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Ee3HOrHX r .r. H np. PI - 10944 

3KcnepHMeHTBilbHbie pe3yllbT8Tbl no <\JparMeHT8UHH S!llpB 

yrnepona pellSITHBHCTCKHMH lleHTOHBMH H Bllb<\Ja-qacTHUBMH 

llonyqei!I.I llHfjl<)>epeHUHBilbHble ceqeHHSI o6pa3onaHHSI H30Tonoa II , 
He , Li 11 Be a peaKUHH d + 12C npH 3HeprHSIX nefirona 1,1; 1,5; 

!,9; 2,0; 2,4; 3,1; ::!,7; 4,6 f3B /nyKn, II B peaKUHH a+ 12C npH 

3HepruH a -•wCTHll 2,5 f3B /nyKn. non YI'IlOM El ,1af> . ~ 90°. 0TMeqaJOTCSI 

lleKOTOflble 38KOIIO~!C'fli!OCTH napaMeTpOB llH<\JijtepeHUHBilbHblX Ce'!eHHH H 

OTIIOCH Tellbiii>IX AI>IXOilOB ljtparMei!TOB, 

PafioTa BJ.rlronl!eua B Jla6opaTopHH BbiCOKHX 3HeprHH Ov!.SHI. 

llpenpBHT 06-..e.nBHeHHOrO BHCTBTYT& a,llepHWI BCCneJlOB&BBI. JlY6H& 1977 

~~ 

BeznoQikh G,G. et at. PI 10944 

E xp<'rirnPnt at Results on Fragmentation of C>.rbon 
NIIcl<'JIS by Relativistic Deuterons and Alpha.-Po.rlictes 

Differential cross sections of isotopes !I,He, Li and Be have 
been obtai11erl in the reaction d + 1~(; at deuteron energies 1.1; l.'l; 
2.0; 2.4; 3.1; 3.7; 4.o GeV/nucleon and in the reaction a+ 

12 C 
at a -pc3.rticte e>nPr[(y 2 .'J GeV/niiClr'on o. t an angle A

1 
~ 90 ''. Some 

regularities for differential cross section parameters ~~1d for rela
tive fragment yields are noted. 

The investigations has been performed at the 
Laboratory on High Energy Physics, JlNR. 
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BBE,l(EHHE 

H3yqeuue HsneHHR $parMeHTauuu uaquuaeT 3aHHMaTb 
Ba)I<HOe MeCTO B 3KCllepHMeHTallbHbiX nporpaMMaX Ha yc
KOpHTellHX penHTHBHCTCKHX H~ep. Pa6oTM se~yTcH B ~syx 
uanpasneuugx: H3yqeuue $parMeHTaUHH uaneTaiOIUBX 
g~ep 111 u $parMeHTau.uu g~ep-MumeueB: 1 21. ,[J;nH TeopeTu
qecKoil HHTepnpeTaU.HH 3KCnepHMeHTallbHMX pe3yllbTaTOB 
pa3pa6oTaH pg~ MO~ellbHMX npe~cTaBneHHH, HCll0llb3YIOIUHX 
KaK Tpa~HUHOHHMe ~ng g~epHOH $H3HKH MeTO~M aHanu-
3a / 3,15/, TaK H annapaT $H3HKH 3lleMeHTapHMX qac
THU /4,16' 

CospeMeHHOe COCTORHHe TeopHH H~po-g~po -s3aHMO
~eHCTBHH npH BMCOKHX 3HeprHRX He ~aeT B03MO)I{HOCTH 
~ocTaToquo nonuo onucaTb npouecc H, cne~osaTenbHO, 

nonyquTb o~H03Haquyro uu$opMaUHIO o cTpyKType cTanKu
saromuxcH g~ep. Mo)I{HO nonaraTb, qTo BMHBneuue o6mux 
3aKOHOMepHOCTeH B npouecce o6pa30BaHHH $parMeHTOB 
MO)I{eT HMeTb CyiUeCTBeHHOe 3HaqeHHe ~ng llOHHMaHHH xa
paKTepa B3aHMo~eii:cTBHH. Ha TaKOM nyTH y)l{e ~ocTHrHyT 
3HaquTenbHMH nporpecc, uanpuMep o6uapy)l{eHM cne~yro
IUBe HBneHHR: R~epHMH CKeHllHHr, KYMYllHTHBHOe o6pa3o-

u /4/ .u.. 
BaHHe npo~yKTOB peaKU.HH 

1151
H H30TOllHMe 3'i"''eKTM B 

$parMeHTaU.HH g~ep-Mumeueii: · 
Hanuque nyqKoB penHTHBHCTCKHX ~eii:TOHOB H an~a

qacTHU ~OCTaToqHOH HHTeHCHBHOCTH Ha CHHXpo$a30TpOHe 
JIB3 OH.HH u pa3pa6oTaHHaH pauee MeTo~uKa suyTpeuueB: 
MHWeHH / 5/ ~aiOT B03MO)I{HOCTb nonyqHTb 6onee llOllHYIO 
3KCnepHMeHTanbHYIO HH$OpMaUHIO 0 $parMeHTaUHH H~ep

