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IPEINCIIOBHUE

Hacrosuuit ToM SHUMKIONEIUH “MamyHo-
CTpoeHMe” TIOCBSIEH PACCMOTPEHMIO OCHOBOIIOJNA-
TalolMX BOIMIPOCOB COBPEMEHHOM TEOPUHU U IPAKTUKU
obecre4YeHUsT HaIeXHOCTH.

HemnpepsiBHOe yBeJIMUyeHHE B [BAJLATOM BEKe
GBICTPOXOJHOCTH, TIPY3ONOABEMHOCTH, IIPOM3BOAM-
TeJIbHOCTH, TOYHOCTH U SHEPTOEMKOCTH MallWH, CO3-
JaHWEe MOIIHBIX ATOMHBIX, TEIUIOBHIX M THIPOIJIEK-
TPOCTaHLMiL, MPOTSDKEHHBIX HedTe- Ta3oBBIX TPYGO-
TMPOBOAOB, OCBOEHHWE BO3AYLIHOIO, KOCMMYECKOTO
TMPOCTPAHCTBA, JHA OKEaHOB ¥ IPHUOPEXHOIO IUEIh-
¢a, KOHUEHTpalMs OOJBIIOIO YHC/IA TEXHOJIOIMYe-
CKMX MallIMH, TPaHCMOPTHHIX CPEACTB Ha HEOOIBHIMX
TEPPUTOPUAX UM TpaccaxX ABHKEHUS YCIIOXHWIM 3KC-
IUTyaTalMi0 MallliH, MOBRICWIM OIAaCHOCTb TEXHOTEH-
HBIX 3KOJIOTMYECKMX KaTacTpod M MaccoBoi rubesm
monein. O6beMEI MOTEPh OT TEXHOTEHHBIX paspylle-
HMH CTaTH COM3MEPUMBI C CO3JaBa€MbIM BHYTPEHHUM
BaIOBBIM NMPOIYKToM Poccuu. BTo morpe6oBano yue-
JIATh BCe GOJIblliee BHUMaHMWe IMOBBIIIEHUIO HAIEXHO-
CTH MAallMH M CIMOCOOCTBOBAIO ORICTPOMY DPa3BMTHIO
TEOPUU HAJeXXKHOCTH, CO3NAHHOM 3a MOCJIeAHHE Aecd-
TwietTsd. HajgeXHocrb MallMH TIpHOOpeTeT elue
GoJbliee 3HaYeHUE B OyOyLeM THICSYENETHM, KaK B
CBS3H C HEOOXOAUMOCTBIO BRICOKOH IPOU3BOIUTEITH-
HOCTH M TeXHOTeHHOM 6e30TMacHOCTH (IOBHILICHUE
6e30TKA3HOCTH, TOTOBHOCTH, XWBYYECTH), TaK M B
CBA3M C HEeOOXOAMMOCTHI0O SKOHOMHUM IPHPOIHBIX
PecypcoB M COXPaHeHHMs OKpYyXalolleil cpeisl Ha
3eMyie, B BO3AYIIHOM M KOCMMYECKOM IPOCTPaHCTBE,
B OKeaHax U MOpHaX.

OCHOBHBIMM HANpPaBRICHUSIMU PA3BUTHS TEOPUH
M NMPAKTUKK obecreyeHuss HaIeXXHOCTH SRII0TCS:

e CO3[laHHe MaTeMaTHYECKMX M (PUIMYECKHUX
MOeJIeil HaIeXXHOCTH M TEXHOJIOTHI MX MCITOJIb30Ba-
HUS MPU NMPOEKTHPOBAHMM, M3TOTORIEHUH, SKCIUTya-
TallUM M XpaHeHUM MHOOPMALIMOHHON 6a3bl aBapuii-
HBIX CUTYyalMii;

e co3maHMe IedeKTOB, OTKa30B, HEUCIIPABHO-
CTeifl M METONOB aBapMMHBIX CHUTYyalMif, MX AUArHO-
CTMPOBaHMA Ha BCEX CTaIUAX XMU3HU MAlIUH;

° HOPMMPOBaHHe IMOKa3aTesiel HaJIeXXHOCTH;

e IIPOTHO3MPOBAaHME HAJAEXHOCTM M pecypca
MalllMH;

e Da3BUTHE METOAOB U CPEICTB TEXHUYECKOH
JIMaTHOCTUKMU;

e ONMTHMMHU3ALMA M BHeApeHHWe CepTHHUKALMIA
OCHOBHBIX IEMEHTOB MAalllMH.

DT HanpaBleHUs oOecreYeHMsI HaJIeXHOCTH
HallUTM OTpaXeHWe B pa3nesiax HacTOgIIero ToMa
SHUMKIIOTISAUH CIIEAYIOIIMM 06pa3oM.

B pasnmene 1 mpuBemeHbl OIpeNeIeHMs, CoNIa-
COBaHHEIE C OTeYEeCTBEHHBIMU M MeEXITYHapOTHBIMU
CTaHJapTaMM MO HaJeXHOCTH. PaccMOTpEHEI OCHOBH
TEOPMM HAEXHOCTH, MaTeMaTW4YecKue MOIEJIM Teo-

Yaen-xoppecnondenm PAH,
npog., 0oxmop mexnuuecKux Hayx

PMM HaJIeXHOCTH, METOABI MPOTHO3UPOBAaHUA HaJIeX-
HOCTH MaHIMH, ITIePCIIeKTUBEl Pa3BUTHS TEOPMM Ha-
JeXHOCTU MalIVH U ee MPWIOXECHU.

B pasgene 2 mnpuBedeHb GaKTOpHI, OIpene-
JIAIoIIHEe HameXHocTh. K HMM OTHOCSTCS INMPOLECCH
KCIUTyaTaAUMOHHOTO HAarpyXeHWss M TIOBPEXIEHUS,
RIMSION{ME Ha pa3pylieHWe AeTalei; NIPOU3BOACTBEH-
HO-TEXHOJIOTMYEeCKUe U IKCIUTyaTalMOHHBIE NeDEKTHI.
TIpeacTarieHb METONBI ONpPENEIEHUS M YIIYYIECHUS
Tnoxasarejieil HaJIeXXHOCTH NpU cepTUGUKALMM U IHU-
arHocTHKe. IIporHo3upyercd IpUMEHEHHE IUarHo-
CTMYECKMX METOIOB IIPM IONTOTOBKE M IPOBEIECHUH
cepTHGUKAIMA Ha CTaIUsIX CO3AHMS, SKCIUIyaTalUH
M xpaHeHMs MaurMH. IlokasaHm NMpuMepnl 5¢hdex-
THBHOTO TNPUMEHEHUS KOMIUIEKCHBIX JUarHOCTHYe-
CKMX METOAOB [UIA YJIYYIIEHMS Ka4Ye€CTBEHHBIX ITOKa-
3aTejieit MalliMH.

Pazzen 3 nMocBAlIEH OAHUM M3 Hauboliee CIIOX-
HBIX BOIIDOCOB - MCCJIEJOBAaHUIO HAEXHOCTU Ha CTa-
IMAX MPOEKTUPOBaHHUA U SKCIUTyaTallMM TEXHWYECKUX
cucTeM. B HeM paccMOTpeHBbI MpOOIIEeMEI: UCCIIeoBa-
HMS HAJleXHOCTH WU3JeMii Ha STalle SKCIEepHMEH-
TaJIbHON OTpPabOTKM; o6ecreyeHMsI SKCIUTyaTalMOH-
HBIX CBOMCTB AeTajllel, OMNpeNeJITIONMX HaJeXHOCTh
MalllMH; ONTHMMHU3AaLMM KOHCTPYKIMH MalIMH IO
ToKa3areJiiM HaJeXHOCcTH. ONucaHbl CTeHIOBBIE
MCIBITAaHWSI ONBITHRIX OOpaslOB MalIMH C 1[eJbio
ofecrieyeH!sI ¥ MPOTHO3MPOBAaHUA HaJleXXHOCTH.

B pasgernie 4 pacCMOTPEH OIBIT UCCIIENOBaHUA U
obecrieyeHUss HaJeXHOCTH PaIIMYHBIX CJIOXHEIX
TEXHUYECKMX CUCTEM; ATOMHBIX SHEPIeTHYECKUX YcC-
TaHOBOK, pakeTHO-KocMudyeckoit Texuuku (PKT),
JIeTaTeJIbHBIX alMapaToB, PaIHOAJIEKTPOHHOM ammapa-
Typhbl. DTOT OMKIT NMPEACTARTAET 0COOBII MHTEpEC, TaK
KaK OCHOBaH Ha INPOBENCHUHU JUIUTEIIBHBIX M JOPOIO-
CTOSAIIUX KOMIUIEKCHBIX MCIIBITAHU Ha HaJIeXXHOCTh C
TMpUMEHEeHUEM METONOB OIpelie/IeHUs pecypca, He-
JOCTYNHBIX UIA MHOTMX JAPYTMX OTpacjieii MaHIMHO-
CTPOEHMS.

B miaBe 4.6 o6cyxXmaloTcs BOIIPOCHI obecrieye-
HMS HaJIeXHOCTH aBTOMOOWILHOTO TPAHCNOpPTa, OI-
pele/sioNIeT0 BO MHOTOM 0e30MacHOCTh ABIDKEHMS
Ha MarucTpaiiX M yJMiax TopoJoB.

B miaBe 4.7 paccMOTpPeHH BOIIPOCH ofecreye-
HMA HaJIeXHOCTH TpyOONMPOBOXOB VIS TPaHCIIOPTHU-
POBKM HebTH M Tra3a, UMEIOIUX ocoboe 3HayeHue
g Poccuy ¢ ee OTpOMHEIMYU 3alTacaMM 3THX 3HEPIo-
PecypcoB, 3KCIOPTUPYEMBIX B CTpaHRI MUpa.

JlaHHBIA TOM OSHLUMKIIONEOTUU OyIeT MNoJie3eH
CMeLMATIUCTAM, OTBETCTBEHHEIM 3a ofeclieYeHHe Ha-
JEXHOCTH M Ge30MaCHOCTH MaliMH; CIeLMaTMCTaM B
ofIaCTU TPOEKTUPOBaHUsSI, INPOMU3BOACTBA, MCIIBITA-
HMM, KOHTPOJIS, TMATHOCTUKM M CepTUOUKALUU Ma-
LIUH; CTyleHTaM M IIPEeNofaBaTe/sIM BTY30B.

B.B. KTIOEB



PABAEI 1
TEOPUA HAJEXHOCTU MAIIIUH

nasa 1.1

OCHOBHBIE ITOHATHA

1.1.1. ITIPOBJIEMA HALEXHOCTH
B MAIIIMHOCTPOEHHH

HanexHocTb - oaHa M3 COCTaBHBIX YacTeit
KayecTBa J1I000# TexHuyeckoi cucremsl. IIpo-
65eMa TpOTrHO3UPOBAaHMS, HOPMUPOBAHMS M
obecrieyeHUs1 HaJeXHOCTM BO3HMKaeT B Malll-
HOCTPOE€HMM, 3HEpPreTUKe, CTPOMTEJIbCTBE, Ha
TpaHcrniopte M T.. O6Lasi MeTONOJIOTUSl COCTaB-
JISeT TpeIMET TEOPMM HAaNeXHOCTH Kak oOlue-
TEXHUYECKOM OUCLMIUIMHBI; B TPUMEHEHUH K
MalLMHOCTPOEHUIO MOXHO TOBOPUTb O meopuu
HAOeNCHOCMU MAWUH.

TMon Hadexcrnocmvio mexunuueckozo obsexkma
MOHMMAIOT €ro CBOWMCTBO COXPaHSATh BO BpeMEHH
CIMOCOOHOCTb K BBIMIOJIHEHUIO TPeOyeMbIX (PyHK-
UM TpU YCJIOBMM, 4YTO COOMIONEHBI IpaBUJia
9KCIUTyaTallUM, TMpeXyCMOTpeHHble HOPMAaTUBHO-
TEXHUYECKON M 3KCIUTyaTaLMOHHOM NOKYMEHTa-
uueii. [Ipu 3TOM MoHATHE 3KCIUlyaTallMM BKJIIO-
yaeT B ceOs He TOJBKO NMpUMEHEHHWEe IO Ha3Ha-
YEHUIO, HO U TEXHHYecKoe oOCyXXUBaHME, pe-
MOHT, XpaHEHHE U TPaHCTIOPTUPOBaHHUE.

TeopeTHyecKHit aHAJIN3 SIBIEHUH, TEXHOJIO-
TMYeCKUX TpoueccoB M  (YHKLMOHUPOBAHHUS
MallMH M KOHCTPYKLMI OCHOBaH Ha BbIOOpe
ornpelieIeHHBIX MOJeNiel WIM pacYeTHBIX CXEM.
IIpu 3TOM BBIOEJSAIOT CylleCTBEeHHblE (PaKTOphl U
OTOpachlBalOT HECYLUeCTBEHHbIE, BTOPOCTEINEH-
Hble. BO3MOXHBI Ba MoaXona K aHaJM3y: AeTep-
MHUHHUCTUYECKUA UM CTOXaCTMYeCKUi (BeposiT-
HOCTHBbIH, crtaTHUCTH4Yeckuit). [Ipn netrepMUHU-
CTMYECKOM Moaxone Bce (pakTophl, BIMSIOLIME HA
MOBeAEHUE MOIEJM, T.e. MapaMeTpbl MOAENX U
napaMeTpbl OKpYXalollle cpexbl, HayalbHble
YCJIOBUSI M T.II. CYMTAIOT BIIOJIHE OIpeleeHHbI-
MH, ZeTepMHHUPOBaHHBIMU. PelueHune KoppekTt-
HO TOCTaBJIeHHOW HNETEPMMHMCTUYECKON 3amauym
eOIWHCTBEHHO M, CJIeOBaTeJIbHO, TpeacKa3biBaeT
MoBeicHUE pealbHOW CHUCTeMbl OZHO3HAYHBIM
obpazoMm. OgHaKo BBIBOABI, OCHOBaHHbIE Ha [e-
TEPMUHUCTMYECKUX MOIENSIX, MOTYT PacXOXMUThCS
C pe3yJibTaTaMM ONBbITHBIX HabmoxeHuii. OnHa U3
NMPUYHUH COCTOMUT B TOM, YTO Ha INOBeAEHHE pe-
QTbHBIX CHCTEM BJUsIET GOJIbLIOE KOJIMYECTBO
pa3sHOOOpa3HbIX, Cl1ab0 KOHTPOJUPYEMBIX M
CNIOXHBIM 00pa3oM B3aMMOAEMCTBYIOLLMX (haKTo-
poB. [losToMy noBemeHHMe peayibHbIX CHCTEM B
TOM WJIM MHOM Mepe HOCHUT HEOXHO3HaYyHbIH,

cNyvaitHbIi XapakTep. B oTinmuMe oT AeTepMHUHM-
CTHYECKOro TOAXOAA, CTOXaCTUYECKUM TOOXOHA K
aHAIN3Yy SBIEHUM YUYMTBIBAET cilyyaliHble ¢akTo-
Pbl M JaeT NMpeacCKa3aHMs, colepXalllie BeposiT-
HOCTHbBIE OLIEHKH.

MeTtonsl onMcaHUsI CTOXaCTHUYECKHX Moje-
JiIed M NOCTPOEHUsI Ha UX OCHOBE BEPOSITHOCTHBIX
BBIBOJOB JaeT MaTeMaThyeckasi OUCUMIUIMHA -
TeopMsi BeposiTHOcTeHi. B ocHoBe TeopuM Bepo-
SITHOCTEH JIEXUT TOHSTHE CIIyYaHOTO COOBITHS.
Byaem Ha3biBaTb COOBITMEM Kaye€CTBEHHBIN WIH
KOJIMYECTBEHHBIN pe3yJIbTaT OIbITa, OCYLUECTB-
JISEMOTO TPU BIOJIHE OTNpEeNe/IEeHHbIX YCJIOBHUSX.
Cob6biTHE Ha3bIBAIOT HOCTOBEPHBIM, €CJIM OHO
HEeU30eXHO MPOUCXONUT NMPU AaHHOM KOMIUIEKCE
YCJIOBMH, U HEBO3MOXHBIM, €CJIM OHO TPH 3THUX
YCJIOBUSIX 3aBEIOMO TNPOU30MTH He MoxeT. Co-
6bITHE, KOTOpOE MPU NAaHHOM KOMIUIEKCE YCJIO-
BUI MOXET NMPOU3ONTU, a MOXET U HE NMPOU30ii-
TH, Ha3bIBalOT cly4ailHbIM. I3MEHYMBOCTb MCXO-
a cOOBITUSI O3HAYaEeT, YTO 3a MpenejiaMU JaHHO-
ro KOMIUIEKCa YCJIOBUM ecTb (pakTOpbl, KOTOpble
Mbl M60 CcO3HaTeJIbHO MrHOpMpYyeM, JHOO O
KOTOpPbIX HE MMeeM NOCTaTOYHOW MHGPOPMALIMH.
IlpuMepoM Takoro coOBITUS MOXET CJIYXHTh
OTKa3 TEXHUYECKOH CHUCTEMBI WIM OJHOTO U3 ee
3JIEMEHTOB Ha 3aJlaHHOM oOTpe3ke BpeMeHM. [lo-
CKOJIbKY OOBIYHO HET MOJIHBIX CBENEHMH HH 00
YCJIOBMSIX 3KCIUIyaTallUM CUCTEMBI, HU O CBOWMCT-
Bax €€ 3JIEMEHTOB, TO OTKa3 OOBIYHO TPAKTYIOT
KaK CJlyyaifHoe COOBITHE.

IIpuMeHeHHe BEPOSTHOCTHBIX METOHOB MJIS
pelieHus1 NMpobJjieM HaleXXHOCTH BCTpeYaeT Cylle-
CTBEHHblE TEXHHUYECKME M  [CHXOJIOTHUYECKHE
TPYAHOCTH, OCOOEHHO IO OTHOLUEHHUIO K HaleX-
HOCTH YHHUKAJIBHBIX CUCTEM H MaJ’IOCCpr;[Hle
obbekToB. Teopusi BeposiTHOCTEl B 3HAYUTENb-
HOM cTeneHM O6a3upyeTcsi Ha CTaTHUCTUYECKOM
HCTOJIKOBAaHUU  BEPOSITHOCTH,  NPUMEHHUMOM
TOJILKO K MAacCOBbIM COOBITUSSM M MacCOBbIM
00beKTaM, 3TH TPYAHOCTU TMPOSBISAIOTCA Oaxe
MPUMEHUTENIBHO K HaJeXHOCTH MAacCOBBIX 00b-
€KTOB, UIS1 KOTOPBIX MOXHO TNOJIyYUTh KOCTaTOY-
HO MJOCTOBEpHble CTaTUCTMYECKHE [OaHHble O
BXOAHBIX TIlapaMeTpax, TIpPOBEPUTb pacyeTHbIe
MOZEJM Ha CTagusXx oTpaboTKu M McnblTaHuit. K
TOMY X€ NpUemieMble (HOpMaTUBHbBIE) 3HAYEHUS
BEPOSATHOCTM  6e30TKa3HOil  paboTbl  OOBIYHO
6u3ku K exuHuue. IlepeynciieHHble TPYAHOCTH
YCYTYOnsIl0TCS MPUMEHUTENIBHO K OObEeKTaM ITo-
BbILUEHHOW omnacHocTH. [IpuemsieMble 3HayeHuUs
pUcKka WUl 3TUX OOBEKTOB BeCbMa Majbl, YTO
TpebyeT 3KCTpanojiiUMM pe3ybTaTOB B 06J1acTh
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peAKHMX 3HAyeHHUH, KOTopasi HEeIOCTaTOYHO Ha-
nexHa. K ToMy Xxe cpeaM MHXEHEPOB M TeM
6oJiee IMPOKOH OOLLIECTBEHHOCTH MMEETCS OI-
penesieHHOe NpenybexneHue NPOTUB BEPOSITHO-
CTHO-CTaTUCTHYECKUX TMOOXOAOB K BOIpocaM
6e30MacHOCTH. JTO MNpeaybeXxneHHe, B 4acTHO-
CTH, OCHOBaHO Ha CJIEAyIOIIMX (aKTOpax:

- HEJOCTaTOYHOE 3HAaKOMCTBO MHXEHEPOB C
TeopUeil BEpOSITHOCTE M MaTeMaTH4eCKOil cTa-
TUCTUKOM;

- YHUCTO TNICUXOJIOTUYECKOE HETPUSITUE MHO-
TMMH CIEUMATUCTaMM, NPUHHUMAIOLIMMU OTBET-
CTBEHHbIE pelueHUsi, GaKTOpoB HeolpeaeIeHHO-
CTH, JaXe €CJIM OHM NpPENCTaBIEHbl B BEPOSITHO-
cTHOH (opMme;

- HaCTOPOXEHHOCTb OOLLECTBEHHOIO MHe-
HUS (M Tex, KTo ero GpOpMHUpYET) K MCIOJb30Ba-
HHUIO BEPOSITHOCTHBIX KaTeropMii TaM, IZAe peyb
uIgeT o 6e30MacHOCTH JIIOAeH, O COXPaHHOCTH
OKpYXalolllei cpelbl.

Tem He MeHee HeoOXOAMMOCTb yyeTa (ak-
TOPOB CJIy4aHHOCTM M HEOIpeNeJeHHOCTH TpU
PacCMOTPEHUM BOIIPOCOB HAIEXHOCTH YXe€ M-
POKO mnpu3HaHa. BeposiTHOCTHBIE MOAXOOBI MC-
MOJNB3YIOT JaXe B TIPaXHAAaHCKOM aBMaUUMHU U
aTOMHOM 3HepreTHKe, rae TpeboBaHUs K Halex-
HOCTH BeCbMa BBICOKM, a pacCMaTpUBaeMble 00b-
€KTbl M COOBITUS HEJNb3sl MPHU3HaTb MacCOBBIMM.
C npyroit CTOpOHBI, He/lb3sl TMpeyBeJMYMBATh
aJleKBaTHOCTb BEPOSITHOCTHBIX MOZENE M HOCTO-
BEPHOCTb MCIOJIb3yeMBIX B HMX YMCJIEHHBIX Ta-
paMeTpoB, a TakXe abCoJIIOTU3UPOBATL YUCJIEH-
Hble OLIEHKHM, OCOOEHHO €CIM OHM OTHOCHTCH K
peOKMM CcOOBITUSAM. BeposiTHOCTHble MeTonbl,
Oynyyd TpUMEHEHBbl [aXe K MaJloCEepUitHbIM
o0beKTaM, MOIyT oKa3aTbCfl BCE-TaKM TMOJIE3HbI-
MU. OHM TNO3BOJAIOT OGHapyXHBaTh ciabble (c
TOYKM 3PEHMsl HaleXXHOCTH) MeCTa, BBONUTb B
paccMoTpeHMe 6oJbliioe YUcio GaKkTopoB, B TOM
Yyyclle He YYUTHIBAEMBIX B OOBIYHBIX NETEPMHUHU-
CTMYECKMX pacyeTax, NpPOBOAMTb CpaBHEHHE Ba-
PUAHTOB TeXHUYECKMX pemleHHid u T.. O6e
KPaifHOCTH - HeZOOLIeHKa BEPOSITHOCTHBIX METO-
OB M UX MepeolieHKa OAMHAKOBO BPEIHBI.

B Hacrosilliee BpeMsi MHXeHepbl, paboTaio-
LMe B pa3HbIX OTpacisiX (B TOM YMCJie B MallM-
HOCTPOEHMM), HaxomsT cbGalaHCUPOBaHHYIO TOY-
KY 3pEHHMsI Ha TEOPHIO HAalleXXHOCTU KaK Ha OUC-
LUMIUIMHY, OCHOBaHHYIO Ha BEPOSTHOCTHBIX MO-
OesiX. DToOMy B HeMaloit CTeNeHM CIOCO6CTBO-
BaJl mnporpecc B 061acTH BBIYMCIIMTENIBHOM TeX-
HUKHU. Ecnu BeposiTHOCTHasi MoneNb ZOCTaTOYHO
CJIOXHA, TO €AMHCTBEHHBIM MyTeM ISl TOJjyye-
HMS YMCJIEHHBIX Pe3YJIbTaTOB CIYXHT CTaTUCTH-
YyecKoe MOIE/JMPOBaHME, Ha3blBa€MOE METOIOM
Monrte-Kapno. MeTtox ocHoBaH Ha MHOrOKpaT-
HOM YMCJIEHHOM MOIE/JMPOBAaHUM TOBENEHHUS
00beKTa NIPH MCXOAHBIX HaHHBIX, KOTOpbIE SIBJIS-
I0TCSI BBIOOPOYHBIMM 3HAaYEHMSIMU HEKOTOPHIX
ClIyYaHbIX BEJIMYMH U CIy4alHBIX yHKUIMHA.
CratcTHMYecKasi ob6paboTKa HOCTaTOYHO TIpea-

CTaBUTEJIbHOM BBIOODKM HaeT OLEHKY Ul ToKa-
3aTejieil HaleXHOCTU. BMmecte c TeM, HMHXeHep
MojiyyaeT Habop BapHaHTOB TMOBENEHUS TMPOEK-
THpPYEMOTo OOBEKTa, KaXIblif U3 KOTOPHIX MOXHO
TpakTOBaTh KaK pe3y/bTaT pPelUeHUs] JeTEPMUHH-
cTHYecKoi 3amayd. TakuM mnyTeM mojy4aercs
6oJiee TMOJIHBII TMPOrHO3 O MOBENEHUHM TPOEKTH-
pyeMoro ob6bekTa B YCJIOBUSIX IKCIUTyaTallMH.

B TeopuM HameXHOCTH COCYLUECTBYIOT ABa
HarpaB/ieHMsl, POICTBEHHbIE IO HOEOJIOTMM U
obuei cucTeMe MOHATUI, HO OTJIMYAIOLIMXCS IO
rnoaxony. YCTaHOBMBLUMXCSI Ha3BaHMIl ISl 3THX
HanpaBjleHMit HeT. [lepBoe HampaBleHWe - cuc-
memHas, cmamucmu4eckan WIM Mamemamu4eckasn
meopus HadeXCHOocmu, BTOPOE HarpaBlI€HUE MOX-
HO YCJIOBHO Ha3BaTb @u3uueckoii meopueii Ha-
dexcocmu. OOBEKTOM CHUCTEMHOH (CTaTHCTHU-
YecKOM, MaTeMaTH4eCKOi) TEOPMM HaXeXHOCTH
CJIyXaT CHCTEMBl M3 3JIEMEHTOB, B3aMMOMEHCT-
BYIOLLMX MeXay coboif B CMBbICJiE COXpaHEHMs
paboTOCMOCOOHOCTH MO JIOTUYECKUM CXeMaM:
rpadaM, nepeBbsIM OTKa3oB M T.n. HcxomHyio
MH(POPMaLIMIO B CUCTEMHOM TEOPMM HalEXHOCTH,
Kak MpaBwio, 00pa3yloT noka3aTejid HaeXHOCTH
3JIEMEHTOB, OIpele/iieMble TYTeM CTaTUCTHYe-
CKOil 00paboTKM pe3ylnbTaTOB MCIBITAHUN U
(W) 3KCIUlyaTaMOHHBIX JaHHBIX. 3aJayd CHC-
TEMHOI TEOPUM HANEXHOCTH pEeLlaloT B paMKax
TEOpPMHU BEPOSITHOCTEH M MaTeMaTU4YeCKOW CTaTH-
CTHKH, T.e. 63 npuBiedyeHUss PU3NYECKUX MoIe-
Jiell OTKa30B M TeX (PU3UYECKHUX SIBJIEHMIH, KOTO-
pble BBbI3BIBAIOT U COMPOBOXIAIOT BO3HMKHOBE-
HME OTKa30B.

Hcroku ¢dusmyeckoit Teopuum MOXHO Haii-
TH B paHHHUX paboTax MO CTaTHCTUYECKOMY MC-
TOJIKOBaHHUIO KO3(p@dHUIUMEHTOB 3amaca MNMpU pac-
yeTe MHXEHEPHBIX KOHCTpyKuMit [4]. Oranum-
TebHasl YepTa PU3NYECKON TEOPUM HaeXHOCTH
COCTOMUT B TOM, YTO ToamepxaHHe paboTocro-
COOHOCTH CHCTEMbl U BO3MOXHOCTH BO3HHKHO-
BEHMs1 OTKa30B pacCMaTpUBAlOT B Heil Kak pe-
3y/IbTaT B3aUMOAEHCTBUSI MeEXAY CHMCTEMOH U
BHEIIHUMM  BO3NEHCTBUSIMM  (3KCIUTyaTallMOH-
HBIMM Harpy3kaMH, YCJIOBUSIMU cpellbl M T.I.), a
TaKXe MeXaHUYECKUMM, PU3NYECKHUMM U XUMH-
YEeCKMMH IpollecCaMM, KOTOpble NPOUCXOOSAT B
KOMITOHEHTaX CHUCTEMBI B MpolLecce ee 3KCIUTya-
tauuu. Hapsinmy co cpeacTBaMM TeOpuH BepoOST-
HOCTEH WM MaTeMaTUYECKOM CTaTUCTMKHU B u3m-
YEeCKOM TeOpUHM HaEXXHOCTH ILUMPOKO HUCIOJb3Y-
10T MOAENN U METONbl €CTECTBEHHbIX M TEXHHUYE-
CKHX HaykK.

OcHoBHasi 06/1aCTb TIPUMEHEHHUST CHUCTEM-
HOW TEOpUM HaANEXHOCTHM - aBTOMaTHKa, 3JieK-
TPOTEXHHMKA, BBIYMCIIUTESIbHAs TeXHUKa, MHGoOp-
MaTuka. Pusnyeckass Teopus HaIeXHOCTH MOJY-
yuna Haubosiee WHMPOKOE NMPUMEHEHHUE B CTPOM-
TEJbCTBE, HECKOJIbKO MeHbllee - B aBHALlMM H
CynocTpoeHMM. B mnocnenHue roabl Momenud M
MeTonbl (pU3MYECKON TEOPHM HaeXHOCTH Haxo-
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IST Bce Gojiee WUMPOKOE NPHUMEHEHHWE B MalllU-
HOCTpOeHMH. BooOblie, Henb3s NMPOTHBOIIOCTaB-
JISITH 3TU JBa mnoaxona. OCHOBHbIE MMOHATUSL CHUC-
TEMHOM TEOpPMM peaau3yloTcs B (HU3MYECKOi
TEOPMM B TEPMHMHAX COOTBETCTBYIOLIMX (u3nye-
ckux Mozeneii. bonee Toro, dpusnyeckyio Teopuio
HaJIeXXHOCTU MOXHO TpaKTOBaThb KaK pacluupe-
HHE CHCTEMHOIH TEOpMM 3a CYET INPUBJIECYEHMS
dusuyeckux Mmoneneit. [lo Mepe HakolUleHUs
3HaHUA O (PHU3MKe OTKa30B B HEMeXaHUYECKMX
cucteMax objacTb NpUMeHeHHMs GHu3nYecKoi
TEOpMM BCE lUMpe OyNeT pacnpocTpaHSTbCS Ha
OOBEKThl aBTOMATUKH, BBIYUCIIUTENIBHONH TEXHUKHU
U T.OL

CoBpeMeHHbIE MalUMHBI U CUCTEMBI MallIMH
comepxaT OoJiblIOE YMCIO HEMEXaHMYECKHMX
(3/IEKTPUYECKUX, 3JIEKTPOHHBIX, MH(}pOPMaLUOH-
HBIX M T.I.) 9JIEMEHTOB U CoeIUHEHUH. 31O Tpe-
6yer mnpuMeHeHMs1 (U3MYECKUX M CHUCTEMHBIX
Mozeneit B komruiekce. [Tokasatenu HageXHOCTH
MeXaHUYECKUX 3JIEMEHTOB M MEXaHMYECKUX CHUC-
TeM OLIEHMBAlOT Ha OCHOBE (PM3UYECKHUX Mole-
Jiel, B TO BpPeMsl KaK U1 OLEHKU NokKa3aTteyei
HalleXXHOCTH MalUMH B LI€JIOM WIM CUCTEM Ma-
IUMH Yallle MCIOJIb3YIOT MOAEIN CUCTEMHOM Teo-
PUM HaIeXXHOCTH.

1.1.2. POJIb CTAHIAPTOB
B ITPOBJIEMAX HALEXHOCTH

Mertons! ¥ npolenyphl, CBI3aHHblE C obec-
MeyeHUeM HaJeXXHOCTH Ha BCeX 3Tamax XM3HeH-
HOTo UMKJIa NMPONYKLUMH, HauMHas C BbIPaOOTKH
TEXHUYECKOTo 3aJaHus, MojiexaT CTaHAapTH3a-
uud. OCHOBHI HODMHUpPOBaHMSI M obecrieyeHUs
HaJIleXXHOCTH PEerJlaMeHTHPYIOTCS HallMOHAJIbHbI-
MM CTaHOapTaMM, a TaKXe MEXIyHapOoaHbIMHU
IOKyMEHTaMM pPeKOMEHIATEJIbHOTO XapaKTepa.

