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MEXAHUKA

KoHBeKLUNSA B XNUOKOCTU ()
Ha 3emMle U B KocMoce

N.K.Bonkos

HeBecomocCTb
nnNu MMKporpasuTa-
una’?

TeyeHne XWOKOCTU 3aBUCUT OT
TOro, B KakomM CWUIOBOM TMoOJfle OHO
npoucxoaut. B 3eMHbIX ycrnoBusix
3TO NMpexie BCero — nomne TAXeCTH,
XapakTepusyeMmoe yCKOpeHueM CBO-
6onHoOro nageHus g, = 9.8 m/c

B kocmuyeckom annapaTe, ABU-
xyuwemcs no opbute Bokpyr 3emnu,
Ha Tena AeWCTBYOT, MOMUMO CUIlbI
NPUTSKEHUS, CUNbI UHEPLWMU: LEHT-
pobexHas cocTaBnsiowas yckope-
HWA KOMMNEHCUPYET YCKOPEHUE CBO-
604HOro nageHus g B Tovkax opbu-
Tbl, U Tena OKa3biBalTCA B HEBECO-
MOCTWU. HO 3TOT BbIBOA, M3BECTHLIN
U3 WKONbHON (PU3UNKK, HE COBCEM TO-
yeH. YkasaHHasi KoMneHcauus ycKo-
PEHWIN [OCTUraeTCsl TONbKO B LIEHTPE
MHepuun Kopabns, MMeHHO ABWXe-
HWe 3TON TOYKK U 3afaeT opbuTy no-
cnegHero. Pasmep KkocMu4eckoro
annapata XOoTsl U Maf, HO KOHEYEH,
nosaToMy Bce Tena Ha 6opTy, B TOM
yucne UM yacTuubl wuccrnegyemon
XWOKOCTU, HaxoasaTcs B Mone He-
CKOMMNEHCUPOBAHHbBIX CWUM, BO MHO-
rOM HanoMuHallWem rpaBuTaLMOH-
Hoe. WcnbiTbiBaEMOEe Tenamu ycko-
peHue Mano B Mepy OTHoweHus dir
<< 1 (d — nonepeyHuk Kopabns, r —
paccTosiHue TOYKM OpOUTHI OT LEHT-
pa 3emnu), a HanpaBneHne BekTopa
YCKOpEeHUs, Kak npasuno, MeaneHHo
MeHSIeTCs Mpu ABMXEHUU annapara

© MN.K.Bonkos

lMemp KoHcmaHmuHoeuy Bosikoe, 0okmop ¢u-
3UKO-MameMamuy4yecKux HayK, HadyalbHUK Hayy-
Ho-uccrnedosamesibckol nabopamopuu Hay4yHo-
npous3godcmeeHHo20 8HeApeHYecKko2o npednpu-
amus «Typb6okoH», Kanyeza. Paboma ebinonHeHa
8 MHcmumyme kpucmannozpagpuu um.A.B.LLy6-
Hukosa PAH, 20e asmop 6bin 8edywumM HayYHbIM
compydHukom HayyHo-uccrnedosamesnbCKo20
ueHmpa «Kocmuyeckoe mamepuanogedeHuer,
pyKkogoOus1 npoekmom uccrnedogaHull no ¢uauke
xudkocmel Ha MexdyHapodHol KocmMu4yecKkol
cmaHyuu. Obnacmb Hay4YHbIX UHMepecos — au-
dpoduHamuka u ocobeHHocmu pocma Kpucmari-
7108 8 yC/108UAX MUKpoO2pasumayuu.

no opbute. Bonee Toro, TO4YHasa KOM-
neHcauus BeNMYMHbI g HEBO3MOXHA
Jaxe B LEHTpe MHepuunm kopabns.
CnyvyanHble BO3MYLLEHUS CKOPOCTM
annapata M 0COBEHHO TOMYkM npm
CTbIKOBKaX—pacCTblKOBKax C ApYru-
MU CnyTHUKaAMuU yBOAST Kopabnb
C pacyeTHon opbuTel u TpebyloT pe-
rYNsipHOW KOPpeKuuW €ee BbICOThI.
B pesynbTate kocMuyeckas ctaHuus
coBepLIaeT HU3KOYaCTOTHblE Kone-
6aHna BOKPYr LEHTpa MHepLuuun, uHa-
ye rosopsi, — npeueccupyet. M3-3a
OTCYTCTBUSA aTMocdepbl 3Th koneba-

HUA 3aTyxakT O4YeHb MeaNneHHO. N3-
MepeHunda, nposeaeHHble akKcenepo-
MeTpaMn BHYTPU KOCMUYECKUX anna-
paTtoB, Aanu ana BeJNIMYUHbI UG, —

KBa3MCTaTUYECKON KOMMOHEHTbI YC-
KOpeHUs MUKporpaBuTauum — 3Ha-
yeHus -(10°—10-%)g, [1].
CnyyaiiHble konebaHua netsule-
ro annapaTta, BO3[eNCTBME Ha €ero
Kopnyc paboTanlwmx MexaHU3MOB
(rmpockonoB, BEHTUNATOPOB OXnax-
OeHus, [OBuraTeneit opueHTauuu
CONnHeYHbIX BaTapen u T.n.) cosgakwT
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MEXAHUKA

Puc.1. Modynu «3apsa» u «Unity MexdyHapodHol KocMu4Yeckol cmaHyuu.
OmmeyeHbl yeHmMp msaxecmu Komnaekca (C), eeKmopbl yCKOPEeHUSA Cullbl
msxecmu (g), yeHmpobexHoeo (a) u ckopocmu d8uxeHuUss cmaHyuu (v)
omHocumesnbHo 3emnu.

Ha 6opTy kopabns cneunduyeckun
BUMOpaLMOHHbIA (hOH. XKuakocTb, Ha-
xoasicb B obbeme, OrpaHM4eHHOM
TBEPAbIMW CTEHKaMW, MUCMbITbiBaeT
konebaTtenbHble BO3AENCTBUSA, KOTO-
pble B CUCTEME KOOpAWHAT, CBS3aH-
HOMW CO CTEHKaMu, MOXHO npeAacTa-
BUTb CIly4alHoW cunomn, pacnpepe-
NEeHHOW NO BCEN Macce XWAKOCTW.
Mo 3eMHBIM MepKaM BKMag B BEMUYU-
HY YCKOPeHUsi OT BUGPaLIMOHHbIX BO3-
gencreuin Takke man: -(102—10")g,
[2].

