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MexayHapoaHblit cTaHgapt paspaboTtaH TexHudeckum komutetom TC 56 «Dependabilityy MexayHa-
POAHOW 3neKTpoTexHu4eckon komuccum (IEC).

HaumeHoBaHWe HaCTOALIEro CTaHAapTa U3MEHEHO OTHOCUTENBHO HAWMEHOBAHUA YKA3aHHOIO Mexay-
HapoAHOro ctaHgapra ana npueeaeHus B cooreetctene ¢ NOCT P 1.5—2012 (nyHkT 3.5).

CBeaeHMs1 0 COOTBETCTBMU CCbINOYHBIX HALMOHAMNbHBIX CTAHAAPTOB MEXAYHApPOAHbLIM CTaHAapTaMm, Uc-
NONIb30BaHHbIM B KAYE€CTBE CCbINIOYHbIX B MPMMEHEHHOM MEXAYHAapOAHOM CTaHAApTe, NPUBEAEHbI B A0NON-
HUTENbHOM NPUMoXeHun OA

5 BBAMEH rOCT P 50779.27—2007 (M3OK 61649:1997)

lNpasuna npuMeHeHUs Hacmosweeo cmaHdapma ycmaHoeieHbl 6 cmambe 26 ®edepanbHo20 3aKoHa
om 29 uroHs 2015 2. Ne 162-®3 «O cmanOapmu3sayuu e Pocculickoii ®edepayuuy. UHopmauusi 06 u3-
MEHEeHUSAX K HacmosweMy crmaHdapmy nybrnukyemcs e exxe200HOM (no cocmosaHulo Ha 1 ssHeapsi mekyuje20
200a) uHhopMayUoOHHOM yKa3damene «HayuoHanbHbie cmaHlapmbly, a oguyuanbHbIll MeKem U3MeHeHuUl
U ronpasoKk — 8 eXeMeCAYHOM UHOPMaUUOHHOM ykadamerse «HayuoHarnbHblie cmaHlapmbl». B criyqdae
nepecmompa (3ameHbl) unu ommeHb! Hacmosuweao cmaHdapma coomeemcemeyroujee yeedomeHue byoem
onybnukoeaHo 8 bnuxalilueM 6billyCKe EXEeMEeCSYHO20 UHGOPMAaUUOHHO20 yKasamerns «HayuoHarnbHbie
cmanOapmbly. Coomeememaeyrowjas uHgpopmayus, yeedoMneHue U meKkcmbsl pasmeualomes makxe 6 UH-
ghopmayuoHHoU cucmeme obuie2o nosb308aHuUs — Ha oguyuanbHoM caiime ®edeparnbHo20 azeHmemea rno
MEXHUYECKOMY peaynuposaruro U Memposoauu e cemu ViIHmepHem (www.gost.ru)
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BBeneHue

Pacnpenenenune Beiibynna ncnonb3yioT AnsS MOAENMPOBAHUSA AaHHbIX M3 pacrnpeaerneHunii ¢ Bospacraro-
Liew, yObIBaOLLE U NOCTOAHHOW MHTEHCUBHOCTbLIO 0TKa30oB. Pacnpeaenenve Benbynna MoxeT ObiTb npumMe-
HEHO K LUIMPOKOMY CNEeKTPy AaHHbIX. HapaboTka ao oTkasa, Konu4yecTBO LMKIOB A0 0TKasa, npober Ao oTkasa,
MEXaHWUYECKOe HaMPsHKEHUE UMW aHanorM4YHble HEMpepbiBHbIE NapameTpbl AOIMKHbI ObiTh 3a(PUKCUPOBAHBI
Ansa Bcex o0bekToB. Pacnpegenenne pecypca MoxeT ObiTb CMOAENUPOBAHO AaXe B TOM Crydae, Koraa He
BCe 0OLEKTbI OTKasanu.

B HacTosiLlem ctaHaapre NpeacraBneHo pykOBOACTBO NO NMPOBEAEHUIO aHanu3a AaHHbIX C UCMOMb30o-
BaHMEM 3MEKTPOHHbIX Tabnuy. Takke AaHO PYyKOBOACTBO MO MPOBEAEHUIO aHanu3a OTLENbHO N0 KaXkaomy
pexmmMy 0TKasa u ugeHTuduKkaLmm CBOMCTB COBOKYNHOCTEN. icnonb3oBaHue TpexnapaMeTpUYecKoro pacrnpe-
aenenus Beinbynna no3sonseT nony4ntb MHopmMaumio o HapaboTke 40 NepBoro oTkasa UM MUHUMAanNbLHOM
N3HOCOYCTOMYMBOCTH.

B pasgene «HopMaTuBHbIE CCbINKU» HACTOSLLErO CTaHAAPTa CCbINKU Ha MEeXAyHapoaHble cTaHaapThbl
3aMEHEHbI CCbINKaMU Ha HaLUMOHanNbHbLIE CTaHAapThI.
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HAUMOHANBbHBIL CTAHOAPT POCCUNCKON SGERJREPALUUM

CraTrucrtuyeckme meroabl

PACMNPEOENEHVUE BEUBYNNA.
AHANN3 JAHHBIX

Statistical methods. Weibull distribution. Data analysis

Dara BBeaenuna — 2018—12—01

1 O6nacTb NnpumeHeHus

B HacToALlEeM cTaHgapTe yCTaHOBNEHbI METOALI aHanuM3a AaHHbIX U3 pacnpeaeneHusa Benbynna, npea-
HasHa4YeHHbIX ANsi HENpPEepPbIBHbIX NOKa3aTenei, Taknux kak Hapabotka oo oTkasa (BpeMs 40 OTKa3a, Konude-
CTBO LMKMOB A0 0TKa3a, MEXaHUYECKOe HanpskeHwe U T. n.).

Hacrosiuin ctaHgapT npuMeHUM B CnyqasXx, koraa AaHHble O rnokasarensx, Takux kak Hapabotka o
OTKasa, MOXHO MONy4nTh NO CryyanHom Bbibopke 00bEKTOB, (OYHKLIMOHUPYIOLLIMX B YCOBUAX UCMbITAHUI UNU
0BCNyXMBaHMSA, MPU STOM LIEMbIO MCCNEA0BaAHUI ABNSETCA OLEHKa nokasaTtenei 6e30TKasHOCTU 0GbLEKTOB CO-
BOKYMHOCTHU, U3 KOTOPOI oTOOpaHa BbibopKa.

Hacrosiumin ctaHgapt npMMEHUM K AAQHHbLIM, OTHOCUTENLHO KOTOPBLIX YCTAHOBMNEHO, YTO OHU SIBAAIOTCSA
He3aBMCUMbIMU U NPUHAANEXAT OAHOMY U TOMY Xe pacnpeaeneHuto. 3To yCroBue A0MKHO ObiTb NPOBEPEHO
nnn npegnonaraertcAa UCTUHHbIM.

B HacTosLEeM cTaHaapTe YuCneHHble U rpadudeckue MeToabl onucaHbl NOCPEeACTBOM rpachukoB u ana-
rpaMm, YTO NO3BONSAET NPUMEHUTb KPUTEPUU COrNAcua, OUEHMBATL NapameTpbl ABYX UK TpexnapameTpuye-
cKoro pacnpegenexus Benbynna u cTpoutb foBepuTENbHbIE rPaHULbl. B cTaHaapTe Takke NpUBeAEHO py-
KOBOACTBO MO WHTEpPMNpeTauuu noCTpoeHHbIX rpadukoB B COOTBETCTBUMU C (DYHKLMEN OMACHOCTU, peXXMMaMu
0TKa30B, 0COOEHHOCTAMMW COBOKYMHOCTH, HApaboTKOM A0 NEPBOrO OTKa3a U MUHMMAasbHOW U3HOCOCTOMKOCTbIO
06bEKTOB BbIBOPKMU.

2 HopmatuBHbI€ CCbINKU

B HacTosweM cTaHgapTe UCnonb30BaHbl HOPMATUBHBIE CCbISIKU HA CrieayloLwme CtaHaapTbl:

FOCT P 27.607 HalexHocmb 6 mexHUKe. YnpaerneHue Ha0exxHOCMbIO. YCri08us rnpoeedeHus Ucrbiima-
Hull Ha 6e30mKa3HOCMb U cmamucmuYecKue Kpumepuu u MemodQ0bl OUEHKU UX pe3yribmaimos

FOCT P 50779.21 Cmamucmudeckue memoosbl. Mpasuna onpedeneHusi u MemoObi pacdema cmamu-
CMUYECKUX Xapakmepucmuk rno ebibopoyHbiM 0aHHbIM. Yacme 1. HopmarnbHoe pacnipedeneHue

MpumevyaHne — lMpK NONb3OBAHUKU HACTOALWMM CTaHAapTOM Lenecoobpa3Ho NMpoBepUTb JEeACTBUE CChi-
NIOYHbIX CTaHAapToB B MHOPMAaLMOHHOK cucTeMe obLLero nonb3oBaHust — Ha oduyuansHoOM caifite depeparnbHoro
areHTcTBa Mo TEXHUYECKOMY PErynmpoBaHnio U METPONOrUA B CETU NHTEPHET WK NO eXeroqHoMy MHMOPMaLMOHHOMY
yKasaTento «HaumoHanbHble CTaHAapThI», KOTOpbIA onyBrinkoBaH NMo CoCTOSHWIO Ha 1 SiHBapS TEKyLLero roga, W no Bbi-
nyckam exeMecs4HOro MHopMaLMoOHHOro ykasarensa «HauuwoHanbHele cTaHfapTbi» 3a Tekywuid rog. Ecnn 3ameHeH
CChIJTOYHBIA cTaHAapT, Ha KOTOPbIA faHa HeAaTUPOBaHHAas CCbiNKa, TO PEKOMEHAYETCA WCMoNb3oBaTh [ EeNCTBYIOLLYIO
BEPCUIO 3TOro cTaHjapTa C Y4eTOM BCeX BHECEHHbIX B AaHHYI BEPCUIO U3MEHEHWNA, eCni 3aMEeHEeH CCbINMOYHbIA CTaH-
[apT, Ha KoTopbli AaHa AaTUpoBaHHas ccbiflika, TO PEKOMEHAYETCA UCMOoNb3oBaTh BEPCUIO 3TOro cTaHfapTa ¢ yKasaH-
HbIM Bblllie FOAOM YTBEPXAEHUA (NPUHATUA). ECK nocne yTBepXAeHUSA HacTOsLero cTaHjapTa B CChINIOYHbIA CTaH-
JapT, Ha KoTopblil AaHa AaTupoBaHHas cchblflka, BHECEHO U3MeHeHUWe, 3aTparvsalollee NonoXeHue, Ha KoTopoe faHa
CCbIfKa, TO 3TO MOMOXEHUe PeKOMeHAYeTCA NPUMeHATb 6e3 ydYeTa faHHOro u3aMeHeHus. Ecnu ccbinoudHblil cTaHgapT
OTMeHeH 6e3 3aMeHbl, TO MOMoXeHne, B KOTOPOM JaHa CChifika Ha Hero, pekoMeHAyeTcs NpUMEeHATb B YacTu, He 3a-
TparvBatoLLen aTy CChINKY.

M3paHue ocouumnanbHoe
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3 TepMUHbI, onpeaeneHus, CokpaweHua n o603HaueHun

3.1 TepMuHbI U onpeaeneHuna

B Hacrosiwem craHgapte NnpuMeHeHbl TepMuHbl No [1], [2], a Takke cneayowme TEPMUHBLI C COOTBET-
CTBYIOLLMMU OMPEAENEHUAMM:

3.1.1 ueH3ypupoBaHue (censoring): MNpekpaweHne UCNbITaHNn N0 UCTEYEHUU YCTAHOBAEHHOIO Npo-
MEXyTKa BPEMEHU UMW NPU JOCTUXEHUMN YKA3aHHOTO KONMYECTBa OTKa30B.

MpumMmedaHne — 3aBepLIJeHHbIe ncnblTaHuA NpU HanU4YUK He OTKa3aBLUUX 06LEKTOB UHOrAa HasblBaOT UeH-
3ypupoBaHHBIMU UCNBITAHUAMU, a AaHHble, NoNy4YeHHbIe B Npouecce Taknux ucnblTaHWi, MOryT ObITb UeH3ypupoBaHHbIMU
AaHHbIMW.

3.1.2 npUOCTaHOBIEHHbIN 00BbEKT (suspended item): OGbLEKT, UCMBLITAHMSA KOTOPOr0 NpepBaHbl Npu
OTCYTCTBUMW YYUTbIBAEMOTO OTKa3a.

MpumMmedaHus

1 Y o6bekTa MOXET He ObITb 0TKa3a U OH MOXET UMETh 0TKa3 B PeXxumMe, OTIIMYHOM OT UCCNeaYeMOoro.

2 «PaHHAs npuocTaHoBKa» — MPUOCTaHOBKa A0 NepBoro oTkasa. «o3aHAs NpuocTaHoBKa» — NpUOCTaHOBKa No-
cre nocriefHero otkasa.

3.1.3 pecypcHble ucnbitaHua (life test): cnbitaHuA, nposognmble ANg OUEHKU UAKM NOATBEPXKAEHUA
pecypca obbekTa.

MpumMeuaHue — Pecypc 4acTo onpegenstoT kak HapaGoTKy, Npy KOTOPO JOCTUrHYT onpeaeneHHLIA NPoLeHT
OTKa3aBLUMX HeBOCCTaHaBNMBaeMblX 06LEKTOB, UM HapaboTKy, NPW KOTOPOW MHTEHCUMBHOCTL OTKa30B BOCCTaHaBNUBae-
MbIX 0GBbEKTOB BO3pacTaeT A0 ONpedereHHOro ypoBHs.

3.1.4 HeBOCCTaHaBnUBaeMbI 06BbEKT (non-repairable item): OBBLEKT, KOTOPLIN NPU 3aAaHHLIX YCNO-
BUSIX MOCIE 0TKa3a HE MOXET ObITb BO3BPALLEH B COCTOSIHUE, B KOTOPOM OH MOXET (DYHKLMOHMPOBATL B COOT-
BETCTBWU C YCTAHOBMEHHbIMW TPpeGOBaHWUAMM.

MpuMeyvyaHUue — 3aaaHHbLIMM YCOBUSIMU MOTYT BbITb TEXHWYECKUE, SKOHOMUYECKUe, SKonorndeckue nunu
Apyrue ycrosus.

3.1.5 Hapa6bortka (operating time): MNpogomKUTENLHOCTL PaboThbl, B MPOLIECCE KOTOPON 00BLEKT HAXOAUT-
cs B paboTocnocobHOM COCTOSIHUMN.

MpumeyvyaHne — HapaboTtka aBnsieTca obLWUM NOHATUEM U ANA Kaxoro o6bekTa AormkHa ObiTb BblpaXeHa
B COOTBETCTBYHOLUUX YETKO YCTaHOBMNEHHBLIX €4MHMLaX, HarnpuMmep, B KaneHLapHoM BpeMeHHU, B KonudecTtBe paboumx uu-
KrnoB, AnWHe npobera u T. .

3.1.6 yuuTtbiBaeMbIi oTkas (relevant failure): OTkas, KOTOPbIN AOIKEH ObITb YUTEH NPU MHTEPNpETaLUK
pe3ynbTaToB UCMbITAHWUI MU PYHKLMOHUPOBAHUS 0GBEKTA UM NP BbIYMCIIEHUMM NOKa3aTensi 6e30TKasHOCTH.

MpuMeyaHune — CreayeT ycTaHOBUTb KPUTEPUIA, MO KOTOPOMY OTKa3 MOXET ObITb yUTeH.

3.1.7 ncnbiTaHuA Ha Ge3otkasHocTb (reliability test): SkcnepumeHT, npoBoAUMBIN ANA U3MEpPEHUS,
KONMMYECTBEHHOrO onpeaeneHns unm knaccudukaumm Mepbl Unu cBoncTea 6€30TkasHOCTH 00bekTa.

MpumedaHus

1 McenblTaHua Ha 6e30TKasHOCTb OTNUYaTCH OT KIUMaTUYeCcKux VICanTaHVII7|, Lenblo KOTOPbLIX ABNAETCA AOKa3a-
TENbCTBO TOrO, YTO 0OBEKT MOXKET COXPaHSATL CBOU CBOWCTBA B 3KCTPEMAbHBIX YCITOBUSX XpaHEHUS!, TPAHCNOPTUPOBKU 1
ncnonb3oBaHUA.

2 VcnbiTaHus Ha 6e30TKasHOCTb MOTYT BKIIOYaTh B ce65 KnuMaTUYeckue UCbITaHus.

3.1.8 peMOHTUpYeMbIit 06bEKT (repairable item): O6bEKT, KOTOpLIN B ONpefeneHHbIX YCNoBUSAX nocne
oTKasa MOXeT OblTb BO3BPALLEH B COCTOAHWE, B KOTOPOM OH MOXET (PYHKLIMOHMPOBATbL 3aaHHbIM 06pa3oMm.

MpumevyaHne — 3agaHHLIMU YCNOBUAMU MOMYT ObITb TEXHUYECKUE, SKOHOMUYECKUE, IKONOrMHeckne n/mnm
Lpyrve ycrnosus.

3.1.9 Hapabotka go otka3sa (time to failure): CymmapHan HapaboTka o6bekTa ¢ MOMEHTA Ha4ana ero
PYHKUMOHUPOBAHUS (MK C BOCCTAHOBIIEHUS) A0 OTKa3a.

MpumeyaHue — EcnuBpemsi XxpaHEHUA UNKU HaxoxXAeHNS 06bekTa B pe3epBe 3HaUUTENLHO Gonblue BpeMeHu
dyHKUMOHUpOBaHUA 06bekTa, HapaboTka 40 OTKa3a MOXET 3aBUCETL OT 3Toro nepuoa.

3.1.10 napabotka mexay oTkaszamm (time between failures): MHTepBan BpeMeHun mexay nocneaosa-
TENIbHbIMU OTKa3aMu.

2
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MpumevaHunsa

1 HapaGoTka mexay oTkasamu BKIHOH@ET NPOAOMKNTENBHOCTE PYHKLUMOHUPOBAHNS U BPeMs NMPOCTOS.

2 Ecnu Bpems XpaHeHUs U HaxoxaeHns o6bekTa B pesepse 3Ha4uTenbHo 6onblue BpeMeHU PyHKLUMOHMPOBaHNUA
obbekTa, HapaboTka 10 OTKasa MOXET 3aBUCETb OT 3TOro nepuoga.

3.1.11 B-pecypc, L-npouentuns (B life, L percentiles): Nepuoa BpemeHu, B Te4€HUE KOTOPOIO OTKa3bl-
BaeT 3a4aHHbIN NPOLEHT 0OLEKTOB.

MpumeyaHue —Byy-pecypc— nepuos BpeMeHu, B npoLiecce Kotoporo otkasano 10 % o6bekToB (Hanpumep,
MOALWMMHMKOB). MHorga aToT nepuog obosHaqatoT Kak L-pecypc. B-pecypcbl MOryT 6biTh NONyYeHbl HENOCPEACTBEHHO MO
rpacuky pacnpeneneHus Benbynna unu 6onee TouHo no copmMyne pacnpefeneHus Beibynna. Mepnoa Bpemenu, 3a
KOTopblit oTkazarno 50 % o6bekToB, NpeacTaBnseT coboi Bgy-pecypc, T. €. MeanaHy HapaboTku Ao oTkasa.

3.2 CokpauweHus

B HacTosiLIeM CTaHAapTe NPUMEHEHbI CNEAYIOLWNUe COKPALLEHNS:

ASIC — wuHTerpanbHas cxema cneumanbHOro HasHauYeHus;

BGA — maccuB Lwapukos (T KOprnyca noBepxHOCTHO-MOHTUPYEMbBIX UHTErPasnbHbIX MUKPOCXEM);
CDF — dwyHKUMA pacnpeaeneHus;

PDF — dyHKUMA NAOTHOCTM pacnpeaeneHna BepOATHOCTEN;

MLE — oueHka makcumansHOro npasaonoaobus;

MRR — perpeccus MeanaH paHros;

MTTF — cpeaHsaa HapaboTka 4o oTka3a.

3.3 O603HaYeHnA

B HacTOALLIEM CTaHAAPTE NPUMEHEHBI CReayIoLLne YCrIOBHbIE 0603HAYEHUS:

t — Hapabotka (nepemeHHas), 0603HavaoLWwan Bpems;

n  — napameTp macwraba pacnpeaeneHus Belibynna, Bg3,2-Pecypc;
B — napametp copmbl pacnpeaenenunsn Benbynna;

fy — HapaboTka, 40 KOTOPOV He GbiNo HK OAHOTrO 0TKa3a,

2 — Ko3(phULUMEHT feTepMUHaLMU (K — KOIMDMDULIMEHT KOPPENALUK);
f(f) — yHKUMA NNOTHOCTU BEPOATHOCTEMN;

F(f) — dyHKUMA pacnpegenexus;
h(f) — yHKUMA onacHoOCTY;

M) — MrHOBEHHAasl UIHTEHCUBHOCTb OTKA30B;

H(f) — wvHTerpanbHas (KymynaTuBHas) (pyHKLMSI ONacHOCTH;
F{ — KOnM4ecTBO OTKA30B ANs pexuma oTkasos 1,

F, — KONMYecCTBO OTKA30B ANs pexuma OTKasos 2;

F3 — KONMYEeCTBO OTKA30B ANs pexuma 0Tkasos 3.

4 lNMpuMeHeHMe MeToaoB

B tabnuue 1 npuBeAEeHbl YCNOBUS NPUMEHEHWUS MOMOXEHW HacTosilero craHpapra. [okasaHbl Tpu
OCHOBHbIX METOAA ONnpeAeneHns OLEeHOK napaMeTpoB pacnpeseneHusa Beinbynna, a UMEHHO rpaduyeckui,
BbIYMCMUTENBHLIN U aHanu3 Beilbynna — Baiieca. MNpuBeaeHO COOTBETCTBME MEXIY METOAAMU U UCTIONb3Y-
eMbIM1 TUNAMU JaHHBIX.

Tabnuuya 1— PykoBogCcTBO MO NPUMEHEHUIO HACTOSALLEro cTaHaapTa

MeToa/Tun AaHHbIX Mpacpuyeckme metoAbl BbluncnuTensHble MeToabl AHanmzzgggznna -
LieH3ypupoBaHHbIA UHTepBarn v HP v
MHoxecTBEHHOE LieH3ypupoBaHne \ HP \Y
EAnHnYHOe LeH3ypupoBaHue v \ v
OTcyTcTBUE OTKa30B HP HP v
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OkoHYaHue mabnuupsi 1

AHanus Benbynna —
MeToa/Tun AaHHbIX padmyeckme meTobl BblucnuTenbHble MeToabl Baiieca

HebonbLwoi 06bem BeIGOpKM (< 20) v HP \Y
BonbLioit 06beM BbIGOPKM v \Y HP
[aHHble, fatoLie UCKPUBMEHHBINA v HP HP
rpaduk

[NonHble AaHHble v \% \

MpumedyaHune—HP — He paccMOTpeHbl B HAacTosILLEM CTaHAapTe.

5 PacnpepeneHue Benbynna

5.1 OByxnapametpuyeckoe pacnpeaeneHue Benbynna

JByxnapameTtpuyeckoe pacnpeaeneHue Beiibynna — pacnpeaeneHue, Hanbonee LwmpoKko Ucnonb3aye-
MOe npu aHanuse pecypca. PyHKUMA NNoTHOCTM BepoaTHocTeln (PDF) ansa pacnpeaeneHus Benbynna umeer

Bua (1):
B
t
f)=ple (ﬁj , 1)

roe t — HapaboTka, paccMaTtpuBaemas kak nepeMeHHas;
n — napameTtp macwraba pacnpeaeneHus Benbynna;
B — napameTp dopmbl pacnpeaenennsi Benbynna.
dyHKUMa pacnpeaenennsa Benbynna umeet sug (2):

F(t)=1-e P @

PyHKUUS UMEET ABa napaMeTpa: 1 — pecypc u § — napametp opMbl pacnpeaenerus. Mapamerp dop-
Mbl NOKa3bIBAET CKOPOCTb M3MEHEHUS MTHOBEHHOW WHTEHCUMBHOCTM OTKa30B BO BpeMeHu. Mpumepammu cobbiTuii
MOTYT ObITb PAHHUI 0TKA3, CMyYaiHbI 0TKa3 UK U3HOC. B 3aBUCMMOCTM OT KOHKPETHOTO Cry4as paccmarpuBa-
0T NoAxXoAsiLee pacnpeaeneHue u3 cemeicTea pacnpeaenenuii Benbynna. PasnnuHele pacnpegeneHus sToro
CeMeincTBa oTnm4yarTca PopMon PYHKLMKU NIIOTHOCTU BEPOATHOCTEN (CM. pucyHok 1). C nOMOLLbLIO pacnpeae-
nexHus Beiibynna mMOXxHO onucaTs ropasgo 6onee LMpOKUIA Anana3oH PECYPCHLIX AaHHbIX, YEM C MOMOLLbLIO
apyrux pacnpeaeneHuii. MepemeHHas t apnaetca obLwen Ansa pacnpeaeneHuin u MOXeT nNpeacTaBnsATb co6oi
pasnuyHble BEMUYUHLI: BPEMS, PACCTOSIHWE, KOMMYECTBO LIMKITOB, MEXAHUYECKOE HaMpPsKeHME.
M3 pucyHka 1 BUAHO, YTO MAOTHOCTL pacnpeaeneHus npu 3 = 3,44 BbIrMAANT Kak PyHKUMSA NAOTHOCTU
HOPMarnbHOro pacnpefeneHus, 3a UCKMIYEHNEM XBOCTOB pacrpeaeneHus.
MrHoBEeHHasi MHTEHCUBHOCTbL 0TKa30B A(f) [Mnn cyHkuma onacHoctu h(f)] AByxnapameTpu4eckoro pac-
npeaeneHusa Benbynna umeer sua:
£h-1
Mb) = h(t) =5~ ©)
n

Bbiaenaior Tpu guanasoHa napamerpa opmbl 3:

- npu B = 1,0 pacnpegeneHne Benbynna naeHTUYHO HOPManbHOMY pacnpeageneHuto, a MrHoBeHHas
WHTEHCMBHOCTL OTKa30B A(f) npeacTtasnseT cOO0N KOHCTaHTY, paBHyO 0OpaTHOMY 3Ha4YEHUIO napaMeTpa Mac-
wraba n;

- npu > 1,0 MrHOBEHHasi UHTEHCUBHOCTb OTKA30B BO3PACTAaET;

- npu B < 1,0 MTHOBEHHAsA UHTEHCUBHOCTb OTKA30B yObIBaET.

3HadeHune n npeacraBngeT coboi HapaboTKy, B Te4eHne KOTOpon B cpeaHem oTkasbiBaeT 63,2 % Ha-
oniogaemMbix 0OGbEKTOB. 3TO CNpaBeAnnBO ANA BCeX BUAOB pacnpeaeneHuns Benbynna, 6e30THOCMTENBHO na-
pametpa 3. Ecnu B npouecce HabnoaeHun oTKkasaBlUMe OObLEeKTbl 3aMEHSAKT UCMPAaBHbLIMU, TO B CPeaHEM
63,2 % HapaboTok A0 oTka3a OyaeT MMEeTb 3HaYEHMEe MEHbLLEE UMM paBHOe 3Ha4YeHuto n. bonee nogpo6Ho
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T
35
30
=05
25
2,0
0 05 10 15 2,0 25 3,0 35

VI3MeHeHVe nokasaresisi ¢ TeYeHeM BpeMeHn

PucyHok 1— dopmMa doyHKLMM M/IOTHOCTW BEPOSITHOCTEl [/ cemeiicTea
pacnpegenenwii Beiibynna npu g = 1,0

06cyXaeHne BOCCTaHaB/MBAEMbIX U HEBOCCTaHaB/MBaeMbiXx 06beKTOB npuBegeHo B FTOCT P 27.607. 3Ha-
yeHue, paBHoe 63,2 %, NonyyeHO Npu NoAcTaHOBKe t = g B hopmMyny (2), 4TO B uTOre gaeT BblpaxeHue (4):

F(ri)=1-e-(U/li)p=1-e<Pp =1- (1/e) =0,632. @)

5.2 TpexnapameTpuuyeckoe pacnpegeneHvne Beinbynna

OYHKUMA pacnpeeneHns TpexnapaMeTpuyeckoro pacnpegeneHus BeliGynna umeet sug;

Q)

MapameTp t0 Ha3bIBAIOT HAPabOTKOM, 0 KOTOPOI HET OTKA30B, NapameTpoM NOSIOXEHUS UK MUHUMaTTb-
HbIM PECcypCOM.

Heo6xoanMmoe MOHUMMaHWE BAUAHWSA MNapameTpa MOIOKEHNSA O06bIYHO He MPUXOAUT A0 O6HapyXeHus
TOro, 4To AByXnapameTpuyeckoe pacnpegeneHve Beilbynna nnoxo onuceiBaeT faHHble. Mpu HabnwoaaemMom
HeloCTaTOYHO XOpOoLUeM NPUGAMXEHUN 06bIYHO MbITAIOTCA UCMO/L30BATb ApYyroe pacnpejgeneHve ans 6onee
TOYHOrO OMMCAaHUS AaHHbIX. OAHAKO NPUBAMKEHNE MOXET 6biThb YYULLEHO NpY UCMONb30BaHNN TpexnapameT-
puueckoro pacnpegenexus Belibynna (cm. 8.5). icnonb3oBaHne napameTpa NOOXKEHUs SBHO yka3blBaeT Ha
TO, YTO OTKas3bl CMeLLEeHbl Ha hMKCMpoBaHHY0 HapaboTKy, Ha3biBaeMyl0 NOPOrosoli. BavaHne napamertpa no-
NOXeHns1 06bI4HO HabNoAAEeTCA, KOrjga UCCNedyloT «CPOK XpaHeHus» 06bekTa, nocnie KOTOporo nosisaseTcs
nepBblii 0TKa3. XOpOoLMM UHAUKATOPOM B/VSHWSA napaMeTpa NonoxeHus sensetcsa dopma rpaduka.

