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MNpegncnosne

1 MOATOTOBJ/IEH OTKpPbITbIM akLMOHEPHbIM 06LWECTBOM «Hay4yHo-uccnenoBaTeibCKUiA LLEHTP KOHTPO-
NA N ANarHOCTUKN TexHunyeckux cuctem» (OAO «HWUL, KO ») Ha ocHOBe COGCTBEHHOrO NepeBoja Ha PYCCKWii
S13bIK @HI/T0513bIYHOW Bepcumn cTaHgapTa, yKasdaHHOro B NyHKTe 4

2 BHECEH TexHunyeckum KoMuTeTOM Mo cTaHgaptusauunm TK 125 «lpumMeHeHue CcTaTUCTUYECKUX
mMeTon0B»

3 YTBEPX/AEH N BBEAEH B JENCTBWE MNpukasom defepanbHOro areHTCTBa N0 TEXHUYECKOMY pe-
rynnposaHuio n metponorum ot 10 aBrycrta 2017 r. No 867-cT

4 HacTosAwwuii cTaHAapT ssBNsAeTca MoAUM(ULMPOBaHHBIM MO OTHOWEHNIO K MeXAyHapoAHOMY cTaHgap-
Ty M3K 61649:2008 «AHanus Beiibynna» (IEC 61649:2008 «Weibull analysis», MOD) nyTem BHeceHus OT-
K/TOHEHWNI. 06bACHEeHMEe KOTOPbIX NPUBeAEHO BO BBEAEHUW K HACTOSALWEMY cTaHAapTy.

MexayHapoaHblA cTaHgapT pa3paboTaH TexHuyeckum komutetom TC 56 «Dependability» MexayHa-
poAHOI 3niekKTpoTexHUYeckoi komuccun (IEC).

HanmeHoBaHue HacTosllero ctaHgapTa M3MeHEeHO OTHOCUTENIbHO HauMeHOBaHUS yKa3aHHOro Mexay-
HapogHOro cTaHgapTa ANns npuBegeHus B cootBeTcTBmne ¢ FOCT P 1.5—2012 (nyHkKT 3.5).

CBefileHNs1 0 COOTBETCTBUMU CCbIJIOYHbIX HaLMOHa/IbHbIX CTaHAAPTOB MeXAYyHapoAHbIM cTaHgapTam, uc-
No/sib30BaHHbIM B KayeCTBE CCbIZIOYHbIX B MPVMEHEHHOM MeXAyHapoAHOM cTaHgapTe, NnpuBefeHbl B A0OMNO0S-
HUTENIbHOM MPUAoXeHun JA

5 B3AMEH FOCT P 50779.27—2007 (MOK 61649:1997)

6 MEPEN3AOAHWME. ABrycTt 2020 T.

MpaBuna NpUMeEHeHNS HAaCTOALLErNo cTaHAapTa YCTaHOB/EHbl B CTaTbe 26 dcaopanbItoro 3akoHa
OoT 29 uioHsa 2015 1. Ne 162-®3 «O cTaHgapTu3auun B Poccuiickoii degepayunm». NHdopmaumnsa o6 m3-
MEeHEeHUAX K HacToslLeMy CTaHgap Ty Ny6/IMKyeTCA B eXerogHoM (Mo CoCTOsAHMIO Ha 1 sHBaps TekyLlero
roga) vHcopmaumMoH1OM ykazaTene «HaunoHanbHble cTaHA4apThl», a ouLMaibHbIl TEKCT U3MEHEHUN
M NOnpaBoK — B eXeMeCAYHOM UHOPMaLNOHHOM yKasaTesie «HaunoHasbHble cTaHgapThi». B cnyyae
nepecmoTpa (3ameHbl) WM OTMEeHbl HaCTOSILLEro cTaHAapTa CoOTBeTCTBYOLee yBeAOM/IeHNe byaeT
ony6/IMKOBaHO B 6amxalilleM BbINyCKe eXeMeCAYHOro MHPOPMAaLMOHHOro ykasaTena «HaunmoHanbHble
CcTaHgapThi». COOTBETCTBYOLWAasA UHopMauus, yBeloM/IeHe U TEKCTbl pa3mewalnTCcsa Takke B UH-
hopmMaLMoHHOW cncTeme 0b6LLEero Nonb3oBaHUs — Ha ohuLmanbHOM caliTe PefepasibHOro areHTcTBa no
TEeXHNYECKOMY PerynpoBaHuio 1 MeTponornn B ceTu HTepHeT (Www.gost.ru)

© CraHpgapTuHcopm. ochopmnieHune. 2017, 2020

HacTosAwwnii cTaHAapPT HEe MOXET 6bITb MOSIHOCTLIO U/IM YAaCTUYHO BOCMPOU3BEAEH, TUPAXWUPOBaH U pac-
npocTpaHeH B KAYECTBE O(pmLuManbHOro n3gaHus 6e3 paspelwerHus ®egepanbHOro areHTCTBa Mo TEXHUYECKO-
MYy perynivpoBaHuio U MeTposiornm
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BBepeHve

PacnpegeneHne Belibynna nucnonb3yoT 415 MOAENMPOBaHUA faHHbIX U3 pacnpejesieHnii c Bo3pacTato-
uieli. yobiBatoLein 1 NOCTOAHHOM MHTEHCUBHOCTbIO OTKa3oB. PacnpegeneHue Belibynna moxeT 6bITb Npume-
HEHO K LUMPOKOMY CNeKkTpy AaHHbIX. HapaboTka A0 0Tka3a, KO/IMYECTBO LMKIOB 0 O0TKasa, npober A0 oTkasa,
MexaHn4yeckoe HanpsikeHue WAN aHasorM4yHble HenpepbiBHble NapameTpbl JO/KHbl ObiTb 3adMKCUPOBaHbI
ANsA Bcex 06bekToB. PacnpepgeneHue pecypca MoxeT 6biTb CMOAE/MPOBAHO Aaxe B TOM c/ay4yae, Korga He
BCe 00beKTbl OTKasanu.

B HacTosiwem cTaHAapTe npegcTaB/ieHO PYKOBOACTBO NO MPOBeAEHWIO aHanu3a AaHHbIX C UCMOJb30-
BaHWeM 3M1eKTPOHHbIX Tabnuy. Takke AaHO PYKOBOACTBO MO NPOBEAEHUIO aHanusa OTAeNIbHO MO Kaxaomy
pexumy oTkasa unaeHTUgrKaLm CBOMCTB COBOKYNHOCTel. icnonb3oBaHne TpexnapameTpuyeckoro pacnpe-
AeneHns Belibynna no3sosseT NonyynTb MHopmaymio o HapaboTke A0 NepBOro oTkasa WUANM MUHUMabHOW
N3HOCOYCTOMYNBOCTH.

B pasgene «HopmaTWBHbIE CCbINIKU» HACTOSIWErO0 CTaHAAPTa CCbIIKU HA MeXAyHapoAHble cTaHAapTbl
3aMeHeHbl CCbI/IKaMW Ha HalMoHabHble CTaHAapThl.
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(M3K 61649:2008)

HAULUWOHANBbHGLB N CTAHAOAPT POCCUMCKOMN PELEPALMUNN

CTatucTnyeckmne metofbl

PACMNPEAENEHWE BEVBY/A.
AHANMN3 AAHHBIX

Statistical methods. Weibull distribution. Data analysis

fata BBegeHns — 2018— 12—O01

1 O6nacTb NpUMeHeHUs

B HacTosiweM cTaHgapTe YyCTaHOB/EHblI MeTO/bl aHanu3a faHHbliX U3 pacnpegeneHus Beibynna, npeg-
Ha3HaYeHHbIX A1 HEMPepbIBHbIX MoKasaTenen, Takux Kak HapaboTka A0 OTKasza (Bpems [0 oTkKasa, Kosmye-
CTBO LWK/IOB [0 0TKa3a, MexaHW4yecKoe HanpshkeHune u T. n.).

HacTosawmii cTtaHgapT NPMMEHMM B CAyvasix, KOrja faHHble O NnokasaTesnsix, Takux Kak Hapa6oTka Ao
0TKasa, MOXHO MOMYyUNTb NO cAy4valiHOW BbIGOPKe 06BHEKTOB, (PYHKLMOHUPYIOWUX B YCOBUAX UCMLITAHUA UK
o6CcnyxnBaHUA, Npu 3TOM Lie/Ibl0 UCCief0BaHnii ABNAETCSA OLeHKa nokasartesneii 6€30TKa3HOCTN 06 BEKTOB CO-
BOKYMHOCTU. N3 KOTOPOIi oTo6paHa BblIGOpKa.

HacTosawmnii ctaHgapT NPUMEHUM K AaHHbIM, OTHOCUTENIbHO KOTOPbIX YCTAHOB/IEHO, YTO OHU ABNSAIOTCH
He3aBUCUMbIMWU N NpUHagNexaT oAHOMY U TOMY Xe pacrnpefeneHunto. To ycoBue A0XHO 6blTb NMPOBEpPeHO
NN npeanosnaraeTca UCTUHHbBIM.

B HacTosiLeM cTaHgapTe YNC/IeHHble U rpadhuyeckne MeTofbl ONMcaHbl NOCPeACTBOM rpadMKoB 1 gna-
rpaMm, 4TO NO3BONSAET MPUMEHUTbL KPUTEPUMN COF/lacus, OLEHNBATDL NapaMeTpbl ABYX UM TpexnapaMmeTpuye-
cKoro pacnpegeneHus Beilibynna n cTpouTb AoBepuTesfibHble rpaHuubl. B cTaHAapTe Takxe npuBefeHO py-
KOBOACTBO MO MHTEprpeTauMm NoCTPOEHHbIX rpadkoB B COOTBETCTBUU C (PYHKLMEN ONacHOCTU, pexumamu
0TKa30B, 0COBEHHOCTSIMU COBOKYMNHOCTW, HapaGOoTKOW 4,0 NepBOro oTkasa U MUHUMasIbHOW M3HOCOCTOMKOCTbLIO
06bEeKTOB BbIOGOPKMU.

2 HopMaTUBHbIE CCbI/IKU

B HacToslWeM cTaHAapTe MCNoNb30BaHbl HOPMaTUBHbIE CCbIJIKM Ha cCrneaytolne cTaHaapThl:

FOCTP 27.607 HageXXHOCTb B TEXHUKE. YNpasB/ieHNne HafeXXHOCTbIO. YCNOBUA NPOBEAEHNA UCMbITa-
HUI Ha 630 TKAa3HOCTb M CTaTUCTMNYECKNE KPpUTEPUN U METOAbl OLLEHKN UX pe3y/ibTaToB

FOCT P 50779.21 CTaTucTMnyeckne meToabl. MNMpaBuna onpegenieHna U MeToAbl pacyeTa cTaTu-
CTUYECKMX XapaKTepucTnK No BbIGOPOUYHbIM AaHHbIM. HacTb 1. HopmanbHOe pacnpegeneHune

NMpumMmeyaHue — Mpy NONb30BaHWM HACTOSALLMM CTaHAAPTOM Lie/1IeCo06pa3HO NPOBEPUTL AENCTBME CChUIOUHbIX
CTaHAapPTOB B MHOPMALIMOHHOM cucTemMe 06LLEro rnosb30BaHysi — Ha orLmaibHOM calite defepasibHOro areHTcTea no
TEXHUUYECKOMY PEry/IMPOBAHMIO N METPOJIOTUK B CETU VIHTEPHET WK MO eXErofHoOMy MHPOPMALMOHHOMY yKasaTtesto «Ha-
LIMOHasIbHbIe CTaHAAPTbI», KOTOPbIN OMy6/IMKOBaH MO COCTOSIHMIO Ha 1 IHBapsi TEKYLLEro rofa, 1 Mo BbifyckaMm exemMecsiy-
HOro MHPOPMALIMOHHOTO yKa3aTe s «HauvoHasbHble CTaHAAPTbI» 3@ TEKYLMIA rog. EC/in 3aMeHeH CCbIOYHbIN CTaHaapT,
Ha KOTOpbIi flaHa HeJaTVpPOBaHHas CCbIIKA, TO PEKOMEH/AYETCS MCMOMb30BaTh AeICTBYIOLLYI0 BEPCUIO 3TOro CTaHAapTa
C YUYETOM BCEX BHECEHHbIX B JaHHYIO BEPCUIO M3MEHEHWI, EC/IN 3aMeHEH CCbIIOUHbIA CTaHAAPT, Ha KOTOpPbLI AaHa AaTu-
pOBaHHasi CCbIIKa, TO PEKOMEHAYETCA UCNO/b30BaTh BEPCUIO 3TOTO CTaHAAPTa C yKa3aHHbIM Bbille FOA0M YTBEPXAEHNS
(NpuHATUSA). ECnv Nocre yTBEPXAEHWs] HACTOSILLEro CTaH4apTa B CCbUIOUHbIV CTaHAApT, Ha KOTOpbI faHa AaTMpoBaHHas
CCbl/IKa, BHECEHO U3MEHeHUe, 3aTparuBatoLLee NosIoKeHVe, Ha KOTOPOE aHa CCbifIKa, TO 3TO MOJIOKEHNE PEKOMEHAYETCS
NPYMeHsITb 6e3 yueTa JaHHOTO U3MEHEHUs. EC/M CCbUIOUHBIV CTaHAAPT OTMEHEH 6e3 3aMeHbI, TO MOJIOKEHVE, B KOTOPOM
[laHa CCbl/Ka Ha Hero, PeKOMEeHAYETCS NPUMeHsITb B YaCTU, He 3aTparvBatoLLeii 3Ty CCbUTKy.

M3paHve ouumansHoe
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3 TepMMHbI, onpeaeneHna, CokpaweHmna m 0603Ha4YeHus1
3.1 TepMUHbI U onpeaesieHnn

B HacTosilem cTaHfgapTe NpuMMeHeHbl TepMuHbl no [1]. (2]. a Takxe cneaywolwme TepMUHbI C COOTBET-
CTBYIOLWMMUN ONpefeneHnsamun:

3.1.1 uyeH3ypupoBaHue (censoring): MNpekpaweHne UcnbiTaHNi NO UCTeYEHUN YCTAHOBJ/IEHHOIO MpPoO-
MeXyTka BpeMeHU WUAn Npu JOCTMXKEHUWN yKa3aHHOro Ko/inyecTBa OTKa3oB.

MpumMeyaHne — 3aBepLIEHHbIE UCMbITAHUSA MPU HAIMYUK HE OTKa3aBLUMX OGBEKTOB MHOTAA Ha3bIBAOT LiEH-
3ypYpPOBaHHbLIMY UCTMbITAHUSIMU, @ AaHHbIe, MOJTyYeHHbIe B MPoLiecce Taknx UCMbITaHWU, MOTryT 6biTb LLeH3YpPPOBaHHbIMU
OaHHbIMW.

3.1.2 npuocTaHOB/IeHHbIN 06bekT (suspended item): O6beKT, UCNbITAHUSA KOTOPOro npepBaHbl Npu
OTCYTCTBUM yUYNTbIBAEMOIO OTKas3a.

MpumeyvaHunn

1 Y obbekTa MOXeT He 6bITb OTKa3a UM OH MOXET MMEeTb OTKa3 B peXume, OT/IMYHOM OT 1ccrieyemoro.

2 «PaHHSAA NpYoCTaHOBKa» — MPUOCTaHOBKa [0 NepBoro oTkasa. «[o34HAs NpPUocTaHOBKa» — MNPUOCTaHOBKa Mo-
Cfe nocsiefHero oTkasa.

3.1.3 pecypcHble ncnboitaHusa (life test): UcnbiTaHna, npoBoguMbie ANSA OLEHKM UAN NOATBEPXAEHUNA
pecypca o6bekTa.
MpumeyaHne — Pecypc4acTo onpegenstoT Kak HapaboTKy, Npy KOTOPO AOCTUTHYT OnpeaesieHHbI NPOoLEeHT

0TKa3aBLUMX HEBOCCTAHAB/IMBAEMbIX O6BEKTOB, UM HApaboTKy, MPU KOTOPOA UHTEHCUBHOCTL OTKA30B BOCCTaHAB/IMBAE-
MbIX 06 HEKTOB BO3pacTaeT A0 OnpeAe/ieHHOro YPOBHS.

3.1.4 HeBOCCTaHaB/AMBaeMbli 06beKT (non-repairable item): O6beKT, KOTOPbI NP 3afaHHbIX YCNIO-
BMSIX NOC/Ie OTKa3a He MOXeT ObITb BO3BpaLLEH B COCTOsIHME, B KOTOPOM OH MOXeT (PYHKLMOHMPOBaTb B COOT-
BETCTBUW C YCTAHOBJ/IEHHbIMU TPeb6OoBaHNAMMU.

MpumeyaHune — 3adaHHbIMU YCIOBUSIMUA MOTYT ObITb TEXHUYECKME, SKOHOMUYECKMe, IKosornyeckme n/mnm
APYyrve ycrnosusi.

3.1.5 HapaboTka (operating time): NMpoAo0NXNTeNbHOCTb paboThbl, B NpoLecce KOTOPO 06 bEKT HAXOANT-
c B paboTOCNOCO6HOM COCTOSHUM.
MpumeyaHne — HapaboTka ABNSETCA OGLMM MOHATUEM U AN1A KXKAOro 06BbEKTa J0/KHA OblTh BblpakeHa

B COOTBETCTBYHOLLMX YETKO YCTAHOB/IEHHbIX €MHNLAX, HaNpUMep, B Ka/leHAapPHOM BPEMEHU, B KOSIMYECTBE pabounx Lu-
KM0B. A/IVHe npobera u T. .

3.1.6 yuntbiBaemblli oTka3s (relevant failure): OTkas, KoTopbIii AOIXEH ObITb YUTEH NpPU UHTEpNpeTauun
pe3ynbTaToB UCMbITaHU UM MYHKLMOHMPOBaAHUSA 06beKTa UAn Npu BbIYMC/IEHUM NoKa3aTens 6e30TKa3HOCTH.

MpumeyaHune — CneayeT yCTaHOBUTb KPUTEPWIA, MO KOTOPOMY OTKa3 MOXET BblITb YUTEH.

3.1.7 ucnbiTaHUs Ha 6e30TKa3HOCTb (reliability test): SkcnepumeHT, NpoBOAUMBIA ANA U3MepPeHuUs,
KO/IMYECTBEHHOTO onpejeneHns nnun knaccmdukaumm mepbl uan ceolictea 6e30TKa3HOCTM 06bekTa.

MpumeyaHuns

1 VcnbiTaHna Ha 6e30TKa3HOCTb OT/IMYAIOTCA OT K/MMAaTMYeCKMX UCTbITaHWIA, Lenbio KOTOpbIX SABASEeTCS Aokasa-
TeNbCTBO TOro, UTO O6LEKT MOXET COXPaHATbL CBOW CBOMCTBA B 3KCTPeMas/lbHbIX YC/IOBUAX XPaHeHWs, TPaHCMOPTUPOBKM U

MCNOJ/1b30BaHUA.
2 WcnbiTaHns Ha 6e30TKa3HOCTb MOryT BK/1KHO4aTb B cebs KNMMaTnYeckne UcCnbITaHus.

3.1.8 peMOHTUpYyeMblii 06BbeKT (repairable item): O6beKkT, KOTOPbI B ONpeAesieHHbIX YCN0BUSAX Nocne
oTKasa MOXeT 6blTb BO3BpalleH B COCTOSAHWE, B KOTOPOM OH MOXeT (DYHKLMOHNPOBaTb 3af4aHHbIM 06pa3om.

MpumeyaHune — 3aAaHHbIMU YC/IOBUSIMU MOTYT ObITb TEXHUYECKMNE, SKOHOMUYECKME, IKOornyeckne wwm
Apyrune ycroBus.

3.1.9 HapaboTka Ao oTka3sa (time to failure): CymmapHasa HapaboTka 06bekTa C MOMeHTa Hayana ero
PYHKLMOHNPOBaHUA (M C BOCCTAHOBJ/IEHUS) [0 OTKasa.

MpumMmeyaHne — ECnv BpeMsi XpaHEHVSI UM HAXOXAeHUs1 06beKTa B pe3epBe 3HaUMTesIbHO Gosblie BPpeMeHM
(hyHKLMOHMPOBaHUsi 06bekTa, HapaboTka 4,0 0TKa3a IJIOXET 3aBMCETb OT 3TOT0 Mepuosa.

3.1.10 Hapab6oTka Mexpay oTkazamu (time between failures): WNHTepBan BpemMeHn mMexay nocnepoBa-
TeNbHbIMM OTKasamu.

2



FOCT P 50779.27—2017

MpunmeyvyaHusa

1 Hapa6oTka Mexay oTKasamu BK/oHaeT NPOAOC/KUTENBHOCTb (DYHKLUMOHNPOBaHUS U BPEMS NPOCTOSA.

2 Ecnv Bpemsi XpaHeHUsi WIN HaxoxeHnst 06 bekTa B pe3epBe 3HaunUTe/IbHO 60/bLue BpeMeHU (DYHKLMOHNPOBaHNA
06bekTa, HapaboTka [0 OTKa3a MOXET 3aBKCETb OT 3TOro Nepuoja.

3.1.11 B-pecypc, L-npoyoHTunb (B life. L percentiles): Mepnoa BpemMeHn, B Te4eHNe KOTOPOro oTKasbl-
BaeT 3aaHHblli NPOLEHT 06BHEKTOB.

NMpumeyaHune — Bl0-pecypc — Nepuoj BPEMEHU, B NpoLiecce KOTOPOro oTkasano 10 % o6BbeKToB (Hanpumep,
NOAWMMNHMKOB). /IHOrAa 3TOT nepuoj 0603HaYatoT Kak L-pecypc. B-pecypcbl MOryT 6bIThb MO/y4eHbI HEMOCPEACTBEHHO MO
rpadmky pacnpegeneHus Beibynna wim 6onee TouHO no chopmysie pacnpefesnieHns Beiibynna. MNMepuod BpemeHu, 3a
KOTOpbIii 0TKazano 50 % o6LEKTOB, NpeAcTaBnsieT coboli BA-pecypc, T. e. MeanaHy HapaboTKu 40 oTKasa.

3.2 CokpalweHus

B HacTosiWeM cTaHAapTe NPUMEHEHbI CNEAYIOLINE COKPALLEHUSA:

ASIC — wuHTerpanbHas cxema cCrneumasibHOro HasHa4yeHus;

BGA — wmMaccuB WapuKoB (TUMN Kopnyca MOBEPXHOCTHO-MOHTUPYEMbIX MHTErpasbHbIX MUKPOCXEM):
CDF — dyyHKUMA pacnpegeneHus;

PDF — yHKUMA NIOTHOCTW pacnpegeneHns BeposATHOCTeld;

MLE — oueHka makcMmasbHOro npasgonogoéus;

MRR — perpeccus MefnaH paHros;

MTTF — cpegHsasa HapaboTka A0 OTKasa.

3.3 O603Ha4YeHuns

B HacTosileM cTaHgapTe NpYMeHeHbl crefyole YC/I0BHble 0603HaYeHNs.

t — HapaboTka (nepemeHHasn), o603HavatolLan Bpems;

n — napameTp macwTaba pacnpegeneHus Belibynna. B63 2-pecypc;
P — napameTp copmbl pacnpegeneHusn Belibynna;

10 — HapaboOTKa, A0 KOTOPOW He 6bINI0 HM OAHOrO OTKa3a;

2 — koadhdhuumeHT getepmunHaunmn (r— KoadpuLuneHT Koppenayum);
/(f) — dpyHKUMA NNOTHOCTN BEPOATHOCTEN;

F(f) — dyHKuna pacnpegenenus;

h(t) — dyHkyMs onacHocTy;

?i(ff) — MrHoBeHHast UHTEHCUBHOCTb OTKa30B,;

H(t) — wHTerpanbHasa (KymynatuBHas) (yHKUUS ONACHOCTU;

F, — Konn4yecTBO OTKa30OB A1 pexunma 0Tka3os 1:

F2 — KO/IM4ecTBO OTKA30B A/1A pexuma 0TKasoB 2;

F3 — Konn4yecTBO OTKa30B A1 pexnma 0Tka3os 3.

4 TlMpymMmeHeHne MeTo40B

B Tta6nuue 1 npuBeAeHbl YC/IOBUS MPUMEHEHWUSI MOJIOXEHU HacTosIWero ctaHgapTa. MNokasaHbl Tpu
OCHOBHbIX METOAA OMNpPefefieHnsi OLEeHOK napameTpoB pacnpegeneHuns Beiibynna. a UMeHHO rpaduyeckui,
BbIUNC/INTENbHbIN U aHanu3 Beiibynna — Balieca. Np1MBeAeHO COOTBETCTBUE MeXAy MeTof4aMu U UCMOJSb3y-
eMbIMU TUNaMU AaHHbIX.

Ta6bnnuya 1— PykoBOACTBO MO NPUMEHEHMIO HACTOSALLErO CTaHAapTa

MeTog/ TV AaHHBIX Fpaﬂ;zg«zle BbHMSQT”ng:’Hb'e AHanm3 Belibynna — Baiieca
LleH3yprpoBaHHbIii UHTepBas \% HP \%
MHOXeCTBEHHOE LieH3ypupoBaHme \ HP \
EAVHUYHOE LeH3ypuypoBaHve \ \% \%
OTCyTCTBME OTKA30B HP HP \%
He6orbluoii 06bem BbIGOPKY (S 20) \ HP \

Bo/ibLLUO 06BEM BbIGOPKU \ \ HP
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OkKOHuaHve Tabnuubl 1

MeTog/Tun faHHbIX Mpachueciue BbIHMCIITE TbHbIE AHanms Beiibynna —bBaiieca
MeTOpb! MeTOb!
[JaHHble, JaloLe UCKPUBIIEHHbIV rpadink \ HP HP
MNosHble AaHHbIe \% \% \%

MpumeyaHune — HP — He pacCMOTPEHbI B HACTOSILLIEM CTaHAApTe.

5 PacnpepgeneHue Beiibynna

5.1 [AByxnapameTpuyeckoe pacnpepeneHue Beibynna

[iByxnapameTpuyeckoe pacnpegeneHve Beiibynna — pacnpegeneHue, Hanbosee WNPOKO UCMO/b3YEMOe
npu aHanuse pecypca. PyHKUMA NNOTHOCTU BepoaTHocTel (PDF) ana pacnpeaenenus Beibynna nmeet Bug (1):

7(f)1ln), 1
*r
roe t— Hapab6oTka, paccmaTpuBaemas Kak nepeMeHHas;
M— napameTp macwTaba pacnpegeneHus Belibynna;
P — napameTp dpopmbl pacnpegeneHusa Berbynna.
DyHKUMA pacnpegeneHus Beibynna nmeet Bug (2):

F(0On-1-e (2)

PyHKLMA UMeeT ABa NnapameTpa: N — pecypc u p — napameTp opmbl pacnpegenenus. Napametp dop-
Mbl NOKa3bIBAeT CKOPOCTb U3MEHEHUSI MTHOBEHHO MHTEHCUBHOCTU OTKA30B BO BPEMEHU. MpuMepamu cobbITuii
MOryT 6bITb PaHHWIA 0TKa3, CAyYaiHblii 0TKa3 WM M3HOC. B 3aBUCUMOCTM OT KOHKPETHOTO Crly4as paccMaTpuBa-
10T nogxoAsiiee pacnpegeneHve u3 cemeincTea pacnpegenennii Belibynna. PasnuuHble pacnpegeneHuns aToro
cemMeiicTBa oTMyaoTCa POPMOI PYHKLMN NNOTHOCTUM BEPOSITHOCTel (cM. pucyHok 1). C nomouwbio pacnpeje-
neHusi Belibynna MOXHO onucaTb ropasfo 60siee WWPOKUIA Anana3oH PecypcHbIX faHHbIX, YeM C NOMOLLbIO
[pyrux pacnpegeneHnii. NMepemeHHan t aBnsetca o6wel Ansa pacnpegeneHnii 1 MoxeT NpeacTaBNATb coboit
pasnuyHble BENNUYUHBLI: BPEMS, PACCTOSIHME, KOJIMYECTBO LMK/IOB, MEXAHNYECKOE HaMNpPsXEHUE.

M3 pucyHka 1 BMAHO, YTO NJIOTHOCTb pacnpegeneHns npu p = 3.44 BbIIAAUT Kak PYHKLMA NAOTHOCTU
HOpMa/nbHOro pacnpegesieHns, 3a UCK/IIOYEHNEM XBOCTOB pacnpefesieHuns.