KBasucrtatnyeckas KOMMNOHEHTa
Ha OBa—u4eTblpe NOpsAKa BeNWNYMHbI
MeHblle BUOPaLWOHHOW, NO3TOMY
TPaAWLMOHHO MOMeM MUKporpasuTa-
UMM cuuTaeTcs none, cosgaBaemoe
TONbKO BTOPOW KOMMOHEHTON. NMeH-
HO Takoe npeacTaBneHne — o0O6bIY-
Has OCHOBa BCeX OLEHOK XapakTepa
TEYEHUS XMOKOCTM B YCIOBUSAX KOC-
Muyeckoro noneta, HeobGXOAUMBIX
Mpu MpOBEAEHUN TEXHOMOTMYECKNX
3aKCnepumMeHToB [3].

Ha nepBblii B3rnag 310 npeano-
NoXeHWe KaXeTcsd eCTEeCTBEHHbIM,
0fHaKo — TOMNbKO Ha NepBbI B3rNAA.
B camom pene, npaBOMepHO Iy
CpaBHMBATb [Be MNPUHLMUNMANBHO
pas3nuyHble XapakTepucTUKW: AMNWH-
HOBOJIHOBYKO W KOPOTKOBOMHOBYIO?
KBasnctaTnyeckme gNMHHOBOMHOBLIE

BO3MYLlEHNS — [ONro [AencTBylo-
e, MeANEHHO MeHsLmecs, no-
3TOMY UMEHHO Ha 3TOM (hOHe pa3Bu-
BalOTCS KOPOTKOBOIIHOBbLIE BO3MYLLe-
HuA. WcknioyeHne M3 paccmMoTpeHus
KBa3MCTaTM4YECKON COCTaBNsAlLWEN
nons o3HayaeT Mo CyTW, YTO B Kaue-
cTBe (hoHa BbICTyNaeT nonHas HeBe-
comocTb. OfHaKo MpOCTON CpaBHU-
TENbHbI aHanu3 nokasbiBaeT, 4TO
BO3AEWCTBNE KOPOTKOBOJIHOBbIX BO3-
MYLLEHWN NPOSBNSAETCS TEM CWMb-
Hee, YeM MeHblle Benu4ynMHa (oHa.
Takum obpa3om, UrHopupoBaTb KBa-
3UCTAaTUYECKY0 KOMMOHEHTY HUKakK
Henb3s. Ha 3aTo ykasbiBaloT W 3Kcne-
pVUMEHTanbHbIe JaHHbIE.

Bonee yem 20-neTHMI onNbIT 3KC-
nepuMeHTanbHbIX  MCCNefoBaHUM,
HanpaBneHHbIX Ha U3yyeHune nosege-
HWS XKMOKOCTEN M pocTa KpucTanmnos
B YCNOBMSIX KOCMMW4YecKoro nonerta,
ykasblBaeT Ha MpUHLUMNUAnbHbIE OT-
nMyns B NpoTeKaHum nogobHbIX Npo-
ueccoB Ha 3emne 1 Ha 6opTy Kopab-
na. MNepBble 3KCNEPUMEHTHI N0 W3Y-
YEHUID KOHBEKLMM Ha YCTaHOBKe
«lMnoH» [2] BLISBUNUN KAYeCTBEHHbIE
M3MEHEHNSA B XapakTepe KOHBEKTUB-
HbIX TE€YEHUI, B YAaCTHOCTM oOHapy-
Xunu npeobnagarwllyo ponb Tepmo-
KanunnspHom KoHusekuun. MNpu nnas-
neHun  Habnwopganucb  SIBNEHWs,

He NnonyyuBLIVNE TOrAa OAHO3HAYHOro
TONKOBaHMUA: NOSHbLIA [4] MK YacTuy-
Hbl/ [5] OTpBIB pacnnaBa OT CTEHOK
amnynsl. «3dEKT rpaHn» — Hexe-
natenbHOE WCKaxeHwe dopmbl Mo-
BEPXHOCTW MOHOKpMUCTanna npu Bbl-
palMBaHMM ero M3 pacnnasa — Hec
crnefbl MWKpPOrpaBUTaUMOHHOW 06-
CTaHoBKM Ha 6opTy [6]. Pacnpepene-
HWe NpMMecH B CeYeHusax kpuctanna
cMmelanocb k 6GokoBol cTeHke [2].
XapakTepHbIMU ObINKM HEMOMHOE pac-
nnaeneHne obpasuoB ¥ HeMonHoe
nepemMellVBaHNe pacnnaea, 4YTo He
OTMEYanoch B Te€X Xe YCNOBUSX OMbl-
Ta Ha 3emne [2]. U3yyeHune maccone-
peHoca B CMeCsiXx Aano HeoXuaaH-
Hblii pe3ynbTaT: B YCMOBMSX noneTa
CKOpPOCTb NepeHoca NpUMECHON KOM-
MOHEHTbl OKasanacb CYyLEeCTBEHHO
BbILIE, YEM 0XWUAanocb B Npeanono-
XEHUU 0 nepeHoce nytTem Anddysun
[7]. B akcnepuMMeHTax Ha BbLICOTHbIX
paketax «Mup-2» [4] Bbinu 3adukcu-
poOBaHbl aHOManbHO BLICOKME CKOPO-
CTU pocTa MOHOKPWUCTannoB repma-
HUS W KpeMHuUs. MHorouyncneHHole
JaHHble NPUMBOAAT K ABYM BaXHbIM
BbIBOAAM:

— B YCNOBWAX KOCMUYECKOrO Mo-
neta npouecchl B XWAKOCTSX onpe-
gensioTca Bo3gencTBmem cnabbix
(N0 3eMHbIM Mepkam) Cun pasHom
npupoabl: KanunnsipHelX, TepMoka-
NUNNSPHBLIX, MUKPOTPaBUTALMOHHBIX,
WHEPLMOHHBIX, BUGPALMOHHBIX U Ap.;

— MPWHATOE OMUCaHUE TMAPOAM-
HaMWKW, OCHOBaAHHOE Ha (opmarnb-
HOM YMEHbLUEHUN CUMbI TSXECTH, HEe-
afeKBaTHo.

Hwxe Mbl npoaHanuanpyem ponb
KBa3ncTaTM4yecKoi cocTaBnsLien
MWUKPOTpaBuUTaLMu, Kakyl OHa urpa-
eT B npoueccax Tenno- u maccone-
peHoca B XUOKOCTSAX, W NPOAEMOHCT-
pupyem ee onpefensioliee 3Haye-
Hue.

