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ApaKeflRH c.r., rnax6a3RH 6.A. I - 12347 

04eHKa B~XOAOB OAH03apRAH~X ~parMeHTOB no OTHOWeHH~ 
K B~XOAY npOTOHOB B peaK4HRX p 12 C, 
d 12 c 11 a 1:?c 

PaccMaTpl1saeTcR ~parMeHTa411R RAep yrnepoAa np11 o6ny4eH1111 npo­
naHoso~ nya~pbKOBO~ KaMep~ penRTI1BI1CTCKHMH npoToHaMH, Ae~TpoHaMH 
11 a -4aCTH4aMI1. Ha OCHOBe 11Me1011111XCR 3KcnepHMeHTaflbH~x AaHH~x 
CAenaH~ 04eHKI1 B~XOAOB BTOPI14H~x Ae~TPOHOB, RAeP TPHTHR 11 APYrHx 
~parMeHTOB no OTHOWeHI1~ K B~XOAY npOTOHOB B peaK411RX p12 C, d12 C 
11 a12C.KaK noKa3afll1 04eHK11, B~XOA~ BT0pi14H~X Ae~TpOHOB 11 TPHTOHOB 
no OTHOWeH11~ K B~XOAY npOTOHOB pa3fli14Hbl AflR TpeKOB pa3HbiX Afl11H. 

Pa6oTa BblnOnHeHa B na6opaTOPI111 B~COKHX 3HeprH~ OHIH1. 

Coo6menue 06bellHHeHnoro HHcruryra <lllepHbJX uccneaoaanuii. lly6na 1979 

Arakelian S.G., Shahbazian B.A. I 12347 

An Estimate of Yields of Singly Charged Fragments 
with Respect to Yields of Protons in the pt2c. dt2c, 
and a 12C Reactions 

The fragmentation of carbon nuclei at the irradiation of the 
propane chamber with relativistic protons, deuterons and a-par­
ticles is considered. On the basis of experimental data yields of 
secondary deuterons, tritons and other fragments were estimated 
with respect to secondary proton production in p12 c, d12c, al2c 
reactions. These ratios depend on track length. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'6e/lltHeHHbl/l HHCTHTyT R.QepHbiX HCCOeJlOBBHHii Jly6Ha 

~oyxMeTpooaJI nponaHoBaJI ny3hlpLI<OBaJI xaMepa JIB3 OHJIH 

o6nyqanaCL nyqxaMH penJITHBHCTCI<HX npOTOHOB, ,neii:TpOHOB, anL4Ja­

qaCTHU H JI,nep yrnepo,na pa3nH'IHldX HMnynLCOB. IIpH CTOni<HOBeHHH 

'laCTHU BhiCOI<HX 3HeprHH H JI,nep C JI,npaMH npOHCXO,nHT CHnLHaJI 

4JparMeHTaUHJI. cl>parMeHTld MHIUeHH B OCHOBHOM Me,nneHHhle H no3-

TOMY 6y,nyT ocTaHaonaoaTLCJI B xaMepe. ~nJI wapoxoro xpyra 

3a,naq penJITHBHCTCI<OH Jl,nepHOH 4JH3HI<H 83 BCero MHOroo6pa3HJI 

a3ny'leHaii 3Be3,nhl Heo6xo,naMo a,neHTa4JauapooaTL npoTOHhl. O,nHaxo 

ecTL onacHOCTL, 'ITO npa a,neHTa4Jaxauaa 3a npoTOHhl MoryT 6hiTL 

npHHJIThl H ,npyrae 4JparMeHTld, B OC06eHHOCTH O,nH03apJI,nHLie -

,neiiTpOHhl a Jl,npa TPBTHJI. Heo6xo,naMo oueHHTL oxna.n 3THX owa6ox. 

KpaTepaeM Taxoii oueHI<H npHHJITO OTHOWeHae ,na414JepeHuaanLHoro 

ceqeHHJI po>K,neHHJI ,neiiTpOHOB, Jl,nep TpHTHJI H 6onee TJI>KenLIX 

4JparMeHTOB I< ,na414JepeHUHanLHOMy ceqeHHID po>K,neHHJI npOTOHOB, 

(d
2
a/dPdn) d t 

T .e. oenH'IHHa {:3 ·" ---- - --- -·-'------ B npoueHTax. H3y'leHae na-
d,t (d 2a/dP<ln)p 

