
i8 -· v -J'"63.· -' ~ : . 

55G 

.··... lf.n ~3HHOB&ea, H .S.MccJIHc,KHA, K .n .M hi3HHKOB 

· sse. 

V13MEPEHHE··· YJHTEHCV1BHOCTVI ·• 
•.· ·. 4ACTVIU ···•·· MA.nOJ/I, ·3HEPrVIVI 

. . ·~ B · CVIHX·PO¢A30TPOHE 
MET0Ll9M ·· ... VfHTErPV1POBAHVffl 3AP.HDA 



n.Il.3Hl!OBben, V'J.B,l/lccmrcKIIii, k.!J,,v\!oi.'Jlllll\011 

J-13,\\EPEHHE HHTEHCV1P.HOCTH 
'-I ACT H U 1\\ A nO~~~ 3H EPrl/IJ-1 

B CY1HXPO<PA30TPOHE 
,'v\ETO..JO,\\ HHTErPJ-1POBAHk!H 3AP.si..QA 

·-----------
06Toe}lRHennwit HHCTUT~-· 
DJlepHWX lfCCJitJJ.OBllHl'.;; 

6M6/IHOTEKA 

.') f.i6 

.. 



l.BBeneHue 

llnH H3MepeHHH HHT8HCHBHOCTH npOTOHOB 1 yCI<OpeHHbiX B CHHXpOd•830TpOHe 

no sHepruii, He npeBbiWa romux 100 M SB, npr-rMeHHJIOCb H3MepuTeJibHoe ycTpoiicTno, 

OCHOB8HH08 H8 npHHUHne H8KOITJI8HHH 38PHLl8 8MKOCTbiD 0 B KaMepy YCKOpHT8JIH 

IT0:\18lU8li8Cb M8T8JIJIH'-l8CK8H ITJI8CTHH8 1 TOJIUlHH8 KOTOpOH B HarrpaB.Tl8HIIII ITV'lKll rrpe

BbiW8JI8 LlJIHHY npooera npoTOH8 Ll8HHOH SH8pf"HH. npoTOHbl, H8ITpanneHHhl8 H8 

ITJI8CTHHY- KOJIJieKTop, OTLl8IDT eil: CBOH 38pHn;rro B8JIH'lHHe CyM~tapHOI"'O 38pHLl8 

MO)KHO CY.!lliTb 0 'lHCJie ITOIT8BWHX H8 KOJIJI8KTOp 'l8CTHUo Jv\eTO.!l H8KOIT.Tl8HifH 38-

PHL1.8 HBJIHeTcH 6onee 'lyBCTB~TeJibHhlM, 'leM Herrocpe.acTBeHnoe H3MepeHHe ToKa 

H .uaeT B03MO:>KHOCTb H3MepHTb Manbre 3H8 118HriH HHTeHCHBHOCTH rry'lKa, 'ITO obrno 

OC008HHO B8)KHO B H8'l8JibHOJl CT8LI.llll 38ITyCK8 ycKopuTeJISl. On y::ro6eH TaK>Ke TeM, 

'ITO H838BHCHMO OT cpOpMbi TOKOBOI"'O HMrryn:bca MO:>KHO If3~1 epliTb CY:VIM8pHbiH 

38pH.!lt 8 CJI8.!lOB8T8JibH0 1 H 'lllCJIO 'l8CTHU 1 ITOIT8BUJIIX H8 KOJIJI8KTOp. Vf3M8~ij}'8Jib

H08 ycTpOHCTBO IT03BOJIH8T orrpe.aeJIHTb HHT8HCHBHOCTb rry'lK8 C TO'lHOCTbiD He Xy~<e 

:t_lO% •. HH:>KHHii rrpe.uen H3MepeHHS'i orrpe.aenHeTCSl ypoBHeM 

6 
'189 OH COOTB9TCTSOB8JI 10 'l8CTHU B HMITYJibCe. 

