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Hacrosmas paGora npogo/pKaeT UK KCC/IE0BAHMI 10 CPaBHEHUIO POCCUICKHUX U 3aPy0e;KHbIX METOIHK U KOM-
IIBIOTEPHBIX IIPOTPaMM JUIS LieJIel IPOTHO3HMPOBAHMS U OLIEHKH pUCKa aBapuii. IIpoBeeH cpaBHUTEIbHBII aHAIN3
Pe3yabpTaToOB pacyeTa 30H NOpakeHus, BboaHeHHoro B mporpammax TOXI+, PHAST u FLACS nng THIOBBIX cue-
HapueB aBapHii C BBIOPOCOM TOPIOYHX JKUIKOCTEH, CKMKEHHBIX YIJIEBOI0POI0B M TOKCHIHBIX Ta3oB. IlpeacraBiensr
PeKoOMeHIaluy 110 TPUMEeHEHUI0 MEeTOTHK M KOMITLIOTEePHBIX MPOrpaMM NpH pa3paboTke IPOEKTHOH T0KyMeHTa-
IUH, B TOM YHCIE IS IeKTapupPOBaHusI IPOMBIIUIEHHOH 6e30I1acHOCTH, 000CHOBaHUS B3PbIBO0E30IMaCHbIX PaccTo-
STHMIA, B3PBIBOYCTOWYMNBOCTH 3aHuii 1 000CHOBaHMA 0E30IIaCHOCTH ONAaCHBIX MPOU3BOICTBEHHBIX 00HEKTOB.

This work continues a cycle of researches on comparison of the Russian and foreign methods and computer programs
for the purposes of forecast and assessment of accidents risk. The comparative analysis of the results of exposure
zones calculation was performed using TOXI+, PHAST and FLACS for typical scenarios of accidents with release

of combustible liquids, liquefied hydrocarbons and toxic gases. Recommendations are given on the methods and
computer programs application at the development of design documentation, including the industrial safety
declaration, substantiation of blast-safe distances, blast-resistant buildings and substantiation of safety of hazardous

production facilities.
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OBBIIIIEHUE JOCTOBEPHOCTH W TOYHOCTU MO-
Jiesieil, METOAMK U CO3JaHHBIX Ha MX OCHOBE
nporpaMmMHbIx koMmruiekcoB (ITK) mo onenke

pYCKa — OJHO W3 HaIlpaBJeHUI COBEPIICHCTBOBAHUS

METOJOB KOJIM4YeCTBeHHOM olleHKM pucka (KOP) — oc-

HOBHO TIpoLIeypbl MPU IeKJIapupoBaHUM, 0OOCHOBA-

HUM IPOMBILIIJIEHHOM 6e3omacHocTu [1—11].

O4eBUIHO, YTO OJHUM W3 KPUTepHUEB OOOCHOBAH-

HOCTM METOAMK M TPOTrPaMMHBIX MPOMYKTOB MOJIKHO

OBITH COBITAaZICHUE PE3yJIbTaTOB pacyeTa Mo HUM C JlaH-

HBIMU SKCIIEPUMEHTOB W paccieqoBaHUsI aBapuil, a

TaKXe ¢ pe3y/IkTaTaMU pacyeTa, BHITOJIHEHHOTO C TIOMO-
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LIbIO JAPYTUX JOCTOBEPHBIX MPOTPAMMHBIX MPOAYKTOB.
CpaBHEHUE METOAUK U MPOTrpaMM IO MOJEINPOBAHUIO
aBapUITHBIX BHIOPOCOB U OIIEHKE PUCKA HEOTHOKPATHO
nposoawiu cotpynuuku 3A0 HTL I1b [12—19], a Tak-
K€ PSI POCCUMCKUX U 3apYOEKHBIX CIIELIUATIUCTOB [20—
27]. B 6071bIIMHCTBE pabOT OTMEUYEHO, UTO Y3KOE MECTO
BCEX METOJMK — OIpEIeIeHUE MACChl TOPIOYETO BEllle-
cTBa B oOsake ToruimBHO-BozayuiHoi cmecu (TBC) u
cKopocTy (DpoHTA TUTAMEHU, 3HAYEHUST KOTOPBIX HEpe/l-
KO BCJIEICTBME HEONPEIEIEHHOCTH MX pacyeTa 3aJaloT
akcneptHo. [Ipu TakoMm moxoze pe3yabTaTsl padoT [21,
23, 24], HecMOTpsI Ha HEKOTOPbIE PaCXOXIeHUsI, (hak-
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TUYECKU TOATBEPXKIAIOT afeKBaTHOCTh METOMUKU OIl-
penesieHusT pacUeTHBIX BEJIMYMH ITOKAPHOIO pHUCKa Ha
Mpou3BoACTBeHHbIX o0bekTax (P 03-409—01)' u 3a-
PYOEXHOTO aHaJIora — MYJIBTUIHEPIeTUYECKOTO METOIa
dupmbl TNO (Hupepnauger) [26]. Tak, B pabote [24]
Ha IpuMepe pacyeTa 30H pa3pylieHUsI IIPU aBapuu, KO-
Topas npousoliuia 22 Hosaops 2006 I. Ha MPEATPUATHSIX
CAI u Arnel Manufacturing Facility (JIsuBepc, CILIA),
HaXOISIIIMXCST HA OMHOM ITPOM3BOACTBEHHOM ILIOIIAIKE,
caenad BeiBo, yTo MeToauka PI] 03-409—01 npu u3BecT-
HOM CKOPOCTH PacIIpOCTpaHEHUs IIAaMEHHU IO3BOJISIET
IIPOrHO3MPOBaTh NoceACTBYs B3pbiBOoB TBC B pexxnme
Jedrarpaliiy ¢ MpUeMIIEMOM TOYHOCTBIO, B OTJIMYKE OT
metonuku BST (Baker—Strehlow—Tang) [27], Bxonsiieit
B IIK PHAST wmexnmyHapomgHoit ¢upmsel DNV (http://
www.dnv.ru/binaries/PhastMEBST TechnicalSheet
MAR-10_tcm176-426698.pdf). Paznuuue B pe3yasraTax
MOXET OBITh CBSI3aHO C IPUMEHEHMEM YIIPOILIEHHBIX
MojeJleld B3pBIBHOTO IIpollecca, XapaKTePHBIX IS Me-
TOIMK MapaMeTPUUYECKOTO THUIIA, KOTOPhIE 3aJI0KEHbI B
Haubosee pacrpoctpaHeHHbIX [TK TOXI+Risk (http://
safety.ru/software/toxi#risk) u PHAST [18, 19].

