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AHAJIN3 1 OIEHKA HA PUCKA OT PUCKOBU TEXHUYECKH
CUCTEMM IIPU PASPABOTBAHETO HA METO/IUKA 3A
OBYYEHHUETO HA CTYAEHTHU Bb3 OCHOBA HA METOJIA AbPBO
HA OTKA3UTE (FAULT TREE)

[BeTesuna CumeoHoBa

ANALYSIS AND RISK ASSESSMENT OF RISK TECHNICAL SYSTEMS
TO DEVELOP OF METHODOLOGY FOR TEACHING STUDENTS
USING THE METHOD FAULT TREE

Tsvetelina Simeonova

Pe3tome: llen Ha HacrosimaTa paboTa € Ja ce pa3padoTH METOJMKA 32 MPOBEXKAaHE Ha YIPaKHEHHS
M0 aHaJIM3, OLIEHKAa W YNpaBJeHHWE Ha pUCKa 4pe3 yeO Oa3upaH MHCTPYMEHT, KaTO C€ OINpPEACIH U
aHaJIM3Mpa PUCKBT 32 Bh3HUKBAHE HA OMACHO ChOUTHE Ype3 METO/A IHPBO HA OTKA3UTE.

Kato pesynrar e nmoka3aHna pa3paboTKa ChITIACHO MPEIOKEHA METOIUKA, MPHIOKUMA B 00YICHHETO
Ha CTY/ICHTHU 10 aHalK3, OLCHKA U YIPaBJICHUE HA PHCKA, KATO CHIJACHO HAMPABCHU MPHEMAaHUS Ca
MOKA3aHH MOAXOMM 32 KAYECTBEHO U KOJMYECTBEHO OIMpECIsIHE HA PUCKA NP MPHETa CTOHHOCT Ha
BpEIUTE.

Kato mpuHOC e pa3paboTeHa U HpeioKeHa METOIMKA 33 aHaM3 U OLCHKA Ha PUCKA, MPHIOKUMA 32
o0ydeHHe Ha CTY/ICHTH I10 aHaJIM3 U YIPaBJICHUE Ha PHCKA.

Kaw4yoBu aymMu: IbpBO Ha OTKa3WUTE, PUCK, aHAJIM3 HA PHCKA, OICHKA HAa PHUCKA, METOIUKA 3a
obydeHue.

Abstract: The aim of the present work is to develop a methodology for conducting exercises for
analysis, assessment and management of risk, using a web based tool by identifying and analyzing the
risk of occurrence of a dangerous event through the fault tree method.

As a result, a framework is presented according to the proposed methodology applicable to the
students' training in risk analysis, evaluation and management, and according to accepted
assumptions. Approaches for qualitative and quantitative risk assessment are presented at the assumed
value of the damages.

In addition, a methodology for risk analysis, assessment and management applicable to student
training on risk analysis and management has been developed and proposed.

Keywords: Fault Tree, risk, risk analysis, risk assessment, methodology for training.

1. BbBEJAEHHUE

IoepBoro Ha otkasute (FT - Fault Tree) e kauectBen u konmuuectBeH meron [1, 2, 3, 4, 5], npu
KOHTO ce 3a/1aBa HEXKETaHOTO ChOUTHE U ce THPCAT NpUUuHUTe!, KOMTO MOrat aa ro nopoastr. Ot
BEPOSITHOCTTA 3a TOsSBa HA TE3W MPUYMHHA C€ OMpeness o0IaTa BEPOSTHOCT 3a IOsBa Ha
HEXXENaHO chOuTHE. [IBpBOTO Ha OTKA3WTE ChHABPKA MHOXKECTBO OT JIOTUYECKH CIEMECHTH U
chOuTHS (CBBpP3aHU Upe3 TE3H JIOTHIECKH eeMeHTn) [1, 2, 3, 4, 5].

AHAJIM3BT Ype3 METoJa AbPBO HA OTKA3UTE € JCIYyKTHBEH aHAIM3 Ha OTKa3 "oTrope-Hanony",
Opyd KOMTO Ce aHalM3Wpa HEXEIaHO CHhCTOSHHE Ha cHcTeMara. To3M METOJ Ha aHaliu3 ce
U3IT0J13Ba IJTABHO B 00JIACTTa HAa MHXKEHEpHATa 0€30MacHOCT M WH)KEHEPHUHTa Ha HAJC)KIHOCTTA,
3a Ja ce pa30bepe Kak CUCTEeMHUTE MOTaT Jla OTKaXar, KaKTo U J1a ce HASHTU(DUIIUPAT Hall-100pUTe
HAUMHU 3a HaMaJssBaHE Ha PHUCKa WK 3a ONpeIeisHe Ha BIMSHHETO Ha JaJeHO ChOWTHE.

! Tlpuuunure ca crOUTHS, @ CHOUTHATA MOXKE J1a Ca IPUUKHH.
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MertoabT IPBO HA OTKA3HUTE CE M3I0I3Ba B KOCMUUECKUTE U a€PO TEXHOJIOTHH, JKIT TPAHCIIOPTa,
eHepreTukara, (apmareBTH4HA, HEPTOXMMHYECKa W JAPYTd OTpaciy, BKIIOYBAIIA PUCKOBU
TeXHUYeCKHU cucreMu. ChlLIO Taka, C 1I€J1 OTCTPaHsABaHE Ha I'PELIKU MOXE Ja CE M3I0JI3Ba U B
co(pTYyEepHOTO HHKEHEPCTBO.

