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~HH8JIJ4lleCKH9 npo~eccH, CBHB8HHL!e· C oc5paaoB8HH9M ny3HPDKDB B 

ZHAKOCTB, HX poCTOII, ycJIOBHJUJH cy111ecTBOB8HHH H H~qeaHOB8HHH H3-

A8BHa npHBJieKa~T K ce6e BHHM8HHe 6oru,moro qHCJla HCCJl8ADBaTexea •. 

06nacn. npaKTHqecKoro npHJ18H8HHH HBJl8HHI, · oc5yCJIOBJIEiHHHX paaJIHqHH

~-H oco6eHHOCTHKB DOB8A8HH.fl nyaHpDKDB B lltHAKOCTH, ADCT8TQqao mH

poKa. B qacTHOCTH, 3KcnepHll8HT8Jil,H08 H TeopeTHqecxoe HCCJ18AOB8 -

HHe npoueccoB oc5paaoBaHHH, pocTa H.nocxeA~lllero KOManca napoBo-. .. 
ro nyaHp~Ka B ZHAKDCTH urpaeT ~Yff'A8118HT8JIDH~ pom, B paaBHTHH 

118TO,lUfKH ,nyaHpDKDBblX K8Jlep, DO.flBJl8HHe KOTopwCcocT8BHJIO uex~ 

aqoxy B_\P)l3HKe BHCDKHx·aaeprHI. no 3TOD npHqHae HHTepec K Hayqe

HHD AHH811HKH nyaHpDKOB B ZHAKOCTH B aaaqHT8llHOI CTeneHH onpeAe

JIH8TC.fl TeMH npo6J1eua11H, KOTOPH8B03HHK8DT npH paaBHTHH ueTOAHKH 

nyaHpDKOBHX Kauep. Ee paaHTHe HAeT.B H8CTOHD1ee Bpe11a.no aeckom,

KHII aanpaBJI6HHHM: coaAaHHe Kpynaorac5apHTHHX KaMep KJiaccHqecKoro 

THna, a Ta~e peaoaaHCHHX H ynpaBBYKDBHX DY3HPDKOBHX .KaUep. 

CneUH~HKa pac50TH nyaHpbKOBOi K8116pH ODP6A8Jl.f[8T !6 xapaKTepHHe 

YCJIOBHH, npH KOTOPHX npoHCXOAHT 3BOJIEUHH OTA8JIDHHX nyaHpDKOB 

C UOll6HT8 oc5paaoBaHHH AO 110118HTa KOJIJianca. 

C1111ecTBOBaBmaH paaee TeopHH noBeAeHHH napoBHX nyai.pbKOB 

B ZHAKOCTH He ODHCHB8Jla COBDKYDHOCTH ~cex HUeBmHXC.fl 3KCnepmieH .

T8JlbHHX A8H~HX, no:uyqaeuHX C DOIIOIIIJ,D nyaHpDKOBHX Kauep. B qacT

HOCTH, AHH8JIHK8 napOBHX DY3HPDKOB B ynTpaaByKOBHX DY3HPbKOBHX 

.Kauepax-~aKTHqecKJl·He miexa a'AeKBaTHoro TeopeTHqecxoro aaa,maa.• 

0TCYTCTBHe TeopeTHqecxoa HHTepnpeTaUHH axcnepHll8HT8JIDHHX A8HHHX 

CA6pzHBaJio paaBHTHe T8XHHKH nyaHpDKOBWC xauep. 
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AaHHaH .ltHCCepra~HH Il0CBHDl8Ha T80P8THqecK011y HccneAOBaHHll 

,ltHHaKHKH napOBWC nyaup:r,KQB B XH,ltKOCTH C yqerou renno- H 11acco-

0611eHa M8'1lf./1.Y nyaupbKOII H OKPJ'%8.lllll8A cpe.itott, .itaBJieHHe B Koropott 
• H3118HH8TCH B COOTB8TCTBHH C q>aKTHqecKHIIH YCHOBHHKH, peaJIHayeMWH 

B nyaupbKOBWC KaKe~ paanHqHlix THilOB. __ OCHOBHOe_ BHHKaHH~ Y.itBnH-
·.·"'" .. - ··-. . - -• . 

8TCH Tell paa.itenaw reopHH, KOTOplie AO CHX nop,npHBO.itHnH K npe,ltCKa-
. ;, ' . · ... · :-· . ' . . . ... 

aaHHHM, He COOTB8TCTBYllmffll SKcnepHKe~Tan:r,Hw .itaHHliK~. 

·0CHOBH08 CO,lt8pllaHH8 ,ltHCC8pTa~HH_~ny6nHK9:&lHO B pa60T~/l-5/. . , ' .. ;, ~. 

IlonyqeHHue peaynbTaTu .itOKna.itu:eanuc:r, Ha pa66qeu coBemaHHH no.rex

HHKe nyaup~KOB!lX K~ep ( Jly6Ha, 1969 )161, H; M~~yHap~,ltHOA KOH

q>epeH~HH no,annapaType B <l>H~HK8 BliCOKHX SHe~rHtt ( Jly6Ha, 19;0 )/7/, 

Ha .YII Mell,llyHapo.itHOII aKycTHqecKou K~arpecce ( Ey.itane~T, 1971 )/8/ 

H Ha rr BceCOll3HOII CH1imoa~ywe no KaBHTa~HH ( O.itecca, 1971 . ) • ' 

.l(HccepTa~HH CO~TOHT H3 BB8,lt8HHH, qeru~ex rnaB H .ltByx npHnO

llt8HHtt. Ilep:aaa rna:ea npeAcTaBJIHBT co6ott o6aop_JIHreparypu, B KOTopou 

HanaraDTCH OCHOBHli8 npeAcTa:aneHHH O ,ltHHaKHKe napOBliX _H raao:aux ny-
;· .. - . '. ,., ·•· 

3lipbKOB B lltH.ltKOCTH H Aa8TCH me KPHTHqecKHA aHanHa. 

