBanus (97)- (101) npexacraBnsier Monenb
OPUHATUS ONTHMAJIBHOTO PEIICHUS CTPYKTYphl MaTepHansa B YCIOBHSAX ONPEACICHHOCTH W
HEOIPE/ICIIEHHOCTH B COBOKYITHOCTH.

3stan. MoaeaupoBanue u GopMHpPOBaHHME CTPYKTYpPbl MaTepuaja Ha 0a3e BEKTOPHOHM 3aaa4du ¢
PABHO3HAYHBIMH KPUTEPUAMU

Jlns hopMHpOBaHHS CTPYKTYpbl Marepuaia Ha 0a3e BEKTOPHOM 3ajadd MaTeMaTHYECKOTrO
pOrpaMMHPOBaHUs ¢ paBHO3HAUHBbIME KpuTepusimu (97)- (101) mpencTaBieHbl METO/IbI, OCHOBaHHBIC Ha
AKCHOMATHKE HOPMAJIM3aI[Md KPUTEPHEB M MPHHIUIIE TapaHTUPOBAHHOTO PE3yJIbTaTa, BHITEKAIOIINE U3
aKCHOMBI | ¥ IPUHIIUIIA ONITUMAaTBHOCTH 1.

Meroauka penieHus MpeCTaBiIeHa B BU/IC Psijia IIaroB.

lae 1. Pemenne B3MII (97)- (101) mo kaxkmomy Kputeputo otaenbHo. [l pereHus
ucnons3yercst Gynkmus fmincon (...) cucremsr MATLAB, oOpamenue x ¢ynkmum fmincon (...)
paccmotpeHso B [18, 19].

Kak pesynpraT pacdera, MO KaXXIOMy KPHTEpUIO IOIy4aeM TOYKH onTUMyma: Yy u hj =
hy (V), k = 1,K, K=4— BenuuuHbl KpUTEPUEB B 3TOH TOUKE, T. €. HAMIyYIIEe pElleHHE MO KakKIOMY
KPHUTEPHIO:

Kpurepnii 1: Y = {y,; = 46.56,y, = 43.23,y; = 8.0,y, = 2.2},

hi =hy (Y{") = —387.99;

Kpurepwii 2: Y, = {y; = 55.60,y, = 34.19,y; = 8.0,y, = 2.2},

h; = h, (Y5) = 1361.41;

Kpurepwii 3: Y3 = {y; = 31.90,y, = 59.00,y; = 2.1,y, = 7.0},

hz = hz (Y3) = —210.35;

Kpurepnii 4: Y, = {y; = 36.70,y, = 59.00,y; = 2.1,y, = 2.2},

hy = hy (Y)) = 30.714.

Pesynbrat pemenns B3MII (97)- (101), orpannuenus (101) u Touku ontumyma Xy, X5, X3, X5 B
KOOPJMHATAX X, X3 IPEICTABICHHI HA PHC. 5.
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Puc. 5. Muoxectro Ilapero, S°cS, X1, X5, X3, X4 B 1ByXMepHO# cucteme koopauHar {x;, x3 }.

Ilaz 2. BeluMcisieM HauXyallylo BEJIMUMHY KakAOro KpuTepus (antuontumym): Y0 m h) =
hy (), k = 1,K, K=4. Jlna storo pemmaercs 3anaua (97)- (101) ans kaxngoro kpurepus k = 1,K; Ha
MHHUMYM, [ Kaxporo kputepus k = 1,K, Ha Makcumym. B pesymbrate momyuum: Xp = ={x;,j =
1,N} — Touka ONTHMyMa MO COOTBETCTBYyIomeMy kputepuio, k = 1,K; 0 = fi (X?) — Bemumuuna K-ro
kputepus B Touke, Xp, k = 1, K, (BepXuuii HHIEKC HOIb):

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

Y2 ={y; =31.9,y, =59.0,y; = 2.1,y, = 7.},hY = h, (Y) = —2458.5;

Y? = {y, =78.16,y, =9.02,y; = 8,y, = 4.81},h3 = h; (Y5) = 169.26;

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

The obtained points of the anti-optimum X2, Xx2,x2,Xx? are shown in Figures 16, 17, 18, 19
respectively.

[lae 3. CucTeMHBIN aHAJIM3 MHOXKECTBA TOYEK, ONTHMAIILHBIX 110 [1apeTo, (T.e. aHa M3 0 KaXkI0My

KpuTepHio) peanusyercs. s atoro B Toukax ontumyma Y = {Y;,Y;, VS, Y} onpenenstorcs

k=1K
, D = (d, d, d3 d,)T- BexTOp OTKIOHEHMII 1O

BEJIMYMHEI 1IeNeBbIX pyHkuuid H (Y™

KOKJIOMY KPUTEPHIO Ha JTOMTyCTUMOM MHOXKECTBE S: d k= hk — h?, k = 1,4, u MaTpuIa OTHOCUTEIBHBIX

OIICHOK:
TIIC M (X) = (hi — hp)/dx
388 1444.2 183.9 68.5 91.4 1.00 0.9245 0.356 0.1197
QN i I el RYCRR b

3302210.9 208.0 30.7 —42.9 0.3669 0.2257 0.942 1.00

CHUCTeMHBII aHAU3 BEJIMYMH KPUTEPHEB B OTHOCUTENBHBIX olleHkax B B3MII (97)- (101)
NOKa3bIBaeT, YTO B TOukax omrtumyma Y™ = {Y{", Y, Y3, Y} (no l[I/IaFOHaJII/I) OTHOCHUTEIIbHAs OICHKA

paBHa equnuie. Ocranbabie Kputepun (102) __3HaqHTeJILHo MEHbIIE €TUHUIBI.
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TpeOyercs HAlTH TaKyto TOUKY (TTapaMeTpsl), IPU KOTOPHIX OTHOCUTEIIBHBIC OIICHKH Han0oJiee OJIM3KH K
enunuie. Ha pemenue 31oit mpoGieMbl HalpaBIeHO pellieHre A-3afauu — mar 4, 5.

Lllaz 4. ®opMmupoBaHUe A-3a/1a4l peann3yeTcs B JBa dTara:

Ha mnepBoM »Tame cTpouTCS MaKCUMUHHAs 3ajlaya ONTHUMH3AIMU C HOPMaJIM30BaHHBIMHU
KPUTEPHIMHU:

LA’ = maxy.gmingghy, (Y),G (Y)<0,Y >0; (103)

Ha BTOPOM dTare MakcuMuHHas 3a1a4da (103) mpeoOpasyercs B CTaHAAPTHYIO 3a7a4y

MaTeMaTHYECKOTo rmporpammupoBanus (A-3aqada):

A’ = max A, (104)
)
C OTPaHUYCHHUSMHU A — L)Ohl <0, (105)
h’l_hl
_ hs(M-hg
A pES) <0, (106)
_ hy ()-h3
A P <0, (107)
_ hy (V)=
A P <0, (108)
0<A<1,21<y,<79,5<5y,<59,21<y5;<9.0,2.2<y,<7.0.
yit+ ¥zt y3+ y, =100, (109)
Bexktop  HemsBectHhiXx ~ mmeeT  pasmepHocts  N+1: Y ={y;,..,yy, A} ; QyHKIHH

hi(Y),h,(Y), h3(Y), hy(Y) coorBerctBytor (104)- (109) coorBercTBeHHO. IloACTaBMB YHCIOBBIC
snauenus pyukmuit hy (Y), h,(Y), h3(Y), hy(Y), MBI OTydnm A-3a/1a9y CIEAYIONIETO BHIA:

A’ = max 2, (110)
OrpannueHus
323.84—2.249y, —3.49%x2 ... —0.2434y2-0.5026y2 —h?
7\‘ _ Y1 Y3 Y4 1 < 01 (lll)
h*—h9
1 1
110.2240.7918y,+1.73y,— ... +0.0335y2+0.124yZ —hJ
A — V1 YZ* a Y3 YVq—h3 <0, (112)
f5—13
954.8+28.67y1+37y,— ... +3.8489y2+3.1748y2 —h9
1 — Y1 Y2 Y3 Ya—Ny < 01 (113)
h%—h9
2 2
21-0.0097y; —0.841y,— ... +0.006y%—0.0311yZ —h2
A — Y1 Y2 Y3 Ya—Ny < 01 (114)

hy—hg
0<A<1,21 <y, <79,5<y,<59,2.1<y;<9.0,2.2 <y, <7.0.
yi+ y2+ y3+ y, =100, (115)
[llaz 4. Pemtenue A-3amaun (110)- (115).
Oopamenne k pyuaxuu fmincon (...), [16]:
[Xo, Lo] = fmincon ('Z_TehnSist_4Krit_L', X0, Ao, bo, Aeq, beq, Lbo, ubo,
'Z_TehnSist_LConst', options).
B pesynerate pemenust BekropHoi 3amaun (97)- (101) mpu paBHO3HAYHBIX KPHUTEPHUAX U
COOTBETCTBYMOIICH e A-3amaun (110)- (115) nomyuwnnu:
X° ={Y°,\°}={Y° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2,.° = 0.6087}, (116)
TOUKy onTuMyMa X° — KOHCTPYKTHBHBIE TTapaMeTpPhI MaTepHaiia, KoTopas Ipe/IcTaBlieHa Ha puc. 12;

h,(Y°), k = 1, K- BenuuuHbl KpuTepUeB (XapaKTEPUCTHK CTPYKTYPhI MATEpHANIA):
{hi(Y?) =364.0,h, (Y°) =1790.7,h; (Y°) = 194.3,h, (Y°) = 47.5}; (117)
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A (Y9), k = 1, K- BeTMYMHBI OTHOCHTENBHBIX OIIEHOK
A, (Y°) = 0.7372,7,(Y?) = 0.6087,A5(Y°) = 0.6087,A,(Y°) = 0.6087}; (118)
1°=0.60870 — 3TO MaKCHMAaIbHBI HWXKHHA YPOBCHb CPEOH BCEX OTHOCHTEIBHBIX OICHOK,
U3MEPEHHBINA B OTHOCUTENBHBIX equaniax: A° = min (1;(Y?),4,(Y°),15(Y?),A,(Y?)) = 0.6087,

A° Ha3BIBAIOT TAK)K€ rapaHTHPOBAHHBIM PE3YJIHTATOM B OTHOCHUTENbHBIX eauHunax. A (Y°) u
COOTBETCTBEHHO XapaKTEPUCTHKH CTPYKTypbl Marepuana f,(Y°) Henap3s yaydiuTh, HE yXyALIas IpH
3TOM JIpyrHe XapaKTepUCTUKH.

B coorBerctBum ¢ Teopemoii C 1, B Touke X° kpurepuu 1, 3 u 4 MPOTUBOPEUMBHI. ITO
NPOTHUBOPEUHE ompeaessieTcs: paBeHCTBOM: A, (Y?) = A3(Y?) = A,(Y°) = A° = 0.6087, a ocranbHbIe
Kputepun HepaBeHCTBOM {A,(X°%) = 0.7372} > A°. Teopema | Ciiy’KHT OCHOBO# ISl ONpEICICHUSI
IIPaBWJIBHOCTH pellleHus BeKTopHoH 3anaun. B B3MII, kak npaBuiio, uist 1ByX KpUTEPUEB BHIIOIHAETCS
pasenctBo: A% = A,(Y°) =A,(Y°),q,p € K,X € S, (B Hamem npumepe Takue Kputepuu 2, 3, 4), ams
JIPYTUX KPUTEPUEB ONPEACISeTCS KaK HEPaBEHCTRBO.

Jan 4. [locTpoeHue reoMeTpruYecKoil HHTePHpPeTALUS Pe3yJILTATOB pellleHHsI B TPeXMepPHOii
cucreMe KOOpAMHAT

B MHOXecTBe TOuek S, oOpa3oBanHbIX orpanudeHusimu (115), Toukn ontumyma Y;', Y, Y, Y/,
00BEMHEHHBIX B KOHTYD, IPEACTABIIIOT MHOKECTBO TOYEK, ONTUMAIBHBIX 110 [1apero, $°c S, KOTOpBIit
OpeicTaBIeH Ha puUc 5. XapakTepUCTUKM  MaTepuaja B OTHOCHTEIBHBIX  €JUMHHLAX
A (Y), A, (Y), A3 (Y), A, (Y) nokaszanbl Ha puc. 6 B TpeX MEPHOM IPOCTPAHCTBE X; Xy U A, TIE TPEThs
0Cb A — OTHOCUTEJIbHASI OLIEHKA.

A-zadacha Vector Optimization four criterion

A%)

Lambda

x3

Puc. 6. 'eomeTpudeckast HHTepIpeTaIys pe3yIbTaTOB PEIICHHE A-3aaud B TPEXMEPHOU CUCTEME

KOOPJMHAT X1 X U A

Discussion. AHanu3upys PUCYHOK 6, MBI MOXKEM TPEJACTaBUTh W3MEHEHHUS BCeX (YHKITUH
A (XD, A, (X)), A5 (X), A, (X) B yethipex mepHOM mpoctpanctBe (Ha pucynkax 6, ..., 11 Bekrop Y =
i, -, Yo, A} u oy by (Y), hy(Y), hs(Y), hy(Y) 3amenenst va X = {xy, ..., Xy, A} ; QyHKOUH
[, (%), (X)), fo(X)).

PaccmorpuMm, Hampumep, ontuManpHyo Touky X; . Dyskmms Az (X) cdopmmpoBana wu3
¢byskumu f3 (X) ¢ mepeMeHHBIMU KOOPIUHATAMU {X; X3} ¥ C MOCTOSTHHBIMH KOOpAMHATaMH {X2=49.54,
X4=2.2}, B3sThIC U3 onTuMasibHOM Touku X (116).

(@r MesxayHapoaHbIH Hay4HbIH xKypHal ""'Bexrop HayuyHoi Mbicau' Nel0(15) Oxrsaops 2024
www.vektornm.ru | 8 (812) 90529 09 | info@vektornm.ru



Paznen xypHaia: MaTemaTU4eCKHUE U €CTECTBEHHBIE HAYKU
Hamnpasnenue uccnenopanus: @U3NKO-MaTEMATUYECKUE HAYKU

B Touke X3 oTHOcHTenbHas oneHka Az (X3) = 0.83 — mokazana Ha puc. 6 yepHo# Toukoil. Ho
MBI 3HA€M, YTO OTHOCHTENbHAs OleHKa Az (X3) momyueHHast u3 ¢yHkumu f; (X3) Ha TpeTbeM Imare
paBHA efMHAUIE, 0003HAUNM ee Kak A3 (X3) = 1 — moka3aHa Ha puc. 6 KpacHOi TOUKOIA.

Pasnocts Mexay A3 (X3) = 1 m A3 (X3) = 0.83 sBnserca ommbOkoii A=0.17 mepexoma OT
4yeThIpeX MepHoii (a B oOmieM ciryyae N-MepHOI) K IBYXMEpHO 001acTH. AHAJIOTHYHO [MOKa3aHa TOYKa
X; ¥ COOTBETCTBYIOIIME OTHOCUTENBbHBIE OleHKH A; (X7) m A4 (X]).

Takum 0bpazom, BIEPBbIE B OTCUSCTBEHHOH M 3apyOEKHOM NMPAaKTUKE MOKa3aH MEePEeXO M ero
reoMeTpuueckas WwurocTpaus ot N-MEepHOro K JBYXMEPHOMY HM3MEPEHHIO (YHKIIMHA B BEKTOPHBIX
3aJjauax MaTeMaTHIECKOTO MPOrPaMMHUPOBAHHUS C COOTBETCTBYIOIIMMHU ONTMOKAMU arpOKCUMAIHH.

