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SUMMARY 

The theoretical considerationsof vapour bubble dynamics in 

a hydrogen bubble chamber are given. This system of equations 

takes into account heat and mass exchange between a bubble and 

U quid. The vepour in the bubble is described with the real gas 

equation of state. The effect of resonant and self-frequency 

pulsations of the bubble is investigated. A set of temperature 

distributions in the surrounding liquid during the bubble chamber 

cycle having the self-temperature waves is presented. As far as 

our knowledge goes,self-temperature waves in liquid are generated 

by temperature changes on the bubble surface with bubble auto-

-oscilations. The effect of static pressure in liquid on the self

frequency pulsations is considered and the increasinG of the 

static pressure causes the amplitude decrease of the self

frequency pulsation, because the full pulsation amplitude is 

decreased. The pulsation amplitude is caused by the bubble auto-

-oscilations. From the solution of the system of equations by 

nt~erical methods the possibility of taking into account the 

temperature waves depends upon the dimensionless space step in 

the equation of heat conductivity. Comparison of the 

numerical solution of the equation of heat conductivity with the 

different values of the dimensionless space steps is given. 

The consideration of the operation of the ultrasonic bubble 

chamber in conditions when the bubble grows to visible 

dimensions and collapses during the first cycle of ultrasound in 

the constriction phase is given. The results of numerical 

calculations h~ve shown that the effect of thermodynamic para

meters is small in comparison with the frequency and amplitude 

of ultrasound on the bubble growth phase. But the question whether 

a bubble collapses in the constriction phase or oscillated at the 

self-frequency, can be solved only in the framework of irrever

sible thermodynamics. 

B ~aHHOR pa6ore accneAyeTCH ponb BHHY~AeHHUX a co6crBeHHux 
nynLca~R B .~HHaMHKe napoBoro ny3UpbKa B KH~KOM Bo~opo~e, Haxo
~ameYCH B ynLTpa3BYKOBOM none. B qacrHocra, paccwarpaBavrca 
TeYnepaTypHHe BORHH B MK~OCTH, 06yCROBReHHUe 8BTOKOne6aHHHMH 
ny3HpLxa. Co6crBeHHue nynLcauHH cymecrBeHHH ~na ~ocraroqHo 6onb
max ny3UpbKOB ~>)IQ-6 CY, KOTOpHe 6y~yT ~anee paCCY8TpHB8TbCH. 
3ro no3Bonaer npeHe6peqb cHnawH noBepXHOCTHoro HaTHKeHHH. IToBe
~eJme raxoro ny3upLKa onacuBaercH cne~ynmeR cHcrewoR ypaBHeHHR: 

RtJR +.?R~ -u,//< = {P(t)-Pa -r !]s<~(2Zft)jj_,o ~ 

R :({1~.-P +Rp/3)/(_p-_?')~ 

dP' 3 
ctt -= R 

1\·oT/dR-P·'-<- ·R 
I. ap/d/''+ Cs._pdl/dP' ~ 

oT + R
2

(1~. en: = 1J • a . (.r2. .ar). 
at ~ ar rZ OY' iJr 

(I) 

(2) 

(.3) 

(4) 

3.necL R-(l) -pa,nayc ny3HpbKa, L~ - pa~aanLHaa cxopocrL ~BH
' KeHHH KH)IKOCTH Ha OOBepXHOCTH ny3HpbKa, P - ,llaBneHHe napa, 

P0 - crarHqecxoe ~aBneHHe B KH~ocra, PI- awnnKTy~a, ~- qacro-
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ra ynupaasyxoBoro noJIJI, f..- BpeMa, .f> H p'- nnoraocrH D){KOCTII 
H napa, /( H J) - K03q-¢HIJ;H8HTLI T8nJIO- H T8MneparyponpOBO,li;HOCTH 
J:H){KOCTII, /., - rennora napooelpaaoBaHHJJ, e8 - renJioeuocrt. aacH-
1118HHoro napa B,l\OJ!L KpHBOit !fla30BOro paBHOBeCHa, aT /oR - rpa,UeHT 
rewneparypLI B J:H,I{KOCTH H8 nosepXHOCTH ny3LipLKa. 

