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OOBbeKT B HaAe)XHOCTU:
onpepapesieHue u coaep>XxaHme NoOHATUNA

Buktop A. Hetec, MocKkoBCKkuii TEXHUYECKUIA YHUBEPCUTET CBSI3N U MHPopmatuky, Poccuiickas denepaumsi, Mocksa

Buktop A. Hetec

BeepneHue

Teopust HAIEKHOCTH CYIIECTBYET YK€ HECKOJIBKO Je-

Pestome. Uenb. CTatbs npogo/mkaeT umki nyeankaumni, NCCneayowmx n o6CyxaarLmx cyLy-
HOCTb 1 onpeaeneHnst 6a30BbiX MOHSTUI TEOPUN HAAEXHOCTU. B Hel npoBeaeH aHaim3 ncxo-
JHOro MOHSITUS, SBJSIIOLLEro NPeaMeToM PacCMOTPEHUS] B HAAEXHOCTU, AJ1s1 KOTOPOro 0ObI4HO
UCMOJIb3YETCS TEPMUH «( TEXHUYECKUI) OObEKT». IMEHHO [J/11 Hero OrnpenessieTcsl rnoHsITne
«HaEeXHOCTb», N BOOOLLE, pacrpoCTPaHsIETCsl BCS TEPMUHOJIONMS M0 HaAEXHOCTU B TEXHUKE.
PaccmMmoTpeHb! caenyoLme BOrpoChl: Kak Ha3BaTb M ONpeaenTb 3TOT NpeaMeT paccMoTpe-
HUSI, 4TO OH MOXET COO0V NMPeaCcTaB/IsiTb, 4TO MOXET BXOAUTb B €ro coctaBs. B 4yacTtHocTu, 00-
CYXAaeTCcsl COOTHOLLEHNE MeXAy MOHATUSMU «00bekT» n «usgenve». Metogpl. [pocnexeHa
BBOJIIOUMST ONPENESIEHNI YKa3aHHOro MOHSITUSI B OTEYECTBEHHbIX Y MEeXAYHapOAHbIX TepMu-
HOJIOrMYECKUX CTaHaapTax rno HagexHocty 3a nocnaegHue 30 net. [poBeneH cpaBHUTEbHbIN
aHanm3 apyrux ctaHgapToB v ¢enepasbHbiX 3aKOHOB, OTHOCSLUMXCSI K 0ObeKkTaM pas/inyHoro
Buaa. PaccmMoTpeHa BO3MOXHOCTb MPUMEHEHMS IBYX OCHOBHbIX CrIOCOO0B, MO3BOJISIIOLLMX CO-
CTaBUTb MPEACTaB/IEHNE O HEKOTOPOM [OHSITUN: HarfsgHOro (Ha OCHOBE MpuMepoB) v ae-
QUHULMOHHOIro (NyTemM Mnocaea0BaTe/IbHOr0 OnpenesieHnss OAHUX TMOHSTUI Yepes apyrve).
PesynbraTtbl U BbiBOAbI. OripegesieHne v rnpaBuibHOE NMOHUMAaHNE MOHSATUS «0ObEKT» MMeeT
6oJIbLLIOE 3HAYEHUE, OCKOJIbKY OT Hero 3aBuUCUT 00/1aCcTb MPUMEHEHUS CTaHAapTOB M0 Ha-
AexHocTy. OObSICHSIETCS, MoYeMy rNpPUXoANTCS MUPUTLCS C TEM, YTO OMPEAEeHUsT UCXOAHbIX
MOHSITUV He MOryT ObiTb CTPOro OpMasin30BaHbl M YaKTUYECKU SIBASIIOTCS BCEro JMLLb Mosic-
HeHusiMu. [loka3aHo, YTO OMpPeneneHst NOHSITUS «0ObEeKT» B AENACTBYIOLUNX OTEYECTBEHHOM U
mexayHaposaHom ctaHaapTtax (FOCT 27.002-2015 n IEC 60050-192:2015) umeroT HETOYHOCTH.
Ans vx ycTpaHeHus NpeasioxeHbl YTOYHEHHbIE QOPMYINPOBKU MPUMEYaHWIA K ONpeaeeHuo
obwbekTa. lMepBoe npumedaHne rnepeyncsseT BO3MOXHbIE Buabl OObEKTOB: n3aenvs (getanmu,
COOPOYHbIE eanHULIbI, KOMIJIEKChI) Y MX COCTaBHbIE HaCTu, 34aHUs1 Y COOPYXXEHUS, CUCTEMBI,
COCTOSILUME U3 COBMECTHO QPYHKLMOHUPYIOLUNX U3AETNA M COOPYXEHUI, M UX MOLCUCTEMEI.
Btopoe npumevaHue ykasblBaeT COOTHOLLUEHUSI MEXAY OCHOBHbIMU COCTaBJISIIOLMMU O0ObEK-
Ta: annaparHbiMy CPeACTBaMu, MPOrpaMMHbIM O0OecrnedeHnemM v abMv (NepcoHaiom), v
MX BO3MOXHbIE KOMOuHaumy. O60CHOBaHa Liesecoobpa3HOCTb PaCCMOTPEHUSI BUPTYasbHbIX
OOBLEKTOB, UrparoLmMx BaxXHYyO POJIb B COBPEMEHHbLIX UHPOPMALMOHHbLIX Y KOMMYHUKALMNOH-
HbIX TEXHOJIOTUSIX M MPEACTaBASIOLMX COOOV JIOrMYEeCKU BbiAE/IeHHbIE MOACUCTEMbI B COCTa-
B€ CUCTEM, Ha OCHOBE KOTOPbIX OHM CO34aroTCsl. YkalaHbl Takke HeZoCTaTkuv, UMEILUMECs B
onpeneneHnsx pasindHbix oobektoB B FOCT 18322-2016.

KnioueBble cnoBa: HaZ1eXXHOCTb, CTaHAaPTU3aLINS], TEXHUHECKMI 0ObEKT, onpeaeseHne, BUbl
00bEKTOB, cocTaB/isoume obbekTa.

Ana uutupoBaHua: Hetec B.A. O6beKT B HAAEXHOCTU: ONPEAETIEHNE 1 COAEPXKAHNE MOHSITUS
// HagexHocte. 2019. Ne 4. C. 3-7. https.//doi.org/10.21683/1729-2646-2019-19-4-3-7

MocTtynuna 09.09.2019 r. / NMocne popa6otkmn 18.10.2019 r. / K neyatn 14.12.2019 r.
B naHHO# cTaThe aHaIM3UPYETCs MOHSITHE, KOTOPOE

NpeACeCTBYECT NOHATUIO «HAACKHOCTb», 4 UMEHHO 00-
CYXKIAACTCA, UTO ABIACTCA MPCAMETOM paCCMOTPCHUA B HA-

CSATKOB JIET, OJHAKO JIO CHX HOpP BEAYTCS CHOPHI BOKPYT
orpeiesieHni ee 0a30BBIX MOHATHIL. B mocieHue rojipl oHu
00CYKJTaNCh B Psifie CTaTel, MPeIoChUIKON K HATUCAHUIO
KOTOPBIX CHayaja cTana pa3padoTKa OTEYeCTBEHHOTO W
MEKyHApOAHOIO TEPMUHOJIOTMYECKUX CTAHAApPTOB MO
HagexHoctd (TOCT 27.002-2015 n IEC 60050-192:2015),
a 3aTeM W aHaJIN3 3THX cTaHaapTtoB [1-6 u ap.]. B wacTt-
HOCTH, pa3BepHYJIach O)KUBJICHHAS THUCKYCCHS O TOM, KaK
ONPEACIUTh CaMO MOHSTHE «HAAEKHOCTHY [2]. Ha B3msg
aBTOPA, BCE 3TO CBUJETEIBCTBYET HE O KPU3HCE B TEOPHU
HAJEKHOCTH, a O TOM, YTO OHA ’KUBET M Pa3BUBACTCS.

JI©)KHOCTH, TOUHEE FOBOPSI, HaJICXKHOCTh YETr0 UMEET CMBICTT
n3yuarb. J{71s 9TOro NOHATHSA, KaK IPaBUIIO, UCHOIb3YeTCs
TEPMHH «O0BEKT», HIMEIOTCSI €T0 OIPE/ICIICHHS B CTaHAap-
Tax. OJIHaKO 37€Ch TaKXKe HET IOJIHOW SICHOCTH, BOKPYT
3TOrO TOXKE IUIO 00CyXkJaeHue. byayT paccMoTpeHsl cie-
JIYIOLIME BOIPOCHI: KAK HAa3BaTh U ONPEJEIUTh 3TOT IPEMET
paccMOTpEHHsI, YTO OH MOXKET COOOW MpPEeACTaBIATh, YTO
MOXET BXOAUTH B ero cocran. [lonmyTHO aHanmu3upyrorcs
3amevaHusi, BeickazaHubie B [4, 5] B anpec [OCT 27.002-
2015 «HanexxHoCTb B TeXHUKE. TepMUHBI U OTIPEIEICHUS
U CBSI3aHHBIE C pacCMaTpUBaeMOI TEMOH.
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UcTopusa Bonpoca

J10 2009 rona B OCHOBHOM TEKCTE OTEUECTBEHHBIX TEPMHU-
HOJIOTHYECKUX CTaHJAPTOB IO HAJEKHOCTU OTCYTCTBOBAI
TEPMHH, COOTBETCTBYIOIIHI MPEIMETY PACCMOTPEHUS B
HaJISKHOCTH. B ompeneneHnsx OCHOBHBIX MOHATHHA B 3TOM
KaueCTBE MCIONB30BAJICSA TEPMUH «OOBEKTY, a B CIPABOYHOM
MIPUIOKEHUH, COZIEpIKAIIeM MOSICHEHU K TepMHHAM, 00b-
SCHSJIOCH, YTO TEPMHUHOJIOTHS 10 HATCKHOCTH B TEXHUKE
pacrpocTpaHseTcsl Ha JTI00bIe TEXHUYECKUE OObEKThI — H3-
JIETIHST, COOPYKCHUSI U CUCTEMBI, a TaKXKe MX MOACHUCTEMEI,
paccMaTpuBaeMBble C TOUKH 3pEHUS HAAECKHOCTU Ha 3Tarax
MIPOEKTHPOBAHSL, IIPOM3BO/ICTBA, HCIIBITAHUI, SKCILTyaTaui
1 peMoHTa. Jlanee yka3pIBanoCh, YTO B Ka4ECTBE MOACHCTEM
MOTYT paccMaTpUBaThCs COOPOYHBIC €IWHUIIBI, 1ETaJH,
KOMITOHEHTHI MU 3neMeHTH (popmymupoku u3 [OCT
27.002-89).

B 2009 roxy B3amen I'OCT 27.002-89 Obu1 mpuHAT
TI'OCT P 53480-2009, BmocneacTBUN MOTYyYUBIIHNA 000-
s3Hauenne ['OCT P 27.002-2009. On Obut pazpaboTaH ¢
Y4eTOM OCHOBHBIX HOPMATHUBHBIX TOJOKEHUH MEKTyHa-
poxnuoro crannapta IEC 60050-191:1990 “International
electrotechnical vocabulary — Part 191: Dependability and
quality of service” («MeXayHapOIHBIH AMEKTPOTEXHUIECKUHA
cnoBaps — Yacts 191: Hame)kHOCTD M KaueCTBO yCIyT»).
31ech CTOUT OTMETHUTH, YTO UMEHHO MeXITyHapoaHas
anekTpoTexHuueckas komuccusi (MOK, anmn. International
Electrotechnical Commission, IEC) urpaet Begymiyio poib
B MEXIyHAPOIHOW CTaHAAPTH3ALNH HAIS)KHOCTH [7].

B I'OCT P 27.002-2009 nosiBUICS TEPMHUH «U3AETHEN,
UMEIOIIHH oIpeiesieHue: Jiro0ast (PyHKIMOHATIbHAS S/IMHHLIA,
KOTOPYIO MOYKHO pacCMaTpHBAaTh B OTACTFHOCTH. B mprumeda-
HUHM | K HeMy ObIIIM IPUBE/ICHBI TPUMEPBI U3ICIUIA: cCUcTeMa,
MOICUCTEMa, 000pYI0BaHNE, yCTPOUCTBO, alllaparypa, y3ed,
JIeTab, SIeMEeHT. Bce 0CHOBHBIE OHSTHS HA/ISKHOCTH B 3TOM
CTaHJ[apTe ONpPeIeISUTICh MPUMEHHUTEIBHO K U3JIEITHIO.

IIpu sToM B oduIHaTbHOM IEpeBOIE CTaHIapTa
IEC 60050-191:1990 st COOTBETCTBYIOLIETO MOHSTHS,
BBIPOKCHHOTO aHTIIMHCKUMH TepMUHAMH “item” u “entity”,
HCIIOJIb30BAJICSI PYCCKUH DKBUBAJIEHT «OOBEKT», KOTOPOMY
JIABAJIOCh CIEAYIOIIee ONpe/eTIeHIe: TF00ast 4acTh, IEMEHT,
YCTPOHCTBO, MoAcHcTeMa, (DYHKIMOHAJIbHAS €ANHNIIA, all-
naparypa Wil CUCTEeMa, KOTOpbIe MOYKHO paccMarpuBarh B
OTAeNBEHOCTH. TakuM 00pa3oM, 9acTh ITOH POPMYITHPOBKH
obuta ucrionp3oBana B [OCT 27.002-2009 kak onpenenicHue,
a Ipyras 9acTh — BOILIA B IPAMEYaHNE K HEMY.

TOCT 27.002-2009 BbI3BaN CEpbE3HYIO KPUTHUKY CIIe-
IIUAJIFCTOB, B pE3YJIBTaTEe Yero BMECTO HETO OBLIO BO30OHOB-
neno peiicteue [OCT 27.002-89 (moxpobHEee 3Ta HCTOPUs
onucana B [2]). OnHUM 13 HOBOBBEICHHI, TOIBEPTaBIIUXCS
KpHUTHKe, ObITa 3aMeHa TEPMUHA «OOBEKT» Ha «u3menmey. 1
JIeTI0 371eCh HE TOJBKO B OTXOZE OT CTaBIIEH 32 MHOTO JIET
MIPUBBIYHON TEpMHUHOIOTHH. Boee cepbe3HbIM apryMEeHTOM
SIBJISIIOCH TO, UTO TEPMHH «H3/IEIIHE) YoKe ObUT CTaHIapTH30-
BaH B cucteme ctanaaproB ECK/I. B neficTBoBaBIem Ha TOT
momeHT [OCT 2.101-68 «ExuHas cucremMa KOHCTPYKTOPCKOI
JIOKYMEHTAIWH. BUIbI n3/1em1ii» ToBOPUIIOCH, YTO H3/EINEM
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Ha3bIBaeTCS JIIO00H MpeaMeT Wi Habop MPEeaMETOB IMPo-
W3BOJICTBA, ITOISKAIINX W3TOTOBJICHUIO HA HPEAIPHSATHH.
Takum 00pazom, BO3HUKAJIO HEKEIATEIEHOE PACXOXK/ICHHE
MEXKAY ONPEACICHUAMN OAHOTO U TOTO K€ TCPMUHA B OCHO-
BOIOJIAralONIMX OOLIETEXHUYECKUX CTaHaapTax. [Ipu stom
nonumanue Tepmuna «uzaenve» B ECK/, mompazymenatoriee
€ro M3rOTOBJICHHE Ha MPEINPUSITHH, yXKE, YeM y MOHATHS
«o0beKT» B HagexxHocTH. [locnenHee BKIItOYaeT, Hapumep,
JMHUH, CETH W KaHAJBI CBSI3H, JIMHUM JICKTPOIEepenayH,
TpyOONpOBOIBI U T.I. Bce OHM HE SBISIOTCS M3/ICIUSIMHU B
nonumanuu ECKJI.

B 2015 roxy B3amen cranpapta IEC 60050-191:1990 6511
npussT IEC 60050-192:2015 “International electrotechnical
vocabulary — Part 192: Dependability” («MexxyHapoHblii
ANIEKTPOTEXHUUYECKUH crioBapb — YacTb 192: HagesxxHOCTBY).
OOmmwmit ananm3 sroro cranmapra Oeut gaH B [3]. M3 nByx
YHOOMSIHYTBIX BBIIIE aHMIUHCKUX TEPMHUHOB B HEM ObLI
OCTaBJICH TOJIBKO MEpPBbIii (item), JyIsi KOTOPOro ObUIO aHO
BECbMa KpaTKoe OIpe/ieieHHe: pPacCMaTPHBACMBIH TIPEMET.
B npumeuanun 5 k HeMy 0ObSICHSETCS IPUYNHA U3MEHEHHSI:
«Omnpenenenne oobekra B [EC 60050-191:1990 sBnsieTcst
CKopee OIicaHueM, a He onpeneneHreM. HoBoe onpenernenye
o0ecreurBaeT ColIepIKATENIbHYI0 3aMEHY BO BCEM JIOKYMEHTE.
dopmyIMpOBKa NPEKHETO ONpPEAEIeHHs 00pa3yroT HOBOE
npumeyanue 1».

B tom e rogy Obut npunst u FOCT 27.002-2015. Tlpu
ero pa3paboTKe CTaBWJIACh 11€Jb, C OJJHOH CTOPOHBI, CO-
xpaHuTh npeeMcTBeHHOCTH ¢ ['OCT 27.002-89, a ¢ apyroii
— NPHOIM3UTHCS K HOBOMY MEXIIYHAPOJHOMY CTaHIAPTY.
B pesynbrare ObLIO NPUHSTO CIEAYIOLIEE ONpee/ieHHE:
(TexHMYECKHIA) 0OBEKT — MIPEAMET PACCMOTPEHHUS, Ha KOTO-
PpBli pacnpoCTpaHseTcss TEPMUHOJIOTHUS 10 HAJEKHOCTU B
TEXHHUKE. HpI/IMC‘IaHI/IC 1k HEMY JacT CIIHMCOK BO3MOXKHBIX
00BEKTOB: COOPOYHAS SMHHIIA, ACTAJIb, KOMITOHCHT, HJICMCHT,
YCTPOMCTBO, (PyHKIIHOHATIBHAS SAMHUIIA, 000PYI0BAHHUE, U3~
JIeJIie, CUCTEMA, COOPYIKEHHUE.

B nocneyronmx myonukanusx ObLIA BbICKa3aHbI 3aMeya-
HUSL K 3TOMY OITPEJIeJICHHIO, OJJHAKO OHH Oy/IyT paCCMOTPEHBI
4qyTh no3xe. [lepex aTumM ymectHo Oyaer cuenarh o0ie-
TEOPETHUYECKOE OTCTYIUICHUE, Kacaroleecs ONpeaeeH i
0a30BbIX TOHSITHIA.

Mpo6nema onpepeneHns UCXOAHbIX
MOHATUN

TpyaHocTH ¢ ompeieNicHreM 0a30BbIX OHITHIA XapaKTep-
HBI HE TOJIBKO UISI TCOPUH HAICKHOCTH, OHH HOCST OOIIUIA
xapaktep. BOT 4to mmcan mo 3ToMy MOBOAY H3BECTHBIH
MareMaTuk U JUHTBUCT B.A. Yenenckuit: «...Kak MoxHO
COCTaBHTH MPEJCTABICHHUE O TOM WJIA HHOM MOHsATHH? EcTh
JIBA OCHOBHBIX CII0OCO0Q, OIUH U3 KOTOPBIX MBI YCIOBHO
HA30BEM HA2ISIOHbIM, & JPYTOH, CTOJb K€ YCIIOBHO, — Oe-
@unuyuonnvim (ot 1am. definitio — onpenenenne). [Ipu Ha-
DJISITHOM CIIOCO0E TOHSITHE YCBaUBACTCSI HA MPUMEpaX, MpH
JIC(PUHUIIMOHHOM — C TIOMOIIIBIO OnpeecHuit. <...>...Ilpu
Je(PUHUIIMOHHOM CIIOCOOE OJHU TIOHSATHSI OMPEICIISIOTCS
4epes Apyrue, Apyrue — yepe3 TpeThr U T.1. Ho Bemb MbI He
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MOYKEM TIPOJIOIKATh ATOT MPOIecC OECKOHEUHO. A 3HAYHT,
Ha KaKHX-TO ... TIOHSATHUSAX MbI BBIHY)KICHBI OCTaHOBHTHCS
U J1ajiee X He ONpeNessTh. DTH MOHATHSA, KOTOPHIE Y)KE HE
HUMEIOT OTIPE/ICNICHUS], HAa3bIBAIOT HeonpeoensemviMu, WIn
ucxoonvimu. Ho ecnu ncxonHble TOHATHS HE MOTYT OBITh
OTIPEEIICHHI, ...OTKY/a K€ MBI MOXXEM 3HAaTh, YTO OHH O3Ha-
garot?» [8, c. 309-310, 312-313].

B maremaruke BBIXOJI M3 9TOTO TYIHKA JIaeT aKCHOMAaTHYe-
ckuii Metoz [8, ¢. 313]. B npyrux 061acTsax 3HaHHH, HE CTONb
cTporo (hopMaIM30BaHHbIX, IPUXOUTCS MUPHTHCS C TEM, YTO
OIIpE/ICIICHHs] UCXOHBIX TOHATHH (DAKTHYECKU SBIISIOTCS
BCETO JIMIIb NOSICHEHHUSIMH, IT0JI00HO TOMY, KaK 3TO ObLIO CO
cOpMyIHPOBAaHHBIMH DBKIIUJIOM OIPEICIICHUSIMU 0a30BBIX
MOHATHI TeOMeTPUH («TOUKa €CTh TO, UTO HE UMEET YacTei»,
«JTUHUS 5K — IrHA O3 mmpuHbD U T.11.) [8, ¢. 307]. [TosTomy
B ToM, 40 B ['OCT 27.002-89 1 mpeminecTBOBaBIINX eMy
CTaHJapTaxX HE JaBajJiOCh OMpe/eIeHHe 00beKTa, a JHUIIb
MOSICHEHHE K 3TOMY ITOHSATHIO, €CTh CBOW CMBICI.

B camom gene, onpenenenus oobekra B IEC 60050-192:
2015 u 'OCT 27.002-2015, ctporo roBopsi, TAKOBEIMH HE
SBISIIOTCS. [103TOMY CTOJIB Ba)KHBI MPUMEPBI OOBEKTOB,
NPUBEJ/ICHHBIC B IPUMEUAHHUSIX K OTIPE/ICIICHUSIM B 9THX CTaH-
JlapTax, MOCKOJIBKY, Kak ObIIIO CKa3aHO BBIIIIE, ITPU HATIISTHOM
crioco0e TIOHSTHE yCBAaNBaeTCs IMEHHO Ha IpruMepax.

[Tomyac MOMBITKK HAWTH BBIXOJ U3 OIMCAHHOTO TYIHKA
NPUBO/IT K BOSHUKHOBEHHIO B OIPEICICHHUIX MOPOYHOTO
Kpyra, Ipu KOTOPOM HEKOTOpOE TOHATHE OMpeAeseTcs
yepes camo cedst uiu ToHsThe A orpenensiercs uepes3 b, a
b — uepe3 A. Ilpumep momoOHOI cuTyaluii B cTaHIapTax
OyrneT npuBesieH HIDKe. PasymeeTcs, 9T0 SBIAETCS Cephe3HbIM
HEJIOCTaTKOM ATHX CTaH/IapTOB.

Buabl 060beKToB

B [4] cipaBesiiBO OTMEUCHO, YTO MEPEUCHb BUIO0B 00b-
€KTOB, TIPUBEJICHHBIH B IPUMEYaHNH | K OIpe/IesIeHUI0 00b-
exta B 'OCT 27.002-2015, ne yBs3an ¢ 'OCT 2.101-2016
«EnuHas cucreMa KOHCTPYKTOPCKOM JOKyMEHTaluuu. Buabl
uznenui». JleicrBurensHo, cortacio 'OCT 2.101-2016,
U3JIeNIUEe — JTO TPEJAMET WIM HabOp MPEIMETOB MPOU3-
BOJICTBA, MOJUISKAIMX M3TOTOBJICHUIO B OpraHm3anuu (Ha
NPEIPHUATHN) 10 KOHCTPYKTOPCKOM JIOKyMEHTAllUH, TPH-
YeM B NpUMEYaHUH | K 3TOMY OIPEIEeNICHUIO YKa3aHo, 4TO
U3JIENTUSIMU MOTYT OBITH YCTPOWCTBA, CPEICTBA, MAIIHMHBI,
arperarsl, anrmaparsl, npucrnocoOieHus, o00opynoBaHue,
YCTaHOBKHU, WHCTPYMEHTBI, MEXaHNU3MBbI, CUCTEMbI U ap. B
T'OCT 2.101-2016 ompenensieTcs TakKe COCTaBHasi 4acTb
W3JIEIINS — U3JIeJIHE, BBITTOJIHSIOLIEE Olpe/IeIeHHbIE (DYHKIIMN
B COCTaBe JIPYTroro M3/ENus, U YCTaHABIUBAIOTCS BUIbI H3-
JIeJTNH 10 KOHCTPYKTUBHO-(DYHKIIMOHAIBHBIM XapaKTEePHCTH-
KaM: JIeTalb, COOpOYHas €IMHMUIIA, KOMIUIEKC 1 KOMILIEKT.

Ecnu nepBele Tpu BuJa u3jenuii (peranb, cOOpodHas
CIMHHMIIA, KOMIUIEKC), Oe3yCIIOBHO, SIBJISIFOTCSI OOBEKTaMHU C
TOYKH 3pPEHHMSI HAJISKHOCTH, TO KOMILIEKT BPsI CTOUT CUH-
Tarh TAaKOBBIM. B camoMm Jiesnie, KOMILIEKT — 9TO JiBa 1 Oojiee
U3JIeNHsl, He COCIMHEHHBIX Ha NPEIIIPUITHU-U3TOTOBUTEE
COOPOYHBIMH OIIEpalMsIMU M MPEICTaBISIONINX HA0op H3-

Jienuii, UMeroImux o0IIIee HKCIUTyaTallMOHHOE Ha3HAYCHUE
BCIIOMOTATEILHOTO XapakTepa, HalpruMep: KOMIUIEKT 3arac-
HBIX YacTel, KOMIUIEKT HHCTPYMEHTA U TPUHAIICKHOCTEH,
KOMIUICKT M3MEPHUTEIBHON ammapaTrypsl, KOMIUIEKT YIaKo-
BOYHOM Taps! U T.0. (ompenenenne nu3 ['OCT 2.101-2016).
[TosToMy 11 KOMITIEKTa HE CYIIECTBYeT €AMHBIX Tpedye-
MBIX (DYyHKIIMH, COXpaHEHHE CIOCOOHOCTH K BBITOJTHEHHIO
KOTOPBIX M XapakTepu3yeT HaJeKHOCTh. KoHeuHo, 3TO HE
HCKJTIOYAET BO3MOKHOCTh OT/ICNIFHO PacCMaTpUBATh HAIeK-
HOCTB BXOJISIIIIUX B KOMITJICKT M3/ICITHH.

OO6cyxaast TOHATUE «U3JIETHE», TIOMYTHO 3aMETHM, YTO
BI'OCT 2.101-2016 B ero onpeneneHnu 100aBUINCH CIIOBA
0 KOHCTPYKTOPCKOH JOKYMEHTAIIUH, OTCYTCTBOBABIIINE B
MpexHer Bepcuu 3Toro cranjgapra 1968 roxa. Ilpu stom
I'OCT 2.001-2013 «Enunast cuctemMa KOHCTPYKTOPCKOH J10-
kymeHTarwu. OOIIe TIOTOKEHUSD ONPEENieT KOHCTPYKTOP-
CKYIO JJOKYMEHTAIINIO KaK COBOKYITHOCTh KOHCTPYKTOPCKHX
JIOKyMEHTOB, COZIEPIKAIINX TaHHbIE, HEOOXOTUMBbIE IS TIPO-
eKTHPOBaHUs (Pa3pabOTKH), N3TOTOBICHUS, KOHTPOJIS, IPH-
€MKH, TIOCTaBKH, IKCIUTyaTallil, PEMOHTa, MOJICPHU3AIINH,
yTHIU3auuK u3nenus. Takum o0pa3oMm, 3/1eCh UMEET MECTO
MTOPOYHBII KPYT: B ONPEACICHIN TEPMHUHA U3/ICINE) TPH-
CYTCTBYET TEPMHUH «KOHCTPYKTOPCKAasl JOKyMEHTAIH», a B
OTIPEIICTICHUH TEPMHIHA «KOHCTPYKTOPCKAsk JOKYMEHTAIIHS)
— «U3LIeNHeY.

B I'OCT 27.002-2015 yxa3ano, 4To TpeOoBaHUS K 00b-
€KTYy 33/1al0TCA B IOKyMEHTAIIMH Ha 3TOT 00BeKT. B [5] 310
CUUTAETCS HEJOCTATKOM TOTO CTaH/apTa («HEYETKOCTb Tep-
MHUHOJIOTHH HaJISKHOCTH»), ¥ TIPEIIaraeTcsi, 4TOObI B ITOH
(dbopMynupoBke GUrypupoBajga HMEHHO KOHCTPYKTOPCKas
JokyMmeHTarus. OZHaKo Takas JOKYMEHTAIUsI OTHOCHUTCS
TOJIBKO K M3MIETIHSAM, T.€. JaJIeKO HE KO BCEM BHIaM OOBEKTOB.
Kcraru, B npeskxaem [OCT 27.002-89 hopmynmpoBka Taxke
HE OTPaHUYUBAJIACH TOJIBKO KOHCTPYKTOPCKOM JOKyMEHTa-
IIHeH, TaM TOBOPUIIOCH O HOPMATUBHO-TEXHUUCCKOH U (MITH)
KOHCTPYKTOPCKOH (IIPOEKTHOM) TOKyMEHTAITHH.

Eme ogno 3amevanue B [4] kacaeTcsl B3aMMHOHN YBSI3KH
I'OCT 27.002-2015 u I'OCT 18322-2016 «Cucrema Tex-
HUYECKOTO OOCITY)KUBaHHSA U PEMOHTA TEXHHUKH. TePMHUHBI
1 OTpeeNICHUs». B Kax/10M U3 3TUX CTaHJapTOB YKa3aHO,
YTO OH MPUMEHSETCSI COBMECTHO ¢ ApyruM. K coxanenuro,
MEX/y HUMH JCHCTBUTEIBHO MMEIOTCS PACXOXICHHUS, B
TOM 4YHCJIE B YaCTH MOHATUS «00BeKkT». IIpaBna, unras
[4], moxHO moxymats, uTo B TOCT 18322-2016 Takxke
HMeeTCs ONpe/ieIeHUe MOHIATHSA «00BEKT», XOTA Ha CAMOM
Jiene 3To He Tak. B aTom cranmapre onpeneiaeHbl TePMUHbI
«O0OBEKT TEXHUUYECKOTO OOCIY)KUBaHUS (PEMOHTA)», «00-
CIy’KUBAaeMBIIl 00BEKT», «HEOOCTy)KHUBAECMBIH OOBEKTY,
«PEMOHTOMPHUTOHBIH 00BEKT», «HEPEMOHTOIPHUTOJHBIN
00bexT». [IponutiposanHas xe B [4] hopmMymrpoBka «00b-
€KT MPEJICTaBIACTCA B BUJIC €JMHOTO IIEI0T0, COCTOSIIETO U3
B3aMMOCBSI3aHHBIX YacTell, 00beTUHEHHBIX B HEM IS BBI-
TIOJIHEH M O0IIEH 11eNIeBOi (DYHKIIUM SIBIISIETCSI TOJIBKO MPH-
MEUaHHEM K YKa3aHHBIM TepMHUHaM. OHAKO ONpeeeHHs
Bcex ykazaHHbIX TepMuHOB B 'OCT 18322-2016 comeprxat
CJI0OBO «00BeKT». OcTaercsl TOJIBKO rajarh, 4TO IMOJ HUM
nMeeTcs B BUAY. BO3M0OXKHO, 3TO 00BEKT, onpeieIeHHBIN B
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T'OCT 27.002-2015. B nro60om ciaydae 31eCh HEOOXOAMMBI
OBUTH Pa3bSICHEHHUS.

Janee, TepMUHBI «OOCITY)KHBaeMbIi 00BEKT», «HEO0-
CITy’)KUBAEMbIi OOBEKT», «PEMOHTOIPUTOIHBII OOBEKTY,
«HEPEMOHTOITPUTOIHBIH OOBEKT» UMEIOTCSl B 00OMX CTaH-
naprax. [Ipu aToM ompeneneHuss NepBBIX JBYX U3 HUX B
I'OCT 18322-2016 coBmajaroT ¢ ONpeneIeHUsIMU dTUX
tepMuHOB B 'OCT 27.002-2015 (x0T OTCBUIKA K HEMY
OTCYTCTBYET), @ BTOPBIX JIByX — HECKOJBKO OTIIMYAIOTCS OT
ompenenenuit B 'OCT 27.002-2015. Ilouctune, Bcrien 3a
aBTOpaMu [4] xo4eTcst BOCKIMKHYTh: «Hemy Beputh?». [Ipu
BHHMMATEIILHOM U3YUCHHH 9THX TEPMUHOB BO3HUKAIOT H JAJTb-
Hel1re Borpochl. YeM 00beKT TEXHHYECKOTO 00CITYKMBaHHsI
OTJIMYAETCSI OT 0OCITY’)KUBAEMOTO 00BEKTA, & 00BEKT PEMOHTA
— OT PEMOHTOIPHUTOTHOTO 00BEKTa?

Crnenyromee 3ameuanue B [4] xacaeTcs yBS3KHU
T'OCT 27.002-2015 ¢ ®enepanbubiM 3akoHoM 0T 30.12.2009
Ne 384-03 «TexHnueckuii periaMeHT 0 0€30MaCHOCTH
30aHUR U coopykeHuih». OHO COBEPILIEHHO CIIPaBEAIMBO,
Hapsily C COOPY)XEHHUSIMU B II€peueHb BHJIOB OOBEKTOB
CJIeTyeT BKJIFOYUTD U 3/1aHNUs (HETIOHSATHO TOJIBKO, OUeMy B
[4] oHM Ha3BaHBI COCTABHBIMHU YacTIMH O0BEKTa — BE/b ATO
CaMOCTOSITENIbHBIE BHJIbI 00BbEKTOB). B mosb3y Taxoro Jno-
noiHeHus ropopat Taxoke [OCT 27751-2014 «HanexxHOCTD
CTPOMTEIIBHBIX KOHCTPYKLIMI U OCHOBaHUH. OCHOBHBIE I10-
noxenusd» 1 [OCT P 58033-2017 «3nanust 1 coopy>KeHUsI.
CnoBapse. Yacts 1. O0mme TepMUHBD (B MOCIETHEM YIIO-
MHHAETCSI HAZIE)KHOCTD).

K o0bekTaM OTHOCSITCSI TaK)Ke CHCTEMBI, COCTOSIIIHE M3
W3JIeTUI 1 COOPY>KEHH, COBMECTHO BBITIOJIHSIOIINX OTIPE/ie-
JIeHHBIE (QYHKINH (HAIIPUMEp, CETH CBSI3H, IEKTPOIHEPTeTH-
YECKHUE CHCTEMBI, CETH I'a30PACIIPE/ICIICHUS 1 T.11.), ¥ NX TOJI-
CHCTEMBI. B 4acTHOCTH, Ha/Ie)KHOCTH DIIEKTPOIHEPreTHYe-
CKHX CHCTEM 00JIblIIoe BHUMaHHe yziensiercs B DenepaibHoM
3akoHe oT 26.03.2003 Ne 35-D3 «O0 21eKTpOoIHEPreTHKEY.

3aMeTHOM TeH/IeHIeN B COBPEMEHHBIX HH(POPMAIMOHHBIX
1 KOMMYHHKAIIMOHHBIX TEXHOJIOTUSIX SIBIISIETCS BUPTyaln3a-
s, B MHGOPMAaIMOHHBIX CHCTEMaX MOTYT UCTIONB30BaThCS
BHPTYaJbHbIE BBIUYMCIUTEIbHBIC MAlIMHBI, BUPTYaJIbHbIC
CHCTEMBI XpaHEHHsI IAHHBIX U T.I1. (OIPEEeNICHHS ATHX U JIpy-
rux nonoOHbIX noustuil npuseaeHsl B [OCT P 56938-2016
«3ammTra nHpopMarmu. 3amnmra HHGOPMALUH TIPU UCIIONb-
30BaHUM TEXHOJIOTHH BUPTyastn3ai. OOIIHE MONOKEHHSD)).
B TenekoMMyHHMKaIMsIX UCTIONB3YIOTCSI BUPTYAJIbHBIE CETH,
BUPTYyaJbHbIE KaHAJbl U TPaKThl (B YaCTHOCTH, BUPTYallb-
Hast yacTHas ceTb paccMarpusaerca B TOCT P 53729-2009
«Kauectso yciyru «[Ipenocrasnenne BUPTyaIbHON YaCTHOM
cetu (VPN)». [Tokazarenn xauectBa»). CereBasi BUPTyalIH-
3aIMsl CYNTACTCS OJTHOM U3 KITFOYEBBIX TEXHOJIOT U IepCIIeK-
TUBHBIX Oymymux cereit [9]. [y paccMOTpeHust HaJIeKHOCTH
BCETO 3TOTO CIIEYET JOMYCTUTh BO3SMOKHOCTD HAJIMYHS HE
TOJNIBKO (PU3UYECKUX, HO ¥ BUPTYalbHBIX 00beKkTOB. OHU
OOBIYHO MPEJICTABIIIOT COOOH JIOTMYECKH BbIICTICHHBIE IO~
CHCTEMBI B COCTABE CHCTEM, HA OCHOBE KOTOPBIX CO3/1aI0TCS
BUPTYyaJbHbIE 0OBEKTHI.

C y4eroM BCEro CKazaHHOTO, MpejiaraeTcs CleIyIoIas
(dopMyanpoBKa rmpumedanust 1 K TepMHUHY «OOBEKT»: 00b-
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€KTaMH MOTYT OBITh W3/ENHs (AeTam, cOOpPOUHbIC SANHHIIBL,
KOMIUIEKCHI) U MX COCTaBHBIC YACTH, 3/IaHHsl U COOPY>KEHHS,
CHCTEMBI, COCTOAILIME U3 U3IEIUI U COOPYKEHHUH, COBMECTHO
BBITTOJHSIIOIIMX OTPE/ieIeHHbIE (DyHKIIHH, U UX TTOJICUCTEMBI.

Y10 BKJIIOYAET B ce0s 00beKkT

PaccMoTpuM Temepb BOMPOC, YTO MOXKET BKJIFOUATHCS
B COCTaB 00bEKTa. B yXe ynoMuHaBIIMXCS TOSICHEHHSX B
I'OCT 27.002-89 65110 CKa3aHO, YTO TIPH HEOOXOMMOCTH B
TIOHATHE «OOBEKT» MOTYT OBITh BKIIFOUCHBI HH(POPMALHS 1 €€
HOCHTEITH, a TaKKe YeJTOBEUSCKU (akTop (Harpumep, pu
PaccMOTPEHNH HaZIE)KHOCTH CHCTEMBI «MAIIMHA-OTIEPATOPY ).
Ota hopMyIMpoBKa MPECTABIAETCS HE OYCHB YAaYHOH, 0CO-
OEHHO, TIOCIIETHSS YACTh: KaK (JaKTOP MOXKET OBITh BKJIIOUECH
B 00beKT?

B IEC 60050-191:1990 mpumeuanue 1 kK TepMHHY «00B-
eKT» TJIACUT: 0OOBEKT MOXKET COCTOSTHh M3 TEXHHYECKHX
CPEJICTB, MPOTPAMMHOTO OOECIICUCHUS MIIM UX COYETAHMS
U MOXET TaK)K€ B YACTHBIX CIIydasX BKIIOUATh JIIOZCH.
[TonoGHast xe GopMynmupoBKa COCTaBWIIa MPUMEYaHue 2 K
tepmuny «u3nenue» B TOCT P 27.002-2009. Otmetum, 94T
B odunmansHOM pycckoM mepesone IEC 60050-191:1990
BMECTO «IIOZIEI» CKa3aHO «TEXHUIECKU epCOHaID (KCTaTH,
BO (DpaHILy3CKOH BEpCHH CTaHAApPTa MCHOJIB30BaH MMEHHO
TEPMUH «IIepCoHa» — personnel).

B neiictBytomem crangapre IEC 60050-192:2015 B mpu-
MEUaHWH 2 K TEPMHUHY «OOBEKT» (item) cka3aHo: OOBEKT
MOXKET COCTOSITh M3 allllapaTHOTO 00eCIIeYeHHUs, IPOrpaMM-
HOTO 00eCTIeUCHNS, JIFOIEH HITH JIF000H X KoMOWHAIMHY (BO
(paHIy3CKOl BEpCHH MO-TIPEKHEMY HCIOIB30BAH TEPMHUH
«repcoHam). B coorserctBunm ¢ 1M B TOCT 27.002-2015
IpUMedanue 2 K TEPMHUHY «OOBEKT» ObIII0 c(hOPMYITHPOBAHO
TaK: 0OBEKT MOJKET BKJIIOUATh B ce0sI anmapaTHbIC CPEICTBa,
IporpamMMHoOe oOecTiedeHne, TIEPCOHA MITH X KOMOWHAIINH.
Ota GopMyIMpoBKa (B YACTHOCTH, YIIOMHHAHHUE ITEPCOHAIIA)
B [4] OblIa IOABEPTHYTA KPUTHKE.

[Ipoananu3upyem 1eaeco00pa3HOCTh BKIIOUYCHUS B
cOCTaB 00BEKTA HApSLy C almapaTHBIMK CPEACTBAMHU IIPO-
TpaMMHOTO OOECIICUeHHS | JIFoNieH (TlepcoHana).

HeoOxoqumocTs ydeTra mporpaMMHOTO 00€CTIeUeHNS TPH
paccMOTPEHNH HaJIS)KHOCTH MPOTPAMMHO-YIIPABIISIEMbIX
00BEKTOB M3BECTHA JIABHO. B3anMOCBsI3b MEXK 1y arnmapaTHON
1 TIPOTPaMMHOM COCTABIISTIOIMH TaKUX OOBEKTOB YETKO U
ybemurenpHO ObuTa n3noxeHa B [ 10]: «. .. IIporpamma paboTe
OBM kak caMOCTOSITENTbHAS CyOCTaHIUSI CYIIECTBYET TOIb-
KO JI0 TOTO MOMEHTa, Kak OyJeT BBEACHA B 3alIOMHHAIOIIEE
ycrpoiictBo (3Y) mammusl. [Ipruem 10 3TOrO MOMEHTa
IporpaMMa CyIIeCTBYeT HE KaK TeXHHYECKHH OObeKT (M
Jlake HE KaK COCTaBHAs YacTh TEXHHMUYECKOTO 0OBEKTa), a
JWIIb KaK JOKYMEHT... ECTECTBEHHO, 4TO B 3TOT MEPUOJ
CBOETO CyIIecTBOBaHUs (10 BBoAa B 3Y DBM) mporpamma
HE MOXKET CaMOCTOATEIBHO (PYHKIIMOHNPOBATh. .. CrenoBa-
TEIBHO, B 3TOT IIEPHOJ IPOrpaMMa He 0071a1aeT U HUKAKUMHA
9KCIUTyaTallMOHHBIMH CBOHCTBAMH TEXHUYECKHX OOBEKTOB,
B TOM YHCIIE€ HAaAEXKHOCTHIO... <...> Koraa ke mporpamma
BBeJICHA B namath DBM, oHa mepecTtaer ObITH caMOCTOS-
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TENbHON CyOCTaHIIMEH M MOXKET pacCMaTpuBaTbCsl TOJIBKO
KakK MH(POPMAIHSI O COCTOSTHUU ONPEAEICHHOTO MHOYKECTBa
(u3NYEeCKUX 3JIEMEHTOB MaMATH... Ternepb yxke Heb3s
yKazarb (pu3MUecKoil rpaHuIbl MKy anmaparypoid DBM
W MpOrpaMMOH, KOTOpasi B Hee BBEJICHA U B COOTBETCTBHHU
C KOTOpPOHM MallliHa TOJIBKO M MOXKET (pyHKIIMOHUPOBATb. ..
<...> ...Oxna Tonpko ammaparypa DBM 0e3 kakoii 1100
3anucaHHON B 3Y mporpaMmbl Takxke He CIOCOOHa repe-
pabarbIBaTh HHPOPMAIHIO (OHA MOXKET TOJIBKO TPETHCS TPH
BKJIFOYEHHOM 3JIEKTPOIUTAHUH, HO 9TO He siBjsieTcst it OBM
«rpedyemoii QpyHKIMEH»), a cieoBaTeIbHO, U HA/IS)KHOCTh
TOJIBKO DJIEMEHTOB 3TOIl ammaparypbl HE MOXKET B ITOJIHOU
Mepe XapaKTepu30BaTh HaJe:KHOCTs OBM B 1iemom».

Yo KacaeTcst JTro1e, TO HeOOXOJMMOCTh YUeTa yeJoBeKa-
omepaTopa NMpH PacCMOTPEHUM HAJIEKHOCTU CHCTEM
«4eJOBEK-MallnHa (MM «MaIlIHHA-0TIEPaTOP», KaK CKa3aHo
BI'OCT 27.002-89) naBHO U3BeCTHA. DTO OTPAKEHO, B HACT-
HoctH, B [OCT 26387-84. «Cucrema «YenoBek-MalimHay.
Tepmunbl 1 onpesieneHus». Tak 4To, HUYEro NPUHIMITHAIEHO
Hosoro B 3ToM mane 'OCT 27.002-2015 He BBOIUT.

Bwmecre ¢ tem, popmymuposky u3 IEC 60050-192:2015,
JIOITYCKAIOIIYI0 JII00YI0 KOMOMHAIIMIO arnapaTHoro odecrie-
YEHMs1, IPOrPaMMHOTO 00ECTICUEHHSI 1 JIFOZICH, U BOCTIPOM3BE-
JICHHY0 B HecKonbko cMsiryeHHoM Buzie B TOCT 27.00272015,
ciietyeT npu3HaTh omubouHol. Hanmpumep, komOnHanms
TOJILKO IPOIPaMMHOT0 00€CIIeueHus 1 JIrozieii Oe3 armapar-
HOTO 00€CIIeUeHUsI PE/ICTABIISIETCS JIMIIIEHHOW CMBICTIA.

C y4eToM BCero CKa3aHHOTO, MMPEIaraeTcsi CAeayomas
yTOYHEeHHas! (POPMYIIMPOBKa IIPUMEYAHHS 2 K TEPMHUHY «O0b-
eKT»: Hapsiy C annaparHbIMH CPEACTBAMH OOBEKT MOXKET
BKJIIOYATh B ce0s1 TPOrpaMMHOE 00eCIIeueHne, HeOOXOTUMOe
JUs ero (pyHKIMOHHUPOBAHUS, a /Uil CHCTEM «4YEJIOBEK-
MallliHa» — ONEePATUBHbIN ITEPCOHA.

3akJio4yeHue

Omnpenenenne MOHATHS «OOBEKT», MPEICTABISAIONICTO
co0oif penMeT paccMOTPEHUs, Ha KOTOPBIA pacmpocTpa-
HSETCS TEPMHUHOJIOTHS IT0 HAJACKHOCTH B TEXHHUKE, UMECT
OoIbITIoe 3HAYEHHUE, MTOCKOIBKY OT HEro 3aBHCHT O0JIacTh
MIPUMEHEHHS CTaH/IaPTOB 10 Ha/ISKHOCTH. J{11s1 ero yrodyne-
HUS TIPEIJIAraroTcs cIeAyIomue (popMyITHpOBKA TIpUMEYa-
HUH K onpenenennto dtoro mousTus B OCT 27.002-2015.
[Ipumeuanne 1: oObeKTaMu MOTYT OBITH M3IETHS (IETaIH,
cOOpOYHBIC SNMHUITBI, KOMIUIEKCHI) X X COCTaBHBIC YacTH,
3[aHUS W COOPY)KEHHS, CHCTEMBI, COCTOAIINE U3 M3ICTHN 1
COOPYKEHHI, COBMECTHO BBITOJHSIONINX OIPEICICHHBIC
(GbyHKIIMH, W WX TOACHCTEeMEl. [Ipumedanue 2: Hapsamy c
anmapaTHBIMHU CPEACTBAMHU OOBEKT MOXKET BKIIIOYATE B ceOs
MporpaMMHOE OOecriedeHre, HeOOX0MMOoe I ero (yHK-
[HOHMPOBAHMS, & [T CHCTEM «UEIIOBEK-MaIlInHa» — OTIepa-
TUBHBIN TIEPCOHAIL.

Curyanus co CTaHTapTHU3alNeH HayIHO-TEXHUYECKON
TEPMHHOJIOTUH BOOOIIE, U B 00JIACTH HA/IS)KHOCTH B 4acT-
HOCTH, OCTaBJISICT JKEIaTh JIYUIIETro, YT0 OBLIO OKa3aHo B [4,
6]. HexoTopsie peyiokeHNs, HAITPaBIICHHBIE HA YITyIIICHHS
CHUTYyaIi, OBUTH BBICKA3aHBI B [6].

ABTOp o6pamaeTc51 C IPU3BIBOM KO BCEM 3aUHTECPECOBAaH-
HBIM CIICHHHAJINCTAM BBICKA3aTb CBOC MHCHUC U J1aTh KOH-
CTPYKTHBHBIC IPEJIOKCHUS, KaK IO CYIICCTBY 3aTPOHYTLIX
BOITPOCOB U MPCIJIOKCHHBIX (l)OpMyJ'II/IpOBOK, TakK U B 4HaCTHU
OpraHu3alilMOHHBIX MCP MO YIYUYIICHUIO CUTYyalllU.
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leHHaawii .
bunaperos

Pestlome. Llenbio paboTsl BasieTcs pa3paboTka ajaroputmMa orneparuBHOro 06HapyXxXeHus: Mo-
MeHTa U3MEHEHMUSI XapakTepUCTUK HaAEXHOCTU CUCTEMbI, COCTOSILLEN N3 COBOKYMHOCTU O4HO-
POAHBIX 3/1IEMEHTOB B MPEANOI0XEHNM, YTO OTKa3bl 3TUX 3/IEMEHTOB MPOUCXOAST B CJly4ariHble
MOMEHTbI BPEMEHM, MPEACTaB/ISioT OO0 MyacCOHOBCKUI NMOTOK COOLITUI U1, C/1e[0BaTesbHO,
BPEMEHHBIE MHTEPBAasIbl MEXAY HUMU MOLYNHSIIOTCS 9KCIMOHEHLNAaIbHOMY pPacrpenesieHuo Be-
posiTHocTen. lNpeanaraetcs A/s pPeLUeHUs] yKa3aHHOW 3a4a4v MCro/sib30Barb O4MH U3 Kiac-
CUHECKUX aJIrOPUTMOB OOHapPYXEeHUs «pasnanku» AUCKPETHOro cy4ariHoro rnpoilecca, T.e.
CMOHTaHHOIr0 U3MEHEHUSI TOM WU MHOW ero BepOSITHOCTHOM xapakTepucTuku. B kavyecTse Ta-
KOU XapakTepuCTuKY BblOpaH rnapameTp SKCIIOHEHUMAIbHOro pacnpeaeneqHust 6, o4HO3HaYHO
CBSI3aHHbIVi CO CPEAHUM BPeMeHeM MexXay nosisfieHnsmu otkazos T,,: 0 = 1/T_,. Cuuntaercs,
4YTO pas3niagka COCTOUT B CKa4ykoobpa3HOM WU3MEHEHUW napameTpa 6 OoT McxoaHOro craumo-
HapHOro cocTosiHus 6 = 0, 40 YPOBHS HOMUHAJIbHOM (0Xuaaemoun, npeaesibHo LoryCcTUMOM,
KpuTnyeckon) pasnaaku, korga 6 = 0, > 0, B pabote ansa uesnevi 0OHapyxXeHwsl pasnankv
MUCI0OIb30BaH aarOpUTM KyMyAsiTUBHbIX cyMMm (AKC v CUSUM-anroputm) kak obnaagaroLymii
ornpeneneHHbIMY ONTUMasbHbIMU CBOWCTBaAMU U LUMPOKO MPUMEHSIEMbIN Ha npakTuke. [ns
JAaHHOro aaropuTMma rnpuBeAeHbl HEOOX0ANMbIE PaCYEeTHbIE COOTHOLLUEHUS, ONUCbLIBAlOTCS €ro
cBovicTBa n ocobeHHocTu. lpeanoxeHa npoueaypa CMHTe3a KOHTPOJIMPYIOLLEro ajaroputmMa ¢
3aaHHbIMV CBOVICTBaAMU, B XO4€ KOTOPOW MO BbIOPAaHHBLIM M0/1b30BaTE/IEM 3HA4YEHUSIM Xesa-
TEJ/IbHOIO CPEeAHEro nHTepBasaa Mexay JI0XKHbIMU TpeBoramm fm, ncxoaHomy 6a3o0BOMY ypOB-
HI0 0, U HOMUHaILHOW pasnagke 0, > 0, ornpenesseTcss 3Ha4eHne peLuaroles rpaHuub H, a
TaKxe oueHnBaeTcsl ObICTPOAEVICTBUE alropuTMa MyTeM BbIYUCIEHUST CPEAHErO0 BPEMEHU 3a-
nasabiBaHvs B OOHaPYXeHU HOMUHanbHOU pasnanku T, v ero apoektusHocTs E, = Ty / ian
[J191 pas3/INYHbIX 3Ha4YeHWV d, xapakTepu3yoLmx KOJIMYEeCTBEHHO BeJInYnHy pasnanku: d=0,/6,.
s npakTu4eckon peanansaumy rnpouenypbl CUHTe3a rnpuBoaAsTCS HavaeHHble MeToa0M UMU-
TaLWOHHOro MOLEIMPOBAHNS CrPaBOYHbIe AaHHbIe, 0becrneynBaroLme noay4eHne KOHTPOIN-
pyroLero anroputMma ¢ TpebyembiMy xapaktepuctukammu. OTMeyYaeTcs, 4To npeacTaBaeHHas B
paboTe npoueaypa cCuHTe3a B NPUHLUMNE MOXET ObiTb UCMOIb30BaHa 1 AJ1s1 C/1yHas nocTerneH-
HOro (Hecka4ykoobpas3Horo) nameHeHus napametpa 0. OaHaKko rnpuv 3TOM OCTaHYTCS! HESICHbIMU
CTaTUCTUYECKNE CBOVICTBA KOHTPOJIMPYIOLLEN npoueaypbl, 4To TpebyeT npoBeaeHus BecbMa
TPYAOEMKUX [0MOJIHUTE IbHbIX MCCe[0BaHUIA.

KniouyeBble cnoBa: HagexHOoCTb CUCTEMbI; OBHapyXeHne N3MEeHEeHUs XapakTepucTUK Haaex-
HOCTU; OBHapyxxeHve pasnaaku ANCKPEeTHOro CyHariHoro rnpoLecca; aaropuTM KyMyasTUBHBIX
CYMM; CUHTE3 KOHTPOJIMPYIOLLIEro ajiropuTMa.

Ana untunpoBauua: PerivH [.C., PunapetoB .. Anroputm onepartvBHOro OOHapyXeHus
U3MEHEHUST XapakTepucTuk HagexHoctn // HagexHoctb. 2019. Ne 4. C. 8-11. https://doi.
org/10.21683/1729-2646-2019-19-4-8-11
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ANropuTt™M onepaTtMBHOro 0OHapy>XeHUst U3BMEHEeHUs XapaKTePUCTUK HAJEXXHOCTU

PaccmarpuBaeTcs 3a1aua OnepaTHBHOTO OOHAPYKCHHUS
MOMCHTA H3MCHCHUSI XaPAKTCPUCTHK HAICKHOCTH CUCTEMBI,
COCTOSIIIEH U3 COBOKYMHOCTH OJHOPOJIHBIX JJIEMEHTOB.
IIpennonaraercsi, 4TO OTKA3bI ATUX AIEMEHTOB MPOUCXOIST
B CJIy4ailHbIE MOMEHTBI BPEMEHH |, Ly, ..., Ly, by by, oo T
MPEACTABISIIOT COOOH MyaCCOHOBCKHUH MOTOK COOBITHIA.
Kax usBectno [1], B 3TOM cilydyae BpeMeHHbIE UHTEPBaJIbI
T, =, — t,, TIOMUYUHSIIOTCS YKCIOHEHIINAILHOMY paclpesie-
JICHUIO BUA

f(1)=0-¢":6>0, 1>0, (1)

e 6 = 1/T,, T,,— cpennee BpeMst MEXK/1y MOSBICHUAMH
OTKa30B.

ByneM cuuTark, 4TO B HCXOJJHOM CTAIHOHAPHOM COCTOSI-
nuu napamerp 0 = 0. ITo Mepe crapenus (U3HoCa) IEMEH-
TOB CUCTEMBI 3TOT MApaMETP, OUYCBHUTHO, OY/ICT U3MEHSITHCSI.
HccnenoBanue mogo0HBIX HECTAIIMOHAPHBIX CUTYAIIH,
HECOMHEHHO, MPEJCTAaBIAET CYIIECTBEHHBIH HHTEpEC [2].
B nanHoli paboTe peub UaeT 00 OMEepPaTUBHOM (B PEIKUME
PCaNBEHOTO BPEMEHHU) O0HAPYKEHUH H3MCHCHUSI 3HAYCHUIN
0> 0,, kora Takoe U3MEHEHUE CTAHOBUTCS CYIIIECTBEHHBIM.
ITo cBoeit cytn 3TO M3BecTHAs 3aj1a4a OOHAPYKEHHS TaK
Ha3bIBaEMOM «pasnagkuy» ciiydailHoro mpouecca [3].

B xitaccnueckoit OCTaHOBKE 3a1a4u O pa3iia ke MPero-
JaraeTcs, 4To pasiajKa HOCUT CKauKoOoOpa3HbIi XapakTep.
[IpuMeHuTETHHO K POOIIEMaTHKE HATCKHOCTH, TAKas 1Mo-
CTaHOBKa MaJio peaibHa. OIHaKO ee MOXKHO PacCMaTpUBaTh
KaK HEKOTOpPOC MEPBOC MPHUOIIIKCHHUE K HCIIOJIb30BAHUIO
JIAHHOTO TO/IX0/1a ITPU OpraHU3aIMK ONIePAaTUBHOTO KOHTPO-
JIsl HAZIGKHOCTHBIX XapaKTCPUCTUK CIIOKHBIX CUCTEM.

M3BeCTHO JOCTATOYHO MHOTO aJrOPUTMOB OOHApY-
xKeHusl paznaaku [4]. KadectBo MX (yHKIMOHUPOBaHUS
MOXET OBITh ONHCAHO C TIOMOIIBIO PANA 6EPOAMHOCIHBIX
XapaKTEPUCTHUK, TaKUX, KaK CPEIHEE 3HAYCHUC WHTCpBa-
J1a MEXy JIOKHBIMU TPEBOTAMHU Y_}W T.. CpellHee BpeMs
MEXKIY MoJJauaMy CUTHAJIOB O HAJIMYWU Pa3iajku, KOrJa B
JCUCTBUTENLHOCTH €€ HET, U CPEIIHEE BPEMS 3ama3/IbIBAHHUS]
T, B OOHApy>KeHHU HOMUHAJIbHOM (0XKU1aeMO1H, IpesieIbHO
JOILyCTHUMOH, KPUTUUECKOI) pa3naaky, korga 6 =0, > 0,

B mocneanee BpeMsi Haubosee 4acTo UCIOJIb3yEeMbIM
B PA3JIMYHBIX MPAKTUYCCKUX MPUMCHCHHUSIX SBIACTCS
ancopumm kymyaamusnwvix cymm (AKC nnu CUSUM-
anroput™m), npeanoxkenusiit [lefmpkem eme B 1954 rony
[5]. DTOT anroputm, Kak OBLIO JOKA3aHO MO3/IHEE, 00IaTaeT
OTPENICIICHHBIMUA ONTHMAJIbHBIMH CBOWCTBAMH B CMBICIIC
MaKCHMHU3AIMK ToKa3aTels 3Q(GEeKTUBHOCTH airopuTMa
00HaApYKEHUS E:T]IT/Y_;W. O monynsipHOCTH JAHHOTO
aNrOpUTMa M €ro OOJBIIUX BO3MOXKHOCTSIX HATJSIHO
CBUJICTCIILCTBYIOT JTaHHBIC OMOIIMOMETPUYCCKOTO aHATH3a
[6], 3aduKCUpPOBABIIEr0 SKCIIOHEHIMAIBHBIA POCT YKCiIa
myOIUKaIMii TI0 TaHHOW TeMaTuke, HaunHas ¢ 1964 rona,
a TaKKe MPUMEPbI Pa3IHYHBIX MOTUPUKAIIMNA UCXOTHOTO
Bapuanta CUSUM-anropurma [7-10].

AKC ocHOBaH Ha MPUMEHEHUU HECKOJIBKO BHUIOM3MeE-
HEHHOTO BapHaHTa IMOCJEeI0BATEILHOTO aHanu3a Banbna,
HCIIOJB3Ys B peHIaromiei YHKIINHU, KaK ¥ TaM, CTATUCTUKY
OTHOIIICHHUS TIPaBaIonoaoous. B paccmarpuBacMoMm ciydae
OHa MPUMET CIAEAYIOUINHI BUI:

g =max{0;g_ +z}, i=12,.; g=0, 2)
rIe

z,=1In [f(T,-,el)/f (Ti’eo )] ©)

HyneBoe 3HaueHme B hopmyre (2) Urpaet poib CBOETO
poOZa MOMIOMIAIOIIETO YKpaHa, HE TO3BOJISS pellaonen
(GyHKIMHE cMemmaTbes B 00JacTh OTPULATEIBHBIX 3HaUe-
HUH.

Brruncnenue pemaronieid (pyHKINH MPOU3BOANTCS KaxkK-
JIBII pa3 B MOMEHT IOCTYIUICHHSI CHTHAIA 00 OYepeHOM
otkaze. KonTponmpytomas mnporenypa npoaosnkaeTcs 10
TeX TI0p, TTOKa Ha HEKOTOPOM HIare /7 He Oy/leT BHINOIHEHO
HEpPaBEHCTBO:

g > H, @)

rae H — pematomas rpanuna. B atom cirydae nopaéres

CUTHAJI O HATMYHH paziafxu. [Ipu 3ToM BriosgHEe BO3MOXHO,

YTO B ICWCTBUTEILHOCTH Pa3iaKa OTCyTCTBYET, T.€. UMEET
MECTO CUTYaIHs JIOKHOH TPEBOTH.

C ydaerom (1) coorHomenune (3) MOXKET OBITh KOHKpE-
THU3UPOBAHO:

z,=In(6,/6,)—(0,—0,)-T,=Ind — (d —1)-(1,-0,);
d=6,/6, (4)

MOKHO OTMETHTB, YTO MaTeMaTHIeCcKoe OKUAAHKE Z, B
o01mem cirydae paBHO:

M{z,}=Ind —(d-1)0,M{t,}. ®)

Ortciona ciemyer, 94To pH OTCYTCTBUM Pa3Ia Ky, KOTia
M{z}=1/8,, maremarnaeckoe oxunanue M1z} =Ind—(d-1)<0,
YTO MPEMATCTBYET POCTY 3HAUCHHUH peraromeil pyHKIum n
MIPUBOJUT K JIOCTATOYHO OOJBIIMM CPEIHUM 3HAUYCHHSAM
BPEMEHHM JIOCTHKEHUSI TPAHULBI H, T.. JOCTaTOYHO OO0IIb-
M 3HadeHusM 7. [IpH HOMHHAJIBHOM pasiajike, KOraa
M{r,}=1/8,, 6ynem nmets M{z,}=Ind—(d-1)/d=Ind—(1-1/d).
B nannom ciryuae M{z}>0, 9To criocoOcTBYeT OBICTPOMY
BO3pacTaHMIO penraroniell (yHKIUN BIUIOTh 10 mopora H,
JIOCTHYKEHHE WITH TTPEBBIIICHHE KOTOPOTO U CBUACTEIIHCTRY-
€T 0 HAJIMYUH PA3JIaIKH.

[Ipu mpakTHYECKOM HCHOJIB30BAaHUU AITOPUTMA HE-
00XOMMO TIpEeBAPUTEIBHO OCYIIECTBUTH CHHTE3 TIO/-
XoJsIel KoHTponupytomeil nmpouenypsl. Ilox cuaTezoM
371eCh IIOHUMAETCSI OTPEIeICHIE PEeIaroliei rpaHnpl [ o
BHIOPAHHBIM T10JTE30BATENIEM 3HAUEHHSM 7 )y;, HCXOTHOMY 6a-
30BOMY ypOBHIO 0, 1 HOMHHAIBHOH pa3naske 0, > 6,. Kpome
TOTO, TIPH CHHTE3€ OOBIYHO OLIEHUBAETCS OBICTpOICHCTBIE
aNrOpUTMA IyTeM BhIdHCIeHus I, ¥ ero 3Q(eKTHBHOCT
E, nnst pa3nuyaHbIX 3HaYCHUH d.

[Ipn mpoBeECHUH TAKUX PacyeTOB HEOOXOAMMO IPE-
BapUTEIbHO HAWUTH OOIIME COOTHOUICHNS, CBS3BIBAIOIINE
MepeUncIeHHbIC XapakTepUCTUKU. JUId MX MOXydeHUs
UCTIONIB30BAJICS. METOJl MMHUTAIIHOHHOTO MOJICITHPOBAHMS.
B xone MomenmpoBaHHsS MHTEPBAIBI T, PACCMATPUBAIIICH
KaK 3Ha4CHUS TUCKPETHOTO BPEMEHHOTO psjia Ha CEeTKe
3HAYEHHH i, B CBSI3M C UM U CPEHUI HHTEPBA MEXKTY JIOXK-
HBIMH TPEBOTaMH, ¥ CPEIHEE 3ara3AbIBaHIE OTIPEICIUTICH
KaK Cpe/Hee YHCI0 JUCKPETHBIX 0TcuetoB N1 N, COOT-

9
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Pucysoxk 1 — 3aBucumocTs pemaromieii rpanuist H (a) u cpeanero 3anasasizanus I (6) ot Y_'HT

BETCTBEHHO; TIEPEXO0Jl U3 JUCKPETHOTO B peasibHOE BpPEeMsi
JIETKO MOYKET OBITh OCYIIIECTBIICH C MOMOIIIBIO OYEBUIHBIX
coornomennii T, = N, /0,uT, =N, /6,

TTo pesynbraram MoEeTMPOBaHSI ObIITH HAlIEHBI 3aBUCH-
Mocti rpasuisl H ot N rIPH Pa3JINYHbIX d U3 THITUYHOTO
Habopa d = 1,25;d=1,5,d=2,0,d=3,0,tne d = 6,/8, u
3aBucuMoctu N, ot Ny, Kak okazanocs, eciu paccMma-
TPUBATH STH 3aBHCHMOCTH Kak (yHKiun logV > TO OHH
XOPOIIIO ANPOKCUMHUPYIOTCS JTIMHEHHBIMU MOJICJISIMH BUJ1A:
H=a+b"10gN ;; N,,, =c+d-log N, CooTBeTcTBYyIOmIHE
pacueTHbIe (HOPMYIIBI TIPUBEACHBI B TaOM. 1, a camu 3TH
Mozeu B rpaduueckoil popme otoOpakeHsl Ha puc. 1 a)

u 0).

Tabauna 1 — PacueTHble COOTHOIIEHUS sl ONpene-
JeHus1 pemiawuieil rpanunsl H U cpeaHero 3ama3ibl-

Bauus N, .
J DopmyIibl Dopmyibl
Juts pacyera st pacdera N,
Lo H=-226+ N, =-83,01+
) +1,81-1ogN +61,17-1ogN
s H=-2,68+ N,,=-3538+
) +2,27-10gN +27,71-10gN
20 H=-2,12+ N, =-10,82+
) +2,31-1ogN ;; +10,98510ogN ;;
H=-2,38+ N, =-862+
3,0 +2,64-10gN ; +6,64:10gN

[Toxazarenp 3()(h)eKTUBHOCTH KOHTPOJIMPYIOIIEH Hpo-
uenypsl £, MOXKeT ObITb pacCuuTaH ¢ IIOMOIbIO COOTHO-
LICHUS:

ol

E(d)=Lx N /O Nir
N,./8, N

3an

(6)

ﬂ||

3ar

PacuerHble 3HaUCHS OKazatens 3QpeKTHBHOCTH £, ISt
pa3nnuaHbIX d U N IpuBeeHBI B TA0II. 2.
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Tabauua 2 — PacyerHble 3Ha4YeHUs1 noka3arens 3¢-
dexTuBHOCTH E,

NJ'IT
100 400 1000 3000 | 10000
1,25 3,2 6,5 12,5 — -
1,50 7,5 16,2 31,3 75,0 197,4
2,00 18,2 44,4 90,9 165,0 | 330,0
3,00 60,0 150,0 | 260,9 | 620,7 | 1667,0

d

OueBuAHO, 9TO 3(P(HEKTHBHOCTH KOHTPOIUPYIOIIEH Tpo-
LeaypBI 11l HAanOOoJIee MHTEPECHBIX C MPAKTUYSCKON TOYKH
3peHHUs BAPHAHTOB MAJIBIX 3HAYCHHUIT d 1 N 7, K COXATCHHIO,
OTHOCHTEJIEHO HeBEJIHKA.

B 3akitoueHre MOYKHO OTMETHTB, YTO IPUBEICHHAS BBILIE
HpOIIeypa CHHTE3a B IPHHIIUIIE MOKET OBITh HCIIONIb30BaHA
U JUTS CITy4ast HOCTEIICHHOTO (HECKaYKO0OPa3HOT0) H3MEHe-
Hus apaMerpa 0. OJHAKO TPU ITOM OCTaHYTCS HESICHBIMU
CTAaTHCTUYECKHE CBOMCTBA KOHTPOIUPYIOIIEH MTPOLIEIYPHL.
HX ompenenieHUe ¢ LENbIO OTYYCHHS 3aBUCUMOCTEH THITA
NpeCTaBICHHBIX B Ta0M. 1, MoTpedyeT MpoBeaeH s BechMa
TPYIOEMKHX JOTOJTHUTEIBHBIX UCCIIEIOBAHUH.

Buonunorpadpunyecknii cnMcok:

1. Kanyp K. HagexxHOCTh U NPOEKTHUPOBAHUE CUCTEM
[Texcr] /K. Kamyp, JI. Jlam6epcom: I1ep. ¢ aarn. — M.: U3n-
B0 «Mmp», 1980. — 240 c.

2. bapanoB JI.A. Hane:xxHOCTh 0OBEKTOB C HECTAIHO-
HapHOW HHTEHCUBHOCTEIO 0TKa30B [Tekct]/ JI.A. bapanos,
10.A. Epmonun // Hagexxuocts. — 2017. — Tom 17. — Ne4.
-C.3-9.

3. bpoackuii B.E. O 3agade cxopeiimero o0HapykeHUs
MOMEHTA U3MEHEHNS BEPOSITHOCTHBIX XapaKTEPUCTHUK CITy-
gaitHoit mocnenoBarensHoCcTH [Texct] / B.E. Bponckuid,
B.C. lapxoBckwuii / ABToMaTHKa U TeneMexaHuka. — 1983.
—Nel0. - C. 125-131.

4. Huxudopos U.B. [TocnenoBarensHOE 0OHAPYKEHHE
HM3MEHEHHUs CBOMCTB BpeMeHHBIX psinoB [Tekcr] / .B. Hu-



ANropuTt™M onepaTtMBHOro 0OHapy>XeHUst U3BMEHEeHUs XapaKTePUCTUK HAJEXXHOCTU

kugopos. — M.: Hayka, 1983. — 200 c.

5. Page E.S. Continuous Inspection Schemes [Text]
/ E.S. Page // Biometrika. — 1954. — Vol. 41. — Ne 1.
—P. 100-115.

6. Shafid Ahmad. Bibliometric Analysis of EWMA and
CUSUM Control Chart Schemes [Text] / A.Shafid // ITEE
Journal. — 2018, April. — Volume 7. — Issue 2. P. 1-11.

7. Bopo0eituukos C.J. XapakTepuCTUKH MPOLELYPHI
oOHapyKeHHsI pa3jaJKu Ipolecca aBTOPErpecCcuu ¢ He-
n3BecTHBIM pacnpenenennem nomexu [Texer] / C.O. Bo-
pobeitunkos, B.B. KoHes // ABroMaTrka u TelieMEXaHUKA.
—1992. — Ne 3. — C. 68-75.

8. UepnosipoB O.B. O0HapyxeHHUE pa3iiaJKi TayCcCOB-
CKOTO CIJTy4aliHOTO IpoIiecca ¢ HeM3BECTHON MHTEHCHBHO-
cteto [Teker] / O.B. UepHosipos, M.®. Pammuros // Marepua-
71 MeXTyHapOAHOW HayYHO-TEXHHYECKOW KOH(pEpPEHIINH
INTERMATIC-2012, yactb 1. —2012. — Ne 3. — C. 11-14.

9. ®unaperos I.®. [TocienoBarenbHbIH AITOPUTM 00-
Hapy»KEHHsI MOMEHTa U3MEHEHHS JTUCIIEPCUH BPEMEHHOTO
psna[Teker] /.. Gunaperos, A.A. UepBosa. // 3aBojckast
naboparopus. Jluarnoctuka marepuanon. —2019. — Tom 85.
—Ne 3. - C. 75-82.

10. CuBoBa JI.I. [TocnenoBarenbHbIN anroputM oOHa-
PY’KEHHSI MOMEHTA M3MEHEHUS XapaKTePUCTHK BEKTOPHBIX
BpemeHHBIX psioB [Teker] / JI.I. CuBoga, [.®. Ounapetos
// Bectauk MDU. —2014. — Ne 2. — C. 63-69.

CBepeHusa 06 aBTopax

Jvutpuii C. PenuH — KaHauIaT TEXHUYECKUX HAYK,
3aMeCTUTENb aAupekTopa MHCTUTYyTa MHPOPMAITMOHHBIX
TexHojoruii denepanbHOro rocyJapcTBEHHOIO aBTOHOM-
HOTO 00pa30BaTEIBHOTO YUPESHKICHHUS AOMOTHUTECIHEHOTO
npodeccruonanbHoro oopazoanus «LleHTp peanuzanuun
TOCYIapCTBEHHON 00pa30oBaTEIIbHON MOTUTHKHA U WH(OP-
MaImoHHbBIX TexHonorui» (PIAOY 1O PTOIT u UT),
Mockaa, Poccniickas @enepanus, e-mail: r d_s@inbox.ru;
Mo0. ten. +7 9166659242.

TI'ennaguii ®@. ®ui1apeToB — I10KTOP TEXHUUECKUX HayK,
podeccop, mpodeccop kadeaps! ynpasieHHs U HHPOpMa-
TUKK HanlnmoHaIpHOTO NCCIIEIOBATENBCKOTO YHIBEPCHTETA
«MocxkoBckuii 3neprerryeckuiit HHCTHTYT (HITY « MDOI»),
Mocksa, Poccmiickas @eneparnms, e-mail: gefefi@yandex.
ru; Mo6. Ten. +7 9255176319.

Bknap aBTOpPOB B CTaTblO

Jmutpnii C. Penun. PazpaboTka nporpaMMHbIX CpPECTB
JJI IPOBEACHUSA UMHUTAILIMOHHOI'O OKCIICPUMEHTA, €TI0 pea-
nu3anus, 00paboTKa pe3ysIbTaToB, MOJyYeHUE JaHHBIX, He-
00XOAMMBIX JUTSI CHHTE3a KOHTPOJINPYIOIIETO aJITOPUTMA.