TepaTyphl no 4JparMeHTauaa Jl,nep noxa3ano, 'ITO o pa6oTax, xax 

npaBHnO, npHBO,nHTCJI 3aBHCHMOCTL ,na414JepeHUHanLHOrO ceqeHHJI OT 

HMnynLca BTOpH'IHOB 'laCTHULI. IIOCI<OnLI<Y npa o6pa60TI<e 4JoTo­

rpa4Jaii ny3LipLI<OBOH KaMe phi HMnynLChl OCTaHaBnHBaiDW,HXCJI B I<a­

Mepe qacTHU Bhl'IHCnJIIDTCJI no .nnaHe ax npo6era, TO HarnJI,nHee ocero 

HMeTL OTHOWeHHe BLIXO,nOB npoTOHOB H 6onee TJI>KenldX 4JparMeHTOB 

({:3) C O,nHHai<OBhiMH npo6eraMH, HO pa3nH'IHhiMH HMnynLCaMH. 

~nJI nepeoo,na 3Ha'leHaii HMnynLcoo B oenH'IHHhl npo6eroo oocnonL-

3yeMCJI 3aBHCHMOCTLID npo6era 'laCTHUhl OT ee I<HHeTH'IeCI<OH 3Hep­

rHH IU. ~nJI npoToHa 3Ta 4JopMyna HMeeT cne,nyww,aii oa,n: 

SP = p~ 1 l R(2 M3B. J) +- -2~-ct> Al(T P) · G!, /1/ 
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r.ne SP - npo6er npoTona B c..w; T P - ero KHHeTB'IecxaJI 3HeprBJI 

B M3B; p - nnoTHOCTb pa6oqeii: :JKB.IJ.KOCTB xaMepw a z/c..w 3; 

A - aTOMHhiH Bee uanonHeHBJI KaMephl; Z - aTOMHhiH HOMep pa6o­

qero Bei.QeCTBa KaMepbl,_ J - noTeH~Ban HOHB3a~HH :JKBJ).KOCTB xa­

Mepbl B 3B; R I 2 M3B, .1 I - rrpo6er npoToua c TP = 2 M3B 

B KaMepe B 2/CM 2; 

G = 1 +- G 1x + G2 x 2 + G 3x 3 : x = lg(J I J AI ): J AI .~ 166 3B. 

G 
1

, G 2 , G 3 , <1> AI .naubl B pa6oTe / 11a BH.IJ.e Ta6nu~bi,Kax clJyux~HB 
KBHeTB'IeCKOH 3HeprBB npOTOHa. )J;nJI IIpOB3BOnbHOH 'laCTH~bl X 

clJopMyna JaBBCHMOCTB npo6era OT KBHeTH'IeCKOH 3HeprHH HMeeT 

BHJ).: 

S (T ) = (m /m )-S (T ·m /m ). 
XX X ppXpX 

121 

r.ne S x - npo6er qacTB~hl x 
B M3B, m x - ee Macca, 

no clJopMyne 111. 

B CM, T x - ee KHHeTH'IeCKaJI 3HeprHJI 

m p - MaCCa IIpOTOHa, Sp Bbi'IHCnJieTCJI 

B pa6oTe 12/ paccMaTpBBaiOTCJI peax~HH BJaBMO.II.eiicTBHJI npo­

Toua c BMnynbCOM P P = 808 M3B/c c yrnepo.noM. B ma6Auije 1 
npHBe.neuw .nutWlepeu~uanbHhle ceqeHBJI da/ dO BTOpB'IHhiX npo­

TOHOB, HMeiOI.QBX KBHeTB'IeCKBe 3HeprBB T p ::_ 36 M3B, 'ITO COOT­

BeTCTByeT lcornacuo clJopMynaM 111 H 1211 npo6eraM B nponaue 

S p :::.2,5 CM; BTOpB'IHbiX J).eiiTpoHOB C T d:::: 48 M3B, 'ITO COOTBeT­

CTByeT S d .:2: 2,3 CM; BTOPB'IHbiX TpBTBeBhiX JI.II.ep C '[ t .2 58 M3B, 

Ta6Auija 1 

.UutWlepeu~HanbHhle ce'leHHJI po:JK.neuuJI BTopB'IHhiX npoToHoB c T P 2: 
2. 36 M3B, .neii:TponoB c T d ::: 48 M3BH BTOPB'IHbiX JI.II.ep TpHTHJI 

c T t ;: 58 M3B no.n yrnaMB e nao = 26 H 40° B peaK~BB p + 
12

C npu 

HMnynbce npoToua 8Q8 M3B/c 

dap ( dad dat 
e Jia6 -dO-- Mol cp.) -----(Mol cp.) ----:..{Molcp.) 