[MapameTpuyeckue, a TakKe MHTErpajibHbIE MOJe-
JIM TO3BOJISTIOT pelllaTh MHOTHE 3aJa4i C JOCTaTOYHOM
JUUIST IPAaKTUKU TOYHOCTBIO, OMHAKO PsII 3amad Mo MO-
JIeJIMPOBAHUIO aBapUMHBIX CUTyalMii TpeOyeT OO0Jb-
IIei JeTaau3alii, B YaCTHOCTU TOJyYEHUS ITOJHBIX
JAaHHBIX 10 M3MEHEHMIO TOrO WJIM MHOTO HapameTpa
B mo0oit Touke npocTpaHcTBa. K TakuM Oosee cl1ox-
HBIM 3aa4aM OTHOCSITCS: PacIpOCTpaHEHME BHIOPO-
COB OITACHBIX BELIECTB B peajbHbBIX YCIOBUSX peiibeda
MECTHOCTM U 3aCTPOMKU TEPPUTOPUU MPU HATUIYUKU
MPENATCTBUI M OTpaHUYCHUI IS paccessHHUsT 00Jia-
Ka; paccesHUe W B3PbIBBI BHIOPOCOB B 3arPOMOKICH-
HOM M OTrpaHMYEHHOM OKpYXKalollleM IIPOCTPaHCTBE, B
TOM YMCJIe B IOMEIIeHUSIX. [T peleHusT Takux 3amaad
MPUMEHSIOT CIlelMalbHble MaTeMaTUYeCKUe METOMIbI,
OCHOBaHHbIC Ha YMCJICHHOM pellleHU cucteM nudde-
PEHIMAJbHBIX YPABHEHUI B YACTHBIX MPOU3BOAHBIX, —
METOAbl  BBIYMCIWTEIbHOW TI'UMAPOAMHAMUKU, WIN
CFD-metonnl (computational fluid dynamic methods).
Hau6onee u3BecTHbIM U 3(PEKTUBHBIM MHCTPYMEH-
TOM BBIYMCJIUTEIHLHOM TUAPOAMHAMMKY B3PBIBHBIX aBa-
PUIHBIX TTPOLIECCOB B HacTosmee Bpemst cauutaercs [TK
FLACS paspabotku HopBexkckoit ¢pupmbl GEXCON
(www.gexcon.com) [20, 28]. B ocHOBe ero MmaremaTuue-
CKOTO amrapaTa pacCcessHusI M B3pbIBa 3aJI0KEHBI COOT-
HOILIEHHUsI, KOTOpbIe B HACTOsIIee BPpeMsl OTpakKeHbI 1
B PykoBojacTBe 1o 6e3omacHocTu «MeToarKa OLeHKU
IOCJICACTBUIL aBapuii Ha B3PbIBOIIOXKAPOOITACHBIX XU-
MMYECKUX ITIPOM3BOACTBaX» (YTB. MpuKa3oM PocrexHam-
3opa ot 20 anpess 2015 . Ne 160).

PaccMmoTpum noapobHee Bo3moxkHocTH T1K, BKiII0-
YaIOIIUX MOJC/IM ITapaMeTPUUECKOro M UHTETPaJIbHOIO

! AktyanmsupoBaHa B PykoBoncTse 1mo Ge3omacHoctd «MeTonuka
OLICHKM IOCJIEICTBUI aBapUiHBIX B3PbIBOB TOIUIMBHO-BO3ILYLIHBIX
cMeceit» (yTB. mpuka3oM PoctexHanzopa ot 20 anpesns 2015 & Ne 159).
(IIpumeu. ped.)

tuna (TOXI+, PHAST u ux Bepcruu) U BbIYUCIUTEb-
Hoit runpoaHamuku (FLACS).
CpaBHeHHNE BO3MOKHOCTEIl KOMITbIOTEPHBIX
IMporpamMm

CpaBHEHHE OCHOBHBIX BO3MOXHOCTEH pa3InyHBIX
Bepcuii I[IK TOXI, PHAST u FLACS npuBeneHo B
Tabm. 1.

BugHo, uyro IIK mo BO3MOXHOCTSIM pacueTa OcC-
HOBHBIX SIBJICHUI MPU aBapusiX M MoKazaTesleil pucka
(mocnenHee oTHocUTCs ToJIbKO K TOXI+ 1 PHAST) nipa-
KTUYECKU COBManaT. MCKIoUeHre COCTaBsIeT OTCYT-
crBue B mporpammax PHAST n PHAST RISK mMeTtonuk
pacyeTta BeposITHOCTH 3Bakyaluu, a B TOXI+ — metona
pacuyeTa mopaxeHusl OT yIapHOI BOJHBI TP OTHEHHOM
mape u (GU3NIEeCKOM B3pbiBe (MaJloO3HAYMMBbI IIPU pe-
aJIbHBIX aBapUsIX).

