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HMe KOTOPbIX NPUBEAEHO BO BBEAEHUN K HACTOSALLEMY CTaHAAPTY.

MexayHapoHblii cTaHgapT paspaboTaH IEC 56.

HavmMeHoBaHWe HacTosLLero ctaHgapTa M3MEeHEHO OTHOCUTE/IbHO HaVMeHOBaHWA yKa3aHHOro mexay-
HapoAHOro cTaHgapTa 415 npyueegeHus B cootsetctBue ¢ NOCT P 1.5—2012 (nogpasgen 3.5).

CBefleHNsi 0 COOTBETCTBUM CCbIJIOYHbIX HaLMOHasIbHbIX CTAHAAPTOB MEeXAyHapoAHbIM cTaHfapTam,
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5 B3AMEH I'OCT P 51901.16—2005 (M3K 61164:1995)

MpaBuna NpYMeEHEHNA HACTOALLEr0 CTaHAapTa YyCTaHoB/EHbl B cTaTbe 26 ®efepabHOI0 3aKoHa
oT 29 uioHA 2015 r. No 162-d3 «O cTaHgapTu3aunm B Poccuiickoin ®egepauun». ViHdopmauns 06 uns-
MEHeHUAX K HacTosAWweMy cTaHgapTy ny6nkye TCa B eXerogHom (no cocTOosHMI0 Ha 1aHBaps TekyLwero
rofa) UHQOPMaLMOHIOM yKasaTesne «HaunoHasbHble CTaHAapThi», a ohULMabHbI TEKCT U3MEHEHWI
M NonpaBOK — B e€XeMeCAYHOM MH(opMaunoHHOM ykasaTene «HaluuoHanbHble cTaHgapThi». B cnyvae
nepecMoTpa (3amMeHbl) UM OTMEHbl HACTOALWEro CTaHAapTa CooTBeTCTBYHLLEee yBeAOMeHe byaeT
ony6/MKOBaHO B GAMXKAMLLEM BbIMYCKE €XEeMECSYHOro MHCOPMAaLMOHHOI0 ykasaTensa «HaunoHasbHble
cTaHgapTbi». CooTBeTCTBYyWasa Hpopmauns, yBeJoMIEHE M TEeKCThl pasMeLLalnTCca Takke B UH-
hopMaLMoHHOI cucTeme 06Lero Nosb3oBaHNsa — Ha ohuumanbiioM caliTe defepasnbHOro areHTcTBa no
T EeXHUYECKOMY PeryIMpoBaHnio U MeTPOJIOrMn B ceTu VIHTepHeT (www.gost.ru)
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BBepeHve

B HacTofllem cTaHjapTe onucaHbl B BUAe CTEMEHHOW (OyHKUUM MOAeNb MOBbILEHWNA HaAeXHOCTU
BPEMEHV 1 COOTBETCTBYIOLMNI METOJ NPOrHO3npPoBaHUsA U NPYBEAEHO PYKOBOACTBO /1A UX MUCMNO/Ib30BaHUS.
CylecTByeT HECKONbKO MOZAENEN NOBbILWEHUS HALEXHOCTU, OAHAKO CTENEHHas MoAesb ABNAETCSH OAHON 13
Hanbosiee LWMPOKO NCNO/Mb3yeMbIX. B HacToAlem cTaHgapTe yCTaHOB/EHbI NpoLeAypbl onpeaeneHns oLeHoK
HEKOTOPbIX WU BCEX XapakTepucTuk, nepeuncnenHbix B FTOCT P 51901.6—2005 (pa3genbl 4. 6 1 7).

TpebyeTcs ABa TvNa UCXOAHbIX AaHHbIX. MepBbli — ANA NNaHMPOBaHWSA NOBbILWEHUS HAAEXHOCTU No-
CPeACTBOM BbIMOJIHEHUS aHann3a WM KOHCTPYKTUBHBIX YNYYLLIEeHW Ha CTaguv NPOEKTUPOBaHUS HaAeXHOCTU
Ha Haya/lbHOM 3Tane, LefieBbIX nokasaTeneli HafeXHOCTU U NAaHWpyeMbIX Yy4lleHnid npoekTa ¢ y4eToMm
Ux npegnonaraeMoro maclrtaba. BTOpoi TN UCXOAHbIX AaHHbIX, A5 MOBLILEHNA HALEXHOCTU Ha CTaguu
yTBEPXEeHUs NpoekTa, HeobxoAnM ANna Habopa AaHHbIX O COBOKYNHOM BPEMEHW WUCMbITaHU aBTOHOMHO Cu-
CTeMbl. B NpoLiecce KOTOPbIX BO3HMKAIN OTKa3bl, 1 BPEMEHU NpeKpaLLeHnsa UCNbITaHWi, ecin OHO oTnYaeTcs
OT BpeMeHU nocnegHero otkasa. flonyckaertcs, 4to c6op UCXOAHbIX AAaHHbIX HAYMHAeTCA nocse 3aBepLlueHuns
Kakmx-nmbo npefsapuTeNibHbIX UCMbITAHUA, TakMxX Kak 0TO6PaKoBOYHbIE WU KIUMATUYeCckue UCNbiTaHus, Ha-
npasfieHHble Ha cTabunn3aLnio MHTEHCUBHOCTM OTKa30B MPOAYKLMN.

MapameTpbl MOAENN MOBbILWEHUS HAAEXHOCTU, NOMYYEHHbIE NOC/E OLEHKM pe3ynbTaTtoB NpeablayLmx
UCNbITaHWA, MOryT 6bITb MCNONb30BaHbI AN1A NNaHNPOBaHMS 1 Bbibopa HanpasneHus 6yayLux nporpamMM no-
BbILUEHNA HAAEXHOCTN Npu obecneyeHny 0gNHaKOBbIX YCIOBUIA.

[nsa HekoTopbIX npouedyp MOryT noTpeb6oBaTbCA KOMMbIOTEPHbIE MPOrpaMMbl, HO OHW He SABAAIOTCA
uype3MepHO CMOXHbIMW. B HacToswem cTaHfapTe nNpeAcTas/eHbl aropuTMbl, 418 KOTOPbIX ferko paspabo-
TaTb KOMMbIOTEPHbIE MPOrPammbl.

B otnunune ot IEC 61164:2004 B pa3fen 2 HacTosALWEro ctaHjapTa He BKIOYEH AOKYMEHTI\ KOTopbli
HeLlenniecoobpasHo NPUMEHATb B COOTBETCTBMM C TPE6OBAaHNAMWN HALMOHANbHO CUCTEMbI CTaHAapTU3aL UK.

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

v
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HAUMWOHANBbHBLIMN CTAHOAPT POCCUMUCKOWN OSGELEPALWUMU

MEHEIXKMEHT PUCKA

MoBbILWEHNE HALEeXHOCTH.
CTaTucTmyeckne KpUTepun U MeTobl OLEHKN

Risk management. Reliability growth. Statistical lest and estimation methods

fata eBegeHns — 2018—12—01

1 O6nacTb NPUMeEHeHUs

B HacToslem ctaHgapTe npueBefeHbl MOAENN MOBbIWEHUSA HALEXHOCTU U KONIMYECTBEHHble MeToAbl
OLEeHKN, OCHOBaHHbIE Ha AaHHbIX 06 oTkasax, NOoNy4eHHbIX B COOTBETCTBUN C I'IpOFpaMMOI?I NoBbIWEHNA Ha-
OeXHocTn. 31 npoueaypbl NO3BOMIAKT onpeaenaTb YpPpOBEHb MOBbILWEHNA HAAEXHOCTU, TOYEYHble OUEHKN ”
noBsepuTesibHble NHTEpBasibl nokasarenei HaAeXHOCTU, a TakkKe NPUMEHATb KpUTepun cornacua.

2 HopmaTtuBHbIe CCbISIKA

B HacToALeM cTaHfapTe UCNOo/b30BaHbl HOPMATVBHbIE CCbIIKM Ha Cneayioline cTaHAapTbl:

FOCT P 50779.26—2007 CTaTuUCTMNYeCKNe MeTOobl. ToYeyHble OLEHKW, JOBEPUTE/bHbIE, NPeauK-
LIMOHHbIE N TONepaHTHbIEe MHTepBasbl 415 3KCNOHEHLMa/IbHOro pacnpeaenerus

FOCT P M3K 60605-6—2007 HafeXHOCTb B TexHuke. KpuTepun npoBepkn NocTOAHCTBA UHTEH-
CMBHOCTM 0TKa30B M NapaMeTpa NoToKa 0TKa3oB

FOCT P 51901.6—2005 (M3K 61014:2003) MeHefXmMeHT pucka. lNMporpamMmma noBbIWEHUA HaOexX-
HOCTH

MpumMmeyaHue — Npu NONb30BAHUU HACTOSILLUM CTAHAAPTOM Lielecoo6pasHo NPoBepUTL AeliCTBIUE CCbINOYUHbIX
CTaHAapPTOB B MH(DOPMALMOHHO cUCTeMe 06LLero Nosb3oBaHUs — Ha ohMLManbHOM caiiTe ®efjlepasibHOTo areHTCTBa Nno
TEXHUYECKOMY PeryMpoBaHuio 1 METPOIOTMK B CeTU MIHTEPHET MU N0 eXEero4HOMY UH(OPMaLMOHHOMY yka3aTesnio «Ha-
LMOHasIbHbIE CTAHAAPTbI», KOTOPbI ONY6MKOBAH N0 COCTOSHWIO HA 1 iHBaps TEKYLEero roaa, v no BbiNyckam exemecsy-
HOro MHHOPMALMOHHOTO yka3aTens «HaunoHanbHble CTaHAapPTbLI» 3a TeKyLW it rog. ECNu 3aMeHeH CCbIoYHbIN cTaHgapT,
Ha KOTOpbI faHa HeAaTUpOBaHHas CCblKa, TO PeKOMEHAYyEeTCs MCMO/b30BaTh AECTBYIOLLYI0 BEPCUIO 3TOrO CTaHAapTa
C YYETOM BCEX BHECEHHbIX B AaHHYI0 BEPCUIO U3MEHEeHU. ECnn 3aMeHeH CChISIoUHbIN CTaH4apT, Ha KOTOpbIA faHa faTu-
poBaHHas CCblfika, TO PEKOMEHAYETCA UCMO/b30BaTh BEPCUID 3TOFO CTaHAapTa C yKa3aHHbIM Bbllle F040M YTBEPXAEHUS
(NpuHsATKS). ECnm nocne yTBepXAeHUs HACTOSILLEro cTaHAapTa B CCbIIOYHbIN CTAHAAPT, HAa KOTOPLIN faHa f4aTupoBaHHas
CCbl/IKa, BHECEHO M3MeHeHMe, 3aTparuBatoLiee nosioXeHue, Ha KOTOpPoe AaHa CCbifka, TO 3TO MOMOXeHUe pekoMeHayeTcs
NpUMeHsThL 6e3 ydeTa [JaHHOro NosioXeHus. ECAU CCbIOYHbIA CTaHAAPT OTMEHEH 6e3 3aMeHbI, TO MOJIOKEHNE, B KOTOPOM
[laHa cCblfika Ha Hero, peKoMeHAYeTCsl NPUMEHSTb B YaCTU, He 3aTparvBaloLLeii 3Ty CCbIKy.

3 TepmMuHbI 1 onpegeseHns

B HacTosleM cTaHAapTe npuMeHeHbl TepMuHbl No FTOCT P 51901.6. a Takke crnegylowme TepMUHbI C
COOTBETCTBYIOLMMUN ONpeAeieHUaMN:

31 uenesas HagexHocTb (reliability goal): XXenaemblii ypoBeHb HafeXHOCTU, KOTOPbIM A0O/KHA 061a-
AaTb NPoAyKUMsA nocne 3asepLueHns NporpaMmbl NOBbILLEHNSA HAAEXHOCTH.

N3paHue oduymansHoe
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3.2 nepBoHayvanbHas HagexHocTb (initial reliability): HagexHocTb NpoayKumnn Ha paHHUX cTaauax npo-
eKTVPOBaHUS A0 COKPALLEHUs NOTEHUMaNbHbIX PEXUMOB 0TKas3a U NPUYMH MX BO3HUKHOBEHUS NOCPeACTBOM
YNYULEHNA KOHCTPYKLMKN O6bekTa.

3.3 Mogenb NoBbIWEHNA HAAEXHOCTU ANa cTaAumn npoekTuposaHus (reliability growth model for the
design phase): MaTemaTtuuyeckass Mogesnb, yYnTbiBatollas BO3MOXHbIE Y/TyULIEHNA KOHCTPYKUMMN W UX 3Haue-
HWe. No3BoNAKLWLAan MaremMaTuyeckn onucaTb MOBbILIEHWE HAAEXHOCTN 06beKTa OT Havana 40 KoHua atana
NPOEeKTMPOBaHUS.

3.4 cpeHAA MHTEHCMBHOCTbL OTKa3oB (06bekTa) (average product failure rate): CpefHsis MHTEHCUB-
HOCTb OTKa30B 06beKTa, paccumMTaHHas Ucxoasa u3 6e30TKasHOCTM 0O6bekTa 3a 3afaHHbIli Nepuog BpEMEHN.

MprumMeuyaHUe — VI3MEHEHNE UHTEHCMBHOCTW OTKA30B BO BPEMEHMW SIBMIIETCA pe3y/bTaToM Moaudukauumn
KOHCTPYKLMM 06beKTa.

3.5 otcpoueHHas mogudukaumsa (delayed modification): Koppektupyiolme nsMeHeHns, KOTopble BBe-
[AeHbl B 06bEKT NOCNE OKOHYaHUS UCNbITaHWIA.

MpumeyaHune — OTCPOUEHHYIO MOANDUKALMIO He NPOBOAST B NPOLECCE UCMbITAHWIA.

3.6 koahpuuneHT achpdekTuBHoCTM ynydweHus (improvement effectiveness factor): KoadcpuumeHrt,
Ha KOTOPbIA YMEHbLUMMNACL MHTEHCUBHOCTL CUCTEMATMYECKMX OTKA30B B pe3ysibTate KoppekTupyoLleli moau-
dukaumu.

3.7 ncnbiTaHua Tuna |, ucnbiTaHnsA, orpaHMyYeHHble Mo BpomeHu (type | test, time-terminated test):
McnbiTaHnsa Ha NOBbILEHVWEe HafEeXHOCTU, 3akaHUMBaLWMeCs B yCTAHOB/IEHHOE BPEMS, UM UCMbITaHusA, Ans
KOTOPbIX AaHHble MOTyT 6bITb NOJTyYeHbl B TeYeHNEe BPEMEHW, He 3aBUCALLEro OT KO/IMYecTBa OTKa30B.

3.8 ncnbiTaHma Tuna Il, ncneiTaHnsa, orpaHnYeHHble NO KonmMyecTBy oTka3os (type Il test, failure-
terminated test): VicnbiTaHNs Ha NOBbILIEHVE HAAEXHOCTW, KOTOPbIE 3aBepLIaloTCA Nocne NoyYeHnUs faHHbIX
06 ycTaHOB/IEHHOM KO/IMYECTBE OTKa30B, MW WCMbITaHWA, A5 KOTOPbIX AaHHble MOryT 6blTb MOSyYeHbl B
TeueHne BPeMEHU, 3aBUCALLENO OT KOSIMUYecTBa OTKa30B.

4 O603HaveHusA

B HacToswem cTaHfapTe NPUMEHeHbI crieayloline 0603HaveHus,
a) Ona6.1,Al1unB.3:

T CPOK CYX6bl NPOAYKLMK, HapaboTKa A0 0TKa3a ¥ Mexay oTkazamu, a Takke Takue Xa-
pakKTepUCTMKM, KaK Ha3HAuYeHHbI pecypc, rapaHTuiiHbIi nepuog,

*0(7) nepBoHavyanbHas BEPOSTHOCTL 6€30TKa3Hol paboThl;
HavasibHas CpefHss MHTEHCMBHOCTbL OTKA30B 06EKTA 3a Nepuo NPOeKTUPOoBaHuS;

d(t) KO/IMYEeCTBO MOAUCIMKALMIA KOHCTPYKLMK 3a Bpems t OT Hauyana npouecca NpoekTupo-
BaHUsi;

«0 KO3(h(VLMEHT NOBbLILIEHUs1 6E30TKA3HOCTY B pe3y/ibTaTe YMEHbLIEHUS KOIMYecTBa OT-
Ka30B;

D o6LLee KoNMUecTBO BHeAPEHHbIX YYULLIEHWUA KOHCTPYKLUM;

06L1an NPoACIXUTENIbLHOCTL Neproa NPOEKTUPOBaHUs, B NPoLLecce KOTOPOro BHeApe-
Hbl YNyULLEHNUSA KOHCTPYKLUW;

t nepeMeHHasi BpEMEHU B npouecce nepuoga npoekTnposaHus ot 0 go tD\

K (0 CpefHss MHTEHCUBHOCTb OTKA30B 06beKTa Kak (hyHKLUMS BPEMEHU B TeueHue nepuoga
NPOEKTUPOBaHWS;

K g”d) 3a/jaHHas cpefHsAs MHTEHCMBHOCTb OTKA30B MpY 3aBepLleHun nepuoja npoeKkTMpoBa-
HusA fO;

Rg(T) LiefieBoe 3HaYeHne BEPOSITHOCTM 6e30Tka3HOM paboTbl 06bEKTA, KOTOPOro HEOGXOAUMO

[0CTWYb 3a Nepuoj NpoeKTUPOBaHus;
R(t.T) BEPOATHOCTb 6€30TKa3HOl paboThl Kak YHKLMS BPEeMEHW W YNyYLIEeHWU KOHCTPYKLWK;
b) Ona6.2.A.2 nB.4:

RCT —  UefleBOe 3HaYeHNe BEPOSITHOCTU 6e30TKa3HOol paboTbl 06bEKTa, KOTOPOro HEO6X0AMMO
[OCTWNYL 3@ NEepPUoZ, NPOEKTMPOBAHUS;
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06LUas NPoAo/MKUTENLHOCTL NEepMoaa NPoeKTUPOBaHNS;
KO3(h(PMLIMEHT NOBbLILIEHUSI HAAEXHOCTY B TeUeHue nepruoaa NpoekTUpoBaHus;
VHTEHCMBHOCTb HECUCTEMATUYECKUX (UM OCTATOUHbIX) OTKA30B;

o6luee KO/IMYEeCTBO NPOTHO3VMPYEMbIX UM BHELPEHHbIX YyULlleHnii KOHCTPYKLMM B NpO-
Llecce NPOeKTUPOBaHUs, BbIMO/IHEHHbIX A4/151 YCTPAHEHNSI CNabblX MEcT;

06u.|,ee KO/INYEeCTBO pPas3/INYHbIX KaTeI’OpVIVI OTKa30B;
NHAOEKCbI;

BEPOATHOCTb BO3HUKHOBEHWSA /-T0 CN1aboro MecTa KOHCTPYKLMK B KW kaTeropuun oTkasos
3a YCTaHOB/IEHHYH0 HapaboTKy 06beKTa;

0XM/1aeM0oe KOSIMYECTBO CNabbiX MECT KOHCTPYKLWUY /c-Il KaTeropum 0TKa3oB 3a yCTaHOB-
NIEHHYI0 HapaboTKy 06beKTa;

o6lLuee KoNmuecTBo NPOrHO3UPYeMbIX UK BHEAPEHHbIX Y/yUlleHuii KOHCTPYKLMM 3a ne-
pvoA NMPOEKTUPOBAHUS A1A YyCTPaHeHUs ciabblX MECT K- KaTeropuy 0TKasos.;

MHTEHCUBHOCTb 0TKa30B, OTHOCSALLMXCA K K- KaTeropumn oTkasos;

HavyasibHasi BEPOSATHOCTb 6e30Tka3HoW paboTbl 06bekTa 3a Bpems [;
BEPOSATHOCTb 6e30TKa3HOWN paboThl 06beKTa Kak hyHKLMSA BpemeHn [
oxugaemoe BpeMsi AOCTVKEHNSA LEeNeBoro 3Ha4eHns nokasaresns HafeXHoOCTU:

c) Ana7.1.1,712.9.A4. B1lunB.2;

D

b

d(t)

=S XX X

06u4ee KONn4yecTBo yI'IyLlUJeHVIVI KOHCTPYKUWNW, BHEAPEHHbIX 3a nepuoa npoekTuposa-
HUA. ANA YMeHbLUeHUA Konm4yecTtBa BbisAB/IEHHbIX cnabbIx MecT:

o6Lias Npofo/MKUTENLHOCTL Neproja NPOEKTUPOBaHUS, B NPOLIECCE KOTOPOTo BHEAPE-
Hbl MOANMKALUN KOHCTPYKLNIA;

nepemeHHas BpemeHu (B npouecce npoektupoBaHnsa 0 s /s (0);

KOJIMYEeCTBO MoAMdMKaLniA KOHCTPYKLUMK 3a 3aaHHoe Bpems /0, (0 St Sf0);

KO3 hMLMEHT NOBbILIEHNA 6e30TKa3HOCTU B NpoLuecce neproaa NpPOeKTUPOBaHus;
HayasibHas cpefHAs MHTEHCMBHOCTb OTKA30B 06BbeKTa Npy NPOEKTMPOBaHNN,

nepemMeHHast CpefHsss MHTEHCUBHOCTb OTKA30B 0GbeKTa Kak DYHKLMSI BPEMEHW B Npo-
uecce npoektnpoBaHus (0 s t STD):

HavasibHasi 6e30TKa3HOCTb 06bekTa 3a Bpemsi T (HasHauyeHHbIli pecypc UM ycTaHoB-
NeHHas HapaboTka);

LeNieBoe 3HavyeHMe BepOATHOCTU 6e30TKasHOoN paboTbl 06bekTa 3a Bpems T. KOTOPOro
Heo6X0AMMO A0CTNYL MOCPEACTBOM YAYULLEHUA KOHCTPYKLMWK;

NOBLILLIEHNE HAAEXKHOCTU 06bEKTa KakK (PyHKLUA BPEMEHU U YNYULLEHNUS] KOHCTPYKLNY;
LlenieBoe 3HauyeHne cpeaHeil UHTEHCUBHOCTY OTKA30B;

YCTaHOB/IEHHOE BPEMS B NEPUOS CPOKa CNyx6bl 06bEKTA (HA3HAUYEHHBI pecypc, rapaH-
TWIAHBIA Nepuog, CPoK CNyXobl);

napameTp MacwTtaba AnS CTeNeHHON Mogeny;

napameTp hopMbl 415 CTENEHHON mMogeny;

KpUTUYECKOe 3HaYeHne A1 NPOBepPKV rMnoTes,

KO/IMYEeCTBO MHTEPBASIOB AN aHan3a CrpynnupoBaHHbIX JaHHbIX;
cpegHee 1 HAMBUAYasbHble KO3MULMEHTbI 3PEKTUBHOCTA YNyYLLEHWI;
KO/IMYEeCTBO pas/nyHbIX TMNOB HabogaemMbIX 0TKa3oB kaTeropun B:
VHAEKCHI:

KO/IMYeCTBO OTKa30B kateropum A.

