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AHAIIN3 MHBAPUAHTHOCTU HEKOTOPbLIX MATEMATUHECKUX
MOJEMEN MHOMOKOMMOHEHTHbLIX CPEL

10.M. Koeaneg?, B.®. Kyponamenko®

IMposenen aHAMH3 HHBAPDHANTHOCTH OTHOCHTEIBLHO npeobpa3zosanuna Iaan-
Jiesl MaTeMaTHUecKoli Mo/le T «3aMopoxKenHoif» rasoessecu. flokasano, yro ma-
TemMaTuueckasi MOAeIb «3aAMOPOKEHIIOIN» Ta30B3BECH HE SIBAACICA WHBAPDHAHT-
HOii oTHOCHTEedbHO npeoOpasoBanns [anuien. ITo NPUBOAUT K HOSIBIEHHIO
PUKTHBHOTO HCTOMHIHKOBOTO '1.IeHa B YPABHCHHH YICPrum.

Kuouessie croeu: MUAMCMARTHYCCK U .11()()(’7(), HHBAPHUNITIOCINb, MHOCOKOMRO-
HCHIAS CMECh.

B cBsi3u ¢ pa3BUTHCM COBPCMCHHOM BBIUUCIAMTCABHON TCXHUKH PC3KO BO3POCHA POJb MATCMATHYC-
CKOFO MOACIMPOBAHHUS (PU3MYCCKUX MPOLCCCOB, HCMOMbL3YCMbIX B HAYKC M rCXHUKC. bonce 10ro, ccTb
TaKHC MPOOACMbI, KOFJa MAaTCMaTHHCCKOC MOACTHPOBAHUC SIBASCTCA CAMHCTBCHHBIM CPCIACTBOM IIPCI-
BAPUTCIBLHOIO H3yUCHHS ABACHHMI. [TooToMy ¢ 0cobolt ocTpoTOi BeTacT NpobacMa aAcKBaTHOCTH MATC-
MaTHUCCKHX MOJCJICH TeM (H3HUCCKUM MpoLcccaM, KOTOPhIC OHM MBITAIOTCA ONHCbIBaTh. B npuposc
MPaKTHYCCKH HCT YMCTBIX BCLUCCTB, NMOITOMY aKTHBHO Pa3BHBAOTCH MATCMATHUCCKHC MOUCINH MHOI'O-
KoMnoHCHTHbBIX cpea [1, 2]. Jng Bepudukanmu pacueToB MCHONL3YIOT H3BCCTHBIC DKCHCPMMCHTANBITEIC
AaHHbic. OUYCHb BAKHO, YTOObI YCNOBHS MPOBC/CHHUS PAacYCTOB M DKCICPUMCHTOB coBnajand. B na-
CTOSILLCH CTAThC HA MPUMCPC aHAMM3a MAaTCMaTHYCCKOH MOJCHM 3aMOPOXKCHHOM ra3zos3sccu (3, 4] mo-
KaKCM, K YCMY MOXCT [MPUBCCTH CHTyaLMsi, KOrJla PacucThl U DKCIICPUMCHT NPOBC/CHb! B pa3HbiX CHC-
TeMax KOOpAMHAT.

[lpy perieHHH NOCTaBAECHHOH 3aJadyd MPCAINOJIAragoch, YTO YacTHIbI TBCPAOH (a3bl HCIOABHIKHbI
M HCCXXHMAacMbl. DTO 03HAYacT, YTO BMCCTO raszoB3BCCH (DAKTHUCCKH PaccMaTpUBACTCs 3aMOJIHCHHAsA
razoM HeachopmupyeMas petictka. TBCPABIC YAaCTULILI HMHUTUPYIOT €€ Y3Jibi, @ CBSI3H MCXKAY y3/1aMH
PCLICTKH HE OKa3blBAIOT BJIMSHMSI HAa ra3oHHAMUYCCKOC TCHCHUC, T.C. MCIOAB3YETCH MOACIb «3aMOPO-
HKCHHOI» ra30B3BCCH, NIpCACTaBICHHas B paboTax [3, 4] npr u3ydcHuu ociabicHusa yaaphbix soaH. lo-
CKOJIbKY YacTHLbl HCMOABMIKHBI U HCCKUMACMBbI, TO HX 00bEMHas KOHLCHTpaLUs H, CIACAOBATCABHO,
00bEMHAA KOHLUCHTPALUS ra3a NOCTOSHHbI.

C yucrom cKa3aHHOIO BBILIC CHCTCMA yPaBHCHHIT u3 {3, 4], onuceIBaronlas B OIHOMEPHOM ciyyac
TCUCHHC Fa3a ucpe3 petéTKy, UMCCT BUA
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3aces P — paBicHuc, P — MIOTHOCTb, ¥ — CKOPOCTb, [ — BpeMst, £ — cuabl Mox(asHoro B3auMo/icii-
creud, £ u & — yncnbHas monHas v yc/ibHAs BHYTPCHHSSE DHCPIruM ra3a; (0 — WHTCHCHBHOCTDL TCIIO-

o0MCHa MCKIY rasoM v uacTunamu. OyHkunsi F 3aBMCHT OT PasHOCTH CKOPOCTCHi rasa W 4acTHil,
GyHkums Q — OT pasHOCTH TeMnepaTyp rasa u vactuil. @yukuun F u Q0 HC W3MCHSAIOTCS NpH Acpe-

X04C B HOBYIO CHCTCMY KOOPJIMHAT.
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Koeanes HO.M., AHanu3 uHeapuUaHmMHOC MU HEeKOMOopPbIX
Kyponametko B.®. Mamemamudeckux modenel MHO20KOMITOHEHMHbIX cped