Jan 5. PemieHue BeKTOPHOM 32/1a41 ONTUMH3AIUN € 32JAHHBIM NPUOPUTETOM KPUTEPHsi

Kaxk npaBuiio, TUIIOM, TPHHAMAIOIIUM PELICHUSI, SBISCTCS KOHCTPYKTOP CHCTEMBI.

Illaz 1. Pemaercs BEKTOpHAs 3a/1a4¥ [IPU PAaBHO3HAYHBIX KPUTEPUSIX. Perienns BEKTOpHOM 3a1auun
npencraBieHo Ha craguu 8.4 3 oran. UwMcieHHBIE pPe3yibTaThl PEIICHHS BEKTOPHOW 3alavd
MpeJICTaBICHBI BhIMe. To4ku, ontuManbHble 1o [lapeto S$°CS HaxomuTCs MEXIy ONTUMATBHBIMU
toukamu X7 X° X3 X° X; X° X5 X° X{. IlpoBenem aHanu3 MHoxecTBa Touyek [lapero S$°cS. lns stoi
eI Mbl COCIMHMM BcroMorarenbHble Touku: Xi X3 Xj X5 X{ ¢ Toukoit X°, KoTOpas yCIOBHO
Ipe/ICTaBIseT LIEHTP MHOXKecTBa [lapero.

Kak pesynbTar pemieHus MOMYyYMIIM YEThIPE IIOJAMHOMKECTB Touek X €SgcS°cS,q = 14 .
[ToaMHOXECTBO ToUeK S§CS?CS xapakTepu3yeTcst TeM, 4TO OTHOCHTEIIbHAS OLICHKA A; = Ay, A3, A4, A4,
TO €CTh B IOJIC TEPBOTO KPHUTEPHs S§ MMeeT MPHOPUTET HaJ OCTaJbHBIMH. AHAJIOTHYHO S9,89,5%-
MOJMHOXECTBA TOYCK, XapaKTEPH3YETCsl TE€M, YTO BTOPOH, TPETUH M UYETBEPTHIA KPUTEPHUU HMEET
NPUOPUTET HAJl APYTUMH COOTBETCTBEHHO. MHOXKECTBO TOYEK, ONTHMaIbHBIX 10 [lapeTo, 0003HaYMM:
§% =S9S5S LSy . Teomerpuueckass HMHTEPIPETANUsT KOOPAWHAT BCEX IMOJTYYCHHBIX TOUYCK H
OTHOCHTEJIbHBIC OIICHKH MPEJICTABJICHBI B IBYMEPHOM MIPOCTPAHCTBE {X; X,} Ha puC. 5. DTH KOOPIUHATEI
NIOKa3aHbl B TPEX M3MEPEHHBIX NMPOCTpaHCTBaX {x; X, A} Ha puc. 6, rme TpeThst 0Ch A- OTHOCHTEIIbHAS
OIICHKA.

Orpanuuenus Ha puc. 6 cHikeHsl 10 -0,5 (4T0OBI ObUTH BHIMMBI OrpanuueHus). [lomydeHHast
UH(pOpMaIs SBISETCS OCHOBOH [T JalbHEHIIeTo NCCIIeIOBaHUs CTPYKTYphl MHOXKecTBa [lapeTo.

AHanu3upyem, €Ciii pe3yJIbTaThl PEIeH!s] BEKTOPHOH 331a4M C pABHO3HAYHBIMU KPUTEPHSIMHU HE
yIOBIIETBOPSIOT JIMIIO, IPHHUMAIOIIEE PEIICHHE, TO BEIOOP ONTHMAIBHOTO PEIICHHS OCYIIECTBIISETCS U3
KaKoro-mbo MOJMHOXKECTBA ToueK S9,5%,5%,5%. DTH moaMHOKecTBa Touek Ilapeto mokasaHbl Ha
puc.16.1 B Bune dyukuuii f; (X), f2(X), f3(X), fa(X).

a2z 2. Beibop npuoputetrHoro kpurepus q € K.

N3 Teopembl 1 W3BECTHO, YTO B ONTHMaIbHOW Touyke X° Bcerma mmeercss ABa HamOoliee
NPOTHBOPEUYMBHIX Kputepus, ¢ € K u p € K, 111 KOTOPBIX B OTHOCUTEIBHBIX €TUHHIIAX BBITOIHACTCS
TOYHOE PaBEHCTBO: A° = A, X°) = Ap(Xo), q,p €EK XeS,

a JUIs OCTaJbHBIX BBIMONIHACTCS HepaBeHCcTBA: A° < A, (X°),Vk € K,q # p # k.

B monenu crpykrypbl Mmatepuaina (97)- (101) u coorBerctBytoreii A-3anaun (110)- (115) Takumu
KPUTEPUSAMH SBJISIFOTCS BTOpoit U Tpetuit: A% = A,(X°) = A3(X°)= 0.6087, T.e. BHIIOIHAECTCS YHCIIOBAs
CUMMETpHS. DTy CHMMETPUIO TOKa)keM Ha puc. 7, rae npeacraBicHbl GyHkmmua A;(X) u Az;(X)
OTJIENIBHO CO CTOPOHBI ONTUMANILHOMN Toukn X° = {X°,A°}.
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A-zadacha Vector Optimization two criterion: L1 and L3 A-zadacha Vector Optimization two criterion: L2 and L3

XX it

Lambda

Lambda

Xa 40 50 60 70

X3 30

Puc. 7 (a). Pemenue A-3anauu- Puc. 7 (b). Pemenue A-3amaun —
otHocutenbHble onieHkn (A, (X) u A3(X)) B orHOcuTenbHble onieHKH (A, (X) u A5(X)) B
TPEXMEPHON CUCTEME KOOPJUHAT X1 X A. TPEXMEPHON CUCTEME KOOPJIUHAT X1 Xy A

JIsist cpaBHEHUSI QaHAIOTHYHO TIpecTaBuM (HYHKIIMK HanboJiee MPOTUBOPEUUBBIC KpUTepuu A, (X)
1 A3(X) OTHEnsHO co CTOPOHBI onTUMaNbHOM Toukn X° = {X°,A°}. A pucynkax 7 () u 7 (b) nokasansl
BCE TOYKHU U JIaHHBIE, O KOTOPHIX TOBOPHIIOCH HA PHC. 6.

N3 osroit maper A% = A,(X°%) = A3(X°) =0.6087 mpOTHBOPEYMBBIX KPUTEPUEB BBHIOUpACTCSI
kputepuii, kotopwiid JIIIP xoren Obl ymyumuth. Takoil KpuTepuil Ha3bIBACTCS «IPHUOPUTETHHIM
KpuTepuem», 0003HauuM ero q = 3 € K. DTOT KpUTEpHid UCCIETyEeTCs] BO B3aUMOJCHCTBUU C TIEPBBIM
kputepueM g = 1 € K. MbI uccinenyeM 5TH JiBa KpUTEpHUs M3 BCEro MHOXeCTBa KputepueB K = 4,
MOKa3aHHBIX Ha pHC. /. BbgaeTcs cooOIIeHne Ha TUCTIICH:

g=input ('‘Beeaure nproputeTHbIil KpuTepuii (Homep) =) — Beenu kpurepuii 4=3.

Hlaz 3. ®opMuUPYIOTCS YHCIOBBIC MPEIETbl M3MEHEHUS BETUYMHBI MIPUOPUTETa KPUTEPHS q =
3eK. Jlna npuopuretHoro kpurepus q = 3€K onpenenstorcss U3MEHEHHsI YUCIOBBIX NPENEIOB B
HATypaJIbHBIX C€MHUIAX MpU nepexonae u3 Touku ontumyma X° (116) B Touky X, MONy4eHHYIO Ha
nepBoM mare. HpopMaIoHHbIe TaHHBIE O KpUTEpUU (=3 BBIJAIOTCS Ha JTUCILICH:

fqa(X°) = 194.27<f, (X) <210.35 = f, (X;),q € K. (119)

AHaNIOTHUYHO, B OTHOCUTENBHBIX SUHHUIAX KPUTepUil =3 NU3MEHSIeTCA B CIASAYIOUINX Mpeenax:

Ag(X°) = 0.6087 <A, (X)<1=2%,(X;),q =3 €K.

OTH TaHHBIE aHATU3UPYETCS.

Hlaz 4. Onpenensiercs BenuyrHa npuoputetHoro kpurepus (K. (Decision-making).

Ha coo0ienue: «BBenute BenumurHy IpUOpUTETHOTO KpuTepus fq=» — BBomum, Hanpumep, fq=200.

Ilaz 5. 1ns f5=200 eviuucnisemes omnocumenvhas oyenka.

Jlnst mpuoputeTHOTro Kputepus f; = 200 BBIYMCIIAETCA OTHOCHTENBHAS OLEHKA:

3 _ fq—f§ _ 200-194.27
q = Fr_f0 _
fa-f9 ~ 21035-194.27

= 0.7479, (120)

KOTOpasi U MEPEX0/Ie OT TOUKU X ° K TOUKe Xy JIEKHUT B NpeJenax:

A3(X°) =0.6087 <A; = 0.7489 <13 (X3) = 1,q€<K.

Ilaz 6. Beraucnum ko3 GUIIMEHT TMHEHHON anmpoKCHMAaIH

[Ipennonaras nuHeiHbId XapakTep usmeHenus kputepus f; (X) B (119) u cooTBeTCTBEHHO
oTHOCcUTENbHOU onenku A, B (120), ucmonb3ys cTaHAapTHbIC IPHEMbl JTMHEHHOH aNNpOKCHMALWH,
BBIYUCIIMM KO3()(QUIMEHT MPONOPIHOHATLHOCTH MEXIY Aq (X©), A4, KOTOpBIH Ha30BEM p:
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_ Ag=Ag (X% _ 0.7489-0.6087
P = Aq (X)—Aq (X°) ~  1-0.6087

= 0.3558,q = 3 K.

Illaz 7. OnpesensAroTcs KOOPAUHATH IPHOPHTETA KPUTEPUEB C PASMEPHOCTHIO fg .
[Mpenmonaraem TUHEHHBIH XapakTep u3MeHeHus: BekTopa X9 = {x; x, x5 x4}, q = 3 onpexaenum
KOOPJMHATHI /IS TOUKM C pasMepHOcThio f; = 200 ¢ otHOcuTenbHOM onenkoi (120):

X074 = D = X° (1) +p (X5 (1) = X° (1)),
X, = X°() + p (X2 - X°(2)),
x3 = X°(3) + p(X;(3) - X°(3),

X, = X0@) + p(Xs(4) - x°(@)},

rae X° = {x; =43.9,x, = 49.54,x3 = 4.348,x, = 2.2},

X3 ={x; =31.9,x, =59.00,x3 = 2.1,x, = 7.0}.

Kak pe3yabTar perieHus: Mbl IOJTyYUM TOYKY C KOOPIUHATAMHU:

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

Hlaz 8. ®opMupoBaHue INIaBHBIX MOKa3zaTenei Touku X 9.

B nonyuennoii Touke X9, Braucium:

BCe KPUTEPUHM B HATypanbHbIX eqununax f, (X9) = {fi, (X9, k = 1,K}:

f(X9) = {f; (X) = 3443, f, (X9) = 2000, f; (X9) = 199, f, (X7) = 41.7};

feXD=fii 1 _ T
T k=1K:
Ae (X)) ={h (X9) = 0.5224,A, (X9) = 0.418,A3 (X7) = 0.7244,1, (X?) = 0.7446};

BCe OTHOCHTeNbHBIe oneHkH kputepues: A1 = {11 k = 1,K, ), (X9) =

MHUHHMaJIbHAs OTHOCHTENbHAs oleHka: mink (X9) = rl?ellr{l (A (X9)) = 0.418.

P9 = [p} = 1.3868,p3 = 1.7333,p3 = 1.0,p; = 0.973];
Ag (X4 —

BekTop npuopureto PI(X) = {p] = AZ Exq;’k =1,K}:

A (XT) % P4 = {p3 x 1;(XT) = 0.7244,p3 * 1,(X7) = 0.7244,

p3 * A3(X9) = 0.7244,p3 = A, (X9) = 0.7244}
MHHUMAaJbHas OTHOCUTENbHAS OI[CHKA!
A%% = min (p{ A (XD, p3A, (X9), p3hs (XD, pihs (X9)) = 0.7244

AHAIIOTHYHO MOJTydYeHBI Apyrue Touku u3 obmactu [lapero X? = {12, X?}e S°.
Ananuz pesynomamos. Chopmuposannas senuuuna fu (X7) = 199,q = 3eK,qeK o0buHO He

paBHa 3ananHoi f, = 200. Ommbka Bei6opa Afy = |fy (X7) — fg| =199 — 200| = 1.0 ompenensiercs

OIMOKOM TUHEHHOHN anmpOKCUMAIUH: qu% = 0.5%.
Ecmu ommbka Afy = |fy (X) — fy| =199 — 200| = 1.0, xoTopas u3MepeHa B HATypalbHbIX

A
eAVMHUIAX WIA B MPOLEHTAX qu% =%* 100 = 0.5% , Oonpmie 3amaHHOW Af, qu >Af, 1O
q

IEpEXOanM K mary 2, ecimu Af, < Af, To Beramcienus 3apepiuaiorcs. Koney.

[Tpu mMoxenupoBaHMM MOTYT OBITH U3MEHEHBI MapaMeTpuueckue orpanmdenus (101) u pyHKIHMN
(100), T. e. MOMYYCHO HEKOTOPOE MHOXKECTBO ONTHUMAJIbHBIX pelIeHud. M3 3Toro MHOXecTBa
ONTHMAJIbHBIX PEIICHUI BEIOMpacM OKOHYATEIbHBIN BapUaHT (ITPOIIECC MPUHATHS PEIICHHIA).
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B npumMepe okoHYaTeNbHBIN BApHAHT BKIIOYACT IMapaMeTphI:
°={X°2°}={X° ={x; =43.9,x, = 49.54,x; = 4.348,x, = 2.2}, 1° = 0.6087};
napaMeTpsl CTPYKTYpBl MaTepuaia Mpu 3aJJaHHOM IIPHOPUTETE KPUTEPHSL:

g=3: X9 = {x; = 39.63,x, = 52.91,x3 = 3.54,x, = 3.907}.

Jan 6. HcciegoBaHue CMMMeTPHM M TreoMeTpHYecKasi HWHTepHpeTanusi pe3yJbTaTOB
pellieHHe N0 CTPYKTYpe MaTepuaia B (pU3NYeCKHX eIMHULAX

Iman 6a. Cummempus 6 pe3yibmamax peuwieHus no cmpykmype mamepuand, npeocmagieHHoU
BEKMOPHOIU 3a0aueli HeIUHENHO20 NPOSPAMMUPOBAHUS.

