P/ 03-409-01 MeToaMKa OLEHKM NOCNeACTBUIA aBapuii B3PbIBOB TONIMBHO-BO3YLWHbIX CMecei

HOPMATUBHbIE AOKYMEHTbI B COEPE AEATE/IbLHOCTU
®ELEPAIbHON CNYXEbI MO 3KO/IOMTMYECKOMY,
TEXHOJIOTUMECKOMY U ATOMHOMY HAA3OPY

CEPUA 27

AEKNAPUPOBAHUE NPOMbILUNEHHON
BE3OMNACHOCTU U OLIEHKA PUCKA

BbIMYCK 2

METOAUKU OLIEHKMN
NOCNEACTBUIA ABAPUA HA OMACHbBIX
NPOU3BO/ACTBEHHbIX OBbEKTAX

COOpPHUK AOKYMEHTOB

3-e U30CIHU€, ucripasesieHHoe u donosiHeHHoe

MocKBa
3A0 HTY Nb
2010

OTBETCTBEHHbIE COCTaBUTEN M-pa3pa60T‘-IMKMZ

E.A. UsaHoB, A.A. Aranos, K.B. byiiko, B.E. Fenbdang, 10.A. JagoHos, A.M. UnbuH, 10.0.
Kapa6aHos, M.B. JlucaHos, A.C. NMeuepkuH, B.U1. Cugopos, CU. Cymckoir, A.A. LLaTanos, A.B.
MuenbHUKOB

B HactoAawmit COOpPHMK BKAKOYEHbI METOAMKM OLEHKM OMacHOCTel, BXOoAAlMe B COCTaB
HOPMAaTMBHbIX [OKyMeHTOB [ocropTexHags3opa Poccun, a TakXe WCnpasBieHHble WU
AOMNONIHEHHbIE METOAUKWU OLLEeHKM NOCNeAcTBUI aBapWMMHBLIX B3PbIBOB TOM/JIMBHO-BO3AYLIHbIX
CMecell W OUEeHKM nocneacTBMA  XMMUYECKUX aBapuii, paspaboTtaHHble OAO «HTL,
«MpombiwneHHaa 6e3onacHocTb». MeToAMKM MO3BOAAIOT OLEHUTb MOCNEACTBMA aBapuil co
B3pblBAMW TOMJIMBHO-BO3AYLIHbIX CMeCel M KOHAEHCUMPOBAHHbIX B3PbIBYATbIX MATEPUANOB,
aBapuii € BbIGBPOCOM ONACHbIX XMMUYECKMX BeLLecTB. MeToauKM MOryT BbITb MCMONb30BaHbI NPU
pa3paboTKe AeKnapauuii  NPOMbIWAEHHON 6e30NacHOCTM  ONACHbIX MPOM3BOACTBEHHbIX
06BbEKTOB M 3KCNEPTU3E NPOMbILLNEHHOM 6e30nacHOCTH.

YT1BepxaeHa
nocraHosneHnem FocroptexHagsopa

Poccuun ot 26.06.01 Ne 25
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BeeaeHa B geictane
nocraHosneHmnem [ocropTexHagsopa

Poccumn ot 26.06.01 Ne 25

METOAUKA
OLIEHKW NOCNEACTBUIA ABAPUMHDBIX B3PbIBOB
TON/IMBHO-BO3AYLLHbIX CMECEMN

PA 03-409-01
(c u13meHeHuAMMU U AONONIHEHUAMMU)

BBEJEHUE

MeToamKa OueHKM NOCNeACTBUIA aBapUAHbIX B3PbIBOB TOM/IMBHO-BO3AYLIHbIX CMecelt (aanee
- MeTogMKa) no3BOMAET MNPOBECTU MPUBAMNKEHHYIO OLEHKY Pas3/IMyHbIX MapameTpos
BO3AYLWHbIX YAAPHbIX BOAH W OMNPeAenvTb BEPOATHbIE CTEMEHW MOopakeHus Awaen wu
NOBPEXKAEHMI 30aHNIN NPU aBapPMAX CO B3PbIBAaMM TOM/IMBHO-BO3AYLLHbIX CMECEN.

MeToauKa pekomeHayeTca 419 UCMONb30BaHUA:

npu onpeaeneHnnm mMaclwTaboB MNOCNEACTBUIA aBapUMHbIX B3PbIBOB TOMJNBHO-BO3AYLUHbIX
cmecei;

npu pas3paboTke M 3KcnepTuse Aeknapaumii 6e30MacHOCTM OMacHbIX MPOU3BOACTBEHHbIX
06BbEeKTOoB.

MeToauKa OUEHKM MocnaencTBU aBapUMHbLIX B3PbIBOB TOMJIMBHO-BO3AYLWHbIX CMeCeM
pa3paboTtaHa Hay4yHO-TEXHMYECKMM LEeHTpoM no 6e30MacHOCTM B  MPOMbILW/IEHHOCTU
locroptexHagsopa Poccum  (HTL,  «lpombiwneHHas 6e30MacHOCTb») COBMECTHO €O
cneumannuctamm UXd PAH. B MeToanKe MCcnonb30BaHbl AEMCTBYHOWME CTaHAAPTbI, OTYETbI O
HWP, BbinonHeHHble HTL, «MpombiwneHHana 6e30nacHOCTbY, U ApYyrMe UCTOYHMKM [1 - 5].

B paspabotke MeToguku npuHumanu yyactme A.¢p.-m.H. B.E. TenbdaHg, a.¢.-m.H. C.B.
Hdopodees, 4.7.H. B.1. Cugopos, a.1.H. A.C. NeyepKuH, K.¢p.-m.H. A.M. bapTeHes, K.¢.-M.H. B.D.
MapTbIHIOK, K.$.-M.H. M.B. JlncaHos, K.T.H. A.A. Aranos, K.¢.-m.H. B.l1. Cugopos, C.1. Cymckoi.

NMPUHATOE COKPALLEHUE

TBC - TONAIMBHO-BO34YLWHAA CMECh.

MCNOJIbBYEMbIE OBO3HAYEHUA

Co - CKOPOCTb 3BYKa B BOo3ayxe, M/c;
C: - KOHUEHTpaLUKA roptoyero BelecTsa B obnake TBC, Kr/M3;
Ccr - CTEXMOMETPUYECKAA KOHLEHTPALMA BELWECTBA B CMECU C BO34YXOM, Kr/m>;

E - a¢pdeKkTmBHbIN 3Heprosanac TBC, [x;
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| - nmnNynbC BOAHbI gasneHus, lMa - ¢c;

I+ - umnynbce pasbl ckatma, MNa - c;

|- umnynbe $asbl pasperkeHuns, Ma - c;

Ir+ - UMNYNbC OTPAXKEHHOW BONHbI AaBneHus, MNa - ¢;

I - UMNyNbC OTPA*KEHHOM BOHbI paspexkenus, MNMa - c;

I, - 6e3pasmepHbIi MMNybe Gasbl CKaATUSA;

Ki - BeKpemMeHT 3aTyxaHua;

K, - AEKPEMEHT N3MEHEHMA [,aBNEHMUA B OTPAXKEHHOW BOJIHE;

M - macca roptoyero BeLLecTBa, cogeprkalierocsa B obnake TBC, Kr;
AP - n36biTouHoe pasneHue, MNa;

AP, - amnauTyaa BOJSIHbI gasneHus, lNa;

AP_ - amnanTyga BOAHbI pasperkeHus, Na;

AP,, - amnnnTyaa oTpaXKeHHOM BOIHbI AaBneHus, Ma;

AP, - amnnnTyna oTpaXKeHHOoM BOJIHbI paspexkeHus, MNa;

Py - aTmochepHoe gasneHue, Ma;

P, - 6e3pa3mepHoe AaBNeHUE;

Pry - npobuT-OyHKLMA NOBPEKAEHUNA CTEH NPOMbILLNEHHbIX 34aHWUI;
Pr, - npobuT-OyHKLMA pa3pyLleHns NPOMbIWAEHHbIX 34aHUN;

Prs3 - npobut-OyHKLMA ANUTENbHON NOTEPU YNPABAAEMOCTU Y Ntogen (COCToAHWE HOKAayHa);
Pry4 - npobut-dyHKLMA pa3pbliBa 6apabaHHbIX NepenoHoK y ntogei;
Prs - npobut-dyHKLMA 0TOpOCa Ntoaei BONHOW AaBNEHUS;

R - paccTosaHue oT ueHTpa obnaka TBC, m;

R«1 v Ry - BCnOMoraTenbHbI 6e3pa3smepHbIi paguyc;

R« - 6be3pasmepHoe paccToAHME OT LeHTpa obnaka TBC;

V; - CKOPOCTb BUAMMOTO GPOHTA NAameHu, m/c;

W - TpoTunOBbI 3KBMBaNeHT B3pbiBa TBC, Kr;

m - cpeaHAA macCCa YeN0BEKa, KT,
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g: - YAeNnbHana TenaoTa cropaHus rasa, [/Kr;

t - Bpema npouecca, C;

b - KOPPEKTUPOBOUYHbLIN NapameTp, XapaKTepusyowuii dyracHole csolictea TBC;
| - napameTpuryeckoe paccTosHUeE;

S - CTeNeHb paclnpeHns NPOoAYKTOB CropaHus;

T+ - AANTENbHOCTb $asbl CXKaTUA, C;

T. - 4IMTENbHOCTb Pa3bl pasperkeHus, c;

Tr+ - AINTENBHOCTb OTPAXKEHHOM BOJIHbI AAaBNEHUA, C;

Tr. - BUTENIbHOCTb OTPAXKEHHOW BOIHbI PA3perKeHus, C.

