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Summary 

heoretical considerations of the dynamics of the vapour bubble 

iquid upon the ultrasonic field is given. The following assum­

are made: a bubble is spherical and homogeneous; vapour is 

rmodynamical equilibrium with the surface layer of the liquid; 

should be incompressible and isotropic •. The system of aqua­

takes into account heat and mass exchenge between a bubble and 

quid.The state equation contains the second and third virial 

cients. The numerical solutions of the system of equations are 

for the case of liquid hfdrogen.Since the solutions are stu-

n the asymptotical region where the size of the bubble is 

initial bubble is taken equal 5•10-4cm, and the surface 

is neglected. The properties of solutions are discussed with 

ious values of thermodynamical and acoustical parameters 

to the working conditions of the &lt»aaonic bubble 

the ultrasound is switohed on, the initial bubble be­

rowing and after the finite number of pulsations dynamical 

brium is established and the average radius becomes constant. 

chanism of the bubble growth is rectified he&t .dif'!ua.ion.B7 · 

into account the property of real gas one obtaines ·a larger 

compared to that of an ideal gas. It is shown that the ~uali­

behaviour of small and big bubbles has the peculiarity due 

presence of the surface and volume terms in the equations. 

peculiarities and the sign of vapour specific heat conducti­

ong the phase equilibrium curve are of importance when the 

cal equilibrium pulsations of the bubble are established. 

frequen~ pulsations greatly affect the bubble be-
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BseneHne 

8 HBCTDHWOO BpOMH npeanpHHHMBIDTCH nonhlTKH CD3A8HHH ynbTpa­
/ 1,2/ 

asyxoBbiX nyabrpbKDBbiX xaMep ( Y3nK) • B CBHan c sTnM TeopeTnqec-

KH paCCM8TpHB80TCH BflHHHHe ynbTpaaByKDBDl'O nonH Ha AHHBMHKy napOBDl'D 
/3,4/ /3,4/ 

nyahlpbKa B •nnxoM sonopone • B naHHDA pa6oTe B oTnnqne DT 

nap He C'IHTaeTCH HaeanbHbiM ra3DM 0 BCneaCTBHe qero H3MeHHeTCH CHCTeMa 

ypasuennif, onHCbiBaiDmnx noseneHne nyaLipbKa. Kax H cnenoBano o•nnaTb, 

IW'ieCTBeliHOe OnHCBHHe noBeneHHH onHHO'iHOrO napOBOI'D ny3blpbKa B •nnKD­

CTH non neAcrsneM ynbTpaasyxosoro nonH He naMeHnnocb: no-npe•HeMy 

MeX11HH3MOM pOCTa ny3b!pbKa HBnHeTCH Bb!ITpHMneHHaH TennOB8H nmjJ(jJyaHHo 

Y'ieT CBOHCTB peanbHOrO raaa npHBOnHT K TOMy, 'iTO nyabipeK BbipaCTaeT 

no cymecTBOHHO 6onbrunx paaMepoB. PeaynbTaToM sToro HBnHeTcH noMn­

nnpyiDmaH ponb o6bOMHhlX ~aKTOpOB npH yCT8HOBnOHHH nnHaMH'iOCKH paBHO­

BeCHhlX nynbcaunA nyahlpbxa. 

¢opMynnposxa aanaqn 

/3/ 
Kax n B pa6oTe , orpaHH'iHMCH paccMoTpenneM c~epnqecxoro 

napoBoro nyaLrpbKa, coBepwaiDmero pannanbHbie nynbcaunn non neAcTBHeM 

cnnyconnanbHoro ynbTpaasyxosoro nonH B nec•n•aeMoA •nnxocrn. TeMrre-

parypnoe none BoKpyr nyahipbKa rrpennonaraeTCH naorponHhiM, a caM 

nyabipeK - OAHOpOAHhiM. AMnnHTynhi H qacTOTbl nynbcaunA ITy3blpbKa or-
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paanqeHhl cneayiDllillM ycnoBHeM KBa3HpaBHOBeCHOCTH npouecca HCnapeHHH 

(KoHaeHC8UHH) 

M<417R
2 aP'V-

(I) 

V217R T' 
rae ~ -rpaMMoneKynRpHwfi Bee, 

8 

rae M - cKopoCTb H3MeHeHHR Maccw nyawpbKa, R a - yanBepcanb-

HaR raaoBaR nocTORHHaR, R -paanyc nya blpbKa, P' n T' - aasneane 

H TeMnepaTypa napa B HeM, a - K03cp4>HUHeHT aKKOMOaaUHH, 

B aaHHOH paooTe paccMaTpHBaiDTCR aocTaToqao oonbwne nyaL~pbKII, 

anR onncaHHR noseaeHHR KOTopwx aecymecTBeHHw qneaw, ooycnosneHawe 

noBepXHOCTHWM HaTR.eHHeM, 

Ycnosne KBaanpaBHosecaocTn (1) oaHaqaeT, qTo nap B nyawpbKe 

HaxoaHTCR B TepMoaHHaMHqeCKOM paBHOBeCHH C nOBBpXHOCTHbiM CJIOBM 

•naKOCTH 

P' ( t ) = P ( R, t ) , T'(t)=T(R,t), ( 2) 

rae P(R,t) n T(R,t )- aasneHne n TeMnepaTypa B •naKoCTH Ha nosepxaocTH 

n;y3blpbK8 B MOMBHT BpeMeHH 

YpaBHBHHR, onpeaeJIRID.wHe noseaeHHe ny3FpbK8 0 cneayiDT H3 3aKOHOB 

COXpBHBHHR HMnynbca, M8CChl H 3HBprHH, YpaBHBHHB HenpepWBHOCTH B He-

C~HMBBMOH •naKOCTH 

2 • 2 
r r=URR (3) 

n03BOJIRBT npoHHTerpHpOB8Tb ypaBHeHHe 8finepa no npoCTp8HCTBeHHOH ne­

peMeHHOH, B peaynbTaTe nonyqaeM: 

• I 2 P' P 
RUR + 2 u RR- -- u = __ -_:__g_ 

2 R p 
(4) 

4 

' 

1
)·, 

', <' 

\\ \ 

·~:J 

rae r - KOOpanHaTa ToqKH B •HaKOCTH 0 r H UR-

B ToqKaX r II R COOTBeTCTBeHHO ( lJ R '= Jim ~ ) 
r-+ R . 

