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AHAIIN3 BO3MOXHOCTWU NPUMEHEHUA
HEKOTOPbIX YACJNIEHHbIX METOAOB ANA PELUEHUA
3AA0AY MEXAHUKX MHOIMOKOMIMOHEHTHBIX CPEA

FO.M. Koeanes, E.A. Kosaneea

PaccmoTpeHa BO3MOMKHOCTh NPUMEHEHUS METOAOB BBIUMCIECHHH, HMCHOIb3YIOLUIUX
YpaBHEHHE MOJHOW YHEPTHUH, AJISL YUCIEHHOTO MCCIEJ0OBAaHUS PACIPOCTPAHEHUS yYAPHBIX
BOJIH B T€TEPOTEeHHBIX IBYX(a3HbIX cpemax. C 3Toll 1enpio OBUT MPOBEIEH aHANINU3 WHBA-
PHAHTHOCTH OTHOCHTENBHO NpeoOpa3oBaHMs [ anwiiest ypaBHEHHH COXpaHEHHS, OIHCHI-
BAaIOIIMX TE€UYEHHUs B a’poB3BecsX. [lokazaHO, 4TO ypaBHEHHE MOIHON 3HEPTrUM CMECH HE
SBJISICTCS WHBAapUAHTHBIM OTHOCHTEIBHO IpeoOpaszoBaHus [amwies. DTo 3HAYMT, YTO
YHCIICHHbIE METOJbI, ONMPAIOLINECS HA PELICHUE YPaBHEHUS COXPAHEHHs IOJIHOW JHEp-
run (HarpuMmep, «MeToJl KPYMHBIX YaCTHIl»), HE MOTYT OBITh NPHMEHEHBI B HACTOSIIEE
BpeMs IpU pEIIeHUH 3a]ad, CBS3aHHBIX pacueTaMH TeUeHHH a’poB3Beced. Pe3ynprarsl
pacueToB TEUEHHH a’pOB3BECeil, IPOBEACHHBIC JAHHBIMU METOAaMHU, HE MOTYT OBITh TIPH-
3HAHBI JOCTOBEPHBIMHU.

Knrouesvie cno6a: 4ucienuviii Memoo, Mamemamuieckas Mooeib, 2emepoeHHas
cpeoa, 3aKOHbl COXPAHEHUSA, UHBAPUAHMHOCHb.

BBenenue

B cBsi3u ¢ pa3BUTHEM COBPEMEHHON BBIUMCIUTEIBHON TEXHUKHU PE3KO BO3POCIIa pojb MaTeMaTHye-
CKOT'0 MOJCIMPOBaHusA (QU3NISCKUX IMPOIIECCOB, UCIIOIL3YEMbIX B HayKe U TEXHHKe. bojiee Toro, ectsh
TaKue NpoOJIeMbl, KOT/Ia MaTEMAaTHICCKOE MOJICITUPOBAHUE SBIISCTCS SIUHCTBEHHBIM CPEICTBOM IIpEIl-
BapHUTEILHOrO M3y4YeHHs sBIeHU. [ToaToMy ¢ 0c000H OCTPOTOI BCTaeT mpobiieMa aeKBaTHOCTH MaTe-
MaTHYECKHX MOJeNel TeM (pU3MuecKkuM IpoleccaM, KOTOphIe OHHU MBITAIOTCS OMKCHIBaTh. B mpupome
MPAKTUYECKH HET YUCTHIX BEUIECTB, MO3TOMY AKTUBHO PA3BHUBAIOTCS MAaTEMAaTUYECKUE MOJAEIU MHOIO-
KOMIOHEHTHBIX cpef [1]. g Bepudukanum pacyeToB, ¢ OJTHOW CTOPOHBI, HCIIONB3YIOT U3BECTHBIE JKC-
MepUMEHTATbHBIC TAHHBIC, a C JAPYTON CTOPOHBI, MPU aHAIN3E MPOBEACHHBIX U3MEPEHUHN HCIOJIB3YIOT
MaTeMaTHuyeckue Mojenu. OUeHb BaKHO, YTOOBI YCIOBHSI IIPOBEACHUS PACUETOB U SKCIICPUMEHTOB COB-
najajiv, a MaTeMaThdeckas MoJie/b Oblila aJIcKBaTHA M3ydaeMOMY (DU3MUSCKOMY IIPOIIECCy.

