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BBepneHune

KonnuectBennplii ananms puckoB mjist IOAAEPKKH MPH-
HSTUS PEIICHUH, CBSI3aHHBIX C Oe30macHOCThIO [1-3],
MIMPOKO MTPUMEHSIETCS B Pa3IMYHBIX 00IaCTSIX, HAIIPH-
Mep B XUMHUYECKOM MPOMBIIIIEHHOCTH [4], aTOMHOM
MPOMBIIIJIEHHOCTH [ 5, 6], Ha MarucTpaIbHOM TPyOONpo-
BOJTHOM TpaHcropte [7] u T. . OcoObIit HHTEpEC Mpe-
CTaBJISAIOT BOIPOCHI aHATIN3Aa U OI[CHKU PUCKOB Ha 0C000
OITaCHBIX 00BEKTAaX HE(PTEra30BOU MPOMBIIIICHHOCTH
KaK Ha CTaJIMU TIPOCKTUPOBAHHMS, TAK U B TIPOIIECCE IKC-
ruryarauuu [8—10]. W B poccuiicko, U B MeXayHapOI-
HOU TpaKkTHKE pa3pabOTaHBI Pa3IMIHBIC METOIBI JIIS
KOJIMYECTBEHHOT0 aHanu3a puckos [11, 12].

B 10 %€ BpemsI CyIIeCTBYIOT IPOOIEMBI, CBSI3aHHBIC
C OLIEHKOH JOCTOBEPHOCTHU PE3YJIBTATOB, [TOJyUEHHBIX
MIPY KOJTMYECTBEHHOM aHalIu3e PUCKOB. OCTaeTCsi OTKPHI-
TBIM BOIPOC, B KaKOH CTENEeHH JHILO, IPUHUMAIOIIEe
pemtenne (JIIIP), MokeT TOBEPATH MOTYUCHHBIM PE3yITh-
TaTam. DTOT BOIIPOC UMEET MEPBOCTENIEHHOE 3HaYCHUE
B [IPaKTHKE MPOEKTUPOBAHMS U IKCILIyaTallud 00ObeK-
TOB HedTerazoBoil orpaciu. ToabKO TOCTOBEpHBIE U
HaJIeXKHbIE PE3yJIbTaThl, OJIY4YEeHHBIE B ITPOLIECCE KO-

YEeCTBEHHOTO aHAJM3a PHCKOB, MOTYT OBITH MOJE3HEI
JUIsL TONAEPIKKYU IPUHATHSL PELLICHUI.

JlaHHasi COBOKYIHOCTh (PaKTOPOB ONpe/esnia aK-
TYaJIbHOCTb IPOBOJMMBIX HCCIIEOBAHUM, a Ielb Ha-
CTOSICH paOOTHI COCTOUT B MOBBIIIEHIUH OObEKTHBHO-
CTH TIPH OLIEHKE JJOCTOBEPHOCTH PE3YJIbTaTOB KOJIHYe-
CTBEHHOTO aHAJIN3a PUCKa Ha 00beKTaxX He(Tera3oBoit
orpaciy. JlocTiKkeHne JTaHHOMH eJH IpeIoaraeT pe-
[ICHHWE 3a/1a4M aHallM3a CYIICCTBYIOLIMX MIOAXOJ0B K
OLICHKE, BBISBICHHSA MX JOCTOMHCTB M HEIOCTATKOB,
a TaKkKe HEMOCPEICTBEHHO Pa3paboTKH (popMaIbHOTO
1 KOJIMYECTBEHHOTO METO/Ia OLIEHKH JOCTOBEPHOCTH pe-
3yJIBTaTOB KOJIMYECTBEHHOTO aHAJIN3a PHCKA.

AHanms3 noaxoanoB K OLLeHKe
[OCTOBEPHOCTU pe3yfbTaToB
KONM4YyecTBEHHOro aHanusa pucka

Bonpocs o11eHKH T0CTOBEPHOCTH PE3yJIbTaTOB KO-
JUYECTBEHHOTO aHAIN3a PUCKOB OBLIIN PACCMOTPEHBI B
paborax [9, 13, 14]. MccrnemoBaHus moKa3aju, 9To Cy-
MECTBYIONINE METO/bI OIIEHKU JIOCTOBEPHOCTH KOJIU-
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YECTBEHHOTO aHAJIN3a PUCKOB MOT'YT OBITb B LIEJIOM pa3-
JIEJIEHB] HA YETHIPE FPYIIIbI, B OCHOBE KOTOPBIX JIEIKUT:

1) cpaBHEHHE C KOHTPOJIBHBIMHU ITApaMETPaMH (CpaB-
HEHHE C ATAJIOHOM);

2) mpoBepKa B pealbHbIX YCIOBUAX (3KCICPUMEHT
C peaJbHBIM OOBEKTOM He(TEera3zoBOil OTpaciu WIn
CpPaBHEHHUE CO CTATUCTUYCCKUMH JJAHHBIMH );

3) He3aBUCHMAsI SKCIIEPTHAS OILICHKA;

4) obecrieueHre KayecTBa MPU aHAJIN3E PUCKOB.

MeTonb! nepBoii rpyIIibl OCHOBAHbI HA CPAaBHEHUU
HECKOJIbKUX PEe3yJIbTaTOB, OJYYCHHBIX IIPH MPOBEe-
HUW MapaJijielIbHbIX aHAJM30B PUCKOB JUJIS Ompeerie-
HuUs ocToBepHocTH. Kak mpasuiio, pu conocrasiie-
HUU paccMaTpUBalOTCs /1Ba KPUTEPUS — HAJEKHOCTD
u foctoBepHOCTS [ 14]. Harmpumep, 10cTOBEpHOCTH KO-
JIMYECTBEHHOI0 aHaJlM3a PUCKOB Ha XPAHUJIMILE aM-
MHaKa OLEHUBAETCSI IIyTeM CPAaBHEHUSI CEMU KOHTPOJIb-
HBIX TlapameTpos [15].

Bropas rpymmna MeToJoB MPOBEPKH JOCTOBEPHO-
CTH MPEAINoaraeT OlEeHKY JTOCTOBEPHOCTH pe3yJbTa-
TOB, MTOMYYEHHBIX MTPH KOJTUYECTBEHHOM aHAIIN3€ PHUC-
Ka, yTeM CPAaBHEHUS UX C pealbHBIMHU JTaHHBIMU JTHO0
CO CTaTUCTUYECKUMU JaHHBIMH, KacaloIUMHUCs pado-
ThI UCCJIEyEMOI cUCTeMBl UM npolecca. TUNHYHbIN
TIpUMeDp MpeacTaBieH B [ 16], rae craTucTudeckue 1an-
HBIE O PEAJIbHBIX aBapUsAX U NPOUCIIECTBUAX CPABHU-
BAIOTCS C MHJEKCAMH PUCKa, PACCYMTAHHBIMU IIPU UC-
M10JIb30BaHMM KOHKPETHOTO METO/1a KOJIMYECTBEHHOT'O
aHaJIM3a pucKa.

B He3aBHCHMBIX METOIaX SKCIIEPTHON OLIEHKH ITPO-
[[ECC KOJIMYECTBEHHOTO aHalIM3a pUCKa Ha O0beKTax
He(Tera3oBoi OTPaciIy U ero pe3yabraThl pacCMaTpu-
BAIOTCS HE3aBUCHUMBIMH SKCIIEPTaMH, KOTOPBIE OLICHH-
BaIOT MX, OCHOBBIBASICH Ha PSJIC 3apaHee OMPEICICHHBIX
TpeOOBaHMI K Ka4eCTBY, U OIMPEICIIAIOT TaKUM 00pa-
30M HaJIS)KHOCTh KOJIMYSCTBEHHOTO aHAIIN3a PUCKA.

Metonbel obecrieueHusI KauecTBa IMPEaNoaraioT
KOHTPOJIb Ka4ecTBa B KaXKIOU (a3ze mporecca Komie-
CTBCHHOT'O aHAJIN3a PHCKA, YTO B I[EJIOM 00CCIICYHBACT
Ka4eCTBO BCETO Mpoliecca ananusa pucka [ 14]. men-
HO MPUMEHEHUE JaHHOTO TOAX0/1a JJaeT JOCTOBEPHBIE
U HaJeKHBbIE pe3yJbTaThl OLEHKH pHcka. Hampumep,
aBTopbI [ 17] 0000mmIn 001111 HEOCTATKU Ha KaXKI0M
JTane Mporecca KOIMYECTBEHHOTO aHalHu3a PHCKa U
pa3paboTanu MojXod, OCHOBAHHBIM Ha KOHTPOJIBHBIX
CIIUCKAX, JIJIsi 00CCIICYSHHSI €T0 KauecTRa.

