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Meta. Po3poOutu miaxim 10 agekBaTHOi Qopmaiizamii Ta OOYHMCIEHHS HAJIHHOCTI 3a JOMOMOTrO0
JIMHAMIYHOT'O JiepeBa BiIMOB JUIS CHCTEMH 13 JIBOX €JIEMEHTIB SIK B31pIEBOi, 3 BpaxXyBaHHIM KOPOTKOYaCHOT'O PEXUMY
poboTu ofHOrO 3 exeMeHTiB cucremMu. Meroguka. s dopmanizanii HaxiHHOCTI BUKOPHCTAaHO OaraToTepMiHAIbHE
JMUHAMIYHE JEPEBO BiIMOB. Y TaKOMy JEpEBI PO3MAIICHO CTPYKTYPY Ta IMOBEOiHKY cucreMu. Ha ocHOBI nepesa
MoOY/I0BAHO JiarpamMy CTaHiB Ta MepexodiB cucTeMu. OOUNCIICHHS] BUKOHAHO 32 JOIIOMOI0I0 MapKOBCHKOI MOJIEII Ta
Ha ocHOBI MeTony Monre-Kapio. PesyabraTn. Y po0OoTi Ha NPUKIAI CUCTEMH i3 IBOX €JIEMEHTIB, SKi CIOIYYCHO
TIOCITIZIOBHO, MOOYIOBaHO OaraTtoTepMiHANbHE AWHAMIYHE JIepeBO BiMOB. Take JiepeBO a/ieKBaTHO OITUCYE YMOBY
HACTaHHS BiIMOBH CHUCTEMH, a TAKOXK CTAHHU IIUKIY KOPOTKOYACHOI'O PEXHUMY POOOTH OIHOTO i3 €IEMEHTIB CHCTEMH.
VY nepeBi 3aaHO TUHAMIYHUIA 3B’S30K, KU NPUB’A3Ye MapaMeTpH KOPOTKOYACHOTO PEXKUMY POOOTH J0 BKa3aHOT'O
cTpykTypHOTrO enemenTa. ChopmoBaHo rpad) CHCTEMHU, SIKHI MICTHTh 6 CTaHIB Ta 6 MEpeXo/iB Ta MOJaHO TAOJHUITIO i3
OITMCOM TTapaMeTpiB CTaHiB Ta mepexoniB. Ha giarpami Hempane3aaTHi CTaHU 3TPYHOBaHO Y MHOXKHHHM 33 IPUYHHAMHA
BiZIMOBH cHCTeMH. VIMOBIpHiCHI XapaKTEpHCTHKH MaTEMaTHUHOI MOJENi OOYHCICHO ABOMA Crocobamm. SIKIo
rapamMeTpyu KOPOTKOYACHOTO PEeXHMMY MaroTh WMOBIPHICHUH XapakTep, TO BUKOPHUCTAHO MapKOBCHKY Mojenb. s
BUIIAJIKy JETEPMIHOBAHUX MapaMeTpiB KOPOTKOYACHOTO PEXHMY BUKOPHCTAHO MOETIOBaHHS MeTojoM MoHTe-
Kapmno. Iloka3ano, 1m0 (GyHKINsI TYCTHHH PO3MOMITY BiJMOB Ma€ YITKO BHPaKCHI KM Y MOMCHTH IIiJBHIIICHOTO
3HOUIYBaHHS Ul I€TEPMIHOBAHOI TPHBAJOCTI (pa3 KopoTkoyacHoro pexxumy. HaykoBa HoBHM3HA. Y IOCKOHAJIEHO
MiJXiJ] Ha OCHOBI 3aCTOCYBaHHS 0araTOTePMiHAJBHHMX IMHAMIYHHUX JEPEB BIJAMOB U1 MOJCITIOBaHHSA HAIiHHOCTI
CHCTEM 13 TOCTIIOBHHM CIIONy4€HHSIM €JEMEHTIB, sKi (YHKI[IOHYIOTh y KOPOTKOYAaCHHUX pEeXKHUMax poOoTH.
IIpaxkTHyHa 3HAYYLIiCTH. 3aNPOITOHOBAHUH ITiAX1A MOXe OYyTH BUKOPUCTaHHH /sl OI[IHIOBAHHS HAJIWHOCTI Mif| yac
MIPOEKTYBAHHS CHCTEM 3 BY3JIaMU, sIKi (YHKIIOHYIOTh Y KOPOTKOYACHHX pekuMax pobdortu. OnepkaHi pe3yabTaTH €
MaTEMaTUYHOIO OCHOBOIO JIJISI aHAJI3y KOPOTKOYACHUX PEXUMIB pOOOTH B CUCTEMAX 13 CKIIaJHOIO CTPYKTYPOIO.

