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Dynamics of Vapor Bubble in Helium and 
Hydrogen Ultrasonic Chambers 

The results are presented of experimental and theore
tical investigations of track formation in a liquid-hydro

gen bubble chamber in the ultrasonic field.Different physi
cal phenomena are considered characterising the dynamics of 
the vapor pockets. 

The dynamics of the nucleating bubble is studied: 
cavitation and diffusion thresholds are determined as well 
as the dependence on the initial phase and surface tensio~ 
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B pe 3ynhTaTe npoae,neHHhiX 3KcnepnMeHTOB · c renue
aoii: /1-2/ u 'Bo.n;opo:rinoii I 3~4( yJihTpaJByK.OBhiMH ny-
3hiphKOBhiMH KaMepaMu· 6hmo noKa3·aHo, l{TO Japo,nhillleBhiH 
ny3hlpCK, HHHUHHpOBaHHhiH Jap.!DKeHHOH YaCTHUCH,:BhipacTa
eT .n:o au.n:nMhiX paJMepoB /= l0-2cM/ B TeYenue 60-
100 nepuo.n:oB ynhTpaJByKoao·ro nonH. . 

B pa6oTax /s--7/ TeopeTHYecKu uccne.n:ominac'h .n:unaMHKa 
napoaoro . ny3hlpbKa B :>KH.!J:KOM ao.n:opo.n:e. TeopeTH';!.eCKHe 
pacYeThi xoporno cornacyiOTCH c 3KcnepnMeHTanh'HhiMH .n:an
HhiMH 0 noae,neHHH ny3h!phKa B 06hP-IHOH IlY.JhlphKOBOH 
KaMepe /B/, qTO KacaeTC,ll ynhTpa3BYKOBhiX KaM'e6, TO 6b!J10 
TIOKa3aHO, YTO B pe3yJihTCi:re BhlllpHMJICHHOH Tenh.OBOH .li:HtP· . . .. . . . .. . .... . .. . ...... l· 

tPY3HH nyJihCHpyiOIUHH B HeneperpeTOH :>KH.li:KOCTI;f ny3hipeK 
l . • ... 

BhlpacTaeT .!J:O acHMTITOTHYCCKOrO pa3Mepa, BeJIHYHHa KOTO· 
poro onpe.n:enHeTCH aMn.iiuTy.n:oi-i ~ . u YacToToi-i f. ynhTpa-
3BYKOBoro' ndnH, a Tai6Ke CTaTHYeCKHM ,naBJieHH'eM B :>KH.!J:· 
KOCTH P

0 
u ee TeMneparypoi-i Too • B nacToHmee 8peMH 

nonyYeHhl KOflHYeCTBCHHhi.e 3KCnepiiMeHTaJihHhie .:,naHHhle 0 . . . , 
pa3Mepax TIY3hlphKa B ~YJihTpa3BYKOBhiX KaMe pax. ' . 

B nepaoii: YaCTH .n:annoro coo6menu.11 o6c'y:>K.n;aiOTCH 
peJyflhTaThl YHCJICHHOrO peUieHHH CtPOpMynupoBa~HOH B pa-
6oTaX /s-7 / CHCTeMhl ypaBHeHHH .!J:Jl.ll HaYaJibHhiX -~ rpaHHY· 
HhiX ycnoBHH, COOTBeTCTBYIOIUHX TCM 3HaYeHHHM ;TepMO.!J:H· 

•• .- • •• •~ •• ,. "· • ' - •• " • '• • Vo'• • -··~ •-"' f~ 

HaMHYCCKH.x., .. H ai_<yCT,HYeC~IfX napat-feTpOB, ~OTOp~Ie peaJIH· 
JOBhiBanuci> · B · ·"3KcnepuM'eiiTax ·· I 1• 3·/o Bo BTopoii: YaCTH 
paccMa Tpuaaer.cH .n:unaMHKa. Japo.n:hlmeaoro: nyJhiphi<a B. 
:>KH.li:KOM ao.nopo.n:e': · "· · 

(", . ~ .... 