UTo rosoput
Teopusa nogobusa

PaccmoTpum BepTuKanbHbii LK-
nuHap paguyca R, 3anonHeHHbIn
XWIOKOCTbIO 10 BbICOTbl h. BokoBble
CTEHKM W HUXHEe OCHOBaHuWe —
TBEpAble, BEPXHAS rpaHuya — CBO-
6oaHas. XXnakocTtb MMeeT NNOTHOCTb
Po, KNHEMATNYECKYIO BA3KOCTb V, KO-
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3(pPULMEHT MOBEPXHOCTHOrO HaTH-
XeHus o,. TemnepaTypa BCex Toyek

HUXHEro OCHOBaHWS OAMHaKOBa
u paBHa T, TOYEK Ha OCWU UWNAWHA-
pa — YMeHblUAeTCs C BbICOTOW Tak,
4YTO BepTUKanbHbI nepenaj paBeH
{T,; Ha cBOGOAHON MNOBEPXHOCTM
XWMOKOCTM TemnepaTypa Ha Kpat Bbl-
we Ha {T, yem Ha ocu. [Mpocunb
Temnepartyp no obpasyioLiei LunuH-
Apa v no paguycy Ha cBobogHoi no-
BEPXHOCTW cYMTaeM NUHeNHbIM. [lo-
CKOMbKY BSI3KOCTbIO XWAKOCTW Mpe-
Hebpeyb Hemnb3si, ee CKOpPOCTb Ha
TBEPAbIX FpaHMUax cyMTaeM paBHOW
Hynto (ycnosue npununaxus). Ha He-
M30TEPMUYHOA CcBOGOAHON nNoBeEpX-
HOCTU MPUHUMAEM NUHENHY0 Temne-
paTypHYK 3aBUCUMOCTb KO3 duum-
€HTa NOBEPXHOCTHOTO HaTSXEeHuUs o

= 0o[1 — —Ko(T = To)], Ko, To — KOH-

cTaHTbl. ChopmMynupoBaHHbIE ycno-
BMA TWUMUYHLI NPU MOAENUPOBAHUU
pocTa kpucTannoB u3 pacnnaea [3,
8].

KunagkocTb Ha 3emne ucnbiTbiBaeT
AEeNCTBME CUMbl TAXECTU, XapakTe-
pn3yemoe yckopeHuem cBOGOAHOro
nageHus g,. Kocmuuyeckue ycnosus
Oyoem mogenupoBaTb NPUCYTCTBUEM
cnaboro nons ¢ manbiM NOCTOSAHHbIM
3HAYEHNEM MUKPOYCKOPEHUS L.

Bospgencremem Ha XWOKOCTb BHeLl-
HWUX BUOPaLMA U KOPMOMMCOBOW CUIbI
npexnebpexem. Takum obpasom, ga-
nee y4uTbiBaeTCH TONbKO AencTBue
MacCOBOM CUIbl, YCKOPEHUE KOTOPOK
g NocTosiHHO. Manble 3HaveHusa na-
pameTpa g 0TBeYalT MOAENMN MUKPO-
rpaBuTaLuu.

Ons onucaHusa KOHBEKTUBHbIX
npoLeccoB B XWAKOCTW, nepeHoca
Tenna, Maccel NMPUMEcH LIMPOKO MC-
nonb3yTtcsa ypaBHeHuss Obepbeka—
Byccunecka [9]. TpaguuUMOHHBIA aHa-
nu3 pasmepHocTen TpebyeT macwrTa-
6upoBaTb BCe Benu4uHbl, BbibpaBs
ANSA paccTOAHMA M CKOPOCTU Xapak-
TEpHblE B [aHHOW 3apaye 3HaYeHUs.
B kayecTBe xapakTepHOro NMUHERHOro
pasmepa wucnonb3yem R. CkopocTb
xe U B paccmaTpuBaemom kpyre 3a-
[ay xapaKTepHOro 3HayeHus He ume-
eT, noatomy BMecTO uucna Pei-
HonbAaca Re = UR/v gna ckopocTu

ucnonb3yem Apyron macwrtab U =
=V/R (3T0 paBHOCUIILHO ycnoBuio Re

= 1). B HOBbIX, 6e3pa3mepHbIX nepe-
MEHHBIX MpoLecchl B XWAKOCTM onpe-
gensiotcs yucnamu pacroga Gr =
gBR¥{T/v?, MapaHroHn Mn =

OoK.R{T/pev?, MpaHatns Pr = =v/Ky,

Wmugta Sc =  V/Kk;,, ®Ppypa

Fr = v%gR*un X = h/R. 3gecb 3 — ko-

adppumuneHT 06bEMHOro pacmpeHns
B NINHENHON 3aBUCUMMOCTM MAOTHOCTU
0T TemMneparypsl.

CpaBHWUTENbHbLIN aHanu3 BeNUYuH
6e3pa3mepHbIX NapamMeTpoB, OTBeva-
IOWMX JaHHOW XWAKOCTW, reoMeTpum
M yCNOBUAM Harpesa, AN 3eMHbIX
U KOCMWYECKWX YCnoBWW paet Ao-
BOMbHO GEAHbIA NPOrHO3 Ha xapakTep
M3MEHEHUA B npoleccax Tennomac-
conepeHoca. C ymeHbLIeHMEM Benu-
YMHBI g KO DULMEHT y TemnepaTyp-
HOro crnaraemoro B ypaBHEHUAX ABW-
XEHUs, NpOonopUMOHAnNbHbLIN Yucny
lpacroda, yMmeHblaeTcd, BMecTe
C HUMW CTaHOBMUTCA ManbiM W BKNag
€CTECTBEHHOW KOHBeKLMM. [ockonbky
3agaya HenvHemnHas, TO O BIMSHUM
KOHBeKUMN MapaHroHu, KanunnspHbIX
CMN ¥ PONM MUKPOTpaBUTaLUUN B 3TUX
SIBNEHUsIX TPYAHO cKkasaTb YTO-nMbO
onpegeneHHoe. [anbHenwee u3ame-
HeHWe B XxapakTepe NpoLEeccoB Ter-
fo-macconepeHoca npu yMeHbLIEHUN
g HEBO3MOXHO npocneautb 6e3 pe-
WeHNa ypaBHEHU. VIMEHHO no nyTu
napamMeTpuyeckux pacyetoB wuget
6onblUMHCTBO uMccnepoBaTenen [3].
B cBsisn c 6GonbWWM KONMMYECTBOM
6e3pas3MepHbIX KOMMMIEKCOB NOCTpoe-
Hue obLien KapTbl PEXNMOB Hepeanb-
HO Jdaxe Ans npocTelwux npouec-
coB. 03TOMYy aKTyanbHbIM OCTaeTcs
Bonpoc 06 uccnenoBaHWM xapakTepa
TEYEHMN U Tenmno-macconepeHoca
B 3aBMCUMOCTM OT BETMYMHbI Napame-
Tpa MUKpOrpaBuTaumm.

