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MHOOPMALUMNOHHASA TEXHOJTOINA 3KCMNEPTHOIO
ONMPOCA CMNEUMANNCTOB HEDTEFA30BOIM OTPACIU ANA
NMPEAOOTBPALUEHUA MOXXAPOB HA OBBEKTAX 3ALLNTDI

MpoBefeH onpoc CneumanmcToB (3KCNepToB) NMPOM3BOACTBEHHOO 0ObekTa. M3yyeHbl pesynbTaThl
onpoca crneumanucTos. NpefcTaBneHo onucaHne MHHOPMaLMOHHOM TEXHONOMMI aBTOMAaTN3MPOBaH-
HOro onpoca CneumanMcToB, PabOTHUKOB Pa3NMYHbIX CreLmanbHOCTen, paboTalowmx Ha noxapo-
onacHbIX y4acTkax 06bekToB HeTerasoBomn otpacv. MpoBefeH aHanM3 NnoyYeHHbIX JaHHbIX Ha TU-
MOBOM 00BbEKTE XpaHeHWUs U nepepaboTky HedTenpoayKToB, BbIIBEHbI X 3aKoHOMepHOCTU. Ocy-
LecTBfleHa CTaTUCTUYeckas 006paboTka MnosyHeHHbIX pe3ynbTaTos.
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BBepneHune

Ha mMuOTHX 00BEKTaX 3aIUTHI CYIIECTBYET O/THA U3 He-
MAaJIOBKHBIX IPOOIEM — HEIOCTATOK HIH OTCYTCTBUE
BBICOKOKBaITU(PUITUPOBAHHBIX CIICIIHAIICTOB, UMEIOIIIIX
COOTBETCTBYIOIIEE MPO(eCcCHOHAIbHOE 00pa30BaHHE,
3HAHUSL, OTIBIT, KOTOPBIE CIIOCOOHBI CBOCBPEMEHHO TIPS/~
OTBPATHUTD, CIIPOTHO3UPOBATH OXKAPOOIIACHYIO CUTYya-
LU0, MPCATIOKUTD HeO6XOI[I/IMI>Ie MEPbI MO CHUIKCHUIO
MO)KAPHOTO PUCKA, a TAKKE MUHUMU3UPOBATh MOCIIE]I-
CTBUS OT TIOKapa (aBapum).

Amnanms pa3dopa moxapos (OIHCaHIE TOKAPOB) TTO-
Ka3aJ, 9To K Hauboiee pacpoCTpaHEHHBIM KaTeTOPH-
SIM JTUII, BAHOBHBIX B BOSHUKHOBCHUH MOKApPa, OTHOCST-
csl pabOTHUKM Pa3NUUHBIX crieruansHocTed (19 %),
KOTOPBIC HE SIBIISIOTCS CIICIIHATINCTAMH B 00JIaCTH I10-
YKapHOU O6e3omacHOCTH. J[JIs TIoNTyYeHUs] MUHUMAJIBbHOTO
o0beMa 3HaHUI B TaHHOH cepe, a TakKe TSI OACKa3-
KH B Pa3IUYHBIX CIOKHBIX CUTYAIHsIX dTHM PaOOTHH-
KaM He00X0IuMa IIOMOIIIb O0JICE OTIBITHBIX CIICIHAIIIC-
TOB (PKCTIIEPTOB) B JIOCTATOYHO y3KOH 00JIacTH.

s penienus npoOiieM, CBA3aHHBIX € “KaJIpOBbIM
roJ00M” Ha MOKapOOAaCHBIX MPOU3BOICTBEHHBIX 00b-
eKTax He(Tera3oBoi OTpaciy, MPEAIaracTcs UCIONb-
30BaTh HHCTPYMEHT, I03BOJISAIOIIMN HaKaIlJIMBaTh 3Ha-
HMs1, yCBaUBaTh OIBIT CHELUAIICTOB U HKCIIEPTOB B BUJIE
KOMITBIOTEPHO 3KCIIEPTHOM CUCTEMBI MOAJIEPHKKHU PH-
HATus pewenuii [ 1-8]. B qannyio nporpammy BXOAUT
0a3a JaHHBIX, BKJIIOYAIONIas B ce0s CTAaTUCTUKY MO TIO-
JKapaM Ha JaHHBIX 00BEKTaX 3allUThl, X OMHCAHUE,
JaHHBIC 00 0TKA3aX TEXHOJIOTMYECKOTO 000PYI0BAHHUS,
pe3yabTaThl ONPOCOB, a Takke 0aszy 3HaHui [9—17].

HayuHo-uccnenoBarenbCKol rpynnoi NpoBOIMINCH
MCCIIEIOBAHUS B PAMKaX BbISIBICHHUS 3aKOHOMEPHOCTEH
MPUYUH 0)KAPOB — MCTOYHHUKOB 3a)KUTAHUS, U3ACTUI
U yCTPOMCTB, OT KOTOPBIX BO3HUKaI noxkap [18]. [l
YCIICIITHOTO OIIPE/ICIICHHS 3THX 3aKOHOMEPHOCTEH Mpo-
AQHAJIM3UPOBAHBI CTATUCTUUECKUE JAHHBIE I10 II0JKapam,
npoucmeamum ¢ 2001 mo 2015 rr. Ha mpou3BoOACT-
BEHHBIX 00BEKTaX CKJIAIHPOBAHIS HE(PTH U HEPTEIPO-
JyKTOB.