JbpBOTO Ha OTKa3uTe € rpaduyHO TPEACTaBSIHE HAa CHOUTHATA B JIBPBOBHIHA CTPYKTYpA.
MeToabpT € MUPOKO pa3NpoCTpaHEeH M ce ocHoBaBa Ha byneBaTta anrebpa M BeposiTHOCTHATA
JIOTHUKA.

CpbuTHe B ABPBOTO Ha OTKa3UTE€ MOXKE Ja ObJe: OTKa3 Ha €JIEMEHT, YOBELIKU TIpeIIKH,
necrabunmmsupany ¢akrop u T.H. CrOUTHATA Ce pa3aeNaT Ha J1Ba TUNA: BXOAHH (input events) u
u3xoaHu (output events).

3a MoCTposiBaHE Ha IBPBOTO Ha OTKA3UTE CE 3aJlaBa HEXKEJIAHOTO M3XOJHO ChOUTHE (BBPXOB
oTKa3 - "top event") U ce THPCAT NPUUUHHUTE, KOUTO MOTaT Jia ro mopoAsaT. [IpuunnamTe 32 mosiBa
Ha HEXEIAHOTO CHOMTHE Ha W3XO0Ja CE MPEACTABIT rpa@UYHO B JIOTHYECKA IHPBOBHIHA
HepapxuuHa CTPyKTypa (OTrope-HaJoly), B KOATO CHOUTHSTA C€ MOZAEIUpAT MOCPEACTBOM
CHUMBOJIH, & IOTUYECKH €IEMEHTH OTPa3siBaT OTHOLICHUETO MEXKIY THX.

Korato nbppBOTO ChaBpka caMO CTaHAAPTHU JIOTUYECKH CHUMBOJIM 3a BpbB3Ka, TO C€ Hapuua
CTATUYHO ABPBO U J0Ope MO3HATHUTE JIOTMUECKU MpeoOpa3oBaHUSI MOrar Ja Ce M3MOJI3BaT 3a
M3YHUCIIsIBaHE Ha o0l1aTa BEPOSITHOCT 3 OTKA3.

JlormyeckusaT aHanM3 ce M3MOJ3Ba 3a MOCTPOSIBAHE HA JABPBOBHUAHA CTPYKTYpa M HaAMUpPaHE Ha
KOMOMHANMsi OT ChOUTHs (OTKAa3WM Ha EJIEMEHTH), KOUTO BOJAT 1O OTKa3 Ha CHUCTeMara.
Jlormyeckara Bpb3Ka MEXIy €IEMEHTUTE C€ MPECTaBs BbB BUJ Ha JIOTUYECKa CXeMa, M0 KOSTO
Ce ThPCU BEPOATHOCTTA 3a IOSIBA HA OINACEH OTKa3 WMJM JpYyr IOKa3aTel Ha HaAeKIHOCTTa
(Hampumep MHTEH3MBHOCT). J[bpPBOTO Ha OTKA3WUTE IMO3BOJISIBA KAKTO KAaueCTBEH (JIOTMYECKH),
TaKa ¥ KOJIMYECTBEH (BEPOSITHOCTEH) aHAJIHU3.

ITocsenoBaTesTHOCT HA aHAJM3A 10 METOA IbPBO HA OTKA3MTe:

1. OnpenensiHe Ha PUHATHOTO CHOUTHE - OTKA3 HA pa3riekaaHaTa cuctTeMa (BbpXOBO ChOUTHE).
2. 3anbn0oyeHO H3yyaBaHE Ha BB3MOXKHOTO IMOBEJIEHHE M IpelnojaraeMus peXHUM Ha
U3IOJI3BaHE Ha cucTeMara.

3. AHanu3upaHe Ha IPUYMHUTE 32 GUHATHOTO CHOUTHE C IIEJI /1a Ce MPOBEE 33 IbJIO0OUEH aHaAIN3
Ha MOBEJICHUETO Ha cHCTeMaTa U HaMHUpaHE Ha JIOTUYECKU CBbP3aHUTE ChbOMTHUS Ha Hall-HHCKO
HUBO, JOBEXJAIIHU 10 (UHATHOTO CHbOUTHE.

4. TlocTposiBaHe Ha “IIbPBO HAa OTKa3UTE 3@ JIOTUYECKH CBBP3aHUTE CHOMTHS Ha Bxona. Te
TpsiOBa Jia ca ONpe/ieleHN KaTo He3aBUCUMU ITbPBUYHU OTKa3U. 3a J1a ce MoJyyaT KOJTUYECTBEHU
pesyaTtatd 3a (UHATHOTO CHOMTHE € HeoOXOoauMo 1@ ObJaT 3aJajJeHd TapamMeTpUTe
XapaKTepu3Upally MbPBUYHNATE (MHULIMUPALIN) CHOUTHUS, IPU YCIOBHUE, Y€ HSMA MOBTapALIN ce
CHOUTHS.

OcHoOBHHTE eTanu OT TO3M MpOoLeC ca:

- IOCTPOSIBAHE HA “IbPBOTO HA OTKA3UTE B MOJIXOJSIIA KOMIIOThPHA MOJEIMpAIIa Mporpama;

- 3aJlaBaHe TI0Ka3aTeIMUTe Ha HAJEKTHOCT 3a BCIKO OT BBBEXKIAINUTE CE (MHUIMHPAIIUTE)
CHOUTHS;

- CbCTaBSHE HA CMHCHK HAa CHOUTHUSATA, BOJCHIM 10 (PUHATHO CHOWTHE (OTKA3 HAa cHUCTEMaTa) W
CHUCHK HA MUHUMATHUTE CEUCHUS,

- U3YHCIISIBAHE HA PUCKA.