KO/IMYecTBO OTKa30B kateropuu B;

KONMuecTBO HabNAAEMbIX OTKA30B /-ro Tuna kareropumn B: KB = K,;
napameTp cTaTUCTUYeckoro kputepus Kpamepa-Museca;
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KO/IMYEeCTBO OTKA30B:
KO/IMYEeCTBO OTKA30B B I-M MHTEpBAse.

HakomnieHHoe KO/IMYecTBO 0TKA30B 3a BPeMsl UCMbITaHWA 7;

mMaTeMaTnyeckoe OXuAaHWe CyMMapHOro KOMYecTBa 0TKAa30B 3a BPeMs UCbITaHuii T;
rpaHuLbl i-ro MHTepBasia BpEMEHMW UCTbITaHW AN1A aHanu3a CrpynnmpoBaHHbIX JaHHbIX:

BPEMS UCMbITaHWii, CyMMapHas HapaboTka B NpoLiecce UCnbITaHuii;
cymmapHasi Hapa6oTka 40 /-ro 0Tkasa;

o6lias cymmapHas HapaboTka B mpouecce MchbiTaHuii no oTkaszam tuna li;
o6lias cymmapHas Hapa6oTka B MpoLecce MchbiTaHuii No oTkaszam Tuna |
KBaHTU/Ib B/}— pacnpefesieHns c v cTeneHsamu CBo604bl YPOBHS Y,

o6bliee 0603HauYeHMe napameTpa NoToka OTKa30B:

KBaHTU/Ib CTAHAAPTHOTO HOPMAsILHOTO pacrnpeaesieHnst YPoBHS;
NPOrHO3MpyeMblii napameTp NoTOKa OTKA30B;

napameTp MOTOKa OTKa30B B MOMEHT BpeMeHu T (COOTBETCTBYHOLLMI BpemeHu 3aBep-
LLEHUS UCMbITAHWUIA);

Tekyllee 3HayeHne cpegHero BpeMeHn Mexay otkasamu,
NporHo3upyemas cpefHas HapaboTka mexay oTkasamu,

BEPOATHOCTb ycnexa Ha ctaguv /-ii moandukauum ob6bekTa nNpu NpoeKTMpoBaHuK,
onncaHHas AUCKPETHOW Mofenbio MOBbIWEHUs HafexHocTn Bapnoy. MpowaHa un
Lowepa;

KONIMYECTBO OTKA30B HeC/ly4YalHoro Tuna, OCTaBLUMXCA B MOMOHT BpeMeHu t > 0 B He-
npepbIBHON MOAENN NOBbILWEHUS HAafeXHOCTW IBM-Po3Hepa;

nonsa gopaboTaHHbIX 0TKa30B 06bekTa/060pyf0BaHMA B COOTBETCTBUM C MOAENbIO NO-
BbllLEHNA HafexXHocTn IBM-Po3Hepa;

Bpems BO34ENCTBUSA Ha 0OBEKT;

WHTEHCMBHOCTb HECUCTEMATUYECKNX (MM OCTATOYHbIX) OTKA30B;

MHTEHCUMBHOCTb CUCTEMATUUYECKNX OTKA30B;

MHTEHCMBHOCTb OTKA30B K- KaTeropuu;

KONIMYECTBO NOTEHUMANbHBIX CNabblXx MECT KOHCTPYKL MW B K-l KAaTEropun 0TKa3oB.;

BEPOATHOCTb TOrO, l-ITO)-E noTeHynasnbHoe cnaboe mecTo KOHCTpYKUUN B K-V Kareropuun
OTKa30B Bbl30BET OTKas,

oXujaemoe BpeMsi NPOEKTUPOBaHWA 418 AOCTUXEHNUA LeN1eBOoro nokasaresns 6e3oTkas-
HocTu. Rg(T);

NPOAO/MKNTENBHOCTL CTaANM NPOEKTUPOBAHNS,

HayanbHOe 3HayeHne BEepOSITHOCTY 6e30Tka3Hol paboThl 3a Bpems T;

napaMmeTp ANS NpeAcTaB/eHUs OXMAAEMOW CKOPOCTY NOBbILEHNS 6e30TKa3HOCTK;
oXungaemoe KonmyecTBo cnabbiX MeCT KOHCTPYKLUN B K-i KaTeropum oTkasoB, KOTOpble
BbI30OBYT OTKa3;

0ONs cucTeMaTUyecknx (HecnydaiHbiX) OTKa30B MPOEKTUPYEMOro o6bekTa B Havane
NCMbITAHWNA:

KO/IMYECTBO OTKA30B 06bEKTA B Hauane UCMbITaHuii;

[10/1 OTKA30B, YCTPaHEHHbIX MOCPEACTBOM OT/IafKM B MPOLECCE WUCMbITAHWIA HA MOBbI-
LIEHNE HAAEXHOCTU:

[0 NepBUYHbIX OTKa30B, YCTPaHEeHHbIX 3a Bpems t,

oxugaemoe Bpemsi ANs YCTPAHEHUs 4acTu ¢ cMCTeMaTMYeckux OTKa3oB 3a BPems Uc-
NbITaHWA,

cymMMapHas HapaboTka Mexgy oTkasamu;
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d) O603HayeHns, ncnonblyemMble B AUCKPETHOW MOAENN NOBbILLEHUA HALEXHOCTU. 7.2

A, —  6e30TKa3HOCTb WK BEPOATHOCTL ycnexa hi\ koHdwurypauuu;
7= 1-4 —  BEpOSATHOCTb OTKasa /-v KoHdurypaumu;
K —  KOMIM4YEeCcTBO CTafWi 1 KOHUrypauuii;

—  KOMIMYECTBO UCMbITAHWUIA Ha cragnn r,
—  KOJIn4eCTBO OTKa3oB Ha CTagun I.
— CyMMapHoO€e Ko/im4yecTtBo UCMbITAHUI Ha ctaguun /;

= nl
Mft) —  obLyee KonmMuecTBoO 0TKA30B 3a BpeMsl UCMbITaHuii th
— cpefHee o6Lee KoMYecTBO 0TKAa30B 3a BPeMsl UCMbITaHWi t-,
M — napameTpbl MacliTaba u popmbl ANA CTeNIeHHO U AMCKPETHOI Moaeneil.

5 Mopgenv NoBbILEHNST HAAEXHOCTU NPU NPOEKTUPOBAHUN N UCTILITAHUSIX

OCHOBHble MPUHLMMbI NOBbIWEHUS HAAEXHOCTM O6bekTa OAMHAKOBbl A5 npouecca MpoekTuposa-
HWA 1 UCMbITaHWi. 3To 06YC/NOBAEHO TOM. YTO 06a 3Tana npeanonaralT BbiBMEHWE WU ycTpaHeHne cnabbix
MECT C Lieflblo ynyylleHns o6bekTa 1 NO3BONAIOT OLEeHUTb y/yylleHne nyTeM CpaBHEHWS OLEHKM nokasaTe-
N1 HA[eXHOCTU C LefieBblM 3HavyeHnem. PasHuua 3ak/iovaetcs B METOAAX, UCMOJb3yeMbIX 418 NMPOBefeHNs
aHanusa NPoeKTUPOBAHUS N UCMbITAHWA, Y MOAENSAX, NCNOMNb3YEMbIX /151 OLEHKM NOBbILEHUS HAAEeXHOCTH.
B FOCT P 51901.6 npuBeAeHO pPyKOBOACTBO NO pa3paboTke nMporpaMM MOBbILLIEHUS HAAEXHOCTM U MeTodam
aHanmsa, UCNnonb3yemMbiM MpPU NMPOEKTUPOBaAHUN U B UCMbITAHUAX. B HacToAweM cTaHfapTe npuBefeHa noa-
po6Hasa nHdopmaLuus o MoAesnax, KOTopble MOryT 6bITb UCNOJIb30BaHbI /151 OLLEHKWN MOBbILLIEHUS HAAEXHOCTU
Ha pasHbIX CTaANAX XU3HEHHOrO Lkna 06bekTa n 4N pasnyHbIX TUNOB 06EKTOB, KaK BOCCTaHaB/IMBaEMbIX,
Tak U HeBoCCTaHaB/MBaEMbIX.

MaTtemartuyeckue MOAE/N MOBbILLEHNUA HALAEXHOCTU MOCTPOEHbI /151 OLEHKN AOCTUTHYTOrO NOBLILLEHUSA
1 MPOEKTHOro YPOBHA HaAEeXHOCTW. MoAenn MoBbllLEHNSA HaeXHOCTU Hanpas/ieHbl Ha NOAAEPXKKY NiaHnpo-
BaHWSA NMPOrpamMm MNoBbILLEHNSA HAAEXHOCTM NyTEM OLLEHKM KOSIMYeCTBa M 3HAYMMOCTU U3MEHEHWIA B npoLecce
NPOEKTMPOBaHNA 1 paspaboTkn UM B NEPUOS, UCNbITaHWA, HEO6X04UMBIX 4719 AOCTXEHMUS LLeNeBoro 3Have-
HVA nokasaTesis HafeXHOCTU.

Mogenu noBbIlWEHUS HAAEXHOCTU MOTYT 6bITb NPeAcTaBeHbl C NOMOLbI0 UHTEHCUBHOCTU (MU napa-
MeTpa NnoTokKa) 0TKa30B WM BEPOATHOCTU YCMELIHON paboTbl 3a yCTaHOBMEHHOe BpeMs (6e30Tka3HOCTH), Kak
nokasaHo Ha pucyHke 1.

MHTeHcuBHOCTL OrJ00e BchpOnTaeTs paoriusaeii piiaCrol

KmTrueonoynyeLuHnii «DHorpseyw KonHaonogownHuii onnpywmmn

PucyHok 1 — MnaHupyemoe yBenuyeHne cpesHeil MHTEHCMBHOCTM 0TKA30B U BEPOSITHOCTU 6e30Tka3Hoi pa6oThl
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BHyTpy 37Ol 06LLEi CTPYKTYpbl CYLLECTBYET MHOrO MOZEseli NOBLILEHUS HAafEXHOCTU. B Tabnuue 1
npvBeseH 0630p OCHOBHbIX KAaTEropuii. Paznnunsa mMexay npoekTMpOBaHNEM W UCMLITAHUAMM, TUM AOCTYMNHbIX
[aHHbIX BAMSIOT Ha Bbl6op Mogenu. K HenpepbiBHOW KaTeropum OTHOCAT 06BLEKTbl, (DYHKLMOHMPYOLWMe BO
BPEMEHU, HaNpUMep PEMOHTMPYEMble 06BEKTbI. K ANCKPETHON KaTeropum OTHOCAT AaHHble, KOTOpblEe (OUK-
CUPYIOT MWL ycnex/oTka3 06bekTa B UCMbITAHUAX, HanpuMep, A/ HEBOCCTaHaBMBaEMbIX u3genuii. Ans
OLIEHKM NOBbILIEHUS HALEXHOCTW UCMOMb3YIOT Knaccuueckne unm 6aliecoBckue npolegypbl. MNepBas katero-
pusi UCNO/b3yeT TOMbKO HabMofaeMble faHHbIe, B TO BPEMS Kak MOC/EAHSIS UCMOMb3YET Kak aMnupuyeckme
[laHHble MPOEKTUPOBAHUS U UCMbITAHWNA, TaK U UHXEHEPHbIe 3HaHWUSA, HanpyMep B OTHOLIEHUM OXUAAEMOT0
KOMMyecTBa paccMaTpyBaeMbIX PeXVMOB OTKa30B.

Tabnwu ua 1— KaTeFOpI/II/I MO,D'eﬂeVI NnoBblIWEHNA HAAEeXHOCTN CO CCbIJZIKaMWN Ha CTaTbU

Bpewmsa
Tun mogenun
HenpepbiBHOE (Bpems) [nckpeTHoe (KONMYECTBO UCNbITAHWIA)
Knaccuueckasn 6.1 —
MpoekTupoBaHune
Baliecosckas 6.2 —
Knaccuyeckas 7.1 7.2
VcnbitaHns
Baliecosckas — —

MHorve mogenu HafexHocTv pa3paboTaHbl 419 aHanmsa faHHbIX UCNbITaHWA. B HacToAwem cTaHaapTe
npefcTaB/ieHa ofHa W3 camblX NONYASAPHbIX MOAENe MOBbILEHNA HafEeXHOCTU, CTeneHHas mMogenb (Takke
nsBectHas kak AMSAA nnn mogenb Kpoy (Crow) [1]) B ABYX chopmax, HeNpepbIBHON W ANCKPETHOW. 3Ta Mo-
Aenb sBnsieTcs 0606l eHneM MOAeNU MoBbIWEHNA HadexHocTu AyaiiHa (Duane) cornacHo Kpoy [1)1). XoTs
CyLLleCTBYIOT 1 bGaiiecoBckue BapuaHTbl Mogenu Kpoy, OHu B cTaHfapTe He npeacTasrieHbl. O630p pasnnyHbIX
MoZenei NOBbILWEHUSI HAAEXHOCTU, NPUTOAHbIX AN aHaNM3a AaHHbIX UCNbITaHU, MOXHO HaWTy y [xyanna
(Jewell) [21.(3] n Ce(Xie) [4].

JoKyMeHTa/IbHbIX OTYETOB O MOAENSAX NOBbILEHUS HAAEXHOCTW, UCMO/b3YEeMbIX NPU NPOEKTUPOBaHWM,
ouyeHb Masio. [MoaTomy 6bl/IM NPUMEHEHbI MOZENb NaHNPOBAHUS NOBbLILLEHNSA HALEXHOCTU, ABMAOLWAACA MO-
Avdmkauven cteneHHon Moaenu, Ana UCNob30BaHNA NPy NPOEKTUPOBaHUM U GaliecoBCKUiA BapuaHT Mogenm
IBM-Po3Hepa. aganTMpoBaHHO 415 MPOEKTMPOBaHNSA. TeM He MEHEe OHWU NPUMEHWMbI TOJTbKO A1 06 BEKTOB,
HenpepbIBHO (PYHKLNOHNPYIOLMX BO BPEMEHMU.

B uenom BbIGOP MOAENN NOBbILEHUS HALEXHOCTU SBAAETCA KOMNPOMMUCCOM MeXAay NPoCcTOTOiN u pea-
JINCTUYHOCTBIO. BbIGOp cnefyeTt nNpoBoAUTb B COOTBETCTBUM C BblLLEYNOMSHYTBIMY KPUTEPUAMU, TAKUMU Kak
CTafusi XXM3HEHHOIO LMK ¥ TUN JaHHbIX, a Takke NyTem aHanm3a 060CHOBAHHOCTU NPeAnooXeHNiA, nexa-
LLMX B OCHOBE KOHKPETHOW MoAenu, NpuMeHnMoii B 3adaHHbIX ycnosusix. bonee nogpobHaa nHchopmauus 06
ncnosb3yembix NPeAnonoXeHnax ANs Mofdenei, OnncaHHbIX B HACTOALLEM CTaHfapTe, npuBefeHa B pasfe-
nax 6 n7. CnegyeT 0OTMETUTb, YTO MOAE/NN MOBbILIEHUS HAAEXHOCTU He CriefyeT paccMmaTpuBaTh Kak 6e3oLn-
60YHblE. MX He crefyeT NPUMEeHATb HEOCMOTPUTESIBHO, HO MOXHO MCNO/b30BaTh B KAYECTBE CTaTUCTNYECKOro
mMeToAa A1 060CHOBaHNA VHXEHEPHbIX PELLUEHWNA.

6 Moaenn NoBbILEHNST HAAEXHOCTU, UCTO/Ib3yeMble /151 CUCTEM/OGHEKTOB
Ha CTaguKn NPOEKTUPOBaHUS

6.1 MogudurumnpoBaHHasa cTeneHHas Mofesnb NAaHMPOBaHUA NOBbILEHWNS HAAEXHOCTH
Ha CTajuun NPOeKTMPOBaHNS 06bekTa

6.1.1 O6was nHhopmaums

CraTuctuyeckme npoueaypbl MOANMULNPOBAHHON CTENEHHON MOAENN 418 NNaHUPOBaHNS MOBbILLEHWS Ha-
[EXHOCTU Ha CTafun NPOEKTNPOBaHNUSA TPEOYIOT NPOBEAEHMUS Y/yULLEHWIA, HANPaB/IEHHbIX HAa MOBbILIEHNE HaAeX-
HOCTV KOHCTPYKLMW 32 CHET COKpaLLEHUsI KONIMYECTBa PEXUMOB OTKA30B UM CHUXKEHWS BEPOSTHOCTM BO3HUKHOBE-
HMSA OTKA30B, @ TaKKe Ha COKpaLleHne BPeMeHN OT HaYasia NPOEKTUPOBAHUS 4,0 BHEAPEHUS YYULLEHNS.

[aHHylo Moenb NCNob3yT AN NNaHNPOBaHUSA (a He ANS aHa/M3a AaHHbIX), OLLEHKM KONMYecTBa uim
3HAYMMOCTH Y/y4LIEHUA NepBOHaYaIbHOW KOHCTPYKL MU AN NOBbILEHUSA HAAEXHOCTN 06bekTa 40 LeneBoro

Uuncno B KBagpaTHbIX CKOGKaX yka3biBaeT HA HOMep IMTepaTypHOro NCTOYHUKA B Gubnunorpacdun.
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ypOBHs. MNpeanonaraemyto CTeNeHb 3TOW MOAENV OLLEHMBAOT HA OCHOBAHWU TOTO (DaKTa, YTo paHHWE yyulle-
HUSi CNOCOGCTBYIOT HAMGObLUEMY MOBLILLEHUIO HALEXHOCTU, T. €. PEXMMbI 0TKA30B C HaMGOosbLUE BEpPOSiTHO-
CTbI0 peanun3aLuy 0TKa3oB MOryT GbiTb YCTPaHeHbl B MEPBYI0 O4epesb C NOCNeAyoWUMN YayyLleHnsaMmn, Bce
MeHee Y MEHEe B/USIIOLLMMI HA HAAEXHOCTb. PakTUYeckue 3HaYeHnsi nokasaTtesneil HaaeXHOCTH, JOCTUTHY-
Tble B MpoLiecce NPOEKTUPOBAHWS, 3aTEM HAHOCHAT Ha rpadik B COOTBETCTBMM CO BPEMEHEM, 3a KOTOPOE OHU
6blIM peann3oBaHbl, U COMOCTABAAIT C MOAENb0. ATy MOAe b TakuM 06pa3om UCNOsb3YoT A5 NNaHMpoBa-
HUSI cTpaTerMy NOBbIWEHNS HAAEXHOCTU KOHCTPYKLUMU 3a ONpefeNieHHblii nepuos BpeMeHU, 0T nepecmoTpa
HauyasibHON KOHCTPYKLMMW [0 3aBEPLUEHHOTO NPOEKTA, 3anyLLeHHOro B NPOU3BOACTBO.

6.1.2 Mopenb NnnaHUpOBaHWSA NOBbILWEHNA HAAEXHOCTM Ha cTaguy NpoeKkTupoBaHua obbekTa

Mogenb nnaHvpoBaHna noBblweHns HagexHocTn KpacuH (Krasicfi) [5] moxeT 6bITb BbiBefeHa npviee-
[eHHbIM HWwke obpasom. MNpumep Takoih Mofenu, a Takke cpaBHUTeNbHas Tabnuua ANs ee ynpoLLeHHOro
pacyeTa U HaHeceHus Ha rpadmk, 3afjaHHble HayasbHble U LieneBble NokasaTenn HaLexXHOCTN 06bekTa npu-
BefleHbl B NPUIOXeHUN A.

Ecnu HavyanbHas BepoATHOCTb 6e30Tka3Hoi paboTbl 06beKTa 3a YCTaHOBMEHHY HapaboTky T Gblna
onpefesieHa Ha OCHOBaHUK aHanu3a Wau ucnbiTaHuii u coctasnset RO(T), Torga, npegnonaras, YTo cpesHas
WHTEHCMBHOCTb OTKa30B AB/AETCA NOCTOSAHHOW, HauyaslbHas CpefHAs MHTEHCMBHOCTL OTKa30B 06bekTa 3a Ha-
pa6oTky T paBHa

, In[Ro(n
A0~ [f()o

MpeAnonoxeHve 0 NPUMEHNMOCTU CTEMNEHHOM 3aBUMCMMOCTM 06O0CHOBAHO TEM. YTO OTKasbl, Hanbonee
He6N1aronprATHO BAMSIOLME HA HAAEXHOCTb, YCTPAHAIOT B NEPBYI0 oyepeab 1 6narogaps MoantvkaLuum KoH-
CTPYKLMK (COKpalleHNe KOMMYecTBa OTKa30B) MapaMeTp NOoToKa 0TKa3oB 06bekTa MOCTOAHHO YyyyllaeTcs
(cHmxaeTcs) c yBennyeHnem dyHkuun rf(f)- NMapameTp NoToka 0TKa30B KOHCTPYKL MM 06beKTa B MPON3BOJIbHbI
MOMEHT BPEMEHMN B TeYEHVEe Nepuosa NPOEKTUPOBAHUA UMeeT BUA;

2

rae d(t) — konuyecTso Mmogmnukaumii KOHCTPYKLMKN B NpOLLecce NMPOeKTUPOBaHUS:
a0 — k03ahhMLMEHT NOBbILLIEHNS HAAEXHOCTWN B pe3y/ibTaTe COKpalleHns KoNnyecTBa OTKa3O0B;
D — o6Lee KoIMYeCTBO BHEAPEHHbIX YNYULIEHUA KOHCTPYKLUN;
tD— obLan NpoAo/MKNTENBHOCTb NEPUOAA NPOEKTVPOBAHUSA, NPUTOAHAS ANS YNYYLLIEHNA KOHCTPYKLMN.
C NOMOLLbIO /IMHEWHOTO NPUBAMKEHNS KOIMYECTBO MOoAMNMKALMI KOHCTPYKLUN, KakK OyHKLNS BpEMEHH,
MOXeT ObITb IMHEHO pacnpeAeneHo B NpoLecce nepvoaa NpoeKTMPoBaHUS:

d(0 ~D -:5~l 3)

CpefHsii UHTEHCUBHOCTb OTKAa30B, Kak (DYHKLUS BPEMEHW, B 3TOM C/lyyae MeeT BUg;

>u,Now= D v)

Ecnu ueneBas cpefHsAs WHTEHCUMBHOCTb OTKA30B 06bekTa 3ajaHa LesieBbiM 3HAYEHUEM BEPOSTHOCTU
6e30Tka3Hon paboTbl RG(T), TO LeneBas cpefHAs MHTEHCMBHOCTb OTKA30B 06bEKTa B KOHLe nepuoga npo-
eKTMpoBaHus tD npubInKeHHO paBHa.