MHilleHeH. 
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B HacToHmeii pa6·oTe npe,IJ.cTaBJieHbi 3KcnepHMeHTaJib

Hbie peJyJibTaTbi no <iJparMeHTauuu H.IJ.ep yrnepo,IJ.a peJIJITH

BHCTCKHMH ,IJ.eHTOHaMH H aJib$a-qaCTHUaMH. 

MET0,4HKA 3KCflEPHMEHTA 

3KcnepHMeHT npOBO,II.HJICJI Ha CHHXpo$a30TpOHe JIB3 

Ol1.Hl1 I ,D.y6ua/, ua BHyTpeuueii noJIHJTHJieHoaoii MHWeHH 

(CH2 )n TOJIIl{HHOH OT 1 ,II.O 5 MICM H ny'IKaX nepBH'IHbiX 

JI,II.ep ,IJ.eHTepHJI H reJIHJI C 3HeprHeH E
0 

B HHTepBaJie OT 

1 .IJ.O 4,6 l:JB/ HYK/1. 

BTopH'IHbie JapJI:>KeHHbie qacTHUbi <lJparMeHTHPYIOmeii 

MHWeHH perHCTpHpOBaJIHCb CHCTeMOH H3 ( i\ E- 8 ) - TeJie

CKOnOB Ha paCCTOJIHHH Tpex MeTpOB OT MHWeHH. TeJieCKo

nbi COCTOJIJIH H3 noJiynpOBO,II.HHKOBbiX KpeMHHeBbiX ,IJ.eTeK

TOpOB TOJIIl{HHOH 20 ~3000 MICM. KoJIJIHMHpOBaHHaJI pa6o

qag nJIOil{a,IJ.b ,IJ.eTeKTOpOB COCTaBJIJIJia OKOJIO 1 CM 2 . XapaK

Tepuoe 3HepreTH'ieCKoe pa3pewenHe ,IJ.eTeKTopos onpe,IJ.e

JIJIJIOCb no JIHHHH E a= 5,5 M:JB H cocTaBJIJIJIO 50 -:80 K:JB. 

A6coJIIOTHoe MOHHTopHpoaauue .IJ.OCTHranocb c no-

MOil{blO .Il.BYX nonynpOBO,II.HHKOBbiX ,IJ.eTeKTOpOB, perHCTpH

pyiOIUHX npOTOHbl OT ,IJ.a'IH OT ynpyroro pacceJIHHJI 'iaCTHU 

ny'IKa Ha BO,II.OpO,II.e MHWeHH. 3KcnepHMeHTaJibHaJI HH$op

MaUHJI HaKanJIHBaJiaCb 3BM E3CM-4. Ilo,IJ.po6uoe onHca

HHe pa6oTbi annapaTypbi .IJ.aHo B pa6oTe / 6 '. 

To'IHOCTb paJ,IJ.eJieHHJI <iJparMeHTOB no Macce H JapH.IJ.Y 

,II.JIJI H30Tonoa ao,IJ.opo,IJ.a H reJIHJI oueuuaaeTCJI B 1 o/o. Ka

'ieCTBO H,II.eHTH$HKaUHH ,II.JIJI 3HeprHH npo,IJ.yKTOB peaKUHH, 

paaHoii 6 M3B, npuae,IJ.euo ua puc. 1. CaeTHMOCTb ny'IKa

Mnweuu onpe,IJ.eJIJIJiaCb CO CTaTHCTH'ieCKOH TO'IHOCTblO 5o/o 

C HCnOJib30BaHHeM 3KCnepHMeHTaJibHbiX ,IJ.aHHbiX no ynpyro

MY pacceJIHHIO. MaKCHMaJibHaJI cucTeMaTH'ieCKaJI owu6Ka 

B onpe,II.eJieHHH a6COJIIOTHbiX .IJ.H4xtJepeHUHaJibHbiX Ce'ieHHH 

<iJparMeHTaUHH OUeHHBaeTCJI B 10o/o H B OCHOBHOM onpe

,IJ.eJIJieTCJI HeTO'IHOCTbiO KaJIH6pOBKH MOHHTOpHpylOil{HX ,IJ.eTeK

TOpOB H HeTO'IHOCTblO ,IJ.aHHbiX no ynpyroMy pacceJIHHIO. 

