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SUMMARY 

Theoretical considerations of vapour bubble dynamics in a 

hydrogen bubble chamber are given. The system of equations takes 

into account the heat and mass exchange between a bubble and liquid. 

The vapour in the bubble is described with the real gas equation 

of state. Computer solutions are in agreement with the corresponding 

experiment. A set of temperature distributions in the surrounding 

liquid during the cycle of bubble chamber is presented.The impor

tant role of the temperature distribution formed during the bubble 

grouth is shown for the correct description of the bubble collapse. 

Some predictions are made for the bubble behaviour in fast-cycling 

chambers. 

The results of numerical calculations for the bubble growth 

and collapse in the static pressure of the bubble chamber are dis

cussed. The stability of self-similar solutions describing bubble 

growth is proved. Conditions for self-excitation oscillations in 

the bubble collapse take place. These natural frequency pulsutions 

lead to the lifetime increasing. In this connection the possibility 

of the existence of stable bubbles pulsating in the overpressed 

liquid is considered using both analytical and numerical methods. 

It is shown that the assumption of the existence of such bubbles 

leads to a contradiction in the system of equations. 



npaKTHqeCKHe noTpe6HOCTH p83BHTHSI TeXHHKH ny3hlpbKOBhlX KaMep IIpH

BOLlHT K He06XOLlHMOCTH paCCMOTpeHHSI L1HH8MHKH napOBOro IIY3hlpbK8 B )I{HLl

KOCTH. PaCCMOTpeHHID 9TOH TepMO- H rHLIPOLlHHaMHqeCKOH ~auaqH IIOCBHmeHO 

"3HaqwrenbHoe qHcno TeopeTHqecKHX/ 1-6/ H aKcnepHMeHTanbHbiX/7-8/ pa6oT, 

BBHLIY cno)I{HOCTH npo6neMhl He yaaeTcH rronyqHTb ToqHoro aHanHTHqecKoro 

peweHHSI CHCTeMbl ypaBHeHHll, OnHChiBaromHX IIOBeaeHHe ny3hipbKa, B uaHHoli 

pa6oTe qHcneHHhiMH MeToaaMH HccneayeTCH poeT H Konnanc napoBoro rry3hipb

Ka B BOLIOPOLIHOH IIY3blpbKOBOH KaMepe C yqeTOM BbiiipHMneHHOH TenJtosoft 

L1HtPtP.Y3HH/9-12/ • 

1. OrpaHHqHMCH paccMoTpeHHeM noseaeHHH ctjJepHqecKoro naposoro 

ny3hipbKa B HeC)I{HMaeMoft )I{HLIKOCTH, TeMnepaTypHoe none BOKpyr IIY3hipbKa 

npeunonaraeTCSI H30TpOIIHhiM, ny3hipeK CqHT8eTCSI OLlHOpOLIHhiM, nap H8XOL1HT

CSI B TepMOLIHHaMHqeCKOM paBHOBeCHH C nOBepXHOCTHblM cnoeM )l{lfLlKOCTH, 

qTo 03HaqaeT 

P'(t)=P(R,t)+2a/R, T '(t)=T(R,t), (1) 

rue R- pauHyc ny3hipbKa, t - BpeMR, a- IIOBepXHOCTHOe HaTSI)I{eHHe )l{lfLl-

KOCTH,P' , T' H P , T - uaBneHHe H TeMrrepaTypa napa H )I{HLlKOCTH cooT-

BeTCTBeHHO, 

YpaBHeHHH, orrpeuenHromHe noseaeHHe ny3hipbKa, cneuyroT H3 3BKOHOB 

coxpaHeHHH HMnynbca, MaCChi H aHeprHH, YpaBHeHHe HenpephiBHOCTH B He-

C)I{HMaeMOH )I{HLlKOCTH 

;,2= U R2 
R 

( 2) 
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II03BO/HieT Bbipa3HTb 3aKOH COXpaHeHHSl HMIIyn;ca !IpH ee JlBH)I(eHHH B BH)le 

P'-~-P· 
J_ u 2 
2 R 

R oo 

p 
( 3) 

rne r - KOOpAHHaTa TO"'KH B )I(HAKOCTH 1 r H U R- CKOpOCTH B TO"!KaX r H R 

COOTBeTCTBeHH0 1 p - IInOTHOCTb H P oo - )laBneHHe B )I(HJlKOCTH. CKopocTH 

R H U CBsr3aHbl COOTHOIIIeHHeM, cneAyiOIIIHM H3 ycnoBHSl COXpaHeHHSl MaCChi 
R 

IIpH HCIIapeHHH (KOHJleHC8UHH) 

