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B pabGore obocHoBaHa HE0OXOAMMOCTH WCHONb30BaHMS TuOpumHoi I'MC mns pemenms 3amad
MOZENUPOBAHMS W IPOTHO3MPOBAHMS TEXHOTEHHOTO PUCKA JUIS ONACHBIX IIPOM3BOJCTBEHHBIX OOBEKTOB
ra30TPaHCHOPTHBIX TPEANPHUATHII HAa OCHOBE INPOCTPAHCTBEHHOTO aHaiM3a, 0a30BO NPUCYTCTBYIOLIETO B
tpagmmonHeix ['MC. Taxxe B paboTe mpemioxkeHa apXHTEKTypa HMPOrPaMMHON CHCTEMBI, ITO3BOJISIOLICH
ucrionp3oBate [MIC B 3amagax MOAENMPOBAHMS M IIPOTHO3HPOBAHMS TEXHOTCHHBIX PHCKOB, ONHUCAH
pa3pabOTaHHBIA AITOPUTM pacdeTa TEXHOICHHBIX PHUCKOB JUIS ONACHBIX IPOM3BOACTBEHHBIX OOBEKTOB
ra3oTpaHCIOPTHOM KOMIIaHUM.

Kniouegwie cnosa: reonHpOPMaLMOHHBIE CHCTEMBI, TEXHOTCHHBIH PUCK, MOJEITHPOBAHUE, TIPOTHO3UPOBAHUE

BBEJIEHUE

CeroaHsi 3aJaydl MOBBILIEHUS TOCTOBEPHOCTH OLIEHKM TEXHHYECKOTO COCTOSHHS U
ONTUMM3ALMU PaboT To O0O0eCleueHUI0 HAJeKHOCTH MAaruCTpPalbHBIX Ta30MpPOBOIOB
SIBIISIFOTCS. aKTyaJbHBIMU Ul BCEX TPAaHCHAIIMOHAIBHBIX Ta30TPAaHCHOPTHBIX KOMITaHHU.
XopouIo U3BECTHBI NOAXOBI K pean3alii 3TOH 3aJaui KOMIaHUsAMH 3anagHoi EBpormnsl,
takumu kak Ruhrgas, Gasunie, Gas de France, British Gas u psimom npyrux KoMmnaHui.

HecMotpst Ha pasznuuust B JAeTalsiX, OOBEAMHSET BCE 3TH IOIXOAbl CTpEMJICHHE
MOBBICUTh JIOCTOBEPHOCTH OLI€HOK TEXHHYECKOI0 COCTOSHUS W 00OCHOBAaHHOCTB
NPUHUMAEMBIX YIPABIEHYECKUX pEIIeHHH, Oa3upylomuxcsi Ha OLIEHKE IMoKa3aTenel
9KCITyaTallMOHHOTO TEXHOT€HHOT'O PUCKa.

[IpoBeneHre faHHOTO aHAIHM3a TEXHOr€HHOI'O PUCKA UCIOJIB3YETCs TIPH pa3padoTKe:

— JeKJapaliy NPOMBIIUIEHHOH 0€301acHOCTH,;

— TIacIopTOB 0E30IaCHOCTH,

— pa3lenoB MO AHAIM3Y PHUCKA, MPOMBIIIIEHHOH 0€30MacHOCTH M MHXKEHEPHO—
TEXHUYECKHM MEPOINPHATHSAM TI0 IPaXKIaHCKOH 000pOHE U YpE3BBIYAHBIM CUTYaLIUSIM;

— 3aKII0YEHHMH HKCIEePTU3 MPOMBIIUIEHHOH 0€30MacHOCTH.

[Tox aHanM30M PHCKOB MOApa3yMeBaeTcsl MPOLECC WACHTHU(HUKALUU OMACHOCTEH U
OLICHKH PHCKa aBapHM Ha OMACHBIX MPOU3BOJACTBEHHBIX 00bekTax (OI10) mis oTaenbHbIX
JIMI WK TPYIIT JIF0JIel, MMYIIECTBA MM OKpYykatowieil mpuponHoit cpexast (P/] 03-418-01,
n 2.2). Ilpy MoneaupoBaHWM TEXHOTCHHOTO PHUCKA KIIOYEBBIM IIPOLIECCOM SIBIISCTCS
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MOJICTTUPOBAHUE aBAPUNHON CUTYallMH U €€ BO3MOXKHBIX MOCIEACTBUN 711 PEIUIIUEHTOB,
KOTOPBIMH MOTYT OBITH JIFOJM, KOMITOHCHTHI TIPUPOMHON CpeAbl W MaTepuaIbHBIC
nenHoctd.  Iloatomy, wucmoms3oBanue reouHpopmarmonneix  cucrem  (T'MC),
MpeIHa3HAYCHHBIX i1 cOopa, XpaHEHWs, MPOCTPAHCTBEHHOIO aHalIu3a U TpaduvaecKoi
BH3yalu3allMd  I[POCTPAHCTBCHHO-BPEMEHHBIX  JIAHHBIX, CTAHOBHUTCA  HaumbOoIee
1IeJIecCO00pa3HbIM  BBHIOOPOM TMPU MPOBEACHUU MOJCITHUPOBAHUS W TMPOrHO3UPOBAHUS
TexHoreHHoro pucka Ha OIIO.

INOCTAHOBKA 3AJAYN

B cB3m ¢ BBHIIEH3NTOKCHHBIM CTAaBUTCS 3ajaya pa3pabOTKH  THOPUIHOM
reonH(GOPMAIIMOHHOW CHCTEMBl JUIS 3aJa4 MOJICIIMPOBAHUS W TPOTHO3UPOBAHUS
TEXHOTCHHOTO PHUCKa, KOTOpas WCIONb3ys OcHOBHOW (yHkimonan ['MC B obmactu
MPOCTPAHCTBEHHOTO aHaIM3a W MOJEIUPOBAaHUS, a TaKkKe pa3paboTaHHBIE MOIYTH
pacyera NOoTEHIUAIBHBIX, KOJJIEKTUBHBIX U UHIUBUIYAJIbHBIX PUCKOB, MO3BOISET pellaTh
3a7a4d MOJICIUPOBAHUSA U TPOTHO3UPOBAHUS ABAPUMHBIX CUTYallMil Ha Ta30MpoBOJAX.
JlanHas pa3paboTka sIBISETCS aKTyaJIbHOW MPH CO3IaHUU JACKIAPalUd POMBIIIICHHON
0€301acHOCTH IS JIFOOBIX Ta30TPAHCIOPTHBIX KOMITAHUH.

