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CoaJiaHHe >KHilKOBOilOPOilHbiX yllbTpaaayKOBbiX nyabipbKOBbiX KaMep 

CBSI3SHO C peweHHeM CnO>KHbiX TeXHH'I9CKHX 381l8'1, o6ycnoaneHHbiX TeM, 

'ITO Jin.H !jlopMHpOB8HHB TpeltOB HOHH3HpyiOWHX 'ISCTHU B >KHilKOM BOJIOpO.qe 

He06XOilHMO peanH30B8Tb 60llbWHe 8MIT/IHTYilbl llSBneHHB yllbTp83BYKOBOI'O 

nons npa cpaBHHTellbHo ManoM aonaoaoM conpoTaaneHHH pa6oqell: cpellbi, 3To 

npHBOJIHT K Heo6XOIIHMOCTH H3ny'leHHH B >KHIIKOM BOilOpOJie yllbTpa3ayKa llOC-

TSTO'IHO 60llbWOll: HHT9HCHBHOCTH (- 50 BTICM2), 

.UnH >KHilKOI'O renas, xapaKTepH3yiOmerocs 6onee Bbii'OilHbiMH TepMOilH

HSMH'IeCKHMH ycnOBHHMH !flopMHpOBSHHH TpeKOB, 3Sil8'18 cymeCTBeHHO ynpo

waeTC.II, B aToM cnyqae Tpe6yiOTCB nerKo llOCTH>KHMbie HHTeHCHBHOCTH 

yllbTpa3ayKa - 1 BTICM2. noaToMy renHeByiO ynbTpaaayKOBYIO ny3biPbKOBYIO 

KSMepy YllSnOCb nerKO ITOCTpOHTb npHMeH.H.H B K8'19CTBe yllbTpa3BYKOBbiX 

aanyqaTenell: npocTbie nnocKocTep>KHeBbie aneMeHTbi H3 nbe30KepaMHKH 

p Z T -4 ( UHpKOHS T - THTSHST CBHHUa) /1/, 

Q'leBHilHO, 'ITO Ha llSHHOM aTane C031l8HHe >KHilKOBOilOpOilHOH yllbTpa-

3ByKoaoll: ny3bipbKOBOH KSMepbl anonHe B03MO>KHO npH npHMeHeHHH yllbTpa-

3ByKOBbiX !floKyCHpyiOWHX CHCTeM, IT03BOn.HIOWHX B036y>Kil8Tb llOCTSTO'IHO 

6onbwHe HHTeHCHBHOCTH YllbTpaaayKa B HeKOTOpOH 06naCTH pa60'I9I'O o6~e

MS KSMepbi, TaKOH nyTb 6bin HSMe'leH B pa6oTe /2/, B KOTOpOH anepBbie 

B >KHJIKOBOIIOPOJIHOH ITy3bipbKOBOH KSMepe yJianOCb Ha6niOJISTb TpeKH HOHH3H-
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II. 

pyJOIIlHX "18CTHU, npHMeHHB ynbTpaasyxosoA H3ny"'aTenb B KOMOHHaUHH c 

MeXaHH"'eCKOlf paCWHpHT9nbHOlf CHCTeMOlf. 3TOT nyTb MO)I(eT OK838TbCSI nno

aOTBOpHbiM B TeX cny"'8SIX0 KOraa ynbTp83BYKOB8SI UY3bipbKOB8SI K8Mepa 

HCUOnb3yeTCSI B K8'1eCTBe ObiCTpoaei!:CTBYJOIIleli MHWeHH-aeTeKTOpa H K Heli 

He npea~SIBnSIJOTCSI )1(9CTKHe Tpet50B8HHSI B OTHOWeHHH oaHopoaHOCTH TpeKOB 

H a~¢eKTHBHOI"'O HCUOnb30B8HHSI BC91"'0 paOO'Iei"'O 0~9M8o 

0aH8KO nony"'eHHe BbiCOKOK8"1eCTBeHHbiX OaHopoaHbiX TpeKOB, no

BHaHMOMy, B03MO)I(HO TOnbKO B none nnoCKHX ynbTp83BYKOBbiX BOnH aocTa

TO'IHO BbiCOKOli 'laCTOTbi. HaHt5onee npocToli cnocot5 coaaaHHSI TaKHX noneli 

OCHOBbiBaeTCSI H8 HCUOnb3tOB8HHH nnOCKOCTePJKHeBbiX H3ny"'aTenelf. 

nocxonbKY a~eKTHBHOCTb TaKHX H3ny'laTeneA B ycnoBHSIX rnyt5oxoro 

XOnoaa HeaoCT8TO'IHO H3y'leHa, H8MH ObWH nposeaeHbl HCUbiT8HHSI H9CKOnbKHX 

THROB UpOCTb!X Ub930KepaMH'IeCKHX aneMeHTOB H3 UHpKOH8T8-THT8H8T8 CBHHU8 

(UTC) npH TeMneparypax *Haxoro aaora H *Haxoro soaopoaa. Oxaaanocb, 

'ITO BCneaCTBHe M9XBHH"'eCKHX HaUpS1)1(9HHlf, ot5ycnosneHHbiX Ube309~¢eKTOM 

H BbiaeneHHeM Tenna B xepaMHKe, nonysonHOBbie nbeaoxepaMH"'eCKHe aneMeH-

Tbl OObi'IHO paapywaJOTCSI UpH 3HB"'eHHSIX HHTeHCHBHOCTH ynbTp83BYKOBOI"'O no

... flS! Cy!IleCTBeHHO MeHbWelf TOlf, KOTopaS! Tpet5yeTCSI anSI C03aBHHSI HeOOXOaH

MOCTH nepenaaa aaBneHHSI. 

AHanorH"'Hbili peaynbTBT t5bm TBK*e nony'leH B pat5oTe /3/, rae HC-

nonbaosanacb UbeaoxepaMHKa THna PZT -4. 