IlepcrieKTHBHOE HCIIOIB30BAHUE B3PHIBHBIX IMPOIECCOB B Psie OTpacieil COBPEMEHHOM TEXHUKH
TECHO CBS3aHO C PEIIEHUEM BOIPOCOB 00eCIeYeHns: Mep 0E30IacCHOCTH, 3aIlUThl MHXKEHEPHBIX COOpY-
KEHHUH ¥ TEXHOJIOTHIECKOTO 000pyI0BaHUS OT NEeHCTBHS yaapHbIX BoiH (YB). B cBsizu ¢ aTum BaxkHOE
MPUKJIATHOE 3HAYCHHE TPEACTABISACT HW3y4YCHHE IMPOOJIEMBI JIOKAIH3AMA MeXaHumdeckuX 3(ddexTon
B3pbIBa 1 ocnabnenue YB.

B Hacrosiiee BpeMst Ha IpakTHKE ociiadiienne Y B B raze ocyIecTBIseTCs MyTeM NPUMEHEHHUS pas-
JINYHBIX SKPAHHPYIOIIUX CUCTEM B BUJE CIUIOIIHBIX, MEPGOPUPOBAHHBIX U Pa3pPyIIAIOUIUXCS MTEPEMBbI-
yek. OIMH U3 OCHOBHBIX HEJIOCTATKOB CILIONIHBIX U MEPPOPHUPOBAHHBIX IEPEMBIYEK COCTOUT B UX BECh-
Ma OOJIBIION MaTepUalOEMKOCTH M COOTBETCTBEHHO OOIBIION BETHMYMHE OOBEMHOTO COJCPIKaHUS O
TBEPAOTr0 KOHJICHCHUPOBAHHOTO BemiecTBa (.~ 1+0,1). YKa3aHHBINH HEIOCTATOK B MEHBIIEH CTETICHN OT-
HOCHTCS K TIePEeMbIYKaM, pa3pyIIaloInuMCcs P B3aNMOACHCTBUHU ¢ Y B 1 00pa3yronuM sKpaHUpyOIIre
CJIOU WJIM 3aBECHI U3 TICHBI WM a3POB3BECEH.

B nmocnennnx pabotax, MOCBSIIEHHBIX HCCIEI0BAaHUIO 3aKOHOMEPHOCTeH ocnabnenus YB crnosmu
a’poB3BECEH, IS CHIDKCHUS TaBIICHUN W UMITYJILCOB Y B mpemaraercss u 00CyKaaeTcsl UCIIOIb30BAHIE
«KapKACHBIX CUCTEMY, TIPEICTABISIONINX COOOM CUCTEMY MEJIKOSYCHCTBIX PEIICTOK.

B Hacrosimiell cTtaThbe Ha MpUMEpe aHAIU3a MATEMATHYECKOW MOJENH a’poB3BecH [2] HA MHBapH-
AHTHOCTh OTHOCHUTENHHO TpeoOpa3oBanus ['amwes [3] omeHUM MpaBOMEPHOCTH MPUMEHEHUS METOa
KPYITHBIX YaCTHUI TIPY PEIICHUY JaHHBIX 3ajad.

" PaGoTa BBITIONHEHA npu nogaepxkke PODU rpant Ne 13—01-00072.
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1. IlocTaHoBKA 3a7aYM H MaTeMaTHYeCcKast MOJe]Ib

PaccmoTpum MaTemMaTHuecKyro MOAENb TEUCHHS raza ¢ TBEPABIMHU YacTUIlaMU (a3pOB3BECH), KOTO-
past ONMUCHIBACTCSI CUCTEMOU ypaBHEHHM [2], U OIIEHUM aJICKBAaTHOCTh PE3YJITATOB, IMOJYICHHBIX B IKC-
MEPUMEHTE U B pacyeTax, IPOBEICHHBIX METOAOM KPYIHBIX YaCTHULI.

Cucrema ypaBHEHUH ABUXKEHUS a3POB3BECH [2] UMEET CIEeAYIOIUN BU;
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31ech UHOEKCHI 1, 2 OTHOCATCSA COOTBETCTBEHHO K a3y M 4acTULaM; p; , o, (i=1, 2) — uCTUHHBIE ILIOT-
HOCTU U 00BeMHBIE conepxkanus §as; p;,V;, I}, e;, E; — cpeHUe IIIOTHOCTH, CKOPOCTH, TEMIEPATYPBI,
BHYTPEHHHE M TNOJIHbIe 3Hepruu ¢a3z; O — Temnora xumudeckoil peakuuu npu 7, =T, p= p,;