Knwowuosi cnoea: monens HaIilHOCTI, AMHAMiYyHE JAEpeBO BinxMoB, MeTon Monre-Kapio, kopoTrkodacHui
PEXUM POOOTH.

Beryn. IocranoBka mpodaemu. Ilix dac mpoekTyBaHHsS OONaJHAHHS BHHUKA€E HEOOXIIHICTH
CTBOPIOBATH OKpPEMi BY3JH, SKi (PYHKI[IOHYBaTUMYTh B KOPOTKOYACHHX PEKHMax poOOTH. 3a Takux
PSKHUMIB By30J1 OUIBIIY YaCTHHY 4acy mnepeOyBae y HEHaBaHTa)KEHOMY CTaHi a00 BUMKHeHUH. OgHak 3
METOI0 BUKOHAHHS MEBHOI Jii 4ac BiJ 4acy BHHHMKae rorpeda yBIMKHYTH Takuii By3zon. Came mim vac
BHUKOHAHHS JIii Bi/I0YBa€ThCcsl OCHOBHE 3HOIIYBaHHS By3/a. binble Toro, By30i MpOEKTYIOTh TAKIM YHHOM,
mo0Ou HOro MOXKITMBOCTEH 3a TIOTYXKHICTIO a00 3a HarpiBaHHSAM OYIIO JIOCTATHBO TUILKU Ha TaKy KOPOTKO-
YgacHy po0oTy. SIKIIO By30J7 BUKOPHCTOBYBATH Y HABAHTA)KEHOMY PEXXHMI JIOBIIE, TO BiH MEeperpiBaeThes i
BTpayae Tpare3gaTHicTb. [licns BHUKOHaHHS MAii By30J TEpEeXOMUTh y HEHaBaHTaXEHHH cTaH abo
BUMUKaeThesl. [loTpeba y MOBTOpHIM mii BHHHKAa€ TOJi, KOMM BY30J BCTHIa€ TOBHICTIO OCTUTHYTH.
3a3BUyall TAKHMH BYy3JIaMH € TPUBOJHI MEXaHI3MH, SIKi YPYXOMITIOIOTh TIOTYKHI 1HEpLiiHI poboui opraHu.
CymapHa TpUBaJiCTh POOOTH TaKMX BY3JIB 3a3BHYail CTAHOBUTH BiJ KUTBKOX CEKYHJ J0 KUIbKOX XBHJIMH
yrpoJoBx n06u. [IpukiiagaMu By3IiB € crcTeMa eIeKTPUIHOTO ITYCKY JIBUTYHA BHYTPIIIIHBOTO 3rOpaHHS,
SNIEKTPOMATrHITHA CUCTEMA BiIMUKaHHSI €IEKTPOHHOTO 3aMKa celi(ha Too.

[Tix yac ananizy HamIHHOCTI OONAHAHHSI, K€ MICTUTh BY3JIH, IO (PYHKI[IOHYIOTh ¥ KOPOTKOYACHHX
pexuMax poOOTH, BHHUKA€e Mpobdiema (opMmalizyBaHHS SBHUINA 3MIHM HaBaHTAXEHHs Ta TOOYIOBH
aJIeKBaTHOI MOJIENI HaJIMHOCTI. 30KpeMa, y Takiii Mojeai TOBUHHO BPaXxOBYBAaTHCS, IO YaCTHHA BY3JIiB
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o0NaIHaHHS MPAIIOE Y HOMIHATBHOMY PEXHMI MMOCTIHHO, 8 YaCTHHA NIEPEXOJUTh Y TaKUH PEXHUM JIUIIE Y
BH3HAYEHI MOMEHTH 4acy. 3ayBaXMMO, [0 Ha IIbOMY €Tami JOCTI[DKEHb OOCIyrOBYBaHHS TaKOTO
o0JIaTHaHHS HE PO3TJIAIAETHCA.

