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O YUCJIEHHOM PEHIEHUU 3AJAYU PACITIPOCTPAHEHUSA
BO3JAYIIHBIX YJAPHBIX BOJIH B 'OPHBIX BBIPABOTKAX HTAXTbI

IpencraBnena ¢u3MKO-MaTeMaTHYECKass MOJENb PACIPOCTPAHEHUS BO3TYIITHBIX
yrapHbeix BosH (BYB) B cetn BBIpabOTOK yroJNBHOM IIAXTHI MOCJIE MIHOBEHHOTO
B3pbIBa METAaHO-BO3AYIIHON CMECH Ha 3aJlaHHOM ydacTke. IIpencTaBieH noaxon k
peanu3aluy METOJa peleHus 3aJad O PaCHpOCTPAaHEHUHU BO3AYIIHBIX YIAPHBIX
BOJIH B Pa3BETBIICHHOW CETH TOPHBIX BHIPAOOTOK C y4ETOM MPOU3BOJIBHBIX YIJIOB
ux compsbkeHus. IIpuBeneHbI pe3ynabTaThl pacdeTOB PACHPOCTPAHEHHs BO3MYIN-
HBIX YAaPHBIX BOJIH B MOJEIBHBIX CETSAX BBIPAOOTOK IIAXTHI.

KunroueBsble ciioBa: cems 6b1pabomox wiaxmol, 63pbl6 Memand, 8030yuihbvle yoap-
Hble BONIHbI, MAMEMAMUYECKAsI MOOElb, MEMOOUKA PEUEeHUSL.

B cootBerctBuM ¢ «IIpaBuiaMu 0€30MaCHOCTH B YTOJBHBIX IMaxTax...» [1] yrosb-
HbIE€ MIAXTHI SIBJISIFOTCS] OMACHBIMH MTPOU3BOJICTBEHHBIMH 00BbekTamMu. B [2] mepeuucie-
HBI BUJIBI aBapyUii, XapaKTEePHBIX JIJIS [IaXT, I/Ie B3PBIBBI METaHA U yTrOJbHOMN NBUIN SIB-
JsF0TCsT HanoOoutee TsHkeIbIMA. OmacHBIMK (DakTopaMu B3pbIBa SBISIFOTCS M30BITOYHOE
JIaBJIeHUE, BBICOKAs TEMIIepaTypa, BBICOKas KOHIIEHTpAIMs TOKCHUYHBIX TPOIYKTOB
B3pBIBA U BBICOKasl CKOPOCTH BO3IYIIHBIX MOTOKOB, YBJEKalOIIasi 3a COOOH TspKesble
npeaMeThl. BenencTBue 3THX (hakTOpOB B3pBIBBI YACTO INPHUBOIAT K YEIOBEUECKUM
JKEpTBaM M TIOYTH Bcerja K MHOTOMHJUTHOHHBIM yObITKaM. CoriacHo craTtuctuke [3],
¢ 1991 mo 2017 ron nmpomsonmio 208 aBapuii ¢ oOmmM yrciaoM xkepTB 1600 gemoBexk,
TIOSTOMY BOIIPOCHI JIOKAIM3AIIUH B3PHIBA, TAIICHIS BO3IYITHBIX YAAPHBIX BOJH OCTAIOT-
Cs IO CHX TOP aKTyaJlbHBIMH.

[IpaxkTrdeckoe onpeeieHNe TPAHUI] 30H TOPAKEHHS 110 PA3HBIM (haKTOpaM OCyIIe-
CTBJIIETCSI C MOMOIIBIO CIIEIANIBHBIX OTPACIEeBBIX MeTOMuK. B Poccuu mpumeHsmch
WIH MIPUMEHSIOTCS TP U3 HUX [4—06], mpH 3TOM, AeicTByoImas MeToauka [6] ocHoBaHa
Ha ra30JMHAMHUYECKOM TOAXO/IE C UCIIONb30BaHHEM CHCTEMBI KJIACCHYECKUX YPaBHEHHH
ra30BOl JIWHAMMKH, COCTOAIIEH U3 ypaBHEHUIN COXpaHEHUS MACChl, UMITyJIbca U SHEp-
run. Takoil moaxon o0yasaeT 3HAYUTENBHBIM MTPEUMYIIECTBOM TEPE] METOAOM C HC-
MOJIB30BAHUEM YHCTO IMIUPHUUECKHX COOTHOIIEHUH — OH MO3BOJSIET YUYUTHIBATh BOIHO-
BbIe 3()(heKTHI ¥ BBOJUTH B MAaTEMaTHIECKYIO MOJIENb HOBBIE (pH3NYECKHEe OCOOCHHOCTH,
OCTaBasICh (PM3MUYECKH M MAaTEMAaTHYECKA KOPPEKTHBIM. TaKOBBIMH MOTYT OBITH ydeT
BOJSHBIX M CIAHIIEBHIX 3aCIOHOB [7—10], aBTOMaTHYECKHX yCTAaHOBOK B3PBIBOJIOKAIH-
3aIuu | JIp.