Cpenu 4eTbIpex pacCMOTPEHHBIX I'PYII METO.bI
NEPBBIX JIByX OCHOBBIBAIOTCS HA MCIIOJIb30BAaHUH PET-
POCIIEKTUBHBIX JIaHHBIX, T. €. OLIEHKH JIOCTOBEPHOCTH
YCTaHABIUBAIOTCS B OCHOBHOM ITyTE€M COIIOCTABIICHUS
KOHEUHBIX PEe3yJbTaTOB aHAJIM3a C PE3yIbTaTaMU yxkKe
anpoOHUPOBAHHBIX U JOCTOBEPHBIX METOJOB MU UMe-
IOLIMMHCS CTATUCTUYECKUMH JTaHHBIMU 10 00BEKTaM
HedTera3oBoil orpaciu. MeTopl, OCHOBaHHbBIE HA He-
3aBHCHUMOM 9KCIIEPTHOM OIICHKE U 00eCclieueHUH Kave-

CTBa IIPU aHAJIN3E PUCKOB, HAIIPOTHUB, ABJISFOTCS IIPOAK-
TUBHBIMH B TOM CMBICIIE, YTO BMECTO MIPSIMOM OIICHKU
KOHEUHBIX Pe3yJbTaTOB OHU OLEHUBAIOT CTPYKTYPY H
MOTEHI[HAIBHBIE BOBMOKHOCTH CaMOT0 MpoIecca Ko-
JTIMYECTBEHHOTO aHANIN3a PUCKA (C TOYKH 3PCHHUS eT0 Ka-
4ecTBa).

[TepBble 1BE rPyIITBI METOIOB B HEKOTOPOM CMBICTIE
MPEIOYTUTENBHEE 110 MPUYKUHE TOTO, YTO OHU OoJjiee
OOBEKTHUBHEI, TIOCKOJIBKY TIO3BOJISIOT OLICHUBATH JOCTO-
BEPHOCTb PE3YJIBTATOB aHAJIM3a HEIIOCPEACTBEHHO ITyTEM
CpaBHCHUSA C UMCHOIIUMUCH 06])CKTI/IBH]>IMI/I JaHHBIMU.
OHaKO CyIIECTBYET JIBa OCHOBHBIX HEJOCTATKA, KOTO-
pBIE MOTYT OTPaHUYUTh IPIMEHUMOCTH TaHHBIX METO-
J0B. Bo-niepBbIX, 3TH METOIbI OYE€HB YaCTO CIOKHO pe-
anM30BaTh U3-3a TPEOOBAHNUII K OIIPEICTIEHHOMY 00BEMY
PETPOCIIEKTUBHOM CTATHCTUYCCKON MHPOPMAIINN WITH
K HaJMYUIO JOCTOBEPHBIX M HAJCKHBIX PE3YIBTaTOB
IPU UCHOJB30BAHUU APYTUX armpoOMPOBAHHBIX MPO-
Heyp KOMMYECTBEHHOTO aHaju3a pucka. Bo-BTOphIX,
9T METOABI IIPU aHAJIN3E PHCKOB ITO3BOJISIOT YUHUTHI-
BaTh JIaHHBIC TOJIEKO 10 YXKE PEaTn30BaHHBIM (PaKkTO-
pam, IpUBOJISAIINM K aBapUSAM U HEIITATHBIM CHTYyallU-
SIM Ha O6’L€KTaX. B stux YCJIOBUAX OTPaHUYUBACTCSA
BO3MOKHOCTB COBEPIIICHCTBOBAHHUSI IIPOLIECCA KOJTMYE-
CTBEHHOT'0 aHAJIM3a PUCKA B LEJISIX MOBBIIEHUS IOCTO-
BCPHOCTHU U HAACIKHOCTU IIYTEM BKIIFOYCHUS B IIPOLIECC
aHaJn3a KaKAX-TO HOBBIX (PaKTOPOB PHCKA U SIBICHHH,
10 KOTOPBIM (DAKTHYECKU OTCYTCTBYIOT CTAaTHCTUICCKHE
nanueie [18]. B cBsi3u ¢ 3TUM TIpeIOKEHO aKICHT B
IMPOBOJAMUMBIX UCCICAOBAHUAX CACIATh Ha TaK HAa3bIBa-
EMBIX TPOAKTUBHBIX (YTPEKAAIONINX) METOIAX KOJIH-
YEeCTBEHHOTO aHAJIN3a PUCKA.

B nanHBIX MeTOIaX TOCTOBEPHOCTH OLIGHUBAECTCS
(dakTHdecku MPOrHO3UPYETCs) HA OCHOBE BO3MOXKHO-
CTeH (C TOYKM 3pEHUs KauecTBa) Mmporecca KOJIHuecT-
BEHHOTO aHalM3a pHCKa Ha 00beKkTax HedTerazoBoi
otpacnu. [Ipu pa3paboTke TaKMX METOJOB BO3HUKAET
JIBa TJIaBHBIX BOIIpOCa:

e Kak OIICHHUTH IIOTCHINAIBLHBIC BO3MOKHOCTH (C TOU-
KH 3pEHUs KauecTBa) MpoIiecca KOIMIECTBCHHOTO
aHaJM3a PUCKa;

e KaK COOTHECTH JOCTOBEPHOCTb KOJIMYECTBEHHOTO
aHaJIu3a pyUCKa € €ro noTeHUHaJIbHbIMU BO3MOXKHO-
cTamu?

B nuteparype 10BoIBHO OAPOOHO N3yYEeH MEPBhIi
BOTIPOC: OCHOBHEIE (DAaKTOPHI, BIHSIONINE Ha KAa4eCTBO
poLecca KOJIMYeCTBEHHOTO aHaIM3a PUCKa, pacCMOT-
peHsI, HapuMep, B padote [12]. Bropomy Bompocy B
HAayYHOH JIHTEpaType yACICHO 3HAYUTEIHFHO MEHBINE
BHUMaHUS. B GOJBIIMHCTBE CyNIECTBYIOIIUX HCCIE-
JoBaHui (Hampumep, [19]) cooTHOIIEHHE MEXIY A0-
CTOBEPHOCTBIO U KaUeCTBOM IPOIIECcca aHAIIN3a PUCKA
OIICHUBAETCSI TI0 MPUHINITY ‘‘UEpPHOTO SIIUKA”, T. €.
HE paccMaTpUBaEeTCsl BHYTPEHHSS CTPYKTypa MpoLec-
ca aHaJM3a, a MPOBOJUTCS JIMIIb AHKETUPOBAHUE JKC-
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MIEPTOB, B PE3yJIbTaTe KOTOPOTO OCYIIECTBIISICTCS paH-
JKUPOBaHUE 3HAYUMOCTH KaXKJI0TO OTJEJILHOTO AJIEMEHTa
(3amaun) nporecca aHanu3a. Ha ocHOBE MmoTydeHHBIX
PE3yNbTaTOB JAaeTCsl OLEHKA JTOCTOBEPHOCTH pe3yiib-
TaTOB aHaIM3a pucka. Kak mpasuiio, oHa popMHUpyeETCs
Ha OCHOBE IIPOCTOW MPOIICAYPbI, OCHOBAHHO Ha OICH-
K€ COTJIACOBAHHOCTH MHEHHI KCIIEPTOB O KAXKJOMY
U3 KPUTEPUCB U CPABHCHHU KOJIMYECTBA COTIIACOBAH-
HBIX KPUTEPUEB KayecTBa C OMPEIEICHHBIM TOPOro-
BBIM 3HaueHHeM. Takoii mporecc o0iagaeT BHICOKOM
CTETNIeHbIO CyObEKTHBU3MAa W HEMPO3pavyeH B IJIaHe
(hopMupOBaHUS BBIBOJIOB 00 OIIEHKE JIOCTOBEPHOCTH
pesynbraroB aHanuza [18]. Jlns noBbimieHUs: 00bEK-
TUBHOCTH TIPU OICHKE IOCTOBEPHOCTH HEOOXOINM
(hopManbHBI U KOTHMYSCTBEHHBIA METOJ, pa3padoTka
KOTOPOTO M COCTAaBJISeT IIeJIb MCCICIOBAHUM, MpE-
CTaBJICHHBIX B HACTOSIIICH CTAThE.

DaKTHYECKH OIEHKA JOCTOBEPHOCTH MOXKET pac-
CMaTpUBaThCS Kak MpoodeMa pacro3HaBaHus 00pasoB,
OCHOBaHHOTO Ha npenenentax [20]. Pemenue gannoit
3a[a49M MPEUIaraeTCsl OCYIIECTBIAT IIyTEM ITOCTPOe-
HUSI KIIacCU(UKATOPa, SBILIIOMICTOCS OTOOPaKCHUEM
XapaKTePUCTUK U MOTEHIMATBHBIX BO3MOKHOCTEH MPOo-
ecca KOJTHMYeCTBEHHOTO aHAIM3a PUCKA Ha ITOKA3aTelh
JIOCTOBEPHOCTH €r0 PE3ylbTaTOB M OCHOBAHHOTO Ha
Ha0Ope NaHHBIX 00YYEHUs, KOTOPHIC MPEIBAPUTEIHLHO
OILICHUBAIOTCS dKCTiepTaMu. J{Jist perenus 3aja4m Kiac-
CU(UKAIINU TIPENJIaraeTcs HMCIIONb30BaTh HAWBHBIIN
6aitecosckuii knaccuduxarop (HBK) nist popmansHoit
¥ KOJIMICCTBEHHOH OLIEHKH JOCTOBCPHOCTH M HANIEK-
HOCTH KOJIMYE€CTBEHHOTO aHAJIN3a PHUCKA.