AHaJi3 JitepaTypHHX JKepesi. AHaii3 Ta (GopMaiizallis HaIiHHOCTI TEXHIYHUX CHCTEM, B SKHX
BiIOYBarOThCSl CKJIAJHI UHAMIYHI MPOIECH, € BaXAJIMBOIO MPOOJIEMOIO, SKY PO3IIISAAIOTh Y HAayKOBid
miteparypi. ns dopmamizanii Takux mpoOieM MpONoHYITh BUKOPHCTOBYBATH Pi3HI THUIMU JTUHAMIYHHX
nepeB BiAMOB. 30kpeMa, B [1] HpOMOHYIOTH CHEIialIbHy MOJENb, a caMe JAWHaAMIYHHMK rpadik HEBHU3HA-
YeHUX TPUYMH, y SIKOMY TO€JHAHI JiepeBa BiMOB 13 JepeBamu NoAid. Y [2] po3misiHyTO MiAXij, SKi
IPYHTYEThCS Ha BHKOPHCTAHHI 3BUYAMHUX TUHAMIYHHMX JIEPEB BIAMOB i3 MOAAJIBIION MOOYIOBOK Ha iX
OCHOBI mpoctopy cTaHiB. Y [3] Bukopuctano maisa (opmaizallii 300iB, CKJIaJAHOI OBEIIHKKA 3a HaBaHTAa-
JKEHHSM Ta 4acoM TUM4YacoBi omepaTtopu (“Gate”), siki 37ydaroThCsi a00 MPOMYCKAIOTHhCS 3aJICKHO Bin
peKUMy poOoTH cucTeMu. HemonmikaMy OMMCAaHUX BHILE MIAXOIB € TE, M0 YACTHHY AMHAMIUYHUX SIBMIIL,
30KpeMa KOPOTKOYACHI PeXHMH POOOTH ACSKHX CIEMEHTIB CHCTEMH, HE BIAETHCS aJeKBATHO OMHCATH
BUKOPUCTOBYIOUH 3allpONOHOBaHI Momudikamii nepeB BiaMoB. Y [4] 3amponoHOBaHO NPOTHO3YBATH
HaAJIHHICTh Ha OCHOBI 30MpaHHS MOTOYHOI iH(opMmalii mpo cucTeMy Ta BHKOHAHHI OH-JIAMH aHami3y.
Heponik migxomy mojsrae y Tomy, 1o 0opors0a i3 mpo0i1eMoro MOsSBU BIIMOBH BiOYBa€ThCS Ha eTari
eKCIUTyaTallii, HEXTYIOUHd €TaroM IMPOEKTyBaHHS. B [5] oOroBoproloTbcs MOXIMBOCTI MeTony MoHTe-
Kapino mis mnporHosyBaHHS HaJiMHOCTI cucTeM. HemonikoM MiAXomy € CKIAIHICTh QopMatizaiii
HaJIIHOCT] Ha TOYaTKOBOMY €Tarli.

Mema. Po3poOutn minxin 1o ajekBaTHOi GopmMadizalii Ta 004MCIIeHH HAAIHHOCTI 3a JOIIOMOTOI0
JMHAMIYHOTO JepeBa BIAMOB IS CHCTEMH 13 JBOX CJIEMEHTIB SK B3IpPIIEBOI, 3 BpPaxyBaHHSIM KOpPOT-
KOYaCHOT'O P&KUMY POOOTH OJTHOTO 3 €JIEMEHTIB CUCTEMH.

Memoouxa npoeedennsn odocrioxncenv. Onuc cucmemu. J{ng momyky miaxony no Qopmaizamii
HaJIHHOCTI 0OpaHO cUCTeMy 3 JBOX eneMeHTiB. Enement 1 (yHKIIOHYE y TpUBaJIOMy peXHMi poOOTH, a
elIeMEHT 2 — Yy KOpoTKoYacHOMY. Hempalie3naTHiCTh CUCTEMH BUHUKAE Y BUIIAJIKY BIIMOBH OYAb-1KOIO 13
il elleMeHTIB, TOOTO CTPYKTYPHA CXeMa HaJIMHOCTI € TIOC/TIJOBHUM CITOJIyYCHHSIM elIeMEeHTIB (puc. 1).

