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AHAJIV3 HOPMATHUBHBIX IOKA3ATEJIENA d)YHKHHuOHAﬂbHOﬁ
BE3OITACHOCTH B CTAHJAPTAX KEJIE3HOJOPOKHOU ABTOMATHKHU

B. @. KYCTOB
Ykpaunckuii 2ocyoapcmeennulii ynugepcumem s#cene3no00po#CHo20 mpancnopma, 2. XapbKos

OpHUM U3 BOXKHEHIINX 3TAOB JOKA3aTEIbCTBA OE30IIACHOCTU CUCTEM XKEJIE3HOJOPOXKHOM aBTOMAaTUKU
(CXA) saBnsercs pacyeT HOPMATHMBHBIX TMOKa3aTeneill (yHKIHOHabHOH Oe3omacHoctH (Pb), 3HavueHHs
KOTOPBIX JOJDKHBI OBITH HAYy4HO 000CHOBaHHBIMU. [Ipy 3TOM HEOOXOANMO YUUTHIBATH, YTO OOJIEE KECTKUE
HopMatuBel o @B OynyT mpuUBOIUTE K yclnokHEHHIO pazpadoTku CXKA M K UX yIOpOXKaHHIO, a MCHEE
YKECTKHE — TIPUBOJUTH K KEJIC3HOTOPOKHBIM aBapHsIM U KatacTpodam. B MexIyHapOaHBIX U €BPOTIEHCKUX
CTaHJapTax PErJIaMEHTHPYIOT JOIMYCTUMBIE BEPOSITHOCTH OMACHBIX OTKA30B B Yac WM WHTCHCHBHOCTH
OTACHBIX OTKA30B B pacyere Ha OJHY (QYHKIHUIO Oe30macHOCTH, KoTopble obo3Havaror SIL1-SIL4 [1, 2].
Heo6x0mumMo OTMETHTD, YTO IJISi CUCTEM YIPABICHHUS C MAJIBIM YUCIOM (QPyHKIHHA O0€30IacHOCTH 3TH Tpe-
00BaHMSI MOTYT OBITH MPUEMIICMBIMH, HO TpU OOJBIIOM YHCJIE OTBETCTBEHHBIX (DYHKUWH TpeOOBaHUS 1O
@B Kk cucteMe CHIKAIOTCS MPOMOPIUOHAITLHO WX YUCIY, T. K. HEBBITIOIHEHHUE JTI000H QyHKIMH Oe3omac-
HOCTH IIPUBOJIUT K OTMIACHOMY COCTOSIHHIO BCEH cucTeMbl B IesioM. Hampumep, IIsi MUKPOIPOLIECCOPHBIX
CHCTEM LICHTpanu3auuu ctpenok u cursanos (MIIL) B cpenHeM Ha ofHY HEHTPANIU3yeMYIO CTPEJIKY HpHU-
XOJUTCs 00JIee NeCATH OTBETCTBEHHBIX QyHKIUH, moaromy mist MIIL] ¢ uucinom ctpenok 100 eBponeiickue
HOPMEI TI0 YpOBHsIM 1ONHOTHI Oe3onacHocTH (SIL1-SIL4) OyayT B ThICSUy pa3 MEHee JKECTKHMH, 4eM
TpeOOBaHUs BBINMICYKAa3aHHBIX CTAHIAPTOB. TaK, pacueTHash BEPOATHOCTH OMACHBIX OTKAa30B Ha CHCTEMY
MIIIT (1000 dyHKmii 6ezomacroctr) ams yposas SIL4 (10 *—10™) cormacuo cranmapros EN50129 u IEC
61508 [1, 2] 3a 10 met padoter coctasur 0,0839-0,5835, a 3a 20 et padotst — 0,1607—0,8266. OueBuu-
HO, 4TO Takue TpeboBaHus kK CIKA sBISAIOTCA HEIOMYCTUMBIMU U TpeOyIoT nepecmotpa HopMm Db, npuse-
JIeHHBIX B 0a30BbIX craHaapTax EN n IEC.

B nmoxmnane npeanararoTced cienyromue MeToapl 00ocHoBaHuI HOpMaTuBOoB Db [3].

1 OGocHOBaHME AONYCTUMOM MHTEHCUBHOCTH ONACHBIX OTKA30B (pyHKLMI 0€30MaCHOCTH N0 Me-
TOAY CpPaBHeHHUs] YPOBHeli 0e30MacHOCTH C 0e30MACHOCTHIO KeJe3HOMAOPOKHBIX pesae 1-ro kaacca
HaeKHOCTH.