CraHOgapThl IO HaNEeXHOCTH CJIyXaT HopMa-
TUBHOI 6a3oif WA co3naHUs NMPOAYKLUMHU, obya-
namouieii HeoOXoOMMBIM YPOBHEM HaeXHOCTH,
PEryJupyioT B3aUMOOTHOLLIEHMSI 3aMHTEPECOBaH-
HBIX CTOPOH (3aKa3YMKOB, pa3pabOTYMKOB, U3ro-
TOBUTEJIEN, MOCTABLUMKOB M TMOTpeOMTENIei) TNpHU
peluleHnM TpobneMbl obecrieyeHHUs] HaXeXHOCTH
MpoAyKUMH Ha BCEX CTaAMSIX XKM3HEHHOro LIMKIIa.
OcobeHHO BelMKa pOJib CTaHZApTOB TNPUMEHH-
TeNbHO K 0OBEKTaM OOLLEerocynapCTBEHHOIO 3Ha-
YyeHus1 (3HepreTuKa, CBsi3b U APYTUE JIMHUM XHU3-
HeobecrieyeHUs1, 06OpOHHasi TEXHUKa U T.I.), a
TaKXe TIPUMEHUTENIBHO K OOBEeKTaM, OTKa3bl
KOTOpPbIX MOFYT YrpoXaTb HaceJeHUI0 U (M)
OKpYXalolleil cpeie WIM MOIYT IPUBECTH K
6o/blIOMY 3KOHOMHYecKOoMy yuuepby. CucreMa
CTaHAAapTOB IO HAaNEeXHOCTH BKJIIOYaeT Mepbl
OpraHM3allMOHHOro, TEXHUYECKOro, 3KCIUlyaTa-
LIMOHHOTO, 9KOHOMHUYECKOro XapaKTepa, Harpas-
JIeHHble Ha obecrieyeHHe M noanepXaHue TeXHU-
KO-3KOHOMMYECKH  11€J1eCO00pPa3HOro  ypOBHS
HaleXXHOCTU HM3IeJIMiA, Ha cokpallleHWe CBS3aH-

HBIX C obecreyeHHEM HaJeXHOCTU 3aTpaT Bpe-
MEHHU, TPYAOBBIX U MaTepUATbHBIX PECYPCOB.
MeTtoznosnornyeckoe 3HayeHME CTaHAApTOB
M0 HaeXHOCTH COCTOMT B TOM, YTO OHM MO3BO-
JIAIOT perjlaMeHTUPOBaTh METONbl pelleHUs TH-
MOBLIX 3afay aHajM3a, NMPOTHO3MPOBAaHUs, oOlie-
HMBaHMSI U oOecrieyeHHUs] HaAEeXHOCTHU, OTBe-
Yalolie COBPEMEHHOMY HayYyHO-TEXHUYECKOMY
ypoBHI0. TeM caMbIM CTaHZapThl MO HaAeXHOCTH
BHOCSAT CyILUECTBEHHBIi BKJIax B ofllee neno
TOBBILUEHUS] KYJIBTYPbl TMPOEKTUPOBaHMUS, M3ro-
TOBJIEHHUS M 3KCIUIyaTalMM TEXHHMYECKMX OObek-
TOB, MOBbIILIEHUS 3(PPEKTUBHOCTH NMPOU3BOACTBA
M KayecTBa npomykuuwu. JUis u3menni, KoTopble
SIBJIIIOTC  OObEKTaMHM  OOLUErocynapCcTBEHHOTO
3HAYEHHUs, CTaHIApThl YCTAaHABIMBAIOT KOJIMYECT-
BeHHble TpeGOBaHMS K ITOKa3aTesiiM HaJeXHo-
CTH, a TaKXe K crocodaM KOHTpOJII HalAeXHOCTH
Ha BCeX 3Tanax >XU3HMU U3NETMS.
HopMmatuBHO-TeXHMYecKass OOKYMEHTalMs
MO HAaOAEeXHOCTU TNpencTaBisieT cobOi KOMILIEKC
B3aMMOCBSI3aHHBIX HOPMAaTHUBHBIX INOKYMEHTOB.
O6pa3oM TaKMX HOOKYMEHTOB MOTIYT CIIyXHTh
pa3paboTKM MexayHapoaHO# oOpraHu3auuu Io
crangaptu3auMu  (MCO) u  MexayHapoaHoi
3JIEKTpOTEXHUYecKoH Komuccuu (MOK), a Tak-
Xe psiia IPYTUX MEXIYHapOIHbIX, PETMOHAJIbHbBIX
M HaUVOH&IbHBIX OpraHU3alU{ OOlLeTeXHUYEe-
CKOTO, MEXOTpPAac/IeBOro U OTPAacjeBOro xapakTe-
pa. Hekotopsie cBeaeHusi o6 3THX pa3paboTkax
MOXHO HaliTM B MOCJeAYIOLIMX pa3feiax, a 6o-
Jiee oApoGHbBIe - B My6nukauuu [22].
IIpUHIMNBI M CTPYKTypa OTEYECTBEHHBIX
CTaHIApTOB MO HaJEeXHOCTH B TEXHMKe pa3paba-
ThIBaJlaCh DKCHEPTHHIM COBETOM IO CTaHAapTHU-
sauuu npy MHTK “HapexHocts MammH” B
1986 - 1988 rr. [9, 22, 24]. PesynbraThl 3TOit
paboThl OTpaXeHbl, B YACTHOCTH, B OCHOBOIIOJIa-
rajouieM craHzaprte [18]. Orta pabora 6bula mMpo-
IoJDKeHa B paMkax TeXHHYecKOro KOMHUTETa IO
CTaHHapTM3alMM B obnactm HagexHoctn (TK-
119) Toccrannapta Poccuiickoit Pemepaunu
[27]. CrpykTypa craHmapToB MO HaIeXHOCTH B
TexHUKe, npemioxeHHas TK-119, npencraBneHa
B Tabn. 1.1.1. IpeanoxeHo BBECTHU TPU YPOBHS
CTaHAApTOB: MNEPBbLIA - OOLUETEXHUYECKUMH, TIO-
JIOXEHHUSI KOTOPOTO pacHpOCTpPaHSIIOTCS Ha Tex-
HHUKY B 1IeJIOM; BTOpPOil ypoBeHb 006pa3ylOT CTaH-
IapThl Ha YKPYNHEHHble TpPYMIbl OXHOPOXHOWM
MPOAYKLMH; CTaHIApThl TPETbEro YPOBHS pac-
MPOCTPAHSAIOTCSl Ha TIpYINIbl OXHOPONHOW MNpo-
OYKLUMM UM M3e/IUsI KOHKPETHOTO BUAA.

lFocynapcTBeHHble  CTaHOApThl  TEPBOro
YPOBHS 06pasyloT CUCTEMY CTaHOapTOB
“HamexHoCTh B TexHHKe”. 3OTM CTaHOapThl

IOJDKHBI ObITh COIJIaCOBaHbl C MEXIYHapOXHBIMU
craHnaptamu. [Ipy 3TOM MlaHUpyeTcs OCYLIECT-
BUTb MAaKCHMMaJIbHO BO3MOXHOE COOTBETCTBHE
CTPYKType MeXIYHapoAHbIX CTaHAapToB. B yact-
HOCTHU, MpeJyCMOTpeHa BO3MOXHOCTb BBElEeHUS B
neicteue crannaproB MOK B kauecTBe rocynap-
CTBEHHBIX CTaHOApPTOB.
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Inasa 1.1. OCHOBHBIE ITOHATHUA

1.1.1. CTpykTypa 00meTeXHHIECKHX CTAHIapTOB
no Haaexuoctu (npenioxenns TK-119)

HanpaBJICHMﬂ HaOaCXHOCTH

HpennonaraeMme acCrneKThbl CTaHAapTU3aluHu

1

2

1. O61uiMe BOMPOCHI

1.1.

.._....
w N

1.4.

1.5.

CucreMoobpa3ylolmii cTaHaapT (KOHLENUMs cTaHaap-
TU3aLMM B 06JIaCTH HaJleXXHOCTH)

. OcHoBHbIe TTOHATHA. TepMMHBI U ONpenesieHus
. O61me mpaBuiia KiaccudUKaLUKU OTKa30B U Npeaenib-

HBIX COCTOSIHUM

CocTaB ¥ o6lLie MpaBujia 3aaHuUs TpeOOBaHUM 1O
HaJleXXHOCTH

DKOHOMMYECKHE aCIeKThl HaleXXHOCTH (OLIeHKa CTOM-
MOCTH XM3HEHHOTO LIMKJIa)

2. OpraHu3allMOHHBIE BONPOCHI
obecriedeHus1 HaleXXHOCTU

2.1.

2.2

2.3.

OcCHOBHbIE TIOJIOKEHUSI MO OpPraHM3allMOHHOMY obec-
MeYyeHUI0 HaleXXHOCTH (CHCTEMbl U CIIYXObl HaleXHO-
CTH, 3aJjayM, OpraHM3aums pabor)

IporpamMMbl obecrieyeHusi HaIeXHOCTU (B TOM 4McCIIe
KOMIIJIEKCHOM 3KClepUMeHTalbHOW OTpaboTkHu, obec-
Me4yeHUs PeMOHTONIPUTOAHOCTH U Ap.)

Co6op, obpaboTka M peanu3auusi UHPopMalUMKU O Ha-
DNEXHOCTH

3. ®dusnyeckue, TeXHUYECKME,
TEXHOJIOTUYECKHE acreKThl
obecrnieyeHUs1 HaleXXHOCTH

3.1
3.2

3.3.
3.4

3.5.

MeTonbl KOHTPOJISI HalleXXHOCTH M3NETHI 1o NMapaMeT-
paM TEXHOJIOrMYEeCKOro MnpoLecca X N3rOTOBIECHHUS
TMpupa6botka u3nenuii, TexHoNOrMYecKasi TPEHHUPOBKa,
0oT6paKoBKa NMOTEHLUUAIbHO HEHAIEXHbIX 3K3eMIUISIPOB
Mounenn oTpabOTKH M3IENIMii Ha HaleXXHOCTb
IlporHosupoBaHUEe M OLIEHKa OCTaTOYHOro pecypca
U3aeui
KoHTposnb npaBUIBHOCTH TNMPHMEHEHUS KOMIUIEKTYIO-
LUMX U30enHi

. ®du3nyeckrue OCHOBBI (bOpCMpOBaHHbIX MUCIBITAHUN Ha

HaleXHOCTb. OOLHe MONIOXKEHUS

4. Pacyetp!

49.

. PacyeTtsl HagexHocTH. OGlIMe TpeGoBaHUS

PacyeTbl 6€30TKa3HOCTM M [JOJITOBEYHOCTH HEBOCCTA-
HaBJIMBaeMbIX U3AE/IUIA

. PacyeT 6e30TKa3HOCTH BOCCTaHaBJIMBaeMbIX U3NEHI
. Pacyer PEMOHTONPHUIOAHOCTH U3aENUi

Pacyer noAroBeYHOCTHM BOCCTAHABJIMBAaEeMbIX H3METUM
(BKIOYass OOOCHOBaHME Ha3HayeHHbIX IoKa3sartesein
IIOJITOBEYHOCTH)

. PacyeT HamexXHOCTH CJIOXHBIX CUCTEM U3LENHIt
. PacyeT xommiektoB 3UI1

Pacyer mapaMeTpoB TEXHHYECKOro OOCIYy>XHBaHUS U
pEeMOHTa
Pacyer HagexXHOCTH mporpaMMHoro obecrieyeHust

4.10. AHaIM3 BO3MOXHBIX NMPUYMH Y TOCJEACTBUHA OTKa30B

MpH NPOEKTUPOBAaHUHU

5. UcnbiTaHus, OLEHKA, KOHTPOJb

. UcnibiTaHus Ha HaneXHoOCTb. OCHOBHbIE NOJIOXEHHS
. NlpenBaputenbHass 00paboTKa CTaTUCTUYECKUX NAHHBIX,

XapaKTepHU3ylOLIUX HaleXHOCTb U3Aeuin

. OueHKa napaMeTpoB pacnpelesieH!s ClyYyaifHbIX BeJIM-

YHUH, XapaKTEpU3YIOLUMX HAAEXKHOCTh U3AEIUA
OueHKa Tnoka3aTeNieii HaJeXHOCTH IO IKCNEPpHUMEH-
TaJIbHbIM JaHHLIM
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2

5.5. Meroznp! U IUIaHbl UCTIBITAaHUI ST KOHTPOJIA CPeXHe
HapaboTKM Ha OTKa3

5.6. MeTonsl M IUIaHBI UCTILITAHUIA IsE KOHTPOJISI BEPOSIT-
HOCTH 6€30TKa3HO# paboThI

5.7. MeTons! U IUIaHbl MCTIBITAHUN I KOHTpoJsi Ko3dbdu-
LIMEHTa TOTOBHOCTH

5.8. Metonbl UCTIBITAHUH PEMOHTONPUTOIHOCTH

5.9. YckopeHHble MCNBITAaHUA Ha HaaexHocTb. OCHOBHbIE
MOJIOXEHHUS

5.10. OueHKa U KOHTPOJIb HalleXXHOCTU C y4E€TOM arpHop-
HBIX CTATUCTUYECKHMX JaHHbIX

CraHOapThl BTOPOTO M TpEThero ypOBHeEM
6ynytr paspaboTaHbl BHe cucTeMbl “HamexHocTb
B TeXHMKe”. OTU CTaHAapThl JOJDKHBI KOHKDETH-
3MpoBaTh IOJIOXEHUS OOLLIETEXHUYECKUX CTaH-
apTOB MPUMEHMTENIBHO K JNaHHOM rpynne u3ne-
JIMA, a TaKXe conepXaTb KOHCTPYKTUBHbIE, TeX-
HOJIOTUYECKME M 3KCIUTyaTallMOHHble TpeboBa-
HMS, crielndHUYecKre U1l JaHHOM TIpYIINbl U3e-
smii. CTaHnapThl TPEThEro ypoBHs pa3pabaTbiBa-
10T JIMLUb TIPM SIBHO BBIPDAXEHHOM crieuMduke B
OpraHM3alUMMd U METONOJIOTUM ObecriedeHUsl Ha-
JIEXXHOCTH COOTBETCTBYIOILMX M3AEJIMA WM TIPH
Heo6XOAMMOCTH Ha3HayeHMs 6oJiee XeCcTKMX (Io
CpaBHEHMIO CO CTaHOapTaMU BTOPOrO YDOBHS)
TpeGoBaHMil MO HaleXHOCTH. Takasi CTpyKTypa
HOPMaTUBHO-TEXHUYECKOH NOKYMEHTalUUH IO
HaIeXXHOCTH OTpaXkaeT CJIOXMBLIYIOCS MMPOBYIO
MpaKTUKY MO CTaHAApTU3allM¥, a UMEHHO YIpo-
LIEHUEe UepapXUM CTaHAApTOB IMYyTEM €€ CBEeNeHMSs
K IByM YPOBHSIM: YPOBHIO HAallMOH&IbHBIX CTaH-
apTOB, TapMOHU3UPOBAaHHBIX C MEXIYHapOIHbI-
MM M YPOBHIO CTaHAAapTOB MpM, accouuauuii u
T.A.

Cpenu MeXIyHapoIHbIX OpraHM3alui, Ha-
psany ¢ MexnyHaponHoi opraHu3alueii Mo CTaH-
naptusauuu (MCO), cnenyer Beiaennth Mexay-
HapOOHYIO  3JIEKTPOTEXHUYECKYI0  KOMMCCHIO
(M3K). IoKkyMeHTbl MO HaNeXHOCTH, pa3pabo-
TaHHble MOK, BbIXOOST naneko 3a npenesbl
3JIEKTPOTEXHUKH M POACTBEHHBIX €l oOTpacieii.
OcHoBHble KoHUenuuu MBK B obnactu Hamex-
HOCTH, OTpaXeHbl B nmybnukauuu MOK 50 (191).
IlepeBon 3Toif MYyOJIMKALUUHU C KOMMEHTAapUAMU
MOXHO HalTH B [21].

IpuMepoM npyroro nonxona K CTaHOapTH-
3allMU MOXET CJIYXXMTb pa3paboTKa HOPM M CTaH-
JapToB B paMKaX AMepHUKaHCKOro obuiecTsa
HHXeHepoB-MexaHuKoB (ASME). Dta nesitens-
HocTh Benmercs ¢ 1884 r. Crporo rosops, 3Ta
IOKyMEHTallUsl HE HOCHUT 00s13aTe/IbHOro Xapak-
Tepa naxe B npenenax CIIIA. OnHako npakTHye-
CKM BCE aMepUMKaHCKUE YaCTHble U TOCYyAapCT-
BEHHble OpraHM3allMM TMPHU3HAIOT 3a 3TUMU [IO-
KyMeHTaMM culy 3akoHa de facto. Bonee Toro,
MHOTME€ M3 HHUX TIPUHSATHI (TIOJTHOCTHIO MJIH C

He6OJIBIIMMU HU3MEHEHHUSIMH) B KayecTBe HopMa-
TUBHO-TEXHMYECKMX NOKYMEHTOB B IPYTHX CTpa-
Hax, a TakXe IOJIOXEHbI B OCHOBY MeXIyHapo.-
HBIX NOKYMeHTOB. IIpMMepoM MOIYT CIyXWUTb
HOPMBI IO pacyeTy M IPOEeKTUPOBAHUIO KOTJIOB,
cocynoB HaBleHMsi M Tpy6ornpoBomoB (Pressure
Vessel and Piping Code). 9T NOKYyMEHTHI C H3-
MEHEHMSIMH M  [OTOJIHEHUSIMH  CYIIECTBYIOT
MHoTHe aecaTkd jieT. Ho naneko He Bce MHXe-
HepbI-MIPaKTUKM, CBSI3aHHBlE C oObecreyeHUEM
HaleXXHOCTH TPYOOIPOBONOB M COCYINOB JaBje-
HUS, 3HAIOT, YTO TIPOTOTUIIOM IPUMEHSEMBIX
HMHU HODM CJIyXaT COOTBETCTBYIOIUME HODPMBI
ASME. MeHee u3BecTHO B Hallleif CTpaHe MeETO-
IINYECKOE DPYKOBOICTBO ISl pPacyeTHOH OLEHKH
pecypca MallMHOCTPOUTEJbHBIX KOHCTPYKLMIA
(ASME XI - Life Evaluation Code).

Cpenu opraHu3aluii, KOTOpble BHOCAT
3HAYMTENIbHBINA BKJIaJ B pa3paboTKy CTaHIapTOB U
HOpM, cJlenyeT yKa3aTh AMEpHUKaHCKOe OOLLECTBO
MO MCIMBITAHUSAM W MaTepuanaM (American
Society for Testing and Materials, ASTM). O6pa-
30BaHHOE B pe3yjibTaTe BbiaejeHus u3 ASME,
OHO 3aHHMMaeT ceifyac OHO M3 BEAYLUUX MECT B
MHMpOBOIi TpaKTMKe cTaHmapth3auMu. OcHoBHOe
HanpaBienme ASTM - co3maHMe HOPMAaTHMBHO-
TEXHUYECKON M METONMYECKON NOKYMEHTALIMU IO
HCIBITAHUSM MAaTepUaIOB, 3JIEMEHTOB KOHCTDPYK-
UMMA U OeTajlel MaluMH Ha KOHCTPYKLMOHHYIO
HafiexHocTb. PekoMenmaumm ASTM HaxomsT
LUMPOKOe TpPUMEHEHHE B APYTHUX OTpacisX TeX-
HMKHM - B aBUaLIMM, CYNOCTPOEHHH, KOCMHYECKOM
TexHuke U T.N. OOMH U3 Hauboyiee U3BECTHBIX
crangaptoB ASTM, rmnocBflUeHHBIH MeToaaM
3KCMEPUMEHTAIBHOTO OTpelesieHUs] XapaKTepH-
CTUK  TPEUIMHOCTOMKOCTH  KOHCTPYKLIMOHHBIX
MaTepuaioB (uMeetcsa B Buny ASTM E-399) cran
MPOTOTHUIIOM [UIA MHOTMX aHAJOTMYHBIX HalWO-
HaJIbHBIX CTAHZAPTOB.

HoBoe moKoneHHe oOTeyeCTBEHHBIX CTaH-
IapTOB, B KOTOPOM TOJIOBHBIM SIBJISIETCSI CTaHOAapT
[18], B 3HayuTENbHON CTENEeHU NPHUOIUXKEHO K
MeXIYHapoOHOMY YPOBHIO, COXpaHSii B TO Xe
BpeMsl TPaIMLWHU, 3aJIOXEHHble B MPEIbIIYLIMX
cTaHaapTax. bojee monpoGHbIi aHaM3 CTaHIap-
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TOB M JAPYTUX HODMATUBHBIX IOKYMEHTOB IO
HaJIeXXHOCTH TIpUBeneH B [22].

1.1.3. HATEXHOCTb M EE COCTABJIAIOIIIME

IToHsiTHE HaEeXHOCTH, a TakKXe METOIbl
MPOTrHO3UPOBaHWSI, OLIEHKH, HOPMHMPOBAHUSA M
obecrieyeHUs1 HaleXXHOCTH TPUMEHSIOT K JII0ObIM
TeXHUYECKUM OOBbEKTaM - MalUMHaM, U3IENHSM,
COOPYXEHMSIM M CHMCTEMaM, a TaKXe MUX MOIACHC-
TeMaM - [eTalsIM, COOpOYHbIM €OUHULIAM U T.II.
IIpy HEOOXOAMMOCTU B TOHSATHE 0068eKm MOXET
ObITh BKJIIOYEHA MHGOPMAaLMS UM €€ HOCUTENb,
a TaKkXe yeJioBeyeCKUM ¢akTop (Harnpumep, NpH
PacCMOTPEHUH CUCTEMbBl MauUHa-onepamop).

B oTeyecTBEeHHOH MpaKTHKE YacTO MCIOJIb-
3YI0T MapaMeTPUYeCKOe OIlpeleieHue HaleXHo-
cti. JIpy 3TOM CrOCOGHOCTh TEXHUYECKOTO OOB-
eKTa BBINOJIHATh TpebyeMble (PYHKLMHU OIMCHI-
BalOT MPM TITOMOLUM HEKOTOPOWM COBOKYITHOCTH
HEMOCPEeNCTBEHHO  M3MepsieMbIX  IapaMeTpOB.
Torna HageXHOCTb OINpPENESIIOT KaK CBOWCTBO
00beKTa COXpaHSITb BO BPEMEHM B YCTaHOBJIEH-
HbIX TIpeAesiaXx 3HayeHMs1 3THX mnapamerpoB. K
TaKMM MapaMeTpaM OTHOCAT KMHEMaTHYeCcKUe U
IWHaMHMYeCcKUe TapaMeTpbl MalllMH, ToKa3aTeu
KOHCTPYKLIMOHHOI NMPOYHOCTH IeTajiell MallMH U
HX COEOUHEHMH, TOYHOCTU TEXHOJIOTUYECKOM
00paboTKM, MPOU3BOOUTENbHOCTU M T.II. C Teye-
HMEM BpeMEHM 3HAYyeHUs 3TUX MNapaMeTpPOB M3-
MEHSIIOTCSI, [OCTUIrasi HEeKOTOpbIX IpelesibHO
DNOTYCTUMBIX 3HAYEHUH.

ITapaMeTpuyeckoe onucaHue ¢yHKLUHOHU-
pOBaHHMSI TEXHUYECKHUX OOBEKTOB He BCerna lesie-
coobpa3zHo. [IpuMepoM cayXar mnpocTeiilliue
TeXHUYeCKHe OOBEeKThbl, paboTOCINOCOOHOCTh KO-
TOPBIX MOXET OBITh OXapaKTepu3oBaHa IO THUITY
“na-Her”. He Bce cBoiicTBa 0OBbeKTa XapakTepH-
3y10TCSl KOJIMYECTBEHHO (KaK Ui CUCTeMbl Ma-
LIMHa-onepatop). B 3Tux cnyyasax mapameTpuye-
CKHIi MMOAXON K OLEHKe HaleXHOCTH OKa3blBaeT-
Csl 3aTPYAHHUTENILHBIM.

B o6uieM ciyyae HadexwcHocmbvlo mexHuue-
cKk020 06seKkma Ha3bIBalOT KOMIUJIEKCHOE CBOMCTBO
TEXHUYECKOro obbekTa, cocrosiiee U3 ero 6es-
OTKa3HOCTH, NOJITOBEYHOCTH, PEMOHTONIPUTOOHO-
CTH U COXPaHSIEMOCTH.

bezomka3nocmobio Ha3bIBalOT CBOMCTBO OOB-
eKTa HeNpepbIBHO COXpaHsSThb paboTocrnocobHoe
COCTOSIHUE B TeYyeHHe HEKOTOpPOro BpeMeHH WU
Hapa6oTKu. be30TKasHOCTb OOBIYHO BBOAAT INpPH-
MEHUTEJIBHO K HCIOJIb30BaHUIO OOBEKTa IO Ha-
3HaYE€HUIO; OHAKO BO MHOIMX CJiy4yasiX HeobXxo-
IMMa TaKXe OlleHKa 0e30TKa3HOCTU NpH XpaHe-
HHMM M TPAHCIIOPTUPOBAaHUU OOBEKTA.

IMon doazoeeunocmosio MOHMMAIOT CITOCO6-
HOCTb OObEKTa HE NOCTUraTh B TeYeHHE NOCTa-
TOYHO [UIMTEJIBHOTO BPEMEHMW MNpenesbHOro Cco-
CTOSIHMSI, T.€. TAKOTO COCTOSIHMSI, NPU KOTOPOM
lajbHelllee UCMOb30BaHME OOBEeKTa MO Ha3Ha-

YEHMIO CTAHOBUTCS HEBO3MOXHBIM WJIM Helese-
coobpa3HbIM, HECMOTpPSi Ha HaJlMYMe YCTAaHOB-
JIEHHOM CHCTEMBI TEXHUYECKOTO OOCITy>KHUBaHHUS
U peMoHTa. OGbEKT MOXET MepeiTH B Tpenesib-
HO€ COCTOSIHME, OCTaBasiCh pPabOTOCITOCOOHBIM,
€CJIM ero aajbHeilllee TPUMEHEHHUE IepecTaeT
OBbITh NOMYCTUMBIM MO TpeOOBaHHUSM Oe3oMacHo-
CTH, 3KOHOMMYHOCTH WIH 3P HEKTUBHOCTH.

Pemonmonpuzodnocms - CBOWCTBO OOBEKTa,
3aKJlloyalolieecsi B IPUCNIOCOONEHHOCTH K TNoa-
IIEPXaHUIO U BOCCTAHOBJIEHHIO paboOTOCIIOCOGHO-
rO COCTOSIHMSI TIYTeM TEXHHYECKOTro OOCITyXHBa-
HMSI peMOoHTa. B cyumlHOCTM TepMHMH “pEMOH-
TOTMPUTOAHOCTb” 3KBUBAJIEHTEH MEXIyHApOIHO-
My TEPMMHY “IpUCIOCODJIEHHOCTb K IOAAepXKa-
HMIO paboTOCIIOCOOHOrO COCTOSIHMA” WJIM, KOpO-
ye, noddepxmcusaemocms (maintainability). Ilomu-
MO PEMOHTOIPUTOOHOCTH B Y3KOM CMBICJIE 3TO
MOHSTHE BKJIIOYaeT B cebs “o0cCiy-XUBaeMocTh”,
T.€. TIPUCMOCODIEHHOCTh 00BbEKTa K TEXHUYECKO-
My OOCJIyXXMBaHMIO, “KOHTpOJie-NPUIOAHOCT” M
“IMarHoCTUPYEMOCTb” - TPHUCIOCOOJIEHHOCTh K
MpenynpexXneHulo U OOHapyXeHHMIO OTKa3oB M
MOBPEXIOEHUI, a TaKKe NPUYUH, UX BBI3bIBAIO-
LLUX.

Bonee oO6iee mnoHsATHE “3KCIUTyaTallMOH-
Hasi TEXHOJIOTMYHOCTB” (maintenance support,
supportability) BkloyaeT B cebsi psil TeXHUKO-
3KOHOMHMYECKMX U OpPraHM3aLlMOHHBIX (haKTOpOB,
HanpuMep KayecTBO MOATOTOBKHU OOCTY>XMBaeMo-
ro nepcoHama. Ho TepMuH  “peMOHTO-
MPUTOAHOCTb” TMPOYHO BOLUEN B OTEYECTBEHHYIO
HOPMaTHMBHO-TEXHMYECKYIO,  CMPaBOYHYIO U
y4yeOHY1O nUTepaTypy. B oTpacneBoii mOKyMeHTa-
UM Hapsiny c TEPMUHOM “peMOHTO-
MPUTOOHOCTh” B Y3KOM CMBbIC/IE TPUMEHSIIOT
TEPMUHBI “O0CITY>KMBaEMOCTb”, “KOHTpPOJIUpYE-
MOCTb”, “NUarHOCTMpyeMocTb” M  “3KcCIUTya-
TallMOHHasl TEXHOJIOTUYHOCTD” .

Ilpy XxpaHeHMHM U TPaHCINOPTUPOBaHUHU
TeXHMYeCKHe OOBEKThl MNoABepraloTcs Hebnaro-
MPUATHBIM BO3NEHCTBUSM, HalpuMep KoJieGaHM-
SIM TeMIlepaTypbl, NEHCTBUIO BJIaXHOrO BO3dyXa,
BUOpauusaM u 1.11. B pesynbTaTe nocie XxpaHeHHUs
U (MM) TPaHCIIOPTUPOBAaHUS OOBEKT MOXET
OKa3aTbCsi HEPaOOTOCIIOCOOHBIM M HaXe NOCTHYb
MpeneIbHOrO COCTOSIHUS.

Coxpansemocms OObEKTa OIPENENsIOT Kak
€ro CBOWICTBO COXpaHATb B 3aflaHHBIX IIpeaesiax
3HayeHUs1 TNapaMeTpOB, XapaKTEPHU3YIOLUMX CIIO-
COOHOCTH OOBEKTA BBHIMIOJHATH TpeOyeMble (hyHK-
UMM, B Te4YeHME M TOCjle XpaHeHUsT U (MJIH)
TPaHCMOPTUPOBaHMUS. B uaeanbHBIX YC/IOBHSAX
OOBEKT INMOJHOCTBIO COXpaHsieT paboTOCMOCOOHOE
COCTOSIHME, a TaKXe 3HauYeHHUs pecypca, KOTOPbIM
00beKT obiajasl K MOMEHTY Hayajla XpaHEHHUS U
(M) TpaHCNOPTHPOBaHMS. B peanbHBIX YC/IOBHU-
SIX TIPOMCXOAMT YXYALUEHUE NapaMeTpOB, Xapak-
TEPU3YIOILMX paboTocrnocobHocTh o06bekTa, a
TaKXXe CHMUXKaeTCsl ero OCTaTOYHBIH pecypc.
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B 3aBUCHMOCTH OT YCJIOBMH M pPeXUMOB
NpUMEHEHUsI OOBEKTa TpeOOBaHMS K COXpaHse-
MOCTH CTaBAT Mo-pa3HOMy. Tak, B OOHHMX ciyya-
SIX IOCTaTOYHO MOTpeboBaTh, YTOOBI IMOCJE Xpa-
HeHUs U (WIM) TPaHCMOPTUPOBaHMUS OOBEKT oOC-
TaBajici B PpaboOTOCNOCOOGHOM COCTOSIHMM. B
OOJIbIIMHCTBE NPYTHX CJy4YaeB TpebyloT, yToObI
O0OBEKT COXpaHsJl AOCTaTOYHBIA 3amac paboTo-
CMOCOBHOCTH, T.e. obiiajajl NoCTaToYyHOM 6e30T-
Ka3HOCTBIO TOCJIe XpaHEHUs] U (MJIM) TpaHCHoOp-
THpOBaHHUs. B Tex ciyyasix, Korma rpenycMoTpe-
Ha creuyaibHasi MMOATOTOBKAa OObeKTa K IpHUMe-
HEHHUIO N0 Ha3HAYEHMIO Nocjie XpaHEeHUsI U (WIH)
TPaHCIIOPTUPOBaHHUS, TpeOOBaHHE O COXpaHEHUU
paborocrniocobHocTM He cTaBsiT. Ero 3amensiiot
TpebOBaHUEM, TITO3BOJIAIOLUMM COXpaHSITb B 3a-
IaHHBIX TNpenesiax TEXHUYECKUe MapaMeTpbl 00b-
€KTa, onpeaessiioline ero 6e30Tka3HoOCTb U AOJ-
TOBEYHOCTb.

B 3aBUCHMOCTM OT Ha3HayeHUs U OCODEH-
HOCTeli TIpUMEHEHMs] OOBEeKTa COCTaBJSIOLLUE
CBOWMCTBa HaOEeXHOCTU TIpUoOpeTaloT OOJNbLLMIL
Wi MeHblUMi Bec. Hanpumep, a1 HepeMOHTH-
PYEMbIX OOBEKTOB OCHOBHBIM CBOWMCTBOM SIBJISIET-
cs1 6e30TKa3HOCTb. Ui PEMOHTHPYEMBIX OOBEK-
TOB OOHHUM U3 BaXHEHILIMX CBOWICTB, COCTaBJISIIO-
LMX MOHATHE HaJEeXHOCTH, MOXET ObITb PEMOH-
TONPUTOOHOCTbD.

I TeXHMYECKUX OOBEKTOB, KOTOpbIE SIB-
JIAIOTCS1 TOTEHUHATbHBIMM MCTOYHMKaMM orfac-
HOCTH, BaXHBIM SIBJIsIETCSl TOHATHE Ge3QnacHo-
CTH.

besonachocmbv - cBOWMCTBO 0OBeKTa Ipu
HU3rOTOBJIECHUM M 3KCIUJIyaTallMM M B Ciiyyae Ha-
pylieHus1 paboTOCIIOCOOHOIO COCTOSIHUSI He CO3-
[aBaThb YTpo3y [UISl HaceJleHMs U (MIu) I OK-
pyxatouieii cpensl. be3omacHocTh 06bBIYHO He
BKJIIOYAIOT B MOHATHE HaleXHocTH. OnHako npu
onpenesieHHbIX YCJIOBUSAX 6e30MacHOCTh TECHO
CBsi3aHa C 3TUM TIOHSITUEM, HamNpuMep, eciu
OTKa3bl MOTYT NPHMBECTH K YCJIOBUSIM, BPEAHBIM
U1 Jiloged Y (MJTM) OKpyXalollel cpenbl CBepx
YCTaHOBJIEHHBIX HOPM.

TepMHH ‘“XHMBY4YecTb” 3aHMMaeT IOrpa-
HUYHOE MeCcTO MeXAy MOHATHUAMHU “HalexXHOCTb”
u “6esonacHocTb”. [lon ocusyuecmsio NOHUMAIOT
CBOMCTBO 0OOBEKTa, COCTOsIlliee B €ro CrnocobHOo-
CTM TIPOTUBOCTOSITh Pa3BUTHIO KPUTHYECKHX H
CYlIeCTBEHHBIX OTKa30B M3 IedeKTOB, MOBpEX-
OeHU# M HeCyLIeCTBEHHBIX OTKa30B INpPH ycTa-
HOBJIECHHOM CHCTeME€ TEXHMYECKOro oOC/IyXHBa-
HMUS M peMoHTa. B oTpacnsax oscusywecms TpakTy-
10T MO-pa3HOMY, HanpuMMep, KaK CBOMCTBO 0O0b-
€KTa COXpaHSATh OrpaHHUYeHHYI0 paboTocrnocob-
HOCTb TNpH BO3AEHCTBUSIX, HE NMPENYCMOTPEHHBIX
YCIOBUSIMM 3KCIUTyaTallMM, WIM KaK CBOWCTBO
obbeKTa COXpaHATb OrpaHMYEHHYI0 paboTocmo-
COOHOCTb MNMpH HaTMYUM NedEeKTOB MIIM TMOBpEX-
NEHUH ompenesieHHOro BUIa, a Takxe INMpH OTKase
HEKOTOpbIX KOMIIOHEHTOB. [IpuMepoM ciayXuT

COXpaHEHHME Hecyllleil CIIOCOOHOCTHM HeTajei
MalUWH NMPH BO3HUKHOBEHUH B HHUX YCTaJIOCTHBIX
TpelMH, pa3Mepbl KOTOpPbIX He MpeBBbIILAIOT 3a-
DNaHHBIX 3HAYEHUH.

B HEKOTOpBIX OTpacisiX BMECTO XHBYYECTH
roBopsiT 06 “0TKa30yCTOMYMBOCTH”, T.€. O CIIO-
COOHOCTU CHCTEMBI TPOTHBOCTOSITH JIABUHOOO-
pa3HOMY pa3BUTHIO OTKa30B M3 HeCYLUEeCTBEHHBIX
OTKa30B U mnoBpexaeHUi. TepMuH ‘“XUBy4YecTb”
NMPUOIU3UTENIBHO COOTBETCTBYET MEXIyHapOIHO-
My TepMHUHY fail-safe performance. s xapakrte-
PUCTHKHM OTKA30YCTOMYMBOCTH IO OTHOLUEHMIO K
YyeJIoOBEYECKMM OLUMOKaM B IIocjiefiHee BpeMsl
HadaiM  ynotpe6asitb  TepMuH  fool-proof
performance. B MeXIOyHapomHbIX HOKyMeHTax
coyeTaHHe 6€30TKa3HOCTU M PEMOHTONPHUIOOHO-
CTU C YYETOM CUCTEMBI TEXHUYECKOTO OOCIIYXH-
BaHMSI M PEMOHTa Ha3bIBalOT FOTOBHOCTHIO OOB-
exTa (availability).