llpeHe6peJ:eHH8 HH8pD;Helt ~H,li;XOCTH H, CJl8,!\0B8T8JihHO, C06CTB8H
HLIMH nyJihC8IJ;HHWH, npHBO~T K COOTHOM8HHD 

P'(i)-= Po-P, ~t·n (2:%/i). (5) 

nesaa 48CTL ypaBH8HHH (J) npH 3TOM CT8HOBKTCH H3B8CTHOI ~YHKIJ;Hel 
BpeMeHH, a CHCTewa ypaBH8HHR (2)-(5) OK83LIB88TCJJ 38WKHytOI. 
BCJI8)1;CTBH8 KOBapHaHTHOCTH ypaBH8HHit (2)-(5) OTHOCHT8JILHO npeo6pa-
30B8HIH H836BHCHMLIX n~eW8HHHX/l/, 38BHCHWOCTK Cpe,D;Hero pa,D;HyCft 
ny:nopt.Ka or BpeweHH R ( t ) .li:JIJJ paaJinawx t~acro:r y.nrpaaByu, no
Jiy4eHuwe B peaynLrare qHcneuuoro pemeHHJJ arxx ypasueHBit, uoryr 
6LITL npe,D;CT8BJleHLI B BH,ll;8 yHHBepCSJ!LHOit .li:J!JJ BC8X li8CTOT 38BHCHMOC--z,; r• )? ?"• 3ra aaBHCHMOCTL noxaaaua ua pxc.I cnnomaol xpxsol, coc-
roJJmeR H3 yqacrxa pocra, acHwnrorHt~ecxx nepeXO.I\JJmero B nnaro, aa 
KOTOpOM cpe,l\HHI P8.li:HYC ny3Hpt.Ka OCTaerca H8H3W8HHLIH, Tax K6X yc
T8H8BJIHBaerca ,l\HH8MHqecKOe paBHOBeCHe HeJ:,l\Y BLinpJJWJI8HHOit H CTITH
qecxolt renJIOBLIMH .1\H~yaHauH, rax qro Hueer uecro coorsomeHHe 

R = con.J't/-/.7. (6) 
3ro COOTHOmeHHe ~epBLie 6LIJIO nony48HO B paelore/2/, O,D;HaKO TOJILKO 
C8RllaC HC8H ero ~3Hqec&Hit CMHCJI, K8K CJ!8.li;CTBH8 KOBapH8HTHOCTH 
ypaBH8HHI (2)-(5). 

CHcreua ypaBaeaxlt (2)-(4), yt~HrLIBa~aa xaepiJ;Hm J:H.li;KOcrx, 
H8HHBapH8HTHa, H ee pemeHHH, nOK838HHLI8 Ha pHC.! nyHKTHpOM, He 
06Jl8.li;8DT CBORCTBOM yHHBepcaJILHOCTH. 0,D;H8KO BH,li;HO, qro B reqeHKe 
uexoroporo speMeHH, onpe~enaeworo qac:roroR ynt.rpaasyxosoro no.11a, 
pemeHBR 068HX CHCT8M COBn8,!\8Dfo ITo wepe pocra ny3HpLKa H npH6JIH
J:8HHS era peaouaacuol qacrorLI x qacro:re ynt.rpaasyxa KPHBHe pac
xo~arca, rax xax cymecrseaaym pOJIL uaq•aaur xrpart. nynt.caiJ;Hx ny-
3HpLKa aa coelcrseHaolt qacrore. Kccne,D;yew xapaxrepHCTHKB coelcrsea
HLIX nyJILC8IJ;Hit B 0Kp8CTHOCTH 8CHHnTOTHli8CKOro pa,l\Hyca ClOJiee no~po6-
ao. 