HBK — mpocToii, HO mocTaTtodno 3¢ (EKTUBHBIH
KJIacCH(UKATOP, MIHPOKO MPUMEHIEMBIH B IIPHIIONKE-
HUSIX MAITMHHOTO 00y4eHus [21], Harpumep AJis Kiac-
cuukanuu Texcra [22]. JlaHHBIH Kinaccupurarop
OCHOBAH Ha HCII0JIb30BaHUH TeopeMbl baiieca co cTpo-
MU (HAaUBHBIMH) TTPEIITOIOKESHUSIME O HE3aBHCHMO-
CTH TPU3HAKOB. B 3aBUCHMOCTH OT TOUHOU MPHPOIBI
BepositHocTHOU Moaenu HBEK moxeTt oOydaThbes oueHb
3¢ pexTrBHO. BO MHOTUX MPaKTHUECKUX MPUIOKCHH-
SIX JIJISL OLICHKH MapaMeTPOB ISl HAWBHBIX 0aiieCOBBIX
MOZEJICH HCIIOTB3YIOT METO MAKCHMAIBHOTO IIPaBI0-
nojo0usi. HecMoTpsi Ha HaMBHBIN BHU]T M, HECOMHEHHO,
O4eHb yrpormeHHble yenosust, HBK wacTo 3naumTens-
HO 3(PpeKTUBHEE IPHU PEIICHUH MHOTUX CIOKHBIX ITPH-
kiaHbIx 3a1a4. Jlocronracresom HBK siBrisiercst cpaBHu-
TEJILHO HEOOJIBIIOE KOJTMYECTBO JaHHBIX JIJIs 00y4YeHusl,
HEOOXOJMMBIX JIJISI OICHKH [apameTpoB, TPEeOyeMbIX
JUTSL KITacCU(HUKALIUH.

Crnenyer OTMETHTD, YTO B PEIICHUU ITOCTABICHHOM
3a1a49H OIIEHKH Ka9eCTBa PE3YIBTaTOB KOJMUECTBCHHO-
r0 aHAIIN3a PUCKA KIIaCCU(PHUKATOP HCIIONB3YeTCs HE Ha-
IPSIMYIO JUTSL OLICHKH KauecTBa, a CKopee, KaKk HHCTPY-
MEHT JJIsl IOCTPOCHUS KPUTEPHEB OLEHKH, HA OCHO-

BC€ KOTOPBIX ONPEACIIAIOTCA TOCTOBCPHOCTH W HAIOCK-
HOCTB.

TeopeTuyeckne 0CHOBbI OLLEHKU
[AOCTOBEPHOCTU KONMUYECTBEHHOro aHanusa
pucka Ha obbekTax HedTerasoBomn oTpacnu

1. CTpyKTypa OUuEeHKHU

Paccmorpum npensiaraemblii OX0/1 K OLEHKE J0-
CTOBEPHOCTH KOJIMYECTBEHHOTO aHAITN3a PHCKa Ha OCHO-
Be Kitaccudukanmu ¢ ucronbp3oaanem HBK. [ycts D —
110Ka3aTesb JOCTOBEPHOCTH KOJIMUYECTBEHHOIO aHAJIU-
3a pucka. [Ipenmonaraem, uro D onpenensaeTcs KayecT-
BOM IpPOIECCa aHAIN3a pUCKA. TUIIOBOM MPOIIECC KOJIH-
YEeCTBEHHOT'O aHAJIN3a PHCKA MOJKHO YCIIOBHO pa3OUTh
Ha BoceMb noamnporieccon [23] (puc. 1). KauecTBenHoe
BBIIIOJIHEHHUE Ka’KJJ0T0 U3 IaHHBIX ITOITPOLECCOB SIBIIS-
eTCsl HEOOXOAMMBIM YCJIOBHEM I 00ecIedeHHs Kave-
CTBa BCETO Ipoliecca aHajlu3a pucka B ueiom. Ipen-
JaraemMasi CTpyKTypa OLIEHKH JI0CTOBEPHOCTH KaXKI0TO
U3 TOAINPOLIECCOB KOJMYECTBEHHOTO aHaln3a pHUCKa
IIpeJCTaBIIEHa HA pUC. 2.

JlocToBEpHOCTh M HAAEKHOCTb KOJIUYECTBEHHO-
ro aHaJlu3a pucka (GOpMHUPYIOTCA O BO3ACHCTBHEM
CIIEAYIOIUX ISATH 0a30BBIX KPUTEPUEB (IPU3HAKOB) X;
(i=1,...,95):

e TIONHOTA y4eTa BCEX OIACHbIX (paKkTopoB X ;

e TIIOJIHOTA OXBaTa MOTEHI[MAIBHBIX CIICHAPHCB aBa-
pHii xy;

e IIe7€CO00Pa3HOCTh MPUMEHEHUS! KOHKPETHBIX Me-

TOZOB aHAJIN3A X3,

e JIOCTOBEPHOCTH M TOYHOCTH COBOKYITHOCTH MCXOJI-

HBIX JAHHBIX Xg;

e TOYHOCTb HCIIOJIb3YEMBIX METOJOB IIPH pacyeTe Mo-

Kas3aresled PUCKa Xs.

JlaHHBIE KPUTEPUU OTPAKAIOT COBOKYITHOCTD Tpe-
0OBaHUH K JOCTOBEPHOCTH U HAJIS)KHOCTH B TIPOTIECCE
KOJIMYECTBEHHOIO aHaJIM3a pUCKa. 3HaUEHUE KaX10Io
KPUTEPHUS KOJIMYECTBEHHO OLIEHUBAETCSI TUCKPETHOM
BEJIMYMHON, MPUHUMAEMON U3 TPEX BO3MOXKHBIX 3Ha-
YEHU, KaX/10€ U3 KOTOPBIX COOTBETCTBYET 3HAUEHUIO
JIMHTBUCTUYECKOM TIepeMEHHOMN: HeYIOBIETBOPUTEIIb-
HO (x; = 0), mpuemiieMo (x; = 1) 1 y1OBIETBOPUTEIBHO
(x; = 2) — Ha OCHOBE MHOXKECTBA 3apaHee MIPeoNpee-
JICHHBIX MPaBWI NpeoOpa3oBaHusl UCXOJHON IKCIIEPT-
HOIi HH(pOpPMAIK B 3HAYESHHSI IMHT BUCTUYECKOH TIepe-
MeHHOM (Tadi. 1). baliecoBCKuil 101X0/] OCHOBBIBAETCS
Ha TPETOJIOKEHUH O CYILIECTBOBAHUU HEKOTOPOTO pac-
MIPEJIeIICHUS BEPOSITHOCTEH ISl KAKAOTO KPUTEPHSL.

[Tokazarens gocroBepHOCTH D Takke OBLIO Mpen-
JIOXKEHO pa3feluTh Ha TPU AMCKPETHBIX ypoBHS: D €
e {0, 1,2}.KauecTBeHHOE ONTUCaHHE JJAHHBIX YPOBHEH
npejcrabieHo B 1abmn. 2. Takum oOpaszom, mnpobiema
OILICHKH JIOCTOBEPHOCTH Obla copMyaupoBaHa Kak
npobiema KiacCupUKaIMK: YIUThIBas 3HAYCHUS TSATH
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CymecTByoniue
pecypchbl 1151 OLeHKH
Existing resources
for evaluation

®opmupoBaHue
Tpe0oBaHMii K HCXOIHOM
uHpopMmanuu 06 o0beKTe

Formation of
requirements to initial
information about object

HNnenTudurkanus
ONacHBIX (paKkTOpPoB
U UX N0CJIeCTBHI

i> Identification of hazards

and their consequences

MopnenupoBanue
Modeling

o Kommerenmust
ananuruka wia JITTP /
Competency of analyst
or decision maker

o Bri6op cpexncts s
anamm3a / Choice
of means for analysis

o OmnpeneneHne rpaHuIbl
oObekTa / Object
boundary definition

o Bribop HeoOx0aMMOIA
nHdopmanun 06 00b-
€KTe M BHEIIHEH cpere /
Selection of necessary
information about object
and environment

o OOGocHOBaHHUE KpUTe-
pueB ouenku / Justifica-
tion of assessment
criteria

o Bribop meronoB
uaeHTH(pUKALUY /
Choice of identification
methods

o Vnenruduxanus
OTacHBIX (paKTOPOB /
Identification of hazards

o OrmpenencHue pesyib-
TATOB MX BO3JENCTBUS /
Determination of results
of their impact

« Br10op meTonoB
MOJICIIMPOBAHUS /
Choice of modeling
methods

o [locTpoeHue mMozenu /
Model building

o IIposepka nocro-
BEPHOCTU MOJIEIH /
Model validation

<

O0001IeHHE Pe3yJIbTATOB
Synthesis of results

7=

®opMupoBaHue
pexoMeHAanuii no
YHpaBJIeHHIO PHCKOM
Developing
recommendations
for risk management

Onenka
YPOBHSI pHCKa

Assessment

¢ of the level of risk

Pacuer moka3zareJsiei
pucka
Calculation of risk
indicators

o dopmupoBaHue oTUeTa
00 ypoBHE prcKa /
Generation of report
on the level of risk

e JlanHbIE O TOCTOBEPHO-
CcTH olleHku / Data on
reliability of assessment

o Oruer 0 PEKOMEHAAUAX

I10 YIPABJICHUIO PUCKOM /

Report on recommenda-
tions for risk manage-
ment

[IpunsiTue pucka /
Acceptance of risk

Meponpustus 1o MOHHU-
TOPHUHTY U KOHTPOJIIO
YPOBHS pHCKa /
Measures for monitoring
and control of the level
of risk