Takum o0pa3oM, IeNbl0 pabOTHl SBISETCS pa3pad0TKa apXUTEKTYPhl THOPUTHOU
I'"C, no3ponstouieil ucnonb3zoBaTs BO3MoxkHOCTU ['MIC-TexHOMOrUM A1 MOAESIUPOBAHUS
MPOCTPAHCTBEHHOT O aHAJM3a U MPOTHO3UPOBAHUS BO3MOXHBIX aBapUMHBIX CUTYyalui, a
TaKKe METOJOB pacyera MojeNel OLIEHKU PUCKOB.

AJITOPUTM IMTPOBEAEHUSA KOJIMYECTBEHHOT'O AHAJIN3A PUCKA

[Ipn npoBeneHWM KOIMYECTBEHHOTO aHallM3a pHCKAa OCHOBHBIMH I1OKa3aTEISIMU
sBistoTes [1]:

— OXHJaeMasi 4acToTa aBapuii;

— pa3Mepbl 30H HETaTUBHOTO BO3JICHCTBHUS MOPaKAONHX (HaKTOPOB aBapHU,

— KOJIMYECTBO MOCTPAJABILIKX, B TOM YUCIIE TOrMOMIMX U paHEeHbIX (U peann3aiu
KOHKPETHOT'O CLICHApUs aBapyH) ;

— YCIOBHas BEPOSATHOCTb MOPAXKEHWs JIIoAeH (Ipu peanu3anud KOHKPETHOTO
CIICHApHsI aBapHH);

— ymep6 ot aBapuu (IIpU peain3anuy KOHKPETHOTO CIICHAPUS aBapHH);

— ymepO OT HEeBO3MOXKHOCTH BBIIIOJHATH TPAHCIIOPTHPOBKY T'a3a;

— OXHJIaeMbli TOOBOH yIIepo,;

— TOTEHLIHUAIBHBIA TEPPUTOPHATBHBIN PHCK;

— KOJUICKTUBHBIH PHUCK;

— MHIMBUJIyaJbHBIN PHCK,

— COLMAJIbHBIA PUCK;

— TEXHUYECKUH PUCK.
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B pamkax maHHOH paGOThI IPOBEICHUE aHATM3a BBITOMHICTCS JUIS JTMHCHHOW YacTh
MarucTpaibHbIX ra30IPOBOIOB.

AIITOpUTM aHaln3a PUCKa COCTOMT M3 MOAITAINOB, M300paKEHHBIX Ha OJIOK CXeMe
(puc 1).

B pamkax maHHOW paOoOTHI OBUT peann30BaH ATall «OLEHKa pucka». J[is peannzammm
aTarna HeoOXOIUMO BBITIOTHUTH CIIEIYIOIINE MOAITAIIbL:

1. Mompran «OreHKa 0KUIAaeMON YacTOThI aBapHii» — 3aKII0YACTCS B ONPEICICHUT
JUISL KaXJIOro HUCTOYHHMKa omacHocteir B coctaBe OIIO 4YacToThl BO3HUKHOBEHUS
NOTCHIMAJIBHBIX aBapuil. OIIGHKY pPEKOMEHIYeTcs MpPOBOIUTH Ha OCHOBE aHam3a
CTaTHCTHUYCCKUX  JaHHBIX 00 MMEBIIMX MECTO aBapusiX Ha  aHAJOTMYHBIX
TEXHOJIOTHYECKUX OOBEKTaxX C HCIOIB30BAaHHEM METO/la KOPPEKTHPOBKH CpPEIHEH
YacTOTBI C y4YETOM HUMCIOMIUXCS  KOHCTPYKTHBHO-TEXHOJOTHYECKHX  OTIHYMMA
KOHKPETHOT'O aHAJIM3UPYEMOro 00beKTa 1 MECTHBIX (DaKTOPOB BIIUSHUS,

i) ) (1)

B

A=A Kk =1 Kk _ K K — N ik x K S v S ——
n cp en cp pe2 603p kam B = const cp pez 603p  Kam
p

rae "0 - oKuaeMas yacToTa aBapuii Ha N-M YYaCTKe TPAchl, - — GallbHAs OLGHKA N-
ro ydactka MI', | — obuiee uncio rpynn ¢akropoB BiusHHA, | — HOMep Tpynibl, J(i) —

. . Bji_
ob11ee KONMMYeCTBO (JaKTOPOB BIUSHUS B I-if rpyme, j — HoMmep pakrtopa BiausHus, ' P

- OamnpHas OLICHKAa CpCAHCCTATUCTUYCCKOIO 3HAYCHUA |J -TO (baKTopa BIIMAHUA, Ken -

o K . K,
o0uMii KOA(QGUIMEHT BIMSHHSA, PO - PErHOHAIBHBIA KOIQQOULUUCHT BIUSHUS, 0P

BO3PACTHOM KOX(Q(UIMEHT BIMAHHMS, "XaT - KaTErOpUMHBIA KOI(DPUIMEHT BIMAHUS,

— 130)
FN=55 piq;8; - 0aLIbHO — paKTOpHOE 3HAUEHHE [2], onpenernsioleecs Ha OCHOBE IPYIIIIbI
i=1 =1

¢axropoB BiusHus (Tadmuma 1).
Kak BugHO U3 GopMybl, o0IMi KOd)PUIMEHT BIUAHUS "B paBeH MPOU3BEIECHUIO

pernonansHoro (' P=0,8+1,23), Bospactroro ( *°**=0,5+15), kareropuiinoro (“xar=
0,7+1,13, y4uTHIBAIOIIErO, MO CYIIECTBY, BIUSHHE TOMIIMHBI CTCHKH Ta30MpoBOaA) U
JOKampHOro, 1poOb B BeIpaxeHnn (1), xoaddunuentoB BnusHus. JlOKanbHBIIT
K03(p(PULIMEHT yUYUTHIBACT COBOKYIHOE BJIMSHHE Ha OXHAAEMYIO0 YacTOTY aBaphil Bcex
MECTHBIX (PaKTOpPOB, ACHCTBYIOIMX HA PACCMAaTPUBAEMOM YYacTKe ra30npoBOa C yIeTOM

CTATMCTUYECKHMX BECOBBIX K0d(QuImenTos Pi Tpynm u coBOKYMHOCTH GalbHBIX OLEHOK
B.. .

iy BecoBBIX KOd(dUIEHTOB
(aKTOpOB BIIUSHUSL.

