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CPABHUTEJIbHbIA AHANIN3 METOAOB MPOrHO3UPOBAHUA
rA30MNAPOBO34YLUHbIX CMECEUA HA NMPUMEPAX

PEAJIbHbIX B3PbIBOB

Moka3aHo, YTO aBapUMHbIN AednarpauloHHbIA B3pbIB, KOTOPbIN npousowen 22 Hosbps 2006 r. B
r. OsHBepc (CLUA), xopouwo onucsisaetcs ME-TNO-mMeTogom. MccnenosaH B3pbiB, NPOUCLLIEOWINI
28.07.1948 r. Ha npeanpusTn BASF B JlioasurcxadeHe (fepmanus) BCieacTsMe Notepu LEnoCcTHOCTM
eMKOCTU C OMMETUNOBbIM 3(PUPOM, C MOMOLLBI0 MeTOLOB defepanbHblX HOpM W npaswn, FTOCT P
12.3.047-98, TOCT P 12.3.047—-2012, P[] 03-409—01, ME-TNO, BST2 (Baker—Strehlow—Tang) n Jo-
podeeBa. MNokasaHo, 4TO HaUYYLLIWIM pe3ynbTaT NPOrHO31MPOBaHWA NOCNeACTBU B3PbIBa AUMETUNO-
BOr0 3hmpa JOCTUTHYT Npw ncnonb3osaHny Metoga ME-TNO. YcrtaHoBfeHo, 4TO AN MPOrHO3MpoBa-
HWMS NOCNeACTBMIA B3PbIBOB B pexuMe fednarpaumm nydile ncnonsb3osats ME-TNO-meton.
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CpaBHUTENbHBIN aHAJIN3 U PA3BUTHE METOIMK TPOTHO-
3UPOBAaHUS B3PHIBOB I'a30MapOBO3MYIIHEIX CMecei
(Vapor Cloud Explosion — VCE) npusiiekarot BHUMA-
HHE MHOTHUX HCCIIe/oBaTelNieil n3 pa3Hbix crpaH [ [-53].
Hacrostmast paboTa mpogoipKaeT IUKIT HAIITAX HCCIIeI0-
BaHUI 10 BEPUPHUKAIUN METOIHK Ha IPHMEPAX peaib-
HBIX B3pbIBOB [50-53].

Panee npu paccmoTpeHHH B3pbIBa MMapoB PacTBO-
putens Ha Tepputopuu npeanpusitiuit CAl n Arnel Ma-
nufacturing Facility, kotopsrif ipou3somen 22 HOSOps
2006 . BT. [IpHBepc (CIIA), Hamu ObLT IPOBEJICH CpaB-
HUTENBHBIN aHam3 MetonoB Jlopodeena, PIT 03-409-01
[54] (mamee — PI1) u BST (Baker-Strehlow-Tang). B pe-
3yJabTare ObLI CIeNIaH BBIBOJI, YTO IPH U3BECTHOM CKO-
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Ta6nuua 1. Knaccudukaums B3pbiBoonacHbix cutyaumin no TNO [55]

Kareropus YcnoBus BOCTIIIAMEHEHUS 3311;% ?ﬁ;::i?;ze ré?giﬁﬁg;;? Bngp%?;}l;):;ﬁ?:m Kirace
1 Brarompusitaeie CurpHOE Ectp 3amMKHyTOE 7-10
2 Brmaronpusitabie CunpHOE Her HezamkayToe 7-10
3 ManobaaronpusTHble CunbHoe Ectb 3aMKHYyTOE 5-7
4 bnaronpustHele Crnaboe Ectp 3aMKHYyTOE 5-7
5 bnaronpusrHele Cnaboe Her HezamknyToe 4-6
6 Bbnaronpusitasie Her Ectp 3aMKHYyTOE 4-6
7 Mauto0naronpusiTHbIC CunpHOE Her HezamxayToe 4-5
8 BnaronpusitHbie Her Her 3aMKHYyTOE 4-5
9 Mano6aaronpusrHble Cnaboe Ectb 3aMKHYyTOE 3-5
10 Mano6aaronpHsrHble Crnaboe Her HezamknyToe 2-3
11 Mautio0aronpusiTHbIC Her Ectp 3amMKHyTOE 1-2
12 MautoGnaronpusiTHbIC Her Her HezamxmyToe 1
Ta6nuua 2. 3oHbl NnoBpexaeHnn Ha npeanpusatuax CAl u Arnel Manufacturing Facility
JlanHble BU3yabHOM oieHkH [50] IIporuos AP, kIla
R, ft (m) AP, psi (xI1a) P, Jopodees [50] A, % ME-TNO A, %
365 (111,3) 2,3 (15,9) 18,9'; 10,6% 14,2° 19;33; 11 16,67%; 14,87 5,6
581 (177,0) 1,2 (8,3) 12,4';7,0%9,3° 49; 16; 12 9,07% 8,72° 9;5