P - aasneane B ~HaKoCTH Ha t5ec~oae~ 
00 

ri<HJlKOCTH, 

3blpbKa p 
00 

P 
0 

- P 
1 

Sin ( 2 rr f t ) 3aecb P 

neane, P
1 

n f - aMrrnnTyaa H qacToTa ynhTpaasyK 

Ypasaeane (4) nepexonnT B nasecTHoe ypaBHI 

rliliTb U R" R . B o6meM cnyqae U R II R CBR3aHb 

AYIDllillM H3 ycnOBHR COXpaHeHHH MaCChl UpH HCnapel 

nosepxHOCTII rryawphKa 

R lJR+ 
M 

417 R 
2
P 

YpaBHBHHH (4) II (5) onpeaenHIDT R(t), ecn 

neHHB napa onpeaenHBTCH H3 3aKOHa COXpaHeHHH 3H 

MOll CHCTBMe 

dE v + dE L = ~ 4 17 R 
2 

p 'UR d t ' 

rne npnpawBHHR BHyTpBHHHX 3HBpri1li napa H •IIAKO 

paBHbi: 

dE 
v 

aE v 
( d M + ( --- ) d p '+ c VM d T' 

v ap' M,T' 

2 

dEL=-fLdM-417R k 
aT 
aR 

d t • 

3necb f v H f L - ynenbHbie BHyTpBHHHe 3He 

p H C v - ITJIOTHOCTb napa H ero yaeJibHaR TBIIJ 

HOM OObBMe, k - K09cpcpHUHeHT TerrnorrpOPOai!OCTH 

TeMIIBpaTypw B ~HAKO~TII y noBepXHOCTH IIy3WpbK8 
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!URM yCnOBReM KB83Rp8BHOBeCHOCTR npouecca RcnapeHRH 

a P'v • 2 
M < 477 R (I) 

y277R T' 
.KynSipHbill Bee, B 

CTb HaMeHeHRSI MaCCbi nyabipbKa, R 8 - yanaepcanb­

TOSIHHaSI, R -pannyc nya bipbKa, P' n T' - naanea.He 

apa B HeM, a - K09cpcpRUReHT aKKOMOilaURR, 

a6oTe paCCMaTpRBaiOTCS! llOCTaTO'IHO 6onbiURe nyaLrpbKif, 

BeneHRS! KOTOphlX HecymecTBeHHhl qneaw, o6ycnoaneHHhle 

aTSI)!{eH.HeM, 

a3HpaBHOBeCHOCT.H ( 1) 03HaqaeT, 'ITO nap B ny3bipbKe 

MOilRHaMR'!eCKOM paBHOBeCRR C nOBBpXHOCTHbiM cnoeM 

P(R,t), T'(t)= T(R, t ), ( 2) 

naBneHHe H TeMnepaTypa B )!{RilKOCTH Ha ITOBepXHOCTH 

HT BpeMeHH 

onpenenSiro.mne noaeneHne nyaFpbKa, cnenyroT na aaKOHOB 

hca, MaCCbi n sHeprnn, YpaBHeHne aenpepbiBHOCTH B He­

ocTn 

2 • 2 
r r=URR (3) 

erpnpoBaTb ypaBHeHHe 3unepa ITO DpOCTp8HCTBeHHOll ne­

nhTaTe nonyqaeM: 

. l 2 
+2URR---U 

2 R 

~ 

~_!_a_ 
p 

(4) 

4 

·~ 

.li 

:;f 
I! 

!'I 

1
:1 

' ;, 
,, ' 
\ 
,;:)\!;, 

rne r - KOOp/liiHaTa TO'IKII B )!{RilKOCTH, r II U R CKOpOCTH )!{llllKOCTH 

B TO'!KaX H R COOTBBTCTBeHHO ( U R : Jim r ) 1 p - ITnOTHOCTb 
r--> R 

)l<llJlKOCTH 0 poo_ /lBBnBHHe B )!{11/lKOCTH Ha 6eC~OHe'!HOM ynaneHHR OT rry-

p 
00 3necb p O - CTaTH'IBCKOe naB-P 0 - P I Sin ( 2 r. f t ) 3bipbKa 

neHne, PI 11 1 - aMnnnTyna n qacToTa ynhTpaaayKoBoro rronSI, 

YpaBHBHIIe (4) nepexonnT B naaecTHoe ypaBHeHne PeneSI, ecnn rrono-

)IiliTh ll R = R . B o6uJeM cnyqae U R n R CBSI3aHbi COOTHOll!BHHeM, cne-

llYIO!UHM R3 ycnOBHS! COXpaHeHHH MaCChl ITpR HCnapeHHH H KOH/leHCaUHH Ha 

noaepxHoCTH rryaNpbKa 

M 
R UR+ ( 5) 4 "R 

2
p 

YpaBHBHHSI (4) n (5) orrpenenSIIOT R (t), ecnn naaecTHa P '( t ) • Jlaa-

neHHe napa orrpenenHeTcSI na aaKoHa coxpaHeHHSI sHeprnn B paccMaTpnaae-

MOil CRCTeMe 

dEv+ dEL= -4 77R
2
P'URdt, ( 6) 

rne npnpameHHS! BHyTpBHHHX 9Heprnil napa H )!{llllKOCTH COOTBBTCTBBHHO 

paBHbi: 

aE v 
f dM + (---) dp'+ cvMdT', 

v ap' M,T' ' 
dE 

v 

2 
dEL=-fLdM-477R k 

aT 
aR 

d I. 

( 7) 

( 8) 

3necb f v H f L - ynenhHbiB BHyTpeHHHe 9Heprnn napa H )KllllKOCTR, 

p R c 
v - nnoTHOCTh napa H ero YllBnbHaSI TennOBMKOCTh DpH ITOCTOS!H-

HOM 06beMe, aT k - K09cpcpHUHeHT TBDJ!ODpOPDilllOCTH )!{HilKOCTR, aR - rpa/lHBHT 

TeMnepaTypw B )!{RilKO~Tn y noaepxHOCTR rryawp&Ka, Y'!HTwBaSI 
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L-P'( _!,..- _l ) 
p p 

( 9) fv-fL= 

rne L- TerrnoTa rrapoo6paaoBaHHH 1 ypaBHeHHe coxpaaeHHH saeprHH (6) 

MO*HO rrepeiiHC8Tb B BHAe 

L d M + Cg p' d T '= h R 
2 

k .!..! aR 
( 10) 

rne c 
8

- TerrnoeMKOCTb napa anonh KpHBot! ljlaaoaoro paBHoBeCHH, paBHaH 

cs=c +T'( dP' d(-
1
-) 

v ~)p' p' 
dP' 

( 11) 

TepMOAHHBMHqecKHe aenHqHHhl P' T' H p ' cagaaHw npyr c npyroM 

ypaBHeHHeM COCTOHHHH 

P' = R T '_P_'_ l 1 + B ~ + C ( ~ ) 2 
] , 

B 11 11 11 
( 12) 

rne 11 - rpaMMoneKynHpHbiii Bee, B H C - BHpHanbHbie KosljlljlHUHeHThi 1 

/5/ 
HBnHIOIUHecg H3BeCTHhiMH ljlyHKUHHMH TeMrrepaTyphi • B rrpH6nH*eHHH Hne-

anhaoro raaa B = C = 0 . 

l1a Bbipa*eHHH ( 10) cnenyeT ypaB.HeHHe, orrpenenHIOIUee naaneHHe napa 

B rryabipbKe 

dP' 

d t 

3 

R 

rne npoH3BOAHbie ~ 
dP' 

paBHOBeCHH. 