Bropaa rna:ea .itHccepra~~- nocBHD!eHa anaJIHay_noBe.iteHHH napoBwc 

nyaup»KOB B lltH,ltKOBO.ltOPO.ltHOU nyaupI,KOBOA Kauepe KaK npH IlOCTOHHHOII, 
•. '. , , . r 

TaK H npH nepeueHHOII, aaBHCHDl811 OT BP8118!J~,.itaBneHHH lllltH,ltKOCTH. 

Aeno B Tou, qTo Ha:aecrHue .ito cHx nop reoperHqecKHe peayn:r,Ta~u 

Ilneccera H UBHK~/9/,' a raue ,1tpyrmc a:aropoB/l0-l2/ _He corna~yD!'-
. ' 

CH C SKcnepHK8HT8.J.II,HJ,D(H .itaHHliKH_, nonyqeHHliKH C llOIIOD!bll BO.ltOPO.ltHHX 

nyaup:r,xoB~ Kawep/13/. Paa~ornacHe uellt,lty TeoperHqecxott H ua6n11,1ta

e110A aaBHCHKOCTI>ll pa,7tHyca nyaup:r,Ka OT :apeueHH ,ltOCTHraer.300% H 

6onee. 
11a:aecTHO/:i:li, qro no:ae.iteHHe. acHKm;_qrHqec~orQ nyaup:r,Ka ~B. nepe

rperott lltH,ltKOCTH npH nocrOHHHOII .itaBn8HHH onpe.itenHBTCH B8~HHOA 
- . . . . . ~' ' , . ·. . : · . - .. 

renno:aoro noroKa uell,lly nysupI>Kou H OKPYJl8:Dll!eA_ero XH,ltKocr:r,11 H onH-
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CHB8.6TCH C llOIIOD!bll ypaBH8HHH rennonpOBO,ltHOCTH 
'dT+ RR~ ;JT = 0 --2. /zz ')T) J Rt,;. 2 (1) ~e ~% c)'t ~z ~z { ' ~~ 

c cooruercrBYJ)IIIHlDI HaqaJII,HHII a rpaHBqHHIIH ycnOBHHJIJI 

T{-z, t =o) = TcJt), T{R, t}= T'(P.,,.), T{00, t)= Tw, 

. -~T J IR 
K '"J,f = ,(,. I . (2) 

3,?tec:r, R {t )-KcK011aa aa:aKc!411ocr:r, pa,1tHyca nyaup:r,xa or BpeueHH, R = 
d I? , T(~i)-reuneparypaoe pacnpe.itenemie B ZKAKOCTH, T1-reunepa-
dc . • 
rypa napa, HBnHllll{aHCH B pacc11arpH:aae11011 KBa3HpaBHOB8CHOII npH6nHxe-

HHH H3B8CTHOA <l>YHK~ett .itallJI8HHH B lltH,ltKOCTH Poot Too- TeMneparypa 

ZH,ltKOCTH, 2) - ee reuneparyponpOBO,ltHOCTI,, K - ea 'rertnonpOBO,ltHOCTb, 

L I ;;T J;;T{t,t)J 
- remtora napoo6paao:eamrn, p - nnoT~ocr:r, napa, if y-~ J,z.~ 

Cacre11a (1)-{2) .itocraToqHo cnozira H o6uqHo pemaerca B npH6nH-_ 

zeHHH TOHKoro rennoBoro cnoa B XH;iµtOCTH, npHneralllllel K nyaup:r,xy, 

qTo Il08BOHH8T BOCilOll30BaTI,CH reopHeA B0311Y~8HHttl9/. B .itaHHOA rna

B8 Il0Ka3aHo, qTO Ha6nll,ltae11oe H8COOTB8TCTBH8 reopHH H SKCil8PHll8HTa 

B OTHOm8HHH .ltHHaKHKH napo:awc nyaNpbKOB B BO.ltOPO.ltHHlC xawepax o6yc

no:aneHO.H8CKOllbKHKH npaquaawH: 

l! HenpHll8Hl4IIOCTI>ll npH6nHE8mIH roHK~ro rennoBoro cnoa npH reo

peraqecK011 HCcne,ltOBaHHH IlOB6,lt8HHH nyaup:r,Ka B ZH,ltKOII BO.ltOPO.ite. 

2. Hecnpa:ae,1tna:aocu11 Bcer.ita zcnonbaye11oro B STOii cnyqae npe.it

nonozeHBH O IlOCTOHHCTB8 T8IlllOqiHaHqecKHX CBOICTB ZH,ltKOCTH Ha npora

Z8HHH rennouoro cnoH. 

Kpo11e roro, B sKcnepHMeHranbHWC .itaHHHX HMBDTCH HeyqTeHHUe 

CHCT811aTli!48CKH8 omH6KH, 06ycn0Bn8HHli8 H3118H8HH811 T8PIIO,ltHHallH~ 

qecKHX napa.MeTpOB lltH,ltKOCTH npH ee a,1tHa6aTzqeCKOII pacmHpeHHH 

HnH C:&aTHH 14 HCKallteHH81l HCTKHHliX paa11epo:a nyaupbKa OilTHqeCKOA 

cHcre11ol. 
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PHc. I. 0THOCHTeJll'>Haf! BeJrn1rnHa rrorrpaBKH K TeopeTmleCKOJIY 8Ha- -

qeHHJl CKOPOCTH pocTa rrapoBoro rryaupbKa JIJIH ero KOHAeH

caumi. 
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IloKaaaHo, qTo pocT rrapoBoro rryaupbKa npz nocTOHHHOM AaBne

