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B pabote paccMaTpuBalOTCSl TEOPETUUECKHE ACIEKTHl MHOTOKPHTEPUATILHOTO MPO-
eKTUPOBAHMS JHATHOCTHYECKUX CHCTEM TEXHHUUYECKHX OOBEKTOB H MX CTPYKTYPHBIX
B3aMMOCBsI3eH, MOJBEPIIIMXCSI HEKOPPEKTHOMY BHEIIHEMY BO3IEHCTBHIO M Haxo.s-
IMUXCSl B HEUETKOM COCTOSIHUHU. B CBsI3M ¢ 3THM, NOBBIMIEHHE KadyecTBa (YHKIIMOHHPO-
BaHUs U ONpesiesieHHe JeHCTBUTEIbHOIO TEXHUYECKOTO COCTOSIHHS U3/eui (00BEKTOB,
CHCTEM) SIBISETCS Ba)KHOH NpPOOJIEMOM, OT MPaBHJIBHOTO PEIICHUS KOTOPOW 3aBHCUT
a¢dexr nx ucnons3oBaHus. B obecriedennu TpeOyeMoro ypoBHs KadecTBa (PyHKIHO-
HHUPOBaHUS ¥ HAJIGKHOCTH CIOXKHBIX TEXHHYECKHX CHCTEM 0c00asi POJb IPHHAIICHKHUT
MEeTO/IaM T€XHMYECKOro JHarHOCTHPOBaHUs. B nuarHocTuke TEXHMYECKUX CHUCTEM He-
PEIKo MPOSBISIOTCS Ae(EKTHI, IPU KOTOPBIX CBA3b MEXIY MPH3HAKAMU U MPUYHHAMH
HEUCIPaBHOCTEH HOCHT HEOMHO3HAUHBINA XapaKTep, YTO INPHBOAUT K HEUETKOCTU IIPO-
recca AUarHOCTUPOBaHMs. JIJIsl pelieHnsl TakKuX 3a/1ad AUArHOCTHPOBAHMS HA MPAKTHKE
ObLIH pa3paboTaHbl abTEPHATHBHBIC METOBI MMOUCKA Ie(EeKTOB. DTH METObl OCHOBA-
HBI Ha 0a3e MaTeMaTHYECKOrO ammapara HeYeTKUX MHOMKECTB H JIOTHK, HO3BOJISIOMIUX
pean30BaTh METOJHKY (YHKIIHOHHPOBAHUS IPOrPaMMHO-aITOPUTMHUYECKUX HHCTPY-
MEHTOB IOHCKa JIe(EKTOB.

PaGoTa sBnseTCs JIOTUYECKMM MPOJOKEHHEM HCCIEA0BaHUM, MpECTaBISHHbBIX
aBTopamu B [2—4]. [IpuBeneHHble B paboTe METOIBI U aITOPUTMBI 00JIaJal0T BBICOKOI
CTEIeHbI0 YHUBEPCATEHOCTH U MOTYT OBITh UCIOJIL30BAHEI B TIOOBIX 00IACTSAX HAYKH U
TeXHUKH, IJe TpeOyIOTCs HaJexHas IUarHOCTHKAa W KOHTPOJIb PabOTOCIIOCOOHOCTH
TEXHUYECKHX OOBEKTOB, CUCTEM MIIM M3/ENHH, MOABEPIIIMXCSl HEKOPPEKTHOMY BHEIN-
HeMy BO3JeiicTBHUIO.

1. Beeoenue

B AMarHOCTHKE TEXHMYECKUX CHUCTEM, MOJBEPTIIMXCS HEKOPPEKTHOMY BHEIIHEMY
BO3/ICHCTBUIO, HEPEIKO MPOSBISIOTCS Ae(EKTHI, IIPU KOTOPBIX CBA3b MEKIY NPH3HAKAMU
U IPUYMHAMH HEHCHPAaBHOCTEH HOCUT HEOJHO3HAYHBIH XapakTep. IIpocTbie By3HAUHBIC
YTBEP)KICHHUSI THIA «HCIIPABHBIH-1» — «HeucnpaBHbIH-0» HEZOCTATOYHBI, MOCKOJIBKY
COBPEMEHHbIC [MarHOCTHYCCKHE CHCTEMbI JOJDKHBI PACIO3HABATH OIIACHBIC YCIOBHS
(GYHKLUMOHMPOBAHNUS, IIPUYMHBI M TUI BO3HMKILIEH HEHCIIPABHOCTH, YETKOE M OJHO3HAY-
HOE ONHCAaHHE KOTOPOil HEBO3MOXKHO.

Ipodeccop . bapmmopd (D.Barschdorff) [S] mumrer, uTo BaKHBIM Iarom B 1r000M
METO/I¢ AUArHOCTUKH OTKA30B SBJISIETCS OCTPOCHHE MaTeMaTHYEeCKOH MOJIENH, Jaromen
aJIeKBaTHYI0 MHGOpPMAUI0 0 (QYHKIMOHUPOBAHUM CHCTEMBI. JIHarHOCTHPOBAHHE HEHC-
MPaBHOCTEH CHUCTEMBI IIPU IOMOIIM JETEPMHUHHUCTHYECKMX METO/OB pacHO3HABAHMS