d(1 dO 

70,0:!:.,4,0 1 ,72:!:.,0,41 0,120:!:.,0,068 26° 

52 ,3:!:.,4,0 1,90:!:.,0,35 0,148:!:.,0,069 40° 

4 

'ITO COOTBeTCTByeT S t _ 2,2 CM, pO:JKJ).aiOI.QBXCJI nOJ). yrnaMB 26 ° 
B 40° B na6opaTOpHOH CBCTeMe. H3 3TBX J).aHHbiX cneJ).yeT, 'ITO 

cpe.IJ.H BTOPH'IHbiX rpexoB, BMeiOI.QBX npo6erH B nponaue ::::. 2,5 c..w, 

BbiXOJ). J).eii:TpOHOB no OTHOWeHBIO K npOTOHaM ~d paBeH 2,46~ npB 

8JJa6 = 26° B 3,63~ npu 8 nao = 40~Bb1XO.IJ. :JKe JJ..IJ.ep TPHTBJI no 

OTHOWeHHIO K npOTOHaM paBeH 0,17~ npH (:lnao= 26° B 0,28~ npB 

(Jnao= 4oo. 
B pa6oTe /3/ BJy'lanucb BJaBMO.IJ.eiicTBBJI p t 

1!?c • npH uMnynbce 

uaneTaJOI.Qero npoToua 6,57 T3B/c. HJMepJinBcb cnexTpbl BTo­

PB'IHbiX npOTOHOB, J).eHTpOHOB B JJ.J).ep TpBTBJI, BhlneTaiOI.QBX nOJ). 

yrnoM 137°B na6opaTopuoii: CHCTeMe. 3ua'leHBJI .nutWlepeu~uanbHhlx 

Ce'leHBH BTOpB'IHbiX npOTOHOB B J).eii:TpOHOB' J).nJJ. pa3nB'IHhiX BMnynb­

coB u npo6eroB B nporraue npuBe.neuw B "'a6Auijax 2 u 3. 3Ha'leHBJI 

.UutWlepeu~HanbHhle 

Ta6Auija 2 

Ce'leHBJI o6pa30BaHHJI 

OJiaG = 137o 

npOTOHOB n0.11. yrnoM 

S p ( CM) P P ( MaBic) d 2a/dPdn (cM21cpiMaBic) 

4,0 300 2,5x10 - 29 

10,5 400 2x1o-29 

23,5 500 1x10-29 

43,0 600 5x10 - 30 

67,5 700 2x10-30 

.II.nJI ~d B ~~ ,Bbi'IBCnJieMhle B3 J).aHHhiX 3TOH H nocne.II.YIOI.QHX pa-

60T, npuBe.neubl B "'a6A. 8. Ha puc. 1 B nonynorapH«lJMB'IecxoM 

MacwTa6e npuBe.neua JaBHCHMOCTb .nutWlepeu~uanbuoro ce'leHHJI 

BTOPB'IHbiX npOTOHOB H .neii:TpOHOB OT BX npo6erOB B nponaue. Ha 

puc. 2 npBBeJ).eHa JaBHCHMOCTb .II.BtWlepeH~BanbHbiX Ce'leHBH BTO­

pB'IHbiX npOTOHOB H J).eiiTpOHOB OT BX BMnynbCOB, npB 3TOM HM­

nynbC .neii:TpouoB Bbi'IBCnJincJI no npo6ery B npe.nnono:JKeHBH, 'ITO 

3TO npOTOH, T .e. HMBTBpOBanCJI TOT cnyqaii:, KOrJ).a npOTOHbl H 

.neii:TpOHbl Hepa3nH'IHMhl. JlerKO nOC'IHTaTb, 'ITO cpe.II.H TpeKOB, 

HMeiOI.QBX BMnynbChl B 300 M3B/c, BbiXOJ). .neii:TpOHOB no OTHOWe-
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Ta6.11U11a 3 

.LJ;acWlepeHUBaJibHhle Ce'leHBJI o6pa30BaHBJI .neii:TpOHOB no,Ll yrJIOM 

e na6= 137 ,J 

Sd (eM) Pd (MsB/c) d 2a/dPctn (cM 2/cp/MsB/c) 

4,0 500 1x10 - 30 

13,0 700 4x1 o-31 

21,0 800 1,6x10-31 

32,0 900 5x10 - 32 

46,5 1000 6,3xl0-33 

HBIO K npOTOHaM paBHJieTCJI 4~. C yBeJIB'IeHBeM BMnyJihCa 3TO OT­

HOWeHBe yMeHbWaeTCJI, KaK BB,LlHO 83 rpaciJaxa. 