Hapsny ¢ mpeumyIecTBaMu HCIIONB30BaHUE Ta30AMHAMHYECKOW MOAETH TPUBHO-
CHUT U CBOH CJIOKHOCTH: CKOPOCTh pacueTOB HU3Kas M3-3a HCIIOIB30BaHUS MIPU pacdeTax
YHUCIICHHBIX METOJIOB MO0 CPAaBHEHMIO C pacyeTaMu C HCIIOJIB30BAaHHEM 3MITUPUYECKUX
METOAMK; MOJCPHHU3AIM MaTeMaTHYeCKOH MOJENIM BJEYET 3a COOOH CYyIIEeCTBEHHOE
U3MEHEeHHEe MPOrPaMMHOr0 KoJa, MCIOIb3yeMOro AJs pelleHus 3agad. TeMm He MeHee
MOJIEPHU3AIMS MaTEeMaTHIeCKOH MOJIETH SIBIISIETCS] aKTYJILHOM B CBSI3U C TpeOOBaHUsI-
MU y4eTa MHXEHEPHBIX B3PBIBO3AIUTHBIX COOPYKEHUH.
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B nacrosdmiei craTbe npeangaraeTcs MeTOUKa OpraHU3aI[lK PacUeTHBIX CTPYKTYp U
JIEKOMITO3UIIMY PACcUYeTOB NpPH pelIeHUH 3aJad pacnpocTpaHeHuss BYB B cetu ropHsix
BBIPa0OTOK, KOTOpasi yIPOIIaeT MOAEPHU3AINIO YHCIEHHBIX pacyeToOB NPU N3MEHEHUN
MaTeMaTHUeCKOW Mofenu pacnpocTtpaHeHuss BYB, yckopseT pacder 3a cuer pacmnapai-
JICTUBaHMsl BBIYMCIEHUI HAa COBPEMEHHBIX MHOTOSAEPHBIX MM MHOTOIPOLECCOPHBIX
KOMITBIOTEPAX.

MaTtemaTuueckas Mojaeab

MaremaTtnueckas MOJEIb, ONHMChIBaoLas pacnpocrpaHeHrue BYB B pa3zBeTBieHHoI
CETU TOPHBIX BBIPAOOTOK, OIMCHIBAETCA CHCTEMON HECTAI[MOHAPHBIX Ta30JMHAMHYE-
cKkuX ypaBHeHui. [ToapoOHOE omrcaHne MOAEIH paccMaTpuBaercs B [9].

ypaBHeHI/Iﬂ COXpaHCHHA MAaCChl, UMIIyJIbCa U DHEPIrUH rasa i HpﬂMOJ’[HHeﬁHBIX
Y4acTKOB BBIPaOOTOK:
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YpaBHEHUSMH T'a30BOM AWHAMUKHU. ByleM Ha3bIBaTh 3Ty 00JIaCTh BHIPAOOTOK «y3em». Ka-
JKOBIA y3eN MpEeACTaBiIsieTCs] B BUIE OJHOW TPEXMEPHOM sSUeHKH, K CTOPOHAM KOTOPOU
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p=pRT. (12)

Hpez[nonaraﬂ, YTO HU3BECTHbBI KOOPAWHATHI, MPOTAXKCHHOCTb, 3HAYCHUA COCTOAHUA
Cpe€abl OCJIE€ B3pbIBa B 30HC B3PbIBA, 4 TAKIKE MMapaMETPhI pyﬂHH‘IHOﬁ aTMOC(l)epLI, cTa-
BUM CJICAYIONIUEC HAYAJIbHBIC YCJIOBUSA IJIA HpﬁMOJ’IHHeﬁHLIX Y4acCTKOB BI)Ipa6OTOKZ

(B, xeBM, ~ Tb xeBM,
p(x’O)_{PO XEBM, T(xso)_

T, xeBM,
0 ={Pr <M 0= 0 (13)
X, = ulx, =Y,
Pr 0 xeBM,
U JJI51 COTIPSIKEHUM:
(B, BBM, (T, BBM,
p(xayazao)_{Po BHE BM, T(x,y’Z’O)_{TO BHE BM,
p; BBM,
x,9,2z,0)=<"" 14
ps(x,¥,2,0) {0 sric BM. (14)

u(x,y,2,0)=0, v(x,y,2,0)=0, w(x,y,2,0)=0.

I'parnunsie ycnoBus it ypasHeHui (1) — (4) u (6) — (11) 3amatoTcst B 3aBUCUMOCTH
OT KOH(UTYpaIiK U CEYeHUs NpUjleraromeil BRpaboTKH, ¢ KOTOpOi oHa rpaHnyuT. Ec-
JIM TPaHMIA BEIPAOOTKH TYIIHK MM M30JHPYIONIAs MepeMbIUKa, TO UCIOIb3YeTCs yCIo-
BHE HEMPOTEKaHUs

ul,=0. (15)

Ecmmn BI)Ipa6OTKa BBIXOJUT Ha IMMOBEPXHOCTH

= Pary - (16)

[TpunsTEIE 0003HAUEHHMS: ¢ — BPEMS, X, V, Z — OCH JI€KapTOBOW CHCTEMBI KOOPIHWHAT,
p — IIIOTHOCTb I'a3a, Py — NaplUHabHas MNIOTHOCTh NPOJYKTOB CrOPaHus, U, v, W — KOM-
TIOHEHTHI BEKTOpa CKOPOCTH, p — IaBIICHNUS, F — MTOJIHAs 3HEPTHs ra3a, 1 — TeMreparypa,
S — momans MpoXOJHOTo cedeHus KaHana, I1 — nmepumerp ceyeHus kaHana, Tj — CHJIA
TPEHHUS O CTEHKH, ¢ — MOTOK TeIia B CTEHKH, R — ra3oBas NOCTOSHHAs, ¢, — yJeJIbHasI
TETJIOEMKOCTb MPH MOCTOSIHHOM o0beMe. MHnekcsl: 0 — atMocepHble ycnoBus, b — na-
paMeTpsl B 30HE B3pbIBa, f — MPOLYKTHI cropanusi, BM — 30Ha B3pbiBa MeTaHa.

