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lb9ni!H9HHOr'O IIHCTI!TyTa 

!SCKOr'O I!HCTIITYT8, 
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EeTa-cneKTporpa<jlbi c nocT.OliHHbiM oaHopot:tHbiM MarHnTHbiM noneM mn­

poKo HCITOnb3YIOTCll t:tnll neTanbHb!X IICCnS):IOB8Hllit CITSKTpOB. KOHBSpCIIOHHb!X 

MSKTpOHOB, B naoopaTopllll liASpHb!X npooneM OobS):IIIHSHHOro llHCTIITyTa 

llt:tepHb!X nccnet:tOB8HIIii B 1958-1966 r,r, t:tnll ll3Y'I9HHSI CITSKTpOB KOHBepCHOH­

HbiX aneKTponoa, nonyqaeMbiX np11 oonyqennll Mnweneit npoToHaMn na CIIHxpo-

. ' /1 2/ 
UHKnOTpOHS ( E p = 680 M 9B). npnMeHllnncb ABa oeTa-cneKTporpa<jla • • B 

9THX nccnet:tOB8Hlll!X nony'ISHO MHOr'O CB9t:19Hllii 0 CBOiiCTB8X ypOBHSit pllt:18 

1130TOITOB pet:tK039MSnbHbiX, anSMSHTOB• (eM, t HanpnMep/3/), 

Hcnonb3Yll ):IBa oeTa-cneKTporpa<jla c npeaeriaMII .H3M9H9Hllll TpaeKTOpllll 

aneKTpOHOB OT 5 AO 23 CM II M8KCHManbHb!Mll OCT8TO'IHbiMII nonl!MII 260 II. 

160 raycc, cooTBeTCTBeHHo t:tnll nepaoro 11 BToporo cneKTporpa<jloa, Mbi nMem! 

B03MOlKHOCTb 113Y'I8Tb cneKTpbi KoHBepclloHHbiX aneKTponoa B nnTepaane anep­

rllii oT 10 ao 1300 KSB, MaJKAy TSM B nocnet:tHIIe rot:tbi npol!Bnl!eTCll ace 

oonbWIIii nnTepec K IICcnet:toBaHIIl!M npllpOt:tbi cocTOl!HIIit c aneprnm;m 1,5 Mas 

II Bbi1li9, B CBll311 C 9THM HSOOXO):IIIMbl nccnet:tOB8Hllll CITSKTpOB KOHBSpCHOI!­

HbiX aneKTpOHOB 6onh1liHX 9Heprllii ( ):10 2 Mas H Bb!WS). noBb!1li9l!He lli!TSH~ 

CIIBHOCTII BllyTp9HH9r'O ITY'IK8 npoTOHOB CIIHXpOUIIKnOTpOHa 0ob9t:IIIH9HI!Or'O 111!­

CTIITyTa 2t:l9pllblX nccnet:tOB8HIIit AO 2,5 MK8 II COOTB9TCTB91IH09 yaenii'19HII9 

8KTIIBliOCTH nony'I89Mb!X npn:-oony'leJ£IUI 1130TOITOB C03):18nll B03MOlKHOCTb HC­

cnet:tOB8llllll Bb!COK091!epreTII'IIlbiX ( OObi'IHO ManOIIIITSHCHBHb!X) KOHBSpCIIOHIIbiX 

nnn11ii. 

B 9THX ycnoBIIl!X CTano.neooxot:tiiMb!M YC!8IIOBIITb B naoopaTopnn l!t:tep­

Hb!X npooneM HOBbiii oeTa-cneKTporpa<jJ, npeaHa3Ha'!eHHbiii t:tnll 11ccneaoaannll 

BbiCOKoaaepreTII'IHbiX KOHBepcnoHHbiX nnnnii •. TaKoii cneKTporpa<jJ obin 113ro-

3 

I :. 

.I ·,, 

... 

.. 