COOTBCTCTBYIOIIUX JIOKAJIBHBIX BHYTPUT'PYIIIOBBIX
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1. [InaHMpoBaHKUE ¥ OPTaHU3ALUS

2.V nenTrdukanus onacHOCTeH

3.01neHKa pucka

OI_ICHKa 0XKHUJaEMON YaCTOTHI aBapI/Iﬁ JJIA BI)I6paHHI>IX
OCHOBHBIX (paC‘-ICTHLIX) HCTOYHHUKOB OIIAaCHOCTHU

Bb160p 1 000CHOBaHHE OCHOBHBIX (pacueTHBIX) CLIEHApHEB AHaJM3 4acTOTHI

OI_ICHKa YCIIOBHBIX BCpOﬂTHOCTeﬁ peam3auu pacueTHbIX
CLIEHapUeB aBapuun

Pacuer nHTEHCHBHOCTEH U 00BEMOB aBapHﬁHLIX BI)I6pOCOB
OIMaCHBIX BELICCTB AJIs BCEX PAaCUCTHBIX CLICHAPUCB aBapuun

Pacuer pacripocTpaHenus mopaxalolux (pakTopoB aBapuu B
OKpY’KaIOIIEH cpesie I BCeX PacueTHbIX CLIEHAPUEB aBapUU

H  AHaiu3 MmocjiaeacTBHit

Pacuder ycnoBHBIX BEpOATHOCTEH OpaKEHUS JIIOIEH,
KOJMYECTBA IOCTPaAABIIUX AJIS BCEX PACUETHBIX CLICHAPHEB

Pacuer yLuepGa: COIHAJIbHO-DKOHOMHUYECKOI'O ymep6a,
yH_ICpGOB HUMYIIECTBY U KOMIIOHECHTaM HpHpOHHOP’I Cpeabl st
BCCX paCYCTHBIX CIICHAPXUECB aBapruu

Pacuer IIOTEHIHAJIbHOI'O, KOJJIEKTUBHOI'O, UHIUBUYaJIbHOI'O
1 COMaJIbHOI'O pUCKOB

| | Pacuer nmokazareneit

Pacuer oxuaeMoro rogoBoro yuepoa ¢ yueroM oxxuaaeMoit
4acToThl aBapuii Ha OITO

Ormpezienenne nepeuHs Haubosee ONacHbIX COCTaBISIOMINX
OIIO. CpaBHeHnue 1okasaTeneil pucka ¢ peKOMeHIyEeMbIMU
YPOBHSIMHU IIPUEMJIEMOr0 pPUCKa

OI_ICHI/IBaHI/Ie pucka

B e

Puc. 1. Bok cxema «AJ'II‘OpI/ITM KOJIMYCCTBCHHOI'O aHaJIn3a PUCKa».

bannbpHO — (hakTOpHBIIA aHaIH3, 3aKII0YACTCS B TOM, YTO B TIpe/eax KaKaou IPYIIIbI
FGi umeercs pasnuuHoe kommuecTBO (pakropoB BimsHUs Fij , Tae i- HoMep rpymmsl |-
HOMep (pakTopa B TpyIIe, OTHOCUTENBHBIN BKIaA (hakTopa Fij BHyTpH CBOEH TpyNIbI B
U3MEPEHNH WHTCHCHBHOCTH aBapUHHBIX OTKAa30B HAa paccCMaTpUBacMOM MOTCHIMAIbHO
onacHoM yuactke ([IOY) yuurtbiBaeTcs ¢ momolipl0 BecoBoro kodddwuimenra (monu

daxropos B rpymre) dij. 3aTem s Kaxa0r0 GpaKTopa onpenensercs 6anbHas OneHKa
Fp=- 1)
n_z Z Pid;B;; -
it
Ha JAHHOM DJOTall€ aHaJIhn3a I/ICHOHB3yeTCﬂ HpOCTpaHCTBeHHHﬁ aHaJIn3, KOTOpBIf/’I

MO3BOJISIET YIIPOCTUTH BHIOOPKY MPOCTPAHCTBEHHBIX JaHHBIX [4].
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Tab6nuua 1.
['pymnribl (aKTOpOB BIUSHUSL.
HaumenoBanwue rpynmbl (hakTopoB | YcIOBHas BEPOSTHOCTH /ISl TPYIIITBI
(dakTopoB
FG;i: | Bo3sMOoxxHBIE MEXaHUYECKHE p:=14%
BO3/IEHCTBHS TPETbUX JIHII
FG,: | Hapyxwnas xopposus (0e3 yaera KPIT) | p,=6%
FGs: | Kopposust nox Hanpspxenuem (KPIT) Ps=37%
FG,: | KauectBo mpousBoacTa TpyO 1 P4=12%
000pyIOBaHUS
FGs: | KauecTBO CTpOMTENBHO-M OHTAKHBIX ps=20%
pabot
FGe: | [IpuponHbie Bo3neiicTBHS Pe=6%
FG7: | YpoBeHb TeXHMUYECKOH dKCIuTyatanun | p7=5%

2. HOI[Z)TaH (<BI>I60p 1 00OCHOBaHHE OCHOBHEIX CIICHApUECB aBapyvu», Ha JaHHOM

oTane CjaeayCeT ONpCACIIMTL TUIIOBBIC PACUCTHBLIC CIICHAPUHU aBapI/Iﬁ Ha ras3onpoBoJax C

YKa3zaHueM XapaKTCPpHBIX [JII HUX IIOpaAKarommx (baKTOpOB.

B coorBercTBUH C

(1)I/I3I/I"I€CKI/IMI/I IMMPOABJICHUSAMU B I[aHHOfI pa60Te paccMaTprUBaIuCh 4 rpynmnbl COCHApPHUCB.

(Tatmiria 2)

Tab6nuua 2.