·2. ]'v\ 8TO.!l H3MepeHHH 

rroMex. B naweM c.Tly-

Ha cpur. 1 rroKa3aH KonneKTOp u cxeMa Bxo::tnoii uerro'lKH H3MepuTe.TlbHOro 

ycTpoiicTBa. KonneKTOp K 383eMneH qepe3 corrpoTHBJieHue R · .. E:~.tKOCTb Me~<.uy 
KonneKTopoM u 3eMneil: ooo3Ha'leHa qepe3 C. ToK ny'lKa 3apH~<eHHbiX 'lacTnu, siB-

JIHIDU!HHCH cpyHKUHeil: BpeMeHH, 0003H8'lHM 'lepe3 J (t) 

- qepe3 E (i) • Tor.ua 

£ (tj d £(t) 
R +C clt J (t}. Ill 

a Cllf"H8JI C H3M9pHT8JibHOH U8ITO'lKH 

ITO.!l88TCH H8 BXO.!l K8TO.!lHOI"'O ITOBTOpi!T8.1lH. C K03cllcfJIIUH8HTOM rrep8Jl8'lll K, ITOCJie 

qero nocTynaeT .!lJIH H3MepeHHH Ha KanH6poBaHHhlii ocuHnnorpacp. Cne.aonaTeJibHO, 

9CJIH H3MepeHHbiii OCUHJIJIOI"'p8cpOM HMITYJibC paBen u, TO 

u = k E (t}. 
/2/ 
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llpaKTu•recKuii IIIITr>poc npP:tcTafiJ!H JOT poiiiPIIIIH ypaBHPIIIISI 11 I fl.1H 2-x •racT-

11 biX cny•raee npu RC>>'t' u RC << q- , r:te CZ: 

:\!Oro 11:\1 ny.1bCO TOK8o 

npu Rc >> cr pnlliOHIIO ypanHoHHH I I I u:-.tonT 

cz 

u = ~ J j (t) dt. 
0 1.'1/ 

HuTerpa.1 B cpop:-.tyno /.'3/ npe:tcTao:HIOT cof5oii cy:-..tMllpHr.rii :1nps1.t G. , lltlKO-

' 
niiBUII!HCst 38 Bpe:--tst CZ · ":a o~IKOCTII C. Cno:tonn.T,}1biiO: 

4HC.TJO '18CTHII B H:\1lly.1bCO 

K u =-G. c. 

(). 
.N=-

'1-

rLle ~ - 3apst.:::t npoToHa. 

/4/ 

/5/ 

E.cnu C B3stTo B ncp,. a U - BO.TJbT8X 1 TO pnC'ICTHaSI Cf!Op:\l\".1a llpllllll:\-lllOT 

BHLl: 

npu Rc << q-... 

' 0 cu 
AI= 6,25 ·10 -;:( 

4 (t) = K R J (t), 

/6/ 

17/ 

T,e, HMeeT MeCTO npst:--laH nponOpllHOH8JlbHOCTb TOK8 11 113!\!epslO:--IOI"'O uanpst1KOIII!Sl 0 

3. TexHUKa H3MepeHHH 

I I 2 
KomteKTop B ou.:re .TJaTyHHOii nnacTHHb! pa3:--1epo:--1 220 x 2501 MM 11 TOTJLUHHOii 

B H8ilp8BJ1eHHH ny'-IK8 15 MM OBO.'lll.'lCH B BaKyy:--IHYIO Ka:-..tepy ycKOpHT8.'1H C no:--tO!UbiO 

ll!TOKa, CBH38HHOI"'O c aneKTpH'IeCKHM rrpHBO.'IOMo To:JeMeTpH'-IOCK!!I'i :tllT'IIIK /ce1bCIIII1 

na3BOJ1Hn cy,:::tHTb o rny6rme BBeLleHI!st Kon.TJeKTopa. Ko.'lneKTop ycTana.n'luna1cH Tll

KHM o6pa30M 1 '-lTOObl li3MepSieMblii ny'-IOK '-l8CTliU il0.1HOCTb!O nona;Ja.'l Ha I!OI"'0 0 
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i lpaKTII'I•~CKc'151 C:'\C!:\18 113\!E'p<'HIIH III!TPI!Cl!nl!nC:TI! 11:'-.'lKa I!OK838H8 ·Hll cpiiT'o 2. 

na:\lri[l II BXO;tHI>IC UC!II<V!I\11 HflXn:·tllTCII lii!C BllKVy\II!Oii KE1:-.!epb1 0 lloottepe.~lHOe. 