© 3yes H. IO., Xabubynun P. 1L, [Iluxanes /. B., [youn C. B., 2018
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[enbro 3KCIIEPTHOTO OIIEHUBAHUS SIBIISIIOCH HATIOI-
HeHHe 0a3bl 3HAHUH pa3pabaThiBaeMO KOMITBIOTEPHOM
OKCIIEPTHON CHCTEMBI, TIO3BOJISIONICH CHEIHaInCcTam

MeTtopuka onpoca
aneumnanncTtoB-3KCnepToB

CBOEBPEMEHHO TIPUHUMATh MEPHI 110 MPEI0TBPAIIICHHIO
MOXKapOB U CHIKCHUIO MOXKapHOU omacHoctu [19].

B kauecTBe MOIEpaTOPOB 3KCIEPTHOTO OLICHHBA-
HUs BeICTymanu cnenuanuctel Axagemuu ['TIC MUC
Poccuu. B ux 3agauy BXoquio pa3bsCHEHHUE LEU U 3a-

Tabnuua 1. Bonpocsl, NpefcTaBneHHble Ha 3KCMepTHOe OLeHVBaHMe
Table 1. Questions submitted for expert evaluation

Ne r/n Bomnpoc Bapuanrs! otBeTa
1 PaccraBbTe OCHOBHBIC HCTOYHMKH 3axura- | JlerkoBocruiamensitomascs sxuakocts (JIBXK), roprouast )uIkocTh
Hus (M3IEIKE U yCTPOicTBO), oT Kotopbix | (I9K) / Highly flammable liquid, combustible liquid
HETOCPE/ICTBEHHO MOKET BOSHUKHYTb M0~ | yorersoymerpyment / Electric tools
JKap, 1O CTETIeH! UX 3HAYMMOCTH B TIOPSIIKE . i )
yObIBaHHSI TazoBas ycraHoBKa, npubop, mmura / Gas installation, appliance,
Arrange the main sources of ignition (pro- cooker
duct and device) from which directly there | Texmomormaeckuii ammapar / Technological apparatus
can be a ﬁr_e, in terms of their significance TasocBapounblii uacTpy™MenT / Gas welding tool
in descending order
2 PaccraBbTe OCHOBHBIC IPHUYUHBI TOKapoB, | Hapymenue nparuin noxapHoi 6e3onacuoctu (II16) mpu npose-
BO3MOXKHBIX Ha BallleM NPEIIPUATUH, pac- | JEHUH 3JIEKTPOra3ocBapounbix pador / Violation of fire safety
MOJIOYKHUTE UX TI0 CTENEeHU MX 3HauuMocT | rules during welding operations
B NOPAAKe y61,1§aHm ) Heocropoxnoe obpamtenue ¢ oraem / Careless handling of fire
Arrange the main causes of fires possible u
in your company, arrange them according VgplyItL_IeHHefTEXI-ionﬁmllleCIFOFIO perJ;a}[\{IeHTa lgpﬁueccati npgmmzxcma /
to the degree of their importance in de- iolation of the technological regulations of the production process
scending order Paspsii cratrueckoro anekrpuuectsa / Discharge of static electricity
Hapyuienue ITITB npu nposenenuu orueBsix pador / Violation of
fire safety rules during fire works
3 Tlepeuncanre HanboIee MOKAPOOIACHBIC Pasrepmerusanus / Depressurization
(haxTOpEI, XapaKTEPH3YIONIME TEXHOMIOTHIO ITepekauka Hedrenpomykros / Pumping of oil products
XpaHEHHs, 110 CTEIIeHU X 3HAYMMOCTH B i
HopsaKe yObIBaHUS Pemonr / Repairs
List the most fire hazard factors, characte-
rizing the storage technology, in terms
of their significance in descending order
4 Iepeuncnure razoonacHsie pabOTHI HA PasrepMeTH3aIys TEXHOIOTUYECKOTo 060pynoBanus / Depressuriza-
BallleM MIPEAIPHUATHHI, KOTOPBIE ABIsIoTcss | tion of process equipment
HauboJIee MOKAPOONACHBIMH, IO CTETICHH Pasrepmernsanus KomMyHukauuii / Depressurization of communi-
MX ONIACHOCTH B MOPSIAKE yOBIBAHUS cations
List gas hazardous works in your company, Ocno L i leani .
. . M YHCTK MOHT / Inspection, cleaning, repair
which are the most fire hazardous, in terms P, »P P ’ g, rep
of their degree of danger in descending Brienenue B pabouyto 30HY B3phIBO- U TI0)KaPOOIACHBIX HIIU BPE/I-
order HBIX TIapOB, Ta30B M Apyrux Bemects / Allocation into the working
area of explosive and fire hazardous or harmful vapors, gases and
other substances
5 Tlepeuncanre GpakTopbl, KOTOPbIE MOTYT Hapy1uenue npasui noxkapHoi 6e3onacuoctu / Violation of fire sa-
MOBIMSTH Ha MPUYMHY MOXapa, 1o crene- | fety rules
HH ux 3HaqHMOC,TH B HOP"UIKe ybriBanms Hapyenue npasui xpanenus / Violation of retention rules
List factors, which can affect the cause fire, H Violati
in terms of their significance in descending apyIIEHHE TEXHOTOTHYECKOr0 PEraMeHTa Mporecca / Violation
order of the technological regulations of the process
6 Ilepeuncnure yenoBeueckre GaKTopbI Hecobmoenre mpaBuil TEXHOJIOTHYECKOro pernamenTa / Non-obser-
(co cTopoHBI epcoHala), Kotopeie MoryT | vance of the rules of technological regulations
TIOBJTHATE Ha BOSHMKHOBCHHE 110Xapa, HeocropoxHoe obpamtenue ¢ orem / Careless handling of fire
0 CTETIEHH UX 3HAYUMOCTH - N /A . i
: 5 . OJIDKOT, TEPPOPUCTHYCCKUU aKT rson, terrorist act
List human factors (from the staff), which JUKOT, TEppop ?
can affect the occurrence of fire in terms
of their significance in descending order
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J1a9 KCIIEPTHOTO OLICHUBAHWSI, BOIIPOCOB U BAPHAHTOB
OTBETOB. DKCHEPTHI MPOBOIMIIH OIICHUBAHUE OYHO, B TIe-
puon c 3 o 18 anperst 2017 1., KX 11 10 OJTHOMY pa3y.
B kadectBe crioco0a moiy4deHusl OIeHOK ObLT BEIOpaH
M3BECTHBIN METOJl MHANBUAYAIFHOTO AaHKETUPOBAHUS
C UCIOJIb30BAHNEM KOMIIBIOTEPHON Tmporpammsl [20].
B kauyecTtBe cniocoba OLEHKH MOJYYEHHBIX PE3ylbTa-
TOB OBLT UCTIOJIE30BAH METOJ pamkupoBanus. OneHn-
BaHUE OCYIIECTBISUIOCH C MOMOILBIO pa3paboTaHHOM
ABTOMATH3MPOBaHHON MH(OpMaIOHHON cructembl [21],
B KOTOPOW IpeyIarajuch BOIPOCH, IPEICTABICHHBIC
B Tabm. 1.