Cuenapuu pa3BUTHUS COOBITHI

I'pynna cuenapuen

Kparkas xapakTepucTHuKa ClieHApHS B
TO4YKe paspbiBa MI'

1 2
C: «Iloxap B komnoBane» («[loxkap | Cy; :Ilocme paspeiBa MIT kpaHel Ha
KOJIOHHOT'O THIIa») TpaHALaxX aBapuiHON CEeKIUU HE

3akpeiBatoTcsi , ['TIA He oTkmoyaroTcs B
TedeHUn Ton>2 MUH, ckopocTh Berpa 0

M/c—BepTukaiabHBI TOPAMMN LHIMHAP C
LQJ/ D3¢:2

Ci; locne paspeiBa MI KkpaHel Ha
rpaHuIax aBapuiHOU CEKLIUH HE
3akpeiBatoTcsi , ['TIA He oTkmowaroTcs B
TedeHun Ty >2 MUH, ckopocTh Berpa 10

M/c HaIpaBJICHUE BETpa -
MEpIEeHANKYISPHO HampasiieHuto ocu MI',
BpaBO 10 xoay raza—HaxkmoHHBIH

«mpaBblii» ropsmui mHAp ¢ Ly/D,y=2
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[Mponomxenue Tadnuie 2

1 2
Cy;3 locnme paspeiBa MI kpaHbel Ha
rpaHuIax aBapuiHOU CEKLIUH HE

3akpbiBatoTcsi , ['TIA He oTkmoyaroTcs B
TedeHun Ty >2 MUH, ckopocTh Berpa 10
Mm/c HaIpaBJICHNE BeTpa -
MEpIEeHANKYIISPHO HampasiieHnto ocu MI',
BJIEBO MO X0y raza—>HaKIOHHBIN «1eBBIN»
ropsimuit mumuHAp ¢ Ly/D,p=2

C, «CtpyeBbie TUIaMEHN»

Cxn locne paspeiBa MI KkpaHel Ha
rpaHuIax aBapuiHOU CEKLIUH HE
3akpeiBatoTcsi , ['TIA He oTkmoyaroTcs B
TeueHUH Ton>2 MuH. HMmeror Mecto 2

HACTHJIbHBIC BBICOKOCKOPOCTHBIC
CBOOOJHBIC  CTpYH  TOpSIIET0  rasa,
HampaBlICHHBIE B MPOTUBOIOJIOKHBIX

HampaBlieHUSX BAoib ocu MI ¢ oOmieit
YCIIOBHOM TOYKON MCTEUCHUS

C;  «PacceuBanue
uelida raza»

HU3KOCKOPOCTHOI'O

Cs Ilocne paspeiBa MI  kpaHel Ha
rpaHuIax aBapuiHON CEKLUH HE
3akpeiBatoTcsi , ['TIA He oTkmoyaroTcs B
TedeHUn Ty >2 MUH, CKOpOCTh BeTpa 15
Mm/c, KJacc YCTOWYHMBOCTH -
D—PacceunBarommuiics nuieiid rasa

C; «PaccenBanue IByX CTpyii raza»

Cyn Ilocne paspeiBa MI  kpaHel Ha
rpaHuIax aBapuiHON CEKLIUH HE
3akpbiBatoTcsi , ['TIA He oTkmoyaroTcs B
TeueHUH Ton>2 MuH. HMmeror Mecto 2
HACTWJIBHBIC CTPYM ra3a, HampaBlieHHBIC B
MPOTUBOIONIOKHBIX HANPABJICHUSX BJOJIb
ocu MI' ¢ oOmeli ycrnoBHOH TOYKOH
WCTEUEHUS C JANbHEHIINM pacceMBaHUEM B
aTMocdepe.

CueHapuu pa3BUTHS ONPENENSIOTCS PSAAOM (AaKTOpOB, B COOTBETCTBUU C HX
BIUSIHAEM Ha XapakTep TIOCTyIUIeHHS ra3a B aTMochepy M Ha OCOOCHHOCTH
pacnupocTpaHeHHs ONACHBIX BEIISCTB MM dHeprud (TEIUIOBOM pajuanuy BOJH) B
oKpyxaromiei cpene. Yacte GakTopoB ABISETCS NETEPMHUHUPOBAHHBIMHU, TIOCKOIBKY OHH
CBSI3aHHBI C MECTHBIMHU YCIIOBHSIMH, CYLIECTBYIOIIMMM Ha aHanmusupyemom IIOY MI, a
qacTh 3ajaercd akcrepramu. GopMupoBaHUe pacueTHBIX ClieHapueB A kaxzaoro [I0OY B
paMKax JaHHOW pPa0OTHI BBHINOJIHSIOCH ITYTEM BapbUPOBAaHUS CIEAYIOMHX (PakTopoB

(Tabumuia 3).
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Tab6nuua 3.
®dakTops! A1 POPMUPOBAHHS PACUETHBIX CLIEHAPUEB
3amgarommuit Ha kakylo | Bo3mokHbIe 3HaueHUS akTopa
¢axTop rpymnmy
CIIEHApHEeB
pacmpocTpaHs
ercs
CpabarsiBaHne C-Cy 3aKpeIBaroOTCS 3aKphIBaeTCs OJMH Kpans! Ha -
JIMHEHHBIX oba KpaHa C | KpaH Ha FPaHMIAX TpaHAIAX
KpaHOB noM. AA3K nHa | aBapmifHOI ceKnum | aBapHitHON CEKIMU
TrpaHuULax MT gepe3 Tope= 2 Ha 3aKpBIBAIOTCH,
aBapuiHON muH, ['TIA me I'TIA me
CEKLIUU mr OTKJIIOYAIOTCS OTKJIIOYAIOTCS B
gepe3 Topn= 2 TedeHuH Type™> 2
MHH MHH
I'eomerpus C; 2 4
«Tmoxapa B
KOTJIIOBaHE» -
Ld!/ Dsdx
Cxkopocts Betpa | C1,Cs 0 5 10
Hanpagsnenne C1,Cs C B 10 3
BeTpa
VYron Cp,Cy Ha 8 rpap, Ha 15 rpan BBepx
OTKJIOHCHUS Baepx (HaKIOHHBIE
oceit JIBYX (HacTHIBHBIC CTpyH)
CTpyl rasza or cTpyn)
MIPOEKTHOTO
TIOJIOXKEHHS OCH
MI B
BEPTUKAIBHON
IUIOCKOCTH
VYron Cp,Cy 0 +15, -15 (1.e. B +15, +15 obe -15, -
OTKJIOHEHHUS pa3Hble CTOPOHBI CTPYH B OHY 15 obe
ocelt JIBYX ot ocu MI') CTOPOHY OT OCH CcTpyu
CTpyll rasza or MI B OJHY
MIPOEKTHOTO CTOpO
TIOJIOXKEHHS OCH HY OT
mr B ocH
TOPU30HTAIBHON MI
IUIOCKOCTH
Kitacc C3,Cy AB,CD,EF
CTaOMIBHOCTH
aTMocgepsl
PAkivdizizr: C1-Cy Ot 6 10 75m B 3aBucuMocTH OT auametpa MIT
paspsiBa
TpyOomnpoBoaa