Puc. 1. Cmpyxmypua cxema naditinocmi cucmemu
Fig. 1. Reliability block diagram of the system

BBakaemMo, 1110 BIJHOBJCHHS €JIEMEHTIB CHCTEMHM IIOBHICTIO BIACYTHE. Take CIHpPOIICHHS
3aCTOCOBaHO Ui TOTO, 100 30CepeluTHCh HAa aHaNi3i BIUIMBY KOPOTKOYACHHX DPEKHUMIB pPoOOTH Ha
HAAIHHICTD cCCTEeMHU. Y MOJANBIINX JOCTI/KEHHAX 11e 0OMEKEHHS IJIaHYETHCS YCYHYTH.

BBaskaeMo, 1110 HAIPaIIOBaHHS JI0 BIIMOBH 000X €JIEMEHTIB CUCTEMH PO3IOALICHO SKCIIOHEHIIIIHO
13 mapamerpamMu A; Ta A,, BinoBigHO. OCKUTBKH MEpIINi eneMeHT (QYHKIIOHYE Y TPUBAIOMY PEKHMI
poboTH, TO HOr0 3HOIIYBaHHS BiI0yBa€ThCS PIBHOMIPHO BIPOJIOBXK YChOTO Yacy eKcrutyaTaii. Haromicts,
JNPYTrUi €IeMEHT YHACTIIOK KOPOTKOYACHOT'0 PEKUMY POOOTH 3HOLIYETHCS IUKIIYHO. T0OTO, BIPOIOBIK
MPOMIDKKY dYacy T; BiOyBaeTbcs IHTCHCHBHE 3HOIIYBaHHS IIbOTO CJIEMEHTa, SKE 3a BEIUYHHOI0 €
CIIBBUMIPHHM 13 3HONIYBAHHSIM IEPIIOTO €JIeMeHTa. 3 iHIIOro OOKy, BIPOJOBXK 4Yacy T, 3HOIIYBAaHHS
JPYroro eJIeMeHTa BilIOYBa€eThCS 31 3MEHIICHOK Ha KOe(DIieHT k IHTEHCHUBHICTIO. [IpOMDKKHM IHTEHCHB-
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HOT'O Ta 3HIMKCHOT'O 3HOIIYBAHHS IMOBTOPIOIOTHCS IMKIIYHO, SIK MOKa3aHO Ha Jiarpami HaBaHTaKCHHS
(puc. 2). TpuBaNicTh WX MPOMIDKKIB MOXKE OYTH SIK J€TEPMIHOBAHOIO BETUYMHOIO, TaK 1 BUTIAIKOBOIO.
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Puc. 2. Jliacpama nasanmaosicenusn enemenmie cucmemu
Fig. 2. Load diagram of the components of the system

Jlunamiune doepeso 6iomog. [ns hopmarnizanii HaaitHOCTI cucTeMu chOpMyeEMO OaraToTepMiHaibHe
TMHaMIYHE JIepPEeBO BIMOB Ha OCHOBI CTPYKTYPHOI CXeMH HadilHOCTI. Taky MoeNlb CKIaJCHO i3 JBOX
JiepeB, sIK Toka3aHo Ha puc. 3. [lepiie nepeBo BH3HAYae YMOBY HENPaIe3aTHOCTI CUCTEMH, a Jpyre —
YMOBY TIOSIBU HABAHTAXKEHHS Y KOPOTKOYACHOMY PEXHMi POOOTH.

