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PacueT 30H pa3pyiueHus 3JaHUA

U COOPYKEHUU IIPU B3PbIBaX TOIUIMBHO-
BO3YIIHBIX CMeCeN Ha OIMaCHBIX
IIPOM3BOCTBEHHBIX 00beKTax

CpaBHHMBAIOTCA pacyeThl 30H pa3pyNIeHUsI MPU BHENTHUX B3PbIBaX TOIUTMBHO-BO3AYIITHBIX
cMeceii, onpeensseMbIX 0 poccuiickum merogukam (Pl 03-409—01, I1b 09-540—03)

u metoauke pupmer TNO (Hupepiranasi), ¢ 9KCIePUMEHTAIbHBIMH JTAHHBIMHU 110 B3PbIBaM
BOJOPOJI0BO3AyITHOM cMecH. [IpennoskeH MeTon4YecKuid IOIX0/T K OIeHKEe PHCKA pa3pylieHuns
3JaHMIi  COOPYKEHHI IPH aBapHIHBIX B3PbIBAaX Ha ONACHBIX IIPOM3BOJACTBEHHBIX 00bEKTaXx.

The paper presents comparison of calculation of destruction zones resulted from outer
explosions of fuel-air mixtures, made in accordance with the Russian methods (RD 03-409—01,
PB 09-540—03) and methods of TNO (The Netherlands), with the experimental data on
hydrogen-air mixture explosions. It proposes technical approach to assessment of buildings
and structures fracture risk during accidental explosions at hazardous production facilities.

Kiiouesbie cinoBa: aBapuiHbIN BEIOPOC, TOIUIMBHO-BO3YIITHASL CMECh, VapHas BOJIHA, B3PBIBOYCTOMUYMBOCTh

30aHul, aHaJInu3 PUCKa.

Omue TpeboBaHUs 00 ydeTe pucKa B3phbiBa U
B3pBIBHBIX HArpy30K IIpY IPOECKTHPOBAHUU
n3noxensl B @emepanbHoM 3akoHe oT 30 ae-
Ka6pst 2009 ©. Ne 384-D3 «TeXHUUECKUI PErTaMeHT O
0e30MMacHOCTH 3IaHUii ¥ coopykeHui» [1], Denepaib-
HoM 3akoHe oT 22 monsg 2008 & No 123-D3 «Texaunye-
CKMI1 periaMeHT O TpeOOBaHMSX IMOXapHOUl Oe3oma-
cHocT» [2], B O0IIMX IpaBUiIax B3pbIBOOE30ITIACHOCTH
IUTSI B3PBIBOITOXKAPOOIIACHBIX XMMHUUECKMX, HeTeXM-
MUYECKMX M HedTernepepadaThIBalOIINX ITPOM3BO/ICTB
[3], B MeToguke OLIEHKM ITOCNIEACTBUII aBapUITHBIX
B3PBIBOB TOILIMBHO-BO3MYIIHBIX cMeceil [4] 1 mpyrux
HOPMaTUBHBIX JOKyMeHTax [5—8].
OIBIT 3KCIEPTU3bI MPOSKTHOM TOKYMEHTALMU U
JIexaapaluii IPOMBILLIEHHOM 0€30MaCHOCTU B3pbl-

BOOIACHBIX OOBEKTOB BBISBISET TUITMYHbBIE OIIMO-
KU U TPYAHOCTH, CBSI3aHHBIE C PACYCTOM B3PBIBHBIX
npoleccoB (pacueT Macchl BellecTBa BblOpoca U
Macchl BeIlECTBA, YUacCTBYIOIIETO BO B3phIBE; 000-
CHOBaHWE KPUTEPUEB pPa3pyllIeHUs, Y4eT YCIOBUI
OKpYXKaloIIei Cpelbl; OTCYTCTBUE KOJIMYECTBEHHBIX
KPUTEpUEB B3PHIBOYCTOMYMBOCTH; pasinyue pe-
3yJIBTATOB PacYeTOB, BBHITOIHEHHBIX 110 Pa3INYHBIM
HOPMATUBHBIM MeTomuKaM u 1p.). IlpummeHeHwne
MPpY MPOEKTUPOBAHUH 3aPYOEKHBIX KOMITBIOTEPHBIX
nporpamMm (Hepeako 0e3 omucaHMs 3aJI0XKEHHBIX B
HUX MOJeJIei1) BBI3BIBACT TPYAHOCTHU IIPOXOXKIECHUS
BKCIEePTU3bl MPOEKTHOM TOKYMEHTAlIMMU, B TOM YH-
cJie U3-3a OTCYTCTBUSI IIPOLICAYPHI IIPOBEPKU MX CO-
OTBETCTBUSI.
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HeobxonuMocTh COBEPIIEHCTBOBATh METOAUKU U
MOBBIIIATH JOCTOBEPHOCTb PACUETOB ITOCJIEICTBUIA
B3pbIBa CBsI3aHA C TEM, YTO 3aBbILLIEHHbIC 3HAYE-
HUSI pacUYETHBIX 30H pas3pylleHUs] HEepeaKo Tpeoy-
[OT YPE3MEPHBIX 3aTpaT Ha YBEJIMYEHNE MTPOYHOCTU
KOHCTPYKIIMIA Y B3PbIBOYCTOMYMBOCTHU 30aHUM, CO-
OpPYKEHUI WM UX yoajleHWe Ha 3HAaUYMTEIbHOE pac-
CTOSIHME OT BO3MOXKHBIX MCTOYHMKOB B3pbiBa (10
HECKOJIBKUX KUJIOMETPOB).

st pelieHUs yKazaHHBIX TPo0JieM pacCMOTPUM
cleaylole OCHOBHBIE BOIPOCHI: BepubuKanus'
MaTeMaTUYECKUX MOJEJEH pacyera IOCICICTBUIA
B3pbIBa, MpoBepKa 0OOCHOBAHHOCTU MPUMEHSIEMbIX
METOJAMK, KOMIBIOTEPHBIX MPOrpaMM; CpaBHEHUE
POCCUICKMX METOJUK C 3apyOesKHBIMU; pacyeT Mac-
Chl BELIECTBA, YUACTBYIOIIIETO BO B3PbIBE; YTOUHEHNE
KpUTEpUEB pa3pylleHUs] Pa3IuYHbIX TUIIOB 3JaHUI
U COOPYXEHUI, BEPOSITHOCTU TOPAXKEHUS JIIOAEH
MpUY B3pbIBax; MPUMEHEHUE KOJMYECTBEHHOIO aHa-
JIM3a pyucKa pa3pylIeHUs 3MIaHUI U COOPYKEHUT.

