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OIIEHKA CETEBOM HAJIEKHOCTH ITPA CTPYKTYPHOM
IMPOEKTUPOBAHHNU CJIOKHBIX TEXHUYECKUX CUCTEM

Haoitinicms mexniunux cucmem 6U3HAUAEMbCA GIACMUBOCHAMY IX e/leMeHmi6 I 36'513Ki6 Midic
Humu. Ilpu nasenocmi OeKiNbKOX eneMeHmié y cucmeMi Gadiciugoio npobremoio OYiHKu HAOIUHOCMI
0CMANHbOT € BPAXYBAHHA 3HAYUMOCHI KOJICHO20 eNleMeHma i 11020 6HecKy 8 HAOIMiCmb cucmemu 8
yinomy. Poszensimymi acnexmu MOp@onociunoco npeocmasientsi Mooeiel npu OyiHyi HAOIiHOCHI
Mepedici 8 CIMPYKNyPHOMY NPOEKMy6anti CKIAOHUX MEXHIYHUX CUCTEM.

Haoeoicnocms mexuuyeckux cucmem onpeoensiemes C80UCMEAMU UX DIEMEHMOS U CEA3EU MeHCOY
numu. [lpu Hanuuuy HECKONbKUX IJIEMEHMO8 8 CUCHIEMe BAdICHOU NPOoOIeMOl OYeHKU HAOeIHCHOCHU
nocieoHeil A6IAEMCs yuem 3HAUUMOCIU KAJcO020 1eMeHma U €20 K1A0d 6 HAOEICHOCTb CUCHEMbl 6
yenom. Paccmompenvr  acnexmui  mopgonozuveckoeo  npedcmagnenus Mooeneil  npu  OyeHKe
HaoedHCHOCMUL cemu 8 CIMPYKNTYPHOM NPOEKMUPOBAHUL CTIONCHIX MEXHUYECKUX CUCTIEM.

The reliability of technical systems is defined by properties of their elements and communications
between them. In the presence of several elements in system the important problem of an estimation in
reliability of last is the account of the each element importance and its contribution to reliability of
system as a whole. Aspects of morphological models application at an estimation of network reliability
in structural designing of difficult technical systems are considered.

MHorue CoBpeMEHHBIE TEXHHUYECKHE CHCTEMBI UIMEIOT CETEBYIO CTPYKTYPY, a
HaJIe)KHOCTh WX (DYHKIMOHUPOBAaHHS 3aBHCUT OT (HaKTOPOB, MOJEIUPOBAHHE
KOTOPBIX HEBO3MOXHO 0€3 ydeTa aHalu3a TakOW CTPYKTYpHl M TpeOOBaHHIA,
MpeIbABIseMBIX K CHCTeMe Noib3oBaTessiMu. lIpobieMa ceTeBON HaAEKHOCTH
HCCIIelyeTcs IOCTaTO4YHO JaBHO. B HacToslee BpeMsl ICHO, YTO TOYHOT'O PEILECHUS
JlaXke Ul CeTeil OrpaHMYEHHOro pa3Mepa dTa 3azada He uMmeeT. Ho mMoxHO yxe
CeTONHS, eciu TpeOyeTcsi, MPOM3BECTH OIICHKY HAJEKHOCTH CBEPXY M CHH3Y.
Crenyer, BOpodeM, UMETh B BUJy, YTO JAa)e 3TO TpeOyeT JOCTATOYHO CIOXKHBIX
pacueToB.

HanexHOCTh TEXHUUECKUX CHCTEM OMNPEAEISIETCsl CBOMCTBAMHU HX HJIEMEHTOB
U cBsi3ell Mexkay HUMU. [Ipu 3TOM NpH HANMYMK HECKOJIBKUX JJIEMEHTOB B CUCTEME
B)XHON MPOOJIEMOH OIIEHKH HAEKHOCTH ITIOCIETHEH SBISETCS y4eT 3HAUUMOCTH
Ka)KJIOTO 3JIEMEHTa U €r0 BKIIaJa B HaJeKHOCTh CHCTEMBI B 1iesioM [1, 2]. B ciyuae
BBICOKMX TpeOOBaHWH, NPEIBABIAEMBIX K HAAEKHOCTH TEXHHYECKHX CHCTEM,
HaIpUMep, TPU SKCIUTyaTalliM aTOMHBIX CTaHIWH, WX AJIEMEHTHI HOIBEpPraloTCs
KJaccu(UKaIiy, ONPEACIIIONel Kak BBIOOpP JIEMEHTOB, TaK M BCE PEIICHHUS,
CBSI3aHHBIE C MX TEXHHYECKHM 00CykuBanueM [3].