Jns pemenus cucremsl ypaBHeHuil ucnons3yercs meroq C.K. I'ogynosa [11].

pl“p:paTM’ P

Peanmzanus AJITOpUTMA YUCJICHHOI'0 pacueTra

B 00600611eHHOM BHIE aJITOPUTM pacyeTa MO>KHO OIHCATh CIIETYIONIM 00pa3oM:

1. IIpsiMonTMHEHHbBIE YJaCTKH TOPHBIX BBIPAOOTOK (BETBM) pa3OMBAIOTCS Ha CEpHH
OJTHOMEPHBIX pacdeTHBIX stueek (puc. 1);

2. B compspKeHUsIX, TOBOPOTaxX M TOYKAX W3MEHEHHS T€OMETPHUYECKUX ITapaMeTpoOB
BBIPA0OTOK (y371aX) pa3MemaloTcsl TpeXMEpHBIE sTUeiKH;

3. Bo Bcex Aueikax yCcTaHaBIMBAIOTCS HayallbHBIC YCIOBHUS;

4. BoImonHsIeTCsS pacueTHBINA ITUKIT:
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4.1) Ha TeKyIIeM BPEMEHHOM CIIO€ OIIpeAeNseTCs IIar Mo BPEMEHHU C YYeTOM KpHUTe-
pus Kypanra;

4.2) Ha TpaHUIE KaXXJOH Mapbl CMEXHBIX sYEEK pelaeTcs 3ajada o paciaje Mpous-
BOJILHOT'O Pa3phIBa;

4.3) B siueiikax mpousBonuTcs pemenne ypasaeHuit (1) — (5) wmm (6) — (12), u Ha-
XOXKICHHE NTApaMeTPOB Cpebl Ha HOBOM BPEMEHHOM CJIOE;

5. Ilpoueypa UTEepaTHBHO OBTOPsieTCs O (haKTa JOCTHIKEHHS KPUTEPHS OCTAHOBKH.

BboIxosel Ha TOBEPXHOCTD I'panunbl ¢ MOBEPXHOCTHIO

a b -

BeprukanbHbie BEIpabOTKH

/ 1D-sueiiku -

3D-queiiku |

lopusonTanbHas BeIpaboTKa — \—
* A I Y O A |

Tynuk I'yxas rpanuna

C YCJIOBUEM HEIIPOTECKAHUSA

Puc. 1. [Ipocreiimast MofenbHas ceTh BBIPaOOTOK (@)
1 COOTBETCTBYIOLIAS €if AUCKpeTHAast pacyeTHas 001acTh (6)
Fig. 1. (a) The simplest model network of workings
and (b) the corresponding discrete computational domain

[epBuuHas peamuzanms anroput™a [9] ¢ BbeIgeTIeHHEM OOBEKTOB THIIA «y3€iD) W
«BETBB» M 00BEIUHEHHEM 3THX O00BEKTOB B MACCHBHI (pHC. 2), ITOKa3ana, 4To 3TOT Ba-
pHaHT sBIISieTCS pabodnM, HO HU3KOA((EKTUBHBIM B IUIAHE aJalTalldH K MOCIEAyIo-
HIeMy pa3sBUTHIO MATEMAaTUUECKOW MOJIENIN M METOJA PEILIEHHUS:

- HCTIOJIb30BAHNE MAaCCHBOB YCIIOXKHSET CBA3bIBAHUE STUEEK HA TPAHUIIAX obJacTei ¢
pa3sHBIMHU Pa3MEPHOCTAMHU TYEEK;

- IPH paclapauieIiBaHUH PacyeToB ITyTeM T'€OMETPHUYECKON JEKOMIIO3UIIUH pac-
YETHO 00JIaCTH CIIOKHO BBIIONHATH OaJJAHCUPOBKY HArpy3KH Ha BBIYUCIHUTENBHBIE 110-
TOKH, TaK KaK OCHOBHBIMHU €IMHHIIAMH SIBIISIOTCSI HE OTAETbHBIE pacyeTHbIe SUEHKH, a
BETBU C CYILIECTBEHHO Pa3IHUaIOIIUMUCS JIIHHAMY;

— —]

maccus 1
I
I
MAaccus 3

MaccuB 2 -

[TTTTTTTTTTITITH

maccus 4

Puc. 2. JleMoHcTpanus Noaxoaa, KOrja B KaueCTBE OCHOBHOM
pacyeTHOW eTMHHUIIBI IPUHSATA BETBh C MACCUBOM SIYEEK BHYTPH
Fig. 2. Demonstration of the approach when a branch with an array
of cells inside is accepted as a main calculation unit



