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Hay~eane a~~eKTOB 1 cBg3aHHhlX c 6on&WHMH nepena~aMn uMnyn&coo 

npn CTOnKHOBeHnn nenTOHOB c anpoHaMn unn anpoHon c anpoHaMH 1 npnnnc

KaeT B nocnenHne ronLI BCe 6on&wee BHnMaHne, B peayn&TaTe MJioro~ucncH

HbiX IICCnenoBBHHH 6bJnll 06HapyllieHbl O'IBHh HHTepeCHbiB 38KOHOI\~epllOCTH 1 

nocgwne yHnBepcan&HbiH xapaKTep. 

Cpenn aTnx aaKOHOMepnocTeii oco6oe ana'leHne nMeeT MacwTa6nag 

HHBBpHBHTHOCTb
1 

llO-BunuMOMY 1 0Tpfl)l<810lli8SI o6wue BB)Klii,IB CBOiiCTBU MaTe-
~ . 

pun. OnanM us gpKnx nposmnenuii 9Toii aaKOHO~tepnocTn cnenyeT C'IHTBTh 

o6napy)KBHHY!O 38BHCHMOCTh OTHOWBHIHI BLIXOnOB BTOpll'ltl! !X KllCHIOB K. 

Ill 
TOnbKO OT OTHOWB!lllg nno:w:.t P.' P max 1 rne Pmax - M8KCHManhllt.lii 

uMnyn&c 1 a p - HMnyn&C BTOpii'IHOH 'l8CT!!Uh1 1 nn11 P .2 0,6 P max 

flpo6neMa nony~enug BTOpH'IHL!X ny~KOB ~BCTHU HMBBT 6onh~OB 3118~8-

HHB HB TOnhKO C TO'IKU 3pBHIIg OTMB'IBHHbtX BbllliB nnefi 1 HO 11 C TO'lKll 

apenng nnanuponanng BKcnepuMeHTOB, cTpouTen&CTBa u ycooepwencTBona-

HUH ycKopnTeneii. , 

Ha C11HXp0~830TpOHB B BBI'YCTB 1970 I'. 6wnu 38BBplliBHhl pa60Thl ITO 

MO.'lBPHI138Utltl pHna CHCTBM YCKOpHTBnH H nony~BH pB)KHM YCKOpeHIIH neiiTO

HOD C uMnynhCOM 11 fao/c, 
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HoBbiii pe)ImM OTKPLIIHlCT un-ropocHLIC nepcncKnmr.I .nn~ uccne.nosamili 
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B 0 JiaCTU peJISITli.BHCTCKOlf SIAepHOn 't'U3UKU , OCOKOJibKY SIApa .nenTepU51 

oGna.naJOT OTHOllleHH.eM 3apSIAa K Macce IIpUMepHO T8KUM >I<e, 'ITO 11. n.npa 

C O,[lllH8KOBbiM KOJIH'IeCTBOM IIpOTOHOB II HeiiTpOHOB1. TO .rrpo6neMa penSITU

BHCTCKOrO yCKOpeHHSI MHOroaapSIAHbiX SIAep Ha CUHXpo¢a30TpOHe B bCHOBHOM 

CBOll!ITCSI K IIp06neMe. C03A8HII51 IICTO'IHIIKOB IIOJIHOCTbJO l!OH1!30B8HHb!X aTOMOB, 

Y CKOpeHHe 'laCTIIU, o6na,[laJOliiiiX 3apSIAOM1 60JibliiiiM e,[l!IHIIUbl 1 .naeT B03MO>I<

HOCTb IIOJiy'laTb 9Hepr!IJO yCKOp51eMbJX '18CTIIU ( i!pll OAUHaKO.BbiX napaMeTpaX 
.~ 

ycKopHTensr) 6onhliiYJO, 'leM sneprHSI npoTOHOB B 'IHCno paa; pasnoe KpaT-

HOCTII !IX 3apn.na. 

8 CBSI31I C H3JIO>KeHllbiM B03HHKaeT ecTeCTBeHHbiH BOIIpoc: .CKOJib 

IIHTeHCIIBHbl 6y.nyr ny'IKII BTOp!I'IHbiX 'laCTIIU C SHeprHeii, npeBbllli8JOIUeii 

9HeprHI0 1 npHXOllSiliiYJOCSI Ha OAIIH HyKJIOH penSITIIBIICTCKII ABHll<yiUerocSI SIApa? 

0TBeT H8 9TOT BOIIpoc UMeeT 60JibliiOe 3Ha'leHHe B 060HX yKa3aHHblX BbJUie 

acneKTax. 

/2 3/ . 
B pa6oTax ' 6biJIH BbiCKaaaHbi coo6pall<eHHSI B nonbay B03MOli<HOCTH 

nony'leHHSI Ha OCHOBe penSITli.BHCTCKOrO ycKopeHH.51 MHoroaapSIAHhlX IIOHOB 

BTOp!I'IHbiX IIY'IKOB 'laCTli.U C 9Hepruef1, 3H8'1HTeJibHO IIpeBbiUI8JOUieii HOMHHaJib-

HyiO 9Hepr!!.JO yCKOpHTeJISI. 

EcTeCTBenno Oli<HAaTh, 'ITO .nnH .Gonbllloii nepeaa'IH snepruH o.nnoii 

·aTopu'IHoii 'lac'i'uue rpynna HYKJIOHOB naneTaJOlllero sr.npa llOJI)KHa naxo.nuThCSI 