Ha ocHoBe Bcex HaOOpoOB clieHapHeB, MPOBOAUTHCS PacdeT TEPPUTOPUATBHOTO
pacmpeneneHuss OCHOBHOM (DHM3MYECKOW XapaKTepUCTUKU Topaxaromero ¢akropa ¢
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IIOCTPOEHUEM COOTBETCTBYIOIIMX M30JMHUNA M MOCIEIYIOIUM INPOCTPaHCTBEHHBIM
aHaJIM30M.

3. TomTam «pacyer yuiepOa» COCTOUT B BBHIIOIHEHUHN CISTYIOUINX ITYHKTOB:

3.1.0npenenenre 00bEKTOB OTHOCIIINXCS K COOCTBEHHOCTH Biaaenbina MIT

3.2.0npenenenrie 00HEKTOB OTHOCSIIMXCS K COOCTBEHHOCTH TPETHHX JIUI]

3.3.Pacuer BO3MOYKHOTO yuepba oT MIOJTHOTO WIH YaCTHUYHOTO
VHUYTOXKEHUSI/TIOBPSKACHNS ~UMyIlecTBa Biagenbua MIT  TeMM WiIM  MHBIMH
MOopa)kalomyMH (HaKToOpamMy aBapuH JJIsl KaKJOTr0 PacyeTHOTO CLiEHApHUs aBapHH.

3.4.Pacuer BO3MOYKHOTO yuepoa oT MIOJTHOTO WIH YaCTHUYHOTO
YHUYTOXKEHUS/TIOBPESKACHNSI IMYILIECTBA TPETbUX JIMI TEMHU WJIH MHBIMH TOPAaKAIOIMH
(dakTOopaMu aBapuH AJISl K&KIOTO PacyeTHOTrO CLieHApHUs aBapHH.

3.5.0npenenenne ymepba KOMIIOHEHTaM NPUPOTHOM Cpeabl TEMH WIH HHBIMU
MopakaloMyMH (aKToOpamMy aBapuH ISl KaKJOTr0 PacyeTHOTO ClieHApUs aBapHH.

3.6.0npenenenyie CyMMapHOH OLIEHKM yiiepba B JEHESKHOM SKBHBAJICHTE OT
Pa3BUTHUSA CLIEHAPHS IS KaKJI0T0 paCYETHOrO CLIEHAPHS aBapHH.

4. TlompTan «pacyeT TMOTEHUUAIBHOTO KOJJIEKTUBHOTO WHIMBHIYAIbHOTO U
COLIMAJIBHOI'O PUCKOB» COCTOUT U3 BBIIOIHEHUS CIEIYIOMNUX TYHKTOB!

4.1. Onpenenenne B KaxaoW pacueTHoil Touke tepputopun OIIO u Bokpyr Heé
3HAUeHUs NOTEHIMAIBHOIO PHCKA, PACCUUTHIBAEMOrO C YYETOM OKHMIAEMOM YacTOTHI
aBapuil Ha BCeX MNPUHATBIX K PAaCCMOTPEHHIO HCTOYHHMKOB omacHocTd Ha OIIO u
BO3MOXKHBIX MOpaKalomMX (akTOpOB, peaU3yeMbIX NPU aBapusAxX HA HCTOYHUKAX, HA
YeJI0BEKa, YCIOBHO OCTOSHHO HAXO/AIIETOCs B pacCMaTPHUBAaEMOM TOYKE;

4.2. TlocTpoeHre M3OIMHUI MOTEHIIMATBLHOTO pUcKa Ha Iane tepputopun OIIO u
BOKpPYT HETO;

4.3. Pacuere nokasareneil KOJUIEKTUBHOI'O, MHAWBUIYAJILHOTO M COLMAIIEHOTO PHUCKa
JUIsL TIEpCOHAla M HACENEHUsA, C YYETOM KOHKPETHOIO paclpeneneHus IoJeH 1o
TEppPUTOPUM TIpeObIBaHUS Ha HEH, a TakKe aACeKBaTHOCTH WX MACHCTBHA W/WIHM
3¢ PEKTUBHOCTH ITATHON CHCTEM 3aIIUTHI.

5. TlomTanm «pacyer 0KHAAEMOro I'OJOBOro yiiepda» COCTOMT M3 ONpEAEICHUS B
JICHESKHOM BBIPQKCHUU OXKHMJAEMbBIX TOJIOBBIX YIIEPOOB pa3IMYHBIM pelHIreHTaM (col.
9KOHOM YymiepOa, mpsiMoro ymepOa HMMYLIECTBY OpTaHH3alMH, yiiepda HMYIIECTBY
TPEeTbUX JIMI, 3aTpaT Ha JIMKBUAAIMIO, DKOJIOIHYECKOTO yIIepda) M CyMMapHOro
0KUIAEMOTO TOIOBOrO ymiepba Ha OCHOBE BBINIONHEHHBIX Ha MPEIbIAYIIEM JTare
pacyeTos.

