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BPAXYBAHHS HAJIMHOCTI IIPU OLIHINI BE3INEKU CUCTEM

B yiu pobomi poszensoaemovca moxciugicms oyiHKu Oe3neku CKAAOHUX MEXHIYHUX cucmem 34 napamempamu ix
Haoitinocmi. Haoilinicme i 6esnexka cucmemu € 08i USHAYANbHUX OYIHKU AKOCMI CUCHeMU, dlle Xapakmepuzyioms ii
no-pisnomy. Haoiiinicme xapaxmepu3ye ii 3 mouxu 30py MONICIUBOCHI BUKOHAKHS HElO CBOIX (YHKYIN 6 3A0aAHUX YMOBAX.
B moui sice uac 6esnexa — mooicnusicmo ichyeants abo yinichocmi i cucmemu, i ooet, | 006K Hagkono Hei. [Ipu ybomy
BOHU JIOCIYHO NO8 'A3aHI — aKmopu, sKi NPUE0OsIMb 00 HeHAOIIHOCMI, MOJXCYMb 6YMU NPUYUHOK 00 NOAGU HEDe3NEeUHUX
cumyayiu. Bpaxoeyrouu me, wo numarnts OYiHKYU HAOIIHOCMI 0OCMAMHbLO 0eMAIbHO PO3POONEHE | WUPOKO BUKOPUCHIO-
8YEMbCSL, 8 MO HAC, SIK OYIHKA De3neKu, 6 CULy CKIAOHOCMI | npOOIeMHOCI HeOOCTNAMHbLO PO3POONIeHa, BUKOPUCTHAHHA
000amkoeoi’ inghopmayii 00380110 6, 8 AKICb MIpI,4ACTNKOBO PO3KpUmu yio npobiemy. Bpaxogyouu me, ujo numanus
OYIHKU HAOTUHOCMI BUKOHYEMbC NPU NPOEKMYBAHHI aO0 Npu eKcniyamayii cucmem, a OYiHKa THWUX napamempie He
cK1a0e HaOmo 8eUKUX CKAAOHOWI8, MAKY OYIHKY Oe3neKu MO*CHA 66AXCAMU, 8 NeBHIl Mipi, peanrbHOI0.

Kpim moeo, asapitina cumyayis mooce UHUKAMU HPU CYKYRHOCI NEGHUX HECNPUAMIUBUX YMO8, 8 AKUX 8IOMO6A
cucmemu modice nocaabumu it abo cnpogoKyeamu neeHi 0ecmpyKmueHi npoyecu, aKi MOJiCYymb npusecmi 00 asapiuHol
cumyayii. Hanpuxiad, smpama x00y cyoHa uu 8iomoea eaibm agmomooins. Tomy 3anpononogana oyinka besneku moice
oymu euxopucmana 015 cucmem, Ojis AKUX 8iOMOBA MOdice npugecmu 00 KpUMU4HOI cumyayii 6 nenux ymogax. B maxux
sunaoxax, we Ha cmaodii NPOeKmMy8anHs HaMA2arMbCs NIOGUWUMUY HAOJIUHICIb cucmemu abo i cmilkicmy y HeCnpusm-
JUBUX YMOBAX YU KOHCIPYKIMUSHO YOPMYIOb 3AXUCH CUCTHEMU 810 MONCTUBUX 0eCMPYKMUSHUX 3MiH. Beedenns cucmem
3axucmy cucmemu 8i0 OeCmpyKmueHUX 3MiH HAOAE MOANCIUGICIG iX 3MeHuUmuU ab0 HA8iMb He OONYWeHHA MAKUX 3MIH,
3axucmumu 00ell i 008K 8i0 He2amueHo20 6NIUBY ABAPILL.

3anpononosanuti memoo moduce Oymu 8UKOPUCMAHUL Ol OYIHKU Oe3neKu i po3pooKu 3axo0i@ 0 il nioeuujeHHs,
a makoic 05l CMEOPEHHs CUCTNEM 3aXUCTY camoi cucmemu, 1100etl i O0GKILA.
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RELIABILITY ACCOUNTING IN SYSTEM SAFETY ASSESSMENT

The work considers possibility of assessing the complex technical systems safety according to their reliability
characteristics. Reliability and the system security are two defining assessments of the system quality, but they characterize
it in different ways. Reliability characterizes it in terms of its ability to perform its functions under given conditions. At
the same time, security is the possibility of existence or integrity of both the system, and the people, and the environment
around it. However, they are logically connected — factors that lead to unreliability can be the cause of dangerous
situations. Considering that the issue of assessment reliability has been developed in sufficient detail and is widely used,
while safety assessment has not been sufficiently developed due to its complexity and problematic nature, the use of
additional information would allow to some extent reveal partially this problem. Taking into account the fact that the issue
of reliability assessment is carried out during the design or operation of systems, and the assessment of other parameters
will not be too difficult, such an assessment of safety can be considered, to a certain extent, real.