HHH B neperpeTOil lltHAKOCTH JIOllteT OilHCblBaTbCf! aBTOMOAeJibHUJIH 

pemeHHf!MH ypaBHeHHfl TennonpOBOAHOCTH (I). B 8TOM cnyqae rrepe

MeHHaH, OT K~Topoil aaBHCHT TewnepaTypa XHAKOCTH, npeACTaBJif!eT 

coeioil onpeAeJieHHYJJ KOJICiHHaUHJJ nepeMeHHhlX 'i H t , qTo noa

BOJIHeT ynpoCTHTb ypaBHeHHH (I) H (2) H, B KOHeqHOJI cqeTe, HailTH 

HX aHaJIHTHqecKoe peweHHe. ABTOJIOAeJibHOe npHCiJIHllteHHe IlplU(elUl:MO 

npH npOH8BOJlbHOi1 TOJimHHe TennoBoro CJIOH B lltHAKOCTH, OKpyxaJJmeil 

nyaupeK. HaweHeHHe TeIIJIOqJH8HqecKHX CBOHCTB -JKHAKOCTH Ha npoTa

llteHHH TeIIJIOBOrO cnoa He npOTHBOpeqHT ycJIOBHHJI cymecTBOBaHHH 

aBTOMOAeJibHOPO peweHlla. 

YcTaHOBJieHo, qTo B aBTOJIOAeJibHOII npHCiJIHJlteJ!HH coxpaHae~ca 

qiyHKUHOHaJI:5Hbli1 BHA aaBHCHMOCTH paAHys;a nya1,1pbKa OT _BpeMeHH -R = 

A tt , nonyqaeMblH B npHCiJIHllteHHH TO~Koro TennoBoro CJIOH, HO 

H8JleHHeTCH BeJIHqHHa IIOCTOHHHOH A. Ha PHC. I npeACTaBJieHa aaBH

CHJIOCTb OTHOWeHHH A/AoOT BeJIHl!HHbl Ao, onpeAeJIHDmeil qiyHKUHD 

R ( t ) B npHCiJIHllteHHH TOHKOro CJioa. CyJ1J1apHaa nonpaBKa K aaBH

CHMOCTH paAHyca nyaupbKa OT Bpe11e_HH B neperpeTOil lltH,ltKOCTH, oCiy

CJIOBJieHHaH HCIIOJlb80BaHHell aBTOJIO.zteJibHOrO npHCiJIHllteHHH H H8Me

HeHHeM TeMOqJH8HlleCKHX CBOilCTB lltHAKOCTH,COCTaBJifleT He Mettee IO%. 
IlonyqeHHblil peaynbTaT He npOTHBOpellHT cymeCTBYDmHJI 8KcnepHMeHTaJib

HUJI .ztaHHblJI, OAHaKO . .zteTaJibHOe cpaBHeHHe aaTPYAHeHO Ha-aa ·yKaaaHHblX 

BUllle CHCTeJlaTHqeCKHX OWHCiOK. 

ABTOMO.zteJibHble peweHHH illl6JlT qJH3Hl!eCKHi1 CllblCJI B TOM cnyqae, 

ecJIH OHH ycToilqHBbl OTHOCHTeJibHO BOaMymeHHil, HapywanmHx KaK 

qiyHKUHOHaJibHblii BH.zt aaBHCHMOCTH R ( t ) ' TaK H BH.zt aBTOMO.zteJib

HOro TeunepaTypttoro pacnpe.zteneHHH B XH.ztKOCTH. ,/µ[a a.Han1rna ye~ 

TOilqHBOCTH aBTOJIOAeHhHl:lX peweHHn HCilOJlbSOBaJIHCb qHCJieHHble Jle

TOAbl• IloKaaaao~ qTO ycToilqHBOCTb peweHHil_ 1Ul68T JleCTO KaK AJIH 
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MeXaHHlleCKHX, TaK H ,llJIH T8IlJIOBhIX B03MYII!8HHtt • 

IlpH HCilOJlb30BaHHH aBTOMO,ll8JlbHOro npH6JIHllC8HHH ,llJIH aH8JlH3a 

KOJIJianca, napoBoro nyahlpbKa B lltHAKO)I BO,llOpO,lle, IlOJlylleHO yKaaaH·He 

Ha TO, llTO H3MeHeHHe 38BHCHMOCTH R ( t ) COCT8BJIH8T B 81'0)1 

cnyqae He MeHee 150% no cpaBHeHHD c pea;y:nuaTa1,rn, nonyt1aeMUMH 

B npH6JIHllCeHHH TOHKOro TeflJIOBOro CJIOH, K8K 3TO BH,llHO H3 pHc. I. 

B nocJ1e,llyDme11, 6onee TOqHO)I pacCMOTpeHHH, Il0K838HO, llTO YCJIOBHH 

npHM8HHMOCTH 8BTOMO,ll8JlbHOro npH6JIHllC8HHH B 8TOM cnyqae He BhIIlOJI

HHDTClI. IlOSTOMy ypaBH8HHH (I) - (2), 0IlHChIB8J)ll!He T8Kl1Ce H KOJI-
. • 

nano nyaupbKa, pemaJIHCb llHCJleHHHMH MeTO,ll8MH. EWIO nOKa38HO, llTO 

aaBHcm.i:ocTb R ( t) B llCH.zlKOM BO,llopo,lle He onHcuBaeTca HH aBTo

MO.lleJlbHUMH, HH H3B8CTHhIMH paHee peneeBCKHMH peweHH!IMH / 14/. 

Ha6J110,ll88Mh16 B nyahlpbKOBhIX KaMepax pOCT H KOJIJlanc nyaupbKOB 

IlpOHCXO,lllIT, Boo6me roBOPH, npH nepeMeHHOM ,ll8BJl6HHH B llCH,llKOCi'H. 