MrHOBEHHAsi MHTEHCUMBHOCTb 0TKa30B a(0 (unu yHKums onacHocTu h(t)] gByxnapameTpuyeckoro pac-
npepeneHns Belibynna umeet BUA:

(=)

BbigensatoT Tpu AnanasoHa napameTtpa opmbl ():

-npu p = 1,0 pacnpegeneHne Beilbynna naeHTUYHO HOpPMasbHOMY pacnpefesieHNto, a MrHOBEeHHas
WHTEHCUBHOCTb 0TKa3oB L|() npeacTaBnset co6oii KOHCTaHTY, paBHYt 06paTHOMY 3Ha4YeHWI0 NapameTpa mac-
wraba Aa;

-npu p > 1,0 MrHOBEHHast MIHTEHCMBHOCTb OTKa3oB BO3pacTaeT;

-npy p < 1.0 MrHOBeHHasA NHTEHCMBHOCTb OTKa30B ybbliBaerT.

3HauyeHue N npeacTaBnaseT cob6oli HapaboTKy, B Te4eHUe KOTOpOli B cpegHeM oOTka3dbiBaeT 63,2 % Ha-
6nto0naemMbix 06bEKTOB. ITO cnpaBefNBO ANA BCeX BUAOB pacnpegeneHusn Beilibynna. 6e30THOCUTENbHO Na-
pameTpa p. Ecnn B npouecce HabnwogeHWn oTkasaBlune 06bEKTbl 3aMEHSAT MCNpaBHbIMW, TO B CpeAHeM
63.2 % Hapa6oTOK A0 OTkasa 6yfeT MMeTb 3HaYeHWEe MeHbluee WM paBHOe 3HadeHuto U. Bonee nogpo6HO
o6CcyX/eHne BOCCTaHaBMMBaeMbliX U HEBOCCTaHaB/IMBaeMblx 06bekToB npuBegeHo B FOCT P 27.607. 3Ha-
yeHue. paBHoe 63.2 %. nosly4yeHo nNpu nogctaHoBke t= L B hopmyny (2). UTo B ntore gaeT BblpaxeHue (4):

F(M*1-e W»)8-1-e Wr _1-(1/e)-0.632. (4
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PucyHok 1 — dopma hyHKLMN NJIOTHOCTM BEPOSITHOCTEN ANsi cemelicTBa pacnpegenenuii Belibynna npu r| = 1.0

5.2 TpexnapameTpuueckoe pacnpegesneHue Belibynna

PYHKUMSA pacnpefeneHnsa TpexnapaMmeTpuyeckoro pacnpegenenuns Belibynna nmeet Bua:

F(t)-11 —e (5)

MapameTp ~ Ha3biBalOT HAPabOTKOM, 40 KOTOPOI HET OTKA30B, NapaMeTPOM MOJIOXEHUS WM MUHUMATb-
HbIM Pecypcom.

Heo6xo4nMoe MOHWMaHve BAUSIHUS napaMeTpa MOIOKEHUsS 06bIYHO HE MPUXOAUT A0 O06HAPYXEHUs!
TOro, 4TO AByxXnapameTpuyeckoe pacnpegeneHue Belibynna nnoxo onucbiBaeT faHHble. MNpu HabnogaeMom
HeO0CTaTOYHO XOPOLWeM NPUGIMKXEHUN 06bIYHO NbITATCS MCMOL30BaTL APYroe pacnpegeneHvie 4is 6onee
TOYHOrO ONUCaHNsi AaHHbIX. O4HAKO NPUBAMKEHNE MOXET BbITb Y/yULIeHO NPU UCNOMb30BaHMM TpexnapameT-
puuyeckoro pacnpegeneHus Beiibynna (cm. 8.5). Vicnonb3oBaHve napaMeTpa MOJIOXKEHNS SIBHO yka3bliBaeT Ha
TO. UTO OTKa3bl CMELLEHbI HAa (PUKCUPOBAHHYIO HapaboTKy, Ha3biBAeMylo MOPOroBoii. BausiHne napametpa rno-
NOXEeHNsi 06bIYHO HABMIAaeTCs, KOrAa UCCNeayloT «CPOK XpaHeHusi» 06 beKTa, Nocfe KOTOporo nosBAseTcs
nepBblii 0TKa3. XOpoWnM NHAUKATOPOM B/IMSAHMA NMapameTpa NnosfioxeHus sBasieTcst hopmMa rpaguka.

6 OnwucaHue gaHHbIX

6.1 Tunbl faHHbIX

[aHHble 0 pecypce CBsi3aHbl CO CTapeHneM 06beKkToB. [JaHHble 06 0Tka3ax, oNucbliBaeMble pacnpegene-
HueMm Belibynna. 06bIYHO ABNSAIOTCA LaHHBIMU O PeCcypce, HO TakXe MOryT 6bITb AaHHbIMU, KOT4a cTapeHue Bbl-
3blBaeT BO34eicTBUE ONpeseneHHOol Harpysku, Hanpumep, 4aseHns, CUbl UM TeMnepaTtypbl. «Bo3pacTom»
06beKTa MOryT 6biTb BpeMs (DYHKLMOHUPOBAHUS, 3anyCKu U OCTAaHOBKM, NPU3EM/IEHUS, B3/eTbl, KOJIMYECTBO
LMKI0B (ManounkKIoBas yCTasocTk), Nepuos XpaHeHus, KOJIMYECTBO LMKI0OB WU BpeMsi pa6oTbl No4 BbICOKAM
AaBfieHMeM UK NPU BbICOKOM TemnepaTtype uiun gpyrue napameTpbl. B HacTosilee BpeMs nokasaTeflb «BO3-
pacTa» Ha3BaH Hapab6oTKol. Mepoii HapaboTKN MOXEeT CAYXUTb O4WH M3 NepeYncIeHHbIX Bbille nokasaTesei.

6.2 Hapa6oTka A0 oTkasa

Mop HapaboTKoi B pacnpegeneHun Beibynna o6bl4HO NMOHMMAKT PECYPCHbIi MokasaTesib, KOTOPbIM
MOXeT 6bITb:
- Hapa6oTKa 40 NepBOro oTkasa BOCCTAHAB/IMBAEMOTO OGbEKTA;
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- Hapa6oTKa [0 0TKa3a HeBOCCTaHaB/IMBAeMOro 06 bEKTa;

- Hapab6oTKa OT Hayana yHKLMOHMPOBAHUA A0 Kaaforo oTkasa BOCCTaHaB/IMBaeMOW CUCTEMbI, ecnun
HeBOCCTaHaB/IMBaeMblii 06beKT B CUCTEeMe OTKa3biBaeT 60/1ee O4HOr0 pa3a B TeyeHue neprvoga HabnoaeHWA.
Mpy 3TOM NpeanosiaraeTcs, YTo BOCCTAHOB/IEHNE (3aMeHA) 06 BbEKTA HE MPUBHOCUT AOMNONHUTENbHbIE OTKa3bl,
TakuM 06pa3om, MOXHO CYMTATb, YTO CUCTEMA MOC/Ie PEMOHTA UMEET Ty e 6e30TKa3HOCTb, YTO M Hernocpes-
CTBEHHO Mepef 0TKa3oMm;

- Hapa6oTKa [0 NepBOro oTkasa HeBOCCTaHaB/IMBAEMOro 06beKTa C NOCNEAYOWNM 3an1aHUPOBaHHbIM
TeXHU4YeckumM o6CnyxnBaHMeM B NPeAnosioXeHUU, YTO OTKa3 CBA3aH C NpeAlecTBYOWUM TEXHUYECKUM 06-
CNyXuBaHVeM o6bekTa.

6.3 XapakTepucTuku matepuana n pacnpegeneHue Beibynna

XapakTepucTuku martepuana, Takme Kak NonsyyecTb, ycusmne paspbiBa UIn U3noma, yctanocTb Matepu-
ana yacTo NpeacTaB/ISOT Ha cneunanbHoli BepoATHOCTHOW 6ymare pacnpegeneHus Beilibynna. Mo ropnsoH-
Tanun oTKIaAbIiBalT nokasaTenn; ycTasriocTn, KOSIMYecTBa LMKI0B, Harpysku, KonnyecTBa NoBTOPHbIX Harpy3okK
Unn TemnepaTtypbl.

6.4 O6beM BbIOGOPKNK

HeonpeaeneHHOCTb, CBsI3aHHAsi C OLLEHKO MapameTpoB pacnpegeneHusi Belibynna. cBa3aHa ¢ 06b-
€MOM BbIGOPKM M KOJIMYECTBOM OTKa30B. [MapameTpbl pacnpegeneHusi Beiibynia MoryT 6bITb OLEHEHbI gaxe
npv HaMuuKn 4BYX OTKA30B; OAHAKO HeonpeneNeHHOCTb TaKol OLEeHKM 6yAeT CANWKOM Besimka U He CMOXeT
NnoATBEPAUTL MPUMEHUMOCTb Mogenu Beibynna. Ans no6oro o6bema BbIGOPKU [OBEPUTESIbHBIE FPaHULLbI
[OKHbI 6bITh BbIYUC/IEHbI U HAHECEHbI Ha rpad vk A1 onpefeneHns HeonpeaeneHHOCTU oueHoK. Kak 1 npu
BCSIKOM CTaTUCTMYECKOM aHanuse, 60/bliee KOSIMYeCcTBO faHHbIX MO3BO/SET NONYyUYNTb 60/1ee XOpoLIue oL eH-
KV. HO €C/IM Habop AaHHbIX OrPaHUYeH, To c/ieAyeT AeliCTBOBaTb B COOTBETCTBUM C MNOJIOXeHUsiMu 11.3.

6.5 LleH3ypupoBaHHble AaHHble

B aHanu3 gaHHbIX O pecypce Heo6XxoA4MMO BK/IOYAaTb faHHble O TexX 06bekTax BbIGOPKWU, Y KOTOPbIX
He npousolwen oTka3. TakMMun JaHHbIMU ABASIIOTCS LEeH3ypupoOBaHHble AaHHble U faHHble O NPMOCTaHOBKaX
(cm. TOCT P 27.607). Ecnu Ha6bnoganucb HapaboTKy [0 OTKa3a BCeX 06 bEKTOB, AaHHble CUMUTAOT MOSHBLIMU.

O6beKT, y KOTOPOro He 6bI/I0 OTKa3a COOTBETCTBYIOLLErO pexuma B npouecce uUCnbITaHWiA, sBNseTcs
LLEH3YPMPOBAaHHbIM WU NPUOCTAHOB/IEHHbIM. OH MOXET UMETb OTKa3 APYroro pexvuma nam Booblie He UMETb
0TKa30B. «PaHHSs nNpuocTaHoBKa» npeAcTaBnsieT co60i NPMOCTaHOBKY A0 NepBoOro oTkasa. «Mo3gHss npu-
ocTaHOBKa» — 3TO NMPMOCTAHOBKAa Mocsie nocsiefHero otkasa. MNpuocTtaHoBKa MexAay OoTKka3aMu Ha3blBaeTcs
cny4aiHoli unm nporpeccupytoweil NPMOCTaHOBKOIA.

Ecnu 06bekT ocTaeTcs He OTKasaBLUMM, ero HasbIBaloT LLeH3ypUpoBaHHbIM. EC/iM UCnbITaHMA 3aKaHuu-
BalOTCA B yCTaHOB/IEHHOe BpeMsi T, A0 TOro Kak oTkasann Bce 06beKkTbl, TO faHHble Ha3biBalT LLeH3ypupo-
BaHHbIMW NO BpeMeHWU. Ecnn ncnbiTaHWsi 3akaHUYMBaKOT NOC/e TOro, Kak 0TKasaso yCTaHOB/IEHHOE KO/INYecTBO
06BbEKTOB, TO AaHHble Ha3bIBalOT LEeH3YPUPOBaHHbLIMU MO KOTMYECTBY OTKA30B.

O6cyxaeHne acnekToB LeH3ypupoBaHusi npusegeHo B FOCT P 27.607.

7 [padhmueckne mMeToabl U KpUTEPUN COT/Iacus

7.1 O6uure NONOXeHNsA

Fpacdnyeckunii aHann3 cocToUT B HAaHECEHUW AaHHbIX Ha BEPOSITHOCTHYy Gymary pacnpegeneHus Beii-
6ynna. NnpoBeAeHUN NNHUM Yepe3 HaHeCeHHble AaHHble, MHTepnpeTauumn rpadunka n onpegesieHNa oLeHOK na-
pameTpoB C MCMO/Ib30BaHNEM BEePOATHOCTHOW 6ymarun pacnpegeneHus Beiibynna. no3sonsiouieii npeactaBuTb
hyHKUUIO pacnpegeneHus Belibynna B Buge npsimoli. CooTBeTCTBYOLWMI NpyMep NPUBOAEH B NPUIOXEHUN .

[aHHble Ha rpaduke ykasblBaloT Mocsie X ynopagounBaHua B nopsigke HeybbiBaHUA (PaHXUpoBaHUs).
HapaboTKy A0 OTKa3a HaHOCHAT MO KOOPAUHATHOI ocu X BEPOATHOCTHOI 6ymaru pacnpegeneHus Belibynna.

KoopauHata Y npepacTaBnsieT co6oil mefgmaHy paHra B coOoTBeTCTBUM € 7.2.1. [na BbIGOPOK, 06beM
KOTOpbIX NpeBblwaeT 30 egnHUL, MeAnaHa paHra nNpakTMyecku cosnagaeT ¢ NPoOLEHTOM OTka3oB. Ecnu gns
HaHECEHHbIX AaHHbIX MOXHO MPOCAEANTb NIMHEVHbIA TPEHA, TO MOXeT GbiTb NPOBeAeHa JIMHNUS perpeccuu.

3aTem no nosnyvyeHHomy rpadvky MoryT 6bITb onpefesieHbl OLeHKM napameTpoB. MapameTp maclTaba
L npeacTaBnseT cO60i MOMEHT BpeMeHU, B KOTOpbI 63,2 % 06bekTOB O0TKasano, ero HasbiBaloT BB3 2-pecypc.
MapameTp hopMbl p ONpeaesnsitoT Kak TAHFEHC yrfia Hak/oHa JIMHUM Perpeccum Ha BEPOSTHOCTHOW Gymare
Belibynna.

6
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Perpeccusi MmeamnaH paHroB npeacTaBnseT cob6oil MeTon, UCNOb3YeMblii A1t NMONYYEeHUs OLLEHOK napa-
METPOB pacnpefeneHus NyTeM NpuMeHeHUsi MeToAa MIMHEeNHON perpeccun K MegmaHaM paHroB, pecypcam,
HaNpPsKEHUSIM U T. M.

LpyruM rpaduuyeckmMm MeToAO0M, UCMOJb3YeMbIM A1 ONpeAe/ieHNst OLEeHOK napaMeTpoB pacnpegene-
HUsi Belibynna. siBAsieTCsi NOCTpoeHue rpaduka PyHKLUN 0NacHoOCTM. ATOT MeTo4 onucaH B 7.3.

7.2 MocTpoeHue rpachuka BeposaTHOCTEN

MocTpoeHune rpadmka BepoOATHOCTel BbIMOHAOT B HECKO/IbKO 3TanoB. Huxe npuBefeHo ux getanbHoe
onucaHue.

7.2.1 PaHxupoBaHue

[ns noctpoeHus rpadruka BepoOATHOCTEl AaHHble paHXMpPYOT B Nopsiike HeyGbiBaHMA 3Ha4YeHWA Hapa-
60TOK A0 OTkasa. Mpu AaHHOM paHXMpPOBaHWWN MO OcKu abcumcc oTkNaabiBaloT 3HaveHue t. a No ocn opgunHaT —
3HauyeHue F(t) B npoueHTax. 3To AaeT nHoOpMaLnio A5t MOCTPOEHUS JIMHUN B COOTBETCTBUU C BblpaxeHuem (6).

MepaunaHbl paHroB npuBegeHbl B npunoxeHun C. Huxe npuBeAeH npumep ANA MefuaH paHra ypoBHS
50 %, ona o6bema BbIGOPKN, paBHOMO NATU; HalijeHHble MefnaHbl PaHroB MokasaHbl A4N1A NATM HapaboToK A0
oTKasa, 3Ha4YeHUs KOTOpbIX NpuBefeHbl B cpeAgHeM cTon6ue. MpeacTtaBsieHHble B NpunoxeHun C MeamaHsbl
paHroB MoryT 6bITb HaHECEHbI Ha /1t060M TUN BEPOSATHOCTHOW Gymaru, Hanpumep, AN pacnpeaeneHnii Bei-
6ynna. TOrHOpMasibHOro, HOpMasibHOro 1 pacnpefesieHnNs aKCTpemMasbHbIX 3HAYEHUA.

MpumMeyaHue 1— EcnvfBe eAnHNLbI BbIGOPKN UMEIOT OAHY M TY e HapaboTKy, UX HAHOCAT C pas/IMyHbIMK
3HAUYEHVSIMU MefuaHbl paHra.

Tab6nuuya 2— PaHXupoBaHMe AaHHbIX O HApPabOoTKe A0 OTkasa

MopaakoBblil kKOkep Hapa6oTke fo oTkasa 1min X Mepgnana paHra % (Y)
1 30 12.94
2 49 31.38
3 82 50.00
4 90 68.62
5 96 87.06

OnpepeneHvie MeanaHbl 6osiee NpefnoyYTUTENIBHO, YeM ONpeAe/ieHne CpefHero Uan cpegHero apudg-
MeTUYEeCKOro AJ1i HECUMMETPUYECKMX pacnpeaeneHunii. Bonblas YacTb pacnpefeneHunii faHHbIX 0 pecypce
acuMMeTpUYHa, TakKum o6pas3oM, MeanaHa UrpaeT B 3TOM C/lyvyae BaXHYK posb.

Ecnu Tabnuubl MeguaH paHroB M BbIYUC/IEHUS MefMaH PaHroB, UCNoJib3ylolne 6eta-pacnpesesnieHus,
HEAOCTYMHbI, TO MOXET 6bITb UCNONb30BAHO NPUGMXKEHNe BepHapaa:

(1-0.3) |
(W-0.4) % (6)

rae N — o6bem BbIGOPKY;
/ — paHr nHTepecylowein eanHULbI faHHbIX.

MpumevaHune 2— BblpaxeHue 06bI4HO ncnonb3ytoT Npn N S 30: ana N>20 koppekumsi cyMMapHOU YacToTbl
MOXeT ObITb He3HauuTesnbHol: F = (//N)-100 %.

7.2.2 Tpadhuk BeposaTHOCTel ana pacnpegeneHun Benbynna

Mocne npeo6pa3oBaHua AaHHbIX rpacuk MoxeT 6bITb MOCTPOEH C UCNOMb30BaHMEM TPeX Pas/IMyHbIX
MeTOoA0B:

- UCrnonb3oBaHMe BEPOATHOCTHOW Gymaru pacnpegeneHus Belibynna (4aHHbI BUS BEPOSTHOCTHOl 6y-
Maru npegcTtassieH B NpuaoxeHun F);

- ICNONIb30BaHMe MporpaMmmHOro obecneyeHus, paboTaloulero ¢ 3/eKTPOHHbIMK Tabnuuyamu (Npumep
MCNO/Ib30BaHUA 3/1EKTPOHHbIX TabnuL, npuBeAeH B NpunoxeHun E);

- KOMMep4eckoe nNporpaMmmMHoe o6ecneyeHue.

7.2.3 PaboTa C LEeH3ypUPOBaAHHbIMU JaHHbIMU

HapaboTkn He OTKasaBLIMX 06BEKTOB MM 06bEKTOB, OTKa3aBLNX B APYrOM pexume oTkasa Uan nmeto-
LWMX OTKa3 No APYroMy pexumy oTKasa, CHUTalT «LUEeH3ypUPOBAHHbIMU» UMM «MPUOCTAHOB/IEHHLIMUY» COOT-
BeTCTBEHHO. Moao6Hble AaHHble He cneAyeT UckoyvaTb. HapaboTku NpMOCTaHOB/IEHHbIX OGBEKTOB cneayeT
BK/lOYaTb B aHaNuns3.
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MpuBeaeHHas Huxe copmyna No3BosisieT ONpefenMTb CKOPPEKTUPOBaHHble paHrn 6e3 Heob6XxoaMMO-
CTW BbIYUC/IEHUS PAHTOBbLIX NpUpalLeHnin. Ee NCNonb3yloT ANS KaX40ro oTkasa v BBOAST B AOMNOSTHUTENbHbIN
cTon6ey Ansi UCXOAHbIX PaHroB. MeTo COCTOUT B paHXUPOBaHUN AaHHbIX C MPUOCTAHOBKO 1 NCNO/Ib30BaHUN
chopmynbl (7) Ans onpegesieHNs paHros, 3TO MO3BOJISET y4eCTb HapaboOTKN NMPUOCTAHOB/IEHHbIX O6HEKTOB:

CKOpPPEKTUPOBaHHbIV paHr . <"W ,A"blA P»*HNp«ablg»LWnii CKOppeK.MpoeaHHbIit paT)»<«- D
(ncxopdHbI paHr) + 1

B Ta6nuue 3 npuMBeeHbl PaHru, nosiyyeHHble ¢ yYeTOM BK/IOUYEHUs B aHafu3 faHHblX O Tpex npuocTa-
HOBJIEHHbIX 06beKTax.

Ta6nuya 3 — CKOPPEKTMPOBAHHbLIE PAHMN C YYETOM NPUOCTAHOBMEHHBIX UM LLEH3YPUPOBaHHbIX JaHHbIX

Par Hapa6otka Craryc MC);%C"_{:MM CKOPPEKTUPOBAHHBINA paHr Mepﬁr&ra

1 10 MprocTaHOBEHHbIV 8 MpuocTaHoOBNEHHbIM 9.8

2 30 OTkas 7 [7 0+(8 + 1)/(7 + 1) = 1.125

3 45 MprocTaHOB/EH Hbll 6 MprocTaHOBNEHHbIM

4 49 OTkas 5 [5-1.125 +(8 + 1))/(5+ 1) = 2.438 25.5

5 82 OTkas 4 [4 2.438 + B+ 1>[/(4 + 1) = 3.750 41,1

6 90 OTka3 3 [3-3.750 + (8 + 1)]/(3+ 1) = 5.063 56.7
7 96 OTkas 2 [2 5.063 + (8 + 1)[/(2 + 1) = 6.375 72,3
8 100 MprocTaHoBNEHHbIN 1 MprocTaHoBNEHHbI

B faHHOM npuMepe 4/is KOPPEKTMPOBKU PaHrOB MCMNO/b30BaHa annpokcmManus bepHapga, uto asnsert-
csi 6on1ee NPOCTbIM CNOCOGOM, YeM MHTEPMOAsLMA No Tabnuue. Fpaduyeckoe npeacTaBrieHNe AaHHbIX Ta6-
nnubl 3 NpefCcTaB/IEHO HA PUCYHKe 2.

Mpv noctpoeHun pacnpegeneHns Belibynnis u onpesesieHUN OLEHOK €ro napameTpoB annpokcuManms
BepHapga ANsl MeAuaH paHroB siBNsieTCs 40CTAaTOYHOW M NO3BOJISAET yYecTb HasmMume NPUMOCTaHOBOK. 34eChb
| — CKOppeKTUpOBaHHbI/ paHr, a N — o6uiee KOIMYeCTBO OTKa3aBLMX U MPUOCTAHOB/IEHHbIX 06BEKTOB. AN
HaHeceHMs Ha BEPOATHOCTHYlO Bymary pacnpegeneHusi Beiibynna meguaHbl paHroB npeo6pasyioT B NPOLEH-
Tbl. Hanpumep, ANs NepBOro oTkasa B Ta6auue 3, UMeloLero CKOpPekTUPOBaHHbIN paHr 1,125:

Meanana paHra (%) - 1-125 °~3' 100 - 9,82 %. 8
A P (%) o (8

Ha pucyHke 2 nokasaHa (hyHKuUMA pacnpegesieHMsa Beilibynna Ana gaHHbIX, BKAKOYaOLWMX HapaboTku
NpPMOCTaHOB/IEHHbIX OGLEKTOB.

BbigensatoT cnepytouwme atanbl paboThl € rpadukom AN AaHHbIX, BKAKOYaloWwmx HapaboTkn NnpMocTaHoB-
NEeHHbIX 06EKTOB:

a) paHxunpoBaHue HapaboToK, Kak OTKa3oB, Tak ¥ NPUOCTAHOB/IEHHbIX 06HEKTOB;

b) BblYMCNEHNE CKOPPEKTUPOBAHHbIX PAHIOB A/ 0TKa30B (6e3 HapaboTOK MPUOCTAHOB/IEHHbIX 06 HEKTOB);

C) NpMMeHeHWe annpokcumauun BepHapga ANA BbIYNCAEHUS MefUaH PaHroB:

d) HaHeceHWe Ha BepPOATHOCTHYIO Gymary pacnpegeneHus Belibynna Hapa6boTok g0 oTkasa (Mo ocu X)
N MegnaH paHros (Mo ocu y);

e) onpegeneHune oueHKN napameTpa N NyTem cUMTbiBaHUA Cc rpadumka Be3 2-pecypca:

0 onpejeneHve OUEHKN NapameTpa p C UCMOSIb30BaHUEM cneuuanbHOW ANHENRKN UAn WwKan, obblYHO
npuBeAeHHbIX HA BEPOATHOCTHOW Gymare pacnpegeneHus Beiibynna;

A) VWHTepnpeTauusa rpaduka.

7.2.4 HaHeceHWe AaHHbIX Ha BEPOSATHOCTHYlO Bbymary

HaHeceHUs AaHHbIX HA BEPOSATHOCTHYIO Gymary, BbINOJIHSEMOrO BPYUYHYIO WM C MOMOLLbIO KOMMNbIOTEPA,
MOXeT 6bITb 4OCTAaTOYHO A4/19 NPOBEPKM COOTBETCTBUSA faHHbIX pacnpegeneHunto Beiibynna. Cyb6bekTnBHas Busy-
a/rbHasA oueHKa 6/1M30CTY AaHHbIX K MPAMO IMHUK yKa3biBaeT Ha UX COOTBETCTBUE pacnpegeneHunto Belibynna.
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®yHKUVWS pacnpegernieHus Belibynna

O6LLee BpeMs UCTbITaHUiA

PucyHok 2 — O6uiasa HapaboTka (B MUHYTaXx)

7.2.5 TlpoBOpHa COOTBETCTBUA pacnpegeneHuto

Ecnun umeeTtcs ckonseHne gaHHbIX, PacnosioXXeHHbIX Ha rpadduke BOKPYr NPsiMoli IMHUK, TO 3TO ABNAET-
CA CBUAETe/IbCTBOM TOrO, YTO flaHHble COOTBETCTBYIOT npeanosiaraeMomy pacnpegeneHuto. OgqHako npu ma-
NbiX 06bemMax BbIGOPKM JOCTOBEPHOCTb TaKMX BbIBOAOB MOXET 6biTb COMHUTENbHOW. CyLecTBYOT CTaTUCTU-
yeckne KpUTepun cornacus, Hanpumep, Takne Kak Kputepuii y-ksagpart. kputepuii Konmoroposa — CMMpHoOBa
N KpuTepuin HeHcu MaHHa. B HacToswem cTaHAapTe MCMNONb30BaH kBagpaTt KoadhduuneHTa Koppensauuu,
Ha3blBaeMblii KO MPULMEHTOM AeTEPMUHALUN 2.

r2 —
[X\2-npy|[X y2-d(y)2

roe Xj 1 y.— meguaHbl paHros 1 HapaboTka 40 0Tka3a, COOTBETCTBEHHO X Up — cpefAHue apudmeTnyeckne
3HAYeHUN x-n
N — o6bem BbIGOPKU.
3HaueHue 12 npepacTtasnseT coboii foN0 Bapnauumn AaHHbIX, KOTopas noATBepxAaeT rMnoTesy o pac-
npegeneHun Belibynna. Ecnm koadduumeHT geTepMuHaumm 6mn3ok K 1. AN onncaHns gaHHbIX ydlle BCEro
noaxoauT pacnpegesieHne Belibynna. ecnn koadduumMeHT 6/7M30K K Hy/o, TO pacnpegeneHve Beibynna
Nn10xo onucklBaeT AaHHble. KoaduuyneHT koppensaumn r npegHasHayeH Ansa onpegeneHnsa cTeneHn NuHe-
HOW 3aBUCMMOCTU MeXAy ABYMsS MepeMeHHbIMU, I MPUHMUMaeT 3Ha4YeHus oT -1 go +1 v 3aBMCMUT OT yrnia Ha-
K/TOHa NpsiMoli Ha BEPOATHOCTHOI Bymare. AbTepHaTMBHO, ec/in rpadk BePOsITHOCTE NOCTPOEH C UCMNOSb-
30BaHNEM 31eKTPOHHbIX TabuL, To NpyU NPUMEHeHUN NMHENRHOW perpeccumn KoadnUnNeHT KOppensaunum 4acto
3a4alT Kak KoadduuneHT BbIOGpaHHOro BapuaHTa MPSAMON, ecnv AaHHble XOpPOLWOo COraacylTcsa C NpsMOW
NVHWeli. AHaNOrMYHO NakeTbl KOMMEPYEeCKoro nporpaMmMHoro o6ecnedyeHuss obecneymBaloT onpegesieHne Ko-
addurymneHTa Koppenayuu.
3T0 cniegyeT NCNO/b30BaTb C OCTOPOXHOCTBLIO M TO/ILKO B TOM C/iyyae, Korga BusyasbHblii KOHTPO/b MNO-
Ka3blBaeT COrNacoBaHHOCTb HabOAeHNI ¢ NPAMOL NNHUENR.
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7.3 MocTpoeHue rpahuka PyHKLUN ONACHOCTHU

MeToAbl MOCTpoeHusA rpadrkoB ANsi pacnpegeneHus Belibynna npegycmarpvBaloT cHavyana onpeje-
JIeHVe OueHKN cymmapHoli fonu otkasoB F(f) ¢ ncnonb3oBaHMeM MeAuaH paHroB, a 3aTeM HaHeCceHue Ha
BEPOATHOCTHYIO Gymary pacnpegeneHusi Belibynna HapaboTOK 40 0TKa3a A/ COOTBETCTBYHOLMNX OLEHOK CyM-
MapHbIX BEPOATHOCTEIA.