In addition, an emergency situation can occur with a combination of certain unfavorable conditions, in which the
failure of the system can weaken it or provoke certain destructive processes that can lead to an emergency situation. For
example, the loss of the ship's speed or the failure of the car's brakes. Therefore, the proposed security assessment can be
used for systems for which a failure may lead to a critical situation under certain conditions.

In such cases, even at the design stage, they try to increase the reliability of the system or its stability in adverse
conditions or constructively form the protection of the system against possible destructive changes. The introduction
of system protection systems against destructive changes provides an opportunity to reduce them or even prevent such
changes, protect people and the environment from the negative impact of accidents.

The proposed method can be used to assess safety and develop measures to increase it, as well as to create systems to
protect the system itself, people and the environment.
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Beryn

Cepen O6araTtboX OIIIHOK SKOCTI CHCTEM € ITBI 0a30Bi — HaMiiHICTh 1 Oe3meka. Li Bi ONIHKK MarOTh Oararo CIiIbHOTO
1, TpX IbOMY, MOXKYTh CYTT€EBO BiAIpi3HsTHCS. B 000X HampsiMkax mpoBezeHo Oararo gociimkens. HaBenemo ixHi BH3Ha-
yenHs1. «Haoitinicms cucmemu — 1ie ii 31aTHICTD 10 0€3B1IMOBHOI pOOOTH HPOTSITOM 33aHOTO ITPOMIXKKY Jacy y BU3Ha-
YeHUX ymoBax» [5]. «be3nexa — 1ie Taki yMOBH, B SIKUX IlepeOyBae CKJIaJHa CHCTEMa, KOJM Jis 30BHINIHIX (haKkToOpiB
1 BHYTPINIHIX YMHHHUKIB HE IPU3BOUTH JI0 MPOLIECIB, 110 BBAYKAIOTHCSI HETAaTUBHUMH 110 BITHOIIEHHIO JI0 AaHOI CKJIaHOT
CHCTEMH Y BIJIIOBITHOCTI /10 HassBHUX, Ha JAHOMY eTalli, HoTpeO, 3HaHb Ta ysaBieHb» (Bikinenis). [Ipu Bcbomy ToMy, 110
Oe3meli MPUCBIYCHO JyKe 0arato po3poOOoK, MUTAHHS OI[IHKH OC3IEKH IIe A0 KiHIIS HE BUPIIICHE 1 IIe HE TOMY, II[0 BOHO
He BaximBe. CKopilie, HaBIaKH, aje TyT CIIil BU3HATH crielMiKy i CKIIaJHICTh OTPUMaHHS TaKoi OIIHKU B CHIIy Oararo-
(haKTOPHOCTI BIUIMBIB, SIKi IPUBOAATH 10 HETAaTUBHHX CUTYallil (X 4acTinie Ha3uBaIOTh: aBapiitHuMHu cutyarisiMu (AC))
[4]. Sxmo mMeToaM OWIHKH HAMIHHOCTI JIETANBHO PO3POOIICHI 1 Bke 0araTto poKiB BUKOPUCTOBYIOTHCS [S], TO BiTHOCHO
0e3IeKH TaKuX MIMOOKHX HallpalfoBaHb, Ha Xajlb, HE 3HAH/CHO.

IocTranoBka npobJiemn i popMyTIOBAHHS METH

Jane mocimikeHHS Mae Ha METI TIOETHATH IIi 1Bl BXKJIMBI KaTEropii IKOCTi, BU3HAYUTH iX B3a€EMHHUH «BILTUBY 1 OTpHU-
MaTH MOXXITUBICTb, B SIKICh Mipi, OIIIHKH OC3MEeKH Yepe3 HaliiHICTb.

