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HALUMOHANBbHbLIA CTAHOAPT POCCUUCKOW ®EOEPALINA

MEHEOXMEHT PUCKA
MoBbiweHne HagexHocTU. CTaTUCTMHYECKME KPUTEPUUN U METOAbI OLIEHKMN

Risk management. Reliability growth. Statistical test and estimation methods
OKC 13.180
[arta BBegeHnda 2018-12-01

MpeaucnoBue
1 NOAOMOTOBNEH OTKpbITbIM aKUMOHepHbIM obLecTBoM "Hay4yHo-uccnegoBaTenbCKUA  LIEHTP
KOHTPONS M AgmarHoctuku TexHudecknx cuctem" (AO "HWL, KO") Ha ocHoBe cobCTBEHHOro nepeeBoga Ha
PYCCKUI A3bIK aHINOA3bIYHOW BEPCUN CTaHAapTa, yKa3aHHOro B NyHKTe 4

2 BHECEH TexHu4yeckum kommuteToMm no ctaHgaptusaumm TK 10 "MeHemKMeHT pucka”

3 YTBEPXXOEH M BBEOEH B OEMCTBWE lMpukasom PenepanbHOro areHTcTBa No TEXHUYECKOMY
perynupoBaHuto u meTtpornorumn ot 12 ceHtabps 2017 r. N 1059-ct

4 Hactoawun crtaHgapT sBAseTcd MoauuuMpoBaHHbLIM MO OTHOLUEHWIO K MEeXAyHapOaHOMY
ctaHgapty M3K 61164:2004* "MNoBbiweHne HagexHocTn. CTaTuCTUYeckue KpuUtepum u MeTodbl OLEHKWN"
(IEC 61164:2004 "Reliability growth - Statistical test and estimation methods", MOD) nytem BHeceHus
OTKITOHEHUI, OO BbACHEHNE KOTOPbLIX MPMBEOEHO BO BBEAEHUM K HACTOALLEMY CTaHOApTy.

* ,D,OCTyn K MeXayHapoaHbIM U 3apy6e)KHbIM OOKYyMeHTaM, YyNoOMAHYTbIM B TEKCTEe, MOXHO MOJTyYUTb,
O6paTl/IBLLII/ICb B CJ'Iy)K6y nogaepXxkm nonb3oBaTenemn. - I'Ipmmeanme nsrotoBuTens 6asbl JaHHbIX.

MexayHapoaHbin ctaHgapT paspaboTaH IEC 56.

HavmeHOBaHMe HacTosILLEro cTaHgapTa M3MEHEHO OTHOCUTENbHO HaMMEHOBaHWS yKa3aHHOro
MeXayHapoaHOoro ctaHgapTa ansa npmeegenus B cooteetctane ¢ FOCT P 1.5-2012 (nogpasgen 3.5).

CBefeHns 0 COOTBETCTBUM CChINTOYHbBIX HALMOHANbHbIX CTaHAAPTOB MEXAYHapOAHbIM CTaHAapTam,
NCNONb30BaHHbIM B KayeCTBE CChbINTOYHbIX B MPUMMEHEHHOM MEXOYHapooHOM CTaHAapTe, NpuBedEHbl B
OONOSTHUTENBHOM NpUNoXxeHnn JA

5 BSAMEH NOCT P 51901.16-2005 (M3K 61164:1995)

lpasuna npumeHeHuUs1 Hacmosuwe2o cmaHlapma ycmaHoesieHbl 8 ctatbe 26 PefepanbHOro 3akoHa
oT 29 moHa 2015 r. N 162-®3 "O craHgaptmsaumm B Poccuiickon depepaummn”. UHpopmauus o6
M3MEHEHNSX K HacTosieMy CTaHAapTy nybnvkyeTcsa B exerogHom (Mo COCTOSHWMIO Ha 1 sHBaps TeKyLlero
roga) wHcgopmaumoHHOM Yykasatene "HauumoHanbHble cTaHZapTbl", a oduumanbHbIA TEKCT U3MEHEHUA U
nornpaBoK - B eXeMeCa4yHOM WHpOopMauMoHHOM YykasaTerne "HauumoHanbHble cTaHgapTtel. B cnyvae
nepecMoTpa (3ameHbl) MNM OTMEHbl HacTOsWEero cTaHgapTa COOTBETCTByWLWlee yBegomrieHve 6yget
ony6nuKoBaHO B Onwkanwem BbINyCKe €XeMEeCAYHOro MH(OopMauUMOHHOrO YykasaTtensa "HauvoHanbHble
ctangapTbl". CooTBeTcTBYWOWAA WHGOpMauus, yBedOMNEHMEe W TeKCTbl pasMeLlalTcs Takke B
NHAOPMaLIMOHHOW cUcTeMe obLLero nonb3oBaHus - Ha oduumnanbHoM cavTe defepanbHOro areHTCTBa no
TEXHNYECKOMY PErynmpoBaHunio U MmeTponornmn B cetn MHTepHeT (www.gost.ru)
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BBeneHune
B HacTodwem cTaHgapTe onucaHbl B BuAe CTENEHHOW (PyHKUMW MOAEerb MOBbILWEHUS HAOEXHOCTU
BPEMEHN 1 COOTBETCTBYHOLLMIA METO NPOrHO3MPOBaHUSA N NPMBEAEHO PYKOBOACTBO AMS MX UCMONb30BaHUS.
CyLecTByeT HECKOMNBbKO MoAenel NoBbILLEHNS HAOEeXXHOCTU, OOAHAKO CTeneHHas Mogenb ABMNSeTCA OAHON U3
Hamboree WKMPOKO ucnonb3yeMbix. B HacTodwem craHgapTe ycTaHOBMEHbl Mpouenypbl ONpeaereHus
OLIEHOK HEKOTOPbIX UM BCEX XapaKTepUCTUK, nepeuncrieHHbix B FTOCT P 51901.6-2005 (pasdesnbi 4, 6 u 7).

TpebyeTca ABa TMNa UCXOAHbIX AaHHbIX. [lepBbii - AN NNAaHUPOBaAHUSA MNOBbLILLEHUS HAOEXHOCTU
nocpeacTBOM BbIMOMHEHUS aHanu3a WM KOHCTPYKTUBHBIX YMYYLIEHUWA Ha CTagum MNpOEeKTUPOBaHUSA
HaJEeXHOCTU Ha HavanbHOM 3Tane, LeneBblX MoKa3aTenem HageXHOCTU U MraHUpyeMblX YryylleHui
npoekTa C y4eToM WX npegnonaraemoro macwrtaba. BTopor Tvn MCXoOHbIX OaHHbIX, AMS NOBbILLEHUS
HaJEeXHOCTU Ha CTaguu yTBEPXAEHUS npoekTa, Heobxoaum Ang Habopa AaHHbIX O COBOKYMHOM BpEMEHMU
UCMbITAHWUIA aBTOHOMHOW CUCTEMbI, B MPOLIECCE KOTOPbLIX BO3HWKANM OTKasbl, U BPEMEHM MNpeKpalleHust
UCNbITAHUI, €CNN OHO OTNINYaeTCs OT BPEMEHW NocriedHero oTkasa. [lonyckaeTtcsl, YTo cOop WMCXOAHbIX
OaHHbIX HauYMHAeTCsA [MOCNe 3aBeplUeHMs1 KakKUX-MMOO npefBapuTesibHbIX UCMbITAHWA, TakUX Kak
OTOpPaKoOBOYHbIE WU  KITMMAaTUYECKME WCMbITAaHWS, HanpaBfieHHble Ha CTabunus3auuio MHTEHCUMBHOCTMU
0TKa30B NPOAYKUUW.

MapameTpbl MOAENM MNOBLILEHUS HAOEXKHOCTW, MOJNyYEHHbIEe MOCMe OLEHKM pe3ynbTaToB
npeablayLmx UCMbITaHUA, MOryT ObITb MCMOMNBb30BaHbI AN NNaHNPoBaHWs 1 Bbibopa HanpasneHust 6yayLmx
nporpamm MoBbILLIEHUS] HAAEXHOCTU NpK obecnevyeHMn O4MHaAKOBbIX YCIOBUIA.

[nsi HekOTOpbIX NpoLeayp MOryT NoTpeboBaTLCH KOMMbIOTEPHBLIE NMPOrpaMMbl, HO OHU He SIBMSIIOTCS
Ype3MepHO CroXHbIMU. B HacTosilem cTaHZapTe npeacTaBreHbl anropuTMbl, Ans KOTOPbIX JEerko
pa3paboTaTb KOMNbIOTEPHbLIE NPOrpaMMBbl.

B otnuume ot IEC 61164:2004 B pa3gen 2 HacTosALEro cTaHgapTa He BKIHOYEH ,EI,OKyMeHle , KOTOPbIN
HeLenecoobpasHo NPUMEHATb B COOTBETCTBMM C TPeOOBaAHNSIMWN HaLMOHaNbHOW CUCTEMbI CTaHO4apTU3aUnK.

Y IEC 60050-191:1990 International Electrotechnical Vocabulary (IEV) - Chapter 191: Dependability
and quality of service.

1 O6bnacTb NnpuMeHeHus
B HacTosilem cTaHaapTe npuBefeHbl MOAENN NOBbILIEHUS HAOEXHOCTM U KONMYecTBEHHbIE MeTobl
OLEHKM, OCHOBaHHble Ha [AaHHbIX 06 OTkasax, MOJflyYeHHbIX B COOTBETCTBMM C MPOrpaMMOi MOBbILEHWUS
HagexXHocTW. OTWM npoueaypbl MO3BONSAT OMNPedensTb YPOBEHb MOBbILEHUS HAOEXHOCTM, TOYeYHble
OLEHKM 1 OBEpUTENbHbIE UHTEPBArbI NOKa3aTenen HaaeXXHOCTH, a Takke NPUMEHSITb KpUTEPUM Cornacus.

2 HopmaTtuBHbIe CCbINKKU
B HacTosweM cTaHaapTe UCMonb30BaHbl HOPMAaTUBHBIE CChISIKU Ha crnefyoLlne ctaHaapThl:

FOCT P 50779.26-2007 Cmamucmudyeckue memoObl. To4yeyHble OUeHKU, 0osepumeribHbie,
MpedUKUUOHHbIE U morniepaHmHble uHmepesaribi 0711 9KCIIOHeHUUanbHO20 pacrnpeoeneHus

FOCT P M3K 60605-6-2007 HadexHocmb 6 mexHUKe. Kpumepuu npoeepKu nocmosiHemea
UHMEeHCUBHOCMU OMKa308 U fapamempa fomoka omka3os

TOCT P 51901.6-2005 (MOK 61014:2003) MeHedxmeHm pucka. [lpoepamma noebilueHUs
HadexxHocmu

MpumeyaHne - lNpy NONb30BaHWM HACTOALIMM CTaHOAPTOM LenecoobpasHo NpoBepuTb AEeNCTBUE
CCbINTOYHbIX CTaHA4ApTOB B MH(OPMALMOHHOMW CUCTEME OOLEero Mnonb30BaHMs - Ha oduuManbHOM cawTte
depepanbHOro areHTCTBa MO TEXHWYECKOMY PEerynvMpoBaHui0 M meTponormm B cetu WHTepHeT wmnn no
eXerogHomy WHGPOPMaUMOHHOMY YkasaTento "HauuoHanbHble cTaHgapTbl”, KOTOpbIA onybnukoBaH no
COCTOSIHUIO Ha 1 AHBaps Tekylwero roga, U no BbiMyckaM eXemecAa4Horo MHAOPMaLMOHHOMO ykasaTens
"HaumoHanbHble cTaHgapTbl" 3a Tekywun rog. Ecnu 3ameHeH CCbiNoYHbI CTaHA4apT, Ha KOTOpbIN AaHa
HeJaTUpoBaHHasA CCblfika, TO PeKoMeHOyeTCs MCnofb3oBaTb OENCTBYIOLLYIO BEpPCUI0 3TOro craHgapTa C
Yy4eTOM BCEX BHECEHHbLIX B [JaHHYI0 BEPCUIO M3MEHEHNA. Ecnn 3amMeHeH CCbINoYHbIN CTangapT, Ha KOTOpbIN
AaHa JaTupoBaHHas CCblfika, TO PEKOMEHAYeTCs WUCMOoNb3oBaTb BEPCUMIO 3TOMO0 CTaHAapTa € yKasaHHbIM
BbllLe rOAOM yTBepXAeHus (NpuHATUSA). Ecnn nocne yTBepXAeHus HacToswero ctaHaapTa B CCbINOYHLIN
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CTaHOapT, Ha KOTOpbI JaHa AaTUpPOBaHHasA CCbinka, BHECEHO M3MeHeHue, 3aTparvBaiollee NnoroxeHue, Ha
KOTOpOE [aHa Cchblfika, TO 3TO MOMOXKEHWE PEKOMEHZYyeTCs NMpUMeEHsTb Ge3 yyeta OaHHOro MOJIoKeHUs™.
Ecnn ccbifoYHbI cTaHaapT OTMeHeH 6e3 3ameHbl, TO MOMoXeHWe, B KOTOPOM [aHa CCbifika Ha Hero,
peKkoMeHOyeTCs NPUMEHATb B YacTu, He 3aTparmBatoLLei 3Ty CChINKy.

* TekcT OOKyMeHTa COOTBETCTBYET OpuUrnHany. - I"Ipmmeanme narotoButens 6asbl AaHHbIX.

3 TepMuHbI 1 onpegeneHus
B HacToqwem ctaHgapte npumeHeHbl TepMmuHbl o FTOCT P 51901.6, a Takke cnefytoLlmne TepMnHbI €
COOTBETCTBYIOLLMMU OnpeaeneHnsIMu:

3.1 ueneBas HagexHocTb (reliability goal): Xenaembin ypoBeHb HageXHOCTW, KOTOPbIM AOIDKHA
obnagaTb NPoAyKLMS Nocre 3aBepLUeHns MPorpaMmbl NOBbILLEHNS HAOEXHOCTH.

3.2 nepBOHavanbHaa HagexXHocTb (initial reliability): HagexHocTb npodykunm Ha paHHUX CTagusix
MPOEKTUPOBaHNS [0 COKpaLLEHUS MOTEHUManbHbIX PEXUMOB OTKa3a W MNPUYUH MX BO3HMKHOBEHMS
nocpeacTBOM yNy4lleHWs KOHCTPYKLMKN OO beKTa.

3.3 Mogenb NOBbLIWEHUA HaAeXHOCTU ANA cTaaun npoektupoBaHus (reliability growth model for
the design phase): MatemaTtnyeckas mogenb, y4nTbiBaloLas BO3MOXHbBIE YMYYLUEHUS KOHCTPYKLUUN U KX
3HayeHne, NO3BONSIOLLAA MaTeMaTUYEeCKN onucaTb MoBbILLIEHWe HAOEXHOCTM O6bekTa OT Havana Ao KoHua
3Tana nNpoeKTMpoBaHMSI.

3.4 cpegHAs WHTEHCUBHOCTbL OTKa3oB (o6bekta) (average product failure rate): CpegHss
MHTEHCMBHOCTb OTKa30B 0ObEKTa, paccunTaHHash ucxoas M3 6e30TkasHOCTM OobbeKTa 3a 3afaHHbI Nepuos
BPEMEHMU.

MpumedaHne - WMameHeHMe WHTEHCMBHOCTM OTKAa30B BO BpeMeHU ABMAeTcA pe3ynbTaToM
MoaMdUKALIMN KOHCTPYKLUN 06beKTa.

3.5 otcpoueHHas moaudmkauma (delayed modification): Koppektupyowme nameHeHusi, KoTopble
BBeJEHbl B OOBbEKT NOCe OKOHYaHWUS UCTbITaHWNA.

MpumeyaHwue - OTCpoYeHHY0 MoandmKaumio He NPOBOAAT B NPOLECCE UCTbITAHWN.

3.6 koachduumeHt 3ddekTuBHOoCTM ynydweHusa (improvement effectiveness factor):
KoadhpumumeHT, Ha KOTOpbIA YMEHbLUMMACh WHTEHCUBHOCTb CUCTEMATUYECKMX OTKA30B B pe3ynbraTe
KoppekTupyloLern moandukauuu.

3.7 ncnbiTaHnAa Tuna |, ucnbiTaHUA, orpaHu4YeHHble No BpeMeHu (type | test, time-terminated test):
VcnbiTaHUA Ha NOBbILLEHNE HAOEXHOCTH, 3aKaHUYMBAKOLLMECH B YCTAHOBIIEHHOE BPEMS, UMK UCTbITAHUS, ANs
KOTOPbIX AaHHbIE MOTYT ObITb MOMyYEHbl B TEYEHNE BPEMEHU, HE 3aBUCSLLLETO OT KONIMYECTBA OTKA30B.

3.8 ucnbitaHma tuna I, ucnbiTaHMA, orpaHMYeHHble MO Konu4vecTBy oOTka3oB (type |l test,
failure-terminated test): cnbiTaHna Ha NoBbILEHWE HAOEXHOCTU, KOTOPbIE 3aBepLUaTCa Nocrne nonyvyeHns
AaHHbIX 06 YyCTaHOBNEHHOM KONMWYEeCTBE OTKa30B, WM MUCMbITaHUS, ANS KOTOPbIX AaHHble MOryT ObiTb
norny4eHbl B TEYEHNE BPEMEHU, 3aBUCHLLENO OT KONTMYECTBa OTKa30B.

4 O603Ha4YeHus
B HacToswem cTaHaapTe NpUMEHEHbI cnegytoLme 0603Ha4veHus.

a)na 6.1, A.1nB.3:

T - CpoK cnyx6bl npoaykumn, HapaboTka Ao OTKasa 1 Mexdy oTkasamu, a Takke Takue
XapakTepUCTUKN, KaK Ha3HaYeHHbIN pecypc, rapaHTUNHLIN nepuos;

RD (T-’:l - nepBOHa4alibHaA BEPOATHOCTb 6e30TkasHom pa6OTbI;
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?'-cd:l - HavarnbHas CPeAHSs UHTEHCUBHOCTb OTKa30B OObeKTa 3a Nepuo NPOEKTUPOBaHWS;
A8 - KONMWYecTBO MoAaucuKaLmMn KOHCTPyKuMM 3a Bpemss £ OT Havyanma npouecca
NPOEKTUPOBaHWS;
G - KoahpmumMeHT noBbiweHnss 6e30TKasHOCTU B pe3ynbTaTe YMEHbLUEHNS KOnu4yecTsa
OTKa30B;
n - obLee KOnNMYecTBO BHEAPEHHbIX YNYULLEHNA KOHCTPYKLUK;
tn - obwas npodomKMTenbHOCTL Mepuoda MNPOEKTUPOBaHWsS, B npouecce KoToporo
BHEPEHbI YITyYLLEHUS KOHCTPYKLNW;
L " nepemeHHasi BpeMeHM B NpoLIecce nepuoaa NpoekTuposanus ot 0 go £1;
M (£ - CpedHast MHTEHCUBHOCTb OTKa30B OObeKTa Kak (PyHKUMS BpeMeHun B TeyeHune
B nepuoaa npoeKkTNpoBaHus;
A i - 3afjaHHad CcpedHsis  MHTEHCUMBHOCTb OTKa3oB Mpu  3aBeplUieHMM nepuopa
cF D
npoekTpoBaHusa £fi;
B G(f:' - ueneBoe 3HayeHWe BeposiTHOCTM Oes3oTka3HoW paboTbl 06bekTa, KOTOPOro
Heobx0ANMO AOCTMYb 3a Nepuog NPOEKTUPOBAHNUS;
R(g,?’j - BEpOATHOCTb 6e30Tka3HoOW paboTbl Kak (YHKUMA BpeMeHu W YhyyleHWn

KOHCTPYKLNK,

b) Onsa 6.2, A2 nB.4:

RGT - uenesoe 3Ha4deHne BEepOATHOCTU 06e30Tka3HoM paGOTbI 00bekTa, KOTOpOro
Heobxoanmo AoCTMYb 3a nepumoa nNpoeKkTnpoBaHUA;

- obwas NpoaomKUTENBHOCTL NEpUoAa NPOEKTUPOBaHNS;

ip

i - KO3 (PMUMNEHT NOBbLILLEHUSI HAAEXHOCTU B TEYEHWNE NEPUOLA NMPOEKTUPOBAHWS;

;ILNS - WHTEHCUBHOCTb HecuctemaTn4ecknx (I/IJ'II/I OCTaTOHHbIX) OTKa30B,

Fi] - obLee KONMYECTBO NPOTrHO3NPYEMbIX UMW BHEAPEHHbIX YNYYLIEHUA KOHCTPYKLUN B
npouecce NPOEeKTUPOBaHUS, BbIMOJTHEHHBIX A5l YCTpaHeHMs! cnabbix MecT;

rd - ofLuee KONMYECTBO Pa3NUYHbIX KAaTEFOPUIN OTKA30B;

Jok - WHOeKchl;

Pig " BEpOSITHOCTb BO3HWKHOBEHUS ./ -ro cnaboro Mecta KOHCTPYKLMM B A -if kaTeropum
OTKa30B 3a YCTAaHOBIEHHYIO HapaboTKy obbekTa;

urs -~ oXugaemMoe KOMM4ecTBo criabbix MECT KOHCTPYKLMM A - KaTeropum OTKas3oe 3a
YCTaHOBIEHHY0 HapaboTKy 06bekTa;

D.i: - obuwee KONMYECTBO MPOrHO3MPYEMbIX UINN BHEAPEHHbIX YITyYLIEHUA KOHCTPYKLUMM 3a

nepvos, NPOEKTMPOBaHUS ANs yCTpaHeHus cnabbix MecT i -1 KaTeropyum o0TKasos;

;'I_k ~ WHTEHCMBHOCTb OTKa30B, OTHOCALLUMNXCA K i -n KaTeropmmn oTkasoB,
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R (T) - HavanbHasi BEPOSITHOCTb 6e30Tka3HoM paboTbl 06bekTa 3a Bpemst T ;
R{T) - BEpOSITHOCTb 6e30TKa3HOI PaboThl 06bEKTA KaK (PYHKLMS BPEMEHU T |
ta - OXMaaemoe BpeMsi AOCTUKEHNS LieNeBOro 3HaYeHNsl NokasaTens HaJeXHOCTH;
c)na711,71.2,9,A4, B1nB.2:
I - obwee KOMMYECTBO  YMYYLEHWN  KOHCTPYKUMW, BHEOPEHHbIX 3a Nepuop

NPOEKTNPOBaHNA, ANd yMeHbLUeHUA Kofim4yecTBa BbIABITIEHHbIX cnabbIx MecT;

in - obwas npoaoHKMTENbHOCTL Nepuoda MPOEKTUPOBaHUA, B MpoLecce KOTOpPOro
BHeAPEeHbl MoaAndUKaLMM KOHCTPYKLNI;

£ " nepemeHHas BpeMeHy (B NPOLEcce NpPOeKTUPOBaHUS 0=t =in);

dit) " KONM4ECTBO MoAMMKALII KOHCTPYKUMM 3a 3apaHHoe Bpems Dy, (W =& Zip);

iy - KoahpmumMeHT noBbIeHNss 6e30TKa3HOCTM B NpoLecce nepruoaa NpoeKTUpOBaHus;