MeTog, NOCTPOeHMA rpaduka pyHKL MM ONacHOCTY HAYMHAEeTCs C onpefesieHNss OLEeHKN MTHOBEHHOM WH-
TEHCMBHOCTU OTKa30B UMW PYyHKLUUN ONACHOCTMH

un*T (t0)
[1-n0]"
MNCNOMb3ysa OUEHKY UHTerpanbHOM (KYMynAaTUBHOWN) OYHKLMM ONAcHOCTHU.
OUEHKY KYMYIATUBHOW (DYHKLUN ONacHOCTUN

f
H(t) - Jh(tydt — In[1- F(D)\ (11)
o
onpeaensitoT 06UMM CYMMUPOBAHMEM OLEHOK (PYHKLUNI onacHOCTH.
Ana pacnpepeneHns Beibynna

B3sB HaTypasibHblA norapudm OT Kax[ol CTOpoHbl (12), nonyyaem SinHeiHOe COOTHOLWeHWe Mexay
1n(H(0) n 1n(():
In(H(0)->pin(0-pin(n). (13)
Takum o6pasom, 6ymara A1 NOCTPOEHUS (PYHKLUM ONACHOCTU UMEET FOPU3OHTA/IbHYIO Y BEPTUKASTbHYIO
KOOpAMHATHbIe OCU C NIOrapuPMMUYECKUM MacwTaboM. HOMUHaNbHbIW Yron HaknoHa AUHUKU, oNWUcbiBatoLLel
naHHble, paBeH p u t= a. korga H(t) = 1.

MpumeuyaHune — s BepOATHOCTHOW Bymary pacnpegeneHusi Beiibynna. ncnonb3yemoii Ans nocTpoeHus
ChyHKLMM ONACHOCTW, UCMOMb3YHOT HaTypasibHbIV UK AeCATUYHBINM Torapudm.

HecMoTps Ha TO 4TO BepoATHOCTHaa Gymara Ans yHKUMM onacHOCTM pacnpepeneHus Beibynna po-
CTyMHa B HECKOJ/IbKUX CTpaHax, AaHHbI MeTo[ MOXeT 6biTb MPUMEHEH 1 NpU NCNOJ/Ib30BaHNM 06bIYHON BEpO-
SATHOCTHOW 6ymarun pacnpegesieHuss Benbynna ¢ noMouibio cneaytolero npeobpasoBaHus:

A(0*U -e*m<,). (14)

370 npeo6pasoBaHne MOXeT 6bITb S1IETKO BbIMOSIHEHO MPU UCMO/Ib30BAHUN 3M1EKTPOHHbIX Tabnauu,.

Mpoueaypa NocTpoeHus rpadmka oNacHoOCTU BK/OYaeT cnegytowme AencTBus:

a) ynopsigoumBaloT HapaboTkun A0 OTKasa M A0 NPUOCTAaHOBKN B NMopsfke HeybbiBaHUA:

b) ANA KaXA0ro oTKasa BbIYUCAIOT MTHOBEHHYIO MHTEHCUMBHOCTL OTKasa, onpegensemyto kak 1/(konunye-
CTBO 06bEKTOB, OCTaBLUMXCS NOc/e nNpeablaylLero oTkasa uan LeH3ypupoBaHus);

C) AN KaXAO0ro oTkasa BbIYNCASAIOT 06LWYI0 (KYMYNATUBHYIO) CYMMY MTHOBEHHbIX UHTEHCUBHOCTel OT-
Ka3oB. KakK OLeHOK (hYHKL U onacHoCTu;

d) nonyyeHHble OUEHKN KYMYNSTUBHOW (PYHKLMM OMACHOCTU A1 COOTBETCTBYIOLWIMX HapaboToOK A0 OT-
Ka3a HaHOCAT Ha rpaduk ¢ norapummnyeckumm wkanamu (log nnm In) no ocam:

e) noa6uparoT NPSAMYIO JIMHUIO U HAHOCAT ee Ha rpaduk;

0 onpeAensatoT OUEHKM NapamMeTpoOB pacnpeaeneHus.

B npunoxeHun E npeacTaBieHbl npuMepbl 06paboTKn gaHHbIX. NpuMepbl, UCNONb3YylOLWNe NOCTpoeHne
YHKLMN ONacHOCTM ANA OLEeHKN NnapameTpoB pacnpegesieHnsa Belibynna. npuBegeHbl Takxe B [3].

8 WHTepnpeTayus rpadmka yHKUMN BepoaTHOCTEN Bellbynna

8.1 U-o6pa3Has kpuBas

8.1.1 O6ume NoONoOXeHUs
YacTo ncnonblyemas U-ob6pasHas kpmBas (CM. pucyHOK 3) oTo6paxaeT B3anMOCBA3b nNapameTtpa ¢op-
Mbl pacnpegeneHusn Belibynna p n yHKLMM ONACHOCTM Ha MPOTAXEHUN BCEro XM3HEHHOro Lukna ob6bekTa.

10
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OpfHako He A1 BCeX 06BbEeKTOB XxapaKTepHbl BCe 3a/ieMeHTbl U-06pa3Holi KpuBOii, oTo6paxarowein nsmeHeHne
MHTEHCMBHOCTU OTKA30B.

OrnacHOCT!

8.1.2 PaHHMe oTka3bl (P < 1)

Kak mexaHuuyeckue, Tak U 3/1€KTPOHHbIE CUCTEMbl MOTFYT UMeTb Ha HavyasilbHOW CTaguWn BbICOKYIO WH-
TEHCMBHOCTb OTKa3oB. [lepep nepepayeli ToBapa NoTpe6uTesto MPOU3BOAUTENMN KOHTPOMMPYOT npouecc
npov3BoOACTBa, NPOBOAAT NPMEMOYHbIE UCMbITAHUA MPOAYKLUN, UCMbITAHUA Ha NPUHYAUTENbHbIN OTKas, pas-
6pakoBKy Mo 6e30TKa3HOCTW AN1A NpefOoTBpaleHns paHHUX oTka3oB. MoaToMy napameTp hOpPMbl, MEHbLIWNA
elnHULbl, yKa3blBaeT Ha crnepyioliee:

- HegoCTaTOK afleKBaTHOro KOHTPOA npouecca;

- HeypoB/eTBOpUTENbHaA pa3bpakoBka NO NPUHYANUTEIbHOMY OTKa3dy Win Mo Harpyske;

- Npo6sieMbl NPON3BOACTBA, HenNpaBuUbHas c60pkKa, NI0X0i KOHTPO/Ib KayecTBa;

- Npo6/ieMbl KanuTasbHOI0 PEMOHTA;

- CMelnBaHne faHHbIX N3 HECKOJTIbKNX FreHepasibHbIX COBOKYMHOCTEN;

- npupaboTka Uan U3HoC.

AN MHOIMX 3/1eKTPOHHbIX KOMMOHEHT B npouecce PYyHKUMOHNPOBAHNA XapakTepPHO CHUXEHWe MIHO-
BEHHOW MHTEHCMBHOCTWN OTKa30B, YTO O3Ha4YaeT, YTO NapameTp hopmMbl MeHee egnMHULbI. Mpeaynpexaatolee
TexHn4yeckoe 06CnyXnBaHne TakmMx 06 bEKTOB HepaLoHanbHO, Tak Kak cTapble 3/1eMEeHTbl iy4lle HOBbIX.

8.1.3 NNoCcTOAAHHAA MITHOBEHHas MHTEHCUBHOCTb OTKa30B (jj * 1)

MockonbKy 0TKadbl MPOUCXOAAT BO BPeMeHW cny4aliHo, TO 4acTo TakoW mepuof HasbiBalT Nepuogom
crlyvaiHbiX OTKa3oB. PeXuMbl TakMx OTKa3oB paccmaTpuBalOT He3aBMCMMO OT BpemeHu. B gaHHOM cnyuae
npegynpexgatoliee TexHM4Yeckoe o6CnyXnBaHne He ynydliaeT cucTemy.

MoaToMy MOXHO NPeAnosIoXUTbL N06YI0 U3 CeayLWnX CUTyaunii;

- Ha/m4yune cnyyvanHblX OWMOGOK TEXHNYECKOro 06CNyXnBaHus, olwnbKM nepcoHana;

- Hann4yune cny4vaHbiX Neperpysok;

- OTKa3bl, CBA3aHHble C 0CO6eHHOCTAMM 06beKkTa, eCTeCTBEHHbIe MOBPEXAEHUSA, Bbl3BaHHbIe BHELWHUMWN
ob6bekTamu, yaapbl MOMHUN;

- cCMellnBaHne AaHHbIX O HapaboTkax No TpeMm 1 60/Mee pexnmam OTKasoB (B NPeAnosIoXKeHUN, YTO UM
COOTBETCTBYIOT pa3Hble 3Ha4YeHUs p), ecim 60blas YacTb OTKA30B CBSAi3aHa C PeXUMOM OTKasa.

34ecb Takxe npegynpexaatroliee TexHnyeckoe o6enyxmBaHme HeymecTHO. PacnpegeneHue Beibynna
c p= 1 coBnajaeTt C 3KCNOHeHUNaNbHbIM pacnpegeneHnem. 3a Kaxabli nepuos BpemeHu t npouncxoguT no-
CTOSIHHbIli MPOLLEHT OTKa30B. OTO CBA3aHO C MOCTOAHHOW MITHOBEHHOW MHTEHCUBHOCTbIO OTKa30B.

8.1.4 N3HocC (p>1)

HekoTOpbIMU TUMWYHBIMY NPUMeEpPaMn AaHHOTO Cryyas ABASTCA:

- U3HOC;

- Koppo3us;

- MHOXEeCTBEHHbIe Tpel HbI;

- yCTanocTb;
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- NOT/IOWEHHO BNaru:

-Anddysns;

- ncnapeHuve (noteps Beca);

- HaKoNn/IeHNne NOBPEXAEHUIA.

YBepeHHOCTb B TOM, UYTO flaHHble SIB/IEHNS He BHECYT CYLleCTBEHHOro Bk/laga B BEPOATHOCTb OTKasa
npoayKuuun B npouecce ero hyHKUMOHNMpoBaHusa, obecneumBaeT 4eiCTBUSA NO NPOEKTUPOBAHUIO NPOAYKLUN.

TpexnapameTpuyeckoe pacnpegesnieHne Belibynna nossonseT onpefenuTb MUHUMaNbHY HapaboTKy
[0 MepBOro oTkasa, ero npumMeHeHue Hanbonee yAo6HO B Tex ciyyasax, korga sHadyeHue napameTrpa opMbl
npesblwaeT eguHuyy (cm. 5.2 nnn 8.5).

8.2 «MacKupoBKa» HEM3BECTHbIX PEXUMOB OTKA30B NPU COOTBETCTBUU AAHHbIX
pacnpegeneHuto Belibynna

deHOMEH «MAaCKUPOBKM» MOXET NMPOsiBUTbCS B CUTyalLuu, KOrga ecTb ABa UM 60/1ee KOHKYPUPYHLLIMX
pPeXMMOB OTKA30B C BbICOKMMMW 3HAYEHUSAMU napameTpa (popMbl U CU/ILHO pasfinyalolmMmuca napameTpamu
MacwTaba. 3To o3HayaeT, YTO Npu HeboNbWOM 06 beMe BbI6GOPKM 60MblIAasA YacTb NN BCe O6BbEKTbI BbIGOPKU
6yAyT COOTBETCTBOBATb PEXUMY OTKA30B C 60/iee HU3KMM napaMeTpoMm Macltaba. NMpumep ABYX KOHKYpUpy-
IOWMX PEXMMOB OTKA30B NOKasaH Ha pPUCYHkKe 4.

0.1 1 0 100 1000
Hapa6oTka o oTkasa

PucyHOK 4 — B0O3MOXHasA «MacKnMpoBKa» pPexnMoB 0TKa3oB

8.3 Masnble BbIGOPKU

AHanus gaHHbIX pacnpegeneHun Beiibynna MoXHO NpoBOANTL ANS MalbiX BbI6OPOK. OfgHAKO HE6GOb-
Wol 06beM BbIGOPKN BNNSAET Ha rpaHuLbl 4OBEPUTENBLHOrO nHTepBana. [lnsa manbix BblIGOPOK BO3pacTaeT He-
onpeaeneHHOCTb OLEHOK NoKasaTtesei pecypca.

BnuaHvne yBennyeHns o6bema BbIGOPKM Ha YMeHblUeHNe HeonpefeneHHOCTU OLeHOK NokKa3aHo Ha pu-
cyHkax 5 1 6 [rpaHuubl ypoBHSA 90 % B-pecypca (goBepuTenbHble rpaHuLibl) CogepxxaT HeM3BeCTHbI B-pecypc
c yacTtoToit 90 %, Ha puCyHKe 6 npeAcTaB/ieH UHTepBasl HAMHOIO MeHblue].

HeonpepgeneHHocTb sAiBNsieTCA Hanbonbluell Ha XBocTax pacnpegesieHnsa Belbynna. 4to BUAHO Npu He-
60nbwKnx 3HaveHmax F(t), korga Aons oTkasaBlWNX 06bEKTOB Mana. s BbIGOPOK, cogepxawux 6onee 20 oT-
KasaBLNX U MPUOCTAHOBJ/IEHHbIX 06BLEKTOB, Heo6XoAMMO AndhepeHynpoBaTb AaHHble U3 pacnpefesieHus
BeibGynna oT AaHHbIX U3 APYTUX pacnpenesieHni.

PeweHnsa, ocHOBaHHble Ha pe3ysbTaTax, MOJyYeHHbIX A/19 MasiblX BbIOOPOK, AOMKHbLI yUUTbIBaTb He-
onpefesieHHOCTb, 1 MO0 BO3MOXHOCTU aHain3 foJHKeH ObITb y/ydlleH 3a cyeT c6opa 1 aHanmnsa A0MNoJ/IHUTE N b-
HbIX JaHHbIX.

12
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10 10 000
Hapa6oTka 0 0TKasa

PucyHok 5 — O6bem BbIGOpKM paBeH 10

1 10 000
Hapa6oTka 0 oTKasa

PucyHok 6 — O6bem BblGOpkn paBeH 100

8.4 Bbl6poOChI

NHorpa nepsBasi UM NOCNEAHSAS TOUKA B YNOPAL0YEHHOM Habope AaHHbIX IBNSETCA TOUYKON, He NpuHaf-
nexaluiei faHHOW COBOKYMHOCTU MO HEKOTOPbIM MPUYMHAM, Takyl TOYKY HasblBalT BbIGPOCOM. Takme TOUKM
(BbIGPOCHI) MOTYT 6bITb BaXHbl A/15 aHaIM3a AaHHbIX pecypca, 1 Mo3TOMY He06GX0AUMbI UCCNeA0BaHNA TEXHU-
YECKMX acnekToB perucTpayumn faHHbIX, perncTpayumn ucnbitTaHuii, KaIMGPOBKN KOHTPOIbHO-U3MEPUTENIbHOW
annapaTtypbl U T. M. C Le/bio ONpeaeneHns NPpUUYNH TaKoro 3KCTpPeMasibHOro 3HavyeHus. MiHoraa BblIGpOCkl MOTYT
yKasblBaTb Ha 0COGEHHOCTN COBOKYMHOCTU WAWN HefoCTaTKM npouecca NnponsBoAcTBa WU. TakuMm o6pasom, Mo-
ryT 6bITb BbICOKO3HAUYNMMbIMU C TOYKW 3peHUS o6ecrnevyeHns 6e30TKa3HOCTU.

13
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8.5 WHTepnpeTauus He/IMHeNHbIX rpackos

Ecnu faHHble Ha rpadke BEPOATHOCTHOW Bymary pacnosioxeHbl BAOMb KPUBOW NUHUN (CM. PUCYHOK 7).
3TO yKasblBaeT Ha To, UTO napameTp tQmMoxeT 6bITb He paBeH Hysto. Mepen MoaudKaunen rpadurka cnegyet
NpoBEPUTL, HE COAEPXAT /X AaHHble, NCNOMb30BaHHbIE A5 NOCTPOEHUS rpadimKa, AaHHble, OTHOCSLWMECS K
HECKONbKMM pexmnmam oTkasa. Ecnm aTo Tak, To c/iefyeT UCNoNb30BaTh NpunoxeHne G HacTosLWero ctaHaap-
Ta 1 3aTeM uccriefoBaTb, AB/SAIOTCA /1M BbISIBNIEHHbIE PEXMMbl 0TKa3a KOHKYPUPYOLWUMNU WA NpeacTaBsioT
co60li 06bIYHYO CMeCb 0TKa30B.

DyHKUMA pacnpeneneHnst BeiOynna
99

0.01
0.1 10 10.0 100.0

CpoK CyX6bl, MecsiLbl

PuycyHOK 7 — Mpumep, NoKasbIBatoLWWii HEAOCTATOYHO XOPOLLEE ONMCAHUE AAHHbIX ABYyXNapameTpuyecKoro
pacnpegenexns Beiibynna

MrHUManbHbIli pecypc He 03HayaeT «Hy/ieBOe BpeMs», a. Ckopee, CBUAeTeNbCTBYEeT O TOM. 4YTO cylye-
CTBYeT MUHWMasIbHbIA pecypc U. COOTBETCTBEHHO, MUHMMasIbHAsA U3HOCOCTOWKOCTb. HyneBoW Bo3pacT 06b-
eKkTa — 3T0 Hapab6oTKa, Npu KOTOpPOli ewe He Havyanu paboTaTb NpoLecchbl, NPMBOAsLIME O6BEKT K 0TKa3y
(Npouecchbl cTapeHns), Torga Kak «HysieBoe BpeMs» — 3TO BpPeMs, K KOTOPOMY O6beKT elje He Havyan yHk-
LMOHUpoBaTb. Hanpumep, ANs «cTaperwmnx o6beKTOB» (pusmyeckm HEBO3MOXHO B KaKOM-TMGO pexunme OT-
Kasa nosiBfieHne oTka3a OHOBPEMEHHO C Ha4yasoM paboTbl UK paHblue. Ha pucyHke 8 npeacTaB/ieHbl Te Xe
AaHHble, YTO N Ha PUCYHKe 7, HO CO CABUIOM Haudana KoopauHat Ha 2.99 mecsua. 3T0T rpacuk nokasbiBaeT
NIMHEeHOe pacnosioXeHne AaHHbIX, a Nepuos B TPU MecsLa MOXeT GbITb MHTEPNPETUPOBAaH Kak nepuopg, cBO-
604HbI OT OTKa30B, B Npefesiax KOTOPOro BePOATHOCTb OTKasa paBHa HyJlio.

Cnoco6 nony4yeHus rpacuka, npeacTaBNeHHOro Ha puUcyHke 8. n3 rpadpuka, npefcraB/ieHHOro Ha pu-
CYHKe 7. COCTOUT B BbluMTaHuuM fO = 3 Mec 13 KaxAoi TOUKM AaHHbIX. MacwTab Nno ocu opauHaT U NnokasaTenb
pecypca B faHHOM criy4yae o6ycnoBneHbl napametpom  O6GpaTHoe npeo6pa3oBaHue K peaslbHOMY BpeMeHu
nonyvaetcs npubassieHnem /0. 3To Npumep TpexnapameTpuyeckoro pacnpegeneHus Belibynna c TpeTbum
napameTtpom /0, npeAcTaBASAOWMM CO60 HapaboTKy, B TedeHne KOTOpOi He MOXeT 6bITb OTKa3oB. [jnsa onpe-
feneHns nepuopga 6e3 oTka3oB TpebyeTca TexHMYeckoe o60ocHOBaHMe. B npunoxeHnn H npuBegeH npumep
TpexnapameTpuyeckoro pacnpegeneHus Belibynna.
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®yHKUMA pacnpegeneHus Beiibynna

PucyHok 8 — OnucaHue TeX Xe AaHHbIX TpexnapameTpuyecxum pacrnpenesnieHnem BeliGynna

TpexnapameTpuyeckoe pacnpegeneHue Belibynna ob6ecneuynBaeT 6osiee xopollee corsacoBaHue C
AaHHbIMY, YeM AByXnapameTpuyeckoe pacnpegeneHve Beilibynna. Tonbko NOTOMY, 4TO OTO 60slee C/IOXHas
Mogenb. Mepep nMcnonb3oBaHMeM TpexnapameTpuyeckoro pacnpegeneHus Belibynna Bcerga criefyeT npo-
BepATb BbIMOSIHEHNE CEAYIOWNX TPeX YCNOoBUiA:

a) KpnBas Ha rpadke BepOSiTHOCTHOW Bymaru pacnpegeneHns Beiibynna gomkHa 6biTb BOTHYTa BBEPX:

b) Hannune pusnyeckoro o60CHOBAHMUS TOro, YTO A0 HapaGoOTKM  OTKasbl He MOTYT NPOU30ATU:

C) Hann4yme fOCTaTOYHO 60NbLWOro o6 bema BbI6OPKU, BbIGOPKa JO/MKHA coAepXaTb Kak MUHUMYM 21 OT-
Ka3: B Cnyvae, Korga umeroTca npeasapuTesibHblie flaHHble, NO/yYeHHble NpU NPUMeEHEHUN pacnpegeneHuia
Belibynna. cBngeTenbcTBylolWmne 06 yMeCTHOCTM NMPUMEHEHUS TpeTbero napamMmeTpa, MoxeT 6biTb MCMNO/b30-
BaH MeHbLWNi 06bOM BbIGOPKU, HANPUMeEpP, BOCEMb UMW AeCATb eAUHNUL,.

Fopa3fo vale BCTpeyarTCcs KpuBble, BOTHYTble BHU3, YEM KpUBble, BOTHYTble BBepX. KpuBas, BorHyrtas
BBepX, NpeAnonaraet Haianyme oTpuuatesibHOro 3HadyeHus t0. 3To npoucxoauT, Korga o6bEKTbl C OTkasamu,
CBsi3aHHble C MU3HOCOM, (DYHKLMOHMPOBAIN A0 NOCTAHOBKN Ha MchblTaHusA. CylecTByeT HECKO/IbKO CNOCO60B
onpegeneHns oueHkun t0. KpyBas MoOXeT NPOXOAUTb Yepe3 TOUKM HaHECEHHbIX Ha rpaduk AaHHbIX U GbITb 3KC-
TpanosiMpoBaHa BM/IOTb A0 rOpU3oHTaNnbHOW ocu. MepeceyeHne nNpubnmxeHHo gaet Touky f0. Ecnn cambie
paHHVe faHHble (MCNbITaHWIA) yTpayeHbl, To f0 MOXHO KOMNEHCUpPOBaThb C MOMOLbIO CABUra AaHHbIX, XOTS 3TO
He Bcerga faeT XOpolwwnii pesynbTaT. Hanpumep, Ha pucyHke 9 npejcTaB/ieHbl faHHble UCMbITaHWi kabenen,
CrpynnupoBaHHble Mo rogy BbiNycka, N0 ocu abCcumMcc OT/IOXEH UX «BO3pacT» B Mecslax.

MpuMeyaHune — 3HadyeHMe <0 BCerga MeHblle BpeMeH/ NepBoro oTkasa.

Taknm o6pasom, B C/lyHae BOTHYTbIX BHU3 rpaddMKoB crieflyeT Hayasno KoopAuHaT caBurate BNpaso, Bbl-
ynTasa 3HauyeHue [0 U3 Kaxaoi HapaboTKM A0 OTKA3a, YTO MO3BOASET NONYUYUTL NPAMYIO NIMHUIO. ANSA BOTHYTbIX
BBepX rpacthukoB crefyeT Hauyasno KOOpAMHAT cABUraTh B/IEBO, NPUGABAAS 3HAYEHUE K 3HAYEHUID KaxoWn
Hapa6oTKM [0 0TKa3a, YTO NO3BOJIAET MNOAYUYUTb NPSMYIO NMHUIO. TpadurK, Ha KOTOPbI/i HaHEeCEeHbI HapaboTKn
B NOpsAKe UX perncTpaynn, ssBAseTca NOHSATHbIM.
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PyHKUVWSI pacnpeeneHns Beiibynna

PucyHok 9 — TlprmMep BU3yasibHOro onpegeneHus napameTpa tQ

8.5.1 PacnpepeneHusn, oTIMYHbIe OT pacnpegeneHus Boiibynna

CylecTBYIOT Apyrve NpuUYMHbl MNI0XOr0 COOTBETCTBUSA AaHHbIX NPAMOWN NUHWUW, Hanpumep, Korga gaH-
Hble Ha BEPOATHOCTHOW 6ymare pacnpegeneHus Beilbynna pacnonoxeHbl B BUAe KpUBOWN NNHUN. BO3MOXHO,
4TO A/17 ONUCaHUA AaHHbIX 60/Mblle NOAXOAUT ApPYroe pacnpegesieHne. Ecnnm aTo Tak, TO AaHHble cnegyeTt
onucbiBaTb C NOMOLWbIO Hanbosiee noaxoasilero pacnpegeneHnsa. Hanpumep, nNorHopmMmasnbHoe pacrnpegene-
HVWe He BXOAWT B CEMeiCTBO pacnpegeneHnii Belibynna, Ho ero NnpuMeHAIOT Npu aHann3e faHHbIX O pecypce.
[laHHble 13 TOrHOPMasibHOro pacnpegesneHns Npu HaHeCeHMW Ha BEPOATHOCTHYK 6ymary pacnpegeneHus
Belibynna galoT BOTHYTYl0 BHWU3 KPUBYID. Te Xe fJaHHble, HAaHeCEHHble Ha JIOTHOPMasibHYI0 BEPOSITHOCTHYIO
6ymary, pacnosarattcsi B6IM3N NPSIMOA NUHUN.

[aHHble, cooTBeTCTBYKOUIME TpexnapaMmeTpuyeckomy pacnpegesieHnto Beinbynna nam norHopmasbHoO-
My pacnpefeneHunio, Ha BEPOATHOCTHOW Gymare, COOTBEeTCTBYloLeli AByxnapaMeTpuyeckomy pacnpegene-
HUto Belibynna. galoT BOTHYTYI0 BHU3 KpuByto. O6a aTu pacnpepesieHns MoryT 6biTb UCMONb30BaHbl 418 MO-
AeNnpoBaHna AaHHbIX, NpeAcTaBNAWMNX CO60 HapaboTky A0 NMepBOro oTkasa.

8.5.2 laHHblIe O HECOOTBETCTBYHLWNX N MY/IbTUPOXNUMHBIX OTKasax

Ha ocHoBe rpa1KoB, NOCTPOEHHbIX HA BEPOATHOCTHO 6ymare pacnpeaeneHunsn Beiibynna, moryT 6biTb
NOCTPOEHbl MHXUHUPUHTOBbIE TMNOTe3bl. B ganbHeliwem 3Ty runoTtesbl J4O/KHbI 6bITb 060CHOBaHbI B NpoLec-
ce aHa/iM3a OTKa3oB WKW nocriedyoWnx nccnegosaHuii. CooTBeTCcTByOWME NMPUMEpPbI:

a) OTKa3bl BO3HUKAIOT MO 60/bleli YacTu 06bLEKTOB, U3rOTOB/IEHHbIX B Hayasie NPonM3BoACTBa NapTun, u
He BO3HMKalT Y O6bEKTOB, U3rOTOBJ/IEHHbIX NO3/Hee, BO3HWKaeT NpeanosioxXeHne o npobseme ¢ N3rotosse-
HUEeM napTuun.

b) cepuiiHble HOMepa OTKa3aBLINX 06BEKTOB 6N3KN APYT K APYrY: Takke BO3HMKaeT NpeAnosioXeHne o
npo6sieme ¢ N3roTOBNIEHNEM MapPTUN:

C) Npy HaHeCeHUM Ha BEPOATHOCTHYO Bymary pacnpegeneHus Belibynna kpuBas AaHHbIX UMeeT pe3kuii
n3rn6 nnm Touky nepernba, BO3HWKaeT NPeAno/IOKEHNE O CMELEeHNN PeXMMOB OTKa30B;

d) nepBas nnn nocnegHAs ToYka ynops04eHHOro MHOXeCcTBa faHHbIX ABNAETCA BbIOPOCOM, BO3HUKaeT
npeanosioxXeHne o Npobaemax, CBA3aHHbIX C NpeAcTaB/eHNeM flaHHbIX UM CMelnBaHNeM Pas/INyHbIX pPexu-
MOB OTKa30B.