B CBSI3H c yxaaaHHbiMH TpyaHoCT11MH Mbi paccMoTpenH B03MO)I(HOCTb 

HCUOnb30B8HHSI HOBbiX B KOHCTpyKTHBHOM OTHOWeHHH ynbTp83ByKOBbiX H3ny

"18Tenelf. 0pH 9TOM ObJn MBKCHMBnbHO HCUOnb30B8H OfibiT pa3p800TKH COCTaB

HbiX ynbTp83ByKOBbiX CHCTeM, npeaHa3HB'I9HHbiX anSI paOOTbl B OObi'IHb!X 

lKHaKOCTSIX /4/ • 

8 HBCTOSI!Ileli pat5oTe npeacTaBneHbl peaynbT8Tbl HCCneaOB8HHli ~OpMH

pOBBHHSI Tp9KOB HOHH3HPYIOIIlHX 'IBCTHU B }KifaKOBOaopoaHOli fiY3hlpbKOBOli Ka

Mepe UpH B03aei!:CTBHH ynbTpa3BYKOBOI"'O UOnSI, B030ylKa89MQ1"'0 COCTBBHbiMH 
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ynbTp83ByXOBhlMH H3ny"'aTenSIMH0 Cfi9UH8nbHO pa3p800T8HHI 

aosaHHSI B xpaoreHHhlX )I(HaxocTax. HccneAOB8HHSI1 xax H B 

BOaHnHCb C ROMOIIlbiO 25-CaHTHM9TPOBOA )I(HaKOBOAOpoaHoA 

K8M9phl /5/, KOTOpaSI HaXoaanaCb npH TeMRepaTYpe 27~, 

sano paBHO&eCHOMY aa&neHHIO napOB Pn • 4,8 aT. CTa1 

HH9 B KaMepe P0' COCTaBnMO 5,2 aT. 

Enox-cxeMa sxcnepaMeHTanbHOA annapaTyphl npeacTa 

PacCTOSIHHe Me*AY aany"'aJOIIlHMH nosepXHOCTSIMH npeasapa 

nHB8nOCb npH COOpKe paBHhlM 58 MM1 'ITO COOTB9TCTBOBan4 

BOnH ynbTpa3ByKa Ha "18CTOT9 pe30H8HCa 30 KI"'U npH TeMfi 

Opa sTOM B pat5o"'eM ot5,eMe nyabipbKOBOA xaMepbi Me*aY 
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PHc. 1. Enox-cxeMa axcnepHMeHTanbHOl!: annapaTypbi. 1 -

UHHi 2 - aaaaJOIIlHli reHeparop cepHH xonet5aHHl!:; 3 - ycHm 

4 - HMnynbCHbil!: BOnbTMeTpj 5 H 6 - ynbTp83BYKOBbie H3n; 

KOBOaopoaHBSI ny3b!pbKOBBSI KBMepaj 8 - MeXBHH'I9CK8SI paC 

T9M8j 9 H 10 - MHHHBT!OpHbie ynbTpa3ByKOBbie npHeMHHKHI 

12 - ocuHnnorpa~; 13 - naMnOBbili BOnbTMeTp; 14 - cTepe 

15 - nepeaarowaSI reneKaMepa; 16 - npHeMHBSI TenexaMepa 
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ym.Tp83BYKOBbiMH H3ny'I&Ten51MH1 ClleUBan&HO pa3pai50T8HHbiMH lln51 HCIIOn&-

30BaHHSI a KpaoreHHbiX lKBllKOCTSIX. HccneQoaaHHH, KaK H a pal5oTe 
121 , npo

BOllHnHCb C IIOMOmb~ 25-caHTHMeTpOBOA lKHllKOBOllOPOllHOI IIY3b1pbKOBOI 

K&Mepbl /5/ 1 JtOTOpasr HaXOllHnaCb llpB TeMIIeparype 270J<, 'ITO COOTB8TCTBo-

aano paaHoaecHOMY llaBneHB~ napoa Pn = 4,8 aT. CTaTH'IeCKoe llaane-

HHe B KaMepe P0 ' COCTaBnJUIO 5,2 aT. 

Bnox-cxeMa s~~:cnepaMeHTam.HoA annapaTyp&I npellCTaaneHa Ha pac. 1. 

PaccTOHHHe MelKllY H3nyqa~mHMH noaepxHoCTHMH npeQaapHTem.Ho ycTaHaa

nHaanocb llpH CI50pKe paBHbiM 58 MM1 'ITO COOTB9TCTBOBano llBYM QnBHaM 

BOnK ym.Tpa3ByKa Ha 'I&CTOTe pe30HaHca 30 KI'U llpH TeMIIepaType 27°K. 

npH 9TOM B pa6o'leM 06'beMe Ry3b!pbKOBOA KaMepbl M9lKllY H3ny'laTenSIMH 

If 
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PHc. 1. BnoK-cXeMa sKcrrepHMeHTanbHoA arrrrapaTypbi. 1 - 6noK CHHxpoHHaa

UHH; 2 - 38ll8!0IIlHll: l'eHepaTOp CepHH KOne6aHHll:j 3 - ycHnHTenb MOIIlHOCTHj 

4 - HMrrynbCHbill: BOnbTMeTpj 5 H 6 - ynbTp83BYKOBbl9 H3ny'laTenHj 7 - lKHll

KOBOllOPOllHBSI IIY3bipbKOB8SI K8Mepa; 8 - M9X8HH'I9CK8SI paCUlHpHTenbH8SI CHC

TeMa; 9 H 10 - MHHHaT~pHbie ynbTp83BYKOBbie llpHeMHHKHj 11 - ycHnHTenllj 

12 - ocuHnnorpa<jJ; 13 - naMIIOBbill: aonbTMeTp; 14 - cTepeo<jJoroarrrrapaT; 

15 - rrepella~maSI TeneKaMepa; 16 - rrpHeMHaSI TeneKaMepa. 
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oopaaoBbiBanoc~:. nsrTb aoa 'IYBCTBHTencaocTH (eM. pHc. 1 ). To11aasr ycTa

HOBKa H3ny'iaTeneA npoH3BOAHnaCb AHCT8HUHOHHO B paOO'IeM COCTOSIHHH C 

nOMOIUblO MeXaHH'IeCKOI'O YCTpOfiCTBa, KOTOpoe li8Bano B03MO)KHOCTb B npe

aenax:!:. 10 MM CMeiU8Tb OAHH H3 H3ny'laTeneA B OCeBOM HanpaBneHHHo BH

ayancaoe aa6nJOaeaHe aa noseaeHHeM )KHAKOCTH B pe)KHMe aenpepbiBHoro 

Hany'leHHSI YnDTpa3BYK8 Ha nOHH)KGHHOfi MOIUHOCTH n03BOnHnO BGCbMa TO'IHO 

BbiOHp8Tb OnTHM8nbHOe nonO)KGHHe H3ny'laTeneA, npH KOTOpOM MG)KAY HHMH 

ycTaHaBnHBanacb CTOSI'IaH sonaa. 