+ ol - HavanbHas CpeAHAs UHTEHCUBHOCTb OTKa30B 06beKTa Npu NPOEKTUPOBaHWN;

Ay () - MepemMeHHasl CPefHsil MHTEHCUBHOCTb OTKAa30B OOBbeKTa Kak (hyHKUMS BpEMEHW B

o

npouecce npoektuposanus (U =& Zin);

RIZI (T - HavanbHasi 6e30TKasHOCTb 06bekTa 3a Bpems T (HasHayYeHHbIl pecypc unu
yCTaHOBIEHHas HapaboTka);

RG(T) - LUenesBoe 3HayYeHMe BEPOSATHOCTM Ge3oTkasHoW paboTbl obbekTa 3a Bpems 7,
KOTOPOro Heob6xoAUMO AOCTNYL NOCPEACTBOM YMYULLEHWUIA KOHCTPYKLNK;

R - MOBbLIWEHWE HAOEeXHOCTM OObeKkTa kKak QYHKUMS BpEeMEHW U ynyylleHUs
KOHCTPYKLWK;

L o - ueneBoe 3HayeHve cpedHelt NHTEHCMBHOCTU OTKa30B;

oL

T - YCTaHOBNEHHOE BpeMsi B MEpUOA Cpoka Crnyx0Obl obbekTa (HasHauyeHHbIN pecypc,
rapaHTUHLIA Nepuoa, CPOK CIybbl);

) - napameTp MacwTaba Ans creneHHon Moaenu;

B - napameTp dOopMbl A1 CTENEHHOW MOAENN;

CcvVv - KpUTWUYECKOe 3HaYeHue A5l NPOBEPKU TMMoTes;

a - KONnn4ecTBO MHTEepBAarioB ANA aHanns3a CrpynnmMpoBaHHbIX OaHHbIX;
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T 5 E. - cpefHee U uHamBuayanbHble KO3 rUMeHTbl 9 PEKTUBHOCTM YYULLIEHWIA;
|
I - KONM4YecTBO pasnuyHbIX TUNOB Habnwgaemblx 0Tka3oB kateropum B;
i j - WHAOEKCHI,
Ie 4 - KOnM4ecTBO OTKa30B kaTeropuu A;
KB - KOmNM4ecTBO OTKa30B KaTeropuu B;
] - . i
K! KOnm4ecTBO Habnogaemblx 0Tka3oB I -ro Tuna kateropmm B: KB = Zg-=1 KJ- ;
A - napameTp crtaTucTudeckoro kputepus Kpamepa-Museca;
M - KONM4eCcTBO OTKa30B;
j-.,Tz. - KONMUYECTBO OTKA30B B i -M MHTEpBare;
MN(T) - HaKOMMEHHOoe KONMYECTBO OTKA30B 3a BPEMS! UCTIbITaHUA 1 ;
EN(TY] - MaTeMaTM4ecKoe OXnAaHne CyMMapHOro KOnM4yecTBa OTKa3oB 3a BPeMs UCMbITaHWN
T,
fHi=1 : £(i) - rpaHuubl I -TO WHTEpBana BPEMEHW WCMbITaHUA A4S aHanusa CrpynnupoBaHHbIX
OaHHbIX;
T - Bpems ucnblTaHuii, CyMMapHas HapaboTka B NPOLLECCE UCTbITAHWN;
T!. - cymmapHasi HapaboTka 4o I -ro oTkasa;
TN - obwas cymmapHasa HapaboTka B npouecce UcnbiTaHW No oTkasam Tuna ll;
T* - obwas cymmapHas HapaboTka B NpoLiecce UCMbITaHWi No oTkasam Tuna |;
2 - 2
X ) kBaHTUNb ¥ - pacnpegenenus ¢ ¥ cteneHsiMy cBo6ofbl ypoBHS |
z - obwee 0603Ha4eHMe napameTpa NOToKa OTKA30B;
i - KBaHTWUINb CTaHOAPTHOrO HOPMAarbHOIO pacrnpeaeneHns ypoBHS;




FOCT P 51901.16-2017 (MOK 61164:2004) MeHemxmeHT pucka. [NoBbileHne HagexHocTn. CTaTucTuyeckue KpuTepum 1 MeToabl
oLeHKM
lMpumeHsiemcsi ¢ 01.12.2018 e3ameH NOCT P 51901.16-2005

Ctpanuua 7
= - MPOrHO3UpyeMmblli NapaMeTp NOTOKa OTKa30B;
F
Z(T) - napaMeTp MoToKa OTKA30B B MOMEHT BpeMeHu 7 (COOTBETCTBYIOLIMIA BpeMeHW
3aBepLUeHUs UCMbITaHui);
Eq(’j"j - TeKyllee 3Ha4YeHe cpeaHero BpeMeHn Mexay oTkasamu,
8 - MNporHo3vpyemasi cpefHsist HapaboTka Mexay oTka3amu;
F
P BEPOATHOCTb ycrexa Ha ctaguu I - Mogudukauum obbekta npu nNpoeKkTUpoBaHum,
J OonucaHHas OUCKPETHOM MOAENbI0 MOBbIWEHMA HagexHocTu bapnoy, MNpowaHa u
LLonepa;
Nr:g] - KONWYECTBO OTKa30B HECHy4aiHOro Tuna, OCTaBLUMXCA B MOMEHT BpeMeHn £ =0 B
HenpepbIBHON MOAENu NoBbIWeHns HaaexHocTn IBM-PosHepa;
) - pons fopaboTaHHbIX 0TKa3oB 06bekTa/060opyJ0BaHUSt B COOTBETCTBUM C MOAENbIO
noBbIWeHNsa HagexHocTn IBM-Po3sHepa;
g - BpeMs BO34eNCTBUS HA OOBLEKT;
lMS‘ - MHTEHCMBHOCTb HECUCTEMATMYECKMX (MNN OCTATOYHbIX) OTKA30B;
L o - MHTEHCMBHOCTb CUCTEMATUYECKNX OTKA30B;
K " WHTEHCMBHOCTb OTKa30B X -1 KaTeropum;
DI: " KONMYECTBO NOTEHUMAmbHbIX Crabbix MECT KOHCTPYKLIMM B K -i1 KaTeropum oTKasos;
pkﬁ- " BEepOsITHOCTb TOro, YTo .J -e moTeHunansHoe crnaboe MEecTO KOHCTPYKUMM B i -i

KaTeropun oTka3oB BbI3OBET OTKas,

ip - OXugaemoe BpPeMsi MPOEKTUPOBaHUS [ANs OOCTUXKEHUS LIeneBoro rokasaTtens
6e30TkasHoCTH, RG{T:';

in - NpPOOOIMKUTENBHOCTL CTAAMM NPOEKTUPOBAHMS;

= I (T - HavanbHOe 3Ha4eHue BepoATHOCTM Be3oTkasHoli paboThl 3a Bpemst 7 ;

' - napameTp Ons npeacTaBleHusl 0XnaaemMon CKOPOCTM NOBbILLEHMS 6e30TKasHOCTY;

?'-.i: -~ OXMJAeMoe KOMMYecTBO CrabbiX MECT KOHCTPYKUMKM B A -1 KaTeropun OTKas3os,

KOTOpPbl€ BbI3OBYT OTKa3,
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¥y

B(7)

- [ons cucTeMaTUYecKux (Hecrly4alHblX) OTKa3oB MPOEKTUpyemMoro obbekTa B
Havarne ucnblTaHuii;

- KONMYEeCTBO OTKa30B 0OBbEKTa B Hayane UCnbiTaHui;

- 00nga OTKasoB, YCTpPaHEHHbIX nocpeacCTBOM OT1agku B npouecce UcnbITaHUA Ha
noBbllLeHNe HaOeXHOCTH,

- [00nsl NepBUYHBIX OTKA30B, YCTPAHEHHbIX 3a Bpems £ ;

- oXuagaemoe Bpemsi Ol YCTPpaHeHus 4actu & cuctemaTmyeckux OTKas3oB 3a BpPeMms
MCNbITaHWUN,

- CyMMapHada Hapa60TKa MeXay OTKasaMu;

d) O6o3Ha4eHus, Ncnonb3ayemMble B AUCKPETHON MOAENM MOBLILLEHUS] HaOEXHOCTH, 7.2

R!. - 6e30TKa3HOCTb MV BEPOATHOCTL yCrexa i -i KoHMUrypaumm;
f!. =1- R, - BEPOSATHOCTb OTKa3sa I -i KOHdUrypaumm;
i - KONM4ecTBO CTagui 1 KOHUrypauui;
7y - KOSIMYECTBO MCMbLITAHUA Ha cTagum i ;
4 - KONMUYEeCTBO OTKA30B Ha cTagun 1 ;
£ = Zz‘ 2 - CyMMapHOe KOMMYeCTBO WCMbITaHU Ha cTaguu 1 ;
P Leg=1"y
N':f:']' " oblLiiee KONMYECTBO OTKA30B 3a BPEMS UCMbITaHNIA & ;
B[N (f-;':'] " cpenHee obLiee KONMYECTBO OTKA30B 3a BPeMs UchbiTaHuii L ;
1 |3 - napameTpbl MacwiTaba n hopmbl A5A CTENEHHON N AUCKPETHOW MOAENEN.

5 Mopgenu noBbIWEHNA HaJEeXHOCTHU npu NPOeKTUpoBaHUN U UCNbITaHUAX

OcHoBHbIE NPUHUUMNbI NOBbILLEHNA HaOEeXHOCTU 06beKkTa oguHaAKOBbLI Anst npouecca npoeKkTnpoBaHnA

N ncnbiTaHun. JTO O6yCJ'IOBJ'IeHO TeM, 4yTo oba aTana npeanonarakoT BbidABleHNE U yCTpaHeHue cnabbix

MecT

C Uenbl ynydweHuss obbekta W MNO3BOMSIOT OLUEHWUTb YNy4ylleHWe MyTeM CpPaBHEHUS OLIEHKU
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nokKkasartensda HageXXHOCTU C ueneBbiM 3Ha4YeHUnewm. PasHmu,a 3aKrn4aeTcda B MeTodax, Ucnonb3dyemblX AnA
npoeegeHna aHarnna3a npoeKkTnpoBaHUA U VICI'IbITaHVIl7I, n Mogenax, ncnonb3dyemblX Ana OUeHKU NOoBbILEeHUA
HagexHocTn. B TOCT P 51901.6 npvBegeHo pykoBOACTBO MO paspaboTke nporpaMm MOBbILIEHNS
HaOeXXHOCTK n MetTodamM aHalnun3a, MCnoJjib3yeMblM TMpu NMpoeKTupoBaHUM U B UCNbITaHUAX. B HacToAweM
CTaHOapTe npueeaeHa nop,po6Has=| VIH(bOpMaLI,VIFI O MoAenAx, KOTopble MOryT ObITb UCMNONb30BaHbI and
OLEHKM NMoBblIWEeHNA HaAEeXXHOCTU Ha pa3HbIX CTagnuAax XU3HEeHHOro uukna obbekTa u Aana pasfiMyHbiX TUNOB
OG'bEKTOB, KaK BOCCTaHaBJINBAEMbIX, TAK N HEBOCCTAaHaBIIMBAEMbIX.

MaTtematnyeckne Moaenu MoBbILWEHUS HAOEXHOCTU MOCTPOEHbl ANs  OUEHKM [OCTUIHYTOro
MOBLILIEHNS N MPOEKTHOr0 YPOBHA HadexHocTu. Mogenu noBbilEHWUS HAOEXHOCTM HanpasrfeHbl Ha
noaaepXKy nnaHMpoBaHWsi NPOrpaMM MOBbLILLEHNS HAOEXHOCTU MyTEM OLIEHKU KONMMYecTBa M 3HAYUMMOCTU
N3MEHEHU B MPOLIECCE MPOEKTMPOBAHUA U pas3paboTkM MM B NEpUOA WCNbITaHUW, HeobxoaumbiX Ans
JOCTWXKEHUS LIENEBOro 3HaYeHMs nokasaTens HaaeXXHOoCTH.

Mopenn noBbILWEHUS HAAEeXHOCTU MOryT OblTb MpeacTaBeHbl C MOMOLLbI MHTEHCUBHOCTU (Unu
napameTpa MOTOKa) OTKA30B WM BEPOATHOCTM YCMELWHOW paboTbl 3a YCTAHOBMIEHHOE BpeMs
(6e30TKa3HOCTM), Kak MOKa3aHO Ha PUCYHKe 1.

HIHTEHCHMBHOCTE OTKa30B BepoATHOCTL Ge30TKa3aHoRA paboTsl
HayankHoe
aHaveHue i; '\ Lenesoe
L FHaveHwe R —
\ ' ~

.\\ )
-

Uenesoe ~—} e  Hauanehoe

3HaqeHue Ay | sHaveHwe R;
I
I
I
I

1 2 3 4 i) 1 2 3 4 5
Konu4ecTeo yNyYUEHMA KOHCTPYHLWK Konv4ecTeo ymyHWeHWi KOHCTRYELIMK

PucyHok 1 - MnaHnpyemoe yBenuyeHne cpeaHein MHTEHCMBHOCTM OTKa30B UMM BEPOSITHOCTUN GE30TKa3HOM
paboThbl

BHyTpu 3TOM 06LLEN CTPYKTYPbI CYLLECTBYET MHOIMO MOZENEN NOBbILEHNsT HaaexHocTn. B Tabnuue 1
npvBedeH 0030p OCHOBHbLIX kaTeropui. Pasnuumss mexgy npOeKkTUpOBaHMEM W UCTbITAHUAMMW, TN
OOCTYMNHbIX [AaHHbIX BRMAKOT Ha Bblbop mogenu. K HenpepbiBHOWM KaTeropum OTHOCAT OOBLEKTHI,
(PYHKLUMOHMPYIOLLME BO BPEMEHU, HANMPUMEP PEMOHTUPYEMble 00bekTbl. K OUCKPETHOW KaTeropum OTHOCAT
OaHHble, KOTOpble (UKCUPYIOT §NuWwb  ycnex/oTka3 o0bekta B UCMbITAHWAX, Hanpumep, A4ns
HEeBOCCTaHaBMMBAEMbIX M3aenui. [nsi OLEHKM MOBbLILWEHUS HAO4EXHOCTM WUCMONb3YKT KacCuyeckue unm
barecoBckue npoueaypsbl. [epBas kateropus UCnonb3yeT TONbKO Habnogaemble AaHHbIE, B TO BPEMSs Kak
nocrnegHAsa MCMnonb3yeT Kak 3MMUPUYECKME OaHHble MPOEKTUPOBAHUSA M UCTBbITAHUKN, TaK U UHXEHEpPHble
3HaHUS, HanpuMep B OTHOLLEHUM OXMAAEMOro KONMYECTBa paccMaTpmBaeMbIX PEXMMOB OTKa30B.

Tabnuua 1 - KaTeFOpI/II/I MoZAernen NoBbIWEHNSI HAAEXKHOCTU CO CCbIfIkaMu Ha CTaTbi
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Tun mogenu Bpems
HenpepbiBHOE (Bpems) [wnckpeTHoe (konnyecTso
UCMbITaHWNI)
[poekTupoBaHne Knaccuyeckas 6.1 -
Banecosckas 6.2 -
WcnbiTaHus Knaccunyeckas 7.1 7.2
BariecoBckas - -

MHorve mopenu HagexHocTu paspaboTaHbl ANA aHanu3a [aHHbIX uchblTaHui. B HacTosiwem
CcTaHOgapTe nNpeAcTaBrneHa OfHa U3 cambiX NOMYNSAPHbIX MoAeNen NOBbIWEHUS HaAeXHOCTWU, CTeneHHas
mMozenb (Tawke m3BecTHasa kak AMSAA wnn mogenb Kpoy (Crow) [1]) B AByx ¢hopmax, HeEnpepbIiBHOW U
anckpetHon. JTa mMogene sABnsieTca obobuieHvem mMoaenu nosbieHns HagexHoctn [yawnHa (Duane)

cornacHo Kpoy [1]1:'. XoTH cywecTByloT u Ganecosckne BapuaHTbl mogenu Kpoy, oHu B cTaHgapTe He

npeactaeneHbl. O630p pasnUYHbIX MOAENEN MOBLILEHWS HAAEXHOCTU, NMPUrOAHbIX AN aHanu3a AaHHbIX
ncnblTaHWM, MoXHO HanTn y [kyanna (Jewell) [2],[3] u Ce(Xie) [4].

U4ucro B KBagpaTHbIX CKOOKax ykasbiBaeT Ha HOMEP NUTepaTypHOro UCTOYHMKa B Bubnuorpadun.

[JoKkyMeHTanbHbIX OTYETOB O  MOAEensX MOBbIWEHWS  HAOEeXHOCTW, WCMOMb3yeMblX  Mpu
NMPOEKTMPOBaHNW, O4YeHb Mano. [losTomy ObiNMM NpUMMEHEeHbl MogeNnb MMaHUPOBaHMS  MOBbIWEHMWS
HaeXHOCTW, ABnsoLWanca mogudukaumen CTeneHHon Moaenu, Ansd UCNonb3oBaHUSA NPy NPOEKTUPOBaHUN
n 6aviecosckui BapmuaHT mogenun IBM-PosHepa, agantupoBaHHON s NPOEKTUPOBaHNSA. TeM He MeHee OHM
NMPUMEHUMbI TOMbKO AN OO BHEKTOB, HEMPEPbIBHO (PYHKLIMOHMPYOLLMX BO BPEMEHMW.

B uenom BbIGOp MoAenV MOBLILLEHUS HAOEXHOCTM SBMSIETCA KOMMNPOMWUCCOM MeXay MpOCTOTON U
peanucTUYHOCTblo. BbiGop crnedyeT NpoBOAUTb B COOTBETCTBUM C BbILLEYNOMSIHYTEIMU KPUTEPUSMU, TAKUMMN
Kak CTaaus >KM3HEHHOro LMKMa M TUM AaHHbIX, a Takke NyTeM aHanusa 060CHOBaHHOCTU MPeanonoXeHUN,
nexawmx B OCHOBE KOHKPETHOW Mopaenu, NpuMMEHMMOW B 3afaHHbIXx ycnoeusx. bonee noapobGHas
nHdpopmaums 06 Mcrnonb3yeMblX NPeanonoXeHUsX Ansi MoAerein, OnucaHHbIX B HACTOsILLEM CTaHgapTe,
npveedeHa B pasgenax 6 u 7. CrnegyeT OTMETUTb, YTO MOAENM MOBLILWEHUS HadEeXHOCTU He cnegyet
paccmaTpuBatb Kak 0e30lWunboYHble, KX He cregyeT nNPUMEHATb HEeOCMOTPUTENbHO, HO  MOXHO
NCronb3oBaTh B KAYeCTBE CTAaTUCTMYECKOro MeToaa ANt 060CHOBaHNSI MHXXEHEPHbIX PELLEeHNA.

6 Mopgenn noBbIWEHUST HAOEXHOCTH,
NpPoOeKTUPOBaHUA
6.1 MogudmumpoBaHHas cTeneHHass MoAenb MMIAHMPOBAHUA MOBbLIWEHUA HaAEXHOCTU Ha
CTaAuM NPOEeKTUPOBaHNA OO bEKTa

ucnosrnb3yemMmblie AOnA cucTeM/06bLEKTOB Ha cTaguu

6.1.1 Obwasn nudopmauus

Cratuctnyeckue npoueaypbl  MOAUMULMPOBAHHOW CTEMEHHOW MoAenu Ansg nrnaHupoBaHWs
MOBbILLEHWS HAAEXKHOCTM HA CTaAuN MPOEKTUPOBaHUS TPeOYOT NpoBeAeHUs YyULLEHWIA, HanpaBneHHbIX Ha
MOBbILLEHNE HAAEXHOCTM KOHCTPYKLIMUN 332 CHET COKpPAaLLEHWUs1 KONMYECTBA PEXMMOB OTKA30B UM CHUXKEHUS
BEPOSTHOCTM BO3HUKHOBEHMS OTKa30B, a TaKKe Ha COKpalleHWe BpeMeHW OT Havana NpoekTMpOBaHUS A0
BHeAPEHUS yNy4LLIeHWs.

HaHHyl0 Mofernb MCMonb3yloT AN NNaHUpoBaHusA (a He ONA aHanvaa AaHHbIX), OLEeHKM KonnyecTsa
UMM 3HAYMMOCTU YNyYLUEHWA NepBOHAYanbHOW KOHCTPYKUMU ONS MOBbLILEHWS HageXHOCTM obbekTa [0
Lenesoro ypoBHs. Mpeanonaraemyto creneHb 3TOW MOAENW OLEHWBalOT Ha OCHOBaHUM TOro dpakTta, uTo
paHHMe YNydlleHuss crnocoBCTBYOT HauGosbleMy MOBbLILEHWIO HAOEeXHOCTW, T.e. PeXWMbl OTKa3oB C
Haubonblleld BepoATHOCTBIO peanu3auMu OTKa3oB MOryT ObiTb YCTpaHeHbl B MepByld o4depedb C
nocreayowmnuMn ynyyeHnsMu1, Bce MeHee U MeHee BMUSIILMMU Ha HagexXHOCTb. PaKkTuyeckme 3HayeHus
nokasartenen HaeXHOCTW, OOCTUrHyTble B MpOLlecce MPOEKTMPOBAHUS, 3aTeM HaHOCAT Ha rpaduk B
COOTBETCTBUM CO BPEMEHEM, 3a KOTOPOE OHW Obinu peanusoBaHbl, U COMOCTaBMsOT C Moaenbil. JTy
MoZernb TakuMm obpa3oM UCMONb3YT ANS MMaHUPOBaHWSA CTpaTerMmn NoBbIlLEHNS HAOEXHOCTU KOHCTPYKLUN
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3a onpe/:l,eneHanZ nepunoa BpemMeHu, OT nepecmMmoTpa Ha4anbHown KOHCTPYKUUN 00 3aBepLUEeHHOro npoekra,
3anyLweHHOoro B npon3esoacTBo.

6.1.2 Mogenb nnaHNpoBaHuA NOBbIlWLWeHUA HaAeXXHOCTU Ha CTaAUN NPOEKTUpPoBaHUA ob6bekKkTa

Mogenb nnaHuMpoBaHus NoBbileHUs HagexHocTu Kpacmy (Krasich) [5] moxeT ObiTb BbiBegeHa
npvBedeHHbIM Hwke obpasom. [Npumep Takonm Mogenu, a Takke CpaBHWTenbHas Tabnuvua ans ee
YMNPOLLEHHOro pacyeTa u HaHeceHus Ha rpaduk, 3agaHHble HavarnbHbIe U LieneBble Noka3aTeny HagexHoOCTH
obbekTa npuBeaeHbl B NpunoxeHum A.