R dP' · uR P + r -cJt-
R=-·------ (4) 

p - p 

rne p'- rrnoTHOCTb rrapa. 3aBHCHMOCTb P '(t) orrpe.llensreTcsr Ha ycnoBHSl co

xoaHeHHH 9HeprHH IIPH HCIIapeHHH (KOHJleHCaUHH)/12/ 

!( 5) 

rne k - TerrnorrpoBoAHOCTb lKHAKOCTH, L - TerrnoTa rrapoo6paaoBaHHH, C.- Terr

noeMKOCTb rrapa BAOnb KpHBOli: !jJaaoBoro paBHOBeCHsr ar ;aR=a T(r ,t)/ar I . 
r=R 

OpoHaBOAHhie d a I d T ' d p 'I d P ' H d T 'I d P ' Bhi"!HcnmoTcsr ~nonb 

KpHBOli: QJa30BOI'O p8BHOBeCHsr. 

HaBecTHo, "'TO paBHoBecHoe naBneHHe rrapa rrpH QJHKCHpoBaHHoli: TeMrre

paType aaBHCHT OT panHyca rry3blpbKa/13/ 

2 a/ R 
+ 

l -p/p, ( 6) 

rne p - paBHOBeCHoe naBneHHe B cny"!ae rrnocKoli: rroBepxHoCTH paaaena !jJaa, 
s 

cBsraaHHOe c paBHOBeCHoli: TeMrrepaTypoli: aaBHCHMOCTbiO T; = HPs ) - ypaBHeHHe 

KpHBOli: !jJaaoBoro paBHOBeCHSl ( ¢opMyna ( 6) crrpaBennHBa rrpH 2 aIR « P s ) • 

0o9TOMy AaBneHHe H TeMrrepaTypa H8CbiilleHHOI'O napa B IIy3blpbKe CBSl38Hbl 

COOTHQIIIeHHeM 

T'(P')=IfP'- 2 a/ R ) -:::....;....:_=--- • ( 7) 
l -p/ p, 
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AHanorH'IHbie COOTHOllleHHSI HCIIOnb3yiOTCSI npH Bbl'IHCneHHH Bcex Tenno

~H3H'IeCKHX BenH'IHH Ha KpHBOH ~aaoBoro paBatBeCHSI. TaK KaK noBeaeHHe ny-

3bipbKa 38BHCHT OT rpaaHeHTa TeM.nepaTypbi ar I aR, Heo6xoaHMO paccMOTpeTb 

ypaBHeHHe TennonpOBOaHOCTH B *HaKOCTH 

(8) 

rae D- TeMnepaTyponpoBoaaocTb *HaKocTH. CoBoKynaocTb ypaBHeHHA ( 2) -( 5) 

L H ( 8) c cooTBeTCTBYIOliiHMH Ha'IanbHbiMH H rpaHH'IHhiMH ycnoBHHMH o6paayeT 

38MKHyTyiO CHCTeMy, 

2. PaceM oTpHM poeT H Konnanc acHMIITOTH'IeCKHX napoBbiX nyahipbKoB,. 

KOrlla B ypaBHeHHHX ( 3) H ( 5) HecyllleCTBeHHhi 'IneHhi, o6ycnoBneHHbie noBepx

HOCTHhiM HaTH*eHHeM. f1peanonaraeTCH 0 'ITO aaBneHHe B *HaKOCTH IIOCTOHHHO. 

f1pH 9TOM ycnOBHH BnHHHHe HHepUHH *HaKOCTH Ha aHH8MHKY ny3biPbK8 npe

He6pe*HMO Mano/ 1-5/, T8K 'ITO ypaBHeHHe ( 3) BbiPO*aaeTCH B paBeHCTBO 
I 

P '= P
00 

• 11aMeHeaue paauyca nyabipbKa orrpeaenHeTcH TennoBbiM noToKoM qepea 

ero IIOBepXHOCTb H OIIHCbiBaeTCH ypaBHeHHHMH 

. 2 P, D ar +!i!Ln _-Jar =--a-(,2 ~J, <1o) 
at r2 p a, r 2 ar a, 

rrpeJlcTaBnHIOliiHMH co6oi!: qacTHbiH cny'Iai!: ypaBHeHHH ( 5) H ( 8). HaBecTao/5/, 

'ITO ypaBHeHHH (9) H ( 10) C JlOIIOnHHTenbHbiMH ycnoBHHMH 

( 11) 

Too-T' > 0, R(O} = 0 ( 12) 

HMeiOT aBTOMoaenbHoe pellleaue, orrHCbiBaJOmee poeT rraposoro ny3bipbKa 

R(t}=A 
7 

y2Dt· ( 13) 
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r 
A2 1 

T(v)=T +(T'-T )[ 1- ~A f exp[A~cl>(xt1clx], 
oo 00 vrr o v • 

( 14) 

r)le 

A = ( T - T ') lc I (L p 'D) 
0 00 

( 15) 