6 OnwuncaHune gaHHbIX

6.1 Tunbl gaHHbIX

JaHHble 0 pecypce cBsi3aHbl CO CTapeHneM 06bEKTOB. [laHHble 06 0Tkasax, On1CbIBaEMbIE pacnpesene-
Huem Belibynna, 06bI4HO ABMSIOTCA AAHHBIMU O PECYPCE, HO Takke MOryT ObITb AaHHLIMU, KOr4a cTapeHue Bbl-
3blBaET BO3AENCTBME ONpeaenieHHol Harpysku, Hanpumep, AaBfeHus, CUbl UK TemMnepaTtypbl. «Bo3pactom»
06beKTa MOTYT 6bITb BPeMsl (PYHKLIMOHMPOBAHUS, 3amnyCK1 U OCTAHOBKM, MPU3EM/IEHUS, B3/eTbl, KOIMYECTBO
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LIMKIIOB (ManouMKNoBas yCTanocTb), epuoa XpaHeHUs!, KOMMYECTBO LIMKNOB Unu BpeMs paGoTbl N0/ BLICOKUM
JaBneHueM Unn Npu BLICOKON TEMNEpAType UK Apyrue napaMeTpbl. B HacToswee Bpems nokasarens «Bo3-
pacta» Ha3saH HapaGoTKoi. Mepoii HapaBOoTKU MOXET CRYXUTb OANH U3 NEPEUYNCNIEHHBIX BbILLE NOKA3ATENEN.

6.2 Hapa6oTka oo orkasa

Moa Hapa6otkoi B pacnpeaeneHun Benbynna o6bIMHO MOHMMAIOT PECYPCHBIN NoKasarenb, KOTOPbIM
MOMET OblITb:

- HapaboTka 40 NepBoro 0TKkasa BOCCTAHABNMBAEMOrO 0ObLEKTA;

- HapaboTka 40 0TKa3a HEBOCCTAHABNMBAEMOIO 00bLEKTA;

- HapaboTka OT Hayana (PyHKLUMOHMPOBAHUA A0 KAXAOro OTKa3a BOCCTAHABNMBAEMOI CUCTEMbI, €CNU
HEBOCCTaHaBMMBaeMbli 0OBLEKT B CUCTEME OTKa3biBaeT 6onee oAHOro pasa B TedeHue nepuoaa HabnioaeHmil.
Mpu aTom npegnonaraeTcs, YTO BOCCTAHOBAEHUE (3aMeHa) 06bekTa He NPUBHOCUT AONONHUTENbHbIE OTKAa3bl,
Takum 06pa3oM, MOXKHO CUMTATb, UTO CUCTEMA NOCNE PEMOHTa UMEET Ty ke 6e30TKa3HOCTb, YTO U Henocpea-
CTBEHHO nepej OTKa3om;

- HapaboTka A0 nNepBOro 0Tka3a HEBOCCTAHABNUBAEMOro oObekTa ¢ NocneayowmuM 3annaHMpoBaHHbIM
TeXHU4ECKkuM 06CnyXMBaHMeM B NPEANONOKEHUN, UTO OTKA3 CBSI3aH C NPeALIEeCTBYIOLLMM TEXHUYECKUM 06-
cnyxueaHuem obbekTa.

6.3 XapakrepucTuku matepuana m pacnpeaenesue Bendynna

XapakTepucTuku marepuara, Takue Kak nos3y4ecTb, yCUnue paspbisa Unu U3noma, ycranoctb Matepu-
ana 4yacTo NPeACTaBAAIOT Ha cneLuarnbHON BEpOATHOCTHON Gymare pacnpeaenenus BeiGynna. Mo ropusox-
Tanu oTKNaabIBaloT NOKa3aTenu: ycranocTtu, KONMYEeCTBa LUMKIOB, HAarpy3ku, KONMYECTBA NOBTOPHbIX HArPy30K
UM TEMNepaTypsl.

6.4 O6bLeM BbIGOPKH

HeonpeneneHHOCTb, CBA3aHHAsi C OLIEHKOW napameTpoB pacnpeaeneHus Beibynna, ceBaszaHa ¢ 00b-
€MOM BbIOOPKM U KONMYECTBOM OTKa30B. [apameTpbl pacnpeaenenust Beibynna moryT 6biTb OLIEHEHBI AaXe
npy HaNUYUMKU ABYX OTKA30B; OAHAKO HEONPEAENeHHOCTb TaKoN OLEHKU ByaeT CAULLKOM BENUKA U HE CMOXET
NOATBEPAUTL NMPUMEHUMOCTb MoZenu Beinbynna. Ons moboro o6bema BbIGOPKU A0OBEPUTENBHLIE rPaHULIbI
ZAO0JDKHbI ObITb BbIMUCIEHBI U HAHECEHbI Ha rpaduK Ans onpeaeneHna HeonpeaeneHHOCTU OUEHOK. Kak u npu
BCAKOM CTaTMCTUMYECKOM aHanuse, 6onbluee KOSIMYECTBO AaHHbIX NO3BONAET NONy4UTL Gonee xopoLume oLeH-
KW, HO ecnu Habop AaHHbIX OrpaHuYeH, TO CrieayeT AeWCTBOBATb B COOTBETCTBUM C nonoxeHuamu 11.3.

6.5 LleH3sypupoBaHHble JaHHble

B aHanu3 gaHHbIX 0 pecypce HeoOXOAMMO BKMOYaThb AaHHble O Tex 0bbekTax BbIBOPKMU, ¥ KOTOPbIX
He npousoLllen oTka3. Takumu AaHHbIMKU ABMAOTCA LEH3YPUPOBAHHbIE AAHHbIE U AAHHbIE O NPUOCTAHOBKAX
(cm. FOCT P 27.607). Ecnu Habnioganuck HapaboTKM 10 0TKa3a BCex 0ObEKTOB, JaHHbIE CHUTAIOT NOMHbLIMU.

O6GbekT, y KOTOPOro He ObINo 0TKa3a COOTBETCTBYIOLLUETO pPeXuMa B NpPoLecce UCMbITAHUI, ABNSETCA
L€H3YPUPOBAHHLIM MU MPUOCTAHOBMEHHbLIM. OH MOXET MMETbL OTKA3 APYroro pexuma unu sooodLue He UMeTb
0TKa30B. «PaHHsIA NpMoCTaHOBKay npeactaBnser co6oi NpUoOCTaHOBKY A0 NepBOro otkasa. «MosaHsas npu-
OCTaHOBKa» — 3TO MPUOCTAHOBKA NOCMe NOcnefHero otkasa. MNpuocTaHoBKa Mexay OTKazamu Ha3biBaeTcs
CNy4aiHOi UNn NPOrpeECCUpYyoLLIE NPUOCTAHOBKOW.

Ecnu 00bekT ocTaeTcs He OTKasaBLUMM, €ro HasbIBAIOT LIEH3YPUPOBAHHLIM. ECNK UCNbITAHUA 3akaHuu-
BalOTCSl B YCTAHOBNEHHOE BpeMs T, 10 TOrO Kak OTKasanu BCce 00bLEKThbl, TO AaHHbLIE HA3bIBAIOT LIEH3YpUPO-
BaHHbIMW N0 BpeMeHu. Ecnu ucnoitaHnsa 3akaH4nBatoT NOCAE TOro, Kak 0TKa3ano ycraHOBNEHHOE KONUYECTBO
00BbEKTOB, TO AAHHbIE HA3bIBAKOT LIEH3YPUPOBAHHLIMMW MO KONMMMYECTBY OTKA30B.

OBcyxaeHne acnekToB LEeH3ypupoBaHusa npuseaeHo B FOCT P 27.607.

7 Mpadbnueckne meroabl U KPUTEPUUN cornacus

7.1 O6wwue NonoxeHus

paduyeckunii aHanu3 COCTOMT B HAHECEHUN AaHHbIX HA BEPOATHOCTHYIO Bymary pacnpeaenexus Beii-
Oynna, NpoBEAEHUN JIMHUM YEPE3 HAHECEHHbIE AaHHbIE, UHTEpNpeTauuu rpaduka u onpeaeneHns oUeHOK
napamMeTpoB C MCMONb30BaHMEM BEPOSITHOCTHOW Oymarn pacnpegenenus Beinbynna, nossonsiowlei npea-
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cTaBuTb OyHKUMIO pacnpeaeneHus Benbynna B Buae npsiMoii. COOTBETCTBYIOLLMI NPUMED NPUBEAEH B NMPU-
noxxexHuu |.

HaHHble Ha rpaduke ykasbiBaloT NOCNE UX yNOpsSAOUUMBAHUA B NOpsAAKe HeyObIBaHWUS (PaHXXMPOBAHUS).
Hapa6otky A0 0TKa3a HaHOCAT NO KOOPAUHATHON ocu X BepPOSATHOCTHOI Bymaru pacnpegeneHus Beiibynna.

KoopauHara Y npeacraenser coboin meamaHy paHra B cooTBeTcTBUM C 7.2.1. [ns BbIGOpPOK, 06beM
KOTOpbIX NpesbiwaeT 30 eAuHUL, MEAMaHa paHra NpakTUYeCKM COBMagaeT ¢ NPOLEHTOM OTKa3oB. Ecnu ans
HaHECEeHHbIX AaHHbIX MOXHO NPOCNEAUTb MUHEHBIN TPEH, TO MOXET ObITb NPOBEAEHA NUHUSA PErPECCUM.

3arem no nonyyYyeHHoOMy rpadpuky MoryT BbiTb onpefeneHbl OLEHKM napameTpoB. MapameTrp Macwraba
1 npeacrasnseT coboi MOMEHT BPeMEHMU, B KOTOpbIi 63,2 % 0GLEKTOB 0TKasarno, ero HasbiBatoT Bes,z-pecypc.
MapameTp dopmMbl § ONPesensioT Kak TaHreHC yrna HaknoHa NUHUKM Perpeccun Ha BEPOSTHOCTHOW Bymare
Benbynna.

Perpeccus MmeguaH paHroe npeacrasnseT cobor METoh, MCNONb3yeMbIn ANS MONy4YeHUs OLEHOK napa-
METPOB pacnpeaeneHus nyTem NPUMEHEeHMA MeToa NIMHENHON Perpeccum K MeamaHaM paHroB, pecypcam,
HanpPspKEHUAM U T. M.

Apyrum rpacpuyeckuMm MeToaom, UCNoNb3yeMbIM ANs ONpeaeneHnsi OLEeHOK napameTpoB pacnpegene-
Husi Beiibynna, sBnseTca noctpoeHue rpaduka pyHKUMKU onacHoCTU. STOT MeToa onucaH B 7.3.

7.2 NocTpoeHue rpacpuka BEpOATHOCTEN

MocTpoeHue rpadmka BEPOATHOCTEN BLIMOSHAKOT B HECKONBKO 9TaMNOB. Hike NpuBeaeHo Ux AeTansHoe
onucaHue.

7.2.1 PaHXupoBaHue

[ns nocTpoeHus rpadmka BEPOATHOCTEN AAHHbIE PAHXUPYIOT B NOPsAAKE HEYObLIBAHUA 3HAYEHWI Hapa-
6oToK A0 oTKasa. Mpu AaHHOM paHXMPOBaHKUM MO 0CcK aBCLMCC OTKNaAbIBAOT 3HaYeHue f, a No Ocu opauHaT —
3HayeHue F(f) B npoueHTax. 310 AAET MHPOPMALIMIO ANSi NOCTPOEHMUS NTUHUM B COOTBETCTBUM C BbIPAXEHUEM (B).

MeauaHbl paHroB npusefeHbl B NpunoxeHun C. Huxe npuBeaeH npuMep AnA MeAuaH paHra ypoBHS
50 %, ans o6bema BbIGOPKW, PABHOTO NATH; HAWAEHHbIE MEAMAaHbI PAHTOB NMOKa3aHsl AN NATWM HapaboTok A0
0TKa3a, 3Ha4YeHUs KOTOpbIX NPUBEAEHbI B cpeaHeM crtonbue. MpeacraBneHHble B NpunoxeHun C MeauaHbl
paHroB MOryT ObITb HAHECEHbI Ha NGO TUN BEPOATHOCTHON Bymaru, Hanpumep, Ana pacnpeaeneHuii Ben-
6ynna, NorHopMarsbHOro, HOpMarbHOro U pacnpefeneHns AKCTPeMarbHbIX 3HAYEHUN.

MpuMmedvyaHune 1 —EcnupaBe eanHNLbl BEIGOPKM UMEIOT OAHY U Ty Xe HapaboTKy, UX HAHOCAT € pasfuYHLIMU
3HAYEHUSIMU MeJMNaHbl paHra.

Tabnuuya 2 — PaHxnpoBaHue faHHbIX 0 HapaboTke 4o oTkasa

MopsakoBbIi HoMep HapaGOT::i’ r;q; oTkasa { MeAVLZH(a Y§>aHra
1 30 12,94
2 49 31,38
s 82 50,00
4 90 68,62
s 96 87,06

OnpeaeneHue MeauaHsl Gonee NPeAnoYTUTENBHO, YEM OMpPeAENeHUe CPEAHEro UNK cpeaHero apud-
METUYECKOro NSl HECUMMETPUYECKUX pacnpeaenenuit. BonbLuas YyacTb pacnpeaeneHuin AaHHbIX O pecypce
acuMMeTpuyHa, Takum 06pasoM, MegnaHa Urpaet B STOM Cryvae BaXKHYIO porb.

Ecnu Tabnuubl MeauaH PaHros U BbIMUCIIEHUS MEAMAH PAHIOB, MCNONb3yoLWmMe GeTa-pacnpeaenexus,

HEAOCTYMHbI, TO MOXeT BbITb UCNONL30BaHO NpUGNKEHUe BepHapaa:
i-0,3

- = u% , (6)
(N +0,4)

rae N — o6wem BbIGOPKHY;
i — paHr uHTepecyroLen eaAnHNLbI AaHHbIX.

MpumeyaHune 2—BulpaxeHune o6bl4HO ucnoneayroT Npu N < 30; ans N > 30 KOppeKLWs CyMMapHOi 4acToTbl
MOXeT ObITb He3HauNTenbHo: F; = (i / N)-100%.
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7.2.2 Npachmk BeposTHOCTEN ANA pacnpeaeneHus Beibynna

Mocne npeobpa3oBaHMst AaHHbIX rPadUK MOXET ObiTb MOCTPOEH C UCMONbL30BAHUEM TPEX PasnU4YHbIX
METOA0B:

- UCNOMnb30BaHWe BEPOSATHOCTHON Bymaru pacnpeaeneHusi Benbynna (aaHHbil Bu4 BEpOSATHOCTHON Oy-
Maru npeacTasrieH B NpunoxeHuu F);

- UCMONb30BaHME MPOrpPaMMHOro obecrneyeHusi, pabotaroLlero ¢ anekTPOHHbLIMKU Tabnuuamu (npumep
MCMONb30BAHUSA SNEKTPOHHbIX TabNWL NpUBEAEH B NpunoxeHum E);

- KOMMEpYeCKoe nporpamMHoe obecneveHue.

7.2.3 Pa6ota ¢ LeH3ypupOoBaHHLIMU OJAHHBLIMU

HapaboTku He 0TKa3aBLUMX 0OBLEKTOB UM 0OBEKTOB, OTKA3aBLUMX B APYFOM pexume 0Tkasa unm umelo-
LUMX OTKa3 Mo APYromMy Pexumy OTKasa, CHUTAIOT «LEH3YPUPOBAHHLIMUY UMW «NPUOCTAHOBIIEHHLIMUY COOT-
BETCTBEHHO. MogobHbIe JaHHble He cneayeT uckniovaTb. HapaboTku npMocTaHoBIeHHbIX 0OLEKTOB cneayeT
BKIIO4ATb B aHanus3.

MpuBeaeHHas Hwxe opmyna no3BonseT onpeaenuTb CKOPPEKTUPOBaHHbIE paHru 6e3 HeoOxoauMo-
CTW BbIMMCIIEHUSI PaHIrOBbIX NpupaLleHmii. Ee ncnonb3yiot Ans KaXaoro otkasa v BBOAAT B AONONHUTENbHbIN
cTonbeL, ANA MCXOAHBIX paHroB. MeToa COCTOUT B paHXMPOBaHMM AAHHBIX C MPUOCTAHOBKO U UCNONb30BAHUM
dopmynbl (7) 4NA ONPeaeneHnss PaHroB, 3TO NO3BONAET y4eCTb HAPaBoTKM NPUOCTAHOBNEHHBIX 0O LEKTOB:

CKOPPEKTUPOBAHHBI PaHr = (MCXoOHbIV paHr) - (NpeaployLmii CKOPPEKTUPOBaHHbIN paHr) + (N +1) . @
(ncxogHbI paHr) +1

B tabnuue 3 npuBeaeHsbl paHry, NOMy4YeHHbIE C Y4ETOM BKIIOYEHUSA B aHaNuU3 AaHHbIX O TPEX NpUoCTa-
HOBMEHHbIX 0ObeKTax.

Ta6nuya 3— CKOpPPEKTUPOBaHHEIE PaHrU C Y4ETOM NPUOCTAHOBIEHHBIX UMK LIEH3YPUPOBAHHBIX AaHHBIX

PaHr HapaboTka CraTyc Mc);;/:::blﬁ CKOppeKTMPOBaHHbIN paHr MeauaHa paHra

1 10 MpuocTaHOBMEHHbIN 8 MpuocTaHoBNEHHLIN 9,8

2 30 OTka3 7 [7-0+(@B8+1)(7+1)=1,125

3 45 [MpuocTaHOBEHHbIA 6 [MpnocTaHOBMNEHHLIA

4 49 OTka3 5 [5-1,125+ (8 + 1)]/(6 + 1) = 2,438 25,5

5 82 OTka3 4 [4-2,438 + (8 + 1)]/(4 + 1) = 3,750 411

6 90 OTka3 3 [3-3,750 + (8 + 1)]/(3 + 1) = 5,063 56,7

7 96 OTka3 2 [2-5,063 + (8 +1)]/(2+1)=6,375 72,3

8 100 [MprocTaHoBNEHHbIN 1 [MpnocTaHOBNEHHLIA

B aaHHOM npumepe Ans KOPPeKTUPOBKU PAHIOB MCMONb30BaHa annpokcuMauus bepHapaa, uto aenseT-
cs 6onee npocTbiM CNOCOOOM, YeM MHTEpNonAuMAa no Tabnuue. Mpaduyeckoe npeacrasneHue AaHHbIX Tab-
nuubl 3 NpeacTaBneHo Ha PUCYHKe 2.

Mpu nocTpoeHun pacnpeaenenus Belbynna u onpeaeneHun OLEHOK €ro napaMeTpoB annpokcumaums
BepHapaa aons meguaH paHroB SIBMNSIETCA AOCTATOMHONM M MO3BONSET YY4eCTb Hanuuue NPMOCTaHOBOK. 34€eChb
i — CKOppEeKTMPOBaHHbIN paHr, a N — obLuee KOnMUYEeCTBO OTKA3aBLLUMX U MPUOCTAHOBMEHHbIX 00BbEKTOB. Ans
HaHeCeHus Ha BePOSATHOCTHYI0 Oymary pacnpeaeneHus Beiibynna meauaHbl paHroB npeo6pasyior B NPOLEeH-
Tbl. Hanpumep, AnsA nepBoro otkasa B Tabnuue 3, MMEIOLLEro CKOPPEKTUPOBAaHHLIN paHr 1,125:

(1125-0,3)

MepunaHapanra (%) =
Anarapara (%) == "0

-100 =9,82 %. 3)

Ha pucyHke 2 nokasaHa cyHkuus pacnpegenenus Beilbynna ans gaHHbIX, BKAOHAOWMX HapaGoTKu
NPUOCTaHOBMEHHbIX OObLEKTOB.

Boigensior cneayiowme arans! pabotbl ¢ rpaddMkoM A5 AAHHbIX, BKIIOYAOWUX HapaboTkn NPUOCTaHOB-
NEeHHbIX 0ObEKTOB:

a) pawxupoBaHue HapaboToK, KaK OTKA30B, TAK U MPUOCTAHOBIEHHbIX 0OLEKTOB;
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ObLLiee BpemMs UCTbITaHuin
PucyHok 2 — O6Luasa HapaboTka (B MUHyTax)

b) BblYMC/IEHNE CKOPPEKTMPOBAHHbLIX PAHIOB /191 0TKa30B (6e3 HapaboToK NPMOCTAHOB/IEHHbLIX 0OLEKTOB);

C) NpuMeHeHve annpokcumauum bepHapaa Ans BblYMC/IEHUA MeAWaH PaHros;

d) HaHeceHme Ha BEpPOATHOCTHYHO Bymary pacnpegenenns Beibynna HapaboTok o oTkasa (Mo ocu X)
1N MeamaH paHros (no ocu y);

€) onpefeneHve oueHKM napameTpa r| nyteMm cumTbiBaHuA ¢ rpadmka B63 2-pecypca;

f) onpepeneHve oueHkn napameTpa (3C UCMONb30BAHNEM CMEUNaSIbHON NNHENKN WAK LKasl, 06bI4HO
npuBeAEHHbIX HA BEPOSITHOCTHOW Gymare pacnpepenexus Beiibynna;

0) wvHTepnpeTauus rpaduka.

7.2.4 HaHeceHue faHHbIX HA BEPOATHOCTHYI Gymary

HaHeceHust AaHHbIX Ha BEPOATHOCTHYIO GymMary, BbIMO/IHAEMOr0 BPYYHYHO WM C MOMOLLLIO KOMMbIOTEPA,
MOXeT 6bITb AOCTATOYHO A/17 MPOBEPKU COOTBETCTBMA AAaHHbIX pacnpegeneHuio Belibynna. CybbekTuBHas
BU3yasibHas oOueHka 6/71M30CTV AaHHbIX K MPSMON JIMHUM yKasblBaeT Ha UX COOTBETCTBME pacnpefefieHuto
Beiibynna.

7.2.5 lMpoBepka COOTBETCTBUA pacrnpepesneHunto

Ecnn nmeetcsa ckonneHne AaHHbIX, pacnofioXeHHbIX Ha rpadinke BOKPYr NPSIMON IMHWUKW, TO 3TO ABMASET-
€A CBMAETEeNbCTBOM TOr0, YTO AaHHble COOTBETCTBYIOT npenonaraemMomMy pacnpegeneHuo. OgHako npu ma-
NbIX 06BbeMax BbIGOPKU AOCTOBEPHOCTb TakuX BbIBOAOB MOXET OblTb COMHUTENbHON. CyLLecTBYOT cTaTucTu-
yeckue KpuUTepun cornacusi, HanpuMmep, Taknue Kak Kputepuii %-KBa,ElpaT, Kputepwuii Konmoroposa — CMupHoBa
n Kputepuii Hencn MaHHa. B HacToslem cTaHZapTe MCMosib30BaH KBagpaT koadduumeHTa koppensuuu,
Ha3blBaeMbllii KO3(hPULMEHTOM AeTepMUHALUN 2.

( N
N E x/
Exy,

n

(E \/X
xf~N{x? yf-N(yf

VI=1 Y\i=1 /
rae Xy ny MeJuaHbl paHroB 1 HapaboTka [0 OTkas3a, COOTBETCTBEHHO X W Y — cpefHue apudmeTtuye-
ckvie 3HaveHuii x(ny;
N 06bEM BbIGOPKN.
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3HaueHue r2 npeacraenseT cobon AOMI0 BAPUALMM AAHHBLIX, KOTOPAs NOATBEPX/AAET rMNoTesy O pac-
npeaenexun Benbynna. Ecnu koadduumneHT getepmuHauum bnmsok K 1, AnNsa onMCaHMA AaHHbIX fy4llie BCEro
noaxoauT pacnpeaeneHue Benbynna, ecnu koadpuumeHT 6nM3oK K Hynto, TO pacnpeaeneHne Belibynna
NNoxo ONUCbLIBaeT AaHHble. KoadhduumeHT koppensauum r npefHasHavYeH ansa onpeaeneHnsl CreneHu NMHen-
HON 3aBUCMMOCTU MEXAY ABYMSA NEPEMEHHbIMU, I NPUHUMAET 3Ha4YeHusA oT —1 A0 +1 1 3aBUCUT OT yrna Ha-
KIIOHa NpsAMON HA BEPOSATHOCTHOIN Gymare. AnbTepHaTUBHO, €CNKU rpaduk BEPOATHOCTEN NOCTPOEH C UCMONb-
30BaHWEM 3MNEKTPOHHbIX TabnuL, TO NPU NPUMEHEHUN NIMHENHON perpeccumn KoaPULMEHT KoppensLumu 4YacTo
3a4al0T Kak KoachduuMeHT BbIOpaHHOrO BapuaHTa NPSMON, €CNU AaHHbIE XOPOLWIO COrnacyloTcs ¢ npsiMov
nMHWUEN. AHaNOrMYHO NakeTbl KOMMEPYECKOro NPOrpamMmMHOrNo obecneveHusa obecneumBaloT onpeaeneHme Ko-
ahpuymneHTta koppenaumu.

370 cneayeT Ucnonb3oBaTh C OCTOPOXHOCTLIO U TONLKO B TOM Cly4ae, KOraa Bu3yarbHblii KOHTPOIb MO-
Ka3blBAET COrMacoBaHHOCTL HAGNIOAEHUI C NPAMOV NMUHUEN.

7.3 MNocTpoeHue rpacdmka pyHKLUMKU ONACHOCTU

MeToabl nocTpoeHun rpadukoB AnA pacnpeaeneHus Benbynna npegycMmarpusaloT cHauana onpeae-
NeHNe OLEHKW CyMMapHON A0nNKn OTkasoB F(f) ¢ uCNonb3oBaHUEM MeauaH paHroB, a 3aTeM HAHECEeHue Ha
BEPOATHOCTHYIO Bymary pacnpegenenus Benbynna HapaGoTok 40 OTkasa Ansi COOTBETCTBYIOLLMX OLIEHOK CyM-
MapHbIX BEPOATHOCTEN.

Meroa noctpoenus rpacuka pyHKUMM ONACHOCTU HAYMHAETCA C ONpeaeneHnsa OLEeHKU MTHOBEHHOM UH-
TEHCUBHOCTU OTKA30B UNN (PYHKLIMM ONACHOCTH

f(f)
Mt) = h(t) = . (10)
[-Fml
NCNOMb3yA OLEHKY UHTerpansHom (KyMynaTMBHOM) PYHKLMM ONACHOCTU.
OUEHKY KyMYNATUMBHON PYHKLMKN OMNacHOCTMH

H(t) = j;h(t)dt = -In[1-F(t)] (1)

onpeaensT o6LLUM CYMMUPOBAHUEM OLIEHOK (DYHKLIMIA ONACHOCTH.
Onsa pacnpeaeneHus Beiibynna

B
H(t):H . (12)

B3siB HaTyparbHbIii norapudm OT Kaxaoi CTOpPOoHbI (12), nonyyaem NUHENHOE COOTHOLLEHUE Mexay
In(H(®)) n In(f):

In(H(t)) = BIn(t) - BIn(n). (13

Takum o6pasom, bymara ansi nocTpoeHus PYyHKUMUM ONAaCHOCTU UMEET FOPU3OHTANBHYIO U BEPTUKANbHYIO
KOOPAWHATHbLIE OCU C NOrapuPMUYECKUM MacLLTaboM. HOMUHATBHBIA Yyron HAKMOHAa NMUHUKM, ONUCLIBAIOLLEN
JaHHble, paBeH B u t=m, korga H(f) = 1.

MpumMeyaHune— Ona BeposTHOCTHO Bymaru pacnpeaeneHusi Beilbynna, ucnonsayemoii Ans nocTpoeHns
YHKLMWN ONAaCHOCTH, UCMOMb3YIOT HaTyparbHbIA UNU JeCATUYHBIA norapugm.

HecMoTpsa Ha TO 4YTO BEPOSTHOCTHAast Oymara ans yHKLMKM OnacHOCTU pacnpefeneHus Benbynna po-
CTYMHa B HECKONbKUX CTPaHax, AaHHbIA METOZ MOXET ObiTb MPUMEHEH M MPU UCTONb30BaHUW OBbLIYHOW BEPO-
ATHOCTHOM Bymaru pacnpeaenenus Beibynna ¢ noMmoLuslo crnegytoLlero npeobpasoBaHus:

F(t)=1-e-H®, (14)

310 nNpeobpasoBaHne MOXKET BbITb NETKO BbIMOIHEHO MPW UCMOSb30BAHWUM SNEKTPOHHBIX Tabnuy,.