Kak ynommHanocb, MHOrouncneH-
Hble 3KCNEepUMEHTbl B KOCMWUYECKUX
YCMNOBUSIX BbIABUNM ONpefensowmmn
BKNazj KanunnspHbIX CUN U OTYETNIN-
BYI0 COCTaBNSIOLLYI0 NapaMeTpa MUK-
porpaButaumun. [loatomy wumeeT
CMbICNT NPOBECTU aHanu3 pasMepHo-
CTel 3aHOBO, ONpefenuB xapakTep-
Hble MacwTabbl AMWUHBI U CKOPOCTM

Tak, YTobbl B HUX BOLIMMN 3TN BENNYM-
Hbl. BosbMeMm B KavecTBe xapakTep-
HOoro MmacuwTaba ONWHBI Kanunnap-
HYl0 NOoCTosHHYIO Jlannaca, macwTa-
6a ckopocTn — BenuuuHy U, 3aBucs-
wyto ot g [10]:

L = (04/gpo)" = 8, U = (ag/po)™.

Torpa ypaBHeHusa Obepbeka—byccu-
Hecka U ycnosus Ha csobogHom no-
BEPXHOCTW B MNPUBELAEHHBbIX K 3TUM
maclwTabaMm nepeMeHHbIX NpUMyT
BUA CNEAyoLWMUX COOTHOLIEHUA AnNs
0e3pa3MepHbIX AUHAMUYECKUX BEMM-
YUH:

aVidt + (V)V =

=—|P-(1-GrT)n, + Re, "V,
divv =0, (1)

aT/at + (V|)T = (1/Re,Pr)|?T,

aClat + (V])C = (1/Re,Sc)|2C,

P - (2/Rez)n*D*n = H + P,,

21+D+n = -Re Mn|,T. (5)

3poecb: t — Bpems, V — ckopocTb
xuakoctu, P — paenexHune; C — KOH-
LeHTpauns nNpuMecHON KOMMOHEHTHI,
n, — eVHUYHbIN BEKTOP, yKa3biBato-
WKWA OeACcTBUE CUMbl TAXECTU; T,

n — KacaTefbHbll W HOpPMarnbHbIN
BEKTOpbl Ha CBOOOAHOW MOBEPXHOC-
™™; D — TeH3o0p ckopocTen pedop-
mauui; H — KpnBM3Ha NOBEPXHOCTH;
P.= =const — paBneHue Ha cBobog-
HOW MNOBEPXHOCTU; |, — rpagueHT
BAONb CBOGOAHOM MOBEPXHOCTH.
BBeneHbl Takke Tpu 6e3pa3mMepHbiX
napamertpa:

Re,= (0o/poigv?)™ = M,

Gr = B{T, Mn = K{T. (6)

M — napameTp, 3aBucAwWwmn ot Gu-
3MYECKUX KOHCTaHT XWMAKOCTU U Be-
NWYUHBLI g, KOTOPLIA BNEpBble UC-
nonb3oBan [1.Jl.Kanuua npu usyde-
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.= DOISE o= 00344
Po=-0.0033% Y =—i3 00503
YWo= DI

Puc.2. KoHeekuyus 8 xudkocmu co c80600HOU N0OBEPXHOCMbIO
(pesynbmamel pacyema). Cneea — MHoO208uUxXpeegass cmpykmypa
meyeHus 8 3eMHbIX ycr08usix, cnpasa — 00HO8UXpesas 8 KOCMUYECKUX.
Bce npovue ycnogus o0uHakoeble. HuxXHAA nogepxHocmb usomepmuyHas,
8EPXHAS — Haz2pemas M0 CPaBHEHUI C HUXHel, mnpu4yeMm HeoOHOPOAHO:
memnepamypa Ha kpat Ha 1°C ebiwe, yem Ha ocu. Cmpenka yka3oigaem
HarnpasneHue KoHeeKyuu Ha c8obodHoU nosepxHocmu. 100 pucyHkamu
npueedeHbl Haubonbwue U HaUMeHbWUEe n0KalbHble 3Ha4YeHUs pyHKyuU
moka 8 suxpeebix obnacmsx. [To eepmukasu oma0xXeHa 8bICOMHas,

no 20pu3oHmanu — paduanbHasa KOOpOUHambl MoYyeK Xudkocmu

8 yunuHoOpuyeckom cocyde.

Puc.3. Usomepmbl meyeHul, cmpykmypa KOmopbix
npueedeHa Ha puc.2.

HUU CTeKakwWwnx nneHOoOK XMAKOCTU
[1].

TeyeHne XnUaKkocTu
Ha 3emne

N B KOCMUYECKUX
annaparax

Mpu paHHom cnocobe nepexopa
k 6e3pasmepHbIM NEPEMEHHbIM BEMU-
YMHa g BXOAMT TONbKO B napameTtp
Re,, koTopbil, Kak u 4ucno Pen-
HonbAca, CTOUT B ypaBHEHUSX ABW-
KEHUS MHOXWUTENeM npu CTaplumnx
npou3BOAHbIX. Tenepb nosiBUNach
BO3MOXHOCTb CKa3aTb 4TO-TO Gonee
onpeaeneHHoe o6 OTNMYMSAX B KOH-
BEKTUBHbIX MpoLieccax npu nepexoae
OT YCMOBWIA 3€MHbIX K KOCMUYECKUM.
C yMeHblUeHUeM BEMUYUHBI g napa-
meTp Re, yBenuumusaetcs, u, cnego-
BaTenbHO, YCUMUBAKTCA WHEPLMUOH-
Hble CBOWCTBA XWAKOCTU W BIUSHWE
KanunnapHelx cun. BospacTatT
BKnagbl KOHBEKTUBHbIX COCTaBMso-
WMX NpuW Tenmno- M macconepeHoce
U BNUsSIHUE KOHBeKUMM MapaHroHu.
OTK BbIBOAbI, MOMNyYEHHbIE YXe Ha
OCHOBe Teopuu nogobusi, no cytu
KOHCTaTUPYT MNepevyucneHHble Bbl-
e aKcnepuMeHTanbHble akThl.