9 BbluMcNUTENbHbIE METOAbLI N KPUTEPUN COracus

9.1 BBepgeHue

MeToa MakCMManbHOro NpaBAonofo6Ms (BblYMCAUTENbLHBLIA MeToA) NPUMEHSAIOT NPU HANUYUKN 60MbLIOTO
06beMbl BbIGOPKN.

Cpeaun 60nbWOro KONMYecTBa CyLWEeCTBYOLWMX BbIYNCANUTE/IbHBIX METOAO0B ONpeAesieHNs OLeHOK napa-
MeTpoB pacnpepgeneHusn Beiibynna (cm. (4J) meTog MakcumasibHOro npasgonofobus o6nagaeTt npevmylle-
CTBOM, MOCKO/IbKY M0O3BO/SieT nNpu 601bWOM 06bemMe BbIGOPKM onpeaeniaiTb OLEHKW napamMeTpoB pacnpepge-
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nexuusi Beiibynna no Habopy AaHHbIX, BKHOYAKOUWEMY C/IOXHYH CUCTEMY LEH3YPMPOBAHMSA U MPUOCTAHOBOK.
Huxe npuBegeH MeTon onpefesieHUs OLEHOK MEeTOAOM MakCUMasibHOro npaeBfonofo6us no faHHbiM 6e3
LeH3ypupoBaHusa. CHavyana NpMMeHsItoT KpUTepuii cornacusi Ans NPOBEPKM COOTBETCTBUS AaHHbIX pacnpe-
Aeneduio Belibynna. Ecniv aTa runoTtesa He OTK/IOHEHA, MPUMEHSIOT MeTO4 MakCMMasibHOrO NpaBAonoso6us.

MeToabl, NpefcTaB/ieHHble B pasgenax 7 u 8. paboTaloT NpU HaMUMK B AAHHbLIX EAUHUYHBIX LEeH3ypu-
poOBaHHbIX AaHHbIX. O4HAKO B faHHO NaBo NpuBeAeHbl MeToAbl, paboTatolmne ToNbKO C e4UHUYHBIMU LieH3Y-
PUPOBAHHBLIMY faHHBIMU.

9.2 MpepnosioXeHNa N ycnosusa

Bbli6opka 06bema N 13 HeBOCCTaHaBIMBaEMbIX 06bEKTOB, NpUHaAnexawmx oAHON COBOKYMNHOCTU, Mo-
CTaB/leHa Ha UCMbITaHNA B MOMeEHT BpeMeHn t = 0. YCN0BUS UCNbITaHUSA OO/KHbI 6blTb O4UHAKOBbI 418 BCeX
UCMbITbIBAEMbIX O06BEKTOB, OTKa3aBlUNe 06bEKTbl He 3aMeHSAT. B MOMEHT OCTaHOBKM UCMbITaHWU (MOMEHT
BpeMeHU 7) KOSIMYECTBO OTKasaBWMX 06bekToB paBHO I (T fo/kHO 6bITb 60/blie nnm paBHo f,). Hapa6oTka
[0 OTKasa KaxAoro oTkasaBlUuero o6bekta f0/1)XHa 6bITb n3BeCTHA. Hapa6oTky A0 oTka3a I oTkasaBLUX 06b-
ekToB tv 2 tfo0<fEN/=1.2,....T.

MpunmeyvyaHusna

1 Cratuctuueckue npoueaypbl, NpeactaB/ieHHble B HacToAWeM cTaHdapTe, npeanonaraloT HaamMuve Joctyna K
HEKOTOPbIM BbIYNC/IUTENbHBLIM CPeAcTBaM. XOTs 60/iblias vacTb, ecv He Bce DOPMy/ibl, MOTYT ObITb peasin3oBaHbl Ha
He60/1bLLIOM NPOrpaMMMpPyeMOM KaslbKy/IATOpe, NO/Ib30BaTE/TH0 NO/IE3HO UMETb NPOrpaMMUpyeMbIi KOMMbIOTEP C NPUHTe-
POM U 3/1IEKTPOHHbIE HOCUTE/N [J181 XPAHEHUS AaHHbIX.

2 MpofoMmKNTENBHOCTb UCNIbITAHWI /19 K&KA0ro 06beKTa HauYMHaIacb C HyNs.

9.3 OrpaHMyeHnsa U TOYHOCTb

MpuBegeHHbIe nNpoueaypbl 4OCTOBEPHbLI TOMIbLKO MPU HaIM4MN He MeHee AEeCATW COOTBEeTCTBYHOLWMX OT-
ka3oB. JloBepuTesibHbIA UHTEPBas ABMSAETCA NPUGAMKEHHbIM. MHOXECTBEHHOEe LeH3ypupoBaHue B faHHOM
pasgesnie He pacCCMOTPEHO.

MeToa makcumanbHOro npasgonofo6ua gaeT AOCTOBepHble pe3ysbTaTbl 4Ns 60/bWNX 06bEMOB Bbi-
60pok. [loBepuTesibHble NHTEpPBasibl ABAAIOTCA NPUGAMKEHHBIMU 1N AOCTOBEPHbI A8 60/1bWMX 06BEMOB Bbl-
60poK. TeM He MeHee MeTo4 MakCUMasnbHOro NpaBAonNoAo06MA MOXeET 6blTb MPUMEHEH K AaHHbIM C 601bLWNM
KO/IMYECTBOM LeH3ypMpoBaHWii U NPMOCTAaHOBOK. HMXe paccMOTpeHbl CrlyYan Halnyusa TONbKO efUHUYHOTO
LeH3yppoBaHnNsa AaHHbIX.

9.4 BXxoAHble U BbIXOAHble flaHHblIE

AHanusnpyemMble faHHble NpeacTaBAsioT co60i HapaboTKM A0 OTKasa HeBOCCTAHAaB/IMBAEMbIX 06bek-
TOB. MOCTABJIEHHbIX HA UCMNbITaHNUs. 3HAUYEHMs HApPabOTOK A0 OTKa3a AOJ/IKHbI 6bITb TOYHO M3BECTHLI, & HE B
BUAE N3BECTHbLIX MHTEPBA/IOB HapaboToK. HeT HE06X0ANMOCTU UMETb HApaBoTKM 40 0TKa3a BCEX UCMbITbIBae-
MbIX 06BEKTOB, TaK Kak UCMbITaHUSA MOTYT 6bITb OCTAHOB/IEHbI 40 TOFO, Kak OTKaXyT BCE UCMbITbiIBaeMble 06b-
eKTbl. K Hauany MCnbITaHMil BCe 06bEKTbI AO/DKHbI HAXOAUTLCA B Pa60TOCMOCO6HOM COCTOSIHUM, U UCTbITAHUS
BCEX UCMbITbIBAEMbIX 06 BEKTOB 40/MKHbI 6bITh OCTAHOB/IEHbI OAHOBPEMEHHO.

BxoAHble AaHHble:

- KO/TMYECTBO MCMbITbIBAEMbIX 06BHEKTOB I,

- HapabOoTKM [0 OTKasa KaX[oro oTkasaBluero 06bekTa, ynopsijoueHHble B Hey6biBalolleM Mopsiake:

- YCTaHOBJ/IEHHbIE YPOBEHb 3HAYMMOCTM Y. NN ypoBeEHb foBepus (1 - y).

BbIXOAHbIe flaHHble:

- peweHne o0 NPUHATUU/OTKIOHEHUN TUMNOTE3bl KPUTEPUSA COrNacus;

- TOYEYHbIe OLEHKN 1 AOBEPUTENbHbIE MHTEPBANbI 419 NapameTpoB maclwTaba u gopmbl L, u (i

- ToYeYHas oLUeHKa cpefHel HapaboTKM [0 0TKa3a;

- HIXXHSA foBepuTeNnbHas rpaHuua cpefHein HapaboTku, 3a KOTOPYH oTKaxeT 10 % 06beKTOB COBOKYNHOCTY;
- HAXKHSAS OBEPUTENbHAA rpaHnua yHkumMm 6e3otkasHocTu R(t)".

9.5 Kputepuii cornacus
3T1an 1. PacnonoxeHue r HapaboToOK 40 OTKasa B HeybObiBalOWeM NOpPsAKe N BblUMCEHNE HaTypasibHbIX
norapundgmos: 1n(/,) = x1tIn(f2) = x2........ in(/,) = xr

* BeposiTHOCTb 6e30TKa3HOW paboTbl 0GbekTa 3a Bpemsi /.
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MpumevyaHne —1- x, W x2£ ... £ X.
3Tan 2. BblunucneHue sennynH {.ana /=1 n—1)

X +1-X.

> (™ H 5%B4ar @)

3Tan 3. BbluncneHne BennyunHbl H:

/

L(r-1)/2J

H - (16)
I %

L<"2j

rae cMMBOA (X j UCNONb30BaH A1 0603HAYEHUsI HAUBONbLLIEro Lesioro MeHblle UAN PaBHOTO X.
3JT1an 4. F'MnoTe3y 0 TOM. YTO AlaHHble NOAUYUHAIOTCA pacnpegeneHunto Belibynna. OTK/IOHAT C yPOBHEM
3HaumMocTn 7 100 %. ecnu H 2 F (2[(r - 1)/2)J. 2J//23) v panbHeRW N aHaNn3 He NPOBOAAT.

B NpoTUBHOM cryyae CUUTAlOT, YTO CBUAETE/IbCTB TOIO. YTO AaHHbIe He NpuHagexar pacnpegeneHunio
Beiibynna, He o6Hapy>XeHo, U NPOAO/IKAIOT aHanuns.

MpumeuvaHune 2— B cnydyae OTK/IOHEHUs TUNOTE3bI O NOAUYMHEHUN AAHHbIX pacnpegeneHuto Beibynna pe-
KOMeHAyeTCsl NpoBepuUTb rpadnyeckne JaHHbIE HA HA/IMYME CMeCU COBOKYMHOCTEN 1 BbISIBUTb BO3MOXHble aHOMas/lbHble

Hapa6oTKM [0 OTKasa wn Apyrue aptedakTbl. METOAbI aHanM3a NoA06HbIX CUTYaUMi BbIXOAAT 3a pamMKy HaCTOSILLEro
cTaHgapTa.

9.6 OnpegeneHne TOYEUYHbIX OLLEHOK NapamMeTpoB pacnpefeneHnsa  wnuy MeTtoaom
HauMeHbLl X KBaApaToB

OueHKM ABYyX napameTpoB pacnpegeneHus Belibynna MeToAoM HavMeHbLIWX KBagpaToB onpegens-
10T NYTEM YWC/IEHHOTO PelleHUss NPUBEAEHHbIX HUXe yYpaBHeHui. 3HaveHue p, yA0B/eTBOpsioULee NepBomy
ypaBHEHWO, SIBNSIETCS OLEHKOM napameTpa p. NMoslyYyeHHOW MeTOAOM HauMeHbLIMX KBafpaToB. ITY OLEHKY
noAcTaBNAT BO BTOPOE ypaBHeHWe A5 OnpeaeneHns OueHKn Ty

MpumeyaHune — [1ns onpeaeneHnsi OLeHKN p U3 ypaBHEHUsI (17) MOXeT 6bITb UCMOIb30BaHa /106asi KOMIbIO-
TepHasi NporpamMma /15t YAC/IeHHOTO PeLleHusi YpaBHEHWIA, 06bIYHO CKOPOCTb CXOAMMOCTM YNC/IEHHOTO PELIEHUS K enH-
CTBEHHOMY 3HAUYEHMI0 JOCTATOUHO BbICOKas.

OTan 1. OnpegeneHve oueHkn P, yaosneTBopstoweil ypasHeHuto (17):

X"™~NX n-r ™M n
-lyw (()_0. 17)

£ ,;+1- rrp rici

3T1an 2. Beluncnexuune n no cpopmyne (18):

I f +(n-r)rp (18)
J-1

9.7 TouyeuyHas oueHka cpefHeli HapaboTkn [0 OTKasa

ToueuHylo OLLEeHKY cpeAHel HapaboTKkM A0 OTKasa T BbluMCASAKT No popmyne (19):

T-T)MNL o1 J, (19)
roe p M n — OUeHKW, MoJslyYeHHble Ha aTanax 1m 2:
r(Z) — ramma-yHKUMA nepeMeHHol r (cMm. (2]).
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B Tabnnue D.1 npuBefeHbl 3HaveHusa (1 + 1/p) kak yHKUUN OT p. NS 3HAYEHWI p. He yKa3aHHbIX B
AaHHOl Tabnuue, NPUMEHSIOT JINHEHYIO UHTEPMNONALNIO.

MpumeyvaHnsa

1 B cnyu4asx, korga HUWkHsA goBepuTenibHasn rpaHuua ans p 6onblie nan pasHa eguHuLe (Cnyyai nsHoca), B kade-
CTBe rpy6oii OLEHKN AOBEPUTE/IBHOrO MHTEPBasa A1 L, MOXET ObITb MCNO/Ib30BaH AOBePUTE/bHbIA UHTEPBaUT A/18 CPes-
Heli HapabOTKM A0 OTKa3a, Tak Kak B 3TOM Cnyyae rammMa-toyHKLUS N1exuT B MHTepsasie ot 0.88 ao 1.

2 CpepgHsis Hapa6oTka fo oTka3a (MTTF) npeacTtaBnsieT coboii cpefHee 3HaueHWe, B3ATOe OT BCEX HapaGOTOK
[0 oTka3a. MeToAbl OLEHKVN nokasaTtesneli 6e30Tka3HOCTU, UCMOsIb3yeMble [/151 IKCMOHEHUMaIbHOro pacnpegenexHus (no-
CTOSIHHasA MFHOBEHHas MHTEHCUBHOCTb OTKA30B), AN pacnpeenieHnst Belibynna MoryT 6bITb MCNOMb30BaHbl TObKO Npu
p = 1. CnefyeT oTMeTUTb, YTO pacnpefeneHne HapaboToK [0 OTKasa He AB/ISAeTCA CUMMETPUYHBIM.

9.8 TouyeuHas oueHka kBaHTuUNsA (10 %) pacnpegeneHns HapaboTok A0 OTKasa

BbiuncnaiwoTB10 kak ToyeuyHyto oueHKy B10. T. e. oueHkKy HapaboTku, 3a koTopyto 10 % COBOKYMHOCTU
OTKaxeT:

9.9 ToyeuHas oueHKa BepOsiTHOCTU 6e30TKasHOW paboTbl 3a Bpemsa t(t < 7)

ToueuHyto OLeHKY BEepOsSATHOCTU 6e30Tka3HOM paboThl 3a Bpems f onpegensioT no popmyne (21):
R(f)™. G . (21)

9.10 MporpaMMHble cpefcTBa 415 06pa6OTKMN AaHHbIX

CyuiecTByeT MHOro nakeToB nporpamm B 06/1acTM 6€30TKa3HOCTM, KOTOPbIe CTAaTUCTUUYECKM MO3BOSIOT
onpefennTb OLEHKN NapameTpoB pacnpegeneHus Beilbynna. ncnonb3ys rpauyeckme MeToabl U/unm meTos
MaKCUMasibHOrO NPaBAoONof06Us He TOSIbKO ANA OTAE/NbHbIX, HO U AN MHOXECTBEHHbIX LieH3ypUpOBaHHbIX
AaHHbIX, HO TakxXe Ans 60nee 06WMX CyYaeB HENOJTHbIX AaHHbIX CO C/IOXHbIM MEXaHU3MOM LieH3ypupoBaHus
1 NPUOCTaHOBOK.

10 [doBepuTeNlbHble UHTepBasbl

10.1 WHTepBanbHas oueHKa 4/1A NnapamMeTpa p

3Tan 1. BbluncnatoT noctosiHHble C. p, 1 L. ncnonb3ysa oTHowWeHWe ¢ = r/N v chopmynbl (22). (23) n (24):

C=2,14628-1,361119q. (22)
W *-x58K'-1)C]. (23)
02 X2.7a |("-1)C1, (24)

rae x|(v) — KBaHTUAb N-pacnpefeneHuns ¢ V-CTeneHAaMun cBo60abl YPOBHSA P.

Tak Kak KosinyecTBo cTeneHeli cBo6ogbl (r - 1)C He siBNAeTCA LesibIM YMC/IOM, KBaHTUMW /Mpacnpe-
AeNeHns fO/MKHbI 6bITb BbIYMCNEHbI NGO C UCNOb30BaHMEM KOMMNbIOTEPHOW NporpamMmmbl, M60 C MOMOLLbIO
MHTepnonsauuu no Taénuue Il TOCT P 50779.21 nnn tabnuue D.1 [4].

31an 2. BblumcnaoT koahuymeHTel w, 1 W2:

(25)

Y % - @
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Jtan 3. BbluMCnAT goBepuTesibHbI WHTEPBas AN P, COOTBETCTBYIOWMWIA YPOBHIO 3HAYMMOCTU

(1 - y)100 %:
O"P. W2P). (27)
MpumeyaHune — [loBeputenibHble UHTEPBasIbl 411 P MOTYT GbITb MCMOMB30BaHbl A1 conocTaBieHnid. Tak
Kak 3HauyeHve p > 1 xapakTepHO A5 U3HOCA, a 3HaueHne p < 1 yKasblBaeT Ha Ha/IMYMe paHHUX OTKa30B, [OBEPUTESbHbI
WHTEPBa 411 P MOXHO MCMNO/b30BaTh A1 MPOBEPKU 3TWX MPeANoIoXeHNA. Hao6opoT, ecnv AOBEPUTESNbHbIN NHTEPBa

Ansi P BKIOYAET 3HaueHvie p = 1. TO KOHTPOMpyeMble 06bEKTbI MOTYT NPUHAAMIEXATb reHepasibHOM COBOKYMHOCTM C Mo-
CTOSIHHOW UHTEHCVBHOCTbLIO OTKA30B.

10.2 WHTepBasibHas oueHka A4ns napameTpa A

Jtan 1. BbluMcnaoT noctosiHHble AN, AS 1 4 B. UCNonb3yss oTHoweHue g = rin u cdopmynbl (28). (29)
n (30):

Aa=0,49q- 0.134 +0.622Q \ (28)
45=0,2445(1.78 - <?)(2.25 + q), (29)
46=0.029 - 1,0831n(1.325a). (30)

OTan 2. BbINOMHAIOT 3Tan 2a. eCc/in UCNbiTaHUA 6bI/IM OCTAHOBJ/IEHbI A0 OTKa3a BCeX OOBbEKTOB, T.e. <1,
BbIMOIHAIOT 3Tan 2b. ecnv M3BeCTHbl BCe HApPaboTKM A0 OTKasa, T. €. ecnn r=T.
3T1an 2a (r<n). BoluncnatoT noctosiHHble 4 3, c/,. d2. 4, n A2, ucnonbays dopmysnbl (31). (32). (33) u (34):

*3 -~ N16x2- (31)

roe x = n(l . yV2, a up — KBaHTU/Ib HOPMasbHOro pacrnpegesneHnsa yposHa p (cMm. Tabnuuy D.2).

A3+X AX2(A2-A4f.)-TN4

32
r-A6x2 (32)

A3- xjx2(A| - AGAd +r\
(33)

2 r-Arx2
4, di/w; A2 d2,p>. (34)
3Tan 2b (r = n). BblumcnsoT 3HaveHus dv A, un A2. ncnonbsysa popmynsl (35), (36) n (37):

/\3 *k “* /\)* (35)

rae tp(r- 1) — kBaHTMNb pacnpegeneHns CTblogeHTa ¢ (r—1) cTeneHaMu cBo6OAbl YPOBHS P, 3Ha4YeHWe Mo-
XeT 6bITb HageHo no Ta6nuue Ma FOCT P 50779.21 (cny4ali o4HOCTOPOHHENO NHTEPBAna).

A2 - el N (36)
[w»*» [
A2-g'\' "\ (37)

roe p — 3HayeHue, NoslyyeHoe Ha atane 1 B cOOTBeTCTBUMU C 9.6.

3T1an 3. BblUMCAAIOT [OBepuTesibHbI WHTepBan ANA L. COOTBETCTBYWLWMWIA YPOBHIO 3HAYMMOCTU
(1 _ y)100 %:

(4,4, 42n), (38)
rae i) — 3HavyeHume, Nosly4yeHoe Ha aTane 2 B COOTBETCTBUU C 9.6.
10.3 bBbeTa-6MHOMMaANbHbIE FPaHNLbl perpeccnun MmeamaH paHros

OnpepeneHune aTUX rpaHnL, HanpsiMyto CBA3aHO C ONpeaesieHVeM MefMaH PaHroB. MpaHuLbl BbIYUCASIOT Ha
OoCHOBe 6eTa-6MHOMUANBHOIO pacnpefenieHns, KOTOpoe ABASeTCA MOAUMDULMPOBAHHBIM GUHOMUANIbHBIM pac-
npegenieHvemM. UCNoMb3yeMbiM A/1S NOMYYEHUsi OUeHOK 6eTa-pacnpenesieHns, Kak onvcaHo [XoHcoHoMm B [1].
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MpepbiBaHUA A0MKHbI nNonagaTte B uHTepBan oT 5 ao 95 % paHroB. 3Tn 6eTa-6MHOMMAIbHbIE NHTEPBasbl
crerka KoHcepBaTuBHbI (A4/1MHA UHTepBaJsia C/AULWKOM BefMKa), ec/im UX cpaBHuBaTb C MeTodamun martpul, du-
lwepa 1 OTHOLWEHNA NpaBAonofo6ms.

MeTon npeo6pa3oBaHnsa paHroB ypoBHel 5 1 95 % B MHTepBasibl NO3BOMSAET MNOMYYNTb MHTEPBasbl ANA
Hapa6oTok A0 oTka3a. dopmynbl (39) n (40) COOTHOCAT paHrn 5 1 95 % (cm. npunoxeHue C) ¢ yHKUMeN
pacnpegeneHunsa Belibynna:

. e
*<.0.95 b If—" 1 (39)
\ « - FA4095])

no.os =N Cow (40)

10.4 I'paHWubl, NONTYYEHHbIE METOAOM MaTpuUubl Punwepa

VimetloTcA 3Ha4YnMMble NperMyLecTBa NCNOIb30BaHUA rpaHunL, Nosly4YeHHbIX MeTo40M MaTpuubl Puwepa,
No CpaBHEHWIO C UCMO/Ib30BaHNEM FpaHuL, NOMYyYeHHbIX C NOMOLbIO 6eTa-6MHOMMaNbLHOro pacnpeaeneHns.
Bonee TOro, 4Ns ymepeHHOro o6bema BbI60OPOK OUEeBUAHbIE 3HAYEHNS YPOBHSA AO0BEPUA 6/IN3KN K TpebyeMbiM

3HAYEHUAM, XOTsi 60/1ee ONTUMUCTUYHBI, YeM MOJIyYEHHbIE C MOMOLbIO 6eTa-6MHOMUANLHOIO pacnpegere-
HUA. NS AecATU Y MEHbLUEro KOJIM4ecTBa 0TKa30B 3TU FPaHULibl CAAUWKOM ONTUMUCTUYHBI (CM. [2]).

10.5 HuXxHsAs goBepuTenbHas rpaHuua gns B10

BbIUMCIAIOT HUXHIOKO FpaHnLy AOBEPUTENBHOIO MHTepBana Ana 6,0. COOTBETCTBYIOLLYIO YPOBHIO fOBe-
pusa (1 - y)lO0 %, ncnonbsysa opmynbl (41), (42). (43) n (44):

= In[-In(0,9)]. (41)
-Nex2- M, +xJ(A| - A4NB)x2 +rA4 +21/1,A. ¢ rAsh*
5, n— . (42)
r- x2A6

rae X = uy— KBaHTW/Ib HOPMa/iIbHOTO pacnpeAeneHns ypPoBHS y, 3HaYeHUA nNpuBedeHbl B Tabnuue D.2. a 3Ha-
yeHusi An, As n AB BblYMC/IEHbl B COOTBETCTBMM C 3Tanom 1 B 10.2.

o, (43)

10]ower limit (44)

10.6 HuxHaa goBepuTenbHasa rpaHuya ana /?2(*)
BbIUNCAAIOT HWXKHIOW [paHuLy [0BepuUTesIbHOrO WHTepBana, COOTBETCTBYIOLYI YPOBHIO A0Bepus
(1 - y)100 % ana BepoATHOCTU 6e30TKa3HoOW paboTbl 3a Bpems t. R, T|WMVH| rpaHiua- ncnonbsyst oopmy bl
(45). (46). (43) n (47):
(45)
A,:ANCTf-2C A6. (46)

rae 3HaveHua Ar As un [16 BbluMCeHbl B COOTBETCTBUM C 3Tanom 1 B 10.2.

*1  y'uuxuss rpannya exp -exp ﬂ (47)

roe X = Wr— KBaHTWU/Ib HOpMa/ibHOro pacnpegesieHUa ypoBHA y. 3Ha4YeHNsA npuBeaeHbl B Tabnuue D.2.
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11 CpaBHeHVe METOAOB ONpeAesieHnsl OLEHOK: PErPeCCUN MeanaH paHroB
N MakKCVMasibHOro Nnpasaonoao6us

11.1 Ipadmyeckoe oTobpaxeHne gaHHbIX

MeTopn perpeccun MefuaH paHros obecneymBaeT rpauyeckoe npegcraBieHmne gaHHbIX. ATO nomMoraeT
NAEHTUPULMPOBATL C/lyYan HEeAOCTATOYHOro COOTBETCTBUS AaHHbIX rpadukam pacnpegenexHvus Belibynna,
4TO MOMoOraeT chenaTb NPEANOJSIOKEHNUS O NPUHAAEXHOCTU AAHHbIX K APYrOMY pacnpefesieHuto, Hananumm
0TKa30B 06bEKTOB, COOTBETCTBYHOLWMNX HECKONIbLKUM pexumam, Halmumm CMecu pexmMoB 0TKasoBs, Npo6nemax,
CBsi3aHHbIX C MPOM3BOACTBOM NapTUM UNN BblIGpOcamu.

11.2 OuyoHkun B-pccypca (B nnu L kBaHTUNN)

[na manbix 06beMOB BbIGOPOK perpeccusi paHroB No3BonseT onpeaennTb 60/1ee TOYHbIe OLeHKN KBaH-
Tuneli HU3KOTO YPOBHS, TaKUX KakK KBaHTUAb B-pecypca. [laHHble HWXHUE KBaHTU/IN B-pecypca u cooTBeTCTBY-
IolLMe BbICOKME YPOBHU 6e30TKa3HOCTM MOTrYT MMeTb KpaiiHe BaXHOe 3HauyeHre B pelleHnn npo6aem 6esonac-
HOCTW. MPUHATUMN rapaHTUHbIX 0653aTeNbCTB, NOPYUNTENLCTBE U YCTAHOBIEHUN AOTOBOPHbLIX 06A3aTENbLCTB.
[Ans HebonblWwWKX 06bEMOB BbIGOPKN OLLEHKA MaKCMMasibHOro npasgonofo6usi kKBaHTUAs B-pecypcoB 6biBaeT
C/IMLIKOM ONTUMUCTUYHA.

11.3 Manble Bbl6OpKMK

O6bIYHO perpeccusi paHroB gaeT 60/1ee TOYHbIV NPOrHO3 A/1 MasibiXx 06bEMOB BbIGOPOK, HO OHa 6onee
3aBUcCUMa oT hopMbl 1N BO3pacTa pacnpeesieHns npuoctaHoBneHUA. OAHaAKO Npu KOMMblOTepHOl o6paboTke
AaHHbIX ANA ManblX 06beMOB BbIGOPOK peKOMeHAyeTCcs NPUMEHATb Kak MeTo/ perpeccun MegnaH paHros, Tak
N MeToA MaKCMMasibHOro npasgonofobus. B 60/MbWMHCTBE CrlyvyaeB pe3ynbTaTbl 3TUX ABYX MeTOAOB AgocTa-
TOYHO XOPOLLO COr/lacoBaHbl, eCN faHHble 4OCTAaTOYHO XOPOLLO CorslacyloTcs ¢ pacnpegeneHvem Belibynna.

O6wmne pekomeHgauumn no Bbibopy Hanbonee NoaXoAsALLErO MeToAa C yYeTOM Masioro o6bema BbIGOPKMN
cneaytouime.

