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AHHOTBUHSJ 

B pa6oTe HccneayeTcst aaxeaT sneKTpoHoB B pe*HM HHayKUHOHHOro ycKope­

HHst B KOnbueeoM cpaaoTpoHe. VfanaraeTcst MeToaHKa axcnepHMeHTOB H o6cy*aa­

IDTCst HX peaynbT8Thl. 



Bsen eH H e 

Y1ccnellOB8HHIO 38Xt:la Ta :3J1eKTp OHOB B pe>KHM HHLl YK U I10HHOrO y cK OpeHHH noc­

BSI J..U eHO 3H8'IHTeJ1bHOe KO J1R'-I e CTBO pa6oT , B bllTOJ1HeH H b i X H [l He60i1b ll1 H X 6eT · TpOH8. 

HaKorrneHH biH 9KcrrepHM e HT8i1b HbiH MaTepRan H B o c o6eHHOCTH noaonbH O rr OrTPbie 

I 1- 3 / 
HCCJ18 1lOB8HHSI, co n ep >K 8LU!i8CSI B J C IT OC06 C TBO B 8J11i C03fl8HHIO TeOp HI! 6eTaTpOH• 

/4 5/ 
HOrO 3 8 XB8T8 ' , K8'I e CTB 8HHO OVbR'::HSIIOUleH 38KO HOM ep H OCTH rr p ou e cca ' H Ll8l0 -

w ei!: B03MO>KHOCTb C cP OPMYJ1HpO B8 T b OCHO B Hbl8 T p e60B8HHSI H8 HH :>i< eKU HOHH bl 8 y cT ­

pOHCTB8 rrpH rrpoeKTHpOB8Hiili YCKOpHT eneti . 

B naHHO H pa6oTe rrp R BOLI RTCSI p Si n :3KcrrepR M eHT8i1 bHbiX pe3y n bTaTo B no 3a-

X BaTy :3J1eKT pOHO B B pe)!<HM liH ll YKU HO HHOrO yC'KOpeHH5I B HOBOM TRITe Y CKOp HTe.'JH -

KO J1b U 8BOM cP83 0 T pOHe. nocKOJ1bKY y cnOBH5I 38XB8T8 sne KTpOHO B B ll 8HH OM YCKOp li­

TeJ'!e HH bie, 'I8M B 6eTaTpOH8 /noCTOSIHHO e BO B p eMeHH M8T' H HTH0 8 non e, CH .flbH8 Sl 

¢oKycHpOBKa l , TO 9TOT a onpoc npencTaBnsteT o rrpe n e neH H hlfi RHT e p e c . 3Kcnep~MeH ­

Thl 6hli11i BhliTOJ1HeHhl H8 KOJ1bU8BOM cP830TpOH e 06b8LlliH8HH OrO HHCTHT y T a Hll 8pHhl X 

/6/ 
HCCi18LlOB8HiiH • npn HX ITpOBell8Hiili 8BTOpbl He n p ecne 0.£ 8J1 H uena BC 8 CTOp OH-

H 8 T'O HccnenoBaHRSI npo6neMbi. OcHOBHOH yno p 6hin cnenaH Ha orr penene Hne s ¢ciJeK-

THBHOCTH 38XB8T8 B 38BiiCiiMOCTii OT li3M 8 HeHR 5I T8K ii X napaMe T poB , K8K TO K 

sMHCCHH, "npoM a w Ka " H rrp HpocT 9Heprrm 3 a o6o poT. 

§ 1. MeTOLIRKa :3KCl1e p!iMeHTOB 

3Kcrr e pHMeHThl ITO 3 8XB 8Ty :3J1 e i~ TpO HOB B H H ll YKUI10HH blH p e ;,!O!M ycKopeHHSl 

rrpoaonH n Hcb rrpR R Mrrynbc HoM ITRTaHRH RH )!( eK T Opa . O cuHnn orpaMM a H M rr ynbca H e::-· 

npst )!<eHRSI Ha RH >K eKTope rrpHB eneHa Ha pu c. 1. 