MockonbKy M3MeHeHne g ckasbl-
BaeTCs TOMbKO Ha BenuuuHe Re,,
a BCe oOCTanbHble mapameTpbl
B (1) — (5) ocratTcs npexHumu,
npoLecchl B XUAKOCTU, UMEIOLLEN
CBOOOJHYI0 MOBEPXHOCTb, B 3EMHbIX
¥ KOCMUYECKMX yCnoBusix 6yayT npo-
TekaTb no-pasHomy. OyeBnaHO, no-
[006Ms HeBO3MOXHO JOOWUTHCS HYU Bbl-
60poM COOTBETCTBYIOLMX MacluTa-
608 obnacTeit, H1u nmogbopom nepe-
nagoB TemnepaTyp. Takum obpasom,
npucyTcTBne cBoboOHON NOBEPXHOC-
TU 3aBefOMO NpUBEAET K WHbIM pe-
3ynbTataM, HeXenu B 3eMHbIX 3Kcne-
pumeHTax. MnntocTtpauunen aToro Bbi-
BOZA MOTYT CINyXWTb pacyeTbl Ha na-
kete COMGA [12], npoBefeHHble
ONS pasHblX 3HAYEHUIA g NPU NPOYMUX
OJVHAKOBbIX MapameTpax U Monenu-
pylolwmne Te4yeHne B pacnnase nony-
nNpoBOAHWKa Npu Harpese cBepxy [8].
CHUXEeHNe YpOBHS eCTeCTBEHHON
KOHBEKLMMN B 3EMHbIX YCMOBUSX,
C Lenbl0 CMOAenupoBaTb KOHBEKL MO
KocMuyeckyto, obecneumBanocb Bbl-
6opom Mmarnoro nepenaga Temnepa-
Typbl Ha cBOGOAHOW NOBEPXHOCTMW.
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B pacuertax OH 6bln NPUHAT paBHbIM
1°C ({T. = 150°C,
R =11 mm, h =18 mm). B aTux ycno-
BUSIX KOHBEKUMUS MapaHroHu u ecte-
CTBEHHAsl KOHBEeKUUS opmupyioT
B pacniiaBe MHOTOBUXPEBYH CTPYK-
TYpy TEYEHUS C MOHWXAILWENRC WH-
TEHCMBHOCTbIO NO Mepe npubnuxe-
HUS K HWXHEW W30TEPMUYHOW no-
BEPXHOCTW. B koCcMUYeCKkux ycrnosu-
o X
(g = 10*g,) obpasyetca ogHoOBUXpe-
Bas cTpykTypa. lpnyem Hanbonb-
WeN NHTEHCUBHOCTK TeYeHne JOoCTu-
raet BOMU3W HWXKHER MOBEPXHOCTH,
Kak 9T0 BMAHO Ha puc.2. [paeaa,
npu mManbix BbicoTax ctonba pacnna-
Ba B 06onx cny4vasix TeyeHue craHo-
BUTCA ofaHoBuxpeBbiM [8]. OpHako
B KOCMOCE WHTEHCUBHOCTb ABUXEHNS
B BMXpe NpuMepHo B 2.5 pasa Bhile,
yem Ha 3emne, X0Ts, Kas3anocb Obl,
CUNbHasi eCTEeCTBEHHas KOHBeKUWS
B 3€MHbIX YCNOBUSX JOMXKHA CKNaAbl-
BaTbCs C KOHBeKUMen MapaHroHu!

PacnpegeneHve TtemnepaTyphl,
HecMoTps Ha ManocTb y4ucna
MpaHatns ans pacnnaea nonynpo-
BOLHUKA, TakXe OKas3anocb pasnuu-
HbiM. Ha puc.3 nsobpaxeHsl nsotep-
Mbl 4N 3€MHbIX U KOCMWUYECKUX YcC-
noswuit. Ha 3emne npeobnapaet cno-
UCTBI XapakTep; HapyLlweHne NuHen-
HOCTW MO BepTUKaANM NPOUCXOAUT
TONMbkO B 06nacTu BEPXHEro, camoro
WHTEHCUBHOTO BUXpPS. B kocMunyeckux
YCINOBUSIX KOHBEKTUBHbIA XapakTep
npocnexuBaeTcs no Bcel obnacTtu
TeYyeHus.

Mpeobnapaowmnin  KOHBEKTUBHBLIN
BKnaj B nepeHoc npumecu (Sc > 6)
oTpaxaeTcsi Ha pacnpegeneHun ee
B XWAKOCTM Haubonee OTYETNUBO,
4TO HarnsgHO LEMOHCTPUpPYET puc.4.

B obwewm cnyvae gns nnnoctpa-
UMM KaYyeCTBEHHbIX U KOMUYECTBEH-
HbIX Pa3NW4Ynii B rMapoaNHAMUKeE NpK
M3MEHEHWUN NapameTpa MWUKpOrpaBu-
TauuMu cnepyet WCNOMb30BaTb Hau-
6ornee NpoCTON, MOSMIHOCTbIO OMUChI-
BaeMbli npouecc. Hanpumep,
BCMNMbITUE  OAMHOYHOTO  Ny3bips
B XXUOKOCTU B U30TEPMMUYECKUX YCIO-
BUSIX. Tak, Ha NNOCKOCTW NPUBELEH-
HbIX paguycoB ny3bips R, = ald, u

R, = ald,, rae a — papuyc 3KBuBa-

neHTHOW no obbemy cdepsl,
8, = (V?/g)"™, MOXHO NOCTPOUTL KapTy

|

Puc.4. M3onuHuu KOHYyeHmpauyuu npumecu, coomeemcmayuue
meyeHUAM, NOKa3aHHbIM Ha puc.2.
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Puc.5. Kapma pexumoe medyeHul 0ns ny3bipel, 8Cribi8arnoWux 8 pa3HbiX
xudkocmsax. Ha ocax — npueedeHHble nuHeliHble pa3mepbl My3bips Rs u
R,. CnnowHble Kpugble — NUHUU MOCMOSHHO20 3Ha4YeHus 4Yucna ®pyda,
paccyumaHHble Ha OCHO8€ MOJIHbIX ypasHeHul Hasbe—Cmokca;
wmpuxoeble — MOCMPOEHHbIE N0 pe3dynbmamam 3KCrepuMeHmos Ha
pa3Hbix xudkocmsx. JaHHbie 05151 KOHKpemHoU xudkocmu (M = const)
omobpaxaromcsi Ha npaAMbiX AUHUsX. B — O0aHHble 05 Xudkocmu

6 3eMHbIx ycnosusax (V = 22 cm/c); @ — daHHble dns ny3bips mozo xe
obbema (a = 0.25 cm, V = 0.02 cm/c) 8 mol xe XuOKocmu 8 ycrnoeusax
mukpoepasumauyuu; O — O0aHHbIe 0151 Ny3bIPsi 8 yC0BUSIX
Mukpoepasumauuu, 018 Komopoeao cuna Apxumeda ma Xxe, 4mo U Ha
3emne (a = 5.83cm, V=22cm/c).

NMPUPOOA « Ne11 - 2001

39




MEXAHUKA

PEXUMOB TEYEHWUN, MOMHOCTbI ONKU-
CbIBAKOLLYI0 BCNbITUE MYy3bIPS B pas-
HbIX XWAKOCTAX, W MPOCneanTb 0CO-
6EHHOCTU, BbI3BAHHbIE W3MEHEHMEM
g. Ha puc.5 Takas kaprta npeacrtas-
neHa; Mcnonb3oBanucb YUCNEHHbIE
pelweHna MNOMHbIX ypaBHeHun Ha-
Bbe—CTOKCa (C onpeaeneHuem op-
Mbl My3bIpA) W 3KCMEPUMEHTamNbHbIE
fAaHHble pa3Hbix aBTopos [13]. Yucna
M ans gaHHOM XWMAKOCTU B 3E€MHbIX
1 KOCMUYECKUX YCINIOBUAX Pa3NUYHbI.
OTO 03HayaeT, YTO My3blpU pasHbIX
pa3mepoB OyayT BcnnbiBaTb B Tex
1 OpYyrux ycrnoBusx mo-pasHoMmy, Aa-
Xe Korga opuHakoBa [OencTByloLlas
Ha Hux cuna Apxumega (R, = const).