H8 OTHOCHTeJibHbiX paCCTOSIHII51X, MeHblli.IIX paaMepOB 06JiaCTII 1 B KOTOpOii 

IIpOIICXOASIT MHOrO'I8CTH'IHbie 06MeHbl - TO eCTb IIOSIBJieHHe IIHOHOB C 9Hep

rueii, 3H8'1HTeJibHO npeBbllii8JOIUeii SHepruJO, KOTOpaSI npHXOAHTCSI Ha OAIIH 

HyKJIOH naneT8JOIUero SIApa, SIBJISieTCSI CJieACTBHeM MHOrOHyKJIOHHOf'O CTOJIK

HOBeHIISI1 CJieACTBHeM SIAepHoro KYMYJISITIIBHO~O s¢¢eKT8, 

Uenh'!O nacTOSIIUeii pa6oTbi HBnSinocb o6napyll<eHiie npocreiilllero Mnoro-

6apHOHJIOrO CTOJIKHOBeHHSI: 

d + Cu -+TT + 

4 

IIpll 9Heprun IIIIOHOB, 3Ha'IHTeJibHO npeBbllllaiOllleii IIOJIOBHHy 

sneprnii .neiiTOHOB, 

3KCIIepHMeHT 

llepBII'IHblll ny'IOK yCKOpeHHbiX ,[lellTOHOB (d) nonaw 

IIOMeiUeHHbiX B KaMepe yCKOpH.TeJISI MeAHhiX MUUieHeii T7 · 1 

T 5 (pHc. 1). Poll<neHHbJe B aanpaBneHUU na.naiOlllfiX aeiiTO 

aHaJIH3UpOBaJIHCb IIO IIMIIYJihCY MarHIITHbiM IIOJieM yCKOpUTel 

MarHHTHbie KaHaJihi K 7 II K 2 (pHC, 1), llepBble 06'beKT 

11 n 8 ,n9 'nw ) Marnwrnoii OIITIIKII K8HaJIOB onpe.nenSil 

-4 
f'\Q, (~= 2,10 II fJ yrnbi BhiJieTa BTOp!I'IHhiX IIHOHOB 

crepa.n), a nMnynbCHbie menH K 7 

pyeMbiX IIMIIYJibCOB ( ± l'\p7= 3% II 
p1 

11 K2 onpe.nenSinH HHTE 

± l'\p2 = 1,5%). AnanHaJ 

P2 
(H 1 H2 H H3) BMeCTe C MarHHTHbiM IIOJieM YCKOpH.TeJISI ( 

rHJO BTOp!I'IHbiX II!IOHOB, 

lloCKOflbKY reoMeTp!ISI MarHHTHblX KaHaJIOB tiJHKCIIpOBaJ 

rHII BTOp!I'IHb!X ITIIOHOB MO/KHO 6b!JIO IIOJIY'IIITb, nu6o M8H51SI 

yCKOPHTemr ( T7 • T 2 II T.A.). nJIGO '1.1eHSISI MarHHTHOe r. 

T,e, MeHSISI SHeprHJO ycKopeHHbiX AeiiTOHOB, 
J2a 

Ce'leHHe poli<AeHHSI IIHOHOB dll d ~ onpe.nensreTCSI ' 

.BenH'IIIHW cneayJOUIHM o6paaoM: 

d 2acl n 

dn dp N e.l'\Q.l'\po£ 

~~ 

n - IIHTeHCIIBHOCTb pOli<AeHHbiX JJAfiTQW:QB, 

N HHTeHCHBHOCTb naaaJOIUIIX ,[leHTOHOB, 

2 
e - 'IHCJIO SIAep Ha CM , 

l'\ 0- TenecHbJ.it yron MarnuTnoro xanana , 

l'\p- HHTepBaJI !IMIIYJI~COB If 

r.ne 

£ - s¢¢eKTUBHOCTh BSauMo.neii CTBHSI nepBU'IHo;·o ny'IKa 
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IIBKTHBhl An51 HCCneAOB8HHil 

TiocoKonb~Y 51Apa ABHTepH51 

:> T8KHM >I<e, 'ITO H 51Apa 

[OB, TO npo6ne.Ma pen51TH

mxpo¢aaoTpone B OCHOBHOM 

ocTb!O uonuaonaHJibiX aToMon, 

liM BAHHH~hl 1 ABeT B03MO>I<

:>H.OAHH8KOBWX napaMeTpaX 

qucno paa; pannoe KpaT-

.eHHhiH BOIIpoc: .9KOnb 

Iepruefi,. npenhiWBIOWei'i 

mCT~KH ABH>I<ywerOC51 51Apa? 

B o6oux yKa3aHHhiX Bhiwe 

:eHII51 B IIOnb3Y B03MO>I<!IOCTII 

i51 MHOf'038p51AHbiX IIOHOB 

bHO npeBhiW8!0WBH IIOMHHBnb-

epeAa'IH SHeprHII OAHOH 

:'0 51Jlpa JlOn>l<Ha H8XOAIITbC51 

pOB o6naCTU 1 B KOTOpOI"I 

noHnneHIIe nnoson c suep-
• • ' I 

pa51 IIpUXOJlUTC51 Ha OJlUH 

.t MIIOf'OHyKnOHHOf'O CTOnK-

r)I(BHHB npocreilwero MHOro-

IIpH SHeprun IIHOHOB 1 3H8'IHTenbHO npeBhiWa!OWBH nonOBHHy KIIHBTH'IBCKOH 

SHeprHH ABHTOHOB, 

3KCIIepHMBHT 

TiepBH'IHhiH ny'IOK yCKOpeHHbiX ABHTOHOB ( cJ) nonaAan Ha oAay Il3 

IIOMBIIlBHHhiX B KaMepe yCKOpHTBn51 MBJlHhiX MHWBHeil Tl 

'T S ( piiC, 1), PO)I(JlBHHbiB B HanpaBneHIIII II8Jl810W!!X AeilTOHOB IIHOHbl 

auanii3IIponaniicb no IIMnynbcy MarHIITHhiM noneM ycKopuT~nH II nonaAanu n 

(puc. 1). n epBbiB o6'beKTHBbl ( n I ' n 2 

'nw ) MBf'HIITHOH onTIIKII KaHanon onpeAenHnii TenecHbie 

-4 -4 MJ, ,= 2,10 H L\02 = 4,5.10 yrnbi BbineTa BTOpii'IHbiX IIIIOHOB 

cTepaA), a IIMnynbCHbie men11 K 1 

pyeMhiX HMIIynbCOB ( ± L\pl= 3% H 
P, 

II K2 onpeAenHnH unTepnan perucTpu-

± L\p2 = 1,5%), AuanuaHpyiOIIliie MarHilThi 
P2 

BMBCTB C MBf'HIITHWM noneM YCKOpHTBn51 OIIpBABnHnH S!Iep-

f'II!O BTOpii'IHbiX IIIIOHOB, 

TIOCKOnbKY reOMBTpii51 Maf'HIITHbiX KaHanon cpi1KCIIpDB8H8 1 pa3HbiB snep

.rllll BTOpll'IHbiX TIIIOHOB MQ}l<HO 6binO TIOny'IIITb 1 n1160 MBH5151 MllWBHb B KaMepe 