B uccrnenyemoii BekTOpHOH 3amade HenuHeiHOro mporpammupoBanus (97)- (101) ¢ uersippms
HEO/IHOPOIHBIMU KPUTEPUSMH — MOJIEITb CTPYKTYPBI MaTepHalia U ONMCaHHasl B YUCIOBOM Bapuante (97)-
(101) u moctpoenHoi Ha e€ Oase A-3amaue (110)- (115) mbl momy4miam TOYKY onTuMyma X° M
MaKCHMaJIbHYIO0 OTHOCHTEIILHYIO OLEHKY A°:

X° ={Y°,\°}={Y° = {x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2,1.° = 0.6087},

B ontumManbHol Touke X° KpUTEpUU B YHCICHHOM 3HAYCHUH MPEACTABIICHBI:

F(X°) = {{h (Y°) =364.0,h, (Y°) = 1790.7,h; (Y°) = 194.3,h, (Y°) = 47.5}}

U1 B OTHOCUTENBHBIX €IMHUIIAX

AX%) = {A(Y%) = 0.7372,A,(Y°) = 0.6087,23(Y°) = 0.6087,A,(Y°) = 0.6087}.

OTOT pe3yNbTaT COOTBETCTBYET Teopeme 1 00 Hanbosee NPOTUBOPEUNBBIX KPUTEPHUSIX B BEKTOPHOM
3amade, T.e. A° = A,(Y?) = A5(Y?%) = A, (Y?) = A° = 0.6087,{2,3,4} € K,X° € S.

OcTanbHbIE KDMTEPUH JIEKAT B TIpeaenax: {A;(X°) = 0.7372} > A°.

Teopetnueckn Touyka X© SBISCTCS LEHTPOM CHUMMETpHH. JleWCTBHUTENBHO TOYka X© JIGKHUT
MEXly TOYKaMu ontuMyma X; ¥ X} MOJyYeHHBIX HA IIEPBOM Iare, B KOTOpbix Aq(X7)=1, A5(X3) = 1.
ITokaskeM reOMEeTpUYECKyI0 HHTEPIPETalui CHMMETPHU Ha PHCYHKE 8.

2(X2)=1 X3 M3(X3) =1 Xiha(Xy) =1

X; am(XD=1  XIn
A, (X)) = A5(X°) = 4,(X°) A° = 0.6087

Puc. 8. Teomerpuueckass HHTEPIPETANUs] MOICIHPOBAHUS CTPYKTYyphl —MaTepHaia ¢
HOPMAaJTM30BaHHBIME KpUTEpusIMu: A; (X)), ..., A, (X).

Jlist Tpex kputepueB mepBoro A;(X), tpersero A;(X), u werBeproro A,(X), B 3TOM mpuMmepe
COXPAHSETCSI YUCITIOBAsT CHMMETPHSL.

Ortan 8b. T'eomerpuyeckas uHTepnperanusi pe3yiabraToB pemenuss B3MII nmo cTpykrype
mMaTepHaia B pU3HYECKHX eTUHUIAX

PaccunTanbl ¥ IPECTABHUIIN TTAPAMETPBI TI0 CTPYKTYPE MaTepHaia;

X° = {X°\°}={X° ={x; =43.9,x, = 49.54,x; = 4.3, x, = 2.2}, 1° = 0.6087},

B JIByXMEPHOM CHCTeMe KOOPAMHAT X, X, Ha PuC.5, TpexMepHOii crcTeMe KOOpAUHAT X4, X, and
A B OTHOCHTENbHBIX €AMHHIAX Ha puc. 6, 7, 8. Takke MpeICTaBUM ITH MapameTpsl B (PU3HUSCKUX
eIUHMIAX U Kaxaoi xapakrtepucthku marepuana (kputepus): fi(X), f2(X), fz3(X), fo(X). Ileppas
xapakrepucTuka Marepuana f;(X) B KoopauHaTax X, X, HpeJCTaBicHa Ha puc. 9.
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Function f1->max in Vector Optimization problem

600 —
500 —
400 -

300

F1

200 —

100 —

(=]

-100

X3

Puc. 9. Teomerpuueckas HWHTEpIpeTanusi I[E€PBOM XapakTepucTHKH Marepuaina f;(X) B
KOOPJIMHATAX Xq,X, B HaTypaJIbHBIX MOKA3aTEIAX

dynKmoHanbHbIe nokazatenu f (X7), f(XP) mepsoii XapakTepuCTHKH MaTepuana (BbIIeIeHBI
KPacHBIM IIBETOM) OTPEICNISAIOT OIMUOKU TMepexona OT dYeTbipexMepHord X = {X1,X,X3,X,} K
nByxmepHoit X° = {x;,x,} cucreme KoopauHaT.

Bropas xapakrepuctuka marepuana f,(X) B KoopauHaTax X, X, npejacraBicHa Ha puc. 10.

2500 Function f2->min in Vector Optimization problem
2000,

1500

1000

F2

X BX

500
0.
£,(X2)

-500

X3

i ! 1 1 1
30 40 50 60 70

Puc. 10. Teomerpuueckass HHTEpHpETaIMs BTOPOM XapakTepucTHKH wmarepuaia f,(X) B
HaTypaJIbHBIX IMOKA3aTENIX

dynkrmonansHble mokazatemn [ (X3), fA(X9) BTopoii XapakTepucTHK MaTepuana (BBIIETCHBI
KpPacHbIM IIBETOM) ONPEACISIOT OMKMOKH TMepexoga OT dYeTbipexMepHoil X = {x1,Xx,, X3,X,} K
nByxmepHoi X°={X1, X2} cucTeMe KOOpAHHAT.

Tpetbs xapakTepucTiKa MaTepraia f3(X) B KoopaMHATaX X;, X, MpeACTaBieHa Ha puc. 11.
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Function f3->max in Vector Optimization problem
250

200 -
: = »axg)

\ \ P
150 W AN f' (X2%)

100

F3

Puc. 11. Teomerpudeckas HWHTEpIpETAMs TPEThCH XapaKkTepucTHKH wmarepuana fz(X) B
HaTypPAJIbHBIX ITI0KA3aTEIAX
YerBeprast xapakTepucTuka Matepuana f, (X)B KoopauHATax X1, X2 Mpe/ICTaBIeHa Ha puc. 12.

Function f4->min in Vector Optimization problem

uxd) .

120

100 —
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Puc. 12. T'eomerpuyeckas WHTEpIpETAIMsS YETBEPTON XapakTepucTHKH Mmartepuana f,(X) B
HATYPaJIbHBIX TIOKA3aTesAX

I[NpencraBieHHast BEPCHsI IPOrPAMMHOTO 00€CTIeYeH s BBIIAET CIEAYIOIINE PE3yIbTaThI:

Touka ontumyma — X ©; xapakrepuctuku — F (X?) = {f;(X°), f,(X?), f5(X°), f,(X°)};

otHocHUTeNbHBIE OHEHKH — A(X?) = {&;(X°), A, (X?), A3(X°), X (X2)};

MaKCHMalbHy0 OTHOCHTENbHYIO olleHKy — A°, Takyio uto A°< A, (X°) Vk € K.

TOYKY ONITUMYyMa C TIPHOPUTETOM (-T0 Kputepus — X 9;

xapakrepuctuky (kpurepun) — F(X) = {f;(X7), f,(X9), f5(X), fL(XD};

otHocHuTenbHbIE OMeHKH — A(X?) = {A;(X9), X, (X)), k3 (X 1), Aa (XD };

MaKCHMalbHYI0 OTHOCHTENbHYIO olleHKy A°° Takyio, uto A< p;{’ Xk XN, k=1,K.

3aknrouenue no nosmomy pazoeny. Illpodiema pa3paboTKH MaTEMaTHYECKUX METOJIOB BEKTOPHOM
ONTUMHU3AINH U MPUHATHS ONTHUMAIBFHOTO PEIICHUsS MO CTPYKTYpe Marepuala Mo HEKOTOPOMYy Habopy
HKCIIEPUMEHTATIBHBIX JAHHBIX U (PYHKIIHOHATBHBIX XaPAKTEPUCTHUK SIBISIETCS OTHON U3 BAXKHEUITUX 33124
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CHCTEMHOTO aHajH3a U MPOeKTUpOoBaHMs. PazpaboTaHa METOHOIOTHS aBTOMATH3ALNU MTPOSKTUPOBAHHS
MyTEeM: BO-TIEPBBIX, MOCTPOCHHS MAaTEMaTHUYECKOM MOJENN CTPYKTyphl MaTepuaja B YCIOBHAX
ONpPENEJICHHOCTH W HEONpPENEeNICHHOCTH B BUAE  BEKTOPHOM  3aauyd  MaTeMaTHYECKOTro
POTPaMMUPOBAHUS; BO-BTOPBIX, pa3pabOTKM METOJOB pEIICHHS BEKTOPHOM 3amaud. IIpaxTuka
"OPUHATHS ONTUMAJILHOTO pelIeHus" Ha OCHOBE MaTeMaTHMYeCKOW MOJEIH CTPYKTYypbl MaTepuala
MOKa3aHa Ha YUCIIEHHOM MpUMepe PeIIeHUs] BEKTOPHOH 3a/1auy ONTUMHU3ALIHH.

MpanupoBaHue U NPHUHIATHE ONTUMAIBHOTO PEIICHUS B TEXHUYECKOW CHUCTEME C YeThIPbMs
napamMeTpaMH U MEeCThI0 KPUTEPHSIMHU.

JlanHas ryaBa 3TOW pabOTHl MMEET NPHKIAAHOW Xxapakrep. Pabora HampaBnena Ha 0ase
AKCHOMATHKH BEKTOPHOH ONTHMH3AaLUHU NPEICTaBUTh aBTOMATHU3ALMIO MPOCKTHPOBAHMS Ha IpHMEpe
TEXHUYECKO# cuctemsl, [7-21].

MpaenupoBanue W TNPHUHATHE ONTHMAJIBHBIX PpelIeHUs] M0 YHCJI0BOMY MHOMKECTBY
KpUTePHEB TEXHHYECKOI CHCTeMe ¢ YeThIPbMS MapaMeTPaMH M IIeCThI0 KPUTEPUAMHU

9.1.1. ®@opmuposanue mamemamuuecKoil Mooelu MEXHUUECKOU cucmeme 6 YClo6uUsax
onpeoeneHHOCmU U HeonpeoereHHOCmU

B kauyecTBe 00BEKTa HCCIEIOBaHHS HAMH PACCMATPUBAIOTCS PAcCMaTPUBACTCS TEXHUYECKas
cUCTeMa C 4YeTbIpbMs IapaMeTpaMd U  IIECTbI0  (PYHKUIMOHAJIBHBIMH  XapaKTEPUCTUKAMHU.
DKCneprMeHTaIbHbIC TaHHBIE (YCIOBUS HEONPEIEICHHOCTH) TEXHMYECKOI CHCTEMBI IPEACTAaBUM B BUJIC
3a71a4¥ NPUHATHUS pereHnid Broporo Buaa (70):

X1,1 X2,1 X3,1 X41 fis £ A
F = — problem of 2-type, K = 6.
X1,M X2,M X3,M X4,M iy

HccnemoBaHre TEXHUIECKON CUCTEMBI BBITIOTHEHO:

BO-TIEPBBIX, B YCIOBHSAX ONPEACICHHOCTH, KOT/a W3BECTHHI JaHHBIE O (YHKIMOHAIBHBIX
XapaKTEPUCTHKAX TEXHUUECKON CUCTEMB,

BO-BTOPBIX, B YCIIOBUSIX HEOIIPEIEICHHOCTH, KOT/Ia U3BECTHBI JUCKPETHHIE 3HAUECHUS OTACIBHBIX
XapaKTepUCTHK;, TaKXe W3BECTHbI JaHHBIE 00 OrpaHUYEHUSX, KOTOpPBIE HAKIAAbIBAIOTCS Ha
(YHKIMOHUPOBAHUE TEXHUYECKON CHCTEMBI.

Hcnonb3ys perpeccHoHHBI aHalIM3 SKCIIEPUMEHTANbHBIE JaHHble F mpeoOpasyroTcs B
BEKTOPHYIO 33J]auy MaTeMaTHYEeCKOTr0 MPOrpaMMHUPOBaHHMS:

max fi,(X,A) = api + QX + Xy + A3pX3 + AQupXy + AgpX Xy + AgrX1 X3 + A7 X1 X, +
AgiXX3 + AorXpXy + A1orX3Xy + A1ypXf + QuopXs + AraXs + ayaexs, k =1, K.

min fi,(X,A) = agy + a1pXq + Ao Xy + A3pcX3 + AgpeXy + AspX Xy + A X X3 + A7 XXy +
AgiXX3 + AogXpXy + A1orX3Xs + Q1pX] + AuopX3 + Ay3iXy + A, k =1, K,

IIpu orpannuenusx xy <x; <xj, x9<x,< x5, x9< x3< x5, x2< x,< x5

Marematuueckuil anmapaT MOJEIMPOBAHUS HWHKEHEPHOH cucTeMbl Oasupyercs Ha TEOpUU U
METOAaX BEKTOPHOM ONTHMHU3AIINH, KOTOPBIE MPEICTABICHBI B IPEABIAYIINX TJIaBaXx.

9.1.2. Yucnennan peanuzayusn vl60pa onmuMaibHbIX RAPAMEMPOE CLOHCHOU MEXHUYECKOI
cucmembl 6 ycioeuAaX Onpeoe1eHHOCMU 1 HeOnpeoeaeHHOCHU

UmncnenHas peainm3amnus BbHIOOpa ONTUMAIIBHBIX TAPaMETPOB CIOKHON TEXHHUYECKOW CHUCTEMBI
BBINOJIHSCTCSI B COOTBETCTBUH C TEOPETUUYECKUMHU OCHOBAMH MHOTOMEPHON MaTeMAaTHKH, BKIIOYAIOIICH
aKCMOMATHKY, MPUHLUIBI ONTUMATBHOCTH M KOHCTPYKTUBHBIC METOIbI MHOTOMEPHON MaTEMaTUKU Kak
IpU PAaBHO3HAYHBIX KPHUTEPUSX, TaK W MpPU 3aJaHHOM MpuHopurere Kpurepuer [1]. Metomonorus
nporecca NPHHATHS ONTUMAIBHOTO pelleHrs (BbIOOpa ONTHMAIbHBIX MapaMETPOB) B TEXHUYECKOI
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CHCTEME M3JI0KEHA B nepBoM. PaccmaTtpuBaeTcs 3a1aya NPUHATUS PELICHUN B CIOKHOM TEXHUYECKOMN
CHUCTEME, O KOTOPOH HM3BECTHBI: BO-TIEPBBIX, JaHHBIC O (YHKIIMOHAJIHHOW B3aMMOCBSI3U HECKOJIBKUX
XapaKTEPUCTHK C €€ KOMIIOHEHTaMH (YCJIOBHS OINPEICIICHHOCTH); BO-BTOPBIX, JaHHBIE O HEKOTOPOM
Ha0Ope IUCKPETHBIX 3HAYCHHWI HECKOJIBKUX XapPaKTEPUCTHK (DKCIIEPUMEHTANIbHBIE PE3YJIbTaThl), BO
B3aUMOCBSI3U C JUCKPETHHIMU 3HAYCHUSIMH KOMITOHEHT (YCIIOBHSI HEOIPEIENICHHOCTH); B-TPETHHX,
OTpaHUYEHUH, HAKJIAJbIBAEMbIX Ha ()YHKIIMOHUPOBAHUE CIIOKHOM TEXHMYECKOW cUCTeMbl. UYHcleHHas
3ajJa4a MOJEJIMPOBAHMS CJIO)KHOM TEXHUYECKOW CHCTEMBbl pacCMaTpUBAETCS C pPaBHO3HAYHBIMU
KPUTEPHUSIMU U C 33JJaHHBIM [IPUOPUTETOM KPUTEPUSI.