OmnpeneneHHble orpaHnueHus umeet u [TK FLACS.
Tak, B mporpamMMme He MPeayCMOTPEH BBOJ MCXOMHBIX
TEXHOJIOTUYECKMX MaHHBbIX (IaBieHue, TemIiepaTypa,
pa3Mep neheKTHOro OTBEpCTUS W T.O.) IS aHAIU3U-
pyemoro obopymoBaHus. B KauyecTBe MCXOMHBIX JaH-
HBIX B TaKMX CJIyYasX UCIIOJb3YIOT HayaJdbHbIE JaHHbIE
(HampuMep, pacxon BelllecTBa, BEPOSITHOCTHBIC Mapa-
METpPhl U Ap.), KOTOPbIe HY>KHO MPEABApPUTEIBLHO BbI-
YUCIWUTh, MPUMEHUB ApPyrue Mojaeau (IMporpaMMbl).
Takxe ocobeHHocTh gaHHoro ITK — TpymoeMKocCTb
MOJATOTOBKM MCXOIHBIX TaHHBIX T€OMETPUU OKpPYXKato-
11IeTO MPOCTPaHCTBa (MapaMeTpPhl IOMEIIEeHMSI, 3TaHUs,
COOpYXeHUI, peabed MecTHOCTH). CienyeT OTMETUTh
ellle 1Ba BaxKHbIX MOMEHTa, KOTOPhIE CIAEAYeT YUYUTHI-
BaTh npu npuMeHeHuun INK FLACS. Bo-nepBbix, 1s
pa6otel ¢ FLACS TpebOyeTcst BhicoKasi KBaauduKaius
MoJib30BaTesisl, (haKTUYECKU TOJbKO CHELMAIUCT, XO-
POILIO pa30MparOLINIACS B Ta30JMHAMKKE (B YaCTHOCTH,
B (hU3MKE TOPEHUS 1 B3pbIBa), 3HAKOMBII C 0COOEHHO-
CTSIMU MoJeJieif U YMCIEHHBIX METOIO0B, 3aJ0XKEHHBIX
Bo FLACS, MoOXeT MOArOTOBUTbL BXOAHbIE OaHHBIE,
MPOBECTU pacyeT M MHTEePHPETUPOBATh MOJTYYECHHBIC
pesyabstatbl. Bo-BTophix, pacuethl o FLACS moryr
3aHMMAaTh JOCTATOYHO MPOIOIKUTEIHLHOE BpeMsl, B Psi-
Jie ciydaeB (0COOeHHO, Koraa TpeOyeTcsl BbICOKas TOU-
HOCTb) HECKOJIBKO YacOB, JHEI UIIU JaxKe HeAeb.

B cBS3M ¢ 3TUM Ha MpaKTUKE IJIS1 pellieHUsT IpU-
KJIaIHBIX 3aday IO OLIEHKE MOCASACTBUI aBapUHHBIX
BbIOPOCOB Ha HapyXXHBIX YCTaHOBKAaX WCIOJb3YIOT
napaMeTpuuecKre WU MHTeTpajibHble MOIEIU U CO-
otBercTByoue INK (TOXI+ u PHAST). IIporpam-
MbI, OCHOBaHHbIE Ha YMCJIEHHOM MOJEJIMPOBAHUU,
1eJ1IeCO00pa3HO MPUMEHSTh A1 00bEKTOB CO CJIOX-
HOI reoMeTpueil (MOMeIleHUs LIEXOB, 3arPOMOXKICH-
Hble TUIOLIAAKM, ITOJYy3aMKHYTble MPOCTpaHCTBa U
IIp.), 0COOEHHO B Cydyasx, Koraa TpedyeTcsl BbIcoKasi
TOYHOCTb M HE HY>KHbl MHOTOBapUaHTHbIE CEPUITHbBIE
pacyeThl.

Pacuer paccessnuda u cropanus odraxkos TBC

110 Pa3JIMYHbIM METOTUKAM
Modeauposanue paccesnus 0aumenbHo20
(cmpyiiHoe2o) eblbpoca
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Tabauua 1
Onepauus TOXI+ TOXI+ PHAST | PHAST FLACS
Risk RISK
PacuyeT nocneacTeBui oTAeNbHbIX CLLIeHapueB agsapuv
OueHka nocnencTBniA aBapuinHbiX BoIOPOCOB BELLECTB C
y4yeTom apeiida obnaka:
TOKCUYHbIX + 3 + 3 +
roproymx + + + + +
PacueT ons onacHbIX BELLLECTB B XUAKOM 1 ra3oBon dase iz iz AF iz AF
PacueT ons 4acTMYyHOro 1 NOJIHOro paspyLueHns obopyno- + + + + +
BaHUs (nyTem 3apaHus
Ha4anbHOro pac-
xo4a B nogmMoay-
ne Flash)
PacueT ons rasos kak nerye, Tak U TSXenee Bo3ayxa 1 1 1 1 1
PacueT ons noxapa-BChnblLLKK + + + + +
PacueTt onsa dakenbHOro ropeHus + + + + +
PacueT ¢pakTopoB nopaxeHns yaoapHor BOMHOM OT GU3n- + + +
4eCKNX B3PbIBOB
OueHKa TEPMNYECKOrO BO3LENCTBUS NPU NoXapax nponmea 1 1 1 + 1
OueHka nocnencteuii B3pbiea TBC + + + + +
PacyeT MHTEHCVMBHOCTW TEMIOBOIO U3NY4EHUS U BPEMEHM 1 3 4 1 -
CYLL,ECTBOBAHWSI OTHEHHOT O LIapa
PacueT ¢pakTopoB nopaxeHns yaapHOM BOSIHOM OT OFHEH- - - + + -
HOro wapa
OueHka MakcMmanbHOro Koin4yecTsa onacHoro BelecTsa + + + + +
B 06n1aKke, OrpaHN4YEHHOM KOHLLEHTPALUVOHHBIMY Npeaena-
MW BOCMJIaMEHEHMS
HaHeceHvne 30H NopaxeHus Ha nnaHbl MECTHOCTU + + + + +
CuTyaLMOHHbIV NNaH:
noanep>ka pacTpoBbIX M BEKTOPHbLIX OpMaToB + + + + -
rpadvkn (bmp, jpg, wmf, AutoCAD)
HaHeceHWe 60bLLIOro YMCIa BEKTOPHbIX CTIOEB PELMNN- 1 + 1 + -
E€HTOB
Pacyet 4yncna noctpagasLumnx + + + + -
MporpammMHbI nog6op Hanbonee oNacHOro HanpaseHNs + + = = =
BeTpa (C 60NbLUINM YNCIOM MOCTPALAABLUMX)
[MocTpoeHne rpadmnkoB N3MEHEHUS 3HAYEHUNIN GUBNYECKMX + + + + +
BENMYVMH B X0[€e npoLecca
3apaHve BUpTyasibHbIX AATYNKOB KOHLLEHTPALMKW B NPO- + + + + +
CTpaHCcTBE
AHVMaLMs npoLecca pacnpocTpaHeHns obnaka rasa + + + + +
PacuyeT nokasaTteneun pucka
[TocTpoeHune nNonsg NOTEHLManbLHOro prucka (KOHTypoB p1cka) + - + - +
OueHka MHAMBUAYanbHOro pucka rubenu niogen B npons- + = = = =
BOACTBEHHbIX 30aHUAX MPY noxape (pac4yeT BEPOATHOCTU
3BaKyauumn)
OueHka nokasarenemn pucka ons HapyXHbIX YCTaHOBOK + - + - -
MocTpoenue F/N-kpnBoii 3 - AF - -
YyeT peanbHbIX MACCMBOB METEOAAHHbIX + - + - +
kenopT pesynstatoB B popmate MS Word no nonb3oBa- S T - - -
TENbCKNUM LWabnoHaM (B MakCcUMasibHO NPUOIMXKEHHOM K
poccuiickum TpeboBaHUAM BUAE)
YueT cTpyeBoro pastasneHust Bbibpoca - - + + +
(BO3MOXHO (BO3MOXHO
nytem 3aga- |nytem 3agaHus
HUSA CTENEHN | CTENeHU pas-
pa3baBneHus) 6aBneHus)