1.1.4. COCTOAAHUSA TEXHHYECKOIO OFBEKTA

Kaxnoe cocTosiHue obGbekTa XapaKTepH3y-
JOT HEKOTOPOi#i COBOKYITHOCTbIO 3HAYEHMil Mapa-
METpOB, a TaKXe KayeCTBEHHbIX ITPU3HAKOB.
IlepeyeHb 3THX NapaMeTPOB, a TaKXe Ipeneibl
HMX [OMYCTUMBIX M3MEHEHMH YCTaHaBJIMBAIOT B
HOPMAaTHUBHO-TEXHUYECKOH WU MPOEKTHO-
KOHCTPYKTOPCKOH NOKYMEHTaUMM (Hajee KpaTKo
- B IOKYMEHTallMH).

CocTtosiHne o6beKTa, MpU KOTOPOM OH CO-
OTBETCTBYeT BCeEM TpeGOBaHMSIM NOKYMEHTALIWH,
Ha3bIBaIOT ucnpasHoim. Ecini 0ObEKT He COOTBET-
CTBYET XOTS Obl OOHOMY M3 TpebOBaHMIl NOKY-
MEHTallMM, TO €ro COCTOSIHME Ha3bi8arom Heuc-
npasuotm. CocTosiHME OOBEKTa, INMPU KOTOPOM
3HayeHUs BCEX MapaMeTPOB, XapaKTepHU3YIOLIMX
CIOCOOHOCTb BBINOJIHATH 3afaHHble (QYHKLMMH,
COOTBETCTBYIOT TpeOOBaHMSIM IOKYMEHTAallUH,
Ha3bIBaIOT pabomocnocobHbIM.

Ecnu 3HayeHue xoTsi 6bl OMHOro mMapamMert-
pa, XapaKTepHU3YIOLIero crnocobHOCTb o0ObekTa
BBIMOJIHATH 3afaHHble (PYHKLHUH, HE COOTBETCT-
ByeT YKa3aHHbIM TpeOOBaHHUSAM, TO COCTOSIHME
Ha3blBalOT Hepabomocnocobnsim. Pabotocroco6b-
HbI OOBEKT B OTIIMYME OT MCIIPABHOIO HOJIXKEH
YOOBNETBOPATh JIMIUL TeM TpeOOBaHUAM NOKY-
MEHTaLlUM, BBINOJTHEHHE KOTOPBIX obecrneyuBaeT
HOpMaJIbHOE TpMMeHeHHe oObekTa o Ha3Haye-
Hu10. PaboTocnocobHblit 00BbEKT MOXET ObITh
HEHUCNpaBHbIM, HallpUMep, €CJIi OH He YIOOBJe-
TBOpSIET 3CTETUYECKMM TpeGOBaHMSIM, NpHYEM
yXyllleHHe BHELIHEro Bula obbekTa He MNpensT-
CTBYET €ro NMpUMEHEHHWIO Mo Ha3HayeHulio. [List
NnpocTeidUnX OOBEKTOB pa3iuMyaloT paboTocmo-
cobHOe U HepaboTOCIIOCOOHOE COCTOSTHMSA.

B o6uieM ciiyyae BBOOUTCS NPOMEXYTOYHOE
MOHSATHE  YAaCTUYHOTO HepaboTocrnocobHoro
(4acTM4yHO paboTocnoco6Horo) COCTOSTHMS.
IlpuMepoM YacTUYHO HepabOTOCTIOCOGHOro Cco-
CTOSIHMS CJIYXXHT TaKOe COCTOSIHME MallMHBI, TIpU
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KOTOPOM OHa CMocobOHa BbIMOJHATL Tpebyemble
bYHKUMM ¢ TOHMXEHHBIMU TMOKa3aTelsIMU, B
YaCTHOCTM C TOHUXEHHOI INPOM3BONUTENIbHO-
ctoio. s obbekToB MHOroyHKIMOHAJIBHOTO
Ha3HayeHMs TMOA YaCTUYHO HepaboTOCIOCOOHBIM
COCTOSIHUEM TIOHMMAIOT Takoe, INpH KOTOPOM
OOBEKT CrOCOOEH BBIMOJIHATH JIMWIb YacThb Tpe-
6yemblx GyHKuMit. s HeEKOTOphIX OGBEKTOB
MpU3HaKaMH HepaboTOCOCOOHOro COCTOSIHUS
MOTYT ObITb OTKJIOHEHMs ToKa3aTejlell KayecTBa
MU3roTOBJIAeEMON mpoayKuuu. Hanpumep, npume-
HMTEJIBHO K TEXHOJIOTMYECKUM MalllMHaM W JIM-
HMSIM K HepaboToCroCOOHOMY COCTOSIHMIO MOXET
OBbITb OTHECEHO TaKoe, NMPU KOTOPOM 3HayeHHUe
XOTs Obl ONHOrO MapaMeTpa M3roTaBIMBaeMOM
MPONYKLIMM HE COOTBETCTBYET YCTAaHOBJIEHHBIM
TpeGOBaHUSM.

B [21] BBemeHa OoJiee neTalbHas KJIacCH-
dbukaumns cocrosHuit. Tak, B paboTocrnoco6HOM
cOCTOSSHUM (up state) pa3nuMyaloT paboyee co-
crosHue (busy state) U muiaHoBbIi mNpocToit (idle
state), MpU KOTOPOM OOBEKT HEe NMPUMEHSIOT MO
HasHayeHM10. CocTosiHue HeroToBHOCTH (disabled
state) rmoapasnessiloT Ha “BHYTpeHHe” HepaboTo-
cniocobHoe cocrtosinve (internal disabled state),
BbI3BaHHOe OTKa3oM (fault) win He3aBeplUeHHO-
CTBIO IJIJAHOBOTO TEXHUYECKOTo OOC/IyXMBaHUS,
U COCTOSIHUE HErOTOBHOCTH, OOYCJIOBJIEHHOE
OpraHM3allMOHHBIMHU NMpUYMHAMHU (external
disabled state). TakuM o6Gpa3oM, cocTosiHME He-
TOTOBHOCTH OKa3blBaeTCsl LUMpe, YeM HepaboTo-
crnocobHoe coctosiHue (down state). DTta Kiac-
cuduKaLMs MPOWUTIOCTpUpPOBaHa Ha puc. 1.1.1.

Oco6oe MecTo B ‘KiaccupHKalUUH COCTOS-
HUI 3aHUMAIOT npedenvhbte cocmosnus. Tlepexon
o0beKTa B Ipele/lbHOE COCTOSIHME BJIEeYeT 3a
coboii BpeMEHHOEe WM OKOHYaTeJIbHOEe TMpeKpa-
LUEHHUE SKcIUlyaTauuu obbekTa. Ilpu mocTuxe-
HMM TIpefesIbHOTO COCTOSIHMSI OOBEKT HOJDKEH
ObITb CHSIT C 3KCIUIyaTallUM, HarpapjeH B cpel-

HUI WIM KanUTAIbHBIA PEMOHT, CIIUCaH, YHHUY-
TOXEH WIM TIepefaH ISl NPUMEHEHUs He To
HasHayeHHIo. EcniM KpuTepuil mpepenpbHOro co-
CTOSIHUSI YCTaHOBJIEH U3 coobpaxeHMi Oe3omac-
HOCTH, TO XpaHeHHMe M (WIM) TpaHCIOPTHpPOBa-
HMe OOBbeKTa HOJDKHO OBITh TmpekpallueHo. B
JADYTMX CJlyyasiX NpU HACTYTUIEHHUM TpeAesIbHOTo
COCTOSIHUSI JTO/DKHO OBITH TpeKpalleHO MpUMe-
HEeHWe Oo0BbeKTa Mo Ha3HayeHMIO. 151 HepeMoH-
TUpYeMbIX OOBEKTOB pa3jIMyaloT IpeleibHble
COCTOSIHMSI OBYX BMIOB. IlepBblif coBMamaeT c
HepaboTOoCOCOOHBIM cocTOosiHUEM. Brtopoit BUA
NpeNe/IbHOTO COCTOSIHMSI OBYCIIOBIIEH TeM 00-
CTOSITEJIbCTBOM, YTO HayMHas C HEKOTOPOro Mo-
MEHTa BpEMEHHU AaJIbHEHILass 3KCIUTyaTalus elie
pabotocrnocobHoro obbekTa OKa3bIBaeTCS Helo-
MYCTUMO#H B CBSI3U C OINAaCHOCTBIO WIH BpEIHO-
CThbIO 3KCIUTyaTauuM. Ilepexon HepeMoHTHpyeMo-
ro o0beKTa B IpelesibHOE COCTOSSHUE BTOpPOro
BHIA MPOMCXOOMT IO NOTEPHM MM paboTocroco6-
HOCTH. 11 pEMOHTHpYEMBIX OOBEKTOB BbLIEJISI-
0T ABa MM Gojiee BUIOB IpENEe/IbHBIX COCTOA-
HMii. B onHuUX ciyyasix Tpebyercsl oTnpaBKa 00b-
eKTa B CPeNHUMH WM KalnUTAJIbHBIII DEMOHT, B
IPYTHX CiydasX TpenesibHOe COCTOSIHME BlIeYeT
3a coOOf OKOHYaTe/JIbHOe NpeKpallleHWe MpuMe-
HEHUS 00beKTa M0 Ha3HAYEHUIO.

IMon omkasom nonumalor no6oe cobbiTHE,
3aKJIoyalolleecsl B HapyllleHUH paboTocrnocobHo-
ro cocrosiHUs o6bekTa. OTKa3 MOXeT ObITh 10a-
HbM, KOTIA B pe3y/ibTaTe OTKa3za HacTyTaeT Ioji-
HOe HepaboTOCNOcOOHOE COCTOsSIHME OOBbeKTa, U
yacmu4HbIM, KOTAa HacTyNaeT YaCTUYHO Hepabo-
TocrocobHoe cocTosiHue. COBOKYITHOCTh TIpH-
3HAaKOB HapylleHHUs paboTOCIIOCOOHOro COCTOS -
HMS OObEeKTa YCTaHaBIMBAlOT B INOKYMEHTALIMH.
Heo6xonuMo oTiMyaTh OTKa3bl OT noépexcoerull,
T.e. OT HapylleHHI HUCIPaBHOTO COCTOSIHUSI OOb-
eKTa TNpY COXpaHEHUM ero paboTocnocoOGHOro
COCTOSIHHS.

I CocToanns l

padoTocnocooubie |

1

l Hepa®oTocnocoOHbie l

HEroTOBHOCTH I

| Mo BHCIIHHM NpPHIHHAM

I ]

[

I N0 BHYTPEHHHM NPHIYHHAM |

I
[ |

npUMEHeHne no NJIaHOBbBIMH
HA3HAYEHHIO npocToi

IJIAHOBOE

HEHCNPAaBHOCTh
o0cyxuBanue

Puc. 1.1.1. Knaccudukauus cocrossuit 00beKToB
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| Omasn l

l KaTacTpouieckue ]

| HeKaTacTpodHIeckne I

[

l KpHTHIECKHE I

l HEKPHTHYECKHE |

[
l Il

I CYIIECTBCHHbBIC I

I HECYIICCTBCHHbBIC I

Puc. 1.1.2. Knaccudprkauns 0rka3oB TeXHHY€CKOro o0bekrTa

BaxHeitiuuii mpu3HaK 1 Ki1accupUKaumu
OTKa30B - 3TO YpPOBEHb WX KPUTHUYHOCTH, T.€.
TSKECTb MOCJIEACTBUI (MaTepUaIbHBIX, MOpaib-
HBIX U T.I. MOTepb), OOYCIIOBIEHHBIX BO3HUKHO-
BeHHMeM oTKa3oB. [Ipy 3TOM cienyer y4uThIBaTh
Kak TNpsiMble MOTEPH, TaK U KOCBEHHbIe. B Heko-
TOPBIX CllyyasiX HEOOXONMMO YYMTHIBaTb TaKXKe M
yhajeHHble BO BpeMeHM nocyieactsusa. Kiaccu-
¢uKauMsa OTKa30B M0 MOCJEACTBUAM HeobXxoauMa
NMpU HOPMMPOBAaHMM HAJEXHOCTH, B YaCTHOCTU
i1 obocHOBaHMSI BblIOOpa HOMEHK/IATYpBl U
YUCJIEHHBIX 3HaY€HMII HOPMMpPYEMbIX IOKa3aTe-
nei HamexHoctd. Kiaccudukauuio oTka3oB
HCIONb3YIOT MMPU YCTAaHOBJIEHUM OTBETCTBEHHO-
CTH 3a HaCTYIUIEHMe OTKasa, a TakXe NpU yCTa-
HOBJICHUM TapaHTUHHBIX 00513aTEJIbCTB.

Cpeoy BceX OTKa3oB BBUAEISIOT 0cobo
ornacHble - Kamacmpoguyeckue OTKa3bl, HACTYTI-
JIEHUE KOTOPbIX CO3JAE€T YIpo3y MUl XU3HU U
300pOBbSl JIIOAEH, a TakXe ISl OKpyXalollei
cpenbl, WM NPUBOOUT K TAXEJIbIM 3KOHOMMUYE-
ékuM mnotepsaM. OcTajbHble, HekKaTacTpoduye-
CKMe OTKa3bl B CBOIO oyepelb MOApa3iessioT Ha
KPUTHYECKHE M HeKpuTHueckue. K KpUTHYECKUM
OTKa3aM, B YaCTHOCTM, OTHOCSATCS TaKue, BO3-
HUKHOBEHHME KOTOPBIX NMPUBOMUT K HEBBINOJIHE-
HMIO OTBETCTBEHHOro 3amaHusi. Kputuuyeckue
OTKa3bl, B CBOIO OYepelb, MOTYT ObITb pa3aesieHbl
Ha cyllecTBeHHble (6oJiblUME) M HeCylleCTBEH-
Hble (Manble). OmucaHHas KiaccudMkauus co-
IEPXUTCS B TOKyMeHTe [21] U mpousutiocTpupo-
BaHa Ha puc. 1.1.2. OTHeceHHe OTKa3a K TOM WIM
MHOM KaTeropuM SIBJISIETCSI MPEeIMETOM corJjialle-
HHUS MeXIY 3aKa3uMKoM (IoTpebutesieM) M pas-
paboTyukoM (u3rotosuteneM). Kputepuem mnpu
3TOM MOIYT CJIYXWTb 3aTpaThl Tpyla U BpEMEHHM
Ha yCTpaHeHHe TMOCJIeICTBUIA OTKa30B, BO3MOX-
HOCTb U LIeJIECOOOpa3HOCTb pPEMOHTa CHJIaMM
MoTpedUTeNsI, HEOOXONMMOCTh PEMOHTa M3rOTO-
BUTEJIEM WM TpeTheil CTOPOHON, TIPONOJIKU-
TeJIBHOCTb MPOCTOEB M3-3a BOBHMKHOBEHHUS OTKa-
30B, YPOBEHb CHMXEHMSl IPOU3BOAUTEILHOCTH
MpH OTKa3e, NPUBOMALLEM K YaCTUYHO HepaboTo-
CIMOCOOHOMY COCTOSIHMIO M T.II.

OTKa3 OOHOTO M TOro Xe OObeKTa MOXET
TPaKTOBaTbCSl KAK KPUTUYECKUI WIM HEKpUTHYE-

CKMi, CYLLECTBEHHBIH MJIM HECYLIECTBEHHbIH B
3aBUCUMOCTH OT TOTO, PacCMaTpUBalOT OOBEKT B
LIEJIOM WIM OH SBJISIETCS COCTaBHOM 4YacThblO
npyroro oobekTa. HanpuMep, neperopaHue ocse-
TUTEJIbHOM J1aMIIbl TIPENCTaBIsIeET COOOM KPUTH-
YyeCcKMH OTKa3 [ 3Tod Jjamnbl. JUis ocBeTH-
TeJIbHOro NMpHUbopa, B COCTaB KOTOPOIo 3Ta JlaM-
Ma BXOOUT, TaKOW OTKa3 MOXET pacCMaTpUBaThCs
KaKk HEKPUTUYECKMH, HO cyllecTBeHHbIH. [Ipu
HQJIMYUHU B OCBETUTEJIBHOM NpUbOpe NOBYX WM
6oJiee JlaMIl TOT Xe OTKa3 OyneT HeCylUeCTBEeH-
HbIM. C [Opyrodl CTOpOHBI, HECYylLeCTBEHHBII
OTKa3 o0beKTa, BXOMSILIEro B cOCTaB Oojiee OT-
BETCTBEHHOIO OOBEKTa, NO/DKEH pacCMaTpUBAaThCS
KaK CYylIeCTBEHHBI M laxe KPUTUYECKUH B 3a-
BUCHMOCTH OT TOCJIENCTBUH OTKa3a CJIOXHOTIO
obvekTa. st mpoBeneHMsl KiaccupUKaUHUU OT-
Ka3oB IO MOCNENCTBUSAM HEOOXONMM aHaIM3
KpUTEpUEB, TNPUYUH M TOCJENCTBUI OTKAa30B,
MOCTPOEHHUE JIoTUYecKo H (YHKUMOHATbHOMN
CBSI3U MEXAY OTKa3aMMH.

Pasnuyalor eHe3anHwili U nocmenerHuiil OT-
Ka3bl. B oT/IMUMe OT BHe3anmHOro oTKa3a, HacTy-
IUIEHUIO TIOCTEMEHHOro OTKa3a IpeallecTByeT
HeNnpepbiBHOE 1 MOHOTOHHOE M3MEHEHHME OQHOro
WM HECKOJIBKMX MapaMeTpoB, XapaKTepHU3YIOLLHUX
CIOCOOHOCTh OOBEKTa BBINOJHATh 3aJaHHbIE
¢dyHkuuu. BBuny 3TOro yamaercss npenyrnpenuTb
HacTyIJlIeHMe OTKa3a WM TNpPUHATH MeEphbl IO
YCTPaHEHHMIO (JIOKIM3alMH) €ro HeXeJaTebHbIX
nocyieacTBuil. YeTKoil rpaHULIBI MeXIy BHe3all-
HbBIMU M TIOCTEMEHHBIMU OTKa3aMHM TPOBECTH He
ynaetcsa. MexaHuyeckue, PU3HYECKUE U XUMM-
YyecKHe INMPOLECChl, KOTOpble COCTaBISIOT MPUYM-
Hbl OTKa30B, KaK IpaBWIO, NMPOTEKAIOT BO Bpe-
MeHM [OCTaTOYHO MelleHHo. Tak, ycTajlocTHas
TpelllMHa B CTeHKe TpybornpoBona WiIM cocyaa
HaBJIeHUsl, 3apOAMBILAsICS U3 TPELUMHOIMONOOHO-
ro nedexrta, MeUIEHHO pacTeT B Npoliecce 3KC-
TlyaTalliM; 3TOT POCT B TNPHHLMIIE MOXET ObITh
MpOCJIeXEH CPelCTBaMM Hepa3pyllalolllero KOH-
Tposisi. OnHako COGCTBEHHO OTKa3 (HACTyIUleHHe
Teyu) MNMPOMCXONUT BHe3amHo. EciM no kKakuM-
b0 TNpUYMHAM CBOEBPEMEHHOe OOHapyXeHHe
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HECKBO3HOM TpeLUMHBl 0Ka3ajJoCh HEBO3MOX-
HBIM, TO OTKa3 NpMIETCsl NpPU3HATh BHE3AITHBIM.
ITo Mepe coBeplLeHCTBOBaHMSI pPacYEeTHbIX METO-
OB U CPEICTB KOHTPOJIbHO-U3MEPHUTEJILHOM Tex-
HMKM, TIO3BOJMIIOLIMX CBOEBPEMEHHO OOHapy-
KUTb UCTOYHUK BO3MOXHBIX OTKa30B M NPOTHO-
3MpoBaTh UX pa3BUTHE BO BpeMeHU, Bce Goiblliee
YHUCJIO OTKa30B OyNeT OTHOCUTBbCS K KaTeropuu
MOCTENEHHBIX.

Cpenu BHe3aIlHbIX OTKa30B BbIIEJIUM KaTe-
TOpMIO cO0eé - CaMOYCTPaHSIIOIUMXCSI OTKa30B
WIM ORHOKPATHBIX OTKa3oB, YCTpaHS€MbIX BMe-
LIaTeIbcTBOM orneparopa. OTJIMYMUTENIbHBIM TpH-
3HaKoM c00sl SIBJISIETCSI TO, YTO BOCCTaHOBJIEHME
paboTOCIIOCOOHOTO COCTOSIHUSI OOBEKTa MOXET
6bITh ObOecrieyeHo 6e3 peMoHTa, HallpUuMep NMyTeM
BO3IEICTBUS olepaTopa Ha OpraHbl yIpaBleHMs,
ycTpaHeHMeM OOpbiBa HMUTH, MarHUTHOM JIEHTbI U
1.n. PasHoBumHoOCTblO cb6osl sABIsIETCa nepeme-
Jocarouulics omka3 - MHOTOKPAaTHO BO3HMKaIOLUHMIA
CaMOYCTPaHSIIOIUMICSI OTKa3 OOHOrO U TOTroO Xe
xapakTtepa. B psime orpacneit c6om He KBaudu-
LUMpYIOTCS Kak oTka3dbl. K oTkazaM “c6oitHoro”
XapakTepa OTHOCAT OTKa3bl, OOYCJIOBJIEHHbIE
NnocencTBUsAMM cbost (rpymnnel cboeB). Xapak-
TEPHBIM NIPUMEPOM TaKOrO OTKa3a CJIYXHUT OCTa-
HoBKa DBM u3-3a cbosi, ycTpaHsIeMOro MoBTOpP-
HbIM ITIYCKOM TNpPOrpaMMbl C MOMEHTa OCTaHOBa
WJIM ee Tiepe3anycKoM ¢ Hayaja.

ITo npuyMHaM BO3HMKHOBEHHUs DPa3IUYalOT
KOHCTPYKTHBHbIE, TIPOM3BOACTBEHHBIE U 3KC-
TUTyaTalMOHHbIE OTKa3bl. JTa KiaccHbHUKauus
BBEIeHa C LIeJIbIO YCTAaHOBJIEHMs, Ha Kakoil cTa-
IMM CO30aHUSl WM CyllecTBOBaHUs o0OBbeKTa
cliedyeT NpOBeCTU MEePONpPUSTHS IS YCTpaHEHUs
MPUYMH OTKa30B. OTKa3, BOZHMKIUUI MO MpUYH-
He, CBSI3aHHOM C HECOBEPLUEHCTBOM HJIM Hapy-
LWIEHHUEM YCTAaHOBJEHHBIX NMpaBUA U (MJIM) HOPM
NMPOEKTUPOBaHUS M KOHCTPYMPOBaHMs, Ha3blBa-
10T KOHcmpykmueHeim. Eciv OTKa3 BO3HMK IO
NMPHUYMHE, CBSI3aHHOW C HECOBEPILUEHCTBOM MM
HapylleHHeM YCTaHOBJIEHHOro Tipollecca W3ro-
TOBJIEHUS WM PEMOHTaA, BBITNIOJIHAEMOro Ha pe-
MOHTHOM TMpENNpPHUSTUM, €ro HasbIBalOT NpouU3-
6odcmeennoim. HakoHeu oTKasbl, CBs3aHHBIE C
HapylleHHEeM YCTaHOBJIEHHbIX MNpaBuin M (WIH)
YCIOBUH 3KCIUTyaTallUM, Ha3blBalOT 3Kcnayama-
YUOHHBIMU.

Ecnu peMOHT mnpousBoauTca TmnoTpebure-
JleM, TO OTKa3, BO3HHUKIUMI M3-3a HapylleHUs
rpoliecca peMOHTa, OTHOCAT K 3KCIUIyaTallMOH-
HBbIM OTKa3aM. Ec/iiM peMOHT NMpou3BOOUTCA M3ro-
TOBUTEJIEM MJIM CNELUMATU3HUPOBAaHHBIM MPENTIPU-
STHEM, TO TaKO#l OTKa3 paccMaTpUBalOT KakK Npo-
W3BOACTBEHHBIN oTKa3. [IpuHATO BHIIENATH OTKa-
3bl KOMIUIEKTYIOLUMX M3Me/IUii, HM3rOTOBJIIEMBIX
HE Ha TOM TIPEANpPUATUU, TAe TNPOU3BOLAUTCS
00bexT B UesioM. OTKa3bl KOMIUIEKTYIOLUMX 3Jie-
MEHTOB TaKXe MOIYT ObiTb KOHCTPYKTHBHBIMM,
MPOU3BOACTBEHHBIMM M  3KCIUTYyaTallMOHHBIMM.

Knaccudukauns He siBisieTcss McueplbIBaIOLLEi,
MOCKOJIBKY BO3MOXHO BO3HMKHOBEHWE OTKa30B,
BbI3BaHHBIX OBYMsi WIHM TpeMsl NPUYMHAMM.

[lo BpeMeHM TMNoOSBIEHUSI OTKa30B B IpO-
1ecce MpUMeHeHHUsI OOBbEKTOB pa3jiMyaloT NpHupa-
60TOYHBIE M NerpafallMOHHbIe O0TKa3bl. [Ipupabo-
mouHnble OTKa3bl BO3HMKAIOT Ha paHHEH CTaiuu
3KCIUlyaTalluM, KoOrJa TpOSIBISIETC BJIMSIHUE
nedeKToB, He OOHApYXXEHHBIX M He YCTpaHEHHbIX
B Ipoliecce H3rOTOBJIEHUSI, MCIBbITAaHUS, BBIXON-
HOTO U (WIH) NMPUEMOYHOro KOHTpoJisi. B npuH-
LIMIIE MOXHO TMpPaKTU4YeCKH HCKIIOYUTb OTKa3bl
3TOM KaTeropuM, €cjii IO nepeaayd ob6bekTa B
3KCIUlyaTalUIO NMpOBecTH NPUPaboTKy, obOKarKy,
TEXHOJIOTMYECKUIA KOHTpoJb U T.N. M3 TexHukKo-
3KOHOMMYECKUX COOOpaXeHUH MOXET OKa3aTbCs
6osiee Lienecoobpa3HbIM MepeHeCcTH NMpUpaboToy-
HBI mnepuon Ha cTagMio 3KcIutyaTauuu. [lpu
3TOM COOTBETCTBEHHO MOXET HM3MEHSATbCS LieHa
00beKTa. YcTpaHeHUe CKpPBIThIX neeKToB M Io-
CNIeNCTBUHA TpPUPabOTOYHBIX OTKa30B IPOU3BO-
IUTCSl, KaK TMpaBUIO, B paMKax TrapaHTMHHOIO
o6CcnyXMBaHMs.

Otka3bl, KOTOpbie BBI3BaHbl IpolieCCaMy
CTapeHMsl, U3HalLUUBaHUs, KOPPO3UU U YCTaTOCTH
TpU YCJIOBUU COOJIONEHHUSI BCEX YCTAaHOBJIEHHBIX
npaBuil U (MJIM) HOPM TNPOEKTUPOBAHMUS, M3ro-
TOBJIEHUS M 3KCIUTyaTallMM OTHOCSIT K KaTeropuu
Oezpadayuonnbix. DT OTKasbl TIPOMCXONAT Ha
Mo30He# CTaAMM 3KCIUTyaTauMM obbeKkTa, Koraa
BCJIEICTBUE €CTECTBEHHBIX TIPOLIECCOB OOBEKT
WJIM ero COCTaBHbIE YacTH NMpUOIMXKaeTcs K Tpe-
IeJIbHOMY COCTOSIHMIO IO YCJIOBUSIM (PU3NYecKOo-
ro u3Hoca. BeposiTHOCTb BO3HMKHOBEHUs Herpa-
IaUMOHHBIX OTKa30B B Iipelesiax IJIaHUPyeMOro
MOJHOro (MJIM MEXPEMOHTHOIO) CpoKa CJIyXObl
IOJDKHA ObIThb NOCTATOYHO Mayia. 31O obecrneyu-
BacTCs pacyeTOM Ha [OJTOBEYHOCTh C YYETOM
du3nyeckoit npuponpl nerpagallMOHHBIX OTKa-
30B, a TaKXKe Halexalled CUCTEMOH TeXHUye-
CKOTO OOCITY>XXHBaHUS.

1.1.5. BPEMEHHBIE IIOHATHUA

JKcrlyatauus MalUMH M CHUCTEM MaluMH
MPOMCXOAMUT BO BpeMeHHU. Boimensass u3 cymmap-
HOro BpEMEHM O3KCIUlyaTallUM YMCTOE BpeMs, B
TeyeHHe KOTOpOro MAlUMHY NPHUMEHSIOT MO Ha-
3Ha4YE€HHUIO, MPUXOAMM K TIOHSTHIO Hapabomku,
T.e. NMPOXOIXKUTEIBHOCTH paboThl MawiMHbl. Ha-
paboTKa MOXET ObITb U3MEPEHa KaK B eAMHMLAX
BpeMeHHM (rogax, CyTkax, yacax), Tak ¥ B €QMHH-
LaxX LIEeJIOYUCIEHHBIX BEJIMYMH (YMC/IO paboyux
LUKJIOB, MepekoyeHUd M T.n.). Ecim obbexr
paboTaeT c nepepblBaMM, TO pa3jiMyalOT Herlpe-
PBIBHYIO U CyMMapHyl0 Hapabotky. B atom ciuy-
yae HapaboOTKy TaKXe MOXHO H3MepSTb B €lu-
HMLAX BpeMeHH. OgHako IS MHOTMX OOGBEKTOB
¢u3nyeckoe M3HaLIMBaHUE CBSI3aHO HE TOJBKO C
KaJIeHIapHOM TMpPONOJDKUTENBHOCTBIO 3KCIUlyaTa-
1IMM, HO U ¢ 06bEMOM PaboThl OOBEKTA U MO3TO-
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My 3aBUCUT OT MHTEHCUBHOCTH IIpUMEHEHUs
obbekTa Mo HaszHayeHMIo. JUIsT TakuX O6BEKTOB
HapaboTKy OOBIYHO BBIpaXaloT yYepe3 ob6beM
NpoU3BeiIcHHOM paboThl WIM 4YHMCIIO paboyux
LIMKJIOB.

Ecin TpakToBaTh mOHSTHE “BpeMsi” B
0000LIEHHOM CMbICIE - KaK MapaMeTp, cilyXa-
LM [T ONMcaHUs MOCIeN0BaTeIbHOCTH COObI-
TAH ¥ CMEHbl COCTOSIHUM, TO MPUHLUNUAIbHOMN
pa3HMLBl MeXIy HapaboTKoi M BpEMEHEM HeT
Iaxe B TOM cjlydyae, Koraa HapaboTKa sIBJIsIeTCS
LelovYMciaeHHoi BenuynHoi. Hanpumep, kaneH-
IapHOe BpeMsi 4acTO OTCYMTBHIBAIOT B LEJIBIX
nHAX, Mecsimax U T.n. [loaToMy HapabGoTtka M
POACTBEHHbIE €i BENMYMHBI (pecypc, OcCTaToy-
HBIM pecypc) OTHECeHBI K KaTerOpMU BPEMEHHBIX
MOHSATHUH.

Paznuyaior Hapabomky do omka3a U Hapa-
6omky mencdy omkazamu. IlepBoe mNoHsATHE Xa-
pakTepu3yeT MpPONO/DKUTENBbHOCTh 3KCIUTyaTalluu
0o0beKTa OT ee Hayajga AO BO3HMKHOBEHMS OTKa-
3a. HapaboTky Mexny OTKazaMH OTCYMTHIBAIOT
OT OKOHYaHUsl BOCCTaHOBJIEHHUS ero pabotocro-
COOHOro COCTOSIHMS TOCJie OTKa3a 10 BO3HUKHO-
BEHMs CJIENyIOILEro oTKa3a.

HonropedyHocTb 00BEKTa XapaKTepU3YIOT
ero pecypcoM WM CpPOKOM CHyXObl. Texnuue-
ckum pecypcom (WIM TIPOCTO - pecypcom) Ha3bl-
BalOT CyMMapHY10 HapaboTKy o0beKTa OT Hayaila
€ro 3KCIUTyaTallMM WK ee BO30OHOBJIEHUsI Mociie
peMOHTa 10 TMepexoga obObeKTa B IpelesibHOe
cocrosiiie. Cpok cayxwc6bl ONpEnesiioT Kak Ka-
JIEHOApHYIO MPONOJDKUTEIBHOCTh 3KCIUTyaTalluu
o0beKTa OT ee Hayajla WIM BO30OHOBJIEHUS MO-
cjle peMOHTa 1o nepexona o6bekTa B NpeAebHOe
COCTOSIHHE.

IIpuBeneHHbIe Bbillle BPeMEHHbIE TOHATHUSA
OTHOCATCSI K KOHKPETHO B3SITOMY, WHIWBHIY-
abHOMY 00beKTy. MMeeTcsl BaxHOe pa3sinyue
MeXIy BeJIMYMHAMM, ONpeNesieMbIMH 3TUMH
MOHSATUSAMM, M GOJILLUMHCTBOM BeJIMYMH, Xapak-
TEpU3YIOLLUX MexaHUuyeckue, GU3NYecKue U
IpYTHe CBOMICTBA MHAMBMAYAIbHOTO OOBEKTa.
Tak, reoMerpuyeckue pa3Mepbl, Macca, TeMrle-
paTypa, CKOpOCTb M T.II. MOTYT ObITb M3MeEpPEHbI
HeNocpeACTBEHHO (B MPMHUHUNE - B JII0O60H Mo-
MEHT BpEMEHM CyllleCTBoBaHUs o6bekTa). Hapa-
60TKa MHIOVUBUAYAJIBHOTO OOBEKTa HO IEepBOro
OTKa3a, ero HapaboTka MeXIy OTKa3aMM, pecypc
U T.JI. MOTyT ObITb oONpelesieHbl JIMIUb TMOCie
TOro, Kak HacTYTMWI OTKa3 WM GbUIO0 IOCTUTHYTO
npegenbHoe cocTosiHUe. Iloka 3TM coObITHSL He
HACTYIMIM, MOXHO TOBODHTb JIMIUb O IIPOTHO-
3MpOBaHMM 3TUX BeJIUYMH C Oonblued Wi
MeHblUEeH NOCTOBEPHOCTHIO.

