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AHHOTALMUA

BeepeHue. B pamkax BbinoAHeHWUA PacnopsixeHus MNpasutenbctBa Poccuiickont ®eaepaumm ot 29 aBrycta 2025 T.
Ne 2366-p UAET aKTUBHOE pa3BUTHE ra30MOTOPHOO TPaHcMnopTa. C LieAbO NOBbILLIEHWS YPOBHS NOXapHoK 6e3onac-
HOCTW Ha Takux 0bbeKTax NpeararaeTcsi NPUMEHEHUE CUCTEM HEMPEPLIBHOTO MOHUTOPWUHIA FrAa30BO3AYLLIHOM CPEADI.
Lean u 3apaun. Llenbto MCcCAeAOBaHUS ABASETCA KOMMAEKCHbIM @HaAM3 Pas3AMUHbIX HOPMATUBHbIX AOKYMEHTOB
B 06AacTU obecrneyeHus noxapHon 6€30MacHOCTU, MPUMEHSIEMbIX K 3AaHWAM C MPUCYTCTBMEM ra306aAAOHHOMO
aBTOMOOUABHOTO 060pyAOBaHMS, U 06paboTKa MOAYYEHHbIX CTAaTUCTUUECKMX AAHHbLIX U AOMOAHEHWE METOAa,
MCMOAB3YEMOIO B pacyeTe NoXapHOro pucka AASl OLEHKM YacToTbl BO3HWKHOBEHMWS MOXapoB K 06bekTam 06CAy-
XWBaAHWUA aBTOTPAHCMOPTHbIX CPEACTB, UCMOAL3YIOLLMX ra30MOTOPHOE TONAMBO. Pa3pabotatb METOA NOBbILIEHHS
YPOBHS NOXapHOW 6€30MacHOCTU C y4eTOM BO3MOXHOW PacCTaHOBKM NPUMOOPOB AASt ONPEAEAEHWA FOPHOYMX Fra30B
Ha pasAUyYHbIX 06bEKTaX.

MeToabl UcchepoBaHUA. AASI PELLEHUA NOCTABAEHHbIX 3aAa4 ObIAM NPOBEAEHbI HATYPHbIE UCTIbITAHUS Ha Cnewuu-
aAM3MPOBAHHOM MoAuroHe B OpeHOypre C LEeAbl0 M3YyUYeHUSt MOAEN KOHUEHTPaLMW WCTEYEHWUA roptoyero rasa
B 3aKPbITOM NOMeLLeHWUU. MoAyYEHHbIE A@HHbIE BbIAM CUCTEMATU3MPOBAHbLI U MO3BOAMAM C MOMOLLBIO KOHTPOAS
COCTOSIHUSI Ta30BO3AYLLHOM CPeAbl CAEAaTb MPEANOXKEHMSA MO NOBbLILLIEHWUIO YPOBHS NoXapHo 6e3onacHoCT! 06b-
EKTOB C NpucyTcTBHEM razobannoHHOro obopyaoBaHus (MBO).

Pesynbtatbl U Ux obcyxaeHue. AN OLEHKM 4acTOTbl BO3SHUKHOBEHUSI MOXapoB OblA NMPOBEAEH aHaAu3 cTaTu-
CTUUYECKMX A@HHbIX. B OCHOBe pacueTa MCNOAb30BaHbl NMoKasaTeAr O6LLEr0 KOAMUYECTBA TPAHCMOPTHBLIX CPEACTB
B Poccuu, poam aBTomobunen ¢ FlbO v 3aperncTprpoBaHHbIX CAyUYaeB BO3ropaHuil. Peayastatbl 6biAv cucTeMaTu-
31MPOBaHbl U AETaAbHO M3yUeHbl. ICNOAL3YS NOAyUYEHHbIE CTAaTUCTUUECKWE AGHHbIE U MPEANOXEHHbBIN METOA Onpe-
AENEHUS YacTOoTbl, NOAYYEHbl KOIPOULMEHTDI «@» U «b».

3akntoueHue. Ha 0CHOBaHUM MOAYYEHHbIX AGHHBIX, @ TaKXe C yY4eTOM NPOBEAEHHON aHAaAUTUKU U 3KCNEPUMEH-
TaAbHbIX UCCAEAOBaHUIM NPEANOXEH CMOCO6 NOBbLILLIEHWS YPOBHS NOXapHOM 6€30MacHOCTU Ha CTaHLMU TEXHUYEC-
Kkoro obcayxuBanusa (CTO) ¢ Haarurem ra3obanroHHbIX aBToMobuAeit (TBA) ¢ MOMOLLBLIO yYeTa HaAuuWsa raso-
aHaAM3aTOPOB Ha yKa3aHHbIX 06bEKTaX.

MpearOXEHHash METOAMKA Ha OCHOBAHWM BO3MOXHOCTM ydyeTa YCTPOMCTB Mo OBHapyXeHW 3ara3oBaHHOCTM
CcpeAbl Ha pasAnUHbIX 06bEKTAX C NPUCYTCTBUEM ra3ob6anr0HHOTO 060PYAOBAHUSI MOMOXET CHU3UTb BEPOATHOCTb
BO3HUKHOBEHWA aBapUMHbIX CUTyaLMi U MO3BOAUT COBEPLLEHCTBOBATbL CYLLECTBYIOLLME PACUETHbIE METOAWKM.