B opranu3zannoHHOM IJ1aHe NMPOLECC MOACIUPOBAHUS U CUMYJIMPOBAHUS TEXHUYECKOH CHCTEMBI
IPEJCTaBICH B BUIE METOA0JIOTUHU: «MeToa0JI0T sl BbIOOpa ONTUMANIBHBIX IapaMeTPOB MHKEHEPHBIX
CHCTEM B YCJIOBHUAX OMPEAECICHHOCTH U HEONIPEICIICHHOCTHY, MPEJICTABIECHHOM B paszzaene 7.7.

[Tepesiit aTan (Pa3paboTka TEXHUYECKOTO 3a/IaHusl), @ TAKXKE ITAIl aHAJIM3a PE3yJIbTaTa PEIICHHsI
U BbIOOpa MPUOPUTETHOTO KPUTEPUS M €r0 BEJIUYMHBI BHIIOJIHSAETCS KOHCMPYKMOPOM MeEXHUUecKoll
cucmempl. OCTaIbHBIE ATAIbI BBITOIHSIIOTCS MAMEMAMUKOM — RPOZPAMMUCHIOM.

Dan 1. Pa3paboTka TeXHH4YecKOro 3ajaHusi (MCXOAHBIX JAHHBIX) JJISI HCCIETOBAHUS H
BbIOOPA TEXHMYECKOH CHCTEMbI

Jano. Mpbl uccienyeM TexHHUYECKYl cucTteMy. (DyHKIMOHMpPOBAaHME TEXHUYECKOW CHCTEMBI
ompeneinsieTcss 4eTblpbMsi mapamerpamMu X = {Xq,X,X3,X4} , KOTOpBIE TPEACTABIAIOT BEKTOP
YIPaBIIsIEMbIX IEPEMEHHBIX. [lapaMeTpbl TEXHUYECKOW CUCTEMBI 33/JaHbl B CIIEAYIOLIMX IIPEIeax:

20<x,<80,0<x,<60,2.0<x3<8.0,2.0<x, <8.0. (121)

QDyHKUMOHUPOBAHME TEXHUYECKOM CHCTEMBbl OIpPEIENIAIOTCS IWIECThI0  XapaKTepUCTHKAMHU

(xpurepusamu) F(X) = {f1(X), LX), f35(X), fo(X), fs(X), fe(X)}, BennumHa OIEHKH KOTOPBHIX 3aBHCHT

OT BekTopa mapaMeTpoB X. Vcaosus onpedenennocmu (korna u3BecTHa QyHKIMOHAIBHAS 3aBUCUMOCTD

KpuTepuss OT mapameTpoB). s msatoil m mecrtoit xapakrepuctukd fg(X) u fy(X) wusBectHa
(yHKIMOHANTBHAS 3aBUCMMOCTB OT napameTpoB X = {x;,j = 1,N,N = 4}.

fs(X) = 886.27 + 26.28x; + 33.95x, — 27.445x; — 49.5x, — 0.8451x,x, + 0.5173x;x5 +
0.8219x;x, — 0.1411x,x5 + 0.3593x,x, — 0.0123x3x, + 0.0438x? + 0.0401x> + 3.5281x2 +
2.9103x%, (122)

fe(X) = 41.758 + 0.6598x; + 0.4505x, — 0.3094x; — 1.8334x, — 0.011x;x, —
0.0069x;x5 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x5x, — 0.0003x? — 0.0002x2 +
0.0279x% + 0.1033x2, (123)

Venosuss neonpedenennocmu (korga Henm3BecTHa (YHKIMOHAJbHAS 3aBUCHMOCTh KPHTEPHS OT
napameTpoB). VI3BECTHBI: pe3ynbmamost IKCnEPUMEHMATbHBIX OAHHBIX,

IS IEPBO#A, BTOPOH, TpeTheii U YeTBepToii Xapakrepuctuku: fi(X), k = 1,2,3,4;

BE/IMUMHBI T1APAMETPOB U COOTBETCTBYIOIMX Xapaktepuctuk: X = {x, = {x,;,i = 1,M},n =
1, N}. Yucnossle 3Hauenns napametpos X, xapakrepuctuk f; (X), ..., f(X) mpencrasnens B taGmume 3.

Taoauna 3. YucnoBsle 3HAUSHHS TAPAMETPOB M XapaKTEPUCTHK CUCTEMBI

f1(X) f2(X) f3(X) fa(X)
X1 X2 X3 X4 , .
- max - min - max - min
20.0 | 0.0 | 20.0| 20.0 330.0 957.8 43.4 20.2 22.617
20.0 | 0.0 | 20.0 | 50.0 340.0 970.0 43 23.0 23.001
20.0 | 0.0 | 20.0| 80.0 348.0 980. 42.9 24.0 24.920
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20.0 | 0.0 | 50.0 | 20.0 353.0 1010. 46.1 25.0 23.850
20.0 | 0.0 | 50.0 | 50.0 360.0 1050. 42.5 26.0 26.286
20.0 | 0.0 | 50.0 | 80.0 365.0 1048. 421 27.0 28.299
20.0 | 0.0 {80.0 | 20.0 376.0 1047. 40.2 28.0 27.311
20.0 | 0.0 | 80.0 | 50.0 381.0 1044. 39.1 29.0 29.947
20.0 | 0.0 | 80.0|80.0 390.0 1043. 38.6 29.0 31.260
20.0 |50.0|20.0|20.0 250.0 1785.8 53 16.6 13.176
20.0 | 50.0 | 20.0 | 50.0 258.0 1795.0 52.3 18.0 16.864
20.0 | 50.0 | 20.0|80.0 263.0 1803.0 51.9 21.0 20.228
20.0 | 50.0 | 50.0|20.0 270.0 1814.2 51.4 24.8 22.045
20.0 | 50.0 | 50.0 | 50.0 279.0 1821.0 50.1 27.925.732
20.0 | 50.0 | 50.0 | 80.0 283.0 1832.0 49.9 31.0 29.097
20.0 | 50.0 {80.0 | 20.0 290.0 1842.6 49.8 32.9 30.925
20.0 | 50.0 | 80.0 | 50.0 301.0 1860.0 48 35.0 34.612
20.0 | 50.0 | 80.0 | 80.0 310.0 1871.0 48.2 41.0 37.977
20.0 | 100. | 20.0 | 20.0 170.0 2461.8 69 13.0 11.565
20.0 0 |20.0(500 175.0 2350.0 65 15.0 15.304
20.0 | 100. | 20.0 | 80.0 185.0 2310.0 62 18.0 18.720
20.0 0 |50.0/200 190.0 2290.2 60.4 20.2 23.353
20.0 | 100. | 50.0 | 50.0 198.0 2360.0 62 24.0 27.092
20.0 0 |50.0]80.0 204.0 2420.0 64 27.0 30.508
20.0 | 100. | 80.0 | 20.0 210.0 2518.6 65.8 29.3 35.152
20.0 0 |80.0|50.0 221.0 2530.0 65 33.0 38.891
20.0 | 100. | 80.0 | 80.0 230.0 2547.0 64.2 37.4 42.307
50.0 0 |20.0(200 10.0 2985.8 914 9.4 20.246
50.0 | 100. | 20.0 | 50.0 16.0 3001.0 91 12.0 23.131
50.0 0 |20.0(800 24.0 3007.0 90 14.0 25.693
50.0 | 100. | 50.0 | 20.0 30.0 3014.2 89.8 17.6 31.623
50.0 0 |50.0500 38.0 3019.0 89 19.0 34.508
50.0 | 100. | 50.0 | 80.0 44.0 3031.0 88.7 23.037.070
50.0 0 |80.0/200 50.0 3042.6 88.2 25.743.011
50.0 | 100. | 80.0 | 50.0 60.0 3060.0 87 30.0 45.896
50.0 0 |80.0/|80.0 70.0 3071.0 86.6 33.8 48.457
50.0 | 0.0 | 20.0 | 20m 410.0 0996.2 49.6 44.0 25.595
50.0 | 0.0 | 20.0|50.0 417.0 1010.0 46 50.0 30.244
50.0 | 0.0 | 20.0 | 80.0 423.0 1030.0 44 54.0 34.569
50.0 | 0.0 | 50.0 200 430.0 1043.0 43.4 57.2 39.892
50.0 | 0.0 | 50.0 | 50.0 439.0 1060.0 42 63.0 44.540
50.0 | 0.0 | 50.0 | 80.0 444.0 1080.0 41 69.0 48.865
50.0 | 0.0 {80.0 200 450.0 1099.8 40.2 73.454.199
50.0 | 0.0 | 80.0 500 460.0 1120.0 38.4 81.0 58.847
50.0 | 0.0 | 80.0 | 80.0 470.0 1156.6 37 89.7 63.172
50.0 |50.0|20.0 |20.0 410.0 1814.2 56.2 33.8 38.558
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50.0 | 50.0 | 20.0 | 50.0 418.0 1830.0 55 38.044.970
50.0 |50.0 | 20.0 | 80.0 423.0 1850.0 54 44.0 51.059
50.0 | 50.0 | 50.0 | 20.0 430.0 1871.0 53 50.0 55.773
50.0 | 50.0 | 50.0 | 50.0 437.0 1905.0 52 56.0 62.185
50.0 | 50.0 | 50.0 | 80.0 444.0 1912.0 51 61.0 68.274
50.0 [ 50.0| 80 |20.0 450.0 1927.8 49.8 66.2 73.000
50.0 | 50.0 | 80.0 | 50.0 460.0 1950.0 43 71.0 79.411
50.0 | 50.0 | 80.0 | 80.0 470.0 1984.6 46.6 82.5 85.500
80.0 |80.0|20.0|20.0 330.0 2490.2 72.2 26.6 17.347
80.0 | 100. | 20.0 | 50.0 338.0 2510.0 71 30.0 19.480
80.0 0 |20.0]80.0 343.0 2530.0 70 36.0 21.291
80.0 | 100. | 50.0 | 20.0 350.0 2547.0 69 42.8 34.151
80.0 0 |50.0(500 358.0 2590.0 69.2 51.0 36.285
80.0 | 100. | 50.0 | 80.0 363.0 2630.0 69.6 60.0 38.095
80.0 0 |80.0(200 370.0 2703.8 69.8 69.0 50.966
80.0 | 100. | 80.0 | 50.0 380.0 2690.0 65 72.0 53.100
80.0 0 |80.0(80.0 390.0 2660.6 62 75.3 87.623
80.0 | 100. | 20.0 | 20.0 170.0 3014.2 94.6 19.4 37.270
80.0 0 |20.0/|50.0 178.0 3033.0 93 25.042.879
80.0 | 100. | 20.0 | 80.0 182.0 3050.0 92 30.0 48.165
80.0 0 |50.0]200 190.0 3071.0 91.4 35.6 56.993
80.0 | 100. | 50.0 | 50.0 198.0 3090.0 90 40.0 62.602
80.0 0 |50.0]80.0 204.0 3110.0 89 45.0 67.889
80.0 | 100. | 80.0 | 20.0 210.0 3127.8 88.2 51.876.728
80.0 0 |80.0(500 220.0 3060.0 87 61.0 82.337
80.0 | 0.0 | 80.0 | 80.0 230.0 3184.6 85 68.1 87.623
80.0 | 0.0 | 20.0 | 20.0 490.0 1014.6 53 72.5 64.806
80.0 | 0.0 | 20.0 | 50.0 498.0 1040.0 51 79.0 73.891
80.0 | 0.0 | 20.0 | 80.0 503.0 1060.0 50 86.0 82.653
80.0 | 0.0 | 50.0|20.0 510.0 1099.8 48.2 96.8 87.449
80.0 | 0.0 | 50.0|50.0 518.0 1120.0 46 105.0 96.534
80.0 | 0.0 | 50.0|80.0 523.0 1160.0 44 114.0
80.0 | 0.0 | 80.0|20.0 530.0 1185.0 43.4 105.295
80 | 50.0 | 80.0 | 50.0 541.0 1220.0 40 121.2
80 | 50.0 | 80.0 | 80.0 550.0 1270.2 38.6 110.102

50.0 130.0

50.0 119.187

50.0 145.6

50.0 127.949

50.0

50.0

50.0

50.0
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Koapdpunment

ACTCPMUHAIUN

B npuHHMaeMOM pEIICHHH, BEIMYUHY OLEHKH MO TEPBOM, TPEThe M HIECTOH XapaKTePHCTHKU
(kpuTepws) JKemaTeNbHO, MOMYYUTh Kak MOXKHO Bbime: f;(X) = max f3(X) - max fo(X) - max;;
BTOpOH, YETBEPTON U MATOM Kak MOXHO HIKE: Y, (X) = min f(X) —» min f5(X) - min. [Tapamerpsr
X = {x1, x5, X3, X, } IBMECHSAIOTCSI B CIIEYIOIINX MpEIeTIax:

20.0<x; £80.0,0.0<x,<60.0,2.0<x3<8.0,20<x,<8.0 (124)
Tpeoyemca. IlocTpouTh MOJENIb CUCTEMBI B BUJIE BEKTOPHOM 3a/aud. PemmTh BEKTOPHYIO 3a1a4y
C PaBHO3HAYHBIMU KpUTEPHUSIMHU. BrIOpaTh NpHOPUTETHBIN KpUTEPU. Y CTAHOBUTH YHCIIEHHOE 3HAUEHUE
IPHOPUTETHOTO KpUTEpHsi. [[pHHATH ONTUMATIBHOE PEIICHUE C 33 JaHHBIM IIPHOPUTETOM KPUTEPHUSL.
Ilpumeuanue. ABtopoMm paspaborano B cucreme MATLAB mnporpammHoe obecrieuenue s
pellieHHsT BEKTOPHBIX 337ad MAaTeMaTHYeCKOro MPOrpaMMHUpPOBaHHs. BekTopHas 3agada BKIIOYACT
YeThIpe epeMeHHBIX (mapameTpoB): X={X1, X2, X3, X4} ¥ IIeCTb KpUTEpUEB (XapaKTEPUCTHUK)
FX) ={fiX), LX), ..., fo(X)}. Ho mis KaXabIX HOBBIX JAHHBIX (HOBas CHCTEMa) MPOrpamMma
F(X) =
{L(X), LX), ..., fe(X)} ¢ ycnosusimu Heonpenenennoctd (B Tabmuie | OHM TpeaCTaBICHBI KaK 4acTh

HacTpauBaeTCs HHIUBUYAIBHO. B IIPOrpaMMHOM obecrieyeHnn KpUTepuu
{¥1, Y2, V3, Y4}) MOTYT U3MEHSTHCS OT HYJIsA (T.€. BCE KPUTEPUU MOCTPOCHBI B YCIIOBHSIX ONIPEICICHHOCTH )
JI0 1IeCTH (T.€. BCe KPUTEPUH MOCTPOCHBI B YCIOBUAX HEOMPEACICHHOCTH).

23Ttan. IlocTpoeHWe MaTeMAaTHYeCKOW MW YHCJI0BOW MOJeJIH CHCTeMbl B YCJIOBHAX

OMPEaACJCHHOCTH U HEOIIPECACJICHHOCTH
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Co3aaHne YHCI0BOM MOJEIH CHCTEMBI BKIIIOYACT CIICAYIONIME pa3aeiibl: BeiOOp MaremMaTHYeCKOM
Mozenu cuctembl; [locTpoerne wmoxaenu 1) B yCIIOBHSAX ONPENEIEHHOCTH; 2) B YCIOBHUSX
HEOIPEICIICHHOCTH; 3) B YCJIOBUSX OMPEACICHHOCTH, HEOTPEACICHHOCTH.

