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BLl,ltalllIU{eca xaqecrBa nysup&KOBOff Kllllepu xa.s: npH6opa )tlIH Hsyqe

HHH saxoHoxepaocren .llllpoupa aBH.U:CL npH'IHHOff roro nopasHrenLHoro 

nporpecca, xoropuR 6~ xocrxrHyr B rexuxxe coopyxeHHa srHx Kllllep, 

BupocmHx or na6oparopHoR xon6u rnesepa xo coBpeveHHHX xpynaux 

ycraHOBOK HH~crpHMbHOro rxna, coxepx81l{HX ,ll;8CJll'KH xy6HqecKHX 

MerpoB pa6oqero Be~ecrBa. Oco6aa ponL nysiipLKOBHX xavep CBasaua B 

nepByD oqepeXL c ee BosvoxHocrJUlH xa.s: 4<Jr- xereKropa, oOecneqHBall

~ero raxze perxcrpaUHD BepDIHHH B38HKO.D:effcrBHa. Ilocnexuee o6croarenL

crBO mreer HCKJIDqxreJILBO Banoe smqesHe HK8BHO B"06JiacrH ~H3Hll:H BH

COKJIX aueprmt,r.D:e ~exrxB&ocr• xoeuarH11ecxon H.J;eHTH~HXanxx xaaana 

peaxnHJI Bec&Ka xpn1111ecxHM o6pasox aaBKC~ or roquocrx saaa11111 BeJil{'llffl 

HMnyJILCOB H yrnoB BHJiera Bropuqaux qacrxn B roqxe B38HMO.D:eRcrBH~. 

IlpoBe.D:eHHe axcnepuxeuroB Ha ycxopurenax c aueprxett B corHH fsB 

BH3B6JIO K ZH3HH HOBOe IlOKOJieHHe ny3HJ)hKOBHX KaMep, npe,Jl;H63HaqeHHHX 

)tlla HcnoJih30BaHHa He B xaqecrBe cavocroarenLHoro xerexropa, a KaK 

qacrb rH6pH,ll;HOR ycraHOBKH, BKJIDqallllleR raxxe CHCTevy 3JleKTpOHHHX 

xereuopoalI/. 

lfcnOJlb30BaHH8 nySiipbKOBHX KaMep B axcnepHlileHrax COBMeC,THO C 

snexrpoHHWIH xerexropaux qacrxn BLl.ltBHraer Ha nepButt nJiaH rpeOonaHHe 

OucipoxettcrBHR xauep. IlpaxrHqecKaa peanusanKa sroro rpeOoBaHHH 

ocy~ecrannerca oOuquo sa cqer cosxaHHa 6ucrpoxcttcrBylllllHX cxcrev 

H3MeHeHH8 ,ll;SBJieHHH. 

Buecre C TeM, B pnxe Be,l(j'UIHX neHTpOB B OOJiaCTH <fi!3HKH BUCOKHX 

3HeprHR npOBO,ll;Jll'CH Kero,ll;Hqecxxe HCCJl6,ll;OB8HHR C uenbD C03,ll;SHHH HOBOrO 

npxOopa - yJihTpasByKOBOR IlY3Hl)bKOBOR Kllllepu, B'KOropoR BMecro CJIOX

HOR H HHepUHOHHOff pac■HPHTe/ILHOR CHCTevu HCll0Jlb3yercn CHCTeMa Henox

BHXHHX ynupa3B)'IC0BHX H3Jiyqarenen12 -71_ YnupasByxOBUe nysupbltOBUe 
Kauepu 06na,1tanr BUCOKHM 6ucrpoxettcraxeM H c HX C03,ll;aHHeK CBH3UBaDT 

Ha,Jte:l',J!U Ha B03MOXHOCTb paOoru B ynpaBJIReKOK penue, qro HKeer 
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BaXHOe 3HaqeHHe Ana xaMep, ncnonL3yewx B rH6pH.JtHliX ycraHOBEaX. 

H HatJany npoBe~eHHa onHclffiaeworo B ,l{HccepranHH J.ll{Kna pa6or 

npeAnpHHHMB.JlHCL nonHTEX C03AaHHR ynLrpa3ByKOBHX ny3HPLKOBHX KaMep. 

MeXAY xeu xeoperHqecKHe npe~cxaaneHHa o ~HHaMHKe pocra napoBwc ny-

3HPLKOB B nonax nepeMeHHOro AaBneirna 6URH conepmeHHO HeAOCraroqHH 

HH AnH roro, qroOu C)tenarL 38KnnqeHHe O npHHUHilH8RLHOR B03MOJICHOCTH 

C03)t8HHR raKOR KaMepu, HH )tRH roro, rrro6H nonyqHTL peKOMBHAanHH 0 

audope padoqero pexHMa. 
B Hacroamen )tHccepranHH Hsnaranrca pesynLraru Hccne)toBaHHa .l{H-

Ha.LIHKH napoaoro ny3HpLxa, xoropoe Ouno BUnonHeao aaropou B naooparo

pHH H)tBpHGX npo6neu Od~B)tlHeHHOro IHCTl?yTa a,1tepHHX ICCRB)tOBaHHR c 

nenLD 1rnyt1emrn npaKrHqecKHX' cnoco6oB co3.itamrn ,11;ere11:ropoB aonoro THna 

~RH 3KcnepIDleHra B IlytiKaX qacrHn BGCOKHX 3HeprHR. 