-4Nna 20 1 MeHee faHHbIX He3aBUCUMO OT Ha/IMYUA LLeH3YpPMpPOBaHUA MO BPEMeHU, A5 AaHHbIX, 0To6pa-
XaeMblX ABYMEPHOW KoopAuHaTHOM cuctemoi (X. Y). 60nee npeanovTuTeibHbIM ABSETCA MeTO/, perpeccuun
MeAunaH paHros;

-ANna HabopoB, cogepxawmnx meHee 10 AaHHbIX, NPU HaNNYUK NpeABapuUTeNbHbIX CBEAEHUIA O napamMe-
Tpe p NpeAnoYTUTENbHBIM SABMsSieTCA aHanun3 Beilbynna — bBaiieca;

-O4NA apyrux HabopoB AaHHbIX pe3ynbTaTbl NPUMEHEHUS 3TUX MeTOAOB CrieflyeT cpaBHUBaTb. BinsocTb
3Ha4YeHnli OLeHOK, NOJTyYEHHbIX C MOMOLLbI0 060MX MeTO40B NPM XOPOLLE perpeccum n 3Ha4eHnn OTHOLEHURA
npasgonofo61s rosopuT 0 TOM. YTO JaHHble XOPOLIO COrnacylTcs ¢ pacnpegeneHnem Belibynna (cpaBHeHue
C APYTUMW MOAENSMU TakXe JO/HKHO 6biTb pacCMOTPeHO). OAHaKO 60/blIOEe pacXoXAeHne Mexay oLueHKkamu,
NO/yYeHHbIMW MeTOAOM perpeccun MegunaH paHroB U MeTOAOM MaKCMMasibHOro npasgonogobus, roBoput o
TOM. 4YTO pacrnpegesieHe faHHblIX BbIOpPaHO He BEPHO, N. BO3MOXHO, AaHHble NpuHagaexar HeCKO/IbKUM CO-
BOKYMNHOCTAM. Bce Takne pacxoxpgeHus Ao/MKHbI 6biTb nccnefoBaHbl.

11.4 NMapameTp POpPMbl p

Ons mManblx 06bEMOB BbI6OPOK METOZ MaKCMMasibHOrO NPaBAonoA06MA MMEeeT TEeHAEHLMIO K 3aBbllle-
HUIO OLeHKM p. HakNoH NMHWMK rpacdhmka Ha BepOsTHOCTHOW Bymare pacnpegernieHus Beibynna nHorga odeHb
KPYTOii. HakMOH NMHUN Ha NOTHOPMasIbHOM U HOPMasibHOM rpadukax Takxe C/IMIWKOM KPYTOii, Tak Kak 34echb
CTaHAapTHOE OTK/IOHEHME MEeToAa MakCMMaslbHOTO NPaBAoNoA06Ms 3aHUXKEHO.

11.5 loBepuTefibHble UHTEpBanbl

MeTo4 MakcMManbHOro NpaBAoNoAo6uA AaeT AOCTATOYHO TOYHbIE UHTEPBasibHbIE€ OLEHKU OTHOLEHUS
npaBAonoao6msa; AaHHble OLEHKM NOAXOAAT ANs Manoro o6beMa BbIGOPOK. ANa MeTofa pacnpefesieHuss Me-
AVaH PaHroB peKoMeHyeTCs MCNO/b30BaTb OLEHKN LLeHTpasbHbIX UHTEPBAOB.

11.6 EANHCTBEHHbI O0TKa3

MeToj, MakcuMasbHOro NpaBAonoao6Msi NO3BOMSAET NOMYYUTb PeLleHne NPU HaIMYMKM OHOIO O0TKasa u
HECKO/IbKMX MpaBblX Unn 6osee NO3JHUX NPUOCTAHOBOK. PelleHne uMeeT GONbLUYIO HeOoNpenesnieHHOCTb, HO
CyLWeCcTBYOT CUTyauum, Korga npyv HeM3BeCTHOM p TOJSIbKO OH faeT pelweHune. MNpu N3BECTHOM p npegnoyTeHne
cnepyeT oTAaBaTb aHanuay Beilbynna — Baiieca.
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11.7 MaTtematmyeckoe o60CHOBaHue

B ocHOBe perpeccun mefnaH pPaHroB JIEXUT perpeccumss MeTofoM HauMeHbL X KBagpaTtos. OcTaTouyHoe

paccenBaHMe OKOMO NMHUM Ha rpaduke HepaBHOMepHO. Kak mMpaBu/io, Ha NpakTUKe HWKHWUI KOHeL, IMHUN
60onee BaXeH, YeM BEPXHUI. OAHAKO, HECMOTPS Ha TO YTO MHTEPECHI UHXEHEPOB CBSA3aHbl C HUXHUM KOH-
LOM JIMHUN W pe3ynbTaTbl A1 UHXEHEPOB ABAAKTCA NPUEM/IEMbIMU, OHU He Y[0B/EeTBOPSAOT CTaTUCTUKOB.
C TOYKM 3peHnss MaTeMaTuyeckoih 060CHOBaHHOCTU 6olee NMpuvemseMbiM SBNSETCA MeTo MakCMMallbHOro
npaesgonogo6us.

11.8 MNpepcTaBaeHne pe3yibTaToB

YacTo ANs yNydlweHUs BOCMPUATUA faHHble peKoOMeHAyeTCcs MpeAcTaBfisiTb B MPOCTOM WU NaKOHWUYHOW
dopme. Mpamky perpeccun paHroB npeanodTuTenbHee A5 3TOW uenu. [aHHble rpadukoB MeToAa Makcu-
MasibHOro npasgonofo6us, npeacTaB/ieHHble BMECTE C MeAMaHaMU PaHroB, HE PEKOMEHAYeTCs UCMO/Mb30-
BaTb A/18 NpeAcTaBfieHUsl pe3ynbTaToB, TaK Kak OHU MOTyT NPOBOLMPOBaTb 3aK/OYEHUS O MJIOXOi COrnaco-
BAHHOCTMW MOATOHKMN AAHHbIX C IMHMEN Ha rpaduke pacnpegeneHvs BepoAaTHocTeli Beiibynna.

12 AHanus Beiibynna — baiieca

12.1 O6wune NOMOXEHNSA

Npu aHanuse Beilibynna — Baiieca npegnonaraetcs, YTo napaMmeTp p nogbupatT, UCMNONb3ys paHee
Nony4YeHHble faHHble, AaHHble NPeAblAYLWNX 3KCNEPUMEHTOB U UHXEHEPHbIe 3HaHWS O hU3NKe MPOLLeccoB,
npusoAAWmMX K oTkasy. AHanus Belibynna — baileca npegctaBnseT coboii aHann3 gaHHbIX Beiibynna npu
3af,aHHOM napameTpe p. Mpy 3TOM eAMHCTBEHHbLIM MapaMeTpoM pacnpejesieHus Beiibynna cumTtatoT napa-
MeTp rl- AHanun3s Belibynna — Balieca MoxeT 6bITb UICNO/Ib30BaH ANA HAGOPOB AaHHbIX, KakK codepxalux, Tak
1 He cofepXalwmx oTkasbl, NpyM 3TOM 06a TuMna faHHbIX MOTYT COAepXaTb MPUOCTAHOBKW.

12.2 MeTog

Mpu 3afaHHOM p BbipaxeHve (48) ANs onpeAeneHusi NokasaTens pecypca N MOXeT 6blTb NOMYYEHO C
NMoMOLLbl0 MeTofa MakCMMasibHOro NpPaBgonoA06ms:

n- (48)
raoet — nepuog BpeMeHM UM KOIMYECTBO UWK/IOB;
I — KOJINYECTBO OTKa3aBLUNX 06bEKTOB;
N — o6uwee KONMYECTBO OTKA30B U NPUOCTAHOBOK:
N — oueHka NokasaTens pecypca, nosiyyeHHass MeTO40M MakCMMasibHOro NpaBAonoAo6us.

PacnpegeneHue BeliGynna onpepeneHo, ecnm p 3afaHo, a L BbluMcieHo no copmyne (48). JinHuo
Belibynna — balieca HaHOCAT Ha BEPOSATHOCTHYIO Gymary pacnpegeneHnsa Belibynna. F'paduk, NOCTPOEHHbIN
Cc nomouwblo aHannsa Belibynna — Balieca, ncnonb3yloT Tak Xe. Kak o060l gpyroli rpacuk. AHanm3 Beibyn-
na — baileca no3BonsieT onpeAennTb OUEHKN B-pecypca. NporHo3 HapabGoTOK 40 OTKasa U OLEeHKY BeposiT-
HOCTU 6e30TKa3Holi paboThl.

12.3 AHanus Beiibynna — balieca npu oTcyTCTBMM OTKa30B

Bo MHoOrux 3agadax aHanusa Beli6ynna — bBaiieca oTcyTCcTBYOT oTKkasbl. Hanpumep, B npouecce uc-
NbiTaHWA KOMNOHEHTa NOC/Ne MOoAepHU3aLMn oTkasbl OTCYTCTBYIOT. B faHHOM cny4yae Heo6X0AMMO elte 0AHO
npeAnonoxeHne, cocTosllee B TOM. YTO NMepBblii 0TKa3 06A3aTeNlbHO NpousoigeT. Hanpumep, B ypaBHeHUN
ycTtaHaBnmsalT = 1,0. Tak Kak OTKa3bl OTCYTCTBYIOT, 3TO MHXEHEPHOe NpeAnosioXKeHne ABAAETCA KOHCcepBa-
TUBHbIM (YXYALIAIOLWMUM OLEeHKN). AHANOTUYHO NMHUA Belibynna — Baiieca Takxe siBNAeTCA KOHCepBaTUBHOM.
CTaTUCTUUeCKN 3Ta SINHUA, OCHOBaHHAaA Ha MPeAnosIoXeHUN O HanyYMy OAHOro oTkasa, AB/SeTCS OLeHKON
HWXXHEe OAHOCTOPOHHEN AOBEpPUTENbHOW rpaHnubl. MoXxeT 6blTb YCTAHOB/IEHO C YPOBHeEM foBepus 63.2 %,
4TO NCTUHHOE pacnpegeneHne Belibynna nexuTt cnpaBa oT NMHUK Beltbynna — Balieca, ecnin 661U caenaHbl
npasusbHble NPEANO/IOXEHNSA OTHOCUTE/IbHO p.
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JInHumn Belibynna — Baieca MOryT 6bITb NOCTPOEHbI C /IIO6LIM YPOBHEM A0BEPUS NYTEM UCMO/Ib30BaHNS
60NbLINX NN MEHBLUWX 3HAMeHaTenen (npegnonaras 6/11M3KMe oTKasbl):

YpoBeHb foBepus 50% 63.2% 90% 95% 99%
3HameHaTenb 0.693 1.0 2.3 3.0 4.6

12.4 AHanns Beibynna — Balieca npu Hann4mm oTKasos

Ecnu 3HameHaTeNb NOSy4yeH Ha OCHOBE AaHHbIX O peanbHblX OTKa3ax, OLEeHKYy napamMeTpa macwTabda n
noslyyaroT C NMOMOLLbI0 MeTofda MakKCMMasibHOro npaBAonofo6ms. BaXHbIM NpevMyL,ecTBOM OLEHOK MaKcu-
MasibHOrO MpPaBAoNoA06UA SABASIETCS TO. YTO OHW MHBApPMaHTHbl OTHOCUTE/IbHO Npeo6pa3oBaHuii. ITo O3Ha-
YyaeT, YTO NMHNA Beibynna — bBalieca oueHkn B-pecypcoB n BepoATHOCTM 6e30TKa3HOW paboTbl ABASAKOTCA
oueHkaMu MakcumasibHOro npaegonofo6bus. JinHna Belibynna — Bbalieca npepctaBisieT COG0M OLEHKY Mak-
CYMasnibHOro NpaBaonoAo6UA UCTUHHOIO HEM3BECTHOMO pacnpeaeneHusn Belibynna.

PacnpegeneHune Belibynna. ocHoBaHHOe Ha BbIGOPKax U3 ABYX UMW TpexX OTKa3oB MMeeT GOMbLUyO He-
onpegesieHHOCTb. Ecnn umetoTca [OCTOBEpPHbIE CBEAEHMS O 3HAYEeHUU napamMeTpa p U3 paHee MoslyYeHHbIX
AaHHbIX, TO C NOMOLWblO aHanms3a Beilibynna — bBailieca MOXeT 6blTb NOJYYEHO 3HAYUTEsSIbHOE MOBbILIEHNE
ToyHOCTW. AHanun3 Beiibynna — balieca MOXeT cokpaTUTb 3aTpaTbl Ha UCMbITaHWMA 6€3 NoTepy TOYHOCTU Mo-
NYYEeHHbIX AaHHbIX. [1/1 UCNOMIb30BaHUA NpenMyLLecTB aHannsa Beiibynna — Balieca cnegyeT ncnonb3oBatb
paHee NONyYeHHble faHHble ANS ONpeAeneHUsa napamMeTpa p.

Pasznunuune mexay oTCcyTCTBMEM OTKasOB M OAHMM OTKa3oM aHanui Belibynna — balieca nccnegyet
XyXe. Hanpumep, npegnosioXumM, 4TO NATb PEKOHCTPYMPOBAHHbIX 06BHEKTOB MPOW/AN UCNbITaHUA 6e3 oTka-
30B. J/INHUSA, NONyYeHHass B pe3ynbTaTe aHanusa Belibynna — Bbalieca, NOCTpOeHa Ha OCHOBe 3HAuyYeHus p

AN NCXOAHOW KOHCTPYKUMN 06bekToB. OHa npeAcTaB/isieT COB0M HMXHIOK rpaHnLy O4HOCTOPOHHErog4oBepu-
TeNbHOro MHTepBana AN UCTUHHOIO HEN3BECTHOroO pacnpegeneHus Belibynna (npu Hanuuun mogudunkaymm).
MycTb Tenepb TOT Xe Habop AaHHbIX BK/OYaeT OA4MH OTKa3 U YeTbipe NPUOCTaHOBKMU.

PesynbTaTbl aHanunsa Belibynna — balieca 6yayT naeHTUYHbI pe3ynbTataMm Npu OoTCYTCTBUN OTKa30B U C
OHUM OTKa30M, HO UHTeprnpeTaunsa pesynbTatoB 6yAeT Apyroi. Mpu HanMuMm ofHOro oTkasa aHanu3 Belibyn-
na — balieca HOMWHa/IbHbIM MeTOLOM MakKCUMasibHOTo NpaBAonoAo6mua faeT OUEHKN UCTUHHOIO HeusBecT-
HOro pacnpegeneHns Beiibynna. a He foBepuTeNbHbIli MHTepBan. O4HAKO HWKHAA fOBepuTesibHas rpaHuua
ANna nuHnn Benbynna — Balieca MoxeT 6bITb BblUMC/IEHA C UCNOJIb30BaHNEM pacnpegesieHnsa x-ksagpart [5].

Ecnv r— KO/MIMYeCTBO 0TKa30B (r< 1), HWXKHSAS rpaHuLa foBepuTenbHOro nHTepeana ans \) yposHs C %
nmeeT BUA

Uc -Nlw.e (2r /X?<2r*2)T Y. (49)

Ncnonb3yss nc n P- onpefenstoT HUXHIOW [AOBEpUTEsIbHYI FpaHuuy ANs UCTUHHOW NuHun Belibyn-
na — balieca.

12.5 Mpumep npumeHeHus aHanusa Beibynna — Baieca

B kpynHom napke gBuraTeneii camoneToB BbiiBNEHO 15 0Tka3oB KoMnpeccopoB. B pe3ynbTate aHanusa
AaHHbIX Ha COOTBeTCTBME pacnpegeneHuio Belibynna 3HauyeHune p * 5.0. [ocsie peKOHCTPYKUMWU KOMMpec-
copa Tpu gBuraTtesnisi NoABeprHyTbl UCMbITaHUSAM. B pedynbTaTe nosyvyeHbl cnegyloline 3Ha4eHUss BPeMeHMU
6e30TKa3HoW paboTbl komnpeccopoB: 1600. 2900 n 3000 4. Bbin NocTaB/eH BONPOC: OCTATOYHO NIX 3TUX UC-
nbiTaHW ANS gokasaTesibCTBa TOro0, YTO PEKOHCTPYMPOBaAHHblIe KOMMNPECCOPbl 3HAYNTE/IbHO Jly4lle cTapbIx?
Mpeanonaras p = 5,0 1 UCNONb3ysi 3HAYEHUA HApPa6OTOK Tpex ABUratesieil C PEKOHCTPYMPOBAHHbIMUN KOMMpec-
copamMu. oLeHKa nokasaTesis pecypca MoxeT 6biTb NoslydyeHa meTofgom Belibynna — Baileca:

(1600)5 + (2900)5 +(3100)5
34681J. (50)

NnHusa Beillbynna — bBalieca npegcTtaBsieHa Ha pucyHke 10. C ypoBHem goBepus 63 % MOXHO yTBepX-
[aTtb. 4YTO pacnpegerneHue Beil6ynna gns gsuratesieil ¢ PeKOHCTPYMPOBAHHbIMM KOMMpeccopamMu NexuT
cnpasa OT 3TOW IMHWUKN, N TakuM 06pas3oM, pecypc PeKOHCTPYMPOBaHHbIX ABuUratesiel 3Ha4MMo nNpeBocxoauT
pecypc nepekoHCTPYUpPOBaHHbIX. BO3MOXHO, UTO PEKOHCTPYKUUA yCTpaHsAeT AaHHbI pexum oTkasa, HO 3TO
He MOXeT 6bITb NOATBEPXAEHO faHHOW BbIGOpKO/. Ecnn npyu 6onee ANNTENbHbIX UCMbITAHUAX He GyaeT Bbl-
SIB/IEHO OTKa30B, TO /iMHUA Belibynna — balieca elwe cmecTuTca BNpaBo U 6yfeT nonyyeHo euje 6onblue
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rapaHTWii TOro, 4YTo AaHHbIW pexum oTkasa ycTpaHeH. MpegnonoxeHus o (J(yrne HaknoHa AVUHUM MOATOHKM)
B JAHHOM C/ly4yae OCHOBaHbl Ha TOM. YTO A/19 Hapa6oTOK A0 OTKasa yCTaHOB/IEHO MCMNO/Mb30BaHWe pacnpege-
neHuns Benbynna.

DyHKUMS pacnpegernenvs Belibynna
99
90
70
50
30

10

0.1
10 10 000

Hapa6oTka nocsie pekoHCTPYKLN

PucyHok 10 — PeKOHCTPYMPOBaHHbIN KOMNPECCOpP U CTapblii KOMNpeccop

Mpun ncnblTaHNAX 06HEKTOB C BbICOKOI 6€30TKa3HOCTbIO HacTO MPOUCXOAUT Masioe KOSIMYeCcTBO OTKA30B,
HanpuMep, HOMb WAW OAMH OTKa3. DTO He MO3BOJISIET ONPeAeNNTb NapaMeTpbl ABYX UKW Tpex napameTpuye-
CKMUX pacnpepneneHunii Beinbynna.

B cnyuyasx, Korga 3HaudeHue p A/ COOTBETCTBYIOWENO peXxnma 0TKa3oB M3BECTHO U3 Npeablaywmx uc-
NbITaHWi. TPY6YI0 OLEHKY MOXHO ONpeAennTb NpU OAHOM OTKa3e UM OTCYTCTBUM OTKa3oB. Bonee Toro, oueH-
Ka Hamnydwen npsmoii, npoxoasiuieil Yepes He6OblIOE KOMMYECTBO TOYEK, MOXET ObITb YNy4lleHa, ecnu
3HayeHue p U3BecTHoO. flanee cnegyeT UCMONb30BaThb AOCTYMHY MHAOPMaL MO A1 OLEHKN 3HavYeHuns .

13 MeTop 6bICTPbIX OTKA30B

McnbiTaHMA Ha 6bICTPbIe OTKa3bl TPeOYIOT MasibiXx 06bEMOB MOAFPYNN, HANPUMeEpP, coAepXalnx oT Tpex
[0 BOCbMW eAVHUL; BCIO NOArpynny MCMbITbIBAlOT OAHOBPEMEHHO, 40 BO3HWKHOBEHUS MepBOro oTkasa. Ansa
noArpynnbl N3 YeTbipex eANHUL, AaHHble UCNbITaHWUIA cofepxaT O4MH OTKa3 U TpU NpuocTaHOBKNU. OT YeTbipex
[0 AecATn 06beKTOB B KaXAoW noarpynne MoryT 6biTb NOABEPrHYTbl UCMbITAHUAM Ha 6bICTPbI OTKa3. [JlecaTb
noArpynmn no yeTbipe eAUHULbI B KaXA0W BKIOYAIOT flaHHble O AecCATV oTKasax WU Tpuauatn npuoctaHoBKax.
McnbiTaHUA Ha GbICTpble OTKa3bl NpeACcTaB/IsAtOT CO60/ KOMMNPOMUCC MO OTHOLIEHUIO K UCNbITAHUSAM A0 OTKa-
3a BCex eAuHuL, BbIGOPKMK, UX pe3ynbTataM COOTBeTCTBYeT 6o/iblias HeonpeaesieHHOCTb, HO OHU MO3BOST
3HaAUYMTENIbHO COKpaTUTb MPOAO/DKUTENbHOCTb MUCMbITaHMA. Hanpumep, B NPpoOuM3BOACTBE MOALWWMHUKOB LWW-
POKO MPUMEHSAIOT UCMNbITAHMA Ha ObICTpble OTKa3sbl, AaHHble KOTOPbIX ob6ecrneunmBaloT onpefesnieHne OLEHKU
Lie-pecypca. B gpyrux npovsBojcTBax Mo pesyfnbTataM MUCNbITaHUii Ha GbICTPble OTKa3dbl Yalle UCMO/b3YoT
OoueHKu L, -pecypca.

McnbiTaHMA Ha GbICTpble OTKa3bl MCMOMBb3YIOT ANA onpefesieHUs HapaboTKM [0 MNOABNEHUSA YyCTaHOB-
NIeHHOro npoueHTa 0Tka3oB. OTy TOUYKY Ha KpMBOI pacnpegeneHnsa Belibynna MoXxHO onpefenunTb C BbICOKOA
TOYHOCTbIO B OT/IMYME OT yr/ia Hak/loHa KPMBOW, KOTOPbIN MO pe3ynbTaTam 06bIYHbIX UCMbITAHUIA MOXeT 6bITh
onpegenieH ¢ 60/blWwel TOYHOCTbIO. [TpenMyLecTBO UCMbITaHWUI Ha GbICTPblIe OTKa3bl COCTOUT B TOM. YTO MpO-
[O/MKNTENTbHOCTb UCMbITaHWI MeHbLUE, YeM MPU UCMbITAHUAX BCeX 06BbEKTOB BbIGOPKM A0 OTKasa.

YacTo Heobxoguma WHdopmauusa o HapaboTke A0 onpefefnieHHOlM cTeneHW W3HOca, Hanpumep, A0
HW3KOro, HO 3HA4YMMOro MpoLeHTa oTka3oB (Hanpumep. 10 %). [laHHOe 3HaYeHue LWNPOKO UCMONb3YIT AN
yCTaHOB/IEHUA pecypca NOoAWNNHUKOB, ero HasbiBaT 110-pecypc nnm B10-pecypc. OueHkn HapaboToK Ans
APYTMX NPOLEHTOB OTKa3oB, Mo/slyyYeHHble No rpacuky Beilbynna. npegcrtaBneHbl B Tabnuue 4.
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Ta6nunuya 4 — O6beM Nogrpynnbl NpU onpeaesieHny OLeHKU HapaGoTkK, 3a KoTopyto nponcxoaut X % oTka3oB B UC-
NbITAHUAX METOAOM ObICTPbIX OTKA30B

O6bem rogrpynnsi B Touran Me,qmagilkgg:ra AT OfHOro OLeHeHHoe 3HaueHre Lx
2 0,2929 L30
3 0,2063 L20
4 0.1591 L16
5 0.1294 L13
6 01091 L10
7 0.0943 L9
8 0.0830 L8
9 0.0741 L7
10 0.0670 L6
50 0.0138 L1
70 0.00994 L1

Hanpumep, B xofe ucnbiTaHWii Ha 6bICTpble OTKa3bl MOXeT 6biTb onpejgesieHa oueHka L8 3-pecypca
(8.3 % oTKa3o0B). [laHHOe 3Ha4YeHne MOXeT ObITb YCTAHOB/IEHO Kak NpubGaMmKeHHoe 3HayeHne L10-pecypca nnm
Kak 3aHMXxeHHasa oueHka L 3-pecypca.

[Ansa nonyyeHus oueHkn Lx (HapaboTku, 3a KOTOPYH OTKasbiBaeT X MPOLEHTOB BbIGOPKMN) UCMOMb3YIOT
cnejytollyto npoueaypy:

a) B COOTBETCTBUM C Tabnuueln 4 nmeroweecs KONYECTBO BbIGOPOK AeNAT cnyyaliHbiM 0o6pa3om Ha A
noarpynn, Kaxgas M3 KOTopbIX COAEPXUT B 06beKTOB;

b) CTaBAT Ha UcNbiTaHNA Habop 13 Bcex Noarpynn;

C) perncTpupytotT HapaboTKy 40 MepBOro oTkasa B KaxAol noarpynne;

d) cpa3y nocne nosiB/ieHNst NepBOro oTkasa npekpalialT UCNbITaHWUS NOATpPyNnbI,

e) ANA KaxAoW noAarpynnbl HapaboTKy A0 NepBOro oTka3a HaHOCAT Ha Agnarpammy Beiibynna, obpaba-
TbiBas HapaboTky 06bEKTOB NOArpynnbl Kak NPUOCTAHOB/IEHHbIE B MOMEHT MOSIBNIEHUA B NOArpynne nepBoro
oTkasa a-,

f) no rpadouky Belibynna onpefenstoT 3HayeHne Lx 06blYHbIM 06pasom.

MpumeuvaHunsna

1 B gaHHOM crly4aB oOLeHKa L* onpepernieHa C BbICOKOIM MPELy3NOHHOCTLIO, B TO Xe Bpemsi KpuByto Belibynna
MOXHO MCMO0Nb30BaTh A1 NOJTyYeHUs1 OLEHOK HapaboTKu A1 APYroro NpoLeHTa 0TKas3os, a Takxke 4151 YI/I0Boro Koad-
chvymeHTa KpuBoi Belibynna. HeonpeaeneHHOCTb B 3TOM crlydaB 6osiee BbICOKasi, 3TO BbI3BaHO 60/IbLUMM KOMMHYECTBOM
NprYOCTaHOBOK. 3TO OCOH6EHHO BaXKHO, EC/IN C KPMBOW CUATLIBAIOT 3HAUYEHUSI HapaboTKu AN1s APYroro NpoLeHTa OTKas3os.

2 B MCMbITaHNAX Ha ObICTPble OTKa3bl HACTO UCMO/BL3YIOT NOArPYyNMbl U3 YeTbIpex OO6LEKTOB AJ/151 SKOHOMUM UCNbITa-
TenbHOro 06opyAoBaHus.

OueHka 3HauyeHuss LX. nosiyyeHHass METOLOM 6bICTPbIX OTKA30B, MPAaKTUYEeCKM Tak e AOCTOBepHa, Kak
ecnv 6bl BCE 3/IeMEHTbI NOArpynn 6blv NOABEPrHYTblI UCMbLITAHUSM A0 0TKa3a, HO NPW 3TOM JOBepUTENbHbI
MHTepBan NpuGAM3nTENbHO Ha 50 % wupe. OQHAKO UCMbITAHUA METOLOM 6bICTPbIX OTKA30B MOTYT GbiTb NpPO-
n3BefeHbl ropasfo 6bICTPee, YeM UCTIbITAHUS, B KOTOPbIX KaXAbI 06bEKT NCMbITLIBAOT 40 OTKa3a. Hanpumep,
ans |i = 1 npoAo/MKUTENbHOCTb UCMbITAHWI COCTABMAET TOMBLKO 25 % OT NPOLO/IKUTENIbBHOCTM UCNbITAHWI BCEX
06BbEKTOB NMOATPYNN A0 OTKasa. Ecnv Bce NoArpynnbl UCTbITIBAOT O4HOBPEMEHHO, NPOAO/HKUTENBHOCTbL UC-
NbITaHW# cocTaBNsAET NPMGAN3NTENBHO 7 % OT NPOAO/IKUTENNBHOCTU UCMNbITaHWI A0 OTKa3a BCEX OGBHEKTOB.

