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WK 534.13:536.246

O CBOBOJIHBIX MAJIBIX KOJEBAHHAX AB0BOTO MY3BIPBKA
B HECJKHMAEMOH KHIKOCTH

OTAHAHT.T,

PaccmarpupaeTcd 0aada 0 BIEARER TenioBux oddexTon Ha caoHOHEE MATRE
EoTeGaNEs PAAOROTD TYDHPEEA B HECHHMAcMol WEIOCTH B THHERHOR ¥IPOWEHEOR
noctanonre, BLmeners fpa peskEMa Xone GAHER, PEATHOYIOUEXCT AP TEPMOTHEA-
MHMECEEY TODETEHEAX TADA B NYOMpPLEE, NPEMEEIANIIEX T EE0TCPMETECKOMY W
apmafarEiecEomy. Bupeieds npocTre GOpMYTH 018 BRTECIEHES BeIRTHYE JEXpe-
MenTa DATYXAHEA 22 CFeT TensoofMeda IpH TEASHEDOTEPMETECEOM B KBAONA7H-
abaTHYecroM pexnmax xoneSanmit. [[na Bogo-BosmyuiHod ¥ BONO-TeNEeDol cMeced
NpPOBENEHD CPABHEHHE NONYYCHHEX DEIYIETATOB C MOBECTHRIME, N, TEM CAMLIM,
NonyYcHE NNTEPEATE HOMEHeHNS PAJNYCA OYORDPEEA, B IOTOPHX xomeSaTensuuie
PERHEME DRIIETHE.

BasxHocTk y¥eTa Tennosnx apexTos, CYIECTBEHHO BIHSIONIMX Ha cOGCTReH-
HyIo 4acTOTy KoneBanuil, moxanana B [1,2]. AuanoryuHag naja4qa B HeTHHEHHON
nocTaHoBke YMcieHHo uccnenosanacs B [3,4]. B [5] B Touno# muHelHON MocTaNHO-
BKe MOyYalach JAMHAMHEA MaporasoBoro Nysspbka B kugkocTH. HosectHo, 4TO
MpH afHabaTHYeckoM H HDOTEPMHYECKOM NpPefleNEHEIX TePMOIHHAMMYECKHX Mo-
BeeHHIX FAnOBOTO MYDHPHLKE TEMNIOBOH MOTOK OT NMYDHPBLKa B HHIKOCTE OTCYT-
ereyer. OnHako, B PEATBHEIX IasOXHIKOCTHEIX CMeciX MOXKET TPOHCXONHTL MH-
TeHCHBHEIH TemToo6MeH Da cHeT JHHAMHYECKOTO BOAMMONEHCTBHS TanoBOro My-
BHIPBEA C OKPY/KAKONIER JKHIKOCTBIO, IPH DTOM KONHYeCTBO TeNna, OTAaHHOe B
npolecce CHATHE NYDHPLKOM B KHUIKOCTE, HE DaBHO 00A0ATENbLHO KONMYECTRY
Tenna, Toay4YeHHOMY IIYDHPBHKOM OT KHIKOCTH B npouecce pacuupenns [6]. Tem
caMBIM, MOXKET HMETEH MECTO [HCCHIIAINT KHHeTHYeCKOH DHEPTMM CMecH Ba cYeT
reobpaTnmoro Mewdasuoroe tenmoobmena. Paonuynuie uonveckne mpounecch,
BIMSIONINE Ha JHCCHNIALKIO SHEPTUH, paccMoTperk B [2,7,8].