P — AABJICHHUC, n — YUCJIO 4aCTUIl B CAUHULIC obonema CMECH, B — KOBOJIBIOM; Cp H ¢y — TCIUIOCMKOCTH

¢ba3; A, — TemIompoBOIHOCTh ra3oBoil dasel; R, — raszoas moctosHHas; C,; u Nu — ko duieHt
Tpenus u uucio Hyccenbra, onpenensiemsle unciaamu Perinonsaca (Re) u Ilpannrns (Pr) otHocuTens-
HOTO ABW)KEHUS; d — TUaMeTp YacTHLl; u; ¥ (¢ — SMIUPUYECKUE KOHCTAHTBI, XapaKTEPU3YIOIIHE CKO-
pocTb TopeHus TomuBa. YpasHeHus (1)—(3) — ypaBHEHHsI HEpa3pbIBHOCTH ra3a M 4acTHUIl M ypaBHEHHE
COXpaHCHHS YMCIIa YacTHIl B euHUIe o0beMa cMmecH; (4)—(5) — ypaBHEHUs] UMITyJIbCca Ta3a U YaCTHII;
(6)+9) — ypaBHeHus 3Heprun dactull u cMecu B nenom; (10)—(14) — ypaBueHust cocrosHus; (15) —
ypaBHEHUS, ONPENENIONINE YWIEHB MaccoBOTO (J), TemnoBoro (¢) U cuinoBoro (f) B3auMoJACHCTBUS Me-
KAy hazaMu.
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2. AHAJIM3 HHBAPHAHTHOCTH OTHOCHTEIBbHO Npeodpa3osanus 'annies

YpPaBHeHUIi ABUKEHMS adpoB3Beceil

3anuiieM HUCXOJHYI0 CHCTeMY ypaBHEHHH B HOBOW CHCTeME KOOpPJMHAT, ABIIKYIIEHCS C TMOCTOSH-
HOM CKOpOCThI0 . CKOPOCTH B HOBOW CHCTEME KOOPIUHAT OyIyT paBHBL:

vy=v+D; (17)
Vou =V +D. (18)
Koopaunara OyeT onpenensTbest U3 ypaBHEHUS
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1. AHanu3 MHBapUAaHTHOCTH 3aKOHOB COXPAaHEHHsI a3pOB3Beceil [2] OTHOCHTENBbHO NMpeoOpa30oBaHus
lanunes mpu mepexojie B MOABIKHYIO CUCTEMY KOOpPAMHAT YpaBHEHHS HEPa3phIBHOCTH ra3a M YacTHII
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(22) u (23), ypaBHEeHHE COXpaHEHHsI YKCIIa YACTHIl B SUHHIIE 00beMa cMech — (24) u ypaBHEHHS JIBH-
JKeHHsI aspoB3Beceit (25) u (26) ABISIFOTCS HHBAPHAHTHBIMUA OTHOCHTENIBHO MpeoOpa3oBanus [ aues.

2. YpaBHEHHE TOJIHOM 3HEPTrUU CMECH B HOBOW CHCTEMe KOOpAWHAT MPHUHUMAeT BUA (28), B HeM
TIOSIBJIFOTCS JIONOJTHUTEIBHBIE ClIaraeMble, YTO TOBOPUT O HAPYIICHUH WHBAPHAHTHOCTH OTHOCUTEIHHO
npeoOpazoBanuii ['anunes.

3. [IpumeHeHne MeTona «KPYMHBIX YaCTUID» SBISETCA HE NMPaBOMEPHBIM JJISl pacdera TEeUeHH
a’poB3Becel [2], Tak KaK MUCTOIL3YET HEMHBAPUAHTHOE OTHOCHUTEIRHO IIpeoOpazoBanmii [ anumes ypas-
HEHUE TOJIHOM SHEPTUU CMECH, a Pe3yIbTaThl PACUETOB HE MOTYT OBITh MPU3HAHBI JOCTOBEPHBIMHU.

Asmopwi vipadicarom ceoio brazooaprocms npogeccopy B.D. Kyponamenko 3a nonesnvle 0ocydic-
OeHusi u unmepec K pabome.
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THE ANALYSIS OF SOME NUMERICAL METHODS APPLICATION
FOR THE SOLUTION OF MULTICOMPONENT MEDIA
MECHANICS TASKS
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This paper analyzes the possibility of using computational methods using the total
energy equation, a numerical study of shock wave propagation in heterogenecous two-
phase media. To this end, an analysis of invariance under a Galilean transformation of the
conservation equations describing flow in aerosuspension was held. This means that the
numerical methods based on the solution of the equation of conservation of total energy
(for example, “the method of large particles”) can not be applied at present in solving
problems related to flow computations for Air-Suspensions. The results of calculations of
Air-Suspensions conducted by these methods can not be considered reliable.

Keywords: numerical method, mathematical model, heterogeneous medium, conser-
vation laws, invariance.
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