Hpnmeqaﬂne. 3HaAKU «+» U «—» — COOTBETCTBEHHO HAJIUYNE U OTCYTCTBUE BO3MOXKHOCTH.
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PaccmarpuBaim pe3yiabraThl pacuera IOCAeACTBUIA
BBIOPOCOB OITACHBIX BEIIECTB 1 B3PHIBOB (B TOM 4HUCJIE
B nedJarpallMOHHBIX pexumax) odysakoB TBC ¢ uc-
noab3oBaHueMm pasHbix I1K. B nensax Bepudukanmun
METOAMK aHAJIU3UPOBAJIN HE TOJIHKO CTEIIEHb OTKIIOHE-
HUS TTIOKa3aTelieil 1 0J1M30CTh K (haKTUISCKUM JaHHbBIM,
HO M aleKBaTHOCTb MojeJieli, BO3MOXHOCTh IIPOTHO3a
BJIMSIHUSI MCXOMHBIX MTaHHBIX (HAIIpUMEpP, METeOYCJIO-
BMIT) HAa pacCUMTHIBaEMbIC IMapaMeTphbl (30HBI paccesi-
HUSI, pa3Mephl 30H pa3pyILIeHNs ).

PesynbraTtel pacuera 30H pacCestHUS NPU KUCTeue-
HUHU CXVDKEHHOTO IIpOIlaHa M3 OTBEPCTHUS AMAMETPOM
20 MM — pacrpeneneHe KOHIEHTPALMY BIOIb IIPSIMOit
B HaIlpaBJICHUM BBIOpOca (BeTep B TOM K€ HallpaBlie-
HuM), — BbinosHeHHoro B I1K TOXI+, npencraBieHbI
Ha puc. 1 (gaBjeHME HACBIIICHHBIX IAPOB IIpOIaHa B
eMmkoctu 0,86 MIla, temneparypa 20 °C, MHTEHCUB-
HOCTh BhIOpoca 3 Kr/c). CMomenMpoBaHHAasl CUTyallvst
COOTBETCTBYET OIbITaM, MPUBEACHHBLIM B padote [21].
B cBsI3M ¢ 3TUM TIPENCTaBIISICTCSI MHTEPECHBIM CpaB-
HUTb TIOJIyYeHHBIE B pacyeTe pe3yJbTaThl ¢ TaHHBIMU
onkiTa. K coxaneHuto, B ctatbe [21] mpuBeaeHa TOJILKO
CKOPOCTh BETpa, a KJIACC YCTOMYMBOCTH aTMOC(ephl He
ykazaH. IToaToMy B pacueTax pacCMaTpUBaJIM pa3ind-
HbIe BApUAHTHI CTpaTU(PUKALIUN aTMOC(EPHI.

Kaxk BUmIHO, BCe KpUBBIE TOCTATOYHO KOHCEPBATUBHO
OIMCHIBAIOT 3KCIIEPUMEHTAIbHbIC JaHHbIC (MOYT BBIIIC
SKCIEPUMEHTAIBHBIX TOYEK). DTO OOYCIOBICHO TEM, YTO
MpUBeIEeHHbIC Ha PUC. 1 pacyeTHbIe 3aBUCUMOCTH ITOJTY-
YEeHBI B IIPEANOIOKEHIUN OTCYTCTBUSI pa30aBICHMS, XOTS
Ha HavyaJlbHOM yJacTKe BblOpoca (mepBble 1—2 M) Tpouc-
XOJIUT CYIIIECTBEHHOE (B HECKOJILKO Pa3) paz0aBicHIE BbI-
Opoca 3a cueT MHTEHCUBHOTO MOAMEIIMBAHUS BO3IyXa B
ctpyto. B pacuere aTo moaMenBanue He yuTeHo. Ho ciie-
JIyeT OTMETUTh, XapaKTep CIiaga KOHLIEHTpallui U B pac-
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A Puc. 1. Pacnpegenenne 06beMHOIA JONIM NponaHa Ha
ocu BbiOpoca:

1 — MECTO BOCNNIAMEHEHUS; 2 — HUXHWIA KOHLIEHTPALWMOHHBIN
npegen pacnpocTpaqenus nnamenu (HKIMP); 3 — akcnepume-
TanbHble To4ku [29]; 4—6 — pacyeTbl Ans KNACCOB YCTOMYMBOCTU
armMocdepbl co0TBETCTBEHHO A, D, F