! Ten.: +7 8312 368344, E-mail: bushueva@nntu.nnov.ru
? Ten.: +7 8312 365672, E-mail: maximov@nntu.nnov.ru
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nedextoB 3 (HEKTHBHO TONBKO MPH HATAYHHA MATEMAaTHYeCKOW MoJenu ee (hyHKIHOHH-
POBaHUS WM TIponecca. DTH MOJEIH B OONBIIMHCTBE CIyYaeB PEHIaeMbl C UCTIOIb30Ba-
HHEM YHCIICHHBIX METOJOB, YTO HAKJIAAbIBACT OTPAaHWYCHHE HAa UX HCIIOIHb30BAHHE B
peanbHOM BpEMEHU IpU OMCKE HEUCIPABHOCTEW U yNPABICHUU TEXHUYECKON CUCTEMOM.
IMourtu Bce peanbHBIE TPOIECCH HYHKIMOHUPOBAHHS TEXHUIECKHX CUCTEM MMEIOT HENH-
HeWHOe TOBEACHHE, ISl HUX XapaKTepHO BO3HHKHOBEHME HEINTATHBIX CHTYyalHd. OTH
CUTYaIlH{ COTPSDKCHBI C HEYETKOCTHIO MOCTYMAIOIIEH THarHOCTHIecKoi nHpopmarun. B
9THX CIyYasX Ha MPAKTUKE UCIIONB3YIOT 3KCIEPTOB, TO €CTh MPOMCXOJUT BMEIIATEIECTBO
YyeJIoBeKa B MPOLECC AUArHOCTUPOBAHMS M yIPABJICHUS TEXHUUECKOW cucteMoit. Mckito-
YeHHe YeJIOBEeKa M3 Ipolecca YHMpPaBICHUS HIM MOUCKA Je()EKTOB B TAKHUX YCIOBHAX
BO3MOJKHO C HCIIOIb30BAaHHEM METOIOB HEYETKOH JIOTHKH, MO3BOJISIOMIUX 00pabaThIBaTh
JaHHbIE W JeNaTh 3aKIIOYCHHS Ha OCHOBE PACCESHHBIX, HETOUYHBIX, pa3OpOCAaHHBIX H
HETIONHBIX 3HaHWWA. B nmaHHOH paboTe MpencTaBisIOTCS HCXOAHBIC MPEANOCHUIKH II0-
CTPOCHHUS TAaKUX AUATHOCTHIECKHX CHUCTEM, MPEUIaraeTcsl METOJ UX MHOTOKPHTEPHAIb-
HOTO NPOEKTHpOBaHuUs. JlaHHas paboTa SBIAETCS JOTHMYECKUM INPOJODKEHUEM HCCIEN0-
BaHUM, HAYaTHIX B [2—4].

[Iporpamma HATO Hayxa ms Mupa «Paspabomka paouayuuoHHO-CIOUKUX NOLY-
NPOBOOHUKOBbIX NPUOOPOEG 0Nl CUCHEM CEA3U U NPEYUSUOHHBIX USMEPEeHUll C UCNONIb3064-
HUeM Wymo6020 ananu3ay HaIpsAMyIO HalpaBiIeHa Ha MOBBIIICHNE HAICKHOCTH CIIOXKHBIX
MOTYTPOBOAHUKOBBIX OOBEKTOB, PaOOTAIOIINX B TSDKEIBIX YCIOBHAX SKCILUTyaTanuu. B
CBSI3U C OTHUM MpobieMa oOecreyeHus: KOHTPOJCTIPUTOJHOCTH TEXHUYECKUX OOBEKTOB,
MOJBEPTIINXCS BHEIITHEMY HEKOPPEKTHOMY BO3/CHCTBHIO, SIBISIETCS BEChbMa aKTyalIbHOH.
PaccmarpuBaemblie B paboTe METOBI M AITOPUTMBI 00ECTIEUEHHST KOHTPOJICTIPUTOAHOCTH,
0COOEHHO TIPU KpaTHHIX Ae(eKTax W HEUeTKOW MHPOpPMAaIH B OOBEKTE, SBIISIOTCS Ya-
CTBIO 001Iel TPOOIEMBI 00ECTIEYCHUS! KOHTPOJICTIPUTOAHOCTH TEXHUIECKUX CHCTEM.

2. Heuemkue muodcecmea

AnmnapaTr HEYETKMX MHOXKECTB IIPUMEHSCTCS ULl PEIICHUS 33/1a4, B KOTOPBIX HCXOA-
HbIE JIAHHBIC SBJIIOTCS HEHAACKHBIMU U €l1ab0 (HopMann30BaHHBIMU. TONYKOM K pa3BH-
THIO HOBOH MeTaMaTeMaTH4YeCKOH TeOpUH SBUIACH OMyONMKOBaHHas B 1965 r. pabota
L.Zadeh «Fuzzy Sets», B KOTOpOil OH pacIIMpHJI KIACCHYECKOE IMOHSATHE MHOXECTBA,
JIOTyCTUB, YTO XapakTepucTuueckas (QyHKUMs (GYHKLMS MPUHAIUISKHOCTH BIIEMEHTA
MHOXECTBY) MOKET IPUHHUMATH JIt00bIe 3HaueHus B uHTepBaie (0;1), a He Tonpko 0 win
1. Takue MHOXecTBa ObUTM Ha3BaHBI UM HedeTknMU (fuzzy). B 1993 r B.Kosko nokazan
teopeMy «Fuzzy Approximation Theoremy, cormacHo KOTOPOi sir06as mamemamuyeckas
cucmema modxcem Ovlmb ANNPOKCUMUPOBAHA CUCIEMOT, OCHOBAHHOU HA HEYEMKOU 02U~
xe. CornacHo [1], CUIBHBIMH CTOPOHAMH IPUMEHEHHSI MAaTEMaTHYECKOr0 MOIX0/1a, OCHO-
BaHHOTO Ha HEYETKUX MHOXKECTBAX M HEYCTKUX JIOTHKAX, SIBJSIOTCS: OMHMCAHHE YCIOBHI
U MeTOJa PEIICHHUs 3a7audl Ha S3bIKe, OJM3KOM K €CTECTBEHHOMY; YHHBEPCAIBHOCTD U
3¢ pexTuBHOCTE. BMecTe ¢ TeM, UMEIOTCS XapaKTepHbIE HEIOCTATKU: MCXOJHBIA HaOOp
MOCTYJIUPYEMBIX HEYETKHUX MPaBUI (GOPMHUPYETCS SIKCHEPTOM M MOKET OKa3aThCsl HEMOJ-
HBIM WM OPOTHBOPEYMBBIM; BHUA M NapaMeTpbl (yHKINH PUHAUICKHOCTH, OIUCHIBAKO-
IIME BXOJIHbIC U BBIXOJHBIC NIEPEMEHHBIC CHCTEMBI, BBIOUPAIOTCS CYOBEKTHBHO, U MOTYT
0Ka3aThCsl HEJJOCTATOYHO aIeKBATHO OTPAXKAIOLINMH PEabHYIO IeiICTBUTEIBLHOCTS.
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DynKyun RPUHAONEIHCHOCU U HevemKue MHOdcecmaea, coriacHo [1], onpenens-
I0TCS IPU YCJIOBHH, YTO 33JaHO yHHUBEPCAIbHOE MHOXKECTBO E ¢ 3jeMeHTaMu x€ E , a
TaKoke HEKOTOPOE CBOMCTBO S, OIpeselIsionee MPUHAIIECHKHOCTD IIEMEHTOB K MHOXKECT-
BY, TOTHA!