BuxJsiajgeHHs1 0CHOBHOIO MaTepiay A0CiIKeHHS

Sk yxe Oyi0 BimMiueHe BUIIE, I1i XapaKTEPUCTHUKH OLHIOIOTh BIIACTHBOCTI CHCTEMH, SIK OM B OTHOMY HAIPSIMKY, aje
3 pi3HUX TOYOK 30py. OOMIBI XapaKkTepu3yIoTh (PyHKIIIOHYBAaHHS CHCTEMH 1 OTO MPUIIMHEHHS, ajie TaM JIe TTOSBISETHCS
BiJ]MOBa — HaAIHHICTh IPUIUHSETHCA, @ HeOe3IeKa TUTBKN PO3BUBAETHCS. HamiltHICTh XapaKTepHu3yeThesl «IT0SIBaMH Bijl-
MOBY», TOYHIIIE IX «HE IMOSIBOIO». BiZIMOBa — 1€ HEMOXIIMBICTH HOPMAIEHOTO (DYHKIIIOHYBaHHS B 3aJIJaHNX YMOBax. A 0e3-
nexa — 11e BiacyTHicTh AC B peaibHHX yMoBax. TodHiIIe — 1€ BiZICYTHICTh HETaTUBHOTO BIUTMBY Ha XKHTTS 1 37I0pOB’s
JIOZIeH, IECTPYKTHBHOTO BIUIMBY Ha CaMy CHCTeMY 1 Ha JOBKULIA. PO3NITHEMO I1i XapaKTEepUCTUKH JieTalbHIIIe.

dakTHYHO, BiIMOBa — II€ CUTYaIlisl, B SKii CHcTeMa He MOX€ HOPMaJbHO (YHKIIOHYBaTH B 3aJaHuX ymoBax. Lla
TIO/Tist MOYKE BUHUKHYTH B PE3yJIbTaTi HAKOMMYEHHS HETaTHBHUX 3MiH B caMili cuctemi (cTapinHs, 3Hoc i T.11.). Llei mpo-
nec 6asyeTbest Ha (PI3MYHMX Tpoliecax 3MiH B Marepiayiax JeTanell CHCTeMH (CTapiHHS) 4M 3MiH reoMeTpii MexaHid-
HUX 3’€THaHb MK eJIEeMEHTaMHu cucTeMu (3Hoc). Lli mporecn nOCHTh CKIaHi, ane iCHye OCTaTHBO BEJMKHH 00’eM
JIOCII/KEHb Y IIbOMY HaIlpsSIMKY, 1[0 HaJa€ MOXJIIMBICTh ITPOTHO3YBAaTH, 3 IEBHOIO HMOBIPHICTIO, ITOSBY KPUTHYHUX 3MiH,
SIKI MOJKYTh TIDUBECTH JI0 BiZIMOBHU. BiZMOBH, SIKi TIOSIBIISIIOTHECS B PE3y/bTaTi TaKUX 3MiH Ha3WBAalOTh MOCTYIIOBUMH [5].
[HmImit BU BigMOB — 11€ BiZIMOBH, SIKi BHHUKAIOTH B PE3yJIbTaTi BUIAJKOBOI MOSBU 30BHIMIHIX EKCTPEMAILHIX BILTUBIB Ha
CHCTEMY, 1110, B PE3YyNbTaTi, MOKE TIPUBECTH J0 AECTPYKTHBHUX 3MiH B KOHCTPYKIII CHCTEMH 1 HEMOXIIMBOCTI HOPMAaJIb-
Horo (YHKIIOHYBaHHS 1, HaBiTh, 10 AC. [loSBY Taknx BIUIMBIB JOCHTH CKJIQJHO CIIPOrHO3YBATH, TOMY WMOBIPHICTH iX
TIOSIBM BU3HAYAIOTh HA OCHOBI CTAaTUCTUYHHX JJAHUX EKCILTyaTallii CHCTEMH M CIIEIiaIbHAX BUIIPOOYBaHb.

1o crocyeThest Oe3nexu, To TYT Bce Habararo ckiaaHine. B Hamomy nociipkeHHI My Oy1eMO po3DISLAaTH TUTBKH Ti
CHCTEeMH, JUIS SKHX XapaKkTepHa MOXJIMBICTh nosiBM AC micist BitMoBH cucTeMu. besmneka 3a0e3neuyeTses BiICY THICTIO
3arpo3 st JIIofei, caMoi CHCTEMH 1 TOBKULIA. B 3a5exHOCTI BiJf NpU3HAYEHHS CHCTEMH, 11 KOHCTPYKTHBHUX OCOOIMBOC-
TEeH 1 yMOB BUKOPHCTaHHSI MO)KHA BHUINTH 3arPO3H 1 HAITPSIMKH X MOXKIIMBOTO BIUIMBY Ta PiBHS HETaTWBHUX 3MiH ITpH
MOSB1 BIMOBH, SIKa:

® MOXXE NPHUBECTH JI0 JCCTPYKTUBHUX 3MiH B CaMill CHCTEMI;

® TIPOBOKYE JI0 HETaTHBHUX 3MiH OTOYYIOUHX CHCTEM;

e Moxe OyTH HeOe3reuHa IS OTIepaTopiB 1 Jrofel HaBKOJIO;

® MOXXE NPUBECTH 0 KaTacTpo(idHNX 3MiH B CHCTEMI 1 JJOBKIJIIL.