B pa6oTe /4/ paccMaTp&BaeTCJI B3a&Mo.nelicTBBe npoToHoB 3Hep­

raa 2,9 T3B B,LlpaMa 6epaJIJIBJI. 3.nech npaBO.LlJITCJI aMnyJihCHhle 

cneKTphl ( d 2l'J;' dP · dil ~ f(P)) BTOpB'IHhiX npoTOHOB, ,LleHTpOHOB B JI,Llep 

TpBTBJI, pO>K,LlaiOIUBXCJI no.n yrJiaMB 8 = 13, 30, 60 B 93°B Jia6opa­

TOpHOH CBCTeMe. d
2
N/dPdf! • 'IBCJIO BTOpB'IHhiX 'laCTHU ,LlaHHOrO 

copTa Ha T3B/c Ha CTepa.naaH. MO>KHO .nonycTBTh, 'ITO npa B3aBMO· 

,LleHCTBBB npOTOHa C JI,LlpOM yrnepo,Lla BMnyJihCHhle cneKTphl BTO· 

pB'IHhiX 'laCTBU 6JIB3KB K COOTBeTCTBYIOIUBM cneKTpaM npa p 9 Be • 

B3aBMO,LleBCTBBB. llOJih3YJICh 3aBBCBMOCThiO npo6er-aMnyJihC ,LlJIJI 

BTOPB'IHhiX npOTOHOB, ,LleHTpOHOB B JI,Llep TpBTBJI B nponaHe, Mhl 

nony'IBJIB ax pacnpe.neneHBJI no npo6eraM .LlJIB yrnoB 13, 30, 60 

B 93° B Jia6opaTOpHOH CBCTeMe /puc. 3,4,5& 6 COOTBeTCTBeHHO/. 

B pa6oTe /5/ npaBe.neHhl 3KcnepaMeHTaJihHhle .naHHhle 3Hepre­

TB'IeCKOH 3aBBCBMOCTB BHBapaaHTHhiX Ce'leHBH ,LlJIJI BTOpB'IHhiX npo· 

TOHOB, ,LleHTpOHOB B .JI,Llep TpBTHJI, pO>K,LlaiOIUBXCJI no,Ll yrJIOM 180 c' 

B Jia6opaTOpHOH CBCTeMe, B peaKUBB p + 12C -+ npB BMnyJihCe 

nepBB'IHoro npoTOHa 8,6 T3B/c. CooTBeTCTBYIOIUBe .naHHhle npe.n­

CTaBJieHhl B BB,Lle 3aBBCBMOCTB .LlBcWlepeHUBaJihHOrO Ce'leHBJI OT 

BMnyJihCa /npo6era B nponaHe/ BTOpB'IHhiX npOTOHOB, ,LleHTpOHOB 

B JI,Llep TpBTBJI B npBBe,LleHhl B •a6.11. 4. 

B pa6oTe Al/ npe.ncTaBJieBhl 3KcnepaMeHTaJihahle pe3yJII>TaThl 

no ciJparMeHTaUHB JI,Llep yrnepo,Lla peJIJITBBBCTCKBMB ,LleHTpOHaMB 

6 

d~o ( CM
2 

) 
dpdJl crepao-~ 

~ 
10-28 

10-29 ---------p 
10-30 

~d 10-31 

10·32 

m-33 
10·34 

tO 20 30 40 50 60 10 
S(CM) 

Puc. 1. 3aeucuMoc•t. i:Ju¢1PepeHIIUaAt.Hozo cet~eHU.R emoput~Ht.rx npo­

•oHoe u i:Jei111poHoe 011 npo6eza e nponaHe CJII.R peaKIIUU p + 
12

C-> 

no() YZIIOM 137° 6 .11a6. CUCIIIeMe npu p p = 6,57 T3B/c. 