Heo6xO,llHMOCTb COilOCT8BJl8HHH TeopeTHll6CKHX H 3KCil6PHM6HT8JlbHhIX 

peayJILT8TOB Tpe6yeT o6061l!eHHH CHCTeW ypaBHeHHtt (I) - (2) Ha 

CJlyllaH, KOr,lla ,llaBJ1eHHe B llCHAKOCTH 38BHCHT OT BpeueHH. 06o6maa 

ypaBHeHHe (2)'/ ,nonyqaeu: · 
aT ' 

dP 1 3 i:::~-g'.ll< 
-- :=, ·- • I . --, 

olt f< L~ ""Tc.0
1d1 

d\J' 5 ) di'' 

., (2 I) 

p'(-0 = f\Q ( -t.) (3) 

3,lleCb C 5 - YAeJibH8H T8IlJI06MKOCTb H8Chlll!8HHOro naµi. B]tOJIL KPH-
, / I I/ I 

Bott qiaaoBoro paBHOBeCHH, npOH3BO,llHhl6 ~p /ct? H dT ,c1 f TaKJ1C6 

BhlllHCJIHIOTCH B]tOJlb KpHBOH qiaao:s_oro paBHOBeCHH_. YpaBH6HHe (2 
1 

) 

IlOJlyqeHO H3 YCJIOBHH coxpaH6HHH atteprlrn npH ucnapeHHH HJIH KOH-
, 

}t6HC8UHH Ha IlOBepxHOCTH nyahlpbKa. CHCTeMa (1), {2 ), (3) onHChl-

BaeT noBe.ztettue napoBoro_ nyaupLKa npH nepe11eH11011 .naBneHHH B llCHA

KOCTH P 00 { t ) npH 38,ZJ.8HHhIX H8ll8JILHUX H rpaHHllHhIX YCJIOBHHX H 

8 

c., 

~ 

H3B8CTHOM ypaBH6HHH COCTOHHHH napa B nyaupLKe. 3TH ypaBH8HHH aHa

JIH3Hpynrca C IlOMOII!bD llHCJl6HHhIX M8TO,llOB npH HCnOJlb30B8HHH peaJibHOn 

38BHCHMOCTH ,ZJ.aBJleHHH B ~yahlpbKOBOtt Kauepe OT BpeMeHH P CD ( t ) . 
( 

KaK BH,ZI.HO H3 PRC. 2, pemeHHH ypaBHeHHH {I), (2 ), (3) "H8-

XO,l!Hi'CH B y,ZJ.OBJleTBOPHTeJILHOM corJlaCHH C CYII!6CTBYDII!HMH 8KCnepH

MeHTaJiiH!illH .l(aHHbIMH /l3/ K8K B rpaae pocra, T8K H waae KOJIJlan

ca nyahlpbKa. Eonee M8,ZJ.Jl6HH8H CKOpOCTL renJIOBblX npouecCOB B XH,ZJ.

KOCTH no cpaBH8HHD C M8XaHHll8CKHMH npHBO,llHT K CJlll8CTB6HHOMY 

BJIHHHHD Ha KOJIJianc nyahlpbKa roro qiaKra, llTO qiopMHpOB8HH8 

TeunepaTypHoro pacnpe,Z1.eJ1eHHH npoacxo,ZJ.HT_ B waae pocTa nyaupbKa 
I 

B neperperon EH,ZJ.KOCT~. PemeHHH ypaBH6HKtt (1), (2 ), (3) Il03BO-

. JIHDi' onHC8Tb ,ZJ.HH8MKKY nyahlpLKOB B peaOHaHCHhIX nyaupbKOBhIX KaMe

pax. IlpKwephl T8KHX peme_HHtt npKBO,ZJ.HTCH. 

TpeTbH rJiaBa ,llHCCepT8UHH nocna~eHa reopeTKlleCKOMy HCCJ16-

,ZJ.OB8HKD ,ZJ.KH8MKKH napoBhIX nyaupLKOB'B YJlbTpaaByKOBhIX nyaupbKOBbIX . . . 

KaMepax, KOTOphle paapa6aThIB8DTCH B pa,lle qlH3HlleCKHX J1a6opaTOpHtt. 

Heo6xO,ZJ.HL!OCTb T8KOro HCCJI6,ZJ.OBaHHH o6yCJIOBJIOH8 OTCYTCTBH6M TOO

PHH, 06bHCHHDlll8~ pOCT oopaayeMhIX aapallCeHHbIMH ll8CTHU8MH nyaupb

KOB B llCH,llKOCTH no.it B03,ZJ.ettCTBHeM YJILTpaanyKoBoro IlOJIH. 
; 

IlOK83aHO, llTO ypaBH8HHH {I), (2) npHMeHHMhl T8Kl1Ce K KCCJie-

,llOBaHHD nyJlbC8UHtt napoBoro nyahlpbK8 B yJlbTpaany~OBOLI IlOJle, 

ecnH yqecTb m1epuKJO EH,ZJ.KOCTH IlPH ee ,ZJ.BHJIC8HHH, T.e. BM8CTO (3) 

H806XO,llHMO pacc110Tp6Tb ypaBHenHe PeJleH 

R R + -2.. R 2. = p' ( t) - p (; ·+ p 1 ~ h w 't 

-. 2 f 
I 

(3) 

_ 8,lleCb ~ - IlJIOTHOCTb llCH,ZJ.KOCTH, po - CT8TH4CCK08 ,ll8BJl8HHC B 

llCH,ZJ.KOCTH, Pr HW - 8YilJIHTY,ZJ.8 H qacTOT8 YJlbTpaaByKOBOro IlOJl!I. 
I I . 