. 0 
Yrnoaofi pacTBop H H >K eKTRpyeMoro n y•m a c o c T aBnH n ! 7 B pa '. taaiibHO .·l H 

BepTHK8J1bHOM H8Ilp 8 Bi1e HHH X e B C OOT B8TCTBI!H C np H B 8Jl8HHO H clJo p MOH HMI1Y 'l ! ,C o'l. 

pa36poc no s HeprRstM B ITY'IKe 6hm n os onbHO 3 Ha 'IHT e i1bHhiM . E c'l· ec T BeHHo , '-ITO 

npH ll8HH bi X ycnoBRHX 6 0 J1bW8H 'I 8CTb 'I8CTR U 110ri-f6HeT, H e C OBe p wRB O!lHOrO 

060pOT8. J.-13M e peHHH Ll 1l5I p 83Hb!X TOK O B :3MHCC H H If p a3J1l1'-!Hb! X p8)!{Hl\: OB 118 C J poif­

KH M8T'HHTHOT'O ITOJIH IT OK838J1H, 'ITO '-!HmO 'I8CTHU B KOHU8 n e pBOrO 060p 0T3 CO< 
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TasmleT- 10% ecero RH>KeKTHpyeMoro rry"'Ka. 3HepreTR"'ecKRA paa6poc ny"'Ka 

e KOHUe rrepsoro o6opoTa orrpenenHncH rro H3MepeHHHM ero panHa1lbHhlX paaMepoB 

Ha 83HMyTe, COOTBeTCTBYIOIUeM rronyuenOMy 12,51 "'HC1IY KOne6aHHA l10 panHycy. 

8 :3TOM MecTe l1Y"!OK RMen clJOKyC l10 yrnaM H 9T'O WHpHHB 38BRCena 11HWb OT 

aHepreTR"'eCKOT'O pa36poca. npH :3Hepf'HH RH>KeKUHR wi = 20 KaB :3HepreTR"'eCKRA 

pa36pOC COCT8B1lH1l +_ 4,0 Kas. 

Dnst naHHoro SHepreTH"'ecKoro paa6poca rrpH yKaaaHHOA Ha pRe. 1 ¢opMe 

HMl1Y1lbC8 HH>KeKUHH 9clJclJeKTHBH8H ll1IRTe1lbHOCTb HH>KeKUHR COCTaBnsteT - 1,5MKCe~. 

161 
OnHaKo, rrpH HanR"'HH aononHHTe1lbHoro BHxpesoro aneKTpH"'ecKoro nonst I" c}:>op-

CHpOBKH" I, ll1IHTe1lbHOCTb HMl1Y1lbC8 KOTOpOT'O B HaWeM cnyqae COCT8B1IHeT 

0,6 MKCeK, BpeMH RH>KeKURH B OCHOBHOM 6yneT orrpe,aenstTbCH STOll: Be1IH"'H­

HOI!:. OTc10na cnenyeT, 'ITO nHwh 215 scex aneKTpOHOB, cosepwHBWHX nepBbiA 

060pOT 0 MOT'yT 6biTh 9clJclJeKTHBHO 38XB8"1eHbl B pe>KHM yCKOpeHHHo 

8 CBH3H C :3THM K09clJclJHUHeHT 38XBaTa B ll81lbHell:weM onpenenHeTCH K8K 

OTHOWeHRe "'I'!C1la :31leKI'pOHOB, 38XBB"'eHHbiX B yCKOpeHHe, K 215 l1Y'IKB, CO BepwRB­

wero nepB hlA o6opoT. EcTecTBeHHO, 'ITO rrpR orrpeneneHHI'! Koa ¢¢auaeHTa aaxsaTa 

6e3 "c:PopCI'!pOBKR" "'I'!C1IO 38XB8"1eHHhlX "18CTHU He~6XOllRMO OTHOCHTb KO BCeM ane~· 

-rpoHaM , cosepwRBWI'!M nepBbiA o6opoT. 