KAtoueBble CAOBa: ra30MOTOPHOE TOMAMBO; PACHET MOXapPHOr0 PUCKA; ra30aHaAn3aTopsbl

Ansa uutupoBaHus: lNpoctoB E.E., lfopaneHko A.M., lpoctoB E.H., Aoarux A.B. MeToAMKa MOBbIWEHUA YPOBHSA
noxapHoi 6e3onacHoCTU NyTeM NPUMEHEHUS ra30aHaAAM3aTOPOB Ha 0ObEKTAX XPaHEHUSI U 0OCAYXMBaHUsS aBTO-
MobUAeN, OCHaLLEHHbIX ra3obarnoHHbIM 06opyaoBaHueM // Moxapos3pbiBobe3onacHocTb/Fire and Explosion
Safety. 2025. T. 34. Ne 6. C. 23-32. DOI: 10.22227/0869-7493.2025.34.06.23-32

B lpocTtoB EBreHmi EBreHbeBuny, e-mail: prostov.vniipo@mail.ru

© E.E. Mpocrtos, A.M. lopaneHko, E.H. Mpoctos, A.B. Aoarnx, 2025 23



SAFETY OF TECHNOLOGICAL PROCESSES AND EQUIPMENT

Methodology for improving fire safety through the use
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ABSTRACT

Introduction. As part of the implementation of the Order of the Government of the Russian Federation dated August
29, 2025, No. 2366-r, there is an active development of gas-powered transport. In order to improve the level of fire
safety at such facilities, it is proposed to use continuous monitoring systems for the gas-air environment.

Aims and Purposes. The purpose of the study is to conduct a comprehensive analysis of various regulatory docu-
ments in the field of fire safety applied to buildings with the presence of gas-cylinder automotive equipment, to pro-
cess the obtained statistical data, and to supplement the method used in calculating fire risk to assess the fre-
quency of fires at facilities for servicing vehicles using gas-powered fuel. To develop a method for improving fire
safety, taking into account the possible placement of devices for detecting combustible gases at various facilities.
Research methods. To solve the set tasks, field tests were conducted at a specialized test site in Orenburg
to study the concentration fields of combustible gas in an enclosed space. The data obtained were systematized
and allowed for the development of proposals to improve the fire safety of facilities with GCE systems by moni-
toring the state of the gas-air environment.

Results and Discussion. Statistical data was analyzed to assess the frequency of fires. The calculation was
based on the total number of vehicles in Russia, the proportion of cars with GCE systems, and the number of reg-
istered fire incidents. The results were systematized and studied in detail. Using the statistical data obtained
and the proposed method for determining frequency, coefficients “a” and “b” were obtained.

Conclusion. Based on the data obtained, as well as taking into account the conducted analytics and experimen-
tal studies, a method has been proposed to improve the level of fire safety at service stations with GPT by taking
into account the presence of gas analyzers at these facilities.

The proposed methodology, based on the possibility of accounting for devices for detecting gas contamination
in various facilities with the presence of gas-cylinder equipment, will help reduce the likelihood of emergencies
and improve existing calculation methods.

Keywords: gas engine fuel; fire risk calculation; gas analyzers
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BBeaeHue

Crparerndeckue MHUIUATUBBI 10 MOJICPHU3AINH TPAHC-
MOPTHBIX CHCTEM B MOCJIEIHUE TOJbl OPUCHTHPOBAHBI
Ha TPH KIIOYEBBIX KPUTEPHS: TOBBIIICHHE 0S30MMacHO-
CTH, CHIKEHHE SKOJIOTHUECKON HArpy3KH U 00ecrieueHne
OecrniepeOOMHOCTH TIepEeBO30K. JIJIs TOCTHIKEHUS TOCTaB-
JIEHHOW TeJW B paMKax peann3anuu PacmopspkeHus
IIpaButenscTBa Poccuiickoi <1)ezlepaul/11/11 HJIET aKTHUB-
HOE Pa3BUTHE ra30MOTOPHOTO TPAHCIIOPTA, YTO, B CBOIO
o4epenb, MPUBOIUT K POCTY MPEATPUATHI 10 TEXHUYE-
CKOMY 00CITY’)KMBaHUIO TAKUX aBTOMOOUJICH.

CremyeT OTMETHTB, YTO SKCIUTyaTarys HHppacTpyK-
TYpBI TI0 00CTYKHBAaHUIO TA30MOTOPHOTO TPAHCIIOPTA

' O6 yrBepskaenuu KoHenuy pasBuTys phlHKa ra30MOTOPHOTO TOT-
mBa B Poccuiickoit @eneparmu Ha nepuox 1o 2035 roga m miaHa
MEepONPHATHIi IO ee peanm3anuy : Paciopsbkenne [IpaButenscta PO
ot 29.08.2025 Ne 2366-p.

COIpsDKEHA C MOBBIMICHHBIMHI PUCKAMH BO3HIKHOBCHUS
Ype3BBIYAHHBIX CUTYaLUH, BKIFOYAS:

® YTEYKH Taza C MOCICAYIOMNM BOCINIAMEHEHHEM;

® B3pBIBHI F'A30BO3IYIIHBIX CMECEH;

® TIOXKaphl C pacIpoOCTpaHCHUEM Ha MPHUIIETAIONIHC

TEPPUTOPHH.