Oco0GeHocTH Ha MeTola AbPBO Ha orka3ute [6]: mpemumcrBa ([IbpBOTO Ha OTKa3WTE
KOHIICTITYaJTHO € TPOCT MOJEN ¢ 100pe yCBOSHA TEXHHUKA 3a MOCTPOsBAHE, MPUIIOKUMO € KaKTO
3a co)Tyep, Taka M 3a Xapjayep; M3IMOJI3Ba Ce M 3a OTYMTAHE Ha YOBCIIKH Tpemiku. Toi ce
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U3TPaXKIa OT CHOUTHS U JIOTHUECKU €IIEMEHTH MEXIy chOuTusata. CrOUTHSATA B IHPBOTO MOTAT
Jla ca MOJIbpPBETa, T.€. MOTaT Jia ONMKUCBAT pa3JIMYHU HUBA Ha CHCTeMHaTa a0cTpakuus. Brokmar
Ce SCHO MPUYMHHUTE, KOUTO JOBEXKIAT 0 OTKA3 Ha CHUCTeMara. 3aroMHeHaTta WHpopManus 3a
JT'BPBOTO Ha OTKA3UTE MOJXKE JIa C€ M3II0JI3BA MO-KHCHO 3a U3CJICJIBAHE HA JIPYTH MPOIIECH, B T.U. U
3a TeCTBaHE Ha HOBM CHCTeMH) H HeaocTaThlu ([TomyyaBane Ha rojieMy U KOMIUIEKCHH JTbpPBETa
Ha OTKA3UTE 3a TO-CIIOKHUTE CHCTEMH, KOUTO ca TPYAHHU 3a pa30upaHe, T.e. METOIBT € 3aBUCUM
OT CIIOCOOHOCTUTE Ha aHAIM3UpAIIMsS Ja IOCTPOM JAbpBOTO. MeTogpT MOXe na Oble
HENPUJIOKUM 32 WACHTU(UIIMpPAHE Ha BCUYKU OMACHU CHOUTHS HAa TOJIEMH CHCTEMU WU Ha
CHCTEMH C MHOTO KPUTHYHH OTKa3H; TPYIAHO CE€ BbBEK1a HH(OPMAIIHS 3a BPEMETO).

2. OHEHKA HA PUCKA YPE3 METOJA IBbPBO HA OTKA3UTE (FAULT TREE)
Ilenta Ha HacTofIlaTa METOAMKA € Ja CE€ ONpPEJENIM M aHaJu3upa PUCKBT 33 Bb3HUKBAaHE Ha
OIacHO CbOUTHE Ype3 METO/a AbPBO Ha OTKa3uTe (METO/ 32 KaUeCTBEH M KOJIMYECTBEH aHAJIM3).
[Tpumep 3a 3amanme B mporeca Ha OOyueHHE Ha CTYACHTHTE MOXe Ja ObAe Mo 3aJaJeHU
CXEMaTHYHO IbPBOBUIHU CTPYKTYPH JIa CE€ OMpEeNH PUCKa’ 4pe3 MEeTOa JbPBO HA OTKA3HTE,
KaTo ce ONpe/ei BEpOosATHOCTTA 3a MosiBa Ha (uHaIHOTO chOuTHE P(t) M Karo ce M3BbpIIAT
W3YUCIICHUS 3a ONpEeissHE Ha pUCKa, IIPU PAa3IMYHU HAYMHU Ha 3aJjaBaHe Ha IapaMeTpuTe U
IPU PA3JIMYHU YCJIOBUS, KAKTO CIlIE/IBa:
1. cucremMara € HEBB3CTAHOBMMA® (M3TpajieHa OT HEBH3CTAHOBHUMH  EJIEMEHTH),
pasnpeieeHUeTO Ha BXOJHUTE OMAcCHOCTH HE € M3BECTHO; BEPOSITHOCTHUTE 3a IOsBa ca
3a7aeHu B Tabm. 1.

2. cHCTeMaTa € HEBB3CTAHOBUMA®, pA3MpPEJCICHUETO HA BXOJHUTE OIACHOCTH €
EKCITOHCHIIMATHO; BPEMEBHUAT MHTEPBAN 332 MU3CJICIBAHE M MHTCH3MBHOCTUTE Ha IOSBA Ca
3amajeHu B Ta0II. 2.

3. cucremMara € BB3CTAHOBHMa’ (u3rpazieHa OT BB3CTAHOBUMHU  €IIEMEHTH), a
pasmpene’eHueT0 Ha MHTEH3UBHOCTUTE (HAa OTKa3 U Ha BH3CTAHOBSBAHE) Ha BXOJHHUTE
OMAaCHOCTH € €KCIOHEHIIMAIIHO; BPEMEBUAT UHTEPBAJI 3a U3CJIE/IBAHE U UHTEH3UBHOCTUTE
Ha I0sIBa ca 3aaJeHu B Ta0md. 3.