VYuureiBas, uto peneitasie CXKA obGecrnieunBaroT npuemiieMyro 0€30MacHOCTh JBHXKEHUS TOE370B, a
pelie 1-ro kiacca HaJle)KHOCTH YCIEUIHO BBIIOIHAIOT OTBETCTBEHHbIE (PYHKIMH O€30MaCHOCTH, JIOMYCTH-
MYI0 HHT€HCUBHOCTb OITACHBIX OTKA30B B pacdeTe Ha oAHYy (QyHKuuio 6e30macHOCTU Ui Haubosee KecT-
koir HOpMBI SIL4 MOXXHO YCTaHOBUTH IO DKCIUTYaTaMOHHOHN ((PakTHIeCKOi) NMHTEHCHUBHOCTH OTMACHBIX

OTKa30B pelie 1-ro Kiacca HAIEKHOCTH: Aoy 1on < Aoy penel -

[To manHBIM SKCILTyaTaIMK 32 5 JIeT Ha kee3Hbix goporax ObiBiiero CCCP y 16 MitH 37€KTpOMarHuT-
HBIX pelie 1-ro Kiacca HaJeKHOCTH ObLIO 3a(DUKCHUPOBAHO JCBSATh OMACHBIX OTKA30B, T.C. JOMYCTHUMAas HH-

. -1
TEHCHBHOCTb ONACHBIX OTKA30B (hyHKIHi 6€30MaCHOCTH COCTABJIAET BEMMUUHY Ay o < 0,128-10 1 /u.

2 OGocHOBaHME AOMYCTUMON UHTEHCUBHOCTH ONMACHBIX 0TKA30B (pyHKIUIT 0€30MaCHOCTH MO Me-
TOAY CPaBHEHHUS C JOMYCTHMBIM YHCJIOM OMACHBIX OTKA30B 3a ONpe/esIeHHbI Mepuoa IKcmiIyara-
LM CHCTEM.

JomnyctiMas MHTEHCUBHOCTb ONIACHBIX OTKa30B AJisi ypoBHel Oe3onacHoct SIL1-SIL4 onpenensercs
110 AOILyCTUMOMY YHCJLy OIIACHBIX OTKA30B 3a [1€PUOJL IKCILIYaTALUU CUCTEM:

_ Mon.non (t ) 1
on.jomn — tN s ( )

o
TJI€ Mopon (f) — IOIMYCTUMOE YMCJIO OMACHBIX OTKA30B (PYHKIUI 0€30MacHOCTH 3a BpeMs ¢ JJIsl KaXI0ro
Hopmupyemoro ypoBHs SIL1-SIL4; ¢ — nepuos sKCIuTyaTanuy CUCTEMBI; Nog — YMCIIO QyHKIMIA Oe3omac-
HOCTH IPH CEPUIHHOM 3KCIUTyaTalMd CUCTEM ([JOJDKHO ObITh CTATUCTHYECKHU AOCTATOYHBIM Ul pUEMIIe-
MO JIOBEpUTEIbHOI BEPOATHOCTHU I10JIy4a€MbIX PE3YJIBTATOB).
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3 OOocHOBaHMe JOMYCTUMOH HHTEHCMBHOCTH ONMACHBIX 0TKAa30B (QyHKIMI 0e30MaCHOCTH MO Me-
TOAY HOJIHOI0 HCKJIIOYEHHS ONACHBIX 0TKA30B 32 ONpede/IeHHbIH Mepuo IKCIIYaTAlUH CUCTEMBbI.

JonycTiMas MHTEHCUBHOCTb OIIACHBIX OTKA30B OTBETCTBEHHBIX (YHKLMH IJI1 UCKIIOYEHUS OIACHBIX
OTKAa30B 3a ONpPEJCICHHBII NEPHO SKCIUTyaTallul CUCTEM (TOSIBJICHUsI MEHEe 1-ro omacHoro orkasa) Oy-
JIET ONPENENATHCA CIEAYIOIUM BEIPAKEHUEM:

1
)\’OH.HOH = ﬂ' (2)

Tak, Ha xeJie3HbIX Joporax YKpauHbl (14-e MecTO B MUpPE MO MPOTSHKEHHOCTH JKEJIE3HBIX JIOPOT)
JKCIIIYaTUPYETCsT OKOJO 45 ThICSY IICHTPAIM30BAHHBIX CTPENOK, COOTBETCTBEHHO 450 ThICAY OTBET-
CTBEHHBIX (DYHKIIMH B CUCTEMAaX YNPABJICHUS CTPEIIKAMU M CUTHAIAMU. JIJIsT MCKITIOUYCHMsI BO3MOXHOCTH
MOSIBJICHUS B HUX ONACHBIX OTKAa30B 3a mepuoj 3kciutyatanuu 20 jet (175200 4) nonycTuMoe X 3Ha-

=0,127- 1071°1 /4. Vkazaunoe

3HAYEHHE SBJISAETCS MPAKTUYECKH aHAIOTHYHBIM PE3ylbTaTy, npuseneHHoM B 1.1 u crangapre JJCTY 4178
no ®b.