•. 
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KaK H B pa6oTaX /s- 7 /, C'-IHTaeTCH, 'ITO CHCTeMa 

ny3blpeK-)KH,!l;KOCTL 06Jia,!J;aeT c¢epnqecKOH · CHMMeTpHeH, 

nap. B ny3LipLKe O,!J;HOpO,!l;Hhlll H HaXO,!J;HTCH B TepMO,!l;HHaMH-. . . 
'IeCKOM. paBHOBeCHH C noBepXHOCTHpiM CJIOeM )KH,!l;KOCTH. 

IIpe,!J;nono)KeHne o6 O.D:HOPO.D:HOCTH napa oJrraqaeT, 'ITO ero 

napaMeTphl 3aBHCHT TOJILKO OT BpeMeHH H He jaBHCHT OT 

npocTpaHCTBeHHLIX KOOp,!l;HHa T. 

R,cM 

to-2 

10-J 

10-4 

10-s 

10-6 

·,. ----
K3tptp= 101< __ _ -------

e au;ptp _,....;, __________ , ______________ ..;._.._, __ _ 

a· 10 20 30. 

T..=27"K , · 

A=4,655op 
Ps.=4-,805op 
,q "(,5/iap 
f =JOxr44 

40 ... 50. t,nepu~bl 

Puc. 1. 3aBHCHMOCTL cpe.D:rrero ·pa,!l;nyca rryJLIPLKa OT Bpe
Merrrr B )KH,!J;KOBO.D:OPO.D:Hoil ynLTpaJBYKOBoil rryJLipLKOBo.H: 
KaMepe • 
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··.• Ha puc. 1 H 2 crinomHLIMH JIHHHHMn rrarrecerrLI Teop~TH
qecKne JaB~CHMOCTH. OT •: BpeMeHH cpe,!l;Hero 3a. nepHO,!J; 

pa,!J;Hyca IIY3blpLKa B BO,!l;Opo,!l;e Jl reJIHH,··a TaK)Ke ·npHBe,!J;eHO 

3KcnepnMeHTan~rroe Jrraqerrne ero paJMepa, nonyqerrrroe 

B ' YJILTpa3BYKOBOH KaMepe no HCTe'IeHHH _,.,; 60 ~HKJIOB. 
· llMeeTCH HeCKOJILKO npH'IHH paCXO)K,!J;eHHH :Me)K,!J;y TeOpH-

r--eH: .H "3KCIIepHMeHTOM. ' . -. 

. Bo-_rrepBLIX, TeopeTH'IeCKH_e KPHBLie ·OTHOCHTCH, K _oT_-. 

)J;eJIIiHOMy HY3LipLKy, :B. TO BpeMH. KaK 3KCrrepHMeHTaJILHLie 
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~BpeMerrn,B:,re,rrne.BPH Y.ll.b·TPa.JByKoBoll. nyJ_LIQLKpBo~.J<aMepe. 

• . . . . .· . • . . . ---,1 ' • . . " ·• . . ~ .. • .: 

~ 



,Il.aHHhie . MoryT COOTBeTCTBOBa Th .. pa3Mepy rpynnhi 6nH3KO 
pacnono:ace.HHh;X ny3h;phKOB, BO'JHHKIIIHX· B pe3ynbTaTe ,Il.p06~ 
neH:nn· ncxo.IJ.noro nyJhiphKa B npouecce · ero nynhcauH:H: 
B ynhTpaJBYKOBOM none. 

