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AHHOTaHI/IH. lle]lb pa60l’l’Zbl MNpEeaACTaBJICHNUEC TCOPUHU U MCTOLOB MHOFOMepHOfI MaTEMaTUuKU.
[TocTpoenne MaTeMaTHYECKON MOJIENTM MHKEHEPHOM CHUCTEMBI (Ha IIPUMEPE CTPYKTYPhI MaTepUaa)
B BHUJEC BCKTOpHOfI 3aga4yu MAaTEMaTU4YCCKOIro IporpaMMHUpOBaHHA Ha CTaJUKW HIPOCKTHUPOBAHUA.
Bribop onTUManmpHBIX MapaMETpPOB B MHOTONMAPAMETPUYECKOH M MHOTO(YHKIIMOHATBLHON
HH)I(eHepHoﬁ CHUCTEMBI Ha 0Oa3se MHOFOMepHOﬁ MaTEMATUKU. FCOMeTpI/ILIeCKaﬂ HHTEpIpETAluA
pe3yabTaToB penieHus: N-MepHO WHKEHEPHOU CUCTEMBI B IBYXMEPHOI CUCTEME B OTHOCUTEIHHBIX
u (1)I/ISI/I‘ICCKI/IX CANHUIIax. Hpe,[[CTaBJ'IeHBI IMPUHOUIIBI OIITUMAJIBHOCTHU PCIICHUA BCKTOPHBIX 3aaa4
NpU PAaBHO3HAYHBIX KPHUTEPUSX W TpPU 3aJaHHOM mpuopurere kputepus https://rdcu.be/bhZ8i.
(PaGora "Vector optimization with equivalent and priority criteria® Springer Nature
pacrpocTpaHseTcst OeCIIaTHO. ).

B npuxnaonou uacmu pabomsei IpeICTaBICHO pellieHNe BEKTOPHOM 33/1a4l MaTEMaTHIECKOTO
IIPOrpaMMUPOBAHMS - MOJIEJIM UHKEHEPHOM CHUCTEMBI (Ha MpUMepe CTPYKTYphl MaTtepuaiia). Beioop
OIITUMAJIBHBIX IIapaMCTpPOB B MHOFOHapaMCTpH‘ICCKOﬁ u MHOFO@)yHKHHOHaHBHOﬁ HH)KeHepHOﬁ
CUCTCMBI B YCJIOBUAX OMMPEACITICHHOCTH U HCONIPCACICHHOCTU HA baze MHOI‘OMCpHOfI MaTEMAaTUKU.

B opcaHu3ayUOHRHOM niarne IMpouccCc MOACINPOBAHUA U CUMYJIMPOBAHUSA HH)KCHCpHOﬁ CHUCTEMBI
npeaACTaBJICH B BUAC METOAOJIOI U «MGTOI[OJIOFI/ISI BBI60pa OINITUMAJIBHBIX TapaMCTPOB MHIKCHCPHBIX
CUCTEM B YCJIIOBUAX OINPECACICHHOCTU M HCOIPCIACICHHOCTH Ha Oaze MHOFOM@pHOfI MaTEeMaTuKm».
Mertononorust paszaeneHa Ha aBe dvacTH. llepBas dactb — «BpIOOp ONTHMAaNbHBIX MapaMeTpPOB
HHXXCHCPHBIX CUCTEM B YCJIOBUAX OIMPCACIICHHOCTH — PABHO3HAYHBIC KPUTCPHUUW» | BKIIFOYACT ABA 6.]'[01(21,
pas3neNieHHBIX Ha psa ATanoB. Bropas yacTh— «BbIOOp ONTHUMAaNbHBIX MapaMeTPOB HHKEHEPHBIX
CUCTEM B YCIOBHUAX HCOIPCACICHHOCTHU - C IIPUOPUTCTOM OAHOI'O M3 KPUTCPHUCB». BKIIKOYACT ABA
6noka. IIpu mccrnenoBaHUM BBIMOJHEH BHIOOpP ONTHUMAJBHBIX MApaMETPOB CIOKHOW HMHKEHEPHOU
cUCTeMBbl (CTpyKTypa MaTepuaia) IO 3aJaHHOW BEJIUYMHE MPHOPUTETHOTO (IO MHEHHIO
IIPOEKTUPOBILMKA) KpuTepHto. IIpeacraBiena reoMmeTpruieckas HHTEPIIPETALUS PE3YIbTATOB PELIEHNS
IIeTLIpeXMepHOI‘/'I CUCTEMBI B IBYXMCPHYIO 110 KaXXIOMY KPUTCPUIO B OTHOCHTCIILHBIX U (1)I/ISI/I‘ICCKI/IX
CANHUIIax.

Abstract. The purpose of the work is to present the theory and methods of Multidimensional
Mathematics. Construction of a mathematical model of an engineering system (on the example of the
structure of the material) in the form of a vector problem of mathematical programming at the design
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stage. Selection of optimal parameters in a multiparameter and multifunctional engineering system
based on multidimensional mathematics. Geometric interpretation of the results of the solution of an
N-dimensional engineering system in a two-dimensional system in relative and physical units. 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.).

The applied part of the work presents the solution of a vector problem of mathematical

programming - a model of an engineering system (on the example of the structure of the material).
Selection of optimal parameters in a multiparameter and multifunctional engineering system under
conditions of certainty and uncertainty on the basis of multidimensional mathematics.
In organizational terms, the process of modeling and simulation of an engineering system is presented
in the form of a methodology: "Methodology for choosing optimal parameters of engineering systems
under conditions of certainty and uncertainty based on multidimensional mathematics”. The
methodology is divided into two parts. The first part — "Selection of optimal parameters of
engineering systems in conditions of certainty — equivalent criteria”: includes two blocks divided into
a number of stages. The second part — "Selection of optimal parameters of engineering systems in
conditions of uncertainty — with the priority of one of the criteria": includes two blocks.

In the course of the study, the optimal parameters of the complex engineering system (material
structure) were selected according to the given value of the priority (in the designer's opinion)
criterion. A geometric interpretation of the results of solving a four-dimensional system into a two-
dimensional one for each criterion in relative and physical units is presented.

Knrouesvie cnosa: lnxxenepHas cucrema, Teopuss MHOTOMEPHON MaTeMaTHKU, AKCHOMAaTHKa
BeKTopHOP'I OIITUMH3alIHH, MCTO,I[OJ'IOFI/I}I MOACIINPOBAHUAA, MaremaTtuueckoe H IIporpaMMHOC
o0ecrieyeHne, CIoXKHasi TEXHUYECKasi CUCTeMa CTPYKTypa MaTepuania.

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

1. Beeaenue.

HccnenoBanne pa3BUTHS WH)XXEHEPHBIX CHCTEM M HAyKM O MarepuajlaX, B YacTHOCTH,
MOKa3ajo, 4YTO MX pPAa3BUTHE XapaKTepU3yeTcsi HEKOTOPbIM MHOKECTBOM (PYHKIIMOHAIBbHBIX
XapaKTepUCTHK, 3aBUCSIIUXCA OT HEKOTOPOTrO MHOXECTBA IMapaMeTpoB, KOTOPble HEOOXOJIUMO
YYUTHIBaTh Ha CTAaTUHM TPOSKTUPOBaHHA. AHANN3 (QYHKIMOHUPOBAHUS WHKXCHEPHBIX CHCTEM
MOKasaj, 4YTO YJIYYIIeHHE IO OJHOW W3 XapaKTEepPUCTUK MPUBOAUT K YXYIIICHHUIO JIPYTHUX
XapakTepucTuk. st yaydmeHust QyHKIIMOHUPOBAHNS WHKEHEPHOW CUCTEMBI B IIEJIOM HEO0XOIUMO
yIY4IIeHUS BCEX XapaKTEPUCTHK B COBOKyNHOCTH [1, 2].

MaremaTiueckas MOJIeTh TaKHX (MH>XEHEePHBIX ) CUCTEM Mpe/icTaBiIeHa
MHOTOKPUTEpHAIBHBIMU ~ 33Ja4aMH  ONTHMHU3AlMM M, Kak CIEJICTBHE, TpedyeTcs peleHue
MHOTOKPUTEPHAIFHBIX (BEKTOPHBIX) 3a/1ad MaTeMaTHYECKOro MporpaMMupoBaHus. MccienoBanus
TaKOTO Kjacca 3a/1a4 Havyajoch OoJiee cTa JieT TOMy Hazaja B padore Pareto V. [3]. danbHeiimee
HCCIIeIOBaHUSI MHOTOKPUTEPHAIBHON ONTUMHU3AIMK MPOBOJIMUIOCH KaK HAa TEOPETUYECKOM YPOBHE
3apyOexxueiMu [4, 5, 6, 34-39] u pycckumu asropamu [13, 14, 15-33], Tak u Ha peuieHUU
MPAKTUYECKHX 3aJ1ad CHadaia B 00acT SkoHOMHKH [15, 16, 44], a 3a TeM B 00JIaCTH HH)KEHEPHBIX
cuctem [7-12, 16-33, 44].

ILlenv pabomosr peACTaBICHUE TEOPUHN U METOAO0B MHOromMepHoi MmatemaTuku. [loctpoenue
MaTeMaTU4eCKOi MOJETH WHKCHEPHOW CHCTeMbl (Ha TpUMeEpe CTPYKTYphl Marepuaia) B BHIC
BEKTOPHOM 3aJaud MaTEeMaTHYeCKOro MpOrpaMMHUpPOBAaHHS Ha CTaJWU NPOEKTUpOBaHHUA. Bribop
ONTHUMAJIBHBIX TApPaMETPOB B MHOTOMAPAMETPUUYECKOM M MHOTO(QYHKIIMOHATHLHOW WHIKEHEPHOU
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CHCTEMBI B YCIIOBHUAX ONPEIEICHHOCTH U HEONPEIENEHHOCTH Ha 0a3e MHOTOMEPHON MaTeMaTHKH.
I'eomerpuueckass MHTEepIpeTanus pe3yiabTaToB pemeHus N-MepHOW HWH)KEHEPHOW CHCTEMBI B
JIBYXMEPHON CHCTEME B OTHOCUTENIBHBIX U (PU3NUECKUX EANHULIAX.

Ilon ycnoBusMU ONpEAENIEHHOCTH IOHMMAIOTCS YCJIOBHS, IIPpM KOTOPBIX H3BECTHA
(GyHKIMOHANIbHASL CBA3b MEXy QyHKIMeH U mapaMmerpaMu. [loa HeonpeaeeHHOCThI0 TOHUMAIOTCS
yCIIOBHS, KOT/Ia HEM3BeCTHA (DYHKIIMOHAIBHAS CBSA3b MEXAY (PyHKIMEH U mapameTpam, a U3BECTHO
JMIIb KOGYHOE MHOXKECTBO JAHHBIX MEXAY (PYHKLHUEH U napaMeTpamH.

Jlia peanu3anuy NOCTAaBJIEHHON 1IeJM B paboTe MpeCTaBIIECHBI 1BE 001aCTU UCCIEA0BAHNUS:
MaTeMaTU4ecKoe, IPorpaMMHOe o0ecrieueHe U MpUKiIagHas 001acThb.

B obnacmu mamemamuueckozo u npoepammno2o 00ECIIeueHus PeICTaBIeHa XapaKTepHCTHKA,
MPOBEAEH aHAJIM3 M UCCIIEI0BAaHKE 3a1a4 BEKTOPHOM ontuMu3anuy, [13, 14, 15-33, 44].

B pamkax Teopuun MHOroMepHoil MaTeMaTHKU (pa3len BEKTOpHAs ONTHUMM3AlMs)
IIPEICTABICHBl AKCMOMATUKAa M IPUHLIMIIBI ONTHUMAJIBHOCTH PELIEHUS BEKTOPHBIX 3a1ad IIpH
PaBHO3HAYHBIX KPUTEPUSAX M IPU 33JaHHOM Ipuopurere kpurepus. Ha ocHoBe npuHIMIIOB
ONTUMAJILHOCTH pa3paboTaHbl KOHCTPYKTHUBHBIE METO/Ibl PELICHHUS 3a7a4 BEKTOPHOM ONTUMM3ALNY,
KOTOpBIE MO3BOJISIOT IPUHMMATh ONTHUMAJIbHOE pELIEHUE, BO-IIEPBBIX, MPU PaBHO3HAYHBIX
KPUTEPHUAX, BO-BTOPBIX, IIPU 3aJaHHOM IIPUOPUTETE KPUTEPUSL.

B npuknaonoii wacmu pabomuei IpeACTAaBICHO PELICHUE BEKTOPHOM 331a4l MaTEMaTHUECKOTO
IIPOrpaMMMPOBAHUS - MOJAEIN UHKEHEPHON CUCTEMBI (Ha IpuMepe CTPYKTYpbl MaTtepuaia). Beioop
ONTUMAJILHBIX TAPAaMETPOB B MHOTONAPAMETPUYECKOH W MHOTO(YHKIIMOHAIBHOW HH)KEHEPHOU
CHCTEMBI B YCJIOBHUAX ONPEAEICHHOCTH U HEONIPEIEIEHHOCTH Ha 6a3e MHOTOMEPHON MaTeMaTHKH.

B 3agauax nmpuHATHS ONTHMAJIbHOTO PEIICHUS BBIOOPA ONTUMAIIBHBIX TAPAMETPOB CIIOKHBIX
VMHXCHEPHBIX CUCTEMAaX BO3HUKAIOT MTOCJIE0BATEIbHO TPHU BUJIA 3aJaY.

1 Bun. Pemienue BEKTOpHOM 3a/1a4M IPU paBHO3HAYHbBIX KpuTepusx. [lonydeHHbIi pe3ynabTar
SBJIAETCS OCHOBOW ISl NAJbHEWINEro MCCIeNOoBaHUs cucTeMbl. IIpn 3ToM mcnosb3yercss MeTon
pelleHrs BEKTOPHOM 3aJaud IpU pPaBHO3HAYHBIX KpuTepusix. Ecin mnoigyuyeHHBIH pe3yibTaT
yIIOBJIETBOpSIET JMIly, npuHuMaromero pemenusi, (JIIIP - mpoextupoBimuk), To oH Oepercs 3a
ocHoBy. Ecnu pemenne He ynosnerBopser JIIIP, To nepexonum ko 2-my Buay (mpsimasi 3aj1ada),
CBSI3aHHas C M3MEHEHHEM IapaMeTpoB; WJIM 3-My BHUJAY pPELICHUs BEKTOpHBIX 3ajgau (OOparHas
3amaga: «Kakme OyayT mapamMeTpbl CIOXKHBIX TEXHMYECKMX CHCTEM IpH  3aJaHHBIX
XapaKTePUCTHKAX).

B opeanuszayuonnom nname npoyecc mooeruposanus W CUMYJIHPOBAHUS WH)KEHEPHOM
CUCTEMBI NpEACTaBIeH B BUAE MeTojojoruu: «MeTononorus BeIOOpa ONTUMAJIbHBIX MapaMeTpoB
WH)KEHEPHBIX CHCTEM B YCJIOBHUSX OIPEICIIEHHOCTH M HEOINpPE/eIeHHOCTH Ha 0a3e MHOrOMepHOU
MaTematukny. (TexHndeckue cucremsl [16-32], TexHOIOrHMUECKHe TIporiecch [16, 22], matepuais
[18, 44]),

MeTtononorus pa3zesieHa Ha JIB€ YacTH.

Ilepsaa yacmov — «BpIOOp ONTHUMANBHBIX MMAapaMETPOB MHIKEHEPHBIX CHCTEM B YCIOBHUSX
OTpe/IeIEHHOCTH — PaBHO3HAYHbIE KPUTEPHUI»: BKIIIOUAET /1Ba OJIOKA, pa3/IeICHHBIX HA Psi/ STAIOB.

bnox 1. ®opMupoBaHHEe TEXHMYECKOIO  3aJlaHusi, MpeoOpa3oBaHHE  YCIIOBHM
HEOMNPEENIEHHOCTH (CBS3aHHBIX C IKCIIEPUMEHTAIBHBIMU JIaHHBIMH) B YCJIOBUSI ONPEEICHHOCTH,
MOCTPOEHHE MaTeMaTHYECKON U YMCIIEHHON MO/Ie M MH)KeHepHOH cucTeMsl (the process of modeling
of a engineering system) Bkitodaet 4 sTamna.

1 sman. ®opMHUpPOBaHUE TEXHUYECKOTO 3aaHUS JJIS1 YUCIIEHHOT'O MOJICTUPOBaHMS U BbIOOpa
ONTUMAJIbHBIX IAapaMeTpoB cUcTeMbl. VcxoaHble naHHbIE (HOPMUPYET KOHCTPYKTOP, KOTOPBIN
IIPOEKTUPYET UHKEHEPHYIO cucTeMy. 2 aman. IlocTpoeHne MaTeMaTHUECKON U YUCIIEHHON MOJENH
WH)KEHEPHOW CHCTEMBI B YCJIOBHSX ompeaeneHHoctd. 3 sman. llpeobOpa3zoBaHue yClIOBHI
HEOMNPEEIIEHHOCTH B YCIIOBUSl OINPEACIEHHOCTH W IOCTPOEHUE MAaTEMATUYECKOM M YHMCIEHHOU
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MO/IETIM MHKEHEPHOW CUCTEMBI B YCIIOBUSIX ONPENEIECHHOCTH. 4 aman. [locTpoeHne arperupoBaHHON
MaTeMaTHYECKON U YNCIEHHON MOJENIN NHKEHEPHON CUCTEMBI B YCIIOBUAX ONPEIEICHHOCTH.

bnox 2. IlpunsTHe ONTHUMANBHOTO pemieHus (BBIOOpAa ONTHMANBHBIX IApaMETPOB) B
WH)KEHEPHOW cucTeMe (Marepuan) Tpu pPaBHO3HAYHBIX KPUTEPUSIX Ha 0a3ze MHOTOMEpPHOU
MareMmatHku (the process of simulation of a engineering system).

5 sman. PeuieHne BEKTOpHOHN 3ajauu MaTeMaTtuyeckoro nporpammuponanus (B3MII) -
MO/IENTU MH)KEHEPHOU CUCTEMBI IIPH PaBHO3HAYHBIX KPUTEPUSX (pEIIeHUE MPsIMO 3a/1a4uu). 6 sman.
I'eomerpuueckas uHTEepnpeTanus pe3yiabTatoB pemeHns B3MII npu paBHO3HAYHBIX KPUTEPUSX B
TPEXMEPHON CHUCTEME KOOPAMHAT B OTHOCHUTEIBHBIX €IWHULIAX. / 9man. AHaIU3 pe3yJbTaToB
pemienus BekropHoil 3amaun Marematuueckoro [lporpammupoBaHus IpHU paBHO3HAYHBIX
KpUTEpUAX - MOATrOTOBKAa HMH(OpPMALMU A NPUHATHS PEIICHUH C HPUOPUTETOM OTIEIHHOIO
KpUTEPHUS U3 BCETO MHOXKECTBA KPUTEPUEB.

Bmopaa wacmp— «Bpi00op onTUManbHBIX NapaMeTPOB MH)KEHEPHBIX CUCTEM B YCIOBHAX
HEOIPEICIIEHHOCTH - C IPHOPUTETOM OJTHOTO M3 KPUTEPUEB): BKIIIOYAET JBa OJIOKa

bnok 3. Ananus, cpaBHeHne pe3yinbTaToB penieHus B3MII npu paBHO3HAYHBIX KPUTEPUSIX
CIIO)KHOW HMHXCHEPHOH CHUCTeMbI (MOJAEIH CTPYKTYpbl MarepHuajga) M IOATOTOBKAa K BBIOOPY
ONTUMAaJIbHBIX MTAPAMETPOB MO IPHUOPUTETHOMY KPUTEPHUIO.

8 oman. 1. Ananu3 u cpaBHEHUE PE3yJIbTATOB PEIICHUS BEKTOPHOM 3a1a4i C pABHO3HAUYHBIMU
KpUTEpUSIMHU C YEThIpbMS W JABYMs MepeMeHHbIMHU. 2. BwiBog u3 anamuza: HMudopmanus o0
Wmxenepuoit Cucteme B GU3NYECKUX SMHULIAX JJIS IPUHATHUS PEILICHUH C TPUOPUTETOM KPUTEPHSL.
3. IlogrotoBka K TE€OMETPUYECKOM MHTEpPIpETaldyd pelIeHus BEKTOPHOM 3amauu BbIOOpa
ONTHMAaJIbHBIX IAPAMETPOB IO IPUOPUTETHOMY KpuTepHuo. 9 3tar. ['eoMerpuueckas MHTEpIpeTaus
PE3yNbTAaTOB PEIICHUS IPU MPOSKTUPOBAHUU UHKEHEPHOI CUCTEMBI IIepexo/ia OT AByXMepHoro K N-
MEPHOMY MPOCTPAHCTBY B OTHOCUTEJNIbHBIX €AMHUIIAX.

bnox 4.kl. VccnenoBanue, BBIOOP ONTHMAJIBHBIX TapaMETPOB CIIOKHOW WHXCHEPHOU
CUCTEMBI (CTPYKTypa MaTepuajia) MO NEpPBOMY INPUOPUTETHOMY KPHUTEPHIO, T€OMETpUYecKas
HUHTEpHpeTaIus pe3ybTatoB pemeHuss B3MII

4.1.k1. Pemenne B3MII - Mojienu CII0KHOM HHKEHEPHOH CHCTEMBI (CTPYKTYpPhI MaTepraa)
MIPH 33/IaHHOM TPUOPUTETE MEPBOTO KPUTEPUS B MHOTOMEPHOM MaTeMaTuke. (perieHne oopaTHOU
3amaun). 4.2.kl. AHanu3 pe3yabTaTOB pEIICHHS BEKTOPHOM 3aJauyd  MaTeMaTHYeCKOro
MIPOrpaMMHUPOBAHHUS - MOJIEJIN MHKEHEPHOM CUCTEMBI ITPH 3aJaHHOM IPUOPUTETE MIEPBOTO KPUTEPHUSL.
4.3.kl. Teomerpuyeckas HHTEpPIpETAIMsl PE3yJIbTATOB PEUICHUS BEKTOPHOW 3aladyM BBIOOpA
ONTHMAaJIbHBIX MApPaMETPOB IO MEPBOMY NMPUOPUTETHOMY KPUTEPHUIO B OTHOCUTENBHBIX €IUHUIIAX.
4.4 k1. Teomerpudeckass HHTEpIpeTalys pe3yabTatoB pemeHus B3MII ¢ mpuopureToM mnepBoro
KpUTEpUS — MOJICNIU CTPYKTYpPbI MaTepraia Ipy MPOEKTUPOBAHUH B TPEXMEPHON CUCTEME KOOPAUHAT
B (hu3muecKkux enuHunax. Janee no ananoeuu 6mopou, mpemutl u yemeepmolii OJI0K.

bnox 4.k2. VccnenoBanue, BHIOOP ONTHUMAIBHBIX ITAPAMETPOB CIOXHOH HWH)KEHEPHOU
cUCTEeMBl (CTPYKTypa Marepuaja) IO BTOPOMY IPHOPUTETHOMY KPHUTEPHIO, TeOMEeTpUYecKas
WHTEpIpeTaus pe3ysbratoB pemenns B3MIIT

bnok 4.k3. VccnenoBanue, BbIOOp ONTHMANIBHBIX HapaMETPOB CIOXKHOW WH)KEHEPHOM
CUCTeMBbl (CTPYKTypa MarTepuana) 10 TPETbeMy MPUOPUTETHOMY KPUTEPUIO, TE€OMETpUYecKas
UHTEpIIpETalysl pe3ynbTaToB pemienus B3MIIT

bnok 4.k4. VccnenoBanue, BBIOOp ONTHMAJBHBIX MapaMeTPOB CIIOKHOW HHKEHEPHOM
CUCTEMBI (CTPYKTypa MarepHuaja) 10 YE€TBEPTOMY NPUOPUTETHOMY KPHUTEPHUIO, T€OMETPUYECKAs
HUHTEpHpeTaus pe3ybTaToB pemeHuss B3MII

Peanuzanust Bcex OJOKOB METOAOJIOTHM TOKa3aHAa HAa YHCICHHOM IpHMeEpe (CTPYKTYpPHI
Marepuania).
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2. MaTtemaTnyeckasi mocTaHOBKa mpoodaembl. [locTpoeHue MaTeMaTHyeckoii Moaean
CTPYKTYPBI MaTepuajia B YCJI0BHAX ONpPeAeIeHHOCTH U HeoNpeaeJJeHHOCTH.

XWMHYECKUN COCTAaB Marepuana W3JIeNus ompesenseTcs (Ha eauHUIly oO0bema, Beca)
IIPOLIEHTHBIM COJEPKAHUEM HEKOTOPOIrO MHOYKECTBAa KOMIIOHEHT MaTepuaia, KOTOpbleé B CyMMeE
paBHbl cra 1npoueHtamM. CocTaB Marepuana, XapaKTepU3yeTCs OIpeleleHHbIM HabopoM
(YHKIIMOHATBHBIX XapaKTEPUCTHUK, KOTOpPHIE BKJIIOYAIOT B ce0sS MEXaHHMYeCKue U (PHU3UKO-
XMMHYECKHe CBOWCTBa MaTepuasioB. OpHa rpynmna CBOWCTB ((DyHKIMOHAJIBHBIX XapaKTEPUCTHK)
MaTepuala XapakTepU3yeTcsl TEM, UTO UX JKEJIAaTENIbHO 110 CBOEH YMCIIOBOM BEJIMYMHE MMOIYYUTh KaK
MO’KHO OouiblIe (HarmpuMep, IPOYHOCTh), Apyras rpyIia CBOWCTB XapaKTepU3yeTcs TeM, UYTO HX
JKEJATEJIBHO 110 CBOECHM YMCIIOBOM BEJIMYMHE IOJYYUTh KAK MEHbIIE. YJIy4IIEHHE 110 OJHOM U3 ITUX
XapaKTepUCTUK MPUBOAMT K YXYALICHHIO Apyroi. B memom Tpebyercs momodpaTh Takoil cocraB
MaTepuala, YToObl BCe CBOMCTBA MaTepHasa ObLIM KaK MOXKHO JIYYIlle B COBOKYITHOCTH.

2.1. Mamemamuueckasa mooenb CmpyKmypvl mamepuana

PaccmarpuBaercsi coctaB Marepuaia Kakoro-I1mu0o u3enus, TeXHUIeCKO CUCTEMBI, KOTOopast
3aBHCUT OT psia KOMIOHEHT Mmatepuana: Y = {y;,¥,,...,Yy}, rie V - MHOXecCTBa KOMIIOHEHT
marepuana, Y ={y;,j = 1,V}, V - 4ucio KOMIIOHEHT, M3 KOTOPHIX MOMKET OBITh COCTaBIICH
(M3roTOBIJIEH) MaTepual, Yy - BEJIMYMHA B IPOLEHTAX V-0 KOMIIOHEHTHI MaTepuaina, Kaxnaas U3
KOTOPBIX JIEKUT B 33JaHHBIX IIpe/eax:

Yy, <yt v =1V, (2.1)
rae vy, vt Vv € V — HIKHUH, BEpXHUH MPEIelbl K3MEHEHHSI BEKTOpa KOMIIOHEHT MaTepuara.
Yy, = 100%, (22)

CyMMa BCEeX KOMITIOHEHT MaTepuaja paBHa CTa MPOLEHTaM.

CoctaB Marepmania oOIeHUBaeTCs HaOopoMm (MHOXecTBoM) K (H3MYECKHX CBOWCTB
MaTepuana:

HY)={h(Y),k =1,K}, (2.3)

KOTOpble (PYHKIMOHATBHO 3aBUCAT OT KOHCTPYKTHBHBIX mapamerpos Y = {y,, k = 1,V}7;

k - wHIIEKC BUA (PU3NIECKOTO CBOMCTBA MaTepuaa, k = 1,K, rine K - 4iciio BUIOB CBOMCTB
(pyHKIMOHANBHBIX XapaKTEPUCTUK) MaTepHaia, NPeACTaBUM HX B BHJIE BEKTOP - (GYHKIIHH.

H(Y) - BexTOp-pyHKIHMS (BEKTOPHBINA KpUTEpHii), uMeromas K — komrnoneHT-pyHKmid, (K -
monHocTh MuokecTBa K): H(Y) = {hy(Y), k = 1,K}. MuosxecTso K cocTout u3 nogMuosxectsa K
KOMIIOHEHT MaKCHUMU3aluu U noaMHoxkectBa K, muanmuzanun; K = K, UK,;

H (V) = {ht(Y), k =1,K;} — 5T0O BeKTOpHBII KpHUTEpHii, KaXk1as KOMIOHEHTa KOTOPOTO
Makcummsupyercs, K; — uncio kpurepues, a K;=1, K;- MHOXXECTBO KpUTEpUEB MakCUMHU3aLuu. B
nanbHeiimem Oynem mnpeamonarath, uto Hy(Y) = {hy(Y), k =1,K;} HenpepblBHbIE BOTHYThIE
¢byHkumu (MHOTAA OYyZIeM UX Ha3bIBaTh KPUTEPUSAMU MaKCUMM3AIINN);

Hy(Y) = {ht(Y), k =1,K,} - BeKTOpHBIIi KpUTepHii, Kakaas KOMIOHEHTa KOTOPOTO
muHummsupyerces, K,=K; +1,K=1,K, - MHOXECTBO KpPUTEPHUEB MHUHUMHU3aLuU, K, — 4YucIO.
[pennonaraem, uto hy(Y),k = 1,K,- HemnpepbiBHbIE BBIMyKIble (QyHKIMH (OyJeM HMHOTJA HX
Ha3bIBaTh KpUTEpUsIMU MUHUMU3aun), T. €.: K = K;UK,, K,c K, K, K.

Xapaxrepuctuku matepuana H(Y) = {h;(Y),k = 1,K} Mbl ucrosnb3yeM Kak KpUTEPUH, a
Ipeaesbl W3MEHEHMs, HaKJIaJblBaeMble HA KaXAbI BHJ KOMIIOHEHT, KaK IapaMeTpuyecKue
orpaHudeHus. MaTeMaTH4ecKyl0 MOJENb MaTepuaia, PEUIaloNlyl0 B IEJOM IMpodiieMy BbliOOpa
ONITUMAJILHOTO MPOEKTHOTO PelIeHus (BbIOOpa ONTHUMAIbHON CTPYKTYphl MaTepuania), NpeacTaBuM
B BUJIC BEKTOPHOMU 3a7]a4l MaTEMaTHIECKOTO IIPOTPAMMHUPOBAHHS:

Opt H(Y) = {maxH,(Y) = {maxh, (Y), k =1,K;}, (2.4)
min H,(Y) = {minh, (Y), k =1,K,}}, (2.5)
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G(Y) <B, (2.6)
Sho1ye() =100%, 2.7)
y‘lyun S Yv S ygnax)v = 1) Vl (2.8)

rreY = {yj, j= 1,—V} - BEKTOP yIIPABJISIEMBIX IEPEMEHHBIX (KOMIIOHEHT MaTepuana) u3 (2.1);
H(Y) = {hi(Y),k = 1,K} - BeKTOpHBIi KpuTepHii, Kak/as QyHKIHUS KOTOPOro NpeCTaBIsIeT
XapaKTepUCTUKY MaTepuaia, (PyHKIHOHAIBHO 3aBUCSIIYIO OT BEKTOpa NEPEMEHHBIX Y,

GY)={g:(Y), ..., gu(¥)} — BekrOp-QyHKUMS OrpaHMYEHMI, HAKIAABIBAEMBIX Ha
CTPYKTYpy MaTepuaina, M — MHOXKECTBO OTpaHUYECHHUIA.

[pennonaraercs, uto ¢ynxiuu H(Y) = {h,(Y), k = 1,K} muddepeHnnpyeMbl U BHITYKIbI,
G(Y)={g;(Y),i =1,M}" wHenpepsiBHbI, a 3amaHHOE oOrpaHHueHUAMH (2.6)-(2.8) MHOXKECTBO
JIOITyCTUMBIX TOYEK S HE MYCTO U MPEICTABISIET COOOH KOMITAKT:

S={XeR™G(Y) <0, Y™n <y < Y™¥*} % @, (2.9)

CoorHomenus (2.4)-(2.8) 00pa3yroT MaTeMaTH4ecKyto MOAETh MaTepuaina. TpebyeTcs HaliTh
TaKOW BEKTOP MapaMeTpoB Y° € S, mpu KOTOPOM KaxKasi KOMIIOHEHTA (XapaKTepHCTHKA) BEKTOP —
¢byukuuu: H{(Y) npuHHMaeT MakCHMaabHO BO3MOXKHOE 3HaueHue, a BeKTop - QyHkuuu H,(Y)
IPUHUMAEeT MHHHUMAJIbHOE 3HaYCHHUE!

H,(Y) = {he(Y), k =1,K:}, Hy(Y) = {hye(Y), k =1,K,}. (2.10)

B pabore nccieoBanue KOHCTPYKTUBHBIX CBOMCTB MaTepHasa pacCMaTpUBAOTCS B CTaTHKE.
Ho crpykrypa marepuana MOTyT paccMaTpuBaThCs B JUHAMMKE (HampuUMep, NMPH H3MEHEHHU
BHEILIHEH TemIeparypbl 3a KakoH-HUOYIb Hepuo] BpeMeHH). sl 3TOro MOXHO, MCHOJIb30BaTh
Qg QepeHIraIbHO-pa3HOCTHBIE METOABI NpeoOpazoBaHust [4] W MPOBOAMTH HCCIEAOBAHHE 32
HeOOJIbIION TUCKPETHBIN POoMexyToK BpemeHu At € T.

B coBokynmHOCTH MaTeMaTUyecKyro Mojeib marepuaina (2.4)-(2.8) MOXXHO TPaKTOBAaTh Kak
CHCTEMHBIN MOAXO]I K UCCIIEI0BAaHUIO MaTepHUaa.

2.2. Ilocmpoenue mamemamu4eckoi Moo0enu CHPYKmMypbl MAMeEpPuanla 6 yci08usx
onpeoeneHHoCmu u HeonpeoeneHHOCmu

[Ipu nmoctpoennn maTemMaTuyeckoil Moaenu mMarepuana (2.4)-(2.8), kak U 11 TEXHUYECKON
cucteMsl [20-26], BO3MOKHBI YCIOBHUS: ONPEIEIEHHOCTH U HEOIIPEICIIEHHOCTH.

2.2.1. Ilocmpoenue mamemamuiecko MOOeIU MAmMepuald 8 yCio8usx onpeoeieHHocmu

Ycnosuss  onpedenennocmu  XapakTepu3ylOTCS TEM, UYTO M3BECTHA (YHKIMOHAJIbHAS
3aBHCUMOCTH KXJI0U XapaKTEPUCTUKH MaTepHalia U OTPAaHUYCHUH OT KOHCTPYKTHBHBIX KOMITOHEHT
Matepuana. /g noctpoeHus (GpyHKIMOHATBHONW 3aBUCUMOCTH BBITOJIHSAEM CIIEAYIOIINE PaOOTHI.

1. ®opMupyeM MHOKECTBO BCeX (PYHKIIMOHAIBHBIX XapaKTePUCTUK (CBOMCTB) MaTepuana K.

Benuuuny xapaktepuctuku o6oszHauum hy(Y),k = 1,K. OnpesensieM MHOXECTBO BCeX
KOMIIOHEHT MaTepuasia V, OT KOTOpPBIX 3aBUCAT 3TH XapaKTePUCTUKU. BenndyuHbl mapamerpoB
NpEJCTaBUM B BUIE Bektopa YV = {y;,j = 1,V}. JlaeM BepOanbHOE ONMCAHHE XapaKTEPHCTUK
MaTepuaa.

2. MBI mpoBOAMM HCCIIeZIOBaHUE (PU3UUECKUX MPOLIECCOB, MPOTEKAOIIUX B MaTtepuaie. s
9TOr0  HUCHOJb3yeM (yHIaMEeHTaJdbHbIE 3aKOHBl (DU3MKHU: MOJAEIUPOBAHME  MArHUTHBIX,
TEMIIEPATyPHBIX TIOJNEW; 3aKOHBI COXPAaHEHHs] OSHEPTHH, IBIKEHUS M T. JA. YCTaHABIMBAaEM
MHPOPMAIMOHHYIO U QYHKIIHOHAIBHYIO CBSI3b XapaKTEPUCTHK MaTepraia u ee mapamerpos: H(Y) =
{h (V),k=1,K}.

3. Ml onpeziensieM ¢yHkiuonanbubie orpanuuenns: H(Y) = {hy(Y), k = 1,K}

™ < hy, < Ak = 1,K, wn H™" < H < H™*
U TIapaMeTPUUYECKUE OTPAHUYCHUS:
ygnin < Yy < ygnax’v — W, WIH Ymin <Y< ymax
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CyMMa Bcex KOMIIOHEHT MaTepuala paBHa cTa IporeHTaMm: y.v_; y,(t) = 100%.
4. B pe3ynbpTare Mbl MOCTPOUM MATEMaTHYECKYI0 MOJIETb MaTepuajia B BUJE BEKTOPHOM
3a/1a4ll MaTeMaTUIECKOTO MPOrPAMMUPOBAHHS:

Opt H(Y) = {max H,(Y) = {maxhy (Y), k =1,K;}, (2.10)
min H,(Y) = {minh, (Y), k =1,K,}}, (2.11)

H™" < H < H™3X, (2.12)

TP OTPaHMYEHUAX Yo—; YV, = 100% , (2.13)

yn <y < pimax g = 1,7, (2.14)

3anaua (2.10)-(2.14) anexkBatHa 3anaqu (2.4)-(2.8).

2.2.2. Ilocmpoenue mamemamuyeckou MoOeau Mamepuand 8 yCio8usx HeonpeoeieHHoCmu

Vcnosusa Heonpedenennocmu XapakTepU3yHOTCSl TEM, YTO OTCYTCTBYET JIOCTaTOYHAs
uHpopmanus o GyHKIMOHAIBLHON 3aBUCUMOCTH CBOMCTBA MaTepHaja OT COCTaBa KOMIIOHEHT. B aTom
cllydae NPOBOJATCA OSKCIEpHUMEHTAIbHbIE HccienoBaHus. /s 3aJaHHOTO YHCIa COCTaBOB
MaTepUaJIOB:

Yi={,j=1LV}si=1,M

OIPENIENIAIOTCS COOTBETCTBYIOLINI HAOOP CBOMCTB:

H(Y) = {h(¥), k= 1L,K},i=1,M.

B utore maTpuiia 3KCIEpUMEHTOB 110 UCCIIEJOBAHUIO CTPYKTYpPbI MaTeEpHaja IPUHUMAET BUIL:

Y1 = v =1V} h (YD) ... he(Yr)
[ = . (2.15)
Yy = Wmes v = 1, V3 Ry (Ya) o A (Yay)

rae cronben veV mpencTaBiseT YHCIOBYIO BEIMYMHY V-0 KOMIIOHEHTHI MaTepuasia B
nponentax, v = 1,V cronben k€K mpeacTaBiseT 4HCIOBYIO BenMUMHY K-TO CBOWCTBA MaTepHana,
k = 1, K. 3agava nuna, npuHuMatomero pemieHus, (JIIIP) - koHcTpykTOpa COCTOUT B BBIOOPE TaKOM
albTepHATHUBBI, KOTOpas MO3BOJIWIa Obl MOJY4YUTh ‘B HamOOJIbIIEH Mepe YyCTpauBaroIIMi ero
(ontuManbHbIi) pesynbtatr’ [18, 20]. MHOXecTBO KpuTepueB (xapakrepuctuk) K moxpasaensercs
Ha niBa noamHoxectBa K = K, UK,, K,c K, K,Cc K.

K, — 9TO TOJMHOXECTBO XapaKTEPUCTHK, YHCIIOBBIC BEIMYMHBI KOTOPBIX JKEIATEIHHO
nosryuuTh, kak MoxkHO Beime: I; (Y;) = {h,(Y;,i = 1,M),k = 1,K;} = max.
K, — 5TO0 MOAMHOKECTBAa TEXHHUYECKHUX XaAPAKTEPUCTHK, YHCIIOBBIE BETHYMHBI KOTOPBIX

JKeJaTelIbHO HOJTy4HuTh, Kak MoxkHo Huxe: I,(Y;) = {hy (Y, i = 1, M),k = 1,K,} - min.

Pemenue 3aaun npuHATHS pelIeHU IO CTPYKType MaTepuana (2.15) mo cBoeit cytu 61au3ka
K PpEUIeHMIO BEKTOPHOM 3ajjaud MaTeMaTH4eCKOro IPOrpaMMHPOBAHMS, KOTOpas B YCIOBHSIX
HEOMpeeIEHHOCTU MPUMET BU/I:

Opt H(Y) = {max [, (Y) = {maxhy (Y;,i =1,M), k =1,K;}, (2.16)
minl,(Y) = {minhy, (Y;,i = 1,M), k =1,K,}}, (2.17)
npu orpannuenusix A (Y, i =1, M) < hy < g (Y, i=1,M), k= 1,K, (2.18)
Ye1Yy = 100%, (2.19)
Y <y, Sy v =1V, (2.20)

e V; = {yij,J = 1,V},i = 1, M - BeKTOp yHpaBIsSeMbIX HEPEMEHHBIX (ITAPAMETPOB);
HY;)) ={,(Y;)),[;(Y;)} - BextopHbIii KpuTepHii, Kaxgas KOMIOHEHTa KOTOPOTO

MPEJCTABISAET XapaKTePUCTUKY (CBOWCTBO) MaTepuaiia, (PyHKIIMOHAIBHO 3aBUCSILYIO OT BETUYNUHBI
JMCKPETHOI0 3HaYEeHHUsl BEKTOpa MepeMeHHbIX Y;, i = 1, M; M — MHOXECTBO AUCKPETHBIX 3HAaYCHUN
BEKTOpa nepemeHHsix Y;,i = 1, M;
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B (2.18) hIMYW(Y) < hy, < hP*(Y),k = 1, K — Bextop-QyHKIHS OrpaHUYCHHII,

HaKJIaJbIBa€CMbIX Ha (I)YHKI_II/II/I MaTepualia u3Jaeius.

ot <y, <y, v = 1,V — mapaMeTpuyuecKie orpaHHYCHUSI.

2.3. Ilocmpoenue mamemamuyecKol Mooeu Mamepuaia 6 YCl08Usx OnpeodeieHHOCmU U
HeonpeoeeHHOCMU 8 8U0e 8eKMOPHOU 3A0aUu.

B peanbHOI )KU3HU YCIIOBHSI OTIPEICIICHHOCTH M HEOIIPEICIIEHHOCTH COBMEMAtoTCst. Mozenb
MaTepuana Tak e oTpaxaer 3T ycioBus. O0benunum monenu (2.10)-(2.14) u (2.16)-(2.20). B
UTOTE TMOJIyYUM MOJIENIb MaTepualia B YCIOBHSAX OIPEICICHHOCTH M HEONPENIEICHHOCTH B
COBOKYITHOCTH B BHJIE BEKTOPHOU 32/1a4¥ MAaTEMAaTUIECKOTO MPOTPAMMHUPOBAHUS:

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

min Hy(Y) = {min by (¥), k =1,K3°), (2.23)

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

npu orpaEmMdeHHax  ATYM < hy < hV k= 1,K, (2.25)
=1y = 100%, (2.26)

vyt <y, <y"n**v=1,V, (2.27)

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

H(Y) ={H,(Y) I,(Y) Hy(Y) I,(Y)} - BeKTOpHBI#i KpHUTECPHii, KaxKasi KOMIIOHEHTa KOTOPOTO
IPEACTABIIAET BEKTOP KPUTEPUEB (XapaKTEPUCTHK) MaTepuaia, KOTopble (PyHKIMOHAIBHO 3aBUCST
OT 3HAYCHUI BEKTOpa MEPEMEHHBIX Y Kld e, sz ef (definiteness), K{"¢, K3™¢ (uncertainty)
MHOXECTBO KPUTEPUEB Max M min CPOPMHUPOBAHHBIE B  YCIOBHAX OIPEAEIECHHOCTH |
HeomnpeeaeHHocTd; B (2.25)  BeKTOp-QYHKIMSA  OTpAaHMYEHHMH,  HAKIaJbIBAEMBIX  Ha
(GYHKIMOHUPOBAHUE MaTepHana B IPOU3BOACTBEHHBIX yCIoBHAX, (2.27) mNapaMeTpUuYecKue
OrpaHUYCHUS.

3. BBemenme B MHOIOMEpPHYK) MaTeMaTHKy. AHaiau3, BekrTopHasi 3agaua
MaTeMATH4YeCKOro nporpaMmMupoBanusi, Teopusi, AKCHOMBI U AKCHOMATHYECKHE MeTO/bI,
IpuHIMOBI ONTUMATBHOCTH

MaremaTtudeckiue MoOJENU CTPYKTypsl Marepuana (2.21)-(2.27), a Taxke Mouenu
TEXHUYECKUX CHCTEM, TEXHOJOTHYECKHX IPOIECCOB W JUHAMHYECKOW CHUCTEMBI IPEICTaBICHBI
BEKTOPHBIMU 3a/1a4aMK MaTeMaTtuieckoro nporpammupoBanus (B3MII), [16 - 21, 44]. NanbHeiimee
pa3BUTHE HCCIENIOBaHHUS PadOT MO TEOPHH BEKTOPHOW ONTHMH3AIMU TpHBETa K (HOPMHUPOBAHUIO
"MHOroMepHoOi MaTeMaTuku".

3.1. Ananu3z pazeumus co8pemMennoOil MAmemMamuKu.

AHanu3 MaTeMaTHKHA COBPEMEHHOM TPOBEJICH B cooTBeTcTBHH [ 1, ¢. 560 — 563].

MaremMaTHka — 3TO HayKa O KOJIMYECTBEHHBIX OTHOIIECHUSX U MPOCTPAHCTBEHHBIX (opmax
JeHCTBUTENLHOTO MIpa. MaTeMaTnka, Kak HayKa cTajla BO3MOXKHOM TOCJIe HAKOTIJICHHS JIOCTATOYHO
6osb1IOrO (paKTHYECKOro MaTepuala, BO3HUKIIA B peBHEN ['perun B 6 — 5 Bekax 0 HOBOM 3pbl, B
COOTBeTCTBUH ¢ [ 1] ueTbIpe nepuoaa.

1. 3aposcoenue mamemamuku. Ha paHHUX CTaausX Pa3BUTUS CUET MPEIMETOB OBITHS
MIPUBET K CO3JaHUI0 IPOCTEHUIINX MMOHITHN apu(METHKH HATYPATBHBIX YHCEI.

2. Ilepuoo rnemenmapnon mamemamuxu. ViccienoBanue NpeaMETOB OBITHS NPUBEN K
CO3/IaHUIO TIPOCTEHIITNX TTOHITHI apru(PMETHIECKUX BBIYUCIICHHUH, OTIpeIeICHHS 101 e, 00beMOB
U T.Il. BO3HUKAET MaTeMaTHKa, KaKk HayKa.

3. Ilepuoo cozoanus mamemamuku nepemennvix ¢enuyun. C 17 Beka HAUMHAETCS] HOBBIN
MIEPUOJT Pa3BUTHUS MaTeMaTUKU. Ha nepBbIii TJ1aH BBIIBUTACTCS ROHAMUE PYHKYUU, OTIPECIAIoNee
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B3aMMOCBSI3b IEPEMEHHBIX (ITapaMeTpoB) UCCiIeTyeMoro oobekTa. M3yueHrne nepeMeHHbIX BETUYHH
¥ (QYHKIMOHAIBHBIX 3aBUCHUMOCTEH TPHUBOIUT Jajieeé K OCHOBHBIM IMOHATHSAM MaTEeMaTHYECKOTO
aHaJM3a, K MOHATHIO Tpejenia, Ipou3BOAHON, AuddepeHunana u uHrerpanga. Co3mgaercs aHamus
OECKOHEUHO MaNbIX B BUJE OUPPepenyuanivHo2o u uHmezpaibHO20 BBIYMCICHUH, MO3BOJISIONICE
CBSI3bIBATh KOHEYHBIE W3MEHEHUS MEPEMEHHBIX BEIUYMH C UX IOBEACHHEM Ha MPUHUMAaeMOe
pemenre (¢pyHkuuio). OCHOBHBIE 3aKOHBI MEXaHUKM M (U3MKHM 3alUCHIBAIOTCS B (opme
muddepeHIMaTbHBIX YPaBHEHHM, U 33/1a4a UHTETPUPOBAHUS ATUX YPABHEHUI BBIIBUTAETCS OJIHOM
Y3 BaXKHEHIINX 33/1a4 MaTEMAaTHUKH.

4. Cospemennasa mamemamuxu. Bce coznannbie B 17 n 18 Bekax pa3ziesibl MATEMAaTHUYECKOTO
aHajM3a MpoJoJbKaiu pa3BuBaThes B 19, 20 u 21 Bekax. B kauecTBe OCHOBHOIO ammapara HOBBIX
oOjacTeii MeXaHMKM M MaTeMaTUYecKOW (U3MKM YCHIEHHO pa3pabaTbIBaeTcsi TEOpUs
muddepeHIMaTbHBIX yYPAaBHCHUN OOBIKHOBEHHBIX M YPaBHEHUH C YaCTHBIMU IPOU3BOTHBIMH,
BBIUMCIUTENbHOM MaTeMaTuku. [IpoGieMbl HaXOXKIeHUS HAWIY4YIero peleHus B 3aJadax
ynpaBlieHus] GU3MIECKUMU WIH MEXaHUYECKUMH CHCTEMaMH, OMHUChIBaeMbIe Tu( hepeHIInaTbHBIME
YpaBHEHUSAMHU, IPUBEIU K CO3/IaHUIO Meopul ONMUMAIbHO20 YNPAGTIEHUSL.

B nenom nponecc pa3BUTHUs MATEMAaTHKU MOKA3bIBAET, YTO MPHU PELUICHUU MAaTEMaTUYECKUX
po0JIeM, MPOUCXOIUIIO UCCIICAOBAHNE U aHAIU3 OTICILHON yHKYuu (00HOMepHOiL), 3aBUCIIICH
OT HEKOTOPOT0 MHOXKECTBA IEPEMEHHBIX (IapaMEeTPOB) HCCIEAYEMOr0 OOBEKTa, CHCTEMBI.
(ITogpoGuee cmotpu B [1, ¢. 560 — 563]).

B peanbHOI JXWM3HM HCClEqyeMbli OOBEKT, CHCTeMa MpU CBOEM (YHKIIMOHHPOBAHUU
(pa3BUTHM) XapaKTEpU3yeTCs HEKOTOPHIM Ha0OpoM (PYHKIHMOHAIBHBIX XapaKTEPUCTUK, KOTOPbIE
3aBUCSAT OT OJHUX WU TeX K€ MapamMeTpoB cucreMbl. OTtcroga mpobieMa MHOTOMEpPHOCTU
HCCIIelyeMbIX 0ObEKTOB, CUCTEM CTaja OOIIEHAYYHOM.

s pemeHuss nmpoOIeMbl MHOTOMEPHOCTH MBI MPEACTaBUM BEKTOPHYIO (MHOTOMEPHYIO)
3a/la4y ONTUMHU3AIMHU U PACCMOTPUM TEOPHUIO (aKCMOMATUKY, MPUHIUIBI ONTHUMAJIbHOCTH) €€
pemenus, [15, 29, 44].