Ecnun HavanbHasi BepoATHOCTb 6e30Tka3Holn paboTbl 06beKTa 3a yCTaHOBMEHHY HapaboTky 7 Gbina

onpegeneHa Ha OCHOBaHMW aHanun3a wunum UCMbITAHWIA M coCcTaBnseT RI:I {T’) , Torga, npegnonarasd, 4To

CpenHsinl MHTEHCMBHOCTb OTKA30B ABMSIETCA MOCTOSIHHOW, HayanbHas cpedHsil MHTEHCMBHOCTb OTKa30B
o6bekTa 3a HapaboTky T paBHa

_ In[ B (T7]
hyn = — 1)

MpegnonoxeHne o NPUMEHMMOCTU CTEMNEHHON 3aBUCUMOCTM 060CHOBaHO TEM, YTO OTKasbl, Hanbonee
HebnaronpuSATHO BIMSIIOLME HA HaOEXHOCTb, YCTPaHSAIT B NEepBY0 ovepedb M Gnarogaps moandukauum
KOHCTPYKUMM (COKpalleHMe KonuM4yecTBa OTKa30oB) MNapaMeTp MoToKka OTKasoB O6bekTa MOCTOAHHO

yny4laeTcs (CHWKaeTCs) C yBennyeHmeM yHKUMm d(f) . lMapameTp noToka 0TKa3oB KOHCTPYKLMKN obbekTa
B NPOW3BOSbHbBIN MOMEHT BPEMEHU B TEYEHME nepruoga NpoeKkTUpoBaHa uMeeT BUA:

g () = hgp - [1+ (]2, @)

roe @ (£) - koNMYecTBO MOANMUKALIMI KOHCTPYKLMM B MPOLIECCE MPOEKTUPOBAHMS;

T - K03hDULMEHT NOBLILIEHUS HAAEXKHOCTU B pe3yfbTaTe COKpaLLEeHNsl KONMYECTBA OTKA30B;

L) - obLiee konNMYecTBO BHEAPEHHbIX YMYYLLEHN KOHCTPYKLUN;

tp - obwas nNpoaorKUTENbHOCTL MEpuUoaa MPOEKTUPOBAHWUSA, MpUrogHas ANna  yhydlweHus
KOHCTPYKLIMW.

C nomoLibo NMHEWHOro MPUBNMXKEHUA KONMMYECTBO MOZUMMKALUMIN KOHCTPYKUMKM, KakK GyHKUMSA
BpeMeHu, MoxeT BblTb NMMHEHO pacnpedeneHo B npouecce nepnoaa NpoekTMpoBaHUS:

i
A=
w=0 ®

Cpeﬂ,H‘iIFI MHTEHCUBHOCTb OTKa30B, KakK (byHKLI,VIﬂ BpemMeHu, B 3TOM Cliy4yae uMmeeT Bua:

;e
Ao (8 =Rhgp |1+D — @)
in :
Ecnu uenesasi cpeHAs MHTEHCUBHOCTb OTKa30B 06bekTa 3aJaHa LieneBbiM 3HaYeHNeM BEpPOSTHOCTU
GesoTkasHol pabotbl Srz(1) | To LeneBas cpeaHsis MHTEHCUBHOCTb OTKAa30B OBbLEKTA B KOHLE mepuoaa

NPOeKTMpoBaHus I npuMbnumxeHHo pasHa:

_ —In[ R (7]
hag(ip)=———— )
B 10 e Bpems:
T
Agalin)=Agy | 1+4D 2 =Ryg (14+ D)2

in ,
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Ayalipl= 1+ Dy (6)

—In[ £ (77]
T

3ameHsisi Agz(fn) BblpaxeHueMm, cogepkaliUM LeNeBoe 3HAUYEHWe BEPOSITHOCTU GE30TKa3HOW
paboTbl, 1 pewas (6) oTHocuTenbHO [, nonyyaem:

[In Rg (7]
In[ £ (77]

“D . @

Peluas To e ypaBHeHWe OTHOCUTENbHO CKOPOCTM MOBLILLIEHUSI HAAEXHOCTU, BbIpaKEHHOro B BuAe
PYHKUMM KONMYeCcTBa MOAMMUKALMIA KOHCTPYKLUMKM, HavamnbHOTO W LENeBOro 3Ha4YeHWUldi BEpOSiTHOCTM
6e30TKa3HoW paboTbl, MOXHO MOMYYUTb

In[ 8y (77]

In[ Rz (7]
Cp= : (8
In{ 14 10
B npouecce nNpoekTMpoBaHUSI HEMNpepbiBHOE YnyudlleHne ©0e30TKa3HOCTM oObekTa, KOTOpYHo
onpenensoT 3a Bpemsa T, ABnsetca yHKUMEN BpeMeHW £(MoAernb MOBbILEHNS HAOEXHOCTUM B nepuon

BpeMenn U Z£ Z£n) u moxeT BbITb 3anN1caHo B BUAE!

Rig, Ty =exp(—A,(£)-T) . )
nO,D,CTaBJ'IFlﬂ Bblpa)KeHI/Ie cpep,He|7| MHTEHCUBHOCTU OTKa30B, MOXeT 6bITb nonyqua Mogersb
MOBbILLIEHNS HAAEXHOCTM Kpacuy ans nepuoga npoekTupoBanus U <f <ip

—Giy

:
R, Mi=exp|—Agp | 1+ — T
(£, T)=exp| — Aap = ; (10)

£
1+ — T
i . (11)

B npuBeneHHOM Bhllle ypaBHEHUU, Bbipaxkasl [}uyepe3 HauyanbHoe 1 LeneBoe 3HaYeHUs1 BEPOSITHOCTH
6e30Tka3HOW paboTbl, NOBbILLEHNE GE30TKA3HOCTW, Kak (OYHKUUS BPEMEHWU AN YIYYLIEHUS KOHCTPYKLMU,
“MeeT BUA;

In T
R(e.T) = exp %

1T
H[h[ﬂecﬂl]m
InRy(T1]
in
(12)

R(E.T)= Ry (D!

6.1.3 OTCcnexxnBaHue AOCTUTHYTOrO NOBbILEHNA HAAEXKHOCTHU

OtcnexnBaHue OOCTUTHYTOro noBblWEeHUA HageXHOCTU noapasymMmeBaeT I'IpOCTOl7I nepec4yet
nonyquHon paHee (byHKLI,MM nokasaTtens HageXHOCTU O0ObekTa B MOMEHT BpeMeHN ynydleHnda
KOHCTPYKUMMN ONA y4deTa N3MeHeHNNn. 3Ha4yeHune BEPOATHOCTU ©e30TKa3HOM pa6OTbI, paccyntaHHoe Ansa
OOHOro M TOro Xe yCTaHOBJIEHHOro pecypca unu rapaHTMI7IHOI'O nepmnoaa, npocto HaHOCAT Ha rpa(*)MK
Moenu noBbilWeHNA HageXHOCTU And COOTBETCTBYHOLLEro BpemMeH NpoeKkTnpoBaHuA.

Ha rpacpvn(e Nno NoJly4eHHbIM TOYKaM MOXeT ObITb NOCTpPOEHa NMNHNA Hauny4wero I'IpI/IGJ'II/I)KeHI/Iﬂ, nnn
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3TN TOYKU MOryT ObITb NpoOCTO coeAuHEeHbl NMPpAMbIMUA NIMHUAMU, a UTOroBYHO LOOCTUTHYTYHO BEPOATHOCTb
0e30TKasHoM pa6OTbI CpaBHMBAKOT C MOAes1bio NOBbILLEHUA HaaeXXHOCTU ANA COOTBETCTBYHOLLEro BpeMeHu.

Ncnonb3oBaHne aHanu3a AepeBa OTKA30B C MOMOLLbIO AOCTYMHOMO MNporpaMMHoro obecneyeHus
Mo3BONSIET MPOCTO M ObICTPO MPOBOAWTL W OTCNEXMBATb aBTOMaTUYECKOEe OnpeaerieHne OLEeHKU
6e30TKka3HoN paboTbl 06BEKTA NOCIE UBMEHEHUIA.

MNocne 3aBepLleHna NpoeKkTnpoBaHnA ob6beKkTa 1 BbINOSIHEHUS CTaguvn sanmngauun obbeKTa nNnaHoBble
MCNblTaHUA Ha NOBbIlLEeHWEe HageXXHOCTU MOryT Aanblie NoBbICUTb 6e30TKkasHOCTb 0O0beKTa UNN BbISIBUTb
peXnmbl OTKaA30B, KOTOpble HE Oblnun YYTEHbl Npun aHannTn4eCckomMm onpeneneHnn OUEeHOK. OkoH4yaTenbHas
oLieHKa BepOSTHOCTU 6e30TKa3HOM paboThbl 3aBEPLUEHHOrO NPOeKTa MOXET CIYXWUTb LieNeBbIM nokaszarenem
0e30TKa3HOCTH ana MCMbITaHMUM Ha NOBbILLEHWE HaAeXHOCTW.

MprMep NpaKTUYEeCKOro BbIBOAA U NMPUMEHEHUS MOAENN NiaHUPYeMOro MOBbILEHNUS ANS YIyYLIEeHUs
6e30TKa3HOCTM Ha CTaAMKU NMPOEKTMPOBaHMS MpusedeH B npunoxeHun A, A.1.1. OTOT peanbHbIil Npumep
NoaTarnHo NnokasbiBaeT, KaKk MoAerb NMOCTPOEHA U Kak ee UCTONb3YIoT.

6.2 MoaudcdmumpoBaHHasa 6arecoBckasa mogenb IBM-Po3Hepa AnA nnaHMpoBaHUs NOBbIWEHUA
HaAeXHOCTU Ha CTaAuM NPOEKTUPOBaHUSA

6.2.1 O6LwWmMe nonoxeHus

Mogenb npegcrtaeBnser cobor onvcaHve MOBbIWEHUS HaAEeXHOCTW Ha CTagun MNpOEeKTUPOBaHWSA
peMoHTupyemoro obbekta, nogrotoeneHa Kyurnu (Quigley) n Yonncom (Walls) [6]-[8] n ocHoBaHa Ha
aganTupoBaHHon bGanecoBckon mogenu IBM-PosHepa [9], paspaboTaHHOM Ans aHanuaa AaHHbIX UCMbITaHUIA
n onucaHHom B 7.1.2.

MNpeaononaraeTcs, 4TO KOHCTPYKUus Obina paspaboTaHa AoCTaTOMHO AeTanbHo Ans obecneyeHus
nepBoHavanbHOW OLEHKN HagexHocTu. [danee npegnonaraetcs, 4TO LefeBoe 3HayeHne mnokasarens
HafeXHOCTW yCTaHOBMEHO. N3MeHeHns KOHCTpyKuun ByayT Npon3BoAWTb C LieNbto NOBbILEHWUS HaaeXHOCTH
OO0 Tex nop, noka uenesoe 3HayeHue He OyaeT gocTurHyTo. Mogenb CTpemMmnTCs OXBaTUTb BO3MOXHbIE
OTpe3kun BpeMeHU AN MoAndUKaLMn KOHCTPYKUMN.

Mogenb npegnonaraeT, YTO aHanM3 MPOeKTa W MOBTOPHAs OLEHKAa MPUBOAAT K moaudukaum
KOHCTPYKLIMK, TMOBLILEHUIO HAAEXHOCTM U OOCTWXKEHMIO Lenesoro nokasatens. CKOpoCTb MOBbILIEHUS!
HaOeXHOCTU Kak Mepa yBenuyeHus HavarnbHOW HaAeXHOCTM [0 LeneBoro 3HadeHus npeacrtasnaet coboit
(YHKUMIO OT KONWYecTBa YCTpaHEHHbIX HeOOCTaTKOB KOHCTPYKLMM, NPUBOOSLUMX K  MOSIBIIEHUIO
cucTeMaTudeckux oTkasoB. [lpeanonaraeTcs, 4YTO NpU  UCMONb3OBaHUW paccMaTpuBaemol Moaenu
ynyJlleHve HageXHoCTH ByaeT 6ornee 3HaunTeNlbHbIM Ha paHHeEl CTaauy NepenpoekTMPOoBaHUS, HEXENW Ha
6onee nosgHen ctaguu.

Mogenb MmoxeT 6biTb MCcnonb3oBaHa ABYMsi cnocobamu:

a) Ona nporHo3npoesaHua nepuoda BpeMeHU OO0 AOOCTMXKEeHUA LeneBoro 3Ha4dYeHua nokasartend
HaAeXHOCTU nocpeacTtBOM MPOrHO3NpoBaHUA nokasaTtenda HaAeXHOCTU KOHCTPYKUUMKM - 3TO npeanonaraer,
4YTO CpeaHAA CKOPOCTb NOBbILLIEHNA HAOEXXHOCTU MOXET ObITb paccynTaHa;

b) OnNs oueHKM CKOPOCTM MOBLIWEHUS HAAEXHOCTU, HeOOXOAMMOW ANsi OOCTWXEHWUS LieneBoro
3HaYeHNst nokasaTens HageXHOCTW OT HayanbHOW OLEHKM B MpoLecce YCTaHOBIIEHHOro nepuoaa
NPOEKTUPOBaHNA - 3TO NpegnonaraeT, YTO MNPOAOIPKUTENBHOCTL CTAAUM MNPOEKTUPOBAHWUS ABMsieTCS
PUKCMPOBAHHOMN.

Hetanu, kacaloLmecs maTeMaTU4ecKoro onvcaHnst MoOLenu, NpMBeAeHsbl B NpunoxexHumn B.
6.2.2 TpeboBaHUsA K JaHHbIM

B cooTBeTCTBMM C LEMbio MPUMEHEeHUs HeoBXOaMMbl OaHHble, KacalolmMecs LeneBoro 3HaveHus
BEPOSITHOCTH GesoTkasHom paboThl (fz(1)), a Takke NPOAOIKUTENLHOCTM CTAAUM NpoeKTUpoBaHuUs (&)

mnnm cpe/J,Heﬁ CKOPOCTWU MNoBbllWLEeHNA HageXHOCTU Ha CTagun npoekTnpoBaHUA (aD), obecneunBatoLlen
OOCTMXeHune ueneBoro 3Ha4yeHuA.

MHTEHCUBHOCTb HECUCTEMATUYECKMUX OTKA30B (ﬁum ) BOJKHA ObITh YCTAHOBIIEHA, €€ MOXHO OLEHUTD,
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Mcnonb3yAa AaHHble 3a npolwnblie nepuodbl AnA aHalnorndHblxX KOHCprKLI,MIZ, pa60Tarou.u/|x B HOMWHalNbHO
MOEHTUYHbIX yCNoBUAX.

Bce BO3MOXHble ynydllEHWS KOHCTPYKUUW, HarmpaBfeHHble Ha cokpaiwieHne obuiero KonmyectBa
FlnoteHumanbHO cnabbix MecT, AOMKHbl ObiTb MAEHTUUUMPOBaAHLI U, NPU HEOBXOAUMOCTU, MOTYT ObITb
OTHeCEeHbI K OOHOM U3 KaTeropuii 0TKasoB £ .

Heobxoaumo oueHuTb BEPOATHOCTb TOro, 4TO KaxKaoe cnaboe MecTo B KOHCTPYKUUN B Kaxxgomn
KaTeropmnm OTka3oB MOXET NpMBECTU K OTKady B Te4eHne yCTaHOBJIEHHOIO pecypca o6bekTa. OueHka MoXeT

ObITb OCHOBaHa Ha NHXEHEPHbIX BbiBOOAX. BepOF-ITHOCTb BO3HUKHOBEHUA OTKasa Alid J -ro cnaboro mecta

KOHCTPYKUUN B KaTeropmnm otka3oB A 3anucbIBaloT Kak p.ig'

OXUOaeMoe KONMNYECTBO cnabbiXx MECT KOHCTPYKLWM B KaTeropuum oTkasoB 401 i), npueogswmx k
oTKasy, €Cnv HUKaKux MoAUUKaLMIA KOHCTPYKUUM He Obino npoBefeHO, MOXeT ObiTb paccyuMTaHo no
dopmyne

Mg = Z?ilp;g , (13)

roe Lk - oxmpnaemoe obliee KONMYECTBO Cabbix MECT KOHCTPYKLIAM B KAaTeropun i .

MHTEHCMBHOCTb OTKa30B AOSMkHa ObiTb onpepeneHa ansa Kakaomn KaTeropmn OTKa30B. Ee MoxHO
OUEeHUTb, MUCNOJIb3yA AdaHHble 3a npouwible nepuoabl And aHalorn4yHbIX KOHCprKLI,VIVI, pa60Tarou.|,Mx B

HOMUHANbHO NUOEHTUYHbIX YCIOBUAX. MHTEHCUMBHOCTL OTKa30B Ans KaTteropumn oTkas3oB iz 3anMcbIBalOT Kak

Ag.

6.2.3 OueHKa NoBbIWEHUS HAAEeXHOCTU U COOTBETCTBYHOLMX NapamMeTpoB
Hwxe npuBeaeHbl ypaBHEHUA ONA pacyeTa KIto4YeBbIX NapamMeTpoB Mmoaesin NoBbllLUEHNA HAOEXHOCTW.

HavanbHoe 3HayeHve nokasaTensd BepoATHOCTM ©Ge3oTka3HOM paboTbl KOHCTPYKUUW 3a BpeMs
T paccunTbiBatoT Mo hopmyre

Ry (T) = exp{~[hpy T+ (1-e ™)) (14)*-

* CDopmyna COOTBETCTBYET opurmnHany. - I'Ilevleanme narotoBuTens 6asbl AaHHbIX.

MoBbiweHne 6e30TKa3HOCTM KOHCTPYKLMM 33 BpeMsi I~ paccumTbiBatoT No oopmyne

Ry(T) = exp (A T+ X0 e 27 (1— e )y (15)

Ecnn Heo6xoammo BbIYMCNINUTE CKOPOCTb MOBbILEHUS 6Ee30TKa3HOCTU, TO CKOPOCTb, HEOBX0ANMYHO Anst

OOCTWXeHuA uenesoro 3HadeHusa BEepOATHOCTU 6e3oTKa3HoOM pa60Tb| C y4eToM ueneBoro 3HayYeHuda wu
yCTaHOBJ'IeHHOl7I npoAoIPKUTENTbHOCTU CTaann NPOEeKTUpoBaHUA, pacCH4nUTbiBalOT No cbopmyne

i AT
e N (l—2 "5 )
=In[ R (7)) - AppeT
Up = . (16)
ip
Ecnu CKOPOCTb NoOBbllLEeHUA 0e30TKa3HOCTU n3BecCTHa, BpemM4, HeO6XOD,VIMoe anga AOOoCTUuXeHunsa
ueneBoro 3Ha4eHund nokasartens 6e3OTKa3HOCTI/I, MOXeT ObITb paccyuTaHo no cbopMyne

SE -
Zin[ Rg(T)]— hagT

&5y
6.2.4 OTcnexuBaHue NOBbILLEHUA HageXHOCTU Ha cTaaun NpoeKTupoBaHuns
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OTcnexvBaHue NoBbilEHNUs 6€30TKa3HOCTM C MOMOLLB MOANMLMPOBaHHOM GanecoBCcKoW Moaenu
IBM-Po3Hepa BbINOMHAIT Tak Xe, Kak 3To onucaHo B 6.1.3.

7 MnaHMpoBaHMe MNOBbIWEHUA HAAEXHOCTU W MOHUTOPUHI WCMNbITAaHAW Ha nNOBbIWEHUE
HageXHOCTU o6bekTa
7.1 Mogenu HenpepbIBHOIO NOBbIWEHWUA HAAEXKHOCTHU

7.1.1 CteneHHasi mogenb

B cratuctMyeckux npouenypax ANs CTENEHHOW MOLENW MOBLILEHUST HageXHOCTU B KadecTBe
NCXOOHbIX AaHHbIX MCMONb3YKT OTKasbl U HapaboTkM B Mpouecce MUchbiTaHui. 3a UCKIOYeHEM MeTona
nporHoanpoBaHus (cm. 9.6), mogenb NMPUMEHSIOT K oblemy Habopy AaHHbIX 06 oTkasax (cm. TOCT P
51901.6-2005, pucyHku 2 u 4, xapakmepucmuky 3) 6e3 geneHus Ha KaTeropum.

OCHOBHblE ypaBHEHWUS Ansi CTEMNeHHOW MOAEenV npuBedeHbl B HacTosweM pasgene. CnpaBoyHast
MHcbopMaums 0 MOAENW NpMBeAeHa B NpunoxeHum B.

MaTemaTnyeckoe OXuaaHue HaKOMMEHHOro KOoNMYecTBa OTKa3oB 3a BpeMsi T BbIYMCNSIOT MO
dopmyne

E[N(T]=ATPnpn & =0, B=0, T=o0, (18)

roe A- napameTp macwTaba;

(- napameTp dopmbl (PyHKUMA ob6Llert adPEPEKTMBHOCTM Yry4LlEHUN COOTBETCTBYET MOBbILLEHWNIO
HagexHocTn, ecnm 0 < [3< 1; COOTBETCTBYET COXpaHEHWIO HaaeXHOCTW, ecrn [= 1; cooTBetcTByeT
CHUKEHWIO HAAEXHOCTH, ecrin [ 1).

MapameTp NoTOka OTKA30B A0 UCTMbITAHWI B MOMEHT 3aBeplueHust T (4ac) umeeT Bua:

2(T) = %E[ MD=2T L r o (19)

Taknm o6pa30M, oba napameTpa, An B, BIMNAKT Ha napamMeTp NOoTOKa OTKa3OB B 3aJaHHOE BpPEMA.

YpaBHeHe NpeAcTaBnsieT coGoi NPsIMyIO C YoM HakrnoHa kacaTtenbHon (1) k ocn Bpemenn B Touke T,
kak nokasaHo Ha pucyHke 9 B TOCT P 51901.6-2005.

Cpe/J,Hee BpeMA MexXay OTKa3aMun 3a BpeMA ucnbiTaHun T umeet BUAO:

1
z(T) - (20)

B 9.1 n 9.2 npuBeneHbl OLEHKM MakcuMarnbHOro npasgonogobus Ans napameTpoB A v F.B93
npuBeneHbl KpuTepumn cornacus gns mogenu, a B 9.4 un 9.5 paccMoTpeHbl npouenypbl NOCTPOEHUsI
JOBEPUTENBHOrO MHTEpBana. PacnpocTpaHeHve MOAenu Ha MPOrHO3MPOBAHWE MOBBLILEHUS HAOEXHOCTU
onuncaHo B 9.6.

87 =

Mogaenb nMeeT crneytoLime xapakTepHble 0COGEHHOCTY:
- Mopenb npocta Ans onpeaeneHusi OLEHOK.
- Ecnv napameTpbl OLEHEHbl MO MPOWJSbIM MporpaMmMamM, 370 YAOGHbIM cnocob nnaHMpoBaHWs

Oyaywmx nporpaMm, MCNonb3ylLWMX aHarorMyHble YCrOBWUS UCMBITAHU W TaKylo Xe pe3ynbTaTuBHOCTb
yny4ywenus (cM. 7 n FOCT P 51901.6-2005, nyHkmbi 6.4.1-6.4.7).

- VIHorga mogenb fgaet HepeanbHble 3HayYeHus; Hanpumep, z(T) =% ona T =0, T.e. NoBbIlLEHNE
MOXET GbITb GeckoHeuHbIM 1 24 ) CTPEMUTCS K Hyfto npu T, cTpemsiwemcst kK 6eckoHeqHocTn. OgHako aTu
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orpaHun4eHna He BITUAKOT Ha NpaKTn4eckoe ncnosibaoBaHne Mogern.

- Mogenb saBnseTca OTHOCUTENBHO MHEPTHOM U HEYYBCTBUTENBHOM K MOBbLILEHWNI0 HAAEXHOCTU cpasy

nocre KOPPEKTUPYIOLLEH MOAUMUKALIMMA N MOXET [aBaTb 3aHWKEHHYIO (MECCMMUCTUYECKYI0) oLieHky D01 |
€CIn TOMbKO OHa He NCMOoMb3yeTcs ANA NPOrHo3upoBaHus (cMm. 9.6).