.·· 



TOBIIeH B TaiiiKeHTCKOM IIOIIliTeXHli'IeCKOM lii!CTliTyTe II B 1966-1967 I'Ol18X 

ycTaHoBneH B lly6ne, 

no~~pe'IHbiH pa3pe3 Mai'HIITa 9TOI'O crreKTporpac!Ja ll306palKeH Ha pile, 1, 

BHeiiii!IIe pa3Mepbl HpMa M8I'IIIIT81 113I'OTOBneHHOI'O 113 CTanll-31 - 100 X 80 X 

3 
x 20 eM • ToniiiiiHa Mai'HIITonpoBona - 10 eM, Pa3Mepbl npHMoyronbHblX no-

IIIOCI!hiX 1!8KOI!e'IHliKOB n
1 

II n
2 

- 60 X 40 X 

30pa - 6 CMo. nocTOSIHI!ble M8I'III!Tbl ( N, S 

3. 
7 eM • BbJCOTa B03JlYIIIHoro 3a-

3 
pa3MepaMII 12 X 5 X 3 CM B KO-

IIII'IecTBe 80 IIITyK 113 cnnaBa 'MarHIIKOw pacnonolKeHbl MelKny nonJOCHhlMII Ha­

Kone'IHIIKaMn II I'Op!I30HT81Ibi!OH 'I8CTbiO HpMa, Han II IIOA IIOCTOHHHb!Mli M8I'HII­

T8MII IIMeJOTCH l10110111111Tenbllble lliiiiTbl ( lll' ll
2

, ll
3 

n' ll
4

) 113 MHI'KOH CT81111, 

nepeM8I'IIII'IIIB8HIIe IIOCTOHI!IIhlX M8I'IIIITOB 11p0113BOl111TCH 110l18'ICH IIOCTOHIIHOI'O 

TOK8 118 · KBTyiiiKy (Z) • nocTOSII!Hbie M8I'HIITbl, pacnonolKCHHbJe Han BCPXIIIIM 

IIOIIIOCI!b!M 1!8KOI!C'IIIIIKOM1 MOI'YT 6b!Tb nei'KO BbliiYTbl 113 OKI!8, 

KoHCTpyKUIIH II p83Mepbl BBKYYMIIOH KBMCpbl 6eTa-crreKTporpac!Ja IIOBTO­

pS!IOT KOIICTpyKUIIIO II p83Mepbl K8Mepbl rrepBOI'O 6eTa-crreKTporpac!Ja TaiiiKeHT­

/1/ 
CKOI'O 110/IIITeXHII'IeCKOI'O III!CTIITyTa , 0Tiiii'IHe COCTOHT B TOM, 'ITO rrepen 

cPOTOIIII8CTIIHKOif yCT8110BIICI!bl ABC IIOABIIlKI!b!C l11I8cPp8I'Mbl1 11pCl1CT8BIISIIOIIIIIC 

C0 60ft u l1BYCTBOp'I8Tble l1BepUbl" o KBlKl18SI CTBOpKa Jlii8cPp8I'M MOlKCT IIOBOpa­

'IIIB8TbCSI BOKpyr OCII 1 rrapannCIIbi!OH cPOTOIIII8CTIIHKe 1 6e3 Hapyiiiel!l!SI BaKyyMa 

B KaMepe, 8To }laeT B03MO>KHOCTb IIOIIY'II!Tb 118 Ol1HOH II TOH lKe rrnaCTI!HKe 

OTI!e'IaTKI! l1BYX crreKTpoB, TaK, HarrpHMep, H3y'IaSI cneKTp KOHBepcnoiiHhiX 

aneKTpOHOB OT HCTO'IIII!K81 coneplK8IIICI'O I!CCKOIIbKO p8l11!08KTI!BHhlX II30TOIIOB1 

II 38Kpb!B8SI IIOO'ICpenHo CTBOpKI! l11Ia¢pai'M1 MOlKHO npocnel11!Tb 38 y6bJB8HlleM 

IIHTeHCIIBHOCTll III!HI!H KOHBepCI!OHHbiX sneKTpOIIOB, 

KOHCTpyKUI!SI S!pMa M8I'Hl!Ta II KOIII!'IeCTBO llCIIOiib30B8HI!hiX IIOCTOSIHHblX 

M8I'HI!TOB 1103BOIISIIOT II01IY'IIITb B 3830pe M8I'HI!T8 HallpS!lKeHHOCTb OCT8TO'IHOI'O 

IIOIISI l10 600 raycc, '8TO naeT B03MOlKHOCTb llpll M8KCHM81IbHOM pal1llyCe 

TpaeKTOpiill SIIeKTpOHOB IIOIIy'IaTb Ha ll118CTIII!Ke OTIIe'IBTKll liHHliif KOHBepCII­