6. IlompTan «ompeneneHue mnepedHss HambOonee omacHbXx cocTasisitomux OIlIO.
CpaBHeHHME TOKa3aTeNell pUcKa C PEeKOMEHAYEMBIMU YPOBHAMHU IPHEMIIEMOrO PHUCKa»
COCTOMT H3:

6.1. B onpenenennn Hambosee BEPOSTHBIX U HanOoiee OMacHBIX MO MOCIEACTBUSIM
cueHapues aBapuii Ha OIIO;

6.2. Beinenenue mo pesyiabrataM MPOBEISHHOTO aHajiHW3a PUCKa Hanbosee OMacHbBIX
0 moKa3aTensiM pucka coctapisiomux OI10O;

6.3. CpaBHeHHE pPACCUMTAHHBIX IOKa3aTelned pHCKa ISl Pa3lUYHBIX KaTeropui
pPELIMIIMEHTOB C PEKOMEHJOBAHHBIMH YPOBHAMHU TPHEMIIEMOIO PHUCKA WIH JIPYTHMHU
MoKa3aTelsiMi 00OCHOBaHHOM 0a3bl CpaBHEHUS IS TeX K€ KaTeropuil peluIIMEeHTOB.
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TEXHOJOI'MYECKAS CXEMA IMTPOBEJEHUSA AHAJIN3A YACTOTHBI

Kak BuHO 17151 pelenrs JaHHOW 3aJa4i OAHOW U3 HEOOXOJUMBIX YCIOBHUI SIBIISETCS
ycTaHOBIeHUE CBs3M (Mexay oObekramu — penunueHtamu u [10Y) m MonenupoBaHue
pa3BUTUS TOCIEACTBUM peann3aluil KOHKPETHOTO PacyeTHOro CIieHapus aBapuu. [[ns
pemeHns 3ToW 3ajaud HamOosee yaoOHO HCHOIB30BATh MPOCTPAHCTBEHHBIN aHAJH3,
KOTOPBIN BKITIOYAET B ce0s1 TPH OCHOBHBIX HANPABIICHHU:

1. VccnenoBanue n3MeHeHHH 00bEKTOB B TPOCTPAHCTRE,

2. M3y4yeHue npoCTpaHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH,;

3. IIpocTpaHCTBEHHBI NPOrHO3, KOTOPBIH MpearaeT BapHaHTBl Pa3BUTHUSA
CUTYalHH.

MO3BOJISIET PEIINTh JaHHYIO 3aJa4y.

Tpaguunonno, 'MC npennasHauens! st cOOpa, XpaHEHUs], aHAIU3a U rpaduaecKon
BU3yaJIM3allMi TPOCTPAHCTBEHHO-BPEMEHHBIX JaHHBIX. Tak, coriacHo [5], TexHomorus
I'NC oObeauHsieT TpaJUIMOHHBIE ONepaluy s paboThl ¢ 0a3aMH JaHHBIX, TAKUMH Kak
3anpoc ¥ CTAaTUCTUYECKHM aHaiIu3, ¢ MPEUMYLIECTBAMU IOJHOLIEHHOW BH3YyalM3alUH U
MPOCTPAHCTBEHHOI'O aHANN3a, KOTOPBIA MpenocTaBideT kapra. MIMeHHO 3To M sABIsAeTCA
HanOonee MomHbIM oTiuureM [MC oT mpouumx HHPOPMAIMOHHBIX CHCTEM H OT HX
3¢ (QEeKTUBHOCTH HAMpPAMYI0 3aBUCHT 3(PQEKTUBHOCT, M moie3HocTs camux [HC.
[Tosromy ucnons3oanue ['MMC B 3amaun npoBeneHMs KOITMYECTBEHHOIO aHAIM3a PUCKA,
SBJISIETCSl HanOoJIee eIecO00pa3HbIM U ONTHMAIEHBIM BBIOOpOM. [3]

TexHomormveckasi cxema Ipolecca NpoBEJSHHs aHaIu3a YacTOThl IIPEACTaBlIcHa Ha
(puc2.).

B coorBercTBUMM C anropuTMOM aHaJIHM3 YacTOThl COCTOMT M3 PAJOB 3TaloB, Ha
MEpBOM  JTame, TMPOUCXOOUT MOcTpoeHne Oy(depHBIX 30H BOKPYr OOBEKTOB
razorpancrioptorl cetr (I'TC), a Takke ONPEACISAIOTCS XapaKTEPUCTHUKH OObEKTa U
XapaKTEePUCTUKH MECTHOCTH TJ/Ie PACIONOKEH OObEKT (THUI TpYyHTA, €ro KOppO3HIHBIC
cBoiictBa u japyrue). [Tocie 3TOro Mpou3BOAUTHCS pacyeT OXKUAAEMOH YaCTOTHI aBapHid.
IIpu BBIOOpEe creHapueB, mns kKaxmoro u3 o0bekroB ['TC ompenensercs psa
JETEPMUHUPOBAHHBIX U 33Jal0IMX (aKTOPOB (3a1aeT IKCIEpT), MOCIe Yero MPOUCXOAUT
BBIOOp clLieHapHeB pa3BUTUs aBapud. [lajee, Ui KaXXJAOTO M3 PACUETHBIX CIICHApHUEB
oIpenensieTcss BEpOATHOCTh HACTYIUICHUS JAHHOTO COOBITHSL.

B coorBercTBUMM C alropuTMOM aHaJIW3 YacTOThl COCTOMT M3 PAJOB 3TaIloOB, Ha
MEpBOM  JTame, MPOUCXOOUT MocTpoeHue OydepHbIX 30H BOKPYr OOBEKTOB
rasorpancnoptaoil cetu (['TC), a Takke ONPEHEISIOTCS XapaKTEPUCTUKH OOBEKTa H
XapaKTEePUCTUKH MECTHOCTH TJ/Ie PACIONOKEH OObEKT (T TpYyHTA, €ro KOppO3HIHBIC
cBoiicTBa u japyrue). [Tocie 3TOro NpoM3BOANTHCS pacyeT OKUAAEMOH YaCTOTHI aBapHid.
IIpu BBIOOpEe creHapueB, ans kKaxmoro u3 o0wekroB ['TC ompenensercs psa
JICTePMUHUPOBAHHBIX U 3aJal0NMX (aKTOpoB (3amaeT IKCIepT), MOCiIe Yero MPOUCXOAUT
BbIOOp clLieHapHeB pa3BUTUs aBapud. [lajee, Ui KaXXJIOTO U3 PACUETHBIX CIICHApUEB
OIpeaeNnsieTcs: BEpOATHOCTh HACTYIICHHUS JAHHOTO COOBITHS.
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Puc. 2. biiok cxema «TexHomornyeckast cxemMa AHaiu3a 4acTOTHI.