Too - TeMnepaTypa )!{HJlKOCTH Ha 6ecKoHe"'HOCTH1 a napaMeTp A 
1 

Bhi"'HCnSI

eTcSI Ha rpaHH"'Horo ycnoBHSI T(O) = Too • 

flpH paCCMOTpeHHH Konnanca IIY3b!pbK8 COQTHOIII8HHSI 

T -T'< 0, 
00 

( 12') 

COOTB8TCTBYIOW:H8 ( 12) 1 IlpHBOJ]SIT K TOMy, "'TO HB"'BnbHbl8 H rpBHH"'Hbl8 

ycnoBHSI npoTHBope"'aT npeJlnono)KeHHIO aBTOMOJlenbHOCTH. AsToMonenJoHbie 

pellleHHSI, rrony"'eHHbi8 B pa6oTax/3-4/, T8KlK8 OIIHCbiB810T TOnbKO POCT IIV3b!Pb

K8. TexHHKa nocneJloBaTenbHhiX npH6nH)KeHHit/1/ TaK)Ke HenpHMeHHMa B cny

qae Konnanca, T.K. Tennoeoit cnoit B )KHJlKOCTH, npHneraJOw:ea K rrySbiPbKY, _ 

OK83b!B88TCSI He Man/5/. TeM He MeRee paciipOCTp8H8HO MH8HH81 "'TO rrpo

ueCCbl pocTa H Konnarrca rraposoro nyahiPbKa B acHMIIToTH"'ecKoR o6nacTH 

IIOJl"'HHSIIOTCSI 0J]HH8K0Bb!M 38KOHaM/2,4/, T.e. H3M8H8HH8 p8JJHYC8 3BXnOIIbl-

B810l.II8I'OCSI IIY3bipbK8 YllOBneTBOpSieT COOTHOIII8HHIO 

rJle A - 6eapa3MepH8SI IIOCTOSIHH8Sio 

IIV3biP8K JlOnJKeH aaxnOIIb!B8TbCSI K8K 

t • R o ( __,..6 --,(:-:P:-oo1;..__-::p:-,-J~ 

( 16) 

s/6/ YK83bJBaeTCSI, "'TO 8CHMIITOTH"'8CKHR 

peneescKaSI rronocTb/14/ 

-1/6 
x clx 

( 17) 
(1-x)~ 

T.e. JlHH8MHK8 KOnnanca, BOIIpeKH IIp8JlhiJlyW:HM yTB8p)KJleHHSIM1 orrpenenSieTCSI 

ypaBHeRHeM ( 3), rrpH"'eM P oo - P ' .. const • 
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B CBH3H c aTHM npencTaBnHeTcH HHTe/lecHbiM nony"'eHHe "!HcneHHhiX pe

meHHH ypaBHeHHH ( 2) -( 5), ( 8). B cny"!ae Konnanca nyahipbKa no xapaKTepy 

pemeHHH MQ)KHQ CYLlHTb 0 MexaHH3Me 3aXJIOIIbiBaHHSI: OIIpenenSI:eTCSI nH OH 

TepMOLlHHaMH"'eCKHMH <f1aKTOpaMH, T,e, COOTHOilleHHSIMH ( 9) 1 ( 10) H ( 16) 0 

nH6o MexaHH"'eCKHMH <f1aKTOpaMH, T,e, ypaBHeHHeM ( 3) H paBeHCTBOM ( 17) 1 

HnH )Ke1 HaKOHeU 1 HMeeTCSI HeKaSI TpeTbSI B03MO)KHQCTb. 

Ha pHc. 1 rrpHseneHbi peaynbTaTbi "!Hcneaaoro pemeHHSI ypasaeHHH, onH

ChiBaJOTl!He noseneHHe rryahi_PbKa B *HLlKOM sonopone. EcnH nasneaHe aacbi-

meaaoro napa Ps 6onbme nasneHHSI B )KHLlKOCTH Poo, TO KpHBaH pHc. 1 co-

oTBeTCTByeT pocTy rryabipbKa, B rrpoTHBHOM cny"!ae - Konnancy. Ha"!anbHOe 

pacnpeneneHHe TeMrrepaTypb! B )KHLlKOCTH Bbi6HpanOCb nH5o B COOTBeTCTBHH 

c ljlopMynoft ( 14) aBTOMonenbHOro pemeHHSI ( crrnomHbie KpHBbie), nH6o on

HopoLlHhiM ( IIYHKTHpHbie KpHBbie) • Ha"!anbHb!H PaLlHYC Bbi6HpanCSI paBHb!M 

5 X tQ-4 CM HnH 1 X 1Q-3 CM. 

KpHBaH pacTa cooTBeTCTByeT peaynbTaTy aBToMonenbHoro pemeHHf (13). 