IIpu paccMOTpeHHH CEeTeBOM HAAEKHOCTH HMH()OPMAIIMOHHBIX  CeTeH
nocyieIHie OOBIYHO ONHUCHIBAIOTCS TpadoM, rae pedpa OTOOpa)kaloT ceTeBbIe
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KaHajbl, a B KayeCTBE Y3JIOB BBICTYIAIOT pado4Me CTaHLWH, CEPBEPBHI,
MOBTOPHUTEIH, IEPEKITFOYATEITH, MAPIIPYTH3ATOPBI MK Apyrue yctpoicTsa [4].

Beixox u3 cTpost paboueil craHuuy (TEpMUHAIBHBINA y3€7) CO3aeT IPOOIeMBbI
€€ T0JIb30BaTeNI0, OCTAIbHBIE MOJIb30BaTENN, CKOPEe BCEro, 3TOTO HE 3aMETST, HO
0TKa3 cepBepa CKaXeTcsl Ha paboTe BCEX ero KIMEHTOB, B TOM YHUCJIE U Y/AalICHHbIX.
BprIxoJ e n3 cTposi MapuIpyTH3aTopa (€ciy 3To TPaH3UTHBIHN y3el) MOXKET OKa3aTh
BIIMSTHHUE Ha paboTy nenoro pernona. OTcioaa BUIHO, YTO OTAEIBHBIC Y3JIbI MOTYT
M0-pa3sHOMY BIIUSATH Ha pabOTy CETH B IIEJIOM.

Takum o00pa3oMm, mapaMeTpsl HaJSKHOCTH YacTO 3aBUCAT OT BEKTOpa
3arpy30K (CIMCOK 3HAYEHHWH 3arpy30K KaHAJIOB, BIMSIOIINX HA JOCTYI M Ka4eCTBO
obcmyxuBanmst). [lo sTol mpuumHEe mTpH (QOPMYNHPOBKE 3amadyd  OICHKH
HaJIe)KHOCTH ONPEIEISIOT, KaKUe M3 NapaMeTPOB BaXKHBI: CBSI3HOCTH, MPOITYCKHAs
CIOCOOHOCTB, BpEMsI BOCCTAHOBJICHHUS CBS3HOCTU WJIM MUHHMMU3ALUS 3aJEpiKeK
obcmyKuBaHusl.

PaccMoTpuM B KayecTBe NpHMepa IOJHBIA rpad C YETHIPbMS y3JlaMu,
pa3MeleHHBIMU B BepIIMHAxX kBazapata (6 pebep). PacueT cBA3HOCTH Takoil ceTu
Oyzer BKIIOYAaTh KOMOMHATOPHBIM mepebop pebep M ydeT pachpereIeHus
BEPOSITHOCTH OOpbIBa KakKAOH M3 CBs3eH M 3aiiMET OTHOCHTENLHO HEMHOTO
BpPEMECHHU. Ecnmm ke  momelTaTbesi — NPOAHATM3WPOBATh  HAJEKHOCTh
CTPYKTYpPHPOBAaHHOW JIOKAJBHOW CETH, COJAEepXKallell COTHH Y3J0B, 3ajada
OKaXETCSI Ha MHOTO TOPAIKOB ClIoHEH. OOBIYHO MHOKECTBEHHOCTh B TaKHX
3ajadax paBHa N!, rie N — KOJIMYECTBO Y3JI0B B rpade cBs3el.