OTHOLWeEeHMEe NPOAO/HKUTENIBHOCTU UCMBLITAHWA MOXHO OLEHWTb, UCMO/b3ysl CpeAHee apudmeTmyeckoe
Hapa6oTOK [0 OTKa3a. M3roToBMUTENN, UCMOMb3YIOWMNEe UCMNbITAHUS MeTOAOM 6bICTPbIX OTKA30B, COKpalialT
NPOAO/HKUTENBHOCTb UCMbITAaHWU, NCNOMB3YSA cneynanbHO pa3paboTaHHoe 060pyf0BaHVe, MO3BOJIsIIOLLEE UC-
NbITbIBATb OHOBPEMEHHO BCE 06bEKTbI MOATPYNbI.

B Ta6nvue npuBeaeHbl faHHble Pe3ybTaToB UCMbITaHWi ABeHaALaTh 06BbEKTOB B YeTbipex noarpynnax
npy NpoBefeHNM UCNbITAHUIA Ha GbICTPbIE OTKA3bl.
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Tab6nwuuya 5— lNMocnegoBarenbHOCTb AAHHbIX NOATPYNN O HapaboTkax B Lyxnax

Mogrpynna 1 Mogrpynna 2 Mogrpynna 3 Moarpynna 4
MprocTtaHoBka 3698 LWk, MprocTtaHoBka 4650 LMK/, MpuocTtaHoBKa 2398 uuk/. OTKa3 4650 uukn.
OTka3 3698 uukn. MprocTtaHoBka 4650 LMK/, MpuocTtaHoBka 2398 uuk/I. MpuocTtaHoBka 2945 UK.
MpurocTaHoBKa 3698 unk. OTKa3 4650 LK. OTKa3 4650 uumk. MpuocTtaHoBka 2945 Lukn.

B ncnbITaHUSIX MeTOAOM 6bICTPbIX OTKa30B cpefHuii paHr (1/(J1/ + 1)) ans nepBoro oTkasa (M3 Tpex) co-
cTaBnsieT 1/4. CooTBeTCcTBYOWMUIA L-pecypc paBeH B25. ina pacnpegeneHus Beibynna c p = 2,13 B25-pecypc
coctaBnset 0,557»), oTHOWeHMe cpeAHell HapaboTkM O OTkasa K g cocTtaBnset 0.8858. Takmm ob6pasom,
OTHOLWeHWe NpoAo/KUTENbHOCTEl ncnbiTaHnini coctaBnseTt (0.557 4)/(0.8858 12). 4yTo NpuGAN3NTENBHO paB-
HO 0.2. CpefHee foBepuTesibHbIX rpaHUL, MeToda MaTpuubl Puliepa, MoJslyYeHHbIX NO gecATn Habopam u3
Tpex 06bEeKTOB B KaXAOM C rpaHuuamu, noay4vyeHHbiMm no 12 HapaboTkam A0 OTka3a, MokasbiBaeT NpupocT
CTaTUCTUYUYECKOW HeONpPeaeIeHHOCTU NPUGNXKEHHO Ha 27 % Npu onpeaeneHun B,-pecypca. laHHOB yBesinye-
HVWe HeonpeaesieHHOCTU KOMMEHCUPYeTCsA COKpaljeHneM NpoAO/HKUTENBHOCTU UCNbITaHUi Ha 80 %.

MpumeyaHune 3— [JaHHble NOArPYNM Tak Xe MOryT 6bITb 06paboTaHbl Kak OTAeNbHble BbIGOPKU.

14 [Opyrve Buabl pacrnpegesieHna AaHHbIX

Ecnu x nogunHaeTCcs NorHopMasbHOMY pacnpegesieHunio, To pacnpegesieHve X siB/seTcs HECUMMETPUY-
HbIM, @ MepeMeHHas logx NoAuYMHseTCS HOpMasibHOMY pacnpegesieHuio.

NorHopmanbHOe pacnpefeneHne MMeeT MHOFO NPUIOXeHWH. TUMMUYHBIMKU NPUMEPaMU ABASAIOTCA: pac-
npegenexHvie BeNUUYNH AedeKTOB, NapamMeTpoB PagnmoyacToT v BpeMeHN BOCCTaHOBeHUsl. Hanboee BaXHbIM
NpUMepPoM siBASIETCA MPOrpeccupyolmii U3HOC, Bbipaxatolwuiicss B notepe pa6oTocnoco6HOCTH, paspacTa-
HUM TPELWVH, NPUBOASALMX K Pa3pyLeHUIo M POCTY aMMinTyAbl Bu6pauuu npu yBesmyeHun usHoca. Ecim
MHTEHCUBHOCTb M3HOCA NIMHelHa, To pacnpegesieHne HabnoaeHUn 651M3Ko K pacnpegenexuio Beiibynna.

C nomolLybio IOTHOPMasIbHOTO pacnpefesieHns ONUCbIBAOT NPOLECChl, B KOTOPbIX Hapa6oTka A0 oTKasa
ABNSETCA Pe3ynbTaTOM B/USIHUSE MHOXECTBa (pakTopoB. HanpumMep, N3HOC MOXeT 6bITb NMPOrPeCcCUpPYIOLM;
npy BbICOKOW Harpyske pocT TpewuMH MOXEeT MPOUCXOAUTb 6bICTPO, NPU 3TOM C POCTOM TPELWMUH Harpyska
yBenuumBaeTcsi. 34eCb CKOPOCTb pocTa TPeLuH COOTBETCTBYET JTIOTHOPMasibHOMY pacnpegenexuto. C apyroii
CTOPOHbI, €C/IN CKOPOCTb POCTAa TPELWUH SIMHEHO 3aBUCUT OT BPEMEHU, UTO MOXET MMETb MECTO NMPU HU3KUX
Harpyskax, To B JjaHHOM cfiydyae 60siee NogxoAuT pacnpegeneHue Beiibynna. JlorHopMmanbHoe pacnpegere-
HUE 4acTo MPVMEHSIIOT NPYU M3YUYEeHUN CBOCTB MaTepuanoB, MHANBUAYANIbHbIX AOXOA0B, HAC/e4CTBEHHOCTH,
6aHKOBCKUX BKMaA0B, MHTEHCUBHOCTM pOCTa TPELLMH, pacnpeaeneHns obbema AeDeKTOB.

Cpefn Bcex CTaTUCTUUYECKUX pacnpefeseHuin, oTAMYHbIX OT pacnpegeneHus Belibynna. norHopmanb-
Hoe pacnpegenieHvie Hanb6oiee YacTo ynoTpebsoT A1 aHannM3a pecypcoB. JIoTHOpMasibHoe pacnpegenieHme
cnepyeT UCMOb30BaTh B C/lyYae, Koraa MMeeTcsl 4OCTOBEPHAas npeaBapuTenbHas MHopMaLms 0 faHHbIX 60-
nee 20 0TKa3oB. Hanpumep, MHOTYe XapakTepuUCcTUKMN MaTepuasoB ONUCBLIBAIOT C NMOMOLLbIO JTOTHOPMAs/IbHOTO
pacnpegenieHus. Bpems BOCCTAHOB/MEHUS M pocTa TPELWMWH A0 U3/l0Ma YacTo NOAUYMHSETCS IOTHOPMasibHOMY
pacnpegeneHuto. 3HaHWE O TOM. YTO NPOLECCHI, MPUBOAALLME K OTKa3aM, CBSI3aHbl C NMPOrPeCcCUMpyrOLLUM U3-
HOCOM. TaKxe sB/sieTcs 060CHOBaHUEM TOro, YTO AaHHble NOAUYUHAITCS SIOTHOPMaNbHOMY pacnpefesneHuio.
OTKa3bl HEKOTOPbIX MOJYNPOBOAHMKOBbLIX YMMOB MOAUMHSIIOTCA JIOTHOPMasibHOMY pacnpegeneHuto. Pacnpe-
AeneHvie napameTpa (J pacnpegeneHusi Beiibynna siBnsieTcst pacnpegeneHvemM, 6/IM3KUM K IOTHOPMasibHOMY,
npy 3ToM X NOAUYUHSIETCS HOPMA/IbHOMY pacrnpefesieHnio.
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MpunoxeHue A
(cnpaBo4HoE)

NMpuMepbl U pacCMOTPEHHbIe Cnyvaun

A.1 PaHHu1e oTKasbl

Ha pucyHke A.1 npviBeAeH NpUMep NPeacTaB/ieHUst AaHHbIX O PaHHMX OTKa3ax B OCHOBHbIX MAc/IsiHbIX Hacocax.
ra30Typ6yHHbIE ABUraTeNN UCTbITLIBAIOT A0 OTNPaBKM 3aka3uvky. Bonee 1000 ABurateneil HaxoAsTCs B aKCrlyaTauyu.
Mpu NpoBepKe 3KCM/TyaTMpyEMbIX MaC/ISHbIX HACOCOB 6bI/10 0GHAPYXEHO, UTO OHU COAePXaT AeTaNv YBEIMUEHHbIX pas-
MepoB. B npoLiecce Npov3BOACTBA HACOCOB MPOU3OLLIN 3MEHEHUS!, YTO NOBJIMSMO Ha KAYecTBO AaHHON NapTuM HacOCOB.
Hera6apuTHble feTany NPUBENM K HapyLLEHNAM B paboTe Hacoca 1 0Tkasy. MNpoLecc Npou3BoACTBa 6bl1 CKOPPEKTMPOBAH.
MpY HAIMUUN PaHHKUX OTKA30B MOXHO MPeArnosioXUTb BMSIHUE W3HOCA, C YIIOBOW KO3I(ULMEHT NpAMO 60nblue
€VHNLBI, OIHAKO 60/1ee YaCTO PaHHUE OTKasbl MOSBASIOTCS, EC/IN YI/I0BOM KO3MULNEHT MEHBbLLE eAVHMLbI. PaHHWE OT-
Kasbl yKa3bIBalOT HA U3MeHEHWs], MPou3oLLeALLMe B NpoLeccax Npon3BoACTBa UM CEOPKM, 0COBEHHO KOr4a MHOTO Takux
06bEKTOB paboTaeT NPOAO/HKUTENBHOE BPeMsi. PEKOHCTPYKUMSA M NJAHOBOE TEXHUYECKOE O6CMYXUBaHWE Takke MOryT
npyYBOAUTL K NOA06HOMY adhchekTy. CneayeT MMETb 3TO B BUAY NP NPOBeAEHUM PEMOHTA UM TEXHUYECKOTro 06CyXMBa-
HYS. BOMbLIOB KO/IMYECTBO NO3AHUX NMPYOCTAHOBOK MOXET TAKXKE C/TYXWTb NoKasaTesieM Ha/Muusi NPo6/IeM C «napTueis.

1 10 100 1000 10 000
O6uwas HapaboTka

PucyHok A.1 — PaHHMWe oTKa3bl Mac/IfiHbIX HACOCOB

A.2 Bnnskue cepuiiHblie Homepa

AHa/I0rNYHble NCCNefO0BaHNSA MOTYT 6bITb PacnpoCTpaHeHbl Ha Apyrue cnyyan rpynnMpoBK/M OTKa3oB. Hanpumep,
€C/I HET PaHHMX N NO3JHNX OTKA30B, HO ECTb OTKa3bl CPeAHero BpEMEHW, TO MOXHO NpeznonaraTe Hasmuve npobnem c
napTueil. Kakne-To napameTpbl Npouecca NpoM3BOACTBA MOTYT 6bITb M3MEHEHbI HA KOPOTKWIA Nepuog, a 3aTeM BO3BpaLle-
Hbl Ha3az,. BAn3ocTb cepuiiHbIX HOMEPOB OTKa3aBLUMX 06BEKTOB NpeanonaraeT Hannumne npobnem c naptueli. Ha pucyH-
ke A.2 npeacTaB/ieH NPOCTON NpUMeEpP MpoLecca, y KOTOPOro NpousoLwwin u3MeHeHusi, c6oii B cepeauiHe Npou3BOACTBA.
B HOBbIX JOMOMHUTENbHBLIX HACOCaX OTKasann NoALWMNHUKL. OTKasbl NPOU30LLN B MHTepBasie oT 200 Ao 400 4. He meHee
650 06BHEKTOB MMENO HapabOoTKy, MPEeBbILAOLLYH HaubOo/bLUYO HAapaboTKy B AaHHOW napTuu. Bbiio ycTaHOBMIEHO, YTO
[aHHble 0TKa3bl MPOU3OLLN BCNeACTBUE U3MEHEHMS NMpoL,ecca NPon3BoACTBa MNOAWLMMHMKOB, CBA3aHHOTO C U3MEHEHNEM
3aTpar Ha M3roToB/ieHMe Kopryca MOAWNMHNKOB. MNonyyYeHHble AaHHble N0X0 COrlacytoTcs ¢ pacnpegeneHnem Beibyn-
Na. NOCKO/IbKY NPUCYTCTBYIOT K&K MUHUMYM ABa JOMUHUPYIOLNX PeXMMa 0TKa3a 06EeKTOB (CM. PUCYHOK A.2).
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DdyHKUMA pacnpegeneHns Bebynna

A.3 Bonbluve 3HaYeHns Yr10BOro koagguuymneHtTa

CnefyeT NposiB/siTb OCTOPOXHOCTb MPW 3HAYEHWSIX P, NPEBbILAOWMX YeTbIpe. BOosbLUONA YrioBol KoaddmumeHT
MOXET CKPbIBATb WU3/10Mbl, KDUBK3HY WM BbIGPOCHI U. C/IEA0BATEIBHO, MHPOPMALMIO O COMIaCOBAaHHOCTU AAHHbIX C pac-
npegenexHnemM. BosbLIOe 3HaYeHMe YII0BOrO KO3(h(MLUMEHTA YacTO O6YCNOB/IEHO HA/IMUMEM HEKOPPEKTHbIX AaHHbLIX.
Takasi MH(OPMaLUsA O AAHHBIX, KaK BbIGPOCHI, M3/10Mbl M KPUBK3HA, MOXKET 6bITh NMoTepsiHa. OUeBUAHO, YTO KOPPEKTHbIE
pacnpegeneHus Beiibynna MOryT UMETb M/I0XYH COrIaCOBaHHOCTbL C faHHbIMU. MprMep NpeacTasBrieH Ha pucyHke A.3. Ha
nepBbIil B3r1s4, A4aHHbIN rpadvk AaeT XOpoLee NPUBIVKEHNE, HO HA HEM MPUCYTCTBYET KPMBU3HA 1 BO3MOXHbI BbIGPOCHI.

MpumeuyaHne — KpyToli Hak/IOH KpuBOI Belibynna npeanoytutenieH ¢ MHXEHEePHOW TOUKM 3peHus, obecneun-
Bas 3HaYeHwWe J1 [OCTATOUHO GOMbLUMM.

A (S IOV R I S — +11-11U
10 100 1000

Hapa6oTka o 0TKasa, gHu

PucyHok A.3 — BbICOKME 3HAYeHUsI P

29



FOCT P 50779.27— 2017

MpunoxeHve B
(cnpaBo4HoE)

Mpumep BblUNCEHNU

[aHHbIA NpuMep NpuBeAeH ANS MPOBEPKN TOYHOCTU BbIYUC/IEHMI C MOMOLLBIO KOMMbLIOTEPHBIX MPOrpaMm, npumMe-
HSAOLWNX METOAbI PErpeccun MefmaH paHroB M MakCUMaslibHOro NpaBaonofo&us. YCTaHOB/IEHHbIE B HACTOSALWEM CTaHAap-
Te.

Ha ucnbiTaHmsa noctaBneHo 40 06bEKTOB. VcnblTaHMst ocTaHOB/EHbI nocrie 20-ro oTkasa. B Ta6bnvue B.1 npuBege-

Hbl HApaboTKM 00 OTKa3a 20 0GBHEKTOB.

Tab6bnuua B.1— HapaboTku g0 oTkasa

" 2 '3 " '5 *6 T '8 9 *0 'n 2 13 14 ‘%5 16 'l7 18 Y19 0
5 10 17 32 32 33 34 36 54 55 55 58 58 61 64 65 65 66 67 68

Ha nepBom aTane AaHHble HAHOCAT Ha rpadviK, NOAOGHbIN NpeAcTaBNeHHOMY Ha pucyHke B.1. CnefyeT OTMETUT,
4yTo 0ba MeTofa perpeccun MedvaH pPaHroB M MakCMMa/lbHOrO NpaBAonoAo6ms obecrneyvBaloT NpUemMIeMyto COrlaco-
BaHHOCTb C AaHHbIMU, rpacuk nokasbiBaeT CMecb ABYX pacnpegesneHunii BeliGysina. COOTBETCTBYIOWMX ABYM pexymMam
OTKasa, AaeT HWU3KMe 3Ha4YeHUs YrnoBoro KoaduumeHTa MMHUM Belibynna. cnegytolmne 3a BbICOKUMU 3HAYEHUSIMU 3TOMO
napamMeTpa. AHann3 pacnpegeneHns, UCMosb3yoLniA OTHOLLEHME NpaBAonoao6usi, 6osee NPUMEHNM K TpexmnapameTpu-
YeckoMy pacrnpegenieHuio Beilbynna. AHanM3 cMecu pacnpeesieHnii, OCHOBaHHbIV Ha OTHOLLEHUW NpaBAonoao6us, nog-
TBEPXAAEeT Ha/IMYMe MO KpaliHeli Mepe ABYX Pas/IMYHbIX PEXUMOB 1 0TKa30B. [JaHHbI NpyMep roBOpUT O TOM. YTO crieayeT
BCerja 1crnonb3oBarb rpaduyeckoe npefcTaBieHne JaHHbIX, He noarasich TO/IbKO Ha aHa/IMTUYECKNEe MeTObI.

KonvyecTtBo eanHnL,
PucyHok B.1 — IpadhvK, NOCTPOEHHBIN MO pe3ysibTataMm BbIYUCIEHWIA

MpyMeHeHWe BbIMMCNTENBHBIX NPOLeAYpP, YCTaHOB/IEHHbIX B HACTOSILLLEM CTaHAapTe, AaeT criefytolime pesynbTarbl.

MeToa MakCMManibHOro NpaBAonofo6us Nokasasl, YTo C YPOBHEM 3HauMmocTu 10 % Henb3s OTBEPrHyTb rMnoTesy
0 TOM. 4TO HapabOoTKM A0 OTKa3a NOAUYNHAITCS pacnpeaeneHuto Bebynna. Tak kak H=0.36 n FO,(18; 20) =1.81. Koadp-
dununeHT geTepmnHauun Metoga MRR nprHuMaeT 3HaueHne 93.9 %. yTo Bbllwe KpuTuydeckmx 90 % 3HaveHus 90.3 %. Ob6a
MeToAa JatoT npuemseMoe, Ho He camoe NnyuLlee NpubAMmKeHne.

OueHKM Ana [1u U, NoNyyYeHHble C MOMOLLBIO 3TUX METOAO0B, COCTaB/IAOT COOTBETCTBEHHO 2.091 nnn 1.423 n 84 nn
113.

[loBepuTenbHble MHTEPBasIbI C ypoBHEM AoBepns 90 % COCTaBASAIOT COOTBETCTBEHHO [1.34; 2.742) nnmn (0.998; 0,29]

ansa D wm (70.05; 162.4] unu (79;108) gna 7).
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3HaveHna B1Q (MRR/MLE) cocraBnsitoT COOTBETCTBEHHO 28.63 wnim 28.56. a HMKHASA rpaHvua AOBepUTEsIbHOro
MHTepBasia ¢ ypoBHeM goBepus 90 % paBHa cooTBeTCTBEHHO 20.43 nnm 23,29 (cMm. pucyHok B.1). CnegyeT nmeTb B BUAY,
4YTO B CPefiHEM OLLEHKM P, MOJTyYEHHbIE METOAOM MaKCMMasIbHOrO NpaBonofo6us, 60siblie, YeM OLEHXM P. MOSyYeHHble
METOZOM perpeccun megmaH paHros, 1 B-pecypcbl. Nony4YeHHble MeTOA0M MakCMMaibHOro Npasgonogobus, 6onee ontu-
MUCTUYHBI. YeM MOJTyYeHHble METOAOM perpeccum MeavaH paHroB Jaxe A5 YpoBHA pecypca B)0. [na ypoBHa pecypca
B1 oueHkn 6051ee ONTUMUCTUYHBI, Kak Noka3aHo B Tabnuvue B.2. CnegyeT nmeTb B Budy, 4To t = 5.0 cooTBeTCTBYeT npu-
6num3nTensHo B,.

3HayeHns OLeHOK BEPOATHOCTU 6e30TkasHol paboTbl (MRR/MLE) 1 HWxHWe rpaHuLibl OBEPUTENBHOMO NHTepBasia
c ypoBHeMm goBepusi 90 % An1A Tpex 3HaueHuit | npvBeaeHbl B Tabnvue B.2.

Tab6nuuyua B.2— CBogka pe3ynbTatoB

t T 0.3 oacrtott
5.0 99.7/98.8 98.5/96/8
50.00 0.71 0.62
100.00 0.23 0.12
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MpunoxeHne C
(cnpaBo4HoE)

Tabnuubl MeguaH paHroB
C.1 Ta6nuubl MeavaH paHra ypoBHs 5 %

MepawvaHa paHra yposHsa 5 %
O6beM BblIGOPKK

PaHr
1 2 3 4 5 6 7 B 9 o
1 5.0 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 52.93 45.04 39.34
8 68.77 57.09 49.31
9 71,69 60.58
10 74.11
MegmaHa paHra yposHs 6 %
Panr O61eMm BbIGOPbI
un 12 13 14 15 16 17 ia 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 31.52 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
11 76.16 66.13 58.99 53.13 48.92 45.17 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

32



FOCT P 50779.27—2017

MepanaHa paHra yposHsa 5 %
O6bem BbIGOPKM

PaHr
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 5.43 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
11 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 45.12 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 MeanaH paHra yposHs 95 %

PaHr

10

PaHr

10

11

12

13

14

15

16

17

18

19

20

95.00

23.84

36.44

47.01

56.44

65.02

72.88

80.04

86.49

92.12

96.67
99.53

MepanaHa paHra ypoBHS
O6bemM BblGOPKK

2 3 4 5 6
77.64 63.16 52.71 45.07 39.30
97.47 86.46 75.14 65.74 58,18

98.30 90.24 81,07 72,87
98.73 92.36 84.68

98.98 93.72

99.15

MepanaHa paHra ypoBHsA

O6bemM BbIGOPKM

12 13 14 15 16
22.09 20.58 19.26 18.10 17.07
33.87 31,63 29.67 27,94 26.40
43.81 41.01 38.54 36,34 34.38
52.73 49.46 46.57 43,98 41.66
60.91 57.26 54.00 51.08 48.44
68.48 64.52 60.96 57,74 54.83
75.47 71.30 67.50 64.04 60.90
81.90 77,60 73.64 70.00 66.66
87,71 83,43 79.39 75.63 72.14
92,81 88,73 84.73 80.91 77.33
96,95 93,40 89.60 85.83 82.22
99,57 97,19 93.89 90.33 86,79
99,61 97.40 94.32 90.97
99.63 97.58 94.69
99.66 97,73
99.68

95 %

34.82

52.07

65.87

77.47

87.12

94.66
99.27

17

16.16

25.01

32.62

39.56

46.05

52.19

58.03

63.60

68.92

73.99

78.81

83.36

87.62

91.54

97.87

99.70

31,23
47.07
59.97
71.08
80,71
88.89
95.36

99.36

18
15.33
23.77
31.03
37,67
43,89
49.78
55.40
60.78
65.94
70.88
75.60
80,10
84,37
88.36
92.03
95.30
97.99
99.72

28.31
42,91
54.96
65.51
74.86
83.12
90.23
95.90

99.43

19
14.59
22.64
29.58
35.94
41.91
47.58
53.00
58.19
63.19
67.99
72.61
77.03
81.25
85,25
89,01
92,47
95.55
98.10

99.73

10

25.89

39.42

50.69
60.66

77.76

85.00

91.27

96.32

99.49

20

13.91

21.61

28.26

34.37

40.10

45.56

50.78

55.80

60.64

65.31

69.80

74.13

78.29

82.27

86.04

89.59

98.19

99.74



Panr

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29
30

13

20.

27
32

38

43.

48

53

58

62

67.

71

75

79

83.

86

90.

93

95

98

99

.29

67

.06

.92

44

70

.74

.59

.28

.81

19

42

.50

.43

.76

12

.22

.99

.28

.76

12

19

25

31

36.

41

46.

51.

56.

60

64.

68.

72.

76.

80

84

87

90.

93.

96.

98.
99.

.73

.81

.95

.59

91

.98

85

55

09

.48

75

87

87

73

.44

.01

.40

59

54

18

36
77

12,21
19,02
24.92
30.36
35.49
40.39
45.10
49,64
54.05
58.32
62.46
66.49
70.39
74.18
77.84
81.37
84.75
87.98
91.02
93.83
96.35
98.43

99.78

24
11.73
18,29
23.98
29.23
34.18
38.91
43.47
47.87
52.14
56.29
60.32
64.24
68,06
71.76
75.36
78.84
82.20
85.43
88.51
91.41
94.10
96.50
98.50

99.79

MeppaHa paHra ypoBHs 95 %
O6beM BbIGOPKA

25 26 27
11.29 10.88 10.50
17.61 16.98 16.40
23.10 22.29 21.53
28.17 27,19 26.27
32.96 31.82 30.76
37.54 36.26 35.06
41.95 40.54 39.21
46.22 44.68 43.23
50.36 48.70 47.14
54.39 52.62 50.95
58.32 56.43 54.66
62.14 60.16 58.29
65.86 63.79 61.84
69.49 67.34 65.30
73.01 70.79 68.69
76.44 74.16 71.99
79.76 77.43 75.21
82.97 80.60 78.34
86.05 83.67 81.38
88.99 86.62 84.32
91.77 89.44 87.15
94.34 92.10 89.85
96.65 94.57 92.41
98.56 96.78 94.78
99.80 98.62 96.90
99.80 98.67

99.81
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28

10

15

20
25

29.
33.

37.

41

45

49.

53

56.

60

63

66

69

73

76.

79.

82

84

87

90.

92

94

97

98.

99

,15
.85
.82
42

94

97

.67

.67

38

.00

54

.00

.38

.69

.93

.09

17

.09

91
.63

.69

.97

.02

.82

29
9.81
15.34
20.16
2461
28.84
32.89
36.80
40.60
44.29
47.90
51.43
54.88
58.25
61.56
64,80
67.97
71.07
74.11
77.07
79.95
82.75
85.47
88.08
90.58
92.95
95.15
97.12
98.76

99.82

14.

19

23.

27.

31.

35.

39.

42.

46

49.

53

56

59.

63

66

69.

72.

75.

77.

80.

83.

85.

88.

90

93.

95

97.

98.
99.

86

.53

86

90

70

39

99

.51

94

.31

.61

.01

11

15

13

05

89

67

37

98

50

91

19

.31

22

80
83
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C.3 Tabnnubl megnaH paHra yposHs 50 %

Panr

10

PaHr

10

11

12

13

14

15

16

17

18

19

20

50

8.11
14.80
23.58
32.38
41,19
50.00
58.81
07.62
76.42
85.20

93.89

29.29

70.71

5.61
13.60
21.67
29,76
37.85
45.95
54,05
62.15
70.24
78,33
86.40

94.39

20.63

50.00

79.37

27.53

35.02

42.51

50.00

57.49

64.98

72.47

79.96

87.42

94.81

15.91
38.57
61.43
84.09

14

4,83
11.70
18.65
25.61
32.58
39.54
46.51
53.49
60,46
67.42
74.39
81.35
88.30

95,17

MepanaHa paHra yposHsa 50 %
O6beM BblGOPKYK

6
12.94
31.38
50.00
68,62
87.06

6
10.91
26,44
42.14
57,86
73,56

89,09

22.85

36.41

50.00

63.59

77.15

90.57

MepguaHa paHra ypoBHa 50 %
O6beM BblGOpPKK

15
4.52
10.94
17,43
23,94
30,45
36,97
43,48
50.00
56.52
63.03
69.55
76.06
82.57
89.06

95.48

16
4.24
10,27
16,37
22,47
28.59
34.71
40,82
46.94
53.06
59.18
65,29
71.41
77,53
83.63
89.73

95,76

7

4.00

15.42
21.18
26.94
32.70
38.47
44.23
50.00
55.77
61.53
67.30
73.06
78.82
84.58
90.32
96.00

20.11
32,05
44,02
55.98
67,95
79,89

91,70

3.78
9.15
14.58
20.02
25,47
30.92
36.37
41.82
47,27
52,73
58.18
63.63
69.08
74.53
79.98
85,42
90.85

96,22

7.41
17.96
28.62
39.31
50,00
60.69
71.38
82.04

92.59

8.68
13.83
18,99
24.15
29.32
34.49
39.66
44.83
50.00
55.17
60.34
65.51
70,68
75.85
81.01
86.17
91.32

96.42

10
6,70
16,23
25.86
35,51
45.17
54.83
64.49
74.14
83.77

93.30

13,15
18.05
22.97
27,88
32.80
37.71
42.63
47.54
52.46
57.37
62.29
67.20
72,12
77,03
81,95
86,85
91,75

96.59
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MepanaHa paHra yposHa 50 %
O6bemM BbIGOPKM

PaHr
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 5,92 5.72 5.53
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 12.52 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
11 50.00 47.76 45.72 43.84 42.11 40.51 39.03 37.65 36.37 35.17
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 54.94
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

(o} FeHepMpOBaHme MegnaH paHroe C UCMOJIb30OBaHNEM 3/TEKTPOHHbBbIX Taﬁl'IVILl

MeanaHbl paHroB MOXHO reHepupoBaTh C MOMOLLbIO MPOrPaMMHbIX CPEACTB, UCMO/b3YIOLWMX 3/1EKTPOHHbIE Tabn-
Lbl. IPUMEHSISI CrieyHoLLyH OyHKLWIO:

BETAINV(C. J. N -J + 1).

rae C — ypoBeHb J0Bepusi:
J— paHr;
N — o06bem BbIGOPKY.
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MpunoxeHue D
(o6s3aTenbLHOE)

CrtatucTtunyeckume TaGI'II/ILI'bI

D.1 Ta6nuua 3HavyeHUt raMma-gyHKLNM

Tabnuuy D.1 cnepyeT ucnonb3oBaTb B COOTBETCTBUM C 9.7.