KonaqecTBO 31leK TpOHOB 1'!3MepHnocb uRnHHnpoM ¢apaneH H cRcTeMoH:, coc­

Tostwell: R3 CUI'!HTH1l1IHTopa, cseTorrposona R ¢oToyMHO>KHTenst. UHnaHnp <PapaneH 

H~l101lb30B81ICH nnH H3MepeHHH "'RC1l8 91leKTpOHOB B HeyCKOpeHHOM l1Y"1Ke 1'1, KpOMe 

1 OT'O, - ll1IH K81IH6pOBKH clJOTOyMHO>KHTenst. n OCK01lbKY UH1li'!Hllp <PapaneH H8XO-

ll1'!1ICH B M8T'HHTHOM none yCKOpHTenst, TO OK8381l0Cb B03MO>KHbiM C l10M Oll(b!O He-

601lhWHX K03blpbKOB l1p8KTR"'eCKH ycTp8HHTb BliHHHRe H8 R3MepeHHH BTOpH"'HOI!: 

3MI'!CCI'!H aneKTpOHOB. Dnst nonasneHHH ¢oHa, oco6eHHO rrpH H3MepeHHstx s6nH3H 

I'! Ji~·· eKTOpa, UI'!Jli'!Hllp ¢a pan est 6bl1l 38lUHLU e H 383eMneHHbiM 9Kp8HOM • npR H3Mepe.,. 

HHHX Be1IH"'HHbl TOKa RCl101lb30B81ICH YCI'!1IHTe1lb l10CTOHHHOT'O TOK8 HOHH38UROHHOT'O 

saKyyMMeTpa BVI-3, npenen H3MepeHRst KOToporo 6bi1l pacwHpeH no nHarraaoHa 

-4 -g 
10 - 10 a. llpR 9TOM o6ecrre"'HB81l8Cb TO"'HOCTb R3MepeHHH cpenHero TOK8 

'!_ 1%. nocTOHHH8H Bp9M9HH BXOllHOll: uenH YCH1IRTenH COCTBB1IH1l8 0;1 ceK npR 'lac· 

TOTe pa6oTbl YCKOpHTenst 400 .:.. 500 T'U. 
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KonH'IeCTBO ycKopeHHbix aneKTpOHOB onpe.nensmocb c noMOlllbiO cPOTOYM Ho­

:>KHTenR, rpa.nyHposxa KOToporo ocymecTBnRnacb cne.nyiOIUHM o6paaoM. UHnHH.n­

poM ¢apa,lleSI H3MepSinCSI BeCb TOK aneKTpOHOB B KOHUe nepBOI'O o6opoTa, a 3aTeM 

'laCTb ny'IKa n e peKpbiBanacb CUHHTHnnsrTopoM. Tor.na yMeHbweHHe TOKa c uHnHH­

.npa ¢apa.neH cooTBeTcTBOBano senH'IHHe CHrHana c clloToyMHO:>KHTenH. TaK KaK 

war 38 o6opOT npH yCKOpeHHH He3Ha'IHTeneH, TO pa6oqeft 'laCTbiO CUHHTHnnHTOpa 

RBnReTCSI ero KpaA, .nnsr KOTop.o r o :: nposo.nHnacb rpa.nyHpOBKa • .LlnH 6onbweA 

TO'IHOCTH rpa.llyHpOBKH 5binH BbiiiOnHeHbi TaK:>Ke H3MepeHHSI C ,llHacilparMHpOBaHHbiM 

IIy'IKOM. npH aTOM .llHO UHnHH.llp8 ¢>apa.neSI IIOKpbiBanOCb TOHKHM CnOeM cepHHCTo­

I'O UHHKa, 'ITO noasonSino .t~a6niO.naTb H3o6pa:>KeHHe ny'IKa, nona.naiOmero B uHnHH.llp, 

H, cne.nosaTenbHO, TO'IHee cPHKCHpOB8Tb MOMeHT ero nepeKpbiTHSI. Ha pHc. 2 npe.n· 

CTaBneHa 3aBHCHMOCTb BenH'IHHbi CHI'Hana C KaTO.llHOrO IIOBTOpHTenSI cPOTOyMHO )l[{Ii ­

TenH OT 'IHCna aneKTpOHOB, nona.naiOIUHX Ha CUHHTHnnHTop, .llnSI pSI.na 3Ha'I9HHA 

H8IIpSI:>K9HHSI, IIHTa.IOIUero cPoTOYMHO:>KHT9nb. 