' . 
aT -p' LR kaR 

L...J!L._ + cs P 
dP' 

dT' 
dP' 

( 13) 

H 
dT' 
dP' 

BblqHCnHIOTCH BAOnb KpHBOit ljla30BOrO 
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1.fTo6hi BbJqncnHTb rpanHeHT TeMnepaTypbi a l 

ny3b!pbK8 0 H806XOAHMO paCCMOTpeTb ypaBHeHHe Ten 

KOCTH 

aT R -UR 11
3 aT 

--+11---- -- = 
at R a11 

a 2 T D 

H2 
II 4 

a 11 2 

rne D- TeMnepaTyponpoaonHoCTb *HAKOCTH, V= -

KOOpAHH8T8 ToqKH B *HAKOCTH. npH BhlBOAe (14) F 

( 3). 

CoaoKyrraocTb ypaBHeHHii ( 4), ( 5), ( 13), ( 14 

qy o rroaeaeHHH napoaoro nyabipbKa B ynbTpaaByKo 

1i rpaHHqHbie ycnOBHH Bbi6HpaiOTCH cnenyiOIUHM o6p, 

P(O) = P
0

, T(r= "", t )= T (v= 0, d= T"",aaqanbHaH c: 

aoe pacrrpeneneHHe TeMrrepaTypbi B *HAKOCTH T(ll, t 
161 

cornacao , B npeanono*eHHH, qTo •rrpH t < 0 ym 

cyTcTByeT. TepMonnHaMHqecKHe aenHqHHhi L , k 

HarecTHbiMH ljlyHKUHHMH BAOnb KpHBOH ljlaaOBDrO pa 
/3/ 

KaK H B pa6oTe , aaaaqa pewaeTCH qHcneH 

neHbi aaBHCHMOCTHMH R(t), M(t) HnH R(t), raE 

H8HHe no BpeMeHH 33 nepHOA ynbTp83ByKOBOrO n01 

06cymneaHe peaynhTaToB 

YpaBHeHHH, onHcwBaiOIUHe rroaeaeHHe nyawph~ 
/3/ 

CTBYIOIUHe ypaBH8HHH H3 pa60Thl , ecnH nonO*HT 

B=C=O • 3aMeHa ypaBHeHHH (4) aa ypaaaeaHe F 

MBnhlM H3MeHeHHHM peaynhTBTOB B paCCMOTpeHHOI 

24 4 28°K. BnHHHHe CBOHCTB napa HB ITOBeneHHe r. 

TenbHee, KBK BHAHO H3 pHC. 1, rne npHBeneHbl 38E 

7 



Ev- EL= L-P'( _I ___ I_) 
p' p ' ( 9) 

OTB rrapoo6pa30B8HHH 1 ypaBHeHHe COXpaHeHHH 9HeprHH (6) 

8Th B BH/le 

L d M + c8 p ' d T '= 4 " R 
2 

k aT 
aR ( 10) 

eMKOCTb napa BJlDnb KpHBOH ~83DBOrO p8BHDBeCHSI
1 

paBH8H 

s c + 
v 

T'( dP' 
~)p' 

I d (--) 
p' 

dP' 

CKHe senH'iHHhl P' T' H p 

R T'~ll+ B~+C(~) 2 ], 
B f! f! f! 

( 11) 

CBH3aHw apyr c apyroM 

( 12) 

oneKynHpHbiH Bee, 0 H C - BHpHanbHbie K09~~HUHeHTbi 1 
/5/ 

IBeCTHhiMH ~YHKUHHMH TeMrrepaTyphi , B npH6nmKeHHH Hae-

= c = 0. 

eHHH ( 10) cneayeT ypas.HeHHe, orrpeaenmomee aasneHHe napa 

3 

R 

k aT .• 
--aR" -p' LR 

L....!!L + cs P 
dP' 

dT' 
dP' 

( 13) 

d ' dT' 
e __i!__ H - Bbi'iHCnHJOTCSI BJlOnb KpHBOH ~83DBDro 

dP' dP' 

6 

-

.ij., 
/·~· . ' 

~\t~r 
·~i~i 

·.~:t.~~ \r : 
:·I~,. 

';',~;"· .. · '_) ,. 
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il'_i 
~11''· 
\ \ 

.·' 't ··.·i .. ·. 
:~ l 

\ ,'~ I, 

1,, 

.. ,···/_·. 
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. 

:I: 
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4T06hl Bhl'iHCnHTb rpaaHeHT TeMnepaTypw B *HilKOCTH y nosepXHDCTH 

ny3hlpbK8 1 Heo6XO/lHMO paCCMOTpeTb ypaBHeHHe TennorrpOBO/lHDCTH B *Hil-

KOCTH 

aT R -UR 11 3 aT 
--+11---- -- = 
at R a~~ 

a 2 T D 

7 
II 4 

( 14) all2 

R rae D- TeMnepaTyponposoaHOCTb *HilKOCTH, II= -r-- 6eapaaMepHaH 

KOOp/lHf18T8 TO'iKH B *HilKOCTH, npH BbiBO/le ( 14) HCnOnb30B8HO ypaBHeHHe 

( 3). 

CosoKyrrHoCTb ypasHeHHH (4), (5), ( 13), (14) noasonReT pewHTb saaa-

qy o rroseaeHHH naposoro IIY3hipbKa B ynbTpaasyKOBOM none, HaqallbHbie 

-4 H rpaHH'iHhie ycnoBHSI Bbi6HpaJOTCH cneayJOlUHM o6paaoM: R( 0) = 5,10 eM, 

P(O)= P0 , T(r= "", t)=T (II= O,t)=T
00

,HaqanLHaH CKopoCTb R(O) H Haqanb­

Hoe pacrrpeaeneHHe TeMrrepaTypbi B *HaKoCTH T(11, l= 0) onpeaenHnHcb, 
/6/ 

cornacHo , B rrpearrono•eHHH 1 'iTO •rrpH t < 0 ynLTpaaByKosoe none oT-

cyTcTsyeT. TepMoauHaMH'ieCKHe senH'iHHhi L , k , c v C'iHTaJOTCH 

u 17 8/ H3reCTHhiMH ~YHKUHSIMH BilOnb KpHBOH ~830BOro paBHOBeCHSI 1 , 

/3/ 
KaK H s pa6oTe , aaaaqa pewaeTcH 'iHcneHHo, PeaynbTBThi rrpeacTas-

neHhl 38BHCHMOCTSIMH R(t),M(t) HnH R (t ) , rae qepTa 03HaqaeT ycpea-
HeHHe rro speMeHH sa rrepHoa ynbTpaasyKosoro rronSI, 

06cymweHHe pesynbTaTos 

YpaBHeHHSI 1 OIIHCh!B810lUHe IIOBeaeHHe ITy3hlpbK8
0 

nepexoaSIT B COOTBeT-
/3/ . 