Hnst cuenapueB u3 rpynnsl C; C; pacyer yClOBHBIX BEPOSTHOCTEH BBIMOMHSETCS 110
cleAyomuM Gopmynam:
P(Cjj|A)=P(B|A)*P(Ci|AB)*P(C;|ABC)), i=1,2
P(C;ij|A)=P(B|A)*P(Ci|AB)*P(C;|ABC)), i=3,4

A — cobbITHE cocTosiIiee B BO3HWKHOBEHHHM aBapuu (paspeiB MI'), B — coObiTHe,
COCTOSIIEE B BO3rOPAaHUHU UCTEKAIOIIEro rasa cpasy mnocie paspsia MI', C; — coObiTHeE,
cocrodllee B peanu3aluu XoTs Obl ogHoro us cueHapueB rpymmsl C; ,Cj — cobbitue,
COCTOSAIIEE B pean3alii KOHKPETHOTO J-To ciieHapus rpymibl C;.

Ha BTOpOM »5Tame BBITONHSACTCS MOJICTUPOBAHUE PACIPOCTPAHEHHS ITOCIICICTBUI
aBapwid, TPOBOIUTCSI MHOTOMEPHBINH Oy(epHBI aHANMN3, OMPEACIIIOTCS TOMOJOTHICCKUE
XapaKTePUCTUKH TPOCTPAHCTBEHHBIX OTHOMICHUH OOBEKTOB K Oy(hepHBIM 30HaM,
BBITIOJHSACTCS pacyer ymiepba B 3aBUCHMOCTH OT THIA OOBEKTa, €ro CTOMMOCTHBIX
xapakTepucTuk. Jlajgee cauraercs CyMMapHBIN yiepo.

APXUTEKTYPA CUCTEMBbI KOJIMYECTBEHHOI'O AHAJIM3A
TEXHOT'EHHOI'O PUCKA

PazpabotanHass  cucremMa  COCTOMT U3  pAga  MOXYyJeH,  IO3BOJIAIOLIMX
MOCIEAOBATENFHO BBIMOIHUTE BECh KOMILJIEKC MPOLEAYp ESOMHOTO Mpollecca aHan3a.
BXoAgHBIMH JaHHBIMH O CTPYKType OOBEKTOB JMHEHHOHW 4YacTH MAarucTpaJbHOrO
ra3onpoBoia M HMX COCTOSHUHU SIBISIIOTCSA JaHHbIE BHYTPUTPYOHOH e} eKTOCKONHUH,
KOTOpBIE B TMPOLIECCE TI'E€OKOAUPOBAHHOTO HUMMOpTa (OpMHPYIOT B 0aze JaHHBIX
reorpaduuecku  KOppekTHble HH(opManuoHHble Onoku: «TpyOHBI  KypHam»,
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«MarautHeie aHomamum», «OcobeHHOcTH Tpacchl», «Peneprbie Touku». [locie
BBITIOTHCHUST WMIIOPTa TPOM3BOMUTCS OIGHKA HArpy3Kd Ha Ta30lpoBOI IIPH
JCHCTBYIOIINX PEKUMAX TPAHCIOPTUPOBKH Ta3a M OIICHKA OMACHOCTH BBISBICHHBIX
nedexrtoB (MarHMTHBIX aHOMAJMi) B COOTBETCTBHM C Hawboiee pacmpoCTpaHEHHBIMH
MHUPOBBIME CTaHJapTamMu. B pamkax maHHOI paOoThl ObLT pa3paboran momyiab «OreHKa
PUCKOB» KOTOPBIN HCIIONB3YeT «CHUTYAaIlMOHHBIC JAHHBIC», «IKCIICPTHBIC JAaHHBICY,
«reorpaduueckre JaHHBIE» M TACMOPTHBIE JaHHBIE 00 OOHApPYKEHHBIX JedeKTax
(«macmopt medexroB») s kaxaoro [1OY, NMpoBOAUT MOJCTMPOBAHWUE CHUTYAIlUH, H
OIICHKY PUCKAa BO3HUKHOBCHHS aBAPUIHBIX CHTYallMii B COOTBETCTBHH C HM3JI0KEHHBIM
BBIIIIC AITOPUTMOM. J[aHHBIF MOYIIb UCIIONB3YETCS [Tl IIPOBEICHUS MPOCTPAHCTBEHHOTO
aHanmu3a W jgoctyna kK gaHHeiM ArcGis Server 10.0, ¢ omyOnMKOBaHHBIMH Ha HEM
HEeoOXOIMMBIMU CITy:KeOHbIME cepBrcamu Geometry Service u Geoprocessor Service. Ha
BBIXOJIC M3 MOJYJISA OH TEPEAacT KTOHKOMY KIMEHTY» KoopauHatel Touek [10Y, a taxke
KOHTPOJBHBIC 30HBI BIUSHUS Ipu aBapuu Ha AaHHOM [1OY. «ToHKuUIl KIMEHT» MO3BOJSET
MOJTL30BATENI0 KpOMe paboThl ¢ KapTorpaduyeckod WHQOpMalMeh, M0 pPacyeTHBIM
TOYKaM, TTPOBOUTH MHOTOMEPHBIA MMPOCTPAHCTBEHHBIA aHAJN3, IPU STOM MOJIL30BATEIh
MOXET 3aJlaBaTh KPOME «3aJal0IUX MapaMeTpOB» JJIsS pacyeTa OCHOBHBIX CIICHAPHCB
palboTHI, elle U mapaMeTphl IS POBEACHUS MPOCTPAHCTBEHHOr0 aHanmu3a. [locie aToro,
Mo Kaxgaod u3 OydepHBIX 30H MPOU3BOIAMTCS IMPOCTPAHCTBEHHBIM MOUCK OOBEKTOB,
KOTOpBIC IMOMNaJal0T B 30HY BIUSHUS (PAKTOPOB BO3MOKHON aBapWUHHOW CHUTyallMH Ha
naraoM [TOY 1 mpoBomUTCs pacyeT BO3MOXKHOro yiepoa (puc 2).