Tennaguii ®. @unaperos. O030p U aHAH3 CYIIECTBYIO-
IIIETO COCTOSIHUS PACCMATPUBAEMOM TPOOIEMBL, TEOpETHYE-
CKasl COCTaBJISIOIAst Pa0OTBHI.

11



YK 519.873, 004.056
OpurvHanabHasi cTatbsl

Hapnex+octb, Tom 19, Ne4, 2019 https://doi.org/10.21683/1729-2646-2019-19-4-12-16

Auncnepcusa yncna oTka3os B Npoueccax BOCCTaHOBNIEHUNA

Butanuii U. BavHwTeitH, ®IAO BO «Cubupckuii penepasnbHbiii yHUBepcuTeT», Poccurickas Pegepauums, 660041,
KpacHosipckuii kpaii, r. KpacHosipck, rnp. CBob6oaHbINA, 79

Butanui U.
BaviHwiteiH

12

Pestome. OnTumanbHas opraHn3auus npoLecca BOCCTaHOB/IEHNS UMEET BaXHOE 3Ha4eHne B
paboTe TeXHUYECKUX, NHGOOPMALNOHHO-BbIYNCINTESIbHbIX CUCTEM, TaK Kak BO3HUKarOLUMe rpu
nx paboTe oTka3bl MPUBOASIT K 3HAYNTESIbHBbIM HEraTuBHbIM MOCaAeACTBUSM. B paboTe nonyydeHa
popmyna avcrnepcuy ymcaa OTka3oB [4J1s 00Lero npouecca BOCCTaHOB/IEHUS], KOTOpasi 3aBu-
CUT OT QYHKLUMI BOCCTaHOBJIEHUS (CPEAHEr0 Yncaa OTKa3oB) MPOCTOro v obLyero rnpoLeccoB
BOCCTaHOBJIEHUSI. Takxke noJsiy4eHbl POpPMYJibl ANCIEePCui Yncaa OTKa3oB M BOCCTaHOBJIEHUI
rpy asibTEPHUPYIOLLIEM MPOLIECCE BOCCTAHOBJIEHUS, Koraga Hapsisy CO BpeMeHeM paboTskl d/1e-
MeHTa [0 0TKasa y4UTbIBAETCS, Harnpumep, BpemMsi BOCCTaHOBJIEHWS. [1/1s1 9KCMOHEHUMaabHOro
pacnpegeneHns npyv rnpocToM v 06LLEM MPOLECCe BOCCTAHOBIEHUS BbINMCaHbl GOPMYJibl 1S
ANcrnepcun Yymucaa oTka3oB, a TakXke BblMcaHO HepaBeHCTBO YebbieBa v popmyna s Ko-
appuumeHTa BapuaLmy Yncsia o0Tka3oB /s MPOCTOro npolecca BocctaHoBieHus. lpeacras-
JIEH aJIrOPUTM MOJTYHEeHUs] ANCIEPCUN B BUAE PSAOB AJ1s1 3aKOHOB pacrpenesieHns HapaboTok,
XapaKkTepHbIX AJ1S TeOPUN HaZEXHOCTU. Pa3paboTaHHbIVi maTtematnyeckuii annapar rnpeaHa-
3Ha4YeH [J1s1 MPUMEHEHUST MPU OCTAHOBKE U PELLUEHUN Pas3jiNn4dHbIX ONTUMUI3ALUNOHHbIX 3a4a4
MHPOPMAaLIMOHHOM 1 KOMIMbIOTEPHOU 6e30MacHOCTH, a Takxe rnpu SKCryataumm TEXHUYECKUX
1 MHGOPMAaLMOHHbBIX CUCTEM, MPOrPaMMHbIX 1 MPOrPaMMHO-arnnapaTHbiX CPEACTB 3aLUNTbl UH-
popmaLmm, Korga BO3HUKaKT 0TKa3bl, Yrpo3bl atak, yrpo3sl 6e30MacHOCTU, NMeroLUMe CryyYa-
HbIV xapaktep.

KnioueBble cnosa: (DyHKLlMFI pacripenesieHvs, rnpolecc BOCCTaHOBJ/IEHWS, (byHKLll/lﬂ BOCCTa-
HOBJIeHUs, Anucriepcusi 4ncsia oTka3os, KO3(I)(DI/IL{VI8HT Bapvaunn.

Ana untupoBaHusa: BariHwTteniH B.W. [Qucrniepcus Ynucsia oTka3oB B rpoLeccax BOCCTaHOBJIe-
Hus // HagexHoctb. 2019. Ne4. C. 12-16. https://doi.org/:10.21683/1729-2646-2019-19-4-
12-16

MocTtynuna 03.09.2019 r. / NMocne popa6otkmn 22.10.2019 r. / K nevatn 14.12.2019 r.



Aucnepcus Yyncna oTka3os B NpoL,eccax BOCCTaHOBJIEHUS

Bsenenue. [locTanoBka 3agauu. [locnenoBareabHOCTD
HEOTpHIATEIbHBIX, B3aUMHO HE3aBHCHMBIX CIy4YalHbIX
BeJIMYMH X, ¢ QyHKIUSAMU pacnpeseneHus F(f) Ha3piBaeTcs
npoiieccoM BocctanoBienus [1-3]. B reopun HamexHocTu
B IIPOIIECCE BOCCTAHOBIICHMS ITOCIIE KXKJOr0 OTKa3a dJje-
MEHT PEMOHTHPYETCSI I 3aMEHSIETCsl Ha IPYToi (3JeMeHT
BOCCTAHABIIUBACTCS) U X, — HApaOOTKHU AIEMEHTA [0 OTKa3a
nocne (i—1)-ro BoccraHoBnenus, F(f) ux ¢GyHKUIMU pac-
TIpe/ICIICHUSL.

B 3aBHCHMMOCTH OT CTPYKTYpBI MOCIEI0BAaTEILHOCTH
¢byHK1M pacnpenenenus £(f) IMEIOTCs pa3ITYHble MOJEIN
npoiiecca BocctanoBienus [ 1-8].

Tax, ecnu Bce ciydaiiHble BeIMYUHBI X; UMEIOT OJHY U
Ty)xe (QyHKIUI0 pacupenenenus F(f), F(1)=F,(f) umeem
mpocToii nponecc BoccTaHoBinenus. Ecmu F(6)=F (1), i>2
“MeeM OOIIMH MPoIecC BOCCTaHOBJICHHS.

[Tporiecc BoccTaHOBIIECHHS 33/1a€T CITy4allHYI0 BEJTHIHHY
N(f) — KOMMYECTBO OTKAa30B (BOCCTAHOBJICHUI) 33 BPEMs
or 0 no ¢

PN (@)=n)=F"(1)-F“ (), M

F"(f) — n-xpatHas cBepTka (GyHKIMH pacrpeaeneHus
F(1),i=1,2,....n

F)=(F" " *F )(t)= jF(”"”(t—x)an(x), FO(t)=F(?).

BaxkHoe 3HaYeHHE B TEOPETHYECKHUX U MPAKTHYECKUX
3a/1ayax TEOPUHU HAAECIKHOCTH MUMeeT (YHKIHS BOCCTa-
HoBNeHHs H(f) — MaremMaTHueckoe OXHJAHHE 4Kcia OT-
Ka30B 3a BpeMs oT 0 10 ¢ B mpolrecce BOCCTAaHOBICHUS
H(O)=E(N(@))

H(t)=YnF" (). )
n=1
[Tycts HF|(f) — ¢yHKIHS BOCCTaHOBJIEHHS MIPOCTOrO
npouecca, 00pa3oBaHHOro (hyHKIMEH pacnpenenenus F (1),
HF \F,(t) — ¢byHKUUs BOCCTaHOBICHUs OOLIEro mpolecca,
o0pa3oBaHHOroO nepBoil ¢yHkuuei pacmnpenenenus (1),
BTOPOH ¥ clienyromumu F,(f).
OyHkuus BoccTaHoBieHus I (f) mpocToro mpouecca
Y/IOBJIETBOPSIET HHTETPAILHOMY YPABHCHHIO

HE (6= F (0 + [HEF, 1 ) (), 3)

DyHKIMS BOCCTAHOBIICHHUS 00IIETro mporecca BoccTa-
HOBJICHUsI BBIpaXKaeTcsi yepe3 (PyHKIIUIO BOCCTAHOBIICHUS
MPOCTOTO Mporiecca mo hopmyine

HFF, () = F, () + jHFZ (t - x)dF, (x).

Jist mpocToro nporecca BOCCTaHOBIICHHS (POpMYJIa BbI-
YHUCJICHUS JUCTIEPCUU YKCIIa OTKA30B U3BeCTHA [2]

D(N(l))=2jHE(l—x)dHE(X)+HE(t)—H F(h). 4

Lenp naneHeNIEro pacCMOTPEHUS COCTOUT B MOTy4YE€HUN
(OpMyITBI IUCIIEPCHU YMCIIa OTKA30B IPH 00IIEM Ipoliecce
BOCCTAHOBIICHUSI M CO3JIaHME METO/Ia €€ BBIYUCIICHUS JIJIs
Pa3IMYHBIX 3aKOHOB paclpe/ieleHusl HapaboToK 3aMeHse-
MBIX AJIEMEHTOB P OTKa3aX.

Beruucienne aucnepenu Uis o011ero npouecca Boc-
craHoBjgeHus. [1o onpenenenuto

D(N(1)) = E(N*(1)) = E*(N(1)) = E(N* (1)) — H* (1).

Taxkum 06pa3oM, [Jisl BHIYUCICHUS JUCTIEPCHHI HAPSITY
¢ (QyHKIHEH BOCCTAHOBIEHUs TPeOYeTCs BHIUMCICHHE
E(N*(t)). lIpusenem Boraucienue E(N*(1)) [9].

VYuuteiBas (1), (2), noxydaem

E(V(0) = Yp PING) = m) = Y (F (1)~ F (1) =

= 0+ X0 == D) F 0= F )+ 3 2= FO(0)=

n=2 n=2

=—H(t)+2F,(t)+ 2inF(")(t) =—H(t)+ 2inF(") ().

n=2

Taxkum o6pa30M, 3aJa4a CBOJAUTCA K BBIYHMCICHHUIO
JUTS KaXKJI0H MOJeIu mnpouecca BOCCTAHOBJICHUA CYMMBI

ZnF *)(¢). B nanbHeiIIeM IpH BBIYHCICHHH STOH CyMMBI
n=1

Oyzet ucnosnb3oBana Gpopmyna (2) GpyHKIUE BOCCTAHOBIIE-
HUS U ONpeZeieHne o0Lero mporecca BOCCTaHOBICHHS.
[TocnenoBarenabHO MOydaeM

inF (1) = F (1) +2(F * Fy))(0) +3(F, * B )(0) +...+
T RaFE Y0 4= R0+ (F*E)0) +
HEF D)0+t (F*E (0 + )+ ((F * F)(0) +
+HF *F2)0) + (K * B0 + 4 (F*F7)(0) +..) +
H(F*E)O) + (F B0+ (F* )0 +..) +
H(EFEDY )+ A (F*E" )6 +.) + .+
HE X E)O+(F*F)0) +..) =
HEFXEDYO) + .+ (F*E" )6 +.0) +.+
6(F, * E"D)0) + (F * Fy)(0) +..) = (H(6) +
+(F ¥ HF)(0) + (5 * F, * HE, )(0)(F, * F, * F, * HF, (1) +
oA (F*(F”*HE)(t) +...) = H(t)+
+(HF, *(F + (B * E)(O)+ ((F *F* F)(0) +...+
+(F *F")(t)+..)) = H (t)+ (HF, * H )(t).

3necy H(t)=HF,F,(t). OkoHYaTeIbHO

DN@)) = 2[HE (1 x)dHEF Fy(x)+ HE F(O)~(HE (1)) (5)
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Ipumep. Beinumem aucrepcuu 1uist IPOCTOro u o01e-
TO TPOLECCOB NPHU DKCIIOHCHIUAIBEHOM paclpeesieHHN
HapabOTOK

F(t)y=(1-e), F)=>1-e")0 #a,

ITpu npoctom npouecce H(¢)=a,t. ITocne naTerpupona-
Hust B (4) D(N(f))=a,t.

[Ipu mpocTom mporecce Mpu KCIOHSHIIMATBHOM Pac-
Mpee/ICHUN HapaOOTOK AUCIICPCHsI COBIAMACT ¢ (hYHKIIUCH
BOCCTAHOBJICHHUSL.

Ipu obmem nporecce [3]

HEF,(t) =0, +(1 ——)(1 e,

ITocne unTerpuposanus B (5)

20, (o, —at,)

D(N(#))= o3> + t—

al
20, (0 —01y)

2

(1™ )+ HEF, (1)~ H*FF, (7).
al

Jl1s MHOTHX M3BECTHBIX 3aKOHOB paclpeacieHHs,
XapaKTePHBIX IJisl Teopuu HaaexxHoctu [10], Hampumep,
SKCIOHEHIMANbHOTO, Belibymna-I nenenko, Dpnanra, HOp-
MalsibHOTO, MakcBera, Penesi, ramma-pacnpesienieHus u ux
cMeceid, ()yHKIIUsI BOCCTAHOBJICHHS TIOJTyYeHa B IBHOM BHUJIE
WJIM BBITIMCAHA B BUE CTEMEHHBIX psiioB [2, 3, 11, 12].

B [3, 12] 3ameueHo, uTo yka3zaHHbIe (YHKIIMU pactpesie-
JICHUS U MIX CMECH PasjiaraloTcs B CTETIEHHBIC PSAIBI BHIA

F(t)y=Ya,"",
n=0

3T0 1aeT BO3MOXKHOCTB IIOCTPOCHUS €IMHOT'O aJITOPHTMa
HaxOXKJICHUs (PYHKIMI BOCCTAHOBIIEHHS IIPOCTHIX MIPOLIEC-
COB, 00pa30BaHHBIX (YHKIMSIMH pactpeneneHus Buaa (6)
NP YCIIOBUH, €CJIM YHCIA 3 U Y LieJble, HeOTPULIATSIIbHBIC
WIH CBSI3aHBI COOTHOIICHHUEM y=If, [ — 1enoe, HEOTpHIIa-
TenpHOe. B 9TOM citydae (h)yHKIIMH BOCCTAHOBIICHUS OIIpeIe-
JSIFOTCS KaK PEICHUE COOTBETCTBYIOIIETO HHTEIPAJIBHOTO
ypaBHeHHS (3), €CH peuIeHre HCKaTh B BUIC

v20,B>0. (6)

H(t) = icnzﬁ"”. (7N

KoadduimenTs! ¢, onpeaemstorcs.

ITo Taxoii cxeme B [12] HaxomsaTcst GyHKIINH BOCCTaHOB-
JICHHS [T CMeceil yKa3aHHbIX BbIle (QYHKIUIT pacrpe-
JICTICHUS] 332 UCKIIFOYCHUEM CMECH raMMa-pacrlpe/ie/ICHHU.
[pu HeHaTypaITbHBIX 3HAYCHUSIX BEJIMYUHBI Y ycioBue y=If,
(B=1) ue BrImoONHACTCS.

B nony4eHHbIe q)lOpMyJIBI JUISl BBIYMCIICHUSI TUCTIEPCUH

BXO/ISIT HHTETPAIIBI IH (t=x)dH ,(x) ot pyHKIMIT BOCCTa-
0
HoBNeHHA. I1ycTh B cooTBeTCcTBUH C (7)

H(t)=Ye, """ i=12.

n=0

Nmeem

14

jHl (¢ = x)dH,,(x) =

= J‘(zcl L= x)BerY. zcz k (sz ""Yz)xﬁzkﬂz_1 )dx =

o n=0

=Y. B, +vz)2cmj(z )P Pk g =
k=0 n=0 0

2 B2+Y2 ch t(ﬁln‘*’ﬁ*k*'“{]*h)

k=0 n=0
T@n+y, +DC B,k +Y,)
TBn+PBk+y,+7,+1)

®)

3nech yanu

T+ BE+1)

!
{— o Bd =t(x+B+1
-[( *) > T(o+B+2)

0

I'x)= J‘tx_le_'dt — raMMa-(yHKIHS.

Eciu B,=B,=P, T0 B (8) MOXKHO IPUHTH TOIBKO K OJHOH
OECKOHEUHOH CyMMe B pe3ylbTare 3aMeHbl n+k+s

[i1,0— xyart () =

= 2 2 6,1

s=0 (BS +Y1 +’Yz +1) n+k=s
(Brt+y, +DI Pk +y,) =

tﬁ”*“ﬁ 12 n

2 CosCrpil

B 2 F(B”"'Yl +Y,+D) i
Brn=k)+v, + DT Bk +7,).

[Ipu ompexneneHuu mporecca BOCCTAHOBICHUS TMPeEJ-
M0JIaranaoch, YTO BOCCTAHOBICHHUE OTKA3aBILIETO IEMEHTa
MIPOMCXOJUT MITHOBEHHO. Ha MpakTuke 3T0 MpeArnoaoKeHne
9acTo He BeInonHseTcs. Hapsaay co BpemeHneM 0€30TKa3HOM
paboThl, HE MEHEe BKHOE 3HAYCHHE MOXKET UMETh BpeMsi
IIPOCTOsA, BPEMSA BBIACHCHUA IPUYUH OTKa3a, BpeMA CaMOro
BOCCTAHOBIICHHS.

Paccmotpum Tak Ha3zbIBaeMblil MPOCTOM albTEPHUPYIO-
IIUH mporiecc BoccTaHoBieHus [2, 3].

ITycts (X)), (Y,) — ABE MOCIEN0BATEIBHOCTH HEOT-
puHaTeJIbHbBIX, B3AUMHO HE3aBUCHUMBIX CJ'[y‘-IaI/IHBIX BE-
JUYHH, KaXaas U3 KOTOPBIX 00pa3yeT mpoCcToif mpolecc
BOCCTAHOBJICHUS C (PYHKIUSAMH pacupencicHus F(t),
G(t) coorBeTcTBeHHO. IlocnenosarenbHocTs (X, V)
Ha3bIBACTCS MPOCTHIM AJbTEPHUPYIOUIUM IMPOILECCOM
BOCCTaHOBIeHHU [2, 3].

Ecmm Y, — BpeMs BOCCTaHOBJICHUS DJIEMEHTA ITOCIIE 71-TO
oTKa3a, X, — BpeMs HapaOOTKH ayieMeHTa nocie (n—1)-ro
BOCCTaHOBJICHHUSA (BOCCTAaHOBJICHUE HAYMHAETCS IOCIIE
MIEPBOTO OTKAa3a), TO B MOMEHTHI

Zﬁswl 2




Aucnepcus Yyncna oTka3os B NpoL,eccax BOCCTaHOBJIEHUS

=X, I,=X+Y,+X,,...,

T =X +Y,+X,++Y,_+X,,...

IMPOUCXOAAT OTKa3bl, a B MOMCHTbI

S =X +Y.,5,=X,+Y,+X,+Y,,...,
S =X, +Y,+X,+Y,+-+ X +7Y ...

3aKaHYMBAIOTCS] BOCCTAHOBIICHHSI.

[TpoMexyTKH MEX/y OuepeTHBIMH OTKa3aMH (C y4eToM
BpEMEHHU BOCCTAHOBIIEHUs) 00pa3yloT o0uui mporecc
BOCCTAHOBIICHUsI, 00pa30BaHHbBIN TepBOW (PyHKIMEH pac-
nipenenenus F(¢) u Bropoit (F*G)(f). IIpoMeKyTKH MEXITY
OYepEeHBIMU BOCCTAHOBIICHUSIMH 00pa3yIoT IPOCTOi po-
1IECC BOCCTAHOBJICHUS ¢ PyHKIMEH pactpencineHus (F*G)
®[2,3].

CpeaHee 4UCIIO OTKAa30B M CPEJHEE YUCIO BOCCTa-
HOBJICHUH ONpenessitoTcsi (GYHKIHUSIMU BOCCTAHOBJICHUS
H,(t)=HF(F*G)(), H,(t)= H(F *G)(t) cOOTBETCTBEH-
HO.

[Tycts D,(¢) aucnepcus uncia oTkasos, D, (f) aucnepcus
YHcila BOCCTAaHOBIICHNH. B cooTBercTBHY € (4, 5) 3anuiieMm
(opMyIIBI IS TUCTIepCHiA

D, (1) = 2jH(F *G)(t —x)dHF (F *G)(x)+ H, (f)— H2(1),

D,(f) = ZjH(F *G)(t —x)dH (F *G)(x)+ H, (t) - H(¢).

OTMeTHM, 4TO 3HaHWEe (DYHKIUH BOCCTAHOBICHHS U
JUCIIEPCHHU YUCIIa OTKA30B JAaeT BOSMOXKHOCTh PeIaTh pas-
JIMYHBIE TPUKJIATHBIC 33/1a4H, CBSI3aHHBIE C KOA(dUIMEeHTOM
Bapualnyyu 1 HepaBeHCTBOM YeOblesa.

3anunieM ko3¢ ¢unnent Bapuanuu V(N(f)) n HepaBeH-
cTBO YeOblmeBa It Mpoliecca BOCCTAHOBIICHUS

)= 20

(o(NV(f)) — cpenHee KBaApaTUICCKOES OTKIIOHCHUE)

POV~ H R < PEO.

PaccmoTpuM mpocToil mpolecc BOCCTAHOBJICHUS MIPU
SKCTIOHEHIMATILHOM PACTIpeieieHiH HapaboTok F(1)=1—¢ .
B atom ciyuae H(t)=at, D(N(f))=at n

1
V(N ()= ——.
W)=7=

[pu yBenM4YeHUU BPEMEHH dKCIUTyaTauu Ko uimeHt

BapHaIlii YMCHBIIIACTCSI.

Monoxkus | =3 D(N()) u epexost K MPOTHBOIO-
JIOKHOMY COOBITHIO B HepaBeHCTBE UeObIIIeBa, moaydaeM

M3BECTHYIO (opMy HepaBeHCTBa UeOblieBa, KOTopas IUist
rpoliecca BOCCTAaHOBJICHUS IPUHUMAET BUJL

PQN(t)—H(t)| <3/D(N (z)))z g.

HJ'IH IpOCTOro mpouecca BOCCTAHOBJIICHUS MPHU 3KCIIO-
HCHIIMAJIBHOM pacClpCACICHUN Hapa60T01<

P(| N(t) -0t |< 3Jor) zg.

3akiiouenue. [Ipu pabore TexHHYECKHX M MHPOpMa-
IIMOHHBIX CUCTEM, a TaK)Ke IPOrPaMMHBIX U ITPOTrPaAMMHO-
annapaTHbIX CPEJCTB 3alUThl HHPOPMAIMU MPOUCXOAST
OTKa3bl, BO3HUKAIOT YIPO3bI aTaK, YIpo3bl O€30MaCHOCTH U
MHOXECTBO JIPYTUX BO3JEHCTBUII, UMEIOMIUX CITy4YailHbIH
XapakTep, KOTOPhIC OKa3bIBAIOT HETATHBHOE BIMSHUE HA MX
paboty. Takue Bo3aeHCTBHS PUBOJAT K TPOIECCaM BOC-
CTaHOBJIEHUS. YUCIIO OTKAa30B, YyIpo3 aTtak M yrpo3 Haaex-
HOCTH SIBJISIIOTCSI CITyYaiHBIMU BEJTMYMHAMU, 3aBUCSIIIUMHA
OT BPEMEHH M OT MX (YHKIMH pacnpeseneHus. Xapakrep
M3MEHEHUsI 9THX (PYHKIMI pactipe/ielieHNs TIPUBOANT K pa3-
JIMYHBIM MOJIEIISIM TIPOIIECCOB BOCCTAHOBJICHHMSI JUISl KOTOPBIX
pa3paboTaHbl METO/IbI HAXOXK/ICHHSI MATEMaTHUECKOTO OXKH-
JaHust ((QyHKIMK BOCCTAHOBJICHHS) YMCIIa OTKAa30B.

B pabote a1 00111ero 1 abTepHUPYIOIIETO MTPOIIECCOB
BOCCTAHOBJICHHUS MTOJTy4eHa (opMyra Julsl TUCIIEPCUH, 3a-
BHUCSIIAsE OT (yHKIIMU BOCCTAHOBICHHUS JBYX HPOLIECCOB
— rpocToro u odero. [IpeanoxeH alropuT™ BEIYUCICHUS
(YHKIMU BOCCTAHOBJIEHHS JJIsl QYHKIMH pacrpeeseHns
HapaOOTOK XapaKTEPHBIX ISl TEOPUH HaJeKHOCTH. B Ka-
YeCcTBE MPUMEPOB MOJTYUEHBI BHIPAKCHUS JUISl TUCTIEPCHIA
JUIsl TIPOCTOTO0, OOIIETO MpoIiecca MPH IKCIOHEHITUATLHOM
pacnpeneneHu. J{ist 3Toro ciydasi BRIMCAHO HEPABEHCTBO
YeObimesa 1 KodpUIMEHT BapUalluy.

OTMeTHM, 4TO MojlydeHne (opMys JTUCIIEPCHUU YnCIia
OTKa30B JUIS JIpyTUX MOJEJIEH MTPOIIECCOB BOCCTAHOBIICHHS
MIPE/ICTABISIET CAMOCTOSITEIbHBINA HHTEPEC.

Hannuue dopmyn juis cpeHEro U AMCHEPCUH YuCIia
OTKa30B M PacCMOTPEHHME B IPOIECCE BOCCTAHOBIICHUS
COBMECTHOTO M3MEHEHUS CPEJHEro M JUCIEPCHH YHuclia
0TKa30B 0T (QDYHKIMI pacnpeieneHus HapaboTOK JI0 0TKa3a
BOCCTaHABJIMBAEMBIX DJIEMEHTOB €CTECTBEHHBIM 00pa3oM
MPUBOJIUT K PACCMOTPEHHIO HOBBIX ONTHMHU3ALMOHHBIX
3aJa4 B Ipolieccax BOCCTaHOBiIeHUs. Hampumep, MuHU-
MU3AIHH JUCIIEPCUH OTKA30B IPU OIPaHUYCHNUH Ha BEJIH-
YHHY CPEJHEro Yhclia OTKa30B BO BPEMs DKCIUTyaTallH,
MPUBOJUT K OJNM3KOH 1O IMOCTAaHOBKE M3BECTHOM 3ajade
MapxkoBuua 00 ontuManbHOM (OPMHPOBAHUU IaKeTa
1eHHbIX OyMmar [13, 14].

Takum oOpa3oMm, pa3paboTaHHBIN B padOTe MaTeMaTH-
YEeCKHH armapar HaileT MpUMEHEHHE TP MTOCTAaHOBKE U
pELICHUN Pa3JIMYHBIX ONTHMM3ALMOHHBIX 3a/1a4 WH(OP-
MaIMOHHON W KOMIIBIOTEPHOH 0€301acHOCTH, a TaKXkKe
P SKCILTyaTallii TEXHUYECKUX, HHPOPMALMOHHBIX,
COIIMAJIbLHO-9KOHOMUYECKUX, ONOIOTHYECKUX U JPYTHX
CHCTEM, B YCIIOBHSIX, KOT/Ia BOSHUKHOBEHHS OTKa30B, HIMEIOT
CITy4aifHBIN XapakTep.
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MeTopn HOpMUPOBaHUS NOKa3aTesiel HafeXXHOCTU
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Uropsb b.
LLly6uHCcKknii

EBrenuii O.
HoBoxwioB

Pesiome. Uenb. Pe3ysibTarbl OLEHKN (PakTUHECKOro COCTOSIHUSI TEXHUHYECKOV cuctemb! (00b-
eKkTa) ro3BOJISIIOT MPUHSTL PELUeHNe O AallbHeunLIer aKcrayartaumy (npogosnkeHne aKcraya-
Taunn, Ha3Ha4eHne PEMOHTA, BbIBOA W3 3KCriyataumy v 3ameHa obbekta v T.Mn.). B ycno-
BUSIX PECYPCHBIX OrPaHUHYeHuii akTyasibHO BbisIBIeHNEe Hanbosiee «rnpobsieMHbIXx» O0ObEeKTOB,
TpebytoLMX NePBOOYEPEAHOr0 MHBECTUPOBaHUS. Liesb paboTbl COCTOUT B pa3paboTke MeTo-
a HOPMUPOBaHWsI rokasaresieni HagexXHOCTU, MPUMEHEHNE KOTOPOro HarpaseHO Ha Yiy4-
LUeHVe aapeCcHOCTY pacrpeneneHns MHBECTULUMI Ha TEXHUYEeCKOe coAepXaHme OOBLEKTOB,
4TO MO3BOJIIET 00ECcne4YnTb BbINOJIHEHNE TpeboBaHui b6ecrepeboriHOCT NepeBO304YHOIro
rnpouecca B YCJ/IOBUSIX PECYPCHbIX orpaHundeHur. MeTtomabl. B paboTte npumMeHeHbl MeTonbl
CUCTEMHOIro aHannsa, Teopuy BepOSITHOCTEN, MaremMaTtuyeCcKou CTatuCTUKW, KOPPEesISILMOH-
Horo aHanu3sa. llpeanoxeHa annpokcumaLms BPEMEHHOro psaa (GakTtu4eckux 3Ha4eHui no-
Kasaresisi HaeXHOCTU TpexnapameTpu4ecKuM ramma-pacrpeneieHneM Ha OCHOBE (PYHKLUU
HeobecrnieyeHHoOCcTH q(x). Peaynbratbl. B paboTe pacCMOTPEHbLI KpUTepun Bblbopa 0ObLEKTOB
MHOPaCTPYKTYPbl Xee3HOLOPOXHOro TPpaHcrnopTa, TPebyoLmMX MOBbILLIEHUS HaAEXHOCTU a4J1s
cJ/lydaeB OTCYTCTBUSI U HaJIN4YUST HOPMUPYEMOro rnokasaressi HaaexHocTu. [lokazaHo, 4To rpu
BBEZEHUM HOPMUPOBAaHWS riokasartesieii caeayeT y4nTbiBaTb HEOAMHAKOBBIE YCJI0BUSI KCIlya-
Taumm 0O6bEKTOB B Pa3JINYHbIX CTPYKTYPHbIX MOAPAa3aAe/IeHUsIX, HTO 00YC/I0B/IEHO Pa3/INYNSIMU B
KIMMaTnyeckux @akTopax, B OCHaLLlEeHHOCTU CPEeACTBaMU TEXHUYECKOro OOC/YXUBAHUS U pe-
MOHTa, B YKOMIM/IEKTOBAHHOCTU MEPCOHA/IOM, B CTEMEeHUN U3HOCa OObEKTOB, B TPebOBaHUSIX K
Mx rnpomn3BoanNTeNIbHOCTU. [lpoBeaeH aHain3 ycoBuii COBMELLEHMS] TPebOoBaHMI NocTaBLUMKA
v noTpebutens ycayru ro ycTtaHOBIEHWIO HOPMAaTUBHOIrO 3Ha4YeHusl rnokasaresisi HaaeXHOoCTH.
lMoka3aHa LenecoobpasHOCTb YyCTaHOBEHUST €ANHCTBEHHOIrO oporoBOro HOPMaTuBHOIrO 3Ha-
YeHus1 X rokasaresisi HaleXXHOCTU, B 3TOM CJly4ae HOPMaTtuBHOE 3Ha4YeHue X A/ Npu3Haka x
JI0/IKHO COOTBETCTBOBAaTb TPEOOBaHUSIM Kak rnoTpebuTesns yciyru, Tak n ee rocrasLmka. llpu
Hann4uy eanHCTBEHHOro MoporoBoro 3HayeHuss puck Q = P{x > x} HecooTBeTCTBus roka-
3areJisi YCTaHOBJIEHHbIM TPEOOBaHUSIM (akTUYeCcKy PacrnpenenseTcs Mexay rnotpebutenem v
rocTaBLUNKOM YCJlyri B COOTBETCTBUM C UX cornallueHvnemMm. BbiBoabl. B ctarbe rnpeanoxeH
MeTos HOPMUPOBAHUSI riokasartesisi HaAEeXHOCTU Ha OCHOBE CTaTUCTUYECKUX AaHHbIX npu AO-
MyLeHny, 4T0 B LIeJIOM 3a HEKOTOPbIV rnepmnos HabmogeHnss 3TOT nokasaresb MOXHO OLEHUTb
Kak rpuemMaemMslii ans notpebutens ycayrv. [Ans Beibopa u 060CHOBaHWS HOPMaTuBHOIO 3Ha-
4YeHus rokasaresis HaeXHOCTU PaCcCMOTPEHbLI B3aUMOOTHOLLEHUS] MOCTaBLUvKa v rnoTpebute-
J199 YCAyru, npoBeaeH aHan3 CTaTuCTUKM 110 MEeTOAY OLIEHKU IMMUPUHECKON 00eCcrne4eHHOCTH
psia UCXOAHbIX AaHHbIX, @ TakXe arrnpokKcumMmalms yrnopsiao4eHHOro NCXoaHoro psaa Tpexna-
pameTpudeckum rammMa-pacrnpeneneHvem. lpuBeaneH rnpumep ycTaHOBEHWUST HOPMAaTuBHOMO
3Ha4YeHus1 rnokasaressi MIHTEHCUBHOCTY OTKa30B 0ObeKTa Mo KPUTEPUIO 3aAaHHOro pucka ero
Heobecrne4eHusi Ha OCHOBE KBaHTWU/EM MoJly4eHHOV QyHKLnmM obecriedeHHocTu. loka3aHo, 4To
NPeLsIOKEHHbIN MoAXo4 MO3BOJISIET YCTaHOBUTL B3aMMOCBSI3b MEXAy 3aaaBaeMbiM HOpMaTy-
BOM Y PUCKOM €ro HeobecriedeHusi 4epe3 QyHKUMO 06eCrneyeHHOCTH, KOTopasi MOXET ObITb
roJsiydeHa Ha OCHOBE CYLLECTBYIOLLNX CTaTUCTUYECKUX AaHHbIX O HaAEXHOCTH 00bekTa 3a rnpo-
wenaLlume nepuioabl. 9ta B3aMMOCBSI3b M03BOJISIET rapaHTUpoBaTb 06ecredyeHne CoOTBETCTBUS
PakTNHEeCKMX M HOPMATUBHBIX 3HA4YEHWV rokasaresisi ¢ 3alaHHbIM YPOBHEM pucka rnpu QyHK-
LIMOHNPOBaHUN 00BbEKTA B LLUTATHOM PEXUME.

KnioueBble cnoBa: rokasaresib HaaeXxHOCTU, HOPMUPOBAHNE HaLEXHOCTU, PUCK MOCTaBLyn-
Ka ycayru; puck rnoTpebutens ycayrv;, QyHKUMs HeobecrneyeHHOCTU, TpexnapaMeTpu4eckoe
raMmma-pacrnpenesneHne; KBaHTuib PacrpeneseHus.

Ang untuposauus: LLybuHckunii N.6., HoBoxwunos E.O. MeToa HOpMUpoOBaHus rokasaresei
HaAexHOCTV 0OBLEKTOB XeJIe3HOLOPOXHOro TpaHcrnopTta // HagexHocts. 2019. Ne 4. C. 17-23.
https://doi.org/10.21683/1729-2646-2019-19-4-17-23

MNoctynuna 02.10.2019 r. / NMocne popa6otkn 22.11.2019 r. / K neyatn 14.12.2019 r.
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BeepneHue

Jlns 1r000# TEXHMUECKOW CHCTEMBbI OJIHOW M3 BaXKHBIX
3a1a4 SBISAETCS HOPMHUPOBAHHE MMOKa3aTeIel HaJIeKHOCTH
(HampuMep, DOMYCTUMBIX 3HAYEHUI MOKa3aTeie roTOB-
HOCTH, 0€30TKa3HOCTH WJIM PEMOHTONPUTOAHOCTH) [1, 2].
HopmupoBanue Haie’KHOCTH — 3TO YCTaHOBIEHHUE (B TeX-
HUYECKOW WM WHOW MOKYMEHTAIH) KOJTMYECTBEHHBIX U
Ka4eCTBEHHBIX TPEOOBAaHUH K HAJIS)KHOCTH. TakuM 00pazom,
HOPMHPOBAaHUE YCTAaHABIMBACT JOMYCTHUMBIC TIPEIEIbI U3~
MEHECHHS KOHTPOJIUPYEMOW XapaKTePUCTHKH.

IToxazarens HaAIEKHOCTH — 3TO XapaKTEPHUCTHKA, KaK IIpa-
BHJIO, KOJIMYECTBEHHAS, OJJHOTO MJIM HECKOJIBKIX CBOWCTB,
COCTABJISIOIINX HAJIEKHOCTh TEXHUIECKONU CUCTEMBI (00B-
eKTa). 3HaueHHUs MOKa3zaTesiel HaJeKHOCTH MOTYT OBITH
HOpPMAaTUBHBIMH WiH (pakTnaecknMu. OHU MOTYT oTperie-
JIATBCS PACYCTHBIMHA METOIAMH, IO JAHHBIM HCIBITAHUI
WM SKCTIEPIMEHTOB, 110 TAHHBIM 3KCIUTyaTaIluy WIIH Ty TEM
3KcTpanonupoBanusi. PakTuyecKue 3Ha4YeHUs oKa3aresen
HaJEeKHOCTH B IMPOIECCE IKCIUTYyaTaIllMH TEXHHYECKOI
CHCTEMBI MOJYYaroT Ha OCHOBE aHAJIN3a CTAaTUCTHYECKUX
JAHHBIX 00 OTKA3aX CHCTEMBI M BPEMEHH JI0 €€ BOCCTaHOBIIE-
Hud. YTo ke KacaeTcss HOpMaTUBHBIX 3HAYCHUH MTOKa3aTenein
HAJIe)KHOCTH, TO OHH, KaK IIPABUJI0, YICICHHO 3aJaI0TCS TIPH
MPOEKTUPOBaHNK 00beKkTa. [[jsi OGOMbIMHCTBA 0OBEKTOB
MIPUMEHSETCS HOPMAaTHBHBIN BEPOSTHOCTHBIN MOAXO, IPH
KOTOPOM HOPMHPYETCS B 00ecrieunBaeTcs TpedyeMblii IKo-
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HOMHYECKH 000CHOBAHHBIN YPOBEHb BEPOSITHOCTHBIX MOKa-
3aTesieil Ha/Ie)KHOCTH, KOTOPBIN 3aT€M KOHTPOJIUPYETCS UC-
MIBITAHUSMHE Ha HAJIEKHOCTh U TIOICPIKUBACTCS C TIOMOIIIBIO
CHCTEMBI TEXHUUECKOTO OOCITYKUBAHUSI [IPHU SKCILTyaTaIl|H.
VcKiT0ueHnEe COCTABIISIOT KPUTHYECKHE OTBETCTBEHHBIE
0OBEKTHI ¢ KaTaCTPOYUUECKUMHU TTOCIIEICTBUAMH OTKA30B,
OTKa3bl KOTOPBIX HEIOMYCTUMBI (B JIAHHOW CTaThe TaKHUe
00OBEKTHI HE PACCMATPUBAIOTCS, TAK KAK OHU OTHOCATCS K
chepe GYHKIMOHATBHOM OC30MACHOCTH).

1. Uenb HopMupoBaHNa noKa3aTtesnien
HaAEeXHOCTU

Pe3ynbrarhl O1leHKH (PaKTHUECKOTO COCTOSIHUSI 00BEKTa
MO3BOJISIFOT IPUHATH pelieHue [3] o ero ganpHenIen skc-
IuTyaTaluy (IIpOJOJDKEHNE SKCITyaTallui, Ha3HaueHHe
PEMOHTa, BBIBOJ M3 DKCIUTyaTallud M 3aMeHa 00beKTa n
T.I.). B yCIOBUSIX pecypcHBIX OrpaHUYEHHH SIBIISIETCS aK-
TyaJIbHBIM BBISIBIICHHE HanOoJIee «IPOOIEMHBIX» 00BEKTOB,
TpeOyOIIHX [TEPBOOYEPETHOTO HHBECTHPOBAHUSI.

Ha pucynke 1 au | 6 mokasan npumMep onpeeeHus IpH-
OPHUTETHOCTH 00BEKTOB HH(PPACTPYKTYPHI XKEIC3HOAOPOXK-
HOTO TPaHCHOpPTa, TPEOYIOINX MMOBBIIICHUS Ha/IS)KHOCTH,
HanpuMep, MyTeM Ha3HAYEeHUS U IPOBEACHUS PEMOHTA, JUIs
JIBYX CTPYKTYPHBIX ITOApa3JeNICHNH, B KOTOPHIX OOBEKTHI
OJHOTO BHJa HAXOJATCSI B PA3JIMYHBIX 3KCILTyaTal{HOHHBIX
ycloBUsIX. B TaHHOM npuMepe MbI CUUTAaeM, 4TO Ha J(Ba
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Pucynok 1 — IIpumep ompeneneHust IPHOPUTETHOCTH OOBEKTOB [UISl HA3HAUCHUS peMOHTA (0e3 IPUMEHEeHUS] HOPMHUPOBAHHS).
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Pucynok 2 — IIpumep omnpezneseHus IPUOPUTETHOCTH OOBEKTOB JUIsl HA3HAYCHHUS PEMOHTA (C IPUMEHEHHEM HOPMUPOBAHUS).
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CTPYKTYPHBIX TTOJIpa3eICHH BBIACTICHBI CPEJICTBA Ha TIPO-
BEJICHHE PEMOHTA 6 OOBEKTOB.

PucyHok 1 moka3biBaeT, YTO Ha OCHOBE (PaKTHUECKUX
3HA4YCHUH MOKa3aTeNs HaIeKHOCTH (HanpuMep, UHTCHCUB-
HOCTH OTKa30B), OTPAKAIOIIETO TEKYIee COCTOSTHUE 00b-
€KTa B TPOIECCe €ro SKCIUTyaTalluy, MOKHO OMpPEACTHThH
Te 00BEKTHI, KOTOPble TPEOYIOT Ha3HAYCHHUS PEMOHTA B
MPUOPUTETHOM TIOPSJIKE, C YIETOM BBIJCICHHOTO (hrHAH-
cupoBaHus. B 3ToM ciryuae, mpu 0TCYTCTBHHM HOPMATHBHBIX
3HAYCHUH, 00BEKTHI BEIOMPAIOTCS 110 KPUTEPHIO HAMXYAIIETO
3HAYEHUS TTOKAa3aTes.

I[pu BBeAEHIN HOPMHUPOBAHUS [TOKA3aTENeH CIeTyeT yun-
TBIBAaTh HEOIMHAKOBBIE YCIIOBHUS AKCILTyaTallil OOBEKTOB B
Pa3IMYHBIX CTPYKTYPHBIX ITOIPA3ICICHIUSIX, YTO 00y CIOBICHO
Pa3IMYMSIMHU B KIIMMATHYECKUX (haKTOpax, B OCHAIICHHOCTH
CPEICTBaMU TEXHHUYECKOTO OOCTY)KMBAaHUS U PEMOHTA, B
YKOMIIJIGKTOBAHHOCTH TIEPCOHAJIOM, B CTEIIEHN U3HOCA 00b-
€KTOB, B TPeOOBaHMSX K MX MPOU3BOIUTEIILHOCTH (HAaIpuMep,
IpY Pa3TUYHBIX pa3Mepax JIBIDKEHUS 1Moe3noB). B Takom
cityuae 0ObEeKThI JUTsl HA3HAUCHHsI peMOHTA OY/TyT BHIOMPATHCS
M0 KPUTEPHUIO OTKIOHEHUS TOKa3aTess B XyAIIyI0 CTOPOHY
OT HOPMATHBHOTO 3HaucHus (puc. 2 au 2 0).

OueBH/HO, YTO ITPY BBEJICHUH HOPMUPOBAHMS TIOKa3aTe-
JICH C YYETOM YCIIOBHIA IKCILTyaTallui OObEKTOB U Psijia JIPY-
rux (haKTOpOB AEATECILHOCTH MOJPA3ICICHUNA YIyUIIaeTCs
aJIPECHOCTh PaCIpeICICHNs HHBECTUIINI Ha TEXHUYECKOE
cofiepkaHie OOBEKTOB, YTO MO3BOJIIET O0OCCICYUTH BBI-
MOJTHEHUE TPEeOOBaHUM OecrepeOORHOCTH IEPEBO30YHOTO
mpolecca B yCIOBUSX PECYPCHBIX OTpaHUYeHUH [4].

2. UHuTepecbl noTpedburtens
M NOCTaBLUUKA YCNYrun

B cirydae, korjma TexHUYecKas CHCTEMa ydacTBYET B
Tporecce MpeaoCTaBIeHus ycluyr (Harpumep, oObeKT jke-
JIE3HOJJOPOXKHOI MH(PPaCTPyKTYphl 00eCIIeunBaeT BhINOI-
HEHHE IIEPEBO30YHOTI0 MPOIiecca), HOPMaTUBHbIEC 3HAUCHHUS

rnokasareJiei HaACKHOCTHU JOJKHBI YYUTBIBATH OTHOICHUA
MEX/Ty TOCTABIIHKOM U MOTPEeOHTENIEeM yCIyTH (HapuMep,
CTPYKTYPHBIM TO/Ipa3ieJIeHHEM, OTBEUAIOIINM 32 (yHKIHO-
HUPOBaHHE 00BEKTA JKEIEIHONOPOKHON HHPPACTPYKTYPBI
WA CTPYKTYPHBIM MOJpPa3ICIICHUEM, BBIITOIHSIIONUM IIepe-
BO30UHBIH MpoIIece).

CrnemyeTr OTMETUTB, UTO B 3TOH cXeMe HEeM30eKHO CyIIie-
CTBYeT KOH(INKT UHTEPECOB MOTPEOUTEINIS U MOCTABIIIKA
yeiyru. C 0HON CTOPOHBI, TOTPEOUTENh 3aUNHTEPECOBAH B
TOM, 4TOOBI OTKa30B 00BEKTA, IPEOCTABIISIONIETO YCIYTY,
He OBITI0 BOOOIIE; 3TO MO3BOJMIO OB €My OCYIIECTBISATh
CBOIO JICSITEIILHOCTh C MOJHBIM OTCYTCTBUEM PHCKa, CBSI-
3aHHOTO C OTKa30M 00beKTa (HarmpuMep, pucKa moTepu
M0E€3/10-4aCOB I10 PHUYMHE 0TKa3a 00BbEKTA JKEJIE3HOIOPOXK-
HO# mHppacTpykTyphl). C Opyroil CTOPOHBI, MOCTABITUK
3aMHTEPECOBAH B TOM, YTOOBI COKPATUTh PACXO/BI Ha ITPEIO0-
CTaBJICHUE YCIIYTU, TEM CaMbIM YBEJINYUB HpI/I6I>IJ'II) OT CBOEH
JIeSITENIbHOCTH; HO MPH COKPAIICHUN PACX00B HEM30EKHO
BO3pacTaHue KOJINYECTBa 0TKa30B 00bekTa. HopmupoBaHue
roKazareneil HaJle)KHOCTH 00bEeKTa B CYyTH CBOEH JI0JDKHO
00€eCIIeUnTh KOMIIPOMHUCC MECKAY MHTECpECAMH MOCTABIIN-
Ka, CTpeMsIIerocsi 00eCeYuTh NPe0CTaBICHUE YCIyTH
B YCJIOBUSIX PECYPCHBIX OIPaHUYEHUI, U HHTEPECAMHU I10-
TpeOHTEIIsl, CTPEMSILEToCs MOTYYUTh YCIYTY C BBICOKHM
Ka4C€CTBOM IIPpU HAMMCHBIINX 3arparax.

PaccmarpuBaemast cutyanus aHaJIOTM4Ha TOH, B KOTOPOU
MoTpeOUTENs MPUHUMACT y TIOCTABIIMKA MAapTHUIO TOBapa
" TAC OJHO3HAYHOCTH B3aWMMHOT'O IPU3HAHUA KadyCCTBa
NPOAYKIIMA MEXIY MOCTAaBIIMKOM W MOTpeduTenemM B
OOJIBIIMHCTBE CITy4aeB PErYIUPYETCsi C TOMOIIBIO METOJIOB
CTaTUCTUYCCKOI'O IMPUEMHOI'O KOHTPOJIA. HpI/I 3TOM OTHOILIIEC-
HUSI MEX]Ty TIOCTABIIMKOM U MTOTPEOUTENIEM XapaKTePU3YIOT
HpHEMIIEMBI YPOBEHb KauecTBa X, (IIPeenbHO JOMyCTUMOE
3Ha4YEHHE J0JH Je(DEKTHBIX U3/ICNIUi B TAPTUH)  OpaKOBOY-
HBIH yPOBEHb Ka4eCTBa X, (paHULIA J10JIH Je(eKTHBIX U3Jie-
JIMH U1 OTHECSHUS TAPTHH POAYKINH K OpaKy), TIe X, <X,
(puc. 3). Takum 006pa3oM, 00J1aCTh HHTEPECOB IOTPEOUTEIIS

MakcumarnsHo
donycmumoe 3HaqeHue
Hopmamusea 0ns
X p ~<&— nompe6umens

.Xa -4— MuHumarnbHo
donycmumoe 3Ha4eHue
Hopmamuea 0nsi
rocmasujuka
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Pucynok 3 — O61acT HHTEPECOB IMOTPEOUTEINS ¥ TOCTABIUKA YCIIYTH.
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x <xg, a 001aCTh MHTEPECOB MOCTABIIMKA X > X,,; OYEBUIHO,
YTO ATH JiBE 00JAaCTH NEPECEKAIOTCs, YTO SIBIISIETCS HE0O-
XOJUMBIM YCJIIOBHUEM JUISl CYIIECTBOBAHHS KOMIIPOMHCCA
oboux uHTEepecoB. O0IacTh 3HAUCHUH IPU3HAKA X HUKE X,
SABIISIETCS «30HOM IIPHEMKI, BBILIE X — «30HOH OPAKOBKM»,
a MEXKJLY X, U X; — «30HOH HEOPEAETICHHOCTI .

OTmeTnM, 4TO MPUMEHCHUE JIBYX TOYEK (X, X;) B Kaye-
CTBE TIOPOTOBBIX 3HAYEHUH SBISIETCSI OOBIYHON MPAKTHKON
MIPH TIOCJICIOBATEIIBHOM BBIOOPOYHOM KOHTpOse [S5], rae
BBIBOJ] O TOTHOCTH (MJIM HETOJHOCTH) MAPTHH JIeJIaeTCs Ha
OCHOBE JI0JN Ie(heKTHBIX H3/IeIHI B BEIOOPKE, SBIISIOIIEHCS
4acThio 00bemMa naptuu. J{i1st Toro nporecca nprueMIIeMblii
1 OpaKoBOUHBII YPOBEHb KaueCcTBa 331al0T C IIPHMEHEHU-
€M JIOBEPUTEIIBHBIX TPaHull. BeposiTHOCTH TOTO, 4TO J0JIst
Je(SKTHBIX M3/ICIIUI BO BCCH ITAPTHUU COCTABIISICT HE OoJiee
X, KOIJ1a IIPH KOHTPOJIE BBIOOPKH OBLI IPEBLILIEH BEPXHUIL
JIOBEPHUTEIIHHBIN HHTEPBAJI OPAKOBOYHOTO YPOBHSI, SIBISIETCS
PHUCKOM MOCTaBIIMKA; HAIIPOTUB, BEPOSTHOCTH TOTO, YTO
JoJ1st 1eEeKTHBIX M3/IeIUi BO BCEH MApTHH COCTAaBIISET
onee x;, KOTia MPU KOHTPOJIE BBIOOPKU ObLI JOCTUTHYT
HYDKHHI TOBEPUTEIbHBIA HHTEPBAJ IIPHEMOYHOTO YPOBHSI,
SIBJISIETCS] PUCKOM MOTPEOUTEIISL.

W3 puc. 3 cienyer, 4yTO: MOCTABIIUK YCIYT'H MOXKET
rapaHTHpOBaTh, YTO (PaKTUYECKOE 3HAYCHHE X TIOKa3aTelis
OyZeT HaXOAUTHCS BbIIIE OPOrOBOTO 3HAYEHUS X, C BBI-
COKOH CTENeHbI0 J0BepUs (BEPOSTHOCTHIO), HAIIPUMED,
P, =P{x>x,} >0,95 (puck nocraBuuka O, =1 - P, <0,05
(I'OCT P MCO 8422-2011. Cratuctuyeckue metosl. [1o-
Clle/oBaTeNbHbIE IIaHBl BBIOOPOYHOTO KOHTPOJIS 10 ajb-
TEpHATHBHOMY MPU3HAKY ); TOTPEOUTEIb YCIYTU OKUIALT,
4TO (haKTUUECKOE 3HAYCHHE X MOKa3aTesst OyJeT He BbIlIe
[IOPOTOBOTO 3HAYEHHUS Xy C BBICOKOH CTENEHBIO NOBEPHUs
(BeposITHOCTBI0), Hanpumep, Py = Pix < x;} > 0,9 (puck
norpebutens Oy = 1 - P;<0,1).

B peanpHBIX yCIIOBHUSX DKCIUTyaTallMd TEXHUYECKOMH
CHCTEMBI 3a/]]a4a OLIEHKH €€ COOTBETCTBHS 3aaHHBIM Tpe-
0OBaHMSM HaJISKHOCTH YaIle BCErO CBOIUTCS K CPABHEHUIO
MOJIlyYEHHOTO 32 HEKOTOPBIH MHTEpBaJ HAOIIONEHUS TI0
CTaTUCTUYECKUM JKCIUTyaTallMOHHBIM JAaHHBIM 3HAYCHUS
(haKTHYECKOTo IOoKa3aTess HaJIeKHOCTH C yCTAaHOBICHHBIM
(B TEXHUYECKOW WIIH JIPYTOH JIOKyMEHTALIUH) HOPMaTHBHBIM
3HaYeHHEeM. B 3ToM ciiydae Hannune «30HbI HEOpe/IeNeH-
HOCTI OyJIeT 3aTPYIHSTH OLICHKY, /IeJIasi €€ HEOHO3HAYHOM.
[TosTOMY B TEXHHYECKOW JOKYMEHTAIlMU Ha OOBEKT, Kak
MIPaBUIIO, 3a/Ia€TCsl HOPMAaTHBHOE 3HAUYEHHE TOKa3aTelsl B
BHJIE €JMHCTBEHHOIO MOPOTOBOTO 3HA4YeHUs (Hampumep:
«cpenHsisi HapaOOTKa Ha OTKa3 C y4ETOM TEXHHUYECKOTO
o0cyxrBaHus 10JDKHA ObITh He MeHee 30 000 uy).

[TycTb u1s IOKa3aresst HaAEKHOCTH O0BEKTa 0 CoTJIa-
COBaHHMIO MEXJy MOTPEOHUTENIEeM M MOCTABIIHMKOM YCIyTH
yCTaHABJIMBAETCS €AMHCTBEHHOE TIOPOrOBOE HOPMATHBHOE
3HAYEHHME X, , TOTA Oy/IeM CUMTaTh, YTO TIPH X < X, TAHHbIH
00BEKT COOTBETCTBYET TPEOOBAHUSM, @ TIPH X > X, — HE
cooTBeTcTBYeT. OueBUIHO (CM. puUC. 3), UTO MPH Mepexo/ie
OT JBYX MOPOTOBBIX YPOBHEW K OJHOMY LieJIeco00pa3Ho
BBITIOJIHEHUE YCIOBHA X, < X, < X, (X, HAXOMUTCSA B 001aCTH
«KOMITPOMHCCHBIX 3HAYEHHUI1» ), B STOM ClTydyae HOPMaTHBHOE
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3HAYCHHE X, JUIS IPU3HAKA X YOBIETBOPUT TPEOOBAHMS KaK
MOTPEOUTENISI YCIYTH, TaK U €€ OCTaBIIHKA.

[Ipyu HaIMYUM €ITMHCTBEHHOTO MOPOTOBOTO 3HAYCHMUS
puck O, = P{x> X, } HECOOTBETCTBHS OKA3aTENs yCTAHOB-
JICHHBIM TPEOOBaHUSIM (PaKTHUYECKHU pactpeesIsieTcss MEXTy
MOTpeOHUTENIEM U TOCTABIIUKOM YCIYyTH B COOTBETCTBHHU
C MX coIalieHueM (HampuMep, IPEeBBIILICHHE HOpPMaTHBA
Ha OJTHOM MHTEpBaje HAONIONEHHUS SIBISICTCS PUCKOM I10-
TpeOuTeNs, a Ha ABYX M OoJiee CIEAYIOUINX MOIPS UH-
TepBasiaX HAOJIIOACHHSI — OTHOCHTCSI HA OTBETCTBEHHOCTh
MOCTABIIHKA).

OpHuM U3 MyTed HOPMHUPOBAHUS MOKa3aTenel HaJlex-
HOCTH, IPUMEHSIEMBIX B MHUPOBOI1 MPAKTUKE (B YaCTHOCTH,
B cepe 3IMCKTPOCHAOKCHHS) SBISICTCS HOPMUPOBAHUC HA
OCHOBE MPOIIIOTrO ONbITa (aHaNM3a (GaKTUIECKUX AaHHBIX
0 HaJeXKHOCTH) [S]. YuuThiBas HaJUYUE TaKUX JAHHBIX
Ha YKEJIE3HOJOPOKHOM TPAHCIIOpTE, OyAeM CUNTATh Hajlb-
Helwen 3ana4eil BLIGOP U 060CHOBaHME 3HAYCHHUS X, €
MPUMCHCHUEM HMCIOIIUXCS CTATHCTHUCCKUX JTaHHBIX O
(DYHKIIMOHMPOBaHUH OOBEKTA HA MPOTSIKEHUH HEKOTOPOTO
MHTEpBasa HAOIIOACHUS MTPH AOMYILEHNH, YTO B LIEJIOM 32
STOT UHTEPBAJ MOKA3aTelId HaJAEKHOCTH 00BEKTa MOKHO
OLICHHUTH KaK NPUEMJIEMBIE JUIsl TIOTPEOUTEIIST YCITyTH.

3. AHanNu3 cTaTUCTUYECKUX AaHHbIX
M oueHKa nx ooecne4yeHHOCTU

Kak Obuto orMedeHO BbIme, (PaKTHUECKUE 3HAYCHUS
MoKa3arenel HaJeKHOCTHU SIBJISIIOTCS CIy4YailHbIMM BeEJH-
yrHamu. Hanpumep, /Ui ”HTEHCHBHOCTH OTKa30B 00BbEKTa
(KonuyecTBa OTKa30B B €AMHHUILy BPEMEHH) CTATHCTHKA
IIpeACTaBisieT co00i BPEeMEHHOHN PAJ AMCKPETHBIX 3HA-
YEeHUH — HapUMep, ITO MOCIEA0BAaTEIbHOCTh 3HAYEHUN
KOJIMUYECTBA OTKA30B, MPOU30MIEAIINX B KaX10M I'OJOBOM
MHTEpBaJe HAOIIOACHHS, 32 HECKOJIBKO JICT.

CrnyudaiiHasi BeIMYMHA MOJTHOCTBIO ONpEJeNseTcs 3a-
KOHOM pachpefieleHus, A JUCKPETHBIX BEJIUYUH — 3TO
psiL pacrpeneNnieHusl Wi JUCKpeTHas (QyHKIMs pacrpe-
nenenusi. Pan pacnpenenenus (Wi TUCKpeTHas QYHKIMS
pacnpeneneHus) MpeACTaBIseT OO0 TabIHIly BO3MOKHBIX
3HAYEHUH CIIy4allHON BEIUYMHBI C COOTBETCTBYIOIIMMHU
BEPOSTHOCTSAMU.

CymiecTByeT O4eHb OOJIbIIOE KOJIMYECTBO PA3IMYHBIX
TEOPETUYECKUX 3aKOHOB pacIpeiesieHus: (paBHOMEPHBIH,
Bbepnymnu, Koumn, ITyaccona, HopManbHBbIi, JIOTHOPMAaIIb-
HbIi, ['ym0Oens, J>koHcoHa, 13 KpUBBIX pacrpeeieHus
[Tupcona u xap.) [6]. Ho Ha mpakTuke 4acTo MPUXOIUTCS
HMETh JIeJI0 CO CTaTUCTHUYECKUM MaTepHaloM BeCbMa
OrpaHMYEHHOT0 00beMa, Ha OCHOBE KOTOPOTO ONpPEIEIUTh
KOHKPETHBIH 3aKOH pacupeAeneHus Uil clIydaiiHON Belu-
YHMHBI HE BCETIa BO3MOXHO. B Takux cirydasix HeoO6xoanmo
onucarh MOBEJIEHUE CIy4alHOH BEIMYMHBI YHCIOBBIMU
XapaKTepUCTUKAMU.

[Ipu nHXKEHEepHBIX pacueTax U HAyUHBIX HCCIEJOBAHUIX
MPUMEHSIOTCS YMIIUPUUECKUE KPUBBIE PACIIPEIEICHUS Xa-
PaKTEPUCTUK CIy4yaiHbIX BeauuuH. OCHOBHBIMU dTaraMu
IIPU NOCTPOSHUU TAKUX KPUBBIX ABISIOTCS PAaHKUPOBAHHE
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HCXOAHOTO BPEMEHHOTO PsiJia U OL[EHKA €r0 AIMIIUPUUYECKOM
obecriedeHHOCTH. PerieHre nepBoii U3 3TUX 3a71a4 He MPe/l-
CTaBJISIET CIOKHOCTEH, @ BTOPOil — TpeOyeT yuUThIBaTh, 4TO
HEKOTOpbIe (POPMYJIBI LTSI OLIEHKH 00ECIIeUeHHOCTH IIPHBO-
JIIT K CUCTEMaTHYECKUM MOTPEIIHOCTSIM U JJAIOT Pa3IUYHbIe
3HAYEHUS CIy4YalHbIX MOTPEeIHOCTEl.

OyHk1Ms HeoOeCTIeueHHOCTH g(X) SBISAETCS aHAJIOrOM
¢byHKIMK pacnpeneneHus F(x) U XapaKTepu3yeT BEepOsIT-
HOCTb TOTO, YTO 3HAUEHHE apryMEHTa IpEBbIIIAeT 3a-
JIaHHOE TIOpOroBoe 3HaueHue. B pabdore [7] Ha ocHOBaHMM
TEOPETUYECKUX UCCIIEOBAHUIN U Pe3ylbTaToOB HCIIBITAHUI
ompejeneHa Gopmyna, KOTopasi JlaeT COCTOSTEIbHEIE,
HecMelleHHbIe ¥ A(Q(EeKTHBHBIC 3HaUCHUSI OIICHOK Heole-
CHEYeHHOCTH i-T0 (i = 1...n) uleHa paHKUPOBAHHOH MO
yOBIBaHMIO AUCKPETHOM BBIOOPKH (TO €CTh, BEPOSITHOCTEH
@, T0r0, 9TO (haKTHIECKOE 3HAYECHUE X IIPEBBIIIACT 3HAUCHHE
4JIeHa PAaa X,):

i
q, P{x>xi} T (1

TJI€ 71 — KOJINYECTBO WIECHOB PsJia.

PaccmoTpuM anroput™, BKIIOYAIOIUI paHXKHPOBaHHE
HCXOAHOTO BPEMEHHOTO PsiJia, OLIEHKY €ro AMIINPUYECKOM
00€eCIIeYeHHOCTH 1 allMPOKCUMAIINIO TEOPETHIECKUM 3aK0-
HOM paclpe/ielIeHus Ha MPUMepe CTaTUCTHUECKUX JaHHBIX
T10 0TKa3aM 0OBEKTOB IIEPBUYHOM CETH HKEJIC3HOTOPOKHON
anexTpocsszu 3a nepuon 2008—2016 rr. (Tadmuna 1, 1aHHbIe
nipenocTaniiensl LieHTpanbHO# cTaHnmel cBsizu — QuitnanoM
OAO PX]T).

1) VcxonHblil psii paHXuUpyeTcst B MOPsIIKEe yObIBaHUS
3HauYeHWH Mokaszarens. BMecTo rojj0B HaOIIOCHUST BBO-
JIITCSl YCIIOBHBIE HOMEpa YJICHOB PaHXKUPOBAHHOTO psia
(1,2,3,..)).

2) JInst KaXKJ0T0 YWiICHA PaHKUPOBAHHOTO psia mo (op-
Mmyne (1) paccuuTbIBaroTCs 3HaueHUs ¢, GyHKLUH HeoOe-
CIIEYEHHOCTH.

3) Boruucnsgercs MaTeMaTHueCKoe OKUIaHUE X YJICHOB
psna.

4) J1i1s1 KayKJ10T0 WiieHa PaHKUPOBAHHOTO Psijia PACCUHUTHI-
BAeTCsl MOIYJIEHBIN KO DUIMEHT, paBHBIN OTHOIICHUIO 3Ha-
YEHUS WIeHA PAAa K MaTeMaTHUECKOMY OXKMJAHUIO psifia.

B pesynbrare nomyuaem Tadmuiy 2.

5) C uenplo yTOYHEHHs] 3HAYCHUH KBaHTWIEH pacripe-
nenenus (g), 0COOCHHO Ha YPOBHSIX, MEHbIIHX, yeM 0,2,
MIPE/ICTABISIFONINX TPAKTUYECKUI MHTEPEC, BBIMOIHSIETCS
annpoKCUMaNus psijia MOAYJIbHBIX K0P (UIIEHTOB TabIH-
1Bl 2 OJTHUM M3 TEOPETHYECKHUX 3aKOHOB pacIpe/ICICHHS.
B kauecTBe npuMepa paccCMOTPHM arpoOKCUMAIIUIO TPEX-
napaMeTpuYecKuM raMmMa-pacnpeseneHueM [9], kotopoe
MOJTYYHJIO TIPUMEHEHHUE, B YaCTHOCTH, B THAPOIOTHUECKUX
pacuerax [10] u B pacuerax pecypca KOHCTPYKLIMH NpHU
CITy4yailHBIX MOTOKax HAarpy3okK [11].

C mpuMeHeHHEeM MOIYIbHBIX K03()dUINEHTOB k, U3
Tabnuupl 2 paccunThiBaloTcst Kodpduupent C, Bapuanun
psiga u otHowenue C ko3 uieHTa aCHMMETPHU PAaa
K K03QUIHEeHTy Bapualuu psija:

L X, 3
, 2 l’lz ()_C - 1)

— =1
P il( 1) o (n-D)(m-2)c’
IpH 3ToM eciu B (2) nomydeHo 3Hauenue C, < 0,1, To
nepen pacueroM C, a Taoke IS JaIbHEHIIEro npuMeHe-
Hus, npuHuMatoT C, = 0,1 (IOCKOIbKyY UL PSAIOB € OYCHb
MaJioif Bapualiei onpeseneHle KBaHTUIICH pacpeneneHus
3arpynHuTensHo). [locne pacueros 3HaueHue C, OKpyIIseT-
cst go xparsoctu 0,1 (0,1; 0,2; 0,3 ...), a 3Hagenue C, — 10
kparnoctu 0,5 (0; £0,5; +1,0; £1,5; ...) Ist BO3MOXKHOCTH
MIPUMEHEHHS CYIECTBYIONINX TAOINYHBIX 3HAUCHUH (PyHK-
LU pacrpeeneHus: BBUY TOTO, YTO UX aHAJIUTHYECKHN
pacyer sIBISIETCSl O4€Hb CIIOMKHBIM.

[To TabmuuHBIM 3HaYeHUSIM (QYHKIMH TpexmapaMeTpH-
4eCKOro raMMa-pacrnpenenesus [9] mnst 3agaHHoil Bepo-
ATHOCTH HeoOecIeueHHs ¢, ONpPEeAeIIieTCsl OpAUHaTa /1, B
BUJIE MOIYIBbHOrO Kod(duiuenTta (ykazaHHble TaOIHIbI
coJiepKaTr 3HaueHUs! GYHKLIUU pacHpeacieHHs JUIsl pas-
auuHbIX 3HaueHuH C, U Haubosiee pPacIpoCTPAHEHHBIX
ornomenuit C/C)).

B paccmarpuBaemMoMm mpuMepe Ui MOJXYYEHHBIX 1O
dopmynam (2) 3nauenuit C, = 0,5 u C,, = 0 umeeM pan
3HaUYeHUH OpauHaT (QYHKIUU B BHJE MOAYJIbHBIX KO3(D-
dbunuenToB m(p;), BKIOYass JONOJHUTENIbHbIE 3HAYCHUS
Ha kpasx Qynkuuu (tabmuua 3). Jli1st momydeHust Kode-
CTBEHHBIX 3HAYEHHH ), MHTEHCUBHOCTH OTKa30B, KOTOPbIE
OyIlyT IIPEBBIIICHBI C BEPOSITHOCTBIO ¢, CII€AYET YMHOKHUTh

2

Taéauna 1 — McxonHblii BpeMeHHO# psii HHTEHCHBHOCTH OTKAa30B 00beKTa

o HaGmomermst | 2008 2009 2010 2011 2012 2013 2014 2015 2016
Hrrencusiocts 34 37 24 12 9 13 43 36
OTKa30B, X, 1/ron

Tabnnna 2 — PanknpoBaHHBI BpeMEHHOH P C OLCHKAMHM 00€CIe4eHHOCTH W MOAYJIbHBIMH Kod(pduuueHTamu

No mi/m, i 1 2 3 5 6 7 8 9
Hurencusiocts 83 76 37 24 14 13 12 9
OTKa30B, X,, 1/rox

Mon. k-1, k, 24735 | 22649 | 1,1026 | 1,0132 | 07152 | 04172 | 03874 | 03576 | 02682
HeobecneueHHOCTS, g, 0,1 0,2 0,3 0,5 0,6 0,7 0,8 0,9
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Taonuma 3 — HpnMep ANMPOKCUMUPOBAHHOTO BPEMEHHOI'0 psajaa ¢ OUCHKaMH HeoDecreyeHus u MOAYyJ/JIbHBIMHA

ko3 uuuentamu (C, = 0,8 u C, = 1,4)

Ne r/m, i - - 1 2 3 4 5 6 7 8 9 ] ]
q, 001 | 005 | o1 [ 02 | 03 | 04 | 05| 06 | 07 | 08 | 09 | 095 099
Mom. xt,m, | 201 | 18 | 1,66 | 1,47 | 1,31 | 1,16 | 1,01 |0,855| 0,69 | 0,511 | 0,305 | 0,182 | 0,055
VIHTeHCHBHOCTS | o) o5 | 45 | 415 | 3675 | 32,75 | 29 | 2525|2138 | 17.25 | 12,78 | 7.625 | 4.55 | 1375
OTKa30B, y,, 1/ron

MOZyJIbHBIE KOA()(MUIUESHTHI 711, HA 3HAYCHHE X MaTeMaTH-
YECKOTO OXKHIAHWSI PAHKHPOBAHHOTO psijia M3 TAOIHIEI 2
(pe3ynbTaThl MoKa3aHkl B TadwIe 3).

OreHKa JOCTOBEPHOCTH AIIPOKCHMALINH BBIITOIHSIIACH
1m0 K03 (ppUIIHeHTY TUHEHHONW KOPPEISIIAN IMITHPAICCKOM
x,(q,) n monoOpaHHO# 1Mo JaHHOMY MeTony y(q,) (s
i =1...9) ¢pynknuii. [Tonydeno 3HadeHne KodPPuICHT
nmuHeHoH Koppersiuuu 0,974, oHO ABIseTCS OMM3KUM K 1,
YTO TIONTBEPKIACT OMU30CTh BHIOpaHHON (PYHKITUH K HC-
XOIHOMY PSIIY € BBICOKOH JJOCTOBEPHOCTEIO.

I'padux >mmupudeckoro psga (TOUYKH) W alIIpOKCH-
MUpYIOIIeld (QYyHKIUU TpexmapaMeTpHUIecKoro ramMma-
pactpeneneHus (CIUTOIIHAS JTMHASA) TI0Ka3aH Ha puc. 4.

4. BbiOOp n 060CHOBaHUue
HOPMAaTUBHOIO 3Ha4YeHusd nokasarensa

[NomyueHHbIe BBIIIE pE3yIIBTAThI OLICHKH 00SCIICYCHHOCTH
(cMm. Tabnuiry 3) MOTYT OBITH IPUMEHEHBI JJIS OTIPECTICHHS
TIIOPOrOBOTO 3HAYEHHUS X, TI0 33JaHHOMY YPOBHIO pucka O, ,
YCTaHOBJICHHOTO 10 COIVIALICHHIO MEXKAY MOCTABIIUKOM
U TIOTPEOUTENIEM YCITyTH, WIN K€, HA00OPOT, I OICHKH
pucka O, Ha OCHOBE 3a/IAHHOTO X, .

PaccmotpumM ciyyail, koraa i 3aJaHHOTO YPOBHS pH-
CKa HeoOeCTIeYCHNsI HOPMAaTHBHOTO 3HAYCHUS (HarpuMep,
0, = 0,1) Tpebyercst onpenennuTb HOPMATUBHOE 3HAYCHUE
X, TIOKa3aTells HAJIeKHOCTH (B HAIEM TIPUMEPE 3TO — MH-
TEHCHUBHOCTH OTKa30B 00BEKTA).

OreHnM KBaHTHIIh (QYHKITH 00€CTIEYeHHOCTH, KOTOPBIH
COOTBETCTBYET 3a1aHHOMY pucky (¢, = O, = 0,1). Coracuo
JTAHHBIM TAOJIUIEI 3 UMEEM:

M0,) = Mg, =0,1)=70.8 = 71.

CrnenoBaTenabHO, B Ka9€CTBE HOPMATHBHOTO 3HAYCHUS
TOKa3aTessi MOKHO MPHUHSATH 3HAYEHUE MHTECHCHBHOCTH OT-
Ka3oB, paBHOe 71 l/rom, xoTopoe Gyaer He oOecmedeHo ¢
puckom 0,1.

B cimydae ecam Mo COMIAIIEHUIO MEKIY MOCTaBIIMKOM
U TIOTpeOUTENEM yCIyTH yCTAaHOBICHO HOPMAaTHBHOE 3Ha-
YEHHUE TT0Ka3aTelsl HaJJeKHOCTH, aHAJIOTHYHBIM ITyTeM, Ha
OCHOBE TTOJTy4E€HHBIX PE3YJIBTATOB OIICHKH 00ECIIEUEHHOCTH
(cM. Tabmuiy 3) MOYKHO OTIPE/ICIUTE PICK HECOOTBETCTBHS
MOKAa3aTelNs yCTAaHOBICHHBIM TPEOOBaHUSIM.

B mo0oMm ciydae cornanieHne Mex /1y MOCTABIUKOM YCITy-
TH ¥ €€ TIOTpeduTeNeM JOKHO MPEyCMaTpUBaTh YCTaHOB-
JICHHE KaK HOPMAaTHBHOT'O 3HAYEHNS BCEX PaCCMaTPHBACMBIX
0Kazarenel HaZIeXKHOCTH, TaK U YPOBHEHN PUCKa, C KOTOPBIMU
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Pucynok 4 — I'padik SMIMPHIECKOTO psijia (TOYKH) U aIPOKCUMHUPYIOMIeH (QyHKINH (CIUIONIHAS JINHNS).
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JIaHHbIE HOPMaTHBHBIE 3HAYCHHUSI MOTYT OBITh HE 00ECIIeUEHBI,
a TaKoKe MOPSIO0K PACIIPEACIICHNS] OTBETCTBEHHOCTH MEXKTY
TOCTABIIMKOM H TIOTPEOUTENEM YCITyTH.

Merton, pacCMOTPEHHBIH B IaHHOH CTaThe, TIO3BOJISET C
MIPUMEHEHHEM OOBEKTUBHBIX KPUTEPHEB YCTAHOBHUTH CBSI3b
MEX/1y 3HaUCHHEeM HOPMaTHBHOTO ITOKa3aTes HaJIe)KHOCTH
1 PUCKOM ero HeoOecrieueHHs: Ha OCHOBE PeajlbHBbIX BO3-
MOXHOCTEH JKCILTyaTHPYEMbIX 0OBEKTOB, KOTOPBIE OIle-
HUBAIOTCS 110 CYIIECTBYIOIINM CTATUCTUYECKUM JIAHHBIM
3a IPOLICAIINE TIEPUOIBI.