1. OBHIME ITOJIOKEHUA

1.1. MeToguKa npegHasHayeHa AN KOJIMYECTBEHHOM OLEHKM MapameTpoB BO3A4YLIHbIX
yA3apPHbIX BOJIH NPW B3pbiBax TOMIMBHO-BO3AYLIHbIX CMecei, obpasyowmxca B atmocdepe npu
NPOMbIW/IEHHbIX aBapuax. MpyU paccMOTPeHMM NpeanonaraeTca YacTMyHas pasrepmeTvsaums
AN NOJIHOE pa3spylieHMe 0b6opyaoBaHMA, COAEPIKALLErO roproyee BELLeCTBO B ra3oobpasHol
nnn xngron dase, BbIGPOC 3TOro BELLECTBA B OKPYKatoLyto cpeny, obpasoBaHme obnaka TBC,
MHULMMpoBaHue TBC, B3pbiBHOE NpeBpalleHue (ropeHne nnm aetoHaums) B obnake TBC.

1.2. MeToanKa NO3BONSAET ONPeAeNATb BEPOATHbIE CTENEHW MOPANKEHMA NOAEN U CTENEHMU
NOBPEXAEHMIA 343aHWA OT B3PLIBHOW HArpyskM nNpu aBapuax CO B3pbiBaMWU TOMMBHO-
BO3A4YLIHbIX CMECeM.

1.3. NMpeanonaraetca, 4To B 06pasoBaHMM obnaka TBC yyacTByeT roptoyee BeWEecTBO 04HOro
BMAa, B MPOTUBHOM C/y4ae (A8 CMeCU HECKOJIbKMX FOptoYMX BeLLEeCTB) XapakTepuctukm TBC,
ncnonb3yemble Npu pacyeTax NnapameTpos YAAPHbIX BOAH, ONpeaenatoTca OTAebHO.

1.4. Ucxo4HbIMM AaHHbIMM NA pacyeTa NapameTpoB yAapHbIX BOAH Npu B3pbiBe obnaKa
TBC asnatoTca:

XapaKTEPUCTMKM rOpIoYero BeLLeCTBa, cogepallerocs 8 obnake TBC;
arperatHoe coctosiHue TBC (ra3oBas uau reteporeHHas);

CpeAHAn KOHLeHTpaLmMa roptoyero Belectsa B cmecu C;;
CTEXMOMETPMYECKAsA KOHLEHTPaLUMA roptoyero rasa ¢ Bo3gyxom Ce;

Macca roptoyero BellecTsa, coaepkalieroca B obnake, M, (ecam aTa BeanMymMHa HEM3BECTHa,
TO ee pacyeT peKoMeHayeTca NPOoBOAUTb COrNacHo npuaoxeHuio 1 [15]);

yAeNbHAA TEN/0TA CrOPaHUA roproYero sewecTtsa gy,
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nHpopmauma o6 oKpyKatoLLemM NPOCTPAHCTBE.
1.5. OCHOBHbIMW CTPYKTYPHbIMW 3/IEMEHTaMU aNrTOPUTMa PacyeToB (puc. 1) ABNAOTCA:
onpegeneHne Maccbl roptoyero BeWwecTsa, cogepKalieroca B obnake;
onpeaeneHue apPpekTMBHOro sHeprosanaca TBC;
onpegeneHne OXXMOaemoro pexxmma B3pbiBHOro npespalieHmna TBC;

pacyeT MaKCMMaNbHOro M36bITOYHOrO AaBAEHUS UM MMNynbca Gasbl CKATUA BO3LYLUHbIX
YyA3APHbIX BOJIH ANA PA3/IMYHbIX PEXKUMOB;

onpeaeneHne AoNoNHUTENbHbIX XapaKTEPUCTUK B3PbIBHOM HArpy3Ku;
OLIeHKa NOopa’kaloLLLero Bo3aencTama B3pbisa TBC.

1.6. B npunoxkeHum Kk Metoanke npuBeeHbl NPUMEpPbI PacYeTos.

Moroanme JaHHbe:
XAPINTCPHCTHKS ropioero seutecTi obaaxa TBC
arperatioe cocrosnue TBC
CPEOHAR KOHUCHTPAWNH ropioyero Bewectsa B obrake TBC C
CTEXHOMETPIHECKAH KOHECHTINA FOPIOMCIO BEUICCTBA ¢ Boazvxowm C
MIECCE FOPIONCTO BCLICCTaR B ohaaxe M
VIACABHAA TEILTOTA CIOPAHUR FMOPIOMETO BCUICCTBL g,
suopyManng o0 OXPYAIOLICM NPOCTPAHCTEC
!
Onpeacacnie xpheTiaroro sneprozanaca TBC
E=MgnpuC SC,
[{R1l
E=MqC /CnpuC >C,
Mpit pacyere NapavMeTPos BIPHBa 00/14Ka, ACKICTO HA TOBEPXHOCTH 3CMTH,
BEIHYHIMA MPCKTIHHOMNO IHEPTOKIMACA VABABICTCH

e
OnpeacacHine OANICMOTO PEAIME BIPHIBHOTO NPEEPILLEHI
Pacuer Gepasvepnoro paccrosnns R = RAE/P)'

Pacuet napaMeTpiuecKkoro paccToRris A = 100R /£

Jderonaumns

Onpedeienue ocnoaTux napasempon s3pwea THC (Gespazvepnnie daaienue P u usayioc 1 )
[V S— sle
P =V /CY({o = H/aN0.83/R ~ 0.14/R )
06aaxo rereporentois TBC [ = (V/CNUS ~ H/oil - 046 — LY/

Qbaaxo raosoit TBC P = 0125/R + 0.137/R: + 0.023/R” | [GCN0.06/R + 0.01/R? — 0.0025/R ), rac
In(P)=~1,124 — 1.66In(R ) + 0.26¢In( R ))* [ =0022/R G = 7 204 ra3oBmx cMeceii: O = 4 178 rete-

In(/)= ~3.4217 — 0.898In(R ) ~ P =027k < 0.62/07 + 0,236/1 POrCHHEIX CMECeH, 1IPH ITOM

— 0.0096(In(R )Y d I =0.047/h IHEPIOIANAC TETEPOTEHHOIN CMECH
' JoMHoAacTes Ha (G — 1)/

\ Onpeacaenine pasMepHbIX BCIHGIH /

AP= PP ul=I(Py "EC,
|
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Onpedeienue dononumersix xapakmepucmuk eipnea T8C

IMapaMeTpel NAIA0WELH BONHB NPH JCTOHAUKMK ODAAKA FAZ0BONH CMECH
(ARACHHE, HMNYILC 3t LTHTCTBHOCTS A3 CAITHR U PA3PEXCHNA)

In(AP /P) = 0.299 — 2.058InA + 0.26(InX) ut In(AP /P ) = —1,46 — 1 402Ink + D,07%1nk)’
In(10'T,/E7) = 0,106 + 0.448InA — 0.026(1n0)" 1 in(10'T /£ = 1,299 + 0.412Ink — 0.079(nA)
In(f /E7) = ~0.843 - 0.932nA - 0.037(Ink)  w In(/ /£7) = =0.873 — 1,25InA + 0.132(Ink)
Popma NAIAOWESH BOTHB © ONUCAHIEM $a3 CRATUR H PAIPEACHUR
AP R) = AP (sin(re(r — T_)/T )/sin(=nT. /T Dexp(—Kg/T,)

Jexpeseny saryxanua K = 0,889 — 0,356Ink + 0,1050nA)*

N
[TapaMerphl OTPAKCHHON BOAHB (JARTCHHE, HMIVIBC M LIMTEILHOCTSL had CXATHR I PAIPCKENIA )
In(AP, /P) = 1.264 — 2,036InA + 0,21 1(Ink) 1t In(AL, /P,) = ~0.673 — 1.043InA + 0,252(InA)
In(10't,_/£) = —0,109 + 0.9831nA — 0.23(Ink) u In(10°T, /E'7) = 1,265 + 0,857k — 0,192(InA)}
In(/_/E7) = ~0,07 — 1,033Ink + 0.045(InA) u In(/,_/E") = —0,052 = 0,462InA — 0.27(Inky
DOPra OTPAKCHHON BOTHB € ONICIHHUEM (D3 CKATHR 1 PAIPCKCHUR
AP{r, Ay = AP _(sin(a(t —T,.)/T, )/sin{—nT_/T Dexp{—K1/T, )
Aexperert satyxauun K = 0,978 — 0,554k + 0,26(InAy’
|