KoacTpyKTHBHOe HCnonaeHHe Hany'laTeneA HCHO H3 pHc. 2. B Ka'leCTBe 

nhe3oKepaMH'IeCKHX sneMeHTOB npHMeHMHCb maAobi H3 KepaMHKH UTC AHa

MeTpoM 50 MM H TOniUHHOA 5 MM, 8 Bb!OpaHHOM B8pHaHTe KOHCTPYKUHH OHH 

pacnonaranHCb Me)KAY nnocKHMH nosepxaocTHMH MeTannH'IeCKHX maao H saem

aero UHnHHAPH'ieCKOI'O KOpnyca, DnH yBenH'IeHHSI MeX8HH'IeCKOA npO'IHOCTH 

H3ny'laTeneA H nOBbiiUeHHSI HX AOni'OBe'IHOCTH nbe30Kep8MH'IeCKHe sneMGHTbl 

C)KHManHCb C nOMO!UblO I'HAp8BnH'IeCKOI'O npecca AO H8DpH)KeHHSI 200 KI'ICM2 
1 

KOTopoe B aan~:.aeAmeM ~HKCHposanocb peaboosoa raAKoA. 

-. 

PHc. 2. CocTasaoa ynbTpaasyKosoa Hany'laTenb. 1 H 3 - nbe3oKepaMH'Iec

KHe sneMeHTbli 2 H 4 - MeTannH'IeCKHe waAObli 5 - Te~OHOBbiA H30nHTOp; 

6 - Kopnyc nany'laTeng; 7 - apMHpyJOIUaH raAKa; 8 - yaen KpenneHHHi 

9 - KneMMa; 10 - Hany'laJOIUaH nosepxaoCTb, 
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npHMeHSISI B KOHCTpyKUHSIX H3ny'laTenefi MeTannH'IeCKJ 

TeMnepaTypHbiMH K09~HUHeHT8MH p8CWHpeHHSI, OnH3KHMH K 

K09~HUHeHT8M nbe30KepaMHKH ( THT8HOBbie cnnaBbi), YA8n< 

COXpaHeHHSI apMHPYIOIUGI'O HanpH)KGHHSI npH HH3KHX TeMnepa 

ne'leHHSI aKyCTH'IGCKOI'O KOHT8KT8 Me)KAY nbe30Kep8MHKOA F 

noMeiUeHbl npoKnSAKH H3 HHAHSI, 

Hany'laJOmaH CTeHKa B KpaesoA o5naCTH HMena nepeM 

'ITO 803BOnHno ysenH'IHTb H3ny'I810IUYIO nosepXHOCTb H TaK~ 

BbiCHTb K.n.a. nany'laTenea. KpoMe Toro, aeKoTopoe ysenH· 

llOCTHranocb BbiHeceaneM nbeaoKepaMH'IeCKHX sneMeHTOB n: 

'18CTH H3ny'laTenH, I'll9 M8KCHManbHbl ll9~0pM8UHH npH KOnE 

MSnbHbl CBSI38HHble C 9THM BHyTpGHHHe noTepH /
6 /, 

00IUHA BHll ynbTp83BYKOBOfi CHCT9Mbl 0 CMOHTHpOB8HHO: 

)KHJlKOBOAOPOilHOfi ny3blpbKOBOif K8Mepb! 0 nOK838H H8 pHC, 3 

3KcnepHMeHTanbHbl9 HCCnellOB8HHSI ~OpMHpOBaHHSI Tpe: 

IUHX 'iaCTHU npH B03AeifCTBHH ynbTpa3BYKOBOI'O nonS! npOBO, 

paaee 121 , cnetlyJOIUHM o5paaoM. B paoo'leM o5'beMe KaMe I 

HO AOB9li9HHOA 110 OnTHManbHOI'O pe)KHMa 'IYBCTBHTenbHOCTJ 

yMeHbWancsr neperpeB, Bbi3BaHHblif AefiCTBHeM MeXaHH'I9CKO 

HOA CHCT9Mbi 0 11: AOCTHI'anCH TaKofi p9)KHM, KOI'Aa 'IYBCTBHT 

K HOHH3Hpy!OIU9MY H3ny'leHHIO npaKTH'IeCKH nonHOCTblO HC'Ie 

TH)K9HHH TaKOI'O pe)KHMa 'IYBCTBHTenbHOCTb KaMepbl B Aanb 

nHBanaCb BB9li9HH9M HMnynDCHOI'O YnhTp83BYKOBOI'O nong, , 

HHSI TpeKOB HOHH3Hpy!OIUHX 'laCTHU HCnOnb30Bancg ny'IOK 1T 

9HeprHeA 340 M9B OT CHHXpOUHKnOTpOHa naoopaTOpHH HA9! 

OHHH. MoMeHT npoXO)KlleHHH 'laCTHU 'lepea pa5o'IHif o5'beM 

CHHXpOHH3HpOBanCSI C BKnl0'19HH9M MGXaHH'i9CKOA paCWHpHT• 

a TaK)KG C H3ny'leHHeM ynbTpa3BYKOBOI'O HMnynbCa H BKnlO· 

HOI'O OCBe!UeHHSI KaMepbl, TpeKH HOHH3Hpy!OIUHX 'laCTHU B n 

Mepe ~oTorpa~Hposanncb crepeo~oToannapaTOM, a HX snay, 

HHe ocymeCTBnHnOCb C nOMOIUblO TeneBH3HOHHOfi ycTaHOBKH 
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0pHM9HSISI B KOHCTpyKUHSIX H3ny'laTenell. MeTannH'I9CKH9 sneMeHTbl C 

TeMnepaTypHbiMH K03!jxtlHUH9HT8MH paCWHpeHHSI, 6nH3KHMH K TeMnepaTypHbiM 

K034J4JHUH9HT8M nbe30KepaMHKH ( THT8H0Bbl9 CnnaBb!), Yll8li0Cb ll06HTbCSI 

coxpaHeHHSI apMHpyromero aanpSI:lKeHHSI npH HH3KHX TeMnepaTypax. LlnH o6ec

ne'leHHSI aKyCTH'I9CKOI'O KOHT8KT8 M9:lKilY nbe30KepaMHKOil. H MeTannOM 6bJnH 

ll0M91U9Hbl npoKna)lKH H3 HHilHSI. 

Hsny'laJOIUaSI cTeHKa B Kpaeaoll. o6nacTH HMena nepeMeHHOe ce'leHHe, 

'ITO 803BOnSinO yaenH'IHTb H3ny'laJOIUYJO noaepXHOCTb H TSKHM o6pa30M no

BbiCHTb K.n.ll. H3ny'laTenell.. KpoMe TOI'O, H9KOTOpoe yaenH'I9HHe K.n.ll. 

llOCTHI'anOCb BbiH9C9HH9M nbe30KepaMH'I9CKHX sneMeHTOB H3 U9HTpanbHOil. 