3aknuyeHue

B nanHHOI cTarbe paccMOTPEH METOl HOPMHUPOBAHUS T10-
KazareJs Ha/Ie)KHOCTH Ha OCHOBE CTaTHCTHUECKUX JaHHBIX
TIPY TOIYIEHHH, YTO B IIEJIOM 32 HEKOTOPBIH ITepHo/1 HalITto-
JICHUSI 9TOT TTO0Ka3aTellb MOKHO OLICHUTDH KaK MPUEMIIeMbIH
JUIS TIOTPEOUTEIS YCITYTH.

st BIOOpa 1 000CHOBaHMSI HOPMATHBHOTO 3HAYCHMS
TIOKa3aTelsl Ha/ISKHOCTH PacCMOTPEHBI B3aUMOOTHOLICHHS
MTOCTABIIMKA U MOTPEOUTENsT yCIyrd, IPOBEJICH aHalIu3
CTaTHCTUKH TI0 METOJy OLICHKH SMITMPUYECKOH oOecriedeH-
HOCTH PsiJia UCXOJHBIX JaHHBIX, a TAKKe allpOKCUMAIIHs
YIOPSIIOYEHHOTO MCXOJHOTO psiia TPeXMapaMeTpUIeCKUM
ramMa-pacrpezeseHueM. PaccMoTpeH npumep yCTaHOBIICHHS
HOPMaTHBHOT'O 3HAYEHN [TOKa3aTelIsi HHTEHCUBHOCTH OTKa30B
00BEKTa [10 KPUTEPHIO 33JAHHOTO PHCKA €ro HeoOeCTIeYeHUS Ha
OCHOBE KBaHTWJIEH MOJIyYCHHOH (PyHKIMH 00eCIIeYeHHOCTH.

IIpoBenenHOE paccMOTpeHHE OKA3aJI0, YTO MIPEATIOKEH-
HBIH MOJXOJI ITO3BOJISICT YCTAHOBUTH B3aNMOCBSI3b MEXIY
yCTaHaBIMBAaeMbIM HOPMaTHBOM U PHCKOM €ro Heobecrie-
YyeHus 4epe3 (PYHKIHUIO 00eCIeYeHHOCTH, KOTOPas MOXKET
OBITh [OJTyYeHa Ha OCHOBE CYILECTBYFOLMX CTATUCTHYECKUX
JIAHHBIX O HAJIS)KHOCTH OOBEKTA 32 IPOIIEIIINE TEPUOIBI.
Ota B3auMOCBS3b [T03BOJISICT TapaHTHPOBAThH OOecIieueHre
COOTBETCTBUS (DAKTHYECKUX M HOPMATHBHBIX 3HAYEHUH
TI0Ka3aTels C 3aJJaHHBIM YPOBHEM PHCKa ITPU (PyHKINOHU-
pOBaHHMU 00BEKTA B IITATHOM PEXKHME.
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Pesiome. Uenb. Ha4asibHbIM 3TarioM MOLEIMPOBaHVSI HAAEXHOCTY CII0XXHOM CUCTEMbI SIBJ/ISIETCS
ee CTPyKTypu3aLusi, T.e. pa3breHne Ha CoOCTaBHbIEe HacTu (GJ1I0KU, Y37bl, SJIEMEHTbI), A/ KOTO-
PbIX M3BECTHbI BEPOSITHOCTU OTKa30B. Kinaccudeckasi Teopusi HaAeXXHOCTU UCIO/b3YET NOHATUE
CTPYKTYPHOU QYHKLUMMN, KOTOPAs MO3BOJIIET PAHXMPOBAaTh 3JIEMEHTbI 10 BaXHOCTU, YTO HEOOXO-
AVMO /151 ONTUMasIbHOIr0 PacrpeneseHys PeCypCOoB, BblAE/IEHHbIX HA 0Becrne4YeHne HaaexXHOCTH
cuctemMbl. s CTPYKTypmu3aumy 4e/10BeKO-MaLlLlMHHBIX CUCTEM UCMO/Ib3YETCs airOpUTMUYECKoe
OnvcaHne ANCKPETHbLIX MPOLECCOB (QYHKLIMOHUPOBAHWS, TAE HaIndne 4YEeTKUX rPaHul, Mexay
OTAE/IbHLIMK OrepaumsMuy rMno3BOJISIET coObUpaTb CTaTUCTUKY O BEPOSITHOCTSIX OLLUMOOK, HEOOXO-
AVUMYIO [J151 MOAENPOBaHWs. TPYAHOCTU airOpUTMnU3aLumy BO3HUKAIOT B 4E€/10BEKO-MAaLLNHHbBIX
cucTemMax C HerpepbIBHBIM XapakTepoM AesiTe/IbHOCTU YesioBeKa, rAe OTCYTCTBUE YEeTKUX rpa-
HUL, Mexay oriepaunsiMy He 03BOJIIET KOPPEKTHO OLEeHMBAaTb BEPOSITHOCTU WX MpPaBu/ibHOMo
BbIMO/IHEHWS. [103TOMY rpouecc QYHKLMOHUPOBAHWS MPUXOAUTCST paccMaTpuBaTrb Kak eanHyo
oriepauuio, rnpasusibHOCTb BbIMOJIHEHWS] KOTOPOW 3aBUCUT OT Pa3HOPOLAHbIX Y B3aNMOCBSI3aHHbIX
aprarnvyeckmnx, TEXHUYECKUX, MPOrpaMMHbIX, OpPraHn3aumoHHbIX U Apyrux ¢akropos. Moaenm-
pyemasi cuctema rnpeBpaLLaeTcsi B «4EPHbIV SLUNK» C HEU3BECTHOW CTPYKTYPOU (BbiXO4 — Ha-
JEXHOCTb, BXOAbl — B/AVSIIOLUME (PaKkTopbl), a TPaaANLUMOHHas AJ1s1 TeOPUN HaAEXHOCTU 3aaa4qa
PaHXnpPoBaHWUsI 3JIEMEHTOB CBOAMUTCS K 3afaqe paHxXupoBaHusi gpakTopoB. Hanbonee nonynsip-
HbIM CPEACTBOM MHOrO(akTopHOro MoAeIMpPOBaHNs HAAEXHOCTU Y€J10BEKO-MaLUNHHbLIX CUCTEM
SIBJIIETCS] PErpPeCcCUOHHbIV aHan3. OH TpebyeT GO0JIbLLIOIrO YMCa SKCEPUMEHTAsIbHbIX AaHHbIX
Y He npucrnocobsieH Kk paboTe C Ka4eCTBEHHbIMU dakTopamm, N3MepsieMbIMy SKCrepTHO. Ya00-
HbIM CPenCcTBOM 06pabOoTKy SKCMEPTHOM MHGOPMAaLMN SBNISIIOTCS HEYETKME MpaBuia «eciv —
10». OOHaKO PErpecCUOHHbIN aHaan3 v HedeTkme rnpasuia obnagaroT OOLUMM OrpaHNYeHNeM:
OHU MPeArnosaraT He3aBYCUMOCTb BXOAHbLIX MEPEMEHHbIX, T.€. BJMSIIOLUMX GakTopoB. 3TOro
OrpaHNYeHus1 INLLIEHbI HEYETKNE KOrHUTUBHbIE KapThbl — HOBOE CPELACTBO MOAEINPOBAaHWS, rNoka
He noJsly4uBLLEeE PacrpOCTPaHEHWsT B TEOPUMN HAAEXHOCTY. Llesib cTatbu — rnpuB/iedb BHUMaHue K
MOAENPOBAHMIO HAAEXHOCTU C MOMOLLbIO HEHETKUX KOrHUTUBHbIX KapT. MeToa,. Ha ocHoBe Teo-
Py HEHETKUX KOTHUTUBHBIX KapT rpeaaaraeTcs MeTon PaHXupoBaHus (pakTopoB, BJIUSIIOLLUMX Ha
HaAexXHoCTb CUCTEMbI. B OCHOBY mMeTofa roJsioxeHa (opmMann3aums npuYnHHO-Cae4CTBEHHbIX
cBsI3eN «BavsiioLme GakTopbl — HAAEXHOCTb» B BUAE HEYETKOVM KOrHUTUBHOW KapThbl, T.e. Opu-
EHTUPOBAHHOIo rpaga, BepLUNHbI KOTOPOro COOTBETCTBYIOT HAAEXHOCTU CUCTEMbI U BIINSIIOLLUNM
akTopaM, a B3BELUEHHbIE AYry OTPaxaroT Ch/ibl BINSIHUKM ¢akTopoB ApYr Ha Apyra v Ha Haaex-
HOCTb cucTemsbl. PaHr ¢pakTtopa ornpenesneH Kak aHasor MHAeKca BaXHOCTu 371eMeHTa no bupH-
6aymy, KOTOPbIVi B BEPOSITHOCTHOM TEOPUM HaAEXHOCTU BbIYUNCIISIETCS HA OCHOBE CTPYKTYPHO
QyHKumy. PedynbtaTbl. [lpeanaraotcsi MOLEN U airopUTMbl BbIYUCIIEHNS MHAEKCOB BaXXHOCTU
eANHUYHbBIX (akToOpPOB U MX NMapHbIX 9P HEKTOB, BINSIOLLUMX HA HAAEXHOCTb CUCTEMBI, NpeacTaB-
JIEHHOV HEYEeTKOV KOrHUTUBHOM KapTov. MeTton winiocTpupyertcss Ha rnpumMepe HaaexXHoCTu v
6e30r1MacHOCT aBTOMObOW/IS B CUCTEME «BOANTEJIb-aBTOMOOW/IbL-A0pP0ra» C y4eTOM KBamduka-
unn BoAUTENIS, AOPOXHbIX YCII0BUN, YAEJbHbIX 3aTpar Ha 3KCrilyarauuio, YCJA0BUA IKCryaTa-
unu, nepuoandHOCTY TEXHUHYECKOro OOCYXNBaHWS, ka4ecTBa 00C/IyXUBaHUSI N PEMOHTA, Kave-
CTBa KOHCTPYKLMM aBTOMOOUIIS, KAYECTBA IKCr1yataLumoOHHbIX MAaTepuanoB v 3anacHbIX YacTeu,
a Takxe ycnoBui xpaHeHus. BeiBogbl. JJOCTOMHCTBaM MeToda sIBJISIOTCS: a) UCroJib30BaHNe
JIOCTYrHOV 3KcrnepTHOV nHpopMaLmm 6e3 coopa n 06paboTku CTaTUCTUHECKUX AaHHbIX; 6) BO3-
MOXHOCTb y4yeTa Jo0bIX KOJIMYECTBEHHbIX M KAYECTBEHHbIX PaKTOPOB, CBSI3aHHbIX C YEJI0BEKOM,
TEXHUKOM, MporpamMmmMHbIM 0BecrneyeHneM, Ka4ecTBOM OOC/YXUBAHUS, YCJI0BUSIMU SKCIIyara-
unn v pyrux; B) npocToTa PacLUMPEHUs] YACa Y4UTbIBAEMbIX GakTOpPOB 3a CHET BBEAEHUS [0-
MOJIHNTE IbHBIX BEPLUNH W AYr rpaga KOrHUTUBHOM KapTbl. BO3MOXHbIMY 0ObeKkTaMu rnpuMeHe-
HUST METOAA MOIYT ObITb C/IOXHbLIE CUCTEMbI C HEHYETKO OMPEAESIEHHOV CTPYKTYPOM, HaAEXHOCTb
KOTOPBbIX CUJIbHO 3aBUCUT OT B3aMMOCBSI3aHHbIX (pakToOpOB, U3MEPSIEMbIX 9KCMEPTHO.

KnioueBble cnoBa: HeyeTkass KOrHUTUBHas KapTa, HaAeXHOCTb CUCTEMbI, BAUSOLME pakTo-
Pbl, PpaHXMpoBaHne GakTopoB, HaAEXHOCTb 1 6e30MacHOCTbL aBTOMOOWIS.

Ana untnpoBanus: PotiuteriH A.[1. HeyeTkme KOrHUTUBHBIE KapTbl B aHA/IN3E HaAEXHOCTY CUCTEM
// Hanex+octs. 2019. Ne 4. C. 24-31. https://doi.org/10.21683/1729-2646-2019-19-4-24-31

Moctynuna 13.04.2019 r. / NMocne popa6otkmn 22.09.2019 r. / K neyatn 14.12.2019 r.



HeuyeTkne KOrHUMTUBHBbIE KapThl B aHa/IM3e Hafe)XXHOCTU CUCTEM

1. BBegeHue

Yemex B pelieHIH MPUKIIAAHBIX 33129 MOJCTUPOBAHNUS B
3HAYNTENFHON MEpe OTpeeNnsIeTcs] BRIOOPOM MaTeMaTHye-
CKOro ammapara. Teopus BEpOITHOCTH, JIKaIlasi B OCHOBE
KJIACCHYECKON TEOPHH HAZICKHOCTH, TUIOXO IPHCIIOCOOIeHa
K (hopManm3aIiy SKCIIEPTHBIX 3HAHHUH, KOTOPBIE MOTYT OBITH
TTOJIC3HBIMU TSI IPUHATHS PEIICHHH.

Ilenb 3TOM cTaTbM — MPUBJIECYb BHUMAHUE K MOJIEITUPO-
BAHHIO HA/IC)KHOCTH C ITOMOIIBI0 HEYETKUX KOTHUTHBHBIX
kapT. B Heil mpuBOAATCS OCHOBHBIE COOTHOIIEHHUS 3TOTO
amrapara ¥ Ha UX OCHOBE IIPEIaraeTcsi METOJ] paHKHPOBa-
HUS (PaKTOPOB, BIMSAIOMINX Ha HA/IGKHOCTH CUCTEMBL. MeTof
WITIOCTPUPYETCS Ha IPIMEPE MOJICITNPOBAHIS HAISKHOCTH
1 6€30MaCHOCTH aBTOMOOMJIS C YI€TOM TEXHUICCKHX, dPTa-
THYECKHX, CPEIOBBIX M OPTaHNU3AIMOHHBIX (DAaKTOPOB.

2. CTpyKTypMU3auumsa: oT 3JIEMEHTOB
K dpakTopam

HaganpHBIM 3TanmoM MOAEIHMPOBAHUS HAIAEKHOCTHU
CIIO)KHOW CHCTEMBI SIBJISIETCS €€ CTPYKTYpH3alus, T.e. pas-
OueHne Ha COCTaBHBIC YaCTH (OIOKH, Y3IbI, 3IEMEHTHI), IS
KOTOPBIX U3BECTHBI BEPOATHOCTH OTKAa30B.

Knaccuueckas Teopust HajgexHocTH [1] mcmonbe3yer
HOHSITHE CTPYKTYpHOU (JIorHueckoi) (pyHKIMHU, KOTOpas
CBSI3bIBACT JIOTHYECKOE YCIOBUE PabOTOCIOCOOHOCTH CH-
cteMsl (1 — Het oTka3a, 0 — ecTh O0TKa3) ¢ aHAJIOTUYHBIMU
YCIIOBUSIMHU IS €€ 31eMeHTOB. Ilepexon oT cTpyKTypHOU
(YHKIMH K BEPOSITHOCTHOM MOJIENIN HaZ@KHOCTH OCYILECT-
BIIICTCS I10 IIPABMJIaM JIOTHKO-BEPOSTHOCTHOTO HCUNCIICHUS
[2]. CrpykTypHast GpyHKLUS TTO3BOJISIET PAHKUPOBATH dlie-
MEHTBHI 10 Ba)KHOCTH, YTO HEOOXOANMO JJI1 ONTHUMAIBHOTO
pacnpesiesieHusi PeCypcoB, BBIJICJICHHBIX Ha oOecrieueHne
Ha/ICKHOCTH CUCTEMBI.

J1s cTpyKTypH3alluM 4eJI0BEKO-MAIIMHHBIX CHCTEM
HCITOJIB3YeTCs aJTOPUTMHYECKOE OIHMCAaHUE MPOIECCOB
¢byukuonuposanus [3, 4]. B atom ciydae ncxomHbIMU
JAHHBIMM JJIS1 pacyeTa HaJeKHOCTHU SIBIISIOTCS BEPOSTHO-
CTH TIPABUJIBHOTO BBIIOJIHEHHUS OCHOBHBIX, KOHTPOJIBHBIX
U TuarHoctuyeckux omepanuil. IIpaBuna mepexoma ot
JIOTHKO-aJITOPUTMHUYECKOTO OTHCAHMSI CUCTEMbI Ha S3bIKE
anre6ps! anroputMoB B.M. I'mymixoBa [5] Kk BepOATHOCTHBIM
Y HEYETKUM MOJIENISIM HaJIe)KHOCTH TPEJIOKEHBI B [6, 7].

ANTOPUTMUYECKOE OMHMCAHUE SBISETCS €CTECTBEHHBIM
crocoboM (opMaIu3alul CUCTEM C JMCKPETHBIMHU TPO-
neccamM (YHKIMOHUPOBAHMS, HAIPUMEpP, aBTOMATU3U-
POBaHHBIX CHCTEM OOpabOTKM JAaHHBIX U YHpPaBICHUS,
cOOPOYHO-MOHTAXXHOI'O IIPOU3BOJACTBA U APYTHX, IJe
HAJINYME YETKUX T'PaHMIl MEXKy OTACIbHBIM ONepaIisiMU
MO3BOJISIET COOMPATH CTATUCTUKY O BEPOSITHOCTSIX OLIHOOK,
HEOOXOMMYIO JUIsl MOJICTUPOBAHMSI.

TpynHOCTH aNrOpUTMH3AIMK BO3HUKAIOT B YEIOBEKO-
MAaIIMHHBIX CHUCTEMaX C HEMPEPHIBHBIM XapaKTepoM
JIeSITeIbHOCTH YeJIOBEKa, IJIe IPeodaaloT olepanuu
CIEXKEHMsI U NpuHATUA pemieHud. [Ipumepamu ciyxar
CHUCTEMBI YIPAaBICHHUS HA TPAHCIOPTE, B XUMUYECKOH U

SIIEPHOM MPOMBIIUIEHHOCTH U JPYTUE CUCTEMBI C MOBBI-
IIEHHO} OIMAacHOCTBIO, T/Ie OIIMOKH YeI0BeKa MPHUBOST K
KaTacTpo(UIECKUM MOCIEACTBHSIM.

OTcyTCTBHE YETKHX MPAaHUIl MEXY ONEepaLusiMH He TO-
3BOJIIET KOPPEKTHO OIICHUBATh BEPOSATHOCTH UX MPABUIIb-
HOTO BbITIONTHEHUS. [109TOMY Bech nporiecc GyHKIIMOHUPO-
BaHUsI IPUXOIUTCS pacCMaTpPHUBATh KaK eUHYIO0 ONIEpalHIio,
MIPABUIBHOCTH BBITIOIHEHUS] KOTOPOH 3aBUCUT OT MHOTUX
Pa3HOPOJHBIX M B3aHMMOCBSI3aHHBIX (DAaKTOPOB: dpraruye-
CKHX, TEXHHUYECKHX, TIPOTPaAMMHBIX, OPTaHU3aIMOHHBIX
u apyrux. Mozaenupyemasi cuCTeMa TIpeCTaBIsIeT co0oi
«UEPHBIH SIIUK» C HEM3BECTHOM CTPYKTYPOIl: BBIXOJ — Ha-
JISKHOCTb, BXOJbI — Biusitone (aktopel. B aTom ciryyae
TpajuIMOHHAs AJIsl TEOPUH HAIeKHOCTH 3aja4a PaHKUPO-
BaHU 2JIEMEHTOB MPEBPAIIAETCs B 3a7a4y PaHKUPOBAHUS
¢axropoB. B wactHocTH, B [§] 0OTMeEuaeTcs, 4TO TPyAHOCTH
yueTa BIUSIIONIUX (haKTOPOB MPHUBOAIT K HEBO3MOXKHOCTH
TOYHOTO MPOTHO3UPOBAHUS BEPOSTHOCTH OTKAa3a, YTO BBI-
3bIBaeT HEJJOBEPHE K pacueTaM HaJeKHOCTH.

Hawubornee momymsipHbIM CpeICTBOM MHOTO(aKTOPHOTO
MOZIETMPOBAHUS HAJIEKHOCTHU YETOBEKO-MAIIMHHBIX CHCTEM
SIBIISICTCSI PErPECCHOHHBIN aHau3 (cM. Harpumep, [9]). Ox
TpeOyeT OOJBIIOro YHCIa IKCIEPUMEHTANBHBIX JaHHBIX
U HE MPUCTOCOOJICH K paboTe C KAYCCTBCHHBIMH (PAKTO-
pamu, U3MepsSeMbIMH JKCIIEPTHO. YIOOHBIM CPEICTBOM
00paboTKM sKCcepTHON MH(OPMAIMH SIBIISIIOTCSI HEUETKHE
npaBuia «eciau — to» [10]. Perpeccuonnslif ananus u He-
YeTKHEe MpaBuiia o0nanaroT oO0MMM OrpaHUuCHHEM: OHU
MIPEOIAaraloT He3aBUCUMOCTb BXO/IHBIX IIEPEMEHHBIX, T.C.
BIMSIONINX (hakTOpOB. DTOrO OrpaHUYCHUS JIMIICHBI He-
yetkue koruutuBHble kapTel (HKK) [10] — HOBOE cpencTBO
MOJICTUPOBAHNS, TOKA HE MOTyYUBILIEE PACIIPOCTPAHEHUS
B TEOPUHU HAJIC)KHOCTH.

Huxe mpuBonstcst ocHoBHble cootHomenus HKK u na
UX OCHOBE IIPEIJIAraeTcsi METO PaH)KMPOBaHHUS (DaKTOPOB,
BIIMSIIOIINX Ha HAJIGKHOCTD U 0€3011aCHOCTh CUCTEMBI. J[ist
WJUTIOCTPAIMH METO/Ia UCTIONB3YETCs CUCTEMA «BOJUTEIb-
ABTOMOOMIIb-ZI0POTay.

3. OCHOBHbIE MOHATUA U COOTHOLLEHU A

3.1. O0wWwuMe 3amMmeyaHunq

HKK BBenens b. Kocko [11] kak 060011eare OMHAPHBIX
KOTHUTHBHBIX KapT P. Akcenbpona [ 12], mpeqHa3sHadeHHBIX
JUTSL MOJICTUPOBAHMS ANHAMUKH [TPUINHHO-CIIEACTBEHHBIX
cBA3€il B counanbHo-nonutuaeckux cucreMax. HKK npen-
CTaBIsAeT cO00 OPUEHTUPOBAHHBIN Ipad cO B3BEIICHHBIMH
JlyraMy, IIpuMep KOTOPOro MoKa3aH Ha puc. 1. BepuuHel
rpada C,, Ha3bIBaEMBIE KOHYenmamu, COOTBETCTBYIOT BXOI-
HBIM U BBIXOJTHBIM IIEPEMEHHBIM, KOTOPBIE YUNTHIBAIOTCS B
Mozenu. B3emennsie qyru rpada oTpakaroT cuny 6nus-
HUsL W; U3MCHCHUSI onHOM nmepemMeHHOH C, Ha U3MEHEHNE
apyroii C,.

TepMUH «KOTHUTHBHBII» TOBOPHUT O TOM, YTO UCXOJHBI-
MU JIaHHBIMH JJIs1 MOJEIHPOBAHHUS CITy’KaT CyObEKTHBHBIE
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MHEHHS IKCIEPTa, BHIPAKEHHBIC CIIOBAMH THIIA «IIOBBI-
IIAETCsD» WIN CIIOHMKACTC», HapuMep: «roBsblieHne C,
NPUBOAMT K HOHWKEHUIO C;». B OMHAPHBIX KOTHUTHBHBIX
Kaprax [12] «rmoBsIIIeHHE) OLIEHUBACTCS KaK «+1», a «1o-
HIKEHHE» — KaK «—1».

Pucynok 1 — Ilpumep HeueTKON KOTHUTUBHOW KapThl.

TepmuH «HedueTkue» ropoput o toM, uro HKK [11]
HCIOJIB3YIOT Pa3IUYHbIE YPOBHU «IOBBILIEHUS» M «IIO-
HkeHus». OHU 3a/1a10TCsl YuciaMu U3 uHTepBaios [0, 1]
u [-1, 0], 9TO COOTBETCTBYET TepMaM «ciaboy, «CpeaHe»,
«CUJIBHO» U JIp. U3 TEOPUHU HEYETKUX MHOXKeCTB [10].

C Touxu 3penus Teopun uaeHTHukanmu [13, 14], xo-
TOpasi 3aHUMAETCs] BOCCTAHOBIEHHEM 3aKOHOMEPHOCTEH 110
skcriepuMeHnTanbHbIM JaHHbiM, HKK — 310 annpokcumarop
3aBUCHMOCTH «BXOJbI — BBIXOI» C B3aUMOJAEHCTBYIOIINMHI
Bxozamu. Kak u 1mo0oii anmpokcumarop, HalpuMmep perpec-
CHsl, HEYEeTKUE MpaBuia, HelpoHHas ceTb u apyrue, HKK
COZIEP’KUT HACTPAMBAEMBbIE MApaMETPbI, KOTOPBIE JTOKHBI
OLIEHUBAThCSI ITyTEM MUHUMH3ALUH HEBSI3KH MEXKIY MOJIEITb-
HBIMU U SKCIIEPUMEHTAIBHBIMY 3HAUEHUSIMU BbIxona. Eciu
JKCIIEPUMEHTAIIBHBIE JaHHBIE «BXOBI — BBIXO/» OTCYTCTBY-
10T, TO KQ9€CTBO MOJIEIIH [IEJTMKOM 3aBHCHT OT KBaITU(PHKAIIIN

akcnepra. FIckyccTBO MOACTMPOBAHUS COCTOUT B TOM, UTOOBI
KOMITEHCHPOBATh HEJJOCTAOINE SKCIIEPUMEHTAIBHBIC JaH-
HBIE 32 CYET BBICOKOTO Ka4eCTBA HKCIICPTHBIX OIICHOK.

YmectHo conoctaButh HKK 1 mapkoBckue nienu (mpo-
ILIECCHI), TPUBBIYHBIC CIEIMATIICTaM 10 HajexkHOCTH. O6a
BH/Ia MOJEJNEH — 3TO B3BCIICHHBIC OPHUEHTHPOBAHHBIC
rpadsel. B ocnoBe ommuns HKK ot MapkoBckux mojeneit
HA/ICKHOCTH JIKHUT MPUHIUITHAIBHOE Pa3IHINe HeUYSTKOM
JOTUKH (TIPUYUH) U TEOPUU BEPOSTHOCTH (CIEACTBUIA),
MMOKa3aHHOE Ha PHUC. 2: MAapKOBCKHE MOJCIH OTPakaroT
JIUHAMUKY BEPOSITHOCTEH COCTOSIHUM CHUCTEMBI C y4E€TOM
0Tka30B 1 BocctanoBnenuil; HKK moxennpyior nuHaMuky
HW3MEHCHHUS YPOBHEH B3aMMOACHCTBYIONINX (haKTOPOB,
KOTOPBIC SABJISIIOTCS MPHYMHAMU OTKa30B M BIUSIOT Ha Be-
POSATHOCTB X BOSHUKHOBEHHSI.

3.2. KoHuenTsbl

Iycts C={C,, C,, ..., C,} — U3BECTHOE MHOXXECTBO
KOHIIETITOB, T.€. IIEPEMEHHBIX, HCIIOJIb3YEMbIX B MOJIEIIH.
CornacHo [11], kaxapiii koHenT C,e C oLleHUBAETCs BEIIH-
yuHol 4,€[0,1], koTopas onpesenser ypoBeHb KOHLENTa U
3ajaeTcs 3KcnepTHo. JIJIs MOoNyYeHus BEIMUUHbI A, TIpe-
JIaraeTCst CICYIOLIHIA CII0CO0.

Kaxnpril konnent C,eC OyneM cuuTaTh JTUHIBHCTHYE-
ckoii mepemeHHoi [10], KoTOpas OlleHUBAETCS BETUIHMHON
X, Ha YHUBEPCaIbHOM MHOXECTBE — UHTEpBaJe [L , Xi ], rae
X, (i) — HKHsI (BepXHsisl) rpaHula. J{jis oLleHKH KOHLeNTa
C,e C OyneM UCIIONB30BATh HEYETKUI TepM «I1epHEKTHOCTD
koHrenra C,», KoTopblit 0603HauaeTcst PC, 1 pesicTaBIseT
c000i1 HeYeTKOe MHOXKECTBO

[s]

rae m(x;) — pyHKIUS MPHUHAIUICKHOCTH MEPEMEHHOI X,
K MOHATHIO «1ephekTHOCTh KoHIenTa Cy». C MOMOIIbIQ
9TON (PYHKIMH KaXkKI0H abCOMOTHON OIEHKe X; €| X;, X
CTaBUTCS B cooTBeTcTBUE umcio A=n(x,)€[0,1], koTopoe
XapaKTepu3yeT CTeleHb Ou30CcTH 3HadeHns KoHmenTa C,e C
K HekoTopoMmy uaeany: 0 — HamMeHbIIask Mep(EeKTHOCTD,
1 — manbonpmas nepdexTHOoCTs. CHHOHUMOM TOHSATHSA
«He4eTKas epHEeKTHOCTHY ABISIETCS TePM «HEYeTKast Ipa-
BIJIBHOCTBY, JUI1 KOTOPOTO (hyHKIMH IPUHAIISKHOCTH pac-

r ______________________ = r ______________________ |
! HEYETKAA JIOTUKA : | TEOPUA BEPOATHOCTHU {
| ! | '
: 3HavCHHE OyHKIMSA :YPOBGHB : OO6paboTtka BepositHoCTh :
| pakropa | MPHUHAIEKHOCTH : (axropa | JAHHBIX OTKa3a :
: > —t
| ! | '
| ! | !
! [Tpuumne : ! Cnencraus I
| ! | '
o I o |

PI/ICyHOK 2 — B3zaumMocBsi3b TEOPUU BEPOATHOCTU U HEYETKOMW JIOTUKU B OI[EHKE HAJC)KHOCTH.
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X
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a)

> 0
6) B)

Pucynok 3 — OyHKINHT NPUHAUICKHOCTH JUTS HEUSTKOM MeppeKTHOCTH.

cMaTpuBajuch B [ 15]. BapnaHThI HEUSTKUX TPaHUI] MEXKTY
niepeKTHBIMU 1 HeTlep(EeKTHBIMU 3HAYCHHUSAMH IIEPEMEHHON
X TIOKa3aHbl Ha pUC. 3, T7Ie TI0 Mepe YBEINYEHHS 3HAUCHUS
X TIPOHUCXOJIAT CIEAYIONINE TIEPEXOIbI:

a) «aerepdextHoy (0) — «mepdextro (1),

0) «mepdextroy (1) — «menepdextHo» (0),

B) «Hemnepdextro» (0) — «mepdexrro» (1) — «Hemep-
tdexrHO» (0).

3.3. CBA3u mexay KoHuentamm

Bec w,; AyTH, coenuHsromen kouuenTs! C; u Cj, YKa3bI-
Baer Ha cuity Biustaus C, Ha C,. Ilyers konuentst C; u C,
XapaKTEPU3yIOTCs MEPEMEHHBIME X; M X;, & B PE3YJIbTaTe
OKCIIEPUMEHTA Y/IAeTCsl IOCTPOUTh 3aBUCHUMOCTD X, = @(x,).
Torna Bec w,, ONIpeAeNSeTCs KaKk MPOU3BOAHAs W, = dx /dx,,
KOTOpast MOJKET OBITh TpeX BUIOB (pHC. 4):

w, > 0, ecin noBblleHNE (TIOHIKECHNE) BEINYUHBI X,
NPUBOJIUT K TIOBBILICHUIO (IOHUKEHHIO) BEJIMIHMHBI X, (110~
noxurensHoe siusanue C; va C);

w, < 0, ecin noBblleHNE (TIOHIKEHNE) BEINYUHBI X,
NPUBOJUT K OHWKEHHUIO (TOBBILICHHUIO) BEIMYHHBI X, (OT-
puuarensroe Biusiaue C, Ha C);

w,; = 0, eciln 3HaYCHHE X, HE 3aBUCHT OT 3HAYCHHS X, (OT-
cyrcreue Biausaus C, Ha C).

Cua BausiHus (W) OLEHHBAETCS IKCIIEPTHO € MOMOLIBIO
JHUHTBUCTHYCCKUX TEPMOB M IIIKAJIBI TepMOMeTpa (Tadi. 1).

Xj
4 WU>0
Wij =0
le >0

Pucynok 4 — Bujibl BIusitHUI MeX/1y KOHIIETITaMU.

Econ YYHUTBIBAIOTCS MHEHHUS HECKOJIBKUX JKCIEPTOB, TO
BCIIMYMHA Wij OIEHMUBACTCS KaK B3BCHICHHOEC CPETHEE!
1 2 mn
o B +OL,W, + .0, W

g o +0, +.. o,

I7Ie W — OlIEHKA CHIIbI BIIMSHHS p-M SKCTIEPTOM; 0, — BeC
p-To 3KctiepTa, p =1, 2, ..., m; m — KONAIECTBO IKCIIEPTOB.

st cHMKeHUs1 CyObeKTUBHM3Ma IKCIEPTHBIX OIEHOK
MOJKHO BOCITOJTE30BaThCs METOOM HAMMEHBIIIETO BIIASHIS,
TIPEUIOKEHHBIM B [16].

Tao6auma 1 — Cnoco0bl OLEHKH CHJIbI BJIMSTHUSA.

HIxana Koanue-
TepMo- JIMHrBHCTHYECKHE OLICHKN | CTBEHHBIE
MeTpa 3HAYEHHUS
-1
ITonoxurenpbHOE MakCHMaJIbHOE 1
[TonoxuTenbHOE BBILLIE CPEAHETO 0,75
[TonoxurensHOE cpeaHee 0,5
[TonoxxuTenbHOE HUXKE CPETHETO 0,25
0 OtcyTcTBYyeET 0
OTpunarenbHOE HUXKE CPETHEro -0,25
OTtpuiarenbHOE cpeHee -0,5
OTtpunarenbHOE BHIIIE CPETHETO -0,75
1 OTtpunarenbHOe MaKCUMaIbHOE -1

3.4. PeKyppeHTHble COOTHOLUEHUSA

Cornacuo [11, 17], nnHaMUKa W3MEHECHHUS BEITUIUHBI
rxonuentoB B HKK onpenensercs cooTHomeHuEM

"
AT = fI Y A, +edt [ k=0,1,2, ... (D

=1

J#i
rne A" — Bemmunna konmenta C, na mare k+ 1; 4' n A/’.‘ -
BenmuuHbl KoHuentos C; u C; Ha mare k COOTBETCTBEHHO,
w,, — cuna BiusiHus konuenta C; na konuent C; ¢ — napa-
METp, YUUTHIBAIOUINHN MPEBICTOPHIO, T.€. BKIIA]] 3HAUCHHUS
KOHIIENTa Ha mpeapiaymmeM mare, c€[0,1]; f— moporosas
GbyHKIMs, O1aroapst KOTOPOU BETMUUHA KOHIIETITA HE Tpe-

BBIIIAET SANHHUILY.
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B a710i1 pabote mpeamonaraercs, 4to ¢ = 1, a B KadecTBe
NOPOroBoi (DYHKI[MH UCTIONIB3YETCsl MOJOKUTENbHAS 4aCTh
TUTIEPOOTUIECKOTO TaHTeHca (puc. 5):

tanh (x) opu x > 0; Y e
f(x)= (x) mp tanh(x):e e_ .
0npu x <0, e +e”
fx)
1_ _______________________
|
|
|
|
|
0,54 |
|
|
|
|
|
| X
0 1 | 1 | T >
-3 -2 -1 0 1 2 3

Pucynoxk 5 — [ToporoBast pyHKIHS.

3.5. MaTpuyHaa mogenb
PexyppenTtHoe cooTHOIeHUE (1) MOKHO IPEACTABUTE B
MaTpUYHON (hopme

AT = (AW, +cd") k=0,1,2, ..., 2)

k+1 k
rme A, A k=0, 1,2, ... — (1Xn)-BEKTOPHI COCTOSHHSA
HKK, s51eMeHTbI KOTOPBIX 3a/IaI0T 3HAYEHHSI KOHIIETITOB Ha
marax k+1 u k cCOOTBETCTBEHHO;

O W12 Wln
w. 0 ... w

VVO — 21 2n (3)
w.w 0

n2

— (nxn)-marpuna cui BIUSHAN KoHUenToB C, Apyr Ha
JpyTra, B KOTOPOM JJHMAaroHajJbHbIC SJIEMEHTbI PaBHBI HYJIIO.

Ecmu BMecTo matpuisl (3) ucmons3oBaTh (1 Xn)-
MaTpHILy

c W12 Wln
w, C e W,
21 2n
W= , “4)
w w C

B KOTOPO#1 BCE 3JIEMEHTBI 110 TJIABHOH JANArOHAIN PaBHBI
napameTpy c€[0,1], To cooTHOMECHNE (2) 3amUIIeM KaK

AT = (A W) k=0,1,2, ..., (5)

KOTOPOE HAIIOMHHAET PEKyPPEHTHOE COOTHOIICHUE IS
MAapKOBCKOM LETH, €CIIH MPUHATH f(x) = x. [IpuHIMnmamsHoe
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OTIIMYUEC COCTOUT B TOM, YTO MApPKOBCKas LEIb MOACIIUPYET
JUHAMUKY U3MEHEHUS BEpOSATHOCTEH COOBITUI M COOBI-
tus, a HKK Monenupyer nnHamMuKy ypoOBHS MPHYMH, T.C.
(aKTOPOB, IPUBOIAIINX K STHM COCTOSIHUSM HJIH COOBITHIM
(cm. puc. 2).

Hauansnoe cocrosane HKK onpenensiercs BekTopom

A =[4,4),...47] (©6)

AJIEMEHTHI KOTOPOTO OTPakaloT 3HAUYCHHUS KOHIICTITOB
Ha mare k = 0. B pe3ynbrare B3auMoIeHiCTBHUS MKy KOH-
nentamMu HKK BXomuT B cTaninoOHApHBIN peXUM, KOTOPBIH
COOTBETCTBYET OJJHOMY U3 BHJIOB ycToiunBoCTH [18].

4. PaH)XupoBaHue KOHLEeNToB

ITpu pacnpeneneHun pecypcoB Ha 0OecrieyeH e HaIexk-
HOCTH CHCTEMBI HUCHONb3YIOTCSI KOJTHUECTBCHHbIE OIICHKH
(paHru) Ba)KHOCTH €€ IEMEHTOB. B cTaructudeckoil Teo-
PHHU HaJISKHOCTH HauOOoblIIee PacCIpOCTPaHEHHE MOy nII
MHJICKC BXXHOCTH dJieMeHTa 110 bupHOaymy [1], koTopsbiii
OIIpEEIISIeTCsl Ha OCHOBE (DYHKIIMU HAICKHOCTH CUCTEMbI

Py = fy (o P %

rae Pyu P,— BepOsITHOCTb 0€30TKa3HOH pabOThI CUCTEMBI
U i-T0 3JIEMEHTa COOTBETCTBEHHO.

Ilepaast mpor3BoaHas B (7) — MHIAEKC BAXKHOCTH i-I'0 A7IeMEH-
Ta cucTeMsl 110 bupHOaymy, KoTopblii Beraucisercs Tak [1]:

=20 = BB PR B
-P(B,..P_,0,P,,,...0,). (8)

Bropas npousBonHas B (7) — MHIEKC BaKHOCTHU CO-
BMECTHOT'O BJIMSIHUS {-TO U j-TO 3JIEMEHTOB (joint reliability
importace), BBefieHHBIH B [19, 20].

B Haiem ciryuae aleMeHTaMU MOJICIH SIBJISTFOTCSI BXOJHBIC
KOHIIEHTHI — (DaKTOPBI, BIUSIONINE HA BBIXOJHON YPOBCHb
HaJIeKHOCTH cucTeMBL. [109TOMy BO3HHMKaeT HEOOXOMMOCTh
BBIYMCIIEHUS MH]IEKCOB BakHOCTH KoHIenToB HKK.

4.1. OnpepeneHve NHAEKCOB
Ba>XXHOCTHU

Bo muoxectBe kxonunentos C={C,, C,, ..., C,} Oygem
IPEeAIoNararTh clielyomnlee:

C, — BBIXOJHOM KOHIIETIT, KOTOPBIH ONpeeseT ypOBEHb
HAJIe)KHOCTH CHCTEMBI U olleHuBaeTcs ynciiom 4, €[0,1];

C,, C,, ..., C, ,—BXOJHBIE KOHLENTHI, COOTBETCTBYIOLINE
B3aUMOCBSA3aHHBIM (DaKTOpaM, KOTOPBIE BIIUAOT Ha YPOBEHb
HaJIe)KHOCTH CHCTEMBI U OLleHuBatoTcs ypoBHsamu 4,€[0,1],
i=1,...,n—1.

3naueHue konuenta C, Ha [-M mare sBisieTcs QyHKuuen
OT DJIEMEHTOB BekTopa (6), T.e.

A =F(4.4,..,4). )
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Ipeanonaraetcs, uto A, — 3nauenue kouuenta C, B
CTAI[MOHAPHOM PEKUME, T.C. Ha TaKOM Iare /, Kormaa A}i
6mmsko k A, 3aBucumocTs (9) sBsiercs ananorom (7), 4To
TI03BOJISIET TIEPEHTH K ONIPEETICHUIO PAHTOB KOHIIETITOB Ha
OCHOBE IPOU3BOJIHBIX.

Iycrs /(C) — unaexe Baxknoctu konuenra C, a [(C,C,) —
MHJICKC COBMECTHOM BaxkHOCTH KoHLenToB C, u C,. Crenyst
(8) u [19, 20], onpenenum STH UHACKCHI BAYKHOCTH TaK:

a4 F(1,,0)-F(0)
I(Cj)zﬂsz F(1,,0),  (10)

J

82A,ﬂ _F(lj’lk’o)_F(O):F(L lk 0) (11)
L)

1(C.C)= 94,04, (1-0)(1-0)

rae £(1,0) — suauenne Gynkuun (9), korna Af =1, a Bce
OCTaJIbHBIE apIyMEHTHI paBHbI HyIO; F(0) —3HaueHue QyHK-
1uu (9), Korzia Bce apryMeHThI paBHBI HYITEO (TIpe/ironaraeTcs,
uro F(0) = 0); F(1,1,,0) — snauenue dyukuun (9), xorna
A] = 4/ =1, a Bce OCTATBHBIC aAPryMEHTHI PABHBI HYJTIO.

3ameuanue. Hynesble 3Ha4€HNs BXOJTHBIX KOHIIEITOB (KpO-
Mme oztHoro B (10) u 1Byx B (11), paBHBIX eMHUIIE) BEIOPAHBI
JUISL TOTO, YTOOBI HCKIIIOYMTH BO3MOYKHOCTh MX BIIMSIHUS Ha
BBIXO/IHOM KOHIIETT 3a CYET TPAH3UTHBHBIX CBSI3CH.

4.2. AnropuTM BbIYUCTIEHUS
MHAEKCOB BaXXHOCTU

Har 1. 3apate HauanbHbIH BekTop (6). s mHmekca
BakHOCTH [(C,) HAYANIbHBIN BEKTOD 33/1a€TCs KaK

A =[A) =14 =0, i=12,..n i%j] (12)
a st unekca saxuoctu I[(C, C)) B Buze
A=[A)=4)=1,4"=0, i=1,2,...n, i#j.k]| (13)

lar 2. ITone3ysich peKyppeHTHBIM COOTHOLIEHHEM (5)
Haiitu BekTop cocrosiHus HKK

A=[4.4,..4] (14)

B YCTAQHOBHBILEMCS P&XKUME, T.€. HA TAKOM 1Iare /, mpu
KOTOPOM |Al.1 —A,.H| <€, T/Ie &€ — MaJIoe IOJIOKUTEIBHOE
yucno, i=1,2, ..., n.

[ar 3. Unnexcamu Baxknoctu I(C) u I(C,, C,) cuurars
snementhl A Bektopa (14), TIOTydYeHHbIE TIPH HAYANBHBIX
BekTopax (12) u (13) coorBeTCcTBEHHO.

5. MNpumep

5.1. KoHuenTb!l n BANAHUA

PaccMoTpuMm Momens HaIeKHOCTH M 0€30MacHOCTH
ABTOMOOWJISI B CHCTEME «BOJAUTEIIb-aBTOMOOHIIb-T0POTaY.

HeueTkass KOrHMTHBHAs KapTa CHUCTEMBbl NPHUBEJCHA Ha
pHC. 6, IJle KOHIIENThl MMEIOT CIIEAYIOIIEE CONEePIKAHHE:
C, — xpamudukanus soautens, C, — JTOPOKHBIE YCIOBHS,
C, — ylenbHbIe 3aTparhl Ha dKcIlyarauuo, C, — yclaoBus
skcrryaranuy, Cs — NepUOAMYHOCTh TEXHUUECKOTO 00-
ciyxuBanus, C; — Ka4eCTBO TEXHMYECKOTO 00CTyKUBaHUSA
1 pemoHTa, C, — Ka4eCTBO KOHCTPYKIIMH aBTOMOOWII,
C; — Ka4eCTBO JKCILTYaTallMOHHBIX MATEpHalOB M 3arac-
HbIX yactel, C, — ycnoBus xpanenus, C|, — HaJIeKHOCTb U
0€30MacHOCTL ABTOMOOMIIS.

Pucynok 6 — Hederkast KOTHUTHBHAsI KapTa JUIsl OLIEHKH HaJexkK-
HOCTH U 0€30IIaCHOCTH.

Marpuna W (4) skciepTHBIMU OLIEHKaMU CUJIbI BIUSHUH,
B KOTOPOH MPUHUMANOCH ¢ = |, UMEET BUJL

(10 0 0 01 000 0 0,5]
01 03 04 0 000 0 0,3
00 1 0 0 00O0O0 02
00 05 1 06 000 0 07
00 -04 0 1 0000 08
W_oo 0 0 01 1 00 0 04]
00 -06 0 -0501200 06
00 03 0 05 00710 0
00 0 0 -010001 01
00 0 0 0 0000 1|

5.2. UHpeKcbl BaXXHOCTU KOHLLEeNTOB

Tabn. 2 comepXuT AEBATH Map BEKTOPOB, CBS3aHHBIX C
BBIUUCIIEHUEM MHAEKCOB BaKHOCTH KoHIEeNToB C|, ..., C,.
Kaxxnas napa compepkut HayaibHbIN BekTop (12) 1 BeKTOp
(14) B ycranoBuBmiemcs pexxnme. Ilocnennuii snemenT
BTOPOI0 BEKTOpa B KaXKJIOW Mape COOTBETCTBYET MHAEKCY
Ba)XHOCTH KoHIenTa, Harpumep /(C,) = 0,686. [Tocnexamii
cronber B TabI. 2 WIUTIOCTPUPYET MOMIAroBOe N3MEHEHHE
YPOBHS HaJE€KHOCTU M 0€30I1aCHOCTH aBTOMOOWIA (4,,)
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Taonuna 2 — 3HayeHUs] KOHIENTOB B CTAIUOHAPHOM COCTOAAHMMU IJId Pa3/IMYHbIX HAYAJIBbHBLIX BEKTOPOB.

Mlar A, A, A, A, Ay A, A, Ay A, Ay,
1 1 0 0 0 0 0 0 0 0 0
3040 0,022 0,000 0,000 0,000 0,187 0,000 0,000 0,000 0,000 | 0,68579
1 0 1 0 0 0 0 0 0 0 0
774 0,000 0,044 0,000 0,365 0,747 0,000 0,000 0,000 0,000 | 0,94834
1 0 0 1 0 0 0 0 0 0 0
3717 0,000 0,000 0,020 0,000 0,000 0,000 0,000 0,000 0,000 | 0,22707
1 0 0 0 1 0 0 0 0 0 0
3014 0,000 0,000 0,000 0,022 0,335 0,000 0,000 0,000 0,000 | 0,79115
1 0 0 0 0 1 0 0 0 0 0
5324 0,000 0,000 0,000 0,000 0,017 0,000 0,000 0,000 0,000 | 0,33491
1 0 0 0 0 0 1 0 0 0 0
3196 0,000 0,000 0,000 0,000 0,186 0,022 0,000 0,000 0,000 | 0,68912
1 0 0 0 0 0 0 1 0 0 0
4953 0,000 0,000 0,000 0,000 0,000 0,000 0,017 0,000 0,000 | 0,30912
1 0 0 0 0 0 0 0 1 0 0
2742 0,000 0,000 0,000 0,000 0,321 0,000 0,000 0,023 0,000 | 0,77418
1 0 0 0 0 0 0 0 0 1 0
3086 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,022 | 0,18667
Tabauna 3 — UHaeKkchl Ba)KHOCTH COBMECTHOrO BJIHMSIHHS (aKkTOpOB.
KonuenTsl C, C, C, C, C, C, G, C,
C, 0,949 0,686 0,801 0,686 0,730 0,335 0,786 0,255
C, — 0,948 0,948 0,948 0,950 0,949 0,950 0,948
C, - - 0,791 0,335 0,689 0,309 0,774 0,254
C, — — — 0,791 0,803 0,703 0,823 0,782
C. - — — — 0,689 0,309 0,774 0,187
C, — — — — — 0,356 0,788 0,294
C, - - - - - - 0,309 0,323
C, — — — — — — — 0,763
1(C) IpU aKTUBAllMU ORHOTrO u3 ¢axropoB (4, i =1, ..., 9).
A I JlmarpamMmma MHAEKCOB Ba)KHOCTH KOHIIETITOB ITOKa3aHa
1 _ Ha puc. 7. Pe3ynbrarTbl BEIYMCICHUSI HHAEKCOB BaKHOCTH
COBMECTHOTO BIIMSIHUSI KOHIIENITOB CBEACHHI B Ta0I. 3, Ha-
08 B B npumep, I(C,, C,) = 0,949.
’ — — CrenmyeT 3aMeTUTh, 4To KoHLENT C; MOXKET OBITh JeTa-
0.6 — JU3UPOBAH C YIETOM PE3yIBTaTOB padoThI [21].
0.4 — 6. 3axknioyeHne
0.2 — B 370l cTarhe mpennoxeH U MpoAEMOHCTPUPOBAH HA
’ MIpUMEpE YET0BEKO-MAIIMHHON CHCTEMBI METO/ PAH)KHPO-
0 — =L [ L B BaHMsA (DAKTOPOB, BIMSIOMINX HA €€ HAJEKHOCTh. B 0CHOBY
cC C C C C C C C C MeTo/1a MOoJIOKeHa (POpMATM3aLHs IPHYMHHO-CIIEACTBEHHBIX
1 2 3 4 5 6 7 8 9

Pucynok 7 — JluarpaMma HHIEKCOB BaKHOCTH (DaKTOPOB.

30

CBsI3eH «BimsIOMNE (HaKTOPBI — HAJISKHOCTB» B BHJIEC HE-
YeTKOW KOTHUTHBHOH KapTEhl, T.€. OPHEHTHPOBAHHOTO Tpada,
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BEPIINHBI KOTOPOTO COOTBETCTBYIOT HA/IC)KHOCTH CUCTEMBI
U BIUSIIONIMM (haKTOpaM, a B3BEIICHHBIE JyTH OTPAXKAIOT
CHJIBI BIIMSIHU# ()aKTOPOB JIPYT HA JIpyra U Ha HAJEKHOCTh
CHCTEMBI.

[MpeIoKeHHBIH METOT MOKHO PACCMaTPUBATH KaK aHa-
JIOT PAH)KUPOBAHUSI SJIEMEHTOB CHCTEMbI 10 BupHOaymy
B BEPOSITHOCTHON TEOPUHU HAJEKHOCTH. J[OCTOMHCTBAMU
METO/Ia SABJISIOTCS:

* UCIIOJIb30BAHKE JTOCTYITHOM AKCIIEPTHOM HH(OPMAIMN
6e3 cbopa 1 00pabOTKU CTATHCTUYCCKUX JTAHHBIX;

* BO3MOXKHOCTb y4€eTa JFOObIX KOJINYECTBEHHBIX U Kaye-
CTBEHHBIX (JaKTOPOB, CBSI3AHHBIX C YETOBEKOM, TEXHHUKOM,
POrpaMMHBIM 00€CIIEUeHHEM, KAYE€CTBOM 00CITYKMBAHHS,
YCIOBHUSIMH DKCIUTYaTAI|H U JIp. B 4aCTHOCTH, OTAEIbHBIMU
KOHIICTITAMH MOKHO XapaKT€PH30BaTh Pa3InYHbIE BHIbI
U30BITOYHOCTH (CTPYKTYPHYIO, AITOPUTMHUYECKYIO U JP.),
KOTOPBIE MCIIOJIB3YIOTCS IS TOBBINICHUS HAIE)KHOCTH;

* IPOCTOTA PACIIMPEHUS YKCIIa UM THIBAEMBIX (DAKTOPOB
3a CUET BBEJICHUS HOBBIX BEPIIUH U YT OPHEHTUPOBAHHOTO
rpada.

B03MOKHBIMU OOBEKTAMHU MPUMEHEHHUS] METOIa MOTYT
OBITH CIIO)KHBIE CUCTEMBI C HEUETKO OIPEIEIEHHOMN CTPYK-
TYPOii, HA/IE)KHOCTH KOTOPBIX CHIILHO 3aBUCHT OT B3aUMOC-
BAI3AHHBIX (DAKTOPOB, U3MEPSEMBIX SKCIIEPTHO.
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Pe3iome. LUenblo crarby siBuIaCb AEMOHCTPALMS MPENMYLLECTB NPUMEHEHVS oT4eTa «ToroTa»
A3 kak cTaHgapTHoro criocoba obmeHa nHgpopmaumen. HeobxoanmMo OTMETUTb, HTO B HACTOSI-
Ljee Bpems METoA elue He Haluesn rogobaroliero pacrpoctpaHeHus. OH 3acayxuBaeTt 60/b-
wero. NokasbiBasi HA KOHKPETHOM MPUMEPE aBapuy KPYMHOM rOPHOV MaLlLUVHbI, KakiM 06pa3omMm
3aroJ/IHIEeTCs1 OTYET, aBTOPbl CTaTbW HAAEKTCS, YTO AaHHas MHGOPMaLUms NMOMOXET BHEAPUTH
3Ty CUCTEMY Ha APYrvX NPeanpusTusax. 1o, BO3MOXHO, 6yAeT criocob6CTBOBATbL PELLUEHMIO MHO-
X BOMPOCOB, CBSI3aHHbIX C MPOMbILLIEHHbLIM MEHEAXKMEHTOM. s npeanpusiTui, aKcryatu-
PYIOLUMX rOpHOAO0OLIBAIOLLYIO TEXHUKY, AAHHbLIV MaTtepuasn 6yaeT ocobeHHO nosae3HbiM. MeTtopg,
3ak/io4aeTcsl B NMpeAcTaBieHuss Matepuana Ha avcte bymarn gopmarta A3, KoTopbiti Tpeby-
eTcs A1 OTpaxeHusi Bcel nHpopmMaLmm, HeobxoanMou A PelLueHusi BO3HVKLLEN npobie-
Mbl. [odemy popmar A3? Popmar A3 — 3T0 MakcuMarsibHbI pasamep ancta 6ymarv, KOTOpbIv
MOXHO OTnpaBuTb Mo gakcy. [o rnosiBiaeHuss nepCoHas bHbIX KOMIbIOTEPOB OH Obli Hanbosiee
pacrnpocTpaHeHHbIM CPEACTBOM CBSI3V MexXAy 3aBogamu koMmnaHum «Toriota Motopc». B pac-
CMOTPEHHOM MpUMepPe NpuMeHeHus1 otyeTa «TorioTa» A3, coaepxarcs Takme rnpuHUNNnMaabHO
BaXKHble pa3fesibl, Kak o0bcayxuBaHne v 6e30TKa3HOCTb FOPHbLIX MalunH, MHGOpMaumns O npo-
BOAMBLUVIXCSI PAHEE UCCIeA0BaHNSIX B 9TOM Harpas/ieHuu, NMpuMeHeHne metoaa «5 noyemy?»
1 PacCcMOTPEHuE BIIVNSIHUSI YEJ10BEHECKoro ¢gakropa. B npumepe, pacCMOTPEHHOM B CTaThbe, B
oT4eTe COAEPXUTCS] onmcaHne ob6CToSTeNbCTB aBapumn akckaaropa SRs 1200 24/4 (G2), npo-
naoluealueri 6 anpens 1995 r. Ha yronbHom pa3spese «OTkpbiTas pa3pabotka D» pyaHoro 6ac-
ceviHa «Konybapa» KoMraHum «3AeKTPOornpPoMbiiLieHHOCTb Cepbumn». OTYHET Takxke BK/0HaeT
OLIEHKY NoCAeACTBui 1 aHaIn3 rnpuYvH asapuy. Pe3ynbTaTbl 3aKk/104arTCsl B NPeaACcTaBieHnm
MEeTOL0JIOrN4eCcKoro rnoaxoaa K peLieHuo rnpobsem, Kpatkoro ¢opmara rnpenacraB/ieHunss VH-
popmaLmn, JOKYMEHTUPOBAHUSI N uUKcaumss CBEAEHUI, C KOTOPbIMU APYryue y4acTHUKU pabo-
4ero rnpowecca MorytT 03HakoOMUTbCSl; obecriedeHne BO3MOXHOCTY COCTaBUTb MPEeACTaB/IeHNE
0 pabo4ux npoLeccax v pesynbtaramu peLueHus npobaem. [Npu aTom obecredynBaeTcs o6LUni
A3bIK A1 0OLLEHWST BHYTPY KOMMaHUW, 1 co3aaeTcsl Ky/sbTypa 6epexinBoro rnpovu3BoAcTBa B
komnaHum. OTtdeT A3 — 3TO npouecc oby4yeHus U OCcHoBa As OyayLmx U3MEHEeHWI B opra-
Hu3aumn rnpou3soacTsea. BeiBogbl. Otyetr «Toriota» A3 BbIMOHSET 4BE OCHOBHbIE QYHKLNN:
BHECEHWEe MPEesIOXEHN N BeAeHNEe OTYETHOCTM MO0 0A0OPEHHBLIM MEPONPUSTUSM COIIaCHO
yKkasaHHbIM rpeanoxeHnsm. OH MO3BOIUT KOHKPETU3UpOoBaTh Mpobsiemy v rneperTy Hero-
CPEeACTBEHHO K MepOorpuUsiTUSIM, HarnpaB€HHbIM Ha YiydlUieHne cutyaumn. BHeapeHne otyeta B
rpakTuKy B3aMOLAEVCTBU OTAEI0B BHYTPU NPEANPUSTAL U C NPeanpusITUSMU-rnocTaBLUNKaMm
r03BOJINT OMNepPaTvBHO U LieJIeHanpaBeHHO peLuarb BOMpOoCkl yrpasiaeHus. [NepBoHa4YasnbHO
paspaboTaHHbIVi B SINOHWW Ha npeanpustusx ToroTta, B HaCTosILLEee BPeMsi MeToA HaxoauT Bce
6osibLiee npuMmeHeHne Ha npeanpusatusx Cepbumn n apyrux CTPaH.

KnioueBble cnoBa: aBapusi, peLieHve rnpobriemMbl, ropHbIe MaLLMHbI, YrofbHbi pa3pes, OTdeT
«Toviota» A3, 6e30Tka3HOCTb U 6e3onacHoCTb, Lukn [emuHra, «5 [Noyemy?», 4esoBe4Yeckuii
pakTop, Moaesb «LUBenLapCckuii colp», YepHbivi nebensp.

Ana umtunpoBaHusa: Jliobuiia MNanvy, U.B. FagonvHa, Munopasa MNaHtennyd, Hena lManv4. Pe-
LeHve rnpobsemMbl aBapuiHOCT rOPHbLIX MaluvH C ncrosnb3oBaHnem Otdeta «Toviota» A3 //
HanexwHoctb. 2019. Ne 4. C. 32-44. https://doi.org/10.21683/1729-2646-2019-19-4-32-44
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PelueHue npoGrieMbl aBapUNHOCTU FOPHbIX MaLUUH C UcnoJsib3oBaHuemM OTuyeTa «ToiloTa» A3

1. BBegeHue

B ocHOBE COBpEeMEHHOTO POMBIIIIIIEHHOTO IPON3BOICTRA
Jexart npupoaHsie pecypebl. Oxono 70% Becex mpUpOITHBIX
PECypCcoB MPUXOAATCS HA MUHEpaJIbHOE ChIphe. CeroaHs B
mupe 6onee Tpuunona noyii. CHIA Tparurcs Ha ChIpbe
(MeTamTuYecKne M HEeMETaJUINIECKHIE PyAbl, yToib, TIIHHA,
KaMeHb, TIECOK U TPABHI), KOTOPOE TSI MHOTHX CTpaH SB-
JISIeTCS OCHOBHBIMH CTaThSIMU HKCIIOPTa W UMITOPTA.

Bo mMHOTHX cTpaHax TOpHOZOOBIBAIONIAS TTPOMBIIIICH-
HOCTH SIBISIETCS OCHOBOHM Pa3BUTHS M OKa3bIBACT 3HAUH-
TEJNBbHOE BIMSHNE HAa HAIIMOHATIHHYIO SKOHOMHKY B IIEJIOM.
IIpuBenenHbie HIKE NaHHbIE [1] BechbMa KpacHOPEUHUBO
MMOKa3bIBAIOT BJIMSHUE TOPHOMOOBIBAIOIICH OTpacinu Ha
9KOHOMUKY cTpaHsbl (CepOmst):

* IICHBI Ha JKeJie30, KOKC (KaMEHHBIH yTOib) U PyAy —
BiustoT Ha 80-90%;

* IICHBI HA [[BETHBIC METAJUIBI, PYAY U JICKTPOIHEPTHIO
—Ha 90%;

* [IEHBI Ha AIEKTPOIHEPTHUIO U yToib — Ha 60%;

* [[eHA Ha YroJib, CTOUMOCTBH OOCITYKHBAaHHS TOPHOI
TEXHUKH Ha yTONBHBIX pa3zpe3ax — Ha 35-40% u T.1.

Pemenne npoGieM B TOpHOIOOBIBAIOIICH MPOMBIIILIEH-
HOCTH TPEACTABIACT COOOH, MPEKIC BCETO, MHTEIICKTY-
anpHyIo 3a1a4y. Kak JoKyMeHTHpOBaTh HanboIee BaKHYIO
HH(POPMAITUIO M PEIICHHS Ha KaXKIOM ATarle MPOBEACHUS
paboT TakuM 00pa3oM, YTOOBI MOYKHO OBIIIO OOMEHUBATHCS
JAHHBIMH BHYTPHU KOJUICKTHBA, BKIIIOYATh B PaOOYHi Mpo-
[IECC HOBBIX COTPYOHHKOB M BHOCHTH IpeAaracMple HcC-
npaBieHus? [Iporeccsl JOKyMEHTHPOBAHUS CIIOKHBIX TIPO-
IIECCOB, CBA3AHHBIX C PEIICHUEM IPOOIEMHBIX CHTYAIUH,
YacTO COMPSDKEHBI C HAKOTUICHHEM OOJIBIIOTO KOJMYECTBA
OyMa)XHOH TOKYMEHTAIIUU WJIH, YYUTHIBAs COBPEMEHHYIO
cenuduky, mudpossix maHHbIX. Kommanus «Toiora
MoTopce» co cBOEH CTOPOHBI OTIACT MpEnrodYTeHue donee
MIPOCTOMY METOJTy C HCIIOIh30BaHMEM KapaH Iallla, JJACTHKA
U arcta Oymaru. TOT MeToxt paboThl YacTo Ha3bIBatOT OT-
yetoM «Toiiora» A3. Ilouemy ¢opmar A3? Jlauuslii dop-
MaT UcHonb3oBayicsa B «ToHoTa» M3HAYAIBHO, MOCKOJIBKY
3HAYUTEIbHAS YaCTh WH(POPMAIIMOHHOTO 0OMEHa MEXIy
CTPYKTYpPHBIMU HOApasencHusIMu «Toliota» B SlnoHuu u
ee 3aBosIaMH 3a PyOeKOM OCYIIECTBIIACH 1O (akcy, a A3
(297 x 420 cm) — cambIil KpyTIHBIHA (hOpMaT, COBMECTHMBIN
C COOTBETCTBYIOLIEH arnmnaparypoi.

Merton pemenust mpobieM ¢ ucroib3oBanneM OTyeTa
«Totorayn A3 Ob11 pa3paboTaH JIst TOTO, YTOOBI 00ECIICUNTh
MaKCHMaJIbHO YeTKOE ONFCAaHHE TIPEIIaraeMbIX YTy IICHHUI.
Ortuer «Toiora» A3 nmeeT 1Be OCHOBHBIC (DYHKITIH: BHECE-
HUE TPEIIOKEHIH U BEZICHNE OTYCTHOCTH IO OT00PEHHBIM
MEPOTIPUATHAM COTTIACHO YKa3aHHBIM MpeaiokeHnsM. CyTb
MeTona A3 3aKiTroyaeTcs B TOM, YTOOBI 00ECTIeUnTh BU3ya-
JM3AIMIO MTPEUIOKCHNH Ha OJHOM JicTe Oymaru ¢opmara
A3 [2]. OddextuBHOCTE OTHeTa «TotioTa» A3 oGycimoBieHa
TEM, 9TO OH MTO3BOJISIET CBOAUTH OOJBIINE 00BEMBI JAHHBIX
B (hopMaTt, KOTOPHIH JIETKO YUTATh U TIOHUMaTh. DTO JIEH-
CTBEHHOE CPEICTBO ONITUMMU3AIIIH MIPOLIECCOB YIIPABIICHHS B
KOMITaHUSIX, B KOTOPBIX COTPYAHUKH BBITIOTHAIOT HECKOIBKO

GyHKIUH, HapuMep, Ha OCPEKITMBBIX MPOU3BOACTBAX.
OHU CIIUIIKOM CHJIBHO OTPAHUYCHBI BO BPEMCHHU, YTOOBI
YUTaTh OOJIBIIOC KOJIMYECTBO IOKYMCHTOB, YTOOBI MTOHSTH
KOHKPETHYIO MPOOJIeMy WIIH CUTYAIHIO.

IIpeumymectBa ncnonszoBanus Otuera «Toitoran A3
TIPU pEIIeHNH MTPOOIIEM 3aKITF0YAIOTCS B CIIEIYIOIIEM:

* METOJIOJIOTUYECKUH TIOIXO/ K PEHICHHIO TIPOOIIeM;

° KpaTkuii (popMaTr mpeacTaBICHUST WHGOPMAIIMU HITH
BEJICHUS OTYETHOCTH;

* IOKYMCHTUPOBAHKE U (PUKCAIINS CBEICHHIA, C KOTOPBIMHU
JIPYTHE YYaCTHUKU PabOUero Mporecca MOryT 03HAKOMIISI Th-
cs1; obecrieueHrne BO3MOKHOCTH 03HAKOMIICHHSI C ITpoliecca-
MU YIIPaBJICHUS U PE3yJIbTaTaMU PELICHUS TIPOOIieM;

* OOMIHIT SI3BIK 711 OOLICHUS BHYTPH KOMIIAHHU;

* CO3JIaHHE KYJIBTYPBl OEpPEKIMBOIO MPOU3BOJCTBA B
KOMIIaHHU;

* CO3/1aHNE OCHOB ISl OYyIINX U3MEHEHUI.

Kak mpaBuito, B OOJBIIMHCTBE KOMITAHMH HH(DOpMAIIUS
HAXOJIUTCS B OOIIEM JIOCTYIIC, HO JIOTHUCCKHU HE CTPYKTYPH-
poBaHa. B pe3ynbprare 3HauNTEIHHOE BpeMs 3aTpadlBaeTCs
HA Pa3rOBOPBI U MOMBITKH JOCTUYb TOHUMAHUSI, HABCICHHUEC
MopsiJIKa, U3yUeHUe U aHaIu3 JaHHbIX. [Ipy 3TOM Kpaiine
LIUPOKO UCTIONB3YIOTCS TOPTATUBHBIE KOMITBIOTEPHI, & OTIH-
CaHMsI METOIMK PaOOTHI U IPUHIIATIOB OCPEIKITMBOTO MTPOH3-
BOJICTBA [3] MBUIATCS HA KHIDKHBIX TOJIKAX, ¥ HAa TO, YTO UX
KorJaa-To OymyT uuTarh, Haaexk el Mano. Order «Toioray
A3 ycTpoeH TakuM 00pa3oM, 4TOOBI €r0 HE TOJIBKO YUTATH
paOOTHUKH, HO ¥ UCIIOJIB30BAJH B paboTe, HApUMEp, IPU
PEIICHUH HEKOTOPBIX MPOOIIeM.

2. O6cnyxuBaHue n 6e30TKa3HOCTb
rOpHbIX MaLUUWH

TexHnueckoe 00CITy)KMBaHHE MHOTOKOBIIOBBIX JKCKa-
BaTOPOB IPU IKCITyaTallud B YCIOBUSX KapbepOB HEIO-
CPE/ICTBEHHO 3aBHCUT OT PEaN30BaHHOMN d(PPEKTUBHOCTH
(6e30TKa3HOCTH, TOTOBHOCTH, PEMOHTOIIPUTOJHOCTH U
0€e301acHOCTH) KaK Ha YPOBHE IPOEKTa, TaK U B IIpoliecce
skcruryatanuu [4]. [IpaBmibHO M30paHHAsS KOHIICIIUS
TexXHH4YecKoro odcmyxuBanus st cucteM BWECD (cu-
CTeMa «IKCKaBaTOP — JICHTOUHbII KOHBENEp — OTKHU/IbIBAHHUE
3emun») 1 BWECL (cucrema «3KCKaBaTop — JIGHTOYHBIN
KOHBeHep — Morpy3Ka yIiis»), a Tak)Ke XOpOoLIo 00ydeHHBIN
MIepCOHAJI ¥ BEICOKOE KaueCTBO YIIPaBJICHUS 00CITyKUBAHH-
€M CHOCOOCTBYIOT YITyUIICHHIO (PMHAHCOBBIX ITOKa3aTesen
9KCILTyaTalluu KapbepoB.

MHOTroKOBIIOBBII KCKAaBaTOP ABIAETCS UCTOYHUKOM 3Ha-
YUTEIBHOIO PUCKA, CBA3AHHOIO C BO3MOXHBIMH OTKa3aMU
U aBapusiMU, KOTOPbIE NMPEJCTABISAIOT IKCILTYaTallUOHHYIO
1 3KOJIOTHYECKYI0 ONAacHOCTh. be30TKa3HOCTh MHOIO-
KOBILIOBBIX DKCKaBaTOPOB, KOTOPbIE MPOEKTUPYIOTCS IS
YCIICIIHOTO BBIMOJIHEHHS 1eJeBOi (DYHKIMH, OIpesienser
IPOIOJLKUTENIBHOCT UHTEPBAJIa BPEMEHH, B TEUEHUE KO-
TOoporo oHH OyayT paborarh Oe3 oTka30B. M3bickanus [5],
HarpasJIeHHbIC Ha IOBBIIICHHE YPOBHS 0E30TKA3HOCTH M
KauecTBa YIPaBJICHUS O€30TKa3HOCTHIO B TEUCHHUE KH3HEH-
HOTO [IMKJIa MHOTOKOBIIOBBIX 9KCKaBaTOPOB, UIMEIOT CBOEH
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LEeIbI0 chOPMHUPOBATH CHCTEMY Mep OE30MacHOCTH ISt
SKOHOMUYECKU (PPEKTUBHOI DKCIUTyaTalluk U obecrieue-
HUSI COOTBETCTBHSI KOMITJIEKCHBIM HOPMaM SKOJIOTUYECKOM
U TEXHUYECKOW 0€30MacCHOCTH B DKCILIyaTallid U B OoJiee
ITMPOKOM CMBICIIE.

[IpakTrka pa3pabOTKH YroJbHBIX MECTOPOXKICHUN OT-
KPBITBIM CII0COOOM TOKa3alia, YTO TaKHe CHCTEMbI HEerpe-
priBHOTO AeiictBust kKak BWECD nu BWECL obecnieunBaior
MaKCHUMaJIbHYIO Pe3ylIbTaTUBHOCTh C TEXHUYECKOH H IKO-
HOMHUYECKOM TOUeK 3peHuss. MHOTOKOBIIIOBbBIE SKCKABATOPbI
JIOJDKHBI 0071a/1aTh BBICOKMMH TTOKa3aTeIsIMU 0€30TKa3HO-
cTH. B 3TOi CBA3M BOSHUKACT HEOOXOMMOCTD ONPEICICHHUS
Cpe/ii TPOYEro KOJMYECTBEHHBIX IOKaszaTesel 0e30Tkas-
HOCTH, KOTOPBIE JISKAT B OCHOBE KOHIIETIINY TEXHHYECKOTO
00CITy’)KUBaHHS MHOTOKOBIIIOBOTO 3KCKaBaTopa [6].

3. PaHee npoBoauBLLMEeCSs
nccnenoBaHus 6e30TKa3HOCTU
1 6e30nMacHOCTU NOPHbIX MaLUUH

B TeueHne nocieHUX HECKOJIBKUX JIECSITUIICTHH ObLIO
MIPOBE/IEHO MHOXKECTBO MCCIIEJOBAHUH C LIENbIO ONpeene-
HUS IPOU3BOUTEIIBHOCTH, 0€30TKa3HOCTHU U 3D HEKTHBHO-
CTH 9KCILTyaTalluy FOPHBIX MaIIMH B COCTaBE CUCTEM THIIA
BWECD u BWECL, a taxke BCIIOMOTaTeIbHBIX TOPHBIX

MaiuH Ha Kapbepax B CepoOuu [1, 4]. B padorax [7, 8, 9]
MPOBEJICH aHali3 OOJBIIOro 00beMa JaHHBIX, COOPAHHBIX 1
00paboTaHHbIX JJIs ONPe/IeNIeHHs pabovnX XapaKTePUCTHK
TOPHBIX MAIllMH MPH KCIUTyaTaIlH B YCIOBHUAX KaphepoB
Ha Tepputopun CepObuu. Pe3ynbTaThl uccieq0oBaHUN,
CUCTEMaTHU3UPOBaHHBIX B MOHOTpaduu [5], oTHOCATCS K
nonHbM cuctemam Turna BWECD (BWECL). Otu nanssie
MTOKA3bIBAIOT YMCIIO OTKa30B MHOTOKOBIIIOBOTO 9KCKaBaTopa,
CaMOXOJHOTO TpaHCIOpTepa, JEHTOYHOTO KOHBelepa ¢ pe3u-
HOBOM JICHTOM U pa3rpy304HbIM YCTPOHCTBOM Ha Kapbepax
pynHoro 6acceitna «Komybapay B 1. Jlazapesair B CepoOun,
Kak MOKa3aHO Ha PUCYHKE 1.