3.2. Bexmopnas 3a0aua mamemamuueckozo RPOZPAMMUPOCAHUA

Bekropnas 3amada matemarnyeckoro mporpammupoBaHusi (B3MII) — sto cranmaprtHas
3ajlaya MaTeMaTHYeCKOro MPOrpaMMHUpPOBaHUS, HMMEIOIIAas HEKOTOPOE MHOXKECTBO KpPUTEPUEB,
KOTOpbIE B COBOKYIHOCTH IMPEACTaBISAIOT BekTop KputepueB. B3MII mnoapasnenstorcs Ha
OJIHOPO/HbIE U HeogHOpoAHbIE B3MII.

Oonopoonwvie B3MII maxcumusayuu —3T0 BEKTOPHAas 3a/1a4a, y KOTOpOH KaxkJasi KOMIOHEHTa
MHO>KECTBAa KpUTEPUEB HAIIPABJIEHA HA MAKCUMH3ALUIO.

Oonopoonvie B3MII munumuzayuu — 370 BEKTOpHAs 33/1a4a, y KOTOPOH Kak/1asi KOMIOHEHTa
MHO’KECTBA KpUTEPUEB HAIIPaBJIEHa HA MUHUMM3ALHIO.

Heoonopoonwvie B3MII — 510 BeKTOpHAs 3a/1a4a, y KOTOPOH MHOKECTBO KPUTEPHUEB Pa3/IeIICHO
Ha JIBa IMOJIMHOXKECTBA (BEKTOpa) KPUTEPUEB — MAKCUMU3AIIUN 1 MUHUMH3AIMKA COOTBETCTBEHHO, T.
e. HeomHopoaueie B3MII — 510 00BeaMHEHNE ABYX BHJIOB OJAHOPOJHBIX 3a7a4. B cooTBeTCcTBHM C
STUMHM  ONpPENEICHUSMHM IPEACTaBUM  BBIIYKIYIO BEKTOPHYIO 3aJady MaTeMaTH4eCKOIo
MIPOrpaMMUPOBAHUSI C HEOTHOPOJAHBIMU KPUTEPUSIMHU.

Opt F(X) = {max F, (X) = {max f, (X), k =T,K;}, (3.1)
min F,(X) = {min f;, (X), k=K, + 1,K = K, € K}}, (3.2)
G(X) <B, (3.3)

X>0, (3.4)

rne X ={xj, j =1,N} - BEKTOp NEPEMEHHBIX, T.€. 3TO BEKTOpP W3 N-MEpHOro e€BKIMI0BA
npoctpanctsa RY; F(X) - BekTop-QyHKIMS (BEKTOPHBIA KpuTepuii), nMeromas K — KOMIOHEHT-
byuxumii, F(X) = {fi,(X), k = 1,K}. MuoxectBo K cocTout u3 moaMHOXecTBa K; KOMIIOHEHT
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MakcuMu3anuu U nogMHoxectBa K, munumumsauuu; K = K{UK,, 11 OLEHKH COBOKYIHOCTH
KPUTEPUEB BBOAUTCS 0003HAYCHUE Orepalyst «0pt», KoTopoe BKIIOYaeT B ceds max u min;

F,(X) = {f(X), k =1,K;} — 3T0 BEeKTOpHBIE KpuTepur Makcumusamuu, Ki — MHOXKECTBO
kpuTepues Makcummsarmu, K;=1, K;, K — aucino, (3agaua (3.1), (3.32)-( 3.4) sBnsieTcs 01HOPOIHOIM
3anadeit Makcumusanun). [peanonaraem, uto fi (X), k = 1, K; SBIAIOTCS BHITYKIBIMU (hyHKIHAMH;

F,(X) = {fi(X), k =1,K,} — 5T0 BEeKTOpHbIE KPMTEPUH, Kak[as KOMIOHEHTA KOTOPOIO
munumusupyeres, K,=K; +1,K=1,K, - MHOXecTBO KpUTepueB MUHHUMH3anuu, K2 — dguco,
(3amaua (3.2)-( 3.4) sBiseTcs OMHOPOMHOW 3ajadeii MHHHMHU3AIMK). MbI TpearnosaraeM, 4ro
1 (X), k =1, K, asnsorca Bemykisimu Gyaxiusamu (we will sometimes call these the minimization
criteria), i.e.,

KiuKz = K, KicK, KocK. (3.5)
G(X)<B,X >0 - craumaptasie orpanwdcuus. g;(X)<b;,i =1,...,M rtae bi — MHOXECTBO
peabHbIX yrcen U g;(X) He MyCcToe BHIMYKIIOE MHOKECTBO TOUYCK.
S ={XeR™X>0,G(X)<B,X™Mn < X < XM*} % @ - (3.6)
3TO JOMYCTUMOE MHOXXECTBO TOYEK (WM Ooyiee KpaTKO - JOMYCTHMOE MHOXECTBO),
3a/aroluecs cranaapTHeIMU orpanuueHusMu (3.3)-(3.4) u TpuBuaibHbBIMU orpanndeHusMu X =>0.
[Ipennonaraem, 4TO JOMYCTUMOE MHOXECTBO TOUEK HE IyCTO U IPEACTaBIseT COOOM KOMIIAKT.
Bekropuas ¢yukius (kpurepuil) Mmunumuzanun F,(X)MoxkeT ObITH MpeoOpa3oBaH B BEKTOPHYIO
GyHKIMIO (KpUTEpHil) MAaKCUMHU3AIMU YMHOKCHHEM KaXI0i KOMIOHEHThl F,(X) Ha MuHyC
enunuity. Bextopusiii kpurepuii F, (X) Beenen B B3MII (3.1)-(3.4) mis Toro, 4To0Obl M0Kas3arh, 4TO
B 3aJaue MMeeTcs JBa NoJMHOkecTBa kpurepueB K,, K, ¢ pa3iuyHbIMU HalpaBICHUSIMHU
ONITUMH3AIIHH.
IIpeononazaem, 4T0 TOUKH ONTHUMYMa, IOJy4YE€HHBIE IO KAXKIOMY KPUTEPHUIO, HE COBMAAIOT
X0oTs OBl JUIs IByX KpurtepueB. Eciam Bce TOYKM OoNTHMyMa COBMNAJAIOT MEXAy COOOM Njsi Bcex
KPUTEPHEB, TO CUNTAEM PEIICHHE TPUBUAIBHO.

3.3. Teopus eekmopnoii onmumu3zayuu

Teopuss ~ @ekmopHolU ~ onmumuzayuu  HATpaBICHAa  HA  pEIIEHHE  BEKTOPHBIX
(MHOTOKpHTEpHAIIFHBIX ) 33]]a4 MaTeMaTH4ecKoro nporpammupoBanus (3.1)-(3.4) ¢ ogHOPOHBIMYU 1
HEOJHOPOIHBIMH KPUTEPHSIMH. TeOopHs BEKTOPHOW ONTHUMH3AIMKA BKJIIOYAET TEOPETUIECCKHE
OCHOBBI: aKCHMOMATHKa, MPUHLUIBI ONTHUMAJIbHOCTH M METO/bl PELIEHHs BEKTOPHBIX 3a/ad, BO-
MEPBBIX, C PAaBHO3HAYHBIMU KPUTEPUSMHU U, BO-BTOPHIX, C 33JJaHHBIM IMPUOPUTETOM KpuTepus. B
COBOKYNHOCTH TEOpHUs BEKTOPHOM ONTHMHU3ALMKM MPEJACTaBIsgeT MaTeMaTHYeCKUil ammapar
MOJICIIUPOBAHUS U IPUHATHS ONTUMAIBHOTO PEIICHHS «00bEKTa MPUHATHS PEIICHUI.

B cootBercTBUM C¢ 3TuUM ompeneneHueM «Teopus BEKTOpHOW ONTUMHU3AIMM' BKIOYAET
CJICAYIOUINE Pa3/IEIIbl.

OCHOBHBIE TEOPETUYECKUE TOHATHS U ONpENeNeHus, KOTopble OyAyT MCIIOIb30BaHbl MPHU
MOCTPOEHUH aKCHOMATUKHU (akcuoMaTHki MamrynuHa FO.K.), MpUHIIMIIOB ONTUMAaTBHOCTH U METO/IBI
peleHust 3a7ad BEKTOpHOW onTtuMuzanuu. Axcuomatuka Mamynuna FO.K. nogpasnensercs Ha
aKCMOMATHKY, TPUHIUITBI ONTHMAJIbHOCTH M METOJbI PElIeHHs] BEKTOPHBIX 3ajad, BO-TIEPBBIX, C
PaBHO3HAYHBIMM KPUTEPUSIMH U BO-BTOPBIX, C 3a/laHHBIM IIPUOPUTETOM KPUTEPHSL.

Konuenmus pemenus 3anad BEKTOPHOH ONTHUMH3AIMKA C PaBHO3HAYHBIMH KPHUTEPUSMHU.
KoHuenius BEeKTOPHOM ONTUMU3ALMK C IPHOPUTETOM KpuTepus. CUMMETpHs B BEKTOPHBIX 3aJa4yax
MaTeMaTHYeCKOTO NMPOrPaMMHUPOBAHNS: UCCIIEIOBAHNUE, AHAIIH3.

«OOBEKTOM TMpPUHATUS PELICHUI» SBIAETCS: COLMalbHAs CHCTEMa, HSKOHOMHYECKas |
TEeXHUYECKast CUcTeMa. MaTeMaTHuecKuil armapar Mo3BOJISeT BHIOPATh JIFOOYI0 TOUKY M3 MHOMKECTBA
TOYEK, ONTUMaNbHBIX 1O [lapeTro, 1 MmokaszaTh €e ONTUMaJbHOCTb. MBI MpPEACTaBUIIN AaKCHOMATHKY,
NPUHIUI  ONTUMAJIBHOCTH W METOJbI pEIICHHs 3a7ad BekrTopHoW ontuMuzanuu (3.1)-(3.4) ¢
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PaBHO3HAYHBIMU KPHUTEPUSIMU W 3aIaHHBIM TIPUOPUTETOM KputepueB. [6, 20]. s mpocToTsl
uccienoBanus kputepun u orpanwdeHuss B3MIT (3.1)-(3.4) npencraBiieHbl MOJTHHOMAMH BTOPOM
CTEIIEHH, T.€. pACCMATPHUBAIOTCS BBIMYKJIbIE BEKTOPHBIE 33J1a4, KOTOPbIE TAKKE BKIIFOYAOT BEKTOPHBIE
3aJauyl JUHEHHOro nporpamMMmupoBanus. Beimykisie B3MII xapakrepusyroTcss CBOMCTBOM, YTO TOYKa
OINTUMYyMa CYIIECTBYET U Takasi Touka Tojibko ofHa (Teopema Beliepirpacca).

3.4. Onpeodenenusn. Axcuomol u AkcuomamuuecKue Memoobwl.

AKcuoma — 3TO yTBEpXKJIeHUE, HEe TpeOyrolee JOrnYeckoro JokasarenbcTBa. Ha ocHoBe
9TUX YTBEPXKAECHUH CTPOUTCS Ta UM UHAs TEOpUs.

AKcuomamuyueckuii Mmemoo — 3TO CIOCO0 MOCTPOECHUS HAy4YHOU TEOPHH, IIPH KOTOPOM B
OCHOBY TE€OpUH KJIQAyTCsI HEKOTOPbIE UCXOJIHBIE MOJIOKEHUS, Ha3blBaeMble AKCMOMaMH Teopuu. B
UTOTE BCE OCTAJIbHBIC TIOJIOKEHHSI TEOPUH TOJTyYarOTCsl KaK JIOTHUECKHE CIICACTBUS akcuoM, [41]. B
MaTeMaTuke AKCHOMAaTHYECKUH METOJA 3apojwicsi B paboTax ApPEBHETPEUECKUX I'€OMETPOB.
OO0pa3oM aKCHOMAaTHYECKOrO METOoJa SBJSIETCS JIPEBHEIPEUYeCKUid ydeHbld EBKINA, akcHOMBI
KOTOPOro OBbLIN 3aJI05KE€HBI B €r0 3HAMEHUTOM counHeHnH «Havanay.

JlanpHeliee pa3BUTHE aKCHOMAaTUYECKOT0 METOo/1a Morydm B pabotax [l. ['mnsbepra B BUIE
TaK Ha3bplBaeMoro Meroja Qopmanusma cuctembl. OOmias cxemMa IOCTPOCHUS HPOM3BOJBHON
(hopManbHOU CUCTEMBI («S») BKITFOYALT:

1. A3v1x cucmemul, B TOM uncie ajihaBUT — 3TO NIEPEUEHb HIIEMEHTAPHBIX CUMBOJIOB; ITPaBUJIa
00pa3oBaHus (CHHTAKCHUC), IO KOTOPBIM CTPOUTCS (DOPMYITBI «S».

2. Axcuomul cucmemol «S», KOTOPbIE MIPEJCTABISAIOT HEKOTOPOE MHOXKECTBO (hOpMY.I.

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

B npuiiosxeHun K peieHuto 3aJjaui BEKTOPHOW ONTUMHU3aLUU AKCHOMAaTHKA [OIPa3IeNseTcs
Ha JBa paszgena: 1. Akcuomaruka pelleHus 3ajauyd BEKTOPHOM ONTHUMM3ALUMU C PaBHO3HAYHBIMU
KpUTepusiMM; 2. AKCHOMAaTHUKa pELIeHHs 3aJauyd BEKTOPHOM ONTHMM3AalMU C  3a/JaHHBIM
MIPUOPUTETOM KPUTEPHUEB.

Tonbko mNpH TOCTPOEHHMH MEPBOHAYAIBHOM AaKCHOMAaTHKM BO3MOXKHO B JalibHEimem
MIOCTPOEHHE NMPUHIUIIA ONITUMAJIbHOCTU U BBITEKAIOIIUX U3 HETO aJITOPUTMOB PEIICHHS BEKTOPHBIX
3aJja4 MaTeMaTHYeCKOro MporpaMMHUpPOBAHUS.

4. MHOrOMepHasi MAaTEMaTHKA: TEOPHUS METOAbI

4.1. Teopua, akcuomamuka, RPUHUUN ONMUMATLHOCHMU U MEMOObl peuleHus 3a0ay
6EKMOPHOU ORMUMUZAUUU: PAGHO3HAYUHbBIE KDUMEPUU

AKcHOMaTHKa BEKTOPHOW ONTUMH3allMM C paBHO3ZHAUYHBIMU KPUTEPUSIMH, Kak H
TeopeThdecKas akcuoMmaTuka, pekoMmeHaoBaHHas [[. I'mibOeprom [41, c. 111], Bkmtouaer Tpu
pasjena, Ipe/ICTaBlICHHBIC: 1) S3bIKOM CUCTEMBI B BUJIC ONPEICICHUI HOPMATU3AINU KPUTEPUEB U
OTHOCHTENBHOW OLEHKH; 2)  aKCMOMAaTWKOW paBEHCTBa KPHTEPUEB B 3aJadye BEKTOPHOMU
ONTHMHU3AIMK; 3) TMPHHIUIIOM ONTHMAILHOCTH pEIICHHUs BEKTOPHOHM 3aJa4yd, HAa OCHOBaHHH
KOTOpOro (opMHpYyeTcsi KOHCTPYKTHBHBIM METOJ| pellieHHs 3aJauyd BEKTOPHOM ONTHMHU3ALUHU C
PaBHO3HAYHBIMU KPUTEPHUSIMHU.

4.1.1. AA3eik cucmemwvt MmHozomepnou mamemamuku. Hopmanuzayua xpumepues,
omHocuUmenbHan oyeHKa

Onpeodenenue 1. Hopmanuzayus Kpumepues.

Hopmanmzamust kputepueB (MaTeMaTHYecKasl OINEpalysi: CABUT IUTIOC HOPMHPOBAHHE)
NPEJICTABISAET OJJHO3HAYHOE 0TOOpaxeHne GpyHkuuu fi,(X) Vk € K, B 0lHOMEpHOE MPOCTPAHCTBO
R! (cama dyukuus fi(X) Vk € K npencrapaser coboit GpyHkiumio npeobpazosanus u3 N-MepHOTro
eskiuioBa npoctpanctsa RN B R1). Jlns HopManu3anuy KpuTepreB B BEKTOPHBIX 3a7adax OymTyT
MCTIOJIB30BATHCS JIMHEHHBIE TPe0Opa30BaHuU:
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fi(X) = arfie (X) + ¢ VkeK , nmn fi(X) = (fie(X) + i) /ax Vk €K, (4.1
rae fy(X),k =1,K - crapoe (10 mopmanusaruu) 3uaucuue kpurepus; f(X), k =1,K -
HOPMAaJIM30BaHHOE 3HAUCHUE, dy, Cj- TIOCTOSIHHBIC.

Hopmanuzamus kpurepues (4.1) fi,(X) = (fi (X) + cx)/a Yk eK npencrasisier mpocroe
(TMHEMHOE) WHBApHMAHTHOE IpeoOpa3oBaHME MOJIMHOMA, B PE3yJbTaTe KOTOPOTO CTPYKTypa
MOJIMHOMA OCTAEeTCsI HeM3MEHHOW. B ONTHMHU3aMOHHOM 3a1aue HopManu3anus kpurepues fi (X) =
(fi(X) + cx)/a, VkeK we Bmusier Ha pe3yabTar pemicHUs. J[eHCTBUTEIBHO, €CIIM PElIacTcst
BBIITYKJIAsi ONTUMH3AIMOHHAS 33/]a4a:

maxycs f(X), To B Touke ontumyma X “ € S: % =0. (4.2)
B o0miem citydae (B TOM 4ncie ¢ HOpMaiau3anuen Kkpurepus (2.7)) pemaercs 3ajgada:
maxyes (a fie(X) + ci), (4.3)
TO B TOUKe onTumyMma X € S:
d(agf(X+ep) _  d(f(xX) | d(ep) _
X = Qg —dX + ax 0. (44)

PesynbraT maeHTHYeH, T.e. Touka ontumyma Xy, k = 1,K sBisercs oqHON W TOH ke s
HEHOPMAJIM30BAHHBIX U HOPMAJIM30BaHHBIX 3a/1a4.
Onpeoenenue 2. Onpedenenue OmHOCUmMENbHOU OUeHKU yHKyuu (Kpumepus). B BeKTOpHOI
3anaue (3.1)-(3.4) BBeem 0003HaUCHHE:
M) = B g e i (45)
fx=fr
Ak (X) — osmo omnocumenvhas oyenxa, KOTOpast MPEACTABISECT HOPMATH30BAHHBIN KPUTEPHIA:
fr(X), Yk € K B Touke X € S, rie B Touke X € S Benuunna K-ro xpurepus pasua fi (X);
fi - BenmumHa K-ro Kputepus B TOYke onTuMyma X € S, MOJYYEHHOH MpH PEHICHUH
BekTopHoit 3amaun (3.1)-(3.4) ormensHo 1Mo K-My KpuTepuio; fio- HauXyjmas BeluduHA K-TO
KPUTEpHs Ha JOIyCTHMOM MHOXKECTBE S B BEKTOpHOM 3amaue. OTHOCHUTENNbHAs otieHKa Ay (X) Vk €
K, BO-TepBBIX, M3MEpsSeTCSs B OTHOCHUTENIBHBIX E€IMHUIAX; BO-BTOPBIX, OTHOCUTEIbHAs OLIEHKA
A (X) Vk € K Ha DOIyCTHMOM MHOECTBE S MEHSETCSA C HYyNIsl B TOYKE X, ,? K €IVHUIEC B TOYKE
onTumMyma Xp:

vk € K lim 1,(X) = 0; Vk € K lim A, (X) = 1:
XoXg XoXi

OtnocurenbHas orieHka Ay, (X) Vk € K Haxoaurcst B CIEAYIOMINX TpeIeax:
VkeK0O<A,(X)<1,XE€S, (4.6)
B pesynprate Takoit Hopmamuzanuu Bce kputepuun B3MIIT (3.1)-(3.4) comsmepumbl B
OTHOCHTEIIbHBIX €IMHHIIAX, YTO TO3BOJISIET, CPABHUMASI MX JIPYT C JPYTrOM, UCIIOIB30BaTh KPUTEPUU
MIPU COBMECTHON ONTHMHU3AIINH.
Onpedenenue 3. Onepayus cpasHeHUs OMHOCUMETbHLIX OUEHOK ()yHKuuu (Kpumepus)
Medncoy coboi.
Tak kak, m00ast GyHKIUs (KPUTEPHiA) MPEICTaBICH B OTHOCUTEIbHBIX OIEHKAX (BYHKIIUI
A (X) Vk € K, kotopsie nexar npenenax (4.6) Vk € K0 < 1,(X) < 1, To BO3MOKHO CpaBHEHHE
OTHOCHTEIIbHBIX OIICHOK I10 YHCIIOBOW BenuuuHe. [l CpaBHEHHS HCIOJB3YETCs OIeparus
«BBIYMTAHHS». Ecnu cpaBHUBaeTcs nBe (QYHKIMU (KpUTEpHs), U3MEPEHHbIE B OTHOCHTEIBHBIX
orteHKax Ay—1(X) u A, (X) Vk € K, TO BO3MOKHBI TPH CUTYaIIHH:
nepBas, koraa Ag—q (X) > A=, (X);
BTOpast, Koraa Ag—;(X) = A=, (X); 4.7
TpeThst, Koraa Adi—;(X) < A=, (X). (4.8)
Takum o00pa3oM B MHOTOMEPHOW MaTeMaTHKE WCIOJb3yeTCs OJHAa MaTeMaTHdecKast
ornepaius: cpaBHeHue. [lepBasi U TpeThs CUTYyalMs UCCIIeayeTCs B paszaerne 6.
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B paznene 5 uccnenyercst Bropas curyanus (4.7).

4.1.2. Akcuoma pasencmea Kpumepueg 6 3a0aue 6eKMOPHOI ORMUMUIAUUU.

Axcuoma 1. O pasencmee u paeHOZHAYHOCMU KpUumepues 6 OONYCHIUMOU HMOYKe
6eKMOPHOIL 3a0a4u MAMeMamuiecKko2o nPopammuposanul.

B BexTopHO# 3a7aue onTuMu3anuu ABa kpurepus ¢ unaekcamu [ € K, g € K 6yaem cuutarthb
pPaBHO3HAYHBIMH B TOUKe X € §, €CJIM OTHOCHTENIbHBIC OILEHKH MO K-My U (-My KPHUTCPHIO PaBHBI
MexTy coboit B aToi Touke: A;(X) = 1,(X),l,q € K.

losacnenue. Ecniu B Touke X € § ¢yHKUMU (KpUTEpUH) B OTHOCUTEIBHBIX €IUHUIIAX OyAyT
pasubl: 4,(X) = 0,451 € K u 1,(X) = 0,45,q € K (1.e. 45% 0T cBOEii ONTUMANLHOI BETUYUHBL,
KOTOpasi B OTHOCHTEIbHBIX €IMHUIAX paBHA 1), TO Takue KPUTEPUU HE «PAaBHBD APYT APYTY, a
PaBHO3HAYHBI IO CBOEMY YHMCIOBOMY 3HaueHMIo. M xaxneiii kputepuii | € K, g € K Hecer cBoi
(yHKIIMOHATBHBIA CMBICI, YUCIIOBas BEJIMYMHA KOTOPOTO MOXKET OBITh MOJy4YeHa, HCHONb3Ys
HOpMaJIM3aluio Kputepues (4.5).

Onpeodenenue 4. Onpedenenue MUHUMATLHO20 OMHOCUMEIbHOZO0 YPOGHSL.

OTHOCUTENBbHBIN YPOBEHBb A B BEKTOPHOI 3a/1ade MPEICTaBISIeT HIKHIOO OIIEHKY TOUKH X €S
CpeaM BceX OTHOCHTENbHBIX oreHoK A, (X), k = 1, K:

VX E€SA<A4(X),k=1K, (4.9)
HWKHUH YPOBEHb JUTSI BEITIOTHEHUS yCiIoBUs (2.9) B Touke X €S onpepensercs Kak:
VXeSAh= minkeKﬂ.k(X). (410)

Cootnomienus (4.9) u (4.10) sBnstorcs B3auMOCBS3aHHBIMUA. OHH CIyXaT MEPEXOAOM OT
onepanmu (4.10) onpenenenust Min x orpanndenusM (4.9) u Ha060poT. OTHOCUTENBHBIN YPOBEHBD A
MO3BOJISIET OOBEAMHUTH BCE KPUTEPUU B BEKTOPHOM 3a/1a4e OAHOMN YHCIOBOW XapaKTEPUCTHKON A U
IIPOU3BOJIUTH Ha/l HEW ONpe/ieJIeHHbIe ONEepaIlK, TEM CaMbIM, BBIIIOJIHSASA 3TH ONEpaLUU HaJ BCEMU
KPUTEPHSIMH, N3MEPEHHBIMU B OTHOCUTEIIHHBIX €INHUIIAX.

OTHOCUTENBHBIA YPOBEHb A (DYHKITMOHAIBHO 3aBUCUT OT mepemMeHHoi X € §. U3menss X,
MoxeM n3MeHSTh Bce A, (X),k = 1,K U COOTBETCTBEHHO HIKHUH ypPOBEHb A = MiNexAr(X),
KOTOPBIH ABIISETCS XapaKTEPUCTUKONH MHOTOMEPHOM (MHOTO(QYHKIIMOHAIBHON) CUCTEMBI.

THoscnenue. Bennunna otHocuTenbHOM ouneHkd VkeK Ay (X) aBasercs XapakTepUCTUKOM
OOHOMEPHOU CucmeMbl, a BEINYNHA MUHUMAIBHOTO OTHOCHTEIBHOTO YPOBHS A = MiNyexAr(X)
SABIISICTCS XapaKTEPUCTHKON MHO2OMEPHOU MATEMATHKH.

4.1.3. Ilpunyun onMuMAaIbHOCIMU peWEeHUA MHO2OMEPHOU (8eKMOpPHOI) 3a0auu
ONMUMU3AUUU C PABGHOZHAYUHBIMU KDUMEPUAMU.

Onpedenenue 5. Ilpunuyun onmumanbhocmu peuwieHuss 6eKmMOpHoOU 3adayu C
PABHO3HAYHBIMU KDUMEPUAMU.

BexTopHas 3aaua MaTeMaTHUYecKOro MPOTPaMMHPOBAHUS MPU PABHOZHAYHBIX KPUTEPHSIX
pellleHa, eciu HaiieHa Touka X° € § 1 MakcuManbHbIH ypoBeHb A° (BepXHHIl HHIEKC O - OIITHMYM)
Cpeliu BCEX OTHOCUTENBHBIX OIIEHOK TaKOH, U4TO

L’ = maxyegmingogd, (X) (4.11)

Hcnonb3ys B3auMocBsi3b BeipakeHuid (4.9) u (4.10), npeobpa3zyeM MakKCUMHUHHYIO 3a7aqy
(4.11) B sKCTpEMaNBHYIO 331a4y:

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

[Monyuennyto 3amauy (4.12)-(4.13) HazoBeM A-3am1a4eii.

A-3amada (4.12)-(4.13) umeer (N+1) pasMepHOCTb, KaK CIEACTBUE PE3YJIbTAT PEIICHUS A-
3anaun (4.12)-(413) npexacrapasger coboii onTuManbHbii BekTop X°eRNV*T1 (N+1)-1 xommonenTa
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xotoporo cyTh Benuuuna A°, T. e. X° = {x2, x9,..., x93, x%41}, mpu stom x3,; = A%, (N+1)
KOMIIOHEHTa BekTopa X ° BeiieneHa B A°.

[omyyernnas mapa {A°,X°} = X° xapakTepusyeT onTHMalbHOE penieHue A-3agaun (4.12)-
(4.13) 1 COOTBETCTBEHHO BEKTOPHOM 3agaun MareMaTudeckoro mporpammupoBanus (3.1)-(3.4) ¢
pPaBHO3HAYHBIMH KPHUTEPHUSMHU, PCUICHHYI) HAa OCHOBE HOpPMAIIM3allMM KPUTECPHEB M MPUHIIHIIC
rapaHTUPOBAHHOTO pe3ynbrata. HasoBem B ontumansHom pemennmn X° = {A°,X°}, X° -
ONTUMAIBLHOM TOUKOM, a A° - MAKCHMAIIbHBIM yPOBHEM.

Teopema 1. Teopema o 08yx Hauboree npomueopeuusvix Kpumepusx ¢ B3IMII c
PABHO3HAYHBIMU KDUMEPUAMU.

B BbIIyKIOM BEKTOpHOW 3agadye MaTeMaThdeckoro mporpammupoBanus (3.1)-(3.4) ¢
pPaBHO3HAYHBIMU KPHUTEPHUSMHU, PEIICHHON HAa OCHOBE HOPMAJHM3AIllMU KPUTEPUEB M TMPUHIUIA
rapaHTHPOBAHHOTO PE3yJIbTaTa, B ONTUMATbHOM Touke X° = {A°, X°} Bcerna umeercs nBa KpuTepHs
- o6o3HaunMm wux wuHAekcaMu qeK,peK (KoTopble SBISIOTCS CaMbIMU TPOTHBOPEYHBBIMU W3
MHOKeCTBa KpuTepueB kK = 1, K), ¥ JUIsl KOTOPBIX BBITIOJIHSAETCS PaBEHCTBO:

2° =2,(X%) =1,(X°),qpEK X €S, (4.14)
U Ipyrue KpUTepruu ONpeaCsIioTCs HEPaBCHCTBOM:
A < M(X°),VEEK, q#p *+ k. (4.15)

BnepBrie mokazarenbcTBO TeopeMbl 1 mpeacraBieno B [15, crp.22], B nmanmpHeiieM
noBTopeHo B padore [19, ctp. 234]. Touka X° siBiisieTcst onTuManbHbIM pemeHrneM B3MIT.

4.1.4. Koucmpykmuenvlii memoo peuieHus 3a0auu 6eKMOPHOU ONMUMUZAUUU C
PABHO3HAYHBIMU KDUMEPUAMU.

Jlns  pemicHWs BEKTOPHOM 3ajadd  MaTeMaTHdeckoro mporpammupoBanus (3.1)-(3.4)
pazpaboTaH MeETOJl, OCHOBAHHBIH HAa HOPMAIM3AIMH KPHUTEPHEB, AKCMOMATHUKE W TPUHITUIIC
MaKCHMMHA (TapaHTUPOBAHHOTO pe3ynbTara). KOHCTpYKTHUBHBIN METO1 pellieH!s] BEKTOPHOM 3a1auu
ONTUMU3AINH C PABHO3ZHAYHBIMU KPUTEPHUSIMU BKJIFOUAET JiBa O10Ka: 1-17 610k « CUCTEMHBIN aHATH3)
- pa3zzeneH Ha Tpu mara; 2-u 010k «lIpuHATHE ONTUMAIBFHOTO PEUIeHHs, BKIIIOUAONIUH J[Ba I1ara:
MIOCTPOCHHUS A-33]Ia4H U €€ PEIICHHUS.

bnok 1. Cucmemnwiit ananus.

[lar 1. Pemaercs 3amaua (3.1)-(3.4) mo KakaoMy KpUTEpHUIO OTACIbHO, T.e. it Vk € K,
pernraercs Ha MakcuMyM, a st Vk € K, permaercs Ha MUHUMYM.

B pesysbTare nonyuum: Xj- TOUKa ONTUMyMa 110 COOTBETCTBYIOIEMY Kputepuio, k = 1,K;
fii = fi(Xg) — Bemuuuna K-ro xputepus B 3Toii Touke, k = 1, K.

[Iar 2. OnpeenseM HAUXYIITYIO BETUIHHY KaKI0T0 KpUTEpHs (aHTHONTUMYM):

ka, k = 1, K. Pemaercs 3a1aua (3.1)-(3.4) s xaxmoro kputepus k = 1, K, Ha MUHUMYM:

3 =min f,(X),G(X) <B,X >0,k = 1,K, nna xaxngoro kputepus k =1,K, Ha
MaKCHMYM:

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

B pesyneTare pemieHHs HOTydHM: Xp = {xj,Jj = 1,N} - Touka oNTUMyMa IO

cooTseTcTByIOmEMY kputepuio, k = 1,K; £ = fi.(X?) — Benmuuuna k-ro kpurepus.
[ar 3. BeIMOIHAETCA CUCTEMHBIN aHAJIN3 MHOXECTBA TOYEK, ONTUMANBHBIX 1o [lapero. B
toukax X* = {Xy, k = 1, K} onpenenstorcs BeMInuHbI 1efeBbix GyHKImiA F (X ™) 1 OTHOCHUTEIBHBIX

_£0
oreHOK A(X™): A, (X) = %, VkeK. Pe3ynbpraT CHCTEMHOTO aHAJIH3a:
k~Jk
fl(XI)l er(XI)
F(X*) ={f(Xp),q =LK k=1K}= (4.16)

LD, o fexi)|
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Al(Xik)f ey AK(XI)
MXY) ={14q(Xp),q = 1L,K,k=1,K} = : (4.17)
M, Al
JTro6as oTHOCUTeNbHAs orieHKa (4.17) nexwur B npenenax 0 < A, (X) < 1,k = 1,K.
U3 pesynbraTtoB cuctemHoro ananmsa (4.16)-(4.17) Beitekaer mpobGiema. Haiitu Takyro
(ONTHMAaNbHYI0) TOYKY, B KOTOPOH BCE OTHOCHTENBHBIC OLEHKH: A4(X),q = 1,K 6blan GIHM3KH K

eaunuiie. Ha pernenne 3Toii mpoOiieMbl HampaBjieHa A-3a/1a4a.

bnok 2. llpunamue onmumanvnozo pewienua. BKitodaer JiBa 1iara.

[Har 4. Iloctpoenme A-3amaun. Co3maHWe A-3aayd  OCYIIECTBIICTCS B JiBa JTara:
MEPBOHAYAIBHO CTPOUTCS MAaKCUMHUHHAs 3a/1adya ONTHUMHU3AIMHU C HKBUBAJICHTHBIMH KPUTEPHUSIMHU,
KOTOpblE Ha BTOPOM OJTale mpeodpa3yloTcs B CTaHAAPTHYIO 3aJadyy MaTeMaTH4eCKOro
MIPOrpaMMUPOBAHMSI, Ha3BaHHOW A-3amaueld. [l moCTpoeHHs MaKCUMMHHAS 3a/laya HCIOJIb3yeM
onpeaesneHue 2:

VXeS A= minkeK)\k(X).

HwxHuii ypoBeHb A MakcuMusupyem 1o XeS. B pesynbrare chopmynupyemM MaKCHMHHHYIO
3a/1a4y ONTUMM3ALUN C HOPMAJIM30BaHHBIMU KPUTEPUSIMHU:

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

Ha BTOopom sTame 3amaua (4.18) mpeoOpasyercss B CTaHAAPTHYIO 33Ja4y MaTeMaTHYeCKOTrO
MPOrpaMMUPOBAHHUS, HA3BAHHYIO A-3a1a4a:

A% = maxyes A, A° = maxyes A, (4.19)
- _£0 I
A—MX)<0k=TK, —> A- %so,k = K, (4.20)
k™ Jk
G(X)<B,X>0, G(X)<B,X >0, (4.21)

rJIe BEKTOp Hen3BeCTHbIX X umeet pasmepHocth N + 1: X = {4, x4, ..., Xy }.

[lar 5. Pemenne A-3amaum. A-3amada (4.19)-( 4.21) — crammapTHas 3aja4a BBITYKJIOTO
nporpaMMUpOBaHusd, AJid €€ pCIICHUA UCIIOJIB3YOTCA CTAaHAAPTHBIC METO/IbI. B PE3YIbTATC PCUICHUA
A-3a71a91 TIONTyYHM:

° = (1% X°} - TouKy onTHMyMa; (4.22)
fr(X°), k = 1, K- BenmuMHBI KPUTEPUEB B 3TON TOUKE; (4.23)
_f0 —
A (X9) = %, k = 1, K- BeIWYUHBI OTHOCUTENBHBIX OLIEHOK; (4.24)
k™ Ik

A° - MakcHMasbHAs OTHOCHMTENIbHAS OIEHKA, SBJISIOMIASACS MAKCHUMAIGHBIM HIDKHHM YPOBHEM
JUIS OTHOCUTENBHBIX OLEHOK Ay (X °). A° - rapaHTHpOBAHHBIH Pe3yJIbTaT B OTHOCHTENIBHBIX ¢IHHHUIIAX.
A° rapaHTUpYET, 4TO B TOUKE X° OTHOCHTEIIbHBIC OLICHKH A (X ) Oombliie Uik paBHBI A°:
M (X9)22% k = 1,K or A°<0 (X°),k =1,K,X° € S, (4.25)
¥ B COOTBETCTBHH ¢ TeopeMoii 1 Touka ontumyma X° = {A°, xy, ..., Xy} SABISETCA ONTUMAJIBHOM 110
[Tapero.

4.2. Teopusa, akcuomamuka, RPUHUUR ORMUMATLHOCMU U MEMOObl pPeuleHUs 3a0ay
6EKMOPHOI ONMUMU3AUUN: C RPUOPUMEMOM KPUmepus

B ompenenennu 3 yka3aHo, 4TO €CIM CPaBHHUBATh JBe QYHKIMH (KPUTEPHUS), U3MEPEHHBIX B
OTHOCUTEJBbHBIX OlEHKAX Ap—1(X) u Ap—,(X) Vk € K, TO BO3MOXHBI TpH CHTyallu. BTopast
cutyanusi, korma Agp—;(X) = Ap—,(X) uccnemoBana B paszmene 2.2 (paBHO3HAYHBIC KPUTEPHUH).
Curyarun: mepBast, koraa Ag—q (X) > A, (X), u Tpetss, korma Ay, (X) < Ay, (X), uccnemyrores B
9TOM pazzene. Takue CUTyaluu ONmpeIessIFOTCS, KaK 3aa4i C IPUOPUTETOM KPHTEPHSI.

JI7ist TOCTPOCHUST METO/IOB PEIICHHsST TPOOIEMbl BEKTOPHOM ONTHMHU3ALUK C TPHOPHUTETOM
KpUTEpHsi MbI BBeleM ompezeneHus: O MpUOpUTETe OAHOrO KpuTepusi Hax ApyruM; O 4HUCIOBOM
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BBIpKEHUH MpUopUTeTa KpUTepus Haja apyruMm; O 3aJjaHHOM YHCIIOBOM BBIPaKEHUU MPHOPHUTETA
OJHOTO KpuTepus Hax ApyruM; O HM)XKHEM YpPOBHE CpEIU BCEX OTHOCUTENIBHBIX OLEHOK C
npuoputeroM kpurepus; O THOIMHOKECTBE TOYEK, MPHOPUTETHBIX MO Kputepuio; Ilpunuumn
ONTUMAIBHOCTHU 2 - Pelienre BEeKTOPHOU 3a/1auu ¢ 3aJJaHHbIM IPUOPUTETOM KpuTepus, [17, 43, 44].

4.2.1. Akcuomamuka 6eKmMOPHOI ONMUMU3AYUU C RPUOPUNIEMOM KpUmepus

361Kk cucmembl aKCUOMAaTUKU DPEIIEHUS BEKTOPHOM 3aJauyd C 3aJaHHBIM IPUOPUTETOM
KpUTEpUS BKJIIOYAET ONpeAeTICHUs:

1) IIpropuTeT 0AHOTO KPUTEPUS HAll APYTHUM;

2) UucnoBoe 3Ha4YeHHE MpUOpHUTETa KpuTepus; 3) HkHuN ypoBeHb KPUTEpUS CPEIU BCEX
OTHOCHUTEJIbHBIX OLIEHOK C IIPUOPUTETOM KPUTEPHUS.

Onpeoenenue 6. O npuopumeme 00H020 Kpumepus Hao OPyUM.

Kpurepuit q € K B BekropHo# 3amaue (3.1)-(3.4) B Touke X € § MMeeT NPHOPUTET HaJ
apyrumu kputepusmu k = 1, K, ecnu oTHocuTenbHas oueHka A, (X) 1o 3ToMy KpuTepuio Goblie
WM PaBHA OTHOCHTEIBHBIX OLEHOK Ay (X) APyrux KpuUTEpHUEB, T. €.:

A0 =0 (X), k =1,K, (4.26)
CTPOTHIl IPHOPUTET, €CIIU XOTs OBl 7151 OAHOTO KpuTepusi t € K
Aq(X) > A (X), t # q, a ana ocTanbHBIX KpuTepues Ay (X) = A (X), k = 1,K,k # t. (4.27)

BBenenuem ompenenenusi npuoputera kputepus eK B B3MIT (3.1)-(3.4) BbinonHeHO
IIEpPEOIIpEIETICHNE PAHHET O IOHATHUS PUOpUTETA. ECiiu paHbllle B HErO BKJIAAbIBaJIOCh UHTYUTUBHOE
MOHATHE O BAKHOCTH 3TOTO KPUTEPHS, TO ceiuac 3Ta “Ba)KHOCTH OMPEeNIeTCs MaTeMaTHUECKU:
4yeM OOJIbIlle OTHOCUTEINbHAS OLIEHKA (|-TO KPUTEpUs HaJl APYTUMH, TEM OH BajkHee (IPHOPUTETHEE),
1 HauboJiee BLICOKHI IIPUOPUTET B TOUKE onTUMyMa Xy, Vq € K .

N3 onpeneneHuss BpIpaXeHUs NpUOpUTETA KpuTepus g € K B BEKTOpHOM 3agadye B
ypaBuenusx (3.1)-(3.4) caemyer, uTo BO3MOKHAs 00J1aCTh COOTBETCTBYIOMIAS MHOYKECTBY TOYEK
§,C 8, xotopoe xapakrepusyercst Kak Aq(X) = A (X), Vk#q, VX € §,. Onnaxo, Bompoc Ha
CKOJIbKO KpuTepHd q € K B TOYKE MHOKECTBA S, WUMEET OOJBINMA NPUOPUTET OTHOCHUTEIHHO
JPYTroro KpUTEpHsl OCTAeTCs OTKPBITHIM. J[71s1 OTBeTa Ha 3TOT BONPOC, MBI BBOAUM KOI(PPHUIHEHT
CBSI3M MEX/Iy TapOii OTHOCUTEIBHBIX OIICHOK ( U K, 4T0, B 11€I0M, TIPE/ICTABISIET BEKTOP:

PiIX)={p](X) |[k=1,K},qe KVX €S, (4.28)

Onpeodenenue 1. O yucn08om vlparicenuu npuoOpumema Kpumepus Hao Opyumu.

B BexTopHoii 3anaue (3.1)-(3.4) ¢ npuopuTeToM KpuTepHs (-ro Haa APYTHMH KPUTCPHSIMHU
k=1,K, nnia VX e S,, BEKTOp P9(X) mokaspiBaeT BO CKOJBKO pa3 OTHOCHUTEIbHAs OIIEHKA

Aq(X), q € K, GonbIre OTHOCUTENBHEIX OIEHOK Ay (X), k = 1,K:

A N -
PI(X) = {pl(X) = %,k =TK},p{(X)21VX c S,cS,k=TKVgeK. (429)

T q _Aq(X)
akoe oTHomeHue p(X) = () 1A30BEM  HHCIOBBIM - BHIPAKCHHEM NPHOPHTETA (-TO

KPHTEPHS HaJl OCTAIBHBIMU KpuTepusimu k = 1, K.

Onpeoenenue 7a. O 3a0aHHOM YUCI080M GBIPANCCHUU RPUOPUMEMA 00HO20 Kpumepus
Hao opyeum. B BextopHoii 3amaue (3.1)-(3.4) ¢ mpuoputetom kputepust q € K st VX € S Bektop
P = {pg ,k = 1,K}, cunraercs 3a7aHHBIM JIMIIOM, TpUHEMaoImM pernenns, (JITIP), ecnu 3agana
KaXk/1asg KOMIIOHEHTa 3TOro BekrTopa. 3ajzaHHas JIIIP koMmoHeHTa pg , ¢ Touku 3penus JIIIP,
TOKa3bIBAET BO CKOJNBKO pa3 OTHOCUTENbHas omeHka A,(X),q € K Goniblie OCTalbHBIX
OTHOCHTENBHBIX OIEHOK A, (X), k = 1,K. Bexrop p,i’,k = 1,K sBisieTcsl 3aJaHHBIM YHCIOBBIM

BBIpOXXCHUEM IPHOPUTETA (-TO KPUTEPHUS HAJl OCTATBHBIMUA KPUTEPUAMH k = 1,K:
PI(X) = {pf(X),k = LK}, pf(X)21,VX € S,c S,k =1,K,Vq € K. (4.30)

@MemnyHaponHmﬁ HayuHbIi xKypHan "®narman Hayku'" Ne9(32) Centsadps 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



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

Bekropnas 3amaua (3.1)—(3.4), B KOTOpO# 3aaH MPHUOPUTET KAKOrO-IMOO M3 KPUTEPHEB,
Ha3bIBAIOT BEKTOPHOM 3a/auell ¢ 3aJaHHBIM NpHopHTeTOM Kputepus. [Ipobiema 3amaun BekTOpa
NPUOPHUTETOB BO3HUKAET TOTJA, KOTJa HEOOXOJMMO ONpeneiuTh TOuKy X° € § mo 3aJaHHOMY
BEKTOPY MPHOPUTETOB.

[Ipu omepanuu cpaBHEHUS OTHOCHTEIBHBIX OLEHOK C MPHOPUTETOM Kputepus (eK,
aHAJIOTHYHO, KaK U B 33/1a4€ C IKBUBAJICHTHBIMHU KPUTEPUSMH, BBEJIEM JIOTIOJIHUTEIBHYIO YHCIOBYIO
XapaKTePUCTHKY A, KOTOPYIO HA30BEM YPOBHEM.

Onpeoenenue 8. O nusxcnem yposne cpeou cex OMHOCUMENbHBIX OYEHOK C RPUOPUMENOM
Kpumepus. YPOBEHb A SBISETCS HUKHUM CPEIM BCEX OTHOCUTEIbHBIX OLICHOK C MPHOPUTETOM
Kkpurepus q € K, Takum, 4To

L<pih(X), k=TK, q €K, VX € S,c S, (4.31)
HWDKHUH YpOBEHb JUIS BEITTOTHEHUS ycioBus (4.31) onpenensercs
A = mingexpiA(X),q E K, VX € S, S. (4.32)

CootHorienust (4.31) u (4.32) sABJISIFOTCS B3aWMOCBSI3aHHBIMH M CJIyXaT B JaJIbHEHIIIEM
MEePEeX0I0M OT OIEpaluy ONMpeeaeHUsT MIN K OrpaHuYeHUsIM 1 Hao00poT. B pasznene 3.1 mbl ganu
ompezneneHue Toukun X° € §, onrtumanbHOi TO [lapeTo, ¢ SKBUBAJICHTHBIMH KPHTEPHUSMH.
PaccmarpuBasi JaHHOE OIpeNeIeHHe KaK HCXOJHOE, Mbl IIOCTPOUM psiJi AKCUOM JIEJCHHUS
JIOITy CTUMOTO MHOKECTBA TOUYEK S, BO-TIEPBBIX, KaK IMIOJIMHOKECTBO TOUEK, ONTUMANBHBIX 110 [TapeTo
S, 1, BO-BTOPBIX, Ha TIOJIMHOKECTBO TOYEK S, C S, q € K, IPHOPUTETHBIM Ha ( -My KPHTEPHIO.

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

Akcuoma 2. O noommuodxcecmee moyeK, NPUOPUMEMHBIX NO KpUmepur 6 3aoaue
6EKMOPHOI ORMUMUZAUUL.

B BekropHoil 3amaue (3.1)-(3.4) moamHOKeCTBO TO4YeK S, C S Ha3bIBaeTcs O00NACTBIO

npuopurera kpurepus (€K Hag ApyruMu KpUTEPUSIMH, €CITH

VX €85, VkeK A, (X)2A(X),q #k.

DT0 ompeescHIe PacpOCTPAHIETCS M HA MHOXKECTBO Touek S°, onTuMabHBIX 10 Ilapero,
YTO JAA€TCS CICIYIONINM ONPE/ICIICHUCM.

Axcuoma 2a. O noomuoxicecmee mouek, NPUOPUMEMHBIX O KPUMEPUIo, HA MHOMCeCHge
mouek onmumanvhoix no Illapemo.

B BexropHoil 3amaue (3.1)-(3.4) moamHokecTBO TOUeKk SgCS°C S HasbiBaeTcs 00IACTHIO
MIPUOPUTETA KpUTEpUS qgeEK HaJ JIPYTHMH KPUTEPUIMH, eciu
VX eS¢ Vk € K Ay (X)= A, (X), q # k. [lanum HEKOTOPEIE TIOSCHEHHS.

Axcuoma 2 1 2a mo3BOJIMIIA TIPEACTaBUTh B BEKTOpHO# mpoodiieme (3.1)—(3.4) momyctumoe
MHOXKECTBO TOYEK S, BKIOYas IOJAMHOKECTBO TOYEK, ONTUMalbHBIX 10 Ilapero, S°cC S, B
MMOJAMHOKECTBA:

OJTHO TIOJIMHOKECTBO TOUEK S’ C S, T/Ic KpUTEPUH SKBUBAIICHTHBI, U IIOJMHOKECTBO TOUEK S,
MepeceKkasch ¢ MOAMHOXKECTBOM TOueK S°, BBIAEISET MOJMHOXKECTBO TOYEK, ONTHMAJIBHBIX IO
ITapeto, B MOAMHOKECTBO C JKBHMBAJICHTHBIMU KpuTepusmu S°° = S§' N S§°, koTopoe, Kak 3TO
ITOKa3aHo Jiajee, COCTOUT U3 OJHOM Touku X° € S, T.e.

X°=5°=8"NnS5°S5€cS,S°cS; (4.33)

«K>» TIOIMHOKECTB TOUEK, TJIE Y KaXKI0T0 KpuTepHs ¢ = 1, K MMeeTcs pUOpHTET Hajl APYTHUMH

kputepusvu k = 1, K, q # k. Taxum oOpazoM, BBITIONHEHO pasielieHNe, BO-MIEPBBIX, MHOXKECTBA BCEX

JIOITYCTUMBIX TOYEK S, Ha MOAMHOXKeCTBA S, S, q = 1,K, W, BO-BTOPHIX, pa3/ielieHNe MOMHOKECTBA
TOYEK, ONTHUMATBHBIX 110 [Tapeto, S?, Ha moaMHOXKecTBa S Z c5,c8,q= 1,K.