[ToctaBeHuTe 3a7auv 3a M3MBJIHEHHE III€ BKIIOYBAT M3YMCICHHS C TOMOINTa Ha coTyepeH
nponykT (ycnmoBus 1, 2 u 3). Moxke na Ob/1aT HallpaBeHU CIAETHUTE TPUEMaHUS:

1. TIpuema ce, ue BCHUKH €JIEMEHTH ca C eIHAKBU MapaMeTpH”,

2. Bpenata (TexecT Ha oyakBaHaTa BpeJla) B U3MEPUTEIIHU €IMHUIIM (HAIIpUMED JICBOBE 3aryoa,
JTHU Ha HepabOTOCIOCOOHOCT, JIEBOBE 32 BH3CTAHOBSIBAHE) € C MpHETa U €IHAaKBa CTOWHOCT 3a
TOPEONUCAHUTE CITyYaH.

2 PucksbT ce OIpeaciid Ha 0a3a Ha HAJACKAHOCTHUTE IMapaMCTPU HA CIICMCHTUTE HA MOJACIIMPpAaHATa CUCTEMA.
3 daxTopu OT KOUTO 3aBUCH HaJlexkAHOCTTa Ha cucTemara [https://prezi.com/-rh8mj-hgc4y/redundancy/]:

o Ha)Ie)KIIHOCT Ha rpaAuBHUTE CIICMECHTH,

e Pexnm Ha paboTa Ha cucTeMaTa — HEIIPEKbCHAT, TIEPUOMYCH, TOBTOPHO-KPATKOBPEMEHEH;

o PexxnM Ha BB3CTaHOBSIBAHE CJIE€] OTKa3 - Bb3CTaHOBUMA HUJIM HEBH3CTAaHOBUMA,

o CprKTypaTa Ha cucTteéMara OT IJICAHa TOYKa Ha HaJACKIHOCT.

4 ChOutHe € 0TKa3 Ha €JIEMEHT
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Tao0n. 1. HeBp3cTanoBuma cucremMa.

3aiaeHo TbPBO HA OTKA3UTE
Ne p (t) P(t) R
BeposTHOCT 3a peanusupaHe Ha BepostHocT 3a peanusupaHe Ha Puck
WHUIUHUPAIIOoTO C’LGI/ITI/Ie (0TKa3 (1)I/IHaJ'IHOTO C’L6I/ITI/Ie (OTKa3 Ha
Ha €JICMCHT HAa TCXHHUYECKaTa TEXHHUYCCKATa CI/ICTeMa)
CHUCTEMA)
1 (0,01
2 10,0001
3 10,000001

[TpoabmKUTETHOCTTA HA pa3TIekKaaHusI HHTepBai oT Bpeme e: t = 100 h.

Tabn. 2. Hesp3craHoBuMa cHCTEMa IIpru CKCIIOHCHIUATHO Ppas3npeaciCcHuE Ha BXOIHUTE
OITIaCHOCTH.

3ajaneHo TbpPBO HA OTKA3UTeE

Ne A (t), 1/h P(t) R
Murten3uBHOCT 3a peanu3upane Ha | BeposTHOCT 3a peanusupane Ha Puck
MHHUIUHUPALIOTO chOUTHE (0TKa3 ¢uHanHOTO CHOMTHE (OTKA3 HA
Ha €JICMCHT Ha TeXHHYeCcKaTa TEXHUYECKaTa CHCTeMa)
CHUCTEMA)
1 |0,01

2 10,0001
3 10,000001

[IpoabmKUTeIHOCTTA HA pasriiekaaHus HHTepBai oT Bpeme e: t = 100 h.

Ta6:. 3. Be3cranoBuMa cucrema.

33}]3}ICHO ABPBO HA OTKA3UTE
Ne A (1), 1/h P (t) R
WuTeHsuBHOCT 3a peanmsupane Ha | BeposrHocT 3a peanmsupaHe Ha Puck
MHUIAAPANOIOTO ChOUTHE (0TKa3 (uHATHOTO CHOUTHE (OTKA3 HA
Ha €JEMEHT Ha TEXHUYECKATa TEXHHYECKaTa CHCTEMa)
CUCTEMA)

1 10,01

2 10,0001

3 10,000001

[TpoabIKATETHOCTTA Ha pa3TiIekaaHust HHTepBai oT Bpeme e: t = 100 h.
WHTeH3MBHOCT Ha Bbh3cTaHOBsIBaHe L(t) = const =1 1/h