Kax npaBuito, HauOosblee BpeMsi IPOCTOsI IPUXOAUTCS
Ha MHOTOKOBIIIOBBIE SKCKaBAaTOPBI, XOTs Ha KOHBEWepax ¢
JUIMHHBIMH JICHTAMH TIPOAOJDKUTEIBHBIC MTPOCTOU TAKKE
MOTYT UMETh MecTo. Ceyromuii mpuMep KacaeTcs OTHON
cuctembl Tia BWECD, kotopast skcIuryaTupyeTcsl Ha Ka-
prepe «TamuaBay pyaHoro 6acceitna «KomyOapay, koTopas
COCTOUT U3 MHOTOKOBIIIOBOTO 3KCKaBaTopa SchRs 700, uen-
HOYHOM BarOHETKH, KOHBEWEPa ¢ TPEMsl pE3UHOBBIMMU JICHTA-
MU JJIHHOH OT 1 ThIC. 10 1,2 THIC. M M OTBATIOOOPA30BATEIIS.
CrpyKTypa BpeMEHH IMPOCTOs MOKA3bIBACT, YTO HA OTKA3BI
MHOTOKOBIIIOBOTO dKCKaBaTopa mpuxoautcs 60% mpocToes,
OTKa3bl KOHBEHEPHBIX JICHT — 27% MPOCTOEB, a OTKA3bI OTBA-
noobpasoares —4% mnpoctoe. C Apyroi CTOPOHBIL, CTPYK-
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«MecTonoxaerte Dy ¢ «TamHaBay» ¢ «TamHaBa» ¢
MHOFOKOBHI(&ﬁBKCKaBaT OpoM MHOTOKOBINOBBIM MHOTOKOBIHIOBBIM
SRS 1200 24/4 1 5-7 nemran  2<CK2BATOPOM SchRs 900 akciapatopon SchRs 630 i
25/6 u S neHTaMH 3 JIeHTaMH

—Kapsep u cucrema BWECD, «Komybapa»

Pucynox 1- Yacrora oTkazoB 11 Hekotopbix cructeM BWECD na kapbepax pynHoro 6acceiina «Koybapay» B 1. JIazapesan B Cepoun. [5]
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PeweHune npo6nemMbl aBapUIHOCTU FOPHbIX MaLLUH € ucnonb3oBaHuem OTyeTta «ToiioTa» A3

Typa BpeMeHH mpoctos cuctemsl Turta BWECD Ha kapsepe
«TamHaBa», KoTOpasi BKJIIOYAET B CeOsl MHOTOKOBIIOBBII
skckaBatop SchRs 900 25/6 ¢ nsIThIO JICHTOYHBIMHU KOHBEle-
pamu, OKa3bIBAET, YTO COOTHOILICHNE OTKA30B IKCKaBaTopa u
KOHBelepHo JIeHThI TpuMepHo paBHO. Ha kapbepe «Mecto-
poxaenue Dy, rae cucrema tunia BWECD Bkittouaet B ce0st
MHOTOKOBIIOBBIH dKckaBarop SRs 1200 24/4, umetoriem ot
5 10 7 KOHBEHEPHBIX JICHT, Ha KOHBEHEpHBIE JIEHTHI B CHITY
WX 3HAYUTEIIHHOM JUTHHBI IPUXOIUTCS ITOYTH BIIBOE OOJIBIIIAs
JIOJIs1 OTKA30B, YEM Ha MHOTOKOBILIOBBIN dKckaBarop [1].

IIpuBeneHHbIE Pe3yNbTaThl MOKA3BIBAIOT, YTO MOJIOMKHU
cucrembl BWECD 0buti B OCHOBHOM BBI3BaHBI OTKa3aMH B
MHOTOKOBIIIOBOM JKCKaBaTope (32 UCKIIIOUCHUEM CITy4aceB,
KOT/Ia Peub UJET O JUTMHHBIX JIEHTOYHBIX TPAHCIIOPTEpax, Mo-
CKOJIBKY UX JUIMHA 00YCIJIOBJICHA TEXHOJIOTMYECKUMH YCIIO-
Busimu). M3 aTOTO CieyeT, 4To yBennueHne 6e30TKa3HOCTH
MHOTOKOBIIIOBOTO 9KCKaBaTOpa MPHUBEAET K MOBBIIICHUIO
obmrelt 6e3otkasnocT cucteMbl BWECD [1].

MHOTOKOBIIIOBBIM KCKaBaTOp IMpEACTABISIET cCOO0U
OYEHb CIIOKHYIO TEXHHUECKYIO CHUCTEMY, COCTOSIYIO U3
0O0JIBIIIOTO YMCIIa 0OBEKTOB (TIOICHCTEM, Y3JI0B, HIIEMEHTOB).
Kaxip1it 00bEKT MpecTaBIseT COO0H OTCHIUATBHBIN UC-
TOYHUK MPUYHUHBI IPOCTOSI B CITy4YaiHbII MOMEHT BpeMEHH!
U coy4aiHON npoaoskuTenbHOCTH. [lociencTBus BO3HUK-
HOBEHUS 0TKA30B Ha MHOTOKOBIIOBBIX 3KCKAaBaTOpax BKIIIO-
YaloT B ce0s1 CHIKEHHE IPON3BOANTEIBHOCTH SKCKaBaTopa,
KOTOPOE IPUBOJIUT K CHIPKEHUIO 9KOHOMHYECKOT0 d(peKra
SKCIUTyaTalluu Kapbepa. B cBsI3U ¢ 9THUM, pacCCMOTpEHHbIE
B [5] moncucTeMsl SKCKaBaTopa ObUTH KJIaCcCU(BHUIINPOBAHBI
110 TIPUOPHUTETHOCTH C TOYKHM 3peHHUsl Oe30TKazHocTH. B
HCCIEJOBAHUU PACCMATPUBAIUCH CIEAYIONUUE HIIEMEHTHI
MHOTOKOBIIIOBOT'O 9KCKaBaTOPa:

100%

* [IOJICUCTEMa POTOpAa,

* MOJICHCTEMa TPAHCIOPTHPOBKM Marepuajia Ha JKC-
KaBarope,

* [TOJICUCTEMa BpalICHHsI HaJICTPOHKH,

* [TOJICUCTEMa JABHKEHHSI DKCKaBaTopa.

Pesynbrarhl nccae0BaHM 1TOKa3ajM, YTO HauOoJIbIIee
YHCIIO MOJIOMOK Ha MHOTOKOBIIOBBIX 9KCKaBaToOpax Mpon30-
IIJI0 B CHITy OTKa3a MoJicucTeMbl potopa (10 51%), uro mo-
Ka3aHo Ha pucyHke 2. [ToBbleHre 6€30TKa3HOCTH OT/ICIb-
HBIX AJIEMEHTOB MHOTOKOBIIOBOT'O 9KCKaBaTopa MO3BOJISIET
MOBBICUTH OOIIIYI0 0E30TKa3HOCTh dKCKaBaropa. [Ipu aTom
MIPUOPHUTET CJIE/IyeT OTAAaBaTh TEM dJIEMEHTaM dKCKaBaTropa,
0C30TKa3HOCTh KOTOPBIX SIBJISCTCS CAMOW HU3KOU.

Hccaenosanwus [1, 5] mo oreHke 0€30TKa3HOCTH MHOTO-
KOBIIIOBOTO dKCcKkaBatopa SRs 1200 24/4 (G2) B mepuon ¢
01.01.2006 o 31.12.2006 mpoBOAMIUCH C UCTIOIB30BAHUEM
OTYETHOCTH KOMHaHUM «DiekTposnepreruka Cepoum»
o kaprepam «Mectopoxienne D» u «3eoke» pyaHOTo
Oacceiina «Komybapay. B pe3ynbrare uccienoBanuii Obuin
MOJIYYCHBI JaHHBIC O BUJAX, MOCICACTBUSAX M MPUYUHAX
OTKa30B, a TaKKe CBEJICHHS O BO3HHUKHOBEHHH YCIIOBHI
HEHMCIPaBHOCTH U npocTost. MceienoBanus nmokasanu, 4to
HanOosee 6€30TKa3HBIMH Y3J1aMU MHOTOKOBIIIOBOTO 9KCKa-
Batopa SRs 1200 24/4 (G2) sBIIAIOTCS: MEXaHU3M MOABEMA
crpensl potopa (MIICP) u Hecyias craabHas KOHCTPYKITHS
(HCK), 3atem — mexanusm kpyrosoro jswkenus: (MKJI),
MEXaHW3M TPaHCHOPTHPOBKH dKckaBaropa (MTD), mexa-
HU3M TpaHCTIOPTHPOBKK Marepuaia (MTM) u mexaHu3m
potopa (MP), cm. Taroke rucTorpaMmy Ha pUCyHKe 3.

be3oTkazHOCTh M 0€30MAaCHOCTH IJIIEMEHTOB MHOTO-
KOBIIIOBOTO DKCKaBaTopa HE BCET/Ja HaXOMAsATCs B MPSMON
Koppessinun. JlpyruMu ciioBaMu, BBICOKOH 0€30TKa3HOCTH
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Pucynok 2 — Yacrora 0Tka30B MHOTOKOBIIIOBOT'O SKCKaBaropa. [5]
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HE BCerjia COOTBETCTBYET HM3Kasi KPUTHYHOCTH paboTo-
CIOCOOHOCTH M HA000POT. KpUTHYHOCTB OTKa3a HlIeMEeHTa
MHOTOKOBIIIOBOTO IKCKaBaTopa SIBJISETCS MOKa3aTesieM
6e3onacHOCTH (YHKIIMOHMPOBAaHUS dKCKaBaropa. Harmpu-
Mep, HEKOTOPBIE 3JIEMEHThI MHOTOKOBILIOBOT'O 9KCKaBaTopa
MOTYT 00J1a/1aTh BBICOKOH 0€30TKa3HOCTHIO, HO, B TO XK€
BpeMsi, HU3KOH 0€301acHOCTHIO (T.€. BBICOKOW KPUTHYHO-
CTBIO), UTO OBUIO MMOKa3aHO B PE3yJIbTaTe MCCIEIOBaHUS
[1, 5]. DTo KacaeTcs cIeQyIOIMUX y3JIOB U arperaToB:
MeXaHM3M noabeMa ctpenbl poropa (MIICP) u Hecymas
cranbHas koHcTpykuus (HCK). Ha npakruke 3To 03Hauaer,
YTO BCE BUJIBI OTKA30B 3TUX arperaTtoB MPOUCXOIAT PEIKO,
HO, KOTJIa OHH MPOMCXOJIAT, 3TO MPUBOJUT K CEPHC3HBIM
MOCJICACTBUAM TSl (PYHKIIMOHHUPOBAHUS MHOTOKOBIIIOBOTO
9KCKaBaTopa, a 3HauuT, u Bcel cuctembl BWECD. Ilpu
ornpejesieHMH 0e30TKa3HOCTH Hapsay C JUIUTEIbHOCTBIO
neprosia BpeMeHn 0e30TKa3HOi paboThl Ba)XKHYIO POJIb
UTpaeT 4yacToTa BO3SHUKHOBEHHS OTKA30B, IIPH OIpeee-
HUM 0€30MaCHOCTH — YPOBEHb KPUTHYHOCTH.

Takum 00pa3oM, y4eT MOCIEACTBUN OTKa30B, a TAKXKE
CBOEBPEMEHHOE YCTPaHEHHE UX IPUYHH 00eCIIeunBaeT cTa-
OMIIbHYIO 0€30IIACHOCTh MHOTOKOBIIIOBBIX KCKABATOPOB.

Koa¢dpuiueHT roTOBHOCTH HPEICTABIISET COOOH BaXKHBIN
KOMIIJIEKCHBIH TTOKa3aTesb 0€30TKa3HOCTH U PEMOHTONPH-
TOJIHOCTH BOCCTaHABJIMBAEMBIX CHUCTEM, HCIOJIb3yEeMBbIi
npu aHanu3e 0e30TKa3HOCTH U pucka. B [10] mpemioxeH
croco0 OIEeHKH M3MEHYHMBOCTH KOd((HUIIMEHTa TOTOB-
HOCTH Ha OCHOBE CTaTHCTHYECKHUX METOIOB C IOBTOPHOU
BBIOOpKOH. MeTos ObUT IPUMEHEH K TIOJICKCTEMaM MHOTO-
KOBIIIOBOTO 3KckaBaropa SRs 1200 24/4 (G2) ¢ ucnosns3o-
BaHUCM CTAaTUCTHUYCCKUX JAHHBIX 11O OTKa3aM, COOPaHHBIX
Ha pyaHoM Oacceiine «Komybapa» B paiione r. Jazapesari,
CepbOust. Micnionb3oBaHHE METO/IOB C TOBTOPHO# BEIOOPKOH,
T.€. METO/Ia CKJIATHOTO HOXa M OyTCTpera, MO3BOJIHIIO ITPO-
BECTH OIICHKY U3MCHUYMBOCTH KOA(P(PUIIMECHTA TOTOBHOCTH
TIO/ICUCTEM DKCKaBaTopa.

3a UCKJIOUEHUEM mojacucTeMbl MP 6e30TKa3HOCTh U
PEMOHTONPUTOIHOCTH ITOJICHCTEM COOTBETCTBYET TPeOOBa-
HUSIM K 0€30TKa3HOCTHU CIIOKHBIX TEXHUUECKHX OOBEKTOB.
HwxHuit KBapTHITB pacpeieICHUs KO PHUIIUCHTa TOTOB-
moctu pocturaer 0,9977 nns Hanbosee OTBETCTBEHHOM
nogcucteMbl MIICP Ge3 yuera BEIOpPOCOB, 4TO COOTBET-
CTBYET JIOBOJILHO BBICOKOI 0€30TKa3HOCTH Ja)e MPU TOM,
YTO OIICHKa MHTEpBaJa MPOBOJIMIACH C UCIIOJIb30BAHUEM
pasmuoxerHust BeIOOpok [10]. CornacHO OIeHKE, MOJTy-
YCHHOW C UCIOJIb30BaHUEM pa3paboTanHoro meroxaa [10],
90-npOLIEeHTHBIN JOBEPUTEIBHBIN HHTEpBaAN Kod(duIreHTa
TOTOBHOCTH cHcTeMbl B 1esiom jgocturaer [0,81; 0,94] co
cpennum 3HaueHuem 0,90.

Henocraro4Ho BEICOKYTO HaJIeXKHOCT IOKA3bIBACT B PS/Ie
CITy4aeB CHCTEMa, CBsI3aHHasl C KortaHueM 1opoyisl. [Ipnunna
KpOeTcs B IPEXICBPEMEHHOM H3HOCce pabounx yacteit. J{s
YTOYHCHHS MHXKCHEPHOH (DOPMYIIBI JUIsS OLICHKH M3HOCA B
[11] ObLIIO TPOBEICHO YTOYHEHKE U3BECTHOH paHee Ghopmy-
JIBI C YYETOM Pa3HbIX PEKMMOB dKCILTyaTanuu. [Ipumenenue
9TOH (hOPMYITBI TOMOXKET CINTAHMPOBATH NPOPHIAKTHIECKHIE
PEMOHTBI 1 OCMOTPBI.
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JInst aHanmm3a OTKa30B SKCKAaBaToOpa, Kak CIOXKHOM CH-
CTEMBI, MOXKET OBITh IPUMEHEH MeTox 09Ta-(hakropa [12].
OH siBisieTcst HanboJee MPOCTHIM C TOUKU 3PEHHST MOJIEITH -
POBaHUS 3aBUCUMBIX OTKA30B U MPOBEICHUS JAaIbHEHIIINX
pacueToB. [Ipr 3TOM OH He JINIIIEH HEKOTOPBIX OTPaHUYEHUI.
J171s1 CITOXKHOM CHCTEMBI, KOTOPOH SIBJISIETCSI DKCKaBaTop, 0oe-
CIEUCHHE HaJIe)KHOCTH JIOIKHO OCYILECTBIIATHCS C CaMBbIX
PaHHUX CTa Uil )KU3HEHHOTO LIUKJIa Ha OCHOBE MOCJIEI0Ba-
TEJBHOTO BBIMIOJHEHUS ONIPECNICHHBIX KOHCTPYKTOPCKHUX,
TEXHOJIOTHYECKUX U MPOU3BOJICTBEHHBIX mpoueayp [13].
Oryer «ToioTay A3 MOXET BHECTH HEKOTOPYIO SCHOCTh
IIPU pELIeHNH JaHHOH MTPpOoOIeMBbl.

4. ABapusi MHOIrOKOBLLUOBOIO
akckasaTopa SRs 1200 24/4 (G2)
6 anpens 1995 roga n ee nocneancTeus

MuorokoBIIoBbIi 9kckaBarop SRs 1200 24/4 (G2) 6bu1
co0OpaH 1 BBeZIEH B dKcILUTyaTalio B 1968 r. Ha kapbepe «Me-
cropoxzienre Dy» pyaHoro 6acceiina «Korybapa» v momyani
BHYTpeHHIOI0 MapkupoBky G2 («Grinding Machine 2», T.e.
«/lpobuiika 2»), pUCyHOK 4.
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Pucynok 3 — Yacrora 0TKa30B OJCUCTEM MHOTOKOBIIOBOTO
skckaBatopa SRs 1200 24/4 (G2). [5]

ABapusi MHOTOKOBIIIOBOTO 9KCKaBaropa SRs 1200 24/4
(G2) (pucyHoK 5) mpuBesna K 3HAYUTEITLHOMY YIIEpOY, B CBSI-
3H C KOTOPBIM OBIJI0 HEOOXOIMMO ITPOBECTH IUATHOCTHKY U
OIIEHKY OTKa30B, UTO U OBLIO C/IEIaHO SKCTIEPTAMU PYTHOTO
Gacceiina «Komybapa» n xommanmu «Komybapa Metamy.
Hekotopble yacTy MOBPEXIEHHONW MAaIIMHbI ObLTN TIEpeBe-
3eHbI Ha COOPOYHYIO TUIOMIAIKY B I. 3€0Ke, a HEKOTOPBIE — B
MeTamyecKkue Mactepckue r. Komybapsr.

Onenka nocJiecTBMIi TOApa3yMeBaeT aHAIH3 IPSIMBIX
1 KOCBEHHBIX YOBITKOB, KOTOPBIE MOTYT OBITH BEI3BaHBI TEM
W UHBIM HCXOO0M (KOHEYHBIM cOCTOSIHHEM). Eciu onieHka
yOBITKOB, CBSI3aHHBIX C OIPE/IEICHHBIM HEOIATrOPUSTHBIM
coObITHEM, OBLTa MPOM3BENCHA B PA3TUYHBIX SIUHUIAX
M3MEPEHUs], OHU JOJDKHBI OBITh CBEICHBI B €TUHBIN yiepo.
Kpome Toro, KoHeYHBIE COCTOSHHSI MOTYT UMETh TEKYIITHHA
WK OTIOKEeHHBIN 3 dexTrl. Tak, HapUMep, IPU aBapHH
MHOTOKOBIIOBOTO 3KckaBaropa SRs 1200 24/4 (G2) na
«Mecropoxxaenun D» pynHoro Oacceiina «Konybapa»
aHaiu3 3arpar [1] mokasanm Hanu4mWe OBYX BHIOB 3aTpar,
a IMEHHO:



PeweHune npo6nemMbl aBapUIHOCTU FOPHbIX MaLLUH € ucnonb3oBaHuem OTyeTta «ToiioTa» A3

1. IIpsiMbIe U3ACPIKKH, KOTOPHIC BKITFOUAIOT:

* MPOCKTUPOBAHHUE;

* ICMOHTAX MOBPEKJICHHOI'O MHOTOKOBIIOBOTO JKC-
KaBaTopa;

* TPAHCHOPTUPOBKY MOBPEKICHHOTO MHOTOKOBIIIOBOTO
JKCKaBaTopa;

* M3TOTOBJICHUC U BOCCTAHOBJICHUE JICTATIC MHOTOKOB-
IIIOBOTO KCKABATOPa (arperaros, y3JOB, SJICMEHTOB);

* cOOpPKY MHOTOKOBIIIOBOTO 3KCKaBaTOpa;

* BBOJI B 3KCIUTyaTaIHio.

[psmbie u3nepsxku (pacxonsl) cocrauiu 7 500 000,00
EBpo.

2. KocBeHHBbIC U3JEPKKH BBUJY MPOCTOS MPOU3BOJI-
CTBCHHBIX MOIIHOCTEH Kapbepa B MEPHOJ 10 BO30OHOB-
JieHHsT pabOThl MHOTOKOBIIIOBOTO JKCKaBaTropa B pa3mepe
157 000 000,00 EBpo.

JlaHHBIC OBLIH MOJTYYCHBI UCXOJS U3 H3ICPIKEK OT MPO-
ctost anemenTa skckaBatopa (BWECD unu BWECL) ctou-
mocThio 4500,00 EBpo.

IIpomomkuTeNbHOCTh HEPAOOTOCIIOCOOHOCTH

9 et x 12 mecsnes x 30 nueit x 24 yaca x 0,45 = 35,000
HOPMO-YAaCOB.

Pa3Mep KOCBEHHBIX H3/ICPHKEK:

35,000 HOopM-uacos x 4,500 EBpo /gac =157 000 000,00
EBpo.

Pucynok 4- Bua MHOroKoBIIOBOTO 3KckaBatopa SRs 1200 24/4
(G2) no aBapum.

5. AHanu3 NpuyYnHbI aBapumn
MHOIOKOBLUOBOIO 3KckaBaTtopa SRs
1200 24/4 (G2)

5.1 MNpumeHeHne meTopa

«5 MNouyemy?» ona onpepeneHvs
OCHOBHbIX MPUYUH aBapun

B ocHose noaxoAa K onpeAaeJICHUIO IPpUYrMH HEJOCTATOU-

HOT'0 KauecTBa B KOMIIAHHH « ToMOTay JICKUT BOIIpOC «Ilo-
quy?», 3a}IaHHBIﬁ IATh pa3 BO BpeMs 06Hapy>1<eH1/191 mpo-

6nembl. Meton Ha3biBaeTcs «S5 [Touemy?». Ecitn Ha Bompoc
«ITouemy?» ynanocs OTBETHTH MATh pa3, TO OCHOBHAsI IPU-
YHMHA U [Ty Th PEIICHNUS IPOOIEMBI SICHBI. AHAJIM3 OCHOBHBIX
MIPUYHH TPOOIIEM TEXHUUECKOTO 00CITY>KUBAaHHSI OCHOBaH Ha
MATUKPATHOM NMOBTOpeHUH Bompoca «llouemy?» JlaHHBIH
TIO/IXOJ] BHE/IPEH B CUCTEMY TEXHUYECKOTO 00CITyKMBaHHMS
xommanuu «Toitora» (bepexinBas cucrema TEXHUUECKOTO
obcnyxuBanust) [14]. Meron «5 Tlouemy?» cTpemMuTcs K
JICTAJIbHOMY HCCIIEIOBAHUIO ITPOOJIEM M OOCTOSITEIBCTB,
KOTOpPBIE MPHUBOASAT K OCHOBHBIM MPUYMHAM YKa3aHHBIX
npobiem. Meron «5 Tlouemy?» OOBIYHO HCIONB3YETCS B
«TolioTay /115 MONCKA NCTOYHHUKA ITPOOJIEM 00CITYKUBAHUSL.
OH OIUCHIBaeT CI0cO0 MBINUICHHS, HEOOXOANMBIH JIJIsI J10-
CTHIKCHUSI YPOBHSI, HEOOXOAMMOTO JIJIsl TIPEJOTBPAILCHHS
MIOBTOPEHHMS TIPOOIIEM TEXHHUUECKOTO 00CTy)KuBaHus. Bo3-
MOYKHO, 3TO Oy/IeT He OCHOBHAs MPUYMHA, HO, 110 KpaltHen
Mepe, Ha 3TOM YpPOBHE KOPPEKTUPYIOIIME MEpPhl MOTYT
NIPE/IOTBPATHTh TIOBTOPEHHUE MpobieMbl. B ciydae aBapun
MHOT'OKOBIIOBOTO 3KckaBaropa SRs 1200 24/4 (G2), npu-
MeHeHne Metoza «5 [Touemy?» onuceIBaeT crocod MblIe-
HUSI (CM. PUCYHOK 6), HEOOXOANMBIH JJIsl IPEIOTBPAILCHHS
MTOBTOPHBIX aBapuil.

Pucynoxk 5- Bung MHOTOKOBIIOBOTO 3KCcKaBaropa SRs 1200 24/4
(G2) mocne aBapuu 6 ampenst 1995 .

CormnacHo HaHHBIM [4], 3HAUNTENIBHAS JTOJIST BCEX BUIOB
OTKa30B Ha CJIOKHBIX TOPHBIX MallMHAX ObLIa BBI3BaHA
genoBedecknM (akrtopoM. OHH MPOUCXOIMIN Ha ATarax
MPOSKTHPOBAHNS, H3TOTOBICHHS, KOHTPOJIS KadyecTsa, cOop-
KU, 9KCIUTyaTalluy ¥ 00CITy)KMBaHUS CUCTEMBI C y4aCTHEM
COTPYIHHUKOB JTF000TO YPOBHS 00pa30BaHMs, KBaTH(pUKanmy,
KOMITETeHTHOCTH ¥ OTbITa. OIIMOKH 00CITyKMBAIOIIIETO TIep-
COHaJIa COCTOSIT B HEIIPABHIILHOM BBIIIOJIHEHUH HHCTPYKIHUI
10 TEXHUYECKOMY OOCITY)KUBAaHHIO TEXHUYECKHX CHCTEM U
BBI3BaHBI HX IICUXO(QU3UYECKUM COCTOSHHEM (yCTaloCTb,
CTpecC | Jp.), HEMPAaBIIILHO OPTaHU30BAHHBIM PaOOINM Me-
CTOM I10 IPHYHHE OTCYTCTBHS CUCTEMBI OpPraHU3aLIH TPYAA
5s[15], ommbKxaMu B 3prOHOMHYECKHX pacyeTax, HaTHIHeM
IIymMa Ha pabo4eM MecTe, HeJOCTaTOYHOI OCBEIICHHOCTHIO
pabouero mecTa u ap.

B mocnennee Bpemst B CepOuu OBIIIO IPOBEICHO 3HAYH-
TEIBHOE YHCJIO UCCIICOBAHHH C [EJBIO BEIICHEHUS IPUYUH
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AHAJIN3 ITPUYNH ABAPUI C POTOPHBIM DKCKABATOPOM Srs 1200 24/4 (G2),
IMPOMCHIEIIAS 6 AITPEJIA 1995 TOOA

SRs 1200 24/4 (G2)

INPUYHUHA: U3-3a TOrO, 4TO CTAJIbHBIC KAHATHI
IUIS TOZ/beMa BaJia poTopa ObLUTH
HOJBEPIHYTHI TEILIOBOMY
BO3/ICHCTBUIO, OHHU JIOTIHYIIH,
1 3KCKaBaTOp PyXHYI

BO3IropaHue, OXBaTHUBILICC KaHAThI

IMPUMEHEHME METOJA «5 IIOYEMY ?» IJISI BBIAIBJIEHWA ITPUUMH ABAPUU ITYTEM
IMOCJIEAOBATEJIbHOI'O IIOBTOPEHMA 5 PA3 BOITPOCA «IIOYEMY ?»

IMPOBJIEMA: ABapus ¢ pOTOPHBIM IKCKABAaTOPOM

1. Iloyemy npou3sonuia aBapus
c Srs 1200 24/4 (G2)?

IToTomy 4TO IPOU30ILIO 3HAYUTETHHOE

IToToMy YTO MPOM30LLIO BO3TOPAHHE HECYLIETO
HaIpPaBJIIONIETO B TPAHCIIOPTEPE HOMeEp 2

IToToMy 4TO pONMKOBBII MOAMIMITHUK OBUT TIOBPEXK/ICH,
TPEHHE YBEIUIMIOCH, YTO PUBEJIO K BOSTOPAHUIO

HOBpC)K}ICHHe TMPOU30IIIO0 H3-3a IUIOXOI'0 Ka4y€CTBa MOANINITHUKA

2. [loyemy cTanmbHBIE KaHATHI IS
HoIbeMa BaJla pOTopa OBLIH MTOJBEPTHYTHI
TEIJIOBOMY BO3JEHCTBUIO?

3. ITouemy ciryuusiocs
3HAUYUTEIHHOE BO3ropaHue?

4. IToueMy 1amMs OXBaTUIIO
POJMKOBEII MOIIUITHUK?

5. IToueMy NpoU301LIO
MOBPEXJCHUE MOAUIMITHUKA?

Pucynok 6 — [Ipumenenue merona «5 [Touemy?»: BoisiBiieHre OCHOBHOM MPUYMHBI aBAPUU ITyTEM IITUKPATHOTO TOBTOPEHHSI BOIIpOCa
«ITouemy?».

OTKa30B 000PY/IOBaHHs, IKCILTyaTHPYEMOT0 Ha YTOJIbHBIX
paspe3ax. OMH U3 OTUETOB OMyOJUKOBaH B padore [5].
HccnenoBanust MOKa3bIBAIOT, YTO OMIMOKH MEepcoHaa (orme-
paTopoB, CIICIMAINCTOB 10 TEXHUYECKOMY 00CITYKUBAHHIO)
UIpaloT KJIKUYEBYIO POJIb B BOBHUKHOBEHUM aBapuil, 4To
MOATBEPKIACTCS TAHHBIMH TAOJIHUIIBI 1.

Ananmms 3Tux JJAHHBIX ITIOKa3bIBACT, UYTO HA YyeJI0BeYECKU
(axrop npuxoautcs 87% MpUYMH aBapuii FOPHOI TEXHUKH.
Hcxonst u3 3TOro, Ha OCHOBE PHUCYHKa 6 MBI MOXKEM 3a-
KITIOYUTD, YTO IIJIOXOC Ka4Y€CTBO MOAIIHUITHUKA) OITOPHOT'O
POJIMKa TAaK)KE CBS3aHO C YEIOBEYECKUM (PaKTOPOM, T.C.
OLIMOKOI MepcoHasa Mpyu OKOHYATEIbHOM KOHTPOJIE Kade-
CTBa, BXOJHOM KOHTPOJIC UJIN JaXXC C HCBEPHBIM BBI60pOM
NoCTaBIIMKA ITOAIINUITHUKOB.

5.2 UccnenoBaHue BANSHUS
yenoBeyvyeckoro ¢pakTopa Ha nnoxoe
Ka4yecTBO noAaluunHuKa B coctaBe
MHOIOKOBLLUOBOro 3KCKaBaTopa

HccnenoBanue BIUSHUS YEIOBEYCCKOTO (haKTOpa Ha BO3-
HUKHOBEHHE IPOOJIEMBI HU3KOTO Ka9eCTBAa MOANIUITHUKA Ha
MHOTOKOBIIIOBOM 2KckaBatope SRs 1200 24/4 (G2) mposo-
JTUIIOCH B PEXKUME KOJUICKTUBHOTO O0OCYKICHHUS COTPYIHU-
kamu komnaanu «Komybapa Metamy. [Tpu 3TOM KOJUICKTHB
paboTan B COOTBETCTBUU CO BCEMHU PEKOMCHIALUSMU TI0
OpraHu3aluu «Mo3roBoi arakm» [16]. OcHOBHbIE PEKOMEH-
JIAIAU KacaJlCh COCTaBa KOJUICKTUBA, IOPSIIKA €0 PabOTHI,
00s13aHHOCTEH ero pykoBoauTels. KoyieKTrB BeipabaThiBa
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H/IeH OTHOCUTETIHHO ITPUYHH MPOOIEM TEXHHUECKOTO 00CTy-
KUBAHUS, KOTOPBIE TPEOYIOT PEIICHNUS.

Taoauna 1. IlpoueHTHOEe pacnpeneneHue MPUYHUH
aBapuii 3KCKaBaTOPOB

IIpuunna aBapuu Tpouenthas
JIOTISt
[T1oxast MOArOTOBKA My TH JABHIKCHUS 27
9KCKaBaTopa (uesoBedeckas onmoka)
Omm0OKa Mpu U3rOTOBIICHUH JCTaNCH U
pu cOOPKE IKCKaBaTOpa Ha YTOJIHHOM 22
pa3pese (dermoBedecKas onrmoKa)
Omubka oneparopa 18
Ommbka crieruanicTa o TeXHHYSCKO- 13
My 00CIy’)KHBaHHUIO
Yeranocts MaTepuanoB, H3HOC 000pyIo- 3
BaHUS U KOPPO3H
OumoOKY B IPOCKTUPOBAHUH (UEIIOBEYC- 7
cKast omnoKa)
IIpoune (axropsr 5

B aTHX uccnenoBaHUSIX IPUMEHSIOCH IPAaBUIIO, KOTOPOE
MOXKET OBITh HCIIOJIb30BAHO JUIsI COCTABJICHUSI UCXOIHON
(o01meit) MPUYUHHO-CIIEICTBEHHON TUarpaMMBl, U 3TO Tpa-
BWJIO IPUMEHHUMO 151 OOJIBLIIMHCTBA PEaIbHBIX CUTYAIHH.
[IpaBuUIO COCTOMT B TOM, YTO IOYTH BCEIA CYIIECTBYET
HEKOTOPOE YHCIIO KATerOpHil BOSMOXKHBIX IPUYHUH OTIpe/ie-
JIGHHBIX TOCIEACTBUI (HEXKelaTeNbHbIX PEe3yIbTaTOB)
nponecca. B nmpouecce pemieHus KOHKPETHOH MpoOieMsl,
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Henocrarounas
& HecoorBeTcTByromas
npodeccuoHaIbHas
uHpopMarms
TIOJITOTOBIIEHHOCTh
YEJIOBEUECKUU
OAKTOP
KOTOPBIH
- CIIPOBOIIMPOBAT
>
ILUTOXOE Ka4ecTBO
HECYIIETo POJIUKa
POTOPHOTO
HKCKaBaTopa
OTCyTCTBUE ONBITA Heo6pexHoCcTh IIpenebpesxenne
OIIaCHOCTHIO

Pucynok 7 — IlpuunHbl yenoBedeckoil omuoku. [6]

CBSI3aHHOM C aBapHeil MHOTOKOBIIOBOI'O 3KCKaBaTopa, Uc-
CIIEZIOBATENH YCTAaHOBWIIH, OT KaKuX (PaKTOPOB (IPUUHH) U
B KaKOH CTEICHH 3aBHCUT HEXXEJIATENIbHBIN pe3ynbTaT Win
TIOCTIENICTBHE: « Yenoseueckasn ouubka, ¢ KOmopou c6a3aHo
HU3KOE Kauecmeo NOOWUNHUKA ONOPHO20 PONIUKA HA MHO2O-
Kosuiogom skckasamope SRs 1200 24/4 (G2)».

B uccienoBanusax ObUIO, MPEXKIE BCEro, MPOBENCHO
oTIperiesieHNe 1 0000IIeHHE MIATH IPUMEPOB, KaK ITOKa3aHO
Ha pUCYHKE 7:

* OTCYTCTBHE MTOATOTOBKH;

* HEJIOCTOBEpHAst HH(OpMAIHS;

* OTCYTCTBHE OTIBITA;

* HEOCTOPOXKHOCTB;

* IpeHEeOPEKUTETHHOE OTHOILICHNE K OITACHOCTH.

Ora npobiemMa MOXKET OBITh B NaJbHEHIIEM peleHa 3a
CUET OIIPE/ICJICHNS IPHYHH YEI0BEIECKIX OMNOOK BTOPOTO
1 0oj1ee BBICOKUX TTOPSIIKOB.

6. YenoBeueckuin pakTop npm
MoaenmpoBaHUu aBsapum

6.1 Moagenb TUNa «lWIBeNLAPCKUN
Cblip» NPUYUH, BbI3BaHHbIX
YyesioBe4eCcKoi ownoKom

B OosbIIMHCTBE Cily4aeB OTBETCTBEHHOCTD 33 aBapUH 1
TEXHOTE€HHBIE KaTacTPO(bl BO3/IAraloT Ha OTACIbHbBIE (JIHY-
HbIe) yesoBedeckue ommoku. Ho B cBoeii kuure « Yipasie-
HHUE PHCKOM OpraHHM3alMOHHBIX aBapuid» [17] npodeccop
cUXonoruu MaHuecTepckoro yHusepcurera [lxenmc
Pu3oH noapo6HO HcceayeT BOPOC 0 TOM, MOJKET JIM OJTHA
yeJIoBevYecKasi OIMOKa BbI3BATh aBAPUIO, HCKITIOUast ClTydan
SBHOTO caboTaxka WM TePPOPUCTHUCCKON JIeATETbHOCTH.
JlokazaHo, 9TO yCIIOBHEM BO3HHUKHOBEHHS aBapUU CITYKUT
LENbIH CHEKTP CKPBITHIX M BOBPEMsI HEe OOHapyKEHHBIX
oummbok. Kynerypa 6e3omacHOCTH M MpoOJIeMbl, KOTOpbIe
NPUBOAT K YKa3aHHBIM OLIMOKaM, OOBIYHO, HA3bIBAIOTCS
«uenoBedeckuM (axropom» [18]. Benb nmenHo B Buay
YEJI0BEYECKOT0 (hakTopa ONepaTop WU CHEIHAIUCT 10
TEXHHUYECKOMY OOCITY)KUBAHUIO CHCTEMBI IPUHUMAET He-
BEPHBIC PELICHHUS.

[Touemy poOUCXONAT aBapuH, KaKHE yCIOBHS UX BBI3bI-
BAIOT, KaKkue (PaKTOPHI CIIOCOOCTBYIOT NX BO3SHUKHOBEHHIO?
ABapum, Kak IpaBHJIIO, IPOUCXO/SAT HE B PE3yJIbTaTe KaKOH-
TO OT/JETIBHON OIINOKH, a SIBIISIOTCS CIIEACTBHEM CKPBITHIX,
CBOEBPEMEHHO HE BBIIBICHHBIX ITOBPEKACHUN U OTKA30B,
KOTOpBIE HAKJIAJBIBAIOTCS APYT HA JIpyra W MOTYT IMpH-
BECTH K sy HEKelaTenbHbIX coObITHH. CllenoBaTeIbHO,
OOINBIIMHCTBO aBapUil 1 MHIIUICHTOB SIBIISIETCS CIEICTBUEM
IIEJIOTO Psifia COOBITHI.

Takoit arpuOyT aBapum Jydiie BCETO OMUCHIBACTCS
MOJIEITTBIO KIITBEHIIAPCKOTO ChIpay, pa3padboTanHoit Jxeitm-
coM Puzonom [19] n mimmrocTpupyromeil pa3TnyHbIe BHIBI
YEJOBEYECKOTO «yJacTHs» B aBAPUH TEXHUUECKUX CHCTEM.
Mopnens Pu3oHa «mBednapckuii ChIp» OOBACHSET, KAKIM
00pa3oM JIFOIH CIIOCOOCTBYIOT HAPYIIEHUIO pab0TOCIIOCO0-
HOCTH CIIOKHBIX ¥ B3aUMOCBSA3aHHBIX TEXHUUIECKHX CHCTEM,
BBI3BIBAsA, TAKUM 00Pa30M, aBapuH.

Ecnu cocTosiHue onpeneneHHoN TEXHUUECKOM CHCTEMBI
MIPE/ICTAaBUTh B BHUJIE JIOMTHKA ChIPAa C OTBEPCTUSIMH, TO B
3aBHCHMOCTH OT BPEMEHH ITPOSIBIICHNUS BUIBI OTKA30B MOTYT
OBITh CIIeTyIOIIHE:

* CKpBITBIC OTKa3HI (1e(eKThI);

* AKTUBHBIE OTKa3bI (1e(heKTHI).

CkpsiTbie AedeKTbl (CKPBITBIE OTKa3bl, CKPHITHIE
YCIIOBHSA, CPOKH, PEIKUMBI) TIPENICTABIISIOT COOO0M pe3ynbTaT
petmeHuit WM pabodux MPoLeccoB, KOTOPEIM OBUIN peanu-
30BaHBI 33/10JIT0 0 HACTYIUICHUsSI aBapuH. DTU Ae(HEKTHI 1
UX TIOCNIEJICTBUSL MOTYT OCTaBaThCsl HEOOHAPY>KCHHBIMHU B
TEUCHHE AJIHUTENBHBIX NEPUOJO0B BPEMEHH (MHOTHX JIET).
Taxme ommOKH (BUABI OTKA30B) OOBIYHO MPOUCXOIAT HA
YPOBHE NPUHATHS PEIICHUH M ONpEAEICHUS MPaBII U
TIOJIOKEHUH, 1100 Ha YPOBHE OMEPATHBHOTO YIPABICHHS,
T.€. COBEPIIAIOTCS JINI[AMH, JAJTEKUMH OT IPOU3O0LIEAIIeH
aBapHy, Kak BO BpPEMEHH, TaK U B IpocTpaHcTBe. Hampumep,
pemenre 00 o0beANHEHIH OOCITYKUBAIOIIETO ITepcoHaa
JIBYX Pa3HBIX KaphepoB (IBYX HpeAnpusTHil) 6e3 obyde-
HUSI CTaHJIAPTH3UPOBAHHBIM TIPOLETYPaM OOCITyKUBaHUS
TOPHBIX MAIIWH MPEICTABIAET COO0H HAIAIHBIA TpUMeEp
CKPBITOTO Je(eKTa (CKPBITOTO 0TKAa3a).

AKTHBHBIE Je(eKTbl (AKTUBHBIC OTKa3bl, AKTUBHBIE
OIIMOKH) MPEACTABISAIOT COO0H OMMOKN MIH HAPYIICHHS,
KOTOpBIe HeMeUTeHHO (0e3 3a1epKKH1 ) OKa3bIBAIOT HeOIaro-
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NPUSITHOE BO3/eHicTBUE. Takue oniOKy 0OBIYHO COBEpIIIa-
FOTCS OTIEPATOPAMH MITH CIICIIHATUCTAMH 10 TEXHUIECKOMY
o0CIy)KUBaHHIO TOPHBIX MamiuH. Korja omepatop uiu
CTEIHAUCT MO0 TEXHUYECKOMY OOCITYKHBAHHUIO BMECTO
BpAIL[CHHs] DKCKABATOpPa OCYIIECTBISICT IIOABEM €ro Haj-
CTPOWKH, SIBIISIFOTCS IIOKA3aTEIIbHBIM MPHMEPOM TaKOTO posia
omnOOoK (0TKa30B).

7. Teopua pucka coObITUI TUNa
«YepHbit nedbepb»

7.1 «MdepHbiVi nebenb. NMoa 3Hakom
HenpeackasyemocTu» [19]

Marematuk u skoHoMucT Haccum Hukomac Tame0 B
cBoeit kaure 2007 roga «YepHsbrit nedenp. [lox 3HaKOM
HempeackazyeMocTy [19] npeanoxun KOHUENIUIO «4ep-
HOTO JeOens», T.e. HEOXKUIAHHOTO (HETPEeICcKa3yeMoro)
U 3HAYUTEIHHOTO (BCEOOBEMITIONIETO) SBICHUS, KOTOPOE
CYIIIECTBEHHO MEHSET X0/l UCTOPUH. DTa KOHIICIIIIHSI BKITFO-
4aeT B ce0s BOIHBI, SKOHOMUYECKIE KPU3UCHI, TIOSBIICHUE
WHTepHEeTa U T. 1. lIpeacka3ars WX HEBO3MOXHO, HO MBI
JIOJKHEI 3HATh, KaK C HUMH SKHTh.

«UYepHnsle ebein Mo cBOeH MpUpo/Ie HelpencKa3yeMbl,
ITOCKOJIBKY MTOTOOHBIX COOBITHI paHbIIIe HUKOTA HE TIPOWC-
xommto. OHAKO TO, KaK KOMITAHWH U JTFOIH, TIEPEKUBIITHE
OTIpe/eNIeHHbIe KaTacTpo(hUIecKie COOBITHS, CIIPABIINChH
C UX MOCIIEICTBUSIMH, U3y4aTh MOXKHO. Takoi aHAIN3 MOT
OBI TIOATOTOBUTH KOMITAHHUIO K Pa3pabOTKe CTPAaTETHH BO3-
OOHOBIICHHS HOPMAJIEHOW pabOTHI TOCTE Ype3BBIYAITHBIX
CUTyanui (B YaCTHOCTH TEXHOTCHHBIX, HAIIpUMEp aBapHid

TOPHOM TEXHUKH) B KpaTyalliie BO3MOXKHBIE CPOKH U C
MUHUMAaJIbHBIMU TTOTEPSIMH.

Haccum Tane6 npeanioxus Teopuro pucka «HepHbiid
nebeb», KOTopasi paccCMaTPUBACT COOBITHS, KOTOPBIC
TPYIHO MPEJCKa3aTh, U PEAKHE COOBITHS, KOTOPBIC HMCIOT
3HAYUTENIbHBIC MOCNeACTBUs. «UepHbIil 1ebenp» — MeTa-
(hopa, onuckIBaroIasi HCOXKUIAHHBIC COOBITHS, BICKYIIHEC
3HAYUTETbHBIC TTOCIIEACTBUSIMHU.

«Ecnu evl 6cto dicuznb gudenu moavko Oenvlx iebeodell,
9MO He 3HA4Um, Ymo YepHulX Jiebedell He Cyuecmeyeny,
— numret Haccum Tane0 B cBoeit kHure «YepHslii 1eOe/pb.
[Ton 3HakoM Hempenckazyemoct» [19].

7.2 Kputepuu coObiTuii TMNA
«YepHbili nedbenb» N aBapun
MHOTIOKOBLLUOBbIX 3KCKaBaTOPOB

ABapusi MHOrOKOBIIOBOTO 3KckaBartopa SRs 1200 24/4
(G2), xoropast npounzonuia 6 anpeinst 1995 rona, nmeer Bee
yKa3aHHbIE XapaKTEPUCTUKH, T. €. yIOBIETBOPIET KPUTEPU-
sM coObITHS THIA «YepHslit 1edenby. To, uto Haceum Tane6
Ha3biBaeT «YepHbIM JiebeneM» — 3TO COOBITHE, KOTOpPOe
HMEET TPU CIIEAYIOIINE XapaKTePUCTUKHU:

* cOOBITHE IIPOUCXOUT HEOKHJAHHO;

* cOOBITHE MMEET 3HAYNTEIIbHbIC TIOCIIC/ICTBHS;

* BIIOCJICJCTBUM HAXOJMUTCS pasyMHOE OOBSICHEHHE CO-
ObITHs TaK, OyTO OHO OBUIO 0XKHIAEMO.

Jo aBapuu 6 anpesist 1995 rona yka3aHHBIN MHOTOKOBIIIO-
BBIif SKCKaBATOP MPOM3BEN BhIeMKY 160 MJTH. M’ BCKpBITIIH.
To, kak aBapusi IKCKaBaropa OTpPa3miIach Ha BBIPAOOTKE,
BUJIHO U3 LU(P rO10BOH OTYETHOCTH, KOTOPHIE TOKA3bIBAIOT
najeHye ¢ 5 10 7 MIIH. M’ BCKPBILIH (PUCYHOK 8).
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ITockonabKy Takue aBapuM HEIpeCcKazyeMbl, 3ajaueit
BJIQJICNIbI[a OMACHOTO OOBEKTA SIBISCTCS IPUHSITHE MEp
10 CHIYKEHUIO BIMSHHUS OTPHUIATEIBHBIX MOCIECTBUN HA
TIePCOHAJ, HACEeJICHHUE U OKPY>KaIOIIyI0 cpeay. B aToil cBsi3u
Nepesi TOCyAapcTBOM CTOMT IeJIb MOOYIUTH BIla/ICibIICB
COOTBETCTBYIOIIUX OOBEKTOB CTPOTO BHITIOHATh YKa3aHUS
U TOJOXEHHUSI HOPMAaTUBHBIX MPABOBLIX JOKYMEHTOB OT-
JIeNlaM¥ TeXHUKHU Oe3omacHocTu [21].

[To Mepe pocra 6€30TKa3HOCTH M CIOKHOCTH TEXHHYE-
CKUX CHCTEM BIIMSHHUE «YCIIOBCYCCKOTO» (PakTopa Takxke
CTaHOBHUTCS Oosiee 3HaUUTENbHBIM. CIeJOBaTENIbHO, BaX-
HEWIIUMU 3a7la4aMU TCOPUHU U MPAKTHKU O0CCICUCHHUS
0C30MaCHOCTH TEXHUYECKHX CHUCTEM OCTAaCTCs Pa3BUTHE
KyJIBTYpbI O€3011aCHOCTH M CO3JJaHNe HeKaparelbHOIl Ipo-
WU3BOJICTBEHHOM CpE/Ibl.

8. OT1yeT «TomoTa» A3 KaK UHCTPYMEHT
pelwleHua 3apav

Cocrasnennto OtuetoB «Toiora» A3 o0yuaroT Bcex
COTPYAHHUKOB KoMIaHUU «Toi0Ta», B IEPBYIO OYepenb py-
KOBOJUTENEH HU31Iero 3BeHa. CyIiecTByeT yHUBEPCAIbHBIIH
Ha0OP COCTOSTHMI N PEKOMEH 1AM, KOTOPBIC HCTIOIb3YIOTCS
py 0OyYCHMH /ISl peleHus] TpodiIeM U (GOPMHUPOBAHMS
Otuera «Toiora» A3. Hurke npuBeieHbl BBIIECPKKH U3
JIAHHOTO JOKyMeHTa [22].

A. PexoMeHa1uu 1o penieHuro mpooem:

* OLICHMBAITE CUTYalHIO UCXO/s U3 (DAKTOB;

* OTCIIeXHBaiiTe (KOHTPOJIMPYHTE, HAOIIONANTE) MPO-
oiemy;

* COCpPEI0TOYBTECH Ha O/THOH pobieme (0Ha IpodieMa
Ha oxuH Otuer «Toitotay A3);

* CIEAUTE 3a U3MEHEHHUAMHU B MECTE IOSIBIECHUS IIPO-
OJIeMBbI;

* JeTaJdbHO U3YyUYUTE MPUUUHY U IPOAHATU3UPYUTE BCE
(axThl U JaHHBIE;

* Ip¥ HEOOXOMMOCTH MPUMHTE BPEMEHHBIC MEPBI IS
OOHapy>KeHNsI MECTa BOSHUKHOBEHHMS TIPOOIIEMBI;

* ONpEEINTE OCHOBHYIO IPUUHHY;

* pazpaboraiiTe KOpPEKTUPYIOIIIE MEPBI, IalTe yKa3aHUs
U OIIPEJENIUTE CPOKHU BBITOTHEHUS.

b. Pexomennanmu o popmuposanuro Oraera «Toiioray
A3:

* pacripeneiuTe BpeMs TaKuM o0pa3oM, 4TOOBI MMETh
BO3MOYKHOCTbH OIICHUTH CHUTYalHUIO B IIEJIOM (MCIIONB3YITE
LIIMPOKHUH KPyT CBEICHMH, omnmpaiTech Ha (akThl, a HE
MHEHUS, yYUTBIBATE OTJalICHHBIE ITOCIIEICTBU);

* OPHEHTHPYHTECh Ha KOHKPETHBIX JIIOJICH; YUUTHIBAHTE
HX HOTPEOHOCTH U MOHUMAaHKE CUTYAINH;

* [IOATOTABJIMBANTE HANISAHBIC MaT€pUalbl B COOTBET-
CTBHH C LIGHHOCTSMH U (Quitocoduell KoMIIaHNH;

* n30eraiite HCIOIb30BaHMs OOJIBIIOTO KOJIMYECTBA CIIOB,
OT/AaBalTe MpeaIoYTeHHEe cXxeMaM, rpadukam U Jpyrum
(hopmam sICHOTO IpeICTaBICH!s HH(OPMALIUH;

* BCE CJIOBA JOJDKHBI OTHOCHUTHCS K cdepe mpodeccuo-
HAJBHOI 1€ATEIbHOCTU; UCIIONb3YHTE TOUHBIE BEIPAKEHUS
n u30eraiite »KaproHM3MOB;

° OI[CHUBAWTE SICHOCTh M3JIOKCHHs MaTepuaina; o0e-
CIICUHMBACT JIM O(POPMIICHHE OTYCTA YETKOC MOHHMAHHE
N3JI0KEeHHOW HH(pOpMaInu?

WuTepecHast aHaIOrHuss MOXKET OBITh IPOBEICHA C Opra-
HU3aIMel pabodyero MpoCTPaHCTBAa HA OCHOBE MPHHIIUIIOB
«Merona 5S» [15] na 3aBonax «ToloTa» mpu cocTaBIeHUN
Ortuera «Toiora» A3. Ha GepexxiiMBOM MPOM3BOJICTBE HE
JIOTIyCKAaeTCs Meperpykarh padoyee MECTO U3IUIIKAMU
MIPE/JIMETOB CHAOKEHHSI, TIOCKOJIBKY JTO BJICUET 3a cOOOU
yOBITKH [22]. ParioHa bHOE UCTIOBL30BaHKE TPOCTPAHCTBA
SIBJISIETCSI 3aJI0TOM CO3MIaHus T00aBJIeHHO# ctoumoctu. [Tpu-
CYTCTBUC HCHYKHBIX TPEIAMETOB CHIDKACT OC30MACHOCTb,
co3naet OecropsI0K U MemaeT 00HAPYKUBATh OTKJIOHCHHS
OT HOPMAJTLHOTO PEXKUMA PaOOThI. AHAJIOTHYHBIM 00pa3oM
npu cocrapieHun Otyeta «ToitoTay A3 BaHO HE JOMYy-
CKaTh TIOTEPh: JHUIIHUX CJIOB, MPOCTPAHHBIX OOBSICHECHU,
HEHYKHBIX CXEM, KOTOPBIC MEIIAOT MTOHATH CYTh U3JI0KCH-
Horo. Takum 00pa3zom, 0OecrneynBacTCs MaKCHUMalIbHASI
3¢ (HEKTUBHOCTh B CO3JaHUU JOOABICHHON CTOMMOCTH.
Hemocrarku mOoKyMeHTAIUU 3aTPYIHSIOT MOHUMAHUE WH-
(hopmaIuu 1 3a4aCTYIO IPUBOJIAT K TOMY, UTO JTFOIH TEPSIOT
U3 BUJIa KIFOUYCBON MOMCHT.

Otuet «Toiora» A3 u crioco0 ero MOArOTOBKU obectie-
YUBAIOT YETKOCTh U ONECPATUBHOCTH MH(POPMAIIMOHHOTO
B3aumosercTBus. McnonbszoBanue Otuera «Toitotan A3
CIIOCOOCTBYET IMOJIOKHUTEIBHBIM W3MCHCHUSIM. TakK, eciu
ucnons3oBanue Otyera «Tototay A3 NpUBOAUT K U3MEHE-
HUSIM B CTaHJAPTaX WK pOCTY 00beMa UMCIOIIMXCS 3HAHUH,
To 6a3a qaHHBIX 00HOBIsIETCS. bepeknBoe MbinuieHue [23]
TpeOyeT U3BICYCHUSI YPOKOB U3 PEIICHHBIX 33124 (2 HE TOJb-
KO HCIIPABJICHUS CJIOKHBIX CHUTYallUil), U UCIOIB30BAHHE
Oruera «Toliora» A3 3TOMy CIIOCOOCTBYET.

9. OTtuerT «TooTa» A3 n unkn fleMuHra

Crpemnenne komnanuu «ToiloTa» K 3KCIEpUMEHTaM
JIEKUT B OCHOBE BCEX CTAHAAPTU3UPOBAHHBIX ONepauuil u
IIPOLIECCOB, KOTOPBIE SABJISIFOTCS YaCThIO IIOBCEAHEBHOM pa-
60tb1. Komnanus «Toiioray npeobpaszoBaina nuki JlemnHra
(TUTaHMpOBaHKE — BHITIOIIHEHUE — IIPOBEPKA — BO3JICHCTBHE),
T.€. IPOLEeCC IOCTOSHHOIO COBEPIIEHCTBOBAHUS pabouero
Ipoluecca, KOTOPbIA IMIMPOKO MPUMEHSIETCS B Pa3IMYHBIX
oOnacTsx Xo3siicTBa, B YHUKAJIBHYIO METOROJIOTHIO — OT-
yetT «Tolora» A3. D10 oTpaxkaeT KynsTypy «Toiora» [24],
I7ie YMCHHE peliaTh MpoOJIeMbl CYMTAETCSl BaKHEHIINM
KauecTBOM COTPYJIHHKA, KOTOpoe (popMHpYyeTCsi ¢ camMoro
Hauaja ero Kapbepbl U MOCTOSIHHO COBEPLICHCTBYETCS B
nporuecce 00ydeHus.

Axno Mairy6apa, ObIBIINIT CTIOTHUTEIILHBIH TUPEKTOP
TI0 YIIPaBJICHHIO NIEPCOHAIIOM, a Mo3kKe mpe3naeHT Toyoda
Gosei North America Corporation rosopur [24]:

"Bce cOTpyIHHMKH pa3BHBAIOT B ce0€ HaBBIK PEIICHUS
po0JieM, KOTOPBIH JISKUT B OCHOBE pabOUMX ITPOLIECCOB
B komnanuu «Tolora». ®unocodus komnannu «Tororay
TaKoBa: pelas MpooemMy, COTPYHUK BHOCUT CBOH BKJIaJl B
pean3anuio KOpHopaTUBHON NOJIUTHKH, OPUEHTUPOBAHHOMN
Ha yI0BJICTBOPEHHE TOTPEOHOCTEH KIMEHTOB. MBI TOBOPHM
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PelueHue npoGrieMbl aBapUNHOCTU FOPHbIX MaLUUH C UcnoJsib3oBaHuemM OTuyeTa «ToiloTa» A3

HAIIIUM JIFOJISIM, YTO YMEHHUE PEIaTh POOIEMBI HEOOXOIIMO
JUTsL TOCTHoKeHus yeriexa B «TooTay."

Otuer «Toltora» A3 uuTaercs cBepXy BHU3, CIE€Ba Ha-
IPaBO ¥ MCIIONIB3YETCsI JUISl pEIIeHUs ITpo0JieM, OOHOBIICHHMS
CBeJIeHU 1 BHeceHus npeuiokeHuit. Otuet «ToitoTan A3
MOCTPOEH B COOTBETCTBUU C IIMKJIOM HEMPEPBIBHOTO CO-
BEpILIEHCTBOBaHMs JleMuHra.

10. OT4yeT «Tonota» A3 0 peLieHnn
npo6siem B CBA3U C aBapuen
MHOrOKOBLLOBOIro aKkckaBsatopa SRs
1200 24/4 (G2)

10.1 MNpakTnyeckoe pewieHne
npoo6nembi

IIpomecc pemenus mpodieM, BOSHUKIINX B IIpoIiecce
paboThI, MOJKET OBITH OITUCAH JIOTHIECKON ITOCIIEI0BATEb-
HOCTBIO IIUKJIa HETIPEPHIBHOTO COBEPIIICHCTBOBAHNUS J]eMUH-
ra, a Oruer «ToifoTay A3 BKIIOYaeT B cedsl CICMyIOIIHE
CEeMb 3TaIoB: UCXOIHAs HH(OpMAIHs, TEKYIIee COCTOSHIE,
1IeJTb, TPUYNHHO-CIICICTBEHHBIN aHAIIN3, KOPPEKTHPYIOIITHE
MeEpEI, TOATBEPIKICHNUE ACHCTBYSL, TaTbHEHIITE NCHCTBU.
DTOT mporecc OCHOBAaH Ha HAOMIONCHUSX, TPOBEICHHBIX B
koMmaHuH « TooTa» U OIMyONUKOBaHHBIX B [2].

OxonuarenbHbiil Bua Otyera «Toloray A3 mo aBapuu
MHOTOKOBIIIOBOTO 3kcKaBatopa SRs 1200 24/4 (G2), mpouso-
wenuie 6 anpeinst 1995 rona Ha yronsHoM paspese «Mecto-
poxnenne D» pymHoro Oacceitna «Komybapa» KOMIaHUU
«OnexrpornepreTika CepOurm», KoTopas paHee OblTa 9acTHd-
HO MpOaHaJIM3UpOBaHa B [26], MoKa3aH Ha PUCYHKE 9.

11. BbiBOAbI

Otuer «Toifora» A3 — THOKOE CPEACTBO PEIICHHS TIPO-
671eM, BO3HHKAIOMINX B X0Z€ PaOOTHl — OBLT aJanTHPOBAH
K HyXXJaM 3KCIUTyaTallii TOPHBIX MAIINH (3KCKaBaTOPOB,
TPAHCIIOPTEPOB U Ip.) Ha Kapbepax. YUNUTHIBask OONBIION
00BEM NMEIOINXCS JTAHHBIX M CBEICHUH O TAKMX CIIOKHBIX
Tporeccax, Kak Mporece J00bIYHN YIIIs U BCKPBIIIHBIX pa0oT
Ha Kapbepe, X cOop, BOZMOXKXHO, TOTPeOyeT OOIBIIIOTO KO-
nuyecTBa BpeMeHHU. [1o 3Tol npuunHe T0KyMEHTUPOBAHUE
¢ ucronp3oBanueM Otuera «Toitora» A3 mmeer Oombiioe
3HAUCHUE JUI YCKOPEHHsI KOMMYHHKAIIUN M COKPAICHUS
MMOTEepPH BPEMEHHU MpH paboTe. DTO MPEACTaBIseT COOO0M
BAKHBIN IIAr B peaM3allMM KOHIEMINUU OCPEKIHMBOTO
MpOU3BOJCTBA U cucTeMbl Kaii3eH Ha Kapbepe pyaHOro
Oacceitna «Komybapa» B T. JIazapeBary KoMmanuu «eK-
TposHepreTuka Cepoum.

Oruer «Toiiora» A3 MMeeT NOTEHIMAIbHBIE HEIOCTATKH,
CBSI3aHHBIC C PEHICHHEM KOHKPETHOMW NMpOOJIEMBI aBapuu
MHOTOKOBIIIOBOTO KcKaBaTopa SRs 1200 24/4 (G2). Kaxer-
Cs1, 9TO OH TIeperpy’KeH HHPOpMAITHel 1 ITepeyCIOKHEH. DTO
HOpMaJIbHast PEaKIys, YIUThIBAs CIIOKHOCTh IOKYMEHTA 1
TO, KaK MHOTO MH(popManuu (TaHHBIX) U3JIOKEHO Ha He-
6ompmom smcte. besynpeunsix OtueroB «Tottora» A3 He

cymiectByeT. Kaxipiii pa3, Korjja BO3HUKACT HCOOXOIUMOCTb
B COCTaBJICHHU TaKOTO OTYETa, CYHIECTBYET CIOCO0 Yiyd-
IIMTh €0 COACPIKaHue Win Hopmy.
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NMpepnocbinku ansg cospaaHusa LMPpPOBON CUCTEMDI
ynpasnieHus 6e30nacHOCTbIO ABUKEHUS

Anekcein M. 3ambiwunsges, AO «<HUWNAC», Poccurickas ®enepaums, Mocksa

Anekcen M.
3awmbiLnses

Pesiome. Uenb. Linpposasi TpaHcghopmaLmsi cucTemsl yrpassieHns: 6e30MnacHOCTbIO ABUXE-
Husi B xonauHre OAO «P)K/» npenycmarpuBaeT nepexon Ha r/100asbHbli YpPOBEeHb B3anMO-
JAeVicTBuSI C rnpoLeccamy BCeX MoapasaesieHni rno MHTerpasbHOM OLUEHKe pUcKa BO3MOXHbBIX
COObLITUI M [OCTUMXKEHUIO YCTAaHOBJIEHHbIX roka3aresnen. VIToroM CcTaHeT UHTerpaumvsi CUCTEMbI
ynpapsieHnss 6€30MacHOCTbIO ABUXEHUS] C MPOU3BOLCTBEHHbLIMU POLeccamMu Ha BCEX YPOB-
HSIX ynpaBaeHusi xonanHra «PXK/]» Ha 0CHOBE WHTErpupOBaHHOW WUHTE/IEKTYaslbHOM CUCTEMbI
yrpasJsieHus1 rpoueccamv v ycayramm CO BCTPOEHHbIMU QYHKUNSIMU OnepaTtnBHOro yrpasJie-
Husi 6e3onacHocTbio aABwxkeHus. Metoabl. B paboTte rnpuMeHsieTcsl CUCTEMHbIN aHaanm3 Ccy-
LUECTBYIOLLMX MOAXOAO0B Y METOA0B 006pabOTKu CTPYKTYPUPOBAHHbLIX U HECTPYKTYPUPOBAHHbIX
JAaHHbIX 3HaYNTEsIbHbIX 00beMOoB. Peaynbratbl. [1pOBEAEHO paCCMOTPEHNE CTaauii pa3BUTUs
ynpapsieHns: 6€30MacHOCTbIO ABVXXEHUSI M0e3408B, a Takxke MHGOPMAaLNOHHbLIX aBTOMAaTU3npPO-
BaHHbIX CUCTEM YrpaB/IeHUs], MPUMEHSIEMbIX B LIEJISIX YrpaBieHns 6€30MacHOCTbIO ABVIXKEHUS.
BbirnonHeH aHann3 o0LumMx TeHAeHUMi co3aaHus cuctem cbopa v 06paboTku MHGopMaLmun.
lMoka3aHa Lenecoobpa3HOCTb BHEAPEHMSI B COBPEMEHHLIE CUCTEMbI YrpPaB/IeHUs] TaKUX TEXHO-
noruii, kak Big Data, Data Mining, Data Science. PaccmoTpeHa ap@deKkTBHOCTb MPUMEHEHUS
yKa3aHHbIX TEeXHOJI0rnM Ha npumMepe aHaan3a BJINSIHUS Pas/inyHbiX (akToOpoB Ha cpeaHecy-
TOYHYIO MPOV3BOANTE/ILHOCTL JIOKOMOTHBA, TAE Ha MNEePBOM YPOBHE YYUTLIBAIOTCS Takue ¢ak-
TOPbI, KaKk CPEeaHecyTO4YHbI rnpober JJOKOMOTUBA, CPeaHWI BeC noes3aa; Ha BTOPOM YpPOBHE
— yyacTkoBasi CKOpOCTb, 0O60OPOT JIOKOMOTUBA HA CTaHUMW U AP.; Ha LUECTOM YPOBHE — TuIl
JIOKOMOTUMBA, €ro TexXHUYeckoe cocTosiHne v T.4. Bcero yuutbiBaetcsi 6onee 50 ¢akTopos,
B/INSIIOLUMNX HA CPEAHECYTOYHYIO MPON3BOANTE/IbHOCTbL JIOKOMOTUBA. [1oka3aHOo, 4TO C MOMOLLbIO
CTartuCTUHECKMX METOAOB (PakTOPHOIro aHaimi3a v aHaam3a CBSI3eVi B COYeTaHuu C APYrumu
metogamu Data Mining, Takumu, kak MeToabl MOAEINPOBAHUS U [POrHO3UPOBaHUS, MOXHO
BBbIMOJIHUTL MPOAKTUBHOE J1aHNPOBaHNE CPEeAHECYTOYHOM MPOnN3BOANTE/IbLHOCTH JIOKOMOTMBA.
lMpennoxeHa cxema rnepexoaa K LUNOPOBON cucteme yrpabrieHnss 6e30MacHOCTbIO ABUXEHUS
Ha OCHOBE MOCTPOEHUs MoAeser B3anmMoaencTBus ¢akTtopoB 6e30rnacHOCTU U HaAexXHOCTU
BCexX 0OBEKTOB X€/1€3HOA0POXHOIr0 TPaHCNopTa Ha BCEX YPOBHSIX Mepapxmu, a Takxke BO B3au-
MOCBSI3U C APYruMu akTopamm, KOTopble HENMOCPEACTBEHHO HE OTHOCSITCS] K HAAEXHOCTU, O4-
HaKko oKa3bIBaloT B/INSIHME Ha 6e30MacHOCTb MepeBo304YHOro rnpouecca. BoiBoabl. OCHOBHOM
peaynbTar nepexoga Ha texHosoruio Big Data coctouT B co3aaHun ANHAMUYECKOM MOLEN
ynpapsieHnss 6€30MacHOCTbIO ABUXEHUS], B UCKITIOYEHUN 3aBUCUMOCTU CUCTEMbI YrpaB/IeHUs
OT HeAOCTaTKOB YE€JI0OBEHECKOro gakropa M, 4T0 0COOEHHO BaXXHO, B BO3MOXHOCTU CO34aHus
B xonguHre «PXK/[]» nHTerpupoBaHHON WUHTEJIJIeKTYaslbHOV CUCTEMbI Yrpas/ieHusl rpoueccamm
n ycnyraMmy CO BCTPOEHHbLIMU QYHKUNSIMM OrNepaTuBHOro yrpassieHns 6e30rnacHOCTbIO ABUXe-
Hus. B pesynbrate maclutabHOro pa3BuTusi M BHEAPEHWUS B KOMMaHuy EavHOM KopriopaTtmBs-
Howu ninargopmsl (EKTT) YPPAH peanudyetcs rnoaaepxka rnpuHATUS YrpaB/ieHYeCKUX PeLLeHW
rno obecrneyeHuto HagexHoCT N 6e30MnacHoOCT GYHKLUMOHMPOBAHUSI OOBbEKTOB TpaHCrnopTa Ha
OCHOBE OLIEHKN puckoB. Takum obpasom, ¢ riomotubto EKIM YPPAH 3a10xXeHbl OCHOBbI LINGPO-
BOVi TpaHcopmaLmm CUCTEMBI yripaB/ieHnsi 6e30MacHOCTbIO ABUXEHUST B XONANHIe «PXK/[».

KnioueBble cnoBa: 6€30MacHOCTb ABVXEHUSI 103408, (aKTOPHbIA aHaim3, aBToMaTu3npo-
BaHHasi cuctema ynpassienus, Big Data, Data Mining, yenoBeyeckuii ¢pakTop, nporHo3uvpoBa-
HUEe PUCKOB.

Ana uutupoBaHua: 3ameiiunseB A.M. [Npeanockiiku a8 co3aaHvsi LUM@POBON CUCTEMbI
yrpasJsieHus 6e30rnacHoCTbio aABwvxeHus: // HapexHocts. 2019. Ne 4. C. 45-52. https://doi.
org/10.21683/1729-2646-2019-19-4-45-52
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BeepneHue

be3onacHOCTh OBM)KEHUS MOE310B — OIHA M3 TIIaBHBIX
3amayd padotsl xomauara «PXK/I» mpu skcruryaramum sxe-
JIE3HOW J1OpOrH, MEepeBO3Kax MACCAKUPOB U I'py30B. Bee
OpTaHM3AINOHHBIC U TEXHUYIECKNE MEPOTIPUATHS Ha )KeJIe3-
HOJJOPO>KHOM TPAHCIIOPTE TOJDKHBI OTBEYATh TPEOOBAHISIM
Oe3omacHoro 1 OecrepeboHOr0 IBMKEHHS 1TOe310B. Pa3-
BUTHE JKEJE3HBIX 10por Poccry HarpaBiieHO Ha MOBBIIIICHUE
WHTEHCUBHOCTH JBMKCHHS TOE310B, HA YBEITUYCHHE UX
CKOPOCTH 1 Macchl. [Ipu 3TOM yBEINYHBACTCS KOJTHYECTBO
MTOJBIKHOTO COCTaBa, OMHOBPEMEHHO KYpPCHUPYIOIIETO IO
JKEJIC3HOTOPOKHBIM ITyTSAM, 3HAYUTEIIEHO YCIOKHACTCS HH-
(bpacTpykTypa. ITO BEI3BIBACT HEOOXOIUMOCTH TOBBIIIATH
TpeOOBaHUS K KaueCTBY M HaJIS)KHOCTH CPE/ICTB obecrieye-
HUs 0€30MaCHOCTH JIBIIKSHHUSI, & TAKXKE K TPO(HeCcCHOHATb-
HOM TIOATOTOBICHHOCTH U OTBITY IEPCOHANA KEIE3HBIX
JIOPOT, HEMOCPEACTBEHHO YYACTBYIOMIETO B PECATH3AINH
JIBIDKEHHS TTOE3/I0B.

B IMonutuke xonaunra «PXK/» B obmactu Oe3omacHo-
CTH JIBIYKCHUS OTIPEJICIICHBI CIEAYIOIIIE OCHOBHBIC [ICIH:
MHHHMH3ALNS TOCIEICTBHH OT TPAHCTIOPTHBIX MPOUC-
IIECTBHU; 00ECTIEYCHNE COXPAHHOCTHU JKU3HU U 3I0POBBS
Jozielt; o0ecTiedeHne COXPAaHHOCTH TPY30B, TOABIKHOTO
coCTaBa, 00BEKTOB HHPPACTPYKTYPHI; 0OECIICUeHIE 3a1aH-
HOTO ypoBHS Oe3omacHOCTH ABKeHHs. [IIupoxuii criekTp
3a71a4 110 00ecIeyeHnio 0€30I1aCHOCTH ABMKEHUS, C OHOM
CTOPOHBI, U aKTHBHOE Pa3BUTHE KeJE3HBIX Topor Poccum,
MTOJBIDKHOTO COCTaBa M MHPPACTPYKTYPHI, C IPYTOH CTO-
POHBI, BBI3BAJI HEOOXOIUMOCTh KOPEHHOH TEpecTpOorKu
CYIIECTBYIOIICH CHCTEMBI yIPaBICHUS 0€30TacHOCTHIO
JBIDKCHHUS MTOE3/I0B ITyTEM TpaHC(HOPMAITUH €€ B I(PPOBYIO
1aTopMy YIpaBICHHUS.

ATanbl aBTOMaTU3auum CUCTEMbI
ynpaBneHusa 6e30nacHOCTbIO
ABWKEHUs

Ceronust 8 OAO «PX]I» ucnosb3yeTcst 00IbII0e KOTH-
YEeCTBO aBTOMATHU3UPOBAHHBIX cucTeM ympasieHus (ACY),
CO3/aHHBIX B pa3HOE BpeMs I PEUICHHs] KOHKPETHBIX
3aga4. YacTh U3 HUX — COBPEMEHHBIC, 4acTh — Tpedyer
MOJICPHH3AINH U aKTyaJIHU3aI[H B COOTBETCTBUHU C HOBBIMHU
TpeOOBaAHUSIMH.

Ha panHuX cTagusx pa3sBUTHA yIpaBieHHe 0e30MacHo-
CTBIO IBID)KEHHSI OCHOBBIBAJIOCH HA OTYETAX O pe3yspTaTax
PEBU30OPCKUX MPOBEPOK U TEXHUUECKUX PEBU3HH KETIe3HO-
JIOPOKHBIX CTaHLMM U 1en10. Pa3BuTue jxene3H010pOKHOI0
TPaHCHOPTA BBI3BAIO HEOOXOIUMOCTh B aBTOMATH3AIMH
NPOLIECCOB yNpaBleHUs 0€30MaCHOCTHIO ABHMIKCHHUA.
B 2005 r. 6bu1a co3aaHa ABTOMaTU3MPOBAHHAS CUCTEMA KOH-
TPOJIS ¥ AHAJIM3a BBITIOTHEHUS TIEPCOHAIIOM CTAHIIUI IIPaBUIT
0e301acHOCTH ABMKeHHs U oxpaHbl Tpyaa (AVC JTHY) [1].
OcCHOBHOE Ha3HAYCHHE CUCTEMBI — OPTaHU3aIM B CIIyKOe
JIBIDKEHUs1 cOopa M cucreMaru3anui uHpOpMalu o pe-
3yJBTaTaX PEBU30PCKUX MPOBEPOK M TEXHUUECKUX PEBU3UI
JKEJIE3HOIOPOKHBIX CTAaHIUI 110 O€30TTaCHOCTH ABMKCHUS U
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OXpaHe Tpy/a, UX aHaJIu3 U OlpeiesieHre npoduiakTiye-
CKUX MEpOIPHSTHH 10 TPEJOTBPAICHHUIO CiTydaeB Opaka B
TMOE3/THOI ¥ MaHEBPOBOI paboTe M CITydaeB MPOU3BOACTBEH-
HOTO TpaBMaTu3Ma Ha cTaHIusX. [1osp30BaTensiMu CUCTEMBI
sBistoTcs padotHuku J{HY Beex otneneHnit, pyKoBo s
cocTaB CITyKObI IIEPEBO30K, armapar peBU30poB Oe3orac-
HocTH. B cucteme aktuBHO pabotatoT 800 mosnb3oBarenei,
chopmuposano 6omee 700 000 aKTOB MPOBEPOK, UTO
3aJI0)KUJI0 OCHOBY CO3/1aHUSI HECTPYKTYPHPOBAHHOTO Xpa-
HUJIHIIA TAHHBIX 110 0€3011acHOCTH IBMKeHHs B Kommanun
Ha NMpUMepe OTJEIBHO B3ATOTO XO3sHCTRa.