'18CTH H3ny'laTenSI, I'll9 M8KCHManbHbl ll94JOpM8UHH npH KOne6aHHSIX H M8KCH

ManbHbl CBSI3aHHbie c 3THM BHyTpeHHHe noTepH 
161• 

06IUHil. BHll ynbTp83ByKOBOil. CHCT9Mbl, CMOHTHpOB8HHOil. Ha 4JnaHue 

:lKHllKOBOllOPOllHOil. fiY3b!pbKOBOil. KaMepbi, noKa3aH Ha pHC. 3. 

3KcnepHM9HTanbHbl9 HCCnellOBSHHSI 4JopMHpOB8HHSI TpeKOB HOHH3Hpyro

IUHX '18CTHU npH B03ll9ii.CTBHH ynbTpa3BYKOBOI'O nonS! npOBOllHnHCb, KSK H 

paaee 12 I, cnellyJOIUHM o6paaoM. B pa6o'leM o6'beMe KaMepbi, nepaoHa'lanb-

HO llOB9ll9HHOil. llO OnTHManbHOI'O pe:lKHMa 'IYBCTBHTenbHOCTH, nocTeneHHO 

yMeHbwancSI neperpea, Bhi3BaHHhill. lleii.CTBHeM MeXaHH'IecKoll. pacwHpHTenh

aoll. CHCT9Mbl, H llOCTHI'anCSI TaKOil. pe:lKHM, KOI'll8 'IYBCTBHTenbHOCTb K8M9pbl 

K HOHH3HpyroiUeMy H3ny'leHHJO npaKTH'I9CKH nonHOCTbJO HC'I93ana. DpH llOC

TH:lK6HHH T8KOI'O pe:lKHMa 'IYBCTBHTenbHOCTb K8Mepbl B ll8nbHeil.weM BOCCTaHaB

nHBanaCb BB9ll9HH9M HMnynhCHOI'O YnhTp83BYKOBOI'O nonS! • .[lng HHHUHHpOBa-

HHSI TpeKOB HOHH3HpyJOIUHX '18CTHU HCnOnb30BanCSI ny'IOK 17 -M930HOB C 

3HeprHeil. 340 M3B OT CHHXpOUHKnOTpOHa fla6opaTOpHH Slll9pHbiX npo6neM 

OHHH. MoMeHT npoXO:lKlleHHSI 'laCTHU 'lepea pa6o'!Hil. o6'beM KaMepbi cTporo 

CHBXpOHH3HpOB8nCSI C BKnJO'I6HH9M MeXaHH'I9CKOil. paCWHpHTenbHOil. CHCT9Mbi, 

a T8K:lK9 C H3ny'leHH9M ynbTpa3BYKOBOI'O HMnynbca H BKnJO'I9HHeM HMnynbc

HOI'O OCB91U9HHSI KaMephi. TpeKH HOHH3Rpy!OIUHX '18CTHU B ny3b!pbKOBOil. Ka

Mepe 4JoTorpa4JHpoaanHCb cTepeo4JoToannapaToM, a HX BHayanbHOe Ha6nJOlle

HHe OCyiUeCTBnSinOCb C nOMOIUbJO TeneBH3HOHHOil. ycTaHOBKR. 
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Puc. 3. YnbTpasayKOBaSI cucreMa B cot5paHHOM BUlle Ha $JiaHue nysbrpbKO

BOH K8Mepb!, 

puc. 4. nuarpaMM8 U3MeHeHUS! JlBBJieHUS! co BpeMeHeM B pa6o'!eM OO'beMe 

ny3b!pbKOBOH KBMepb! npu COBMeCTHOM JleHCTBUU YJ!bTp83ByKa U MeXaHU'IeC

KOH CUCTeMbl pacwupeHUSI, 
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Ha puc. 4 noKa3aHo usMeHeHue aaaneHHS! B nysbrpbKOI 

apeMeHH, Bbi3B8HHOe paCWUpHTeJibHbiM ycTpoilcTBOM U yJibTp 

U3JIY'I8T9JIS!MU, Ha pucyHKe OTM9'19Hbl MOMeHTbl H8'18JI8 B03( 

UMITYJ!bC8 yJibTp83ByKa tO • BBOA8 ny'IK8 UOHH3UpyiOlliHX '18 

T9JIS! t1 U !j!OTOC'b9MKU TpeKOB t2 • YnbTpasayKOBOH UMrry 

HOCTbiO 10 MCeK IT0):18B8JICS! H8 U3JIY'I8T9JIH rrpUOJIH3UT9JibHO 

rrpUXOA8 UOHU3UpyiOlliUX '18CTHU, nnuTeJibHOCTb UMITYJibC8 rry~ 

YCKOpUT9JIS! COCT8BJIS!JI8 - 0,3 MCeK U rrpHMepHO p8BHS!JI8Cb 

ABM YJ!bTp83BYKOBOro ITOJISI HB '18CTOTe 30 KPU, ~HTepeaJI BJ 

M9MAY !jloTOC'beMKOH U BBOAOM ITY'IKB 'IBCTUU COCTBBJIS!JI -

rrpuMepHo paBHS!JIOCb 60 rrepuoaaM ynbTpaseyKoeoro nonS!. H 

aeHbr cneay10mue o6osHa'leHuS!: P0 ' -ucxoaHoe craTH'IecKoe 

pa6o'leM o6'beMe nysbrpbKoeoii KaMephr; P0 -HUMHHH ypoee 

C03t:IBB89MOPO pacwupuTeJibHOH CUCT9MOH; p n -t:IBBJI9HUe 

pOB MUJ:IKOPO BOAOpoaa; p q -t:I8BJI9HHe ITOpOPOBOH 'IYBCTBE 

UOHH3UpyiO!IleMy H3JIY'I9HHIO; p m -aMITJIHTyAa Jl8BJI9HUS! ym 

rronH; PH -HUMHee JlBBJieHue, peanusyeMoe B rrysbrpbKOBOH 

CneJlyer OTMeTuT, 'ITO rpeKu e ynbTpaseyKoao:li fBMep• 

JlO BHJlUMOPO p83Mepa U perHCTpupyiOTCS! TOJ!bKO B TeX y'laC 

MOM9HT rrpOXOMA9HHS! UOHU3UpyiO!IlUX '18CTUU t:IBBJieHHe YJibTp. 