T 2 H T,A,), n116o "-1BH5151 MarHHTHOe none ycKopuTenH, 

T,e, MBH5151 SHBpf'IIIO ycKOpBHHblX ABHTOHOB, 

cJ2a c/ 
Ce'IeHHe pO*ABHHH TIHOHOB - onpeAenHeTCH qepea H3MBp51BMbiB 

dO Jp 
_BenH'IIIHW cneAy!OWIIM o6pa30M: 

n 

cl 0 clp N 

~~ 

n - IIHTBHCIIBHOCTb pO)I(JleHHbiX J]AiiTOW:QB 1 

N- IIHTBHCIIBHOCTb naAawmux JlBHTOHOB 1 

2 
e - qucno HAep ua CM 

' 
L\0- TenecHbiil yron M8f'HIITH0f'O KaHana J 

L\ p- IIHTepnan IIMIIyn~COB II 

rAe 

f - s<iJ<iJeKTilBHOCTb B3811MOAeil CTBII51 IIBpBH'IHO='O ny'IKa C MIIWBHb!O, 

5 



1.IT06bl HCKniO'IHTb IIOI'pelllHOCTb 0 CBSI3aHHy:o C sclJciJeKTHBHOCTbiO B3aUMQ

AeHCTBHSI ( £ ) yCKOpeHHOI'O ny'IKa lleHTOHOB C MllllleHbiO, a6conJOTH8SI '!top-

6 
. . /1,4/ . 

MHpOBK8 bina BbinOnHeHa no 9KCnepHMeHTanbHbiM ll8HHhiM . .llnSI Ce'leHIISI 

pmKlleHHSI nnOHOB yCKOpeHIILIMII npoTOH8MII, lleHCTBHTenbHO, Ce'leHIIe o6pa30.-

BaHHSI nHOHOB npOTOHaMII paBHO: 

cl 2a m 
_ _::P:.__ -- • ---''----

cJQ.c/p M e·~O.-~p·f .1 

.m - HHTeHCHBHOCTb pmKlleHHhiX IIHOHOB, 

M - nHTeHCIIBHOCTb ycKopeHHLIX npoToHos, 

CnellOBaTenbHO: 

2 2 

-
_cl_a.;:..J _ cl a P 

= TJ -
clO.clp clO.clp 

TJ - SKcnepnMeHTanh!IO naMepSieMaSI senn'ln!la, 

• I'lle 

, I'lle 

l13MepeHIISI Ha yCKOpe!IHblX npOTOHaX 6oinli npOB9llOH!>I 6ea 113MeHe!IUSI 

reoMeTpHH On biT a ( nonollieHHSI Mlllll91III B KaMepe yCKOpHTenSI, Mai'IIIITHOI'O 

nonS! YCKOpnTenSI H OIITHKH Mai'HliTHOI'O KaHana), 

l1nTeHCHBHOCTb nepBH'IHOI'O ny'IKa npoTOHOB ( M ) u lleiiToaos ( N ) 

onpellengnacb no BHyTpeHHeMy MOHIITOpy ny'IKa CIIHXpoclJaaoTpOHa C TO'IHOCTb!O 

- 10%, l1HT9HCUBHOCTb BTOpll'IHblX UHOHOB ( n H m ) onpe.llensiiJacb 

. ( 1) /5/ 
CIICTeMOH 'lepeHKOBCKIIX I'OiJ.OCKOTIH'IeCKHX KaHan II CUIIHTJWII!iiUHOIIHhiX 

C'leT'IIIKOB (KaHan 2), 

Pei'IICTpnpyJOlllaSI annapaTypa ( p11C, 1, KaHan 1) COCTOSina 113 C'leT

'IIIKa aHTIICOBnalleHIIH ·s 0 C OTBepCTIIeM llii8MeTpOM 7 CM 1 onpellenSIJOlll9I'O 

pa3Mepbl IIY'IKa IIIIOHDB; I'OAOCKDIIII'IeCKOI'O C'leT'IIIKa fo llBDHHblX COBnalleHIIH 
" 

ueHTpancHDH aoHbi 11 llii¢4JepeHullani.1Ioro 'lepeHKDBCKOI'D C'leT'IIIKa M TpofikbiX 

COBnalleHIIH, Dp11 

8HepreTII'I9CKOe 

yrnoBoM paapeweHIIII :t. 2 
~E 

paapeweHIIe + -E- = 1,5%, 

Mpall CIICTeMa IIMena 

YpoBeHb ciJoHa (cny-

'I&HHbJe COBUalleHIISI) llnSI prrpelleneHIISI 
. n -8 

OTHOllleHIISI m COCTaBnSin J0 , 

6 
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I 

> •. 
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C s!flcpeKTHBHOCTbiD B3illtMQ

llll9Hhl01 a6COJ1!0TH851 HOp

/1 4/ ' . 
ll811HbiM · 

1 
.llJlH Ci3'!911H51 

mTeni.Ho, cetienne o6paao.-

, rne 

ip~)B9llOH!:>I 6e3 H3MeHeiiH51 

{CKOpHT9J151 1 MarHHTHoro 

( M ) H nefiToiloB ( N ) 

mxpo!fla30TpOII8 C TO'l!IOCTbiO 

n· .· m ·· ) onpenenHnach 

1) /5/ H CUHHTHJlJlllUHO!IIIhlX 

. \ 
1 1) COCTOHJ18 H3 C'l~T-

\1 7 eM, onpenenHIO!Uero 

IKa ·ro nBofiHbiX coBnanennfi 
' ' :,; 

1cKoro C'l~TtiHKa M TpoiiJihiX 

Mpall CHCT9M8 HM9J18 

poBeHh ¢oaa (cny-

n · -8 
Ill m COCT8BJ151Jl 10 , 

7 

' r:: 

. -. 
0 

= a. 



C<JeT'IIIKII HacTpaHBamich Ha perHcTpauHKi nuoHoa TaK 1 'ITO BepOHTHOCTb 

pei'IICTpaUIIII MIDOHdOA II 9JIBKTpOHHOA KOMnOHBHT He 11pBBhllliaJia HBCKO~bKllX 

npoueHTOB. 

B llJoKaJihHOH nnocKOCTII KaHana 2 pacnonarancn roAOCKon ua Tpex 

CUIIHTIIJIJlSIUHOHHhiX C'IBT'IIIKOB. 