9.3.1. Mamemamuueckas mooenv Cucmemol.

MBI IpeICTaBUM MOJICIIh TEXHHUYECKOW CUCTEMBI B YCJIOBHUSAX OMPEICICHHOCTH M HEOTIPEICIICHHOCTH:

Opt F (X) = {maxF,(X) = {max fi (X), k =1,K%/}, (125)
max I, (X) = {max f,, (X;,i = T,0DY, k =1, ki) (126)
min F,(X) = {min f, (X), k =1, K2, (127)
min,(X) = {min f, (X;,i = LM}, k =1, K}, (128)

npy orpanmueHmAx fiM" < fi.(X) < f"** k =1,K, xjmin <x < xjmax, j=1,N, (129)

rne X = {x;,j = 1, N} — BEeKTOp yIpaBisieMbIX IEPEMECHHBIX (KOHCTPYKTUBHBIX TAPAMETPOB);
FX) ={FL (X)F, (X)I; (X),I; (X)} — BexTOpHBIi KpuUTepHid, Kaxaas KOMIIOHEHTa KOTOPOTO
NPE/ICTABISCT BEKTOP KPUTEPUEB (XapaKTEPUCTUK) TEXHUYECKOH CHCTEMBbI, KOTOpPbIe (DYHKIIMOHAIBHO
3aBHUCAT OT JUCKPETHBIX 3HAUEHUI BEKTOPA IEPEMEHHBIX;

FEEX) ={i X)k= 1,K1def}, F,(X) = {fi X), k= 1,K2def} — MHOX€CTBO (QYHKIUI Max u

min cootsercrsenno; Iy (X) = ({fi (Xpi = TLIDY, k = LRI}, I, (X) = ({fi (Xpi = TIDY, k =
1, K¥°} — MHOXeCTBO MaTpuIl Max m Min cootsercTBenno; (definiteness), K. K3 (uncertainty)
MHOJKECTBO KPUTEPHEB MaX 1 MiN cOpMHUPOBAHHBIE B YCIOBHUSIX ONPEISICHHOCTH U HEOIIPEICTICHHOCTH;

gi (X),i =1,M — Bextop-QyHKIMS OTrpaHHYEHHH, HAKIANBIBAEMBIX HA (YHKIHOHHPOBAHHE
CHUCTEMBI, OHH OIPENENAIOTCS MPOTEKAIOMMUMU B TEXHUYECKOH CHCTEME TEeXHOJOTHUECKUMH,
(Gbu3NYECKUMU U TOMY NMOAOOHBIMU IIPOLIECCaAMU;

B (129) fiMn<f (X) <fim%* k =1,K — BexTOp-()yHKIHS OTPAHHYECHHMI, HAKIAJbIBAEMBIX HA
(YHKIIMOHMPOBAHUE TEXHUYECKON CHCTEMBI,

B (129) x/""<x; <x{"*,j = 1, N — mapamMeTpu4ecKie OrpaHHuCHHS.

[pennonaraercs, urto ¢ynkuuu fi, (X),k = 1,K mudpdepentupyemsl u Bumykiasl, g; (X),i =
1, M HenpephIBHBI, a 3aJaHHOE orpaHuueHuAMH (128) MHOKECTBO JOMYCTHUMBIX TOYEK S He MyCTO M
TpecTaBIsAeT coboii koMmakT: S = {X eR™|G(X) < 0,X™" < X < X™ax} = @,

9.3.2. Ilocmpoenue 6 ycnosusax onpeoeiennoCmu 6 Yucio8om euoe.

Ilocmpoenue 6 ycrnosusax onpederennocmu onpeaesercs GyHKINOHAIEHON 3aBUCUMOCTBIO KaX0H
XapaKTePUCTHKH M OIPAHUYCHUI OT MapaMeTpOB TEXHUYECKOH CHCTeMbl. B Haiiem mnpuMepe U3BeCTHBI
xapakrepuctuka (82), (83) wu orpanmyenuss (81). Hcnone3ys npansabie (81)- (83) moctpoum
JIBYXKPUTEPHAIBHYIO 33714y HEJMHEHHOTO MPOrpaMMHUPOBAHHS B YCIIOBHSX ONPEICICHHOCTH:

min fs(X) = 886.27 + 26.28x; + 33.95x, — 27.445x5; — 49.5x, — 0.8451x;,x, +
0.5173x;x3 + 0.8219x;x, — 0.1411x,x3 + 0.3593x,x, — 0.0123x3x, + 0.0438x% + 0.0401x% +
3.5281x% + 2.9103x2%, (130)

max fe(X) = 41.758 + 0.6598x; + 0.4505x, — 0.3094x5; — 1.8334x, — 0.011x;x, —
0.0069x,x5 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x5x, — 0.0003x2 — 0.0002x2 +

0.0279x2 + 0.1033x2, (131)
IpU OTPAaHUYCHUAX: X + X, + X3 + x4, = 120, (132)
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20.0<x,<80.0,0.0<x,<60.0,2.0<x3<8.0,2.0<x, <8.0. (133)
DT IaHHBIEC B AabHEHIIIEM UCTIONB3YIOTCS TIPU TIOCTPOSHUU MAaTEMAaTUIECKOM MOJIETH CUCTEMBI.
9.3.3. llocmpoenue moodenu cucnemol 8 yci08UAX HEONPEOETEHHOCHU
[TocTpoeHre MOAETM TEXHMYECKOH CHCTEMBI B YCIOBUSX HEOINPEACIECHHOCTH COCTOUT B
WCIOJIb30BAaHUU KAYECTBEHHBIX U KOJIWYECTBEHHBIX OMHCAHUNA TEXHUYECKOW CHUCTEMBI, MOTYYEHHBIX
AKCIIEPUMEHTAIBHBIX TJAHHBIX 10 MPUHIUMY “BX0-Bbixoa” B Tabmuie 1. [IpeoOpasoBanue nndopmanuu
(ucxomnsix gaHHeX): fi(x;, i = 1L, M), fo(x;, i = 1, M), f3(x;,i = 1,M), fo(x;,i = 1, M)
B ¢dyskumonansusiit Bun: fi(X), f2(X), f3(X), fo(X) ocyuectBisiercss myTeM HCIOIb30BAHUS
MaTeMaTHYeCKUX METOI0B (PErpecCHOHHOTO aHaJK3a).
Hcxonnpie nanabie Tabnuipl 1 chopmupoBanbl B cucteme MATLAB B Buje MaTpHIIb:
I =|X,F| = {Xi1, Xi2) Xi3, Xias fir, fizs fizo fiar 0 = 1, M} (134)
Jns  kaxgoro Habopa AKCHEPUMEHTANBHOTO HaHHBIX fi,k =1,2,3,4 crpoutcs ¢yHKIus
perpeccus MeTo0M HauMeHbIIMX kBazpatoB min Y. (y; — %)% B cucteme MATLAB. Jlns storo
dopmupyercss TOTUHOM Aj , ONpEAeISAIOMUNA B3aMMOCBS3b MapaMeTpoB X; = {Xj1, X2, Xi3, Xjs} H
byukuuu yi, = f (X;, Ax), k = 2,3 Pesynbratom siBisercs cuctema kodddunuearoB Ak={Aok, Ak, ...,
A14k}, KOTOpBIE ONPEACIIAIOT KO3 (OUIIUCHTHI KBaIPATUYHOTO MTOJIMHOMA!
fi(X,A) = Ao + Agpxy + Ay + AzpeXz + AgreXy + AspXy Xy + A X1 X3 + A7y Xy + AgiXoX3
+ AoXXy + ArorXsXa + Ay XT + ArX3 + Ayaixd + Aiexi, k= 2,3, (135)
[IporpamMmmHOe obOecrieueHre MOJMHOMHAIBHON aNMpOKCUMAIMA C YETHIPhMSI MEPEMEHHBIMU U
JeThIpHAALAThIO (pakTopaMu mpejcTaBicHo B [12]. B urore skcrepuMeHTaabHbIC JaHHBbIC TaOMUIBI |
npeobpasyrorcs cucreMy K03 duineHToB YeThipéx Gpyukuuu Buaa (15) B Buae TaOIUIBL:
A0=[269.8673 795.7195 39.7581 17.5032 % Ay (136)
-1.8746 23.8932 0.6598 -0.0081 %A
-2.9115 30.8660 0.4493 -0.7005 %A,
8.9389 -25.8586 -0.3094 -0.3605 %A;,
10.9366 -45.0026 -1.8334 0.9769 %A,
0.0807 -0.7683 -0.0110 0.0138 %As,
-0.0517 0.4703 -0.0069 0.0708 %A,
-0.14130.7472 0.0161 -0.0001 %A,
0.0619 -0.1283 -0.0143 0.0436 %Ag,
-0.0868 0.3266 0.0134 0.0002 %Ay
0.0030 -0.0112 -0.0005 0.0005 %A o
0.0119 0.0398 -0.0003 -0.0018 %A1
0.0098 0.0365 -0.0002 0.0029 %A 2k
-0.2028 3.2074 0.0279 0.0050 %A 3
-0.4188 2.6457 0.1033 -0.0259]; %A, 4%
Rj =[0.6115 0.7149 0.6551 0.9017];
RRj=10.3740 0.5111 0.4292 0.8130];
Ha ocrose Ao (1) Ao (2) Ao (3) Ao (4) crpostes pyrkuun f; (X)), f5(X), f3(X), fo(X), koTopsie ¢
YYETOM MOTYYCHHBIX KOI()(PHUIIMEHTOB MPUMYT BHI:
max f;(X)= 269.86-1.8746 x; -2.9115 x, +8.9389 x5 +10.936 x, +0.0807 x;x, -0.0517 x;x5 -
0.1413x; x4+ 0.0619x,x5-0.0868x,x,+0.003x5x,+0.0119x%+0.0098x3-0.2028x2 -0.4188x%, (137)
min f,(X)=795.72 +23.89 x; +30.866 x, -25.8586 x; -45.0026 x, -0.7683 x;x, +0.4703 x; x5
+0.7472x,x,4-0.1283x,x3+0.3266x,x,-0.0112x5x,+0.0398x7+0.0365x% +3.2x35+2.6457xZ, (138)
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max f3(X)=39.7581 +0.6598x; +0.4493x; -0.3094x; -1.8334x, -0.0110x,x, -0.0069x;x; +
0.0161x;x,4-0.0143x,x5+0.0134x,x,-0.0005x3x,-0.0003x#-0.0002x2+0.0279x5+0.1033x2, (139)
min f,(X)=17.5032 -0.0081x,; -0.7005x, -0.3605x; +0.9769x, +0.0138x;x, +0.0708x;x; -
0.00012x; x,+0.0436x,x3+0.0002x,x,+0.0005x5x, -0.0018x2+0.0029x2+0.005x2-0.0259x%,  (140)
IIPU OTrpaHuYeHusAX: X; + x, + x3 + x4, = 120, (141)
20.0 <x; <80.0,0.0<x,<60.0,2.0<x53<8.0,2.0<x, <8.0. (142)
MuHMMaIbHBIE W  MaKCHMaJbHbIC 3HAUCHHUS  OKCIHCPUMCHTAIBHBIX  JAHHBIX Xy, ..., Xy
NpE/ICTABJICHbI B HIDKHEHW 4yacTh TaOnuiel 2. MUHHMaIbHbIE W MaKCHMAJbHBIC 3HAYCHHS (QYHKI[HIA
(LX), ,(X), f5(X), fo(X) He3HAYUTETBHO OTIMYAIOTCS OT OSKCICPUMEHTAIbHBIX TaHHBIX. MHIEKC
KOPPEISLIUH U KOIPPHUIUCHTBI ETCPMHUHAIIMU TPESICTABICHBI B HUKHUX CTPOKAX TaOIHUIIBI 2.
PesynbraTel perpeccuonnoro anaimsa (135), (136) B qanbHEHIIIEM UCIIONIB3YIOTCS IIPH IIOCTPOCHUHU
MaTeMaTUYECKON MOAEIN TEXHUYECKON CUCTEMBI.
9.3.4. ITocmpoenue mooenu cucmemsol 8 yci06UAX ONPEOEIEHHOCU U HEONPEOeAeHHOCHU
s MOCTPOCHUS MATEMAaTHYECKOM MOJENIM TEXHUYCCKOH CHUCTEMbI HCIONb3yeM: (DYHKIHH,
noaydeHubie  ycnoBusix  onpeaeneHuoctr  (130), (131) wu  wmeompemenenHoctu (135), (136),
napameTpuueckue orpanuueHus (132). dyuxuu (90), (91), (95), (96) paccmarpuBaeM Kak KpUTCpPHUH,
OTPENIEISIIOIINE IeJICHAIIPABICHHOCTh (DYHKIIMOHUPOBAHHUS CUCTeMbl. MHOXecTBO kputepueB K=6
BKIIOYAlOT TpH Kputepus f;(X) = max, f3(X) = max, f¢(X) » max u pu f,(X) = min, f,(X) -
min, fs(X) > min . B wurore wmoxenb (GYHKIMOHHPOBAHUSA TEXHHYCCKOH CHCTEMBI MPEACTABHM
HIECTUMEPHOH 3a/1a4i — BEKTOPHOH 3a/1aueii MaTeMaTHIeCKOTO MPOrpaMMHUPOBAHHS:
opt F (X) = {max F; (X) = {max f;(X)=269.86 — 1.8746x; — 2.9115x, + 8.9389x; +
10.936x, + 0.0807x;x, — 0.0517x;x3 — 0.1413x;x4 + 0.0619x,x3 — 0.0868x,x, + 0.003x3x, +
0.0119x% + 0.0098x% — 0.2028x% — 0.4188x2, (143)
max f3(X)=39.7581 +0.6598x; +0.4493x; -0.3094x; -1.8334x, -0.0110x,x, -0.0069x,x; +
0.0161x;x,4-0.0143x,x3+0.0134x,x,-0.0005x5x,-0.0003x2-0.0002x5+0.0279x3+0.1033x2,  (144)
max fy(X) = 41.758 + 0.6598x, + 0.4505x, — 0.3094x; — 1.8334x, — 0.011x;x, —
0.0069x;x3 + 0.0161x;x, — 0.0143x,x5 + 0.0134x,x, — 0.0005x3x, — 0.0003xZ — 0.0002x> +
0.0279x2 + 0.1033x2}, (145)
min F; (X) = {min f,(X)=795.72 +23.89x, +30.866 x, -25.8586x; -45.0026x, -0.7683x;x,
+0.4703 x,x3 +0.7472 x,x, -0.1283 x,x; +0.3266 x,x, -0.0112 x3x, +0.0398 x? +0.0365 x3
+3.2x2+2.6457x2, (146)
min f,(X)=17.5032 -0.0081x; -0.7005x, -0.3605x; +0.9769x, +0.0138x;x, +0.0708x,x5 -
0.0001 x;x, +0.0436 x,x3 +0.0002 x,x, +0.0005 x3x, -0.0018 x# +0.0029 x2 +0.005 x? -0.0259 xZ ,
min fs(X) = 886.27 + 26.28x; + 33.95x, — 27.445x5 — 49.5x, — 0.8451x;x, + 0.5173x,x5 +
0.8219x;x, — 0.1411x,x5 + 0.3593x,x, — 0.0123x3x, + 0.0438xZ + 0.0401x3 + 3.5281x2 +
2.9103x2}}, (147)
IpU OTpaHUYCHUSX: X, + X, + X3 + x4 = 120, (148)
20.0 <x; <80.0,0.0<x,<60.0,2.0<x3<8.0,2.0<x, <8.0. (149)
Bekropnas 3amauya (143)- (149) mpencraBiseT YUCICHHYIO MOJIENb HMPUHATHS ONTHMAJILHOTO
peIICHHSI B YCIOBHUIX ONPEACICHHOCTH U HEOTPEACICHHOCTH B COBOKYITHOCTH.
33ran. Moje1upoBaHne W BHIOOP ONTHMAJIbHBIX MAPAMETPOB TEXHHMYECKOH CHCTEMBbI HA
0a3e BEKTOPHOI1 32]1a4M C PABHO3HAYHBIMU KPUTEPUSIMH
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Jlns  pemieHus BEKTOPHBIX 3ajJad MareMaTHueckoro mporpammupoBanus (143)- (149)
NPEJCTaBICHbl METO/bl, OCHOBAaHHBbIE HAa AaKCHOMATHKE HOPMAaJHM3allMd KPUTEPUEB U MPUHIIHIE
rapaHTHPOBAHHOT'O PE3yJIbTaTa, BEITEKAIOLINE U3 aKCHOMBI | M MIPUHITUIA ONTUMAIBHOCTH 1.