- O6blyHbLIN MeTOA4 OUEeHKM npegnonaraeT, 4YTo Habniogaemble HapabOTKM WM3BECTHbI TOYHO, HO
BO3MOXEH anbTepHaTUBHbLIN MOAXOA, Koraa OTKasbl CrpynnMpoBaHbl B npegenax M3BecTHOro MHTepBana
BpemeHu (cm. 9.2.2).

7.1.2 Moaenb ana UKCUPOBaAHHOIO KOyinyecTBa OTKa3oB

[aHHaa m™opgenb, Takke Wu3BecTHas kak mogenb IBM-PosHepa [9], wvcnonb3yeT crneayroume
NpeanonoXeHust:

- CYLLECTBYIOT cry4anHble oTkasbl (PYHKUUS MHTEHCUBHOCTU OTKA30B MOCTOSIHHA), BO3HMKalOLME C
WHTEHCUBHOCTbIO £ ;

- cywecTByeT UKCMPOBAHHOE, HO HEW3BECTHOE KONMYECTBO HEeCny4YamHbIX KOHCTPYKTUBHbIX,
NMPOU3BOACTBEHHbIX U APYrMX OTKA30B 06beKTa B Havane ucnbiTaHui.

OrpaHuyeHne MoJenu COCTOMT B TMNPEAnoNioKeHUM O TOM, YTO KO3PUUUEHT 3PDEKTUBHOCTU
COKpalLLIeHMs1 KONMYecTBa O0TKA30B paBeH ednHULE.

CKOpOCTb N3MEHEeHUA N(’I’J BO BpeMEeHU nponopunoHaribHa KOJIN4eCcTBY HeCJ'Iy‘-IaIZHbIX OTKa308B,
OCTaBLUNXCA HA MOMEHT BpeMeHU T

dN(T) _
i RS (1)
criegoBaTernbHO,
NI:T-’:I — E—KQ-TH -
Ecnv KoNM4ecTBO 0TKa30B B Touke T =0 paBHO 41, TO
— ¥ T K
NI=K ¢ ,ecrm T =0, £1, K2 =0, (22)

Ecnn E[N(ﬂ] - MaTeMaTn4eckoe oXxnaaHne COBOKYMNMHOIo KoJin4ecTtsa OTKa3OB 3a BpeMs T, Torga

ENT) =z T+& (1-¢ 8Ty, (23)
OTO ypaBHeHMe noapasymMeBaeT, YTO K MOMEHTY BpeMeHu 7~ obliee KONMYecTBO OTKA30B PaBHO
CYMMe Clny4amnHbIX U Hecny4anHblX 0TKa3oB. 34ecb E[N(]=o.

Mpu ycnoBmu, 4TO BpeMsi CTPEMUTCSI K GECKOHEYHOCTH

E[N(T)] — w0, (24)

Tak Kak mMofesnb ABnsSieTCS HeNMHENHOW, pacyeT mnapameTpoB M., Kin &y cregyeT BbINONHATL
nTepaTuBHbLIM METOOOM.

Mogenb no3BonsieT NMporHo3vMpoBaTb BPEMSI yCTpPaHeHUs onu oTkasoB "4 " (monu ycTpaHeHHbIX

rnepBoHaYanbHbIX HecnyYaiHbIx oTkasos 0 =4 =1).

Konnyectso HeCﬂyLIal7|HbIX OTKa30B, YCTpPpaHEHHbIX K MOMEHTY BpeMeHU £, paBHO

N -NE =K -k 5T (25)

CnepoBartenbHoO, YacTb nepBoHa4alibHbIX OTKa30B, YCTPAaHEHHbIX K MOMEHTY BpeMeHU i, meeT BUA:
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K-k e KT
g(T)= z =1-2 %7 (26)

Takum 06pasom, MOMyyYuB OLLEHKY K (£4), spems, HeobxoaumMoe AN AOCTUXEHWUS Xenaemoro
3HayeHust 4 Hecny4amnHbIX OTKa30B, KOTOPbIE CrieayeT YyCTpaHUTb, MOXHO paccuutaTb no opmyne

_ In{l-g)
g~ > . 27
K @7)
KOJ'II/I‘-IeCTBO HeCﬂyHaVIHbIX OTKa30B, OCTaBLUUXCA K MOMeHTy BpeMeHl/I T , MOXHO paccqmaTb no

thopmyne £ - 5T

Kak un B Apyrnx HenpepbiBHbIX MOAENsX 3aBMCUMOWN NepeMeHHoWn siBnsietcda obliee cpegHee Bpems
mexay oTkasamu { (£ roe

£

BT =

OBwee konudecteo oTkazoes (0,£) - (28)
7.2 OuckpeTHas Mofaesib NOBbILWEHUA HaAeXHOCTH

7.2.1 Onucanue mogenu

HanHasi mopenb paspabotaHa J1.Kpoy (L.Crow) [1] n sBnsieTcA AWCKPETHOM BEpCUEW CTEmneHHOW
MOZENW NOBLILLEHUS HAAEXHOCTH.

lMpUMeHNUTENBHO K 3TOW OUCKPETHOM MOAENV AaHHble NpeacTaBnsalT cobon nocrneaoBaTeribHOCTU
ONXOTOMMYECKUX COOBITUN, NpeacTaBnsALLMX COOOM ycnex unu otkas B NocrneaoBaTeNbHOCTY pe3ynbTaToB
ucnbiTaHMm ob6bekTa. McnbiTaHus oObekTa NPoOBOASAT B BuAE YCMELWHbIX 3TarnoB C MNOCnegyloLwmmm
KOPPEKTUPYIOWMMKU OENCTBUAMM Nocne kaxagoro atana. Kaxagpl atan ucnbiTaHui gaet nubo ycnex, nmbo
oTkas. KoHdurypauma cuctembl OCTaeTcsi HEM3MEHHOW Ha KaXKAOM 3Tane WCMbITaHUW, NO3TOMY KaKaoMy
aTany ucnbITaHW COOTBETCTBYET OAHA U Ta XXe BEPOSTHOCTb ycrnexa unu otkasa. Ha ocHoBe nHdopmaumu,
Nnony4yeHHON u3 HabnwaeHW 3a OTKas3aMu Ha KaXOoM 3Tane WCMbITaHURM, MPOBOAAT KOpPEKTUpyoLme
OEeVCTBUSI C LIeNbl0 MOBBILIEHUS HAOEXHOCTM oObekTa. B KOHLUE kaxaoro atana 3TM KOppeKTUpyloLine
OelcTBUSI BBOOAT B Crnefytollyto KoHdurypauuto. Takyto OOHOBMEHHYI KOH(UIypaLMio MCMbITbIBAIOT Ha
crnefywlem 3Tane, KOTOpPbIA COCTOUT M3 (OUKCMPOBAHHOIO KOMMYEecTBa WCMbITaHUN. 3Ta AUCKpeTHas
MoZenb NpMMEHUMa K HEBOCCTaHaBNMBaEMbIM CUCTEMAM, HanprMMep K TaKUM, Kak pakeTbl.

OTa cuTyaums C OWUCKPETHBIMW AAHHBIMM MOXO0Xa Ha aHanorMyHyl CUTyauuio C rpynnMpoBaHHbIMU
OaHHbIMW  CTEMNEHHOW  MOAENW, WMEIWEN HenpepbiBHbIA  MOTOK  AaHHbIX W ONpeferieHHyo
NPOAOIMKUTENBHOCTL UCMbITaHWA. [laHHble rpynnupyloT B oboux criydasx. B cnyyae ¢ auckpeTHbIMK
OaHHbIMWU OHW cofepKaT KONMMYECTBO MCMbITaHUA B KaXXAOW rpynne WUnn Ha KaXaom aTane B JOMOJSHEHue K
KONMYECTBY UCMbITAHWIA Ha KaXX4oW CTaaun, 3aKOHYMBLUMXCS OTKa3oM. B criydae ¢ HenpepbiBHbIMU AaHHLIMU
OHM BKIIOYAOT BPeMs UCMbITaHWUI B KaXA0W rpynne 1 Konv4ecTBo Habnoaaemblx 0TKa3os.

BaXxHbIM OTNUYUTENBHBIM CBOMCTBOM AMCKPETHOW Modenu SIBNSAETCA TO, UYTO XapakTepUCTUKU ee
CTPYKTYPbl MOBbILLEHNS U KPUBOW MOBbILLEHNA HAAEXHOCTU aHanorMyHbl HeNpepbIBHbIM AaHHbIM CTEMNEHHOM
Mogenw.

MpegnonaraeTcsi, YTO KOHGUrypauusi cucTeMbl MoAMUUMPYETCS Ha K dTamax, a HageXHoOCTb
OCTaeTcs NOCTOSHHOW B TEYEHME KaXaoro atana ucnbitTaHnii. Ha atane i BeposiTHOCTb 6e30Tka3HoW paboThl

i -it KoHcpUrypauum pasHa £i, i =1, ... kn £| > 0. Kaxgoe ucnbiTaHne Ha CTaauu i UMEeT OAMHAKOBYIO

BEPOATHOCTb R;— ycnexa. [aHHas wmopgenb obecnevyvMBaeT oOnNpedeneHne OLEHKM MaKCMMaribHOro
npaegononobus f?.;: ANA Kaxpgoh KoHgurypaumm i= 1, ... & . OueHkoii AnA duHanNbHON WUCMbITAHHON
KOHUrypauumn sBnsieTcs R;;. Ecnm B 0OBLEKT He BHeCeHbl [OOMOSHUTENbHblE WM3MEHEHUS!, OLeHKa

K} aBnseTca duHanbHoiA OLIEHKOM, NONYyYEHHOI B pesyrnbTaTe UCTbITaHUIA N KOPPEKTUPYIOLLMX AENCTBUIA.

NmeeTcs kyﬂopﬂﬂOHeHHbIX aTanos, rge atan 1 asnsercs nepBbiM, a aTan k- nocnegHum. Ha atane
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i JaHHble COCTOSAT U3 #%; OTKA30B B UCMbITAHUSX NPOAOIKUTENBHOCTN *; ,rae i =1, .. k.

) .
MycTb £ —ZJ-'=1?3J-' - obwasn npogoMmKUTENBbHOCTL MCMbITAHUA Ha BCEX 3Tanax. 3HayuT, nocne

3aBepLieHna i -ro artana fAaHHble coaepxaTt nocrneanoBaTtesibHOCTb ﬁ]‘ ONXOTOMUYECKUX pPe3ynbTaToB
UCnbITaHUHN, npencrtaBnAlLWNX cobon ycnex ninn oTkas B nocrieaoBaTesibHOCTU UCnbITaHWI 06BbEKTA.

B TeyeHue i -ro atana nokasaTesb HageXHOCTU R]‘ ocTaeTcsl NOCTosiHHbIM. CnepoBaTtenbHO, Ans

KaXXgoro ncnbitTaHna B npouecce i -ro atana ucnblTaHUN BEPOATHOCTb yCnexa paBHa R;‘, a BEPOATHOCTb
OTKa3a paBHa

5i=1-R;. (29)
B cooTBeTCTBUM C AaHHOW MOAENbIO BEPOATHOCTL OTKa3a ANns KoHUrypaumm i umeeT BUA:
nef — s
Fi = _r
! 5. , (30)

1

roe in =0, %y =& —fyu A >0, F>0- napameTpbl;
A.- napameTp macwiTaba;

- napameTp opMbl.

MycTb MNif;) - obliee KonuuecTBO OTKas3oB 3a BpeMmsi UCMbiTaHuii £ , Tawke nycTb BINE)] -

MaTemMaTunyeckoe oxnaaHme HakonmeHHOoro Kofnim4yecrtesa OTKa3oB 3a BpeM4d NCnbITaHWN fq' .

Torga cornacHo JaHHOW ANCKPETHON Moaenu

_ = _ 1P
E[N(ﬁz'}]—z-j:l"giﬂ' _Mi . (31)
310 XapakTepuctuka nosBbllLeHNA HaOeXHOCTU, COOTBETCTBYHOLAA cTeneHHoMn Mogenn Aand
HenpepbIBHbIX OAaHHbIX.

7.2.2 OueHka

MpuBegeHHble MeTodbl MOAXOAAT, €CNU  UCMbITAHWS  BKMOYAT OUCKPETHble WCMbliTaHUA B
% nocnepoBatenbHbix aTanax. KoppekTupyiowme AeicTBMS ONs MOBbLILLEHUS HAOEXHOCTU BbINOMHSAKT Mo
OKOHYaHMK 3TarnoB, B pesynbTaTe Yero MoBhbILWAETCA HaAeXHOCTb cneaytowen koHdurypauun. Ha ctaguu

i BEpOSITHOCTb Ge30TKa3HoM paGoThl i -it KOHpUrypaLun paHa fy, i =1, .. k.

laHHble cofepxaT MPOAOIHKUTENbHOCTb UCMbITAHUA %)  ONA  KakOoW  KoHdurypauum v

COOTBETCTBYHOLLEE KONMYECTBO OTKa3oB ¥, i =1, ... k. PekomeHayeTcs BblGupatb # = 0.

MokasaTernb HafeXHOCTN £%; paccunTLIBAKT Mo chopmyne

B=1-4 (32)

roe 1= . , A =0, B>o.
1

OueHkaMn  MakcuMManbHOro npaBgonogobusa  napameTpoB A U P asnaoTcs  BenMuMHbI,
yAOBMeTBOPSAOLMNE CreayoWwmnM ypaBHEHNSIM
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SEHIS]=0, (33)
SED 8 1=0, (34)
rae ) )

Hy = [51!3 In( ;) — r':!3—1 n(¢; —1)], (35)
U; = [f:!3 _51!3_1] ) (36)

o - .

1 - -~
aef—nef o —ReP P | (37)

u

[na onpegeneHnss OUEHKM MaKCUManbHOro npaegonofobus napameTpoB, A U E, oueHku
BEPOSATHOCTM OTKa3a u 6e30TkasHol paboTbl ANs i - KOHUIypaL MK paccumTbIBaOT No opmMynam

2 B4 B
H;.__ﬁii — M
=

?3!-

(38)

n By =1-#; cootBetctBenHo i=1, ..., k.

OLieHKa HaEXHOCTN KOHUIYpaLMn CUCTEMBI Ha NOCNeaHeM aTane i paBHa Aij.

8 Wcnonb3oBaHWe CTeNeHHOW MoAenu AnNA NNaHUPOBaHUS NMPOrpamMM MUCNbITAaHUMA NOBbIWEHUA
HageXHOCTU
B kadecTBe ncxodHbIX AaHHbBIX ANS npouenyp, onvcaHHbix B 6.4.2.3 1 6.4.4 TOCT P 51901.6-2005,
NCMNOnb3ytoT ABE BENIUYMHbI, MPOrHO3MpPYEeMbIe C MOMOLLbIO MOAENen NOBbILWEHNS HaAEXHOCTY:

- obLas CyMMapHas Hapa60TKa B Yacax, Heobxoanmas Ans JOCTUXKEHUS Lienemn nporpamMmmbil;
- MatemMmaTtun4eckoe oXxXmngaHme KoJimnd4ecrtBa OTKa3oB 3a nepunoa UCMbITaHWA.

O6Lasn HapaboTka 3a BpeMs UCMbITaHU 3aTem JormkHa OblTb Npeobpa3oBaHa B kaneHgapHoe Bpems
C 3annaHMpoOBaHHOW MNPOAOIMKUTENBHOCTBIO WUCMbITAHWA B HEAENo WM Mecsil, C Y4eTOM OXMOAeMoro
o6LLero BpeMeHu NPOCTOEB U ApPYrnx HenpeaBUaEHHbIX 06CTOATENBLCTB, @ KONMMYECTBO OTKA30B - YBENMUYEHO
C YYETOM NOSIBNEHNS MOCTOPOHHUX OTKA30B 1 NPOrHo3a o6LLero BpeMeHu NpoCcTOEB.

B kayecTBe MCXOAHBLIX AAHHbLIX MOFYT GbiTb UCMOMb30BaHbLI MPEAMNONOXeHMs O NapameTpax Modenu B
npeablayLlumx nporpammax, BblopaHHble C y4eToM MPUMEHEHUs] AN UCTMbITaHUiA aHanorMyHbiX OGBHEKTOB,
YCNOBWIA UCNbITAHWIA, NpoLeayp YNpaBneHus U Apyrmx 3HaunMbIX (pakTopoB.

9 CraTucTMYeCKMe KpUTepuu U MeToAabl onpedeneHUs OLEHOK Ansi HenpepbiBHOM CTeneHHOoW
Mogenu
9.1 KpaTtknn o630p

B npouegypax, onncaHHbIx B 9.2, MCNonb3yloT AaHHble 06 oTka3ax o6bekTa B Mpouecce UchbiTaHum
ONS OLEHKN MOBbIWEHNS HaAeXHOCTU, N B YACTHOCTU OLEHKM HafdeXHOCTU obbekTa B KOHLUE MCMbITaHWUW.
Vcnonb3yemoe MnoBbILEHNEe HaAEXHOCTU ABMASETCH pe3yrnbTaTtoM KOPPEKTUPYLWMX moandukaumn obbekTa
B npouecce wucnbiTaHui. [Npoueaypbl, paccmaTpuBaemble B 9.2.1, npegnonaratoT, 4To HapaboTtka o
Kaxgoro oTkasa wusBecTHa. B 9.2.2 paccmatpuBaeTtca cuTyauus, Korga dakTudeckoe Bpems oOTkasa
HEW3BECTHO, a 0TKa3bl CrpynnMpoBaHbl B MHTEpBarbl.
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o o o * o
Anst ncneiTaHui Trna | ¢ orpaHMyYeHHON NPOOOIPKUTENBHOCTLIO UCTBITAHMI ‘T 1 ucnbiTaHui Tuna Il ¢
OrpaHNYEeHHbIM KONTMYECTBOM OTKa30B i 1cnonb3ytoT pasHble dhopmysibl (cm. 9.2.1).

[Mocne 3aBeplieHMs WUCNbITAHWWA, OMUCaHHbIX B 9.2.1 un 9.2.2, AomkHbl 6bITb MNPUMEHEHDI
cooTBeTCTBYIOLWME KpuTEepun cornacus (cm. 9.3).

B 9.6 paccmoTpeHa cuTyaums, Koraa KoppekTupyoLwmne moamdmKaLm BbiMONHEHbI MOCNE OKOHYaHUS
NCMbITAHWN Kak OTCpPOYeHHble Moaudwukaumm. MeTod NPOrHO3MPOBaHMA MO3BOMNSET MOMYyYUTb OLEHKU
nokasartens HageXHoOCTN obbekTa Mo pedynbTaTtam KOPPEKTUPYIOLLMX MOANMDUKALIMA.

9.2 lMpoBepka rMnNoTe3s 0 NOBbILEHNN HaAEXKHOCTU M OLleHKa NapamMeTpoB

9.2.1 Cnyyau 1 - U3BecTHbI HapabOTKMN A0 KAXAOro oTKasa

MeToq NpMMEHNM TOMbKO B TOM Criyyae, ecrniv HapaboTKy perncTpupyroT Anst Kaxkaoro oTkasa.

OTan 1. Vckno4yeHne noCTOPOHHUX OTKa3oB B cooTBeTcTBuM ¢ 6.4.5 TOCT P 51901.6-2005 n/unn
OpYyron cooTBETCTBYIOLLEN AOKYMEHTaLNEN.

Otan 2. CoctaBneHme Habopa faHHbIX O HapaboTkax go oTtkasa (B coortBetctBum ¢ 7.4 TOCT P
50779.26-2007). Anst ucneitaHuii Tuna | HEO6X0AUMO TakKe y4MTbiBaTb BPEMS 3aBEPLLUEHUSA UCTIbITAHNNA.

3Tan 3. BbluncreHne TecToBOM CTaTUCTUKN

#*

N T
AR

o=

7 i (Ans vicnbiTaHwid Tna 1); (39)

12

Mg - @r-n
B 2
&

T E (onsa vcnbiTaHun TMnNa 2), (40)
12

roe A - obLee KONMYeCcTBO OTKA30B;

i o
T - 06Wwasa NnpoaoMmKNTENBHOCTb UCMbITAHUIA TuNa |;
TN— o0Laa NpoaomKNTENBHOCTL UCNbITaHui Tuna l;

1% - napaboTka A0 i-ro oTkasa.

B cOOTBETCTBUM C TMNOTE30M O HYNEBOM MOBLILEHUN HaOEXHOCTU (HapaboTku Mexay oTkaszamu
COOTBETCTBYHOT TFOMOreHHoMy npoueccy [lyaccoHa) cTatuctuka [F noguuHsieTcs  cTaHZapTHOMY
HopManbHOMy pacnpefeneHuio co cpegHum 0 U cTaHAapTHbIM OTKMoHeHWeM 1. Ctatuctuka i MoxeT GbiTb

ncnosib3oBaHa Anda nNpoBepKM TnMnoTe3bl O HalmMynn nNOoNioXUTEeNlbHOro unu otpulaTternibHoro M3MeHeHud
HaOe>XXHOCTU He3aBUCUMO OT MOAENN NOBbILLEHUA HAOEXXHOCTU.

ﬂ,ByCTOpOHHI/IIZ KpMTepMVI Oona  nonoXutenbHoro wnm oTpudaTtesibHoOro U3MeHeHusa C  ypoBHEM

3HaYNMOCTU £ UMEeeT KPUTMYECKNEe 3HaYeHus i g jiaun — W 52, roe ¥ g j2 - KBAHTUNb CTaHOAPTHOrO
HopmManbHoro pacnpegeneHus yposHs (1-2£/2)-100%.

Ecnn cnpaeennnMeo oAHO U3 HepPaBEHCTB:

U < grawm U =g, (41)
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NPUHNMAKT pelleHne O NoNoXnTesibHoOM unn oTpudateribHOM U3MEeHEeHUN HaOeXXHOCTU COOTBETCTBEHHO U
aHanm3 npoaoJrKarT C 3Tana 4,
Ecnn cnpaBensimBo HePaBEHCTBO

— gz <L < g2, (42)

TO MPUHUMAIOT pelleHne 06 OTCYTCTBUM MOSOXUTENBHOIO UM OTPULATENBHOTO U3MEHEHUS HAAEXHOCTU C
YPOBHEM 3HauMmMocTM L u aHanu3 3aBepwaloT. B atom cnyyae runotesy o6 3KCMOHEHUManbHOM
pacnpefeneHnm HapaboTok Mexay nocrefoBaTenbHbIMM O0TKasaMu (rOMOreHHOCTM npouecca [lyaccoHa)

NPUHUMAlOT C YpPOBHEM 3HaummoctTu T . KpuTudeckue 3HayeHust i g2 U — ¥j_g 12 COOTBETCTBYIOT

OAHOCTOPOHHEMY KpUTEPUIO OIS MONOXUTENBHOIO UIM OTPULLATENBHOIO U3MEHEHNS] HAAEXXHOCTU C YPOBHEM
3HaYMMoCTu /2,

Kputnuyeckue sHavyeHus ans ABYCTOPOHHEro KpUtepus ¢ ypoBHeM 3HauumocTtun 0,20 coctasnsaoT 1,28
n (-1,28). Kputuueckoe 3HaveHue 1,28 cCOOTBETCTBYET OLHOCTOPOHHEMY KPUTEPUIO AMsl NOJIOXMTENbHOro
N3MeHeHns1 ¢ ypoBHeM 3HaummocTu 0,10. [Ins Apyrnx ypoBHEW 3HAYMMOCTM MOXHO BbIOpaTb KpUTUYECKUE
3HadeHus No Tabnunuam KBaHTUINen cTaH4apTHOrO HOpManbHOrO pacnpeaeneHms.