B Ta6nuue 1 npnBeJleHw aKcnepHMeHTanbHwe JlaHHhle no Benu'IHHe q 

JlJIH pa3JIH'IHbiX rrepBII'IH~IX 9Hepi'I!H ilBATOHOB 1 pa3JIH'IHbiX olHBpi'IIll II YI'JIOB 

BbJnBTa BTOI]II'IHbiX nUOHOB ( BCB BBJIU'IUHbl B na6opaTOj)HOfi GUCTBMB KOO;JJlU-

HaT). 

llli>I on;::>BJlBJlBHIISl a6COJ1IDTHOH BBJlli'IIIHbl CB'IBHIIH pO)K;tBifliSl 11110HOB 

ABHTOHaMII no II3MBpBHHOH BBJIII'IIIHB ry He06XOAliMO IIMBTb 9KCTpa110nii-

poBaHHb'B 3Ha'IBHHS1 CB'IBHliH pO)KJlBHIISI 111IOHOB ( YK838HHI,JX B CTOJI6Ue 2 

Ta6JiliUbl 1 9HBpi'liH) 1IpOTOH8.\;fli C BMI1YJ1bCOl\1 1 paBHbiM liMITYJibCY ycKopeH-

HbiX ABHTOHOB. 

AHaJIH3 aKcnepliMBHTanhHhlX aaun~x no ce'IeHHro o5paaoBaHlill ITliOHOB 

Pb ) npOTOHaMII C IIMI1YJ1bCOM 11 1 ·8;·18 18; Ha >!Apax ( Be 1 AI 
/1 4/ 

·23 1 1; 70 faB/ C 
1 

MBTOAOM II8liMBHb!llliX KB8Jlp8TOB 110Ka3aJII 'ITO 
2 

Heo6XOAUMaSI AJlSI HOpMlipOBKli BBJIH'IliHa 

MIIpOBaHa ananUTII'IBCKOH 4JyHKUIIBH OAHOH 

~ MO)KBT 6biTb anllpOKCil-
clO. cl p 

nepeMeHHOi1 . · 

X=pTT/pTTmax I'AB 

p TT - HMnynbC p0)KJl8HHOf'O Tlll0H8 1 

PTTmar MaKCIIM8JlbHhiH HMnyJibC nHOlla B npeJlnOJIOn<eHHll 1 'ITO 

HaJ1eTaroruui1: npOTOH B38UMOABi1:CTBYBT C OAHllM B3 HYKJIOH03 

SIApa MlllliBHll. 

Ha puc. 2 npHBBABHbi aKcnepuMeHTanhH&Ie AaHHbiB no 
cJ2a P (0 0) 

clO.clp 

nepeC'IHTaHJih}B Ha ru:lPO MBJlli ( npSIMaSI nponopUllOHaJibliOCTb nOJIHOMy neynpy-

I'OMY ce'leHHro) 3 aaBHCHMOCTll oT nepeMeHHO.it X • l1cnonh30BaHIIbiB JlJIH 
• . /6/ 

nepeC'leTa Ha Slil]JO MBJlll Heynpyrne CB'lBHllH1 paBHbiB : 

8 

I 
\l 
-~ 
I 
I 
'\ 

l 
l 

';' 
l 

H 

llll = = :zl :zl :zl 

l:i l:l !:! 
0 = ..: "" ..: 0 ..: 0 :o; :o; :o; :s: :s: :o; :s: :o; 
::t 14 14 14 14 ::t 14 ::t 

~ l= g g g g = g = :s: ~ ~ 0 0 0 0 ~ 0 ~ = :s: 14 14 14 14 :s: 14 :s: 
Q) ... ==== .. = .. 

~~ ~ ~ 8. ~ 8. ~ 8. ~ 
.. ~ ::t Q) Q) Q) Q) ::t Q) ::t 
Q)~ 0 ~ ~ ~ ~ 0 ~ 0 

.:&:S: 

I NNNC\!N-:1"1S"\ 
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L'BK, 'ITO oepOHTHOCTb 

e npeBhrwana HeCKO,,bKUX 

C5l ronocKon. 113 Tpex 
Ill Ill = :21 :21 !ll 
:z: l:l :z: 
:z: :z: 
0 15; llll ... 15; 0 = 0 

naHHbre no oemi'lHHe .,., :r; :r; :r; :s: :r; :r; :s; :r; 
::r w I.: "' :.; ::r "' ::r a; u u u u a; u a; 

8Hepruii yrnoti 
a; 101 IQ IQ IQ IQ 00: IQ 00: 

lll'lllh!X ll :s; \0 00: 0 ·o 0 0 101 0 101 
:z: :r; "' w "' I.: :r; r.: :r; 

"' 
.... = :z: = :z: ... = ... 

ll'OpHOll CUCTeMe Koopnu-
"(0, = "' "' "' "' g] "' gj 
OCI.I ~ a. Q, a. Q, Q, 

'l 
... :. "' "' "' "' ::r "' ::I' 
Q.l(') u ::r ::r ::r ::r u ::r u 

I 
::ll:sl 

l 
N N cy N N ~ 10 

HI! 51 pmK;!CHH51 TIIIOHOB 0 h ho 6 6 b b ""! H H H H H H H 

lUMO UM9Tb 3KCTpanonH-
...... 
10 ...... ...... ...... ...... ...... ...... ...... 

10 N 10 N N 10 N 10 ~ 

~ i. H N H H H i, i. yKa3aHHl>lX B cTon6ue 2 0 i, -;. c;~ cj, +I M ~ 
~ N "'l 10 (\J 10 

"' ; 
flb!M UMTIYllhCY ycKopeH- H' H' 0 .. 0 H ·H ....., ....., ....., ....., ....., ....., ....., ....., 

t-1 

~ ...... 
g 

HUIO o5pa30~aHII5! nuOHOD .. «<g!lll ~ 
Ill ....o 2.. ~ 0 0 ~ 0 ~ .0 0 0 

ll, 8;· 18,8; 
0 00:"' 0,111 0'1 0'1 

Y~bCOM ~ e~~~s: 
>.11111111::....., .. 

lTOB .nOKa3an 1 'ITO 

MOlKeT 6h!Tb anllpOKCH- ~· 

·' 