Ha pile .2' J DOK838HLI 38BHCHWOCTII R ct) npll pa3JIHliHilX awn
JIHTYA8X Y~LTP83Byxa II 3B8li8BHHX CT8Tftqecxoro ~asneHHa B J:ll,li;KOCTIIo 
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BH.D;Ho, qro awnJIHTY.I\LI co6crBeHHLIX 11 BhiHJ'](.n;eHHblX nyJihCR~Mll 

cpaBHHWhl ARpe3/.AR= 0,21, xora orHoweHMe 4acror /peslf -vlO. 
Taxl.f» o6paaow, npH yqere HHepo;MH ~H.n;xocrH acHwnrorHqccxoe paBHO
secHe MeJ:,D;y B~pRMJI8HHO~ H CT8TH48CKOR .n;Hn~y3HRMH yCT8H8BJ!HBaer
Cfl B COOTB8TCTBMH C J~eKTHBHbiWH 48CTOT8MH H 8WTIJIHTY~8YH TIJJibC8-
IJ;HR nyablph&a. BcJie.ll;CTBHe roro, 'ITO Jr):jleKTI1BHaa qacrora nyJibcauall 
OK83biB8CTCH BLime B~Hyz~eHHOH 48CT0Tbl, 3H84BHHe JCHMTITUTH48CKOro 
pa.ll;Kyca nyablpbKa oxasblsaerca weHLme, qeu oHo noJiy4aerca B desbiHep
IJ;HOHHou CJiyqae, B carJiaCHH C COOTHOWCHHBM (6). 
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T-•Z6,t5•K 
Po • ,,6 iap 

P, "2,0266ap 

---- 400>121.i 

10) ~~ 
tO' 

t,nepuodt~~ 

PHC. I. 

~Hepo;Ha J:HA&OCTH cymecrseHHa ~Jia RHCORHX qacror, nosrouy c -z 
yBeJII14CHHeW 48CT0Tbl OTKJIOHeHHH OT JHHDe~C8flbHOR 38BHCHMOCTH -~ jt 
Hacrynamr paHhme. CnnomHaa KPHBaa Ha pHc.I npe.n;craBJIRer cooon 
npe~eJILHLIIt CJiy4aR rlYHKTHpHWC Kpi!BbiX npH 1-0. 

Ha p11c.2 BH~o, qro ysenH'IeHHe aunJIHTYAhl ynbrpaasyxa ~o 
P~ = J,OJ9 Clap npHBOAI.fT K jCi!JI8HHD COClCTBeHHbiX nynbC8IJ;H~ 

.6~ 83/ AR .. 0,27, xoropHe HaqtiHam B036yx.n;anca npa ueHLlliHX paa
uepax nyauphKa H Clonmew orHomeHHH /peal I , qro npHB0.4HT K 
ycraHOBJieHHD 8CHMnTOTH'ICCKOro paBHOBCCHH npH MeHLWHX 3Ha4eHHRX 
pa~Hyca nyaLipt.Ka/3/. 
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PHc. J, 

P0:5,15ap 

~3 pHC.J BHAHO, 4TO YB8JIH48HHe CTaTH4eCKOrO ~aBJieHHR AO 
P0 = 5,1 6ap no cpaBHtHHD c 4,6 6ap CHJibHO no~aBJIRer co.OcrseHHue 
nyBbC8~H, T8K K8K YM8HhW88TCR DOHH8S aMnnHTYA8 nyHbC8UHR, B03-
6yXA8~aR 8BTOKOJie6aHHS ny3UphKa 1 H KpOUI TOro, CHCT!Ua BWBOAHT
CR H3 pt30H8HC8o llpH llOHHXtHHH A8!B8HHR o6a 3~8KTa .. tiCTBYDr I 