OT1an 4. BbluncneHne cyMmmbl
N +
S = Z-=1]I1(T { T (ans venbiTanwii Tuna 1); (43)

5= Z;ﬂ In{ T3 / T3 ) (ans venbitanuii Tuna 2). (44)

OT1an 5. BblumcneHne HeCMeLLeHHOW OLEeHKM napameTpa Fno dopmyne

E_ A-1

B ) (ans ucnbitaHui TNa 1); (45)
E_ N2

B 5y (4nga ncnblTaHun TMnNa 2). (46)

Otan 6. BbluncneHune oueHkn napameTpa A.no gpopmyre

h= NI(T*]ﬁ (ans venbitaHuin Tuna 1); 47)

= NI{TN}E'(;J,M UcnbITaHwin Tuna 1*). (48)

* TekCT JOKYMeHTa COOTBETCTBYET opurnHany. - lNpumeyaHne narotosutens 6a3bl AaHHbIX.
OTan 7. BbluncrneHne oueHkM napameTpa MOToKa OTKa30B 2T n cpegHen HapaboTkn Mexay

oTKazamu é(ﬂ npu NPOAOIKUTENBHOCTU UcnbliTaHuin T~ = 0 no chopmynam:
R -t
HTY=ApTF . (49)

BTy =1/3(T . (50)

MpumeyaHne 1 - OueHKkK 2T B(T) asnstotes oueHkamu napameTpa NoTOKa OTKa3oB U CpeaHel
HapaboTkn Mexpay oTka3amu B MOMeHT BpemeHnn T =0 ans T u3 guanasoHa NpeacTaBneHHbIX AaHHbIX.
"OKcTpanonupoBaHHble" NapameTpbl 4ns OyayLwero BpeMeHn T UchbITaHWiA UNK OO ero 3aBepLUeHust MoryT

ObITb nosny4yeHbl TOYHO Tak e, HO UMK crneagyeT NnoJib3oBaTbCA OCTOPOXHO WM3-3a CBOWUCTB SKCTpanonauunu.
3KCTpaI’IOJ'IF|LI,I/IF| He OOJNKHa npeBblilaTbh NPoAOIKUTENTBHOCTb MCMbITaHUN.

MpumeuaHue 2 - Ecnu nporpamMma vcnbiTaHWii 3aBeplueHa, Toraa oueHka (7 ) B MOMEHT BpeMeHu
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+ o o
T =T v I =T} (B 3aBUCUMOCTM OT TUNA MCbITAHMIY) SIBASIETCS 3HAYEHWNEM CPEaHE HapaBoTK1 Mexy
oTKasaMu WUCMbITbIBAEMOW KOH(UIypaLun CUCTEMbI B KOHLIE MPOrpamMmbl UCTbITaHIA.

9.2.2 Cnyuyan 2 - Hapa6oTku 06 beANHEHbI B rpynnbl

[aHHbIN aJ'IbTepHaTVIBHbIVI MeTon npeaHasHaydeH AanAa crnydad, Korga H860p OaHHbIX COCTOUT W3
M3BECTHbIX MHTEpBAaJyioB BPEMEHMN, Kaxkabli 13 KOTOPbIX COOEPXNT U3BECTHOE KOJINYECTBO OTKa30B. BaxHo
nMeTb B BuUAy, 4YTO AJIMHa WHTEpPBaAlioB W KOJIMYECTBO OTKAa3OB B WHTEepBanax He OOJDKHbI ObITb
NOCTOAHHbIMW.

MpoAomMKUTENBHOCTL  UCMbITAHMIA  coOTBETCTBYET uWHTepBany (0; T ), oHa pasgeneHa Ha
o UHTepBanos O <e(l) <o) <. <e(d) . i-n WHTepBan npeacraensetr cobon nepuvos BpeMeHu Mexay

ti-Tn ed), i=1 2., 4, {{0h=0, #{d)=T Benuuunbl i) MoryT npuHMMaTh NioBble 3HAYEHUs OT
Opo 7.

OT1an 1. VcknoyeHne nocTopoHHUX oTkasoB B cootBeTcTBuM ¢ TOCT P 51901.6-2005, nyHkm 6.4.5,
n/vnun gpyron COoTBETCTBYIOLLEN JOKYMEHTaLMEN.

Otan 2. CocrtaBneHne Habopa p[aHHbIX O KOMMYecTBe pacCcMaTpuBaeMbiX OTKa30B N
3aUKCMPOBaHHBIX B i -M MHTEpBare EE-1,:G0, i=1,.. 4.
OG6LLee KONMMYECTBO paccMaTpuBaEeMbIX OTKA30B

N=Zi 0. (51

[Ona kaxpgoro mMHTepBana npou3BeaeHue P;‘N He [OIMKHO ObiTb MeHee 5 (mMpu HeobxoammocTu
CMEXHble MHTepBanbl 06bEANHSIOT A0 Havana UcnblTaHun), rae

i - (i1
N £(d) ) (52)

Otan 3. BbluucneHue cratuctukn Lf ana & uHTepBanos (nocrne oGbeanHeHNs Npu HeOGXOAMMOCTH)

i

M COOTBETCTBYHOLLUNX 3Ha4YeHun j'-';r;

2
2 d (N-z —D:'N?'
A5 =20 [T (53)
p;’
B cooTBeTCTBUM C rMNOTE30M O HYNEBbIX WM3MEHEHWsX HaAeXHOCTM (koraa HapaboTku Mexay
OTKa3aMM MOAUYMHSIOTCS FOMOreHHOMy npoveccy [yaccoHa) cTatTucTuka ¥ < pacnpeneneHa B COOTBETCTBIM

2
c %~ -pacnpepenenvem c (& — 1) cteneHsmu cBoGoabl. CTaTUcTUKa Xz MOXeT BbITb MCMornb3oBaHa 4SS

NPOBEPKN HaNM4Yns NOMOXUTESNbHbLIX UMW OTpUUaTENbHbLIX N3MEHEHWUIA HAAEXHOCTU HE3aBMCUMO OT MOAeNU
M3MEHEHUNN HaaEeXHOCTN.

[BYCTOPOHHUIA KpUTEPWUIA ANS MONOXUTENBHOIO WM  OTPULATENBbHOrO M3MEHEHUSI C YPOBHEM
3HaYUMMOCTU £ UMEEeT KpUTUYECKOe 3HaYeHue

CV =1, d-1. (54)

Ecru X< =), NPUHUMAIOT pPeLleHne O MOMNOXUTENbHOM UMM OTpULATENLHOM U3MEHEHUN
HaOeXHOCTWU COOTBETCTBEHHO U aHanu3 NPoAoMKaloT ¢ atana 4.

Ecnu Xg < (7, TO NpMHUMalOT pelueHne 06 OTCYTCTBMM MONOXWUTENBHOIO MMM OTPULATENbHOIO

N3MEHEHUSI HAOEXHOCTU C YPOBHEM 3HAYMMOCTM L1 aHanu3 3aeeplualT. B aToM criyyae runotesy o6
SKCMOHEHLUManbLHOM pacnpefeneHnn HapabGoTok mexdy nocreaoBaTenbHbIMU OTKa3amMu (FOMOreHHOCTM
npouecca NMyaccoHa) NPUHUMAIOT C YPOBHEM 3HAaUYMMOCTU ik
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2 . .
KpuTuueckme 3HaueHusi Yi—g (@ — 1) ana pasnuuHbix ypoBHeit 3HauMMocTM CL W uMcna cTeneHeil

ceoboapl (& —1) MOXHO HaiTK B Tabnuuax KBaHTUNEn ]:2 -pacnpegeneHus, Hanpumep B cTaHOapTax
FOCT P 50779.26 n TOCT P M3K 60605-6.

OTan 4. Ons nepsoHa4aribHOro Ha6opa AaHHbIX, CO6paHHbIX Ha a9Tane 2, BbIYMCASAKT OLEHKM
MaKCcumarsibHOro I'IpaBD,OI'IOﬂ,OGVIFl anda napametpa d)OprI E’ OueHka MakcuManbHOro I'IpaBD,OI'IOﬂ,OGVIFI

napameTpa 5(?3) YOOBMNETBOPSET CrieaytoLleMy YpaBHEHNIO:

e PP
€)@ 6 DTmeG-D, g
S 261 . (55)

Crneayet yuutbiBath, uto (0)= 0, a rtawke #HWni0)= 0. Bece unenst 0} moryt 6biTb

d
Zi:l El"rz

HOPMMpOBaHb OTHocuTenbHo £(d) | torma nocnepruin unew Il f(d}) ncuesner. Ons pewenus atoro

ypaBHEHUA OTHOCUTEITbHO |3HeO6XOﬂ,VIMO ncnonb3oBaThb VITepaTVIBHbIVI MeToa.

Otan 5. OnpegeneHune oueHkM napameTpa I-'L(I:'L):

L= Wid®, (56)
OTtan 6. Onpe,u,eneHme OLUEHOK MnapamMeTpa noToKa OTKa3oB f(ﬂ n cpeagHero BpemMeHu wmexay

oTKasamu é(f 1 AN NpoaomKUTENbLHOCTU UCTbITaHUA T = O:
. aamfel
2T =ApT (57)

BTy =1/3(T. (58)

Mpumeuarmne 1 - Ouerkn 2(7)u B(T) npeacTaBnsiOT COBOM OLEHKM NapameTpa NnoToka OTKA30B W
cpefHen HapaboTkM Mexay oTkazamu B MOMEHT BpeMeHu T =0 ana T u3 gmanaszoHa npencTaBieHHbIX
OaHHbIX. "OKcTpanonupoBaHHble" napameTpbl Ans Gonblue NpoaoKUTENBHOCTM BpeMeHn T B npolecce
nporpaMmmbl UCMbITAHUA UNW [0 3aBepLUEHUs1 UCMbITAaHUA MOryT OblTb MONydeHbl TOYHO TakK e, HO UMW
crnegyeT Nonb30BaTbCH OCTOPOXHO M3-3a CBOWCTB AKCTPanonAauun. 3KCTpanonauns He AOoMKHa npesbiwaTth
NPOAOIPKUTENBHOCTM UCTbITAHUA.

Mpumeuanne 2 - Ecnu nporpaMma WCMbITaHW 3aBepluieHa, Torda oueHka S(7) ana momeHTa

BpeMeEeHN T= f’(d) ABNAETCA 3HaAYeHUuem cpep,HeVl Hapa6OTKI/I Mexay OTkKasamMmu MCNbITbIBAEMOW
KOHd)VIpraU,I/IVI CUCTEMDbI B KOHLIE NporpamMmmbl UCMbITaHUNA.

9.3 Kputepun cornacus
9.3.1 O6Lwume nonoxeHns

Ecnn n3BecTHbl TOYHbIE 3HAYEHMUS Hapa6OTOK, HeobXxo4MMO MCMoNb30BaTb cnyqa|7| 1, B NPOTUBHOM
Ccny4ae Heobxo0aMMO MCMONb30BaTb cnyqaﬁ 2.

9.3.2 Cnyyau 1 - U3BecTHbI AaHHble O HapaboTKax Ans KaX[oro oTkasa

[na oueHkn napameTpa ¢oOpMbl f cHavana cnefyeTt MCnonb3oBaTb MeTo, onuvcaHHbii B 9.2.1,
3aTeM BblMUCIUTL cTaTUCTUKY Kpamepa-Mu3suca:

) y
B C_
Pan- (5] -2

128f M| (59)
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+ o
roe M =ANwu T =7 -andavcnbitannn Tuna |;

M=WN—-1u T =Ty- ana vcnoiranmit Tuna I1;
N <85 <. <y,

B Tabnuue 2 npuBeaeHbl KPUTUYECKNE 3HAYEHUS STON CTATUCTUKKN C ypoBHEM 3HavmmocTy 0,10. Ecrnin

2
cratuctuka C'“ () npesbiwaeT kputnyeckoe 3HaueHne A, npuseaeHHoe B Tabnvue, TO rMnoTesa o ToM,

YTO CTeneHHaa MoAesib COOTBETCTBYET AaHHbIM, OOJTKHA ObITb OTKNOHEHa. B NPOTUBHOM Clly4ae rmnoresa
OOJMKHa ObITb NpUHATA.

Ecnn paHHble O Hapa60TKax M3BECTHbI, And nonyvYeHusa AOMNOSTHUTENBHOM VIH(bOpMaU,VIVI
OTHOCUTENTbHO COOTBETCTBUS MOAENN AaHHbIM MOXET ObITb MCnonb3oBaHa rpaqueCKaﬂ npoueanypa,
onncaHHasa HuMxe.

Mpn ncnonb3oBaHUKM rpadmyeckort npouenypbl OLEHKY MaTemMaTUyeckoro oxuaaHuss HapaboTku o

j -0 OTKa3a E[T} ] HAHOCAT Ha rpacbvn( B 3aBUCUMMOCTU OT Ha6mop,aeM0|7| Hapa6OTKVI ao ..,lr -0 OTKa3a T_}'.
B cooTBeTCTBMM C NpunoxxeHnem B oLeHKy E[?} I Mmoo paccuuTaTtb no opmyne
Up

croe J=1,.., M. (60)

o

AT )=

=

IR

J

3HayeHuns i 3aTeM MepeHOoCAT Ha rpaduk B COOTBETCTBMM C Habnwgaemon HapaboTkon TJ'B

MOEHTUYHOM NMHEeNHOM MacwiTabe, Kak nokasaHo Ha pucyHke A.3. BusyanbHas COrmacoBaHHOCTb 3TUX

TOYeK C NuHMen nog yrnom 45° Kk ocu opavHaT SABMSEeTCs CyObLEKTMBHBIM KpuUTepuem NPUMEHMMOCTU
mMoaenw.

9.3.3 Cnyyau 2 - HapaboTkn o6begnHeHbI B rpynnbl

[laHHbIl  KpUTEPUIA MPUMEHMM TOMbKO B Chyyae, KorAa napameTp [ oueHWBaloT Ha OCHOBE
CrpynnuMpoBaHHbIX AaHHbIX (cMm. 9.2.2). CpepgHee KOMMYECTBO OTKA30B B WHTEpBane BpeMeHu

(£ — 13; £3)) npubnuxkenHo pasHo

_ AP i iR
g = AL —£G -1 ] (61)
Ana kaxgoro vHTepBana 3HaveHne #j He OOMKHO ObiTb MeHblue 5. Mpu HeOGXOAMMOCTU CMEXHbIE
MHTepBarbl MOXHO 00beAMHATb 00 Havana ucnbiTaHuin. Ona o vHTepBanoB (nocrne oGbeduHeHust npu

Heob6XoOMMOCTHU) U TOM XXe 3HaYeHUN f"f; 4yTO 1 B 9.2.2, BLIYUCNAKT CTAaTUCTUKY

v oyt Wia)
=T (62)

Kputuueckne 3HaueHust 3TOM CTATUCTUKU C YUCIOM cTeneHen cBobogbl (& — 2 ) MOXHO Hantu B

Tabnuue 12 -pacnpegenenus, Hanpumep B FTOCT P 50779.26 n TOCT P M3K 60605-6. Ecnu kputnyeckoe

3Ha4yeHne Cc ypoBHeEM 3HA4YMMOCTU 0,10 npeBbilLEeHOo, TO rmnoTe3a O TOM, YTO CTeneHHaa Modernb agdekBaTHO
onucblBaeT CrpynnMpoBaHHble JaHHbIe, OOJKHa ObITb OTKIIOHEHA.

Ecnn HaGop OdaHHbIX COCTOMT U3 WU3BECTHbIX MHTEPBANlOB BPEMEHUM C W3BECTHbIM KONMYECTBOM
0TKas30B, AN NofyyeHWUs OOMOSIHUTENbHON MHGOPMaUUM O COOTBETCTBMM MOAENU AaHHbIM MOXET OblTb
“cnonb3oBaHa rpaduyeckas npoueaypa, onmcaHHas Hke.

[na kaxpgoro vHTepBana, OrpaHMYeHHOro TOYKOM £(1) (ot 0 mo £(3) ), KONM4ecTBO Habnogaemblx
OTKa30B CcOCTaBnAeT
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W) = g My (63)

OLeHKYy MaTeMaT4eCcKoro OXuaaHna konndectsa otkasos H[ N (£(i11] paccuntbiBalot no hopmyne

Bin] = kP (64)
N3 aToro cnenyet

EINGEN] o i

T = Af(D) _ (65)

Mpaduyeckasn npouenypa COCTOMT B MOCTPOEHUN rpadmka

4 LGN

£(1) ci=1, ., 4, (66)

a TakkKe JIMHUn
hi+{E-DT, 7o, 67)

Kak 3T0 NokasaHo B npumMepe (CM. pucyHok A.4).
3aBncMMocCTb Mexay I f-';_ n &, (P—1)n ctnpusenena s npunoxexnn B.

Mpu P <1 nuHna ssnseTtcs ybbiBaioleil. BusyanbHas cOrmacoBaHHOCTb TOYEK C 3TOM NMHMEN
ABMAETCA CyObEKTUBHBIM KpUTEPMEM MPUMEHNUMOCTN MOAENM.

9.4 [loBepuTenbHblie UHTEepBanbl ANA napameTpa ¢popmbl

9.4.1 O6wume TpeboBaHUs

MapameTp dopmbl > B cTenenHoil MOOENWN MOBbLILEHNST HAOEXHOCTU XapaKTepusyeT Hanudue
N3MEHEHWU HaOEXHOCTU U UX BenuuuHy. Ecnn 0 < P 1, HabnwgaeTca NoBbILLEHMe HaOeXHOCTW, ecrv
=1, HaJeXHOCTb He U3MeHseTcd, a ecnu P 1, HabnogaeTca CHUXeHne HageXXHoCTH.

Mpu onpeaeneHnn [OBEPUTENbHOMO WMHTEpBana Ansi 1, Korga M3BEeCTHbl HapaGOTKM [0 KaK[oro
oTkasa, Ucronb3ylT cnyyan 1. [ns crpynnupoBaHHbIX 0TKa3oB HeO6X0AMMO UCMOoNb3oBaTh cryyan 2.

9.4.2 Cnyuyau 1 - U3BecTHbI AaHHble O HapaboTkax AN KaX[oro oTkasa
OTan 1. BbluncrieHue oueHkn 5B cootBeTcTBUM € 3Tanom 5 B 9.2.1.

Oran 2.

a) Vcnbitanns Tuna |

[na onpegeneHus OBYCTOPOHHEro AOBEPUTENBLHOrO WHTepBana Aand fic ypoBHem poBepust 90%

HeO6XO,D,I/IMO BbIHUCINTb BENTU4YNHbI DI_ n DUI

[na oByXCTOPOHHEro A0BEpUTENLHOrO UHTepBana ypoBHa 90% ans &

_ X5 (2M)
Lo oy (68)
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_ Xaos (2M)
U ooy (69)

KBaHTUNM MOXHO onpeaenuTb no Tabnuuam ]:2 -pacnpeaeneHusl, NpuBedeHHbIM, Hanpumep, B
ctaHgaptax FOCT P 50779.26 n TOCT P M3K 60605-6.

HwmxHaa goBepuTeribHaaA rpaHnda anda |3mmeeT BUAO:

Bre =Dr B. (70)

BerHFlFl aoBeputenbHaa rpaHnua ans ISVIMeeT BUA:

Pog =Ly . (71)
COOTBETCTBEHHO 3Ha4YeHnsd BLE‘ n BUB ABMAIOTCA TakKKe HUWKHEN U BerHeVl OAHOCTOPOHHUMM

O0oBepUTENbHBIMY rpaHuLamMu ans e ypoBHem gosepus 95%.
b) Ncnbitanusa tuna i

[lns onpenenexmsi ABYCTOPOHHETO AOBEPUTENBHOMO UHTEpBana Ans ¢ yposHem mosepusi 90%

_ o5 (@M -1)

-y (72)
2
_ Xogs (el -1)
HwxkHas goBepuTernbHaaA rpaHnda ana |3:
Brg =D B (74)
BerHﬂﬂ aoBepuTenbHaa rpaHnua gns |3:
Pug =Dy - B. (75)

CoOTBETCTBEHHO 3HaYeHUs E’LE‘ n BUB SABMAITCA TaKkKe HWKHENn U BerHeVl OAHOCTOPOHHUMM

A0BEepUTENbHLIMU FpaHnLaMy Ans B ypoBHeM gosepus 95%.
9.4.3 Cnyyau 2 - Hapa6oTkn 06begnHeHbI B rpynnbl
[JaHHble npoueaypbl NOCTPOEHNUST JOBEPUTENBLHOIO MHTEPBarna NpUMeHUMbl B crlyyae, Korga oueHka

napametpa [FonpegeneHa Ha OCHOBE CrpynMMPOBaHHbIX AaHHbLIX B COOTBETCTBUM C 9.2.2.

Otan 1. BeluucneHve [33 COOTBEeTCTBUM € aTanom 4 B 9.2.2.

3tan 2. BoluncrnieHne £1E)

L )
P(ﬂ:@,me i=1,2,.., d. (76)

3tan 3. BblunucneHne 3Ha4yeHnsa BenuunHbl A

L IPOF PP - PGP PGP
A= 20 NPV 77)
(PG - PG -DF) - (

3T1an 4. BoluncneHve 3HayeHns i’
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0=
ﬁ . (78)
Otan 5. OnpepgeneHne nNpuBNMXKEHHOro ABYCTOPOHHEro [OOBEPUTENIbHOIO MWHTepBana Aans Bec
yposHem gosepus 90%

o (16
L (79)
roe A - obLee KONMYecTBO OTKa30B.
Otan 6. HwkHsist foBepuTenbHas rpaHnua ansi kB
Brg = R(1-x70. (80)
BepxHas goseputenbHas rpaHvla ang [
Prg = B(1+ 5D, (81)

CoOTBETCTBEHHO 3HAYeEHMS E’LE‘ n BUB SABMAITCA TaKkKe HWKHERn 1 BerHeVI OAHOCTOPOHHUMU

A0BEepUTENbHLIMU FpaHnLaMy Ans e ypoBHeM gosepus 95%.
9.5 loBepuTenbHbIe MHTEpBanbI ANs cpeAHe HapaboTKn Mexay oTkasamm
9.5.1 O6wume TpeboBaHUs

B cooteBetctBMM € 9.2.1 (9Tan 7) n 9.2.2 (3tan 6) onpegensoT OLUEHKY cpegHen HapaboTku Mexay

oTkazamu 21 . [Ins onpeneneHust [OBepWTENbHbIX WHTEpBanoB oueHkn S(7) | korma M3BeCTHbI

HapaboTkn OO KaXXOoro oTkasa, criegyeT MCnonb3oBaThb criydan 1. [ina crpynnnpoBaHHbIX OTKa30B - Criy4van
2.