Yem MeHblUue g, TEM BbilLEe NPOXOAUT
npamas, Ha KOTopoi m3obpaxatTcs
COOTBETCTBYIOLUME 3HAYEHMSA ANS Of-
HOM W TOW X€ XWAKOCTWU, T.e. TeM

Gonblue  OTNMYaeTcs  XapakTep
BCMMbITMA Ny3blps OLHOTO U TOTO Xe
pasmepa. Pasnuuus cTupatoTcs

TONbKO MNpPU CTOKCOBOM 0OTEKaHuu
XNMOKOCTU HededopMmpyembix cde-
pUYECKNX My3bipen Npu ycnoBuu, 4To
cuna Apxumea y HUX B 3E€MHbIX
M KOCMUYECKUX YCIOBUSIX OAMHAKO-
Ba.

Takue e BbIBOAbI CNpaBefnuBbl
1 ONs BCMNbIBAKLWMX Kanenb, B TOM
qyucne U Oona Takumx, y KOTOPbIX BHYT-

PV OYeHb BA3KAA XMOKOCTb, TaK YTO
€e MOXHO cyMTaTb TBEPAOW 4YacTu-
uen [13]. Takum obGpasom, BOKpYr
TBEPAOW YacTuLbl 3afaHHOro pasme-
pa, ABWXYLlENCS B XMAKOCTM Mo
NelcTBUEM MOCTOSSHHOW CUMbI, Teve-
HWE B 3EMHbIX U KOCMUYECKWNX YyCro-
BUSAX OyaeT pasnuyHbiM.

Kak obecneunTb
nogobue npoueccos

Mbl yxe oTmeyanu, 4ToO AOCTWT-
HyTb nogobus ABMEeHU B AaHHOW
XMAKOCTK cO cBOOOAHON NOBEPXHOC-
TbH NPU PasfUYHbIX g HEBO3MOXHO.
OTOT BbIBOJ cornacyeTcsi ¢ Teopuen
nogo6us: npouecchbl NofobHbl Torga
M TONnbKO TOrAa, KOrga paBHbl Bce
6e3pa3mepHble KOMMMEKChbI, 3afato-
wue npouecc. A noTomy Heobxoam-
MOe M [0CTaTOYHOEe ycroBue Ans pe-
anusauum nogobus — paBeHCTBO YK-
cen M. B pabote [14] npeacTaBneHsbl
knaccbl nogo6HbIX NpoLeccoB B pas-
HbIX XWAKOCTAX MNPW HanW4ymu CBO-
604HON NOBEPXHOCTMU.

Mpwn 3akpbITOW NOBEPXHOCTU Kpa-
eBble ycnosus (1.4) — (1.5) 3ameHsi-
I0TCA YCNOBUSIMW MpUAMNAHWUA Ha
TBEpaon cTeHke. KoadduumeHT no-
BEPXHOCTHOTO HaTAXeHWs nepecrtaeT
ObITb BXOAHLIM NapameTpoMm, v Benu-

4ymHy Re, MOXHO 3agaTb no ycmoTpe-
Huto. Monoxum Re, = 1 n ncnonbay-
€M 3TO ypaBHEHME AN UCKMIYEeHNS
KoadpnumeHTa NOBEPXHOCTHOrO Ha-
TAXeHusa. (3Ta npouegypa 3KBuBa-
neHTHa BbIOOPY XapaKkTepHbIX Benu-
YuH onsa pasmepa L = (v¥g)" n cko-

poctn U = (gv)", He 3aBucsAwWwmx ot
napametpa o [10].)

Heuzomepmudeckue meyeHus.
B aTux cnyvasx pelweHve onpegens-
etca uucnamu [MpanaTtng, Wmugra
n Ipacroda. na paHHOW XMAKOCTM
npoLecchl B 3€MHbIX U KOCMUYECKUX
YCNOBWSAX OMNWUCHLIBAIOTCA YpaBHEHUSA-
MW C OAMHAKOBbIMM Be3pasmMepHbIMM
Komnnekcamu, nosTomy nogobue
npoLeccoB AOCTUraeTcs npu reomeT-
punyeckom nogobun. Ecnm I n , —
macwTabbl obnacten B 3eMHbIX U KO-
CMMYeCKNX yCnoBusx, To ANns nopob-
HbIX MPOLECCOB [OMKHO ObITb BbI-
MOSTHEHO

Il = (g2g:)™. (7)

Kak BMAHO, B 3aJaHHON reoMeTt-
pun nogobue npoueccoB 3aBegoMO
HEBO3MOXHO, eCnv Npu NpPoYux pas-
HbIX YCNOBUSIX OOAWH W3 HWX NPOBO-
anTcsa Ha 3emne, opyron — B KOCMO-
ce. MNMopobus HEBO3MOXHO AOCTUYL

Puc.6. TeyueHue xudkocmu 8 Kybuyeckol mosocmu nod delicmeuem dguxyujelica eepxHel KpblwKU (MoKazaHo
cpedHee ceyeHue). Hucno PeliHonbdca oduHakoeo Re = 100, yucno ®pyda Fr = U’/ga 3agucum om 8esUYUHbI §
u pasznuyHo (U — npusedeHHas ckopocmb O8UXEHUS KPbIWKU, § — YyCKOPEHUEe CUJibl msixecmu, a — CmopoHa
Ky6a). [padayuu cepoeo nokasbigarom 3HayeHuUss MoOysisi CKOPOCMU MOMOKa.

Kak 6u0HO, me4yeHuUs 8 3eMHbIX ycrnoeusx (npaebili pUCYHOK) U KOCMUYeCKUX (reebili) HeoduHakoebl. B kocmoce
nomok sokanu3yemcsi 86nu3u 0suxyu,elics KpblWKU, Ym0 xapakmepHo 015 udeanbHol xudkocmu. Takum
obpasom, snussHUe Hegecomocmu c800UMCS K yCUNTEHUK UHEPUUOHHbLIX ceolicme xudkocmu.
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¥ yMeHblUeHWeM nepenaga Temnepa-
TYpbl B 3€MHbIX YCNOBUAX. TOMbKO
npu cCOOTBETCTBYtOLEM BbibOpe Mac-
wraboB obnacTtei HeusoTepMuyec-
Kue NpoLecchl CTaHyT UAEHTUYHBIMN.