Ta6nuuya D.1 — 3HayeHUsa ramma-pyHKLMN

P r(1 e L) P r<L* 1/p) P r2 + Up|
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

D.2 KBaHTU/IM HOpMasibHOro pacnpegeneHus

B Tabnuue D.2 npuBeaeHbl 3HAYEHUA KBaHTW/eli HOPMasIbHOro pacnpegeneHns Up Ans 06bIYHO UCMOb3YeMbIX
3HaYeHWit aprymeHTa p.

Ta6nuya D.2— KBaHTWAM HOPMA/ILHOTO pacnpeeneHus

P 0,010 0.025 0.050 0.100

=) 2.3263 1.9600 1.6449 1.2816
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Mpumep 3NeKTPOHHOW Tabnuybl

E.1 MNMpumep NpoBefeHNs aHanmsa c UCMOSIb30BaHMEM 3/IEKTPOHHOM Tabnubl

Ta6nuya E.1— MNpumep NpakTMYecKoro aHamsa

A B C
1 Nf oTkaza Hapa6otka MegviaHa paHra
/ [0 OTKaza /, A,(0.3>/<n ¢0.4)
2 1 12 0.067-3
3 2 20 0.163-5
4 3 34 0,259 6
5 4 65 0.355 8
6 5 91 0.451 9
7 6 134 0.548-1
8 7 178 0.644-2
9 8 246 0,740 4
10 9 378 0.836 5
11 10 512 0.932 7
12 Perpeccus X no Y. 6onbluas
HeonpefeneHHocTb cBa3aHa ¢ f
13 y = 1.1115x + 5.1265
14 ft2=0.9824
MepeceyeHve 5.1265
15 p 0,8997
n 168.42
18
17
1B
MeTop, YpaBHeHue Mogenb
XoT Y (1/p)InHn(1-F)) + y= 1.1115X-5,1265
(cTaHpapT) + WM =wn/)
Yot X In(=n(1—F) = y =0.8839x- 4.5403
(cneumans- =p!n(0 - (Mn(n)
HbIi1)

D E

X y
=1n(0 *n( it - )
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

AnbTepHaTVBHbI METOZ, ecnv 6osbLuas
HeonpeaeneHHOCTb CBsA3aHa ¢ Y
y =0.8839X - 4.5403

A2 =0.9824
MNepeceveHve -4.5403
[i 0.8839
n 170.15
7] n
= 1/1,115 = exp(5.1265)= 168.42
=0.8997
=0.8839 =exp(4.54078839)

= 170.15

3aTeHeHHble sYelikn Tabuupl E.1 BbIGpaHbl 4151 NOCTPOeHMs rpadivka. Tun ncnonb3yemoro rpadmvka — guarpam-
Ma paccesiHusi, AaHHble HaHOCATCSA 6e3 COeAVHSAWMX UX NVHWIA. MNocne nocTpoeHus rpaduka, JaHHble NpUGNKaroT
K MpAMOli NIHeliHOM perpeccumn, Npy 3TOM BbIGOP NPUGAVKEHNA JOHKEH COOTBETCTBOBATHL YPaBHEHUIO /IMHUM NpUGAu-
XeHus. oTobpaxaemomy Ha rpadinke BmecTe ¢ KoadhuueHToMm Koppensauun R2. MonyyeHHbI rpadvik npeactasrieH
Ha pucyHke E.1. Yq06HO KonvpoBsaTk ypaBHeHue ¢ rpadinka B Tabnvuy AaHHbIX 415 BbIYWC/IEHVA NapameTpa Tnacliraba.
KaK nokasaHo BHu3y Tabsmubl E.1. /18 NnpubamkeHns aHHbIX MOXeT 6bITb MCnosib3oBaHa PyHkumus LINEST. BcTpoeHHas
B 3/1eKTPOHHbIE Tab/mubl.
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3.0 25 2.0 15 1.0 0.5 0.0 0.5 1.0 15
1n{lW[1-510]}

PucyHok E.1 — MNpefcTaBneHne AaHHbIX A7s rpadmyeckoro aHannsa

OG6bIYHO Gosbluas HeonpeaeneHHOCTb CBsi3aHa C HapaboTKoW [0 oTkasa (/) U MeHbluass — C KOJIMYeCTBOM OT-
Ka3oB. Perpeccus mMeToAOM HaviMeHbLUMX KBaApaToB JO/HKHa noaseprarb 60bLieli perpeccun nepemeHHble, UMetoLme
60/bLUYIO HeomnpeAeeHHOCTb, YeM nepemMeHHble, UMetoLe MeHbLUylo HeonpegesieHHOCTb. CyluecTByeT nporpaMmmHoe
obecneveHne, NO3BO/ISAIOLLEE CTPOUTL perpeccuto X no Y BMecTo 06bI4YHON perpeccumn Y no X, 4acTo 1CMosib3yemoii npu
NOCTPOEHUN SIMHEHO perpeccmn ¢ NOMOLLbIO 3/1eKTPOHHbLIX TabnL,.

HwxHue cTpokn Tabnuubl E.1 nokasbiBatoT 3TK ABa MeToAa B CPaBHEHUN.

Yrnosoli ko3dhhmLMEHT NpsiMoli Ha rpadorke onpeaensieT napameTp opmbl |[i U napameTpbl MacwTaba. JaHHble
napameTpbl BbIYWC/IAIIOT B COOTBETCTBMM C Tabnvuen E.1.

E.2 I'Ipvlmep MCNoNIb30BaHUA AaHHbIX O MPUOCTaHOBKe

LieH3yprpoBaHHble AaHHble WM AaHHble O MPUOCTAHOB/EHHbIX 06bEKTaX. OCOGEHHO MpW 6ONbLUMX HapaboTKax,
MOTyT 6bITb MPOAHA/IM3VPOBaHbI C MOMOLLBI0 KOMIBIOTEPHOW NMPOrpaMmbl, UCMOSb3YIOLLEl 3/1EKTPOHHbIE Tab/nLbl, aHANN3
BeAyT aHanornyHo E.1, rae pacCMOTPEH aHaNIM3 C NOMOLLbIO 3/1EKTPOHHbIX Tabnuy,. OTnYMe COCTOUT B TOM. UTO NOpsij-
KOBbI/i HOMEP, UCMO/b3YEMbI MPY BbIUNC/IEHVSIX MEAMAHBI PaHTa, NePBUYHO 0603HAUEHHbIN KaK / 4151 AaHHbIX NMPYoCcTa-
HOB/IEHHbIX O6EKTOB, NPeo6pasytoT C MOMOLLLIO CNEAYIOLNX BbIPKEHWIA.

\ =Vt + T
>N )-y
Toar (0 KonnyecTBO NpefbiayLLMX 3/IEMEHTOB)
I, 03
nto4
B3anMocBsizb Mexay ABYMS NPYBEAEHHbIMU BblLLE BbIPKEHUAMM /. = +T. UT, MOXeT GbITb BbiBefeHa U3 (7)

(cm. 7.2.3). o
Tabnuubl E.2 1 E.3, NpeacTaBnieHHbIe HMKE, MOKa3bIBatoT, Kak 3/IEKTPOHHAs Tab/inLa MoXeT 6biTb NpUMeHeHa K
[aHHOMY Habopy AaHHbIX.
Ipachuk pacnpegenenus Beitbynna ans nprmMepa, NprBeAeHHOTO Bbille, NMoKasaH Ha pucyHke E.2.
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Tab6nwuuya E.2— 3nekrpoHHasa Tabnuua A8 aHann3a LeH3yprpoBaHHbIX JaHHbIX

a A W N

10

11

12

A B

H» CKOPPEKTVPOBAHHb I
cobbmust Nt oTkaza

/ i

1 =A2

2

3

4 =B2 + (($AS12+ 1)-

-B2Y(1 + ($A$12 —A4))

5 =B5 + (($AS12+ 1)-
- B5Y(1 + (3A$12 - A5))
6
7 =B6 + ((SAS12 + 1) -
-B6Y (1 + ($A$12 - A7)
8
9 =B8 + (($AS12- 1)—
-B8Y(1 + ($A$12 - A9))
10 =B10 + (($A$12 + 1} —
- BIOY(1 + (SAS12-A10))
n

C (0]
Ha;)6a60TKa Cabbl
cobbITyA B
n F
@ s
3 S
" F
% F
K S
b F
k S
9 F
10 F
R S

E

CKOPPEKTVPOBaHHbIV paHT

FrfO
- 0.3¥(n »0.4)

=(B2-0.3y(SA12 +0.4)

=(B5-0.3V{SA12 +0.4)

=(B6 - 0.3Y($A12 +0.4)

=(B8-0.3V(SA12 +0.4)

=(B10 - 0.3)/(3A12 + 0.4)

=(B11 - 0,3)/($A12 + 0.4)

Ta6nwunuya E.3— MNpymep aHanM3a AaHHbIX NPUOCTAHOB/IEHHbIX 06 BEKTOB

o A w N

© oo N W

11
12
13
14
15
16
17
18
19

A B

Neo CKOpPPEKTUPOBAHHI I
co6biTus U3 otkasa

i /

1 1.0000

2

3

4 2.2222

5 3.4444

6

7 4.8704

8

9 6.6528

10 8.4352

n

y = 1.2305X+ 6.0102
R2=0.9833
CBO6GOAHbIV YneH
i
L,

C

Hapa6oTka

cobbiTUA

6.0102
0.8127
407.55

12
20
34
65
91
134
178
246
378
450
512

D

Cobbl-

w M m »w M M M wnw »n T
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X

Yy

In(C2)  HW1/(1 - E2)}}

In(C5)  HN1/(1 - E5))}

IN(C6)  HH1/(1 - E6»)

1n(C8)  HIn[1/(1 - E8)}

1n(C10)  Ir{in[L/(1 —EHO)]}

1N(C1l)  In{in(U/(1 - E11)1)

E F
MepaunaHa paHra Ft]t) X
(i- 03y(n +0.4)
0.0614 2.4849
0.1686 4,1744
0.2758 4,5109
0.4009 5,1818
0.5573 5.9349
0.7136 6,1092
= 1/1.2305

= exp(6.0102)

-2,7588

-1,6892

-1,1309

-0.6688

-0,2048
0,2235
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1)

HLNN[1-A(*®

PucyHok E.2 — padmk pacnpegenerusi Belibynna ons LeH3yprpoBaHHbIX AaHHbIX

E.3 Mpumep 1. N'padumka PyHKLMN ONacHOCTU

[pyroii BO3MOXHbIi CNOCO6 aHa/IM3a faHHbIX C MPUOCTAHOBKaMU — 3TO NOCTPOEHVE KyMYNSTUBHOW cpyHKLMM onac-

HOCTW. HaHeceHHble Ha rpadiK TOUKM AO/MDKHbI COOTBETCTBOBATbL HapaboTKam [0 OTKasa, HO KyMy/nsiTUBHash qoyHKLus
OMacHOCTY YUMTbIBAeT HAapaboTKU, COOTBETCTBYIOLIME MPYOCTAHOBKaM. [aHHbI METOL, HAaMHOTO MPOLUEe, YeM KOPPEKTU-
pOBKa KO/IMYeCTBa 0TKA30B MPW COMOCTaBUMbIX pe3y/ibTatax. B [3] onucaHo npyMeHeHne AaHHOW (yHKLMN OMAcHOCTW.

nokasaHa B Ta6nuuax E.4 n E.5.

JneKTpoHHasi Tabnuua, NoMoraroLas B NOCTPOEHUM rpadovka oyHKLMM ONacHOCTY ANs NoAcyeTa NpUoCTaHOBOK,

Ta6nuuya E.4— MprmMep NPUMEHEHUS 3NEKTPOHHOW TabnuLbl A5 AaHHBIX O NPUOCTAHOB/IEHHbIX 06bEKTax

10
11

12

42

A

N

CObbk
s

/

1

2

B

Hapa-
60TKa 0
cobbmua

*9

*10

CobbIve

OTkas
LleH3ypupoBaHue
LleH3ypupoBaHne

OTka3

OTka3
LieH3ypupoBaHue

OTkas
LleH3ypupoBaHne

OTka3

OTka3

LieH3ypupoBaHue

o E
O6par- PyHKUMA

HbIT oracHocCT!
paHr T

" =1/02

10

9

8 =5

7 =1/06

6

5 =1/08

4

3 =1/010

2 =1/D11

P 6 H 1
Kymynstus-
Hast oyHKLWS
oracHocTu NO In(M<0) F(')
H(O
=E2 =LN(B2) =LN(F2) =1- EXP(-F2)
=F2+E5 =LN(B5) =LN(F5) =1- EXP(-F5)
=F5+E6 =LN(B6) =LN(F6) =1- EXP(-F6)
=F6+E8 =LN(B8) =LN(F8) =1- EXP(-F8)
=F8+E10 =LN(B10) =LN(F10) =1- EXP(-F10)

=F10+E11 =LN(B11) =LN(F11) =1-EXP(-F11)
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Ta6nuya E.5— Mpumep 3n1eKTPOHHOW Tabnuupl

Bpemsa Kymynatuns-
coGei- Homep CobbiTne O?paT- 0?:::2:; Haa onac- no NH«» FW
s HbIA paHr HOCTb
1 M L)
12 1 OTkas 11 0.091 0,091 2.465 -2.396 0.087
20 2 LieH3yprpoBaHue 10
34 3 LieH3ypupoBaHue 9
65 4 OTKas 6 0.125 0.216 4,174 -1.533 0.194
91 5 OTKas 7 0.143 0.359 4511 -1,025 0.301
134 6 LleH3yprpoBaHue 6
176 7 OTka3 5 0.200 0.559 5.162 -0.562 0.428
246 8 LleH3ypupoBaHue 4
376 9 OTkKas 3 0.333 0.692 5.935 -0.114 0.590
450 10 OTka3s 2 0.500 1.392 6.109 0.331 0.751
512 11 LieH3ypupoBaHue 1

padmk KyMynsSITUBHOM (pyHKLUMN NpefcTaB/ieH Ha pucyHke E.3. rae ocb abCLMCC COOTBETCTBYET siorapudpmy Bpe-
MEHW. a OCb OpAVHAT — floraputmMy hyHKLMN ONacHOCTY.

4uT)

PucyHok E.3 — Ipadmk KymMynsiTUBHOW (OYHKLMN ONaCHOCTW AJ/18 AaHHbIX Tabnuubl E.4
Perpeccus 1n[H(/)1 no IN(Q)— npsimas, NpuéAnXKatoLLas AaHHble:

1HO1 = 0.729 1n(0- 4.338. R2=0.973.
OLEeHKM NapameTpoB:
p=0.729.

1= e ) = 384,

E.4 Mpumep 2. Mpachmk PyHKLUN OnacHocTm

Kak meTof nocTpoeHus rpachmka dyHKLUMM OMacHOCTK, Tak U MeTof, OnvcaHHbIl B 7.3. MOTyT 6bITb MCMO/b30BaHbI
AN aHaM3a JaHHbIX C MHOXECTBEHHBLIMU PeXrMamMy 0TKa30B NMyTeM UCMo/b30BaHNA HapaboToK 40 OTkasa B Henccreay-
eMbIX pexmnmax 0TKa3oB Kak LieH3ypupoBaHHbIX AaHHbIX. Crefytowmii Habop JaHHbIX SABASETCA pe3y/ibTaToM UCTbITaHUiA
Ha 6e30TKa3HOCTb pene. EauHuLeli namepeHnii pecypca sBsieTCst KONIMYECTBO NepekItoveHniA. [N pene AonyCcTUMbI ABa
pexvma oTkasa, npusapka (pexxvm 1) 1 paspyLleHne KOHTaKToB (Pexum 2).

B Tabnuue E.6 npeacTasnieHbl AaHHble 4151 OLEHKN KyMYNATUBHOW (OYHKLIMM ONacHOCTU B MEPBOM peXumMe oTkasa.
Mpw aHann3e 0TKa3oB B COOTBETCTBUN C PeX1MMOM 1 HapaboTkM A0 OTKasa B pexumMe 2 pacCMOTPeHbl Kak LieH3ypupoBaH-
Hble HapaboTKu.
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Tabnuua E.6— AHann3 AaHHbIX O paboTe pene 418 NepBoro pexuma otkasa

Hapabotka
1

984 182

103598 9
108 632 0
116 708 2
116 843 7
119 624 3
119 8954
1237158

126 636 3
128 005 4
129248 1
130758 8
130857 5
134 196 6
136270 8
142 846 6
143 1923
143327 1
145822 6
146 1559
152 838 6
1563123
162708 2
205 187 7
224 022 4
231 958 5
247 604 7
248 000 0
248 000 0
248 000 0

Mof06HbIV aHaNM3 BbINOSHEH A/151 BTOPOro PeXumMa 0TKa30B, pedy/ibTaTbl NpeAcTaBneHbl Ha pucyHke E.4.
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Howvep

© O N O U A W N R

N NN NN N NN NN
©® No0 XN RrSBEYEEGERERES

30

Cobbre

OTKasz-pexum 1
OTKaz-pexum 1
OTKasz-pexum 1
OTKasz-pexum 2
OTKas-pexum 2
OTKas-pexum 2
OTkasz-pexum 1

OTKas-pexum 2

OTKasz-pexum 1
OTKas-pexum 2
OTKas-pexum 2
OTKas-pexum 1
OTKasz-pexum 2
OTKas-pexum 2
OTKas-pexum 1
OTkas-pexum 1
OTKaz-pexum 2
OTkKaz-pexum 1
OTKas-pexum 2
OTKa3-pexum 2
OTKasz-pexum 2
OTKas-pexum 2
OTKas-pexum 2
OTKas-pexum 2
OTkas-pexum 1
OTKasz-pexum 1
OTkKas-pexum 1
LieH3ypupoBaHue
LieH3ypupoBaHue
LieH3ypupoBaHue

Ob6par-
HbllA paHr

30
29
28
27
26
25
24
23

22
21
20
19
18
17
16
15
14
13
12
u

=
o

BN W DN OO N o ©

yHist
oracHocTu
nj©

0.033
0.034
0.036

0.042

0.045

0.053

0.063
0.067

0.077

0.167
0.200
0.250

Kymynstme-
Hast chyHKUMS
ornacHocTU
«,(0

0.033
0,068
0.104

0.145

0.191

0.243

0.306
0.372

0.449

0.616
0.816
1.066

In<

13.800
13.851
13.898

13.997

14.052

14.084

14.125
14.172

14.175

14.622
14.657
14.722

-3.401
-2.691
-2.268

-1.930

-1.657

-1.414

-1.185
-0.988

-0.800

-0.484
-0.203
0.064

A0

0.033
0.066
0.098

0.135

0.174

0.216

0,263
0.311

0.362

0.460
0.558
0.656
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log()

PucyHok E.4 — padivik KyMynsiTUBHOW (pyHKLMM ONACHOCTUW, NOCTPOEHHbIN MO JaHHbIM
Tabnmupbl E.6

OueHkun napamveTpoB: 3, =3.59. n, = 1066. p2 = 6,53 nr) = 825 COOTBETCTBEHHO.

45



FOCT P 50779.27— 2017

MpunoxeHue F
(cnpaBo4HoE)

Mpnmep BepOATHOCTHOW 6ymarn pacnpegeneHus Benbynna

o6y O6beM BbIGOPKN
NPOLIEHT Konm4ecTBo 0TKa3oB
9.9 Lr L L 1—1

R05;
99,0;

BO0m
00:

80.0;

70.0:
2 =

50.07

400

300

200 -
10.0-

5.0-

10-

0.5-

o TTTT TTTT TTTT

01 3 456789 3 456789 3 456789
1.0 10.0 100.0

PucyHok F.1 — BeposiTHOCTHasi 6ymara pacnpegeneHusi BeliGynna
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Mpunoxenne G
(cnpaBoyHoe)

CMeCb HECKOJIbKMX PEeXUMOB OTKa3oB

G.1 OnucaHwne

padmk dyHKUMN BepoaTHOCTel Belibynna. cogepxalymii pe3kne nsrmbbl, ykasbiBaeT Ha TO. UTO AaHHble 06 OT-
Ka3ax MOryT COOTBETCTBOBATb HECKO/IbKUM pexumaM OTKa3oB. MprvMepoM MOryT CAYXWTb NPo6/ieMbl C KOMMPECCOPOM
CUCTeMbI OTKaukn Bodpbl. [pn aHann3e gaHHbIX BbiSB/IEHO, YTO 10 13 19 0TKa30B NPOM3OLLIN Ha OJHOW yCcTaHOBKe. Bbino
cenaHo npeAnosioxeHne, YTo Npobrema cBsi3aHa C pasMelleHneM YCTaHOBKM. YCTaHOBKa Oblsia pacnosioxeHa B okea-
He, 1 ncnapeHne coneHoi BoAbl 6bI10 BO3AENCTBYOWMM (hakTOpoM. [laHHble Obliv KaTeropMpoBaHbl B COOTBETCTBUN C
TEeXHUYeCKol nHdopmaLmeil n MOCTPOEHO HECKO/IbKO rpacdmkoB Belibynna. Ha nepBom rpadvke yrnoBoi koaddonuymeHt
cocTaBnsan 0.75. 4TO MOXeT ykasblBaTb Ha MPo6aeMy paHHMX OTKa30B, Kak A1 YCTaHOBKW, PacrosfloXeHHO! B OKkeaHe
1 HaxogsLLeicsl B yC/IOBUAX arpecCMBHOIO BO3AeNCTBUA koppo3un [} = 11,9. Pa3pewmnno npobnemy 6osbluee BHUMaHVe
K TEXHNYECKOMY 06CYXMBAHNIO.

M3nombl Ha rpacuke Belibynna mMoryT cBUAETEIbCTBOBATbL O HA/IMUYMM CMECU HECKOJIbKMX PEXUMOB OTKa3oB. 3TO
006bIYHO cOonepHUYaloLmne pexrMbl OTKa3oB (C 6M3KUMK MO BeNnynHe HapaboTkamu 40 oTkasa). B gaHHOM npunoxeHun
OMncaHO HECKOJ/IbKO TUMOB CMECU PeXMMOB OTKa3oB. Hanpumep, oTkasbl TOM/IMBHOrO Hacoca MOryT MPOUCXOAUTb W3-
3a NpobsieM, CBA3AHHbIX C MOALIMMHMKAMW, TPELLMHAMN KOXyXa, npoTeykamu U T. 4. Ecnmn gaHHble, COOTBETCTBYIOLLME
3TMM pas/IMYHbIM pexunmam, HaHeceHbl Ha rpadmk, TO Ha HeM OyAeT OAWH WM HECKONIbKO M3/10MOB. B gaHHOM cnyvas
cKopeflillas NpoBepka OTKa3aBLUMX 3/IEMEHTOB SB/ISIETCA HaWIy4luMM CrocoboM pasfeneHus faHHbIX B COOTBETCTBUM
C pexvmamu oTkasoB. [pun KoppekTHOV 06paboTke pe3ynbTaTtoM 6yAyT OTAe/bHble KOPPEKTHbIE NIMHUM pacnpeaeneHns
Belibynna. Takke MOXeET MMeTb MECTO CMeCb PEXVMOB, COBOKYMHOCTEN, BO3MOXHO, NapTuii 1 KOHKYPUPYIOLLMX PEXMMOB
0TKa30B. KpyToil HaKMOH rpadvika, CMeHsieMblii He6O/bLLIMM HaK/TOHOM, OObIYHO YKa3blBaeT Ha Npo6/iembl ¢ napTyeld, Tak
KaK CyLLeCTBYIOT 06beKTbI, A/151 KOTOPbIX HE MPOUCXOAAT OTkasbl. Hanpumep, AedekTbl MOTyT MMETb TO/IbKO HEKOTOopble,
HO He BCce 06beKTbl NapTun.

Bcerga npegnoytuTesibHee pasfensaTb PeXvMbl OTKa30B Ha OCHOBE aHasiM3a vacTeli (M yCnoBuii) n aHaiM3mpoBaTb
[aHHble 3TUX PEXMMOB OTAe/IbHO, [0 NPUMEHEeHNst CTaTUCTUYECKUX METOO0B.

Mpeanonoxum, gaHHble cogepxar HapaboTkm 50 06bekToB. 20 U3 HUX OTHOCATCHA K OJHOMY PexuMy OTKasoB, a
ocTanbHble 30 — K ApYyromy pexnMy oTkasoB. [epBblii Habop A/15 aHanm3a Ao/hkeH BkIoyaTk 20 oTkasos (F.,) 1 30 npu-
ocTtaHoBOK (F2). Bropoii Ha6op — 30 oTka30B (F2) n 20 npnocTtaHoBOK (A,). MonyyeHHble ABa Habopa AaHHbIX UCMO/b3YHOT
3aTeM [/191 NOCTPOEHNA pacnpeesieHNsi OTKa3oB.

[Ana nony4veHns fOCTOBEPHbIX Pe3yNbTaTtoB HeOOXOAMMO Kak MUHUMYM 20 OTKa3oB, NpUHaAeXallumx cMecu AByX
peXnMoB 0Tka30B, 1 50 nnu 6onee oTka3oB AN APYTNX CMECeN.

Hwxe gaHoO kpaTkoe onucaHwe Hanbonee obLWUX METOAOB 06PabOTKN CMecH pacrpeseneHunii:

p — [0NA um NnapTus o6Leli COBOKYMHOCTU, UMetoLLeli KOHKpeTHOe pacnpefeneHne HapaboTok 4o oTkasos (F, B

NpOCTOl cmecK);

A,, F2ZnF3 — pacnpegeneHus HapaboTok 40 OTKa30B:

A,. 42 n A3 — cooTBETCTBYIOLWME pacrnpesesneHuns.

KymynatuBHble pacnpegesieHnst CoBokynHocTn F n R.

OnncaHve nNpuBefeHO 6e3 yka3aHus KOHKPEeTHON hopMbl pacnpegeneHns (Hanpumep, Belby/1/10BCKOro. SI0rHop-
Ma/IbHOr0. HOPMasIbHOTO UM 3KCMOHEHUMasibHOro). Moaxogsiias cdopma pacnpefesnieHns fo/mkHa 6bITb BbiGpaHa Ans
kakgoro F"'.

G.2 KoHKypupytowmit puck
F=1-(1-F,K1-F2). (G.1)

KOHKypUpYIOLWWIA pUCK BO3HWKAET B TOM C/lyyae, KOorja COBOKYMHOCTb BK/IOYAET AaHHble Mo ABYM Wan 6onee pe-
XMMaM OTKa30oB M Kaxjasi efuHMLa NONy/siuy MOXeT ObITb OTHECEHA K OAHOMY M3 PEXMMOB. [laxe Npu Hanmumm mc-
KpVBIEHNA Ha rpacuke Belibynina aTo He ABASETCA CMeCbio MOACOBOKYMNHOCTEN, a npeAcTaB/sieT cO60 OAHOPOAHYHO
COBOKYMHOCTb.

MpumeyaHmne — ITO NPOCTO BEPOATHOCTb 6€30TKa3HOM paboThl NocnegoBaTenbHOM cuctembl: A = A, A2.

Hanpumep, paccmMoOTpUM MacTUKOBBIM Kopryc 418 MuKpocxeM. OTkas 06bekTa MOXeT ObITb BbI3BaH NOSIB/IEHVEM
TPeLyH B NPUMNOE U NPOHUKHOBEHWEM Briary Yepes Koprnyc. [JaHHble peXxuMbl OTKA30B He 3aBUCST Apyr OT Apyra, HO o6a
BefyT K 0TKa3y oGbekTa.
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G.3 lNpocTasa cmecb
F = pF, +(1-p)F2. (G.2)

[aHHan chopmMyna npeacTaBsieT CMeCb [BYX HE3aBUCKMbIX COBOKYMHOCTEN, HE MMEIOLMX OBLLMX PEXUMOB OTKa-
30B. Kaxaasi COBOKYMHOCTb MMeET COGCTBEHHbIE YHUKa/IbHbIE PEXVMbI OTKA30B.