BoaMymeHHSI asToMonenbHoro pemeHHSI:, cBSI:SaHHbie c rrynbCaUHSIMH rryabipbKa 

Ha co5cTBeHHoft "!acToTe, 5biCTpo aaTyxaJOT, Ha aToro cnenyeT, "'TO asToMo

nenbHbie pemeHHSI, OIIHCbiBaJOIIlHe pOCT IIY3blpbKa, SIBnSIJOTCSI YCTOH"'HBbiMH, 

PaccMaTpHBaSI: KOnnanc, rrpe)Kne scero y6e)K£la~MCSI:, "'TO KaK H P cnyqae 

pacTa, nasneHHe BHyTpH ny3b!pbKa rrpaKTH"'eCKH He OTnH"!aeTCSI OT nasneHHSI 

B )KHLlKOCTH, DoaTOMY HaH5onee cymeCTBeHHbl npH onHCaHHH 8TOrO rrpouec

Ca ypaBHeHHSI: (9) H (10). DpH HeonaoponHoM Ha"'anbHOM TeMneoaTvPHOM oac

rrpeneneHHH speMeHa )KH3HH rryabipbKOB rrporropuHoHanbHbi R: . TaKoft *e 

peaynbTaT nonyqaeTcSI: Ha ljlopMynbi ( 16), xoTSI: neTanbHOe HaMeHeHHe panHyca 

nySb!pbKa BO BpeMeHH HHQe, BHLlHO TaK)Ke 1 "'TO IIpH LlaHHOM nasneHHH OLlHO

POLlHOMy aaqanbHOMY pacnpeneneHHIO COOTBeTCTByeT MeHblliee BpeMSI )KH3HH 

ITy3b!pbKa, 

3, B oTnH"!He oT cny"'aH, paccMoTpeHHoro Bhime, B nyabipbKOBhiX KaMe

pax pOCT H Konnanc IIpOHCXOLlSIT IIpH H3MeHSIIOIUeMCSI aasneHHH. DoeLlCTaB

mreT HHTepec cpaBHHTb peaynbTaTbl COOTBeTCTBY!OlliHX H3MepeHHH/8/ C pac

qeTaMH, PemaSI ypaBHeHHSI ( 2) -( 5) H ( 8) 1 IIpHXOLlHM K Bb!BOilY, "'TO HHep

UHanbHbie ljlaKTOpbi Mana BnHHJOT aa noseneaHe acHMnToTH"'ecKoro nyabiPbKa, 

T,e, ypaBHeHHe ( 2) MO)KHQ aaMeHHTb paBeHCTBOM p , = p 
00 

(f) r H ypaBHeHHe 

(5) npespamaeTCSI: B 
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L J M + c. M JT , = 4 rr R2 lc 
Jt Jt 

ar --, 
aR ( 18) 

qacTHbiM cnyqaeM KOToporo smnsreTcH ypaBHeHHe ( 9), rae M - Macca rrapa 

B IIy3b!pbKe • .113 pa3nH'IHSI ypaBHeHHlt (9) H ( 18) CneayeT, 'ITO IIpH paCCMOT

peHHH IIOBeaeHHSI IIy3b!pbKa B ycnOBHSIX rrepeMeHHOrO aaBneHHSI He HMeeT 

CMbicna y'IHTbiBaTb aaBHCHMOCTb rrapaMeTpa A B !jlopMyne ( 13) oT speMe-

HH. Ha pHc. 2-4 rrpHseaeHbi aaBHCHMOCTH R(t) H R • .,(t), cooTBeTcTBYIOWHe 

SKCIIepHMeHTanbHb!M pe3ynbT8TaM/8/ o Ha OCHOB8HHH HMeiOWHXCSI aaHHbiX 

06 ycnOBHSIX H3MepeHHlt KpHB8SI p (t) 8IIIIpOKCHMHpOBanaCb cneayiOWHM 06-
oo 

paaoM 

p 
min 

2 
O<t<t* +at 

2 
P .. (t) = p -b{t-t ), 

max max 
t *< t < t max ( 19) 

p < t 
max max 

rae p - MHHHManbHOe aaBneHHe B IIY3b!pbKOBOlt KaMepe, IIpH KOTOpOM rrpo-
ml" 

HCXOaHT o6pa30B8HHe 38pOabillieBbiX ny3bipbKOB 3 apSI)KeHHbiMH '18CTHU8MH 1 

p max- M8KCHM8nbHOe aasneHHe, IIpH KOTOpOM IIpOHCXOaHT KOnnaiiC IIY3bipbK8 

H KOTOpoe aoCTHraeTCSI B MOMeHT BpeMeHH t max • 

Bb!'IHCnHnHCb H3 ycnoBHSI HerrpepbiBHOCTH !jJyHKUHH 

napaMeTpbi a,b H t* 

P .. (t) 
H3BDaHolt, IIpH STOM ripHHHManOCb BO BHHM8HHe ycnOBHe 

t • - H3BeCTHb!lt MOMeHT BpeMeHH. 