BesotkasHas HapaboTka, pecypc, Cpok
CIyX6bl M CPOK COXpaHS€eMOCTH 3aBUCAT OT
6onbuwioro yucia ¢akropoB. Yacth 3THX mnapa-
METPOB HE MOXET ObITh NMPOKOHTPOJIMPOBaHa, a
OCTaJIbHbl€ 3aJlaHbl C TOM WM HMHOM CTEeneHbIo

HeornpenejieHHOCTH. be3oTka3Hass paboTa KOH-
KPETHO B3SITOr0 OOBEKTa 3aBUCUT OT KayecTBa
ChIpbsl, MAaTEPUAJIOB, 3arOTOBOK M Mojydabpuka-
TOB, OT HIOCTMTHYTOTO YPOBHSI TEXHOJIOTMM H
CTeNneHU CTaGMJIBHOCTM TEXHOJIOTMYECKOTO Ipo-
Lecca, OT YpOBHSI TEXHOJIOTMYECKON NUCLMIUIA-
Hbl, OT BBIMOJIHEHHUsI BceX TpeboBaHMUM MO Xpa-
HEHUIO, TPAHCIIOPTUPOBAHMIO M TIPUMEHEHUIO
o0beKTa IO Ha3HayeHUI0. MHorue oOOBEKTHI
BKJIIOYAIOT B cebsi KOMIUIEKTYIOLUME W3AENus,
IETAIA U 3JIEMEHTBI, TMOCTaBJI€HHbIE IPYTHUMM
usrotoButesiMi. IlepeuncneHHble Bbille ak-
TOpbI, BJUSISL Ha paboOTOCNOCOGHOCTb COCTaBHBIX
yacTei OOBEKTa, OMNpEAEssAIOT ero pabortocro-
COOHOCTD B LIEJIOM.

OnpIT 3KCIUlyaTallMd OOGBEKTOB MacCOBOTO
NMpPOMU3BOACTBa TMOKa3blBaeT, YTO HapaboTKa no
OTKa3a, KaKk M HapaboTKa MeXay OTKa3aMH 00-
HapyXWBaeT 3HaYUTEJIbHbII  CTaTUCTHUYECKHIA
pa3bpoc. AHaJlorMyHblii pa3bpoc (XOTs OGBIYHO
HECKOJIbKO MEHBIUMI) HMMeeT TaKXe pecypc,
CPOK CJIyXObl M CPOK COXPaHS€MOCTH. ITOT
pa3dbpoc MOXET CJIyXXHUTb XapaKTEePUCTUKOW Tex-
HOJIOTUYECKOM KYJIbTYpbl M IOUCLMIUIMHBI, a
TaKXe IOCTMTHYTOrO YpPOBHSI TeXHojioruu. Pas-
6poc HapaboTKM IO MEpBOro oTKasa, pecypca M
CpokKa CJIyX0bl MOXHO YMEHBIUUTb, a UX 3Haye-
HHMSI MOXHO YBEJIMYMTh NyTEM Halexalled MU
3KCINEPUMEHTATBHON 00pabOTKMU KaXAOra MHIM-
BHIYaJIbHOTO OOBeKTa IO Mepenayd B 3KCIUlya-
TalUMIO. DTOT MOLXON OCYLUECTBISIIOT ISl 0cobo
OTBETCTBEHHbIX 00BekTOB. llenecoobpa3HocTh
TaKoro noaxola Uil MacCOBbIX OOBEKTOB HOJLK-
Ha KaxXOblii pa3 TONTBEPXAATbCA TEXHUKO-
3KOHOMMYECKHM aHaJIU30M.

HapaboTka no oTkKa3a BBOAMTCS KaK Ui
HEepEMOHTHUPYEMBIX (HEBOCCTaHABIMBAEMBIX), TaK
U UIA PEMOHTUPYEMbIX (BOCCTaHAaBIIMBa€MbIX)
o6bekTOoB. HapaboTka Mexay oTKazaMM ornpene-
nsgeTcas oobeMOM paboThl OObeKTa OT K-ro no
k+1-ro otkasa, rne k = 1, 2... 3ra HapaboTka
OTHOCHUTCSI TOJIBKO K BOCCTaHaBIMBaeMbIM OOb-
eKTaM.

TexHuYecKMil pecypc NpencTapjsieT 3arnac
BO3MOXHOM HapabGoTKu o6bekTa. [is HepeMOH-
TUpPYeMbIX OObEKTOB OH COBIAJaeT C MPONOJIKHU-
TEJIbHOCTBIO TMNpebbiBaHUs B PpaboTOCIOCOOHOM
COCTOSIHUM B peXUMe NpPUMEHEHHUs Mo Ha3Haye-
HMIO, €CJIM Tiepexol B TMpedesIbHOE COCTOSTHUE
o0yCJIOBlIEH TOJbKO BO3HMKHOBEHMEM OTKa3a.
INockonbKy CpenqHMH M KanUTalbHbIA PEMOHT
MO3BOJIIET YAaCTUYHO WJIM TOJIHOCTBIO BOCCTa-
HaBJIMBaThb pECYpC, TO OTCYET HapabOTKHU TNpH
HMCYUCJIEHUM pecypca BO30OHOBISIIOT MO OKOH-
YaHUM TaKoOro peMOHTa, pa3jiuyas B CBS3H C
3TUM IOPEMOHTHBIH, MEXPEMOHTHBIA U TMOJHBIA
pecypc (o ciMcaHMs).

K BpeMeHHbIM TMOHSITUSM OTHOCHUTCS Tak-
X€ CPOK COXpaHSIEMOCTH, OCTaTOYHBIN pecypc U
OCTaTOYHBI CpPOK ClyXObl, Ha3HaYeHHBIA pe-
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cypc, HasHaueHHBIl cpoK xpaHeHus. Ompenene-
HHUS 3THX TMOHSATHHA M HEOOXONMMBblE KOMMEHTa-
PMH HaHBl B 1OKyMeHTe [18].

Inasa 1.2
ITOKA3ATEJIM HATEXHOCTH

1.2.1. IIPEABAPHUTEJIbHBIE 3AMEYAHHUSA

IToxazamenamu HadexcHocmu Ha3bIBAlOT KO-
JIMYECTBEHHbIE XapaKTEPUCTHKM OHHOIo WIH
HECKOJIbKUX CBOMCTB, COCTaB/IFIOIUMX Haaex-
HOCTb OObeKTa. B mnepBoM ciyyae nokasaTenu
Ha3blBalOT €OWHUYHBIMHM, BO BTODOM - KOM-
TiekcHbIMU. [loka3aTenn HageXHOCTH OTHOCAT-
csl K YUCIly BaXHEHIIMX TOHATUH TeOopUM Ha-
JIEXHOCTH.

Kak yxe ykasbiBajocb paHee, 00JacThb
NPUMEHEHMUS] TEOPUM HANEXHOCTM K YHHUKalb-
HbIM M 'MaJIOCEpUHHBIM OOBEKTaM oOrpaHMYeHa.
HanpuMep, 3Ta Teopus NpUMMEHMMa Ul €I0U-
HMYHBIX BOCCTaHaBIMBAaE€MbIX (PEMOHTHUPYEMBIX)
00BEKTOB, €C/IM UISI HUX B COOTBETCTBUU C HOp-
MAaTMBHO-TEXHUYECKON HOKYMEHTalUMel mornyc-
THUMbl MHOTOKpaTHblEe OTKa3bl, MOCJeNoBaTe/b-
HOCTb KOTOPbIX MOXET ObITb IpeACTaBlI€Ha B
BUIEe TIOTOKa cjyyailHbIXx coObiTHit. Teopus
NMPMMEHMMa TaKXe K YHMKaIbHBIM M Majoce-
pUHAHBIM OOBEKTaM, KOTOpble B CBOIO oOuepelb
COCTOSIT U3 OOBEKTOB MAacCOBOrO IPOM3BOIACTBA.
B 3TOM ciydae pacyeT mokasatesie HaJeXHOCTH
00BbeKTa B LIEJIOM NPOBOAST Ha OCHOBE BEPOST-
HOCTHBIX MoleJied IO M3BECTHBIM IOKa3aTessiM
HaJeXXHOCTH KOMIOHEHTOB. C Opyroil CTOPOHHI,
MeTOIbl TEOPUM HANEXHOCTH TMO3BOJAIOT YCTa-
HOBUTbL TPeOOBaHMS K HaNEeXHOCTU KOMITOHEH-
TOB U 3JIEMEHTOB Ha OCHOBaHMU TpeOOBaHUH K
HaJIeXXHOCTU OObeKTa B LIEJIOM.

Bostee o61mit noaxon K pacyeTHOM OLIEHKE
HaJleXKHOCTH TEXHUYECKMX OOBEKTOB OCHOBaH Ha
TPaKTOBKE OTKa3a KaK pe3yJibTaTa B3aMMOIEMNCT-
BUA OObeKkTa Kak (PU3MYECKOH CHUCTEMBI C Opy-
TMMU OObEeKTaMU M OKpYXalolled cpenoit [4-7,
20, 40, 44]. OgHako GOJIBIIMHCTBO MoKa3aTeneit
HaJeXXHOCTU COXPaHSIOT CMBICI U TP 3TOM
noxxone. BMmecTe ¢ TeM HeNnb3sl CMeLLMBaTh IO-
Ka3aTeJIM HaleXHOCTU C KOJMYECTBEHHBIMM
XapaKTepUCTUKaMH, He MMEIOIUMMHU YEeTKOro
BEPOSATHOCTHO-CTATUCTUYECKOTO  CMbICTIa, Ha-
npumep ¢ Ko3dduLMeHTaMH 3araca NMPOYHOCTH.
Ha craguu npoeKTHpoBaHHMsT U KOHCTPYMpOBa-
HMSl TIOKasaTeM HaJeXHOCTH TPaKTYIOT Kak
XapaKTepUCTUKHU BEPOSITHOCTHBIX MJIM MOJyBEpO-
SITHOCTHBIX MaTeMaTMYECKMX MoJejied co3naBae-
MbIX 00beKTOB. COOTBETCTBYIOLLUME 3HayeHUS
rokKa3satejied Ha3blBaloT pacyemnsimu. Ha cramu-
SIX 3KCNEPMMEHTAJIbHOH 00pabOTKM MCIBITaHMI
posib TOKa3aTeled HaNeXHOCTU BBIMOJHIIOT
CTaTUCTUYECKHE (TOYeYHble WIM MHTEPBAJIbHbIE)
OLEHKM BEPOSITHOCTHBIX XapaKTepHCTHUK. CooT-

BETCTBYIOLLIME 3HAYE€HMs ToKa3aTejleil Ha3blBalOT
IKCNepUMEHMANbHbIMU.

AHaJIOTMYHbIE OLEHKM IO IOaHHBIM 3KC-
TUTyaTalMy Ha3blBalOT 3kcnayamayuonHeimu. Ha-
KOHell, €C/IM TouyeyHass WIM MHTepBajlbHas
OllEeHKa ToKa3aTeJisl HaJleXXHOCTH ollpeelieHa Ha
OCHOBaHMM PE3YJIbTaTOB PacyeToOB, UCIBITAaHUI U
(WIM) 3KCIUTyaTallMOHHBIX HaHHBIX MyTeM 3KCT-
parnoJIMpoBaHUs Ha APYTYIO NMPONOJDKMTEIbHOCTD
9KCIUTyaTallMM (M IOpyrMe YCJIOBHUSA 3KCIUTyaTa-
LIMM), TO TOBOPSIT OO 3KCmMpanoauposaHHsix 3Ha-
YeHMsIX TNokKaszatesiell HaaexHocTtd. [lonobHas
KJlaccudUKaluMs NPUHSATa B HaCToslLee BpeMs B
OCHOBHBIX MEXIYyHapOIHBIX NOKYMEHTax IO
HaZleXXHOCTH TEXHMYECKMX OOBEKTOB. BBemenue
Tako# Ki1accudUKaluU TMpeciaeayeT Lejb Nnpeay-
MpeauTh MYTaHULY, KOTOpash YacTO MMEET MECTO
Ha MPaKTUKe NMPU O6CYXKIEHUHM YMCJIEHHBIX NaH-
HbIX, TOJIyYEHHBIX pa3sHbIMM crocobaMuM M Ha
pasHbIX CTafMSIX XU3HEHHOro LMKJIa OOBEKTa.

B Hauleit ctpaHe HOMEHKJIATypy INoka3saTte-
Jlell HaleXXHOCTH perjiaMeHTUpyeT craHzmapt{l8].
XoTs ¢ yyeToM crieuMPHUKHA OTpaciu NOMyCKaeT-
Csl MCIIOJIb30BaHME MoKasaTeslei, He BKJIIOYEH-
HBIX B 3TOT CTaHAApPT, 3TU IOKa3aTeJu He HO/IK-
Hbl MPOTHUBOPEYUTH TMOHSTHSIM, JieXallMM B OC-
HOBe cTaHIapta. HapyleHue 3Toro mnpasuia
MOXET NMPHUBECTH K IpyObIM OlIMOKaM M Hapy-
LUEHUIO LIEJIOCTHOH CHCTEMBbI ObGecrieyeHusl Tpe-
6yeMoii HameXHoCTH. B uemsix emxnHooGpa3us
BCE IOKa3aTeJiIi HalleXXHOCTH, NMepeYHCIIeHHBIE C
craHpapte [18], onpeneneHbl Kak BepPOSTHOCT-
Hble XapakTepucTuKU. VX ToyeyHble WM MHTEp-
BaJIbHbIE OLIEHKHM IOJIyyaloT, obpabaTbiBasi 3KC-
NMepUMEHTA/IbHbIE HaHHblE NPU TIOMOLUM METO-
OB MaTeMaTHYeCKOM CTaTUCTUKHU [12-14, 34].

1.2.2. TIOKA3ATEJIM BE3OTKA3HOCTH

OcHOBHOI1 ToKa3aTeNb 6e30TKa3HOCTH -
eéepoamHocmb Ge3omka3sHoi pabombyt, T.e. BEpOSIT-
HOCTb TOTO, YTO B Npenejiax 3agaHHON HapaboT-
KM He BO3HHMKHET HU OHOTO OTKa3a. DTOT IoKa-
3aTesib OINpENe/loT B MPEANoOIOXKEHUH, YTO B
HayaIbHbII MOMEHT BpeMeHM (MOMEHT Hayaja
HCYMUCJIEHMs] HapabOTKM) OOBEKT HaxXOmMTCs B
paboTOCNOCOOHOM COCTOSIHUM.

O603HayuM yepe3 ¢ BpeMs] WM CyMMap-
HyI0 HapaboTKy obbekTa. B fanbHeilueM wis
KpPaTKOCTM Ha3blBaeM { IIpOCTO Hapabomkoli.
Bo3HMKHOBEHHE NEPBOro OTKa3a - CliyyaifHoe
cobbITHE, a HapaboTKa T OT HayaJbHOrO MOMEH-
Ta OO BO3HMKHOBEHHUS] 3TOro COOBITHS - Clyyai-
Hasl BeJIMyMHa. BeposiTHOCcTh 6e30TKa3HOM pabo-
Thbl Ha oTpe3kKe [0, f] onpenensIoT KaK

Pf)=Plr>1). (121

3nech P{} - BEPOSITHOCTb COOBITHS, 3aKJIIO-

YEeHHOro B CKoOKax. BeposiTHocTh 6e30TKa3HOI
pabotel P(f) saBnserca dyHKuUMeit HapabOTKM I
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O6bIyHO 3Ty (YHKUHMIO TpeArnosiaraloT Hernpe-
puiBHOM M nuddepeHunpyemoii. Ecnm crocob-
HOCTb OOBEKTa BBIMOJHATh 3aJlaHHble (PYHKLHMH
XapaKTepu3yeTCsl TapaMeTpoM V, TO BMECTO
(1.2.1) umeeM dopmyity

P(t) = P{v.(r) < v('r) < v..(r); T e[O,t]} s

1.2.2)

rae vV, U V,, - NpelelibHble MO YCJIOBUSIM pabo-

TOCTIIOCOOHOCTH 3HAYEHMs1 MapaMeTPoOB (3TH 3Ha-
YeHUs1, BOOOLlle, MOTYT MU3MEHSITbCA BO BpeMe-
HM). AHaJIOTMYHO BBOIST BEPOSTHOCTb 6€30T-
Ka3Hoi paboTel B Oosiee obuieM ciyyae, Koraa
COCTOSIHUE OOBEKTa XapakTepu3yeTcsli HaGopoM
rapaMeTpoB C JOOMYCTUMOH MO YCJOBUSIM pabo-
TOCMOCOOHOCTU 06/1acThlO 3HAYEHMH 3THX Napa-
MeTpoB [7].

OnpeneneHue BepOSITHOCTM 06€30TKa3HO
pabotbl cornacHo ¢dopmynam (1.2.1) u (1.2.2)
OTHOCUTCSI K OOBbEeKTaM, KOTOpble IOJDKHbI
yHKUMOHMPOBAaTh B TEYEHME HEKOTOPOro KO-
HeYyHOro oTpe3Ka BpeMeHH. i1 06beKToB OfHO-
pa3oBoro (OMCKPETHOro) NPUMEHEHHS BeposT-
HOCTb 0€30TKa3HOi paboThl OMNpeneasiloT Kak
BEPOSTHOCTb TOrO, 4YTO MNMpH cpabaTbiBaHUU OOb-
eKTa OTKa3a He BO3HMKaeT. AHAJIOTMYHO BBOIST
BEPOSAITHOCTh 6e30TKa3HOro BIJTIOYEHHUS
(HaripuMep, BKJIIOYEHUS] B paboumii pexuM U3
peXHMa OXUIaHMA).

BeposiTHocTb Ge3oTKa3HoOit pabothl  P(f)
cBg3aHa c (QyHKuUMei pacrnipenenenuss F(f) u
TUTOTHOCTBIO pacrnipenefieHus1 f{f) HapaGoTKM IO
OTKa3a:

Ff)=1-P(1), f(t)=—~=-——~

dF(t)  dP(r)
dt dt

(1.2.3)

Hapsany ¢ noHsaTMeM “BeposITHOCTb 6e30T-
Ka3Hoi paboTbhl” YacTO MCIOJNB3YIOT TOHSTHE
“BEpOSITHOCTb OTKa3a”, KOTOpOe ONpenesioT
ClieaylolMM 00pa3oM: 3TO BepPOSITHOCTb TOTO,
YTO OOBEKT OTKaXeT XOTs Obl OAMH pa3 B Teye-
HUe 3alaHHOW HapaboTku, Oyayyu pabotocno-
COOHBIM B HayaJIbHbIi MOMEHT BpeMeHM. Bepo-
SITHOCTb HACTYTUIEHHSI XOTs Obl OQHOro oOTKa3sa
Ha otpeske [0, 7] onpenensior rno ¢popmyine

o(t)=1-P(t)= F(1) .

Hnst BbICOKOHANEXHBIX OOBEKTOB BEPOSAT-
HOCTb 06€30TKa3HON paboThl MO OTHOLIEHHIO K
KpPUTHYECKUM (TeM Oonee - KaTacTpodHYECKUM)
OTKa3aM HOJDKHa ObITh BecbMa 6iM3Ka K €IUHM-
ue. BeposiTHOCTb HacTyruieHMs1 XOTd Obl OmHOro
KPUTUYECKOTO OTKaza Ha 3aJaHHOM OTpe3Ke
BPEMEHM OOBIYHO Ha3bIBAIOT nokasamenem pucka
WX npocTo puckom. Hanpumep, HOpMbI JIETHOM
TrOOHOCTH HOPMMPYIOT 3HaueHUsl pUCKa Ha ONMH

(1.2.4)

yac mojieTa WIM Ha ONMH CTaHOApTHBIN TOJIET,
HOpPMbI 6€30MaCHOCTM aTOMHBIX 3JIEKTPOCTaH-
LM - Ha OOMH peakTop-rox M T.n. TUMHUYHbBIE
3HayeHMs pucKa cocTapiaioT Q = 10°6 U MeHb-
1€, YTO OTBeYaeT BEpPOSTHOCTH Oe30TKa3HOM
pa6ot P = 0,999999. OyeBunHO, YTO B TaKHX
cnyyasx ynobHee paboTaTh C Mmoka3saTeJIsIMM THIIa
(1.2.4), yeM c BepOSITHOCTbIO Ge30TKa3HO#M pabo-
ThI.

K moka3satenaM 6e30oTka3Hoil paGoThl OT-
HOCSIT TaKXe KBaHTWIM 0e30TKa3HOi HapabOTKM,
T.e. 3Ha4eHUs1 HapaGOTKM, OTBeyalollue 3aJaH-
HOW BepOSITHOCTH 6e30TKa3HoO# pabothl. Jamma-
npouenmuylo Hapabomky 0o omkasa t, ompenens-
IOT U3 YpaBHEHMS

y
P(ty) o5 (1.2.5)
rae P(f) - BeposATHOCTb 6€30TKa3HOM paGoThI.

JpyruM mnokasatesieM CIYXUT cpeOHAA Ha-
pabomka do omkaza T). OHa paBHa MaTeMaTHue-
CKOMY OXMIAHMUIO COOTBETCTBYIOLUEH Cly4yalHOM
BEJIMYMHBI HapaboTku oObekTa a0 oTKaza. C
yyeToM (1.2.3) umeem dopmyny

T = °j’zf(z)arr = ]-[1 - F(1))dr.
0 0

BennunHa 7 MoXeT OBITb BbIpaXe€Ha TaKXe
yepe3 BEpOSITHOCTb 6e30TKa3HOi# paboThI:

(1.2.6)

Elte onMH IIMPOKO HCIONb3YeMbIN IOKa-
3aTellb - WHMEHCUBHOCMb OMKA308. ITO TUIOT-
HOCTb BEPOSITHOCTM BO3HMKHOBEHHs OTKa3a,
omnpenesisieMast pU YCJIOBUM, YTO OO pacCMaTpH-
Ba€MOro MOMeEHTa BpeMEHHM OTKa3 He BO3HHUK.
HWHTEHCUBHOCTb OTKa30B A(f) BbIpaxalT 4yepe3
dbyukuun P(r), F(f) n 1) cnenyomMm obpa3oM:

)\,(1) - f(t) _ L dP(t)
1 - F(1) P(t) dr

(1.2.7)
JInst BBICOKOHAZEXHBIX cucteM P(7) = 1, Tak 4TO
MHTEHCHUBHOCTb OTKa30B MNPUOJIUXEHHO paBHa
IUIOTHOCTU pacnipeneieHus f(f) HapaGOTKU nO
oTKaza. CBs3b MeXly NoKasaTeJsiMU Ge30TKa3-
HOCTHM NpeacTaBlieHa B Tabs. 1.2.1.

INepeunciieHHble  TOKa3aTeJM  BBENEHbI
TNIPUMEHUTENIBHO K HEBOCCTaHABIMBaeMbIM OOB-
eKTaM, a TaKXe K TaKMUM OTKa3aM BOCCTaHaBJIM-
BaeMbIX OOBEKTOB, BOBHUKHOBEHHME KOTOPHLIX IO
BO3MOXHOCTH AOJDKHO ObITh MckIoyeHo. Ilpu-
MEHHUTEJIbBHO K BOCCTaHaBIMBaeMbIM OGbeKTaM,
MpU  3KCIUIyaTaUMM  KOTOPBIX  JOMYCKalOTCs
MHOTOKpaTHO MOBTOPSIIOIMECS] OTKa3bl, BMECTO
cpenHeil HapabOTKM OO OTKa3a MCIOJb3YIOT
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IpyToil TIOKa3aTellb - CPeOHION Hapabomky Ha
omka3. OYeBUAHO, YTO 3TO NOJDKHBI OBITh Hecy-
LLECTBEHHbIE OTKa3bl, HE MPUBOASLLUNE K CEpPbe3-

HbIM TIOCJIEACTBMSIM M He TpeOylollMe 3Hayu-
TeJIbHBIX 3aTpaT Ha BOCCTaHOBJIEHHe paboTocrio-
COOHOrO COCTOSTHMSI.

1.2.1. Cea3b MexIy NoKa3aTeJsaMH 0€30TKa3HOCTH

Iloka3zatenu P(¥) o) £ A0
P(» - 1-0(t t t
() 1- I f(v)dr exp| — J. A(1)dr
0 0
o) 1- Py - t P
J.f('r)d'r 1-exp| - j-)»('r)dr
0 0
AU -P(1) o't - 1 .
( ) A(t) exp| - I A(t)dr
0
Mh _P( o'(r) /() ;
P(1) 1-Q(¢) N ]f(‘r)dt
0

DKcIUlyaTalMs BocCTaHaBIMBaeMbIX 0Obek-
TOB MOXET ObIThb OMHUCaHa CleAyIOLIMM 00pa3oM:
B HayaJIbHbIE MOMEHT BpeMeHHM OObEKT HauMHa-
eT paboTaTth ¥ NpoaoJLKaeT paboTaTh 4O MEPBOro
OTKa3a; MocJie 0TKa3a NMPOUCXOOUT BOCCTAHOBJIE-
HHMe paboTOCNOCOOHOCTH, W OObEKT BHOBbL pabo-
TaeT 0 oTKa3a U T.1. Ha ocu BpeMeHM ! MOMeH-
Thl OTKa30B 00pa3yloT MOTOK OTKa30B, a MOMEH-
Tbl BOCCTAHOBJIEHHI - TMOTOK BOCCTaHOBJIEHHIA.
Ha ocu cymmapHoit HapabGoTKu (Korma rnponos-
XHUTETbHOCTb BOCCTAHOBJIEHUSI HE YYMTHIBAIOT)
MOMEHTbl OTKa30B 00pa3ylOT IOTOK OTKa3O0B.
[MonHoe M cTporoe MareMaTHyeckoe OINMMCaHUe
3KCIIyaTauMM OObEeKTa IO 3TOH CxeMe IMOoCTpoe-
HO Ha OCHOBE TEOpMM BOcCTaHOBieHus [1, 16,
17, 26].
CpenHsisi HapaboTKa Ha OTKa3 OIpelessieT-
cs no popmyiie
t
T=—fro—. (1.2.8)

M{r(t)}

3mech t - cymMMapHass HapaboTka, Nf) - 4YMCIIO
OTKa30B, HACTYNUBIUMX B TeyeHHe 3TOM Hapa-

6otkn, M{} - maTemaTuyeckoe OXHMIaHMe CIy-

YyaHOM BeJIMYHUHBI, cTosAlled B ckobkax. B o6-
LIEM ciiyyae cpeOHsis HapaboTKa Ha oOTKa3 -
dyHkums . [Ins crauMOHapHBIX NMOTOKOB OTKa-
30B cpedHsAs HapaboTKa Ha OTKa3 OT ! He 3aBH-
CHT.

IInsi  BOCCTaHaBIMBaeMBIX OOBEKTOB HC-
MONB3YIOT €llle OOUH IoKasaTelb - napamemp
nomokoeé omka3ose, paBHblii OTHOLUEHUIO MaTeMa-
TUYECKOTO OXMOAHMs 4YHUC/Ia OTKa30B 3a JOCTa-
TOYHO Majlyl0 HapaboTKy OO0beKTa K 3HaYeHHUIO
3TOI HapabOTKM:

. Mir(r+an) - r(1)
)= g )10
(1.2.9)

3mechb At - MaJiblii OTPe30K BpeMeHH, /(f) - YUCIIO
OTKa30B, HaCTYMMBIUMX OT HayajJlbHOTO MOMEHTa
IO  [IOCTMXEHUs1 Hapabotku .  PasHocTh
nt + AY) - (f) paBHa YUCJly OTKa30B Ha OTpe3Ke
[7, t + Af]. Hapsiny ¢ mapaMeTpoM MoToka OTKa-
30B B pacyeTrax MU ob6paboTke 3KCrepUMEHTAsIb-
HBIX HaHHBIX YacTO MCMOAB3YIOT YCpeOHEHHBIH
napaMeTp NMOTOKa OTKa30B

s - 2l

(1.2.10)

Mo cpaBHenuio ¢ ¢opmynoit (1.2.9) 3nech pac-
CMaTpUBaIOT YMCJIO OTKa30B 3a KOHEYHBINA OTpe-
30K [#, B], npuyeM t) < t < t,. Ecnu nmoTok oTKa-
30B CTalLIMOHAPHBINA, TO NMapaMeTphl, OMpenesise-



TMOKA3ATEJIUM NOJITOBEYHOCTHU U COXPAHSIEMOCTHU 25

Mbie o ¢opmynaM (1.2.9) u (1.2.10), ot ¢ ne
1

3aBUCAT. TaK YTO L = U = — .

T

B MexnyHapoiHON TIpaKTUKE MMOHSITHIO
“napaMeTp NOTOKa OTKa30B” OTBEYaeT TEPMMH
failure intensity, B To BpeMsi KaK IOHATHIO
“UHTEHCUBHOCTb OTKa30B” OTBeYaeT TEPMHH
failure rate. OTo HeoOXOOMMO YYMTHIBATH IpH
KCITIOJIb30BaHUM aHIJIOS3bIYHBIX UCTOYHMKOB, a
TaKXe NepeBONHON JIMTEPaTyphl.

1.2.3. [IOKA3ATEJIM JOJITOBEYHOCTH
N COXPAHAEMOCTH

BonpmMHCTBO mnoka3atesieli  AOJIroBEYHO-
CTM aHaJIOTMYHO ToKa3aTeNsiM 0e30TKa3HOCTH
HEBOCCTaHABIMBaEMbIX OOBLEKTOB, €CJI B OIpe-
IeJICHUSIX MOMEHT HacCTYIUIEHMsl MepBOro oTkKasa
3aMEHMTb Ha MOMEHT NOCTUXXEHMS NpenesibHOro
cocrosiius.  Hanpumep,  eamma-npoyernmmuoiil
pecypc OTpelesisiloT Kak CyMMapHYyl0 HapaboTKy,
B TEYCHUE KOTOPOW B 3aJaHHBIX DEXUMax U
YCIIOBUSIX TIPUMEHEHHMS] OOBEKT HE [OOCTUTraeT
NMpeneybHOrO COCTOSIHMSI C BEPOSITHOCTBIO 7,
BBIP2OXXEHHOM B INMpPOLIEHTaX. AHaJIOTUYHO BBOIST
2amMMa-npoyeHmHuuLll CPOK CAYyHCOb: - KaJIEHIApHYIO
MPONOJ/DKUTENIBHOCTh 3KCIUTyaTallMU, B TeYeHHUe
KOTOpOil OOBEKT HE€ IOCTUraeT NpelesibHOro
COCTOSIHMSI C BbIpaXX€HHOW B IPOLIEHTaX BEpOsT-
HOCTBIO y. [IpUMEHHUTENBHO K KpYITHOCEpUHHBIM
00BbeKTaM M MacCOBbIM KOMIUIEKTYIOLLUMM H3e-
JIMSAM OOBLIYHO HCIOJNB3YIOT TOHATUS cpedHezo
pecypca M cpedHezo cpoka cayxc6u. B TepMuHax
BEPOSITHOCTHBIX MOJEJIEN 3TH TOKa3aTed paBHbI
MaTeMaTHYeCKMM OXHOAHUSM CyMMapHOW Hapa-
OOTKM M KaJleHOapHOW MNPONOJDKUTENBHOCTH IO
IOCTUXEHMS] TMpenenbHoro cocrosgHus. Ilpu
NMPUMEHEHUH TOKa3aTesied NOJrOBEYHOCTH YKa-
3bIBalOT HAYaJIO OTCYETa M BUIA NEHCTBMM ToOCIe
HAaCTYTUIEHUS NpeneabHOro COCTOSIHUS
(HarpuMep, raMMa-TipOLleHTHbII pecypc OT BTO-
poOro KarnuTaJlbHOTO pEMOHTa [0 CIIMCAHUs).
INoka3aTenu NONrOBeYHOCTH, OTCUUTHIBAEMbIE OT
BBOJAa OOBbEKTa B 3KCIUJIyaTaLMIO 10 OKOHYaTeslb-
HOTO CHSITMS C 3KCIUlyaTalluM, Ha3blBalOT raMMa-
MPOLIEHTHBIM TNOJIHBIM PECYPCOM, CPEAHUM TOJI-
HbIM PeCypcoM H T.II.

' AHaJIOTMYHO BBOAAT TIIOKa3aTejld Ccoxpa-
HseMocTH. Tak, raMMa-npoLEeHTHBI CPOK CO-
XPaHsIEMOCTH OMpeNesIIIOT KaK CPOK XpaHeHMs,
B TeYeHHe KOTOPOro NnapaMeTpbl o6beKTa, Xapak-
TepU3YIOLLUE CIOCOOHOCTh O00BEeKTa BBIMOJIHATH
Tpebyemble yHKUMM, OynyT ocTaBaThCsl B Ipe-
Iesiax, 3afiaBa€MbIX U3 YCJIOBUH COXpaHSEMOCTH,
C BbIPAXXE€HHON B NPOLIEHTaX BEPOSATHOCTBIO Y.

HeobxonMMo paznuyaTth IokKa3aTeJd IOoJ-
TOBEYHOCTH U COXPaHSEMOCTH OT BHELUHE CXOM-
HBIX C HUM “Ha3HayeHHBbIX” CPOKOB CJIyXObl,
xpaHeHuss U T.n. Lenp ycraHoBleHUs “Ha3Ha-
YeHHOro” cpoka cilyx6bl M “Ha3HayeHHOro”
pecypca - obecrnieuuTh NPUHYAUTETIbBHOE U 3abia-

TOBpEMEHHOE TpeKpallleHHe NpPUMEHEHHUSI 00b-
eKTa M3 TpeOGoBaHUI 0GE30MacHOCTH WM TEXHH-
KO-3KOHOMMYECKUX coobpaxeHMH. [Ins obbek-
TOB, TMOMLIEXAallMX [UIMTEJIbHOMY XpaHEHHIO,
BBOISIT Ha3HAYE€HHbIA CPOK XpaHeHHs, MO MCTe-
YEHUM KOTOpOro HAajibHeiilliee XpaHeHUEe Helo-
NMYCTUMO, HampuMep, U3 TpeboBaHMH Oe3omac-
HocTU. IIpM NOCTMXEHUH OGBEKTOM Ha3HayeH-
HOro pecypca (Ha3HaY€HHOTO CpoOKa CITyXObl,
Ha3HAYeHHOro CpoKa XpaHeHMs) B 3aBUCUMOCTH
OT Ha3HayeHUsl oObeKTa, OCOOEHHOCTH ero 3Kc-
TUlyaTallUM, TEXHUYECKOTO COCTOSIHMSI M HNPYTHX
¢akTOpOB MOXET OBITH CNMCaH, HarpaBjleH B
CpeNHMH WJIM KalUTajJbHbIi DPEMOHT, mnepeaaH
U1l IPUMEHEHUs] He MO Ha3HaYeHHUIO, MepPeKOoH-
cepBUpoBaH (rnpu xpaHeHuu). [Ipu onpeneneH-
HBIX YCJIOBUSX MoOCJjie 00C/Ief0BaHUSI MOXET ObITh
MPUHATO pelleHHe O TNMPONOJDKEHHUM 3KCIUTyaTa-
LHAH.

Ha3zHayeHHbBIIT CpOK CJIyXObl, Ha3HauyeH-
HbI pecypc M Ha3HayeHHbIH CpPOK XpaHeHHs
SIBJISIIOTCA TEXHUKO-3KCIUIyaTallUOHHBIMM Xapak-
TepucTUKaMi. ONHAaKO TpH YCTAaHOBJIEHHWH MX
YUCJIEHHBIX 3HaYeHWH clenyeT TNMpPUHUMAaTh BO
BHUMaHHWEe TNPOTHO3UPYEMBIA MJIM IOCTMTHYTBHIA
YPOBEHb HaleXHOCTH. B 4yacTHocTH, ecnu rmo-
cTaBjieHO TpeboBaHMe Oe30MacHOCTH, TO Ha3Ha-
YEeHHBIH CpOK CiyX06bl (pecypc) AOJDKEH OTBe-
YyaTh 3HaY€HUSM BEPOSITHOCTH Oe30TKa3HOM pa-
60Thl MO OTHOLUEHMUIO K KPUTHUYECKUM OTKa3zaM,
BecbMa OJIM3kMM K enuHuue. M3 coobpaxeHuit
6€e30MacHOCTH MOXeT ObIThb TakXXe BBeeH Ko3d-
¢uuMeHT 3amaca Mo BpeMEHM.