B sacrosueil pafoTe aHamHTHYeckH HccnenyeTes nmogobuas [3] nuueiinas oa-
fava B YNpOIUeHHON MocTaHoBKe. BrieneHsl fBa pexkuma xoneGanuit, peamnay-
JOlUecs TPH TEPMOJHHAMMYECKUX TIOBEleHMAX rada B NyDhIphke, Ganokux (Ho
He COBMANAINNX) K HOOTEpPMHUYECKOMY H aguabaTH9eckomy. Buipenens: npocThe
QOPMYNE Nd BEIMMCIeHHS BEIMYMH [eKPeMeHTA DATYXAHUS DA CYeT Temncob-
meHa. [1% [BYX BHIOB ranOXHIKOCTHHIX CMeced NpoBefeHo CPABHeHHE MOTyeH-
HEIX pesy1bLTaToB ¢ HoBecTHuIMHK [2,3,5].
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1. Ocrosuwbie ypaBHenns. Ilycrs cfepuuecku-cnamerprauuii ognHoy-
HBIH TA30BHIN NYOHPEX HaXONHTCA B GesrpaHMyHON HECHKHUMASMON HIeanhHOMN
HUIKOCTH. YMHTLIBAS, 4TO B rase BeauYuHa koodduimenTa TENNONPOBOIHOCTH
k2 HAMHOrO MeHblIe anazoru4Horo xoo(UIKEHTA B KUIKOCTH, 6ymeM cHHTATH,
HTO TeMIooOMeH NYBLIPEEA € XUKOCTEI0 06YCIORIeH THINE TEITOBEIM CONpOTH-
BIEHUEM rasa W NosTOMY TeMOepaTypy MHAKOCTH NpwMeM nNocTosuuoi. Ilona-
raf, 4To o@dexTh [polieHns OTCYTCTBYIOT M He NPOHCXONHT HoMeHeHnt cde-
prieckoil (JOPMBL NYOKPBKA, OPAHNYUMCE PACCMOTPEHHEM MAJEIX rapMoHHYe-
ckux xomeGanmit, IpuHNMaZ, 4TO ran MONMHHAETCS YPABHENHIO COCTOSHME Kaso-
PHYECKHN COBEPLIENHOTO rasa, YPABHEHHSN, ONHCHIBAIOMINE PAIHATLHOE [BHMKeHHE
crepHIecKu-CHMMETPHYHOTO FANOBOTO TYBHPLEKA, BODLMEM B suge [6]

&R 3 (dR\?
Py — B _mR?ﬁ +§p1(:t—) + M1 = const (1.1)

Py = eua(y — 1)paTa, paR® = const, v = cpa/cua

dP;  3vFdR  3(y —1)kNu
VR &t m
3nech wHgekcw 1 u 2 OTHECEHK COOTBETCTREHHO ¥ HUAKOCTH ¥ raay, FP—
AanieHue, p—nN0THOCTH, R—paguye nysupexa, T—remneparypa, Ty = const—
TEMIICPATYpa JKHIKOCTH, —BPeMS, ¢p H €,—YAeNEHLE TENIOEMKOCTH NPH mo-
Crodution mapienun u ofveme, Nu—beopaomeproe yncno Hyccensra. Mocnemuee
YpaBHenue ua cucremut (1.1) obecneunsaeT opnopomgHoe NaMeHeHHe AaBneHus
rasa B NYyokIpLKe.
[lpu croGopnux xoneGanusx gaBneie Fi 8 xugxocTH mpanm orv NyBHpPbLKE
He meHgeTcs, To ecTh Py = Py = const, Dpegnonomus, 4ro 8 moBoi MoMmenT
BPEMENH OTKIOHEHHE NAPAMETDOR KoNeGanus 0T COOTRETCTRYIOINK DHAYEHH B
HeBOBMYUIEHHOM COCTOSHHA MATLI

+ (Ta—To)=10

By = Po(1+¢Py), p2 = pao(1 + £p3), R = Ro(1+ eR'), Ty = To(1 + T%)

Hocne nuneapusannu cucrenmy (1 1) MozHO cBECTH K omHOMY YPaBHeHHIO OT-
HOCHTEIRHO ROGMYLIEHNS Pajiuyca Nysuphka

d E'IER o 4 d2R e
A (d—r? + WurR) = —W(F + e R) (1.2)