H ee rrepsolt rrpo

P(t. ) = P., rae 

KaK BHaHo H3 pHc. 2-4, TeopeTH'IeCKHe KpHBbre yaosneTsopHTenbHO 

DIIHCb!B8IOT POCT H Konnarrc IIV3b!PbK8. CvmeCTBOB8BIUee oaaee D83HOrna

CHe/8/ Me)KJly aa6n10aaeMolt H TeopeTH'IeCKH rrpeacKa3yeMolt cKopocTbiO Kon

narrca IIY3blpbK8 o6'bSICHSieTCSI 1 IIO-BHaHMoMy, TeM, 'ITO. H8 3a:xnOflbiB8HHe 

IIy3bipbKa snHsreT BHa TeMrrepaTypHoro pacrrpeaeneHHH, KDTopoe c!jJopMHposa

nocb IIpH pOCTe IIY3bipbK8 B IIeperpeTolt )I{HJlKOCTH. .113 pHC. 5 BHaHo1 'ITO 

B Te'leHHe anHTenbHoro BpeMeHH rrocne tmax xapaKTep TeMrrepaTypaoro pac

rrpeaeneHHSI CyWeCTBeHHO DTnH'IaeTCSI OT 06hl'IHO HCIIOnb3yeMoro IIpH pacqe-
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TaX. CKOpOCTh Konnanca IIY3blpbKa, COOTBeT.~TBYIOIUa51 acHMIITOTH'I9CKOMY 

TeMrrepaTypHoMy pacnpeaeneHHIO, CyUieCTB9HHO M9HbiUe, '19M B MOM9HT Bpe

M9HH tmax· Ha6niO!laeMoe paanH'IHe B pac'leTHOM H peanhHOM noseaeHHH 

nySblpbKa CBSI3aHO, IIO-BH!lHMOMy, C TeM, 'ITO !flopMynbi ( 14) H ( 19) nHIUb 

npH6nH~9HHO COOTBeTCTByiOT !flaKTH'IeCKOMY Ha'lanhHOMy TeMnepaTypHOMY 

pacnpeaeneHHIO H HSMeHeHHIO aasneHHSI B ~H!lKOCTH. He Y'IHTbiBanocb TaK~e 

BCIInbiBaHHe ny3b!phKa. 

4. PaccMoTpHM noseaeHHe naposoro nyabrphKa npH H3MeHRIOIII9MCR aas

neHHH B ~H!lKOCTH npHM9HHTenbHO K peaoHaHCHbiM fiV3biPhKOBbiM KaMe

paM/ 15/, XapaKT9pHbl9 lJ.aCTOTbl MR TaKHX KaMep COCTaBnRIOT !19CRTKH repii, 

npH'l9M HX OCHOBHOH napaMeTp - IIHKnH'lHOCTh - B 3HalJ.HTenhHOH Mepe onpe

!19nSieTCSI LlHHaMHKOH pOCTa H Konnanca IIY3blpbKa, 

Ha pHc. 6 npHBeaeHbi aaBHCHMOCTH R( t) anSI 'laCTOT 100, 50 H 25 rii, 

pacC'lHTaHHbJe B npeanono~eHHH, 'ITO aaBneHHe B ~H!lKOCTH H3MeH519TCSI ITO 

aaKoHy P"" = P0 -P1 sin w t H 'ITO nyabrpeK o6paayeTc.s~ npH MHHHMaf!h

HOM aaBneHHH, Koraa rflaaa paBHa rr I 2. BH!lllo, 'ITO npH !flHKCHpoBaHHOH aM

nnHTyae nepeMeHHoro aasneHHSI P 1 MHHHManhHbiH paauyc nyabrpbKa, T.e. 

B KOHIIe CTa!lHH KOnnanca, paCTeT ITO Mepe yM9HbllleHHR qaCTOTbJ, AHanorHq

Hb!M o6pa30M BeaeT ce6H H MaKCHManbHb!H pa!lHYC IIY3blpbKa. tfT06bi IIY3blpeK 

aocTHran BH!lHMbiX paaMepoB H ycneBan aaxnonbiBaThCR ao Ha'lana cneayiO

wero IIHKna, AOCTaTO'lHO yBenH'lHTb CTaTH'leCKOe aaBneHHe H aMrrnHTYAY nepe

MeHHOrO !laBneHHR, 

5. Hccneay.s~ !lHHaMHKy rrapoBoro rryabipbKa B ynhTpaaByKOBOM none, 

MOlKHO y6e!lHTbCR, 'ITO B IIOnyiiHKne C~aTHR, KOr!la p"" > p s , B03HHKaiOT 

rrynbCaiiHH Ha C06CTBeHHOH lJ.aCTOTe, KOTOpble aaTyxaiOT B IIOnYIIHKne pac

TRlKeHHH, Koraa P oo < P s I 11 I. OpH'lHHY caMoBoa6ylK!l9HHR co6cTBeHHbiX nynh

caiiHH ( aBTOKOne6aHHH) MOlKHO IIOHRTh B TePMHHaX Bb!IIPHMneHHOH H CTaTH

qecKOH TellnOBOH !1H!fl!fly3HH/ 11-12/, Lleno B TOM, 'ITO BbiilpRMneHHa51 TennoBaH 