[TpoexTupoBanme MHGPACTPYKTYPHI IS Ta30MOTOP-
HOTO TpaHcHopTa TpeOyeT KOMIUIEKCHOTO TOAXO0Aa, T/Ie
nokapHasi 0€30IMaCHOCTh BBICTYIIAeT HEOTHEMIIEMBIM
3JIEMEHTOM.

Llenb 1 3apaum

Ilenpro ucciaemOBaHUS SIBIASCTCS KOMILICKCHBII
aHaJlM3 Pa3InYHbIX HOPMaTHBHBIX JOKYMEHTOB B 001a-
CTH o0ecreueHus moxapHoi 0e30macHOCTH, MpUMe-
HSIEMBIX K 3IaHUSIM C MPUCYTCTBHEM Ta300aJlJIOHHOTO
aBTOMOOHIILHOTO 000PYAOBaHHMS, U 00pa0OTKA MOTyYeH-
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BE3OMACHOCTb TEXHOAOTMYECKWUX NPOLLECCOB U OBOPYAOBAHUA

HBIX CTATUCTHYCCKHUX NAHHBIX W JOMOJTHEHHE METOJa,
HCTIONT3YEMOTO B PAcueTe MOKAPHOTO PHUCKA JUIS OIICHKU
YacTOTHl BO3HUKHOBEHHUS MOXAPOB K 00bEKTaM 006cIIy-
JKUBaHUA aBTOTPAHCTIOPTHBIX CPCACTB C YCTaHOBJICHHBIM
ra3o0auTOHHBIM 00opynoBanreM (Hainee — ['BO) [1].

B nacrosmee Bpems aerictByromas Meronuka onpe-
JETICHUS PaCUCTHBIX BEJIMIHUH MOKapHOTO PHCKa Ha IPo-
M3BOJICTBEHHBIX OOBEKTaX’ HE I03BOJIAET YYMTHIBATH
HAJINYKE Ta30aHATN3aTOPOB HA YKA3aHHBIX O0BEKTaX.
g peanuzanuy OCTaBICHHOW 3a/1a4i OBLIH PaccMo-
TPEHBI TPEOOBAHUS PA3INYHBIX TOKyMEHTOB B 00IaCTH
MOKapHO 0€30MacHOCTH JIJIsl OOBEKTOB C TIPHUCYTCTBHEM
aBTOTpaHcHopTHBIX cpeacts ¢ ['BO.

[TosyueHHBIE CTATUCTUYECKHE JaHHbBIE ObLTH 00pado-
TaHBI, CHCTEMATH3UPOBAHBI U HCIIONB30BAJIHCH IIPHU OIIpe-
JETICHUN YaCTOTHI BOSHIKHOBEHUS MTOKAPOB HA CTAHIIUH
texanueckoro odcmyxusanus (CTO) ¢ I'BO.

MeToAbl UCCAEAOBAHUA

s perneHus MOCTaBIEHHBIX 3a7ad OBLIH MPOBE-
JICHBI HATYpHBIC HCIBITAHUS Ha CIICIIHAIH3HPOBAHHOM
nonurone B OpenOypre Ha 6aze ®I'BY BHUHNIIO MUC
Poccuu ¢ 11enbio u3ydeHus nonel KOHIEHTPaIiy 1cTe-
YEHMS TOPIOYETo ra3a B 3aKPBITOM MOMEILCHUH, IOCTPOe-
HUsI MOZIeNIU B TporpaMMHoM Komiuiekce ANSY'S. TTomy-
YeHBI JJAHHBIC OBUIM CHCTEMaTH3NPOBAHBI, 00PaOOTaHBI
¥ TIO3BOJIUIM C TIOMOIIBIO MCHOIB30BAHUS KOHTPOJIS
COCTOSTHHS Ta30BO3IYIIHOW CPEIBl CACTATh IPEIIOKE-
HUSI TI0 TIOBBIIICHHUIO YPOBHS ITOXKapHOI O€30MmMacHOCTH
o6wekroB ¢ Hammarem ['BO [1, 2].

Ha nepBoM 3Tarme mccinenoBaHbl KOHCTPYKTHBHBIC
0COOCHHOCTH ra300aJI0HHOTO 000pyI0BaHuUs, cOOpaHa
U CUCTEMaTH3MpPOBaHa CTATUCTHKA BO3TOPAHHUIT U B3pbI-
BOB Ha ra300aIOHHBIX aBTOMOOMIX (manee — I'BA),
a TaKKe IPOAHANTN3UPOBAHBI PEANbHEIC CITydan aBapuii-

2 06 yTBep:kIeHHH MEeTONUKH ONpeielieHUs PACUETHBIX BETHUHH
TTOXKapHOTO PHCKa Ha MPOM3BOJCTBEHHBIX 00BbekTax : [Ipukaz MUC
Poccun ot 26 utons 2024 . Ne 533.

HBIX CUTYaIMH C IOCIIEICTBUSIMHU B BUJIC IOXKAPOB U pa3-
PYLLIEHHH.