ANTOPUTM NIPECTaBUM B BHJIE Psi/ia IIaroB.

Illae 1. Pemienue 3anaun (143)- (149) no KaxaoMy KPUTEPHUIO OTICIBHO, IPH 3TOM HCIOIB3YETCs
¢dynkus fmincon (...) cucremsr MATLAB, obpamienue k ¢pynkuu fmincon (...) paccmorpeno B [18,
19]. B pesynbrare pacuera Mo KaKIOMy KPUTEPHIO IMOJy4aeM TOYKH omntumyma: X; u fi (Xg),
k=1, K, K=6— BeIM4MHbBI KpUTEPUEB B 3TOM TOUKE, T. €. HAWTy4Illee PELICHHE MO KaKI0My KPUTEPHIO:

Kpurepwii 1: X{ = {x; = 46.76,x, = 43.23,x3 = 8,x, = 2}, f;' = f (X7) = —323.9; (150)

Kpurepuii 2: X; = {x; = 25,x, = 23.65,x3 = 4.98,x, = 6.307}, f; = f, (X;) = 1696.7,

Kpurepwmii 3: X3 = {x; =80.0,x, = 0.0,x3 = 2.0,x, = 8.0}, f5 = f3 (X3) = —91.25;

Kpurepwmii 4: X; = {x; = 20.0,x, = 58.08,x3 = 2.0,x, = 2.0}, f;" = f, (X;) = 10.815.

Kpurepwmii 5: X& = {x; = 25.2,x, = 23.69,x3 = 4.8,x, = 6.75}, fc = f5 (X) = 1882.3;

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

Orpannuenus (149) u touku ontumyma X7, X5, ..., X¢ B KOOpAMHATAX {X1, X2} MPEICTABICHBI HA
puc. 13.

A Pareto set in a two-dimemsional plane: x1 - x3

T T 1 T T T T
£ =260.-1.87°x,,-2.91"x,+8.93" ;+10.93"X +0.08"X, "X ...
-t Az A ARA 42526 i
\
\
6 ' -
f,=795.295+73.898*x +30.661* , -25.85"x }4\5. 02*%,-0.7609"X "X ,* ...
A22 XA 3A 42 5A g \
sp X/ \ 1
f5=>§r? ~26:28%x - =28:4*%,-49.50"x # ...  \X°
e} 5 —
X 2 M A2A 3 40 6 /// ©
4t f£43.7-0.725%  +0.49*x,-0334"R -2.016"x +0.01%% | *x ...
~ Xz AA2A gA ad s ¢
~ VI
5L =17.5082-0.00817x,-0.701"x ;+ 0.3605% ;+0.9769% , +0.0138™% X, +..
[~ -3 *. *. * *. T
XgZ M ApXgAgh g F5 30.758+0.66°%, +0.44°%,-0.3094"% N .83, -..
*/// A3> A A2 4 A ghg )
o L% Xs _
Xe
20< x1< 80
1 1 1 1 1 Il 1
20 30 40 50 60 70 80 90
X1

Puc. 13. Muoxectso Ilapero, S°cS, X7, ..., X¢ B ABYXMEpHbBIE CUCTEMbI KOOPIUHAT {X{, X3}

Ilaz 2. OnpenenseM HauXy/UIyI0 BEIMUMHY KakAOro KpuTepus (aHTHONTHMYM): XP u f =
fix XD,k =1,K, K=4. Jlna uero pemaercs 3amada (143)- (149) nns kaxmoro kputepus k = 1,K; Ha
MHHUMYM, Ui Kasxaoro kpurepus k = 1,K, Ha MakcumyMm. B pesynbTate penienus nomyuum: Xp =
{x;,j =1,N} — Touka onTHMyMa IO COOTBETCTByIomeMy kpurepuio, k = LK ; f) = fi, (Xg) -
BenuuuHa K-ro kputepus B Touke, X2,k = 1, K, (BepxHuii HHIEKC HOJB):

Kpurepnii 1: X = {x; =80,x, = 0,x3 = 2.,x, = 8.}, f° = —175.15; (151)

Kputepnii 2: X9 = {x; = 80,x, = 0,x3 = 8,x, = 8.0}, £ = f,(X3) = —3548.08;

Kpurepuii 3: X9 = {x; = 20.0,x, = 25.37,x3 = 8,x, = 6.625}, ) = f3 (XJ) = 50.57;

Kpurepuii 4: X9 = {x; = 62.71,x, = 22.88,x5 = 6.39,x, = 20}, f = fo(X) = —61.35;
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Kpurepuii 5: X: = {x; = 80.0,x, = 0.0,x3 = 8.0,x, = 8.0}, 2 = fs(X9) = —3921.8;

Kpurepuii 6: X2 = {x; = 20.0,x, = 25.36,x3 = 8.0,x, = 6.63}, f2 = f,(Y2) = 52.604.

[llaz 3. BeIMomHSCTCS CHCTEMHBIN aHAJIM3 MHOXECTBA TOUYCK, oNTHMajbHbIX 1o [lapero, (T.e.
aHaJIM3 10 KaXJA0My Kputepuio). B toukax ontumyma X* = { X{, X5, ..., X JonpenensroTcss BETUUNHBI
k=1K

g F= (dyd, d3 dy ds dg)T - BexTOp OTKIOHEHHMIT 1O

uenessix Qynxumit F (X*) = ||f;
. — * 0 1
KaxI0My KPHTEPHIO Ha 10Ty CTHMOM MHOX)ecTBe S: dy = fi — fi, k = 1,6, ¥ MaTpuLa OTHOCUTEIBHBIX

e A () = (i — fO)/di

324.0 1997.9 58.0 57.1 2216.7 60.0 148.8
272.31696.8 53.8 26.9 1882.4 55.8 —1851.3
175.2 3285.6 91.3 22.1 3627.1 93.3 40.7
F(X") = = . 152
&) 221.52266.4 62.0 10.8 2506.0 64.0||’ i —50.5 (152)
270.9 1696.9 54.0 26.5 1882.3 56.0 —2039.5
175.2 3285.6 91.3 22.1 3627.1 93.3 40.6
1.0000 0.8373 0.1814 0.0843 0.8361 0.1821
0.6527 1.0000 0.0787 0.6825 1.0000 0.0787
A (XY = 00.14181.0000 0.7774 0.1445 1.0000 (153)

0.3114 0.6923 0.2804 1.0000 0.6942 0.2816||
0.6433 1.0000 0.0832 0.6898 1.0000 0.0832
0.0000 0.1418 1.0000 0.7774 0.1445 1.0000
AHain3 BEJIMYUH KPUTEPUEB B OTHOCUTEIBHBIX OLIEHKAX IOKA3bIBAET, YTO B TOYKAX ONTHMYyMa

X*={X],X;,X3,X;,X:,X;} (no auaroHanaw) OTHOCUTEJIbHAs OlEHKa paBHa enunmile. OcTalbHbBIC
KPUTEPUH 3HAYMTEILHO MEHbIIIEC eMHUIIBI. TpedyeTcs HalTH Takyro TOUKy (mapamMeTpbl), IpU KOTOPBIX
OTHOCHUTEINIbHBIE OIICHKM Hawmbosee Omm3ku K eauHuie. Ha permeHue 3Toi mpoOiieMbl HAmpaBlieHO
penienue A-3agauu — mar 4, 5.
llae 4. TloctpoeHue A-3aaud OCYIIECTBIIETCS B JBa JTama: MEPBOHAYAIBHO CTPOUTCS
MaKCUMUHHAs 3a/1a4a ONTUMHU3AINHI C HOPMAJTU30BAaHHBIMU KPUTEPHUSIMU:
L’ = maxy.gminggh, (X),G (X)<0,X >0, (154)
KOTOpasi Ha BTOPOM 3Tare mpeodpa3yercs B 3ajauyy MaTeMaTH4ecKoro mporpammupoBanus (A-
3a7a4a):

A’ = max A, (155)

[Ipu orpannueHnsIX A — LOO- R <0, — &% {3 <0, L% ({3 <0, (156)
i1 fi—fs f5-13

}\’ 2 (X)- fZ < 0 }\‘ fi (X) ({4— < 0 }\‘ fs (X)— f5 < 01 (157)
515 fa—T4 fi- 17

X1+ X + x3+ x, =120, (158)

0<i<1, (159)

20.0 < x, <80.0,0.0 < x, < 60.0, 2.0 < x5 < 8.0,2.0 < x, < 8.0.. (160)

T7ie BEKTOp Hen3BeCTHBIX nMeeT pazmepHocTh N+1: X = {x4, ..., xy, A}; dyHKINHN
fi(X), (X)), ..., fe(X) coorBercTByrOT (155)- (160) coorBeTcTBeHHO. IT0ACTABHB YKMCIIOBBIE 3HAYEHUS
dyukuuit f;(X), f,(X), ..., f4(X), MbI noyunM A-3a1a4y CIIAYIOLIETO BU/IA:

A = max A, (161)
269.86—1.8746 ..—0.2028x3 —0.4188
OrpaHUYeHHss A — i x5 ot 0,. (162)
f1 -
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39.7581 +0.6598x, +0.4493x3 — - +0.0279x%+0.1033x2 -0

A — F—r9 <o,..., (163)
% — 41.758+0.6598x1+0.4505x,— ... +0.0279x5+0.1033xZ — <0 (164)
fo~1g ’
X1+ X + x5+ x, =120, (165)
0<A<1,20.0<x; £80.0,0.0<x,<60.0,2.0<x3;<8.0,2.0<x, <8.0. (166)

[Xo,Lo]=fmincon ('Z_TehnSist_4Krit_L',X0,A0,bo,Aeq,beq,lbo,ubo,'’Z TS LConst',options)

B pesynbrate pemenust B3MIT (137)- (141) npu paBHO3HAYHBIX KPUTEPHSIX H COOTBETCTBYIOIIEH €i
A-3amaun (161)- (166) momyunm:

X° ={X°,A\°} ={X° = {x; = 61.188,x, = 12.219, x5 = 4.591,x, = 2.0,A° = 0.5196}, (167)

TOYKY ONTHMYyMa — KOHCTPYKTHBHBIE MTapaMEeTPhl TEXHUIECKOH CUCTEMBI, KOTOpast MPe/CTaBIeHA
na puc. 13; f,(X°),k = 1,K — Benmuumnsl KpuTepueB (XapaKTepPUCTHK TEXHHUECKOH CHCTEMBI):

{f1(X°) = 25247, f, (X°) = 2308.6, f3 (X°) = 71.709, f, (X°) = 35.09, f5 (X°) =
2555.0, fg (X°) = 73.723}; (168)

A (X°),k = 1, K. — BelM4MHBI OTHOCHUTETHHBIX OLIEHOK
A (X°) = 0.5196,1,(X°) = 0.6695,A3(X°) = 0.5196,1,(X°) = 0.5196,2A5(X°) =
0.6702,A4(X°) = 0.5196}; (169)
A° =0.5196 — 3T0 MaKkcUMalbHBIi HW)KHUI YPOBEHb CpPEIM BCEX OTHOCHTEIBHBIX OIICHOK,
U3MEPEHHBIN B OTHOCUTENBHBIX €MHULIAX:
A% = min (A1(X°),A,(X°), ...,Ac(X?)) = 0.5196. (170)

A° — Tak XK€ Ha3bIBAIOT TapaHTUPOBAHHBIM PE3YJILTATOM B OTHOCHTEIBHBIX €JHHUIIAX, T. €.
Ar(X°) u COOTBETCTBEHHO XapaKTEPHCTHKUA TEXHUUYCCKOW cHCTeMbl fi(X°) Hemb3s yiydlinTh, HE
yXyaiasi Ipyu 3TOM JIPYTHE XapaKTePUCTUKH.

3amMeTuM, 9TO B COOTBETCTBUH ¢ TeopeMoii C 1, B Touke X° kpurepuw 1, 3, 4 u 6 mpOTUBOPECUUBHI.
DTO NPOTUBOPEYHE OIPEAEIETCS paBeHCTBOM A, (X9) = A3(X°) = A, (X°) = A,(X°) = A° = 0.5196,,
a OCTaJIbHBIC KPUTEPUH HEPABEHCTBOM {A,(X°%) = 0.6695,A5(X°) = 0.6702} > A°.

Takum oOpa3om, TeopemMa | CIIy’)KUT OCHOBOHM Ui OIpENeNeHUs MPABUIBHOCTH PEHICHUS
BEKTOPHOM 3a7a4u. B BEKTOpPHOM 3a/1aye MaTEMaTUYECKOTIO IPOrPAMMUPOBAHMS, KaK IIPaBUIIO, IS IBYX
KpPUTEPHEB BBINOIHAETCA paBeHCTBO: A = A,(X°) = A,(X°),q,p € K, X € S, (8 Hamem npumepe Takue
kpurepuu 1, 3, 4, 6). A 15 Ipyrux KpUTEPUEB OIPEIENIIETCs KaK HEPaBEHCTBO.

43tan. IlocTpoenne reoMeTpuYecKOi HHTEPNPETALMH Pe3yJIbTATOB PellleHUs B TPeXMePHOM
crucTeMe KOOPAMHAT B OTHOCUTEILHBIX eIMHHIIAX

B momycTMOM MHOXKECTBE TOYeK S, oOpa3zoBaHHbIX orpanwdcHusMmu (161)- (166), Toukm
ontumyma X; , X, X3 , X4, Xc , X¢ , OObCIMHEHHBIX B KOHTYp, MPEICTABISIOT MHOXXECTBO TOYCK,
ontuManbHeIX 0 [lapeto, S$°cS, mpencraBnen Ha puc 13. KoopauHaTbl 3THX TOYEK, a TaKXkKe
XapaKTePUCTHKA TEXHHUYECKOW CHCTEMBI B OTHOCHTENBHBIX eaumHHIax Aq(X),A,(X), ..., A (X)
NoKa3aHbl Ha puc. 14 B Tpex MEpPHOM NPOCTPAHCTBE X; X, U A, A€ TPEThsi OCb A — OTHOCHUTEIbHAsS
OIICHKA.
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A-zadacha Vector Optimization 6 criterion

ATy

As(Xs)
AdX,)

Lambda

X3 2 x,20 x1

Figure 14. Pemienne A-3a1a4u B TPEXMEPHON CUCTEME KOOPAUHAT X; X3 U A

Discussion. D'isims Ha puCYHOK 14, MBI MOXXEM MPEICTaBUTh H3MEHEHUs BceX (YHKIUN
M (X)), 2, (X), ..., A (X) B ueTbIpeXxMepHOM MPOCTPAHCTBE.