Mpoueaypa nocTpoeHusi rpacpuka ONacHOCTU BKIIOYAET Cneayowne 4encTBus:

a) ynopsiao4uMBaloT HapaGoTKK 40 0TKasa u 40 NPUOCTAHOBKM B NOpsiAke HeybbiBaHUS;

b) Ans kaxgoro oTkasa BbIYUCHAOT MIHOBEHHYIO MHTEHCUBHOCTL 0TKa3a, onpeaensemyio kak 1/(konu-
4eCcTBO 00BLEKTOB, OCTABLUMXCA NOCIE NPEAbIAYLLEro 0TKa3a Nnu LEH3YPUPOBAHUS);

C) ANs Ka)aoro 0TKasa BbIMMCHAOT 06LLYI0 (KYMYNSTUBHYIO) CYMMY MTHOBEHHbLIX MUHTEHCMBHOCTEN OT-
Ka30B, Kak OLEHOK (DYHKLIMI ONacHOCTH;

10
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d) nonyyeHHble OLEHKU KYMYNSTUBHOW ChYHKLIMKM ONACHOCTM ANA COOTBETCTBYIOWMX HApaboToK fo OT-
Kasa HaHOCAT Ha rpaduk ¢ norapudmMmyeckumm Lwkanamu (log nnm In) no ocam;

€) noabupaloT NpAMYIO NIMHUIO U HAHOCAT ee Ha rpaduk;

f) onpeaensloT oLUEHKU NapaMeTPOB pacnpeaeneHus.

B npunoxeHun E npeacrasneHsl npumepbl 06paboTku AaHHbIX. [pUMepsbl, MCNONb3yloLme NocTpoeHne
(bYHKLMM ONACHOCTM ANS OLEHKM NapameTpoB pacnpeaenenns Benbdynna, npuseaeHsl Takke B [3].

8 UHTepnpeTtauus rpaduka dpyHkuumn BeposiTHocTen Benbynna

8.1 U-o6pasHas kpuBas

8.1.1 O6LWwMe NonoXeHus
Yacrto ucnonbsyemas U-obpasHas kpuBas (CM. puCyHOK 3) oTobpaxkaeTr B3auMocBaA3b napamerpa dop-
Mbl pacnpegeneHus Beiibynna § u ¢yHKUMM ONAcHOCTU HA NPOTAXXEHWUN BCErO XM3HEHHOTO LMKna obbekTa.
OpnHako He AN Bcex 00bEKTOB XapakTepHbl Bce anemeHTbl U-06pa3Hon kpuBoii, oToGpaxaloLen nsMeHeHue
WHTEHCWBHOCTU OTKA30B.
DyHKLUA onacHoCTU

h(t)

MonesHbi pecypc
(nepuog cnyyanHbIX OTKa30B)

B<1

Bpems

PaHHue oTka3bl (paHHee AOCTIKeHne
npeAens-HOro COCTOAHUS)

UsHoc

PucyHok 3 — Tunosas U-o6pa3nas kpusas h(t) ana obbekta

8.1.2 PaHHue otkasbl (§ < 1)

Kak MexaHuyeckue, Tak U 3MEeKTPOHHbIE CUCTEMbI MOTYT UMETb Ha HaAYanbHOW CTaAiuM BbICOKYIO MH-
TEHCUBHOCTb OTKa3oB. Mepea nepeaayert ToBapa noTpeGUTENtO NPOM3BOAWUTENU KOHTPONMUPYIOT MPOLIECC
NPou3BOACTBA, NPOBOAAT NPUEMOYHBIE UCMILITAHUSA NPOAYKLMK, UCTILITAHUS HA NPUHYANUTENbHLIA 0TKA3, pas-
6pakoBky no 6e30TKa3HOCTM ANs NPeAOTBPALLEHUS PaHHUX OTKa30B. MoaToMy napamerp (popMbl, MEHbLLKI
eAMHULbI, YKa3blBAET Ha cneayiollee:

- HepoCTaToK aaekBaTHOrO KOHTPOSA npouecca;

- HeyaoBneTBOpUTENbHas pa3bpakoBka NO NPUHYAUTENbLHOMY OTKa3y UMK NO Harpyske;

- npobnemMbl NPOM3BOACTBA, HENPaBUbHas cbopka, NNoxoi KOHTPOrb Ka4ecTBa;

- Npo6nemMbl KanNUTanbHOrO PEMOHTA;

- CMEeLUMBaHNE AaHHbIX U3 HECKOSbKUX reHepanbHbIX COBOKYMHOCTEN;

- npupaboTka unu U3HOC.

AnA MHOTMX 3NEKTPOHHBLIX KOMNOHEHT B NpoLecce (hyHKLUNOHMPOBAHUA XaPAKTEPHO CHUXKEHNE MTHO-
BEHHON MHTEHCUBHOCTM OTKA30B, UTO O3HAYaeT, YTo napameTp hopMbl MeHee eanHuubl. Mpeaynpexaa-
ouee TexHudeckoe obcnyxuBaHme Taknx 06bEKTOB HepauUOHAanNbHO, TaK KaK CTAapbie SMEMEHTHI Ny4LLE
HOBBIX.

8.1.3 NocToAHHaA MrHOBEHHAA UHTEHCUBHOCTL OTKa30B (3 = 1)

MockonbKy OTKasbl NPOMCXOASAT BO BPEMEHU Cry4vaiiHo, TO 4acTo TaKoW MEpPUO] Ha3bIBAIOT NEPUOAOM
Cny4vaiiHbiX 0TKa3oB. PexuMbl TakMx OTKa30B paccMarpuBaloT HE3aBUCUMO OT BpemeHu. B gaHHOM cnydae
npeaynpexaatoLuee TeXHM4eckoe 00CNY>XMBAHNE HE YNYYLIAeT CUCTEMY.

1"
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Mo3ToMy MOXHO NPeAnofIoXNUTb GYI0 M3 CrefyrLWwmnX CUTyaLnii:

- Hanuuue cnydaiHblx oWNBOK TEXHUYECKOro o6cnyXnBaHus, ownbKn nepcoHana,;

- Hanuume cny4aiHbIX neperpysok;

- OTKasbl, CBSA3aHHbIE C 0COOEHHOCTSAMU 06BbEKTA, ECTECTBEHHbIE NMOBPEXAEHUS, BbI3BaHHbIE BHELUHUMU
o6bekTamu, yaapbl MOSTHUM,

- CMellMBaHve JaHHbIX 0 HapaboTkax Mo Tpem M 6osee pexumam 0TKas3oB (B NPELNOSIOKEHUN, YTO UM
COOTBETCTBYIOT pasHble 3HauyeHus P), ecnu 60/blias 4acTb OTKA30B CBA3aHa C PEXMMOM OTKasa.

3pech Takxe npegynpexgatoliee TexHmyeckoe obcnyxvBaHne HeymecTHo. PacnpegeneHue Belibynna
Cc p = 1 coBnagaeT C 3KCMOHEHLMaNbHbIM pacnpegeneHnemM. 3a kaxablii nepuos BpeMeHu t NpoMcxoauT no-
CTOSIHHBIA NPOLEHT 0TKAa30B. ITO CBA3aHO C NOCTOAHHOW MIHOBEHHOW WMHTEHCUBHOCTLIO OTKA30B.

8.1.4 WN3Hoc (P>1)

HekoTopbIMY TUMUYHBIMW NPUMEpPaMW JaHHOro crlyyas SABNSAITCA:

- W3HOC;
Koppo3us;
MHOXECTBEHHbIE TPELUVHbI;
yCcTanocTb;
nornoLeHve Bnaru;
anddysus;
ucnapexve (noteps Beca);
HaKoM/eHne NoBPeXaeHWA.

YBEPEHHOCTb B TOM, YTO AaHHble AB/IEHUS HE BHECYT CyLLEeCTBEHHOro BkMaja B BEPOSATHOCTb OTkasa
npoaykuMn B npouecce ero yHKLMOHMpOBaHus, obecneunBaeT AeNCTBUSA MO NPOEKTUPOBAHMNIO NPOAYKLUN.

TpexnapameTpuyeckoe pacnpegeneHne Beibynna nossonseT onpegenntb MUHUMAaSIbHYH HapaboTKy
[10 NepBoro oTkasa, ero NpMMeHeHne Hambosee yAo06HO B TeX cnydyasx, Korga 3HaveHve napameTpa opMbl
npesbiwaeT eguHuuy (cm. 5.2 wm 8.5).

8.2 «MacKmpoBKa» HEN3BECTHbIX PEXMMOB OTKA30B NPV COOTBETCTBUM AaHHbIX
pacnpegeneHunio Belibynna

deHOMEeH «MacKMpOBKU» MOXET NPOSABUTLCA B CUTyauuu, Korga ecTb ABa Win 60nee KOHKYPUPYHOLLNX
PEeXnMoB OTKa3oB C BbICOKMMW 3HaA4YeHUAMU napameTpa CbOprI N CUMBbHO pasindavnwmmMmnca napametTpamm
MaclTaba. ITO 03HAYaET, YTO NPU HEGOMLLIOM 06beMe BbIGOPKU 6OMbLIAA YacTb WM BCE OOBLEKTLI BbIGOPKM
OGyayT COOTBETCTBOBATL PEXMMY OTKA30B C 60/1ee HM3KMM napameTpoM MacliTtaba. Mpumep ABYX KOHKypUpy-
IOLLMX PEXMMOB OTKa30B MOKa3aH Ha pucyHke 4.

0,1 1 10 100 1000
Hapa6oTka go oTkasa

PucyHok 4 — B03MOXHasa «MacKupoBKa» PeXxrMoB OTKa3oB

8.3 Marsble BbI6GOPKHK

AHann3 AaHHbIX pacnpegenenus Belibynna MOXHO NpPoBOAUTL AN MasibiX BbIGOpoK. OaHAKO HE6OMb-
Lwoli 06bem BbIGOPKM B/MSIET HA rpaHNLbl OBEPUTE/ILHOTO UHTEpBasna. [51s Masibix BbIGOPOK BO3pacTaeT He-
onpeaeneHHOCTb OLEHOK NokasaTesieil pecypca.

12
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BnvsHue yBenuueHns ob6bema BbIGOPKM Ha yMEHbLUEHWEe HeonpeAeneHHOCTU OLEHOK Moka3aHo Ha pu-
cyHkax 5 n 6 [(rpaHuupbl ypoBHS 90 % B-pecypca (AoBepuTesibHbIE FPpaHnLbl) cCoepXaT HEN3BECTHbIN B-pecypc
c yacTtoToil 90 %; Ha puUcyHke 6 NpeacTaBneH MHTEPBasl HAMHOTO MEHbLLUE].

10 10 000
Hapa6oTka Ao oTkasa

PucyHok 5 — O6bem Bbl6OpkM pasBeH 10

yHKUMA pacnpepeneHus Beilbynna

HeonpegeneHHoOCTb ABASETCS HaMGOMbLIEH Ha XBOCTax pacnpegeneHus Belibynna, 4to BUAHO MpU He-
60/1bLWKMX 3HaYeHUsAx F(t), korga fgonsa oTkasasBliMX 06bEKTOB Masia. [nsi BbIGOpOK, cogepxalwmx 6onee 20 oT-
Ka3aBLUMX M MPUOCTAHOB/EHHbLIX 0GBEKTOB, HE06XoAMMO AndpepeHUnpoBaTb JaHHble W3 pacnpefesneHus
Belibynna oT faHHbIX U3 ApYrux pacnpegeneHunii.

PelleHns, OCHOBaHHble Ha pe3ynbTatax, MOMYyYEeHHbIX A7 MasblX BbIGOPOK, AO/MKHbI YUUTbIBATL He-
onpeAeneHHoCTb, 1 N0 BO3MOXHOCTY aHa/M3 JO/MKeH GbITb yyudlleH 3a cyeT c6opa 1 aHanuM3a A0MNoSHUTE Nb-
HbIX AaHHbIX.

13
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8.4 Bbib6pocChl

WHoraa nepeast unm NocnefHsas ToYka B ynopsiJOMEHHOM Habope AaHHbIX ABNAETCA TOUYKOMW, He NpuHag-
nexatyein faHHON COBOKYMHOCTU MO HEKOTOPbIM MpUYMHaM, Takyl TOYKY Has3biBaloT BbIGPOCOM. Takue TOYKM
(BbIGPOCHI) MOTYT 6bITb BadKHbI 4151 aHA/IM3a AaHHbIX pecypca, Y Mo3aToMy Heo6Xo4UMbl UCCNEe0BaHUS TEXHN-
YecKMX acnekToB perucTpauuy AaHHbIX, perucTpauny UCnbITaHWi, KanMbpoBKM KOHTPOJIbHO-U3MepPUTeNbHO
annapartypbl UT. M. C Le/Iblo OnpeAeneHns NPUYKNH TaKoro SKCTPeMasibHOro 3HavyeHus. MiHoraa BbiIGpoCkl MoryT
yKasblBaTb Ha OCOGEHHOCTW COBOKYMHOCTW WM HefoCTaTky npolecca npousBoAcTBa U, Takum o6pas3om, mo-
ryT 6bITb BbICOKO3HAYMMbIMU CTOUKM 3pEHKSA 0BecneyeHnst 6e30TKasHOCTY.

8.5 MHTepnpeTauusi HefUHeliHbIX rpadnkos

Ecnn faHHble Ha rpadhke BEpOSITHOCTHOW Gymarn pacrnosioXeHbl BAOMb KPUBOWA SIMHWUKN (CM. PUCYHOK 7),
3TO yKasblBaeT Ha TO, YTo napameTp tQMoxeT 6bITb He paBeH Hym0. Mepen Moaundukauneli rpaduka cnegyet
NpoBepuTb, HE CoAepXarT /M AaHHble, UCMOJb30BaHHbIe A1 NMOCTPOeHUa rpaduka, AaHHble, OTHOCALMECs K
HeCKONbKAM pexmmam oTkasa. Ecnm aTo Tak, To cnefyet ncnonb3oBaTb NpuioxeHne G HaACTOSLLEro ctaHaap-
Ta 1 3aTeM uccnefoBaTtb, SABASKTCSA /N BbISBNEHHbIE PEXMMbI OTKa3a KOHKYPUPYHOLLMMN WK NPeacTaBasatoT
Cc060Ii 06bI4HY0 CMECb OTKA30B.

DyHKUMS pacnpegeneHus Belibynna

PucyHok 7 — Mpumep, nokasbiBalowWmnii HeAOCTAaTOYHO XOpOLUEee OnucaHvue AaHHbIX AByXnapaMeTpuyeckoro
pacnpegenexus Beiibynna

MWHUMaSIbHBIV pecypc He 03HAYaeT «Hy/eBOe BPEeMsi», a, CKopee, CBUAETENbCTBYET O TOM, YTO Cylie-
CTBYET MWUHUMAa/IbHbIA pecypc 1, COOTBETCTBEHHO, MUHMMasbHast W3HOCOCTOWKOCTbL. HyneBoi BO3pacT 06b-
ekTa — 3T0 Hapa6oTka, Npu KOTOPOii elle He Hauanu paboTaTb MPOLECChbl, NMPUBOASALLME O6BLEKT K OTKasy
(NpoLiecchl CTapeHus), Torga Kak «Hy/eBoe BPEeMsi» — 3TO BPeMsl, K KOTOPOMY OGBLEKT elle He Hadan oyHk-
LMOHMpOBATb. Hanpumep, AN «cTapelowmx 06HLEKTOB» (U3NUYECKN HEBO3MOXHO B KAKOM-NMGO pexume oT-
Kasa nosiBfieHne 0TKasa OfHOBPEMEHHO C HauyasioM padoThl WK paHblie. Ha pucyHke 8 npeacTaBeHbl Te xe
[laHHble, YTO U Ha PUCYHKE 7, HO CO CABWIOM Hauyana KoopauHaTt Ha 2,99 Mecsiua. 3TOT rpaduk nokasbiBaeT
NMHEeNHOe pacrofioXeHVe AaHHbIX, a Nepuoj B TPU Mecsiia MOXET 6biTb MHTEPNPETUPOBAH Kak nepuod, CBO-
6OAHbI OT OTKA30B, B NpeAesiax KoTOPoro BeposiTHOCTL OTKas3a paBHa Hysito.

Cnoco6 nosnyyeHus rpadvika, NPeAcTaBNEHHOr0 Ha PUCYHKe 8, U3 rpadika, NPeAcTaB/EHHOMO Ha pu-
CyHKe 7, COCTOMT B BbluMTaHum t0= 3 MeC. U3 Kax/oi ToukM AaHHbIX. MacliTab no ocy opAvHaT 1 nokasaresb
pecypca B JaHHOM crlydae o6yc/oB/eHbl napameTpoM tQ O6paTHoe npeoGpasoBaHne Kk peasibHOMY BPEMEHM
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dyHKUMA pacnpefeneHus Beiibynna

CpoK Cyx6bl, MecsiLipl

PucyHok 8 — OnucaHne Tex Xe faHHbIX TpexnapameTpuueckum pacnpegenexvem Beitbynna

nonyyaetca npubasneHnem t0. 3To Npumep TpexnapameTpuyeckoro pacnpegenexHuns Belibynna c TpeTbum
napameTtpom t0, npefcTaBnsaoWmMM coboil HapaboTKy, B TeUeHMe KOTOPOi He MOXeT BbiTb 0TKas3os. [i1a onpe-
fenexns nepuofa 6e3 oTkasoB TpebyeTca TexHUYeckoe 060CHOBaHWe. B npunoxeHun H npusegeH npumep
TpexnapameTpuyeckoro pacnpegenexHus Beibynna.

TpexnapameTpuuyeckoe pacnpegenexHne Beiibynna obecneumsaeT 60nee xopoluee cornacoBaHue ¢
JaHHbIMY, YeM AByxnapameTpuyeckoe pacnpefernexnue Belibynna, TofbKO NOTOMY, 4TO 3TO 60nee CrnoxHas
mMogenb. lMeped ncnonb3oBaHWeM TpexnapameTpuyeckoro pacnpegenexnus Belibynna scerga crnegyeT npo-
BEPATb BbINOSIHEHNE CMeAYyoLWUX TPEX YC0BUA:

a) KpuBas Ha rpagmke BepOATHOCTHON Oymarn pacnpegeneHus Beibynna pomkHa 6biTb BOrHyTas
BBEPX;

b) Hasmume PU3NYECcKoro 060CHOBaHMSA TOrO, YTO A0 HapaboTkM tQOTKa3bl He MOrYT MPOU3ONTH;

C) Hannume focTaToyHo 60/bLIOro 06beMa BbIGOPKU; BbiGOpKa AO/MKHA COAepXaTb Kak MUHUMYM 21 OT-
Ka3; B c/llyyae, korga MMelTca npefBapuTenibHble JaHHble, MOJlyYeHHble Npyu NPUMEHeHUW pacnpeneneHunii
Beiibynna, cemgetenscrByole 06 yMECTHOCT MPUMEHEHWUS TPeTbero napaMmeTpa, MOXeT 6biTb MCMOMNb30-
BaH MeHbLWi1 06bEM BbIGOPKW, HANpUmep, BOCEMb WM AeCATb eAVHWL,.

lopasfo valle BCTpevarTCs KpuBble, BOTHYTble BHU3, YEM KpuBble, BOTHYTble BBepX. Kpusas, BOrHy-
TOro BBEpX, MpegnonaraeT Hamume oTpuLaTeNbHOro 3HadYeHus tQ 3To npoucxoauT, Korga 06beKTbl C OT-
Kasamu, cBsi3aHHble C M3HOCOM, PYHKLMOHMPOBANU A0 MOCTAHOBKM Ha UCMbITaHus. CylecTByeT HeCKOMb-
K0 cnocoboB onpegeneHns oueHkn tQ KpuBas MOXeT MpoXoAWTb Yepe3 TOUKM HaHeCeHHbIX Ha rpadmk
JaHHbIX U 6bITb 3KCTpPanonMpoBaHa BMOTb A0 FOPU30OHTaNbLHON ocu. lMepeceyeHne NpPUGAMKEHHO AaeT
Touky tQ Ecnm camble paHHWe faHHble (MCnbiTaHuil) yTpayeHbl, To t0 MOXHO KOMMNEHCUPOBATb C MOMOLLbIO
cABura gaHHbIX, XOTA 3TO He BCerfja gaeT xopowwuii pesynbTar. Hanpvmep, Ha pucyHke 9 npefcTtasieHbl
[JaHHble UcnbITaHnii kabenel, crpynnpoBaHHbIe MO rofy BbiMycka, Mo 0CKM abCLMCC OT/IOKEH MX «BO3PaCT»
B MecsLax.

MpumMmeuyaHune — 3HadeHne t0 Bcerga MeHble BPEMEHU NEPBOTo OTKasa.

Takum 06pasom, B c/lyyae BOTHYTLIX BHU3 TPpadoMKOB CrieAyeT Hauyano KoOpAMHAT CABUraThb BMpaso, Bbl-
unTas 3HauyeHme tQU3 Kaxaoin HapaboTKM A0 OTKA3a, YTO MO3BOISIET MOMYUUTL MPSMYIO NIMHUIO. 15 BOTHYTHIX
BBEPX rpacdMkoB CreayeT Hadaso KoopAuHaT cABMraTb B/IeBO, NpubaBnss 3HaueHue t0 K 3HaUYeHWIo Kaxaoii
HapaboTKM A0 0TKa3a, YTo MO3BOJISET MNOMYUUTh NPAMYI0 MHUIO. Fpadivk, Ha KOTOpPbI HaHeceHbl Hapab6oTKu
B NOpsiike UX perncTpauuu, SBASeTcs NOHATHbLIM.
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«Bo3pacTt» kabens, Mecsubl

PucyHok 9 — TMpumep BU3yasibHOro onpegeneHusi napametpa to

8.5.1 PacnpepeneHusi, oTInYHbIe OT pacnpeaeneHus Belibynna

CyLlecTBYIOT ApYyr“e MpUYvHbI N/I0XOT0 COOTBETCTBUA AAHHbIX NPSMOW IMHWKM, Hanpumep, Korja AaH-
Hble Ha BEPOSATHOCTHOIN Bymare pacnpefenieHus Beibynna pacnosioxeHbl B BuAe KpMBOW NMHUN. BO3MOXHO,
4yTO A1 OnMcaHus faHHbIX 6osblle NOAXOAWUT ApPYroe pacnpeferneHve. Ecnn 3to Tak, TO AaHHble criegyet
onvcbiBaTb € MOMOLLLIO Hanbonee NoaxoAsLLero pacnpegeneHns. HanpryMep, norHopmasibHoe pacnpegerne-
HVe He BXOAMT B CEMENCTBO pacnpefeneHnii Belibynna, HO ero MPYMEHSIOT NpU aHanM3e AaHHbIX O pecypce.
[aHHble ¥3 NOTHOPMasibHOro pacnpegeneHns npy HaHeCEHUW Ha BEPOATHOCTHYHO OGymary pacnpegeneHus
Beiibynna gatT BOTHYTYI0 BHU3 KPUBYH. Te Xe AaHHble, HaHeCeHHble Ha SIOTHOPMasIbHYH BEPOSTHOCTHYHO
Gymary, pacnonararotcs B6AM3N NPSMORA SIMHUN.

JaHHble, cOOTBETCTBYIOLLME TpexnapameTpuyeckomy pacnpegeneHutio Beibynna wam norHopmanbHo-
My pacnpefefnieHunto, Ha BepOSTHOCTHOl Gymare, COOTBETCTBYIOLLE/ AByXnapameTpuyeckomy pacnpegene-
HWI0 Belibynna, gatoT BOTHYTY0 BHU3 KpuByto. Oba 3Tv pacnpegenieHns MoryT 6biTb MCMO/Ib30BaHbl 415 MO-
[eNnpoBaHns AaHHbIX, NMPeACTaBIAlLWNX c060i HapaboTkn 4O NepBOro OTKasa.

8.5.2 [laHHble 0 HECOOTBETCTBYHOLWUX U MYNIbTUPEXUMHbIX OTKa3zax

Ha ocHoBe rpathmkoB, MOCTPOEHHbIX HA BEPOATHOCTHOM Gymare pacnpefeneHus Belibynna, MoryT 6biTb
NMOCTPOEHbI MHXUHUPWUHTOBbIE TMMNOTe3bl. B ganbHeiwem 3T runoTesbl JO/MKHbI ObITb 060CHOBaHbI B MpoLEeC-
ce aHanM3a 0Tka30B Wi nocneaywmnx ucciegosaHnini. CooTBETCTBYIOLLME NPUMEPDI:

a) OoTKasbl BO3HMKAIOT N0 60/bLUei YacTn 06BEKTOB, U3rOTOB/IEHHBIX B HAYasle NPOU3BOACTBa NapTum, u
He BO3HMKAOT y 06BEKTOB, U3rOTOB/EHHbIX NO3[HEe, BO3HUKAET NpeanosioxeHne o npobneme ¢ U3roToBNEHU-
em napTtuu,

b) cepwuiiHble HOMepa 0TKa3aBLUMX 06BEKTOB 6M3KM APYT K APYrY; Takke BO3HWKAeT NpeanosioXeHe o
npo6sieMe ¢ U3roToB/IEHNEM MapTuK;

C) NpV HaHeCceHWW Ha BEPOSITHOCTHY Gymary pacnpegeneHus Beiibynna kpviBast faHHbIX MeeT pes-
KuiA U3rné nnm TOUKy nepernéa, BO3HUKAET NPeAnoIoKEHNE O CMELLUEHUN PEeXMMOB OTKa30B;

d) nepsas wnu NocnefHas Touka ynopsA0YEHHOro MHOXECTBA [aHHbIX SABMSETCA BblI6POCOM, BO3HUKAET
npeanonoxeHne o NnpobaemMax, CBA3aHHbIX C NPefCcTaBNeHNneM AaHHbIX WK CMELUMBAHWEM Pa3/IMYHbIX PEXU-
MOB OTKa30B.

9 BbluncnuTtenbHble MeToabl U Kpntepmnn cornacund

9.1 BBepgeHue

MeTog MakCuMasibHOro NpPaBAonofo6ms (BbIMUCUTENbHBIA METOA) NPUMEHSOT NPU Ha/IMYMKN 60LLLIOTO
06BbEeMbI BbIOOPKM.

Cpeay 60M1bLIOr0 KONMYEeCTBa CyL,EeCTBYHOLMX BbIYAC/IMTE/bHbIX METOAO0B ONpeAesieHns OLeHOK napa-
MEeTpOB pacnpegeneHus Belibynna (cm. [4]) MeTog mMakCcMMmanibHOrO nNpaBgonofobus obnagaeT npenmylle-
CTBOM, MOCKO/IbKY NO3BOMSET Npy GOMbLLIOM 06beME BbIGOPKU ONpenensiTb OLEeHKM napamMeTpoB pacnpefe-
neHuns Belibynna no Habopy AaHHbIX, BKAOYAOLWEMY CIOXHYK CUCTEMY LIeH3YpUpoBaHuA W NPUOCTaHOBOK.
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Hwxke npuseseH MeTon onpeneneHust OLeHOK MeToAOM MaKCMManbHOro npaeaonogobus mo AaHHbIM Ges
LieH3ypupoBaHusA. CHavana npUMEeHsIoT KPUTePUIn Cornacusl Ans NPOBEPKU COOTBETCTBUA JAHHLIX pacrpe-
aeneHuio Benbynna. Ecnu 9Ta runotesa He 0TKMOHEHa, MPUMEHSIIOT METOA MakCMMAnbHOro npasaonoaotus.

MeTtoapl, NpeacTaBrneHHble B pasaenax 7 1 8, paboTaloT NPy HanWuMn B AaHHLIX EAUHWUYHBIX LIEH3YpU-
POBaHHLIX JAHHbIX, O[HAKO B JAHHON IMAaBe NPUBEAEHLI METOAbI, PABOTAIOLIME TOMLKO C €ANHUYHLIMU LIEH3Y-
pUpoBaHHbLIMU AAHHbLIMW.

9.2 MpeanonoXxeHusl U ycroBuaA

Bbibopka obbema n U3 HEBOCCTaHABNMUBAEMbIX 0OBEKTOB, NPUHAANEXALLUMX OAHOW COBOKYMHOCTM, NO-
CTaBINeHa Ha UCMbITaHUS B MOMEHT BpeMeHu t = 0. YCNoBUSA UCMbITAHUA A0MKHbI ObITh OAWHAKOBLI ANt BCEX
UCMbITbIBAEMbIX 0OLEKTOB, OTKa3aBLUMe 0OLEKTbI HE 3aMEHSIIOT. B MOMEHT OCTaHOBKM UCNbITAHWUIA (MOMEHT
BpemMeHu T) KONUYECTBO OTKa3aBLUMX 06BLEKTOB paBHO r (T A0MKHO BbiTh GonbLue unu paeHo t,). HapaGoTtka
[0 0TKasa Kakgoro otkasasLuero oobekta gormkHa 6biTb n3BectHa. HapaboTku 40 OTKasa r 0TKa3aBLmX 00b-
ekToB t, by, ..., 1, 0<E<T,i=1,2, ..., r.

MpuMmedaHuns

1 CTtatucTudeckne npoueaypel, NpeAcTaBneHHble B HAcCTOSALWEM CTaHAapTe, npejnonaratT Hanudne AocTyna K
HEKOTOPbIM BbIYUCITUTENBHBIM CpeaCcTBaM. XoTa 6onblias YacTb, eCcrnn He BCe (bOpMyJ'IbI, MOryT ObITb peanusoBaHbl Ha
HebonbLLIOM nporpaMmMmnpyemMomMm KarbKynATope, nofib3oBaTeslto NoN1e3HO UMETh I'IpOI'paMMVIpyeMbIVI KOMMNbLKTEP C NpUHTEe-

POM W 3NEKTPOHHbLIE HOCUTENMW ASS XPaHEeHUS AaHHbIX.
2 MpofomKUTENBHOCTL UCNBITAHUIA ANS Kaxgoro o6bekTa HaduHanacke ¢ Hyns.