IJ 
0 ti:l~ 

lOll 
!:la: MOIII r· 0 0 

N 10 10 g g N 0 &I a~':e:::s· 10 0'1 0'1 ~ M 

r:? cY) .. ;.; .. ; ; . ooo:gfo>.ou Cl) N 

.e 
u:a>. 111111..,...._ Cl) 

J...,So111 11:111 0 :r::CI.II.'JCI.It') 
Ill I::O(:r;lo(M 

on<eauu, 'iTO 
~ 

AHHM U3 HyKnOHOB ~~~ ...... Cl) N N It'\ It'\ It'\ ~ ~ llliiiiiiU N \0 \0 0'1 0\ '') N 

i""o' 
.. ; ; ; ; cY) .. r!' 0111111 N ~ ~ 

1'~, 

~L-(0°) 
.. ~:::, 
Ill M ....., 

tHHhre no 
dOd p 

anbHOCTb nonHOMY neynpy-
a u 
"' Ill ::ra;o 

0 0 
I1cnoirh30BaHilhie nng IIIICIII 0 ~ N N N N . ... HO"' N \0 "!. It'\ It'\ ~ It'\ It'\ 

/6/: "'"""'~~'~ r!' .. a) a) "' 
.. a) !"'., ~ ~ 10 

hie IIIWM (')""'"' 

9 



Ta6nuua 2 

KHHBTHqecKaSI . J~~ l m~ ] 
sHeprMSJ x . e ~J...p .!o.t.,G.:..ik, 

tenTOHOB 
rsB) 

[m"t..] 

.l-c~-,..-··-~· 

1: 

·7,60 0,667 0 3,81+0,76 

!' 7,92 0,694 0 2,24.:!;0,45 
!i 

I! 
;I 7,92 94 0,82:;tO,I7 
I: -
il 
:r 

8,52 0,681 0 1,52.;t0,30 

8,52 - 94 o,83zO, I7 

5,40 0,779 0 I,24.;t0,25 

8,52 0,966 0 O;OI4;t0,003 

10. 

at t 
0,057:;t0,015 

' O,OZl5:;t0,012 

o,03zo,oo8 

t 
0,06z0,015 

o,3z0,2 ,, 

., 

\._ 

d26(w) [ ml, ] 
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~id 

I ( i,68 :t o,16 )ioltX(i-x):t~.~ -<2.lto.G)X . 

mo 

0.2 O.lf 
X 

.().6 0,8 

Puc. 2. ArmpoKcuMaUHSI aKcnepuMeHTanbHbiX JlaHHhiX n< 

llllOHOB Ha SIJlpaX M9Jlll aHanllTllqeCKOH ¢yHKUll9Ho 

I) 
ll 
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Puc. 2. AnnpoKCHMaUHSI aKcnepHMeHTanbHbiX naHHbiX no 'ce'leHIUO pomneHHSI 

llHOHOB Ha SillpaX M9llH aaanHTH'l9CKOH ~yHKUHeH, 



a(Be) = 227 M6 

a(AI) = 472 M6 

a(Cu) = 850 :\16 

a(Pb) = 1750 Mo, 
XOpOlllO cornacyiOTCSI C 38BHCHMOCTb!O OT aTOMHOT'O HOM.epa TIUia A213 • 

3KcnepuMeHTanhHbie JlaHHbie cjmTupoBanuch aHamiTuqecKoii ¢YHKUUeii · 

Bulla: 
; 

cl 2a p clOclp =AX(l-X)ce-ax. 

Tipu 
x 2 = 29 (28 sKcriepuMeHTanhHJ,IX TO'IeK) nonyqeHhi 3HaqeHHSI 

napaMeTpoB: 

A= (1,68 + 0,16) 10
4 

a= 2,70 :!:. 0,60 

M6 

cTep. fsa/c 

c = 2,99 t.... 0,30 

TaKHM o6paooM, sKcnepuMeHTanhHhie JlaHI!O,Ie no pOJKJleHuio nllOHOB npoTo-

HaMil pa3HbiX 8Hepruii MOJKHO onHCaTh tPYHKUH9ll 0 38BllC5I~eii OT OTHOCHTenb·

HOll nepeMeHJiofi X • Hcnom.aySI HaiineHHy!o napaMeTpHaauuro, MOJKHo 

rro sKcnepllMeHTanhHOii aenuquHe TJ Hail:TH a6cOJLOT!lhie aenllquHbi ceqe-

HHSI o6pa30BaHIHI nUOHOB neiiToHaMu. 3KcnepuMeHTanbHhle JlaHJihle no 

cl2a cl 

clO cl p 
npuBeJleHbi B Ta6nuue II 

cl 2ac1 

cJ n a-;-a ceqeHuii 

• B sToR JKe Ta6nuue npuaeneHw 

K npOTOHHOT\1Y ceqeHI1IO 
OTHOllleHUSI 

cl 2 a p 

clO clp 
npn TaKOll 9Hepf'I-IU npOTOIIOB, qTo6:,J MBKCIIMBn!.>HO H03MOJKl!hl9 

UMnynhCbl nuOHOB B peaKUHSIX cl + N .... rr-+··· p+N ->1T-+··· 6hmH paBHbl 

X - OTHOllleHue HMnynhCa p0lKil9ll·I·::>r'O nHOHa K MaKCUManhHO B03MOJK

UOMY B peaKUIIH c JleiiTOI!OM). 

Ha puc. 3 npuBeJ].eHa KpuBaSI ceqeHI-ISI pOJKJ].eHHSI nHOHOB JleiiTOHaMH, 

!IOpMHpOBaHHBSI ilB cpeAHee 3HaqeHH9 a , HBliAeHJIOe HOpMUpOBKOH 

8KCnepnMei!TanhHbiX Jl8HHJ,IX AnSI neiiTOJIOB no npOTOHHOMY tPHTY o 

06cyJKJleiiue ·aKcnepuMeHTanhHbiX JlaHHbiX 

TionyqeHHbie peaynbTaTbl noKa3biBaiOT, qTO ripu 60 
~ . ·. 