§ 2. 8KCII9pHMeHTanbHbi9 peaynbTaTbi H HX 06cy:>K.ll 9 HHe 

H aH60nblUHA HHTepec IIpH Hccne.noBaHHH 3aXBaTa B HH.llYKUHOHHbiA pe )KHM 

yCKOp9HHSI npe.ncTaBnSieT 3aBHCHMOCTb 3aXBa'leHHOrO TOKa OT TOKa HH:>K9KUHH. 

8KcrrepHMeHTanbHbi9 KpHBbie rrpH .llBYX 3Ha'I9HHSIX BenH'IHHbi wcPOpCHpOBKHw ITpH Be-

.neHbi Ha pHc. 3 • KoacilcilHuHeHT aaxsaTa aneKTpOHOB TJ .llml KpHBOA /a/ .ll O CTH-

raeT BenH'IHHbi 0,5% B o6naCTH O.llHOaneKTpOHHOI'O 3aXBaTa H COCTaBnSi e T 2, 5 7 3 ,5% 

B o6naCTH KOnneKTHBHOrO 38XB8Ta. npH aTOM , ecnH B o6naCTH O.llHOane KTpOHHO-

T'O 3aXBaTa 'IHCnO 3aXBa'leHHbiX 'laCTHU ITpSIMO IIpOITOpUHOHanbHO 'IHCny HH :>K eK TH­

pyeMbiX, TO rrpH KOnneKTHBHOM B3aHMO.lleAcTBHH 3aXBa'leHHbiA TOK p ac T eT 3H8l.JH­

TenbHO 6biCTpee. KpHBaH /6/ CHHTa rrpH Tex :>Ke ycnoBHHX, 'ITO H /a /, T OnbKO 

6ea •cilopcHpOBKH•. B aToM cnyqae aaxsaT orrpe.nenSieTcH HCKniO'IHTen&HO Konnev­

THBHI:IM saaHMo.neAcTBHeM. Cne.nyeT OTMeTHTh, 'ITO rrpH .npyrHx 3 H a '!eHHSix BenH~m­

Hbi "cilopcHpOBKHw H H3MeHeHHH pa60'I9H TO'IKH YCKOpHTenSI, MeHSieTCSI nH W b KOacP-

cPHUH9HT 38XBaTa, a cP0PM8 KpHBbiX, B OCHOBHOM, COXp8HSI9TCSI. JlnH KOacPcPH UH-

9HTOB TJ , KaK B o6naCTH O.llHOaneKTpOHHOI'O, T8K H B o6nacTH KOnn e KTHBHO r O 

38XB8Ta, 6binH rrpose.neHbi TeopeTH'I9CKHe pacl.JeTbi. YfcrrOnb3YSI M9TO.llH K y , H3 -

/4/ 
no:>KeHHYIO B 0 rrpH TeX )1{9 rrpe.nnonO)K9HHSIX .llnSI o6naCTH O.llHOaneKTpOH HOI'O 

aaxsaTa nony'laeM 
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r.ae T -ne pHo.a o6opoTa. r -speMH :>K H3HH S!I9KTpOHOB• paBHOe, npHMep-

H6, .anHTenbHOCTH nHTH o6opoTos. W; -aHeprHH HH>KeKUHH, 

&H e prHH sa o 6 opoT, ar -aMll!IHTy.aa pa.aHa!IbHhlX KOne6aHHA, 

HH9 OT Kp8SI HH:>K9KTOpa .ao Op6HThl B MOM9HT HH:>K9KUHH, !:! 

f:!W -npH pOCT 

a 1 -paccToH-

_ .. npOMaWKa .. , 

T.e. paCCTOSIHH9 no pa.aHycy OT U9HTpa K8TO.U8 .ao KpaH HH:>K9KTOpa; h -war 

op6HThl sa o6opoT, r 1 -.anHT91IbHOc:rb HH:>K9KUHH. PacqeTbi no aToA ctJopMyne 

npH B9!IH'iHH9 ' ctJopCHpOBKH' 400 B/06 .U8IDT 0,6%. KpoMe aToro 6hmH npose-

.U9Hhl 'iHC!I9HHbi9 paC'i9Thl noTepb 'i8CTHU HS-38 coy.aapeHHH C HH:>K9KTOpOM H8 

npOTSI:>K9HHH 10 060pOTOB .U!ISI pH.aa 3Ha'i9HHA 'iaCTOT pa.aHa!IbHhlX CB060.UHhlX KO -

ne6aaHA. VIa .a aHHbi X pacqeTOB .anH Toro >Ke cnyqaH, 'iTO H B bi w e, KOScPcPHUHeHT 

38XB8T8 nonyqaeTCH paBHhlM - }%. 