1. Bepucdukanusa maTeMaTH4YeCKHUX MO/IeIeit
B3pbIBa

Bepudukanys mareMaTUUeCKMX MOIEJCH B3pbIB-
HBIX IIPOLIECCOB C KCIIEPUMEHTAIbHBIMU JTaHHBIMU
3aTpyaHEeHa 13-3a KpaliHe MaJIoro YKcyia 9KCIIePUMEH -
TOB C OOJNBIINM KOJIMYSCTBOM OITACHOTO BEIIECTBA.
OnHO M3 TaKMX 3KCIEPUMEHTAIbHBIX MCCAeI0BaHUIA
BBINIOJIHEHO B MHCTUTYTe XMMMWYECKOM TEXHOJIOTUH
®paynrodepa (Iepmanus) [9]. [ToctaHoBKa KCIIepy-
MEeHTa ObLTa ClIeAyIoNIeit: momycepruIecKnil KyIo ¢
MSTKIMU cTeHKamu (puc. 1) pammycom 10 M, pacrio-
JIOXKEHHBII Ha paBHUHHOM MOBEPXHOCTH, HATIOTHSIIN
CTEXMOMETPUYECKON BOIOPOIOBO3IYIIIHON CMECHIO

A Puc. 1. 9kcnepumeHT ¢ Bogopoaom

! Bepucdukauuss — npoBepka, IpoBepseMOCTb, CIIOCO0 TMOATBEPXKACHUS Ka-
KMX-JIMOO TEOpEeTUYECKUX IMOJIOXEHHIA, aIrOPUTMOB, MPOrpaMM M HPOLERYp
IyTEeM UX COIOCTABJICHUSI C OMBITHBIMU (STAJIOHHBIMU WJIN SMIMPUYECKUMMU)
JIAHHBIMM, AJITOPUTMAaMU U rporpammamu (ru.wikipedia.org).
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A Puc. 2. U3meHeHue n30bITOYHOrO faBneHusi Bo GppoHTe

YOapHO#A BOJIHBI OT B3PbiBa BOAOPOAOBO3AYLUHON CMECH:

1 — B 9KCNEpPUMEHTE; 2 — CMOOENMPOBAHHOE MO METO-
nvke PO 03-409—01; 3 — no metoauke N6 09-540—03
nox gasiaeHveM 100 kITa. Macca Bogopojaa cocTaBisi-
Ja 51 Kr; ropeHre MHULIMUPOBaIK 1o LeHTpy. C 1mo-
MOIIIbI0 HECKOJIbKMX IAaTYNKOB (DUKCHPOBAIA M3MeE-
HeHMe M30BITOYHOTO JABJICHUS BO (DPOHTE YIApHOM
BOJIHBI APy, ¢ paccTosiHueM 7 (puc. 2, Kpusas 1).

JIsT 9MCIIEHHOTO MOICIMPOBAaHMS HAHHOTO 3K-
criepuMenTta 1o Metomukam PII 03-409—01 [4] u
I[Ib 09-540—03 [3] wucmoab30BajiM IIPOrpaMMHBbIN
koMmimieke « TOKCH+Ri% [10]. Pe3ynbraTel Momen-
pOBaHUS MO 00EMM METOAMKAM (CM. PUC. 2) IeMOH-
CTPUPYIOT KOHCEPBATUBHOCTh ITOJyYEHHBIX OLIEHOK
3aBUCUMOCTH HM30BITOYHOTO IaBJIeHUS BO (POH-
T€ YAApHOU BONHBI APy OT PacCTOAHUSA 7 10 LEHTPa
B3pbiBa. HeoOX0aMMO OTMETUTD, YTO pacyeT 1o Mojie-
1 I16 09-540—03 3aBbIaeT 3HaYeHUS U30BITOYHOTO
JaBJIEHWUsI, U3MEPEHHBIE B X0OI¢ 9KCIIepUMEHTa, 0oJiee
yeMm B 3 pa3a. Ha 3Tom ¢poHe pe3ynabTrarhl, MOJydeH-
Hble o MeToauke PII 03-409—01, cymiecTBeHHO Me-
Hee KoHcepBaTUBHBI. Tak, naBieHue, paBHoe 20 kIla,
COITIACHO 3KCIIEPUMEHTAJIbHBIM JaHHBIM JOCTUTAET-
cs Ha pacctogunu 20 M, cormacHo P/ 03-409—01 —
38 m, a I1b 09-540—03 — Gousee uem 100 m.