[TpoBcacm ananH3 HHBAPHAHTHOCTH CHCTCMbl YPaBHCHUH (1)~(3) OTHOCHTCNBLHO MPCOOPa3sOBaHHA
l'anuncs. C HTOH UCHblO NCPCHACM B HOBYK) CHCTCMY KOOPAMHAT, KOTOpasi JIBUKCTCA ¢ IOCTOAHHOH
CKOPOCTbIO D OTHOCHTCIBHO CTapoil cHCTCMbl KOOpAHHAT. CKOPOCTb B HOBOW CHCTCMC KOOpAMHAT Oy-
JICT paBna

uy =u+D, D
KOOPAMHATA ONPCACARCTCS H3 YPABHCHUS
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KOTODBbIit MOCKIC COKPALLCHHUS YJIICHOB C MPOTHBOMOJIOXHBIMK 3HaKaM#u cosnajact ¢ (1).
3anuuicM TCHCPb YPAaBHCHUC COXPAHCHUS WUMITYJibCa ra30BoM (asbl (2) B HOBOH CHCTCMC KOOpAM-
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¥ TakuM 00pa3oM ypasBHeHuc (8) coBnagact ¢ ypasHcHHEM (2).
W, nakonew, rncpciAéM B HOBYIKO CHCTCMY KOOPAHHAT B YPABHEHHH U1 YACAbHON DHCPrUH ra30BOH
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Kak cncayer u3 ypasuchuii (8), (10) u (11), i MoaC/aM «3aMOPOXKCHHOM» razoB3BecH w3 [3, 4]
YPABHCHUC HCPA3PBLIBHOCTH ra30Boii (a3bl M YPaBHCHUC COXPAHCHUS UMITYNIbCA ra30BOH a3kl SBASIOT-
Csl MHBapPUAHTHBIMH OTHOCUTCIbHO npcodpaszoBanus [anwied, a ypaBHesuc dHepruu (3) He sBascrcs
HHBAPHAHTHbBIM.

OucHum nocnc/AcTBUs HCUHBAPHAHTHOCTH YPABHCHHUS JHEPrHK. B ypaBHchuu (11) ucknouum ku-
HCTHUCCKYIO DHCPrUIO C MOMOILbK YpaBHeHUs (2). Jnst otoro ymHoxuM (2) Ha © u BbiuTeM M3 (11).
3atcm YMHOKMM (1) Ha € u BbruTem M3 (11). B pesynbrare noayuuM ypaBHCHUC A1 BHYTPCHHCH DHCp-
rmH:
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(PYHKLUHH DHTPOMHH 1 YACABHOrO 00bEMa:
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rac Spy onpeacnsctes «du3ukoii» moacnu, a S, — lannncceBoii HCMHBAPHAHTHOCTBIO, TO Mbl NMOJY-
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BO3HHKLICEC MCKMIOUMTCILHO M3-3a TOFO, YTO aBTOpbl MOJACHH [3, 4] npcHebpernu GpyHAAMCH IAILHLIM
[IPUHUHUITOM MCXAHHKH.

K coxancHuio, NpuHUMI MHBAPUAHTHOCTU K npcodpa3zoBaHuio ["anunied HE BBIMONHSACICH B pAIC
MOZC/IEH MHOTOKOMITOHCHTHbIX Cpejl, MyOJHKYCMbIX B KypHanax. Takuc MoAC/IH He ¢rnocoOibl MPOrHO-
3UPOBAaTh PC3YALTAThl TCX (BU3HUCCKUX MPOLUCCCOB, AJIsl MOACIHPOBAHMS KOTOPbIX OHH MPCHA3HAMCHbL.
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ANALYSIS OF THE INVARIANCE SOME MATHEMATICAL MODELS
OF MULTICOMPONENT MEDIA

Yu.M. Kovalev', V.F. Kuropatenko2

The analysis of the invariance under the Galilean transformation of the mathematical model of
"frozen" gas suspension is done. It is shown that the mathematical model of the "frozen" gas suspension
is not invariant under the Galilean transformations. This leads to appearance of a fictitious source term
in the energy equation.

Keywords: mathematical model, invariance, multi-component mixture.

References

1. Nigmatulin R.I. Osnovy mekhaniki geterogennvkh sred (Fundamentals of mechanics of heteroge-
neous media). Moscow, Nauka, 1978. 336 p. (in Russ.).

2. Kuropatenko V.F. Novye modeli mekhaniki sploshnykh sred (New models of continuum me-
chanics). Inzhenerno-Fizicheskii Zhurnal. 2011. Vol. 84, no 1. pp. 74-92. (in Russ.). [Kuropatenko V.F.
New models of continuum mechanics. Journal of Engineering Physics and Thermophysics. 2011.
Vol. 84, no. 1. pp. 77-99.]

3. Kruglikov B.S., Kutushev A.G. Fizika gorenija i vzryva. 1988. no. 1. pp. 115-117. (in Russ.).

4. Kruglikov B.S., Kutushev A.G. Oslablenie vozdushnykh udarmnykh voln slojami zapylennogo
gaza 1 reshetkami (Attenuation of air shock layers of dust and gas grills). Prikladnaja mekhanika i
tekhnicheskaja fizika. 1988. no. 1. pp. 51-57. (in Russ.).

' Kovalev Yury Mikhatlovich ts Dr. Sc. (Physics and Mathematics), Professor, Head of the Computational Continuum Mechanics Department,
South Ural State University.

E-matl’ yum_kov@mail.ru
- Kuropatenko Valentin Fedorovich is Dr Sc. (Physics and Mathematics). Professor, Computational Continuum Mechanics Department, South

Ural State University
E-mail: v f.kuropatenko(@rambler.ru

Cepua «Martematuka. MexaHuka. ®usnka», Bbinyck 6 7