Ilpumeuanus:
1. A — abcoiroTHast OIIMOKa.

2. Uunexcamu 0003HauCHbI JaHHBIC: 1, 2, 3 — MOJIyYEHHBIC IIPU CKOPOCTH PacpoCTpaHEHHS IIaMeHU cooTBeTcTBeHHO 200, 150
u 173 m/c; 4 — mna 7-ro xnacca VCE mo ta6i. 1; 5 — nys 6-ro knacca VCE 1o Ta6m. 1.

pocTu pacrpoctpaneHus iamMmenu metonsl PII [54]
Jlopodeena [12—14] mo3BOJIAIOT MPOTHO3UPOBATH TO-
cnenctust VCE ¢ mpuemitemoii Tounoctsio [50]. Ox-
HAKO Ha MPaKTHKe CKOPOCTh PacpOCTpaHEHHsI TIaMe-
HHU YacTO MONaJaeT B KaTErOPUIO HEM3BECTHBIX BEJH-
YHH, YTO CBOJUT Ha HET MpeuMylIiecTBa MeTon0B P/l 1
Hopodeera nepen BST-meToaukoi.

B HacTosmet paboTe ¢ MOMOIIBIO MYJIBTHIHEpTe-
THYECKOTo noaxoaa Hunepnanackoit opranu3anuu npu-
KJIaTHBIX HAyYHBIX nccnenoannii (manee — ME-TNO)
[55] mpoBeneHo mpOrHO3UPOBAHMUE MOCIICACTBHI B3phIBA
B I. JIpuBepc. [Ipenmymecrsom metona ME-TNO sBis-
€TCs TO, UTO THII B3PBIBHOTO MTPEBPAIIEHHUs BHIOUpaeT-
Csl Ha OCHOBaHMH JIaHHBIX Ta0M. 1, U U1t ATOTO HE Tpe-
OyeTcs 3HaHHE TOYHOTO 3HAYEHHsI CKOPOCTH Pacmpo-
cTpaHeHus iaMeHu. M3 Tabim. 1 BUIHO, YTO KaTeropus
WJIM KJIaCC B3PbIBa BEIOMPAETCs [0 YEThIPEM MapaMeT-
pam. HeoOxo Mo Takke OTMETUTb, YTO [T aanTaun
k mogxony PII [54] knaccudukanmro TNO no creneHu
3arpOMOYKACHUS TPOCTPAHCTBA (CHIBHOE — ciaboe —
HET) CJIEJIyeT TPaKTOBaTh, KaK “‘CHIILHOE — CpellHEee —
cimaboe (Her)” [52].

YciioBus B3pbIBa AapOB PacTBOPUTENST HA OCHOBE
rentana B I. [IpuBepc [50] momagarot nox 4-ro kare-
ropuro B3pbiBa. C MOMOIIBIO OHITAH-KaIbKYJIATOPa KOM-

nanun “GEXCON” [56] BbINOIHEH pacyeT H30bITOUHO-
ro faBieHust AP Ha paccTossHUH R, paBHoM 365 1 581 ft
(tabm. 2).

W3 Ttabn. 2 BugHo, uro ME-TNO-MeTox nacT 6oiee
TOYHBIN IPOrHO3, ueM MeToauku P/l u Jlopodeena ans
peasibHOro B3pbIBA MAPOB PACTBOPUTEINS B PEXKUME JIe-
(arpaunu.