OTCIO)Ia BCPHEI CJICAYIOMNUE COOTHOILICHUS:
S'U(Ugex S9) = 8°,89cS°cS,q =TK. (4.34)
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MpbI 3aMeTHM, YTO MOJMHOXKECTBO TOYEK S9, C OJHOW CTOPOHBI, BKIIOYEHO B 00JacTh
(OAMHOXKECTBO TOYEK), MMEIOLIMX MpHOpUTET Kputepus g € K Hax IpyruMu KpUTEpHUSIMU:
§q =S4 © S, ¥ c ipyroi CTOPOHBI, Ha MOJIMHOMKECTBO TOYEK, ONTHMAJILHBI 1103 IlapeTo: Sg =S° .

AxcuomMa 2 W 4MCIOBOE BbIpaxkeHue mpuopurera kpurepus (OmpeneneHue 5) mo3Bosiser
OIPEACIIATh KaXAYIO JOIyCTUMYIO TOUKY X € S (IIOCpeICTBOM BEKTOpa:

Aq(X)
PIX) = {pe () =7

* IOJIMHOKECTBO TOUYEK 10 MPUOPUTETHOMY KPUTEPUIO Sq, KOTOPHIN BKIOYEH B MHOXKECTBO
Touek S, Vq € K Xe§,C S, (Takoe IOJAMHOXKECTBO TOYEK MOMKET MCIOJIb30BAaThCS B MPOOIEMax
KJIAaCTEpU3alMH, HO 3TO BHE CTaThH);

* TIOZIMHOXKECTBO TOYEK 10 NPUOPUTETHOMY KPHTEPUIO S§, KOTOPBIN BKIIOYEH B Psijl TOUEK
S°, ontumaneHbIx Ho Ilapero, VgeK, XeSgcS®.

B urore noayuum:

k = 1,K}, bopMupoBaThcs U BEIOHPAT: (4.35)

MHoxecTBO [TonmHoxecTBa Touek [[lonMHOKeCTBO onTuMaibHbl] OTAeNbHAs TOUKA,
JOIyCTUMBIX TOYEK| ontuMmyMa 1o Ilapero, | Touek nmpuopurerom qeK VXeS
XeS > Xe S°cS > XeSycS,c85— XeSgcS°cS

OTO0 caMblil BaKHBIM pe3ysibTaT TEOPUU, KOTOPBIN MO3BOJISET HA OCHOBE ATHX TPEX aKCHOM
BBIBECTU HPUHIMI ONTUMAIBHOCTU U TOCTPOUTH METOABI BBIOOPA J17000U MOUKU W3 MHOMKECTBA
TOYEeK, ONTHUMainbHBIX 10 Ilapero. Takas kimaccudukanuss TOJMHOKECTBA TOYEK MOXKET
HCIOJIb30BATHCS B MpoOiieMax KiIacTepU3alii, HO 3TO BBIXOJIUT 38 PAMKH CTaTbH.

4.2.3. Ilpunyun onmumanbHOCMU peuieHUs GeKMOPHOU ONMUMUZAUUU C 3A0AHHbLIM
npuopumemom Kpumepus

Onpeoenenue 9. llpuanun ontuMmanbHOCTH 2. PenieHne BEKTOpHOW 3aJadd ¢ 3aJaHHBIM
MIPUOPUTETOM KPUTEPUSL.

Bekropnas 3amaua (3.1)—(3.4) ¢ 3amaHHBIM TPUOPUTETOM (-TO KPUTEPHUS pglk(X),k =
1, K cuntaeTcs pelleHHOM, eciid HalijeHa Touka X° M MaKCHMalbHBIA ypoBeHb A° cpeau Bcex
OTHOCHUTEIIBHBIX OIICHOK TaKOMU, UYTO

2% = maxy.sming.xp A (X),q € K. (4.36)

Hcnone3ys B3aumocssa3b (4.31) u (4.32), npeobpazyeM MakCHMHHHYIO 3amauy (4.36) B A-
3aady, KOTOPYIO Ha30BEeM A-3a/1adeil ¢ MPUOPUTETOM (-TO KPUTEPUSL:

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

VpaBHenus (4.37)-( 4.38) naspiBacM A-3a/aueii ¢ MPHOPUTETOM KPUTEPHSL.

B ontumansHoMm pemennn X° = {X°,1°}, X° - ontumanbHas Todka, a A° - MAKCHMAaJbHBIH
HIKHUH ypoBeHb. Touka X° u ypoBeHb A° COOTBETCTBYIOT orpaHnueHusaM (5.8), KOTopble MOXKHO
sanmcath kak: A°< pi A (X°), k = 1 K.

OTH OrpaHUYEHUS SBISIOTCS OCHOBOHM OLEHKHM MPaBUJIBHOCTH PE3yJbTATOB DPELICHHS B
MPAKTUIECKUX BEKTOPHBIX 3a7]auaX ONTUMHU3AIIHH.

Omnpenenenne 1 u 2 «lIpuHIMIBI ONTUMAIBHOCTHY JAIOT BO3MOXKHOCTH C(OPMYIHPOBATH
TIOHSITHE OTIEPALINU «OPD».

Onpenenenue 9. (Mamemamuuecxas onepayus «0Opty).

B BekTopHoii 3amade (3.1)-(3.4), koTopas mpeicTaBieHa KPUTEPUAMH «MaxX» u «Miny,
MaTeMaTu4ecKas omeparus «Optb» COCTOUT B ompeneseHud TOYKH X° U MaKCUMaJIbHOTO HUKHETO
ypOBHsI A° , B KOTOPOM BCE KPUTEPHH U3MEPSIOTCS B OTHOCUTENBHBIX €IMHULIAX

_£0 N
A° <A (X°) = %,k = 1K, (4.39)
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T.e. Bce kputepun A,(X°),k =1,K paBHB nam Gojblle MaKCHMAIbHOTO YPOBHS A°,
(mostomy A° TaKk)Ke Ha3bIBAETCS TAPAHTUPOBAHHBIM PE3YJIETATOM ).

Teopema 2. Teopema o naubonee npomueopeuugvlx Kpumepusax ¢ 6eKmopHoil 3aoaye ¢
3A0QHHBIM NPUOPUMEMOM.

Ecnu B BRIYKITOM BEKTOPHOH 3a7jaue MaTEMaTHIECKOTO IPOTPAMMHUPOBAHUS MAaKCUMH3AIHA
(3.1)-(3.4) 3anan npuopurer g-ro kputepus py, k = 1,K,Vq € K nan apyrumu KpuTtepusMu, B
Toyke ontuMyma X° € §, NOJIy4YeHHOH Ha OCHOBE HOpPMAlU3allMMd KPUTEPHEB M IPUHIUIA
rapaHTHPOBAHHOI'O pe3yJbTaTa, BCerja Haiaercs JBa Kpurepus ¢ unaekcamu r € K, t € K, nus
KOTOPBIX BBITIOJIHSAETCS CTPOTOE PABEHCTBO H3:

A° = prA,(X°) = pt A (X°),7,t, € K, (4.40)
U IpYyTHUE KPUTEPUU OIPEAECISIIOTCA HEPaBEHCTBAMHU:
A<pl(X°),k=1KVqeK q=r=t. (4.41)

Kpurepun ¢ unpekcamu v € K, t € K, nis xKoTtopsix BbIodHseTcsi paBeHCTBO (4.40),
Ha3bIBAIOTCS HanOoJee MPOTUBOPEUNBBIMHU.

JlokazarenbcTBo. AHamoruano teopeme 2 [19, 20].

3amerum, uro B (4.40) u (4.41) unpexcol kputepueB r € K, t € K Moryt coBnaaath ¢
nHjaekcoM q € K.

Cneocmeue meopemst 1. O paBeHCTBE ONTUMAJILHOTO YPOBHS U OTHOCHUTENIbHBIX OLIEHOK B
BEKTOPHOM 3aj1aue ¢ IBYMsl KPUTEPHUSIMU C IPHOPUTETOM OJTHOTO U3 HUX.

B BrImykiIOM BEKTOpHOM 3ajade MaTEMaTU4YECKOIO IIPOrpaMMHUPOBAHUS C  JABYyMS
SKBUBAJICHTHBIMU KPUTEPHUSIMHU, pELIaeMOl Ha OCHOBE HOpPMAalU3allMM KPUTEPUEB U MPUHIMIA
rapaHTHPOBAHHOTO PE3yJbTaTa, B ONTUMAIBbHOW Touke X° BCerja BBITIOJHIETCS PaBEHCTBO: MpPHU
MIPUOPUTETE IEPBOTO KPUTEPHUS HAJ BTOPOI:

20 =21 (X0) = pr(X)A,(X°),X° €S, (4.42)
rie p3 (X°) = A (X°) /A2 (X),
P IPUOPUTETE BTOPOTO KPUTEPHS HAT IEPBBIM:

A° =1, (X°) = pF (XN (X°), X° € S,
rae p1 (X°) = A,(X°) /A (X).

4.2.4. Koncmpykmuenotit memoo peuwienus 3a0auu eKMOPHOI ONMUMUZAYUU C 3A0AHHBIM
npuoOpuUmMemom Kpumepus.

[ITar 1. PemaeM BEKTOpHYIO 3aady C PaBHO3HAYHBIMH KPUTEPHUSIMHU. AJTOPUTM PEIICHUS
npeacTasieH B pazzene 4.1.4. B pesynbpTare perieHus noixyqyaeM:

ONTUMalbHble TOYKM MO KaXJIOMY KpuUTepuio oTaenbHo Xj,k = 1,K u pasmepsl
KpHMTEpUAIbHBIX QYHKIMIA B 9THX ToukaX fr = fo(X3), k = 1,K;

TOYKHM AHTHONTHMYMA MO KaXkKI0MY KPUTEPHUIO Xp = {x;,j = 1, N n nauxyjumei Hen3sMeHHOH
9acTH KaXaoro kputepus f0 = fi, (X)), k = 1, K;

X° = {X°,1°} onTumanbHas TOYKa, KaK pe3ylbTaT pelieHus VPMP ¢ >KBMBaleHTHBIMH
KPUTEPHSIMH, T.€. pe3yJibTaTa pellieHHss MAKCUMUHOM 33J1aui U A-33/1a4H, IOCTPOEHHON Ha €€ OCHOBE;
A° - MakcHMaJbHass OTHOCHTENbHAsI OLIEHKA, SBISIOIICHCS MaKCUMaJIbHBIM HWKHUM YPOBHEM IS
BCEX OTHOCHTENBHBIX OICHOK Ak(X®), WJIM TapaHTHPOBaHHBIA pPE3yJlbTaT B OTHOCHTEIbHBIX
eIMHUIAx, A° rapaHTHPYET, YTO BCE OTHOCUTEIBHBIE OLICHKH Ak(X®) paBHBI HIIH OOJIbIIIE A°:

2 <A (X9, k=1,K,X°€eS (4.43)

JIuno, npuHUMaoLee peleHne, IPOBOANUT aHAJIN3 PE3yJIbTATOB PEIIEHUs BEKTOPHOM 3a1auun
C paBHO3HAYHBIMH KpUTEpUSMH. ECIu MoilydeHHbIE pe3yJbTaThl YAOBJIETBOPSIOT JIUIIO,
IIPUHUMAIOILEE PEIIeHUE, TO KOHEll, HHAYe BBIIOIHIIOTCS MOCIEYOIUE PacUeThl.

JIOTIOJTHUTETHHO BHIYHCITHM:
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B KaKI0# Touke Xj, k = 1,K OIIpeIeTINM BETMUMHBI BceX Kputepues f; = fi(Xx), k = 1, K,
KOTOpbIE TPEACTABIAIOT TpaHMIy MHOXkecTBa [lapero, M OTHOCHUTENBHBIX OLEHOK: A(X™) =
- _ 20
DX q =TKk=TK}, LX) = %,Vk c K:
kK
fiXD) . fxXD)

fi(Xg) - fe(Xk) A (Xg) - Ax(Xg)
Marpunel kputepueB F(X) 1 oTHocuTenbHBIX oreHOK A(X') MOKa3bIBAIOT BEIMYHMHEI
Ka10ro kpurepus k = 1, K npu nepexoze ot Touku ontumyma Xy, ke K x npyro#t Xg, g K;
B TOYKE ONTHMYyMa IPH PABHO3HAYHBIX KpUTEpHUSIX X° BBHIYHCIUM BEIUYHHBI KPUTCPUEB H
OTHOCHUTEIBHBIX OLIEHOK:

A (X7) oo A (X7)

F(X*) = , AXH) = (4.44)

X9,k = TR; LX),k = TR, (4.45)

KOTOpBIC YIOBJIETBOPSIOT HepaBeHCTBY (4.43). B apyrux toukax XeS° MeHbuii u3
KPUTEPHUEB B OTHOCHUTEIBHBIX €IMHUNAX A = MiNngexA,(X) Bcerna Menbie A°. 3allOMHHAIOTCS
nanHblie A-3amaun (4.37)-(4.38). Dta nnpopmarus U SBISACTCS OCHOBOU /IS JAIbHEHINEr0 H3yYeHUS
MHokecTBa [Tapero.

Iar 2. Beibop npuoputerHoro kpurepus q € K.

W3 teopun (cM. Teopemy 1) W3BECTHO, 4TO B ONTHMAIbHON TOuke X° Bcerjga mMMeercs aBa
HauboJiee MPOTUBOPEUUBBIX KpuTepusi q € K u v € K, /Ui KOTOPbIX B OTHOCUTEIbHBIX €AMHUIAX
BBINOJIHAETCS TOYHOE PaBeHCTBO: A% = A, (X°) =2, (X°),q,vE K,Xe S, a s ocTanbHbIX: A° <
AM(X°),Vk €K, q+v +#k.

Kak nmpaBuiio, u3 370l mapsl BbeiOupaercss kpurepuid, kotopblii JIIIP xorten Obl yiIydnuTs,
TaKOW KpUTEpPUI HA3bIBACTCS «IIPUOPUTETHBIM Kpurepuem»: q € K.

[Hlar 3. OnpenensiroTcs YUCI0BBIE IPEeIbl U3MEHEHHsI BEJIMYUHBI IPUOPUTETa KpUTEpUs q €
K. Jlna npuoputetHoro kputepus q € K w3 marpunsl (4.44) omnpenenuMm 4YHCIOBBIE Mpeeibl
M3MEHEHHUs BEIMYMHBI KPUTEPHS: B HATYPAIbHBIX €IMHMIAX fg(X) M B OTHOCHTENBHBIX €IMHULIAX
Aq(X), KOTOpBIE NIEXKAT B MpeeNnax:

feX)Sfy(X) <fo(Xe), keK, (4.46)
rie f;(Xg) BBIBOOUTCSA M3 MATPHIbI yPaBHEHHS F(X") (4.44), Bce kKpuTepHH MOKA3HIBAIOT
pasMephl, U3MepeHHble B (usnueckux emuHunax, fi(X°),k =1,K w3 ypasuenus (4.45), u, B
OTHOCHUTEJIbHBIX €IMHULIAX:
A (X°)<A,(X) <A,(X7), keK, (4.47)
rie Aq(Xg) BeIBOMMTCA W3 Marpuibl A(X™), BCE KPMTEpHHM MOKa3bIBAIOT Pa3sMEpH,
M3MEPEHHbIE B OTHOCHTENLHBIX €IMHULAX (0TMETHM, 4To A, (Xg) = 1), 14(X°).

Bripaxenus (4.46) u (4.47) BeIAarOTCS Ha TUCIUICH [T aHATTU3A.

Har 4. Bei6op Bennuunbl npuopuretrHoro kpurepus (I[Ipunstue pemenus). JINIP npoBoaut
aHallu3 Pe3yJIbTaToB pacyeTos (4.46), BEIOMpaeT YMCIIOBYIO BETUUMHY fq, € K

fi(XO)=f, <f,(X5),q € K. (4.48)

J1n1s1 BBIOpaHHOM BEJMYUHBI KPUTEPHS f; HEOOXOIMMO OTIPEIENHThL BEKTOP HEU3BECTHBIX X 7,
JUISL TOTO MPOBOJUM MOCIIETYIOIINE BHIYUCICHUS.

IITar 5. PacueT OTHOCUTEIBLHOU OIICHKU:

)\q = fz_f(?)!
fa=1q
KOTOpasi pU nepexoie oT Touku X ° k Xy, B COOTBETCTBUH C (4.44):
Ag(X?) <Ay < 2,(Xg) = 1.

(4.49)
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[ar 6. Berancnenue korddumpenTa TuHeHON anmpokcuMani. Vcmoas3ys cTaHaapTHBIE
MpUEeMbl JIMHEHHOW amnmpoOKCUMAIH, BBIUYUCIUM KOA(P(GUIUEHT MPOMOPLUUOHAIBHOCTH P MEXKIY

oy A _ Mg 2q(x%)
Aq(X2), Ag: p="5 g €K

[ar 7. Beraucienue KOOpAUHAT IPUOPUTETHOTO KPUTEPHA f.
KoopnunaTel TOYKM NPHOPUTETHOrO KpHUTEpHs X, JIEKAT B CICAYIOIMX MpEaenax:
X° <X, <X4,q € K. Tlpennonaras nuHEHHBIH XapakTep M3MEHEHMs BekTopa X, = {xf, ., 2}
ONpPENENMM KOOPAMHATHI TOYKH NPUOPHUTETHOTO KPUTEPHS C BEIMYUHOM f; C OTHOCHTENBHOM
OLIEHKOH A, (4.44):
— q _ ,o0 * 0
Xq =1{x] =x7 +p(xq(1) — x7), ...,
q _ .0 * 0
Xy = xy +p(xg(N) —xp)}, (4.50)
rae X° = {x7, .., x5}, Xq = {x5(1), ..., xg(N)}.
[lar 8. Beraucienne OCHOBHBIX MOKa3aTeNeH TOUYKH X ;.
Jns momyuennoit Touku X, = {x4;,j = 1, N}, Beraucmum:
BCE KPUTEPUH B HATYpalbHbIX eaununax: F9 = {f; (X q), k =1,K};
BCE OTHOCHUTEIbHBIC OLICHKH KPUTEPUEB!
4_49 1 T 0y _ JeX—1¢
AT =Nk =1,K}E 0 (x) = =5
fe=fx
MUHAMAJbHYI0 OTHOCHTENBHYIO OLleHKy: A°7 = min (py Ay (Xg), k = 1,K).
AHaJIOruYHO paccUMThIBacTCs J100as Touka 1o [lapero: X7 = {47, X7} e S°.
Ananus pesynomamos. Paccuurannas penuuuna kputepus fo(X7),q € K o0bluHO He paBHA

k=T,K; (4.51)

saganHodl  fq. OmmOka BBIOOpa Af, = | fa(X?) — fq| OIpeJIeNsieTCs  OUIMOKOW  JIMHEHHOU
anmnpoOKCUMAlUH.

Pesynbrarel nccnenoBanus cummerpud B B3MII ¢ 3agaHHBIM IPHOPUTETOM aHAJIOTUYHBI,
kak u st B3MII ¢ paBHO3HAa4YHBIMU KPUTEPUSMH, HO LIEHTP CUMMETPUM CMELIEH B CTOPOHY
MIPUOPUTETHOTO KPUTEPHSL.

3akir0ueHue M0 TEOPUU M AKCMOMATHKE BEKTOPHON ONTUMHU3ALMH.

[IpencraBneHHast Teopusi, aKCHOMAaTHKA, IPUHIUIIBI ONITUMAIBHOCTH ABJISIOTCS AAJIbHEHIINM
pa3BUTHEM aKCHOMAaTHYECKOrO MOJAXO0Ja, 3aJ0KEHHOIO0 B 3HAMEHUTOM counmHeHun «Haganay,
JPEBHEIPEYECKOr0 Y4YEeHOro EBKIMIa, KOTOPBIM IPEACTAaBUI AaKCHOMBI JUII OJHO MEpHOMN
MaTeMaTHUKU. DTO HAIUIO OTPAXXEHUE B TEOPUU ONTHMHU3ALMU C OJHUM KpPUTEpUEM. AKCMOMAaTHKA
(Mamynnna }0.K.), u3noxxennas B paboTe, HalpaBJIeHa Ha CUCTEMHOE (C MHOKECTBOM KPUTEPUEB)
uccliieZioBaHle 00BEKTOB, MPOLIECCOB HHKEHEPHBIX CUCTEM.

5. IIporpammHuoe o0ecneuenne W MeTom0JIOTHSI MOACTUPOBAHUSI W TPHHATHS
ONTHUMAJBHOIO pelleHus1 BLIOOPAa NapaMeTPOB CJI0KHbIX HHKEHEPHBIX CHCTEM

5.1. Ilpocpammmnoe obecneuenue MOOCIUPOCAHUA CIIOHCHBIX UHMHCEHEPHBIX CUCMEM HA
Oaze meopuu u Memoo08 6eKMOPHOI ORMUMUAUUY

MaremaTtudeckue MOJCTH CTPYKTypbl MaTepuana (2.4)-(2.8) W HHXEHEpPHbIE CHUCTEMbI
IIOCTPOEHBI B BHJI€ BEKTOPHOM 3ajgauM HenuHeiiHoro nporpammupoBanus (B3HII). IlpencraBum
MporpaMMHOE OOecreueHre MOJETUPOBAaHUS MH)KEHEPHBIX CHUCTEM Ha 0a3e TeOpUH U METO/OB
pelIeHus 3a/1a4 BEKTOPHOW ONTHMU3aIuy, [44].

5.1.1. Paszpabomka npozpammnozo ovecneuenue pewienusa B3HII
[TporpammHOe oOecnieueHre penieHsI BEKTOPHOW 3a]]aui HETMHEWHOTO IPOTPAaMMUPOBaHUS
(3.1)-(3.4), Ha Ga3e koTOpOI cHOPMHUPOBAHBI MOJICITH WHIKEHEPHBIX CUCTEM, PEATM30BaHO HA OCHOBE
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anroputMma pemienus B3HII, usnoxenHoro B npenpiaymux pazgenax. [Ipu pemenun B3HIT mo
KaXJ10My KpuTepuio ucnosibzoBana nporpamma FMINCON(...) B cucteme MATLAB.

IIpu wucnonp3oBanuu mporpammbl  FMINCON(...) HeoOxomuMo pa3paboTaTh JBe
noxnporpamMmsl — GyHkiun. [lepBas ¢pyHKkuMs BKIO4aeT Ba OJ0Ka: MEPBbIM OJIOK MpeaHa3HAYEeH
aust ottenku B Touke X kputepus fi, (X) Vk €K; Bropoit 610k ist pacyera mepBoOil MPOU3BOIHON B

o df X o
3TON TOYKE fdk—X() Vk eK. Bropas QyHKIHS BKIIOYAET T€ XK€ JBa 0JIOKA TOJBKO JIJIST OTpPAaHUYCHUN.

IIporpamma FMINCON(...) ucronp3yeTcs Ha IEPBOM ILIare ajaroputma (MaKCUMU3aLUU KPUTEPHEB)
Y Ha BTOPOM HIare ajiroputMa (MUHUMU3aLKK). AHAJIOTMYHO B COOTBETCTBUU C QITOPUTMOM Ha 4 1
5 mare pemaetcs A-3a1aya.

B nenom npu HenMHEMHBIX OrpaHMYEHUSX MporpaMMHoe obecrieyenue pewmeHuss B3HII
BiurovaeT: K*2(1 mar) + K*2(2 mar)+2(A-3amaua) Gynkmuii. Tak kak KpUTEPUH U OTpaHUYCHUS
B3HII wunmuBuayansHbl, TO i kKaxaod B3HII numercs uHIMBUAYyalbHOE MNPOrpaMMHOE
obecrieueHue.

Jost pemiennst B3HIT (3.1)-(3.4) Hke mpeacTaBiieHa mporpamma, Kotopas, 1o CyIIeCTBY,
MPEJCTABISET MpOrpaMMmy — IIA0JIOH JUIs HANMCAaHWs W PEUICHUs JAPYTHMX BEKTOPHBIX 3ajad
HeJMHeHHOro nporpaMmupoBanust (3.1)-(3.4) — MaTeMaTHUECKHX MOJIENICH HHKEHEPHBIX CHCTEM.

5.1.2. Yucnennasa peanuszayun 6eKmopHoil 3a0a4u HeAUHEUHO20 NPOZPAMMUPOCAHUA

Ilpumep 1.

/Jlano. PaccMaTpuBaeTCs 6eKmMopHas 3a0a4a HeTUHEUHO20 (8bINYKI020) NPOSPAMMUPOBAHUSL
C YETBIPbMS OAHOPOJHBIMU KpUTEpUSIMU. B KauecTBe KpUTEpPHEB HCIOIB3YeM OKPY>KHOCTb, a Ha
[IEPEMEHHBIE HAJI0KEHBI JIMHEMHbBIE OrpaHUueHuUs. Tak Kak KpUTEPUH U OTPaHUYEHUSI CHMMETPHUYHBI,
TO OTBET OYEBUJICH.

opt F(X) = {min F,(X) = min f;(X)=(x; — 80)% + (x, — 80)?, (5.1)
min f,(X)=(x; — 80)% + (x, — 20)?, (5.2)

min f3(X)=(x; — 20)% + (x, — 20)?, (5.3)

min f,(X)=(x; — 20)% + (x, — 80)2, (5.4)

npu orpanuyeHusx 0 <x; <100, 0 <x, <100. (5.5)

Tpeoyemca onpedenums. Pazpaborats nporpammuoe obecrieuenne B MATLAB pemenus
BEKTOPHOHN 3aJauu HEJNWHEHHOro mporpaMMmupoBaHusa. Vcmomnw3ys mporpamMmHoe oOecrieueHue
pemmmts 3axauy (5.1)-( 5.5).

4.3. Ilpozpammnoe obecneuenue pewienus 6eKMOPHOU 3aA0a4U  HEAUHEUHO20
npozpammuposanusn (B3HII)

Jlnst perieHust BEKTOPHOM 3agaun HenuHelHoro mporpammupoBanus (5.1)-(5.5) - mogenun
WH)KEHEPHOU cucTeMbl pa3padboTana nporpamma B cucreme MATLAB, xoTopas peanusyer aliroputm
pewennss B3HII ¢ paBHO3HauHbIMU KpuTepusamu. Huke npeacrtaBiieH pesyibstar pemenus B3HIT
(5.1)-(5.5), mosryueHHBIN 3TOW MPOTPAMMOIA.

3anuch nporpammsel B popmare MATLAB
% IlporpaMMa "PemeHure BEKTOPHOM 3alauM HEeJMHEMHOTO NporpaMMMpoBaHmMa":
function [x,f] = VPNP 2 4Krit 100 (x)
ArTOop: MamyHuH Hpmui KoncTaHTuMHOBMY (Mashunun Yu. K.)
ANTOPUTM M HIpoTrpaMMa [IpenHa3HadeHa IJisS MCIOJbL30BAaHMA B OOpas30BaHMM UM HAYUHBIX
MCCJIENOBaHMUAX, IJIs KOMMEPUEeCKOT'O MCIOJIb30BaHMa obpamarbcsa: Mashunin@mail.ru
Algorithm VPNP: 4Kritery + L-zadaha
[X,Fval, EXITFLAG, OUTPUT, LAMBDA, GRAD, HESSIAN] =

o 0° o° o oP°

o\

FMINCON (FUN, X0, A, b, Aeqg, beq,
1b,ub,nonlcon, options,P1,P2,...)

disp ('*** Biox JMCXOZIHBIX HOAHHBIX. BI3HII:***')

disp('opt F(X)={max F1 (X)={min fl=(x1-80)."2+(x2-80).72; ")

disp (' min £f2=(x1-80) .72+ (x2-20).7%2; ")
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disp (' min £3=(x1-20) .72+ (x2-20).7%2; ")
disp (' min f£4=(x1-20) .72+ (x2-80).72; ")
disp (' 0<=x1<=100, 0<=x2<=100 ")
1b=[0. 0.1];

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

options=optimset ('LargeScale', 'off');
options=optimset (options, 'GradObj', 'on', 'GradConst','off");
A=[1 0;

0 1];
b=[100 100];
Aeg=[]; beg=[];
XoKlmax=[0. 0.];
disp('*** Ilar 1. PelmleHMe IO KaXIOMy KPUTepMIO (Haujydlee) ***')%

[xImax, flmax]= fmincon ('VPNP 2 Kritlmax',6 XoKlmax,A,b,Aeq,beqg,lb,ub,'',options)
[f1XImax] = VPNP_2 Kritlmin (xlmax)

[f2X1max] VPNP 2 KritZ2min (xlmax)

[£3XImax] = VPNP 2 Krit3min (xlmax)

[f4X1max] VPNP 2 Kritdmin (xlmax)

XoK2max=[0. 0.];

[x2max, f2max]= fmincon ('VPNP 2 KritZmax',6 XoK2Zmax,A,b,Aeq,beq,lb,ub,'',options)
[f1X2max] = VPNP_ 2 Kritlmin (x2max)

[f2X2max] = VPNP 2 Krit2min (x2max)

[£3X2max] VPNP 2 Krit3min (x2max)

[f4X2max] = VPNP_2 Kritdmin (xZ2max)

XoK3max=[0. 0.];
[
[
[
[
[
X
[
[
[
[

x3max, £3max]= fmincon ('VPNP 2 Krit3max', XoK3max,A,b,Aeq,beq,lb,ub,'',options)
f1X3max] = VPNP 2 Kritlmin (x3max)

f2X3max] = VPNP 2 KritZ2min (x3max)

f3X3max] VPNP 2 Krit3min (x3max)

f4X3max] VPNP 2 Kritdmin (x3max)

oK4dmax=[0. 0.1];

x4max, f4max]= fmincon ('VPNP 2 Krit4max', XoK4max,A,b,Aeq,beq,lb,ub,'',options)
fl1X4max] = VPNP 2 Kritlmin (x4max)

f2X4max] = VPNP 2 Krit2min (x4max)
f3X4max] = VPNP 2 Krit3min (x4max)
[f4X4max] = VPNP_ 2 Kritdmin (x4max)

disp ('*** Illar 2. PemeHue IO KaXIOMy KPUTEPHUI (Hamxynmee) ***')%
XoKlmin=[0. 0.];

xIlmin, flmin]= fmincon ('VPNP 2 Kritlmin',XoKlmin,A,b,Aeq,beq,1lb,ub,'',options)
f1XImin] = VPNP 2 Kritlmin(xlmin)

[

[

[f2XImin] = VPNP 2 Krit2min (xlmin)

[£3XImin] = VPNP 2 Krit3min (xlmin)

[f4XImin] = VPNP_ 2 Krit4min (xIlmin)

[x2min, £2min] = fmincon ('VPNP 2 KritZmin',Xo,A,b,Aeq,beq,lb,ub,'',options)
[f1X2min] = VPNP_2 Kritlmin (x2min)

[f2X2min] = VPNP_ 2 Krit2min (x2min)

[£3X2min] = VPNP 2 Krit3min (x2min)

[f4X2min] = VPNP_ 2 Kritdmin (x2min)

[x3min, £3min] = fmincon ('VPNP 2 Krit3min',Xo,A,b,Aeq,beq,lb,ub,'',options)
[f1X3min] = VPNP_2 Kritlmin (x3min)

[£2X3min] = VPNP_ 2 Krit2min (x3min)

[£3X3min] = VPNP 2 Krit3min (x3min)

[f4X3min] = VPNP_ 2 Kritd4min (x3min)

[x4min, f4min] = fmincon ('VPNP 2 Kritdmin',Xo,A,b,Aeq,beq,lb,ub,'',options)
[f1X4min] = VPNP_ 2 Kritlmin (x4min)

[f2X4min] = VPNP 2 Krit2min (x4min)

[£3X4min] = VPNP 2 Krit3min (x4min)

[f4X4min] = VPNP_ 2 Kritdmin (x4min)
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disp('*** Ilar 3. CMCTEMHBI aHaIM3 PEe3yJILTATOB ***')%
disp ('OueHka kKpuTepreB B Toukax onTmMyMa: Xlmin,X2min,X3min,X4min')$%

F=[fl1XImin £2X1lmin £3X1min f4Xlmin;
f1X2min £2X2min £3X2min f4X2min;
f1X3min £2X3min £3X3min f£4X3min;
f1X4min £2X4min £3X4min f4X4min]

dl=f1X1lmin-flXlmax

d2=f2X2min-£f2X2max
d3=f3X3min-£f3X3max
d4=f4X4min-f4X4max

disp ('OueHKa KPUTEpMEeB B OTHOCUTEJILHBEIX E€IMHUIIAX :

IL=[ (f1X1lmin-flXlmax) /dl (f2X1min-f2X2max) /d2
f4X4max) /d4;

(f1X2min-flXlmax) /dl (£2X2min-f2X2max) /d2
f4X4max) /d4;

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

(f1X4min-flXlmax) /dl (£2X4min-f2X2max) /d2
f4X4max) /d4]
disp('*** Ilar 4. IllocTpoeHue L-3amaum ***')%

Ao=[1 0 O;

01 0],
bo=[100 100]; Reg=[]; beg=[];
Xoo=[0 0 0]

1lbo=[0. 0. 0.]
ubo=[100. 100. 1]
disp ('*** llar 5. PemeHue L-3amaum ***')%

[Xo,Lo]=fmincon ('VPNP 2 L', Xoo,A0,bo,Aeq,beqg, 1bo,ubo, '"VPNP 2 LConst')

disp ('OLueHKa KpUTepueB B Touke onTmMyMa Xo') S

[f1Xo] = VPNP 2 Kritlmin(Xo(1:2))
[f2Xo] = VPNP 2 KritZ2min(Xo(1l:2))
[£3Xo] = VPNP 2 Krit3min(Xo(1l:2))
[f4Xo] = VPNP 2 Kritd4min(Xo(1:2))

disp ('OLueHKa KpUTepMeB B Touke ONTMMyMa XO B OTHOCMUTEJIbHEX eIMHMIax')$s

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

% ****KOHQH*********

X1lmin, X2min, X3min, X4min') %

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

(£3X4min-£3X3max) /d3

3 [lporpamma "Pacuer 1 kpurep. - max"] ¢arn: VPNP 2 Kritlmax
function [f,G] = VPNP 2 Kritlmax (x)

f=-(x(1)-80).7"2-(x(2)-80) ."2; %$PacueT QyHKUMM - KpuTepun 1

G=[-2*(x(1)-80), -2*(x(2)-80)];%Pacuer 1 nDpom3BOOHOM KpuTepus 1
% [HOporpamma "Pacuer 1 kpuTep. - min"] ®ain: VPNP 2 Kritlmin
function [£,G] = VPNP 2 Kritlmin(x);

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

% [llporpamma "PacueT 2 xpurep. - max"] ®amyg: VPNP 2 KritZmax
function [f£,G] = VPNP 2 KritZmax(x);

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

G=[-2*(x(1)-80); —2*(x(2)-20)1;

% [lporpamma "Pacuer kpuTep. 2 - min"] ®anu: VPNP 2 KritZmin

function [£f,G] =VPNP_2 KritZmin (x);
f=(x(1)-80) .72+ (x(2)-20) .72;
G=[2*(x(1)-80); 2*(x(2)-20)1;

% [llporpamma "PacueT 3 kpuTep. - max"] damm: VPNP 2 Krit3max

function [f,G] = VPNP 2 Krit3max(x);
f=-(x(1)-20) .7"2-(x(2)=-20) ."2;

(f4X1min-—
(£4X2min-
(£f4X3min-

(f4X4min-

%,o0ptions)
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G=[-2*(x(1)-20); —2*(x(2)-20)1;

% [llporpamma "PacueTr 3 xkpuTep. - min"] ®amm: VPNP 2 Krit3min
function [f,G] = VPNP 2 Krit3min(x);
f=(x(1)-20) .72+ (x(2)-20) .72

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

% [llporpamma "Pacuer 4 kpuTep. - max"] Qann:VPNP 2 Kritdmax
function [f,G] = VPNP 2 Kritdmax(x);
f=-(x(1)-20).72-(x(2)-80) .72

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

% [llporpamma "Pacuer 4 kpuTep. - max"] Qann:VPNP 2 Kritdmax
function [£,G] = VPNP 2 Krit4max(x);

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

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

% [[lporpamma "PacueT kputep. L-zamaum"] ¢armm: VPNP 2 L
function [£,G] = VPNP 2 L (x)

f=-x(3);

G=[0; 0; -11;

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

function [c,ceq,DC,DCeqg]= VPNP 2 LConst (x)
d1=12800;d2=12800;d3=12800;d4= 12800
f1X1Imax=12800; £2X2max=12800; fSXSmax 12800; £4X4max=12800;

c(l)=((x(1)- 80) A2+ (x(2)-80) . )/d1+x( ) -f1X1max/dl;

c(2)=((x(1)-80) .72+ (x(2)-20) ) /d2+x (3) —f2X2max/d2;

c(3)=((x(1) 20) A2+ (x(2) 20) ) /d3+x (3) —£3X3max/d3;

c(4)=((x(1)-20). A2+(x(2)—80).A2)/d4+x(3)—f4x4max/d4;

Gl=[2*(x(1)-80)/dl, 2*(x(1)-80)/d2, 2*(x(1)-20)/d3, 2*(x(1l)-20)/d4;
2% (x(2)-80)/dl, 2*(x(2)-20)/d2, 2*(x(2)-20)/d3, 2*(x(2)-80)/d4;

1.0, 1.0, 1.0, 1.0];
ceg=[]; DCeg=[];

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

5.1.4. Pewenue éexmophoit 3a0auu HeJ1UHEIIHO20 RPOZPAMMUPOBAHUS

s pemennss B3HIT (5.1)-(5.5) ucnons3oBana Belllie MPUBEACHHAs Mporpamma. Perienne
MPEJICTABIICHO, KaK IMOCIIEA0BATEILHOCTh MIAroB.

[llaz 1. Pemaetcs BekTopHas 3amada (5.1)-(5.5) Ha maxX mo KaxqoMy KPUTEPHIO OT/IEIBHO.
Pesynbratsl pemmerns B3MIT (5.1)-(5.5) mo kaxaoMy KpUTEpHUIO:

1 xpurepuii X7 = {x; = 0,x, = 0}, /i = f1(X]) = —12800; (5.6)

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

3 kpurepuit X3 = {x; = 100,x, = 100}, f5° = f3(X3) = —12800;

4 xpurepuii X; = {x; = 100,x, = 0}, f; = fo,(X;) = —12800;

Illae 2. Pemaetcs BektopHast 3ama4a (5.1)-(5.5) Ha Min mo KaXa0My KPHUTEPUIO OTAEIBHO.
PesynbraTe pemeHH;I B3MII (5.1)-(5.5) 1o kaxxaoMy KpUTEPHIO:

1 kpurepwuii X1 ={x; =80,x, =80}, " = f1(X)) =0: (5.7)

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

3 kpurepuit X9 = {x; = 20,x, = 20}, 3 = f3(XJ) = 0:

4 xpurepnit X = {x; = 20,x, = 80}, £ = fo,(X2) = 0:

Pesynbratsl perienust B3MIT (5.1)-(5.5) mo kax oMy KpuTepuo (HauIydiie, HAauxy/Iiime)
npu orpannueHusx (5.6) mpeacrasieHsl Ha puc. 5.1 B yIioBBIX TOYKAX.
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[
20 *X3min | * X2min
| o
L | 12
10 | v
x
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x1

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

MuoxectBo [lapero nexutr Mexmy Toukamum ontumyma X;X;X3X;, T. e. oOmacts
JOMyCTUMBIX TOYEK S, 00pa3oBaHHBIX orpaHndeHusMHU (5.5), cOBMagaeT ¢ MHOXECTBOM TOYEK,
ontumainbsHbIX 1Mo ITapero S°, S°=S.

[llaz 3. BeinonHseTCS CUCTEMHBIN aHAJIM3 MHOXECTBa Touek [lapero.

B Toukax ontumyma X* = {X,ﬁ,k = 1,_1(}, OTIPEETISIOTCS BEIMYMHBI ENEeBBIX (DYyHKIUN
F(X") u otHOCHTENBHBIX oneHOK A(X):

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

X)) = {h(X0), g =1 K}k =1,K},

B cucreme MATLAB B Toukax ontumyma: X; = {X1min, X2min, X3min, X4min}
BBIYHMCIICHHUE ATUX (QyHKIHUI OyneT ciaenyromum (Pe3ynbraT cHCTEMHOT0 aHaN3a):

D LD XD L&D 103600 7200 3600
Fxey = [12) 2(X2) f3(X2) fu(Xz)[ _ (3600 03600 7200
[1(X3) f2(X3) f3(X3) fa(X3) 7200 3600 0 3600’
fi(X3) f,(X) f:(X3) fu(X)l 1360072003600 0
A1 (X7) A2(X7) A3(X7) 2 (X1)j 1.0 0.7188 0.4375 0.7188
AX) = A (X3) 4(X2) A3(X2) 24(X2)| _ [0.7188 1.0 0.7188 0.4375 |
(X3 A, (X2 2(X5) A,(xD| ~ [0.43750.7188 1.0 0.7188
(XD (XD (XD 2, (x)l 10.71880.43750.7188 1.0

B Toukax ontumyma Xj,k =1,K Bce OTHOCHTENbHBIC OLEHKH (HOpPMaIM30BaHHbBIC
*N 0] -
KPUTEPHH) PaBHBI eauHuIe: Ay (Xy) = % =1,k= 1,K K =4

k™ Jk

B Toukax ontumyma X, ,8 ,k = 1,K Bce OTHOCUTEIIbHBIC OIICHKH PABHBI HYJIIO:

0y_ £0
d(X0) = L& — o ) = TR, K = 4.
fii—fx

Otcrona Vk € K,VXeS, 0<h, (X)<1.

Lllaz 4. Ctpoutcs A-3amaya.

llaz 5. Pemienue A-3aaun. Pe3ynbTaTel pelieHus A-3aqauu:
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X0=X° = {x; = 50.0,x, = 50.0,x3; = 0.8594} — Touka onTrMyMa, rJe

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

Lo = A°= 0.8594 npexacraBiseT onTUMaIbHOE 3HAYCHHE [IEJICBOM (DYHKIINH.

Oynkmun A; (X), A,(X),A3(X),A4(X), a Taxxke Touku ontumyma X° u A°, KoTophle
MOJTy4EHBI Ha MX IEPECEUYCHHH, B TPEX MEPHON CUCTEME KOOPJIMHAT X, X, A TOKa3aHbI Ha PUC. 5.2.

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

A1(X1min)

A2(X2min) 2°

Lambda

100

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

Ha puc. 5.1, 5.2 BuiHO, 4TO 061aCTh (MHOKECTBO TOUEK) OTPaHMYEHHAs TOUKaMU S, = {X{ =
X10ptX12X°X 41} Xapakrepusyercst TeM, uT0 Aq (X)2hy (X), k = 2,4, XeS§,, (na puc. 4.1 nokasaHo,
kak A1>A2, A3, A4), T. €. 00nacTh S4—q MPUOPUTETHA MO MEPBOMY KpHUTepHio. B 310l oOmactu
MPUOPHUTET MEPBOTO KPUTEPHUSI OTHOCUTEIHHO OCTAIBHBIX BCETa OOJIBIIIE MM PABEH CIUHUIIE:

PR = 4 (0 /A (X)21, VXS,

AHaNOrMYHO MOKa3aHbl 00JACTH (MHOXKECTBA TOUYEK) MPUOPUTETHBIE 110 COOTBETCTBYIOIIEMY
KPHUTEPHUIO, B COBOKYITHOCTH OHH JJAFOT MHOXKECTBO TOUYEK, ONTUMAJbHBIX 110 [TapeTo, S, a ono (j11st
JaHHOTO TIPHMEpa) PaBHO MHOXKECTBY JIOMYCTHMBIX Touek: $° = §7 U S5 U S U S5 UX° = §S.

Ecnu pemiats 3amady (5.1)-(5.5) ¢ 1ByMst KpUTepHusiMH, HaPUMEp, TPETHUM U Y€TBEPTHIM, TO
MHOKECTBO TOYEK, ONTHMANbHBIX 10 [lapeTo, NexuT Ha orpeske X3X;, a Touka X°° ompenenser
pe3ysbTaT pelIeHus..

A°°-  makcumanbHbIi  ypoBeHb, mpudaeM  A%% = A5(X°°) = A,(X°°) =0.7917 B
COOTBETCTBHUH ¢ TeopeMoit 1. MHoxecTBo [TapeTo nexuT mexay Toukamu ontumyma X1 X, X3X;, T.
€. 00JIacTh JOMYCTUMBIX TOYEK S, 00pa30BaHHBIX OrpaHHUYEHHUSIMH (4.5), cCOBNaaeT ¢ MHOKECTBOM
TOYEK, ONTHUMaJbHBIX 10 [TapeTo §°, §° = §.

5.2. MeTtomoJiorusi MOJIeJUPOBAHUS W TPHHATHS ONTHMAJIBLHOTO pelleHUsl BbIOOpa
NapaMeTPoOB CJI0KHBIX HHKEHEPHBIX CHCTEM (HA MpUMepe CTPYKTYPbI MaTePHaJia) B YCJAOBUSAX
onpeaeIeHHOCTH, HeOmpeIeJIeHHOCTH

B kadecTBe 0OBEKTa MCCIIEOBaHUS HaMU paccMaTpuBaroTcsi «HXeHepHBIE CHCTEMBI», K
KOTOPBIM OTHOCSTCSI «TEXHHUYECKUE CHCTEMBD», «TEXHOJOTHUECKUE TPOIIECChD», «MaTepualb», [17,
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18]. UccrnenoBanue MHKEHEPHOUM CHUCTEMBI BBIIIOJIHEHO, BO-TIEPBBIX, B YCIOBUIX ONPEIEICHHOCTH,
KOTJIa U3BECTHBI JaHHBIE O (DYHKIIMOHAIBHBIX XapaKTEPUCTHKAX HMHKEHEPHON CHCTEMBI; BO-BTOPBIX,
B YCJIOBUSX HEOTPEAEIEHHOCTH, KOT'/1a U3BECTHBI JUCKPETHBIE 3HAUEHHSI OTIENIbHBIX XapaKTePUCTHK;
TaKX€ HN3BCCTHBI JaHHBIC 06 OrpaHUYCHUAX, KOTOPBIC HAKJIAABIBAIOTCA Ha q)YHKI_II/IOHI/IpOBaHI/Ie
cucteMbl. MaTeMaTHUECKUi anmapaT MOAETUPOBAHUS HHKEHEPHON CUCTEMBI Oa3UpyeTCsl Ha TEOpUn
W METO/JaX BEKTOPHOM ONTUMHU3AIMM, KOTOpbIE TIPEACTABICHBI B TpeTbeM pasnene. B
OpPraHM3aIlIOHHOM IUIaHE MPOLECC MOJAETUPOBAHUS M CUMYJIUPOBAHUS TEXHUYECKOW CHCTEMBbI
npeaAcCTaBJICH B BHUHAC MCTOAOJIOTUU: ((MGTOI[OJIOI‘I/ISI BBI60pa OINITUMAJIBHBIX MapaMCETPOB
WHXEHEPHBIX CUCTEM B YCJIOBHUAX OIMPEIEICHHOCTH U HEONPEICICHHOCTI.

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

33)13.‘{1/1, KOTOPBIC BO3HHUKAIOT B IMPOLECCCC IPUHATUA OHNTUMAJIBHOI'O PCIICHUA BBI60pa
OIITUMAJIBHBIX IAPAMCTPOB CJIOKHBIX HMHXCHCPHBIX CHCTCMAX Ha baze BCKTOpHOﬁ OIITUMH3allNH

BKJIIOYAET MOCJIEI0BATENIbHO TPU BUA.

1 6uod. Pewenue 6eKmopHOU 3a0auu MamMemMamuiecKko20 npocPAMMUPOBAHUL NpU
paeHo3Haunvlx Kpumepusx. llodydeHHBIH pe3ylnbTaT SBJISETCS OCHOBOM JUIS JalibHEHIIEro
uccienoBanus cuctemel. Ilpu 3ToM wHcHosb3yercss METOJA pELIEeHUs BEKTOPHOM 3ajaud Ipu
paBHO3HAYHBIX KpuTepusax. Ecau mosydeHHbI pe3ynbTaT yJOBIETBOPSET JIMILY, MPUHUMAIOIIETO
pewenust, (JIIIP - mpoekTHpoBIIMK), TO OH OepeTcs 3a OCHOBY. Eciam He yHOBIETBOpSET, TO
Mepexo MM KO BTOPOMY BHAY (IpsiMasi 3aJadya) WM TPEThbeMy BUIY PELICHHUS BEKTOPHBIX 3aJay
(Obparnas 3amaya).

2 6ud. Pewenue npsamoti 3a0a4u 6eKMoOpHOU ONMuMu3ayuu, KOTopas COCTOUT B CJICTYIOIIECM:
«Kaxue OyayT mokazaTenu (XapaKTepUCTUKHU), €CIIM U3MEHUTh MapaMeTPhl CIOKHBIX TEXHUYECKHX
cuctem». - Mcronb3yercsi MeTo/] pelieHHsi BEKTOPHOMU 3a/1a4uM IPH PaBHO3HAYHBIX KPUTEPHSIX.

3 euod. Pewenue obpamuolu 3a0a4 6eKMOPHOU ONMUMU3AYUU, KOTOpas COCTOUT B
cinenyromemM: «Kakue OyayT mnapaMeTpsl CIOXKHBIX TEXHHYECKMX CHCTEM IIpH  3a/laHHBIX
XapaKTEPUCTHKAX». - MICIonb3yeTcss METO1 PEIIeHHs] BEKTOPHOM 3a/1au P 3aJaHHOM IPUOPUTETE
KpUTEpHUSL.

5.2.2. Memooonozus mooenuposanus u 6b100pa ONMUMAIbHHIX HAPAMEMPOB CIOHCHBIX
UHMCEHEPHBIX CUCMEM 8 YCI08UAX ONPEDeIeHHOCMU, HeOnpedeneHHOCIU

B  kauectBe  0OOBEKTa  HCCIEAOBAaHWS  HAaMH  pPacCMATPUBAIOTCA  «CIIOXKHAA
(MHOTO(YHKIIMOHATbHAS) HHKEHEPHAS CHcTeMay, [17, 42, 44]. B opraHu3aiioHHOM IJIaHE TPOIIeCC
Mo enupoBanus u cumysrposanus (the process of modeling and simulation of a engineering system)
CIOKHBIX WHXEHEPHBIX CHCTEM, BKIIOYAIOUIMN TpPU BHUAA BbBIIIE MPEACTAaBICHHBIX 3ajady,
c(OpMHPOBAH B BUJIE METOJOJIOTHH.

MeTtononorus pa3aeneHa Ha qBe yactu. [lepBas 4actb — « BEIOOp oNTUMAaNbHBIX TapaMeTPOB
MHXEHEPHBIX CHUCTEM B YCIIOBHUSX OIpPENEICHHOCTH — PaBHO3HAUHBIE KPUTEPUM»: BKIIOYAET JIBa
0moka, BTOpas 4YacTb— «BbIOOp ONTHMANBHBIX MapaMeTPOB HHKEHEPHBIX CHUCTEM B YCJIOBHSX
HEOMNPEEIEHHOCTH - C IPUOPUTETOM OJIHOTO U3 KPUTEpUEB»: BKIIOYaeT JiBa Onoka. Kaxapiil 6110k
pa3leseH Ha psJl 3TaIoB.