[NapannensHO IPOBEIEH aHAIN3 HOPMATHBHOMU 0a3bl,
PEryaupyIOIIel MPOTHUBOMOXKAPHBIE TPEOOBAHNUS K 00BEK-
Tam UHOpacTpyKTyphl, o0cmykuBatomuM ['BA. M3ydeHsl
KaK POCCHICKHE, TaK U 3apyOeKHbIE CTaHAAPTHI Oe30mac-
HOCTH, IPIMEHSIEMBIC TIPU TIPOCKTHPOBAHNUH 30aHUN JUIS
PEMOHTA, TEXHHYECKOTO OOCITY>KUBAaHHS U XPaHEHUS ra30-
MOTOPHOT'O TPAHCTIOPTA, a TAKKE Ha TAIe SKCINTyaTalliH.

Pe3yAbTatbl U X 06CYy)XKpAeHUE

B paborax [3, 4] mociie mpoBeicHUs aHATN3a, CUCTe-
MaTu3aluu U 00pabOTKU MONYYCHHBIX NAaHHBIX ObLIA
BBIBJICHBI OCHOBHbIE ITPUYKHBI TI0’kapoB Ha I'BA, mipen-
CTaBJICHHBIE B Ta0. 1.

IIpoBens aHaIN3, MOXKHO BBISIBUTH 3aKOHOMEPHOCTb,
YTO KOJMYECTBO aBapWil MPUBEACHO Ha eAWHUILY 000-
pyaoBaHUs (aBTOTPAHCIIOPTHOTO CPEJICTBA), a B CYIIE-
CTBYIOIIEH Meronuke’ HCTIONIb3YETCS YacTOTa BO3HUK-
HOBEHUS TOXKapa HA CIUHHILY IUIOMIATU TOMEIICHUS.
ITosTOMy BO3HHKIJIA HEOOXOOMMOCTE NMPEoOpa30BaHUS
MOJTYYEHHBIX PE3yIbTaToOB, YTOOBI MX MOKHO OBLIO HMC-
oJIb30BaTth [1].

dopmyna 1o pacyery 4acToThl oxkapa u3 MeToauKu’
ucronb3yercs, korna tabmuna [11.3 Metonuku® He coep-
JKUT HEOOXOIMMBIX TaHHBIX, & TUIOMIAAb 3IaHIH (TIoMe-
wenwmii) npesbimaer 10 000 M>. TIpu OTCYTCTBMM JaHHBIX
0 YaCTOTC BO3HUKHOBCHHS IMOXKApa Ha pa3JIMYHBIX 00b-
eKTax (B TOM YHCJIC BO3HHKIIETO B PE3YIBbTaTe OMIHOKU
pabOTHHMKA) HCTIONB3YFOTCSI CBENICHHS TI0 4aCTOTaM Pealii-
3aIH HHAMHPYIOIINX TI0KapOOTIACHBIC CUTYAINH COOBI-
THIA, a TAKKEe YaCTOTaM BO3HUKHOBEHHS MIOKAPOB B 371a-
HUsIX, yKazaHHble B [Tpunoxkennu Ne 1 k Metonuke? [5].

B paccMarpuBaeMbIX OOBEKTaxX 3allMTHI IIEJC-
c000pa3HO NMPUHATH, YTO HAHOOJBIIYIO MOXKAPHYIO
HArpy3Ky MpeICTaBIseT aBTOMOOIIIb (a TaK¥Ke TOILIHBO,
KOTOpPO€ HAaXOIUTCS BHYTpU aBTOMOOWiIs). Mcxons
U3 JTOTO, JIOIYCKAETCS MPEIIIONOKHUTE, YTO BEITHNINHY
«a» MOXKHO BBIPA3UTh KaK OTHOIICHUE aBapyil HA aHa-
JIOTUYHOM 00OpYyJIOBaHUH (TPAHCIIOPTHOM CPEJICTBE)

Ta6muna 1. KonndecTBo TpaHCIIOPTHBIX CPEACTB B POCCHH C YCTaHOBJICHHBIM ra300aJJIOHHBIM 000PYI0BaHHEM C PaCIIPE/IeICHHEM

1o npuyrHaM aBapuif 20152022 rr.

Table 1. Number of vehicles in Russia with installed gas cylinder equipment, by cause of accident from 2015-2022

Hapymenust mpaBuin Hapymenus npasui yctpoi- ITomxor Hpyrue
IMpnuuns! aBapuii YCTPOHCTBA U HKCILTya- CTBA U JKCILTyaTalluy Ia30BOI0 Arson MIPHYUHBI
Causes of accidents TalMy TPAHCTIOPTHBIX 06opyaoBaHus Other
CpencTB Violations of the rules reasons
TpancniopTHbIe cpescTBa Violations of vehicle for the installation
Vehicles design and operation rules | and operation of gas equipment
I'py3oBbie aBTOMOOMIN
Py 1447 96 276 308
Trucks
ABTOOYCHI
Y 690 31 103 105
Buses
JlerkoBble aBTOMOOHIIN
4688 261 1417 1193
Passenger cars
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Taomuua 2. KosduuuenTts! 115 onpeaeaeHus 4acToThl BOSHUKHOBEHUS moxkapa «a» U «b» gt CTO ¢ mpucyTcTBHEM pa3IHYHBIX
aBromoOueit «a» u «by» gt CTO ¢ npucyTCTBHEM pa3IMYHBIX aBTOMOOHICH
Table 2. Coefficients for determining the frequency of fire occurrence “a” and “b” for service stations with the presence of various vehicles