Ouenka nopaxamouwess 8o30CUCMaus

BeposTHOCTL 1HOBPEXICHMI CTCH NPOMBILLICHHBIX R1aHui Pr, =5 — 0.26InV,, rae V, = (17300/AP" + (290/0*"
BeposiTHOCTS PAIPYICHIl NPOMBIWIACHHBIX 32aHMit Pr, = 5 — 0.22In¥), rac ¥, = (40000/AP)* + (460//)'"
BeposTHOCTE LIHTEABHON NOTEPH YNPaBIACMOCTH y Joaei Pr, =5 — 5.74InV,. rac ¥, = 4.2/5 + 1 3/1.
wees p= |+ AP/P. 1= I/P)'m'"")

BepostHoCTh pasphisa GapaGanHex nepenosox Pr, = ~12.6 + 1.524InAP
BeposTHOCTS 010poca F:0aeH YaapHoit Boaroit Pr, = 5 — 2 4dinl, rae V, = 738 107/AP + 1 2 10°/(APH

Puc. 1. AnropuTtm pacyeTa nocieAcTBuiA aBapuitHbIX B3PbIBOB TOM/IMBHO-BO3A4YLLIHbIX CMECEe

2. ONPEJAEJIEHHE OCHOBHBIX ITAPAMETPOB B3PbIBA TBC

2.1. OnpepgeneHue apdpeKkTMBHOro sHeprosanaca TBC
OPPEeKTUBHbBIN SHepProsanac ropoYveint CMecu onpeaenaeTca No COOTHOLWEHMIO
E=Mqg: npu C; £ Cr (1)
nnm
E=M,q;Cs/C.npn C; > C.

Mpu pacyeTe NapameTpoB B3pbiBa 06/1aKa, NEMKALErO Ha NOBEPXHOCTU 3eM/IN, BEINYMHA
apPeKTMBHOro aHeprosanaca yasamsaetca. [na oueHKM obbema razosoro obnaka TBC MOXKHO
BOCMO/1b30BaTbCA NPOCTbIM COOTHOLLIEHUEM:

V= Mr/CCT-

lpumeyaHus: 1. CTEXMOMETpMHECKaﬂ KOHLUEHTpPaLU KA roproyero sewiecrsa B TBC onpegenAaeTca n3s
CNpPaBOYHbIX AaHHbIX NTIX PACCYHUTbLIBAETCA OTAE/IbHO.

2. B cnyyae ecnun onpeaeneHme KOHLEHTPaL MM FoOpoYero BELLLECTBA B CMECU 3aTpPyAHEHO, B KayecTee
BeNMunHbl C, B COOTHOWeEHMM (1) NPUHUMMAETCA KOHUEHTPauMsA, COOTBETCTBYIOWAA HUMKHEMY
KOHLEHTPaUMOHHOMY Npeaeny BOCniamMmeHeHNa roptoyero rasa.

3. TennoTa cropaHusa roptoyero rasa g, 8 TBC bepetca u3 cnpaBoYHbIX AAHHbIX UM OLLEHMBAETCA NO
dopmyne
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KoppeKTMpoBOYHbIN

P/ 03-409-01 MeToaMKa OLEHKM NOCNeACTBUIA aBapuii B3PbIBOB TONIMBHO-BO3YLWHbIX CMecei

g: = 448 M /Kr.

napametp B aonA

Hanbosee pPacnpPoOCTPaHEeHHbIX B

NpPou3BOACTBE OMacHbIX BELLECTB onpeaensaerca us taba. 1.

npomMbIlLINEHHOM

4. Macca roptoyero rasa, cogeprkauwerocs B obnake TBC, MOXKeT 3a/1aBaTbCA B KaYecTBE MCXOAHOrO

napameTpa Uam onpeaenaTbCa UCXOAA U3 YC/I0BUI Pa3BUTUA aBapuii. [pun oueHKe Noc/ieAcTBUIA aBapuii

maccy M, pekomeHayeTcs onpeaenatb cornacHo [15].

Tabnauya 1

Knaccmbuuau,ml roprovyumx sewlecrts No cteneHn 4yBsCTBUTE/IbHOCTU

Knacc 1

Knacc 2

Knacc 3

Knacc 4

Oco60 yyBCcTBUTE/IbHbIE
BelecTsa

YyBcTBUTENbHbIE
BellecTsa

CpepHe-uyBCcTBUTE/IbHDIE
BeLecTsa

CnabouyBscTBUTE/bHDbIE
BelecTsa

(Pasmep
AETOHALUNOHHOM sYerKkn

(Pasmep geToHauMoHHOM
Avelkn ot 2 Ao 10 cm)

(Pasmep oeToHauUMOHHOWM
Avelikn ot 10 ao 40 cm)

(Pasmep
[EeTOHALUUOHHOM A4YelKku

MeHee 2 cm) 6onbue 40 cm)

1 2 3 4 5 6 7 8

B B B B

AueTtnneH 1,1 [AkpuaoHUTpUA 0,67 |Auetanbgerung 0,56 |AmMmMmaK 0,42
BuHunauetnnen | 1,03 |AKponeunH 0,62 |AueToH 0,65 |beH30n 0,88
Bogopos 2,73 |byTaH 1,04 |beH3uH 1 |[dekaH 1
fmapasuH 0,44 |bytnuneH 1 |[BuHwunauerar 0,51 |AnsTtonamneo 1
U3onponunHutpat| 0,41 |bytagmeH 1 |BuHunxnopug 0,42 |o-guxnopbeHson | 0,42
MeTtunauetmneH | 1,05 |1,3-neHTagneH 1 |[leKkcaH 1 |dopeKkaH 1
HutpomeTaH 0,25 |MponaH 1,05 [FeHepaTopHbIli ra3 | 0,38 |KepocuH 1
Okucb nponunena| 0,7 [MponuneH 1,04 |300KTaH 1 |MeTtaH 1,14
OKucb aTUNeHa 0,62 |Cepoyrnepog 0,32 [MeTnnamuH 0,7 |MetnnbeHson 1
STUnAHUTpaT 0,3 |9T1aH 1,08 |IMeTtunauetar 0,53 [MetnnamepkantaH| 0,53
3TuneH 1,07 [Metunbytnnketon | 0,79 |Metunxnopua, 0,12

wony 1 [MetunnponunketoH| 0,76 [HadpTtanmH 0,91

nmeTnnoBbIN 0,66 [MeTnn3TUNKETOH 0,71 |OKkucb yrnepoga | 0,23

adup
[NBUHUNOBbLIN 0,77 |OKTaH 1 |PeHon 0,92
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Knacc 1

Knacc 2

Knacc 3

Knacc 4

0Oco060 uyBCcTBUTE/IbHDbIE
BellecTsa

YyBcTBUTE/NbHbIE
selecrsa

CpepHe-yyBCTBUTE/IbHDbIE
BeLecTsa

CnabouyBcTBUTENbHDbIE
BellecTBa

(Pasmep
OETOHALUNOHHOM sYerKkn

(Pasmep aeTOHaALIMOHHOM
AvYenku ot 2 go 10 cm)

(Pasmep aeToHaLMOHHOM
Avenku ot 10 8o 40 cm)

(Pasmep
[ETOHALUMOHHOM AYeKK

MeHee 2 cm) 6onblie 40 cm)
1 2 3 4 5 6 7 8
adup
MeTunbyTnnoBbIn - |NMvpunanH 0,77 |XnopbeHson 0,52
apmp
Ouatunosbiii apump | 0,77 |CepoBogopos 0,34 [9TunbeHson 0,90
Ounsonponunosblin| 0,82 |MeTunosbit cnupT | 0,52 [AuxnopataH 0,25
adup
3TnnosbI cNnpT 0,62 [TpuxnopataH 0,14
Mponunosbi cnunpT | 0,69
AMMNOBBIN CNNPT -
N306yTHNOBbIN 0,79
cnupT
N3onponunnosbii 0,69
cnupT
LlnmknorekcaH 1
3tundopmuart 0,46
Stnaxnopug, 0,43
CHUNKEHHDBIN 1
NPUPOAHbLIN ras
Kymon 0,84
MeyHom ras 0,09
UnknonponaH 1
3TUnamuH 0,8

2.2. OnpepeneHune 0XKU[AEMOro peKMma B3pbIBHOro NpeBpalLeHun

2.2.1. Knaccughukauus 2opro4ux sewyecms rno cmerneHu 4yscmeaeumesbHocmu
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TBC, cnocobHble K 06pa3oBaHUIO FOPHOYNX CMECEN C BO3AYXOM, MO CBOMM B3PbIBOOMNACHbIM
CBOMCTBaM pasgesieHbl Ha YeTblpe Knacca. Knaccudumkauma roptoumx BeLLecTB NpuBeneHa B
Tabn. 1[31, 2].

B cnyyae ecnu BewectBO OTCyTCTBYeT B Tabn. 1, ero cneagyet KnaccuduumposaTb MO
aHaNorMM ¢ UMetLLMMUCA B TabaunLe BeLLecTBamMm, a NpU OTCYTCTBUM MHGOPMALMM O CBOMCTBAX
AAHHOTO BelLecTBa - OTHOCUTb €ro K Knaccy 1, T.e. paccmaTpuBaTb Kak Havbosnee onacHbIn
cayyan.