OTpuuaTeJibHO U He rrpeBbllli89T ABBJI9HUS! P 'l , f108TOMY AJI 

XOAS!l!le:li 'lepe3 paOO'IyiO OOJI8CTb 'IBCTUUbl UHUUUUpOBBHHbi:li E 

eTCS! B rrpOCTp8HCTBe pa3pb!BHbiM 1 rrpH'I9M paCCTOS!HUe MeMJl; 

Y'I8CTK8MU TpeKa paBHO AJIUHe YJibTpa3BYKOBOH BOJ!Hb!, 

Ha puc. 5 ITOK838H8 TUITH'IHBS! !j!OTOrpa!j!US! TpeKOB B M~ 

ITY3blpbKOBO:li K8Mepe, ITOJiy'leHH8S! rrpu COBM9CTHOM Jl9HCTBUU 

u pacwupurenbHOH cucreMbr o6br'!Horo Tuna, IlocneaHSIS! o6ec 

~rerreHb pacwupeHUS! MUJ:IKOCTU - 0,3%, 'ITO COOTB9TCTBOB8JIC 

CT8TU'I9CKOPO A8BJI9HUS! B KBMepe npHMepHO Ha 0,7 aT. BenP. 
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Ha !lJnaHue ny3hiphKO-

HeM B pa6o'leM o6'beMe 

Tpa3ByKa K MeXaHH'IeC-

Ha pKC. 4 IIOK838HO H3MeHeHHe JJ.8BJieHKSI B IIY3blphKOBOH KaMepe BO 

BpeMeHK, Bbl3B8HHOe pacuJHpKTeJihHb!M ycrpOHCTBOM H YJihTp83BYKOBbiMH 

H3Jly'laTeJISIMH. Ha pKCYHKe OTMe'leHbl MOMeHTbl HB'IBJIB B036y)l<J].eHHSI 

KMIIYJihCa YJihTpa3ByKa to , BBOJJ.8 IIY'IKB HOHK3HpyiDWKX 'laCTHU OT yCKOpH-

TeJISI tz H !jloTOC'beMKH TpeKOB t2 • YnhTpaaByKOBoil HMnynhc JJ.JIHTeJlh-

HOCThiD 10 MCeK IIOJJ.8B8JlCSI HB H3JlY'i8TeJIH IIpH6JIH3HTeJihHO 38 5 MCeK JJ.O 

IIPKXOJJ.a HOHH3HpyiDWHX '18CTKU. llJIKTeJihHOCTh KMIIYJlhCa IIy'IKB 'ISCTKU OT 

ycKOpHTeJISI COCT8BJISIJ18 - 0,3 MCeK H !IpKMepHO paBHSIJ18Ch JJ.eCSITK nepKO

JJ.SM YJihTpa3ByKOBOf'O IIOJISI Ha 'IBCTOTe 30 Kf'U. I1HrepBaJI BpeMeHH t2 - t l 

Me)l(JJ.y !jloTOC'beMKOH H BBOJJ.OM IIY'IK8 '18CTKU COCTBBJISIJI - 2 MCeK, 'ITO 

npHMepao paBHSIJIOCh 60 nepHoJJ.aM ynhrpa3BYKOBoro IIOJISI. Ha pKCYHKe BBe-

P. ' 
0 -HCXOJJ.HOe CTBTH'IeCKOe JJ.BBJleHHe B 

pa6o'leM o6'beMe nyahrphKOBOH KaMephr; P 0 -HK)l(HKil ypoBeHh JJ.aBJieHHSI, 

C03JJ.aBaeMOf'O paCWHpHTeJihHOH CHCTeMoil; p n -JJ.SBJleHKe HSCbiWeHHb!X rra-

pOB MHJJ.KOf'O BOJJ.OpOJJ.a; Pq -JJ.SBJieHHe !IOpOf'OBOH 'IYBCTBHTeJihHOCTK K 

K0HK3HpyiDWeMy H3Jly'leHKID; p m -aMIIJlHTyJJ.a JJ.aBJieHHSI yJihTpB3BYKOBOf'O 

IIOJISI; pH -HHMHee IJ.BBJleHHe, peaJIH3yeMOe B IIY3blphKOBOH KaMepe. 

CJieJ].yer OTMeTHT, 'ITO rpeKH B yJlhTp83BYKOBOH KaMepe BbipacraiDT 

JJ.O BHJJ.HMOf'O pa3Mepa H pef'HCTpupyiDTCSI TOJlhKO B TeX y'laCTKaX, f'JJ.e B 

MOMeHT !IpOXOMJJ.eHHSI HOHH3HpyiDWHX 'ISCTHU JJ.aBJieHHe YJihTpa3BYKOBOH BOJIHbl 

OTpHUa TeJihHO H He npeBbJWaer llBBJieHHSI p 'I • Do9TOMY llJISI KBMllOH IIpo

XOllSIWell: qepe3 pa6o'lyiD 06J18CTh 'IBCTHUbl HHHUHHpOBaHHblH eiD TpeK .SIBJI.SI-

eTC.SI B !IpOCTpaHCTBe pa3pbiBHhiM, IIpH'IeM paCCTO.SIHHe MeM.ny OTlleJihHb!MH 

y'laCTKaMH rpeKa paBHO JJ.JIHHe yJihTpa3BYKOBOH BOJIHbr. 

Ha pHC. 5 IIOKa3aHa THIIK'IHS.SI !j>OTOI"'pa!j>H.SI TpeKOB B MHJJ.KOBOllOpOAHOH 

IIY3blphKOBOH KaMepe, IIOJiy'leHHS.SI !IpH COBMeCTHOM .[leHCTBHH yJihTp83ByKa 

H paCWHpHTenhHOH CHCTeMbl 06bi'IHOf'O THIIa. flocne.nH.SI.SI o6eCIIe'IHBBJ1a 

CTeiieHh paCWHpeHH.SI MHllKOCTH - 0,3%, 'ITO COOTBeTCTBOBBJIO IIOHHMeHHID 

CTSTH'IeCKOf'O llBBJleHH.SI B KBMepe !IpHMepHO Ha 0,7 aT. 8enH'IHH8 Ha!Ip.SIMe-
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HHH aa Hanyqarensx paBHsnacb 1,0 KB, ITpH aTOM aMnnHryna naBneHHH 

ynhrpaaByKOBOI'O nons Pm cocTaBnsna -1,5 ar. Ha ¢oTOI'pa¢HH nns 

Hai'nHtlHOCTH KOHTypbl HSny'laTeneli Ha TeMHOM none BbitleneHbl 6enbiMH 

nHHHHMH, 

,-
JL -

PHc. 5, TpeKH orpnuarenhHbiX nHOHOB c aaepi'Heli 340 MaB B ynhrpaaBy
KOBOM none crosqHx Bona B lKHtlKOBoponaoli nyabrpbKOBOH KaMepe ( !<;. V 1 V= 