9.5.2 Cnyyau 1 - U3BeCTHbI AaHHbIEe O HapaboTKax ANns KaXaoro oTkasa

OTan 1. Bolucnenne 9(7) B cooTBETCTBUM C 3Tanom 7 B 9.2.1.

Otan 2. [Ins onpegeneHns ABYCTOPOHHEro AOBEPUTENbHOrO MHTepBana ¢ yposHeM gosepus 90%
HaxodaT 3HaveHuss L v L7 gns cooTeeTcTBylowero obbema BbiGopku A, ucnonbaya Tabnuuy 3 ans
ucnbiTaHum Tuna | unm Tabnuuy 4 ana ucneitadun Tuna ll.

OT1an 3. HwkHAs goBeputenbHas rpaHiua ansi 9T .

Brp=L BT, (82)

BerHFIFI aoBepuTenbHaa rpaHnua gns E”:ﬂ .

S = U B(T). (83)

CoOoTBETCTBEHHO E'LE‘ n E'[,E‘ ABNSAITCA TaKkKe HWKHEN U BerHeIZ OOHOCTOPOHHNMU

[0BepUTENbHBIMU rpanuammn ans 9 ¢ ypoBHeM goBepus 95%.

9.5.3 Cnyyau 2 - HapaboTkn o6 begnHeHbI B rpynnbl

rlpI/IBep,eHHble npouenypbl onpeneneHna ooBepuTeribHOro nHTepeana npuMmeHnmMbl B criydae, Korga

oueHka [6bina onpeferneHa no crpynnMpoBaHHbIM AaHHbIM (CM. 9.2.2).

Otan 1. BeluucneHuve EB CcooTBEeTCTBUM € 9.2.2 1 é(ﬂ B cooTBeTCcTBUM € 9.2.1 (aTan 7).
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37an 2. BuluncreHne BennunHbl £1i)

_Ta)

Fi) = T(d) - The i=1,2,.., 4. (84)

OTan 3. BbluncneHve 3HavyeHus A :

p [P(z‘jé‘ In P(z')':;‘ — Fii —1)'?$ In PiE —1;|Fﬁf']2
A= 24 B s of (85)
(PP - PG -1)F] -

OTan 4. BbluncneHue 3HaveHnsa [
1
D=q7+1 (86)

OT1an 5. [insg onpepeneHns npubnmxeHHOro AByCTOPOHHErO JOBEPUTENBHOrO UHTEpBana Ang I
ypoBHeM goepusi 90% BbIYUCISIOT 3HAYEHUE 3 :

_ (164D

s N (87)

roe M - obliee KonNMYecTBO OTKa30B.
3tan 6. HWxHsa noBeputenbHas rpaHvua ans =1

brg =8(T(1- 5. (88)

BepxHsis goBepuTenbHas rpaHuua ans =V

Byp = S(TI(1+5) . (89)

CoOTBETCTBEHHO 3HaYeHUs E'LE. n E'T_TE. SABMSIOTCA TaKKe HUXHEN W BerHeVl OOHOCTOPOHHUMUA

A0BepUTENbHLIMU FpaHnLaMy ans 9 ¢ ypoBHeM gosepus 95%.
9.6 MeToamnka NporHo3npoBaHUA

MeToauka npuvMeHMMa B TeX Cryyasx, Korga KOoppekTupyllwme moaudukaumn BHeZpsitoT nocre
OKOHYaHMS UCMbITAHWUIA Kak OTCpOYeHHble mMoaundukaumu. Llenbto 3agaun saBnsieTcs oueHka HageXXHOCTU
CUCTeMbl Nocre BBeAEHWS1 KOPPEKTUPYIOLWNX MoanduKaLmi.

Otan 1. BolgeneHue oTka3oB kateropuun A n kateropum B (cm. TOCT P 51901.6-2005, onpedeneHus
3.14 u 3.15).

Otan 2. OnpepgeneHne BpeMeHW MepBOro MOSABMEHUA KaKOoro Tuna oOTKasoB B KaTeropun B,
cocTaBrneHne otaenbHoro Habopa AaHHbIX. MycTb J - KONMYECTBO pasnuyHbLIX TUMOB OTKA30B Kateropun B

).

OT1an 3. BeinonHeHne atanoB ¢ 1 no 5 B cootBeTcTBMM C 9.2.1 B OTHOLLUEHUN 3TOro Habopa AaHHbIX
+*
0N onpeaeneHns OLEeHKN napameTpa [3, ucnonb3ysas N =Ju T wvnu TN,EI.J‘IFI NosIHOro Habopa faHHbIX.

OTtan 4. [nsa kaxgoro u3 J OTKasoB pasnuyHbiX TUMNOB kaTeropunm B B HaGope gaHHbIX aTana 2
Has3HayalT KO3PPUUNEHT 3HPEKTUBHOCTM YNy4LLEHUS B i=1, .., I.[ns kaxgoro u3 J oTkasoB

pasnuyHbIX TUNOB Kateropun B napametp E;- (0= E;- = 1) ABNAETCA UHXEHEPHOW OLEHKON OXMOAeMoro
CHWXEHMS NOTOKa OTKa30B, BbI3BAHHOIO MAEHTUULMPOBAHHON KOpPEKTUpYowen mogmdukaumen (cMm. 3.5).

Bbluncnsaior cpegHee E 3TUX 3HaAYeHUW Wnn, ecnmu npunemMmnemo, YycraHaBlIMBaKT cpe/J,anh




FOCT P 51901.16-2017 (MOK 61164:2004) MeHemxmeHT pucka. [NoBbileHne HagexHocTn. CTaTucTuyeckue KpuTepum 1 MeToabl

OLEHKM
lMpumeHsiemcsi ¢ 01.12.2018 e3ameH NOCT P 51901.16-2005
Crtpanuua 29

KoadpbumumeHT adhpekTUBHOCTU ynydweHusa (Hanpumep, 0,7) BMECTO WMHAMBMAYAIbHbIX 3HAYEHWUN ;|
i=1,.. [, KaK onvcaHo BhbILLE.

OT1an 5. OnpegeneHve OLEHOK NMPOrHO3MpyemMoro napameTpa NoToka OTKa3oB U cpeaHen HapaboTku
MexXxay OTKa3amMu

1 I a =
Zp:%KA+ZJ'=1K:'(1_51':'+I'B'E , (90)

rne KA - KOJ1IN4eCTBO OTKa30B KaTteropmmn A,

K;' - KONMYecTBO HabnaaeMblx OTKA30B I -ro Tuna kateropum B;
* ="
T=T wn = {37 B COOTBETCTBUM C 3TANOM 3, ONMUCAHHbIM BbILLE.

Ecnn 3Hauenus &£; He HasHauyeHbl, a UMEETCS TONMbKO CpeaHee X , TO CPeAHUi YneH B KBaJpaTHbIX
ckobkax CTaHOBUTCS PaBHbIM

Kp(1-E), (92)

roe & - konuuecTBo OTKa30B kaTeropum B.
B aTom cny4ae nporHo3npyembl napamMeTp NoToka OTKa3oBs

1 — P
zp:F[KA+KB(l—E}+I-B-E]_ 92)
[MporHo3npyemoe 3HavyeHue cpegHen HapaboTkn Mexay oTkasamu

EIP = lfzp _ (93)
Tabnuua 2 - Kputnyeckme 3HadeHmns kputepusa cornacusa Kpamepa-Museca ¢ ypoBHeM 3HaummocTu 0,10

A KpuTnyeckoe sHaveHne CTaTUCTUKK
3 0,154
4 0,155
5 0,160
6 0,162
7 0,165
8 0,165
9 0,167
10 0,167
11 0,169
12 0,169
13 0,169
14 0,169
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15 0,169
16 0,171
17 0,171
18 0,171
19 0,171
20 0,172
30 0,172
=60 0,173

Mpumeyanue - Ans ucnbiranun Tuna | M = A ; ana venbiranmn una Il A = A7 —1.

Tabnuua 3 - [IByCTOPOHHME OOBepuTenbHble MHTepBanbl ypoBHsA aosepust 90% ansa cpegHen HapaboTku

MeXxay OoTkasamum U Ans ucnbitaHui Tuna |

N L o

3 0,175 6,490
4 0,234 4,460
5 0,281 3,613
6 0,320 3,136
7 0,353 2,826
8 0,381 2,608
9 0,406 2,444
10 0,428 2,317
11 0,447 2,214
12 0,464 2,130
13 0,480 2,060
14 0,494 1,999
15 0,508 1,947
16 0,521 1,902
17 0,531 1,861
18 0,543 1,825
19 0,552 1,793
20 0,561 1,765
21 0,570 1,738
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22 0,578 1,714
23 0,586 1,692
24 0,593 1,641
25 0,600 1,653
26 0,606 1,635
27 0,612 1,619
28 0,618 1,604
29 0,623 1,590
30 0,629 1,576
35 0,652 1,520
40 0,672 1,477
45 0,689 1,443
50 0,703 1,414
60 0,726 1,369
70 0,745 1,336
80 0,759 1,311
100 0,783 1,273
Mpumeuanue - Ans A =100
-2
L= E 1+u T
N 0,54712 (=
-2
= y-1 1—u T
N 0,547/2 &
roe 0,54~ 2 - KBAHTWUIb CTAHAAPTHOMO HOPManbLHOro pacrnpeaeneHus ypoeHs 100-(0,5+ 1i‘r/2)%.

Tabnuua 4 - [IByCTOPOHHWE OOBEpUTENbHBIE MHTEpBanbl ypoBHSA foBepust 90% Onsa cpegHen HapaboTku

MeXay oTKkasamu U Ansa ucneitaHui tuna i

N L i

3 0,1712 4,746
4 0,2587 3,825
5 0,3174 3,254
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6 0,3614 2,892
7 0,3962 2,644
8 0,4251 2,463
9 0,4495 2,324
10 0,4706 2,216
11 0,4891 2,127
12 0,5055 2,053
13 0,5203 1,991
14 0,5337 1,937
15 0,5459 1,891
16 0,5571 1,876
17 0,5674 1,814
18 0,5769 1,781
19 0,5857 1,752
20 0,5940 1,726
21 0,6018 1,701
22 0,6091 1,680
23 0,6160 1,659
24 0,6225 1,641
25 0,6286 1,623
26 0,6344 1,608
27 0,6400 1,592
28 0,6452 1,578
29 0,6503 1,566
30 0,6551 1,553
35 0,6763 1,501
40 0,6937 1,461
45 0,7085 1,428
50 0,7212 1,401
60 0,7422 1,360
70 0,7587 1,327
80 0,7723 1,303
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100 0,7938 1,267

Mpumeuanue - Ans A =100
-1
N2

L=—|1+u 5
05402, | = ;
senfZ

roe 0,54~ 2 - KBAHTWUNb CTAHAAPTHOMO HOPManbHOrO pacnpeaeneHus yposHs 100-(0,5+ ¥12)%.

MpunoxeHne A
(cnpaBo4HoE)

MpumMepbl NNaHUPOBaHUSA U aHanNu3a Moaesren, UCMoNb3yeMbIX NMPYU NPOEKTUPOBAHUU U UCTIbITAHUAX
obbekTa
A.1 MnaHupoBaHMe NOBbIWEHUA HAAEXKHOCTU HAa CTaANMU NPOEKTUPOBAHNA OO bEKTa
A.1.1 Mpumep nnaHMpoBaHus ANsA CTeNneHHON Mogenu

PeanbHbIn npumep, I'IpVIBeD,eHHbIVI HWXe, pa3bACHAET, KaK MNOCTPOUTb CTEeNneHHYK MOoAdellb N KakK
COnocCTaBUTb (*)aKTI/I‘-leCKOG noBbIlWLEeHNne HageXHOCTn C 3anjiaHMpoBaHHbIM.

WHdopmaumusa, Heobxogumas Ans NNaHWpOBaHWUs, MpeactaBnser CcoboWM  OKPYIrMEHHYK  OLEHKY
HayanbHOW HaOEeXHOCTM obbekTa. ATa oueHka MOXeT ObiTb NOyYyeHa Ha OCHOBE [aHHbIX 00 aHanorm4yHom
00BbeKTe C y4eTOM pPasnmunii B CrIOXKHOCTU 00BEKTOB. [lpyrne ¢hakTtopbl, KOTOpble HEOOXOANMO YUNTLIBATL:

- LiernieBble NnokasaTenu HageXHOCTU 00bekTa;

- OUEeHKa 3Ha4YMMOCTU N Konmnyectesa BO3MOXHbIX MO,D,I/I(*)VIK&LI,I/IVI KOHCTPYKLWNW;,

- MPOJOSIKUTENBHOCTL NEepuofa MNPOEKTUPOBaHUs, B MpoLecce KOTOPOro MOoryT ObiTb MPOBEAEHbI
Moandukauuu.

A.1.2 NMNocTpoeHne moaenu N MOHUTOPUHT NOBbIWEHUA HAAEXKHOCTHU

Mogenb Ans nnaHMpoBaHWA CTPOAT criegyow M obpasom.

Tpebyembin pecypc 00bekTa AOMKEH cocTaBnATb 15 nert:

T =365-24:15=1,314:10" u,

3apgaHHas NPOAOMKUTENBHOCTb nepuoga NPOEeKTUPOBaHNSA cocTaBnsieT 140 aHen,

£n = 140-24=3,360 u.

BeposiTHocTb Ge30Tka3HoM paboTbl 00bekTa 3a nepsbie 15 neT coctaBnsieT f'?-|:|(’j" =15 ner)=0,72.

LleneBbiM nokasaTenemMm HageXHOCTU obbekTa SBNSETCA BepoATHOCTbL Ge3oTkasHow paboTel 3a 15 ner,
pasHasg 0,95.

Mcxoas u3 3HadeHuin HadarnbHOW HageXHOCTU M LeneBoro nokasatens HageXHoCTw, paccyuTbiBaloT
Ha4valnbHYH U LeneByto cpeaHl MHTEHCUBHOCTb OTKA30B:
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Ro(T) = expl~Rgp - T]= 0,72,

Rz (7)1 =095
—In[ &
Ayq = %: 25.1070 ;

—In[ Kz (7] -7
Agg = — 220 = 39.1077

MpuHMMas BO BHMMaHWe npegnofiaraemMoe KOMMYECTBO BO3MOXHbIX MOAMMUKALMUA KOHCTPYKLMMK,
CKOPOCTb MOBbILLEHUS HAAEXHOCTU paBHa:

m[MRﬂﬂq
In[ £z (7] 074
n( 1+ T

Mopgenb noBbILWEHNS HaOEXHOCTH CTPOAT B COOTBETCTBUUN C YypaBHEHNEM

LT
H[M[RG{T:I]] wpt
IRy (7]
ip

Rig, Ty=FRy(Iht
PakTnyeckoe NoBbllLUeHNe HaaeXHOCTN 0ObeKTa 3aTeM HAHOCAT Ha rpad vk U CPaBHMBAIOT C MOAENbIO
(cm. pucyHok A.1).

Mogenb moxeT ObiTb NOArOTOBMEHA C MCMOMNb30BaHUEM 3MEKTPOHHbIX Tabnuuy CO BCTPOEHHbIMU
dopmynamu (cm. Tabnuuy A.1).

Tabnuua A.1 - PacyeTt moaenu nnaHnpoBaHuA NoBbllLEeHNA HAAEeXHOCTU Ha CTaaun NPOeKTnpoBaHnaA

A B C D E F G H |
1 | Cumson op o Ry (1) Re(T) T Aan Aag o
unm
dyHKUNS
Benuuunna| 0,77442 10 0,72 0,95 131400 2,50E-06 3,90E-07 |3360
dopmyna |[=LN(LN(D2)/LN(E2))/ =(-LN(D2)/F2)|=(-LN(E2)/F2)
LN(1+C2)
dopmyna | =$DS27((($1$2+A4*24*(LN(SES2)/LN($D$2))(-1/$B$2)-A4*24)/$1$
R, TIm 2)\(-$B$2))
odel
i (days) R, T) Ra(T) Rig,T)
model actual
0 0,72 0,95
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7 5 0,7715778 | 0,95
8 10 0,8054116 | 0,95
9 15 0,8295252 | 0,95
10 20 0,8476901 | 0,95
11 25 0,8619279 | 0,95
12 30 0,8734259 | 0,95 0,699
13 35 0,8829302 | 0,95
14 40 0,8909348 | 0,95
15 45 0,8977803 | 0,95
16 50 0,9037102 | 0,95 0,77
17 55 0,9089029 | 0,95
18 60 0,9134928 | 0,95
19 65 0,9175828 | 0,95
20 70 0,9212533 | 0,95
21 75 0,924568 0,95
22 80 0,9275782 | 0,95 0,82
23 85 0,9303256 | 0,95
24 90 0,9328444 | 0,95
25 95 0,9351631| 0,95
26 100 0,9373055| 0,95
27 105 0,9392918 | 0,95
28 110 0,9411391 | 0,95
29 115 0,9428621 | 0,95
30 120 0,9444733 | 0,95
31 125 0,9459837 | 0,95 0,93
32 130 0,9474029 | 0,95
33 135 0,9487392 | 0,95
34 140 0,95 0,95

* B cTpokax 3 n 4 npuBegeHbl hopMyrbl U3 3NEKTPOHHbIX Tabnuy Excel.

B cooTBeTCTBMM C MPUMEPOM YNyULLEHWS NPOBEAEHbI B TPU 3Tana; Npu 3TOM HECKOJbKO aHanormyHbiX

Moaudukaumi 6binnm obbeanHeHbl B OOHO M3MeHeHue. BHauvane 6bino npoBedeHO M3MEHEHMe TUMOoB
KOHOEHCaTOpOB Ha KOHAEHcaTopbl, AN3MEKTPUYEeCKMe CBOWCTBA M HaAEXHOCTb KOTOPLIX ropasgo Bbile
(nepBasi mogmndmKauusa KOHCTPyKUMM oxBaTbiBana 106 KOHOEHCATOPOB C PasfMYHbIMKU MoKasaTensiMm u
pasnuyHbIM BNSHUEM Ha HAOEXHOCTb).
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BTopbiM n3amMeHeHUeM cTarno BHeapeHue YacTei ¢ 6onee BbICOKMMM NokasaTensamy HageXXHOCTH, Tak
Kak HeKoTopble YacTyh (KoHAeHcaTopbl Ha NOJyNpPOBOAHMKAX) MOKa3any Ha UCMbITaHUSX HU3KYI0 HaAEXHOCTb.

TpeTbe M3MEHEeHNEe TaKkKe BKI1Ho4Yaryio HEeCKOJ1bKO MO,EI,VI(*)VIKGLI,I/IVIZ ano6peTeHV|e bonee HageXHbIX
MHTErparibHbiX 3J1EMEHTOB, 3aMeéHa nNnoCTaBLWWMKa HEKOTOPbIX nepeKmoaneneﬂ Ha 0Oonee HageXHoOro,
COKpauleHne KOMMNOHEHTOB B ANCKPETHbLIX NOJ1yNnpoOBOAHUNKOBbLIX I'IpVI60an.

[anbHenwmne ynydiieHns npuaHaHbl 3KOHOMUYECKU HeuenecoobpasHbiMy, OuHanbHbIA NokasaTenb
HaOEeXHOCTU NPUHAT KaK yYAOBNETBOPUTENbHbIN.

BepoatHocTe BesoTkasHol paboTel

0,980
Aeilie—a—= s s = s = 2 s === == s s s ===
0,930
TpeTee uameHeHue 4::
R(f.T) - Mmogens l/
Rit,T) .
0,880 =7
CooTeeTcTByowan g 4
uenesas \» e
nuHAA* »~ 7
0,830 —
/,-’
i _,f‘/‘{\ Bropoe nameHeHue
o
~
0,780 lé;:'f
/ H“ahl'lepeoe MIMEHEHWE
;
0.730 -
1 7 HauaneHas oyeHka
F F o
0,680 —* | | | I I |
0 20 40 60 80 100 120 140 160

MpoACMKUTENEHOCTE NEPUOAA NPOEKTUPOBAHWA, AHW

* HeT HeobGxoaMMocTn B NpoOBepKe COOTBETCTBUS (hakTUUECKOW NUHUKM cTeneHHon moadenu. Mpumep
ABMNSIETCA WMMCTPAUMEN TOro, Kak (pakTU4eckne YryyleHUss COOTBETCTBYIOT CTEMEHHOMY 3aKOHY (4em
MEHbLLE KPYMHbIX YyYLlEeHWR, TEM Kpy4ye KpuBas).

PucyHok A.1 - [InaHupyemMoe 1 OCTUrHyTOe MNOBbILLEeHWe HaaexXHocTu - MNpumep

Kak nokasaHo Ha pucyHke A.1, HEeT Heo6X0AMMOCTU B MPOBEPKE COOTBETCTBUS (DAKTUHECKOW NINHWK
N3MEHEHNs nokasaTens HaJeXHOCTU CTEMEHHOW MOAENM, TaK Kak AaHHble MOryT ObiTb MpeAcTaBreHbl Kak
OMCKpeTHbIE BeNnWYMHbI. PesynbTatbl AaHHOMO (PakTu4eckoro npumepa COOTBETCTBYIOT JFIMHUKW CTENEHHOM
Mogenu AN WnnocTpauum TOro, YTo B AEWCTBUTENbHOCTM CHavana YCTPaHST OTkasbl, B HaubornbLlien
CTeneHn oTpuuaTernbHO BRVAIOWIME HA HAAEXHOCTb, W HAaCKOMbKO CTEMEHHOW 3akoH MNPUMEHUM K
hakTnyecknm pesynstaTam.

A.2 MNMpumep GanecoBCKOW Mogenu MNOBbIWEHUS1 HageXHOCTU Ha CTaguMM MPOEKTUPOBaHUA
obbekTa

LleneBor nokasaTtenb HagexXHOCTN obbekTa (BEpPOATHOCTL 6e30TKa3HoM paboThl) R (1) va navano
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aTana npoektTupoBaHus cocTtaensieT 0,95 3a 2000 yacoe dyHkunoHmpoBanus (7" ). B gaHHom cnyyae
cywectByeT 50 noteHumanbHo cnabbix MecT KoHCTpykumm ( [1). Kaxpgoe cnaboe MecTo KOHCTPYKLMU
CBSI3aHO C KaTeropuel oTkasoB. CyLlecTBYlOT ABE KaTeropmMm oTkasos, a Tawke 20 noTeHumanbHo cnabbix

MeCT KOHCTPYKLMM, CBSI3aHHBIX C oTkasamu kaTeropun 1 (L4), n 30 - cBA3aHHBIX C OTkasamu kateropuu 2
(£)9). [Ins kaxaoro noTeHLUManbHo cnaboro MecTa CylLecTByeT COOTBETCTBYIOLLAS BEPOSITHOCTb MOSIBIIEHMS!
oTkasa (Fiy ). Oxmoaemoe KONMMYEeCTBO OTKa30B, BbI3BaHHbIX CrabbiMW MecTamu kaTeropuu oTkasoB 1,

paBHO 7 (A{ ), oXugaeMoe KONMHYeCTBO OTKa3oB kaTeropun 2 - 10 (A3 ). Mo gaHHBIM aKkcnnyaTaLum
aHamnorMyHbIX OOBLEKTOB, OOWH HEcUCTEMATUYECKM OTka3 BO3HMKaeT kKaxable 100000 yacoB paboThl,
oTKas3sbl kaTeropmm 1 BO3HUKAOT oanH pa3 kaxable 200000 yacoB paboTbl, a OTKa3bl KATEropun 2 BO3HMKAKOT
oavH pas kaxable 75000 yacoB paboTbl. [apameTp NoBbIWEeHUSA HagexHocTh paBeH 0,00833.