Top Event 1 Top Event 2

Gate 1

Basic Basic Basic
Event1 Event2 Event 3

Puc. 3. Bacamomepminanvhe ounamiune
depeso 8I0M06 cucmemu

Fig. 3. K-terminal dynamic fault tree of the system

Henpanesnataicts cucreMu mno3HadeHo OmokoMm “Top Event 17. Taka mopis BHHHKAE, SKIIO
BIIMOBMB X0ua O OJIMH i3 €IEMEHTIB CHUCTEMH, Iiie onucaHo omepariero OR y 6o “Gate 1”. Henparre-
3MATHICTh TEPIIOro ejeMeHTa mo3HadyeHo OnokoMm “Basic Event 17, a HempamesmaTHiCTh Jpyroro
nmo3HaueHo 6ysokoM “Basic Event 2”. [losBa HaBaHTa)keHOro pexuMy mo3HaueHa Oj1o0koMm “Top Event 2”.
Jloriunuii cTaH TMOSBH IILOTO PEKUMY IEPEAEThCS Yepe3 MOBTOPIOBAY JIOTiYHOro curHairy “Gate 2” Bin
6noka “Basic Event 3”. Briok “Basic Event 3” o3Hadae cTartyc Ta mapameTrpu KOPOTKOYAaCHOTO PEXHMY
pobotu. Skmo Hactae ¢aza IHTCHCHBHOTO 3HOIIYBaHHS, TO Ha BUXOHI OJOKY (OPMYEThCS JOTIUHUI
curHan True, a y mporwiexHoMmy Bumanky — False. 3mina ¢a3 BinOyBaeTbcs IMOYEProBO 3TiTHO 13
napaMerpaMu JiarpaMu HaBaHTaKCHHS.

VY Mopeni 3ajaHO TUHAMIYHUN 3B’S30K, SIKUH crionydae 0ok “Gate 2” mpyroro nepesa i3 OJ0KOM
“Basic Event 2” mepmoro nepepa. Lleii 38’530k BKa3ye, MO KOPOTKOYACHUI PEKUM POOOTH CTOCYETHCS
npyroro eneMeHTta. [lapameTpu TUHaMIYHOTO 3B’SI3KY 3aaaHo y Onomi “Gate 2” y ¢opmi JIOTIYHOT YMOBH.
30kpema, SKIO APYTrUi €JIEeMEHT Yy KOPOTKOYaCHOMY pexuMi repedyBae y (as3i 3HMKEHOr0 3HOIIYBaHHS,
T00TO 13 Onoka “Gate 2” HamxomuTh curHan False, To Horo HaBaHTa)KeHHS 3MEHINYETBCS Yy k pasiB
BiZTHOCHO 6a30BOT0.

liacpama cmanie ma nepexodie cucmemu. Ha mincraBi po3pobiieHOro OaraTorepMiHaJIbLHOTO
JMHAMIYHOTO JiepeBa BiIMOB MoOYA0BaHO rpad craHiB Ta mepexoiiB cuctemu (puc. 4). Jliarpama MiCTUTB
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IICTh CTAHIB Ta INICTh MepexomiB. Y Tpadi Kpyr, SKAM IO3HAYEHO CTAH CHUCTEMH, TOJAUICHO Ha JBa
cekTopu. BepxHiii cekrop Bimnoinae cranam cuctemu (0s0k “Top Event 17). Slkmio cucrema nepedyBae y
Mpare3IaTHOMY CTaHi, TO CEKTOp 3adapOOBaHO OLIUM KOJLOPOM, SKIIO y HEMPale3IaTHOMY — CIpHM.
Hwxniit cekrop BiamoBigae dazam kopoTkodacHoro pexumy (6mok “Top Event 27). fAxmo apyrwmid
eneMeHT mnepeOyBae y ¢asi 3HIKEHO! IHTEHCHBHOCTI 3HONIYBaHHS, TO CEKTOp 3adapOoBaHO OimuM
KOJIbOPOM, SIKIIIO Y (a3l MiJBUIICHOT0 3HOIIYBAHHS — CIpUM.

Puc. 4. liaepama cmanie ma nepexoodis cucmemu

Fig. 4. State and transition diagram of the system

Ilepexomu T, ta T4 BimNOBINalOTH BiAMOBI IEPHIOro elneMeHTa, nepexomu T, Tta Ts — BimMoBI
apyroro enemeHrta, mnepexomu T3 Ta Tg — yepryBaHHIO ()a3 KOPOTKOYACHOI'O PEXHUMY poOOTH. 3a
MPUYMHAMH BIJIMOBH CTaHU CHUCTEMH PO3/UICHO Ha JIBI MHOXMHHM. MHOKHMHA CTaHIB S; Ta Ss BIAMOBIJA€E
HEMpale3JaTHOCTI CHCTEMH BHACJIJIOK BIIMOBH IIEPIIOrO €IEMEHTa, a MHOXKMHA CTaHiB S; Ta S; —
HEMNpale3JaTHOCTI CUCTEMU BHACIIOK BIIMOBH JPYroro eieMeHTa. Y TaOJuIll MOJaHO JACTAIbHHUIA aHali3
yCIX CTaHIB Ta EPEXOIB CUCTEMH.