B nepnon rnane Aaerca KpaTKHtt oosop sKcnepHMeHTOB, B Koropwc 

HCCRB)tOBanocL BRHRHlle pasnHqHIDC THilOB HOHH3Hpynmero H3RyqeHHR Ha 

BenHqHHY KaBHTanHOHHblX noporoB B XH;uto~rax, OilHCUBaDrca 3KCnepHMBHTH 

c ynupa3ByKOBl:llm nysupLKOBUMH xauepaua12 -71 H llpHBO)tHTCR KpaTKHfi 

odsop reoperHqecKHX HCCRBAOB8HHfi ,l{HH8MHKH O,l{HHOqHoro napoaoro nysupL

Ka B JICH)UtOCTH, KaK npH IlOCTOHHHOM )taBRBHHH, TSK H B ynLrpa3ByKOBOM 

none. 
Bo aropon rnaBe ccpopuynHpOBaHa CHCTeMa ypaBHeHHff, OilHCUBaDmHx 

noBe)teHHe naponoro nysupLKa B Xil)(KOCTH c yqeroM reruro- H uaccoodueHa, 

Bnepaue nonyqeHU H HCCRe~OBSHH xapaKrepHHe qHCRBHHHe pemeHHH, COOT

BercrBynmHe IlOBeAeHHD ny3GpLK8 KaK B ynLTP83ByKOBOR, rax H B Kh8CCH

qecKOfi nysupLKOBUX xauepax, 

IlpeAnonaraerca, rrro c11creua nysupex-xH.JtKOCTL o6naAaer c,~epHqec

xon CHw.leTpHeH, nap B nysupLKB HacumeH H OilHCGBaerca ypaBHBHHBM co

CTOHHHH peanLHOro rasa, XH.llKOCTL aecxHuaeua, nysupex O~Hopo~eH. IlpH 
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YK838HHHX npe~nonoxeHHHX 38BHCHMOCTL pa.l{Hyca nysupLKa OT BpeueHH 

OilHCHBaerca YPaBHBHHBM Psnea 
RR+~ R 2 = p'-Po - P, Si..n (21l.Jt + V'0 )-2.6/R 

2 f 
(I) 

3aBHCHMOCTL )taBneHHa napa B nysupLxe o_r apeueHH p' (t.) onpe~enaerca 

113 ypaBHBHHH coxpaaeHHH 3HeprHH B nponeccax HcnapeHHH JICH)UtOCTH H 

KOH~BHCSUHH napa Ha IlOBepXHOCTH ny3HPLKa ar , · , ac;- 2 R 
dP' _ 3 -KaR- p'L·R+T 7ft'. R . 
at- 7r· ii~P' d T' ·-. (2) 

L a751+Csf. a151 
~na onpe.iteneHHa rpa.l{HeHra teuneparypu B XH;utOCTH y noaepxHocrH ny-

supua OT /0 K, BXO.D;Hll!BrO B .npaByD qaCTL ypaBHeHlfR (2), HeOdXO,l{HMO 

B o6meu cnyqae pemarL ypaBH8HHe ren~onpOBO~HOCTH B llCH.JUtOCTH · 

ar 1- u8R2 • ar _ ~. il (1-2· ar ) 
IT "t2 · a 't - -i2 oi a oz. ' c3) 

r .ite R - pa.l{Hyc nysupLKa, "t - KOOMHHaru roqxH B llCH;utoc·ru, PO - cral. 

ruqecxoe .D;aBnemrn B JICH;utOCTH, UR - CKOPOCTL EH;utOCTH y noaepXHOCTH 

ny3HpLKa, p a p' - nnoraocruHacumeHHoro napa H EH.D;KOCTH:coorner

crBeHHo, TH T'- teuneparypu llCH;utocrH H napa, L - rennora napoodpa

soaaHHa, Cr rennoeuKocr1, uacumeuHoro napa, 3J H K - K03cpcpHnueuru 

reuneparyponpoBO~HOCTH H rennonpOBO)tHOCTH, G - K03tfxpHl{lieHr nonepx

HOCTHOro uaraxeHHa, J H P1 - qacrora H aunnury)ta nynLcanHR )tanne

HHa B XH;utocru, ':Po - aaqanLHaa cpasa. 

HaqanLHUe H rpaHHqHue ycnonHa BHOHpamca cne.D;YDII!HM odpasou: 

P'(o) = P0, T (l, Z =R) = T:R~'Z<oa , T (?:, 'l. = oo) = Too -

HaqanLHaa CKOPOCTL R (o) H HaqanLHOe pacnpe~eneHHe B llCH~KOCTH T(o,~)
onpe~enaRHCL cornacao/7/ B npe)tllonozeHHH,. qro npH e< O ynLrpasnyxo

Boe none orcyrcrnyer. Tepuo.D;HHauHqecKHe nenH~Hu K ,J.., Cscqnranrca 

H3BeCTHIDI.H ~YHXnHHMH B)tORI, KPHBOR qia30Boro P8BHOB8CHH • 
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CHCTeMa ypaBHCHHR (I)-(J) C ypaBHeHHeM COCTORHHR napa B ny-