K, = T (5)
B 1O e Bpewms:
KM =Xx0-|1¢0"")'a’= +O)"'r
wooy= R agrop s,
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3ameHsas AaG(fD) BbipaxeHMeM, coAepXalM LieNeBoe 3HaYeHe BEPOSITHOCTM 6e30TKa3Ho paboThbl, 1
pewas (6) oTHocuTenbHo D. nonyyaem:

[PRfW I\
D=exp MiinfRoM] | -1. 0

Pewasn To Xe ypaBHeHWe OTHOCUTENIbHO CKOPOCTU MOBbIWEHUS HAAEXHOCTW, BbIPAXEHHOTo B BuAe
QYHKLUUKU KoMyecTBa MoAugUKaUUiA KOHCTPYKLUKN, HAaYaslbHOrO M LeNIEBOTO 3HAYEHU i BEPOATHOCTU 6e30T-
Ka3HOW paboTbl, MOXHO NOJYYnTb

(InpWo(7)l
_ Imi*G<7)]
a<" RTToj - w

B npouecce NpoeKTUpOBaHUS HemnpepbiBHOE Y/yulleHne 6e30TKa3HOCTW 06bekTa, KOoTopyl onpege-
nAT 3a Bpemsi T. aBnsieTcs PyHKUME BpemeHu t (MoAeslb MOBBILEHNUS HALEXHOCTV B NEPVOJ BPeMEHU
0's ts tD) u MOXeT 6bITb 3anUcaHo B BUAe:

R(1,T) =exp(-ka(t)T). 9)

MoacTaBnas BblpaXeHne cpefHein MHTEHCUBHOCTM OTKa30B, MOXET ObITb NOyYeHa MOAe b NOBbILLEHUS
HagexHocTn KpacuH ana nepuofa npoektnposaHusa 0 <t < tD

Rit. ) =exp(-Xxd' @+ D ~H 0 1) (10)
R(t T) = exp! Mﬂgm D (1 o (11

B npvBegeHHOM Bbille ypaBHeHUW, Bbipaxasa D yepes HauyasibHOe U LefeBoe 3HayeHNss BEPOATHOCTU 6e3-
OTKa3Ho pa60TbI, noBbILLEeHNe 6e30TKa3HOCTH, Kak beHKLI,VIFI BpeMeHn ONA ynydleHnsa KOHCTPYKUUN, UMeeT BUA:

Fr,Jhwm— |
Lo awo<ry | J

R(t,T) = RO(T) (12

6.1.3 OTcnexvBaHue JOCTUTHYTOrO NOBbIWEHUSA HAAEXHOCTU

OTcnexuBaHne JOCTUTHYTOrO NOBbILEHUS HAAEXHOCTY NogpasymeBaeT NPOCTO nepecyeT Nosly4YeHHow
paHee oyHKLMW MOKasaTens HafeXHOCTU 06bekTa B MOMEHT BPEMEHW Y/yULLEHWS KOHCTPYKLWM ANa ydeTa
N3MEHEeHW. 3HaveHne BepoATHOCTM 6e30TKa3Ho paboTbl, paccYMTaHHOE A/151 OLHOrO Y TOr0 Xe YCTaHOB/eH-
HOro pecypca Wi rapaHTUiiHOro nepuoga, NPOCTO HAHOCAT Ha rpadvk MOAENV NOBbLILLEHNS HALEXHOCTW ANs
COOTBETCTBYIOLLErO BPEMEHN NMPOEKTUPOBAaHNS.

Ha rpaduke no nosyyYeHHbIM TOYKaM MOXET 6biTb NOCTPOEHA NIMHUA Hanyyllero NPUGIMKeHus, unn
3T TOYKM MOTYT GbITb NPOCTO COEANHEHbI MPSAMbIMU IMHWUSIMU, @ UTOTOBYIO JOCTUTHYTYIO BEPOATHOCTb 6€30T-
Ka3Hol paboTbl CpaBHMBAIOT C MOAE/IbI0 MOBbILIEHNSA HAAEXHOCTY A1 COOTBETCTBYIOLLEr0 BPEMEHH.

Wcnonb3oBaHne aHanunsa fepesa OTKa30B C NOMOLLbIO JOCTYNHOrO NPOrpamMMHOro obecneyvyeHuns no-
3BO/ISIET MPOCTO M GLICTPO NPOBOAUTL W OTCNEXMBATL aBTOMAaTUYeCKoe onpefesieHne oLeHKN 6e30TKasHOoM
paboTbl 06BbekTa nocsne N3IMeHeHu.

Mocne 3aBepLUeHUst MPOEKTUPOBAHUS 0ObEKTA U BbINOIHEHMS CTaAUM Banujaunm o6bekTa nnaHoBble
UCMbITAHNA Ha NOBbILEHUE HALEXHOCTN MOryT Aasiblie NOBbICUTL 6GE30TKa3HOCTb 06bEKTA UW BbISBUTbL pe-
XUMbl OTKA30B, KOTOPble HE GblIM YUTEeHbl NPY aHAJIMTUHECKOM OnpeAesieHnn oLeHoK. OKoHYaTeNnbHas OLeH-
Ka BEpPOSATHOCTN 6€30TKa3HON paboThbl 3aBEPLUEHHOrO NPOEKTa MOXET C/IYXUTb LiesieBbiM nokasaTenem 6e30T-
Ka3HOCTW ANA UCNbITAHUIA HA NOBbILEHNE HAAEXHOCTH.

8
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MpuMep NPakTUYecKoro BbiIBOAA U NPUMEHEHUS MOZENN NAaHUPYEMOrO MOBLILEHNUA ANA YAYYLIEHNA
6e30TKa3HOCTM Ha CTafuu NPOEKTUPOBAaHWS NPUBEAEH B NpUMoXeHun A. A.1.1. 3TOT peasnbHblii Npumep no-
3TarnHo nokasblBaeT, kak MOZe b MOCTPOEHA U Kak ee WCMOosb3yHoT.

6.2 MopguduumpoBaHHasa 6aliecoBckas mogenb IBM-Po3Hepa gns nnaHnpoBaHUA MOBbIWEHNS
HafeXHOCTU Ha CTafuu NpoeKTUpoBaHUA

6.2.1 O6wme NoNoXeHUs

Mogenb npefctasnseT cob0i onucaHne NOBbILEHUA HAAEXHOCTU Ha CTaAnn NPOEKTUPOBAHUS PEMOH-
Tupyemoro obbekTa, nogrotosneHa Kyurnu (Quigley) n Yonncom (Walls) (6]—[8] n ocHoBaHa Ha aganTupoBaH-
Holi 6aliecoBckoii moaenu IBM-Po3Hepa (9). pa3paboTaHHOW oA aHanm3a AaHHbIX UCMbITaHUA U OnMcaHHoW
B7.1.2.

MpepnonaraeTcs, YTO KOHCTPYKLMS Gbl1a paspaboTaHa AOCTATOYHO AeTabHO 418 06ecneyeHns nepso-
HayanbHOI OLEHKN HagexHocTu. flanee npeanonaraeTcs, YTO LieneBoe 3HaYeHne nokasaTens HafeXHOCTM
YCTaHOB/IEHO. VI3MEeHeHVA KOHCTPYKLuMKU 6yAyT NPOV3BOANTL C Lie/bi0 MOBbILEHNS HafEeXHOCTU A0 Tex nop.
noka LeneBoe 3HauyeHne He ByaeT AOCTUTHYTO. Mogenb CTPEMUTCS OXBaTUTb BO3MOXHbIE OTPE3KU BPemMeHn
ANna MoandnKaL i KOHCTPYKLMN.

Mogenb npegnonaraeT, YTO aHa/M3 NPoeKTa 1 NOBTOPHAsA OLEeHKa NPUBOAAT K MOANMNKALMN KOHCTPYK-
LMW, NOBbLILWEHNIO HAAEXHOCTN WU JOCTUMXKEHUWIO LieneBoro nokasatens. CKOPOCTb MOBbLILEHWUS HaAEeXHOCTM
KaKk Mepa yBeNMYeHUs HayasbHOW HafEeXHOCTU A0 LEeNeBoro 3HauyeHus npefctaBnseTt coboli yHKLu oT
KONMYecTBa YCTPaHEHHbIX HEeJOCTaTKOB KOHCTPYKLUMMN, NMPUBOAALLMNX K NOABIEHNIO CUCTEMATUYECKNX OTKa30B.
MpepnonaraeTtcs, YTO NPY UCNOMBL30BaHNM paccMaTpUBaemMoli MOAeNu yayJlleHne HafexHocTn byaeT 6onee
3HauMTeNbHLIM Ha paHHel cTaaun NepenpoekTUPoBaHWs, HeXenn Ha 6onee No3gHeln cTaguu.

Mogenb MoxeT 6bITb CNO/b30BaHA ABYMS cnocobamu:

a) 1A NPOrHO3MpPoBaHMs NEPUOAA BPEMEHU A0 AOCTKEHNUS LeNIEBOTO 3HAYEHWA Nokasatens HafexHo-
CTU NOCPEeACTBOM MPOrHO3MPOBaHUS NoKa3aTeNnst HafeXHOCTWN KOHCTPYKLMWM — 3TO npeArnonaraet, YTo cpej-
HASi CKOPOCTb MOBBILWEHNA HALEXHOCTUN MOXET ObiTb paccumTaHa:

b)ANA OLEHKN CKOPOCTU MOBbILIEHUS HAAEXHOCTU, HEO6XOAMMOMN ANA AOCTUXKEHNUA LeNeBoro 3Ha4yeHus
nokasatens HafeXHoOCTN OT HaYa/lbHOW OLLEHKU B MpoLecce yCTaHOB/IEHHOro neproga NpoekTUpoBaHUsA —
37O npeAmnosnaraeT, YTO NMPOAO/KUTENIbHOCTL CTaAWUN NMPOEKTMPOBaHNSA ABAAETCA PUKCYPOBAHHOW.

[LeTanu, kacatouinecs matemMaTnyeckoro onMcaHnsa MOAeNn, NpUBeAEeHbI B MPUIOXeHUN B.

6.2.2 Tpe6oBaHMs K faHHbIM

B cooTBETCTBUM C LieNblo MPYMEHeHNss HE06X0AUMbI AaHHble, KacatoLMecs LeneBoro 3HauyeHns BeposT-
HOCTK 6e30Tka3Hoi paboTbl (RG(T)), a Takke NPOAO/MKNTENBHOCTY CTaaun npoekTupoBanus (f0) nnn cpegHei
CKOPOCTW MOBbILEHUSI HAAEXKHOCTU Ha CTaaumn npoekTupoBaHusa (30). obecneumnBatoLLein 4OCTMXEHNE Lene-
BOr0O 3HauYeHus.

NHTEHCMBHOCTL HeCUCTEMATUYECKNX O0TKa30B (XWS) Ao/mkHa OblTb YCTAHOB/IEHA, €€ MOXHO OLLeHUTb, 1C-
nosb3ys AaHHble 3a NPOoLU/ble Nepuoabl AN aHANOTUYHbIX KOHCTPYKLMIA, paboTalLmx B HOMUHAbHO MAEH-
TUYHBIX YCNOBUAX.

Bce BO3MOXHble y/yulleHUss KOHCTPYKLMK, HanpaB/eHHble Ha cokpalieHune obuiero konnyectsa D no-
TEeHUManbHO cnabblX MECT, AO/MKHbI ObITb MAEHTUNLMPOBAHbI K. MPU HEOBXOAMMOCTU, MOTYT OblTb OTHECEHbI
K 04HOl 13 KaTeropuii oTkasos K.

Heo6xoAMMO OLeHUTb BEPOATHOCTL TOTO, YTO Kaxaoe cnaboe MecTo B KOHCTPYKLMU B KaXAol karero-
pv1 OTKA30B MOXET MPUBECTW K OTKa3y B TEYEHWE YCTaHOB/IEHHOro pecypca o6bekta. OueHka MOXeT ObITb
OCHOBaHa Ha MHXeHepHbIX BbiBOAaxX. BepoaTHOCTb BO3HVKHOBEHMWSA OTKasa A4 ;'-ro cnaboro mecta KOHCTPYK-
LN B KaTeropum OTKa3oB K 3anncbiBatoT Kak p”.

OxupaeMoe KoIM4YecTBO CrlabbiXx MECT KOHCTPYKLUN B KaTeropmm oTkasos /c(nif). NpMBOAALLMX K OTKasy,
€CNN HUKaKnX MoandmnkaLmini KOHCTPYKL MK He Bbl10 NPOBeAEeHO, MOXET ObiTb paccunTaHo no dopmyne

n,= Po- n3)

roe Dk— oxugaemoe oblee KoNmM4yecTBo cnabbix MECT KOHCTPYKLMM B KATEropuu K.

MHTEHCUBHOCTb OTKa30B JO/MKHA 6biTh onpefeneHa Ans Kaxoli kaTeropun oTkas3oB. Ee MOXHO oue-
HUTb. UCMONb3YsI faHHbIe 3a NPOLUJIbIe NEPUOAbI 4SSt aHANIOTNUHBLIX KOHCTPYKUMIA, paboTaloLmx B HOMUHASb-
HO WAEHTUYHBIX YC0BUSX. IHTEHCUBHOCTb OTKA30B [/19 KAaTeropuy 0TKA30B K 3amniCbiBAIOT Kak >K.
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6.2.3 OueHKa NoBbIWEHNA HALEXHOCTU N COOTBETCTBYHOLWNX NapaMeTpoB

Huxe npvBefeHbl ypaBHEHWS A1 pacyeTa K/UYEBbIX NapaMeTpoB MOAE/N MOBbILEHUSI HAAEXHOCTH.
HauanbHoe 3HaueHue nokasaTtenis BEPOSITHOCTM 6e30TkasHoW pa6oTbl KOHCTPYKLMM 3a Bpemst T pac-
CunTbIBAOT MO hopmysie

12,(F) = exp{-[XMs[ + 4*0 * B'A TiA) (14)

MoBbilleHne 6e30TKa3HOCTM KOHCTPYKLUM 3a BPEMSI 7 pacCuuTbIBalOT Mo chopmyne

12,(7-) = exp{-[>.NS7-* Nle-~(1 -e ™I} (15)

Ecnn Heobxoaumo BbIYNCANTL CKOPOCTb MOBbILEHNSA 6€30TKa3HOCTU, TO CKOPOCTb, HEO6XoauMYH0 ANs
[OCTUXEHWA LeneBoro 3HaveHns BepOSTHOCTM 6e30TKa3HOoM paboTbl C yMETOM Lie1eBOro 3HaYeHNs 1 yCTaHoB-
NEeHHON NPOAO/MKNTENIBHOCTN CTaAnW NPOEKTUPOBAHUS, paccunTbiBaloT No hopmyne

N \nRGT))->nsT
tn

Ecnun ckopocTb NoBbILLEHUSA 6e30TKa3HOCTUN U3BECTHa, Bpewmsa, He06xo,u,|/||v|oe ANA A0OCTUXEHNA uenesoro
3HayYeHus nokasarens 6e30TKa3HOCTH, MOXET ObITb paccynTaHo no (popmyne

ENT*a-B-Jr)

-HR g(T))-'-hsT 17

6.2.4 OTcnexuBaHue NOBbILWEHNA HALEXHOCTN Ha CTaAUN NPOEKTUPOBAHUA

OTcnexvBaHue NoBblleHnss 6€30TKa3HOCTV C MOMOLLbI MOANMULMPOBaHHOW GaiiecoBckoii moaenu
IBM-Po3Hepa BbINOIHAIOT Tak Xe. Kak 3To onucaHo B 6.1.3.

7 nﬂaHI/IpOBaHI/Ie noBbIlWLEHNA HAOEXXHOCTUN N MOHUTOPWHT WCTMbITaHWI
Ha noBbIlLEHNE HAOEXHOCTU 0b6bekTa

7.1 Mofenu HenpepbIBHOTO NOBbIWEHNSA HAAEXHOCTHN

7.1.1 CTeneHHasa moAenb

B cTatuctuueckux npoueaypax Ans CTENEHHON MOAE N NOBbILEHNA HAAEXHOCTY B KaYeCTBE NCXOLHbIX
[aHHbIX MCNOMb3YyIOT OTKa3bl U HapaboTkM B MpoLuecce UCMbITaHWin. 3a UCKIYeHneM MeToda NporHosnpo-
BaHMA (cMm. 9.6). MoAenb NPUMEHSIOT K obLemMy Habopy faHHbIX 06 oTkasax (cm. FOCT P 51901.6—2005.
PUCYHKMN 2 1 4. xapakTepucTuky 3) 6e3 fieNieHns Ha KkaTeropuu.

OCHOBHble ypaBHeHUs1 ANs1 CTEMNEHHON MOoAenu MpuBeAeHbl B HacToswem pasgene. CnpaBoyHas WH-
hopmauus 0 Mogenv npusefeHa B npuaoxeHuu B.

MaTemaTtunyeckoe oXugaHue HakoMIeHHOro KoimyecTBa 0TKa3oB 3a BpeMs T BbIUMCASIOT N0 hopmyrie

E[N(T)] = npuk >0.p>0. T>0. (18)

rae K — napaveTtp macliTta6a,

P — napameTtp dopmbl (thyHKUMSA 0bLein adhheKTUBHOCTM yyULLeHWN i COOTBETCTBYET MOBbILEHWIO Ha-
AexHocT. ecnu 0 < p < 1; COOTBETCTBYET COXPAHEHWUIO HALEXHOCTU, eCM P = 1; COOTBETCTBYET CHUXEHUIO
HafexHocTun, ecnu p > 1).

MapameTp NOTOKa OTKa30B A0 UCMbITaAHW1 B MOMEHT 3aBepLueHns T (4ac) nmeeT BUA;

z(7) :ET E[N(T)) = XpT*-1npn T >0. (29)

10
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Takum obpasom, o6a napametpa. X U p, BAUAIOT Ha napameTp NoToka OTKa30B B 3afaHHOEe Bpems.
YpaBHeHvie npeacTasniseT cO60/ NPAMYIO C YI/1IOM HaknoHa kacatenbHol J1/(T) Kk ocv BpeMeHu B Touke I. kak
nokasaHo Ha pucyHke 9 B FOCT P 51901.6—2005.

CpefHee BpeMs MeX[y 0TKasaMu 3a Bpemsi ucnbitaHuii T umeeT BuA:

o) = -417)- . (20)

B 9.1 1 9.2 npuBeaeHbl OLEHKM MaKCMManbHOro npaegonofobus ana napameTtpos X v p. B 9.3 npuse-
[OeHbl KpuTepuu cornacusa ana mogenu, a 8 9.4 n 9.5 paccMoTpeHbl Npoueaypbl MOCTPOEHNA [OBEPUTESIBHOTO
UHTepBana. PacnpocTpaHeHne MoAenun Ha NPOrHO31poBaHMe MOBbILEHWNS Haf4eXHOCTU onucaHo B 9.6.

Mogenb uvmeet cnegytolime xapakTepHble 0CO6EHHOCTH:

- Mogenb npocTa s onpefenieHns OLeHOK.

- Ecnu napameTpbl OLeHeHbI N0 NPOLWU/ILIM NporpaMmMam, 3To YA06HbI cnocob nnaHupoBaHus By ayLmnx
nporpamMm, WCNo/b3yLWNX aHaIoTNyHble YC/IOBUS WCMbITAHWA W Takylo Xe pe3y/bTaTUBHOCTb Y/yylleHns
(cMm. 7n TOCTP 51901.6—2005. nyHKTbI 6.4.1—6.4.7).

- NHorpa mopenb gaeT HepeasbHble 3HauYeHus; Hanpumep. z(7) = 3-ansa T =0. T. e. NOBbILLEHNE MOXET
6bITb 6ECKOHEUHbIM U Z(7) CTPeMUTCA K Hy o npu T. cTpemsaLlemcs K 6eckoHeuyHocT. OfHaKo 3T orpaHumye-
HVS He BAUSIIOT Ha NPakTUYecKoe UCnosib30BaHne Moaenu.

- Mogenb ABNSeTCA OTHOCUTENIbHO WHEPTHON W HEeYyBCTBWUTE/bHOM K MOBBIWEHNIO HAAEXHOCTU cpa-
3y nocne KoppekTupylouieii MogndmnkaLumn 1 MoXeT AaBaTb 3aHWKEHHY (meccummcTuyeckyio) oueHky 0(7),
€C/IM TONbKO OHa He UCNosb3yeTca ANA NPorHosmposaHusa (cm. 9.6).

- OGblYHbIV METOZ, OLeHKM npegnonaraeT, 4To Habnogaemble HapaboTKM U3BECTHbI TOYHO, HO BO3MO-
XeH anbTepHaTUBHbIV NOAX0A, KOorja oTkasbl CrpynnupoBaHbl B Npefenax U3BecTHOro MHTepBasia BPeMeHU
(cm. 9.2.2).

7.1.2 Mogenb A1 (QMKCUPOBAHHOTO KONIMYECTBA OTKA30B

[JaHHas Mogenb, Takke M3BECTHas kak Mofesnb IBM-Po3vepa [9], ncnonb3yeT cnegyiolme npeanoso-
KEHUS:

- CYLLEeCTBYIOT c/yyaliHble 0TKasbl ((PYHKLMS UHTEHCUBHOCTM OTKA30B MOCTOSIHHA), BO3HMKAKOLLME C WH-
TEHCWBHOCTLIO Z;

- CylLEecTBYeT (OMKCUPOBAHHOE, HO HEM3BECTHOE KO/IMUYECTBO Hec/yualiHbiX KOHCTPYKTUBHbIX, NPOV3BOA-
CTBEHHbIX U APYTMX 0TKA30B 06bEKTa B Hauane UCnbITaHUiA.

OrpaHuyeHne MOLENN COCTOMT B NPeANOIOKEHUN 0 TOM, UTO KO3D(MLMEHT 3hheKTUBHOCTH COKpalLe-
HUSI KONMYECTBA OTKA30B PaBeH efuHuLEe.