112 E.E. Masena, I1.1. Kycannos, 0.10. Jlyxawos, A.H0. Kpaiitos

- OTCYTCTBYET YHHUBEPCAJIbHBI MEXaHU3M M3MEHEHHUs T'PaHUYHBbIX yclIoBUM. Taxoil
MEXaHU3M, HallpuMmep, Hy)XKeH HPH HaJH4YHH TIIyXHX B3PBIBOYCTOWYMBBIX TEPEMBIYEK,
KOT/1a IO pa3pylLIeHHsl IEpEeMBIYKH COOTBETCTBYIOMIAs €l rpaHuIia J0JDKHA paccMaTpH-
BaThCsl KaK IITyXas, a oclie pa3pyLIeHusl CTaTh IPOXOTHO;

- OTCYTCTBYET yHHUBEpCAJIbHBI MEXaHW3M 3aMEHBI MaTeMaTHIecKoi Mozaenu. Takon
MIOZIXOJ] MOXKET OBITH TOJIE3€H, KOTAa B CETH BEIPAOOTOK MMEIOTCS, HAalpuMep, BOJOHA-
JIMBHBIE TIEPEMBIYKN — IO UX CpabaThIBAHUS MMEET CMBICI HCIOJIB30BATh Ia30ANHAMU-
YEeCKYI0 MOJIETIb, @ MOCIIE cpadaThIBaHMS — MOZIEIH C YIE€TOM Kalelb BOJBI B rase.

OnBIT UCIIONTF30BaHMS U MOJICPHHU3AINY IEPBUYHOTO BapHaHTa anroputMa [9] moka-
3aJ1, 9TO BO3MOXeH Oojee 3 (GEeKTUBHBIN MOAXO0 K Pealn3alii pacueTHOTO alTOPHT-
Ma. OH OCHOBaH Ha HJee, 3AT0KEHHON B METO/IEC KOHTPOJILHBIX 00HEMOB — BBIICIICHHH
3JIEMEHTAapHOTO 00beMa, UMEIOIIETO CBA3U CO CMEXHBIMU SYeHKaMHu, B KOTOPOM pealtu-
3yeTcsl aJlTOPUTM PELIeHUs] CHCTEMBl YpaBHEHUI MaTeMaThdeckoi mozaenu. CBs3u Me-
KLy CMEKHBIMU SUYEHKaMHU YCTaHAaBIIMBAIOTCS Ha KaXJIOW TpaHUIle 00beMa, a KoJinue-
CTBO 3TUX T'PaHHUI] COOTBETCTBYET Pa3MEpPHOCTH NAHHOW suelku (puc. 3). OTo nenaer
YUKy 271emeHmapHoti (OTIMCHIBAIONIYIO TIOBEICHHE CHCTEMBI B IAHHOM JJIEMEHTaPHOM
o0beme), uzoauposannou (OCTAIOTCS JHUIIH caMa sTIeiKa 1 €€ CBSI3H CO CMEKHBIMH 00b-
eMaMH) U camodocmamouroli (s pacyeTa mapaMeTpoB Ta3a ecTh Bce HeoOXoammoe —
YpaBHEHHSI MATeMaTHIECKOH MOJEIH, TPAHNYHBIE U HaYaIbHBIC YCIOBHS).

Z
a b %\

& Sa

X X Y

Puc. 3. KoHTposbHEIE 00BEMBI B CITyJasx OZHOMEPHOH (@) U TpexMepHoii (b) siueek,
U TpaHUILbI, Y€PE3 KOTOPHIC YCTAHABIUBAIOTCSA CBA3U MEXY CMEKXHBIMU sTYCHKaMU
Fig. 3. Control volumes for (a) one-dimensional and () three-dimensional cells,
and the connecting boundaries between adjacent cells

[pemaraercss yHHBEpCANBHBIA MEXaHU3M CBS3BIBAHHS SYCEK: TOCTATOYHO CO3IATh
9K3EMIUPBI 3THX SYEeK, CBSI3aTh UX M yKa3aTb MCHOJB3YEeMYy MaTeMaTHYeCKyH MO-
JeTIb, OTIMCHIBAIOIIYIO TIOBEACHHE CUCTEMBI IMEHHO B 3TOM oObeMe. [Ipniem Takux Mo-
Jereil MOXKeT OBITh OJHA WJIM HEeCKOJIBKO, OHH MOT'YT IMHAMHYECKH MEHSTHCS B 3aBHU-
CHUMOCTH OT Pa3HbIX (H3UUECKUX (PaKTOPOB B TPOIIECCE BHIMOIHEHHS YHCICHHBIX pac-
4eTOB (C COOJIIOZICHNEM COOTBETCTBYIONIUX MPABIJI TPaHCHOPMAIIUH MEXKIY MOJEIISIMH
U ¢ COOJTIOJICHUEM 3aKOHOB COXPaHEHUS).