«MeTo0/10rUsl BHIOOPA ONTHUMAJIBHBIX APAMETPOB MHKEHEPHBIX CUCTEM B YCJIOBHAX
OIpe/ieICHHOCTH M HEeOIpeAeJICHHOCTH HA 0a3e MHOTOMEPHON MAaTeMAaTHKI.

Yacms 1. BbiGop ONTHUMAJBHBIX NapaMeTPOB HH)KEHEPHBIX CHCTEM B YCJIOBHMAX
ONpe/ieIeCHHOCTH — PABHO3HAYHBIC KPHUTEPHH.

bnox 1. @opmuposanue  mexHuweckoeo  3adanus,  TPEOOpa3OBaHUE  yCIOBHM
HEOIPEEIIEHHOCTH (CBSI3aHHBIX C SKCIIEPUMEHTAIBHBIMU JIaHHBIMM) B YCIIOBHS ONPEIECIEHHOCTH,
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MMOCTPOCHHUE MaTEMAaTUYECKON M YUCIICHHOW MOJIeNTN HH)KEHEpHOH cucTteMbl (the process of modeling
of a engineering system) Bkito4aet 4 srara.

1 3man. ®opMupoBaHHE TEXHMYECKOTO 3aJaHUS (MCXOIHBIX IAHHBIX) ISl YHUCICHHOTO
MOJICIIUPOBAaHUS U BBHIOOPA ONTHUMAJIBHBIX MapaMeTpOB CHCTEMBbI. McxoaHble HaHHbBIE (HOPMUPYET
KOHCTPYKTOP, KOTOPBINA MPOEKTUPYET UHKEHEPHYIO CUCTEMY.

2 sman. TlocTpoeHre MaTeMaTH4YECKOW M YHUCICHHONW MOJEIM HMHKEHEPHOH CHCTEMBI B
YCIIOBUSIX OIPEICTICHHOCTH.

3 sman. IlpeoOpa3oBaHuE YCIOBHI HEONPEAEIEHHOCTH B YCIIOBUS OIPENEICHHOCTH U
MIOCTPOCHHE MATEeMaTHYECKOM M YHCIEHHOW MOJEIN HWHXEHEPHOH CHUCTEMBI B YCIOBHSIX
OIPEECIEHHOCTH.

4 sman. IlocTpoeHue arperupoBaHHON MaTeMaTUYECKON M YMCICHHON MOJEIN UHKEHEPHOU
CUCTEMBI B YCIIOBUSIX ONPEIEICHHOCTH.

bnok 2. Ilpunamue onmumanvbHo20 peuienus (86100pa ONMUMANILHLIX NAPAMEMpPO8) 8
UHOICEHepHOU cucmeme (Mamepuan) npu pPA6HO3HAYHLIX KPUMEPUsAX Ha 0aze MHO20MEpPHOU
mamemamuxu (the process of simulation of a engineering system)

5 sman. PeuieHue BEKTOPHOM 3aJauM MaTeMaTHuYecKoro mnporpammupoBanus (B3MII) -
MO/IETT MH)KEHEPHOMN CHCTEMBI MPU PABHO3HAYHBIX KPUTEPUSIX (pelIeHue NpsMoil 3a1aun).

6 sman. I'eomeTpuueckas uHTepIperanus pe3yiabratoB pemeHuss B3MII npu paBHO3HaYHBIX
KpUTEPUSAX B TPEXMEPHOI cucTeMe KOOPAMHAT B OTHOCUTENIbHBIX €AMHUIIAX.

7 3man. AHanu3 pe3ynbTaroB pemieHus BekropHoit 3agaun  MareMaTtudeckoro
[IporpamMMupoBaHusi IpU PaBHO3HAYHBIX KPUTEPUAX - MOATOTOBKA MHGOpPMALUU ISl TPUHATUA
pELIeHNH C IPUOPUTETOM OTAEIBHOTO KPUTEPHSI U3 BCETO MHOXKECTBA KPUTEPHEB.

Yacms 2. BpiOOp ONTHMAJBHBIX NAPAMETPOB HHKEHEPHBLIX CHCTEM B YCJIOBHIX
HeOoIpeeJICHHOCTH - C IPHOPUTETOM OJHOI0 U3 KPHUTEepHEB.

bnok 3. Ananus, cpasuenue pesyromamos pewenuss B3IMII npu pasro3naunvix Kpumepusx
CHIOJCHOU UHNHCEHEPHOU cucmemvl (MoOenu CmMpYKmypbl Mamepuana) u noo20mosKa K 6bloopy
ONMUMANBHBIX NAPAMEMPO8 N0 NPUOPUMEMHOMY KPUMEPUIO.

8 3man. 1. AHanu3 ¥ CpaBHEHNE PE3yJIbTATOB PEILIEHUS BEKTOPHOM 3a7aul C paBHO3HAYHBIMU
KpPUTEPUSIMH C YEThIpbMA W ABYMs IepeMeHHbIMU. 2. BwiBog u3 ananuza: Hugpopmayus 06
Huocenepnon Cucmeme B (PU3MUECKUX €AMHUIAX IS TPHHATHS PEHICHUH C MPUOPUTETOM
kputepus. 3. IloaroroBka k reoMeTpUYECKON HUHTEPIPETALIMU PEILIEHUs] BEKTOPHOM 3a/1aui BIOOpa
ONTUMAaJIbHBIX TAPAMETPOB [0 TPUOPUTETHOMY KPUTEPHIO.

9 sman. ['eomeTpryeckass MHTEPIIPETALUsS PE3YJIbTaTOB PEUICHHs] MPU IPOEKTUPOBAHUU
WH)KEHEPHOM CHUCTEMBI Mepexo/a OT JABYXMEpPHOro k N-MepHOMY MPOCTPAHCTBY B OTHOCHTEIBHBIX
eAMHUIIAX.

bnox 4.K1. Hccredosanue, 6b160p ONMuMAanbHbIX NAPAMEMPOS CLONCHOU UHIHCEHEPHOU
cucmemvl (Cmpykmypa mamepuana) no nepeomy npuopumemHomy Kpumepuio, 2eomempuieckas
unmepnpemayusi pe3yaibmamos peuienusi B3MII

4.1.k1. Pemenne B3MII - Moienu CII0KHOM HHKXCHEPHON CHCTEMBI (CTPYKTYpPhI MaTepraa)
IIPU 33JJaHHOM TNIPHOPUTETE MEPBOr0 KPUTEPUsi B MHOTOMEPHOM MaTeMaTuke. (peleHne oopaTHoH
3agaun). 4.2.kl. AHanu3 pe3yabTaTOB pEIIEHHS BEKTOPHOW 3a7adyd  MaTeMaTHYECKOTrO
IIPOrpaMMHUPOBAHMUS - MOJEJIN MHKEHEPHON CUCTEMBI ITPH 3aJaHHOM IIPUOPUTETE IIEPBOTO KPUTEPHSI.
4.3k1l. TeomeTpuueckas HWHTEpIpETAIMs pPE3yJbTATOB PEIICHUS BEKTOPHOW 3ajJa4d BhIOOpA
ONTHMAJIbHBIX [TAPAMETPOB T10 IEPBOMY IPUOPUTETHOMY KPUTEPHIO 6 OMHOCUMENbHBIX COUHUUAX.
4.4.kl. I'eomempuueckas unmepnpemayus pe3yibmamos peutenusi B3MII ¢ npuopumemom nepsozo
Kpumepusi — MOOenu CMpYKmypbl Mamepuaila npu APOeKMUposanuu 8 mpexmepHou cucmeme
Koopounam 6 gpuszuyeckux eounuyax. OctanbHble TpU O0J10Ka CPOPMHUPOBAHBI [0 AHATIOTUU
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Brox 4.K2. Hccneoosanue, 6bl60p ONMUMALbHBIX NAPAMEMPOS CLONCHOU UHICEHEPHOU
cucmemvl (CMpyKmypa mamepuana) no 6mopomy NpuopumemHomy Kpumepuro, 2eomempuieckas
uHmepnpemayus pe3yaibmamos peuterus B3MII

bnok 4.K3. Uccredosanue, 6bl60p onmumanbHublX napamempos CILONCHOU UHNCEHEPHOLL
cucmemvl (CMpyKmypa mamepuana) no mpemvemy npuopumemHomy Kpumepuro, 2eoMempuieckas
unmepnpemayusi pe3yibmamos peutenusi B3MII

Bnok 4.k4. Hccreoosanue, 6b160p onmumanibHbIX napamempos CILONCHOU UHICEHEPHOL
cucmemvl (CmpyKmypa Mamepuana) no 4emeepmomy nPpUopumemHomy Kpumepuio, 2e0Mempuieckas
uHmepnpemayus pe3yaiomamos pewierusi B3MII.

6. Uncaennas peaaun3anus. BbI0op onTHMAaJBLHBIX NAPAMETPOB HH:KEHEPHO# CHCTEMBI
(MaTepuaJ CJIOKHON CTPYKTYPbI) B YCJIOBHUSIX OIPeIeJIEHHOCTH M HeolpeleJ e HHOCTH Ha 0a3e
MHOTOMEPHOH MaTeMaTHKH.

UucnenHas peanusaiys BHIOOpa ONTUMaJIbHBIX IAPaMETPOB MaTepHalia CI0KHON CTPYKTYPbI
BBIIIOJIHSETCS. B COOTBETCTBUM C TEOPETUYECKMMHM OCHOBAMHM MHOTOMEPHON MAaTE€MaTUKH,
BKJIIOYAIOUICH aKCHOMATHKY, TPUHIUIIBI ONITUMATbHOCTH U KOHCTPYKTHUBHBIE METO bl MHOTOMEPHOMN
MAaTeMAaTHKW KaK MPU PABHO3HAUHBIX KPUTEPHSX, TAK U MPHU 3aJaHHOM IPHOPUTETE KPUTEPHUEB, B
COOTBETCTBUH pa3lieioM 3.

Mertopmonorusi mporecca NPUHATHS ONTUMAIBHOTO peleHus (BbIOOpa ONTUMANbHBIX
MapaMeTpoB) HHKEHEPHOU CUCTEMBI, B TOM YHCIIe MaTepuaia CJI0KHOU CTPYKTYpbI, paznen 5.2.

PaccmarpuBaeTcs 3amada NPUHATHS PEIICHUN B CI0KHOM CTPYKTYype MaTepHalia, 0 KOTOpOu
W3BECTHBI: BO-TIEPBbIX, JaHHbIE O (PYHKIIMOHATIHHON B3aUMOCBSI3U HECKOJBKUX XapaKTEPUCTHK C €e
KOMITOHEHTaMU () C/108Ust onpedesienHOCmit); BO-BTOPBIX, TAaHHBIC 0 HEKOTOPOM HabOpe JUCKPETHBIX
3HAYEHUN HECKOJbKUX XapaKTEPUCTUK (IKCIEPUMEHTaJbHbIE PE3yJbTaThl), BO B3aHMOCBS3H C
JUCKPETHBIMU ~ 3HAUEHUSIMM  [apaMeTpoOB  —  OKCIIEPUMEHTAJbHBbIE  JlaHHBlE  (ycro6us
HeonpeoesleHHoCcmu); B-TPEThbUX, OTPAaHUYECHUN, HaKJIaJbIBa€MbIX Ha (YHKIIMOHUPOBAHHUE MaTepualia
CIIOXKHOM CTPYKTyphl. UuciieHHas 3ajaya MOJAEIUPOBAaHUS MaTepuana CI0XHOMH CTPYKTYpbl
paccMmaTpuBaeTCsl ¢ paBHO3ZHAUYHBIMH KPUTEPUSMU (4acTh 1) U ¢ 3aJaHHBIM IPUOPUTETOM KPUTEPUS
(HacTs 2).

Yacme 1. BbiOOp ONTHMAJBHBIX NAPAMETPOB HHKEHEPHBLIX CHCTEM B YCJOBHSIX
oInpeieIeHHOCTH — PABHO3HAYHbIE KPUTEPHH.

6.1. bnok 1. @opmuposanue mexHu4ecKo20 3a0anus U NOCMPOEHUE MAMEMAMUYECKOU U
yucnennou moodenu mamepuana cnoxcnoi cmpykmyput (the process of modeling of the structure
(composition) of the material).

[lepBBIii JTam, a TakKe JTalm aHalW3a pPe3yJbTaTOB pEIIeHHs, BbIOOpa MPUOPUTETHOTO
KpUTEPUS U €r0 BEJIMYUHBI BBIOIHIETCS KOHCHPYKMOPOM MAMEPUANA CLOMHCHOU CHIPYKMYPbL.
OcTaJibHbI€ 3Tanbl BHIIOIHAIOTCS MAMEMAMUKOM - RPOZPAMMUCHIOM.

6.1.1. 1 stan. Texnuueckoe 3adanue: «Bvloop onmumansuvlx napamempos mamepuana
CILONCHOU CIMPYKMYPbL)

Jlano. Viccnegyercsi CTpyKTypa Marepuana, KoOTOpas XapakTepu3yercsi YeThIpbMs
napameTpamu: Y = {y;,¥,, V3, V4}. 3HaueHUs Y MPEICTABIISIOT BEKTOP YIPABISEMBIX NTEPEMEHHBIX.
3aaHbl MapaMeTphl CTPYKTYPbl MaTepuaa, KOTOpble M3MEHSIOTCS B CIEAYIOIIUX Mpeieax:

21<y;£79; 55y,<59; 21<y;<9.0; 2.2<y,<7.0.

OYHKIMOHUPOBAHUE CTPYKTYpPbl MaTepHalia OMPEEsIOTCS YEThIPbMs XapaKTepUCTUKaAMHU
(xpurepusimu): H(Y) = {h{(Y), ..., h4(Y)}, BennunHa OIlEHKH KOTOPBIX 3aBUCHT OT IapaMeTpoB Y =
V1, ¥2,¥3, ¥4}

Venosus onpedenennocmu. J{ns nepsoit xapakrepuctuk: hy (Y) usBecTHa pyHKIMOHAIbHAS
3aBHCUMOCTH OT mapametpoB Y = {y,, v = 1,V,V = 4}
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h (Y) = 323.84 — 2.249y, — 3.49y, + 10.7267y, + 13.124y, + 0.0968y, v,
—0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1042y,y, — 0.0036y5y,
+0.0143y2 + 0.0118y2 — 0.2434y2 — 0.5026x2, (6.1)
Venosusi neonpedenennocmu. VI3BeCTHBI pe3yibmamsl IKCREPUMEHMATbHBIX OAHHBIX, JUTS
BTOpOIi, TpeTheil u ueTBepToil Xapakrepuctuku hy (Y), k = 2, 3, 4 171st COOTBETCTBYIOMIUX BEIHIUH
napametpos: Y = {y, = {y,;, i = 1,M},v = 1,V}.
Yucnossle 3HaYeHHs mapaMeTpoB Y u xapakrepuctuk h,(Y), h;(Y), hy(Y) npencrasiens: B
tabnure 2.

Tao0mnua 2.
DKcrepuMeHTAbHBIC 3HAUCHUS TAPAMETPOB V4, V2, V3, Y4 U XapaKTEPUCTUK CTPYKTYPHI MaTepuaa

hZ (Y), h'3 (Y)' h4— (Y) .

Y1 Y2 Y3 Ya h2(Y) hs(Y) ha(Y)

20 0 2 2 1149.6 1164.0 115.1 24.24 27.60
20 0 2 5 1176.0 1212.0 114.5 28.80 30.00
20 0 2 8 1260.0 1257.6 114.4 31.20 32.40
20 0 5 2 1256.4 1252.8 118.8 33.60 34.80
20 0 5 5 1251.6 2143.2 113.8 34.80 19.92
20 0 5 8 2154.0 2163.6 113.3 21.60 25.20
20 0 8 2 2176.8 2185.2 110.7 29.76 33.48
20 0 8 5 2198.4 2211.6 109.2 37.20 39.48
20 0 8 8 2232.0 2245.2 108.5 42.00 49.20
20 30 2 2 2954.4 2820.0 128.3 15.60 18.00
20 30 2 5 2772.0 2748.0 127.4 21.60 24.24
20 30 2 8 2832.0 2904.0 126.8 28.80 32.40
20 30 5 2 3022.8 3036.0 126.1 35.16 39.60
20 30 5 5 3056.4 3583.2 124.3 4488 11.28
20 30 5 8 3601.2 3608.4 124.1 14.40 16.80
20 30 8 2 3616.8 3622.8 123.9 21.12 22.80
20 30 8 5 3637.2 3651.6 121.4 27.60 30.84
20 30 8 8 3672.0 36852 121.7 36.00 40.56
20 60 2 2 1195.2 1212.0 150.4 52.80 60.00
20 60 2 5 1236.0 1251.6 144.9 64.80 68.64
20 60 2 8 1272.0 1296.0 140.8 75.60 82.80
20 60 5 2 1318.8 1344.0 138.6 88.08 97.20
20 60 5 5 1388.4 2176.8 140.8 107.64 40.56
20 60 5 8 2196.0 2220.0 143.5 45.60 52.80
20 60 8 2 2245.2 2286.0 146.0 60.00 67.20
20 60 8 5 2294.4 2313.6 144.9 73.20 79.44
20 60 8 8 2340.0 2382.0 143.8 85.20 99.00
50 0 2 2 2988.0 3012.0 181.3 31.92 36.00
50 0 2 5 3036.0 3056.4 180.8 43.20 51.36
50 0 2 8 3108.0 3156.0 179.4 61.20 72.00
50 0 5 2 32448 3228.0 179.1 82.80 86.40
50 0 5 5 3193.2 3616.8 178.0 90.36 23.28
50 0 5 8 3639.6 3660.0 177.6 30.00 36.00
50 0 8 2 3685.2 3708.0 176.9 42.72 48.00
50 0 8 5 3732.0 3753.6 175.3 54.00 62.16
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50 0 8 8 [3672.0 38220 174.7 73.20 81.72

50 30 2 2 |1218.0 1248.0 123.6 87.00 94.80

50 30 2 5 |1272.0 13188 118.7 103.20 116.16

50 30 2 8 |1344.0 1392.0 115.9 126.00 136.80

50 30 5 2 | 14220 1464.0 115.1 145.44 156.00

50 30 5 5 1524.0 113.2 174.72

50 30 5 8 111.8

50 30 8 2 110.7

50 30 8 5 108.2

50 30 8 8 106.3

50 60 2 2 132.8

50 60 2 5 131.1

50 60 2 8 129.7

50 60 5 2 128.3

50 60 5 5 127.0

50 60 5 8 125.6

50 60 8 2 123.9

50 60 8 5 1145

50 60 8 8 119.5

80 0 2 2 154.8

80 0 2 5 153.2

80 0 2 8 151.8

80 0 5 2 150.4

80 0 5 5 150.7

80 0 5 8 151.2

80 0 8 2 151.5

80 0 8 5 144.9

80 0 8 8 140.8

80 30 2 2 185.7

80 30 2 5 1835

80 30 2 8 182.2

80 30 5 2 181.3

80 30 5 5 179.4

80 30 5 8 178.0

80 30 8 2 176.9

80 30 8 5 175.3

80 30 8 8 1725

80 60 2 2 128.3

80 60 2 5 125.6

80 60 2 8 124.2

80 60 5 2 121.7

80 60 5 5 118.7

80 60 5 8 115.9

80 60 8 2 115.1

80 60 8 5 110.4

80 60 8 8 108.5
min yi(X), i=1,..., 81 1149.6 92.4 11.3
max yi(X), i=L,..., 81 3822.0 161.5 174.7
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PA3JIEJI: MarematndecKkue U €CTECTBEHHbIE HAYKH
Hanpasnenune: ®u3nko-mMaTreMaTUYECKUE HAYKU

B npuHMMaeMoM penieHWH, BEIWYMHY OILICHKH IO TMEPBOM U TPEThEU XapaKTEPUCTHKU
(KpuTepus) KelaTeiabHO, MONYyYUTh Kak MOKHO Bbie: hy(Y) — max, h;(Y) = max; Bropoit u
4eTBEPTON KaK MOKHO HiKe: h,(Y) — min, hy(Y) - min.

[Mapametpst Y = {yy, ¥, V3, Y4} U3MCHSIOTCS B CIICAYIOIINX TPEICIax:

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

XUMHAYECKUl COCTaB MaTepuana H3Jeius omnpeaensercs (Ha eauHUIly o0beMa, Beca)
MPOLICHTHBIM COJIEP)KAHUEM HEKOTOPOr0 MHOXKECTBA KOMIIOHEHT Marepualia, KOTOpbIE B CyMME
PaBHBI CTa MPOIIEHTAM:

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

Tpeoyemca. 1). Pazpaborarh MaTeMaTH4YEeCKyI0 MOJEIb CTPYKTYpbl MaTepuala B BHUJIE
BEKTOPHOW 3a/layd MaTeMaTHYECKOTO MpOrpaMMHUpOBaHus. 2) 3aqady BEKTOPHOH ONTHUMU3ALUH
PELINTh C paBHO3HAYHBIMH XapaKTEPUCTHKaMU (KpuTepusimMu). 3) BeiOpaTh M3 Bcero MHOXecTBa
KPUTEPUEB IPUOPUTETHBIA KPUTEPHUiA. Y CTAHOBHUTH YMCICHHOE 3HAYCHUE IPUOPUTETHOTO KPUTEPHSL.
4) Pemmth 3a/a4y BEKTOPHOHW ONTHMHU3AIMKM M MPUHATH Hawilydliee (ONTUMAJIbHOE) pEIICHUE C
3aJ[aHHBIM IIPHOPUTETOM KpuUTepHs. 5) [IpeicTaBUTh reOMETPHUYESCKY IO HHTEPITPETALIUIO PE3YJILTATOB
peLIeHUs] IPU NPOSKTUPOBAHUKM MHKXEHEPHOW CHCTEMBI Iepexojia OT JABYXMEpPHOTro K N-MepHOMY
NPOCTPAHCTBY B OTHOCUTEIbHBIX eAuHUIAX. 60) [lokazaTh TEOMETPHUYECKYIO HHTEPIPETAIHIO
PE3yJIbTaTOB PEUICHUS IPU NPOCKTUPOBAHNYT MH)KCHEPHOM CUCTEMBI IIEPEX0/ia OT IByXMEPHOTO K N-
MEPHOMY HPOCTPAHCTBY B (PU3MUECKHUX CMHUIIAX.

la sran. [Tocmpoenue mamemamuueckol Mooeiu CMPYKmMypvl MAmepuaild 6 YCi06UsX
ONpeoeneHHOCMU U HeoNpedeleHHOCMU 8 00ujeM 8ude.

[TocTpoeHre MaTeMaTHYECKOH MOJENM Uil NPUHSTHS ONTHMAJIBHOTO YIPABICHYSCKOTO
pelieHusl CTPYKTYpbl MaTepHuaia Ioka3aHo B paszaene 2.3. B coorBerctBum ¢ (2.21)-(2.27)
NpeCTaBUM MAaTEMAaTHYECKYH MOJIeNIb MaTepualia B YCJIOBHSX OIPEACICHHOCTH B BHUJEC 3aja4d
BEKTOPHOM ONITUMU3ALUHN:

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

min Hy(Y) = {min by (Y),k =1, K3, (6.6)

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

W < (V) S Pk =LK, y"™ < y; < y"%,j = LN, (6.8)

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

napametpoB); H(Y) = {H,(Y) H,(Y)} - BekTOpHBIi KpHUTEepHii, Ka)1asi KOMIIOHEHTa KOTOPOTO
MIPEJCTABISET BEKTOP KPUTEPHUEB (XapaKTEpUCTUK) MaTepHaa, KOTopble QyHKIIMOHAIBHO 3aBUCAT Y
- 3HAYeHUH BEKTOpa MEPEMEHHBIX;

B (6.8) KM <h, (V) <hI9*, k = 1, K — BexTop-(yHKIUS OrpaHUYEHHIA, HAKITAABIBAEMBIX HA
(YHKIIMOHMPOBAHUE MaTepHaa;

B (6.8) y}nins y; <y*%*,j = 1, N — napaMeTpuuecKue OrpaHHYCHHUS.

[pennonaraercs, uto gpyukuun hy (Y), k = 1, K nuddepenmupyemst u Beimyxisi, g;(Y), i =
1, M HenpephIBHBI, a 3aJaHHOE OTpaHUYEHUSAMH (6.8) MHOKECTBO JIOITyCTUMBIX TOYEK S HE MTyCTO H
MPEJICTaBISAET COO0N KOMIAKT:

S={YeRMG(Y) <0,Y™Mn <Y <Yy™Ma} £ @,

6.1.2. 2 sran. Ilocmpoenue 4ucieHHol mooenu CMPYKmMypbsl MAmepuand 8 yclo6usx
onpeodenennocmu

[TocTpoeHne Mozaenu CTPYKTyphl MaTepualia B YCIOBHSIX ONPEAEICHHOCTU OINpEaesieTcs
(DYHKIIMOHATLHON  3aBUCHMOCTBIO KaKIOW XapaKTEPUCTUKH, OTPAHWYCHUH OT TapamMeTpoB
Marepuana. B HameMm npumMepe M3BECTHBI XapakTepuctuka (6.2), orpanuuenus (6.1). Mcnonp3ys
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PA3JIEJI: MarematndecKkue U €CTECTBEHHbIE HAYKH
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nauubeie (6.1), (6.2) MOCTpOMM YHCICHHYIO MOJENbh B BHAC BEKTOPHOW 3a/Jauyd HEIMHEHHOTO
nporpaMMupoBanus (6.5)-(6.8) B yCIOBUSAX ONPeNeICHHOCTH:
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, — 0.0036y5y,

+0.0143y2 + 0.0118y2 — 0.2434y2 — 0.5026Y2, (6.9)
IpU OTPaHUYEHILIX: Y, + Y, + V3 + ¥, = 100, (6.10)
21<y,<79,5<y,<59,2.1<y,<9.0,2.2 <y, <7.0. (6.11)

OTH faHHBIE B JAlbHEHIIEM HCHOJB3YIOTCA IPH MOCTPOCHUHU OOIIel MaTeMaTH4ecKOn
MO/IeNIU MaTepuaia (B yCIOBHIX ONPEeIEHHOCTH U HEOIIPEIETICHHOCTH).

6.1.3. 3.1 oaran. Ilpeobpazoeanue IKCnepumenmanbHolX  OAHHBIX  (YC108ULL
HeonpeodeneHHOCmU) 6 OAHHble C PYHKUUOHAILHOU 3A6UCUMOCHbIO (YC/106UA ONPEOeeHHOCHIN)
U nocmpoenue YUC1eHHoll Mooenu

Vcnosusa  neompedenemnocmu  XapakTepU3yHOTCSl TE€M, UYTO  HCXOJHBbIE  JIaHHBIE,
XapaKTepU3yIOIIKe UCCIeyeMOro 00beKTa, MPEICTABICHBI: a) ClIyyailHbIMH, 0) HEUETKUMHU, I, B)
HE MOJHBIMU JJAHHBIMHU, T. €. B YCJIOBUAX HEOIPEIEICHHOCTH U3BECTHBI JIUILIb KOHEYHOE MHOXKECTBO
Y usmepenHbix napamerpos y = 1,Y:

Y, = {(yi,v =1,V},i =1,M,tne v = 1,V - unciio KOMIOHEHT (IIapaMeTPOB), U3 KOTOPBIX
MOXXET OBITh COCTaBlieH (M3rOTOBJIeH) Marepuan, | = 1, M — HOMEp M MHOXECTBO HAaHHBIX; U
COOTBETCTBYIOILIEE MHOKECTBO K XapaKTEpUCTHK:

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

[losToMy 6 ycnosusx HeonpedenenHocmu OTCYTCTBYET JOCTaTOYHas WHQOpManus O
(yHKIMOHATBHOM 3aBUCHUMOCTH Ka)XJIO0W XapaKTepUCTUKH U OrpPaHUYEHUN OT mapaMeTpoB.
Wudopmarmonnsie naHHble onuuii 8) U D) mpeoOpasyroTcs B 4YMCIIOBBIC JaHHBIE ONIUU C) H
NpeACTaBIAoTeS B TabmuuHo (opme. B pabore paccmarpuBaercs omius C) uHpopManus ¢
HEMNOJIHBIMU JaHHBIMHU, KOTOPbIE, KaK IIPABUIIO, HOIYUEHbL 6 pe3yibmame IKCnepumMeHma.

C y4eTroM U3MEepEeHHBIX apaMeTpoB Y, 1 COOTBETCTBYIOIIETO0 MHOXKECTBA K XapaKTEPUCTHUK:
he(Y, =y, v=1,V},i=1,M),k =1,K IIpe/ICTaBUM MaTpHITy pe3ysbTaToB
9KCIIEPUMEHTAJILHBIX IaHHBIX MO UCCIIETyEMOMY MaTepuay:

51 Y1 = 11, Y12, Y13, Y14 ha (Y1), h3 (Y1), hy (Y1)

I =

, (6.12)

am Yy = Ym1 Ymzr Ymzr Ymaho (Yar), hs(Yar), ha (Yar)
[IpencTaBUuM ~ MaTeMaTUYECKYH)  MOJEIb  CTPYKTyphl — Marepuana B yCJIOBUAX
HEOIPEIEIEHHOCTH B BUJIE BEKTOPHOM 3a1a4i MaTEMATUYECKOTO POrPAMMHUPOBAHUS:

Opt H(X) = {maxl,(Y) = {maxhy (Y;, i = T, M)}, k =1, K¥"}, (6.13)
minI,(Y) = {minhy (V;, i = 1, M)}, k =1, K¥"c}}, (6.14)

at restriction A < R (Y) < A9k =1,K, (6.15)
=1 (t) = 100%, ;""" < y, < y**,v = 1V, (6.16)

rae Y = {y,, v =1,V} - BekTOp yIpaBisieMbIX IEPEMEHHBIX (TapaMeTpoB);

H(Y) = {[,(Y) I,(Y)} - BexTOpHBIil KpUTEpHH, KaK1as1 KOMIIOHEHTA KOTOPOTO MPEICTABIISIET
BEKTOP KpUTEpHEB (BBIXOIHBIX XapaKTEPUCTUK HCCIIEyeMOro 00heKTa). Bennunna xapakTepucTuku
(dbyHKIMH) 3aBHCUT OT TUCKPETHBIX 3HaueHHUi BekTopa nepemeHusix Y. [; (V) = 1, K{**¢, I,(Y) =
1, K3"¢  (uncertainty) — MHOXeCTBO KpUTEepHEeB Max W MIN chOpPMHUPOBAHHBIE B YCIOBHUSIX
HEOTpe/IeTICHHOCTH;

B (6.15) hi''™ < h(X) < W™, k = 1, K — BexTOp-)yHKIMS OrpaHUCHNUI, HAKIIAbIBACMbIX
Ha QYHKIIMOHUPOBAHKE MCCIIELyeMOro oobekTa, yyi"t < y, < yo'**, v = 1,V — mapamerpuueckue
OrPaHUYCHUS UCCIICYeMOro OOBEKTA.
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6.1.3. 3.2 sran. Ilocmpoenue uucnennoi mooeau CTPyKTypbl Mamepuana 6 yciaousax
HeonpeoeneHHocmu

[TocTpoenne uucIeHHONW MOJENU CTPYKTYphl MaTepuaa B YCIOBUSAX HEONpeAeNEHHOCTU
COCTOMT B MCIOJIb30BaHUU KAYECTBEHHBIX U KOJMYECTBEHHBIX ONMCAHUN MaTepuania, NOJyUYEeHHBIX
IKCTIICPUMEHTAIIBHBIX JIAHHBIX 110 IPUHIUITY “BXOJ-BbIXOA B Tabmuie 1.

[IpeobpazoBanue naopmaru (ICXOIHBIX JaHHBIX B Tabnuue 1):

hy(Y;,i =1,M), h3(Y;,i = 1,M), hy(Y;,i = 1, M) B QyHKIMOHATBHEIH BULT:

h,(Y),h3(Y), hy(Y) ocymecTBisieTcsi MyTeM HCIIOJIB30BAHUS MAaTEMaTHYECKUX METOJIOB
(perpeccuonnoro ananmsa). Micxoausie nannapie Tadnuist 2 chopmuponansl B cucteme MATLAB B
BU/JIE MATPUIIBI:

I'=|Y,H| = i1, Viz, Vis, Viar hiz, iz, hig, 0 =1, M} (6.17)

st kaxaoro Habopa SKCHEPUMEHTAIBHOTO JaHHBIX hy, k = 2,3,4 crpoutcs (yHKIUSA

perpeccuy MeToI0M HauMeHbIHX KBaapaTos min Y. (y; — ¥,)? B cucteme MATLAB. [l 5T0r0
¢dopmupyercst momuHOM Ak, ONIPEIEISIONINNA B3aUMOCBSI3b IAPaMETPOB:

Y = (Viv, Yizo Viz, Yia} v Gynxumn yi, = h(Y;, Ay, k = 2,3, 4.

PesynbraTtom sBisiercss cucrema KodpduumentoB: A, = {Aok, A1k - A4k}, KOTOpBIE
onpeAensoT KodhHUIUEHTHI KBaIPATHUYHOTO MOJTHHOMA!

hi (Y, A) = Aok + A1y + Aoy + AzkYs + AgrYa + Asiy1Y2 + A1V
+AnY1Ya + Asky2Ys + Aory2Ya + ArokysVa + Ariyt + Araiyi
+A13ky'§ + A14—ky4?’ k= 2, 3, 4, (618)

[IporpamMmmHOe o0ecrieueHre MOJIMHOMHUANIBHOM annmpOKCUMAIH C YEThIPbMS IIEpEMEHHBIMU
Y YeTBIPHAILATHIO (paKTOpaMu MpeicTaBiIeHo B [44]. B utore sxcnieprMeHTanbHbIE JaHHBIE TAOIUIIBI
1 mpeoOpasyrorcst cucreMy koddduuuentoB Tpex ¢GyHkuuid Buma (6.18) B Buae TaOmIMIIbI
(ITporpamma: Z Material_ MMTT32_0s13_4k):

A0=[323.8408 954.8634 110.02 21.0051 % Ay (6.19)
-2.2495 28.6719 0.9106 -0.0101  %A;
-3.4938 37.0392 0.6206 -0.8403 %A,
10.7267 -31.0303 -0.4287 -0.4314 %A;,
13.1239 -54.0031 -2.5176 1.1718 %A,
0.0969 -0.9219 -0.0151 0.0166 %As
-0.0621 0.5644 -0.0094 0.0850 %Ag,
-0.1696 0.8966 0.0222 -0.0001 %A,
0.0743 -0.1540 -0.0198 0.0522 %Ag
-0.1042 0.3919 0.0184 0.0003 %Aq
0.0036 -0.0135 -0.0006 0.0006  %A;ok
0.0142 0.0477 -0.0004 -0.0021  %A;1k
0.0117 0.0437 -0.0003 0.0035 %A,
-0.2433 3.8489 0.0390 0.0061 %A 3
-0.5026 3.1748 0.1414 -0.0310]; %A;4k
Rj =[0.6115 0.7149 0.6551 0.9017];
RRj=[0.3740 0.5111 0.4292 0.8130];

Ha ocnoBe  Ao(2) Ao(3) Ao(4) crpositest pyukuuu h,(Y), h;(Y) u hy(Y), KoTOpPHIE C
YYETOM TIONYYeHHBIX KO3 UIueHToB (6.19) SBIAIOTCS UuUCAeHHOU MO0enbl0 CHMPYKMYpbl
Mamepuana é ycioeuax HeonpeoeieHHOCm.

Opt H(Y) = {maxh;(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y5 — 2.20y,
—0.0132y,y, — 0.008y,y; + 0.0193y,y, — 0.0172y,y; + 0.0161y,y,
—0.0006y3y, — 0.0004yZ — 0.0002y% + 0.0335y2 + 0.124y2, (6.20)
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min h,(Y)=954.86 + 28.67y; + 37.03y, — 31.03y; + 54y, — 0.922y,y, — 2y, 3
+0.896y,y, — 0.154y,y5 + 0.3919y,y, — 0.0134y,y, + 0.0478y?
+0.0438y2 + 3.8489y% + 3.1748y7, (6.21)
min h,(Y)=21.004 — 0.0097y; — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y,
+0.085y,y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y,

—0.0022y2 + 0.0035y2 + 0.006y2 — 0.0311y2}, (6.22)
IpU OrpaHuyeHUsIX: ¥ + Y, + Y3 + y, = 100, (6.23)
21<y,<79,5<y,<59,2.1<y5<9.0,2.2 <y, <7.0. (6.24)

MuHHMMaNbHBIE ¥ MaKCHUMallbHble 3HAYCHUS OSKCIECPUMEHTAIBHBIX JaHHBIX Vi, ..., V4
MPEJICTABIICHBI B HIDKHEH 4acTh TaOIuIbl 2. MUHUMABHBIC M MaKCUMAJIbHbIC 3HAYCHHS (yHKIHNA
hi(Y),h3(Y), h,(Y), hy(Y) He3HAUUTETBHO OTIIMYAIOTCS OT SKCIEPUMEHTAIBHBIX JaHHBIX. VIHIEKC
KOppelsiui U K03 PUIIMEHTHI NeTepMUHALIMU TPEICTABICHBl B HIDKHUX CTPOKAaX TaOJUIBI 2.
Pesynbratel perpeccuonHoro anamuza (6.20)-(6.24) B jganbHEWIIeM HCHOJB3YIOTCS IPHU
HEOO0XOIMMOCTH TIOCTPOCHUS O0IIEH MaTeMaTHYeCKON MOJICITH MaTepraa.

6.1.4. 4 sran. [locmpoeHnue acpecupOBaAHHOU MAMEMAMUYECKOU U YUCIEHHOU MoOenu
CMPYKMYPbl MAMeEPUaLa 8 yCiosusx onpeodesieHHoCmu

OObenuHssT MAaTEMAaTHYECKUE MOJICTH CTPYKTYPhl MaTepuaja B YCIOBHIX ONMPEACIEHHOCTH
(6.5)-(6.8) u Heonpeaenéunoctu (6.13)-(6.16) nmpeacraBuM MaTeMaTHYECKYIO MOJCIIb MaTepUaa B
YCIIOBUSIX OMPEICIICHHOCTH U HEOMPECIIEHHOCTA B COBOKYITHOCTH B BHJIC BEKTOPHOH 3aa4u:

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

minI,(Y) = {minh, (Y;, i =1, M)}7, k =1,K*}}, (6.28)

IIPH OTPAHUYIEHUSX
hp™ < hy(Y) < ok = TK,y"™ < y; < y"™,j = TN, (6.29)
rae Y = {y;, j = 1,N} - BeKTOp yIpaBIsieMbIX IPEMEHHBIX (KOHCTPYKTHBHbIX [1APAMETPOB);

Hi(Y) = (e (), k = LK} H, (V) = {he(D), ke = 1K} -

MHOXECTBO (QYHKIMI Max ¥ MiN COOTBETCTBEHHO;

L(Y) = ({h (Y i = TIOY k = TP, L(Y) = ({h (Y, i = TIDY k = LRZ) -
MHOKECTBO MaTpuIl Max u min coorBerctBeHHo; (definiteness), K. K3™¢ (uncertainty)
MHOXKECTBO KPHTEPHEB MaX W MiN chOPMHUPOBAHHBIE B YCJIOBUSAX OMNPEACICHHOCTH U
HEOMpeAeIEHHOCTH;

OOBeuHsST YUCTIEHHBIE MOJICIIM CTPYKTYPBI MaTepHaia B YCIOBUAX onpeaenéHHocTu (6.9)-
(6.11) u Heonpenenéunoctu (6.20)-(6.24) nmpeacTaBUM YUCIOBYIO MOJIENbh MaTepualia B YCIOBUAX
OTIPEICIICHHOCTH ¥ HEOIPEICJICHHOCTH B COBOKYITHOCTH B BHIC BEKTOPHOM 3aJ1a4H:

opt H(Y) = {max H,(X) = {max h,(Y)=323.84 — 2.25y; — 3.49y, + 10.72y,
+13.124y, + 0.0968y,y, — 0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1y,y,

—0.0036y5y, + 0.0143y? + 0.0118y3 — 0.2434y% — 0.5026y2, (6.30)

max h;(Y)=110.22 + 0.7918y; + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y,
—0.008y,y; + 0.0193y,y, — 0.0172y,y; + 0.0161y,y, — 0.0006y5y,
—0.0004y? — 0.0002y2 + 0.0335y2 + 0.124y2}, (6.31)
Min H,(Y) = {min h,(Y)=954.86 + 28.67y; + 37.03y, — 31.03y,
+54y, — 0.922y,y, — 2y;y; + 0.896y,y, — 0.154y,y; + 0.3919y,y, — 0.0134y3y,
+0.0478y2 + 0.0438y2 + 3.8489yZ + 3.1748y2, (6.32)
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+0166y,y, + 0.085y,y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y3y,

—0.0022y? + 0.0035y2 + 0.006y2 — 0.0311y2}}, (6.33)
NIPU OTPaHUYCHUSX: Y1 + Vo + Y3 + Y, = 100, (6.34)
21<y,<79,5<y,<59,2.1<y;<9.0,2.2<y, <7.0. (6.35)

Bekropnast 3amada martematmyeckoro mporpammupoBanus (6.30)-(6.35) mnpencraBuser
YHCJICHHYIO MOJICTh IMPHHATUS ONTHMAJIbHOTO PEIICHUS CTPYKTYpbl MaTepuaia B YCIOBHUSIX
OIIPEJICJIEHHOCTH U HEOIPEIeIEHHOCTH B COBOKYITHOCTH.

6.2. bnok 2. Memooonozusa npouecca RPUHAMUA ORMUMAIbHO20 peuieHus (6vloopa
ONMUMAILHBIX NAPAMEMPO8) CMPYKMypbl Mamepuaia Ha 6aze eexkmopnoi 3aoayu (B3MII)

6.2.1. 5 sran. Pewenue B3MII - molenu cmpykmypvl mamepuaia npu pPaeHO3HAUHbIX
Kpumepusx (peutenue npsamoti 3a0a4u).

Jlns pemieHWss BEKTOPHBIX 3ajad MaTeMaTH4ecKoro mnporpammupoBanus (6.30)-(6.35)
IIPEJCTABICHBI METO/Ibl, OCHOBaHHbIE HAa aKCMOMATHKE M MPUHIUIA ONTUMAIBbHOCTU 1. AJNroputM
MPEICTaBUM B BUJIE PsJia IIATOB.

Hlaz 1. Pemenune 3amaun (6.30)-(6.35) 1o KaxaomMy KpUTEpPHUIO OTIEIbHO, IPU 3TOM
ucnons3yercst pynkims fmincon(...) cucremer MATLAB, obpamienue k ¢ynkuuu fmincon(...)
paccMmotpeHo B [44]. B pesynbTare pacuera 1o KaxaoMy KPUTEPHUIO IMOJy4aeM TOUYKHA ONTUMYyMa: Yy,
u hj, = hi (Y7), k = 1, K, K=4— Benuuunbl KpUTEpUEB B 3TOH TOUKE, T. €. HAWIYYIIEE PEIeHHE O
KaX/10My KPUTEPHUIO:

1. Yy ={y, =46.56,y, = 43.23,y; = 8.0,y, = 2.2}, h] = h,(Yy") = —387.9;
2: Yy ={y; =55.60,y, =34.19,y; = 8.0,y, = 2.2}, h; = hy,(Y;) = 13614,
3:Y; ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(¥Y3) = —210.3;
4:Y; ={y; =36.70,y, = 59.00,y; = 2.1,y, = 2.2}, h;, = hy(Y;) = 30.714.

Orpannuenus (6.34)-(6.35) u Touku ontumyma X;,X;,X3,X; B KoopmuHatax {Xi, X2}
IIpeicTaBJIeHbI Ha puc. 6.1.

Ilaz 2. OnpeienseM HAUXyIIIYIO BETMYMHY KaXKI0T0 KpUTepHs (aHTHonTuMyM): Y u hy =
hy (Yko), k =1, K, K=4. lns gero pemaercs 3aaa4a (6.30)-(6.35) misa kaxnoro kpurepus k = 1, K;
Ha MUHUMYM, JJIs1 K&KI0ro Kputepus k = 1, K, Ha MakcumyM. B pesynbrare pemeHus moixyqanM:
X2 = {x;,j = 1, N} - Touka onTUMyMa MO COOTBETCTBYIoIEeMY kputepuio, k = 1,K; 0 = fi (XP) —

BenuuuHa K-ro kputepus B Touke X2, k = 1, K, (BepXHuii UHIEKC HOTIB):
Y ={y, =31.9,y, =59.0,y; = 2.1,y, = 7.00}, h? = hy(Y?) = 296.6;
Y ={y, =31.9,y, =59.0,y3 = 2.1,y, = 7.},hd = h,(Y,)) = —2458.5;
Yy = {y; = 78.16,y, = 9.02, y; = 8,y, = 4.81},h = h3(Y?) = 169.26;
YL ={y, =62.71,y, = 22.9,y; = 8,y, = 6.39}, hd = h,(Y) = —73.62.
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Set of Pareto on two-measure  plane: x1 - x3

8 T T T T b(o T T T T ]
IN* * 0 0
/ 1 120 /X, Xa X3
f1=323.-2.249 x1-3.49 X’4710.7 X/S+13.1 x4+0.09 x1 X 5
A > Ao A0 A
1= 227307
L | 1
3+23.898*x1 +28.671*x2 -37.03*x 554.003*x -q.9220*x *X 1+..2
> A A\
> A Ag Ay

6 L -
(ap] = N

X O ©

VI

™

x

VI
L o ey *y _ * N |

4 f3— 110. 1.73x20.3713 x32.20x4...
A=A
f4=2 .0038-0.0097*X1-0.84O*x2+ 0.4326*X3+1.1723*x4+0.0166*x1*x +..
3l A= AAy Ay ]
X, =[x=36.70,x =2.1]
1 1 1 1 1 1 1 1

2 s 38
Ky Ko 32 50 55 60 65 70 75 80

4 45
gO < x1<60
x1
Puc. 1. JlonycTuMoe MHOXKECTBO TOUYEK S B KOOPJAUHTAX X1,X3. MHOXECTBO TOUYEK, ONITUMAIbHBIX
no [lapeto, $° S, orpannueno toukamu X1, X5, X3, X5, ¥ J0KanbHOE S MEXITY

X1, X75,X°, X0, X{ B IByXMepHO#i crCcTeMe KOOPAWHAT {X1,X3}.

a2 3. BbINOMHAETCS CUCTEMHBIN aHAJIU3 MHOXXECTBA TOYEK, onTUMalbHbIX 1o [lapeTo. B
tToukax ontumyma Y* = {Y", Y, Y5, Y, } onpenenstorcss BeMTUYUHBI 1IEJIEBBIX (YHKIINN:
k=1,K
*\ * ’
H(Y™) = ||hq(Y) |Q=1_K,
Ha JIOIyCTUMOM MHOXecTBe S: dj, = hj, — h,0(, k = 1,4, u maTpuIia OTHOCUTENBHBIX OIIEHOK: A(Y ™) =

D = (d, d, d3 d,)"- BexTOp OTKIOHEHHMIT IO KaXKIOMY KPUTEPHIO

GO M) = (hi, = h)/d = 191,45 ~1097; 41.09; —42.9]
388.0 1444.2 183.9 68.5 1.0 0.9245 0.3560 0.1197
Hery = |[3820 13614 177.372.1|| . _ 1109367 1.00.1968 0.0363 6.36)

296.6 2458.5 210.4 30.2 0.0 0.0 1.001.011

330.1 2210.9 208.0 30.7 0.3669 0.2257 0.9427 1.0
CucTeMHBI aHQJIW3 BEJIIMYUH KPUTEPUEB B OTHOCUTENIBHBIX OLEHKAX ITOKA3bIBAET, YTO B

toukax ontumyma Y* = { Y], Y;, Y5, Y, } (o nuaronanm) oTHOCHTENbHAsI OIICHKAa paBHA €IWHHUIIC.
OcrtanpHble KPUTEPUH 3HAYUTEIHHO MEHBIIE EAWHUIBL. Tpedyercs HaWTH Takyl TOYKY
(mapameTpbl), TPU KOTOPBIX OTHOCUTENIbHBIE OLICHKH Haubosee 61in3ku k eaunuie. Ha pemenue sto
npoOyeMsl popmMupyercs A-3aaava, mar 4, 5.

