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ABTOMOEJIbHbIE NOKAJIN3OBAHHbIE
KOHBEKTUBHbLIE CTPYKTYPblI

PaccmoTpeHa 3aava 0 KOHBEKTMBHOM TEYEHUW B CMOE BA3KOW XWAKOCTH, BbI3bIBAEMOM €€ 10-
KanbHbIM HarpeBoM. [MoMCK pelleHust 3a4adv OCyLLEeCTBNANCA B paMKkax Knacca TOYHbIX peLleHui
YpaBHEHWI TEPMOrpaBMTaLMOHHOW KOHBEKLMM, 0006LLAIOLWEro N3BECTHbIN KNacC peLleHnn ypaBHEHUN
Hasbe-CToKca, kK KoTopoMy OTHOcATCS BUxpy Broprepca n Cannveana. [na eavHunyHoro yncna [MNpaH-
ATNS HangeHbl ABa CeMelicTBa aBTOMOAESbHbIX PeLleHnid 3a4ayun, NO3BOMMBLUME ONMcaTb 3BOSOLMIO
ABYX pasnuyHbIX TUMOB pajnanbHO-NoKanM3oBaHHbIX Buxpei. B obonx cnyyasx pagmanbHas KOMmno-
HeHTa CKOPOCTU Ha GOMbLLIOM PacCTOSIHUM OT OCUM CUMMETPUM BUXpel ybbiBaeT obpaTHO MponopLmo-
HanbHO paguycy, B TO BPeMSsi Kak BepTMKanbHas COCTaBnsioLLAs CKOPOCTM U TemnepaTtypa B NepBOM
cny4ae 3aTyxaloT Kak kBafpaT pacCTOsIHUS OT OCW, @ BO BTOPOM — 3KCMOHEHUManbHo. [ns asumyTtans-
HOI CKOPOCTW NOMy4YeHO OTAENbHOE NIMHENHOE ypaBHeEHVE C KO3 drLMEeHTaMu, 3aBUCALLMMUN OT (DYHK-
LMK TOKa MepVaNOHaNbLHOro TeveHns. B cuny aBToMOAenbHOCTU 3TO ypaBHEHWE AOoMNycKaeT YacTHbIe
pelleHns ¢ pasgensiowmMMICcs NepemMeHHbIMA, Cyneprnosnuma KOTOpbIX AaeT BO3MOXHOCTb onucaTb
nepeHoc MOMEeHTa uMNynbca (LMPKYNALMK, eCny oHa OTANYHA OT Hyns) OT GECKOHEYHOCTU K LeHTPY
BUXPS, @ Takke NPOCNeauTb 3BONIOLMIO NMPOU3BOSILHOIO JI0KaNM30BaHHOMO HayanbHOrO BO3MYLLEHUS
asumyTanbHoWn ckopocTu. o gencTBnemM BUXPEBOM M TennoBon AMddy3nM pacCMOTPEHHbIE BUXpe-
Bble 06pa3oBaHNsa 3aTyxaloT co BpeMeHeM. [onyyeHHble TOYHbIE peLleHns SBNSI0TCA NPOCTbiMK, 060-
3pPUMbIMU MOAENAMM JI0Kanmn30BaHHbIX KOHBEKTUBHBIX BUXPEN 1 paHee U3BECTHbI He Obinu.

KntoueBble cnoBa: koHBekUuWs, ypaBHeHUss Obepbeka—byccrHecka, TouHble pelueHus, noka-
NN30BaHHble BUXPW.
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SELF-SIMILAR LOCALIZED CONVECTIVE
STRUCTURES

The problem of convective flow in a layer of viscous fluid, caused by local heating, is consid-
ered. The problem solution was sought within the class of exact solutions of the thermo-gravitational
convection generalizing well-known class of solutions of the Navier-Stokes equations involved the Bur-
ger’s and Sullivan’s vortexes. The two families of self-similar solutions of the problem for a unit Prandtl’s
number are found, it allow to describe the evolution of two different types of radial — localized vortices.
In both cases, the radial component of the velocity at a distance from the axis of symmetry of the vor-
tices is inversely proportional to the radius, while the vertical component of the velocity and the tem-
perature in the first case decayed as the square of the distance from the axis, and the second — expo-
nentially. The separate linear equation for the azimuthal velocity with coefficients depending on the
current function of meridian flow is obtained. By virtue of the similarity equation admits particular solu-
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tions with separated variables, the composition of which allows us to describe the transfer of angular
momentum (circulation, if it is different from zero) from infinity to the center of the vortex, as well as to
trace the evolution of an arbitrary localized initial perturbation of azimuthal velocity. These vortex forma-
tions are decay in the time due to the vortex and thermal diffusion. The Found exact solutions are the
simple, usefully models of localized convective vortices and previously were not known.