B pe3ynbrare SKCIIEprMEHTOB IO peaii3alun ajaropurMma pacuera BYB «rpanuna»
ObLTa BBI/IENIEHA B BUJIE CAMOCTOSITEIBHOTO DJIEMEHTa aJiTOpPUTMa C HAJTMYMEM JaHHBIX O
JIBYX CMEXHBIX s9elikax, KOTopble oHa coeanHsieT (puc. 4, a). OCHOBHBIMHU HCXOJHBIMU
JTAHHBIMH JUJISI PELIeHHs 33/1a41 O pacriajie MPOM3BOJILHOTO pa3phiBa BHICTYIIAIOT IUIOT-
HOCTb, IaBJIIEHHE U CKOPOCTH ITOTOKOB B CME)XHBIX sSUeiKax. DTH JaHHbIE HE 3aBUCST OT
Pa3MEpPHOCTH CMEXKHBIX SYCeK, OITOMY «TPaHHLA» IT03BOJISET SIMHOOOPA3HO CBA3BI-
BaTh STYCHKH IOOBIX pa3MepHOocTel (puc. 4, b).
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1 D- sueiiku
I'panue! R
I'panuna
1, P1, Ui D2 P2, Un
D B i B >
3D-sueiku
a b

Puc. 4. Cs3piBaHNE IBYX CMEXHBIX SUEEK yepe3 rpaHuiy (a),
MpUMep OpTaHU3aINH CBS3eH B CONPSHKEHIH HECKOJIBKUX BeTBel (b)
Fig. 4. (a) Binding of two adjacent cells through a boundary;

(b) an example of linking in a conjugation of several branches

«'panniy» Taxke yI10OHO HCIIONB30BATh JUISi MOJICTUPOBAHHS OCOOBIX TPAHUYHBIX
CIIy4aeB — BBIXO/BI TIOBEPXHOCTh, TYMHK. DTO MOXKET JOCTUTaThCA 3a CUET NPUMEHEHUS
KaK CIIEI[MATIbHBIX BUJOB A4€EK, HAXOASIINXCS 3€PKaIbHO MO OTHOIIEHUIO K COOTBETCT-
BYIOIIIMM TIOTPAaHUYHBIM SYelKaM pacdeTHOH 00JacTH, TaK M MCIOJIB30BAHUEM CIICIH-
ITBHBIX BHJIOB «TPAaHUI», UMHTHPYIOIINX HaJW4YWe TakuX sdeek. Bo BTopoM cimydae
yZ10OHO MOJENMPOBATh HAINYNE BEHTWIALHMOHHBIX COOPY)KCHHH (IBepei) W B3pHIBO-
YCTOWYMBBIX MEPEMBIUEK C MOCIEAYIOLIEH 3aMEHON TUIAa TPaHMLBI B ClIydae paspylie-
HUS TIEpEeMBIUKH (puc. 5).

30Ha 30Ha pacmpoCTpaHEHHS

30Ha B3pbIBa pacnpocTpaHeHus BYB nocne paspenraus
] M BYB ] TIEPEMBIYKH

1] ® 4
I HERLEE } EEEEEE [« TTTTTH
] a ] b | c
Llenas mepembIuka Ienas nepembruka Iepembruka oTCyTCTBYET

(rIyxast paHHLA) (ryxas TpaHHIA) (mIpoxomHast rpaHHIA)

Puc. 5. Ilpumep 3ameHbl TUNA TPaHULBL: @ — U3OJUPOBAHHBIN TYNMUK, B KOTOPOM OXKHUJAeTcs
B3pBIB; b — pacnpoctpaneHre BYB mnociie B3pbiBa repes MOMEHTOM pa3pyLIeHHs EPEMBIYKH; ¢ —
pacnpoctpanenue BYB mocne pazpymenust nmepeMsIuky. Paspymenue nmepeMbIdKE COIPOBOXKIA-
€TCs 3aMEHOW TPaHUYHOTO YCIIOBHS B MECTE YCTAaHOBKH IIEPEMBIUKH C YCIIOBUS HE IIPOTEKaHUs Ha
pacueT B BETBH

Fig. 5. An example of the boundary type alternation: (@) an isolated dead end in which an explo-
sion is expected; (b) the shock wave propagation induced by the explosion before the stopping is
destructed; and (c) the shock wave propagation following the destruction of the stopping. The de-
struction is accompanied by a replacement of the boundary condition on the stopping installation
site from the impermeability condition to the calculation in the branch

HGOGXOILI/IMO OTMCTHUTH €IC OOUH Ba)XHEIA MOMEHT — HeO6XOJ_'[I/IMOCTL yucTa yrios,
IOJ KOTOPBIMU COIIPATAIOTCA MEKIY coboit PpCaJibHbIC TOPHBIC BLIpa6OTKI/I. 910 BbIpa-
JKaCTCsd B HAJIMYUU TAKUX YTJIOB MCKIY KpaﬁHHMH OAHOMCPHBIMU sSTYCHKaMH BETBEH C
TPEXMCPHBIMU sTAeKaMH CMEKHBIX y3J0B U H606XO,HI/IMOCTBIO pacdyeTta COOTBETCT-
BYHOHIUX HpOCKLII/Iﬁ — HOPMAJIbHBIX U TAHI'CHIHUAJIBbHBIX COCTABJIAIOIINX CKOpOCTeﬁ. I[.]'ISI
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aBTOMATH3AIlMK pacyeTa dTHX MPOCKIMIA Oblla CO3/aH JOIOIHUTEIBHBIN AJIEMEHT aj-
TOPUTMA — «TPaHby TYCUKH, KOTOPAs BHIOJIHSIET 3TH ACUCTBHUS Ha OCHOBE HH(POPMAIIUU
0 HOMEpPE CTOPOHBI PACYCTHOW STUCHKH, K KOTOPOH OHA MPUIIETAET, ¥ YTIIOB COMPSHKCHHUS
CMEXHBIX BeTBeil (puc. 6).