9.3 OrpaHU4YeHUA U TOYHOCTb

MpueeaeHHble Npoueaypbl AOCTOBEPHbI TONBKO MPU HaNMMYUMKU He MeHee AeCATU COOTBETCTBYIOLLUX OT-
ka3oB. [loBepuTenbHbI MHTEpBan SBNAETCA NPUONUXeHHbIM. MHOXECTBEHHOe LeH3ypupoBaHue B JaHHOM
pasgene He pacCMOTPEHO.

MeTog makcumanbHOro npasgonogodbun gaer 4OCTOBEpPHbIEe pedynbrarbl Ana 00nbmMx 0OLEMOB Bbi-
Oopok. [loBepuTenbHbIE MHTEPBAMbI ABNAIOTCA NPUOAWXKEHHBIMU U AOCTOBEPHDbI AnA 60nbLuMX 00LEMOB Bbl-
Oopok. Tem HE MEHEE METOA MaKCMManbHOro Npasaonoaotua MoXeT ObiTb MPMMEHEH K AaHHbIM C BonbLMM
KONMMYECTBOM LIEH3YPUPOBaHUII 1 NPUOCTAHOBOK. Huxke paccMOTpeHbl Clyvan Hanu4yusa TONbKO €AWHUYHOTO
LIEH3YPUPOBaHUS AaHHbIX.

9.4 BxogHble 1 BbIXOAHbIE AaHHbIE

AHanusmpyeMble AaHHble NpeacTaensioT cobon HapaboTkM A0 OTKa3a HEBOCCTaHABNUBAEMbIX 0OBLEK-
TOB, MOCTaBEHHbIX HA UCMbITaHUSl. 3HAYEHUs1 HAapaboTOK 10 0TKa3a AOMKHbI ObITb TOYHO U3BECTHLI, @ HE B
BMAE U3BECTHbIX UHTEPBANOB HAapaboToK. HET HEOBX0AMMOCTM MMETL HAPaBOTKKU 4O OTKA3a BCEX UCNbITLIBAE-
MbIX O6BLEKTOB, TaK KaK UCNbITaHUSI MOTYT ObITb OCTAHOBJIEHbI 10 TOrO, KaK OTKAXYT BCE UCMbITbIBAEMbIE 00bL-
ekTbl. K Hayany ucneiTaHuin Bce 00bEKTbI J0MKHbI HAX0AUTLCS B paBoTOCNOCOGHOM COCTOSAHUM, U UCMbITAHUA
BCEX UCMNbITbIBAEMbIX 0OLEKTOB AOIPKHbI ObITb OCTAHOBNEHbLI OAHOBPEMEHHO.

BxogHble AaHHble:

- KONMYEeCTBO UCNLITLIBAEMbIX 0ObLEKTOB 1,

- HapaboTKkM 4O OTKasa Kaaoro oTkasabLUero o0bekTa, ynopsaodeHHble B HeyObiBaloweM nopsake:
t b
- YCTaHOBMEHHbIE YPOBEHb 3HAYUMOCTH v, UK YPOBEHBb AoBepus (1 — 7).
BbIxX0AHbIE AaHHbIE:
- peLleHne 0 NPUHATUU/OTKNOHEHUU TMMNOTE3bl KPUTEPUSA COrMAacus;
- TOYEYHble OLEHKU M AOBEPUTENbHbIE MHTEPBANbI ANsi NapaMeTpoB Macwtada un popmbl U B;
TOYEYHas OLEHKa cpeagHen HapaboTku A0 OTKa3a;

- HUWXHAS AOBEpUTENbHAs rpaHuLa cpeaHei HapaboTku, 3a KOTOpPYIo oTkaxeT 10 % 0ObEKTOB COBOKYM-
HOCTH;

- HWKHAN JOBEpUTENbHAS rpanuLa dyHKkummn 6esotkasHocTn R(f) .

9.5 Kputepun cornacusa
3tan 1. PacnonoxeHue r HapaboToK 10 0TKa3a B HeyObIBalOLLEM NOPAAKE U BbIYUCIIEHNE HATYParbHbIX
norapudmos: In(t)) = x,, In(t,) = x5, ... , In(t) = x,.

* BeposATHOCTb 6e3oTkasHoi paboThl 06bekTa 3a Bpems f.
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MpumMmevaHne—1-x,Sx< ... <X,

3Jr1an 2. Beluncnenue senuund £ anai=1, ..., (r—1)
¢ X; +1- X; (15)
i~ i — -
In{ln(df(n i 1)+3j/|n(4(" :)+3n
4n +1 4n+1
3T1an 3. Boluucnenune senuynHbl H:
_i=lr2fm L(r=1/2]
H= 2] , (16)
2 i
= Lrr2]

rae cumBoOn |_XJ MCMosib30BaH Ans 0603HaYeHMS HaMbonbLLEero Lenoro MeHbLUe Unm paBHoOro X.

3tan 4. MMnoTe3y 0 TOM, YTO AaHHbIE NOAYMHAIOTCH pacnpeaeneHuto Benbynna, OTKIIOHAIOT C YPOBHEM
3HaYMMOCTH v 100 %, ecrm H > FY(2|_(r -1)/2],2| r /2]) v panbHeLwMi aHanu3 He NPOBOAAT.

B NpOTUBHOM Cry4ae CYMTAIOT, YTO CBUAETENLCTB TOTO, YTO [JaHHbIE HE NPUHAANEXaT pacnpeseneHuio
Beiibynna, He 0GHapy>XeHO, U NPOAOMKAIOT aHanus.

MpuvuMeyvyaHUe 2— B cnyvae OTKIIOHEHUS rMNoTe3bl 0 NOAYMHEHUN AaHHbLIX pacnpeaeneHuto Beibynna pe-
KOMeHAYyeTCA NPpoBEPUTL rpaqamqecme AaHHble Ha Hanu4ne cMecu COBOKyI'IHOCTeI7I N BbIABUTb BO3SMOXHble aHOMallbHble

HapaGoTku1 A0 OTKasa Wnu Apyrue apTedaktsl. MeTofbl aHanusa NofoGHbIX CUTYaLMiA BLIXOAAT 32 paMKu HacTosLLero
cTaHpapTa.

9.6 OnpeaeneHne TOYeYHbIX OLIEHOK NapaMeTpoB pacnpeaeneHus 3 u 1 MeToaom
HaMMeHbLIUX KBaapaToB

OueHkM aByX napameTpoB pacnpegeneHus Beibynna MeTOAOM HaUMEHbLUMX KBaapaToB ONpeaens-
10T MYTEM YUCMEHHOTO PELUEHUS NPUBEAEHHBIX HWKE YPAaBHEHUI. 3HAYEHNE B, YAOBNETBOPSIOLWEE NEPBOMY
YPaBHEHWIO, ABMSAETCA OLEHKOI napaMerpa f3, NoMny4eHHOH METOAOM HaUMEHbLUMX KBAApaToB. ATy OLEHKY
NOACTABNSIIOT BO BTOPOE YPABHEHWE ANS ONPEAENEHNS OLIEHKU 1.

MpuMedaHue—[ns onpegeneHus oUeHKM f U3 ypaBHEHUS (17) MOXET GbiTb CNONb3oBaHa No6as KOMMbIO-
TepHas nporpaMma AN YUCNEHHOTO PELLEHNUS YPaBHEHWIA, 0BbIMHO CKOPOCTL CXOANMOCTU YUCNIEHHOTO PELLEHUS K efNH-
CTBEHHOMY 3HAYEHWIO JOCTATOYHO BbICOKas!.

Otan 1. OnpeaeneHue OLEeHKu [§ yaoBnersopsowen ypasHenuio (17):

}r:t? Int, )+ (n —r)T®In(T) ,
izt 1
~= Nin(t)=0. a7
&

r
NP r(n-r)7h
i1

3T1an 2. Beluucnenune ﬁ no ¢opmyne (18):

~ |1 U B e
n_{r{zt" +(n-r)T }} : (18)

i=1

™ =

9.7 ToyeyHas oueHKa cpeaHel HApabOTKM OO oTKa3a

To4yeuHyIo OLIEHKY cpeaHeli HapaboTku 40 oTKasa M BbIMMCARIOT NO dopmyne (19):

~ A 1
e nr[1+:], (19)
§
rae ﬁ n ﬁ — OLEHKM, NONyYEHHbIEe Ha aTanax 1 un 2;
I['(Z) — rammMa-cbyHKUMUA nepeMeHHoi z (cMm. [2]).
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B tabnuue D.1 npuseaeHsbl 3Havyenus T'(1+1/) kak dyHKkuum ot . Onsi 3HayeHuii 3, He yKasaHHbIX B
AaHHoW Tabnuue, NPUMEHSIIOT NIMHENHYIO MHTEPNONALMUIO.

MpumeyvyaHmnsa

1 B cnyyvasx, Korga HWKHAS foBepuTenbHas rpanuua ans  6onsLle unu pasHa eauHuLe (cnyyai usHoca), B kade-
cTBe rpyboii oLieHKN J0BepUTENBHOIO MHTEpBana AN 1 MOXET GbiTb UCMONB30BaH [OBEPUTENBHLIA MHTEpBan Ans cped-
Hell HapaboTku A0 OTKa3a, TaK Kak B 3TOM cflydae ramma-pyHKLWUA NexXuT B MHTepBane oT 0,88 fo 1.

2 CpepHsia HapaboTka Ao oTkasa (MTTF) npeactaensieT coboll cpefHee 3HaqeHWe, B3STOe OT BCeX HapaboTok
Ao oTkasa. MeTogbl oLUeHku nokasaTenei 6e30Tka3HOCTH, MCMOMb3yEMbIE ANS IKCMOHEHLManLHoro pacrnpeaeneHus (no-
CTOSIHHas MrHOBEHHast MHTEHCUBHOCTbL OTKa30B), ANA pacnpeaeneHns Beibynna MoryT 6biTb MCMONb30BaHL! TOMLKO NpU
B =1. CneayeT 0TMETUTb, 4TO pacnpeaeneHne HapaboToK 40 OTKasa He SBNSETCH CUMMETPUYHBIM.

9.8 ToyeuyHasa oueHka kBaHTUNA (10 %) pacnpegeneHns HapaboTOK A0 OTKasa

Bbiuncnaor Big Kak TOYEYHYIO OLIEHKY By, T. €. OLEeHKY Hapa6oTku, 3a koTopyto 10 % COBOKYMHOCTH

OTKaXKET:
R . ] 1B
Bio =n|In| — . 20
) =

9.9 TouyeuyHas oLeHKa BepOATHOCTU 6e30TKka3HON paboTbl 3a BpemAa {E < T)

ToueuHylo OLEHKY BEPOATHOCTM Be30Tka3Hol paboThl 3a Bpema t onpegensioT no gopmyne (21):
R(t) = e~t/P. 21

9.10 MporpaMmMHbIe cpeacTBa AN 06pPaboTKU AAHHbIX

CyLuecTByeT MHOIO NaKeTOB NporpamM B 0bnactu 6e30TKasHOCTH, KOTOPbIE CTAaTUCTUYECKU MO3BONSIOT
onpeaenuTb OLIEHKM NapamMeTpoB pacrnpeaeneHus Benbynna, ucnonb3ys rpaduyeckme MeToAbl /unu MeToa
MakcUMansHOro NpPaBaonoao0bus He TONbKO AMS OTAENbHbIX, HO U AN MHOXECTBEHHbIX LIEH3YPUPOBAHHBIX
AaHHbIX, HO Takke AnsA 6onee o6LUMX CNy4aeB HENOMHbIX AAHHbIX CO CNOXHbIM MEXaHN3MOM LIEH3YyPUPOBaHUA
1 NPUOCTAHOBOK.

10 [loBepuTernibHbIe UHTEpPBasbl

10.1 NHTepBanbHas oueHKa ana napamertpa

3tan 1. BeiumucnsioT noctosiHiele C, B4 n By, MCnonb3ys oTHowweHue g = r/n v copmynsl (22), (23) u (24):

C =2,14628-1,361119q, (22
By = X;yz/z [(r-1)C], 23)
By = %32 [(r-1C). (24)

rae x,%(v) — KBaHTUMb xz-pacnpep,eneHMﬂ C v-CTeneHaAMn cBo6oabl ypOBHS p.

Tak kak KOnMM4ecTBO cTeneHel cBoboabl (r —1)C He ABNAETCA LenbiM YMCNOM, KBAHTUMK x2-pacnpe-
AENEHUS JOMKHBI GbITb BbIYUCHEHbI NMBO C MCMONL30BAHMEM KOMMbIOTEPHON NPOrpaMMbl, MUGO C NOMOLLBIO
nuTepnonsaumu no tabnuue Il FOCT P 50779.21 wnu Tabnuue D.1 [4].

3T1an 2. BbMMcnAoT KOSULMEHTBI Wy 1 Wiy

Wy = {%}W : (25)
1
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3tan 3. BbluMCnAOT AOBepUTENbHLIM UHTEpPBAN ANA 3, COOTBETCTBYIOWMI YPOBHIO 3HAYUMOCTU
(1 -=v)100 %:

(w,B, w,B). @7)

MpwumeyaHune— [oBeputenbHble MHTEpBanel Ans  MoryT 6biTb UCNONB30BaHLI ANS COMOCTaBneHuin. Tak
Kak 3Ha4YeHve P > 1 xapaKTepHo A5 U3Hoca, a 3HavyeHue 3 < 1 ykasblBaeT Ha Hanu4ne paHHUX OTKa3oB, JOBEPUTENbHbI
WHTepBan ANs B MOXHO UCMONL30BaTh AN NPOBEPKU 3TUX NpeanonoxeHni. HaobopoT, ecnu foBepUTENLHLIA UHTEpBan
NS B BKNtoYaeT 3HavyeHue B = 1, To KOHTponupyeMble 06beKTbl MOTYT NPUHAANEXaTb reHeparnbHON COBOKYNHOCTU C Mo-
CTOAHHON MHTEHCUBHOCTLIO OTKA30B.

10.2 UnTepBanbHasa OUEHKa Ana napaMmeTpa

OT1an 1. BbluMCnAIOT NOCTOsHHbIE A4, Ag U Ag, UCNONb3YA OTHOWeEHWe q = r/n u dopmynebl (28), (29)
u (30):

A, =0,49¢-0,134+0,622¢71, (28)
Ag =0,2445(1,78 - q)(2,25+9), (29)
Ag =0,029-1,083 In(1,325q). (30)

3T1an 2. BeINONHSAOT 31an 2a, eCnu UCNbITaHWA BbiNM 0CTaHOBNEHbI A0 0TKa3a BCEX 0ObLEKTOB, T. €.r<n,
BbINOMHAIOT aTan 2b, ecnu u3BeCTHbLI BCe HApPaboTKn A0 0TKAa3a, T. €. ecnur =n.
3tan 2a (r <n). BblMucnsoT nocTosHHbIe As, d;, d,, Ay 1 A,, MCNONbL3yA chopmynsl (31), (32), (33) u (34):

Az = -Agx2, (31)

A€ X =Uq_yyp, AU

» — KBaHTUINb HOPMANLHOTO pacnpeaeneHus yposHs p (cm. Tabnuuy D.2).

A xyX2(AZ - A A +IA,

d,= A , (32
d, - Ag —x\/x2r(i\i;x,24A5)+rA4 , 33)
A =elB) A —o-d2lB) (34)
3tan 2b (r = n). BbumucnaoT sHaueHus dz, Ay n A,, ncnonb3sys copmynei (35), (36) u (37):
dy = tiy_yaln =1, (33)

roe tp(r —1) — kBaHTUNb pacnpeaenenna CTblogeHTa ¢ (r— 1) cteneHsiMn cBOOOAbLI YPOBHA P, 3HAYEHUE MO-
XeT ObITb HangeHo no Tabnuue lla FOCT P 50779.21 (cny4ait 0O4HOCTOPOHHErO UHTepBana).

-1053d,, j

A, = e[ Byn-1 (36)

1,053d3j

A, = e( Bvn-1 (37)

roe B — 3HaveHue, nonyyeHoe Ha atane 1 B COOTBETCTBUM C 9.6.

Otan 3. BbluMCRAIOT AOBepUTENbHbLIA WHTEpBan Ans 1, COOTBETCTBYIOLMA YPOBHIO 3HAYMMOCTHU
(1 -v)100 %:

(Am, Aym), 38)

rae m — 3HayeHue, NoslyYeHoe Ha atane 2 B COOTBETCTBUM C 9.6.
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10.3 BeTa-6MHOMMUANbHbIE FPAHULbI Perpeccun MeanaH paHroB

OnpegeneHune 3TUX rpaHnL, HaNPAMYHO CBA3aHO C onpeaeneHneM MeauaH paHroB. MpaHuLbl BbIMUCASAIOT
Ha ocHoBe BeTa-OMHOMManNbLHOrO pacnpegeneHuns, KOTopoe ABNAeTcs MoagnnumpoBaHHbiM GUHOMUANbHLIM
pacnpegeneHueM, ucnonb3yembiM AN Nony4YeHus oLeHOK beTa-pacnpeaeneHmns, kak onmcaHo [PKOHCOHOM B
[1]. MpepbiBaHMA AOMKHLI NONaaaTh B MHTepBan ot 5 40 95 % paHros. 3tu 6eTa-6MHOMUANbHbLIE UHTEPBANbI
cnerka KOHCepBaTMBHbLI (ANWHA UHTEpPBana CrVLLKOM BENuKa), ecrnu ux cpaBHUBaThk ¢ MeTogamu Matpuy du-
Lepa v OTHOLLEHUS npaBaonoaotus.

MeToa npeobpa3oBaHusi paHroB ypoBHeN 5 n 95 % B MHTEpBarbl MO3BOMSET NONYYMTb UHTEPBANbI ANS
HapaboTok Ao otkasa. dopmynbl (39) u (40) cootHOCAT paHrn 5 n 95 % (cm. npunoxeHune C) ¢ yHKUme

pacnpegenexus Beibynna:
_ i (1)
1 B
ti 995 =M[IN (-F , (39)

Fit0.05))

PRI
tioos =M '”[(1_—] . (40)

Fi(O,OS))

10.4 paHMubl, NOMyYEHHbIE METOAOM MaTpuUubl Puwepa

MMeloTCsi 3HaUYMMble NPeUMYLLIECTBA UCMONb30BaHUSA FPaHUL, MOMYYEHHbIX METOAOM MaTpuLbl dullepa,
Mo CPABHEHWIO C UCMOMb30BAHNEM TPAHUL, MOMYYEHHbIX C MOMOLLBIO BeTa-OMHOMUANBLHOIO pacnpeaeneHus.
Bonee Toro, Ans ymepeHHoro o6bema BbIGOPOK O4EBUAHBIE 3HAUEHUSI YPOBHS AoBepus Gnuskn k TpebyembiM
3Ha4YeHusAM, x0T Gonee ONTUMUCTUYHBI, YEM NOMYYEHHbIE C MOMOLLBIO GeTa-OuHOMUanLHOro pacnpeaene-
HUA. NS 4ecaTn U MEHbLUETO KONMYECTBa OTKA30B 3TU rpaHuLbl CIIMLLKOM ONTUMUCTUYHBI (CM. [2]).

10.5 HuxHaa aoseputensHas rpaHuua ansa B,

BbI4MCNAIOT HUKHIOW rPaHuULLy 0BEPUTENBHOTO UHTEpBana ana By, COOTBETCTBYIOLLYIO YPOBHIO 40BE-
pusa (1 —v)100 %, ucnonb3ya popmynsbl (41), (42), (43) n (44):

h; = In[-In(0,9)], (41)

5 Aexthi X\J(A2 ~ A,AX2 +1A, +2ih Ag + rAGh?
T r—x2A

: (42)
5

A€ X = U, — KBaHTUINb HOPMAMLHOTO PACTIPE/eNEeHINsl YPOBHS v, 3HaYEHUs NpUBEeHb! B Tabnuue D.2, a 3Ha-
YyeHus A4, A5 " A6 BbIYMCMEHbI B COOTBETCTBUM ¢ atanom 1 B 10.2.

)
Q =e\ P J (43)

B = Q;Bro. (44)

10lower limit

10.6 HuxHAA poBepuTenbHaa rpaHuua ana R(f)

BbIYMCIIAIOT HWXKHIOW TPaHMUy [LOBEPUTENBHOrO WHTEepBana, COOTBETCTBYIOLLYIO YPOBHIO AOBEPUSA
(1 -7)100 % nns sBeposATHOCTM Be30Tka3HO paboThl 3a BPeMS £, Ry _, | yyuas rpasuya: UCIONB3YS POPMYIEI
(45), (46), (43) n (47):

C =B In[?j, (45)

Ag = Ay +C2=2C,Aq, (46)

rae sHadenusn Ay, Ag 1 Ag BblMUCNEHbI B COOTBETCTBUM € 9Tanom 1 8 10.2.
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A
_ _ . 0
R1—y HXHSA rpanmua — SXP| —€Xp C; +X\’_r , 47)
A€ X = U, — KBaHTUIb HOPMaILHOTO PacrpeAeneHys YpOBHS Y, 3HauUeHus npuseaeHs! B Tabnuue D.2.

11 CpaBHeHMe MeTOAOB onpeaesieHus1 OLIEHOK: perpeccum MeauaH PaHros
M MaKCUMarnbLHOro npasaonoaobus

11.1 Fpacdpuueckoe oToGpaxeHne AAHHbIX

MeTtop perpeccun meaunaH paHros obecnevmBaet rpaduyeckoe npeacraBneHne AaHHbIX. 3T0 NOMoraet
naeHTuuuupoBaTb Crydyau HeOCTarO4HOr0 COOTBETCTBUA AaHHbIX rpadmkam pacnpeaeneHus Bernbynna,
YTO MOMOraeT cAenarb NPeANONOXEHUS 0 NPUHAANEXHOCTU AAHHBIX K APYIOMY pacnpeaeneHunio, Hanuumm
0TKa30B 06BLEKTOB, COOTBETCTBYIOLLIMX HECKOMBKUM PEXUMAM, HANUYMKU CMECU PEXUMOB 0TKa30B, Npobnemax,
CBAA3aHHbIX C NPOU3BOACTBOM NapTUK Unu BoIbpocamu.

11.2 OueHku B-pecypca (B wnu L kBaHTUNH)

Ansa manbix 06bemMoB BbIBOPOK perpeccusi paHroB No3BonsieT onpeaennTb 6onee ToYHbIE OLIEHKU KBAH-
TUIen HU3KOro YPOBHS, TAKMX KaK KBaHTUIb B-pecypca. [lJaHHble HWKHME KBaHTMNU B-pecypca u cooTBeTCTBY-
IOLLIME BbICOKUE YPOBHM 6E30TKa3HOCTU MOTYT UMEThb KpaiiHe BaXkHOe 3HayeHue B pewueHun npobnem 6esonac-
HOCTW, MPUHATUU rapaHTUIHBIX 00513aTENbLCTB, NOPYYUTENLCTBE U YCTAHOBIIEHUM AOTOBOPHLIX 06A3aTENbLCTB.
Onsa HebonbLumx 06bEMOB BLIGOPKM OLEHKA MAKCMMAanbHOTO nNpasaonofobus keaHTunsa B-pecypcos GbiBaeT
CNNWKOM OoNTUMUCTUYHA.

11.3 Manble BbIGOPKKN

OObIYHO perpeccusi paHroB Aaet 6onee TOYHbIN NPOrHo3 Ans Masnbix 00bLEMOB BLIGOPOK, HO OHa Gonee
3aBucuma ot hopMbl U BO3pacTa pacrnpeaeneHusi NpuocTaHoBneHuin. OAHaKO Npu KOMNbIOTEPHON 06paboTke
JAaHHbIX A8 Manbix 00beMOB BbIOOPOK PEKOMEHAYETCA NPUMEHSITL KAk METOA perpeccum MeauaH paHros, Tak
M METOA MakcuManbHOro npasaonofobusi. B GonbLMHCTBE CriydyaeB pe3ynbTarbl 3TUX ABYX METOAOB JOCTa-
TOYHO XOPOLLIO COrnacoBaHbl, ECAN JaHHbLIE 4OCTATOYHO XOPOLLO COrNacyloTcs ¢ pacnpeaeneHuem Beinbynna.

OBbwume pekoMmeHaaumm no BeIGoOpy Hanbonee noaxoAsLIEro MeToAa C y4eToM Marnoro o6bema BblGoOpkM
cnegyowme:

- ans 20 u MeHee JaHHbIX HE3aBUCUMO OT HanuMynsl LEH3ypupoBaHuUsa No BPEMEHU, ANl aHHbIX, OTO-
GpaxkaeMbIx L BYMEPHOI KOOPAMHATHOM cuctemoi (X, Y), 6onee npeanouTUTENbHbLIM SIBMISIETCS METOA perpec-
CUU MEAMaH paHros;

- Ans HabopoB, coaepxawmux meHee 10 aaHHbIX, NPYU HANUYUKU NPeBapUTENbHLIX CBEAEHMIF O napaMe-
Tpe B npeanoyvTuTencHbIM ABNSETCA aHanu3 Beiibynna — Baiteca;

- Ans gpyrux HabopoB AaHHbIX PE3ynbTaThl NPUMEHEHUS STUX METO0B CriefyeT cpaBHUBaTh. BnnsocTb
3HaYEHMI OLIEHOK, NOMYYEHHbIX C MOMOLLbI0 060UX METOAOB NMPU XOPOLLIEN PEFPECCUU U 3HAYEHUN OTHOLLIEHUS
npasaonogobus rosopuT 0 TOM, YTO AaHHbIE XOPOLLIO COrMacyrTcs ¢ pacnpeaeneHuemM Beibynna (cpasHeHue
C APYMMMMW MOAENSIMU TaKKe AOMMKHO BbITh paccMoTpeHo). OaHako BornbLUoe pacxoXaeHue Mexay oLeHKamu,
NOSYYEHHbIMU METOAOM PErPECCUU MEAQUAH PAHIOB U METOAOM MaKCUMarnsHOro npasaonoaobus, roBoput o
TOM, YTO pacnpegeneHne AaHHbIX BbIOPaHO He BEPHO, U, BOSMOXHO, JJaHHble NPUHaAnexaT HeCKONbKUM Co-
BOKYMHOCTSIM. BCe Takue pacxoxaeHus A0mKHbl ObiTb MCCNEeaoBaHbI.

11.4 Napametp dopmbi

Ons manbix 06bemoB BbIGOPOK METOA MaKCUManbHOMo npaBaonoaobusi UMEeT TEHAEHUMIO K 3aBbllUe-
HUWIO oLeHKM 3. HaknoH nuHuK rpaduka Ha BepOSTHOCTHO Bymare pacnpeaeneHus Beilbynna nHoraa o4eHb
KPYTOW. HakmnoH nNMHUM Ha NOrHOPManbLHOM U HOPMAanbHOM rpadukax Takke CNULLIKOM KPYTOW, Tak Kak 34eChb
CTaHAapTHOE OTKMOHEHWE METOAA MakCMMAanbHOro NPaBaonoA00Usa 3aHUKEHO.

11.5 [loBepuTenbHbIC MHTEpPBanbI

MeTog MakCUMarbHOro NpaegonoAobusi 4aeT AOCTATOYHO TOYHbIE MHTEPBAsbHbLIE OLEHKN OTHOLLEHMS
npaeaonoaobus; AaHHbIE OLIEHKM NOAXOAST AN Manoro o6bemMa BbIGOPOK. [ns meToaa pacnpeaeneHnst me-
JIMaH PaHIOB PEKOMEHYETCS UCMONb30BAaTh OLIEHKM LIEHTPAarbHbIX MHTEPBAroB.
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11.6 EAMHCTBEHHbIN OTKa3

MeToa mMakcumanbHOro npasaonogo6umsa NO3BONASET NONYYUTb PeLUeHUe Npu HanuyuM OAHOro OTKasa u
HECKOINbKMX NPaBbIX Unu Bonee no3gHUX NPMOCTAHOBOK. PelueHne umeeT G0nbLUY HEONPEeaEeneHHOCTb, HO
CYLLIECTBYIOT CUTYaLMK, KOTAa NPU HEU3BECTHOM [3 TONMbKO OH AaeT peLueHue. MNpu n3BectHoM § npeanovTeHme
cneayert otaaBaTh aHanuly Beinbynna — baneca.

11.7 MaremaTuuyeckoe o60CHOBaHue

B ocHOBe perpeccum meamaH paHroB NEXUT perpeccus MeToaoM HauMeHbLUMX kBaapaToB. OcTaTovHoe
pacceuBaHue OKOMO NIMHWUKM Ha rpacduke HepaBHOMEPHO. Kak npaBuno, Ha NPakTUKE HWKHWUIA KOHEL NIUMHUK
Gonee BaxeH, YeM BepxHuin. OaHaKO, HECMOTPSA Ha TO YTO UHTEPECHl MHXKEHEPOB CBA3AHbLI C HUXKHUM KOH-
LOM NMHUM U pe3ynbTaThbl ANs UHXEHEPOB SIBMNAIOTCA NPUEMMEMbIMU, OHU HE YA0BNETBOPSIOT CTaTUCTUKOB.
C TOYKM 3peHuss maTtemMaTnyeckoin oBoCHOBaAHHOCTM Gonee npuemMnembiM SBASIETCS METOA MaKCMMAanbHOro
npasgonogobus.