2.2.2. Knaccughukayus oKpyxarouieli meppumopuu

B cBA3M C Tem, 4YTO XapaKTep OKpYy*Kakwlero npocTpaHcTBa B 3HaUYUTE/IbHON CTEMEHMU
onpegendaeTr CKOpOoCTb B3PbIBHONo npespauieHnA obnaka TBC n, cnegoBaTtesibHO, NapaMeTpbl
yp,apHof/i BOJIHbl, TeOMeTpUYECKNE XapPaKTEPUCTUKU OKpPYKaAoWEro npocTtpaHCTBa pa3aesieHbl
Ha BUAbl B COOTBETCTBUUN CO CTENMEHbLIO €ro 3arpoMoK4eHHOCTH.

Bug 1. Hannuue anmHHbIX TPYD, NonocTei, KaBepH, 3aMOJ/IHEHHbIX FOPHOYelr CMecblo, Npwm
CropaHMN KOTOPOM BO3MOMKHO OXUAATb (GOPMUPOBAHME TYPOY/IEHTHbLIX CTPYW NPOAYKTOB
CropaHuMA C pa3MepPoM He MeHee Tpex Pa3mMepoB AETOHALUMOHHOM fYelikn gaHHOM cmecu. Ecan
pasmep [AeTOHAUMOHHOM SAYEeMKM ANS [aHHOM CMeCcuM Heu3BeCTeH, TO MUHMMAbHBbIN
XapaKTePHbI pa3mep TYpOYyNeHTHbIX CTPYM NPUHMMAETCA PaBHbIM 5 cm AnAa BellecTs Knacca 1;
20 cm - pnA BewecTB Knacca 2; 50 cm - ansa BewwectB Knacca 3 u 150 cm - anA BewecTs Knacca 4.

Bua 2. CunbHO 3arpomMoXKAeHHOEe MPOCTPAHCTBO: Ha/MYMEe MNOYy3aMKHYTbIX 06beMOB,
BbICOKAas MNNOTHOCTb pPa3sMeLLeHMA TexHoJsiorMyeckoro obopyaoBaHusa, nec, 6onbuoe
KO/INYECTBO NOBTOPAIOLLMXCA NPENATCTBUM.

Bua 3. CpeaHe 3arpomMoKAeHHOe MPOCTPAHCTBO: OTAE/IbHO CTOALWME TEXHONOrMyeckue
YCTaHOBKMW, pe3epByapHbIi NapK.

Bug 4. Chabo 3arpomoxkaeHHoe 1 cBO6oAHOE NPOCTPAHCTBO.

2.2.3. KnaccuguKayus oxuoaemozo pexcuma 83pbl8HO20 rpespaieHus

M3BeCcTHbl [ABa OCHOBHbIX pPeXMMa MpPoTEKaHWA ObICTPONPOTEKAOWMX MNPOLLEeCcCOB -
AeToHauuAa v pednarpauma [3]. [nA OUEHKM napameTpoB LeNCTBMA B3pPbiBa BO3MOMKHblE
peXKMmbl B3pblBHOro npespauweHna TBC pa3buTbl Ha wWecTb AMAnNa3oHOB MO CKOPOCTAM WX
pPacnpoCTpaHeHua, NpUYem NATb U3 HUX NPUXOAATCA Ha Npouecchl AednarpaLMoOHHOro ropeHua
TBC, NOCKONIbKY XapaKTePUCTUKU MPOLLECCa FOPEHMA CO CKOpoCcTAMKU PppoHTa meHbwmmu 500
M/C UMEIOT CYLLECTBEHHbIE Ka4yeCTBEHHbIE Pa3NMuuA.

O)MpOaemblit AManasoH CKOPOCTM B3PbIBHOrO MpeBpalleHMa onpeaenserca C MoMOLbHo
aKcnepTHOM Tabn. 2 B 3aBMCMMOCTM OT Knacca roptoyero BELLeCTBA M BUAA OKPYKAKOLLEro
npocTpaHcTBa [4].

Tabauya 2

3Kcnep'r|-|aﬂ 'ra6m4u,a ANAa onpepeneHna pexxnuma B3pbiBHONo npespaweHunaA
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Buna, oKpyKatowero npocTpaHCTBa
Knacc
roptyero 1 2 3 4
BellecTBa
Ounaaembiii AnanasoH CKOPOCTM B3PbIBHOMO NpeBpaLLeHua
1 1 1 2 3
2 1 2 3 4
3 2 3 4 5
4 3 4 5 6

Huxke npuBoguTcA pasbueHue pexkMmMoB B3pbiBHOrO npespalieHus TBC no auvanasoHam
CKOPOCTEMN.

[AvnanasoH 1. [leToHauua UM ropeHme co CKopocTbio GpoHTa Naamexn 500 m/c n 6onbLue.
[Awnana3soH 2. ledpnarpaumsa, ckopoctb ppoHTa naamenHn 300 - 500 m/c.
[Awnana3soH 3. ledpnarpaumsa, ckopoctb ppoHTa naamenHn 200 - 300 m/c.
[Awnana3soH 4. ledpnarpaumsa, ckopoctb $ppoHTa nnameHmn 150 - 200 m/c.
AwnanasoH 5. lednarpauma, ckopocTb GPOHTa NNAMEHUN ONpesenaeTcs COOTHoweHnem [4]:

r _ I 146
Vo= kMY )

roe ki - KOHCTaHTa, paBHan 43.

[Avana3oH 6. [lebnarpaums, ckopocTb GPOHTa NIaMeHM ONpeaensieTca COOTHoweHMeMm [4]:

" = e MR
V. =l M®, 3)

rae k, - KoOHCTaHTa, paBHas 26.

2.2.4. OuyeHKa azpezamHoz20 cocmosaHua TBC

OnAa panbHenWwmnx pacyetoB HEOBXOAMMO OLLEHUTb arperaTHoe COCTOAHWE TOMIMBA CMECMH.
MpegnonaraeTca, YTO CMeCb reTeporeHHas, ecnm 6onee 50 % TonanBa coep:KuTca B obnake B
BMAE Kanenb, B NPOTMBHOM ciyyae TBC cumMTaeTcs razoBoi. MpoOBECTM TaKME OLLEHKM MOMKHO
MCXO4A M3 BE/IMUMHBLI AaBNEHMA HACbIWEHHbIX MapoB TOM/MBa NPW AAHHOM Temnepatype M
BpemeHn GopMmnpoBaHUA 0bnaKa. [nsa neTyumx BewecTs, TakMX, Kak NponaH npu Temnepartype
+20 °C, cMeCb MOMKHO CYMTaTb ra3oBOM, a A/1A BEWECTB C HU3KMM [aBNEHMEM HACbIWEHHOrO
napa (pacnbin gmstonamea npu +20 °C) pacyeTbl NPOBOAATCA B NPEANONOXKEHUN reTeporeHHom
TOMNMBHO-BO34YLWHOW CMECH.

2.3. PacyeT MaKCMManbHOro U3bbiTOYHOro AaBAEHUA U UMNYbCa $a3bl CKAaTUA BO3AYLUHbIX
YAAPHbIX BOJIH
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Mocne Toro Kak onpeaeneH BEPOSATHbIA PEXUM B3PbIBHOMO NpeBpaLLeHNs, PacCuMTbIBAOTCA
OCHOBHblE MapameTpbl BO3AYLWHbIX YAAPHbIX BOMH (M36bITO4YHOE aAaBneHue AP u umnynbc
BOJ/IHbI AaBneHus /) B 3aBUCMMOCTM OT PAcCTOAHMA 40 LEeHTpa obnaKa.

2.3.1. lemoHayuA 2a308bix U 2emepoeeHHbIx TBC

Ona BbluMCNEHMA NAaPaMETPOB BO3AYLIHOM yAapHOM BO/IHbI HA 3al@aHHOM PaccToOAHMKU R oT
ueHTpa ob6naka npu  getoHauum obnaka TBC npeaBapuTeNbHO  PacCyYMTbIBAETCH
COOTBETCTBYIOLLEE HE3Pa3MepPHOE PacCTOAHME MO COOTHOLLEHUIO [5, 6]:

Ry = R/(E/Po)"". (4)

MpumeyaHue. Bce COOTHOWEHWUS TaKXKe MOryT ObiTb 3anMcaHbl B QYHKUMAX aprymeHTa A =
1OOR/E1/3. Mpu NpuHATLIX B MeToanKe AoNYyLLEHMAX MeXAay Ry 1 A cywiecTByeT npocTtan cBasb: A = 2,15R,.

Hdanee paccuntbiBaloTcA 6He3pasmepHoe pgasneHue P, n 6e3pasmepHbin mmnynbc ¢asbl
cKatuma /.