B kadecTBe 3KCIIEPTOB BBICTYIIAIN COTPYAHUKH O
HOT'O M3 THIIOBBIX IPEIPHUATHI CKIaIMPOBaHUS He(DTH
U HePTENPOIYKTOB, COOTBETCTBYIOIINE CIICAYIOLIIM
KaTeropusiM: pabOTHHUKH Pa3IMYHBIX CIICIUATBHOCTEH
(TUTOTHHKH, DIIEKTPUKH, SIIEKTPO- ¥ Ta30CBAPIIMKH, CaH-
TCXHUKH, peMOHTHI/IKI/I) U HMHXCHCPHO-TEXHUYCCKUEC
pabOTHUKHY (TJIaBHBII MEXaHWK, HHKCHEPHI TPOU3BO/-
CTBEHHO-TEXHHYIECKOTO OT/IeNIa, OTIePaToOpHI ToBapa (3a-
IpaBIINMKH)). BeIOop Taknx kaTeropuii pabOTHUKOB 00-
YCIIOBJICH TEM, YTO MX BHHA B BOSHUKHOBCHUH TTOKapOB
B COBOKYIHOCTH cocTaBisieT 28 % (cormacno deme-
paipHOMY OaHKy JaHHbIX “Tlokapsi”3a2001-2015T.)
[22]. Bcero na mpennpusituu Tpyautes 17 den. gaHHon
KaTeropuu (reHepajbHas COBOKYITHOCTB). Takum 00-
pa3oM, ¢ y4eTOM JOBEPUTEIBHON BepOsSTHOCTH 95 %
TpeOyeMblii pa3Mep BEIOOPKHU cOCTaBIsIeT 16 del.

Pe3synbTathl U UX 06CyXXaeHUe

ITo pe3ymnpraTam aHKETHPOBAHUSI ITOTYIEHBI OI[CHKU
(B BHE paH)KHPOBAHMS TI0 CTETIEHH BaYKHOCTH) IO BO-
nmpocam, TpeacTaBIeHHBIM B Tabm. 1. [lepen pacecmot-
pEHHEM TIOYYEHHBIX Pe3yJIbTaTOB IPOBEACHA OIICHKA
UX COTJIACOBAaHHOCTH. B kKauecTBe MeTo/1a OIICHKH OBLIT
orpezeseH ko puueHT koukopaanmu Kennamra [23],
MIPUMEHSIEMBIii B cllyyae HalIu4yus 0ojiee AByX BapuaH-
TOB OTBETOB.