11.8 lMpeacTaBneHue pesynbLTaTtoB

YacTo Ansa ynyyleHus BOCNPUATUS AaHHbIE PEKOMEHAYETCS NPEACTaBNATb B MPOCTOW U NAKOHUYHOMN
dopme. padukn perpeccumn paHroB NpeanovTuTenbHee Ana 3Ton uenu. JaHHble rpadukoB MeToga Makcu-
ManbHOro npaeaonofobus, NPeacTaBreHHbIE BMECTE C MeAWaHaMU PaHroB, HE PEKOMEHAYETCSH UCMONb30-
BaTb ANS NPEACTaBIEHNA Pe3ynbTaToB, Tak Kak OHW MOTYT NMPOBOLMPOBATH 3aKMIOYEHNSA O MIIOXOW COrnaco-
BAHHOCTU MOATOHKN AAHHbIX C IMHUEN Ha rpaduke pacnpeaeneHna BeposaTHocTen Benbynna.

12 AHanu3 Benbynna — baneca

12.1 OO mMe nNonoxeHns

Mpu aHanu3e Beibynna — barieca npeanonaraerca, 4to napameTp 3 noagbupaioT, MCnonb3ysa paHee
NonyyYeHHble AaHHbIe, AaHHble NPEeablAYLUMX IKCNEPUMEHTOB U UHXKEHEPHbIE 3HAHUA O IU3UKE MPOLECCOB,
npuBoasLMX K oTkasy. AHanu3 Benbynna — Baiieca npeacrasnseT coboi aHanu3 gaHHbix Beibynna npu
3agaHHOM napametpe . MNpu 3TOM eANHCTBEHHBLIM MapameTpom pacnpeaeneHus Benbynna cuutaloT napa-
meTp 1. AHanu3 Belibynna — Baiteca MoxeT ObITb UCNONb30BaH ANst HAOOPOB AAHHbIX, KaK CoAepXKaLmX, Tak
U He cofepKalumx OTKasbl, Npu 3TOM 0ba Tuna AaHHbIX MOTYT COAEpPXKaTb NPUOCTAHOBKM.

12.2 MeTop

Mpwu 3agaHHOM [ BbipaxkeHue (48) ans onpeaeneHna nokasarensa pecypca m MOXeT ObiTb NOMNy4YeHo ¢
NMOMOLLbIO METOAA MaKCUMAanbHOro npasgonoaobus:

N 1B
n=>+0 (48)

=1’

rae t — nepuoa BPEMEHU UNU KONUYECTBO LIUKITOB;

r — KONWYECTBO OTKA3aBLUMX OOBLEKTOB;

N — oOuiee KonMYecTBO OTKA30B U NPUOCTAHOBOK;

T — OLEHKa nokasarens pecypca, nony4YeHHast METOA0M MakCUMansHOro npaegonoaotus.

Pacnpegenenne Benbynna onpegeneHo, ecnu B 3agaHo, a n BbiuucrneHo no copmyne (48). JiuHuio
Benbynna — baieca HaHOCAT Ha BEPOSATHOCTHYO Bymary pacnpeaenerus Benbynna. Mpaduk, nOCTPOEHHbIN
C nomMoLLbi0 aHanu3a Benbynna — baneca, ncnonb3yoT Tak e, Kak nobon apyron rpaduk. AHann3 Benbyn-
na — baileca no3BosnsieT onpeaenuTb oueHkn B-pecypca, nporHo3 HapaboTok A0 0TKas3a U OLeHKY BEposT-
HocTu 6e30TKasHoIi paboThl.

12.3 Ananus Bei6ynna — Baiteca npu OTCYTCTBUM OTKa30B

Bo mHorux sagadax aHanusa Beribynna — Balieca oTcyTCTBYIOT OTKasbl. Hanpumep, B npouecce uc-
NbITAHUIA KOMMNOHEHTA NOCne MOAEPHM3aLMM OTKa3bl OTCYTCTBYIOT. B AaHHOM cnyyae Heo6xoAMMO eLle 0aHO
npeanonoXeHue, COCTOSLLIEE B TOM, YTO MEpPBbIi OTKa3 00A3aTrensHO npousonaer. Hanpumep, B ypaBHeEHUU
yctaHaenueaiot r = 1,0. Tak kak 0Tka3bl OTCYTCTBYIOT, 9TO MHXEHEPHOE NPeANONOXKeHUE ABMAETCHA KOHCepBa-
TUBHbIM (YXyALLAIOLMM OLEHKKN). AHAaNorM4Ho nuHna Benbynna — baiieca Takke ABNsSeTcst KOHCEPBATUBHOM.
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CTatucTuyecku ata fIMHUA, OCHOBAHHAA HA NPEANOMOXKEHMN O HanW4MM OQHOTO OTKa3a, SIBMSAETCA OLEHKON
HWXHEW OAHOCTOPOHHEN A0BEPUTENBHON rpaHnubl. MOXET ObiTb YCTAHOBMEHO C ypoBHEM aosepus 63,2 %,
4YTO UCTUHHOE pacnpeaeneHune Benbynna nexurt cnpasa ot nuHum Beinbynna — Baneca, ecnu 6binu caenaxbl
npaBuUnbHbIE NPEANONOXEHNS OTHOCUTENBLHO .

Jlunun Benbynna — Baneca moryT ObiTb NOCTPOEHDI C NMIOOLIM YPOBHEM OBEPUS NyTEM UCNONL30BAHUSA
6onbLUMX NN MEHbLUMX 3HAMeHaTenel (npeanonaras 6nm3kme OTkasbl):

YpoBeHb gosepus 50 % 63,2 % 90 % 95 % 99 %
3HaMeHaTenb 0,693 1,0 23 3,0 46

12.4 Ananus Beubynna — Baiteca npu Hanuyum OTKa3oB

Ecnu 3HameHaTenb NONy4YeH Ha OCHOBE AAHHBIX O pearnbHbIX 0TKa3ax, OLEHKY napaMmerpa Macwraba n
NONy4aloT ¢ NOMOLLBIO METOAA MAKCUMAanbHOrO Npaeaonoaodusi. BaXxkHbiM NPEMMYLLIECTBOM OLIEHOK MaKCU-
ManbHOro Npasaonoaobusa ABNAETCA TO, YTO OHW WHBAPUAHTHBI OTHOCUTENBLHO Npeobpa3oBaHuii. 3TO 03Ha-
yaer, 4To nuHuA Belibynna — Baieca oueHku B-pecypcoB u BeposaTHOCTM 6e30Tka3HOW paboTbl ABNAOTCA
oueHkamu MakcuManbHoOro npaeaonoaotus. NMiunua Belibynna — Baieca npeacraBnseT co0O0i OLEHKY Mak-
CMManbHOro NpasAonNoA06uA UCTUHHOTO HEW3BECTHOTO pacnpeaenexus Beibynna.

Pacnpenenenue Beibynna, 0CHOBaHHOE Ha BbIGOpKax U3 ABYX UM TPEX OTKA30B UMEET OONbLUYIO He-
onpeneneHHocTb. Ecnu UMeloTcs 4OCTOBEPHbIE CBEAEHUA O 3HaYeHUM napameTpa f§ u3 paHee Nosy4YeHHbIX
JaHHbIX, TO C MOMOLUBIO aHanu3a Belbynna — bBaiieca MoxeT ObiTb NONMY4YEHO 3HAYUTENBHOE NOBLILLEHUE
ToYHOCTU. AHann3 Beinbynna — Baiieca MOXeT COKpaTUTb 3aTpathbl Ha UCNbITaHua 6e3 noTepu TOMHOCTU No-
nyYeHHbIX AaHHbIX. Jns nCnonb30BaHWA NnpeumMyLlecTs aHanu3sa Beinbynna — Baiieca cneayer ucnonb3oearb
paHee nony4eHHble AaHHbIE ANsi onpeaeneHus napamertpa f.

Pasnuune mexay OTCYTCTBMEM OTKa30B M OQHMM OTKa3om aHanus Benbynna — Baneca uccneayer
Xy>xe. Hanpumep, npeanonoxum, YTo NATb PEKOHCTPYUPOBAHHBLIX 0OLEKTOB NPOLLNU UCTbITAHUS Ge3 oTKa-
30B. JluHuA, nonyyeHHas B pesynsrare aHanusa Benbynna — Bavieca, noctpoeHa Ha OCHOBe 3HadeHusa f
NSt UCXOAHOMN KOHCTPYKUMKM 06beKTOB. OHa NpeacTaBnsieT CoBO HUXKHIO rpaHuLLy OJHOCTOPOHHETO 40BEPU-
TENbLHOro MHTepBasna Ans UCTUHHOTO HEUM3BECTHOIO pacnpeaeneHuna Benbynna (npyu Hanuuun moaudukauum).
MycTb Tenepb TOT e Habop AaHHbLIX BKIIOYAET OAMH OTKA3 U YETbIpE NPUOCTAHOBKM.

Pesyneratbl aHanu3a Beinbynna — Baneca GyayT MaeHTUYHbI pe3ynstatam npu OTCYTCTBUMU OTKa30B
U C OQHUM OTKa30M, HO MHTEpnpeTaunsa pesynsratoB 6yaer apyroi. Mpu HanuyuM OQHOrO OTKasa aHanus
Beiibynna — Bavieca HOMUHaNbHLIM METOAOM MakCUManbHOro npaBaonogodus gaeT OUEHKU UCTUHHOIO
HEeW3BecTHOro pacnpeaeneHus Beribynna, a He goBepUTENbHbIN UHTEpPBan. OQHAKO HUXHAS JOBEpUTENDb-
Has rpaHuua ansa nuHun Belibynna — Baileca MoxeT ObiTb BblMMCIIEHA C UCMONL30OBAHWMEM pacnpeaene-
HUA x-kBagpar [5].

Ecnu r— Konm4ecTBo 0TKa30B (r < 1), HUXKXHASA rpaHuLa AOBEPUTENLHOIO MHTepBana ansa m yposHs C %
nMmeet sna

(17B)
e = e (2r/x3@r+2)) . (49)

Mcrnonbsysa M, 1 B, ONpeaensioT HWKHIO AOBEPUTENIbHYIO TPaHULy ANA WCTWHHOW nuHun Beitbyn-
na — baiieca.

12.5 Mpumep npuMmeHeHUs aHanusa Benbynna — Baneca

B kpynHom napke aoBurarernein caMmoneToB BbiSiBNEHO 15 0TkasoB KOMNpPeccopoB. B pesynsrate aHanu3a
JaHHbIX Ha COOTBETCTBUE pacnpedeneHunto Benbynna sHadeHune = 5,0. Nocne peKOHCTPYKUMU KOMNPEC-
copa Tpu ABurartens nogBeprHyTbl UCMbITaHMAM. B pesdynbrate nonyyeHbl crieayilowme 3Ha4eHUs BpeMEHU
6e3oTkasHoi paboTbl komnpeccopos: 1600, 2900 u 3000 4. Bbin NnocTaBneH BONPOC: AOCTATOYHO MU 3TUX UC-
NbITAHWI NS AOKa3aTenbCTBa TOr0, YTO PEKOHCTPYUPOBAHHBLIE KOMMPECCOPbI 3HAYUTENLHO Ny4lle CTapbIxX?
Mpeanonaras 3 = 5,0 u ucnonb3ysi 3Ha4eHMsA HapaboToK Tpex ABUraTenei ¢ peKOHCTPYUPOBaHHbIMU KOMMPEC-
copaMu, OLieHKa nokasarens pecypca MoxXet ObiTb nonydeHa metogom Benbynna — bavieca:

(1600) +(2900)° +(3100)° o
n= p = 3468h. (50)
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JinHnsa Beilbynna — Baileca npeacTtaBneHa Ha pucyHke 10. C ypoBHeM foBepust 63 % MOXHO YTBEPX-
haTb, 4YTO pacnpegeneHve Beiibynna ana gsurateneil ¢ peKOHCTPYMPOBAHHBLIMU KOMMpPEccopamu NexuT
cnpasa OT 3TOW /IMHWK, U TaKUM 06pa3oM, Pecypc PeKOHCTPYWPOBAHHbIX ABUraTesieil 3HauMmMo NpeBOCXOAUT
pecypc HEPEKOHCTPYMPOBaHHbIX. BO3MOXHO, YTO PEKOHCTPYKUMS YCTpaHAeT AaHHbIi pexuMm oTkasa, HO 3TO
He MOXeT ObITb MOATBEPXAEHO AaHHON BbIGOPKOW. Ecnv npu 60nee AMTENbHbIX UCMbITAHUSAX He ByAeT Bbl-
ABMEHO OTKa3oB, TO NnHMA Belibynna — balieca ewe cMmecTUTca BhnpasBo M ByaeT nosydyeHo euwe 6Gonblie
rapaHTuii TOoro, 4YTo AAHHbIA pexum oTkasa ycTpaHeH. MNpegnonoxeHus o @ (yrne HaknoHa SIMHWX NOATOHKMN)
B JAHHOM C/lydae OCHOBaHbl Ha TOM, YTO A1 HapaboToK A0 OTKasa YCTaHOB/IEHO MCMNO/b30BaHMe pacnpege-
nexHna Benbynna.

10 10 000
Hapa6oTka nocne pekoHCTPyKLun

PucyHok 10 — PeKOHCTPYMPOBaHHbI KOMNPECCOop 1 cTapblii kKomnpeccop

Mpy ncnbiITaHNsX 06BLEKTOB C BbICOKOW 6€30TKa3HOCTbIO YAaCTO NPOVCXOAUT MasI0e KO/IMYEeCTBO OTKA30B,
Hanpvmep, HOMb WM OAMH OTKa3. 3TO He MO3BOMISET ONMPeAenunTb NapaMeTpbl ABYX WM TPex napameTpuue-
CKOro pacnpepenenuns Benbynna.

B cnyuasnx, Korga 3HauyeHve (3419 COOTBETCTBYIOLLEro pexmma 0TKa3oB W3BECTHO U3 NpefblayLunx uc-
MbITaHWA, rPy6Yy0 OLEEHKY MOXHO OnpefenuTb Npu OAHOM OTKase WM OTCYTCTBMM OTKa3oB. Bonee Toro, oueH-
Ka Haunydlein npsAMoi, npoxofsiieil yepes HebOoMblIOe KO/IMYECTBO TOYeK, MOXET ObiTb ynydlleHa, ecnu
3HauyeHve [3ussecTHo. [lanee cnegyeT UCNOMNb30BATh AOCTYMHYIO MHOPMALMIO 415 OLEHKW 3HAYEeHWs f.

13 MeTopg 6bICTPbIX OTKa30B

VcnbiTaHnst Ha 6bICTpble 0TKasbl TPEBYHOT MasibiX 06bEMOB NOATPYNM, HANPUMep, COAepPXaLlmx OT Tpex
[10 BOCbMW €[MHWL,; BCHO MOATPYnny UCMbITLIBAIOT OGHOBPEMEHHO, 40 BO3HWKHOBEHWS MepBOro oTkasa. s
noArpynnbl 13 YeTbipex eAnHNL, JaHHbIe UCMbITaHWI CoaepXaT OAuH OTKa3 U TPU NPUOCTaHOBKU. OT YeTbipex
[10 AeCATV 0GBEKTOB B KaXXAOW moarpynne MoryT GbiTh NMOABEPrHYThI UCMbITAHUSM Ha GbICTPbIA 0TKas. JecsThb
noArpynn no Yetbipe eAvHULBI B KKA0M BK/IOUAIOT AAHHLIE O AECATU OTKa3ax M TpuALaTM NpuocTaHoBKax.
McnbiTaHns Ha GbICTpble OTKasbl NPeAcTaB/soT co60iM KOMNPOMUCC MO OTHOLLEHWIO K UCMLITAHWUSIM [0 OTKa-
3a BCeX efVHWL, BbIGOPKM, MX pesynbTaTtam COOTBETCTBYET 60/bluas HEONPELENEHHOCTb, HO OHW MO3BONSIOT
3HAUYNTENLHO COKPaTUTb MPOAO/KUTENBHOCTL WUCMbITAHWIA. Hanpumep, B NPOV3BOACTBE MNOALWMMHUKOB LUW-
POKO NMPUMEHSIOT MCMbITAHWS Ha 6bICTPblE OTKa3bl, AaHHbIE KOTOPbIX 06ecneuvBaloT ONpefeneHne OLEeHKM
L, 6-pecypca. B apyrix npousBoAcTBax Mo pesy/nbTaTtam UCMbITaHWi Ha GbICTPblE OTKasbl Yallle UCMOb3YHT
oueHkn Li-pecypca.

McnbiTaHnst Ha GbICTpble OTKasbl WCMOMb3YIOT ANS onpeAesieHns HapaboTkU A0 MOsIB/IEHNs YCTaHOB-
NIEHHOTO MPOLIEHTA 0TKa30B. DTy TOUKY Ha KPWUBOI pacnpeneneHus Beiibynna MOXHO OnpeaeniuTb C BbICOKOI
TOYHOCTbIO B OT/IMYME OT YI/1a HaK/oHA KPUBOW, KOTOPLIV N0 pe3ynbTataM 06bIYHbIX UCTIbITAHWA MOXET GbITb
onpepfeneH ¢ 60MbLIei TOYHOCTbI0. [PEeUMyLLeCTBO UCTIbITAHWIA HA GbICTPbIE OTKa3bl COCTOWUT B TOM, YTO MpPO-
[IO/IXUTENBbHOCTb UCMbITAHWIA MeHblle, YeM NpY UCMbITAHUAX BCEX 06EKTOB BbIGOPKM 10 OTKa3a.
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Yacro HeobGxoaumMa nHopmauua o HapaboTke 40 onpeaeneHHon CTeNeHn U3HOca, Hanpumep, 40 HU3-
KOro, HO 3HaYMMOro nNpoueHTa oTka3os (Hanpumep, 10 %). laHHoe 3HaYeHue LIMPOKO MCNOMb3YIOT ANA yCTa-
HOBMEHUs1 pecypca NOALMMHUKOB, €r0 Ha3bIBAIOT Lyg-pecypc unm B4y-pecypc. OueHku HapaboTok aAns Apyrux
NpoUEeHTOB OTKAa30B, NoNy4YeHHbIe Mo rpaduky Beibynna, npeacrasneHsl B Tabnuue 4.

Hanpumep, B xoae uCnbITauii Ha GbICTpble OTKa3sbl MOXET ObiTh onpejeneHa oueHka Lg s-pecypca
(8,3 % otkasos). [lJaHHO€E 3HaYEHNE MOXET ObITb YCTAHOBNEHO Kak NpubnmkeHHoe sHaveHue L, -pecypca unu
kak 3aHWKeHHas oLieHKa Lg g-pecypca.

Ans nonyuyexns oueHkn Ly (HapaGoTku, 3a KOTOPYIO OTKa3bIBAET X MPOLIEHTOB BbIGOPKK) UCMONbL3YIOT
cneaytoLlyio npoueaypy:

a) B COOTBETCTBUM C Tabnuuen 4 umeloweecs KONMYECTBO BLIOOPOK AensaT cnyyaliHbiM 06pa3oM Ha A
noarpynmn, Kkaxaasi U3 KoTopbix coaepxuT B o6bekTos;

b) craear Ha ucnbiraHusa Habop U3 BCex noarpynn;

C) perucTpupylotT HapaboTKy 10 NEePBOro OTka3a B KaXaoi noarpynne;

d) cpasy nocne nosiBNeHUs1 NEPBOro 0Tkasa NpekpaLlaloT UCNLITAHWUA NOATPYNMbI;

€) Ans Kaxaon noarpynnbl HApaboTKy A0 NepPBOro 0Tka3a HAHOCAT Ha aAuarpammy Beinbynna, o6paba-
TbiBast HAPAbOTKM OOBLEKTOB NOATPYMNMbl KAK NPUOCTAHOBMEHHLIE B MOMEHT NOABMEHUS B NOArpynne nepesoro
oTkasa a;;

1 .
f) "no rpachuky Beinbynna onpeaensior 3HaveHne Ly 06bidHbIM 06pasom.

MpumeyvaHusa

1 B faHHOM chnyyae oueHka Ly onpefieneHa ¢ BLICOKOW NPELM3MOHHOCTLIO, B TO Xe BpeMs Kpusylo Beitbynna
MOXHO MCMONb30BaTh AN NOMAYYEHUs OLEHOK HapaboTkn ANA ApYroro NpoueHTa OTKas3oB, a Takke ANSA YrnoBoro koad-
huuymneHTa kpusoit Beiibynna. HeonpegeneHHocTb B 3TOM cfyqae 6onee BbICOKas, 3TO BbI3BaHO GONbWNM KONUYECTBOM
NpPUOCTaHOBOK. ATO 0COBEHHO BaXKHO, €CIN C KPUBOW CUMTLIBAIOT 3Ha4YEHNS HapaboTKu ANS ApYroro NPoueHTa OTKa30B.

2 B ucnbiTaHUAX Ha BbICTPbIE OTKa3bl YacTo UCMONbL3YOT NOAMPYNNbl U3 YeTbipeX 06LEKTOB ANA SKOHOMUM UCTbITa-
TenbHoro o6opyAoBaHms.

Tabnuya 4 — O6beM NOArPYNMbl NPU ONPEAENEHUN OLIEHKN HapaboTkK, 3a KoTopyto Nnponcxoaut X % oTKa3oB B UC-
NbITAHNSX METOAOM BbICTPLIX OTKa30B

O6bem nogrpynnul B TouHan MeanaHa paHra AnA OAHOrO OTKasa OueHeHHoe 3HaueHue Ly
2 0,2929 L30
3 0,2063 L20
4 0,1591 L16
5 0,1204 L13
6 01091 L10
7 0,0043 L9
8 0,0830 L8
9 0,0741 L7
10 0,0670 L6
50 0,0138 L1
70 0,00994 L1

OueHka sHa4veHus Ly, nonyveHHas Metogom ObICTPbIX OTKa30B, NPAKTUYECKU TaK K& AOCTOBEPHA, Kak
ecnu 6bl Bce aneMeHTbl noarpynn 6binu NoABeprHyThl UCNBITAHUSAM A0 0TKa3a, HO NPU 3TOM A0BEPUTENbLHbIN
uHTEepBan npubnuantenbHo Ha 50 % wupe. OAHAKO UCMbITAHMSA METOAOM BbICTPLIX OTKA30B MOTYT ObIThb MPO-
u3BeaeHbl ropasao bbicTpee, YeM UCMbITAHUS, B KOTOPbIX KaXablii 0ObEKT UCMLITLIBAIOT 40 OTKa3a. Hanpumep,
ans B =1 npoaomkuTenbHOCTb UCMbITAHWUIA COCTABMSET TONbLKO 25 % OT NPOAOMKUTENBHOCTU UCNBLITAHUI BCEX
o6bekToB noarpynn 4o otkasa. Ecnu Bce noarpynnbl UCNbITLIBAOT OAHOBPEMEHHO, NPOAOMKNTENLHOCTb UC-
MbITaHUI cocTaBnsieT NpubnnanTensHo 7 % OT NPOAOIMKUTENBHOCTM UCTBITAHUI A0 0TKa3a BCeX OOBLEKTOB.

OTHOWeEHME NPOAOMKUTENBHOCTN UCTLITAHUA MOXHO OLEHMTb, MCNONb3YyA cpeaHee apudmMmeTnyeckoe
HapaboTok g0 oTkasa. M3rotoButenu, UCNomMb3yOLUE UCNbITAHUSA METOAOM ObICTPbLIX OTKA30B, COKpAaLLAIOT
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NPOAOMKUTENBHOCTb UCMbITAHUI, UCNONL3YS cheLlnansHo paspaboTaHHOe o6opyaoBaHKe, NO3BOSSAIOLLEE UC-
MbITbIBaTb OAHOBPEMEHHO BCE 0OBLEKTHI NOATPYNMbl.

B Tabnuue npuBeaeHbl JaHHbIe Pe3ynsTaToB UCMbITAaHUIE ABEHAALATH 0ObEKTOB B YETbIPEX NOArpynnax
NP1 NPOBEAEHUN UCTILITAHUIA Ha BbLICTPbLIE OTKA3bI.

Ta6nuya 5— lMNocnegoBaTensHOCTb AaHHBIX NOArPYNN 0 HapaboTkax B LMKMax

Moarpynna 1 Moarpynna 2 Moarpynna 3 Moarpynna 4
MpuocTaHoBka 3698 uukn. | MpuocTtaHoBka 4650 umkn. | MpuocTaHoBka 2398 LK. Otkas 4650 umkrn.
Otkas 3698 umkn. MpuocTaHoBka 4650 umkn. | MpuoctaHoska 2398 uukn. | lMpuoctaHoBka 2945 Lmkn.
MpuocTaHoBka 3698 LuKn. OTka3 4650 uukrn. Otka3s 4650 uukn. MpuocTtaHoBka 2945 Lukn.

B ucnbiTaHnax MeTogom GbICTPbIX OTKA30B cpeaHuii panr (1/(N + 1)) ans nepeoro oTkasa (U3 Tpex) co-
craenset 1/4. CooteeTcTBYIOWMI L-pecypc paseH Byg. AN pacnpeaenerus Beibynna ¢ f = 2,13 Byg-pecypc
cocraensier 0,557n, oTHOWweHMe cpeaHen HapaboTku Ao oTkasa K m coctaenset 0,8858. Takum oGpasom,
OTHOLLEHWE MPOAOIMKUTENBHOCTEN UcnbITaHuin cocTaenset (0,557 -4)/(0,8858 - 12), uto npubnusutenbHO pas-
Ho 0,2. CpegHee AgoBepuTEnbHLIX rpaHUL, MeToaa Martpuubl dullepa, NonyYeHHbIX Mo Aecatn Habopam u3
Tpex OOBLEKTOB B KaXAOM G rpaHvLamMm, noryvyeHHsiMu no 12 HapaboTkam A0 OTKasa, NoKasbiBaeT NpUpoCT
CTaTUCTUYECKON HEONPEAENEHHOCTU NPUBIIKEHHO Ha 27 % npu onpeaenennn By-pecypca. laHHoe yBenuue-
HWe HeonpeaeneHHOCTU KOMNEHCUPYETCA COKpaLLeHNnEM NPOAOIMKUTENBHOCTU UcnbiTaHui Ha 80 %.

MpumeyaHue 3— [daHHble NOArPYNM TaK e MOryT 6biTe 06paboTaHbl Kak oTAernbHbIe BIOOPKM.

14 Opyrue Buabl pacnpeneneHnsa gaHHbIX

Ecnu x noaumHsieTca NorHopmMansHOMY pacnpeaeneHuio, To pacnpeaeneHue X siBnseTcs HECMMMETPUY-
HbIM, & nepemeHHas log X NOAYUHAETCS HOPMAanNbHOMY PacnpeaeneHuto.

JlorHopmanbHoe pacnpegeneHne MMEeT MHOMO NPUIIMKEHWIH. TUNNYHBIMW NPUMEPAaMKU ABMSOTCA: pac-
npeaeneHne BenuyunH AedekTos, napameTpos pagmoyacToT U BPEMEHU BOCCTaHOBNEeHUs. Hanbonee BaXHbIM
NPUMEPOM SIBMSIETCA NPOrPECCUPYIOLLMIA U3HOC, BbipaXatowumincs B notepe pabotocnocobHOCTM, pa3pacTa-
HUW TPEeLLMH, NPUBOAALLMX K Pa3sPYLLEHWUIO U POCTY amnnuTydbl BUGpauuu npu yeenudeHun usHoca. Ecnu
WHTEHCWBHOCTb U3HOCA NUHEIHA, TO pacnpeaeneHne HabnogeHnin 6rnmsko Kk pacnpeaenexuio Benbynna.

C NOMOLLbIO MOTHOPMAarbHOTO pacnpeaeneHnst ONUCLIBAIOT NPOLIECChI, B KOTOPbIX HapaboTka A0 oTka3a
ABNAETCA PesynbratoM BIUAHWUA MHOXECTBa (hakTopoB. HanpuMep, U3HOC MOXET OblTb NPOrPeCCUpPyoLLUM;
NPy BbICOKOW HArpy3ke POCT TPELUMH MOXET NMPOUCX0AuTb ObICTPO, MPU STOM C POCTOM TPELUMH Harpyska
yBenu4uBaeTcs. 34eCb CKOPOCTb POCTa TPELLMH COOTBETCTBYET NIOrHOPMarnbHOMy pacnpeaenenuto. C apyroi
CTOPOHBI, €CINK CKOPOCTb POCTa TPELUMH NMUHENHO 3aBUCUT OT BPEMEHU, YTO MOXKET UMETb MECTO NPU HU3KUX
Harpyskax, To B JaHHOM cnyyae 6onee nogxoauT pacnpegenexue Belibynna. NlorHopmansHOe pacnpezene-
HWE YacTO NPUMEHSIOT NPU U3yYEeHUU CBONCTB MaTepuarnos, MHAUBMAYAmNbHbLIX JOXO40B, HACNEACTBEHHOCTH,
0aHKOBCKWNX BKNaAoB, MHTEHCMBHOCTU POCTa TPELLUMH, pacnpeeneHns oobema fedekTos.