2. CpaBHeHHE POCCUHICKHX METOINK
C 3apyOe;KHbIMHA

[TpoBeneH aHaiu3 pa3IMUYHBIX MOJIXOAOB K pac-
yeTaM IIOCJAEACTBUI B3PHIBOB TOILUIMBHO-BO3MYII-
Hbeix cMmeceld (TBC), M3M0XEHHBIX B POCCUUCKUX
HopMmaTuBHBIX HokymeHTax (PO 03-409—01 wu
I1b 09-540—03) u B 3apyOexxHoit Momenu Multi-
Energy Method [11] ¢pupmbr TNO (HunepiaHabr).
Mertonyika /Uisl onpenesieHrs paauyca 30H TopakKeHusT
py B3pbiBax, npuseaeHHas B [16 09-540—03, ncnosnb-
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3yeT (hopMyJTy, TMOJYYEHHYIO IyTeM anpoKCUMaluu
TPaHMI PA3TUYHBIX CTEMEeHel pa3pylieHUs] KUpnud-
HBIX 3[aHUI B pe3ysisrare 6oMOapaArpoBoK Bemmkoo-
puTtaHun Bo BpeMst Bropoit MrupoBoit BoitHEI [12]:

ey

rae K — 6e3pa3zMepHbIii KO(P@GULIMEHT, XapaKTepu -
3YIOIINIA BO3IEeICTBUE B3phIBa HA 0OBEKT, 3HAYCHUS
kotoporo npusenaeHsl B I1b 09-540—03 (mpu. 2,
TabJ1. 2); W; — TpOTUIOBBII SKBUBAJIEHT, KI.
OCHOBHOI HEIOCTaTOK JAHHOTO IOIXOJa B TOM,
YTO MOJIEJb «TPOTHJIOBOIO 9KBHUBAJIEHTa» HE B MOJI-
HOI1 Mepe OTBeYaeT peaIbHBIM IIPOLieccaM, IIPOUCXO0-
JSIIUM TTPY TTPOMBIIIIEHHBIX aBapHUsX CO B3pbIBAMU
oracHoro BeniectBa (OB), M1 KOTOPBIX XapaKTepeH

JedaarpalliOHHbBIN, a He JEeTOHAIMOHHBINA PEXXUM
B3peIBHOTrO IipeBpamieHus. Taxxke I1b 09-540—03
HE TI03BOJISIET YYNUTHIBATh P IPYTMX BaXKHBIX YCIIO-
BUI1 ¥ (PAKTOPOB, BIMSIIOIIMX HA pa3BUTUE U ITOCTEI -
CTBMSI B3pbIBa, TaKue, HallpuMep, KaK arperarHoe
COCTOSTHME OIIaCHOTO BEIIECTBa, XapaKTEePUCTUKU
OKPY>KaIOIIero MpoCTPaHCTBA U IMOJOXEHUS TOUKU
WHULIMAPOBAaHUS B3phIBOOIIACHOIO 00JIaKa.

'YKazaHHbIE HEJOCTATKN OTCYTCTBYIOT B METOJUKE
OLICHKU IIOCJICACTBUI aBapUMUHBIX B3PBIBOB, MU3JI0-
xxenHoit B PI1 03-409—01".

B Hacrosiee BpeMs 3a pyoeskoM pacueThl OCIe-
CTBUI B3pbIBa, KaK MPaBUJIO, IIPOBOISIT 110 MOIEIU
Multi-Energy Method [11]. Ins1 cpaBHEeHUsT 3TOi
moaenu ¢ PII 03-409—01 npuBeneM BBITTOJHEHHbBIE
cnenmamuctamu 3A0 HTL I1B pesynbratel mpo-
BEpKHU 0€30MaCHOCTU 3JaHUI MTOCeIKa CTpOUTEIeH,
pacrooXeHHbIX Ha paccTtossHur 300—600 M oT Mo-
nyneit (coopyXeHUit), comepxKaluux mporaH. s

Tabauya 1
O6nvem |Pacctosinme| AP » B moceske, kfa A, %| PaccTrosiHue, M, OT LieHTPa B3pbiBa [j0 TOYKU AOCTKEHUS
€eMKOCTeun C | A0 noceJsika AP¢, K"a, 3HaYeHUs
nponaHom, cTpoute-
m® nei, m TNO | PA 03-409—01 6,9 A, % 4,1 A, %
11064 496 3,5 4,2 17 | 258 2401 7 | 424 358,1 16
8065 513 3,0 3,7 19 | 233 216,1 7 | 382 322,3 16
9700 513 3,2 3,9 18 | 248 229,8 7 | 405 342,7 15
17 817 568 3,6 4,2 14 | 305 281,4 8 | 495 419,7 15
4928 381 3,5 4,1 15 | 198 183,3 7 | 325 273,5 16
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A Puc. 3. Mopynu TOKCU+Rsk pna pacyerta nocneacreumii
B3pbiBa TBC no metogukam MNb 09-540—03 (a)
n P[, 03-409—01 (6)

' AnrroputM pacueta PII 03-409—01 mosTHOCTBIO IepeHeceH B MeTOMuKY [6], 3a
MCKJIIOYEHUEM HETOYHOCTEN B IpUMEeHUMOCTH (hopmy (5) u (6) 1 yuera azoBo-
ro cocTtosinus roptoyero B TBC.
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Tabauya 2
MoepexaeHue PaccrosiHue oT MecTa MUHULMUPOBAHUS B3PbiBa A0 30HbI C COOTBETCTBYIOLLMMMU
NoBpeXxaeHUusiMu, M, NpyU Macce NPonaHa, Kr
1000 A, % 2000 A, % 5000 A, % 10 000 A, %
[41 | [3] [41 | [3] [41 | [3] [4] | [3]
CunbHOE NoBpexaeHne Bcex 3aa- 53 62 16 67 81 21 91 111 22 114 | 140 23
HUI (AP, > 100 kIMa)
CpenHee NoBpeXaeHNe 30aHNiN 64 91 42 81 119 | 48 | 109 | 164 | 50 | 138 | 207 | 50
C MaccoBbIMM 06Banamm
(AP, =70«MMNa)
CpefHee noBpexaeHne npomaana- 108 | 156 | 44 | 136 | 204 | 50 | 185 | 281 52 | 283 | 355 | 52
HU (AP, = 28 klMa)
PaspyLueHne OKOHHbIX MPOEMOB, 172 | 454 | 164 | 217 | 596 | 175 | 295 | 819 | 178 | 371 | 1034 | 179
nerkve noBpexaeHns GabpuiHbIX
TpyO (APy = 14 kIMa)
HwxxHWIA nopor noBpexaeHus yeno- | 429 - - 541 - - 734 - - 924 - -
Beka BOJIHOM AaBneHus
(AP4 =5 kIMa)
Tabauua 3
MoepexaeHue PaccTosiHue oT MecTa MUHULMUPOBaHUS B3PbiBa A0 30HbI C COOTBETCTBYIOLLMMMU
NoBpeXaeHUsiMU, M, NPU Macce MeTaHa, Kr
1000 A, % 2000 A, % 5000 A, % 10 000 A, %
[41 | [3] [4]1 | [3] [41 | [3] [41 | [3]

