0OTaHUKOB, JIECOBOJOB, IOYBOBEJOB B Haudajge XX B. CTallo
CKJIQJIBIBAThCSl TPEJICTABIICHHE O TOM, YTO OXpaHa IPHUPOIBI
JIOJKHA BKJIIOYATh B ce0sl HE TOJBKO OXpaHy pPaCTUTEILHOIO U
YKUBOTHOTO MHpa, HO W 0o0Jiee pallMOHAIIbHOE HMCIOJIb30BaHUE
€CTECTBEHHBIX PECYPCOB, a TaKXke MpeoOpa3oBaHUE MPUPOIBI
Ha 0J1aro 4ejoBeUecTBa.
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1. bepesosckuit H.U., KocrtiokeBuu E.K.Ilpupoansie
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Bbepesosckuii, E.K. Koctiokesnu. — Mu.: BHTY, 2005. - 188 c.
2. Boponnos A.Il. PannoHansHOE MPUPOIOIIOIB30BAHUE:
VYyebnoe nmocodue. — M.: OKMOC, 2000. — 304 c.

Y]IK 504.05 (476)
AHAJIN3 METOJIOB 1 MOJIEJIEN
NIEHTUOUKALINN SKOJOI'MYECKHUX PUCKOB U
OIIACHOCTEH

PoJsesnu U.B.
benopycckuil HaLIMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET

B nocaennue roawl Ha6n}0,uaeTc51 HCYKIIOHHBIC POCT
HHTEpPECA K METOAOJIOTMU KOJIMYECTBCHHOI'O aHalin3a pPHCKAa.
Ananuz PpUCKaA — 6ypHO pasBuBaromicecsa MCXKIUCHUTIIIMHAPHOC
HAay4YHOC HaIlpaBJICHUC, o0JacTh NPpUMCHCHUA KOTOPOTO
IMOCTOSAHHO paCHIupsACTCsA, OXBaTbIBasd BCE HOBBIC OpeAMETHBIC
obnactu MHPHOI'0O U BOCHHOI'O BPCMCHH. BaxxHocTh OLIGHKH
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PUCKOB  OOYCIIOBIMBA€TCSl  yBEIMYEHHEM  YHCIEHHOCTH
HAaceJleHMs,  YpPOBHA  HKOJOTMYECKOM  Harpy3ku  Ha
OKPY)KAIOIlYI0 Cpely, KOHLEHTPAalUU SHEPruu, OIACHBIX
BEIIECTB M MH(OpMauu B Tropojax M Ha OObBEKTax,
KaTtacTpoQUIeCcKuM CHUKEHUEM HEBO300HOBIISIEMBIX
pecypcos.

Puck — 310 Mepa omacHOCTH, a UACHTHU(PHUKAIMS OTACHOCTH
— TpoLecC BBIABICHHS M [PU3HAHWUA, 4YTO ONACHOCTb
CYHUIECTBYET U 4YTO MOXXHO OOBEKTHBHO OLICHUTh €€
XapakTepuCTUKH. PacyeTHble MeTOABI aHaIW3a  pPUCKA
MO3BOJISIOT UCIIOJIB30BaTh JAOCTYITHYIO HH(POPMAIIHIO U HAyYHO
00OCHOBaHHBIE TPOTHO3BI JJIs1 OLIEHKU ONACHOCTH BO3JIEHCTBUS
BpEeIHBIX (AKTOPOB OKpYXKAIOIIEH cpeabl Ha 370POBbE
4yejoBeka. B pesynbraTe, ONacHOCTb MEPEBOAUTCS B paspsil
U3MEPSIEMBIX KATETOPHH.

B mHacrosimeit pabore mpencTaBiieHa CUCTEMaTH3aLMs
OTEYECTBEHHBIX M  3apyOeXHBIX METOJOB M  MOJeJel
UACHTU(DUKAIIMYA PUCKA U OIACHOCTH.