SfHech MTPUXH OMYINEHET H BREeHE 0600HAIeHT

2 WP E a4 3B _ 3yt 6ryNu

ar =

— = —— — =
p‘l RE“ i Pl Rg:""T .2 tT Pﬂ

2 2
PE = ?E‘: — E‘wrtT, T = i, '!'_‘ e 2_‘.1-1‘ fT — %.-
Az L. Wy Az

rae Az—wxoadpuniuent TEMIEPATYPONPOROIHOCTH TaDa, lr—BpPeMS TEmIoBoi pe-
Aakcauun, {.—mepHop nynbcaluun nysuipbya. Ha (1.2) cnepyior npefensuue ypas-
HENWA, ONUCEIBAIONNE HOOTEPMHIECKHH i ajnabaTHYecknil pesimMel cBobonnem
xoneGanuil nysupeka. Hepssi uo mux PeallusyeTcs npH SoNLIUNX nHAYCHHIX ma-
paMeTpa i (b — o), XoTopEI COOTBETCTRYET MaJkIM SHaveHwas ducoa Hekse
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(Pe— D). Ocrasnss s (1.2) npasyio yacrs YPABHEHUE, IONYYHM HCKOMOE ypas-
HEHHE, U3 XOTOpPOro cieiyeT popmyna penoHaHCHOH wacToTsi Mumuhepra pns
MOOTEPMIYECKOTO pesuma Komebanui nynkiphka:

I i e S
=7 “hr

Rl p "t

Wiy =

Bropoi uo npemensiux pexumon peatnsyercs npu o4eHb GONBIIKX BHave-
Huax yucna [lexne (Pe— o). Ynepxusas a (1.2) nepyio wacTs YPaBHeHHE, MPHXO-
AHM KO BTOpPOMY NMPEASILHOMY YPABHEHHIO, HO KOTOpOro cirenyer (opmyna Mus-
HAEPTa [in% aTHA0ATHYECKOTO peRHMa KoteBanmil

3+ F 1
: THE_w:r

_R: P t.

lar =

Pewmenwe ypasnenns (1.2) 6ynem nexars 8 aufie R~ Aexp(kr), rme A =const
u k yIoBreTBOPSET XapakTEPHCTHYECKOMY YpABHEHHIO

K+ ork® +wlh + vpuik = 0 (1.3)

Jns noayvenus npubnuxenHEIX aHATHTHYECKAX DABHCHMOCTEN pelllelie ypan-
nenns (1.3) 6ymem ncxkaTh 415 OBYX pexuMOB xoneGanuil, IpUMEKaounx (Ho He
COBNANAIOUIMMH) K HOOTEPMUYECKOMY M aHabaTi eckoMy.

2. KBacHHOOTEPMHYECKHH pexHM (vr > 1), Tpu HOOTEDMHYECKOM
peRUME HMeeM

k= ku = :Eiw;':-

Pewerine ypasnenns (1.3) smmem » anne pEfa o o6paTHEIM cTenensy Geapan-
MepHoro Honknioro napameTpa b

k= ko+kifvr + kafvd + ks 4 ...

TMOACTaHOBKA KOTOpOro 8 ypabHer#e (1.3) u nocnenyiomee nprpasiBanue YieHon
NpH OfHHAKOBHIX cTeneHsx 1/pr naet

b= =10 by =00 2 D=9,

Orpannuusascs paccMaTpunaemeim NnpubIHKeAHeM, pellleH e YPABHEHH (1.2)
¢ HauanhumM yenosuem 7= 0, R = 0 banuwenm B suge

R:Aexp[-‘r_lw;:(l _{2___'?2“;:‘),-] sin[w;',-i— Lk h_l)wf: T
Qup v 8u2

Bupno, 4To B ucenegyemonm pexnme xoneSannii yuer remioo6mena NPHBOTHT
K YBENUNMEHHIO cobeThennon YacTorH. Yacto [1,5-8] saryxatoume xonebanuy sa
CHET TennoobMena Xapak TepHOYIOT AeKPEMEHTOM DATYXaHus AT, KOTOPLI B pac-
CMATDPHBAEMOM pexMMe onpefenseTcs HopMynoi

_ _87(y = 1)[97°Nu? — (2 — v)Pe?|Pe
[21643Nu? + 34(v — 1)(5 - +)Pe?|Nu
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Pe = 2w, i (2.1

Eenu repmonunamutiecroe noseneiie rana B nysupuke SBIfeTes NOOTEPMH-
HECKHM, TO Tennoobimen npaxrivieck oTeyternyer (Pe — 0) u noatomy A+ = 0.
[loaeprnem, 4ro & npencranienioil dopMyne onpenerenns wucaa Tokie BxotT
HE YacToTa PeallusyIoNIMXCE KofeGanui, a PenoHaHCHAS YaCTOTa, 0RHAYAIAS,
uTo uncio Pe xapakrepuoyercs 4epes napaMerpr cOCTORHMH FanoXUIKOCTHON
emecu. Benomnuas onpegenenna spesens Tennosoit penakcauuu {7 (BpeMenn Bu-
PABHUBAHNA TEMNEPATYPEE HEPARHOMEPHO HATPETOro TadoBOIO NMYNEIPLKA) 1 ne-
PHOOA TYILCAIHH NYBLpLKa L., MMeem Qopmyny