HavyanbHas oueHka BEPOATHOCTU 6e30TKasHoM paGOTbI obbekTa cocTtaBnseT

Rp(2000) = exp(—{0,00001- 2000 +7 - (1- g 0000052000y 4y 7 ,=0,000013:2000 7, _
= eap(-[0,02+7- (1= +10(1 - P00 = 0702722

KpvBasi HagexxHoOCTN NMeeT BUA:

R(t) = exp {—[ 0,02+ BO0833L 17 0 000y 4 1.1, D026GGGy )y
= exp(—[0,02+0,332794 . g~ B3y

Mpadmk () ha cTauu NPOEKTUPOBaHUSA B OHAX NpUBEAEH Ha pucyHke A.2.

R(t)
1,0

0,94
0,8+
0,7
0,6
0,5
0,4+
0,3
0,2

0,15

[ I |
50 100 150 200 250 300
Epems, aHw

PucyHok A.2 - MnaHupyemoe NoBbILLEHNE HAOEXHOCTU NMPU UCNONMb30BaHWUK GaecoBCKOM Mogenu
NOBbILLEHNA HAOEXHOCTH

3T0T rpadmk NokasbIBaeT NPOrHO3MpyeMoe NOBbILLEHNE HAOEXHOCTU Ha NPOTSXKEHUU rofa Ha ctaaum
npoekTnpoBaHusa. OxungaeTtcd, YTO Takas MHTEHCUBHAsA CTagusl MPOEKTMPOBAHMSA MNO3BOMAUT AOCTUYb
LeneBoro 3Ha4yeHus nokasaTens HagexXHoCcTu Yyepes 284 aHS.
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m{ 0,332794

g, = L7m(055) = G’DJ = 2838079
“ 0.00833 R

Ecnu cTtagmsi NnpoekTMpoBaHus AoMmkHa 3aHMMaTh 6onee KOpoTkWi nepuon BpemeHu, Hanpumep 100
AHel, Heobxoamma Gonee MHTEHCUBHAasS NporpaMMa ¢ NapaMeTpoM MOBbILLEHNUST HAAEXHOCTU.

o L7005 0,02 = 0.023641.
100

m[ 0.3327%4 }

A.3 [laHHble 06 oTKa3ax ANA AUCKPETHbIX UCNbITaHUN

PakeTHbI KOMMMNEKC NPOXOAUT CEPUI0 WUCMbITAHUMI Ha MOBbILEHNE HAOEXHOCTM Ha cTaguu
NPOEKTUPOBAHUS, COCTOSILLYID B OOLUEN CIOXHOCTM M3 68 wucnbitaHui. OTNOXEHHbIE KOPpPEeKTUpyowme
JencTeus Obinu BbinonHeHsl nocne 14, 33 n 48-ro ucnbiTaHusa. HaymHasa ¢ 49-ro go 68-ro ucnbiTaHus

KOHUrypaumsi He MeHsinack. MoXHO BblAenuTb YeTbipe atana (& = 4) ncnblTaHui:
Otan 1. UcnbiTanns 1-14.
Otan 2. UcnbiTaHns 15-33.
Otan 3. VcnbiTaHusa 34-48.
Otan 4. VcnbiTaHusa 49-68.

OTcroga
% =14, #q =19, 23 =15, #4 = 20,
fn =0, f) =14, 3 =33, i3 =48, {4 =68.
JaHHble 06 oTkasax Ans OLeHKN NapaMeTpoB MOAENU:
KoHdurypaums 1 BeisBuna #%] =5 oTkasos.
KoHdpurypauums 2 BeisBuna ##3 = 3 oTkasa.
KoHdpurypauums 3 BeisBuna ##3 =4 oTkasa.
KoHdpurypaums 4 BeisBuna ##4 = 4 oTkasa.
OLieHKN MaKCUMasbHOro NPaBaonoAo6us As napameTpos Au B cocrasunu:
% =0595u P=0,780.
3Tu oueHkn gatoT
A1 =0333, F =0234, f5 =0,206, 74 =0,190.

lMokasaTtenn HagexHocTn Ha ctaguax 1, 2, 3 paBHbI: ﬁl = 0,667, ﬁg = 0,766, Rg = 0,794, a

nokasaTerb HaJeXHOCTU Ha 3aKMYUTENBHON CTaaun UCNbITaHuii paBeH 4 = 0,810.

A.4 Npumepbl NOBLIWEHNUA HAAEXXHOCTU B NPoLiecce UCNbITaHUN
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A.4.1 BBepgeHue

Cneaytowue 4ymcnoBble NpUMeEpbl AEMOHCTPUPYIOT MCMONb30BaHUe NpoLueayp, ONUCaHHbIX B pasgene
9. B Tabnuue A.1 npyvBegeH NonHbIN HAabop OaHHbLIX, UNIOCTPUPYIOLWMX METOAb! MOBbILIEHNS HAOEeXHOCTH,
€CNnn N3BECTHbI HapaboTkn, a B Tabnuue A.2 - ecnn CrpynnupoBaHbl B MHTepBarbl. B Tabnmuax A.3 n A4
npvBeAEHbl AaHHbIEe AN METOAMKN MPOrHO3UPOBaHWS, KOrga KOppekTupyoLwmue Moandukauum oTrioXeHbl Ha
KoHeL, ucnbiTaHui. [Mpyn HeobxoauMMoCTM B COOTBETCTBUM C 9.3 NPUMEHSAOT KpUTepuu cornacus. OTu
npumepbl MOryT ObiTb WCMNOMNb30BaHbl ANsi BblbOpa COOTBETCTBYHOLUMX KOMMBIOTEPHBIX MpOrpamm,
peanusyroLmnx MeToapl, onMcaHHble B pa3gene 9.

A.4.2 OnpegeneHue oUEHOK NoKa3aTernen HaAeXHOCTH

A.4.2.1 O6wme NonoxeHus

Habop gaHHbIX B Tabnuue A.2 COOTBETCTBYET UCMbITAHMAM, 3akaH4MBaoLwwmmcs Yepe3 1000 yacos.
OTn gaHHble Ucnonb3oBaHbl B Nnpumepax A.4.2.2 n A.4.2.3 pnsa ucnoitTadmii Tuna | v Tuna Il CooTBETCTBEHHO.
B crpynnupoBaHHOM BuAae 3TU AaHHble NpeacTaBneHbl B Tabnvue A.3 onst npumepa A.4.2.4.

A.4.2.2 Npumep 1 - UcnbiTaHusa Tuna | - Cnyyan 1 - U3aBecTHbI HAPABOTKM A0 KaXXAOro oTkasa

OT10T cnyyanm paccmoTpeH B 9.2.1. [daHHble Tabnuubl A.2 COOTBETCTBYHOT MUCMbITAHUAM,
3akaH4mBarowmumcs yepes 1000 yacos.

a) I'IpOBepKa rmnoTesbl O NOBbILLEHNN HAOEXHOCTU

I7 = -3,713. Kputuueckne 3HayeHuss AN OBYCTOPOHHEro KpUTEpUs C ypoBHEM 3HauumMoctu 0,20
coctasnsT 1,28 u (-1,28). Mockonbky {F < -1,28, 3TO CBMAOETENbLCTBYET O MOBLILEHUN HAOEXHOCTU, U
aHanv3 NpoLoImKatoT.

b) OueHka napameTpoB
OueHka napameTpoB CTENEHHON Moaenu:

% =1,0694:

o

£=0,5623.
c) OueHka cpefHen HapaboTkn Mexay oTkasamu

OueHka cpegHen HapaboTkn mexay oTkazamu 3a 1000 yacos coctaBuna 34,2 yaca.

d) Kputepuii cornacus

C’z {(M)=0,038 npu A =52. Ans yposHs 3HaunmocTn 0,10 KpUTUYECKOE 3HAYEHME B COOTBETCTBUM

¢ Tabnuuen 2 coctasnsiet 0,173. Mockonbky ok (M) <0,173, cTeneHHas moaenb ABNAETCA NPUEMIEMOA
(cm. 9.3 n pucyHok A.3).

e) JoBepuTenbHbIM UHTEpBan Ans B

[BYCTOPOHHUI [OBepuUTEnbHLIN MHTEpBan Ans Fec ypoBHeM paosepusa 90% coctasnseT (0,4491;
0,7101).

f) JoBepuTenbHbIN MHTEPBaN AN cpefHen HapaboTKn Mexay oTkazamm

[BYCTOPOHHUI [OBEPUTENBHBLIA MHTEPBaN ANst cpeaHen HapaboTku mexay oTkaszamu 3a 1000 vacos,
COOTBETCTBYOLMI YpoBHIO AoBepus 90%, coctaBnseT (24,2 4; 48,1 v).

A.4.2.3 NMpumep 2 - UcnbiTaHus Tuna Il - Cny4yan 1 - U3BecTHbI HAPaboTKM A0 KaXaoro oTkasa
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OT10T cnyyanm paccmoTpeH B 9.2.1. [daHHble Tabnuubl A.2 COOTBETCTBYHOT MCMbITAHUAM,
3aKkaHumMBaroLnmca Yyepes 975 yacos.

a) l'lpOBepKa rmnoTesbl O NOBbILWLEHNN HAOEXHOCTU

IJ = -3,764. Kputuuyeckne sHayeHust Ans OBYCTOPOHHEro KpUTepUst ¢ ypoBHem 3HauumocTu 0,20

cocTtaensT 1,28 u -1,28. Mockonbky &f < -1,28, 3To cBUOETENbLCTBYET O MOBLILLEHUM HAOEXHOCTU, U
aHanu3 nNpoaosnKaoT.

b) OueHka napameTpoB
OueHka NnapaMeTpoB CTEMNEHHON Moaenw:

% =1,1067:

o

F=0,5594.

c) OueHka cpegHen HapaboTkn Mexay oTkasamm
OueHka cpegHen HapaboTku mexay oTkasamm 3a 975 yacoB coctaBuna 33,5 yaca.

d) Kputepuii cornacus

Cz {(Af1=0,041 npu Af =51. Ans yposHs 3HaunmocTn 0,10 KpUTUYECKOE 3HAYEHME B COOTBETCTBUM

c Tabnuuen 2 coctaensieT 0,173. Nockonbky Cz (M7 0,173, cTeneHHas moaenb ABNAETCH NPUEMIEMON
(cm. 9.3 n pucyHok A.3).

e) [loBepuTenbHbIA MHTEPBAN &

[BYCTOPOHHUI OOBEpPUTENbHLIN MHTepBan ANng Bc ypoBHeM gosepusa 90% coctaBnseT (0,4458;
0,7080).

f) JoBepuTenbHbIN MHTepBan Ana cpegHen HapaboTKn Mexay oTKkazamm

[BYyCTOPOHHUI JOBEPUTENbHBIN MHTEepBan Ans cpedHen HapaboTkM Mexay oTkasamu 3a 975 vacos,
COOTBETCTBYOLWMI YpoBHIO aoBepus 90%, coctaBnseT (24,3 4; 46,7 4).

A.4.2.4 NMpumep 3 - Cnyyan 2 - CrpynnupoBaHHbIe AaHHbIE
OT0T cny4yan onncaH B 9.2.2. Mcnonb3oBaHbl AaHHble Tabnuubl A.2. B Ttabnuue A.3 npuBeneHbl
OaHHble 006 OTKasax, CrpynnuMpoBaHHbIX B WHTepBanbl no 200 4. AHanu3 3Toro Habopa AaHHbIX OaeT

pe3ynbTaTthbl, NpuBeEeHHbIE HNXeE.

a) I'IpOBepKa rmnoTesbl O NOBbILLUEHNN HAOEXHOCTU

}{2 = 14,7308 c 4eTblpbMsi cTeneHsMu cBoboabl. Ons ypoBHs 3HauumocTu 0,20 KpuTuyeckoe

3HaveHue cocTtasnseT 6,0. [lockonbky _,T{Z = 6,0, 310 cBuOeTenbLCTBYeT O TOM, 4TO Habniogaetcs
NONOXUTENbHOE UNKN OTpULLATENBHOE N3MEHEHME HALEXHOCTU, U aHanNn3 NPOAOIHKaloT.

b) OueHka napameTpoB
OueHKkM NapaMeTpoB CTEMNEHHON MoAenu

% =0,9615:

o

F=0,5777.
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c) OueHka cpegHen HapaboTKn Mexay oTkasamu
OueHka cpegHen HapaboTku mexay oTkazamm 3a 1000 4 coctasuna 33,3 u.

d) Kputepuii cornacus

}{2 = 2,175 ¢ Tpems cTteneHsamMu cBoboabl. Onsi ypoBHS 3Haummoctu 0,10 Kputuyeckoe 3Ha4YeHue

coctaBuro 6,25. lMockonbky _,sz = 6,25, cTeneHHas mMoaenb sBNseTcst npuemnemon (cMm. 9.3 U PUCYHOK
A4).

e) fosepuTenbHbI UHTEpPBanN Ans P

[1ByCTOPOHHMIA OBepuTErbHbIN MHTEpBan ANs Bc ypoBHem poBepusa 90% wumeet Bua: (0,4083;
0,7471).

f) JoBepuTenbHbIM MHTEPBAN AN cpeaHen HapaboTku Mexay oTkasamu

[BYCTOPOHHUI  OOBEPUTENbHBLIM  MHTEpPBAN ANs  cpegHen HapaboTkm Mexagy OoTKasamu,
cooTBeTCTBYOWMIA ypoBHIO foBepusa 90%, 3a 1000 yacos umeet Bug: (20,94 y; 45,66 u).

A.4.3 MNporHo3snpyemMble OLEHKN noKa3aTesnien HageXHoCTun
A.4.3.1 O6wme nonoxeHusn

[aHHbIN NpyMep MNNIOCTPUPYET pacyeT NPOrHO3MpyeMbiX OLIEHOK MoKa3aTenem HageXHoCTU (CM.
9.6), korga KoppekTupyoLme Mmogndmrkauumn NpMeHeHbl B KOHLE UCTIbITaHUN.

A.4.3.2 MNpumep 4

OCHOBHble [OaHHbIe, ncnosb3dyemble B MpuMepe, npumBeaeHbl B Tabnmue A.4. VimeeTcs obuiee

konu4ecTBo oTka3oB JV = 45 npu KonuyecTBe OTKa3oB kaTteropun A Ky =13, ans KOTOpbIX He
NPOBOAMIOCH KOPPEKTMPYHOLWNX Moaudukaumi. Mo ncredeHun 4000 4 ucnbiTaHMn B 00BbEKT ObINO BBEAEHO

J =16 pasnuuHbIX KOPPEKTUPYIOLLMX MOAWUMUKALMIA, HanpaBneHHbIX Ha YCTpaHeHue oTkasoB Ap = 32

kateropuun B. Kateropua ans kaxgoro oTkasa npuBefeHa B Tabnuue A.4. B tabnuue A5 npegcrasneHa
AononHuTenbHas nHdopmaums, ncnons3yemasi Ans nporHo3npoBaHNS.

Mpoueaypa cocTouT U3 cnegyroLmnx aTanos.
Otan 1. \geHTndurkaums kateropui otkasos A n B

HapaboTku ons otka3oB kateropuii A u B ykasaHbl B Tabnuue A.4. HapaboTku gns 16 pasnunyHbix
TMNOB OTKa30B kKaTeropun B npuBeaeHbl B Tabnuue A.5, ctonbed 2.

Otan 2. peHTudukaums nepBoro nosiBNeHMs 0TKa30B pasnMyHbIX TUMNOB kKaTeropumn B

Bpems nepsoro nosieneHms otka3oB kateropuv B ona 16 pasnuyHbiX TMNOB npuBedeHo B Tabnuue
A.5, ctonbel 3.

Otan 3. AHanus A4aHHbIX NEePBOro NOSBEHNS OTKa3a

Habop gaHHbix Tabnuubl A.5 (ctonbel 3) npoaHannaMpoBaH B COOTBETCTBUM C 3Tanamum 4-7 B 9.2.1.
Pe3ynbTaThl NpMBEAEHbBI HUXKE.

OueHka napaMeTpoB

OueHka NnapaMeTpoB CTENEHHOW MOAEN

% =0,0326:
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F=0,7472.
OueHka napameTpa NnoToka NepBbiX 0TKa30B

OU,EHKa napameTpa NoToKka OTKa30oB KaTteropumn B Pas3yiIn4HbIX TUNOB ONA NepBOro noABieHNA OTKa3oB
3a 4000 4 coctasuna 0,0030 u~1 .

KpuTtepuii cornacms

C’z {M11=0,085npn M =16. Ana ypoBHs 3HaummocTn 0,10 KpUTUYECKOE 3HAYEHNE B COOTBETCTBUM

. 2 o
¢ Tabnuuen 2 coctaenset 0,171. Mockonbky {3} <0,171, cTeneHHas Mmogesnb SBNAETCS NpUeMIIeMon
ANA HapabOoTOK NEPBOro NOSABNEHWSI OTKA30B Pas3fnYHbIX TUMOB KaTeropum B.

OT1an 4. Hanuune koadduumeHTa a¢pHeKTUBHOCTU

KoadhpmumneHT acppekTMBHOCTN Ha3HaAYalOT Ha OCHOBE MHEHUS HXEeHepa-NMPOeKTUPOBLLMKaA, KOTOPbIN
OoTBEeYaeT 3a crneuuduyeckme uameHeHusd. Ecnm Takas wvHgopMauusa He [OCTynHa, Torga 3HayveHus
NHAMBUAOYanbHbIX KO3 PULMEHTOB 3(PHEKTUBHOCTH OLLEHNBAIOT HA OCHOBAHMM OMbITA.

Mpmep Ha3HAYeHHbIX WHOMBUAYANbHbIX  KO3IPMUUMEHTOB  3I(PMEKTUBHOCTN AN KaXaoun
KoppekTupyoLwwen moandumkauumn npmeeneH B Tabnuue A.5, ctonbey 5. CpegHee aTux 16 koacpduumeHToB

apcpekTnBHOCTM cocTaBnsetr 0,72. CpegHee 3HayenHne B amanasoHe 0,65-0,75 sBnserca TUNUYHbIM
(ocHOBaHoO Ha onbITe).

OTtan 5. OnpeaeneHune NPorHO3NpPyeMoro napameTpa noToka oTka3os

Ons NMPOrHo3npoBaHnA napamMeTpa NoToKa OTKa3oB HeobXxoaMMbl 3Ha4YEeHMS cnegyruwnx BeJMIM4YnH:

T =4000 v;
Kyq=13;

o

£=0,7472;
EF =0,72;
K;- - Tabnuua A.5, cton6eu 4;

E;- - Tabnuua A.5, cton6el 5.

OueHka MNpOorHo3MpyemMoro napaMeTpa MOTOKa OTKA3oB B MOMeEHT BpemeHn T = 4000 4 (no
3aBepLUeHun ncnbitTaHun) coctasmna 0,0074 gl

Otan 6. OnpegeneHne NPoOrHO3MPYeEMOro 3Ha4YeHns cpeaHen HapaboTku mexay oTkasamm
MporHo3upyemas oueHKka cpeaHen HapaboTku mexay oTkazamu coctasuna 135,1 u.

MpumeyaHune - Be3 noBbieHna HagexHocTn B TedeHne 4000 4 oueHka cpegHen HapaboTku mexay
OTKasamu 3a 9T10T nepmog coctasuna 88,9 4 (4000/45). YBennyeHne NpOrHO3MpyemMOWn OLEHKU CpeaHewn
HapaboTkm Mexgy OTKasamu Bbi3BaHO BBedeHuem 16  koppekTvpylowux  moaudukaumm ¢
COOTBETCTBYOWUMN KO3 duumeHTamm addektuBHocTn. Heobxooumo yunTbiBaTb YyBCTBUTENBbHOCTb
NMPOrHO3NPYEeMOro 3HayeHust cpefgHen HapaboTkm Mexay OTka3amu K HasHayeHHbIM KoadhdpuumeHTam
acpbekTnBHOCTU. ECcnun Obl ObiNO HasHadeHO cpegHee 3Ha4veHWe koadduumeHToB addekTnBHocTn 0,60,
NPOrHO3MpyemMoe 3Ha4YeHUe cpedHen HapaboTkM Mexay oOTkasamu paBHsanock 6bl 121,3 4. CpeaHee
3HayeHne koacbdpuumneHToB adcpekTmBHocTM 0,80 gaeT NporHo3Mpyemoe 3HaveHwe cpegHent HapaboTku
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Mexay oTkasamm 138,1 u.

Tabnuua A.2 - lNornHble aaHHble - Bce yMecTHbIe 0TKasbl 1 HapaboTKu A4S UcnbiTaHun Tuna |

2 4 10 15 18 19 20 25 39
41 43 45 47 66 88 97 104 105
120 196 217 219 257 260 281 283 289
307 329 357 372 374 393 403 466 521
556 571 621 628 642 684 732 735 754
792 803 805 832 836 873 975

7" 10004, M =52.

B tabnnue A.3 npuBegeHbl AaHHbIE 0 HapaboTkax B MOPsSiAKe BO3pacTaHus.