YETHOI 3aBUCUMOCTH, 1 B 3KCIIEPUMEHTE COBIaAaeT. DTO
03HayaeT, YTO y4YeT HayaabHOIo pa30aBjieHusl, HallpUMep
yepe3 3aJaHue Ha MeCTe BbIOpOca YMEHbIIIEHHOI KOH-
LIEHTpalM1, NPUBENET K CMEILEHUI0 BHU3 BCEX KPUBBIX
U K XOpOLIEMY COBITAACHUIO PaCYeTHBIX U SKCIEPUMEH-
TaJIbHBIX JaHHBIX. TakuM oopaszom, TOXI+ gaeT KoHcep-
BaTUBHYIO OLIEHKY IpU (POpMabHOM HCHOJb30BaHUU
YCTAHOBJICHHBIX IO YMOJYaHWIO MMapaMeTpoB pacuera u
YIOBJIETBOPUTEIbHO TOYHOE COBIAACHWE MPU UCIOb30-
BaHUU JIOIYILEHUSI O HaYaJIbHOM pa30aBieHUH BbIOpoca.
Modeauposanue 3a1n06020 6v10poca
2a3000pa3Ho2o NPonaHa

Jpyroii BapMaHT BBIOpOCAa — MIHOBEHHOE MOCTY-
IUIEHME BEILIEeCTBA B OKPYXKAIOIIYIO Cpeay, TaK Ha3biBae-
MBI 3a/ITTOBBIN, MM MTHOBEHHBII, BbIOpOC. B KauecTBe
npumepa paccMoTpuM BbIOpoc 50 KI ra3zoo0pa3HOro
MponaHa, U3HayaJbHO HAXOSILETocs B BEpTUKAJIbHOM
LIUJIMHAPE, BHICOTa KOTOPOTO paBHA PaiuyCy.

B Taba. 2 u Ha puc. 2 mpencTaBieHbl pe3yJbTaThbl
MOJEIUPOBaHUS pacceruBaHMs objlaka IporaHa BCed-
CTBME MTHOBEHHOIO BbIOpoca. XapaKTepUCTUKU 30HbI
CYILIIECTBOBaHMSI B3pbIBOOMACHBIX KOHLIEHTpaLIMii, pac-
cuMTaHHbIe B pa3anuHbix 1K, coBnagalor ¢ ynoBieTBO-
PUTEIbHOU TOYHOCTHIO.

Tabauya 2
PaccumntbiBaembiii PHAST | TOXI+Risk | FLACS
napameTp

Papguyc 3oHbI HKTP, m 12 18 16
BbicoTa 30HbI HKIMP, m 0,7 0,6 0,8
Bpems ncyesHoBeHVs 30HbI 29 51 48
HKIP, ¢

MakcrmanbHas B3pbiBO- 31 40 44
ornacHas macca npornasa, Kr

OnHa U3 HauboJiee CYIIECTBEHHBIX XapaKTEePUCTUK
B3PBIBOOMACHOCTH CUTYallMM — Macca BellecTBa (Mmpo-
I1aHa), ClIocoOHasl y4acTBOBaTh B 3HEPTOBbIICICHUH U,
COOTBETCTBEHHO, B CO3JaHUU 30H ITOpaXKeHUs YIapHOil
BojiHOi. Ha puc. 3 mo pesyiabraram MoAeIUpOBaHUS
pacceuBaHusl o0jaka IIpeACTaBlIeHAa 3aBUCHMOCTb OT
BpPEMEHU MAacChl IIpOIIaHa, KOHIEHTpalus KOTOPOTO
HaxoAauTcsl BO B3pbiBoomacHbix Ipenenax (or HKITP
no BKIIP). BugHo, 4To B 1LIeJIOM BCE TPU MPOrpaMMbl
(PHAST, TOXI+Risk, FLACS) naloT npuMepHO onu-
HaKOBYIO KAPTUHY ITOBEIEHMST B3pPbIBOOIIACHOI MAcCHlI,
KaK Ka4eCTBEHHO (CHayala — poCT A0 MaKCUMAaJIbHOTO
3HAYEHMSI, 3aTeM — CIIaJl 00 HYJIs), TaK U I10 KOJIMYECT-
BEHHBIM IT0Ka3aTesisiM. TakuM o0pa3oM, UMEETCSI XOpO-
1Iee COBITaJicHUE BCEX TPEX ITOAXOI0B.

Modeauposanue deghrazpayuonno2o ccopanus
obaaka 6odopoda

I[ToMuMoO MoaeIMpoBaHMSI paccessHUs 00J1aKa B3pPbl-
BOOITACHBIX BEIIECTB 3HAYUTEIbHBIM MHTEPEC IIpel-
CTaBJIIeT MoJeJUpoBaHue TocieacTBuii B3pbiBa TBC.
TonbKO IpU IPaBUJIBHOM MOJCIMPOBAHUU KaxXKIOTO
U3 3THUX IIPOLECCOB BO3MOXHO IOJIYYUTh aleKBaTHBII
pa3Mep 30HbI ITOPaXKeHUS, ITOCKOJIBKY OH CKJIaJbIBacT-
csl, C OJHOM CTOPOHBI, U3 pacCTOsIHUSA Ipelica obiaka,

74 Be3onacHocTb Tpyaa B MpombiluneHHocTu © Ne 9-2015  www.safety.ru



AHanuns pucka -

a Y’ M
20 \< 1
w (Y
| \ \ /
-10 \ /
-20
0 10 20 30 40 5 X,m
KoHueHTpaums, Kr/m*
0,090

0,085
0,080
0,075
0,070

KoHueHTpauws, kr/m®

B soree 0020

0,019
0,018
0,017

0,016
0,015
0,014

25
-24 20 -16 -12 -8 -4 0 4 8

2 16 20 24X M

w
o
T—
~—_
~L_
/
/

N\

15 20 25 30 35 40 45 50
Bpems, ¢

Macca, kr
~ >
\\\\
\\\\

0 5 10

0
\
o \

0 10 20 30 40 50 60
Bpems, ¢

A Puc. 2. Papuyc 3oHbl HKIMP Ha 25-i ¢ ot Hayana BbiGpoca:
a — PHAST (ckopocTb BeTpa 2 M/C; Knacc yCTonuMBOoCTM atMoche-
pbl D; 1w 2 — koHueHTpaums cootBetcteeHHo 0,01 1 0,02 kr/m?);
6 — TOXI+Risk; 6 — FLACS

a ¢ Ipyroii — 13 cOOCTBEHHO PalyCOB 30H MOPaXKEeHUS
YIapHO¥ BOJIHOM IPU B3PbIBE.