'. Bo-·an)phix, · · .IJ.aHnoe .. . onncanne .IJ.HHaMHKH; ny-
3hiphKOB 'cnpaBe,Il.nHBO .IJ.O TeX nop, noKa nap B ny3hipbKe 
MO:>KHO C'IHTaTh O,Il.HOpO,Il.HhiM, a 3TO,B 'CBOIO O'lepe,I1.~,3aBH
CIIT· PT xapaKTepa TennoBhiX npoueccoa B nape .. KaK UJ
aecTHo, MexaHHJMaMH nepe.IJ.a'IH Tenna B chnoiiiHOH cpe.IJ.e 
aa~HIOTCH TennonpoBO.IJ.HOCTh n KonaeKUHH. Ecnn anyTpd 
ny3biphKa liMeeT MeCTO TOnh'icO TennonpOBO,Il.HOCTh, To·npe,Il.
nono:>KeHHe 06 O,Il.HOpO,Il.HOCTH • napa cnpaBe,Il.nHBO, KOr,Il.a 
BhiiiOnHHeTCH COOTHOIIIeHHe 

R ~\j2D'r = lllH~ /1/ 

r.IJ.e R - pa.IJ.nyc nyJhlphKa;·l - .IJ.H!lJ$yJnonna£ .IJ.mma, 
D 

. ._ ... Jlumm. 
1 

. 
'.- Tel\mepaTyponpOBO.IJ.HOCTh ififpa, f.· BpeM.H, B Te'ICHHC 

KOTOporo npoHCXO.IJ.HT cymeCTBeHHOe H3MeHeHH~ TCMnepa-
.. T.YPhi B nyJhipbKe, paanoe no nopH.IJ.KY aemit{HHhi nepno.uy 

ynbTpaJByKoaoro nona. Ecnn no Mepe pocTa nyJbipbKa· 
.D ,Il.OnOnHCHH~ i TennonpOBO,Il.~OCTH B03HHKaeT KOHBCKUHH, 
K~Topa~: cnoco6CTBYCT YM~HhiiiCHHIO HCO.IJ.~OpO,Il.HOCTefi, TO 

. . . . 
nOHBnHeTCH B03MO:>KHOCTh paCCMaTpHBaTb B paMKaX 3TOrO 
no.IJ.xo.IJ.a 6onee· :Kpynnhie o.ziiiopo.IJ.Hhie nyJhiphKn, ''-I eM Te, 
KoTop.hre onpe.IJ.enHIOTca cooTnoiiienneM /1/. TeopeTn'lecKasi 
OUeHKa ponH KOHBCKUHH nyJb!pbKa JaTpy.IJ.HHTCnbHa. KoCBCH· 

· HbiC )'Ka3aHHH Ha 3TOT C'leT MO~HO nony'IHTh H3 _cpaBHCHH.H 
TCOpCTH'ICCKHX H 3KC,nepJ!MeHTaHbHbiX ,Il.aHHhiX 0 nOBC,Il.eHHH 
n)'3blphKOB B 'ynhTpa3BYKOBOM none, TaK KaK. pa3MCphl 
Ha6nro.IJ.aeMLrx s. yn-bipaJayKoBhix . KaMepax nyJhiphKoa 
/10-2cM/ 3aBe.IJ.OMO npeBhiWaiOT .IJ.HlPlPY3HOHHYIO .IJ.nHHY B na
p(moii 4ia3e. 0.IJ.Hoi nJ HHTepnpeTauni nMeromeroca pac
XO)K.IJ.eHna TeOpHH H 3KCnepHMCHTa Mo>KeT. 6b!Th npe':£i~onO)Ke· 
HHe 0 TOM, 'ITO KOHBCKUHH He npHBO,Il.HT K cyUJ,eCTBeHHOMY 
yaenH'IeHHIO CKOpOCTH Tennoo6Mena BHYTPH 6onhiiiOro ny· 
3hlphKa. Tio~TOMY ~pH pac~MOTpeHHH .IJ.HHaMkKH 6onbiiiHX 
n)'3hlphKOR B. ynhTpa3BYKOBOM none cne,Il.yeT .)''IHThiBaTh 
HeO,Il.HOpO):UIOCTh napa BnyJhiphKe.·. . '-

B·TpeThHX, :BoKpyr nynLcnpyiomero · no.n .IJ.eiicTsneM 
ynhTpa3B)'I<a n)'3blpbKa MoryT 'B03HHKa1'h MHKJ)onOTOKH )KH,rt· 

. ' - - . . . ' ) . . - ·.- ..._ ~ - -~ 
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KOCTH /9/.KoTOPhie .IJ.On:>KHhi cyruecTaenn~ ycnniiTh BhmpkM:: 
neH:nyro r~nno~yro .IJ.n$$yJnro, npnao.IJ.amyro K pbcTy riap.osoro 
nyJhiPhKa. TeopeTn'lecKoe paccMoTpenue He y'IHThiBaeT 
,Il.eRCTBHH MHKpOnOTOKOB. 