HecMOTps Ha NpPOCTOTY CMECU, CYLLECTBYET OYEHb Masio MPUIOXKEHUN, AAOLWMX XOPOLLee NPUBKEHNE AaHHON
Mogenu. Boree cnoXxHble CMeCH MMelT Kak MUHUMYM OAVH OGLUMIA pexumm 0TKasoB. MpocTbIiB CMecu MOryT GbITb UCMOSb-
30BaHbl KaK NPUBINKEHNSI GOJEE CIIOXHBIX PACTIPEAENEHNI, TaKNX KaK CMECb KOHKYPUPYIOLLMX PUCKOB, onucaHHas B G.4.
Hanpumep, Npu paccMOTPeHUM N1aCTUKOBOIO KOpryca MOXeT ObITb 0GHapYXeHO Hasin4umne nycToT. PacnpocTpaHeHve Tpe-
LMH MO NYCTOTaM 3HAYMTE/NIbHO COKPALLAET PECYPC CYXObl MO CPABHEHMIO C TPELLMHOW B NPUMOE, pacnpocTpaHsioLelics
no Bcei AnvHe Npunos.

G.4 CMeCb KOHKYPUPYIOLWNX PUCKOB

F = p{1-{1-F K 1-f2)]+(1-p>F2. (G.3)

MHOTVe CMecy COBOKYMHOCTE SIB/ISKOTCH CMECSMY KOHKYPUPYOLMX PUCKOB. ECTb MO KpaiiHeli Mepe ofuH pexum
oTkasa (Ft) — yHUKaNbHbIV 015 KaXA0V COBOKYMHOCTU U OAVH pexXum oTkasa (F2) — obwumii Ans 06emx COBOKYMHOCTENA.

B faHHOM Cyyae ofHa COBOKYMHOCTb COOTBETCTBYET PEXMMY OTKasa 1 1 pexumMy oTkasa 2. UTo OTpaxatoT KBagpar-
Hble ckobkun B (G.3). COBOKYNHOCTbL COAEPXUT KOHKYPUPYHOLWWIA pycK. Tak. Hanprumep, aBTOMOOW/IbHAs MOKPbILLKA MOXeT
UMETb Kak kaueHue (F,). Tak 1 npokosn. B 06erx cUTyaLmax NOKPbILKa C 334aHHOW OKPYII0CTbIO U MOKPbILLKA C KaYeHeM
MOryT UMEeTb MPOKO/IbI. TakuM 06PasoM, BO3MOXHO, HYTO 3aMeHEHHas MO MPUYMHE KaYeHWs MOKPbIWKa 6yAeT UMeTb npo-
Konbl (F2).

Cmecb 60/1ee Tpex pexrMoB 0TKa3oB OyAeT UMeTb fydllee NpubAMXeHVe, U3N0Mbl ByayT CrnaxmBaTtbes, a |i byaeT
CTPEMUTBLCS K eAnHMLEe. Takum 06pa3oM, B C/lyHaB HECKO/IbKUX PEXMMOB OTKA30B |i CTPEMUTLCS K eguHuMLe. [aHHble pac-
npeneneHvs Belibynna He cnefyeT NPUMEHsTb, €C/IM eCTb CMOCO6 pa3fAe/UTb AaHHble B COOTBETCTBMM C PEXUMaMMN OT-
Kas30B. Vcnonb3oBaHve rpadivka Belibynna Ansi CMECU HECKOJIbKUX PEXMMOB OTKA30B 3KBUBA/IEHTHO NPEAMOSIOKEHNIO O
NPUMEHEHNN 3KCMOHEHLMA/IbHOTO pacnpeaenieHus. MpUMeHeHne 3KCNOHEHLMaIbHOTO pacnpeaeneHns 4acTo AaeT owu-
604HbIE pe3ysbTaTbl, HO €ro MPUMEHEHKE BCE el e AB/ISETCS O6LLEi NPakTUKOIA.
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MpunoxeHue H
(cnpaBoyHoe)

NMpumep TpexnapameTpuUyecKkoro pacnpegeneHus Beilibynna

H.1 Mpumep

Ha pucyHke H.1 npeActaBfieH TUMUYHBIA NPUMEP MCMO/b30BaHUSI TpexnapamMeTpuyeckoro pacnpegesneHvs Beli-
6ynna Ha npvMepe AaHHbIX UCMbITaHWA Ha pa3pblB CTa/IbHOWM MAacTUHbLL. Mogenb NokasblBaeT OTCYTCTBUE (DU3NYECKON
BO3MOXHOCTW pa3pblBa NAaCTWHbI NP HU3KOM YPOBHE Harpysku (adpdhekT caBura N nokasaH Ha pucyHke H.2). Cyuie-
CTBYeT MHOTO pas3/INyHbIX MNPUYMH caBura Havana koopauHat f0. 3rotoBuTeb MOXET 3a/10KUTb HEKOTOPbIV BPEMEHHOM
VHTEPBa/ UM NPOIAEHHbIV MyTb B NPUEMKY NPOAYKLMM, HO ONMCbIBaTb NPOAYKLMIO Kak eLlje He MCMOoMb30BaHHyto. Mpo-
BefieHNe NPYEMOYHbIX UCTIbITAHUI NPOAYKLUMN MOXET CKpPbIBaTb PaHHME OTKasbl. SNEKTPOHHbIE AeTav MOTyT ObITb MoA-
BeprHyTbl pa3bpakoBke Mo pesysibTaTaM UCMbITaHWIA Ha pPaHHWUIA OTKa3 UM KIMMaTUYeCcKUX UCMbITaHuiA. B aTom cnyyas
MOXeT NPOM30MTN CTapeHne 06bEeKTa A0 TOro, Kak ero Ha4yHyT MCMO/1b30BaTh B CUCTEMe. 3anacHble 3/IeMeHThIl, Takmne Kak
pe3nHa, XMMMKaTbl 1 LLapoBble MOALMMHUKMA MOTYT CTapeTb NPy XpaHeHW, 4To TpebyeT MCMOoNb30BaHNA OTpULiaTe/IbHbIX
3HaueHui /0. Mpu nccnepoBaHN CBOMCTB MaTepuasioB C NOMOLLbIO rpadhmka Belibynna. rae no ocu abecymncce otkiagbisa-
10T 3HaYeHMe Harpy3ku UM HanpsXeHUsi, BO3MOXHO MOsiB/IEHNe TPeLyH, NOA3Y4ecTn Uan Apyrux CBOMCTB, NPUBOAALLMX
K NOSIB/IEHMIO OTKa3a BOMM3N Havasia KoopanHar.

10 100 1000
Mokasarenb TpeU.uAHOCTOIZKOCTM

PrcyHok H.1 — McnbiTaHusa Ha paspblB CTa/lbHOWM NAaCTUHbI

w__ rrim 111111 ! 111

0,1 1 10 100
Mokasaresib TPELLWIHOCTOMKOCTN

PucyHoK H.2 — YnyulieHHoe nNpubamkeHne AaHHbIX, NpeAcTaB/ieHHbIX Ha pucyHke H.1 ¢ nomolybio cagura Ha /0
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Mo aTum unu apyrum npuyrHam rpadvik Beiibynna MoXeT UMeTb UCKPUBEHVE, A1 €70 YCTPaHeHs Heo6XxoAMMO
CABVHYTb Havas1o KoopAuHaT Ha 3HauveHuve 1Q
PyHKUMS pacnpegeneHus Beilbynna. npeactaBneHHas (H.1), BkitoyaeT Tpy napaveTpa: /0. [in g

F(t)=1-e-H'-toVn*. (H.1)

rae | — HapaboTKa, 3a KOTOpPYIO NPOun3oLLeN OTKas;
fQ— HavanbHas Touka pacnpegeneHus.

Ecnv casur Ha |Q BbINosHeH JO/MKHBIM 06pa3oM, TO pe3y/bTUPYHOWMA rpadvk Belibynna npeacraBnsieT coboi
npsmyto. Ha pucyHke H.2 npegcrtaBneHa koppekuus Ha fQ yctpaHsaowan mn3rnb. Mocne koppekummn Ha /0 Hayano no ocu
opAMHaT 1 3HadYeHVe nokasaTtesis pecypca COOTBETCTBYHOT 3HAUYEHWIO BosBpalleHune K peasibHOMY BpemeHu TpebyeT
o6parHoro npeobpas3oBaHus, T. e. NpubasneHus Q
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MpunoxexHne |
(cnpaBo4HOE)

MocTpoeHne BepoATHOCTHOW 6ymaru pacnpegeneHusa Belibynna

11 BeposiTHOCTHasi 6ymara pacnpegeneHus Belibynna

BeposaTHOCTHas 6ymara MMeeT LWKasibl, C MOMOLLbIO KOTOPbIX (DYHKUMST pacrpeaeneHus npeobpasyeTcsi B NPsiMyo
NnHW0. ECnn AaHHbIe MO BEPOATHOCTHOM GymMare pacnosiox)eHbl B6/M3U NPSMOY JIMHWK, 3TO FOBOPUT B NOJb3Y NpaBu/ib-
HOro BbIGOpa pacnpegeneHus osisi onnucaHusl AaHHbIX.

BeposiTHOCTHasi 6ymara pacnpegeneHusi Belibynna MoxeT 6bITb NMOCTPOEHA C MOMOLLBIO NPeACTaBEeHHbIX HUXe
npeobpa3oBaHnii.

®yHKUMSA pacnpegenenus Beitbynna nmeet Bug, (1.1):

F(t)=1-B</|»" (11

roe F{l) onpegensieT o6Luyto [0/110 06HEKTOB COBOKYMNHOCTH, OTKa3aBLUMX 3a HapaboTky |. Jons 06beKTOB COBOKYMHOCTY,
He oTKasaBLUMX 3a HapaboTky |. cocTaBnsieT 1 - F(t).
13 (1.1) cnegyet paBeHcTBO (1.2):

— — = e<m»n>\ (|.2)
1 PO

Ecnn oT 06enx yacTteii paBeHcTBa (1.2) ABaxAbl B35iTb HaTypasibHbIA (MM AeCATUYHbIN) norapudm, MOXHO Mosny-
4nTb ypaBHeHue npsamoi (1.3):

pin(f)-pIn(n). (1.3)

MpeacTtaBneHHoe Bbllle ypaBHEHNE — ypaBHEHWe MPSIMO MHWUM B dhopMe Y = TX + C. Belibynnosckas Bepo-
SAATHOCTHasi Bymara MocTpOeHa C MCMOMb30BaHNEM 0GPATHbIX NOrapuMUUeckmx PyHKUUA. HakMmoH NpsMoOi IMHUK Npn
AaHHOM criocobe HaHeceHWs npeAcTasnsieT coboli napameTp YOPMbI pP. Kak nokasaHo B (1.4). 3To ypaBHeHWe ABnAseTcs
ypaBHeHVEM MPAMON Bugay = TX + c. BeposaTHOCTHasA 6ymara pacnpegesnieHvs Beiibynna nocTpoeHa kKak 3aBMCUMOCTb
ABaxabl NponorapMMMpoBaHHOl BeNMYMHbI, 06paTHO K 0bLLel fone He OTKa3aBLUMX 06bEKTOB OT slorapudma t. Yrmno-
BOW KO3(hhMLMEHT 3TOl NpsIMOI paBeH NapameTpy hopmbl p.

Y vS# 9
T=p
X = In(f).
¢ =-pln(n).

3aTeM BbIUMCASIOT NapaMeTp MacluTaba Kak TOUKy nepeceveHunsi npsimoii ¢ ocbto X (3HaveHve y ana X = In(f) = 0.
T.e. ana F(f) = 1). kak npeacrtasneHo B (1.5):

N=e M™ (1.5)
Ta6nwunya 11— MocTpoeHne opanHatbl (Y)
F(2) Inin<1'<l I<0» Ln N1/(1 - P(0» ¢ B.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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Tab6nwuua 1.2— lMocTpoeHune abecumcebl (X)

yachl n(0
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 pacnpepgenexus BeliGynna |LxapaktepusyeT CTerneHb Hak/loHa JIMHAN Ha BEPOSTHOCTHO Gymare pac-
npegenenus Benbynna (rpadpuke).

MeTopg perpeccun MeamaH paHroB SIB/ISIETCS METOZOM, KOTOpbIli NpeacTaBnsieT CO60i KOMGUHALMIO MeinaH paHra
KaK nosvumm rpacpuka perpeccum METOA0M HaMMEHbLUMX KBaJpaToB Ha BEPOSTHOCTHOM Gymare pacnpefeneHus Beiibyn-
Na 1 CNYXUT KpUTepreM COOTBETCTBUSA AaHHbIX pacrnpeaeneHuio Beiibynna.

1.2 Ncnonb3oBaHWe 3M1EeKTPOHHbIX TabnL, ANA NOCTPOeHUA rpadvka Beribynna

AHanus pacnpegeneHns Beibynna MoxeT GbITb NPOBEAEH C NOMOLLBbIO KOMMEPYECKOro NporpaMMHoro oGecneve-
HVsi. PabOoTalOLLETO C 3/IEKTPOHHBLIMM TabNMLAMU, TaK Xe KakK 1 MOCTPOEHVE BEPOSITHOCTHO BGyMaru. Mpy 3TOM He UCNosb-
3ytOT ByMary /11 HAaHeCEHUS AaHHbIX BPYUHYHO, @ rpadink, MOCTPOEHHbI C MOMOLLbIO 3/1EKTPOHHbIX TabWL, NpeAcTaBnseT
[aHHbIEe 1 NPSIMYHO JIMHEHOW perpeccun.

Ta6nuuya 1.3 — [JaHHble BBOAWIUCH B 3/IEKTPOHHbIE Tab/NLbI

Noorkasa. Hapa6oTka MegyaHa pauta
i no otkasa !( Fj(0- <-3)/(n* 0.4) *! b
1 y (1- 0.3)i(n +0.4) Nt) AL -F, (F)D
2 “ (2- 0,3)i(n +0.4) N<o> 1IN -F #)]}
3 13 (3- 0.3)/(n +0.4) Inka> Ir{In[2/1 -FI)]}
4 “ (4- 03)(n+0.4) n*a) MH1/(1 - £4(01)
(r- 0.3Y(n +0.4) HO NIn(i/(1 - F,(OD
‘n (n-0,3)/(n +0,4) M4 HLW[1/(1 -F,,(01}

KOHKpeTHbI npyMep npeacTassieH B NPUioxeHnu E.

1.3 KomMmepueckoe nporpammHoe o6ecrieyeHune

ANna nocTtpoeHus rpachKa Be|7|6yr|na N aHa/in3a OaHHbIX Takke MOXeT 6bITb MCMNO/IL30BaHO KOMMepyeckoe npo-
rpammHoe obecneyeHme.
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MpunoxeHve J
(cnpaBoyHoe)

TeopeTnyeckoe 060CHOBaHME N CCbINIKM Ha nntepatypHble UCTOYHUKN

B faHHOM NpUoXeHUN MnpeAcTaBneHa UHopMaLus 06 UCTOYHMKAX METOAOB, MPeACTaB/IeHHbIX B pasgene 9.
B nyHkTe J.5 npeAcTaBneHbl CCbI/IKU HA NINTepaTypPHbIE UCTOUHUKN.

J.1 Kputepun cornacusa

B kauvecTBe Kputepus UCNonb3oBaH Kkputepuii MaHHa — LLU3yBpa — ®eptura (1973 r.) B dhopme, npeacTaB/ieHHON
Nasneccom (1982 r). CpefHuve 3Ha4YeHUs1 CTaHAAPTHBLIX AKCTPEMa/IbHbIX 3HAYEeHW NOPAAKOBbLIX CTATUCTUK, HEOBXOANMbIEe
Ansi Bblumcnenvst (. B MyHKTe 9.5 annpokCUMMpoBaHbl B COOTBETCTBUM C METOAOM, MPeA/IoXeHHbIM Bromom (1958 r.).
[JaHHbI KpuTepuii NokasbiBaeT MOLHOCTb, CPaBHMMYIO C MOLLHOCTbLIO KpuTepusi LLlanmpo n Bpaiiva (1987 r.) n kputepust
ThlokW. Kak onucaHo JlaBneccom (1982 r.). MocnegHWi 6611 HEMHOTO Jlydlle SI060ro AOCTYMHOIO KPUTEPUS C aMNnpuye-
cKoli (yHKUMEN pacnpeseneHuns. Takxke kputepuii MaHHa — LLI3yepa — depruta MoXeT paboTaTb C LEeH3yprpoBaHHbIMUN
BbIGOPKaMM.

J.2 OueHKM MakcMmasibHOro npasgonofo6usa ana Gu n

[N nonyyYeHUs oLeHOK 06GbIYHO UCMOMBb3YIOT YPaBHEHVS A1 OAHOKPATHO LIeH3yprpOBaHHbLIX BbIGOPOK. B HacTos-
Liee BPeMs CYLLECTBYET MHOTO U3BECTHbIX YMC/IEHHBIX METOAOB OMPeAeNneHNst OLEHOK pacnpeaenerus Beiibynna. B Ha-
CTOsLLEeM cTaHAapTe 3TN MeToabl AaHbl B hopMe, NpeacTaBneHHo MaHHoOM. LWadepom 1 CuHTnypBasinioit (1974 r.). Tak
Kak cTaTucTuyeckne MeTobl, NpefcTaB/eHHble B HACTOSILLEM CTaHAapTe, NPUMEHVMbI TONbKO K BblIGOpKam, 06beM KOTo-
pbIxX NpeBbIWwaeT 10 eAnHULL, CMeLLeHVE OLEHOK SBAETCS OYeHb HEGObLLNM.

J.3 ,U,OBepI/ITel'Ibele MHTepBasibl U HNXHNE AOoBepUuTesibHble TpaHuubl

PaccmaTtpuBaemble NOAXoAbl COOTBETCTBYIOT nogxodaMm BeiiHa n OHrenbxapara (1981 r.) A4Ns NONHbIX BbIGOPOK U
BeliHa 1 3Hrenbxapara (1986 r.) 4N18 LeH3ypupoBaHHbIX BbIGOPOK. B HUX Heo6XxoanMble KO3(MPULMEHTbI reHepupoBaHbl
MeTofoM MoHTe-Kapno 1 ncnosnb3oBaHa acMMNTOTUYECKas anmpoKcrMauus 1S KOPPeKTUPOBKU pesysbTara. VIcnonb3o-
BaHve NPUOGAMKEHNI A HEKOTOPbLIMU MPOCTBIMU JIMHENHBIMA N HENUHENHbIMU (PYHKUUSAMU faeT BO3MOXHOCTb OTKa3aTbCA
OT MCNO/b30BaHUS AOMNOMHUTENbHbLIX Tabanu,. MNpy 3TOM BO BCeX Cy4vasx OTMYMSA annpoKCMMaumn oYeHb Hebonbluve
(NpnbnuautensHo 1 %).

AnbTepHaTVBY NpeACTaB/IsSlOT YC/OBHble MeToAbl SlaBnecca (1970 r.), HO AaHHbIN NoAXofd, XOTA TeopeTudeckn 60-
Nee NpvB/ieKaTesieH, MOXeT MPMBECTM K CYLLIECTBEHHO 60/1ee C/IOXKHbLIM MpoLeaypaM, TPebyoLWmMX NPUMEHEHNS B 60/b-
LLIOM 06beMe YUCIEHHOTO UHTErpUpPOBaHUS.

UncTo acMMNTOTUYECKNIA NOAXO OTBEPrHYT, Tak Kak MeToZ AO/MHKEH ObITb YCTOMYMB MO OTHOLLEHWIO K M&UlbIM Bbl-
6opkam.

J.4 TOYHOCTb CTaHAaPTU3MPOBAHHbIX METOL0B

MeTogbl, NpYBeAEHHbIE B HACTOSILLEM CTaHAapTe, GbiIY CONOCTaB/EHbI C ONYG/IMKOBaHHBIMW Pe3yibTaTamu, nosny-
YeHHbIMW aHaUTOTMYHBIMU U APYTMKM MeToAaMu. OLEHKN MakCUMaslbHOrO NpaBAonofo6us Bo Bcex Npumepax coBnav ¢
aHasIOrMYHbIMY OLIEHKaMWM, MOJTYYEHHBIMM MPY NPUMEHEHUN METOAOB HACTOSILLEro cTaHAapTa. OTAnYMe UMENOCH TOMbKO
B J0BEPUTESIbHbIX MHTEPBAIAaX U HMKHUX J0BEPUTEbHBIX FpaHnLax. Huxe npusedeHbl pesysibTaTbl CONOCTaB/EHNS.

J.4.1 BeliH n dHrenbxapAar (1986 r.)

[aHHbIi MeTog, SIBNAETCA NPOTOTUMNOM CTaHAapPTU30BaHHOTO MeToZa, NO3TOMY GbI/IM COMOCTaB/IeHb! pe3y/bTaThl
3TVX MeTOAOB. MpV CpaBHEHUM PACCMOTPEHA TOUYHOCTb anMnPOKCUMALMKN (OYHKLMIA, NCNOMb3YEMbIX B HACTOSLLEM CTaHAap-
Te. Mpy cpaBHEHWW MOMyYeHbl creaytolime pesynbTaTbl:

BeiiH 1 3Hrenbxapar CTaHfapTN30BaHHbI MeTo,
[oBepuTenbHbI UHTEPBaN AN p (1.34 ;2.73] [1.34 :2.74]
C ypoBHem gosepus 90 %
[JloBepuTtenbHbIii HTEPBaT ANA q [70.7 :105.9] [70 ; 108]
C yposHem gosepus 90 %
*0 97= 32.46) 0.801 0.800
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J.4.2 NaBnecc (1978 r.)
B paccmartpuaemoii Bbibopke o6bema M = 40 npousoLlno 28 oTka3oB. MeTop JlaBnecca no3sosnsieT onpeaenvTb
TOMbKO [0BEpUTENbHBINA MHTepBasl A4S K C ypoBHeM goBepusi 90 % 1 HUKHIOW A0BEPUTE/IbHYIO rpaHuuy ans B10 n

R{t=B-') cypoBHem goBepusi 95 %. MonyyeHbl CNeayroLLMe pe3ybTaTbl:

Nasnecc CTaHAapT130BaHHbI MeToz,
[oBepuTenbHbIi HTepBan Ansa [i (0.783:1.381] [0.785; 1.370]
c yposHem gosepusi 90 %
JoBepuTenbHbIi MHTepBan Ans B10 0.066 0.074
¢ ypoBHeM gosepus 95 %
F096(/ = 0.368) 0.647 0.644

J.4.3 Mwukep v HenbcoH (1976 r.)

[laHHbIi MeTOog ABNSETCA acCUMNTOTUYECKUM. B paccmMOTpeHHOM npumepe BblGOpka COCTOUT 13 96 JIOKOMOTMBOB,
13 KoTopbIx 37 oTkasann. Bpems ueHsypuposaHua T 6b1710 HEMHOro 60nblue HapaGoTKu A0 NOC/efHero oTkasa. Tak kak
06beM BbIGOPKM AOCTATOYHO 6GO/bLUOW, TO aCMMNTOTMYECKUA NOAXOA B AaHHOM Ciyvae faeT AO0CTaTOYHYH TOYHOCTb.
[N 3HaueHns K aBTOpbI Aal0T TONbKO JOoBepuTe bHbIM MHTepBas ¢ ypoBHeM Aosepust 95 %. Tak Kak gns B10 onpegeneH
[0BepyTebHbIA MHTEPBa1 C YPOBHEM AoBepus 95 %. To ANA AaHHONM Be/MUMHbI MOXET ObITb onpeaesieHa HWKHAA [0-
BepuTe/ibHas rpaHnLa c ypoBHem gosepus 97,5 %.

Mwukep 1 HenbcoH CTaHAapTM30BaHHbIN MeTop,
[oBepuTenbHbIii nHTEpBan ans (1 [1.72:3.16] [1.61 :3.04]
c ypoBHem gosepusi 90 %
JoBepuTenbHbIli MHTepBan An1a B10 55.4 54.2

C ypoBHem gosepus 97,5 %

J.4.4 Tynpa (1985 )

B faHHOM WCTOYHMKE coAepXaTcsi Tabnuubl, reHepupoBaHHblE METOAOM MoHTe-Kapno, ANns NosyyYeHUst TOUHbIX
HXHUX TPaHUL, OLeHOK MaKCMasibHOro NpaBAonoAo06us A1 LieH3ypUpoBaHHbIX BbIGOPOK He6osblworo o6bema (11 £ 20).
[N cpaBHEHUS HWKHUX FPaHULL OLLeHOK nokasartesieii 6e30TKa3HOCTU, NOJTyYeHHbIX B COOTBETCTBUM C HACTOSILLMM CTaH-
AapTom mMeTofoM Iyuapl. 6bIIM UCMONb30BaHbI FTeHepUPOBaHHbIe CyyaliHbiM 06pa3oM BbIGOPKM U3 pacnpegeneHuns Beid-
6ynna. Bo Bcex paccmaTpmBaeMbIX CrlyHasix 3Ha4eHUS NoyHeHHbIX OLEHOK OTIMYannch Ha 1 % 1 MeHee.
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MpunoxeHne A
(cnpaBo4HOE)

CBe,quVIH O COOTBETCTBUN CCbINNOYHbIX HauMOHa/IbHbIX CTaHO4APTOB MeXAYyHapoAHbIM CTaHgapTam,
MCNo/Ib30BaHHbIM B Ka4YeCTBe CCbI/IOYHbIX B MTPUMEHEHHOM MeXAYHapoAHOM CTaHaapTe

Ta6nuya [JAN

O603Ha4eHVe 1 HaUMEHOBaHVE

O603Ha4eHNe CCbUI0UHO CreneHb
HaLVIOHa/TbHOIO CTaHaapTa COOTBETCTBMSA COOTBETCTBYHOLLIETO MeXIyHapOAHOro CTaHaapTa
FOCT P 27.607—2013 NEQ IEC 60300-3-5:2001 «Dependability management. Part 3-5: Applica-

tion quide. Reliability test conditions and statistical test principles»

FOCT P 50779.21—2004 NEQ ISO 2854:1976 «Statistical interpretation of data — Techniques of
estimation and tests relating to means and variance»
MpumMmeuyaHune — B HacTosLel TabnvLe MCNONB30BaHO creaytoliee YCI0BHOe 0603HayYeHne CTeneHn cooT-

BETCTBVSI CTAaHAAPTOB:
- NEQ — HeaKBVBaJIeHTHbIE CTaHAAPTbI.
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M3K 60050-191:1990

MNCO 3534-1:2006

M3K 61810-2:2017

M3K 60605-4:2001

Bubnunorpadus

MexayHapoaHbIA 3M1eKTpoTeXHNYecknii croBapb. YacTb 191. HagexHoCTb W Kade-
cTtBo ycnyr (IEC 60050-191:1990 International Electrotechnical Vocabulary — Part 191:
Dependability and quality of service)

CratucTuka. Cnosapb 1 yC/i0BHble 0603HaveHus. HacTb 1. O6Lme crtatucTuieckme tep-
MVHbI 1 TEPMUHBI, UCMOJIb3yeMble B Teopun BeposiTHocTel (ISO 3534-1:2006 Statistics —
Vocabulary and symbols — Part 1: General statistical terms and terms in probability)

Pene norvyeckune 3sneKTpoMexaHWYeckne C HeHOPMUPYeMbIM BpemMeHeM cpabaTtbiBa-
HuA. YacTb 2. HagexHocTb (IEC 61810-2 Electrotechnical elementary relays — Part 2:
Reliability)

McnbiTaHna annapaTypbl Ha HafexXHOCTb. YacTb 4. CTaTucTuyeckne MeToabl A1 3KC-
NOHeHUMaIbHOro pacnpegesnieHns. ToueyHble OLleHKW, foBepuTe/ibHble, NMPeanKLUNOKHbIE
1 TonepaHTHble nHTepBanbl (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. MpuknagHo aHann3 pecypcHbIX AaHHbIX. [KoH Buneid, 1982 (NELSON W. «Applied Life Data
Analysis». John Wiley. 1982)
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YOK 658.562.012.7:65.012.122:006.354 OKC 03.120.30

KntoueBble CrnoBa: KpUTepuii cornacus, [OBepUTENbHbI MHTepBan, pacnpegeneHue Beiibynna. cpegHsas
HapaboTKa 40 0TKa3a, BePOSITHOCTb 6€30TKa3Hol paboTbl, YyPOBEHb AOBEPUS, HEBOCCTaHABNBAEMbI 06b-
eKT. LieH3ypupoBaHHasi Bbi6opka
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