[TpoBenu MopenupoBaHue nedraarpallmOHHOTO Cro-
paHMsl BOAOPOTHO-BO3MYIIHOIO MOJYC(hepruIecKoro
obmaka (pammyc 20 M) Ha MTOBEPXHOCTU 3eMJIM (B He3ar-
POMOXIEHHOM IPOCTPAHCTBE) MPU TeMIIepaType cpe-
nel 10° C, masiaenme cocrasisiiio 101,326 xIla, macca
Bomopoma — 52,3 kr. CrnemyeT OTMETUTh, UTO JaHHAs
MOCTAaHOBKA 3allayd BIIOJIHE PEaMCTUYHA U MOXKET
paccMaTpuBaThCcsl KaK pasyMHasi aHaJIOTHMsSl peaibHOM
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A Puc. 3. 3aBucumocTb Macchl nponaHa, cnocooHoro
y4yacTBOoBaTh BO B3pbiBe, OT BPEMEHU:
a — PHAST; 6 — TOXI+Risk; ¢ — FLACS

aBapuUHOU cuTyauuu — TOAOOHBIE OOJlaKa MOTYT
00pa30BbIBATHCS TIPU MOJHOM Pa3PYLIEHUU €MKOCTH.
HanHyto cutyauuto usydanu B Havaie 1980-x romos
[30]. CornacHo 3KcreprUMeEHTaM CKOPOCTb CrOpaHWUsI
BOJIOpO/ia — BeJIMYMHA HerocTosiHHAas. OHa nmocTeneH-
HO YyBeJIMYMBalIach, JOCTUTas Makcumyma — 85 m/c;
cpeaHee 3HaYeHUE COCTaBIsIo 62,5 M/c.

B 1a6n. 3 npuBeneHbl pacCTOSIHUSI JOCTUXEHUST 3a-
JTAHHOTO [1aBJIEHUsI, TIOJIyUEHHbIE B IKCIEPUMEHTE U
paccuutaHHbie B mnporpammax PHAST, TOXI+Risk,
FLACS.
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Tabauya 3
MU30biTo4HOE | PaccrosiHue, Ha KOTOPOM JOCTUraeTcs
AaBnexue, COOTBETCTBYIOLLEE U3OLITOYHOE
kMa AaBneHue, M
Akcne- | FLACS | TOXI+Risk PHAST
PUMEHT ., | wu, | TNT| BST
6 BHyTpn 5 26 - 95 | 125
obnaka
5 18 7 35 - | 108 | 148
4 35 12 47 - 128 | 184
2 80 25 105 | 52 | 218 | 350

B ITK PHAST cyiectBy1oT AB€ MOIEIN pacuera na-
pameTpoB yaapHbix BoJH (TNT — mopaenb TpOTUI0BOro
skBuBajeHTa u BST), noatomy nnsa [IK PHAST npu-
BeJICHBI JIBa BapuaHTa pacueTa yAapHbIX BOJH. Takxke
ciaeayeT oTMeTuTh, yTo B pacyetax B IIK TOXI+Risk
MCMOJIb30BaIN SIBHOE 3aaHle CKOPOCTU TOPEeHUsI, CO-
OTBETCTBYIOIlIEE CBOOOIHOMY HE3arpoOMOXIEHHOMY
npocrpaHctBy. Ho B camoit meroguke P 03-409—01
TaKoro Kjaccu(UKaIIMOHHOTO TUIA MPOCTPAHCTBA HET,
YTO CJIeAYeT OTHECTU K KOHCEPBATUBHOCTU METOAMKM.
IMTockonbky B ombiTe HAOMIOAAIOCH HEMOCTOSIHCTBO
ckopoctu ropeHus, To pacuetsl B [ITK TOXI+Risk mpo-
BEJIM [UIS1 CPeIHEe CKOPOCTU FOpeHUsI Uy, = 62,5 M/c u
IJI MakcuManbHoi u = 85 m/c. Ilpu aTOM B ciydae
BUIMMOI CKOPOCTH ropeHust 62,5 M/c He Bce 3HAUEHUS
JIaBjeHusI, HaOJIoJaBIIMECs B SKCIIEPUMEHTEe, ObLIU
JIOCTUTHYTHI B pacueTe.

Haunyuiiee coryiacue ¢ 3KCIepuMEHTOM JOCTUT-
HyTto npu pacuete B [1K TOXI+Risk. BTo oT4eTIMBO
BUIHO M3 puc. 4, HA KOTOPOM IpeCTaBIEeHbI pe3yJib-
TaThl pacyeTa UBMEHEeHUSI U30BITOYHOTO JaBJICHUS OT
paccTosIHMS ISl ABYX 3HAYEHU I BUIMMBIX CKOPOCTEi
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4 Puc. 4. UameHeHue n30bITOYHOrO AaBieHUs BO GPOHTE
YAapHOIA BOJIHBI NPU CropaHun BOAOPOAHO-BO3AYLLHOM
cMmecu:

1 — B 09-540—-03; 2 — akcnepumenT; 3, 4 — P[1 03-409—01
MPU COOTBETCTBEHHO &, = 85 M/C 1 Uy, = 62,5 m/c