CHcTeMa (I ) ' (2 ) ' (3 ) .ztaeT B03MOlltJIOCTb TeOpeTHllCCKOro pac-

CMOTpeHHH uexaHH31.18 pocTa napOBhIX nyaupbKOB B jJlbTpa:iByUOBhlX 

nyaupbKOBhIX Kat!epax. 
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P111c.· 2. 3aBI/ICHMOCTJ, pa.l{Hyca 11J'3blpl>Ka OT BP.8M81U'l np111 nepeMeHHOM 

,l{aBH8HHIII B BO.l{OpO.l{HOli nysblpl>KOBOH KaMepe. 
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IlOKa3aHo, l!TO TaKlUl wexaHll13MOM HBHHeTCH BblllPHMHeHHaH Ten-· 

HOBaH .l{lll\W)Y3111H, aaanorHl!HaH 1113BeCTHOMY HBHeHI/ID BblllpHMHeHHOli 

ra30BOH 'AH\WJY3Hlll, KOTOpoe Ha6nJJ,D;aeTCH npH nynLcauHHX ra80BblX 

nysblpLKOB B llt!,1.l{KOCTH C pacTBopeHHUJ.! raaoM. ~H3Ul!eCKHli CMUCH 

HBHeHHH BUilPHMHeHHOli TenHOBOli 'AU\l.>WY3HH COCTOHT B TOM, l!TO npH 

nyn»cauHHX napoBoro nysupLKa B ueneperperoli lllli'AKOCTH ycpe.l{HeHHHli 

v no BpeMeHH.T8IlHOBOH IlOTOK npH onpe.l{8H8HHblX ycnOBHHX HanpaBH8H 

H8 lltH.l{KOCTH .B nyaHpeK, l!TO H HBHH8TCH npHqHHOli ero pocra. Jleli

CTBHT8HLllO, B nonyuHM8 paCTHX8HHH paawepnyablpLKa 6onLme ero 

cpe.l{Hero aHal!eHHH aa nepHO'A nyn»caunn, a reuneparypa napa B 

cpe.l{H8M MeHLme ee Cpe.l{Hero 8Hal!eHHH. IlpH 8TOM T8IlHOBOH IlOTOK 

HanpaBH8H 1118 lltH.l{KOCTIII B nyaHpeK,111 aa Cl!8T 8TOli 8Hepr111~ npo111c

XO'AHT HcnapeHHe lltH.l{KOCTIII C IlOB8PXHOCTH~nyablpLKa. B nonyuHKne 

cxaTHH npOIIICXO.l{HT o6paTHHli npouecc -·KOH.l{8HCaUHH napa Ha no

B8PXHOCTIII nyablpLKa. Ilplll 8TOM 1/18MeHeHHe Maccu napa B Kallt.l{HH 

MOM8HT BP8M8Hlll onpe.l{8JIH8TCH nno~a.l{LD noBepxHOCTH nya1,1pLKa, a 

TaKllte 8HaKOM H B8~1/ll!IIIHOH rpa.l{H8HTa TeMnepaTypbl B IlOBepxHOCT

HOM cnoe lltlll.l{KOCTH. Ilno~a.l{L IlOB8PXHOCTH nyaupLKa H a6conmTHOe 

8Hal!8HH8 rpa.l{l/l8HTa TeMnepaTypbl B lltlll.l{KOCTH M8HLme B nonyuHKH8 

ClltaTHH nyBHP.bKa,qeM B nonyUHKHe. pacTHllt8HHH,llTO H npHBO.l{HT K 

peaynLTHPYIOlllBMy IlOTOKy H3 lltH.l{KOCTH B nya1,1peK H pOCTY nocne,l{Hero. 

BblllpHMneHHaH .l{H4J<PY3HH IlpOT8KaeT Ha WOHe CTaTHll8CKOH 'AH\W)y3HH 1 

HMem~eli MeCTO KaK IlPH nanHl!HH nynLcauntt nyaupLKa, TaK 111 6ea HIIIX. 

EcnH nyJ1LcauHtt aer, TO Ha-aa craruqecKott 'AIIIW\l.>YBIIIH nyaupeK pac-

TeT B neperpeToli ZH'AKOCTH H 1tonnanc11pyeT B ueneperpeToli. Ilp11 

tnpe.l{eneHHblX ycnoBHHX BblllpHMHeHHaH H CTaTllll!eCKaH T8IlHOBbl8 'AHW

WY3HH woryT ypaBHOBeCHTb .l{pyr .l{pyra, TaK l!TO cpe.l{HHli pa.l{111yc nynL

c111pym~ero nyaupLKa OCTa8TCH H81118MeHHHM. 
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~Jlll .Z\OCTaToqHo 60JlbWRX nysHpbKOB Kpoue noBepXHOCTHHX aq,
weKTOB, KaKID.IH HBJ!HIDTCH BHilpHMJ18HHaH H CTaTHqecKaH .Z\l1wepy3HH 1 

cymeCTBeHHYID pOJib HrpaIDT o6~eMHHe 3q){j/8KTH, npHBOAH K H3M8H8HHID 

xapaKTepa ycTaHOBJI8Hl1H AHHaMHqecKoro paBHOB8Cl1H H COOTB8TCTBYJ'.l

lll8rO eMy pa,Z\Hyca aCHMilTOTHqecKoro nysHpbKa, CymecTB8HHaH pOJib 

BHnpHMJieHHOH TellJIOBOH AHWWY3HH D AHHaMHKe napoBHX nysupbKOB 

OTpaxaeT TOT waKT, qTo Tenno- 11 uaccoo6ueH ue~AY nyaHpbKOM H 

OKpyxaromett ero ~HAKOCTbID HMeeT BaXHoe SHaqett11e He TOJibKO np11 

OTCyTCTBHH, HO H np11 HaJ111q1111 yJibTpa3BYKOBOro IlOJ!H, 

YcTaHOBJieHo, q~o no uepe pocTa napoBoro nysHpbKa B yJibTpa-. 