I'pannnua

Vi
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< U e
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a e b

Puc. 6. JTuckperHas MoieNb TOBOPOTA TOPHOU BBIPAOOTKH (a)
U COOTBETCTBYIONIAsl €My CBS3Ka siUeeK, IpaHei u rpaHul (b)
Fig. 6. (a) A discrete model of the bend in a mine working
and (b) the corresponding binding of the cells, faces, and boundaries

C y4eToM ompeneneHus NOHATHH «sI9eikay, «TpaHb» U «TPAHUIA» B alTOPUTME IT0-
PAIIOK pacdeTa MOXKHO JETaTM3UPOBaTh CIIEAYIONIMM 00pa3oM:

1. IIpsiMonMHEHHbIE YYaCTKH TOPHBIX BBIPAOOTOK (BETBH) Pa3OHMBAIOTCS Ha CEPHU
OJTHOMEPHBIX PACUETHBIX «TUEEK»;

2. B conpspkeHusx, MoBOPOTaxX M TOUYKAX U3MEHEHHUs T€OMETPUUYECKUX MapaMeTPOB
BBIPA0OTOK (y37aX) pa3MemaroTcs TPEXMEPHBIC «TICHKNY,;

3. JInst kaxaoi OIHOMEPHOM «IuelKr» CO3/1aeTcs MO JIBE «TPaHW», KOTOPbIE MpHU-
COEIMHAIOTCA K YYacTBYIOIIMM B BBIUHCICHHUSX CTOPOHAM <GSTUEUKM», JUISI Kaxaou
TPEXMEPHON «TUCHKI» CO3IAETCs 110 MECTh «TPaHei» — A BCEX €€ CTOPOH;

4. Co3maroTcsi «TpaHUIBD, KaKAAasd U3 KOTOPBIX CBS3BIBACTCA C JABYMS «TPAHSIMID
CMEXHBIX «TICCK»;

5. Bo Bcex «sguelKax» yCTaHaBIMBAIOTCSI HAYAJIbHBIE YCIIOBHS;

6. BemonHseTcs pacyeTHBIN UKL

6.1) Ha TeKyIIeM BpEMEHHOM CJI0€ ONPEIeNsIeTCs MIar 0 BpEMEHU C yUYeTOM KpHTe-
pust Kypanra;

6.2) mpoBepsIoTCs (HaKTOPBI, ONMPEIEIISIONINE 3aMEHY TPAHUI, HAIPUMEP HEMpOTe-
KaeMbIX Ha IPOXOHbIE;

6.3) Ha rpaHUIle KaKIO0H Maphl CMEXKHBIX SYCCK PEIIaeTcs 3aadya O pacraje Mpous3-
BOJILHOTO pa3pbiBa, IPU 3TOM HOPMaJIbHBIE COCTABIISIOIIUE BEKTOPOB CKOPOCTEH ompe-
JIEIISTIOTCS Yepe3 CMEKHBIC TPaHH;

6.4) B s9eiikax mMponu3BoANTCS perneHne ypaBHeHui (1) — (5) wm (6) — (12) u Haxo-
JKICHHE TIapaMeTpoB Cpelsl Ha HOBOM BpeMeHHOM cioe. Ha stom stame Tpebyercs
JUIIG PelIeHre YPaBHEHNH, HEITOCPEICTBEHHO COCTABIISMIOMINX MCXOJHYIO0 MaTeMaTHIe-
CKy1o Mozenb. [Tpn HeoOX0AMMOCTH, MOJETTF MOKET OBITh JMHAMHYECKH 3aMECHEHA,;

7. Ilporienypa nTepaTUBHO MOBTOPSIETCS 10 (DaKTa TOCTHIKEHHUST KPUTEPHST OCTAHOBKH.

Hponepl«a ajropurmMa pacuera

Jiist mpoBepKH KOPPEKTHOCTH PacyeTOB C MCIOJIB30BAHUEM OIHMCAHHOTO alrOpUTMa
OBUT TIpOBEIEH Psii MOJETBHBIX M TECTOBBIX pacyeToB. MoeNbHbIE CXEMbI KaHaJlOB
(BBIPaOOTOK) TIOKA3aHBI HA PHC. 7.
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CINENSY/E

Puc. 7. MozesbHbIE CXEMBbI KaHAJIOB: @ — OKPY)KHOCTh, b — 3aMKHYTBIN KBaJpaT, ¢ — «pa3pe3Has
neuby: I — 3D sueiika, 2 — 1D sueiika, 3 — siueiika ¢ OTKpBITOM IpaHuliel, 4 — 30Ha MOBBIILICHHO-
ro AaBieHus, L, n, m — IJIMHBI BETBEH

Fig. 7. (a) A circle, (b) a closed square, and (c) a “crosscut”: 1, a 3D cell; 2, a 1D cell; 3, a cell
with an open boundary; and 4, a pressure zone; L, n, m are the branch lengths

Bce cxembl SBIAIOTCS MOJENBHBIMH, OJHAKO MO3BOJSIOT OIEHUTH KOPPEKTHOCTH
HOBOTr'O ajroput™Ma pacyera napamerpoB BYB: npoBepuTh BBIIOJTHUMOCTH OCHOBHBIX
3aKOHOB COXPAaHEHHUS, CHMMETPHUYHOCTD PaCIpOCTPAHEHUS YAAPHBIX BOJH IPH CHMMET-
PUYHOCTH T€OMETPUH KaHAJIOB U TapaMETPOB B3PHIBA.