Keywords: convection, Oberbeck — Boussinesq equations, exact solutions, localized vortexes.

BBenenune

JIBrKEHME TSOKENIOM KUAKOCTH, BOSHUKAIOUIEE B PE3yJIbTaTe HEOIHO-
POIHOCTH paclpesieleHus] TIOTHOCTH, OOYCIIOBIEHHOTO HEpaBHOMEPHBIM
HarpeBOM Cpefbl, Ha3bIBA€TCS TEPMOTPABUTALIMOHHOM KOHBekuuei. [Ipo-
CTeWIMM OOBEKTOM TPU M3YYCHHH KOHBEKIIMU SIBISIETCS CIIOW KHIKOCTH
C TBEpPAbIMHM WJIM CBOOOJHBIMU TOPU3OHTAJIbHBIMU IpaHuniamu. HeoOxoau-
MBIM YCJIOBHEM PAaBHOBECHS TaKOT'O CJIOS SIBISETCS BEPTUKAJIBHOCTH OJIHO-
POZIHOTrO rpasnueHTa AaBiieHus. KOHBEKLUS B CJ10€ HE MOYKET BO3HUKHYTH JI0
TEeX IOp, OKa YuCiIo Panes, xapakrepusyomiee 6agaHC MEXITy CHIaMH BsI3-
KOTO TPEHUs U IulaBydecTH (Apxumesa), He JOCTUIHET KPUTUYECKOTO 3Ha-
yeHus. Harpumep, i cinos ¢ TBEpABIMU I'paHULAMH KPUTHUECKOE 3HAYe-
Hue uucna Panes Ra=1707,762 [1]. IlomoxurenbHOCTh Oe3pa3MepHOro

KoMIUIeKca Paness o3HadaeT, 4ro TeMIiieparypa JKHIKOCTH YMEHBIIAeTCs
C BBICOTOM (HEyCTOWUYMBasI CTpaTU(UKAIKA), B TO BpEMs KaK IMPH MOJIOTPEBE
cBepxy (ycroiumBasi cTpaTH(HKaIMs) IMIOCKOTO TOPU3OHTAJIBHOTO CIOS
C TBEP/AbIMH I'PAaHHUIIAMU KOHBEKIIMS HUKOT/Ia HE BO3HUKAET.

Bo3HUKHYB, KOHBEKTUBHOE TEUYEHHE CTPEMHTCS TMEpEeMEIaTh >KHI-
KOCTh TaK, 4TOObI BBIPOBHSATH TEMIIEpATypy WM MEPEHTH B HOBOE PaBHO-
BECHOE COCTOSIHHE, IIPU 3TOM B Kaue€CTBE MCTOUYHUKA TBUKCHHS HCIIONb3Y-
€TCcs B TOM YHCIIE 3alac SHEPTHH, COJEpKAIUIiCs B MEpBOHAYATILHON paB-
HOBECHOH cTpartnudukarmy. B CBsI3M ¢ 3THM MPENCTaBIsieT HHTEpeC mpodiiemMa
UCIIOJIb30BAHUSI DHEPreTUUECKOr0 MOTEHIMalla TEPMUYECKU CTPaTU(PHULIUPO-
BaHHOI cpebl U TeHepaluu U MOAJEpKaHUs MPOCTPAHCTBEHHO-TIOKAINU30-
BaHHBIX BUXPEBBIX CTPYKTYp, HaOIIOJaeMbIX B J1a0OpaTOpHBIX [2] M ecTecT-
BEHHBIX YCJIOBHSIX (CMEpUH, «IbUIbHBIE JBSBOJIBY | 1p.). Jlamee paccmarpu-
BAlOTCSI TOYHbBIE pEIIEHHS YpPaBHEHUH TUAPOAMHAMHUKA B MPUOIMKEHUH
Ob6epbeka—byccrnHecka, MOJIEUPYIOIIUE TAKOTO POJa CTPYKTYPBI.