Hlaz 4. TlocTtpoeHne A-3a7aud OCYIIECTBIISIETCS B JIBa dTara: IMEPBOHAYAIBHO CTPOUTCS
MaKCUMHHHAs 3371a4a ONTUMHU3ALUHN ¢ HOPMAJTM30BAHHBIMU KPUTEPUIMU:

L’ = maxyesminggA, (Y),G(Y)<0,Y >0, (6.36)

KOTOpass Ha BTOPOM OJTame Mpeodpa3yeTrcs B CTaHIAPTHYIO 3aJady MaTeMaTH4eCKOTO

MporpaMMUpoBaHus (A-3a7a4a):
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A’ = max A, (6.37)
—Ro _po

C OTPaHUYCHHUSAMHU A — &)fl <0, A— MS 0, (6.38)

hi-hy h3—h3

—RO _p0
-tk g g ReDhs (6.39)

hZ_hZ h4_h4

Y1t y2+ y3+ y, = 100, (6.40)
0<A<1, 21<y,<79,55y,<59,21<y,<9.0,2.2<y,<7.0. (6.41)
rIe BEKTOp HEW3BeCTHbIX umeer pasmepHocte N+1: ¥V ={y, .. ,yy A}; dyHkuun

h,(Y),h,(Y),h3(Y),hy(Y) coorBerctByror (6.30)-( 4.35). IloacraBuB 4HCIIOBBIE 3HAYEHUS
obyukiwmii hy (Y), hy(Y), h3(Y), hy(Y), MBI monyduum A-3a1aqy:

}\‘0 = max }\” (6.42)
_ _ " _ 2_ 2_p0
S —— 323.84-2.249y; —3.49 x;*...h00.2434y3 0.5026y4 hls 0, (6.43)
171
- 110.22+0.7918y1+1.73¥i—];.(.)+0.0335y§+0-1243’f‘hg <0, (6.44)
37J3

P 954.8+28.67y1+37y2—h-;- +:68489Y§+3-174SYE—h3 <0, (6.45)

2712

B _ _ 2_ 2_130

5, _ 21200097y, 0.841y2h*...:l-;).006y3 0.0311ys=hs _ (6.46)

4~ Ig
)’1 + yZ + y3 + y4 = 100, (647)
0<A<1, 21<y;<79,5<y,<59,2.1<y;<9.0,2.2<y,<7.0. (6.48)

Hlaz 5. Pemienue A-3a1auu.
Pemrenue A-3amaun. (6.42)-(6.48) ocymectBiusercss obpamienreM K ynkuu fmincon(...),
[44]: [Xo, Lo] = fmincon('Z_TehnSist_4Krit_L', X0, Ao, bo, Aeq, beq, lbo, ubo,
'Z_TehnSist_LConst', options).
B pesynbrare pemenus B3MII (6.30)-(6.35) mnpu paBHO3HAYHBIX KPHUTEPUAX U
COOTBETCTBYIOIICH il A-3amaum (6.42)-(6.48) momyunmu:
X° ={Y° ={y, =43.9,y, = 49.54,y; = 4.348,y, = 2.2,.° = 0.6087}, (6.49)
Touky onTuMyma X, KOTOpas MpeACTaBIsieT KOHCTPYKTUBHBIC MTApaMeTpbl MaTepuaia npu
PaBHO3HAYHBIX KPUTEPHSX (XapaKTEPUCTHKAX, MPEJICTaBICHA HA pUC. 1;
h,(Y°), k = 1, K- BenuuuHBI KpHTEpHEB (XapaKTEPHCTHK CTPYKTYPhI MaTepHana):
{h,(Y°) =364.0,h,(Y?) = 1790.7, h3(Y°) = 194.3,h,(Y°) = 47.5}; (6.50)
A (Y9), k = 1, K- BelTMIMHBI OTHOCHTENBHBIX OIIEHOK
M (Y?) =0.7372,2,(Y°) = 0.6087,A5(Y°) = 0.6087,A,(Y°) = 0.6087}; (6.51)
A°=0.6087 — 3T0 MakCHMaJNbHBIH HUKHUH YPOBEHb CPEIU BCEX OTHOCHUTEIBHBIX OICHOK,
W3MEpPEHHBIN B OTHOCUTEIILHBIX €IMHUIIAX:
A% =min (4,(Y?),1,(Y?),A5(Y?),21,(Y°)) = 0.6087,
A° — Ha3BIBAIOT TAK)KE TapPAaHTUPOBAHHBIM PE3YJIHTATOM B OTHOCUTEIBHBIX CTHHUIIAX.
[apanTHpoBaHHBIA pe3ynbTar A° MmokassiBaet, uto A°=0.6087 1 XapaKTepUCTHKH MaTepraia
B OTHOCHTENbHBIX eauHunax A, (Y°) u COOTBETCTBEHHO XapaKTEPUCTHKH CTPYKTYPHI MaTepHaa
h; (Y?) Henb3st yaydmIuTh, HE YXyALIas TIPH 5TOM JIPyTHe XapaKTEPUCTHKH.
3aMeTHM, YTO B COOTBETCTBHH C TeOpeMoii C 1, B Touke X° kputepuu 2, 3 v 4 IPOTUBOPEUHUBBI.
DTO MPOTUBOPEUHNE ONPEACIACTCS PABEHCTBOM:
A (Y9) =2A3(Y°) = A (Y2) = A° = 0.6087,
a ocTaJIbHbIC KPUTEPUH HEPABEHCTBOM {A,(X?) = 0.7372} > A°.
Teopema 1 city’KUT OCHOBOM 7151 ONIPE/IETICHHS MPABUIIBHOCTH PEILICHHUS] BEKTOPHOM 3a1a4H.
B BekTOpHO# 3a7aue MaTeMaTHYECKOTO MPOTPAMMHPOBAHMS, KaK MPaBUIIO, JUISl JBYX KPUTCPUEB
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BemonHsAeTca paBeHcTBO: A% = A, (V) =2A,(Y°), q,p e K,X €S, (B Hamem mnpumepe Takue
Kputepuu 2, 3, 4), 11 qpyrux KpUTEPUEB ONPEAEIAETCS KaK HEPABEHCTBO.

6.2.2. 6 3Tan. [eomempuueckoii unmepnpemayus pesyiomamos pewierus B3IMII ¢ 4
napamempamu u 4 Kpumepusmu 6 O08YXMepHYI0 cucmemy Koopournam (c 2 napamempamu) 6
OMHOCUMENbHBIX €OUHUYAX.

Jliia reoMeTpuyeckoil uHTepnpeTanus pezynbraroB peuienuss B3MII ¢ 4 napamerpamu u 4
KPUTEPUSIMU B JIByXMEPHYIO CHUCTEMY KOOpIAMHAT (C 2-Ms mHapamMeTpamMM) B OTHOCHTENbHBIX
enuHunax BeeaeM u3MeHeHus. B B3MII (6.30)-(6.35) mapameTpsl y; U Y3 paccMaTpUBAIOTCS Kak
NepeMeHHbIe, MapaMeTpsl Y, U Y, PAaCCMaTPHUBAIOTCS KaK MOCTOSHHBIC. [IpUCBOMM MOCTOSHHBIM
rapaMeTpam pa3MepHOCTb:

vy, = 49.5492,y, = 2.2 B cooTBeTCTBUU ¢ pe3ynbTaroM pemieans B3MIT (6.30)-(6.35) npu
PaBHO3HAYHBIX KPUTEPUSIX, IPEICTABICHHBIX B (6.49).

B urore B3MII (6.30)-(6.35) cTana AByX MEpHOIA.

B pesynbrate pemienuss B3MII (6.30)-(6.35) ¢ 1ByMsl nepeMeHHBIMU Y1 U Y3 (B 0003HAYEHUS
Pe3yJIbTaTOB BBEJIU JIOMOJIHUTENIBHO «0» Y10max) nomyuuiu.

1. KoopauHaThl TOYKH IO IEPBOMY KPHTEPHIO HA MAKCHUMYM:

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

Benuuunsl yeTsipex KpurepreB B Touke Y1lomax:

FYlomax = {fi(Ylomax)=403.6 f,(Ylomax)= 14303 f;(Y1lomax) =190.2
fa(Ylomax) =72.7.

BennunHbI OTHOCUTEIBHBI OLIEHOK KpUTEpUEB B TOUKE X 1omax:

LYlomax = {A;(Y1lomax) =1.1708 A,(Y1lomax) = 0.9372
A;(Y1lomax) =0.5098 A,(Y1lomax) =0.0207. (6.53)

KoopanHaTel TOUKH 10 IEPBOMY KPHUTEPHIO HA MUHUMYM:

Y1lomin ={31.9000 49.5492 2.1000 2.2000}.

Benuuune! mectu kputepreB B Touke Y1lomin:

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

Benu4uHbl OTHOCHTENILHBI OIICHOK KpUTEpHEB B Touke Y1lomin:

LYlomin =(0.0774 0.2290 0.6441 1.1503) (6.54)

2. KoopauHatel TOYKH, (YHKIMH U OTHOCHTEJIBHBIE OLIEHKU 10 BTOPOMY KPHUTEPHIO Ha
MaKCUMYM U MUHUMYM:

Y2omax ={55.6075 49.5492 8.0000 2.2000}.

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

LY20omax ={1.4813 1.1530 0.5268 -0.2467}.

Y2omin ={31.9000 49.5492 2.1000 2.2000).

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

LY2omin ={0.0774 0.2290 0.6441 1.1503}. (6.55)

3. KoopauHaTel TOYKHM, (QYHKIUH ¥ OTHOCHUTEIBHBIE OLEHKH MO TPEThEMY KPUTEPHIO Ha
MaKCUMYM U MUHUMYM:

Y3omax ={31.9000 49.5492 2.1000 2.2000 }.

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

LY3omax ={0.0774 0.2290 0.6441 1.1503}.

Y3omin ={78.1673 49.5492 8.0000 2.2000}.

FY3omin ={512.9622 636.7052 192.3963 111.3139}.

LY3omin ={2.3673 1.6606 0.5629 -0.8782}. (6.56)

4. KoopanHaTsl TOUYKH, (PYHKIIMM U OTHOCHUTENbHBIE OIICHKH II0 YETBEPTOMY KPUTEPHUIO Ha
MaKCUMYM U MUHUMYM:
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Y4omax ={36.7000 49.5492 2.1000 2.2000}. (6.57)
FY4omax ={1.0e+03 * 0.3182 2.1306 0.1964 0.0283}.
LY4omax ={0.2363 0.2989 0.6603 1.0562}.

Y4omin ={62.7123 49.5492 8.0000 2.2000}. (6.58)
FY4omin ={1.0e+03 * 0.4559 1.0129 0.1914 0.0930}.
LY4omin ={1.7432 1.3176 0.5391 -0.4511}. (6.59)

[IpencraBuM B niesiom pe3yiibraThl pemieHuss B3MII ¢ nByms nepeMeHHbIMU TapaMeTpaMu Xq
u x3 (mByxmepHas B3MII):
Y =[Yopt(1,:)={46.5676 43.2324 8.0000 2.2000}, A,(Y1lomax) =0.5;
Yopt(2,:)= {55.6075 34.1925 8.0000 2.2000}, A,(Y20max) =0.6087;
Yopt(3,:)= {31.9000 59.0000 2.1000 7.0000}, A;(Y3omax) = 0.6087;
Yopt(4,:)= {36.7000 59.0000 2.1000 2.2000}A,(Y4omax) = 0.7372;
Yo(1:4)={43.9022 49.5492 4.3486 2.200}, A(Yo) = A° = 0.5196. (6.60)

A-zadacha Vector Optimization four criterion

Lambda

Puc. 6.2. Pemenue A-3a1a4n B TPEXMEPHOM CUCTEME KOOPAMHAT X; X3 (= Y1 V3), A

B momyctuMom MHOKeCTBE TOYEK S, 00pa3oBaHHBIX orpaHudeHusMH (6.47)-(6.48), Touku
omrumyma Y7, Y5, Y, Y, , 0ObeTMHEHHBIX B KOHTYP, TPEICTABISIOT MHOKECTBO TOUEK, ONTUMAIBHBIX
o [Tapero, $°c S, npencrasiensl Ha puc. 6.1. KoopanHaThl 3TUX TOYEK, a TAKXKE XapaKTEPUCTUKU
MaTepuasia B OTHOCUTENbHBIX enuHUIax A (Y),4,(Y),A5(Y), 44(Y) mokaszansr Ha puc. 6.2 B Tpex
MEPHOM IMPOCTPAHCTBE X1 X, U A, I/I€ TPEThSl OCh A - OTHOCUTEJIbHAS OLICHKA.

4.23. 7 oman. Pezynomamer pewenus Bexmopmuoii 3adauu Mamemamuueckozo
IIpoepammuposanus npu pasHO3ZHAYHLIX KPUMEPUAX - NOO20MO6KA UHGOpMayuu Ois NPUHAMUSA
Ppeuwtenuti ¢ npuoOpUmMemom Kpumepus.

B pesynbrare pemenust B3MII npu paBHO3HAUHBIX KPUTEPUSX TOTYYUIH.

PesyabraTsl pemiennst Bekropnoit 3agaun Maremarudeckoro IlporpammupoBanus

(Maremaruueckas moaenb MuxenepHoit CucreMsl - IC) npu paBHO3HAYHBIX KPUTEPHUIX

1. Kpumepuu (xapakmepucmuxu HC), napamempst B TOUKE ONTUMyMa!

Kpurepnii 1: h] = hy(Y]") = —387.9; [Tapamerpsr: Y;* = {y; = 46.56,y, = 43.23,y; = 8.0,y, = 2.2};
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Kpurepnii 2: h5 = h,(Y,) = 1361.4; [lapamerpsr: Y, = {y; = 55.60,y, = 34.19,y; = 8.0,y, = 2.2};
Kpurepnii 3: h; = h3(Y3) = —210.3; [lapamerpsr: Y3 = {y; = 31.90,y, = 59.00,y; = 2.1,y, = 7.0};
Kpurepnii 4: hy = hy(Y,;) = 30.714; Ilapamerpsr: Y, = {y; = 36.70,y, = 59.00,y; = 2.1,y, = 2.2};

2. Kpumepuu (xapaxmepucmuxu HC), napamempsl B TOUKE aHTU ONITUMYMa.:

Kpurepuii 1: h? = h; () = 296.6; Hapamerpsr: Y = {y; = 31.9,y, = 59.0,y; = 2.1,y, = 7.00};

Kputepuii 2: hd = h, (YY) = —2458.5; Iapamerpsr: YL = {y; = 31.9,y, = 59.0,y; = 2.1,y, = 7.};
Kpurepuii 3: hY = h3(Y9) = 169.26; [apamerps: Y = {y; = 78.16,y, = 9.02, y; = 8,y, = 4.81};
Kputepuii 4. h] = hy(Y) = —73.62; Mapametpsr: Y = {y; = 62.71,y, = 22.9,y; = 8,y, = 6.39};

3. Kpumepuu (xapakmepucmuxu HUC) B OTHOCUTEIIbHBIX SIUHHIIAX B Touke Y?:

A°=0.6087 — maxcuMaIbHBIA HIOKHUH YPOBEHb B OTHOCHTEIBHBIX €IMHUIIAX

2, (Y°), k = 1, K- BeIuuMHBI OTHOCHTENILHBIX OLEHOK:

A (Y°) = 0.7372,1,(Y°) = 0.6087,A;(Y°) = 0.6087,1,(Y°) = 0.6087};

Mapamerpel:  X° = {Y°,1°} = {Y° = {x; = 43.9,x, = 49.54,x3 = 4.348,x, = 2.2,1.° =
0.6087}.

4. Kpumepuu (xapakmepucmuxku UC) B GU3N4eCKUX eIUHUIIAX:

h, (Y°), k = 1, K- BennuunbI KpuTepres (XapaKTePHUCTUK) B (PU3HIECKUX eIHHUIAX:

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

5. Hnghopmayus 06 UC B pusnyeckux eIUHMIIAX I TPUHITHS PEHICHUN C IPUOPUTETOM
KpUTEPUS:

1. hy(Y) » max: b = hy(Yy) = —387.9 < hy(Y°) =364.0 < h? = h (YP) = 296.6;

2. hy(Y) > min : hy = h,(Y5) = 1361.4 < h,(Y°) = 1790.7 < hd = h,(Yy) = —2458.5;

3. h3(Y) » max: hi = hy(Ys) = —210.3 < h3(Y°) = 194.3 < hd = hy (YY) = 169.26;

4. hy(Y) » min: h, = hy(Y;) = 30.714 < hy(Y°) = 475 < h) = h,(Y) = —73.62;

4.2.4. 3aknoueHue no pe3yromamam peuieHus 6eKMOPHOU 3a0ayu MamemamuiecKo2o
NPOSPAMMUPOBAHUS NPU PABHOZHAUHBIX KPUMEPUSIX.

Mb1  TpencTaBWIIM  METOJOJIOTHIO PEIICHHS BEKTOPHOM 3a7adyd  MaTEeMaTHYECKOTO
MPOrPaMMUPOBAHUS TIPU PABHOZHAYHBIX KPUTEPHSIX (XapaKTEPUCTHUKAX) HA MPUMepe MHKEHEePHOU
cuctembl - marepuanbl. B mponecce pemenus 3agauu cucteme MATLAB namu mpencraBieHa
reoOMeTpUUYEecKas HMHTEpIIpeTalusi pe3yJIbTaTOB PEIICHHUS B JBYXMEPHOW CHUCTEME KOOpIUHAT.
Pe3ynbrathl pemennsi BEKTOPHOM 3aa9l MAaTEMAaTHIECKOTO TTPOTrPAMMHUPOBAHUS C PABHO3HAYHBIMHU
KPUTEPUSIMU C YETHIPbMsI IEPEMEHHBIMU COBIIA/IAIOT C pe3yJbTaTaMU PEIIEHUS] BEKTOPHOM 3a]1a4M C
JIByMsI TIepeMEHHBIMU. TakuMm 00pa3oMm, HAMHU TOJATOTOBIEHA WH(OpPMAIUs JUIsl UCCIENOBAHUS H
BBIOOpa ONTHMANBFHOTO PEIICHUs MPU MPUOPUTETE TOTO WM WHOTO KpUTEpUs (XapaKTEPUCTUKH)
WH)XKEHEPHOU cucTembl. Ha pemienne 3Toi mpo0iemMbl HarpaBiieHa CIASAYIOIIasi 4acTh paOOTHI.

Yacts 2. Bbifop onTUMaJbHBIX NAapaMeTPOB HHKEHEPHBIX CHCTEM B YCJIOBHAX
Heonpe/IeJIeHHOCTH - C IPHOPUTETOM KPHUTEPHS.

4.3. bnok 3. Ananu3s, cpaenenue pesynomamos pewienus B3IMII npu pasnoznaunvix
KpUmepusx cJ104cHOi UHHCEHEPHOU cuCmeMbl (MOOenu CMPYKMypPbl Mamepuaia) u n0020moeKa
K 6blO0pY ONMUMAIbHBIX NAPAMEMPOE RO NPUOPUMENHOMY KPUMEPUIO.

43.1. 8 sman. Aunanuz u cpasHeHue pe3yILMAMOS peuleHus BeKMOPHOU 3a0auu ¢
PABHO3HAUHBIMU KPUMEPUAMU C YembIPbMSL U 08V ML NePEMEHHbIMU.

CpaBHHM pe3yJIbTaThl PEIICHNUST BEKTOPHOW 33]]a9i MAaTEeMaTHUECKOTO MTPOrPaMMHPOBAHUS C
paBHO3HAYHBIMH KpuTepusmu (6.42)-(6.48) ¢ dYeTBIppbMS TMEPEMEHHBIMH Vq,Y5,V3 H Vi C
pe3ybTaTaMu peIeHus] BEKTOpHOM 3a1aun (6.42)-(6.48) ¢ nBymst mepeMeHHBIMHU Y, U V5.

Pesynbratel pemenus yersipexmeproii B3MIT (6.42)-(6.48) ¢ mepeMeHHBIMU KOOpAUHATAMH
{y1 y2 y3 v4} npencrasnensi B (6.49), (6.50), (6.51), a pe3ynbrarsl penienus nsyxmepaoit B3MII ¢
MePEMEHHBIME KOOPIMHATAMU {Y; Y3} npencTaBieHsl B (6.60).
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PesynbraThl pemieHuss W CpaBHEHHs HMCCICIyEeMbIX 3ajad MpPEICTaBICHBI B TPEXMEPHOH
CUCTEeMe KOOpIUHAT X; X3 (0003HaYeHUs: Yy, Y3) U A Ha puc. 3.

(3ameuanue. Ha pucynkax 1, 2, 3, ...: Bekrop mapametpoB Y = {y;, ... , ¥y, A} 3aMeHeH Ha
X ={xq, ..., x5, A} byHKIUN h,(Y),h,(Y),h3(Y), hy(Y) 3aMEHEHBI Ha byHKIUN
X)), f2(X), f5(X), fo(X) B cOOTBETCTBHHU € TIPOrPAMMHBIM 0OECIICUCHHEM).

Ha puc. 3 npeacraBiieHbl TOYKa ONTUMyMa B KOOPIWHATAX Xq, X3

X°={Y°,\°}={Y° ={x; =43.9,x, = 49.54,x3 = 4.348,x, = 2.2,.° = 0.6087}

u3 (87); 1 OTHOCHUTEIIbHAS OLICHKA!

{AM(Y?) = 0.7372,1,(Y°) = 0.6087,A3(Y°) = 0.6087,7,(Y°) = 0.6087} u3 (6.51) B
TEX )K€ KOOPAWHATAX X{ X3.

A-zadacha Vector Optimization three criterion

1.5 ~ '
20X, F1.1708
A . u .
A ¥ . X, F1-a F1.1530
MOIRT A, X 1.0562 5 ijqy b
Y . X 43.9022 |— = P -
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—
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Puc. 3. Pemenune A-3a1aun B TpEXMEpHOI cucTeMe KOOPAUHAT X1 X3 (= Y1 V3) U A

PaccmotpuM, Hampumep, onTHManbHYR TOYKy X3. DyHkuus A;(X) chopmupoBana u3
¢byHkmu f3(X) ¢ nepeMeHHBIMH KOOPJMHATAMHE {X; X3}, C IOCTOSTHHBIMH KOOpIUHATaMU {X2=49.54,
X4=2.2}, B3sITBIC U3 onTHUMabHOI Toukn X° (6.49). B Touke X5 oTHOcHTenbHas oneHKa Az(X3) =
0.6441 — nokasaHa Ha puc. 3 YepHOU Toukoi. Ho MBI 3HaeM, YTO OTHOCUTENbHAS OIeHKa A3 (X3)
nonmydenHas u3 GyHKIuE f3(X3) Ha TpETheM IIare paBHA eIWHHIE, 0603HAUNM ee Kak A53(X3) = 1
— TI0Ka3aHa Ha pHcC. 3 KpacHOH Toukoil. B nrore:

80-NnepevixX, IPU PaBHOZHAYHBIX KPUTEPHUSIX KOOPIUHATHI TOUEK ONITUMYMA X1, X3

X° ={Y°,\°} ={Y° = {x; = 43.9,x; = 4.348,1.° = 0.6087} - B 1ByXMepHOI

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

YeThIPEXMEPHOH CcHUCTEME COBMAJNAOT (MCHOJIb3Ys MPOrpaMMHbBIE BO3ZMOXKHOCTU CHCTEMBI
MATLAB, nokaxeM uHcIOBbIe 3HaueHUs Touku ontumyma {Y°, 1°} ua puc. 3);

80-6Mopbix, B TOYKE ONTUMyMa X; omnTuMaibHble Bennuuubl kputepueB h,(Yy),k =3 u

otHocutenbhbie onenku Ay (Yy) = 0.6441,k = 3 u A4(Xy) = 1,k = 3 ne cosnadarom.
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Pa3HOCTh MKy OTHOCHTENBHEIMH omeHkaMu A3(X3)=1 m A3(X3) = 0.6441 sBnsercs
ommbkoit A=0.3559 nepexona ot yeTeipexMepHOii (a B o0miem cirydae N-MepHO#) K JBYXMEpHOU
cucTeMe U3MEpeHU. AHaJIOrMYHO Ha pHC. 3 MOKa3aHbl:

Touka X, COOTBETCTBYIOIINE OTHOCUTENBbHBIE OlleHKH A; (X;) = 1.1708, 24 (X)) = 1;

TOYKa X, COOTBETCTBYIOIIME OTHOCHTENbHBIE omeHku A, (X3) = 1.1530, 3(X;) = 1;

TouKa X}, COOTBETCTBYIOIINE OTHOCUTENbHBIE OlleHKH A, (X;) = 1.0562, A4(X;) = 1.

4.3.2. Bvisoo uz auanuza: Hugopmayus 06 Huowcenepnoii Cucmeme 6 ¢usuueckux
eOUHUYAX OJisl NPUHAMUS PeUeHUli C NPUOPUMEMOM KPUMEPU.

Takum o6pazom, TO pe3ylbTaTaM pEUICHHWs BEKTOPHOW 3aJauyd MaTeMaTHYeCKOTro
MIPOrPaMMHPOBAHUS IIPH PABHO3HAYHBIX KPUTEPHUSAX MBI CPOPMYIMPOBATHA HHPOPMALIUIO: IPUHATHS
YIPaABJICHYECKOTO PEIICHUS Ul YIIyUYIICHUS JII0OOT0 KpHUTEpHs (XapaKTePUCTUKUA HH)KEHEPHOU
CHUCTEMBI):

he (V) < Ry (Y°) < b (VO),k = 1,K.

Hngpopmayua 06 UC B pu3nyueckux eIMHHULAX Ul NPUHATHA PELICHUH ¢ IPUOPUTETOM
KpUTEPUSL:

1. hy(Y) » max: hi = hy(Y) = —387.9 < hy(Y°) =364.0 < h) = hy(Y) = 296.6;

2. hy(Y) » min : hy = h,(Y5) = 1361.4 < h,(Y°) = 1790.7 < hd = h,(Yy) = —2458.5;

3. h3(Y) » max: h; = hy(Yy) = —210.3 < h3(Y°) = 194.3 < hd = hy(Y?) = 169.26;

4. hy(Y) » min: h}, = h,(Y;) = 30.714 < h(Y°) = 47.5 < h) = hy (YY) = —73.62;

4.3.3. Iloocomoska K eeomempuueckou UHMePNpemayuy peuerus BeKMOPHOU 3a0adu
8b100pa ONMUMANLHBIX NAPAMEMPOE NO NPUOPUMEMHOMY KPUMEPUIO.

IIpy moAroToBKE reOMETPUYECKOW MHTEpPIpPETAlMU pEIICHHs BEKTOPHOM 3a1auu BblIOOpa
ONITUMAJILHBIX TAPAMETPOB M0 MPHOPUTETHOMY KPUTEPHUIO HCIIONIB3YeM pUC. 3, yaanuB (pyHKIUH B
otHocuTenbHBIX enuHUnax Aq(Y),4,(Y),A3(Y),44(Y) u npeacraBum ero Ha puc. 4. Ha puc. 4
copMHpyeM OTHOCHTEIbHbIE OLIEHKHN ueThipex kputepues: A, (Yy), AA(X:) =1,k = 1,K.

Ha tperbem mare pemenuss B3MII ¢ paBHO3HauHbIMH KpuTepusiMu B (6.36) B TOoukax
ontumyma Y7, Y5, Y3, Y, momy4yeHbl Benn4nHBI BCEX OTHOCUTEIBHBIX OI[CHOK:

L(yy) 1.0000 0.9245 0.3560 0.1197
Lyt = ||F02D||  [0-9367 1.0000 0.1968 0.0363

L(Y3) 0.0 0.01.0000 1.011

L(Y;) 0.3669 0.2257 0.9427 1.0000

[MpencraBum u3 (6.36) BeTMUMHBI OTHOCUTEIBHBIX OIIEHOK B TOUKE ONTUMyMa, Harpumep Yo'

L(Yy) = {0 (¥5) = 0.9367,A,(Y5) = 1.0000,A3(Y5) = 0.1968,2,(Y;) = 0.0363}

Ha puc. 4. Jluneiinas ¢yukuus, coeauHsromas Touku A° = 0.60874 u A5(X;)=1 B
OTHOCHTENIBHBIX EIMHHIAX XapakTepuzyeT QYHKIHIO f,(X) B OTHOCHTENBHBIX €IWHHIAX B
YEeTBIPEXMEPHOM H3MEPEHHH MapaMeTPOB X, ...,X,. JTa JUHEHHas (YHKIMSA MpeICTaBiIseT
TeOMETPUYECKYI0 MHTEpHosuio GyHKImHA f,(X) B oTHOCHTENbHBIX enanHunax u3 N-mepHoro (4-
MEpPHOT0) B IBYXMEPHYIO CHCTEMY KOOPJIWUHAT.
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A-zadacha Vector Optimization.Criterion: L1,L2,L3.L4
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Puc. 4. A-3a71a4a B cucteMe KOOPIUHAT X X3 (= Yy y3) U A. Pesynbrarsl pemenns A, (Y;) =
(V7)) = A3(Ys) = A (Yy) = 1, L(YZ) = (A (Y2), A2 (Y7), A5 (V3), A, (Y2)

AHAJIOTUYHO HCCIENYIOTCS BCe (PYHKIUH (KPUTEPUN) HHKCHEPHON CUCTEMBI.

B nenom Ha puc. 4 B Touke X, mMokazaHa reoMeTpuYecKas (JMHEHHas) MHTEPIIOJIALNS BCEX
GbyHKIUH (KpUTEpHEB):

f1(X) u cooTBeTcTBYIOmAs OTHOCHTENbHAS onerku A4 (X3) = 0.9367;

f>(X) u cooTBeTCTBYIOMAs OTHOCUTENbHAS oneHkH A5 (X5) = 1.0;

f3(X) u cooTBeTCTBYIOMAs OTHOCUTENbHAS onenkn A3(X;) = 0.1968;

f2(X) 1 cooTBeTCTBYIOIIAs OTHOCHTENbHAs oneHKH A5 (X;) = 0.0363.

Ha puc. 4 takxe noka3zaHsl KOOPIUHATHI TOUYKH ONTUMYyMa!

X° ={Y°, A%} ={Y° = {x;(X) = 43.9,x53(Y) = 4.348,),°(Z) = 0.6087}

¥ KOOPJIMHATHI OTHOCHTENBHO# orteHkH A5(X;) = 0.1968:

{Y° = {x,(X) = 55.6075,x3(Y) = 8,13(Z) = 0.1968}.

Pesynbratel pemenns X° u Y° moka3slBaloT, 4TO MaTeMaTHYECKHE PE3YJIBTAThl TIOJHOCTHIO
COBIMAJIAIOT C TEOMETPUYECKUMU.

B nanbHeiiiem ucnonblyeM puc. 4 Kak CTPYKTYypY, Ha KOTOPYIO HajoxeHa WHpopManus
reOMETPUYECKON MHTEpIpEeTalluy PEeIIeHUs] BEKTOPHOW 3a7a4il BEIOOpA ONTHMAIbHBIX ITapaMeTpOB
10 IPUOPUTETHOMY KpHTepuio q €K.

44. bnox 4.KI1. Hccnedosanue, 6vb100p ORMUMATLHBIX RAPAMEMPOE  CIAOHCHOI
UHIICEHEPHOU cucmembl (CIMpPYKmypa mMamepuana) no nepeomy NpuopumemHomy Kpumepuio,
2eomempuyueckan uHmepnpemayua pesyiomamog peuienus B3MII.

B  pasgmene  mpencraBieHO  pelIeHHME  BEKTOPHOM — 3aJadyd  MaTeMaTU4YeCKOTO
IPOrpaMMMPOBAHUS - MOJENU CIOXKHOW HHXKEHEPHOM CHCTEMBbl (CTPYKTYphl Marepuaia) Hpu
3aJJaHHOM Hpuopumeme nepeo2o Kkpumepua Ha 6a3e MHOTOMEPHON MaTEMaTHKH.

IIpoBenen ananmu3 pesynpraToB pemeHus B3MII mpu 3agaHHOM IPHOPUTETE NEPBOIO
KpUTEpHsl W MPEICTABICHA TE€OMETpUYECKas WHTEpIpeTalys pe3yJbTaToB pelleHus Ipu
IIPOEKTUPOBAHUM B TPEXMEPHOI CUCTEME KOOPAUHAT 6 OMHOCUMETbHBIX OUHUUAX .
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[IpencraBinena reoMerpuyeckas MHTEpOpeTanus pe3yabTaToB pemenus B3MIT ¢
IIPUOPUTETOM IIEPBOTO KPUTEPUS INPU IPOEKTUPOBAHWU B TPEXMEPHON CUCTEME KOOpPAMHAT 6
dusuueckux eounuyax.

4.4.1.k1. Pewenue B3MII - mooenu CRLOHNCHOU UHINCEHEPHOU CUCMEMbL (CIMPYKMYpbl
mamepuana) npu 3a0AGHHOM Npuopumeme nepeo2o Kpumepus 6 MHO2OMEPHOU Mamemamuxe.
(pewenue oopamuou 3a0a4u).

JIuioM, NpUHUMAIOLIUM PEIeHHs, KaK MPABUJIO, SBISETCS KOHCTPYKTOP CUCTEMBI.

Illaz 1. Pemienne BEKTOPHOM 3ajjaud MPU PaBHO3HAYHBIX KPUTEPUSAX. AJITOPUTM pPELICHUS
BEKTOPHOM 3aJa4M IpeICTaBlieH Ha Ojokax 2 — 5. UucneHHbIe pe3yJIbTaThl PEIICHUS BEKTOPHOM
3aJauu TIpY paBHO3HAYHBIX KPUTEPHUIX NPECTaBICHbI B pa3aene 4.2.3. 7 aman.

MHOXecTBO To4eK onTHMaIbHEIX o [lapero $°CS, npencraBieHHBIX HA puc.l, HaXOAMUTCS
MEXIy ONTHMalbHbIMU Toukamu X; X1 X3 X3, X3 X2, X5 X591 X{ (Ha pucynkax Bmecto Y
ucnosibdyercss X). Mbl mpoBeAeM aHalu3 MHOXecTBa Touek Ilapero S°cS. [lyis 3Toil menun Mel
COC/IMHUM BCIIOMOTaTebHbIC TOUKH: X153 X5, X7, X3, ¢ Toukoi X °, KOTOpasi yCIOBHO MPE/ICTABISACT
1eHTp MHOKecTBa IlapeTo. B pesysibrare HoJTy4uIn YeThIpe MOIMHOXKECTB Touek X €S¢cS°CS, q =

1,4. IlepBoe moaMHOXeCTBO S$S°SS Bhinenennoe Toukamu X; X% X°XP2, X; xapakrepusyercs
TEM, YTO OTHOCHTENIbHAs OLEHKA A; = A,,A3, 44, TO €cTh B MOJC MEPBOrO KpuTepusi ST mMeer
NPUOPHUTET HaJ[ OCTATbHBIMHE. [10100HO $9 TTOIMHOKECTBA TOUCK $9, 5%, S - XapaKTepU3yeTCs TEM,
YTO, TJI€ BTOPOU, TPETUH U YETBEPTBIA KPUTEPUM UMEET IIPUOPUTET HaJ APYTMMHU COOTBETCTBEHHO.
MHOXECTBO TOUYeK, ONTHMaibHbIX 1O Ilapero, Oymem o6o3Hauath S° = S§7US5US3LS5.
KoopauHaTel BceX MONyd4EeHHBIX TOYEK M OTHOCHUTENbHBIC OLIEHKU IPEJCTAaBICHBI B JIByMEPHOM
npocTpaHcTBe {X; X,} Ha puc. 1. DTH KOOPAWHATHI MMOKa3aHbl B TPEX M3MEPEHHBIX IMPOCTPAHCTBAX
{x1 x, A} Ha puc. 2, T TPEThsI OCh A- OTHOCUTENIbHAS OIICHKA.

Orpanuuenust Habopa Tovek, onTUMaibHBIX 1O [lapero, Ha puc. 2 oH cHmwkeH jgo -0,5. Orta
nHGOPMAIIUS TAKKE SIBIISIETCS OCHOBOM TS TATBHEHINIET0 UCCIIEIOBAHMS CTPYKTYPhI MHOXKecTBa [lapeTo.
JIuno, nmprHUMAarOIIee pelleH s, KaK MPaBUIIO, SBIISIETCS pa3padOTUNKOM HHKEHEPHON CHCTEMBI.

Ecmu  pe3ynbTaThl pemieHHs BEKTOPHOM 3a/ladd C PAaBHO3ZHAYHBIMHA KPUTEPUSMHU HE
YIOBJIETBOPSIOT ~ JIMIIO, [pPUHUMAIOIIEE pelleHHe, TO BBHIOOP ONTUMAJIBHOTO  PELICHHUs
OCYIIIECTBIISCTCS U3 KaKOro-Iu00 MOJAMHOXKECTBA TOUYek S9,S5%,53,5%. DTH MOAMHOXKECTBA TOYCK
IMapero moka3ans! Ha puc. | Haamucsio B Buae Gyukwmii f; (X), f,(X), f3(X), f(X).

B naHHOM paszese uccleyerest OAMHOKECTBO TOUYEK C IPHOPUTETOM MIEPBOTO KPUTEPHUS S9.

Ilaz 2. BeiGop npuoputeTHoro kpurepus q € K.

W3 Teopum H3BECTHO, YTO B ONTUMalbHOM TOuke X Bcerma mMmeercss JBa HamOoiee
POTUBOPEUUBBIX Kputepus, q € K m p € K, and KOTOpPBIX B OTHOCHUTENBHBIX €AMHHUIAX
BBITIOJTHSETCS] TOYHOE PABEHCTBO:

A% = ?\q(X") = ?\p(XO), q,p €EK XeS,

a JUTSt OCTAJIbHBIX BBITTOJTHSIETCS HEPABEHCTBA:

A < M(X°),VEEK, q#p + k.

B monenu marepuana (68)-(72) u coorBeTcTBYIOMIEH A-3a1auu (81)-(86) TakKuMU KpUTEPUSIMH
ABISAIOTCSA BTOPOM w Tpetwid: A% = A,(X°) = A3(X°)= 0.6087, T.e. BBINONHACTCS YHCIOBas
CUMMETPHSL.

Kak npaBuio, u3 31oii mapsl A° = A,(X?) = A3(X°)= 0.6087 nmpoTHBOPEUNBLIX KPUTEPUEB
BbIOMpaeTcst kpurtepuid, koTtopbid JI[IP xorem Obl ymyummth. Takolh Kputepuil Has3bIBaeTcCs
«TIPHOPUTETHBIM KpUTEpUeM», 0003HaunM ero ¢ = 3 € K. B naHHOM pazferne uccienyercs nepBbli
kpurtepuit (bynkumsi) g = 1 € K.

Buibop npuopumemmnozo kpumepu::

Ha nucnneii Bergaercst oo1ast uHGopManus Ui IPUHATHS pelleHHH:
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Kpurepun B Touke ontumyma X °: FX0 =363.968 1790.681 194.2795 47.5045. (6.61)
OtHocurenbHbie orielkn B X°: LX0 =0.73718 0.60874 0.60874 0.60874. (6.62)
Aurunontumym: Y = {y; = 31.9,y, = 59,y; = 2.1,y, = 7.0}, h) = h,(Y?) = 296.6.
BBIBO/: Kpurepuu 1, 2, 3 Haubosnee NpoTUBOPEUMBHI, U3 HUX BBIOMpaeM NPUOPUTETHBIN. B
JTAHHOM pasziesie uccieayeTcs nepsoiil kpurepuit (Gynkmust) g = 1 € K.
Ha nucnieit Beraaercst cooOlieHue:
g=input('Beenute npuoputeTHBIN KpuTepHii (Homep) q=") — Beeau kpumepuii q=1.
Hlaz 3. OnpeaenstoTcsl YUCIOBbIE Mpeebl U3MEHEHUsT BEJMUMHBI IPHOPUTETa KPUTEPHUs
q = 1€K. Jlna npuopuretHoro kputepus ¢ = 1€ K onpenensrorcs U3MEHEHUS YHCIOBBIX MTPEJIEIOB
B HaTypaJIbHBIX €JMHHUIAX IIPH Hepexo/e u3 Touku ontumyma X © (6.49) B Touky Xy =, HOJTy4eHHYIO
Ha riepBoM Imare. J[anusie 0 kputepun =1 BBIIAIOTCS HA DKPaH:
fq(X°) = 363.9686< f,(X) <387.9904 = f,(X;),q € K. (6.63)
B oTHOCHTENBHBIX €MHUIIAX KPUTEPUH (=3 H3MEHSETCS B CICIYIOIINX MPEIeiax:
A4(X°) = 0.6087< 2,(X)<1 = 2,(X;),q =3 €K.
DT IaHHbIE aHATU3UPYETCS.
IIaz 4. Beibop Benuuuubl npuoputeTHoro kpurepus gekK. (Decision-making).
Ha cooGiienue: «BBeanTe BeMUMHY MPUOPUTETHOTO Kputepus fg=» - BBOIUM, Hampumep,
fq=375.
Hlaz 5. Boruucnsemces omnocumenvbHas oyeHKkda.
Jlns  BBIOpaHHOM  BENMYMHBI  NPUOPUTETHOTO  Kputepus f, = 375  BBIMHUCIAETCA
oTHocuTebHas oueHka LgXq:
3\ = fa—13 _ _ 375-2966
T fi-19 387.9904—-296.6
KOTOpasi IpH Iepexoie 0T ToYKU X © K Touke X NEKUT B Npejienax:
0.6087 = A3(X°)<A;3 =0.8579<2A;3(X3) = 1,q€K, (6.64)
Ilaz 6. Berancaum ko3 GUITMEHT IMHEHHON anpOKCUMAIIUN
I[Ipennonaras TMHEHHBIA XapakTep u3MeHeHus Kputepus fq (X) B (6.63) n COOTBETCTBEHHO
OTHOCHUTENILHOM OLEHKHU A, B (6.64), ncnionb3ys cTaHAapTHBIE NPUEMBI JIMHEHHOH annpoKCHMAalluH,

= 0.8579,

BBIYUCIIMM KOI(Q(PUIHEHT MPONOPIHOHAIBHOCTH MeXKTY Ay (X°), A4, KOTOpBIi Haz0BEM p!

Ag=2Aq(X®) _ 0.7489-0.6087 _
B Ag(X)—Aq(X°) ~ 1-0.6087 0.4592,q = 3 €K. (6.65)

Illaz 7. Berucium KOOPAMHATEI TOYKHU IIPUOPHTETA KPUTEPUEB C PA3MEPHOCTRIO f.

[Ipennonaras nuHEiHHBIH Xapaktep wu3MeHeHUss Bekrtopa X7 ={x; x, x3 x,},q =3
OIIpeIEIMM KOOPAUHATHI ISl TOUKH C fy = 375 ¢ OTHOCHTENbHOM oneHKoii (80):

X Zo7a = (1 = XO(1) + p(Xg (1) = X°(1)),

x, = X°2) + p(X;(2) - X°(2)),

x; = X°(3) + p(X;(3) - X°(3)),

X, = XO(4) + p (X;(4) = X°(®)}, (6.66)
rac XO = {xl = 43.9, Xy = 4‘9.54, X3 = 4.34‘8, X4 = 2.2},
X; = {x, = 46.56,x, = 43.23,,x3 = 8.0,x, = 2.2}.
Kaxk PE3yJbTaT PCIICHUA MbI ITIOJIYUUJIM TOUYKY OINITUMYMa C 3aIaHHBIM ITPUOPUTETOM IICPBOI'O

KPUTEPHUS C KOOpAUHATAMU:

X1 = {x; = 45.1262,x, = 46.6484,x; = 6.0254,x, = 2.2000}. (6.67)
gz 8. BeiuuciieHuE TIIABHBIX HOKa3aTeyel Touku X 4.
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JInst monmy4eHHOM Touku X 9, BBIYUCITUM:
BCe KPUTEPUH B HATYpanbHEIX eaununax fi,(X9) = {f, (X9),k = 1,K},
fXD) ={f1(X?) = 376.6, f,(X1) = 16184, f3(X?) = 189.3,f,(X?) = 57.3}; (6.68)
BCE OTHOCHUTENIbHBIC OLICHKU KPUTEPUEB!
W =09 k=1FK 0y = kXD, _ T
={A,,k=1K} (X = o Jk=1K:
A (XT) = {1 (X9) = 0.8759,1,(X9) = 0.7657,15(X?) = 0.4868,1,(X?) = 0.3815}; (6.69)
MHUHHAMAJIbHAs OTHOCHTENbHAS OlleHKa: minA(X?) = rkneilr{l(kk (X1)) = 0.3815.
P9 = [p} = 1.0000,p = 1.1438,p} = 1.7991,p; = 2.2956];
BekTop npuopureros P4(X) = {p! = ZE;Z; Jk=1,K}:
A (X9) * P9 = {pl « 1,(X9) = 0.8759, p3* A,(X?) = 0.8759, pi =« 1;(X9) = 0.8759,
px * A, (X7) = 0.8759}
MUHHMaJIbHAs OTHOCHUTENIbHAS OI[CHKA!
2°° = min(p3hy (X9), p3ro (X9, P33 (X9), P3Aa(X D)) = 0.7244
Awnanornyno apyrue Touku u3 obnactu [apero X? = {A?, Xf}e $° MoryT ObITh MOJIyYEHBI.
4.4.2K1. Anamuz pezyiomamoé pewienus SBeKMOPHOU  3A0ayu  MAMeMAmMu4ecKo2o
NPOCPAMMUPOBAHUS - MOOENU UHICEHEPHOU CUCeMbl NpU 3A0AHHOM Hnpuopumeme nepeoco
Kpumepusi.
Paccunrannas B (6.68) BenuunHa nepBoro KputepHs MpH 3aJaHHOM npuopuTere fq (X7) =
376.6,q = 1eK,qeK o6braHO He paBHa 3amaHHOM f;, = 375. Ommubka BeIOOpa Af, = |f5(X7) —
fql =1376.6 — 375] = 1.6 onpenensercs ommOKoH TMHEHHON anmpokcumanun: Afyq, = 0.05%.

Ecmu ommbka Af, = |fq(X7) — f4| = [376.6 — 375| = 1.6, usmepeHHas B HaTypajJbHbIX

A
€AMHUIAX WA B MPOLEHTaX qu% = %* 100 = 0.05%, OGonpuie 3amanHOM Af, qu > Af, 1O
q

nepexoauM K mary 2, eciu Af, < Af, To BeIMUCIIEHUs 3aBepinarotcs. Koney.

B mporiecce MoienupoBaHusl MOTYT ObITh U3MEHEHBI apameTpuyeckue orpanndeHus (6.38)
U (QyHKIUH, T. €. TOJIy4eHO HEKOTOPOE MHOXKECTBO ONTHUMAJbHBIX petieHuid. M3 3Toro MHOXecTBa
ONTHMAJIbHBIX PEIIEHUI BHIOMpAaEM OKOHUYATENbHBINH BapHaHT (Mpoliecc MPUHATHS pelieHuit). B
HalleM NIPUMEPE OKOHUYATENIbHBII BApUAHT BKJIIOYAET TapaMETpPhI:

X ={X°2° = {X° = {x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2}, 1° = 0.6087};
(6.70)

IapaMeTpsl CTPYKTYpPbI MaTepralla Ipy 3aJaHHOM IIPUOPUTETE KPUTEPHS:

g=1: X9 = {x; = 45.1262,x, = 46.6484,x3 = 6.0254,x, = 2.2000}.

4.4.3.K1. leomempuueckas unmepnpemayus pe3yIomamos peuieHus 6eKmOpPHOU 3a0adu
8b100pa ONMUMATLHBIX NAPAMEMPOE NO NEPEBOMY NPUOPUMEMHOMY KPUMEPUIO 8 ONMHOCUMEIbHBIX
eouHuuax.

Jlyig reoMeTpUYeCcKO HMHTEpIpEeTali pe3yIbTaTOB PEIleHUs BEKTOPHOW 3anayu BbIOOpa
ONTHMAJIbHBIX IAPAMETPOB PELIEHUSI BEKTOPHOU 3aJauu 110 IEPBOMY NIPUOPUTETHOMY KPUTEPUIO B
OTHOCHTEJIbHBIX eUHUIAX chopmupyem puc. Sk1.

AmnanornyHo puc. 4, copMupyeM OTHOCUTEIbHBIE OLEHKH UYETHIPEX KPUTEPHUEB B TOUKE
omtumyma Yy A (Vi) k =1,K (uepmsiit nser) u A4(X;) =1,k =1,K (xpacHsli 1BeT) U
npencraBuM ux puc. Sk1.
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A-3apaya BektopHasa ontummsauma: L1(X),L2(X), L3(X),L4(X). MawyHuH HO.K.

X.(X.)=1.1708

W Fyer A (X])=1.0862 RN
Tl LR = AR BLELA X, =1
- A = A b 2
1 -~ .{LLXfl =1 )‘1 (X J)?ﬂ._&?gﬂﬁ »T._E__Lx,-- 351:.5‘24[51
0.8 .o ‘;::x .t:'-'j---._-f’ﬂﬁ
(06441 = - -
44 S .0 AL(% [7)=0.76574
0.6 . A, (X [+)=0.48683
A-(% | =0.38154 ) 2(x ")=0j35605
3 0.4~ <) 3
£
j- .'h
T 0.2 A X, 011974
D —
0.2
0.4 21—
T— S T
0.6 % \\\ X
3 ¥ 4
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50 4
x1 60 %3

Puc. 5k1. A-3a1a4a B cucTeMe KOOPAMHAT X1 X3 (= Y1 V3) U A.

Pesympratel pemenus: Ax(X;) =1,k = 1,K; oTHOCHTENbHBIE OIEHKH C HPHOPHTETOM
IEPBOrO KPUTEPHS B TOUKE ONTHMYMA Xg—1: Ay (X q=1)» k=1K.

Ha tperbem mare pemenuss B3MII ¢ paBHO3HauHbIMH KpuTepusmMu B (6.36) B Toukax
ontumymMma Yy, Y5, Y3, Y, momy4eHbl BeTMUMHBI BCEX OTHOCUTEIBHBIX OIICHOK:

L(Yy) 1.0000 0.9245 0.3560 0.1197
L(Y)|| _ [/0.9367 1.0000 0.1968 0.0363
LOHOI || 0.0 0.0 1.0000 1.011

L(Y,) 0.3669 0.2257 0.9427 1.0000

Ha puc. 5k1 A, (¥;) = 1.0000 o6o3nagena xak A5(X;)=1.

JIuneitnas dynknus, coemuHsromas Toukn A° = 0.60874 u A5(X;)=1 B OoTHOCHTENBHEIX
eIMHUIIAX XapakTepusyeT QyHKOuIO f;(X) B OTHOCUTENBHBIX EIWHUIAX B YETHIPEXMEPHOM
U3MEPEHUU MapaMeTpoOB Xq, .., X4. OTa JMHEHHass (QyHKIUS MpencTaBisieT TeOMETPUYECKYIO
uaTepnosimuio  yakuuit f;(X) B oTHOcWTenbHBIX eauHMIAX W3 N-mepHOro (4-mepHoOro) B
JIBYXMEPHYIO CHCTEMY KOOPJHMHAT. AHAJIOTUYHO UCCIEAYIOTCS Bce QyHKIMU (KpuTepun). B memom
Ha puc. 5k1 B Touke X; moOKazaHa reoMeTpuueckas (JIMHEHHAS) MHTEPIONAIUS BCeX (GYHKIUI
(xputepueB):

f1(X) u cooTBeTCTBYIOMmAs OTHOCHTENbHAS orenku A4 (X;) = 1.0;

f>(X) u cooTBeTCTBYIOMAs OTHOCUTENbHAS oneHkH A5 (X;) = 0.92451;

f3(X) u cooTBeTCTBYIOMmAs OTHOCUTENbHAS onenkn A5(X;) = 0.35605;

f2(X) 1 cooTBeTCTBYIOIIAs OTHOCHTENbHAs omenHkn A4 (X;) = 0.11974.

L(Y") =
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OTHOCHUTEBHBIE OLUEHKU C NPHOPUTETOM IIEPBOrO KPHTEPUS B TOYKE ONTUMYMa Xg—q
0

Ae(Xqer) = % k=T,K: A (Xgmt) = D1 (Xger) = 0.87586, 1, (Xgoy) =

0.76574, A3(Xq=1) = 0.48683,A,(X,=1) = 0.38154};

PesynbraThl pelleHHs IOKa3blBalOT, 4YTO MAaTEMaTHYECKUE PEe3yJbTaThl MOJHOCTBIO
COBIAJIAIOT C TEOMETPUYECKIMHU.

4.4.4.kl. 'eomempuueckas unmepnpemayus pe3yiomamos pewenuss B3MII ¢ npuopumemom
nepeoeo Kpumepus — MoOenu CMpPYKmypbl Mamepuaia npu NpoeKmuposaHuu 6 mpexmepHou
cucmeme KOopouHam 6 Qpunuueckux eOuHuuax.