B cnyyae OdemoHayuu obnaka 2a3zoeoli TBC pacyeT nNpPOM3BOAUTCA MO CAeAYIOWMM
dopmynam [8]:

In(P,) = -1,124 - 1,66In(R,) + 0,26(In(R))> + 10 %; (5)

In(ly) = -3,4217 - 0,898In(R,) - 0,0096(In(Ry))’ £ 15 %. (6)

3aBucumoctn (5) u (6) cnpaseanmBbl AnA 3HaYeHU R,, 6onbwinx BennuuHbl Ry = 0,2 u
MeHbLnX Ry = 24. B cnyyae Ry < 0,2 BenuunHa P, nonaraetcsa paBHOM 18, a B BbipakeHue (6)
noacraBnaeTcA 3HadeHune R, = 0,142.

B cnyyae demoHayuu obaaka ecemepozeHHol TBC pacyeT Npov3BOAMTCA MO C/AeAyHLUM
dopmynam:

P,=0,125/R, + 0,137/R,* + 0,023/R,> + 10 %; (7)
l,=0,022/R, + 15 %. (8)

3aBucumoctun (7) u (8) cnpaBeanvBbl AN 3HAYEHUM R, 60AblMX BeAnUMHbl Ry = 0,25. B
cnyyae ecnm Ry < Ry1, BeAnUKnHa Py nonaraetca paBHok 18, a sennumHa /= 0,16.

2.3.2. fedhnaepayus 2a308bix U 2emepoaeHHbix TBC

B cnyyae pednarpaumoHHOro B3pbIBHOro npeBpaweHna obnaka TBC K napameTtpam,
B/IUAIOWMM Ha BEAMYUHbI M3ObITOYHOrO AaBAEHMA WM UMNYAbCA MNONOXKUTENbHOW ¢asbl,
[06aBNAOTCA CKOPOCTb BUAMMOro ¢poHTa nnameHn (V;) U cTeneHb pacliMpeHua NpoayKTOB
cropaHus (o). Ana razoBbIX CMecel NPUHUMAETCA O = 7, ANA reTeporeHHbIX - o = 4. [ins pacyeTa
napameTpoB YyAapHOM BOMHbI Npu  gednarpaumm  reteporeHHbix 06/71akoB  BeMYMHA
3¢ deKTMBHOro aHeprosanaca CMeck AOMHOaeTca Ha KoadpduumeHT (o - 1)/o.

Be3spasmepHble gasneHune Py M umnynbe $asbl CKaTUA f; oNpeaenatoTca No COOTHOLEHUAM:

Pa = (Vi/Co)*((0 - 1)/0)(0,83/R, - 0,14/R.7); (9)
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1=,

T

Co Mo —1)/)1-0.4(c -1V, / 6C, }x(0.06/ R, +0.01/R} —0.0025/ R} ). (10)

MNMocneaHue ABa BblpaXKeHMA cnpaBeaiMBbl ANA 3HaYeHUn R,, 6onblUMX BenndnHbl Ry = 0,34,
B NPOTMBHOM CJly4ae BMecCTo R, B cooTHoweHus (9) 1 (10) noactaBnseTca BeMYnHa Rq.

[anee BblUNCNAOTCA BEINUUHDI Py, U |y, KOTOPblE COOTBETCTBYIOT PEXMMY AeTOHAUMWN U AnA
CNyyas [OeTOHauuM ra3oBOM CMEeCUM pPaccymTbiBaloTcA Mo cooTHoweHusam (5), (6), a ans
AETOHAUMM reTeporeHHOM CMeCH - NO COOTHOLWEHMAM (7), (8). OKOHYaTeNbHble 3HaYeHna Py u Iy
BblIOMpPAOTCA U3 YCNOBUIA:

P, = min(le, sz),' /x = min(lxl, /Xz). (11)

Mocne onpeaeneHva 6e3pasmepHbIX BENVYMH [AaBAEHMA W MMmNyabca ¢asbl CXKaTUA
BbIYMCIAOTCA COOTBETCTBYIOLIME UM Pa3mMepHble BEINUYUHDI [5, 6]:

AP = P,Py; (12)
1 =10 1(Po)*EY3/ Co. (13)
3. ONPEJEJEHUE JONMOJHUTEJBbHBIX XAPAKTEPUCTHUK B3PbIBA TBC
3.1. Npodunb yaapHoOU BO/HbI

XapakTepHblt npodunb yaapHoi BoNHbI Npu B3pbiBe TBC nokasaH Ha puc. 2.

AP
AP.

 ATmocdepHoe aaBacHME i

Puc. 2. XapaKTepHbIn Npodnab yaapHO BOHbI

Hu)Ke NOKasaHo, Kak onpesenstoTcs KONMYECTBEHHbIe XapaKTEePUCTUKM A0MNONAHUTENbHbIX
napameTpoB yAapHOMN BOJHbI.

3.2. NapameTpbl NaAaloLWen BONHbI NpU AeToOHauUu ob6a1aKa ra3oBoi cmecu

MapameTpbl NagatolLelt BOAHbI NPy AeToHauuK obaaka ra3oBo CMeCcH PaccymTbIBalOTCA Mo
cnenyowmMm cooTHoweHusm [7 - 11].

Amnautyaa dasbl ckaTua
In (AP./Po) = 0,299 - 2,058 InA + 0,26 (InA)>. (14)
Amnauntyaa ¢asbl paspeskeHms
In (P./Po) = -1,46 - 1,402 InA + 0,079 (In\)>. (15)
AnutenbHOCTb dasbl cxKaTUA

In (10°t,/EY3) = 0,106 + 0,448 In\ - 0,026 (InA)>. (16)
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OnutenbHOCTb Gasbl pasperkeHusn
In (10°t./EY3) = 1,299 + 0,412 InA - 0,079 (InA)%. (17)
NUmnynbc dasbl cxKaTms
In (1,/EY3) = -0,843 - 0,932 In\ - 0,037 (InA)* (18)
NUmnynbc dasbl paspexeHuns
In (1/E¥?) =-0,873 - 1,25 InA + 0,132 (In\)2. (19)

dopma nagatoweinn BoAHbI C onucaHnem ¢as CKaTuMAa U pasperkeHma B Hanbonee onacHoOMm
C/lyyae AeTOoHaL MM ra30BOM CMeCU MOXKET b6bITb ONMCaHa COOTHOLWEHMEM

AP(t, N) = AP.(sin(mt(t - ©.)/T)/sin(-rtt,/T))exp(-Kit/Ts). (20)
[leKpeMeHT 3aTyxaHua B NajatoLLeil BOSIHE PACCUUTLIBAETCA MO COOTHOLUEHMIO
K;= 0,889 - 0,356 InA + 0,105(In\)>.
3.3. MapameTpbl OTPAXKEHHOW YAAPHOI BOJIHDI

Ona pacyeta napameTpos OTpa)l(eHHOVI BOJIHblI MPU €e HOPMaJZIbHOM NMaAeHUN Ha nperpagy
MCNonb3yroTCAa cneayrouwme COOTHOWEHUA.

AMI'II'IMTyp,a OTpaH(eHHOﬁ BOJIHbI AaB/1EeHUNA
In(AP,./Po) = 1,264 - 2,056 In\ + 0,211(InA)> (21)
AMNANTYAa OTParKEHHOW BOMHbI pa3peXkeHuns
In(AP,./Po) = -0,673 - 1,043 InA + 0,252(InA\)% (22)
ﬂ,l’IMTel'IbHOCTb OTpa>KeHHOl‘;1 BOJIHblI AaBNeEHUA
In(10°t,/E*3) = -0,109 + 0,983InA - 0,23(In\)>. (23)
ﬂ,l’IMTel'IbHOCTb OTpa>KeHHOl‘;1 BOJIHbI pa3pexeHnAa
In(10°t,./EY3) = 1,265 + 0,857InA - 0,192(In\)>. (24)
V|N\I'IyI'IbC OTpa)KEHHOﬁ BOJIHbl AaBNneHNA
In(l,+/E) = -0,07 - 1,033InA + 0,045(In\)?. (25)
Mmnynbc oTpaxKeEHHOM BOIHbI pa3perkeHns
In(l,./E*3) = -0,052 - 0,462InA - 0,27(In\)>. (26)
O6u.|,ee Bpema ,Cl,el\/'ICTBMH OTPaXKEHHbIX BOJIH Ha MULLUEHDb
In(10°(t,+ + T,.)/EY®) = 1,497 + 0,908InA - 0,404(InA)>. (27)

dopma OTpaKEHHOM BONHbI C onucaHMem a3 CHATUA U pPas3pelkeHUs C Xopolen ana
NPAKTUYECKMX LieNel TOYHOCTbIO MOXKET BbITb ONMcaHa COOTHOLWEHMEM
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AP(t, \) = AP,.(sin(mt(t - T4)/T.)/sin(-mtt ) /T) ) exp(-K t/Trs). (28)

[eKpemeHT 3aTyXxaHUs B OTPa’KEHHOW BO/IHE PACCUUTLIBAETCA NO COOTHOLLEHMUIO

K, =0,978 - 0,554In\ + 0,26(InA)>. (29)

CooTHouweHuA (14) - (29) cnpaBeanBbl Npy 3HadYeHuax A go 51,6.