Mepbl 110 CHUKEHHUIO
YpOBHS pucka /
Measures to reduce
the level of risk

o HMHTepmperarus
pesynbraros / Inter-
pretation of results

o DopmupoBaHue
BapHAHTOB PELICHHI /
Formation of decision
variants

Ber6op npemnouTy-
TEJBHOTO BapuaHra /
Selection of preferred
variant

o dopmupoBaHue
HCXOJHBIX JJAHHBIX /
Source data generation

o OlleHKA TOYHOCTH U
JIOCTOBEPHOCTH JAHHBIX /
Estimation of accuracy
and reliability of data

o TIpoBeeHUE BBIYUCTC-
Huii / Simulation

o IIpencrasienue pesyib-
TaTOB MOJICITUPOBAHHUS /
Presentation of simula-

accidents scenarios x,

o 3alIMTHBIC MEPO- tion results
npusttust / Protective
measures
Puc. 1. Tunosas cxema KOJIMYECTBEHHOIO aHAIN3a PUCKA
Fig. 1. Typical scheme for quantitative risk analysis
HapnexHOCTb U 10CTOBEPHOCTH
KOJIMYECTBEHHOTO aHAIN3a pucka D
Reliability of quantitative risk
analysis D
Conepxanue IlonHoTa yyera omacHbIX Lemnecoobpaznocts KauectBo Tounocth
JTIOKyMEHTAIUH 110 (haxTOpOB M MOTECHIH- TIPUMEHEHUST KOHKPETHBIX HCXOJTHBIX pacuera
pe3ynbTaTaM aHalu3a X QIIBHBIX CLICHAPUEB METOZIOB aHAJIH3a X3 JAHHBIX Xy pHUCKa X5
Content of documentation aBapuu xp Feasibility of application Quality Accuracy
based on the analysis Completeness of hazar- of specific methods of source of risk
results x; dous factors and potential of analysis x3 data x calculation x5

Puc. 2. CTpyKTypa OLCHKH HAJCKHOCTH U JOCTOBEPHOCTH KOJIMYECTBEHHOTO aHAJIN3a PHCKa
Fig. 2. Structure of reliability assessment and quantitative risk analysis
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BE30MACHOCTb TEXHOAOTMYECKNX NPOLECCOB N ObOPYAOBAHUA -

Tabnuua 1. Mpasuna KOAMPOBaHWS NokasaTenen 6a3oBbIx KpUTEPLEB
Table 1. Rules for coding indicators of basic criteria

3HaueHwue /

Ormucanue /

xlzo

x; =1

x; =2

X, =0

X, =1

X, =2

x3=0

IIpasuna koouposanusa noxazamens x, | Rules for coding indicator x,

B foKyMeHTAIMH [0 aHATM3Y PUCKA OTCYTCTBYIOT CIICIYIOIIHE JICMEHTHI:
LEJIH ¥ 332491 KOJIMYECTBEHHOTO aHAITM3a PHCKa;

IIOJTHOE OIHCAHHUE MCCIELyEeMOro 00BbEKTa;

000CHOBaHHE HCIIOIb3yEMbIX MCTOIOB AHAITH3A;

HCXOJIHBIC JTAHHBIE, HEOOXOTUMBIE JUIS AHAJIN3A U PACUETOB;

OTYET O pe3yJIbTaTax aHAIN3a

The documentation for risk analysis does not contain the following elements:
o goals and objectives of quantitative risk analysis;

complete description of the object under study;

justification of the methods of analysis used,;

initial data necessary for analysis and calculation;

report on the results of the analysis

B noxymeHTanuu 1o aHajuusy pucka IpuCyTCTBYET, IO KpaiHel Mepe, O/IMH U3 CIEAYIOIUX HE0CTaTKOB:
OIMCaHMs 337124 ABJISIOTCS HETIOJIHBIMU UJIH JBYCMbICIIEHHBIMU;

OITCaHHE HCCIIelyeMOro 00beKTa He B ITOIHON Mepe TOHSTHO;

000CHOBaHHUE MTPUMEHIEMBIX METO/IOB aHAJIM3a PACILUIBIBYATO M HEOYCBUHO;

IIPEeICTaBICHHBIE PE3yIbTATHI SBISTIOTCS HENOIHBIME (HAaPpHMeEp, He YUUTHIBAIOTCS (PaKTOPHI HeoTpe-
JIEJICHHOCTH) WJIM HEOAHO3HAYHBIMH

The documentation for risk analysis has at least one of the following drawbacks:

o descriptions of tasks are incomplete or ambiguous;

o description of the investigated object is not fully understandable;

o rationale for the methods of analysis used is vague and not obvious;

o reported results are incomplete (for example, uncertainties are not taken into account) or ambiguous

OtueTHas JOKYMEHTALMS 10 aHAJIM3Y PUCKA CONEPIKUT MOIHYIO M JOCTaTOUHYIO HH(POPMALUIO, B TOM
YHCIIe OTCYTCTBYIOT HEIOCTATKH, IEPEUNCICHHbIE IS yPOBHA X; = 1

Reporting documentation on risk analysis contains complete and sufficient information, including

no shortcomings listed for level x, = 1

IIpasuna koouposanusa noxazamensn x, | Rules for coding indicator x,

He uneHTHOHUIMPOBAHBI HEKOTOPBIC OMAcHBIe (PAKTOPHI, @ TAKXKE CLICHAPHUH aBAPUil U NPOMCIICCTBHIL:
e TIPOBEpPKA MTOKA3ala, YT0 HEKOTOPHIC OPaXKAIOIIHe (PaKTOPHI HE YIUTHIBAIOTCS;

e OTCYTCTBYeT 0OOCHOBAHME PACCMOTPEHHBIX ABAPHIHBIX U HEIITATHBIX CHTYAI[HH;

e TIPOBEpPKA MOKA3aja, YTO HEKOTOPhIe KPUTHUECKUE CLIEHAPUU aBAPUIHBIX CUTYAIHil OTCYTCTBYIOT
Some dangerous factors have not been identified, as well as scenarios of accidents and incidents:

o verification showed that some damaging factors are not taken into account;

o there is no justification for the considered emergency and abnormal situations;

o verification showed that some critical emergency scenarios are missing

IIpoBepka noka3zana, 4To Bce ONACHBIE MOpaKaroIue (HakTopbl U KPUTHIECKUE CLIEHAPUU aBapUH U IIPO-
UCLIECTBUH MAEHTU()UIINPOBAHBI, HO IPOBEPKA IPOBOANTCS HA OCHOBE HKCIIEPTHOM OLIEHKH, @ HE UCIIONb-
30BaHUS PEAIbHBIX CTATUCTUYECKUX JAHHBIX

The audit showed that all dangerous damaging factors and critical scenarios of accidents and incidents
were identified, but the verification is carried out on the basis of expert judgment, and not the use of real
statistics

HpOBepKa I10Ka3aja, 4TO BCC KPUTUYCCKHUC CLICHAPHUH aBapI/Iﬁ u HpOI/IC]lIeCTBI/Iﬁ I/II[eHTI/I(I)I/II.II/IpOBaHBI u
HX JOCTOBCPHOCTH MOATBEPKAACTCA UCITIOJIB30BAHUEM PCATIBHBIX CTATUCTUYCCKUX JaHHBIX

The audit showed that all critical scenarios of accidents and incidents identified and their validity is con-
firmed by the use of real statistics

IIpasuna koouposanusa noxazamens x; | Rules for coding indicator x;

BrIOpaHHbIe METO/IBI aHAIH3A HE YIOBIETBOPSIOT TPEOOBAHHUSIM TIPOBOJMMOTO HCCIIETOBAHMS:

e HCIOJb3yeMbIe METO/IbI HE YIUTHIBAIOT HEKOTOPHIX OCOOEHHOCTEH peabHOTO MpoIiecca, MPOTeKaro-
IEero Ha 00BEKTE UCCIICIOBAHMUS (HAPUMED, HE YUUTHIBAIOT JUHAMUKY U3MEHEHHS BO BPEMEHH OTpe-
JIETICHHBIX XapaKTEPUCTUK, PACCMATPUBASL MX CTAIMOHAPHBIMHU, U T. 11.);

e METOBI TPEOYIOT OO0JIBIIE PECYPCOB (HATIPUMED, KOJUYECTBA HCXOIHBIX JAHHBIX, BEIYHCIUTEIBHOM
MOIITHOCTH H T. JI.), Y€M MOXKET OBITh IPEIOCTABICHO

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 1 m



- BE30MACHOCTb TEXHOAOTMYECKWX NPOLEECCOB N ObOPYAOBAHUA

Okownyanme 1abn. 1 / End of table 1

3HaueHwme /

Ormucanne /

x;=1

X3=2

X4=O

x,=1

X, =2

x5=0

xs=1

X5 =2

The chosen methods of analysis do not meet the requirements of the research:

o methods used do not take into account some features of the actual process occurring at the research object
(for example, do not take into account the dynamics of the change in time of certain characteristics,
considering them stationary, etc.);

o methods require more resources (for example, amount of raw data, processing power, etc.) than can be
provided

Oco0eHHOCTH BBIOPAHHOI'0 METO/1a aHAIM3a YAOBIETBOPSIIOT TPEOOBAHUSIM IIOCTABIEHHON IPOOIEMBL,
HO BBIBOJ] O €I'0 UCII0Ib30BAHUH COCTABJICH HA OCHOBE YKCIIEPTHOI'O OIIBITA

The features of the chosen method of analysis satisfy the requirements of the problem posed, but conclu-
sion about its use is compiled on the basis of expert experience

BrIOpaHHbBIE METOBI aHAIN32 YIOBIETBOPSIOT TPEOOBAHUSIM IIPOBOAMMOTO HCCIESIOBAHNUS U YKe ObLIH
YCIICHIHO arpoOUpOBaHbI IPH aHAJIM3E PUCKA HA MOIOOHBIX 00BEKTaX