Hcxonnoit mHpoOpManueil Uis Te€OMETPHUECKOW HHTEPIpETalluu Ppe3yJbTaTOB PEIICHUS
BekTopHO# 3anaun (B3MII) ¢ mpuoputeToM nepBOro KpUTEpHs SBISIOTCS:

napaMeTpbl TOYKU ONTHMYyMa IPH PABHO3HAYHBIX KPUTEPHUSX:

X° ={X°A°}={Y° ={x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2}, .° = 0.6087},
pacCUMTAHHON Ha IATOM IIare aropuTMa B JIByXMEPHOM CUCTEME KOOPJUHAT X4, X, (cM. Puc. 1) u
MIPEJICTaBIICHHOMN B TPEXMEPHOM CUCTEME KOOPAMHAT X1, X, M A B OTHOCUTEJIHHBIX €IMHHUIIAX HA PHC.
2, 3, 4 npu IpOEKTUPOBAHUU.

Hccnenyem u mpenctaBUM MapameTpbl HOCIEIOBATENBHO IS KaXKJIOW XapaKTepUCTHKHU
ctpykTypsl Matepuana (kputepus): f;(X), f,(X), f3(X), fo(X) B gpuzuuecxkux eounuyax.

1. I'eomempuueckan unmepnpemayusa pezyiovmamoe peuienus BIMII ¢ npuopumemom
nepeoeo kpumepusi — nepeoii xapakmepucmuku f;(X) npu npoexmuposanuu 6 gusuueckux
eOUHUYAX.

Ha Puc. 6.kl wuccnenosanbl: Touku ontumyma Xj, Xg—q, C COOTBETCTBYIOUIMMH
OTHOCHTEILHBIMHA OLEHKaMHU A1 (X1) A1 (X4=1), a Taroke nuHeHHbIE QyHKIMH A%y (Xq=1) — XD
A° B OTHOCHUTENBHBIX €IMHUIIAX, KOTOpbIe XapakTepusyeT (yHkuuio f;(X) B 4eTbIpexXMepHOM
W3MEPEHUH MapaMETPOB X4, ..., Xg4.

IlepBass xapakTepucTHKa CTPYKTypbl Matepuana h;(X) (6.30) chopmuposana B 4.1.4:
max h,(X)=323.84 — 2.25y, — 3.49y, + 10.72y; + 13.124y, + 0.0968y,y, — 0.062y,y; —
0.169y,y, + 0.0743y,y; — 0.1y,y, — 0.0036y5y, + 0.0143y? + 0.0118y3 — 0.2434y% —
0.5026y2,

[MpencraBiuM reoMeTpHIECcKyto UHTeprnperanuio GyHkuuu hy (V) B GU3HIECKUX eUHUIAX C
MepEeMEHHBIMHI KOOPAMHATAMH {Y; Y3} ¥ C TIOCTOSIHHBIMU KoopauHatamu {y, = 49.54,y, = 2.2} Ha
puc. 6k1.

KoopaunaTsl TOUkH U GYHKIHS TIEPBOTO KPUTEPHUS HA MAKCHMYM:

Yy ={y, = 46.56,y, = 43.23,y; =8.0,y, = 2.2},h] = hy(Y") = —387.9 npu pacuere
10 YeThIpeM NepeMeHHbIM. Ha pucynke o6o3Hauena kak f{*(X;) = —387.9;

Y ={y; = 46.5676,y; = 8.0} (na puc. 6k1 o6o3naueHa kak X;). B 1ByxmepHoii cucreme
KOOpAMHAT Yy,Y3; BelnuuuHa 1eneBod (yHkuun paBua hi=f;(X;) = 403.6. (UepHsiii user). B
cucteme MANLAB o603naueHo kak h;=Z=402.666.

KoopanHaTel TOUKH U GYHKIHS IEPBOTO KPUTEPUS HA MUHUMYM:

B touke X = {x; = 31.9,x; = 2.1} Benuuuna nenesoit pynxmuu FL=f; (X?) = 303.66.

BenmumHa 1ieneBoii GyHKINM B 4eThIpeXMepHoii cucTeMe koopauHart fi(X2) = 296.59.

KoopauHaTel TOUKH U GYHKIMS IEPBOTO KPUTEPHS MPU PABHO3HAYHBIX KPUTEPHUSX:

Koopaunars: Toukn X° = {x; = 43.9,x; = 4.348}. Benuunna nenesoii pyukuuu f; (X°) =
363.96.
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Function f1(X)->max in Vector Optimization. MawyHuH FO.K.

~ -

X 46
Y 8.1 X

| Z 402.666 |fi(X ;)=403.6066
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Puc. 6k1. ®yukuust f; (X) ¢ mpruOpUTETOM IIEPBOTO KPUTEPHUS B ABYXMEPHOU CHCTEME KOOPIUHAT
X1 X3 ¥ reoMerpuyeckasi uHteprperamus GyHkuun f; (X) B cucTeMe KOOPAUHAT X1 X, X3 X4

OtHOCHTENbHAS OLECHKA C MPUOPUTETOM IIEPBOTO KPUTEPUS B TOYKE ONTHMyMa Xg_q:
0
(=) = Bt
1 1
NPUOPUTETOM B TOUKE ONTUMYyMa X,—; paBHa f; (qul) = 376.64 Onu3ka K 3aJaHHON f; (qul) =
375 (ITokazana prOIETOBBIM IIBETOM).

JIuneitnas dynknus, coemuHsomas Touku f;(X°) m fL(X]) B dusmuecknx emuHMIAX
xapaktepusyeT QyHkuuo f; (X) B 4eThIpeXMEPHOM U3MEPEHHUH MAPAMETPOB X1, ..., Xy4.

A B memom otpeskn  fL(X7) -f1(X°)- fA(XP) mnpencraBafioT reoMeTpUUECKYIO
uHTepnpeTanuio GyHKIHH f; (X) B 4eTHIpEXMEPHOM U3MEPEHUU TTAPAMETPOB X, ..., Xy4.

2. T'eomempuueckaa unmepnpemayus pesyniomamoe peuwienus B3MII — emopoit
xapaxkmepucmuku f,(X) ¢ npuopumemom nepso2o Kpumepusi - CMpYKmMypvl MAmepuailda npu
NPOEKMUPOBAHUYU 8 PUUUECKUX eOUHUYAX.

Ha Puc. 7.kl wuccrnemoBanbl: TOYKM omnTuMyma X, qul, C COOTBETCTBYIOIIMMH

= 0.87586. B ¢usnueckux enuHUIAX BEIMYMHA TEPBOTO KPUTEpUS C

OTHOCHTEILHBIMH OLEHKaMU A, (X3) A, (X,4=1), a Takke nuHelHbIe QyHKImm 1°A, (qul) — 25(X3)
A° B OTHOCHTENBHBIX €AMHUIIAX, KOTOpBIE XapakTepusyeT (yHKuuio f,(X) B 4eThIpeXMEepHOM
U3MEPEHUH MapaMeTPOB X4, ..., Xg4.

Bropas xapakrepucTika CTpyKTypbl MaTepuaina h, (X) (6.32) chopmuposana B 4.1.4:

min f,(X)=795.72 +23.89x;+30.866x, -25.8586x; -45.0026x, -0.7683x,x, +0.4703x;x3
+0.7472x,x,-0.1283x,x5+0.3266x,x,-0.0112x5x,+0.0398x7+0.0365x5 +3.2x5+2.6457x7.

[pencTaBUM reOMETPUYECKY IO HHTEpIpeTauio GyHKIuio h, (X) B pu3ndecKux eaNHUAIAX C
MEPEMEHHBIMI KOOPJWHATAMU {X; X3} ¥ C MOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3ATBIC M3 ONTUMabHOM ToukH Y (6.49) Ha puc. 7.K1.

KoopanHats! TOYKH ¥ QYHKIHSI BTOPOTO KPUTEPHSI HA ONTHMYM (MHHHMYM):

Yy ={y; =55.60,y, = 34.19,y; = 8.0,y, = 2.2}, h; = h,(X;) = 13614

IIpH pacyeTe Mo YeThIpeM nepeMeHHbIM. Ha pucyHke 0603HadeHa Kak f4(X;) = 1361.41.

B cucreme MATLAB o603naueno kak h;=2=1361.42.
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Y; ={x; =55.6,x3 = 8.0} (ua puc. 7kl o6o3nauena kak X,). B mByxmepHoii cucreme
KOOPJMHAT Y4, Y3 Belnu4nHa 1eieBoi Gpynkuun paBua hs=f,(X;) = 1193.56. (UepHsiii user).

Koopaunatsl Toukd MuHuMyMa (Hauxyee penenue — MakCHMAajibHOE) B TOUKe Xy =
{x; = 31.9,x; = 2.1} BenuuuHa neseBoit pynxiuu FY=f,(X2) = 2207.2.

Benuunna 1eeBoii DyHKIMK B 4eTHIpEXMEPHOil cicTeMe KoopauHar f5 (X3) = 2458.5.

KoopauHaTsl TOUKH U (QYHKIUS BTOPOTO KPUTEPHS MPH PABHO3HAYHBIX KPUTEPHSIX:

Koopauuarst Touku X° = {x; = 43.9, x; = 4.348}. Bennuuna uenesoit pyukiwn f, (X°)
1790.68.

OTHOCHTENbHAS OLIEHKA C TIPUOPUTETOM TIEPBOTO KPUTEPHUS B TOYKE ONTUMYMA X1 BTOPOTO
fZ(Xq=1)_f20
fi-1fs
KPUTEPUs C NPUOPMTETOM B TOYKE ONTUMyMma X,—; paBHa f, (X q=1) = 1618.43. (Iloka3ana

(UOTETOBBIM IIBETOM).

KpUTEPUA: 7\2(Xq=1) = = (0.76574. B ¢usnveckux eIUHHIAX BEIMYMHA MEPBOTO

Function f2(X)->min in Vector Optimization. MawyHuH H.K.

2500 =% 2)=2458.5484
f L:J 0\=3307.2591
2 st T, B
2000 —
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e X 55.6075
Y 8
1500 Z 1361.42
(X | }=1361.4174
193_565
& 1000 H
500 -
X_{)
0 - |
- = = = .
Xa)(d' X g B
-500
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Puc. 7.k1. ®ynukius f,(X) ¢ mpUOPUTETOM MEPBOTO KPUTEPHSI B IBYXMEPHOI CHCTEME KOOPIMHAT
X1 X3, TeOMeTpuueckas uateprnperanus GQyHkuun f,(X) - KOOpAMHATBL X; Xy X3 X4

Jluneiinas QyHKUMA, coemuHsOmas Touku f5(X°) u fA(X;) B (U3MUecKMX eIMHMIAX
xapakTepusyer GyHKIHIO f>(X) B 4ETBIpEXMEPHOM M3MEPEHUH MapaMEeTPOB Xi, ..., X4. A B IIEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBagroT reoMeTpUYECKYI0 HHTEPIONAIMIO QYHKIHH f5 (X)
B YETHIPEXMEPHOM U3MEPEHUHU MTAPAMETPOB X, ..., Xg4.

3. I'eomempuueckaa unmepnpemayusn pezyabvmamos peutenus B3MII — mpemoeit
xapaxmepucmuru fz(X) ¢ npuopumemom nepgoco Kpumepus - CmMpyKmypvl Mamepuaia npu
npoexmuposanuu 6 usuueckux eounuyax. Ha Puc. 8.K1 uccnenopanbl: Touku ontumyma X3, Xg-1,
C COOTBETCTBYIOIIMMH OTHOCHTEILHBIMH OlIEHKaMu A3 (X3) A3(X;-1), a Takke JTMHEHHBIE QyHKIMN
A%A3 (X q=1) — 25(X3) A° B OTHOCHTENBHBIX EIMHHUIIAX, KOTOPBIE XapakTepusyeT GyHKIuio f3(X) B
YETHIPEXMEPHOM U3MEPEHHUH TTAPAMETPOB X1, ..., Xy4.

Tpethst XapakTepucTHKa CTPYKTYpbI Matepuana h;(X) (6.31) chopmuposana B 4.1.4:
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max h;(Y)=110.22 + 0.7918y, + 1.73y, — 0.3713y; — 2.20y, — 0.0132y,y, —
0.008y;y; + 0.0193y;y, — 0.0172y,y; + 0.0161y,y, — 0.0006y5y, — 0.0004y? —
0.0002y2 + 0.0335y% + 0.124y2}.

I[IpeacTaBuM reOMETPHUIECKY 0 HHTeprnpeTaiuio GyHKimn h;(X) B hu3nuecknx equHUIEAxX ¢
MEPEMEHHBIMH KOOPJIMHATAMHU {X; X3} U C MOCTOSIHHBIMH KOOpAuHaTamu y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANbHOM Touku Y (6.49) Ha puc. 8.K1.

KoopauHaTs! TOUku U QYHKIUS TPETHETO KPUTEPHUSI HA MAKCHMYM:

Y; ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(Y5) = —210.35 npu pacuere
10 yeThIpeM nepemenHsM. Ha puc. 8.k1 o6o3nadena kak f£(X;) = —210.35

Y: ={x; =31.9,x3 = 2.1} (na puc. 8kl obo3HaueHa kak X3). B aByxmepHO# cucreme
KOOpAMHAT Y,V BEJIMYMHA MeaeBoi (GyHKuMU paBHa h3=f3(X3) = 195.73. (YepHslii 1Ber)
Bennuuna neneBoit pynkiun F;= 210.3.

Koopaunatel Toukn MunumyMma X9 = {x; = 78.16,x; = 8.0} (na puc. 8.kl. Benruuuna
nenesoit pynkuu f2=169.26.

Koopaunatel TOYkM M (DYyHKIMS BTOPOTO KPUTEPHs MPH PABHO3HAYHBIX KPHUTEPHUSX:
Koopauuatst Touku X° = {x; = 43.9,x; = 4.348}. Bennunna 1ieneBoii hpynkun f,(X°) = 194.27.

OTHOCHUTENBHAS OLIEHKA ¢ IPHOPUTETOM MIEPBOTO KPUTEPHUS B TOYKE ONTUMYMa X;—1 TPETHETO
f3(Xq=1)-13

-1
KPUTEPHS ¢ IPUOPUTETOM B TOUKE ONTMMyMa X;—q paBHa f3 (X q=1) = 189.2. (PuoneToBkIii 1BET).

KpUTEpUS: A3(Xq=1) = =0.48683. B ¢Qusnueckux eaMHUIAX BEJIUYMHA TPETHETO

Function f3(X)->max in Vector Optimization. MawyHuH H.K.
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Puc. 8.k1. ®ynkmms f5(X) ¢ pHOPUTETOM MEPBOTO KPUTEPHS B IBYXMEPHOM CHCTEME KOOPMHAT
X1 X3, TeOMETpHUecKas HHTeprpeTanus GyHKImy f3(X) B cHCTEMe KOOPIUHAT X, ..., Xy4.

JIuneiinas QyHkmus, coemuHsomas Toukd f3(X°) u fA(X3) B du3Mdecknmx emwHHMIAX
Xapakrepusyer GYHKIHIO f3(X) B 4eTBIpEXMEPHOM M3MEPEHUH MapaMeTPOB Xi, ..., X4. A B LEIOM
otpeskn f£ (X)) -f3(X°)- FA(XY) npencTaBisioT reoMeTpHUECKyI0 HHTEPIPETaInio GpyHKIHH f3 (X)
B YETBHIPEXMEPHOM U3MEPEHUH MAPAMETPOB X1, ..., Xg4.
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4. I'eomempuueckaa unmepnpemauusn pezyibmamos peuienuss BIMII — uemeepmoii
xapakmepucmuku f,(X) ¢ npuopumemom nepeoco Kpumepus CmMpyKmypvl mamepuanda npu
NPOEeKmupo8aHuU 8 huu4eckux eOUHUYaXx.

Ha Puc. 9Kkl wuccnenosanbl: Toukun ontumyma Xg, Xg—q, C COOTBETCTBYIOLIMMH
OTHOCHTEILHBIMA OUEHKaMHU A4 (Xg) A4 (Xg=1), a Taroke nuHelnble Qynkun A°A, (qul) — 5(X3)
A° B OTHOCHUTENBHBIX CIHMHUIIAX, KOTOpbIe XapaktepusyeT (yHkumioo f;(X) B 4eThIpeXMEpHOM
U3MEPEHUU MAPaMETPOB X4, ..., Xg4.

YeTBeprast XapaKTepUCTHKA CTPYKTYpbI Matepuana h,(X) (6.34) chopmuposana B 4.1.4:

max h,(Y)=21.004 — 0.0097y; — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y, +
0.085y,y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +
0.0035y2 + 0.006y3 — 0.0311y2}}.

[pencTaBUM reOMETPUIECKYI0 HHTEepIpeTannio QyHKIuo f, (X) B GU3HUECKUX SIUHUIAX C
MEPEMEHHBIMI KOOPJIUHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpIUHATaMu Y, = {49.54,y, = 2.2},
B3ATBIC M3 ONTUMaJbHOM ToukH Y (6.49) Ha puc. 9.K1.

KoopanHaTel TOUYKH U QYHKINS YETBEPTOTO KPUTEPHS HA MAKCUMYM:

Y, ={y; =36.70,y, = 59.00,y; = 2.1,y, = 2.2}, h}, = hy(Y;) = 30.714 npu pacuere 1o
yeTeipeM nepemennbiM. Ha puc. 9.K1 o603nauena kak f*(X;) = 30.714

X; ={x; =36.70,x3 = 2.1} (ua puc. 9kl obo3naueHa kak X;). B nByxmepHoii cucreme
KOOpAMHAT V,,Yy; BenudyuHa [eneBoit ¢yukiuu paBHa h=f,(X;) = 28.302. (Yepusbiii user)
Bennunna nenesoit ¢pynkiuu F,; = 30.714.

KoopauHAThl TOUKHM M (yHKIMS 4eTBEPTOro Kputepus munumyma X2 = {x; = 62.71,x; =
8). Benmuuna nenesoit pynkuun f = fL(X5)=—73.62.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ma puc. 9k1 oGo3nauena kak X°).
Bennuuna nenesoit pyukimu f,(X°) = 47.5.

Function f4(X)->min in Vector Optimization.MawyHuH H.K.

120 7 ¥ 64.5
Y 7.6
100 - 792.0643 | g
1 x0=92.0854
BO — f,20% %)=73.6268
] 2
60
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20 |
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Puc. 9.k1. ®ynkius f,(X) B AByXMEpHOI CHCTEME KOOPAUHAT X; X3 U FeOMETpUUECKas
unTepnperanus GyHkuun f;(X) ¢ MPHOPUTETOM MEPBOTO KPUTEPHS B CHCTEME KOOPMHAT
X1 Xo X3 X4
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OTHOCHUTEIbHAS OLEHKA C NPHOPUTETOM IIEPBOTO KPHTEPHMSA B TOYKE ONTUMyMa Xg—q
0
YETBEPTOTO KPUTEPHUSL: A4(Xq=1) = % = 0.38154. B ¢wusnueckux eqUMHULAX BEIUYHHA
4 4
YETBEPTOr0 KPUTEPUSI C MPUOPUTETOM B TOYKE ONTHMyma X,_; paBHa f4(Xq=1) = 57.254.
(ITokazaHa (pUOIETOBBIM LIBETOM).

JIuneiinas Qynkius, coemunsiomas Touku f3(X°) u fA(X;), B (U3MUECKHX eIMHHUIAX
xapakTepusyer (QyHKIHIO f;(X) B YETBIpEXMEPHOM M3MEPEHHH MapaMEeTPOB Xi, ..., X4. A B IIEJIOM
otpesku  fi)- fL(XJ) mpemcTaBnsIOT TeoMeTpHuecKylo uHTepromsAmuio (ynkmmu  f;(X) B
geTeipexm(Xy;) -f3 (X °epHOM n3MepeHnn mapaMeTpoB Xy, ..., Xy

3aknrouenue no pazoeny: kpumepuii K1.

B pasnmene paccmorpeHa u pemieHa npobGiema (¢pparMeHT) pa3pabOTKU U MPHUHATHUS
YIPABJICHYECKOTO PEIICHUSI YCIOBUSAX HEONPEACICHHOCTH B CIIOKHOM HHXCHEPHOH CHCTEMBI
(ctpyktypel Mmatepuana). [IpoBenen ananmu3 pesynbTaToB pemienuss B3MII nmpu 3amanHOM
MPUOPUTETE TEPBOTO KPUTEPHUs, NPEACTABICHA TI'e€OMETPUYECKas HHTEPIPETAIsl pPe3yJIbTaTOB
pelieHust Mpu MPOSKTUPOBAHUUM B TPEXMEPHOH CHUCTEME KOOPIMHAT YEThIpeX XapaKTepUCTHUK
(kpuTepueB), BO-TIEPBBIX, B OTHOCUTEIFHBIX SJMHUIIAX, BO-BTOPBIX, B (PU3NYECCKHUX CTUHHIIAX.

4.4. bBnox 4.K2. Hccnedosanue, 6v100p ORMUMAIBHBIX NAPAMEMPOE  CLOHCHOU
UHIICEHEPHOU cucmembl (CIPYKmypa mamepuana) no 6mopomy RpUOPUmMemHomy Kpumepuio,
2eomempuyueckan uHmepnpemayua pesyivmamog peuienus B3MII.

B  pasmene  mpencraBieHO — pelIEHHME  BEKTOPHOM — 3aJadyd  MaTEMaTHYE€CKOro
[IPOrpaMMMPOBAHUS - MOJENIN CJIOKHOW HMHXKEHEpHOW CHCTEMBbl (CTPYKTyphl MaTepuana) Hpu
3aJlaHHOM Hpuopumeme 6mopozo Kpumepus Ha 6aze MHOrOMEPHOW MaTEMaTHKH.

IIpoBenen ananu3 pesynbTaToB pemieHuss B3MII mpu 3agaHHOM HpUOpHUTETE BTOPOTO
KpUTEpHsI W TPEICTAaBIIeHa TEOMETpPHUYECKash WHTEPHpETalus pe3yJbTaTOB pEIIeHUs Tpu
MIPOEKTUPOBAHUN B TPEXMEPHOM CUCTEME KOOPIMHAT 6 OMHOCUMEIbHBIX OUHUUAX.

[IpencraBnena reoMeTpudeckas HWHTepIpeTanus pe3yiabratoB pemenus B3MIDL ¢
MIPUOPUTETOM BTOPOTO KPUTEPHUs NPU MPOSKTUPOBAHUU B TPEXMEPHOW CHUCTEME KOOPIHMHAT 6
Qusuueckux eounuyax.

4.4.1.k2. Pewenue B3MII - mooenu CLONCHOU UHICEHEPHOU CUCMeMbl (CMPYKMYpbl
mamepuana) npu 3a0aHHOM RPUOPUMEME 6MOPO20 KpUumepus 6 MHOSOMEPHOU Mamemamuxke.
(pewienue obpamuotl 3a0ayil).

JIviom, IpUHUMAIOIIIUM PEIIeHUs, KaK IMPABHJIIO, SBIISIETCS KOHCTPYKTOP CUCTEMBI.

a2 1. PemieHre BEKTOPHOM 3a7a4yMl MPU PaBHO3ZHAYHBIX KPUTEPUSX. AJITOPUTM PEUICHUS
BEKTOPHOHW 3aJaudl MpejcTaBieH B Ojokax 2 — 5. YUucieHHbIE pe3yibTaThl PEHICHUsT BEKTOPHOU
3a/1auu MPEACTaBICHBI B pasnene 4.2.3. 7 aman.

MHOXeCTBO TOUYEK ONTUMaNBHBIX 10 [lapero $°cCS, npencraBieHHBIX HA puC.], HAXOIUTCS
MEXIy ONTHMAaNIbHBIMU ToukamMu X, X{5 X3 X3, X5 X3,X; X9, X{ (wa pucyHkax Bmecto Y
ucnoneyercs X). [IpoBeneM ananmu3 MHOKecTBa Touek [Tapeto $°S. Jlist 3TOM 1IeN MBI COSMHIM
BCIIOMOTATeNbHbIe TOUKU: X{3 X3, X7 X391 ¢ Toukoit X©, KOoTOpasi yCIOBHO MPEACTABISET IICHTP
MHoxkecTBa [lapeto. B pesynbrate MOJTy4nIn YeThIpe HOJMHOKECTB Touek X €S¢cS°cS, q = 1,4.
ITepBoe moamHOKeCTBO S§CS°CS BhienenHoe ToukamMu X; Xi3 X°X?, X XapakTepusyercs TeM,
4TO OTHOCUTEJbHASI OLleHKa A; > A, A3, 14, TO €CTh B MOJIE IEPBOTO KPUTEPHS S UMEET MPUOPUTET
HaJ octabHbIMU. [10700HO S moaMHOXKECTBA TOUeK S9,S5%, S - XapakTepu3yeTcsl TeM, 4T, IJIe
BTOPOM, TPETUM M YETBEPTHIM KPUTEPUM HMMEET MPHUOPUTET HAA IPYTMMU COOTBETCTBEHHO.
MHOXeCTBO TOYeK, onTuManbHbIX 1o Ilapero, o6o3naueno: S = §9 LS5 LS3ULSY. KoopanHate
BCEX MOJYYCHHBIX TOYEK U OTHOCUTEIIbHBIC OLIEHKHU INPEACTaBICHBl B JABYMEPHOM IPOCTPAHCTBE
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{x1 x3} Ha puc. 1. DT KOOPAMHATHI TOKA3aHBI B TPEXMEPHOM IIPOCTPAHCTBE {X; X3 A} Ha puc. 2, T1Ie
TPEThS OCh A - OTHOCUTEIIbHAS OLICHKA.

OrpannueHust Habopa Touek, onTUMaIbHbIX 10 [TapeTo, Ha puc. 2 oH cHIKEH 10 -0,5 (4ToOBI
ObUIM BUIMMBI OTpaHUYEHUs). DTa HMHPOpMAIMA TAKXKE SBISIETCS OCHOBOW Ui JalbHEHIIEro
UCCIIeZIOBaHMUs CTPYKTyphl MHOxecTBa Ilapero. Jluno, nmpuHMMaromiee pemeHus, Kak IMpaBUIIoO,
ABIISICTCS Pa3padOTINKOM HHKEHEPHOH CUCTEMBI.

Ecnum pe3ynbTaTel pelleHHs BEKTOPHOM 3aJaud C DPAaBHO3HAUHBIMU KPUTEPUSIMH HeE
YIOBJICTBOPSIOT ~ JIMIIO, MpPHUHUMAIOIIEE peIIeHHe, TO BBHIOOP ONTUMAIBHOTO  PELICHHUS
OCYIIECTBIISICTCS U3 KAKOro-TH00 TMOJAMHOKECTBA TOYeK S9,5%,53, 5. DTH MOAMHOKECTBA TOYCK
[MTapero noka3ansl Ha puc. 1 Haanuceto B Buae Gyukuuil f(X), f,(X), f3(X), f(X).

B nanHoM pasznene ucciexyercss MOJMHOXKECTBO TOUEK C IMPUOPUTETOM BTOPOTO KpUTEpPUs
S3.

a2 2. Beibop npuopureTHoro kpurepus q € K.

W3 Teopun H3BECTHO, YTO B ONTUMAaJIbHOM TOuke X° Bcerma mMmeercss JBa Hambosee
MPOTHBOPEUYNBBIX KpuTepus, q €E K m p € K, nansd KOTOPHIX B OTHOCHUTEIBHBIX EIMHHUIAX
BBITOJIHSAETCS] TOYHOE PABEHCTBO:

A0 =2,(X°) =2A,(X%),q,p EK,XeS,

a JUIs OCTaJIbHBIX BBIIIOJTHACTCS HEPABEHCTBA:

A < M(X°),VkEK, q#p # k.

B mopmenu marepuana (6.30)-(6.35) u coorBercTByIomiei A-3amaun (6.42)-(6.48) takumu
KPUTEPHUSAMH SIBISIFOTCS BTOpPo#t u Tpetuit: A° = A,(X°) = A3(X°)= 0.6087, T.c. BBIIOJHACTCS
YHCIIOBAas CAMMETPHSL.

Kaxk mpaBuiio, u3 31oit mapsr A° = A,(X°) = A3(X°)= 0.6087 npoTHBOPEUMBBIX KPUTEPUCB
BeIOMpaeTcst kpurepwid, kotopeiid JIIIP xorenm Obl ymyumuTth. Takol KpuTepuii HasbIBaeTcs
TPUOPUTETHBIM KpHUTEpUEM», 0003HauuM ero q = 2 € K. DT1oT KpuTepuil wuccieayercss BO
B3aMMOJENCTBUM C MepBbIM KputepueM q = 1 € K. MblI nccneayeM 3Tu JiBa KpUTEpUs U3 BCETO
MHOKecTBa kputepueB K = 4, mokasaHHBIX Ha pucC. 3.

JlanpHelue mark pacueTa NpeJcTaBUM Ha IIpUMepe BTOpoi (yHKIMHU (KpUTEepus).

Buoioop npuopumemnozo Kpumepus:

Ha nucnneit Beigaercs o6mas uHGopMamus Juist IPUHATHS peIeHH:

Kpurepun B Touke ontumyma X °: FX0 =363.9686 1790.6811 194.2795 47.504. (6.71)
OtHocuTtenbubie oneHkn B X°: LX0 =0.73718 0.60874 0.60874 0.60874. (6.72)

BBIBO/I: Kputepuu 1, 2, 3 HanbOosiee npOoTUBOPEUHBBI, U3 HUX BBIOMPAEM MPHUOPUTETHBHIH.
Ha nucnueit Beigaercst cooOIieHue:

g=input('BeenuTe npuopuTeTHBIN KpuTepHii (Homep) q=") — Beeau kpumepuii (=2.

Hlaz 3. OnpeaenstoTcsi YUCIOBbIE Mpeeibl U3MEHEHUsT BETUUMHBI IPHOPUTETa KPUTEPHUS
q = 2€K. Jlnia npuoputeTHOro Kputepus ¢ = 2 € K onpenensrorcst U3MEHEHUS YHCIIOBBIX MTPEJIEIOB
B HATYpaJIbHBIX CAMHUIAX MPH Iepexoae u3 ToYku ontumyMa X° (6.49) B Touky X, MOIydEHHYIO
Ha IepBoM 1are. JlaHHble 0 KpUTEPUH (=2 BBIJAIOTCS HA SKPAH:

fq(X°) = 1790.6811< f,(X) <1361.4174 = f,(X;),q € K. (6.73)

B oTHOCHUTENBHBIX €MHUIAX KPUTEPUH (=2 U3MEHSETCS B CIESIYIOINX MpeIeiax:

2q(X°) = 0.6087< 1,(X)<1 = 2,(X;),q =2 €K.

OTH TaHHBIE aHATU3UPYETCS.

IIaz 4. Beibop Benuuuubl proputeTHoro kpurepus gekK. (Decision-making).

Ha cooGuienue: «BBeanTe BeMUUMHY MPUOPUTETHOTO Kputepus f0=» - BBOAUM, Hampumep,
fq=1500.

Hlaz 5. Bviuucnsaemcs omHOCUMENbHASL OYeHKA.
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Jlns  BbIOpaHHOM  BENMYMHBI ~ NPHOPUTETHOrO  Kputepus fq = 200  Berumcnsercs

OTHOCUTEJIbHAS OLIEHKA:
-7 1500-1361.4174
}\q - ;f;‘—];t‘j;’ = 17906811-1361.4174 0.8737,
KOTOpasi U IEPeXoie OT TOUKU X © K Touke X JIEKUT B Hpejiesax:
0.6087 = A3(X°) <23 =0.8737 <A;3(X3) = 1,q€eK, (6.74)
Hlaz 6. BeraucnuMm Ko3)PUITUEHT JIMHEMHON allPOKCUMAIINH
[Ipeanonaras JTMHEHHBIA XapakTep W3MeHeHHus: kputepus f,(X) B (6.73) ¥ COOTBETCTBEHHO

OTHOCHUTENILHOM OLUEHKHU A, B (6.74), NCIIONB3YS CTaHAAPTHBIC NPUEMBI JIMHEHHOM annpoKCHMAalluH,

BBIYUCIIMM KO3()(QUIHEHT MPONOPIHOHAIBHOCTH MeXIY Ay (X°), A4, KOTOpBI Haz0BEM P!

Ag—2Aq(X°)  0.8737-0.6087 _ B
T Ag(X)-Ag(x°)  1-06087 0.6772,q = 2€K. (6.75)

Illaz 7. Beraucnum KOOpJMHATHI TOUKH NPUOpUTETa Kputepues as f, = 1500.
[Mpenmonaras nuHeWHBI xapakTep wu3MeHeHus Bektopa X7 = {x; x, x3 x,},q = 2
OIpeaenuM KOOPAUHATHI 1711 To4kH C f, = 1500 ¢ oTHOCHTENbHOM onenkoii (6.41):

X ore = T = X°(1) + p(X5(1) — X°(1),
X = X°2) + p (X2 - x°(2),
x3 = X°(3) + p(X;(3) - X°(3)),

Xy = X0 + p(X5(4) — x°(@))}, (6.76)
roe X° = {x; = 43.9,x, = 49.54, x; = 4.348,x, = 2.2},
X% = {x, = 55.6075,x, = 34.1925,x; = 8.0,x, = 2.2}. (6.77)

Kak pe3ynbTar penieHus: Mbl IOJIYYHM TOYKY C KOOPIUHATAMU:
X% ={x; =51.8286,x, = 39.1502,x3 = 6.8212,x, = 2.2}
IIaz 8. Beruucienue riiaBHbIX MoKa3aTteneil Touku X 9.
JInst monmy4eHHOM Touku X 9, BBIYUCITUM:
BCe KPUTEpPUH B HATYpalbHEIX eaununax fi,(X9) = {f, (X9, k = 1,K},
fXT) ={f1(X9) = 381.3, f,(X9) = 1465.7, f3(X9) = 182.1, f,(X?) = 64.5}; (6.78)
BCE OTHOCHUTEIILHBIC OIEHKU KPUTEPUEB:
- ay— 0 -
A =%k =T,K}, M (X9) = %,k =T,k
k~Jk
A (X)) = {A(X9) = 0.9267,1,(X9) = 0.9049,15(X9) = 0.3121,1,(X9) = 0.2126}; (6.79)
MUHHMaJIbHass OTHOCHTENIbHAS OlleHKa: minA(X?) = rllc”glr(l(kk (X?)) = 0.2126.

A.(x4
Onpeenenue npuoputetos kputepus P4(X) = {p = q*%)

Ak(Xq),k =1,K}:

P9 = [p? = 0.9766,p3 = 1.0,p% = 2.8995,p7 = 4.2573];
OTHOCHTENbHAS OLIEHKA C YY€TOM BEKTOpa MPHUOPHUTETOB:
P x 4, (X) = {pf * 11(X9) = 0.9049,
p5 * A,(X9) = 0.9049,
p% * 13(X7) = 0.9049,
ps * A,(X7) = 0.9049}
MUHHMAaJIbHass OTHOCHUTENIbHAS OICHKA:
A% = min(pi i (XD, pFAo (XD, p3hs (X ), piha(X9)) = 0.9049
Awnanornyso napyrue Touku u3 obnactu [apero X7 = {A2, Xf}e $° MoryT ObITh MOTyYEHBI.
4.42K2. Anamuz pesyromamos  pewienus — 6eKMOPHOU — 3a0a¥u  MAMEeMAMu4ecKko2o
NPOSPAMMUPOBAHUSL - MOOCIU UHICEHEPHOLL CUCTIEMbL NPU 3A0AHHOM NPUOPUMENE BMOPO20 KPUMEPUSL.
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Paccunrannas B (108) BenuurHaA MEpBOro KpUTEpHUS MPH 33aJaHHOM NPHOPUTETE BTOPOTO
xputepus fo(X¢) = 199,q = 3eK, qeK o0buHO He paBHa 3aanHOH f; = 200. Ommbka BeIGOpa
Afg = 1fg(X?) — fql = 1199 — 200] = 1.0 OIpeAesIeTCS OLIHOKOU JMHEHHOU
anmnpOKCUMAIIUH: qu% = 0.5%.

Ecmn ommbka Afy = |fa(X7) — fql =199 — 200| = 1.0, usmepeHHas B HaTypajbHBIX

A
CIMHULAX WIH B NPOLEHTAX Afgo =%* 100 = 0.5%, OGombme 3amanHoi Af,Afy > Af, T0
q

TnepexoauM K mary 2, eciu Afy, < Af, To BeducIeHus 3aBepmaiorcs. Koney.

B nporecce MomenupoBaHHs MOTYT OBITh M3MEHEHBI IIApAaMETPHUECKUEC OrPaHHUYCHHS MU
(GYHKIUH, T. €. TMOJyY4EHO HEKOTOPOE MHOKECTBO ONTHMANBHBIX pEIlcHHil. M3 3TOro MHOKECTBa
ONTUMAJILHBIX PEHICHHH BHIOMpAaeM OKOHYATEIbHBIM BapuaHT (IPOIECC MPHHATHS pelieHuii). B
HAIlleM IPUMEPE OKOHYATEIIBLHBIN BapUAHT BKJIFOYAET ITapaMeTPhI:

X° ={X°2° = {X° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2}, 1°0.6087};(6.80)
apaMmeTphbl CTPYKTYpBI MaTepraia Ipy 3aJaHHOM IIPHOPUTETE KPUTEPHUSI:

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

4.4.3.k2. I'eomempuueckas unmepnpemayusi pe3yibmamos peueHus 8eKmopHoll 3a0aqu
8b1O0PA ONMUMALLHBIX NAPAMEMPOE NO SMOPOMY NPUOPUMEMHOMY KPUMEPUIO 6 OMHOCUMEIbHbIX
eouHuuax.

JInsi TeOMETPHUYECKON MHTEPIPETAIMKE PE3yJIbTATOB PEICHHUsS BEKTOPHOW 3a1add BbIOOpa
OINITHMAJILHBIX TTAPAMETPOB PEIICHHS BEKTOPHOM 3a/1a4M 110 BTOPOMY IMPHOPHTETHOMY KPHTEPHUIO B
OTHOCHTEJIbHBIX €AUHUIIAX chopMupyem puc. Sk2.

Amnanornyno puc. 4, copMHUpPyeM OTHOCHTEIBHBIE OIEHKH YETHIPEX KPHUTEPHEB B TOYKE
ontumyma Yy A (YY), k= 1,K (uepHblif 1BeT) M /1% Xp) =1k = 1,K (xpacHblii 1BeT) U
peacTaBuM ux puc. 5k2.

A-3apava BekTopHan ontiMmuzauma 4 Kkputepua: L1(X),L2(X),L3(X),L4(X)

AX)=11708 0 (X )=1.153
Aoy Ty
- f 1 =
127 . A, (X )=1.0562 n 2 )=1 P LXE_; 1
'1':1 X:‘_ =1 '\‘\\‘(X Ju P e 11 l:xq-zFE,l"..QZE’E? % ,“‘(X__ 1=0.0367
1 = = b 4 = - =
T~ s A )10.90495
| . S — -_: ~ l/"’ . - -
0-8, Tk 110 6441 “=_ fo_-
3 3 - e
0.6 —
ADC 03121 |
=5 0.4 — A (X 0.27257 D DX, )=0.19677
_E L q=2 A .:.
b ( Y= 5 i1
8 0.2 A (X, )=0.036286
D —]
0.2
T e — 5 / 4
e © s T a8
0.6 G [ | | I T f . 6
0 o 40 45 50 55 60 3
x1

Puc. 5k2. A-3a1a4a B cucTeMe KOOpAMHAT X1 X3 (= Y; V3) U A. Pe3ynbTatsl pemieHus:
A8(X3) = 1,k = 1,K; oTHOCHTENBHBIE OLEHKH C TIPHOPUTETOM BTOPOTO KPUTEPHS B TOUKE
ontuMyMma Xg—5: Ay (Xq=2), k=1K.
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Ha tperpem mare pemenuss B3MII ¢ paBHO3HauHBIMH KpuTepusiMu B (6.36) B TOukax
ontumymMma Yy, Y, Y3, Y, momy4eHbl BeJTMUMHBI BCEX OTHOCUTEIBHBIX OIICHOK:

L(¥T) 1.0000 0.9245 0.3560 0.1197
LYl _ |[0.9367 1.0000 0.1968 0.0363
LD || 0.0 0.0 1.0000 1.011

L(Yy) 0.3669 0.2257 0.9427 1.0000

Ha puc. 5k2 ,(Yy) = 1.0000 o60o3Hauena kak A5(X;)=1.

JInneiinas dyHkums, coemuusomas Toukn A° = 0.60874 u A5(X;)=1 B OTHOCHTENBHBIX
eIMHULAX XapaKTepu3yeT QyHKIHIO f, (X) B OTHOCHTENBHBIX €JMHHULAX B YETHIPEXMEPHOM U3MEPEHUH
MapaMeTpoB Xy, ..., X4. OTa JHUHEHWHass (YHKIHUS MNPEICTABISET T'€OMETPUYECKYI0 HHTEPIOJISIIHIO
¢bynkimit f,(X) B oTHOcUTENbHBIX eauHHLAX M3 N-MepHOro (4-MepHOro) B JIBYXMEpPHYIO CHUCTEMY
KOOpJIMHAT. AHAJIOTHYHO UCCIenyroTcs Bce (yHKimu (kputepun). B nemom Ha puc. Sk2 B Touke X5
MI0Ka3aHa reoMeTpuyecKas (JIMHEeHas ) MHTepIoNsAus BeceX (pyHKIM (KpUTepueB):

f1(X) u cooTBeTcTBYIOmAs OTHOCHTENbHAS onerku A4 (X3) = 0.9367;

f>(X) u cooTBeTCTBYIOMmAs OTHOCUTENbHAS oneHkKH A5 (X5) = 1.0;

f3(X) u cooTBeTCTBYIOMAs OTHOCUTENbHAS onenkn A3(X;) = 0.1968;

f2(X) 1 cooTBeTCTBYIOIIAs OTHOCHTENbHAs oneHkn A5 (X;) = 0.0363.

OTHOCHUTEBLHBIE OUEHKH C NPHOPUTETOM BTOPOrO KPHTEPHsA B TOYKE ONTHMyMa Xg_

0
e (Xg2) = %k =Tk A (Xgz) = P (Xgos) = 0.92667, 4, (Xy_s) =
0.90495, A3 (X4=2) = 0.3121,14(X4=2) = 0.21257};

PesynbraTel pemieHHs TOKa3bIBAIOT, YTO MaTEMaTHYECKHE pPEe3yJIbTaThl IMOJHOCTHIO
COBIIAJIAI0T C TE€OMETPUUYECKHMH.

4.4.3.k2. 'eomempuueckas unmepnpemayus pe3yiomamos pewenus B3IMII ¢ npuopumemom
8MOPO20 Kpumepus — MOOeu CMPYKmypbl MAmepuaild npu npoeKmupo8aHuu 6 mpexmepHou
cucmeme KOOpOUHam 6 puzuyecKux eOuHUUaAx.

Hcxonnoit mHpopManued Ui TeoOMEeTpHUECKOW HHTEpHNpeTaluu pe3yJbTaToB peIIeHUs
BekTopHOH 3agaun (B3MII) ¢ npuoputeTom nepBoro Kputepus siBISIFOTCS:

napaMeTpbl TOYKU ONTHMYyMa IPH PAaBHO3HAYHBIX KPUTEPUSX:

X° = {X° L} ={Y° ={x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2},1.° = 0.6087},
pPacCUYMTAHHOW Ha ISATOM IIare alropuTMa B JIByXMEPHOM cHCTEMe KOOPJMHAT X, X, (cM. Puc. 1) u
MIPEJICTaBIICHHOM B TPEXMEPHOM CUCTEMe KOOPAMHAT X1, X, M A B OTHOCUTEIHHBIX €IMHHUIIAX HA PHC.
2, 3, 4 npu IpOEKTUPOBAHUU.

Hccnegyem u mpenctaBUM MapaMmeTpbl HOCIEIOBATENBHO S KaXJIOW XapaKTepPUCTHKHU
cTpykTypsl Matepuana (kputepus): f;(X), f,(X), f3(X), fo(X) B gpuzuuecxkux eounuuyax.

1. TI'eomempuueckaa unmepnpemauus pesyavmamos peuienus B3MII — nepeoii
xapaxkmepucmuxu f;(X) ¢ npuopumemom emopozo kpumepusi npu RPOEKMUPOBAHUU 8 PUSULECKUX
eOUHUYAX.

Ha Puc. 6.k2 wuccnemoBanbl: Touku ontumyma X, Xq=2, C COOTBETCTBYIOLIUMU

L(Y") =

OTHOCHTEILHBIMH OLEHKaMHU A (X3) A, (Xq=2), a Tarke quHeHHbIE QyHKIMM A°A, (quz) — 25(X3)
A° B OTHOCHTENBHBIX EIAMHUIIAX, KOTOpbIE xapakTepusyeT (yHKuuio f,(X) B 4eThIpexXMepHOM
W3MEPEHUH MapaMEeTPOB X4, ..., Xg4.
[MepBast xapakTepucThKa CTPyKTypbl Matepuana hy (X) (6.30) chopmuponana B 4.1.4:
max h,(X)=323.84 — 2.25y, — 3.49y, + 10.72y; + 13.124y, + 0.0968y,y, —
0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1y,y, — 0.0036y3y, + 0.0143y? + 0.0118y% —
0.2434y% — 0.5026y7.
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[pencraBuM reoMeTpHIeCcKyto uHTeprnperanuio GyHkuuu hy (V) B GU3HUIECKHX eUHUNAX C
MEPEMEHHBIMH KOOPJMHATAMH {Y; Y3} U C MOCTOSHHBIMU KoopauHatamu {y, = {49.54,y, = 2.2}
Ha puc. 6k2.

KoopauHaTsl TOUKH U GYHKIHS IEPBOTO KPUTEPHUS HA MAKCHMYM:

Yy ={y, =46.56,y, = 43.23,y; = 8.0,y, = 2.2}, h] = hy(Y{") = —387.9 npu pacuere
10 YeThIpeM nepeMeHHbM. Ha pucynke o6o3nauena kak f{*(X;) = —387.9;

Y7 = {y; = 46.5676,y; = 8.0} (na puc. 6k1 o6o3HaueHa kak X;). B nByxmepHoii cucteme
KOOPJIMHAT Y4, Y3 BelNn4nHa 1eneBoi Gpyukiun pasua hi=f; (X;) = 403.6. (UepHsIii mBeT).

KoopaunaTsl TOUkH U GYHKIMS IEPBOTO KPUTEPUS HA MUHUMYM:

B touke X = {x; = 31.9,x; = 2.1} Benuuuna nenesoit pynxiuu FL=f; (X?) = 303.66.

Benuuuna 1esieBoii GyHKIMM B 4eThIpexMepHoii cucteme koopauHar [ (X?) = 296.59.

KoopaunaTtel TOYKM U (YHKIMS NEPBOrO KpUTEpUS NPH PABHO3HAYHBIX KPUTEPHUAX:
Koopaunatst Touku X° = {x; = 43.9,x; = 4.348}. Benuuuna nenesoii pyuxiun f; (X°) = 363.96.

Function f1{X)->max in Vector Optimization. MawyHuH HO.K.

800

500 0 ';40:3.6056
400 ST }=3-EI|7_9904

300

F1

200

100

-100

G0
X1 X3

Puc. 6k2. ®yukuust f; (X) ¢ npuoOpUTETOM BTOPOTrO KPUTEPHS B IBYXMEPHO CHCTEME KOOPAUHAT
Xy X3 W reoMerpuueckas uarepnperaiusa QyHkuuu f;(X) B cHCTEMe KOOPANHAT X1 Xy X3 X4

OTHOCHUTENBHAS OLIEHKA € TIPMOPUTETOM BTOPOTO KPUTEPUS B TOYKE ONTHMyMa Xg—p!

fi(x q=2 )

M(Xg=p) =—75—
1 ( =2 ) fi-fP

IPUOPUTETOM B TOUKE ONTUMYMa X, -, PaBHA f; (X q=2) = 381.28. (Iloka3aHa (h)HOIETOBBIM I[BETOM).

= 0.92667. B ¢usnueckux enMHMULAX BEIWYMHA TEPBOrO KpPUTEPHS C

JIuneitnas ¢ynkuus, coenunsromas toukn fi(X°) m fA(X;) B dusmueckux eaMHMIAX
XapakTepusyeT QyHKIHIO f; (X) B 4eTHIpeXMEPHOM M3MEPEHHH TTAPAMETPOB X1, ..., X4.

A B menom otpeskn LX) -fi(X°)- fAXP) ¢ yderom f1(Xq=z) MIPEJICTaBIISIOT
TE€OMETPUYECKYI0 HMHTEepIpeTanuio QyHKuuu f;(X) B 4YeTBIpeXMEpHOM H3MEPEHUHU IapaMeTpoB
X1, -+, X4 Ha IByXMEPHOE APAMETPOB X1, X3.

2. TI'eomempuueckasn unmepnpemauus pesynomamoe peuwienua B3MII — emopoi
xapaxmepucmuxu f,(X) ¢ npuopumemom 6mopoco Kpumepusi CMpYKmypbl Mamepuaila npu
NPOeKmupo8aHuU 8 huuieckux eOUHUYaXx.
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Ha Puc. 7k2 wuccnenosanbl: Touku ontumyma X;, Xg—p, C COOTBETCTBYIOLIUMU
OTHOCHTEILHBIMH OLEHKaMHU A (X3) A, (X4=2), a Tarke nuHeHHbIe QyHKIMM 1°A, (X q=2) — 15(X3)
A° B OTHOCHTENIPHBIX €IMHHIAX, KOTOpbIE XapakTepuzyeT (yHKuuio f,(X) B 4YeTBIpeXMEpHOM
W3MEPEHUU MTaPaMETPOB X, ..., Xg4.

Bropas xapakrepucTika cTpyKTypbl MaTepuaina h, (X) (6.32) chopmuposana B 4.1.4:

min f,(X)=795.72 +23.89x,+30.866x, -25.8586x; -45.0026x, -0.7683x;x, +0.4703x;x;
+0.7472x,x,-0.1283x,x3+0.3266x,x,-0.0112x5x,+0.0398x2+0.0365x2 +3.2x5+2.6457x2.

[IpencTaBUM reOMETPUYECKYIO HHTEpIpeTauo GyHKIuio h, (X) B pu3ndecKux eAMHUAIAX C
MepEeMEHHBIMHI KOOPAWHATAMHU {X; X3} ¥ C MIOCTOSTHHBIMHU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3SIThIC U3 onTUMaIbHOM ToukH Y (6.49) Ha puc. 7.K2.

KoopauHaTel TOUkM U GYHKIUS BTOPOTO KPUTEPHS HA ONTUMYM (MUHHUMYM):

Y, = {y; =55.60,y, =34.19,y; = 8.0,y, = 2.2}, h; = h,(X;) = 1361.4

TIpH pacueTe 10 YeThIpeM IepeMeHHEIM. Ha pucynke o6o3Hauena kak f2(X;) = 1361.41.