Onuc cTaniB Ta mepexoaiB cucreMu

Description of states and transitions of the system

Cranu [epexonu
Howmep “Basic Event” Howmep “Top Event” Howmep “Basic Hasga
Hazsa 1 ) 3 1 ) Hazsa Ev.ent”, sIKa KIiHIIEBOT'O

3aKIHYYEThCS CTaHy
T, 1 Ss
Se 1 1/k 1 True True T, 2 S4
T; 3 Ss
Ss 0 0 0 False True - - —
Sy 0 0 0 False True - - -
T, 1 S,
S; 1 1 0 True False Ts 2 Si
Ts 3 Se
S, 0 0 0 False False - - -
Si 0 0 0 False False - - -
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Pe3yabTaTi J0CTIKEHD Ta iX 00roBopeHHs. I pyHTyIounch Ha rpadi CTaHiB Ta IIEPEXO/iB CHCTEMH,
mo0y/10BaHO OOYMCIIIOBAJIbHI MOJENI TaKoi CHCTEMH. 30KpeMa, SIKIO TPHUBAJIOCTI (ha3 KOPOTKOYACHOTO
PEKUMY € BHIAJIKOBHMH BETHYMHAMH, TO JUISl MOZICIIOBAHHS HAJIHHOCTI 3aCTOCOBAHO MapKOBCHKY MOJIEIb.
HabmwkeHo TpuBanocti (a3 OMUCAHO EKCIIOHEHIIAJIbHUM PO3MOAUIOM 13 mapamerpamu 1/t; Ta 1/t
BIANOBIAHO. SKINO TpHBaOCTI (a3 € NEeTepPMIHOBAHMMH BEIMYMHAMHM, TO JJI MOJCIIOBAHHS HAMIHHOCTI
3acrocoBaHo Meroa MonTte-Kapmo. Tpusanocti (a3 onmcani peryasjpHAMH ITPOIECaMy 13 mapameTpamu T; Ta
T, BIAMOBIAHO. Y Ci OOYMCIICHHS BUKOHAHO B YMOBHHX OJMHUIIX Yacy JUIs BHIAAKY, SKIIO KIHIICBUH dac
pO3paxyHKy cTaHoBUTh ¢ = 1. [Ipu3HauMMo mapaMerpaM Taki 3HAYEHHS. [HTEHCHBHICTH BiJIMOB IEPIIOTO
CNIEMEHTa, SKUH (YHKIIOHYE Yy pEKAMI IOCTIHHOrO HABaHTAXCHHS, IOPIBHIOE OIMHUIN A; = 1.
[HTEHCHBHICTD BiZIMOB JAPYTOT0 €JIeMEHTa, SIKU (PYHKITIOHYE Y KOPOTKOYACHOMY PEXHMI, 3AICKUTH Bijl (ha3u
BOTO peKUMYy. SKIIo eneMeHT nepedyBae y (aszi IHTeHCHBHOTO 3HOITYBaHHS, TO A, = 1 000, a sxmo y dasi
3HMKCHOT'O 3HOINYBaHHS, TO Ay = 1. [{ys BigoOpaskeHHs Takoi 0COOIMBOCTI JJIsl AMHAMIYHOTO 3B’SI3KY 3aJIaHO
napamerp k& = 1/1 000. ITapameTpu KOpOTKOYacHOro pexumy 3aaaHo sk t; = 0.1 ta 7, = 0.000 01. Lle
O3Havae, 10 BIPOIOBXK YChOro Yacy (hyHKIIIOHYBaHHS MOKE BifOyTHUCh 10 IIUKIIIB HABAHTAKEHOTO PSKUMY
13 mipHIcTIO (hasu iHTeHcuBHOTO 3HOITYBanHs 1:10 000.

OO6umncieHHsT MapKOBCHKOT MOJIelli BUKOHAHO YHCEIbHUM METOJOM, MPU3HAYEHUM JUIsl PO3B’s3Y-
BaHHS JKOPCTKUX cucTeM audepeHmianbHux piBHsAHb. st meromy Monte-Kapno Bubpano 100 000
iTepalliii, a BEIMYMHA KPOKY BioOpaskenHs BcTanosnena 1 000.