Jo T — 3HaueHHUe MoKa3aTesis Uil aBTOTPAHCIIOPTHBIX CPEACTB, paboTaromux Ha JKMT 3HavyeHHe MOKa3aTes IS
The value of the indicator for vehicles powered by liquid fuel aBTOTPAHCIIOPTHBIX CPEICTB,
MOKa3areib
Statistical padoraromux Ha TMT
S lm_‘i“ﬁa. PagquHme JTaHHBIC CnpaBquge ZIaHHbIE The value of the indicator
indicator Calculated data Background information for GMT-powered vehicles
a 0,0002333 0,0001200 0,0000502
b 0,86 0,84

K KOJIMYECTBY OTIMYHBIX BUJOB TaKOro 000pydOBaHUs
B paccMaTpUBaeMOM CETMEHTE 3a BIOPAHHBIN TIEpUOT
BPEMEHHU.

B »TOM ciydae K TIIaBHBIM OTIIMYHMSAM paccMaTpuBae-
MBIX aBTOMOOUIICH OTHOCHTCS KOHCTPYKLIUSI TOILTHBHON
cuctemsl, a umeHHO Hanuwuue ['bO, ycTaHOBIEHHOTO
Ha TPAHCIIOPTHOM cpeacTBe. TakuM 00pazoM BO3MOXKHO
WCIIOJIB30BaTh MOJyYCHHBIE PAHHEE CTAaTHUCTHYECKUE
JaHHBIE 1711 OLEHKU aBapuil U MOXKapoB Kak Ha aBTO-
TpaHcHopTHEIX cpexacTrax ¢ I'bO, Tak u 6e3 Hero.

Jnsi olleHKHM 4acTOThl BOSHUKHOBEHHS MOXKapoB
Ha CTO ¢ I'BO OB IPOBE/ICH aHAIN3 CTATUCTHYESCKIX
JaHHBIX. B 0CHOBe pacuera MCIOJIB30BaHbl IOKA3aTEIH
o01I1ero KoJM4YecTBa TPAHCTIOPTHBIX CpencTB B Poccuu,
JIOJTM aBTOMOOWIICH, OCHAIIIEHHBIX I'a300aJITIOHHBIM 000-

PYAOBaHHEM, U 3aPETUCTPUPOBAHHBIX CIy4aeB BO3TO-
panuii. ITo ntoram ananmsa ObIIM CHCTEMAaTH3HPOBAHBI
U JIETAJIbHO U3y4Y€Hbl OCHOBHBIC IPUUUHBI IOXKAPOB [4].

Vcrionb3yst HOTydICHHBIE CTAaTUCTUYICCKUE JaHHBIC
U MPEUIOKEHHBII METOJ| ONpeAeIeHNs YaCTOThI, aHa-
JIOTHYHBIH MPeICTAaBIEHHOMY B MeToauke” 110 pacueTy
MOXapHOTO PUCKA, MOJTy4YeHBl KO3()PHUIHEHTHI «a»
u «b» mns BA (tab6mn. 2) [6].

Bbul npoBesieH HATYPHBIH 3KCIIEPUMEHT C LENbI0
TIOJTyYCHUSI BDEMEHHBIX 3aBUCHMOCTEH M3MCHEHHS KOH-
LEHTpallMK TOPIOYMX Ta30B B ra30BO3AYLIHON cpene.
ITomydeHHbIe SKCTIEPUMEHTAIBHBIC TaHHbIE OBLTH HCTIONB-
30BaHbl JUIs BAIUAALUU PE3YAbTATOB MaTeMaTH4eCKOTo
MOJIETTHPOBAHMA Iporiecca (GOpMHUPOBAHNUS Ta30BO3IYIII-
HBIX CMECEH B YCIIOBHSIX 3aMKHYTOTO IPOCTpaHcTBa [7-9].

Tab6auuna 3. Vcnions3oBanue ra30aHaIn3aTOpoOB COBMECTHO C CUCTEMaMU obecrieueHust n0>1<apH0171 0e30MMacHOCTH B BUC€ MHULIKATOPA

JAHHBIX CUCTEM

Table 3. The use of gas analyzers in conjunction with fire safety systems in the form of initiators of these systems

Howmep
KpuTepust Dopmyina 115t onpeeneHus
(TI/IH TEeX- BCJIMYUHBI HHAUBUAYAJIbHOTO
HHUYCCKOTO TIO)KapHOI'0 pUCKa IIpU MpruMe-
pCHICHPISI) YucieHHOe 3HAYCHHE KpuTepust HCHUHU ra30aHaJu3aTopoB Texanueckoe peueHue
Criterion Numerical value of the criterion The formula for determining Technical solution
number the magnitude of individual
(type fire risk when using gas
of technical analyzers
solution)
p, — . IIpu aBapuiHOM CUTYyalMU U3 aBTO-
ﬁ <24, npu P, = 0,999; x (1 f(ei _ (1gan “P)x M(I))6I/IJ'I$I zaqan BLIXZ;[II/ITL ras, paccras-
3 CIIC r
Ry % (1= Deoys - P))) JICHHBIE T'a30aHAIN3aTOPbl PUKCUPYIOT
—— <17, mpu P.=0,95; MOBBIILIEHUE KOHIIEHTPAIUK ra3a U UHU-
bes v LUUPYIOT cpabaThIBAHUE CHCTEMBI OTIOBE-
& <12, upu P, =0,9; R"=0p-qx LICHUS U YIIPABICHUS dBaKyallueH Jronen
e3 X (1= (1= (1= Dgps- Py * ipu noxape (nanee — COYD) (ipu 3ToM
ﬁ <7, npu P, =038 * (1= Dsouy - Py))) BEPOATHOCTH 3((HEKTUBHOIO cpabaThIBa-
T T Hust rasoananusaropos 1 COYD jomkHa
1 R, YUUTBIBATHCSI COBMECTHO)
—— <24,if P, = 0.999; In an emergency situation, gas began
/}é‘ to leak from the vehicle, the gas analyzers
S < 17, if P, = 0.95; detected an increase in gas concentration
Rpe: . and initiated the fire alarm and evacua-
i <12.ifP = 0.9: tion control system (hereinafter referred
ber ¢ ’ to as the FACS) (the probability of effec-
R, N tive operation of the gas analyzers
m <7,ifP, =08 and the FACS must be taken into account
jointly)
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Ipooonscenue maén. 3 / Continue of the Table 3