Y; ={x; =55.6,x3 = 8.0} (na puc. 7k2 o6o3nHaueHa kak X,). B mByxmepHoii cucteme
KOOPJMHAT Y4, Y3 BelnvnHa 1eineBoi Gpynkuun paBua hs=f,(X;) = 1193.56. (UepHsiii user).

Koopaunatsl Toukd MuHuMyma (Hauxyee penenue — MaKCHMMAajibHOE) B TOUKe X5 =
{x; = 31.9,x3 = 2.1} Benuuuna uenepoit pynxuuu FY=f,(X2) = 2207.2.

Benuuuna 1esieBoii GyHKIMM B 4eTHIpeXMEpHOil crcTeMe KoopauHar f4 (X9) = 2458.5.

KoopauHaTsl TOUKH U GYHKLHS BTOPOTO KPUTEPUS NPH PABHO3HAYHBIX KPUTEPHAX:

Koopmunater Touku X° = {x; = 43.9, x5 = 4.348}. Benuunna uenesoir Gpyukuuu f,(X°) =
1790.68.

OTHOCHUTENBHAS OLICHKA C IIPUOPUTETOM BTOPOTO KPUTEPHS B TOYKE ONITUMYMa X ;- BTOPOTO
fo(Xq=2)—f5
fz* _fzo
KPUTEPHUs C NMPHOPUTETOM B TOYKE ONTUMyMa X,_, paBHa f, (X q=2) = 1465.7036. (IToka3ana

(hbMOTETOBBIM LIBETOM).

KpUTEpUS: 7\2(Xq=2) = = 0.90495. B (Qusnueckux eAMHUIAX BEJIWYHMHA BTOPOTO

Function f2(X)->min in Vector Optimization. MawyHuH H.K.

2500 ~f 2(x %)=2458.5484
2 2 E =
1,068 )=2287.\28\91
<000 T (X °)=1790.6811
S —=
1500 — .
& 1000
500 —
o i R e
0 —<<.
%%,
-500 ~W
30 40 7 8
X1 X3

Puc. 9. ®yukuus f,(X) ¢ npuoOpUTETOM BTOPOTO KPUTEPHSI B IBYXMEPHOM CHCTEME KOOPIHHAT
X1 X3 W reoMeTpuyeckas nHreprnperaius GyHkiun f,(X) B cHCTeMe KOOPIMHAT X1 Xy X3 Xy
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JIuneiinas ¢yukuus, coenuHsomas Touku f5(X°) u fA(X;) B dusMueckux emuHHUIAX
xapaktepusyeT QyHKIuo f,(X) B 4eTBIPEXMEPHOM H3MEPEHUU MAPAMETPOB Xq, ..., X4. A B IEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBaAroT reoMeTpUUYECKyI0 HHTEPIONAIMIO QYHKIHH f5 (X)
B YETHIPEXMEPHOM M3MEPEHUU MTAPAMETPOB X, ..., Xy4.

3. TI'eomempuueckaa unmepnpemauusn peszyavmamos pewienus B3MII — mpemoeit
xapaxmepucmuxu f3(X) ¢ npuopumemom 6mopozo Kpumepus - CmMpYKmMypbl MAmepuania npu
NPOeKMUpOBaHUY 8 PusuUIecKuUx eOUHUYAXx.

Ha Puc. 8.k2 wuccrnenoBanbl: TOYkM omnTtumyma X3, quz, C COOTBETCTBYIOIIUMH
OTHOCHTEILHBIMH OLEHKaMU A3 (X3) A3(X,=2), a Takke quHelnbIe QyHKIMM 1°A5 (quz) — 25(X3)
A° B OTHOCHTENBHBIX €AMHUIAX, KOTOpBIE XapakTepu3yeT (yHKuuio f3(X) B 4eThIpeXMepHOM
M3MEPEHUH TTaPaMETPOB X, ..., Xg4.

Tpetbst xapakTepucTHKa CTPYKTYpbI Matepuana hs(X) (6.31) chopmuposana B 4.1.4:

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

[IpencraBuM reoOMeTpUYECKy 0 HHTeprperanuto GpyHkuun hs(X) B GQU3HYECKUX SIUHUIIAX C
MEpPEeMEHHBIMI KOOPIMHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpAUHATamMu y, = {49.54,y, = 2.2},
B3SIThIC U3 onTUMaNbHOM Touku Y (6.49) Ha puc. 8.k2.

KoopauHaTsl TOUKH U GYHKIHUS TPETHETO KPUTEPHSI HA MAKCUMYM:

s ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(Y5) = —210.35 npu pacuere
10 yeThIpeM nepeMeHHbM. Ha puc. 8.k2 o6o3navena kak f£(X;) = —210.35

Y ={x; =31.9,x3 = 2.1} (na puc. 8k2 obo3HaueHa kak X3). B aByxmepHO# cucreme
KOOpAMHAT V,,Y; BEJIMYMHA [eleBoi (GyHKuuu paBHa h3=f3(X3) = 195.73. (YepHslii uBer)
Benuuuna nenesoit gpynxiuu F3= 210.3. Koopaunats! Touku muaumyma X = {x; = 78.16,x; =
8.0} (ma puc. 8.k2. Bemmuuna nenesoit gpynkmmn f=192.39, f2(X3) = 169.26 (kpacHbIi 1BeT).

KoopauHaTsl TOUKH U (GYHKIKSI BTOPOTO KPUTEPHS MPH PABHO3HAYHBIX KPUTEPHUAX:

Koopaunate! Toukn X° = {x; = 43.9, x3 = 4.348}. Benuuuna nenesoi Gpynknuu f53(X°) =
194.2.

Function f3(X)->max in Vector Optimization. MawyHuH HO_HK.

(X, }=210.3587

fa{ X ")=192.39

h=169.2621

100 —

F3

Puc. 8.k2. ®ynkuus f3(X) ¢ mpuopuUTETOM BTOPOTO KPUTEPHS B IBYXMEPHOM CHCTEME KOOPANHAT
X1 X3 ¥ TeoMeTpuyecKkasi nHreprperarms GyHKuun f3(X) B cHCTeMe KOOPAUHAT X1 Xy X3 X4
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OTHOCHUTEIbHAS OLEHKA C NPHOPUTETOM IIEPBOTO KPHUTEPHMS B TOYKE ONTUMyMa Xg—q
f3(Xq=2)—f3
f3* _fgo
TPETHETO KPUTEPHS C IPHOPUTETOM B TOYKE ONTHMYMa X,—, PaBHa f3 (X q=2) = 182.08. (Iloxa3ana

(HOTETOBBIM IIBETOM).

Jluneiinas ¢yukuus, coenuusomas Toukd f3(X°) m fL(X3) B dusmMueckux emuHHUIAX
xapaktepusyeT QyHKIuo f3(X) B 4eTBIpeXMEPHOM U3MEPEHHUH ITAPAMETPOB X, ..., X4.

A B menom otpeskn fL(XD) -f3(X°)- fA(XY) mnpencraBnsior TeoMeTpHUecKyro
UHTEPHOJIIHI0 QYHKIHH f3(X) B YETBIpEXMEPHOM H3MEPEHHU apaMETPOB X, ..., Xg4.

4. I'eomempuueckan unmepnpemayusn pesyivmamos peuwtenus B3IMII — uemeepmoii
xapaxmepucmuxu f,(X) ¢ npuopumemom 6mopo2o Kpumepus - CMpPYKMypbl MAmepuald npu
NPOEKMuUpOBaAHUU 8 PuU3ULeCKUX eOUHUYAX.

Ha Puc. 9.2 wuccnemoBanbl: ToukM ontumyma Xg, Xg—1, C COOTBETCTBYIOIIMMH

TPETBETO KpUTEPUS: Az (Xq=2) = =0.3121. B ¢usuyeckux eAMHUIAX BEIHMYUHA

OTHOCHTEILHBIMHU OLEHKaMHU A4 (Xy) A4(X4=1), a Taxoke nuHelHble QyHKImE A°A, (qul) — 240X
A° B OTHOCHUTENBHBIX EIMHUIIAX, KOTOpbIe XapakrepusyeT (yHkuuioo f,(X) B 4eThIpeXMEpHOM
M3MEPEHUU TTaPaMETPOB X, ..., Xg4.

YeTBeprast XapaKTepUCTHKA CTPYKTYpbI Matepuana hy(X) (6.34) chopmuposana B 4.1.4:

max h,(Y)=21.004 — 0.0097y, — 0.841y, — 0.4326y5 + 1.1723y, + 0166y,y, +
0.085y;y; — 0.0001y;y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +
0.0035y% + 0.006y% — 0.0311y2}}.

I[IpeacTaBuM reoMeTpHUIECKY 0 nHTepnpeTauo GpyHkimio f;(X) B hu3nuecknx equHUIEax ¢
MEpPEeMEHHBIMH KOOPIMHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpIUHATaMu Y, = {49.54,y, = 2.2},
B3SIThIC U3 onTUMaNbHOM Touku Y (6.49) Ha puc. 9.k2.

Function f4(X)-=>min in Vector Optimization.MawyH1H HO.K.
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Puc. 9.k2. ®ynkius f,(X) ¢ mpHOPUTETOM BTOPOTO KPUTEPHSI B IByXMEPHON CHCTEME KOOPIHHAT
X1 X3 ¥ reoMeTpuyeckas nHrepnperaius GyHkuun f,(X) B cucreMe KOOPIUHAT X1 X) X3 Xy
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Koopaunats! TOUKH U QYHKIIHS 4€TBEPTOTO KPUTEPHUS HA MAKCUMYM:

Y, ={y; =36.70,y, =59.00,y; = 2.1,y, = 2.2}, h;, = h,(Y,;) = 30.714 npu pacuere 1o
yeTeipeM nepemenHbIM. Ha puc. 9.k2 o603nauena kak f*(X}) = 30.714

X; ={x; =36.70,x3 = 2.1} (ua puc. 9k2 obo3naueHa kak X;). B aByxmepHoii cucreme
KOODJIHHAT Y;,Yy; BeIW4YMHA IejeBoi (yHkumu paBHa h;=f,(X;) = 28.302. (YepHblii 1BET)
Benuunna nenesoii ¢pynkiuu F,; = 30.714.

KoopauHatel TOYKH ¥ QYHKIIHS YETBEPTOTO KPUTEPUS MUHUMYMA

X{ = {x; = 62.71,x; = 8}. Benmmuuna uenenoii pynxmuu 2 (X)) = 92.98, f2(X5)=73.62.

Koopaunater Touku X° = {x; = 43.9,x3 = 4.348} (ma puc. 9k2 oGo3nauena kak X°).
Benuuuna ueneBoit ynkuum f, (X°) = 47.504.

OTHOCHUTENbHAS OLEHKA C MPUOPUTETOM IIEPBOTO KPUTEPHS B TOYKE ONTUMyMa Xg_q
f4(Xq=2)—ff
fi-13
YETBEPTOr0 KPUTEPUSL C MPUOPUTETOM B TOYKE oNTUMyma X,_, paBHa f4(Xq=2) = 64.505.

(IToxazana ¢puOJIETOBBIM I[BETOM ).

JIuneitnas dynknusa, coemunsomas Touku f3(X°) um fA(X}) B QusHUecknx eaMHMIAX
xapakTtepusyer (GyHKIHIO f;(X) B YETBIpEXMEPHOM M3MEPEHHH MapaMEeTPOB Xi, ..., X4. A B IEJIOM
orpeskn fL(X3) -f(X°)- fA(X?) npeacTaBisioT reoMeTpUUYECKY 0 HHTEPHONAIHI0 GyHKIHH f; (X)
B YETBIPEXMEPHOM MU3MEPEHHUH MAPAMETPOB X1, ..., Xg4.

3aknrouenue no pazoeny: kpumepuii K2.

B pasnmene paccmorpena u pemieHa mpoOiema (¢parMeHT) pa3pabOTKM M MPHHATHS
yIPaBIEHYECKOIO PEIICHUs YCJIOBUSAX HEONPEAEICHHOCTH B CIIOKHOM HH)KEHEPHOH CHUCTEMBI
(ctpyktypsl Marepuana). [lpoBenen ananu3 pesynbratoB peuieHuss B3MII npu 3amanHom
MIPUOPUTETE BTOPOTO KPUTEpHs, MPEACTaBlIeHA TeOMETpHUYEcKass WHTEepIIpeTalus pe3yJbTaToB
peleHusl MpH MPOSKTHPOBAHUM B TPEXMEPHOH CHUCTEME KOOPIMHAT YEThIpEX XapaKTEPUCTHUK
(KxpuTepueB), BO-TIEPBHIX, B OTHOCUTENbHBIX €MHUIIAX, BO-BTOPBIX, B GU3NYECKUX €TUHUIIAX.

4.4. bnox 4.K3. Hccnedosanue, 6b100p ORMUMATLHLIX RAPAMEMPOE  CLOHCHOIU
UHMCEHEPHOIl cucmembsl (CMpyKmypa mamepuana) ¢ HPUOPUMENOM Mpemvbe2o Kpumepus,
2eomempuuecKkas uHmepnpemauus pezyibvmamos pewienus B3MII.

B pasmene  mpencTaBieHO — pelIeHHWE ~ BEKTOPHOW  3aJauyd  MaTeMaTH4eCKOro
MPOrPaMMHPOBAHUS - MOJENN CIOXKHOW HHKEHEPHOW CHCTEMBI (CTPYKTYpBI Marepuaia) Ipu
3aJlaHHOM HpuUopumeme mpempe2o Kpumepusa Ha 6a3e MHOTOMEPHON MaTeMaTHKH.

IIpoBenen ananu3 pesynbraToB pemeHuss B3MII mpu 3amaHHOM HpPUOPUTETE TPETHEro
KpUTEpHs W TPEICTAaBIIeHa TEOMETpPHUYECKas WHTEPHpETalus pe3yJlbTaToB pEIIeHUs MpH
MPOEKTUPOBAHUU B TPEXMEPHOM CUCTEME KOOPIMHAT 6 OMHOCUMEIbHBIX OUHUUAX.

[IpencraBnena reoMerpudeckas HWHTepIpeTanus pe3yiabraroB pemenus B3MID ¢
MIPUOPUTETOM TPETHEr0 KPUTEpHUsS MpPU MPOCKTHPOBAHUU B TPEXMEPHOM CHUCTEME KOOpJIWHAT 6
¢uszuueckux edunuyax.

4.4.1.k3. Pewenue B3MII - mooenu CRLOHNCHOU UHICEHEPHOU CUCMEMbL (CIMPYKMYpbl
mamepuana) npu 3a0aHHOM RpuUopumeme mpemve20 Kpumepusi 8 MHO2OMEPHOU Mamemamuxe.
(pewierue obpamuotl 3a0ayiL).

JIuom, TIpUHUMAFOIIIAM PEIICHUs, KaK IMPABHIIO, SIBIISIETCS KOHCTPYKTOP CHCTEMBI.

Hlaz 1. Pemenne BEKTOPHOW 3a/laud MPHU PaBHO3HAYHBIX KPUTEPHUSX. AJITOPUTM pELICHHS
BEKTOPHOM 3a/1a4y Mpe/icTaBjeH Ha 0510k 2 — 5. UucieHHble pe3yJibTaThl pelIeHNs BEKTOPHOI 3a1auu
NpeaCTaBIeHbI B pa3zaene 4.2.3. 7 aman.

MHOXeCTBO TOUEK ONTHMABHBIX 10 [lapeto S°CS, npeacraBieHHbIX Ha puc.l, HaXOIUTCsS
MEXKIy ONnTHMalbHbIMU TOoukamu X; X7 X3 X3, X5 X2, X5 X9, X{ (#a pucynkax Bmecto Y

YETBEPTOr0 KpUTEPHUS: )\4(Xq=2) = = (0.21257. B ¢usnveckux eJUHHIAX BEITHYMHA
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ucnosnb3yercs X). [IpoBenem anann3 MHOkecTBa Touek [lapero S°cS. J{ist 3Tt 1€/ MBI COSTUHUM
BCIIOMOTATeNIbHbIe TOUKU: X{5 X3, X7 X391 ¢ Toukoit X©, KOoTOpast yCIOBHO MPEACTABIISET IICHTP
MHoxkecTBa [lapeto. B pesynbrarte MOTyYHId YEThIPE HOIMHOXKECTB Touek X €S¢S°cS, q = 1,4.

ITepBoe moamHOXkecTBO S§CS°CS BhienenHoe ToukamMu X; Xi3 X°X?, X XapakTepusyercs TeM,
YTO OTHOCUTEJbHAS OLIeHKA A; > A, A3, 14, TO €CTh B MOJIE IEPBOrO KPUTEPHSL ST UMEET MPUOPHUTET
HaJ octanbHbIME. [1000HO §9; MOAMHOXECTBA TOUYCK S3, 53, S - XapaKkTepu3yeTcs TeM, 4TO, I/Ie
BTOPOH, TPETWH W 4YETBEPTHIH KPUTEPUH HMEET INPHOPUTET HaJa JPYTUMH COOTBETCTBEHHO.
MHOXECTBO TOUYeK, ONTHMajibHbIX 1o Ilapero, Oymem o6o3Hauate S° = §7US85US30LS5.
KoopauHaThl BCeX MONYYEHHBIX TOYEK M OTHOCHUTEIBHBIC OIICHKU MPEACTAaBICHBI B JBYMEPHOM
npocTpaHcTBe {X; X,} Ha puc. 1. DTH KOOPMHATHI TOKA3aHbI B TPEX U3MEPEHHBIX MPOCTPAHCTBAX
{x1 x, A} Ha pHC. 2, T1Ie TPETHS OCh A- OTHOCHTEJbHAS OLICHKA.

Orpanuuenus Habopa Touek, onTuManbHbIX 1o [lapero, Ha puc. 2 oH cHukeH 110 -0,5 (4TOOBI
ObUTM BHIMMBI OTpaHUYEHHs). OTa WHPOPMAIMs TaKKe SBISAETCS OCHOBOM ISl JAJIbHEWIIEro
UCCIIeIOBaHMs CTPYKTYphl MHOKecTBa [lapero. JIuio, mpuHHMAaroiiee pemieHus, Kak MpPaBHIIo,
SIBIISIETCS pa3paOdOTYNKOM HHKEHEPHON CUCTEMBI.

Ecnu  pe3ynbTaThl pemieHHsT BEKTOPHOH 3aJayd C PABHO3HAYHBIMH KPUTCPHSIMH HE
YIOBIETBOPSIIOT ~ JIMIO, NPUHUMAIOIIEE pEIICHHE, TO BBHIOOP ONTUMAIBHOTO  PELICHHS
OCYILECTBIISICTCS. M3 KaKoro-imbo MOAMHOXKECTBA To4Yek S9,8%,53,59. DTH NOAMHOXKECTBA TOYCK
IMapero moka3zansl Ha puc. | Haamucsio B Buae hyukui f (X), f,(X), f3(X), f(X).

B nannoM pasnene uccienyeTcs MOAMHOXECTBO TOUCK C MPHOPUTETOM TPETHETO KPUTEPHS
S3.

a2 2. Beibop npuopureTHoro kpurepus q € K.

W3 Teopun H3BECTHO, YTO B ONTUMAalbHOM TOuke X° Bcerma umMmeercs JBa HauOoiee
NpOTUBOpEeUMBBIX KpuTepus, q € K u p € K, nns KOTOPBIX B OTHOCHUTEJIBHBIX EIMHHIIAX
BBIMOJTHSIETCS] TOYHOE PABEHCTBO:

A% = ?\q(X") = ?\p(XO), q,p €EK XesS,

a JUIs OCTaJIbHBIX BBIMIOJIHACTCS HEPABEHCTBA!

A < M(X°),VEEK, q#p + k.

B momenu marepuana (6.30)-(6.35) u coorBeTcTBytOIIEH A-3amaun (6.42)-(6.48) takumu
KPUTEPHUSAMH SIBJSIIOTCS BTOpPO# m Tpetnit: A% = A,(X°) = A3(X°)= 0.6087, T.c. BBHITOJHACTCS
YHCIIOBasi CAMMETPHSL.

Kaxk mpaBuiio, u3 310t maper A2 = A,(X°) = A3(X°)= 0.6087 nmpoTHBOPEUNBLIX KPUTEPUEB
BbIOMpaeTcst Kpurtepuil, koTtopbid JI[IP xorenm Obl ymyummth. Takolt Kputepuil Has3bIBaeTcs
«IIPUOPUTETHBIM KpUTEpHEM», 0003HaumM ero q = 3 € K. DToT KpuUTepuil HCCIexyercss BO
B3aMMOJENCTBUM C MepBbIM KputepueM q = 1 € K. Mbl nccneayeM 3Tu J1Ba KpUTEpUs U3 BCETO
MHOXecTBa KpurepueB K = 4, mokazaHHBIX Ha puc. 3.

JlanpHeine maryu pacueTa npeICTaBuM Ha IPUMEpEe TpeThel PyHKIMU (KPUTEpHs).

Buvioop npuopumemnozo kpumepusn:

Ha nucruteit Benaetcst o0mast ”HGOpMAIys sl IPUHSATHS PEIISHHA:

Kpurepuu B Touke ontumyma X °: FX0 =363.968 1790.681 194.2795 47.5045. (6.81)
OtHocurenbHbIe orienkn B X°: LX0 =0.73718 0.60874 0.60874 0.60874. (6.82)

Aunrnontumym: Y = {y; = 31.9,y, = 59,y; = 2.1,y, = 7.0}, h) = h,(Y?) = 296.6.

BBIBO/I: Kputepuu 2, 3, 4 HanbGosiee mpOTUBOPEUHBBI, N3 HUX BbIOMpaeM MPUOPUTETHBIHN. B
JaHHOM paszeie uccienyercs Tpetuit kpurepuid (Gynkuus) g = 3 € K.

Ha pucruieii BeimaeTcss cCOOOIEHHE:

g=input('Beeaute npuoputeTHbIii kKputepuit (Homep) = ") — Beeau kpumepuii q=3.
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Hlaz 3. OnpenensioTcs: YUCIOBbIE NMPEAETbl U3MEHEHUS! BETMYMHBI IPUOPUTETAa KPUTEPHUS
q = 3€K. [1na npuopuretHoro kputepus ¢ = 3 € K onpenensroTcst "3BMEHEHUS YUCIOBBIX MPEACTIOB
B HATYpaJIbHBIX €IMHUIIAX IIPH MIepeXoie U3 Touku ontumyma X ° (6.49) B Touky Xj =, HOJTy4eHHYIO
Ha repBoM Imare. J[anHupie 0 KpuTepuu =3 BBIIAIOTCS HA KpPaH:
fq(X°) = 194.27< f,(X) <210.35 = f,(X;),q € K. (6.83)
B oTHOCHUTENBHBIX eMHUIIAX KPUTEPUH (=3 U3MEHSAETCS B CICIYIOIIUX Mpeaesiax:
Aq(X°) = 0.6087< 4,(X)<1 = Zq(X;), q = 3 € K. Dty naHHble aHAIU3UPYETCS.
Hlaz 4. Beibop Benmunnbl npuoputeTHoro kpurepus e K. (Decision-making).
Ha cooGienue: «BBeanTe BelUUnHy MPUOPUTETHOTO Kputepus fg=» - BBoaUM, Hampumep,
fq:200.
Ilaz 5. Bviuucnsemcs omHocumenvbHas OYeHKd.
Jlns  BBHIOPaHHOM  BENMYMHBI  NPUOPUTETHOTO  Kputepus f, = 200  BbMHUCHAETCS
fi_fi _ _200-19427 _ 0.7479,
fi-f9  210.35-194.27
KOTOpasi pHU IEpPexoie OT TOUKU X © K Touke X JIEKUT B HpeJieax:
0.6087 = A3(X°) <23 =0.7489<2A;3(X3) = 1,q€<K, (6.84)
Ilaz 6. Berancoum ko3 GUIMEHT TMHEHHON alllIPOKCUMAIIUN
[Ipennonaras JTMHEHHBIA XapakTep n3MeHenus kputepus f, (X) B (6.83) u cOOTBETCTBEHHO
OTHOCHUTENILHOM OLEHKHU A, B (6.84), MCHONB3Ys CTaHAAPTHBIE NPUEMbI JIMHEHHOM annpoKCUMAalluH,

OTHOCHUTCIIbHAs OLICHKA: )\q =

BBIYUCIIMM KO3()(QUIHEHT MPONOPIHOHAIBHOCTH MEXIY Ay (X°), A4, KOTOpBI Haz0BEM p!

_ Ag2q(X°) _ 0.7489-0.6087 _ B
P = R g 1-ososr - 0:3558,¢=3¢€K. (6.85)

Illaz 7. Ber4ucium KOOPAMHATHI TOYKHU IIPUOPHUTETA KPUTEPUEB C PA3MEPHOCTBIO f;.
[Mpenmonaras nuHeWHBIH xapakTep wu3MeHeHuss Bektopa X7 = {x; x, x3 x,},q =3
OINIPEJIENMM KOOPAMHATHI ISt TOUKH C fr = 200 ¢ oTHOCHTENbHOM onenKoii (80):

X Zo7s = (0 = X°(D) + p(X3 (D) — X° (1)),
= X°@)+ p(X;(2) - x°(2),
x3 = X°(3) + p(X;(3) — Xx°(3),

X, = X°(4) + p (x;; (4) — x0(4))}, (6.86)
rae X° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2},
X3 ={x; =31.9,x, =59.00,x; = 2.1,x, = 7.0}.
Kak pe3yabTar pereHuss Mbl IOJTYIUM TOYKY C KOOPIUHATAMHU:
X% ={x; =39.63,x, =5291,x;3 = 3.54,x, = 3.907}. (6.87)
IIaz 8. Beruucienue riiaBHbIX MoKa3aTeneit Touku X 9.
JInst monmy4eHHOM Touku X 9, BBIYUCITUM:
BCe KPUTEpPUH B HATYpalbHEIX eaununax fi,(X9) = {f, (X9, k = 1,K},
fXD) ={fi(X?) = 344.3, f,(X?) = 2000, f5(X9) =199, f,(X9) = 41.7}; (6.88)
BCE OTHOCHUTEIIbHBIE OIICHKH KPUTCPHUCB:
- qy_ 0 -
A =%k =T,K3}, he(X9) = %,k =T,k
kK
A (XT) = (A (XT) = 0.5224,1,(X9) = 0.418,15(X9) = 0.7244,1,(X9) = 0.7446}; (6.89)
MUHHMaJIbHass OTHOCHTENIbHAS OlleHKa: minA(X?) = ?Eill{l(kk (X7)) = 0.418.

P9 = [p} = 1.3868,p; = 1.7333,p3 = 1.0,p; = 0.973];
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BekTop npuopureros P4(X) = {p] = jzgg Jk=1,K}:
e (X)) * P4 = {p3 * 1, (X7) = 0.7244,
D3 x A,(X7) = 0.7244,
p3 * A3(X9) = 0.7244,
p3 * 1,(X9) = 0.7244)}
MUHHMAaJIbHAsE OTHOCUTEJIbHAS OIICHKA:
A% = min(pih (XD, p3Aa (XD, p3hs(X9), p3ha(X9)) = 0.7244
Awnanornuno apyrue Touku u3 obnactu [lapero X7 = {A?, X} e S° MoryT ObITh MOTyYEHBI.
4.4.2k3. Anamuz pezyiomamoé peuwienus SGeKMOPHOU 340y  MAMEeMAMU4ecKo2o
NPOCPAMMUPOBAHUSL - MOOENU UHICEHEPHOU CUCTeMbl NPU 3A0AHHOM Npuopumeme mpemove2o
Kpumepusi.
Paccunrannas B (6.88) Benuunna TpeThero KpuTepus MpH 3a1aHHOM npuopurete fo (X7) =

199,q = 3eK,qeK o6buno He paBHa 3ananHoi f, = 200. Ommbka BeIGOpa Afy = |f;(X{) —

fql = 1199 — 200 = 1.0 onpenensercs omMOKON TMHEHHON anmpokcumanuu: Afyo, = 0.5%. Ecin
omubka Afg = |fo(X?) — fa| =199 — 200| = 1.0, usmMepeHHast B HATYpaIbHBIX €AMHUIAX WU B
Afq

npouentax Afgy, = A 100 = 0.5%, Gombuie 3anannoit Af, Af, > Af, T0 nepexomum K mary 2,
q

ecu Af, < Af, T0 BBIMHKCIIEHUS 3aBepinaoTcs. Koney.

B mpomecce MomenupoBaHHsT MOTYT OBITh M3MEHEHBI IapaMETPHUUECKUE OTPAHHYCHHS U
(GYHKIHH, T. €. TOJIYYSHO HEKOTOPOE MHOXKECTBO ONTHUMAIBHBIX pemieHuid. M3 3Toro MHOXecTBa
ONTUMAJIBHBIX PEHICHU BHIOMpAaEeM OKOHYATENbHBIM BapuaHT (IpollecC MPHUHATUS pelieHuii). B
HallleM IpUMepe OKOHYATENbHBIA BapUaHT BKIIIOYAET apaMeTphl:

X% ={X°1°} = {X° = {x; = 43.9,x, = 49.54,x; = 4.348,x, = 2.2}, 1°0.6087};(6.90)
napaMeTphl CTPYKTYPBI MaTepuaia mpy 3aJaHHOM MTPUOPUTETE KPUTEPHSL:

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

4.4.3.k3. ['eomempuueckas unmepnpemayus pe3yibmMamos peueHus GeKmMOpHOU 3a0adu
8b100pa ONMUMATILHBIX NAPAMEMPOE NO MPEMbEMY NPUOPUMEMHOMY KPUMEPUIO 8 OMHOCUMEIbHbIX
eOuHuuax.

JIisi TeOMEeTPHUECKOM HMHTEepIpeTalii pe3yJbTaTOB peIIeHUs BEKTOPHOW 3ajauu BeIOOpa
ONITUMAITLHBIX ITAPAMETPOB PEUICHHS BEKTOPHOW 3aJIa4 M0 TPEThEMY MPHOPUTETHOMY KPUTEPHUIO B
OTHOCHTEJIbHBIX eAUHHIIAaX chopmupyem puc. Sk3.

Amnanorndno puc. 4, chopMupyeM OTHOCHTEIBHBIC OICHKH YETHIPEX KPUTEPUEB B TOUKE
omtumyMa Yy A (Vi) k =1,K (uepmsiit neer) u A4(X;) =1,k =1,K (kpacHsli 1BeT) u
npejcTaBuM ux puc. Sk3.
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A-zapada BexkTtopHasa ontumuzauma: L1(0X),L2(X), L3 (X),L4{X). MawyHuH HO.K.

1.6 — h(X 1708 (X )=1.153
A B0 )=1 Ja =1
. ~ -
AL (X y=1.0562 -

Ade *iaaton, * < o

A2 e = hag -

] R "'f_:l_‘__\_l\'_ _»L" -Ir‘.-..h I'_%;I =1 e L=

e -
. Ay (X, )R8. 70458 1,0 —

ALK ,)F0.6441 7 =
ﬁ b, (X, )f0.52239
£ 0.5 |-
® ,)’Ei[f;":}mm 795

ey
0 - X, )=8.8282e-p8
___._.---"""';r? . x- a o
F,__,,.f‘fff : 6 4
0.5 7— L - 4
30 X, 38 X, 40 45 50 55 60 x3
x1

Puc. 5k3. A-3ama4a B cucTeMe KOOPAMHAT X; X3 (= Y, V3) u A. Pe3ynbTarsl pelneHus:
A4(X;) = 1,k = 1,K; oTHOCHTeNbHBIE OLEHKH C TIPHOPUTETOM TPETHETO KPUTEPUS B TOUKE
ontumyma Xg—3: Ay (Xq=3), k=1K.

Ha tperbem mare pemenuss BSMII ¢ paBHO3HauHbIMU KpuTepusimMud B (6.36) B Toukax
ontumymMma Yy, Y5, Y3, Y, momy4eHsl BeTMUMHBI BCEX OTHOCUTEIBHBIX OIICHOK:
L(¥y) 1.0000 0.9245 0.3560 0.1197
LY)|| _ 110.9367 1.0000 0.1968 0.0363
LOHOIl || 0.0 0.0 1.0000 1.011
L(Y)) 0.3669 0.2257 0.9427 1.0000

JIuneiinas dynkuus, coemunsiomas Touku A° = 0.60874 u A5(X3)=1 B OTHOCHTENBHBIX
eIMHUIAX XapakrepusyeT (YHKOHIO f3(X) B OTHOCHUTENBHBIX EIMHHUIAX B UYETBIPEXMEPHOM
W3MEPEHUU TapaMeTPOB Xq, ..., X4. OTa JHMHEHHass (QYHKIUS TPENCTaBIsET TE€OMETPUUYECKYIO
uHTepnperannu (yHKIMUA f3(X) B OTHOCHUTENBHBIX eauHUIaX u3 N-mepHoro (4-mMepHOro) B
JIBYXMEPHYIO CHCTEMY KOOPAWHAT. AHAJIOTHYHO HCCIEAYIOTCS BCe (DYHKIUH (KPUTEPHUH).

B 1ieniom Ha puc. 5k3 B Touke X3 moka3aHa reomeTpuyecKas (JIMHEHHAS) MHTEPIIOJSIHS BCEX
GbyHKIUH (KpUTEpHUEB):

f1(X) u cooTBeTCTBYIOIIAs OTHOCHTENbHAs orernkn A5 (X3) = 0.8221E — 08;

f>(X) u cooTBeTCTBYIOMAs OTHOCUTENbHAs oneHkn A5 (X3) = 0.8162E — 08;

f3(X) 1 cooTBETCTBYIONIAsA OTHOCHTENbHAS onenkn A5(X3) = 1.0;

f2(X) 1 cooTBeTCTBYIOIIAs OTHOCHTENbHAs oneHKn A5 (X3) = 0.1011.

OTHOCHTENBHBIE OLEHKU C MPHOPHTETOM TPETHETO KPUTEPUS B TOYKE ONTUMyMa Xg_3

Fk(Xg=3)—1fi0 T
Me(Xg=a) = =55 k = LK: Me(Xg=3) = {1 (Xg=3) = 0.52235,1,(Xg=3) =

0.41795,45(Xy=3) = 0.72444,14(X =) = 0.74456};

L(Y") =
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PesynbraTel pelleHHs IOKa3blBalOT, 4YTO MAaTEMaTHYECKUE PE3ylbTaThl IOJHOCTBIO
COBIAJAIOT C TEOMETPUUYECKHMH.

4.4.4.k3. TI'eomempuueckas unmepnpemayusi pe3yiomamos peuwienuss B3MII — moodenu
CMPYKMYpul  Mamepuania npu NnpoeKmuposanuu ¢ NPUOPUMemom mpemve20 Kpumepus 6
MpexmMepHoll cucmeme KOOpOUHaAm 8 punuueckux eOuHuUYax.

Hcxonnoit mHpopManueil Uis Te€OMETPHUECKOW HHTEPIpETalluu Ppe3yJbTaTOB PpEIICHUS
BekTopHOM 3anaun (B3MII) ¢ npropuTeTOoM TpEThEero KpUTEPHs SBISIOTCS:

napaMeTpbl TOYKU ONTHMYyMa IPH PAaBHO3HAYHBIX KPUTEPHUSX:

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

pacCUMTaHHOMN Ha IITOM Lare aJlrOpUTMa B IByXMEPHOM cUCTEMe KOOPIUHAT X4, X, (cM. Puc.
1) 1 npeAcTaBICHHON B TPEXMEPHOM CUCTEME KOOPJMHAT X1, X, U A B OTHOCUTEJbHBIX €IMHUIIAX HA
puc. 2, 3, 4 npu NpOEKTUPOBAHUH.

Hccnegyem u mpenctaBUM MapameTpbl HOCIEIOBATENBHO IS KaXJIOW XapaKTEepUCTHKHU
crpyktypsl Matepuana (kpurepus): fi(X), f,(X), f3(X), fo(X) B gpuzuuecxkux eounuuax.

1. TI'eomempuueckaa unmepnpemauyus pesyavmamos peuwienus B3MII — nepeoii
xapakmepucmuku f1(X) ¢ npuopumemom mpemve2o Kpumepus npu NPOSKMUPOSAHUU 8
Qusuueckux eOuHuyax.

Ha Puc. 6.k3 wuccnenosanbl: Touku ontumyma Xz, Xg—3, C COOTBETCTBYIOLIUMU
OTHOCHTEILHBIMH OLEHKaMHU A1 (X3) A1 (X;=3), a Takke nuHelHbIe QyHKIMH A°A4 (Xq=3) — 28(x3)
A° B OTHOCHUTENBHBIX €IMHUIIAX, KOTOpbIe XapakTepusyeT (yHkuuio f;(X) B 4eTbIpeXMEepHOM
W3MEPEHUU TTapaMETPOB X, ..., Xg4.

IlepBass xapakTepucTHKa CTpyKTyphl Marepuana hqi(X) (6.30) cdhopmuposana B 4.1.4:
max h,(X)=323.84 — 2.25y, — 3.49y, + 10.72y; + 13.124y, + 0.0968y,y, — 0.062y,y; —
0.169y,y, + 0.0743y,y; — 0.1y,y, — 0.0036y5y, + 0.0143y? + 0.0118y3 — 0.2434y% —
0.5026y2,

[pencraBiuM reoMeTpuYecKyto UHTeprnperannto pyHkuun hy (V) B pU3HUecKrX eJUHULAX C
NePEMEHHBIMHI KOOPJHHATaMU {Y; Y3} M C MOCTOSHHBIME KoOpauHaTamu {y, = 49.54,y, = 2.2} Ha
puc. 6k3.

KoopaunaTsl TOUk# U GYHKIHS IEPBOTO KPUTEPHUS HA MAKCHMYM:

Yy ={y, =46.56,y, = 43.23,y; =8.0,y, = 2.2}, h] = h;(¥y) = —387.9 npu pacuere
10 YeThIpeM TepeMeHHbIM. Ha pucynke o6o3navena xax fi*(X;) = —387.9;

Y7 = {y; = 46.5676,y; = 8.0} (na puc. 6k1 o6o3HaueHa kak X;). B nByxmepHoii cucteme
KOOPJHHAT V4,V BenuunHa neneBoil Gpyukuuu hi=f; (X7) = 403.6. (HepHblii nBeT).

KoopauHaTe! TOUkH U (GYHKIMS IEPBOTO KPUTEPUS HA MUHUMYM:

B Touke X = {x; = 31.9,x; = 2.1} Benuuuna nenesoit pynxmmuu FL=f; (X?) = 303.66.

Benuuuna 1esieBoii GyHKIUM B 4eThIpexMepHoii cucteme koopauHar [ (X?) = 296.59.

KoopanHaTsl TOUkH U GYHKIHKS IEPBOTO KPUTEPHUS MPU PABHO3HAYHBIX KPUTEPHUSIX:

Koopaunatet Touku X° = {x; = 43.9,x3 = 4.348}, nenenas ¢pynkuus f;(X°) = 363.96.
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Function f1{X}->max in Vector Optimization. MawyHun K.K.

600 —
500 f,(X ,)=403.6058
f 5 "
400 - = 387.9004
300 7 Six Yy=208B 5014
e
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100 —

0 T:-céaﬁﬁ X o —

n X
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1 x3

Puc. 6.k3. ®ynkmus f;(X) ¢ IpHOPUTETOM TPETHETO KPUTEPHUS B IBYXMEPHOU CHCTEME
KOODJHMHAT X; X3 M reoMeTpuueckas uurepnperamnus Gynkuun f; (X) B cucreMe KOOpauHatT
X1 X2 X3 X4

OtHOCHTENbHAS OIEHKA C MPUOPUTETOM TPETHErO KPUTEPHUS B TOYKE ONTUMYyMa Xg_3!

f1(Xq=3)-12

M Xg=3) =—%—
1( q—3) fi-fP

IPHOPHUTETOM B TOUKE ONTUMYMa X, —3 PaBHa f; (X q=3) = 344.83 (PuoneToBsIii IBET).

= 0.72444. B ¢usnueckux eAWHHUIAX BEIWYUHA TPETHETO KPUTEPHUS C

Jluneiinas ¢yHkuus, coemuHsromas Touku fi(X°) m fA(X]) B (usHMyeckux eamMHMIAX
xapakrepusyeT yHknuro f; (X) B 4eTBIpeXMEPHOM U3MEPESHHUH MAPAMETPOB X1, ..., Xy4.

A B menom otpeskn  fL(XD) -f1(X9)- fE(XY) mpencTaBnAOT TEOMETPHYECKYIO
MHTEPHIONSINI0 QYHKIHH f; (X) B 4eTHIpeXMEPHOM HU3MEPEHUU TAPAMETPOB X, ..., Xy4.

2. T'eomempuueckasa unmepnpemayus pesynomamos peuwienus B3IMII — emopoi
xapakmepucmuku f,(X) ¢ npuopumemom mpemveco Kpumepus CMpYKmMypvl MAmMepuaila npu
NPOeKmupo8aHuU 8 u3uUIeckux eOUHUYaXx.

Ha Puc. 7k3 wuccnemoBanbl: Toukm ontumyma X, X, g=3 M OTHOCHTEIbHBIMH
onenkaMu A, (X3) Ay(X4=3); Gynxmun A°A, (X q=3) — 25(X3) 2° B OTHOCHTENBHBIX EIMHHUIAX,
KOTOpBIE XapaktepusyeT QyHKIuo f,(X) B 4eThIpeXMEPHOM U3MEPEHUU IMTAPAMETPOB X, ..., X4.

Bropas xapakrepucTika CTpyKTypbl MaTepuaina h, (X) (6.32) chopmuposana B 4.1.4:

min f,(X)=795.72 +23.89x,+30.866x, -25.8586x; -45.0026x, -0.7683x;x, +0.4703x;x;
+0.7472x,x,-0.1283x,x3+0.3266x,x,-0.0112x3x,+0.0398x2+0.0365x2 +3.2x5+2.6457x2.

[TpeacTaBuM reOMETPHUECKYIO HHTEpIpETAInio QyHKIHNIO h,(X) B GU3HUECKUX €AMHUIIAX C
MepEeMEHHBIMHI KOOPAWHATAMHU {X; X3} ¥ C MIOCTOSTHHBIMHU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMANIbHOM TouKH Y ° Ha puc. 7.k3.

KOOpI[I/IHaTBI TOYKH U (pyHKHH;I BTOPOI'O KPUTEPHA HA OITUMYM (MI/IHI/IMyM):
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IIpH pacyeTe Mo YeThIpeM nepeMeHHbIM. Ha prucynke 0603HadeHa Kak f4'(X;) = 1361.41.

Y; = {x; = 55.6,x3 = 8.0} (na puc. 7k3 obo3HaueHa kak X;). B aByxmepHo# cucteme
KOOPJMHAT V4, Y3 BelIW4nHa 1eeBoi Gpyukuun pasua hy=f,(X;) = 1193.56. (Uepusiii user).

Koopaunatel Toukd MuauMyma (Hauxyniiee pelieHde — MakCHUMalbHOE) B Touke X5 =
{x; = 31.9,x; = 2.1} BenuuuHa nenepoil pynxuuu Fy=f,(X9) = 2207.2.

BenuunHa 1eneBoii GyHKIMK B 4eTHIpEXMEPHOil cicTeMe KoopauHar f5 (X3) = 2458.5.

KoopauHaTel TOUKH U GYHKIHS BTOPOTO KPUTEPHS MPH PABHO3HAYHBIX KPUTEPHSAX:

Koopauuarer Toukn X° = {x; = 43.9,x; = 4.34}. Benuuuna uenesoir Gpyukuun f,(X°) =
1790.6.

Function f2{X)-=min in Vector Optimization. MawyHu1H HO.K.

2500 - fz—“‘gx2 3;—245&.54&4
Sy
fzixf\=22m-2591f(x 1=1999.9989
- T Tk ®)=1790.6811
2000 — “»h__‘_fz{ = :
A *a
1500 —| f 2% 1=1361.4174

=1183.565

& 1000
500 —
o
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Puc. 7.k3. ®yukiws f,(X) ¢ npHOPUTETOM TPETHEro KPUTEPHS B IBYXMEPHOH CHCTEMe KOOPAUHAT
X1 X3 ¥ TeoMeTpuyecKkas nHrepnperarms GyHkuun f,(X) B cuCTeMe KOOPANHAT Xq Xy X3 X4

OTHOCHUTENBEHAS OLIEHKA C TPUOPUTETOM MIEPBOTO KPUTEPHS B TOUKE ONITHUMYMA X ;-1 BTOPOTO
0
KpUTEpHs: A, (X q=3) = % = 0.41795. B ¢wusnveckux eIUHHIAX BEIMYHMHA MEPBOTO
2 2
KPUTEPUs C NPUOPMTETOM B TOYKE ONTHMyma X,—; paBHa f, (X q=3) =1999.99. (Iloka3ana
(HOTETOBBIM IIBETOM).

JIuneiinas ¢yukuus, coenuHsomas Touku f5(X°) u fA(X;) B dusMueckuX eQMHHUIAX
xapakTepusyer GyHKIHIO f,(X) B 4ETBIpEXMEPHOM M3MEPEHHUH MapaMeTPOB Xq, ..., X4. A B IIEJIOM
otpeskn f£(X3) -f>(X°)- fA(XY) mpencTaBagroT reoMeTpUYECKy0 HHTEPIONSAIMI0 QyHKIHH f5 (X)
B YETHIPEXMEPHOM U3MEPEHUHU MTAPAMETPOB X, ..., Xg4.

3. TI'eomempuueckaa unmepnpemauusn peszyavmamoe peuienus B3MII — mpemoeit
xapaxmepucmuku f3(X) ¢ npuopumemom mpemveco Kpumepus CMPYKmMypbl Mamepuaida npu
NPOeKmMupo8aHuy 6 pusuieckux eOUHUYax.

Ha Puc. 8.k3 wuccnenoBanbl: TOYkM ontumyma X3, Xq=2, C COOTBETCTBYIOIIUMH

OTHOCHTEILHBIMH OLEHKaMU A3 (X3) A3(X,=3), a Takke IuHelHbIe QyHKIMM 1°A5 (X q=3) — 25(X3)

A° B OTHOCHTENBHBIX EAMHUIAX, KOTOpBIE XapakTepu3yeT (yHKuuio f3(X) B 4eThIpeXMepHOM
U3MEpPEHUU MAPAMETPOB X1, ..., X4.
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Tpethst xapakTepucTHKa CTPYKTYphI Matepuana hs(X) (6.31) chopmuposana B 4.1.4:

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

[pencTaBiUM reOMETPUIECKYI0 HHTeprpeTanuio GyHKiwn hs(X) B GHU3MYECKUX STUHUIIAX C
MEPEMEHHBIMH KOOPIUHATAMHU {X; X3} U C MOCTOSHHBIMH KOOpIUHAaTamMu y, = {49.54,y, = 2.2},
B3SIThIC U3 onTUMaiibHOM ToukH Y ° (79) Ha puc. 8.k3.

KoopanHaTel TOUKH U GYHKIHS TPETHETO KPUTEPHSI HA MAKCUMYM:

s ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(Ys) = —210.35 npu pacuere
10 yeThipeM HepemenHbIM. Ha puc. 8.k3 o6o3Hadena kak fi(X3) = —210.35

Y ={x; =31.9,x3 = 2.1} (na puc. 8k3 obo3HaueHa kak X3). B aByxmepHo# cucteme
KOOpAMHAT V,,Y; BEIMYMHA [eneBoi ¢yHKumu paBHa h3=f3(X3) = 195.73. (YepHsiii user)
Bennuuna nenesoii ¢pynkiym F;= 210.3.

Function f3{X)->max in Vector Optimization. MawyHuH HO.K.
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Puc. 8.k3. ®yukims f3(X) ¢ IpHOPUTETOM TPETHETO KPUTEPHS B IBYXMEPHOM CHCTEME KOOPAWHAT
X1 X3 ¥ reoMeTpuyeckas nHrepnperaims GyHkuun f3(X) B cucTeMe KOOPAMHAT X1 Xy X3 X4

Koopaunatel Toukd MunumyMma X9 = {x; = 78.16,x; = 8.0} (na puc. 8.k3. Benuuuna
nenesoit Gpynkmuy fY=192.39, f£(X3) = 169.26 (kpacHEIi 1BeT).

KoopauHaTs! TOuky 1 QYHKIUS TPETHETO KPUTEPHS MPH PABHO3HAYHBIX KPHTEPHAX:

Koopaunate! Toukn X° = {x; = 43.9, x3 = 4.348}. Benuuuna nenesot Gpynkuuu f53(X°) =
194.27.

OTHOCHTENbHAs OIEHKa C MPUOPMTETOM IIEPBOrO KPMTEpPUs B TOYKEe ONTHMyMa X,—3
fs(Xq=3)-13
f;_f30
TPETHETO KPUTEPHS C IIPUOPUTETOM B TOUKE ONTHMyMa X,—3 PaBHa f3 (X q=3) = 199.08 — 6nm3Ka K

TPETHETO KPUTEPUS: ?\3(Xq=3) = = 0.72444. B ¢u3nUecKuX EIUHUIIAX BEIMYHHA

uccieayemoit Benuuute f3(X) = 200. (TlokazaHa (HHOICTOBBIM IIBETOM).
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JIuneitnas Qynknus, coenuHsomas Toukd f3(X°) u fA(X3) B du3MueckuMX emMHHUIAX
xapakTepusyeT QyHKIHIO f3(X) B 4eTBIPEXMEPHOM U3MEPEHUH MAPAMETPOB X1, ..., X4.

A B menom otpeskn [fL(X7) -f3(X°)- fA(X?) mnpencraBnsior TeoMeTpUUEcKyIo
uHTepHpeTanuo GyHKIHUU f3(X) B YETBIpEXMEPHOM MU3MEPEHUU NAPAMETPOB X1, ..., Xg4.

4. I'eomempuueckaa unmepnpemayus pesynvmamos peuwienus B3IMII — uemeepmoii
xapakmepucmuku f,(X) ¢ npuopumemom mpemveco Kpumepusi CmpyKmypvl MAmepuaia npu
NPOeKMUpoBaHuY 8 Qusuieckux eOUHUYax.

Ha Puc. 9k3 wuccnenosanbl: Touku ontumyma Xg, Xg—3, C COOTBETCTBYIOLIMMH
OTHOCHTEIBHBIMHA OLUEHKaMHU A4 (Xg) A4 (X4=3), a Taroke nuHeHHbIe QyHKIME A°A, (Xq=3) — 24(X5)
A° B OTHOCHUTEJNBHBIX €IHMHUIIAX, KOTOpbIe XapakrepusyeT (yHkuuioo f,(X) B YeThIpeXMEpHOM
U3MEPEHUU apaMETPOB X1, ..., Xg4.

YeTBepTast XapaKTepUCTHKA CTPYKTYpbI Matepuana hy(X) (6.34) chopmuposana B 4.1.4:

max h,(Y)=21.004 — 0.0097y; — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y, +
0.085y;y; — 0.0001y,y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +
0.0035y2 + 0.006y3 — 0.0311y2}}.