CunbHoe noBpexaeHne Bcex3pga- | H.o.| 62 - H.ao| 82 - H.ao.| 113 - H.n.| 143 -
HUIA (APg > 100 kla)
CpenHee noBpexaeHne 3aaHnii ¢ H.o.| 91 - H.o.| 121 - H.n.| 167 - H.o.| 211 -
MaccoBbIMU o6BanamMmm
(APg, =70 kIMa)
CpenHee noBpexaeHne npomaaa- 69 156 | 124 | 81 208 | 156 | 110 | 286 | 159 | 139 | 361 | 160
HUM (AP, = 28 kla)
PaspyLueHne OKOHHbIX NPOEMOB, 156 | 454 | 192 | 196 | 607 | 210 | 266 | 834 | 213 | 335 | 1053 | 214
JIerkne NoBpexaeHns GabpuyHbIX
Tpy6 (AP = 14 kMa)
HW>XHW nopor NoBpeXaeHus ye- 437 - - 550 - - 747 - - 941 - -
JloBEKa BOJIHOM AaBneHus
(APg, =5 kIMa)

CpaBHEHUsI ObLIM IPeACTaBIEHbI PACUEThI, BHIIIOI-
HeHHble o moaean TNO Multi-Energy Method
C TIOMOLIbIO MMMTALlMOHHOM MOJEIU B3phbIBa
RIPRAP B cucteme ARAMAS.

[Ipenmnonaragochk MOJHOE pa3pylIeHue 000py-
JIOBaHMUSI, CoAepKalllero mpomaH B XXUAKOU ¢ase,
BBIOPOC €ro B OKPYXKAIOILIYIO Cpemy, oOpa3oBaHUe
o61aka TBC, ee uHULIMMpPOBaHME.

CpaBHeHHE pe3yJabTaTOB pacyeToB U30BITOY-
HOTO JaBJIeHUSI BO (DPOHTE yIapHON BOJHBI MpPHU
BO3MOXHBIX aBapUsIX B MOMIYJISIX, BBIIIOTHEHHBIX
o moaeassM TNO u P 03-409—01, npeacrasiie-
HO B Ta0a. 1 (A — OoTHOCHUTEIbHAS pa3HULIA MEXITY
CpaBHMBacMbIMU BeJMUYMHAMM). BugHo Xopoiiee
coBIageHre. Hampumep, mpu OoIMHAKOBOM pac-
CTOAHUM 3HaueHUs APy, pacCYMTaHHBIE COIIACHO
PO 03-409—01 1 mo momemu TINO, coBmagaior ¢
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ToyHOCTHIO 110 20 %. [1pu 3TOM 3HAUCHMS Oe3omac-
HOTO pPACCTOSIHUSI, COOTBETCTBYIOIINE W30BITOU-
HOMY JaBJICHUIO BO (DPOHTE YIapHOM BOJIHEI, IIPU
KOTOPOM TIPOMCXOAUT 4YaCTUYHOE pa3pylleHue
ocTeKkyIeHus (Mo pa3HbIM AaHHBIM OT 2 10 10 kI1a),
MPaKTUYECKU COBMAAAIOT.

Hanee pacCMOTPUM BOIPOCHI Pa3IMUUil PE3YJb-
TaToB pacyera APy 10 IeACTBYIOIMM POCCUIACKUM
MeToauKaM. PacueTsl mjisg cpaBHEHMST TIOCIIEACTBUI
MOJIEJIbHBIX aBapuil To Metoaukam [4] u [3] mpoBo-
I C TIOMOIIIBIO COOTBETCTBYIOIINX MOIYJIEH IIPO-
rpaMmmHoro komiiekca TOKCHU+Risk [10] (puc. 3).

s cpaBHeHMS1 ObLIM BBIOpaHbI MOZIE/IbHbBIE aBAPUU
¢ BIOpOcaMM B aTMOC(epy pa3IMYHOIO KOJIMIeCcTBa
(ot 1 mo 10 T) roproyux razoB — mporaHa (Tabj. 2)
n MetaHa (ta6ha. 3). Pacuetsl o P 03-409—01 [4]
MPOBOIMIM B KOHCEPBATUBHBIX AOIYIIEHMSIX: KOH-
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neaTpanusg OB B TBC paBHa cTexmoMeTpruyecKoi,
00J1aKO ra30BO€ M HaXOJAUTCS B MOMEHT B3pbIBa Y MO-
BEPXHOCTU 3€MJIA B YCJIOBUSIX CUJIBHO 3arPOMOXKIEH-
HOTO IIPOCTPAHCTBA C TEMIIEPATYPOM OKpYKAIOILIEH

cpennt 20 °C.