1. ITocTanoBka 1 00IIMI AHAJIN3 32291

IlycTe B TsKENOW KUIAKOCTH, HAXOIALICHCSA HAJ HENPOHULAEMOM
IIOCKOCThI0 z=0, wuMeercs pPABHOBECHBIM TpaJUEHT TeMIIEpaTyphbl
VT =-A4.e,. B HauanbHbIll MOMEHT BpeMeHU =0 B CJIO} BHOCHUTCS paau-
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aJIbHO JIOKAJIM30BAHHOE OCECUMMETPUYHOE BO3MYIIEHHE, B LIECHTPE KOTOPO-
ro BEpPTUKAIbHBINA rpaaueHT Temnepatypel V T =-A,e, . Tpebyercs omu-
caThb BO3HUKAIOIIEe KOHBEKTUBHOE T€UCHUE B 3aBUCUMOCTH OT COOTHOILICHHUS
BEJIMYMH PAaBHOBECHOTO M BO3MYILAIOIIETO TPAUEHTOB TEMIIEPATYPhl U THUMA
JIOKAJIM30BaHHBIX BOBMyH_IeHI/Iﬁ TUAPOANHAMUNYCCKHUX U TCIIOBBIX OoJIEeH.

B HHHHHHqueCKOﬁ CUCTEMEC KOOpAUHAT (er ,€(p ,ez) OCCCUMMCETPUY-

Hble ypaBHeHus1 O0epOeka—byccuHecka 3amuchIBalOTCs Kak

ov, ov, ov, Vf, op o orv, 0%,
+v +v — =7
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¢ _ -~ )
ot or ez \ar or T a2 |

o, ov. ov._ o [18 rav2+azv2
ot "or 0z 0z ror or  §z2

+gBT,
a Vrar Ve TMYer ar T 52 )
l1orv, ov
—_ +_

V4

r Oor Oz =0.

I'pannunble yciioBus, BeIpakarolue TpeOOBaHUS aHATUTUYHOCTH CKOPOCTH
Ha OCH BO3MYyIEeHHs [3] U MEXaHWYECKOTO PaBHOBECHsS Ha OCCKOHEYHOM
yAaJIeHUH OT Hee, UMEIOT BUJI

ov, oT )

V—O.Vr—V(P—O,E—O,Etio——/lo,
) (1)

r—o:v =y =v_=0 o°__ BA,z

r T Ve T Yz T ’az_g w L

31ech V,,Vy,V, — CKOPOCTb JKUJIKOCTH; T, P — OTKJIOHEHUSI TeMIEpaTypbl

1 JaBJICHUS, OTHECECHHOI'O K CpGI[HCﬁ IIJIOTHOCTH Po, OT UX CPECAHUX 3HAYC-
HUMN, COOTBETCTBYIOIIUX Po; B — KOAPHUIIMEHT TETUIOBOTO PACITUPEHUS; g —
MOJIyJIb YCKOPCHHSI CBOOOJHOTO TAACHUS;, V — KOd(D(PHUIIMEHT KHHeMaTHde-
CKOH BSI3KOCTH >KUIKOCTH.
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VYpasuenus Ob6epOexka—byccrHecka J0MycKaroT KJIacC TOYHBIX pellie-
HUM, 0000IIAOIINI N3BECTHOE N30TEPMUYECKOe pemeHue [4, 5]

U8 ) v, =Y ) (),

v, = x S~
=23 gv{W T,x } BT——[@ ‘C X +ZG(I x)] 2)
P= (gv) [Po (r x) 4Z p, (r x) ZZ2p2 (t,x)] ,

rue r:23g2/vt, x:%/gz/v“rz, Z:\/g/vzz — Oe3pa3MepHble BpeMs

U IPOCTPAHCTBEHHBIE [IEPEMEHHBIE.

[TpencraBnenue (2) MOXKHO paccMaTpUBaTh Kak IEpBbIE YJIECHBI pas-
JIOXKEHHUs THAPOJUHAMUYECKUX BEIMUYMH M TeMIlepaTypsl B psx Teitnopa mo
HIOTIEPEYHON KOOpAMHATE Z, CIpaBeIMBOE Il TOHKOTO cios. OOphIB psa
OTpaB/iaH TOYHBIM yOBIEeTBOpeHHEeM (2) ypaBHeHusiMm O0epOeka—bycu-
Hecka. B TO ke BpeMs 3TO paslIoKEHUE HE IO3BOJISIET B IIOJHOM Mepe
YUYeCTb KpaeBbl€ YCIOBUS HA TOPU30HTAIBHBIX IPAHULIAX CIIOSL.