• 

nporx1ono~oxxwe cropo•w, nosrouy aun~xry~a a1roxo~eOaHxa ueHaerca 
Ma~o. YI838KHWI 3~TM TIIXI H8XO~RT ClOt 0Tp8XIHK8 I 381KCK
MOCTK 8CXMDTOTX41CIOro pa~yca 0! •t~KqxKK CT8TK48CXOrO ~8J~t ... 
121. no~poOHWt xapaxrepxcrKIK coOcrltHHWX nynLca~•l napo1oro ny-
3WPLXI 1 XKAKOM 10~opo~e np• T • 26°K, P0 • 4,6 Oap, P1• 2,026 Oap 
np•1•~••v • raO~•~•· 

TaO~•na 

I , xr~ 400 100 40 10 
j? <X> , CM I,JO·IO-J 4,43·10-i! 9,52·10-3 J,J9· IO-c 

~ ... ~/I 6 8 9 li 
A.Rp~/AR O,JJ 0,18 0,21 0,17 
k,...·f~ J,2 J,4 J,5 J,7 

llpe~CT8BARIT HHtepec CpaBH8HHe pe~aHCHWX qacror DY3WpLKOB 1 DO
AY48HHWX no iflopuy.u /• 2~R ( 7 , cne~yllllld H3 JIHHeapx3o
BaBHoro ypaiKeHK• PeRea (I), c pe30BaKcHoR qacrorol, noJiy4tHKOI 
H3 4KCRtHHEro pe•eHHH cxcreuw (I)-(4). A~R paccuorpeHxoro cnyqaR 
BeJIH4KB8 R.._·{p.1 -= f7i· yl9 • 2,4 cu/ucex, qro HaXOJ4l!TCR B cooraer
CTBHII CO 3H848HHHMH 1 npHie~eHHWUH I DOCJit~HtR crpoxe Ta6JII!~Wo 

Bwme npH paccuorpeHHH aBroxoJie6aHHR ny3~pLxa o6pa~anocL BHH
uaHKe Ha uexaHH4ecxy~ cropoHy npouecca: yqer HHepuxH ~HAKOCTH c 
nouo~•~ ypaaHeHHR PeJieR. Buecre c reu M3aecrHo 1 qro ~HHaMKKa ny-
3WpLKa cy111ecrB eHHWM o6pa3ou o/e~eJIRtTCR renJIOB WUM nponeccauK s 
OKpYJa~eR ero ~H~OCTH/l/-/4 , HKKt HCCJie~yeTCR BJIHJIHKe Teune
parypHWX !OJIH I IHAKOCTH 1 o6yCJIOBJI8HHWX H3M8H8HHJIMH TeuneparypW 
H8 DO!tjlXHOCTII ny3WpbK8 npM ero llBTOKOJit68HMJIX. llpll pemtHMII 3a
A84H 4HCJitHHWMK ueroAauM J03WOXHOCTb yqera rennoawx JOJIH onpe~e
JIRercR !8JIK4HHOR npocrpaHCTitRHOrO mara I yp8BH8HHH renJionpOBO~
HOCTK (4)o 

B Ka4tCTBe npocrpaHCTBtHHOR nepeueHHOR HCDOJib3yeTCR BtJIM4KHa 
y .. R (t )!r • B nepeueHHWX V , t ypaBHtHHe renJionpoBOA

HOCTM HM88T BHA: 
• 3 ~ 

a7' +' v R-uR v . JT _ ]}_-1.4;; r c > 
ot R (JT - R2 Y ~ ' 7 

-TaKMU06pa30M 1 ~HBa TtMneparypHOR !OBHW 1 COOTB8TCTBY~8R nyJib
C8UHRM 8CIIUilTOTH48CKOro ny3WpbK8 H8 C06CTB8HHOR 4aCTOT! 1 onp!At-