The selected methods of analysis satisfy the requirements of the conducted research and have already
been successfully tested in the risk analysis of similar objects

Ilpasuna koouposanusn nokazamensn x4 | Rules for coding indicator x,

e OTCyTCTBYET HOCTaTOYHAs 6a3a CTATHCTUYCCKUX MAHHBIX (HEMIOCTATOK PENPE3CHTATHBHOCTH JaHHBIX ),
1 MCXOTHBIC JTaHHBIC OMpeIe/ICHbI HCKIIOUUTENFHO Ha OCHOBE dKCIIEPTHBIX OIICHOK;

e B BBOJAMMBIX 9KCIIEPTAMH HCXOIHBIX JIAHHBIX HE YUHTBIBACTCS UX JMUCTEMUYECKast HEONPeIeIeH-
HOCTH [24, 25];

e €CTh CYIIECTBEHHbIC TIOTPEIIHOCTH B U3MEPEHUH UCXOIHBIX JaHHBIX

o There is no sufficient statistical database (lack of data representativeness), and the baseline data are
determined exclusively on the basis of expert assessments;

o the initial data input by experts does not take into account their epistemic uncertainty [24, 25];

o there are significant errors in the measurement of the original data

o OTcyTCTByeT JocTraTovHast 0a3a CTaTUCTUYCCKHUX JAHHBIX (HeZ[OCTaTOK PCIIPE3CHTaTUBHOCTU L[aHHI)IX);

e MCXOOHBIC TaHHBIC OCHOBAHBI HA OKCICPTHBIX OLICHKAX C ITOJHBIM Y4ETOM 3MHUCTEMUYCCKON HCOIIpC-
JCJICHHOCTH,

e CCTb HE3HAYUTCIIbHBIC ITOTPCITHOCTH B U3MCPCHUHN NUCXOAHBIX JaHHBIX

e There is no sufficient statistical database (lack of data representativeness);
e baseline data is based on expert estimates with full consideration of epistemic uncertainty;
o there are insignificant errors in the measurement of the initial data

o Jlyist aHANI3A PHCKOB HCIIOIB30BaHbI HCXOMHBIC JaHHbBIC, CHOPMHUPOBAHHBIC Ha OCHOBE JOCTATOYHO
601BII0r0 00BEMa SMITUPHIECKOH HHPOPMAIHH;
e OTCYTCTBYIOT IIOTPEIIHOCTH B H3MEPCHUH HCXOMHBIX JaHHbIX

o For the analysis of risks, the initial data generated based on a sufficiently large amount of empirical
information are used;
o there are no errors in the measurement of the initial data

Ilpasuna koouposanusa nokazamensn xs | Rules for coding indicator x5

o IIporecc pacuera pucka COACPIKUT CEPbE3HbIC OIIMOKH;
e BO3HHKJIA PACCOTIACOBAaHHOCTH B PE3yJIbTaTaX PAacueTOB C PE3yJIbTATAMHU M3BECTHBIX 3HAYCHUH (OT-
KIIOHEHUSI Pe3yJIbTaTOB OT HTAJIIOHA)

o The process of calculating the risk contains serious errors;
o there was a mismatch in the results of calculations with the results of known values (deviation of re-
sults from the standard)

e IIpomecc pacuera prucKa HE COAEPKUT CEPHE3HBIX OIITHOOK;

e MOTYT CYIECTBOBATH TOJIBKO IOTPEIIHOCTH CaMOTro IIpolecca pacyera (HaupuMep, TOUHOCTh MOJETIH-
poBanus 1o Metoy MonTe-Kapiio niy ucroab30BaHUs KAKUX-JIMOO0 YUCIICHHBIX METO/IOB);

e HEOIIPE/eICHHOCTH, BbI3BAHHbIEC MOIPEIIHOCTMH, HE MOJICIIUPYIOTCS

e The process of calculating the risk does not contain serious errors;

o there can only exist errors in the calculation process itself (for example, the accuracy of the Monte
Carlo simulation or the use of any numerical methods);

o uncertainties due to errors are not modeled

e MoryT cyniecTBOBaTh TOJIBKO IMOTPEITHOCTH CaMOTO IpoLecca pacueTa (HapuMep, TOYHOCTh MOJIe-
JIMPOBAHMUS 10 MeToy MoHTe-Kapiio niy ncroabp30BaHus KAKUX-JIHOO0 YHCICHHBIX METOJIOB);

e HEOIPE/ICNICHHOCTH, BEI3BAHHBIE OIPEIIHOCTIMH, KOPPEKTHO CMOAEITHUPOBAHBI

e There can only exist errors in the calculation process itself (for example, the accuracy of the Monte
Carlo simulation or the use of any numerical methods);

e uncertainties caused by errors, correctly modeled

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 1



BE30MACHOCTb TEXHOAOTMYECKNX NPOLECCOB N ObOPYAOBAHUA -

Tabnuua 2. YpoBHWN LOCTOBEPHOCTM M HAAEXHOCTL KOMMYECTBEHHOMO aHanm3a prcka
Table 2. Levels of reliability and quantitative risk analysis

YPOBCHL JAOCTOBEPHOCTU

Ormucanne /

D = 0: HeHaeKHBIH
D = 0: unreliable

D = 1: HaneKHBIH,
HO HE B ITOJIHOW Mepe
JTIOCTOBEPHBII

D = 1: reliable but
not fully reliable

D = 2: HaAe)KHBIN
W JOCTOBEPHBIN

D = 2: reliable and
veracious

° Pe3yJII>TaT KOJMYCCTBCHHOI'O aHAJIM3a pUCKa 00BeKTa HeKa‘IeCTBEHHBIfI;
e HHUKaKHC HaJIBHeﬁmHe CYXKACHUSA O JOCTOBEPHOCTU KOJIMYECTBCHHOT'O aHaJIN3a pUCKa HEBO3-

o no further judgment on the reliability of quantitative risk analysis is possible;

MOJKHBI;
pe3yJbTaThl KOJMYECTBEHHOTO aHAIN3a PUCKA HE JI0JKHBI HCIIOIb30BAThCA IS MTOICPIKKU
TIPUHATHS PELIeHNH

The result of a quantitative risk analysis of the object is substandard;

the results of a quantitative risk analysis should not be used to support decision making

Pe3ynbpTaT KOJIMYECTBEHHOIO aHAIN3a PUCKA KaYeCTBCHHBIH, HO:

— HEKOTOPBIC KPUTHYECKUE (GAKTOPBI U SBICHHS HE HACHTH(UIMPYIOTCS M HE aHATU3UPYIOTCSL;
— WJIM HEKOTOPHIC BaXKHBIC PUCKH HETOYHO OIPEICIICHBL.

Pe3ynbTaThl TAKOrO KOJMYECTBEHHOTO aHAIN3a PUCKA MOTYT HCIIOIb30BATHCS TSI TIOICPIKKI
MPUHSTAS HEKOTOPBIX PEIICHHUM, HO HE IS IIPUHSTHSI KPUTHYECKH BaXKHBIX U 0€30MaCHOCTH
00BEKTOB pEIICHUN

The result of a quantitative risk analysis is qualitative, but:

— some critical factors and phenomena are not identified and analyzed;

— or some important risks are not accurately determined.

The results of such a quantitative risk analysis can be used to support the adoption of certain
decisions, but not to make decisions critical to the security of objects

Pe3ynbpTaT KOJINYSCTBEHHOIO aHAIN3a PUCKA KAYCCTBCHHBIMN!

— BCE KpUTHYECKHE (DaKTOPBI U SBICHUS HICHTU(DUIIMPOBAHBI M YYUTHIBAIOTCS TIPH aHATIN3E
pHCKa;

— BCE BO)XHBIC PHCKH (M X HEOIPEICICHHOCTH) TOYHO OIPE/ICICHBI.

Pe3ynbTaThl TAKOTO KOJIWYCCTBECHHOIO aHAIN3a PUCKA MOTYT HCIIOJIb30BATHCS IS TIOJICPIKKH

MPUHATUS BaXXHBIX pemel—mﬁ

decisions

e The result of quantitative risk analysis is qualitative:
— all critical factors and phenomena are identified and taken into account in risk analysis;
— all important risks (and their uncertainties) are precisely defined.
o The results of this quantitative risk analysis can be used to support the adoption of important

KPHUTEPHEB X |, X, ..., Xs, ONPEAEIUTH COOTBETCTBYIOIIUI
YPOBEHb JIJIsl HAJIS)KHOCTH U JJOCTOBEpHOCTH D.

CremyeTr OTMETHTB, YTO ¥ CTPYKTYpa OIICHKH, ITPEe-
CTaBJICHHAsI Ha pHC. 2, U TpaBUJIa KOTUPOBAHUS (CM.
Tab1. 1 1 2) mocTpOeHBI B 00IIEM BHIE IS IEMOHCT-
panuu BO3MOXKHOCTEH mpejiaraemoro noaxona. besy-
CJIOBHO, OHM MOTYT OBITh 1Al TUPOBAHBI DKCIIEPTAMH B
MIPAKTUYECKOM MPUMEHEHUH PH PEIICHUH KaKHX-TTH00
crenu(pUUecKUX YacTHBIX 3aJ1au.