M3 monydeHHBIX B pe3yJbTaTe TaKOTo MoJe-
JIMpPOBaHUs AaHHBIX (cM. Tabyu. 2, 3) XOpollo
BuaHO, 4yto pacuerbl 1o I16 09-540—03 [3] 3a-
YacTylo JaloT pa3Mepbl 30HbI MO-

Tabauya 4
- paxeHus, Oojiee yeM B 2 pasa
Moepexaenune Papuyc paccuntaHHol 30Hbl | A, % 0GosHaue- o Alolle  3HAYC o-
nopaxeHus (pa3pylieHus), Hue TIPEBBIIAIOIIH HaIeHWs, 11
M Hapuc. 4 | JydeHHble B KOHCEPBATMBHBIX
PA 03-409—01 | N6 09-540—03 NPUOTMKEHUSIX TI0  METOJIMKE
CunbHoe nospexaeHme PI1 03-409—01 [4]. YTo maer Ta-
BCEX 30aHNN H. A. 132 - —— 9 B
(AP, > 100 KTTa) KOe pazjinyre Ha npaktuke? Bos-
R MOXHOCTb CYILIECTBEHHO COKpa-
3[aHU C MACCOBbLIMM 111 195 76 | o | THATb 3aTpaTbl Ha CTPOUTECILCTBO
obsanamu (AP, = 70 MNa) 32 CYET yMeHblIeHUs Oe3orma-
CpeaHee nospexaeHue CHBIX PACCTOSIHUIA 1O CPaBHEHUIO
NpomMsAaHni 219 339 99 | | ¢ 3aTpaTaMM, OCHOBAHHBIMU Ha
(AP, = 28 kMa) .
pacyeTax STUX pACCTOSIHUM TI0
PaspylueH/e OKOHHbIX B 09-540—03.
npoemos (AP = 14 kla) = s 178 | s
s mpumepa TIpuBeIeM pe-
HacTuyHoe paspylueHue 3yJbTaThl  OOOCHOBAHUSI  B3PbI-
OCTEKNEHUS, HIDKHIY BOYCTOMUYMBOCTU (TpedoBaHuUsa
NMOpOr NOBPEexXAeHns ve- 870 - - — Yy b
N0BEKA BOJIHOW OaBNeHUst n. 10.4 Ib 09-540—03) mpoek-
(APy, =5 kl1a) TApyeMbIX 3maHuii [TokpoBckoit

A Puc. 4. CutyaumoHHbIil niaH cueHapus aBapum
co B3pbiBoM TBC npu NonHOM pa3spyLueHUn eMKOCTU
V-601A-R:
a— pacyet no P11 03-409—01;
6 — pacyert no N6 09-540—03

YCTAHOBKM KOMILJIEKCHON  TOJI-
roroBku Taza OAO «Openbypruedtb». B xauectBe
HaunboJiee OMACHOTO ClIEHAPHsI CO B3PIBOM paccMa-
TPUBAJIOCH TTOJTHOE pa3pyllieHUe eMKOCTU 00beMOM
200 M?, comepxaliieit mponaH-0yTaHOBYIO (hpaKIINIO
Maccoit 86 1. Pe3ynbraThl MOIEIMPOBAHUS IS IIPO-
maHa maccoil 8351 Kr, y4acTBYIOLLIEro B CO3IaHUM
B3pbeIBoomacHoi TBC, nmpencrasneHs! B Ta0I. 4 1 Ha
puc. 4.

Kak BumHo u3 Tabn. 4, comiacHO pacyery IO
IIb 09-540—03 (cM. puc. 4) — KOHTpPOJIBHO-TIPO-
ITyCKHOM TYHKT CKJIafioB 1 MpoxofaHas (cM. 1mo3. 12 Ha
puc.4) —pacrionararoTcs B30He CpeTHUX IIOBPEKIESHMUIA.
st obecrieueHus1 B3pbIBOYCTOMUMBOCTA HEOOXOAUMO
ero ynajieHue Ha OoJbliiee PacCcTOsSIHWE WM JOTIOTHU-
TeJIbHOE ITOBBILIIEHNE IPOYHOCTU KOHCTPYKIIUIA: HATIpy -
Mep, BMECTO 3IaHMSI C JISTKMM KapKacOM CTPOUTEIHCTBO
30aHUST ¢ METAJUTMYECKMM WJTH KeJIe300€TOHHBIM Kap-
kacoM. CornacHo pacuetaM 1o PJ1 03-409—01 Bce 00b-
€KThl HAXOISITCS B 30HE C/IA0BIX pa3pylleHuil (MeHee
14 xITa) 1 COOTBETCTBYIOT TPEOOBAHMSIM B3PbIBOYCTOM-
YMBOCTHU (OTCYTCTBUE pa3pyIIeHHsI OCHOBHBIX HECYILIMX
7 OTpaKAAIOIINX KOHCTPYKIIVIA).

3. Pacuer Macchl BenecTBa, y4acTBYIOIIETO
BO B3pbIBE
H71s1 OLIeHKHU ITOCJIeACTBUI aBapUITHOTIO BEIOpOCa
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AHanuns pucka -

ropiounx BelecTB (TorinBa) u B3peiBa TBC Heo0-
XOIUMBI pacueThl:

Macchl TOTJIMBA, oopa3yroliero odjaako TBC B aT-
Mocdepe;

oM ToruivBa (0T oOlLLei Macchl TOIIMBA, MOIMAaB-
1ero B arMocdepy), KoTopasi MOXET y4aCTBOBaTh B
SHEPTOBBIICICHNH, T.€. HAXOAMTCS BO B3pHIBOOIA-
CHBIX KOHIIEHTPALIMOHHBIX Ipe/Ie/iaX BOCIIAMEHEHUSI.