Y EE (2.2)
t.  4n -

B dopmynax (2.1), (2.2) neobxonnMo sagapaTh cason MesELy ducaavu Pe n
Nu, Ilns aroro socnonsoyemcs pesynsTaTom paboTh [5], » kxoTopon na ocHose
TOYHOH NOCTANOBEN IHHEHHON Dafail 0 TemnoofMeHe 4308070 NYOSBIPLEA PR
MansIX palHanbHuIX NYILCAUNAX fModyyena GopMyna

Nu= %:% Kh{w") = Vi cthviom — 1 (2.3)

Honaras w® = w, n wcnonsoys pasnowenne

I oz 2% 2:° i In—1
EL]’!Z—;-‘-E—E-I‘E""‘-FmanZ o DRBAEATOE 2=kt o

roe Byn—uncna Bepuynnu, pasnse By = 1, By = 1/6, By = —1/30, Bg = 1/42,
By = —1/30, Bio = 5/66, B1z = —691/273, OFPAHNMHMOA [ePRLIMHA CeMLIO cna-
raemumn. llpu w), =Pe/2< 7 5 rasa.l MPUBENEHE] PesyilbTATE PACHETOR SHA-
dennf NU s FUHKDETHMX IBYX BHIOB rasomuIKOCTHON cMecH. Biuo, 4ro npu
YBEMWNCHHH -afMyca MYDLPBEA, NPHBONSLUIErO K YBEIIYEHHIO IO NOBEPXHOCTH,
NPOHCXOOUT yOyYlIeHde TennoobMeHa, XapaxkTepHayvesarn EmpaBMﬂpHmM TEa pra-
merpom Pe. Ilpu sToMm kBasunaoTepmugeckuis peduM xonebaHHH peanunyeTcs

Tatmnua 1
R BONO-BOSAYIIHAR | BOGO-TEAHeRAA
(M) Wi Nu Wiy Nu
310" | 0,247 10 0,03 10
5.1077 | 0,412 | 10,2 | 0,051 10
7-1077 (0,547 | 10,6 |0,071| 10
1-107% | 0,824 | 10,23 0,1 10
3.107% | 247 | 1067 0,3 10
5-107°% | 4,12 10,86 0,51 | 10,07
7-107° | 8,75 | 1089 | 0,71 | 10,2
141075 | 8,94 10,6 1,01 | 10,28
3.107% | 24,7 10 3,04 | 108
5.107% | 41,2 10 5,06 | 10,89
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jis BOJO-BODNYIIHOW cMec B murepsane 5+ 107 'm < Ry < 7+ 107%m, a pnx
BOIO-TETHERDH CMECH-—B MHTEPBAIe J - 107%u< Ry e 10" %M. JleitcTBuTeRBHO,
cornacHo Tabn. ], us Gopmyam (2.2) cregyeT HepaBeHCTBO

fT{.h

cOHAMALEe, YTO BPOMSA TENIoR0d penakcalluy MeHblle XapakTepHOTO MaKPOoCKo-
MHYECKOrD BpeMeHH—Tepnoa NyI1LCAIHH MyoepeEa. Hunmu COBAMH, TeNio oT
MYBHPLKA B KHIKOCTE DepejaeTcd B TeYeHHe KOPOTKOTO BPEMeHH B CPaBHCHNM ©
XApaKTepHEIM MaxpockonudeckuM. Taxol pexiny GIHI0K K WBOTePMUHCCKOMY H
noToMY HasopeM ero kpasuunoTepMuyeckis. [lpn Menknx nyowperax, a uMenno,
Ho<5- 107w o ROO-BOSOYIDHOH cMecH w g < 5 - 107 %y ans BOI0-T &7 MR
emecy uo (2,2) uMeem
-

Takoe HepaBeHCTRO XAPAKTEPHO A HOOTEpPMHYecKoro Tpouecca (6] n noTomy
TePMOJMHAMMIECKHI PEMHM NOBEIEHHT 333 B NYORPBKE NPAKTHYECKH MOMHO
CHMTATH HooTepmuteckun, nps arom Nuz 10. Ecau s srom npegensHom pexume
nonarats Pe< 1, To un (2.1) cnepyer opmyna ana fekpeMenTa saTyXaHWA Kome-
Gaunit nynmpLya, nolyaentas s [8].