4 OOocHOBaHWE AONMYCTMMOH HMHTEHCHMBHOCTH ONACHBIX OTKA30B (PyHKHHUH 0e30MACHOCTH IO
HOPMHPYeMOii MHTEHCHBHOCTH OMACHBIX 0TKA30B CHCTEM.

Mexrocynapctenasie crannaptel (MI'C) Hopmupytor @b Ha cucTeMy B IIETIOM MU YCJIOBHBIN M3Me-
pHTENb, HAIPUMEpP, HA MAIYI0 WIN KPYNHYIO JKEIC3HOIOPOXKHYIO CTAHLIUIO, CUCTEMY ITyTEBOW OJIOKHPOB-
K{, | KM OPOTSDKEHHOCTH JIMHUM, OJMH MIEpee3 ] U T. M. Y YUTHIBAs, YTO KOJIMYECTBO OTBETCTBCHHBIX (PYHK-
U Nog B TAKUX cHCTeMax OyJeT OTIHYaThCs U [jaXKe 3HAYUTEINILHO, IPEJIaraeTCs ONpeiesaTh A0MYCTUMYIO
MHTCHCUBHOCTb OIMACHBIX OTKA30B B pacyeTe Ha OJHY (PYHKIHIO O€30MaCHOCTH CICAYIOIIUM 00pa3oM:

A

yeHue s Hopmupyemoro yposHs SIL4, ¢ yuerom popmyns (2), Ay, ion

OIT.JI0I1.0011]
Mo on S N 3)
o
rac 7\’011.;[011.06Lu_ aonycruMas HOpMaTHBHAA MHTCHCHUBHOCTL ONACHBIX OTKA30B B paCyCTC Ha CUCTEMY B

LIEJIOM WJIU YCJIOBHBII U3MEPUTEIb.
5 O0ocHoBaHue 10MYCTUMO HHTEHCHBHOCTU ONACHBIX 0TKA30B QyHKI Uil 0e30I1aCHOCTH 10 Me-
TOAY 3aMellleHUs] PUCKOB.
JonycTUMyr0 MHTCHCUBHOCTb OIACHBIX OTKa30B (PyHKIMH OE30MacCHOCTH MPEIaraeTcst ONpeelisiTh
Ha OCHOBaHMHU JJAHHBIX CTATHCTHKH YHMCJa OMACHBIX OTKA30B IKCIUIyaTHPYEMBIX CHCTEM C MPHEMIEMOM
U1 00111eCTBa OE3011aCHOCTBIO!
< oy (DK

OIT.A0IT — 100[ > (4)

o.3
TJ€ Mop(f) — YMCIIO OMACHBIX OTKA30B OOJIBIIOIO YKC/A IKCIUIYaTHPYEMbIX CUCTEM 3a ONpPEACICHHBIN Ie-
PHOJ SKCIUTyaTauu ¢; K — MpOLEHT OMAaCHBIX OTKa30B (pyHKIMI 6€30MacHOCTH, BRI3BAHHBIX KOHCTPYKTHB-
HBIMH OCOOCHHOCTSMH KOMILIEKTYIOIIMX JI€MEHTOB, OT OOIIETO YMCIIa ONACHBIX COCTOSHUI CUCTEMBI IO
JaHHBIM UX 9KCILIyaTaluu; Nyg, — UHCIO OTBETCTBEHHBIX (YHKIHH, HAXOAALIMXCS B KCILTyaTaluu (CTa-
THUCTHKA JI0OJDKHA 00ECMEYNnTh BRICOKUN YPOBEHD JOBEPUTEIHHON BEPOSATHOCTH).

B noknane npuBoAsATCS pe3ylibTaThl pacueTa JOIMYyCTUMON HHTEHCUBHOCTH OMACHBIX OTKA30B (DYHKIIUK
0€30MacHOCTHU JJisi YKa3aHHBIX METOJIOB C YYETOM MEXIOCYIapCTBEHHBIX, €BPOICHCKUX U MEXyHapO/I-
HBIX CTaHAApPTOB NO (GyHKIHOHANBHOU 6e3omacHocTr CXKA, Ha OCHOBaHHMHU KOTOPBIX Ja€TCs BBIBOJ O He-
JocTaTkax HopMaTUBOB Db B MPUHATHIX CTAaHIAPTAX M MTyTH YCOBEPIICHCTBOBAHUS HX.