Cpeaun Bcex CTaTMCTUYECKUX pacnpeaeneHuii, oOTiMYHbIX OT pacnpegeneHusa Benbynna, norHopmans-
HOE pacnpeaeneHue Hanbonee 4yacTo ynoTpebnsatoT AnA aHanusa pecypcoB. JTorHopmanbHoe pacnpeaeneHne
CreayeT UCMosnb30BaTh B Criyyae, Korga UMeeTcs 4 0CTOBepHasi NpefBapuTensHas MHcopMauums o AaHHbIX 6o-
nee 20 oTka30B. Hanpumep, MHOrMe XapakTepUCTUKM MaTepruanoB ONUCLIBAKOT C MOMOLLbIO TIOTHOPMAanbHOro
pacnpeaeneHusi. Bpema BOCCTaHOBMEHMA U pOCTa TPELLMH A0 M3MIOMa YacTO NOAYMHAETCS NOTHOPMAanbHOMY
pacnpegeneHuio. 3HaHue 0 TOM, YTO NPOLECCHI, NPUBOASALLME K 0TKa3aM, CBSI3aHbl C NPOrPeccupyoLLM nUs-
HOCOM, TaKXXe SIBNSETCA 000CHOBAHMEM TOrO, YTO AaHHbIE NOAYUHSAIOTCA JIOTHOPMAanbHOMY pacnpeaeneHuio.
OTKasbl HEKOTOPLIX MONYNPOBOAHUKOBLIX YUMOB NOAYMHAIOTCA JIOTHOPMansHOMY pacnpegenenuto. Pacnpe-
AeneHue napamertpa 3 pacnpegeneHus Benbynna ssnsaerca pacnpeaeneHuem, 6nm3kum K NorHopmansHoMY,
npu 3TOM 1 NMOAYMHAETCA HOPManbHOMY pacnpeseneHuto.
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Mpunoxexne A
(cnpaBou4HoOE)

MpuMepbl U pacCMOTPEHHbIE Cayyan

A.1 PaHHVe oTKa3bl

Ha pucyHke A.l npuBegeH nNpuMep NpeacTaBfeHnsl JaHHbIX O PaHHUX OTKa3axX B OCHOBHbLIX MAacC/IsiHbIX Hacocax.
ra3oTyp6uHHbIE ABUraTENN WUCMbITLIBAIOT [0 OTNpPaBKM 3akasuuky. Bonee 1000 gBuratenieii HaxXoAaTcs B aKCMayaTaluu.
Mpn NpoBepke 3KCMyaTUPYEMbIX MAC/siHbIX HACOCOB 6bl/I0 0GHAPYXXEHO, UTO OHW COAEpXaT AeTau YBEeNIMUEHHbIX pas-
MepoB. B npouecce Npou3BOACTBA HACOCOB MPOM30LLIN U3MEHEHUS!, YTO MOB/IMANO HA KAUeCTBO AAaHHOW mapTuu Haco-
coB. HerabapuTHble AeTanu NpuBenn K HapylleHusM B pab6oTe Hacoca U oTkasy. [poluecc npov3BOACTBa Gbla CKOPPEK-
TUpOBaH. Mpy Ha/IMUMK PaHHMX OTKA30B MOXHO MPeAnooXWTb BWSIHUE W3HOCA, ECN YINI0BOW KO3h(ULMEHT NpsMoi
60/blle eUHNLbI, OfHAKO GO/Iee YacTO paHHWE OTKasbl MOSIBASKOTCS, €C/M YIN0BOW KO3(MULNEHT MEHbLUE eAUHULLbI.
PaHHMEe 0TKasbl yKasbiBalOT Ha U3MEHEHWs, NMpou3oLieflre B NpoLeccax NpoM3BOACTBA WM COOPKKU, OCOGEHHO Koraa
MHOTO Taknx 06BLEKTOB paboTaeT MpoAO/HKUTENIbHOe Bpemsi. PEeKOHCTPYKLUMS W MiaHOBOe TeXHWYeckoe 06C/yXuBaHue
Takxe MOryT NPUBOAUTL K Nof06HOMY adhchekTy. CreayeT MMEeTb 3TO B BUAY NPU NPOBEAEHNM PEMOHTA WM TEXHUYECKOTO

06CcnyxuBaHusl. Bosblloe KOMMYecTBO MO3AHUX MPUOCTAHOBOK MOXET TAKXKe C/YyXWTb MokasaTesieM Haiuumsi npobiem
C «napTmeii».

dyHKUMA pacnpepeneHus Belibynna

A.2 Bnuskne cepuiiHble Homepa

AHanornyHble nccnegoBaHmMs MOryT 6blTb pacnpocTpaHeHbl Ha Apyrve cnydan rpynnMpoBKM OTKas3oB. Hanpumep,
€C/NIN HET paHHUX M NO34HUX OTKa30B, HO eCTb OTKasbl CPEHEero BPeEMEeHW, TO MOXHO npegnosararb Haimyme npobiem
C napTtueil. Kakve-To napameTpbl npouecca Npov3BOACTBA MOrYT OblTb M3MEHEHbI Ha KOPOTKWA nepuod, a 3aTeM BO3-
BpalleHbl Hasad. BAn3ocTb cepuitHbiX HOMEPOB OTKaslaBLUMX OGBLEKTOB npegnonaraeT Haivume npobnem ¢ napTuei.
Ha pucyHke A.2 npeacTaBfieH NpocToli MpUMep mpouecca, Y KOTOPOro Mpou3oLLny M3MeHeHusl, c6oil B cepefiMHe npo-
n3BOACTBA. B HOBbIX AONOJSTHUTE/IbHBIX HAcocax OTKasasnm noAwunHukM. OTkasbl Npou3ownv B uHTepsase oT 200 go
400 4. He meHee 650 06HLEKTOB MMENIO HApabOoTKy, NPEBbIWAOLLYH HaMbo/blUy HapaboTKy B AaHHOW napTuu. Bbino
YCTaHOB/IEHO, YTO [AaHHble OTKa3sbl MPOU30LLIM BCNEACTBME U3MEHEHMA npolecca Npov3BoACTBA MNOALWUMHUKOB, CBSA-
3aHHOI0 C M3MEHEHWEM 3aTpaT Ha W3roToB/IEHME Koprnyca MNOALWWNHUKOB. [oslyyeHHble JaHHble M710X0 COrnacytTcs C

pacnpegeneHuem Belibynna, nNOCKOMbKY MPUCYTCTBYIOT Kak MUHUMYM ABa AOMUHUPYHOLWKX pexuma oTkasa 06bekToB
(cMm. pucyHok A.2).
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160 10 000
Hapa6oTka o otkasa h

PucyHok A.2 — OTKa3sbl NOAWUMHUKOB AOMNO/THUTE IbHLIX HACOCOB

A.3 Bonbline 3HaYeHUs YyrnoBoro KoapguumeHta

CnepyeT NposiBNATb OCTOPOXHOCTb MPY 3HAYEHMAX (3 MpeBbiAOLWMX YeTbipe. bonbLioii yrnosoi koadduumeHT
MOXeT CKpbIBaTb U3/10Mbl, KPUBM3HY WK BbIGPOCHI 1, CriegoBaTenbHO, MHOPMAaLMI0 O COrNacoBaHHOCTY AaHHbIX C pac-
npegeneHvem. bonblioe 3HayeHve yrnosoro koadpuumeHTa 4acto O6YCIOBNEHO HA/IMYMEM HEKOPPEKTHbLIX AaHHbIX.
Takas nHdopMaums 0 AaHHbIX, Kak BbIGPOCHI, U3M0Mbl W KPUBU3HA, MOXET ObiTb noTepsHa. O4YeBUAHO, YTO KOPPEKTHbIE
pacnpegeneHus Beiibynna moryT UMeTb MIOXYH COr/lacoBaHHOCTb C AaHHbIMWU. Tpumep npeacTaBneH Ha pucyHke A.3.
Ha nepBblii B3rnA4, faHHbIi rpadivk faeT Xopolwlee Npub/MKEHWE, HO Ha HEM MPUCYTCTBYET KPUBM3HA W BO3MOXHbI
BbIGPOCHI.

MpumeyaHne — KpyToli HaK/IOH KPUBOW Beilbynna npeanoyuTUTENeH C MHXEHEPHON TOYKN 3peHunst, obecneun-
Bas 3Ha4YeHWe [ AOCTATOYHO BGO/IbLUNM.

10 100 1000
Hapa6oTka 10 oTkasa, AHK

PucyHok A.3 — Bbicokue 3HayeHns 3
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MpunoxeHue B
(cnpaBo4yHoe)

MpuMep BblUMCAEHUN

[aHHbIA npyMep NpuBeAeH 4718 NPOBEPKM TOYHOCTU BbIYMCMIEHUIA C NOMOLLLIO KOMMbIOTEPHbLIX Mporpamm, npume-
HSIOLLMX METOAbl Perpeccum MegmaH paHroB 1 MakCMasibHOro NpaBAonoAo6usi, yCTaHOB/IEHHbIE B HACTOsLLEM CTaHAapTe.

Ha ucnbiTaHns noctasneHo 40 06beKTOB. VcnbiTaHnsa ocTaHOB/EHbl nocne 20-ro oTkasa. B ta6nuue B.1 npusepge-
Hbl HapaboTkn A0 oTka3a 20 06BHEKTOB.

Ta6nuya Bl — HapaboTks oo oTkasa

foi A7 *3 " % 8 0 O M 22 "B WY 5 B/ (u f8 f19 fa
5 10 17 32 32 3 34 36 54 5 55 58 58 61 64 65 65 66 67 68

Ha nepBom aTane gaHHble HaHOCAT Ha rpadmk, NoAoGHbIM NpefcTaBNeHHOMY Ha pucyHke B.1. CnegyeTt oTme-
TUTb, 4TO 0bBa MeTofa perpeccun MegmaH pPaHroB M MakCMMasibHOro npasgonofobus obecneumBardT MPUEMIEMYIO
COrNacoBaHHOCTb C AaHHbIMKW, rpadvk MokasbiBaeT CMecb ABYX pacnpefeneHuii Beibynna, COOTBETCTBYHOLUMX ABYM
pexvmaM 0TKasa, AaeT HM3KMe 3HauyeHus YrnoBoro KoadduumeHTa nuHuu Beilbynna, cnepyowimne 3a BbICOKUMU 3Ha-
YeHVsAMM 3TOr0 napameTpa. AHanu3 pacnpegeneHuns, WUCNonb3yloLlnii OTHOLWeEHWe npaBaonofobus, 6onee npUMeHUM
K TpexnapameTpuyeckomy pacnpegeneHunio Beiibynna. AHann3 cmecu pacnpefeneHuid, OCHOBaHHbI Ha OTHOLLEHUU
npasgonofo6us, NoATBepXAaeT Hasmume MNo KpawHeli Mepe ABYX PasIMyHbIX PeXMMOB W OTKa3oB. [aHHblli npumep
roBOpuT O TOM, YTO CrefyeT BCerfa MCrnosb30BaTtb rpadmyeckoe nNpefcTasB/ieHne faHHbIX, He nosiarasicb TOMIbKO Ha
aHasMTnyeckne mMetogpl.

lMpuMeHeHne BbIYUCNNTE/IbHBIX NMPOoLIeAyP, YCTaHOB/IEHHbIX B HACTOSALLEM CTaHAapTe, AaeT crefylowme pesynsTtars.

MeToZ MakCUMasibHOro npasAonofobmsa nokasas, YTo C YpoBHEM 3HauMmocT 10 % Henb3s OTBEpPrHyTb rMnotesy
0 TOM, YTO HapaboTKn A0 OTKasa MOAUMHAIOTCA pacnpeneneHnio Beibynna, Tak kak H = 0,36 u FO 1(18; 20) = 1,81. Koadp-
uumeHT getepMmHaunm Metoga MRR npuHuMaeT 3HaveHune 93,9 %, uTo Bbiwe Kputndecknx 90 % 3HayveHmsa 90,3 %. Oba
MeToAa faloT NpUemMsieMoe, HO He camoe fyyllee npubmkeHve.

OueHkn ans p u 1|, NoMyyYeHHble C NOMOLLBI 3TUX METOA0B, COCTaB/IAKT COOTBETCTBEHHO 2,091 wnmn 1,423 n 84
win 113.

Kosnmuectso eguHuLy
PucyHok B.1 — 'padivk, MOCTPOEHHbIN MO pesysibTaTam BblYUCNEHNI
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[oBepuTernbHble MHTepBanbl ¢ ypoBHeM goBepus 90 % cocTaBnsoT COOTBETCTBEHHO [1,34; 2,742] unu [0,998; 0,29]
ans B u [70,05; 162,4] unu [79;108] gns .

3Havenus By (MRR/MLE) cocTaBnsaoT cooTBETCTBEHHO 28,63 unm 28,56, a HUXHAS rpaHuUa AOBEpUTENbHOMO
WHTepBana c yposHeM foBepus 90 % paBHa cooTBeTCcTBEHHO 20,43 nu 23,29 (cM. pucyHok B.1). Cnegyet umeTs B BUAY,
YTO B CpefjHeM OLieHKM B, Nony4YeHHble METOLOM MakcMMarbHOro npaBaonofobus, 6onblue, YeM oLeHKM B, NonyyYeHHbIe
METOJOM perpeccun MegmnaH paHros, U B-pecypchl, Mony4eHHble METOA0M MakcuMarbsHoro npasgonogobus, 6onee ontu-
MUCTWHYHBI, YeM MOMyYeHHEIE METOAOM perpeccun MefuaH paHroB faxe AN ypoBHA pecypca B, [Ina yposHa pecypca
B, oueHk1 Gornee ONTUMUCTUYHLI, Kak nokasaHo B Tabnuue B.2. CnieayeT uMmeTb B BUAY, YTo t = 5,0 cOOTBETCTBYET NPU-
BrimsutenesHo B,.

3Ha4eHNs oLieHOK BepoATHOCTM Ge3oTkasHoi paboTel (MRR/MLE) u HUXHUe rpaHuubl 40BEpUTENBHOTO MHTEpBana
¢ ypoBHeM goepusi 90 % Ans Tpex 3HaveHui t npuseaeHsl B Tabnuue B.2.

Tabnunuya B.2—Ceogka pesynsraros

t R(t) Ro9 | ower timit
50 99,7/98,8 98,5/96/8
50,00 0,71 0,62
100,00 0,23 0,12
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MpunoxexHue C
(cnpaBoyHoe)

Tabnuubl MeanaH paHroB

C.1 Tabnuubl MeauaH paHra yposHs 5 %

MeaunaHa paHra ypoBHA 5 %
PaHr O6beM BbIGOPKU
1 2 3 4 5 6 7 8 9 10
1 50 2,53 1,70 1,27 1,02 0,85 0,73 0,64 0,57 0,51
2 22,36 13,54 9,76 7,64 6,28 5,34 4,64 4,10 3,68
3 36,84 24,86 18,93 15,32 12,88 11,11 9,77 8,73
4 47,29 34,26 27,13 22,53 19,29 16,88 15,00
5 54,93 41,82 34,13 28,92 25,14 22,24
6 60,70 47,93 40,03 34,49 30,35
7 65,18 52,03 45,04 39,34
8 68,77 57,09 49,31
9 71,69 60,58
10 74,11
MeauaHa paHra ypoBHA 5 %
PaHr O6bem BbIGOPKU
11 12 13 14 | 15 | 16 | 17 18 19 20
1 0,47 0,43 0,39 0,37 0,34 0,32 0,30 0,28 0,27 0,26
2 3,33 3,05 2,81 2,60 2,42 2,27 2,13 2,01 1,90 1,81
3 7,88 7,19 6,60 6,11 5,68 5,31 4,99 4,70 4,45 4,22
4 13,51 12,29 11,27 10,40 9,67 9,03 8,46 7,97 7,53 7,14
5 19,96 18,10 16,57 15,27 14,17 13,21 12,38 11,64 10,99 10,41
6 27,12 24,53 22,40 20,61 19,09 17,78 16,64 15,63 14,75 13,96
7 34,98 31,62 28,70 26,36 24,37 22,67 21,19 19,90 18,75 17,73
8 43,56 39,09 35,48 32,50 30,00 27,86 26,01 24,40 22,97 21,71
9 52,99 47,27 42,74 39,04 35,96 33,34 31,08 29,12 27,39 25,87
10 63,56 56,19 50,54 46,00 42,26 39,10 36,40 34,06 32,01 30,20
1 76,16 66,13 58,99 53,13 48,92 4517 41,97 39,22 36,81 34,69
12 77,91 68,37 61,46 56,02 51,56 47,81 44,60 41,61 39,36
13 79,42 70,33 63,66 58,34 53,95 50,22 47,00 44,20
14 80,74 72,06 65,62 60,44 56,11 52,42 49,22
15 81,90 73,60 67,38 62,33 58,09 54,44
16 82,93 74,99 68,97 64,06 59,90
17 83,84 76,23 70,42 65,63
18 84,67 77,36 71,74
19 85,41 78,39
20 86,09
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MeauaHa paHra ypoBHA 5 %
O6bem BbIGOPKU

Panr
21 22 23 24 25 26 27 28 29 30
1 0,24 0,23 0,22 0,21 0,20 0,20 0,19 0,18 0,18 0,17
2 1,72 1,64 1,57 1,50 1,44 1,38 1,33 1,28 1,24 1,20
3 4,01 3,82 3,65 3,50 3,35 3,22 3,10 2,98 2,88 2,78
4 6,78 6,46 6,17 5,90 5,66 543 5,22 5,03 4,85 4,69
5 9,88 9,41 8,98 8,59 8,23 7,90 7,59 7,31 7,05 6,81
6 13,24 12,60 12,02 11,49 11,01 10,56 10,15 9,77 9,42 9,09
7 16,82 15,99 15,25 14,57 13,95 13,38 12,85 12,37 11,92 11,50
8 20,57 19,56 18,63 17,80 17,03 16,33 15,68 15,09 14,53 14,02
9 24,50 23,27 22,16 21,16 20,24 19,40 18,62 17,91 17,25 16,63
10 28,58 27,13 25,82 24,64 23,56 22,57 21,66 20,82 20,05 19,33
1 32,81 31,13 29,61 28,24 26,99 25,84 24,79 23,83 22,93 22,11
12 37,19 35,25 33,51 31,94 30,51 29,21 28,01 26,91 25,89 24,95
13 41,72 39,52 37,54 35,76 34,14 32,66 31,31 30,07 28,93 27,87
14 46,41 43,91 41,68 39,68 37,86 36,21 34,70 33,31 32,03 30,85
15 51,26 48,45 45,95 43,71 41,68 39,84 38,16 36,62 35,20 33,89
16 56,30 53,15 50,36 47,86 45,61 43,57 41,71 40,00 38,44 36,99
17 61,56 58,02 54,90 52,13 49,64 47,38 45,34 43,46 41,75 40,16
18 67,08 63,09 59,61 56,53 53,78 51,30 49,05 47,00 4512 43,39
19 72,94 68,41 64,51 61,09 58,05 55,32 52,86 50,62 48,57 46,69
20 79,33 74,05 69,64 65,82 62,46 59,46 56,77 54,33 52,10 50,06
21 86,71 80,19 75,08 70,77 67,04 63,74 60,79 58,13 55,71 53,49
22 87,27 80,98 76,02 71,83 68,18 64,94 62,03 59,40 57,01
23 87,79 81,71 76,90 72,81 69,24 66,06 63,20 60,61
24 88,27 82,39 77,71 73,73 70,23 67,11 64,30
25 88,71 83,02 78,47 74,58 71,16 68,10
26 89,12 83,60 79,18 75,39 72,04
27 89,50 84,15 79,84 76,14
28 89,85 84,66 80,47
29 90,19 85,14
30 90,50
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C.2 Tabnuubl MeauaH paHra ypoBHs 95 %

MepauaHa paHra ypoBHA 95 %
O6bem BbIGOPKU

PaHr
1 2 3 4 | 5 | 6 | 7 8 9 10
1 95,00 77,64 63,16 52,71 45,07 39,30 34,82 31,23 28,31 25,89
2 97,47 86,46 75,14 65,74 58,18 52,07 47,07 42,91 39,42
3 98,30 90,24 81,07 72,87 65,87 59,97 54,96 50,69
4 98,73 92,36 84,68 77,47 71,08 65,51 60,66
5 98,98 93,72 87,12 80,71 74,86 69,65
6 99,15 94,66 88,89 83,12 77,76
7 99,27 95,36 90,23 85,00
8 99,36 95,90 91,27
9 99,43 96,32
10 99,49
MegunaHa paHra ypoBHA 95 %
Paur O6beM BbIGOPKK
1" 12 13 14 15 16 17 18 19 20
1 23,84 22,09 20,58 19,26 18,10 17,07 16,16 15,33 14,59 13,91
2 36,44 33,87 31,63 29,67 27,94 26,40 25,01 23,77 22,64 21,61
3 47,01 43,81 41,01 38,54 36,34 34,38 32,62 31,03 29,58 28,26
4 56,44 52,73 49,46 46,57 43,98 41,66 39,56 37,67 35,94 34,37
5 65,02 60,91 57,26 54,00 51,08 48,44 46,05 43,89 41,91 40,10
6 72,88 68,48 64,52 60,96 57,74 54,83 52,19 49,78 47,58 45,56
7 80,04 75,47 71,30 67,50 64,04 60,90 58,03 55,40 53,00 50,78
8 86,49 81,90 77,60 73,64 70,00 66,66 63,60 60,78 58,19 55,80
9 92,12 87,71 83,43 79,39 75,63 72,14 68,92 65,94 63,19 60,64
10 96,67 92,81 88,73 84,73 80,91 77,33 73,99 70.88 67,99 65,31
11 99,53 96,95 93,40 89,60 85,83 82,22 78,81 75,60 72,61 69,80
12 99,57 97,19 93,89 90,33 86,79 83,36 80,10 77,03 74,13
13 99,61 97,40 94,32 90,97 87,62 84,37 81,25 78,29
14 99,63 97,58 94,69 91,54 88,36 85,25 82,27
15 99,66 97,73 95,01 92,03 89,01 86,04
16 99,68 97,87 95,30 92,47 89,59
17 99,70 97,99 95,55 92,86
18 99,72 98,10 95,78
19 99,73 98,19
20 99,74
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MeauaHa paHra ypoBHs 95 %

O6beMm BbIGOPKU

PaHr
21 22 23 24 25 26 27 28 29 30
1 13,29 12,73 12,21 11,73 11,29 10,88 10,50 10,15 9,81 9,50
2 20,67 19,81 19,02 18,29 17,61 16,98 16,40 15,85 15,34 14,86
3 27,06 25,95 24,92 23,98 23,10 22,29 21,53 20,82 20,16 19,53
4 32,92 31,59 30,36 29,23 28,17 27,19 26,27 25,42 24,61 23,86
5 38,44 36,91 35,49 34,18 32,96 31,82 30,76 29,77 28,84 27,96
6 43,70 41,98 40,39 38,91 37,54 36,26 35,06 33,94 32,89 31,90
7 48,74 46,85 45,10 43,47 41,95 40,54 39,21 37,97 36,80 35,70
8 53,59 51,55 49,64 47,87 46,22 44,68 43,23 41,67 40,60 39,39
9 58,28 56,09 54,05 52,14 50,36 48,70 47,14 45,67 4429 42,99
10 62,81 60,48 58,32 56,29 54,39 52,62 50,95 49,38 47,90 46,51
1" 67,19 64,75 62,46 60,32 58,32 56,43 54,66 53,00 51,43 49,94
12 71,42 68,87 66,49 64,24 62,14 60,16 58,29 56,54 54,88 53,31
13 75,50 72,87 70,39 68,06 65,86 63,79 61,84 60,00 58,25 56,61
14 79,43 76,73 74,18 71,76 69,49 67,34 65,30 63,38 61,56 59,84
15 83,18 80,44 77,84 75,36 73,01 70,79 68,69 66,69 64,80 63,01
16 86,76 84,01 81,37 78,84 76,44 74,16 71,99 69,93 67,97 66,11
17 90,12 87,40 84,75 82,20 79,76 77,43 75,21 73,09 71,07 69,15
18 93,22 90,59 87,98 85,43 82,97 80,60 78,34 76,17 74,11 72,13
19 95,99 93,54 91,02 88,51 86,05 83,67 81,38 79,18 77,07 75,05
20 98,28 96,18 93,83 91,41 88,99 86,62 84,32 82,09 79,95 77,89
21 99,76 98,36 96,35 94,10 91,77 89,44 87,15 84,91 82,75 80,67
22 99,77 98,43 96,50 94,34 92,10 89,85 87,63 85,47 83,37
23 99,78 98,50 96,65 94,57 92,41 90,23 88,08 85,08
24 99,79 98,56 96,78 94,78 92,69 90,58 88,50
25 99,80 98,62 96,90 94,97 92,95 90,91
26 99,80 98,67 97,02 95,15 93,19
27 99,81 98,72 97,12 95,31
28 99,82 98,76 97,22
29 99,82 98,80
30 99,83
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C.3 Tabnuubl MeauaH paHra ypoBHs 50 %

MepauaHa paHra ypoBHA 50 %
OB6beM BbIGOPKU

PaHr
1 2 3 4 | 5 | 6 | 7 | 8 9 10
1 50 29,29 20,63 15,91 12,94 10,91 9,43 8,30 7,41 6,70
2 70,71 50,00 38,57 31,38 26,44 22,85 20,11 17,96 16,23
3 79,37 61,43 50,00 42,14 36,41 32,05 28,62 25,86
4 84,09 68,62 57,86 50,00 44,02 39,31 35,51
5 87,06 73,56 63,59 55,98 50,00 45,17
6 89,09 77,15 67,95 60,69 54,83
7 90,57 79,89 71,38 64,49
8 91,70 82,04 74,14
9 92,59 83,77
10 93,30
MegunaHa paHra ypoBHA 50 %
Paur O6beM BbIGOPKK
1 12 13 14 15 16 17 18 19 20
1 8,11 561 519 4,83 4,52 4,24 4,00 3,78 3,58 3,41
2 14,80 13,60 12,58 11,70 10,94 10,27 9,68 9,15 8,68 8,25
3 23,58 21,67 20,04 18,65 17,43 16,37 15,42 14,58 13,83 13,15
4 32,38 20,76 27,53 25,61 23,94 22,47 21,18 20,02 18,99 18,05
5 41,19 37,85 35,02 32,58 30,45 28,59 26,94 25,47 24,15 22,97
6 50,00 45,95 42,51 39,54 36,97 34,71 32,70 30,92 29,32 27,88
7 58,81 54,05 50,00 46,51 43,48 40,82 38,47 36,37 34,49 32,80
8 07,62 62,15 57,49 53,49 50,00 46,94 44,23 41,82 39,66 37,71
9 76,42 70,24 64,98 60,46 56,52 53,06 50,00 47,27 44,83 42,63
10 85,20 78,33 72,47 67,42 63,03 59,18 55,77 52,73 50,00 47,54
11 93,89 86,40 79,96 74,39 69,55 65,29 61,53 58,18 55,17 52,46
12 94,39 87,42 81,35 76,06 71,41 67,30 63,63 60,34 57,37
13 94,81 88,30 82,57 77,53 73,06 69,08 65,51 62,29
14 95,17 89,06 83,63 78,82 74,53 70,68 67,20
15 95,48 89,73 84,58 79,98 75,85 72,12
16 95,76 90,32 85,42 81,01 77,03
17 96,00 90,85 86,17 81,95
18 96,22 91,32 86,85
19 96,42 91,75
20 96,59
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Mepauana paHra yposHA 50 %
PaHr O6bem BbIGOpPKU
21 22 23 24 25 26 27 28 29 30

1 3,25 3,10 2,97 2,85 2,73 2,63 2,53 2,45 2,36 2,28

2 7,86 7,51 7,19 6,90 6,62 6,37 6,14 5,02 572 5,563

3 12,53 11,97 11,46 10,99 10,55 10,15 9,78 9,44 9,11 8.81

4 17,21 16,44 15,73 15,09 14,49 13,94 13,43 12,96 12,562 12,10
5 21,89 20,91 20,01 19,19 18,43 17,74 17,09 16,48 15,92 15,40
6 26,57 25,38 24,30 23,30 22,38 21,53 20,74 20,01 19,33 18,69
7 31,26 29,86 28,58 27,41 26,32 25,32 24,40 23,54 22,74 21,99
8 35,94 34,33 32,86 31,51 30,27 29,12 28,06 27,07 26,14 25,28
9 40,63 38,81 37,15 35,62 34,22 32,92 31,71 30,59 29,55 28,58
10 45,31 43,29 41,43 39,73 38,16 36,71 35,37 34,12 32,96 31,87
1 50,00 47,76 45,72 43,84 42,11 40,51 39,03 37,65 36,37 3517
12 54,69 52,24 50,00 47,95 46,05 44,31 42,68 41,18 39,77 38,46
13 59,37 56,71 54,28 52,05 50,00 48,10 46,34 44,71 43,18 41,76
14 64,06 61,19 58,57 56,16 53,95 51,90 50,00 48,24 46,59 45,06
15 68,74 65,67 62,85 60,27 57,89 55,69 53,66 51,76 50,00 48,35
16 73,43 70,14 67,14 64,38 61.84 59,49 57,32 55,29 53,41 51,65
17 78,11 74,62 71,42 68,49 65,78 63,29 60,97 58,82 56,82 54,04
18 82,79 79,09 75,70 72,59 69,73 67,08 64,63 62,35 60,23 58,24
19 87,47 83,56 79,99 76,70 73,68 70,88 68,29 65,88 63,63 61,54
20 92,14 88,03 84,27 80,81 77,62 74,68 71,94 69,41 67,04 64,83
21 96,75 92,49 88,54 84,91 81,57 78,47 75,60 72,93 70,45 68,13
22 96,90 92,81 89,01 85,51 82,26 79,26 76,46 73,86 71,42
23 97,03 93,10 89,45 86,06 82,91 79,99 77,26 74,72
24 97,15 93,38 89,85 86,57 83,52 80,67 78,01
25 97,27 93,63 90,22 87,04 84,08 81,31
26 97,37 93,86 90,56 87,48 84,60
27 97,47 94,08 90,89 87,90
28 97,55 94,28 91,19
29 97,64 94,47
30 97,72

C.4 MeHepupoBaHUe MeAUaH PAHIOB C UCMONb30BaHMEM 3MEKTPOHHbLIX Tabnuy,
MegfmnaHbl paHroB MOXHO reHepPUPOBaTE C NMOMOLLBIO MPOrPaMMHLIX CPEACTB, UCMOMb3YIOLLMX ANEKTPOHHLIE Tabnu-
Ubl, MPUMEHSIA CIeayoLLYHo (yHKLMIO!