CTBYJOlUHe ypaBHeHHSI H3 pa6oThi , ecnH nono•HTb UR = R s ( 4) H 

B=C= 0 , 3aMeHa ypaBHeHHH (4) Ha ypasHeHHe Peneg npHsoaHT K HH'iTO*HD 

ManhiM H3MeHeHHHM peaynbTBTOB B paCCMOTpeHHOH o6naCTH TeMrrepaTyp: 

24 -f 28°K, BnHHHHe csoficTs napa Ha rroseaeHHe rry3hiPbKa ropaaao 3H8'iH­

TenbHee, KaK BHaHo Hs pHc, 1, rae IIpHseaeHhi aaBHCHMOCTH R ( t): KpHBaSI 

7 
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I cooTBeTCTByeT peanbHoMy rasy, KpMBhie II Hill -

•me KpHBbiX II H Ill o5'bHCHHeTCH crroco5oM saaam 

ll8HHbiX llnH TennoeMKOCTH napa c P HnH c v , CBHSI 

ypaBHeHHeM CDCTDHHMH rasa, EcnH HCITDnbsyeTCH ypa 

HaeanbHoro rasa H aaaawe anH cP(cv), To rronyqa 

( KpHBaH Ill ) • llnH peanbHoro rasa rronyqaeTcH, ecTE 

HbiH pesynbTaT - KpHBaH I. B sToM cnyqae rrySbipeK 

5onbWHX pasMepoa H ero rroaeneHMe xapaKTepHsyeTCl 

Topwx He 5wno y ManeHbKHX rryswpbKOB. 

PaccMoTpHM STH oco5eHHOCTH 5onee rroapo5Ho , 

aoro H peanhHoro rasa, BOCITOnbSOBaBWHCb ypaBHe 

ypaBHeHHH rrpHCyTCTByiDT KaK fiOBepXHOCTHNe, TaK H 

rrporropnHoaanbHbie cooTBeTCTBeHHO R2 
H R 3 

• ITpH p1 

Horo rroaeaeHHH aocTaToqao ManeHbKMX rryswpbKOB B 

ynbTpaSByKOBOrO ITOnH 05'beMHbiMM qneHaMH MO)I{HO IT 

LM,411R 2 k aT 
aR 

YICXOllH H3 STOrO Bbip8)1{8HHH, nerKO fiOKaSaTb 1 qTo B .. 
CTBO R M > 0 (pH c. 2a), KDTopoe osaaqaeT, qTo B <fla. 

rrysbipbKa pacTeT ( yMeHblllaeTCH) H ero Mac ca. IT pH 

fiOBe)leHHe rry::l'b!pbKa MO)I{HO OfiHCaTb B TepMHHaX Bblf 
/3/ 

THqeCKOH TerrnOBOH llH~YSHH 5eSOTHDCHTenbHO K ' 

rrap HaeanbHhiM rasoM HnH HeT, 

ITepexOllH K aocTaToqHo 5onblllHM rryshipbKaM, rv 

fiOBepXHOCTHbiMH qneHaMH B ypaBHeHHH ( 10) 1 TOrlla 

LM + c M T "' 0. 
8 
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I cooTBeTCTByeT peanbHoMy ra3y, KPHBbie II Hill - Ht:teanbHOMy. Pa3nH­

'IHe KpHBbiX II H III o6bHCHHeTCH crroco6oM 3at:taHHH aKcrrepHMeHTanbHbiX 

.Q8HHbiX .QnH TennoeMKOCTH rrapa c P HnH C v , CBH38HHbiX .Qpyr C t:tpyroM 

ypaBHeHHeM COCTOHHHH ra3a. EcnH HCIIDnb3yeTCH ypaBHeHHe CDCTOHHHH 

Ht:teanbHDro ra3a H t:taHHbie t:tnH e P ( c v), To rrony'laeTCH KpHBaH II 

( KpHBaH Ill ) . DnH peanbHoro ra3a rronyqaeTcH, ecTeCTBeHHo, et:tHHCTBeH­

Hbiti pe3ynbTaT - KpHBaH I. B aToM cnyqae rry3bipeK aocTHraeT HaMHoro 

6onbWHX pa3MepOB H ero IIOBeaeHHe XapaKTepH3yeTCH oco6eHHOCTHMH, KO­

TOpb!X He 6bin0 y ManeHbKHX IIY3bipbKDBo 

PaccMoTpHM 3TH oco6eHHDCTH 6onee rronpo6Ho t:tnH cnyqaeB Ht:teanb-

Horo H peanhHoro ra3a, Bocrronb3DB8BWHCb ypaBReHHeM (10). B aToM 

ypaBHeHHH IIpHCyTCTByJOT K8K IIOBepXHOCTHbie 1 T8K H 06beMHb!e 'lneHbi, 

nporroprmoHanbHbre cooTBeTcTBeHHo R2 
H R 3 

• Dpu paccMoTpeHHH Ka'leCTBeH-

HOrO IIOBe.QeHHH t:lDCT8TO'IHO ManeHbKHX IIy3b!pbKOB B Te'leHHe DllHOrO UHKna 

ynbTp83ByKDBOrO IIOJ1H 06beMHblMH 'lneHaMH MO)KHO rrpeRe6pe'lb, TOrt:ta 

aT LM,41TR 2 k ----. 
aR ( 15) 

Hcxot:tH H3 aToro Bhlpa)KeHHH, nerKo rroKa3aTb, 'ITO BhlrronHHeTCH HepaBeH-.. 
CTBO RM>O (puc. 2a), KoTopoe 03RaqaeT, 'ITO B ¢a3e pocTa (c)KaTHH) 

rry3hlpbKa pacTeT (yMeHbwaeTcH) H ero Macca. Dpu BTOM Ka'leCTBeHHoe 

IIOBet:teHHe IIY3blpbKa MO)KHO OIIHC8Tb B TepMHH8X BbliipHMneHHOti H CTa-

/3/ 
TH'IeCKOti TeiinOBOH t:tH¢¢y3HH 6e30THOCHTenbHO K TOMy, C'IHTaeTCH nH 

rrap HneanbHbiM ra3oM HnH HeT. 