B [10] npuBeaeHbl npumepsbl Te-
YyeHuit, NOATBEpXAawlne 3TW Teo-
peTuyeckne BbiBOAbI. [pu ykasaH-
Hom Bbibope MmacwTaboB obnacTen
B pacCyMTaHHbIX TeyeHusx sce 6es-
pa3mepHble KOMMIEeKChl, XxapaKkrepu-
3ylolwme ruapoanHamMnyeckne npo-
Lleccbl B XWAKOCTW, OKasanucb pas-
HbIMU.

nN3omepmuyeckue npouecchl. Te-
nepb HETPYAHO YCTAHOBUTL BIUSHUE
MWUKpPOrpaBuUTaLMM Ha rMApPOAMHAMU-
Ky M30TEPMUYECKMX MPOLECCOB.
B atom cnyyae ypaBHeHus OGepbe-
ka—byccnHecka cosnapaloT ¢ ypas-
HeHnamn HaBbe—CTokca. A notomy
B 3aMKHyTOM obnactu nogobue npo-
LleccoB onpeaensieTcs yCnoBuem re-
omeTpuyeckoro nogobus (7). U3 ato-
ro HenocpefCTBEHHO CneayeT, 4TO
HecTauWMoHapHble NpoLecchl B Xua-
KOCTW Ha 3emne U B KOCMOCE B [aH-
HOV reOMEeTpUU MpU MPOYMX PaBHbIX
napameTtpax He ByayT UAEHTUYHBIMN.

Ecnu vactb rpaHuubl ABUXETCH
C 3ajaHHOW CKOPOCTbio, TO Heobxo-
AUMO BBINOMHUTL YCIIOBME AWUHaAMW-
yeckoro nogobus:

uiluz = (94/g.)"™. (8)
3ﬂ,er uy, U, — CKOPOCTKU Ha COOT-
BETCTBYHLWNX y4yacTKax rpaHunuy

B ABYX onbiTax. MogenupoBaHue Bbl-
HYXOEHHbIX TEeYEeHWA B KaBEpHe
C OBWXYLENCS BEPXHEW KPbILLKON
Ka4eCTBEHHO NOATBEPAMIIO 3TOT Bbl-
Bog [10]. Pesynbrathl 6onee TOYHbIX
pacyeToB [15] TeueHus B kybuyeckon
MonocCTM MNoOKasaHbl Ha puc.6.
Mpu 0YEBMAHO paBHbIX 3HAYEHUSX
yucna PewnHonbaca uyucna ®pypa
pasnuyalTcs Ha HecKonbko Nopsia-
KOB BENW4YMHbI, OTClO4a W HecoBna-
JeHne Te4eHui ogHON 1 TON Xe Xug-
KocTM Ha 3emne (MpaBblii PUCYHOK)
“ B KOCMOCe (neBbli).

KctaTtn, ycnosue (8) obbsacHsaeT
M cKasaHHoe Bblle 06 OTCYTCTBUM
noaobma Te4eHUn B OQHOM U TOWN Xe
XUOKOCTW B 3EMHbBIX U KOCMWUYECKUX
YCNOBUWSAX, KOrga Te4eHNe UHULUMPY-
eTca [ABUXYLWENCSs C MNOCTOSHHOM
CKOPOCTbI0 TBEPAOMN YacTuLen.

BnusHue maeHumHoeo nons. Te-
yeHue aNeKTPONpPOBOAALLEN XNAKOC-

TM B MarHWTHOM Mofie ONUCLIBAETCH
COBMECTHOW CUCTEMOW YypaBHEHWN
rmapoguHamukn n Makcesenna. Pac-
cMaTpuBas u3oTepMuyeckue npouec-
Cbl B BSI3KOW HECXUMaEeMON XUAKoC-
M, Byaem McxXoauTb W3 ypaBHEHUS
HaBbe—CToKca. B ynpolyeHHow no-
CTaHOBKE B MpaBOM €ro YacTu cnegy-
eT pobaBuTb cnaraemoe, KoTopoe
ONMCbIBAET BO3AENCTBME MArHUTHOMO
nons Ha XWAKOCTb. JTOT YneH co-
aepxuT oaunH 6Ge3pasmepHbll napa-
meTp [16], KoTopbIN Npu TpaauUNOH-
HoM cnocobe obe3pasmepuBaHus
HasbiBaeTcs yucnom MapTmana: Ha =
BL(o./pv)"?, rae B — nHaykuma mar-

HUTHOrO MNons, O, — KO3(PULMEHT

3MeKTponpoBogHoOCTH, L — nuHen-
Helm macwTtab. Ecnu xe BbiOpatb
B KayeCTBe XapaKTepHbIX pasmMepa
U CKOPOCTW BENUYUHBI, KOTOPbLIE Mbl
BBENMW B Havane 93Toro pasgena,
To 6e3pasmepHblii NapameTp cTaHeT
uHbiM: Ha = (B/U)(val/p)™. Otctopa

cnegyeT, 4TO npouecchl B AaHHOM
xuakocTtu ByayT nogobHel, ecnu By =
B,(g1/g,)". B ycnoBusix Mukporpasu-
Tauuu 9KBUBANEHTHOE MarHuUTHoe
nosie B OnbiTe€ AOMXHO GbiTb CyLlEecT-
BEHHO MeHblle BEMUYUHBLI, YeM
B 3€MHOM 3KCNEpUMEHTE.

HenonHyto
HEBECOMOCTb
Henb3sa oTbpacbiBaTb

BeeneHve napameTpa MuUKporpa-
BUTaLMKM B XapakTepHble MacwTabbl
ONUHBL W ckopocTu obecneynsaert
NonHbll Habop Ge3pasMepHbIX KOM-
MeKcoB, C NOMOLLbK KOTOPbIX NpO-
rHO3 KOHBEKLMM NPY pasHbIX g CTaHo-
BUTCS BO3MOXHbIM [0 peLleHuUs BCen
cUCTeMbl ypaBHeHMiA. [lonyyeHHble
COOTHOLWEHUS BbLISIBNAOT CTeMNeHb
BO34ENCTBUS BEMNUYUHbI g W NO3BO-
NAT NpocneanTb N3MEHEHUS Xapak-
Tepa KOHBEKUWW NpU YMEHbLIEHUU
napameTpa MWKporpaBuTauuu, T.e.
npu nepexone K NOMHON HeBECOMOC-
™.