CKopocTb U3MeHeHusi N(7) BO BpeMeHU NponopLmoHasibHa KOIMUYECTBY HEC/yyailHbIX 0TKa30B, 0CTaB-
LUIMXCS HA MOMEHT BPEMEHU T:

2§|B-.-K, N(T). (21,

cnefoBaTesbHo.
N(7)=erw *.

Ecnn konnyecTtsBo 0TKa3oB B Touke 7 =0 paBHO K1 TO

Ni(7) =K, ser**tecnn 7> 0. K,, K2>0. (22)

Ecnn E[N{T)] — maTematnuyeckoe oxunaaHne COBOKYMHOro KO/IMYeCTBa OTKA30B 3a BPeMs 7. Torga
EIN(T)] =z-7+K, (1- Brt37). (23)

3T0 ypaBHeHMe nogpasymeBaeT, UTO K MOMEHTY BpeMeHu 7 obLiee KOM4yecTBO OTKa30B PaBHO CymMMe
cny4aliHbIX U HecnyYaiiHbIx oTka3oB. 3geck E[N(0)] = 0.
Mpu ycnosun, 4To BpeMs CTPEMUTCH K GECKOHEYHOCTH

E[N(T)) ». (24)
1
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Tak kak Mmofenb IBNAeTCS HeNMHenHoW, pacyeT napamMeTpoB >. K, 1 K2 cnesyeT BbINOHATL UTepaTus-
HbIM METOAOM.

Mogenb No3BosseT NPOrHo3npoBaTb BPeMsi yCTPaHeHUs A0/IM 0TKA30B «p» (4071 yCTPaHeHHbIX NepBo-
Haya/bHbIX HecyvaiHbix oTka3oB 0 < < 1).

KonuuecTBo HecnyyaliHbIX 0TKa30B, YCTPAHEHHbIX K MOMEHTY BpeMeHU t, paBHO

N(©) - N(t) =K, - K, *B-«¥YT (25)
CnepoBaTtesibHO, YacTb NepBOHAYa/IbHbIX 0TKA30B, YCTPAHEHHbIX K MOMEHTY BPEMEHU t. UMEeT BUA;

q(T) - =l.e-xir (26)
*1

Takum 06pas3om, Nonyuns oueHky K2 (K”, BpeMsi, He06X0AMMOe A5 AOCTMXKEHUS XENaeMoro 3HaueHust
g HecnyyaliHbiXx 0TKa30B, KOTOpblE CliefyeT YCTPaHNUTb, MOXHO paccuuTath no chopmyse

* *2
KonnuyectBo HECﬂyHaVIHbIX 0TKa30B, OCTABLUMXCA K MOMEHTY BpeMeHU T, MOXHO paccunTtaTb no q)OpMy-

nekK, eerrm
Kak 1 B Apyrux HenpepbIBHbIX MOAENSX 3aBUCUMOI NepeMeHHOi aBnseTcs obLiee cpegHee BpeMS MeX-
oy otkazamu Y((), roe

B(T) (28)

ObLuee konuyecTBo oTkazos B (0,0 '

7.2 [ucKkpeTHasi MoAenb NOBbIWEHUS HaEeXHOCTH

7.2.1 OnucaHuo mogenu

[anHas mogenb paspabotaHa /1. Kpoy (L.Crow) [1] n sBnsieTca ANCKPETHON Bepcueli CTENEHHON Mogenu
NOBbILIEHNA HALEeXHOCTU.

MpyMeHNTENBHO K 3TON ANCKPETHON MoAenun AaHHble NpefcTaBnaoT coboi nocnefoBaTeNlbHOCTU K-
XOTOMUYECKUX COObLITUI, NPeACcTaBASALWMUX COOOM ycnex Wan OoTka3 B NOC/efoBaTesibHOCTM pe3ysibTaToB
ucnbiTaHuii o6bekTa. McnbiTaHns 06bekTa NPOBOAAT B BMAE YCNELUHbIX 3TanoB C NOCNeyoWnMMN Koppek-
TUPYLWMMN AeliCTBMAMY Nocne kaxAoro atana. Kaxablii atan ucneiTaHuii gaet nnbo ycnex, nmbo oTkas.
KoHchurypaums cuctembl OCTaeTCs HEM3MEHHOW Ha KaXAoM aTane UCMbITaHWuii, N03TOMY KaxkAoMy aTany umc-
NbiTAHU/A COOTBETCTBYET OfHA W Ta Xe BEePOATHOCTb ycnexa Wnu oTkasa. Ha ocHoBe MHdopmauuu, nosy-
YeHHOW 13 HabAeHnl 3a 0TKasaMn Ha KaXKAOoM aTane WchnblTaHWi, NPOBOAAT KOPPEKTUPYIOLLe AeNCTBUS C
Lienbio MOBbIWEHUSA HAAEXHOCTU 06bekTa. B KOHUE Kaxaoro atana 3TM KOppekTupyolme AeicTBns BBOAAT
B CnefyloLlyto KoHdurypaumio. Takylo 06HOBMEHHYI KOH(Mrypauuio UCMbITbIBAOT Ha cnegylouem artane,
KOTOPbIA COCTOUT U3 CHMKCUPOBAHHOTO KOMIMYeCTBa UCMNbITaHWi. 3Ta ANCKpeTHas MoAe b NPYMEHMMa K HeBOC-
CTaHaB/MBaeMblM CUCTEMaM, HanpuMep K TakKnMm, Kak pakeTbl.

3Ta cMTyauusi ¢ ANCKPETHLIMW AaHHBbIMU NOX0Xa Ha aHa/ToTMUYHY0 CUTYaLUMIo C rPYNNMPOBaHHbIMU faH-
HbIMW CTE/IEHHOV MOAeNn, NMetoLLeil HenpepbIBHbIA NOTOK AAaHHbIX 1 ONpeAeeHHY0 NPOAO/IHKUTENbHOCTb NC-
nbiTaHWiA. laHHble rpynnupytoT B o6omx cnydasx. B ciayyae ¢ gucxpeTHbIMY aHHbIMU OHY COAEpXaT Konmye-
CTBO UCMbITAHWI B KXA0M rpynne WAy Ha Kaxaom aTane B fOMNOSHEHUE K KONMYECTBY UCMbITAHUIA Ha KaoKA0M
CcTafun, 3aKOHUYMBLUMXCA OTKa3oM. B ciyyae ¢ HenpepbIBHbIMU AaHHBIMU OHW BKIIOYAKOT BPEMS UCNbITAHUIA B
KaXx[o rpynne n koNnyecTso HabnogaeMbIX 0TKa30B.

BaXXHbIM OTIMUNTENbHBLIM CBONCTBOM AUCKPETHOWN MOAENN SBNSIETCA TO, YTO XapaKTepUCTUKN ee CTPYKTYpPbI
MOBbILLEHVSA N KPUBO NOBbILLEHNA HAAEXHOCTN aHA/IOTMYHbI HEMPEPbIBHbLIM AaHHbLIM CTENEeHHOW Mogeny.

MpepnonaraeTtcs, YTO KOHHUIypaLMst CUCTEMbI MOAUULMPYETCS Ha K 3Tanax, a Haf4eXHOCTb ocTaeTcs
NOCTOAAHHOW B TEYEHME Kaxadoro atana ucnbiTaHuidi. Ha aTane / BeposATHOCTb 6€30TKa3HOW paboTbl /-ii KOHN-
rypaumm paBHa R-,/ = 1,... k n /?, > 0. Kaxgoe vcnblTaHne Ha ctaguv / UMeeT 0MHaKOBY0 BEPOATHOCTb R.
ycnexa. [laHHas mofernb obecrneunBaeT onpefeneHne oLeHKN MakcMasibHOro npasgonofobus Rk gnsa kax-

Aot koHdurypaumm / = 1,... K. OUEHKO ANa thUHaNLHOI UCbITAHHON KoHMUrypauumn sensetcs k. Ecnn B

12
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06BEKT HO BHECEHbI JONOMIHUTESIbHbIE M3MEHEHUS, oueHka Rk ABnseTca prHanbHOW OLEHKOW, NONYYEeHHOR B
pe3ynbTaTe UCMbITaHUIA N KOPPEKTUPYIOLLMX AeACTBUIA.

MimeeTca K ynopsfoyeHHbIX 3Tanos, rae atan 1 aBnserca nepsbiM, a atan K — nocnefHum. Ha atane /
[JaHHble COCTOAT U3 T, 0TKA30B B NCMbITAHUSAX NMPOAO/IKMTENbHOCTU N, Tae/ = 1,... K.

MycTb t.= Zj,, - — o6Las NpoAO/MHKNTENBHOCTb UCMbITAHMIA HAa BCeX aTanax. 3HauuT, Nocfe 3aBepLle-
HMA bro 3Tana AaHHble cofepXart NocnefoBaTeNbHOCTb t, AUXOTOMUYECKUX Pe3yNibTaToB WUCMbITaHWiA, npes-
cTaBNAwLMX COO0N ycnex uam oTkas B NocnefoBaTelbHOCTU UCbITaHWii o6bekTa.

B TeueHue r-ro aTana nokasartesnb HafeXHoCTM R, ocTaeTcs NoCTOAHHbIM. CnefoBaTenbHO, A1 KaXA0ro
UcnbITaHUA B npouecce Aro aTana UCMbITaHWA BEPOATHOCTb ycnexa paBHa Rt, a BEpOATHOCTb OTKasa paBHa

(29)
B COOTBETCTBUM C AA@HHOI MOAE/bI0 BEPOATHOCTL 0TKa3a A/ KOHUrypauum / UMeeT BUA:

_ 4yt (20)

roe t0=0, n, nk >0, ft >0 — napameTpsl;

K — napameTp Maclitaba:

ft — napameTp dhopmbl.

MycTb L, ) — o6Lee KONMYECTBO OTKA30B 3a BPEMS UCMbITAHWIA t,. Takke nycTb £]\W(f,-)] — maTemaTunue-
CKOE 0XMWAaHMe HaKOMJEHHOro KO/IMYecTBa 0TKA30B 3a BPEMsi UCNbITaHWi

Torpa cornacHo faHHol ANCKpeTHol Mogenu

EJVOLLs 4 » #11*1N 2 - (31)

OT0 XapaKTepucTuKa NoBbIEHUS HafeXHOCTU, COOTBETCTBYOLWAas CTeneHHo Moaenun aona HenpepbiB-
HbIX AaHHbIX.

7.2.2 OueHka

anBe,qEHHble MeToAbl NoAXoAAT, eCnn UcnblTaHUA BKAKOYaKT ANCKPETHblEe UCMbITaHMA B K Mocsieno-
BaTe/IbHbIX 3Tanax. KoppekTupytwlive aeicTBna AN NOBbILWEHNS HAAEXHOCTU BbINOHAT N0 OKOHYaHUW
3TanoBs, B pe3ysbTaTe Yero NnoBbIAETCA HafeXHOCTb cneayloLllein KoHdurypauun. Ha ctagum / BepossTHOCTb
6e30TKa3HoW paboTbl /-i KOH(Urypauum paBHa Re/= 1,... K.

[JaHHble cogepxaT NPOAO/IKUTENBHOCTb UCMbITAHWIA N, ANA KaXAO0W KOHMrypaumm n cooTBETCTBYIOLLEeE
KonnyecTBo oTka3os /P./ = 1,... k. PekomeHayeTcs Bbibupatb n?,> 0.

Moka3satenb HafeXHoOCTN A paccunTbiBaloT No hopmyne

(32
roe 7, B - —— .>>0.p>0.

OueHKamy MakCcMMasibHOro NpaBfonoAo6ust napameTpoB K U ft ABAAIOTCA BeNNUMHBI, YA0BNETBOPSIO-
Wwye cneayowym ypaBHEHNSIM

1= 0. (33)
£*,14](SJ =0, (34)
rae HAlnA-fAlntt-1)], (35)
U -p-4.} 30
s=[ M 1 37)
Um J*
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[Lnsi onpefeneHnst OLeHKM MakcUMasibHOro npaegonoAo6usi napameTpoB. X U p. OLEHKN BEPOSiITHOCTU
oTKasa U 6e30TKa3HOI paboThbl 4151 X KOHUIypauuy paccunTbIBaOT Mo (popmMynam

(38)

M Rt=1- fr COOTBETCTBEHHO / = 1......k.
OueHKa HaleXXHOCTU KOHbMrypaumm cMcTeMbl Ha NocsiegHeM 3Tane K paBHa Rk.

8 Vicnonb3oBaHve CTEMNEHHOM MOAENWN A/1A M/IaHNPOBaHKS NPorpaMm
WCNbITaHUI MNOBLILWEHNST HAOEXHOCTU

B kauyecTBe MCXOAHbIX AaHHbIX ANA npoueayp, onucaHHbiX B 6.4.2.3 1 6.4.4 TOCT P 51901.6—2005,
MCcNnoNb3ylT ABE BEJ/INUYUHbI, NPOTHO3MPyeMble C NOMOLLbIO Mo,qeneﬁ NoBbILWEHNA HaAEeXHOCTU:

- obWwas cymmapHas HapaboTka B Yacax, Heobxoaumas 415 OOCTUXEHUS Liefieii nporpamMmsi;

- MaTeMaTuyeckoe oXuaaHue KonmyecTBa OTKa30B 3a Mepriog UCTbITaHWiA.

O6uan HapaboTka 3a BpeMsl UCMbITAHMIA 3aTeM fo/MkHA OblTb NpeobpasoBaHa B KaneHAapHoe Bpems
C 3an/1aHMPOBaHHOW NPOAO/HKUTENBHOCTLIO UCMbITAHUIA B HEAE UM MECSL, C YYeTOM 0XMAAEMOro o6Liero
BPEMEHM MPOCTOEB M APYrMX HENpeaBUAEHHbIX 06CTOATEbCTB, & KOIMYECTBO OTKA30B — YBEJSINYEHO C y4ye-
TOM NOSAB/IEHNS MOCTOPOHHMX OTKA30B ¥ NPOrHo3a o6Lero BpeMeHn NpPoCcToEs..

B kauecTBe MCXOAHbIX AaHHbIX MOTYT ObiTb MCMOMb30BaHbl NPEANOIOXKEHNS O NapameTpax mMogenu B
npeAblaywmx nporpammax, BblopaHHble C y4eTOM NPUMEHEHUs A5 UCMbITaHW aHanorMyHbiX 06bEKTOB, yC-
NIOBUIA UCMbITAHWIA, NpoLeayp YnpaBieHns U Apyrux 3Ha4UMbIX (DaKTOPOB.

9 CTatucTnyeckne KpUTepum 1 MeTodbl onpeaesieHnst OLeHOK
[OJ/151 HENPepPbIBHOW CTENEHHO Moaenn

9.1 KpaTtkuit 0630p

B npoueaypax, onucaHHbIX B 9.2. UCNOMbL3YIOT AaHHble 06 OoTkasax o6bekTa B mpouecce UCNbITaHwui
AN OLUEHKN MOBBIWEHNA HAAEXHOCTW, W B YACTHOCTU OLLEHKM HafEeXHOCTU 06BbeKTa B KOHLe WCNbITaHwWiA.
Mcnonb3yemoe noBblleHNEe HAAEXHOCTU SIBNAETCA pe3y/bTaToM KOPPeKTMpYLWMX Moanudmkaunii obbekta B
npouecce ucnbiTaHwii. MNpoueaypbl, paccmaTtpuBaemblie B 9.2.1. npegnonaratroT, YTO HapaboTka [0 Kak4oro
OTKasa usBecTHa. B 9.2.2 paccmaTpuBaeTcsl cuTyaums, korga haktmyeckoe BpemMsi oTkasa HeM3BeCTHO, a OT-
Kasbl CrpynnupoBaHbl B MHTEPBasIbI.

Ana vcnbitanuidi TMNa | ¢ orpaHnyYeHHon NPOAO/MKUTENBHOCTBIO UCMbITaHuii T 1 ucneiTanuii Tuna Il ¢
OrpaHWYyeHHbIM KO/IM4ecTBOM 0Tka3oB N MCNosb3yoT pasHble dhopmynbl (CM. 9.2.1).

Mocne 3aBepLlueHUst UCMbITAHUIA, onucaHHbIX B 9.2.1 1 9.2.2. AOMKHbI 6bITb NPUMEHEHBLI COOTBETCTBYHO-
wue kputepun cornacusa (cm. 9.3).

B 9.6 paccmoTpeHa cuTyauus, Korga KoppekTupyloLlie Moaudukauny BbINOSHEHbI MOC/Ee OKOHYaHWA
NCNbITaHWUI Kak OTCPOYeHHble MoAndmkaumn. MeTog NporHo3npoBaHNs NO3BOISET NOMYUYMNTb OLEHKM Nokasa-
Tens HafeXHoCT obbekTa Mo pesynbrataM KOPPEKTUPYHOLLMX MOANAVKALWIA.

9.2 lMpoBepKa rmnoTes 0 NOBbIWEHUN HALEXHOCTU N OL,eHKa napameTpoB

9.2.1 Cnyuvaii 1 — N3BeCTHbl HapaboTKn A0 KaXA0ro oTkasa

MeTog NpMMEeHNM TOSIbKO B TOM C/lyyae, ecnn HapaboTKy PerncTpupyroT A8 KaxX4oro oTkasa.

JT1an 1. VcknoyeHre NnoCTOPOHHMX 0TKa30B B cooTBeTCTBUM € 6.4.5 TOCT P 51901.6—2005 w/vwnu gpy-
ol COOTBETCTBYHOLLEN AOKYMEHTaLMNEN.

Otan 2. CocTaBneHvne Habopa faHHbIX O HapaboTkax Ao oTkasa (B cooTBeTcTBuM Cc 7.4
FOCT P 50779.26—2007). Ans ucnbiTaHuii Tuna | Heo6xoAMMO TaKke yuuTbiBaTb BPEMS 3aBEPLUEHMWS UC-
NbITAHWIA.

Otan 3. BbluncneHme TeCTOBOM CTATUCTUKN

(ansa vcnbiTanwii TMNa 1): (39)
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U= (ans venbiTanuii Tvna 2). (40)
L A%

rae N — oblLiee KoN1M4ecTBO OTKA30B;
I — obwasa NpoAoc/MKNTENBHOCTL UCNbITaHWi Tna |;
TN— obuas npoAoMKNTENBHOCTL UCMbITaHui Tuna |i;
. — HapaboTka A0 (-ro oTkasa.

B coOTBETCTBUM C rMNOTE30li O HY/IEBOM MOBbILEHUN HAAEXHOCTU (HapaboTkn Mexay oTkasamu CooT-
BETCTBYIOT rOMOreHHoMy npoueccy yaccoHa) ctatuctuka U nogumHsaeTcs cTaHgapTHOMY HOpMasibHOMY pac-
npegenexHunto co cpegHum 0 1 cTaHAAPTHLIM OTKNOHeHueM 1. CtaTucTuka U MoXeT 6bITb UCNoNb30BaHa Ans
NPOBEPKN TUNOTE3bl O HAJIMYUW NOJSIOXKUTE/TILHOTO UM OTPULATENIbHOTO N3MEHEHNS HAAEXHOCTN He3aBNCUMO
OT MOAENN NOBbIWEHUSA HALEXHOCTH.

[BYCTOPOHHWIA KpUTEpWin ANA NOMOKNTENLHOMO UM OTPULATENIBHOTO M3MEHEHNS C YPOBHEM 3HAUMMO-
CTU a nmeeT KpuTuyeckme 3Havenus uUaf2 n -n,_a2. rge 2 — KBaHTWUNb CTaHAAPTHOrO HOPMasbHOro
pacnpegeneHuns yposHs (1-a/2) « 100%.

Ecnu cnpaBefnnBo 04HO U3 HEPaBEHCTB:

U<UVa*"muU>U lan- (41)
NPUHUMAIOT pPeLleHne O MOJIOKUTENbHOM WK OTpuuaTeNlbHOM U3MEHEHUW HaLEeXHOCTU COOTBETCTBEHHO U
aHanu3 npogosnkaroT ¢ atana 4.
Ecnu cnpaBeannBo HepaBeHCTBO
<un<un\-n2 (42)
TO NPVHMMAIOT pelleHne 06 OTCYTCTBUM MOJIOKUTENIbHOTO WM OTPULATE/IbHOTO M3MEHEHUS HAfEeXHOCTU C
YPOBHEM 3HAYMMOCTW a W aHa/u3 3aBepLuaroT. B aTom cnyyae runotesy 06 3KCNOHEHUWanbHOM pacnpeje-
NeHun HapaboToK Mexay nocnefoBaTesibHbIMKU 0TKasamy (roMOreHHOCTU npouecca MyaccoHa) NpMHNMaloT ©
YPOBHEM 3Ha4YMMOCTH a. Kputnyeckne 3HaveHns ulaf2 n-o, 2 COOTBETCTBYHOT OAHOCTOPOHHEMY KPUTEPUIO
0N NONOXUTENbHOIO UK OTpULATENIbHOTO N3MEHEHUS HAZLEXHOCTU C YPOBHEM 3HAYMMOCTH a/2.
KpuTnueckue 3HavyeHns Ansa ABYCTOPOHHErO KpUTepus ¢ ypoBHeM 3HaummocTtu 0,20 coctaBnsaoT 1,28 n
(-1.28). Kputuyeckoe 3HayeHme 1,28 cOOTBETCTBYET O4HOCTOPOHHEMY KPUTEPUIO AJ151 NONOXUTENBbHOIO M3-
MEHEHUSsI C ypoBHEM 3HaunmocTu 0.10. Ans apyrux ypoBHEl 3HAYNMMOCTM MOXHO BbiGpaTh KPUTUYECKME 3HA-

YeHua no Tabnmuam KBaHTuIelN CTaHAapTHOr0 HOPMasibHOro pacnpeneneHus.
Jran 4. BbluucneHne cymmbl

S, = 1n([/T) (@ns ucnbiTaHuin Tuna 1); (43)

S, = in(7wliT;) (ans vcnbiTaHuii TMNa 2). (44)

Otan 5. BbluncneHve HecMeLLeHHOW OLeHKM napameTpa p no gopmyne

B= ﬂ"f {,qnﬂ ucnbiTaHuy Tvna 1); (45)

P = —— (pns vcnbiTaHwii TUNA 2). (46)

OTan 6. BbluncneHue oueHkn napameTtpa X no oopmysne
X=N I{V f (ana ucnbitannin Tuna 1); 47)
k-N | (TfJ' (gns vcnbiTannini TMna 1). (48)
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Otan 7. BbluncneHne OLeHKM napaMeTpa NnoToka 0Tkasos i(7) u cpefHeli HapaboTkn Mexay oTkasamu
6(7") Npy NPOAOMKUTENTLHOCTU UCNbITaHUA 7 >0 no chopmyniam:

2(7) = Xp7™'L (49)

6(7)= 1lz(T). (50)

Mpumevanne 1— OueHkni{7) n 9(7) ABNAOTCA OLeHKaMN napameTpa NOTOKa OTKa30B N cpeAHeli HapaboT-
KN MexAy oTKkazaMu B MOMEHT BpemMeHun [ > 0 gna 7 13 gnanasoHa npefcTaB/eHHbIX fAaHHbIX. «KCTPanosiMpoBaHHble»
napameTpbl Ans 6yAyLwero BpeMeHn 7 UCMbITaHWi UK A0 ero 3aBepLlleHnst MOTyT 6bITb MOlyYEHbl TOYHO Tak Xe. HO UMK
cnefyeT nonb3oBaTbCsi OCTOPOXHO M3-3a CBOWCTB 3KCTpanonAauun. SKCTPanonaumua He JoSKHA NpeBblllatb NPOACIKM-
TeNbHOCTb WUCMbITAHWIA.