Hanee npunumMaercs, uro v=W =0O= p, =0, Torga ypaBHenus Ha-

Bbe—CTOKCa B IpUOIMKEHIHN byccrHecka peyupyoTcsi K CHCTEME

o’'u 0w oudu 0 82 0-0,
+u - =2— + ,
0x0T  px? OxOx  Ox ax 4

00 00 . ou 2 0( 00
a*”a‘ea—ﬁa(%) )
ot Ox  ox?
C TPaHUYHBIMH YCJIOBUAMH, CleIyromuMHy u3 (1),
V2
x:O:u:V:O,G(O,O):GO =PB4,3 ?,
“4)

8u v?
X—>0: —>0,0>0,=04,3—.
00 P

3neck Pr=v/y — umcno Hpaunris; 6,, 0, — Ge3pa3smepHbie paBHOBECHBIH
¥ BO3MYIICHHBII I'paJUeHThl TeMIlepaTypbl. Beanunnel p, u p, omnpene-

JBOTCA CIICAYOIIHUM 06pa30M:
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6,

ou u® 1 V2 20u
CECa

b x 01

[TepBbie nBa ypaBHeHUs (3) 00pa3ylOT 3aMKHYTYIO MOICHUCTEMY, KO-
TOpasi B CIyyae COBIMAJICHUS XapaKTEPHBIX BS3KOTO M TEIJIOBOTO TUCCHIMA-
TUBHBIX BpeMmeH ( Pr =1) npeoOpa3oBanuem

8_u dao 2

0=a(t)3-+6,, S2=0,- =, a(0)=0 (5)

CBOJMUTCS K OJTHOMY YPaBHEHHIO C TPAHUYHBIMHU YCIIOBUSMH, CICTYIOIIMMHI
u3 (4) (mocnenHee ypaBHeHue (3) U KpaeBble YCIOBHS K HEMY OCTAIOTCS He-
U3MEHHBIMHU ):

0’u ' oudu 0 ') adu

8x81+uax2 _Gx(?x_za xaxz +Z%‘ ©)
sz:uzO,G—u =M;x—>oo:a—u—>0,i—>0. (7)
ox|_, O ox Jx

Be3pasmepHsIit mapameTp o, / (6,—6.,) xapakrepusyer cOOTHOIICHHE

MEX/1y HaydaJbHbIM HMITYJIbCOM BO3MYILIEHHUS M CO3JaBaeMoOi UM (BO3MY-
IIEHUEM ) JOTIOTHUTEIIBHON CHUJION ApXuMe/a Ha OCH BUXPSI.
B otcyrctBue (onoBoit crpatuduxamuu 0, =0 BTOpoe ypaBHEHHE

(5) nmeer pemenne ot) =40, (0yT+ 4)_1 , 9TO MO3BOJIsAET BBECTH B (6), (7)

-1
ABTOMOJCJIIbHYIO IICPEMCHHY IO E_, = X(’L’ + 4/0(,0) U epenucaTh MmocCjaCIHO0

CUCTEMY B BHJI€ KpaeBoil 3a71auu Jisi OOBIKHOBEHHOTO AU(PepeHInaTbHOrO
ypaBHEHUS

2(§u")’ =(u—&)u"—u'v'-2u', (8)

§=0:u=0,u’=4e—g;<§—>oo:u'—>0,i—>0. 9)

o N3
Brpenp mtpuxoM o6o3HayaeTcst mporu3BoiHas o nepemMeHHoi &. Ec-
TECTBEHHO M0JIaraTth, YTO HEHM3BECTHAs V), MOMUMHSIOMASCS MOCIEIHEMY
ypaBHEHHUIO (3) C COOTBETCTBYIOIIMMHU TPAHUYHBIMHU YCIOBHUAMHU (4), SIBIISI-
ercs QyHKIMel Oe3pa3MepHOro BpeMeHH! T U nepeMeHHoit &. Torma s Ha-
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XOKJACHUS a3UMYTAIBHOW COCTABIIAIONIEH MOJISI CKOPOCTH UMEEM JIMHEHHY IO
HAYalbHO-KPAeBYIO 3a/auy

(oo o -2 [e-ute)]