28 nronst 1948 . Ha MPOU3BOJICTBEHHOM TUIOIIAJIKE
npennpusitust BASF B Jlronsurcxagene (I'epmanus) nox
JEeICTBUEM COJIHEYHOH pajualuy IpOoU30LLIa 10Teps
LIEJIOCTHOCTH TIEPETIOTHEHHOM THMETHIOBBIM d(hHpoM’
EMKOCTH, YTO TPUBEJIO K BEIXOAY Hapyxy 30,4 T adupa
C TIOCTICAYIONINM B3PHIBOM Ta30BO3IYIIHOTO OONaKa.
B pesynbrare VCE 207 wen. moru6mu u 3808 geir. mo-
JTYyYUIIU TPaBMBI PA3IMYHON CTETeHHu Tsokect [S58].
B pa6ore [59] no nanueim Mapmanna [58] onpenerne-
HbI paJMyChl 30H OpaykeHUs (pa3pyLIeHus), KOTOpble
B3SITHI B KauecTBe TajioHa (Tadm. 3). B crarse [59] npu-
BEZICHBI TAKOKE PacyeThl 30H pa3pyLIeHUs [0 METoaM
(benepanbHbIX HOpM U TpaBui (nanee — OHIT) [60],

' Crpykrypras popmyna mumermioBoro sgupa — CH;—O-CH,.
Temneparypa kunenns — munyc 24,8 °C; TemioTa cropanust —
28,835 MJIx/kr; Temneparypa Benbiukn — muryc 80 °C; KITB —
3,3-26,2 %; temnepaTypa camoBocmamenenus — 350 °C [57].
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Ta6nuua 3. MporHo3 paanyca 30H paspyLieHnn 1 NoBpexaeHnin R ans B3pbisa B JliogsurcxadeHe

Merton fou [Ipumeuanue
70 xITa A, % 28 klla A, %
OranoH ~160 — ~310 —
OHII 114 29 196 37 Mo naHHEBM
I'OCT P 12.3.047-2012 86 46 145 53 paborsi [59]
PJ1 03-409-01* 165 3 280 10
I'OCT P 12.3.047-98 85 47 145 53
T'OCT P 12.3.047-2012 (¥, =500 m/c) 63 61 106 66
TOCT P 12.3.047-2012 (V. =300 m/c) 54 66 106 66
PJ1 03-409-01 (V.= 500 m/c) 135 16 228 43
PJ1 03-409-01 (¥, =300 m/c) 116 28 228 43
ME-TNO (8-10-i1 kimace VCE) 159 1 289 7 OHIaitH-KanbKyJIaToOp
komnanuu “GEXCON”

BST2 (2,5D-kondurypauus VCE) 124 23 261 16
Jopodeer 143 11 275 11 PexuMm neroHarnun
* JIyist CMJIBHO 3aTPOMOYKIEHHOTO TIpocTpancTia npu V; = 300500 m/c.

I'OCT P 12.3.047-2012 (CCBT. Iloxapnast 6e3omac-
HOCTh TEXHOJIOTHYECKHUX MpoiieccoB. Obmue TpedoBa-
Hust. Meroap! kouTpodst) v P/1 [54] B cpaBHeHwn ¢ paznmd-
HBIMH BapUaHTaMH METO/Ia TPOTHIIOBOTO SKBHBAJICHTA
[61—63]. B cBsi3u ¢ TeM uTo B padoTte [59] He npuBee-
HbI KOHKPETHBIC YCIIOBHS, TIPU KOTOPBIX OBLTH BBIOJI-
HeHbI TporHo3bl o MetogaMm [OCT P 12.3.047-2012 u
PJ1 [54], oHu ObUTH IOBTOPEHBI, & TAKIKE OCYIIECTRIIC-
HO nporHo3upoBanue o merogam ME-TNO [55], BST2
[64—66], Hopodeera [12—14] u TOCT P 12.3.047-98
(CCBT. IoxapHasi 06€301MacHOCTb TEXHOJIOTHYECKUX
nponeccoB. O6mue TpedoBaHus. MeToabl KOHTPOIIA).