KonuyecTtBeHHO pasnuuyusa
B KaXZOM OTAENbHOM Ccryvyae JOmnX-
Hbl yCTaHaBNMBATbLCA WHAUBMAYATb-
HO — B 3aBUCMMOCTM OT paccMmaTpu-
BaeMblX NPUYUH [BUXeHus. Hawu-

MeHbLIME OTKIOHEeHUs Npu U3MeHe-
HUM g OyayT y MOM3yWMUX TeYeHun,
Korga HenuWHeWHbI KOHBEKTUBHbIN
YneH B YypaBHEHUAX nepeHoca npak-
TUYeckn HecyuecTBeH. HaoGopor,
B T€YEHUsIX, rae posib KOHBEKTUBHO-
ro YneHa onpegensawuwas, pasnuuus
3apaHee Henpeackasyembl. CoBmMe-
CTHOE OeNCcTBUE ABYX HE3aBUCUMbIX
MCTOYHWKOB ABWXEHMA B XKUAKOC-
TM — KOHBeKUUn MapaHroHu (Herpa-
BUTALWOHHBIA TUN OBUXEHUS) U ec-
TECTBEHHOW KOHBEKUWUMW (rpaBuTaun-
OHHbIN TUMN) — AaeT HarnagHbIn Npu-
Mep TMNpOSBMEHUS KayeCTBEHHbIX
pasnuyun Kak B xapakTepe TeyeHus,
Tak U nepeHoca Tenna, KoTopble
C YMEHbLUEHNEM g TONbKO yBENuU4n-
BaloTCs. OTOT BbIBOL 0COBEHHO Ha-
rMAQHO MNpOCNEexXuBaeTcs Ha [Aua-
rpamMmme BCMbITUS OBUHOYHbIX My3bl-
pen. Takum obpasom, 4yem 6Gnuxe
MUKpOrpaBuTaUnoHHass obcTaHoBKa
K NOMHOW HEBECOMOCTMW, TEM cyLie-
CTBEHHEE pasnuyusi B ruagpomexa-
HUKe B KOCMOCe M Ha 3emne u cne-
LuuuyHee pasHOro poga BO3Mylue-
Hus. 3T pesynbTaThl cnyxaT npe-
aynpexaeHuem nonsiTkam dop-
ManbHOro noaxofga nNpu W3yYeHuu
BMUAHUS MUKPOTpPaBMTaLUKN Ha Xua-
Kne cpepbl.

B kayecTBe xapakTepHOW Benu-
YMHbI MapameTpa MWKpOrpasMTauum
MOXeT ObITb NPUHATA BENMYMHA KBa-
3MCTaTMYECKON KOMMNOHEHThI. JTa xa-
pakTepucTuka umeeT MOCTOSHHLIN
3HaK B KOHKPETHbIX YacTax kopabns
npu OPUEHTUPOBAHUU €r0, CKaxem,
Ha 3emni. Bnuauue BubGpauunm ot
paboTbl GOPTOBLIX CUCTEM [OOMXKHO
ObITb YY4TEHO KakK BHELIHWE BO3AECT-
BMWA Ha rpaHuubl obnacTtu, 3aHsAToON
XNUAKOCTBHO.

YKasaHHble Bbllle npasuna nogo-
Ous NO3BONAIT AN Kaxaown cpenbl
BbiOpaTh (eQMHCTBEHHbIM 06pa3om)
napameTpbl ApYron cpeabl Tak, 4To-
O6bl ece 6Gespa3MepHble KOMMIEKCHI
oKasblBanucb paBHbIMW. TpaguLMOH-
Hoe mogenupoBaHue no yucny pac-
roda (wnu Panes) gonyckaet nsme-
HATb YCKOPEHWe g, KOMNEHCUPYS CO-
OTBETCTBYyKOLlEE BnuUsiHWE BbIGOPOM
nepenafja temnepatypbl nubo mac-
wraba obnactu. OgHako B aTUX Cny-
Yyasix He BCe napameTpbl OKa3blBaKT-
ca ognHakosbiMK [10].

CopmynupoBaHHbIn nogxona
no3BONSIET onpefensaTh XxapakTep us-
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MEHEHWIA B YCINIOBUAX MUKpOrpaBuTa-
UMM NPU BHELWHMX BO3LENCTBUSX HA
Xnakoctb. Tak, ecnu cTeHka, orpa-
HUYMBAlOLWAS XWUOKOCTb, [ABUXETCH
Mo rapMOHMYECKOMY 3aKOHYy C amn-
nuTygown b, TO OBMXEHUA B onbiTax
Ha 3emne n B kocmoce byayT nonob-
Hbl, koraa [17] bulb, = (gi/g.)™. OTcto-
Ja HenocpeaCTBEHHO 3akiyaeM:
YYBCTBUTENbHOCTb XUAKOCTEN K BUB-
pauusM B KOCMUYECKMX YCNOBUSIX
BbILLE; HN3KOYACTOTHbIE BO3MYLLEHUSA
Manow amnnuTyabl MOTYT CTaTb KOH-
KypUpYyHLWMMM C KBa3UCTaTUYECKOM
KOMMOHEHTOW MO CTEeMeHW BO3JEeNncT-
BUA Ha XUOKOCTb .

Kopuonucoea cuna Ha xapaktep
TeyeHUn Bnuaet cnabo. OgHako no
CPaBHEHWNID C 3eMHbIMU YCMOBUAMMU
ee Bo3JencTBue Ha OopTy kopabns
3HauyuTenbHo ycunueaeTcs. B aTom
HeTpyaHo yb6eauTbecs, nepenucas
yucno dkmaHa Tak, 4Tobbl B HEro Bo-
wnu macwTtabbl ANMHBI U CKOPOCTH,
3aBucsLme oT g.

TeopeTnyeckne OLEHKM, Kacar-
lMecs KOHBEKUMM B XWUIOKOCTU CO
cBOOOAHON MOBEPXHOCTbIO, ANSA YC-

Jlnutepartypa

NOBWIA KOCMWYECKOro noneta NosiHo-
CTbO COrfacylTca C pacyeTamu Te-
YeHUI, B KOTOPbIX pacnpeneneHHas
no obbemy maccoBas cuna BO3HMKa-
€T kak pesynbTaT AeicTBUA AaBne-
HWUA Ha rpaHuLax XUaKocTu. TeyeHus
B 3aMKHYTbIX 00bnacTsx, BO3HMKalo-
lne noa AeWCTBMEM BHELLUHEN CUMbI
U COMPOBOXAAEMbIE MEPEMELLEHNEM
LeHTpa TSXKEeCTW XUAKOCTU, 3aBefo-
Mo 6yayT pasnuyaTtbCcs B NOMSIX TAr0-
TEHUs pasHoi MHTeHcuBHoCTU. [lo-
3TOMy B Tex 3ajayax, MocTaHOBKa
KoTopbIXx TpebyeT 3afjaHus pacxop-
HbIX XapakTepUCTWK, ANS NOnyyYeHus
a[eKBaTHOro NporHo3a Te4YeHUn B yc-
NoBMSIX MUKpOrpaBuTauum HeobXxo-
OUMO NOABEPTHYTb CYLiEeCTBYHOLUE
METOAUKM pac4yeToB COOTBETCTBYIO-
Len Koppekunu. m

PaboTta BbimonHeHa npu noa-
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