OueH KH B o6nacTH KonneKTHBHoro aaxBaTa nposo.aHnHcb no ctJopMynaM pa6o­

/5/ 
T hl H .aanH n o n opH.UKY B91IH'iHHhl cornacHe C 9KCnepHM9HT8!IbHhlMH pe3y!IbTa-

T 8MH . TaK , Han pH M ep, K09cPcPHUH9HT 38XBaTa, COOTB9TCTBYIDlllHA M8KCHMYMY KpH-

B Oft a/ Ha pH C. 3, COCTBB!IH9T 2,5%, B TO Bp9MSI KaK T90peTH'i 9 CKH9 OU9HKH 

npH pa3!IH'iHb!X .UOIIY W 9HHSIX OTHOCHT9!IbHO YC!IOBHft HH :>K9KUHH .aaiDT 3Ha'i9HH9 

2-12%. 

JlpyraH ce pH SI 9KcnepHM9HTOB OTHOCH!IBCb K onpe.aeneHHID B!IHSIHHSI B9!IH'iHHbi 

"npoMaWKH" a a aaxsaT. BenH'iHHa 'npoMawKH .. H3MeaHnacb c noMOWbiD aacnOHKH, 

B'BO.UHM O A HB 8 3HMyTe HH:>K9KTOpa. 3KcnepHM9HTB!IbHbi9 KpHBhl9 npHB9.U9Hbi Ha · 

pHc. 4 . KpH Bbie B cnyqae Ia/ IIOK83hiBaiDT B!IHHHHe ' npoMawKH' npH pa3!IH'IHbiX 

B9!IH'iHHax 3 JlC " ctJopcH p OBKH * .U!ISI o6naCTH KO!I!I9KTHBHOrO B3BHMO.U9ACTBHH 1 a B 

C!Iy'iae / 6 / -B!IIfSIHH e 'npoMaWKH" .U!ISI pa 3 !IH'iHb! X TOKOB 9MHCCHH IIpH IIOCTOHH­

HOA Be!IH'iHHe "ctJopcHpOBKH ... VIa rpacP HKOB pH c. 46. BH.aao, 'ITO .a n H TOKa aM He-

CHH 0 COOT B 9TCT B y iDlll ero o6na:::TH o.aao-sneKTpOHHoro aaxsaTa, .aeAcTBHe aac-

!IOHKH HB'iHHaeT CKa3hlBBTbCH 1 KBK TO!IbKO OHB BhlCTynaeT sa KpaA HH:>K9KTOpa. 8 
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o6naCTH :>Ke KOnneKTHBHOI"'O B38HMO,lleitcTBIUI "IIpOM8WK8" MO:>KeT 6b!Tb yBel!H"'l e Ha 

.llO 3,5 MM H IIpH STOM BenH"'lHH8 38XB8"'leHHOI"'O TOKa rrpaKTH"'leCKH He MeH~eTc~. 

CnenyeT OTMeTHTb, 'ITO BH.ll KpHBbiX He aaBHCHT oT a3HMyTa pacrrono :>KeHH~ aac­

noHKH. 

B 6onbWHHCTBe pa6oT no 6eTaTpOHHOMY aaxBaTy OTMeqaeTc~, 'ITo B o6nac­

TH KOnneKTHBHOI"'O B38HMO.lleitCTBH~ YCliOBH~ 38XBaTa Ha p83HhlX yqacTKa X HMIIynb­

ca HH:>KeKUHH pa3nH'IHblo 8 HaWeM Clly'lae OK838110Cb B03MO :>KHb!M HCCl!e,llOB8Tb 