DepexOt:tH K t:l0CT8TO'IHO 6onbWHM IIY3blpbK8M 1 MO)KHO rrpeHe6pe'lb 

IIOBepXHOCTHbiMH 'lneHaMH B ypaBHeHHH ( 10) 
1 

Torna 

1, 

LM + c M T "' 0. 
8 

9 
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PH c. 2. 3asHCHMOCTH R ( t ) H M (t ) JlllSI ManeHbKHX (a) H JlllSI 6onbmHx 

(6) ny3bipbKOB 3a nepHOJl ynbTpa3ByKosoro nons:~. 
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Y'IHTbiBaSI, 'ITO scerJla R T < 0 , 3aKIIJO'!aeM, 'ITO 

RM 3aBHCHT oT 3HaKa yJlellbHOA TennoeMKOCTH napa 

TennoeMKOCTb HJleanbHoro ra3a c 8 = c - ..1_ MO)I 
p T 

>KHTSilbHoA, TaK H oTpHuaTenbHoA. TennoeMKOCTb peam 

KpHBOA <l!a30BOrO paBHOB9CHSI 1 Bbl'IHCIISISMaSI COrllaCHO 

/5/ 
TallbHbiM JlaHHbiM 1 scer)la OTpHUaTSilbHa. 

TaKHM o6pa3oM, s paccMaTpHsaeMoli o6nacTH Tel 

HOCTb 26°K) YJl91lbHbl9 TennoeMKOCTH H)leanbHOrO H pE 

BJlOilb KpHBOA <l!a30BOrO paBHOBSCHSI HMSIOT npOTHBODOII 

cneJlCTBHe aToro, R M > 0 s nepsoM cnyqae H RM < 0 

2B), 3aMeTHM, 'ITO HSCMOTpSI Ha 9T01 B o60HX Clly'laSil 

s cpeJlHSM Macca napa ysenH'IHBaeTcSI, ecnH pacTeT c 

3bipbKa. . . 
B cnyqae RM < 0 ycnoBHSI TepMOJlHHaMH'!eCKoro 1 

TO'IHO 60ilbUIOrO naposoro ny3bipbK8 Tpe6yJOT KOHJl9HC8 

pocTa ny3blpbKa npH noHH>KeHHH ero TeMnepaTypbi H, 1 

>KH)lKOCTH B $a3e C>K8THSI ny3bipbK8 npH nOBb!UISHHH er 

BHJlH0 1 'ITO nepeHOC aHeprHH1 conpOBO>KJl810IUHfi nepexo 

$a3bi B Jlpyry!O, H nepeHOC aHeprHH.• o6ycnosneHHbiil E 

IIOBOA JlH$$y3HeA, HanpaBIISHbl B npOTHBOnOIIO>KHbiS CTC 

aTOrO JlHH8MH'I9CK09 paBHOBSCHe Jl0CT8TO'IHO 60ilbUIHX 

3ByKOBOM none'ycT8H8BIIHB89TCSI TOrJla, KOr)la o6a DO 

Jlpyr Jlpyra. H OBbifi xapaKTep ycTaHosneHHSI JlHH8MH 

nynbcHpyJOIUero ny3bipbKa sneqeT 38 co6otl, KaK yBHJl 

HOBYIO 38BHCHMOCTb Me>KJly paBHOBSCHbiMH 3H8'19HHSIM~ 
'- -
R oo = lim R ( t ) • 

t-+ 00 

Ha pHc. 3 H 4 npHBSJlSHbi 3aBHCHMOCTH R ( t) nJ 

HHSIX 8MDIIHTYJlbl yllbTp83ByKOBOrO DOllS! JlllSI '18CTOT 

no Mepe pOCT8 a.MDIIHTYJlbl pI "speMSI >KH3HH" H8'181l: 

11 
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Y'IHTbtBaH, 'ITO sceraa RT < 0, aaKmoqaeM, 'ITO aHaK npoHaseaeHHH 

R M aaBHCHT oT aHaKa yaenbHolt TennoeMKOCTH napa c 
8 

TennoeMKOCTb HaeanbHoro raaa c8 = c - ..!:._ MO:IIWT 6btTb KaK nono­
P T 

*HTenbHOlt, TBK H OTpHUaTenbHolt. TennoeMKOCTb peanbHoro raaa saonb 

KpHBOft !jla30BOI'O paBHOBeCH511 Bbi'IHCnHeMaSI cornaCHO ( 11) 
1 

no 8KCnepHMeH­
/5/ 

TanbHbiM aaHHbiM , sceraa oTpHuaTenbHa. 

TaKHM o6paaoM, B paccMaTpHsaeMolt o6naCTH TeMnepaTyp (oKpecT­
o 

HOCTb 26 K) yaenbHhte TennoeMKOCTH HaeanbHoro H peanbHoro raaos 

aaonb KpHBOlt !jla30BOI'O paBHOBeCHSI HMeiOT npOTHBOnonO*Hbte 3H8KH, KaK 

cneacTBHe aT oro, R M > 0 B nepBOM cnyqae H RM < 0 .-.so BTopoM (pHc. 

2s). 3aMeTHM, 'ITO HecMoTpS! Ha aTo, B o6oHx cny'laHx R M > 0 , T,e. 

B cpeaHeM Macca napa ysenH'IHBaeTcH, ecnH pacTeT cpeauHlt paaMep ny-

3btpbKa. .. 
B cnyqae RM < 0 ycnoBHH TepMoaHHaMH'IecKoro paBHoBecHH aocTa-

TO'IHO 60nbWOI'O napOBOI'O ny3bipbKa Tpe6yiOT KOHaeHCaUHH napa B !jlaae 

pocTa ny3b1pbKa npH noHH*eHHH ero TeMnepaTypbt H, Hao6opoT,- HcnapeHHS! 