0THOWeHHe $OHOBbiX C06biTHH K noJie3HbiM He npeBbiWaeT 

3o/o. 3Ta OUeHKa CJie,IJ.yeT H3 OTHOWeHHJI Mace MHWeHH H 

KBapueBbiX HHTeH nO,IJ.BeCKH C y'leTOM nOJIHbiX Ce'leHHH 
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o6pa30BaHHJI BTOpH'IHbiX 'laCTHI.{ Ha KBapue H yrnepo,D;e 

nonHJTHnCHOBOB MHWCHH. 

PE3YHbTATM3KCllEPHMEHTOB 
H HX OECY)J(,4EHHE 

)J.u4lcllepeHuuanbHble ce'leHHJI H30Tonoa H , He ,Li H 

Be H3MepJinHcb no,IJ; yrnoM 90 ° K HanpaaneHHIO ny'IKa 

HaneTaiOII.{HX 'laCTHI.{ B HHTepaane 3HeprHB OT 5 ,IJ;O 70 M3B. 
Ha llY'IKaX ,IJ;CBTOHOB H3MepeHHJI llpOBO,IJ;HnHCb llpH KHHCTH

'ICCKOB JHepruu ,IJ;euToHoa E 0 = 1,1; 1,5; 1,9; 2,0; 2,4; 
3,1; 3,7 H 4,6 T3B/HYKA., a Ha ny'IKe anbclla-qacTHU-

2,5 T3B/HYKA. XapaKTepHbiB BH.IJ: HHBapuaHTHblx .IJ:H4lcllepeH-

uuanbHbiX CC'ICHHB, nony'ICHHbiX Ha llY'IKC ,IJ;CBTOHOB, 

2E 
n 

d3 a 
d;3(E), noKa3aH Ha puc. 2 H 3 (E , E 

n 
- nonHaJI 

H KHHCTH'ICCKaJI 3HeprHH cilparMCHTa). AHanorH'IHO Bbl

rnJI,IJ;JIT .IJ:H4lcllepeHI.{HanbHble CC'ICHHJI, nony'leHHbiC Ha llY'IKC 

anbclla-qacTHU. Ha pucyHKax yKa3aHbl TonbKO CTaTHCTH'Iec

KHe OWH6KH. 3HepreTH'ICCKHB ,IJ;Hana30H, B KOTOpOM perHcT

pHpyiOTCJI npo,IJ;yKTbl peaKUHB, ycnOBHO MO>KHO pa3,IJ;enHTb 

Ha ,IJ;Be o6nacTH: 57 30 M3B H 30770 M3B /eM. 111a6A. 1/. 
B Ka>K,IJ;OB H3 o6nacTeu cneKTpbl .IJ:OCTaTO'IHO xopowo onu

CbiBaJOTCJI 3aBHCHMOCTbiO 

2 
--::d;:....Ja~-.-., a. exp(- ..§. ). 
dE dO b /1/ 

llapaMeTpy b 06bi'IHO npHllHCbiBaeTCJI CMbiCn 34lclleKTHBHOB 

JI,D;epHOB TeMnepaTypbl, llOCKOnbKY 3HepreTH'ICCKHe CllCKT

pbl HMCIOT KBa3HMaKCBennOBCKYIO cilopMy, cne,IJ;yiOII.{YIO H3 

ucnapuTenbHOB Teopuu cilparMeHTauuu. 

HnaapHaHTHble .IJ:H4lcllepeHuuanbHble ce'leHHJI Mbl annpoK

CHMHpoaanu 3aBHCHMOCTbiO 

d3 E 2 E • __..!!_
3 

- A • exp (- -), 
n dp B /2/ 

OT,IJ;CnbHO ,IJ;nJI Ka>K,IJ;OB H3 .IJ:BYX o6nacTeB 3HepreTH'ICCKOrO 

cneKTpa. C y,IJ;oaneTBOPHTenbHbiM X 2 y,IJ;aeTcJI onucaTb no 

cilopMyne /2/ TOnbKO BbiCOKOHMnynbCHYIO KOMllOHCHTY. 
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o6pa30BaHHJI BTOpH'IHbiX 'laCTHI{ Ha KBapue H yrnepo,IJ;e 

nonH:HHnCHOBOH MHWCHH. 