Onpeoenenue 1. Eciu noomnoscecmeo AC E u onpedensemcs Kax MHOMCECME0

YNOPAOOUEHHbIX Nap A:{(x,u y (x))} , a e2o anemenmul X € E |, yooeremeoparowue

ceolicmgy S, NpuUHUMAlOm 3Ha4eHus {(x,l)} u {(x,O)} , Mo MHOdcecmeo A saensiemcs
yemKkum.
Onpeoenenue 2. Eciu noomnoocecmeo A C E u onpedensemcss Kak MHOICECMEO

ynopsodouennvlx nap A= {(x,u; (x))} , a e2o anemenmam x € E Henv3si damb 00HO-

3HAuUHO20 omeema [1,0] OMHOCUMENLHO C0UCMBa S 0 NPUHAONEHCHOCIU K NOOMHOJCe-
cmey A, mo ecmv xapakmepucmuueckas QyHKyus Wy (x) o Vxe€E npunumaem

snauenus 0 < 5 (x) <1, mo muoocecmeo A s6naemcst HeUeMKUM.

Onpeodenenue 3. Pynxyusa | 4 (x) NPUHUMAIOWAs 3HAYEHUS. 8 HEKOMOPOM YNOPAOO-

yennom muoxcecmee M (M ={0,1} ) ommHocumenvHo ceolicmea S u YKA3vIEAOWAs

cmenens (yposens) npunadnescnocmu dnemenma x € E- k noomnoocecmey A unu py (x)

NPUHUMAIOWAS 3HAYEHUS 8 HEeKOMOPOM YNopaodoueHHom Muodxcecmee M (M :[O,l] )
omHOcumenvHo ceolicmea S U yKA3blealoOwas cmenensv (YPoBeHb) NPUHAONEHCHOCU

anemenma x € E x noomuoocecmey A Hazvieaemcs XapaKmepucmuueckoii yHKyue
RPUNAOTIENHCHOCTIU.
Onpeodenenue 4. Ilycmo o € [0,1]; Iloomnoocecmeom o - ypogna newemxo2o noo-

muoxcecmeéa A nazvisaemcs obviuHOE YemKoe MHOdcecmeo A, , 20e A, = {x/uz > oc},

Vx ek

IMonsTue rpada UrpaeT HEMAJIOBAXKHYIO POJIb B NMPUIIOKEHUAX MAaTEMATHKH, [103TO-
My CTOUT 000OIINTH €ro Ha Cly4yail HeYeTKUX MHOXECTB.

Onpenenenne 5. [Iycmo cywecmsyrom 0éa muodcecmsa Ey, E,, ipudeM x € E; y €
E,. Muoocecmeo ynopsioouennvix nap (x, y) onpedensem dekapmogo npoussedenue E|, ®
E,.

Hevemioe muoocecméo G , maxoe, umo ¥ (x,y) € E;, ® Ey: n G (x,y)eM ,tmne M —

MHOJICECmE0 npunanedcHocmetl siemenmog muocecmsa E,\, ® E,, nazvieaemcs He-
uemKum zpaghom.

OCHOBHBIC XapPaKTEPUCTHKH HEYCTKUX MHOXKECTB U ONEPALUH HaJl HCYCTKUMH MHO-
JKECTBAMH, a TAK)KE€ METOJBI IOCTPOCHHS (PYHKIMIA MPUHAICKHOCTH MOJIPOOHO U3JI0KE-
HBI B padore [1].
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3. ITocmanoeka 3adauu

IIpumenum meopuro HeuemKux MHOMNCECME O PeUteHUs 3a0a4u OUAZHOCMUPO-
6AHUA CTIONCHOU MEXHUYECKOU CUCHEeMb.
[IycTe 00BEKT AMarHOCTUPOBAHMSA 33JIaH B BUIIE HEYEMKO20 YROPAOOUEHHO020 zpada

G(V , U ) ¢ n BepiuHam, rae V' u U — COOTBETCTBEHHO MHOXKECTBA 6epuiun U pebep.
Bepmmnam rpaga G(V,U ) CTaBsITCSL B COOTBETCTBHE OJIOKM 00BEKTa JHarHOCTUPOBa-
HUs, a peOpaM — CBs3H Mexnay Omokamu. [Ipumuem, cBs3m Mexnay Oiaokamu 00JamaroT

OINpPE/ICJICHHEIM  YPOBHEM  YCTOMYMBOCTH (CTCNEHBIO NPUHALIEKHOCTH) g Vi,V j)

(n & (vi,v;)€[0,1],v;eV,v; el ). 3BeCTHO MHOKECTBO Y(| Y| =y ) TOUYCK KOHTPOJIA,
00YCJIOBJICHHBIX HA3HAUYCHHEM M KOHCTPYKLMOHHBIM HCIIOJHCHHEM O0BEKTa JAMarHOCTH-
pOBaHMUSL. J4K! MHOXECTBa V (| V | =n ) BbLIIEJIACTCA [IOJMHOKECTBO
P(PC V,|P| =n-y ) Kaxnoit Touke p; € P CTaBUTCA B COOTBETCTBHE CTOMMOCTH
c( pk) (k =l,n— y) ee peanusauu. [Ipu 3TOoM 3a7aHO YKCIIO z AOMOIHUTENBHO Opra-
HU3YEMBIX TOYeK KOHTpoJs. TpeOyeTcst JOMOIHNTh MHOXECTBO Y TOYEK KOHTPOJISI MHO-