.ll8HH09 HB119HH9 6l!81"'0.ll8p~ M8l!Oit .llliHTel!bHOCTH HMIIYllbC8 "¢opcHpOBKH" IIO 

cpasHeHHIO c HMIIYllbCOM HH:>KeKUHH. Ha pHc. 5 rrpHBeneHa KpHBa~ HHTeHcHBHOCTH 

YCKOpeHHOI"'O IIy'IK8 B 38BHCHMOCTH OT BpeMeHHOI"'O C.llBHI"'8 HMIIYllbC8 "¢opCHpOBKH" 

OTHOCHTenbHO cepellHHbl HMIIYllbC8 HHJKeKUHH, H3 KOTOpOit BH.llHO, 'ITO OIITHM8l!b-

Hb!e YCliOBIUI 3axBaTa COOTBeTCTBYIOT 38.llHeMy ¢pOHTY HMIIyllbCa HH :>KeKUHH. 

Yfa OIIHC8HHb!X Bb!W9 SKCII9pHMeHTOB Bb!TeKa iOT OCHOBH b! e 38KOHOM 9 pHOCTH H 

KOl!H'19CTB9HHhl9 xapaKTepHCTHKH 38XB8T8 sneKTpOHOB B pe:>KHM HH.llYKUHOHHOI"'O yc­

KOpeHHH B KOnbU9BOM ¢a30TpOHe. n ony"'leHHb!e .ll8HHb!e KB'I e CTBeHHO COI"'l!BCY IOTCH 

C pe3yl!bT8T8MH pa60T IIO 6eTaTpOHHOMy 38XB8Ty. 

B 38Klii0'19HHH aBTOpbl IIpH3HaTel!bHbl rrpo¢. B .A . neTyxoBy 38 IIOCTO~HH b!lt 

HHTepec K pa6oTe H IIOl!e3Hb!e o6cymneHH~. a TaK :>K e n.a. CBeToBy H IO .A. 4ep­

Hb!WOBY 38 'leTKOe 06Cl!Y:>KHB8HHe yCT8HOBKH. 
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3aBHCHMOCTb 'JHCJ18 38XB8'i8HHbiX "18CTHU OT "rrpOM8WKH" (), 

a/ rrpH "1 = 4.101011 pa3JlH"!HbiX B8J1H"'HH8X 3LlC 
"cPOPCHpOBKH "; 

1. 0 Blo6; 2. 200 Blo6; 3.. 400 B/o6; 5. 600 Blo6. 
6/ 11pH B 8J1H "'HH 8 3Ll.C "¢opcHpOBKH"' 400 B/06 H p83J1H"!-

Hb!X 3H8'i8HHHX T OK8 HH>K8KUHH; 

1. "1 = 4.108 

2. 

3. 

n1 

n1 

4.1010 

1 .5 .1011 

i\ o 8 CT€ CTB8HH8H "rrpOM8WK8" HH>K€KT0p8, 
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3aBHCHMOCTh qHcna 38XBaqeHHhlX qacTHU OT nonO~BHHR HMnyn&ca 
*¢opcHpOBKH* OTHOCHTBnbHO UB.HTpa HMnyn &ca HH :>KBKUHH . 

1. B.H. noryHOB, E .n. 0BqHHHHKOB, B.,Ll. PycaHoB • .IK3T<P, 27 • 1135 

/1957 I. 

2. B.,ll. PycaaoB. ,LlHccepTauHR <PV1AH /19561. 

3. IO.H. nooaHOB, B.A. neTyxoB. npHnO )KBHHe K :>KypHany ATOMHaR 3HE:1JrHR 

4, /19571. 

4. n.M.KoBpH:>KHhrx,A.H. neoe.oeB • .IK3T<P, 34,984 /1958/; .IK3T<P,_gQ_, 

132 /1959/. 

5. A.H. neoe.ueB • .IKT<P, 29. 1339 319591. 

6. <P. BeH.oa, Vi. raoaHeu, Vi. ,LlOOHaw, A.A • .>KypaBneB, M. KapMaCHH, 

B.V1. KoToB, M. MapeK, 3.A. MRa, IO.n. OoyxoB, B.A. neTyxoB, 

n.B. CBeTOB, B.Coxop, T. <PyKaTKO, 10. UHpaK, ./KT<P, .2_!, 1253 

/19611. 

PyKonHCh nocTynHna B Ha.oaTen&CKHA oT.o en 
6 ¢eBpanR 1962 r. 