MnKponoTo.Kii_··npuso.naT K. 3$~eKTnanol\fy .· yaenuqeJiuro~ 
Tennonepe,Il.a'IH u' :>KH,Il.KOCTU ,npHMepHO B ,Il.eCHTh pa3 ;'9/. 
Cne,Il._GTBHeM HeO,Il.HOpO,Il.HOCTU napa HBnHeTCH TO, 'ITO· B 
TeniJ:o ~. H MaCC006MeHe C OKp)')KaiOIUCH )KH.IJ.KOCThiO yqacTBy
ef TOHhKO Ta 'laCTh_ 09'beMa napa, KOTOpaH· COCTaBnHeT 

J JlHlPtP . . - 1 • - 2 
OT acero o6'beMa aenn'lnny _ R · . ""/10 7 10 · ·f. 

Ponb .o6onx 3Tnx ¢aKTopoa M~:>Ke.T 6~ITh. oueHeHa nyieM. 
3aMeHbi K03cPcPHUHeHTa TennonpO,BO,Il.HOCTH ~II.Il.KQCTH 'K ·Ha 
aenuqnny Ks¢¢ = /10 + -100/K. H~ pn_c. ·I H 2 ~ooTBeT
CTBYIOIUite KPHBhiC npoae.IJ.eHhi nyiiK.Tnpo~L · J1J xapaKTepa 
KPHBhiX BH.IJ.Ho, 'ITo y_KaJaiman .. rpy6aa ouetma .noJsonatn. 
onuc~Th HMCIOIUHCC11 3KcnepHM.eHTanhHhiC )l.aHHhie. J13 :noro
cne.IJ.yeT, 'ITO .HCO.IJ.HOpO.IJ.HOCTh nyJh~pbKa II ·nanH'IIIC MIIKpo· 
nOTOKOB B )I(H,Il.~OCTII OKa3hiBaiOT C)'IUCCT!JCHHQC BnH11HH~ 

Ha,,Il.HHaMHKY aCHMIITOTH'IeCKHX QapOBhiX ·IIY3hiphKOB H ,Il.Onm-· 
•Hhi 6hiTh paccMoTpeHhi 6onee nocne.IJ.o8aTenhno. · 
• O:Umi.Ko .IJ.nn _· 6onec TotJnoro BhiHcHennn ponn MHKpo~ 
noTOKOB .. H ·Heoi~op~.IJ.HOCTH.~IIY3hlphKa. Heo6XO.IJ.HMa, .6onee 
nonna.H 3KCIIepnMeHTanhHa1! HH$OpMaUUH 0 pOCTC. nY?.hlph.Ka 
oT Japo.IJ.hiiiieaoro .IJ.O acnMnToTnqecKoro p~JMepoB ... 

·;,.- " 