AHaM3 peajbHbIX aBapuii MOKa3bIBaeT, YTO HE
BCA XMaKas ¢aza, ImoIamaionias B OKPYKamIIyio
cpely, MOXET MepexoauTh B aTMocdepy (Kum-
KOCTb MOXET 00pa3oBbIBaThH NpoJiuBhl). boiee
TOro, HE BCE BEIIECTBO, oOpasylolluee 00JIaKo,
OymeT yJacTBOBaTh BO B3pbIBe. IloJisl BelllecTsa,
y4acTBYIOIIAsi BO B3pbIBE, KaK MpaBUIO, HE Tpe-
BbimaeT 10 % macchbl BeliecTBa, OKa3aBIIerocs B
atMocdepe, T.e. TobKo okoo 10 % maccel OB B
o0Jlake MOXKET CropeThb (B30pBaThCsl), a OCTalb-
Hag Macca BeioOpomenHoro OB oka3piBaeTcs BHE
B3pBIBOOIIACHBIX IIPEIEJIOB U HE YJacTBYeT B CO-

3MaHUM TTopaXKawIInxX (GakTopoB, IIPEXIe BCETO
ymapHOii BOJIHEI. JlaHHOE OOCTOSTEIBCTBO YUM-
ThIBAaeTCsl MPU MHXKEHEPHBIX pacueTax MyTeM HC-
MoJIb30BaHUI Kod(pduimenTa yuyactus gomu OB
BO B3pbIBE |3, 6, 8].

s Gosiee TOYHBIX OLIEHOK MAaccy TOIJIMBA, IO-
CTymaromnero B atMocdepy u (GpopMUPYIOIMIET0 TaM
obsmako (oOysaka), MOXHO pacCYUTaTb C MOMOIIbIO
pPa3IMYHbIX MOAXOA0B, UCIONb3Ys, Hanpumep, I1b-
09-540—03 [3] wnmu PO-03-26—2007 [5]. Dra Mac-
ca — He ITOCTOSTHHAS BeJIMYMHA, a QYHKIIMS BpeMEHU
1 YCJOBUI OKpYyXalollero npoctpaHcTsa. Haubonee
(uznyecky TpaBUIBHBIA IOOXOA K HAXOXICHUIO
Macchl (y; BellecTBa, KOTOPOE MOXET Y4acTBO-
BaTh BO B3pbiBe TBC, — 310 pacueT no ¢opmyie us3
PI1-03-26—2007, cornacHo KOTOPOii Takas Macca
oIpeleIsIeTCsl IyTeM MHTeTPUPOBaHUS KOHIEHTPA-
LIMU ¢ IO TIPOCTPAHCTBY, OTPAHUYEHHOMY MTOBEPXHO-
CTsSIMU EBKHB n ZHKI’IB:

JI] etx.v.2.1) deave,

Tabauya 5 0, = )
- - - 2HKI'IB < V<ZBKI'IB
Tun 3paHKiA, COOpYXeHMui WU30biTouHOE paBneHue Bo GpoHTe yaapHoi
BOJIHbI, K[Ma, npu paspywesnn rne HKIIB u BKIIB — coor-

cnabom | cpeaHem | CWIbHOM | MOJNHOM BE€TCTBCHHO HWXKHUI U BEPXHUIA
[MpoMBbILLAEHHbIE 302HNSA C 20-30 30-40 40-50 >50 KOHUEHTpPALlMOHHBbIC TIpeacybl
TSKESIbIM METasININYECKUM Un BOCIUIaMeHeHMs; V — o0beM;
Xene3ob6eTOHHbIM KapKkacoMm X 7 —KOODIMHATHI: f) — MO-
MpPOMBbILLIEHHbIE 30aHUS C Ner- 10-20 25-35 35-45 >45 » P > 10
KM KapkacoM 1 6eckapKacHOM MCHT BPEMCHMU.
KOHCTPYKLLAN 4 K
Cknagckne KprnvyHble 3gaHns 10-20 20-30 30-40 >40 ’ pHT?pHH paspyuleHUI/ISI

3JaHUI U COOPY>KEHUM,
OpHO3TaXHbIE CKNaackue 5-7 7-10 10-15 >15 .
MOMELLIEHVS C META/UTMYECKNM TIOPAKEHU JTI0IeH
KapKacoMm 1 CTEHOBbIM 3aroJiHe- Kputepun mnopaxeHus pasiny-
HWeM 13 JIMCTOBOro MeTanna HOW CTEIEHU TSKECTH JIIOIEN, HAXO0-
BeToHHbIE 1 )KGH%SOGGTOHHbIG Or25p00 | OT80m80| OT150 >200 JSIMXCSL BHE YKPBITHIA, Hanboee
30aHNSA N aHTUCENCMMYeckme 35 120 0o 200
KOHCTPYKLIN MOJIHO TIPEACTaBIEHbI B TOKYMEH-
3aaHns Xeneso6eToHHbIe OT25m0| OT4500| OT105 |OT170 80| Tax [4, 6, 13]. B HOpmMaTMBHbIX J10-
MOHOJIUTHbIE MOBbILLEHHOA 45 105 no 170 215 KyMeHTax [4, 6] cornacHo [12] maHbl
SNEPIAISTITE CTENEHU pa3pyLIeHMs] 3TaHUi, Oc-
KoTenbHble, perynsatopHble 10-15 15-25 25-35 35-45 PETHEHHbBIE M0 PA3THUHBIM HX TH-
CTaHUMN B KUPMMUYHbIX 30aHNAX
T T T 6-8 8_12 12-20 >20 am, B 3aBUCUMOCTH OT APy, B Ta611.
MonsemHbie cetu, Tpy6onpo- | 400-600 |  600- | 1000- | 1500 > TIPUBEACHBI GO/IEe TOUHBIC KpHTE-
BOApI 1000 1500 pun paspymeHus 3MaHU1 1 COOpYy-
Tpy6onpoBOabLI HA3EMHbIE 20 50 130 — >K€HUW, YYUTHIBAIOIINE TUIT 30AHUIA
KabenbHble NoA3eMHbIE IMHUN [o 800 - - 1500 U BUIbBI COOPYKEHUI, TOJYYEHHBIE
LinctepHbl A5 NepeBo3Kn He- 30 50 70 80 13 pa3IMYHbIX UICTOYHUKOB |3, 4, 6,
$TenpoaykTos 7,13, 14]. OTn naHHbBIE PEKOMEH]TY-
PesepByaphbl 1 eMKOCTW CTasb- 35 55 80 90 eTCST TIPUMEHSIT TP OLICHKE 03X~
Hble Ha3eMHble 6 .
Mop3eMHble pesepByapbl 40 75 150 200 AaeMOro yIuepoa oT aBapiit aHano-
TMYHO cTtaHaapty [13].
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- AHanuns pucka