:IKHaKOCTH B !jlaae C*aTHSI ny3b!pbKa npH noBbiWeHHH ero TeMnepaTypbi, Qqe­

BHilH01 'ITo nepeHoc aHeprHH, conposo*aaiOWHif rrepexoa semecTsa Ha oaHofi 

!jlaabt B apyry10, H nepeHoc aHeprHH.' o6ycnosneHHbtif BbiiTpHMneHHolt Ten­

nosolt aH!jl¢yaHelt, HanpasneHbi B npoTHBonono*Hbte cTopoHbi, BcneacTBHe 

8TOI'O aHHaMH'IeCKOe paBHOBeCHe aocTaTO'IHO 6onbWHX ny3b!pbKOB B ynbTpa-

3BYKOBOM none ycTaHaBnHBaeTCSI Toraa, KOraa o6a noToKa KOMileHCHpy!OT 

apyr apyra. HoBbtlt xapaKTep ycTaHosneHHH aHHaMH'IeCKOI'O paBHOBeCHSI 

nynbcHpyiOmero nyabtpbKa sneqeT aa co6olt, KaK yBHaHM, Ka'leCTBeHHo 

HOBYIO aaBHCHMOCTb Me)I(J:ly paBHosecHbiMH aHa'leHHSIMH P 
1 

, P
0 

H 
'- -
R oo = lim R ( t ) . 

t-+ 00 

Ha pHc. 3 H 4 npHseaeHbi aaBHCHMOCTH R ( t ) npH paanH'IH!>IX aHa'le­

HHHX aMrrnHTyahi YllbTpa3ByKOBOI'O nonS! anSI 'laC TOT f =400 KI'U H f =40 KI'U, 

Do Mepe pOCTa aMrrnHTyahi p 1 "'speMSI *H3HH"' Ha'lanbHoro nyabtpbKa yse-

11 
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nuqUB88TCH U CT8HOBHTCH 6ecKoHeqHo 6onhlliUM 1 KOrA8 aMnnHTyAa AOCTU­

raeT 3Haqeaui!: nuqJcpy3HOHHoro nopora P 1 ::: P JlUcjl¢ • ITpu aTOM 3HaqeHue 

acuMnToTuqecKoro panuyca R oo nocTaToqHo Mano, TaK qTo o6'beMHbte 

cpaKTOpbl He urp810T 38M8THOH ponu npu yCT8HOBn8HUU AUH8MHqeCKOrO paB­

HOB8CU.H no cpaBH8HHIO C TIOBepX':_OCTHbiMH, f1oaTOMY npH yBenuqeH!iU 8MTinH-

TyAbl ynhTp83ByKoBoro nonH Roo pacTeT (puc. 3, P 1 = 1,1 6ap, 

P 1 = 1,2 6ap). 

B cnyqae 6onbwux aMnnuTyA ynhTpa3ByKoBoro nonH noBeneHue ny3biph­

Ka ycnO)!{HH8TCH He TOnbKO TeM, qTO cymecTB8HHyiO ponh urpaiOT 06'beMHbl8 

acjl¢eKTbi1 HO U 38 cqeT pe30H8HCHbiX HBneHUfi1 ycnnUB8IOlliUXCil no Mepe 

pOCT8 Dy3hlpbK8 U rrpu6nU)!{8HUil ero C06CTB8HHOH qaCTOThl K qaCTOT8 

ynhTpa3ByKoBoro nonll. Korna qacTOTbi KpaTHbi npyr Jlpyry, nynhcauuu 

ny3b!pbK8 H8 C06CTR8HHOH qaCTOT8 CT8HOB51TCII OC068HHO HHT8HCHBHbiMU, 

3TO npUBOJlHT nu6o K B03HUKHOB8HUIO pe30H8HCHbiX ypOBH8H H8 KpUBOH 

R (t), nn6o K HapymeHUIO ycnoBUSI KDa3HparoHor,ecHocTH npouecca ( 1). Kpu­

Bbte, COOTB8TCTBYIO!UU8 p 1 = 2,4 6ap U p 1 = 2,03 6ap H8 puc. 3, 

IIBJIIIIOTCH npUM8pOM TOr01 qTo pe30H8HCHb!H. ypOB8Hh npeBp8TUnCil B paBHO­

B8CHhli!:1 T8K K8K TOnbKO U3-38 CHnhHhlX nynhC8UHi!: H8 C06CTB8HHOH qacTOT8 

MO)!{HO rronyquTh OJlHO u TO )1{8 3HaqeHUe R oo Jlnll pa3HbiX aMnnuTyJl ynhTpa-

3ByKoBoro nonSI. 

KpUBbte, npuBeJleHHbte Ha puc. 4, .neMoHcTpupyiOT ponh o6'heMHhiX 

¢aKTopoB npu ycTaHoBneHUU JllilHaMuqecKoro I· 'lBHOBecuSI 6onbwux ny3biph­

KoB: c yBenuqeHueM aMnnuTyJlhi ynhTpaaByKoBoro nonll 3Haqeaue Roo yMeHh-

Ul88TCII B DpOTUBODDnO)!{HQCTh cnyqaSIM 1 KOr)la paBHOB8CU8 ycTaHaBnUBaeT­

Cil BcneACTBUe paBeHCTB8 CTaTuqeCKOH U Bb!llpllMneHHOH JlUcjl¢y3UU, TaKoe 

DOB8Jl8HU8 aCUMTITOTUqeCKOrO p8JlUYCB ny3hlpbKa MO)!{HO TIOHCHUTb cne)lyiO­

!UUMU npu6nu)!{eHHhiMU pacqeTaMu. B cnyqae JlUHaMnqecKoro paBHOBecuSI 

Bee qm3uqecKue BenuquHhi M ( t) , T ( v, t) , T '(t ) u T.Jl. cTaHoBSITCSI 

nepuoJluqecKUMU cpyHKUUSIMU c nepuonoM ynhTpaaByKonoro nonH r • Paane-

14 

., 

m1M ypaBaeaue ( 10) Ha M u rrpouHTerpupyeM ero o 

t+ T 

f 
M 

L -- dt + 
M 

t+ t 

f 
t+ r 

c 
8 

T' d t f 
2 

4rr R 

M 
k~ 

ITpu paccMoTpeauu KaqecTBeHHOro noBeJleHUSI IT) 

TaTh, qTo TepMOAUHaMuqecKue BenuquHbi L, c 8 , k 

nepaTyphi, a, cneJloBaTenhHO, u OT BpeMeHH. Torna 

Ul8HIIIl (17) o6pa!U88TCII B Hynh1 T8K qTO 

t+ T 

f !_~dt R aR 

t+ T 

f 
1 

7 
aT (v= 1,t) 

av 

Paanara.H B pllJl DOJliiHTerpanhHbl8 <f>yHKUIIII 

dt 

1 
R2 

u ocTaBnllll B paano)!{eHHIIX aau6onee cymecTBeHHbie 

noKa3aTh1 qTO IIM88T M8CTO npH6nU)!{8HHaSI <f>opMyna 

RooP1 con st , 

c KOTopoi!: xopowo cornacyiOTCH pe3ynhTaTbi, npuBeJ 

f1o TIOBOAY COOTHOUI8HIIIl ( 19) 1 a TaK)!{8 Kpi!BbL 

3aMeTHTh cneJlyiOmee, YMeHblli8HHe P 1 , f 11n11 yBE 

K yMeHbllieHHIO cKopocTH nynhcauHfi rry3htpbKa. TaK 

B ypaBH8HIIII ( 10) nponopUHOH8nhHbl npOH3BOAHbiM f 

yMeHhlliaiOTCil 6biCTpee, qeM noBepxaocTHbie. IToaTo: 

ponb Bb!DpllMneHHOH JlH<fJ<f>y3HU B03pacTaeT II Jli!HaMll 

aaBnuBaeTCSI npH 6onhmHx aHaqeHHSIX R oo • EcTe< 

lli8HUH aMTinHTYJlhl H CKOpOCTH nynhCaUHH Tiy3b!pbK8 

Me)lneHHee. 