[Iporneypa o1eHKH COTTIaCOBAHHOCTA MHEHHIA JKC-
MIePTOB OCYIIECTRIIIACH CIACAYIOMMM 00pa3zoM. Ompe-
JeTSUTACH 3HAYCHHST BapHAHTOB OTBeTa M WM Kollmde-
CTBO 3KCIepToB D. Beryucisnack cymMma CpeaHero u3
paHroB (OIIEHOK) 7 TI0 Ka)XXJIOMYy BapHaHTy OTBETa /1.
[Tocne 3TOro MOACYUTHIBAIICS KOIPPHIUCHT KOHKOP-
nanuu Kenpganna W, KoTopblid TOKa3bIBaeT CTENEHb CO-
[JIACOBAaHHOCTH MHEHUHU 3KCIIEPTOB U BBIYUCIISAETCS 110
BBIPAXKCHUIO

128

S d2mP-m)

M

m d

2
e SZZ ers_? ; (2)

i=1\s=1

7, — PaHT, IPUCBaUBAEMBIH 5-M 3KCIIepTOM (s € D)
i-My 00BexTy (i € M).

Tabnuua 2. PesynbTaThl onpefeneHns CornacoBaHHOCTL MHe-
HWI 3KCNepToB

Table 2. Results of the consistency of expert opinions

Homep

BOIIpOCa 2

(TaGJI. 1) X raon

M D | 7 S w x

1 5 16 | 48 | 1918 | 0,749 | 47,95 | 9,48
2 5 16 | 48 | 1826 | 0,713 | 45,65 | 9,48
3 3 16 | 32 | 314 | 0,613 19,63 | 5,99
4 4 16 | 40 930 | 0,726 | 34,88 | 7,81
5 3 16 | 32 326 | 0,637 | 20,37 | 5,99
6 3 16 | 32 | 338 | 0,66 | 21,13 | 5,99

Tax, W = 0 o3Ha4aeT MOJIHOE OTCYTCTBUE COITIACO-
BAaHHOCTH B MHEHHUSX JKCIepToB, W =1 — nosHyo
COIIAaCOBAaHHOCTh UX MHEHUU. [ paHUYHBIM yCIIOBHEM
BbIcTynaer 3HaueHue W = 0,5, 1. e. mpu W > 0,5 BbIBO-
JIbI DKCTIEPTOB B OOJIBIIIEH CTEMIEHHU COINIACOBAHBI MEXKITY
c000ii, ueM He COITaCOBAHBI.

BrinonHeHa Takyke MpoBepKa TMIOTE3bl O COTTIACHH
MHEHHUH DKCIIEPTOB, I MPUHATHS KOTOPOU HEOOX0-
JIMBIM YCIIOBHEM SIBIISICTCS HEPABEHCTBO > > iaﬁn.
B ciyuae BbIIOJHEHMS JAaHHOI'O YCJIOBMS CUMTAETCH,
YTO TUIIOTE3a O COIVIACHU JKCIIEPTOB B PaH)KUPOBKAX
MIPUHUMAETCS.

B Ta6:1. 2 mpencTaBiaeHBI pe3ybTaThl ONPEACICHUS
COIIACOBAHHOCTH MHEHHH IKCIEPTOB.

Pe3synbrarsl, mpuBeICHHBIC B TA0I. 2, TOKA3BIBAIOT,
YTO 10 KaX10MY BOIIPOCY MHEHMSI SKCIIEPTOB SIBIISAIOT-
Csl COIVIACOBaHHBIMH, a TUIIOTE3a O COIIACHM IKCIep-
TOB B PaH)KUPOBKAaX IPUHUMAETCA.

[TepeiineM K paccCMOTPEHHIO MOJYYEHHBIX B XOZE
00paboTKM JaHHBIX PAaHKUPOBOK (puc. 1-6).

ITo pe3ynbraraM ucciea0BaHus SKCIEPTHI Olpeie-
JIWJIK, 4TO HauboJiee pacpoCTPAaHEHHBIMH HCTOYHUKA-
MU 3KUTaHUS (M3[eTHEe U YCTPONUCTBO), OT KOTOPBIX
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Puc. 1. Pe3ynbraTsl paHxkupoBaHus 10 Borpocy Ne 1
Fig. 1. Results of ranking on issue No. 1
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HETIOCPEACTBEHHO MOYKET BO3HUKHYTH MOXKap, MO CTe-
IEHU WX 3HAYUMOCTH (BEpOSATHOCTH) B TIOPSAKE yOBI-
BaHUS ABJISFOTCS (CM. pHC. 1): Ta30CBAPOYHBIH HHCTPY-
meHT — JIBX, I'’K — rasoBas ycraHoBka, mpuoop,
TUTHTA — DJIEKTPOMHCTPYMEHT — TEXHOJIOTHIECKHH arl-
mapar.