3.4. MapameTpbl BOJIHbI NPU NPOU3BOJIbHOM peXKume CropaHums

MMNyNbCHble XapaKTEePUCTMKM NaAaloWwmXx U OTPasKEHHbIX BOJIH He 3aBMUCAT OT CKOPOCTU
B3PbIBHOroO npespalleHnsa. MHTEHCMBHOCTb U ANUTENbHOCTb AEUCTBMA YAaPHbIX BOAH Npu A > 1
PacCYMTbIBAIOTCA MO COOTHOLWIEHUAM Npeablayllero pasgena. Bo3MOXHOCTb TaKMX OLLEHOK
OCHOBaHa Ha CPaBHEHUM OMbITHbIX AaHHbIX C paKTUYECKUMU cBeAeHMAMM 06 aBapuAX.

4. OIEHKA IOPAXKAIOIIET' O BO3JIEVICTBUSA

Mpn B3pbiBax TBC CyLLECTBEHHYIO POJb WUrpaloT Takue nopaxkawowme ¢GakTopbl, Kak
ANNTENBbHOCTb AEMCTBUA YAAPHOW BOJIHbI, M CBA3AHHbLIA C HEW MapameTp MMMY/AbC B3PbIBa.
PeanbHoe aeneHune NAOCKOCTU GpaKTOPOB MOPAXKEHUS HA AMArpamme UMNyAbC - AAB/IEHME Ha
ABe 4acTu (BHYTpPU - obnacTb paspylueHus, BHe - 06/1acTb YCTOMUYMBOCTM) HE MMEET YeTKOW
rpaHuybl. Mpu NpUBAMKEHUN NAPAaMETPOB BOJIHbI K FPaHMLLE OnacHOM 061acT BEPOATHOCTb
3a/laHHOrO YpPOBHA MoparkeHusa HapacTtaeT oT 0 go 100 %. Mpu NpeBbIEHUN W3BECTHOTO
YPOBHSI BE/IMYMH aMNAUTYAbl AaBNeHUs UM wumnynbca pocturaetca 100 % BeposATHOCTb
nopaskeHua. I3Ta TUNUYHAA OCOBEHHOCTb AMarpamm MOpParKEHUs MOXKeT ObiTb OTparkeHa
npeAcTaBNeHUEM BEPOATHOCTU AOCTUMKEHUSA TOrO WM WMHOFO YPOBHA yliepba ¢ NOMOLLbIO
NpPoouUT-GYHKLNM - Pr;.

4.1. OueHKa BepOATHOCTM NOBPEXKAEHMIA NPOMBbILLJIEHHbIX 34aHUN OT B3pbiBa 06a1aka TBC

4.1.1. BepoATHOCTb NOBPEKAEHUIN CTEH NPOMbIWAEHHbIX 34aHUIN, MPU KOTOPbLIX BO3MOXKHO
BOCCTaHOB/IEHME 34aHMI 6e3 UX CHOCA, MOXKET OLLEHNBATLCA NO COOTHOLWEHMIO [12]:

Pf']_ =5- 0,26 In V1. (30)

CDaKTOp Vi paccynTbiBae€TCA C y4yeTom nepenaga AaBaeHUA B BOJIHE WU MMNYy/bCa
CTaTU4eCKoro gasaeHnAa no COOTHOWEHUIO

V1 = (17500/AP)%* + (290/1)3. (31)

4.1.2. BepoATHOCTb Pa3pyLUEHUIA NPOMbILWIEHHbIX 34aHUI, NPU KOTOPbIX 343aHMA nogaexaTt
CHOCY, OLeHMBAETCA MO COOTHOLEHM [12]:

Pry=5-0,221In Vs. (32)
B atom cnyyae daktop V; paccunTbiBaetca no popmyne
V, = (40000/AP)"* + (460/1)**3. (33)

Ha puc. 3 npuBeaeHa P-1 guarpamma, COOTBETCTBYOLLAA PA3/IMYHbIM 3HAYEHMAM NOPaXKEHUA
34aHWI yoapHoi BonHOM npu B3pbiee obnaka TBC [5, 6].
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Puc. 3. P-| anarpamma ona oUEHKN YPOBHA PaspyLLIEHUSA MPOMbILIAEHHbIX 34aHWA:

1 - rpaHMLA MUHMMANbHBIX Pa3pyLIeHUid; 2 - rpaHuLa 3HaYUTE/IbHBIX MOBPEXAEHNA; 3 - paspyLieHue
3paHnit (50 - 75 % cTeH paspylueHo)

4.2. OueHKa BepOATHOCTU NoparXKeHua ngeii npu s3pbise obnaka TBC

Hwuxe npuBOAATCA COOTHOLLEHUA, KOTOpPble MOTYT 6bITb MCNONb30BaHbI ANA pacyeTa ypoBHA
BEPOATHOCTU NOpaKeHnA BO3,£I,yLLIHOl7I BOJIHOM KMBbIX OopraHM3ImosB (B TOM Hncne un ‘-leﬂOBeKa).

4.2.1. BepoATHOCTb A/UTENbHOM NOTEPU YNPABASEMOCTU Y Ntoael (CocToAHMe HOKAayHa),
nonasLUMX B 30HY AeNCTBUA yAapPHOW BOMHbI NPW B3pbiBe ob61aka TBC, MOXKeT 6bITb OUeHeHa No
Be/INYMHE NPobuT-pyHKUMM [12, 13]:

Pry=5-5,741n Vs. (34)

CDaKTOp onacHocTn Vs paccynTbiBaeTCA NO COOTHOLWEHUIO

."r = 7 ™ 7
V,=42/p+13 (35)
be3pasmepHoe gaBneHne 1 NPUBEAEHHbIN MMNYbC 334at0TCA BbIPAXKEHUAMMN:
- _ ; :_pfpli2 13
p=1+AP/B i=I/F "m ") (36)

roe m - Mmacca Tesia XnBoro opraHn3ama, Kr.

Ha puc. 4 npusegeHa P-l pguarpamma, COOTBETCTBYHOLWAA PA3/IMYHbIM  3HAYEHUAM
BEPOATHOCTM NOPAXKEHWUA NtoLeN, NONaBLIMX B 30HY AeNCTBUA B3pblBa [12].
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Puc. 4. P-l anarpamma ans skcnpecc-oUueHKM noparxkeHua ntoaen ot B3pbiea TBC

42.2. B HEKOTOPbIX MUCTOYHUKAX COO6LLI,aeTCF| O 3aBUCMMOCTU BEPOATHOCTU pPa3pbiBa

6apabaHHbIX NePEeNOHOK y loAeN OT yPOBHA Nepenasa AaBNeHus B BO3A4yLWHON BosiHe [13]:

Pry=-12,6 + 1,524 In AP.

(37)

4.2.3. BepoATHOCTb 0T6pOCa Ntoaein BOMHOW AaBNE€HUSA MOXET OLLEHMBATbCA MO BeINYMHE

npobut-¢pyHKLUMM [12, 13]:

Pf'5 =5- 2,44 In V5.

3aecb pakTop Vs paccumTbiBaeTCA M3 COOTHOLLEHMS

Vs =7,38 - 10°/AP + 1,3 - 10%/(API).

(38)

(39)

CBA3b QYHKUMM Pr; C BEPOATHOCTBIO TOM MAN MHOM CTEMEHWN NOPAXKEHUA HAXOAMUTCA MO Tab.

3 [12].
Tabauya 3
CBA3b BEPOATHOCTU NOPAXKEHUA C NPo6UT-PpyHKu e
P, % 0 1 2 3 4 5 6 7 8 9
0 2,67 2,95 3,12 3,25 3,38 3,45 3,52 3,59 3,66
10 3,72 3,77 3,82 3,86 3,92 3,96 4,01 4,05 4,08 4,12
20 4,16 4,19 4,23 4,26 4,29 4,33 4,36 4,39 4,42 4,45
30 4,48 4,50 4,53 4,56 4,59 4,61 4,64 4,67 4,69 4,72
40 4,75 4,77 4,80 4,82 4,85 4,87 4,90 4,92 4,95 4,97
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P, % 0 1 2 3 4 5 6 7 8 9
50 5,00 5,03 5,05 5,08 5,10 5,13 5,15 5,18 5,20 5,23
60 5,25 5,28 5,31 5,33 5,36 5,39 5,41 5,44 5,47 5,50
70 5,52 5,55 5,58 5,61 5,64 5,67 571 5,74 5,77 5,81
80 5,84 5,88 5,92 5,95 5,99 6,04 6,08 6,13 6,18 6,23
90 6,28 6,34 6,41 6,48 6,55 6,64 6,75 6,88 7,05 7,33
99 7,33 7,37 7,41 7,46 7,51 7,58 7,65 7,75 7,88 8,09

4.3. OueHKa paauycoB 30H NOpaXKeHuA

Ona onpeneneHua paguMycoB 30H MOPaXKeHMA MOMKET ObiTb npeasoxeH (Hanpumep, [14])
cneayoWwmMn MeTol, KOTOPbIN COCTOUT B YUNCIEHHOM PELLEHUN YPAaBHEHUSA

k/(AP(R) - P") = I(R) - I, (40)

* *
NPUYEM KOHCTaHTbl k, P, | 3aBWUCAT OT XapaKTepa 30Hbl NOPA*KeHUs U onpeaenstoTca u3
Tabn. 4, a dyHKuum P(R) v I(R) HaxoaATcA No cooTHolleHnsAM (7) - (13) cOOTBETCTBEHHO.