B 2006 r. Obu1a co31aHa ABTOMAaTH3UPOBAHHAS CUCTEMA
ynpasieHus 6e3onacHocthio aBmkeHus (AC PB) [2]. Ce-
TOJIHS1 OHa BBITIOJTHSIET Bce HEOOX0AMMBble (PyHKIHH, oOecrie-
YHMBAIOIUE BBOJ JJAHHBIX, OMOBEIICHUE, KIaCCH(DUKAIINIO
U y4yeT HapyleHHH 0e30MacHOCTH JIBUKEHUS, KOHTPOJIb
BBIMOJIHEHHSI CPOKOB yUETa, CBOEBPEMEHHOCTH U KaueCcTBa
paccieoBaHus HAapyUICHUH O€30MacHOCTH JBUKCHHS,
aHaJIM3 MPUYHH U TIOCIIEICTBUN HapylleHNnH, popmMupoBa-
HUE CETEeBOH U JOPOXKHOM OTUETHOCTH O HAPYUICHUAX. DTa
cucrema umeet Oosee 5000 mostb3oBaredteii. C ee HOMOIIBIO
cthopmuposano dosiee 40 000 aKTOB TEXHUYECKHX PeBH-
3Mii M MPOBEPOK arnapara peBU30poB 0E30MaCHOCTH.

KommexkcHast aBTOMaTH3MPOBAHHASI CUCTEMA yUeTa, KOH-
TPOJIsl yCTPAHEHUS OTKAa30B TEXHUUECKUX CPEJICTB XOJIANHTa
«PXK]1» n ananu3a ux Hanexuoctu (KACAHT) BHenpena B
2007 romy [2, 3, 4]. Dta cuctema siBUIACh MPUHIUITHATBHO
HOBBIM HHCTPYMEHTOM MOHUTOPHHI'A COCTOSIHHSI 0OBEKTOB
nH(PACTPYKTYpBl M MOJBMIKHOTO cocTaBa KommnaHuwm.
Cucrema rapaHTUpyeT eAMHCTBO MOPSIKa ydeTa U pacclie-
JIOBAHUS CIy4aeB OTKAa30B TEXHUYECKHUX CPEJICTB BO BCEX
(DYHKIIMOHAIBHBIX X03SHCTBaX, HA BCEX YKEJIE3HBIX IOpOrax
OAO «PX]», cyliecTBEHHO MOBBIIIAET JOCTOBEPHOCTh U
OMEPaTUBHOCTh COOpa WHPOPMAIUH 3a cUeT «Oe30ymax-
HOW» TEXHOJOTHHU TIpoliecca. 3a MOCIeHUE TPU Toja CH-
crema KACAHT no3Bonnia mosTamHo nNepeTy Ha eIUHY IO
CHCTEMY y4YeTa U aHajh3a OTKa30B B paboTe TEXHUUECKUX
cpeacts. [TosgBuIach BO3MOKHOCTD BHEIPUTH KOMILIEKCHBIE
METO/IbI OIIEHKH 3(D(PEKTUBHOCTH IKCILTYaTallMOHHOM Jest-
TENBbHOCTH, KaK MO OTPACIEBBIM X034HCTBAM, TaK U B LIETIOM
M0 KOMITAHHUHU, C MCIONB30BAaHUEM €IMHON 00IIeceTeBOi
0a3bl JaHHBIX y4eTa OTKa30B TEXHUYECKHUX CPE/ICTB.

B paznuunbie nepuossl OblUIa BBITOJHEHA MHTETPAIMs
KACAHT c aBromaTtu3upoBaHHBIMH cucTeMamu Kommna-
Hun: I'NJ1 «Ypan-BHUMXT» (Cucrema aBTOMaTU3MpoO-
BAaHHOTO BeJieHHs rpaduka JBIbKeHUs noesnos), ACY O
(ABTOMaTH3MpOBaHHASI CUCTEMA YIIpaBlIeHUs TpaHCIHEPTO),
AC KMO (ABTomMaTH3npoBaHHas CUCTEMa BEACHHS aKTOB
KOMHCCHOHHBIX MECSYHBIX 0cMOTpoB cranuuii), ACK I1C
(ABTOMaTH3MPOBAHHAS CHUCTEMAa KOHTPOJI TEXHUYECKOTO
cocTosiHUA noABMkHOro cocrara), ACYBOII (Tunosas
ABTOMAaTU3MPOBAHHAsI CHCTEMA BbIIa4H M OTMEHBI ITpeyTpe-
sxnennit), ACY-I1 (ABromaTn3upoBaHHasi cCHCTEMa YIIpaBIie-
HUS My TeBbIM X03stiicTBoM), ACY-111-2 (KommekcHas aBTo-
MaTU3MPOBAHHAS CHCTEMa YIPaBJICHUS HHPPACTPYKTYypOr
XO3SICTBA CUTHAIM3AIMH, [ICHTPAJIM3allUH U OJIOKUPOBKH ).
B nocnenctBuum ocymiectsieHa uaTerpanus ¢ Enqunoii kop-
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MIOPAaTUBHOW aBTOMAaTU3UPOBAHHOW CUCTEMOW yIIPaBICHUS
undpacrpykrypoii (EK ACYW), koropasi oObennHmIa B
cebe ACY nH(DpaCTPpyKTYPHOTO KOMILJICKCA U OCYIICCT-
BIISIET MH(POPMALMOHHYIO TOATEPKKY OM3HEC-IIPOIIECCOB
0 TEKYIIEMY COJACPKAHUIO U PEMOHTY.

C nomornkto cucteMbl KACAHT obecnieunBaetcst paborta
6onee 50 000 morp3oBareieii. ExxecytouHo gpukcupyercs
1400 onoBemenuii. 3ahuKCHPOBAHO U IPOAHATIM3UPOBAHO
2 367 747 0TKa30B TeXHHYECKHX CPEICTB.

B 2011 r. ansa ananm3a HapymICHUH TEXHOJIOTHMYECKUX
MPOIIECCOB MEPCOHANA JKEJIE3HBIX JTOPOT, MPUBOIAMINX K
HapylmeHussM Oe301MacHOCTH JIBUXKEHUsI, Obuia pa3pabo-
TaHa U BHeApeHa Ha ceTu gopor cuctema KACAT — kowm-
TUIEKCHAsI aBTOMATH3UPOBAaHHAS CHCTEMa yueTa M aHaIHu3a
ClIy4aeB TEXHOJOTHYECKMX HapylieHuil. [Ipencrasiser
co00if mporpaMMHO-aNIapaTHBII KOMIUIEKC y4eTa, aHaIu3a
ClIy4aeB TEXHOJIOTMUECKUX HapyLICHUM B X0O3sICTBAaX MH-
¢dpactpykrypsl xonauara «PYKI». C moMoIbo CHCTEMBI
KACAT obecneunBaercs pabota 6osee 50 000 monb3oBate-
neit. Exxecyrouno dukcupyercst 960 onoeieHuii. 3adhuxcu-
POBAHO U MPOAHAIU3UPOBAHO 6 497 274 TEXHOIOTHUECKUX
HapyILICHUN.

PaccmoTpenHBIe CHCTEMBI B ONpeNeNeHHoN Mepe o0e-
CIIEYMBAIOT ABTOMATHU3AIMIO MPOIECCOB YNPaBICHUA
6e30omacHOCThIO ABMKEeHHA. OHM TO3BOJISET MPOBOANUTH
aQHAJIN3 COCTOSHUS OTJEIBHBIX O00BEKTOB JKEJIE3HOM0-
poxHoro Tpancnopra. OZHAKO ¢ TOYKH 3PCHHS OLICHKH
MPOIIECCOB, JaHHBIC HE CTPYKTypupoBaHbsl. Kpome Toro,
B OTHX CHCTEMaX pa3pO3HCHHBIC COOCTBECHHBIC KITaCCU(H-
KaTOpbl, OHU PabOTaIOT C Pa3IUYHON NMEPUOTUIHOCTHIO
chemMa MHGPOpPMAIK M, YTO OCOOCHHO BaXKHO, JaHHBIE, C
KOTOPBIMH OHH ONEPHPYIOT, UMEIOT PA3IMYHbI YPOBEHb
JleTanu3any ¥ paszindHbie Gopmarel. K atomy crnemyer
JI00aBUTEL HEMAJIOBAKHOE 00CTOSATEILCTBO HEOOXOIUMOCTH
B3aMMOJICHCTBHUS CHUCTEM YTIPaBJICHUS OC30MaCHOCTBIO C
OOJIBIIUM KOJIMYECTBOM APYTUX TPAHCIIOPTHBIX aBTOMATH-
3upoBaHHBIX cucTeM (AC), B 9ncie KOTOPIX 33 CHCTEMBI

O6bvem
uHdpopmauuu B Mupe

XIX Bek

PeanbHbil

» HabniopeHus/

U3MeEpEHUna

HaTypHbii
ocmoTp
€, AaTYUKU
(peAKo)

Bu3yanibHbIN
aHanus

CeHcopbil,
AaTyukuy, loT

e
o

»

dopmanusupo-
BaHHbIN ayguT

ydeTa u 8 CHCTeM IUTaHUpOBaHus. Bee 310 cBUeTeILCTBYET
0 HEOOXOIUMOCTH IPH YIIPABJICHUU 0E30MIaCHOCTHIO JIBU-
JKCHUs1 00pabaThIBaTh TPOMAIHBIC MACCUBBI PAa3PO3HECHHBIX
HECTPYKTYPHPOBAHHBIX AaHHBIX. Kiaccuueckuit myTh
pELICHHUS 3aJa4l — arperupoBaHUE AaHHBIX (HampUMep,
10 OTTACHBIM COOBITHSIM, TIO ITOKA3aTeIsIM HHTEHCUBHOCTH
O0TKa30B, MO ymiepdaM u Jp.), a TakKe aHaJIN3 CBOMCTB
YIPABJIIEMOU CUCTEMBI. ITOT Iy Th MIO3BOJISICT B HEKOTOPOI
MEpE BBIMOIHATH MPOAKTUBHOE IJIAHUPOBAHKE: BBISBIISTH
HEMOCPEACTBCHHBIC MPUYMHBI HEXKEIATEIBHBIX COOBITHI
U TUTAHUPOBATh TOYCUHBIC MEPOIIPHUSATHS, KOHTPOJIHPOBATh
JIOCTIDKCHHE IIEJCBBIX 3HaueHui. OMHAKO MPH yIpaBiie-
HUHU 0E30MaCHOCTHIO HA JKEJIC3HOJOPOKHOM TPAHCIIOPTE
HMMEET MECTO OJHUX TOJHKO HAMMEHOBAHU TaHHBIX 0oJiee
250, a caMu MacCHMBBI JaHHBIX OLIEHHMBAIOTCS YMCIIaMU Ha
YPOBHEC MUJIJIMOHOB TePataiiTOB. B 3THX yCI0BUAX HaKe
arperupoBaHKe JaHHBIX HE AaeT )KeaaeMoro s¢dexra — He-
00XOMMO TMEPEXOIUTh K CO3MaHUI0 NU(POBOIl CHCTEMBI
yIpaBJIeHUs 030MaCHOCTHIO JABHIKCHHS.

PasButue cucrem coopa n oopadborTku
nHpopmaumm o paKkTuyeckumx
COCTOSIHUSIX UHPPaACTPYKTYpPbI U
noABMXHOIo cocTtaBa

B pa3nuyHbIX 00JIACTSAX UYEIOBEYECKOH JESTEIBHOCTH
MMEIOT MECTO 00LIHE TeHACHIIMH CO3/IaHuUs CUCTEeM cOopa 1
00paboTku nHopmanuu. B XIX Beke HalM npeaiecTBeH-
HUKH U3BJICKAJIU TIOJIC3HYIO JJIsl yIIpaBlIeHUs] HH(OPMAIIHIO
MOCPEACTBOM JINYHBIX HAOIOCHUH, PYYHBIX U3MEPEHUIA,
XPpaHWJIH €€ B PYKOIIUCHBIX KHUTax. Bo BpeMeHa mapoBo30B
yIpaBIeHYECKUE PELICHUsS NPUHUMAINCh Ha OCHOBE He-
CKOJIKMX MeradaiT nHpopmanuu (pucyHok 1).

B XX Beke N0SBUIIUCH HE TOJIbKO HOBBIE BBIUYUCIIUTE/b-
HbI€ MalIMHBI, HO ¥ HH(OPMAIIMOHHBIE CHCTEMBbI, aBTOMa-
TU3UPOBaHHbIE paboune Mecta. K HaTypHBIM OCMOTpaM 1
JUYHOMY KOHTPOJIIO MPUCOCAUHHUINCH aBTOMAaTHYECKUe

Y
Banonueuuew /

8]

OTUéTbI, ByMaKHbI
HYPHAIOR; ETHbIE KHUTU
61aHKoB 4 aRXUE
[ 3
Py4HOM BBOZ, OTyéTHaA w HakonneHHasa
8 APM arperauusa ucropus

»
Y

Data Mining
(u3Bneyenue
nosnesHbIX
LaHHbIX)

Big Data

ACY TN
(peanbHoe
Bpems)

Pucynox 1 — Dtans! pa3Butns cucrteM cbopa u 00paboTkn HHPOpPMAIHN.
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CHCTEMBI cOopa JaHHBIX, OCHOBaHHbBIC HA JATYMKaX, pejie.
Peup 1a yxe o rurabaiitax uHbOpMaIu, KOTopas coou-
pajach, XpaHUIach, aHAIM3UPOBANIach U UCIOIb30BaNACh
JUIsl IOCTPOEHUs IPOrHo3oB. XXI Bek oxapakTepu3oBaJIcs
B3PBIBHBIM Pa3BUTHEM TEXHOJOTHIA. U ceifqac Mbl TOBOPHM
06 sk3abaiitax (10° rura6aiito) napopmanun. Mmenno
BO3MOXXHOCTBH COOpa M KOHTPOJIS TAKOTO OTPOMHOTO KOJTH-
YecTBa JAHHBIX MO3BOJISICT UCIOIB30BaTh COBPEMEHHBIC
TexHOnoruu. CKOPOCTH ABIKCHUSI, TOCTYIIHBIC B HACTOSIICE
BpeMsl, 3HAUUTEIBHO IPEBOCXO/IAT CIIOCOOHOCTH YeIoBeUe-
CKOM peakiuu. EcTecTBeHHBIM 00pa3oM poiib YeIOBEKA B
cucTeMax cOopa TaKoro KOJHYECTBA TAHHBIX MOCTEICHHO
yMeHbIaeTcs. Bee Gonbiie mHGOpMAIK 0 peanbHOM
MHpPE COOMPAIOT CEHCOPBI, THATHOCTUYCCKHE KOMIUICKCHI,
TMOSIBJISFOTCS TEXHOJIOTHH B3aUMOICHCTBHUS HCKYCCTBEHHBIX
00BEKTOB MKy COOOM Oe3 yuacTHs YeIOBeKa.

Bonbiioe KOIMYecTBO HAKOTUICHHOM, a TaBHOE, eXe-
JIHEBHO TOIy4aeMoil HH(OPMAIIK HE MOXKET HE H3MCHHUTh
Hallle OTHOIIICHUE K Heil. [{is obecneuenns 6e30macHOCTH U
HAJIOKHOCTH MEPEBO30YHBIX MTPOLIECCOB TPEOYETCs peliaTh
3aj[a4d TIPOTHO3UPOBAHUS PUCKOB, aBTOMATH3AIUHU MPH-
HsTUs peureHuii. To ecTh, Takue 3a71a4d, KOTOPBIC paHee
CUUTAJINCH IPEPOraTUBOil yenoBeka. Teneps yxe OosbIias
YaCTh ATUX 3a/1a4 TIepepacipeesieTCss Ha KOMIBIOTEPHYIO
00paboTKy.

CTpyKTypHpOBaHHBIC 1 HECTPYKTYPHUPOBAHHBIC TAHHBIC
OI'POMHBIX 00BEMOB M 3HAUUTEIEHOTO MHOT000pasus, d¢d-
(bexTiBHO 06pabaTsiBaeMbIe TPOrPAMMHBIME CPEICTBAMH,
MPUHATO Ha3biBaTh Big Data. Dta TeXHONOTHS XpaHCHHS
1 00paboTKH «OONBIINX AaHHBIX)» ATbTCPHATHBHA TPaIi-
[HOHHBIM TEXHOJOTUSAM yMpaBicHUs 0a3aMu JaHHBIX. B
KaueCTBE OMPECIAIOIINX XapaKTePUCTHK LIS OOBIIIX
JIAHHBIX TPAUIIOHHO BBIJCISAIOT «TPH V»: 00beM (aHTII.
volume, B cMbICIie BeJTMYHHBI (pr3nUecKkoro oobema), CKo-
pocTb (velocity B cMbICIax Kak CKOPOCTH MPHPOCTA, TaK
U HEOOXOIMMOCTH BBICOKOCKOPOCTHOW OOpaOOTKH M I10-
Jy4eHHUS Pe3yabTaToB), MHOroOOpasue (variety, B CMbICIe
BO3MOKHOCTH OJIHOBPEMEHHOI 00pabOTKH pasiuvHbBIX
THIIOB CTPYKTYPUPOBAHHBIX M MOJYCTPYKTYPHPOBAHHBIX
JIAHHBIX) B JAbHEHIIIEM BO3HUKIIH Pa3HYHbIC BapHAIMN
W MHTEPIPETAINH ITUX MTPU3HAKOB.

He Bce coOpaHHBIC TaHHBIC MOTYT OBITh MOJE3HBIMH,
MO3TOMY CETOAHS MBI TOBOPHM 00 HHTEIICKTYalbHOM
MOJIXO/IC K aHAIN3Y JaHHBIX, KOTOPbI MPUHATO HA3bIBATh
Data Mining — coOuparenbHOe Ha3BaHKE, UCIIOIB3YEMOE
JU1si 0003HAYCHUSI COBOKYIMHOCTH METO/IOB OOHAPYKEHHS
B JJAHHBIX PaHee HEU3BECTHBIX, HETPUBUAIBHBIX, IIPAKTH-
YECKHU TOJE3HBIX U JOCTYMHBIX MHTEPIPETAIIMN 3HAHHI,
HEOOXOIUMBIX IS TMPUHATHS PEUICHUH B Pa3IHYHBIX
chepax venoBeyeckoi aeaTenbHOCTH. OCHOBY METO/IOB
Data Mining cocTaBIsItOT BCEBO3MOXKHBIE METO/IbI KIIACCH-
(buKaIMu, MOJICTUPOBAHHUS U TPOTHO3UPOBAHHSI, OCHOBAH-
HbIC HA MPUMCHCHHH JICPEBbEB PEIICHMUIT, HCKYCCTBCHHBIX
HEUPOHHBIX CEeTEeH, FTeHETHUCCKUX AITOPUTMOB, 3BOJOIH-
OHHOTO TPOTPAMMHUPOBAHHUSI, ACCOIIMATHBHOMN MaMSTH, He-
yetkoit moruku. K Mmerogam Data Mining Hepeako OTHOCST
cmamucmuyeckue Memoosl (IeCKpUNTUBHBIA aHAIU3,

48

KOPPEJSIIIMOHHBIN U PErpEeCCHOHHBIN aHau3, (aKTOPHBIN
aHaJIM3, AMCIIEPCUOHHBIIN aHAJIN3, KOMIIOHEHTHBIN aHaJIN3,
JIMCKPUMUHAHTHBIH aHaIN3, aHaJIN3 BPEMEHHBIX PSII0B, aHa-
JIM3 BEDKMBAEMOCTH, aHAIIU3 CBS3CH ).

JlaHHBIC — HaKalJIMBaeMble, BHOBb IOJy4aeMble, HCTO-
pHUYECKHe SBISIFOTCS] OCHOBOM JUTS TTepexo/ia Ha IU(PPOBYIO
MOJIeNIb YIPABJIEHUS MPOIECCAMU Ha KEJIE3HOJOPOKHOM
TpaHcniopte. B Hactosiee Bpems B xonaunre «PX/I» ara
OCHOBa co3/1aHa. 3a/1a4eii co3aanust HUPPOBOH IIIATHOPMBI
Ha [EHTPAJIbHOM YPOBHE KOPIIOPATHUBHOI'O YIPABJICHHUS
OAO «PX]I» siBisieTcst pa3zBuUTHE U BHEAPEHUE MOJE-
T KOMIUIEKCHOW MH(OpMaTH3alMi HAa OCHOBE CHCTEM
yIpaBiieHNs, O0bETUHEHHBIX B €AMHYIO KOPIIOPATHBHYIO
nnarpopmy YPPAH (EKII YPPAH). DTo coBokym-
HOCTh HOPMAaTHBHO-METO0JIOTHYECKOTO 00eCHeUeHHs 1
MIPOrpaMMHO-aITaPaTHBIX CPEACTB, TPEHA3HAUYCHHBIX JUIs1
yHpaBieHUsl 00beKTaMH HHPPACTPYKTYPBI, MOJBHKHBIM
COCTAaBOM M TEXHOJOTHYECKHUMH IMPOIECCAMH C LEIbIO
00eCIICYCHHsT TapaHTUPOBAHHON OC30IIACHOCTH U HAJICK-
HOCTH NEPEBO30YHOrO mpoiecca B xonnunre PXKJI [5].
Orta cucTeMa yxe IPUMEHSETCSI B XO3SUCTBaX Iy TH, CBSI3H,
B TpaHCIHEPro M MO3BOJISIET NPOBOJUTH ABTOMaTHUECKYIO
OLICHKY PHCKOB CBSI3aHHBIX KaK C OTKa3aMH TEXHHYECKUX
CPEJICTB, TaK U C HAPYIICHUSIMH 0€30MaCHOCTH JIBM)KCHHMS
[6]. HakannmnBaemast B Heil mH(OpManus MO3BOJISIET TO-
BOPHTH O PEAIbHOCTH ITOCTPOCHHUS €€ M CBS3aHHBIX C HEel
cucrem KACAHT, AC Pb, KACAT, KACKOP, EK ACY U
U T. 1. Ha OCHOBe TexHostoruu Big Data. [Ipu aTom oanH u3
HanOoJsee MpoOIEMHBIX BOIPOCOB — 3TO CTPYKTYPHUPOBAaHHE
JIAaHHBIX. BOJIBIIIOE KOJTMYECTBO HECTPYKTYPUPOBAHHON NH-
(hopmaruu — 3TO XapakTepHasi 0COOEHHOCTb COBPEMEHHBIX
MHOro¢pyHKIHOHAIBHBIX AC. [To TaHHBIM MEKTyHapOTHBIX
ayautopoB uH(OpMaIMOHHBIX cucteM [7] mo 90% momy-
yaeMoil MH(OpMalNU SBISIETCS HECTPYKTYPHPOBAHHOM.
[Tostomy nepexon Ha TexHonoruto Big Data Heobxomnumo
OCYIIECTBIATh Ha HayuyHOU ocHoBe Data Science. Ilpu
MOCTPOCHUU MOJENICH MHTeNIEKTyaIbHOTO aHa/In3a JaH-
HbIX 710 80% BpeMeHM BCEro MpoeKTa TpaTuTcs Ha 00-
paboOTKy MepBOHaYANIBHBIX JIAHHBIX, Pa3padOTKy Mojeien
UCCIIeI0BaHN, aHann3 6a30BOi CTATHCTHKH, pa3paboTKu
MOJICIICH peryJsIpHBIX pacyeToB. s 3TOro HeoOXOAUMBI
MEHEeJ[KEpHl, CTaBsIINE CTPATETHYESCKUE IIeJIN aHaIIn3a,
WH)KEHEpHI, OHUMaroIe OW3HeC, yueHble, pa3padarhl-
BalOIIME MaTeMaTudeckue Mozaenu. Y Toapko mociue Toro,
KaK MHTEIJIEKTYallbHast MOJIeIIb aHAJIN3a JIaHHBIX OyJIeT 1o-
cTpoeHa (BKIIIOUasi B3aUMOCBSI3H MEK/1y BCEMH CUCTEMaMH,
y4acTHUKaMH, (pakTopamMu) HACTyIaeT BpeMsl TEXHOJIOTHIA
Big Data 1 mporpaMMHBIX pELIeHHH.

B cBs131 ¢ 04€BUIHOCTBIO 3aTpaT Ha MOCTPOSHKE NP PO-
BOM CHCTEMBI YIIPaBJICHUsI 0€30ITaCHOCTBIO M HAJIEKHOCTBIO
JIBIDKCHUSI BO3HHKAET BOIIPOC I1E1eCO00PasHOCTH MPUIIO-
JKCHUSI TAKMX YCWIIMI. AHAQJIN3 OIbITA MOCTPOCHUSI TAKUX
CUCTEM ISl IPOMBIIUICHHBIX MPEANPHUSITAN MOKa3bIBaET
3 PeKTUBHOCTh NMOAOOHBIX padoT. Tak, MPOEKT «KOTHH-
TUBHBIN Teosior ['aznpom» [8] Mo3BONKI COKPAaTUTh BpeMs
Ha pa3pabOTKH NPOEKTa ¢ 2 JIeT 10 2 MecseB. Takxke aToT
MPOEKT nmokaszai, 4to 30% UCXOAHBIX TaHHBIX, UCTIOJIb30BaH-
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HBIX paHHee, He ObLIM moJie3HbIMU. Ha jkene3Ho1opokHOM
tpancnopte llIBennu texnonorus Big Data nmpumensiercs
JUISL YIIPABJICHHS JIMHEWHBIMHM aKTHBAaMH, B YaCTHOCTH TSI
TIPUHSTHS PELICHHS O TEXHUYECKOM 00CITyKUBaHUU HH(ppa-
CTPYKTYPBI U MOIBUKHOTO cocTasa [9].

MHoro¢gakTopHbIi aHaNN3 PUCKOB
0e30nacHOCTU ABUXEHUN

B ocHoBe ynpaBiieHHs1 OOJIBIIMMHI JTaHHBIMH JIEXKHT I10-
HUMaHHe On3Heca. [IpUMEHNTEIBHO K KEIe3HOT0POKHOMY
TPAHCIIOPTY 3TO O3HAYACT IIOHUMaHHUE ITPOIIECCOB odectie-
YeHUs1 0€30MaCHOCTH U HaJIeKHOCTH IIEPEBO30YHOTO ITPO-
necca. B macrosmee Bpems B xongunre «PX» neiictByet
85 HOpPMAaTHBHO-METOANYECKUX JOKYMEHTOB B 00JIaCTH
0e301acHOCTH JIBIOKEHMS 1 HaJeskHOCTH. C nomortnbsio AC
OLIEHMBAETCsl OE30MaCHOCTh M HAJE)KHOCTH AIIEMEHTOB,
HKEJIE3HOJOPOXKHBIX CUCTEM M TEXHOJIOTMYECKUX MTPOLIECCOB.
3710 Hacrosee. B Oymyiem oxxuniaercsi, 4To COBpEMEHHBIE
TEXHOJIOTUM MMHUTALMOHHOTO MOJEIMPOBAHUS, IPOTHO3a
PHUCKOB MO3BOJISIT OCYIIECTBISITH MOHUTOPUHT HEIOMYCTH-
MBIX COCTOSIHUH, YIIPaBJISITh aKTHBAMH Ha OCHOBE TIPHHIIH-
nma ALARP [10, 11], Bctpouts QyHKIMH Oe30MacHOCTH B
TEXHOJOIMUYECKHUE Npolecchl. [IepBbIM 1aromM ABUKEHUS B
Takoe Oyayiee sBIsieTcs: pa3paboTka CTPYKTYPHOU CXEMBbI
YIIPaBJICHUsI PUCKaMH B 00J1aCTH O€3011aCHOCTH JABHIKECHHUSL.
Ora cxema JIOJKHA BKIIFOYATh B CEOS Memoouxu OoyeHKu
puckog 0e30IaCHOCTH JBIKEHUS (C y4eToM BbIOOpa Mep
CHIDKCHHUSI BO3/ICHCTBHS (DAKTOPOB PHCKOB M CLIEHApUEB
YIPEKIAIONINX BO3ICUCTBH), MemoOuKu GaxkmopHozo
ananuza (B3aMMO3aBHCUMOCTH MEXIy (DakTopaMu M pH-
CKaMu), peecmpul UCHOUHUKOS UHGOpMayuu 0 COCTOSTHAN
(bakxTopoB, peecmpul hakmopos, 00yCIOBINBAOIIIX PUCKH,
peecmpbl puckog X03HUCTB, peecmp 00U eKopnopamueHsIxX
puckog xomauara «PX» 1 ux kaccupUKaoOHHBIX TIPH-
3HAKOB.

HecoMHeHHBIM IPEeUMyIIECTBOM COBPEMEHHBIX UHTE-
JIEKTyaJIbHBIX MAITMHHBIX METO/IOB MEpeJl KIIACCHYECKUMHU
METOaMH, SIBJISIETCS BO3MOXKHOCTH pabOTaTh ¢ MHOTO-
MEpPHBIMH JIaHHBIMH, TO €CTh, PACCMaTpPHUBaTh OOBEKT C
YUETOM BCEX BO3MOXKHBIX IIPH3HAKOB U (hakTOpoB. MeTo b
MI03BOJIAIOT YCTaHABIUBATh B3aUMOCBSI3U IOKa3aTesell B
MHOTOMEPHOM INPOCTPAHCTBE, YTO JJIs 4elIOBeKa KpaiiHe
3aTPYHUTEIBHO C TOUKH 3PEHUSI BPEMEHHBIX PECYpPCOB.
MamuHHbIe (KaK TpaBUIO, WHTEUICKTYyalIbHbIE) METO/bI
MIPAaKTHYECKN UCKITIOYAIOT BEPOSITHOCTD JIOMYIIECHHS OLTHO-
KU [IPU pacuere.

Ha pucynke 2 noka3ana uepapxuueckas ILeCTHypPOBHE-
Basi CTPYKTypa BIMsHHS (PAaKTOPOB Ha TAaKOH IOKa3arelslb
KaK CpeJHECYTOYHas MPOU3BOAUTEIBLHOCTH JIOKOMOTHUBA.
Ha nepBoM ypoBHE yUYUTHIBAIOTCSI Takue (akTOpPbI, Kak
CpPEe/IHECYTOUHBIN NpOoOer JIOKOMOTHBA, CPETHUH BeC IO-
e3na. Ha Bropom ypoBHE — yuacTKOBasi CKOPOCTh, 000pOT
JIOKOMOTHBA Ha cTaHIMM U Jp. Ha mectom ypoBHe — Tun
JIOKOMOTHBA, €r0 TEXHUUECKOE COCTOAHUE U T. 1. Bcero
yuutbiBaeTcs 6onee 50 GpakTopoB, BIMSIONINX HA CPEIHE-
CYTOUHYIO IPOU3BOJUTENBHOCTb JOKOMOTHBA. J[J1s1 pacueTa
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JIOJOKHBI OBITH MPUBEICHBI CTATUCTUYECKHE JAHHBIC IO
KoMy GakTopy. 3aTeM ¢ MOMOIIBIO CTATUCTUYECKUX Me-
TOIOB (haKTOPHOTO aHAJIM3a U AHAJIM3a CBA3EH B COUCTAHUU
¢ apyruMu Metofamu Data Mining, TakuMHM, KaK METOJIBI
MOJIEJIUPOBAHUS U IPOTHO3UPOBAHMSI, MOXKHO BBITIOJIHUTH
MPOAKTUBHOE IMJIAHUPOBAHUE CPEJAHECYTOYHOM MPOU3BO-
JINTENBHOCTH JIOKOMOTHBA.

OcyiecTBieHne MHOTO(aKTOPHOTO aHAIN3a PUCKOB C
HCIIONIB30BAHUEM METOMOB aHaJIM3a OONBINUX JAHHBIX U
MAIIHHHOTO O0yYeHHsI TIO3BOJIUT OCYINECTBISITh THHAMHK-
YECKYIO OIIEHKY PHUCKOB XO3SHCTB, BBISBJISITH aHOMAIHU
B 3HAUEHMSX TOKA3arelici B PeXKUME PEeabHOrO BPEMEHU
U MPEJICKa3bIBaTh BEPOSITHOCTh BOSHUKHOBEHUS OMACHOTO
COOBITHSL.

Mepexopa kK undpposBomn cucreme
ynpassieHns 6e30nacHOCTbIO
ABVXEHUs

B nacrosmee Bpems ¢ yuerom BHepenus EKIT YPPAH
u cesa3anHbIX ¢ Helt cuctem (KACAHT, AC PB, KACAT,
KACKOP, EK ACY U, ACY T u np.) ynpasienue 6e3o1mac-
HOCTBIO JIBMJKEHUSI COCTOUT B TEKYILIEH OLIEHKE U IMpo-
THO3MPOBAaHUM OE30MaCHOCTH M HaJIe)KHOCTH 3JIEMEHTOB
1 yCTPOUCTB KEIE3HOAOPOKHON TEXHUKH (ABTOHOMHO I10
Ka)JIOMY XO3SIHCTBY), OTJICJIEHO CUCTEM (HAIpUMep, apK
JIOKOMOTHBOB, KOHTaKTHasl CETb, MOCTBI U T. 11.), 3aTE€M TEX-
HOJIOTMYECKHX NPOLeccOoB (yIpaBlieHHE IBIKCHUEM, TEX-
HUYECKOE 00CITy)KNBAaHUE M PEMOHT H JIp.). DTH Ollepaliuu
arperupoBaHbl Ha YPOBHE YCTPONCTB, CUCTEM, IPOLIECCOB
U pasJiesieHsl 1Mo Xo3siicTBaM. be3onacHocTh obecneye-
HUSL YCIYTH IO MAcCaXXUPCKUM U IPY30BBIM IEPEBO3KAM
OCHOBBIBAETCS HA PELICHUAX PEBU30PCKOTO ammapara Mo
MOJTYYEHHOW OCT(HAKTYM CTATUCTHYECKON U B pEabHOM
BpeMEHHU MH(POPMAIK OT aBTOMAaTH3UPOBAHHBIX CUCTEM
(pucyHok 3). DTu penieHns BO MHOTOM 3aBUCST OT Yello-
BEYECKOTo (paKTopa, MOCKOJIbKY IMOCTYIAIONINe JaHHbIE B
OOJIBIIIMHCTBE CBOEM HE B3aMMOCBSI3aHBl — HU TOPU30H-
TaJIbHO IO XO3SICTBaM, HU BEPTHKAJIBHO MO JIEMEHTaM,
cucremam, mpoueccam. Beaenctsue 3Toro oTCyTCTBYET
oObeMHasl IiesIbHas KapTUHA MO TEKYLIEMY COCTOSHUIO
0e3011acCHOCTH M HAJAEKHOCTH MHPPACTPYKTYpHl U HOA-
BHYKHOTO COCTaBa.

[Nepexon k nn¢poBoii cucTeMe yrpasieHust 0e3011acHO-
CTBIO IBUXKEHUS JOJKEH OCYIIECTBIISATHCS IIyTEM IIOCTPOE-
HUSI MOZIeJIel B3aMMOACHCTBUS (PaKTOPOB OE30MacCHOCTH 1
Ha/Ie)KHOCTH BCEX OOBEKTOB >KEJIC3HOAOPOKHOIO TpaHC-
MOPTa HAa BCEX YPOBHSIX HEpPapXHH, a TaKXkKe BO B3aUMOC-
BSI3U C JIPyTHUMHU (haKTOpaMu, KOTOPHIE HEMOCPEICTBEHHO
HE OTHOCSITCSI K HaJIe’KHOCTH, OIHAKO OKA3bIBAIOT BIUSHUE
Ha 06€30IacCHOCTb IepeBO30YHOTO nporecca. K takum gak-
TOpaM OTHOCSITCS, HallpUMep, KIACC JIMHUU, Y4acTKOBast
CKOPOCTb, BEC I10€3/1a, IIAHOBBIE 1 BHETIJIAHOBBIE OKHA JIs
TEXHUYECKOTO 00CITY)KUBAHHUS U PEMOHTA ITyTH, COCTOSTHHE
Oasytacra, COCTOSIHUE MOCTOB U MHOTHE JIpyrHe (aKkTophl.
BosbImoe konmuuecTBo (pakTopoB M HCKITFOYUTEIILHO OO0JIBIIOE
MHOT000pasue cBs3el Mex 1y HOUMH MOT'YT OBITh (popMatu-
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Pucynok 3 — ITepexon k u)poBoii HHTEIIEKTYaIbHOW CUCTEME YIIPaBIeHHs 0e30IaCHOCTHIO.

30BaHbI K COXPAHEHbI C TOMOIIIbIO YKa3aHHON COBPEMEHHOM
texHosoruu Big Data. DTo 03BOJIUT B pealibHOM MaciuTabe
BPEMEHH OCYIIECTBIATH KOMITJICKCHBIH MOHUTOPHHT HEHO-
IyCTUMBIX COCTOSTHUM M pPUCKOB. B 0CHOBE MOHUTOpHWHIA
CIIEyeT HCIOIB30BaTh pa3padOTaHHYIO B pAMKAaX CUCTEMBI
YPPAH MeTof070THIO YIIPaBICHUS TEXHUUECKUMH, COTIH-
QJIbHBIMU U TEXHOI€HHBIMHU PHCKaMK 00ObEKTOB TPAHCIIOPTA
[12, 13]. DT0 MO3BOIUT C YUIETOM PE3yIBTaTOB KOMIUIEKCHON
OILICEHKH PHUCKOB YIPABIATH TEXHHUYECKUMHU aKTHBAMH XOJ-
nuara «PXX]1» 11 popMupoBaTh TEXHOJIOTMYECKUE MPOIIECCHI
CO BCTPOCHHOH (yHKIHEH Oe30MacHOCTH.

3aknoyeHue

OCHOBHOI1 pe3ynbTaT mepexoza Ha Texnonoruto Big Data
COCTOHT B CO3JaHMH AMHAMUYECKOH MOAEIH YHPaBICHUS
0€301acCHOCTBIO JBMKECHUSI, B UCKIIOUCHNH 3aBUCUMOCTH
CHUCTEMBI YIIPABICHHUS OT HEJOCTATKOB YEIOBEUECKOTO
(hakTopa u, 9TO 0COOCHHO Ba)KHO, B BOZMOKHOCTH CO3/Ia-
Hus B xonauHre «PXK/[» MHTErpupOBaHHON HMHTEIIEKTY-
aNbHOW CHCTEMBI YIPABJICHUS MPOIECCAMU M yCIyraMu
CO BCTPOCHHBIMH (DYHKIIMSIMU OTIEPATHBHOTO YIPABICHUS
6e3omacHOCTRIO ABIKeHUS. Llens nudpoBoit Tparcdop-
Mallli CHCTEMBI YIpaBICHUS 0€30MacCHOCTHIO JBIKCHUS
B xonauare OAO «PX]I» 3akmiogaeTcs B mepexoae Ha
rT00aTBHBIM YPOBEHb B3aMMOICHCTBHS C MPOIIECCAMHU
BCEX IMOJpa3/elIeHuil 0 MHTErpajbHOM OLEHKE pHCKa
BO3MOYKHBIX COOBITHH 1 JOCTHKEHHUIO YCTAHOBIIEHHBIX T10-
kazareneil. [[pakTudeckoe BHEIPEHUE 3TOTO IoAX0aa OyzieT
peanu30BaHO Ha OCHOBE TEXHOJIOTHI OOJBIINX JaHHEIX (Big
Data) 1 nCKyCCTBEHHOTO MHTEIUIEKTA, CHCTEM JMATHOCTH-
KU ¢ HCIoih30BaHueM MHTepHeTa Beteil, nndpoBru3aun
MIPOIIECCOB PON3BOCTBA H PEMOHTA ITOABHKHOTO COCTaBa
1 nHQPACTPYKTYpsl U Jp. ITOroM cTaHeT MHTErpanus
CHCTEMBI YIIPaBICHHUS O€30TT1aCHOCTBHIO IBIKEHNUS C IPOU3-
BOJICTBCHHBIMH TIPOIIECCAMH HA BCEX YPOBHAX YIPABICHUS
xonjauHra «PXKJ» B cooTBeTCTBUU € TpeMsl IPUHLMIIAMU
nudposoro ousHeca: [loanas coznacosannocms, busnec
6 pexcume onaaiin U Ynpaenenue cepgucamu. J{ns GyHK-

[IMOHAJIBHOTO HampaBieHHUs «be3omacHOCTh JBMKEHUS
9TO O3HA4YaeT aHaJH3 aKTyaJbHBIX JAHHBIX O COCTOSHHH
CETH U MOJBIKHOTO COCTaBa, OHJIAH-KOHTPOJIb COCTOSHHS
LIEHHBIX ¥ OTIACHBIX I'PY30B, OCYIIECTBIAEMBI ITyTeM cOopa
MH(OpPMALIUK C JIaTYMKOB, TOTOKOBBIN aHAIM3 AaHHBIX 00
AKTyaJIbHOM TeXHIHYECKOM COCTOSHIHU MOABHKHOTO COCTaBa
1 JIOKOMOTHBOB C OLIEHKOI PHCKOB IKCILTyaTauu, (popMu-
pOBaHUEM OTIEPATUBHBIX NMPEIYNPEKICHNUN U BEIPAOOTKOI
peKOMEeHJaIuii 1o 1ajbHEeHIIeMy HCITOb30BaHUIO U PEMOH-
TaM C MUHUMH3alKel pUCKOB.

B pesynsrare MacmTabHOTO pa3BUTHS M BHEAPEHUS B
xommanuu EjuHoit koprnioparusHoit mardopmer (EKIT) YP-
PAH peanuzyercs moaepxka MpUHATHS yIPABICHUECKIX
pelIeHuit 110 00eCTIeueHNI0 HaIe)KHOCTH U 0€30I1acHOCTH
(YHKIIMOHUPOBAHKST 00EKTOB TPAHCIIOPTA HA OCHOBE OLICH-
KH pUCKOB. Tak, ¢ MOMOIIBIO pa3pad0TaHHOW U BHEAPEHHON
B 2018 . EKIT YPPAH D (momcucrtema «3» X03sCTBa
AEKTPUPUKAIIUHA U DIICKTPOCHAOKEHMS), peaTnu3oBaHa
KoMITIeKCHast pabora 6osee 1 000 mosb3oBateneit. ITpu
9TOM 1O 00bekTaM TpaHCIHEpro BBeneHo Oomee 4,3 MIIH.
KOHTPOJIEHO-OIIEHOYHBIX KapT. B 3TOM e roxy mpoBenieHa
pa3paboTka M BHEIPEHHE B IOCTOSHHYIO SKCILIyaTaIHio
EKII YPPAH C, koTopast MO3BOJISIET B CBSI3€BOM KOMILIIEKCE
OTIePaTUBHO PACCYUTHIBATH KIIIOUEBbIC TOKA3aTETH HATEK-
HOCTH U 0€30TacCHOCTH U OIEHUBAaTh pucku. OyHKINO-
HanpHOe pasputue EKIT YPPAH I B myTeBOM KOMILIEKCE
mo3BoIMII0 HadyuHasg ¢ 2019 I. MOBBICUTH OOBEKTUBHOCTD
OIIEHKH JICATENIFHOCTH CTPYKTYPHBIX ITOIPa3aeICHIH KOM-
IUIeKCa U OOBbEKTUBHOCTH 3aJ]aHUsI HOPMHUPYEMBIX ITOKa3a-
Tesel HaJeKHOCTH. Pa3paboTka 1 BHEIPEHUE B KOMILICKCE
aBTomaruku U Tenemexanuku EKIT YPPAH 111 u B moxomo-
tuBHOM KoMmruiekce EKIT YPPAH T yxe ¢ 2019 1. coznact
HEOOXOMMbIE YCIOBUSI ISl TOBBIMICHUS d(PPEKTUBHOCTH
HUX TEXHHYECKOTO COJASP>KaHHS Ha OCHOBE YIPABICHUS
pecypcaMu U pUCKaMU.

Takum obpaszom, ¢ momorisio EKIT YPPAH 3anoxeHs
OCHOBBI IIU(POBOH TPAHCPOPMAIUK CHCTEMBI YIIPABICHHSI
0€30MacCHOCThIO ABIKEHMS B Xomauare «PYK ]».
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O npupoae pUcCKoOB B ynpasJsieHuu 6e30nacHOCTbIO
CTPYKTYPHO CJI0XKHbIX CUCTEM

AnekcaHgp B. BoukoB, OOO «[a3npom rasHaasop», Poccuiickas Penepaums, Mocksa

AnekcaHap B.
Eoukos

Pesiome. Uenb. B 06Liem ciy4ae pyUCK-OpPUEHTUPOBAaHHbINM 0AX04 OXBaTbiBAET Kak BEpPOSIT-
HOCTHbIE METOAbI MOAEIMPOBAHNS aBapUHbIX MPOLIECCOB 1 COOLITUM, Tak Y AETEPMUHNCTCKUE
metosabl. Yicrnosb30BaHne BEPOSITHOCTHbLIX U AETEPMUHUPOBAHHbBIX OLLEHOK 3aHSI/I0 3HAYUNTEb-
HOEe MEeCTO B MCC/Ie40BaHusIX M0 MOBbILLEHNIO 6e30rMacHOCTY 1 M0 COBEPLUIEHCTBOBAHUIO 9KC-
rnyaraunoHHbix rnpoueayp. OQHako orbIiT UCMOb30BaHUS Cyrybo BepOSITHOCTHOrO aHasim3a
(Mo ¢yt — OAHOKPUTEPUAJIbHOrO MHCTPYMEHTA) rokasasi, 4TO 3TOT 0AX04 OXBarbiBAET He
Bce HeobxoauMble acriektbl obecrnieyeHnss 6e3onacHocTy. Llenb cTatbu — BBECTM orpesaesie-
HUS1 (YTOYHEHUSI) CaMuX MOHSITUM «@HaIN3» U «CUHTE3», MPUMEHUTESIbHO K PUCKaM rpu nc-
c/ienoBaHUY BOMPOCOB obecrieyeHnss 6e30MacHOCTM CTPYKTYPHO CJI0XHbIx cuctem (CCC) mn
MOCTPOEHUN CUCTEM MOHUTOPUHra OrnacHOCTel v yrpo3 ux ycTonymsomy passutvio. MeTtoga,.
B crarbe ¢ no3vumii CUCTEMOJIOrN PaccMaTpPUBaETCss METOAO/IOMNSI aHaam3a v CUHTe3a pu-
CKOB KaK WHCTPYMEHTa CO034aHusi COBPEMEHHbIX CUCTEM MOHUTOPUHra yrpo3 6e30rnacHoCT
QyHKkumoHupoBaHust CCC. NpuBeneHo cpaBHEHNE OCHOBHbIX KOHLENUUIA yrpaBeHus pyuckamm
B CCC, npuHATbIMKW B HACTOsILLIEe BPEMS W rokasaHa HeobXoAuMOCTb UX TBOPYECKOro pas-
Butus. lNpuBeneH Buag QyHKUMOHaMA pUCKa, MNO3BOJISIOLLEro ONMpPeaessaTs peLeHne B 061actv
obecrieyeHus1 6e30MacHOCTU BEJINYMHOM MATemMaTtudeckoro OXuaaHus rnotepb C y4eToM CO-
OTBETCTBYIOLUMX rornpasBok. Peaynbrat. BBeAEHO MNOHSITME «CUHTE3 PUCKOB» Kak eAuHOro C
aHasim30M VHCTPYMEHTA MO3HAHWS], YYUTLIBAIOLLErO CYLLECTBYIOLUNE CBSI3N MEXAY dJ1eMeHTaMu
ncenegyembix CCC ¢ TOYkM 3peHusi BCeri CUcTeMbl kak Lenoro. CoopmMynnpoBaHbl MpUHLM-
bl COCTaB/IEHUS MOJIHOrO Habopa AaHHbIX, HEOOXOAUMbIX A/ MPUHSTUS pelueHuii. BbiBog,.
lMpennoxeHHbIVi noaxon GopmMupyeT NPeanochi/iki K paspaboTke Metoga CUHTE3a PUCKOB U
npeamnonaraeT co3gaHne rnepcrieKTUBHbIX IKCMEePTHO-aHaIMTUYECKMUX CUCTEM MOALAEPXKKU Mpu-
HATUS peLueHunii o 6esonacHocTy CCC kak cucTeM MHOrOQYHKLIMOHAIbHbIX M MHOMOYPOBHEBbIX,
npeaHa3Ha4eHHbIX Kak 4J1s1 pukcaumm v aHaam3a Kaxxgoro KOHKPETHOro csy4asi (CobbiTus), Tak
M A7 NPOrHO3UPOBaHUS TEHAEHUMI U OPMUPOBAHUS NPOPUNAKTUHECKNUX MEePOrpUsSTUA B
c/lyqyae mx HeobxoAnMOCTU.

KnioueBble cnoBa: CTPYKTYPHO-C/IOXHAs CUCTEMA, OOBLEKTbI KDUTUYECKMN BaXHOM MHGPPACTPYK-
TYpbl, PUCK, CUHTE3, aHan3, 6e30MacHOCTb, YrpaB/ieHue.

Ang uutunpoBaHusa: boykos A.B. O npuponae pyUckoB B yrpassieHnumn 6e30rnacHOCTbIO CTPYKTYP-
HO CnoXHbIX cucteM // HapgexHocts. 2019. Ne 4. C. 53-64. https://doi.org/:10.21683/1729-
2646-2019-19-4-53-64

MNocTtynuna 26.08.2019 r. / Mocne popa6otkn 23.10.2019 r. / K neyatn: 14.12.2019 r.
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...bonvuwuncmeo yuenvix pabomnuros
CmpemMaAmes Y3Hams yCmpoucmeo, cocmas
u cooepoicanue ceoezo npedmema, pasnaeasl
e2o Ha yacmu. Onu NeIMAarmcs NOHAMy, Kax
uacmu coeounsiomes 6 yenoe. Mnozoa smo
HanomuHaem dcelanue pazodpamov uacwl,
umobbl NOHAMY, YMO MAKOE 8PEMS...

Axcenoe I'11. [1]

BeBepeHue

Bonpocam ananu3a 1 0LieHKU PUCKOB NOCBAIIEHO MHOTO
padoT, MPUYEM X YUCIIO CTPEMHUTEIILHO PACTET B TIOCIICAHHIE
roziel. PucyHok | HamIssiHO IEMOHCTPUPYET POCT YACTOTHI
TOsIBJICHUS (B KOJIMYECTBE HA | MITH CJIOB B IOJl) B QHIVIOS-
3BIYHBIX ITyOJIMKAIMSX CJI0OBA «PUCK» C MOMEHTA €T0 TIEPBOT0
ynoMuHaHus B 1661 rogy 10 HaCTOSIEro BPEMEHHU.
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Pucynok 1 — Yacrora ynoMuHaHHS CIIOBA «PUCK» [2]

OTyacTH 3TO CBSI3aHO C OOIIEH «MOOID Ha MCCIICIOBAHNUS
B 9TOH 001aCTH, OTYACTH — ATO OTBET HA BHI30BHI BPEMCHH,
KOT/[a CO3JJaHME YeIOBEKOM OOJIBIIIOTO YHCIIa B3AUMHO T1epe-
CEKAIOIINXCSA U YaCTUYHO WHTETPHPOBAHHBIX APYT B ApyTa
CHCTEM Pa3HOTO Ha3HAYCHHUS CYIIECTBEHHO ITOKOJIe0ao 00-
IIyI0 yCTOHYMBOCTH Pa3BUTHSA O0IIECTBA, OPOIIIIO TPYAHO
MIPOTHO3HUPYEMBIE OTIACHOCTH W Yrpo3bl. [losBHIIOCH maxke
LIeTI0e HATIPABJICHHE B CHCTEMHON HHKEHEPUH, 3aHUMAaroIIee-
Csl MEDKEHEpUEH CHCTEM, OTACIbHBIC YaCTH KOTOPHIX MOTYT
CYIIIECTBOBATH ABTOHOMHO, OBLITN Pa3padOTaHbl HE3aBUCUMO
JpYT OT JIpyTa, ¥ TEM CaMbIM IIPEACTABIISIOT COOOI TOITHO-
LIEHHYTO IIEJIEBYI0 CHCTeMY. PHCK 4acTo BBICTYIaeT Kak 0Co-
3HaHHAS YTPO3a, CIEACTBUEM YETO H SABJISIETCS MOBBIIICHHBII
HHTEpeC K HeMy Hccienoparesneil. OmHaKo NX YCHITNS HEpeKo
OYeHb HAITIAHO WLTIOCTpUPYIOT ciioBa I.I1. AkceHoBa, 6mo-
rpada B.W. BepHajckoro, BeIHECEHHBIE B dnUrpad.

B 5T0#i CBSI3M MEPBOCTENICHHYIO aKTyaJbHOCTH MPHOO-
peraet 3amava omnpeneneHus (YTOUHEHH) CaMUX MOHSATHIH
«aHaNM3» ¥ «CHHTE3» MPUMEHUTEIBHO K PUCKaM. AHAIN3 U
CHHTE3 — HE JIBa PA3HBIX ITyTH U CII0c00a TTO3HAHUS, a SBIIS-
FOTCS TPOTHUBOTIOIOKHOCTSIMH OTHOTO ITO3HAIOIIETO CO3HA-
HUS, pa3eIMMbBIMU JTUIIb B abcTpakiuu. A. Kazennos [3],
HaTpuMep, MOKa3bIBACT, YTO OCHOBAHMEM 3TOTO SIMHCTBA
SBTISICTCS WX TIPOUCXOXKICHIE U3 IIPAKTHYECKOTO aHAJI3a 1
13 HCCIIEOBAHIS BOOOIIIE. «. .. pOTOBBIM CIIOBOM IS OTIpe-
JICTICHNS aHAJIN3a, — IIUIIET OH, — IBIISICTCS HE «Pa3/ICIICHIE)
(B TOM YHCIIe — MBICIICHHOE) TIPEJIMETA, & KUCCIICIOBAHKEY.
A cnienuprUeCKUM OTIMYHEM OIIPEICTICHNUS SBISETCS «pa3-
JUYEHUE YaCTeH IIeJI0T0 U UX COOTHOIICHHUS JPYT C IPYyTOM
MTOCPE/ICTBOM 3TOTO I1esioroy». He pacunenenue, a pasimye-
Hue. .. Hy)kHO TONBKO HAWTH MOMEHT TOX/IECTBA «JacTH
U LIEJI0T0, OTHOM YacTu U IPYIUX «4acTei».
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B 10 ke Bpemst OTOXK/IECTBICHNE PA3INYCHHBIX YacTel
JIPYT € JpYroM oObeAMHSET MpeaMeTHl (B JaHHOM cllydae
— YacTW) B HEYTO OJHO, B Ienoe. Ho 310 yxe cuHTtes. A
OIpe/ieIeHUE aHaIN3a CJIeyeT COPMYIIMPOBATh TaK: aHa-
JIN3 €CTh UCCIIEI0BaHNE, pa3INyarollee YacTu MpeaMeTa u
COOTHOCSIIIEE UX C IEJIBIM U JPYT C JIPyrOM IOCPEJICTBOM
aTorO 1enoro. Llenoe B aHanm3ze sBISETCsI HICXOAHBIM, OI10-
CPE/ICTBYIOIIMM BCE JBIDKCHHUE HccienoBanus. YacTtn xe,
Kak MPaBmIIo, BBIACICHBI YK€ JI0 JAHHOTO UCCIIEJOBAHUS —
MPE/INIECTBYIOIUMH MPAKTHYECKHUMHU M TEOPETUUECKUMHU
MCCIIEIOBAaHUSIMU: aHAJITUTHYECKUMU ¥ CHHTETHYECKUMHU T10-
3HAHMSAMH. .. CHHTE3: 3TO UCCIIEA0BAHUE, PaCCMaTPUBAIOIEE
COOTHOIIICHHE PA3JINYCHHBIX YaCTEH MpeMeTa 1 UX 11eJI0T0
MOCPEJICTBOM CYIIHOCTH (CYIIECTBEHHOM YacTH) IIEJIOTO.
HaxoskieHre Takoi CyIIHOCTH WM CYIIECTBEHHOH 4acTu
n ecth (QyHIaMEHTAIbHOE HAyYHOE OTKPBITHE, KOTOpOe
MIPOJIMBAET HOBBIM CBET Ha BCE MPE/IIICCTBYOIINE TIOHSATHS,
BBIpaKaolHe CyIHOCTh npenmera. OHa mepecTpanBaeT
BCIO CUCTEMY IOHSATHH U, COOTBETCTBEHHO, BCIO TEOPHIO».

[Ipu olleHKE PHUCKOB TaKO#M MOJXOJ K UX H3YyYEHUIO
MPEICTABISICTCs] HAnOoIee KOHCTPYKTUBHBIM. OCOOCHHO
Ba)KHO 3TO IPH MCCIEJOBAHUH CUCTEMBI CHCTEM U CBSI3aH-
HOU C HEeH T.H. MPOOIEeMbI KPUTHUYECKOI HH(PACTPYKTYPHI,
4acTo 00CyxkaaeMoil B mocienuue roasl [4-9]. CyTh 310
poOJIeMBI 3aKJIF0YAaETCsl B TOM, YTO ITOYTH BO BCEX BaX-
HEHIIMX CEKTOpaX YKOHOMHUKHU CYIIECTBYIOT CHCTEMBI,
3JIEMEHTBI KOTOPBIX HACTOJIBKO JIAJIEKO Pa3HECEHBI B TIPO-
CTpaHCTBE (WHOT/Ia 3TH CUCTEMBI OTHOCST TaK)Ke K KJIacCy
TEPPUTOPUAITBEHO-PACIIPE/ICIICHHBIX ), YTO YKOHOMHYECKU
MPaKTUYECKH HEBO3MOXKHO IMOJHOCTHIO 3aIUTUTH BCE
00BEKTHI Jja’ke KaKoro-JIMbo OJIHOTO CEKTOpa, HE TOBOPS
yKe 000 BCEX CEKTOpax CHCTeMbI. [JTaBHBIMHU BOIIPOCAMHU
n npobiemoii nuua, npuHuMatomero pemenus (JIIIP) B
obnactu obecriedeHus 6e30MmacHOCTH (QYHKIIMOHUPOBAHHMS
MOAOOHBIX CHCTEM SIBIISIETCSI BOIIPOC OLEHKH YIpO3 U PH-
CKOB, 3HAYMMBIX JJISl CHCTEMBI B II€JIOM M ISl €€ DJIEMEH-
TOB U OTIpeJIeJIEHUE IPUOPUTETHOCTH 3aIUTHI DJIEMEHTOB
U 00BEKTOB KPUTHUYECKOH MH(PACTPYKTYPHI C yUETOM
OTpaHUYEHHBIX, KaK MPaBHJIO, PECYPCOB, NMEIOIINXCS B
€ro pacropsiKeHUH.

[ToMHMO OrpOMHBIX pa3MepOB, MHOTHE CEKTOPA HACTOIb-
KO CIIOKHBI, YTO TEXHOJIIOTHYECKH U SKOHOMUYECKU HEBO3-
MOXKHO TIPEJIBUJICTh, U TIPOCUNUTATh BCE HENPE/BUICHHBIC
MOCIIE/ICTBHS JIIOOOTO MHIMJICHTA, HE3aBUCHMO OT TOTO,
OBUT JIM MHIIN/ICHT BBI3BAH MOCIIEICTBHSAMHE 3JI0HAMEPEHHBIX
JICWCTBUH JIFO/ICH, WITH SIBUJICS CIIC/ICTBUEM IIPHPOJTHBIX Oe/1-
ctBuit. Kak mpaBuio, kpaitHe TpyJaHO Npeacka3arh Nocie/-
CTBHSI MaJIBIX BO3MYILECHUIH B OJHOM YacTH KPUTHYECKOU
nH(ppacTpyKTYphI JUIs IPYTHX ee ydacTkoB. Harpumep, Bce
KOMMYHHKAIMU B ceTh nHTepHeT B OxHOI Adpuke Obun
MOJTHOCTBIO MPEKpAIeHbl BCICICTBUE TaJIeHUs] OaleH-
OJIM3HEIIOB B PE3yNbTaTe TeppopucTruuccKoii araku Ha CIIIA
9 centsi0ps 2001 1., a OTHOCUTEIBHO HE3HAYUTEIIBHBIC HE-
UCIIPABHOCTH B JIEKTPUYECKOH 1osie3HON MomHocTH First
Energy B Oraiio (CILIA) yckopuu OiakayT B aBrycre 2003
roja, 3aTpoHyBIINK 50 MUIITMOHOB YEIOBEK 3a THICSYU
KHJIOMETPOB OT UCTOUHUKA ITpodaemsl [10-12].
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ITo cytu, cymecTBylomas HHPPACTPYKTypa ysa3BHMa
IMPOCTO MMOTOMY, YTO OHA COACPKHUT TaK MHOT'O OY€Hb TECHO
B3aMMOCBA3aHHBIX MCKIAY C060ﬁ KOMITOHCHTOB, 4YTO JJIA
OOJIBIINHCTBA TEXHUYECKUX KOHCYJIBTAHTOB, aHAJIUTUKOB
u JITIP, onpenenstonux MoJUTUKY €€ 0€30MacHOCTH, ITO
CTAHOBUTCS HEpa3pelIMMon 3a1a4ueil.

IloHsiTHE CTPYKTYPHOH CIIOKHOCTH, KaK U IOHSTHE
CHCTEMBI BOOOIIE, 10 CHX MOp HE HAIUIO OJHO3HAYHOTO
ompeneneHus. Bmecte ¢ TeM coBpeMeHHBIE TpeOOBaHUA
K ITIOCTPOCHUIO CHCTEM obecrieueH st 0e30macHOCTH U d(-
(eKTUBHOCTH MX (YHKIIMOHUPOBAHHs ObUIM U OCTAIOTCS
JOCTAaTOYHO BBICOKUMU. Kak CJICACTBUC, BOSHUKAKOT 3a1a41
BBIOOpA MPHOPUTETHBIX OOBEKTOB OCHAILICHHUS M3 UX T'€HEe-
paTbHON COBOKYMHOCTH M ONTUMAJIEHOTO PacIlpeeIeHHs
MMEIOIINXCS B PACIIOPSIKEHUH BIIAAEIIbIIa CUCTEMBI (CO0-
CTBEHHHKA, TOCY/IapCTBa) (PMHAHCOBBIX M MaTepUAIbHBIX
pecypcoB Ha ux 3amury. O MOHATHH ONTHMAIBHOCTH B
MPUIOKCHUH K 3a/1a4yaM CUHTE3a PYCKa MbI ITOTOBOPUM 1103~
ke. [Ipexe Bcero, HEOOXOAMMO Pa3o0PaThCs ¢ TOHATHEM
puckKa, ero oHrosoruei. M3MepsaTb MOKHO TOJIBKO TO, YTO
YETKO OIpeaeNeHo, XoTsd A. DUHIITEHH yTBEpXkaall, 4To
«MHp TIOHATHE HE KONWYECTBEHHOE, a KaUeCTBCHHOECY.

Joou uzbasunucs 6l OM NOLOBUHBL COUX
Henpusmuocmei, eciu Obl 002080PUIUCH O
3HAYEHUU CT08...

Pene /lexapm

1. O npupopae pucka v nogxoaax
K obecneyeHuio 6e30nacHoOCTHU

Puck — 310 noHsATHE, BO3HUKAIOILIEE HA CTHIKE MOHATUN
HaJe)KHOCTH U Oe3omacHocTH. Cama mo cebe TexXHHUKa,
IMPOU3BOACTBCHHBIC CUCTEMbI HEC PHUCKYIOT. PI/ICKyeT BCeraa
yenoBek. HaiexHOCTh — CBOMCTBO TEXHUYECKOTO 00bEKTa
0e30TKa3HO (DYHKLIIMOHUPOBaTh HenpepbIBHO co 100% ypoB-
HeM 3¢ dexrrBrOCTH. [IpH aHANM3E HANCKHOCTH TIABHBIN
KPUTEPUM — KPUTEPUI OTKA3a, KOTOPBII IEJIUT BCE HA «OA»
(paboToCrocoOHOE COCTOSIHUE) U «HET» (HepaboTOCHOCo0-
HOE cocTostHue). Haie)KHOCTh 3aBHCHUT, €CJIH MOYKHO TaK BbI-
Pa3uThCs, OT BHYTPEHHHUX CBOWCTB M XapaKTEPUCTHK 00BbEKTa
(ka4uecTBa M3rOTOBJICHHS, €0 HApPAOOTKU HA OTKa3, TEXHO-
JIOTUYECKHUX OCOOEHHOCTEH, TPEOOBAHMHN K AKCILTyaTalluy 1
T.IL.). be3omacHoCTh — CBOMCTBO TOTO JK¢ 00BEKTA BBIMOIHSAThH
cBou (yHKIMK Oe3 HAHECCHHUs yIepOa 00CITyKHUBAIOIIEMY
MIEPCOHAITY, OKpY KarollleH cpezie v np. be3onacHoCTh 3aBUCHT
YK€ OT CBOMCTB BHENIHHX (OKpY»Karomasi cpena, yrposbl,
kBanu(ukanus nepconaia). Kpome toro, 6e30macHoCcTs —
9TO OZIHOBPEMEHHO U OIlyIleHue, 1 coctosiHue. CocTosiHue
0€3011aCHOCTH OIIPEIEIISIETCSI PA3BUTUEM COOTBETCTBYIOIIMX
TEXHOJIOTHA, & OIICHUBACTCS C TIOMOIIBI MAaTeMaTHYCCKUX
METOJIOB MOJICJIMPOBAHUS; OHO OCHOBAaHO Ha aHalU3e U
OLICHKE PUCKOB U A(P(hEKTUBHOCTH pa3IMYHBIX MEp, CPEICTB
U MEXaHW3MOB 3amuThl. OrnlynieHre 0e30MacHOCTH — 3TO
MICUXOJIOTMYECKUE PEAKIIMK YEJIOBCKa Ha yrpO3bl U PUCKH,
U TICHXOJIOTHYECKOE YK€ BOCIPHUATHE TOCTATOUHOCTH MEP
3AILUTHI; TO, YTO HA3bIBAECTCSA YPOBHEM IIPUEMIIEMOTO PUCKA

(T.€., OT KaKUX YTrpO3 YEJIOBEK T'OTOB HE 3aIUIIATHCS, KaKHe
yIepObI IS HETO ABMSAIOTCS JOIMyCTUMBIMI). B TOM cMbIcTe,
YTO OLIYyIIEHHE 0€30MaCHOCTH MOXKET CYObEKTHBHO MEHSITh-
s, MOYKHO COTJIACHTHCS C BBICKa3bIBAHNEM aMEPUKaHCKOTO
Kpunrorpada, mucaress U CIeHaIucTa M0 KOMITBIOTEPHOM
6esonacHocT bproca Inaiinepa: «bezonacHOCTh — 3TO
Iporecc, a He pe3ynasrar». Ho 3To coBceM He 03Ha4aeT, 4To
y mporiecca obecrieueHus: 0e30MmacHOCTH HeT 1enu. Llenb
obecreueHst 0e30MacHOCTH — JOCTUTHYTh TAKOTO COCTOSTHHS
3aIUIIIEHHOCTH YeJIOBEKa M OKPYXKAIOIIeH CPesIbl, KOTOpoe
COOTBETCTBYET €T0 CyOBEKTHBHOMY OIIYIICHUIO OITACHOCTH
(T.e., mpUEMIIEMOMY YPOBHIO pUCKa). JIJIsl TOCTHKEHUS DTOI
LIETTH TTPUMEHSIOT T.H. «PUCK-OPUEHTHPOBAHHBIN TTOIXOMI».

Puck mosiBisieTcs Kak OIEHKa OMACHOCTH JJIS 4YeJo-
BEKa, BBIMOJIHAIOMIETO PaboTy C IMOMOIIBIO TEXHUYECKUX
ycTpoicTB. IIockonbKy 1 Ipu pacCMOTPEHNUH HAJIEKHOCTH, U
MPH PACCMOTPEHHUH OE30MaCHOCTH €CTh CKPBIThIE IePEKThI 1
HEOIPEe/ICTICHHOCTH MeCTa M BPeMEH! BOSHIKHOBEHHS OTKAa30B
1 OTIACHOCTEH, PUCK YacTO TPAKTYIOT KaK BIMSIHUE HEOTIpe/ie-
JIEHHOCTEH Ha JOCTH)KCHHE MOCTABICHHBIX YEIOBEKOM-
OTIepaToOpoM IIeNel JiesTenbHOCTH. KOHKpeTHka BO3HUKAET,
KOTJIa pacCMaTPUBACTCSI KOHKPETHBIH MeXaHU3M (0OBEKT,
MIPOMBIIIIIEHHOE MTPEIIPHATHE, KOPIIOPALHS U T.I1.), KOTOPBIH
YeJIOBEK MCIHONB3YET JUIS pean3aliil Hefiel esTeTbHOCTH
B OTIPENICNICHHOI cpesie (KOTopasi, B CBOIO OYepe/ib, XapaKTe-
PH3yeTCsl HATMYUEM yTPo3, TPHUPOIHBIMA OCOOCHHOCTSIMH,
HaJIMYHEM KOHKYPEHTOB, UMEIOIIMX CBOU LIEJTH U T.IT.)

B xuBBIX cucremax, HalpuMmep, HEYCTOMUUBOCTb MC-
MOJIB3YETCS 1IENeCO00pa3HO — ATO O/IHA M3 CAMBIX BAYKHBIX
JIBIDKYIINAX CHJ 3BOJIOIUH. MOXKHO CKa3aTh, YTO BBICOKAs
AN TUBHOCTH JKUBBIX OPTaHMU3MOB SIBISICTCS CIICICTBHEM
HX HEYCTOMYMBOCTHU. 1I3BECTHBIIM CTOPOHHUK «yNpaBIsieMON
HeycroitunBocTi» Hacum Tane6, Takske HEOTHOKPATHO MO~
YepKUBaJ, YTO MHOTOYPOBHEBASI H30BITOYHOCTH — ITIABHOE
CBOMCTBO €CTECTBEHHBIX (JKHBBIX) CHCTEM, YIPABIAIONICE
puckoM [13]. Kak 1 B )KUBBIX CHCTEMaX, HEyCTOHYMBBIE TIPO-
I[ECCHI B CUCTEMaX 00ecTedeHus 6e3011acHOCTH — 3aJI0T UX
AN THBHOCTH K U3MEHSIOMINMCS YIPO3aM U OIACHOCTSAM.

C HEKOTOPOI OTOBOPKOH MOYKHO CKa3aTh, YTO PUCK CITyKHUT
Hawly4dlled Mepo JUIsl KOJTMYECTBEHHOIO OIIMCAHUS Omac-
HOCTH. DTO MOHATHE IIHPOKO UCTIONB3YETCS B COBPEMEHHOM
JIUTEPaType U 4acTo MOAPa3yMeBaeT COBEPIICHHO PA3THIHBIIN
cMbIc. B Hanbonee o01mem cirydae pucK XapakTepu3yeTcs:
BEPOSITHOCTBIO BO3HUKHOBEHHSI HEOJIArOMPHSTHOTO BO3/CH-
CTBUS, BEPOSITHOCTHIO TOTO, YTO BO3HUKACT HEONAronpHsTHOE
BO3JICHCTBIE UMEHHO JTaHHOTO THIIA M BEPOSITHOCTHIO TOTO,
YTO JAHHBIM TUI BO3JIEHCTBUS BBI3BIBACT ONPECICHHYIO
BEJIMYMHY OTKJIOHEHHUH COCTOSTHUS CyOBEKTa BO3ICHCTBHUS OT
€ro JMHAMHYECKOT0 paBHOBecHs. To eCTh, PUCK — BEKTOpHAS
BEJIMYMHA, KOTOPask MOXKET OTMCHIBATh OMACHOCTH Pa3HOIOo
BUJIa U Ky/Ia BCE €r0 3HAYCHHS, IPUBE/ICHHBIC BhIIIE, BXOIAT
COCTaBHBIMU 4acTAMH. Tak Kak OCHOBHBIE BOTPOCHI, 00-
Cy)XaeMble HIKE, TAK WJIM MHAYE CBSI3aHbI C 00ECIIeUeHUEM
6€30MacHOCTH MPOMBIIIIEHHBIX 00BEKTOB, TO TaM, I 3TO
HE OTOBOPEHO 0C000, MOJ TEPMHUHOM «PHUCK» MBI OyaeMm
MTOHUMATh PUCK TEXHOTEHHOTO HJIH, 00JIee KOHKPETHO, MPo-
MBIIIJICHHOTO MTPOUCXOKICHUS.
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[lepBbIM npHOIIMKEHNEM, B BOIIPOCAX, CBS3aHHBIX ¢ 00e-
criedeHreM Oe30IaCHOCTH, Yallle BCETO SIBIISIETCS TpeOoBaHMe
JIOCTIDKEHHS TPEHEOPEKMMO MaJIOTO WITH «HYJIEBOTO» PUCKA,
CBSI3aHHOTO C TOH MJIM MHO¥, KaK IIPaBHJIO, IPON3BOJICTBEHHOHH,
JeTeNbHOCTHIO. [103TOMY cHcTeMBI 6€30acCHOCTH, KOTOPbIE
CO3/1aBAJIMCh 1 UCIOJIb30BAIHCH B POMBIIIUICHHOCTH, Yallle
BCETO SIBIISUIMCH MHYKEHEPHBIMHU PEIICHHUSIMH, HAIIPaBICHHBIMU
Ha BBINOJHEHHS TpeOoBaHMsI aOCONOTHON OE30MaCHOCTH.
OCHOBHO# NPUHIINI, MCIOJIB3YEMBIH JUIs CO3JaHus dTUX
cucteM — T.H. npuHinn ALAPA (As Low As Practicable
Achievable). CornacHo 5TOMy NPUHIAITY, HEOOXOIMMO MOBBI-
11aTh POMBIIIICHHYIO O€30M1aCHOCTb JTIIOOBIMU CPE/ICTBAMU 1
HE3aBHCHMO OT JOCTHTHYTOTO YPOBHSI, €CIIU 3TO TEXHHYECKH
ocytectBuMo. MubiMu crioBami, cornacHo ALAPA Heo6xo-
JIMMO CO3/1aBaTh TEXHMYECKHUE MEpPbI O€3011aCHOCTH, KOTOPbIE
TIpeJIOTBpaliai Obl aBapUIHBIC CHTYallWH, T.€. CBOAWIM Ha
HET caMy BO3MO)KHOCTh BO3HUKHOBEHHSI M Pa3BUTHSI aBapHH.
Yenno)xHeHre TEXHOIOT Ui TPUBEJIO K TOMY, Y4TO YacTO MPOCTO
HEMBICITIMO IPEIYTa/IaTh BCE BO3MOXKHBIE CLICHAPHUH PA3BUTHS
aBapyy U, COOTBETCTBEHHO, IPEyCMOTPETh MHXKEHEPHbIC U
OpraHM3allMOHHbBIC PELICHNS JUIsl UX MPEIOTBPAILCHHs, YTO
JIMIIHAHA pa3 rokaszanu aBapuu B YepHoObute n dykycume.
Bce 910 moTpeboBaio NpUHIMNHAAILHO HOBOTO TOAXOa B
peleHny 3a/1a4 odecrieueHust 6e3oracHocTH. B mocnenHee Tpu
JIECSITHIIETHSI 9TUM BOITPOCaM OBbLIO TIOCBSIIIIEHO 3HAYUTEITEHOE
KOJIMYECTBO PaboT, KOTOPHIE YOSANTEIHLHO MOITBEPIIHIN yKe
CTaBIIIee aKCHOMATUUECKUM YTBEPIKJICHHE O TOM, YTO JJOCTH-
YKEHHE a0COMIOTHOM 0e301aCHOCTH HEBO3MOYKHO.

duiocodus prucka, OCHOBaHHAs Ha KOHLIETIIIMU a0COIIOT-
HO¥1 6€30MacHOCTH, C HEOOXOMMOCTBIO MPUIILIA K KOHISTIITHN
MIPUEMJIEMOr0 pucka. KoHIenus npuemsiaeMoro pucka Io-
TpeboBaa oTkasza ot npuHimna ALAPA 1 npoxoia K HOBOMY
npuniny ALARA (As Low As Reasonable Achievable).
CornacHo ALARA, He0OX0IMMO JIOCTHIKEHHE OTPEIETIEHHOTO
YPOBHsI 0€30M1aCHOCTH, KOTOPBIH JIOJDKEH OMPEAEIISTHCS NCXOIS
13 COIMAIIBHBIX U SKOHOMHYECKHX YCJIOBHI pa3BUTHS 0OI1Ie-
crBa. J{yst aBapuii, pUCK OT KOTOPBIX BBIIIE MPUEMIIEMOTO,
HEOoOXOAMMO HCIIONB30BaTh WHKEHEPHBIC PEIICHUsS ISl UX
TIPEOTBPALLEHNS 1 0CNIa0JIeHHS TOCIISICTBHUH, a 11 TeX aBa-
M, PHCK OT KOTOPBIX MEHbIIIE, TOJILKO MEPbI IO 0CIIa0JICHHIO
TocIeIcTBU. Peanm3aiiyst 5Toro npuHIMIa, HapUMep, Jis
ATOMHOI SHEPTeTUKHN HaIllIa OTPAYKEHUE B COOTBETCTBYIOIINX
MOTOXKEHHSIX 110 obecreueruto Oe3omacuocTh. st CCC Takoke
BBOJIUTCS TTOHSITHE MPHEMIIEMOTO (TIPEEIBHO JIOIyCTHMOTO)
PHCKa KaK PHUCKa, YPOBEHb KOTOPOTO JIOIyCTUM M 0OO0CHOBaH
HCXOJIs1 U3 SKOHOMHYECKHUX U COLIMAIIBHBIX COOOpaKeHHH. XOTs
TIOJTHOIIEHHBIX METO/IMK OTPEJIEIICHHS! IPHEMIIEMOTO PHCKa TSt
OIAaCHBIX POMBINLIEHHBIX 00bekToB CCC 110 HacTOSIIEro Bpe-
MEHH HET, MO)KHO CKa3aThb, YTO B HACTOSIILIEE BPEMsI PEIICHUE
3a/1a4 OE30MaCHOCTH CBOAMTCS K TOMY, YTOOBI HA OCHOBaHHUHN
ONpe/IeNIeHHBIX KPUTEPHUEB OTBETHTD HA BOIIPOC O TOM, KAKUMHU
CPEACTBaMH U JI0 KAKOTO YPOBHS HEOOXOIMMO CHMKATh PHCK
B TOW MJIM MBOM 0OJIACTH MPOU3BOJCTBEHHOM AESTEIBHOCTH,
4TOOBI OE30I1aCHOCTH KaK YEJIOBEKA, TaK U OKPY>KaIOIIEH CPe/Ibl
ObLJ1a ONITUMAIILHOM.