MpunmeuaHune 2— EcnvnporpaMma UCMbITaHUIA 3aBepLUeHa, Torga oueHka 6(7) B MOMEHT BpeMeHn 7=7* nan
7 = 7TW(B 3aBMCHMOCTM OT TUNa UCMNbITAHWUIA) ABNAETCS 3HAYEeHEM cpefiHeli HapaboTku Mexay oTkasamMu UCnbITbiBAeMOW
KOHChUrypaLuun cucteMbl B KOHLE NPOrpamMmmbl UCMbITAHWUNA.

9.2.2 Cnyuait 2— HapaboTkv 06 bOLUHOHbI B Fpynnbl

[LaHHbIl anbTepHaTUBHLIN METO NpeAHa3HayveH ANa ciyyas, Korga Habop AaHHbIX COCTOMT U3 U3BECT-
HbIX MHTEPBAJIOB BPEMEHU, KaXblii N3 KOTOPbIX COAEPXUT N3BECTHOE KOMMYECTBO OTKAa30B. BaxHO umeTb B
BUAY, YTO f/INHA UHTEPBA/IOB N KO/IMYECTBO OTKA30B B MHTepBanax He JO/MKHbI ObiTb MOCTOSHHLIMU.

MpPOAO/MKNTENBHOCTL UCNbITAHWI cOOTBETCTBYET UHTepBany (0; 7). oHa pasgeneHa Ha d MHTepBasioB
0<7@) <t(2) <..<td)./-WuHTepBan npeacrtaBnseT coboi nepunog spemenHun mexay t(i- 1) n i),/ =1,2 d.
7(0) = 0. t(d) = 7. BennuuHebl t(i) MOryT npuHumMaTh nobble 3HavyeHns ot 0 go 7.

Jrtan 1. VickntoyeHne NOCTOPOHHUX O0TKa3oB B cooTBeTcTBUM ¢ TOCT P 51901.6—2005. nyHKT 6.4.5,
n/vnn gpyroii COOTBETCTBYIOLLEN AOKYMEHTALNEN.

3Otan 2. CocTaBneHve Habopa gaHHbIX O KOSIMYeCTBE paccmaTprBaemblx 0TKa3oB Nr 3addMKCMPOBaHHbIX
B i-M nHTepBane (t(i- 1): t{i)),i=1,... d.

O6Luee KOIMYECTBO paccMaTpriBaeMbiX 0TKa30B

N=ZI,Nr (51)

[na kaxporo nHTepsana nponssegeHne p(N He AOMKHO 6biTb MeHee 5 (MpU He0H6XOAMMOCTN CMEXHbIE
WHTEpBasibl 06BEAUHAIOT 4,0 HaYasa UCMbITaHuii), rae

i (52)

Jtan 3. Bblunucnenune cratuctukn U ans d uHTepBasnioB (Nocne o6beAnHeHNUs Npu Heo6XxoAnMocTu) U
COOTBETCTBYHOLMX 3HAYEHUIA N-

p.W

B cOOTBETCTBMM C TMNOTE30l O Hy/IEBbIX M3MEHEHUSX HAAEeXHOCTU (Korga HapaboTku Mexay oTka-
3aMU NOAYMHAKTCS TOMOTEeHHOMY npoueccy [MyaccoHa) cTtaTucThka X2 pacnpefeneHa B COOTBETCTBUM C
/"-pacnpegenexvem c (d- 1) cteneHsamu cBo6ofbl. CTaTucTmka X2 MOXeT 6bITh UCMO/Ib30BaHa A1 NPOBEPKU
HaNMuMA NONOXUTENBHBIX WU OTPULATENbHBIX U3MEHEHUI HAAEXHOCTU HE3aBUCKMMO OT MOAEeSIN N3MeHeHW
HaeXHOCTW.

[BYCTOPOHHWMIA KpUTepwuii 4Ns NONOXWUTENBHOTO UM OTPULATENIBHOIO M3MEHEHUS C YPOBHEM 3HAUYMMO-
CTV @ UMeeT KpUTMYeckoe 3HauyeHue

cv= d- 1). (54)

Ecnn X2 z CV, npyHAMAalOT peLlleHre 0 NONOXUTEIbHOM UK oTpuuaTelbHOM U3MEHEHUN HaLeXHOCTU
COOTBETCTBEHHO W aHann3 NpPoAo/KalT ¢ aTana 4.

Ecnn X2 < CV, To npyHMMaloT pelleHne 06 OTCYTCTBMU NOSIOXUTETbHOTO WU OTpULATENbHOMO N3MeHe-
HUS1 HALEXHOCTU C YPOBHEM 3HAYMMOCTM a M aHa/M3 3aBeplialT. B 3ToM criydyae runotesy 06 3KCMOHEHLM-

16



FOCT P 51901.16—2017

anbHOM pacnpegeneHun HapaboTok Mexay nocnefoBaTebHbIMU 0TKazamu (TOMOreHHOCTM npouecca lMyac-
COHa) NPUHUMAIOT C YPOBHEM 3HAUYMMOCTH a.

Kputuyeckme 3HaueHust (d- 1)ans pa3nnuHbIX ypOBHE 3HAYMMOCTM a U yucna creneHeli cBo6oabl
(d - 1) moxHO HaliTn B TabnnuaxkBaHTuIel /"pacnpegeneHus. Hanpumep B cTaHgaptax FTOCT P 50779.26
n rOCT P M3K 60605-6.

J1an 4. [na nepBoHayasibHOrO Ha6opa fAaHHbIX, COBPaHHbIX Ha 3Tane 2. BbIYUCAIT OLEHKN MaKcu-
MasnbHOro npaegonogo6us ans napamerpa opmbl p. OLeHka MakcumanbHOro npas4onogo6us napameTpa p
(P) ynoBneTBopsieT criefytoLemMy ypaBHEHUIO:

Cnepyet yuutbiBatb, 4to f(0)=0. a Takxe /(0)1n/(0) = 0. Bce uneHbl L) MoryT 6bITb HOPMUPOBAHLI OT-
HocuTensHo /(d). Torga nocnegHuid unen In(/(d)) ncuesHeT. AN peLleHUs 3TOr0 ypaBHEHUS OTHOCUTENBHO p
Heo6x0AMMO UCMO0/Ib30BaTh NTEPATUBHLIA METoA,

Otan 5. OnpegeneHne oueHkn napametpa X (X):

X = W/I(d)il. (56)

Otan 6. OnpegenexHne oUeHOK NapameTpa NoToka 0Tka3os L|T) n cpegHero BpeMeHn mexay otkasamu
0(7") ANA NPOAO/MKUTENBHOCTU MUCMbITaHWi I > 0:

z(T) = xpT<bl: (57)
BT) =MUT). (58)

MpnmeuvaHune 1—OueHkn LT) n9(7) npeactaBnsior co60i OLEHKY NapaMeTpa NoToka OTKa30B U CpeaHei
HapaboTkv Mexay oTkasamu B MOMEHT BpemeHu 7 > 0 ansa 7 13 gvanasoHa npeacTasneHHbIX JaHHbIX. «3KCTpanonv-
poBaHHbIe» napameTpbl 415 60MbLUeil NPOAC/HKUTENIbHOCTV BpeMeHU 7 B NpoLiecce nporpaMmbl UCbITaHWiA Wn 40 3a-
BEPLLEHNSA UCTIbITAHWIA MOTYT GbITb MOYYEeHbl TOYHO Tak e, HO UMK CreayeT Mosb30BaTbCs OCTOPOXHO WM3-3a CBOWCTB
3KCTpanonAuyN. SKCTPaNoNALmUa He AO0/MKHA NPEBbILLATL MPOAOKUTENBHOCTY UCTbITaHWIA.

MpumeuyaHne 2— Ecnm nporpaMMa VCrbiTaHWU 3aBepLUeHa, Torga oueHka 0(7) Ansi MOMEHTa BpeMeHM
7 = f(d) sABNAeTCA 3HauYeHVeM cpegHell HapaboTkn Mexay OTKasamu WCTbITbIBAEMON KOHMIypaLmmn cUcTeMbl B KOHLIE
nporpaMmbl UCTIbITaHWIA.

9.3 Kputepuii cornacus

9.3.1 O6wume nNosoxeHns

ECnu M3BECTHbI TOUHbIE 3HAYEHNA HApaboToK, He06X04MMO UCNOMb30BaTh Cayyal 1. B NPOTUBHOM CAy-
Yyae Heo6X0AMMO NCNOoNMb30BaTh Cyyaii 2.

9.3.2 Cnyyaih 1— M3BecTHbI JaHHble 0 HapaboTkax A4/19 KaX[oro otkasa

[nsa oueHkn napameTpa QOpMbl p cCHayana cnegyeTt UCNOAb30BaTb METOoA, OnucaHHbIn B 9.2.1, 3aTemM
BbIYNCINTL CTATUCTMKY Kpamepa-Musuca:

rae M=Nwn7=T — gnsa ncnbliTaHnini Tuna |;
M=N-1hT=Tn- ansa ucnbiTaHuii TUNa II;
N < T2<—<TM.

B Tabnuue 2 npuBefeHbl KpUTUYECKNE 3HAYEHMS 3TON CTAaTUCTMKM C YpoBHEM 3HaummocTu 0,10. Ecnn
ctatuctuka C2(M) npeBblllaeT KpUTUYECKoe 3HadyeHve M. npuBefeHHOe B Tabnuue, TO runotesa O TOM. YTO
CTefNieHHast MofeNlb COOTBETCTBYET aHHbIM, JO/HKHA ObITb OTK/IOHEHA. B MpOTMBHOM criyyae runotesa [0/X-
Ha 6bITb NpUHATA.

Ecnv gaHHble 0 HapaboTkax W3BECTHbI, A1 NOJlyYEHUS AOMNONHUTE/IbHOM UH(OPMaLUM OTHOCUTESIBHO
COOTBETCTBMA MOAENN AaHHbIM MOXET 6bITb UCMO/Ib30BaHa rpaduyeckas npoueaypa, onvcaHHas HUXe.
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Mpu ncnonb3oBaHun rpadmyeckoin npoLeaypbl OLEHKY MaTeEMaTUYECKOTo OXMAAHUA HapaboTku A0 /-ro
oTka3a E[Tf] HaHOCAT Ha rpacdmk B 3aBMCUMOCTM OT Habstogaemoli HapaboTku A0 /-To oTka3a T. B cooTBeT-
CTBUW C NpuIoxeHvem B oueHky £[7” MOXHO paccuntaTtb Mo hopmyne

EM=(m) ™ rog/Bl...Ne ©°)

J " .
3HaueHus |—] 3aTeM NepeHocAT Ha rpadik B COOTBETCTBUM C HaG/Il0faemMoii HapaboTkoli 7, B naeH-
TUYHOM NIMHEiHOM MacliTabe, Kak nokasaHo Ha pucyHke A.3. BusyanbHas COracoBaHHOCTb 3TUX TOYEK C
NWHWelt nog yrnom 45s K ocu opavHaT SBASETCA CYGBEKTUBHBIM KpUTEPUEM NPUMEHUMOCTI MOZENN.
9.3.3 Cnyuali 2— HapaboTky 06befVHEHbI B Tpynnbl

[aHHbIli KpUTEepWii NPUMEHMM TOMIBKO B C/lyyae, Korja napameTp p OLEeHMBAalT Ha OCHOBE Crpynnupo-
BaHHbIX AaHHbIX (cM. 9.2.2). CpefHee KO/IMYeCTBO 0TKA30B B MHTepBane BpemeHu (t(i- 1): *(/)) npubnmxeHHo

paBHO

e = X[((N*-f (/- 1] (61)

Lna kaxgoro nHTepeasia 3HauyeHue e, He JO/HKHO 6biTb MeHbLUe 5. Mpu He06X0AUMOCTY CMEXHbIE WH-
TepBasibl MOXHO 00BbEAUHATL 40 Havyana ucnbiTaHwin. Ans d nHTepsanos (nocne 06beAnHEeHNA Npu Heobxo-
AVMOCTU) U TOM Xe 3HauyeHumn /V, 4To 1 B 9.2.2, BbIMUCASOT CTATUCTUKY

W-e,)2

52 =1 (62)

KpuTunyeckne 3HauyeHUsi 3Toli CTaTUCTUKN C YAC/IOM cTeneHell cBo6oabl (d—2) MOXHO HaliTi B Tabnmue
/"-pacnpegeneHuns, Hanpumep B FOCT P 50779.26 nTOCT P M3K 60605-6. Ecnn KpuTuyeckoe 3HavyeHue ¢
ypoBHeM 3HauMmmocTy 0.10 npeBbIWEHO, TO rMNoTe3a 0 TOM. YTO CTeneHHass MOAe/Nb afieKBaTHO onucbiBaeT
CrpynnupoBaHHble JaHHble, fOo/MKHA OblTb OTK/IOHEHA.

Ecnn Ha6op AaHHbIX COCTOUT U3 U3BECTHbIX NHTEPBasI0OB BPeMEHN C U3BECTHbIM KOJINYECTBOM OTKa30B,
AN NONyYeHUs [OMNOSTHUTENBHON MHhOPMaLUM 0 COOTBETCTBUM MOAENN AaHHLIM MOXET 6bITb MCMOMb30BaHa
rpachuyeckas npoueaypa, onmcaHHas Huxe.

[na kaxgoro nHTepsana, orpaHnyeHHoro Toukoit t(i) (ot 0 go /(/)). konnyecTBo HabAAAEMbIX OTKA30B
cocTaBnsieT

Nm)=1It,N, (63)
OueHKy MaTeMaTU4ecKkoro oxungaHvus konnuectsa otkaszos E[N(t(i))] paccuutbiBatoT no copmyne
Emm =w i- (64)

13 aToro cnemyet

(65)
Mpachmyeckast npoueaypa COCTOUT B MOCTPOEHUU Tpadimka

(66)

a Takxke JIMH1Un

InX + (P- 1)1n7. 7> 0, (67)

Kak 3To Moka3aHo B NpuMepe (CM. PUCYHOK A.4).
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3aBucumocTb Mexay Innn 6. @ - 1) n a npuBegeHa B NpunoxeHun B.

Mpu p < 1 nuHNA aBnseTcs yobiBaloLwen. BusyanbHasa cornacoBaHHOCTb TOUEK C 3TOW NNHMER aBnseTcs
CYy6BbEKTMBHBIM KpUTEPUEM NPUMEHUMOCTY MOAENN.

9.4 [loBepuTeNbHble UHTEpPBasbl A8 napameTpa popMbl

9.4.1 O6wue TpeboBaHuSA

MapameTp hOpMbl p B CTEMNEHHON MOAENW MOBLILEHNA HALEXHOCTU XapakTepusyeT Hasinume nsmeHe-
HWIA HaAEXHOCTU 1 UX BenuunHy. Ecnm 0 < p < 1. Ha6nogaeTcsa NoBbIlWEHNE HAAEXHOCTU, ecnn P = 1. Haaex-
HOCTb He M3MEHSIeTCs, a ecnm p > 1, HabngaeTCA CHUKEHNE HAEXHOCTU.

Mpu onpefeneHnn 4OBEPUTEIBHOTO UHTEPBasia A1 P. KOrAa N3BeCTHbl HapaboTKM A0 KaXX40ro otkasa,
MCNo/b3yoT cnyyali 1. Ans crpynnupoBaHHbIX 0TKAa30B HEO6X0AMMO UCMONb30BaTh Cryyalt 2.

9.4.2 Cnyyaii 1— M3BEeCTHbl flaHHble 0 Hapa6oTKax A4/ KaXAoro oTkasa

Otan 1. BbluMcrieHne OLEHKN p B COOTBETCTBUM € 3Tanom 5 B 9.2.1.

Oran 2.

a) VicnbiTaHus Tuna |

[ns onpepenenns AByCTOPOHHErO OBEPUTENIBHOIO NHTEpBana ANs p ¢ ypoBHeM gosepus 90 % Heob-
XOANMO BbIYNC/IUTL BEIMUNHBI n Du:

[AnAa ABYyXCTOPOHHErO AOBEPUTENBLHOIO MHTEpBana yposHa 90 % aonda p

. _ Xoos<N) .
SL= 2(N-1) (68)
_ y-0.95<2")
W 2(V-1) (69)

KBaHTUIM MOXHO ONpefenvTb no Tabavuam -A-pacnpejeneHus, NpuBeAeHHbIM, HaNnpUMep, B CTaHAap-
Tax FOCT P 50779.26 u TOCTP M3K 60605-6.
HuxHAS foBepuTenbHas rpaHuua Ans p UMeeT Bog;

Pte =fV P - <°)
BepxHasa gosepuTenbHas rpaHvua Ans p UMeeT Bug;
Poe=Du P- (7D
COOTBETCTBEHHO 3HAYeHusi pta U pue SABAAIOTCA TakkKe HWKHEN 1 BepxHel OfAHOCTOPOHHUMU AOBepu-
TeNbHbIMU TpaHuLamu ans p ¢ yposHem gosepus 95 %.

b) UcnbiTanua tuna Il
[ns onpefenexHva ByCTOPOHHETO JOBEPUTE/NILHOTO MHTEPBaa AN p ¢ yposHem gosepus 90 %

N _ X0.06(2(/1/-1)),

< 2(N-2) - (72)
b &

HuxHAA goBepuTensbHasa rpaHuua ansa p:
Pre = dI'P- (74)

BepxHaa goseputensHas rpaHuua gna p:
Poe = DuwP- (75)
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COOTBETCTBEHHO 3HaueHus pts v pufi ABNAIOTCA Takke HWKHEW U BEpXHE 0fHOCTOPOHHMMU [OBEPU-
TeNbHbIMY rpaHMuamm Ansa p ¢ yposHem gosepus 95 %.
9.4.3 Cnyuvalhi 2 — HapaboTkn o6 beAnHEeHbl B rTpynnbl

[JlaHHble npoueaypbl NOCTPOEHUS OBEPUTENIBHOIO HTEPBasia NPUMEHNMbI B C/lyYae, Korja oueHka na-
pameTpa p onpefesieHa Ha «3CHOBE CrPYNMNUPOBAaHHbIX JaHHbIX B COOTBETCTBUM C 9.2.2.

JT1an 1. BbluncreHve p B COOTBETCTBUM C 3Tanom 4 B 9.2.2.

Otan 2. Beiuncnexue P(j)

PO="-.rpel/=1.2... 6. (76)

JT1an 3. BbluncrieHe 3HaYeHnss Be/IMUnHbl A

d [P{dp- E-Pji-1f «InP(/-1 ] 2
A=Y [ P{ch - LLP() Ji PU-1 ¥ 77
[f#-F(i-1)P]]
3tan 4. BbluncneHune 3HavyeHns C

(78)
4 »

Otan 5. OnpegenexHve NpMGAMKEHHOrO [BYCTOPOHHErO AOBEPUTENILHOTO MHTEepBasna A48 P C YPOBHEM
nosepusa 90 %

(XS
Lsn 79)
Anr
roe N — obljee KONMYecTBO OTKA30B.
Jtan 6. HWXHAA AoBepuTeNibHasa rpaHuua ansa p:
pLe =P (1-S). (80)
BepxHsa foseputesnibHasa rpaHuua ans p:
Pofl = P + S). (81)

COOTBETCTBEHHO 3HaueHus pte v pofl ABNSAOTCA Takke HWXKHEN U BepXHel 0AHOCTOPOHHVMMMN [OBEPU-
TeNbHbIMU rpaHuLamn ons p ¢ yposHem gosepus 95 %.

9.5 [oBepuTenbHble UHTEPBAsbI AN CPOAHEN HApaBoTKN MexXAy O0TKazamu

9.5.1 O6uwme TpeboBaHuA

B cootBeTcTBMM ¢ 9.2.1 (3Tan 7) 1 9.2.2 (3Tan 6) onpeAensoT OLEHKY cpegHein HapaboTkn mexagy oT-
kazamu 6(IN). Ana onpefeneHns AOBEpPUTE/bHbIX MHTEPBAsIOB OLEHKU 6(7). Korga M3BecTHbl HapaboTku [0
Kax[oro otkasa, cnegyet ucnosb3osarb ciyyan 1. NS crpynnupoBaHHbIX OTKa30B — cryvai 2.

9.5.2 Cnyualii 1 — M3BeCTHbI faHHble 0 HapaboTKax A/ KaX[oro oTkasa

JT1an 1. Bbluncnexve 6(7) B cOOTBETCTBUM C 3Tanom 7 B 9.2.1.

Jtan 2. ina onpefeneHns ABYCTOPOHHEro A0OBEpUTEIbHOro NHTepBana ¢ yposHem gosepus 90 % Ha-
XOAAT 3HayeHusa L n U gnsa cootseTcTBylolwero o6bema Bbi6opkn N. ncnonb3ys tabnuuy 3 ANs UcCnbITaHuii
Tuna | unm Tabnuuy 4 oA ucnbitaduii Tuna ll.

J1an 3. HuxHAa goseputenbHas rpaduua ans 0(7).

OlLe = L w6(7). (82)

BepxHsas goseputenbHasn rpaHuya gnsa 0(7).
%B=un-Wn (83)
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CooTtBeTcTBEHHO 0% 1 OUS ABNAIOTCA TakKe HWKHel N BepxHeli 04HOCTOPOHHUMMW [0BEPUTENbHbLIMM
rpaHvuamu ansa 0(7") c yposHem gosepus 95 %.