3blpbKe P'= P'(T), rpaHHqHl,(UH H HaqaJibHWH yCJIOBHIUIH llO3BOJIRer onH

carb noae,neHHe ny3blpbK8 B YJ!bTp83BYKOBOR ny3blp&KOBOR KaMepe. IlOCKOli

KY CKOPOCTb .l{BHXCHHR rpairnUbl pa3,neJia ~83 HeH3B8CTHa H onpe,nenaeTCR 

B npouecce pemeHHR ypaaHeHHR, ro paccuarpHaaeMaa sa,naqa aBnaerca 

pa3HOBH.l{HOCTbD npodneMbl CrerpaHa. AHaJIHTHqecxoe pemeHHe ,naHHOR sa,naqH 

nonyqeHO ~a llOCTORHHOro ,naBJI8HHR H HeH3MCHHUX renJIO~H3HqeCKHX napa

Merpoa JUIAKOCTH/9 ,IOI. JlJia ynupa3ByKOBblX noJieR c yqeroM renJio-Macco

odMeHa ee pemeHHe noJiyqeHO B JIHHeRHOM npHdJIHJCeHHH/II/, KOTOpoe, 

O.l{HaKo, He yqHTb1B88T T8KHX 3cfxpeKTOB BToporo nopaAKa, npHBO.l{R~HX K 

pocry ny31,1p&1rn, KaK a1,1npairneHHaa rennoaaa .nHqxpy3Ha. J{na a.nexaarHoro 

OIlHC8HHR noae,neHHR ny3up&Ka B YCJIOBHRX peaJI&HOR llY3b1pbKOBOR KaMepbl 

( dOJibmH_e 8MllJIHTy,n1,1, d1,1crpoe H3MeHeHHe ,naBJieHHR, pe3OH8HCHble RBJieHHR 

H r.,n.) 11CilOJlb3OBaHl1e qffcJieHHblX MeTO.l{OB RBJiaerca noKa 8.1{11HCTBeHHl:D.I 

cnocodou pemeHHa npodJieuu. 

IlOCKOJ!bKY B Hacroa~ee apeua orcyTCTBYDT YHHBepcaJibHble KPHT8PHH 

ycroffqHBOCTH pa3HOCTHblX cxeu ~R no,nodHUX CHCTeM HeJIHHeRHblX ypaBHe

HHR, npaaouepHocr& 11cnoJI&3oaaHHoro uero.na npoaepaJiac& cpaaHeHHeM no-. 

JiyqeHHUX qHcJieHHUX pemem1n C H3BeCTHWH 8H8JIHTH4eCKHMH pemeHHRMH, a 

T8KJCe C 3KCnepHMeHT8JlbHblMl1 .1{8HHblMH. B xaqecrBe npHuepa Ha PHC.l 

CllJIOmHoR JIHHHeR npe.ncraBJieHO pemeHHe CHCTeMbl (I)-(J), COOTBeTCTBYD~ee 

,naHHW 3KCnepHMCHTa no H3MepeHHD pa3uepoB ny3blpbxa1121. IlyHKTHpHon 

JIHHHeR llOK838H XO.I{ H3MeHeHHR .1{8BJICHHR B EHMOCTH. KaK BH.l{HO, reope

THqecxne RPHBHe xopomo onHCHBaDT pocr H xonJianc ny3up&Ra, 3ro nos

BOJiaer cqurar&, qro HCITOJ!b3OB8HH8R qHCJieHHaa cxeua a,neRB8.THa HCXO.l{

HOR CHCTeMe ypaBHeHHll H IlO3BOJIReT npOBO.l{HTb pa cqerbl .l{HHaMHKH ny31:lpb

Ka B YJibTP83BYROBOM ITOJie. 
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Ha PHC.2 nOK838HU pemeHHa, coorBercrByDll!He nOBe)teHHD ny3UPLK8 
·' B ynLTp83ByKOBOl4 none. BH)tHO, qro HCXO)tHUR ny3upex HaqHHaer pacTH H 

.1tocruraer HeKoroporo acuunrorHqecxoro 3HaqeHHa. IlonyqeHHw! pe3ynLrar 

n03BOnaer C)tenarL BUBO.It npHHUHnuanLHoro 3HaqeHHR O B03MOEHOCTH C03-

A8HHR ynLrpa3BYKOBOtl ny3UpbKOBOll Kauepu. MexaHH3MOl4 pocra ny3upLK8 

aBnaerca BunpauneHHaa rennoBaa ,1tHqxpy3ua1I31. 
B rperbett rnaBe paccuorpeHU CJle)tCTBHR KOB8PH8HrHOCTH ypaBHeHHR 

rennonpOBO)tHOCTH (J) H ypaBHeHHR coxpaHeHHR 3HeprHH (2) OTHOCHTenLHO 

npeoOpa30BaHlfR He3aBHCHMHX nepeuemmx xax npH nocroaHHOM, T8K H npH 

38BHcameu or BpeMeHH )taBneHHH B Zll,ltKOCTH, B qacTHOCTH,B ynLTpa3BJKO

BOl4 none. 