Ha puc. 5, a nomano kpuBi WMOBipHOCTI 0€3BiIMOBHOI pOOOTH CHCTEMH, a Ha pHUC.5, 6 — KpHBI
¢yHKIil TycTHHH posnoniry BigmoB. Ha o000x ¢parmeHTax cyninbHa JiHis 1 BignmoBimae Xapak-
TEpUCTUKaM, OOYMCICHHM 3a MapKOBCHKOIO MOJEIUIIO, a CTYIiHYacTa KpuBa 2 — XapaKTepHCTUKaM,
obuuncieHuM MeTogoM MonTe-Kapiio.

S e s T

Puc. 5. Umosipnicui xapakmepucmuxu cucmemu.:
a — umogipHicme 6e36i0M06HOI pobomu, 6 — 2yCmuHa po3nooiy 6iOM08

Fig. 5. Probability characteristics of the system.
a — reliability function; b — failure density function

Oynkmii iMoBipHOCTI 0€3BiqMOBHOI poOOTH, ONepKaHi 000Ma METOJAMH, IUIKOM Y3TO/KYIOThCS
MDK CO0OI0, HE3aJeKHO Bil THIY PO3MOAUTY TPHBAIOCTI (a3 KOPOTKOYACHOTO PEKHMY POOOTH.
HatomicTb, QyHKIiSI TYCTHHH PO3MOILTY BiIMOB Ma€ 4iTKO BHpaXKEHI MIKM y MOMEHTH MiJBUIICHOTO
3HOIIYBaHHS IS JETEPMIHOBAHOI TPUBAIIOCTI (pa3 KOPOTKOUACHOTO PEKUMY.
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[lepeBaror 3amponOHOBAHOrO MiIXOAY € MPOCTOTa MATEMAaTUYHOI MOJIENI HA OCHOBI JTHHAMIYHOTO
JiepeBa BIJIMOB IS BpaxyBaHHS KOPOTKOYACHOrO PEXUMY pOOOTH CHCTEMH 13 IBOX Ta OLUIbIIE SIEMEHTIB,
SIK1 3’€THaH1 MOCIIIOBHO 3 TOTJISAY HAIHHOCTI.

Henonik mixxoay nomsrae y ToMmy, oo Taka MOJICNb HE 3MOXKE 3a0€3MEYUTH KOPEKTHOTO Pe3yIbTaTy
JUI yChOTO Jliana3oHy 3MiHU mapamerpiB. Lle moB’s3aHo i3 0OMEKEHHSIMHM Ha YHCIOBE IHTSIPYBAaHHS, SKi
MAIOTh JKOPCTKI CHCTEMH PiBHSHb.

3anpornoHOBaHMN MIiAXI € MEPCICKTUBHUM 3aBASKH MOXKIMBOCTI HOro pO3IIMPEHHS Ha CKIAIHI 3a
CTPYKTYPOIO CHCTEMH, a TaKO)X Ha BUBYCHHS B3a€MOBIUIMBY KOPOTKOYACHOTO PEXHMY POOOTH Ha iHII
SIBHIIA, TIOB’sI3aHi 13 IEpEpO3IOIiiIOM HABaHTaKECHHS.

3arpo3amMu MiAXOAY € CKOPOUCHHS [ialma3oHy TapaMeTpiB, 3a sSKAX HEe BUHHKATHME KPUTHYHA
KOPCTKICTh PIBHSIHB i3 30UTBIICHHSIM CTPYKTYPHOI CKIIQJHOCTI Ta B3a€EMOJIEIO i3 pe3epBaMu 3a HaBaH-
TaKCHHSIM.

BucnoBku. Po3po0ieH0 MaTeMaTHYHUM MiIXiJ Uil BpaxyBaHHS BIUIMBY 3MIHM HaBaHTAKCHHS
eNIeMeHTa, KU (PYHKI[IOHYE y KOPOTKOYACHOMY PEXKHMi POOOTH, Ha HAAIHHICTh ycCi€l cHCTeMH. Y MOBY
Bi]IMOBH CHCTEMH, a TaKOXX IMKIM KOPOTKOYACHOTO PEXHUMY POOOTH MaTeMaTHYHO OMNKCaHO Oarato-
TEepMiHAJIILHUM JIMHAMIYHUM JIEPEBOM BIIMOB. Y TakoMmy JepeBi 3aJjaHO JAMHAMIUHE SBUILE, SIKE 3B s3y€
napaMeTpu KOpOTKOYACHOTO PEKUMY POOOTH i3 BKa3aHUM CTPYKTYpHHUM enemeHToM. ChopmoBano rpad
CHCTeMH, AKHil MiCTMTb 6 CTaHiB Ta 6 mepexofiB. MMOBIpHiCHI XapaKTEpUCTHKH MaTeMaTH4YHOI MOl
O0YHMCIICHO JBOMa CIoco0aMHU: Ha OCHOBI MapKOBChKOI MOJENI Ta Ha OCHOBI MeTony Monre-Kapiio.
[NokazaHo BITMB KOPOTKOYACHOTO PEXKUMY pOOOTH Ha (PYHKIIIIO TYCTHHH PO3MOALTY Bi]MOB CHCTEMH.