Ha mpakTuke mpu olleHKE COOTBETCTBHUS 31a-
HUSI TPeOOBAaHUSIM B3PBIBOYCTOMYMBOCTU IIPEI-
JlaraeTcsl UCXOAUTh U3 mojioxeHus m. 2.1.4 [15]:
«Bo B3pBIBOYCTOMYMBEIX 3MaHUSIX IOJDKHA OBITh
HUCKJII0YEeHAa BO3MOXHOCTbh pa3pyllieHUs] OCHOB-
HBIX HECYLIMX W OrpaxHalolluX KOHCTPYKIMI.
JomyckamTcsl MOBPEeXASHUSI KOHCTPYKILIUMA CITy-
YyallHOrO XapakKTepa, He BIMSIOIINE Ha MX IPO-
YHOCTb, YCTOMUMBOCTh U HEKOTOPBIE DKCILIyaTa-
LIMOHHBIC XapaKTePUCTUKU, a TaKXKe TpeOylolme
HE3HAYUTEJIbHBIX MaTepUaIbHBIX 3aTpaT Ha IIPO-
BeJeHNE PEMOHTHBIX padboT». CorjlacHO KpUTEepHU-
SIM JOKYMEHTOB [4, 6] 1 Tabj. 5 TAKMM YCIIOBUSIM
OTBEYAET CPEIAHSISI CTEIIEHD ITOBPEXICHUS 30aHNI
(APg He Gonee 28 kIla).

IIpu 6osee TOUHOM OlLiIeHKEe B3PbIBOYCTOMUNBO-
CTH 3JaHUIA HEOOXOAMMO YYMUTHIBATh TMHAMUYE-
CKUe Harpy3ku, BO3HUKAIOIIKWE B 2JIeMEHTaX KOH-
CTPYKLMI 30aHUI B PE3yJbTaTe B3aUMOICHCTBUS
najaolleil BOJIHBI CXKaTHs cO 31aHueM (B ob1IemM
BUJ€ M3MEHEHME JaBJICHUS, UMITyJbca, HaMps-
JKEHUI BO BpeMEHM), B TOM UYMCJIe OPUEHTAIIIO
3MaHUI OTHOCUTEIbHO (PpOHTA yIApHOI BOIHBI
[12, 15].

5. [lpumeHeHHE BEPOATHOCTHBIX METOI0B
pacueTa nocjaeJCTBHIl B3PbIBa, KOTHYECTBEHHOTO
aHaiM3a pUCKa pa3pyleHuil 37aHuil
H COOPY KEeHHH

HeobxoquMocTh  NpUMEHEHUS  METOMOJOTUU
aHaaM3a pUCKa, KaK MpaBWIO, CBSI3aHA C HEBO3-
MOXHOCTbIO OOOCHOBaHUSI MPOEKTHBIX PELICHUIA,
OCHOBAHHBIX Ha y4eTe TOJIBKO JIUIIIb PACCUMTAHHBIX
nocnencTBuii aBapuit. OCOOEHHO axkTyaJeH 3TOT
BONPOC MpU IMPOECKTUPOBAHUM OOBEKTOB, M€ HC-
MOJIb3YIOT HECTAOUIbHBIC XMIKOCTU (Ta30KOHIEH-
caThl), CKIDKEHHBIE YIJIEBOIOPOIHbBIE ra3bl B IIOBbI-
LIeHHbIX 00beMax. [TpruMepoM Takux MpPOU3BOJACTB
MOTYT CJTY>KUTh COBPEMEHHBIE 3aBOJIBI CXKMXKEHHBIX
MPUPOAHBIX FA30B, HA KOTOPBIX UCIIOJIb3YIOT PE3EP-
Byapbl o0beMoM Gojiee 100 Thic. M>. Jlaxe mpu 4ya-
CTUYHOM pa3pyllIeHUM TaKWUX pe3epByapoB Apeid
B3pPBIBOONIACHOIO 00J1aKa MOXKET AOCTUraTh pacCcTO-
siHUS 6oJee 1 KM.

IIpu npoBeIeHNM KOJWYECTBEHHOTO aHAIM3a PU-
CKa B3pbIBa PEKOMEHIYETCSI:

pacCUuThIBATh  BEPOSITHOCTHBIC — IMOKa3aTeau
B3pBIBHOI HAarpy3ku, B TOM YHCJIE paclpeiecHre
4acTOThl BOBHUKHOBEHMS OIPEAETCHHOTO JdaBJie-
HUsl APy B paccMaTpuBaeMOil TOYKe TEPPUTOPUM

(aHaJIOT MOJIS MOTEHIIMAILHOTO PUCKa), B OO -
HEHUeE K OOILIEIIPUHSITBIM pacyeTaM 30H U CTeTICHN
pas3pylieHus, MOTCHIIMAIbLHOTO, MHIANBUAYATbHO-
ro ¥ IpYrux moxkasaTejeil pucka;

WCTIOJIB30BaTh 0oJjice TOYHBIE (IO CPAaBHEHUIO C
[3]) xputepun paspylieHUsT 3JaHUR U TTOPAKEHUST
moaeit (cM. Tada. 5).