B paoorax18l Ouno noxa3aHo, qro xoBap11aHrHocn ypaBHem1tt, omi:

cuBall!llHX pocr _ny3UpbK8 npH nocroaHHOM )taBneHHH, H COOTBercrBYDllUIX 

rpaHHqHHX ycnoBun no OTHomeHHD K npeo6pa30B8HHD He38BHCHMIDC nepeueu

HIDC 

t.-i=mt; "t2 -~.a=m~ 2 , (4) 

rite m - npouaBonLHun napaMerp, npuBo~r x pemeHHD R "'A 1ft' 
1 

rite A '>O. B arou cnyqae pemeHHe ypaBHeHHR (J) uueer aBrOMo,1tenLHul 

BH)t T ( t' V) =T (V ), V = R ( t) / ?, 

B oO~eu cnyqae C coorBeTCrByll!llHMH HaqanLHWH H rpaHHqHHMH 

ycnOBHRMH ypaBHeHHe (J) KOBapuaHTHO orHOCHTenLHO npeo6pa30BaHHR (4), 

ecnu npeoapa3oBaHHue pemeHHa Rl.(t) HT (v) BupallaDTca 

qepea nepBOHaqanLHHe cne,1tyD1I1HM o6pa30M; 

R 2 
( t) = m R1 

( t / m } (5) 

T Ct> =T (t/m. v) . (6) 
a . 

PaBeHCTBO (5) 03Haqaer, qro 38BHCHMOCTH R {e) o6pa3yDT OAHO-
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napauerpHqecxoe aprouo,1teJ1LHoe ceuencrBo, oritenLuue xpusue xoroporo 

CBR38HU ,ltpyr C ,1tpyroM npeo6pa30B8HH8M nO)tOOHa C ueHrpou B Haqane 

KOOp,1tHH8To 

B irnaccHqecKHX nyaupLKOBHX xauepax pocr 11 xonnanc naposwc ny-

3UpLKOB npoHCXO)tHT npu H3l48HRD11!8MCR BO BpeMeHH .1taBn8HHH. IlOCKOJlbKY 

.1taBneHHe B raxon xauepe H3MeHaerca·.1tocraroqHo Me.1tneHHo, qroou npe

ue6peqL HHepuuaJILHlillH aippexraMH, TO noBe)teHHe ny3UPLKa MO%HO onHC8Tb 

ypaBH8HH8ll (J) C HaqaJILHWH H rpaHHqHlil(H yCJIOBlllllW BH)ta 

T(O,"t)=T0 ('t),_ R(D)=Ro 

T (t, R) =T'(t), T(t,O} =T.,,.. (7) 

( L. 3~: t- c!lr) • ~~, = 1-r · (1< ~k tJ''LRR). ca) 

BenuquHa, croamaa B CK06KaX Jl8BOR qacrH COOTHOmeHHR (8),38BHCHT 

TOJILKO or reuneparypu T'(t). Herpy,1tHo npoaepurL, qro coorHomeHHR 

(7) H (8) KOBapHaHTHU orHOCH?8JILHO npeo6pa30B8HHtl (4) H (6), npuqeu 

ocraerca B CHJ!e paBeHCrBO (7), KOropoe CJ1e,1tyer )tOOOJIHHrL COOTBer

CrBYDDIHM npeo6pa30B8HH8M )t8BJieHHR 

P (t) = P (t/m). (9) 

H3 KOBapuaurHocru ypaBHeHHtl (J), (7) H (8) CJ1e,1tyer aBrOMO)teJILHOC?b 

~YHKUHHRl.(t). Ha puc.3 COJIOmHon KPHBOtl npe)tcraBJieHO qucJieHHOe pe

meHue o6~en cucreuu ypanHeHutt, nonyqeHHOe npu xex 3HaqeHHax repuo

.ltHHaMHqecKHx napauexpos, xoropue peaJIH30BaHu B reqeHue pa6oqero nux

na ZH,ltKOB0.1topo,1tHott ny3upLKOBott xauepu/1 { H3Y8H8HHe .1taBJ1eHua B Kauepe 

npe,1tcrasneHo Ha HHZHeM rpaljJ,!xe. IlyHxrHpou npe,1tcraBJ1eHu qucneHHHe pe-
~ 

meHua, xoropue COOTB8TCTBYDT npeoapa30B8HHW 38BHCHMOCrRM P(t), npH 

nl. = 2 ll 4. BH.ltHO, qxo cfJaKTOpu, HapymaDIJIJ(e 8BTOl40)t8JILHOCTL, H B aroM 

cnyqae Hecy~eCTB8HHH. Yqer HH8PUHH ZH,ltKOCTK, cy~eCTB8HHUtl npH 6ucr

pou H3YeH8HHH )t8BJl8HHR,OOHCUBaerca ypaBHeHHeM Panea, xoropoe H8KOBa-
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38BHCHMOCTH ,ll;8BJI8HHS B KaMepe or BpeMeHH 
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Pxc. 5. 3aBHCHMOCTH pa,ll;Hyca 38PO,ll;lllll8BOro ny3llpbKa or BpeMeHH: 

CMOmHa/1 KPHBaR - C y11eroM noaepXHOCTHoro H8Tl!ZeH11a; nyHKTHPH8/I -
clea y11era. 
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pHaHTHO np11 npeoClpa30B8HIIII (4) II (6). TaKHM oClpa30M, Il0B8,ll8HH8 ny-
,,, 