B kauecTBe HCXOIHBIX JAHHBIX HCIIOJNB3YIOTCS 3HAYEHHUS HaJCKHOCTH
OTHEJIBHBIX Y3JI0B M KAaHAJIOB, BBIUMCICHHBIE WM HM3MEPEHHBIE C Y4YETOM TeX
(haxTOpOB, BIMSHNE KOTOPHIX HEOOXOAMMO ydecTb. Bo MHOrmx ciydasx ObIBaer
HEOOXOZMMO  clenaTh  IPEANOJIOKEHHE  OTHOCHTENBHO  PaCIpeesICHHs
BEPOSITHOCTH OTKa3a pAacCMaTPUBAEMBIX CETEBBIX dJieMeHTOB. Kpome Toro,
HEOOXO/MMO PElINTh, KaKas OlleHKa Hy)KHa: JJIsl pabOThl CETH B CPEIHEM MM JUIS
(yHKIIMOHMPOBAHUS B SKCTPEMAIIbHBIX YCIOBHUSIX.

Pagum  ympouieHus npoOieMbl  4acTO  JIeNaeTcsl  NpearoyiokeHHe 00
WICHTUYHOCTH PACIpeeNICHH M Jake PaBEHCTBE BEPOSTHOCTH OTKas3a I BCeX
y310B. OfHaKO Takue NPENNOIOKEHHS NeNal0T IMOJY4YEHHBIN pe3yiapTaT BechMa
HETOYHBIM.

Ha npaxTuke, naxe UCHONB3ys CaMble MPOU3BOJUTEIBHbBIE BEIUUCIUTEIBHBIE
CHCTEMBI, MOXKHO OLIEHUTh HaJIEHOCTh CETH JIMIIb C OTPAaHUYEHHBIM KOJINYECTBOM
y31510B. 13-32 MpOJOIDKUTENLHOCTH TPSAMBIX BBIYMCICHUH CII0XKHOCTH JITOPUTMOB
MHOTHE HCCJIEOBaTeIN OTrPaHUYUBAIOTCS JIMIIb OLEHKOH BO3MOXKHBIX TI'PAHUIL
HaziexHocTH [5, 6].

W3-3a oTcyTcTBHS TpHEMIIEMOH MOJENM MeXaHW3Ma I0Tepb B CETH M
CIIOKHOCTM ~ pacyeTa CEeTEeBOH HAAEKHOCTH Yalle BCEro HUCIOJB3YIOTCS
YIPOIICHHBIE MOJCIH C AUCKPETHOI BEpOSATHOCTHIO, B KOTOPBIX MpEIIoIaraercs,
YTO CETeBBIeé KOMITOHEHTH (Y31l W pebpa) MOTyT NpPHHHUMATh JIMIIb JIBa
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cocTOsiHMS: paboTaer winum He pabortaer. IIpy 3TOM coOCTOSHHE CETEBOTO
KOMIIOHEHTa OIHUCBIBACTCS CIy4daiHOM BEIMUMHON, HE 3aBHUCAIIAs OT COCTOSHUSA
JpYTUX KOMIIOHEHTOB.

Bo MHOrumx mNpUIOXKEHUSX MOTYT OTKa3blBaTh Kak MOYI'M, TaKk U Y3JIBL
CrenoBarenbHO, NPUXOJUTCS M3y4aThb MOJIENH, CIIOCOOHBIE pearupoBaTh M Ha
OTKa3bl y370B, U Ha OOpbIBBl Ayr [7]. st ciaydyas OpHEHTHPOBAHHBIX CETCH ¢
MIOMOIIBIO TOTIOJIOTUYECKOT0 MPeo0pa3oBaHy 3aJady ¢ HEHaJeKHBIMU peOpaMu H
y3llaMH MOXXHO CBECTH K 3a7ade ¢ aOCONIOTHO HaASKHBIMH y3IaMH H
HEHaJIe)KHBIMI peOpamu. B Kaxmom cimydae amyra, KOTopas 3aMeIlaeT Y3JIbl,
HacJeIyeT XapaKTePUCTUKH COOTBETCTBYIOIINX y3JIOB.

Takum  oOpazoMm, MHOTHE  TIPaKTHYECKHE  TPIJIOKEHHS  TPeOyroT
UCIIONIB30BaHUsL MOJeled, KaKk C pa3HOW HaleKHOCTBIO KOMIIOHEHTOB, TaKk H C
Pa3HBIM BKJIAJIOM 3TUX KOMIIOHEHTOB B HaI€KHOCTh CHCTEMBI B IIEJIOM.