Tabnauya 4

KoHcTaHTbI gna onpeaeneHnsa pagnMycoB 30H Nopa*KeHuA npu B3pbisax TBC

- o * *
XapaKTepucTmka 4encTema yaapHOW BOJIHbI I,MNa-c P,MNa k,Ma’-c

PaspylieHue 3gaHuii

MNonHoe paspyLueHme 34aHNin 770 70100 886100
lpaHWLA 061aCTM CUIbHBIX PA3PYLUEHUIA:
50 - 75 % cTeH paspyweHoO WM HaAXOAMTCA HA rpaHu
520 34500 541000

pa3spyLleHus
lpaHWLA 061aCTM 3HAUUTENIbHBIX NMOBPEXAEHUIN: NOBpeXAEeHNE

pariti pemaA pema 300 14600 119200
HEKOTOPbIX KOHCTPYKTUBHbIX 3/1IEMEHTOB, HECYLLUX Harpy3Ky
lpaHWLA 06/11acTU  MUHUMAbHBIX MOBPEXAEHWI: PA3pPbIBbI

Panut ! PerASHN:  pasp 100 3600 8950
HEKOTOPbIX COeANHEHUI, pacyieHEeHME KOHCTPYKL MM
MonHoe paspyLieHne ocTekneHunsa 0 7000 0
50 % paspyLieHne ocTekneHmn 0 2500 0
10 % n 6onee paspyLleHNe OCTEKNEHMUSA 0 2000 0

MopaxkeHne opraHoOB AblXaHUA He3aLNLLEHHbIX mo,a,eﬁ
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o o * *
XapaKTepucTnuka 4encrena yoapHOW BOJIHbI I',MNa-c P, Ma k, Ma’-c

50 % BbIXMBaHMe 440 24 3000 1,44 - 10°

Mopor BbIKMBaAHMA (MPM  MEHbLWMUX 3HAYEHMAX CMepT. ;
. 100 65 900 1,62-10
rnopakeHusa naein manoBeposTHbI)

3amMeTum, YTO B HEKOTOPbIX UCTOYHMKAX [5, 6, 15] npeanaraeTtca 6onee npocras dopmyna
ANA onpeaeneHva paauycoB 30H MOPAXKeHMA, UCMOJIb3yemas, Kak NpaBuao, ANA OLEHKU
nocneacTBuin  B3pPbIBOB  KOHAEHCMPOBaHHbIX BB, HO, ¢ W3BECTHbIMM  [ONYLLEHUAMM,
npuemnemasn u ans rpybomn oueHKn nocneactsmin B3pbisos TBC:

R=KWY3/(1 + (3180/W)»)™®, (41)

roe koadduumeHT K onpeaenaeTca cornacHo 1abn. 5, a W - TpoTUA0BbI 3KBMBANEHT B3PbIBa,
onpeaenaembliii U3 COOTHOLLIEHUA

o 04 Mg,
0.94.5-10° (42)

rae gr - Tennota CropaHnA rasa.

Tabauya 5
YpOBHM paspylieHUA 34aHUM
N36bITOUuHOE
KaTteropus Koaddunumnent
XapaKTepucTrka noBpexaeHua 34aHusa AasneHue AP,
nospexKaeHua K
KMa
A MNonHoe paspylweHue 3gaHuA 2100 3,8
B Taxenble NOBpPEXKAEHUA, 34aHMNE NOANEKUT CHOCY 70 5,6
C CpeaHue noBperKaeHWA, BO3MOXKHO BOCCTAaHOB/EHME 28 9,6
34aHuA
D PaspylieHne OKOHHbIX NPOemoB, nerkocbpacbiBaembix 14 28,0
KOHCTPYKLUMIA
E YacTnyHoe paspylieHme ocTekNeHmnsa <2,0 56

Ona onpepeneHuna paguyca CMepPTENbHOrO MOPAXKEHMA 4YeNoBEeKAa B COOTHOLWeHMe (41)
cnegyet NoACTaBNATL BenndnHy K = 3,8.

Ilpunoosicenue

NMPUMEPBI PACHETOB

Mpumep 1
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B pesynbTaTe aBapuMM Ha aBTOAO0pPOre, MPOXOAAWEN MO OTKPbITOM MECTHOCTW, B
H6e3BeTpeHHy0 noroAZy npou3oLlen pPa3pblB aBTOLMCTEPHDLI, COAEPIKALLEN 8 T CHMUMKEHHOro
nponaHa. N8 OUEHKM MAKCMMaibHO BO3MOMHbIX NMOCNEACTBUIA MPUHATO, YTO B pesy/bTaTe
Bbibpoca rasa B npegenax BOCNAAMEHEHMA OKA3anoCb MpPAKTUYEeCKM Bce TOM/MBO,
nepeso3mslleecs B uucTepHe. CpeaHAA KOHLEHTpauma nponaHa B obpasosaswemcsa obnake
coctaBuna okoso 140 r/M3. PacuyeTHbIil 06beM obnaKa coctasua 57 Tbic. M>. BocnnameHeHve
obnaka npuMBeno K BO3HWMKHOBEHWIO B3PbIBHOFO peXuma ero npespalieHus. Tpebyetca
onpeaenuTb NnapameTpbl BO3AYLIHON YAAPHOM BOJIHbI (M36bITOYHOE AaBaeHue U MMNy/be dasbl
cXatma) Ha pacctoaHMKn 100 m OT mecTa aBapum.

PeweHue:

Cdopmupyem McxoaHble AaHHbIE AN Aa/IbHEMLINX PacYeToB:

TUN TONAKBA - NPOMNaH;

arperaTtHoe COCTOAHME CMeCH - ra3oBas;

KOHLLeHTpauma roptoyero B cmecun C. = 0,14 Kr/M3;

Mmacca Ton/nea, cogeprkaulerocs B obnake, M, = 8000 Kr;

yAenbHaa TensioTa cropaHua Tonaunea g, = 4,64 - 10’ JIK/Kr;

OKpYy*KatoLee NPOCTPaHCTBO - OTKpbITOe (BUA 4).

Onpegenaem adpdpeKTuBHbIN aHeprozanac TBC E. Tak Kak C; > C.;, cneaoBaTenbHoO,

E = 2M.q,C/C. = 2 - 8000 - 4,64 - 10’ - 0,077/0,14 = 4,1 - 10™ [Ax.

Mcxopa w3 Knaccudukauuu Bellects, onpeaensem, YTo NponaH OTHOCMTCA K Knaccy 2
OMacHOCTM (4yBCTBUTENIbHbIE BeLLecTBa). [eOMeTpUYECKME XapaKTEePUCTUKM OKpYrKaloLLero
MPOCTPaAHCTBA OTHOCATCA K BuAy 4 (OTKpbITOe NpPOCTPaHCTBO). Mo 3KcnepTHoM Tabn. 2
onpenensaem OXWAAEMbIA PeXMm B3PbIBHOrO npespalieHuna obnaka TBC - pgednarpauma c
AManasoHOM BMAMMOM CKOpocTM ¢GpoHTa nnameHn ot 150 go 200 m/c. Ona nposepku
PaccYMTbIBAaEM CKOPOCTb GPOHTA NAMEHM NO COOTHOLIEHMIO (2):

V, = kyM,>® = 43 - 8000Y° = 192 m/c.

MonyyeHHas BENMYMHA MeEHbLUE MAaKCMMA/IbHOM CKOPOCTU AManasoHa AaHHOro B3PbIBHOMO
npespaLLeHus.

Ona 3agaHHoro pacctoaHma R = 100 m paccunTbiBaem be3pasmepHoe pacctoaHue Ry:

R, = R/(E/Po)Y> = 100/(4,1 - 10**/101324)*° = 0,63.

PaccuntbiBaem napameTpbl B3pbiBa MpwM CKOpocTU ropeHuns 200 m/c. Ons BbIMUCNEHHOTO
6e3pasmepHOro paccToAHUA No CoOoTHoWweHUAM (9) 1 (10) onpeaensem BeNNUUHbI Pyg U [y :
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P, =171C flo-1)/c)083/R,—0.14/R] |=
=2007/340"-6/7(0.83/0.63-0.14/0,63% |]=0.29;
I,=(V./1C,)(6-1)6)1-04(1. /C,(c—-1)/))0,06/ R, +0,01/ R} —0,0025/ R} |=
={200/340)(7—1)/ T N1—0.4(200 /340 (7T —1)/ 7))
%(0,06/0.63+0,01/0,63* —0,0025/0.63° |=0,0427.

Tak Kak TBC - razoBas, BenuumnHbl Py, |, paccuntbiBaem no cootHoweHuam (5) u (6):

Py = exp (-1,124 - 1,66In(Ry) + 0,26(In(R,))*) = 0,74 + 10 %;
lo = exp (-3,4217 - 0,898In(R) - 0,0096(In(R,))?) = 0,049 + 15 %.