nK.!l ro•tei!IIC' P"-'H' P 
1

, P 
2 

11 P;j .·taPT nn:1~1n >KnncTb ycTaHOBI!Tb pa:J.rrlfttHI>TC 3HA'IP.III!SI 

nxn·111nrn RC • .:.l.'HI u;,:-.H~pPHII>l I!HT<'HCI!BHOCTII c ltn~tOILtbJO pene P
1 

H.!lH P
2 

BK.'l!O'IDCTCH O:tllll 113 II!ITCrpllpyl<'lllll:'\ It0!10'1C!K C pa:-~.'Tii'llll>l:-.lll :1118'1eHII51Mlf CMKOCTH, 

'ITO o6ccne•II!BaeT p83J111'1HYIO 'lYBCTHI!T()JlbHOCTb .. YC(,P~iiiCTBllo ;J..'l·H Iia6JII0."1CIIIIH tjlnp-

~lbl. H:-.!ny.'lbC8 TOK8 C 110\lOI![blO pe.'le P 3 \lnii\CT 6h!Tb 110."1K!110'tC!II8 Ue!IO'IK8 

RsCJ c \18Jlbl!\! 3118'10HI!C\! RC • E\tKnCTb B 3Tn\! cny'lae HTI.TlHeTcH e\!KOCTbJO 

\iOHTa)r:a';' Benn•IHHbi Ci '' C z If· R3 Bbi-6paHbi TaK, ·qTo6ui 'lYBcTB,HTenbfiOCTh · b~eMbl 

C y'leT0!\1 K03cpcpi!UI!eHTa nepe:.ta'lll K8TQ.<HOrO' llOBTOpi!TCJHi COCTaB.TlH'Jla Ha· riepBOM 

B ·-- 10 
.:J.H8f1830He 10 't8CTHiliB011bT, Ha BTOpOM Llii811830He~10. \':'l8CTHUIBO!lbT H H8 TpeTb• 

e\1 .:J.H811830He-l0 \!K81B011bT. 

OcuunnorpaMbl curHanoB nnH cny'raH 6o.'lbwux u Ma.rJbi~;. lfc' .'laHbl H8 

q)Hr.3. 

a/ ~ 

',•' 6/ 
¢Hr. 3. Ocuunnorpa\!Mbi BbiXO:.tHbiX curHanoB: 

a I cpopMa CHrHana npH BXOLlHOM P. c ,.,. cr 
6/ ct>opMa Toro .IKe cHrnana npu BXODHOM RC <:<tt"' 

nap 

'lYB 

6)K 

3m 

non 

K N 

Ha 

6an 

aMr 

9TO 

Mar 
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npu npoaeneHHH SKCnepHMeHTOB 1 ,TpeoyJOlUHX MBKCHM8!lbHOii 'IYBCT13JrTerri:.HOCTH 1 

napaauTaan eMKOCTb KonneKTopa Dbtna yMeHbWeHa no 43 n¢, 'l'To cooTaeTcTByeT 
8 

qyacT~HTenbHOCTH - 3•10 qacTuu/aonbT. B aToM cnyqae MHHHaTJOpnwn nenTon 

' 6)Kl B 6bm noMewea BHYTPH wToKa, a nendcpencTBeHaon onttaocTu oT KonneKTopa. 

3neKTpuqecKan cxeMa nnn sToro cny'laH nana aa ¢ur. 4. H anu_'lHe .. MarHHTnoro 

ITO!lH 38CT8BHJIO OpHeHTHpOB8Tb ITOJIO>KeHHe 118Mnbl TBKHM o6paa;~M 1 'ITOObl CBeCTH 

K MHHHMYMY uaMeaenue ee!xapaKTepucTHK aa ctieT aoaneiicTBHH MarHHTnoro nqnH. 

HauBbironneiiwuM nono>Kenue~ OKaaanocb- ropnaonTaJibHOe 1 c nanpaanenneM ocn·· 
' '·. 