PaccmoTpuM, Hampumep, onTHManbHyl0 Touky X3 . @yHkmmsa Az (X) chopmupoBaHa u3
bynkmn f3 (X)c nepeMeHHBIMH KOOPAWHATAMH {Xq X,} W C IOCTOSHHBIMH KOOpAMHATaMu {X3=12.219,
X4=2.0}, B3siThIC M3 onTUManbHOU Touku X° (167). B Touke X3 oTHOcuTenbHas oneHka Az (X3) = 0.83
— MOKa3aHa Ha puc. 6 yepHOoW TouKoi. Ho MBI 3HaeM, 94TO OTHOCHTENbHAS OIleHKa Az (X3) TOIydeHHas
u3 Qynkimu f3 (X3) Ha TpeTheM IIare paBHa euMHMIE, 0003HaunM ee Kak A3 (X3) = 1 — nokasaHa Ha
puc. 14 xpacHOI TOUKOH.

Pasnocts Mexay A5 (X3) = 1 m A3 (X3) = 0.83 sBaserca ommbOkoit A= 0.17 mepexoma oOT
4eThIpeX MEpHOH (a B o0Omiem ciaydae N-MepHOii) K IBYXMEpHO# 001acTH. AHAIOTHYHO MMOKa3aHa TOYKa
X} W COOTBETCTBYIOIIME OTHOCUTENbHBIE onleHKH A; (X7) u A4 (X7).

Takum obpaszom, BIEPBBIE B OTEUECTBEHHON M 3apyOEKHOM NMpaKTHKE MOKa3aH MEePEeXO M ero
reomMeTpuyeckas WwurocTpanus oT N-MepHOro K ABYXMEPHOMY HM3MEPEHHIO (YHKIMH B BEKTOPHBIX
3a71a4ax MaTeMaTHYECKOTO MIPOTPaMMHUPOBAHHS C COOTBETCTBYIOIINMHE OITHOKAMH.

Sstan. Pemenne 3a1a4un BeKTOPHOH ONTHMU3ALMH C IPHOPUTETOM KPUTEPHUs

JIumom, MPUHUMATOIIINM PEIICHUs, KaK MPaBHUIIO, SBISIETCS KOHCTPYKTOP CHCTEMBI.

Ilae 1. Pemenue BEKTOPHOW 3aJayél MPU PABHO3HAYHBIX KPHUTEPUAX. AJITOPUTM PEIICHHS
BEKTOPHOW 3aJaydl TMpeJCTaBlieH Ha CTaguu 3. YUMCIIeHHBIE pe3yNbTaThl PEHICHUS BEKTOPHOH 3a1auu
NPE/ICTABIICHBI BBIIIIE.

MHOXeCTBO TOYEK, ONTUMAIBHBIX 110 [TapeTo $°CS HaxoauTcs MEXITy ONTHMAIBHBIMI TOYKAMH
X1 X° X3 Xe X° X, X° Xe X°X5 X° X{. MbI npoBenem aHanu3 MHOkectBa Touek I[lapero S°cS. dns
9TOW IIEJM MBI COCIMHHM BCroMorarenbHbie Touku: X X3 X X5 X; ¢ Toukoir X°, KOTOpasi yCIOBHO
Npe/ICTaBIsSeT IICHTp MHOXecTBa [lapero. B pesyibpraTe NONMYyYMIIM YETHIPE IMOJMHOXKECTB TOYEK
X 653 cS°cS,q = 1,4. TIoMHOXECTBO $9cS°cS xapakrepusyeTcsi TeM, YTO OTHOCHUTENbHAS OICHKA

(@f MesxayHapoaHbIH Hay4HbIH xKypHal ""'Bexrop HayuyHoi Mbicau' Nel0(15) Oxrsaops 2024
www.vektornm.ru | 8 (812) 90529 09 | info@vektornm.ru



Pa3gcn XKXypHalia: MaremaTH4YeCKHUe U €CTECTBEHHbBIC HayKH
Hal’[paBJ’[CHl/Ic HCCJICAOBAHUA: Duznko-MaTeMaTUUYECKUE HayKH

A1 = A,, 43,4, TO €CTh B TIOJIC TIEPBOTO KPHUTEPHs S MMEET MPUOPHUTET HAI OCTAIbHBIMH. [10100HO
2,589, S3- MOAMHOXKECTBA TOYEK, TJI€ BTOPOIi, TPETHI W YETBEPTHI KPUTEPHil MMEET MPUOPUTET Ha[
JIPYTUMH COOTBETCTBEHHO. MHOXECTBO TO4YEK, ONTUMabHBIX Mo [lapero, Oyaem obOo3navyate S° =
STUSy LSS LSy LSSy KoopauHathl BCEX TIONYYEHHBIX TOYEK W  OTHOCHUTENbHBIC OLCHKU
MPEJICTABJICHBI B JIBYMEPHOM TIPOCTPAHCTBE {X; X} Ha puc. 13. DT KOOpIMHATHI TOKA3aHBI B TPEX
M3MEPEHHBIX MMPOCTPAHCTBAX {X; X, A} Ha puc. 14, rie TpeThs OCh A- OTHOCUTENIFHAS OICHKA.

Orpannuenus Habopa Touek, onTuMainbHbIX 10 Ilapero, Ha puc. 6 o cHwkeH 10 -0,5 (4TOOBI
ObUTH BHIUMBI OrpaHUYeHUs)). IJta HHOOPMALUS TAKKE SBIACTCS OCHOBOH JUIs JaJbHEHIIEro
UCCIIeI0BaHMs CTPYKTYphl MHOXKeCTBa [Tapeto. JInio, mpuHUMAROIIee PEIICHUs, KaK PABHUIIO, SIBJIACTCS
pa3pabOTYMKOM CHCTEMBI.

Ecnu  pesynbTarthl pelieHHs BEKTOPHOW 3aadd C paBHO3HAYHBIMH KPUTCPUSIMH HE
yIOBJICTBOPSIOT JIMIIO, IPHHUMAIOIIECE PEIICHHE, TO BBIOOP ONTHMAIBHOIO PEIICHHS OCYIIECTBIISCTCS U3
KaKoro-Jiu0o MOJMHOXKECTBA TOUCK ST, 59,59, S3ULSE LS. DTH NOAMHOXKECTBA TOYeK [lapeTo moka3aHsl
Ha puc. 13 B Bune Qynxunii fi(X), f2(X), f3(X), f2(X), f5(X), f6 (X).

[llaz 2. Beibop npuoputetHoro kpurepus q € K.

W3 Tteopum H3BECTHO, 4YTO B ONTUMAaJbHOW TOouke X° Bcerga HMeeTcs JBa HauOoiee
NPOTUBOPEYMBBIX Kputepus, ¢ € K u p € K, Ui KOTOPHIX B OTHOCUTEJIBHBIX €AWHHIIAX BBHITIOIHACTCS
TouHoe paBeHcTBO: A° = A, (X?) = A,(X°),q,p € K,X€ S,

a JUTsl OCTANIbHBIX BBIMONHACTCS HepaBeHCTBa: A° < A, (X°),Vk € K,q # p # k.

B momenmu TC (143)- (149) u cootBercTBytomeit A-3amaun (161)- (166) Takumu KpUTEPHSIMHU
SIBJISIFOTCS TIEPBBIA M TPETHIA:

A% =2 (X°) =23(X°)=0.51958 (171)

T.C. BBIMOJIHACTCS 4YHCJIOBas CHMMETpHs. OTy CHUMMETPUIO MOKaxeM Ha puc. 15, rme
npexcrasnensl Gynxmun A1 (X) u A3 (X) 0TAEIBHO CO CTOPOHBI ONTUMAILHOM Toukn X° = {X°,A°}.

A-zadacha Vector Optimization L1, L3 criterion A-zadacha Vector Optimization L1, L4 criterion

A
RN
'\j&z,ﬁb(xh )

A,x)

Lambda
Lambda

80

Puc. 16. Pemenne A-3amaun (A;(X) u A,(X))B
TPEXMEPHOU CHCTEME KOOPAUHAT X; X3 H A.
A (X°%) = 2;(X°)=0.5196 (Touno Ha
NIEPECEUEHUN).

Puc. 15. Pemenne A-3amaun (A;(X) u A3(X)) B
TPEXMEPHOU CHCTEME KOOPANHAT X; X3 H A.
A (X%) = 0.7372,1;(X°)=0.5196.

JIsist CpaBHEHHSI aHAIOTHYHO MPEJICTaBUM (DYHKIIMH HAaHOOJIee MPOTUBOpEUnBLIe KpuTepun A4 (X) u
A4(X) oTnensHO co cTopoHbl onTHManbHOH Toukn X° = {X°,A°}. Ha pucynkax 15 u 16 nokasaHsl Bce
TOYKH U JTaHHBIE, O KOTOPBIX TOBOPUIIOCH Ha pHc. 14.
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Kak mnpasuio, u3 310ii mapel A° = A,(X°) = A3(X°) = 0.5196 npoTHBOpPEUMBBIX KPUTEPHEB
BbIOMpaeTcst Kputepuil, kotopbrii JIIIP xorenm Obl ymyumnTh. Takol KpuTepuil Ha3bIBaeTCA
«TIPUOPUTETHBIM KpUTEpHEM», 0003HauMM ero q =3 € K . DTOT KpuUTepuil HCCIEAyeTcsl BO
B3aUMOJICUCTBUU ¢ NepBbIM Kputepuem g = 1 € K. Mpl uccinenyeM 3TH JBa KpUTEpHUs W3 BCETO
MHOKecTBa KputepueB K = 6, noka3aHHbIX Ha puc. 15.

Ha nucnuieit Beigaercst cooOrieHue:

g=input ('Beenute nproputeTHBI KpuTepuii (Homep) =) — Beenu kpurepuii q=3.

Llaz 3. OnpenensroTcs YNCIOBbIE IPEIENbl U3MEHEHUS BEINYUHBI IpuopuTeTa kKpurepus q = 3€K.
[na  npuoputrerHoro kpurepus ¢q = 3€K onpeaensrorcs W3MEHEHHUs 4YMCIOBBIX MPEACIOB B
HaTypaJIbHBIX €IMHHUIAX IIPU Nepexose u3 Touku ontumyma X° (116) B Touky Xj, momydeHHyio Ha
nepBoM 1mare. JlaHHble 0 KpUTEpHUH (=3 BBIJAIOTCS HA DKPAH:

fq(X°) = 71.709< f; (X) <91.25 = f, (X7),q € K. (172)

B oTHOCHTENBHBIX eMHUIAX KPUTEPUH (=3 U3MEHSCTCS B CICIYIOIINX Mpeaeiax:

Aq(X?) = 0.5196< 1,(X)<1 = ﬂq(XS),q = 3 € K. DTu faHHbIC aHATU3UPYETCS.

Llaz 4. Beibop Benmmuunbl npuoputetHoro kpurepus qe K. (Decision-making).

Ha coobuienue: «BBenure BenmuuuHy npuoputeTHoro kpurepus fg=» — BBoaum, Hanpumep, fq=80.
Llaz 5. Botuucisiemcs: OmHOCUmMeNbHAsL OYEHKA.

Jns BeIOpaHHON BENIMYMHBI MPMOPMTETHOrO KpUTepHs f; = 80 BHIMUCIAETCA OTHOCHTENbHAS

o fq Y 80-71709
OLIEHKA: Aq = Jeof8 = o179 0.7234,

KOTOpast IIPH TIEPEXOJIE OT TOUKU X ° K Touke Xy JICHKHUT B IpeJienax:
0.5196 = A3 (X°) <23 =0.5979<2; (X3) = 1,q€<K. (173)
Illaz 6. Beraucianm ko3 PUIMEHT TMHEWHOH annpoKcUMaIiu
[Ipennonaras nuHeHHBIH XapakTep u3MeHeHus kputepus f, (X) B (172) m COOTBETCTBEHHO
OTHOCHMTENbHOH onenku A, B (173), ucnonbsys cTaHAapTHBIE NPUEMbl JMHEHHOH anmpoxcuManuu,
BBIYHCITMM KOA(PPHUIUEHT IMPONMOPIUOHATEHOCTH MEXKAY Aq (X°), Ag, KOTOpBIN Ha30BEM P!

_ Ag—Ag(X°) _ 0.7234-0.5196
P = Aq (X)—Aq (X°) —  1-0.5196

= 0.4243,q = 3 K.

[llae 7. BprauciuM KOOPIUHATHI IPHOPUTETA KPUTEPUEB C Pa3MEPHOCTHIO fq.
[Ipennosnaras nUHEWHBIM Xapaktep u3MeHeHus Bekropa X7 = {x;,x,},q =3 onpenenum
KOOPAMHATHI IS TOUKH C pasmepHocThio fq =80 ¢ otHOCHTENBHOI otienkoi (173):

xo = 0 = X0 +p (X (1) = X°(1)), 2, = X°(2) + p (X;(2) — X°(2)),

x5 = X°(3) + p(X;(3) = X°(3)), x4 = X°(4) + p (X;(4) — X°(4))},

roe X° = {X° (1) = 61.188,x, = 12.219,x; = 4.591,x, = 2.0,A.° = 0.5196},
X; ={x; =80.0,x, =0.0,x3 = 2.0,x, = 8.0}

Kak pe3ynbTar penieHuss Mbl OJIy4UM TOUYKY C KOOpJAWHATaAMHU:

X9 ={x; =69.169,x, = 7.035,x3 = 3.492,x, = 4.545}.

[llae 8. BeruuciieHue TIaBHBIX Moka3aresneil Touku X 9.

Jlnst monmy4deHHOM Touku X 9, BRIYMCITHM:

BCE KPUTEPUU B HaTypalbHbIX enuHunax fi, (X9) = {fi, (X9),k = 1,K},
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£ (XD = {f, (X9) = 228.1,f, (X9) = 2638.5, f; (X9) = 783, f, (X9) = 31.1, f; (X9) =
2916.8, f, (X9) = 80.3});

fk(Xq)_flg k: 1 K
fi-fd T

A (XD = g (X9) = 0.3557,%, (X9) = 0.4913,%; (X9) = 0.6812, 1, (X9) =

Bce oTHOcHTeNbHbIe onenkn kputepues. A = (A1 k = 1K }, A, (X9) =

0.5981, A5 (X7) = 0.4928,A¢ (X?) = 0.6812}; MuHMManbHAs OTHOCUTENbHAs OLEHKA: minA (X7) =

: V) —
min (A (X)) = 0.3557.