1. Zhou Z. Model Event/Fault Trees with Dynamic Uncertain Causality Graph for Better Probabilistic
Safety Assessment / Z. Zhou, Q. Zhang // IEEE Trans. on Reliability. — 2017. — Vol. 66, No. 1. — P. 178-188.
doi: 10.1109/TR.2017.2647845.

2. Volk M. Fast Dynamic Fault Tree Analysis by Model Checking Techniques / M. Volk, S. Junges,
J. Katoen // IEEE Trans. on Industrial Informatics. — 2018. — Vol. 14, No. 1. — P. 370-379.
doi: 10.1109/T11.2017.2710316.

3. Ammar M. Towards an Accurate Probabilistic Modeling and Statistical Analysis of Temporal Faults via
Temporal Dynamic Fault-Trees (TDFTs) / M. Ammar, G. Bany Hamad, O. Ait Mohamed, Y. Savaria // IEEE Access. —
2019. —Vol. 7. — P. 29264-29276. doi: 10.1109/ACCESS.2019.2902796

4. Zeng Z. Dynamic Risk Assessment Based on Statistical Failure Data and Condition-Monitoring
Degradation Data / Z. Zeng, E. Zio // IEEE Trans. on Reliability. — 2018. — Vol. 67, No. 2. — P. 609-622.
doi: 10.1109/TR.2017.2778804.

5. Liu B. Monte Carlo Reliability Model for Single-Event Transient on Combinational Circuits / B. Liu, L. Cai //
IEEE Trans. on Nuclear Science. —2017. — Vol. 64, No. 12. —P. 2933-2937. doi: 10.1109/TNS.2017.2772267.

T. Stefanovych, S. Shcherbovskykh
Lviv Polytechnic National University

MODELING THE INFLUENCE OF SHORT-TERM MODE
OF COMPONENT FOR NON RESERVED SYSTEM ON ITS RELIABILITY
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Aim. To develop an approach for adequately formalizing and calculating reliability using a dynamic fault tree
for a two-component system as an example, taking into account the short-term mode of operation of one of the system
component. Method. A k-terminal dynamic fault tree is used to formalize reliability. In this tree, the structure and
behavior of the system are separated. On the basis of the tree the diagram of states and transitions of the system is
developed. The calculations are performed using a Markov model and on the basis Monte-Carlo simulation. Results.
In the example of a two-element system that is connected in series, a k-terminal dynamic failure tree is developed.
Such tree adequately describes the failure condition of the system, as well as the state of the cycle of short-term mode
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of operation of one of the system component. A dynamic link is specified in the tree that binds the short-term mode
parameters to the specified structural component. A graph of a system containing 6 states and 6 transitions is formed
and a table describing the state and transition parameters is presented. In the diagram, the inoperable states are
grouped into sets of system failure causes. The probabilistic characteristics of the mathematical model are calculated
in two ways. If the parameters of the short-term mode are probabilistic, then the Markov model is used. Monte Carlo
simulation was used for the case of deterministic parameters of short-term mode. It is shown that the failure density
function has clearly described peaks at moments of increased wear for the determined duration of the short-term
mode phases. Scientific novelty. Improved approach based on the use of k-terminal dynamic failure trees to model
the reliability of systems with series-connected components that function in short-term modes. Practical
significance. The proposed approach can be used to evaluate the reliability when designing systems with nodes that
operate in short-term modes. The results obtained are a mathematical basis for the analysis of short-term modes of
operation in systems with complex structures.

Key words: reliability model, dynamic fault tree, Monte-Carlo simulation, short-term mode of a work.
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