=3·10-3. • P0 = 4,5 ar; U = 1,0 KB; Pm = 1,5 ar), 

l.JT06bJ HCCnetlOB8Tb nopOI'OBb!e ycnOBHH o6pa30B8HHH TpeKOB B 

ynbTpa3BYKOBOM none CTeneHb paCIDHpeHHH lKHtlKOCTH 38 cqeT neHCTBHH 

paCIDHpHTenbHOH CHCTeMbl nocTeneHHO yMeHbiDanacb, H npH K8)KJlOM tPHKCH-

p0B8HHOM ee 3HaqeHHH Bb!pbHpOBanOCb HanpHlKeHHe Ha ynbTp83BYKOBb!X H3-

nyqarenHX, Ha pnc. 6 H 7 npencraBneHbi ¢oroi'pa¢HH rpeKOB, nonyqeHHbre 

npH paanuqHbiX aaaqeHHHX aanpslKeHHH Ha Hanyqarensx H npn Benuquaax 

HCXOtlHb!X CTeneHeH paCWHpeHHH, COOTBeTCTBeHHO paBHb!X 0,24 H 0, 18%, 

10 ... 

U=fK6 U=1,2 Kf; 

Pnc, 6, TpeKH oTpHuarenbHbiX nHOHOB B ynhTpaaByKOBOM nonE 
noponaoa KaMepe npu paanHqHhrx aneKrpuqecKHX aanpHJKeHHHX 
KOBbiX Hanyqarensx ( !<;. V I V = 2,4 •. I0-3; Po = 4,65 ar: 

U= 1,4K6 U=1,5K6 U=1,6K6 
Puc, 7, ITapaaHTHoe KHneaue (KaBHTBUHH) aa noBepxaocTH yn~ 
H3nyqareneil: B lKllllKOM BOJlOpone ITpH pa3nHqHb!X HaiTpH)KeHHHX 
= 1,8 • lQ-3; P0 = 4,8 ar). 
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U=tKb U=1,2 KfJ U=1,4 K5 

P11c, 6, TpeKH OTpHUaTeJibHbiX nHOHOB a ynhTpaaayKoBOM none a JKHAKoao

AOPOAHol!: KaMepe npl! pa3Jlli"'HbiX 3J19KTpl!"ieCKHX HanpS!JK9HHSIX Ha YJibTpyaay

KOBbiX Hany"'aTengx ( 11V 1 V = 2,4 •. lQ-3; Po = 4,65 aT). 

U== f,4Kh U=1,5K6 U=1,6 KfJ U=2Kl> 
P11c, 7. TiapaaHTHoe KHneaHe ( KaBHTaUHH) Ha noaepxHoCTH ynbTpaaayKOBbiX 

H3Jiy"iaTenel!: B lKHAKOM BOAOpOAe np11 pa3JIH"'HbiX HanpS1)K9HHS1X ( 11 V I V 
= 1,8 ·10-3; P0 = 4,8 aT), 
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CneayeT OTMeTHTb, ~To B nocneaaeM cny~ae aeAcTsae Mexaaa~ecxoA pac

wapaTenbaoa CHCTeM&I nHWb KOMneHcHposano H36&ITO~Hoe aasneHHe nepe

lKSTHH. TaKHM o6pa30M1 B MOMeHT BKniO~eHHH ynbTpa3ByKa AaBneHHe B 

xaMepe 6&mo paBHO aasneHHIO aac&Iweaaoro napa. TeM He MeHee aa <t>oTo

rpa:IJHHX rrpH HQKOTOpb!X 3Ha"'8HHHX HaiipHlKeHHH Ha H3ny'laTenHX OT"'eTnHBO 

BHLIHbl TpeKH ~aCTHil. XapaKTepHO TaKlKe, 'ITO yBenH"'8HHe IIOABOAHMOH 

aneKTpH~eCKOH MOWHOCTH rrpHBOAHT K pa3BHTHIO napa3HTHOro KHIIeHHH (KaBH

TallHH) Ha IIOBepXHOCTH H3ny'laTeneA, H, B KOHUe KOHUOB, K IIOnHOMy no

aasneHHIO TpeKOB ~aCTHil (npaBaH 4>oTorpa4>HH HS pHC, 7). 

Pm,om 

2,0 

1,5 

1,0 

0,5 

0 

P;=S.Zam 
T=27°K 

0.5 tO 1,5 U,K& 

Puc. 8. 3aBHCUMOCTb aMrrnHTYAbi aaBneHHR ynbTpaasyxosoro nonR oT 

HaiipR>:{eHHR Ha H3ny~aTengx, 

~3B8CTHO / 7/, ~TO B lKULIKOCTRX KaBUTaUUR RBnR8TCR rrpu~UHOH rra

A8HUR COIIpOTUBneHUR usny~eHUR, YM8HbW8HUR K,II,£1, U3ny~aTeneH U IIOHUlKe

HUR aasneHuR ynbTpa3ByKoBoro rronR. Ha puc. 8 rrpeacTasneaa saBUCUMOCTb 

aMIInUTYLibl A8Bn8HUR B IIY"'HOCTU ynbTpa3BYKOBOH BOnHbl OT Benu~UHbl aneKT

pu~8CKOrO HarrpRlK8HUR, ~3MepeHUR IipOBOAUnUCb MUHU8T!OpHbiM Ilb830K8p8MU

"18CKUM IIpU8MHUKOM 10 ( CM, puc, 1), IIOM8W8HHbiM IIOCepeAUHe M8lKAY 

usnyqaTenRMU. MolKHO BULI8Tb, 'ITO Ha'IUHaR C H8KOToporo 3Ha'I8HUR HaiipR

lK8HUR nuaeAHaR 38BUCHMOCTb M8lKLIY AaBneHH8M U HaiipRlK8HU8M HapywaeT

CR, MaKCUM8nbHaR B8nU"'UHa aMIInUTYAbi AaBneHUR, paBH8R rrpUM8pHO 1,75aT, 

12 ') 

na6monanacb npH U = 1,2 KB, .QanbH8HWUH poeT HanpRlK8HUS 

K yMeHbWeHuiO aasneauR ynhTpassyxosoro nonR. 

"" MM -m· 
r--

f,O I I i 'j) ~,wv~"' J I I 
I l I It 

0.51 1 It I 

a 6 
OD,5 1,0 1.5 1.0 1,5 1.0 U,1<6 

2~_ .... 