CornacHo CTaTUCTUYECKUM JJAHHBIM 10 [10YKapaM B
Poccuiickoit @enepauuu [22] Hanbonee pacupocTpa-
HEHHBIMU MICTOYHHKAMH BO3HUKHOBEHHSI TIOJKapa SIBJIs-
totest: JIBXK, IK — 34 %; Texnonmoruueckuil anmnapar
— 6 %; curapeTta, ClIMYKH, 3axuraika — S5 %; kabenb,
31eKTporpoBos — 3 %; aBTOMaTHYECKUN BBIKIIIOYA-
Tens — 2 %. Kak Bunum, pesynsmamut onpocos cneyu-
anucmo8 Ha KOHKPEmHOM 00beKme 3auumsl He3Hayu-
menvHo omauyaiomces OT O(pUIINATBHBIX CTaTHCTHYC-
CKUX JaHHBIX.

ITo pe3ynpTaram HCCIEAOBAHMS YKCIIEPTHI (CIICIH-
QJIHCTHI) YCTAHOBIIIH, YTO HamOoJee pacipoCTpaHeH-
HBIMU TIPHYHHAMH BO3MOKHBIX Ha PSP THH IT0XKa-
POB, PACIOIOKEHHBIMH IO CTETIICHH MX 3HAYUMOCTH,
SIBIISTFOTCST (CM. pUC. 2): HApYyIIICHNUE TIPABHII TIOKAPHON
6e3onacnoctu (ganee — I111b) npu npoBeaeHnu orye-
BbIX paboT — Hapyuienue [111b npu npoBeeHny 31eKT-
POra30CBapOUYHBIX pabOT — HEOCTOPOKHOE OOpaILCHHE
C OTHEM — pa3psijl CTaTHUECKOTO AIEKTPUIECTBa — Ha-
PYIIEHHE TEXHOIOTHYECKOT0 IPOIeCCca MPOU3BOACTBRA.

CormnacHO CTaTUCTHUECKUM JIaHHBIM I10 TT0XKapaM B
Poccuiickoit @eneparn Hanbonee pacpoCTPaHEHHBI-
MU IPUYMHAMH TIOXKAPOB, MPUMEHUMBIMU K 00BEKTaM
CKJIaJUpOBaHMs He(PTH M HE(PTETIPOAYKTOB, SIBISIOTCS:
Hapyenue III1b npu npoBseneHuun anexkrporasocsa-
poUHBIX padoT — 21 %; HeocTOpOXKHOE OOpaIIeHue ¢
oraeM — 16 %; Hapy1IeHue TEXHOJIOIMYECKOTo peria-
MEHTa IpoLecca rnpousBoacTsa — 13 %; HapylieHue
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Puc. 2. Pe3ynbrarel paHkupoBaHus 10 Bonpocy Ne 2
Fig. 2. Results of ranking on issue No. 2

MIPaBII TEXHUUECKOH SKCILTyaTallnu 3JICKTPO0o0opyI0-
BaHUsA — 9 %; pa3psal cTaTHYECKOTO MEKTPUIEeCTBa —
8 %; mapymenwue [111b mpu npoBejeHUH OTHEBBIX PaOOT
— 7 %.

TakuMm 00pa3oM, CICIHATHCTH 00pAIIAIOT BHUMA-
HHUE Ha 0COOYIO OIACHOCTH NpU NPOBEOCHUU O2HEBbIX
pabom, npu 2Mom KOIUYEeCm80 NOAHCAPO8 NO OAHHOU
npuyUHe 3a pAcCCMAMPUBaeMblii NePUOO ABNAEMC MU-
HUMATBHBLM.

[To pesynbraram rcciie1oBaHus SKCIEPTHI ONPEAEIIHU-
7M1, 4TO Hanbosee pacpoCTPaHECHHBIMU ITOXKapoomnac-
HBIMH (DaKTOPAMHU, XapaKTEPU3YIOIUMH TEXHOJIOTHIO
XpaHCHU, 110 CTCTICHU UX 3HAYMMOCTH B IIOPAIKE y6];I—
BaHMS SBJITIOTCS: pa3repMeTH3aLus — MepeKadka Hed-
TEMPOIYKTOB — PEMOHT (CM. puc. 3).

ITo pesynbraram pamxupoBanus 1o Bompocy Ne 4
9KCTIEPTaMH yCTaHOBJICHBI HANOOIIEE MOKAPOOTIACHBIC
ra300IacHbIe PadOTHI IO CTETIEHN UX OMACHOCTH B I10-
psiaKe yObIBaHHMS: BBIICICHUE Ta3a B padoUyro 30Hy —
pasrepMeTH3anys 000pyIOBaHUSI — pa3repMeTH3AIHS
KOMMYHHUKAIIHH — OCMOTp, YHCTKA, PCMOHT.

[To pe3ysibTaram UCClIeTOBaHUS IKCIIEPTHI ONPEIe-
JIFJIH, 9TO HanboJiee pacipoCcTPaHCHHBIME (PaKTOPaMH,
KOTOPBIE MOTYT MOBJIHATH HAa IPUYHHY [T0XKAapa, IO CTe-
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Puc. 3. PesynbraTsl paHxkupoBaHus 1o Borpocy Ne 3
Fig. 3. Results of ranking on issue No. 3
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Fig. 4. Results of ranking on issue No. 4
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Fig. 5. Results of ranking on issue No. 5
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Fig. 6. Results of ranking on issue No. 6

MICHH MX 3HAYUMOCTH B TIOPSIKE yOBIBAHUS SBISTIOTCS:
Hapymenue [1I1b — HapymeHnue npaBwI XpaHEHUs —
HapyllIeHHE TEXHOJIOTUYECKOT0 periiaMeHTa Ipoliecca.