Ha pHc. 6 noKaaaHhl aaBHCHMOCTH R(t), nony 

TeMnepaTypax )KHJlKOCTH Too npH ycnoBHSIX, Koril 

15 



CTBHOBHTCH 6eCKOHeqao 60JiblliHM, KOI'AB BMITJIHTyaa AOCTH-

ti t1HNlY3HOHI!OI'~ ITOpora p 1 ::: p AH<jl¢ • npH 8TOM 3HaqeHHe 

KOI'O paarryca fl 
00 

AOCTBTOqHO M8JI0 1 TBK qTO o6beMHble 

rpa!OT 38M8THOti pOJIH IIpH YCTBHOBJieHJm AHHBMHqecKOI'O paB-

8BHeHHIO C IIOBepX':_OCTHbiMH, noaTOMY IIpH yBeJIUqeH!fH BMIIJIH-

BYKOBOI'O ITOJIH Roo pacTeT ( prrc. 3, P 1 = 1,1 6ap, 

e 60JiblliHX BMITJIHTYA YJibTp83BYKOBOI'O IIOJIH ITOBeaeHHe ITY3blpb­

CH He TOJibKO TeM, qTo cymecTBeHHyiO pOJib HI'p810T o6beMHbie 

H 38 cqeT pe30H8HCHbiX HBJieH.Hti, YCHJIHBB!OlUHXCH ITO Mepe 

KB H ITpH6JIHMeH.HH ero C06CTBeHHOH qaCTOThl K qaCToTe 

oro ITOJIH, Koraa qacToTbi KpaTHbi apyr apyry, rryn&caurr.H 

C06CTBeHHOti qacToTe CTBHOBHTCH OC06eHHO HHTeHCHBHbiMH, 

JIH60 K B03HHKHOBeH.HIO pe30H8HCHhlX ypOBHel HB Kp.HBOI 

HapyweHHIO ycnoBHH KnaarrpanRonecHocTu ITpouecca (1). Kp.H-

CTBY!OWHe P 1 = 2,4 6ap rr P 1 = 2,03 6ap Ha prrc. 3, 

MepoM Toro, qTo peaoHaHCHbii ypoBeUb rrpeBpBTHJICH B p8BH0-

~8K TOJibKO H3-38 CHJibHhlX IIYJibCBUHI HB C06CTBeHHOI qacTOTe 

:HTh oauo rr To Me 3HaqeH.He R oo anH pa3HhiX aMITJIHTya ynhTpa-

H, 

IIpHBeaeHHhle HB p.HC, 4, aeMOHCTpHpyiOT pOJib 06beMHhlX 

ycTaHOBJieUHH AHHBMHqecKOI'O f1BHOBeCHH 60JiblliHX rryawpb-_, 
qeHrreM BMITJIHTyAhi ynhTpaaByKoBoro IIOJIH aHaqeHJte R 

00 
yMeHb­

OTHBorronoMHOCTb CJiyqaHM, Korna p8BHOBeCHe YCT8H8BJIHBBeT-

paB8HCTB8 CTBT.HqecKol H Bb!IIpHMJieHHOI arrlfi¢y3HH, TaKoe 

MIITOT.HqeCKOI'O paa.HyC'B IIY3blpbK8 MOMHO ITOHCHHTb CJieayiO­

eHHbiMH pacqeTaM.H, B cnyqae a.HHaMnqecKoro paBHoBeC.HH 

e Ben.HqHubi M ( t) , T ( v, t) , T '(t ) u T.a. cTaHOBHTCH 

H ¢YHKUHHMH c rrep.HoaoM ynhTpaaByKoBoro ITOJIH 7 • Paaae-
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nuM ypaBHeH.He ( 10) Ha M .11 ITporruTerp.HpyeM ero oT ao t +, 

t+ r 

I 
M 

L--dt + 
M 

t+ t 

I c
8 

T' d t 
t+ r 

I 
2 

417 R 

M 

-aT 
k-- dt 

aR 
( 17) 

np.H paCCMOTpeH.HH KaqeCTBeHHOI'O ITOBeaeHHH IIY3blpbK8 MOMHO cqrr-

T8Tb, qTo TepMOAHH8MUqeCKHe B8JI.Hq.HHbl L, c 8 , k He 38BHCHT OT TeM-

ITepaTypbi, a, CJieAOBaTeJibHO, H OT BpeMeH.H, Torna JieBaH qaCTb COOTHO-

WeHHH ( 17) o6pamaeTCH B HYJib 1 TBK qTO 

t+ 7 
1 aT 

t+ T 
1 aT(v= l,t) 

I ---dt= I 7 
dt "' 0. ( 18) 

R aR t av 

PaanaraH B pHA IIOAHHTerpBllbUhle ¢yHKUHH 
1 aT ( v= 1, t ) ----av---R2 

H OCTBBJIHH B p83JIOMeHHHX H8H60Jiee CyWeCTBeUHbie rapMOHHKH 0 MOMHO 

ITOK838Tb 1 qTo .HMeeT MeCTO IIp.H6JI.HMeHH8H ¢opMyJia 

RooPI con st , ( 19) 

c KOTopoA xopowo cornacyiOTCH peaynhTBTbi, rrp.HaeaeHHble Ha p.Hc. 4. 

no ITOBOAY COOTHOWeH.HH ( 19), 8 TBKMe KpHBbiX HB p.HC, 4 H 51 MOMHO 

aaMeT.HTh cneayiOmee. YMeHbWeH.He P 1 , f Hn.H yBen.HqeH.He P 0 BeaeT 

K yMeHbweH.HIO cKopocT.H rrynhcauHA rryabipbKa, Ta!< KBK o6beMHbie qneubi 

B ypaBHeHHH ( 10) IIpOIIOpUHOHBJibHbl ITpOH3BOAHbiM ITO BpeMeHH 1 TO OHH 

yMeHblliBIOTCH 6biCTpee, qeM IIOBepXHOCTHbie, noaTOMy OTHOCHTeJibHaH 

ponb BbiiipHMneHHOI AH¢¢y3HH B03p8CTaeT H AHHBMI!qeCKOe paBHOBeCHe ycTa­

H8BJIHB8eTCH rrpH 6onhWHX 3HaqeH.HHX R~ • EcTeCTBeHHo, qTo rrpH yMeHb­

wea.HH aMIIJIHTYAhi H cKopocTH rrynbcau.Hl!: rry3bipbKa Kp.HBaH R (t) pacTeT 

MeaneHHee. 