LlH4J4JyaHR BCeraa HanpaBneHa H3 ~H!lKOCTH B IIY3bipeK, T.e. HaBCTpeqy CTa

TH'l9CKOI LlH!fl!fly3HH B cny'lae p 00 >P s • 009TOMy IIpH orrpeaeneHHbiX ycnOBHRX 

MOHOTOHHOe H3M9H9HHe pa!lHyca IIY3b!pbKa CTaHOBHTCR HeycTOH'lHBbiM H B03-

HHKaiOT aBTOKOne6aHHH, 

OoBeaeHHe rrySbipbKa rrpif HanH'IHH TaKHX Kone6aHHii cymecTBeHHbiM o6-

paaoM 3aBHCHT OT HHepiiHH lKH!lKOCTH, Il09TOMy Heo6X0!1HMO paCCMaTpHBaTb 
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28 
t = 40 M eel( 

26 l = !OHcel( 

Too= 28°K ; Ps = 6,0 oap 

24 

I J I I 

f 2 J 4 rjR(t) 

PHc. 5. TeMrrepaTypHbie pacrrpeaeneHHH B lKHAKOCTH T( v, t) B pa3Hbie MOMeHTbi 

BpeMeHH, COOTBeTCTBYIOU{He IIOBeneHH!O IIY3bl!;bKa, IIpeACTBBileHHOMy Ha pHC, 4, 

l 

...... 
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R,JO-ln 

1,5 
T .... = 26° K ; Ps = 4,1 5ap 
Po= 1.,,6 oap 
25 au. 

Poo {t} ---......._------ -
0 -- -1i/2 -- 31i!2' .... 

PHc. 6. 
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BCIO COBOKynHOCTb ypaBHeHHil: ( 2) -( 5) H ( 8) l AHanH3HpySI 'IHCneHHbJe perne

HHSI1 MOlKHO BH)leTb1 'ITO B036yJKJleHHbJe KaKHM-nH60 o6pa30M C06CTBeHHbl9 

nynbcauHH ny3bipbKa aaTyxaiOT1 ecnH ero paaHyc aocTaTo'IHO aenHK. Ilo Mepe 

yMeHblli9HHSI ny3b!pbKa OTHOCHTenbHaSI ponb BbliipSIMneHHOil: JlHtj>tj>y3HH B03pac

TaeT1 TaK K8K OHa o6ycnoaneaa KpHBH3HOil: noaepXHOCTH ny3blpbKa, nOSTOMy 

B XOJle Konnanca B03HHK8IOT 6narorrpHSITHbie ycnoBHSI JlnSl pa3BHTHSI yCTOft'IHBb!X 

aBTOKOne6aHHH1 aMllnHTyJla KOTOpb!X Mana. 

Ha pHc. 1 cTpenKaMH yKaaaabi 3Ha'leHHSI paaHyca nyahipbKa, npH Ko

TOpbiX llpOHCXOJlHT CaM OB036yJKJl9HHe aBTOKOne6aHHil:. Ha pHC. 7 BHJlH01 'ITO 

rrpH yqeTe Terrno- H Maccoo6MeHa c oKpylKaiOilieA lKHJlKOCTbiO 3Ha'leHHSI co6-

cTBeHHbiX 'laCTOT OTnH'I8IOTCSI OT COOTB9TCTBYIOiliHX 3Ha'leHHH onpeaenS19MbiX 

tj>opMynoil:/6/ 

J 3Poo ~ 
I =-------(n -- ), 0 

2TTR P 
( 20) 

rae n- IIOCTOSIHHaSI, paBHaSI OTHOilieHHIO TennoeMKOCTeil: napa Y= ~ /Cv npH 

8)lHa6aTH'IeCKHX rrynbC8UHSIX ny3b!pbK8 H paaHaSI 1 npH H30TepMH'IeCKHX nynb

caUHSIXo 0TKnoHeHHe TeM 6onbme, 'leM MeHbllie nyabipeK H, cneaoaaTenbHO, 

'leM cyrnecTaeHHee OTHOCHTenbHaSI ponb Tenno- H Maccoo6MeHa 'lepea ero 

noaepXHOCTb no cpaBHeHHIO C 06'beMHbiMH tj>aKTOp8MH. 