CpaBHUTENBHBIN aHATIN3 TaHHBIX Ta01. 3 OKa3bIBa-
eT, 4To (hakTHyecku B padore [59] mpu mporHo3upoBa-
Huu nociencteuil VCE B JlronurcxadeHe ucmnonb3o-
Banbl He MeTobl @HIT [60] u TTOCT P 12.3.047-2012,
a ormeHeHHbsle metoauku u3 [1b 09-540-03 [67] u
I'OCT P 12.3.047-98. Pacuet no PJ] [54] BeimonHeH
HEKOPPEKTHO. Pe3ynbTaThl HalUX pacuyeToB TMOKa3bl-
BaIOT, YTO OTEYECTBEHHBIC METOIMKH, U3JIOKCHHBIC B

T'OCTP 12.3.047, P [54] u (I)HHZ, IJIOXO OTIMCHIBAIOT
nocieAcTBUA B3pbiBa Ha npennpustuu BASF B Jlron-
Burcxadene. Hanmmyummii pe3ynbrar nporH03upOBaHHS
PaarycoB 30H pa3pylIeHHUH 1 TTOBPEXKICHUH HaOIrOMa-
ercst npu ucnonbzoBaanu Metoga ME-TNO. Meton lo-
podeena B pesKiMe ASTOHAIIH ISl HCCIEAYEMOTO CITy-
yasi JaeT yI0BJIETBOPUTEIbHBINA IPOrHO3 MOCIEICTBUI
B3pBIBA TUMETHIIOBOTO d(pHUpA.

BbiBOAbI

1. B Haweli crpaHe NpUMEHEHHUE Pa3IMYHbIX METO-
JIUK 110 Iporuo3uposanuto nocieacrsuil VCE sBiser-
Cs1 HEOIIPABJAHHBIM 1 HEXeJIaTeJIbHbIM MOMEHTOM.

2. Ha npumepe peanbHbIX B3pbIBOB YCTaHOBJIEHO,
YTO JUIS PEKMMa Ae(Iarparuy JIydIIie IPOTHO3bI JaeT
ME-TNO-meTox.

2 IIpu U3BECTHOI Macce rOPIOYEro BEHIeCTBa B 00JIaKe Ta30MapoBO3-
JTyITHOM cMecH MeTouKH pacdera nocienctsuil VCE B PJ1 [54] u
®HII [60] coBnanarot.
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ABSTRACT

The comparative analysis and development of forecasting techniques of vapor cloud explosions
(VCE) are attracted attention of many researchers from the different countries. The present work
prolongs a cycle of the author’s investigation on verification of procedures on examples of real
explosions. It is earlier positioned that the RD 03-409—01 and Dorofeev’s methods are able to predict
consequences VCE with comprehensible accuracy, if the flame speed is known. However in practice
flame propagation it is often not known that it will impede practical application of the RD 03-409-01
and Dorofeev’s methods.

In the present research it is shown that the ME-TNO method is predicted the deflagration VCE,
which has place on November 22, 2006 in Denvers (USA). Advantage of the ME-TNO method is that
itdoes not demand knowledge of the specific value of a flame speed. In the present research it is shown
that the ME-TNO method is predicted the real deflagration VCE better the RD 03-409-01 and
Dorofeev’s methods.

Under the influence of a sunshine loss of integrity of container with dimethyl ether with
the subsequent VCE took place on July 28, 1948 on an industrial territory of BASF in Ludwigshafen
(Germany). There were lost 207 persons and 3808 persons have got traumas of various gravity
by action of this VCE. This explosion is explored by methods of Federal Norms and Rules, GOST R
12.3.047-98, GOSTR 12.3.047-2012,RD 03-409-01, ME-TNO, BST2 (Baker—Strehlow—Tang) and
Dorofeev. There are found that the Russian and BST2 methods badly predict explosion consequences
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atthe BASF in Ludwigshafen. The best result of forecasting of consequences of explosion of dimethyl
ether are reached at use of the ME-TNO method. For forecasting of consequences of deflagration
VCE it is better to use the ME-TNO method.

Keywords: explosion; detonation; deflagration; verification; analysis; method; VCE.
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