Ha p.Hc, 6 rroKaaaHbi aaBHCHMOCTH R (t ) , rronyqeHHbie rrpH paan.HqHbiX 

TeMrrepaTypax MHAKOCTH T ~ IIpH ycnOBHHX, KOI'll8 rrpeBbiWeHHe CTBTH-
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Puc, 5, 3aBUCUMDCTU R ( t) rrpu paanU'IHhiX qacToTax ynhTpa3BYKDBoro 

IIOnH, 3Be3aa Ha KPHBOH 03HaqaeT, 'ITO aanbHefiwee paCCMOTpeHue COOTBeT­

CTBYIOWero cnyqag HeCOBMeCTIIMO C ycnOBIIe~: KB831Ip8BHOBeCHOCTU (} ) , 
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3Be3Ad Ha KpllBOH 03H8"'88T 1 "'TO A811bH8Hlli88 paCCMOTp8Hile COOTBeT­

IOWero Clly"'af! HeCOBMeCTilMO C YCilOBile~. KB8311p8Bf!OB8CHOCTH ( 1), 
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-

~ecKoro aasneHIIH B MIIaKDCTII naa aasneHIIeM nachimennoro rrapa rrocTo­

HHHo: pO-ps = 0,5 6ap II Koraa aMITniiTyaa II ~aCTDTa ynhTpa3BYKDBDI'D 

ITDnH TaKMe ITDCTDHHHhl, KaK BIIaHD Il3 KpiiBhlX, p93DHaHCHhl9 HBneHIIH ITpii 

aMrrniiTyaax 2-3 6ap sechMa cymecTBeHHhi, ITo aTo~ rrpii~IIHe Tpyano 

yKa3aTb TeMrrepaTypy, DITTIIManhHYIO B CMbiCne T9XHI1~9CKD~ peanii3aUIIII 

Y3ITK. C TD~KII 3pennH paccMoTpennH annaMIIKII 3apoahimeBbiX rry3hiphKOB 

H3-3a M9Hbmetf BenH~IIHbl ITDB9pXHDCTHDI'O HaTHM9HHH 0 ITD-BIIaHMDMY, ITpea­

tiO'ITHTeJihlli,I 6onee Bb!CDKHe TeMrrepaTypb!, 

Heo6xoaiiMD DTM9TIITh 0 'ITO rrony<JeHHhle pe3ynbTaThl OTHOCHTCH K Ilae­

anii3IIpOB8HHOMy, oanopoaHoMy rryGbiphKy, KaK BIIaHo Il3 pnc. 1, o6maH 

KapTIIHa rroseaeHIIH rry3hiphKa B ynhTpa3BYKDBDM rrone cymecTsenno 3a­

sucnT DT CITDCD6a OITHCaHIIH CBD~CTB rrapa, ITD3TDMy B aanhH9~lli9M rrpea-

CTaBnHeTCH IIHTepeCHb!M paCC!v'OTpenne anHaMHKII HeOaHOpOaHhJX ITY3bipbKOB, 

B 3aKniO<Jenue asTopbi 6naroaapHT B.A. A~rynuqesa, B.H. AneKceesa, 

B.A. )!(yKoBa, r.M. CenusaHoBa H A.M. ¢IInnrrrrosa 3a rrone3HOe o6cyMaenne, 

n II T e p a T y p a 

1, R,C.A, Brown, H,J, Hilke, A,H, Rogers, Nature, 220,1177(1968), 

R.C.A, Brown, G. Harigel,H,J,Hilke,Nucl,lnstr,Meth.,.§.b327( 1970). 

2, B.A. AKynu~eB, n.P. raspnnoB, B.r. fpe6HHHHK, B.A. )!(yKoB, r. nn6MaH, 

A,IT, MaHhi'I, lO.M. Pyann, n~ll. Po3en6epr, LM. Cennsanos, llAH CCCP, 

189, 973 ( 1969). 

3, n.r. TKa'!eB, 1;3.11. WecTaKOB, AKyCTH'I9CKII~ Mypnan, .!L Nn3 ( 1971). 

4, B.A. AKynii~es, B.H. AneKcees, K.A. HayronhHhiX, AKycTn~ecKn~ Mypnan 

1L N93, (1971). 

5, H,M, Roder, L.A.Weber, R,D, Goodwin, NBS Monograph, 494(1965), 

6, n.r. TKa•IeB, ITperrpiiHT OM.RH, p 13-3726, lly6H& . ( 1967). 

18 

7, Selected Cryogenic Data Notebook, B.N.L. 

8, V,P, Konney, W.D~· Shephard, W,B. Madden, 

rint ANL 60439 (1967). 

PyKonHcb nocTynRna a 

13 anpemr 19' 

19 



aasneHHH B Mll.llKOCTH Ha.ll .llaBn9HH9M HaChllli9HHOrO napa noCTO­

O- P 8 = 0,5 6ap n Koraa aMnnnTy.na n 'IacToTa y nbTp83ByKosoro 

Me nocTOHHHhl, KaK Bll.llHO ll3 KpHBhlX 0 p930H8HCHhle HBneHHH npn 

2-3 6ap B9CbM8 cyrneCTB9HHbl, Do STOll npH'IHHe TPY.llHO 

TeMnepaTypy, OITTHManbHYIO B CMbiCne T9XHH'I9CKOlf peanH38UHH 

3peHHH paccMoTpeHHH .llHHaMHKH 3apO.llhllli9BbiX ny3blpbKOB 

if senH'IHHbl ITOB9pXHOCTHOrO HaTHM9HHH 0 nO-BH.llHMOMY0 npe.n-

6onee swcoKne TeMnepaTypw. 

XODHMO OTM9THTb, 'ITO nonytJ9HHhl9 peGynbTaThl OTHOCHTCH K H.ll9-

HHOMy0 ODHOPO.llHOMy nyGbipbKy, KaK BH.llHO H3 pHC, 1, o6rnaH 

ITOB9.ll9HHH ny3hlpbKa B ynbTpa3ByKOBOM none cyrneCTB9HHO 3a­

cnoco6a OITHCaHHH CBOHCTB napa, noSTOMy B .nanbH9HW9M npe.n-

H HHT9 peCHblM paCCI'v'OTpeHH9 .llHH8MHKH H90.llHOpO.llHblX ny3bipbKOB, 
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