9.5.3 Cnyuali 2— HapaboTkun 06befuHeHbl B Tpynnbl

MpuBeaeHHble npoueaypbl onpeAesieHnsa [0BEepUTENIbHOrO MHTepBasia NPYMEHUMbl B Cliyvyae, Korga
oueHka p 6bl1a onpegeneHa no crpynnuMpoBaHHbIM faHHbIM (CM. 9.2.2).

Otan 1. BbluncneHue p B cootsetcTBun ¢ 9.2.2 1 3(7) B cootBeTcTBUM ¢ 9.2.1 (atan 7).

Jtan 2. Beiuncnexve sennuuHbl P(/):

P()=-M . rpe/=1.2....d. (84)
J1an 3. BbluncneHune 3HayeHns A:

d [P{,j*in f# - P [i-1)>+InP [i- 1)ft]2

- (85)

J1an 4. BbluncneHume 3HavyeHuns D:

(86)

Otan 5. lna onpegenexHvs NpubnvXeHHOro ABYCTOPOHHErO AOBEpMTENbHOro uHTepsana ans 0(7) c
ypoBHeM gosepus 90 % BblUMCAAOT 3HAYeHNe S:

1.64> D
_ 87)
= 1"
rae N — obljee KoIM4yecTBO OTKa30B.
Otan 6. HWxHAS gosepuTensHas rpaHuua ans 0(7):
0,fl=6(7)(1 - S). (88)
BepxHssa goseputensHas rpaHvua ansa 0(7):
»iye = S(TX1 + S). (89)

Co0TBETCTBEHHO 3HayeHus OLB 1 OuB SIBNAIOTCA TakkKe HWKHEN 1 BepXHeil OJHOCTOPOHHUMW [OBepu-
TenbHbIMY rpaHuuamu ansa 0(7) c yposHem gosepus 95 %.

9.6 MeToaunkKa NPOrHo3npoBaHnA

MeToAanKka NpuMeHVMa B TeX Cryvasx, Korfa KoppekTupylowme moaudvkauuy BHeAPSAOT Noc/ie OKOH-
YaHWA UCMbITaHW Kak 0TCPOYeHHble Mogudmkauun. Lienbio 3aaaun aBnsieTcsa oueHka HafeXXHOCTW CUCTEMbI
nocne BBeAEHNA KOPPEKTUPYIOLLUX MOANUKALINIA.

Otan 1. BeigeneHue otkasoB kateropum A un kateropum B (cm. FTOCT P 51901.6—2005. onpegeneHus
3.14 n 3.15).

Jtan 2. OnpefeneHne BpeMEHN NepBOro MosIBNIEHNS KaxJoro Tuna oTkasos B KaTeropum B. coctasne-
HVe oTAenbHoro Habopa AaHHbIX. MyCcTb / — KOAMYECTBO pas/IMyHbIX TUMOB 0TKa30B KaTeropuu B (1).

Otan 3. BbinosiHeHue atanos ¢ 1 no 5 B cooTBeTcTBMM € 9.2.1 B OTHOLIEHUW 3TOro Habopa faHHbIX ANs
onpegeneHns oueHkn napametpa p. ucnonb3ys N =/ un 7 vnnn 7J1gna nonHoro Habopa faHHbIX.

3tan 4. N KaxAoro n3 | 0TKa3oB pasNNyHbIX TUMOB kaTeropun B B Habope faHHbIX aTana 2 HasHavalT
KO3IPULNEHT 3P EKTUBHOCTMN Y yULIEHUSA /=1... /. QNS KaXxporo n3 / 0TKa3oB pas/iNyHbIX TUNOB Ka-
Teropun B napametp E, (0 S S 1) ABNSieTCS MHXEHEPHOMN OLEHKOW 0XMAAEMOr0 CHUKEHUS NOTOKA OTKA30B,
BbI3BAHHOMO MAEHTUMLMPOBAHHON KOppeKTMpYtowWwein moandukauven (cm. 3.5).

BbluncnsaoT cpegHee E aTUX 3HAYEHWI . ecnv NnpueMnemo, ycTaHaBIMBatoT cpeAHuii koadpdpuumeHT
ahhekTUBHOCTY yny4ieHus (Hanpumep. 0.7) BMECTO MHAMBUAYASIbHbIX 3HAaYeHul E,. /= 1.... /, kak onMcaHo
BblLLE.
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Jtan 5. OnpejesnieHne OLEHOK MPOTrHO3WPYEMOro napaMeTpa MoTOKa OTKA30B M CpefHell HapaboTku
MexXAay oTkasamu

*CT[kn*KNe -E)*'m . (90)

roe KJ1— konnMyecTBO 0TKA30B KaTeropuu A;
K.— konuuyecTBO HabnwfaeMblx 0TKa30B /-ro Tuna kateropuu 8;
T=T vnn T= TN B COOTBETCTBUM C 3TANOM 3. ONMUCAHHbLIM BbIlLE.

Ecnu 3HauyeHusa E He HazHaueHbl, a uMeeTcsi TONbKO cpepnHee E. 10 Cpe,ﬂ,HVIﬁ YneH B KBagpaTHbIX CKO6-
KaX CTaHOBUTCA paBHbIM

Ke(1-E), (91)

rae KB — KO/fM4ecTBO 0TKa30B kaTeropum B.
B 3TOM c/ilyyae NporHO3MpyeMblii napaMeTp noToka 0TKa3os

ZP=TK +*B(L-8)+/-M ] (92)

MporHo3npyemoe 3HauyeHne cpegHeil HapaboTku Mexay oTkasamu

9p = Vzp. (93)

Ta6nuuya 2— Kputuueckme 3HaueHus Kputepusi cornacus Kpamepa-Museca ¢ ypoHem 3Haummoctu 0.10

M Kputnueckoe 3HaueHvie CTatucTukn
3 0.154
4 0.155
5 0.160
6 0.162
7 0.165
8 0.165
9 0.167
10 0.167
n 0.169
12 0.169
13 0.169
14 0.169
15 0.169
16 0.171
17 0.171
18 0.171
19 0.171
20 0.172
30 0.172
260 0.173
MpumedyaHue —[OnawucneiTaHuii Tna IM = N; gna venbitaHuii Tuna 1M =N- 1.

22



FOCT P 51901.16—2017

Ta6nuya 3— [IByCTOPOHHME AOBEpUTENbHBIE MHTEPBasbl YPOBHA AoBepusa 90 % AnsA cpefHeil HapaboTkM Mexay
oTkaszamu 1 4Nna ucnelTanuii Tuna |

N L ] N L 7]

3 0.175 6.490 21 0.570 1,738
4 0.234 4.460 22 0.578 1.714
5 0.281 3.613 23 0.586 1.692
6 0.320 3,136 24 0.593 1.641
7 0.353 2.826 25 0.600 1.653
8 0.381 2,608 26 0.606 1.635
9 0.406 2.444 27 0.612 1.619
10 0.428 2.317 28 0.618 1.604
n 0.447 2.214 29 0.623 1.590
12 0.464 2.130 30 0.629 1.576
13 0.480 2.060 35 0.652 1.520
14 0.494 1.999 40 0.672 1,477
15 0.508 1.947 45 0.689 1.443
16 0.521 1,902 50 0.703 1.414
17 0.531 1.861 60 0.726 1.369
18 0.543 1.825 70 0.745 1.336
19 0.552 1,793 80 0.759 1311
20 0.561 1,765 100 0.783 1,273

MpumevyaHne —Ana N> 100

- 2NJ

N»lr
v 2 K pp

rae nds* 1 — KBaHTU/b CTAHAAPTHOrO HOPMasbHOTO pacnpegenernnsa yposHsa 100 m(0.5 +y/2) %.
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Ta6nuua 4— [BYCTOPOHHVE AOBEPUTENIbHbIE MHTEPBASbI YPOBHSA AoBepusa 90 % AnsA cpefHeli HapaboTkn Mexay
oTkasamu 1 Ans ucneiTaHnii Tuna |l

N L n N L n

3 0.1712 4.746 21 0.6018 1.701
4 0.2587 3.825 22 0.6091 1.680
5 0.3174 3.254 23 0.6160 1.659
6 0.3614 2.892 24 0.6225 1.641
7 0.3962 2.644 25 0.6286 1.623
8 0.4251 2.463 26 0.6344 1.608
9 0,4495 2.324 27 0.6400 1.592
10 0.4706 2.216 28 0.6452 1,578
n 0.4891 2,127 29 0.6503 1.566
12 0.5055 2.053 30 0.6551 1.553
13 0.5203 1.991 35 0.6763 1.501
14 0.5337 1.937 40 0.6937 1,461
15 0.5459 1.891 45 0.7085 1.428
16 0.5571 1,876 50 0.7212 1.401
17 0.5674 1.814 60 0.7422 1.360
18 0.5769 1,781 70 0.7587 1.327
19 0.5857 1.752 80 0.7723 1.303
20 0.5940 1.726 100 0.7938 1.267

MpumeuyaHne — Ona/V> 100

N FL*" r-1
L QFr2v

n
osW *J

rae n0.5+y2 — kBaHTUNb CTaHAapTHOrO HOpMasbHOro pacnpegenexnus yposHs 100 - (0.5 + (12) %.
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MpunoxeHune A
(cnpaBoyHoeE)

Mpumepbl N1aHNPOBaHUA U aHanusa Mogeneil, Ucnonb3yemblxX
npyY NPOEKTUPOBAHUN U UCTNbITAHUAX 06beKTa

A.1 MnaHnpoBaHMe NOBbIWEHNA HALEXHOCTU Ha CTaAnN NPpoeKTMpoBaHnsa obbekTa

A.1.1 Mpumep NNaHUPOBaAHUA ANA CTENEHHO Moaenun

PeanbHblii npumep, NpuBeAeHHbI HUXe, pa3bACHAET, Kak NOCTPOUTb CTENEHHYI0 MOAENb W Kak CONoCcTaBUTb hak-
TMYeckoe NoBbIWEHNE HAEeXHOCTN C 3an1aHpPOBaHHbIM.

WHbopmauuns, Heobxognumas ANS NnaHWpoBaHWA, nNpeacTaBnseT cob0i OKPYr/eHHYI0 OLEeHKYy HavasibHOW Hagex-
HOCTM 0bObekTa. 3Ta oueHka MOXeT 6biTb NOSlyYeHa Ha OCHOBE AaHHbIX 06 aHaNOrMYHOM 06bekTe C y4eToM pasnnyunii B
CNOXHOCTW 06bEKTOB. [lpyrue hakTopbl, KOTOPble HEO6XOAMMO YUnTbIBATb:

- LenieBble nokasarenn HafexHoCTn obbekTa:

- OLeHKa 3Ha4YMMOCTU U KONIMYeCcTBa BO3MOXHbLIX MOAUMUKALMA KOHCTPYKLNN.

- NPOAO/IKMNTENBHOCTb Nepuofa NPOeKTMPOBaHNs, B MPoLecce KOTOPOro MOryT 6bITb NPOBeAEHbI MO MKALWN.

A.1.2 MocTpoeHne MoAeNn U MOHUTOPUHT NOBbIWEHUA HAAEXHOCTH

Mogaenb ANs nnaHnpoBaHus CTPOAT credyowmum o6pas3om.

TpebyeMblii pecypc 06bekTa JO/IXEH cOCTaBnATb 15 neT:

7=365¢24-15= 1.314 IO 5u.

3ajaHHas nNpoAo/IKMTENBHOCTL Neproaa NPoekTUpoBaHns coctaBnset 140 aHell. tD= 140 - 24 = 3.360 u.

BepoaTHoCTb 6e30Tka3Ho paboTbl 06bekTa 3a nepsble 15 net coctaBnset RO(T = 15 net) = 0.72. LeneBbiM no-
KasaTesiem HafeXHOCTN 06bekTa iIBNSeTCst BEPOATHOCTb 6e30Tka3Hol pa6oTsl 3a 15 net. pasHas 0.95.

Mcxoas U3 3HaYeHW HauyanbHON HafleXXHOCTU U LeNIeBOro nokasaTtens HafexHoOCTU, PacCUUTLIBAKOT HaYasbHYO U
LleNIeBYI0 CPeAHI0 NHTEHCUBHOCTb OTKA30B:

RO(T) = exp[-na0 -] =0,72:
RG(T) =0.95.

anIHI/IMaFI BO BHMMaHME npepnonaraeMoe KosinyecTtBo BO3MOXHbIX Mop,mcbmxaumﬁ KOHCTPYKLUMK, CKOPOCTb NOBbI-
LeHna HaaeXXHOCTN paBHa:

Mogenb NoBbIWEHNA HALEXHOCTU CTPOAT B COOTBETCTBUU C ypaBHEHUEM

R(t.T) = RO(T)L

daKkTMYecKoe NoBbILLEHNE HAAEXHOCTU 06bEKTA 3aTEM HAHOCAT Ha rpaduk U CpaBHUBAKT C MOAENbIO (CM. pU-
CYHOKA.1).

Mogenb MOXeT 6biTb MOATOTOB/IEHA C WCNO/Ib30BAHWEM 3M1EKTPOHHbLIX Tabnul, CO BCTPOEHHbIMU (hOpMYSiaMu
(cm. Tabnuuy A.1).
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Tab6bnuya Al — PacyeT Mogenu niaHNpPOBaHUS NOBbILEHNA HAAEXHOCTU Ha CTaAnW NPOEeKTMPOBaHUA

1

N

N

a1

© o N o

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

26

A

CumMBOM Wn
hyHKUMA

BennunHa
dopmyna

dopmyna
R(t.T) model

«days)

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140

B C D E F G H 1
T
aD D w 4 Ko XaG *2
0.774 42 10 0.72 0.95 131 400 2.50E-06 3.90E-07 3 360
=LN(LN(D2>'LN(E2))/ _ _
LN (1+C2) =(-LN(D2VF2) ={-LN(E2)/F2)
=$DS2i(((SI$2+A4'24'(LN($ES2),'LN($DS2))A-1.-$B$2)-
-A4'24)/$1$2)/-$B$2))
T n_ RV.TL
model w actual
0.72 0.95

0.771 577 8 0.95
0.805 411 6 0.95
0.829 525 2 0.95
0.847 690 1 0.95
0.861 927 9 0.95
0.873 4259 0.95 0.699
0.882 930 2 0.95
0.890 934 8 0.95
0.897 780 3 0.95
0.903 710 2 0.95 0.77
0.908 902 9 0.95
0.913 492 8 0.95
0.917582 8 0.95
0.921 253 3 0.95
0.924 568 0.95
0.927 578 2 0.95 0.82
0.930 325 6 0.95
0.932 844 4 0.95
0.935 163 1 0.95
0.937 305 5 0.95
0.939 291 8 0.95
0.941 139 1 0.95
0.942 862 1 0.95
0.944 473 3 0.95
0.945983 7 0.95 0.93
0.947 402 9 0.95
0.948 739 2 0.95
0.95 0.95

' B cTpokax 3 n 4 npusefeHbl hopMynbl 3 3NEKTPOHHbIX Tabnuy Excel.
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B COOTBETCTBMM C NMPYMEPOM YNyULLIEHUsI NPOBEAEHbI B TPX 3Tana: Npu 3TOM HECKO/IbKO aHaNorMuHbIX MoauduKa-
unit 6NN 06beANHEHbI B OAHO U3MeHEeHNe. BHavane 6bi10 NPOBEAEHO M3MEHEHWNE TUMNOB KOHEHCATOPOB Ha KOHAEHCca-
TOPbI. AN3NEKTPUYECKME CBOCTBA M HAAEXHOCTb KOTOPbIX ropa3fo Bbile (nepBasi MOAMMUKALNA KOHCTPYKLMN OXBaTbl-
Bana 106 KOHAEHCATOPOB C Pa3/IMUHLIMU NOKa3aTeNAMN U Pa3INYHbIM BIMSIHUEM HA HAJEXHOCTb).

BTOpbIM M3MEHEHNEM CTaNno BHEAPEHMWE YacTeli ¢ 60/1ee BbICOKMMY MoKasaTesiMu HafeXHOCTU, Tak Kak HeKoTopble
yacTu (KOHAEeHcaTopbl HA NOMTYNPOBOAHMKAX) NOKa3asn Ha UCNbITAHUAX HU3KYH HALEXHOCTb.

TpeTbe M3MEHeHNe Takxe BK/0YAI0 HECKOMbKO MoAuduKaLuuii: npuo6peteHne 6osee HaAEXHbIX UHTEerpasibHbIX
3/1EMEHTOB, 3amMeHa NoCTaBLMKa HEKOTOPbIX NepeknyaTeneil Ha 6onee HafeXHOro, CokpalleHne KOMNOHEHTOB B AUC-
KPETHbIX NMOyNPOBOAHUKOBbLIX NpuGopax.

NanbHeiiline ynyylleHns nNpu3HaHbl 3KOHOMWUYECKU HeLenecoo6pasHbIMW, PUHabHbI NokasaTenb HaAeXHOCTH
NPUHAT KaK yA0BNETBOPUTEbHbIN.

BeposiTHOCTb 6€30TKa3HO paboTbl

' HeT He06X0AMMOCTU B NMpoOBepKe COOTBETCTBUS (haKTWYECKOW MUHUU CTeneHHoW mogenu. Mpumep sBNseTCA WanwcTpauuei
TOro Kak pakTuyeckume ynyyw eHns COOTBETCTBYIOT CTENIEHHOMY 3aKOHY (4eM MeHblle KPYMHbIX yAy4leHunii, Tem Kpyue kpusas).

PucyHok A.1 — TnaHnpyemoe u 4OCTUTHYTOE MNOBbILLEeHNe HafexXHoCcTn — MNpumep

Kak noka3aHo Ha pucyHke A.l. Her HeO6XOAMMOCTM B NMpoBepKe COOTBETCTBUA CpaKTI/I‘—IeCKOVI NNHUN U3MEHEHUA
nokasartena HageXHOoCTu CTeneHHol MoAesnn, TakK Kak AaHHble MOryT 6bITb npencrtassieHbl KakKk AUCKPETHble BEJTMYUHDI.
Pe3ynbtatbl AaHHOro CpaKTI/I‘—IeCKOFO npumepa COOTBETCTBYHOT INHNN cTeneHHoi mMogenun agna nnnwctpauin Toro, YTto B
AelﬁCTBMTeﬂbHOCTM CHayana yCcTpaHAKT OTKa3bl, B HaubonbLen cTeneHn oTpunyaTenbHO BvdawUwne Ha HageXHOoCTb, n
HACKO/IbKO CTENEeHHO 3aKoH npumeHum KCbaKTW-IeCKI/IM pesynbTartam.

A.2 Mpumep 6aliecoBCKO MOAENN NOBbILEHUS HALEXHOCTU HA CTAAUMN NPOEKTUPOBaHUA 06bekTa

LleneBoii nokasaTesib HaAEXHOCTU 06beKTa (BEPOSTHOCTL 6Ge30TkasHoli paboTel) RQ{T) Ha Havano atana npoek-
TMpoBaHus coctasnseT 0,95 3a 2000 yacoB hyHKUMOHMpOBaHuUS (7). B gaHHOM cnyvae cyuwectByeT 50 noTeHumasbHO
cnabbix MecT KOHCTpykuun (D). Kaxgoe cnaboe MecTo KOHCTPYKLUM CBSI3aHO C KaTeropueli oTka3os. CyLlecTBYOT ABe
KaTeropuu oTkasos, a Takke 20 noTeHuManbHO cnabblX MeCT KOHCTPYKLMKW, CBSA3aHHbIX C OTkasamu kateropun 1 (D,). n
30 — cBfi3aHHbIX C OTka3amu kaTeropum 2 {02). lns Kkaxaoro noTeHumanbHo cnaboro mecTa CyLwecTByeT COOTBETCTBYHO-
Llasi BEPOATHOCTL NosiBNeHns oTkasa (p”). OxugaemMoe KoM4ecTBO 0TKA30B, BbI3BaHHbIX C1a6biMU MECTamMmn KaTeropum
oTka3oB 1. paBHO 7 (X [ oxugaemoe KoM4ecTBO 0TKa3oB kaTteropmun 2 — 10 (/.2). Mo gaHHbIM 3KcnyaTaunm aHanorny-
HbIX 06bEXTOB. O4UH HecucTemaTnyeckuii oTkas BosHukaeT Kaxable 100 000 yacos paboTbl, 0TKa3bl kaTeropun 1 Bo3HMUKa-
10T 0AMH pas kaxable 200 000 yacoB paboThl, a 0TKa3bl KATErOpMM 2 BO3HMKAIOT OA4UH pa3 kaxable 75 000 yacoB paboThbl.
MapameTp NoBblWeEHUS HagexHocTn paseH 0.00833.
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HavanbHas oueHka BEPOSITHOCTK 6e30TKa3Ho paboTbl 06beKTa cocTaBnsieT

R/2000) = exp(-[0.00001 <2000 + 7 «(1 - e 0.030005 2000y + 10 m(1 - ©-00000132000)]) =
= exp<-[0.02 + 7+ (1 - €"801) + 10(1 - e " 026666)]) = 0.702722.

KpuBasi HafieXXHOCTWN uMeeT BUA;

R{t) = BXpHO0.02 + B*0008333* [7 (1-€00')+10 (1- e"002@68)]} = exp(-[0.02 + 0.332794 +B 000833')).

Mpaduk R[t) Ha cTagMM NPOeKTUPOBaHUA B AHAX NPUBEAEH HA PUCYHKe A.2.

40

PucyHok A.2 — MnaHupyemoe MoBbllLEHNE HAAEXHOCTU NPU UCNONb30BaHUM GallecoBckoli mogenu
NMOBbIWEHNA HAAEXHOCTN

OTOT rpaduk nokasbiBaeT MPOrHO3MpyemMoe MoBblLEHNE HALEXHOCTN Ha NPOTSHXKEHUN roAa Ha CTafuun NPOeKTUpo-
BaHUA. OxunpaeTcs, YTO Takas UHTEHCUBHAA CTaAUA NMPOEKTUPOBAHUA NO3BOINT JOCTUYL LIE/IEBOr0 3HAYEHNA NokasaTens
HaZeXXHOCTN yepes 284 aHA.

0.332794
1n]*-1n(0.95)-0,02 J

In= = 283.8079.

0.00833
Ecnu cTagusi NpoekTMpoBaHusa A0/XHA 3aHUMaTh 60s1ee KOpoTkuii nepuof BpeMeHu, HanpuMep 100 gHell, Heo6xo-
Avma 6onee €HCMBHas nporpamma ¢ napameTpoM NOBbILIEHNA HALEeXHOCTU.