IMpoBenen pacuer pacmnpoctpaneHus BYB B kaHane, mpencrasisiomieM coOoi
KoutbIlo (puc. 7, a). 30Ha B3pHIBa 3a7aBajiach B HIDKHEH 4acTH KOJIbIIA, TaBJICHUE B 30HE
B3pbIBa coctaBisuio 570 klla. Pe3ynbraTel pacuera mokaszansl Ha puc. 8. Bumno, 4to
BYB pacnpocTpaHSIOTCS CUMMETPUYHO B pa3Hble CTOPOHBL. B MOMEHT BpeMeHH
t=0.6 ¢ oOpa3yercsi HOBBII THK JABJICHUs, 00YCIOBJICHHBIA B3aUMOJICHCTBUEM BOJH
JIaBJICHUS], PACIIPOCTPAHSIONINXCSl HABCTPEUyY APYT APYTY.
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Puc. 8. Pactipenenenus nasnenus (a) u remneparypsl (b)
B pa3Hble MOMEHTHI BDEMEHH B KOJIBIIEBOM KaHaje
Fig. 8. Distribution of the (a) pressure and (b) temperature
in the annular channel at various time instants
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PesynbraThl pacyera pacnpoctpanenuss BYB B 3amMkHyTO# KBajpaTHOW KOH(DUTypa-
IIMM KaHAJIOB (TOPHBIX BBIPAOOTOK, puc. 7, b) mpeacrasieHsl Ha puc. 9. B MoMeHT Bpe-
MmeHu ¢ = 0.1 ¢ oOpasyercsi 1Ba MMKa Ha OJMHAKOBOM PACCTOSIHUH, CBSI3aHHBIE C MOBO-
poroM kaHana Ha 90°. B mpoTUBONOI0KEHHON OT MeCTa B3pbIBA BETBU YAAPHbBIC BOIHBI
CXOJIATCS ¥ HaOJII0aeTcs BCIJIECK aBJIeHHs B MOMEHT BpeMenH 0.6 c.
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Puc. 9. Pacnipeniesienuist JaBIeHHS B pa3HbIe MOMEHTHI BDEMEHH
B KaHaJIe KBaJIpaTHOW KOHGHTYpaliu
Fig. 9. Pressure distributions in the square channel
at various time instants

Crnenyromuii pacyer ObLT MPOBEICH /IS KOH(PUTYpaIluy KaHAIOB «pa3pe3Has medby
(puc. 7, c¢). Pe3ynbTarhl pacueToB B BUJE paCHpEICICHUN AaBIECHUS 10 MyTSM PacIipo-
CTpaHCHHUS yAapHBIX BOJH, H300pakKeHHBIM Ha puc. 10 MITPUXOBOH U MITPUXITYHKTHP-
HOU TUHUSAMMU, NPEACTaBIEHBI Ha puc. 11.

Puc. 10. Cxembl oToOpaskeHUst TONOJIOTHH pHC. 7, ¢: I —myTh Ne 1, 2 — myTb Ne 2
Fig. 10. Topology diagrams for Fig. 7¢: 1, way No. 1 and 2, way No. 2
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Puc. 11. Pacnipenenenus gaBnenus mo myTsm Ne 1 u Ne 2
«pa3pe3HOil MeYn» B pa3Hble MOMEHTBI BpEMEHHI
Fig. 11. Pressure distributions along tracks No. 1 and No. 2
in the “crosscut” at various time instants

W3 nomy4eHHBIX pe3yibTaToB, MPEACTaBIEHHBIX Ha puc. 11, BUAHO, 4TO ynapHas
BOJIHA, pacHpocTpaHsAomasca no myTd Ne 1, mpu NpoXoxXIEeHUH MECT CONPSIKEHUS C
nepeMbIKarolieil BHIpaOOTKOH HEMHOTO yMEHBIIIAeT CBOIO MHTEHCHBHOCTH. Ha mytn Ne 2
B IIpUMBIKatoONIel BbIpaboTke B MOMeHT BpeMmeHH (.9 ¢ HaOIromaeTcst BCIIECK JaBiie-
HUS, M300paXeHHBIH Ha puc. 11, b, 0OyCIIOBICHHBIH BCTPEYHHIM B3aNMOACHCTBHEM
yApHBIX BOJH, HAYIINX IO HEH OT ABYX CONPSDKEHUH ¢ BBIpaOOTKaMu myTu Ne 1.

B mporiecce Bcex pacueToB, pe3ynbTaThl KOTOPHIX MPEACTaBICHH Ha puc. §, 9, 11,
KOHTPOJIMPOBANACh BHIIIOJIHUMOCTh 3aKOHOB COXPAaHEHUsI MAacChl U MOJHOW SHEPTHH Ta-
3a B BbIpaOoTkax. [lomHas mMacca rasa u MojHasi SHEPTHUs ra3a B BbIpaOOTKaxX MPH UHC-
JICHHOM pEIIEHUH COXpaHseTcsi ¢ TOUHOCTBIO 99.95 %. [Ipu cuMMeTpuuHOM reoMeTpuu
KaHaJIOB M MecTa B3pbIBa pacueTHbIE paclpeie]IeHUs JaBJIeH!s B KaHaIaxX IpH pacipo-
CTpaHEHMHU YJapHBIX BOJIH TaK)Ke€ CUMMETPUYHEI.