B noknage npuBoasTCS pe3ynbTaThl 00OCHOBAHUS JOITyCTUMOM HapaOOTKH A0 OMAcHOTO OTKasza OT-
NENbHBIX KaHaitoB pe3epBupoBanus CIKA B 3aBHCUMOCTH OT BCEX BO3MOXHBIX CIIOCOOOB pe3epBUPOBAHMUS,
nmormycTuMbIX ypoBHAX Db, 3akoHAax pacmpeneieHns OMaCHBIX OTKAa30B KaHAJIOB PE3EPBUPOBAHUS U MakK-
CHUMaJIbHO JIOITYCTUMBIX MTEPUO0JIaX JUArHOCTUPOBAHUS M YCTPaHEHUS OMAacCHBIX OTKa30B. Takoi aTarm moj-
TBepkeHuss Ob Ha dTame KCIITyaTaruil MO3BOJISIET BBISBHTH OMIMOKH, OOBEKTHBHO CYIIECTBYIOIIHE Ha
KaXJIOM 3Tare Joka3aTenscTBa O6e3omacHocTn CXKA, 1 HCKITIOUNTH KaTacTpO(PUIECKHUE TTOCIEICTBHS, CBSI-
3aHHBIC ¢ HUMH. B cilydyae MOSIBIIEHUS OMacHOTO OTKa3a B JIHOOOM OT/CIIEHOM KaHaJe Pe3ePBUPOBAHMSI
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paHplle JOIYCTUMOI0 HOPMAaTUBHOIO 3HAYCHUS IPUHUMACTCA PEIICHUE O HEIOCTOBEPHOCTH JOKA3aTellb-
ctBa 6e3onacHocTy CXKA u cpoyHOM BBIABICHAU IIPUYMH MOSIBICHHUS ONACHOIO OTKAa3a, KOTOPHIMU MOTYT
ObITh AecTabmnsupylomue HakTopsl, KOTOpble He ObLIM yYTEHBI B MOJHOM Mepe mpu BBoae CXKA B akc-
IUIyaTauuio (HETOYHbIC AaHHBIC [0 0€30MaCHOCTH KOMIUICKTYOIIUX 3JIEMEHTOB, HOBbIC HCTOYHUKHU JJICK-
TPOMAarHUTHBIX IOMEX OT MOOMJIBHON CBSI3H, JJICKTPOTATH U T. I1.).

CHHCOK JIUTePaTypbl

1 IEC 61508-1:1998. Functional safety of electrical/electronic/programmable electronic safety-related systems. — Part 1: Gen-
eral requirements.

2 CENELEC-EN 50129. Railway applications — Communication, signalling and processing systems — Safety related electron-
ic systems for signaling, 2018.

3 Ensuring railroad’s digital automation systems resistance to dangerous states / S. Panchenko [et al.] // ICTE in Transporta-
tion and Logistics. ICTE Tol 2019, LNITI. — 2020. — P. 120-128.
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ABTOMATHU3UPOBAHHOE PABOYEE MECTO _
JJIS1 PACUETA 1 AHAJIN3A ITAPAMETPOB PEJIBCOBBIX HEITEN

JT. 1. MEJIBEJIEB

benopycckuii cocyoapcmeentulii yHugepcumem mpancnopma, 2. I omens

PenbcoBrie nenu sBIsOTCS 0A30BBIMH 3IEMECHTAMU COBPEMCHHBIX CUCTEM KCJIC3HOIOPOKHOMN aBTOMa-
TUKU U TEJIEMEXaHHUKH, BBIIOIHAS OTBETCTBCHHBIC (DYHKIMH MYyTEBbIX JAaTUYUMKOB U TEJIEMEXAHUYECKUX Ka-
HanoB. HanexxHasi paboTa penbCOBBIX IENEil BO MHOTOM OIpPENENIIeT HOpMaJbHOE (YHKIMOHUPOBAHUE
CHCTEM JKEJIC3HOAOPOXKHOW aBTOMATHKH M TEJIEMEXaHUKH, 00ecreunBas TEM CaMbIM 0€30MacHOCTb ABU-
YKEHMS TI0€3710B U PETYIPHOCTb IEPEBO30YHOTO MpOoLecca.

Hanexnas paboTa penbcoBOil LENM BO BCEX PEKUMAX 00ECIEUMBAETCS 3a CUET IPABUIIBHOIO pacueTa
[IapaMETPOB PEIbCOBON LENU IIPU OIPEICIICHHbIX IapaMeTpax pPelbCOBOM JIMHUM U BBIOJIHIAETCS IIPU
POEKTUPOBAHUH U MOJIEPHU3ALUH YHACTKOB JKEJIC3HOW JOPOTH.