AHanm3 prckKa sBISIETCS] IMHCTBEHHON BO3MOYKHOCTBIO
HCCIIeIOBaTh T€ BONPOCHI 0E30MaCHOCTH, Ha KOTOpBIE HE
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MOXXET OBITh TIOJTy4€H OTBET N3 CTATUCTUKH, KaK, HalpUMeD,
aBapHH C MaJIoi BEPOSITHOCTHIO peaii3aliiy, HO C OOJbIIH-
MU MOTEHIMAIBHBIMU MOCIEACTBUsIMU. KoHeuHo, ananu3
pHICKa He SIBJISETCS peIleHHEM BCeX 3ajady 00ecreyeHus
0€30MacHOCTH, OJIHAKO TOJIBKO HCIIOJIB3YS €T0, MOKHO CpaB-
HUTbH PUCKH OT Pa3IMYHBIX HCTOYHHKOB ONACHOCTH, BhIJIE-
JUTH HauOoJee CyIeCTBEHHbIEC U3 HUX, BEIOpaTh Haubdosee
3 }eKTHBHBIE 1 SKOHOMHYHBIE CUCTEMBI 10 YBEIUUCHHIO
0e3omacHOCTH, pa3paboTarh MEPONPHITHS MO CHUKEHHIO
MOCJIE/ICTBUHN aBapuil U T.11.

B 3apyOexxHOi mevyatu Hapsay C MOHSATHEM «aHallu3
pucka» (Risk Analysis) nnorna mons3ytorcs merogom PRA
(Probabilistic Risk Analysis, BeposiTHOCTHasI OLIEHKa PUCKa),
yrBepkaeHHbIM NRC (Nuclear Regulatory Commission,
Komuccust o sinepHomy peryauposannto CIIA). Tpun-
LUMHAAIEHOTO Pa3JINyuus MEXKLy HUMH HET, XOTSl CUUTACTCS,
yro PRA npenmyIiecTBEHHO HalleJIeH Ha aHaJIn3 aBapuil ¢
HU3KOH BEpOSTHOCTHIO, OjIHAKO rpu nomoinu PRA wacrto
UCCIIEYIOTCSI COOBITHS ¥ C ITUPOKUM CHIEKTPOM BEPOSITHO-
CTH BO3HHKHOBEHHUsI. B 0TeuecTBEeHHOH TUTEpaType Takoro
paszeneHus He CYIIECTBYET.

B Hacrosiiiee BpeMsi mporeypy aHaiu3a pUcKa MOXKHO
YCJIOBHO Pa3JIeUTh Ha JIBE OCHOBHBIE COCTABHBIC YacTH 1 He-
CKOJTBKO IPOMEKYTOUHBIX, Ka)K/1as1 U3 KOTOPBIX XapaKTepu3yeT-
sl CBOMMH NpOOJIEMaMH M MCTIOJB3YET NPUCYIIHE €if METO/IbI
1 MOJICJI: OLICHKA U yIpaBlieHHe. BayKHO MpH 5TOM MOMHUTb,
YTO BOIPOCHI aHAJIM3a PHCKA HEJTb3sl PACCMATPUBATh OT/EIBHO
OT UTPOBOH MOCTAHOBKH. PHCK, Kak TMHAMUYeCKast XapaKTepH-
CTHKA, 3aBUCSIIAs OT BpEMEHH, CPEICTB U MH(OPMALIH, CBEICHA
K «IBYMEPHBIM OLIEHKaM» BEPOSTHOCTH 1 yIiepoa.

3a0bITO, UTO MPE3KJIE BCETO CYIIECTBYET MPUHIMITHAIBHOES
paziau4re MeX,y CTOXaCTHUECKUMH (pakTopaMu, MPUBOJIS-
IIMMU K TPUHSATHIO PELICHHS B YCIIOBUSIX PUCKA, U HEOTIPE/ie-
JICHHBIMH (PaKTOPaMH, PUBOASIIMMU K TPUHSATHIO PELIICHHS
B YCJIOBMSIX HeomnpeaeneHHocTH. U Te, u npyrue npuBoasT
K pa30pocy BO3BMOYKHBIX UCXO/IOB PE3YJIBTATOB YIIPABICHHS.

Ho croxactnueckue (hakTopbl IIOJTHOCTHIO ONHCHIBAIOTCS
M3BECTHOM CTOXacTHYecKoi nHpopmanmei, sta nadopma-
IS M TIO3BOJISIET BHIOPATH Jlydliiee B cpeHeM perenue. Ho
OCHOBHBIE (hOpMyIbI B aHanmu3e pucka (AP) u3BpaiieHsl,
YIPOILICHBI, 3a0bITa UX NMPUHAIICIKHOCTh K TEOPUU UTD.
[TpuunH sTOMy HeckoIbKo. CII0BO PHCK CTAJI0 «MOJIHBIMY, B
UTOTE CIIEIMAIMCThI «yXBaTHUIIUCh 38 TEPMHHY HE TOHMMas,
OTKY/Ia OH ITPOHUCXO/IUT, KAKNE aKCHOMBI B 9TOT TEPMHUH «I10-
JIO)KeHBbI». B UTOre HSKOHOMHCTBI, CTPAXOBIIMKH, HKOJIOTH,
U JIpyTHe MHOTO JIET TUIOMAT JIOXKHBIC HAyYHBIC PE3yJIbTaThl
MCXOJIs1 U3 JIOXKHBIX MU TIPUIAYMaHHBIX orpeseneHunii. ViHo-
712 («IOXKb) Ha «I0XKBY JTACT KHCTUHY») NOJIy4aloT IIPHEM-
nemble pe3ynsrarsl. Ho 910, Kak npaBuilo, KacaeTrcst TOJIBKO
CTaTUYCCKHX Y CTAIIMOHAPHBIX CITy4acB (T7e padoTaeT TeopHst
«HAJISKHOCTU» ), HO HUKAK HE IMHAMHYECKUX cirydaeB. J{ms
psiia IpUIOKEHUH HYXHO ObL10, 4TOOBI (opmyna Obuia
«TIOTIPOLIE», YTOO ee MOHMMAIIM Pa3BUBAIOIINECS] CTPAHBI,
BcTynaronue, HanpuMmep, B MATATD. B utore puck kax
JIMHAMHUYECKasi XapaKTepUCTHKa, 3aBUCSIIas OT BPEMEHH,
cpencTB ¥ nH(OpManuK, CBENach K JBYMEPHBIM CHHUMKaM
(hororpaduii, B KOTOPBIX MPHCYTCTBYET TOJILKO BEPOSITHOCTH



O npupoge pUCKOB B yrpassieHun 6e30MacHOCTbIO CTPYKTYPHO CJIOXHbIX CUCTEM

n yuep0. /leno ObUIO OTIAHO «BOWCKAM IpaskIaHCKOH 000-
ponbD (HpIHE MUC), He MIMEIOIINM TOTJIa COOTBETCTBYIOIIETO
HAy4YHOTO «ITOTEHIHAJIa» U BEICTYTAOIINM KaK «3aKa3ulKK)
HUP. Haubonee BnustenpHbie Munucrepctea (Muncpen-
mami, MuaOOmiemarnr), B 001eM, UMEIU COOCTBECHHBIC
MPEJCTABICHUS O PUCKE, KOTOpBIE B 11€JOM 3HAYUTEIBHO
OTIIMYAJINCH ApYT oT Apyra. Ha ¢popmupoBanme MHEeHMs, 4TO
3aJa4y aHalIM3a PUCKA Pa3pelIMMBbl 3a CUET «CTAaTUCTUKM
HaOJIIOIaeMbIX SIBIICHUH, TIOJIABIISIONIEE BIMSIHUE OKa3ain
3araHble yuensle (TNO w3 Hunepnannos apyrue). Biunsinue
OBUIO HACTOJILKO CHJIBHBIM, YTO B COBPEMEHHOM aHaJIN3e
PHCKOB OBUIH OCTABJICHBI «TEOPHSI TPOYHOCTH» U «TEOPHS
Hajie)kHOCTH». HO OBIIM 3aJaBieHbl HA KOPHIO HCCIIE/IO0-
BaHUSA 10 TEOPUH KUBYUECTH», «TEOPUH FOMEOCTa3UCA»,
aJlanTHBHBIE TEOPHH, BKITIOUAs «TEOPHIO BIOOPA PEILICHUID),
«TEOPHIO MEPCTICKTUBHON aKTUBHOCTHY, KTEOPUIO pedliek-
CHI1», «TEOPUI0 CAMOOPTaHU3YIOIIUXCS CUCTEM.

[TpuMeHuTEeNbHO K HEONpEAeICHHBIM (haKTopaMm 1o00-
Hast ”HpOpMaIHst OTCYTCTBYET. B 0011iem cirydae Heomnpee-
JICHHOCTHh MOYKET OBbITh BbI3BaHa JIMOO MPOTUBOJEHCTBIEM
pa3yMHOTO MPOTUBHUKA (00JEE CIOXKHBIN Ccliydail — CBS-
3aHHBIA ¢ pediekCHsIMHU POTUBHUKA (TEPPOPUCTHYECKAs
yrpo3a)), MO0 HEJOCTATOYHOIN OCBEIOMIICHHOCTBHIO 00
YCJIOBUSIX, B KOTOPBIX OCYIIIECTBIISICTCS BBIOOD PEIICHHMSI.

Br160p perienuii npyu HaTMYUHU HEJIOCTaTOYHOM OCBEIOM-
JICHHOCTH OTHOCHUTEJILHO YCIIOBHIA, B KOTOPBIX OCYIIECTBIIS-
eTcsl BBIOOD, IIPUHSTO HAa3bIBaTh «MI'PaMU C MIPUPOI0H». B
TEPMUHAX «UTPBI C IPUPOAOID 3a/1aua MPUHATHS PEIICHU
MOXXET OBITh COPMYITMpPOBaHa Clieyronmm oopasom. [Tycts
JIMI0, TPUHUMAIOIIEE PEIICHHE, MOKET BBIOpPATh OJMH U3
M BO3MOKHBIX BApUAHTOB CBOUX pemieHuii: X, X, ..., X, 1
ITyCTh OTHOCUTENBLHO YCIIOBHH, B KOTOPBIX OyIyT peain3o-
BaHBI BO3MO)KHBIE BAPUAHTBI, MOXKHO C/Ie1aTh N MPEoo-
xeHuit: ¥, Y,, ..., Y,. OLeHKH Ka)KJ0ro BapuaHTa pelleHus
B KaXabIX ycnoBusix (X, Y), tne m = 1..M, n =1...N,
U3BECTHBI U 3a/laHbl B BUJI€ MaTPUIIbl BBHIMTPLIIIEH JUIIa,
npHUHUMatollero pemenus: A=A(X,, Y,)= | A4, .

[Tpenmnonoxxum BHavae, 4YTo arpruopHas HH(opmarus o
BEPOATHOCTSAX BO3HUKHOBEHHs TOW MM HHOW cUTyanuu Y,
OTCyTCTBYyeT. Teopusi CTaTUCTUYECKUX PEIIeHUH Ipe/iaraet
HECKOJILKO KPUTEPHEB ONTHMAILHOCTH BBIOOpa PEIICHUH.
Br16op Toro mnm MHOrO Kputepusi HeopMaau3yeMm, OH
ocymectrisiercs JIIP cyObeKTHBHO, HCXOISI M3 €TO OIIBITA,
HWHTYUIMU U T.I. PaccMOTpUM 3TH KpUTEpuUu.

Kpurepunii Jlanuaca. ITockonbky BepoITHOCTH BO3HHUK-
HOBEHUSI TOM WM MHOM cUTyanuu Y, HEH3BECTHBI, OyaeM
HUX BCE CUMTATh PABHOBEPOSTHBIMU. Toraa Ais KakIou
CTPOKM MaTpHIIbl BBIMIPHIIIEH MOACUUTHIBAECTCS CpeaHEE
apuMeTHIecKoe 3HaueHUe OleHOK. ONTHMaNIbHOMY pe-
LIEHUIO OYJIET COOTBETCTBOBATH TAKOE PEIICHHE, KOTOPOMY
COOTBETCTBYET MAaKCHUMaJbHOE 3HAUEHHE 3TOTO CPETHETO
apu(METHYECKOTO, T.C.

_ _ ] &
F=F(X,Y)= max NZAW
n=1

Kpurepnii Baabaa. B xaxoii cTpouke MaTpUIlbl BbI-
OMpaeM MUHHMAJIbHYIO OLIeHKY. ONTHMaIbHOMY PEIICHUIO

COOTBETCTBYET TAKOC PCUHICHUEC, KOTOPOMY COOTBETCTBYCT
MaKCHUMYM 3TOT'O MUHUMYyMa, T.€.
F:F(X,Y): max min(A ) .
1<m<M \lsnsN ~ ™
DTOT KpUTEpUit OueHb OCTOpoXkeH. OH OPHUEHTUPOBAH HA
HaUXy/IINE YCIOBUS, TOIBKO CPEIU KOTOPBIX U OTBICKUBACTCS
HaWIy4lINi ¥ TeNepb YKe TapaHTUPOBAHHBIN Pe3ybTar.

Kpurepnii ChBumka. B kax oM cToa01ie MaTpHIlbl Ha-
XOJMTCSI MaKCHMallbHasl OLleHKa 4, = max (Am) U COCTaB-

1smsM
JIsieTCsl HOBasi MaTPHILIA, SJIEMEHThI KOTOPO ONpeesTtoTcs
COOTHOUICHUEM R, = Zﬂ — A, . D10 pa3Mep CoOKaJIeHuUid, 9To
IpH CTpaTeruy Y, clenaH He ONTUMANbHBIA BHIOOD X .

Benuunny R, Ha3bIBatOT pPUCKOM, T10]] KOTOPBIM IOHUMa-
0T Pa3HOCTb MEXTy MAaKCHMaIbHBIM BBIUTPBILIEM, KOTOPbIH
uMeI ObI MECTO, €ciId Obl ObLIO JOCTOBEPHO U3BECTHO, YTO
HACTYTIMT camasi BHITOJIHAS CUTYAIHs ¥, JUTst JTHIIA, TPHHH-
MAIOILET0 PEeILIeHHs, U PeaIbHbIM BEIUTPHILIEM IIPU BEIOOPE
pemenus X, B ycnoBusx V.

OTa HOBas MaTpHIla Ha3bIBACTCs MATpULEH PHCKOB.
Jlanee U3 MaTpUIbl PUCKOB BBIOMPAIOT TAKOE PELICHUE,
IIpU KOTOPOM BEIMYMHA PHCKA MPUHMMAET HauMEHBbIIEe
3HaYeHUe B caMOil HeOlaronpusTHOH cuTyauuu, T.e.
F=F ()?, Y) = min (max (Rmn ))

1Sm<M \1<n<N

CyIIHOCTB 3TOTO KPUTEPHs 3aKJIIOUACTCS B MUHUMM3a-
nun pucka. Kak u kpurepuii Banpaa, kputepuit Casumxa
04eHb 0CTOpOkeH. OHU pa3INyaloTCs Pa3HbIM MOHHMMAaHUEM
XyZlIeH CUTyalluH: B TIEPBOM ClIyyae — 3TO MUHUMAJIbHBIN
BBIUTPBIIL, BO BTOPOM — MAaKCHMaJlbHas IOTEPS BEIUTPBIILA
[0 CPaBHEHHUIO C TEM, Yer0 MOJKHO ObLIO OBl HOCTHYH B
JTAHHBIX yCIOBHSX.

Kpurepunii I'ypBuua. Beoaurcst HekoTopblidi kodhdu-
IIUEHT O, Ha3bIBaeMbIH «K03()(UIMEHTOM ONTUMU3MAY,
0<o<1. B ka0l cTpoKe MaTpHIIbI BEIMTPHINICH HAXOANT-
cA camas Gonbiias OLeHKa Max (4,,) 1 camas maneHbKas
min (4, ) o

1<n<N

OHU YMHOXAIOTCSI COOTBETCTBEHHO Ha oL ¥ (1—a) u 3aTem
BBIYHCIISIETCS. UX cyMMa. ONTUMalIbHOMY pelIeHuto Oyner
COOTBETCTBOBATh TAKOE PEIIEHUE, KOTOPOMY COOTBETCTBYET
MaKCHUMYM 9TOU CyMMBHI, T.€.

F=F(X.1)= o (aximax (4,41~ in (4.}

[pu (0=0) xputepnii I 'ypBuIia TpancHOpMUpYyETCs B KpUTE-
puii Basibia. Oto cimyyait kpaiinero «neccumiiamay. [pu (a=1)
(cityyaii KpalfHEero «oNnTHMH3May) YelIOBEK, TPHMHUMAIOIHI
PpeLLEeHHEe, PACCUUTBIBACT HA TO, YTO €My OyeT COILyTCTBOBATh
camasi OnaronpusitHas cuTyatuu. « Koaddument ontnvmsmar
0L Ha3HaYaeTcsi CyObeKTHBHO, NCXO/ISl U3 OIIBITA, MHTYMIMU U
T.I. Uem Oonee omacHa CUTyalus, TeM 0OJee OCTOPOXNKHBIM
JIOJDKEH OBITH TOAXOM K BHIOOPY PEIICHUSI U TeM MEHBbIIee
3HaueHHE MPUCBANBACTCS KOAQDHUIMEHTY OL.

BaxHo, 4TO K aHAJIN3y PUCKOB 3TOT KPUTEPHI HE HMEET
oTHoIIeHHs. Pa3Be ToNIbKO K CyObEKTHBHOMY BOCIIPHUSITHIO
«CITy4YalHBIX» U «T0OPOBONBHBIX)» PHCKOB.
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Kaxk e cunrtars pucku?

W3 BhIIIECKa3aHHOTO CIIEAYET, YTO OLIEHKA PUCKa BO3-
MOXKHA TOJIBKO NPH HAJWYHMH ajbTepHATUB BbiOOpa. Ecin
CYIIECTBYET BCETO OJINH €IMHCTBEHHBIN BapUaHT BHIOODA,
TO PUCK aBTOMAaTHYECKH PaBEeH HYyIIO U pa3dpoc miare-
JKEH SIBIISICTCS JIMIIb XapaKTePUCTUKOW HEYIpaBisieMOn
MIPUPOJHON cpeabl. Bripouem, Hano 3aMeTUTh, ajbTep-
HaTHBa BCerJa IPUCYTCTBYET B BHJIE OTKa3a MPUHUMATh
pelieHue.

B kaxux-To cirydasix 0TKa3 IpHHUMATh KaKOe-TO PeleHHe
MOYKET J1aBaTh ONTUMYM I10 CTOJIOIaM M TOT/a IOSIBATCS He
HYJICBBIC PUCKHM B BapHaHTax 3a CUET BHIOOpA HENPaBHIIb-
Horo pemienus. Harpumep, BHITOZHO HE UTPaTh B Ka3HHO,
4YeM Urparb, NMPHUAEPKUBAsCh KaKkoi-To crpareruu. Ha-
MIPOTUB, B IIaXMaTax €CTh CMBICII UTPaTh JaXe B cllydyae
€IMHCTBEHHOTO (BBIHYKAEHHOT0) Xona. Hampumep, korna
MIPOTUBHHK OOBSBIISIET «IIAX», 3aKPBITCSI HEUEM, & OTCTY-
TUICHHE BO3MOYKHO TOJIBKO Ha €IMHCTBEHHYIO KIJIETKY — PUCK
TaKOKe HYJICBOH, TOCKOJIBbKY OTKa3 UIPaTh — aBTOMaTHYECKOEe
HOpa)KeHUE. N

Hanuune onieHok BeposiTHOCTEH z p, =111 onucanus

n=1
COCTOSIHUSA IPHPOTHON CPENEl p, = p(Yl), P, = p(Yz), s
Py = p(Y), ) 03BOJISAET OTKA3aTHCS OT BEIOOpA CaMOro HeOuta-
TOIIPUSITHO CITydast IPH NCTIONB30BaHNH KpuTepus CaBUIDKA,
U 3aMncaTh HCKOMOE PEIICHHE B BHIC:

N
F=F(X.7)= min | 3p,x(max(4..)-4.,) |
=
4TO ABJIseTCs OoJee MpaBUIILHOM (hOpMyYITOH.
Ju1s ciryyast, kora Uit 1000 mapsl (X, Y,) IiaTex ompe-
JerseTcs TONBKO pasMepoM notepb A, =B—C, nmMeeM:

F=F(X,Y)= min ipnx(B—Cm”) =
n=1

1<smsM

M
= B+ min 2 xC,
1<m<M P m
n=1
Jus cirydas, Korna ypoBeHb IOTEPh IIPH ONTUMAIBLHOM
BapuaHTe JuiA ycnosui V), Y,, ..., Y, HE 3aBHCHUT OT n U
pasen C, Toraa:

1smsM

F=F(X,Y)= min ian(B_Cw) =
n=1

M

=B-C+ min xC
1<m<M Zl‘p" mn

Tonbko B 3TOM cily4yae peuieHue JeHCTBUTENbEHO Oyaer
ONpPEAENATHCS BEIMUYNHON MaTeMaTHUYeCKOro OXHAAHUS
norepsb. Ho ¢ monpaskoii Ha B u C. Heyuer stux nompasox
COZIEPXKHUTCSI BO MHOXKECTBE paboT. OOBIYHO NPHUHUMAIOT
B u C paBubiMu Hymo. Hanpumep, B 5K0J0THH YiTydIiaTh
«BO3AYX» HMYETO HE CTOUT (HE MPUHOCUT NPHUOBLIN), U
€CJIM HUKTO He 3a0oJes, TO ONTHMaJbHbIN yiiepO mpu-
HuMaeTcs 3a 0.

K tem ke onenxam npusoaut Kpurepuii baiieca:

58

M

F=F(X,Y)=max| Y p, x4, |=

1<Sm<M
n=1

M
=(B=0;C=0)= min ’Z::pn xC,

B nienom, mpo6iema obecriedeHus 6€30MacHOCTH U aHa-
n3a puckoB 00bekToB CCC B yCIOBHSIX U3MEHEHHS COCTaBa
1 MHTEHCUBHOCTH yTPO3 YCTOIUNBOMY PAa3BUTHIO OTPACITH
HE TepseT CBOEH aKTyaJIbHOCTH Ha MPOTSHKCHUH JITUTEIIh-
HOTO BpeMeHH. TpeGoBaHms 6€301MaCHOCTH, YCTaHOBICHHEIC
JU1s1 0OBEKTOB BBICOKOW M CPEIHEN KaTeropHH OMAaCHOCTH,
MTOPOY BBICOKH, ¥ CYIIIECTBEHHO MOBHIIIAIOT BO3ZMOKHOCTH
CcOOCTBEHHHMKOB 00beKTOB. Kak ciaeacTBue, BOSHMKAET BO-
MIPOC PAHXUPOBAHUS OOBEKTOB BHYTPH 33JaHHBIX KaTero-
PUI A1 OTIpe/IeIeHUs OYePEAHOCTH OCHAIICHUS 00BEKTOB
TpeOyeMBIMH CPEeICTBAMH 3AIIUTHL. J[J151 3TOT0 HEOOXOAMMO
3a/1aTh KPUTEPHUl, OTHOCUTEIHHO KOTOPOTO OYJET ompese-
JISTHCS BAXKHOCTB (1, COOTBETCTBEHHO, OPSIIKOBBI HOMED)
TOTO WJTH HHOTO 00OBEKTa B PAH)KUPOBAHHOM IEPEYHE.

Vcrionb3yemMble METONIBI PAHKHPOBAHHS OOBEKTOB OCHO-
BaHBl HA MaTeMaTHYeCKOM MOJEIHPOBAHUH, SKCIEPTHBIX
OLICHKAX, TEOPHH IIPUHATHS PEILICHII 1 HHTEPBATEHOM OIICHHU-
BaHMU. B TOI niii HHOM Mepe OHM YUUTBIBAIOT MHTEPECHI Opra-
HH3aLHH, SKCIUTYaTUPYIOLIUX ATH 00BEKThI, TOCY/IAPCTBEHHBIX
HaJ30pHBIX OPTaHOB, CTPAXOBBIX KOMIaHW. Bmecte ¢ Tem,
MMEIOIINECs Ha CETOMHAIHINA eHb METO/IBI PAHKHPOBAHUA
(HanpuMep, pamXUPOBaHNE OOBEKTOB TIO 3AIIUIIIEHHOCTH OT
UYC Ha xene3HOIOPOKHOM TPAHCIIOPTE, PAaHKUPOBAHHE OObEK-
TOB OTTACHBIX TPOM3BOACTBEHHBIX CHCTEM Ta30paclpeIeICHIs
U JIp.) HE YUUTHIBAIOT OCOOCHHOCTH CTPYKTYPHOI! CBSI3HOCTH
00BEKTOB PAHKUPOBAHUS M BAYKHOCTH PAOOTHI KOHKPETHOTO
00BEKTA JUTsI CMEKHBIX CHCTEM H TIOJICHCTEM.

3amaga pamkupoBanus 00bekToB CCC SBISETCS TUITOBOM
3aa4eil TEOPUH M3MEPEHHs HEKOTOPBIX CIIOKHBIX CHHTE-
THYCCKHUX CBOMCTB 00BEKTOB. DOPMAILHO PEIICHHE 3a1aui
CBOJIUTCSI K TIOCTPOCHUIO HEKOTOPOM (DYHKIMH LEHHOCTH,
TIOJIE3HOCTH, CBS3BIBAIONICH M3MEpPSEMOe CBOMCTBO C Oojee
MIPOCTBIMH M3MEpsieMbIMU B HATYPaJIbHBIX BEIMYMHAX pe-
CYpCHBIMH TOKa3aressiMu ((akropamu). OyHKIMS IEHHOCTH
HCTIONB3YETCS KaK JUIsl PeIeHus 3a/1ad BRIOOpa HEKOTOPOTo
HaWJIy4IIero BaprhaHTa M3 MHOXKECTBA AbTEPHATHUB, TaK H
JUIsl pellieHust 0oJiee KOMITO3UIIMOHHBIX 3aj1ad, TUIIA 33191
dhopmupoBanus OPTQEIs 3aKa30B Ha BBIIOJIHCHUE padOT
NPH OrPaHUYEHHSIX Ha pecypchl (00beMbl (DMHAHCUPOBAHHS
co3maHus Wik Moaudukaiud 00beKToB). DaKTOPHI, Yepes3
KOTOpBIE CTPOSITCSI PaHTH, YacTO M3MEPSIIOTCS HE B KOJIHYe-
CTBEHHBIX, a B Ka9YeCTBEHHBIX IIKaIaX, MOITOMY TpeOyeTcs
HCIIOTE30BAaHNE METOIOB SKCTIEPTHBIX OIIEHOK M 3KCTIEPTHBIX
TEXHOJIOTUM U1l IOCTPOEHUSI 3aBUCUMOCTEN MEKAY I0JIE3-
HOCTBIO ¥ IEPBUYHBIMH PECYPCHBIMH (hakTopamu. B cBsizu ¢
Pa3BUTHEM KOMITBIOTEPHON TEXHUKH TTOSBIIIACH BOSMOYKHOCTb
OLICHMBAHUsI OOBEKTOB, (PAKTOPBI OIIMCAHHSI KOTOPBIX 33/1AK0TCSI
C TIOTPEIIHOCTEIO, 4TO TPeOyeT pa3padoTK Cerr(UIecKoro
anmapara CTaTHCTHIECKOH 00paOOTKM MIEPBUIHBIX TaHHBIX U
HCTIONB30BAaHUS HHCTPYMEHTApUs HedeTKor yoruku. Cyte-
CTBEHHOM 4epTOW pelleHUsl 3a/lad PAHKUPOBAHUS SIBISETCS



O npupoge pUCKOB B yrpassieHun 6e30MacHOCTbIO CTPYKTYPHO CJIOXHbIX CUCTEM

aJIaNTHUBHBIN XapaKTep MPOLEyp NPHHSTHS PEIIeHHH BEIOOpa
OIITHMAJILHBIX BapUAHTOB, MPU KOTOPBIX JUIS MOCTPOCHHMS
OKOHUaTeNIbHO! (hopMyITbl QYHKIIMH PAHKUPOBAHUS TPEOyeTCst
POBE/ICHNE HECKOIBKHUX IIMKJIOB COIIACOBAHMSI OKCIIEPHMEH-
TaJIbHBIX JJAHHBIX U OKCIIEPTHBIX MPEOYTCHUH.

B 1aHHOM KOHTEKCTE OLICHKA PHCKa SIBJISIETCS TEM ATaIoM,
Ha KOTOPOM OTPE/IEIISIIOTCS] HeOIaronpusITHbIE IOCIEACTBHS,
CBSI3aHHBIC C TOW MJIM WHOM TIPOM3BOJICTBEHHON JIESITEITLHO-
cteio. U mpexae HeoOXoauMoO MIICHTH(UIMPOBATh HCTOY-
HUKH OITACHOCTH, YISl YEro HYXKHO OIPEICIUTh TPAHHIIbI
HCCIICyeMO# cucTeMbl. J[pyrumu ciioBaMu, HEOOXOAUMO
3HaTh, KAKUE MCTOYHUKH BKIIIOYATh B PACCMOTpEHUE, a Ka-
KHe HET IPH OIEHKE PHCKa B PErHOHE WIJIM OT KOHKPETHOW
nccienyeMoi cucteMsl. JKeCTKUX MpaBuIl 311ECh HET U OBITh
He MoxeT. OJTHaKo Ha CErOJHSIIHHUI JIeHb CYIIECTBYET PsiJl
pa3paboOTaHHBIX MOJIOKEHUH, KOTOPBIE JIOJKHBI OBITh yUTe-
HBI [TPU UCCIIEI0OBAHNH BONPOCcOB Oe3omacHocty. Hanbomnee
TIOJTHO C(OPMYIMPOBAHHBIEC TOJIOKEHHUS 110 OIPEAEICHHIO
TPaHUI] UCCIEIYEMBIX PETHOHAIBHBIX WM KPYIHBIX IPO-
MBIIUICHHBIX CUCTEM MO)KHO HaWTH B Pa3HBIX HCTOYHUKAX.
MextyHapoHbIe OpraHU3alMd OTMEYAIOT TOT (aKT, 4To
TP OLICHKE PUCKa JJaXKe OT OJHOW KOHKPETHOM TEXHOJIOTHU
B Pa3JIMYHBIX CTpaHaxX B OOJBIIMHCTBE CIy4acB IOIy4YaroT
paznusble 3HaueHus. [Toatomy i obneryenust coopa u
00pabOTKM JAaHHBIX JOJDKEH OBITh IPHHSAT €IUHBIH HabOp
TEPMUHOB U TTOJIOKEHUHN ISl ONIMCAHUS SHEPTeTHYECKUX U
MPOMBIIIIEHHBIX CUCTEM M UX OCHOBHBIX KOMITOHEHT [ 14].

2. 3amey4yaHuns 0 KaTeropmm pucka

OCHOBHBIMU MOMEHTAMU B OLIEHKE PUCKA ABJISAETCS MOA-
poOHOE onMcaHue WCTOYHMKA OIMACHOCTU M ONpelesIcHUE
CBSI3aHHOTO C HUM BO3MOXHOTO ymiep6a. CymiecTByior
pa3nu4HbIe MOJAENU UCTOYHUKOB OMACHOCTH, KOTOPBIE MO-
3BOJISIFOT ONPEJIEITU T BEPOSTHOCTB TOTO MIIM MHOTO PA3BUTHUS
aBapHH 1 ONIPECITUTH COOTBETCTBYIOIYIO MOIITHOCTH BBIOPO-
Cca OMAaCHBIX BEILECTB B OKPYXKAIOLIYIO cpenty. B 3aBucumocTtu
OT TUIIA UCTOYHUKA BBIJEISIIOT TPH KaTErOPUU PUCKA.

OOBIYHBII PUCK CBsI3aH C HOPMAJILHOHM paboToit mpea-
npusiTys. B yciioBus HOpMasibHOM paOOTHI BKIIIOYAIOTCS U
aBapHU C HE3HAUMTEIILHBIM YIIIEPOOM, KOTOPbIE IPOUCXOISAT
JIOBOJIBHO YacTo. DTa KaTeropys pucKa XapakTepusyeTcs Be-
POSITHOCTBIO peaM3allii PaBHOM MM OJIM3KOH K eANHULIE.
B OompmHCTBE CciydaeB OOBIYHBIN PHCK JHOO SBISIETCS
HEOTBHEMJIEMOH YacThIO CaMOI0 MPOU3BOACTBEHHOIO IPO-
necca, au00 Jerko KOHTpoiupyercs. McTouHnkn Takoro
pHCKa OOBIYHO OINHMCHIBAIOTCSI MOIIHOCTBIO BBHIOpOCA MM
YTEUKH B OKPYXKAIOILYIO CPENLy, CB3aHHBIE C HOPMAIbHOM
pabortoii 160 ¢ KaKUM-TO npouciecTBreM. OLeHKa MO
HOCTH BBIOPOCA WIIM YTEUKH JUTsl pAOOTAIOIINX IPEATIPUSTHI
MOXET OBITh ITPOM3BECHA Ha OCHOBAHNH U3MEPEHHI 100
Pe3yIbTaTOB OIBITa PAa0OTHl AHAIOTHYHBIX TPEATPHSTHA.

Jlpyrue 1Be KaTeropuy pucKa CBS3aHbl ¢ aBapUsMU Ha IIPO-
H3BOJICTBE, IPH TPAHCIIOPTUPOBKE WITK XPAHEHUH ONACHBIX Be-
miectB. 1oy aBapuei py 5ToM MOHMUMAETCst COOBITHE C HU3KOH
BEPOSITHOCTBIO OCYLIECTBIIEHUS (HAIIPHMEp, MEHEe OHOIO 3a
BCE BpeMsI JKU3HH MPEIPHUSITHS), HO CO 3HAYUTEILHBIMU WIIN

Jake karactpoduueckumu nocnenctsusiMu. [pu ananmze
aBapHITHBIX CUTYAIMH OOBIYHO PACCMATPUBAIOTCS BO3MOXKHBIC
ClIeHapuH pa3BUTHs aBapuu. [1py 3TOM OIKHEI OBITH YUTEHBI
Takue (aKkTophl, KaK THI WHULUUPYIOLIErO COOBITHS, KOJH-
YeCTBO MMEIOIIETroCsl OMacHOroO BEIecTBa, IPHEKTHBHOCTH
aBapHITHBIX cUCTEeM 0e30MacHOCTH U MHOTHE Jipyrue. OOBIMHO
CYIIECTBYET OOJIBIIIOE YUCIIO BO3MOYKHBIX CLIEHAPUEB PA3BUTHS
aBapHvy 1 MIOITOMY B OLICHKE PHCKA HEOOXOMMO OIPEACIHTh
BECh CIIEKTP BO3MOYKHBIX CIICHAPUEB U UX BEpOSITHOCTH. Be-
JIMYMHBI BEPOATHOCTH MOTYT TIPH 3TOM H3MeHAThest oT 10 10
10™ coGbITuii B roz1. Boree peikue COOBITHS HACTONBKO TPY/IHO
OLICHUTB, YTO CYUTAIOT, YTO OHH IPAKTUYECKH HEBEPOSITHEL.
IepuoamyecKkunii pucK CBS3aH C TEMU aBapUSIMH, KOTOPbIC
JIOBOJIBHO YaCTO OBTOPSIIOTCS, HO BBI3BIBAIOT OTPAHWYCHHBIN
yiep0, Ky/Jia MOTYT BXOJIUTB JIaXKe YEJIOBEUECKHE KEPTBBI. ITO
BOBCE HE 03HAYAET, YTO TaKNE aBapHH SIBJISIOTCSI IUIAHUPYEMBbI-
Mu. OHH, KOHEYHO, HEeKENATENbHBI, U JIs1 TPEIOTBPAILICHHS X
CO3J1AI0TCS M HCTIONB3YIOTCSI CUCTEMBI Oe3onacHoCTH. OJ1HaKO
HECMOTps1 Ha 3TH MEpbI, TAKUE aBapUH MOTYT ITPOUCXOJIUTh,
1 PHCK, CBSI3aHHBIM C HUIMH, UMEET J0BOJIEHO HIMPOKHH JTHa-
T1a30H 3HAYEHUH B 3aBUCHMOCTH OT THUIIA POU3BOICTBEHHON
JesTenbHoCTr. [IprunHOM Taknux aBapuil SIBISETCST OOBIMHO
HapylIEHNE TEXHOJIIOTMUECKOTO MPoLiecca, HEBEPHOE UCTIONb-
30BaHHE 00OPYIOBaHMSI M OIIMOKK repcoHaia. JJist oneHkn
PpHCKa ATOH KaTeropiy 4acToTa aBapuii 1 Ipyryue HeoOXOMMMbIe
rapamMeTphbl OIIEHUBAIOTCSI ITPY TIOMOILH CTaH/IAPTHBIX CTATH-
CTUUYECKUX METOJIOB Ha OCHOBE MMEIOIMXCS JITAHHBIX.
I'umoreTnyeckmii pUCK CBSI3aH C aBapHsIMU, KOTOPBIE, KaK
CUYHTAETCSI, MOTYT IPOUCXOJIUTH C OYCHB MAJIOH BEPOSITHOCTBIO,
HO NPUBOJIUTH K OYEHB OOJIBILIMM NOCIEACTBISAM. 7151 Takoro
KJlacca aBapuii XapaKTepHO OTCYTCTBHE JIMOO HEJIOCTATOYHOE
KOJIMYECTBO CTATHCTHYECKUX JAHHBIX. OJTHAKO U3-3a X OTPOM-
HOTO MOTEHIMAJIBHOTO yIiepOa HEeBO3MOXKHO IPOCTO JK/ATh,
ToKa HabepeTcst JOCTaTOYHbIH NPaKTHUeCcKUi onbIT. [ToaTomy
B 9THUX CIIy4asiX POU3BOAT aHAIN3 TUIIOTETUYECKIX aBapuid
C LIETIBIO OTIPE/ICIICHHSI BEPOSITHOCTH PeajIn3aliiy 9TOH aBapun
U OIIEHKY BO3MOXKHBIX €€ TocieicTBUH. OOBIYHO HETOCTATOK
CTaTUCTUYECKUX JIAHHBIX OTHOCUTCS K TOBEACHUIO KPYITHOW
MIPOMBIIIIEHHONW WJIM SHEPTeTUYECKOW CHCTEMBI B IIEJIOM.
[TosToMy TaKol aHaIW3 MPOBOIUTCS JIMOO MPH TTOMOIIH DKC-
MIEPTHOM OLICHKH, JTNOO METOJIOM «JIEPEBLEB COOBITHIN», I/e
BEPOSITHOCTh IMIIOTETHYECKON aBapHUK MOMKET OBITh MpeJICKa-
3aHa Ha OCHOBE BO3MO)KHBIX HEHUCHPABHOCTEH MIIM OTKa30B
B paboTe OT/EIBHBIX Y3JI0B WIIM MEXaHU3MOB, IO KOTOPHIM
MMEIOTCSI COOTBETCTBYIOIHE CTATHCTUYECKUE JIAHHBIC.
Crenyer MOMHHUTB O TOM, YTO JUUIsl OLICHKH PHUCKa HET
HEOOXOIMMOCTH UCIIOIb30BaTh YPE3MEPHO YCIIOKHEHHBIC
MOJIEIN M3-3a OOJIBIIMX HEONPEIEICHHOCTEH U OCPETHEHHH,
BO3HMKAIOIIUX IpH pacuere. KcTarn, HaXoK/IeHNe BEJNIHUHBI
HEONPE/IeTICHHOCTH ¥ INara3oHa BO3MOKHBIX 3HAYCHUI PHCKa
SIBIISIETCS. €Ille OAHOM COCTaBHOW XapaKTEpUCTUKON pUCKa
BoobOie. Tak, 0 MHEHUIO pa3iIMYHbBIX IKCIIEPTOB, HEOTPE/Ie-
JICHHOCTh B OIIEHKE PHCKa OT aBapuil Ha MPOMBIIUICHHBIX
NPEIIPUSTHSIX MOXET COCTaBJIATh OAMH W JIaXKe JOCTHraTh
JIBYX MOPSIKOB BETMYMHBL. JTO CBSI3aHO C HEAOCTATKOM 0a3bl
3HAHWH 110 IIMPOKOMY KPYT'y TEXHHYECKHX, IKOJIOTHYECKHX 1
COIMAJIBHBIX (haKTOPOB, KOTOPBIE HEOOXOANMO YUUTHIBATH B
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aHaim3e pucka. EcTb nake 3aKiIto4eHns], OCHOBaHHbIC Ha aHa-
JIM3€ TOYHOCTHU 1 HEOTIPEIEIICHHOCTH TIPY OIPEIENICHUH PHCKa,
YTO MOJENIHU NEPEHOCA, MO3BOISIONINE MOTYYUTh 3HAUYCHHE
KOHLIEHTPAIMH ONACHOTO BEILECTBA B UCCIIEyEMOM MECTe C
ToyHocThI0 10% (Makcumym 20%) BIIOJTHE MPUEMIIEMBL.

3. 3ame4yaHuns 0 cuCTeMe MOHUTOPUHra

TakuM 00pa3oM, ycTOWYMBOE (DYHKIMOHHPOBAHUC U Pa3-
Butne o060l CCC 3aBUCUT OT BIMSHUS OOJIBIIOTO YHCIIA
BHEIIHMX M BHYTPEHHUX (DAKTOPOB, B TOM 4HCIIe (haKTOPOB
HETraTMBHOTO BO3/IEHCTBUS. J{yisi MOHUTOPHHIA M OLICHKH 3THX
(haKkTOpOB M TIPUHSATHS PEILCHHI, HAPABICHHBIX Ha CHIDKE-
HMS HETaTHBHBIX TIOCIIEICTBUI MX MPOSIBIICHHS, TIOBCEMECTHO
BHEJIPSIFOTCSL T.H. CHCTEMbI COAJIAaHCUPOBAHHBIX IOKa3aTesen
(Balanced Scorecard), kito4eBbIx nokazaresnei 3 (heKTHBHOCTH
(KIID) (konmuecTBEeHHO XapaKTEepH3YIOMINX (haKTOPbI PUCKOB,
KOTOPBIM ITOJIBEPYKEHA CHCTEMa) M3 YMCIIa KOTOPBIX BEIOMPAIOTCST
crparermdeckue renesble nokasareny (CLIT), komyecTBeHHO
OTpakalollne CTpaTernyeckue Heiu (pyHKIHOHMPOBAHMUS
CHCTEMBI 1 IPEJICTABIIIOIIHE COO0H 0a30BbIE SIKOHOMUYECKHE
1 TIPOU3BOJICTBEHHBIE TIOKA3aTEIIH, KOTOPBIE XapaKTEPH3YIOT
3] heKTUBHOCTH €€ pa3BHUTHS (OITOCPEIOBAHO UX HEIOCTIIKCHUC
XapaKTepH3yeT YPOBEHb CYIIECTBYIOLIMX YIPO3 U CTEIEHb NX
peayM3aly B paccMarpHBaeMblil IIPOMEKYTOK BPEMEHN).

Ha ocHoBe 311X 1okazareseii CTposiTCst CHCTEMbI MOHHTO-
pHHTa yrpo3 ¥ pHCKOB, ITO3BOJISIIOLINE COOMpaTh JaHHBIE 00
M3MEHEHWSIX 1 IIPOBONTH aHAIN3 3PPEKTUBHOCTH (PYHKIIHO-
HHUPOBAHUSI CHCTEMBI TI0 HECKOJIBKUM COTHSIM IOKa3areseil B
OpraHN3aIMOHHOM, ITPOTYKTOBOM, F€0r pa)ueckoM H IPYTUX
paspe3ax Ha CyTOYHOM, KBapTJILHOM M TOJJOBOM T'OPU30HTE
TutaHupoBaHust. CUUTAETCsl, YTO Pe3yNbTaThl aHaJIU3a I10-
3BOJISIFOT OCYIIECTBIISITH «YIPABICHHE IO OTKIOHEHUSIM»,
aKLIEHTHPYsS] BHUMaHHe Ha TPOOJIEMHBIX O0NAcTAX Ka)J0ro
00beKTa yIpaBIICHUS TOCPECTBOM «CBETO(OPHOM HHUKA-
1. OJfHaKo 10 Mepe HAKOIUICHHS JaHHBIX BO3HUKAET IPO-
OreMa MHTEpIPETAIMK CUTHAJIOB 3THX COTEH «CBETO(OPHBIX
MHJMKAaTOpoBY». He 04eBUIHO, YTO CUNTATH «XOPOILIMMY HIIN
«TUTOXMM» CUTHAJIOM B IIEJIOM JJIs1 CHCTEMBI, €CIIH, HallpHMeEp,
TIOJIOBMHA W3 MHJIMKATOPOB «TOPHTY 3€JIEHBIM IIBETOM, a MO-
JIOBHHA «KpacHbIM». Kak KBaJMuIMpoBaTh CUTYALHIO, ECIH
«3EJIEHBIX» NHANKATOPOB HEMHOTO OOJIbIIIE, YEM «KPACHBIX» U
T.1.. HeoueBmHa Taroke CBSI3b aHAIM3UPYEMBIX HHIANKATOPOB C
TokazaressiMu Bbicokoro yposHst (CLITT) u crenenu ux Bimsi-
HWYS1 Ha T0CTYOKeHue 1ieneBbix 3Hauenuit CLITT, yTBepkieHHbIX
PYKOBOJICTBOM KOMITaHMHW. Bo3HHMKaeT Tak Ha3bIBaeMbIi (-
(eKT «OONBIINX TAHHBIX», KOI/Ia aHAJIUTUKH HE YCIIEBAIOT 00-
paboTarh HaKaIUIMBAIOLIYIOCS HH(OPMALIUIO, & CTaHAAPTHEIE
CTaTHCTUYECKUE METOJIbI IPOCTO NEPECTAIOT PaboTaTh.

Kpome Toro, cucremMa MOHMTOPHHIA YIpO3 M PHCKOB,
IIOCTPOCHHAsl Ha OCHOBE aHAIM3a TPEH/IOB M3MEHEHUs
IoKazaresei, He CIoCOOHA MPeICKa3bIBATh KPU3HUCHI U CH-
Tyalllu C HEraTHBHON AMHAMUKOH. Takue coObITHS penkn
1 MIPOTEKAIOT, KaK IPaBMIIO, TIPH PA3IMIHOM IIPOTHO3HOM
¢one, a B ciyyae aHaIM3a PSIOB MCTOPUYECKUX JaHHBIX
PEIKHX COOBITHI UMEIOT MECTO IMCKPETHBIC TMHAMUYECKHE
BEPOSTHOCTHBIE TIPOLIECCHI.
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Lensbto anamza CCC kak 00beKTa MPOrHO3UPOBAHUS B
obnacTy obecrieueHust 6e30MacHOCTH (PYHKIIMOHUPOBAHUS 1
YCTOWYHBOCTH PA3BUTHSI SBISIETCS IIOCTPOCHUE TAKOU TIPO-
THOCTHYECKOW MOJICITH ANHAMUKH CUTYAIINi, BOSHHKAFOIINX
npu ee QYHKIIMOHUPOBAHUH, KOTOPAs TO3BOJIUT C MOMOIIIBIO
BBIYHCITUTENBHBIX SKCIIEPUMEHTOB U TI000pa MPUEMIEMBIX
napaMeTpoB YMEHBIIATh CTEIICHb HEOMPEACICHHOCTH AT
COOBITHI M UX MacITaba, TO €CTh, MONYYaTh MPOTHO3HYIO
nHpopMAaIH0 00 00BEKTE MPOTHOZMPOBAHIS 32 CUCT BhISIBIIC-
HHSI CKPBITBIX 3aKOHOMEPHOCTEH, KOTOPHIC YKA3BIBAIOT JIHOO
Ha M3MCHCHUS COCTOSIHIS 00BEKTa, THOO Ha 3aKOHOMEPHOCTH
W3MCHCHHUII MapaMeTPOB BHEIIHEH Cpe/ibl, CYNISCTBEHHO
BIUSIOIICH Ha ero (YHKIHMOHUPOBaHHE (TaK Ha3bIBACMBIC
3aKOHBI H3MEHYHBOCTH «IIPOTHOZHOTO (hOHAY).

W3-3a AUCKPETHO# MPUPOIBI KPU3UCHBIX CHUTYAIUH HC-
MOJIb30BaHKE ammapaTa aHainu3a JaHHBIX, OCHOBAHHOTO
Ha KJIACCHYCCKHX 3aKOHAX OOJBIINX YHUCEI, HEKOPPEKTHO.
CXOMMOCTb IO BEPOSITHOCTH B PEabHOCTH MPAKTHYCCKU
HUKOTZIa He HAOMIoIaeTCsl, 32 UCKIIIOUCHHEM CTATHCTHKH,
HAKOIUICHHO# B CHCTEMax MaccoBOro oociyxuBanusi. [1a-
HEJIb WHIUKATOPOB, Pean30BaHHas B BUJC «CBETOHOPay,
MOCTPOCHHOTO HA OCHOBE HCIOJIB30BAHUS TUCIICPCHH KaK
OCHOBHOTO TTOKa3aTellsl, MOXKET B TEUCHHE BCETO To/la yKa-
3bIBaTh HA HOPMAIIbHOE COCTOSIHKE, KOT/Id Ha CaMOM JIeNe
CHCTEeMa TIePEXOIUT B 00JIACTh MPEAKPU3UCHBIX 3HAUCHHIA.

Kpowme Toro, npu oduimaipHo JekiapupyemMoit nepap-
XHUYECKOIT CHCTEMeE ToKa3areeil, Kak MpaBuiio, OTCYTCTBYET
OJIHO3HAYHAsS (PYHKIIMOHABHASI CBSI3b U B3AUMHOC BIHSHHUE
noKasaTeneil HIKHEero U BEPXHETO YPOBHSL.

Kak cnenctBue, HeOOXOAUM KOPPEKTHBIA MEPBHYHBIH
AHAIIM3 MHOTOJICTHEH CTATHCTHKH, U yXKE Ha OCHOBE ATOTO
aHaITM3a MOKHO J1aTh 3aKITFOYEHUE — BO3MOYKHA JIM pa3padoTKa
aJICKBaTHOTO MCCIICIyeMOil 3a7aue HHCTPYMEHTA MPOTHO-
3UPOBAHMS U KaKas JIOJIs CIyYallHOCTH AT BOSHHKHOBCHHS
HEONMaronpHUsITHBIX CUTYAIHMI M UX MACIITa00B MOXET OBITH C
€ro TIOMOIIIBI0 yeTpaHeHa. TakKe 04eBUTHO, UTO, MOCKOIBKY
WCTHUHHBIC 3aKOHBI PACTIPE/ICIICHHS AaHATIM3UPYEMBIX CITydaii-
HBIX MPOIIECCOB M, IIABHOE, (hAaKTOPhI MX OMPECISIONINE,
OyIlyT HEeMPEPHIBHO KOPPEKTUPOBATHCS (JIEF00AsI BHICOKOTEXHO-
JIOTUYHAs CUCTEMa, U3MEHSIETCS ObICTpee, YeM HaKAILTHBACTCS
aNICKBATHAsI CTATHCTHKA), HEOOXOMMMO HCTIONB30BaTh KPUTE-
puH, «CBOOOMHBIC OT paclpeieICHHI». B 4acTHOCTH, HaMpH-
Mep, B Ka4eCTBE KPUTCPUEB JOCTHIKCHHUSI TPOrHOCTUYCCKON
LN CIE/TyeT B3STh HE BEIMYMUHBI OTKIOHCHHH MOJICITBHBIX
Y PeabHBIX JIaHHBIX, & KPUTEPUH, HCTIOB3YEMbIC B METOIAX
Kiaccu(UKaIIY 1 pacrio3HaBaHust 00pa3os. Hampumep, B ka-
YECTBE M3MEPEHHUSI TOYHOCTH MPOTHO3a MOXKHO HCIIONB30BATh
BEJIMUYMHBI OIIMOOK MPE/ICKa3aHus IEPBOTO M BTOPOTO POIOB
JUISL Pa3IYHBIX KJIACCOB M THIIOB CHTYAIWi, TPUYEM, €CIIH
YAACTCsI, B 3aBUCHMOCTH OT KJIACCOB (DM3HYECKOr0 00bEKTa 1
B 3aBHCHMOCTH OT 3HAYCHHS [TapaMeTPOB MPOTHO3HOTO (hOHA.
BTopoe 06cTOATENbCTBO O4CHB BaKHO, OCKOJIBKY, HATIPUMED,
HEKOPPEKTHO CKJIA/IbIBATH CTATHCTHKY aBapHIHOCTH pa3iind-
HBIX BPEMEH TO/1a, TAK KaK B PA3IMYHbIC CE30HBI TEXHOIOTH-
YECKHUE MPOIIECChI IPOTEKAIOT MO-PAa3HOMY.

HanexHoe BBIMOTHEHHE CHCTEMOM CBOMX (DYHKIIHIT Xapak-
TEPU3YETCs COXPAaHEHHEM HEKOTOPBIX 3a/ITAaHHBIX XapaKTepH-



O npupoge pUCKOB B yrpassieHun 6e30MacHOCTbIO CTPYKTYPHO CJIOXHbIX CUCTEM

CTUK (OTpaxkaeMbIX B cOOTBeTCTBYrONMX 3HaueHusix CLIT n
KIID) B ycTraHOBNEHHBIX Npezenax. Ha npakTuke noaHOCTbIO
n30eXarh OTKIOHEHUH HEBO3MOYKHO, OJTHAKO HEOOXOANMO
CTPEMUTHCSI K MUHUMM3ALUU OTKJIOHEHUH TEKYIIEro co-
CTOSIHMS OT HEKOTOPOTO 3aJaHHOTO Hjleasia — LNy, 3aJaHHOIA,
HanpuMep, B Buje 3HaueHuit CII1 nepsoro ypoBHs.

Mepa yrpo3sl HeAOCTIKEHUS 3a1aHHbIX 3HaueHui CLITT
NIEPBOTO YPOBHs (II0 CyTH, MBI CHOBAa TOBOPUM O PUCKE), pac-
CMaTpUBAETCS B JAHHOM CJTy4yae Kak IepeMeHHas BelIU41Ha,
TIpeICTaBIISIIONIast COO0H (PYHKIIMIO OTHOCUTEIIBHO TEKYIIIETO
TIOJIO>KEHHMSI CUCTEMBI: OHA YBEJTMYNBACTCS TIPU MTPUOIIHKCHIN
OLICHUBAEMOH CUTyalllH K HEKOTOPOH TOMyCTUMOM rpaHHILe,
MOCJIe TOCTHXKEHUSI KOTOPO cHcTeMa He MOXKET BBITOIHUTh
CBOM 00513aTEJILCTBA M JIOCTHYb COOTBETCTBYIOIINX 331aHHBIX
nenesbix 3HadeHui CLIIT nepBoro ypoBHs.

OO0miasi MaTemMaTnyeckasi IOCTaHOBKa 00CYyKaaeMOn
3aJlauyl: MyCTh 3a1aHO MHOJKECTBO NMPU3HAKOB TeKyIIel CH-
tyanuu X (Hanpumep, Texyiunx 3Hauennii KI13, ¢pakropos
pHCKa U T.I.), MHO)KECTBO JIOITYCTHMBIX peajn3aluii CuTya-
nuit Y (Hanpumep, texyee 3HaueHue CLIIT nepBoro ypoBHs
OoubIiie (MM MEHBIIIE) TPEIBIAYILET0 U T.11.), U CYIIECTBYET
uenesast GpyHkuus y: X—>Y, 3HaueHus kotropoit y= y’(x,)
H3BECTHBI TOJIBKO HA KOHEYHOM MOJMHOXKECTBE 00OBEKTOB
{x,,....x,;} X (Hampumep, COOTBETCTBYIOIIUE TEKyLIEMY
3HaueHuto CLIII nepBoro ypoBHs 3HaueHus KIID). Iapsr
<<O6’beII<T-OTBeT» (x,, ¥;) — mpeuenenTsl. COBOKYITHOCTH Iap

X, = Zx,., ¥, = lcocraBuT oOyuatoryto BEIOOpKy. Tpebyer-
cst HOIBII)I6OpKe X, BOCCTAHOBHTB 3aBUCHMOCTb  , TO €CTb,
MOCTPOUTH pemarnontyto GpyHkuuio 4:X—Y, xoropas npu-
6mkana 661 IeneByro QyHKIMIO ' (X), IPHYEM He TONBKO Ha
00BbeKTax o0yyarolei BLIOOPKH, HO M Ha BCEM MHOXKECTBE
X. IockonbKy 1ipu 3TOM pernatromast GyHKIms A A0JDKHA
Joryckath 3G (QEeKTHBHYI0 KOMIBIOTEPHYIO peaji3alliio,
BO3MOJKHO Ha3bIBaTh €€ TAK)KE aITOPUTMOM.

VYCII0BHO CyIIECTBYET JiBa Kiacca OOBEKTOB, C KOTOPBI-
MU TIPUXOJIUTCS CTAJIKUBATBHCS CIIEIMAINCTaM B o0iacTu
ABTOMATH3aLUK YIPABICHUS: «IPOCTBIE» M «CIOXKHBIEY.
«[IpocTbIMm SBIISIOTCS] OOBEKTHI, TOYHBIC MATEMaTHIECKHE
MOJIETIM KOTOPBIX, HAIIPHUMEp, B BUJIE CUCTEMBI ajreOpau-
YEeCKMX YPaBHEHWH WIJIM MOJEIH JIMHEHHOTO MpOorpaMMH-
pOBaHMs, TPU YUETe BCEX HEOOXOMMBIX KOJINYECTBEHHBIX
(haxTOpOB, BIMSIONINX Ha MOBEACHHE 00BEKTA, IPUTOIHBI
Ut peanusaiu Ha DBM BBIOpaHHOTO KJlacca M BIIOJHE
ajieKBaTHBl 00beKTy. «CIIOKHBIE» OOBEKTHI yIpPaBICHUS
HMEIOT CIIe/TYIOIIHE ITIaBHBIC OTJIMYNTENIBHBIE 0COOCHHOCTH:
HE BCE LIEJIN BBIOOPA YITPABIISIONINX PELICHUH U yCIOBUS,
BIIMSIIOIINE HA ATOT BEIOOP, MOTYT OBITH BHIPaYKEHBI B BUJIE
KOJIMYECTBEHHBIX COOTHOIICHHUH; OTCYTCTBYET, JTMOO SIBIIS-
€TCsl HePUEMIIEMO CIIOXKHBIM, ()OpPMaIN30BaHHOE ONMCAHHE
00BEeKTa YNpaBJICHHs; 3HAUYNTEIbHAS 9acTh HH(OpMAIIH,
HeoOxoauMasi /Ui MareMaTHYeCKOTo ONUCaHUs 00beK-
Ta, CYNIECTBYET B (JOPME MPEACTABICHUI U MOXKCIAHUI
CIELUAIMCTOB-9KCIIEepTOB U T.II. [TocTpoeHne TOYHbBIX Ma-
TEeMaTHYECKUX MOJICITICH «CIIOKHBIX)» 0OBEKTOB, MPUTOTHBIX
JUTSL peajiu3allii U dKCIUTyaTalluy Ha coBpeMeHHbIX OBM,
100 3aTPyAHUTENBHO, JTMOO0 4acTo BOOOIIE HEBO3MOXKHO.

Ho 510 He o3Hauaet, 4TO 3aj1a4a HE MMEET PEIICHMS.
B 001miem ciiyyae BO3MOXHBIX HATIPABJICHUH ITOMCKA MOKET
ObITh j1Ba. [IepBOC — MOMBITATHCS] IPUMCHUTE HETPAIUIU-
OHHBII MAaTEMaTHYCCKHIA aIllapaT JIst TOCTPOCHHSI MOJICITH,
YUHTHIBAIOIICH BCe OCOOCHHOCTUA OOBEKTA U MPHUTOIHOMN
Julsl peanu3anuu. Bropoe — cTpouts He Mojens 00bekTa,
a MOJieJIb yIpaBJIeHUs] 0OBEKTOM (T.€., MOJICIUPYETCS He
caM OOBEKT, a YeJIOBEK-0IepaTop B MPOIecce YIPaBICHHs
o0bexToM). [1o cBOEi CyTH anropuT™ B 3TOM Cilydae CBsi-
3aH C TIOCTPOCHHUEM IOJISI CTPYKTYPBI JaHHBIX H aHAJIA30M
ero 3G ¢GeKTOB, BKIIIOYAS U YTOUHCHHUE CAMOM CTPYKTYPHI.
B 1r00BIX TAaHHBIX OTHOBPEMEHHO MPUCYTCTBYET U MOPSIJIOK,
u Oecniopsinok. [lockonbky uckirouaromee MJIN «moctpo-
UTh» TPYAHO, BO3MOXKHA peau3aliis UACH OCTPOCHHUS
pelanmx npaBui (Jlajiee — peraresib) Ha MOHOTOHHBIX
(GYHKIUSX, 33IaF0MIHX CETEBOM mopsiiok [15, 16].

['eomeTpudecKH it CMBICH peraresis JOCTaTOuHO MPOCT: He00-
XOJIMMO TaK 11o7100paTh MPU3HAKH, COXPaHsisi CBOMCTBA YaCTHOTO
TOPSIJIKA, YTOOBI OOBEKTHI HA TOJIMHOKECTBE IPU3HAKOB pa3ie-
JIAITUCH. DTO — KJIACCHYECKast 33/1a4a TUCKPETHON MaTeMaTHKH O
HaXOXK/ICHHUH JIOTMUECKOH (DYHKIIMK, 1 PEeIaeTCst OHa JIECATKAMU
Pa3IIMYHBIX CIIOCOOOB, B OCHOBE KOTOPBIX JISKHT METOI Pa3Jio-
JKEHUSI JTI000H JIOTMYECcKoH (DyHKIIMHK B CyNEpIIO3UIINIO Ooree
MPOCTBIX (PYHKIMI. METO/IBI PEIICHHUsI ¢ ONTHMH3AIUCH TIPH
BCEX yCIeXax IBPUCTUUCCKON MATEMATHKH, KaK TIPABHIIO, TIPU-
BOJIAIT K OOJIBIIIOMY TIepeOOpy BapHAHTOB, YTO HE TAPAHTUPYET
ONTUMAILHOCTh HAWJICHHBIX pericHui. MeToIbl OCTPOCHUS
ONTUMATBHBIX (COICPIKAIIMX MCHBIIIC ICPEMEHHBIX, FJIU C He-
MEPECCKAFOIIUMHUCS COMHOXKUTCIISIME B JIOTHYCCKUX CyMMaX)
(hopMyIT TS YACTUYHO 33 TAHHBIX JIOTHYECKHUX (DYHKITUIA IMEIOT
AJITOPUTMBI KOMOMHATOPHOM CIIOYKHOCTH C SKCIIOHCHI[HATTBHBIM
POCTOM 3arpar BBIYHCIUTEIBHBIX PECYPCOB OT Pa3MepoB pe-
IIaeMbIX TaOMHII (KaK MO KOJIMYECTBY MEPEMEHHBIX, TaK U I10
KOJTIYECTBY O0YYAFOIIUX OOBCKTOB).

4. MpuHUMNbI COCTaBNEHUNA
NOJIHOro Habopa AaHHbIX

Hcxonst n3 BepOaIbHOTO OIPEEIICHNs] «PHUCKOBAaHHOE
JICHCTBHE — JTO JIEJI0, 3aTeTHHOE Ha y/iady B HaJeXK7e Ha
ycrex», COOCTBEHHO, BBITEKAeT MJICOJIOTHUs OL[CHOK, aHa-
JM3a ¥ YIIpaBJIeHHUs: puckaMu. UTo B JTaHHOM OIIpe/IeICHIN
npucyrctByer? [lepBoe — Hanu4ue, Kak MHHUMYM, ABYX
HCXOJIOB — «YCIICIIHBIIT», Ha KOTOPBIM NMeeTcsl HalexKaa, 1
«HEYCIICIIHBIN», IPH KOTOPOM 3aTESHHOE HE CBEpIIACTCs
WJIN CBEpIIAETCsI B MEHbIIeM Maciutade. B Tex penkux ciy-
Yasix, KOryia IMEeTcsl TOJIBKO J[Ba MCXO/1a, PUCKOBAsI CUTYyaLHs
OIMCHIBACTCS TUIATEKHON Marpuuei (Tadm. 1).

Tabamua 1 — [lnarexxnas marpuua

VYenemsslit Heycnemnsiit
HCXOJ HCXOJL
Brirona
N X, X,
(TutaTesx 3a neicTBHe)
Mepa BO3MOKHOCTH -1
peanu3anum Po P Po
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Henononyuennas Beirona (X,—X,) Ha3bIBaeTCsl, Kak 1pa-
BWJIO, ylIepOoM, a BeJTMYMHA MAaTeMaTHYECKOTO OXKHIaHUs
HEJIOTIOTYYEHHOH NPUOBLIH — PUCKOM R:

R=p,(X,-X)+p, (X, -X)=p (X, - X,). (1)

B ciryuae, koria BO3MOXHA yrpo3a peain3aliii HeyCIien-
HBIX UCXOJIOB C Pa3INYHBIMHU yiiepoamu (X;—X), pHcK uc-
qucIsieTes mo hopmyle:

R=2p, (X~ X,). @)

Dopmyna (2) MoXkeT ObITh KOPPEKTHO IPUMEHMMA JUTSI TEKY-
111eH OIIEHKH PUCKOBOTO JICHCTBHS TOJIBKO B TEX CITyJastX, KOr/a
9TO JICHCTBHE «OOpaTUMOY, TO €CTh, KOIJIa IMEETCsl BO3MOK-
HOCTB ITOBTOPHTB 9TO JIGHCTBUE JOCTATOYHO OOJIBIIIOE YHCIIO Pa3
JUISL TOTO, YTOOBI 00ECTIEYNTh CXOAUMOCTD «IIO BEPOSTHOCTHD).

[pu ananmze cnabo GopMaTM3yeMbIX YIpo3 Takas CH-
Tyanusi He HaOII0aeTcsl.

Bo-niepBbIX, Kak MpaBHIIO, UCCIEIOBATENSIM HIYETO HE
H3BECTHO O BOBMOKHOCTH MJIM HEBO3MOKHOCTH TTOSIBIICHHST
«HOBBIX» CLIEHAPHEB C HEYCIEIIHBIMU HCXOAaMH, KpOMeE
TEX, YTO BHECEHBI B aHAITU3UPYEMYIO TIATEKHYIO MaTPUILY
(tabm. 1). [ToaTomy, XOTs U TOJDKHO BBITIOIHATHCS KJIACCHUC-

N

CKo€ ycloBue | p, + an =1 |, Ho BemuumHEl p (=0, ..., N)

—93TO HE BepOS[THOCTI/In(I;I'Obabﬂi'[y (BEpOSITHOCTB) — allOCTEPH-
OpHBIE BEPOSITHOCTH, MOJICYUTAHHBIEC YaCTOTHI), @ BO3MO)KHO-
ctu (likelihood (paBnomono0¥e) — anprOpHBIC BEPOSITHOCTH,
TIpe/ronaraeMble POIIOPLUY PEATH3AIMH HCXOIO0B).
Bo-BTOpBIX, IPUXOAUTCS CUYUTATh, YTO PA3TIHIHBIX
CIIEHapUeB CIMUIIKOM MHOTO, U KKABIH U3 HUX HMEET
MIPEeHEOPEKUTEIHHO MAIYI0 BEPOSITHOCTh Peasn3allkH.
CoOCTBEHHO, B )KU3HEHHOM IIPOLIECCE PEATTU3YETCS TOJIBKO
OJIVH €/IMHCTBEHHBIN CLIEHAPHH — TOT, KOTOPBIN pean3yeTcs
B peanbHOCTU. [109TOMY HeycHemHble UCXOIbl JOIKHBI
IpyIIHMpOBaThCs B Kiacchl. lepBast mpouemypa mnpu pas-
OMEeHHMHU UCXOJI0B Ha KJIACCHI OCYIIECTBIISIETCS MO IPU3HAKY
9KBUBAJICHTHOCTH yIIepOOB, YTO OISITh-TAKH HEPABUIEHO
C TIO3UIINH KJIACCHYECKO TEOPHU BEPOSITHOCTEH: BEIHYH-
HBI OLICHOK BO3MOXKHOCTEH p (g0, ..., G), r1e uHueKe g
yKa3bIBa€T Ha IPYIIY UCXOJ0B, 3aBUCAT OT CYOBEKTUBHOTO
BOCHPUATHS yiepOa (3Ha4nMMOoCTH yiiep6a). B pesynsrare
AHAJIM3UPYETCs PACIIPEEIICHHE IICEBI0BEPOSITHOCTEI 110
IIKaJIe UCCIIEA0BATENs, @ He T10 IIKajIe TIPUPO/IBI SBICHHSI.
B-TpeTpux, yacto pemnieHre o BCTYIUICHUH B PHCKOBaH-
HOE JIeiCTBHE pealn3yeTcs JIUIIb OAWH pa3, II03TOMY CO-
MHHTEJILHO HCIIOIB30BaTh BEPOSTHOCTHBIE HIMUTAIIMOHHbIE
WHCTPYMEHTHI aHajM3a ThIa Metoga Monre-Kapio.
B-ueTBepThIX, 4aCTO NPUXOAMUTCS PEIIaTh 3a1a4y BEIOOpa
PHUCKOBAaHHOTO JICHCTBUSI U3 MHOXKECTBA aJbTEPHATHBHBIX
BapUaHTOB, YTOOBI MCKIIOYUTH PUCKH HEIPHEMIIEMOTO
ypoBHs1. OrieHouHast QYHKIIHSI, COOTBETCTBYIOIIAs CIIYYal0
HEJIOMYIIeHUs! yIepOa HUKe TEOPETHYECKH BO3ZMOKHOTO,
TIPEAIIOIAraeT, YTO OT ACHCTBUIH, 1JIsl KOTOPBIX CYIIECTBYET
XOTsI ObI OJTUH CIICHAPHIA 71, TPU KOTOPOM yIIepO (X 0 —X ﬁ)
MIPEBBINIACT 33aJaHHBI yPOBEHb, HAJ0 OTKazaThcs. Ore-
HOYHAs (PyHKIIUS, COOTBETCTBYIOIIAs OJIMTHKE «KpalHen

62

OCTOPOXHOCTHY», CTPOUTCS HA OCHOBC MHHHUMAKCHOTO
KpPUTEPHSL.

JInst onleHKM yrpo3 Takoil KpUTepHii, BIpoueMm, Tpya-
HO TIPU3HATH MPHUTOMHBIM JJIs UCIOJIb30BAHMS — PEIKHE
CICHAPHH C OOJBIIUMH yIIepOaMU OTMCHUIH ObI JFO0YI0
JIESITeTBHOCTh KpoMe «Oe3Haka3aHHoWy. [1o3ToMy Ha Tpak-
TUKE TIPUXOJNTCS «CIIAKUBATEY CUTYAIIHIO, YTO JICIACTCS
HECKOJIBKHMU Ty TSIMH.

[lepBeIit — olleHUBATH YIIEPOBl U PUCKHU, 3aHUMAS
«YPaBHOBCILICHHYIO» MO3UIi0. [Ipenmonaraercs, 4To Ha
MPAKTUKE PEATH3YIOTCS BAPUAHTHI MEIKIY TOUKAMU 3PCHHUS
KpaifHero onTuMu3Ma (TOJBKO YCIEX, a JIPYroro He MOKET
OBITh) U KpaliHero neccuMusMa (TPUKIIaIbIBAIOTCS MAKCH-
MAaJIbHBIC YCIJIUS Ha MPENOTBPAICHUE W/UIH CMSATUCHHUEC
y1epOoB OT yrpo3bl, HO BCE PABHO PEATU3YETCsI HAUXY/IILIHHA
13 BOBMOXKHBIX CIIEHAPHEB PEaN3alMi YTIPO3bI).

Brtopoii — yranath U KOppEeKTUPOBATH MPOTOPIUH, B
KOTOPBIX O’KUIAFOTCSI BO3MOXKHBIC PEaM3aliU CIICHAPHECB
YIPO3, ISl ITOTO HEOOXOMMO «IIEPUOIMYCCKIY OIICHUBAThH
TEKYII[EC COCTOSIHUE, TCHICHIIMU U3MCHCHUS U MPOTHO3U-
pyemble cocTosiHuS yrpo3. To ecTh, peub HET O TOCTPOCHUH
aJIalITUBHON CXeMbI KOPPEKTHPOBKH IJIATEKHBIX MATPUII.