Homep
KpHUTEpUs Dopmyna Juis onpeneseHus
(TI/IH TEX- BEJIMYUHBI MHAUBUIYaJIbHOTO
HUYECKOTO MIO)KAPHOTO PHCKa MPH IpUMe-
pemeHI/m) YuciieHHOE 3HaYCHUE Kputrepus HCHUHU ra3zoaHaJu3aTopoB Texunueckoe penieHue
Criterion Numerical value of the criterion The formula for determining Technical solution
number the magnitude of individual
(type fire risk when using gas
of technical analyzers
solution)
R®:=Qy - qx [Ipu aBapuiiHOM cUTyaluu U3 aBTO-
R(b T nq
24 < —— <123, npu P.=0,999; | (1-(1=(1 = Dgye - P) % MOOWJIs Havasl BBIXOAUTH T'a3, pacCTaB-
I
;’ib % (1= Deoys * P,) ¥ JICHHBIE Ta30aHAIN3aTOPbI QUKCUPYIOT
T
_ = . MIOBBIIIEHHE KOHLIEHTPALNH ra3a
17 < <72, npu P.=0,95; x (1 =Dy - P))) LHeHTpan,
€3 1 MHULUHUPYIOT cpabaThIBaHUE CHCTEMBI
12< Ry <45, ipn P, = 0,9: RE= 0, g x IIPOTUBOBIMHOM 3aILUTHI (Janee —
P IULSL yOaJIeHHsl B3PBIBOONIACHOM
e , 4 1A3) nsty, P
Rq) (= (1= (1= Dgps )% | cmecn 3a TIpeeIbl TOMEUICHHUs (TIPH ITOM
7< . <2l,upn P, =08 X (1= Dsouy * P) * BEPOATHOCTH (G PEKTHBHOIO cpadaThIBa-
X (I =Dppz* Py))) Hus razoananuzaropos u 113 nomxna
R, ) YYUTHIBAThCSI COBMECTHO)
5 24< , <123, if P, = 0.999; In an emergency situation, gas began
ez
R to escape from the vehicle, the gas
17< <72,ifP,=0.95; analyzers detected an increase in gas
bez concentration and initiated the activation
R, » of the smoke protection system (here-
12< —— <45,if P,=0.9; inafter referred to as SPS . S
bes 8 nafter referred to as ) to remove
R the explosive mixture from the premises
7 < _r <21,ifP,=0.8 (the probability of effective activation
bez of the gas analyzers and SPS must be
taken into account jointly)
R¥™ =0 - g x IIpu aBapuiiHOH cUTyalluu U3 aBTOMO-
123 < By <245, pu P, = 0,999; 7 =On g i
R, x (1= (1=(1=Dgye P,) OuIs Hayall BBIXOJUTH I'a3, paccTaB
T
Ry x (1= Deoys * P,) ¥ JICHHBIE Ta30aHAIN3aTOPbI PUKCUPYIOT
T
72 < —— <120, mpu P, = 0,95; . TOBBIIIEHNE KOHIIEHTpAIUH ra3a
X (1 = Duynr - Pp))
3 1 MHUIUMPYIOT cpabaThlBaHUE aBTOMa-
45 < Ry <67, mpu P, =0,9; TUYECKOW YCTaHOBKHU TOXKAPOTYILICHHS
' R/ =0p-gx — AVIT
e3 2 P (manee YIIT) nnst npenynpexaeHus
Ry $ (L (L= (1= Dgps = P) % | posunknoBeHus ropeHust (pu 3TOM
21<7£27,HpI/IPr=0,8 x(1-D P %
- souy " Lg BEPOSITHOCTH 3P dexkTuBHOrO cpabarsiBa-
X (1 =Dy " Pp))) Hug razoananuzaropa u AVIIT nomknHa
R,
123 < - < 245, if P, = 0.999: YYUTBHIBATHCS comv?ecn.{o)
3 In an emergency situation, gas began

bez

R,
72< L <120,if P,=0.95;

bez

Ry
45< - <67,ifP,=0.09;

bez

R,
21< L <27,ifP,= 0.8

bez

to escape from the vehicle. The gas
analyzers detected an increase in gas
concentration and initiated the automatic
fire extinguishing system (hereinafter
referred to as AFES) to prevent combus-
tion (the probability of effective opera-
tion of the gas analyzer and AFES must
be taken into account jointly)
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Oxonuanue madn. 3/ End of the Table 3