HH JlaJKe TaKIIMII cna60 CB_SI3aHHblMII SIJlpaMII KaK Jl9llTOlll 

nuOHOB 3aJlaHHOii 9H9pf'HII BCef'O nulllh B - 25 · paa HH» 

• JlUpOBKe TOll JK9 Mlllll9HII npOTOHBMII ( npii paBHb!X KHHeM 

JlenaX JlnSI 9Hepf'HH niiOHa, pOlKJl9Hl!Of'O Ha HyKnO!le Mlllll' 

ao~t, o6uapy):leHHbiii 9¢¢eKT JlOCTaToq!lo aenHK, qTo6bi np, 

B o6oux, yKa3ai!HhlX BO BB91J.9HHH, acneKTaX, 

/3/ B 6bma BbiCKaaaua runoTeaa, qTo cneKTpbi Bl 

BbiCOKHX auepruii npH CTOnKHOBeHHH penSITIIBHCTCKHX Sill€ 

noKanbHbiMII CBOHCTBaMH anpOHHOll MaTepuu, a He I'90ME 

TepHCTI!KaMH CTanKHBaiOIUHXCSI 06'beKTOB (cjlopMcjJBKTOpaM 

¢aKTuqecKn oauaqaeT pacnpocTpaueuue MacrnTa6Hoii HHJ 

CTOnKHOBeHHe penSITIIBIICTCKHX SIJlep. 

CornacHo c¢opMHpoaauuoii rHnoTeae, cneKTp BTOJ 

6oM6apJlHpOBKH SIJlp8Mli Jl9HTepHSI JlOnJKeH onpeJlenSITbCSI 

HOM tPYHKUneii OT apryMeHTa X , KOTOpOii OnHCbiB89T' 

HbiX qacTHU B .. HyKnoH,-HyKnOHHbiX CTOnKHOBeHHSI~. Ha PH' 

9KCnepHMeHTanhHbie JlaHHbie, nonyqeHHhie B HaCTOSIIUeii I 

JleiiTepuSI, xopomo cornacyroTcSI c 9TOii runoTeaoii •. Oue1 

HOM HOpMHpOBKH cneKTpa ( OTHOlll9HHe BbiXOJl8 qacTHU Ol 

rpynnbi··ua A HyKnOHOB C MHlll9Hb·K1, K BbiXOJlY OT 

npOTOHOB) JlOnJKHa onpeJlenSIThCSI BepOSITHOCThlO HaXOJKJl€ 

H3 A HyKnOHOB B o6naCTH M930H006pa30B8HHSI, 

B · npuMeHeHHH K HarneMy cnyqaro 9Ta MOJlenb oaHa' 

HHe BbiXOJlOB nuoHOB B cnyqae Jl9HTOHHOii H npOTOHHOll ! 

ycnoauSIX, KOI'Jla apryMeHT X 0JlHH8KOB 1 JlOnJKHO 6biTI 

quuoii, paaHoii OTHorneiiuro o6'beMa; onpeJlenSieMoro paJlll 



o HOMepa THna A213 • 

IanHTH'leCKOH tPYIIKUHefi. 

:>~y'leHbl 3Ha'leHHSI 

JO:lKJle!IUIO ITHOHOD npOT0-

3813UC5JIUIJH 01' Ol'I!OCHl'enb•· 

lMeTpU38UUl01 MO:lKIIO 

;LoTI!hie sennquHhi ce'le-

I :lKe ra5nuue npnseJleHhl 

HO>..iY ce'leHiilO 

;-,I · MaKCUMan!.>IIO ~l03MO:lKHI~Ie 

,+N ... rr-+ ... 5hinli paBHhl 

K MaKcuManbHO no3MO:lK-

3HHSI ITHOHOB )lefiTOH8MII 1 

QeHUOe HOpMiipOBKOfi 

•TOHliOMY tPHTY • 

t 
I 

I 

i 
I 

j 

05cy:lKJleHHe ·aKCITepHMeHTanbHblX Jl8HHhiX 

DonyqeHHhle pe3ynbT8Thl ITOK83hiB8lOT1 'ITO npH 5oM5apJlHpOBKe MHWe

HH ll8/Ke TBKHMH cna5o CIHI38HHhiMH S!JlpaMH K8K )lefiTOHhl BhiXOJl BTOpH'IHhiX 

ITHOHOB 38ll8HHOH 3HeprHH BCero nHWb B - 25 pa3 HH:lKe '!eM npn 5oM5ap-

JlHpOBKe TOll /Ke MHWeHH npOTOHaMH ( npH paBHhiX KHHeMaTH'IeCKHX npe

Jlenax JlnSI aHepruu m1oHa, pO:lKJleHRoro Ra HyKnoHe Mnwenid·. · TaKHM o5pa-

30M, o5Hapy1:'eHHbiH 3tPtPeKT JlOCTaTO'IHO senUK, 'IT05bi npeJlOCTaBnSITb HHTepeC 

B o5oUX1 YK838llllbiX BO BBelleHHH 1 acneKTaX, 

/3/ B 5hwa BbiCKa3aHa rnnoTe3a, 'ITO cneKTphi BTOpH'IHhiX 'laCTHU 

Bb!COKHX 3Heprufi npu CTOnKHOBeHUU penSITHBHCTCKUX S!Jlep onpeJlenSIIOTCSI 

noKanbHhiMH CBOHCTB8Mii 8llpOHHOll MaTepuu, a He reoMeTpH'IeCKHMH XapaK

TepUCTI!K8Mii CTanKHB810WI!XCSI 05'beKTOB (tPOPMtP8KTOp8MH), 3Ta I'HITOTe3a · 

tPBKTH'IeCKU 03H8'18eT pacnpOCTpaHeHUe M8CWTa5HOH HHBapHaHTHOCTH H8 

CTOnKHOBeHHe penSITHBHCTCKIIX S!Jlep. 

CornacHo c<PopMuposaHHOfi runoTe3e, cneKTp BTOpH'IHbiX 'laCTHU o-r, 

5oM5apJlnposKn SIJlpaMn JlefiTepuSI JlOn:lKeH onpe)lenSITbCSI Tofi :lKe yRHBepcanh-

HOfi tPYHKUHefi OT apryMeHTa X , KOTOpOfi OITHCbiBaeTCSI cneKTp BTOpH'I-

HbiX 'laCTIIU B HyKnOH-HyKnOHHhiX CTOnKHOBeHHSIX, l13 pHC, 3 BHJlHO, 'ITO 

sKcnepnMeHTanbHhie JlBHHhie, nony'leHHhie B RaCTOSIWefi pa5oT.e . AnSI S!Jlep 

JleiiTepHSI, xopowo .cornacyiOTCSI c aTofi rnnoTe3oii, OueHKa :lKe. a5coniOT

HOfi HOpMHpOBKII cneKTpa (OTHOWeHHe BbiXOJl8 '18CTHU OT CTOnKHOBeHHSI 

rpynnhi H3 A HyKnOHOB C MHWeHbid, K Bh!XOAY OT CTOnKHOBeHHSI 

npoToHos) Jion:lKHa onpenenstTbCSI aepoSITHOCTbiO RaXO:lKAeRHst rpynnhi 

H3 A RyKnoROB B o5nacTn Me3oRoo5pa30B8HHSI. 