II 

B p'a6oTax /.s. 6/ 6Lmo noKaJano, 'ITo· pa.IJ.nyc nyJbipbKa 
yseim4nsaeTcn npn _nynhcaunnx !J peJynhTaTe_ .IJ.eii:cTBH.H 
BhiiipHMneHHOH .Tennoaofi .IJ.HcPcPY3HH.: 0.IJ.HaKO CYIUCCTBye;r 
noporosoe JHatJeHue aMnnHTY.IJ.hi . -1-?JlHcPlP ,Tai<oe, 'ITO ,npu_ 
p l . < p JlHtP4l- Bhiiip11MneHHOH .. .Il.HcPcPY3HH . HC,Il.OCTaTOlJHO H . 
)IatJanhHhii nyJhipeK . JaxnonhmaeTc.H. · Ilpn aMnnnT'y.IJ.ax 
,pl > p Kas.' , r ,Il.e P KaB • . KaB~TaUHOHHhiH nopor, nynhC~~HH', 
ny-JhiPhKa liMe lOT HaCTOnhKo 6onhiiiYIO · aMnnnTy.ziy, 'ITO. OH ·· 
JaxnOIII)IBaeTCH .· B ¢a3e . C)KaTHH H3-.3a nosepXH()CTHOrO 
HaTH)KeHHH~ .. t"'" • 
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YJihTpaJBYKOBaH nyJhiphKOBaH KaMepa npnnu;nnnanhHo · 
o~ymecranMa nHIIIh a T<?M cnyqa·e, I<or~a P~ncptlJ <P R:aa ~nH 
acero ~HanaJona pa~nycoa ·nyJhiphKa· or Japo~hiiiieaoro .no· 
BH~HMO:to pa3Mepa . .l(JIH cny'IaH )KH~Koro :Bo~opo~a IT =27.0[(; 
p = s,o 6ap, R(O) = 2xlo-6 cMIP~ii:!p¢ 'n PK-a:B"" 6hl.rin 
q~cminiio paCC'IHTaHhl · ~jiH qaCTOT. OT 30 ~o :· 400 . Kru;. 
BeJIH'IHHhl ~ilcpciJyJHOHHOro 'n KaBHTaiJ;HOHHOro nop'c}roa no~ 
CTOHHHLI: p JiiJ:cpcp ::: ·1 ,8 6ap, PK~u~' ·•::::~4~4 Gap._ 0TCYT?TBHe 
JaBHCHMOCTH OT · 'I8CTOThl ·MO)KHO 06'bHCHHTh TeM; 'ITO 
co6ctae:HnaH qacrora nyn:bcau;nii Japo,tihirneaoro nyJhiphKa 
HaXO~HTCH ~aJieKO .3a npe~eJiaMH HCCJie~yeMOrO ~HanaJOHa. 
rrp·n P ~Hcpcp < P1: < PKaa Japo~hmienhlii ny3hipet< Bhlpacra~ 
er annOTh .rto acnMnTOTH'IecKHx paJMepoa, r.e. ~JIH R > 
>2xl0 -6 eM· Hnrepaan -~onycniMhiX JHaqen:Hii P 1' Mo)f(eT 
TOJihKO YB.ehH'IHThCH. :. .-·- - .. -. 

B "ornnqne or o6hi'IHhiX ·nyJhlphKOBhiX KaMep; · r~e 
qyac·ranrenhliocr6 :K 'noHH3Hpyro~eMy HJnyqeimio ~'ocrnra
e'rcH ao aceM o6neMe o~no'apeMeimo, :B · ynhipa3ay:Koaoii 

A' ~· ' 

R,c~tt' 

1-io~-

HO-.s 

~ : 

T- "'24.6°K 
·Po •3.'t5ap 

P.~2.56ap 

F -=J00Kr"· ... 
:! .': 

2 ,~-& I' -' . ' . . . : . ' \ . ·. .· . ·,u_-: · . _ _ · _ · · ~ · , · · · · · ~''I 
0 .. J 

; .l "_: ' ... !_, : .. .•• _,., f , t, · ne~JiiotJbi 
Pno;. 3. · 3aa:HcnMocTh' pa~liyca Japo.z:thiiiieaoro:..ny3hiJ)Lidi·or• 
ape Me~~ npn paJJIH'IHhiX !jlaJax yJihTpaJByKoaoro > non.SI;' 
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KaMepe )KH~KOCTh 'IYBCTBHTeJibHa B TeX yqaCTKax; KOTOpbie 
xapaKTepH3Y_!OT~H onpe~eneifHhiMH 3Ha'IeHHHMH !jlaJhl 
ynhTpaJBYKOBOH BOJIHh!, no:no:My B yJihTpa3BYKOBhiX KaMe
pax ·rpeKH npephiBHCThi. IIpe~craanHeT nirrepec·paccMorp'~rh· 
noae·~e}me Japo~hiiiieBhiX ny3hiphKOB , · o6paJOBaHHhiX ~ITJJH 
p'aJJIH'IHhiX Ha'IaJihHhiX !jlaJaX. . ··. . .. 