2. OueHKa HapeXHOCTU, OCHOBaHHas

Ha HauBHOM 6aMecoBCKOM KAaccUupukaTope

CHadana pacCMOTPHM OOIIHMIA MOJXO0J K KJIACCH-
¢ukanuu Ha ocHOBe HBK, a 3arem ommiiem meron Ha
ocuoBe HBK, mpemmaraemspiii HemocpeacTBEHHO ISt
OIICHKHU JIOCTOBEPHOCTH U HAJICKHOCTH KOJINYECTBEH-
HOTO aHaJIM3a pHUCcKa 00BEKTOB He()TETra30BOM OTPaCIIH.

2.1. HanBHbIN 6aieCcoBCKMUI KAaCCUPUKATOP

Omnpenenum x =[x, X, ..., X,] € X KaK BXOIHOH
BEKTOp NMPHU3HAKOB QYHKIMH Ki1accupuKanuu, rae X —
IPOCTPAHCTBO Npu3HAKOB. COOTBETCTBCHHO, KiIaccU(H-
karop (HBK) — sT0 dynkuus fi5r, KoTopas orobpa-

J)KaeT BXOIHOM BEKTOp IIPHU3HAKOB X € X B BBIXOAHOE

3Hauenue kinacca D € {0, 1, ..., K}. O0bIYHO BEKTOp
MPU3HAKOB TAK)KE MPUHUMAET JIUCKPETHBIE 3HAUYCHUS,
T.e.x; € {0,1,...,n;},tnei = 1,2,...,n. YauTsIBas xa-

pakTepuctuku Bektopa x, HBK knaccnpunupyer npu-
HAJUIEKHOCTh OOBEKTA K COOTBETCTBYIOIIEMY KJIACCy €
MaKCUMaJIbHOM arocTepruopHO BEPOSTHOCTHIO [26]:

D =arg rrg;le(D|x), @]

rae P(D|x) — amoctepruopHast BEpOSTHOCTh JaHHOTO
kyacca D (T. €. JaHHOTO 3HauU€HUsl JOCTOBEPHOCTU
U HaJIe)KHOCTH KOJTMUYECTBEHHOIO aHAJIM3a PUCKA)
IIpU JaHHOM 3HAYEHUH MIPU3HAKA X.
3HaueHue BepoaTHOCTH B (1) paccuuThiBaeTcs Ha
OCHOBE IIpUMEHEHMs TeopeMbl balieca co crporumu
(HaUBHBIMH ) IPEJIITOJIOKEHHUSMH O HE3aBUCUMOCTH [27]:

P(D\x):P;x(’x?)z KP(x|D)P(D) R
D" P(x|D) P(D)
D=0

rae P(D)— anpuopHasi BEposSTHOCTb JAHHOTO KJIacca;
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P(x| D) — npasaomnoaodue, T. €. BEpOITHOCTb JaH-
HOTO 3HAYCHU MMPHU3HAKA IIPH JTAHHOM KJIacce;
P(x) — ampuopHas BepOATHOCTb JaHHOTO 3Haye-
HUS IPU3HAKA;

P(x, D) — amocrtepuopHas BEpOSITHOCTh JJAHHOTO

3HAYCHUS TTPU3HAKA TP JAHHOM KJ1acce.

C ycrioBueM HE3aBUCHMOCTH TIPH3HAKOB IS KJlac-
CHU(UKAIUH EHCTBYET all0CTEPUOPHOE TIPABUIIO MTPH-
HATUS penieHus. B aTom cirydae uncnurens B (2) mpe-
o0pasyercs K BHIY:

P(x|D)P(D) = PD)[[ P, D). (3)
i=1

3ameTuM, 9TO 3HaMeHarTelb B (2) OAMHAKOBBIN IS
BCEX BO3MOKHBIX 3HaueHui D. COOTBETCTBEHHO, KJ1ac-
cupukarop — 3T0 (PYHKIHUS, ONpEACICHHAs CIeay-
IOLIMM 00pa3zoMm:

D =arg mgxP(D) ,li P(x;|D). 4)

Jnsnpumenenust HBK Bepositnoct P(D) u P(x;| D)
B (4) HE00OXOJMMO OLIEHUTH Ha OCHOBE JJAHHBIX 00yue-
Hus. JlanHble 00yUueHHs IPeACTaBIAI0T COO0H HabOPbI
00pasioB, U1 KOTOPHIX U3BECTHBI 3HAYCHUS IPU3HAKOB
U COOTBETCTBME IIPU 3TOM D ONpEeeICHHOMY KJIaccCy.
IIpeanonoxum, 4To y Hac ecTb Ng, ., AaHHBIX JIsl 00y~
yenns, o6o3navennsix (x¢, DY), ¢ =1, 2, ..., Ny
B sTOM citydae Tpebyemble BEpOSTHOCTH AIIPOKCHMHU-
PYIOTCSI OTHOCUTEIBHBIMI YacTOTaMH U3 Habopa J1aH-

HBIX 00y9eHUS:

No6y‘|
Z [(D(‘i) =k)

P(D = k) = )
No6yq
N06yq
Y 1@ = j, DD = k)
P(x; = j|D = k)=-""" )

00y4

Z [(D(q) =k)
q=1

rae /(...) — UHANKAaTOpHAs (XapaKTepucTHiecKas) (pyHK-
mast; i=1,2,...,nj=0,1,...,n;k=0,1, ..., K.
CymiecTByeT oflHa MOTEHIMATIbHAS [TpodIeMa mpu
OIICHKE BEPOSATHOCTEH C UCIIOIB30BAHUEM BBIPAKCHUI
(5) u (6). Ilpeanonoxum, 4To TaHHBIN KJIacc k ¥ 3HaUe-
HUSI KAKOTO-JTH00 MTPHU3HAKA j HUKOT/Ia HE BCTPEYAIOTCS
BMECTE B HabOpe JaHHbIX OOyueHMs, TOTZIa OLCHKA,

OCHOBaHHasA Ha BEPOATHOCTAX, 6yﬂeT paBHaA HYJIIO, T. €.
N o6ys

I(xP = j, D' = k) = 0.B s1om ciyuae P(x, =

q=1
=j|D =k)=0, aro cornacHo (3) nmpuBoaut k P(x|D) =0
HE3aBUCHMO OT 3HAYCHHI BEPOSTHOCTEH LIS JPYTHX
npu3HakoB. Takum 00pa3om, Mpu MEPEeMHOKESHUH HY-
JeBasi OLleHKa IIPUBE/ET K IToTepe HH(OpPMAIIH 0 JApY-
X BeposiTHOCTSIX. [laHHast mpoliiemMa JJ0CTaTo4HO 4acTo

CO6op 1aHHBIX [Toctpoenue IIpoBepka
00yueHust KkJaccupukaropa KI1accu(puKaTopa

Training data Building Classifier
collection classifier verification

Puc. 3. Cxema HauBHOrO 0aiiecOBCKOTO KiIaccHUpUKaTopa Uit
OLICHKU JOCTOBEPHOCTH KOJIMYECTBEHHOTO aHAIN3a PUCKA

Fig. 3. The scheme of a naive Bayesian classifier for assessing
the reliability of a quantitative risk analysis

BCTpeYaeTcss B MPaKTHYECKUX 3a/adax Kiaccuduka-
LI1Y, I03TOMY HPEANOYTUTEIEHO BBOAUThL HEOOBIIINE
MONPABKH BO BCE OLICHKU BEPOSITHOCTEH Tak, 4TOOBI
HHUKaKasg BEPOSITHOCTb HE OblIa CTPOrO paBHA HYIIIO.
Uto6b! n30exaTh JaHHOW MpPOOIEMBI, MPH OLICHKE
P(D = k) u P(x; =j|D = k) uacTo IpuMEeHsAETCSI METOA
craxkuanus no Jlamacy [27]:

N06y([
> pW=k)+a
_ _ 9=l .
P(D =k) = Noga + (K + Do (7
P(x; = j|D =k) =

Noqu
Y 169 = j, DD =k)+a
= q:l

Noqu ’

S W =k)y+ (n + o

q=1

®)

rae o € (0, 1]— ko3¢ dunneHT KOppeKTUPOBKH, BBEICH-
HBIH JUTSI KOMIICHCAITUH BO3MOXKHBIX HYJICBBIX 3Ha-
YEHUH BEPOATHOCTEN;
(K+1),(n;+ 1)—uncno BO3MOXKHBIX 3HAUCHUII CO-
OTBETCTBEHHO /It D ¥ MpU3HAaKa X;.

2.2. OueHKa AOCTOBEPHOCTH

pe3yAbTaToB aHaAu3a pucka

Paccmorpum Bo3moxkHOCTh puMenennst HBK s
pa3paboTKu Kiacch(UKATOpa MPH PEIICHUH 321a9H OLICH-
KU IOCTOBEPHOCTH, CTPYKTYpa KOTOPOil peicTaBieHa
Ha puc. 2. B 3ToM ciy4ae y Hac €CTh IATh MPU3HAKOB,
T. €. X = [X}, Xy, ..., X5|. Kaskaplil npu3Hak umeer Tpu
JUCKpeTHBIX ypoBHS: X; € {0,1,2},i=1,2,...,5.Cne-
noBarensHo, X = {0, 1, 2}x ... x{0, 1,2} = {0, 1, 2}°.
JoctoBepHOCTH D MOXKET MPUHAIIICKATH OJTHOMY U3 TPEX
BO3MOXHBIX KJlaccoB (cM. Tabm. 2), T.e. D € {0, 1, 2}.
[Ipornecc knaccudukaym OCyImecTBISECTCS B TPH dTara

(puc. 3).