B npHMeHeHHII K RaweMy cny'l8!0 3T8 MOAenb 03Ha'laeT, 'ITO OTHOWe-. 

HHe BhiXOJlOB ITHOHOB B cnyqae )lefiTOHHOH H npoTOIIHQH 5oM5apAHp080K B 

ycnOBHSIX, KOI'Jl8 apryMeHT X OAHH8KOB 0 JlOn:lKHO 5b!Tb ITOCTOSIHiiOfi senH

'IHHOM1 paBHOH OTHOWeHH!O o5'heMaj onpenenSieMOI'O paJlHYCOM B3,8HMOJlefiCT-,. 
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+ 4 d!l6.. [ mb ] 
0, 041 d n d.p St Ge~/c 

iO~ 

~02 

10. 

i0° 

PHc, 3. CpaBHeHHe aKcnepuMeHTanbHbiX AaHHbiX no ce"'eHHIO" pO:>KAeHHSI nHo
HOB AeMTpOHBMH C TeopeTU"'eCKOM tPYHKUUeii, OrrUCbiBBIOIIleH Ce"'eHue pon<Ae

HHSI ITUOHOB rrpOTOHBMll, 

14 

BlHI p , K 06'beMy, 3aHHMaeMOMy A9MTpOHOM 1 a;, (p/R, 

KaK BIIAHO 113 Ta6n. II, Benu"'uHa a B npenenax omu6c 

n paBHa 4 t- 5%. 0TCIOAa tmSI" panuyca p nony"'aeM 
" . . . -13 . 

p ,(0,7+0,8). J0 CM. 

TaKUM o6paaoM, Hamu naHHhie xopomo cornacyiOTCSI c 

l\!OA9Jlbl0. CnenyeT OTMeTUTb, 'ITO OHII OTHOCSITCSI K 6JIU3Kif~ 

X 

To"!Ka npu X "' 0,966 To:>Ke cornacyeTcSI c MOAenhiO 

Hne B STOll 06ljaCTU naaaeT Ha ABa rropSIAKa BeJIU"'IfHbl riO C 

X- 0,7; OnHaKo aToMy ¢aKTy Mbi He cKnoHHhi rrpuna BaTh 

HUH, u6o B nannoii o6nacTII cneKTp HenocTaiOIIlHX Mace onp 

O"'el!b M8Jlh!M pa3pelll9HI!blM <!Ja30Bb!M 06'beMOM, B KOTOpOM ' 

HrpaiOT AHCKpeTHhle If KBB311AUCKpeTHhle COCTOSIHHH, a He C< 

HOI'O CrieKTpa C 60JiblllHM "'HCJIOM o6paayiOIIlHXCH "'BCTHU. 

C"!uTaeM CBOHM rrpnSITHbiM nonroM BhipaauTb 6naront 

H.l1. DaBJIOBy, l1.H. CeMeHIOillKUHy, n.n. 3nHOBbeBy, IO • .ll. E 

C.B. $enyKOBy, C.H. Dep¢eeBy, O.H. UucnSIKy, A.C. l1caes 

aa o6ecne"'eHIIe pe:>KUMa ycKopeHUSI neiiTOHOB. A', Muxyny, C. 

fl. l1Bai!OBOM 3a rrone3Hble o6cy:>KAeHliSI II ITOMOT.Ub B pa6oTe~ 

fluTepaTypa 

I. IO.E. EymnnH, IO.n. fopuH, c.n • .lleHUCOB, C.B • .lloHCKOI 

B.A. Kat!aHoB, B.l1. KoToB, B.M. KyTbHH, A.l1. DeTpyxu 

KUH, E.A. PaayBaeBa, n.A. CTOHHOBa, IO.c. XoAbipeB, p 

.ll:>K.B. Anna6u, q>, Euoa, A.M. Beaepenn, .ll:>K,.ll:>KaKOMem 

n • .lliOiiTeiinb, P. Meilbe, )K,TI. ·neabe, M. Cnurenb, K.A 

)K,n. CTpooT, K. lllniOnMaaa. HnepHaH ¢ua»Ka, 1Q, 585 

2. A.M. Eannua. TpyJlhi Me:>KAyHaponaoii Koa¢epeHUHH no ¢H 

uoHOB. DpenpuHT Ol1Hl1, P7-5769, .lly6aa (1971 ). 
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[ mb J P. s{ Ge'l/c 

0 Ce'leHIIIO' pO>KlleHHSI IIHO
IBaiOIUeil ce'leHne pO>Klle-

BHSI p 

KaK BIIJlHO n3 ra6n. II, . BenH'lHHa a B rrpeaenax oiUn6oK rrocTOSIHHa 

u panna 4 t- 5%. Orcroaa' anH ,paauyca p, rrony'laeM 
. . ' ' ,_ 13 

p=:.(0,7+0,8).J0 CM. 

T aKHM o6pa3oM, Hallin aaHHhre xopoiUo cornacyroTCSI c o6CJ>:.>KllaeMoil 

MOllenbiO. CneayeT OTMeTHTb 1 'ITO OHH OTHOCSITCSI K 6nH3KHM 3Ha'leHHSIM 

X 

To'!Ka rrpn X = 0,966 ro>Ke cornacyercH c Moaenhro, rrpn:qeM ce'le

nue B 9Toii o6J]acrn rraaaeT. Ha llBa rropHllKa nenn'lHHbi no cpanHeHnro c 

X- 0, 7. OaHaKo 9TOMY cpaKTY Mbi He cKnoHHbi npnaa naTb ·6.onbiiiOI'O 3Ha'le- · 

HUH, u6o B aanrioii o6nacTH cneKTP neaocra!DIUHX Mace onpeaens;reTcH 

O'leHb ManbiM pa3perneHHbiM !pa30BbiM o6beMOM 1 B KOTOpOM OCHOBHYIO ponb 

III'p810T llHCKpeTHhle H KBa3HllHCKpeTHhle COCTOSIHHSI, a He COCTOSIHHH CIIIIOlll~ 

HOI'O crreKTpa C 6onbllliiM 'liiCnOM o6pa3yiOIUHXC51 'laCTHU. 