7 



J!!JeTCil BUpa:>eHl18M . _ 
2 
~ 

~ ... ~1 -= ( .lll/pe/ R .... ) • (8) 
~ HeKOTOpHX cnyl!811X V pe3 OK83UBaeTC~ CpaB~MOH C DpOCTpaHCTDeH
I!WJ ruarou e. V , KOT opwi oel:..~tiao n~:<ClHpaJicR B npe,llenax 5 • ro-3 .:. 
l• 10-2

1 liTO 11HOrO 1.!8Hhlile ,lln11HU T8!1JIOBOI! BOJ!Hb! B i~l11J;KOCTl1 1 ~CljCJIOB
;1eHHOH nyJihCil;_(l111Ml1 Ha qacToTe yJihTpa3BYK8· 

D 

Q-

;13 Jll1C .4, 5 uoJKHO BH)J,eTb Bapi18Ul1l1 ·f,yma.(l1i1 R ( t) 
T "26,t5".oo:.: 
J ~L.O MlU 

12 /J0 ~ 1.,6 t'5op 
P, ~ 3,039 6ap 

l:'li!C. 4 

np11 l13MeHeHl1lll ll VB l1HTepnaJie 4•10-2 t 2,_5·10-4 • Ha pHc.4 npl1Be
)J,eH~:< 38BlllCII!.iOCTl1 R ( t) )),Jill e.Y = 4·10-.:: - mTpl1xnyHKTIIpHall KPl1-
BaR l1 llY= 1·10-2 - C!lJIOli!Hall TOHK811 Kpl1B811. B nepBOM CJiyqae 

AV"' Vrea ' T8K l!TO nCOClCTBeHHUMl1 11 TeMnepaTypHw.rn BOJIHaMl1 ·Il8K
TII'ieCKl1 npeHeelperaeTcR, no BTopoM cJiyl!ae AV ~ Vp~j /4 , T.e. 
111wercR l1X rpyelall oueHKa. Bl1)J,HO, l!T o non e,11,enl1e Kp~m~:<x 3aMeTHO 

I 
pa3JIHt!aeTCil! B nepBOM CJiyqae 8BTOKOJieelaHl111 !1J3!:<p:bK8 l1:118!0T ClOnblllJ!O 
8MllJIHTy,n;y, tieM BO BT0p0!.! 1 BCJie,li;CTBIIe TOro, l!TO ClOJiee TOl!HI:<H yqeT 
Te!lJIOOOMeHa Me:c,:,n;y !lJ3b!pbKOM II lKl1,li;KOCT1!0 BCer,n;a yMeHblllaeT (,n;eMn-

1JIIpyeT) nynhC8'-\l'll1 ny3LIPhKa. 0TJI!1l!ae:rc!l TaKJKe 11 noBe,n;eHI1e cpe.n;He
ro pa.n;uyca ny3blphKa: B nepno.1.1 cnyqae R (t;) na.n;aer, no Bropou -

pacreT. 
CnJJO!ilHilil :.;HpHall KPI1Bail Ha puc.4 cuOTBeTCTByeT 3aBllCl1MOCTII 

R:~t), KOr,i\a A~= 1·10-2 11 He Jl!l1Tb1BaeTci! IIHepuMfl iiClU.\:\OCTl1, 
T.e. flB!lll8TCil pellleHl1811 ypaBH8Hl1ll (2)-(~). bl1,li;H0 1 l!TO B 3TO:.! C!IJ

'188 COClCTB 8Hllb18 nynhC8Ul1l1 1 K8K l1 CJie,n;OBi:lnO Olitl1,IL8T b 1 OT CyTCTBj!OT. 
t{pOMe TOr0 1 Dl1}.\1!0 1 41'0 Bnl111Hl1e 11Hepn,11l1 J!l1,l(KOCTI1 Ha oMllJ!I1TJ,li;J Bl:<-