PE3YHbTATM3KCllEPHMEHTOB 
H HX OECY)J(,4EHHE 

.LJ.u4MtlepeuuuanbHble ceqeuuJI H30Tonoa H , He,Li H 

Be H3MepJinHcb no.n yrnoM 90 ° K uanpaaneHHIO ny'IKa 

HaneTaiOII\HX 'laCTHI{ B HHTepaane 3HeprHH OT 5 ,IJ;O 70 M3B. 
Ha llY'IKaX ,IJ;CHTOHOB H3MepeHHJI llpOBO.IJ;HnHCb llpH KHHCTH

'ICCKOH 3Hepruu .nenTouoa E 0 = 1,1; 1 ,5; 1 ,9; 2,0; 2,4; 
3,1; 3,7 H 4,6 F3B/HYKA., a ua ny'IKe anbclla-qacTHU-

2,5 F3B/HYKA. XapaKTepHbiH BH.IJ; HHBapuaHTHbiX .nu4Mtlepeu-

uuanbHbiX CC'ICHHH, nony'ICHHbiX Ha llY'IKC ,IJ;CHTOHOB, 

2E 
n 

d3 a 
dj;"3(E), noKaJaH ua puc. 2 H 3 (E , E 

n 
- nonuaJI 

H KHHCTH'ICCKaJI 3HeprHH cllparMCHTa ). AuanorH'IHO Bbl

rnJI.IJ;JIT .nu4MtlepeuuuanbHble ceqeuuJI, nony'leHHble ua ny'IKe 

anbclla-qacTHU. Ha pucyuKax yKaJaHbl TonbKO CTaTHCTH'fec

KHe OWH6KH. 3uepreTH'ICCKHH ,IJ;Hana30H, B KOTOpOM perHcT

pupyiOTCJI npo,IJ;yKTbl peaKI{HH, ycnOBHO MO>KHO pa3,IJ;CnHTb 

ua .nae o6nacTH: 57 30 M3B H 30770 M3B /eM. 111a6A. 1/. 
B Ka>K.nou H3 o6nacTe8 cneKTpbl .nocTaTO'IHO xopowo onu

CbiBaiOTCJI 3aBHCHMOCTbiO 

2 
_...;:d~a.~--., a. exp(- ..§. ). 
dE d{l b /1/ 

llapaMeTpy b 06bi'IHO npHllHCbiBaCTCJI CMbiCn 34MtleKTHBHOH 

JI.IJ;CpHOH TeMnepaTypbi, llOCKOnbKY 3HepreTH'ICCKHC CllCKT

pbi HMCIOT KBa3HMaKCBennOBCKYIO cllopMy, cne.IJ;YIOI.UYIO H3 

HCllapHTCnbHOH TCOpHH cllparMCHTal{HH. 

HuaapuauTHble .nu4MtlepeuuuanbHhle ceqeuuJI Mhl annpoK

CHMHpoaanu 3aBHCHMOCTbiO 

d3 E 2 E • _.!!_
3 

- A • exp (- -), 
n dp B /2/ 

OT,IJ;enbHO .IJ;nJI Ka>K,IJ;OH H3 .IJ;BYX o6naCTCH 3HepreTH'ICCKOrO 

cneKTpa. C y.noaneTBOPHTenbHbiM X 2 y.naeTcJI onucaTb no 

cllopMyne /2/ TOnbKO BbiCOKOHMnynbCHYIO KOMllOHCHTY. 
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llapaMeTpLI, BXO.IJ.JIII.{He B llJopMynLI I 1/ H /2/, .IJ.nB peaKUHH 