OI!HblX aneKTponoB c aHeprneii no 3,5 MsB, TaKIIM o6pa3oM, HMeSI Tpll 6eTa­

crreKTporpa¢a, MO>KHO 1!3y"'8Tb ClleKTpbl KOI!BepCIIOI!HblX aneKTpOIIOB B 1111-

TepBane OT 10 l10 3300 K9B, npl! STOM 6b!IIO peiiiei!O ClleUH81Ill31!pOB8Tb CIICKT-

-- • /2/ 
porpa¢hi, co3naB aa 6eTa- cneKTporpa¢e MocKoBcKoro YHIIBepcHTeTa 

( nanee 6yneM HaabJBaTb ero cn-1) ocTaTO'IHoe MarnllTHoe rrone, TaKoe, 'ITO-

I 

l 
·l 

,I 

tl 

I ., 

,· 

j 

·l 
\..• 

·~ 
• . ·Vi 

/ 

~ 

08----t 

~~------~--------~ 

~ 
~ ~ 



n n 1966-1967 ronax 

ljla H3o6paJKeH na pnc. 1. 

3 CTann-3, -100 X 80 X 

epbi npSIMoyronhHbiX no­

BbiCOTa Bo3nylllaoro 3a­

aMn 12 X 5 X 3 CM
3 

B KO-

Ibl MSlKny nOlliOCHb!MH Ha-

I non nOCTOSIHHb!MH MarHH-

11, n
4

) 113 MllrKoll CT8llllo 

rcSI nonaqell nocTOSIHHoro 

lnOlKC!I!HbiS nan BC!pXHIIM 

•l 113 OKHa. 

~Ta-crreKTporpaljJa nonTo­

t-cneKTporpaljJa Tal!lKSHT-

:TOIIT B TOM 1 qTo nepen 

tljJparMbi, npencTanrrSIIDI!liie 

taljJparM MOJKC!T nonopa-

6e3 napyl!lennst naKyyMa 

1l1 I! TOll JKS nnaCTHHK9 

neKTp KOIIBOpCI!OI!Hb!X 

JannoaKTI!BIIbiX I!30TOITOB1 

tpocnennTh 3a y6biBanneM 

lllb30B8HHbiX nDCTOS!HllblX 

npSIJK9HJIOCTb OCT8TDqlforo 

M8KCIIM8llh!IOM pan11yce 

qaTKII lliiHHll KOHB9pCI!-

16pa30M1 IIMSSI Tpl! 6eTa-

lb!X 3ll9KTpOHOB B IIH-

1 crreu11ann311ponaTh cneKT-

. /2/ 
:Koro ynnnepcnTeTa 

nnTnoe none, TaKoe, qTo-

r 
.J 

l 

1 
t' 
l 

/ 

S91 ----------l 

5 

1 
c: 
u 

"' ..,. 
"' 0. .. 
0 
0. ... 
"' Ql 
t: 

'T 
"' ... 
Ql 
\0 

"' Ql 
0. 

~ 
0. 

"" ll 
"' .. 
Ql 
0. 
Ql 
t: 
0 c: 

0 
" c. 



'i 

6oi nayqaTb cneKTpbi aneKTponos B naqane yKaaannoro HHTepsana aneprHii 

(no 150 KaB). BTopoii 6eTa-cneKTporpa¢ - cn-2 6blll ycTaHOBnel! na cepe­

AHHy HHTepBana ll TpeTHii - ·HOBbiii - Cn-3 - Ha 6ol!blliHe 8Heprl!H ( llO 

3300 K8B), TaKOii pel!<HM pa60Tbl (no cpaBHe!jl!IO C pel!<l!MOM1 B KOTOpOM Mar­

HHTbl nepeMarHl!qiJBBIOTCSI B aaBHCHMOCTl! OT nOCTaBneHHbiX aanaq) llaeT onpe­

ACl!CHHbie npenMyruecTaa: Marro MeHSieTCll Kann6poaKa npH6opoB no aneprHllM; 