6aJI!lOH8 7 nepneH~HKYJIHpHbl~ C~llOBbiM llHHHHM Mar'HHTHOI"O non st • 
.;;;;J 

Dnst npoaepKH paooThl KaTonnoro noaTopnTeJIH B MarHHTHOM none cHHManHcb 

aMnnnTynnwe xapaKTepHcT~KH npu nanH'IHH MarHHTHoro nonst H 6ea nero. DnB 
I I ' • 

STOI"O Ha BXOLl KaToi:iHOI"O noBTOpHTellst B MOMeHT 1COOTBeTCTBY!OlUHfl BellH'IHHaM 

M8I"HHTHbiX noneii OT 150 ao 500 spcTeLlt no~aBallCH HMnyllbC OT HMHTaTopa, 

K 

Rc 
150M. 

I 
I .L* --T 3 
I 
I 

--....-- • ISD!J. , 

• 

<Pur. 4. CxeMa H3MepnTenbnoro ycTpoltcTBa nnst- cny'laB noBbtwenaolt 
'IYBCTBHTellbHOCTH 0 
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..::tJHfTe.ribHOCTbiO ,.., 100 .MeeK. ConocTasneHue aMnnnTy.llHhiX xapaKTepncTl!K KaTo.u

HOro noBTOpUTe.riH, CHHTbiX npH H8.TIH'!Hli M8I"HHTHOI"O nOJ!H II 6e3· Hero YKil3bll38eT Ha 

nx cosna..::teHne B npe..::~.enax owu6Ku H3MepeHHH lcprrr. 51. 
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¢rrr. 5. AMnnuTy.:tHaH xapaKTepHCTHKa KaTor . .tHoro nosTopuTenH. 

e;.' 

" 
4. Ourn6Kn H3MepeHHfi 

OueHHM ouJH6Ky B H3!\fepeHIIII. '!Hen a 'lllCTHU ·no cpopMyne 161. Ecn11 fJ c. , (51l , 

n OK.-. cpe..::tneKB8.'1paTH'1Hbie OTHocuTenbHble owu6Kn B II3McpcHnn C 1 U If K 

COOTBeTCTBe~IHO, TO cpe:J.HeKBa::tp8TII'IH851 .OTHOCIITCJlbH851 OUJH6Ka B' H3MepeHI11f 

•1nc.rw •1acTnn S,.., I :VIH . cny•1aH Rc >> 't" I .cocTaBuT: 

~""' - + I c-%. + ~z. + ~"" .t. 
\J.V - - V Oc- 1:;1" lOA( • 

/81 

OaeHI!M scnn•IUHhi G"c , G.., u G"K. . 

1. E!\1KOCTb C CKJ!8.'l b!BilCTCH H3 HOM HHilllbHOi'l CMKOCTH, e:l.fKOCTH KOJ!.TICK-

Topa, MOHT8}{{8 II BXO I8 K8TO.,QHOI"O nOBTOpi!T8l!Ho HoMHHilllbHilH C:I.1KOCTb npencTan· 

.,HeT co6oii KOHLleHCaTop, nODKJl 10'1CI!Hhilt Hll BX0.'1 K8TO!li!OI"O nOBTOpHTeJIH .llJIH 

non 

pe~1 
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T Ha 

81 

:Tan-

nony•wnu~ HY/huoii ••yncTBUTe!lbi!OCTH ycTpoiicTna. 3Ta e~tKOCTb :-.to>KeT OhiTb 1!3:<.te-

pena 0'!8Hb TO'IH0 0 [lpll nepe~!Cil(CI!IIIl KOJIJlCKTOp8 nilyTpll naKyyMI!Oii K8MCphl napa-

3HTH8~ e~IKOCTb ~10/KCT 113~181!~TbC51 1 'ITO BHOCI!T !.lOIIO.'IHHTO:Ibi!YlO OlUif6Ky 11pll 

H3Mepeuu~x. 3Ta 0111H6Ka cymeCTB8Hil8 npH 60JlbLIIOii. 'IYBCTBIITCJlbi!OCTII CXCMhl 1 

Kor.na HHTerpHpyiOmasi e~tKOCTb Mana. B uau1e:<.t c.'ly'Iae 11p11 :-.taKCHMa!lbHoii •Iyn

CTBHTCllbHOCTH CXCMbl Cp8IlHCKB8!1p8Tif'IH8~ OlliH6Ka B onpe:lCJICHHII e:<.tKOCTH IIC 

npeBbilliana _:: 490. 