Coop dannvix 0byuenus

BaitecoBckuii moaxoa OCHOBaH Ha TEOPEME, YTBEPIK-
JAIONIEH, YTO €CIIU IJIOTHOCTH paclpesieIeHns 3Haue-
HU Ka)10T0 U3 MPU3HAKOB U3BECTHBI, TO NCKOMBIH ajro-
PUTM MOKHO BBIITUCATh B IBHOM aHAJTUTHYECKOM BH/IE.
Bonee Toro, 3TOT anroput™ onTUMaleH, T. €. o0jaaaaer
MUHUMAaJILHOM BEPOSATHOCTHIO OmMOOK. Ha mpakTuke
IUIOTHOCTU PACIpPEE/ICHHUs Yallle BCEro HEU3BECTHBI.
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WX He0OX0IMMO OIIEHUBATH (BOCCTAHABIIUBATH ) 110 00Y-
yaroneil Beioopke. B pesynsrare OaitecoBckuil anro-
PUTM IIepecTaeT ObITh ONTHMANbHBIM, TaK KaK BOCCTa-
HOBHTB IUIOTHOCTH 10 BEIOOPKE MOKHO JIMIIb C HEKOTO-
PO¥i MOrPEIIHOCTHIO.

IMockonsky X = {0, 1, 2}5, TO BEKTOP NMPU3HAKOB X
MOJKET IPUHUMATH 3°=243 pa3HbIX 3HaueHus. Yactb u3
HHX, 0003HaYacMast x(q), qg=12,..., Nogyas BBIOMpaETCs
B KauecTBe 00pa3ioB o0y4yeHus. JJoCTOBEPHOCTh 3THX
y4eOHBIX 00pa3Ii0B, 0003HAYCHHBIX D(q), qg=1,2,...,
Nigyq> OLICHUBACTCS SKCIIEPTAMH COITIACHO ONHMCAHUIO,
mpeacTaBlieHHOMY B Tabu. 1. 3aTtem qaHHbIe 00yUYeHUs
ncnonb3yrores st nocrpoenus HBK, xotopsrit nanee
3aMEHSET PKCIEPTa MPH OLIEHKE 10CTOBEPHOCTH KOJH-
YECTBEHHOTO aHalln3a PUCcKa Ha 00bekTax Hedreraso-
BOM OTpaciH.

ITockonpky HEK oOy4aercst Ha gaHHBIX 00y4YeHHSI
Ha OCHOBE DKCIICPTHOM OLICHKH, BaYKHO, YTOOBI UCIIONb-
3yeMble JIaHHbIC 00YUYESHUsI B IOJIHOW Mepe 0XBAThIBAITN
BCE MMPOCTPAHCTBO Mpu3HaKoB. C APyroi CTOPOHBI, XO-
9eTCs MAaKCHMAaJbHO COKPATUTh KOJMYECTBO JTAHHBIX
00yueHust, TOCKOJIbKY 3a4acTyro mpouecc coopa JaH-
HBIX 7151 00Y9EHUS SIBIIICTCS BEChbMa TPYI03aTPaTHBEIM
u TpeOyeT MHOrO BpeMmeHu. [lnan oOyueHus: gomkeH
OBITh COCTaBIICH TaKUM 00pa3oM, 4TOOBI COOpaHHEIC
JaHHbIe 00y4YeHHs ObUIM OJIMHAKOBO PaclpeieeHbl U
MPEICTABIIIA BCE MMPOCTPAHCTBO X.

Hpyroii Borpoc, KOTOPbIii HEOOXOAUMO YUYUTHIBATD
IpH pa3paboTKe CXeMbI cOOpa JaHHBIX 00ydCHHST, — 3TO
pasmep BbIOOPKH N5, . Bosbuioe 3nauenne Ny, 110-
BBICHIIO OBbI 3()()eKTUBHOCTH pa3paboOTaHHOTO KJIACCH-
(bukaTopa ¢ ToukH 3peHus ero TounocTu. C aApyrou cTo-
POHBI, GOJIBIIOE KOJIMYECTBO AaHHBIX 00y4CHUsS Nyg, .
TpyO3aTpaTHo Npu cOope JaHHBIX (PKCHepTam MpHu-
JIETCSI OTICHUBATH CIUIITKOM MHOTO crieHapueB). Cremo-
BaTeIbHO, HEOOXOIMMO HANTH KaKOH-TO KOMITPOMHCC

TIPH ONPE/ICTICHUH KOJIMYECTBA AAHHBIX 00YUCHUS NGy -

THocmpoenue kraccugukamopa

CrpykrypHas cxema noctpoenuss HBK npencras-
neHa Ha puc. 4. Ha aramne moarotoBku pa3Mep BEIOOPKH
JAHHBIX OOYYEHHUS U CXEMBI X cOOpa OMPEACIIIOTCS
C HCIIOJIh30BAaHHEM METOIOB, OIMCAHHBIX BHIIIC. 3aTEM
nannsie o6yuenus (x7, D9, g=1,2, ..., N6y 00pa-
0arpIBalOTCS HKCIEPTaMH 10 MPaBUIIaM KOJUPOBAHUS
(cm. Tabim. 2). Ha atare o0yueHus kiaccuukarop cTpo-
urcs myteM onieHku P(D) n P(x;|D) u3 naHHBIX 00y4e-
HUSI C KCIIOJIb30BaHUEM COOTBETCTBEHHO BhIpakeHHH (7)
u (8). Ha stane ouenku nocrpoennsiit HBK mpumens-
eTCsI JUISl 3AMCHBI POJIN SKCIICPTOB M OTIPEICIICHHS JI0-
CTOBEPHOCTHU PE3YyIbTaTOB HOBOTO KOJHMUECTBEHHOIO
aHanmm3a prucka. [Ipu paccMOTpeHIH CTPYKTYPHI OICH-
K1 HaJIeKHOCTH U JOCTOBEPHOCTHU aHAIN3a PUCKA 3HA-
YEeHNS TIPU3HAKOB OTIPEICIIIOTCS CHavYala Ha OCHOBE
IPaBUJI KOAUPOBAHUS, TIPUBEICHHBIX B Ta0M. 2. B ko-

IIpoexTupoBaHme CXEMEI
cOopa TaHHBIX 00yUYCHUS
Planning a training data

collection scheme
IToaroroBu-

TeJbHBII dTan ¢

Preparatory sta
ep ory stage IloaroroBka JaHHBIX

Ha OCHOBE MHCHUH OKCIIEPTOB

Preparation of data based
on expert opinions

Ouenka P(D = k) ¢ ucnoib-
30BaHUEM BhIpaskeHUs (7)

Estimation P(D = k) using
Jran 00yueHust expression (7)
HBK I

Stage of training
of NBC

Ouenka P(x;=j| D = k)
C HCIIOJIb30BAaHUEM
BEIpaxkeHHs (8)
Estimation P(x; =j| D = k)
using expression (8)

OmeHKH BEKTOpa IPU3HAKOB

Ha OcHOBe Tao0i. 1
ITan oueHKH . .
Estimates of feature vector

JI0CTOBEPHOCTH e
KOJINYeCTBEHHOT0 Quvasisiontabie
AHAJIN32 pHCKA I

Stage of assessing
reliability
of quantitative
risk analysis

Ornpezenenue 10CTOBEPHOCTH
C UCIIOJIb30BAaHUEM
BEIpaxkeHHus (4)

Determination of reliability
using expression (4)

Puc. 4. Cxema noctpoenuss HBK s omenkn mocroBepHOCTH
KOJIMYECTBEHHOTO aHAIIN3a PUCKA

Fig. 4. Scheme of NBC construction for assessing the reliability
of quantitative risk analysis

HEYHOM CYETE JOCTOBEPHOCTH U HAJEKHOCTD PE3YIIbTa-
TOB aHAJM3a PUCKA yCTaHABIMBAIOTCS HA OCHOBE IO-
CTPOCHHOTO KJIACCH(DUKATOPA COIIACHO BRIPAYKCHHIO (4).

Ilposepra kraccuguxamopa

Ha npaktuke pasmep BBIOOPKH JIaHHBIX 00yYEHUS,
noctynHbix st noctpoenuss HBK, moxeT okazarbes
HE3HAYUTEIbHBIM, YTO MIPUBEIET K CHUYKEHUIO TOYHO-
ctu kitaccudukaropa. Ecnmu HBK HemocTarouno ToueH,
TO, 110 BCEH BEPOSTHOCTH, OH HE CMOXKET KOPPEKTHO
“UMUTHPOBATh” MOBEJEHUE IKCIIEPTa IIPH OLIEHKE J10-
cToBepHOCTH. [ToaTOMY HaM HEOOXOAUMO PACCMOTPETh
BOTIPOC O MpoBepke pazpadorannoro HBK, T. e. yOe-
JIUTHCSI B TOM, 4TO KIIACCH(PHUKATOP MOXKET aJICKBATHO
OTpakaTh MHEHHE DKCTIEPTOB.
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TecTrpoBanue KaccupuKaTopa MOKHO ITPOBOIUTH
Ha OCHOBE IEPEKPECTHOM MPOBEPKH (KPOCC-BaTHIAITIS,
cross-validation) Meroja OICHKH KadecTBa KJIACCH-
(ukaropa u ero IMoBEICHHS Ha HE3aBHCUMBIX JaHHBIX
[28-30]. [Tpu o1ieHKe KIIacCHU(pUKATOPa UMEIOIINUECS B
HAJIMYHHY TaHHBIC pa30uBarOTCs Ha k 9acTeil. 3aTeM Ha
(k—1) yactsax JaHHBIX TPOU3BOIUTCS 00yUEHHUE Kilac-
CU(HKATOPA, & OCTABIIASICS YaCTh IaHHBIX yYaCTBYET B
tectupoBanui. [Iponenypa nosropsiercs k pas; B utore
Ka)</1as U3 k 4acTeil JaHHBIX UCIIONb3yeTCs A TeCTH-
poBaHusi. B pe3ynbTrare monydaercsi OleHKa KauecTBa
pa3paboTaHHOTrO KiaccuukaTopa ¢ HanboIee paBHO-
MEPHBIM HCIOJIb30BAHHEM HMEIOIIMXCS TaHHbIX.