3BHUYaiiHO, Taka rpajiallis JOCTaTHHO YMOBHA, aJI¢ BU3HAYCHHS HETaTHBHUX BIUIMBIB CTABUTH BUMOTH SIK JI0 ITPOCKTY-
BaHHS CUCTEMH, Ta 1 IO OLIHKH 1i OE3IEeKu.

3a aHayoTi€r0 3 HAIMHICTIO OLIHKY Oe3MeKn 3py4Hillle BUKOHYBATH 3a SIBHOIO ITOSBOIO HeOe3neuHux mofii (abo AC).
BrnactuBicTh jke HamiHOCTI CHCTEMH BTPAYa€THCS IPH IMOsBI Takoi BinxMoBH. [losiBa BiiMOBH MOke OyTH ITPUYHHOIO
TIOSIBM HETaTHBHUX BIUTMBIB Ha JIIONEH, JOBKLIIS 1 HA caMy cucreMy. Hanpukman, BrpaTa XoQy CyJHa 4d BiJIMOBa TajbM
y aBTOMOOiNA. B HamoMy BUIaaKy, BiTIMOBa CTa€ OYEBUAHOIO 3arpO30F0 SK IIUTICHOCTI CHCTEMH, TakK i U 3I0POB’S
1 )KUTTS JIIOfIeH Ta HETaTUBHMX 3MiH JOBKULIL. ToMy, Maiouu mapameTpH HaaidHOCTI (IMOBIpHICTH BiZIMOBH), MOXHA
TOBOPUTH, IO € IepeyMOBH 1osiBH AC.

Posrnstremo moii:

A — BiMOBa He HacTana;

b — nosiBa BimMOBH;

B —nacrana AC;

C — AC He HacTana.

Jns Hamoro Bumazky, momii A i C He po3MIAAAIOTHCS, OCKIIBKM Ha Oe3neky He BIumMBaroTh. Ilomis b posrmna-
€TBCS TIPH YMOBI, 0 BoHA nepenye moxii B. Toxi, moxii b i B HecyMicHI ToMy, 10 crIOYaTKy MOSBISEThCS MOMis b,
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a notim B. Binmsre Toro, mozis B 3anexna Bin Toro, un nmoseuinacs mofis b. [lonis b ve 3anexwuts Big nmoxii B Tomy, mo
pu nosiBi moAii B posmsax nosBu noxii b Brpagae cmuci.

Toxi moxist mosiBu AC MoXKe HAacTaTH y BHIIAIKy BiJIMOBH i HAaCTaHHS aBapiifHOI cuTyamii B pe3ynbTari ii HOSBH.
OCKUTBKH Ti TOZil B3a€MOMOB’s3aHi 1 YaCOBHIA MPOMIKOK MK HUMH NPAKTUYHO HYIBOBHH, TO MOXKHA TOBOPHTH PO
CHUTBHY TOSIBY 000X ITOfiH.

N=bB,
SIK11o neperTH 10 KMOBIPHOCTEH MOSIBY MOAIH, TO MH OTPUMAEMO:
P(N)=P(B)*P(B/b),

ne P(b) = Q(t) — iMOBipHICTh MMOSBU BIIMOBHU CHUCTEMH, sIKa MOXKe MpuBecTH 10 AC;

P(B/b) — fiMOBipHICTh HaCTaHHs aBapiiiHOI CHTYyaIlil B pe3ysbTaTi BIAMOBH CHCTEMH.

Hacranns AC xpait HeOa)kaHa OIS 1, SIK ITPaBHIIO, BOHA (iKcyeThes. 3a cTaTucTHKor0 AC MaeMO MOXITUBICTh OTPH-
MaTH pO3MOIJICHHS IUIEHOCTI HMOBIpHOCTI i1 fiMoBipHOCTI HacTaHHs AC. Matoun po3nozin IMOBIpHOCTI BiJMOBH CHC-
TEeMH HECKJIaJHO OTPHMaTH HMOBIpHICTH MosiBH AC.

N(O)=Q(1)*Pac(t).