C'!UTaeM CBOIIM IIpHSITHbiM llOni'OM Bblpa3UTb 6nai'OllapHOCTb 

l-1.11. nasnony, 11.H. Ce'MeHIOlllKUHy, JI.n. 3nHOBbeBy, '"Io.n. Ee3HDI'IIX, 

C.B. $eayKoBy, C.H. OepcpeeBy, O.H. llucnHKy, A.C. 11caeBy, 11.H. HnoBoMy 

38 o6ecrre'leHne pe>KIIMa ycKopeHHSI aeiiTOHOB. A. Mnxyny, C.E. repaCHMDBy, 

Jl. 11BaHOBOH 38 rrone3Hble o6cy>KlleHH51 II IIOMOlUb B pa6oTe,' 

1. IO.E. EyrnHUH, IO.n. ropnH, c.n. LleHHCOB, C.B. LloncKOB, A.$. LlyHailuen, 

B.A. Ka'laiiOB, B.l1. KoTOB, B.M. KyTbUH, A.l1. neTpyxnn. IO.Ll. OpOKOlll

KHII, E.A. Pa3yBaeBa, Ll.A. CTOHHOBa, IO.C. XoabrpeB, P.C. lllyBanon, 

Ll>K.B. Anna6~, <P. Enou,. A.M. Be3epenn, Ll>K.Ll>KaKoMennn, A.H. Llnaaenc, 

n. Llroiireiinh, P. MeHi.e, >K.n. neHbe, M. 'Cnnrenh, K.A. CTOIIb6pallllT, 

)K.n. CTpooT, K. lllnronMaHH. HaepuaH cpu3HK~, !Q., 585 (1989). 

2. A.M. EananH. Tpyllbi Me>KllyHapoanoii KOHcpepeu'unn no cpu3uKe TH>KenbrX 

HOHOB. OpenpiiHT 0!1Hl1, P7-5769, Lly6Ha (1971 ). 
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3. A.M. Eamum. KpaTKHe coo6meHHSI no 4JH3HKe N91, cTp. 35, AKaneMHSI 

HayK CCCP (1971 ). 

4. D. Dekkers, J.A. Geibel, R. Mermod; G. Weber, T,R, Willitts, 

K. Winter, B. Jordan, M. Vivargent, N.M. King, and E.J.N. Wil~;on 

Phys.Rev., 137, B.gb2 (1965). 

5.V.I.Ivanov, N.S. Moroz, V.B. Radomanov, v.s. Stavinsky, 

V.N. Zubarev. Preprint JINR E13-5459, Dubna 1970~ 
. ; 

6. G. Bellettini, G. Cecconi, A.N. Diddens, ·E. Lillethun, G. Matthiae , 

J.P. Scanlon and A.M. Wetherell. Nucl.Phys., 7.2, 609 •(19.66). 

PyKonHCb nocTynHna.B H3AaTenbCKHH oTnen 
r 

21 HIDHSI 1971 ~ona, 

16 

·:."~:--"" 

". t' 

Y CJIOBH$1 06MeHa 

nperrpHHTbl H c~o6m~inm Ol1HH paCCb!li~JOTCSI 6ecrrnaTH 
HMHO~O o6MeHa 1 yHHBepCHTeTaM, HHCTHTyTa~,. na6opaTOpH~ 
Hay'IHhiM rpynnaM H oTnenbHhiM yqe!JbiM 6omie. 50 .cTpaH. 

nonyqaTenSIM H3A8HHH O~Hl1 rrpenocTaBnSieTcir B03M0)1( 
SIBHTb HHHUH8THBY B 6ecrrnaTHOH IlOCb!IIKe rry6nHK8UHH B J 
o6MeHa rlpHIJHM8IOTCSI HBy'IHbie KHHrR 1 )KypH81Ib! 1 npenpHH 

.ny;6nHK8UHH no ;re.MaTHKe OYJ.HIIJ,. . . 
EAHHCT.BeHHb!H BHA rry6nHK8UHlt 1 KOTOpbiH HaM npHCbiJ 

9TO perrpHHTbl ( OTTHCKH .CTaTefi 1 y)Ke orry6nHKOB8HHbLiC B Hl 

1:3 ps:rne · cnyqaea Mhi caMH o6pamaeMcs:r K Hay'IHhiM yq 
6onee KpyiiHhiM rrony'IaTenSIM Hamnx.HsnaHHR- c rrpocb6o 
cnaTb . HaM KaKHe-nH60 KHHrH ll:nH BbliiHC8Tb JJ.nSI HaiiJeli 6H 

. - " ,.."\ ' 

)KypHanbi1 _H3]J.aJOmHeCSI B HX CTpa.Hax, 

\ 
. I 

' 
OT.neJI&uble 3anpocbl 

J1snaTeiibCKHH OTJlen e)KeroAHO BbliiOnHS!eT: OK~no r3000 
coB Ha BhiCbinKy .nsaaHHfi Ol1.HI1. · B TaK~X sa:rrpocax ·cneJ 
YK8.3b!B8Tb HHlleKC sanpaiiJHBaeMoro· H3ll8HHSI, . 

. 
i/ A.n.peca ·. \ 

-nHChMa no BCeM BDnpocaM 06Meli:a ny6nHKaUHSIMH 1 a ' . . 
oTnenhHhre HsnaHHSI,. cneayeT · HanpaBnSITb no .. aapecy: 

· J\10CKB8 1 

TnBBHbiil IIO'lTBMT1 , niH 79. 
H31I8TenbCKHil oTnen 

06be1IHHeHHOrO HHCTHTYT8 

H1IepHbiX HCCne1IOB8HHil, 

Aapec AIISI nOCbinKH Bcex ny6nHK8UHH B rropSillKe o6M 
6ecnnaTHOH noanHCKH Ha Hay'IHhie )KypHaiibi: . . 

MocKBB, 

TirBB/lbiil IIO'lT8MT,-IIIH 79. 
HBy'lHO~TexHH'leCKBH 6u6nHoTeK 

06be1IHHeHHOrO HHCTHTyTB 

HnepHbiX HccnenoBBHHil, 

. j 