B cBH3H c TeM, 'ITO B cnyqae P"" > P. aoa6ylKJlaiOTCSI aaToKone6aHHSI1 

npHBOJlS!lQHe K BbliipS!MneHHOH JlHcpcpy3HH H3 lKHJlKOCTH B ny3bipeK 1 BpeMSI lKH3HH 

TaKoro nyabipbKa yaenH'IHBaeTcH. Bo3HHKaeT aonpoc, ae cyrnecTBYIOT nH 

TaKHe 3Ha'leHHSI TepMOJlHH8MH'IeCKHX napaMeTpOB p 
"" 

H T"", npH KoTopbiX apeMSI 

lKH3HH ny3b!pbK8 CTaHOBHTCSI 6eCKOHe'IHO 6onblliHM H3-3a TOro, 'ITO CTaTH

qeCKaSI H BbnpS!MneHHaSI JlHtl>tl>y3HSI ypaBHOBelliHBaiOT apyr Jlpyra. floaepXHOCT

HOe HaTHJKeaHe a yaenH'IHBaeT aaaneHHe H TeMnepaTypy napa, acneacTBHe 

qero ycHnHaaeTCSI CTaTH'IeCKaSI TennOB8SI JlH#y3HSI1 noSTOMy CTa6HnbHbie 

ny3b!pbKH cneayeT HCK8Tb npeJK)le Bcero B OKpeCTHOCTH KpHTH'IeCKOil: TO'IKH,· 

rae a Mano. 113 npHBeaeHHblX H8 pHC. 8 KpHBbiX Henb3SI 3aKniO'IHTb1 'ITO T8KHe 

nyabipbKH cyrnecTByiOT. EcnH 6bi npH P"" > ~ 6binO B03MO:i<HO cyrnecTaoaa

HHe CT86HnbHbiX ny3blpbKOB, cpeaHHH paaHyC KOTOpb!X R"" >R0 , TO Ha'lanbHbiA 

ny3bipeK JlOnlKeH 6bin 6b! yaenH'IHBaTbCSI B peaynbTaTe BbJIIpSIMneHHOil: )lHtj>

tj>yaHH1 CTpeMSICb K yCTOii:'IHBOMy COCTOSIHH!Oo HanpOTHB, cpaBHHB8SI KpHBb!e 

17 



R,to·t. 

T-=32"K; P. =JJ,J565ap 

10 -----------
....... 

....... 
....... 

....... 

' ....... 
)-.. 

9,5 P..=JJ,J606ap / 

~ 

\ 
\_P..•Ji,l~ 

4L-----~----~----~----~------
2,0 t, 10-J,CIK o 0,5 1,0 t5 

Pnc, 8. YcpeAHeHHaH no co6cTBeHHbiM nynbcauHHM aaBHCHMOCTb paAHyca rry-

3bipbKa OT BpeMeHHo nyHKTHpHble KpHBb!e COOTBeTCTBYIOT peanbHblM 3H8'!eHHHM 

a , crrnolllHbie - HAeanH3HpoBaHHoMy cny'!aro, KOrAa a= 0. 

18 



.. 
R -4 R -5 

)lnSI O - 1•10 CM H 0 = 5•10 CM, BHllHM 1 'ITO 'leM MeHbllle pallHYC ny-

3bipbKa, TeM 6biCTpee OH saxnonhiBaeTcR npH 'i, > f',. HnH TeM 6b!CTpee 

oH pacTeT npu P oo < P. 
flony'leHHbie ll8HHbie He HCKniO'I8IOT CyllleCTBOB8HHSI CTa6HnbHbiX ny3b!pb-

KOB 1 ecnH o6naCTb CT86HnbHOCTH ll0CT8TO'IHO yaKa: 0 < p 
00

- ~ < 0,01 6ap 

HnH HMeeTCSI orpaHH'IeHHe Ha eenH'IHHy I R0-R"" I· llonycKaeT nH ucxollHaSI 

CHCTeMa ypaBHeHHft B npHHUHITe CyllleCTBOBaHHe CTa6HnbHbiX ny3b!pbKOB1 CO

BeplllaiOiliHX 8BTOKone6aHHSI? flpelliTOnO>KHM 1 'ITO TaKHe ny3blpbKH cymecTBy-

JOT, T,e, 

R ( t ) = R "" ( J + 8 sin cu 
0 

t ) , ( 21) 

rlle 8 H cu 0 - aMnnHTylla H qacToTa co6cTBeHHbiX nynbcauuft. Ha 'IHcneHHhiX 

pac'leTOB cne11yeT, 'ITO 8 .<< I. flpH STOM OT)lenbHbie 'lneHbl B ypaBHeHHSIX 

MO>KHO paano>KHTb B pRll no cTeneHSIM Man oro napaMeTpa 8 • P accMoTpHM 

ypaBHeHHSI1 nony'laiOmHeCSI B HyneBOM H nepBOM npH6nH>KeHHSIX, 3aBHCHMOCTb 

p '(t) HllleM B BHlle 

P'(t)=P'[1+81fl(cu t)], 
0 ( 22) 

r11e fi""' - He saBHCRillee oT epeMeHH cpellHee 3Ha'leHHe llaBneHHSI napa B ny-

3bipbKe. Hs ypaBHeHHJ:i ( 3), ( 4) cnellyeT, 'ITO 

r11e 

P' -P =2u/R 
"" "" 