BiamoBigHo, Mg OmiHKK 0€3meKH 3py4Hille MaTH WMOBIPHICTh MPOTHIIEKHOI NOAil — HMOBIpHICTh HE HACTaHHS
AC S(t):

SH=1-NO=1-[Q(t) *Pac(t)].

Ockinbky HacTanHst AC OB’ S3aHO B BEJIMKUMH BTpaTaMy B, TOMY YHCII, 1 cepe]] JIOIeH, BEeIyThCsS CepHO3HI JOCITi-
JUKEHHS B HAIIPSIMKY 3MEHIIEHHS 4u oOMexxeHHs pu3uKy mnosBu AC. Lle — minecnpsiMoBaHe NPOEKTYyBaHHsI, OpraHi3amis
eKCIUTyaTallii, BpaxyBaHHs «TIOJCHKOTO (DaKTOPY», yIOCKOHAIEHHS CHCTEM 3aXHUCTY.

CyuacHi CAIIP n03BONSIIOTh 3HAYHO MiABHIIMTH €(PEKTHBHICTH IMPOEKTYBAHHS 3 METOIO IMOKPAILEHHS MOKa3HHUKIB
HaJIIIHOCTI, 3MEHIIEHHsI MOXKJIMBOCTI MOsiBY 3arpo3 AC, BBEJCHHS KOHCTPYKTHBHOT'O, €KCIUTyaTalliiHUX 1 OpraHizarin-
HHUX CHUCTEM 3aXMCTY BiJl MOXIIMBHX 3arp0O3 Ta BPaxyBaHHs <JIFOACHKOTO (haKTopy».

Kpim 1poro, icHyroTh YMOBH, 5IKi CIPHSIIOTH Y POBOKYIOTH 0By AC. BoHM MOXyTh OyTH SIK 30BHIILHI, TaK 1 BHY-
TpilHi. BpaxyBaHHs TakuX yMOB JIO3BOJIUTH TOYHIIIE OIIHIOBaTH PiBeHb OE3MEKH 1 HAIPABJISITH JOCIIIPKEHHS Ta MpPo-
EKTYBaHHsI Ha 3MCHIIICHHS PiBHs 1X BILIHBY. OueBuIHO, 11100 HacTana AC HEOOXiHO CIiIbHE HACTAHHS BiIMOBH, MOYJIU-
Bocti HactanHst AC 1 yMOB [y 11 10sIBH.

SO=1-NO=1-[Q(®)*Pac(t)*U(®)],

ne U(t) — IMOBIpHICTD HOSIBH CIIPUATIMBUX YMOB [uist HacTaHHs AC.

Jloriuno Oyino © BpaxyBaTH i €(EKTUBHICTh CHCTEM 3aXHUCTY, SKIIO BOHH €. B IIboMy BHIIaIKy Hac IIKaBUTb HMOBIp-
HICTb 3HW)KEHHS MOXKIIMBOCTI HacTaHHs AC cucremamu 3axucty { Z(t)=0} —3axucTy HEMae UM He cripanboBye; {Z(t)=1} —
MOBHUM 3axucT. Toxi U1 CIIJIBHOTO HACTAHHS NlepepaxoBaHuX MO GopMyra npuiiMe BATIISA:

I-N®=1-{Q®)*Pac()*UM®*[1- Z(D]},

ne 1- Z(t) — iimoBipHiCTS 3HIDKEHHS 3arpo3u AC IpH HasIBHOCTI CUCTEM 3aXHUCTY.

OYHKIIIIO0 pO3MOALTY WMOBIPHOCTI HE CHPAIIOBAHHSA CHCTEM 3aXHCTy MO)KHA OTPHUMATH 33 eKCIIEPUMEHTAIEHUMH
JOCTiKEeHHAMH a00 MIIIXOM iMiTaIliifHOTO MoziefoBaHHs. Po3moain otpumaru Oyae 10CTaTHRO CKIIAIHO 1 JOPOTO, a Koe-
¢imieHT BpaxyBaHHS CHCTEM 3aXUCTY OTPUMATH PEAbHO.

BucHoBku

3amponoHOBaHa MOXKIIMBICTE OIIIHKHM OE3MEKH CUCTEM 3a IMOKa3HUKAMU 11 HaAIHHOCTi, yMOB eKCIUTyaTaii i HassBHOCTI

CHUCTeM 3axucTy. Meton Moxke OyTH KOPHCHHUM TPH IPOEKTYBaHHI 1 aHaNi31 0€3MeKH CKIAJHUX CUCTEM.
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