£ £ £ *
KECTBOM Z (Z cP,‘Z ‘:z) TaK, 4Tobbl Ha MHOXecTBe YUZ™ koopduiment

rﬂy6I/IHI>I IIouCKa ne(i)eKTa 000 KpPaTHOCTU CTPEMUJIICI K MAaKCUMyMy, a CTOUMOCTb
peajin3anii Ha3HAUYCHHbIX TOYCK KOHTPOJIA OblJIa MUHUMAJTbHOM.
Tornma MaremaTuyeckasi TOCTAHOBKA 3a7a9d UMEET BH:

Kin (Z* UY):ana])gKr.n (ZUY)>
C(Z*)z min C(2), : M
|Z|:z,

rae C(Z)= Yc(p;) —cronmocTs peanusamum MHOXKECTBA Z TOUEK KOHTPOIS 0GHEKTa
keZ

JAUArHOCTUPOBAHUA.

4. Pewenue 3a0auu

PaccmarpuBaemast 3a1a4a OTHOCUTCS K KJIACCy MHO2OKpUmepuanvholx saoay. s ee
pelIeHHs MOXHO MCIOJIb30BaTh METOJ| CBEPTHIBAHUS BEKTOPHOTO KPUTEPHUS, KOTOPBIi
noapoOHO paccMaTpuBaics B [2]. DTOT METOJ ONTUMHU3ALUHN YYUTHIBAET OTHOCUTENIBHYIO
Ba)KHOCTb YaCTHBIX KPUTEPUEB ONTHUMAIBHOCTH C MOMOIIBIO MOCTPOECHUs CKAISPHOI
¢byukuuu F, sBistoreiicss 0000IIeHHBIM KpHuTepreM ontuManbHocTH. DyHkuus F ¢
aJIMTUBHBIM KPUTEPUEM ONTUMATIBHOCTH UMEET BUJ:

Fy(w,0(x))=27, w 0 (x), )
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rzae Q(x) = {Ql (x), 0, (x)} — BEKTOp YaCTHBIX KpUTepues, npudeM () (x) COOTBETCTBY-
€T HOPMHpOBaHHOMY Kod(duuumenty rayOuHbl moucka nedexra 00O KpaTHOCTH
(N K (Y Uz )), ()} (x) COOTBETCTBYET HOPMUPOBAHHOW CTOMMOCTH PEaU3ally JOMOJI-

HMTENbHBIX TOYEK KOHTPOJIS (NC (Z )), w= {wl , Wy } —BeCcoOBbIE KOd((HITUEHTE OTHO-

CHUTEJIHOM Ba)KHOCTH YacCTHBIX KPUTEPHEB, KOTOPBHIM IIPH PEIICHUM INpeaaraeTcs AaTh
TOYHBIE YMCIICHHBIE OLICHKH.

JIyisi HOpMHPOBAHUSI YaCTHBIX KPUTEPHEB NMPUMEM OIMHAKOBYIO IIKAITy H3MEPEHHUS
[a, B]. IIpu aTom [a, BI=[1, 2] o K. (YUZ) u [o, BI=[2, 1] nns C(Z ) B pe3yisb-

TaTe, 111 HopMUpoBaHusa K. (Y Uz ) noJtydaeM cieayrouyto Gopmyiy:
Ken(YUZ)-minK ., (2UY)

x(YUz)- aname(ZUY) manrn(ZUY

)@—a%a. 3)

Jns nopmuposanus C ( z ):

C(Z)—;nit})C(Z)

Ne(z —o)+o. 4)

max C(Z)- min C(2)
ZcP ZcP
B pesynbrare, 3aja4a CBOIMTCS K PEIICHUIO 0OHOKPUMEPUANbHOU 3a0ayy ONTUMH-
3aLUu:

F(w,0(rUZz))=maxF (w,0(YUZ))=max {w Ng (Y UZ)+w, No(2)} , (6)
ZcP ZcP
IMonyuenHas 3aaya sIBIIETCS 3a1a4eil OUCKpemHOU ONMUMU3AyUuU, KOTOPYI0 MOKHO
PEIIUTD C IOMOILBIO Memooa gemaeti u Spanuy.
Pemenune 3amaun i 00beKTa JHarHOCTUPOBAHMS, 33JAHHOTO B BHJE YIOPSIOYCH-
Horo (uerkoro) rpada G (V, U), moapobuo 6buto paccmorpeHo B [3]. OTiauduTesbHas
0COOCHHOCTh PelICHHs O00HOI 3a1aul ¢ UCMONIb30BaHUEM HEYETKOTO YIOPSAOUYCHHO-

ro rpaga G(V , U ) — B HaXOXKICHUU Kod(duiuenTa riryOuHsl moucka aedexra ao6oi

KpaTHOCTH Ha OINPE/ICICHHOM MHO)KECTBE TOYEK KOHTPOJIS.
Pacuer xoa¢pduirienta riryouHbI oucka nedexra 0ol KpaTHOCTH € UCIIOIb30Ba-
HUEM HEUCTKHX MHOXECTB MPOU3BOIUTCS TI0 cleayromieii popmyie [3]:

K =F(Y)/ S, @)
rae S, = 2" — 1 —obuiee YKcIO0 BO3MOKHBIX Je(ekToB KpaTHOCTH OT 1 1o n, F,(Y) —
YHCIIO OJHO3HAYHO PAa3INYUMBIX Ie(EeKTOB JF000H KPaTHOCTH HA MHOMKECTBE TOYEK
KOHTpoJs Y.