ITo pesynpraram Hccieq0BaHNs YCTAHOBIEHO, YTO
HauboJiee pacpoCTPaHEHHBIMU YeJIOBEYECKUMH (hak-
TOpaMH, KOTOPBIE MOTYT IOBJIMATh HA BOSHUKHOBEHUE

no)kapa, o CTETeHN UX 3HAYUMOCTH SIBIISTIOTCSI: TTOKOT,
TEPPOPUCTHUCCKUH aKT — HEOCTOPOKHOE 0OparieHne
C OTHEM — HECOOITIOIEHIE TTPABIII TEXHOIOTHIECKOTO
periiamMeHTa.

[To 3aBepmieHNHN OIPOCA CHCIIHATHCTOB BCE OTBETHI
COXPAHSIOTCS U IOMEIIAIOTCS B 023y TAaHHBIX KOMITBIO-
TepHOH nporpammbl. Oneparop (I0Jb30BaTelb) MPO-
rpaMMBbI H3BIICKACT HHTEPECYOIIUE €r0 JaHHbIC U IPO-
BOJIUT COOCTBEHHBII aHAJIN3 IOy YCHHBIX PE3YJIbTaTOB.

Pesynbrars! onpoca mo3BOISIIOT cHOPMHUPOBATH U
BBISIBUTH 3aKOHOMEPHOCTH, OIPE/ICIIUTH Clla0ble MecTa
B crcTeMe 00ecTiedeHus MoyKapHOi 0€301acHOCTH, B OT-
HOIICHUU KOTOPBIX TPEOYETCsl MPUMEHHUTH IIePBOOUC-
pEIHBIC MEPONIPHUSTHUS, HAIIPABICHHBIC HA BOCCTAHOB-
neHue (MojJIepKaHne) OKapoOe30aCHOTO COCTOSTHUS
KOHKPETHOTO OOBEKTA 3AIIUTHI.

3ako4yeHune

[ToxydeHHBIC ITPH ONIPOCE CIICIIHATIICTOB-IKCIIEP-
TOB JIaHHBIC MO3BOJISIOT cPOPMHUPOBATH 0a3y JTaHHBIX
SKCIEPTHOM CUCTEMBbI NOJAEPKKHU IPUHATHS PELICHUN
IUTS IPEIOTBPAIICHIS TIO’KAapOB Ha 00BEKTax Hedrera-
30BOH oTpaciu. Jlornueckue CBSI3U BOIPOCOB M OTBE-
TOB MOYKHO OOOOIIHTE U BEIIBUTH ONIPECIICHHBIC 3aK0-
HOMEPHOCTH, KOTOPbIE HEOOXOAMMO HICHTHMOUIHPO-
BaTh KaK MOJy4YeHHbIEe 3HaHUsA [24].

[Ipu momHOM HackIeHUU 0a3bl 3HAHUHA 0XKUIACT-
Csl, UTO JTaHHAsT KOMITBIOTEPHAsI IKCIIEPTHAS CHCTEMA
MO3BOJIUT MOJI30BATEIIIO MPABUIBHO U CBOCBPEMEHHO
UIeHTU(HUIUPOBATH OKAPOOITACHYIO CUTYAIIUIO HA 00-
CITy’)KMBa€MOM OOBEKTE 3aIIUTHI, TTOTYYHTh HEOOXOHU-
MYIO HH(OPMATMOHHO-aHATTUTHIECKYIO HOICPIKKY JUIST
UX IPENOTBPAILEHHUS.

Ha 3aBepmraronieit craauu uccienoBaHus MIaHU-
pyercs manpHeWmas anpoOarus pa3padoTaHHOW HH-
(hopMaIOHHOM TEXHOJIOTHH Ha 00BbEKTaX HeTeraso-
Boil orpaciu. [lo ux pesynpraram OyaeT MPOBEICHO
00001eHre pa3paboTaHHBIX MOJENIEH U alTOPUTMOB
yIIpaBIICHHS TIOKAPHOW 0€30ITaCHOCTHIO Ha TIPOU3BO/-
CTBEHHBIX 00BEKTaX HE(PTEra30BOM OTPACIIH C HCIIONb-
30BaHHUEM KOMITBIOTEPHBIX KCIIEPTHBIX CHCTEM.
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ABSTRACT

Introduction. At many protection facilities one of the most important problems is the lack or absence
of'highly qualified specialists with the appropriate professional education, knowledge and experience
that can prevent in a timely manner, predict the fire hazard situation, suggest the necessary measures
to reduce fire risk, and minimize the consequences from a fire.

Studies were carried out in the framework of the identification of the causes of ignition sources,
products and devices that caused a fire. To determine these regularities, an analysis of statistical data
on fires that occurred between 2001 and 2015 was carried out at production facilities for storing oil
and oil products.