3ajaeHUTe CTPYKTYpU Ca ONMCAHHWE YpPEe3 ABPBO HA OTKAa3UTE€ Ha INPUMEPHHU TEXHUUYECKU
cucreMu. Te ca U3rpajeHu OT €IeMEHTH, KOUTO IIPU U3TPaKJaHETO Ha CUCTEMAaTa ca CBbpP3aHU
OT IJIeJJHA TOYKa Ha HAJEKIHOCT 10 ONPEIEIEH HAUMH, KOMTO € OTUETEH B IbPBOTO HAa OTKA3UTE.
[To 3aganenuTe CTPyKTypH, Hall-BUCOKOTO CHOUTHE B CTPYKTypaTa ce Hapuya (UHAIHO chOUTHE
(oTKa3 Ha O00eKTa KaTo LAJ0), TO Ce sBSBA CIEACTBHE OT ChOUTHS (OTKa3u Ha eixeMeHTH). [lpu
M3CIIeIBAHETO U OLIEHKAaTa Ha pHUCKa MosiBaTa Ha (PMHATHOTO CHOUTHE MPEACTABIISABA UHTEPEC 3a
0e30macHOCTTa, a HEroBOTO OTCHhCTBHE — 3a HajgexkaHocTra [2]. [lo mpuHmum xorato e
MIOCTPOCHO ITBJIHOTO IBPBO Ha OTKa3UTE, CE€ THPCAT HETOBUTE MHUHUMAIHU CEYEHHS] U TE Ce
CBBP3BaT B €KBHUBAJICHTHO JBPBO Ha OTKA3UTE, KOETO HE ChIbpXKa MOBTApAIIN ce ChOUTHS (B
HaIlIMs cIy4yail OTKa3 Ha eJIEMEHT). B 3ajafeHnTe CTpyKTypH, ce IpuemMa, 4e HsiMa MOBTapsIIx ce
CHOUTHS.
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3agaHueTo 3a BCAKO OT ycaoBuATa 1, 2 1 3 ce M3NbJHABA N0 CJIeIHUSI HAYMH.
TexHUYEeCKUTe CUCTEMH MOXE Jla Ce M3TpakJaT C pa3Iu4yHU eJIeMEHTH, KaTo MpU TOBa
€HOTUIIHUTE €JIEMEHTH MOXE Ja ca C pa3iudyHa HaAeKIAHOCT (M3pa3eHa C pa3IMuHU
napamerpu). Tabmuuu 1, 2 u 3 ce OTHACAT 3a pa3IU4YHU TEXHUYECKH CHCTEMU U B TaOIUIIUTE
npreMamMe, 4e TEXHUTE €JIEMEHTH ca ChC ChOTBETHUTE MapaMeTpHu.

JlanHuTe 32 BCAKO OT chOMTHATA (OTKA3 HA €JIEMEHT) ce IMOIMBJIBAT 32 BCSKA OT 3aaUUTe MpU
MOCTPOSIBAHETO HA IBPBOTO HA OTKA3UTE, a PE3YyATaTUTE OT aHAJIM3a HAa IHPBOTO HA OTKA3UTE CE
MOITBJIBAT B CHOTBETHHUTE TAOIUIM CHITIACHO METOAMKAaTa. Upe3 Te3u pe3ysTaTH Ce M3UMCIIABA
pHCKa.

MeToaukaTa BKJIOYBA ChIIO U CJIEAHUTE CTHIKH.

CodTyepHHUAT MPOAYKT, KOWTO ce M3moi3Ba 3a ycioBus 1, 2 u 3, ¢ Fault Tree Analyser (ua
dbupmara ALD Software, web-6asupan, free).

1. 3apexxaa ce HaYATHMAT nMpo3open - ¢ur. 1. [7]:
https://www.fault-tree-analysis-software.com/fault-tree-analysis?type=Railway

! Fault Tree Anafyser;:—i diFault Tree~ G Edit- 4 Analysis - M Reports~ @ View~  Logln

=) =
BE B EE
i A (i

®ur. 1. Haganen npo3oper Ha Fault Tree Analyser.

Ot wmenwo Login ce wu3BBpIIBA pErucTpalds Ha HOB MOTPEOUTEN, KaTo BeIHara Cien
perucTpanusaTa ce IpeMruHaBa B pabOTeH pekuM (MOSICHEH IM0-0J1y), IPU KOETO Ce CTapThpa
cecHs, KOATO ce HMACHTH(DHUIMpa ¢ MmapaMeTpuTe Ha cb3mazeHus Login. B pamkurte Ha Tasu
cecs, BCHUKU O3HaueHHs TPsOBa J1a ObJaT YHUKAIHHU (J1a HSIMa TOBTOPEHUS).

CodTryepuusat npoaykT uma cieauaure merrota: Fault Tree, Edit, Analysis, Reports u View.

2. CtapTupa ce nocrposiBaneTo Ha HOBO 1bpBO (Create New) ot menio Fault Tree - ¢pur. 2.

[TocTposiBaHETO HA HOBO ABPBO € "OTrope-HanoIy".
B nuanorosus mpo3oper ce 3aaBaT HACHTU(OUKAIIMOHHY TapaMeTpy Ha Ch3/1aBaHOTO AbPBO:
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Fault Tree propetries

Code:

Description:

Calc. Types: Unavailability at time t Q(t)

Mission time o (hours)
t —

@ur. 2. [ToctposiBaHE Ha HOBO JBPBO.

Code: 1udpa Wi UMe, KOUTO J]a He ce€ NOBTAPSAT (IIOBTOPEHUATA CE OTXBBPIIAT)
Description: udpa WM UMe, KOUTO J1a He CE€ OBTAPST (TIOBTOPEHHSTA CE OTXBBPIISIT)
Calc. Types: Unavailability at time t Q(t)

Mission Time: | chIiIacHO 3aJJaHMETO HA KOHKPETHATA 3a/1a4a

3a MOCTPOSBAHETO HA IBPBO HA OTKA3UTE € HEOOXOAMMO Ja Crelu(UIMpaMe JIOTHISCKUTE
CJIEMEHTH U ChOUTHATA 32 33/a/ieHaTa Gurypa (Bb3 OCHOBA Ha 3a/1ajicHa CTPYKTYpa Ce MoJiydaBa
¢wur. 5, mo-moiy).