Onpenenenue 6. /Jeghexm Hazvlaemcss 0OHOZHAYHO PA3IUNUMBIM HA MHOJICECMBE
mouex KoHmpona Y, ecau on modcem bvimv 0OHApY*CceH 6 cucmeme b6e3 8edeHss OONoI-
HUMENbHBIX MOYEK KOHMPOJISL.
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PaccmaTpuBaeMblil HEUETKUI YIIOPSAIOYCHHBIN Tpad G( V,u ) MOKHO IIPEJICTaBUTD

B CIIEAYIOLIEM BUJE:
G={(1v )| ug Oy ) [y eV, vl

IIPY 9TOM IS PEILeHUs OCTABJICHHOM 3a7a4i HEOOXOIUMO 33/1aThb MUHHMMAJbHBIN ypo-
BCHb YCTOWYMBOCTHU CBSI3H & ((-ypOBeHB) rpada G ( V,u ) .

Janee s onpenenenus F,(Y) OyaeM NCTIONb30BaTh CIIEAYIOMINI alrOpUTM:

1) ITo rpady 5( V,u ) CTPOUM MaTpHULly JOCTHKUMOCTH D, ucxons u3 nmpasui mo-
CTPOCHUS ITyTH B HEYETKOM KOHEYHOM Tpade [1].

2) CTpouM MaTpuIy MpOBEPOK B y » DTIEMEHTBI KOTOPOH MPEACTABIAIOT U3 ceOs He-
YEeTKOe MHOXeCTBO. J[J1s TOro, 4roObl MOJIyYUTh MHOXECTBO, ONPEACISIONISEe BEKTOP-
CTPOKY MaTpHIlbl IPOBEPOK b(i, j) (z’ < j), HEoOXOJUMO B MAaTpHUIlE JOCTHKUMOCTH
B3STH HEUYETKOE MHOXKECTBO, ONPEeIsIeMOe CTPOKOW MOJ HOMEPOM i U HEYETKOE MHOKE-
CTBO, OTpENeNsieMOe CTOMOLOM IOJ HOMEpPOM j, a 3aTeM HaWTH uX mepeceueHue [1].
Taxum 06pa3oM CTPOATCS Bce BEKTOP—CTPOKH MaTPHUIIBI IPOBEPOK B y -

'
3) Omnpenenum Mmatpuily By, kotopas Oyaer coiepkaTh 0OBIYHOE (YETKOE) MHOXKE-
cTBO, cocrosimiee 3 0 1 1 U sBIsrOIEeCS @ - yPOBHEM HEUCTKOTO MHOXKECTBA MATPHIIBI

By (a- ypoBeHb WM YPOBEHb yCTOHYMUBOCTH CBSI3H OBLI ONIPECIICH 3apaHee).

4) U3 maTpuust By BBIYEPKUBAEM CTOJIOIBI, COCTOSIIUE TOJIBKO U3 HyJEH, B pe3yib-
Tare Oyzer noiydyeHa mMarpuua By.

5) B marpune By BbIOHparoTcs CTOIOIBI, ONpeersIOnNe JaHHbIH 1e(eKT.

6) U3 matpuisl By BEIYepKHBAIOTCS CTPOKH, KOTOPbIE HE HMEIOT €IUHHUI] B BHIOpaH-
HBIX CTOJOIAX, a 3aT€M BEUEPKHUBAIOTCS CTOJIOBI, IMEIOIINE €IUHUIIBI B 3THX CTPOKAX.

7) Ecnu u3 matpuubsl By BbIUEpKHYTHI BCe CTONOLBI, KPOME ONMPEACISIOIINX pac-
cMaTpuBaeMsblil iedexT, Torna uccneyeMslii 1e)eKT Ha3bIBACTCSl 0OHO3HAUHO PACNO3HA-
6aeMbiM, B IPOTUBHOM Cllydae UCCIeNyeMbli NeeKT He SABISETCS OJHO3HAYHO PACIo-
3HaBAEMBbIM.

8) Ilono6HbIM 00pa3zoM (1. 5-7) mocienoBaTeNIbHO paccMaTpUBaeM BCE MpeIoa-
raemble nedextsl. KonmuecTBO OJHO3HAYHO PACIIO3HABAEMBIX JE()EKTOB ONPEASIHUT
).

Hcnonp3ys BblIENpUBEICHHBIH anroput™ u Gopmyiy (7), MOXHO onpenenuts Ky
Ha JI0OOM MHOXKECTBE TOUEK KOHTPOJS M HCHONB30BaTh IJIsI PEHICHHs TOCTaBIEHHOM
3a7aun.

5. Ipumep

B kauecTBe mpumepa MHOTOKPUTEPUATbHOW ONTUMM3ALMHU B 33/aue JUArHOCTUKU
CIIOKHBIX TEXHUYECKHX CHCTEM PACCMOTPUM OOBEKT, MOJENh KOTOPOTo MpeJCTaBlIcHa B

(bopme Heuetkoro yropsigoueHuoro rpada G (U, V), oka3aHHOTO Ha PHCYHKE
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G = (L), (2.9 1), ((2,5)]0,3), ((3,6)|0,7), (4,6)]0,5), ((5,6)| 1)}

HzBecTHO mMCXxomHOE MHOXECTBO Y = {6} TOUeK KOH-
TpoJsisi. 3aJaHO YUCIO z=2 NOMOJHUTEIBHO OPraHU3yEMBIX
(5 TOYEK KOHTPOJS, TaK K€ 3aJaHbl CTOMMOCTH peaau3aliu
03 TOYEK, MPETEeHIYIOIHUX Ha JOMOIHUTEIbHBIE TOYKH KOHTPO-
8.
0,7
C, G, G, Cy Cs
5 Sen. 7 en. 6 en. 8 en. 4 en.
6 ITo rpady mocTponm MaTpuiy TOCTI>KUMOCTH D:
1 2 3 5 6
1 1 1 0,5
2 1 1 0,3 0,5
D= 3 1 0,7
4 1 0,5
5 1 1
6 1
Ha muoxecTBe ¥ = {6} mocTpoum MaTpully IpOBEPOK EY
1 2 3 4 5 6
B, = b (1,6) 0,5 0,5 0.5
Y b (2,6) 0,5 0,5 0,3 0,5
b (3,6) 0,7 0,7