HMeeTCS! B03MOli<HOCTb yllellHTb 6onbmee BpeMll C031laHl!IO XOpOWeii Tonorpa­

!jlnl! OCTaTQqffbiX IIOlleii B. aa3opax MarHl!TOB ll np, 

B aaaopax MarnnToB coxpaRsrroTc!l ocTaToqnLie nonll: 60 raycc B cn-1, 

220 raycc - B cn-2 II 580 raycc - B cn-3. Ha pnc. 2 npellCTaBneHbl aaBH-

.CIIMOCTii 8Heprnii llliHHii KOHDepCiiOHHbiX 8l!CKTpOHOB OT p81lliyca 'TpaeKTOpllll 

Ami aTnx Tpex cnyqaea, B aanaHHbiX nnTepsanax naMeneHI!SI pallnyca ( oT 5 

llO 23 CM) 6eTa··CIICKTporpa!jJ Cn-1 OXB8TbiBaeT 8Heprlll! OT 8 AO 150 'K8B1 

Cn-2 - OT 95 llO 1050 K8B ll Cn-3 - OT 5QO AO 3300 KOB, HnTepB8llbl 8Hep-

rnii, OXB8TbiBaeMble ~TAeJibHbiMII npn6opaMI!1 nepeKpbHl810TCll 1 qTQ Bali<HO }:{Jill 

CB!l3biB8HIIll (., CIUHBBHHSI") peayJibTllTOB, BcpXHHii npcnen 8Hepruii llJISI TpeTbero 

cneKTporpa!jla B3SIT C !leKOTOpb!M 31'\IIaCOM, B CBSI31! C 06bi'IHO M8JibiMI! H!l-
• 

TC!ICI!BHOCTllMI! lllllillH KOHBCpCIIO!IHb!X OJieKTpOHCB D pafiOHC 3,0 Mas (MaJible 

KOotjl!jJI!UIICI!Tb! KOHBepC!!I!) pCAKO. YllaeTCSI Ha6l!!Oill1Tb C nOMOIUbiO 6eTa-CileKT­

porpc.tjla npH era Ma'i:roii CDCTOCI!JIC JIIiHiil! B o6naCTII Bb!WC 3 MaB, 0nHaKo 

6om:,ruoe OCTUTO'IJIOe HOlle ( 580 raycc) B MarHl!Te cneKTporpa!jla Cn-3 n03BO­

JillCT CllBIIHYTb JII!Hllll C OHepr!!CH 1000-2000 K8B B nepByiO nOl!OBliHy nnaCTI!H­

Kll na palll!YCbi no 14 eM 11 6naroAapSI 6onee BbiCoKoii :caeTocnne cneKTporpa­

¢oa npl! MaJibiX pallnycax H86l!!Oil8Tb JII!Hiill MllJIOH l!HTeHCIIBHOCTl!, 

BLmonncna TWaTen~>Hall noAronKa pacnpcneneHiill MarHnTnoro nonsr B aa­

aopax cneKTporpa¢oa, HoMepenue MarnnTnoro nonSI Bomonnllnocb MeTOilOM 

npoToHHoro peaonanca c ToqnocTbiO OKano 0,02%, Ha puc, 3 npellcTasneHhi 

pacnpelleJieHl!SI H8IIpS!li<CHI!OCTII MarHiiT!IOrO IIOliSI B UeHTpanbHOli nJIOCKOCTII 

BAOJib llliHiiHtllapannenbHOH J;lJIHHHOH rpaHU IIOJIIOCHoro HaKoifeqnnKa, B npene­

nax pa6oqefl qaCTII aaaopa OTKl!OHCHiiSI OT OAHOpOAHOCTii He 60Jibllie 0,015% 

Allll np!!6opa cn-2 ll He 6oJibllie 0,2% - Allll npn6opoB cn-1 l! Cn-3. 
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roro unTepnana aneprun 