2. Cpe::rHeKBa:rpaTH'!Ha~ OlllH6Ka B H3MnpeHHH Ko:3r!HpHUHel!Ta nepe.'18'1H KaTon

noro noBTOpHTCll~ COCT8Bll~.T18 ;t_ 0,5% • 
.:!; 

3. 0UIH6Ka B li3MepeHHH u CK118!l biB88TC 51: 

a/ li3 Ollili6KH 1 C KOTOpO~ 8Mil.T1HTyna HMllyllbCa 1!3M8pHCTC~ OCUiill.'lOI"pacpoM; 

6/ H3 OLIIU6KH 1 o6yC.T10BJlCHHOH Bllli~HUCM BTOpH'IHOii :311CKTpOHHOfl ·:3~tliCCHH 

C KOJlllCKTOpa non nefiCTBUeM nyqKa npoTOHOB, 

Vf3MepeHH~ HMllY1lbC8 1 nocTyna,IOLUCI"O OT K8TODHOI"O nOBTOpiiTC!l~, 11p0113BO!UI

JlllCb na cneunanbHOM ocunnnorpacpe. OcuHnnorpacp 6wn npennapHTenbHO npoKanH-

6poBaH, qTo no3Bonrmo oueHHTb cpenneKnanpaTI!qHyiO own6Ky H3MepeHI!ii aMnnu-

TYDbl :!:_6%, 

Owu6Ka 1 BHOCHMa~ BTopuquoi1 :3MHccuell, npaKTuqecKH nonnocTbiO HCK'lJOqanacb, 

TaK KBK B MOMeHT nonanAHH~ nyqKa Ha KonneKTOp nocnenuuii naxonhnc~ B 

pa6oqeii o6nacTH ycKop~TenH, rne MarnnTnoe none cocTann~eT aenuqHny oT 

150 no 500 spcTen. OpuenTupoaKa KonneKTopa oTnocHTenbno nanpanneuu~ Mar

HHTHbiX cunoBbiX nunuii noKa3ana na qmr.6. BTopnqnbie :31leKTpOHbl non neiicTnneM 

MarHHTHoro nonH B03Bp8LUi'UOTCH na KonneKTop no KpyroBbiM TpaeKTopuHM, OueHKa 

panuyca KpHBH3Hhl TpaKTopuu :3neKTponon npu yKa3aHHhlX nenuqnnax uanpHmenuocTn 

M81"HHTHOI"O ilOJlH naeT 3Haqeuue, He npeBbiUJ8 IOLUee HeCKO'lbKHX C8HTHMeTpOB 0 

Hane)KHOCTb TaKoro MeTana ycTpanenu~ owu6Kn 3a cqeT BTopuqnoii :3Mnccnu 

uccnenoaanacb cneuuanbno. CxeMa aToro sKcnepuMenTa noKa3ana na cpnr. 7. nyqoK 

npoTOHOB, yCKOpeHHblii B ll.HHeiiHOM ycKOpHTBJ1B 1 nuacpparMHpOB8.T1CH C nOMOillblO 

CHCTeMbl weneii H nonanan B UHJlHHnp Q:lapaneH, 3TOT Uii.TlHHnp 6b!ll 60JlhWOH 

rny6HHhl 1 no ero ocu 6bmo np~tno>Keno MarHHTnoe none. riyTeM nonaqn 3anepmu

B8IOLUHX nOTBHUH8JlOB H8 OXpaHHb!e KOJll;lU8 STOI"O UlfllHHnpa 6bl.'l0 YCT8HOB.TIBH0 1 qTo 
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® ® ® f'llaZHIJmHoe 
p 

® ® n011e ® 

® ® 

¢Hr. 6. noJIO)l<8HHe KOJIJI8KTOpa BHyTpH K~Mepbl yCKOp!IT8JI5I 0 noKa3aHO 

HanpaBJI8HII8 MarHIITHhlX CIIJIOBhlX p!IHIIfio rop!I30HT8JibHhlMII CTpen-

KBMII YK838HO HanpaBJI8H!Ie ny'IKa npOTOHOB 

/TIJHIUHbllj 
yCJtapumWtTb 

I 
J].uarppaZMbl 

LJ.UftiJHdp
t:Papoaesa 

e. 
' 

p 

kDJ7!7e~cmop 

cp Hr. 7 • CxeMa OfibiTa no npoaepKe BJIIIHHHH BTOpll'IHOfi SMHCCIIII 

Ha II3MepeHIIH TOKa ny'IK8 0 

npo.no 

8JI8KT; 