Homep
KpUTEepUs @opmyna 1714 onpeneneHus
(v Tex- BEJIMYMHBI MHUBUyaIbHOTO
HHYECKOTO HOXXapHOTO PUCKA IIPU IpHMe-
PpeILeHHs) YucnenHoe 3Ha4eHHE KPUTEPHs HEHUH Ta30aHAJIN3aTOPOB Texuuyeckoe peleHue
Criterion Numerical value of the criterion The formula for determining Technical solution
number the magnitude of individual
(type fire risk when using gas
of technical analyzers
solution)
Ry R =0y qx Ecnu ipu pacuete Tpedyemas shpex-

0e3

Ry

120 <

€3

Ry

67< —
R6e3

Ry

27<

€3

bez

R/
120< ——
bez

bez

Ry
27 <

bez

246 < . <1224, ipu P.= 0,999,
<500, mpu P, =0,95;
<240, mpu P.=0,9;

<76, npu P.=0,8

R,

246 < —L <1224, if P, =0.999;

<500, if P, = 0.95;
R,

67 < — <240,if P,=0.9;

<76,if P,= 0.8

X (1= =1 ~=Dcpe " P x
X (1 = Deoys - Pr) %

X (1 =Dy - P))) u T713)

RE= 0, q
X (1= (1= (1 =Dgpg - Pp) *
X (1 = Dgopy - P) x
f (1 - DA)"/’(} : P)))

TUBHOCTb BBIIIE (DAKTUYECKOMN, TO HEOO-
XOIMMO JTOOABISTh COBMECTHOE YUacTHe
T'A u pononuutenbHbIX cuctem (AYIIT

If the calculated required efficiency is
higher than the actual efficiency, it is
necessary to add the joint participation
of GE and additional systems (AFES
and SPS)

Ilpumeyanue: Gopmyna mpuBecHa 0e3 ydeTa BEPOSTHOCTU 3BaKyauuu roneit (P)) u BeposTHOCTH 3¢)deKTUBHOI PabOTHI TEXHUYECKUX
cpeacTB Mo obecreyeHuto be3onacHocTH (D,), mpUMeHsIeMbIX 0e3 ra3oaHann3aropa.
Note: the formula is given without taking into account the probability of evacuation of people (P,) and the probability of effective operation
of safety equipment (D,) used without a gas analyzer.

Omnpenenexue kiuacca
(yHKITHOHAIBHOMN
MOXKAPHOI OMAaCHOCTH
3IaHUS
Determining
the functional
fire hazard class
of a building

Hcnonb3oBanue
AHanu3 MPUHATHIX KOMITIEKCa HayqHO-
00BEMHO- 000CHOBAaHHBIX
TUTAHUPOBOYHBIX s TpeOOBaHMI
peneHui Using a set

of scientifically based
requirements

Analysis of adopted
spatial planning
decisions

OnpeeneHne 4acToThl
BO3HUKHOBEHHS
roXkapa ¢ TIOMOILBIO
MIPEIOKEHHOTO
MeTona
Determination
of the frequency of fire
occurrence using
the proposed method

Pacuer nnaMBUAYaTEHOTO
MIOKapHOTO PHUCKA
B COOTBETCTBUH
C CYIIECTBYIOIIEH METOAUKOM
Calculation of individual
fire risk in accordance with
the existing methodology

Omnpenenenne BEPOSITHOCTH

3¢ GeKTUBHOM PabOTHI

(haKTHUECKH yCTAaHOBICHHBIX

ra30aHaJIn3aToOpPoOB

> Determination of the probability
of effective operation

of the actually installed gas

analyzers

\/

PacueT nnauBUAYaEHOTO
MOKapPHOTO PUCKa Ha O0BEKTE
¢ yuetoM 3 (HEeKTHBHOCTH
ra30aHaJu3aTopoB
Calculation of individual fire
risk at the facility, taking into
account the effectiveness of gas
analyzers

ANTOPUTM METOIUKH MOBHIIICHHS YPOBHSI ITOKAPHOH 0€30IaCHOCTH MPEATIPUATHI 10 00cmykuBanuio [ BA
Algorithm of the methodology for increasing the level of fire safety of gas turbine maintenance enterprises

28
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Ha ocHoBaHMM MONy4eHHBIX JAHHBIX MPOBEIEHA
OIICHKA TEXHUYECKUX IMapaMeTPOB KaK CAMOM CHCTEMBI,
TaK u ee 37emMeHToB [ 10—12]. Pe3ynbraTs! momydeHHbIX
3HAUCHHH U MTapaMeTPOB, KOTOPBIE HEOOXOANMO YIUTHI-
BaTh MPHU PacCTaHOBKE Ta30aHAIN3ATOPOB, TPEJCTaB-
JeHbl B paboTe [1] u MOryT OBITH HCIIOIB30BAHbI IPU
JAIbHEHIINX UCCIEAOBAaHUSIX.