YacTHBIM cilydaeM SIBISIETCS “‘CKONB3SLIUN KOHT-
pOJIB”, W TIEPEKPECTHAS MPOBEPKA, C TIOCTIEIOBATEb-
HBIM HCKJTFOYEHHEM OJTHOTO K3eMITIsIpa JaHHbIX (leave-

< Hawano / Beginning >

rl

||

0o
o o

[

=itl

) i

Yianenne (x, 7)) u3 Habopa JaHHBIX 00y4YeHHs

Deleting (x, 7())from the training data set

i

IMocrpoenue knaccuduxaropa fipi. ;
C HCIIOJIb30BaHHEM OCTAIILHBIX JaHHBIX 00yUeHUs

-4

Constructing the classifier fygg_; using the rest
of the training data

i

Tnporu :fHBK,i (x(i))

X (1)
Tprogn :.fNBKJ ")

y i

§= 8+ I(Typory = TV
S - S + ](T]’)I'Ogll - T“))
7 ) Her / No

( 8
C Komnern / The end )

Puc. 5. Anroputm nepekpecTHOI MPOBEPKH KiIaccupukaTopa

Fig. 5. Algorithm for cross checking the classifier

oneout CV, LOOCV), 1. e. k = n. [Ipu 3TOM cTpOUTCS N1
MoJienei 1o (n— 1) BBIOOPOYHBIM 3HAYCHHUSIM, & UCKITFO-
YCHHBIN SK3EMIUAP JaHHBIX KaXKIIBII pa3 HCIOIb3yeT-
cs1 JuTs pacdeTa omuOKH npu kiaccudukarmu. B [31, 32]
TEOPETUIECKH 000CHOBAHO TPUMEHEHHUE *“CKOIB3SIIIC-
T'0 KOHTPOJIS ¥ TIOKA3aHO, YTO €CIIH HCXOHEBIC BEIOOD-
KM HE3aBUCHMBI, TO CPEIHSS OIIMOKA IEePEKPECTHOM
MIPOBEPKU JaeT HECMEILIEHHYIO OLICHKY OLIMOKH Kiac-
cuduxanuu.

To4HOCTB Pe3ynbTaTOB KIACCUPHUKAINT H3MEPSICT-
Cs1 BEPOSITHOCTBIO (P ) TOTO, YTO KiIacCU(UKATOP Mpa-
BIJILHO OIIPEZIEIIIIT TOCTOBEPHOCTH M HAACKHOCTD Pe-
3yJbTAaTOB aHayn3a pucka. “CKOIb3AUINA KOHTPOIb
HCTIONB3YeTCs B paboTe IS OLIEHKHU Py, Te ONUH K-
3eMIULIP JAaHHBIX OOYYCHHUS OCTACTCsI JJIsl IIPOBEPKHU
KiaccuuKaropa, a 0CTaIbHbBIC HCIIOIB3YOTCS IUTST 00y-
YeHUs. AJITOPUTM peau3aliy JaHHOTO METOAa U30-
6paxen Ha puc. 5, tie (9, D), g = 1,2, ..., Nogys B~
JAIOTCS JIAHHBIMH OOYYeHHMS, fyp ; — Kiaccuduka-
TOP, TIOTYYICHHBIH ITOCIIE YIaICHHSI JTaHHBIX 00yUICHUS
(x®, D), P,, — olieHKa TOYHOCTH KJ1acCHPUKAIUH.

3akio4yeHune

1. HecmoTps Ha cymIecTBYIOMNN apceHa pa3ind-
HBIX METOI0B KOJINYECTBEHHOTO aHaJIM3a PUCKOB KaK B
POCCHICKOM, TaK U B MEXKAYHAPOTHOM MPAKTHKE, 3a9a-
CTYIO OCTAeTCsl OTKPBITHIM BOIIPOC OLIEHKHU J0CTOBEP-
HOCTH, a TaKXke BO3MOXKHOCTH JOBEpPHUS CO CTOPOHBI
JIUI, MPUHUMAIOIIUX YIPABICHUYECKHE PEIICHHUs, MO-
JyYEHHBIM pe3yJIbTaTaM.

2. IIpennaraercst MOJAXO/ K OIIEHKE HAJEKHOCTH U
JIOCTOBEPHOCTH KOJIMYECTBEHHOI'O aHAJIM3a PUCKa Ha
o0bekTax He(hTera3oBoil OTpaciy, OCHOBAHHBIN HA CH-
cTeMe Kiaccu(UKaIuy, 8 IMCHHO Ha IPUMECHECHUH Ha-
MBHOTO 0aiieCOBCKOTO Ki1acCcH(UKaTOpa, KOTOPBIH MO~
3BOJISIET CAMOCTOSITENIbHO JJaBaTh HKCIEPTHYIO OLIEHKY
JIOCTOBEPHOCTH M HAJIS)KHOCTH PE3yJbTaTOB aHaIN3a
pHucKa, 3aMeHsIsl [IPU 3TOM CaMoro 3KCIepTa.

3. K nocrouncrBam npumenenus HBK mist onenkn
JOCTOBEPHOCTH KOJHWYECTBEHHOTO aHaju3a pUCKa
MOYKHO OTHECTH TO, YTO KITACCHU(PHUKAIINS BBITIOTHICTCS
JOCTaTOYHO JIErKO M OBICTPO, MPEBOCXOAUT MHOTHE
IpyTHE aJITOPUTMBI M TIPH 3TOM TPeOyeT MEHBIIECTO
o0bema obyuaromux ganubix. HBK ouens xoporo pa-
00TaeT ¢ KaTeTOPUHHBIMHU TIPU3HAKAMH, YTO KaK pa3 u
HaIIlJIO CBOE OTpa)KEHHE B HACTOsIIEH padore.

4. OcHoBHbIM orpannueHueM npumeHenuss HBK
SABJISICTCS NPEAINOJIOKCHNUE O TOM, YTO BCE KPUTCPUU
npu Kiaccu(UKauy HE3aBUCUMEI IpyT OT apyra. Ha
MpaKTHUKE, OJHAKO, MCKAY KPUTCPHUAMU MOTYT CYLIC-
CTBOBATh PA3JIMYHbIE 3aBUCUMOCTH. YUeT aHHbIX 3a-
BUCUMOCTEH OyJIeT paCCMOTPEH B CIEAYIOIINX UCCIIe-
JoBaHMsX. KpoMe Toro, olieHKH KPUTEPUEB X |, Xy, ...,
X5 CBSI3aHBI CO MHOXKECTBOM CYOBEKTHBHBIX CYKACHUIA,
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a 3HAUUT CYIIECTBYIOT HEOIPEAENEHHOCTH MPH HUX ok
OIICHKEe. YUeT JaHHBIX HEOMPEneIeHHOCTeH Take Oy-  Hccrnedosanue npogedeno npu hunancosoi noooepaic-
JIET PaCCMOTPEH B OyAyIIMX HCCIEI0BaHHSIX. ke PODU 6 pamkax nayunozo npoekmaNe 16-08-01083.
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ABSTRACT

Despite the existing arsenal of various methods of quantitative risk analysis both in Russian and
international practice, problems arise related to the assessment of the reliability of the results obtained
during their practical application, including at oil and gas facilities. The question remains to what
extent the decision-maker can trust the results. The article considers the problem of assessing the
reliability of quantitative risk analysis at oil and gas facilities. Existing methods for estimating relia-
bility are investigated. It is proposed to use an approach based on ensuring the quality of the process of
risk analysis itself. To increase the objectivity in assessing the reliability of the results of a risk
analysis, a formal quantitative method was proposed. The article introduces 5 criteria that ensure the
quality of the process of risk analysis at oil and gas facilities. A system of rules for coding the values of
each of the basic criteria into three discrete qualitative levels was developed. The solution of the task
was accomplished by constructing a classifier in which the reliability index of a quantitative risk
analysis of oil and gas industry objects is a function of the values of the basic criteria. The reliability of
the risk analysis was evaluated on the basis of a naive Bayesian classifier that takes into account
the values of the five basic criteria in the evaluation framework. The results of the classifier work are
based on a variety of training data that were previously evaluated by experts. The article suggests an
approach to the assessment of the quality of the classifier itself, based on a cross-checking with
successive exclusion of one copy of the training data. The merits of using the naive Bayesian classifier
for assessing the reliability of quantitative risk analysis in oil and gas industry objects include the fact
that the classification is carried out quite easily and quickly, surpasses many other algorithms, and re-
quires a smaller amount of training data. A naive Bayesian classifier works very well with categorical
features, which is exactly what is reflected in this article.

Keywords: quantitative risk analysis; reliability; trustworthiness; naive Bayesian classifier; training
data; risk.
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