8 

I 
\ 

J 

\ 

ayx)J,eHHWX nyn:DcaUHA HecymecrBeHHo. 3ro corJiacyerca c HHrepnpera
naeR pe3yJI:bT8TOB, npe~CT8BJI8HHHX Ha pHc.I,oTHOCHT8Jl:bHO TOr0 1 l!TO 
B030yK~eHHe 8BTOKOJe0aHHI ny3Hp:bK8 npHBO~HT K B03paCT8HHD 3~8K
THBHOI qacTOTH nyJ:bC8UHI ny3Hp:bK8 H1 cne~OB8T8!:bH0 1 K nOHHX8HHD 

ero acHMnroraqecxoro pa~yca. 
Ha pac.5 npaBe~eHH aHaJioraqHue 38BHca:wocrH A'Ct_4 MR 

AJ = l•I0-2 - cnnomHaa TOBXaa KPHBaa H AJ = 2,5•10 - nyHKTHP-
Haa xpasaa. B aro:w cnyqae cpaBHHBavrca rpyOaR a roqHuA yqer 
.coOCTBeHHWX• te:wnepatypHHX BO!Ho BH)J,H0 1 qro 8:11TIJIHTY~ BHHyx~eH

HHX H C00CTBeHHHX nyJ:bC8UHI ny3HpLKa pa3JIHqaDTCil He3Hal!HT8JI:bHO. 

12 

" 
10 

~ 

D 

<i 

PHc. 5 

BapHaJU{a if>YHKilHH R (t ) Ha npou:a:eHHH IS nepHo~oB ynupa3ByKonoro 
nona wea&me 5~, xora npocrpaBCTI8RRKe marH AV pasnaqavrca B 40 

pas. 
qroela orBeTHT:b Ha sonpoc, noqe:wy )J,a:a:e Bec:D:wa rpyOul yqer 

rewnepatypHHX BOJIH1 oelyCJOBJieHHHX C00CTBeHHHUH nyJI:bC8IllfSI:IIH, !103-
BOJaeT ~OCT8TQqHO TOqHQ BHqHC!HT& 38BHCH:IIOCTH pa~HyCa ny3Hp:bK8 
OT BpeweHH 1 HeOOXO~MO BepHyt:bCR K COOTHOmeHHil:ll (7) H (8). neno 
B TO:II1 qro BHpazeHHe (8) ~~a )J,JIHHH C00CTBeHHOI TeMnepaTypHOI BOJI

HH B J:HAKOCTH yqHTUBaeT TOJI&KO ~~Y3HOHHuA DOTOK TenJia H He 
yqHTHBaeT KOHBeKTHBHOr'o, O!lHCHB8e:IIOrO BTOpW .'IJieHO:II B neBOI l!8CTH 
ypaBHeHHa (7). PemeHHe aroro ypaBHeHHa qHcJieHHW wero)J,o:w no3Bona

er cpaBHHT& BKJI8~ ~~y3HOHHOro H KOHBeKTHBHOro nOTOKOB renna. 
B0JH3• noBepXHOCTH ny3Hp:bK8 OHH OK83HB8DICSI O~HOrO nopaAK8 H 
KpOKe TOrO HanpaBJ8HH B O)J,HY CTOpOHy 1 ll03TO:IIY if>aKTHqeCKH )J,!HH8 
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coOctBeHHoR re»neparypaol IO~HW cr-ecrBeaao Oo~~•e, qex c~e~er 
113 paBeacna (8). Bn,u aroro onpe~euue aaBIICHMocn R (t) c 
BenHqKaoR npocrpascrBeasoro •ara AY-ro-2 ~ocraro9HO AJa IOppelr
aoro yqera ae ronhKO rexneparypawx BO~H, oOyc~oBnesawx lw•r-~••
HHKI nyJhC8UH.RKI ny3wp•1a, BO I ~a C00CTB8HBWX TeMneparypiHX 
BO~H. 