V(0.6)=V,(8): £=0: ¥ =0; &0 ~— 50,

Je

peuicHuce KOTOpOﬁ MOKHO UCKATb B BUAC CYIICPIIO3ULINN YaCTHBIX peH_IeHI/Iﬁ
C pasacidaromuMuUcCsd NNCPEMCHHBIMHU, UTO NPHUBOJUT K BBIPAKCHUTIO

3 —k
V(r,i):FO'([exp{ +j oF ds}dn+zrkwk (‘E+aij . (10)

k=0 0

[ToctosHuble I', sBisAtoTCS KOA(pQUIUEHTAMU Pa3I0XKEHUs] Hadailb-
HOT'O BO3MYILIEHUS Vo(é) 10 COOCTBEHHBIM (DYHKIMSIM CHEKTpPaJIbHOM 3a71a-

g (mepBoe ciaraemoe B (10) coOTBETCTBYeT COOCTBEHHOMY 3HAYCHHUIO
k=0)

26w +[E—u(&) W, +hkw, =0, w,(0)=0, G =0.  (11)

g \f

2. TouHble aBTOMOAEJIbHbIE PelIeHU S

VYpaBuenue (8) o0magaeT CleayONUM PEIICHHEM (€T0 CTallMOHAPHBIN
M30TEPMUYECKUN aHAJIOT paccMaTpHuBaiics B [6]):

c
u=a+bé+—— Erd’

(b+2)b=0, (c-12d)c=0, [a+4—-d(b—1)]c=0, bc=0.
C yuetoMm KkpaeBbIX ycioBuil (9) umeem

u(a):—%, a=—4,b=0,c=96, d=8, eoz—§a§<o.

B pesynbrare, npunumasi Bo BHuManue (10), moixyyaeM ciemyroiye
BBIPKEHUS TSI THAPOAMHAMUYECKUX BEITHUNH:

10
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Yav & 192 3/gv
V. =-12 V.=2Z _,
' Jx §+8 (r+./—6/60)(§+8)
—k
v, = %/J?{ jeXp S/z)ds+zrkwk T+ 660 . (12)

( k=0

384
B(e+ 6/, ) (&+8)’

rac w;, yAaoBJIICTBOPSAIOT CUCTCMC

=27

26(E+8)w +E(E+20)w), +k(E+8)w, =0, w,(0)=0, lim2>) «(5) =0.

&0 \/_
Hamnpumep, npu &k =2, umeem: w, =§(&+ 8)_5 exp(-£/2).
ABTOMOZENBHOCT Buaa X/(T+71,) cBoicTBeHHa AMdyHIMPyOWIM

TEUEHUSIM, YTO MPOSBISIETCS B Apeiie MakcuMyMma paaualibHONH CKOPOCTH
OT OCH BUXPH. B 10 ke BpeMs UMECT MCCTO padualibHad aJIBCKLUA IO Ha-
MMpaBJICHHUIO K OCH CUMMCTPHHU ITIOTOKA U MOABEM KUAKOCTH BBCPX OT IMOA-
CTHJIAIOIIEH HempoHHIaeMol miockoctn z =0 Ha (GoHE yCTOWYUBOU cTpa-
TU(PUKAIIMA BO3MYIICHUS TPH HYJICBOH PaBHOBECHON CTpaTHU(HUKAIMK
0, =0. Boanu oT ocu CUMMETpUU TOPU3OHTAIBHOE aJBEKTUBHOE TEUCHHUE,

aHaJIOTUYHOE MOTEHIMAILHOMY BUXPECTOKY, IpeoliagaeT Hajl BEpPTUKANb-
HBIM, TaK KakK (vr,v(p,vz)~(—r71,1“0r71,zr’2). B koHeuHOM cueTe TemioBas
U BUXpeBas quddysus OepeT BepX HaJl KOHBEPTeHTHOH aJiBeKLue, U BUXpPh
(12) co BpemeneM 3aryxaet. CielyeT OTMETUTD, YTO TEIJIOBOE BO3MYIICHHUE
(12) nokann3oBaHO «CUJIbHEE» TMAPOJMHAMUYECKOTO M OBICTpPEE HCUE3aeT