Puc. 3. ApXuTeKkTypa CUCTEMBHI.
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«YalleHHBIA TONB30BATENb» WM OJKCIEPT, padoTaeT C CHUCTEeMOW B
YAAJIEHHOM PEXHMME IOCPEACTBOM JIOKAJIBHOM CETH.

Jlnst xpanenus nannbix ucnonbdyercst CYB/] Oracle.

CepBepHoe mnpunoxenne «OueHka IeGeKTOB» pEaTn30BaHO Ha S3BIKAX
nporpammupoBanus Asp.net, xaml,.Net.

CepBepHoe mpwioxkeHne «OILlEHKa pHUCKa» pealin30BaH Ha  A3BIKE
nporpaMMHupoBaHus Ha ASP Net, Moylnb «TOHKUH KJIMEHT» Pealn30BaH Ha SI3bIKE
nporpaMmmMupoBaHus Mxml.

Jloctym k 6a3am naHHbIX peanu3oBal npu nomoinu Ado net, ArcSDE 10.0.

MMPAKTHYECKAS PEAJIN3ALNSA PE3YJBTATOB PABOTbBI

Jlns onpoOOBaHUS JAaHHOW METOJMKM M TPOrpaMMHBIX MOJyjei Oblia
IIPOBEJICHA OLICHKA PUCKOB IS JIMHEHHOM 4aCTH MarucTpajabHOIO ra3onpoBOja
onHoro u3 Jlouepuux obmects OAO «I"azmpom».

Ha Bxoz cucremsl Oblin osansl pe3yiabratel BT/, TexHonornyeckue cxemol
JIY MTI', u xaprorpadudeckre 1aHHbIE.

Ha (puc 3) nmoka3an mpumep pabOThI TOHKOTO KJIMEHTa B PEXHME PadOTHI C
KaprorpadpuueckumMu JaHHbIMH. K (yHKIMAM JaHHOTO peXumMa OTHOCSTCS
UMIIOPT JAHHBIX, OCTPOEHUE TEMAaTHYECKHUX KapT, NPOCTPAaHCTBEHHBIM MOWUCK U
T.I.

Puc. 3. Ilpumep pabOTBl «TOHKOrO KIWEHTa» B peKUME paboTBl ¢
KapTorpadguyeckumMu JaHHBIMH.
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Ha (puc 4) BuzmeH npumep pabOTBl «TOHKOTO KIHEHTa» B POXHME «aHAIH3a
PHUCKOB», TIPH 3TOM IOJB30BATENh MOKET HACTPauWBaTh BUJ BU3yaJHM3alllM, NPOBOAUTH
UACHTH(QUKALMIO W Ha OCHOBE WMEIONIMXCA JAaHHBIX MOJACIUPOBAHHUS H3MEHSS
«3ajaronme (HakTops» MPOBOIUTH SKCIEPTHYIO OLICHKY.

Puc. 4. [Tpumep paboThl «TOHKOT'O KITUEHTa» B PEXKUME aHAIIN3 PHCKOB.
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Bepuenos O.I. MopeoBaHH TeXHOTe€HHOT0 PH3HMKY [/ He0e3MeYHMX BHUPOOHMYHMX 00’€KTiB
ra3orpaHcnopTHux mianpuemcrs 3 Bukopucranusam I'IC texnodgoriii / Q.1 Bepuenos , A.A. Bepaaub,
C.B Boakoaas, A.I.Mixaiisenxo, A.C. Mapko, A.B. Slnuyk // Bueni 3amucku Taspiticbkoro
HalioHaNBHOTO yHiBepcuteTy iMeHi B.I Beprancekoro. Cepis: [eorpadis. — 2012. — T.25 (64). — Ne 1 —
C. 14-27.

VY poborti obrpyHTOBaHa HEOOXiAHICTH BUKOpUCcTaHHS Tibpuanoi I'IC st BUpimeHHS 3aBXaHb MOZETIOBAHHS
Ta MPOTHO3YBAaHHA TEXHOTEHHOTO PH3UKY JUIL HEOEe3MEeYHMX BUPOOHMUMX O0'€KTIB Ta30TPaHCIOPTHUX
MiANpUEMCTB, TaKk sk B Tpamumidaux ['IC TexHOMOTifAX 3akimaleHWil MeXaHi3M, IO JO3BOJISE TPOBOAUTH
MPOIIEC MOJEIIOBAHHS Ta IPOCTOPOBOTO AaHAIi3y, IO JJO3BOSIE ONTHMI3YBaTH 1 CHPONIYBaTH IPOIEC
MOJICTIOBAHHS TeXHOEHHUX PH3HKIB. Takok B poOOTi 3ampONOHOBaHA apXiTEKTypa MPOTPaMHOI CHCTEMH, IO
no3Bomsie BuKopucToByBaTH [IC B 3amayax MOIENIOBAHHA Ta IPOTHO3YBAaHHS TEXHOTCHHHWX pHU3HKIB,
OIMCAaHWi PO3pOOIEHHIT ANTOPUTM pPO3pPaxXyHKy TEXHOT€HHHUX PH3HKIB U HEOE3MeYHHX BHUPOOHUIMX
00'exTiB Oyzb ra30TPAHCTIOPTHOI KOMITaHii.

Kntouogi cnosa: reoindopmariiiHi CHCTEMH, TEXHOTCHHHI PH3HK, MOAEITIOBAHHS, IPOrHO3YBAaHHS

Verchenov A.D. Simulation of the anthropogenic risk of the hazardous facilities of the gas
transportation enterprises with the help of GIS technologies / A.D. Verchenov, A.A. Verlan, S.V.
Volkodav ,A.G Mikhaylenko, O.S. Markov ,A.V lanchuk // Scientific Notes of Taurida National V. I.
Vernadsky University. — Series: Geography. — 2012. — Vol. 25 (64). — Ne 1 — P. 14-27.

In this paper the necessity of using a hybrid GIS for solving the problems of modeling and forecasting of
technogenic risk of hezadous production facilities gas transmission companies, as in traditional GIS
technologies incorporated a mechanism to carry out the process of modeling and spatial analysis to optimize
and simplify the modeling process of man-made risks. Also in the proposed architecture of a software system
that allows use of GIS for modeling and prediction of marHmack risks described algorithm developed by man-made
risks of hazardous production facilities of any gas transmission company.

Keywords: geoinformatonal systems, GIS, man-made risks, modeling, forecasting.
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