0.332794
=4n(0.95)-0,02

« =0.023641.
100

A.3 [laHHble 06 OTKa3ax ANst AUCKPETHbLIX UCNbITAHWIA

PakeTHbIi KOMMIEKC NPOXOANT CEPUI0 UCTIbITAHUI Ha NOBbILLEHWNE HA[EeXHOCTW Ha CTaAnu NPOEKTUPOBAHWS, COCTOSLLYO
B 06LLeli COXHOCTK U3 68 ncnbiTaHuii. OT/IOXKEHHbIE KOPPEKTUPYIOLLME AeNCTBNSA OblIn BbINMOHEeHbl nocne 14.33 n 48-ro ncnbi-
TaHusA. HaunHasi ¢ 49-ro g0 68-ro UcnbITaHWUs KOHUTypaumsi He MeHsinacb. MOXHO BblAENNUTL YeTbipe 3Tana (K = 4) UcnbITaHWiA:

Otan 1. cnbiTanusa 1— 14,

Otan 2. NcnbitaHna 15— 33.

Otan 3. VcnbiTaHnsa 34—48.

Otan 4. NcnbitaHna 49—68.

OTcroga

n, =14. n2=19. n3 = 15. n4 = 20.

/0=0 .= 14.t2=233.f3=48. t4=68.
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[JlaHHble 06 oTKasax A9 OLEeHKN napaMeTpoB MOAENN:

KoHdpurypaums 1 sbisiBuna /n, = 5 oTkasos.

KoHdhurypauus 2 sbisBuna T2 = 3 oTkasa.

KoHdurypaumsa 3 BeisBuna T3 = 4 oTkasa.

KoHdurypauus 4 sbiasunia T = 4 oTkasa.

OUueHKM MakcMmasibHOro NpaBAonoAo6us Ans napameTpos > 1 p COCTaBUN:

>=0.5951 0=0.780.

STV OUEHKM galoT

= 0.333. t2 = 0.234. /3 = 0.206, /, = 0.190.

Moka3saTenu HagexHocTu Ha cTaauax 1. 2, 3 pasHbl: R, =0.667. R2=0.766. R3=0.794. a noka3are/fib HafeXHoCTu
Ha 3ak/1lynTeNbHOW CTagumn UcnbiTaHunii paseH /?4 = 0,810.

A.4 Tpumepbl NOBbLILLEHNA HAAEXHOCTU B npoLecce UCMbITaHWI

A.4.1 BeepeHve

Cnegyiolne 4ncnosble NpUMepbl JEMOHCTPUPYIOT NCNOb30BaHMe Npoueayp, onucaHHbix B pasgene 9. B tabnuue
A.1 npusefeH NOMHbI HA6OP AaHHbIX, UAMOCTPUPYIOWNX METOAbI MOBbILEHNA HAAEXHOCTHN, eC/n U3BEeCTHbI HapaboTku,
a B Tabnmue A.2 — ecnu crpynnupoBaHbl B MHTepBasibl. B Tabnvuyax A.3 u A.4 npuBefeHbl AaHHble A1 METOAMKM Npo-
rHO3MPOBAaHUSA. KOrga KoppekTupyloume MogndukaLun oTI0KeHbl Ha KOHeL, cnbiTaHuid. Npu Heo6XxoAMMOCTN B COOTBET-
CTBUM C 9.3 NPUMEHAIOT KpUTEpMmM cornacus. ST NpUMepbl MOTyT OblTb UCNOMb30BaHbI A5 BbibOpa COOTBETCTBYOLLNX
KOMMbIOTEPHLIX NPOrpaMm, peanunsyoLlmnx MeToasl, onvcaHHble B pasaene 9.

A.4.2 OnpegfeneHne oLeHOK nokasarenein HageXHoCTm

A.4.2.1 O6LLMe NONoXeHNs

Habop gaHHbIx B Tabnuue A.2 cOOTBETCTBYET UCMbITAHUAM, 3akaHuMBawLwmmcsa yepe3 1000 yacoB. 3TU AaHHbIe
1Mcnonb3osaHbl B npuMepax A.4.2.2 n A.4.2.3 gna ucneiTanuii Tuna | u Tuna M cooTBeTCTBEHHO. B crpynnupoBaHHOM Buae
3TV faHHble npefcTasieHbl B Tabnuue A.3 gna npuvepa A.4.2.4.

A.4.2.2 Npumep 1— WNcnbiTaHus Tuna | — Cnyyaii 1 — 13BecTHbI HapaboTKM 0 KaXA0ro oTkasa

3T0T cnyyaii paccmoTpeH B 9.2.1. laHHble Tabauubl A.2 COOTBETCTBYIOT UCMbITAHUSAM, 3aKaHYMBaKOLWNMCS yepe3
1000 vacos.

a) Mposepka rMnoTesbl 0 NOBbIWEHUN HALEXHOCTH

U =-3,713. Kputnyeckue 3HayeHnsa A15 4BYCTOPOHHETO KpUTEpUA € ypoBHeM 3HaunmocTun 0.20 coctasnsaoT 1.28 u
(-1.28). Mockonbky U <-1,28. 3TO cBUAETENLCTBYET O NOBbILIEHNV HAAEXHOCTHW, ¥ aHaN3 NPOAO/IKALOT.

b) OueHka napameTpoB

OueHka napamMeTpoB CTeMeHHOW Mogenu:

>.= 1.0694;

fi = 0.5623.

c) OueHka cpefHeli HapaboTkn Mexay oTkazamu

OueHka cpefHeli HapaboTkn mexay oTkasamu 3a 1000 yacoB cocTaBuna 34,2 yaca.

d) Kputepwuii cornacus

C2(M) = 0,038 npu M = 52. inA ypoBHA 3HauumocTn 0,10 KpuTYeckoe 3HaYeHne B COOTBETCTBMM C Tabnuueli 2 co-
ctasnseTt 0.173. Mockonbky C2(M) < 0,173. cTeneHHan mofesb ABnAeTca npuemaemoii (M. 9.3 1 pucyHok A.3).

e) floBeputenbHblit nHTEpBan ansa (L

[ByCTOpPOHHWMIA foBEepUTENbHbI MHTepBan Ana (I c yposHem gosepus 90 % coctasnseT (0.4491; 0.7101).

f) [loBepuTenbHbI MHTepBan AN1a cpefHeil HapaboTku Mexay oTkazamMmn

[IByCTOpPOHHWIT AOBEPUTENbHbI MHTEpPBaN ANA cpefHell HapaboTkn mexay oTkasamu 3a 1000 yacos, COOTBETCTBY-
IoWwmnin yposHio fosepusi 90 %. coctasnsieT (24,2 u; 48.1 u).

A.4.2.3 MNpumep 2 — Ncnbitannsa tuna Il — Cnyvali 1 — 3BecTHbl HapaboTkn A0 KaXA0ro oTkasa

JT0T cnyvail paccmMoTpeH B 9.2.1. laHHble Ta6nuubl A.2 COOTBETCTBYIOT UCMbITAHUAM, 3aKaHYMBaKOLUMCS yepes
975 yacos.

a) Mposepka rMnoTesbl O NOBbILEHUN HALEXHOCTU

U =-3.764. Kputuyeckme 3HauyeHunsa Ana ABYCTOPOHHErO KpUTEPUSA € ypoBHEM 3HauymmocTu 0,20 cocTasnsawoT 1.28 n
-1.28. MNockonbky U <-1,28. 3T0 CBUAETENLCTBYET O MOBbLILIEHUN HALAEXHOCTU, U aHaNn3 NPoAO/KAt0T.

b) OueHka napameTpoBs

OueHka napamMeTpoB CTENEHHO Mofenu:

>.= 1,1067;

(i=0.5594.

c) OueHka cpefHeii HapaboTkn Mexay oTkazamu

OueHka cpefHelt HapaboTkn mexay oTkazamu 3a 975 yacos coctasunia 33.5 vyaca.

d) Kputepwii cornacus
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C2(M) = 0.041 npn M = 51. 1ns ypoBHS 3HAUMMOCTM 0.10 KPUTUUYECKOE 3HAUEHME B COOTBETCTBUM C TabnuLeii 2 co-
ctasnset 0.173. Mockonbky C2(M) <0.173. cTeneHHas mMogenb ABnseTcs npuemaemMoin (cm. 9.3 n pucyHok A.3).

e) [loBepuTenbHbIli MHTEpBan 5

[IBYCTOPOHHWIA f,0BEpUTENbHBIA MHTepBan ANsA p ¢ ypoBHeM aosepus 90 % coctaBnsieT (0.4458: 0.7080).

f) foBepuTenbHbI MHTEPBaN ANS cpefHelt HapaboTkn Mexay oTkazamu

[lByCTOPOHHWI f0BEPUTENbHBIN NHTEpBan ANA cpeAHeil HapaboTkn Mexay oTkasamu 3a 975 yacos, COOTBETCTBYIO-
Wi ypoBHio goBepus 90 %. coctasnsieT (24.3 u; 46,7 u).

A.4.2.4 Npumep 3 — Cnyyalt 2 — CrpynnupoBaHHble AaHHble

3T0T cnyyali onucaH B 9.2.2. icnonb3oBaHbl flaHHble Tabnuubl A.2. 8 Tabnuue A.3 npvBeAeHsl faHHble 06 oTkasax,
CrpynnnpoBaHHbIX B MHTepBasbl No 200 4. AHanu3 atoro Habopa AaHHbIX AaeT pesynbTaTthbl, NPUBEAEHHbIE HUXE.

a) Mposepka rMnoTesbl 0 NOBbILEHNN HAAEXHOCTU

X2=14.7308 c YeTbIpbM#A cTeneHAMU cBO6OAbI. 1N ypoBHS 3HaummocTu 0.20 KpuTUYecKoe 3HavyeHne cocTaBnsieT
6.0. Mockonbky X2 > 6.0. 3T0 cBUAETENLCTBYET O TOM. YTO HAGNOAAETCA NONOXKUTEIbHOE UK OTpULaTeNIbHOE U3MEHEHNE
HaeXHOCTW, 1 aHanIn3 NpoosHKaroT.

b) OueHka napameTpoB

OLeHk1 napameTpoB CTeneHHoW moaenn

N1=0.9615:

p=0.5777.

c) OueHka cpefHeli HapaboTKn Mexay oTkasamu

OueHka cpefHeit HapaboTku Mexay oTkazamu 3a 1000 4 coctaBuna 33.3 4.

d) Kputepwii cornacus

X2 = 2,175 c Tpems cTeneHsiMu cBob6oabl. NS ypoBHA 3HaunmocTn 0.10 KpuTuyeckoe 3HaueHune cocTtaBuio 6,25.
Mockonbky X2 < 6.25. cTeneHHast MOAe b siBAsieTcs npuemnemoii (cM. 9.3 n pucyHok A.4).

e) [loBepuTeNbHbI MHTEpBan Ans p

[IBYyCTOPOHHWI1 foBEpUTENbHbI HTEpPBAN 4719 p ¢ ypoBHEM foBepus 90 % nmeeT Bug: {0,4083: 0,7471).

f) [loBepuTenbHbI UHTEpBaN ANS cpefHeli HapaboTkn Mexay oTkasamu

[IBYCTOPOHHUIA AOBEPUTENbHBIA UHTEPBAN ANA cpefHeli Hapa6GoTKM Mexay oTKa3aMu, COOTBETCTBYHOLWMIA YPOBHIO
posepus 90 %. 3a 1000 yacoB nmeeT Bug: (20.94 u; 45.66 u).

A.4.3 TporHo3upyeMble OLLEHKW nokasaTeseil HagexXHoCTn

A.4.3.1 O6wW¥Me NoNoXeHUs

[laHHbI Npumep UANCTPUPYET pacyeT NPOrHO3NpPyeMbIX OLEHOK nokasarteneli HagexHoctu (cM. 9.6). koraa Kop-
pekTupyloLre moandukaLnm npuMeHeHbl B KOHLE UCAbITaHWA.

A.4.3.2 MNpumep 4

OcCHOBHble fjlaHHble, UCMOoMIb3yeMble B NpUMepe, npuBedeHbl B Tabnuue A.4. imeeTtcs oblyee KONMYeCTBO OTKa30B
N =45 npu KonnyecTBe 0Tka3oB kateropun A Ka = 13. 419 KOTOPbIX HE NPOBOAMIOCH KOPPEKTUPYOLWUX Mogudukaunii. Mo
nctevenun 4000 4 ncnbiTaHWii B 06bEKT 6bIN10 BBEAEHO / = 16 pasnnyHbIX KOPPEKTUPYOLWUX Mogndrkaunii, HanpaBneH-
HbIX Ha ycTpaHeHune oTka3oB Kg = 32 kateropuu B. Kateropus gna kaxgoro oTkasa npusegeHa B Tabnuue A.4. B Tabnu-
ue A.5 npeacTaBneHa AonofHUTeNbHaa MHopMaLms, ncnonb3yemas 415 NpOrHO3MpoBaHUS.

Mpoueaypa cocTOUT M3 cneayoLwmnx atanos.

3tan 1. aeHTudukaunsa kateropuii otkasos A n B

Hapa6oTkn ans oTKa3oB kateropuii A n B ykasaHbl B Tabnvue A4. Hapa6oTku gna 16 pasnnyHbiX TUNOB OTKA30B
kaTeropuun B npusepeHsl B Tabnuue A.5. ctonbel, 2.

JT1an 2. aeHTudukaLma nepsoro nosBfeHNA 0TKa30B pa3/iMyHbIX TUNOB KaTeropun B

Bpems nepBoro nosiBfieHns oTka3os kaTeropuv B gna 16 pa3nunyHbix TUNOB npueefeHo B Tabnuue A.5. cton6el, 3.

OTan 3. AHanNu3 AaHHbIX NepBOro NOsB/IEHNS OTKasa

Ha6op gaHHbIX Tabnuubl A.5 (ctonbel 3) npoaHannsmposaH B COOTBETCTBUM C aTanamun 4—7 B 9.2.1. Pe3ynbTarsl
npuBefeHbl HNXe.

OueHka napameTpos

OueHka napamMeTpoB cTeneHHoW moaenn

X =0.0326:

p=0.7472.

OueHka napameTpa NnoToka nepsBbiX 0TKa30B

OueHka napameTpa noToka 0TKa30B kKaTeropuuy B pasnnMyHbIX TUNOB A1 NEepBOro noseneHus otkasos 3a 4000 y
coctasuna 0.00304'L

KpuTepuii cornacus

C2(M) = 0,085 npy M = 16. Ana ypoBHS 3HaummocTn 0,10 KpuTUYeckoe 3HaYeHue B COOTBETCTBUU C Tabnuuen 2
cocTtaBnsieT 0.171. Mockonbky C2(M) < 0,171. cTeneHHasi MoOAeNb SIBNSAETCA NPUEMIEMOI A1 HApPa6OTOK NepPBOro NosiB-
JIEHNA OTKa30B Pas/IMYHbIX TUNOB KaTeropuu 8.

OT1an 4. Hannuune koahuuymeHTa adhhekTMBHOCTH

KoadhpuuymeHT achheKTMBHOCTU Ha3HAYAKOT Ha OCHOBE MHEHWS VHXEHBPa-NMPOBKTUPOBLLMKA. KOTOPbIA OTBeYaeT 3a
cneunduyeckne n3meHeHns. Ecnu takaa nHcopmauus He 4OCTyNHa, TOrAa 3Ha4eHns NHAMBUAYaNbHbIX KO3 PULMEHTOB
3(PHEKTMBHOCTH OLLEHNBAIOT HA OCHOBAHUW OMbITa.
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MpuyMep HasHaYeHHbIX UHAMBUAYANbHbIX KOIPPULNEHTOB IhDEKTUBHOCTN ANA KaXAOW KoppekTupylouweli moam-
hukaummn npusegeH B Tabnuue A.5. cton6el 5. CpegHee aTux 16 koaduumeHToB achdpekTMBHOCTU cocTasnseT 0.72.
CpepgHee 3HavyeHue B gnanasoHe 0.65 — 0.75 siBnAeTcA TMNUYHLIM (OCHOBAHO Ha ONbITe).

3tan 5. OnpegeneHve NporHo3npyeMoro napameTpa noToka oTkasos

[lna nporHo3npoBaHna napameTpa NoToka 0TKa3oB HEOO6XOAVMbI 3HAUYEHNA CefYIOLNX BENNYNH:

T =4000 y;

“n=13

/= 16:

p =0.7472:

E =0.72;

K, — Tabnuuya A.5. ctonbeu 4;

E, — Tabnuya A.5, ctonbeu, 5.

OueHka NporHo3npyemMoro napameTpa noToka 0Tka3oB B MOMEHT BpeMeHu T =4000 4 (no 3aBepLUeHUN UCTIbITaHWIA)
coctaBuna 0.0074 v'

JTan 6. OnpeaeneHne NPOrHO3NPYEMOro 3HauYeHUs cpefiHeil HapaboTkn Mexay oTkazamu

MporHo3upyemMas oueHka cpegHeli HapaboTkn Mexay oTkasamu cocTaBuna 135.1 u.

MpumeyaHune — be3 NOBbILEHNA HAAEXHOCTN B TeueHne 4000 4 oueHka cpeAHeli HapaboTku Mexay oTkasammn
3a 3TOT nepuog coctasuna 88.9 4 (4000/45). YBenunueHne nporHo3vpyemoli oueHkn cpefHeli HapaboTku mexay oTkasa-
MV Bbl3BaHO BBefeHWeM 16 KoppekTupyLwnx MoancrkaLmii ¢ COoTBETCTBYIOWUMUN KoapduuneHTamn aphekTUBHOCTY.
Heo6x0AMMO yunTbiBaTh YyBCTBUTE/ILHOCTb NPOrHO3MPYEMOrO 3HAYEHUS cpefHeli HapaboTkn MexAay oTkasaMu K HasHa-
YeHHbIM KoadhmumneHnTam adpekTnBHoCTU. Ecnm 6bl 661710 Ha3HAYEHO cpefHee 3HavyeHne ko3 durLumeHToB achdekTnB-
HocTu 0.60. NporHo3nMpyemoe 3HaueHue cpefHeil HapaboTku Mexay oTkazaMu paBHANoCh 6bl 121.3 4. CpegHee 3HaueHne
KoathpuureHToB appekTnBHocTM 0.80 faeT NporHo3upyemoe 3HadyeHne cpegHeli HapaboTkn mexay oTkazamm 138.1 u.

Ta6nuya A.2 — lNonHble gaHHble — Bce ymecTHbie 0TKasbl U HapaboTku AN ucnbiTaHuii 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

[ =1000u. N =52,

B Ta6nuue A.3 npuBeaeHbl gaHHble 0 HapaboTkax B nopsAake BO3pacTaHus.
Ta6nunya A.3 — CrpynnupoBaHHble AaHHble AN npumepa 3. nonyvyeHHble u3 Tabnmubl A.2

Bpems vcnbITaHWii, COOTBETCTBYIOLLIEE

Howmep rpynnbi Konnyectso oTkasos NpaBOV TOUKE MHTEpBANA FPyYMMbI U
1 20 200
2 13 400
5 600
4 8 800
5 6 1000

Tabnunuya A.4— MNonHble faHHble ANA NPOrHO3MPYEMbIX OLEHOK Npumepa 4 — Bce oTkasbl U HapaboTku

Hapa6oTiv T/u ux Tnaccudomkaums no kateropusm Am B. Bktouas pas/muHble Tvnbl kateropum B. u

T, 150 253 475 540 564 636 722 871 996
KaTeropus B1 B2 B3 B4 B5 A B5 A B6

T, 1003 1025 1120 1209 1255 1334 1647 1774 1927
KaTeropus B7 A B8 B2 B9 B10 B9 B10 B11
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OkoHuaHue Tabnuubl AA

Hapa6oTkv 7, 1 X K1accudvkaLys Mo KateropusimA 1 8. BK/IKOUas pas/iniHbIe TWMbl kareropum B. 4

2 130 2214 2293 2 448 2490 2508 2 601 2 635 2731
Kareromusa A A A A B12 A Bl B8 A

2 747 2850 3040 3 154 3171 3 206 3 245 3249 3420
Katerogma B6 B13 B9 B4 A A B12 B10 B5

3 502 3 646 3 649 3663 3730 3794 3890 3949 3 952
KaTeropus B3 B10 A B2 B8 B14 B15 A B16

I =4000 4. W=45. KA= 13. Ke =32./= 16.

Tab6nuuya A.5— PasnnyHble TUNbl 0TKA30B KaTeropun B. n3 tabnuubl A.4. ¢ ykasaHnem HapaboToOK ANS NepBoOro no-
ABNEHUSA. KoNnyecTBa HabnogaemMbix 0Tka3oB U KO3 ULMEHTOB ahheKTUBHOCTH

CronGel, ®
1 2 3 4 S
Tun Bpewms oTka3a, u Hapaﬁg;n;g,:: ;ipBom Konnuectso HasHagggz:(ﬁl;gsﬁf:qmem
1 150:2 601 150 2 0.7
2 253; 1209: 3663 253 3 0.7
3 475: 3 502 475 2 0.8
4 540;3 154 540 2 0.8
5 564; 722; 3420 564 3 0.9
6 996; 2 747 996 2 0.9
7 1003 1003 1 0.5
8 1120:2635:3 730 1120 3 0.8
9 1255; 1647; 3 040 1255 3 0.9
10 1334; 1774, 3 249; 3 646 1334 4 0.7
11 1927 1927 1 0.7
12 2490: 3 245 2 490 2 0.6
13 2850 2 850 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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M im raw a raHgaHM mMmpaBsornm, 4

PucyHok A.3 — inarpamma pas6poca 18 MateMaTuieckoro oxuaaHua n HabnoaaeMblx 3HadeHnih Hapa6oTok
Ha OCHOBe JlaHHbIX Tabauupsl A.2 Npu NCMNO/b30BaHNN CTENEHHOR Mogenu

KbIMULLUTBOUYOTKMH
O T HObITEAHWA

PucyHok A.4 — OTHoOLleEHWe HabNoJaeMOoro 1 OLLleHeHHOTo KoInyecTBa 0TKa3oB Kk HapaboTke
Ha OCHOBE AaHHbIX Tabnuubl A.2 Npy NCNOMb30BaHUM CTENEHHOW Moaenn
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MpunoxeHne B
(cnpaBoyHoe)

CTeneHHas Mofe b NOBbIWEHUSA HaAexXHoCTU. O6las MHpopmauns

B.1 MocTtynat fyaiiHa

Haunbonee nonHo ncnonb3yemas MoAeNb NOBbILWEHNSA HAAEXHOCTU 6blna onvcana k. T. lyaiiHom B 1964 rogy (10J.
B 3701 paboTe [lyaiiH aHan3npoBasn faHHble 06 oTKasax ANs psga 06bEKTOB B NPOLLECCe UCMbITaAHWUA Ha cTaauy Npoek-
TMpoBaHus. OH 3aMeTW/, YTO HaKonIeHHoe KOIM4yecTBO 0Tka3oB J1/(7), feneHHoe Ha HaKOMJ/IEHHYH 3a BPeEMS UCMbITaHWiA
HapaboTKy 7. yMeHbLUAeTCsA U CTPEMUTCS K NPSAMOI IMHUU NpU NoCcTpoeHuu rpaduka B norapummueckom maclutabe, T.e.
npnM6AN3nTENbLHO:

n(MTYT) =ii- aln7.rae M>0.a > 0.