I[IpeacTaBuM reoMeTpHYECKY 0 nHTeprnpeTauo GpyHkimio f;(X) B hu3nuecknx equHUIEAx ¢
MEPEMEHHBIMH KOOPJIUHATAMHU {X; X3} U C MOCTOSIHHBIMH KOOpIUHATamMu Y, = {49.54,y, = 2.2},
B3SThIE U3 ONTUMAIbHOU TOYKH Y° Ha puc. 9.k3.

KoopanHaTsl TOUKH U (GYHKIHS YETBEPTOTO KPUTEPHS HA MAKCUMYM:

Y, ={y; =36.70,y, = 59.00,y; = 2.1,y, = 2.2}, h;, = hy(Y;) = 30.714 npu pacuere 1o
yeThIpeM nepeMenHbIM. Ha prc. 9.k3 o603HaueHa kak f2 (X)) = 30.714

X; ={x; =36.70,x3 = 2.1} (na puc. 9k3 obo3HaueHa kak X;). B nByxmepHoii cucreme
KOOpAMHAT V;,YV; BeIWYHMHA I[eiaeBoit ¢yukiuu paBHa h,=f,(X;) = 28.302. (Yepusiii 1Ber)
Bennunna nenesoit ¢pynkiuu F,; = 30.714.

KoopuHaThl TOUKH U QYHKIMS YeTBEPTOro Kputepus MUHAMyMa X2 = {x; = 62.71,x; =
8). Benmuuna nenesoit gpynkuun f) = fL(X5)=—73.62.

Koopaunater Toukn X° = {x; = 43.9,x3 = 4.348} (ma puc. 9k3 obo3nauyena kak X°).
Benmuuna neneBoit gpynkiun f, (X°) = 47.5.

OTHOCHUTENIbHAS OLEHKA C NMPHOPUTETOM TPETHETO KPUTEPUS B TOYKE ONTHMyMa Xg_3
fa(Xq=3)-12
fi-1d
YETBEPTOTO KPHUTEPHs C NPHOPUTETOM B TOYKE ONTMMyMa X,—; paBHA f, (X q=1) = 57.254.

(IToxazana (HOIETOBBIM IIBETOM).

Koopaunate! Toukn makeumyma X, = {x; = 36.70,x3 = 2.1} (na puc. 11 o603HaueHa KaKk

X4omax). Benmnunna neneBoit gpynkmmu F,; =FX4omax = 30.714.

YETBEPTOrO KPUTEPUS: 7\4(Xq=3) = = 0.74456. B ¢dusmyueckux envHUIAX BETUYHHA
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Function f4(X)->min in Vector Optimization.MawyHuH FO.K.
120
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Puc. 9.k3. @yukims f (X) ¢ mprHOPUTETOM TPETHETO KPUTEPHUS B ABYXMEPHOU CUCTEME KOOPAUHAT
X1 X3 W reoMerpuyeckas uarepnperanus GyHkimu f;(X) B cuCTeMe KOOPAUHAT Xq Xy X3 X4

3aknrouenue no pazoeny: kpumepuii K3.

B pasmene paccmorpena u pemieHa mnpobieMa (dparMeHT) pa3pabOTKH W TPUHATHS
YIPaBIEHYECKOIO PEIICHUs YCJIOBUSAX HEONPEAEIEHHOCTH B CJIOKHOM HH)KEHEPHOW CHUCTEMBI
(ctpykTypel Matepuana). IlpoBemeH ananu3 pesynbTatoB pemieHuss B3MII nmpu 3aganHom
MIPUOPUTETE TPETHEr0 KPUTEPHUs, IMpPEICTaBICHA TIE€OMETPUYECKass MHTEpHpeTanus pe3yIbTaToB
pelIeHus TpH TMPOESKTUPOBAHUU B TPEXMEPHOM cucTeMe KOOpPAMHAT YEThIPEX XapaKTEePHUCTUK
(kpuTepueB), KaKk B OTHOCUTEIHHBIX SIUHUIAX, TAK U B QU3HUYECKUX CTUHUIIAX.

4.4. bnox 4.k4. Hccneoosanue, 6b100p ORMUMATILHBIX RAPDAMEMPOE  CILONHCHOI
UHMICEHEPHOU cucmembl (CMPYKmMypa Mamepuana) no 4Yemeepmomy HnPUOPUMEMHOMY
Kpumepuio, zeomempuuecKkas unmepnpemayus pe3ynomamos peuwienus B3IMIL.

B  pasnmene  mpenacraBieHO — pemieHHME — BEKTOPHOM — 3a/laud  MaTEMaTUYECKOIo
MIPOTPAaMMHUPOBAHUS - MOJEIU CJOKHOW HWHXEHEPHOM CHCTEMBI (CTPYKTYphl MaTepualia) TpH
3aJJaHHOM HpuUOpumeme 4emeepmozo Kpumepus Ha 0a3e MHOTOMEpHOU MaTeMaTHKH.

[IpoBenen ananu3 pesynbpraToB pemeHuss B3MII npu 3agaHHOM NPHUOPUTETE YETBEPTOIO
KpUTEepUsi W TPEACTaBICHA TeOMETpUUYEcKass MHTEpPIpeTalus pe3yiabTaTOB pEUIeHUus MpHu
MIPOEKTUPOBAHUH B TPEXMEPHON CUCTEME KOOPIUHAT 6 OMHOCUMENbHBIX OUHUUAX .

[IpencraBinena reoMeTpuyeckas HUHTepHpeTanusi pe3yinbraroB pemenuss B3MIT ¢
MIPUOPUTETOM HYETBEPTOTO KPUTEPHUS MPH MPOSKTUPOBAHWU B TPEXMEPHOH CHCTEME KOOPIWHAT 6
¢uzuueckux eounuyax.

4.4.1.k4. Pewenue B3MII - mooenu CLONCHOU UHNCEHEPHOU CucmeMmbl (CMpPYKmypbl
mamepuana) npu 3a0aHHOM NpUoOpumeme Yyemeepmoz0 Kpumepus 8 MHO2OMEPHOU MamemMamuxe.
(peuwtenue oopamuoul 3a0a4u).

JIutiom, NpUHUMAIOLIUM PELICHHUs], KaK MPABUJIIO, SBJISIETCSI KOHCTPYKTOP CUCTEMBI.

a2 1. PemieHrie BEKTOPHOM 3a7a4yMl MPU PAaBHO3ZHAYHBIX KPUTEPUSX. AJTOPUTM PEUICHUS
BEKTOPHOM 3a/1a4M MPEICTaBIEH Ha OJIOK 2 — 5, 6 3Tar. YucieHHbIe pe3yIbTaThl pEIIeHUs] BEKTOPHON
3a/1a4M MPeACTaBICHBI BhIIIIE.
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MHOXeCTBO TOUEK ONTHMAaBHBIX 10 [lapeTto S°CS, npencraBieHHbIX Ha puc.l, HaXOaUTCs
MEXKIy ONTHMAalbHbBIMH Toukamu X; X1 X3 X3, X5 X2, X5 X9, X{ (#a pucynkax Bmecto Y
ucrions3yercst X). Mbl mpoBezeM aHanu3 MHOXkecTBa Touek [lapero S°cS. [lns aToil menmu Ml
COC/IMHUM BCIIOMOTaTebHbIC TOUKH: X153 X3, X7, X3, ¢ Toukoi X, KOTOpas yCIOBHO MPE/ICTABIISACT
1eHTp MHOKecTBa IlapeTo. B pesysbrare HoJTy4uIn YeThIpe MOJIMHOXKECTB Touek X €S¢cS°cS, q =

1,4. IlepBoe moaMHOXeCTBO S$S°SS Bhinenennoe Toukamu X; X% X°XP2, X; xapakrepusyercs
TEM, YTO OTHOCHTENIbHAs OIEHKAa A; = A,, A3, A4, TO €CTh B IMOJE MEPBOrO KpuTepusi ST mMeer
NPUOPHUTET HaJ[ OCTATbHBIMHE. [10100HO $9 TTOMMHOKECTBA TOUCK $9, 5%, S - XapaKTepU3yeTCs TEM,
YTO, TJI€ BTOPOU, TPETUH U YETBEPTBIA KPUTEPUIM UMEET PUOPUTET HaJ APYTUMHU COOTBETCTBEHHO.
MHOXECTBO TOUYeK, ONTHMaibHbIX 1O Ilapero, Oymem o6o3Hauath S° = S§US5US3US5.
KoopaunaTsl BcexX IMONyYEHHBIX TOYEK M OTHOCHUTENbHBIC OLIEHKU IPEJCTAaBICHBI B JIByMEPHOM
npocTpaHcTBe {X; X,} Ha puc. 1. DTH KOOPAWHATHI MMOKa3aHbl B TPEX M3MEPEHHBIX IMPOCTPAHCTBAX
{x1 x, A} Ha puc. 2, T TPEThsI OCh A- OTHOCUTENIbHAS OIICHKA.

Orpannyenus Habopa ToueK, ONTUMaNbHBIX 110 [lapero, Ha puc. 2 oH cHIKEH 110 -0,5 (4TOObI
ObUIM BUAMMBI OTpaHUYEHHUsA). OTa HH(OpPMalMs TaKXKe SBISETCS OCHOBOM sl JalbHEWUIIEro
UCCIIeZIOBaHUs CTPYKTyphl MHOxecTBa Ilapeto. Jlumo, mpuHHMarolee pemieHus, Kak IpaBUIIO,
SIBJIIETCS Pa3pabOTYNKOM MHIKEHEPHON CUCTEMBI.

Ecnu pe3ynbTaThl pelleHHs BEKTOPHOM 3aJaud C pPABHO3ZHAUHBIMU KPUTEPUSIMHU HE
YAOBJIETBOPSIOT JIMLIO, [PUHUMAIOUIEE pEIIeHHe, TO BbIOOP ONTHUMAJIBHOTO  pEIICHUS
OCYILECTBIISICTCS M3 KaKOro-1nbo MOJAMHOXKECTBA To4Yek S§,S89,S%,S9. DTH MOAMHOXKECTBA TOYEK
[MTapero moka3ansl Ha puc. | Haanuceio B Buae yukuuii f (X), (X)), f3(X), f(X).

Ilac 2. Beibop npuoputeTHoro kputepus q € K.

W3 Teopuu H3BECTHO, YTO B ONTHMAIbHOW Touke X° Bcerma MMeeTcs JBa HambOouee
MPOTUBOPEUYUBBIX KpuTepus, q € K u p € K, and KOTOPBIX B OTHOCUTENBHBIX €IMHHUIAX
BBINOJIHSAETCS] TOYHOE PABEHCTBO:

A° = Aq(X") = Ap(X"), q,p EK XeS,

a JUIsl OCTaJIbHBIX BBIIOJHAETCS HEPABEHCTBA:

A2 <A (X°),VkEK, q#p #k.

B monenu marepuana (6.30)-(6.35) u coorBercTBytomIeH A-3amaun (6.42)-(6.48) Takumu
KPUTEPHUSMH SIBISIFOTCS BTOpoit m Tpetuit: A% = A,(X°) = A3(X°)= 0.6087, T.c. BBHIMOJHSACTCS
YHCII0Bas CUMMETPHSL.

Kak mpaBuiio, u3 31oit mapsl A° = A, (X°) = A3(X°)= 0.6087 nmpoTHBOPEUNBBIX KPUTEPUCB
BbIOUpaercst kputepuit, xoropeiid JIIIP xorem Obl ymyumuth. Takol KpuTepuil HasbIBaeTcs
TIPHOPUTETHBIM KpUTEpHEM», 0003HauuM ero q =4 € K. DTOT KpuUTepHil HCCIenyeTcs BO
B3aMMO/JICICTBUH € YETBEPTHIM KpuTepreM q = 4 € K. Mbl ucciieyeM 3TH J1Ba KpUTEPHs U3 BCErO
MHOXkecCTBa kpurepueB K = 4, moka3aHHBIX Ha puc. 3.

JlanpHelIme mark pacueTa MpeacTaBuM Ha MPUMepe YeTBEPTOi PYHKINHU (KPUTEPHS).

Buvioop npuopumemmnozo kpumepus:

Ha nucnieit Bergaercst oomas nHGOpMAIHst st IPUHSATHS PEIICHHIA:

Pemenune Ha max (f,(X) — min) f,(X) = 30.7. Hauxymmee pemrenue: f,(X) = 73.6.

Kpurepuii_f4max=30.7148 Touka x4max={36.7 59 2.1 2.2}.

Kpurepuu B Touke ontumyma X °: FX0 =363.968 1790.681 194.2795 47.5045 (6.91)
OtHocutenbHbie oneHkn B X °: LX0 =0.73718 0.60874 0.60874 0.60874 (6.92)

Antuonrumym: YL = {y; = 31.9,y, =59,y; = 2.1,y, = 7.0}, h) = h, (¥?) = 296.6.

BBIBO/: Kpurepuu 1, 2, 3 Haubosee NpoTUBOPEUMBEI, U3 HUX BHIOMpaeM MPUOPUTETHBIN. B
JTAHHOM paszielie UccleayeTcsi 4eTBepThii Kputepuil (pynkuus) g = 4 € K.

Ha nucnuteit BiaeTcst cooOmieHue:
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g=input('Beeaute mpruopuTeTHBIN KpuTepuit (HoMmep) 0= ") — Beeau kpumepuii q=4.
Hlaz 3. OnpenensioTcsl YUCIOBbIE Mpeeibl U3MEHEHUsT BETUUMHBI IPHOPUTETa KPUTEPHUS
q = 4<K. [lna npuopuretHoro kpurepus q = 4 € K onpenenstorcs N3MEHEHHs YUCIOBBIX IIPEEIIOB
B HATYpaJIbHBIX €JIMHUIIAX TIPH NIEPEXO0JIE U3 ToUkU ontumyma X ° (6.49) B Touky Xj =, mOJIy4eHHYIO
Ha rnepBoM Iare. J[aHHble 0 KpUTEpUH (=4 BBIIAIOTCS HA KPaH:
fq(X°) = 47.5045< f,(X) <30.7148.35 = f,(X;),q € K. (6.93)
B oTHOCHTENBHBIX €MHUIIAX KpUTepuil (=4 U3MEHSETCs B CIEAYIOIIUX Mpeaesiax:
Aq(X?) = 0.6087< 4,(X)<1 = /'Lq(X;), q = 4 € K. OTu 1aHHbIC aHAIU3UPYETCSL.
Hlaz 4. Beibop Benuunnbl npuoputeTHoro kpurepus K. (Decision-making).
Ha cooOuienue: «BBeauTe BenMunHy nMpuOpUTETHOTO Kputepus fg=» - BBomuM, Hampumep,
fq:40.
Hlaz 5. Buiuucnaemces omHocumenvHas OyeHKa.
Jlnst BLIOpaHHOM BEIMYHUHBI IPUOPUTETHOTO KPUTEPHS fu = 40 BBIMUCIIACTCA OTHOCUTENbHAS
_ fq*_fq(; _ _40-736 _ 0.7836.
fo-f  3071-736
KOTOpasi PH MEPEXOJIE OT TOUKU X © K ToUKe X4 JIEKHUT B NPEJIeNax:
0.6087 = A,(X°) <A, =0.7836 <7, (X;) = 1,q€K, (6.94)
Hlaz 6. Beraucnum ko3¢ GUIMEHT JIMHEHHON anmpoKCUMaItu.
I[Ipenmnonaras TMHEHHBIA XapakTep u3MeHeHus kpurepus f; (X) B (6.93) n cOOTBETCTBEHHO

OLICHKA: Aq

OTHOCHUTENILHOM OLEHKHU A, B (6.94), ncnonb3ys cTaHAapTHBIC NPHEMBI JIMHEHHON aNnpoKCHMAaluH,
BBIYMCIIMM KO3()QUIMEHT NPONOPLMOHATBHOCTH MEXKIY Ay (X ), A4, KOTOPBIN HA30BEM p:

Ag—Aq(X°) _ 0.7836-0.6087 _ 3
P Xap-xgx®) 106087 0.4470,q9 = 4 K. (6.95)

Illaz 7. BerauciuM KOOPAUHATEL TOYKU IIPUOPHTETA KPUTEPUEB C PA3MEPHOCTRIO f.
[Mpenmonaras nuHEWHBIH xapakTep wu3MeHeHuss Bektopa X7 = {x; x, x3 x,},q =3
OIpeJIeIUM KOOPIUHATBI ISt TOUKH C fy = 40 ¢ oTHOCHTENBHOM onenkoi (80):

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

X, =X°(4) + p (x; (4) — x0(4))}, (6.96)
rae X° = {x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2},
Xy = {x; =43.9022,x, = 49.5492, x5 = 4.3486,x, = 2.2}.
Kak pe3ynbTar perieHus: Mbl MOIy9UM TOUYKY C KOOPJIUHATAMHU:
X% ={x; = 40.6830,x, = 53.7734, x5 = 3.3435,x, = 2.2}.
Illaz 8. BeiunciieHue IIIaBHBIX MTOKa3aTesei Touku X 9.
Jlnst mony4yeHHON Touku X 9, BBIYUCINM:
BCe KPUTEPUHU B HAaTypalbHbIX eauHunax fi, (X9) = {f,,(X9),k = 1,K},
fXD ={f(X9) = 351.0, /,(X?) = 1963.8, f5(X9) = 200.1, f,(X?) = 40.2};
BCE OTHOCHUTEJILHBIC OIICHKH KPUTECPHUECB:
J— qy_£0 _
M = (k= TK), M) = BE2e e =Tk
k Jk
AM(XD) = {A (X)) = 0.5950,1,(X7) = 0.4508,13(X?) = 0.7504,1,(X?) = 0.7800};
MUHHMaJIbHAsi OTHOCUTEIIbHAS OlleHKa: minA(X7) = r]?gE(kk(X 7)) = 0.4508.

P9 = [p# = 1.3109,p% = 1.7297,p% = 1.0394,p = 1.0];

gMemnyHaponHmﬁ HayuHbIi xKypHan "®narman Hayku'" Ne9(32) Centsadps 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



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

BekTop npuoputetos P4(X) = {p! = izgg Jk=1,K}):
A (X9) * P9 = {pf = 1,(X9) = 0.78,
ps * 1,(X9) = 0.78,
p3 * 13(X9) = 0.78,
P} » 1,(X9) = 0.78)
MHHUMAJIbHAsi OTHOCHTEJIbHASI OIICHKA!
A% = min(p{ry (XD, p3ha (X)), p3hs (X9), piha(X 7)) =0.78
Amnanornuso apyrue Touku u3 odnactu [lapero Xy = {A?, XP}e S° MoryT ObITH MOTYYCHBI.
4.4.2K4.  Ananuz pezyrbmamog  pewlenus — BeKMOPHOU  3a0a4u  MAMeMamuiecko2o
NPOCPAMMUPOBAHUSL - MOOENU UHICEHEPHOU CUCMEMbl NPU 3A0AHHOM npUopumeme Kpumepus.
Paccunrannas enuuuna fu (X¢) = 40.2,q = 4€K, qe K o6b14HO He paBHa 3aJ1aHHO} f; = 40.
Ommbka BeiOOpa Af, = |f;(X7) — f4| = [40.2 — 40| = 0.20 ompenensercs omuOKoi nuHEHHOH
anmpoxcuManuu: Afqo, = 0.5%.
Ecmu ommbka Afy = |f,(X7) — fy| = |40.2 — 40| = 0.20, usmepeHHas B HaTypalbHBIX
%* 100 = 0.5%, OGombie 3amannoit Af,Af; > Af, T0
nepexouM K mmary 2, ecii Afy < Af, To BeIMuCcIeHus 3aBepmarorcs. Koney.

CIMHULAX WIH B NPOUEHTAX Afge, =

B nporniecce MoaenupoBaHus MOTYT OBITh H3MEHEHBI TapaMeTpudeckue orpanmnueHust (6.38) u
(GyHKIMHY, T. €. HOJIYYEHO HEKOTOPOE MHOXKECTBO ONTHUMANIbHBIX peuieHuid. M3 3Toro MHOXkecTBa
ONTHMAJIbHBIX PELICHUI BHIOMpAEM OKOHUYATENbHBIA BapUaHT (Mpoliecc MPUHATHS pelieHuit). B
HallleM IpuMepe OKOHYATeNbHbIN BapUaHT BKIIIOYAET apaMeTphl:

X0 ={X°2°} ={X° ={x; = 43.9,x, = 49.54, x5 = 4.348,x, = 2.2}, A° = 0.6087};

napaMeTpbl CTPYKTYPBI MaTepraia Ipy 3aJaHHOM MTPUOPUTETE KPUTEPHS:

g=4: X7 = {x; = 40.6830,x, = 53.7734,x; = 3.3435,x, = 2.2}.

4.4.3K4. eomempuueckas unmepnpemayusi pe3yibmMamos peuleHuss 6eKMOPHOU 3a0ayu
8b100pa  ONMUMANLHBIX — NAPAMEMPO8 N0  4emeepmomy NPUOPUMEMHOMY — Kpumepuio 6
OMHOCUMENbHBIX COUHUAX.

Jlns reoMEeTpHYEecKOi HMHTEPIpETali Pe3yJIbTaATOB PELICHUS BEKTOPHOW 3a1auyd BBIOOpA
ONITUMAJILHBIX MTAPaMETPOB PEIICHHsI BEKTOPHOW 33a4YH 110 YETBEPTOMY PUOPUTETHOMY KPUTEPHUIO
B OTHOCHTEJNIBHBIX enHHUIaX chopmupyem puc. Sk3.

Amnanornyno puc. 4, copMupyeM OTHOCHTEIbHBIE OIIEHKH YETBIPEX KPUTEPUEB B TOUKE
ontumyma Yy A (Vi) k =1,K (uepmsiit nser) u A4(X;) =1,k =1,K (kpacHsli 1Ber) u
npejacTaBuM ux puc. Sk3.

Ha tperbem mare pemenuss B3MII ¢ paBHO3HauHbIMH KpuTepusiMu B (6.36) B Toukax
ontumyma Y7, Y5, Y5, Y, momy4yeHbl Benn4nHBI BCEX OTHOCUTEIBHBIX OI[CHOK:

L(YY) 1.0000 0.9245 0.3560 0.1197
Larey = |[E2)|| 2 [[0-9367 1.0000 0.1968 0.0363

L(Y3) 0.0 0.0 1.0000 1.011

L(Y;) 0.3669 0.2257 0.9427 1.0000

JIuneiinas ¢dynkunus, coemuHsomas Toukdn A° = 0.60874 u A4(X})=1 B OTHOCHTENBHBIX
eAMHUIIAX XapakTepusyeT QyHKOuUIO f,(X) B OTHOCUTENBHBIX €IWHUIAX B YETHIPEXMEPHOM
U3MEpPEHUU TapaMEeTPOB Xq, ...,X,. OTa IWHEHHas QYHKIUS TPEICTABISICT T'€OMETPHUECKYIO
uHTeprpeTanuio QyHKIUA f,(X) B OTHOCHTENbHBIX eauHUIAX u3 N-mepHOro (4-MepHOro) B
JIBYXMEPHYIO CUCTEMY KOOPAHHAT. AHAIOTUYHO HCCIECIYIOTCS BCe (PYHKIUM (KPUTECPHH).

B nienmom Ha puc. 5k4 B Touke X; mokasaHa reoMeTpuuecKas (JIMHEHHAs) HHTEPIOSIUS BCEX
(GbyHKIMI (KpUTEpUEB):
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f1(X) u cooTBeTcTBYIOmAs OTHOCHTENbHAS onerku A5 (X}) = 0.36093;

f>(X) 1 cOOTBETCTBYIOIIAs OTHOCHTENEHAs oneHkH A5 (X;) = 0.2257;

f3(X) u cooTBeTCTBYIOMmAs OTHOCUTENbHAS oneHkH A5 (X}) = 0.94268;

f2(X) 1 cooTBeTCTBYIOIIAs OTHOCHTENbHAs oneHku A4 (X;) = 1.0.

Pe3ynbraTel pemICHUS IMOKa3bIBAIOT, YTO MATEMAaTHYECKHE Pe3yJIbTaThl IOJHOCTHIO
COBIAAIOT C TEOMETPUUCCKUMH.

A-zapgaya BekTtopHaa ontumusauma: L1(X),L2(X), L3 (X),L4(X). MawyHuH HO.K.

Aps *4 X
j":*. "x:*. ")'._1|:X =1.0562
é X )= -
1.2 7 HIiL ;; 0.94268 iﬁ";_:l]:;rgﬂ
. Sl - -
ALK 44 PR RIS
1 — : LE%H i; B?gggg e = - ___ 1 Eilll;x: :li'lll
N (R a=aq@ass _ _ -~
0.8 f:il—- —
J.- . . =
06— || XI"OPRI3)=q. 45002
@ T 2% "=p 2257
Qg 0.4 2 4
g
| 0.2 — 1
0 — ]
———— T T : 30
}? 40
a0 K 50
g R 60
6 7 8 x1

%3 X3
Puc. 5k3. A-3amaua B cucteMe KOOpaMHAT X; X3 (= y; V3) ¥ A. Pe3ysbrarsl pemenus:
A8(X;:) = 1,k = 1,K; oTHOCHTEIBHBIE OLEHKH C TIPHOPUTETOM UeTBEPTOTO KPHTEPHS B TOUKE
ontumMyMma Xg—4° Ay (Xq=4), k=1K.

4.4.4. I'eomempuyeckas unmepnpemayus pezyromamos pewenus B3MII ¢ npuopumemom
yemeepmoz0 Kpumepus. — MOOenu CMmpyKmypvl MAmepuanid npu npoeKmupo8aHul 8 mpexmepHou
cucmeme KOOpOUHAM 6 (PU3UYECKUX eOUHUUAX.

WcxonHoit mHbopMalmelt a1 reoMeTpUYecKOW HHTEpPIpEeTallud pPe3yJbTaTOB peIlleHus
BekTOopHOM 3a7aun (B3MII) ¢ nmproputeToM nepBoro KpUTEpHst SBISIOTCS:

napaMeTpsl TOUKH ONTUMyMa IIPU PaBHO3HAYHBIX KPUTEPUSIX:

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

paccuUTaHHOW Ha MSTOM LIare aropuT™Ma B ABYXMEPHOM CUCTEMe KOOPAMHAT X1, X, (cM. Puc.
1) ¥ mpeCTaBICHHOI B TPEXMEPHOI CUCTEMEe KOOPJIUHAT X4, X, U A B OTHOCUTEIBHBIX €IMHUIIAX HA
puc. 2, 3, 4 ipu IPOEKTUPOBAHUU.

Hccnenyem M mpencTtaBUM MapaMmeTphl MOCIEIOBATENBHO A KaKJIOM XapaKTEepUCTUKU
crpykrypsl Matepuana (kpurepus): f; (X)), f2(X), f3(X), fo(X) B puzuueckux eounuuax.

1. TI'eomempuueckasa unmepnpemayusn pe3ynomamoe peuitenus B3MII — nepeoi
xapakmepucmuku f(X) ¢ npuopumemom uemeepmozo Kpumepus npu npoeKMuposaHul 8
Qusuueckux eOuHuyax.
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Ha Puc. 6.k4 wuccnenosanbl: Touku ontumyma X;, Xg—4, C COOTBETCTBYIOLIMMU
OTHOCHTEILHBIMH OLEHKaMHU A4 (Xg) A1 (Xg=4), a Taxoke nuHeHHbIE QyHKIMHE A°A4 (Xq=4) — 24(X5)
A° B OTHOCHUTCIIBHBIX CIMHMIIAX, KOTOpbIe Xapakrepu3yer (pyHkmuio f;(X) B dYeThIpeXMEpHOM
W3MEPEHUU MTaPaMETPOB X, ..., Xg4.

max h, (X)=323.84 — 2.25y; — 3.49y, + 10.72y; + 13.124y, + 0.0968y,y, —
0.062y,y; — 0.169y,y, + 0.0743y,y; — 0.1y,y, — 0.0036y3y, + 0.0143yZ + 0.0118y2 —
0.2434y% — 0.5026y2.

[IpencraBuM reoMeTpuYecKyto uHTeprperannto GyHkuuu hy (V) B pusndeckux equHUIax ¢
MepEeMEHHBIMHI KOOPAWHATAMU {Y; Y3} U C TIOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3ATBIC M3 ONTUMaJIbHOM TOUkH Y (87) Ha puc. 6k4.

KoopauHatel TOYKM ¥ QYHKITHS IEPBOTO KPUTEPHUST HA MAKCUMYM:

Yy ={y, = 46.56,y, = 43.23,y; = 8.0,y, = 2.2}, h] = hy(Y]") = —387.99 npu pacuere
10 YeThIpeM NepeMeHHbIM. Ha pucynke o6o3nauena xak fi*(X;) = —387.99;

Y7 ={y; = 46.5676,y; = 8.0} (na puc. 6k4 o6o3naueHa kak X;). B 1ByxmepHo# cucreme
KOOPJAMHAT Yy, Y3 BelnnvnHa 1eneBoi Gpyunkuun paBua hi=f; (X;) = 403.605 (UepHsiii 1Ber).

KoopauHaTel TOUKH U GYHKIHS IEPBOTO KPUTEPUS HA MHHUMYM:

B touke X = {x; = 31.9,x; = 2.1} Benuuuna nesnepoit pynxuuu FP=f; (X{) = 303.66.

BenuunHa 1eeBoii GyHKIMK B 4eTHIpeXMepHoit cucteme kKoopauHat f(X?) = 296.59.

KoopauHaTel TOYKH ¥ QYHKITHS IIEPBOTO KPUTEPHUS MPH PABHO3ZHAYHBIX KPUTEPHUIX:

Koopaunars! Toukn X° = {x; = 43.9,x; = 4.348}. Benmuuna nenesoii pyukuuu f; (X°) =
363.96.

OTHOCHTENBHAS OLEHKA C NMPUOPUTETOM YETBEPTOTO KPUTEPHA B TOYKE ONTHMYMa Xg_4!

0
A (X q=4) = % = 0.59498. B ¢msuueckux eauHMIIAX BEIMYMHA TIEPBOTO KPHUTEPHS C
1 1
IPUOPUTETOM B TOYKE ONTUMYMa X;—, paBHA fi (X q= 4) = 350.97. (ITokazaHa (pHOIETOBBIM I[BETOM).

Function f1(X)->max in Vector Optimization. MawyHuH HO.K.

f,(X 1 )=403.6050

600
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Puc. 6k4. @yukuust f; (X) ¢ mpuOPUTETOM YETBEPTOrO KPUTEPHS B IBYXMEPHOIT CHCTEME
KOOPIIMHAT X; X3 U reoMerpuueckas uaTepnperanus pyukuun fi(X) B cucreme KOOpAUHAT
X1 X2 X3 X4
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JIuneiinas ¢yukuus, coenuusomas Touku f;(X°) u fA(X]) B dusmueckux emuHHUIAX
xapaktepusyeT GyHknuio f; (X) B 4eTBIpEXMEPHOM U3MEPCHHH MTAPAMETPOB X1, ..., Xy4.

A B menom otpeskn fL(X;) -fi(X°)- fAXY) ¢ yuerom f; (X q=4) MPEJCTABIISIOT
IreOMETPUUECKYI0 HMHTeprperanuto GyHKuuu f;(X) B 4YeThIpeXMEpPHOM H3MEPEHHUHU MapamMeTpOB
X1, s Xg.

2. T'eomempuueckaa unmepnpemayus pesynomamos peuwienus B3MII — emopoi
xapaxmepucmurku f,(X) ¢ npuopumemom uemeepmozo Kpumepus - MOOeEIU CMPYKMYPbl
mMamepuana npu npoOeKmupo8anHuu 8 QusUUecKux eOuHuyax.

Ha Puc. 7.k4 wuccremoBanbl: Toukd ontumyma X;, X, g=4> € COOTBETCTBYIOIIMMH
OTHOCHTEILHBIMH OLEHKaMU A, (X3) A, (X4=4), a Taxke nuHelHble QyHKImM 1°A, (Xq=4) — 25(X3)
A° B OTHOCHTENBHBIX EAMHUIAX, KOTOpBIE XapakTepusyeT (yHKuuio f,(X) B 4eThIpeXMEepHOM
U3MEPEHUU NapaMETPOB X4, ..., Xg4.

Bropast xapakrepucTruka CTpyKTypbl MaTepuaia h,(X) (70) chopmuposana B 4.1.4:

min f,(X)=795.72 +23.89x;+30.866x, -25.8586x; -45.0026x, -0.7683x,x, +0.4703x;x3
+0.7472x,x,-0.1283x,x5+0.3266x,x,-0.0112x3x,+0.0398x7+0.0365x5 +3.2x5+2.6457x.

[pencTaBUM reOMETPUYCCKYIO HHTEpIpeTauo GyHKIuio h, (X) B pu3ndecKux enHUAIAX C
MEPEeMEHHBIMH KOOPJWHATAMU {X; X3} ¥ C MOCTOSTHHBIMU KoopauHaTamu {y, = {49.54,y, = 2.2},
B3STBIC M3 ONTUMaIbHOM ToukH Y (89) Ha puc. 7.k4.

KoopauHaThl TOUKH U QYHKIUSI BTOPOTO KPUTEPHS HA ONTUMYM (MUHUMYM):

Y; = {y; =55.60,y, =34.19,y; = 8.0,y, = 2.2}, h; = h,(X;) = 1361.4

TIpH pacyeTe Mo YeThipeM nepeMeHHbIM. Ha pucyHke 0603Hadena kak f4(X;) = 1361.41.

Y; = {x; = 55.6,x3 = 8.0} (na puc. 7k4 oGo3HaueHa kak X;). B aByxmepHo# cucteme
KOOPJIMHAT Y4, Y3 Belnu4nHa 1eneBoi Gpyukuun pasua hy=f,(X;) = 1193.56. (Uepusiii user).

Koopaunatel Toukn MuauMyma (Hauxy/miee pelieHde — MakCHUMalnbHOE) B Touke X5 =
{x, = 31.9,x; = 2.1} Benuuuna nenesoit pynxuuu Fy=f,(X9) = 2207.2.

BenuunHa 1eeBoii GyHKIMK B 4eTHIPEXMEPHOil cHcTeMe KoopauHar f; (X3) = 2458.5.

KoopanHaTel TOUKH U GYHKIHS BTOPOTO KPUTEPHS MPH PABHO3HAYHBIX KPUTEPHSX:

Function f2{X)-=>min in Vector Optimization. MawyHun K. K.
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Puc. 7.k4. ®yukuus f,(X) ¢ mpUOPUTETOM YETBEPTOTrO KPUTEPHS B IBYXMEPHOH CHCTEME
KOOP/IMHAT X; X3 U reOMeTpUUecKasi HHTepIpeTaius GyHKuu f,(X) B cucTeMe KOOpUHAT
X1 X2 X3 Xy
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Koopauuarst Touku X° = {x; = 43.9,x3 = 4.348}. Bennuuna uenesoit pyukun f,(X°) =
1790.68.

OTHOCHUTENTbHAS OLIEHKA C IPUOPUTETOM MEPBOTO KPUTEPHS B TOUKE ONTUMYMa X4_1 BTOPOTO
fz(Xq=2)—f20
=13
KPUTEPUs C NPUOPMTETOM B TOYKE ONTUMyMma X,—, paBHa f, (X q=4) = 1963.83. (Iloka3ana

KpUTEPUA: }\Z(Xq=4) = = 0.45092. B ¢wusnyeckux eIUHHIIAX BEIMYMHA BTOPOTO

¢uoneroBsM 1BeToM). JInHeiHas GyHKIMS, coenuHsIomas Touku f>(X°) u fA(X;) B pusmdaecknx
eIMHUIIAX XapakTepusyeT QyHKIHIO f,(X) B 4eTbIpeXMEPHOM U3MEPEHUH MAPAMETPOB X1, ..., Xq. A
B menoM oTpesku f£(X3) -f2(X°)- fAXY) ¢ yuetom f, (Xq=4) MPEJCTABISIOT FEOMETPUICCKYIO
uHTepnpeTanuo GyHKIHH f,(X) B YETBIpEXMEPHOM H3MEPEHHH MAPAMETPOB X1, ..., Xg4.

3. I'eomempuueckaa unmepnpemauusn pe3zyavmamos peuitenus B3MII — mpemoeit
xapakmepucmurku f3(X) ¢ npuopumemom uemgepmozo Kpumepus - MOOEIU CMPYKMYPbl
mamepuana npu npoeKmupo8aHu 8 Qusu4ecKkux eOuHUYax.

Ha Puc. 8k4 wuccnenosanbl: Touku ontumyma Xz, Xg—4, C COOTBETCTBYIOLIMMU
OTHOCHTEILHBIMH OLEHKaMHU A3 (X3) A3(X,=4), a Taxoke quHeHHbIE QyHKIMM A°A5 (Xq=4) — 25(X3)
A° B OTHOCHTENBHBIX EIUHHIAX, KOTOpBIE XapakTepusyeT ¢yHKuuio f3(X) ¢ mpuopurerom
YETBEPTOTO KPUTEPHUS B UETHIPEXMEPHOM U3MEPEHUH MAPAMETPOB X1, ..., X4.

Tpethst xapakTepuCTHKa CTPYKTYpbI MaTtepuana hz(X) (69) chopmuposana B 4.1.4:

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

[pencTaBUM reOMETPUIECKYIO HHTEepIpeTannio GpyHkiun hs(X) B GU3MUECKUX SIUHUIIAX C
MEPEMEHHBIMH KOOPJIMHATAMHU {X; X3} U C MOCTOSIHHBIMH KOoOpAuHaTamu y, = {49.54,y, = 2.2},
B3SIThIC U3 ONTUMaNIbHOM ToukH Y ? (79) Ha puc. 8.k4.

Function f3(X)->max in Vector Optimization. MawyHuH H.K.
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Puc. 8.k4. ®ynkuus f3(X) ¢ MpUOPUTETOM YETBEPTOTrO KPUTEPHS B IBYXMEPHOH CHCTEME
KOOP/IMHAT X; X3 U reOMeTpUuecKas HHTeprpeTaius GyHKIuH f3(X) B cucTeMe KOOpHHAT
X1 X2 X3 Xy
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KoopauHaTs! Touky B QYHKIUS TPETHETO KPUTEPHSI HA MAKCHMYM:

Y; ={y; =31.90,y, =59.00,y; = 2.1,y, = 7.0}, h3 = h3(Ys) = —210.35 npu pacuere
10 yeTeipeM nepemerHbM. Ha puc. 8.k4 o603Hauena kak ff(X3) = —210.35

Y; ={x; =31.9,x3 = 2.1} (na puc. 8k4 oGo3nHaueHa kak X3). B nByxmepHO# cucreme
KOODAMHAT V,,Y; BEJIMYMHA MeaeBoi (GyHKuMU paBHa h3=f3(X3) = 195.73. (YepHslii 1BeT)
Bennuuna neneBoit pynkiun F3= 210.3.

KoopauHathl TOukM MHHHMyMa XS = {x; = 78.16,x; = 8.0} (na puc. 8.k4. Benuuuna
uenesoit pynxuu f2=169.26.

Koopaunatse! Toukn X° = {x; = 43.9, x3 = 4.348}. Bennuuna nenesoii pynkuuu f3(X°) =
194.27.

KoopauHaTsl TOUkH U QYHKIUS BTOPOTO KPUTEPHS PH PABHO3HAYHBIX KPUTEPHSIX:

Koopaunars! Toukn X° = {x; = 43.9, x; = 4.348}. Bennuuna uenesoit pyukun f,(X°) =
194.27.

OTHOCHTENbHAS OLEHKA C NPUOPHUTETOM YETBEPTOrO KPUTEPUS B TOYKE ONTUMYMa Xg_j4
f3(Xq=4)_f30
f;‘fso
TPETHETO KPHUTEPHS C NPHOPHUTETOM B TOYKE ONTUMyMa X,—, paBHa f3 (Xq=4) = 200.1026.

TPETHETO KPUTEPU: 7\3(Xq=4) = = (0.75043. B ¢Qusuueckux eIWHHUIAX BEIUYHHA

JIuneiinas QyHKIMA, coenuHsomAas Touky f3(X°) u £A(X3) B Pu3MUeCcKuX eMHUIIAX XapAKTEPU3YET
¢byHKIHIO f3(X) B YETBIPEXMEPHOM H3MEPEHHH MAPAMETPOB X1, ..., Xg4.

A B menom otpeskn fL(XD) -f3(X°)- fA(XY) mnpencraBnsior TeoMeTpUUecKyro
uHTepnperanmoo GyHkmuu f3(X) ¢ yderom f3 (Xq=4) = 200.1 B 4YeTBHIPEXMEPHOM H3MEPECHUU
apaMeTPOB Xy, ..., X4.

4. I'eomempuueckaa unmepnpemayus pezyibvmamos pewienus B3IMII — uemeepmoii
xapakmepucmuku [,(X) ¢ npuopumemom uemeepmozco Kpumepus — MOOeIU CMPYKMYpPol
Mamepuana npu npoeKmupo8arHuu 8 Qu3UYecKux eOUHUYax.

Ha Puc. 9k4 wuccnenosanbl: Touku ontumyma Xg, Xg—4, C COOTBETCTBYIOUIUMH
OTHOCHTEIBHBIMHU OUEHKaMH A4 (Xg) A4(Xq=4), a Taxoke nuHEHHBIE QyHKIMHE A°A4 (Xq=4) — 24X
A° B OTHOCHUTEJBHBIX €JMHHUIIAX, KOTOpbIe XapaktepusyeT (yHkimio0 f,(X) B YeThIpeXMEpHOM
M3MEPEHUH TTapaMeTPOB X, ..., Xg4.

YeTBepTas XapaKTepUCTUKA CTPYKTYypbl MaTepuana h, (X) (71) chpopmuposana B 4.1.4:

max h,(Y)=21.004 — 0.0097y, — 0.841y, — 0.4326y; + 1.1723y, + 0166y,y, +
0.085y,y; — 0.0001y;y, + 0.0523y,y; + 0.0002y,y, + 0.0006y5y, — 0.0022y? +
0.0035y2 + 0.006y3 — 0.0311y2}}.

[pencTaBUM TeOMETPUIECKYIO HHTEepIpeTanuio GyHKIHO f;(X) B GU3MUECKUX eTUHUIIAX C
MePEMEHHBIMH KOOpAWHATAMH {X; X3} ¥ C MOCTOSIHHBIMU KOOpAMHATaMu Yy, = {49.54,y, = 2.2},
B3AThIE U3 ONTUMaIbHON TOUKH Y (99) Ha puc. 9.k4.

KoopauHaTs! TOuky B QYHKIUS YETBEPTOTO KPUTEPHSI HA MAKCHMYM:

Y, ={y; =36.70,y, =59.00,y; = 2.1,y, = 2.2}, h;, = h,(Y,;) = 30.714 npu pacuere 1o
ueThIpeM TiepeMeHHBIM. Ha puc. 9.k4 o603nauena kak f(X;) = 30.714

X; ={x; =36.70,x3 = 2.1} (na puc. 9k4 obo3naueHa kak X;). B aByxmepHOi cucteme
KOOpAMHAT V;,V; BeIWYHMHA I[eiaeBoit ¢yukimu paBHa h,=f,(X;) = 28.302. (YepHsiii 1Ber)
Bennuuna nenesoii ¢pynkiyu Fy = 30.714.

KoopauHATHl TOUKH M (PyHKIMS 4eTBEPTOro kputepus munumyma X2 = {x; = 62.71,x; =
8). Benmuuna neneBoii pynxuun f = f2(X;)=—73.62.

Koopaunater Toukn X° = {x; = 43.9,x3 = 4.348} (ma puc. 9k4 oGo3nauyena kak X°).
Benmnunna nenesoit pynknuu f,(X°) = 47.5.
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OTHOCHUTEbHAS OIEHKA C NPHOPHTETOM YETBEPTOTO KPUTEPHS B TOYKE ONTHMYMa Xg_4
fa(Xq=1)—1%
fi—f7
YETBEPTOTO KPUTEPHS C IPHOPUTETOM B TOUKE ONTUMYMa X;—4 PaBHa fy (X q=4) = 40.15 — 6m3Ka K

ucciexyemoit Bemmuune f,(X) = 40. (IToka3ana GpHOIECTOBBIM LIBETOM).

YETBEPTOr0 KPUTEPUS: A4(Xq=1) = = 0.77997. B ¢dusudeckux envHUIAX BETUYHHA

Function f4(X)-=min in Vector Optimization.MawyHuH HO.K.
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Puc. 9.k4. @ynxmms f, (X) ¢ mproOpUTETOM YETBEPTOrO KPUTEPHSE B IByXMEPHOM CHCTEME
KOODPJMHAT X; X3 WM eOMeTpudecKas nareprperamnus Gpyukiun [ (X) B cucreMe KOOpIuHAT
X1 X2 X3 X4

JIuneitnas dynknusa, coemwHsomas Touku fu(X°) u fA(X}) B dusmuecknx emuHMIAX
xapakTepusyer (QyHKIHIO f;(X) B YETHIpEXMEPHOM H3MEPEHHM MapaMEeTPOB Xj, ..., X4. A B IEJIOM
otpesku f2(X)) -f2(X°)- fA(X2) coBmecho ¢ f4(Xq=4) = 40.15 npeAcTaBISIOT TEOMETPUUECKYIO
UHTEepHOJIIHI0 GyHKIHH [, (X) B 4eTBIPEXMEPHOM W3MEPEHUH ITAPAMETPOB X, ..., X4

3aknrouenue no pazoeny: kpumepuii k4.

B pasmene paccmorpeHa W pemieHa mnpobieMa ((dparMeHT) pa3pabOTKH W TPHHATHS
YIPaABJICHYECKOTO PEIICHUSI YCIOBUSAX HEONPEACICHHOCTH B CIOXHOM HMHXEHEPHOH CHCTEMBI
(ctpykTypel Matepuana). IlpoBeneH ananu3 pesyapTaToB pemieHuss B3MII mpu 3aganHoM
MIPUOPUTETE YETBEPTOTO KPUTEPHUs, MPEACTABICHA T€OMETPHUECKasi MHTEPIPETALUs Pe3yIbTaTOB
pelleHus TpH TMPOEKTHUPOBAHUM B TPEXMEPHOM cHUCTEME KOOPAMHAT YEThIPEX XapaKTEPUCTUK
(kpuTepueB), BO-TIEPBBIX, B OTHOCUTENFHBIX €IMHUIIAX, BO-BTOPBIX, B (PU3NYECKHUX €TUHHIIAX.

4. CpaBHeHMe TIPUKJAAHBIX METOJ0B MHOITOMEPHOH MATEMATHKH ¢ MeTOdaMu
HCKYCCTBEHHOI'0 HHTEJVIEKTA.

OueHuM NpUKIAJAHBIE METOABl MHOTOMEPHOW MaTeMaTHKH - {akcuoMaTuka MaiyHuHa
I0.K., npuHIUMIBI ONTUMAILHOCTH W METOJBl PEIICHHsS BEKTOPHBIX 3a/1ad MaTeMaTHYECKOTO
(BBIMTYKJIOTO) TPOTPAaMMUPOBAHUs}, MPEJICTaBICHHBIE B TPETHEM M YETBEPTOM pasfeie JaHHON
paboThl, U CpaBHUM MX C METOJIAMH MCKYyCCTBEHHOT'O MHTEIUIEKTa. VICTIONb3ys TEOpHIO BEKTOPHOU
ONTHUMU3AINH, MBI TOTYYHIN Ui WUHKEHEPHOH CHCTEMBI (B YaCTHOCTH, TEXHUYECKOM CHUCTEMBI,

CTPYKTYpbl MaTepHana):
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Touku ontumyma - X° = (x?,j = 1,N};

xapaktepucTuky (kputepun) — F(X°) = {f,(X°),k = 1,K};

otHocutenbHple omeHkH — A(X?) = {A(X°),k = 1,K}, koTopsle HexaT B Ipeaenax
{0 <2, (X°)<1(100%),k = 1,K}, u nerko nepeBoguTCs B HATypaibHble (QU3MUECKre) TaHHBIE.

MosKeT 11 3TH pe3yIbTaThl MOJYYUTh HCKYCCTBEHHBIH HHTEIUICKT, ()YHKIIMOHUPYIOLIHIA, KaK
npaBuIio, 1o npuHimny nepedopa. OreetuM: «Het». VIcKyCCTBEHHBINH HHTEIUICKT MOXKET TOJyYUTh
TOJBKO TPHUOIM3UTENBHBIA Pe3ysbTaT, KOTOPBIM 3a/all YEJIOBEK, HO YeM 3TOT pe3ysbTaT Jydlle
JPYTHX Pe3yJIbTATOB TAKXKE JOJDKCH OLICHUTh YeJIOBEK HA OCHOBE MHTYHUIIHH.

Takum oOpa3zom, pa3paboTaHHasi TEOpUsT BEKTOPHOH ONTUMH3ALUU MOXKET SBISATHCS
MaTeMaTUYEeCKUM alapaToM BbIYHCIUTEILHOIO HHTEUICKTa HCKYCCTBEHHOTO HHTEIIICKTA.

3akirouenune

[Ipobrnema pa3pabOTKM MaTEeMaTHYECKHMX METOJI0OB MHOTOMEPHOW MaTEeMaTUKH B
NPUIOKEHUU K BEKTOPHOM 3a/1a4€ ONTUMH3ALUU U IPUHATHS ONTHMAIBHOTO PELICHUS Ha X OCHOBE
B CJIO)KHOM TEXHHMYECKOW CHUCTEME MO HEKOTOPOMY HabOpy (PYHKIMOHAJIbHBIX XapaKTEPUCTHK U
OKCIIEPUMEHTAIBHBIX JIaHHBIX SBJSICTCS OJHOM W3 BaXHEHINIMX 3a/ad CHUCTEMHOIO aHajiu3a |
NPOCKTUPOBAHUS HMHKEHEPHO-TEXHUYECKUX CHCTeM. B pabore pa3paboTaHa MeETOHOJIOTHS
aBTOMATHU3allMM TPOCKTUPOBAHUS IIyTEM: IOCTPOSHHS MaTEMaTH4YeCKOW MOJEIU HHKEHEPHON
CHCTEMbI B YCJOBHUSX OIPEICICHHOCTH W HEONPEACICHHOCTH; pa3padOTKH METOIOB PEIICHHUS
BEKTOpHOH 3amauu. [IpeacraBieHO MOCTpOCHHE MAaTEMAaTUUECKOW M YHCICHHOW MOJEIH BhIOOpa
ONTHUMAJIbHBIX MTAPAMETPOB CII0KHOW MHKEHEPHON CUCTEMBI - MaTepHaIa CIOXKHON CTPYKTYPBI H UX
peanu3anus M0 MHOXECTBY XapakTepucTWK [lepBbii JTam, a Takke 3Tanm aHalu3a pe3yibTara
pEILICHUST U BHIOOpA MPUOPUTETHOTO KPUTEPUS M €r0 BEIUYMHBI BBIMOJIHICTCS KOHCHIPYKMOPOM
mamepuana.
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