3upr,Ka B yJiupa3BYI{OBOlt Kauepe onpe,lleJISieTC/I B OClll(eU CJiy•rae H8ICOBa-

pHaHTHOlt CIICT8MOlt ypaBH8HHl1. 0)lH8I{O B paCloTax1IJ-IS/ ClUJIO noKa3aHo, 

qTo pocT O.llHOpO.llHOro naponoro ny3upr,Ka n yJir,Tpa3BYKOBOlt Kauepe onpe

.ll8JISieTCJI BilllPJiJJJl8HHOl1 TenJIOBOlt ,llHcfxfiY3HeB. 3TO 03HatraeT, tITO COOTHO

meHH/I (J), (7), (8) H B 3TOM CJiytrae HrpaDT cyll(8CTB8HHYID poJir,, H, 

CJ18)lOBaTeJibHO, HX KOBap11aHTHOcrr, OTHOCHreJibHO npeoClp830B8HHlt (4) H 

(6) ,ltOJllltHa cyll(eCTBeHHUM oClpa30M CK83llB8TbC/I Ha cnoltcrnax 38BHCHMOC

TeR R2( t.), (R - cpe,llHHlt 3a nepHO.ll pa,ltHyc· ny3lijlf>Ka). B crarutreCKOM 

npHClJIIIX8HHII (npeHeClpexeHHe HHepu.11en XH,llKOCrH) )l8BJI8HHe napa B ny-

3llpbK8 onpe,lleJISieTCSI cfJYHK[lHelt BH,lla P
1
=P0 -P, Si.n (2'TtftJ 

ITpeoClpa30B8Hlle (9) )tJIJi TaKOlt cfJYHKU.IIH il , 
P(t)=P ( m )=P(f,t) (IO) 

}=f /m (II) 

IlP1!_B0.ltllT K CB/I3H uex.ity KPHBllllH °R2( t ), coorneTCTBYlllllllMH tf8CTOT8M f 
II f • 

0:CICJll)tlHB napaMeTp npeoClpa30B8HII/I fl'1 H3 paneHCTBa (5) H (II) 

H nepelt)lSI K 113uepenHro npeueHH n nepHO)laX ynr,rpaanyxonoro noJISI, 

noJiyqaeu YHHBepCaJILHYD 3aBHCHMOCTb 

~ 
F (n.)=}R 2 (n)=fR 2 (n.) 1 

(12) 

r)le n.- tIHCJIO nepllO,ltOB YJILTP83BYKOBOro OOJISI. Ha PHC.4 cnJIOmHolt 

JIHHHelt npe,ltCT8BJI8Hll pemeHHII, noJiytreHHlle tIHCJI8HHUM 11arerpHpOBaHH8M 

CHCreMU ypaBH8HHl1 (2)-(J) B CT8THtf8CK011 npHClJilllB:8HHll npH pa3JIHtIHUX 

t1acr0Tax. <}ynxu.irnf R 2. ,ItellcTBHTeJILHO mieer yH11nepcanr,H1,1lt, He3anHcrumlt 

or tracro:rn BH)l. 

CHCTeua ypaBH8HHl1 (I)-(J) 1 YtIIITUBallll!8/I HH8PU.HD lUl,ltKOCTH, H8KO

napHaHTHa, Hee pemeHHII, noKa3aHHUe Ha PHC.4 nyHKTHpou, ne OClJia.itaDT 

CBOltCTBaUH YHHB8PC8JILHOCTH. Pa3JIHtIHe Il03BOJI/IeT cy,ltHTb O CTeneHH 
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HapymeHH/I aBTOUO,lt8JILHOCTH H Bll/IBHTL ponr, HHepu.HaJILHllX 3cfxp8KTOB npH . . 
nynr,ca[lHJIX naponoro nyaupr,Ka n ynr,rpa3Byxonou none. 

KaK H CJie,JtOBaJIO OZH;lt8TL, no uepe pocra nyaupr,xa H npHClJIHXeHHJi 

ero pe30H8HCHOII traCTOTll K tf8CTOT8 YJILTpaanyKa, Cyll(8CTB8HHYD ponr, 

H8tIHHaDT Hrparr, HHepnHOHHUe 3cfxp8KTU, H anrOMO,JteJILHOCTb HapymaeTC/I 

reu paar,me, treu nume tracrora ynr,rpaanYKonoro nonn. OraomeHHe qacro

ru coClcrnennux nynr,canHR Ha acHunrorHqecxou ytracrKe K qacrore nu

HY'Jt.lt8DlllHXfeoo/f"' IO. JJIJI ,ltOCTaTOtIHO HH3KHX qaCTOT aBTOMO,lteJILHOe 

none.iteHHe KPHBIDC R!J uueer uecro, qro noanoJiaer noJiytIHTL 38QHCH

uocrr, .R2
, He npHCleran K trHCJieHHW pactrera1.1. 