3. KsanuanuaGarwdeckud pexam (vr < 1). Pemenue ypaenenus (1.3)
Gyiles UCKATE B BUE CTENEHHOFO PAJA [0 MAIOMY NapaMeTpy vr

k = ko+ kivy + kowd + kavip 4 -

Tlonerasus HekoMoe pelieHie & ypasacune (1.3) n npHpasuss YNeHET TIPH OIN-
HAKOBEIX CTEIEHAX PT, Waxomim

SRS O o B 1< 5, i 1 | Sk § 10 SO st 8 OB
8= e 1= 29 8= 82 W‘;r1i Y sl

Torga pemenne ypasnenns (1.2) ¢ vavaasuwm yenosnem 7 = 0, B = 0 nann-
meTcas B H.H:.!'E

~1 Pl T . BHpy-1 1
= o[- Tprtor (1 -S| n o - S )

B paccMmaTpuaaemoM pexitMe y4ueT TemnoolMeHa NPHBOTHT XK YMEHBUICHIID
qacTOTH coferReniidX koneGanui NynLIpEka, TUPH 3TOM IeKPEMEHT TENIoROTo
paTyxaand A7 smpasurcs opsyioi

247y — 1}{ Pe* — 9Nu®)Nu

J.LH.TI - a - T ]
[8Pe? — 9(3 + ~)(7 — 1)Nu|Pe

Pe = ﬂ'w.u:rt']" ‘_3-'}

B Tabn.2 npusegensl SHAMEHHA Wy, B BABHCHMOCTH OT DANWYCE NYDEIPLEA AR
BLIIIEPACCMOTPEHHEIX FA30KHIKOCTHEIX CMECEH,

Ilns mopo-sooayiinol eMecyt npu Rg > 5+ 107 M u 118 BORO-TemTHeBON cMech
npu Hg > 3- 107" un rafn2 BugHo, uTo wi, =Pe/2 > 1. Basucumocts Nu
ot 4ncta Pe ciopa onpetemum diopmynon (2.3), KoTopas naf paccMaTpPHBASMOIO
peskusa konebanuit yupoiaeTes 1o Buga

Nu=+vPe (3.2)
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Tadmuua 2

Iy War

(M) BOJIO-BOG/IYIIHAS | BOXO-renHenas
3.107° 29,3 3,94
5.10°8 48,8 6,54
0 68,3 9,16
1-10~% 97,5 13,00
3.1071 202.6 39,26
5-107* 487,7 65,44
7-1074 682,8 91,62
1.1073 975,4 130,6
31073 2926 392
5-1073 4877 654
7-1072 6828 916

Taxum obpasom, ¢ yRenuyeHHem MOBEPXHOCTH NySLIPEKA MPOUCXOART YCHITe-
Hue mpouecca TentoobMena, NpH 8TOM KBABHAJIHABATHIECKHIl PEXKHM DATYXaHKT
koneGaHHH PeannayeTes JAiE BOJO-BOGNYINHON CMecH B naTepBane 5-10" u< Ry <
< 3-107%m, a ans mojjo-renuesoi cmecn—s HHTeprane 3 . 1{]"‘1.«5 Ro, 5+ 10 %
Heitcrenrensho, ua dopmyn (3.1) n (2.2) cnegyer tr > t., O3HAvAOee, YTO
BpeMs TennoBol penakcanuy Golblie mepuofa xoneBans nyoupeka, Hawmu cno-
BaMi, TEN0 OT Ny3RPbKA B XHAKOCTE NepefaeTed B TeueHHe GONBIUIOro BpeMenis
B CPaBHEHWH ¢ MaxpockonkdeckuM. Taxoi pemum Gonee 6nupox x agmabaTuye-
CROMY M NOTOMY HaDOBEM ero KBABHASHAGATHWYeCKHM.