3BYKOBOM none OTHOCHTeJibHaH 8.llllJ!HTyAa ero nynbC8UJ1H yMeHbmaeTCH 

np11 YCJIOBHH, qTo co6CTB8HH8H qacTOTa nyaHpbKa 11 qacTOTa yJibTpa-

3ByKOBOro IlORH OTJ!HqaroTCH AOCT8TOqHQ CHRbHO APYI' OT Apyra, YM8Hb

W8HHe 8.llllJ!HTYAH nyJibCa~HH H, CJ18AOB8T8nbHO, ponH BUilpHMJ18HHOH 

T8llJIOBOH AHiPJ.lY3HH B8A6T K yuettbW8HHIO CKbpOCTH pocTa napoBoro 

nyaHpbKa B yJibTpasByKOBOM none. ACHMilTOTHqeCKl1 B03HHKaeT COCTO

HHHe AHHaM11qecKoro paBHOBeCHH,. npH KOTOPOM cpeAHHH paAHYC ny-

3HPbKa OCTaeTCH IlOCTOHHHhl!.I, TaK KaK npo~eccu, npHBOAH~e Kero 

pOCTY, nonHOCTbID KOMneac11py10TCH npo~eccaMH, TOPM03Hll!HMH 3TOT pocT. 

BeJIHqHtta acm,1nTOTHqec1:toro paA11yca nyaupbKa R "° H xapaKTep 

ycTattOBJI8HHH AHHaMHqecKoro 1Ja.BIIOBeCHH 11ccneAOB8HU B 38BHCID40CTH 

OT CBOHCTB napa, CTaTHqecKoro AaBJI6HHH B XHAKOCTH po Hee TeM

nepaTypu Too, a T8KEe OT 8.llllRHTYAU Pr H qacTOTH ·? ynbTpaany

KOBoro IlOJ!H, 

. Ha pHc. 3 BHAHO, qTo CBOHCTBa napa B nysupbKe OK83UB8IDT cy

lll8CTB8HHOe BRHHHHe Ha saBHC1111ocTb R ( t ) B XHAKOM BO,l{Opo.Z\e: 

KPHB8fi I COOTB6TCTByeT HCnORb30BaHHIO ypaBH81111H COCTOHIIHH peanbHO

ro rasa AJIH onHcaHHH CBOHCTB napa, KPHBUe lI H lII - 11cnOJ1b30Ba-
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HHD-ypaBH6HHll "COCTOllHl!H H,ll68.Jll,HOro raaa. Pasiu1q11e KPHBl:llC II H 

III 06'.bllCHHeTca-'cndcodoM SBJtamrn · aitcnepHMeHTaJILHl:llC ;itaHHwc )lJill 

YJ!6Jll,HOi1 T6IlJIOe11K·ocTH napa cp HJIH CV , CBll3aHHIDC ;itpyr. C ;itpyroM 

nocp6J!CTBOII YJl8.BH6HHll COCTOllHHll-. JlJill peaJII,HOro rasa IlOJiyqaeTCll, 

6CT6CTB6HHO, e;itHHCTB6HHllil peayJI~TaT ~ KPHBall I. 
Ha PHC. 4, npne;iteH!l SaBHCHIIOCTH R. ( -I: ) npH pasJIHqHNX 3Ha

~6HHllX aMilJIHTy;itu Pr YJILTpa3BYKOBoro noJIH ;ltJlll qacTOTU { = 400 Kru. 
IIo. Mepe· pOCTa. Pr 11BP611ll ltn!SHH 11 HaqaJII,HOro nysupLKa- yBeJIHqHBaeT

Cll" H CT8HOBHTCll 6eCKOHeqno OOJil,illHM,- KOr;ita aMilJIHTy;ita J!OCTHraeT _ 

· saaqeHHll ;ltHY,JqJYSHOHHOro nop~a Pr ~ p ;itm_p. ~- IlpH 3TOM 3Haqe1me 

aCHMilTOTHqecKoro .. paJ!Hyca R cio ;itOCTaTOqHo Ma.JIO, TaK qTo 06'.beM

Hli6 qiaKTOPll He HrpallT .saueTHOH pOJIH npH ycTaHOBJI6HHH .l!HHaMltqec

KOro paBHOBeCHH. IIo~ToMy npH. yBeJigqewiH P1_ pacTeT R.,., , KaK cJie

;ityeT HS xapaKTepa yCTaHOBJI6HHll AHHa~HqecKoro paBHOB6CHll U6lK.l!Y 

BllllpHMJieHHOH II CT8THqe CKOit ,llH\(lqiys1rn1rn • 

·-B CJiyqae 60JII,illHX-aMilJIHTYA yJII,TpaSBYKOBOr.o IlOJlll IlOB6,ll6HHe 

nysup1,Ka:yCJIOEHll6TCll TeM, qTQ cymecTB6HHyll pOJil, urpallT 00'.b6MHli6 

ag)q>eKTU H Hs-sa pesoiiailcHl:llC HBJI6HH!i,-· ycmrnBalOlllHXCH no~·uepe poc

Ta nysupLKa H npH6JIHE6HHH·ero C06CTB6HHO!i qacTOTll K qacTOTe yJit,

TpaSByKOBOro IlOJIH. PesoHaHCHIJe HBJI6HHll npOHBJlllJOTCll B B.H,ll6·Hepe

ryJIHPHOCTett saBHCHMOCTei! R ( i. ) • 
B HaCTOHmee BP611ll HM6JOTCH KaqecTB6HHl,16 3KCnepHM6HTaJILHli6 