1.2.4. TOKA3ATEJIM PEMOHTONPHITOAHOCTH

Pasnuyalor nBe rpynnbl IokasaTejiei pe-
MOHTONpUrogHocTH. IlepBas rpymnmna aHajloruyHa
nokasareiasiM 0e30TKa3HOCTU, THUIA BBOIMUMBIX
dopmynamu (1.2.1) - (1.2.10). K HUM oTHocaTCs
6eposImMHOCMb 80CCMAH08AEHUA, T.€. BEPOSITHOCTb
TOro, YTO TPONOJDKHUTEJIBHOCTh BOCCTAHOBJIEHMS
paboTOCNIOCOOHOTrO COCTOSIHUSI OOBbEKTa He Ipe-
BBICUT 3aJlaHHOe 3HayeHue. KBaHTHUNIb 3TOM Be-
POSITHOCTU - TPOAOXKHUTENbHOCTb BpPEMEHHU, B
TeyeHHe KOTOPOro BOCCTaHOBJIEHHE paboTocro-
cOGHOCTHM OymeT OCYLIECTBJIEHO C BEPOSITHOCTHIO
Y, BBIPaXEHHOH B MpOLIEHTaX, - Ha3blBalOT raM-
Ma-TpOLEHTHBIM BpeMEHEM BOCCTaHOBJIEHHS.
AHaJIOTUYHO BBOISIT CpeliHee BpPeMsl BOCCTaHOB-
JIeHUs], UHTEHCHBHOCTb BOCCTAaHOBJIEHMSI M Ma-
paMeTp INOTOKa BocCcTaHOBAeHMs. [pyras rpymnna
NokKa3sartejieil peMOHTONPHUIONHOCTH XapaKTepH-
3yeT 3aTparthl MO NoaaepXaHUI0 paboTocnocoob-
HOro coctosiHusl obbekTa. K HUM OTHOCAT cpen-
HIOIO TPYNOEMKOCTh BOCCTaHOBJIEHMSI, KOTOPYIO
OOBIYHO H3MepsSIOT B 4ejloBeKO-4acax. boib-
LWUMHCTBO MOKa3aTejield 3TOro TUMa - YMCJIEHHbIE
XapaKTEPUCTUKU TPYNOEMKOCTH TEXHUYECKOTO
o6CyXXMBaHMsI, PEMOHTa, NMarHOCTUPOBaHUS M
T.M., CTPOTO TrOBOpSl, He OTHOCSTCS K IOKa3aTe-
JISIM HaIeXKHOCTH.
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1.2.5. KOMILUIEKCHBIE IMTOKA3ATEJIN HAAEXHOCTH

KoMruiekcHble TMoKa3aTeld HaleXHOCTH
XapakTepu3yloT OBa WIM OoJsbliee  YHUCIO
CBOMCTB, BXOASILUMX B ONpeaejieHWe HaaeXHo-
CTH, HampuMep 6e30TKa3HOCTb M PEMOHTOIpPH-
ronHocTb. K HUM OTHOCATCSI Te, KOTOpbIE SIBJISI-
I0TCS KOJINYECTBEHHOI XapaKTepUCTUKOI FOTOB-
HOCTH OObeKTa K BBINIOJHEHUIO TpebyeMbIX
byuxumit. Koagpguyuenm zomosnocmu - 310 Be-
POSITHOCTb TOTO, YTO OOBEKT OKaxercs B pabo-
TOCIIOCOGHOM COCTOSIHUM B TPOM3BOJIBHBI MO-
MEHT BpPeMeHM, KpoMe IUIaHMPYEMBbIX NEPHONOB,
B TeYeHHe KOTOpbIX NMPUMEHEHHE OOBEKTa IO
HasHayeHUIO He npenycMaTpuBaercsi. PoacTBeH-
HOe TOHATHE - Ko3dduyuenm onepamusHoili 2o-
moeHocmu XapaKTepU3yeT TOTOBHOCTb OOBEKTa
BBIMOJIHATL TpebyeMble (YHKUMM B TeyeHHe
3alaHHOro OTpe3Ka BpeMeHH. JToT Ko3dpduum-
€HT paBeH BEPOSITHOCTU TOTO, YTO OOBEKT OKa-
XeTcsl B paboTOCIOCOOHOM COCTOSIHMM B IPOM3-
BOJIbHBIE MOMEHT BpEMEHM (KpoMe IUlaHupye-
MbIX NEepUONOB, B NpeAeiaXx KOTOpbIX NpPHUMeHe-
HUe OoOBbeKTa MO Ha3HaYeHMIO He INpenycMaTpu-
BaeTcd), NPH YCIOBMM, YTO HayMHasi C 3TOro
MOMeHTa 6GyneT paboTaTth 6e30TKa3HO B TeYyeHHeE
3alaHHOro oOTpe3ka BpeMeHU. OuYeBHOHO, YTO
K03 PUUMEHT rOTOBHOCTU MO MaTeMaTHM4eCKO
CTPYKType aHaJIoTMYeH BEpPOSITHOCTH 6e30TKa3-
Hoit pa6othl (1.2.1). PaznuyaroT crauMoHapHbIA
M HecTaUuMOHapHbIX K03(@PULMEHTH TOTOBHO-
CTH, a TakXe cpeiHMil Ko3hHULHUEHT roTOBHO-
ctu. IlompoGHble cBeNEHUS MOXHO HaHTH B
clipaBo4YHHUKe [26].

BTopasi rpynmna KOMIUIEKCHBIX NoKa3aTesei
HaJeXHOCTH BKJIIOYaeT BEJIMYMHBI TUIAa MaTeMa-
THYeckKoro oxuuanusi. K 3toit rpynne npuHan-
JIEXUT, HanpuMmep, Kodduyuenm mexnuueckKozo
ucnoav3oéanus. OH paBeH OTHOLUEHUIO MaTeMa-
TUYECKOTO OXHIAHUSI CYMMapHOro BpeMeHM
npebbiBaHUs OObeKTa B paboOTOCIIOCOOHOM coO-
CTOSIHUM 3a HEKOTOpPbIM MepHol K MaTeMaThye-
CKOMY OXHIAHMIO CYMMapHOTo BpeMeHM Npedbl-
BaHUs 00BEKTa B pPabOTOCIIOCOOHOM COCTOSIHUH
U NPONOJIKUTEBHOCTH IPOCTOEB, OOYCJIOBJIEH-
HBbIX TEXHUYECKUM OOCTY)XHBaHMEM M PEMOHTOM
3a TOT Xe nepuoa. B crauMoHapHBIX YCIOBHSIX
K03 PULMEHT TEXHUYECKOTO HCIONIb30BaHUs K
TaKXe MOXET ObITb BbIpaXeH Yepe3 OTHOLUEHHE
MaTeMaTHYeCKHX OXHUIaHMIL:

T

(T+Td) '

3mecb T - cpenHsis HapaboTKa Ha OTKa3, Ty -
cpenHee BpeMsi BOCCTAaHOBJIEHMS.

KoaddpuumeHT TeXHHYeCKOro MCMosib30Ba-
HMSl XapaKTepHM3yeT [OJII0 BpEMEHHU HaxOoXIeHHUs
obbekTa B paboTOCOCOOHOM COCTOSSHUM OTHO-
CHUTEJIbHO OOllei MPONO/DKUTENBHOCTH 3KCIUTya-

Tauuu. KosdppuumeHT coxpaHeHus 3¢dekTHB-
HOCTH XapaKTepu3yeT CTeNeHb BJIMSHMS OTKa30B
o6bekTa Ha 3((eKTUBHOCTD €ro NMPUMEHEHHUs IO
Ha3HaAYEHHUIO.

HexoTopble KOMIUIEKCHBIE NMOKa3aTesid Ha-
IEXHOCTH OTHOCATCA K TMOrpaHMYHOM oOnacTH,
obbenuHsowed GakTopbl HaNeXHOCTH, TEXHO-
JIOTMYECKON M 3KOHOMHYECKOH 3¢ HeKTMBHOCTH.
Tak, ko3dduLMeHT coxpaHeHUs 3¢ EeKTUBHO-
CTM paBeH OTHOLUEHMIO 3HayeHMs IloKasaTesst
3¢ peKTUBHOCTH HCNOJIb30BaHUSI OObEKTa Mo
Ha3HAYEHMIO 3a OINpedesIEeHHYIO TMPONOJDKUTENb-
HOCTb 3KCIUlyaTallUM K HOMMHAJIbHOMY 3Haye-
HMIO 3TOro TmoOKa3zaTessi, BBIYHUCJIEHHOMY IIpH
YCJIOBUM, YTO OTKa3bl OObeKTa B TeYEHHE TOro
Xe repvona He BO3HMKAIOT.

B nocnenHee BpeMsi HauMHAIOT MCMOJb30-
BaTb KOMIUJIEKCHbIE TOKa3aTeJid, BKJIIOYalollive
YUCTO 3KOHOMHUYeckue caktopnl. Hanpumep, B
HEKOTOPbIX MporpaMmax MOBBIIUEHUSI HaOeXHO-
CTM Hapsily CO CTaHHApTHBIMU TOKa3aTesIMU
HaleXHOCTH BBelleH NoKa3saTejlb - “CyMMapHasi
CTOMMOCTb XH3HEHHOro LMKJIA”. DTOT TEXHUKO-
3KOHOMMYECKMI TOKa3aTeib BK/IIOYaeT B cebs
pacxonpl Ha obecrieyeHWe M TolaepXaHHUe Ha-
IEXHOCTH OOBbeKTa Ha BCeX 3Tarnax XH3HEHHOro
LMKJIa, HayMHasi C TPOEKTUPOBAHUSA W KOHYas
IEMOHTAXOM WJIM JIMKBUIALMEH.

nasa 1.3

MATEMATHUYECKHE MOJEIHA
TEOPUMN HALTEXHOCTH

1.3.1. MOAEJIHX HAJAEXHOCTH SJIEMEHTOB

MarteMaTHyecKMe MOZENU TEOPHMHM Halex-
HOCTM MOTYT OBbITb pa3buThl Ha ABe OoJsibluMe
rpynnel. [lepBasi rpynna - 3TO CTPYKTYpHble
Monenu. OHM OCHOBaHBI Ha JIOTMYECKHMX CXeMax
B3aMMOJEICTBUS 3JIEMEHTOB, BXOISIIUMX B CHC-
TEMY, C TOYKM 3pEHHUsI COXpaHeHMsi paboTtocrio-
cOOHOCTH cHcTeMbl B LiesioM. [Ipu 3TOM ucrnosns-
3YIOT CTaTUCTUYECKYl0O MHGOpMaLMI0 O Haaex-
HOCTH 3JIeMeHTOB 0e3 NpPUBJIEYEHUS] CBENEHUH O
¢u3myecKkux CBOMCTBaX MaTepuasa, AeTaleid U
COEeMHEHMH, O BHEIUHMX Harpy3kax M BO3NeHcCT-
BUSIX, O MeXaHU3MaX B3aUMOMAEHCTBUS MEXIY
aneMeHTaMU. CTpyKTYpHble MoIeNd TpencTaB-
JISIOT B BUAe OnoK-cxeM M rpa¢oB (Harpumep,
epeBbeB COOBITMI), a UCXOOHYIO MHGOpMalHUIo
3aflaloT B BMIE M3BECTHbIX 3HaYE€HUH BEPOSTHO-
cTM 6e30TKa3HOil paboThl 2JIEMEHTOB, MHTEH-
CHBHOCTH OTKa30B U T.I.

Jlpyras rpyrna MaTeMaTHYeCKMX MojeJeii
TEOPUM HALEXKHOCTU YYHUTHIBAET MEXaHUYECKHE,
c¢dusMyeckue U Opyrue peajbHble TPOLIECCHI,
KOTOpbI€ BEOyT K U3MEHEHHUIO CBOWMCTB OObeKTa
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M ero COCTaB/AOWIMX. TakoBBl MOZENIM CTPOM-
TeJIbHOH MeXaHMKH, UIMPOKO TNpHUMeEHSeMble B
pacyetrax MallMH M KOHCTpyKuuit. CwioBoe H
KMHEMaTHYeCcKoe B3aMMONEHCTBUE  3JIEMEHTOB
MallMH M KOHCTPYKLMI HOCHUT CJIOXHBIA Xapak-
Tep. [loBeneHHe 3TMX OOBEKTOB CYLLECTBEHHBIM
06pa3oM 3aBUCMT OT MX B3aMMOACHCTBMS C OK-
pyXalollleil cpenoi, OT XapakTepa U MHTEHCHUB-
HOCTH TpolieccoB 3KcIulyaTtauuu. JUisi mpencka-
3aHUS NOBEACHMSA NeTajlell MalUMH U 3JIEMEHTOB
HYXHO paccMaTpHMBaTh npolecchl AedopMHUpOBa-
HMS, M3HAILKMBAHMS, HAKOIUIEHMSI TMOBPEXIEHUI
M pa3pylleHUs] TpH TNepeMEeHHBIX Harpyskax,
TEMIIEpaTypHbIX ¥ APYTUX BHELIHUX BO3AEWCTBU-
sax. OcHOBHOW NyTh ISl OLEHKM IOKa3aTesei
HaIeXXHOCTH MEXaHMYECKMX CHUCTEM - PacyeTHO-
TEOPETUYECKUH, OCHOBAaHHBIH Ha (HHUIUYECKUX
MoOIeIsIX M CTaTUCTUYECKMX HNaHHBIX OTHOCH-
TeJIbHO CBOWMCTB MaTepUaJioB, Harpy3oKk M BO3-
NeACTBUM.

CucTeMHass TeopHusl HaleXKHOCTU TOJIy4YHia
IUMpOKOe TpUMeHeHHe. MHorue TeXHUYecKHe
00beKkThl (0coGeHHO B 006JIaCTM paguo3JIEKTPO-
HMKM, aBTOMaTMKHM ¥ BBIYMCIIMTENIbHON TEXHUKH)
COCTOSIT M3 3JIEMEHTOB MacCOBOro INPOM3BOACTBA
M paboTaloT B CPaBHMUTEJILHO OQHOPOMHBIX YCJIO-
Busix. McnblTaHusl 3/1EMEHTOB Ha HaIeXHOCTb
OTHOCHUTENIbHO MPOCThI, a YCJIOBUSl 3KIUTyaTallMU
[IOTYCKalOT MUX BOCIIPOM3BeleHMe B JiabopaTop-
HbIX ycnoBusix. Cratctuyeckass ob6paborka pe-
3y/IbTaTOB MCMBITAHUM TNO3BOJISIET BbIOpaTh MNoa-
XOISILIME aHAJIMTMYECKHE 3aBUCHUMOCTH M ole-
HMTb YMUCJIEHHble 3HaYyeHMs MapaMeTpoOB, Xapak-
TepU3YIOLMX HaleXHOCTb. [[Isi HeBoccTaHaBIU-
BaeMbIX 3JIEMEHTOB OOBIYHO MILYT MOIAXOASILIME
aHaJIMTHYECKHME aNMpPOKCMMalMU JMbo Ui Bepo-
SITHOCTU 0e30TKa3HOM paboThl, MO0 U1 MHTEH-
CHBHOCTH OTKAa30B.

IlInpokoe pacnpocTpaHeHuUe
IKCNOHEHYUANbHAA MO0

P()=exp (-A 1) (1.3.1)

C TIOCTOSIHHOI WHTEHCUBHOCTBIO OTKa30B A M
cpenHeit Hapabotkoit mo orkaza T = 1/A. Yacto
NMPUMEHSIOT TaKXe MOAEjb, B OCHOBE KOTOPOW
JIEXMT pacnpedenenue Beiibyanra. BeposiTHOCTb
6e30TKa3HO paboThl ONMpenessiIoT Kak

P () =exp [-( /1),

rae f, U o - MOJIOXUTENIbHbIE TTapaMeTphl.

®ynkuusa (1.3.2) nosBosisgeT omucath HO-
BOJIbHO LUMPOKHMH KJlacc pacnpenesieHMH, BKIIIO-
yasg MpU o = | 3KCNMOHEHUMATbHBIA 3aKOH Ha-
nexHoct (1.3.1). Ilpn a > 1 3ta dopmyna onu-
ChbiBaeT TNoOBeleHWe “CTapelolMXx” OOBbEKTOB, Y
KOTOPBIX MHTEHCHBHOCTh OTKAa30B CO BpEMEHEM
Bo3pactaeT. [l cpenHeit HapaGOTKM HO OTKa3a
T n xoadpduumeHTa BapualMM HapabOTKM 1o
oTKa3za w, uMeeM opMyJIbl

roJsiyyusia

(1.3.2)

T=tT 1+ 1/a),
(1.3.3)

w2 =[l‘(l+2/a)/l‘2(l+1/a)]-1,

roe I'(-) - ramMa-byHkuus. Ins koapduumeHrta
BapHalMM UMeEeT MeCTO aCHUMIITOTMYeCKoe Tpel-

CTaBleHUE w, = m/ (a\/g) + O(1/a?) u3 KoToporo
BMAHO, YTO C POCTOM MoOKa3aTesisi o pacrpefesie-
HMe HapabOTKHU CTaHOBUTCSA 6ojiee KOMIAKTHBIM.
TakuMm o6pa3oM, moKa3aTeslb o XapaKTepHU3YeT
YpPOBEHb CTaOMJIBHOCTM CBOMCTB 3JIEMEHTOB,
KOTOpPBI B CBOIO OYepenb 3aBUCHUT OT CTaOWIb-
HOCTH CBIpbsl, TEXHOJIOTUYECKHX TMPOLIECCOB H
T.II.

O6o6wenneM ¢opmyn (1.3.1) u (1.3.2)
cyxut dopmyna

t

P(r)= P(0)exp| - [Mn)dn | (1.3.4)
0

B KOTOpOi MHTEHCHMBHOCTb OTKa30B IIpUHSATa
MepeMEHHOM MO BPEMEHU U YUYTEHO, YTO BEPOSAT-
HOCTb HaCTYIUIEHMs1 OTKa3a B MOMEHT f = 0 Mo-
XeT ObITh OTVIMYHA OT HYJIA.

B OonpmMHCTBE MpPaKTUYECKUX CIy4aeB
MHTEHCHUBHOCTb OTKa30B U3MEHSETCS] BO BPEMEHHU
HeMoHoToHHO (puc. 1.3.1). [Tocne nepuona npu-
pabotku 0 < # < Ty, HacTynaeT OTHOCHUTEJIbHO
IUIUTEJIBHBIM 3Tamn, KOria WHTEHCUBHOCTb OTKa-
30B COXpaHSieT TNPUOGIU3UTENIBHO TIOCTOSTHHOE
3HayeHHMe (kpuBast 1). HaunHas ¢ MoMeHTa ¢t =
T.;, BciencTBMe U3HOCA, CTapeHMs], HAKOIUIEHMS
MOBPEXIEHUA M T.M. MHTEHCHMBHOCTb OTKAa30B
Bo3pacTaeT. BcTpeyaloTcs ciy4yam, Koraa Ha Ha-
YaJbHOPH CTaJMM TNPHUPabOTKM HMHTEHCHUBHOCTb
OTKa30B Bo3pacTaeT (kpuBas 2). Takue 3aBHCHU-
MOCTH MOTYT ObITb OINMCaHBl MNpPU TOMOLUHU
byHKUMHU

P() = pkPe(t) D pk=1 (1.3.5)
3 X

DTa Monejib ONMCHIBaeT CMeCh 3JIEMEHTOB C Be-
posITHOCTSIMM 6e30TKa3HO# pabotbl Py (f) U OT-
HOCUTEJIbHBIMH NOJNSMHU py. I'pynna nedexTHBIX
3JIEMEHTOB MMeEET MAJyl0 CPENHIOI HapaboTKy
10 OTKa3a M ObICcTpoe “crapeHue”. Bxiany sToit
IpYInbl OTBeYaeT HayaJbHbIA Y4yaCTOK KpUBOH 2
Ha puc. 1.3.1.

B pacyerax Ha HaJeXHOCTb HEPENKO MC-
MOJIb3YIOT raMMa-pacripeieJieHHe C TUIOTHOCThIO
pacrnipenejieHusl HapaGOTKM IO OTKa3a

- t
=— -0 1.3.6
f(7) — exp{ tc} ( )

Ina “crapelomwinx” sneMeHTOB o > 1. XapakTtep-
Hoe BpeMs, Kak U B ¢opmyne (1.3.2), obo3Haye-
HO yepe3 f.. BeposiTHOCTb 6e30TKa3HON pabOTHI
P(?) c yuetoM (1.2.3) paBHO MHTerpany ot f (f) Ha
oTpe3Ke [t, ).
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Puc. 1.3.1. IHTEHCHBHOCTb OTKa30B
KaK QyHKuus HapaboTKku:
1- TUMUYHBIA clyyait; 2 - NPpYU HAJIMYMM TPYTIIb
GBICTPO “cTaperolumnx” .3JeMEHTOB

HanexHocTh BOCCTaHaBJIMBaeMbIX 3JIEMEH-
ToB (B oOOlEM ciiyyae - BOCCTaHaBJIMBaeMBbIX
00BbEKTOB) OOBIYHO OMMCBIBAIOT, MCIOJIb3YS] MO-
e claydaiHbIX mpoueccoB. PaccMoTpuM, Ha-
NMpUMep, Moeb OXHOPOOHOTO IyacCOHOBCKOIO
MOTOKa C TapaMeTPOM |, pPaBHBIM CpeIHEMY
YyHCly OTKa3oB B e€IMHMLY BpeMeHH. BeposT-
HOCTb HacTyTuieHMsl Ha oTpeske [0, #f] poBHO k
OTKa30B cjienyeT 3akoHy IlyaccoHa

o= B0 et

k!

(k=0,1,.)

(1.3.7)

Moneny (1.3.7) oTBeyaeT, B YacTHOCTH,
cnenywoueit cxeMe. OOBEKT 3KCIUTyaTHPYIOT WM
WUCTIBITBIBAIOT OO HAcTYIUIEHUs] OTKa3a oInpene-
JICHHOTO 3JieMEHTa, 3aTeM 3aMEHsIIOT OTKa3aB-
IUMA 3JIEeMEHT HOBBIM M3 TOM Xe TeHepaJbHOM

m

a)

r3

6)

COBOKYITIHOCTH, [OBOAST 3JIEMEHT OO OTKa3a,
3aMEHSIIOT TPeTbUM U T.O. [1ycTh mpomospKuTeb-
HOCTh BPpEMEHM Ha 3aMeHYy OTKa3aBLUETO 3JIEMEH-
Ta IPYTMM IpeHebpeXUMOo Majla Mo CPaBHEHHUIO C
MPONOJDKUTENBHOCTBIO paboThl MeXIy COCEeIHM-
MM oTKa3aMHu. Torma npouecc ONUChIBaeTCs Npu
MOMOIUM TIOC/IEOBAaTENIBHOCTH #y, f), ... MOMEH-
TOB HacTyIUleHMsl oTka3oB. HapaGoTka Mexnmy
OTKa3aMM - cjlyyaiiHas BeJIMYMHa, TaK YTO IO-
CJleoBaTeIbHOCTh OTKA30B IIPENCTaBJsieT coboit
MOTOK CJIyYaiHBIX cOOBITHI1. TIpM BepOSITHOCTH
6e30TKa3HOM paboTBl 3JIeMEHTa, 3ajaHHOW B
Buzge (1.3.1), npuxoauM K .MOZEJIM OQHOPOOHOIO
nyaccoHoBcKoro noroka (1.3.7).

Monenu ciiyyaifHbIX MTOTOKOB HaxONAT LUM-
poKoe NMpUMeHeHHe B TeopuM HaaexHocTu. Ha-
psNy C MOTOKaMH OTKa30B BBOISIT IOTOKH, BOC-
CTaHOBJIEHUI, oOIepaLMii TeXHUYecKoro obciy-
XHUBaHUsA U T.A. [1ocKONBKY B CTPYKTYpHBIX MO-
eJISIX TEOpUH HaNEeXHOCTH YMCJIO BO3MOXHBIX
COCTOSIHUI KOHEYHO, TO MONENIU Cly4ahHbIX
MPOLIECCOB C KOHEYHBIM MHOXECTBOM 3HauyeHUH
cJIyXaT yIOOHBIM amnmnapaTroM Ul OITMcaHUsl o6b-
€KTOB B YCJIOBUSIX TEXHHYECKOTO OOCIy>KMBaHHUS
MU BocCTaHOBJIeHHs. [TonpoOGHOCTH MOXHO HaWTH
B [1, 2, 16, 19, 25, 26].

1.3.2. HAAEXHOCTb CHCTEM.
NPUMEHEHME BJIOK-CXEM

[lns HarisimHOro npencTaBleHHMs] B3aHMO-
OeACTBMS MeXIy O3JieMeHTaMH, oO6pasylolmmu
CUCTEMY, MCNOAB3YIOT 6n0K-cxeMsbl. [1puMepbl
npocTelunx O6J0K-cXeM TpUBEAEHbl Ha pHC.
1.3.2. Bo Bcex AajbHEHIIMX NPUMeEpax MPUHSTO,
YTO OTKa3bl 3JIEMEHTOB NMPOUCXOMAT HE3aBUCHMO.

-3

2)

Puc. 1.3.2. Baok-cxembl NOCJA€A0BaTENbHOH, NAPANIENbHON, NOCIEA0BATENbHO-NAPANIENbHON
H NapaniebHO-NoCAeA0BATENbHON CHCTEM

Ecnu aneMeHTBl B3aMMOAEICTBYIOT Tak, YTO
OTKa3 JIloboro M3 HUX NMPHUBOIUT K OTKa3y CHUCTe-
MBI, TO COENUHEHME 3JIEeMEHTOB Ha3blBalOT nocre-
dosamenvrbim (puc. 1.3.2, a). BezorkasHasi pa6o-
Ta CHUCTEMBI €CTb Clly4yaiiHoe coObiTHe, paBHOE
repeceyeHnIo He3aBUCHUMBIX cOObITMH - 6e30T-

Ka3HOM paboThl KaXIOro U3 3jieMeHTOB. Bepost-
HOCTb 6€30TKa3HOM paboTbhl CUCTEMbI

m
P(t)= kr=llPk(t). (1.3.8)
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3mecy Py(), . . ., Py(f) - BeposiTHOCTU Oe30TKa3-
HOWM paboThl 3JIEMEHTOB.
Ecnu Py()= ..= P,()= Py(f), To BMeCTO

(1.3.8) umeeMm

P(1)= 174 ().

B ciyyae 3KCNOHEHUMaIbHOTO pacrpeae/ieHus
(1.3.1)

P(t) = exp(-mrt), T = (mr)Ll.

31 GopMyNbl WUTIOCTPUPYIOT XOPOLIO M3-
BECTHBIH (PaKT: €clM 3/IeMEHThl B3aMMONEHCTBY-
I0T MO CXeMe INOC/IelOBAaTeJIbBHOTO COEAWHEHHS,
TO moKa3aTeJM O6e30TKa3HOCTH CHUCTEMbl HHUXe
COOTBETCTBYIOLLUMX TIOKa3aTejieil Jio6oro M3 ee
aneMeHTOB. C yBe/JIMYEHHEM YMCJIAa 3JIEMEHTOB
nokasateqM ObicTpo magalor. Ecnu umcino m Be-
JIMKO, TO MPaKTHUYECKH HEBO3MOXHO 00Opa3oBaTh
CUCTEMy C BBICOKOI Oe3oTka3HocTblo. Hampu-
Mep, npu m=103, Py = 0,99 6yneM umetp P <
10-4. Cpennsis HapaboTKa O OTKa3a TakKoW CHC-
Tembl Gymer B 10° pa3 MeHblue cpenHeidl Hapa-
6O0TKM 10 OTKa3a 3JIEMEHTa M T.II.

IMyctb BeposATHOCTP 6e30TKa3HOM paGoThI
3/1eMeHTOB 3afaHa B Bule (1.3.2) ¢ mapameTpamu
t 4 a,. Torna no dopmyne (1.3.8)

P(1) = exp| —Zm:(%k)ak

k=1

(139

HaanMep, Uil CUCTEMBI M3 OOWHAKOBBIX 3JI€-
MEHTOB

P(t) = exp[-m(t/1)°],
a cpenHss HapaboTKa [0 OTKasa
T = (1. /m'/*) I (1+1/a). (1.3.10)

N3 conocraBnenus dopmyn (1.3.3) u (1.3.10)
BMIHO, YTO CHHUXEHHUE cpedHel HapaboTKH cHc-
TeMbl 0 OTKa3a Oyner TeM MeHblle, yeM Oosblie
nokasatenb o B ¢opmyne (1.3.2), T.e. yeM KoM-
MakKTHee pacripenejieHue 6e30TKa3HONW HapabOTKHU
3JIEMEHTOB.

OnuH M3 criocoGoB MOBBIILIEHUST HANEXHO-
CTM - BBelecHME B CHUCTEMY JOIOJIHUTENIbHBIX
3JIEMEHTOB WJIM TOACHUCTEM CBePX KOJMYecTBa,
MHUHUM&IBHO HEOOXOOMMOrO JUISl BBIMOJIHEHUS
3ajaHHbIX (YHKUUA. DTOT MeTOA Ha3blBaloOT pe-
3epeuposaruem.

Bnok-cxema npocreitiiero crnocoba pesep-
BUpOBaHMsl MoKa3aHa Ha puc. 1.3.2, 6. Bmecto
ONHOTO 3JIEMEHTa, NOCTaTOYHOIrO ISI BBHIMOJIHE-
Hus1 GYHKUUIA, B CUCTEMY BBEIEHO N 3JIEMEHTOB.
Ot1ka3bl 3JIEMEHTOB - He3aBUCHMblE COOBITHS, a
OTKa3 CUCTEMBbI NPOMCXOAMT JIMIUb B TOM Cllyyae,
€CJIM OTKaXyT BCe N 3JieMeHTOB. Takoe coeluHe-
HHUE Has3blBAlOT napaanrenvhvim. BeposTHocTb OT-
Kaza cucteMmbl () paBHa NpPOU3BENEHUIO BEPO-
satHocteit Qy(?), ..., On(?) OTKa30B ee 3JIEMEHTOB.

Orciona BepoSTHOCTb Ge30TKa3HOM paboThl CHC-
TEMBI

P()=1- kl'ill[l~ P(r)) 31D

I1pu onMHaKOBBIX MOKa3aTeJIsIX HaAeXHOCTH BCexX
anemeHToB P(f) =1 - [1 - Py(H)]"™

IIpy 3KCMOHEHUMATBHOM 3aKOHE HaleX-
Hocti (1.3.1) cpenHsss HapaboTKa OO OTKa3sa
CHUCTEMBI COCTaBJISIET

(1.3.12)

Be3oTkazHOCTh CHUCTEMBI € MNMapajuie/ibHbIM
CoelMHEHHUEM 3JIEMEHTOB BO3pacTaeT C yBeJlnye-
HMEM KpaTHOCTH pe3epBUpoBaHMs. Tak, yxe npu
ONHOKPaTHOM pe3epBUPOBaHUMU (ay6IMpOBaHUU)
B CJlyyae, KOraa TMoOKa3aTe/lb HaleXHOCTH 3Je-
MeHTa Py = 0,99, mwia cucremsbl nonyyaem P =
0,9999. CpenHsisi HapaboTka o OTKa3a no ¢op-
myne (1.3.12) Bo3pacTtaeT B nositopa pasa.

Ha puc. 1.3.2, ¢ npencraBieHa 6JI0K-cxeMa,
B KOTOpOiI1 Kaxlasi MOACHUCTEMa pe3epBHUpOBaHa
n - 1 pa3. BeposTHocThb 6e€30TKa3HOI pabOThI
TaKoW CUCTEMBI

n
m

P(f)=1- I—kl'l‘Pk(t) (13.13)
Bnok-cxema, n3zobpaxeHHass Ha puc. 1.3.2,
2, WUIIOCTPUPYET CMoco6 pa3nesibHOro pe3epBH-
poBaHusl. Ha 3Toil cxeMe KaXHblii 3JIeMEHT pe-
3epBUpyeTcsl n - 1 pa3, MocJjie Yero NoACUCTEMBI

COEeNMHSAIOT TMocenosaresabHo. Torna

P(1)= kI'Z[l{l -[t- Pk(t)]"}. (1.3.14)

Puc. 1.3.3. Cucrema WacCH TSOKEJOr0 CaMoiera
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Puc. 1.3.4. Brok-cxema 1Uis OLEHKH
6€30TKa3HOCTH CHCTEMbI IACCH

B kauecTBe 6oJiee COXHOro NMpHUMepa pac-
cMOTpUM [39] cucTeMy HIacCH TSXejloro caMosie-
Ta (puc. 1.3.3). Cucrema HacuuthiBaet 18 korec,
M3 KOTOpbIX ABa OOpa3ylOT MEPENHIOID TEJIEXKY
N, 8 konec o6pa3yloT nBe TeJeXku W) u W,
pacrioioXeHHble MOoA LIEHTPaJbHOM YacTbio Pro-
3esXa, U eule 8 - nBe TeleXKH Ry U Ry, pacrio-
JIOXKEHHbIE OJIMXE K XBOCTY.

Jins mpocToThl OTpaHMYMMCS OTKa3zaMU B
CBSI3M C YTpaToii paboOTOCIOCOOHOCTHM KoJlec.
OrKa3 cHcTeMbl HaCTyTNaeT B Cllyyae OTKa3a Ol-
HOl M3 MONCHUCTEM - TEpenHEN TeNeXKHU, XOTs
6bl OMHOM M3 LIEHTPAIbHBIX TENEXEK, WM 0beux
XBOCTOBBIX TejleXeK. biok-cxema cucteMsl noka-
3aHa Ha puc. 1.3.4.

HocoBasi Tenexka, ABe LEHTpaJbHble Te-
JIEXKM M Tapa XBOCTOBBIX TeJieXeK oOpa3yloT
nocienoBateibHoe ( B CMbICJie HaNEXHOCTH)
coennHeHue. Koneca Kaxmoii Tenexkud obpasyior
napajUie/ibHble COEOUHEHUs. 3adHHe TeNeXKHU
TaKXe€ COCTABJISIIOT TMapajulejibHOe COelVHEeHHe,
MOCKOJIbKY TpenriojiaraeTcsi, 4YTo B cjlyyae OTKa3a
KOJIeC OOHOM M3 TejieXeK Harpy3ka MOXeT ObITh
BOCIIPHHSITa KOJIECAMU IPYTOH TENIEXKH.

Yucno sneMeHTOB, BXODSLUMX B OJ0K-
CXeMy, MOXET 3HAaYUTEJIbHO TIpEeBBIIaTh YHUCIIO
dusnyeckux sneMeHToB cxeM. MumocTpaTuBHbBIA
npUMep nokasaH Ha puc. 1.3.5, a.