Methods. The expert’s goal was to fill the knowledge base of the developed computer expert
system, which allows specialists to take timely measures to prevent fires and reduce fire danger.
As moderators of expert appraisal, experts of State Fire Service Academy of Emercom of Russia
acted. Their task was to clarify the purpose, tasks of expert evaluation, questions and answers.
As experts, employees of one of the typical oil and petroleum product storage facilities, corres-
ponding to the following categories: workers of various specialties (carpenters, electricians, electric
and gas welders, plumbers, repairmen) and engineers and technicians (chief mechanic, engineers of
the production and technical department, the goods operator (refuellers)).

Results and discussion. The data obtained as a result of the survey allows us to identify patterns,
identify weaknesses in the fire safety system for which priority actions are required, and also to create
a database of expert decision support systems. Logical links between questions and answers can be
generalized and identified certain regularities that need to be identified as acquired knowledge.

Conclusions. With full knowledge base saturation, this expert system will allow the user to cor-
rectly and timely identify a fire hazard situation on the protected object, receive the necessary in-
formation and analytical support to prevent them.

Keywords: computer expert system; interview; oil and gas industry; knowledge base; fire-hazardous
situations.

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 5 m



- MATEMATUYECKOE MOAEAMPOBAHUE, YNCAEHHBIE METOABI U KOMNAEKCbI MPOTPAMM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

. Osipov G. S. Intelligent dynamic systems. Scientific and Technical Information Processing, 2010,

vol. 37, no. 5, pp. 259-264 (in Russian).

. Serebrovskiy A. N. About the formation of knowledge bases of expert systems for assessing man-made

hazards. In: Intellektualnyy analiz informatsii. VIII Mezhdunarodnaya konferentsiya [Intelligent In-
formation Analysis. Proceedings of VIII International Conference]. Kiev, Prosvita Publ., 2008,
pp- 422—430 (in Russian).

. Yusupova N. I., Shakhmametova G. R., Enikeeva K. R. Knowledge representation models for identifi-

cation of dangers of industrial objects. Vestnik UGATU / Bulletin of Ufa State Aviation Technical Uni-
versity, 2008, vol. 11, no. 1, pp. 91-100 (in Russian).

. Khan F., Rathnayaka S., Ahmed S. Methods and models in process safety and risk management: past,

present and future. Process Safety and Environmental Protection, 2015, vol. 98, pp. 116—147. DOI:
10.1016/j.psep.2015.07.005.

. Daneev A. V., Zhigalov N. Yu., Schwarz-Zinder S. N. Diagnostic expert casing for the needs of infor-

mation for fire-technical expertise. Vestnik Vostochno-Sibirskogo instituta MVD Rossii / Vestnik of
the Eastern Siberia Institute of the Ministry of the Interior of the Russian Federation, 2009, no. 3(50),
pp- 96—101 (in Russian).

. Supriadi L. S. R., Pheng L. S. Knowledge Based Decision Support System (KBDSS). In: Business Con-

tinuity Management in Construction. Management in the Built Environment. Singapore, Springer,
2018, pp. 155-174. DOI: 10.1007/978-981-10-5487-7 7.

. Walia A., Singhal N., Sharma A. K. A novel e-learning approach to add more cognition to semantic

Web. [EEE International Conference on Computational Intelligence & Communication Technology
(13—14 February 2015, Ghaziabad, India). Piscataway, New Jersey, US, IEEE, 2015, pp. 13—17. DOI:
10.1109/cict.2015.15.

. Akinin N. L., Bulhov N. N., Gerish V. A. The statistical analysis of reasons of accident and industrial

injuries on dangerous industrial objects. Pozharovzryvobezopasnost / Fire and Explosion Safety, 2010,
vol. 19, no. 10, pp. 53-55 (in Russian).

. Watts J. M., Hall J. R. Introduction to fire risk analysis. In: SFPE Handbook of Fire Protection Engineering.

New York, NY, Springer, 2016, pp. 2817-2826. DOI: 10.1007/978-1-4939-2565-0_72.

Hanea D. M., Jagtman H. M., Ale B. J. M. Analysis of the Schiphol Cell Complex fire using a Bayesian
belief net based model. Reliability Engineering & System Safety, 2012, vol. 100, pp. 115-124. DOI:
10.1016/j.ress.2012.01.002.

Mohammadfam I., Zarei E. Safety risk modeling and major accidents analysis of hydrogen and natural
gas releases: A comprehensive risk analysis framework. International Journal of Hydrogen Energy,
2015, vol. 40, no. 39, pp. 13653-13663. DOI: 10.1016/j.ijhydene.2015.07.117.

Sandercock P. M. L. Fire investigation and ignitable liquid residue analysis — A review: 2001-2007.
Forensic Science International, 2008, vol. 176, no. 2-3, pp. 93—-110. DOI: 10.1016/j.forsciint.
2007.09.004.

Necci A., Cozzani V., Spadoni G., Khan F. Assessment of domino effect: State of the art and research
needs. Reliability Engineering & System Safety, 2015, vol. 143, pp. 3—18.DOI: 10.1016/j.ress.2015.05.017.
Trostyanskiy S. N., Zenin Yu. N., Minaev V. A., Skryl S. V., Bakayeva G. A. Evaluation of the fire
occurrence probability based on the mathematical model taking into account the factors defining
the share of offenders of the fire security requirements in the facility owners. Pozharnaya bezopasnost |
Fire Safety, 2013, no. 2, pp. 86-91 (in Russian).