·If! ( cu0 t) = L sin cu
0 

t , 
P' 

u =- (A +2 u I R ) 8 cos (U t /( p R (U ), 
R oo 0 oo 0 

A 
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TioacTasngg (21). (22) H (23) B ypaBHeHHe (5). nonyqaeM 

.( 
ar -
- = 8w0 R B cos w0 t 1 aR 00 ( 27) 

rae rrapaMeTp B He aaBHCHT oT apeMeHH. B ypaaHeHHH TerrnonpoaoaaocTH 

(8) 0 Bbi6Hpag B KS'IeCTBe He38BHCHMbiX nepeMeHHbiX V= ..8_ H T= £Uo t
1 r 

HMeeM 
2 

aT +v(l- avl)Bcosr U=v 4 {3(1-28sinr )l.....LI 
ar av av2 

( 28) 

rJle 

- 2 2 
a = - ( A +2 o I Roo ) I ( p R 

00 
w 

0 
) 1 {3 D 

PerneHHe STOrO ypaBHeHHH ecTeCTBeHHO HCK8Tb TSK*e B BHae pgaa 

T(v 1 rJ=T (v 1 T)+8T (v 1 r). 
0 I ( 29) 

fpaHH'IHbie ycnOBHH T8K*e cneayeT pa3nO*HTb B pHa. TipH 8TOM ypaBHeHHe 

(28) pacrra)laeTCR Ha CHCTeMy JlBYX ypaBHeHHA C COOTBeTCTBy~lliHMH rpaHH'I-

HbiMH ycnOBHRMH 

( 30) 
T

0
(v= 1 1 r)=T'(P') 1 T (v= 0 1 rJ=T 

0 00 

ar, 3 aro rlr . /r 
--+ v (1 - a v ) cos r -- = v 4 {3 [ ..::._:1._ - 2 sm r ~ ] 
ar av a.v2 av2 

a r, (p; 1 
r, ( V= , I r) = A sin r I r, ( V= 0 I r ) = 0. 

JP, 

( 3J.) 

YaoaneTBOpR~mee rpaHH'IHbiM ycnoBHHM aCHMIITOTHqecKoe perneaue ypaaae

HHR (30) HMeeT BHJl 
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T0 ( v, r ) = T "" + [ T ' ( P ') - T "" ] v • 

0TCIO.Q8 cne)lyeT, 'ITO 

aro(v,r) 

av V=l 
T'(P')-T 

Pasnarag neByJO qacTh ypaBHeHRR (27) no cTerreHRM o, 
a r 

0 
( v ,r) 

1 0. 
av V= I 

( 32) 

(33) 

rronyqaeM 

( 34) 

HeTpyJlHO BRJleTb1 'ITO COOTHOIIIeHRSI ( 33) R ·( 34) RCKnl0'18IOT Jlpyr Jlpyra. 

ilefiCTBRTenbH01 R3 COOTHOIIIeHRH (7) R (23) ITOnyqaeM 

T'(P')=T '(P 2a 2a P 
+-=-)=1 (P +-=-·--), 

Roo oo Roo p-p' 
( 35) 

rroaToMy 

T'(P')-T 
00 

JI(Ps) 2a P 
--:-:-.:;__(p -P +--·--)>0. 

Jp 00 s -Roo p -p, ( 36) 

HepaBeHCTBO cneJlyeT R3 ycnoBRR p' > P . 3ToT BhiBOJl He RSMeHRTCR R B RJlea
• 

nR3RpOB8HHOM cnyqae, Korna ITOBepXHOCTHOe H8TSI*eHHe *RilKOCTR C'IRTaeTCSI 

paBHbiM Hyn!O, 

HecoBMeCTRMOCTb paBeHCTB (33) R (34) osHa'IaeT, 'ITO B paMKax naH

Horo ITOJlXOJl8 rrpeJliTOnO*eHRe 0 CyiiieCTBOB8HRR B o6~eMe *RJlKOCTR CT86Rnh

HbiX rry3blpbKOB, rrynhCHpyiOIIIHX Ha C06CTBeHHOH '18CTOTe, He o_rrpaBJl8HO. 

B 38KniO'IeHHe 8BTOpb! 6naronapSIT B.A. )l(yKOBa, r.H. CenHB8HOBa 
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