Tabauya 6
TsaxecTb nopa- | YcnoBHasi BepOSTHOCTb ruGenu niogei
XeHus Npy paspyLieHnn
MOJIHOM | CUNIbHOM| CpeaHeM | clabom
CmepTenbHoe 0,6 0,49 0,09 0
Taxenble TpaBmbl | 0,37 0,34 0,1 0
Jlerkue TpaBMbl 0,03 0,17 0,2 0,05

Hnsa pacyeTa YCIOBHOW BEPOSITHOCTU Tubesu
JIIOMIe#, HaXOISIIUXCSI B 3MAHUSIX, PEKOMEHIYeTCs
MIPUMEHSITh TaHHbIEe pa0boThl [16] o TMOenM Tromei
IIpU pa3pylIeHUU 3JaHUN MPU B3pbIBaX U 3eMJe-
TpsiceHusIX (Tabi. 6).

BepoSITHOCTHBIE KPUTEPUU B3PHIBOYCTOMYMBO-
CTU 3JaHUN (COOPY:KEHMI1) MOXHO YCTAaHOBUTD,
HUCXOMs U3 aHa/IM3a JaHHBIX TabJ. 5, 6 U KpUTepu-
€B MMPUEMJIEMOT0 MHAMBUAYATbLHOTO prcKa rudenu
nepconana — He 6ojee 1-10~*rox~"'[2, 13]. B cBa3u
C 3TUM PUCK pa3pylleHUs 30aHUST (COOPYKECHUS)
MOXKET OBITh MPU3HAH MPUEMJIEMbIM, €CJIM YacTOTa
BO3/IeMICTBHS B3pbIBA Ha 3TO 31aHNUE (COOPYKEHUE)
C U30BITOYHBIM JABJICHHWEM BO (PPOHTE ymapHOIA
BOJIHBI, MPU KOTOPOM HMCKJIIOUeHa BO3MOXHOCTb
pa3pylleHUs] OCHOBHBIX HECYIIUX 1 OTrpakKaaloInx
KOHCTPYKIMI 3gaHus (HapylleHHEe LeJIOCTHOCTHU
CcoOpyXeHusT), He npeBbimaet 1-10~* rog~'.

CornacHo TabJ1. 5 ipeaeabHoe 3HaueHue APy, 111
OOJIBIIMHCTBA IIPOM3BOICTBEHHBIX 3MaHMII HaXO-
nutcs B auana3oHe 10—30 xIla, ais coopyxeHuit
(TexHosornyecknx obdbekToB) — oT 20—40 xlla
(HazeMHBIE TpyOOHIPOBOAKI, pe3epByaphl) 10 400—
800 kIla (mom3eMHbIE TPYOOIPOBOIABI, KOMMYHHU-
Kalumn).

VYuureiBag noyioxkenus 1. 4.2.6 P11, 03-418—01
[17], a Takke TOT (pakT, 4YTO B TaHHOM cCjiydyae
MHOI0€ OMpeneseTcss 3KOHOMUYECKUMU IIpU-
YuHaMH1, OOOCHOBBIBAaTh KPUTEPHUU B3PBIBOY-
CTOMYMBOCTU 3HAHUM U COOPYKEHUM 1IEJIeCOO0-
Opa3HO Ha CTaAuU IPOCKTUPOBAHUS OIIACHOTO
MIPOM3BOACTBEHHOI'0 00BEKTA C YUETOM €TI0 CIie-
HUDUKH.

CuutaeM 11e1€CO000pa3HbIM YUYECTh ITOJTYYEHHBIE
pe3yabrathl pu nepepadorke 16 09-540—03.
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AHanuns pucka -

BoeiBoabl

1. IlposedeHo cpasHeHUE pe-
3yJIbMamos8 pacyemos nocjaeocm-
sutl 83pwvisa TBC no poccuiickum
HODMQMUGBHbIM  MEemOOUKaM
(PII 03-409—01, IIE 09-540—03)
€ HKCNEePpUMEHMAIbHbLIMU JQHHbI-
MU No pacnpocmMpaHEHUIO 80THb]
dasyieHUS 0m 83pblea 8000P0OI0BO-
30ywiHOU cMecu, a MaKXxe ¢ pacye-
mamu no memoouke ¢pupmul TNO
(Hudepiarovl). Iloka3aHo:

npu  00UHAKO8bIX  PACCMOS-
HUSX 3HQUYEeHUS U30bIMOYHO20

dasyieHus 60 ¢hpoHmMe yoapHOl
B0JIHVI, PACCYUMAHHbIE CO2JIACHO
PII 03-409—01 u no modequ TNO,
cosnadarm € MOYHOCMBE 00
20 %. IIpu smom noyiyueHHble 3HA-
yeHUS 0E30NACHbBIX PACCMOSIHUU
NpaKmuyecKu cosnadqarom;

pacuem nociaedcmesutl asapuil
¢ 8blOpocaMu 20pOYUX 2a308 NO
Pl 03-409—01 moxxem npusodumb
K CyWeCmeeHHOMY VMEHbUEHUIO
OUEHOYHbIX pA3MEpOo8 30H paspy-

wenus (8 1,5 u 6oee pas) no cpas-
"HeHuw ¢ IIb 09-540—03.

2. BuinonHnen o063op Kpume-
pues eso3delicmeus yoapHOU
B0JIHLI HQ 30QHUA U COOpPYXKe-
HUA, npedcmaejaeHbl PeKOMEH-
dauyuu no OuUeHKe B3pPbleoYy-
cmotliyueocmu, 6 mMOM Yucjae O
nposedeHUU KOJIUYECIMGEEHHO20
qHQIU3a pucka pa3pyuwleHusd
30aHUll U CoopyXeHUll npu asa-
PUUHUIX 83PblEAX.
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