[Ayaiin uccnefosan atn rpadvkn U NpULLIEN K BbIBOAY, YTO HAaKOM/JIEHHOE KO/IMYECTBO OTKa30B annpokcummupyeTca
CTeneHHoN yHKunel, T. e.

W(7) = X71\tge X>0. (1= 1-a.

Onupasch Ha 3T Habnwgenuns. lyaliH npeAcTaBun Tekyliee MTHOBEHHOE 3HaYeHWe napaMeTpa noToka 0TKasos B
MOMEHT BPEMEHU 7 B CIieAytolem BUaE:

d
——-W7)=apTM.rge I >0.
dTLIJ. )=ap A

3T0 NO3BOJIN/IO BbIYUC/INTL MTHOBEHHOE 3HayeHne cpe,qul?l HapaﬁOTKVI MexXnay oTkazamMmu:

( ) [»-*
XpT*-1)'1=— .rpe > 0.
*p

MokasaTtesnb a = 1- p MHOrAa HasbiBAKOT «CKOPOCTbLIO pocTax».
Moctynat ,Cl,ya|7|Ha ABNAETCA AeTepPMNHUPOBAHHbLIM B TOM CMbIC/1€, YTO OH AaeT MOA4e/1b NOBbIWEHNA HaAeXHOCTH,
HO He onucbiBaeT N3MEeHUYNBOCTb AlaHHbIX.

B.2 CteneHHasa mogenb

N1 X Kpoy B 1974 rogy [1] n3yunn cTeneHHyto MoAeflb U3MEHEHUN HafeXHOCTW U cchopMyIMpoBas OCHOBHYHO BEPO-
SITHOCTHYI0 MOJZ€E/NIb 0TKA30B Kak HErOMOreHHbli npouecc MyaccoHa (NHPP) {N[T), T> 0} co cpegHUM 3HauyeHnem

W/7)] = X7P
1 (hyHKLMEN NOTOKA 0TKA30B
2(7)= XpnH

CTeneHHas mogenb Kpoy noxoxa Ha Mogesib NoBbIWEHUsI HagexXHocTun [lyaliHa. O6e 3TM MOAENN UCMOb3YIOT O4HO
1 TO Xe BblpaxeHne XT'54151 MaTeMaTuyeckoro OXuaaHus KonuyecTsa 0TKasoB B MOMEHT BpeMeHu 7. OfHakKo mogenb
Kpoy nosBonsieT onpegenntb BEPOATHOCTb Toro, 4To N(T) NpyMeT KOHKPeTHOE 3HauyeHne B criefylLeM Buae:

XTIV'e -~
Pr[N(7) = n] :————————I—_I— ———————— npun=0.1. 2.......

Takxe B COOTBETCTBUM C 3TON MOAENbIO
U'-d=/nPn/=1.2...

rae T, aBnsieTca HapaboTKoW A0 /-ro oTKasa.
370 AaeT nosie3Hoe NpUGAMKEHNE NepBOro nopsgka

|_]B:(4-)r npn/=1.2.....

ANna MatemMaTtuyeckoro oXxXmngaHusa HapaﬁOTKVI A0 >-To oTKasa.
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Ecnn p = 1. 70 z{T) - K 1 HapaboTkn Mexay nocnefoBaTe/IbHbIMIU OTKa3aMy NOAUYMHAIOTCA MokKasaTeslbHOMY pac-
npegeneHnto co cpegrHum L (romoreHHbIii npouecc MyaccoHa), HafAeXHOCTb NOCTOSAHHA. PYHKUWA noToka oTka3os ()
ymMeHbluaeTcsi npy p < 1 (MoNoXuTeNbHble U3MEHEHNS) 1 yBeMumBaeTca npu p > 1 (oTpuuaTtesbHble U3MEHEHUs).

CTeneHHaa Mofenb MOBbIWEHUA HadeXHOCTW Kpoy, siBnslasca BepoATHOCTHOW WHTeprnpeTauueil noctynata
[JyaiiHa. ucnonb3yeT CTporue cratucTuyeckue npoueaypbl AN MeTOAA OLEHKU MOBbIWEHNUS HaAeXHOCTW. DTN MeTofbl
No3BO/IAT ONpeAenunTb OLEeHKN MakCMManbHOro NpaeAonoo6usa napameTpos Mojdenu U nokasatenein HagexHocTn 06b-
eKTa. onpefenuTb rPaHuLibl JOBEPUTE/bHBIX UHTEPBA/IOB U NPUMEHATb KpuTepun cornacusa. CteneHHas mogenb 6bina
pacwupeHa Kpoy B 1983 roay [11] 415 NPOrHO3MPOBAHUSA MOBbILEHNA HAAEXHOCTH.

B.3 MogudunympoBaHHasa cTeneHHas MoAenb AN NaHNPOBaHNA NOBbILWEHNA HafeXHOCTU Ha CTafumn npo-
eKTpoBaHnsA o6bekTa

B 1998 rogy M. KpacvH paspaboTtana v npefactasuia CTENEHHY0 MOAesNb ANA MOAe/IMPOBaHUS NIaHNPyeMoro no-
BbILWEHNA HafEeXHOCTN 06bekTa Ha CTafumn NPOeKTUPOBaHNA B C/lyYae OTCYTCTBUA pe3ynbTaToB UCMbITaHWNA, Korga npoekT
KOHCTPYKUMV 06beKTa ellle He 3aBeplleH, W. cfiefoBaTesibHO, annapaTHble cpeAcTBa He MOryT ObITb UCMbITaHbl. Mogenb
YyUnTbIBAET TOIbKO Y/TYHLEHUA KOHCTPYKLMUM B NpoLecce NpoekTupoBaHua. Mogens 6bina mogudulymposaHa Ans onpege-
NeHUsi HaYaNbHOW cpefiHeli NHTEeHCUBHOCTM 0TKa30B 06bEeKTa 10 NPOBeAEHUst MoANdMKaLMN KOHCTPYKUMKU. B aToi moge-
NI KONMYECTBO BbINO/THEHHbLIX MOANMUKALMA KOHCTPYKL UK 3aMeHAEeT KOIMYeCTBO OTKa30B.

YnyyweHnsa KOHCTPYKLMUN BbINOMHAIOT TakuM 06pa3om, YTO BO3MOXHble AeeKTbl KOHCTPYKLUKN, Hanbonee cyuie-
CTBEHHO BAVAKOLLME HA HAAEXHOCTb 0O6bekTa, YCTPaHAOT B NepBylo oyepefb, obecneuynsass TemM caMbiM MPUMeEHeHne
cTeneHHol mogenu. B faHHOM cnyyae oTCyTCTBYeT BEPOSITHOCTb TOTO, YTO UCNbITaHNA, pa3paboTaHHble JOKHbIM 06pa-
30M. (hakTnyeckn 6ygyT cnocobCcTBOBaTH NOABIEHNIO OTKA30B C BbICOKON BEPOATHOCTHIO UM NOBbILLIEHWNI0 MHTEHCMBHOCTH
0TKa30B. B COOTBETCTBUM C AA@HHOW MOAENbI0 UCTOYHWKM OTKA30B aHa/IMTUYECKN OLLeHUBAOT W KOHCTPYKLMIO yaydyluaT
COOTBETCTBYIOLWMM 06pa3oM, B pe3ynbTaTe HafexXHOCTb Bo3pacTaeT. Takum 06pasoM, ANCKPETHble ynyulleHWUs Hafex-
HOCTV 06BLEKTOB NIAHUPYIOT B BUAE HENpepbIBHOW MoAenu.

Ecnun HayanbHas HafeXHoCTb 06bekTa 3a ycTaHoB/IeHHoe Bpema [ paBHa R” I), TO HayasnbHas CpeHAA NHTEHCUB-
HOCTb OTKa30B, COOTBETCTBYIOLLAS MOMEHTY BpeMeHun . uMmeeT BUA:

In[«0(7)]

= e

EC/n CTENEHHOMN 3aKOH MPUMEHWM W BHEAPEHbI MOAMIMKALMYU, KOTOPbIe 06ecneynBaoT UHTEHCUBHOCTL OTKA30B
06beKTa, PaBHYI0 HaYasIbHOW, MPU YC/TOBUM OTCYTCTBUS Y/TyULWEHNA KOHCTPYKLAU, MHTEHCUBHOCTL OTKA30B KOHCTPYKLUU B
no6oe BpeMsi B Nepnoj NpoeKkTMpOBaHUs pasHa:

nnun

MO =A-(1+0— ) o

3aechk d(t) — konuuecTBO MoAuMKaLMIA KOHCTPYKLUM B N060E BPEMSI B NEPUOJ, NPOeKTMpOoBaHus. MprUMeHss nu-
HeliHyl0 annpokcMMaLuio, KoIMyecTBO MOANMUKALIMIA KOHCTPYKLUK Kak PYHKLMIO BpEMEHW MOXHO NpeAcTaBuTb B BUAE:

10

LleneBasi cpeAHs MHTEHCUBHOCTb MOTOKA OTKa30B 06bekTa Mpu M3BECTHOM Lie/IeBOM Moka3atesie HafexXHoCTu
RG(T) umeer Bug;

-In[RE7)]
T

aoG =

B npouecce nepuoga npoeKTMPOBaHWA HeNpepbIBHOE NOBbILEHNE HaAEeXHOCTHN 06bekTa Kak YHKLMI0 BpeMeHn |
(mogenb noBblWeHUA HagexHocTu, (0 SY tD)) MoXxHO 3anucaTtb B BUAE:

R(/) =exp(-X(0 7).

MpumeHns ﬂ,VI(quepeHLWIpOBaHVIe N NoACTaHOBKM, MOoAesib NMOBbIWEeHNA HafeXHOCTU Ha CTagun NpoeKkTUpoBaHUA

(0 <t <<9Q) npuHnmaer Bua:
M T
|_° 1

m =R Q)
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B.4 MogucduympoBaHHasa 6aiiecoBckas mofenb NaHUPOBaHNS NOBbIWEHNS HajexHocTn IBM-Po3Hepa Ha
cTaguun NpoeKkTupoBaHua

JTa MoAMUKaLMA MOLENN NMOBbIWEHUA HafexHocTU IBM-Po3Hepa n3HavyanbHO Gblna npefgHasHaveHa 4N1a aHa-
nn3a AaHHbIX UCMbiTaHuii [8} n [6J. Bepcus, npeAcTaBneHHas B JaHHOM MPUIOXEHUN, afanTupoBaHa ANs PELUeHUii no
NNaHMPOBAHMIO HA CTaAUM NPOEKTUPOBaHUS 06beKTa.

Mogenb ocHoBaHa Ha 6aliecoBCKOM NMoAXoAe, KOTOpbI/i coyeTaeT anpuopHoe pacrnpefesieHne KomyecTsa cnabbix
MeCT B HOBOWi KOHCTPYKL MW 06bEKTA C SMNUPUYECKUMUN AAHHBIMU O HAAEXHOCTU aHANTOTNYHBIX 0GBLEKTOB, AN NOCneayto-
LLEr0 ONPEeSENeHNs OLEHKN HALEXHOCTU KOHCTPYKLMM HOBOTO 06bEKTa.

Kak v mogenb IBM-PosHepa [9], faHHas mMoaenb npegnonaraet, YTo A/1s 06beKTa XapakTepHO (UKCUpoBaHHOe
KONIMYECTBO C/labblXx MECT WM MOTEHUMAIbHBIX OTKA30B U B NEPUOA MEXAY BHEAPEHUAMU MOAMMDUKALMA KOHCTPYKLUM
MHTEHCWBHOCTb OTKA30B NOCTOsIHHA. KpoMe Toro, NpeanonaraeTcsi, YT0 MU3MEHEHUS KOHCTPYKLMMN SBASAIOTCA /TYYLLIUM Cro-
CO6OM YCTpaHEeHNs CnabbIX MecT.

B flaHHOI MoZenn oTkasbl, NPUCYLLMe KOHCTPYKLMMN 06bEKTA, pasfeneHbl Ha cucTemMaThyeckne u HecucTemaTuye-
ckne (ocTaTouHble UIn DOHOBbIE) OTKAa3bl. ITO MO3BONAET U3MEHATb NapameTpbl MOBbILWEHNUS HALEXHOCTU, KaK TOSbKO
MEHSIETCS MIHTEHCUBHOCTb CUCTEMATUYECKMX OTKA30B, ECIN MOAMUMUKALUN KOHCTPYKLMM yXXe NPOBEAEHbI, NPy 3TOM BCer-
fia yuuTbiBaloT BMSHNE (DOHOBLIX OTKA30B Ha NIaHUPYEMYI0 HafEeXHOCTb B 3afjaHHbIli MOMEHT BpeMeHu.

MpegnonaraeTcs, YTO HECUCTEMATUYECKNE OTKa3bl BOSHUKAKOT C NOCTOSIHHON MHTEHCUBHOCTBLIO (PWS) 1 MOTYT BbITh
paccumnTaHbl C MOMOLLbIO AaHHbIX 06 06bEeKTax C aHaNOrMUYHOW KOHCTPYKLUMEH NN Ha OCHOBAHWUU UHXEHEePHbIX pacyeToB.

CucTemaTnyeckne 0Tkasbl OLEHUBAKT, 06BEANHSAS IKCNEePTHbIE OLEHKN OTHOCUTENBHO CNabbiX MECT KOHCTPYKLMH,
1 faHHble 06 MHTEHCUBHOCTU OTKA30B B COOTBETCTBUM C KATETOPUSIMI OTKA30B HA OCHOBE UHXEHEePHOro OnbITa.

[ON5 OUEHKM BNUSHUSI CUCTEMATUYECKNX OTKA30B Ha HaEXHOCTb KOHCTPYKLMM 06BbEKTA HEOBXOAMMO MAEHTUULMPO-
BaThb Mo K kaTeropusiM otkasoBs Bce (D) BO3MOXHbIE CNabble MecTa KOHCTPYKLMW. BEPOSTHOCTL TOr0, YTO Kaxaoe cnaboe Mecto
KOHCTPYKLMW B KaXKA0i KaTeropun 0TKa3oB NPUBOAWT K OTKa3y B NPOLLECCE IKCMyaTalum, HEO6X0ANMO OLEHNUTb C MOMOLLbIO,
Hanpumep, NHXeHEPHbIX 3akntoyeHunii. MoryT noTpe6oBaTbCs NPUMEHEHNE METOL0B BbISIBNEHUS cabblix MECT U OLEHKa BEPO-
ATHOCTW BO3HWKHOBEHWSI COOTBETCTBYHOLLETO 0TKa3a C MOMOLLbI0 MHXEHEPHbIX BbIBOLOB (CM. Hanpumep. [7]).

MporHo3npyemoe KoiM4ecTBO cnabbix MeCT B KaTeropuu oTkasos Ji»Lk). BeposiTHee Bcero NpuMBoAsLLMX K 0TKasy npu
OTCYTCTBUM MOAUIMKALMIA KOHCTPYKLMK, FIOXKET GbITh paccunTaHo no hopmyne

rae Dk— o6uee KonmyecTBo cnabbix MECT KOHCTPYKL UK, OXUAAEMOEe B KAaTErOpun 0TKa3oB K U pK. — BEpOSITHOCTb TOro,
4yToj-e cnaboe MecTo KOHCTPYKLMU NpUBEAET K O0TKa3y KaTeropum oTkasos K. PacueT OCHOBbIBAETCS Ha NpeAnosioKeHnu
0 TOM. YTO KOJIMYECTBO cnabblX MECT A KaXA0l KaTeropun oTkasoB ABASETCS CAy4yaiiHOW BEMUYMHON, NogUUHSIoLWencs
pacnpegeneHuto MyaccoHa.

3HayeHre NHTEHCUBHOCTU CUCTEMATUYECKUX OTKA30B Takke [O0/MKHO 6bITb M3BECTHO /151 KaXKAOW kaTeropum oTka-
30B. DTOT NapaMeTp MOXHO ONPEeAe/IUTb C NOMOLLbIO AMMUPUYECKNX NN 0BLLUX faHHbIX 06 aHaNOTNYHbIX CYLLECTBYOLNX
06beKTax.

Mocne TOro Kak UCXOAHble AaHHble onpeAesieHbl, MOXeT GbiTb OnpeAesieHa anocTepMopHasi OLeHKa HaAEeXHOCTU
nepBoHayasibHO KOHCTPYKLMKN 06bekTa. DTO NPOU3BeAEHNE HAAEXKHOCTN HECUCTEMATUYECKNX OTKA30B U HAAEXHOCTH CU-
cTeMaTuyecknx 0Tka3oB. [okasaTesib NepBOro — 370 NPou3BeAeHNe (anpropHOro) pacnpegeneHns KonuyecTsa cnabbix
MECT 1 (3MNUPUYECKUX) AAHHBIX O CUCTEMATUYECKUX OTKa3ax. Takium 06pa3oM, HafeXHOCTb NepBoHaYasibHOM KOHCTPYK-
uun MeeT BUA:

AIT) = exp{-(Xws7 + , k(L -e -*r)P>

Mpegnonarasl, YTo MOANMUKALUN BHEAPSIOT 4151 YCTPAHeHUs cnabblXx MECT, HafeXHOCTb KOHCTPYKUMKU 06bekTa
Bo3pacTeT. TakuMm 06pa3oM, yunTbiBasi CKOPOCTb MOBbILEHWSI HagexXHOCTH (a0). HafeXHOCTb MOANMDULMPOBAHHON KOH-
CTPYKLUM 06BEKTA B MOMEHT BpemeHu T paBHa

R(7)=expHW + IJL, Mk O -e-"-*7)]}
,U,l'lﬂ onpegeneHna OUueHKM CKOPOCTW NOoBbIWEHWA LeneBoro nokasatensa HageXHOCTu Heoﬁxo,qmmo 3aMEeHUTb

(Rg{T)) nycraHosneHHoe Bpems nepuoga npoektuposanus (fD) Ha R(T) u I B dpopmyne a0 (B npeablayLiem ypaBHEHUN).
MepecTaHoBKa faeT

[TEnbll—<€
L-|n[ffG(7]-1,vsr]
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ECnu cKOPOCTb NOBLILEHUS HAAEXHOCTMU YCTaHOB/IEHA UM paccunTaHa, aHanorMyYHO ONPeAensiioT OLEeHKY cpesHe-

ro BpemMeHu 00 AOCTUXEHNA Lie/1eBOro nokasarensa HaaeXxHoCTu:

_-In[f2q7))-"s7'J
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Mpunoxexnune A
(cnpaBouHOE)

CBefleHNs 0 COOTBETCTBUM CChIJTOYHbIX HALNOHaNbHbIX CTaHO4apTOoB MeXAyHapodHbIM CTaHOapTam,
NCNOoMb30BaHHbLIM B Ka4yeCTBe CCbIJIOYHbIX B MTPUMEHEHHOM MeXAYyHapoAHOM CcTaHAapTe

Tab6bnuya [OA1

O603Ha4eHne CCbITOYHOMO CreneHb O603Ha4eHNe 1 HaMMeHOBaHVe
HaLMOHa/ILHOIO CTaHAapTa COOTBETCTBUA COOTBETCTBYIOLLETO MEX/YHapoaHOro cTaHaapTa
FOCT P 50779.26—2007 IEC 60605-4:2001 «WcnbiTaHna o060pyAoOBaHUMA Ha HafeXHOCTb.
MOD YacTb 4. Ctatuctuyeckne npoueaypbl 415 9KCMOHEHLMaIbHOTO pac-
npegenexHns. TodyeuHble OLEHKWU, [0BepuTesibHble, TOoJIepaHTHble W
npeavKUVOHHbIE NHTEPBAsbI»
FOCT P M3K 60605-6—2007 IEC 60605-6:2007 «WcnbiTaHuss 060pPYyAOBaHWA Ha HAaAEeXHOCTb.
IoT YacTb 6. Kputepmn npoBepky NOCTOAHCTBA UHTEHCUBHOCTU OTKA30B U
napameTtpa noToka 0TKa3oB U METO/bl UX OLEHKN»
POCTP 51901.6—2005 MOD IEC 61014:2003 «[lMporpaMma noBbILLIEHUA HALEXHOCTN»

(M3K 61014:2003)

MpumMmeyaHue — BHacTosiwell TabnuLe Ncnonb3oBaHbl Creaytoume ycnoBHble 0603HaYeHUs CTeneHn cooT-

BETCTBMA CTAHAAPTOB:
- FOT — naeHTUYHbI cTaHgapT;
- MOD — moancuumpoBaHHbIii CTaHgapT.
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Y[OK 658.562.014:006.354 OKC 13.180 T59

KnwoueBble cnoBa: MeHeMXMEHT pucka, aHanu3 HafeXHOCTU, nokasaTenn HaAeXHOCTW, napamMeTp MoToka
0TKa30B, MOoAe b NOBbILWEHNA HaAEeXHOCTU
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Pepaxkrtop /1.B. KapeTHukoBa
TexHuyeckuii pepaktop B.H. Mpycakosa
KoppekTtop J1.C. JibiICEHKO
KomnbloTepHas BepcTka A.A. BOpoHWHOIA

CpaHo B Habop 13.09.2017 MopnucaHo B neyaTb 16 10.2017. dopmat 60'84'/8. FapHuTypa /ipnan.
Yen. ney. n. 5,12 Yy-Hapg. n. 4.63 Tupax 22 am. 3ak 1999.

MoAroTOBNIEHO HA OCHOBE 3/IEKTPOHHON BepcuM, NpefocTaBeHHON pa3paboTunkom cTaHpapTa

N3paHo un oTneyataHo Bo ®ryMn «CTAHAAPTUM®OPMu, 123001 MockBa. paHaTHbIil nep., 4.
www.goslinfo.ru info@ gosbnfo.nj
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