1,0 

0.5 

0 
1,0 

II I ~= f,B 10·5 

tj,=~Bom f-

J: I 
T I 
I a ~ 

'-
1,5 2,0 1,5 2.0 

p HC, 9. Pa3M8pbi IIY3b!JlbKOB B >KULIK OM BOAOpoae IlpH pa3nU"'Hbl 

HU51X Ha uany~aTenRX, a - cnnOWHbi8 Tp8KU, 6 - OAUHO"'Hb!8 rryG 

KOB, B - OLIHHO~Hbi8 IIOnOCTH napa3HTHOro KHII8HHR ( KaBUTaUUH) 

Eonee rronaoe npeacTasneaue o BnH51HHH KaBuTauuu Ha yen 

pOB8HUH Tp8KOB ~8CTHU B ynbTpa3ByKOBOM none AaiOT U3MepeHU 

Hb!X pa3MepOB CTinOWHbiX TpeKOB, AUaMeTpOB OAUHO~HhiX IIY3bipbl 

nRIOWUX TpeK, a TaKlKe KaBUTSUUOHHbiX TIOnOCTeH Ha IIOBepXHOCTi 

TeneH, i>f3MepeHUR npOBO.QHnUCb Ha IIneHKe C IIOMOWbiO MUKpOCKC 

CHMOCTb yKa38HHb!X BbiWe BenH"'UH OT HaTipHlKeHUR Ha H3ny"'aTell 

CTaBneHa Ha PHC. 9, npu o6pa60TKe .Q8HHbiX npeanonaranOCb
1 

"'T 

eM&Ie paaMepbi H3o6palKeHHA IIY3bipbKOB U TpeKOB COOTBeTCTBYIO' 

HOMy HX 3Ha"'eHUIO IIpH rrynbC8UH51X IIY3bipbKOB B ynbTpa3ByKOBm 

YKa3aHHb!H Ha pucyHKe pa36poc MaKCHManbHb!X .QUaMeTpOB ( 2Rm 

JKeT 6&ITb o6ycnoanea xax pasnH~HbiMH Ha"'anbHbiMU ycnoBHRMU 1 

3blpbKOB1 CBR3aHHbiMH C IIpHXO.QOM ~aCTUU ny"'Ka B MOMeHTbi paG 

4>aa ynbTpa3BYKOBOro IIOnR, T8K U pa3nU"'HblM ~UCnOM llHKnOB po 

KOB H3-3a COU3M8pUMOCTU LlnUTenbHOCTU IIY"'Ka "'aCTHU U HHTepB. 

HU Me>K.QY <fJOTOC'b8MKOH U rrpoXOlKL18HH8M ~aCTUU B K8Mepe. TaK K8K I 
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Ha6mo.Qanacb np11 U = 1,2 KB. Llanbaeiiwllii poeT aanp£DKeHHSI npi!BOJII!n 

K yMeHbWeHI!ID JI8BneHI!S! ynbTpa3BYKOBOPO ITOnSI. 

2/lm·"'"' 

1,0 

as I 
0 

0,5 1.0 1.5 f,O 1,5 f,O U,1<6 

2.Qm·"'"' 

1,0 

0,5 

0 
1,0 1,5 2,0 1,5 2.0 1.5 u.~ 

p HC, 9, PaaMepb! ny3blpbKOB B >I<IIJIKOM BOJIOpOJie ITpl! paanl!"iHh!X HanpSI>Ke

HIIS!X H8 H3nyqaTenSIX, a - CITnOWHh!e TpeKI!, 6 - 0JIIIHO"iHb!8 ny3h!pbKII Tpe

KOB, B - OJIHHO"iHhie ITOnOCTH nap831!THOPO KlllleHI!S! ( K8BI!Tal{I!H), 

Eonee nonaoe npeAcTaBneaHe o Bni!SIHHH KaBHTaUHH aa ycnoBHSI ~opMH-
poBaHI!S! TpeKOB "iaCTI!l{ B ynbTpa3BYKOBOM none JlaiDT 1!3MepeHHS! nonepeq-

HhiX paaMepOB cnnOWHbiX TpeKOB, JlllaMeTpOB OJII!HO"iHhiX ny3b!pbKOB
1 

COCTaB

nSIIDWHX TpeK, a TaK>Ke KaBI!TaUI!OHHb!X nonocTell: Ha llOBepXHOCTI! 113nyqa

Teneii, l>faMepeHI!S! npOBOJIHni!Cb Ha nneHKe C ITOMOWbiD MHKpOCKOna. 3aBH-

CI!MOCTb YK838HHb!X Bh!We Benl!"iiiH OT HanpSI>KeHIISI Ha Hany"iaTenSIX npe.Q

CTaBneHa aa pHc. 9. DpH o6pa6oTKe .QSHHhiX npe.Qnonaranocb, 'iTo H3MepSI

eMhie P83MepbJ H306pa>KeHIIJl: ny3b!pbKOB H TpeKOB COOTBeTCTBYIDT MaKCHM8nh

HOMy HX 3H8'1eHHID npH nynbCaUHSIX ITY3b!pbKOB B ynbTp83ByKOBOM none. 

YKaaaHHhill: aa PIICYHKe paa6poc M8KCHManbHhiX .QIIaMeTpoB ( 2 R J Mo-
m 

>~<eT 6biTb o6ycnoBnea KaK paanH"iHhiMH Ha'lanhHhiMII ycnOBIISIMII pocTa ny-

3b!pbKOB, CBS!38HHhlMH C npHXO.QOM "i8CTI!U ny"iK8 B MOMeHTb! paanH"iHh!X 

!flaa ynbTp83BYKOBOPO nonSI, T8K II paani!'IHb!M "ii!CnOM UIIKnOB pOCTa ny3b!pb

KOB 113-38 COI!3Mepi!MOCTH .Qnl!TenbHOCTI! ny"iKa "iaCTHU H HHTepaana BpeMe-

HH Me>K.Qy ~OTOC'beMKOJ% II npOXO>K.QeHHeM "iaCTHU B K8Mepe. TaK K8K 113 -aa OITTH-
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tteCKHX a¢¢eKTOB H306pa~eHHe ny3hiPhKOB Ha nneHKe He aaeT npasHnbHoro 