3. [locTposiBaHe HA ABPBO HA OTKAa3UTe

[TocTposiBaHETO Ha IHPBO HA OTKA3UTE CE U3BBPIIIBA UPE3 CICAHUTE CTHIKU:

3.1. Cnenudunmpane Ha JJOTHYSCKH €JIEMEHT € 4pe3 JBOMHO KIMKBaHE BHPXY HEro, ChbOOpa3HO
cleaBarius nposoper - ¢ur. 3:

B nwmanoroBus mposoper ce u3bupa thna Ha jgorudeckus enemeHt (Gate Type) u ce 3amaBar
HEroBUTE UACHTU(PHUKAIIMOHHH apaMeTpH:

Gate Type: OR, AND, K/N

Code: 1udpa WM UMe, KOUTO J1a He C€ IOBTAPST (TIOBTOPEHHSITA CE OTXBBPIISIT)

Description: 1udpa Wi UMe, KOUTO J]a HE C€ IOBTAPAT (IIOBTOPSHUSATA CE OTXBBPIIST)

Gate ID: HEU3MEHSEMO W € ChITIACHO 3aJaJICHUTE HICHTU(PUKANMOHHN TapaMeTpH Ha
CH3aJIEHOTO AHPBO

Cpobpasno 3amanueto (Bk ¢ur. 5) umame: Gate Type = (OR, AND, K/N) u Description =
(udpa wmm ume). Gate ID ce npucBosiBa aBTOMaTu4IHO OT cucremara. Code = nudpa wim ume,
KOWTO JIa HE CE MOBTAPSIT CJIE] TOBA.

3.2. Cnen toBa upe3 mento Edit (Bmx ¢wur. 5) nobassime tpu snorndecku eiaementa OR, OR u
AND (crenuduuupanyu mo ropeonucaHvs HauuH), KaTo 3a BCEKU OT TAX Npenu J00aBSIHETO
Mapkupame (UHATHOTO ChOWTHE. MEXIMHHUTE CHOWTHS CE€ MPHCBOSBAT aBTOMATHYHO KBM
J00aBEHUTE TPH JIOTHYECKHU €IEMEHTa, KaTto Tu obo3HauaBame B Description.
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HFaullTreehnalyﬁeri—:‘ & Foull Trees  BEde- % bralysim -  FiReporis-  ®View - ik -

Logical Gate Data

Gate Types: 1OR w
Code; L]

I Deseription: ' I

Gty id; i
- I = I -
&

@ Chack our enarprise solutions for
mone ...

@ur. 3. Cneuuduiypane Ha JOTUIECKU €JIEMEHT.

3.3. Caen ToBa ype3 menwo Edit (Biwk dur. 5) mobassme 6 mauimupanm croutis (Add New
Event), kato nmpenu TOBa 3a BCAKO OT TSIX CME MapKUPAJIH ChOTBETHO BCEKU €IMH OT JOOABEHUTE
TpPY JIOTHYECKH EJIEMEHTA.

[osicuenus 3a u3non3Banus Tin Ha u3uucienusTa (Calc. Types) ca Ha ¢ur. 4 u B Tadi. 4.

E Fault Tree Anal}’seffz‘i ifa Fault Tree~ @& Edit~ 4 Analysis + M Reports~ ®View~  tsika~

Event Data
Code: | Code
Description: De:
Cale. Type: | Constant Probability v

Constant Probability

babillity that the
unction upan regquest.

Evident, P=A"t

Const.mission time, P=A*tm
Unrepairable, P=1-(1-g) exp(-A"t)
p: Repairable

Latent, P=A"T

Latent, P=A"T/2

Latent Life-time, P=1-g%(-A*T) - =
Latent repairable Save changes 3 Check our enterprise solutions
R or more ...

®ur. 4. 3mo13Bad T HAa U3YUCICHUATA.

B nnanorosus IMpo30peC1I CC 3a1aBaT I/II[eHTI/I(bI/IKaI_II/IOHHI/ITC ImapaMeTpu:

Code: rdpa wiIm uMe, KOUTO J1a HE Ce TIOBTAPAT (HOBTOPEHHSITA CE OTXBBPIIAT)
Description: 1rdpa niIm uMe, KOUTO J1a HE Ce TIOBTAPAT (IOBTOPESHUSITA CE€ OTXBBPJIAT)
Calc. Types: M3MOJI3BaH THUI HA H3YHMCICHUTA

HapaMeTpH CIiope/ Tviiia Ha B TaGJ’II/IHaTa, CbhIVIACHO 3aJaHUCTO Ha KOHKPETHATA 3a/ia4ya
HU3YNUCIICHUATA
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AHAJIM3 1 OLIEHKA HA PUCKA OT PUCKOBH TEXHUYECKHN CUCTEMH ITPU
PABPABOTBAHETO HA METOJIWKA 3A OBYYEHHUETO HA CTYJEHTH Bb3 OCHOBA HA
METOJA IBbPBO HA OTKA3HUTE (FAULT TREE)

HOBETEJIMHA CUMEOHOBA

Ta6mz1ua 4, HapaMeTpI/I CIIOpE U3IIOJI3BaHM THUII HA U3YHCIICHHUATA.