Mooenupoeanue nadedxcnocmu Komnonenmog cemu. JKU3HEHHBIH LUK
O00BEKTOB — CJIOKHBIX TEXHHUECKHUX CHUCTeM (Hampumep, KOMIBIOTEPHBIX CeTeH,
TPAHCHOPTHBIX CPEACTB, U T.I.) OMNpEeNAeTCs 3HAUYUTEIbHBIM KOJINYECTBOM
BHEUIHUX  OKCIUTyaTallMOHHBIX  ()aKTOpOB, YacTb M3  KOTOPBIX  HOCHT
JEeTepMUHUPOBAHHBIA, a 9acTh — CTOXacTWYeCKHH xapakrep. K stum daxropam
OTHOCSITCSl pa3lIMYHbIC YCIOBUS BHEIIHEH Cpenbl, SKCILTyaTal[lOHHas Harpyska,
CMEHHOCTb pPabOTHI, IOATOTOBIEHHOCTh OOCIYKHBAIOIETO IIEPCOHANA, O0mas
KyJIbTypa IIPOU3BOCTBA H T.II.

B pesynbTare, hopMupyeTcst TeKyIiee COCTOSIHUE KU3HEHHOTO IIUKIIa KaX 10U
CHCTEMBI, ONpEeNsieMOe MHOXXECTBOM BHYTPEHHUX (DaKTOPOB — HCIIPABHOCTHIO
WIH TIOBPEXJICHHEM TeX MM WHBIX CBS3€H WM Y3JI0B, yCTANOCTHIO 3JIEMEHTOB
KOHCTPYKUMH M T.I. OCOOEHHOCTHIO KaK BHEUIHMX, TAK M BHYTPEHHHUX (AKTOPOB
SBIISICTCA TO, YTO HX 3HAYEHHS MOTYT CYIIECTBEHHO OTJIMYATBCS Yy KaxkJIOro
3JIEMEHTa MHOXECTBAa OOBEKTOB, COCTABILIOIIMX CHUCTEMY. DTO CBS3aHO Kak C
OOBEKTHBHBIMH (HANpUMeEp, KIUMaTOM PETHOHA, TAE JKIIyaTHPYeTCsl CHCTEMa),
TaK ¥ ¢ CYyObEKTUBHBIMU 00CTOSITEIHCTBAMH.

MonenupoBaHne S>KH3HEHHOTO IIMKIA MHOXKECTBA CIIOKHBIX TEXHHYECKHX
CHCTEM OCYIIECTBISIIM C MOMOIIBIO MOJIENH T'eTePOaCCOIMATHBHON ITaMATH,
MOCTPOCHHON Ha MHOTOCJIOMHOW HeWpoHHOU cetu. HelpoHHast ceTh B mpouecce
00y4eHHs TNpUOOpeTaeT CHOCOOHOCTh CTPOMTH ACCOLMALMKM MEXAY BXOJHOM M
BBIXO/IHOH WH(OpManuei, T.e. MPOTHO3UPOBATH pa3BUTHE 00bekTa. B kauectse
BXOAHON WHPOPMAIMK HWCHOJB3YIOTCS BPEMEHHBIE PAIBI, IPEICTABISIONINE
3HAYCHHS yUYUTHIBaeMbIX ()aKTOPOB Ha 3aJaHHOM MHTepBasie BpeMeHH. KonndecTBo
BXOZIOB y HEHWPOHOB IEPBOTO CIIOSI ONpPENeNseTcs KOJIMYECTBOM YUIHTHIBAEMBIX
BHEIIHUX (DaKTOPOB, a KOJUYECTBO HEHPOHOB IOCIEAHEIO CIOS — KOJIMYECTBOM
YYUTBIBAEMBIX MECT TIOBPEXACHUI cHcTeMbl. [lo3ToMy, TpH TOCTPOSHHUH
apXUTEKTyphl HEHPOHHOI CETH Ha MEPBOM 3Talle OCYMIECTBISUIM OTOOp BHEIIHUX
YUUTBIBAEMBIX (AaKTOPOB W BbIICICHHE BHYTPEHHHX (AKTOPOB C IIOMOIIBIO
CTaTHCTHYECKOH 00pabOTKM pe3yNbTaToOB CTEHIOBBIX U IOJMTOHHBIX HMCIBITAHUN

20



OIHOTO U3 OOBEKTOB — THIUYHOTO MPEACTABUTENS] MHOXKECTBA CIOXHBIX
TEXHUYECKUX CUCTEM.