Ha Ko; 

JIH PHO 

1 KOJIJI 81 
I 

l oi..tm6~ 

1 MHOrC 

1 

HIIH 'II 

l'O'IHbiJo 

OCU HJI; 

( 

6pOBKI 

IIp HBO; 

-
BpeMSI 

ycKope 

1.1C8K -
5 

20 

' \ 
40 

60 

80 

p 

CKOMY 

113Mepe 
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npO!lOJlbHOe MarHHTHOB none nonHOCTbiD HCKniD'laeT ow u6Ky · 3a cqeT BTOpH'IHOit 

9JIBKTpOHHOH 9MHCCHHo lJHO UHJIHH!lpa ¢>apaneH OTKpbiBa.r[OCb 1 H ny'IOK nona.c~.an 

Ha KOJIJieKTOp, KOTOpb!ll Ob!JI noMeWeH B MarHliTHOe none, HanpaB.TieHHOe nepneH!lHKy-

JIHpHO HanpaBneHHID nsu:>KeHHH ny'IKa. BeJIH'IHHa TOKa, npoTeKarowero qepe3 

KonneKTop, H3MepHnach. Ha ocHoBaHHH aToro aKcnepuMeHTa 6brno ycTaHoB.TieHo, 'ITO 

oi.uu6Ka B H3MepeHHH t.l 1 ooycnosneHHaH BTopH'IHoii aneKTpOHHofi aMuccHefi, 6brna 

MHOI"'O MeHbWe OWHOKH 1 BHOCHMOll OCUIIJIJlO!"'pac}:loM. 

TaKHM o6pa30M 1 o6maH cpe.llHeKBanpaTH'IHaH oTHocnTenbHaH owu6Ka B H3Mepe

HHH qucna qacTuu cornacHo /8/,cocTaBnHeT: 
~v 

:!: 7, 2 % . 

.fi.TIH HaWHX ueneii TaKaS! TO'IHOCTb HBJIHJiaCb ynoRneTBOpHTeJibHOfi. npu 6onee 

TO'IHbiX H3MepeHHSIX OHa MO:>KeT Ob!Tb ynyt'lweHa 3a C'leT TuiaTBJihHOil Ka.ryUOpOBKH 

OCUHJIJIOrpa'c}:la H OOJiee TO'IHO!"'O H3MepeHH51 BXOLlHOfi eMKOCTH. 

KanH6poBKa curHanhHhiX aneKTpO.llOB MeToz:r.oM HHTerpupoBaHnH 3apHna 

C noMOlllhiD onucaHHOro H3MepnTeJibHoro ycTpoilcTBa 6wna npon3BeaRHa Kann-

6ponKa curHaJihHbiX aneKTPOLlOB npu aHeprun ycKope~Horo ny'IKa LlO 100 Mas. Hn >Ke 

npHBO!lHTCH TaOJIHUa KaJIHOpOBKH 

BpeMSI · LfHcno 'laCTHU no LfHCJIO 'laCTHU no CHrHaJib-
YCKOpe.HHH MeTOLlY HHTerpHpo- HblM aneKTpo ~aM 

\1CeK BaHHH 3apgna 

5 /2,8~0,20/ • 1 o9 
3.3 •10

9 

20 /1,1.:!: 0,08/ • ·10
9 

1,3 •10
9 

40 16,0 ±.0,43/ • 10 
8 

6,5 10
8 

60 15,0 +_0,36 I "10
8 

5,4 • 10
8 

80 /3,8 ±. 0,27 /•10
8 

4,4 • 1 o8 

ABTOphl nonh3YIDTCH cnyqaeM awpa3HTh caoro 6naronapHOCTh B.H.Eynz:r.aKoa

cKor:..ty H A.YI.KproKoBy, npuHnMaBWHM y'lacTue B HananKe annapaTyphi H nposoneunu 

H3MepeHIIHo 
PyKonuch nocTynHna B H3naTenhcKHfi OT.llen 

23 IIIDHH 1960 rona. 