Inx Gonee KPYNHKX NyGLIPLKOB BHE NPHEENEHHEIX HHTEDBANOR HMEET MecTo
iz > tu, TO €CTH Tenno nepegaercs B TeveHHe HeckoHeuHo BONBIIOrS BPEMEHH B
CPaBHEHHM C MAKDOCKONHYECKHM XAPAKTEDHEIM BpeMeHeM KoneGaTemLHoro mpo-
necca. Taxolt nponece TennoolMena conagaeT c onpeneneHneM [6] agnabariye-
CKOr'O NpoLecca # NosTOMY B TAKHX MYBLIPLKAX TEPMOANHAMHYECKOES TOBEleHie
rasa MOMHO CHUTATEL aguabaTHdeckim.

Yantesan cagob (3.2), npn Pe> 9 nenwvuny mexpementa Tensosoro paTyxa-
uug (3.1) MoxHO onpefennTs ynpomerHoil Popmynon

Ao = 3m(y - l]Pe_”:

KOTOpaf coBNAjlaeT C BRIPAXKEHHEM, NONyveHHEIM B [5,6,8],

Ha ¢wir.1 npusenent nasucumocTy LexpeMeHTOR BATYXAHHE OT BEIHIHHE Pa-
auyca nysepeka g sofo-sospyuEoi (1) i Bofo-rennenoit (2) emeceit, Crinownse
KpHBEIe, BanMcTBOBaHNkE Mo [1,5,6], coorBeTernyior TOYHOMY pellleHHio, a TyH-
KTHPHLIE KpuBLie —(opmydne (2.1), o xoTopoit Berumcnens A;7. Bupgwo, wro B
uirepsane 7-10"m< Ry < 7-107%m s nepaoit u BTopoil emecu 5.107%u< Ry <
< 5:107°m Ai u A xavecrrenno COBNAJRIOT, & KONHYECTBeHHO OTIHYAIOTCH POBHO
By pan. B eTux unTepranax repMojuHamueckoe NOoBefleHie Tata B IYDEIPLKe B~
AfeTcs xBaoHMBOTepMHdeckuM. [lnx xmasuagmabatuveckoro pesxnma xonebGamiit
B uHTepBanax 5+ 107°m< By < 31073y jus neproit 1 3107 < By < 1107 %u
Ans BTOPOH CMecell KpHBEIE, COOTBETCTBYIOIIHE Agr, Brrancrennmy mo Gopmye
(3.1), mpakTHYeckyn He OTHHYAIOTCE OT CIOMIHEX K [OTOMY He [IpHBEIeHEL.
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Pur. 1

ON FREE SMALL OSCILLATIONS OF GASE-BUBBLE
IN INCOMPRESSIBLE FLUIDS

OHANIAN G.G

ULUGAUGLD <tUMNMT QUSH MUMQUUD UQUS, dner
SUSULNrULEND UUUDRY

4.9 O<u31Ly
Udthodgmd

Lhwowplgwd t mﬁuhq:ll:ui hbnmimd gmqh wrwewlh wqunn, thngn
woawindGenh  pw  ehpdughf  EPEYwlbph  wgnbgmpywl  fGnhpp, npp

punidbwuhplwd b gdwihl wwpgbgywd gpdudpny:

" Mnyewlnud, qugh phpuinghGwdhbwlpwt Jhéwlihg Yuwpjud, wowbibmgudy

‘86 wwwwlnilbph Epym ebdhd, npnipg dnie GG (puyg 166 hwdpGyGoub

hanpbpdhG By wnhwpwwohl: Unwgjud 66 shpdwhniwluymepuip pbopnadnn
dwpdwl gbypbdbGnh dEdmpymbp hwabm wwpg pubwdibn: Ymp-on b gnip-
hbjhnd  hounlmpnGhph hwdwp  uowpdwd b wowgwd & hwgulh
wpymbplbph hwibduampmbp: Swbfwd b6 wpnuwewlh Jwewihabbph pudibph
wiG  dpgwiwypp, npobn  wwowlneqwiwt  ebdhdp  Gupbh b hunfwph)
glughhgnetipd b pwghwnhwpunn:
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