HakarmBaromasics npu 3ToM HHGOpMaIMs HCIOJb3YeTCs TaKXKe W IS
o0yueHus ceTu. B kauyecTBe anemeHTa oOyyaromiei BEIOOPKH (<TEKyIIHMH BXO1>,
<UKeJIaeéMBIH BBIXOJ™>) HCHONB3yeTcsl MHapa (<ycJOBUS IOJUTOHA>, <peaJbHOoe
COCTOSIHHE 00BEKTA 1OCIIe HOJIUTOHHBIX UCTIBITAaHUIL>).

Ilocne HaCTPOMKM CHHANTHYECKUX BECOB M CMELICHUN HEHPOHOB CETh MOXKET
OBITH NCTIONB30BaHA AT KJIACTEPHU3ALIMN PEATBHBIX TEKYIIUX YCIOBUH 3KCILTyaTaIllnu
TF000TO IIEMEHTa MHOKECTBA TEXHHYECKHX CHCTEM II0 KiaccaM, OTIMYAIOMINMCS
COCTOSIHIEM MHOJKECTBA BO3MOJKHBIX MECT IOBPEKICHHUS (MCIPABHO, MOBPEKICHO
YaCTUYHO, IOBPEXAEHO IOJTHOCTHIO), T.€. Ul NPOTHO3HPOBAHUS TEXHUYECKOTO
COCTOSTHMSI CUCTEMBI Ha TOM WJIM MHOM NPOTSDKEHUU €€ KU3HEHHOT'O [IUKIIA.

B npouecce 3kcmTyaTaliuy Ha TEXHUYECKOE COCTOSIHHE 0OBEKTOB MOA0OHOTO
TUIIA OKa3bIBaeT CYIIECTBEHHOE BIMSIHME CTOXacTHYecKas COCTaBIAIOIIAs
BHEIIHUX BO3AeHCTBUU. /[ ee yueTa Ha BXOJe KakJ0ro HEpoOHa MEPBOTO CIOs
MpeayCMOTpPCH ﬂOHOHHHTGHLHLIﬁ CHHAIIC, CHUI'HAJl Ha KOTOpLIﬁ nocrymaet oOT
reHepaTropa CIy4alHBIX 4YHCel, a OO0y4eHHe CeTH IpoJOoJDKaeTcs Ha BCEM
NPOTSHKEHUH MOJEIHMPOBAHUS TIOCIE IMOCTYIUICHHS KakKIOH HOBOM oOywaromien
BBIOOPKH — HH(OPMAIHH O COCTOSIHUN 00BEKTOB B peaibHOM HKCIIITyaTaIy.

Mooenuposanue naoedxcnocmu cemeu. B paboTe TpELIOKEHBI TaKxKe
MOP(QOJIOTHYECKAE MOJEIH HAIECKHOCTH CETEBBIX CTPYKTYpP, HCIOJIB3YIOIIHE
HETPUBHUAIBHOE IPUMEHEHNE HEMPOHHBIX CETEH.

Mogenu no3BONAIOT C BBICOKOH TOYHOCTBIO IPOTHO3UPOBATh KaK HAJIEKHOCTh
OTACJIBbHBIX KOMIIOHCHTOB CETEBBIX CTPYKTYpP, TaK HaJACKHOCTH ceTe B LCJIOM.
Pe3ynpTaThl MOJENMpPOBAaHUS MOTYT HCIOJB30BATHCS Kak JUIsl BHIOOpa YCIOBHIA
OKCIUTyaTallu CJIOKHBIX TEXHUYCCKHUX CUCTEM, TaK U JII KOPPEKTUPOBKU HUX
KOHCTPYKLIMM Ha OJTale [POEKTUPOBAHUs, OOeclevnBaronell HCKII0YeHUEe
MIPOTHO3UPYEMBIX MMOBPEXKIEHUHN U CHIDKEHUE YOBITKOB OT X BOSHHUKHOBEHHS.
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