Ra pxc.6 npe~cra1neaw rexneparypKHe pacnpe~e~eBJa 1 ••~ocr• 
TCfn, V ) BOKpyr nyawp•xa 1 reqeBJe o~soro uxx~a y~•rpa3BJIOioro 
no~.R: tn-=t0 +n/-tof , ue t • 41/, n • I • 10, coor
aercray~e ny~hCBUHBM nyawphla, npxae~eHHHK sa pxc.5. 

T"• 
30,1.5 

Z!,IJ 

21.1.5 

21.15 

25.15 

. ~: U~:·7 .. --~ 
' . . A:7 . I ~ 

n~a 

M 
,. --

n =5 

M•1 

n~' 

1,25 'f • .J 2,0 3.0 rjlt(t.J 

PKc. 6 

r-~26,15 8 K 

P.=J,,6~ap 

P, =3,0395ap 
"F ::"0 ~~~ 

R~=I·ID"'c,., 

llepB8B (OXIZH.R.R) 1p11aa COOfiiTCTIJIT Raqa~•BOMJ TIMDtparypJOMJ 
pacnpe.J.e~es•m T0(v). Pacc•arpJJaexHI cnyqal xapaltepJayetc.R 
CJ~hBHMI nynhCBUHRKI ny3up.xa aa coocrBeBBOI qacrore. CnnoJHHe 
IPBBue no~yqeHu B peay~•rare qJcneHBoro peJeHJa ypaBBeHJI (I)
(.3) 1 (7) npx t.V .. w-2• Ana cpaBBeBJ.& rouoro 1 rpyooro p .. eul 
npJBe,J.eBo B Bx~e nyHirJpsol IPIBOI xapaxrepaoe reuneparypBoe pac
npe,J.eJieHJe, noJiyt~eHHOe c AJ .. 2,5·104 np1 11.- • I. Bu•o, qro 
paan•qxe oOoHx pemesxR Hec~ecraeaso , npxqeu HaJOOJhJel Be~JqJ
aw oao ~octHraer B oOnacr• MHDxy»a ±e»neparypsoro pacnpe,J.ene•••· 
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C00CTB8HBW8 teunepatypHHe BO~HH B~HH B B~e HeOOJibmHX DHtiKOB Ha 
reunepa.rypawc pacnpe,J.e.lleHHIIX c n = I•4. B ro apell.& KaK H3 np!1-
0~Hze&Rol ~OpMyJIH (8) ,I.JIS AJHHH C00CTB8HHOlt TellnepatypHOR BOJIHH 
nOJlyqaeu V pea- 5·!0-3, H3 pacnpe,J.e~esalt, npHBe~eHHHX sa pHc .6, 
CU,J.yer .J pes- 4• I0-2 • TUD 00p8.30U, ltOHB8KTHBHHe OOTOKH TenJia B 
ZIX)tOCTR ,J.81CTBWT8~~KO xrpa.mr C~8CTB8HKJD pOJih, yBeJIHtiHBaa ~XKHY 
ren~OBHX aoxs,x,xpoue roro, •~••••e coOcrseHHHX reKneparypHHX 
aox• yqH!waa.erca ,J.Octa.roqao roqJo, ec~• npocrpascraesswlt mar npH 
pe•eux yp&BH8Hll8 rennonpOBO,I.HOCU (7) BH0MpaeTC.Il p8.BHW ll V-
~I·I0-2 • 5·!0-3 , liTO OOLNHO II npiiHHU8JIOCJa B qHCJieHHWC pacqera.x. 

Hcc~e,J.OBaHHe ~HHaMHKH ny3wpJaltOB B Z~OM BO~Opo~e no~ ~eft
CTBK8M yx~arpassyxosoro noxa npe,1.np11Haro • CB.&3H c sKcnepMMeHtaMH 
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no cos~aH~D ynbrpasayKoaux nysupbKOBUX Kauep/?, 61. B OonbmHHcrae 
reoperwqecKHX paOor, nocaameHHUX 3TKW aonpocaw, paccwarpKBaerca 
poeT napoaux nysupbKOB acne~cTBKe s~eKTa aunpauneHHOR HAK uanpa
aneHHOB rennoaoB ~H~ysKwf2-41. 