;itaHHue O BJIHffHHH yJILTpa~rnyKOBOro IlOJIH Ha qiop1rnpoBaHH6 TpeKOB 

qacTHU B BO.l!OPO.l!HOff nyaupLKOBOH'·KaMepe /IS/. IIoJiyqeHHUe T60pe

TH46CKH6 pesyJii>TaTU corJiacyJOTCff C HHMH H llBJIHJ'.lTCff.,Q60CHOBaHH611 

He06XOAHMOCTH npo,1tOJilK6HHH 3KcnepHM6HTOB C U6Jll>JO C03,llaHHH yJII,Tpa-

3BYJtOBOit nysupbKOBOit KaMepu. 
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B qetB8PTOil rJiaBe .ztHCC8PT~HH paCCMOTpeu Bonpoc O BO3MOZ

HOCTH Cj'11!8CTBOBaHHH B HeneperpeToA ~KOCTB CTa6HJIJ'>HHX papo:BWC 

nysblpl>KOB~ B .ztaHHOY CJiyqae npHqHHOA BOSYOEHOI CTa6UJ>HOCTH HB

JIH8TCH BblnpoJieHHaH T8MOB8.H .ztH\{lqlySHH, KOTOpaa o6yCJIOBneHa a:e

TOKO.ne6aHHHMH napoBoro nysup1>K8., CaMOnpoHSBOllHO B086~alllltHMHCH 

npH ero Konnance, ec.nH pa.ztnyc nysup1>Ka .ztocTaTotn10 ua.n. 

· CyllleCTBOBaHHe CTa6HJIJ'>HHX nysupl>KOB K98TCH H8Jl6o.nee Be

POHTHIDl B OKpeCTHOCTH KPHTHll8CK0.'1 TOqKH, r.zte ya.no noBepxHOCTHOe 

HaTHllt8HH8 ZJ,!'AKOCTH. no 3TOI npHqHH8 6uJia 06061Il8Ha CHCTeMa ypa:e-
~ 

H8HHtt, onHCHBaD~ nOB8.zt8HH8 nysHpJ>K8. Ha TOT c.nyqaa, KOr.zta n.nOT-

HOCTH ZH.ztKOCTH H napa OTHHllaDTCH H88HallHT8.nl>HO .ztpyr OT .ztpyra. 

Kpoue Toro, TaK KaK Pa.itHYC CTa6HJIJ>HOro nysHpl>Ka MOZ8T oxaaatl>CH 

· B8CJ'>Ka .Yan, B 06061Il8HHWC ypaBH8HHHX yqHTHBaeTCH SaBHCHMOCTJ, wa

SOBOro paBHOB8CHH OT KPHBHSHH llOB8pxHOCTH pas.zteJia was. 

Ilpu aHMHSe no.nyt18HH0.'1 CHCT8YliypaBH8HHA KaK qHc.neHHWIH, 

TaK H aHaJIHTHllBCKHMH Y8TO.ztaMH ycTaHOBll8HO, llTO BHnpW8HHOil 

T8MOBOI .ztHWWYSHH OKaSHBaeTCH H8.ztOCTaTOllHO, llT06H noJIHOCTJ'>D 

CKOYneHCHpOBaTJ> BllHHHHe CTaTHll8CKOA T8MOBOA .ztH\{lqlySHH. IlO3TOMY 

B o6~eye HeneperpeTOil lltl,l'AKOCTH He .ztO.nZH0-6HTJ'> CTa6M1>HWC, ny~J>

CHPYlllltHX Ha co6CTB8HHOA qacTOTe napOBHX nyaspJ>KOB. 

IlonyqeHHH8 aBTOpOY pesy.n1>TaTH MOXHO cwopu:y.nupoBaTJ> CJI8MD

~14 o6pasox: 

I. CHCTexa ypaBH8HHA, OllHCHBa~ .ztHHaJIHKy napoBoro nysup1,

K8. c yqeTOY Tenno- u xaccoo6xeHa ueQy nysup1>xox H D.ztKOCTJ>D, 

0606I118Ha Ha cnyqaa, KOr.zta .ztaB.neHH8 B U'AKOCTH SaBHCHT OT Bpeue

HH. IloKasauo, qTo no.nyqeHHaH TaKHM o6paaox CHCTeRa ypaBH8HHI 

npHM8HHMa K Hcc.ne.ztOBaHHJO noBe.zteHHa nysHpl>Ka•B yHl>TpaSBYKOBOK 

no.ne. 

16 

. 2. IloJiyqeHHaH CHCTeua.ypaBHeHH.'1 HCilO:lll,SyeTCH·.ztJIH HCC.ne.ztOBa~ 

HHH noBe.zteHHH .uapoBHX:nysup1>KOB B yJI1>Tpas:ayK0Bo_i1 nysup1,K0Boil ,, . 

Kallepe. IlOKasaHO,, llTO Jiapa.zty C. H8B8CTHlilol HBJiemiey BliilPHl4.n8HHOit, 

rasonptt .ztH\{lqlySHH CYll!ElCTByeT TaKXe HBJI8HH8 Bb1IlPHMJI8HHOtt TBilJIOBQil . . . ' . '• \,, .. -- . 

.ztHi.!?<l>ySHH, uexaHHSII KOTOporo CllHTaeTCH OCHOBHWI ~ npo~ecce pocTa .. 

naponoro .nysblpl>Ka, nyJil>CHPYIOIIl8~0 B lltHJtKOCTlf •. 