B qernepron rnane npHBO.llHTCH peaynr,raru pacqeron, onpe,Itenne

Mmc xomcperHUMH yCJIOBH/IMH 3KCnepHuenron C YJILrpa3ByKOBUMH KauepauH: 

onpe,JteJinercn ponr, nonepXHOCTHOro HarnxeHH~ H HatiaJILHOR cp83ll ynr,rpa-

3Byxa Ha )lHH8MHKY 3apo)lumenoro nyaupr,xa, npHBO,ltRTC/I 3HaqeHH/I KaBH

ranHOHHOro H .ltHcfxfiY3HOHHOro, noporon )tJIR XH)lKOro B0.ltOPO.lla, npHBO,lt/ITC/I 

pe3ynr,raru pemeHHlt HCXO)lHOII CHCreuu ypaBH8HHff C HatiaJILHl&H H rpa

HHtIHlllGI YCJIOBHJIMH, COOTBeTCTBYl)ll(HMH reu 3HaqeHHRM repUO)lHH8UHqecKHX 

H 8KYCTHtI8CKHX napauerpon, KOTOpue peaJIH30B8JIHCL B 3KCnepHMeHrax C 

reJIHenoff H B0,llOpO,ltHOlt YJILTpa3BYKOBUUII llY3llpLKOBUUH xauepauH. OClcyx

)laDTCR pe3yJILT8Tll 3KcnepHueHTOB H nyrH .itanr,aeltmero pa3BHTHR TeOpHH. 

Kax noxa3aHo no nropolt rnane, pa)lHyc nyaupr,Ka yneJIHtIHBaercn 

npH nyJILCaUHRX B pe3yJILrare )leltcTBH/I BllllPRMJI8HHOlt renJIOBOlt .ltHcfxfiY3HH. 

0)lHaKO Cyll(ecrnyer noporonoe 3HatieHHe aMnJIHTY.llll P.llHcfxfi raKoe, qro 

npH Pr<P.ltHcfxfi )leRcrBHR BllilPRMJieHHOlt .ltHcfxfiY3HH H8)lOCTaTOt{H0 H uaqanr,

HHR nyaupex aaxnonunaercn. IlpH aunnHry.1tax Pr">PKan' r.lle Pxan - xa

BHrau.HoHHwl nopor, nynr,caUHH llY3HPLKa HM8DT HacrOJib~O Clonr,myD aunJIH

TY.llY, tITO OH 38XJIOnunaercn B cp83e cxarHn. YJILrpa3ByKOBa/I ny3upr,xo

BaR KaMepa ocy~ecrBHMa J!Hlli B TOM CJiyqae, xor~a p)lH!pp~PK8B )lJIH 
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acero .IU{anasoHa pa.l(Hycoa ny3up&Ka OT sapO.l(Wlleaoro .l{O BH.IU{uoro pas

Mepa. )11ISI c11yttaa li:H,.llKoro ao.14opo.l{a (T - = 27°K, P0 = s,o 6ap, 

Ro= 2•I0-6cM) p.ltHcM> H PKaB 6li11H ttHcneHHO pacttHT8Hli ){11JJ ttaCTOT 

OT JO )(0 400 KI'n. 3HatteHHJJ ,l(Hqxfly3HOHHOrO H KaBHTaUHOHHOro noporoB 

oxasanHCI, IlOCTOJJHHIIMH: P .IU{ipfl = I ,8 Oap, P KaB = 4,4 Oap. 0TCYTCTBH.e 

3aBHCHMOCTH OT ttaCTOTli MOXHO oO~JJCHHTL TeM, ttTO C00CTB8HHaJJ ttaCTOTa 

nyn&caunn sapO.lllillleaoro nysup&xa aaxo,llHTCJJ ,llanexo sa npe.l{e11aMH Hc

cne,llyeuoro AHanasoaa ttacTOT ncno111,syeuux y11&Tpasayxoaux no11en. IlpH 

P .l(Hcpqi< P1 < P K8B 38PO.llh1Il18Bliff ;ry:mpex BHpacTaeT Bil110TI, ,llO acHIIIlTOTH

tteCKHX pasuepoa, T.e. ){11JJ Ro>2•I0-6CM HHTepBaH .l{OilYCTHMl:lX 3HatteHHR 

Pl MOX8T T0111,KO YB811HtIHTI,CJlo 

qTOOli BHJJCHHTI, po111, noaepXHOCTHOro HaTJJXeHHJJ,JM8CTHO pacCMOT• 

peTL 3B011DUHD sapO,lllillieaoro nysup&Ka B neperpeToff XH.JlKOCTH 6e3 yc11ox

HJJD1I1ero B11HJJHHJJ yn&Tpa3BJXOBOro nona. Ha pnc.5 npe,llCT8B118Hli 38BHCH

MOCTH pa,IU{yca ny3Hp&Ka OT BpeMeHH npHRo= 2•I0-6cu, po= 0,8 6ap, 

i'o0= 24,6°K, npHttell nyHKTHpHaJt KPHBaJJ COOTB8TCTByeT cnyttaD 6 = o. 
Biuao,ttTO no uepe pocTa ny3HpLKa o6e KpHBHe C611Hlla1JTCJJ H Il0B8,ll8HHe ny-

3Hp&Ka onpe.14e11aeTCJt ~opuy11on R~ft. Cy~eCTBYll!IHe axcnep11ueaTa111,

HHe ,llaHHlie/16/ IlO,llTBep:s:,llaDT 3TY 38BHCHJ.IOCU ,ll11/I R "> 5•I0-3cu. IlpH . 

uanwc pa,IU{ycax ny3HP&Ka B11HJJHHe noaepXHOCTHOro HaTJJX8HHH npHBO,llHT K 

j'MeH&meHHIJ 3ipfJ8KTHBHOro neperpena XH,.llKOCTH H, C118.l{OB8T81ll,HO, K M8HI,

men cxopocrn pocra ny3up1,xa. 