TOPEHUS U WU (aKcnepuMeHTaIbHbIE TOYKHM JIeXKAT
KaK pa3 MexXAy 3TUMM JMHMUSIMH), a TakKxke pacyeTra
JaBJICHUS] MO TPOTUJIOBOMY 3KBUBAJICHTY COIJIACHO
npuiaoxeHuio 3 K @enepaabHBIM HOpMaM U ITpaBUIaM
B 00J1aCTH MPOMBIIILIEHHOM 6e3omacHocTU «IIpaBuia
0e30MacHOCTU B HE(PTIHOW U ra3oBOi MPOMBIIILICH-
Hoctu» (manee — ®HIT OIIBB). Kak BugHO, pacue-
Thl TI0 TPOTUJIIOBOMY 3KBMBAJICHTY (MpuoxeHue 3 K
®HIT OIIBB) moka3bIBalOT IpEBHIIICHNUE TaBICHUSI
M0 CPaBHEHMIO C DKCIEPUMEHTOM U PacyeToOM I10 Me-
toanuke PI 03-409—01 Gonee yem B 10 pa3. Takum
00pa3oM, METOAMKa TPOTUIOBOTO 3KBUBaJIEHTa — Ha-
nobosiee KOHCEpBaTUBHASL U3 BCEX paccMaTpUBaeMBbIX,
OHa HEe YYHUThIBaeT creuupuyeckrue OCOOEHHOCTU
GU3NYECKUX MPOLIECCOB, MPOTEKAIOIIMX P B3pbIBaxX
00J1aKOB.

JIOTOTHUTENIbHO TPOAHATIU3UPOBAHbI PE3YJIbTaThl
MOJIEJIMPOBAaHMSI B3PHIBOB U OIpENeJIeHUsT 30HbI 3ara-
30BaHHOCTH IT0 MeTonuke MUC!, KkoTtopast BKIIOYaeT
OCHOBHBI€ COOTHOILEHMS IJIsI OLIEHKM 30H pa3pyllie-
Hus nipu B3pbiBe (P 03-409—01), omHAKO HE YYUTHI-
Baet apelid odnakoB TBC, yTo orpaHuymuBaeT 00J1acTh
ee MIpUMEHEeHHUST BhIOpOcaMu BEIIECTB B YCIOBUSIX O€3-
BETpUSI.

PacueTr moka3areseil pucka

Jnst mpoBeaeHust KOP gnsg OITO, Ha KOTOPBIX BO3-
MOXHa peaju3alusi OOJIbIIIOrO YKcia ClIiEHapueB aBa-
puM, MOXHO PaBHO PEKOMEHIOBaTh HCIIOJb30BaHUE
Kak oreuectBeHHoro komruiekca TOXI+Risk, Tak u
nporpammHoro komrmiekca PHAST, koropble naror
BITOJIHE aJcKBaTHYIO0 KOHCEPBAaTUBHYIO OLIEHKY MTOCIEI -
CTBUI pacrpocTpaHeHus1 1 B3pbiBa objakoB TBC. B To
Ke BpeMs ISl HanboJiee CI0XHBIX CLIECHapueB aBapuu,
Korma HeoOxoauma TOYHAasl OlLlEHKa 30H pachpocTpa-
HEHUs TopaxamlluX (PakTopoB ¢ y4eTOM TeOMETPpUU
OKPY2KalIIEero NpoCcTpaHCTBa, B TOM YMCJ/Ie TSI B3pbI-
BOB B IIOMELIECHUSIX, CIEeAYeT UcIob3oBath [1K, peanu-
3yIOII1€ MOACIN BBIYMCIUTEIbHON TMAPOAMHAMUKY, B
yactHoctu FLACS.

CorylacHO aHaJIM3y BAWSIHUSI UICXOMHBIX JAHHBIX Ha
pa3Mep 30H MopaXkeHHWsI U Ha OLIEHKY pMCKa MpU BbI-
opoce u B3pbiBe obsakoB TBC Haubosee 3HAYMMBIL:
CBOICTBa OITACHBIX BEILECTB M YCJIOBUS MX COAEpXKa-
HUS; AuaMeTp NeheKTHOrO OTBEPCTUSI; XapaKTePUCTH-
Ka OKpYyXalolllero MpoCTPaHCTBA; METEOYCIOBUSI; YUYeT
CUCTEM IIPOTHBOABapUiHOU 3amuThl. IIpu olieHKe
puCcKa omnpeaesiomnii pakTop — BBIOOP BEPOSITHOCT-
HBIX XapaKTEePUCTUK aBapMHAHOIO IIpoliecca: 4acTOThI
aBapuMiiHON pasrepMeTHU3ali; YCJIOBHOU BEPOSITHO-
CTU 00pa3oBaHMs N1e(EeKTHOIO OTBEPCTUS (TPEILUHBI);
BEPOSITHOCTEII BOCIJIAaMEHEHUSI, cpabaThIBaHUSI MPO-
TUBOABAPUIMHOM 3aILMTHI U YCIIELIHbIX I€ACTBUI T10 JIO-
KaJau3alyy aBapuiiHOM CUTYalluK.

! MeTonnKa onpeneieHrs PaCYETHBIX BEJUYMH MTOXAPHOTO PHCKa
Ha TIPOM3BOJICTBEHHBIX 00beKTax: yTB. mpukazom MYC Poccuu ot
10 mromnst 2009 1. Ne 404: B pen. mpukaza MUC Poccuu ot 14 nex. 2010
Ne 649// Bron. HOpMaTUB. aKTOB (heliep. OPraHOB WCITOJH. BJIaCTU. —
2011. — Ne 8.
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1. IlpuBeneHHBIE pE3YIBTaThl ITOATBEPIWIA aneK-
BaTHOCTb PacueToB paccesiHus W B3pbiBa oOsakoB TBC
usnueckuM SBICHUSIM U (PaKTUIECKUM JaHHBIM aBa-
PUITHBIX BBIOPOCOB, a TakKXKe MPUEMIIEMYIO MX TOYHOCTb
npu ucnonb3zoBaHuu MK TOXI+Risk 1 PHAST. Pacxo-
JKIEGHUE B MOJIYYEHHBIX pe3yJIbTaTaxX PacyeToB OCHOBHBIX
ImapamMeTpoB BbIOpoca (Macca, XapaKTepHbIE pa3Mephbl
o0Jj1aka, mocThraeMasi KOHIEHTpalys, JaJIbHOCTb ICICT-
BUsI) B OOJIBIIMHCTBE TUIIOBBIX CJIy4aeB He IIPEBHIIIACT
20—50 %, uTo, y4MTHIBAsK HEOIPEAEICHHOCTD OTAEIBHBIX
JAHHBIX W JOMYIIEHWI TIPUMEHSIEMbIX MOJEIe, MOXHO
CUMTATh YIOBJIETBOPUTEIBLHBIM IJISI OOJIBIIMHCTBA IIpa-
kriyeckux 3axad KOP. Takke 01M3KMe B IEJTOM 3HAYEHUS
JaeT MojeapoBaHue ¢ momollbio koMmruiekca FLACS.