DTO OTHOCHMTEJIBHO TMpOCTasi, CTaTUYECKH
HeolpenenuMas ¢epMa, cocTosiiiasi U3 CTepXHei
1, 2, ..., 10 1 HarpyXeHHasl KBa3UCTaTUYECKUMH
cunaMu. CrTeneHb CTaTUYECKOH HeoNnpeneIuMo-
CTH, OYeBHMAHO, paBHa enuHuue. PepMma paspy-
waeTcsl, eClM pa3pyllaercss XoTss Obl OOUH M3
371eMeHTOB 1, 2, 3, 4, BXOOSIIUMUX B €€ CTaTUYECKH

omnpenenuMyio cucteMy. PepMa Takxke paspylua-
eTcs, eClIM pa3spyluaeTcs XOoTs Obl onHa mapa M3
yycaa 3neMeHToB 5, 6, ..., 10. ITonaras BeposiT-
HOCTH 6€30TKa3HOil pabGoThl 3JIEMEHTOB HE3aBH-
CHMBbIMM, 3aME€THM, YTO BEPOSITHOCTb 6e30TKa3-
HOM paboThl NMpH YCIOBMUU 6€30TKa3HOCTH CTaTH-
YyeCKM HeomnpenelMMoN TOACHCTEMBl  paBHa

4
I1 P, (3necb Py - BEepOATHOCTb Ge30TKa3HOM
k=1

paboThl k-ro 3neMeHTa). BeposiTHOCTh paspyuue-
HHSl TIapbl 3JIEMEHTOB, BXOISILMX B CTaTHYECKH
HEOMpeNeJMMYIO TIONCUCTEMY, COCTABIISIET

P+ P - B Py,

rne j, k=5,6,..,10,j k.

HeobxonuMo nepebpaTth Bce OMHapHble
KOMOMHAUMM M TIEPEMHOXHMTb BEPOSITHOCTH HX
6e3oTkasHoil paboThl. B pe3ynbTaTe mnosyyuMm,
4yTO

10
P=PP)P3Py _HSX
Jj=

o (1.3.15)

x kI;IS(Pj + Py —Pij)
k#j

Biok-cxeMa, WUIIOCTpUpYIOWIast 3TH TON-
CUCTeMBI, TOKa3aHa Ha puc. 1.3.5, 6. O6patum
BHMMaHME Ha TO, YTO B Mapax NapalejbHO CO-
€IMHEHHBIX 3JIEMEHTOB ONHM U TE XE CTEPXHHM
¢depMbl (B pa3HbIX KOMOMHaLMSX) MOSBIAIOTCA
HeoQHOKpaTHo. HeTpynHo moacuyuraTth, YTo 4MC-
JIO TakMX ‘“37eMeHTOB” paBHO 19, B TOo Bpems
KakK (U3MYecKas CUCTEMa COCTOMT TOJbKO M3 10
3JIEMEHTOB.

s H 9

Puc. 1.3.5. Craruyeckn Heonpeneanmas
tdepma (a) u Oa0K-cXeMa, HILTIOCTPHPYIOILAS
B3aMMOJEHCTBHE €€ IEMEHTOB C TOYKH 3PEHUs
HanexHocTH (6)
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@opmynst (1.3.11) - (1.3.15) cooTBeTCTBY-
I0T HarpyXX€HHOMY pe3epBUPOBaHMIO, Korza Bce
pe3epBHbIE 3JIEMEHTBI HaXoAsTcsl B paboyeM co-
cTosiHUM. Hapsny ¢ 3THM HMCMOJIB3YIOT: CXEMBI, B
KOTOPBIX pe3epBHBbIl 3JIEMEHT BBOISIT B paboTy
TOJIBKO B Cllyyae OTKa3a OYEpEeOHOro 3JIEMEHTA;
CXeMbl, B KOTODBIX PE€3€pBHbIE 3JIEMEHTHl pabo-
TalOT B OOJIETYEHHOM PEXHUME; CXEMbl C KOHeY-
HBbIM BPEMEHEM INEPEKIIOYEHUS] U BO3MOXHOCTBIO
OTKa30B mepekinoyareneil U T.n. PopMynsl wist
pacyeTa pa3HOOOpa3HBIX BapMaHTOB, COOOpaxe-
HHs IO BbIOOPY palLIMOHAIBHBIX CXEM Pe3epBUpPO-
BaHMS U OpYToH CIPaBOYHBII MaTepHall UMeeTcs
B [37].

1.3.3. AEPEBbSI OTKA3OB

IloHaTHe depesa omkaszoe (fault tree) BO3-
HUKJIO B CBSI3M C aHAJIM30M HaleXHOCTH CJIOX-
HbIX cucTeM. Llenbio MocTpoeHus Takoro aepesa
OTKa30B SIBJISIETCS] CUMBOJIMYECKOE TMpencTaBlie-
HME TOCJ/IeIOBAaTENIbHOCTY BO3HUKHOBEHMS YCJIO-
BUH, TIPUBOMSILIMX CHUCTEMY K OTKa3y, HexeJa-
TeJIbHOMY (KPUTHYECKOMY) UIS1 0OBEKTa B LIEJIOM.

Mertonosnorus nepeBbeB OTKa30B HEMOCPENCTBEH-
HO cBsi3aHa C 0oJjiee OOLIMM METOIOM Oepegbes
cobuimull (event tree), B KOTOPBIX pOJib NTPOMEXY-
TOYHBIX M KOHEYHBIX COOBITUI He 00s3aTe/IbHO
WUIpaloT OTKa3bl cUCTeMBI. i1 nMpUMeHEeHUsT Me-
TONOB NEPEBLEB OTKAa30B M HEPEBbLEB COOBITUI
HeoOXooMMO  TMpeACTaBUTh  (PYHKIMOHAILHBIE
B3aMMOCBSI3U 3JIEMEHTOB CMCTEMBI (OObekTa,
KOHCTPYKLUMH) B BHIE JIOTMYECKON CXEMBl, Y4H-
ThIBalOllle B3aMMHYI0 3aBUCMMOCTb OTKa30B
3JIEMEHTOB M IPYIIN 3JiEeMEHTOB. MeTonojiornye-
ckoe obecrieyeHHe NAHHBIX MOIXONOB COCTOMT B
COBMECTHOM NpPHUMEHEHHH METONOB TEOPUH Ipa-
¢oB, MaTeMaTUYECKOM JIOTUKM U TEOPHM BEPOSIT-
Hocre#t [1, 19, 29, 33, 39, 45].

PaspabotaHa crnienMaibHas CMMBOJIMKA IS
NpeAcTaBleHUs] HepeBbeB OTKa3oB. BepuumHoii
JiepeBa OTKa30B SIBISAETCS KOHEYHOE COOBITHE -
MOJNHBIA OTKa3 cucTeMbl. [IpoMeXyToyHble Bep-
WUHBl  (y3nbl rpacda) TpeACTaBISIOT coboi
Jornyeckue omnepaumu TtMna W u  WIH,
COOTBETCTBYIOILME TEOPETUKO-MHOXECTBEHHOMY
ONMUCAHMUIO SI3blIKa OWHApHOM JIOTMKH.

1.3.1. OcHoBHbIe 0003HAYEHHs, HCNIONb3YeMble NPH NOCTPOEHNH JAEePEBbEB OTKA30B

Bun anemeHTa HaumeHoBaHue OnucaHue
Cxema U BrixonHoit curHai B mosiBNsieTcsl TOJBKO
(coBMellieHHe) TOrAa, KOrAa IMOCTYNAalOT BCE BXOAHBIE CHT-
HaJlbl
ANAHN.NA)=>B
AA,. A,
B Cxema HIIH BeixonHo#M curhan B mosiBisieTcs INpH To-
(o6benuHeHue) CTYTUIEHUM JI000ro OAHOrO WM O6oJibliiero
YHCJla CUTHAJIOB A;
A A A A UAHU..UA4)=>B
172" "'n
] PesynbTupyloluee Pe3ynbTaT KOHKpPETHOI KOMOWHALMMU OTKa-
coObITHE 30B Ha BXOJI€ JIOTMYECKON CXEMBI

IMepBuyuHBIi OTKa3

Henonxoe cobbitne

Otka3 (HeUCIpaBHOCTh), IIPUYUHBI KOTOPO-
ro BbIABJIEHbl HE [MOJIHOCTBbIO, HaNpuMep,
K3-3a OTCYTCTBUSA MHPOpMaLMHU

O
<>
)

OxuinaeMoe cobbITHE

Orka3, nosiBJieHHe KOTOPOro oXuuaeTcs
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Puc. 1.3.6. I'paduueckue cxembl Ui pacyera HaJEKHOCTH A NOC/IEL0BATENbHOH CHCTEMBI

ITpoMexyTouHble BepLUMHBI, a TaKXe HC-
XoIHble cOOBITHA (OTKa3bl 3JIEMEHTOB) 00Opa3yioT
HMepapXUYecKyl0 CTPYKTYpYy C NMOHUXEHUEM YpPOB-
Hel B HarpaBJIEeHHHM MCXOAHBIX OTKa30B 3JieMEH-
ToB.B Tabn. 1.3.1 npeactaBieHa TpaaMLMOHHasi
CHMMBOJIMKA, MCIoJiib3yeMass TPy IOCTPOEHHM
IepeBbeB OTKa3oB. bBonee mnomHoe onucaHue
npuBeneHo B [19].

IMocTpoeHne nepeBa OTKa30B UL CJIOXHOM
CHUCTEMBI TNpeAroiaraeT YyeTkoe MpeacraBieHre o
BCceX (GYHKUMOHAILHBIX B3aMMOCBS3SIX 3JIEMEH-
TOB, IPUYMHAX UX OTKA30B, a TAKXE O MOCIENCT-
BUSIX 3TUX OTKa3oB. [lepBoe M3 mepeynciieHHOTro
MONyYyaloT MNYTeM T[OCTPOEHUSI  CTPYKTYPHO-
(YHKUMOHABHBIX CXeM CUCTEMBI (KOHCTPYKLIMHM,
obbekTa). bonee moapoOHbIit CTpyKTypupOBaH-
HbIif MMOAXON YYMTHIBA€T BTOPHUYHbBIE OTKAa3bl,
VHMUMUPOBaHHble OTKa3bl M T.nm. [locme Toro,
KaK HEepeBO OTKa30B CUCTEMBbI IMOCTPOEHO, Mpo-
MU3BOMAT €ro KayeCTBEHHBI M KONUYECTBEHHbIN
aHaIM3 W BBIYMCIIIOT BEPOSITHOCTb pPe3Y/IbTU-
PYIOLLIETO TOJIHOTO OTKa3a CHUCTEMbI C YYETOM
M3BECTHOI MHPOPMaLMHU O HaEXHOCTH 3JIEMEH-
TOB, T.€. O BEPOSITHOCTSIX M1 MHTEHCHUBHOCTAX MX
O0TKa30B, Ko3¢PHLHEeHTaX TOTOBHOCTU U T.I.

[IpuBeneM npuMepsl, KOoTopble MOKa3biBa-
10T, KaKUM 00pa3oM OOblyHble GJIOK-CXeMbl Mpe-
00pa3yloTcsi B CXeMbl TMIa IE€PEBLEB OTKA30B.

Jns  nocnemoBaTesbHOM CcHUCTEMBI  (pHC.
1.3.2, a) MOXHO TNpPeMIOXUTh YeThbipe rpacduye-
CKHME CXeMbl pacyeTa HaaexXHocTH (puc. 1.3.6),
IIBE M3 KOTOPBIX ABJIAIOTCS OJIOK-CXEMaMH, a IBe
- TUMIMYHBIMM IEPEBBSIMU.

2)

YepTa cBepxy Haa JIOTMYECKOH IepeMeH-
HOIl 0o603HayaeT ee OTpULIAaHME, T.€. MPOTUBOIO-
JIoXHOe cobbiTHe, cMMBOJIBL 4 M E B KpyXKax
(BXO& M BbIXOO) - MCXOOHasi U KOHEYHasi BeplUM-
Hbl rpada (HayaJlbHOE COCTOSIHME CUCTEMBI M ee
otka3). Eciu yepe3d X; 0603HaYUTh JOTHYECKYIO
NepeMeHHYI0, COOTBETCTBYIOILYIO paboTocnocob-
HOMY COCTOSIHMIO / - rO 3jieMeHTa, a yepe3 S -
COCTOSIHUE paboTOCIOCOOHOCTH CHUCTEMbBI, TO
Hn3obpaxeHHoe Ha puc. 1.3.6, 8 nepeBo COOTBET-
CTBYET IepeBy OTKa30B CHCTEMbI, a Ha puc. 1.3.6,
2 - nepeBy pabOTOCMOCOOHOCTU. AHaJIOTHYHbIE
CXEMBbl [U1Sl Napajule/ibHOM CHCTEMBI MpeacTaBlie-
HBI Ha puc. 1.3.7.

Ha puc. 1.3.8, @ mnokasaHa CTpyKTypHO-
dyHKUMOHaNbHAs cXeMa I CHCTEMBI CO CMe-
LIAaHHOM cTpykTypo# [39]. DTy cHCTEMy MOXHO
MHTEPIIPETUPOBATb KaK CHUCTEMY BONOCHAGXEHMS
U3 KoJoAla [UIS XWJIOro [oMa, ecjld NpHAaTh
HOMepaM  3JIEMEHTOB  CJIEAYIOLMH  CMBICK:
1 - py4yHO#l Hacoc: 2 - 3/IEeKTPOCHaGXeHHe,
3 - mepBasi mapa “MoTop - Hacoc”, 4 - BTOpas
rnapa “MoTop - Hacoc”, 5 - ypoBeHb BOIbI B KO-
Jonue. DTa Xe CXeMa MOXET CJyXHUTb O610K-
cXeMo# paccMaTpvBaeMoi cuctemsl. M3 BiusiHus
OTHEJIbHBIX 3JIEMEHTOB Ha HalEeXHOCTb CHCTEMBI
B ULEJIOM BHUIOHO, YTO KpUTHYeCKMM (cylue-
CTBEHHBIM) COObITHEM OymeT mngToe: YpPOBEHb
BOABI B KOJIOALE HEAOCTAaTOYHO BbicOK. Ha pwmc.
1.3.8, 6 - 2 U306paxeHbl ApYTHE IKBUBAJIEHTHBIE
CXeMbl UIsl pacyeTa HazexHocTH. Cxema 6 cooT-
BETCTBYET pacyeTy HaleXHOCTHU IO KPHUTEpPHUIO
OTKa3a, cxeMa 6 TIpeACTaBIsieT coboil nepeBo
OTKa30B, CXeMa 2 - AepeBo paboTocrocoOHOCTH.
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Puc. 1.3.8. IIpumep cMemanHoOl CHCTEMbI

B kauyecTBe ellle ONHOro INnpuMepa Ha
puc. 1.3.9 nokazaHo nepeBO OTKa30B IUIs1 CXe-
Mbl wiaccu puc. 1.3.3 u 1.3.4, roe moka3aHbl
dusnyeckas Monmenbp U ee Glok-cxeMa). s
MOHOTOHHBIX CUCTEM U CHCTEM, NPHUBOAMMBIX

2 — 8277

K MOHOTOHHBIM, PacCMOTpPEHHbIe TpPUMEphI
IAIOT, TO-CYLIECTBY, CTPYKTYPY OTIEJIbHbIX
noxacucteM (noarpadoB), U3 KOTOPbIX MOXHO
NMOCTPOUTh AEpEeBO OTKa3a JI060M Takoi cuc-
TeMbl. HekoToprle 3¢ddeKTUBHbIE aITOPUTMbI
Takoro Tmonxoma  M3JoxeHsl B [39].
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O1xa3 cucremn

&

1

O1xa3 Hocoso#
CHCTeMBI

HOH cHcTeMBI

OTxa3 ueHTpaL:-

O1xa3 XxBocToBOH
CHCTEMBI

O1xa3 ueHTpam-
Holl Tenexxu 2 2

5660 6668

O1xa3 xsocToBoi
TENOKKH |

R O1xa3 xBocToBOIH
! TenexKxH 2

OO ®OOO

Puc. 1.3.9. JlepeBo 0TKa30B Aif CHCTEMb] WACCH TSIKENOrO Camojera

1.3.4. AEPEBbSI COBbITUI

IMToMuMo cobCcTBEHHO OTKa30B, Hal€>XXHOCTbD -

U 0e30MacHOCTb CHCTEM OIPEAesSIIOTCS PSAOM
IPYTUX COOBITHIA, KOTOpblE HE SIBJISIIOTCS OTKa3a-
MU B NpPSIMOM 3HayeHUM 3TOro noHaTusd. Tak,
OTKJIIOYEHUE BHEILHEro 3HEeprocHabXeHus
OTKa3 B 3Hepretuyeckoit cucreme. Ho no otHo-
LIEHMIO, CKaXeM, K paboTe XOJIONWIIbHON CHCTe-
MBI, 3TO He OTKa3, a BHellHee cobbiThe. Takux
NMPUMEPOB MOXHO NpHBecTH HeMmaio. K BHeum-
HHMM COOBITUSM, MHULIMMPYIOLLMM OTKa3bl, OTHO-
cATC MHOTMe TIPUPONHbIE SIBJIEHUSI, KOTOpble
SIBIAIOTCS  TMOTEHUMAJIbHBIMH  HMCTOYHMKaMHU
OINAaCHOCTH: 3eMJIETPSICEHUsI, HaBOAHEHHMs, Yypa-
raipl M T.n. CBoeobOpa3HOE MECTO 3aHMMAIOT
COObITHSI, CBS3aHHBIE C NEHCTBUSIMM YeJiOBeKa-
onepatopa. J[lefictBus, owubOYHble B ONHOM
CUTYyallMH, OKa3bIBalOTCS1 MPaBUJIbHBIMU B ApYTroi
cutyauuu. BosHHKaeT Bompoc, Kakue NeWCTBMS
omnepatopa CYMTaTb OTKa3oM. JlomojHUTebHbIE
OCJIOXKHEHHMS] BHOCUT TO OOCTOSITE/IbCTBO, YTO
[aJIeKo He BCce HebnaronpUsiTHble COOBITUSI MOTYT
ObITh  (CornacHo MAEHCTBYIOIIMM CTaHZapTaM)
aTTECTOBaHbl KaK OTKa3bl.

B coBpeMeHHOM CHCTEMHOW TEOpUM Ha-
IEXHOCTU BCE Yallle UCTOJb3YIOT MOHATHE COOBI-
THSI, KOTOpOe HaMHOIO luMpe TOHSTHUS OTKasa
KakK yacTHoro ciyyasi cobeitus. ITo TeM xe npu-
YUHaM B IOCJieHEee BpeMsl MHXEHEephl BCe LUMUpe
MPUMEHSIIOT JIOTUYECKME CXEeMbl THUMNa IepeBa
coObITUII B3aMeH Oonee paHHe#H cXeMbl AepeBa
OTKa30B.

C TOYKM 3peHHUs HaleXXHOCTH KaK AepeBbs
COOBITUH, TaK M AepeBbsl OTKa30B (He roBopsl O
6oJlee paHHMX NPENCTaBIEHUSIX THUIa OJIOK-CXeM
uin rpa¢oB) SBIAIOTCS JIMIUb WJUNIOCTpPALIMEH K
BEPOSITHOCTHBIM MOIEJISIM, HE BBIXOMSILUMM 3a
paMKM 3JIeMEHTapHbIX MnpenactasieHuii. Ho onm
MPEeNCTaB/IAIOT 3HAYMTENIbHbIA HMHTEpeC LIS WH-
XEHEepOB, OCOOEHHO TeX, KTO CBfI3aH C 3KCIUTya-
Taluei, TEXHUYECKUM OOCTy>KMBaHMEM U Hal3o-
poM. HMes Takylo cXeMy, CHNELMaJIUCT, He
HMMEIOLMIA TIOATOTOBKM IO TEOPUU BEPOSITHO-
CTeil, MOXeT HalTH Haubonee HebnaronpusT-
Hbli, KDUTUYECKUH BapHMaHT Pa3sBUTHSI COOBITHM.
OH MOXeT Haxe OLEHUTb OXMIAeMbIil PpUCK,
€CJIA 1ePEBO COOBITUH OCHAILIEHO COOTBETCTBYIO-
et yucnoBo HHbopmauueit. lepeBbsi coObI-
TUH TIOJIE3HBI elle U TMOTOMY, YTO OHM CJIyXaT
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LUEHHBIM JOIOJIHEHMEM K TEXHHYECKMM M IOJIK-
HOCTHBIM WHCTPYKLIMSIM, TOKa3biBasi MEepPCOHaTY
BO3MOXHbIE BapUMaHTbl pPa3BUTHSI COOBITHI B
3aBMCHUMOCTH OT NpeANPUHUMAEMBbIX NE€HCTBUM.

B ommume OT [OepeBbeB  OTKa30B
(HeucripaBHOCTe) U TeM 0oJiee OT CTPYKTYPHBIX
rpadoBbIX CXeM HaJeXHOCTH (Hanmpumep, OT
CETeBBIX CTPYKTYp), ¢GuU3HyecKoe coaepxaHue
IepeBbeB COOBITHIT OKa3bIBaeTCsl NMPUHLUITUAIBHO
HHBIM. ECIM OCHOBHBIM NpPEHMYLIECTBOM [e-
peBbeB OTKa30B IO CPaBHEHHUIO C 6JI0K-CXxeMaMH
SB/ISIETCS YYeT TNPUYUHHO-CJIENCTBEHHOM 3aBH-
CHMOCTH MeEXIY COCTOSIHUSIMU (OTKa3zaMM) 3Jie-
MEHTOB B (PUKCHPOBAaHHbIE MOMEHTHI BPEMEHHM,
TO IepeBbsl COOBITUII OPUEHTUPOBAaHBI Ha Mcclie-
noBaHUe (PU3UYECKUX TNPOLIECCOB, TNPUBOMSILIMX
3/IEeMEHTHl M CHUCTEMY B LIEJIOM K HEKOTOpOit
COBOKYITHOCTH KPMTUYECKHX COCTOSIHUM.

[epeBo COOBITUH TO3BOJISIET YCTaHOBUTH
BCE TOCJIENCTBUS] MHMLMUPYIOLIEro COOBLITHSI U
OLIEHUTb BEPOSATHOCTb MX ocyliecTBieHus. O6-
LM BUO nepeBa COObITMII M300paXeH Ha pHC.
1.3.10. B ocHoBaHMM HepeBa HaxOOMUTCSI MHH-
uMMpyiolliee cobbiTHe E, KOTOpoe MOXET Bbi-
3BaThb (@ MOXET M He BbI3BaTh) IOC/ENyIOLNe
cobpITHsI TiepBoro ypoBHs Ejj, Eyy, ..., Ey. B
3ajjayax HaJeXHOCTH 4acTO MMEIOTCS NBE BETBM,
Eyy n E;), onHa M3 KOTOPBIX OTBEYAeT HaCTyIUle-
HMIO OTKa3a, BTopasl - COXpaHEHMIO pabortocmno-
cobHoro coctosiHusi. COOTBETCTBYIOLLIME BEPOSIT-
HOCTM - YCJIOBHbIE, IPUYEM

k
> P(E;i|E)=1

j=l

Humumupyiowee CobbiTne Cob6brTHe
cobbITHe l-ro ypoBHs  2-ro ypoBHs

AHaJIOTMYHO BBOISIT COOBITUSI TPETHETO,
YyeTBepTOro M T.I. YpPOoBHS. B KoHUe nepesa
OOBbIYHO MPHUBOAST XapaKTEPUCTHKY KaXOoi mno-
ClIelOBaTEJIbHOCTH COOBITUH (B KpaTKO# omnuca-
TenbHON ¢GopMe), a TaKKe BEPOSTHOCTb OCYylle-
CTBJIEHMS 3TOW MOCJIENOBATEIbHOCTH.

HeTtpynHo BHOeTb, 4TO NEpeBO COOBITUM
MpeNCTaBIsAeT COOOM MU HaNIAAHYIO MIUTIOCT-
palMI0 K 3JieMeHTapHbIM ¢opMyslaM TeOpUH
BeposATHOCTeH. B caMoM nene, BeposiTHOCTh OCy-
ILECTBACHUST LIETIOYKM cobbitnit Ejy, Ep,, Ep, roe
nepBbli MHAEKC - HOMep COOBITUS, BTOpOH -
HOMED YPOBHS COOBITHS, ONpeneseTcs: Kak

P(Ej, Ey),-E3, .. |E) =
P(Ej|E) - P(E|E)E) - P(ER|Ey, EjE)...

3HayeHHUs BEPOSITHOCTEH P(E;|E),
P(Ey|EjE), ... OOGBIMHO TIDMBOMAT y COOTBETCT-
ByIOLLIMX BeTBeil nepesa. IlonHoTa Kaxmoro U3
MOANPOCTPAHCTB  obecreyuBaeTcsli MNepebopoM
BCeX BO3MOXHBIX BapuaHTOB. Kak mnpaBuio, Ha
MpaKTHKe TMpEeanosaraloT CTOXaCTUYeCKylo He3sa-
BHUCHUMOCTb MCXOIOHBIX COOBITHM, a TaKXe NpHUMe-
HHUMOCTb 3KCMOHEHLMAJIBHOIO pacrpeaeIeHMs.
IIpobneMbl MOTYT BO3HMKAThb TOJIbKO NMPHU TNpH-
MEHEHUM pacnpenesieHMH, OTIMYHBIX OT 3KCIO-
HEHUUaJIbHOro, Koraa TpeOyeTcs OLEHMTb WH-
TEHCUBHOCTb TOTOKa B COOTBETCTBYIOLUEM ceye-
HMM ZAepeBa COOBITHMI, a NMpPH TNpPUMEHEHHUU He-
TpaOgULMOHHBIX MoIeJiell [UId yyeTa YejloBeye-
CKHX oluM60K. HekoTopble crielHanbHble MOAXo-
IIbl U3JIOXKEHBI B [45].

Co6bITHe
N-ro ypoBHs

Mocnencreus ®OuHanbHas
BEPOATHOCTb

Puc. 1.3.10. CxemaTHyeckoe aepeBo coObITHMH
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Mozswxmolt
JAedext Nedext cocras Nedext Pesonanc Cxonc DuHanbHas
PebCOB  KPHTHYeCKMH He Henp P PeibcOB  BEPOSTHOCTH
Her Her 0.2
0.2
Her
0.9%9 Her Her 0.794
0.995
Aa
Her 08
HAas
0.004
0999 0.005 Ae
Aedext
—— Ao Ja 0.001
0.00t
A Du 0.001
0.001

Puc. 1.3.11. JlepeBo coObiTHii 218 CX0Aa C PeIbCOB H3-32 NeGEKTHOCTH PebCOB,
HEHCNPABHOCTH NOABHXXHOIO COCTaBa H BO3HHKHOBEHHA PE30HAHCHBIX KoneOanuit

Cxonc
penbcoB

0.006

*

0.004

Bo3HHKHOBeHHE
pesoHaHca

P,,=0.001

Jnsi WUTIOCTpaLlMM PacCMOTPUM TpUMep: U3
[39] - cxon moaBMXHOro cocraBa c pejibcoB. Ha
puc. 1.3.11 u3sobpaxeHo nepeBO COOBITMH, a Ha
puc. 1.3.12 - nepeBo 0TKa30B, WUIIOCTPUPYIOLLIME
IaHHYIO aBapMifHyl0 cuTyauMmio. HMHuumMupylo-
MM  coObITHEM ABIAIOTCS Ne(EKTbl PpENbCOB,
KOTOpblie MOApa3NesisiloT Ha KPUTHYECKHE U He-
kputnyeckue. Ha nepeBe coObITMII BEpOSITHOCTU
nosisieHus1 3THX nedexroB pasHbl 0.001 u 0.999.
3nech U najiee BbIGOP YMCIIOBBIX 3HAYEHMIT ycio-
BEH; B YaCTHOCTH, OTCYTCTBYIOT NaHHble O JUTMHE
y4yacTKa MYyTH, CPOKEe HabJIloONeHMUs WIM Kojuye-
CTBE MO0€3N0B (HanmpuMep, CJenoBajlo Obl OTHO-
cuTh BeposiTHocTM K 10° moesno-kunomerpam,
T.e. OAHOMY moe3ny, npoxomsiltemy 1000 kM, u
T.0.). Cnenyioliye coObITUSI BKIIOYAIOT HEHUC-
MPaBHOCTU TOABMXHOIO COCTaBa, I[epUonUye-
CKHI XapakTep pa3MellieHUs1 nedeKTOB, KOTOPbIi
MOXET TNPHUBECTH K PE30HAHCY KojiebaHUi mon-

IMeproanyeckue
nedexTnl

Py, =0.8

Hencnpas-
HOCTb NOABHXHOIO
cocTasa

Pp;,=0.001

Puc. 1.3.12. JepeBo 0TKa30B 418 CX04a C PenabCOB

BMXXHOTO COCTaBa M, KaK pe3yNbTaT, K CXONy €ro
C PEJIbCOB.

JlepeBo COOBLITMHI MOXET ObITb HHTEpIpe-
TUPOBaHO TOJIKO BO BpeMEHHOI 1uKae. B 3aBu-
CHUMOCTM OT TOrOo, Ha3HayaloT BeTBSIM JepeBa
BpeMeHHble MHTEpPBaJIbl WJIM HET, MOXHO TOBO-
PUTb O OuHAMUYECKUX U CMAaYUOHAPHLIX Oepegbsix
cobumuii. B nMHaMU4YecKMX nepeBbsIX TPUHLM-
MUaJIbHBIM SIBJISIETCS CJlyYailHbIi XapakTep HH-
TepBAJIOB BPEMEHM MeXAy IBYMS COOLITMSIMH,
OXHO M3 KOTODBIX MMeeT CMbIC TPUYMHBI, a
Ipyroe - clencTBMs. [Ins crauMoHapHBIX NepeBb-
€B BaXeH caM (aKT CBSI3M MeXIYy COCEAHUMH
cobpiTusiMU. [loHATHE AMHAMHMYECKMX NepeBbEB
COOBITUHA BO3HMKJIO CpaBHMTEJIBHO HeENaBHO,
Korja B psiie oTpacjieid (HarmpuMep, B aTOMHOM
3HepreTHKe) aHaJM3 KPYMHbIX KaTacTpod M aBa-
pUii mnoKa3aJl HeOOXOAMMOCTb yYeTa YeJioBeye-
ckoro ¢akTopa B Mpolecce NMPUHATUS pelUeHUH
MpU BO3HUKHOBEHUM aBapUMHBIX CHUTYalMid.
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JlepeBbsi OTKa30B M NepeBbsi COOLITHIA CTa-
A4 OKHHUM U3 paboyuX CPeACTB WHXEHEPHOro
NPOEKTUPOBaHHSI.

OcHoBHOe BHMMaHMe pa3pabOTYMKOB B Ha-
crosiiee BpeMsl YIeJsIeTCs CO3JaHUIO CIeLHain-
3UpPOBaHHBIX M KOMMEPYECKHUX IPOrpaMMHBIX
MPONYKTOB U1 aBTOMaTU3UPOBaHHOIO MOCTpOe-
HUSl IEePEBbEB OTKA30B M AEpeBbeB COOBITHIT B
CJIOXHBIX cucTeMax. [1aBHbIM oGpa3oM 3TH pa3-
pabOTKM BeAyTCS B aTOMHOM 3HepreTuke. OmpHa-
KO MHOTHME KOHEYHble MPOAYKTHI BIIOJIHE HOC-
TyMHBI U1 TIPUMEHEHUS M B APYTUX OTpaciisix,
HarpuMep TiporpaMMHbIii  Komiutekc NURRA
kopriopaiiid NUS Corporation. JJaHHBIN# MakeT
Ui aBTOMaTU3MPOBAaHHOIO IPOTHO3UPOBaHUS
pucka (Probabilistic Risk Assessment) 6bUT npen-
CTaBJleH B KOMMEpPYECKOM BuUIe B KoHue 80-x
romoB M yXe Torma naBal BO3MOXHOCTb YYeCTb
npu aHaiuse go 1000 cobwituii M no 1000 BeTB-
JIEHMIi, YTO TMO3BOJLIO MCITOJIb30BaTh KOMITbIO-
Tepbl C OTHOCHUTEJIBHO CKPOMHBIMH IO COBpe-
MEHHBIM oOlleHKaM MoluHocTAMU (640 K6 RAM
H CpaBHUTENbHO HEOGONBIION OOGbEM XECTKOro
Jucka). YUMUTBIBasi Tporpecc B 06J1aCTH KOMIIbIO-
TEPHOH TEXHUKHM, MOXHO MNpPENCTaBUTb BO3MOX-
HOCTHU Tmocyienyioliux Bepcuit nakera NUPRA.
AHajiornyHble pa3paboTKu B 06J1IaCTM aBTOMaTH-
3UpOBaHHOTO TPOTHO3UPOBaHUs  IOKa3aTesieit
pucka U 6GesomacHoctu (Probabilistic Safety
Assessment) BenyTcsl B psifie cTpaH [45].

1.3.5. IBYCTOPOHHME OLIEHKH
BJiSl TOKA3ATEJEA HAIEXHOCTH
CJIOXHDIX CHCTEM

PaccMoTpum COBOKYITHOCTb OTKa30B
E,, ..., E,, KoTopasi o6pa3yeT MojHyio (B CMbICIIE
TEOPUHM BEPOSITHOCTH) cHcTeMy cobbiTuil. Kak
NpaBHJIO, 3T COOBITMS JIMOO TOJIOXMTENBHO
KOpPEJIMPYIOT, T.€. HAacTYIUIEHUE ONHOIo M3 HMX
OnaronpUsITCTBYET HAcTYTUIEHMIO Apyroro, Jju6o
ABJISIOTCA He3aBUCUMbIMU. OTpuuaTesbHass Kop-
peisiLiMs MeXIy OTKazaMH TOXe, BoOOLUe roBops,
BO3MOXHa. Tak, BO3HMKHOBEHWE KPUTHYECKOM
CUTYalIUM MOXET MOOMJIM30BaTh CIOCOOHOCTH M
BHMMaHHWE YeJIOBEKa-oMNepaTopa, MM CKaXeM,
OTKJIIOYEHUE SHEProcHabXeHUs1 OOHOM M3 mon-
CHCTEM MOXET CO3[aThb UCTOYHMK HOTIOIHUTEJb-
HOI MOLUHOCTH Uil Apyroit noacucreMmsl. OnHa-
KO B pacyeTax HaJeXHOCTH Jiyylle UCXONUThb U3
OCTOPOXHBIX OLIEHOK.