Paznuuator clenyomue METO/IbI u MOJIENH
UACHTU(UKAIIMM PUCKA M OIMACHOCTH: JI€TePMUHHPOBAHHBIE;
BEPOSATHOCTHO-CTATUCTUYECKHE (CTaTUCTUUECKHE, TEOPETHUKO-
BEPOSITHOCTHBIE U BEPOSITHOCTHO-IBPUCTUYECKHUE); B YCIOBUSIX
HEOMpEeIEHHOCTH HECTAaTUCTUYECKONW MPUPOJbl (HEUETKUE U
HelpoceTeBble); KOMOMHUPOBAaHHBIE, BKIIIOYAIOIINE Pa3INUHbIe
KOMOMHAaIUU MIEPEYUCIIEHHBIX BBIIIIE METO/I0B
(1leTepMUHUPOBAHHBIX M BEPOSTHOCTHBIX, BEPOSTHOCTHBIX WU
HEUYETKHX, JCTCPMHUHUPOBAHHBIX U CTATHCTHYECKUX ) (pHc.l).

Jlemepmunupoeannvie mMemoosl TPEAYCMATPUBAIOT aHAIU3
pa3BUTHs aBapui, HAa4MHAs OT HCXOJHOTO COOBITHS uepe3
MIOCJIEI0BATEIBHOCTD IIPEIIT0JIaraeMbIX OTKa30B 110
YCTaHOBUBILETOCS KOHEYHOT'O COCTOSTHUSI.
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MBTOZ[I)I AHAJIH3a pHCKa

JleTepMHHHpPOBAHHEIE KomOnHHpOBaHHEIE
BepodtHOCTHO-CTaTHCTHYECKHE B VCITOBISX HeOMpeneTeHHOCTH
/\ HeCTaTH4eCcKOH IPHPOIEL
CTarHcTHUeCKHe BepoATHOCTHEI®
/\4 Heuetxmue HeitpoceTerre
Teopetuxo- BepoaTHocTHO-
BePOSATHOCTHEIE 3IBPHCTHUECKHe

Pucynok 1 - Kimaccudukamnus MeTo10B HAeHTH(OUKAIIN PUCKA.

XoJl aBapUIHOTO TIpOIIecca U3y4aeTcsl U IPEACKa3bIBaCTCS C
MOMOIIBI0O  MAaTeMaTHYeCKMX  HMMHTAI[MOHHBIX  MOJENEH.
Henocrarkamu MeTo/a SIBIISTFOTCSL: MOTEHIMATbHAS
BO3MOYKHOCTh YITYCTUTh PEIKO PEATH3YIOUIHECs, HO Ba)KHBIC
LHEMOYKH  Pa3BUTHUS  aBapuid;  CIOXHOCTb  IOCTPOEHHUS
JOCTaTOYHO  aJeKBAaTHBIX  MaTeMaTHYECKHUX  MOJIENEH;
HEOO0XOAUMOCTh TPOBEJACHHS CIOXKHBIX M JOPOTOCTOSIINX
HKCIEPUMEHTAIBHBIX HccaenoBaHnid. K m1eTepMUHIPOBaHHBIM
OTHOCSAT CIIEAYIOIINE METO/IbI:

- Kauecmeenuvie memoovl — METOJ TPOBEPOYHOTO JIUCTA
(Check-list); «ato 6yner ecau?» (What-If); npensaputenbHbIii
aHann3 onacHoctu (Process Hazard and Analysis, PHA);
aHanu3 Buaa U nocienctsuii otkazoB (ABIIO) (Failure Mode
and Effects Analysis, FMEA); ananu3 ommO04HbIX AeWCTBUN
(Action Errors Analysis, AEA); KOHLENTyaJbHBIH aHaIU3
pucka (Concept Hazard Analysis, CHA); xoHIenTyanbHbII
0030p 6e3omacHocTtu (Concept Safety Review, CSR); anamuz
yenoBeyecknx omunbok (Human Hazard and Operability,
HumanHAZOP); ananu3 BiusiHUS YeIOBEYECKOTO (akTopa
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(Human Reliability Analysis, HRA) u ommOku nepcoHaia
(Human Errors or Interactions, HEI); norudeckoro ananmsa.

- Konuuecmeennvie memoovl — MeTO/bI, OCHOBAaHHBIE Ha
pacro3HaBaHUH o0pa3oB (KIacTepHBIN aHaIM3);
pamXupoBaHue (IKCIIEPTHHIE OIICHKH ); METOMKA OIIPEICTICHIS
n pamwxupoBanus pucka (Hazard Identification and Ranking
Analysis, HIRA); ananu3 Buza, MOCIEACTBHA M KPUTHIHOCTH
otkasa (ABIIKO) (Failure Mode, Effects and Critical Analysis,
FMECA); metonuka ananmmsa 3¢dexra nomuno (Methodology
of domino effects analysis); MmeToauka onpeneacHUs U OIEHKH
noteHmuaipbHoro  pucka (Methods of potential  risk
determination and evaluation)); KOJIMYECTBEHHOE OIPEICIICHHUE
BIMSHMS Ha HAJEKHOCTh 4enoBedeckoro ¢akropa (Human
Reliability Quantification, HRQ).