Ol'[pe}leJ'IPIM BCJIIMYUHY 06H1€F0 quciia BO3BMOXHBIX ,I[e(beKTOB KpPaTHOCTU OT 1 a0 n
(n=6)

S,=2"-1=63

OnpeznenyM MUHHMMAJbHBIA YPOBEHb YCTOHMUMBOCTH cBsA3U (o-ypoBeHb) o = 0,5, u
IIOCTPOUM MaTpULLy By
1 2 3 4 5 6
B.— b (1,6) 1 1
" b(2,6) 1
b (3,6) 1
HUckimounM 5 cronben u moirydum Matpuiyy By

Ju—

1 2 3 4
b (1,6) 1
b (2,6) 1 1
b (3,6) 1

B,

—_
—— = e\

108



Tpynst 3-ro coBemanus o npoekry HATO SfP-973799 Semiconductors. Hmxauit Hosropox, 2003

Hcnonp3ys BeILIENPUBEACHHBIN aaropuT™ no marpuie By paccmarpuBaemoro mpu-
Mepa, MOJTyYUM CIICAYIOIINE OJHO3HAYHO BBIABISEMbIC NCDEKTHI: by, by , b3, b1V b3, byv v
b3 Tpu stom K, (Y)=F(Y)/ S,=5/63=0,079.

W3 muoxecTBa Touek P = {1, 2, 3, 4} HEOOXOMMO BHIOpATh JBE TOYKH, MPH KOTO-
pBIX K, MAaKCHUMAaJICH, & CTOMMOCTh MX PEeaH3allii MUHUMAJIbHA.

1llaz nepewuit

3a OLICHKY Ha JJaHHOM 1Iare rnpuHuMacM BBIPAKCHUEC!

Fn0(r v 2))=max Flwolruz,))= max ban (roz,)vosn (z,;) ®

1j
HpI/I aToM YUZ|| = {1, 6}, YoZ,,= {2, 6}, YoZ;= {3, 6}, YUZ4= {4, 6}
Onpenenum Ky (YUZy)) u Ny(YUZy) (j :ﬁ) IUTSL TIOY9YEeHHBIX MHOKECTB TOYCK
KOHTPOJIsL, UCX0s1 U3 popmyi, mpenokeHHbIx Boiue (7), (3):
K (YOZ11) = 0, 095; N (YUZyy) =25
K (YUZ15) = 0, 095; N (YUZy,) = 2;
K (YUZ13) =0, 079; N (YOUZy3) = 1
K (YUZ14) =0, 095; N (YUZy) = 2.

Onpenenum N¢ (Zy), (j=1,4), ucnonssys 3aJaHHYI0 CTOMMOCTb PEalu3alluu TO-
YeK, MPETCHAYIOLINX Ha JOMOJHUTENbHBIC TOUKH KOHTPOJIsI 1o opmyie (4):

Ne(Zy) = 1,75;

Nc(Zp) = 1,25,
Ne(Zp3) = 1,5;
Ne(Zig) =1,

TTopcTassis 3HaYeHHs] HOPMUPOBAHHBIX KO3(QGULHEHTOB B Bhlpaxenue (8), onpese-
JMM 3HaYeHHs 0000IIEHHBIX KpuTepres ontumansaoctn I (w, O (YUZ)))) (j = 1.4 ).
F(w, Q(YUZyy)) = 1,93;
F(Wa Q (YUZIZ)) = 1778:
F(w, Q (YuZ3)) = 1,15;
Fw, Q(Y0z9) =17,
F(w, Q(YuZ))=1,93

U IEpBOM JONOIHUTEIBHOH TOYKOM KOHTPOJS SIBISECTCSA DIEMEHT, COOTBETCTBYIOLIUIM
BeplIMHE 1.

1llaz émopoii

3a OLICHKY Ha BTOPOM HIare NpyuHUMaeM BbIPAXKCHUC
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Fw0(r uz,))=max {Flwolr vz, )} =max 078 (ruz,,)+03N. (25, ),
2, €P Z,;€
(©)
rac YUZZI = {1, 2, 6}, YUZZZ = {1, 3, 6}, YUZz3 = {1, 4, 6}
Jns kaxporo M3 dTUX MHOMKECTB ompenenum Ky, (YUZy), N(YUZy), Ne (Zy)

(j=1,3) o dopumynam (7), (3), (4)

Ko (YUZy)) = 0,143; Ng(YUZy) = 2; Ne(Zy) = 1
Ky (YUZy,) = 0,095; Ng (YUZy,) = 15 Ne(Zy,) = 1,335
Ky (YUZy3) = 0, 1115 N (YUZy3) = 1,33; Ne(Z3) = 2.

Omnpenenum 3HaueHHs 0OOOIIEHHBIX KpHTEpHEB onTuManbHOCTH F(w, Q(YUZy))
(j=1,3) no popmyne (9)

Fw, O (YUZ)) = 1,7,
F(w, O (YUZy)) = L1

F(w, Q (YUZy)) = 1,53;
F(w, Q0 (YUZy))=1,7

U BTOPOIl TOTOJIHUTEIBHON TOUYKOM KOHTPOJISI Ha3HA4YaeM JJIEMEHT, ONpeAesieMblil Bep-
LIMHOM 2.