3agau | U3mos3BaH THII Ha IMapamerpu criopes U3MOJ3BAHUS THI HA U3YUCIEHUSATA
a Ne M3YHCICHUATA
Calc. Types=
4.1 |Constant P - BEPOSITHOCT 3a peajM3upaHe Ha pasriexaaHoTo chouThe p(t); B3uMa ce oT Tadi.
Probability 1, chruacHo 3aJaHMETO Ha KOHKpPETHAaTa 3ajada: 3aJaJiecHd BEPOSTHOCTH 3a
BB3HHMKBaHE Ha CHOUTHETO (OTKa3M Ha EIEMEHTH).
4.2 |Unrepairable Mt) - HHTEH3UBHOCT Ha CBHOMTHETO (OTKa3za Ha EJEMEHTUTE) IpPH IPHETO

SKCIIOHEHIIMAIHO pas3lpeelieHne; B3UMa ce OT TaOll. 2, ChIJIACHO 3aaHUETO Ha
KOHKpETHAaTa 3aga4a: 3aJaJéHu BEPOSITHOCTHU 3a BBb3HHKBAHE Ha CBHOUTHETO (OTKaBI/I
Ha €JIeMEHTH) MPH NPOIBIDKUTEITHOCT Ha PasTiIekKIaHIsI HHTepBal oT Bpeme t = 100
h.

Calculation by equation P(t) = 1-(1-q)*exp(-A*t), where A — failure rate (1/hour); t —
failure exposure time (hours); FR: (failures/hour)

4.3 |Repairable A (t) - MHTEH3UBHOCT Ha OTKa3WTe W W(t) - MHTEH3UBHOCT Ha BH3CTAHOBSBAHE, MPH
MPUETO SKCMOHCHIIMATHO pasmpe/ieieHne; B3iuMa ce OT Tabul. 3, ChIIIACHO 3aaHHETO
Ha KOHKpETHAaTa 3ajada: 3ajJajJicHd BEPOATHOCTH 3a BBH3HUKBAHE HA CHOUTHETO
(0TKa3u Ha eNEeMEHTH) TPH MPOBIDKUTEIHOCT Ha PAa3riIekKJaHNsI HHTEPBAIl OT BpeMe
t =100 h.

Calculation by equation P(t)=(M(A+p))*[1-exp(-(A+u)t)], P=A/(A+p), where A —
failure rate (1/hour); p - repair rate (L/MTTR) per hour

ITapameTpu, kouto ce uzuncissar ca: FR: (failures/hour) u MTTR: (hours)

3.4. Cnen toBa upe3 MeHwo Edit (Bux ¢ur. 5) nobaBsame HOB sornuecku enemeHT OR (kato
npenu ToBa Mapkupame siornyeckus enemeHT AND, kbM KoiiTo Tol ce oTHacs). MeXINHHOTO
cbOUTHE ce TMPHUCBOSIBA AaBTOMATMYHO KbM J00aBeHus Jsoruyecku enemeHT OR, kato ro
obo3nauyaBame B Description cbc cuMBoOIa: A.

3.5. Cnexg ToBa mo ropeonucaHusi HauuH, upe3 MeHio Edit (Buwx ¢ur. 5) nobassime nBe
uHIMupanm csoutus (Add New Event), kato npeau ToBa 3a BCAKO OT TAX CM€ MapKHUpalu
noOaBeHus joruuecku enement OR.

3a0.: OcBen uype3 mento Edit, mocTbnm a0 ropHUTE omepanuy UMa 4Ype3 MapKUpaHEe Ha
KOMIIOHEHTa U OTBapsiHE Ha CbOTBETHO MEHIO Upe3 JIeCeH OYTOH.

C ToBa IBPBOTO HA OTKA3UTE € TTOCTPOEHO - (pur. 5.

Morar na ce BUAAT pe3yiTaTuTe (KaTo ONHCaHHEe M CTOMHOCT Ha BEPOSATHOCTTA) 32 BCUYKHU
MEXIUHHU CHOUTHS U 32 (PUHAIHOTO CHOUTHE.

4. AHa/IN3 HA MOCTPOEHOTO IHPBO HA OTKA3UTe

4.1. Bp3 ocHOBa Ha TOCTPOEGHOTO IBPBO Ha OTKa3uTe (B KOETO CME€ 3aJalli CTPYKTypara,
JIOTUYECKUTE EJIEeMECHTH W TapaMeTpuTe Ha CchOUTHsATA), OT MeHIo Reports ce m3dupa Gate
Report (¢wur. 6).

4.2. Bb3 0CHOBa Ha IMOCTPOEHOTO ABPBO Ha OTKaszuTe oT MeHio Analysis ce u3dupa Probability
Calculation (MCS - Minimal Cut Set's) - ¢wur. 7.

Bb3 ocHOBa Ha OJy4YEHUTE CTOMHOCTU MOJKE /14 C€ HANPaBAT U3BOJAU 32 MUHUMAJIHUTE CEUCHUS.
MuHUMaTHN cedeHHs Ha IbPBOTO Ha oTkasute [8]: KadyecTBeHaTa M KONIMYECTBEHATA OIICHKA CE
OCHOBAaBAaT Ha MMHHMMAJIHUTE CEUEHHUs Ha JbpPBOTO Ha oTkasure. Haii-manmkata mojarpyma Ha
BCAKO CEUYEHME, KOSATO IMpEeIHU3BUMKBA OTKAa3 Ha CHCTEMara, ceé Hapu4a MUHUMAIHO CEYEHHE.
Moxe na ce nane CIeIHOTO OIPEINENICHUE: MUHUMANIHO CeYeHue e maxkaea 2pynda, Kosmo ce
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CbCMOU OM HAU-MAAKO HA 6p012 ejemenmu, 4uunio eaH06p€M€H€H omkKkas ue npe()u36u1<a omkKdas
Ha cucmemama.

HFaunTreEAnalyseri—h dFadtTree-  @Edd- 4 dnabm - HReporis-  @View - Hika -

D Check our enterprise aciutbons for
more .