Aq (X1
BexTop mproputeToB PI(X) = {p] = AZ EX q;,
P9 = [p3 =1.9151,p3 = 1.3865,p3 = 1.0,p3 = 1.1389,p3 = 1.3824,p¢ = 1.0];
OTHOCHTEJIbHASI OIICHKA C COOTBETCTBYFOLIMM BEKTOPOM IIPHOPHTETOB:
A (X9) = P9 = {p3 x 1,(X?) = 0.6812,p3 * 1,(X9) = 0.6812,p3 = 13(X7) = 0.6812,p3 *
Ay (X9) = 0.6812,p3 * 15(X9) = 0.6812,p2 * 1, (X7) = 0.6812};
MHUHUMAJIbHAs OTHOCUTE/IbHAS OL[CHKA!
A% = min (P71 (XD, P31k, (X9), p3hs (X9), DEhe (X9), PEAs (X9), PEA6 (X)) = 0.6812.
Amnanoruuto apyrue tTouku u3 obnactu I[lapero X7 = {17, X }€ $° moryT ObITh MOTyYCHBL.
Ananus pesynomamos. Paccuurannas senmuuna f, (X¢) = 78.3,q = 3eK,qeK oObuno He
paBHa 3afanHo# f; = 80. Ommbka BeOOpa Af, = |fy (X7) — fy| =178.3 — 80| = 1.7 onpenensercs

k =1,K}:

OIIMOKOH JIMHEHHOM annpokcumanuu: Afyg, = 0.25%.
Ecmu ommbka Afy = |f, (X7) — fy| =178.3 —80| = 1.7 , usmepeHHas B HaTypajJbHbIX

A
€IMHUIAX WM B TNPOLEHTaX Afgo =%* 100 = 0.25% , Gombmie 3amannoii Af,Af, > Af , To
q

NEpeXo MM K mary 2, eciu Af, < Af, To Beramcienus 3asepiarorcs. Kouey.

B mporiecce MoenupoBaHus MOTYT ObITh U3MEHEHBI TapameTpudeckue orpanndenus (118)- (149)
¥ (QYHKIHH, T. €. TMOJy4YeHO HEKOTOPOE MHOXKECTBO ONTHUMAIBHBIX pemieHud. M3 3Toro MHOXecTBa
OINITHMAJIBHBIX PELICHUI BEIOMpacM OKOHYATEIIbHBIN BapUaHT (IIPOIIECC MPUHSATHS PEIICHHIA).

B Hamem npumepe oKOHUATEIIbHBINM BApUAHT BKJIIOYAET TapaMeTphl:

X° = {X°2\°} = {X° = {x; = 61.188,x, = 12.219,x; = 4.591,x, = 2.0, A° = 0.5196};

napaMeTpbl TEXHHYECKOH CUCTEMBI IPH 331aHHOM IIPHOPUTETE KPUTEPHSI:

g=3: X1 = {x; = 69.169,x, = 7.035,x3 = 3.492,x, = 4.545}.

6oTran. I'eomeTpuYecKasi HMHTepPHpeTaAUs Pe3yJbTATOB pelleHHe 3a1a4d BeKTOPHOM
ONTHUMHU3ALINU B QPU3HYECKHX eNHHIAX B TPEXMEPHON cHcTeMe KOOPANHAT.

MpbI ipecTaBUIIM TapaMeTphI:

X° ={X°,A°} ={X° = {x; = 61.188,x, = 12.219, x5 = 4.591,x, = 2.0,4° = 0.5196}

B JIByXMEPHOU CHCTeMe KOOPIHHAT X, X, Puc. 13, TpexmepHOl cucTeMe KOOpIHHAT X4, X, and
A in Puc. 14, 15, 16. MBI Takxke NMPeICTaBUM 3TH NapaMeTphbl B (PU3MYECKUX SIUHMIAX IS KaXIou
XapaKTEPUCTHKHM TeXHu4ecKoi cucreMbl (kputepus): fi(X), f(X), f5(X), fo(X), fs(X), f¢(X). IlepBas
XapaKTepUCTHKA TeXHUUecKol cuctembl f;(X) B KoopamMHATaX Xq,X, MpeACTaBicHA Ha puc. 17.
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Function F1->max in Vector Optimization problem Function F2->min in Vector Opgimization problem
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Puc. 17. TlepBas xapakTepucTHKa TEXHUYECKON Puc. 18. Bropas xapakTepucTuka TEXHUUECKON
cucremsl f;(X) B KoopamHaTax X;, X, B cucrembl f>(X) B KoopaMHATaxX X;,X,B
HATypaJIbHBIX TIOKa3aTeIsIX HATypaJIbHBIX NTOKA3aTEISAX
oxasatenn mepsoit f1 (X7), fL(XP) xapakrepuctukh TexHHMUYecKo# cucTeMbl (BBIIETCHBI
KPacHBIM IIBETOM) OTPEICNISAIOT OIMUOKK TMepexona OT dYeTbipexMepHord X = {X1,X,X3,X,} K
nByxmepHoit X° = {x;,x,} cucreme KoopauHaT.

Function F3->max in Vector Optimization problem Function F4->min in Vector Optimization problem

100 ~

Puc. 20. YerBeprast xapakTepucTuka

Puc. 19. TpeTbst XxapakTepucTUKa TEXHUYECKOM .
TEXHUUYECKOH cucTeMbl f,(X) B HATYpalbHBIX

cucteMmbl f»(X) B HATYpabHBIX MTOKA3ATEISIX
f3(X) TYp MOKAa3aTesIX

Bropas xapakrepuctika f,(X) B koopamHaTax X;,X, MpeIcTaBlicHa Ha puc. 18.

Moxazaremu Bropoit f£ (X3), fA(X2) XapakTepuCTHK TEXHHMUYECKOH CHCTeMBbl (BBIIEIEHBI
KpPacHbIM IIBETOM) OIPEIENSAIOT OIMUOKH TIepexoja OT uYeThipexmMepHod X = {Xy,X,, X3,X4} K
nByxmepHoi X°={X1, X2} cucTeMe KOOpAHHAT.

AHaJOTrMYHO MPEJCTABIICHBI:

TpeThst XapakTepUCTHKA TEXHHUECKOU cucTeMbl f3(X) B KoOpauHaTax X;,X; Ha puc. 19;

YerBepras XapaKTepUCTHKA TeXHUIECKON cucteMbl f,(X) B KoopauHaTax Xx;, XsHa puc. 20.

[Tsitast XapaKTepUCTHKA TEXHMYECKOU cucTeMbl f5(X) B KoOopauHarax X;,X; Ha puc. 21.

[lecTast XxapaKTepUCTHKA TEXHUYECKOW CHCTEMBI fi(X)B KOOpaMHATAX X4, X3TPEICTABICHA Ha
puc. 22.
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Function'F5->maxin Vector Optimization problem Function F6->min in Vector Optimization problem

4000
fo (X
3500 s(%)
100
3000

2500 . 80 y (X %) 1A

2000

F2
F3

1500 J§

1000

Puc. 22. lllecras xapakTepucTHKa

Puc. 21. Tlsaras xapakTepucTHKa TEXHUYECKOU .
TEXHUYECKOMN CUCTEMBI fg(X) B HaTypaibHBIX
cuctembl fz(X) B HaTypaJbHBIX MOKA3aTEISIX
MOKA3aTesX

Mokazatemu Ttpetbeit fi (X3), fA(X9), ..., m mecroit ff (X)), fA(X?) xapakrepuctuk
TEXHUYECKOM cHcTeMbl (BBIICICHBI KpPACHBIM LIBETOM) ONpPEICSIOT OMMOKH MHepexoga oOT
yeTsipexmeproit X = {x;, x,, x3,x,} k nByxmepnoit X° = {x;,x,} cucreme KOOpaUHAT.

B COBOKYMHOCTH, TpEACTABICHA BEPCHS MPOTPAMMHOTO OOECIEYEHUSI MOJICITUPOBAHHUS
TEXHUYECKON CHCTEMbI B MHOTOMEPHON MaTeMaTHKE BBIIAET CIICIYIOIIIE PE3yIbTaThI:

Touka ontumyma — X?;

xapakrepuctuku (kputepnn) F(X?) = {fi(X°), f,(X°), 5(X°), fa(X°), fs(X°), fe(X°)};

otHocHuTenbHble OHEHKH — A(X?) = {h;(X?), X, (X?), h3(X?), Ay (X?), As(X?), Ag(X°)};

MaKCHMAaJIbHYI0 OTHOCHTENbHYIO olleHKy — A°, Takyio uto A°< A, (X°) Vk € K.

TOYKY ONITHMYyMa C TIPHOPUTETOM (-T0 Kputepust — X 9;

xapakrepuctukn (kputepun) — F(X7) = {f,(X9), f(X9), f3(X9), fo(X), fs(X9), fe(XD};

otHocHuTenbHbIe OHEHKH — A(X?) = {A;(X9), X, (X1), A3 (X 1), Ay (XT), A (X)), L (XD},

MaKCHMAITLHYH0 OTHOCHTENbHYIO olleHky A°, Takytwo uto A%°<p)! h, XD,k =1K.

3akniouenue no 2nage. Ilpobinema pa3pabOTKM MaTeMaTH4eCKUX METOJOB BEKTOPHOM
ONTUMH3ALMH U IPUHATHS ONTUMAJIbHOIO PELICHUS HA UX OCHOBE B CJIOXKHON TEXHHUUYECKOW CUCTEME MO
HEKOTOPOMY Ha0Opy 3KCIIEPUMEHTAIBHBIX JAHHBIX U ()YHKIIMOHAJIBHBIX XapAKTEPUCTUK SBIISIETCS OJHOM
U3 BOKHEMIINX 3a/lay CUCTEMHOI'O aHallu3a U MpOoeKTHUpoBaHMA. B pabore pa3paboTaHa MeTO0JIOTHS
aBTOMATHU3allMM MPOEKTUPOBAHMS IyTEM: BO-TIEPBBIX, IIOCTPOEHHUS MaTeMaTUYeCKOW Mojaenu
TEXHUUYECKON CHUCTEMBI B YCJIOBUAX ONpPEAEIEHHOCTH U HEONPEEIEHHOCTH B BUJE BEKTOPHOM 3adauu
MaTEeMaTHYeCKOro MpPOrpaMMHUPOBAHUS; BO-BTOPBIX, pa3pabOTKH aKCHOMATHKU M METO/OB pPELICHUs
BEKTOpHOM 3a1aun. [IpakTuka "NpUHATHS ONTUMAJIBHOTO PELIEHUS" Ha OCHOBE MAaTEMaTUYECKON MOIENU
TEXHUUYECKOH CHUCTEMBI ITI0Ka3aHa Ha YHCIEHHOM IIPUMEpE pPELICHHs] BEKTOPHOM 3a/1a4il ONTUMHU3ALUH.

OuennmM mMareMaTH4yecKHe pe3yJbTaTbhl JAHHOW PadOThI C TOYKH 3PEHHUS] MCKYCCTBEHHOI'O
MHTEJUIEKTA, IMOJyuYeHHbIE HAa OCHOBE TEOPUU BEKTOPHOH ONTHMHU3AIMM: {aKkcMOMaThka MairyHuHa
10.K., mpHHIHITBEI ONTUMATBHOCTH U METO/IbI PEILICHNS] BEKTOPHBIX 337124 MAaTEMAaTHUECKOTO (BBITYKIIOT0)
IPOTPaMMUPOBAHUS } .

Vcnonb3ys TeOpUI0 BEKTOPHOW ONTHMM3ALUHU, MbI MOJYYWIH, B YaCTHOCTH, JUIS TEXHUUYECKOU
CHCTEMbI U CTPYKTYpPbl MaTepuaa: Touku ontumyma — X° = (x7,j = 1,N};
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xapaktepuctuku (kpurepun) — F(X°) = {f,, (X°),k = 1,K};

otHocutenbHple oneHkn — A(X°) ={A, (X°),k =1,K} , koTopble nexar B mpejenax
{0<h, (X°)<1 (mam 100%), k = 1, K}, u nerko nepeBoAUTCS B HATYPAJIbHbIE eIHHULIBL.

MOKeT JH 3TH Pe3yNbTaThl MOMYYUTh MCKYCCTBEHHBIA MHTEJUICKT, (YHKIHOHHPYIOIIHMH, KaK
npaBwio, mo npuHnumy nepedbopa. OrBerum: «Her». VICKYCCTBEHHBIN HHTEICKT MOXET IOJIYYHTh
TOJIbKO MPUOJIU3UTENBHBIA PE3yabTaT, U TO ITOT PE3yJIbTaT JOJDKEH OLCHUTD YEIIOBEK.

Takum oOpa3om, pa3paboTaHHasT TEOPUS BEKTOPHOM ONTHMHU3AIUU MOXET SIBISATHCS
MaTeMaTHYECKUM aIapaToM BBIYUCIUTEIBHOIO HHTEIICKTA HCKYCCTBEHHOTO HHTEILICKTA.

3amyennue.

[Tpo6nema pa3pabOTKH METOI0B MHOTOMEPHON MaTEeMaTUKH M IPUHSTHS ONITHMAJILHOTO PELICHHS
Ha e OCHOBE B HHKCHEPHBIX HCCIICAOBAHHUSX II0 HEKOTOPOMY MHOXECTBY (DYHKIIMOHAIBHBIX
XapaKTePUCTHK W 3KCICPUMEHTAIBHBIX JaHHBIX SIBIISICTCS OJHOM M3 BaKHCWIINX 3a/7a4 CHCTEMHOTO
aHAJIN3a M MIPOCKTHPOBaHUS. TEOpHsi MHOTOMEPHON MaTeMaTHKH, PEACTABICHHAs B padoTe, BKIIIOYACT
AKCHOMATHUKY, TPHHIMIBI ONTUMAIBHOCTH M KOHCTPYKTHBHBIC METO/bI BEKTOPHOI omTuMusanuu. B
UCCIIC/IOBAHMY TIOKA3aHbl HPHUHIMITBI ONTHMAIBHOCTH PEUICHHS BEKTOPHBIX, KOTOPBIC IMO3BOJISIOT
OPUHUMATh PEIICHUE, BO-NICPBBIX, IPH PABHO3HAYHBIX KPHUTEPHUSIX, BO-BTOPBIX, IMPH 33JaHHOM
HOPHOPUTETe KPHUTEPUsI B HHKCHEPHBIX HCCICAOBAHUSIX U IPOCKTHPOBAHUs BHIOOpA MMapamMeTpoB
WHXCHEPHBIX CUCTEM IPH PABHO3HAYHBIX KPUTEPHSX U MPHU 33JAHHOM [PUOPUTETE KPUTCPHSI.

Buibop onmumanvbHbIX napamempos cmpyKmypbl mamepudid TPEICTaBICH Ha YHCICHHOM
HpyMepe B METOJOJIOTHMM aBTOMATH3aLUH IPOCKTUPOBAHHMS CTPYKTYpbl MaTepHalia yCIOBHSX
OIIPE/ICIICHHOCTH ¥  HEONpPEJCJICHHOCTH B  BHJEC  BEKTOPHOM  3aJayd  MaTeMaTHYeCKOro
IPOrPaMMHPOBAHUSI.

Bulbop onmumanbHbix Napamempos MexXHU4eckol Ccucmemsl MO MHOXKECTBY XapaKTEPUCTHK
(kpuTepueB) TpeCTaBICH HA YHCICHHOM IPHMEPE B METOOJIOTHH aBTOMATH3AIlMK MPOEKTHPOBAHUS
TEXHUYIECKON CHCTEMBI YCIOBHSX ONPEACICHHOCTH W HEOIPEIEIICHHOCTH B BHJC BEKTOPHOM 3a1auu
MaTeMaTHYeCKOr0 MPOTPaMMHUPOBaHHs. ABTOpP TOTOB y4YacTBOBaTh B PEHICHHH BEKTOPHBIX 3a7ad
JIMHEIHOTO U HeJIMHEeHHOTo porpamMupoBanus. Mashunin@mail.ru
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