B pesynuaTe npoBe.]leHHHX 3KcnepaueHTOB c renaenon1 ' 21 H no

,llQpO.l{Hon/J-6/y111,TpasnyxoaIDo1H nysup&KOBUMH xauepaMH OU110 noxasaao, 

ttro 3apO,lllilll8Bwl nysupex, HHHUHHPOB8HHHR 3apJJXCHHOR ttaCTHueR, BHpac

raer ,llO BH,IU{MHX pasuepOB...., I0-2CM .B TeqeHHe 60-IOO nepHO,llOB Y11LTpa-

3BYKOBOro nona. Ha pnc. 6 cnnomaWK nHHHJJMH HaaeceHH TeopeTHttecxirn 
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38BHCHMOCTH cpe.1tHero 38 nepHO)t paAHyca ny31iij)&Ka OT Bp8M8HH B B0.1topo

.1te, a TaKxe npHB8)t8HU 3KCnepHM8HTaJI&HUe 3HaqeHHR pa3M8pOB"O)tHHOqHwc 

ny3UpbKOB, nonyqeHHUe B YJibTP83BYKOBOR KaMepe no HcreqeHHH"'80 nHKJIOB! 

MeX.ItY T80pHeR H 3KcnepHM8HTOM HM88TCR Y.JtOBJI8TBOPHT8JlbH08 COOTB8TCTBH8, 

0AHBKO H80dXOAHMO OTM8THTb CJl8JlYD~ee. 

Bo-nepBux, reoperHqecxHe KPHBU8 onHCUBaDT nOB8)t8HHe OT)t8JlbHOro 

ny3upr.Ka, B TO BP8MR KaK 3KCnepHM8HT8JlbHU8 )taHHUe Moryr COOTB8TCTBO

BaTr. ny3upr.Ky, B03HHKID8MY B pe3yJir.TaTe B38HMO)t8RCTBHII rpynnu dJIH3KO 

pacnonoxeHHWC ny3UpbKOB, KaK 3TO npOHCXOAHT B KJiaCcHqeCKHX KaMepax. 

Bo-Bropux, TeopeTHqecxoe·onHcaaHe AHHaMHKH ny3upr.KOB cnpaBe.It

JIHBO )tO rex nop, noxa nap B ny3upr.Ke MOXHO cqaraTr. O)tHOpOJ!Hl:Wo ECJIH 

BHYTPH ny3upr.xa MeXaHH3MOM nepeAaqH Tenna RBJIR8TCR TOJibKO rennonpo

BOAHOCTr., TO npe.1tnonoxeHH8 od O)tHOpO)tHOCTH napa cnpaB8MHBO, xor~a 

BUnOJIHR8TCR COOTHOmeHHe 

R ~ v 2 ;I)' -c = eJT.ucptp (IJ) 

(e)t~rpfJ - )tHrpfJy3HOHH8R )tJIHHa, 'z: - Bp8MR, B TeqeHHe KOTOPOX:O npOHCXO

.ItHT cy~ecrBeHHoe H3MeHeHHe reMneparypu B ny3upr.xe, paBHOe no nopa,JtKy 

B8JIHqHHU nepHO)ty ynr,rpa3BYKOBOrO non11).EcJIH B )tOnOJIH8HH8 K renno

npoBO)tHOCTH B03HHK88T KOHB8KUHH, KOTopa11 cnocodCTBY8T yueur,meHHD 

H80)tHOpO)tHOCTen, TO nOHBJlll8TCII B03MOXHOCTb paccMarpHBaTr. B pauxax 

3toro nOAXO)ta donee KpynHHe O)tHOpO)tHUe ny3upr.KH, qeu re, KOTOpue 

onpe.1teJIHDTCR COOTHOmeHHeM (IJ). 

B-rperr.ax, no Mepe pocra ny3upr.Ka ero c~epHqecxaa ~opua craHo

BHTCH HeycrollqHBOR, qro npHBOAHT K B03HHKHOB8HHD MHKponOTOKOB XHA

KOCTH BOKpyr ny3Upr.xa, qro B CBOD oqep8AL npHBO,lUIT K donee HHT8H

CHBHOMy rennoodueHy C OKpyitalll!leR XH,JtKOCTLD H p83KOMy yB8JIHqeHHD CKO

pOCTH pocra ny3upr.Kall71• B A8HHOM nOAXOAe BJIHHHHe MHKPOnOTOKOB yqa

TUBaerca. 
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Ponr, OdOHX 3THX rpauopOB MOll:eT durr. oueHeHa nyreM 38M8HH 

K03cMJHUH8HTa ren.n:onpoBO)tHOCTH JCH,JtKOCTH K Ha B8Jllt'IHHY K3cMJ = (IOi-IOO)R 
Ha PHC.6 coorsercrBy~e KPHBU8 npOB8,It8HU nyHKTHPOM. }13 xapaKrepa 

KPHBUX BJUHO, qro yxa3aHHall rpy6aH Ol.l8HKa no3BOJ!lle·r OfiHCaTL Dell~8CII 
' 3KcnepHWeHTaJir.HHe ,11;aHHH8 • .l(JIR OKQHqarenr.aoro BHRCHeHHR cooraerCTBHII' 

reopHH H 3KCnepHM8Hra H806XO,ltHMa 6011ee no.n:aaa' 3KCnepHM8HraJir.HaH HH~OP· 

wanHR o pocre ny3up:r,1ta or sapo,11;umesoro ,JtO acHwnroiHqecKoro paawepos. 