d + 12 c npH JHeprHH ,IJ,eiiToHa 3,1 H 4,6 T3BIHYKA. npH

Be,IJ,eHLI B ma6A. 1. AHanorHqHLie napaMeTpLI .IJ.nH peaK

UHH a + l2C ,IJ,aHLI B ma6A. 2. BH,IJ,HMO, Ka)I(,IJ,aJI H3 KOMno

HeHT JHepreTHqecKoro cneKTpa CBJIJaHa c onpe,IJ,eneHHLIM 

MexaHHJMOM o6pa3oBaHHJI llJparMeHTOB. Ha puc. 4noKaJaHLI 

3HaqeHHH napaMeTpa b ,!J,llJI H30TOllOB BO,IJ,OpO,IJ,a H renHH 

~'l • - p + c [ '7, g J 
~=~ ::~g} oaHHaR pa6oma 

1~ 1 ' ' ~ ' : "" ' • " ' " I ' * ~ ~ ' :~ I 
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Puc. 4. 3aeucuMocmb napaMempa b lt/JopMyAa 11 I I OA.R 
HU3K03Hepze1/IU~eCKOU KOMnOHeH1flbl OUt/JtjjepeHliUaAbHbiX ce
~eHurJ u3omonoe H u He om 3He1f.zuu Ro nepeu~HbiX ~ac-
mut~X(p,d,a) epeaKt~uu X+ 2c nooyzAoM€<l 1 . 0~ = 
= 900. . d . 
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B 3aBHCHMOCTH OT 3HeprHH na,l),aiOI.UHX 'iaCTHU. fipHBe,l),eHbl 

TaK)I(e peJynhTaTbl BblnonHeHHoro HaMH aHanorH'iHoro onu

caHHH 3KCnepHMeHTanhHblX ,l],aHHblX /7,9/ , nony'ieHHblX Ha 

llY'iKaX llpOTOHOB. 
B HHTepaane 3Hepruu OT 600 M3B .11.0 4 F3B/HYKA., 

B npe,l],enax OUIHfiOK, 3Ha'ieHHH napaMeTpa b llOCTOHHHbl 

H He 3aBHCHT OT COpT a HaneTaiOI.UHX 'iaCTHU (p, d. a)· 

,[l,ocTH)I(eHHe napaMeTpoM b caoero npe,l1,enbHoro /H no

CTOHHHOro/ 3Ha'ieHHH npH 3HeprHH nepBH'iHblX 'iaCTHU E 0 > 

>0,6 T3B/HYKJI. MO)I(HO HHTepnpeTHpOBaTb, B paMKaX npe,l1,

CTaaneHHH o6 ucnapuTenbHOH npupo.11.e $parMeHTaUHH, KaK 

,l),OCTH)I(eHHe npe,l],enhHOH 3$$eKTHBHOH H,l],epHOH TeMnepa

Typbl HJIH KaK CBOeo6pa3HblH "H,l1,epHblH CKeiinHHr" B HH3KO-

3HepreTH'ieCKOH o6nacTH cneKTpa $parMeHTOB. YTaep)I(

.D.eHue o He3aBHCHMOCTH napaMeTpa HaKnoHa B BbiCOKo-

3HepreTH'ieCKOH KOMllOHeHTbl HHBapHaHTHbiX .D.H$$epeHUH

anhHblX ce'ieHHH OT 3Hepruu H copTa HaneTaromux qacTHU 

( p. rr • y ) c.D.enaHo a pa6oTe 
1101 

H onpe.D.eneHo KaK 3$$eKT 

H,l],epHoro cKeiinHHra. B HaCTOHI.UeM onblTe 3HeprHH $par

MeHTOB orpaHH'ieHbl aenH'iHHOH E ::::; 70 M3B, 'iTO ~r~/ 
noJaonHeT HaM npoaepHTb yTaep)l(,l1,eHHe aaTopoa pa60Tbl . 

3aaHCHMOCTh b oT Maccoaoro qucna $parMeHTa A .D.nH 

HH3K03HepreTH'ieCKOH H BbiCOK03HepreTH'ieCKOH KOMllOHeHT 

ClleKTpOB npHBe,l],eHa Ha puc. 5. 3Ha'ieHHH b(A) ,l],JIH HH3KO-

3HepreTH'ieCKOH KOMllOHeHTbl ,l),nH BCeX !lJparMeHTOB, Ja 

ucKnro'ieHHeM 4He, Y.D.OBneTaopHIOT nuHeiiHoMy JaKoHy 

b= a + f3 lnA /3/ 

H He 3aBHCHT OT 3apH,l1,a $parMeHTa. <l>yHKUHH b(A) ,l),nH 

BhiCOK03HepreTH'ieCKHX KOMllOHeHT ClleKTpOB HMeeT llO.D.Ofi

HblH xapaKTep, HO fionbUIHH HaKnOH fl. llpH A"' 6-7 napa

MeTpbl ,l],nH o6eHX KOMllOHeHT CTaHOBHTCH finH3KHMH. 