[Ipu aHanu3e u pacueTe PenbCOBBIX LENEH MPEANONaraeTcs, YTO PEIbCOBas JMHUSA U HJIEMEHTHI ala-
paTypbl ABIAIOTCS JIMHEHHBIMHU, TO €CTh UX [TapaMeTPhl HE 3aBUCAT OT IPOTEKAIOUIUX TOKOB. /i ynpore-
HUSI pacueTOB PENbCOBBIX ILIEMEH MPEICTAaBISIOT COOTBETCTBYIOIIEH MaTeMaTHYECKOH MOJIENBIO (CXeMOon
3aMeIeHHs ) A1 KaK0T0 pexnMa. B 3aBUCHMOCTH OT BUIa IPUMEHIEMON CXEMBI 3aMeIIEHHS Pa3IndaioT
YeTHIPEXIIOIIOCHbIE U MHOTOIIOIIOCHBIE Mosienu. Kitaccudeckuii MeTo pacueTa OCHOBAaH Ha HCIIOJIb30Ba-
HUU YeTHIPEXITONIOCHBIX Mojeneii [1, 2].

Pa3paboTanHOe aBTOMaTH3MPOBaHHOE paboyuee MECTO MO3BOIISET PEIIUTh CIEAYIONINE 3a/1a9H:

— BBITNIOJIHUTH pacyeT PeIbCOBOH IEMH BO BCEX PEKUMax (PYHKIIMOHNPOBAHUS;

— MOCTPOUTH PETYIHPOBOUYHBIE TAOIHUIBI MPH HOBOM INPOSKTHUPOBAHMH WM MOJECPHH3AINU YydacTKa
My TH;

— aHaJM3WPOBAThH BHINMOIHEHNE TpeOOBaHWN (PYHKIIMOHHPOBAHUS PETbCOBOM IETM BO BCEX PEeKUMax
IUTS HAaMXYAIIUX YCIOBUM KaK 3JIEMEHTOB PETbCOBOM LIETIH, TaK U MMapaMeTPOB PeIIbCOBOM JINHUH;

— HaKaIINBaTh CTATHCTHYECKYIO HH(POPMAIIUIO O BIUSHUH [TaPaMETPOB 3JIEMEHTOB PEITLCOBOM IEMH U
PEITLCOBOM JIMHUY HA HAZIGKHOCTHh (DYHKIIMOHUPOBAHUS PEITHCOBOM TICTIN;

— XpaHUTh UHPOPMAIHIO O CXeMe 3aMEILEHHs] PETbCOBOH LIETIH;

— XpaHUTh UHPOPMAIHIO O SIEMEHTAaX, BXOASIINX B PETLCOBYIO LIETb;

— ONEPaTHBHO CTPOMTH M AHATM3UPOBATH CXEMBI 3aMELLEHHUS PEIbCOBO LIETH.

ABTOMaTH3MPOBaHHOE paboyuee MECTO COCTOUT U3 HECKOJIIBKUX B3aMMOCBS3aHHBIX MOJTyJICH.

Moy BBOJIA DJIEMEHTA B DKBUBAJIICHTHYIO CXEMY PEJIEHHOTO MM THTAIOIICIO KOHIIA TI03BOJISICT J0-
0aBnATh B 0a3y 3JCMCHTOB HOBBIH YETBHIPEXIIONIOCHUK, YACTUYHO OTPENAKTHPOBATh CYLICCTBYIOIINH (C
OTPaHUYCHHBIMH MPaBaMH JOCTYyIa pPEAAKTUPOBaHUA). BbIOpaTh CyIIecTBYIOIIMK 3JIEMEHT U3 0a3bl ¢ ma-
paMeTrpamMu ero GyHKIIMOHUPOBAHUS: YacToTa, Ko3QduImeHT TpanchopManuu u cxema BitodcHus. [1po-
CTCHIIME DJICMEHTHI, TAKHE KaK MHIYKTHBHOCTH, CONPOTUBICHUE, EMKOCTh CO CXEMaMHU WX BKJIFOUCHHUS,
MOTYT OBITh aBTOMATHYECKU MPECTABIICHBI B BUAC YETHIPEXIIONIOCHUKA C PACCYMTAHHBIMH ITapaMeTpaMH.
Taxoke aBTOMaTH3MPOBAHHOE padouee MECTO MOXKET OBITh JOIOIHEHO MOZYJIEM CBA3M C MHKPOIPOILEC-
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