BETAINV(C, J, N = J + 1),

rme C — ypoBeHb A0BEpUS;
J — panHr;
N — ob6bem BbIGOPKY.
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Mpunoxexnue D
(oba3aTtenbHoe)

CraTucTUYeCKMe Tabnuubl

D.1 Tabnuua 3HauyeHU ramMma-pyHKLMU
Tabnuuy D.1 cnegyeT ucnonb3oBaTb B COOTBETCTBUM € 9.7.

Tabnwuya D.1— 3HayeHns raMMma-pyHKLMM

B r@+1/p) B (1 +1/p) B (1 +1/p)
0,20 120 1,50 0,9027 3,60 0,9011
0,25 24 1,55 0,8994 3,70 0,9024
0,30 9,2603 1,60 0,8966 3,80 0,9038
0,35 5,0295 1,65 0,8942 3,90 0,9051
0,40 3,3233 1,70 0,8922 4,00 0,9064
0,45 2,5055 1,75 0,8906 4,10 0,9076
0,50 2,0000 1,80 0,8892 4,20 0,9089
0,55 1,7024 1,85 0,8882 4,30 0,9101
0,60 1,5045 1,90 0,8874 4,40 0,9113
0,65 1,3603 1,95 0,8867 4,50 0,9125
0,70 1,2657 2,00 0,8862 4,60 0,9137
0,75 1,1906 2,10 0,8857 4,70 0,9149
0,80 1,1330 2,20 0,8856 4,80 0,9160
0,65 1,0876 2,30 0,8859 4,90 0,9171
0,90 1,0522 2,40 0,8865 5,00 0,9182
0,95 1,0236 2,50 0,8872 5,20 0,9202
1,00 1,0000 2,60 0,8882 5,40 0,9222
1,05 0,9606 2,70 0,6693 5,60 0,9241
1,10 0,9649 2,80 0,8903 5,80 0,9260
1,15 0,9517 2,90 0,8917 6,00 0,9277
1,20 0,9406 3,00 0,8930 6,20 0,9293
1,25 0,9314 3,10 0,8943 6,40 0,9309
1,30 0,9236 3,20 0,8956 6,60 0,9325
1,35 0,9169 3,30 0,8970 6,80 0,9340
1,40 0,9114 3,40 0,8984 7,00 0,9354
1,45 0,9067 3,50 0,8997 8,00 0,9417
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B Ta6n|/|ue D.2 npusefeHbl 3Ha4YeHUs KBaHTUMEN HOPMarbHOro pacrpegeneHns Up Ansa obbl4HO ncnonb3yemblx

3HAYEHWIi apryMeHTa p.

Tab6nuya D.2 — KBaHTUnNuM HopmasnsHOro pacnpegenexHus

p

0,010

0,025

0,050

0,100

Up

2,3263

1,9600

1,6449

1,2816
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MpunoxeHune E
(cnpaBo4yHoE)

Mpumep 3N1eKTPOHHOW Tabauybl

E.1 Mpumep NpoBeaeHNs aHanMsa C UCNONb30BaHWEM 3/1eKTPOHHON TabnuLbl

Ta6nuya E1 — Mpumep npakTMYeckoro aHaamsa

10

12

13

14

15

16

17

18

A B C
Ne oTkaza. Hapabotka MegyaHa paHra
/ o otkaza I, Fjt) =(¢- 0,3)/?+
1 12 0,067-3
2 20 0,163-5
3 34 0,259-6
4 65 0,355-8
5 a1 0,451-9
6 134 0,548-1
7 178 0,644-2
8 246 0,740-4
9 378 0,836-5
10 512 0,932-7
Perpeccus X no Y, 6onblwas
HeonpegeneHHoCTbL cBsA3aHa C t
y = 1,1115x + 5,1265
R2=0,9824
MNepeceuveHne 5,1265
P 0,8997
| 168,42
MeTtoa YpaBHeHue Mopgenb
XoT Y (A/P)In(-In(1 - F) y= 1,1115x—5,1265
(ctaHgapT) + 1n(r]) = In(f)
YotX In—=n@ -F) = y =0,8839x- 4,5403
(cneum- pin(f) - pin(-n)
a/bHbIiA)

3aTeHeHHble AYeikn Tabnuubl E.1 BbibpaHbl 4N NOCTPoeHWs rpadmka. Tun Mcnosib3yemoro rpadmka — guarpam-
Ma paccesiHusl, JaHHble HaHOCSATCA 6e3 COeAUHSLWMX UX NUHKIA. [locne NocTpoeHus rpadmka, AaHHble NpUGNKaT
K NpsIMOI NNHEHON perpeccun, Npu 3TOM BbIGOP NPUOIMKEHUS [O/KEH COOTBETCTBOBAaTb YPaBHEHWMIO NMHUW NpUbnn-
XEHUs, oTobpaxaemMoMy Ha rpachuke BmecTe c KoadhdmuneHToM koppensuum R2. MonyyeHHbI rpadivik npeacTaBnieH
Ha pucyHke E. 1 Y06HO konupoBsaTb ypaBHeHUe c rpadivika B Tabnvuy AaHHbIX 418 BblUMCNEHNUA napaMeTpa maclutaba,
Kak nokasaHo BHU3y Tabnuubl E.1. Ana npubnamkeHna gaHHbIX MOXeT ObiTb ucnonb3oBaHa yHkuma LINEST, BcTpoeHHas

B 3/1EKTPOHHbIE Ta6]'II/ILI|bI.

40

D E
X y
04) =MO = 1IN/ -5(0)

2,484-9 -2,663-8
2,995-7 -1,723-3
3,526-4 -1,202-0
4,174-4 -0,821-7
4,510-9 -0,508-6
4,897-8 -0,230-4
5,181 -8 0,032-9
5,505-3 0,299-0
5,934-9 0,594-0
6,238-3 0,992-7

AnbTepHaTVBHLIA MeTod, ecnn 60sbluas
HeonpeaeneHHoCThL CBsizaHa ¢ Y
y= 0,8839x-4,5403

R2 = 0,9824
MepeceyeHne -4,5403
P 0,8839
1 170,15
P n
= 1/1,115 = exp(5,1265) = 168,42
=0,8997
=0,8839 = exp(4,5403/0,8839)

=170,15
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In(0

In{1/In[L-F ()]}

PucyHok E. 1 — lNpeactaBneHne faHHbIX Ans rpadmyeckoro aHamsa

OG6bIuYHO 60/blIas HeonpeAeseHHOCTb CBsi3aHa C HapaboTkoli A0 OTkasa (f) M MeHbwas — C KOJMYecTBOM OT-
Ka30B. Perpeccusi MeTogoM HaMMeHbLUMX KBaApaToB AO/MKHA noagepratb 6oblueli perpeccun nepemeHHble, umerolme
60/bLIYI0 HEOMPEAEIEHHOCTb, YeM MEPEMEHHbIe, UMELIME MEHbLUYI0 HeonpeaeneHHocTb. CylecTByeT mporpaMMHoe
obecrneyeHne, NO3BO/SIIOLLEE CTPOUTL perpeccuto X no Y BMecTo 06bIuHOW perpeccun Y no X, 4acTo MCrosib3yemMoli npu
NOCTPOEHWN NMHEHON Perpeccuy ¢ NOMOLLbIO 3/1EKTPOHHbIX Tabau,

HuxHue cTpokn Tabnuupl E.1 nokasbiBaloT 3T ABa MeTofa B CPaBHEHUU.

YrnoBow KoathhuLUMEHT NPAMOI Ha rpaduke onpegenseT napametp dopmbl @1 napameTpbl MaclwTaba. JaHHble
napameTpbl BbIYAC/SAT B COOTBETCTBUM C Tabnuueii E.1.

E.2 Mpumep UCNOMb30BaHUSA JaHHbIX O MPUOCTAHOBKE

LieH3ypvpoBaHHble AaHHble WM AaHHble O MPUOCTAHOBMIEHHbLIX 06bLEKTaxX, 0COGEHHO MpU GOMbLUMX Hapa6oTKax,
MOTyT 6bITb NPOAHA/IM3MPOBAHbI C MOMOLLLI0 KOMMbIOTEPHON NPOrpamMMbl, UCMO/b3YHOLLEH 3/1EKTPOHHbIE TabNNLbI, aHaIn3
BeAyT aHasiorMyHo E.1, rae pacCMOTPeH aHan3 C MOMOLLbLIO 3/IEKTPOHHbIX TabuL,. OTAMYME COCTOMT B TOM, YTO NOPsia-
KOBbIii HOMEp, MCMO/b3yEMbIi NPU BbIUMCNEHUAX MeAMaHbl paHra, NepBMUYHO 0603HaYEHHbI Kak / ansa AaHHbIX npuocTa-
HOBJIEHHbIX 06BEKTOB, NPE06Pa3yoT C MOMOLLBIO CNeAYHOLLIMX BbIPAKEHWIA:

(n+1)-I(

t = - ,
I 1+(N1-KONMYECTBO MpefplayLyX 3/1EMEHTOB)

Yy -°.3

B3avMocBsi3b MexXay ABYMSI NPUBEAEHHbIMW Bbllle BblpaXKeHUSIMU |
7) (cm. 7.2.3).
Tabnuupl E.2 n E.3, npeacTaBfieHHble HKe, NOKasbiBaloT, Kak 3/1eKTPOHHasA Tabnuua MOoXeT ObiTb MprMeHeHa K

[aHHOMY Ha6opy AaHHbIX.
Mpadwmk pacnpegeneHust Beiibynna ans npuMepa, NpvBeAeHHOro Bblllle, NokasaH Ha pucyHke E.2.

= +
Y /’4—1 T.LI 7 T‘1 MOXET ObITb BblegeHa u3
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Ta6bnuya E.2— OnekTpoHHas Tabnuua 418 aHannsa LeH3yprpoBaHHbIX AaHHbIX

a A W N

10

n

12

-

o N o o b~ w N

10

12
13
14
15
16
17
18
19

42

A
Ne

cobbITUA
i

1
2
3
4

©

10

n

A

Ne
cobbITns
J

N~ o g b W N R

o]

10

B

CKOPpPEeKTUPOBaHHbI
Ne oTkasa
i

=A2

=B2 + (($A$12 + 1)-
B2)/(1 + (3A$12 - Ad))

=B5 + (($A$12 + 1)-
B5)/(1 + ($A$12 - AB))

=B6 + (($A$12 + 1)-
BE)/(1 + ($A$12 - AT))

=B8 + (($A$ 12 —1) —
B8)/(1 + ($A$12 - A9))

=B10 + (($A$12 + 1)-
B10)/(1 + ($A$12 -A10))

B

CKOppPEeKTNPOBaHHbI
Ne oTkasza
/

1,0000

2,2222

3,4444

4,8704

6,6528
8,4352

y = 1,2305x+ 6,0102

R2= 10,9833
cBOGOAHbIA YneH

P
TI

c

Hapa6oTka
cobbITUR

h
fi

fn

C

T

n

T

S

Hapa6oTka
cobbITUA

6,0102

t
12

20
34
65
91
134
178
246
378
450
512

0,8127

407,55

E

CKOPPEeKTMPOBaHHbIA paHr

F.(f
(- 0,3)i(n +04)
=(B2-0,3)/($A12 + 0,4)

=(B5-0,3)/($A12 + 0,4)

:(B6 -

:(Bs -

0,3)/(3A12 + 0,4)

0,3)/(3A12 + 0,4)

=(B10 - 0,3)/($A12 + 0,4)

=(B11 - 0,3)/($A12 + 0,4)

D

CobbITne

w m T o m o unu m m W O T

a6nuua E3— MNpumep aHannsa faHHbIX NPUOCTAHOB/IEHHbIX 06LEKTOB

E

MegawnaHa panra F,(f)
(/- 0,3)/(n +0,4)

0,0614

0,1686

0,2758

0,4009

0,5573
0,7136

= 1/1,2305
= exp(6,0102)

F G
X y
In(C2)  IM{lMU(L - E2))}
IN(C5)  Infin[L/(1 - E5)}
IN(C6)  Infin[L/(1 - EB6)]}
In(C8)  1mIn[L/(1 - E8)]}
IN(C10)  Infin[L/(1 - EIO)]}
IN(C11)  Infin[L/(1 - ELL)]}
G
Yy
2,4849 -2,7588
4,1744 -1,6892
4,5109 -1,1309
5,1818 -0,6688
5,9349 -0,2048
6,1092 0,2235
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In(f)

In{1/In[L -F ()]}

PucyHok E.2 — Tpadhmk pacnpegeneHus Beibynna ona ueH3ypupoBaHHbIX AaHHbIX

E.3 Mpumep 1. MNpaduka yHKLUM ONACHOCTKN

Jpyroii BO3MOXHbIV cnocob aHanm3a faHHbIX C NPUOCTaHOBKaMN — 3TO NOCTPOEHME KyMYNSATUBHON (pyHKUMM onac-
HOCTW. HaHeceHHble Ha rpadink TOYKM [O/DKHbI COOTBETCTBOBATL HapaboTkaM [0 OTKasa, HO KyMy/ATMBHAsA (OYHKUUA
OMacHOCTU yuuTbiBaeT HapaboTKM, COOTBETCTBYHOLLME MPUOCTAHOBKaM. [aHHbIi MEeToA HaMHOro MpoLle, Yem KOPPeKTu-
poBKa KO/MYEeCcTBa OTKA30B MpU COMOCTaBMMbIX pesynbTartax. B [3] onucaHo npyMeHeHue faHHON hyHKUMM onacHoCTU.

DneKkTpoHHan Tabnuua, nomorawwas B NoCTPoeHun rpadmka yHKUMM ONacHOCTM AN noAcyeTa NpuocTaHOBOK,
nokasaHa B Tabnumuax E.4 n E5.

Ta6nuuya E.4— MNpumep NPUMEHEHUS 9MEKTPOHHOM TabnnLbl ANs AaHHbIX O NPUOCTAHOB/IEHHbIX 06bEKTax

A B
1 No Hapa-
cobbl-  60TKa 0
™a cobbmvs
1 L
2 1 f1
3 2 h
4 3 i3
5 4 y
6 5 5
7 6 f6
8 7 h
9 8 8
10 9 fo
n 10 10
12 n fn

Cc

CobbITre

OTkas
LleH3ypupoBaHue
LleH3ypupoBaHue
OTkas3
Otkas
LleH3ypupoBaHue
OTka3
LleH3ypupoBaHue
Otkas
OTka3

LieH3ypvpoBaHue

D

Ob6part-

HbIA
paHr

n

=
o

= N W A 1O N o ©

E

PyHKUYA
oriacHocT

H (0

=1/D2

=1/D5

=1/D6

=1/D8

=1/D10
=1/D11

F

Kymynatus-
Has oyHKUMS

OnacHoCTA
m

=E2

=F2+E5

=F5+E6

=F6+E8

=F8+E10
=F10+E11

G

In(0

=LN(B2)

=LN(B5)

=LN(B6)

=LN(BS)

H |
In(H() FO
=LN(F2) =1- EXP(-F2)
=LN(F5) =1- EXP(-F5)
=LN(F6) =1- EXP(-F6)
=LN(F8) =1- EXP(-F8)

=LN(B10) =LN(F10) =1 -EXP(-F10)

=LN(B11)

=LN(F11)

=1-EXP(-F11)
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Ta6nuya E5— MNprumep 3NeKTPoHHOI Tabnuupl

Bpewmsa O6paTtHbiii DyHKUNA KymynsatnsHas
cobbITUA Howmep Cob6biTne pamr onacHocTu onacHocTb MO In(H(0) FO
t T HW
12 1 OTkas n 0,091 0,091 2,465 -2,396 0,087
20 2 LleH3ypupoBaHue 10
34 3 LleH3ypuposaHune 9
65 4 OTkas 6 0,125 0,216 4,174 -1,533 0,194
91 5 OTkas 7 0,143 0,359 4,511 -1,025 0,301
134 6 LleH3ypupoBaHue 6
176 7 OTkas 5 0,200 0,559 5,162 -0,562 0,428
246 8 LieH3ypupoBaHve 4
376 9 OTkas 3 0,333 0,692 5,935 -0,114 0,590
450 10 OTka3 2 0,500 1,392 6,109 0,331 0,751
512 1 LieH3ypupoBaHue 1

Mpadrk KyMyNsSiITUBHON (oyHKUMKU NpeacTaBneH Ha pucyHke E.3, rae ocb abecuycc COOTBETCTBYET slorapudmy Bpe-
MEHM, a OCb OpAMHAT — slorapumy yHKLMM ONacHOCTK.

In[H(®)]

Perpeccus In[H(f)] no In(f) — npsamas, npubnuxaoLwas gaHHble:
In[H(0] = 0,729In(f)-4,338, R2=0,973.

OLueHKN napameTpoB:
P=0,729,

(4,338 \
r=e-0729 = 384.

E.4 Mpumep 2. M'pauk PyHKLMN ONACHOCTH

Kak MeTof, NOCTPOEeHUs rpadomka oyHKLMWM ONacHOCTMW, Tak W MeTo[, ONUCaHHbIN B 7.3, MOTYT 6bITb UCMO/Mb30BaAHbI
[Ns1 aHa/IM3a JaHHbIX C MHOXECTBEHHLIMW PEXMMaMK OTKA30B NyTEM MCMO/Ib30BaHUA HapaboTOoK O OTKasa B Heuccreay-
EMbIX PeXyMax OTKA30B Kak LEeH3ypUpPOBaHHbIX AaHHbIX. Creaytowmii Habop AaHHbIX SBMSAETCA Pe3y/bTaToM MCMbITaHui
Ha 6e30TKa3HOCTL pene. EAnHMLE n3mepeHuii pecypca SIBNSeTCS KOIMUYECTBO Nepek/toyueHunii. 4ns pene AonycTiMbl ABa
pexuma oTkasa: npueapka (pexum 1) n paspylleHne KOHTAKTOB (PEXuM 2).

a4
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B Tabnuue E.6 npepcTaBneHbl faHHbIe ANs OLEHKN KYMYNATUBHOM (YHKLMM ONacHOCTU B NEPBOM peXnMe OTKasa.
Mpu aHanM3se 0TKa3oB B COOTBETCTBUU C pexuMoM 1 HapaboTkn 4o oTKasa B pexume 2 pacCMOTPEHbI KaK LieH3ypupoBaH-

Hble HapaboTku.

Tabnuya E.6 — AHanus faHHbIX 0 paboTe pene ANA NepBOro pexuwma oTkasa

y ) DyHKLMS KymynatusHaa
apatﬁorxa HoMep Cobbrve osz:::bm onaﬂ(t))m oﬁgg:;‘gfn n® | nH®) | Fi0
1 Hq()

984 182 1 Otkas—pexum 1 30 0,033 0,033 13,800 | -3,401 0,033
103 598 9 2 OTKas—pexum 1 29 0,034 0,068 13,851 | —2,691 0,066
1086320 3 OTkas—pexum 1 28 0,036 0,104 13,808 | —2,268 0,098
116 708 2 4 OTkas—pexum 2 27
116 8437 5 OTkas—pexum 2 26
119624 3 6 OTkas—pexum 2 25
119 8954 7 OTkaz—pexum 1 24 0,042 0,145 13,997 | —1,930 0,135
1237158 8 OTkas—pexum 2 23
126 636 3 9 OTkas—pexum 1 22 0,045 0,191 14,052 | 1,657 | 0,174
128 005 4 10 OTkaz—pexum 2 21
129 248 1 11 OTKas—pexum 2 20
130 758 8 12 OTkas—pexum 1 19 0,053 0,243 14,084 | -1,414 0,216
130 857 5 13 OTkas—pexum 2 18
134 196 6 14 OTKas—pexum 2 17
136 270 8 15 OTkas—pexum 1 16 0,063 0,306 14,125 | -1,185 | 0,263
142 846 6 16 OTKaz—pexum 1 15 0,067 0,372 14,172 | -0,988 0,311
143 192 3 17 OTkas—pexum 2 14
143 327 1 13 OTkas—pexum 1 13 0,077 0,449 14,175 | -0,800 | 0,362
145 8226 19 OTkas—pexum 2 12
146 1559 20 OTKas—pexum 2 11
1528386 21 OTkas—pexum 2 10
156 312 3 22 OTKkaz—pexum 2 9
162 708 2 23 OTkas—pexum 2 8
2051877 24 OTkas—pexum 2 7
224 022 4 25 OTkaz—pexum 1 6 0,167 0,616 14622 | -0,484 0,460
2319585 26 OTtkas—pexum 1 5 0,200 0,816 14,657 | -0,203 0,558
247 604 7 27 OTkas—pexum 1 4 0,250 1,066 14,722 0,064 0,656
248 000 0 28 LieHsypupoBaHue 3
248 0000 29 LieHsypupoBaHue 2
248 0000 30 LieHsypupoBaHue 1

Mop06HBLIA aHanu3 BLINOMHEH ATsi BTOPOTO peXuMa OTKa30B, pesyrnbraTbl NpeAcTaBrieHsl Ha pucyHke E.4.
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log(H)

PucyHok E.4 — paduk KyMynssiTUBHOM (PYHKUMN ONACHOCTW, MOCTPOEHHLIA NO AaHHLIM
Tabnuubl E.6

OueHkn napametpos: pl= 3,59, n1=1066, p2=6,53 unn\ =825 cOOTBETCTBEHHO.
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Mpunoxexne F
(cnpaBoyHOE)

Mpvmep BeposaTHOCTHOW 6ymaru pacnpegenexus Beiibynna

06wt O6beM BbIGOPKYM
npoueHT Konnuectso oTkas3os
999 —— b+t [ [N M M [ O N A N VN [ Il

9,5,
99,0
95.0;
90.0;

BO.O;
70.0:
63,2 —-
60,0 = -

50.0;

4001

300;

20.0 -

50m

05

01 T Il

3 456789 3 456789 3 4 56789
1 10,0 100,0

.0

PucyHok F.1 — BeposTHocTHasi 6ymara pacnpegenenus Beiibynna
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Mpunoxenune G
(cnpaBouHoe)

CMecCb HeCKONMbKUX PEXXUMOB OTKa3oB

G.1 OnucaHue

Mpacunk dyHKLMKM BeposTHoCTel Beilbynna, cofepalyuit peakue n3rnbbl, ykasbiBaeT Ha To, YTO AaHHble 06 oT-
Kasax MOryT COOTBETCTBOBaTb HECKOMbKUM pexumMamM oTka3oB. [TpUMepoM MOryT CryXWUTb NpobnemMbl ¢ KOMMPeccopoM
CUCTeMbl oTKauku Boabl. [Npu aHanuse faHHbIX BbIABAEHO, 4To 10 13 19 0TKa30B NPOM3OLLNK Ha OfHON ycTaHoBKe. bbino
CAENaHo npegnonoxeHue, Yto npobriema cesA3aHa ¢ pa3MeLleHneM YCTaHOBKU. YCTaHOBKa Oblna pacrnonoxeHa B okea-
He, W UcnapeHue coneHoi BoAbl BbiNo BO3AEACTBYOWMM dakTopoM. [aHHble Bbinu kaTeropupoBaHel B COOTBETCTBUU ©
TEXHUYEeCKOWh MHPOpMaLMel U NOCTPOEHO HECKOmbKO rpadukos Beibynna. Ha nepeom rpaduke yrnoson koadpuumeHT
coctaBnan 0,75, 4To MOXET yKasblBaTb Ha NpPobrneMy paHHWX OTKa3oB, KaKk NS YCTAHOBKU, PAcMOSOXEHHOW# B OKeaHe
W HaxoAsLLenca B YCrOBUSX arpeccMBHOMo Bosgeiictauns kopposum B = 11,9. Paspelwnno npobnemy Gorbluee BHUMaHWe
K TEXHUYECKOMY 0BCnyXnBaHUIo.

Manombl Ha rpadpuke Beitbynna MoryT cBUAETENLCTBOBATL O HANUYUU CMECHU HECKONBLKUX PEXUMOB OTKa3oB. JTO
06bIYHO ComnepHUYatoLne pexmMebl 0TKasoB (¢ Gu3kMMM no BenuumHe HapaboTkamu Ao oTkasa). B saHHOM NpuUnoxeHun
OMUCaHO HECKONBKO TUMOB CMECU PeXMMOB OTKasoB. Hanpumep, oTKasbl TONMMBHOMO Hacoca MOryT MPOUCXOAUTL U3-
3a npobnem, cBA3aHHbIX C NOALUMMHUKaMU, TpelyuHaMK KoXyxa, npoTedkamu u T. 4. Ecnu fgaHHble, coOTBETCTBYOLME
3TUM pasfnnYHBIM pexnMam, HaHeceHbl Ha rpaduk, To Ha HeM ByaeT OAWH UIMM HeCKonNbko usnomos. B faHHOM cnyyae
cKopeilan npoBepka OTKa3aBLUMX 3NEMEHTOB SIBMSAETCS Haunyylwum cnocoboM pasfeneHus faHHbIX B COOTBETCTBUU
C pexvmamu oTkasoB. [1pu KoppekTHol 0bpaboTke pesynsratoM ByfyT oTAenbHbIE KOPPEKTHLIE NUHWUK pacnpefeneHns
Beitbynna. Takke MOXET UMETb MECTO CMECH PEXXUMOB, COBOKYMHOCTEN, BO3MOXHO, NAPTUA U KOHKYPUPYIOLLIMX PEXUMOB
oTKa3oB. KpyToll HakmoH rpadpuka, cMeHsieMblil HebonbLIMM HaKMoOHOM, 0BbIYHO yKa3sbiBaeT Ha Npobnemel ¢ napTuei, Tak
KaK CyLLecTBYIOT 06LEKTLI, ANA KOTOPLIX HE NPOUCXOAAT oTKa3sbl. Hanpumep, AedekTbl MOryT UMETL TONMbKO HEKOTOopLIE,
HO He Bce 06beKTbl NapTuu.

Bcerga npegnoutuTenbHee pasgenaTb peXXUMbl OTKA30B Ha OCHOBE aHanusa yactem (M yCnoBuin) U aHanusnMpoBaTtb
[laHHble 3TUX PEXNMOB OTAENBLHO, A0 MPUMEHEHNUA CTaTUCTUYECKUX METOA0B.

Mpennonoxum, AaHHble cogepxat HapaboTkn 50 o6bekToB, 20 U3 HUX OTHOCATCA K OAHOMY PEXUMY OTKa3o0B, a
ocTankHble 30 — K ipyroMy pexumMy oTkasoB. MNepsblii HaGop ANA aHanuaa fonmxeH BKodats 20 oTkasos (F) n 30 npu-
0CTaHOBOK (F,). Bropoii Habop — 30 oTka30B (F5) 20 NpnocTaHoBOK (F; ). Mony4eHHbIe ABa Habopa AaHHLIX UCMOMNL3YIOT
3aTeM ANA NOCTPOEHUs pacnpefeneHns oTKasos.

[ns nonyyYeHusi AOCTOBEPHbLIX pe3ynbraToB HEO6X0AUMO kak MUHUMYM 20 0TKa30B, NpUHaANEeXaLlMx cMecu ABYX
pexumoB oTka3os, U 50 unu 6onee oTkas3os ANA APYruxX CMecei.

Hwxe faHo kpaTkoe onucaHue Hanbonee obwmx metogos o6paboTkn cMecu pacnpegaeneHuii:

p — [ons unu napTus obLLeil COBOKYNHOCTH, UMEIOLLIE KOHKPETHOE pacnpeaeneHne HapaboTok 10 0TKasos (F; B

npocToi cmecu);

Fy, Fyn F3 — pacnpepaenenuns HapaboToK 0 OTKa308B,

Ry, Ry 1 Ry — cooTseTcTBYIOWME pacnpeieneHus.

KyMynaTuBHble pacnpefeneHnst COBOKYNHOCTU F u R.

OnucaHune npueegeHo 6e3 ykaszaHWS KOHKPETHOW ¢opMbl pacnpeaeneHuns (Hanpumep, BeibynnoBcKoro, NorHop-
ManbHOro, HOPMarnbHOMO UMM SKCMOHeHUMansHoro). Moaxoaswan dopma pacnpeaeneHus fomkHa 6biTb BuibpaHa ans
Kaxgoro F,.

G.2 KoHKypupyHOLWKNIA pUCK
F=1-(1-FR)1-FR). (G.1)
KoHKypupytoLWii puck BO3HMKAET B TOM Criydae, Korga COBOKYMHOCTb BKIKOMAET AaHHbIe no AByM unu Gonee pe-
XUMaM OTKa30B W Kaxaas eauHuLa nonynsauuMm MOXeT OblTb OTHeCeHa K OfAHOMY U3 pexumoB. [axe npu Hanu4uu uc-

KpuBIrieHuii Ha rpacuke Belibynna sTo He ABNAETCA CMECh MOLCOBOKYMHOCTEN, a npeacTaBnseT coboit OAHOPOAHYIO
COBOKYMHOCTb.