Mycte g mobbix ABYX oTKasoB E; u E
BEPOATHOCTb HACTYIUIEHMs1 cobblTus E; mpu yc-
JIOBUM, YTO HacTymwio cobbite Ej, He MeHblie,
yeM Oe3yc/loBHasi BEPOSITHOCTb HACTYTUIEHMS
cobbiths Ej:

P(E | E) =P (E).
Orciona creayeT, 4YTO M1 TPOTHUBOIOJIOXHBIX
cOOBITHH, T.e. IS 6e30TKa3HON paGoThI

P(E,[Ek) > P(E)-

OTH COOTHOLIEHUS TMyTeM HHAYKLHMM MOXHO
0600ILIUTh HA N COOBITHIA:

(_) =p ﬂEk >

@opmyna 1.3.16 naer WId BepOATHOCTH 6€30T-
Ka3HOW paboThl OLEeHKY cHU3y. [UId oOLeHKH
CBEpXY UCIOJNB3YIOT hopMyTy:

T:I:

(Ek). (1.3.16)

P(E)< minP(E;). (1.3.17)
(E) = min p(E;)
Ob6benuusas (1.3.16) u (1.3.17), npuxonum
K IBYCTOPOHHEN OLIEHKE

f5(Ee)<2{E) <o)

WK, 0603Hayasl MokKa3saTesIM HaleXXHOCTH npocTo
P) P], ceey PID

/z (1.3.18)

n

I Py < P<minP;
J

Te Xe OLEHKM MO OTHOIUEHHIO K BEPOSTHOCTH

HaCTYTIJIEHMs] OTKa3a MMEIOT BUI

n
maxQ; <Q<1- knl(l - Q) (1.3.19)
j =
B nMTepaType MOXHO HaliTH CXONHBIE OLIEHKH, B
YaCTHOCTH

n.
<0< . 1.3.20
mjaij<Q<ZQk ( )

k=1

HuxHue oueHku B dopmynax (1.3.19) u (1.3.20)
COOTBETCTBYIOT TMPEANOJIOXEHUSAM, YTO OTKa3bl
MOJIHOCTBIO KOPPENIMPYIOT MEXIY CO0Oii, TaK 4TO
OTKa3 CHCTEMbl HAcTymaeT B Cjlyyae OTKa3a ee
ciabeifliero 3peHa. BepxHue OLIEHKM, OYeBUI-
HO, COOTBETCTBYIOT IOJIHOM HE3aBUCHUMOCTHU OT-
Ka3oB.

OLEeHKN MOTYT ObITh YJIyYllleHbl, €CJIA MU3BECTHBI
BEPOSITHOCTM COBMECTHOIO HACTYIUJIEHUS] OBYX M
6onbulero yucia coo6wiTuii. IlpocTeiiune ynyu-
LUEHUs] OCHOBaHbl Ha 3HAHUW OWHapHBIX BEPOAT-
HocTeil. B nmanpHeililieM, rae 3To He NMPUBERET K
HENOpa3yMEHMUAM, Il KPaTKOCTH 3HaK KOMIIO-
3ULMU (repeceyeHust cOObITUI) OyneM OMmycKaTb.
CocraBHOe cOObITHE - OTKa3 cucTeMmnl E mnpen-
CTaBUM B BUIE

E-= OEk = E UEZ(EI)UE3(EIE)U
k=1
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; UE,,(I:—]Ez...E,,_l). (1.3.21)

3aMeuas, 4To
P[Ek(ElEZ...Ek_l)]=P(Ek)-
-P(EkEl UEE, U...UEkEk_,) ,

P(EkEl UEkE2 U"-UEkEk—l) <
< P(EkEl)-FP(EkEz) +..+ P(EkEk—l) ,

MOJIyYUM

P Ek Elf2..fk_l)]s

<P(Ey) Z P(ELE;)

Jj=1

Orciona, Bo3Bpallasch K cooTHoweHuio (1.3.21),
roJjiy4aeM Uil BEPOATHOCTH OTKa3a OLIEHKY CHM-
3y
P(E) > P(E)) +

k-1
P(Ei)- ) P(ELE;) |0y

j=1

n

+ max Z

k=2

YT1O6BI MOJYYUTH OLEHKY CBEPXY, BHOBB
ucrionb3yeM cootHolueHne (1.3.21). C yyetoM
GUHApPHbIX BEPOSITHOCTEH MOJTYYUM

P(E) < ZPEk ZmaxPEkEj)
k=1 k= 2

O6benuHssl 3T pe3yJNbTaThl, MPUXOOMM K IBY-
CTOPOHHHM OLIEHKaM ISl BEPOSTHOCTM HaCTYTI-
JleHHs oTKasa [39]

0 + max iQk‘ZQ}kv <
k=2 Jj=1

3nech, Kak M paHee, Oy = P(E); xpoMe ToOrO,
BBeleHbl KpaTKue o6o3HayeHMs Il OGMHapHbIX
BeposiTHocTe#t Qi = P(E; Ey). Eciu Bce Qi =0,
To cooTHouueHue (1.3.22), Booblue, He yay4yuiaeT
IBYyCTOpOHHMX oueHoK (1.3.20). Tak, HUXHAS U3
oueHok (1.3.20) monyvaeTcst IULIb MPHU YCJTIOBHUM,
YTO TMPOM3BOJILHO BbiOpaHHOe E; - MajoBeposT-
Hoe.

Beryucnenue BeposiTHocTed Qj NpeacTas-
JIIeT TPYOHYIO 3aadyy. 3TH BEpOSITHOCTM MOTYT
ObITh OLIEHEHb!, HallpUMEDP, pacyeToM MO MeETondy

(1.3.22)

maxQ ji .

k=21<k

MonTe-Kaps, Kormna MoXHO onpenaeauTb 6MHap-
Hble BEPOSITHOCTH M3 BBIYMCIIMTEJIBHOTO 3KCIIe-
puMeHTa. 111 BBICOKOHANEXHBIX CHMCTEM BCE
0Q; << 1, a GuHapHble BEPOSTHOCTH, KaK MpaBH-
Jlo, TO KpaifHeil Mepe Ha MNopsiioK MeHblue. B
caMoM nene, ecnu Qj Ok, TO 3TO O3HayaeT
CHJIBHYIO CBSI3aHHOCTb OTKa30B U HeoOXOomMMOCTb
o6benHeHUs1 cobbiTuit E u Ey B ofHO cOOBITHE
naxe U3 GU3NYECKUX COOOpaXeHHH.

B wuHXeHepHOH TIpaKTMKE HaaeXHOCTb
CHCTEMBI YacTO OLIEHMBAIOT MO HaAEXHOCTH Cla-
Gejfillieil MomcUCcTeMbl WiIK crabeiluiero 3smeMeH-
Ta. OgHaKo TakoM MOAXOH, OYEBUIHO, HE MOXET
IaTh OCTOPOXHBIX OLEHOK, NMOCKOJIbKY MCK/IIOYa-
€T M3 pacCMOTpeHMs apyrue ¢GHopMbl OTKa30B M
TeM GoJsiee X B3auMoneicTBUe. Jlyyluue OoueHKH
laeT MeTol, OCHOBaHHbIi Ha ¢opMynax THUIa
(1.3.18) u (1.3.19). Hnes coctouT B BBIGOpE
“IpeAcTaBUTENbHBIX” oOTKa3oB E, OMacHBIX
OTKa30B, KOTOpble HAaCTOJNIbKO cJlabo Koppeaupy-
IOT, YTO HX MOXHO CYHUTaTb HE3aBUCHMBIMMU.
Torna, Mcrosib3ysl OCTOPOXHYIO BEPXHIOIO OLIEH-
KY, TpUHUMAIOT

0~ > PE,)

roe CyMMHMpOBaHME TIIpOBOAAT IO  BCEM
“NpencTaBUTENbHBIM” OTKazaM. B ciyyae, ecnu
P(E,) ~ 0,1 u MeHee, To naxe npu P(E; | E)~0,5
dopmyna (1.3.23) maeT npuemMyIEMYIO OLEHKY IS
BeposiTHocTH Q.

(1.3.23)

nasa 1.4

METOAbI IPOTHO3UPOBAHUS
HAIEXHOCTH U PECYPCA MAIIINH

1.4.1. MAIIIMHbI U KOHCTPYKLIUH
KAK MEXAHUYECKHE CUCTEMbI

MaluuHb ¥ KOHCTPYKUHHU LIEJIMKOM WM B
OCHOBHOM 4YaCTH MNpPEnCTaB/sIIOT coOo MeXxaHH-
YyecKMe CcHCTeMbl. Bompochl HaleXHOCTH BIep-
Bble OBUIM TOCTaBJI€Hbl MMEHHO MpU pacyerax
MeXaHUYeCcKUX CUCTEM, TOYHee, B CBA3U CO CTa-
THCTMYECKUM MCTOJIKOBaHUEM K03(h(HULIMEHTOB
3alaca M JomnycKaeMbIX HampsikeHuit. ITosene-
HHE MeXaHWYEeCKMX CHMCTEM CYLIECTBEHHO 3aBU-
CHUT OT UX B3aUMONEICTBMS C OKpYXalolleh cpe-
IO#, a TaKXe XapaKTepa MU MHTEHCHBHOCTH NpO-
LIECCOB 3KCIUlyaTauMM. [Ins npenckazaHus mnose-
IIeHUs OeTajled MallMH U 3JIEMEHTOB KOHCTPYK-
LUMA HeoOXooMMO paccMaTpuBaTh NPOLIECCHI Ae-
¢dopMMpoBaHUsl, M3HAILUMBaHUSA, HaKOIUIEHMS
MOBPEXIEHUI M pa3pylleHUs] NPHU NEePEMEHHBIX
Harpy3kax, TeMIlepaTypax M [IpPYTMX BHEWIHUX
BO3NeHCTBUAX. YTOOBI CyIMTB O TIOKa3aTessx
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6e30TKa3HOCTH M JOJIrOBEYHOCTH OOBEKTA B Iie-
JIOM, HEIOCTaTOYHO 3HaTh TOJILKO TTOKa3aTesu
oTHeNbHBIX 3JleMeHTOoB. K ToMy e MHorue Ma-
IIMHBI M CUCTEMBI MAILIMH YHUKAJIbHBI M MaJjioce-
pUHHBI, UX OJIOKM M arperarbl CJHIUKOM TIpoO-
MO3IKM WIM [OpOTd, NMO3TOMY TPYOHO pacCyu-
ThIBaTb Ha HaKOIUIEHWE NOCTOBEPHOM CTaTUCTH-
yeckoil MHGpOpMalMM Ha OCHOBE MX CTEHHOBbIX
WIM HaTypHBIX UCIBbITaHMWIl. B cBSI3U Cc 3TMM Wia
OLECHKM TOKa3arejeil 6e30TKa3sHOCTU M JOJIro-
BEYHOCTH MEXaHMYECKMX CHCTEM NPUMEHSIOT B
OCHOBHOM pacCyeTHO-TEOPETUYECKHH METON, OC-
HOBaHHBIII Ha CTaTUCTUYECKHUX NAHHBIX OTHOCH-
TeJIbHO CBOMCTB MaTepuajioB, Harpy3oK M BO3-
neficTBUii. B 3TOM Haubosee cyllecTBEHHOE OT-
JIMYME TEOPUM HAIEXXHOCTU MAalUMH U KOHCTPYK-
LM KaK OT CUCTEMHOMN TEOPMHU HaJEXHOCTH, TaK
U OT napaMeTPUYECKON TEOPHH.

CoBpeMEHHOE COCTOSTHME MEXaHMKU Mare-
pUAJIOB M KOHCTPYKLM (TEOPMM YIPYTOCTH M
TUIACTUYHOCTH, CTPOMTEJIbHOH MeXaHMKH, MexXa-
HUKHU pa3pylleHMS U Op.), a TaKXe NMPUKIAIHBIX
METONOB pacyeTa MaluMH U KOHCTPYKLMI MO3BO-
nsieT € OONBIION CTEMEHbIO HOCTOBEPHOCTH
MPOrHO3UpoBaTh MOBEACHUE MEXAaHUYECKUX CHUC-
TeM, €CJIM M3BECTHbl CBOMCTBa MaTepUaJlOB H
3aflaHbl BHELUHME Bo3neicTBUsA. B Teopum Ha-
NEXHOCTU MEXaHUYECKHX CHCTEM MPUHATO, YTO
CBOMCTBa MaTepHajla U BO3NEHCTBUI SIBISAIOTCSA
CJTy4aifHBIMM; TMO3TOMY NOBelNeHHE OObeKTa TaK-
Xe HOCUT cilyyalHbI Xxapaktep. HopMaTHBHble
TpebOBaHMSA U TEXHUYECKHUE YCJIOBUS IKCIUTyaTa-
UMY HaKJIaabIBalOT ONpelesieHHble OrpaHUYeHUs
Ha 3TM NapaMeTpbl, KOTOpble MOIryT ObITb cdop-
MYJIMPOBaHbl B BUZE YCJIOBUSI HaXOXIEHHUsS HEKO-
TOpOro CJIyyalHOro BeKTOpa, 3aBUCSILEro OT
BPEMEHM M XapaKTepHU3YIOLIEro KayecTBo oObeK-
Ta, B 3aJjaHHOi obOmactu. OTKazaM M Tpenesb-
HBIM COCTOSIHMSIM COOTBETCTBYIOT BBIXOHbI 3TOrO
c/lly4aifHOro BeKTOpa M3 00JIaCTM IOMYCTHMMBIX
cocrosiHuii. TakuM oOpa3oM, OCHOBHas 3ajaya
TEOPUU HANEXHOCTH-OLEHKAa BEpPOSITHOCTH 0e3-
OTKa3HOM paboThl Ha 3alaHHOM OTpe3Ke BpeMe-
HM - CBefleHa K 3ajaye o BbIOpocax ciyyaifHbIX
npoueccoB. CoeIMHEHHEe METONOB MeXaHHUKH
MaTepHajioB M KOHCTPYKLIMH C Teopuel ciyyait-
HBIX TPOLIECCOB COCTaBJIsIET OCHOBY COBPEMEH-
HOM TEOpUM HAEXHOCTH MEXaHMYECKHUX CHCTEM
[s, 71.

Ecnu MCKIIOYHMTD M3 PacCMOTPEHHS BBIXO-
IObl U3 CTPOSI MAlLIMH U KOHCTPYKLMI BCJIENCTBHUE
Pe3KMX HepacueTHbIX Ieperpy3oK, MpPHPOAHBIX
BO3ACICTBUNA, He MOLAAIOLUUXCS KOHTPOJIIO, Ipy-
ObIX OLIMOOK TINpHU TPOEKTUPOBAaHMU MM 3KC-
[UTyaTallid  WIM HEeOIaronpMsiTHOro CTEYeHMs
TEepPEeYUC/IEHHBIX (PaKTOPOB, TO OCTaJIbHbIE CIy-
YyaM HaCTYTUIEHUS TIpeNesIbHbIX COCTOSIHUA MOX-
HO OTHECTH K OIHOM M3 ABYX OOJIbILIMX IPYIII.

IepByio rpymnny o6pa3yioT npenesbHbie CO-
CTOSIHMS, HACTYNMBIUKE B pe3yJbTaTe MOCTEINEeH-
HOro HakKOIUIEeHHUSI B MaTepuajle pacCessHHBIX
MOBPEXIEHUI, TNPUBOMLUMX K 3apOXIEHUIO W
pa3sBUTHIO MaKpOCKOMWYecKMX TpelH. Yacto
3apolbIIUM U OYard TaKUX TPeLUVH, BbI3BaHHBIE
HECOBEPLUEHCTBOM TEXHOJIOTUYECKUX TMPOLIECCOB,
coliepXaTcsl B o6beKTe OO Hayajia ero ¢pyHKUHO-
HMpoBaHus. IIpuyMHOI BbIXOZA OOBEKTa M3
CTposl SIBJIAETCS pPa3BUTHE TPELMH N0 OIAaCHBIX
WM HeXeJlaTeJIbHBIX pa3MepOB, YTO MOXET NpHU-
BECTM K aBapuMiHOW cuTyauum. Bropas rpynmna
COCTOMT M3 NpPENESIbHBIX COCTOSIHUM, CBSI3aHHBIX
C 4Ype3MepHbIM M3HOCOM TpYLUUXCS HeTajieit M
MOBEPXHOCTEN, HAXONSILUMXCSI B KOHTAaKTe C pa-
6ouyeii MM okpyxalollel cpenoi. IlpenenbHble
COCTOSIHMSI TIEpBOM IPYNIbI TUIMYHBI ISl Hecy-
IUMX 3JIEMEHTOB, paboOTalOLMX TpPU BBICOKHUX
ypOBHSIX obleli HarpyxeHHocTH. CiyyaM, Koraa
HECYIIME 3JIEMEHTbl MCIBITHIBAIOT MHTEHCHUBHOE
M3HAlUMBaHUE, CPAaBHUTEJILHO PENKH.

Krnaccuueckuit  mpuMep  HampsIXEHHBIX
O0OBEKTOB - COCYAbl HOaBlI€HUS. OTU OOBEKThbI
BCTpeYaloTCsl MOYTH BO BCEX OOIACTSX TEXHUKH,
B YaCTHOCTH B 3HepreTMKe, Ha TpaHCMopTe, B
XMMHMYECKON U HedTerazoBoil NMPOMBILUIEHHOCTH.
Cocynsl naBieHMs] OOBIYHO pPacCUMTHIBAIOT Ha
6osplMe cpokH ciyx6bl. CTEHKH cocynoB pabo-
TalOT B YCJIOBMSIX PacTSIMBAaIOLUMUX HAaNpSIXKEHUM,
YyacTO NMPH NMOBBIILIEHHBIX TEMIIEpaTypax, HEPEAKO
B KOHTaKTe ¢ aKTUBHBIMM M arpecCHBHBIMM Cpe-
namu. s Ge3omacHOCTM paGoThl Heo6GXOoMMO
Ha3HayaTb NOCTaTOYHO OGOJblIME 3amachl MpoY-
HocTU. OnHaKo TOJMIMHA COCYNOB NOJDKHA OBITh
OrpaHUYEHHON M3-3a TEXHOJIOTMYECKHMX, 3KOHO-
MUYECKHX U Opyrux coobpaxenuit. UHorna mac-
ca COCyIOB [aBJIeHUsI OrpaHHYeHa YCJIOBUSIMU
TEXHUYECKOM OCYIIECTBUMOCTU TIpO€KTa B lie-
JioM. PaspylieHnMe WiIM TNoOBpeXIeHHWE KaK pe-
3yNIbTaT pa3BUTHUA TpeWMH - TUNMYHas ¢opMa
MpenesbHOIO COCTOSIHUSI COCYNOB HaBjeHUS M
TpyObOnpoBOIOB.

Oco6eHHO BeJMKa pOoJib YCTAIOCTHBIX IO-
BpPEeXAEHUIH U pa3BUTUS TPELUUH LISl OeTaled u
Y3JI0B, UCHBITHIBAIOLUX BUOPalLlMOHHbIE Harpys-
ku. [IpuMepoM ciiyxaT aBUallMOHHbIE IBUraTesu,
paboTaloliiie B YCJIOBUSIX BBICOKMX TeMIlepaTtyp,
Mnox NEeHCTBUEM CKOPOCTHBIX NOTOKOB, IEPEMEH-
HbIX U BMOpaLIMOHHBIX Harpy3ok. XOoTS B aBHa-
LIMOHHBIX ABMraTeJsIX KpOME€ MeXaHMYEeCKHUX
MPOLIECCOB BaXHYIO pOJIb MrpaloT TMpPOLECCH
npeo6pa3oBaHUs 3HEPIMU M YNPaBJIeHHUs, OKOJIO
60% O0TKa30B B NBUTaTe/sIX MMEIOT MEXaHUYECKOe
npoucxoxaeHue. Cpenu mnocieqHux oxoso 80%
OTKa30B CBSI3aHO C HaKOIUIEHUEM YCTaJIOCTHBIX
MOBPEXIEHMUI, Pa3BUTHEM YCTATOCTHBIX TPELUMH
M PONCTBEHHBIMH SIBIEHUSMHU. AHAIOTMYHYIO
KapTMHY Ha0/lionaeM B KOHCTPYKUMSX BHYTpM-
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KOPNYCHBIX YCTPONCTB aTOMHBIX pEAaKTOpPOB M
TeruI000MeHHUKOB. OCHOBHblE TPUYMUHBI OTKa-
30B TPYOHBIX MNYy4koB (TIOMHMO abpa3MBHOIO
WU3HALUMBAHUA U (PPETTUHI-KOPPO3UM) - YCTaJlo-
CTHOE pa3pylleHME M3-3a BUOpaLMi U NepeMeH-
HBIX TEIUIOBBIX Harpy3oK B MOTOKE ra3a WM Tell-
JIOHOCUTEJIS.

TeopeTuyeckuit OCHOBO# 11 MPOrHO3UpO-
BaHUA TMOKasaTejlell HaJeXHOCTHU B YCJIOBMSX
HaKOIUIEHUS MOBPEXIEHUH U pa3BUTHS TPEIUMH
CIIyYXHUT MeXaHMKa pa3pylleHMs, [JlaBHOe Ha-
npapjieHHe KOTOPOH - MeXaHMKa TeJl, colepxka-
IUMX TpelUMHbl. XOTs TMepBble KJIacCHYeECKUe
paboThl 10 MeXaHMKe TPEIUMH ObUIM BBINOJIHEHbI
B 20-e ronml, MHTepec K Mpo6ieMe BO3HHMK JIMILb
B TMOC/IEAHUE HNECATUIIETHS, YTO BBI3BAHO IIO
KpaitHeit Mepe IByMsl IpUYMHaMHU. Bo-nepBbiX, B
TeyeHUe JIUTEJIBHOTO BPEMEHU 3KCIepUMEHTa-
TOpaM He YNaBajloCh CHUCTEMAaTU3UpOBaTb M Ha-
Y4YHO "06061L1TD pe3yJbTaThl UCIMBITAHUK MaTe-
pUaJIOB U KOHCTPYKUMI TpU pa3jIMYHBIX CHIO-
BBIX, TEIUIOBBIX M MPOYMX Bo3neiHcTBUsX. ITosBH-
Jlacb HEOoOXOOMMOCTb MMETb 6ojiee MPOYHYIO
TEOPETUYECKYIO OCHOBY [UISI ONMCAHMUSI MEXaHM3-
MOB pa3pylUeHMsl, YeM HHXEHEpHble KPUTEPUH
MPOYHOCTU. Bo-BTOpBIX, MNOBBICUJICS TEXHHUYE-
CKMH ypoBeHb HabyloneHMi Hajx oO6beKTaMHM B
Mpoluecce 3KCIUlyaTallMM, a TakXe Hal obbekTa-
MM, TpMIIENIUMMU B aBapUifHOE COCTOSIHME.
O6HapyXeHO, YTO BO MHOTHX CHyYassX Y3jbl M
KOHCTPYKLIMM TPOROJDKAIOT YCMEIMHO (YHKLHUO-
HMpPOBaTb, HECMOTPS1 Ha HaJIMYUE B HUX yCTalo-
CTHBIX TpPelUMH M [PYTMX TPEeIUMHOMOMOOHBIX
nedektoB. TpelMHbBl MOTYT GBITh YCTOWYMBBIMH,
HMX POCT MOXHO KOHTPOJIMPOBaTh M NMPOTHO3UPO-
BaTb. YTOObI OOOCHOBAHHO CYAMTh O BO3MOXHO-
CTM 3KCIUlyaTalUM TEXHMYECKMX OOBEKTOB C
MEXaHMYEeCKMMH TIOBPEXIOCHUAMM, Hano ObUIO
pa3BMBaTh MEXaHHUKY pa3pyllleHHs.

OOuienpuHATasg Mone/b TPELMHBI B Mexa-
HHMKE pa3pylleHUsl - MaTeMaTHYeCKMi pa3pe3 B
Tejle M3 HEMONBMXHOIO MaTrepuana. TpeliuHy
CYMTAIOT 3aJlaHHOi, a ee pa3Mep HOCTAaTOYHO
6ONBIUMM 1O CPaBHEHHWI0O C MaKCHMMAaJIbHBbIM
pa3MepoM CTPYKTYpbl MaTepuala - pa3MepoM
3epHa, KPUCTAJUIMTA, BOJIOKHa U T.n. Takue Tpe-
LUMHBI Ha3blBalOT MAaKPOCKOMHUYECKUMHU B OTIM-
Yyhe OT MMKPOCKOMMYECKUX TpPELIHH, pa3Mep
KOTOpBIX TOTO XK€ INOpsiAKa, YTO U XapaKTepHbIA
pa3Mep CTPYKTYpbl MaTepuaia UM MeHee. 3ana-
Yya COCTOMT B TOM, YTOObl HaWTHU 3aKOHOMEPHO-
CTM pOCTa TPEIUMH TNPH Pa3jIMYHBIX CBOMCTBax
MaTepMaja M pa3/IMyHBIX Tpolieccax Harpyxe-
HMs, a TaKXX€ YCTAHOBUTb YCJIOBUS, NP KOTOPHIX
3TOT POCT YCTOWYMB, T.€. MaJible MpHUpalLeHUs
Harpysok WIM Majible U3BMEHEHUs pa3MepoB Tpe-
LUMHBI HE TIPUBOISAT K €€ MHTEHCUBHOMY POCTY.

B neiicTBUTENIBHOCTH (U3UYECKUI TTpoliecC
pa3spylUeHUs] COCTOMT M3 InBYX cTaauil. [lepmas
CTagusl - HaKoIUIEHHe pacCesTHHBIX MOBPEXIEHUI
- MOXET COCTaBJ/ISITb 3HAYUTEJIbHYIO YacTh obiLie-
ro pecypca (o pazIM4YHbIM HaHHBIM, oT 50 mo
90%). Ecnu B metad WM B 3jIEMEHTE He 6bUIO
HaY&IbHBIX TEXHOJIOTUYECKHUX TPEIMH, TO 3apo-
XIE€HHWE TIepBOii MaKpOCKOMMYECKONH TPeLMHBI
€CTb pe3y/bTaT HaKOIUIEHUs] pacCesIHHbIX TNOoBpe-
xaeHuit. Jlpouecc HakoOIUIEHUs TOBPEXIEHUMH
MPOIOJDKAETCSA U TOCJie TOro, Kak Hayajics pocT
TPELUMHBI, TIPUYEM 3TH TIpoliecChl B3aUMONENCT-
BYIOT MexXay coboit. MexaHuka Ten C TpeliMHa-
MM pacriojiaraeT ©0JIbIUIMM YMCJIOM OOCTOBEPHBIX
¢byHIaMEHTaNbHBIX pe3yJbTaTOB, MeEXaHHMKa Xe€
paccesiHHOro TOBPEXIEHMUS] [OJIo OCTaBajlach
nojly3Mnupuyeckoii. 1o rmocnenHero BpeMeHH He
6bUIO CTBIKOBKM MeEXIy OINMCaHMEM Ipolecca
HaKoIUIEHUs TOBPEXIEHUI M TPOLIECCOM pocTa
MaKpOCKOIMYECKUX TpeliMH. B mocnenHee Bpe-
Msl 3Ta CTBIKOBKa JOCTUIHYTa [7], Tak 4YTO mnpu-
MEHEHUE MeEXaHUKM pa3pylleHUs B pelleHUH
3aja4y MPOrHO3MPOBaHMUsl HAEXHOCTH U pecypca
yXe He BCTpeyaeT NPUHLMIMAIbHBIX 3aTpyAHe-
HHIA.

1.4.2. BEPOATHOCTHRIE MOJIEJIM B
PACYETAX MAIIIMH ¥ KOHCTPYKLIUA

Pacuersl MaumH M KOHCTPYKUMH Ha Tpod-
HOCTb - OfHA M3 CTapeiLLMX TNPHUKIAIHbIX HayK.
Eue B npolutoM Beke ObUTM CO3IaHBl YHHKATIbHbIE
MHXEHEPHbIE COODYXEHMs, HarnpuMep MOCThI
GOJIbILIMX TTPOJIETOB, KOTOPblE NMPONEMOHCTPHUPOBATH
HE TOJIbKO BBICOKMI YpOBEHb WHXKEHEPHBIX pellie-
HMI, HO U XOpOLIyI0 TOYHOCTh pacyetoB. [locien-
Hsis1 ObUla obecrieyeHa Gnaronapsi yCIelLIHOMY pas-
BUTHMIO COTIPOTHBJIEHUS] MaTepUasIOB, CTPOMTELHOM
MEXaHHUKH ¥ TEOPUM YTIIPYTOCTH.

DneMeHThl TEOPMHM HANEXHOCTH MOXHO Haii-
TH B pacyetax no Ko3ddpuuMeHTaM 3amaca: OTHO-
ILEHHWE N PacyeTHOH TPOYHOCTM r K pacyeTHOM
Harpy3Ke s B OIpele/IeHHO# CTENeHH XapaKTepU3yeT
ypoBeHb HaleXHocTH. [ToHMMaHKe CTaTMCTHYECKOM
nipyponb! Ko3dpHULMEeHTOB 3araca IMpHULLUIO TMO3.-
Hee - B MepBOil TPeTH Haulero Beka. B pa6otax
M.Maiiepa (1926 r.), H.®.Xounanosa (1929 r.)
u E.C.Crpeneuxoro (1935 r.) BBeneHa XapakTe-
PUCTHKa HalEXHOCTH, M3MepsieMasl KaK BEpOsIT-
HOCTb HENpPEBBbILEHUS] TapaMeTpPOM Harpy3ku
rapaMeTpa NMPOYHOCTU. B nocneBoeHHbli nepuon
3TOT MOAXON MOJIyYW AajibHelluee pa3sutHe. OH
TIOBJIMSI1 Ha CTPYKTYPY HOPM pacyeTa KOHCTpYK-
LIMH, B KOTOPBIX ObUla cesaHa MomnbiTKa pacyie-
HUTb KO3(UIMEHT 3amaca Ha COCTaBJIAIOLLIME,
MpUIaB KaXIoi M3 HUX HEKOTOpbI CTaTHCTHYeE-
ckuit cmbici. TakuM 06pa3oM HHXEHepbl IpH-
UM K METOAMKE pacyera Io NpelnejibHbIM CO-
CTOSTHUSIM, KOTOpasi 10 CHUX IOP CJIYXXUT OCHOBOM
U1 HOPMUPOBaHHUSI pacye€TOB B CTPOMTEJILCTBE.
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u(t)

| u,
———

u,

a)

kv,

v(t)

Puc.1.4.1. IIpocTpaHCTBA TEOPHH HAJEIKHOCTH:
a - MPOCTPaHCTBO COCTOSIHMIA, 6 - MPOCTPAHCTBO MapaMeTPOB Ka4yecTBa C JOMYCTHUMOI 06acThio

Cnenytoumii war 6pU1 caenaH B KoHue 50-x
FOIOB, KOTa B TEOPMIO HAEXHOCTU KOHCTPYK-
UMl ObUT B SIBHOM BuUIAe BBeldeH ¢aKTop BpeMe-
Hu. [MocrerneHHO npuobpena NpU3HAHUE TOYKa
3peHMs], YTO OTKa3bl U TpelesIbHblE COCTOSIHUS
KOHCTPYKLIMHM CJieAyeT TPaKTOBaTb KaK BbIOPOCHI
HEKOTOPBIX CJIyJyalHBIX MPOLIECCOB V() U3 AoMmyc-
TMMBIX obJyiacTeit Q. [Ipn 3TOM BEpOATHOCTH 6e3-
oTKa3HoM pabotel P(f) cTtaHOBUTCA (PYHKLHOHA-
JIOM HEKOTOporo ciy4aiiHoro mnpouecca v(f),
KOTOpbIii XapaKTepu3yeT U3MEHEHUs1 NapaMeTpoB
CHCTEMBI BO BPEMEHH.

B cootBerctBUM ¢ [5, 7] cdhopmynupyem
MOCTaHOBKY OCHOBHBIX 3aJlay TEOPUM HAINEXHO-
CTH MallMH M KOHCTPYKLMM, ONMMUpasicCh Ha oc-
HOBHbIE TOHATHUS CHUCTEMHOM TEOPUM HaEXHO-
CTHU U YYMUTBHIBasi COBPEMEHHOE COCTOSIHUE MeXa-
HUKH MaTepUaioB U KOHCTPYKLMA.

PaccMoTpM noBeneHMe oObeKTa B YCIO-
BUSIX ero (yHKLIMOHMPOBAaHUS U B3aUMONEMHCT-
BUsI ¢ OKpyXalowei cpenoit. CoctosiHue obbeKTa
B KaXHIbli MOMEHT ! OINHUCHIBaEM C IIOMOLUbBIO
BEKTOpa U - 3JIEMEHTa NpocmpaHcmea COCMOAHUU
U (puc.1.4.1). Tlon t nonpasymeBaeM He TOJIBKO
¢dusnyeckoe Bpemsi, HO U JI060If MOHOTOHHO
BO3pacTalolliMii TapaMeTp, KOTOpbli sIBJISETCS
nepeMeHHOH TMpU onMcaHUuM (YHKUMOHMPOBa-
HUst oObeKTa (HarnpuMep, 3TO MOXeT ObITh Hapa-
6oTka). B nmanpHeillueM Ha3blBaeM ! BpeMEHEM,
CyuTasl, YTO OHO NPUHUMAET HelpepbiBHbIE 3Ha-
YeHHUs1 Ha OTpe3Ke [fy, «). YacTo monaraot % = 0.
Kaxnoit peanusauuu npouecca u(f) COOTBETCTBY-
eT HeKoTopasli TPaeKTOpHsl B TNPOCTPaHCTBE CO-
croaHui U. TIOHATHE COCTOSIHUS 31€Ch HMMeeT
6osiee LUIMPOKUM U B OOLLIEM cllyyae MHOM CMBICI,

YeM TMOHATHE TEXHMYECKOro cocTosiHusA. Pasmep-
HOCTb M CBoOMcTBa npoctpaHcTtBa U 3aBHUCAT OT
BbIOPAaHHOI pacYeTHON CXEMBI.

BHewHne Bo3neicTBUS Ha OOBEKT Xapak-
TEPU3YIOT BEKTOPHBIM TMpolueccoM s(f), rae s(f) -
BEKTOP BO3IEHCTBHMII U3 COOTBETCTBYIOLLETO MpPO-
CTpaHCTBa Bo3ieHcTBMiIl . YpaBHEHHME COCTOS-
HMS1 OObEKTa 3anuiueM B OOlleM BHIE:

u = Hs], (1.4.1)

rne H - HeKoTophlii oIepaTop, peau3YIoluii
BBIOpaHHYIO paCYeTHYIO CXEMY M METOJ pacyeTa.

Ipu u3BecTHOM TMpolecce HarpyxxeHus s(f)
3TOT oOnepaTop HaeT 3HayeHWs1 Tmpouecca u(f)
M3MEHEeHMs] COCTOsSIHUM oObekTa. HavanbHble
ycJioBUSI BXOIAT B orneparop H.

TexHuyeckue ycjoBUsl 3KCIUTyaTallUM, Tpe-
6oBaHMst 3¢ GPEKTUBHOCTH, SKOHOMUYHOCTH M
6e30MacHOCTM HaK/IablBalOT OrPaHMYEHMUs Kak
Ha mnapaMeTpbl COCTOSIHUS OOBeKTa, TaK M Ha
HEKOTOpble Opyrue rapaMmeTpbl, He BXOIsllMe B
YUC/IO KOMITIOHEHT BEKTOpa U, HO BbIpaXaeMble
yepe3 Hero. COBOKYMHOCTh 3THX IIapaMeTpPOB
oOpa3yeT BEKTOp KayecTBa V B NpOCMpaHcmee
kavecmea V. Kaxmoil TpaekTopuu u(f) B mpo-
cTpaHcTBe U COOTBETCTBYET TpaeKTopusi v(f) B
npoctpaHcTBe V. MHOorna 3T NMpocTpaHCTBa COB-
najaloT, MHorma V ecTb TMOAMPOCTPAHCTBO IO
OTHollueHuio K U.