)1.u$$epeHuHanhHble BbiXO.D.bl 2H , 3 He H 4 He ,l],aHHOH 

pa6oTbl coana.D.aiOT a npe.11.enax ornu6oK c BbiXO.D.aMH Tex 

)l(e qacTHU a peaKUHH P+ 12 c npu E 0 = 0,66 F3B 171, 
'iTO yKa3biBaeT Ha HX HeJaBHCHMOCTb OT 3HeprHH H THlla 

HaneTaromux qacTHU. B cnyqae $parMeHTaUHH H.D.pa-Murne

HH 238U BbiXO,l), 4He yaeJIH'iBBaeTCH B 30 -'40 pa3 npH 

nepexo.11.e OT npoTOHOB c E 0 = 0,8 F3B K a·qacTHUaM 

c Eo = 2,1 F3B/HYKA. 121, 'iTO yKaJblaaeT Ha paJJIH'iHbiH 
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Puc. 6. OmHocume/lbHble BblXOObl t/JpazMeHmoe 

A 4He 
_da_ (90°)/ _Q_q ___ (90°) B 3aeucuMocmu 
dQ dQ 

om Maccoeozo ~uc/la A. 

MeXaHH3M o6pa30BaHH.H !lJparMeHTOB Ha nerKHX H T.H>KenbiX 

.H.D;pax. 
)J,n.H TOrO 'IT06bl HCKIDO'IHTb CHCTeMaTH'IeCKHe norpew

HOCTH a6COnJOTHbiX H3MepeHHB, cne,D;yeT paCCMaTpHBaTb OT· 
HOCHTenbHble BbiXO,D;bl pa3HbiX !lJparMeHTOB, KOTOpble B 3K· 
cnepHMeHTe nonyqaroTc.H c ropa3.D;O 6onbweii TO'IHOCTbro. 
HuTerpanbHble BbiXO.D;bl !lJparMeHTOB no.D; yrnoM 90° nony
qanucb HHTerpupoaauueM 4JopMynbl /1/ c napaMeTpaMH 
H3 ma6A. 1 H 2 B rpauuu.ax no 3HeprHH oT 5 M .JB .D;O 
6eCKOHe'IHOCTH. 0THOCHTenbHble BbiXO,D;bl nonyqanHCb ,D;e
neHHeM HHTerpanbHbiX BbiXO,D;OB !lJparMeHTOB Ha HHTer • 
panbHbiB BbiXOA anb!lJa- 'laCTHU. HH3K03HepreTH'IeCKOB KOM • 
noueHTbl AH4l4Jepeuu.uanbHbiX ceqeuuii. BMecTe c ueKOTOpbi
MH pe3ynbTaTaMH pa60T /7 .S.l 3 / OHH DOKa3aHbl Ha 

puc. 6 B 3aBHCHMOCT.il OT A . 

14 

:3 Ha.D;o OTMeTHTb noHH>KeHHbiB BbiXO.D; H 3a npe,D;enaMu 
owu6oK a peaKU.HH p + 12c 171 BbiXOAbi nerKux !lJpar-
MeHTOB norapu!lJMH'IeCKH y6bmaroT c B03pacTauueM A 
CunbHOe OTKnoueuue OT TaKoii npocToii 3aaucuMocTu ua-
6nro,D;aeTc.H ,D;n.H .H,D;ep C 6onblliHM H36biTKOM HeHTpOHOB: 
6He(z ~2) , 8Li(z~3). O.D;HaKo He ua6mo,D;aeTc.H TaKoro 

>Ke oTKnoueuu.H ,D;nH 3 H ( z "'1) a peaKu.uu d + 12C . OT
MeTHM, 'ITO ,D;aHHbie ,D;nH H30TonoB Be ua puc. 6 npuse
,D;eHbi c yqeTOM OTHOCHTenbHoro Re;euuH o6pa3oBaHHH 

9Be u 10 Be, nonyqeuuoro B pa6oTe · 
14 

. 
Pe3ynbTaTbi ,D;auuoii pa6oTbi 3anonH.HIOT npo6en B 3Kcne

puMeHTanbHOB uu!lJopMaU.HH o !lJparMeHTau.uu nerKoro H,D;pa
MHllleHH penHTHBHCTCKHMH ,D;eHTOHaMH H anb!lJa- 'laCTHU.aMH 
u yKa3biBaiOT ua P.HA oco6euuocTeii: 3Toro npou.ecca. 

ABTOpbl 6naro,D;apHT B.H.6oraTHHa u O.B.flo>KKHHa 3a 
npe.D;ocTaaneuue 3Ha'leHHH .D;H4l4Jepeuu.uanbHbiX ceqeuuu H3 
pa6oTbi 171

. 
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