[omyueHHBIE pE3yIBTATHI MMO3BOJISTIOT IIPUMEHHUTD
MTOTyYeHHBIC 3HAYCHISI P pacueTe IMOKapHOTO PHCKa
C YYETOM COBMECTHOTO HCIIOJB30BaHUS Pa3TUIHBIX
TEXHMUYECKHUX CPEJICTB 0OecledeHus MoXapHoi 0e3-
OMMAaCHOCTH U MPUOOPOB OOHAPYKEHHUS 3ara30BaHHOCTH
cpenst [13, 14] B 3aBUCUMOCTH OT BepOATHOCTH 3 dek-
TUBHOCTH MX PaOOTHl. YKa3aHHBIA ITOAXO HCIIONB3Y-
eTCs TaKKe MPH OIPeNeICHUN TpeOyeMoil BeposSTHO-
cTH 3G PeKTUBHOMN paboThHI razoaHanu3aropos [15-17].
PesynbraTsl ipeacTaBieHsl B Ta0. 3.

ITo dbopmynam Taba. 3 ObuIH ONpeEsEICHBI 3HAYEC-
HUS BEJIMYMHBI HHIUBUIYATIHHOTO IIOKaPHOTO PHCKa
B 3aBHCHMOCTH OT YacTOTHl BOSHHKHOBEHHUS MOXapa
JUTS K&KAOTO THITA TEXHUYIECKOTO PEIICHHUS, TIepeCyH-
TaHHOW Ha TUIONIAh O0OBEKTA 3aIIUTHI, B 3aBUCUMOCTH
OT BHIOPaHHOTO TEXHUYECKOTO PEHICHUS U HeOOXOnu-
MOTO YMCJICHHOTO 3HadYeHus Kpurepwus [1].

[IpennoxxeHHass METONMKA W KOMILIEKC HAy4YHO-
000CHOBaHHBIX TpeOoBanui [1, 18] mo3BommiK paspa-
00TaTh aJITOPUTM IOBBIMICHYS YPOBHS ITOKapHOU 0e3-
omacHoctu st CTO ¢ nHanmumem I'BA (puc.).

3aknoueHue

Ha ocHoBanuu MOJIYYCHHBIX JAaHHBIX, 4 TAKXKE C y4e-
TOM HpOBeI[eHHOI\/'I AHAJIMTUKN U DKCIICPUMCHTAJIbHBIX

UCCIIeIOBaHUM MPEIOKEH CIIOCOO TOBBILLIEHUS YPOBHS
nokapHoi 6e3onacHoctd Ha CTO ¢ Hammunem ['BA
C TIOMOIIBIO yUYeTa HaJIMYMsl ra30aHaIn3aToOPOB Ha yKa-
3aHHBIX 00BekTax [1].

JanpHeliliee cOBEPIIEHCTBOBAaHUE HOPMATUBHO TEX-
HUYECKUX JJOKYMEHTOB JIJISI pACCMaTPUBACMbIX OOBEKTOR
SIBJISIETCS TIEPCIICKTUBHBIM HalpaBlieHHeM. JlanpHeime
UCCIIIOBaHMA, B TOM YUCIIE B OOJIACTH MOAEPHU3ALNN
pacueTa moXapHOTO PUCKA, TO3BOJIST YIUTHIBATH HAJIH-
qre MpuOOPOB MO ONPEETICHUIO 3ara30BaHHOCTH CPEIb,
CHWXaTh PUCKH BO3HUKHOBEHUS aBaPUITHBIX CUTYaIUH
U TEeM CaMbIM YMEHBIIATh BEPOSTHOCTh THOEIHN JTFOICH,
CHI)XKATh MaTepHalIbHbIE TIOTEPH NPEANpUITHi. AHAIO-
TUYHBINA TTOAXOJT IT0 ONPENEICHUIO YaCTOThl BOZHUKHO-
BEHUS MOXKApPOB yXKE€ HUCIOJB3YeTCs MPHU OINpeeIeHun
HEOOXOAMMBIX MOKa3aTesei [S].

B pesynerare nucnons30BaHus KOMIIBIOTEPHOTO MOJIE-
JIUPOBAHMS U TONYYEHHBIX IKCIIEPHUMEHTAIBHBIX JTaH-
HBIX OTIPEJIeTICHbI MO KOHIIEHTPAIMX Ta30B, Ha OCHOBE
KOTOPBIX 000CHOBAHBI ONITUMAJIBHBIC MECTA Pa3MEICHUS
razoanaiamu3atopos [7, 11]. laHHbII crioco0 MOXeT OBITh
WCIIONIb30BaH MPH COBEPILIEHCTBOBAHUHU pacyeTa moxap-
HOTO pHCKa C YYETOM pa3MelIeHUs ra30aHan3aTopoB
B momenienuu [1, 19].

B coBokymmHOCTH Npe/iioskeHHAst METOMKA TIOBHIIIIE-
HUS YPOBHS TIOXKapPHOM 0e30MacHOCTH IMyTeM MpUMeHe-
HUSI TPUOOPOB TIO ONPEACICHUIO 3ara30BaHHOCTH CPEIbI
Ha CTO c I'BA 1 TOMOXXET CHU3UTHh BEPOSATHOCTH BO3-
HUKHOBEHHUS aBapUIHBIX CUTYalNii, yMEHBIIUTH BEPOSIT-
HOCTB TPaBMaTu3Ma U THOETIH JIFOJICH, a TAKKe TIO3BOJIHT
COBEpIICHCTBOBATh CYLIECTBYIOLINE PacyeTHbIE METO-
qmukw [ 1, 20].
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