Yacto mapaMeTpbl, ciyXallde IJI1 OIMMca-
HUS TOBeNeHus] oO0beKTa, M TapaMeTphbl, XapakK-
Tepusyolme ero ¢pyHKUMOHAJIbHbIE M 3KCIUlya-
TallMOHHBbIE KayecTBa, CYLUECTBEHHO Pa3/IMYHBbI.
Hanpumep, ecnu pacyeTHass cxeMa OOBEKTa -
KosiebaTesibHasi CUCTEMa C N CTeNeHsSMU CBOOO-
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IObl, TO NMapaMeTpaMH COCTOSIHMSI SIBJISIIOTCS ha-
30Bble TNepeMeHHble - 00O0LEHHbIE KOOPIMHATHI
U 0606lIeHHble CKOpocTH. PasMepHOCTb mpo-
ctpaHcTBa U paBHa 2n. IIpu TEXHMYECKMX orpa-
HUYEHHSX Ha BHMOpaLlMOHHBIE TEperpy3skKM 3je-
MEHTaMM TIpOCTpaHCTBa KayecTBa V SBIAIOTCS
MaKCHMMaJlbHbl€ YCKOPEHMS B OIpele/IeHHbIX
TOYKax, NMPU OrpaHUYEHMSIX Ha YPOBEHb YCTajlo-
CTHBIX NMOBPEXIOCHUI B HauboJiee HaNMPSKEHHbIX
M OTBETCTBEHHBIX y3/1aXx M T.N. B obleM ciyyae
CBSI3b MEXIY BEKTODOM COCTOSIHUH M BEKTOPOM
KayecTBa UMEET BHI

v = Mu], (1.4.2)

rae omneparop M, xak u onepatop H B ypaBHe-
HuHu (1.4.1), cunTaloT 3agaHHBIM.

MHoOXeCTBO 3HayeHMi BeKTopa v, IOIycC-
THMBIX IO TEXHUYECKUM YCJIOBUSIM 3SKCILUlyaTa-
MM, oOpa3yeT B INpPOCTpaHCTBe KayectBa V do-
nycmumyio o6aacme Q. CUMTaeM. YTO 3TO MHOXeE-
CTBO - OTKpbITOE, T.e. €ro rpaHMUIla HE TMpPUHaI-
JIEXUT OOMyCTUMOil obnactu. I'paHuue coorser-
CTBYeT MOBEPXHOCTb " B POCTpaHCTBe KayecTBa V.
Ha3zoseM ee npedeavHoii nosepxnocms. IlycTb mo
YCJIOBUIO TIpH ! = fy BEKTOP V HaXOAMTCSd B JO-
nyctTumoit obnactu. Torna nepBoe MnepeceyeHuUe
npoueccoM v(f) npenenbHoi nopepxHocTd I BO
BHEUIHIOI 06/1acTh COOTBETCTBYET HACTYILIEHMIO
OTKa3a.

Ha cragMu npoexTMpoBaHHMSI pacnoJjlaraiot
JIMIIb alPMOPHOM CTaTUCTHYecKod WHGopMalu-
el o Harpy3kax M CBOMCTBax IpPOEKTUPYEMOTro
obbeKkTa (HarpuMep, O MeXaHMYECKUX CBOMCTBaX
MaTepuajioB), MO3TOMY mnpouecchl s(f) U u(?) -
cnyvaitHble. TpaekTopusi V(f) B IPOCTpaHCTBE
KayecTBa V Takxe ciyyaifHas, a repBoe nepece-
YyeHHe TMOoBepXHOCTH I - ciy4yailHoe coOOBITHE.
DyHKUMA HageXHocTH P(f), T.e. BEpOSATHOCTb
6e30TKa3HOoil paboThl 06bEeKTa Ha OTpe3ke [#y, 1],
paBHa BEpPOSTHOCTH IpeObIBaHMSI BEKTOpa V B
IIONYCTUMO# 06s1acTi Ha 3TOM OTpe3Ke:

P(1)=P{v(x) eq; tefto,7]}. (1.43)

IIpy nporHo3sMpoBaHMM TMoOKa3zaTejleld Ha
CTaJyy NMPOEKTUPOBAHUS MOXHO NMPUHATH &y = 0.

B kayectBe npumepa [6] paccMOTpUM npu-
60pHbIA 670K, NMOMELUEHHBI B KOHTEHHEp, co-
BepLUAIOLLMiA ciTyyaliHble Konebanus. [Tycts u(x, 7)
- noJie nepeMellieH!i 6Jl0Ka OTHOCHUTEJIbBHO KOH-
TelHepa, a(X, f) - noyie abCOMOTHBIX YCKOPEHHMIA.
Eciv mo ycnoBusSIM  3KCIUTyaTallMM  BHUOporie-
perpy3ky orpaHMYeHbl MO MOXY/IO BEJIMYMHOM 4.,
a OTHOCHTeJIbHbIE TepeMelleHUs - BEJIMYUHOM u,,
TO IOMYCTUMYIO 00JIaCTb 3aJal0T YCJIOBUSIMU

"a(x,t)” <a,, "u(x,t)“ <u,.

3nech X NMpPUHUMAaEeT Bce 3HAYeHUs WIS oObeMa,
3aHATOro npubopHbIM GnokoM. Eciau 6nok pac-

CMaTpMBaeTCsl KaK abCoJIIOTHO TBEpHOE TeJo, a
€ro MOBEPXHOCTh KaK MHOTOTPaHHMK, TO BMECTO
NpeabUIyLEro YCJIOBUsSI UMeeM

‘k@,gm;a.,"qijWSu. G=12..),

rae X; - KOOpAMHAThl BEPLIMH MHOTOTrpaHHHKa.
BeposTHOCTh Ge30TKa3HOM paboThl BBOOMUTCA KakK

PP Sl:p“a(x j r)" <a., Sl:p"u(x j t)“ <u.:

Jj=12..; te€[01]

Ilns npyroro nmpumepa BO3bMEM NpPUOOPHL,
yCTaHOBJIEeHHble Ha ympyro# IutactuHe. Ilyctb
IUIaCTUHA COBeplUaeT CiydyaifHble KojiebaHUsI B
HamnpaplieHUU, OPTOTOHAJIbBHOM €€ IUIOCKOCTH.
BubpaunoHHoe mnojie xapakTepusyercsl (yHKUM-
eit mpornba miaacTuHbl w(X, f) U abGCOIOTHHIMM
nepeMelieHnussMu nipuopos u(f) (j =1, 2,...).
AHaJIOTUYHO YCJIOBUSM B TpeAbLAYLUEM NPUMEpE
HaQJIOXHMM OrpaHWYeHUs Ha BHUOpoINeperpysKu
KaXIoro npubopa U Ha nepeMelleHUs] NMpUbopos
OTHOCUTEJIbHO TUlacTUHBI. [JomycTHMas obnactb
Q 3afaeTcsl CUCTEMOI HEpaBEHCTB

laj(t)lsaj., ‘uj(t)—w(xj,t);suj.
G=12..).

Ecnu nBa npu6opa coenMHeHb! CBA3bIO, KO-
TOpasi MOXeT ObiTb NMOBpeXIEHa WIM HapylleHa
M3-3a B3aUMHBIX CMELIEHWIl, TO K YKa3aHHbIM

BbILLIE nobasisioTcs ycoBUsl TUIA
o (1) = () < e -
AHaJIOTMYHbIE YCJIOBUS CTaBATCS, €CJIH

aMOPTU3UPYEMBIE 3JIEMEHTBI CMOHTHPOBaHBI C
3a30pOM, NpUYeM TpebyeTcsl, YToObl Mpu BUOpa-
LUMSIX 3a30p HE NMEpPeKpbIBAJICS.

K ycnoBusiM BUOpOHANEXHOCTH 4acToO HO-
6GaB/ISIIOTCS  OrpaHUYeHMsl, HakjaJblBaeMble Ha
ycunus U aedopMaliMM B aMOPTU3UPYIOLIMX
3JleMeHTax (aMopTU3aTopax). YCJIOBUS HOPMaslb-
HOI paboThl aMOpPTM3aTOPOB 3alMCHIBAIOTCS B
BHIE

|Fjuj )< Fje G=1,2,.00,

Toe uj - OTHOCHTEJIbHbIE MEPEMELUEHHS OTIOPHBIX
MJIOCKOCTE aMOpPTM3aTOpPOB BHXOJIb OCHOBHOM
ocu; F; - ycunusi, nefcTBylOlMe Ha aMOPTHU3aTO-
pbl; Fj. - HMX TpenesbHO AOMYCTUMBblE 3HAYEHMS.
HexoTopble moagpo6HOCTH MOXHO HaWTH B Cripa-
BouHMKe [15].

Bbixompl peanm3anMii ciyyaiiHBIX TMpoliec-
COB 3a Ipefesibl HEKOTOpbIX obnacteit (B oco-
GEHHOCTH KOrla TaKMe BBIXONbl - peaKHe COObI-
THA) HasbiBalOT ewGpocamu. Dopmyna (1.4.3)
MOKa3bIBaeT, YTO ISl BbIYMCJIEHHUs TOKa3aTelei
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HaJeXHOCTH HEOOXOAMMO peulaTh 3aiayd TEOPUU
BbIOPOCOB CJyyaiHbIX TpoueccoB. IlonHasi mo-
CTaHOBKa 3aJlay TEOPUM HaJeXHOCTU BKIIIOYAET
BHIOOp pacYeTHBIX CXEM, MaTeMaTUYECKMX Moje-
Ned Ui OMMCaHMs ClydYalHbIX CBOMCTB Harpy-
30K, BO3IEWCTBUI, MaTepUaioB, Y3JIOB, a TaKXe
BbIOOp TMpOCTPAHCTBAa KayecTBa M NOMYCTUMOM
obsiact B 3TOM npoctpaHcTBe. IIpy TakoM pac-
IMPEHHOM TOJIKOBaHUU cooTHolweHus (1.4.1) u
(1.4.2) TakKe BXOIAAT B MOCTAHOBKY 3a/iayy.

AHaJIoOTMyHO TOCTaBUM 3ajayy ob ormnpexae-
JIEHUU BEPOSITHOCTU 6e30TKa3HON paboTbl MHAM-
BUAYaJIbHOTO OObekTa ¢ yyeToM MHGpOpMaLMuu 00
3TOM OObeKTe M NEHCTBYIOLUMX Ha HEro Harpys-
kax [7]. IlycTb # - mMOCNEAHUNA MOMEHT Habo-
neHus, nipudeM v(x) € Q). Torna wia BeposT-
HOCTH 6e30TKa3HON paboTbl o6bekTa Ha OTpe3ke
(t%, 1] *MeeM BbIpaXeHHe

P({T; )= P{v('rlTk) eQty); t e[to,t]},
(1.4.4)

rae T, - obbeM nuarHocTHyeckoit MHGopMauuu
0 IaHHOM OOBEKTe, HaKOIUIEHHON Ha oTpesKe [f,
4]; BepTMKalbHasl yepTa - 3HaK YCJIOBHOH 3aBM-
CHUMOCTH.

BBeneHHble TMOHATHS NPHUMEHHUMBI KaK K
OTIHE/IbHBIM KOMIIOHEHTaM, GioKaM M arperartam,
TaKk M K oObekTaM B LenoM. OTKasbl CJIOXHBIX
0ObEKTOB pa3HOOOpa3Hbl Mo (U3MYECKON TNpH-
pooe M CTEeNeHM 3HAYMMOCTH: ONHM JIMlIb 3a-
TPYOHSIOT 3KCIUlyaTalUulo o6beKTa WIM BbI3bIBa-
10T ee BpeMEHHOE MpeKpalleHue, Ipyrue Tpeby-
10T 3aMEHbl OTKa3aBLUMX 3JIEMEHTOB, TPETbH CO-
OTBETCTBYIOT HOCTMXEHMIO TPEAEJIbHbIX COCTOsI-
HUH, TIPH KOTOPBIX OOBEKT MOMIEXUT KalHUTajlb-
HOMY PEMOHTY WM cnucanMio. Hakoneu, ortka-
3bl YETBEPTOrO THIA CBSI3aHbl C Yrpo3od Ui
Joneil UM OKpyXalolle cpeabl, ¢ Cepbe3HBbIM
MaTepMabHBIM U MOpPAJIbHBIM Yluep6oM. OTH
00OCTOSITENIBCTBA, ONHAKO, HETPYOHO YyYecTb B
paMKax u3yaraeMoil KoHuenuuu. [IpocTpaHcTBo

vl

vi

a)

KayecTBa o6bEKTa MOXHO TPENCTaBUTh Kak Tps-
Moe TpOM3BeNeHHE aHAJIOTMYHBIX TNPOCTPAHCTB
IUIs KaXOOro TMMa OTKasza B oTaeNbHoctH. Ha-
MpUMED, €C/IM O0BeKT NomyckKaeT pa3bueHHMe Ha
MMONCHCTEMBI, B3aUMOJEACTBYIOILIME IO JIOTHYe-
CKMM CXeMaM, IOCTaTOYHO BBECTH NPOCTPaHCTBA
KayecTBa Ul KaXIO# MOACHCTEMBI, a TOKa3aTe-
JIN HaeXXHOCTH BBIYUCIIUTb, UCTIOJBb3YS] METONBI
CHUCTEMHOM TEOPMM HANEXHOCTH.

YcTpaHeHHe HEUCNIPaBHOCTEl M PEMOHT
TaKXe HOIMYCKAalOT OMMCAaHHWE B paMKaX HaHHOM
TEOPUU. DTH ONEpallUd MOXHO HMHTEPIIPETHUPO-
BaThb KaK MpPUHYAMUTEJIbHOE BO3BpallleHHUe BEKTOopa
KayecTBa B HOMYCTHMYIO o0JacTh (2, KOTOpYIO
yacTo 3aialoT B BUne [44, 46]

Q= {v:g(v) > 0}

Cc HeKoTopo# ¢(yHKUHMEH g(vl,...,vn) OT mnapa-

(14.5)

MeTpoB KadecTBa. Ha rpanumue I' MMeeT MecTo
PaBEHCTBO

g(v)=o. (1.4.6)

Ilycts rpaHMua I' COCTOMT M3 HECKOJBKMX

Mpefe/bHbIX TOBEPXHOCTEW C  ypaBHEHHMSIMH

gk(v) =0, k=1,...,m. Ecim otkas cucteMbl

ABAETCA pe3yJNbTaTOM OTKa3a XOTA Obl ONHOro
3JIeMeHTa (T.e. COENUHEHHsT 3JIEMEHTOB B CMBICIIE
CHCTEMHOW TEOpPUM HaJeXHOCTH - IIOCJIeNoBa-
TeJbHOE), TO obnacTh Q 3alaeTcsl YCJIOBUSMM

gk(v)> 0, k=1,...,m (puc.14.2, a). llpu na-
pajUIeJIbBHOM COeNUHEHUH o06JIacTh HEIOIMyCTH-
MBIX COCTOSIHM# R,\Q ompenesiercd U3 yCIIOBUH
gk(v)<0, k=1,..,m (puc142, 6). B obomx

CIIy4yasiX pe3y/JIbTUDYIOlliee ypaBHEHME [pelesIbHON
MOBEPXHOCTH MOXeT ObITb TpPENCTaRIEHO B BUIE
(1.4.6), nomyctuMast obnactb - B Bume (1.4.5), a
BEPOSITHOCTb  Ge30TKa3sHOM paboThl BBeleHa IO

dopmyne (1.4.3).

Vv,

0 v

Puc.1.4.2. O6aacTH AONYCTHMBIX COCTOSHMI:
a - NPV NOCJIENOBATENbHOM COEAMHEHNM 3JIEMEHTOB, 6 - MPH MapajlieibLHOM COEAMHEHUN 3IEMEHTOB
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Brorumcnenue GbyHKIMHM HaleXHOCTH - BEpO-
SITHOCTH 6e30TKa3Hoii paboThl 00BEKTa Ha 3aMaHHOM
OTpe3Ke BPEMEHM - COCTARSIET OCHOBHYIO 3ajiaqy
TEOpHM HaIEeXHOCTH. BOJMBILIMHCTBO NpYTrHX nokasa-
TeJlei cBsi3aHo ¢ (yHKIIMeH HaleXXHOCTH MPOCTbIMM
cootHoureHnsavu Tima (1.2.3) u (1.2.4). Ecm 3ana-
HBl HOpPMaTHBHble 3Ha4YeHMs 3THUX ITOKa3aTeJiel,
HanpuMep 3HaYyeHMs] BEPOSTHOCTU Oe30TKa3HO
paboTbl, MYHTEHCUBHOCTH OTKa30B, TO Jajiee
MOXHO TIPOBEPUTh HAJEXHOCTb C TOYKU 3PEHHUS
COOTBETCTBUS OOBbEKTa HasHauYeHHBIM MOKa3aTe-
naMm. Ecin monmyctuMast obnacte Q B dopMynax
(1.4.4) u (1.4.5) TakoBa, YTO €e rpaHHULIa OTBEYa-
€T TNpeleIbHBIM COCTOSIHMSIM, TO 3TH (OpPMYJIbI
MO3BOJIAIOT HalTM (YHKLUMIO paclpefeleHUus
pecypca, a o Heil - MaTeMaTUYecKOe OXHIaHHE
pecypca, 3HaueHHe raMMa-IIpOLIEHTHOrO pecypca
U IpyTHe MoKa3aTe/ld JOJITOBEYHOCTH.

Peutenye OCHOBHOM 3aayd HaeT 3aBUCH-
MOCTh HalleXHOCTH U pecypca OT KOHCTPYKTHMB-
HBIX, TEXHOJIOTMYECKMX M 3KCIUTyaTallMOHHBIX
¢aKTOpOB U OTKPBIBAa€T MyThb MJISA pelUeHUs ApY-
IMX 3aga4y, B YaCTHOCTH MJIsi BbIGOpa ONTHUMAJib-
HBIX MapaMeTpOB OOBEKTa, ONTHUMAJIbHBIX PEXH-
MOB 3KCIUTyaTallMd M TEXHUYECKOro OOCITyXHUBa-
HHS M T.IL.

1.4.3. MOJAEJIb HATPY3KA - COIIPOTHUBJIEHHE

YcnoBus 6e30TKa3HOCTH pabOThl MeXaHM-
YECKMX CHCTeM OObIYHO TNPENCTABJAIOT B BUIE
COOTHOIUEHMS] MeXOy Haepy3kamu (BO3NEHCTBU-
SIMH) U conpomuénenuamu. IIpu 3TOM nox Harpys-
KaMM U COOTBETCTBYIOLIMMH COINPOTHBICHUSIMH
MOHUMAIOT HE TOJIbKO CWIBI, MOMEHT, NaBJieHHe
M T.I., HO ¥ Oojee WHMPOKUHA KJlacC MapaMeTpoB,
KOTOpbie He SIBJISIIOTCSl Harpy3kaMu M COIPOTHB-
JIeHUsIMM B 0ObI4YHOM cMbiciie. Hanpumep, ecnu
ycjaoBHe 6e30TKa3HOCTH WJI1 cocyla HaBJIEHUS
NOCTaBI€HO B TepPMHMHAaxX pa3Mepa HECKBO3HOH
TPELUMHbBI, TO 3a NTapaMeTp Harpy3KU MOXeT ObITh
NIPUHATO KaK NaBlIeHHE B cocyle, TaK M TeKYLUUi
pasMep TpellMHbl. B mepBoM ciyyae poJsib co-
MPOTHBJICHHUS BBITIOJIHSAET HEKOTOPOE MNpenesibHOe

r,s

1)

r(t)

to T t
a)

(WM KpUTHYECKOE) 3HaYyeHMe NaBJIeHHUsl, BO BTO-
poM ciydyae - TpefesibHOe (WIM KPHTHYECKOE)
3HayeHHWe pa3Mepa TpellMHb. Monenb Hazpyska -
conpomueéneHue MOXeT ObITh 060OlIEHa U Ha
GoJlee LIMPOKHII KJlacC OTKa3oB, B TOM 4YMCIE M
Ha OTKa3bl HEMeXaHHWYeCKOro, Halpumep, 3JieK-
TPUYECKOTO MPOUCXOXKIEHHUS.

O603HayMM MapaMeTpbl Harpy3oK Sj, ..., Sp,
a mapaMeTpbl COTPOTHBIEHMS ry, ..., Ip. B Tex
clyyasix, KOrjia KaxaoMy IapaMeTpy Sy COOTBET-
CTBYET TapaMeTp ry, NIpuYeM m = n, COOTHOlIe-
Hue (1.4.5) npUHUMaeT BUA

Q={rs rg>sg; k=1,.,n}. (14.7)

BBoIsi mapaMeTphbl KayecTsa KakK Vg = I - S,
npencTaBuM cooTHolueHue (1.4.7) B Bune

Q={v:vg >0 k=1..,n}. (148)

PaccMoTpMM mipocTyio (OOHOMEpHYIO) MO-
Ielb Harpy3ka - conpoTuBieHue. [omyctumas
ob61acTh 11 3TOM MONENIM 3afjaHa HEepaBEHCTBOM
r >swmv=r-s>0. B obuweM ciyyae oba
MapaMeTpa - cily4aiiHble ¢yHKUHUH BpeMeHH K({)
U s(f). Ecnim HavyabHOE COCTOSIHME MpU | = fy -
pabotocnocobHoe, To M(f) > s(fp). OTKa3 Hacty-
TaeT MpU MEePBOM IepeceyeHUH mporeccoB 1f) U
s(?) (puc.1.4.3, a) win npu NepBoM BhIXOAE MPO-
uecca W(f) u3 obsactm v =r - s > 0 (puc.1.4.3, 6).
Crioco6 BBIYMCJIEHUS] BEPOSITHOCTH 6€30TKa3HOM
pabGoThl CYLUECTBEHHO 3aBHUCUT OT CBOWCTB Ipo-
ueccoB N7 U s(f). O6bIMHO MapaMeTp COMpPOTHB-
JIEHUS1 CYMTAIOT MOCTOSIHHOM WJIM HeNpepblBHOM
HeyObiBalowwe# ¢yHkuuen t. Ilpouecc Harpyxe-
HMs s(f) MoXeT ObITb TouyeyHbIM (puc.l1.4.4, a),
KYCOYHO-TIOCTOSIHHBIM  (pHic.1.4.4, 6), HenpepbIB-
HBIM (puc.1.4.4, 6), a TakXKe cCOYeTaTb paljINyHbIe
cBoiicTBa. B 0011IeM cilyyae BBIYHMCIIEHHUE BEPOSIT-
HOCTM 06e30TKa3HOil paboThl TpebyeT NpUMeHe-
HUSI TEOPUM CIIyYaWHBIX MPOLIECCOB WIM YHUCJIEH-
HOro MOJIEJMpOBaHUSl OOJNBIUMX pean3auui
CJIyYyaifHBIX MPOLIECCOB CO CTaTUCTHYECKOW obpa-
6OTKOI pe3ynbTaToB.

s

v(t)

0)

Puc.1.4.3. TIapamerpn Harpy3Ku H CONPOTHBJICHHA: g - KaK yHKUMM BpEMEHH, 6 - Ha TUIOCKOCTH Ka4yecTBa
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Puc.1.4.4. Harpyxenne Kak cayyaiinblii npouecc:
a - TOYeYHbIH, 6 - KYyCOYHO-TOCTOSIHHBIM, @ - HEMPEPhIBHBII
)
P s r
P, (s)
p.(r) p(r,s) = const
Q
| -
»u'; H, r,s r

a)

Puc.1.4.5. KazuctaTHyeckas mMoaeab Harpy3ka - COnpoTHBiIeHHe:
a - TUIOTHOCTH BEPOSITHOCTH, 6 - JIMHUY paBHOM TMJIOTHOCTH BEPOSITHOCTU Ha MJIOCKOCTH KayecTBa

B npuiioXeHHsIX YacTO MPUMEHSIOT YNpO-
LUeHHbIN, KBa3UCTaTUYECKUI Moaxon, TpakTys r
M S He KaK Clly4yaiiHble NMpOLECChl, a KaK ciyvaii-
Hble BEJIMYMHBI, pacripeiejieHUs1 KOTOPBIX OTBe-
YaloT HEKOTOpbIM, 3apaHee 3alaHHbIM 3Ha4eHM-
sIM BpeMeHM WM HapaboTku. IIpn 3TOM B OCHO-
BE pacueTa JIEXUT COBMECTHasl MJIOTHOCTb Bepo-
SITHOCTHU p(r, S), @ TIPY YCJIOBUM HE3aBUCUMOCTH r
U § - IUIOTHOCTM BEpOSITHOCTH pAr) M py(s)
(puc.1.4.5) B nepBoM ciyyae BEpOSITHOCTb 6e3-
OTKa3HOM paboThl

P= -Up(r,s)drds .

r-s>0

(1.4.9)

Bo BTOpOM ciiyyae MOXHO TNPUMEHMTb ONHY M3
IBYyX ¢popmyn

P=1- 0j.Fs(r)p,(r)dr ,

—00

P=1- IF,(s)ps(s)ds, (1.4.10)

rae F(r) n Fy(s) - byHKUMH pacripenesieHus,
COOTBETCTBYIOIIME  IUIOTHOCTSIM  BEPOSITHOCTH
PAr) 1 py(s).
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HMHornma BBOOAT NMapaMeTp KayecTBa v = r -
$§ C IONyCTHMOI ob6nacTeio v > 0, HCHoab3ys
BMecTo (1.4.9) popmyny

P= Ip(v)dv. (1.4.11)

0

OuyeBMIOHO, YTO OMMCAHHBIA BBILLE MOIXOMN
MPUMEHMM, €CIM BCe peajli3allMd Tpolecca
HarpyxeHust s(f) SABISAIOTCS HeyObIBalOIMMU
byHKUMSIMM BpeMEHM, a BCe peajli3allMh COOT-
BETCTBYIOLLIETO CONPOTHUBJIEHUs1 n(f) - HeBo3pac-
TalolMMHU QYHKUHMSIMHU BpeEMEHHU, T.€. s(f) = s(1y),
) < n(t)) npu mobsix K > 1, (puc.1.4.6).

Ecnyu nipeamnosyioXuTb, YTO MapaMeTphl 7 U S
pacripenejieHbl HOPM&IbHO M HE3aBUCMMO, TO
BolyMClieHUss Mo ¢opMmynam (1.4.9) - (1.4.11)
BecbMa Mpocthl. [1ycTh GyHKUMU pacrnipeneseHus
HMMEIOT BUA

o T HBr _ ol STHs
F,(r)-d)[ p J Fs(s)_m[ p” J
1.4.12)

rne ®(v) - HopmupoBaHHasi yHkuus Jlamnaca

v

1 u2
L jexp{—-—z—]du, (1.4.13)

of)-

a u, U pug - MaTEMaTUYECKUE OXMHIOAHHUA, O’% Hu

og - IUCTIEPCUM CTyYaHbIX BEJIMYMH.

p(r 1)

p.(r, t,)

} 0]

Pst) 0

p(s. t;)

Puc.1.4.6. Yci0BHS NPHMEHHMOCTH
KBa3HCTaTHYECKOro NOAX0AA

Torna mapaMeTp KayecTBa v = r - s, Oyner
HMMETb MaTeMaTH4YeCKOe OXHIAHUE | - [ U JUC-

MepCcUIo 03 + 03 . B cootBercTBUM € dopMysion

(1.4.11) monyyum

P=o] HrHs (1.4.14)
2 2 1/2
(c,+cs)

IlpeuMylllecTBO 3TOi TMpocTedlueld Monmenu -
sIBHasi 3aBUCHUMOCTb BEPOSITHOCTU 0e30TKa3HOii
paboThl P OT MaTeMaTMYECKMX OXMIAHUWA M IHUC-
MEPCUIl CJlyyaiiHbIX BEJIMYMUH, BXOMSLUMX B MO-
nenb. HeTpynHo TakXke y4yecTb KOPPENSLMIO Me-
XAy r 4 §.

B 3apy6exHoit nuteparype [40, 44,46] yac-
TO MCIMOJIb3YIOT ONMCAHHYIO Bblllle MOZAENb UIS
BBEIEHUs TayCCOBCKOTO YPOBHSI HaJEXHOCTH 7Y,
Ha3bpIBa€MOI0 TaKXe MHIEKCOM 0€e30MmacHOCTH
(safety index). Ilyctb P - BeposiTHOCTb 6€30TKa3-
Hoii paboThl. HazoBeM rayccoBbiM ypoBHEM Ha-
IEXHOCTH Y BEJIMYUHY

y=oY(P), (1.4.15)

rne ®!(P) - ¢ynkumsa, obpaTHas HOPMHMPOBaH-
Hoit ¢yHkumu Jlamaca (1.4.13). YnobeH Takxe

JorapuMHUYECKUII MHIOEKC HaXeXHOCTH, BBe-
neHHblit B.B.BonotuHeM [5]:
1
r=Igyp———. 1.4.16
810 1= p ( )
09999 0999 099 09
ry P
3 N
Y
r \
2
1 o

107 10 1072 10!

Puc.1.4.7. CpaBHenue 3HaueHHi rayCCOBCKOro
H 10rapH(MHIECKOr0 HHAECKCOB HANEKHOCTH
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OuyeBMIHO, YTO UHAEKC r PaBEH “YMCIly NEBATOK”
B 3HAaYEHUU BEPOSATHOCTU Oe30TKa3HON paboThI
(r=2nmpu P=099, r=3 npu P = 0,999 u
T.K.). B IMamazoHe noka3zaTejleil HaaeXHOCTHM,
MpEeNCTaB/SIIOIUMX TMPaKTUYECKU WHTepec, 3Ha-
YeHUs] Y M r WMEIOT ONWHAKOBBIA TMOPSHOK
(puc.1.4.7).

@opmynsl (1.4.14) n (1.4.15) nossonsior
cBSI3aTh MHOEKC HaJEeXHOCTU y ¢ Ko3bdHuueH-
TOM 3amaca n = p, / ps, BBIYUCJIEHHBIM 1O OTHO-
LIEHUIO K MaTEeMaTUYeCKUM OXMAAHUSAM L, U pg

n-1

YE————————/

|
(w2n? +u)

>

rne w, = 6,/ u, 1 Wy = 65/ pus - KoahdHULUEHThI
Bapyallid TlapaMeTpPOB COINPOTHBJIEHUS M Ha-
IPY3KH COOTBETCTBEHHO.

1.4.4. KBABUCTATHMECKHE MOJEJIH

Monenb Haepy3ka - conpomueénenue, OIHU-
caHHasa opmynamu (1.4.9) - (1.4.11) spiasiorcsa
YaCTHBIM cjiy4aeM 6ojiee oOLIMX Moneeil Teopuu
HaIeXXHOCTU, KOTOpble He colepXaT SIBHOTO
BpeMeHU. Crenys TEpMHHOJIOTHH, TpeLIOXEH-
Hoit B.B.BonoTHHBIM, OyaeM Ha3biBaTb 3TH MO-
nen  keasucmamuyeckumu. TlycTb HarpyxeHue
IMCKPETHOE U OMHOKDPATHOE, a CBA3b MEXIy BeK-
TOpaMM U, V U S BbIpaXeHa KOHEYHbIMU (yHK-
LIMOHAJIBHBIMK CooTHOlUeHsAMH. Torma v - ciy-
YaifHbIA BEKTOp, pacripeliejieHHe KOTOpOro 3aBH-
CUT OT pacripeneieHHii BekTopoB r u s. @opmyna
(1.43) mwia BepoATHOCTM 0e30TKa3HOi pabOThI
MPUHUMAET BUI

P= fp(v)dv, (14.17)
Q

rne p(v) - TUIOTHOCTb BEpOSITHOCTU BeKTopa v; Q -
IONyCTUMasi 00acTb, C KOTOpOM COBMagaeT o00-
JIaCTb UHTETPUPOBAHHS.

1o ycnoBHIO BEKTOP V CBSI3aH C BEKTOpaMH I
U S (QYHKUMOHAIbHOM 3aBMCHMOCTBIO; TO3TOMY
HETPYOHO BbIPa3uUTh BEPOSITHOCTh P Hemocpenct-
BEHHO Yepe3 IUIOTHOCTb BEPOSITHOCTH p(T, S) KOM-
TIOHEHTOB 3THUX BEKTOPOB:

P~ ([ plr.s)aras, (1.4.18)
Q

O6nacTb nHTerpupoBaHms B (1.4.18) 3amaHa
COOTHOILIEHHEM

Q={r, s:v(r, 8) € Q}.

B ©Gonee obweM ciyyae, Korma HarpyxeHue
MPOUCXOAUT B NUCKPETHblE MOMEHTHI BpeMEHH

fo, 1, ..., t, @ 3HaUEHHUs BEKTopa V mnocje k-ro
HarpyXeHHsl CJIy4aiiHbIM 00pa3oM CBsI3aHBl C
ero 3HayeHUsIMM mnocjie (kK - 1)-ro HarpyxeHus,
HMeeM

P(telte1) = HP(VkJHVk—le-l)X
Q

X P(Vio1sth-1)dVgdvg_y,
(1.4.19)

roe p(vk_l,tk_,) - IUIOTHOCTb BEPOSITHOCTH 3Haye-
HHMit BeKTOpa Vv TIpM 1 = f; p(vk,tk|vk_|,tk_l) -

TiepexoaHble TUIOTHOCTH BEPOSITHOCTH.
Ecnu cuntath, YTO pe3yibTaT Npeabiaylliero
HarpyXeHHsl He BJIMsIET Ha COCTOSIHME M KayecT-
BO B MOMEHT, TNpPEILIECTBYIOIIMI CJeayloleMy
HarpyxeHuIo, To BMecTo (1.4.19) nonyuum

P(tk)=Pk(tk)Pk_| (’k—l)---PO(IO) .

B npaBoit yacTH BBeneHBl 00O3HAYEHMs UL MO-
Ka3atesnieit Tuna (1.4.17)

Py(ty)= J’P(Vk’tk)dvk
Q

(k=01.),

KaXIblif U3 KOTOPHIX paBeH BEPOSTHOCTH 6e30T-
Ka3HoOM paboThl NMPU ONHOM H3 HE3aBUCHMBIX
Harpy>XeHHui.

B kauecTBe mpuMepa pacCMOTPMM COBMe-
CTHOE HarpyXeHHe Bajla KpyroBoro nornepeyHoro
ceyeHUs usrubaowmm M, u kpyrssumm M, Mo-
MeHTaMu. HajloXXMM Ha MOMEHTbl OrpaHHYeHMs,
COOTBETCTBYIOLLME KPUTEPHUIO NMPOYHOCTH Bajla MO
MaKCHUMaJIbHBIM  KacaTeJIbHbIM  HaIpsXEeHUSIM
(npu ycnoBuM paboTel MaTepuajia B Ipeneiax
ynpyrocti). [IpoctpaHcTBo V - nByxMepHoe, a
nonycTuMasi o61acTb B HEM - OTKPBITBI Kpyr

n:{M,,,M,: M2+ M} <M3},

rae M, - mpeldenbHOe 3HaYyeHHe 3KBUBAJIEHTHOTO
MOMeEHTa.

Ecnu M, - cnyvaitHas BelMUMHA, TO cliedy-
eT BKIIOYMTh M, B YHCIIO MapaMeTpoB KayecTsa.
IIpocTpaHCTBO CTaHET TpeXMEPHBIM C OOMYCTH-
Moi1 obnacTblo

Q:{M,,,M,,M,:Mg +M2<M2 M, >0}.

CornacHo ¢opmyne (1.4.17)

P= ”p(M,,,M,,M,)dedM, M, .
0| M2+ M2 <M?