@ur. 5. [loctpoeHOo IBPBO HA OTKA3UTE (CTPYKTypaTa OTroBaps Ha 3a/1aJieHaTa B 3aJ1aHUETO).

Gates Report

This software i3 law profected by ALD

@wr. 6. Ctpykrypa Ha Gate Report.

3a ;1a ce Moylyyd KOJMYECTBEHA OIEHKA 3a BEPOSTHOCTTA 3a OTKa3 (BEpOATHOCT 3a Oe30TKa3Ha
pabota) Ha cucTeMara TpsiOBa Ja c€ KOMOMHUPAT HEWHUTE MUHUMAJTHA CEUCHUS.
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AHAJIM3 1 OLIEHKA HA PUCKA OT PUCKOBH TEXHUYECKHN CUCTEMH ITPU
PABPABOTBAHETO HA METOJIWKA 3A OBYYEHHUETO HA CTYJEHTH Bb3 OCHOBA HA
METOJA IBbPBO HA OTKA3HUTE (FAULT TREE)

OBETEJIMHA CUMEOHOBA

Minimal cut set's

Calostabon | VWors! case probabidity pef mmession, Faghl tme=100h
Aesull for Top Level - S000-04 Numiser of MCS T/ Onder of MCS. Min 1/ 0 2

Calc paramalens Event coge Evwent Descrpion

=

@ur. 7. Pesynraru ot Minimal Cut Set's.

5. M3uncasiBane Ha pucka [5]

W3uncisgBaHETO HA PHCKa Ce TPEAX0oKaa OT MPEeIBApUTEICH aHalIn3, KaTo € HeoOX0IUMO Jia ce
OIpee M CTOMHOCTTa Ha BEPOSTHOCTHATA IPOMECHJIMBA W BB3MOYKHHTE IMMOCIEACTBUA. ToBa €
HEOOXO0IMMO 3a J1a MOYXKE J1a CC M3BBPIIU KOJUYECTBEHA OIICHKA Ha Ne(GUHUpAHUS PHCK, Taka de
J1a MOKe J1a O'bJIe MPUOPHUTH3MPAH 3a IEIUTE Ha MOCICIBANIO MOJU(UIIMPAaHE HA CHCTEMATa.

Ot gpyra crTpaHa 3a BB3MOXHUTE IIOCICACTBHS HMa 3HAYCHHE TOYHHS MOMEHT Ha
peaTN3UPAHETO Ha PHCKA - Bb3 OCHOBA HA BEPOSTHOCTTA M MOCIICACTBUATA MOXKE JIa C€ MOCTPOH
T.Hap. MaTpuIia 3a OlleHKa Ha CTeNeHTa Ha pucka [6, 9].

O6uuaiiHo pHCKBT ce AeUHHMpPa BH3 OCHOBA Ha OIEHKaTa Ha e€()EeKTHBHOCTTA HA TEXHHKO-
UKOHOMHYECKUTE CHCTEMH M C€ IIojlydaBa Karo IIPOM3BEJAEHHE Ha BEPOATHOCTTA 3a
NpeThPIsIBaHEe Ha Bpe/a M TEXKECTTa Ha BpeaaTra, OTHECEHO KbM JajieHa BpeMeBa eaunmuia [10],
T.e. PHUCKBT C€ H3YMCIsIBA IMOCPEACTBOM CTEIEHTa HA PHUCKA, KOSTO C€ OINpeess Karo
MaTeMaTH4YeCKO OYaKBaHe Ha Bpeaara OT HEKEIaHOTO ChOUTHE, T.€.:

R=P.W,

KBIETO: P — BEpOATHOCT 3a MOsiBa Ha ChOMTHETO (HAPUMEpP OTKa3 Ha TeXHHUYEeCKa cuctema), W —
BpeJIa, HeXKEIaH! MOCIIEICTBHUS.

SAKJIIOYEHUE

Onucana e METO/IMKA 32 aHAJIM3 U OLIEHKA Ha pUCKa M3MOJ3Balla METOAA IbPBO HAa OTKA3UTE Bb3
OCHOBa Ha ye0 0a3upaH MHCTPYMEHT. MeToauKkaTa € IpuiioKuMa 3a 00ydeHHe Ha CTYIACHTH IO
aHaJIM3 U YOpaBJieHUE Ha PUCKa, BKIIOYBAIA 33JaBaHU CTPYKTYPU M MPUMEPHHU U3YHCIIEHUS 110
TAX.

B pe3ynraTt Ha MeToIMKaTa MOXKE Jja C€ HAIIPABSIT HAIPUMED CIETHUTE U3BOIU:

- aHaJIu3 KOW OT ChOMTHATA (OTKA3M) OKa3BaT HAW-CHIIECTBEHO BIMSHHE BbPXY CTOHHOCTTA Ha
pHUCKa IO Taka MOCTPOEHATa AbPBOBUIHA CTPYKTYpA.

- aHaJM3 Ha BH3MOXXHHUTE BapHaHTH 32 HaMalliBaHE HA PUCKA, B Cllydail, 4ye MojydyeHaTa My
CTOMHOCT € HEeTPUEeMJINBA.

- aHAJIM3 Ha PE3YJITATUTE ChITIACHO LI€JI€BAaTa CTOMHOCT HAa PUCKA U BapUaHTH 3a yIpaBlIEHUE Ha
pHCKa.
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