MpuMmedaHune— 3T0 NPOCTO BEPOATHOCTL Be30TKasHoi paboTel NocnesoBaTensHon cucTeMel: R = Ry - R,.

Hanpumep, paccMOTpUM NNacTUKoBbIKA Kopnyc ANA MUkpocxeM. OTkas oGbekTa MOXET BbiTb BbI3BaH NOSBIIeHUEM
TPELUMH B NpUNoe U NPOHUKHOBEHWEM Brarn Yepes Kkopnyc. [JaHHble pexuMel 0TKa30B HE 3aBUCAT LpPYr OT Apyra, Ho oba
BeAyT K 0Tkasy obbekTa.
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G.3 lNpocTasn cmecb
F =pF +(1-p)F,. (G.2)

[HaHHas dopmMyna npefcTaBnsAeT CMeCh [BYX HE3aBUCUMbLIX COBOKYMHOCTEMN, He UMEROLLUX OBLLMX PEXMMOB OTKa-
30B. Kaxzaas COBOKYMHOCTb UMeET COBCTBEHHbIE YHUKANBHBIE PEXUMbI OTKA30B.

HecMoTpsi Ha NPOCTOTY CMecH, CYLLECTBYeT OueHb Mario NMPUIOXKEHWIA, AaroLLmMxX Xopollee NpUGHWKeHUe faHHOM
Mogernu. Bonee cnoxHele cMecH UMEIOT Kak MUHUMYM OfMH 0BLLMIA pexnM oTka3oB. [MpocTble cMeck MoryT GbITe Mcnonb-
30BaHbl Kak NpUGIKXeHUs Gonee CrOXHBIX pacnpefeneHunii, Takux Kak CMecb KOHKYPUPYHOLLIMX PUCKOB, onucaHHas B G.4.
Hanpumep, npu paccMOTpeHUM NacTUKOBOro Kopnyca MoXeT 6biTb 06HapyxeHo Hanu4me NycToT. PacnpocTpaHeHue Tpe-
LLWH Mo NycToTaM 3Ha4YMTeNbHO CoKpalLlaeT pecypc cryx0bl Mo CpaBHEHMIO C TPELLUHON B MPUMOE, pacnpocTpaHsoLeics
no Bceli AnuHe Npunos.

G.4 CMeCb KOHKYpPUPYIOLUX PUCKOB
F=pl1-(1-F)(1-F)1+(1- p)F,. G3)

MHorne cMecu COBOKYMHOCTEN SBMNSAIOTCA CMECSMU KOHKYPUPYIOLMX PUCKOB. ECTb Mo KpailHeld Mepe OAUH peXuM
oTkasa (F4) — yHUKanbHLIA 4515 KaXA0W COBOKYNHOCTU M OAUH PEXUM OTKasa (F,) — obLuit Ans o6eunx coBOoKYNHOCTEN.

B fiaHHOM cnyvae ofHa COBOKYMHOCTb COOTBETCTBYET PeXUMY OTKasa 1 U peXnMy oTKasa 2, YTo oTpaxarlot Ksagpar-
Hble ckoBku B (G.3). COBOKYNHOCTb COAEPXKUT KOHKYPUPYIOLWMIA puck. Tak, Hanpumep, aBTOMOGUIbHAA NOKPLILWKA MOXET
UMeETb Kak KaveHue (F,), Tak n npokon. B o6eunx cuTyaumsx NOKpbiLKa ¢ 3afaHHON OKPYITIOCTHLIO U MOKPLILLIKA € KaYeHNeM
MOTYT UMETb NPOKONbl. TakuM 06pasoM, BOZMOXHO, YTO 3aMEHEeHHas No NPUYUHE KaveHUA NoKpbilika 6yaeT uMeTb npo-
Kkonbl ().

CMeck Gonee Tpex pexuMoB 0Tka3os byaeT UMeTb nydwee NpubnuxeHue, nsnomsl ByayT crnaxueatecs, a B 6yaet
CTPEMUTBCS K eANHMLE. Takum ob6pasom, B cnydae HECKONBKUX PEXUMOB 0TKa3oB 3 CTpEMUTLCA K eauHuLe. [aHHble pac-
npegeneHus Beibynna He criefyeT NPUMEHNATb, ecnn eCTb cnocob pasfenuTb AaHHble B COOTBETCTBUU C PEXUMAMU OT-
KasoB. Mcnonb3oBaHue rpaduvka Belibynna gna cMecu HECKONBbKNUX PEXUMOB OTKA30B 3KBUBANEHTHO NpeanosioXeHUto o
NMPUMEHEeHUW 3KCMOHEeHMansHoro pacnpegeneHus. NpuMeHeHne 3KCNoHeHUUansLHoro pacnpeaeneHns 4acto gaeT oLm-
GOYHble pesynsTaThl, HO ero NPUMEHEHWe Bee elle ABNAETCS obLeit NpaKTUKON.
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MpunoxeHne H
(cnpaBo4yHoE)

Mpumep TpexnapameTpuyeckoro pacnpegeneHns Beilibynna

H.1 Mpumep

Ha pucyHke H.1 npeacTaBneH TUNWYHBLIA NPUMEpP MCMO/b30BaHWUs TpexnapaMeTpuyeckoro pacnpepeneHusi Beii-
6ynna Ha NpyMepe AaHHbIX WCMbITaHMii Ha paspbiB CTasIbHOM NAacTUHbl. Mofesnb MokasbliBaeT OTCYTCTBUE (DU3MUECKOi
BO3MOXHOCTM paspbiBa NIACTUHbI MPU HU3KOM YPOBHE Harpyskn (3achdpekT casura tO nokasaH Ha pucyHke H.2). Cyuie-
CTBYET MHOMO Pas/iMuHbIX MPUYMH CABWra Hayana KoopauHaT t0. M3roToBUTENb MOXET 3a/10UTb HEKOTOPbI BpeMeHHO
VHTEPBaT UM NPOAEHHBIV NyTb B NPUEMKY MPOAYKLMW, HO ONMCLIBATb NPOAYKLMIO KaK ELie HE UCMOMb30BaHHY. Mpo-
BeAeHMe NMPUEeMOUHbIX UCTILITAHUA NPOAYKUMM MOXET CKpblBaTb PaHHUE OTKasbl. DNEKTPOHHbIE AeTasM MOryT 6biTb Nog-
BEPrHYTbl pa3bpakoBKe MO pesysibTaTaM MCMbITaHWA Ha paHHWii OTKa3 WM KIMMAaTUYECKUX WCMbITaHuii. B aTom crydyae
MOXeT MPOoU30iiTH cTapeHne o6bekTa 10 TOro, Kak ero HauHyT MUCNoMb30BaTh B CUCTEME. 3amnacHble 3/1eMeHThI, Takne Kak
pe3nHa, XMMUKaTbl ¥ LIAPOBbIE MOALIMMHUKA MOTYT CTapeTb MpW XPaHeHWU, 4To TpedyeT NCMOIb30BaHUS OTPULLATESIbHbIX

dyHKUMA pacnpegenenHus Belibynna
99

A
90
70
50
30 OTKa3bl

bl
10

10 100 1000

MokasaTenb TPeLLWHOCTONKOCTH

PucyHok H1 — VicnbiTaHns Ha pas3pbiB CTa/lbHOW NAACTUHbI

dyHKUMA pacnpesenexus Belibynna
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PucyHoK H.2 — YnyuleHHoe NpubAmKeHre faHHbIX, NPeACTaBNEHHbIX HA PUCYHKe H. 1 ¢ moMolusio casura Ha to
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3HaueHwuid ty. MNpu nccnegoBaHnn CBOWCTB MaTepranos ¢ NOMOLLBIO rpaduka Beitbynna, rae no ocu abeyuce otTknagbiBa-
0T 3HaY€HWe Harpy3sknu UNn HanpsxeHNs, BO3MOXHO NOABNEHNE TPELLUH, NON3y4YeCcTU UMK Apyrux CBOWCTB, NPUBOASALLMUX
K NOSIBNEHMIO OTKa3a BONuUan Ha4ana KoopauHar.

Mo aTuM mnu Apyrum npudnHam rpadgpmk Beitbynna MoxeT UMETH UCKpUBNEHWe, ANSA ero ycTpaHeHusi Heobxogumo
CLBWHYTb Ha4ano KOOpAUHaT Ha 3HaveHwe .

®yHKuns pacnpesenerus Beiibynna, npegcrasnerHas (H.1), BknioyaeT Tpu napametpa: fy, B 1 1

F(t) = 1-e((t=to)m¥ (H.1)
roe t — HapaboTKa, 3a KOTOpYH NpoM3oLLen oTKas;
tO — HadalnbHaA TOYKa pacnpeieneHus.

Ecnn casur Ha fy BeINOMHEH AOMKHLIM 06pa3oM, TO pesynsTupyloLlmnii rpaduk Beitbynna npepacrasnseT coboit
npamMyto. Ha pucyHke H.2 npegcTaBneHa KoppeKkuns Ha fg, yeTpaHstowas narub. Nocre Koppekunn Ha g Havasno no ocu
OpAVHAT W 3HadeHWe rnokasaTensa pecypca COOTBETCTBYIOT 3HaueHuio . BosBpalyeHue K peansHoOMy BpeMeHn TpebyeT
oBparHoro npeobpasoBaHus, T. . NpubaeneHns f,.
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Mpunoxexue |
(cnpaBouHoe)

MocTpoeHne BepOATHOCTHON Oymaru pacnpeaenenus Bendynna

|.1 BeposiTHocTHas 6ymara pacnpegeneHus Beibynna

BepoaTHocTHan byMmara MMeeT LuKarkbl, C MOMOLLbIO KOTOpbIX yHKUMSA pacrnpegeneHns npeobpasyeTcs B NpsAMyto
nuHuio. Ecnn faHHble No BeposTHOCTHOI ByMare pacronoxeHsl B6n11M3n NPSMOiIA NTMHAKM, 3TO FOBOPUT B NOMb3y NpaBUb-
Horo BbIGopa pacnpegeneHuns Ansi onMcaHnsi JaHHbIX.

BeposTHocTHasa bymara pacnpegenenus Beitbynna MoxeT 6biTb NOCTPOEHaA C NOMOLYbLIO NPEACTaBIIEHHbIX HUXe
npeobpasoBaHuii.

DyHKUMA pacnpeaeneHus Beibynna nmeet Bug (1.1):

F(t)=1-e-tMP, (1)

rae F(t) onpeaenseT obuyio fonio 06bEKTOB COBOKYMHOCTU, OTKa3aBLUMX 3a HapaboTKy . [lons o6bekToB COBOKYMHOCTH,
He OoTKa3saBLUMX 3a HapaboTky t, cocTaBnset 1 — F(t).
M3 (1.1) cneayeT paBeHcTBO (1.2):

T _ et (1.2)
1-F(t)

Ecnu ot 06enx Yacteit paBeHcTBa (1.2) ABaXAbl B3sITb HAaTypanbHbIA (MK JeCATUYHBI) norapudm, MOXHO Nony-
YnTb ypasHeHue npamoi (1.3):

1-F(t)

MpeacTaBneHHoe BLille ypaBHEHWE — ypaBHEHUe NpsiMOW NuHUM B dopMe y = mx + c. Beiibynnosckas Bepo-
ATHOCTHaA Gymara NocTpoeHa ¢ MCMonb3oBaHMEM 06paTHLIX norapudMuyecknx gyHKUMA. HaknoH npsiMoit nuHWKM npu
ZlaHHOM crocobe HaHeceHus npeacTaBnsieT coboit napameTp dopMbl B, kak nokasaHo B (1.4). 3To ypaBHeHUe SIBMSIETCA
ypaBHeHWeM npsAMon Buaa y = mx + c. BepoATHocTHas 6ymara pacnpegeneHus Beidbynna nocTtpoeHa kak 3aBUCUMOCTb
fBaxzbl nponorapndMnpoBaHHON BeNMYKHLI, o6paTHol K obLel gone He oTkasaBLKX 06beKToB OT norapudma t. Ymo-
BOI KO3dhDULIMEHT 3TON NpAMOiA paBeH napameTpy dopmel f.

_ 1
y -In{lnL_F(t)H, (1.4)

In[ln[ ! H:BIn(t)—BIn(n). (1.3)

m=p,
x =In(t),
¢ = —BIn(n).

3aTeM BBIMUCIAIOT NapaMeTp MacluTaba kak ToUKy nepeceqeHuns npsMoit ¢ ocbto X (3HadeHune y ana x =In(t) =0,
T.e. ana F(t) =1), kak npeactasneHo B (1.5):

_lIntercept
n=e F (1.5)
Ta6nwuuya 1.1 —TocTpoeHne opguHartsl (Y)
F(t) InIn(1/ (1= F(t))) Ln In(1/(1 = F(t))) + 6,91

0,001 -6,91 0

0,010 —4,60 2,31
0,100 -2,25 4,66
0,500 -0,37 6,54
0,900 0,83 7,74
0,990 1,53 8,44
0,999 1,93 8,84
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Tabnuya I.2—TocTpoeHue abecumceol (X)

‘{ai)bl In(t)
1 0
2 0,69
3 1,10
4 1,39
5 1,61
10 2,30
15 2,71
20 3,00

100 4,61

1000 6,91

MapameTp pacnpeneneHus Beitbynna [ xapakrepuayeT cTeneHb HaknoHa NUHWKA Ha BEPOSITHOCTHON Bymare pac-
npegeneHusn Bebynna (rpacuke).

MeTog perpeccun MeamnaH paHroB SIBRSIETCA METOAOM, KOTOPLIA NPeACTaBNAeT coboi kombuHaLuio MeanaH paHra
Kak noavumu rpadpuka perpeccun MeToO40M HauMEHbLLUX KBaApaToB Ha BEPOATHOCTHON Bymare pacnpegeneHus Beilbyn-
1a 1 CRyXuT KpuTepuem COOTBETCTBUSA AaHHLIX pacnpeaenexuio Beitbynna.

1.2 icnonb3oBaHWe 3MeKTPOHHbIX Tabnuy ansa nocTpoeHus rpaduka Beibynna

AHanus pacnpeaeneHus Beitbynna moxeT ObITe NpoBefEH C MOMOLLBIO KOMMEPYECKOro nporpaMmHoro obecneve-
HWS, paboTaloLLero ¢ aNeKTPOHHLIMU TabnuuamMm, Tak Xe Kak 1 NoCcTpoeHne BEpOATHOCTHOW ByMarn. Mpu 3TOM He ucnonb-
3ytoT Bymary A4na HaHeceHWs AaHHbIX BPYYHYHO, @ rpadpuk, NOCTPOEHHBIA C NOMOLLBbIO 3NEKTPOHHBIX Tabnuu, npeacTaensaeT
JaHHble 1 NpAMYIO NIMHERHOW perpeccuu.

Tabnwuya |.3— [JaHHble BBOAUNUCE B SNEKTPOHHBIE Tabnuubl

Ne oTkasa. Hapa6oTka MeawnaHa paHra

i £0 oTKaza t, Fit) = (i-3)/(n +0,4) X Yi

1 & (1-0,3)/(n+0,4) In(t;) In{In[1/(1 = F(O]}

2 ty (2-10,3)/(n+0,4) In(t,) In{In[1/(1 — F2(t)]}

3 ts (3-10,3)/(n+0,4) In(t3) In{In[1/(1 - F(O1}

4 ty (4-0,3)/(n+0,4) In(t,) In{In[1/(1 = FA0O1
t; (i—0,3)/(n+0,4) In(t;) In{In[1/(1 — FOn
t, (n—0,3)/(n+0,4) In(tn) In{In[1/(1 — Fn(t)]}

KOHKpeTHBIN NpUMep NpeacTaBmneH B NpUoxeHuu E.

1.3 Kommepueckoe nporpammHoe obecneyeHue
Ans noctpoenns rpaduka Beibynna 1 aHanusa faHHbIX Takke MOXET GbiTb UCMOSL30BAHO KOMMEpYEcKoe npo-
rpammHoe obecneveHue.
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MpunoxeHue J
(cnpaBouHoe)

TeopeTuyeckoe 060CHOBaAHME N CCINKN Ha NIUTEPATYPHLIE UCTOYHNKU

B JaHHOM MpUNoXeHWW npefcTaBrneHa UHopMauusi 06 UCTOYHUKaxX MeTOAOB, NMpefCcTaBleHHbIX B pasgene 9.
B nyHkTe J.5 NpeAcTaBneHbl CCLINKU Ha NINTEPATYPHLIE UCTOMHUKN.

J.1 Kputepuu cornacus

B kadecTBe KpuTepusa ucnonb3oBaH Kputepu MaHHa — LLlsyepa — ®eptura (1973 r.) B bopme, NpeacTaBneH-
Hoii JTaBneccom (1982 r.). CpepHue 3Ha4YeHUs CTaHAAPTHBIX SKCTPEMalbHbIX 3HaYEHW NOPSAKOBLIX CTAaTUCTUK, HEO6-
XOAUMbIE ANA BLIMUCNEHNSA £; B NyHKTe 9.5 annpoKCUMMpoBaHbLl B COOTBETCTBUM C METOA0M, NpeNoXeHHbIM Bnomom
(1958 r.). [laHHbIN KpUTEpUiA NOKa3biBAET MOLLHOCTb, CPaBHUMYIO C MOLLHOCTLIO KpuTepus LLianupo n Bpaiina (1987 r.) n
Kputepusi Tbioku, Kak onucaHo JlaBrneccom (1982 r.). MocneaHuit 66N HEMHOTO Ny4Lue No6oro JOCTYNMHOrO KPUTEPUA C
aMnNupuYeckoin hyHKUMeln pacnpeaenerus. Tawke kputepuih ManHa — LLlsyepa — ®epruta MoxeT paboTtaTb € LieH3ypu-
poBaHHbIMU BEIGOpKamu.

J.2 OueHKU MakcumanbHoro npaegonoaotus ansa B u

[nsa nony4eHns oLeHOK 0B6bIMHO UCMONB3YIOT YpaBHEHUS 4TS OfHOKPATHO LIEH3ypUpOBaHHbIX BbIbopok. B HacTos-
LLiee BpeMs CYLLEeCTBYET MHOMO U3BECTHBIX YACIIEHHLIX METOAOB ONpeAeneHuns oLUeHoK pacnpeaeneHus Beiibynna. B Ha-
CTOsILLeM CTaHAapTe 3TU MeToAbl AaHbl B popMe, npeacraBrneHHo MaHHoM, Ladepom un Cunrnypsarnnoin (1974 r.). Tak
KaK cTaTucTuieckne MeTofbl, NpeACcTaBneHHbIE B HAaCTOSLWEM cTaHapTe, NPUMEHUMBI TOMNbLKO K BolbopkaM, 06beM KoTo-
pbix npeBbilwaeT 10 eAUHUL, CMeLLEeHUe OLIEHOK SBNSETCS o4eHb HebonbLunum.

J.3 JoBepuTenbHble UHTEpBarnbl U HUXKHUE AoBepUTeNbHbIe FPaHULbI

PaccmaTtprBaeMble noaxofbl COOTBETCTBYIOT noaxoAam beitna n OHrenbxapaTa (1981 1) Ana nonHelx BeIGOPOK 1
BeiiHa n SHrenbxapaTta (1986 r.) AN LeH3ypupoBaHHbLIX BLIGOPOK. B HUX HeobxoauMble kKo3thdULNEHTEI FreHepUpOBaHbI
mMeTogoM MoHTe-Kapno u ncnonb3oBaHa acMMNTOTUYECKasa annpoKkcMMaLUna Ana KOppeKTUPOBKN pesynirarta. Mcnonb3so-
BaHWe NPUBNKEHUA HEKOTOPLIMU NPOCTEIMU JIMHEAHBIMU U HENUHEAHBIMU PYHKLIMSMU AaeT BO3MOXHOCTb OTKa3aTbCs
OT MCMONbL30BaHUA LOMNONHUTENBHBIX Tabnuu,. Mpu 3TOM BO BCeX CNy4asx OTAMYMA annpokcUMauun oveHb Hebonbline
(npnbnusutensHo 1 %).

AnkTepHaTMBY NpeAcTaBnAIT ycroBHele MeToAabl JTaBnecca (1970 r.), HO AaHHLIA NOAXod, XOTA TeopeTuyecku 60-
ree npuBnekaTeneH, MOXeT NPUBECTU K cyllecTBEHHO Bonee cnoxXHeIM NpoueaypaM, Tpebyloux npumeHeHus B 6onb-
LUOM 06beMe YNCIEeHHOro MHTErpupoBaHuS.

YneTo acMMNTOTUYECKUA MOAXOA OTBEPrHYT, TaK Kak METOA AOMKEeH ObiTb YCTOMYMB MO OTHOLUEHUIO K MarbiM
BblGOpKaM.

J.4 ToyHoCTb CTaHAAPTU3UPOBAHHbLIX METOAOB

MeToabl, NpuBeAeHHble B HAcToOsLWEM cTaHAapTe, Obinu conocraBrneHbl ¢ onybnMkoBaHHBEIMK pesyrsratamu,
NoSly4eHHbIMU aHanoruyHbIMU U ApyruMmn metogamu. OLEHKU MaKcuMarnbHOro npaBponofobusi Bo Bcex npuMmepax
COBManu ¢ aHanorn4YHbIMU OLEHKaMK, MONyYEeHHbIMA NPU NPUMEHEHWN METOAO0B HacToswero craHaapta. Otnuune
MMenoch TOMNbKO B JOBEPUTENBHLIX UHTEPBaNax M HUXHUX AOBepUTENbHbLIX rpaHuLax. Huxe npuBefeHbl pesynerartbl
COMocCTaBMeHus.

J.4.1 BeitH n SHrenbxapar (1986 r.)

[aHHbIA MeTon ABMSETCA MPOTOTUMOM CTaHAapTU30BaHHOrO METoAa, NOSToMY ObinMM comocTaBrneHbl pe3ynbrarh
3TUX METOAOB. [Npu cpaBHEHUN pacCMOTpEeHa TOYHOCTL annpoKcUMaLmMin OYHKLMIA, MCNOMb3yeMblX B HAaCTOsILLEeM cTaHaap-
Te. MNpu cpaBHEHUW MoNyYeHbl criefyroLme pesynsraTbl:

BeliH n SHrenbxapaTt CTaHgapTu3oBaHHbI METOA
[oBeputenbHbI UHTepBan 4nsa [1,34;2,73] [1,34; 2,74]
¢ ypoBHeM goeepus 90 %
[oBepuTenbHbIA MHTEpPBanN ANa n [70,7 ;105,9] [70 ; 108]
¢ ypoBHeM gosepus 90 %
R oft = 32,48) 0,801 0,800
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J.4.2 Naenecc (1978 r.)

B paccmatpuBaeMoii Boibopke obbema n = 40 npousowuno 28 oTkasoB. MeTog JlaBnecca no3sonseT onpedennTs
TONbKO [OBepUTeNbHbIR UHTepBan Ansa k ¢ yposHeM fosepus 90 % 1 HUXKHIO [OBEpPUTENEBHYO rpaHuly AN Byg u
R(t = e“1) € ypoBHeM aosepua 95 %. [NonyyeHsbl criegyoLline pesynsTaThl:

JlaBnecc CTrangapTvn3oBaHHbI METOA
HosepuTeneHelil HTepBan ansa B [0,783; 1,381] [0,785; 1,370]
¢ ypoBHeM gosepus 90 %
HoBepuTenbHbIi MHTepBan ansa B,q 0,066 0,074
€ ypoBHeM goBepus 95 %
Ro gs(t = 0,368) 0,647 0,644

J.4.3 Mukep n HenbcoH (1976 r.)

HaHHbIl MeToh ABnsAeTcA acUMNTOTUYECKUM. B paccMOTpeHHOM npuMepe Belbopka cocTouT U3 96 NOKOMOTMBOB,
U3 KoTopbix 37 oTkasanu. Bpemsa ueHsypuposaHusa T 6o HeMHoro 6orblle HapaboTkv Ao nocrefHero oTkasa. Tak Kak
06beM BLIOOPKKU JOCTAaTOMHON BONbLUOK, TO acCUMNTOTUYECKUA NOAXOL B AaHHOM Clydae AaeT JOCTaTOuHYH TOYHOCTb.
[ns sHaYeHns K aBTopbI JatoT TOMLKO 40BEPUTENbHLIA MHTepBar ¢ ypoBHeM foBepus 95 %. Tak kak Ans B,y onpeaeneH
JoBepuTenbHbLIA MHTepBan ¢ ypoBHeM gosepus 95 %, To 415 4aHHOW BeNUYUHBI MOXET BbITh onpefernieHa HUXHAS J0-
BepUTenbHas rpaHuua ¢ yposHem goepua 97,5 %.

Mukep 1 HenbcoH CrangapTnaoBaHHbIii MeTog,
[oBeputensHelil nHTepBan ans B [1,72; 3,16] [1,61; 3,04]
¢ ypoBHeM goepus 90 %
HoBepuTernbHbIn nHTepBan Ans Byq 55,4 54,2

¢ ypoBHeM goBepus 97,5 %

J.4.4 Tynpa (1985 r.)

B paHHOM ucTouHMKe cofepxarca Tabnuubl, reHepupoBaHHble MeTojoM MoHTe-Kapno, Ansa nonyyYeHMs TOUHbIX
HWXHUX rpaHunL| OLieHOK MakCcMMarnbHoro npasgonofobus Ansa LeHaypupoBaHHbIX BbIGopok HebonbLoro o6bema (n < 20).
[nA cpaBHEHWA HWKHWX rpaHuL, OLieHOK NoKasaTenein 6e30TKa3HOCTU, NOMYHEHHBIX B COOTBETCTBUW € HACTOALMM CTaH-
AapToM MeTo4oM yuasl, 6binu UCNonNb3oBaHsl reHepupoBaHHbIe cnyYaiHbiM 06pasom BIGOpkKU U3 pacnpeaeneHus Beii-
Bynna. Bo Bcex paccMaTpuBaeMbIX Cry4asx 3Ha4€HWUs NonyyYeHHbIX OLeHOK OTNUYanueb Ha 1 % n MeHee.
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MpunoxeHue OA
(cnpaBouHoe)

CBeneHusi 0 COOTBETCTBMU CChINIOYHbIX HALMOHANbHbIX CTAHAAPTOB MeXAYHapOAHbIM CTaHAapTam,
UCNOJIb30BaHHLIM B KayecTBe CCbINTOYHbIX B NPUMEHEHHOM MeXAyHapOoOAHOM CTaHOapTe

Tabnwuya OAA

0OB603HauYeHNe CCbINOYHOro Ha- CTeneHb OBo3Ha4eHe N HaUMeHoBaHWe
LioHaneHoro ctaHjapTa COOTBETCTBUSA COOTBETCTBYIOLENO MeXAYHapoAHOro cTaHAapTa
[OCT P 27.607—2013 NEQ IEC 60300-3-5:2001 «Dependability management. Part 3-5. Appli-

cation quide. Reliability test conditions and statistical test principles»

MOCT P §0779.21—2004 NEQ ISO 2854:1976 «Statistical interpretation of data — Techniques of
estimation and tests relating to means and variance»

MpuMedaHue— B HacTosel Tabnnue UCMonb30BaHo cneaytoLlee YCNOBHOe 0603HauYeHne cTeneHn cooTBeT-

CTBUSA CTAHAAPTOB:
- NEQ — HeaKBUBanNEeHTHLIE CTAHAAPTHI.
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(2]

(3]
(4]

(5]

rOCT 50779.27—2017

BuGnuorpadusa

M3K 60050-191:1990 MexayHapoAHbliA aNeKTpoTeXHNYecKuiA cnoBapb. YacTb 191. HagexHoCcTs U Ka4yecTBo ycryr

MNCO 3534-1:20086

M3K 61810-2:2017

MGK 60605-4:2001

(IEC 60050-191:1990 International Electrotechnical Vocabulary — Part 191 Dependability
and quality of service)

Cratuctuka. CnoBapb U ycroBHble 0603HadeHus. YacTe 1. O6GLue cTaTUCTUYECKUe Tep-
MWHbI U TEPMUHbLI, NCNOMb3yeMble B Teopun BeposATHocTel (ISO 3534-1:2006 Statistics —
Vocabulary and symbols — Part 1: General statistical terms and terms in probability)

Pene norudeckne anekTpoMexaHWYecKUe C HEHOPMUpYeMbIM BpeMeHeM cpabaTbiBaHuS.
YacTb 2. HagexHocTb (IEC 61810-2 Electrotechnical elementary relays — Part 2: Reliability)
McnbiTaHus annapatypbl Ha HagexHocTe. YacTb 4. CTaTucTuydeckne MeToabl AN SKCMOHEH-
LmanbHoro pacnpefenenus. TodyeuHble OLEHKW, JOBepUTEnbHbIe, NPEAUKLUMOHHLIE U Tone-
paHTHble MHTepBansl (IEC 60605-4:2001 Equipment reliability testing — Part 4: Statistical
procedures for exponential distribution — Point estimates, confidence intervals, prediction
intervals and tolerance intervals)

HenbcoH B. MNpuknagHoi aHanus pecypcHelx gaHHblx, [xoH Buneid, 1982 (NELSON W. «Applied Life Data Analysis»,

John Wiley, 1982)
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