DTO paszneneHue KpaiHe BakKHO, TaK Kak pa3juvHbIe
HCTOYHUKHU MH(DOPMAIMHA UMCIOT Pa3InYHYIO CHeHupUKy
BO3/ICHCTBUS HAa OIICHKU PUCKOBAHHBIX JICHCTBHIA.

Tak, HarpuMep, «KOMIICTCHTHBIC HCTOYHUKIDY MOTYT yTOY-
HSITh TEKYILIEE COCTOSIHIC — BILIOTh JI0 BHCCCHHS HOBBIX AJTBTEP-
HATUB peayi3aliii yrpo3 (CToNOOB IUIaTeXXHbIX Marpuir). Ho
OTCIIe)KUBAHKE TMHAMHUKH COCTOSIHHS yTPO3 JUTSl HUX HE SIBIISCT-
Csl OCHOBHBIM BUJIOM JICATEITBHOCTH. HayuHO-TeXHOMOrHIeCcKue
HCTOYHHKHU JIOCTATOYHO YBEPECHHO MOTYT JaTh MPEICIIbHBIC
XapaKTEPUCTUKH MPOTHO3UPYEMBIX BEJIMYMH (CKaXKEeM, JaTh
MPOMBIIIIEHHOTO OCBOEHHUSI TOM WITM MHOW TEXHOJIOTHH).

A BOT OLIEHKM TEHAEHIINH, OLIEHKU CKOPOCTEH HapacTaHUs
WM OCJIa0JIeHUsI yTPO3 MOKHO TOJTy4aTh TOJIBKO ITyTEM aHa-
JIM3a TIOKA3aTelicii BHEIITATHBIX M KPU3UCHBIX CUTYAIIHi.

OCHOBaHHUEM JJIS1 CO3/IaHUS] MOHHUTOPHUHIOBBIX MOJTYJICH
MOTYT CIIy’)KUTh MHOTOYHCJICHHBIC ()aKThl, YKA3bIBAIOIIHIC
HA TO, YTO, IPEeXJe 4YeM CHOPMHUPYETCs yrpo3a OOJIBIIOTO
MaciTaba (Harmpumep, KPYIHOTO 3€MIICTPSICEHUS ), 3TOMY
NPEJIILIECTBYET CEpHsl yTPo3 MEeHbIero Maciirada (yJararo-
IIHECST MEJIKUE TOTYKH).

DKCHEepTHO-aHAIIMTHYECKAsl CUCTEMa JIOJKHA OBITh
MHOTO(YHKITHOHAJILHONH U MHOTOYPOBHEBOI CHUCTEMOI,
MpeHA3HAYCHHON KaK JJisl (PUKCAIMU M aHaIn3a KaKIoro
KOHKPETHOTO City4asi (COOBITHS), TaK ¥ JJIsI IIPOTHO3UPO-
BaHUs TCHICHIMNA U (opMUpoOBaHUS MPOYHUIAKTHUCCKUX
MEPOTIPUSITHH, SCIIH TAKOBBI OKUAarTCs. OXKUIaHUE TeX
CHUTYyaIHH, KOTOPBIC TPEOYIOT ACHCTBHIMA, TUTTMIHO IS CITYKO
noxxapHoi oxpansl, MUC, cKkopoil MEAUIIMHCKOM TOMOIIH.
B ciryuae ke ci1abo popmaanzyeMbIX yrpo3 CTalloHApHOTO
XapakTepa HETaTUBHBIX COOBITHI HET IO OIPEICIICHHUIOY,
MOATOMY 00 3THX Yrpo3aX CHCTEMa Y3HACT U3 KOMITCTEHTHBIX
MCTOYHUKOB, COOOIIAIONIMX 00 ATUX YTP0O3axX B JOTOIHEHHE K
MX OCHOBHOU JIeATENBbHOCTH, 00 u3 CMMU, korna 06 yrpose
TOBOPSIT BCE, KKOMY HE JICHB». MEXIY «KOMIICTCHTHBIMH
HUCTOYHUKAMI» U «obmieaocTynabiMu CMIN» umeercs 1mu-



O npupoge pUCKOB B yrpassieHun 6e30MacHOCTbIO CTPYKTYPHO CJIOXHbIX CUCTEM

POKHIA CLICKTP UCTOYHUKOB MH(POPMAIIMU TUITA «MATCPHAIIBI
BBICTABOK M KOH()CPCHITHID», TyOIMKAIIMU HAYYIHBIX W3TaHUN
Y CIICIMAIICTOB, MECTHAas Ipecca (3aBeoMo Ooee Ou3Kast
K CyOBbCKTaM U 00BhEKTaM yrpo3)  T.II.

Bce ucrounuku nHbpOpMAIu, TAKUM 00pa3oM, BEICTPau-
BAFOTCsI B HEKOTOPYIO IByMEpHYIO Ikaiy. [lepBoe m3mepenue
OTpakaeT KOMIUTUMCHTAPHOCTh UCTOYHHKA WH(POPMAIIHH:
«CBO¥», «IPUONMKCHHBINY, «HCHTPAIBbHBINY, adPHIUpo-
BaHHBII C KOHKYPCHTaMH, HEAPYKECTBECHHBII». BTopoe
HU3MEPCHHUE OTPAXKACT YPOBCHB CIICIHATA3AINHY (KOMIICTCHT-
HOCTH) UCTOYHUKA nH(popMmalmu. Hanmpumep, kK MHCHHIO
creruanucta (Y3KOCIeIMaIn3UPOBaHHOTO JKypHAa) B €ro
00J1aCTH €CTECTBCHHO OTHOCHTBCS C OOJIBIIIMM JIOBEPHEM, HO
C MCHBIIIUM JIOBEPHEM B 00JICE IIIMPOKOH 00IACTH, IIOCKOIBKY
TaKOI HCTOYHHK, «OYCBUIHOY, OY/ICT IIEPECOIICHUBATE (haKThI
U Pe3YJIBTAThl U3 CBOCH OOIACTH, U MPUHIKATH 3HAYUMOCTb
(haKTOB M PE3yIBTATOB M3 CMEIKHBIX 00JIaCTell, paccMarpuBast
HX B KQ4eCTBE KOHKYpeHTOB. OIICHUBAS Ty WX HHYIO HH(OP-
MAIIHIO, TIOCTYTAIOIIYEO OT UCTOYHUKA 10 COOTBETCTBHUIO Pe-
ATBHOCTH (Ha ITOTOKE PETPOCIICKTHBHBIX JIAHHBIX ), MbI MOJKEM
c(hOopMHUPOBATH OTHOIIICHHAE K UCTOYHUKY KaK K HEKOTOPOMY
HWHCTPYMEHTY U3MEPEHUSI, KITACCU(DHKAITUH, PACTIO3HABAHUS
TOW WJIM MHOM CUTYallHH.

BorbIioe pazHooOpasue alTbTepHATHBHBIX HICTOYHUKOB HH-
(hopmaruu TpeOyeT MPOBEICHNUS HX CPABHUTEIILHOTO aHAJTH3a
U, 110 BO3MOXKHOCTH, 0TOOPa M ONITUMHM3AIIHH 33]I0JIT0 JIO TOTO,
KaK MPUHSITH PEIICHHE 00 UCIIONIb30BAHIH HX B IPAKTHUCCKOM
pabote cucteMbl oOecrieueHus OE30MaCHOCTH.

Jlyist 3TOr0 HEOOXOIUM OTBET Ha KJIFOUCBOW BOIMPOC, a
HMMCHHO: 110 KAKFM KPUTEPHUSIM OLICHUBATH UCTOUHHUKH, YTOOBI
00€eCIeUUTh CPABHUMOCTB PE3YJIBTAaTOB X UCIIOIb30BaHus? B
Ka4eCTBE TEXHIMYCCKHUX KPUTCPHCB KAYCCTBA HICTOYHHKOB MOX-
HO UCTIONH30BaTh [10Ka3aTe Iy MOITHOTHI U To4HOCTH [ 17, 18].

Koadpunment nonuorer ComplMcl metona knaccudu-
kauuu Mcl paBeH JioJie MPaBUIIbHO KIacCU(UITPOBAHHBIX
06bekToB Kiacca C 3 TecTHpyomieii BeiGopkn | X 157
K MOJTHOMY KOJIMYECTBY 00BEKTOB Kiacca C, HaXOMSIUXCSI
B Heil { X

{X}EC:EC
{X}GC

Koa¢pdunment tounoctu ExactMcl merona knaccudu-
Karuu Mcl paBeH J107e MPaBUIBHO KIaCCH(DUIIMPOBAHHBIX
0GbeKToB Kiacca C w3 TecTHpytomeii BriGopku | X 1= 7%
K MOJHOMY KOJIMYECTBY OOBEKTOB 3TOH BBIOOPKHU, KOTOPbIC
ObLH KITacCH(UIMPOBaHbI Kak MpUHAUIeKalue kiaccy C:

{X}EC:>EC

(‘{X}EC:&C

Koa¢h¢unueHT nonHOTH CBsS3aH ¢ OMIMOKaMHU IEPBOIO
pona — HenpaBWIIbHOH KiaccuuKarpeii 00beKToB, TpUHA/I-
nexamux knacey C. KoadduimeHt To9HOCTH KOPPECIOH-
JIPYETCst ¢ OIMOKaMH BTOPOT'O pojia — KJ1acCU(UKALUSIMU
JIO)KHBIX O0BEKTOB Kak NMpHHauIexkamux kiaccy C.

Xoporwii MeToN KitacCH()HKAITUH TOJDKCH JIOITY CKaTh MCHb-
111e OIMOOK, TO €CTh, UMETh OoubInue 3HadeHust ComplMcl n

ComplMcl = 3)

ExactMecl =

. (4)
)

+ |{X}EC

ExactMcl. Omnaxo 100% pe3ynbsrar JOCTHUraeTCsl JIUIIb Ha CIie-
[UAJTHLHO MOATOTORIIEHHBIX «ITAIOHHBIX)» MACCHBAX JIAHHBIX. Ha
TIPAKTHKE )Ke PEIKO HAOFOMIACTCS OTHOBPEMEHHOE TTPEBbIIIICHIE
BermunHamu ComplMecl v ExactMcl 3aauenus 70% [19, 20].

[NoBbIIeHIE HAIGKHOCTHU OIICHOK 11 ()OPMUPOBAHHS O0Y-
YAFOIIMX BEIOOPOK TPEOYeT HATMYHSI OOBSICHSIFOIIIX KOMITOHEHT,
YTO BBITEKAET U3 AHATIUTHIECKOTO XapaKTepa JeATeIbHOCTH.

B npakTuke Mbl (paKTHUECKH HaOJfogaeM jJBa THIIA
OLICHOK:

* OIIEHKH COOCTBEHHO YKCIIEPTOB-UCTOUYHHUKOB;

* OLIEHKH, PACCUUTHIBAEMBIE U3 OIIU30CTH Pa3sMEIICHUS
TEKCTOB, MOCTYMAOIIUX OT UCTOYHUKOB, [0 OIM3KUM pa-
00YMM MeCTaM.

To eCcTh, OKOHYATEIBHYIO OLIEHKY KaueCTBAa HCTOYHUKOB
TpeOyeTCst MPOBOIUTD 0 «KOHEYHOMY Pe3yibTary». B ka-
YeCTBE MHTETPAIBbHBIX KPUTEPHUEB JOBEPHSI K MCTOUHHKY
HHOOPMALIUK TIPETATAIOTCS CIIEAYIOINE TTOKA3aTelu:

* cpejiHee BpeMsi HapaOOTKH KPUTHUECKOTO KOJHUECTBA
OmMOOK UCTOUHHUKA;

* cpeiHee BpeMsi HapabOTKU KPUTHYECKOTO COOTHOIICHHUS
omuOOK MEPBOTO U BTOPOTO POJIa, COBEPIIEHHBIX Ha Oa3e
JIAHHBIX UCTOYHHUKA.

3aknyeHue

Takum 00pa3oM, B 4aCTH 337aull MOCTPOCHUSI CUCTEMBI
MOHHUTOPHHTa 0€3011aCHOCTH W NPOTHO3MPOBAHUS PHCKOB
CCC cnenyet paccMaTpuBarh BO3MOKHOCTH OJTHOBPEMEHHO-
TO HCITOJIb30BaHMs1 ABYX Oa30BbIX IIOKA3aTEIICH ee Pa3BUTHSI:
PHCKOB Pa3BUTHS (B KaueCTBE KOTOPHIX MOTYT HMCIOJIB30-
BaThCsl KOJIMYECTBEHHBIC TTOKA3aTENN, ONPEACISIONINE He-
OnaronpusATHOE COYETaHNUE BEPOSTHOCTEH BO3HHUKHOBEHMS
OITACHBIX IPOLIECCOB M MX OCIIE/ICTBHI — yIIepOOB — B 9KOHO-
MHYECKOM U HayYHO-TEXHOJIOTHUECKOM Pa3BUTHH KOMITAHUH
Ha 3aJJaHHOM IIPOTHO3HOM OTpE3Ke BpeMeHH) U (P heKTuB-
HOCTH KOMIUIEKCHBIX MEPONPHATHH B TPOIECCE PA3BUTHS
(KOJIMYECTBEHHBIH [TOKa3aTeIb, ONPE/ICISIOIINH TTOBBIIICHAE
CTpaTerMYeCcKH BXKHBIX YPOBHEH SKOHOMHYIECKOTO ¥ HAYYHO-
TEXHUYECKOTO Pa3BUTHsI KOMITAHUH Ha IIPOTHO3HOM OTpE3Ke
BPEMEHH 3a cueT OPMUPOBAHHS U IIPOBEICHHS KOPIIOPATUB-
HOH TOJIUTHKH 1O 0a30BBIM MPHUOPUTETHBIM HAIIPABICHUSIM,
MEeTo/IaM, KPUTEPHSIM M CUCTEMaM peajin3aliii IIPOrHO30B ¢
YUETOM CTPATErNYECKHX PUCKOB Pa3BUTHS).

J171st a/IeKBaTHOM OIIEHKH TEKYIIETO COCTOSIHUS CHCTEMBI
HEOOXO0IMMO UMETh:

* IOJIHYIO CUCTEMY MH/INKaTOPOB COCTOSIHUSI CUCTEMBI 1
BHEITHEH (KOHKYPEHTHOM) cpezbl (OIicaHue O3UIINN);

* TeHepaTop KOHEYHOro 0003pMMOr0 KOJIMYECTBAa BO3-
MOXHBIX CIICHApPHEB Pa3BUTHSI CUCTEMBI (XOABI «CBOMX)
«puryp», «HeHTpaIbHbBIE» XO/bl «IIPUPOALI» U aHTArOHH-
CTHYECKHE XOJIbl «(PUTYP» IIPOTHBHUKAY);

* ()yHKIIMIO OIICHKH COCTOSIHUSI (BBIUTPBILI — YITyUIIICHNE
TIO3UINH — YXY/IIICHHUE TTO3UINH — ITPOUTPHILI).

[Tpu 3TOM, HE TOKUASICH HACTYTUICHHS «IIPOMTPBIILA (IIPH
YXy/IIEHUN OLIEHKU TEKYIIEr0 COCTOSIHHSI, MITH YK€ KOT1a KOH-
KyPEHTBI IPEANPHHIMAIOT HEPACCMOTPEHHBIE PaHEee XOJIbI),
HEOOXO/IMMO MCKaTh HOBBIC CLIEHAPUH PA3BHTHS, TOCKOIBKY
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HapexHocTtb, ToM 19, N24, 2019. YnpaBneHue puckamu. Teopusa v npakTuka

BCE PaCCMOTPEHHBIE PaHee BapHAHTBI IPUBO/IT K IIPOUTPBIITY
WJTA BEPOSITHOCTB OJaronpHsITHBIX MOCIIEICTBUN YpE3BBIYAHHO
Mana. BerienctBue Toro, 4to B pa3BUTHH JIFOO0OH CHCTEMBI
MIPUCYTCTBYIOT aKTHBHBIC MPOTUBHUKHU (KOHKYPEHTHI), Ya-
CTUYHO YIIpaBJisieMble BHYTPEHHNE (aKTOPhI (TEXHOTCHHAs 1
AHTPOIIOT€HHAsl aBAPUIHOCTD ) WJIHM HEYTIPaBJIsieMble (DaKTOphI
(mpuponHbIe OeNCTBUS M KaTacTpogbl) BCE CLIEHApUH HOCST
BEPOSATHOCTHBIN Xapaktep. [losTomy naske mpu miaaBHOM K3-
MEHEHHHU COCTOSIHHSI CUCTEMBI (B KOTOPOM HEBO3MOXKHO TO-
JIYYHUTh KPYITHBIN POUTPBILI B KOPOTKOE BPEMs) HEOOXOTMMO
YUYHTHIBaTh (PAKTOP HAKOIUICHUSI CITy4aifHOCTeH U pa3padarhl-
BaTh MHANKATOPBI OLIEHKH OJIM30CTH HCCIIELyeMOI CHCTEMBI K
TpaHULIaM TOTEPH YCTOMYUBOCTH Pa3BUTHSI.
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Bknapg aBTopa B cTatbio

ABTOp BBITTOJIHUJT CPABHEHHUE OCHOBHBIX KOHHCHHI/Iﬁ
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On the nature of risk in the safety management of structurally complex systems

Conclusion

Therefore, for the purpose of the construction of a safety
monitoring and risk prediction system of SCS, we should
consider the possibility of simultaneous application of two
basic indicators: risks of development (in this capacity we
can use quantitative indicators that identify unfavorable
combination of probabilities of occurrence of dangerous
processes and their consequences (harms) in the economic
and scientific development of a company at the specified
forecasted period of time) and efficiency of comprehen-
sive measures in the development process (quantitative
indicator that determines the increase of strategic levels
of economic and scientific development of a company at
the forecasted period of time owing to the development
and implementation of corporate policy on basic priority
directions, methods, criteria and systems of prediction
implementation taking into account the strategic risks of
development).

For the appropriate assessment of the current status of a
system, it is necessary to have:

» Complete system of indicators of the status of the system
and environment (competitive environment) (description of
the position);

* Generator of the finite possible number of scenarios
of the system development (moves of “your own figures”,
“neutral” moves of “nature” and “antagonistic” moves of
“competitor’s figures”);

* Functions of status assessment (win — improvement of
the position — deterioration of the position — lose).

At the same time, without waiting for “lose” happen-
ing (in the case of the deterioration of the assessment
of the current state, or competitors take moves not
forecasted before), it is necessary to search for new de-
velopment scenarios, since all the previously reviewed
options result in loss or the probability of favorable con-
sequences is extremely small. Since in the development
of any system there are active opponents (competitors),
partially controlled internal factors (technological and
human accidents) or uncontrolled factors (natural dis-
asters and accidents), all scenarios have a probabilistic
nature. Therefore, even with a smooth change of the
system’s status (in which it is impossible to result in a
huge loss in a short time), it is necessary to take into
account the factor of accumulation of accidents and to
develop the indicators for assessing the proximity of
a tested system to the limits of the loss of sustainable
development.
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rent state, trends and predicted threats. This means the
construction of an adaptive scheme for correction of
payoff matrices.

This distinction is extremely important, since different
sources of information have different specifics of impact
on risk assessment.

For example, “sources of expertise” can update the
current state up to introduction of new alternatives for
implementing threats (columns of payoff matrices).
However, control of dynamics in the state of threats is
not their main activity. Science and technology sources
can correctly produce limiting characteristics of pre-
dicted values (dates of industrial application of some
technology).

On the contrary, estimations of trends, rate of increase
or diminution of threats can be obtained by analyzing of
indicators of emergency and crisis situations.

The basis for the creation of monitoring modules can
be numerous facts indicating that before a large-scale
threat (for example, a large earthquake) is formed, there
are series of smaller-scale threats (increasing small
tremors).

An expert analytical system should be a multifunctional
and multilevel system intended for registration and analysis
of each specific case (event) as well as for prediction of
trends and generation of preventive activities if any. The
expectation of those situations that require actions is typi-
cal for fire services, the Ministry of Emergency Situations,
emergency medical services. In case of poorly formalizable
threats of permanent character, there are no negative events
“by definition”; therefore, the system gets information on
these threats from competent sources who inform about
these threats in addition to their main activities or from
generally available media sources when everybody talks
about a threat. There are a wide range of sources like exhi-
bition and conference proceedings, scientific publication,
local press (which is closer to the subjects and objects of
threats) etc. between competent sources and generally
available media sources.

Thereby, all information sources form some two-
dimensional scale. The first dimension reflects com-
plementarity of the information source: “reliable”,
“approximate”, “neutral”, affiliated with competitors,
“unfriendly”. The second dimension reflects the spe-
cialization (competence) level of information source.
For example, it is natural to have a greater confidence for
the opinion of a specialist (highly specialized magazine)
and to have a less confidence for the opinion of special-
ists in a wide professional sphere because such a source
will “obviously” overestimate facts and results in their
sphere, and downplay the importance of facts and results
obtained from neighboring spheres considering them as
competitors. Evaluating different information obtained
from a source in terms of its relation to reality (on the
stream of retrospective data), we can form an attitude
to the source as some tool for measuring, classifying,
identifying a particular situation.
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A great variety of alternative information sources
requires a comparative analysis of them and, if possible,
their selection and optimization long before taking a
decision to use them in the practical work of a safety
ensuring system.

This requires an answer to the following key question:
what criteria should be applied to assess information sources
in order to ensure comparability of the results of their ap-
plication? The indicators of information completeness and
accuracy can be applied as technical criteria of sources’
quality [17, 18].

Completeness coefficient ComplMcl of the classifica-
tion method Mcl is equal to the share of correctl(y classified
objects of C class from a test sample { X}~ to the full
number of objects of C class with {X}°:

{X}EC:>EC

ComplMcl =
p {X}EC

3)

Accuracy coefficient ExactMcl of the classification
method Mcl is equal to the share of correctly classified
objects of C class from a test sample { X}™ 7 to the full
number of objects of this sample, which were classified as
belonging to the C class:

{X}eCaeC

(‘ { X}EC:>EC

Completeness coefficient is associated with the mistakes
of the first kind — an incorrect classification of objects be-
longing to C class. Accuracy coefficient corresponds to the
mistakes of the second kind, i.e. with classifications of false
objects as belonging to the C class.

The good classification method should allow fewer
mistakes, i.e. has great values of Comp/Mcl and Ex-
actMcl. However, the 100% result is achieved with the
specified prepared “reference” data array. In practice,
both ComplMcl and ExactMcl values seldom exceed
70% [19, 20].

Improving the reliability of estimates for the prepa-
ration of training samples requires explanatory compo-
nents, which follows from the analytical nature of the
activity.

In practice, we in fact observe two types of estimates:

* Estimates of experts (sources);

* Estimates calculated according to the similarity of text
publications, which are acquired from the experts in similar
professions.

That is, a final estimate of the sources’ quality should be
carried out according to the “final result”. The following
indicators are proposed as integral criteria of trust to the
information source:

* Mean time to a critical number of mistakes in the
source;

* Mean time to a critical ratio of mistakes of the first and
second types made on the basis of the data source.

ExactMcl =

+|{X}ec

: “)
)
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Table 1. Payoff matrix

Success Unsuccess
Profit (payment for action) X, X,
Feasibility measure Do p=1-p,

on a subset of attributes would be divided. This is a clas-
sical task of discrete mathematics on finding a logical
function, and this task is solved in dozens of different
ways, which are based on the method of decomposing
any logical function into a superposition of simpler
functions. With all successes of the heuristic mathemat-
ics, solution methods with optimization lead to a large
enumeration of options, which does not guarantee the
optimality of the solutions found. Methods of construction
of optimum formulas (containing fewer variables, or with
nonoverlapping multipliers in logical sums) for partially
defined logical functions have combinatorial complexity
algorithms with an exponential increase in the consump-
tion of computing resources in line with the size of tables
to be solved (both in the number of variables and in the
number of training objects).

4. Principles for compiling a complete
dataset

Based on the verbal definition of “risk action is an ac-
tion for luck with the hope of success”, the ideology of risk
assessment, analysis and management follows. What does
this definition include? The first is the presence of at least
two outcomes: “successful”, for which there is hope, and
“unsuccessful”, where the expected does not happen or
happens on a smaller scale. In those rare cases, when there
are only two outcomes, the risk situation is described as a
payoff matrix (Table 1).

Lost profit (X,—X,) is usually called harm, and the math-
ematical expectation of lost profit is called risk R:

R=p,(X,-X)+p, (X, -X)=p (X, - X,). (1)

In the case when there is a threat of implementation of
unsuccessful outcomes with different harms (X,—X,), the risk
is calculated in accordance with the following formula:

N
R = zpn (XO _Xn)'
n=1

Formula (2) can be correctly applied for the current as-
sessment of the risk action in those cases when this action
is “reversible”, i.e. when there is a possibility to repeat this
action several times in order to ensure convergence “in
probability”.

When analyzing poorly formalizable threats, this situa-
tion is not observed.

First, as a rule, researchers do not know anything about
the possibility or impossibility of the appearance of “new”
scenarios with unsuccessful outcomes, except for those that

()

are included in the analyzed payoff matrix (Table 1). There-

N
fore, although the standard condition ( Do+ 2 D, = 1) should
n=1
be fulfilled, the values p (n=0, ..., N) are not probabilities
(probability is posterior probabilities, calculated frequen-
cies), but the possibilities (likelihood is priory probabilities,
estimated proportions of outcomes).

Second, one must assume that there are too many
different scenarios, and each of them has a negligibly
small probability of implementation. In fact, only one
scenario is realized in a life process, the one that is
realized in real life. Therefore, unsuccessful outcomes
should be grouped in classes. The first procedure when
dividing the outcomes into classes is carried out on
the basis of harm equivalence, which is incorrect in
the context of the classical theory of probability: the
values of the probability estimates, where the index g
indicates a group of outcomes, depend on the subjective
perception of harm (significance of harm). As a result,
the distribution of “pseudoprobabilities” is analyzed on
the researcher scale, not on the scale of the nature of a
phenomenon.

Third, the decision on risk action is often implemented
only once, so it is disputable to use probabilistic simulation
analysis tools such as the Monte Carlo method.

Fourth, one must often solve the problem of choosing
a risk action from many alternative options in order to
exclude risks of an unacceptable level. An evaluation func-
tion, corresponding to the case of avoiding harm below the
theoretically possible, suggests that actions for which there
is at least one scenario, in which the harm (X 0 —X; ) exceeds
the specified level, must be abandoned. An evaluation func-
tion corresponding to the “extreme care” policy is formed
on the basis of minimax criterion.

To assess threats, however, such a criterion is hard to con-
sider suitable for application; rare scenarios with great harm
would cancel any activity except “unpunished”. Therefore,
in practice the situation must be “smoothed”, and there are
several ways to do this.

The first one is to assess harms and risks while tak-
ing a “balanced” position. It is assumed that in practice
variants between extreme optimism (only success, there
is no other way) and extreme pessimism (maximum ef-
forts to prevent and/or smooth the harm are made but
anyway the worst possible scenario for the threat is
realized) take place.

The second one is to guess and correct proportions,
in which possible threat scenarios are expected; for this
purpose, it is necessary to assess “periodically” the cur-
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detection of hidden regularities, which indicate changes
of an object’s state or the regularities of changes in the
parameters of the external environment significantly in-
fluencing its functioning (the so-called laws of variability
of “forecast background”).

Due to the discrete nature of crisis situations, the ap-
plication of data analysis apparatus based on classical
laws of large numbers, is incorrect. Probability conver-
gence is practically not observed in reality, except for the
statistics accumulated in systems of mass service. The
indicators panel realized in the form of “traffic light”
constructed with the help of application of dispersion as
the main indicator can indicate the normal state during
the whole year when in fact the system passes in the area
of pre-crisis values.

Besides, there is, as a rule, no univocal functional con-
nection and mutual influence of indicators of lower and
upper levels for an officially declared hierarchical system
of indicators.

As a consequence, it is necessary to have a correct
primary analysis of a long-term statistics, and only based
on this analysis it can be concluded whether it is possible
to develop a predicting instrument corresponding to a
research problem and what share of randomness of dates
in occurrence of unfavorable situations and their scale can
be eliminated with its help. It is also obvious that as true
laws of distribution of analyzed random processes and
their determinants will be continuously corrected (any
hi-tech system changes faster than adequate statistics are
collected), it is necessary to use criteria “free from distribu-
tions”. In particular, for example, as criteria of achievement
of predictive purpose we should take not deviation values
of model and real data, but the criteria used in classification
and pattern recognition methods. For example, as measure-
ment of prediction precision we can use the prediction error
values of the first and second types for different classes
and types of situations, depending on classes of a physical
object and parameter values of the forecast background, if
possible. The second circumstance is very important as, for
example, it is incorrect to sum up accident statistics of dif-
ferent seasons, since during different seasons technological
processes function differently.

The reliable execution of its functions by a system is
characterized by retaining some specified characteristics
(reflected in the corresponding STI and KPI values) in set
limits. In practice, it is not possible to completely avoid
deviations, but it is necessary to aim at minimizing devia-
tions of the current state from some specified ideal — the
target set, for example, in the form of STI values of the
first level.

The threat of non-achievement of STI set values of the
first level (in fact, we again speak about the risk) is consid-
ered in this case as a variable value, which is a function to
the current state of the system: it increases with the assessed
situation approaching to some permissible limit after reach-
ing which the system cannot fulfill its obligations and reach
respective STI set values of the first level.
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General mathematical statement of a task in question:
let there be a set of signs of the current situation X (for
example, current KPI values, risk factors etc.), the set of
admissible realization of Y situations (for example, the
current STI value of the first level is higher (or less) than
the previous one etc.), and let there be the target function
¥t XY, whose values y= y'(x,) are known only on the
finale subset of objects {x,,...,x,} X (for example, the KPI
values that correspond to the current STI state of the first
level). Pairs “object-answer” x,, y; are precedents. A set of

!

pairs X, = ZXi,yi =1 will make a training sample. It is
required balséd on the sample X, to recover y” dependence,
i.e. to construct a function 4:X—Y, which would approach
a target function y'(x), and not only on objects of a training
sample, but also on the whole set X. As a decisive function
A should allow for a effective computer realization, it is
possible to call it an algorithm.

Conditionally, there are two object classes faced by
experts in the field of management automation: “simple”
and “complicated”. “Simple” ones are objects, whose
precise mathematic models, for example, in the form
of algebraic equations or linear programming models
with all necessary quantitative factors that influence
the object’s behavior considered, are suitable for im-
plementation on computers of a specific class and are
quite adequate to the object. “Complicated” objects
have the following distinctive features: not all purposes
of the choice of decisions and conditions influencing
this choice can be expressed as quantitative ratios; for-
malized description of a control object is absent or is
unacceptably difficult; a significant part of information
necessary for the mathematical description of an object
is in the form of the ideas and proposals of experts etc.
The construction of the exact mathematic models of the
“complicated” objects suitable for implementation on
modern computers is either difficult or often completely
impossible.

But it does not mean that the task has no decision. In
general, there are two possible ways of search. The first
one is to try to apply a nontraditional mathematical tool
for the creation of the model considering all object’s fea-
tures and suitable for implementation. The second one is
to construct not an object’s model, but an object control
model (i.e. not an object itself is simulated but a human
operator in the process of controlling an object). In its
essence, the algorithm in this case is associated with the
construction of a data structure field and the analysis of its
effects, including the improvement of the structure itself.
All data are structured and unstructured at the same time.
As excluding OR is difficult to “construct”, it is possible
to realize the idea of the construction of solving rules
(hereinafter is a solver) on the monotone function defining
network order [15, 16].

The geometric significance of a solver is rather simple:
it is necessary to select attributes in such a way, while
keeping the characteristics of a specific order, that objects
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the type of an initiating event, the amount of hazardous
substance, the effectiveness of emergency safety systems
and many others should be taken into account. Usually
there are a large number of possible scenarios for the
development of an accident. Therefore, the entire spec-
trum of possible scenarios and their probabilities should
be determined when assessing the risk. The probability
values can vary from 10° to 10® events per year. Rarer
events are so difficult to evaluate that they are considered
almost incredible.

Periodic risk is associated with those accidents,
which are often repeated, but cause limited damage that
may include human casualties. This does not mean that
such accidents are planned. They are, of course, undesir-
able, and safety systems are created and used to prevent
them. However, despite these measures, such accidents
can occur, and the risk associated with them has a fairly
wide range of values depending on the type of produc-
tion activity. The cause of such accidents is usually a
violation of the procedure, improper use of equipment
and human error. To assess the risk of this category,
accident frequency and other necessary parameters are
estimated using standard statistical methods based on
available data.

Hypothetical risk is associated with accidents, which
are believed to occur with a very low probability but
have very severe consequences. This class of accidents
is characterized by the absence or insufficient amount
of statistical data. But because of the enormous poten-
tial damage, it is impossible to just wait until enough
practical experience is gained. Therefore, an analysis of
hypothetical accidents is carried out in order to determine
the probability of this accident and assess its possible
consequences. Typically, a lack of statistics refers to the
behavior of a large industrial or energy system as a whole.
Therefore, such an analysis is carried out either by means
of an expert assessment, or by the “event tree” method,
where the probability of a hypothetical accident can be
predicted based on possible malfunctions or failures in the
operation of individual nodes or mechanisms, for which
relevant statistics are available.

It should be remembered that there is no need to use
overly complicated models for risk assessment due to many
uncertainties and averagings that arise in the calculation.
By the way, finding the degree of uncertainty and the range
of possible risk values is another composite characteristic
of risk in general. Thus, according to various experts, the
uncertainty in assessing the risk of accidents at industrial
enterprises can be one or even reach two orders of magni-
tude. This is due to the lack of knowledge on a wide range
of technical, environmental and social factors that must be
considered in risk analysis. There are even opinions, which
are based on the analysis of accuracy and uncertainty in
risk assessment, that translation models that allow for
obtaining the concentration of a hazardous substance in
the study area with an accuracy of 10% (maximum 20%)
are quite acceptable.

3. Comments on a monitoring system

Thereby, the stable functioning and development of
any SCS are subject to the influence of many external
and internal factors including negative impact factors.
To monitor and assess these factors and make a decision
aimed at reducing negative effects of their manifestations,
the so-called systems of balanced scorecard and key
performance indicators (KPI) (quantitatively character-
izing the risk factors to which the system is exposed) are
widely implemented. From these indicators one chooses
strategic targeted indicators (STI) that quantitatively
reflect strategic goals of the system’s functioning and
represent basic economic and production indicators,
which characterize the effectiveness of its development
(if they are not achieved, it indirectly characterizes the
level of existing threats and degree of their implementa-
tion in the considered period of time).

Based on these indicators, one constructs threats
and risks monitoring systems that allow collecting data
on changes as well as analyze the effectiveness of the
system for several hundred indicators in organizational,
product, geographical and other sections on daily, quar-
terly and annual planning horizons. It is believed that
the results of the analysis allow for “deviation control”,
focusing on the problem areas of each control object
through a “traffic light” indication. However, as col-
lected data is growing bigger, there arises a problem
related to interpretation of signals of these hundreds of
“traffic light indicators”. It is not obvious what signal
should be considered as “good” or “bad” for the sys-
tem in general if, for example, half of the indicators
are “green”, and half are “red”. The question is how to
qualify the situation if there are a little more of “green”
indicators than of “red” etc. One cannot also say that
there is an obvious connection of the analyzed indicators
with the high-level indicators (STI) and the degree of
their influence on the achievement of STI target values
approved by the company management. There arises the
so-called “Big Data” effect, when analysts cannot man-
age to process the collected information, and standard
statistical methods are just not coping.

Besides, based on the analysis of trend in indicators
changes, a system of threats and risk monitoring is not
capable to predict crises and situations with negative dy-
namics. Such events are rare and as a rule take place at
various forecast backgrounds, and in case of the analysis of
historical datasets of rare events there are discrete dynamic
probabilistic processes in place.

The purpose of analysis of SCS as an object for fore-
casting in the field of operation safety and development
sustainability is the creation of such a predictive model
of situations dynamics arising out of its functioning that
will allow reducing the degree of uncertainty of events
dates and their scale by means of computing experiments
and selection of acceptable parameters, i.e. obtaining
predictive information on the forecast object owing to
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Only in this case the solution will really be determined
by the value of the mathematical expectation of losses. But
adjusted for B and C. In many works these corrections are
not taken into account. Usually B and C are considered equal
to zero. For example, in ecology, improving the “air” costs
nothing (does not bring profit), and if no one is sick, then
the optimal damage is taken as 0.

Bayes criterion leads to the same estimates:

F:F()?,Y): 132’151(§p”><‘4'”"]:

= (B =0,C = O): lznmirb(ﬁp" men).

In general, the problem of safety insurance and risk
analysis of SCS facilities in the face of changes in the
composition and intensity of threats to the sustainable
development of the industry remains relevant. Safety
requirements established for objects of high and medium
hazard categories are sometimes rather high and signifi-
cantly surpass the capabilities of property owners. As a
result, the question of ranking the objects within the given
categories to determine the sequence of equipping them
with the required protective means arises. In order to do
that, it is necessary to set a criterion to determine the im-
portance (and the serial number accordingly) of an object
in the ranked list against it.

The methods used to rank objects are based on mathemati-
cal modeling, expert assessment, decision making theory,
and interval estimation. To some degree, they take into ac-
count the interests of organizations operating these facilities,
state supervisory authorities, and insurance companies. At
the same time, the ranking methods available today (for
example, ranking objects by protection against emergen-
cies in railway transport, ranking objects of hazardous gas
distribution production systems, etc.) do not take into ac-
count the structural connectivity of the ranked objects and
the importance of a particular object operation for related
systems and subsystems .

Ranking SCS objects is a typical task for the theory
of measurement of some complex synthetic properties
of objects. Technically, the solution of the problem is
reduced to the construction of a value (utility) function
linking the measured property with simpler resource
indicators (factors) measured in physical quantities.
The value function is used both to solve the problems of
choosing some best option from a variety of alternatives,
and to solve more composite problems, such as the task
of forming a portfolio of orders for work with limited
resources (funding for creating or modifying objects).
The factors through which the ranks are built are often
measured not in quantitative but in qualitative scales,
therefore, the use of expert assessment methods and
expert technologies is required to build dependencies
between utility and primary resource factors. Due to the
development of computer technology, it is now possible
to evaluate objects whose description factors are speci-
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fied with an error, which requires the development of a
specific apparatus for the statistical processing of primary
data and the use of fuzzy logic tools. An essential feature
of ranking problems is the adaptive nature of decision-
making procedures for selecting optimal options, in which
several cycles of experimental data and expert preferences
coordination are required to construct the final formula
for the ranking function.

In this context, risk assessment is the stage at which the
negative effects associated with a particular production
activity are determined. And first the dander sources should
be identified. In order to do that, the boundaries of the
investigated system should be determined. In other words,
when assessing risk in a region or of a particular system,
one should choose which sources to be considered. There
are no strict rules here, and there cannot be. However, today
there are a number of developed provisions that should be
taken into account when studying safety issues. The most
comprehensive provisions for determining the boundaries
of the studied regional or large industrial systems can be
found in various sources. International organizations note
that there are normally different values of risk assessments
in different countries even when assessing one particular
technology. Therefore, to facilitate data collection and
processing, a single set of terms and provisions should be
adopted to describe energy and industrial systems and their
main components [14].

2. Comments on risk categories

The basic moments in risk assessment are the detailed
description of a hazard and the definition of harm related
to it. There are various models of hazard sources that allow
identifying a probability of this or that scenario of an ac-
cident’s development and defining the amount of dangerous
emissions into the environment. Depending on the type of
a source, three types of risk are identified.

Usual risk is related to normal operations of an enterprise.
The conditions of normal operations include accidents with
low harm that occur rather often. This category of risk is
characterized by an occurrence probability equal or close
to entity. In most cases usual risk is integral part of produc-
tion process itself or easily controlled. The sources of such
arisk are described by the amount of emissions or dissipa-
tions into the environment caused by normal operations
or some accident. Assessment of emission or dissipation
level for functioning enterprises can be made on the basis
of measurements or the results of operational experience of
analogous enterprises.

The other two risk categories are related to industrial
accidents during transportation or storage of hazardous
substances. An accident is understood as an event with
a low probability of occurrence (for example, less than
one for the entire life of an enterprise), but with signifi-
cant or even catastrophic consequences. When analyzing
emergencies, possible scenarios for the development of
an accident are usually considered. Then factors such as
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Assume that a priori information about the probabili-
ties of a particular situation Y, is absent. The theory of
statistical decisions offers several criteria for optimizing
the choice. The choice of the criterion cannot be formal-
ized, it is carried out by the decision maker subjectively,
based on their experience, intuition, etc. Let us consider
these criteria.

Laplace criterion. Since the probabilities of occur-
rence of some situation Y, are unknown, all situations will
be considered equally probable. Then, for each row of the
gains matrix, the arithmetic mean value of the estimates
is calculated. The optimal solution is the solution with the
maximum value of this arithmetic mean, i.e.

_ _ 1 &
F=F(X,Y)= max (F;Aﬂm )

Wald criterion. In each row of the matrix, the minimum
estimate is selected. The optimal solution is the solution with
the maximum of this minimum, i.e.

F= F()?,Y): max (min (Amn))'
1<m<M \lsnsN
This criterion is very cautious. It focuses on the worst
conditions, among which the best and now guaranteed result
is only found.
Savage criterion. In each column of the matrix the maxi-
mum estimate A = max (A ) is found, and a new matrix

1<m<M

is compiled, the elements of which are determined by the
relation R, = Zn — A, This is the amount of regret that the
optimal choice X, was not made in the strategy Y.

The value R, is called the risk, meaning the difference
between the maximum gain, that would take place if it were
reliably known that the most favorable for the decision-
maker situation 17" would occur, and the real gain when
choosing X, under condition Y.

This new matrix is called the risk matrix. Then a solution
with the risk that has the lowest value in the most unfavora-
ble situation, i.e. F = F ()? Y ) = min (max (R, )), is chosen

1<m<M \1<n<N
from the risk matrix.

The point of this criterion is to minimize risk. Like the
Wald criterion, the Savage criterion is very cautious. They
differ in their understanding of the worst situation: in the first
case, it is the minimum gain, in the second, the maximum
loss of the gain compared to what could have been achieved
under the given conditions.

Hurwitz criterion. A certain coefficient o is introduced,
named the “optimism coefficient”,. In each row of the gains
matrix the largest estimate max (A ) and the smallest esti-
mate mm (A )are found."=""

They are multiplied by o and (1-a), respectively, and then
their sum is calculated. The optimal solution is the solution
with the maximum of this amount, i.e.

F=F()?,Y)= max (ocxrnax(

1<m<M 1<n<N

)+(1 0L)X min (Am”)).

1snsN

For (a=0) the Hurwitz criterion is transformed into the
Wald criterion. This is a case of extreme “pessimism”. For
(a=1) (a case of extreme “optimism”), the decision maker
expects the most favorable situation. The “optimism coef-
ficient” o is assigned subjectively based on experience,
intuition, etc. The more dangerous the situation, the more
cautious the approach to choosing a solution should be and
the lesser value is assigned to the coefficient a.

It is important to note that this criterion is not relevant to
risk analysis, only to the subjective perception of “random”
and “voluntary” risks.

Then how is the risk calculated?

It follows from the above that risk assessment is only
possible if there are alternatives to choose. If there is only
one single option, then the risk is automatically equal to
zero and the spread of gains is just a characteristic of an
uncontrolled natural environment. However, it should be
noted that the alternative is always present in the form of a
refusal to make a decision.

In some cases, with the refusal to make a decision an
optimum for the columns may appear, then there will be
non-zero risks in the options due to the choice of a wrong
decision. For example, it is more profitable not to play in
a casino than to play, aligning to some strategy. On the
contrary, in chess it makes sense to play even in the case of
a single (forced) move. For example, when the opponent
declares a “check”, there is no way to interpose, and retreat
is only possible on a single square, then the risk is also equal
to zero, since refusing to play means automatic defeat.

Probability estimates an =1 describing the state of

n=1
the environment p, = p(Y,), p, = p(Y,), ..., Py = P(Xy)
allow preventing choosing the most unfavorable case when
using the Savage criterion, and the desired solution takes
the form:

F=F(X.7)= 12,:234(219 s (4 ) - 4 )}

which is a more correct formula.
For the case when the gain is determined only by the loss
amount 4, =B—C,  for any pair (X, ¥,):

mn m>

F=F(T.Y)= min (zp <(B-C, ))
M
= B+l£1n11i<r]}4(2pn ><Cmn).

For the case when the loss level at the optimal option
for the conditions V), Y,, ..., ¥, does not depend on 7 and
is equal to C:

F=F(T.Y)= min (zp (- mn)):
=B- C+l$1<n (Z:pnxcm").
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Over the past three decades, a significant number of works
have been devoted to these issues, which convincingly
confirmed the already axiomatic notion that achieving
absolute safety is impossible.

The risk philosophy based on the concept of absolute
safety inevitably came to the concept of acceptable risk.
The concept of acceptable risk required the abandonment
of the ALAPA principle and the adoption of a new ALARA
principle (As Low As Reasonably Achievable). Accord-
ing to ALARA, the required level of safety is determined
based on the social and economic conditions of the society
development. For accidents with a risk higher than ac-
ceptable, it is necessary to use engineering solutions to
prevent and mitigate the consequences, and for accidents
with a risk less than acceptable, only mitigating measures
are needed. In the nuclear energy sector, for example, this
principle is reflected in the relevant safety provisions. For
SCS, the concept of acceptable (maximum allowable)
risk is introduced meaning the level of risk which is ac-
ceptable and justified on the basis of economic and social
considerations. To this date there are still no full-fledged
methods for determining the acceptable risk for hazard-
ous industrial facilities of the SCS. It can be said that at
present, the safety problems are resolved by deciding by
what means and to what level the risk should be reduced
to reach the optimal safety level of both humans and the
environment, based on certain criteria.

Risk analysis is the only way to investigate those
safety issues that cannot be answered by statistics, such
as low probability accidents with severe potential con-
sequences. Naturally, risk analysis is not a solution to all
safety tasks, but it is the only way to compare risks from
various sources of danger, identify the most significant
of them, choose the most effective and cost-effective
systems to increase safety, develop measures to mitigate
consequences, etc.

In foreign literature, along with the concept of “risk
analysis” (Risk Analysis), they use the PRA method (Proba-
bilistic Risk Analysis) established by the NRC (Nuclear
Regulatory Commission). There is no fundamental differ-
ence between them, although PRA is believed to be mainly
aimed at analyzing low probability accidents. However, PRA
is frequently used to analyze the events with a wide range
of probability of occurrence. There is no such distinction in
Russian literature.

Currently, the risk analysis procedure can be divided
into two main components and several intermediate parts,
each with its own problems and inherent methods and
models: assessment and management. It is important to
bear in mind that risk analysis issues cannot be consid-
ered separately from the game setting. Risk as a dynamic
characteristic dependent on time, means and information
is reduced to “two-dimensional estimates” of probability
and damage.

It is forgotten that, first of all, there is a fundamental dif-
ference between stochastic factors leading to decision mak-
ing under conditions of risk, and uncertain factors leading to
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decision making under conditions of uncertainty. Both lead
to a scatter of possible outcomes of management results.

But stochastic factors are completely described by known
stochastic information, which allows for deciding on the
optimal solution. Nonetheless, basic formulas in risk analy-
sis (RA) are distorted and simplified, their association with
game theory is forgotten. There are several reasons for this.
The word risk has become “trendy”, as a result, specialists
“seized on the term” without understanding where it comes
from, what axioms are “behind” this term. As a result, for
many years economists, insurers, ecologists, and others
have been producing false scientific results based on false
definitions they invented. Sometimes (“false” multiplied by
“false” results in “true”) acceptable results are obtained. But
this usually only applies to static and stationary cases (where
the “reliability” theory applies), but not to dynamic cases.
For a number of applications, it was required that a formula
was “simpler”, so that it could be understood by developing
countries that joined the IAEA, for example. As a result, the
risk as a dynamic characteristic, depending on time, means
and information, was reduced to two-dimensional snapshots
in which only probabilities and damage are present. The case
was given to the “civil defense forces” (now the Ministry
of Emergency Situations), which did not have the corre-
sponding scientific “potential” at the time and was acting
as the “customer” of research work. The most influential
Ministries (Ministry of Medium Machine-Building Industry,
Ministry of General Machine-Building Industry) had their
own general ideas of risk, which normally differed signifi-
cantly from each other. The establishment of the opinion
that risk analysis can be conducted through “statistics” of
the observed phenomena was overwhelmingly influenced
by Western scientists (Netherlands Organisation for Applied
Scientific Research and others). The influence was so strong
that the “strength theory” and “reliability theory” were left in
the modern risk analysis. But research on the “survivability
theory”, “homeostasis theory”, adaptive theories, including
“decision making theory”, “perspective activity theory”,
“reflections theory”, and “the theory of self-organizing
systems” were nipped in the bud.

For uncertain factors, such information is not available.
In the general case, the uncertainty can be caused either
by the counteractions of an intelligent opponent (a more
complicated case is related to the opponent’s reflections
(terrorist threat)), or lack of knowledge of the conditions
under which the decision is made.

Decision making with the insufficient knowledge of the
conditions in which the choice is made is called “games
with nature”. In terms of “games with nature,” the decision-
making problem can be formulated as follows. Let the deci-
sion maker choose one of the M possible options: X, X,, ...,
X,,and let N assumptions be made regarding the conditions
under which the possible options will be implemented: Y,
Y,, ..., Y, The estimates of each solution in each condition
(X,Y),wherem=1...M,n=1...N, are known and given in
the f(|)rm of a gains matrix for the decision maker: A=A4(X,,
Y)=14
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functioning have been and still are quite high. As a result,
there are tasks of choosing priority equipment facilities from
their total population and the optimal distribution of financial
and material resources available to the system owner (pro-
prietor, state) for their protection. The notion of optimality
regarding risk synthesis will be discussed later. First, it is
necessary to deal with the notion of risk, its ontology. You
can only measure what is clearly defined, although A. Ein-
stein argued that “the world is not a quantitative concept,
but a qualitative one”.

People would get rid of half of their
problems if they could agree on the
meaning of words...

René Descartes

1. On the nature of risk and safety
approaches

Risk is a notion arising at the boundary of dependabil-
ity and safety. The technology itself and the production
systems do not take risk. It is a man who always takes
risk. Dependability is the ability of a technical object to
function continuously and fail-safely with 100% level
of efficiency. When analyzing dependability, the main
criterion is the failure criterion, which divides everything
into “yes” (operational state) and “no” (non-operational
state). Dependability depends, so to speak, on the internal
properties and characteristics of an object (quality, time
to failure, technological features, operation requirements,
etc.). Safety is the ability of the same object to perform its
functions without causing damage to maintenance person-
nel, the environment, etc. Safety depends on the external
properties (environment, threats, personnel qualification).
Moreover, safety is both a sense and a state. The safety
status is determined by the development of appropriate
technologies and is evaluated using mathematical mod-
eling methods; it is based on the analysis and assessment
of risks and the effectiveness of various measures, means
and mechanisms of protection. A sense of safety is a per-
son’s psychological reaction to threats and risks, and the
psychological perception of the adequacy of protective
measures; what is known as the level of acceptable risk
(i.e. from what threats a person is ready not to defend
themselves, what damages are acceptable to them). In
the meaning that the sense of security can subjectively
change, one can agree with the statement of Bruce Sch-
neider, an American cryptographer, writer and computer
security specialist: “Security is a process, not a product”.
But this does not mean that the safety process has no
purpose. The purpose of safety is to achieve a state of
safety of man and environment that corresponds to their
subjective sense of danger (i.e. an acceptable level of
risk). To achieve this goal, the so-called “risk-oriented
approach” is used.

Risk occurs as a hazard assessment for a person per-
forming work using technical devices. Since there are

latent defects and uncertainties in the place and time of
failure and hazard occurrence both in dependability and
safety assessment, risk is often interpreted as the effect
of uncertainties on the achievement of the goals set by a
human operator. Specifics occur when a specific mecha-
nism (an object, an industrial enterprise, a corporation,
etc.) used by man person uses to realize the goals of
an activity in a certain environment (which, in turn, is
characterized by the presence of threats, environmental
features, and the presence of competitors with their own
goals, etc.) is considered.

In living systems, for example, instability is used prac-
tically: it is one of the most important driving forces of
evolution. One can say that the high adaptability of living
organisms is a consequence of their instability. A well-
known advocate of “controlled instability” Nassim Taleb
also repeatedly emphasized that multilevel redundancy is
the main property of natural (living) systems that controls
risk [13]. Just like in living systems, unstable processes
in safety systems are key to their adaptability to changing
threats and dangers.

With some reserve, risk can be considered as the best
measure to quantify a hazard. This concept is widely used
in modern literature and often implies completely different
meanings. In the most general case, risk is characterized by
the probability of a negative effect, the probability that a
negative effect of a particular type occurs, and the probability
that this type of effect causes a certain amount of deviation
of the state of an effected subject from its dynamic balance.
In other words, risk is a vector variable that can describe
different types of hazards with all its values given above
being its constituent parts. Since the main issues discussed
below are one way or another related to ensuring the safety
of industrial facilities, the term “risk’ shall mean the risk of
anthropogenic or, more specifically, industrial origin, unless
otherwise specified.

The first approximation in issues related to ensuring
safety is very often the requirement to achieve a negligi-
bly small or “zero” risk associated with some (generally)
production activities. Therefore, the safety systems that
were created and used in industries were often engineering
solutions aimed at fulfilling the requirements of absolute
safety. The basic principle in creating these systems is
the so-called ALAPA principle (As Low As Practicably
Achievable). According to this principle, the industrial
safety should be increased by any means and regardless
of the level achieved, if it is technically feasible. In other
words, according to ALAPA, one should construct technical
safety measures that would prevent emergency situations,
i.e. eliminate the very possibility of the occurrence and
development of an accident. The complication of technolo-
gies has led to the fact that it is often simply impossible
to predict all scenarios of an accident development and,
therefore, to provide engineering and organizational solu-
tions to prevent them, that being once again shown by the
accidents in Chernobyl and Fukushima. All that required
a fundamentally new approach to solving safety problems.
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...Most scientists strive to learn
the structure, composition and content
of their subject, decomposing it into
parts. They try to understand how
parts make up a whole. Sometimes it
resembles the desire to take a watch
apart to understand what the time is.

Aksyonov G.P. [1]

Introduction

Risk analysis and risk assessment are the focus of many
researches, whose number has been growing rapidly lately.
Figure 1 shows the increase in the frequency of the word
“risk” occurrence (per million words per year) in English-
language publications from the moment it was first men-
tioned in 1661 till present.
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Figure 1. Frequency of occurrence of the word “risk” [2]

This is partly due to the general “trend” for research in
this area, but partly it is a response to the challenges of the
time when a large number of mutually overlapping and
partially integrated systems of different purposes made
by man significantly has shaken the general sustainability
of social development and has given rise to dangers and
threats that are hard to predict. A whole new direction in
systems engineering has even appeared that deals with the
engineering of systems, whose individual parts can exist
independently, were developed independently, and thus are a
complete target system. Risk is often a conscious threat, and
therefore being the focus of researchers’ increased interest.
However, their efforts are often very clearly illustrated by
the words of G.P. Aksyonov, biographer of V.I. Vernadsky,
cited in the epigraph.

In this regard, it is especially relevant to introduce
(update) the very concepts of “analysis” and “synthesis”
as applied to risks. Analysis and synthesis are not two
different ways of cognition, but are opposites of one cog-
nizing consciousness, separable only in abstraction. For
example, A. Kazennov [3] shows that the basis of this unity
is their origin from practical analysis and from research in
general. “... the generic word for analysis,” he writes, “is
not “decomposition” (including mental decomposition)
of a subject, but “research”. And a specific difference
of a definition is “distinguishing parts of the whole and
their relationship to each other through this whole.” Not
decomposition, but distinction... It is only necessary to find
the point of identity of the “part” and the whole, one part
and the other “parts”.

At the same time, the identification of different parts
with each other unites objects (in this case, parts) into a
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whole. And that is already synthesis. While analysis should
be defined as follows: analysis is a study that distinguishes
parts of an object and correlates them with the whole and
with each other through this whole. The whole in the
analysis is the initial thing, mediating the whole course of
research. In general parts are already distinguished before
this study by previous practical and theoretical studies:
analytical and synthetic cognition... synthesis is a study
that considers the ratio of different parts of an object and
their whole through the essence (essential part) of the
whole. Finding such an essence or an essential part is a
fundamental scientific discovery that sheds new light on
all previous concepts expressing the essence of an object.
It reorganizes the whole system of concepts and, accord-
ingly, the whole theory”.

This approach seems to be the most constructive for risk
assessment. This is especially important when studying a
system of systems and the so-called critical infrastructure
problem related to that and often discussed in recent years
[4-9]. The problem is that almost in all of the most important
economy’s sectors there are systems with such spatially
distributed elements (sometimes these systems are also
classified as geographically distributed) that it is practically
impossible in practical terms to fully protect all objects of
one particular sector, not to mention all the sectors of a
system. The main issues and problems of a decision maker
(DM) in the field of ensuring the safe functioning of such
systems are the issues related to assessing threats and risks
that are significant for the system as a whole and for its ele-
ments and prioritizing the protection of critical infrastructure
elements and objects, taking into account usually limited
resources at his disposal.

Besides large sizes, many sectors are so complex
that it is technologically and economically impossible
to predict and calculate all the consequences of any in-
cident, regardless of whether the incident is caused by
the malicious actions of people or is the result of natural
disasters. Generally, it is extremely difficult to predict
the consequences of small disturbances in one part of
the critical infrastructure for its other sections. For ex-
ample, all Internet communications in South Africa were
completely terminated due to the fall of the twin towers
as a result of the terrorist attack on the United States on
September 11, 2001. And the relatively minor malfunc-
tions in First Energy’s electric payload in Ohio (USA)
accelerated blackout in August 2003, affecting 50 million
people thousands of kilometers away from the source of
the problem [10-12].

In fact, the existing infrastructure is vulnerable simply
because it contains so many very closely interconnected
components that for most technical consultants, analysts
and decision makers who determine its safety policy, this
becomes an impossible task.

The notion of structural complexity, as well as the notion
of a system in general, has not yet been unambiguously
defined. At the same time, modern requirements for the
construction of safety systems and the effectiveness of their
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Premises of the creation of a digital traffic safety management system

JSC RZD of an integrated intelligent process and service
management system that enables real-time traffic safety
management. The digital transformation of the traffic
safety management system in JSC RZD consists in the
top-level integration with the operating processes of all
business units in terms of integral assessment of the risk
of possible events and achievement of specified indica-
tors. The developed solutions will be deployed using the
Big Data and artificial intelligence, IoT-based diagnostics
systems, digitization of rolling stock and infrastructure
assets manufacture and maintenance, etc. The result will
be the integration of the traffic safety management system
with the process of all levels of JSC RZD’s management
in accordance with the three principles of digital busi-
ness: Complete coordination, Online business and Service
management. In the case of the Traffic Safety functional
area, that means the analysis of real-time data on the status
of the network and rolling stock, online supervision of
valuable or dangerous freight by means of collection of
sensor data, analysis of data flow regarding the current
status of rolling stock and locomotives with assessment
of operation, risks, generation or real-time warnings and
recommendations for further use and maintenance with
minimal risks.

An extensive development and deployment within
the company of the URRAN Single Corporate Platform
enabled executive decision support as regards risk-based
functional dependability and safety of transportation
facilities. Thus, the SCP URRAN E (subsystem E respon-
sible for the electrification and power supply) developed
and deployed in 2018 enabled comprehensive operations
involving over 1 000 users. Over 4.3 mil score cards
have so far been filed per Transenergo facilities. Earlier
this year, SCP URRAN S was developed and put into
revenue operation. It enables real-time calculation of
key indicators of dependability and safety, as well as risk
assessment within the telecommunications facilities. The
functional development of SCP URRAN P in the track
service since 2019 allowed improving the reliability of
assessment of the activities of the service’s business units
and objectivity of assignment of standardized dependabil-
ity indicators. The development and deployment of SCP
URRAN Sh in the signalling service and SCP URRAN
T in the locomotive service will — as early as 2019 — en-
able higher efficiency of maintenance through resource
and risk management.

Thus, SCP URRAN sets the stage for the digital trans-
formation of the traffic safety management system in the
Russian Railways.
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Figure 2 shows the six-level hierarchical structure of
various factors’ contribution to such indicator as average
daily performance of a locomotive. At the first level such
factors as the locomotive’s average daily run, average
trainload are taken into consideration. At the second
level the service speed, locomotive turnaround in station,
etc. are taken into consideration. At the sixth level the
locomotive type, its technical state, etc. are taken into
consideration. In total, the effects of over 50 factors af-
fecting the average daily performance of a locomotive are
taken into consideration. Calculations require statistical
data for each factor. Then, using statistical methods of
factor analysis and link analysis combined with such other
methods of Data Mining as methods of simulation and
prediction, the average daily performance of a locomotive
can be planned proactively.

Multifactor risk analysis using Big Data analytics and
machine learning will enable dynamic risk assessment
in railway services, identification of abnormal values in
real time and prediction of the probability of hazardous
events.

Migration toward the digital traffic
safety management system

Currently, given the ongoing deployment of SCP UR-
RAN and associated systems (KASANT, AS RB, KASAT,
KASKOR, EK ASU I, ASU T, etc.), traffic safety man-
agement consists in current estimation and prediction of
the safety and dependability of elements and devices of
railway technology (individually for each service), sys-
tems separately (e.g. locomotive fleet, catenary, bridges,
etc.), then processes (traffic management, service and
repair, etc.). Those operations are aggregated at the level
of devices, systems, processes and classified by service.
The safety of passenger and freight services is based upon
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the decisions of auditors made according to post-audit
statistical and real-time information supplied by auto-
mated systems (Figure 3). Such decisions largely depend
on the human factor, as the received data mostly are not
interrelated neither horizontally service-to-service, not
vertically per elements, systems and processes. Due
to that there is no comprehensive image of the current
status of safety and dependability of infrastructure and
rolling stock.

The migration towards a digital traffic safety manage-
ment system must be based on models of interaction of
safety and dependability factors of all railway facilities at
all railway levels of hierarchy, as well as in association with
other factors that are not directly associated with depend-
ability, yet affect the safety of the transportation process.
Such factors include, for instance, line class, service speed,
trainload, scheduled and unscheduled track maintenance
possessions, condition of ballast, condition of bridges and
many more. The large number of factors and exceptional
diversity of connections can be formalized and saved with
the help of Big Data technology. That will enable real-time
comprehensive monitoring of unacceptable states and risks.
The monitoring procedure should be based on the methods
of management of technical, social and industrial risks of
transportation facilities developed as part of the URRAN
system [12, 13]. That will allow using comprehensive risk
assessment while managing the technical assets of JSC
RZD and designing business processes that incorporate
the safety function.

Conclusion

The primary benefit of migration towards Big Data
consists in the development of a dynamic model of traf-
fic safety, elimination of the human factor in control
systems. Most importantly, it enables the creation within
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Big Data. This technology of storage and processing of
Big Data is an alternative to the conventional database
management technology. The defining characteristics
of Big Data are the “three Vs”: volume in terms of
the physical volume, velocity in terms of the speed of
growth, and the requirement for high-speed process-
ing and acquisition of results), variety in terms of the
capability to simultaneously process various types of
structured and semistructured data). Subsequently, some
variants and interpretations of the above characteristics
came into being.

Not all collected data are useful, that is why today
we discuss intelligent approaches to data analysis com-
monly known as Data Mining, a collective name that
denotes a set of methods of discovering within data
previously unknown, non-trivial, useful and practical
interpretations of knowledge required for decision-
making in various human activities. Data Mining is
based on various methods of classification, simulation
and prediction that use decision trees, artificial neural
networks, genetic algorithms, evolutionary program-
ming, associative memory, fuzzy logic. According to
some experts, methods of Data Mining include the sta-
tistical methods (descriptive analysis, correlation and
regression analysis, factor analysis, variance analysis,
component analysis, discriminatory analysis, time series
analysis, survival analysis, link analysis).

Data, whether collected, newly obtained or historical,
are at the foundation of the migration towards the digital
model of process management in railway transportation.
Within JSC RZD, such foundation has been created. The
aim of the activities associated with the creation of a
top-level digital corporate management platform in JSC
RZD consists in the development and deployment of
the comprehensive automation model based on control
systems integrated within the URRAN Single Corporate
Platform (SCP URRAN). That is a set of regulatory and
guidance documents, hardware and software systems
intended for managing infrastructure facilities, rolling
stock and manufacturing processes aimed at assuring
guaranteed safety and dependability of the transporta-
tion processes performed by JSC RZD [5]. The system
is already in use in the track, communications and power
supply services and enables automatic assessment of
the risks associated with both technical facility failures
and traffic safety violations [6]. The analysis of the
information it is collecting gives reason to believe that
the system, along with the associated solutions, such as
KASANT, AS RB, KASAT, KASKOR, EK ASU I, etc.,
can be designed on the basis of Big Data technology.
Data structuring is one of the biggest problems. Large
amounts of unstructured information are a typical feature
of today’s multifunctional AMS. According to interna-
tional information systems auditors [7], up to 90% of
the information we obtain is unstructured. Therefore,
the migration towards Big Data must be executed using
the foundations of Data Science. Up to 80% of time of
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data mining model generation is spent processing pri-
mary data, developing research models, analyzing basic
statistics, developing regular calculation models. That
requires managers who set goals of strategic analysis,
engineers who understand business processes, scientists
who develop mathematical models. And only after the
data mining model is complete (including connections
among all systems, users, factors), Big Data technolo-
gies and software solutions set in.

Due to the obvious costs associated with the creation of
a digital traffic safety and reliability management system
the question arises, whether such efforts are justified. The
experience with the creation of similar systems for various
industries demonstrates the productivity of such activities.
Thus, Gazprom’s Cognitive Geologist project [8] enabled
the reduction of project development time from 2 years to
2 months. The project also showed that 30% of previously
used initial data did not prove to be later useful. In Swe-
den, Big Data technology is used for managing trackside
assets, in particular as part of decision-making regarding
infrastructure and rolling stock [9].

Multifactor risk analysis of traffic
safety

Big Data management is based on the understanding
of business processes. In the context of railway trans-
portation that involves understanding the processes
of ensuring safety and reliability of the transportation
process. Currently, JSC RZD employs 85 guidelines and
regulations in the area of traffic safety and reliability.
AMS are used in safety and dependability assessment
of elements, railway systems and processes. That is
the present. In the future, it is expected that advanced
technologies of simulation, risk prediction will allow
monitoring unacceptable states, manage assets using
the ALARP principle [10, 11], integrating the safety
function into business processes. The first step towards
such future would be the development of a structure
diagram of traffic safety risk management. Such diagram
must include methods of traffic safety risk assessment
(subject to the chosen measures of reduction of the ef-
fects of risk factors and prevention scenarios), methods
of factor analysis (interrelations between factors and
risks), registers of the sources of information on factor
statuses, registers of factors that affect risks, service-
specific registers of risks, register of corporate risks of
JSC RZD and their classification attributes.

Certainly, the advantage of today’s advanced computer-
based methods over the conventional ones consists in the
capability to handle multivariate data, i.e. consider an
object subject to all possible attributes and factors. The
methods allow establishing interrelations between indica-
tors in a multidimensional space, which is extremely dif-
ficult due to time constraints. Computer-based (normally,
intelligent) methods practically eliminate the possibility
of calculation errors.
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The above systems to some extent automate the proc-
ess of traffic safety management. They enable condi-
tion analysis of individual railway facilities. However,
in terms of assessment of processes, the data is not
structured. Additionally, the systems have proprietary
classifiers, they have different information acquisition
periods, most importantly, the data they operate have dif-
ferent levels of detail and formats. There is also quite an
important fact that safety management systems must be
coordinated with many other automated systems of the
transportation industry, including 33 recording systems
and 8 planning systems. That indicates that the process
of traffic safety management involves processing enor-
mous amounts of raw data. The classical solution is data
aggregation (for instance, per hazardous events, indica-
tors of failure rate, damage, etc.), as well as analysis
of the properties of the managed system. That, to some
extent, enables proactive planning: identification of the
direct causes of undesired events and planning targeted
measures, confirming the achievement of target values.
However, in safety management of railway transporta-
tion there are over 250 data names alone, while the sizes
of data arrays are evaluated at millions of terabytes.
In this context, even aggregated data does not provide
the desired effect. A digital traffic safety management
system must be created.

Development of systems for collection
and processing of information
on the actual state of infrastructure
and rolling stock

Various areas of human activity share the same trends

of collection and processing of information. In the
XIX century6 our predecessors obtained management-
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specific information by means of personal observa-
tions, manual measurements, stored it in script books.
In the era of steam engines, executive decisions were
made on the basis of several megabytes of information
(Figure 1).

In the XX century, new computer systems, informa-
tion systems and automated workstations emerged. Field
inspections were complemented with automatic systems
for data collection that were based on sensors, relays.
The amount of processed information was gigabytes. It
was collected, stored, analyzed and used for purposes of
forecasting. The beginning of XXI century was marked
by explosive technological developments. Now we are
talking about exabytes (10’ gigabytes) of information.
The capability of collecting and controlling such enor-
mous amounts of data enables the application of modern
technology. Currently available speeds are far beyond
human response time. Naturally, the role of people in
the operation of systems intended for collection of such
amounts of data is progressively declining. An ever-
increasing amount of information on the real world is
collected with the use of sensors, diagnostic systems,
technologies that enable interaction of artificial objects
with no human involvement.

A large amount of collected and, most importantly,
constantly increasing information inevitably changes our
perception of it. Ensuring the safety and reliability of
transportation processes relies on the prediction of risks,
automation of the decision-making process. In other words,
we are talking about tasks that used to be the prerogative of
people. Now, most of such tasks are assigned to computer-
based systems.

Structured and unstructured data in great amounts and
considerably diverse, that are efficiently processed with
the use of software tools, are conventionally known as
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Figure 1. Stages of development of data collection and processing systems
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Introduction

Train traffic safety is one of the key concerns of JSC
RZD in the context of operation of the railway system,
passenger and freight traffic. All the organizational and
technical measures in railway transportation must comply
with the requirements of safety and faultless train traffic.
The development of Russia’s railways is aimed at increas-
ing the rate, speed and freight capacity of train traffic.
That involves a higher number of vehicles simultaneously
operating on railway tracks, as well as significantly more
complex infrastructure. Due to that, stricter requirements
must be specified for the quality and dependability of traffic
safety facilities, as well as the professional qualifications
and experience of railway personnel directly involved in
traffic management.

JSC RZD’s traffic safety policy defines the following
main goals: minimization of the consequences of trans-
portation incidents; protection of human life and health;
assurance of safety of cargo, rolling stock, infrastructure
facilities; assurance of a set level of traffic safety. The
wide range of traffic safety tasks, on the one hand, and
rapid development Russia’s railways, rolling stock and
infrastructure, on the other hand, require a major rear-
rangement of the existing traffic safety management
system through its transformation into a digital manage-
ment platform.

Stages of automation of a traffic
safety management system

Today, JSC RZD uses a significant number of automated
management systems (AMS) developed in various periods
for the purpose of solving specific tasks. Some of them are
modern, some require upgrading and updating in accord-
ance with new requirements.

At the early stages, traffic safety management was based
on railway stations and depots inspection reports. The
development of railway transportation required the automa-
tion of traffic safety management. In 2005, the Automated
System for Supervision and Analysis of Application of
Traffic and Workplace Safety Rules by Station Personnel
(AIS DNCh) [1] was created. The system’s main purpose
consists in organizing — within the train service — of col-
lection and classification of information on the results of
inspections of railway stations as regards traffic and work
safety, its analysis and definition of preventive measures
aimed at eliminating faults in the train and shunting opera-
tions, as well as cases of workplace injury in stations. The
system’s users include safety supervisors of all divisions,
management of the commercial service, safety office em-
ployees. The system has 800 active users, over 700 000
inspection reports have been prepared so far. They formed
the basis of the corporate non-structured safety data storage
using the example of a specific service.

In 2006, the Automated Traffic Safety Management
System (AS RB) was created [2]. Today, it performs all
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the required functions that ensure data input, warning,
classification and recording of traffic safety violations,
supervision of the observance of the terms or registra-
tion, timeliness and quality of investigation of traffic
safety violations, analysis of the causes and conse-
quences of violations, generation of network-level and
division-level violation reporting documentation. The
system has over 5000 users. It has so far generated
over 40 000 technical inspection reports by safety
inspectors.

The Integrated Automated Systems for Recording,
Supervision of Elimination of Failures of Technical
Facilities and Dependability Analysis (KASANT) was
deployed within JSC RZD in 2007 [2, 3, 4]. The system
is a radically new tool for the Company’s infrastructure
facility and rolling stock condition monitoring. It guaran-
tees a single procedure of registration and investigation
of technical facility failures in all operational services, in
all divisions of JSC RZD, significantly increases the reli-
ability and speed of data collection through a “paperless”
process. Over the last three years, KASANT enabled a
staged migration towards a single system for registration
and analysis of technical facility failures. It became pos-
sible to implement comprehensive method of estimation
of operational efficiency, both for specific services, and for
the whole company, using a single network-wide database
of technical facility failures.

At different moments in time, KASANT was inte-
grated with the Company’s following automated sys-
tems: GID Ural-VNIIZhT (System for Automated Train
Traffic Scheduling), ASU E (Transenergo Automated
Management System), AS KMO (Automated System
for Documentation of Monthly Commission Inspections
of Stations), ASK PS (Automated System for Rolling
Stock Technical State Supervision), ASUVOP (Standard
Automated System for Issue and Cancellation of Warn-
ings), ASU-P (Automated Systems for Track Facilities
Management), ASU-Sh-2 (Integrated Automated System
for Signalling, Interlocking and Block Infrastructure
Management). Later, the above were integrated with the
Single Corporate Automated Infrastructure Management
System (EK ASUI) that encompassed the AMSs of the
infrastructure services and now provides information
support of maintenance and repair process.

KASANT has over 50 000 users. The daily number of
registered warnings is 1400. 2 367 747 technical facility
failures have so far been detected and analyzed.

In 2011, KASAT, or the Integrated Automated System
for Recording and Analysis of Process Violations, was
developed and deployed for the purpose of analyzing cases
of process violations by railway personnel causing traffic
safety disturbances. It is a hardware and software system
for recording, analysis of cases of process violations in
infrastructure facilities of JSC RZD. KASAT has over
50 000 users. The daily number of registered warnings is
960. So far 6 497 274 process violations have been detected
and analyzed.
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11. Conclusions

The Toyota A3 Report, as a flexible mean for solving
problems, occurred during work, was adjusted for terms
of mining machines operation (excavators, transporters,
depositors etc.) on open-pit mines. Considering the situ-
ation that there is a large number of available data and
information about processes that are highly complexed,
such as the process of coal and overburden exploitation on
open-pit mine, there is a possible consumption of a large
amount of time for their finding. Because of that, the way
of documenting in the form of the Toyota A3 Report has
a great significance for speeding up communication and
removing a loss of time in work processes. That represents
an important step at implementing Lean production and
Kaizen concept on the open-pit mine in Mining Basin
Kolubara, Lazarevac, Electric-power Industry of Republic
of Serbia

There are potential shortcomings in the Toyota A3
Report which relate to solving a particular problem of
bucket-wheel excavator SRs 1200 24/4 (G2) accident. It
seems that it is overloaded with information and compli-
cated. That is a normal reaction considering such a complex
document because there is a great volume of information
(data) concentrated on a small place. The immaculate
Toyota A3 Reports do not exist. Every time when there is
aneed for making such a report — there is a way to improve
its content or form.
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are used during training for solving problems and for shap-
ing The Toyota A3 Report. Here we give some parts of this
review [19].