npeACTaBneHHSI 06 ero HCTHHHOM p83Mepe, TO OU9HK8 pa3MepoB ny3bipbKOB 

npOH3BOAHnaCh nyTeM cpaBHeHHSI Ha6moaaeMbiX ny3blpbKOB C H306p8)KeHHSI

MH1 nonytteHHbiMH npH cpOTOrpaqJHpOB8HHH B TeX )Ke ycnOBHSIX cneUH8nhHOrO 

KanH6pOB8HHOrO ny3blpbKOBOrO TpeKa /8/, 

Pe3ynhTaThi, npeacTasneHHbie Ha pHc, 9, no-BHAHMOMy, yKa3biBaJoT Ha 

TO, 'ITO C nOBbllli9HHeM aneKTpHtteCKOro HanpSI~eHHSI pa3Mepbl cnnOlliHbiX 

TpeKOB H OAHHO'lHbiX ny3bipbKOBbiX TpeKOB pacTyT TOnhKO AO onpeaeneHHOrO 

npeaena, B TO Bp9MSI K8K p83Mepbl ny3bipbKOB napa3HTHOrO KHneHHSI ( :KaBH

T8UHH) Ha nosepXHOCTH H3nyttaTeneH npo~on~aiDT ysenHttHB8ThCSI, 

Tio A8HHbiM1 npeACT8BneHHbiM Ha pHC, 8 H 9, MO~HO nOCTpOHTh 

38BHCHMOCTb pa3MepOB cnnOlliHbiX TpeKOB H OAHHO'lHbiX ny3b!pbKOB TpeKOB 

HOHH3HpyiDlliHX 'l8CTHU OT aasneHHSI ynbTpa3BYKOBOrO nonS! H OT AaBneHHSI 

B K8Mepe ( pHC, } 0), TionytteHHbie pe3ynhT8 Tbl n03BOnSIIDT KOnHtteCTBeHHO 

oxapaKTepH30B8Th AHH8MHKY TpeKOB B ynhTp83ByKOBOM none B ~HAKOM Bo

aopoae. 3To npeacTasnSieT onpeaeneHHbiH HHTepec nnSI nanhHelilllero pa3BH

THSI TeopeTHtteCKHX / 9 ,lO/ H npaKTHtteCKHX pa3pa60TOK ~HnKOBOAOPOAHbiX 

ynbTp83BYKOBbiX ny3bipbKOBb!X K8Mep, 

2R'"'"'"' 
~=2,4·10·3 

QB ~ J1=4,65 am 

d Oft t 
0,4 \ 
0,2 

1,0 1,2 1,4 f,tJ 1,8 Pm,am 

2Rm,M"' 

U = f,0K6 
0,8 

~ 
Pm=1.5 am 

0.6 

¥ 0,4 

0,2 

4,4 4,5 4,6 4,1 

"' "' "' :t: 

it 
3 
eg 
c 0 
:X: c:: 
QJ 

~ 
,Ji 
,o 

4,8 CJ,am 

p HC, } 0, p 83Mepb! ny3blpbKOB B ~HAKOM BOAOpoae npH pa3nHttHbiX aasne-
HHSIX ynbTpa3BYKOBOrO nonS! p m H pa3nH'lHb!X nasneHHSIX B K8Mepe Po , 

e - cnnolliHbie TpeKH, 0 - onHHO'lHbie ny3blpbKH TpeKOB 1 • -OAH-
HO'lHbie nonOCTH nap83HTHOrO KHneHHSI (KaBHT8UHH) Ha nosepXHOCTH H3ny
ttaTeneH, 
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B 3aKniDtteHHe 8BTOpb! npHHOCSIT 6naronapHOCTb n.r. T~ 
A.M. Konoaoli, Jl,O, MaKapoay 3a none3Hhie o6cy~neHHSI pHnl 

E.B. repaCKHHY 38 not10lllh B npoaeaeHHH 3KCnepHMeHTa Ha y 

a TaK~e KonneKTIIBY MexaHI!KOB 03.H<t>-2 38 TeXHHttecKoe o6c 

~IIAKOBOnoponHOH ny3bipbKOBOH K8Mepb!, 

lli!TepaTypa 

1. R.C.A.~own, H.J.Hilke, A.H.Rogers. Nature, 
1177 (1968) . 

2. B.A. AKynHtteB, Jl.P. raspl!nOB, B.r. rpe6HHHHK, B.A. )!(~ 

r. Jli!6MaH, A.TI. MaHbi'l, n . .n. Po3eH6epr, IO.J.1. PynHH, 
saHOB • .UoKn. AH CCCP, 189, 973 ( 1969), 

3. R.C .A. Brown, ·G. Harigel, H .J. Hilke. Nucl. Ins 
Meth., 82, 327 (1970). 

4. Physical Acoustics (ed. W.Mason), vol. lA ~ 
( J.1MeeTCSI nepeaon: cpi!31!ttecKaSI aKyCTI!Ka, non pen. Y. M 
T, IA , H3n-ao "M11p", M., 1966). 

5. T • .n. BnOXI!HUeBa, A.T. BaCI!neHKO, B.r. rpe6HHHHK, B.A. 
r. J1H6MaH, Jl.Jl. HeMeHos, LJ.1. Ceni!BaHoB, IOaHh )i(yH-¢ 
11 TeXHHKa aKcnepi!MeHTa, N2 5, 51 ( 1962). 

6. L.O.Makarov. Seventh Interns. Congress on ~ 
Rep. 23E6, Budapest, 1971. 

7. MOlliHbie ynbTpa3BYKOBbJe nonS! (non pen. n . .n. Po3eH6epr 
"HayKa" M., 1968, 

8. B.M. rop6yHKOB, ABTOpCK, CBI!neTenbCTBO. CCCP N9 1769 
TeHh H306peTeHI!H N2 24, 1965. 

9. B.A. AKynl!'ieB, B.H. AneKCeeB, K.A. HayronbHbJX, n.r. 1 
B • .U. IllecTaKos, OJ.1.HJ.1, Pl3-5327, .Uy6Ha, 1970. 

10. n.r. TKatteB, B • .n. lllecTaKOB. OJ.1.HJ.1, Pl3-5751, .Uy6Ha, 

PyKoni!Ch nocTyn11na B H3AaTenhCKHH 
12 I!IDHSI 1972 roaa. 
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B 38KniO'!eHHe aBTOpb! rrpHHOC51T 6naroaapHOCTb n.r. TKa'!eBy' 

A.M. KorroBoil, n.o. MaKapoBy 3a rrone3Hhie o6cyJKaeHH51 p51aa BorrpocoB, 

E.B. fepaCKHHY 3a rro~1omb B rrpoBeaeHHH aKcrrepHMeHTa Ha ycKopHTene, 

a TBK/I(e KOJIJieKTHBY MeXBHHKOB 03.H<P-2 38 TeXHH'IeCKOe o6CJIY)I(IfB8Hife 
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