· Ha pnc. '3 npe~craanena JaaHCHMOCTh pa~nyca Japo~hl-
• .- -1 • 

IIIeBoro nyJhiphKa .. OT BpeMeHH npH pa3JIH'IHhiX Ha'IaJihHhiX 
!jlaJax yn.hrpaJayKoaoro nonH IT""= 24,6 6K~ P = 3,4 6ap, 

• . 0 . 
P

1
;:;, 2,6 6ap, _ f = 300 Kru;l. Bn~no, 'ITO ~onycTHMhiH 

JJ;HanaJon.!jlaJ cocraanHer· 0,8 ;:- 2,0 pa~. 'ITO cornacyercH 
C BeJIH'IHHOH Tpe.KOB, Ha6mo~aeMhiX B · 3KCllepHMeHTe /3/. 
Bn~nq raK)f(e, 'ITO npn 6naronpHHTHhiX JHa'IeHHHx !jl·a3I;I 
Japo~hiiiieBhiii nyJhipeK a Manyro ~onro nepuo~a Bhipacraer ,l 
~o paJMepoa 10:-4 eM H npn nocne~yrow:nx nynhcall:HHX 
~e craHOBHTCH MeHhiiie ::lioii aeJIH'IHHhi. Uo3T01iy onpe
~eneHHhie · BLIIIIe JHa'IeHHH _ PJ<:aB H .. P~ncpcp JaancJIT !jlaKrn- · 
qecKn- or noae~eHH.SI nyJhipi,'Koa pa,rvxyca R =:10-4 eM, xo'r:H 
-::mrepaan 6naronpHHTHhiX _ !jla3 ~JIH IJ:HX .6y~eT ~pyrHM. 

Ecrecraenno mK:n~a-Th, 'ITO noae~enne Japo~hiiiieaoro . 
rryJhiPhKa cyw:ecraeHHhiM . o6pa30M; .JaBHCHT or noaepx- · 
HOCTHOrO H8TH)f(eHHH.· qT06hi BhiHCHHTh pOJih nocJie~nero, 
yMeCTHO pacCMOTpeTh 3BOJIIOUHIO JapOJJ;hiiiia B neperpe
roil: )f(H.I(KOCTH 6e 3 ycJIO)f(HHrou~ero BJIHHHHJI ynhTpaJByKoaoro 
nomL Ha · pnc. 4 npe~cTaanenht · JaancnMocrn -' pa~Iiyca 

. nyJhlpbKa or _ _ape:Menn' rrpH ,R (O} = 2xl0-6 eM, P0 = 0,8 ,6ap, 
·T 

00 
= ·24~6°K, npH'IeM nyHKTHpnaH. KpHaa·H,. COOTBeTCT,ByeT 

cnyqaro u. = 0. Bn~uo, 'ITO no Mepe poe-fa nyJhiphKa o6e 
KPHBble 'npH6JIH)f(alOTCH K O~HOH H TOH me aCHMnTOTe' 
onpe~ena:row:eii noae~enne nyJhiphKa a -cooraercTBHH c··!jlop'" 
Mynoii R "'yr-.: Cyi.Qecrayroi.Qne 3KcnepnMenranhHhie ~an-· 
Hhle I 10/ no~raep)f(~aror 3-ty JaancHMOC;Th ~n11 · R > 
~- Sxlo- 3 CM. Ilpn Ma.J:IhiX pa.ri,nycl:l,X nyJhlp.hKa'.BnH:11HHe 
noaepXHOCTHhiX 'IJieHOB npHBO~HT K yMeHbiiieHHIO 3!jl!jleKTHB:-
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