O~ua.xo npe~craauer m~repec ra.x:.:e ra.xolt peJ:KW paOoru ynupa
sayKoaoB nysupbKOaoi KaMepu, xor~a nysupbKK ~ocraraDT B~HMoro 
pasuepa, a sarew saxnonuaaDTCH B reqeHwe O.JJ;Horo nepHOAa ynLTpa
sayKoaoro nons, TaK KaK HMeHHO B TaKOM peJ:HMe MOJ:eT 0HTL ~OCTKr
HyTO waKCHMaJILHOe OucrpoAeRcTBHe ynbTpasByKOBOR nysupLKOBOlt xawe
pu. Ana roro qroou HMeTL npe.JJ;craaneuue o row, KB.XKWH napaxeTpaMH 
AOJIJ:Ha oOn~aTb H3JiyqaDmaa ynLTpa3ByKOB6B CHCTeMa AJIH oOecneqeHHH 
paccuarpwaaeworo ~eanbHoro B Hexoropow cYHcne pe:.:KWR paOoru, ua 
pKc.7 H 8 npKBe.JJ;eHu nonyqeuHue B pesynbTare pemeHHH ypaBHeuwlt 
(I)-( 4) xapaKTepuue saBKCKMOCTH R ( [ ) B reqeuHe O.JJ;Horo nepHOAa, 
npwqeM B xaqecrae B~HMoro npHHHT paswep nysupbKa nopaAKa 
l+2•I0-2cM. 
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I 
I 
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F~tOOMu 

F=2001ftU 

F :L,OOro.tu 

0,75 t. nepuod"' 

BK~Ho, qro npw qacrorax ~= lOu f 200 Kru H nepe~ar~RX nopR~a 
0,5 - I Oap MH peaJIK38Ul!H nH.n;eaJibHOro" pe1iHMa padOT!> HeOcJXO)\HMa 
aunnwry.JJ;a ynbTpasByKoaoro noJIR nopR~a 7-IO dap. ~!aKCHMairbHUli 

pa~yc nysupua CHJibHee Bcero saBHCHT or qacron· yJibT(Jasn 1\a, 
sareu or ero aMnJIHTy.JJ;u, cnaOee - or repMO.JJ;HHawHqeCKHX napawerpos. 

Bonpoc 0 TOU 1 38XJIOnHeTCR JIH nysupeK B r!Ja3e CJK8THR HJIH dy)J,eT 
TIYJibCHpOB8Tb H8 COcJCTBeHHOlt qacrore, K8K nOK838HO )\Jli! O)J,HOM H3 
KpHIWC HB pHC.'/ nyHKTHpOU 1 OCT8eTCR 1 BOOcJu{e rOBOpi!, OTKpb!ThiM. JtnR 
ero O)J,H03HaqHoro pemeHI1a rpedyercR aHaJIH3 nos e,J;eHHR naponoro ny
supbKa !;pH dOJibWHX CKOpOCT RX 38XJI0llb!B8HHR 1 T • e • B OKpeCTHOCTH 
nepBoro MHHJU.Iyua sanl1Cl1MOCTH R ( t ) , B repMl'!Hax HepaBHOB c:cHolt 
Tepll0)J,HH8MHKK C yqeTOM CXHI~euOCTK ~l1AKOCTH 1 qro H8XO)\l1TCI! 38 
npe,.;eJI8MH npt!l.!eHHl.IOCT~ ypaBHeHHII 1 HCll0Jib30BaHHb!X B .ll;Bl!HOIT pacJOTe 
.JJ;JUI HCCJie,no~~aHHR .n;HHBM11hli nysupbKa B YJibTpasay£;osoM none. 
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