Kozlova T. D. Expert system for supporting the process of diagnosing automatic machine modules.
Cand. tech. sci. diss. Saratov, 2013. 144 p. (in Russian).

Bhoskar T., Kulkarni O. K., Kulkarni N. K., Patekar S. L., Kakandikar G. M., Nandedkar V. M. Genetic
algorithm and its applications to mechanical engineering: A review. Materials Today: Proceedings,
2015, vol. 2, no. 4-5, pp. 2624-2630. DOI: 10.1016/j.matpr.2015.07.219.

Milov V. R., Suslov B. A., Kryukov O. V. Intellectual management decision support in gas industry.
Automation and Remote Control,2011,vol. 72,no. 5, pp. 1095-1101. DOI: 10.1134/s0005117911050183.
Nazarov V., Korotovskikh Ya. Forecasting fire and explosion hazard of NGK objects using computer
technology. TekhNadzor / Technical Supervision, 2011, no. 7(56), pp. 54-55 (in Russian).

Zuev N. Yu., Khabibulin R. Sh., Ryzhenko A. A. Computer implementation of expert system to investi-
gate the fire on objects of oil refining. Tekhnologii tekhnosfernoy bezopasnosti / Technology of
Technosphere Safety, 2015, issue 2(60), pp. 73—77 (in Russian). Available at: http://agps-2006.na-
rod.ru/ttb/2015-2/34-02-15.ttb.pdf (Accessed 12 January 2018).

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 5



MATEMATUYECKOE MOAEAWPOBAHWE, YNCAEHHBIE METOAbI U KOMINIAEKCbI TPOTPAMM -

20. Orlov A. 1. Ekspertnyye otsenki. Uchebnoye posobiye [Expert assessments. Tutorial]. Moscow, 2002.
31 p. (in Russian).

21. Khabibulin R. Sh., Kartavtsev K. A., Zuev N. Yu. The program for data collection in the field of fire
safety of oil and petroleum products storage facilities. Certificate of State Registration of the Computer
Program RU, no. 2016615884, publ. date 20.06.2016 (in Russian).

22. Federal Data Bank “Fires”. Federal State Information System (in Russian). Available at:
http://www.mchs.gov.ru/document/219031 (Accessed 12 January 2018).

23. Kendall M. G., Smith B. Babington. The problem of m rankings. The Annals of Mathematical Statistics,
1939, vol. 10, no. 3, pp. 275-287. DOI: 10.1214/aoms/1177732186.

24. Khabibulin R. Sh., Kartavtsev K. A., Zuev N. Yu. Knowledge management subsystem in the fire safety
system of oil refining facilities. In: Sistemy bezopasnosti-2015. Materialy 24-y Mezhdunarodnoy
nauchno-tekhnicheskoy konferentsii [Security Systems—2015. Proceedings of 24™ International
Scientific-Technical Conference]. Moscow, State Fire Academy of Emercom of Russia Publ., 2015,
pp. 461-462 (in Russian).

For citation: Zuev N. Yu., Khabibulin R. Sh., Shikhalev D. V., Gudin S. V. Information technology of
expert poll observation of oil and gas industrial specialists for prevention of fire on protection objects.
Pozharovzryvobezopasnost / Fire and Explosion Safety, 2018, vol. 27, no. 5, pp. 17-25 (in Russian).
DOI: 10.18322/PVB.2018.27.05.17-25.

30aTenbCTBO <<|_|O>KHAVKA>>

MpeacrtaBnaeTr KHUTY

L. T. NMponun, A. A. KoponbyeHko

OENEHVE 3AHUN HA NO)XKAPHBIE
HA NOXKAPHBIE 0 OTCEKMW : yye6Hoe nocobue.

BHOE flocoB — M. : U3patenbcTBo "MOXHAYKA".
B y4e6HOM Noco6umM 13M10XeHbI 6a30BbIe OCHOBBI, AECTBYOLLE TPEOOBAHMS

11 COBPEMEHHbIE NMPE/ICTABNEHNS O LIENsX, 3aja4ax 11 Cnocobax orpaHuyeHmus
pacnpocTpaHeHuUs MoXapa no 3[aHusiM u COOPYXKEHUAM NyTeM WX pasaeneHus

: Ha NoXXapHbIe OTCEKN.

’ ’ =24 =% Moco6ue npegHasHaYeHo Ans CTyAeHToB MOCKOBCKOrO rocydapCTBEHHOro
./

e = CTPOUTENBHOTO YHMBEPCUTETA. OHO MOXET BbITh UCMONb30BAHO TAKXKE ApY-

rMMK 06PA30BATENbHBIMI YYPEXAEHUAMI U NPAKTUYECKUMI PaBOTHUKaMMK,
3aHMMatOLLMMICA BONPOCaMI 06ECMEYEHNS NOXXAPHO 6e30MacHOCTH.
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