5bm ycTanonnen na cepe­

onbliiUe anepruu (ao 

pelKUMOM, B KDTopoM Mar­

nnenHhiX 3all.a'l) aaeT onpe­

.Ka rrpu6opon no anepruSIM; 

lll.a!luro xopoliiefi Tonorpa-

e l10IISI: 60 raycc B Cn-1, 

nc, 2 npeacTanneHbi 3anu­

l OT paauyca 'TpaeKTopun 

aMenenug paauyca (oT 5 

eprl!U OT 8 ll.O 150 'K9B1 

300 KOB, HriTepnanhr anep-

pb1B8IOTCSI 1 'ITO B8lKHO ll.I!SI 

rpcaen aHeprnn ll.IISI TpeTbero 

~ C 06bi'IH0 M8I!b!Mll UII-
• 

1 pan one 3,0 Man ( Manhre 

~b C IIOMOIIIbiO 6eTa-cnCKT­

U Bbiiiie 3 Man, OanaKo 

CIICKTporpaljla Cn-3 II03BO-

rrepnyro IIOIIOBUHY IIIIBCTUH­

'KOil :cneTocnne cneKTporpa-

UHTeHCUB!IOCTU, 

IUS! MarJIUTJIOrO IIO/ISI B 38-

: BbinOIIIISIIIOCb MeTOil.OM 

~a puc, 3 npeacTanneHbi 

UeHTpanbHOfi IIIIOCKOCTU 

ro HBKOHC'liiUKa, B rrpeae­

IOCTU He 60I!bl1Ie 0,015% 

Jon cn-1 u cn-3, 

QJ 

I 0 

0 

tOO 

50 
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3aBUCUMOCTb 3Hepruu KOHBepCUOIIHbiX 9I!CKTpO!IOB OT paauyca n 6e-
Ta-crreKTporpaljlax Cn-1, Cn-2 u cn-3. 
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Pnc. 3. PacrrpeAenenne MarHHTHoro rronn·B 3a3opax MarnnTOB rrpn6opoB 
CIT-1, CIT-2 n CIT-3. 

8 

TaKHM o6pa3oM, Terrepb (c 1967 roAa) Mhi pacrronaraeM TpeMn 

CITeKTporpa<jlaMH 1 rrepeKpbiBaJOIIlllMH AllaiTa30H 9HeprHfi KOHBepCHOHHbiX 

pOHOB OT 10 AO 3300 K9B; B 1967 I'OJly B na6cpaTopHll HJlCpHbiX rrpo€ 

YCTaHOBIICH TaK)I(C 'ICTBCpTblfi 6eTa-CITCKTporpa<jl, IIOCTpOCHHbiH 3BO/IbC 
/4/ 

ll Jlp. •. 3TOT CITCKTporpa<jl I!CITOIIb3yeTCH B pClKllMC rrepCM8I'Hli'Il!Bal 

Mai'Hl!'f"a B 3aBHCllMOCTll OT ITOCTaB/ICHHbiX 38Jla'I. 11cTO'IHllKll KOHBepCI 

9/ICKTpOHOB Jl/IH BCCX CIICKTporpa<jloB I'OTOBHTCH 9/ICKTpOIIllTll'ICCKHM C 

6oM 1!8 ITpOBO/IO'IKC ( 06bi'IHO IT/IaTHHOBOH) Jlll8MCTpOM 0,1 MMo 113MCp< 

BeJlyTcn rrpn pa3pewa10meli crroco6aocTn rrpn6opoB "' 0,03-0,06% ( f 

B K8'ICCTBC ACTCKTOpa 9/ICKTpOHOB I!CIIO/Ib3YIOTCH <jJOTOIT/18CTIIH.:_ 

KH Tnrra P-50 MK, rrpoH3BOJlCTBa HI1K<P11. 3ileprnn nnHHii KOHBepcnoHI 

9/ICKTpOHOB ll3MCpHJOTCH C TO'IHOCTbiO 0,03 - 0,05% rrpli Kann6poBKC I 

HI!HM, 9Hepi'HH KOTOpbl:X ll3MepeHa C TO'IHOCThiO ·0,0] -0,03%, 0TIJOCm 
. /5/ 

HbJC llHTCHCllBHOCTII orrpeJlCIIHIOTCH ITO IT/IOTHOCTll ITO'iCpHCHI!H 

n ll T e p a T y p a 

1. A.A.:'\6Aypa38KOB, <P.A6Jlypa3aKOBa, K.H.rpoMoB, E.C.llJKenerroB, r 
poB. 1-bB. AH Y3CCP, cepnn <jln3. MaT. nayK N~3 (1961). 