Taxum 06pa3oM, IS BEIOIHEHUSI YCIOBUS 3a/1a4H JAOJDKHO OBITH CIEIYIOIIee MHO-
ECTBO TOUEK KoHTpous, YUZ = {1, 2, 6}. IIpu a1tom Ky, (YUZ) = 0,14, Cyean (2) = 12 €11

6. 3aknouenue

W3 cpaBHeHMS pelleHHs 3a1ad onpeneneHus koddduuueHra riyOuHbI IOUCKaA Je-
(exra M060#1 KPaTHOCTH U CTOMMOCTH BBEAEHHUS IOMOTHUTEIBHBIX TOYEK KOHTPOIIS IS
4yeTKo# 3amaun [2,3] U HEYEeTKOM 3a7a4yu, pacCCMOTPEHHOH B JaHHOW paboTe, BUIHO, YTO
pelIeHre 3aJa4y 3aBHCHT OT BbIOOpa ypOBHs yCTOHYMBOCTH CBsI3ed ol DTOT ypOBEHb
3aBUCHUT OT BEJINYMHBI HEKOPPEKTHOCTH BHELIHETO BO3JEUCTBUS HA cuctemy. [Ipu mManbix
BHEIITHUX BO3ACHCTBHUAX Ha TEXHHUYECKyI0 cucTeMy a—0, U 3amada CTaHOBHUTCS Ooiee
yeTkoil. C MmoBeIeHNeM BHELIHETO HEKOPPEKTHOTO BO3IEHCTBUS oL—> 1, YETKOCTh 3a1aun
yMeHblIaeTcs. Tak, B NMpuBeleHHOM mpumepe npu o=0,5 u3 paccMOTpeHHs BBIIAIaeT
Lenas BETBb cucTeMbl. [l pacro3HaBaHUS AE(EKTOB HEOOXOIMMO IMOBBIMIATH YHCIIO
TOYEK KOHTPOJIs. B CBsI3M ¢ ueM, 3HAUUTENBHO BO3PACTAET CTOMMOCTh JHATHOCTUYECKHX
cucteM. B paccMorpeHHOl 3amaye K03 UIHEHT TTyOHHbI OMCKA HEBENUK, PH 3TOM
BO3MOJKHBI ClIy4aH, Korja AedexTsl He OyLyT pacro3HaHbI.

ITpuBenenHsle B paboTe METOABI U aNTOPUTMBI 001aal0T BBICOKOW CTENEHBIO YHH-
BepcanbHOCTH. OHU MOTYT OBITh HCIOJIB30BAaHBI B JIIOOBIX 00JACTAX HAYKH M TEXHUKH,
rae TpeOyIoTCsl Ha/le)KHas JUAarHOCTUKA U KOHTPOJIb paboTOCIIOCOOHOCTH TEXHUYECKUX
00BEKTOB, CUCTEM HIIM M3JEIHH, MOJBEPTIINXCS HEKOPPEKTHOMY BHEIIHEMY BO3ZEHCT-
BHIO.
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Multi-criteria optimization of complex technical systems check-ability under

fuzzy conditions of the technical object
M.E.Bushueva', V.V.Belyakov’

Nizhni Novgorod State Technical University
Minin Street 24, Nizhni Novgorod 603600, Russia

In this work the theoretical aspects of multi-criteria designing of the diagnostic sys-
tems of technical objects and their structured connections under incorrect external influ-
ence and fuzzy condition are considered. In connection with that increasing quality of
operation and determination of real technical conditions of products (objects, systems)
is a great problem; from it’s correct decision depends the effect of their use. In provision
required level quality operation and reliability of the complex technical systems special
role belongs to the methods of technical diagnosing. In diagnostics of the technical sys-
tems quite often the defects appear under which signs and reasons of the faults bring
fuzzy process of diagnostic.

To solve such problems of diagnostics the alternative methods of searching for de-
fects were designed in practice. These methods are founded on the base of the mathe-
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111



Tpynst 3-ro coBemanus o npoekry HATO SfP-973799 Semiconductors. Hmxuauit Hosropox, 2003

matical system of the fuzzy sets and logician allowing realize the methods of the operat-
ing software-algorithmic instrument of searching for defects.

This work is a logical continuation of the researches presented by the authors in pa-
pers [2—4]. The above given methods and algorithms are an universal application and
may be successfully used in any area of science and technology where reliable diagnos-
tics and control of technical objects, systems or products under incorrect external influ-
ence are required.

1. Introduction

In diagnostics of the technical systems under incorrect external influence quite often
the defects appear under which connection between signs and reasons of the faults is
different. Simple two-digit statements like “correct-17- “faulty-0” are not enough because
modern diagnostic systems must recognize the dangerous conditions of the operating,
reasons and types appeared faults, which are not clear.

Professor D.Barschdorff writes in his work [5], that an important step in all methods
of diagnostic failure is building of a mathematical model giving identical information
about operating system. Diagnosing faults of the system with the help of methods of
recognition defects is effective at presence of the mathematical model of its functioning
or process. These models can be solved using numerical methods, which put restrictions
of technical system. Nearly all-real processes of the operating of the technical systems
have a nonlinear behavior and it’s typical of appearing faulty situations. These situations
associate with carelessness of diagnostic information. In these cases experts are used; in
other words human intervention in used in the process of diagnostic and controlling of the
technical system. Using methods of fuzzy logic allowing to treat knowledge and make a
conclusion on the basis of spreading and imperfect knowledge is possible to expel a man
from controlling process and searching defects in such cases. The present work contains
theoretical aspects of multi-criteria projecting of technical diagnosing systems and their
structural interactions. This work is the logical continuation and development of the
material given in [4].

NATO’s program Science for Peace “Design of radiation-hard semiconductor de-
vices for communication systems and precision measurements using noise analysis” is
directed to improve the reliability of complex technical semiconductor systems function-
ing in radiation hard conditions. Thus, the problem of complex technical systems check-
ability under fuzzy conditions of the technical object is very actual. Considered function-
ing methods and algorithm of complex technical system especially under multiple defects
and ill-defined information in object are the part of the general problem of complex tech-
nical systems check-ability.

2. Fuzzy Sets

The Fuzzy-sets device is used for solving problems, which have unreliable and
poorly formalized initial data in. The work «Fuzzy sets», by L.Zadeh published in 1965,
represented a powerful incitement to the elaboration of a new mathematical theory. In this
work L.Zadeh extended the classical notion of a «set», assumed, that characteristic func-
tion (the function of a quantity-accessory) can take any value in the interval (0,1), rather
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than only 0 or 1. Such sets were called «fuzzy». In 1993 V.Kozko proved «The Fuzzy
Approximation Theorem», according to which any mathematical system may be ap-
proximated by the system founded on fuzzy logic. According to [1], there are some strong
sides of using the mathematical approach, based on fuzzy sets and fuzzy logics, such as:
the description of terms and methods of solving problems in the close to natural language;
universality and effectiveness. And at the same time there are typical drawbacks: the
outcome initial kit of postulated fuzzy rules is formed by an expert and may turn out to be
incomplete or inconsistent; the view and parameters of the accessory function, describing
input and output variable systems, are selected subjective and may turn out to reflect
reality not enough adequate.