CornacHo (11) onpesensiem OKOHYaTe/IbHbIE 3HAYEHUS Py U /y:

Py =min (Py, Px2) = min (0,29, 0,74) = 0,29;
I, = min (I, ) = min (0,0427, 0,049) = 0,0427.

M3 HaaeHHbIXx 6e3pa3mepHbiXx BennunH Py n I, Bbluncnsem cornacHo (12) n (13) nckombie
BE€/IMYMNHbI N3ObITOYHOrO AaBNEHMA U MMNYAbca Ga3bl CKATUA B BO3AYLIHOW yAapHOM BOJIHE Ha
pacctoaHmm 100 m OT MecTa aBapum Npu cKopoctu ropeHma 200 m/c:

AP=2,8- 10" Na;
I = 101(Po)**E*3/Cy = 2,04 - 10* Na - c.
Mcnonb3ya nonyyeHHble 3HavYeHUA AP 1 [, Haxoaum:
Pr1=6,06, Pr,=4,47, Pr3 =-1,93, Pry = 3,06, Prs = 2,78

(npu pacueTe Pr,3 npeanonaraeTcs, YTo macca Yenoseka 80 Kr).

3710 cornacHo Tabn. 3 o3HauvaeT: 86 % BepOATHOCTb noBpexaeHnin n 30 % BEepPOATHOCTb
Pa3pyLWeHNN NPOMbIWAEHHbIX 34aHWWA, a TakkKe 2,5 % BepoATHOCTb paspbiBa HapabaHHbIX
nepenoHoK y ntogen n 1 % BepoaTHocTb oTOpoca Ntoaeit BONHOW gasneHuA. BepoaTHoOCTM
OCTa/IbHbIX KPUTEPUEB MOPANKEHUA BNNU3KM K HYAHO.

Mpumep 2

B pe3synbrate BHE3aMHOro  PacKpbliTMA  0OpPATHOro  KnanaHa B MPOCTPAHCTBO,
3arpoMOKAEeHHOE MoABoAAWMMKU Tpybonposogamu, BbibpoweHo 100 Kr aTuneHa. Pagom c
3arasoBaHHbIM 06beKTOM Ha paccTtoaHMM 150 m HaxoguTca nomeleHune uexa. KoHueHTpauma
sTuneHa B obnake 80 r/m>. TpebyeTcAa onpenenuTb CTeneHb MOPAKEHWA 34aHUA Lexa W
pacno/sIoKeHHOro B HeM NepcoHana npu B3pbise obnaka TBC.

PeweHue:
Coopmupyem nucxogHble AaHHbIE ANA AaNbHENLLMX PAaCYETOB:
rOpHOYUIA ras - STUNEH;

arperaTHoe CoOCToAHNE CMecCH - ra3oBan,
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KOHUeHTpauma roptoyero B cmecu C; = 0,08 KF/M3,'
CTEXMOMETPMYECKAA KOHLUEHTPaUMA aTuAeHa ¢ sosgyxom C = 0,09 Kr/M3;
mMmacca TonamBa, cogeprkalerocs B obnake, M, = 100 Kr;
yAenbHaa TensoTa CropaHua roptovero rasa g, = 4,6 - 10’ LK/Kr;
OKpyKatoLee NPoCTPaHCTBO - 3arPOMOXKAEHHOE.
Haxoanm addeKTMBHbIN 3Heprosanac roptodeit cmecu E. Tak Kak C; < C.;, cneaoBaTesibHo,

E=M.q, 2=100x4,6-10" -2=19,2 - 10° .

Mcxoaa w3 KnaccuduKaumm BeLecTs, onpeaensem, 4To 3TUAEeH OTHOCUTCA K Kaaccy 2
OMacHOCTM (4yBCTBUTENIbHbIE BeLLeCcTBa). [eoMeTpMUEeCcKME XapaKTEPUCTUKM OKpY»KaloLLero
MPOCTPaAHCTBA OTHOCATCA K BMAY 1 (3arpomoXkaeHHoe NpocTpaHcTBo). Mo aKkcnepTHOM Taba. 2
onpeaensaem AManasoH OXWAAEMOro PEeXMMma B3PbIBHOTO MpespalleHus obnaka TOMMBHO-
BO3A4YLUHOW CMECU - NePBbIM, YTO COOTBETCTBYET AETOHALUM.

Ona 3apaHHoro paccrtosHua 150 m onpegensem 6e3pasmepHoe nNapameTpuyeckoe
paccTosiHue A:

A=R/EY*=100-150/(9,2 - 10°)% = 7,16.
Mo cooTHOLIEHNAM ANA Najatolleit BoaHbl (14) - (19) Haxoanm:
amnaunTyaa ¢asbl 4aBNEHUS

AP,/Po = 0,064 unn AP, =6,5 - 10° Na npun Py =101325Ma;

amnanTyaa $pasbl pasperkeHuns
AP./Py = 0,02 unu AP. = 2 - 10% Ma npu Py = 101325 Ma;

AONNTEeNbHOCTb d)a3b| cXKaTtuA

. = 0,0509 c;
ANNTEeNbHOCTb d)a3b| pa3pexxeHunAa

1.=0,127c;
MMNYAbCbl Pas CKaTUA U PaspeKeHUn

l,=1.=126,4Ma-c.

(Dop:v\a na,u,arou.l,eﬁ BOJIHblI C ONNCaHNem ¢a3 CXKaThnAa N paspexeHna B Hanbonee onacHOMm
CQlydae AeToHauunm ra3oBOM CMeCK MOXKET ObITb ONMMCAHA COOTHOLLIEHNEM

AP(t) = 6,5 - 10°(sin(rt(t - 0,0509)/0,1273)/sin(-150,9/0,1273))exp(-0,6t/0,0509).

Ucnonb3ya nonydeHHble 3HaYeHua AP, u I, no popmynam n. 4 umeem:

Pri=2,69; Pr, =1,69; Prs = -11,67; Pr, = 0,76; Prs = -13,21
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(npwu pacueTe Pr; npegnonaraeTca, YTo macca Yenoseka 80 Kr).

3To cornacHo Tabs. 3 o3HayaeT 1 % BEpOATHOCTb Pa3pyLLUEHUM NPOU3BOACTBEHHbIX 34aHUINA.
BepoATHOCTM OCTanbHbIX KPUTEPUEB MOPAXKEHNA BAN3IKU K HYALO.

Mo COOTHOLWEHMAM AN5 OTPAXKEHHOM BOHbI (21) - (26) Haxogum:
amMnNAnTyAa OTPa*KEHHOW BO/HbI AaBNEHUA

AP../Po=0,14 unn AP, = 1,4-10* Na npu Py = 101325 Ma;

amnanTtyaa OTpa)'KEHHOf/'I BOJIHbI pa3pexeHuna

AP,./Po=0,174 unn AP, = 1,74 - 10*Na npu Py =101325 Ma;

ONNTENBbHOCTb OTpa)'KEHHO[;I BOJIHbl AaBNnEHNA

T+ =0,0534 c;
ANNTENbHOCTb OTPAXKEHHOM BOJIHbI pa3pexeHunsa
T~ =0,1906 c;
MMMYNbCbl OTPAXKEHHbIX BOJIH AaBAEHUA N pa3pekeHns:
l+=308Ma-c;
l.=284,7MNa - c.

dopma oTparKeHHOM BOJIHbI NPU B3aUMOAENCTBUU CO CTEHKOM
AP,(t) = 1,4 - 10*(sin(r(t - 0,0534)/0,1906)/sin(-t0,0534/0,1906))exp(-0,8906t/0,0534).
Mcnonb3ya nonyvyeHHble 3HadyeHua AP, u [, no popmynam n. 4 UMeeMm:
Pr,=4,49; Pr, = 3,28; Pr3 =-7,96; Pr4 = 1,95; Prs = -9,35.

3710 cornacHo Tabn. 3 o3HayaeT BepoaTHOCcTU: 30 % noBpeXKaeHUn U 4 % paspyLueHUi
NPON3BOACTBEHHbIX 34aHNIN. BEPOATHOCTM OCTa/IbHbIX KPUTEPUEB MOPAXKEHUA BNU3KM K HYAHO.
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XMMUYECKMX, HedpTexmummuuecknux n HeptenepepabaTbiBatOWLMX NPOU3BOACTB (NpUNOKeHMe 2).
YTBepKaeHbl [octaHoBneHnem lFocroptexHaasopa Poccum ot 05.05.03 Ne 29.

COOEPXAHUE

1. O0uIKe n0I0KEHNS

2. OnpeaeneHne OCHOBHBIX TapaMeTpoB B3phkiBa TBC

3. OnpeeneHne JONOJIHUTEIbHBIX XapaKTepPUCTHUK B3pbiBa TBC
4. O11eHKa NOPAKAIOIIETO BO3AEHCTBUS

[Ipunoxxenne. COMCOK MCIOJIH30BAHHON IUTEPATYPHI
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