2.· K.H.fpoMoB, A.c.nanarynnn, A.T.CTpiira•IeB, B.C.Ilfmmenh. H¢1 T, 

Bblll.- 3 , ( 1965) • 

3. K.H.fpoMoB, E.C.llJKenenoB, ITperrpHHT 0115111 6-3997, lly6na ( 1968 

4. B.3BonBcKa, T.KynapoBa, A.KyK/IHK, E.KpaunK, 3.Maxa'IeK, M.I:fep 

f1T3 1967, N~5 134. 

5. A.A6JlyM8/IHKOB, <I>.A6nypa3aKOBa, A.A6nypa3aKoB, K.fpoMoB, r.YM 

I13B. AH Y3CCP 1. 37, (1962). 

I> 

PyKOITHCb IIOCTyiTH/18 B ll3Jl8Te/lbCKHH OTAC/1 

19 MapTa 1969 I'OAa. 
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~x MarHnToB npn6opon 

TaKHM o6pasoM, Tenepb (c 1967 rona) Mbi pacnonaraeM TpeMH 6eTa­

crreKTporpa<jlaMn, rrepeKpbiBaiOlllHMH nnarrasoH SHeprnll KOHnepcni:HIHhiX sneKT­

poHon oT 10 no 3300 KsB; B 1967 rony a na6opaTopnn HACPIIhiX npo6neM 

ycTaHOBIIOH TaKlKC 'IeTBCpTbill 6eTa-cneKTporpa<jJ, IIOCTpOOHHbll! 3BOIIbCKOl! 
/4/ 

H APo ,. 3TOT CllOKTporpa<jl HCII01Ih3YOTCSI B pelKUMC rrepeMar!II!'IHBa!IHSI 

MarHnTa n sanncnMOCTH oT nocTannennhiX sana'!, HcTO'IHHKH KO!lBepcnoJUibiX 

91lOKTpOHOB AilS! BCCX CllOKTporpa<jlon rOTOBSITCSI SllCKTpOnHTH'ICCKHM CllOC0-

6oM aa rrponono'!Ke (o6bi'!Ho rrnaTHHonoll) nnaMeTpoM 0,1 MM, HsMepeHHSI 

nenyTcSI npn pa3pemaiOmell crroco6HoCTH npn6opon "' 0,03-0,06% ( pHc.4), 

B Ka'!ecTne neTeKTopa sneKTpoHoB ncrronh3YIOTCll <jloTorrnacTnH.:.. 

KH THna P-50 MK, npoHsnoncTna HHK<PH. Sileprnn nna11l! KOI!BepcnoHI!hiX 

SllCKTpOHOB II3MCpS!IOTCH C TO'IHOCTb!O 0,03 - 0,05% npil Kani!OpOBKC IIO IIH­

HIIllM, S!lepri!SI KOTOpbiX 113MepeHa C TO'IIIOCTh!O ·0,0] -0,03%. 0THOCHTOilb-
/5/ 

llb!O H!ITOHCHBHOCTI! orrpenellSIIOTCSI ITO IliiOTIIOCTII IIO'!Op!IC!Illll 

n H T e p a T y p a 

1, A.A.;Aonypa,;~aKOB, ¢>,A6nypa3aKona, K.H.rpoMoB, E.C.illKenerron, r.fi.YMa­

poB, Hsn, AH YsCCP, cepnll ¢ns, MaT, HayK N~3 ( 1961), 

2, K.H.rpoMon, A,C,llanarynllH, A,T ,CTpnra•Ien, B.C,l!Jmmenh, H<P T,l, 

Bhm," 3 , ( 1965). 

3, K,H,rpoMon, E.C.illKenenon, OpenpnnT OHHH 6-3997, ilyona ( 1968), 

4, B,3nonhcKa, T,Kyuapona, A,KyKnnK, E,KpauHK, 3,Maxa'!eK, M,'IepHbi, 

nTs 1967, N~5 134, 

5, A,AonyManHKOB, <P.A6nypasaKona, A,A6nypasaKoB, K.rpoMoB, r.YMapon, 

Hsn, AH YsCCP 1, 37, ( 1962), 

PyKonHCh rrocTyrrnna n nsnaTenbcKnll oTnen 

19 MapTa 1969 rona, 
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