BapuanT anropurMa [9] ucnonp3yercst Ipu COCTAaBICHUH IUIaHA JMKBHUIAIUM aBa-
puii (ITJTA) Ha ropHopyaHoM npeanpusitun. OneparnBHast yacts [1JIA pa3pabateiBaert-
Csl I pYKOBOZICTBA JIEHCTBHAMH 0OCITY KHBAIOIIETO MEpCOHalIa MaxThl IIPH BO3HUKHO-
BEHUM aBapuilHOHN cuTyauuu uiu aBapui [7]. OnepatuBHoi 9acTeio [TJIA 1omKHBI OX-
BaTHIBATHCSI BCE BHIBI BO3MOKHBIX aBapHil M aBapHHHBIX CHUTyallMi B IIAXTe, B CBSA3U C
YeM CKOPOCTbH MOJYyYEHHS PE3yJIbTaTOB BIHMAET HAa yOBITKH NMPEANPHATHS U 4YeJIOoBeUe-
CKHe KXepTBBI. VI310KEHHBIN B TaHHOH CTaThe alTOPUTM MOXKET OBITh JOpabOTaH C Iie-
JBI0 pachapauleNIuBaHus. JTO MO3BOJIUT YCKOPUTH MPOBEIAECHHE MAacCOBBIX PacyeToB
quia coctaBieHus [1JIA.

3akJao4uenue

Pa3pa60TaH MNoAXO0J K pefairn3alui METoda PCIICHUA 3aaad O paclupoCTpaHCHUU
BYB B paSBeTBJ’IeHHOﬁ CCTU T'OPHBIX BI)Ipa6OTOK C YYE€TOM NPOMU3BOJIbHLIX YTJIOB UX CO-
MPSKCHUS. HOI[XOZ[ 6a31/1pyeTc;1 Ha HMCIIOJIb30BaHHUHU MCTOJa CK. FO)IyHOBa U BBIACIIC-
HUU BJICMCHTOB aJITOpUTMaA «f{qei/'nca», «rpaHb» U «T'paHUllA». Kaxc,m)n‘/i N3 yKa3aHHBbIX
DJICMCHTOB aJITOPUTMa OTBEYACT 3a STAIl BBIYHCIICHUMN: «rpaHrlla» — 3a PCHICHUEC 3aJa4n
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0 pacrnajie IPOU3BOJIBHOTO Pa3phlBa B NapaMmeTpax rasza, «IpaHb» — 3a OIPEICIICHUE
HOPMAaJIbHBIX U KacaTeNbHbIX K «IPaHU» KOMIIOHEHTOB BEKTOPOB CKOPOCTEHU B sSUEHKAX,
«sueiikay — 3a YHCIEHHOE pellIeHUe YpaBHEHUH, COCTaBIIAIONINX MaTEMAaTUIECKYI0 MO-
Jens pacnpoctpanenus BYB. Ilpeanaraemast 1ekoMno3unys pacdeToB HalpaBieHa Ha
JIOCTH>KEHHUE CPa3y HECKONBKHX IIETIeH:

- CYLIECTBEHHOE CHI)KEHHE TPY03aTpaT MPH pa3BUTUH MaTeMaTHUYECKON MOJEIH 32
CYeT BBEICHHA B HEe HOBBIX (DM3MYECKHX IPOIIECCOB, HATIPHIMEP ydeTa BOISHBIX H
CJIAHLIEBBIX 3aCJIOHOB;

- YIPOLIEHHE pacnapaieIMBaHus BBIYUCICHUH;

- YIPOLIEHUE YCTAaHOBIECHUS CBSI3€H MEXIy SIMEHKAMU C Pa3HBIMU PA3MEPHOCTIMY;

- CYIIIECTBEHHOE YMPOIIEHUE pealn3allii pacueToB pacrpoctpaneHuss BYB B reo-
METPHYECKH CIOXKHBIX 00JIACTSIX.

VYka3zaHHBIN MOJAXOJ pealin30BaH B BUJE KOMIBIOTEPHOW MPOTPaMMBI, BHITOJIHEHBI
TECTOBBIE PACUEThI, PELICHbl MOJAEIbHbIE 3aJlaul C MPOBEPKOM BBHIMOIHEHHUS 3aKOHOB
COXpaHCHHS MAacChl, UMITYJIbca, dHEPTUU. Pa3paboTaHHBIN MOAXOJ] IUIAHUPYETCS TPU-
MEHSTP MIPH PEIICHIH 3a]1a9 IPOMBIIIICHHOH 0€30I1aCHOCTH Ha YTOJNBHBIX ImaxTax Poc-
CHUH.
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Coal mines are hazardous production facilities, where various accidents are possible. The
most destructive accidents are gas and dust explosions. They lead to enormous financial and often
human losses. Since 2004, an industry methodology has been used to calculate the parameters of
the air shock waves and impact areas. The methodology is based on a system of unsteady gas-
dynamic equations in a one- and three-dimensional formulation. The main source of data is a
spatial network of mine workings.

An approach is developed to apply the method for solving the problems of the propagation of
shock waves in an extensive network of mine workings with allowance for arbitrary angles of
their linking. The approach is based on the use of the Godunov method and the selection of
entities: “computational cell”, “cell face”, and “boundary between cells”.

The calculations are performed for the following test topologies: circle, square, and
“crosscut”. The implementation of the laws of conservation of mass and energy is verified. The
symmetry is observed in the circle and square topologies.
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