Tabnuua A.3 - CrpynnupoBaHHble AaHHble Ans npuMepa 3, nonyveHHble n3 Tabnuubl A.2

Homep rpynnbl KonuuectBo 0TkasoB Bpems ncnbitaHui,
COOTBETCTBYHOLLIEE NPABON TOYKE
WHTEepBana rpynnel, 4
1 20 200
2 13 400
3 5 600
4 8 800
5 6 1000

Tabnuua A.4 - MNMonHble gaHHble ANS NPOrHO3MPyeMbIX OLEHOK npumepa 4 - Bce 0Tkasbl 1 HApaboTkM

HapaboTku Tz N UX Knaccudukaums no kateropuam A un B, Bkniovasi pasnmyHble
TMNbI kKaTeropum B, y
T]- 150 253 475 540 564 636 722 871 996
KaTteropus B1 B2 B3 B4 B5 A B5 A B6
T 1003 1025 1120 1209 1255 1334 1647 1774 1927
i
Kateropus B7 A B8 B2 B9 B10 B9 B10 B11
T 2130 2214 2293 2448 2490 2508 2601 2635 2731
i
KaTeropus A A A A B12 A B1 B8 A
T 2747 2850 3040 3154 3171 3206 3245 3249 3420
1
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KaTeropus B6 B13 B9 B4 A A B12 B10 B5
T 3502 3646 3649 3663 3730 3794 3890 3949 3952

i
KaTteropusi B3 B10 A B2 B8 B14 B15 A B16

7" — 40004, W =45, Ky =13 Kp =32, /=16

Tabnuua A.5 - PasnuuHble Tunbl oTka3oB kateropuu B, n3 Tabnuubl A.4, ¢ ykasaHuem HapaboTok Ans

nepBOro nosABJieHnA, Kofim4ecTea HabrtogaeMbIX OTKa30B U KOSCbeVIU,VIEHTOB SqJQ)eKTMBHOCTVI

Ctonber, N
1 2 3 4 5
Twun Bpewms oTka3sa, 4 Hapa6oTka ans Konnyectso HasHayveHHbI
nepBoro nosiBNeHns, Y KoahpuruneHT
3(hPEeKTMBHOCTH
1 150; 2601 150 2 0,7
2 253; 1209; 3663 253 3 0,7
3 475; 3502 475 2 0,8
4 540; 3154 540 2 0,8
5 564; 722; 3420 564 3 0,9
6 996; 2747 996 2 0,9
7 1003 1003 1 0,5
8 1120; 2635; 3730 1120 3 0,8
9 1255; 1647; 3040 1255 3 0,9
10 1334; 1774, 3249; 3646 1334 4 0,7
11 1927 1927 1 0,7
12 2490, 3245 2490 2 0,6
13 2850 2850 1 0,6
14 3794 3794 1 0,7
15 3890 3890 1 0,7
16 3952 3952 1 0,5
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MaTemaTudeckos oxugadve HapaboTku, 4
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PucyHok A.3 - Onarpamma pasbpoca ans MaTeMaTU4eckoro oXxuaaHus U HabnogaemblX 3Ha4eHNU
HapabOoTOK Ha OCHOBe AaHHbIX Tabnuupbl A.2 Npy UCMOSIb30BaHUKU CTENEHHON Moden

KonuwuecTeo oTKA30B
Bpemsa WeneITaHWA

0,20
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PucyHok A.4 - OTHOLWEeHWe HabniogaemMoro u OLEHEHHOro KonnyecTBa 0TKa3oB K HapaboTke Ha OCHOBe
AaHHbIX Tabnuubl A.2 Npy NCNOMb30BaHWUM CTENEHHOW MOoAeNn

MNpunoxexne B
(cnpaBo4HoE)

CteneHHasi Mogenb NOBLIWEHUS HagexHocTn. O6wan nHcpopmauusa
B.1 NocTtynat AyanHa

Hanbonee nonHo ncnonb3yemas MoAenb MOBbILEHUA HagexHocTn beina onncaHa k. T.JdyanHom B
1964 roay [10]. B aton pabote [yanH aHanuaupoBan gaHHble 06 oTkasax Ans psaa oO6bekToB B npouecce

UCMbITAHUIA Ha cTaguu NPOEKTNPOBAHUA. OH 3ameTun, 4YTO HaKOMMEHHOE KONMYEeCTBO OTKa30B N(ﬂ y

JeNeHHOe Ha HaKOMMeHHylo 3a BpeMsi UCTbITaHWi HapaGoTKy 7, yMeHblIaeTcs U CTPEeMUTCS K NpsMoii
FIMHUW NPU NOCTPOEHUN rpachuka B norapudpmMmyeckom Macwtabe, T.e. NpUBGNIN3NTENLHO:

In{ N(TY)iT)=8-ah T e &=0, ¢ 0.

[dyanH wnccrnegoBan 9Tu rpadmku M Npuien K BbIBOAY, YTO HAKOMMIEHHOE KONMUYECTBO OTKa30B
annpoKCMMUNPYETCHA CTENEHHON PYHKUMEN, T.€.

N(T)y2AT" rpe L w0, P=1-o.
Onupasicb Ha aTn HabniogeHws, [yanH npegcrtaBun Tekylwlee MrHOBEHHOE 3HayeHue napameTpa
MOTOKa OTKA30B B MOMEHT BpeMeHn 1" B criegyioLllemM Buae:

d o
SN AT o ro

3OT0 NO3BONMIMO BLIYUCIINTL MITHOBEHHOE 3HAYeHne cpe,u,He|7| HapaGOTKVI MexXxay OoTKa3amMu:

1-f
pty_ T
(APTTT) 7 = Ap o fRe T =0.

Mokasartens G =1- ﬁMHor,qa Ha3blBaloOT "CKOPOCTbIO pocTa”.

|-|OCTy1'IaT ,El,yal7|Ha ABNAETCA AeTepMUHUPOBaAHHbIM B TOM CMbICIiE, YTO OH AaeT MoAeslb NOoBbIlLEeHUA
HaOe>XXHOCTU, HO HE onnucbiBaeT NUSMEeH4YNBOCTb AaHHbIX.

B.2 CteneHHass mogenb

JI.X.Kpoy B 1974 rogy [1] u3yumn cTeneHHyi0 MoAenb U3MEHEHWUN HadeXHoCTU u chopMynuposan
OCHOBHYH BEPOSATHOCTHYIO MOAErNb OTKA30B Kak HeromoreHHbi npouecc lNyaccoHa (NHPP) {N(T:1 , T =0}
CO CpeaHVM 3HayeHnem

E[N(TY]= AT

1 (pyHKLMEN NOTOKa OTKa3oB

2Ty =apTF L

CrteneHHasi mogenb Kpoy noxoxa Ha mMoAenb MOBblWEHUS HagexHocTu [yanHa. O6e aTn mMoaenm
MCMONb3YIOT OAHO U TO XXE BblpaXKeHue L TF ans matemaTtMueckoro oxuaaHus KONMMYECTBa OTKA30B B

MOMEHT BpeMenu T . OfHako Mofenb Kpoy no3BosisieT onpeaenuTs BeposiTHoCTb Toro, uto V() npumer
KOHKpPETHOE 3HaueHue B criefyloLlem BuUae:

B (lTﬁjné_lTﬁ
- #l

Pr{ N(T) = u]

Takke B COOTBETCTBMM C 3TON MOLENbIO

npm #=0,1,2, ....
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EQTH = jnpn =12, ..,

rae £ ; aBnseTca HapaboTKoi A0 ./ -ro OTka3a.
370 faeT nonesHoe NpuBnUkKeH1e Nepeoro Nopsaaka

Lip

_| 4 .
E(?ii")_ A npu J=1,2,....

QNS MaTeMaTUYeckoro oxuaaHua HapaboTku oo .f -ro oTkasa.

Ecrm b= 1, 1O zZ(F=Ay HapaboTkM Mexay nocnefoBaTenbHbIMU OTKa3amMu MNOAYMHSAOTCA
nokasaTenbHOMY pacrnpefeneHuo co cpegHum 1/ A (romoreHHblii mpouecc [lyaccoHa), HageXHOCTb
nocTosiHHa. PYHKUMSE MOTOKa OTKA30B z(T) yMeHbLUaeTcsa npu [ (monoxwuTtensHble M3MEHEeHUs) u
yBenMyYnBaeTcs npu [ (oTpuuaTenbHble M3MEHEHUS).

CrteneHHas mogenb NOBblWeHUA HagexHocTn Kpoy, aBnsolascsa BepOATHOCTHON MHTepnpeTaumnen
noctynata [yawHa, ncnonb3yeT CTporve cratucTudeckue npoueaypbl Ans MeToda OUEHKU MOBbIlEeHUs
HaEeXHOCTN. 3TM METOAbl NO3BONSAIT OnNpedennTb OLEHKU MakcumanbHOro npaegonofobus napameTpos
Mogenu W nokasaTenen HagexHocTu obbekTa, onpeaenuTb rpaHvubl OOBEPUTENbHBIX MHTEpPBanoB U
NpUMeHsATb kputepumn cornacusa. CrteneHHas mogenb 6bina pacwupeHa Kpoy B 1983 rogy [11] ans
NMPOrHO3MPOBaHWSA NOBbLILLEHNS HAAEXKHOCTU.

B.3 Mop.udmuwpoaaHHaﬂ cTeneHHasa Mmopagenb And niaHNpoBaHuUA NOBbIWWEeHUA HAOEeXXHOCTU Ha
cTagnn NnpoeKTupoBaHusa o6bekTa

B 1998 rogy M.Kpacuu paspabotana u npegcraBuna CTENEHHYHO MoAeNb ANs MOAENUMpPOBaHMs
NNaHMpyemoro MOBbIWEHNS HAO4EXHOCTM OObekTa Ha CTaguvM MPOEKTUPOBAHMA B Criydae OTCYTCTBUS
pes3ynbTaToOB WUCMbITAHWN, KOrda MPOEKT KOHCTPYKUMM OBObekTa elle He 3aBeplUeH, W, criegoBaTenbHO,
annapaTtHble cpeAacTBa He MOryT ObiTb UCMbITaHbl. Mogenb y4nuTbiBaeT TOMbKO YMAYYLIEHUS KOHCTPYKLMU B
npouecce npoektuposaHus. Mogenb 6bina mogudumumpoBaHa Ans OnNpedeneHus HadvanbHOW cpepHewn
WMHTEHCUBHOCTWN OTKa30B OObekTa 40 NpoBeAeHuns moanduKaLmMm KOHCTPYKUuKn. B aTon mogenn KonmyecTso
BbINOMHEHHbIX MOAUMMKALNIA KOHCTPYKLNM 3aMEHSIET KONUYECTBO OTKa30B.

YnyulleHns KOHCTPYKLUMWM BbIMOMHAOT TakMM o6pa3oM, 4YTO BO3MOXHble OedeKTbl KOHCTPYKLWK,
Hanbornee CyLEeCTBEHHO BNUAIOLLME HA HAAEXHOCTb 0ObEKTa, YCTPaHSIT B NepByto ovepedb, obecnevmBas
TEM CaMblM MpPUMEHEHWe CTeneHHoW mopenu. B gaHHOM cryyYae OTCyTCTBYET BEPOSITHOCTb TOro, 4TO
ncnblTaHus, pas3paboTaHHble AOMKHBIM 06pa3om, dakTuieckn 6yayT cnocobcTBOBaTL NOSIBIEHUIO OTKA30B C
BbICOKOW BEPOSITHOCTBHO MNM MOBLILLEHUID MHTEHCMBHOCTU OTKa3oB. B cOOTBETCTBUM C AaHHOW MoAEernblo
WCTOYHMKN OTKA30B aHaNUTUYECKU OLIEHMBAIOT M KOHCTPYKUMIO Yy4llaloT COOTBETCTBYHOLWMM obpasom, B
pesynbTaTte HaAeXHOCTb Bo3pacTaeT. Takum 06pa3oMm, AUCKPETHbIe YIyylleHUs HaAeXHOCTU OOBLEKTOB
NAaHUPYIOT B BUAE HENPEPbLIBHON Moaenu.

Ecnn HavanbHas HagexHOCTb obbekTa 3a yCTaHOBJ1I€HHOE BpeMA TpaBHa RI:I {ﬂ, TO Ha4valnbHadA
cpegHAA MHTEHCUBHOCTb OTKa30B, COOTBETCTBYHOLLadA MOMEHTY BpeMeHU T, imeet BuAa:

NP £1Co)

T .
Ecnn cTeneHHOM 3akoH MPUMEHUMM W BHedpeHbl Moaudmkaumu, KoTopble obecneuvBatoT
WMHTEHCMBHOCTb OTKa30B 0ObekTa, paBHYH HayarnbHOW, NPW YCMOBUU OTCYTCTBUS YIyULLEHUA KOHCTPYKLUW,
WMHTEHCMBHOCTb OTKa30B KOHCTPYKLIMU B N0O0E BPeEMS B NeEPUOL NPOEKTUPOBAHMS paBHa:

Ag (&) =hgp [1+d (]2
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nnm
g T
Mg (B =Rgg |1+ D —
in
3pecs (%) - konnyecteo MoamMcmKaLumMin KOHCTPYKUMK B noboe Bpemsa B Nepuof NpOeKTUPOBaHWUS.
MpyMeHsa NUHEVHY annpoKCMMaLUMio, KONMUYECTBO MOAMMUKALMIA KOHCTPYKLMM Kak (PYHKLMIO BpeEMEHU
MOXHO NpeacTaBuUTb B BUAE:

£
dity=0. —
in -
Ll,eJ'IeBaFI cpegHAA MHTEHCMBHOCTb NOTOKa OTKa3OoB obbeKkTa npn n3BeCTHOM LeNneBOM MnokKasaTtene
HaOeXHOCTU RG(T-’;I nMmeetT BnAa:

—In[ Rg(T)]
T .
B npouecce nepunoaa npoeKkTupoBaHUA HenpepbiBHOE MOBbILLUEHNE HaOeXHOCTU ob6bekTa Kak

lmf}' =

(hyHKLMIO BpeMeHu £ (Mofienb noBbilenust HagexHocTn, L0 £ = in) ) MoxHo 3anucaTh B BUge:

Rig)=exp(-hig) T)
MpumenvB AnddepeHupoBaHne ¥ MNOACTAHOBKW, MOAEMb MOBbILEHUS HAAEXKHOCTW Ha cragvu
npoektupoBaHus (U <t <£p) npuHumaet Bug;

LT
#_[mm@m]] D
In[Ry(T]
to

Rty = Ry(My!
B.4 MoaudmumpoBaHHas OanecoBckas Mogenb NNaHUPOBaHWUA MOBbIWEHUS HaOEeXHOCTU
IBM-Po3Hepa Ha cTagumn npoekTupoBaHus

Ota wmoaundwmkauma modenu nosblleHus  HagexHocTn IBM-PosHepa wusHavanbHO 6Obina
npegHasHadeHa [Ans aHanuM3a fdaHHblX ucnbiTaHui [8] m [6]. Bepcusa, npeactaBneHHas B OaHHOM
NPUNoXeHWUn, aganTupoBaHa AN peLleHnn No NNaHMPOBaHMIO Ha CTaanmM NPOEKTUPOBaHNS obbekTa.

Mopgenb ocHoBaHa Ha 06allecoBCKOM Moaxode, KOTOPbI codeTaeT anpuopHoe pacnpeneneHue
konuyectBa crnabblx MECT B HOBOW KOHCTPYKUMW OObEKTA C SMNUPUYECKMMM OaHHBIMU O HaAEXKHOCTU
aHanornyHblx OOBLEKTOB, ANA MOCNeayloLero onpeaeneHnss oueHKM HaOEXHOCTU KOHCTPYKUMM HOBOMO
obbekTa.

Kak n mogenb IBM-PosHepa [9], AaHHass mogenb npegnornaraeT, 4YTo Ansi 00bekTa XapakKTepHo
(PUKCUPOBAHHOE KONMYECTBO Cnabbix MECT UM NOTEHUMarnbHbIX OTKAa30B U B NEPMOL MEXAY BHEOPEHUAMMU
MOAMMUKALMA KOHCTPYKLMM MHTEHCUBHOCTb OTKa3oB MNocTosiHHa. Kpome Toro, npeanonaraetcs, 4To
N3MEHEHNST KOHCTPYKLINW SBIISIKOTCS JTyYLLMM CNocoboM yCTpaHeHUus crabbix MecT.

B paHHOM Mopenu oTkasbl, MPUCYLLME KOHCTPYKUMM oBbekTa, pasfdeneHbl Ha cucTeMaTuyeckue u
HecucTemMaTuyeckme (OCTaTOuHble WMM  (QOHOBbLIE) OTKa3bl. JTO MO3BONSIET W3MEHSTb NapameTpbl
NOBbLILIEHUS HAAEXHOCTU, KaK TOMbKO MEHSIeTCH WHTEHCUMBHOCTb CUCTEMATUYECKMX OTKa3oB, ecnu
MoauduKaLm KOHCTPYKLMKM yxe NpoBeAeHbl, NpY 3TOM Bceraa y4uTbiBaloT BNnsiHUE (hOHOBLIX OTKa30B Ha
nnaHMpyemy HafeXHOCTb B 3aaHHbIi MOMEHT BPEMEHMU.

lNMpegnonaraetcsd, YTO HeCcUCTEMaTMYECKME OTKa3bl BO3HUKAKOT C MOCTOAHHON UHTEHCUBHOCTbLIO (:"Lm)

n Moryrt ObITb paccynTtaHbl C NOMOLLBbIK AaHHbIX 00 obObekTax C aHanorn4yHom KOHCTp)/KLI,VIeVI nnn Ha
OCHOBaHUWN NHXXEHEPHbIX pacyeToB.
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CuctemaTnyeckme oTkasbl OLleHMBaT, 00beauHAs 9KCNepTHble OLEHKN OTHOCUTEJIbHO cnabbix mect
KOHCTPYKUUN, N OaHHble 00 MHTEHCUBHOCTU OTKaA30B B COOTBETCTBUU C KaTteropyuamm OTKa3oB Ha OCHOBe
NHXXEeHEepPHOro onbiTa.

[nNsi oUEeHKN BNNAHMSA CUCTEMATUYECKNX OTKA30B Ha HaAEXHOCTb KOHCTPYKLMU 0ObekTa Heobxoaumo
naeHTudmumpoBate no & kateropumsim oTka3oB Bce ( [} ) BO3MOXHble cnabble MecTa KOHCTPYKLMW.
BepoaTHOCTb TOro, 4TO Kakgoe crnaboe MecTO KOHCTPYKUMM B KaXKOOW KaTeropum OTKa3oB MPMBOAWT K
OTKa3y B npouecce aKcnnyaTaumM, HeoOXOAMMO OUEeHUTb C MOMOLbK, Hanpumep, WHXEHEePHbIX
3aknoyeHnn. MoryTt notpeboBaTbCs NpUMEHEHNE METOLAOB BbIsIBNEHMS criabbix MECT 1 OLeHKa BEPOATHOCTH
BO3HMKHOBEHUS COOTBETCTBYIOLLErO OTKa3a C NMOMOLLbIO UHXEHEPHbIX BbIBOAOB (CM. Hanpumep, [7]).

MporHoavpyeMoe KonM4ecTBo crabbix MecT B kaTeropum otkasoB 4(f i) , BeposiTHee Bcero
NPUBOASLLMX K OTKa3y Npu OTCYTCTBUM MOAUMUKALMIA KOHCTPYKLMU, MOXET GblTb paccymTaHo no opmyre

Mi = Zﬁlpjg ,

roe L'; - obliee konnuyecTBO cnabblx MECT KOHCTPYKLMM, OXWOAeMoe B KaTeropum oTkasoB i v Pig, -

BEPOSITHOCTb TOTO, YTO ./ -e criaboe MEecTo KOHCTPYKLMM NpUBEAET K OTKa3y KaTeropun otkasos & . Pacuet
OCHOBbIBaeTCA Ha npeanosfioxXeHnn o ToM, YTO KONn4ecTBO cnabbix mecT ana Ka)Kp,OIZ KaTteropun otkasoB
SIBNAETCHA CNyYyanHoW BENMYNHONW, NogYMHAIOLWENCa pacnpeaeneHmto [NyaccoHa.

3HayYyeHne WHTEHCUMBHOCTM CUCTEMATUYECKMX OTKA30B Takke AOJNKHO ObITb U3BECTHO ansa Ka>K£I,OIZ
KaTeropumn oTka3os. 3ToT napamMmeTp MOXXHO onpenesfintb C NOMOLWbIK IMMUPUYECKUX NN 06IJJ,VIX AaHHbIX ob
aHanorm4yHbIX CyLecTBYHOLWNX obbekTax.

lMocne Toro Kak UcxogHble AaHHble onpegeneHbl, MOXeT ObITb onpeaeneHa anocrtepmopHasa oueHKa
HaOeXXHOCTU nepBOHaqaanoﬁ KOHCTPYKUMAN ob6bekTa. 310 npoun3seneHne HagexHoCTh HecuctemMmaTn4eckmnx
OTKa30B N HaAEXHOCTM CUCTEMATUYECKMX OTKa3oB. [NokasaTtenb nepBoOro - 31O npoun3seaeHne (arlpl/IOpHOI'O)
pacnpegeneHna Komm4ecTtea cnabbix MecT U (SMI'IMpVI‘-IeCKVIX) OaHHbIX O CMCTEMATMYECKMX OTKasax. Takmm
o6pa30M, HaOeXHOCTb nepBOHaqaanon KOHCTPYKUUN nmeet Bua:

K AT
Rp(T)=expi—[ApyT + 2 mpl-e " 011
I'Ipe,u,nonaraﬂ, 4yTO MOLI,M(*)VIKGLI,VIVI BHEOQPAKT 0514 YCTpaHEeHUdA cnabblx MecCT, HaOeXHOCTb

KOHCTPYKUMM OObekTa Bo3pacteT. Takum obpas3oMm, yuuTbiBasd CKOPOCTb MOBbIWEHWUS HagexHoctn (<o),
HageXHOCTb MOANMULNPOBAHHON KOHCTPYKLMN 06 BEKTA B MOMEHT BpeMeHn T paBHa

4 -0t - T
R(T) = exp{~[hapT + i e 2 (1- a7y
,D,J'Iﬂ onpe,qeneHMﬂ OLEeHKHN CKOpOCTVI NMoBbIWWEeHNA UeneBoro nokalartend HageXHOoOCTU HeO6XO,lJ,I/IMO
3aMeHUTb (Rf}'(T}) W yCTaHOBIIEHHOE BpeMsi nepuoaa npoekTupoBaHus (f1) Ha R(TIn Te dopmyne

2 (B NpeablayLLEeM YpaBHEHUN).
MepecTtaHoBKa gaet
K AT
T N (l—e™™% )
—In[ Ry (T)] - ApgsT
ip

Ecnn CKOpPOCTb NOBbILWLEHNA HageXHOCTU yCTaHOBII€eHa UM pacCHYUTaHa, aHalorM4yHo onpenendrT
OUEeHKY cpeaHero BpeMeHn 40 OOCTUXKEHUA LeneBoro nokasartesnd HaaeXHOCTU:

p =

SE mp -y
“in[ Rg(T)] - hpgT

&5y
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Mpunoxexne OA
(cnpaBo4HoE)

CBefeHusA 0 COOTBETCTBMU CCbINTOYHbIX HaUWMOHalbHbIX CTaHAAPTOB MeXOyHApPOAHbIM CTaHOapTamMm,
MCNONb30BaHHbIM B KAY€CTBE CChINTOYHbIX B MPUMEHEeHHOM MeXAyHapoAHOM cTaHAapTe
Tabnuua OA.1

O60o3Ha4YeHne CCbINOYHOro CreneHb O603HayeHne 1 HanMeHoBaHWEe COOTBETCTBYIOLLEro
HaLMoHanbHoro ctaHaapTa COOTBETCTBUS MeXAyHapoAHOro ctaHaapTa
FOCT P 50779.26-2007 MOD IEC 60605-4:2001 "McnbiTaHna obopyaoBaHus Ha

HagexHocTb. YacTtb 4. CtaTtuctudeckue npoueaypbl Ans
9KCMOHEeHUManbLHOro pacnpegeneHns. ToYeyHble OLEHKN,
OOBepUTENbHbIE, TONIEPaHTHbIE U NPEANKLMOHHbIE
MHTepBanol"

FOCT P M3K 60605-6-2007 IDT IEC 60605-6:2007 "VcnbiTaHna obopyaoBaHns Ha
HagexXHocTb. YacTb 6. Kputepum npoBepku NoCTOsIHCTBA
MHTEHCMBHOCTM OTKa30B M NapamMeTpa NoToka OTKa3oB U
MeTobl NX OLEHKN"

FOCT P 51901.6-2005 MOD IEC 61014:2003 "MMporpamma NoBbILEHNS HaaeXXHOCT"
(M3K 61014:2003)

MpumeyvaHune - B HacTosiLwen Tabnuue ncnonb3oBaHbl cnegywouime ycnoBHble 0603Ha4YeHMs CTeNeHn
COOTBETCTBUA CTAHOAPTOB:

- IDT - nOeHTUYHbIN CTaHaapT;

- MOD - moaumnumpoBaHHbIv CTaHAAPT.
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