10-28 

10-29 

10-31 

10-32 

10-33 

d~5 ( CM~ \ 

dpd.R \crepao·M#J 

10-34,L----L----.1-...J..__.L_..L.-__ 

3DO soo 100 goo moo 1 mo P ~ 
Puc. 2. 3aeucuMOCIIt. i:Ju¢1PepeHIJUa.llt.Hozo cet~eHu.R e111oput~Hf>IX npo­

BoHoe U i:Jei1BpOH06 Oil UX UMnY.IIf>C06 /UMnyllf>C i:JeiiBpOHa paCC'IU· 

Bt.reaeBC.R no npo6ezy e npei:JnoAoxeHuu, 'lBO 3BO npollloH/ CJA.R 

peaKijUU p + 12 C -> no() YZIIOM 137' 6 .11a6. CUCBeMe, npu p p 

= 6,5 F3B/c. 
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ltL 
dpd.n 8na5 =13° to- 1 

10-Z~r--p 

10-3 r d 

m-4 

------. t. 

10-5 

10-6 
10 20 30 40 so 60 10 80 90 100 

d2N 

10-f ~ 
dpd.sc. 

8na0=30° 

•o·•~ r--P 
fd 
------ t I 

10-5 

P~c. 3. PacnpeAeneH~R ETOP~4-
H~X npOTOHOB, Ae~TpOHOB H RAep 
TP~T~R noA yrnoM 13c s na6. 
C~CTeMe B 3aB~C~MOCT~ OT ~X 

npo6era s nponaHe, s peaK4~~ 
p + 9 Be~ np~ 3Hepr~~ neps~4-
Horo npOTOHa 2,9 r38. 

S(CM) 

P~c. 4. PacnpeAeneH~R BTop~u­
H~x npoTOHOB, Ae~TPOHOB 

~ RAep TP~T~R nOA yrnoM 30° 
B na6. C~CTeMe B 3aB~C~MOCT~ 
oT ~x npo6era s nponaHe, 
s peaK4~~ p + 9Be ~ np~ 
3Hepr~~ neps~4Horo npoTOHa 
2,9 r3B. 

to-6 S 
0 10 20 30 40 50 60 10 80 90 tOO (CM) 

8 

te•• 

d2N 
dpd.n. 

811a0=60° 

t ··lr-p 

' .I 

ro·3 
" ... ,~d 
·~·~~ t 

P~c. 5. PacnpeAeneH~R BTo­
P~4H~x npoToHos, AeRTpoHos 
~ RAep Tp~T~R noA yrnoM 60° 
B 3aB~C~MOCT~ OT ~X npo6era 
s nponaHe s peaK4~~ P+9Be~ 

np~ 3Hepr~~ neps~4Horo npo-
TOHa 2,9 r38. 

10"6 '---'---J..__..J...__..J...__...L._-'---'----'---'----'---'---'--

0 10 20 30 40 50 50 10 80 90 100 S (CM) 

d2N 

10"1 
dpd.n 

•o·•~~d 

t 

811a0=93° 

P~c. 6. PacnpeAeneH~R BTo­
P~4H~x npoToHos, Ae~TPOHOB 
~ RAep TP~T~R noA yrnoM 93° 
B na6. C~CTeMe, B 3aB~c~-
MOCT~ OT ~X npo6era B npo­

naHe, s peaK4~~ p + 9 Be ·• 
np~ 3Hepr~~ neps~4Horo 

npOTOHa 2,9 r38. 

10-61 I I \1 I I I I 1 I I O 

o 10 w ~ ~ ~ ~ w ~ ~ 100 s~~ 
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H a -qacTHUaMH. 3.D.eCL nonyqeHLI .D.H!IMPepeHUHaJILHLie ceqeHHJI o6-

pa3oBaHHJI H30Tonoo H , He, Li H Be B peaKUHH d + 12C ·~ 
12 

npH 3HeprHH .n;eil:TpoHa 3,1 F3B/HYKA. H B peaKUHH a " C -> npH 

3HeprHH a- qacTHUbl 2,5 F3B/HYKA. no.n; yrJIOM e na6 = 90 °. 
ToqHOCTL pa3.n;eneHHJI $parMeHTOB no Macce H 3apR.n;y .n;nR H3o­

Tonoo oo.n;opo.n;a H renHJI oueHHBaeTCJI B 1 ~-

MaxcHMaJILHaJI CHCTeMaTHqecKaJI OWH6Ka B onpe.n;eJieHHH a6-

COJiffiTHbiX .llH!IMPepeHUHaJILHLIX ceqeHHH $parMeHTaUHH OUeHHBaeT­

CJI B 10~. 0THOWeHHe $OHOBLIX C06biTHH K noJie3HbiM He npeBLIWa­

eT 3~. 