The basic notion and features of fuzzy sets, transactions above fuzzy sets, as well as
notion of the fuzzy graph are explained in work [1].

3.Task setting

We’ll use “The fuzzy sets theory” to solve the problem of the technical system diag-
nosing.

Let the diagnosing object be in the manner of the fuzzy ordered graph. (N?(V,U )
with n vertexes, where V and U — the sets of vertexes and edges. The vertexes of the
graph G(V ,U ) are put in the correspondence with the pulleys of the diagnosing object,

and the edges — with the communications between the vertexes. Moreover, the communi-
cations between the pulleys posses the certain stability level (degree of accessory)

HE (vi ,vj) (“5 (vi,v;)el0,1],v;eV,v; eV ) The set Y(| Y| =y), stipulated by the
purpose and the construction execution of the diagnosing object, is known. The subset
P(Pc V,|P| = n—y) stands out the set V(| V| =n). Each point p; € P is in keeping
with the realization cost c( pk) (k =Ln- y). The number z of additional ordered

checkpoints is given herewith. It is needed to supplement the check-points set Y with the

set Z* ( Z"c P, ‘ VA *‘ = z) so, that the coefficient of the quest for the defect-depth of

any ratio on the set YU Z" strokes to the maximum, and the realization cost of the fixed
points was minimum.

In this case the mathematical task setting has the form (1), where C (Z )= ZC( Pk)
keZ

is the realization cost value of the checkpoints set Z of the diagnosing object.

4. Solution

The solution for the diagnosing object, given as the ordered (positive) graph
G(V,U ) was considered in detail in [3]. The distinctive particularity of this solution,

using the fuzzy ordered graph é(V,U ) , in finding of the coefficient of the quest for the
defect-depth of any ratio the particular checkpoints set.
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The calculation of the coefficient of the quest for the defect-depth of any ratio using
fuzzy sets is performed on the following formula (3):

S, = 2" — 1, the total number of the possible ratio defects from 1 to n,

F,(Y) — the number of the uniquely distinguished defects of any ratio on the check-
points set Y.

For the determination F,(Y) we’ll use the following algorithm:

1. Plot the matrix D of reachability under the graph G(V , U ), proceeding from the
rules of plotting the forward part of the fuzzy finite graph [1].

2. Plot the parity-check matrix B y » which quantities represent the fuzzy set.

To find the set, defining the row vector of parity-check matrix b(i . ) (i <j ) , if is

necessary to take the fuzzy set, defined by the row under the number i, and the fuzzy set,
defined by the column under the number j, from the matrix of reach ability, and then fund

their intersection [1]. There by all the row-vectors of the parity-check matrix ﬁy are

plotted.
3. Define the matrix B'y, which will have ordinary (positive) set, consisting of 0 and

1 and being a-the level of the fuzzy set of the matrix B y (o — stability level of the com-

munication was defined beforehand).

4. Delete columns, consisting of 0 only, from the matrix B'y, and get the matrix By.

5. Select the columns, defining the particular defect, in the matrix By.

6. Delete the rows, which don’t have units in chosen columns, and then delete the
columns, those units in these rows, from the matrix By.

7. If all the columns, except the defined particular detect ones, are deleted from the
matrix By, under investigation defect is called uniquely recognized, otherwise the under
investigation defect is not uniquely recognized.

8. Examine all supposed defects in consequence in such way (items 5-7). The
amount of the uniquely recognized defects will be defined by F,(Y).

Using the algorithm, presented above, and the formula (7), we can define K;;; on any
checkpoint set and use it in solving the problem.

5. Example

To illustrate the developed method, the example with use of the fuzzy graph is pre-
sented. It’s an example of multi-criteria optimization of complex technical systems check-
ability, the object, which model is presented in the form of the fuzzy ordered graph

G(V ,U ) showed in the figure (see page 108), is considered. The initial data is given in

the example: the structure of the fuzzy graph G = {((1,4)| 1), ((2,4)| 1), ((2,5)|0,3),
((3,6)10,7), ((4,6)10,5), ((5,6)| 1)}, the initial checkpoints set Y={6}, the number z=2 of

checkpoints organized in addition, the realization cost C ;=5 units, C, =7 units, C ;=6

units, C , =8 units, C 5=4 units of the points, preferring on additional checkpoints. The
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task is determined under the minimum stability level of the communication (a—level)
a=0,5.

As a result, provided in the work, of optimized solution for satisfying the conditions
of the task there must be the following check-points sets, Y\UZ={1,2,6}. And the coeffi-
cient of the quest for the defect-depth K, (YLZ)=0,14, by the realization cost of the
additional checkpoints Ceqy (£)=12 units.

6. Conclusion

From the comparison of the solutions of finding of the coefficient of the guest of the
defect-depth of any ratio and the cost of the additional check-points introduction for the
positive task [2-3] and fuzzy task, considered in this work, is clear, that the solution
depends on the selection of the communication stability level a. This level depends on
the incorrectness value of the external action to the system. In the small external action to
the technical system a—0 and the task becomes more positive. With the incorrect exter-
nal action increase a—1, the positive task decreases. To identify defects if is necessary to
increase the number of checkpoints. In this connection, the cost of diagnostic systems
vastly increases. In the considered task the coefficient of the guest-depth is not high, that
leaves the possibility for the event, when defects are not identified.

The above given methods and algorithms are universal application and may be suc-
cessfully used in all branches of science and technology that need the reliable diagnostics
and operational check-up.

This work was partially supported by NATO’s Scientific Affairs Division in the
framework of the "Science for Peace" programme (Project SfP — 973799 Semiconduc-
tors).
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