CO BpEMEHEM.
Eme ogaum perennem kpaeBoit 3anauu (8), (9), cyliecTBYIONUM HpU

o, =24-0, , ABirsgeTcsa (K 3TOMY TUIYy OTHOCSATCSI CTallHOHApPHbIE U30TEpP-

muyeckue Buxpu broprepca [7] u CamnuBana [8] M MX HecTalMOHApHBIE
anasoru [9, 10]) cnenyromee:

u(g):-z(l—e‘% j

11
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C ero nmoMoIup0 BHOBb YAA€TCS MOCTPOUTH MPUMEpP TOYHOIO pelie-
HUsA ypaBHeHI/Ifl KOHBCKIUH, OMHUCBIBAIOLUICTO paJUaIbHO-JIOKAJIN30BAHHBIC
BHUXPH:
— £
v, =22 1-e "2 |, v,=2/-0,3gvZ—,
Jx J-0,1+2

) —k

_JJgv g n ftl-e % 2
v, = T Fogexp{z}[Ta{s dn+> ' (€) T+H , (13)

k#0

e

BT =46,Z >
—0,T+ 2)

3nech 6a3ucHble QYHKIMH TS pa3IokKEeHUsT HAaYaJIbHOTO BO3MYIICHHUS
a3MMYTaJIbHOM CKOPOCTHU y/IOBJIETBOPSIOT 33J]a4€ O COOCTBEHHBIX (PYHKIIMSIX
U COOCTBEHHBIX 3HAYECHUSAX

28w +(2+§—2e‘%jw; +kw, =0, w,(0)=0, lim W (8) =0.
NG

Buxps (13), momo6HO npeapiaymeMy cliyqaro, 3aTyXaeT cO BpeMeHEM
BCJIE/ICTBHE TEIUIOBOW M BHXpeBoU AudQy3uu, mpeoaoseBaroeil KoHBep-
TeHTHYIO aJIBEKILIMI0. Baany oT ocu rOpU30HTAIBbHOE TEUEHHE MO-TIPEKHEMY
NpeCTaBIsieT COOOW TMOTEHIMATBHBIN BUXPECTOK, a TEMIIEpaTypa U BEpTH-
KaJIbHas COCTAaBJISIONIAsl CKOPOCTH 00paIlaloTCs B HOJIb SKCIIOHEHIIMATIBHO.

B cuny cnoskHOCTH OpraHM3aiiiy SKCIIEPUMEHTOB KOJIUYECTBO padoT,
HANPaBIIEHHBIX Ha JTAOOPATOpPHOE M3Y4YCHHE HECTAllMOHAPHBIX BUXPEH, He-
Benuko. B [11] Bemonueno cpaBuenne Buxpeit broprepca [7], CannuBana
[8] m bennamu-Haittca [10], oTHOCSmMXCS K paccMaTpUBaeMOMY 3/1€Ch
KJIacCy TOYHBIX pelieHui (2), ¢ pe3yabTaTaMH J1abopaTOPHOTO MOJEIHPO-
BaHUS DBOJIOLHUU BUXPEU, 00Pa3yIOIIUXCS BCICACTBUE JIOKATHHOTO 0TOOpa
(aHanmor KOHBEKTUBHOM MMOJBEMHOM CHIIBI) CO CBOOOJHONM MOBEPXHOCTU
’KUJIKOCTH, 3aMOJIHSIONIEH BPAIAIOUTYIOCs KIOBETY (aHAJIOT LUPKYJIALUN Ha
OeckoHeuHocTH). B pe3ynbrate 0OOHapyK€HO XOpollee KadeCTBEHHOE,
aBpsAle CIydyaeB M KOJMYECTBEHHOE COBIMAJICHUE OSKCIIEPUMEHTAIBHBIX
¥ TEOPETHUECKUX MPOoduiIel a3uMyTaTbHONH CKOPOCTH B TTOCIIEOBATEIILHBIC
MOMEHTHI BPEMEHHU.

12
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Takum o0pa3oMm, NOIy4YEHbI ABa IpUMEpa TOUYHBIX ABTOMOJEIbHBIX
peleHnii ypaBHEHUH TruapoAuHaMuku B npubnmxenun OOGepOexa—bycu-
HECKa, ONHCHIBAIOIINX PaJAUaTbHO-TIOKATU30BaHHbIE KOHBEKTUBHBIC BUXPH,
IBOJIIOLIMOHUPYIOLIHUE B cllo€ 0€3 TeMIepaTypHOil cTpaTUQUKAIIH.

Pabora BeIONHEHA B pamMkax [IporpaMMbl COBMECTHBIX MPOCKTOB
CO, ¥pO u JIBO PAH (mpoekr 12-C-1-1006) u Poccuiickoro ¢onaa ¢pyH-
naMeHTanbHbIX uccnegoBanuii (Ne 12-01-00023 a)
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