OcHOBHue pe3y.n::r,raru ,1tHccepranHH npHBe.1teHu B 3aKJIDqeHHH: 

I. IlOKS3aHo, qro npH onpe.l(eJieHHUX 3Hall8HHRX aKycruqeCKHX H 

repMOAHHa.LIHqecitHx napauerpoB B XH,JtKOCTH, Haxo.1tn~eRcsi no.It ·.1taBJI8HHew, 

donr.m.eu .1taBJI8HHR Hacwiieaawc napos, nyJIMHPYXl!l!Hff no;,; .1teRciaue1,1 ynr.rpa-

3Byita ny31iij)8K pacrer. Mexamt3MOM pocra ny3Jipr.xa 11a1111erca sunpRMJieH

aa11 renJIOBa11.Jt)l4xf,Y3HR. 

2. HccJie,1to»aaa 3aBHcuwocr:r, acu.11nrouqecKoro paAHyca or qacroru 

H awn.~ury;,;u yJI:r,rpa3BYKOBoro nona, rewnepaTypu H cTarHqecxoro .1taBJie

HH11 XH,JtKOCTHo 

3. 0npe)t8JI8HU 3HaqeHHII K8BHT81.lHOHHOrO H AHlfxIJY3HOHHOrO noporoB 

npH 3H8ll8HHIIX napawerpoB, cooraerCTBYlllllHX padoqewy pexH.lly BQJtOpo,11;

HOff yJir.Tpa3BYKOBOff ny3HPLKOBOR xawepu, H ffCCJI8)tOBaHa HX 38BHCHMOCTL 

or qacroru. 

4. IloKa3aHO C~8CTBOB8HH8 COOTHOID8HHR llO,ItOdHII MR pemeHHR, 

ODHCUB8lll!IHX KOJIJianc ny3upr.Ka npH llOCTORHHOM )t8BJI8HHH B reqeHHe pa-

6oqero nHKJia KJiaCcHqecxon BO~OpO~HOR DY3UPLKOBOff Kawepu, a T8KE8 npH 

nyJI:r,caUHRX ny3up:r,xa npu pa3JIHqHux qacroTax yJir.rpa3BYKa, qro, B 

qacrHOCTH, n03BOJIRer B ~aJILHeRmeM pe3KO COKpaTHTl> 061,ew qacJieHHUX 

pacqeros. BHIIBieHa pOJII, HHepuHaJILHUX if>axropoB, HapymaD!IHX aBTOK0-

~8Jll>HOCrl>- IloKa3aHo, 'QTO B acuwnrorHqecKOM peEHM8 oraomeHH8 tiaCTOTU 
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co6CTaeHHux nyJII,cauHn K 'l6CTOTe ynnpasB!KOBoro nonsi £,,r / f ~ IO, 

'lTO nosaonsieT oueHHBaTL aenH'lHHY acHMnTOTH'lecxoro pa,nHyca, He npH-

6erasi K 'lHcneHHUM pac'leTaM. 

5. IIony'leHI,r 'lHCJieHHUe pemeu11si, on11cuaaDII{He H3MeHeHHe pa,nHyca 

ny31:1PbK8 OT apeMeHH npli 3Ha'l8HHSIX aKyCTH'leCKHX H T8PMO,ltHH8MH'l8CKHX 

napaMeTpOB, COOTB8TCTBYDII{HX pa6o'lltM peXHM8M ren11eaon 11 Bo,nopo,nHux 

YJibTp83ByKOBl,IX nysupbKOBl,IX K8Mep. Pac'leTHOe 3H8'l8HH8 pa,ltHyca coor

B8TCTBY8T pa3MepaM nysHpbKOB, Ha6nv,naewux B 3KCnepHMeHrax. 

6. Hccne,noaaHo BJIHSIHHe Ha CKOpOC?b nysupLKa noaepXHOCTHoro 

HaTSIXeHHSI Ii Ha'lanLHOit ~831,1 YJibTp83ByKOBOrO IlOJISI. PesynLTarH pac

'l8TOB COrJiaCylll'CSI C HM8Dll{HMHCSI 3KCnepHMeHranbHUMH ,naHHUMH. 

MarepHaJiu, Ha .OCHOBaHHH KOTOPUX HanHCaHa ,nHcceprauHsi,ony6JIH

KOB8HH B pa6orax115 ,18-22/ 11 ,noxna,nuBaJIHCL Ha CHMnosHyMe no npor

paMMHpoBaHHD H HCnOJib30B8HHD 'lHCJieHHUX ~ero,noa pemeHHSI ~H3H'l8CKHX 

sa,na'l ()!y6Ha, 1973), Ha Ylli BcecoD3HOil aKyCTH'leCKOit KOH~epeHUHH 

(Mocxaa, 1973), YII Mex,nyuapo,nuol! KOH~peHUHH no annaparype B ~H3HKe 

BUCOKHX 3HeprHil (~paCK8TH, 1973), YI Mex,nyHapo,nHOM CHMn03HYM8 no 

HeJIHHel!HOR aKyCTIIKe (Uocxaa, 1975). 
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