.3, .Il0Kasauo.,t1To npH onpe_.zteJieHHHX pasr.rnpax. nyJIJ>CHPYDll!ero 
' . . . ' . ... ··-

nysup1>Kfl y~TaHBBJIHBa8TCH _.ztHHaMHll8?K08 ,paBHOB8~He, . npu KO TO pay 

BJIHHHHJI Bb1IlpHYJI8HHOtt H,CTBTHll8CKOil T8MOBOil .ztHWWYSHH KOMil8HCH-- ' ,,. , . ~ . ·-

pyIOT _ .ztpyr, ~pyra, TaK_llTo.cpe.ztHHil pasuep nysyp1,Ka. sa nepHo.zt yJI1>Tpa7 

SBYKOBOl'O IlOJIH OCTaeTCH ~eHSM8HHWl~ 

4. Bunpa~~~HHaH H CTaTHll8C~aH T8Il~OB~8-.ltHq>qlY~HH ypaBHOBe

WHBaIOT .ztpyr ,.ztpyra no HCT8ll8HH_~ _.ztO~TaT.OllHO 6o_n1,moro Bpeue~u, T .e. 

aCHMilTO,THll8CKH. BeJIHllHHa aCHMilTOTHll~CKOro p~~yca nysblpl>_Ka H xa-:

paKTep ycTaHOBJI8HHH .ztHHaYHll~CKOro paBHOB8CHH HCCJI8.ztOBaHH B saBH

CHYOCTH ,~T CBOilCTB _na~a, a1mJIHTY.ztH H qacTOTH y.nl>TP~SBYI!OBOX:O no

JIH, a TalCICe T8pYO.ztHHaJIHll8CKHX napaueTpOB lltll.ltKOCTH. Ilo.nylleHHHe 

pesyJIJ>TaTH uaxo.ztHTCll B corJI_a_CHH C CYIIl8CTBYJOIIIID4H axcnepHYeHT_aJII,

HHMH .ztaHHblMH _O BllHHHHH YJil>TpaaByKOBOro IlOHH Ha WDPMMpOBaHHe Tpe

KOB sapHllt8HHHX llaCTH~ B BO.ztOpO.ztHOil nysblpl>KOBOll KaKepe. 

5 •. PemeHHe yxasaHHoil 06061IleHHOti coo Tews ypaBHeHHll nosBOJIH

eT pacc110TpeT1> Bonpoc o p_ocTe H xonnance nyssp1>KOB B KJiaccuqec

KOA nysblpl>KOBOll .KaYepe C peaJII,HOA saBHCHIIOCTl>ID_faBJI8HHH OT-Bpeue-

HH. IloKasauo, llTO .ztJIH • XH.ztKoro BO.ztopo.na IlOHyqeHHU8 TeopeTH-

qecKH8 pesyJI1>TaTH cor.nacyJOTCH C HY81DIIIHMHCH 8KCnepHM8HTaJil,HblMH 

.ztaHHWIHo, 

6. IloKasaao, llTO pocT napoBoro nysup1>Ka B neperpeTott xu.zt

KOCTH npH IlOCTOHHHOK ,ztaBJI8HHH KOX8T OilHCHBaTl>CH aBTOKO,lteJil>HWIH 
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pemeHH.IDIH ypaBHeHHR TeilJIOilpoBO,ltHOC!H. AB!OK0,1teJibH08 npa6JllUt8HK8 

npHKBHHM,~ npH npOH3~0Jlb~OI !OJIIIIHH8 !8IlJIOBOro.cnoa B ZHJtXOCTK, 

OKpyxalllJlel nya1,1peK. H3K8H8HH8 T8Il~Dq)H3HQeCK.HX CBOIC!B ZH,ltKOcfz 

Ha npOT.RJt8HHH T8IlJlOBOro CJIOH He npOHBOpeqHT yCJIOBH.IDI cy111ecTBO

B8HHR aBTOM0,1tenbHOro pemeHHR • 

?. C llOMOUU,D qHCJI8HHWC K8T0,1tOB Ha~eHo, qTo aBTOM0,1t8JlbHH8 . 

pemeHHft.ftBJlRDTCR ycTolqHBWIH OTHOCHT8JlbHO uexaHHQ8CKHX H T8IlJlO

BWC B03KYlllBHHii, T.e. ,1t8iiCTBHT8JlbHO uoryT ~nHCHBaTb pOCT peaJII,HlilX . ' 

nyaHpbKOB .l,i neperpe'Tol llH,1tKOCTH. IlonyqeuHHe T80p8TH'Cl8CKH8 peayJI:&-

TaTH He npOTHBOpeqaT cymecTBYDJllHll.3KCnepID48HTaJibHWl ,1taHHWI O poc

T8 napoBHX nya1,1pbKOB B llH'AKOB0,1tOpo,1tHWC.nya1,1pbKOBWC K8llepax. 

8. '.PaccuoTpea Bonpoc o. KOJmance napoBoro · nysHpbKa B uenepe

rpeToii ZJriAKOCTH npH IlOCTORHHOM ,1taBJI8HHH. Iloxaaaao, llTO B STOK 

cnyqae ,1tJIR .QnHcaHHR IlOB8,1t8HHH nyaHpbKa HH aBTOM0,1t8JlbH08, .HH. pe

Jl88BCK08 pemeHHH HenpHM8HHM!il. PemeHM, OilHC!i1BalllllH8 KOJIJianc napo

Boro nya!ilpbKa B JKM,ltKOM B0,1tOpo,1te, 6HJIH nonyqeHH qJIICJI8HHHKH K8T0-

.1tWIH. 

9. PaccMoTpeaa npo6neua cylllecuoBaHHR·B ueneperpeToii ZHA

KOCTH CTa6HJibHblX'llapoBblX nya1,1pbKOB npH BHilOJIH8HHH ycJIOBHI AJIR 

CWIOB036y&,1t8HHR aBTOKOie6aHHl nyaHpbKa. noxaaaao, llTO npH STOK 

B nl)(fou cnyqae aa6JID.itaeTCR xonnanc nyaHpbKa,·nocxonbKY BHnp.lDl

neHHaa .. TeMoBaR :ztHqxl>ySHR OK83HB88~CR H8,1tOCTaToqao£!,1tJIR KOKll8H

ca~HJll0CT8TH'CledKO£l T8IlJIOBO£! AH!W>YSHH. 
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