2. B psine cinydaeB (Hampumep, IIpU B3pbIBe 00J1aka
BOJIOPOAA) pacyeThl, BBIMOJHEHHbIe ¢ Momoupio 1K
FLACS, — MeHee KOHCepBaTUBHbLIE, YeM CAeIaHHbIE B
ITK TOXI+Risk 1 PHAST, uto cienyeT yduTbIBaTh pu
BBIOOpPE ITPOTPAaMMHBIX CPEACTB ISl pellIeHUs TTPaKTU-
YeCKHUX 3a/1a4 110 aHaJIM3y pucKa.

3. MeToauKa TpOTUJIOBOTO SKBUBAJIEHTa HE YUUTHI-
BaeT cnelunuKy QU3NIeCKUX MPOLEeCCOB, MPOTEKalO-
IIMX IpUY B3pbIBax (cropaHusix) oosakos. I1pu pacuere
MOCJICACTBUI B3pbIBa Hag0 O0S3aTeIbHO YYUTHIBATh
BO3MOXHOCTb Aperipa 0071aKoB, HEYy4YeT 3TOTo (hakTopa
MOXXET MPUBOAUTL K HEBEPHBIM BHIBOAAM, B TOM 4YH-
cJie K 3aHIDKEHUIO OITACHOCTH, OCOOCHHO Il aBapuii
C BBIOPOCOM CKIDKEHHBIX YIJIEBOIOPOIHBIX ra3oB. Pac-
CTOSIHUSI B 3aBUCHMOCTH OT KOHKPETHOI 3a1a4yil MOTYT
otanyaThesl B 2—10 pa3 mo cpaBHEHUIO C SKCIEPUMEH-
TaMH 1 pacyeTaMu, BBIITOJTHEHHBIMM COTJIACHO METOIM -
kam P 03-409—01, P 03-26—2007" (TOXI+); TNO
(ITK PHAST) u CFD-Metonam (ITK FLACS), orpaxa-
IOIMM peajibHble YCIOBUS pa3BUTHSI aBapuii ¢ B3phIBa-
MM ra30BbIX 00JIAKOB.

4. YuursiBas cioxHocTb vcnonab3oBanus [IK FLACS
(B 4aCTHOCTH, 3aBUCHMOCTb I10JIb30BaTEJICil OT MOSIBIIC-
HUS HOBBIX BEpCHUIl 1 IOITYIIEHWI, He BCErIa JI0BOI-
MBIX IO TI0JIb30BaTelIeii, HEOOXOAMMOCTD OCTOSIHHOTO
00y4eHUsI ¥ BICOKAsi CTOUMOCTb IIPOAYKTa), IMpeiara-
eTcs MPOAOJIKUTh n3ydeHue gaHHoro I1K B mesx ero
000CHOBAHHOTI'O MMPUMEHEHUS TIPU PEIICHNN BOIIPOCOB
MPOMBIIIJICHHO Oe3omacHocT. ClleayeT YYUThIBaTh
TakKe TpeOOBaHMS MO MMITOPTO3aMEICHUIO 3apy0exK-
HOI1 MPOAYKIIUM, B TOM YHCJIe TIPOrPaMMHOTO obecIie-
yeHus1. B HacTosIIee BpeMs CYIIEeCTBYIOT 00Jiee TOUHbIE
CFD-Moaenn paccessHUSI UM B3pblBa, YUYMUTHIBAIOLINE
COBpEMEHHbIC HayYHbIe 3HAHUS B 00JIACTH TMAPOra3o-
JTUHAMWKH, (DU3UKU TOPEHUSI U B3phIBa, KOTOPHIE MOTYT
OBITh OCHOBOW 111 pa3pabOTKU 0o0jiee COBEPIIEHHOTO
nporpaMmHoro npoaykra, yeM FLACS.

5. llenecoobpa3Ha pa3paboTKa PYKOBOACTBA IO
OesomacHocT  «MeTtoanmyeckue peKOMEeHAAUu I10

* AkryanusupoBaH B PykoBozicTBe mo GezomacHocTd «MeToamKa
MOJIEJIMPOBAHUST PACIIPOCTPAHECHUSI aBaPUITHBIX BBIOPOCOB OMACHBIX
BeniecTB» (YTB. MprKa3oM PocrexHamnzopa ot 20 ampenst 2015 . Ne 158).
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MIPUMEHEHUIO ITPOrPpaMMHO-PEaM30BaHHBIX METOI0B
BBIYMCJIUTEILHON THIPOIMHAMUKU JUISI 00OCHOBaHUS
B3pbIBoOe30macHOCT OI1O», MO3BOJISIONIETO UCTIOJIb-
30BaTh METOIbI BBIYMCIMTEIBbHON TUAPOAMHAMUKHN M
MIPUMEHSITh KOMITBIOTEPHBIE ITPOTrPaMMBI JIJIsI MO -
pOBaHUS aBapUIHBIX BBIOPOCOB OIACHBIX BEIIECTB B
peabHbBIX YCIIOBMSIX pa3MellleHUs] 000pyI0BaHus, 3/1a-
Huit u coopyxkenuii Ha OITO.

Buipasicaem npuznamenvnocmo 6edyujemy cneyuani-
cmy omaodena NPOMbIUAECHHOU 0e30NACHOCMU U AHAAU3A
pucka 000 «HMucmumym pucka u 6e3onacHocmu» KaHo.
@usz.-mam. nayx B.A. I[laumeneegy 3a npedcmasésenue
pe3yaomamos pacuemos 8 [IK PHAST.
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