[Tpu KOMOUHUPOBAHHBIX Memooax UCTIONB3YIOT
KOMOMHAIIMM  JIETEPMUHUPOBAHHBIX U BEPOSTHOCTHBIX,
BEPOSATHOCTHBIX W  HEYETKHX, JETCPMUHUPOBAHHBIX W
CTaTHUCTUYECKUX MeTo10B.Paznuyator CIIeYIOIINe
Pa3HOBUIHOCTH KOMOMHUPOBAHHBIX METOJIOB!

- Kauecmeennvle — aHanu3 MaKCUMAaIbHON BO3MOXXHOCTHU
BO3HUKHOBEHUS HECYaCTHOTO cirydast
(MaximumCredibleAccidentAnalysis, MCAA); 6m0k-cxema
nanexnoctu  (ReliabilityBlockDiagram, RBD); ananmu3
6ezomacHoct (SafetyAnalysis, SA); aHamu3 HaJeKHOCTH
ctpyktypsl (Structural Reliability Analysis, SRA); TaGmuirsr
COCTOSIHMII W aBapuUHHBIX COYETAaHUH, JIOTHUKO-TpauuecKue
METO/IbI aHAJIM3a PUCKA.

- Konuuecmeennvle, TIONHBIE aHAIN3bl PUCKA — METOJIUKA
ontuManbHOro ananm3a pucka (Optimum Risk Analysis,
ORA); MeTon OpraHM30BAaHHOTO CHUCTEMATHMUYECKOTO aHalln3a
pucka (MethodOrganisedSystematicAnalysisofRisk, MOSAR);
KOJM4YecTBEHHas oreHka pucka (Quantitative Risk Assessment,
QRA) u HEKOTOpHBIE IpyTHE.
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Beposamnocmno-cmamucmuueckue mMemoosl aHAIN3a pPUCKa
[IPEANIONIAraloT KaK OLEHKY BEpPOSTHOCTU BO3HUKHOBEHMS
aBapuu, TaK M pacdyeT OTHOCHUTEIBHONH BEPOATHOCTU IIyTH
pazButuag  npoueccoB.  llpm  sTomM  aHanmm3HMpyroTCA
pa3BETBIICHHBIC IIETIOYKH COOBITUH M OTKa30B, BBIOMpaeTcs
MOAXOMALIMM MaTEeMAaTHUYECKUW ammapaT W OLCHUBACTCA
IIOJIHAsI BEPOATHOCTb aBAPUH.

PacyeTHble MaTeMaTHYECKHE MOJAEIN MOKHO CYIECTBEHHO
YIPOCTUTH 10 CPABHEHUIO C JETEPMUHUPOBAHHBIMUA METOAAMM.
OCHOBHBIE OIpPaHHYEHMS] METOAA CBA3aHBl C HENOCTAaTOYHOU
CTaTUCTUKOM 1O OTKazaM obOopynoBanusi. [Ipumenenue
YIPOILUEHHBIX PAacYEeTHBIX CXEM CHH)KAET JIOCTOBEPHOCTH
IIOJIy4a€MBbIX OLIEHOK PUCKA VISl TSDKEIIBIX aBapUi.

K BEpOSITHOCTHO-CTaTUCTUYECKUM METOJAM OTHOCATCS:

* Cmamucmuyeckue — BEPOSTHOCTU ONPEAEIAIOTCS IO
HUMEIOIUMCS CTATUCTUYECKUM JaHHBIM. OCHOBaHBI HA aHAJIN3E
HAKOIUICHHBIX CTATUCTMYECKUX JAHHBIX 110 Pa3JIMYHBIM
(dakTopaM S5KOJIOTMYECKON ONAacHOCTH, PEalNn30BaBIIMXCS Ha
00BEKTaX aHAJIOTHYHOTO BHJA JESITEIHHOCTH, WIH CBSI3aHHBIX
C NIPUPOAHBIMU IIPOLIECCAMU, NTPOSIBUBLIMMHUCS HA TEPPUTOPUN
JAHHOTO PErroHa B mpouuioM.IIpuMeHsroTCs B TeX ciydasx,
KOrJa TMposiBIeHHE (aKTopa HKOJOTHYECKOW OMacHOCTH,
MOTYHIEr0 NPUYUHUTE BpPEI OKPYKAIOIIEW Cpelle, HE BIOJHE
sacHoe. OJJHaKoO, U1l KOHKPETHON TepPUTOPUU JaHHBIA (QakTop
JKOJIOTUYECKON OITACHOCTH XapaKTEPU3YETCs ONpPENeIEHHON
MIOBTOPSIEMOCTBI0 M II0 HEMY HAaKOIUIEHA COOTBETCTBYIOLLAS
nH(popMalys, MO0 KOTOPOW MOMKHO CYAWTh O €ro 4acTtoTe U
MacmTabax MposiBiaeHus. OOBIYHO CTAaTUCTHYECKUE METOJIbI
HCIIONB3YIOT TPU ONPEACIICHUH BEPOSITHOCTEH NPHUPOIHBIX
(akTOpOB  HKOJIOTMYECKOM  OMACHOCTU:  3eMIICTPSACCHMIA,
HAaBOJHEHWH, CMepuel, moxapoB U T.1. HaxoruienHas
CTaTUCTHUKA I103BOJIIET CTPOUTH PACIPEAEICHUE BEPOSITHOCTEN
TaKMX SBJIEHUH B 3aBUCUMOCTHU OT UX CHJIbI. 3HAYUTEIbHYIO
IIOMOIb  IIPH  ONPEACICHUHM  BEPOSITHOCTH  INEPBUYHBIX
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HKOJIOTUYECKUX PUCKOB M Bpela OKPYKAIOMIeH Cpele MOXKET
OKa3aTh CTATHCTUKA I10 aBapUsAM Ha MPEANPUITUAX-aHAIOIax,
KOTOpas  CHCTEMAaTH3HPYIOTCS B  BUjAe 0a3  JIaHHBIX.
CyiiecTByeT HECKOJbKO THUIIOB 0a3 JaHHBIX, COJEpXKALIUX
pasnuuHbie 00bemMbl HH(pOpMaruu. CTaTHCTUYECKHE METOJIbI
BKJIIOYAIOT B €05 KaYyeCTBEHHbIE METO/bl — KapThl IOTOKOB U
KOJINYECTBEHHBIE METO/IbI — KOHTPOJIbHBIE KapThI.

*  Ananumuueckui memoo 0OazupyeTcsi Ha HM3y4CHHUHU
PUYMHHO-CJICICTBEHHBIX CBS3€ B MPUPOJHO-aHTPOIIOTCHHOM
cucreme Tepputopud. OH MO3BOJIAET OLEHUTh BEPOSITHOCTH
MPOSIBJICHUS (haKTOpa FIKOJIOTHIECKON OTTACHOCTH.

* DKkcnepmHulii Memoo TPOBOIUT OLEHKY BEPOSTHOCTU
NpOSIBICHUST (DAKTOPOB HKOJOTHYECKOW OMACHOCTH ITyTEM
00pabOTKH PE3yJIbTaTOB ONPOCOB IKCIEPTOB.

* BeposmnocmHvle Memoobl COCTOSAT U3 TEOPETUKO-
BEPOSTHOCTHBIX U BEPOSITHOCTHO-3BPUCTUYECKUX METOJIOB.

Takum o0pa3oM, MeETOABI W MOJACIH HIACHTU(UKAINA
9KOJIOTUYECKUX PHUCKOB U ONACHOCTEH MHOTIOYMCIIEHHBI.
Hcnonp3oBanne wux TpeOyeT BBICOKOW  KBaTH(HUKAIUU
ucronHutenen, Oompmoro  obdbema  WHOpPMALUU  TIO
aBapUMHOCTH M HA/IEKHOCTU 000PYAOBAHUS HA MPEANIPUATHUSAX,
ydeTa 0COOEHHOCTEH OKpYyKarolei cpe/bl.

YK 502.1
IKOJIOI'MYECKHUE ACHEKTBI TOPHOPYJHOI'O
ITPOU3BOJACTBA
Hynpux JI.LH

benopycckuii HaLMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET

Hns  Bcex  cmocoOoB  pa3pabOTKM  MECTOPOXKIEHHI
XapakTepHO BO3NEWCTBHE Ha Owocdepy, 3aTparuBaroliee
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