A. Recommendations for solving problems:

* evaluate the situation relying on facts,

* follow (monitor, observe) the problem,

* concentrate on one problem (one Toyota A3 Report —
one problem),

 watch deviations where the problem appears,

* study in detail the cause and analyze all the facts and
data,

* if necessary, take temporary measures to locate the
problem,

* detect (determine) the main cause,

* develop corrective measures, give tasks and determine
deadlines for their realization.

B. Recommendations for shaping The Toyota A3 Re-
port:

« distribute the time so the situation can be evaluated en-
tirely (use a wide range of information, rely on the facts and
not on opinions, take into consideration longterm effect),

* orientate towards concrete listeners; Take into con-
sideration their needs and level of understanding of the
situation,

* coordinate showing material with values of the company
and its philosophy,

+ avoid using a lot of words, use more schemes, graphics
and other ways of clear information representation,

« every word should be from the field of work; Express
yourself precisely and avoid slang terms,

» evaluate the clarity of material presentation; Does shap-
ing of report helps to the understanding of its content?

An interesting analogy could be drawn between organ-
izing a space, based on principles of the «5S Method»
[12], in the Toyota factories while making The Toyota
A3 Report. In a Lean Enterprise, it is unacceptable to
overload space with a surplus of supplies because they
represent — loses [19]. Rational usage of space is proof
of making an effective additional value. Unnecessary
material decreases safety, makes mess and disturbes
discovering of standard deviation. On a similar way,
shaping The Toyota A3 Report it is important not to
allow losses: redundant words, extensive explanations,
unnecessary schemes, which disturbs an essence to be
seen. In that way, maximal effectiveness of adding the
value is provided. The loss in documents blurs the basic
idea and often leads to people losing the key moment
from their sight.

The Toyota A3 Report and the way of their preparation
make communication clear and operational, besides, The
Toyota A3 Reports contribute to continual development.
So, if making of The Toyota A3 Report brought to standards
change or to increase of knowledge circumference — the
database is renewed. The Lean Thinking [20] requires learn-
ing a lesson from solving problems (not only repairing of
a complicated situation) and The Toyota A3 Report helps
to such training.
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9. The Toyota A3 Report and PDCA cycle

Aspiration of Toyota towards experiments lies in the
base of all the standardized operations and processes which
represent the part of everyday work. The Toyota company
converted the cycle «Plan — Do — Check — Act» (PDCA) i.e.
process of continual work improvement which is widely ap-
plied in different areas of business, into unique methodology
«The Toyota A3 Reporty. It reflects the culture of Toyota
[21] where the ability to solve problems is considered to be
the most important quality of an employee which is formed
from the beginning of his career and is continuously improv-
ing in the training process.

Akio Matsubara, former executive director for personnel
management and now the president of Toyota Gosei North
America Corporation sais [22]:

«In the first ten years of a person working in the Toyota
company, we repeat multiple times a three-phase cycle of
training which develops the ability and skill of solving prob-
lems in a man. The entire personnel develops inside itself a
skill of problem overcoming which represents the basic ap-
proach in the Toyota working. The philosophy of the Toyota
company implies: overcoming the problem, the employee
is giving a contribution to the realization of cooperative
politics, focused on satisfying the customer demands. We
advise our people that the skill of overcoming the problem
is necessary for achieving success in Toyotay.

The Toyota A3 Report is read from top to down, from left
to right and is used for solving problems, updating states and
suggestions. The Toyota A3 Report follows the methodology
of the Deming cycle of continuous improvement PDCA.

10. The Toyota A3 Report about
solving problems of «Bucket-wheel
excavator SRs 1200 24/4 (G2)
accident»

10.1 Practical solving of the problem

The process of solving problems occurred during work
can be described by the logical course that follows the Dem-
ing cycle of continuous improvement PDCA, and the Toyota
A3 Report contains the following seven sections (steps):
initial information, current state, goal, cause-consequence
analysis, corrective measures, confirmation of effect, fol-
lowing actions. This process is defined on the basis of
observations conducted in Toyota Company and published
in the book [2].

The final look of The Toyota A3 Report about solving
problem of an accident on bucket-wheel excavator SRs 1200
24/4 (G2) which happened on April 6th in 1995 on open-pit
mine Field D, MB Kolubara, Electric Power Industry of
Serbia, which was previously partially analyzed in the paper
[23], is shown in Figure 9.
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TOYOTA A3 REPORT

SOLVING THE PROBLEM
THE ACCIDENT OF BUCKET-WHEEL EXCAVATOR SRs 1200 24/4 (G2), WHICH OCCURRED ON APRIL THE 6" 1995
ON OPEN-PIT MINE FIELD D, MB KOLUBARA, ELECTRIC POWER INDUSTRY OF SERBIA
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INITIAL INFORMATION

APPEARANCE OF THE BUCKET-WHEEL EXCAVATOR SRs1200 24/4 (G2)
DURING OVERBURDEN EXPLOITATION, BEFORE THE ACCIDENT

THE MAIN CHARACTERISTICS OF THE BUCKET-WHEEL
EXCAVATOR SRs 1200 24/4 (G2) BEFORE THE ACCIDENT OCCURRENCE

Characteristic of the excavator Values
Theorctical capacity 3.456 m/h
Rotor drive power 400 kW
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SITUATION CONDITION

APPEARANCE OF THE BUCKET-WHEEL EXCAVATOR SRs 1200 24/4 (G2),
AFTER THE ACCIDENT WHICH OCCURED ON APRIL THE 6" 1995
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TENDER FOR THE REVITALIZATION OF
THE BUCKET-WHEEL EXCAVATOR SRs
120024/4 (G2)

Since putting into operation in 1968, the
excavator have excavated over 160 millions

of m3 of overburden. Noticing the need for
compensation of this capacity which shortage
have further i ing on the

THE EXCAVATOR REVITALIZATION
PROCESS

The excavator revitalization process was
developing in two main directions:

« revitalization of existing equipment and
construction, which was evaluated as usable, inside
workshops of the Kolubara Metal company,

. ing of new equi ding to

open-pit mine Field D, Electric Power Industry
of Serbia have decided to open an international
tender for revitalization of the bucket-wheel
excavator SRs 1200 24/4 (G2), with help of
favorable loan from the German government.
For the realaization of this project the loan
from KFW bank was provided designating
value of 7.588.641,00 euros.

EXCAVATOR REVITALIZATION
CONTRACTORS

As the main contractor on the tender, the job of
bucket-wheel excavator SRs 1200 24/4 (G2)
revitalization got the German company FAM
from Magdeburg which emplyed the main
subcontractors:

« for the mechanical part including intensive
engineering, revitalizati ing and

basic engineering of FAM and ABB for electrical
equipment.

THE EXCAVATOR ASSEMBLAGE PROCESS
The excavator assemblage process had some key
stages:

* processing of radial axial bearing

on the moving carusel lathe,

« platform rotation,

« lifting and fitting of a pilar of mass more than
80 tand at the same time 4 hoists were used and
one of them had carrying capacity of 300 t,

« lifting the counterweight shaft along with
E-containers with buit-in electrical equipment
of total mass over 110 t,

« lifting and contraining of rotor shaft,

« installation of 14 buckets rotor,

assamblage — Kolubara Metal company from
Vreoce,

« for designing, manufacturing and supervision
over electrical part assemblage — ABB
company from Cottbus.

. llation of winches for hoisting rotor shaft
and supporting ropes,

* equipping and reliance of transhipment device.
About 115 t of electrical equipment, cables and
axiliary construction was embedded on the
bucket: 1 during the installati

¥

EFFECT CONFIRMATION

GOAL

GOALS OF THE BUCKET-WHEEL EXCAVATOR SRs 1200 24/4 (G2) REVITALIZATION PROJECT
Goals of the Revitalization program for the bucket-wheel excavator SRs 1200 24/4 (G2)
damaged in the accident that occured on april the 6% 1995: revitalization of the bucket-wheel
excavator, modernization of the bucket-wheel excavator, i in the capacity of the
bucket-wheel excavator, enabling to use the excavator for overburden as well as for coal.

v

CAUSE-EFFECT ANALYSIS

REVITALIZED BUCKET-WHEEL EXCAVATOR SRs 1201 (YEAR OF 2004.)

1

The maiin characteristics of revitalized b

TECHNICAL BENFIT OF EXCAVATOR'S REVITALIZATION

ucket-wheel excavator SRs 1201 24/4 (G2)

DAMAGE BECAUSE OF THE OCCURED ACCIDENT OF THE BUCKET-WHEEL EXCAVATOR

Direct costs of the accident

Indirect costs of the accident

Designing, dismantling, transportation of the
excavator, ing, and i

of items, assemblage, putting into operation:
7.500.000,00 euros

Because of capacity non-engagement on
open-pit mine during the revitalization of
the bucket-wheel excavator of 9 years:
157.000.000,00 euros

ANALYSIS OF THE CAUSE OF BUCKET-WHEEL EXCAVATOR’S SRs 1200 24/4 (G2) ACCIDENT
'WHICH OCCURED ON APRIL THE 6* IN 1995 ON OPN-PIT MINE FIELD D, MB KOLUBARA

APPLIANCES OF THE “5 WHY?” METHOD: DISCOVERING OF THE BASIC CAUSE OF
THE ACCIDENT ON THE BASIS OF QUINTUPLE REPEATING THE QUESTION “WHY?”

PROBLEM: The accident of the bucket-wheel excavator
SRs 1200 24/4 (G2)

1. Why the accident of the bucket-wheel

CAUSE:  Because the steel ropes for the hoist |~ excavator SR 1200 24/4 (G2) occurred?
of ted

e rotor's shaft were unheal
they snapped and the excavator
collapsed.

2. Why the stecl ropes for the hoist of

Because the large flame that caught the rotor’s shaft wer unheatod?
the ropes appeared.

3. Why the I
S ——— R Al
roller in the transporter 2 (intertransporter).
e g

4 Wy tcame o
Because in the rolling bearing in carrying roller carrying roller ignition?
e o daags ot o d
aoveentof o i Tame

5. Why tcame

S

‘The damage occurred because of bad bearing! roller quality. carrying roller?

Application of maintenance
concept:

« Current maintenance A
« Servising maintenance

* General repair

« Predictible maintenance

Excavator characteristic Values
Theoretical capacity 4100 m¥/h
Drive power on the rotor 630 kW
Triple drive of rotary motion of upper construction
Completely new steel structure of the upper construction
First time in Serbia a container principle was applied for
implementing electrical equipment
Frequently adjusted propulsin / drive
The latest solutions in operating section

CONTROL ACTIONS
PDCA CYCLE OF CONTINUOUS IMPROVEMENT
OF MANUFACTURING PROCESS

Goal: Manufacturing — excavation 5-10° m’ overburden in year

P

Supervision, process
managing and registering

D of realised manufacturing
- excavated overburden
within a year.

C

Comparison of realised ing —

with goal i.e. planned

manufacturing and suggestion for a kind of action (corrective measures)

Figure 9 — The Toyota A3 Report view for the problem solving: «The accident of bucket-wheel excavator SRs 1200 24/4 (G2),
which occured on April the 6th 1995».
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The accident of bucket-wheel

excavator SRs 1200 24/4 (G2),
April the 6™ 1995.
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Figure 8 — The accident of bucket-wheel excavator SRs 1200 24/4 (G2) — typically «Black Swany event.

It is impossible to predict them but we should know how
to live with them.

By its character «Black Swans» couldn’t be predicted be-
cause of similar events haven’t ever happened before. However,
it is possible to study how companies and people who have
survived some disasters coped with their consequences. Such
an analysis could help the company to be prepared for strategy
making that help them stand on their feet after extraordinary dis-
asters (technical disasters such as mining machines accidents)
as soon as possible and with minimal damage.

Nassim Taleb has suggested the risk theory «Black Swan»
which considers events that are hard to predict and rare
events which have significant consequences. «Black Swany
is a metaphor which describes surprising events with great
consequences.

«If you have seen only the white swans your entire life,
that doesn t mean that black swans do not exist.

- writes Nassim Taleb in his book «The Black Swan, The
Impact of the Highly Improbable» [17].

7.2 Criteria for «Black Swan» events

and bucket-wheel excavator accidents

The accident of bucket-wheel excavator SRs 1200
24/4 (G2) which happened on April the 6th in 1995.

has all the characteristics i.e. satisfies the criteria of
«Black Swany» events. That what Nassim Taleb calls
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«Black Swany — that is an event which has a following
three characteristics:

* the event is unexpected,

* the event causes great consequences,

« after the occurrence, retroactively, the event has a rea-
sonable explanation as if the event has been expected.

Until the accident that happened on April 6th in 1995, this
bucket-wheel excavator has excavated over 160 million m’ of
overburden. How large emptiness was made due to the failure
of'this excavator could be seen by the production in years that
moved from 5 to 7 million m’ of overburden (Figure 8).

Since those accidents could not be predicted, the task of the
owner of dangerous objects is to assure decrease of its negative
impact on the personnel, population and environment. In that
regard, the task of this country is to compel the owners of such
objects to strictly carry out directions, regulations and directives
of normative documents in safety department [18].

As far as engineering systems reliability and their com-
plexity increases, the «human factor» part increaes as well.
Therefore, safety culture education, making of non-punish-
ment manufacturing environment stays the most important
task of theory and practice for engineering systems safety.

8. Toyota A3 Report as a problem-
solving tool
Making The Toyota A3 Report is teaching every em-

ployee in Toyota, first of all, their direct supervisors. There
is a universal review of states and recommendations which
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Lack of training

Inappropriate
information

HUMAN ERROR
which provoke
poorly quality of

>  bearing carrying
roller at bucket-wheel

excavator
SRs 1200 24/4 (G2)

Lack of experience Carelessness

Neglect of danger

Figure 7 — Causes of the human error [6].

This problem could be further solved in a qualitative way
by determining the cause of the second and higher degree
of human errors.

6. Human factor in modeling
of accident occurrence

6.1 The «Swiss cheese» model
of human errors’ causes

More often the responsibility for accidents and tech-
nical disasters are attributed to individual (personal)
human errors. But in his book «Managing the Risk of
Organizational Accidents» [14] psychology professor
James Reason from the University of Manchester, in
detail studies a problem whether one human error can
cause the accident if we don’t take into account cases of
obvious sabotage or terrorist activities. It is proven that
the entire array of hidden and undiscovered on time errors
leads to an accident. Safety culture and problems which
cause this array of errors, as usual, are called «human
factor» [15]. After all, exactly the human factor forces
the operator or maintainer of the engineering system to
make wrong decisions.

Why there are accidents happening, which condi-
tions are causing them, which factors contribute to their
occurrence? Accidents, as a rule, occur not as a result
of some individual error but they are a consequence of
hidden, undiscovered on time damages and failure kinds
that are cumulating on each other and could bring to an
unwanted array of events. Hence, the largest number of
accidents and unfortunate incidents are a consequence of
an array of events.

That kind of accident attribute is described the best
by the «Swiss cheese» model, which was developed by
James Reason [16] and which illustrates various kinds of
human «contribution» to engineering systems’ accidents.
Reason’s «Swiss cheese» model explains what way people
contribute to working ability disturbance of complex and
mutually connected engineering systems, which leads to
accidents.

If the state of a certain engineering system is shown in
the shape of a slice of cheese with holes, in that case, and
depending on the time of manifesting the kinds could be
classified into two:

* hidden failure kinds (hidden defects),

* active failure kinds (active defects).

Hidden defects (hidden kinds of failures, hidden con-
ditions, terms, regimes) represent the result of a decision
or procedures of work which has been performed long
before the accident (occurrence). These defects and their
consequences can stay undetected for a long period of
time (for many years). Such errors (failure kinds) usually
occur on the decision making level and determining rules
and regulations or on the level of operating management
i.e. persons further from an occurred accident, as in time
as well in space. For example, a decision about merging
maintenance personnel from two different open-pit mines
(two enterprises) without training that personnel for stand-
ardized procedures for maintaining the mining machines
represents a clear example of hidden defect (hidden kind
of failure).

Active defects (active kinds of failure, active errors) rep-
resent mistakes or disturbances which immediately (without
delay) have an unfavorable effect. Such errors are usually
made by operators or maintainers of mining machines. Ac-
tions of operators or maintainers which moves the lever for
lifting the upper excavator’s construction instead of moving
the lever for excavator’s rotation sets an explicit example
for this kind of error (failure).

7. «The Black Swan» event risk theory

7.1 «The Black Swan, The Impact
of the Highly Improbable» [16]

Mathematician and economist Nassim Nicholas
Taleb, in his book «The Black Swan, The Impact of
the Highly Improbable» [17] from 2007, has proposed
a concept of «Black Swans» — unexpected (unpredict-
able) and significant (comprehensive) phenomenon that
essentially change the course of history. That concept
includes wars, economic crisis, internet appearance etc.
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ANALYSIS OF THE CAUSE OF BUCKET-WHEEL EXCAVATOR’S SRs 1200 24/4 (G2) ACCIDENT
WHICH OCCURED ON APRIL THE 6* IN 1995 ON OPN-PIT MINE FIELD D, MB KOLUBARA

SRs 1200 24/4 (G2)

CAUSE: Because the steel ropes for the hoist
of the rotor’s shaft were unheated
they snapped and the excavator

collapsed.

Because the large flame that caught
the ropes appeared.

on the transporter.

movement of the initial flame.

APPLIANCES OF THE “5 WHY?” METHOD: DISCOVERING OF THE BASIC CAUSE OF
THE ACCIDENT ON THE BASIS OF QUINTUPLE REPEATING THE QUESTION “WHY?”

PROBLEM: The accident of the bucket-wheel excavator

1. Why the accident of the bucket-wheel
excavator SRs 1200 24/4 (G2) occurred?

Because it came to ignition of carrying
roller in the transporter 2 (intertransporter)

Because in the rolling bearing in carrying roller
came to damage, increased friction and

The damage occurred because of bad bearing/ roller quality.

2. Why the steel ropes for the hoist of
the rotor’s shaft were unheated?

3. Why the large
flame appeared?

4. Why it came to
carrying roller ignition?

5. Why it came
to damage in the
carrying roller?

Figure 6 — Application of the «5 Why» method: Discovering of the basic cause of the accident on the basis of quintuple the question « Why».

5.2 Investigation of human errors

causes at the bad bearings quality

occurrence on the bucket-wheel

excavator

Investigation of human errors at the bad bearings
quality occurrence on the bucket-wheel excavator SRs
1200 24/4 (G2) was performed through the teamwork

in Brainstorming method mode in the Kolubara Metal
company. Thereat, the team acted according to all the

Table 1. Accident share of excavators accidents
causes

. Accident
Cause of accident share [%]
Inadequate prepared pathway for the excava- 27
tor (human error)
Error in parts manufacturing and excavator as- 2
sembly at open-pit coal mine (human error)
Operator’s error 18
Maintainer’s error 13
Fatigue of materials, wear of equipment and p
corrosion processes
Inadequate design (human error)
Other miscellaneous factors 5
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recommendations for the Brainstorming organization
[13]. The main of the recommendations were related
to: team composition, the way of operating within the
team, the team leader role. The team generated ideas
about causes of maintenance problems which demands
a solution.

In these investigations, a certain rule that is suitable
for composing of the initial (general) causal diagram was
applied, and that rule is applicable for most of the real
situations. The rule consists of that that there is almost
always a certain number of categories of possible causes
for some consequences (unwanted results) of the process.
Solving a particular problem of bucket-wheel excavator’s
accident, investigations discovered from which factors
(causes) and to what extent unwanted result or conse-
quence depends on:

«Human error which provoke poorly quality of bearing car-
rying roller at bucket-wheel excavator SRs 1200 24/4 (G2)».

Investigations have at first determined and abstracted five
samples in terms as shown in Figure 7:

* lack of training,

* inadequate information,

* lack of experience,

e carelessness,

* negligence of the danger.
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Figure 4 — Look of bucket-wheel excavator SRs 1200 24/4 (G2)
before the accident appearance.

The worth of direct costs (expenses) is: 7.500.00,00
EUR.

2. Indirect expenses, because of non-engagement of
capacities on the open-pit mine during the period of bucket-
wheel excavator revitalization, amount to 157.000.000,00
EUR.

This data was obtained on the basis of the price of
4.500,00 EUR of excavator’s items down-time within the
system (BWECD or BWECL).

Time of break duration:

9 years x 12 months x 30 days x 24 hours x 0,45 =35.000
norm-hours

The worth of indirect costs is:

35.000 norm-hours x 4.500 EUR/hour =157.000.000,00
EUR.

5. Analysis of bucket-wheel
excavator’s SRs 1200 24/4 (G2)
accident cause

5.1 The «5 Why?» method application
for determination of basic accident
causes

The basis of the approach to the determination of
quality problem causes in the Toyota company consists
of asking the question «Why?» for five times during
discovering the problem, which is labeled as «5 Why?».
If there is the answer to the question « Why?» five times,
then the basic cause and the way for its solution will
be clear. The analysis of the basic maintenance prob-
lem causes based on quintuple repeating the question
«Why?» is implemented into the maintenance system
of the Toyota company (Lean Maintenance System)
[11]. The «5 Why?» method is committed to a detailed
investigation of problems and culture that lead to the
basic causes of these problems. The «5 Why?» method
is usually used in the Toyota for searching for the

Figure 5 — Look of bucket-wheel excavator SRs 1200 24/4 (G2),
after the accident which occured on April the 6th 1995.

source of the maintenance problem. It describes the
way of thinking needed to reach the level necessary for
preventing reoccurrence of maintenance problems. This
doesn’t have to be the basic cause, but at least on this
level, the corrective measures could be appropriate to
prevent the return of the problem. In case of accident
of the bucket-wheel excavator SRs 1200 24/4 (G2), the
application of «5 Why?» method describes the way of
thinking necessary to prevent reoccurrence of the ac-
cident, in terms shown in Figure 6.

According to data published into book [4], a significant
percentage portion of every kind of failures on complex
mining machines was caused by human error. They happen
in the stages of designing, manufacturing, control, assem-
blage, exploitation and system maintenance, and also in the
stage of operating, to any level of education, qualification,
competence, and personnel experience. Errors of mainte-
nance personnel consist of wrongly executing engineering
system’s maintenance manuals and they depend on their
psychophysical state (fatigue, stress etc.), wrongly organized
workplace due to the absence of a 5S system for workplaces
managing [12], error in ergonomic calculations, the presence
of noise on the workplace, not sufficient brightness on the
workplace etc.

In the past period in Serbia, many investigations have
been performed on account of determinating accidents’
causes of mining mechanization on the open-pit mines for
coal excavation. One such report from the investigation
was published in [5]. Investigations show that errors of
the personnel (operators, maintainers) play an essential
role in accidents occurrence, which is confirmed by data
from Table 1.

Analysis of this data shows that human errors in 87% of
cases represent accidents’ causes on the mining machines.
Based on this, from Figure 6, we can conclude that «Bad
bearing quality» in carrying roller is as well a human error
i.e. personnel error in the final control, in the entry control,
or even in the poorly made decision about bearings sup-
plier choice.
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Transportation Mechanism (ETM), Material Transportation
Mechanism (MTM), and Material Excavating Mechanism
(MEM), see histogram on Figure 3.

Reliability and safety of bucket-wheel excavator
items don’t always have to be in positive correlation. In
other words, for high reliability, there’s not always a low
criticality to comply with and vice versa. Criticality of
bucket-wheel excavator item’s failure kind is an indicator
which characterizes the safety of excavator functioning.
For example, some items of bucket-wheel excavator could
have a high reliability but at the same time a low safety as
well (i.e. high criticality), which investigations have shown
[1,5]. Here, this is the case with building groups (items):
Mechanism For the Hoist of the Rotor’s Arrow (MFHRA)
and Supporting Steel Structure (SSS). That practically
means that all kinds of failures of this building group occur
rarely, but when they occur it causes serious consequences
for bucket-wheel excavator functioning, and that means the
entire BWECD system as well. In determining reliability,
along with the length of time period UP TIME, a frequency
of failure occurrence plays its part as well as the level of
criticality for safety determining.

Therefore, taking into consideration the consequences
of potential failure kinds, as well as in due time removing
their causes, enables incensement of bucket-wheel excava-
tors safety.

The availability factor is an important complex index of
reliability and maintainability of the restorable systems used
in the problems of reliability and risk analysis. The method of
estimating the variability of the availability factor has been
developed in the paper [10] based on the statistical methods
with the generation of the repeated samples (resampling).
The subsystems of the bucket-wheel excavator SRs 1200
24/4 (G2) using the statistical data on the failures collected in
Mining Basin Kolubara, Lazarevac, Serbia, have been used
as the object of applying the method. The use of the resa-
mpling methods, i.e., the jackknife and bootstrap methods,
permitted one to estimate the variability of the availability
factor of the excavator subsystems.

Except for the MEM subsystem, the reliability and main-
tainability of the subsystems corresponds to the requirements
to the reliability of the complex technical objects. The lower
quartile of the scattering of the availability factor reaches
0,9977 for the most responsible subsystem MFHRA with-
out taking into account the outliers, which corresponds to a
rather high reliability event considering the range estimated
using bootstrap [10]. The 90% confidence interval for the
availability factor for the total system reaches [0,81; 0,94]
according to the estimate based on the developed method
with the median 0,90.

The digging system in some cases does not demonstrate
sufficient dependability. That is caused by premature wear
of the implements. In [11] the engineering formula for wear
assessment was refined based on the previously known for-
mula subject to various modes of operation. The application
of this formula will help schedule preventive maintenance
and inspections.
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The beta factor method [12] can be used for the analysis
of the failures of excavators as complex systems. It is the
most simple in terms of simulation of dependent failures and
further calculations. However, it has limitations of its own.
For a complex system, such as an excavator, dependability
must be ensured from the earliest life cycle stages through
consecutive execution of specific design, process-related
and manufacturing procedures [13]. The Toyota A3 Report
can put some clarity into this matter.

4. Accident of bucket-wheel excavator
SRs 1200 24/4 (G2) which happened
on April 6™ 1995 and its consequences

Bucket-wheel excavator SRs 1200 24/4 (G2) that has been
assembled and put into operation in 1968 on the open-pit
mine Field D, MB Kolubara, and was given internal mark
G2 («Grinding Machine 2»), Figure 4.
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Figure 3 — Failure modes frequency of groups for bucket-wheel
excavator SRs 1200 24/4 (G2) [5].

The accident of bucket-wheel excavator SRs 1200 24/4
(G2), Figure 5, has brought to great damages that had to
be failure diagnosed and assessed, which was done by MB
Kolubara and Kolubara Metal experts. Certain parts of the
damaged machine have been transported on the assembly
site in Zeoke, and some in Kolubara Metal Workshops.

The assessment of consequences is in connection with
the analysis of direct and indirect damages, which can oc-
cur at a certain outcome (end state). If damages have been
calculated in different units of measurement, as a result of
a certain outcome, they should be reduced to one coequal
damage. Besides, the end states can have a current or de-
layed effect. For example, during bucket-wheel excavator’s
SRs 1200 24/4 (G2) accident on the Field D, MB Kolubara
open-pit mine, the cost analysis [1] has shown the existence
of two kinds of expenses, as follows:

1. Direct expenses which include:

* designing,

* a dismantling of damaged bucket-wheel excavator,

« transportation of damaged bucket-wheel excavator,

» manufacturing and recovering of bucket-wheel excava-
tor’s items (assemblies, subassemblies, elements),

* an assemblage of the bucket-wheel excavator,

* putting into operation.
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currence on bucket-wheel excavators (except when there are
long conveyor belt systems in question, because the length
of transport cannot be influenced due to technological condi-
tions), which leads to conclusion that with rotary excavator
reliability increase to the fullest extent, the entire BWECD
system reliability could be increased as well [1].

Bucket-wheel excavator (rotary excavator) is a very
complex engineering system which consists of a larger
number of items (subsystems, assemblies, elements).
Every item represents a potential source of DOWN TIME
condition, accidental by the moment of occurrence and
by the time of duration. Consequences of failure occur-
rence on rotary excavators (bucket-wheel excavators) are
productivity reduction, i.e. excavator’s capacity reduction,
which reflects on a reduction of open-pit mine economic
effects. For those reasons, in terms of given investigations
[5] the excavator’s items were ranked according to priority
from the aspect of reliability. Subjects of the investigation
were the following items of bucket-wheel excavator (rotary
excavator):

* subsystem for material excavation,

* subsystem for transportation of material on the exca-
vator,

* subsystem for rotation of the upper construction of the
excavator,

* subsystem for excavator motion.

Results of these investigations have shown that the larg-
est number of breaks on bucket-wheel excavators occurred
because of material excavating subsystem failure (up to
51%), which is shown in Figure 2. Increasing the reliability
of certain items of bucket-wheel excavator is possible to
increase a total excavator’s reliability. Thereat, the priority
should be given to those items of the excavator which reli-
ability is the lowest.

Investigations [1,5] for reliability assessment of the buck-
et-wheel excavator SRs 1200 24/4 (G2), in the time period
from 1.1.2006. to 31.12.2006. have been based on Dispatch
Report of Electric Power Industry of Serbia, MB Kolubara,
open-pit mines Field D, Zeoke. Investigations have given
the data about kinds, consequences, and causes of failure, as
well as data about UP TIME and DOWN TIME condition
occurrence. These investigations have shown that the most
reliable groups of bucket-wheel excavator SRs 1200 24/4
(G2) building are: Mechanism For the Hoist of the Rotor’s
Arrow (MFHRA) and Supporting Steel Structure (SSS), fol-
lowed by Circular Motion Mechanism (CMM), Excavator
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Figure 2 — Overturning rate of break with bucket-wheel excavator [5].
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3. Previous reliability and safety
investigations of mining machines

During the last few decades, there have been plenty of
investigations with the purpose to determine productivity,
reliability, and effectiveness in the stage of mining machines
exploitation within the BWECD and BWECL systems and
auxiliary mining machinery on open-pit mines in Serbia
[1,4]. A large number of data, which substantiated for
concluding about mining machines behavior during the
exploitation in open-pit mines, has been collected, proc-
essed, and published and analyzed in the papers [7,8,9].
Results of investigations that are systematized within the
monograph [5] refer to entire BWECD (BWECL) system.
These results give the amount of breaks that was caused
by the bucket-wheel excavator, self-propelled transporter
(bandwagon), belt conveyor with rubber band and disposer,
within open-pit mines Mining Basin Kolubara, Lazarevac,
Serbia, as shown in Figure 1.

Generally, the largest number of DOWN TIMES occurs
on the bucket-wheel excavator, although on conveyors with

long belts DOWN TIME can be long-lasting. The following
example is given for one BWECD system on open-pit mine
Tamnava within MB Kolubara, which consists of rotary
excavator SchRs 700, bandwagon, three conveyor belts with
the rubber band that is 1.000 to 1.200 meters long and over-
burden disposer. Down-time structure shows that failures on
the bucket-wheel excavator have caused 60% of down-times,
failures of conveyor belts have caused 27% of down-times,
bandwagon failure caused 9% and disposer failure has caused
4% of down-times. On the other hand, down-time structure of
BWECD system on open-pit mine Tamnava, which consists
of rotary i.e. bucket-wheel excavator SchRs 900 25/6 with
five belt conveyors, shows that the percentage of excavator’s
failure and conveyor belt’s failure is approximately the same.
On the open-pit mine Field D, where BWECD system oper-
ates with rotary i.e. bucket-wheel excavator SRs 1200 24/4,
with approximately 5 to 7 conveyor belts, the conveyor belts
(because of their length) have almost double the share in
failures then rotary excavators [1].

From given results of research we can perceive that breaks
of BWECD system have mostly been caused by failure oc-
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Figure 1- Overturning rate of failure number with certain BWECD systems at open-pit mines MB Kolubara, Lazarevac, Serbia [5].
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1. Introduction

The basis of contemporary industrial manufacturing is
made of natural recourses. Approximately 70% of natural
recourses make mineral raw materials. In the world, today
over 1.000 milliard dollars are spent on raw materials
(metallic ore, non-metallic ore, coal, clay, stone, sand, and
gravel), which for many countries represent the main good
of export and import.

As an economic branch, mining in many countries rep-
resents the basis of development and has a great impact
on their total economy. The fact of how much the mining
economy impacts the economy of the country is illustrated
the best by the following data [1]:

» the price of iron, the price of coke (stone coal) and ore
participates with 80-90 [%],

» the price of non-ferrous metals, price of ore and electric
power participates with 90%,

* the price of electric power, coal participates with
60%,

» the price of coal, maintenance of mining machinery on
open-pit mine participates with 35-40 [%], etc.

Solving problems in the mining industry, before all,
represents the ability to think. How to document the most
important information and decisions in every stage, so
that would be possible to exchange data with associates,
include them into the working process and import correc-
tions considering their opinion? When it comes to docu-
menting a complex process of solving problems, piles of
papers or, considering a contemporary situation, online
data basis are given. However, Toyota Motor Company
gives priority to the more simplified approach which re-
quires a pen, an eraser and a piece of paper. Often, that
method of work is called The Toyota A3 Report. Why
the A3 format? The very format has been used in Toyota
since the beginning because the significant portion of
information exchange between organizational items of
Toyota in Japan and its factories abroad has been carried
out by fax and A3 format (297cm x 420cm) is the largest
one that can be sent by facsimile.

The Toyota A3 Report method for problem-solving has
been developed in order to present improvement description
in a cleanly manner. The Toyota A3 Report has two main
functions: proposition making and manner of reporting on
approved actions given in the proposition. The idea of A3
method is to enable the visualization of proposed ideas on
one A3 format piece of paper [2]. The Toyota A3 Report is
an effective method because it decreases large amounts of
data into a format that is easy to read and understand. That
is a useful tool for work rationalization within companies in
which employees perform multiple functions, for example
in Lean companies, so they have very little time for read-
ing a large number of documents to understand a particular
problem or actual situation.

Advantages of using The Toyota A3 Report for solving
problems are:

» methodological approach for solving problems,

* concise format for representation or for reporting to
other persons,

» documenting and leaving a trace which other persons
can follow and for others to understand procedures and
results of solving problems,

* the common language in communication within a
company,

» creating the Lean culture within a company,

* setting a basis for future changes.

In most companies, as a rule, information is made
accessible but unconnected, without a clear logic. As a
result, a large portion of time is spent on conversations and
attempts for understanding, bringing into order, research-
ing and analyzing data. Thereat, there is endless usage of
laptop computers, but descriptions of work methodologies
and principles of Lean production [3] lie on bookshelves,
without a great hope that they are going to be read. The
Toyota A3 Report is shaped not only to be read by the
employees but to be worked upon, for example — to solve
certain problems!

2. Maintenance and reliability
of mining machines

Maintenance of bucket-wheel excavators on open-pit
mines is directly in function of accomplishing acquired
effectiveness (reliability, availability, maintainability,
and safety), both on their design level as well as during
their exploitation [4]. Well-chosen maintenance concep-
tion for BWECD system (Bucket-Wheel Excavator —
Conveyor — Disposer System) and for BWECL system
(Bucket-Wheel Excavator — Conveyor — Loader System),
with well-trained personnel and maintenance manage-
ment quality, impacts improvement of financial results
on open-pit mines.

Bucket-wheel excavator carries a great potential risk from
possible failures and accidents occurrence that is danger-
ous for the operative and wider environment. Reliability
of bucket-wheel excavators, designed for successfully per-
forming the objective function, determines the duration of
the time interval in which they will operate without failure.
Investigations [5] referred on increasing of reliability level
and reliability management during a life cycle of bucket-
wheel excavators have a goal to define safety precautions
system of economic exploitation and achievement of com-
plex regulations in connection with environmental protection
and safety, both of operational as well as of more extensive
environment.

Open-pit coal exploitation practice has proven that
systems of continuous operating mode, such as BWECD
and BWECL, provide maximal technological and eco-
nomical results. Bucket-wheel excavators are required
to have a high level of the task performing reliability.
That indicates the necessity to determine the reliability
quantity characteristics, among other issues, in order to
adopt an adequate bucket-wheel excavator maintenance
concept [6].
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Abstract. The Aim of the paper is to show the advantages associated with the application
of the Toyota A3 Report as a standard method of information exchange. It must be noted
that as of today this method has not found widespread application. It deserves better. Using
specific examples of accidents involving mining machines, the authors show how a Report is
completed hoping that this information will help in the adoption of this system in other enter-
prises. That may contribute to the solution of many problems of industrial management. This
paper will be most useful for operators of mining machines. The Method consists in present-
ing material on an A3 sheet of paper, that is required in order to set forth all the information
needed to solve a problem. Why the A3 format? A3 is the maximum size of a sheet of paper
that can be faxed. Before the emergence of personal computers it was the most common
tool of communication between Toyota Motor factories. The above example of application
of the Toyota A3 Report contains such crucial sections as maintenance and reliability of
mining machines, information on prior research, application of the “5 Why?” method and
consideration of the human factor. In the example given in the paper, the report describes
the circumstances of the accident involving the SRs 1200 24/4 (G2) excavator, that occurred
on April 6, 1995 in the open-pit mine Field D, mining basin Kolubara by the Electric Power
Industry of Serbia. The report also includes an estimate of the consequences and analysis of
the causes of the accident. The Findings include the methodological approach to the solu-
tion of problems, brief format of information presentation, documentation and registration,
so that other people involved in the process can review it; assuring the persons involved can
form an idea of the operating procedures and outcome of problem resolution. A common
language is provided for communication within the company along with a culture of Lean
production. The A3 Report is a training process and foundation for future changes in the
manufacturing process management. Conclusions. The Toyota A3 Report has two primary
functions: submission of proposals and reporting on the approved measures per the submit-
ted proposals. It allows strictly defining the problem and proceeding to the measures aimed
at improving the situation. The practical application of the Report as part of communication
within the company and with suppliers will enable quick and targeted solution of managerial
problems. Initially developed in Japan within the Toyota company, the method currently finds
wider application in Serbian enterprises and elsewhere.
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qualification, C, is the road conditions, C; is the unit costs of
operation, C, is the operating conditions, C; is the frequency
of maintenance operations, C; is the quality of service and
repair, C, is the quality of automobile’s design, C; is the
quality of operational materials and spare parts, C, is the
storage conditions, C,, is the dependability and safety of
the automobile.

-04
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\\/\
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Figure 6 — Fuzzy cognitive map for dependability and safety
estimation.

Matrix W (4) with expert estimates of the magnitude of
effect, that assumes that ¢ = 1, is as follows

10 0 0 01 000 0 0,5]
01 03 04 0 000 0 03
00 I 0 O 00O0O0 02
00 05 1 06 000 0 07
00 -0,4 0 1 00O0O0 08
=100 0 0 01 1000 04f
00 -0,6 0 -0,501 00 0,6
00 03 0 05 00710 0
00 0 0 -01000 1 0,1
00 0 0 0 0000 1|

5.2. Importance indices of concepts

Table 2 contains nine pairs of vectors associated with the
calculation of the importance indices of concepts C,, ..., C,.
Each pair contains the initial vector (12) and vector (14) in
steady-state operating conditions. The last element of the
second vector in each pair corresponds to the importance
index of the concept, i.e. /(C,) = 0.686. The last column
in Table 2 shows the step-by-step change of the level of
dependability and safety of an automobile (4,,) in case of
activation of one of the factors (4,,i = .,9). The diagram
of the importance indices of concepts is shown in Figure 7.
The results of calculation of the importance indices of the
combined effect of concepts are shown in Table 3, i.e.
I(C,, C))=0.949.
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It should be noted that concept C, can be detailed subjects
to the conclusions of [21].

1(C)

0,8 —
0,6 —

0,4 —

00U D

c ¢, ¢, C, C, C, C, C, C,

Figure 7 — Diagram of importance indices of factors.

6. Conclusion

The paper proposes and demonstrates with an example
of a man-machine system a method of ranking of fac-
tors that affect its dependability. The method is based
on the formalization of causal relationships between the
contributing factors and the dependability in the form of
a fuzzy cognitive map, i.e. directed graph, whose nodes
correspond to the system dependability and contributing
factors, while the weighted edges indicate the magnitude
of the factors’ effect on each other and the system’s de-
pendability.

The proposed method may be regarded as an equiva-
lent to Birnbaum’s ranking of system components in the
probabilistic dependability theory. The advantages of the
method include:

« use of available expert information with no collection
and processing of statistical data;

* capability to take into consideration any qualitative
and qualitative factors associated with people, technology,
software, quality of service, operating conditions, etc.; In
particular, individual concepts can characterize various types
of redundancy (structural, algorithmic, etc.), that are used
to improve dependability;

» casily scalable number of considered factors through the
introduction of new nodes and edges of a directed graph.

The method can be applied to complex systems with
fuzzy structures, whose dependability strongly depends on
interrelated factors that are measured by means of expert
methods.
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4.2. Algorithm of importance index
calculation

Step 1. Specifying the initial vector (6). For importance
index /(C)), the initial vector is specified as follows
0 _ 0 _ 0 _ ;o

A =[A) =14 =0, i=12,..

il (12)

while for importance index /(C,, C)) it is specified as
A= 4)=4)=1,4"=0, i=1,2,...n, i#j.k]| (13)

Step 2. Using recurrence equation (5), finding the FCM
state vector

in steady-state operating conditions, i.e. at such step /,
whereas |A,’ - A,.'"1| < g, where ¢ is a small positive number,
i=1,2,...,n

Step 3. Elements AL of vector (14) obtained under initial
vectors (12) and (13) respectively shall be considered to be
importance indices /(C)) and I(C,, C)).

5. An example

5.1. Concepts and effects

Let us examine the automobile dependability and safety
model in the “driver-automobile-road” system. The fuzzy
cognitive map of the system is shown in Fig. 6, where the

[Al 4;,.. :| (14) concepts have the following contents: C, is the driver’s
Table 2. Values of concepts in steady state for various initial vectors.
Step A, A, A, A, A, A, A, A, A, A,
1 1 0 0 0 0 0 0 0 0 0
3040 0,022 0,000 0,000 0,000 0,187 0,000 0,000 0,000 0,000 | 0,68579
1 0 1 0 0 0 0 0 0 0 0
774 0,000 0,044 0,000 0,365 0,747 0,000 0,000 0,000 0,000 | 0,94834
1 0 0 1 0 0 0 0 0 0 0
3717 0,000 0,000 0,020 0,000 0,000 0,000 0,000 0,000 0,000 | 0,22707
1 0 0 0 1 0 0 0 0 0 0
3014 0,000 0,000 0,000 0,022 0,335 0,000 0,000 0,000 0,000 | 0,79115
1 0 0 0 0 1 0 0 0 0 0
5324 0,000 0,000 0,000 0,000 0,017 0,000 0,000 0,000 0,000 | 0,33491
1 0 0 0 0 0 1 0 0 0 0
3196 0,000 0,000 0,000 0,000 0,186 0,022 0,000 0,000 0,000 | 0,68912
1 0 0 0 0 0 0 1 0 0 0
4953 0,000 0,000 0,000 0,000 0,000 0,000 0,017 0,000 0,000 | 0,30912
1 0 0 0 0 0 0 0 1 0 0
2742 0,000 0,000 0,000 0,000 0,321 0,000 0,000 0,023 0,000 | 0,77418
1 0 0 0 0 0 0 0 0 1 0
3086 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,022 | 0,18667
Table 3. Importance indices of combined effect of factors.
Concepts C, C, C, C, C, C, C, C,
C, 0,949 0,686 0,801 0,686 0,730 0,335 0,786 0,255
C, — 0,948 0,948 0,948 0,950 0,949 0,950 0,948
C, — — 0,791 0,335 0,689 0,309 0,774 0,254
C, — — — 0,791 0,803 0,703 0,823 0,782
C, — — — — 0,689 0,309 0,774 0,187
C, — — — — — 0,356 0,788 0,294
C, — — — — — — 0,309 0,323
C, — — — — — — — 0,763
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AT = [ (AW, +ed") k=0,1,2, ..., 2)

where 4!, A" k=0, 1, 2, ... are (1xn) state vectors of
FCM, whose elements define the values of concept at steps
k+1 and k respectively;

0 WlZ Wln
w. 0 .. w

VVO — 21 2n (3)
w.w 0

is the (nxn) matrix of the magnitude of mutual ef-
fects of concepts C,, in which diagonal elements are
equal to zero.

If instead of matrix (3) an (n xn) matrix is used,

c W12 Wln
w, C e W,
21 2n
W= , “4)
w w C

in which all elements on the main diagonal are equal to
parameter c€[0,1], then we will write formula (2) as

AT = (AW ). k=0,1,2, ..., (5)

that is similar to the recurrence equation for a Markovian
chain, if we take f{x) = x. The fundamental difference con-
sists in the fact that a Markovian chain simulates the dynam-
ics of event probability variation, while FCM simulates the
dynamics of the level of causes, i.e. factors that lead to such
states or events (see Fig. 2).

The initial state of an FCM is defined by vector

A =[40.47....47] (6)

whose elements reflect the values of concepts at step
k = 0. As the result of interaction between concepts FCM
enters the steady mode, that corresponds with one of the
types of stability [18].

4. Ranking of concepts

The allocation of system dependability resources is
based on quantitative estimates (ranks) of its elements’
importance. In the statistical dependability theory, Birn-
baum’s importance index of an element is the most widely
used [1]. It is defined based on the system’s dependability
function

Po= £ (B P, 1)

where P, and P, are the system’s probability of no-failure
and its i-the element respectively.
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The first derivative in (7) is the importance index of the
system’s i-th element according to Birnbaum, that is calcu-
lated as follows [1]:

=2 = B (B BB B) -
P (BB 0B ) ®

The second derivative in (7) is the importance index of
the joint effect of the i-th and j-th elements (joint reliability
importance), that was introduced in [19, 20].

In our case the elements of the model include the input
concepts, i.e. the factors that affect the output level of system
dependability. That explains the requirement to calculate the
importance indices of FCM concepts.

4.1. Definition of importance indices

In the set of concepts C={C|, C,,
the following:

C, is the output concept that defines the level of system
dependability and is estimated with number 4,€[0,1];

C,,C,, ..., C,  arethe input concepts that correspond with
the interconnected factors affecting system dependability
and estimated by levels 4,€[0,1],i=1, ...,n— 1.

The value of concept C, at the /-th step is the function of
the elements of vector (6), i.e.

..., C.} we will assume

A =F(4,4,...4)). )

It is assumed that 4’ is the value of concept C, in the
steady state, i.e. at such step /, when 4’ is close to 4. For-
mula (9) is equivalent to (7), which allows proceeding to the
definition of concept ranks based on derivatives.

Let /(C) be the importance index of concept C,, while
I(C,C)) be the index of combined importance of concepts
C, and C,. Following (8) and [19, 20], let us identify such
importance indices as:

a4 F(1,0)-F(0)
I(C}.)=J=T= F(1,,0),  (10)

oA _F(lj,lk,O)—F(O)_
[(Cf’c")_aAjaAk_ (1-0)(1-0) =F(p150) (D

where F(1,0) is the value of function (9), when
Aj‘.) =1 are equal to zero; F(0) is the value of function
(9), when all arguments are equal to zero (it is assumed
that £(0) = 0); F(1,1,,0) is the value of function (9),
when A4} = 4/ =1, while all the other arguments are
equal to zero.

Note. The zero values of input concepts (except one in
(10) and two in (11) that are equal to one) are selected in
order to eliminate the possibility of them having an effect
on the output concept through transitive connections.
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number 4=n(x,)€[0,1], that characterizes the proximity of
the value of concept C,eC to a certain ideal: 0 is the lowest
perfection, 1 is the highest perfection. “Fuzzy perfection”
is synonymous with “fuzzy correctness”, for which the
membership functions were considered in [15]. Possible
fuzzy boundaries between perfect and non-perfect values
of variable x are shown in Fig. 3, where, as the value of x
grows, the following transitions take place:

a) “non-perfect” (1) — “perfect” (0),

b) “perfect” (1) — “non-perfect” (0),

¢) “non-perfect” (0) — “perfect” (1) — “non-perfect” (0).

3.3. Associations between concepts

The weight w; of the edge that connects concepts C; and C,
indicates the magnitude of the effect of C, on C,. Let concepts
C; and C, be characterized by variables x; and x;, while — as
the result of the experiment — dependence x; = ¢(x,) was
achieved. Then, the weight w is defined as the derivative
w; = dx/dx, that can have three forms (Fig. 4):

w, > 0, if the increase (decrease) of value x, causes the
increase (decrease) of value x; (positive effect of C; on C);

w, > 0 if the increase (decrease) of value x; causes
the decrease (increase) of value x; (negative effect of C,

on C);

Xj
4 WU>0
Wij =0
Wij >0

Figure 4 — Types of effects between concepts.

Table 1. Methods of estimating the magnitude of an
effect.

Thermom- NN s Quantitative
Linguistic estimations . .
eter scale estimations
-1
Positive maximum 1
Positive above average 0,75
Positive average 0,5
Positive under average 0,25
ro Not available 0
Negative under average -0,25
Negative average -0,5
Negative above average -0,75
1 Negative maximum -1

w,; = 0 if value x, does not depend on value x, (no effect
C,on C).

The magnitude of effect (w,) is estimated expertly by
means of linguistic terms and thermometer scale (Table 1).
If several expert opinions are taken into consideration, the
value w;, is estimated as the weighted average:

1 2 n
Wy O W et O, W

m i
w, = ,
o, +0, +...+0,

where w/ is the estimate of the magnitude of the ef-
fect of the p-th expert; o, is the weight of the p-th expert,
p=1,2,...,m;mis the number of experts.

In order to reduce the subjectivity of expert estimates, the
method of the least effect proposed in [16] can be used.

3.4. Recurrence equations

According to [11, 17], the dynamics of concept values
variation in FCM are defined by formula

AT = f ZAfwﬂ +ed L k=0,1,2,.... (1)
/2
where 4" is the value of concept C, at step k+ 1; 4" and
Ajk. is the value of concept C, and C, at step k respectively, w;,
is the magnitude of the effect of concept C; on concept C;;
¢ 1s the parameter that takes into consideration the history,
i.e. the contribution of the concept’s value at the preceding
step, c€[0,1]; fis the threshold function, due to which the
value of the concept does not exceed one.
In this paper, it is assumed that ¢ = 1, while for the
threshold function is used the positive part of the hyperbolic
tangent (Fig. 5):

tanh (x) mpu x > 0; Yo ¥
f(xz () P t h(x):e, e_.
0 mpu x <0, e +e”
fx)
1_ _______________________
|
|
|
|
|
0,54 |
|
|
|
|
|
| X
0 1 | 1 | T >
-3 -2 -1 0 1 2 3

Figure 5 — Threshold function.

3.5. Matrix model

The recurrence equation (1) can be represented in matrix
form
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Figure 2 — Interrelation between the probability theory and fuzzy logic in dependability estimation.

in sociopolitical systems. FCM is a directed graph with
weighted edges, of which an example is shown in Fig. 1.
Graph nodes C, called concepts correspond to the input
and output variables that are taken into consideration in the
model. Weighted edges of the graph reflect the magnitude of
the effect w; of the changes of one variable C; on the changes
of another variable C,.

The term “cognitive” implies, that the initial data for
simulation consists of subjective opinions of an expert
expressed as, e.g. “increases” or “decreases”, for instance:
“increasing C, causes the decrease of C;”. In binary cogni-
tive maps [12], an “increase” is estimated as “+1”, while a
“decrease” is estimated as “—1”.

The term “fuzzy” implies that FCM [11] use various
levels of “increase” and “decrease”. They are defined by
numbers from the intervals [0, 1] and [-1, 0], which corre-
sponds to the terms “weak”, “average”, “strong”, etc. from
the fuzzy set theory [10].

From the point of view of the identification theory
[13, 14] that involves restoring patterns based on experi-
mental data, FCM is an approximator of the “inputs/outputs”
dependence with interrelated outputs. As any approxima-
tor, e.g. regression, fuzzy rules, neural network, etc., FCM
contains configurable parameters that are to be estimated
through minimization of the disparity between the model and
experimental output values. If the experimental data “inputs-
outputs” is not available, the quality of the whole model
depends on the expert’s qualification. The art of simulation
consists in compensating for the missing experimental data
through high quality of expert estimates.

T
A

I+

A B

It would be relevant comparing FCM and Markovian
chains (processes) familiar to the dependability experts.
Both types of models are weighted directed graphs. The
basic difference between FCM and Markovian dependability
models consists in the fundamental difference between the
fuzzy logic (causes) and probability theory (effects) shown in
Fig. 2: the Markovian models reflect the dynamics of system
state probabilities accounting for failures and restorations;
FCM simulate the level dynamics of interrelated factors that
cause failures and affect their probability.

3.2. Concepts

Let C={C,, C,, ..., C,} be a known set of concepts, i.e.
variables used in the model. According to [11], each concept
C,eCis evaluated with value 4,€[0,1], that defines the level
of the concept and is based on expert opinion. Value 4, is to
be obtained as follows.

We will assume each concept C;eC to be a linguistic
variable [10], that is estimated with value x; on a universal
set, i.e. interval | x;, X ], where x, (x;) is the lower (upper)
boundary. We will estimate concept C,e C with the use of
the fuzzy terms “perfection of concept C,*, that is denoted
as PC; and is a fuzzy set

PC = J. Tt(xi)/x,.,
[s%]
where m(x;) is the membership function of variable x; in
the notion of “perfection of concept C.”. Using this func-
tion, each absolute estimate x, €| X, X; | is associated with

T
A

|4

X
»
»

\ A

a)

b)

0

¢)

Figure 3 — Membership functions for fuzzy perfection.
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Fuzzy cognitive maps in the dependability analysis of systems

1. Introduction

Successful simulation in the context of application tasks is
largely defined by the choice of mathematics. The probability
theory, that is at the foundation of the classic dependability
theory, is poorly adapted to formalizing expert knowledge,
that may prove to be useful as part of the decision-making
process.

The Aim of the paper is to raise awareness of depend-
ability simulation with fuzzy cognitive maps. It sets forth
the primary formulas of the above and further proposes the
method of ranking of factors that affect system dependability.
The method is illustrated using the example of simulation
of dependability and safety of automobiles subject to tech-
nical, human-machine system-related, environmental and
managerial factors.

2. Structuring: from elements
to factors

Dependability simulation of a complex system starts
with its structuring, i.e. partitioning into components
(blocks, units, elements), for which probabilities of failure
are known.

The classical dependability theory [1] uses the concept
of structural (logical) function that associates the logical
condition of system operability (1, no failure, 0, failure)
with the respective conditions for its elements. The transition
from the structure function to the probabilistic dependability
model is performed according to the rules of probabilistic
logic calculation [2]. The structural function allows ranking
elements by their importance, which is required for optimal
distribution of the resources allocated to ensuring system
dependability.

Man-machine systems are structured using the algorith-
mic description of the operating processes [3, 4]. In this
case, the given data for dependability calculation is the
probabilities of correct performance of basic, check and
diagnostic operations. The rules of transition from logical
algorithmic description of a system in the language of algo-
rithmic algebra by V.M. Glushkov [5] to probabilistic and
fuzzy dependability models are suggested in [6, 7].

Algorithmic description is a natural method of formali-
zation of systems with discrete processes of operation, e.g.
automated data processing and control systems, assembly
lines, etc., where the presence of clear boundaries between
individual operations allows collecting statistical data on the
probabilities of errors that is required for modeling.

Algorithmization is complicated in case of man-machine
systems with continuous human activity that is dominated by
operations of supervision and decision-making. Examples
include control systems of the transportation, chemical and
nuclear industries and other high-risk systems, where human
errors cause catastrophic consequences.

The absence of clear boundaries between operations
prevents a correct estimation of the probability of their cor-
rect performance. For that reason the process of operation

has to be considered as a single operation, whose correct
performance depends on heterogeneous and interconnected
human-machine system-related, technical, software-specific,
managerial and other factors. The simulated system is a
“black box” with unknown structure: output is dependability,
inputs are contributing factors. In this case, the conventional
problem of the dependability theory — the ranking of ele-
ments — becomes a problem of factor ranking. For instance,
in [8] it is noted, that the difficulty of taking into account the
contributing factors makes it impossible to accurately predict
the probability of failure, which undermines the confidence
in the dependability calculations.

Regression analysis is the most popular means of mul-
tifactor dependability simulation of man-machine systems
(see e.g. [9]). It requires a large quantity of experimental
data and is not compatible with qualitative factors that are
measured by expert methods. The “if — then” fuzzy rules
are a convenient tool for expert information processing
[10]. Regression analysis and fuzzy rules have a common
limitation: they require independent input variables, i.e.
contributing factors. Fuzzy cognitive maps (FCM) [10] do
not have this restriction. They are a new simulation tool that
is not yet widely used in the dependability theory.

Set forth below are the primary FCM formulas and
proposed method of ranking the factors that affect system
dependability and safety. The method is illustrated with the
“driver-automobile-road” system.

3. Primary concepts and formulas

3.1. General observations

FCM were introduced by B. Kosko [11] as a generaliza-
tion of R. Axelrod’s binary cognitive maps [12], intended
for simulating the dynamics of the causal relationships

Figure 1 — An example of a fuzzy cognitive map.
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Figure 4. Graph of an empirical series (points) and approximation function (solid line).

4. Choice and justification
of a normative indicator value

The results of sufficiency estimation obtained above (see
Table 3) can be applied for defining a threshold value x, for
a specified level of risk O, agreed between a supplier and a
user of a service or vice versa for estimating risk O, based
on a specified value x,.

Let us consider a case when for a specified risk level
of noncompliance with a normative value (for example,
Q,=0.1) we have to define a normative value x, of a depend-
ability indicator (in our case it is a facility’s failure rate).

Let us estimate the quantile of a sufficiency function that
corresponds to a specified risk (¢,= @, = 0.1). According to
the data of Table 3 we have:

NQ,)=»q,=0.1)=708=71.

Therefore, as an indicator’s normative value we can take
a failure rate equal to 71 1/year, which will be not ensured
with a risk of 0.1.

In case if by agreement between a supplier and a user of a
service there is a specified normative value of dependability,
in a similar way based on the obtained results of sufficiency
estimation (see Table 3) one can define risk of noncompli-
ance of an indicator with specified requirements.

In any case an agreement between a supplier and a user
of a service shall foresee both the specification of a norma-
tive value of all dependability indicators in question and
the specification of risk levels for nonfulfillment of these
normative values as well as the procedure of splitting of
responsibility between a supplier and a user of a service.

The method considered in the paper allows defining a re-
lation between a value of a dependability normative indicator
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and a risk of its nonfulfillment by objective criteria based on
factual capabilities of operated facilities that are estimated
as per existing statistical data for the past periods.

Conclusions

The paper has considered a method of normalization of
a dependability indicator based on statistical data assuming
that in general this indicator may be evaluated for a certain
period of observance as acceptable for a service user.

For to choose and justify the normalized value of a de-
pendability indicator, the authors have studied the relations
between a service supplier and a service user, have analyzed
statistics using the method of estimation of empirical suf-
ficiency of a raw data series as well as approximation of an
ordered initial series by a three-parameter gamma distribu-
tion. The paper provides an example of normalizing a value
of a facility failure rate indicator as per the criterion of a
specified risk of its violation based on the quantiles of an
obtained function of sufficiency.

The research has demonstrated that the proposed approach
allows establishing a correlation between a normalized value
and arisk of its violation via a function of sufficiency, which
can be obtained on the basis of existing statistical data on a
facility’s dependability for the past periods. This correlation
makes it possible to guarantee the ensuring of compliance
of factual and normalized indicator values with a specified
risk level for a facility working in normal mode.
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Table 1. Initial time series of a facility’s failure rate

Observance year 2008 2009 2010 2011 2012 2013 2014 2015 2016
Failure rate, x,, 1/year 34 37 24 12 9 13 43 36
Table 2. Ranked time series with scarcity estimates and modulus coefficients
Item No., i 1 2 3 5 6 7 8 9
Failure rate, x,, 1/year 83 76 37 24 14 13 12 9
Mod. coeff., £, 2.4735 2.2649 1.1026 1.0132 0.7152 0.4172 03874 | 0.3576 | 0.2682
Scarcity, g, 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9
Table 3. Example of an approximated time series with scarcity estimates and modulus coefficients
(C,=08uC,6=14)
Item No., i - - 1 2 3 4 5 6 7 8 9 - -
q; 0.01 | 0.05 | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 | 0.95 | 099
Mod. coeff., m, 2.01 1.8 | 1.66 | 1.47 | 1.31 | 1.16 | 1.01 | 0.855| 0.69 | 0.511 [ 0.305|0.182 | 0.055
Failure rate, y, 1/year | 50.25 | 45 | 41.5 |36.75|32.75| 29 |25.25|21.38|17.25|12.78|7.625| 4.55 | 1.375

Let us consider the algorithm comprising the ranking
of an initial time series, the estimation of its empirical
sufficiency and the approximation by a theoretical distri-
bution law using the statistical data on failures of primary
railway telecommunications network facilities for the years
of 2008-2016 (Table 1, the data submitted by the Central
telecommunications station — JSC RZD branch).

1) An initial series is ranked in order of descending of
an indicator’s values. Instead of observance years we in-
troduce conditional numbers of a ranked series’ members
1,2,3,...).

2) For each member of a ranked series we calculate values
g, of scarcity function using formula (1).

3) Then we calculate mathematical expectation X of
series members.

4) For each member of a ranked series we calculate a
modulus coefficient equal to a relation of a series member’s
value to a series’ mathematical expectation.

As a result, we have Table 2.

5) For refinement of values of distribution quantiles (g),
especially at levels lower than 0.2, that are of practical inter-
est, we make approximation of a series (Table 2) using one
of the theoretical distribution laws. As an example, let us
consider approximation by a three-parameter gamma distri-
bution [8] that has been in particular applied in hydrological
calculations [9], calculations of construction resources for
random flows of loads [10] and calculations of structures’
service life under random load flows [11].

Using modulus coefficients &, from Table 2 we calculate the
coefficient C, of series variation and relation C,, of a series’
asymmetry coefficient to a series’ variation coefficient:

L (y 3
_ LN ’ n;(fl_l)
e Gl R o

X

Where if in (2) we obtain the value C, < 0.1, then
before calculating C,, as well as for further usage, we
assume that C, = 0.1 (as for series with a very small
variation it is complicated to define distribution quan-
tiles). After calculation the value C, is approximated to
multiplicity 0.1 (0.1; 0.2; 0.3 ...), while the value C_ is
approximated to multiplicity 0.5 (0; £0.5; £1.0; +1.5;
...) to allow the application of existing table distribu-
tion function values since their analytical calculation is
very complicated.

Using table values of three-parameter gamma distribu-
tion functions [9] for a specified scarcity probability ¢,
we define the ordinate m, in form of a modulus coefficient
(the mentioned tables contain values of a distribution
functions for various values C, and most widely-spread
relations C,/C)).

In the example in question for values C,=0.5and C,,=0
obtained using formulas (2), we have a series of values of
function ordinates as modulus coefficients m (p,), including
additional values at the boundaries of a function (Table 3).
In order to obtain quantitative values y, of failure rate that
will be exceeded with the probability ¢,, we should multiply
modulus coefficients m, by the value X of mathematical
expectation of a ranked series from Table 2 (the results are
summarized in Table 3).

The estimation of approximation reliability was made
using a coefficient of an empirical linear correlation
x/g,) and a function chosen as per this method y(qg,) (for
i =1...9). We obtained the value of a linear correlation
coefficient as 0.974, which is close to 1, thus confirming
the closeness of the chosen function to the initial series
with a high reliability.

Fig. 4 present a graph of an empirical series (points) and
an approximating function of a three-parameter gamma
distribution (solid line).
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is “unacceptance region”, and that between x, and x; is
“uncertainty region”.

Note that the application of two points (x,, x;) as threshold
values is a general practice for a sequential selective test
[5], where a conclusion on usability (or non-usability) of
a batch is made on the basis of a defective items share in a
selection that is a part of a batch volume. For this process,
acceptable and unacceptable levels are set using confident
intervals. A probability that a share of defective items in the
whole batch is not larger than x,, when an upper confident
interval of an unacceptable level is exceeded for a selection
test, is a supplier’s risk; vice versa, a probability that a share
of defective items in the whole batch is larger than x;, when
a lower confident interval of an acceptable level is reached
for a selection test, is a user’s risk.

From Fig. 3 it follows that a service supplier can guar-
antee that the factual value x of an indicator will be above
the threshold value x, with a high degree of confidence
(probability), for example, P, = P{x > x_} > 0.95 (sup-
plier’s risk O, =1 - P, < 0.05 (GOST R ISO 8422-2011.
Statistical methods. Sequential plans of selective tests
as per alternative attribute); a service user expects that
the factual value x of an indicator will not be higher than
the threshold value x; with a high degree of confidence
(probability), for example, Py = P{x < x,} > 0.9 (user’s
risk Oy =1-P,<0.1).

Under the real conditions of a technical system’s opera-
tion, the task of evaluating its compliance with specified
requirements of dependability is often brought down to
comparison of the value of a factual dependability indica-
tor obtained for some period of observance of statistical
operational data with a normative value specified in tech-
nical or other documentation. In this case the presence of
“uncertainty region” will complicate estimation making it
ambiguous. That’s why technical documentation for a facil-
ity generally contains a normative value of an indicator in
form of a single threshold value (for example, “mean time
to failure shall be not lower than 30 000 h, maintenance
inclusive).

Let a single threshold value normative value x, be
specified for a facility dependability indicator by agreement
between a user and a supplier, then we will assume that
for x < x, this facility complies with the requirements, and
for x > x, it does not. It is obvious (see Fig. 3) that when
transiting from two threshold levels to one it is reasonable
to comply with the condition x, <x, <x; (x, belongs to the
area of “compromise values”), in which case the normative
value x, for the attribute x satisfies to the requirements of
both a service user and a service supplier.

In the case of a single threshold value, the risk
0, = P{x > x,} of noncompliance of an indicator with
specified requirements is in fact split between a user and
a supplier of a service according to their agreement (for
example, th exceedance of a normative value at one in-
terval of observance is a user’s risk, while at two or more
consecutive intervals of observance it is the responsibility
of a supplier).
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One of the ways of normalizing dependability indica-
tors used in the global practice (in particular, in the power
supply field) is the normalization based on past experience
(analysis of factual data on dependability) [5]. Given the
availability of such data on railway transport, we will
consider a further task as a choice and justification of the
value x, using existing statistical data on the operation of a
facility during some interval of observance, assuming that
in general these indicators of a facility’s dependability may
be evaluated for this interval of observance as acceptable
for a service user.

3. Analysis of statistical data and
evaluation of their sufficiency

As it was noted earlier, the factual values of dependability
indicators are random values. For example, for a facility’s
failure rate (number of failures per time unit) the statistics
presents a time series of discrete values — for instance, this
is a sequence of failure rate values per each annual interval
of observance for several years.

A random value is fully defined by a distribution law,
for discrete values this is a distribution series or a discrete
distribution function. A distribution series (a discrete dis-
tribution function) presents a table of possible values of a
random size with respective probabilities.

There are a great number of various theoretical laws of
distribution (uniform, Bernoulli, Cauchy, Poisson, normal,
lognormal, Gumbel, Jonson, 13 Pearson’s curved distribu-
tions etc.) [6]. However, in practice one often deals with
statistical material of rather a limited volume, and it is not
always possible to identify a concrete distribution law for
a random value based on this volume. In such cases it is
necessary to describe the behaviour of a random value by
numeric characteristics.

For engineering calculations and scientific researches
one uses empirical curved distributions of random values
characteristics. When constructing such curves, major
stages are ranking of an initial time series and estimation
of its empirical sufficiency. Solving the first of these tasks
presents no difficulties, whereas for the second it is neces-
sary to take into account that some formulas for estimation
of sufficiency lead to systematic errors and give different
values of random errors.

Scarcity function g(x) is an analog of distribution func-
tion F(x) and characterizes a probability that the value of
an argument exceeds a specified threshold value. [7] based
on theoretical researches and results of testing defined a
formula, which gives efficient, nonbiased and effective
values of scarcity estimates of the i-th (i = 1...n) member
of a discrete sample ranked in descending order (i.e., of
probabilities g, that the factual value x exceeds the value of
X, series member):

i

q =P{x>xi}= T

(M

Where 7 is a number of series members.
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resource limits, it is vital to identify most “problematic”
facilities that require primary investments.

Figures 1 a and 1 b show an example of determination
of priority levels of railway infrastructure facilities requir-
ing the enhancement of dependability — for example, by
assignment and execution of repair — for two enterprise
units, where facilities of one type are under different op-
eration conditions. In this example we assume that in these
two enterprise units there are funds reserved for repair of
6 facilities.

Figure 1 shows that based on factual values of a depend-
ability indicator (for example, a failure rate), that reflects
the current state of the facility in operation, we can identify
those facilities that require repair assignment as a priority
with the size of an allocated investment taken into account.
In this case, if normative values are not available, facilities
are chosen by the criterion of the worst indicator value.

When introducing normalization of indicators one should
take into account non-similar maintenance conditions for
facilities in different enterprise units, which are determined
by differences in climatic factors, technical capabilities for
maintenance and repair, staffing levels, grades of tear and
wear of facilities, requirements for their productivity (for
example, with different sizes of train traffic). In this case
facilities will be chosen for repair assignment by the criterion
of an indicator’s deviation to the worse side from a norma-
tive value (Fig. 2au 2 b).

Obviously, introduction of normative indicators consid-
ering operation conditions and other factors of enterprise
units’ activities improves targeted investment allocation for
maintenance of facilities, which allows fulfilling the require-
ment of uninterruptible transportation under the conditions
of resource scarcity [4].

2. User and supplier interests

In case when a technical system is involved in provid-
ing services (for example, a railway infrastructure facil-
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ity ensures transportation process execution), normative
values of dependability indicators shall consider relations
between a supplier and a user of a service (for example,
an enterprise unit in charge of the functioning of a railway
infrastructure facility and an enterprise unit executing
transportation process).

It is worth to note that this scheme presents an inevitable
conflict between the interests of a user and a supplier of a
service. From the one hand, a user is interested that there
would not be any failures of a facility providing a service
at all; this would allow him to execute his activities with
no risk related to a facility failure (for example, a risk of
train hours loss due to the failure of a railway infrastructure
facility). From the other hand, a supplier is interested in
reducing the costs of a service, thus increasing the operating
profit, but a reduction of costs inevitably causes increased
failure rates. Normalization of a facility’s dependability
indicators shall in essence ensure a compromise between
the interests of a supplier who seeks to provide a service
under the conditions of resource limits and the interests of
a user who seeks to have a service of high quality with the
lowest expenditures.

The situation in question is similar to the situation
when a user receives a product batch from a supplier and
where the unambiguity of mutual acknowledgment of a
product’s quality by a supplier and a user is in most cases
regulated by methods of statistical acceptance tests. And
the relations between a supplier and a user characterize
an acceptable level of quality x, (the maximum accept-
able value of defective items share in a batch) and an
unacceptable quality level x; (the boundary of defective
items share for attributing a batch as defective), where
x, < x, (Fig. 3). Therefore, the area of a user’s interests
is x < x; and the area of a supplier’s interests is x > x,;
it is obvious that the two areas cross each other that
being a prerequisite condition for the existence of com-
promise between both interests. The area of an attribute
value x under x, is “acceptance region”, that above x,

Maximum acceptable
normative value for a

xB user

xa<—

Minimum acceptable
normative value for a
supplier

Figure 3. Areas of a service user’s and a service supplier’s interests.
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Introduction

For any technical system one of the important tasks is
the normalization of dependability indicators (for example,
acceptable value of availability, reliability and maintainabil-
ity) [1, 2]. Dependability normalization is the specification
(in technical or other documentation) of quantitative or
qualitative requirements for dependability. Therefore, nor-
malization sets acceptable limits for changes of a controlled
characteristic.

A dependability indicator is a characteristic (as a rule,
quantitative) of one or several properties comprising the
dependability of a technical system (facility). The values of
dependability indicators can be normative or factual. They
can be determined by calculation methods, on the basis of
maintenance data or by extrapolation. Factual values of
dependability indicators during the process of operation
of a technical system are obtained based on the analysis of
statistical data on a system’s failures and time to its recovery.
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As far as normative values of dependability indicators, they
are as a rule specified in a quantitative way at the design stage
of a facility. For most facilities one applies a normalization
probabilistic approach when one normalizes and ensures
a required economically justified level of probabilistic
dependability indicators that is afterwards controlled by
dependability tests and kept by a maintenance system. The
exclusion is safety critical facilities with catastrophic failure
consequences, whose failures are not acceptable (this paper
doesn’t consider such facilities since they belong to the field
of functional safety).

1. The goal of normalization
of dependability indicators

The results of evaluation of a technical facility’s factual
state allow making a decision [3] on a further life (operation

continuation, maintenance assignment, decommissioning
and a facility’s replacement etc.). Under the conditions of

A

@

@®®

(O]
Q
o
[
S
=
‘©
L
~— N O
e
= 2 -,
o O o0 0 =
L S
o w/

Enterprise unit
b)

Figure 1. Example of determination of facilities’ order of priority for repair assignment (without normalization).
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Figure 2. Example of determination of facilities’ order of priority for repair assignment (with normalization).
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Abstract. Aim. The results of evaluation of a technical system’s (facility’s) factual state al-
low making a decision on a further life (operation continuation, maintenance assignment, de-
commissioning and a facility’s replacement etc.). Under the conditions of resource limits, it
is vital to identify most “problematic” facilities that require primary investments. The aim of
the research is to develop a method of normalization of dependability indicators whose ap-
plication is intended to improve targeted investment allocation for maintenance of facilities,
which allows fulfilling the requirement of uninterruptible transportation under the conditions of
resource scarcity. Methods. The research uses methods of system analysis, probability theory,
mathematical statistics, and correlation analysis. It proposes approximation of a time series
of factual values related to a dependability indicator by a three-parameter gamma distribu-
tion based on a scarcity function q(x). Findings. The research has considered the criteria of
choice of railway transport facilities requiring the enhancement of dependability for the cases
of unavailability and availability of a normalized dependability indicator. It has been shown that
if introducing normalization of indicators one should take into account non-similar maintenance
conditions for facilities in different enterprise units, which are determined by differences in
climatic factors, technical capabilities for maintenance and repair, staffing levels, grades of
tear and wear of facilities, requirements for their productivity. The research has analyzed the
conditions of association of a service supplier’s and user’s requirements for normalization of
a dependability indicator value. It has been demonstrated that it is reasonable to establish a
single threshold normalized value x of a dependability indicator, in which case a normalized
value x for the attribute x shall comply with the requirements of a service user as well as a
service supplier. In the case of a single threshold value, the risk Q = P{x > x} of noncompli-
ance of an indicator with the specified requirements is in fact split between a service user and
a service supplier according to their agreement. Conclusions. The paper proposes a method
of normalization of a dependability indicator based on statistical data assuming that in general
this indicator may be evaluated for a certain period of observance as acceptable for a service
user. For to choose and justify the normalized value of a dependability indicator, the authors
have studied the relations between a service supplier and a service user, have analyzed sta-
tistics using the method of estimation of empirical sufficiency of a raw data series as well as
approximation of an ordered initial series by a three-parameter gamma distribution. The paper
provides an example of normalizing a value of a facility failure rate indicator as per the criterion
of a specified risk of its violation based on the quantiles of an obtained function of sufficiency.
It has been shown that the proposed approach allows establishing a correlation between a
normalized value and a risk of its violation via a function of sufficiency, which can be obtained
on the basis of existing statistical data on a facility’s dependability for the past periods. This
correlation makes it possible to guarantee the ensuring of compliance of factual and normal-
ized indicator values with a specified risk level for a facility working in normal mode.

Keywords: dependability indicator, dependability normalization, service supplier’s risk, service
user’s risk, scarcity function, three-parameter gamma distribution, distribution quantile.
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