,!J;H!IMPepeHUHaJILHLie ceqeHHJI H30Tonoo H , He , Li H Be H3-

MepRJIHCL o HHTepoane 3HeprHi oT 5 .n;o 70 M3B. B pa6oTe rpa­

$HqecxH H B BH)le Ta6JIHUbl ));aHa 3aBHCHMOCTb HHBapHaHTHOrO 

.D.H!IMPepeHuHaJILHoro ceqeHHJI $parMelna 2 En d 3 a/ dP 3 OT ero 

KHHeTHqecKOH 3HeprHH. C nOMOIQbffi $opMyJibl npo6er- HMnyJILC 

BblqHCJieHa 3aBHCHMOCTb .llH<llcllepeHUHaJILHOrO ceqeHHJI $parMeHTa 

d2 a I dP dfl OT ero npo6era B nponaHe. B ma6A. 5 H 6 npHoo­

.D.RTCJI .llH<llcllepeHUHaJILHble ceqeHHJI $parMeHTOB, B 3aBHCHMOCTH OT 

H3 npo6eroo B nponaHe .n;nR peaxuHi a + 12C-. H d + 12c-. cooTBeT­

CTBeHHo. 

lh ma6A. 5 cne.n;yeT, qTo OTHOCHTeJibHbiH BbiXO)l 2 H K 1H 

)J;JIJI TpeKOB, HMeffiiQHX )J;JIHHY 0,2 CM, COCTaBJIJieT 27 ,00~; 3 H K 
1 H - 10,05~; 3 He K 1H - 9,78~; 4 He I< 

1H - 16,63~ H 

6He K H - 0,056~. 11:3 ma6A. 6 cne.n;yeT, qTo .n;JIR Tpexoo c S = 

= 0,2 CM OTHOCHTeJILHbiH BbiXO)l 2 fl K 1 H COCTaBJIJieT 27,06~; 
3H K 1H - 10,80~; 3He K 1 H - 9,90~; 4 He K 1H - 18,06~. 

BLIXO,ll,bl )I( e OCTaJILHbiX $parMeHTOB no OTHOWeHHffi K 1H paBHbl 

COTLIM ,li,OJIJIM npoueHTa. 

B pa6oTe ll 1 paccMa TpHoaeTCJI B3aHMo.n;eicTBHe p + 12 C -. 

npH HMnynLce HaneTawiQero npoToHa 2,3 F3B/c. B ma6A. 7 npHoe­

.n;eHbl .D.H<llcllepeHUHaJILHble ceqeHHJI 06pa30BaHHJI HH3K03HepreTHq­

HbiX H30TOnOB H. pO:lK,ll,affiiQHXCJI no.n; yrJIOM 90° B Jia6opaTop­

HOB CHCTeMe, )J;JIJI He60JibWOrO HHTepoana 3HeprHH, KOTOpOMy COOT­

BeTCTBYffiT npo6erH B nponaHe He 6onee qeM 0,3 CM. ,!J;JIJI TaKHX 

TpeKOB, KaK CJie.n;yeT H3 Ta6JIHUbl, BbiXO)l ,ll,eii:TpOHOB no OTHOWeHHffi 

K BbiXO)ly npOTOHOB paBeH 25,00~, BbiXO)l :lKe Jl,ll,ep TpHTHJI no 

OTHOWeHHffi K BbiXO.llY npOTOHOB COCTaBJIJieT 11 ,88~. 

3HaqeHHJI OTHOWeHHB BbiXO)lOB BTOpHqHbiX .n;eii:TpOHOB H Jl,ll,ep 

TpHTHJI K BbiXO,ll,aM BTOpHqHbiX npOTOHOB, HMeffiiQHX O)lHHaKOBble 
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-w 

-N 

S(cM) 

0,2 

0,3 

s 
(ox) 

0,2 O,I72G 

0,3 O,I55I 

0,5 O,I350 

0,7 O,I2I? 

0,8 

I,O 

I,3 

I,5 

2,0 

tH 

0,2248 

,LJ;uclxllepeHUHanbHble 

peaKUHH a + 12C 

d 2a/dPd0 

2H 3H 

0,0607 0,0226 

0,0553 0,0191 

Ta6Aut~a 5 

ceqeHBJI po)l(,neHHJI 4JparMeHTOB H H He B 

no.n yr noM 0 na 6 = 90 ° npH 3HeprHH anb4Ja­

qacTHUbl 2,5 F3B/HyKA. 

M6 

cp. M9B/c p 
rrporoHa 

3He 4He 6 He 

0,0220 0,0374 0,128·10-3 130,0 

0,0192 0,0246 0,796 ·10 - 4 150,5 

Ta6Aut~a 6 

,LI;uclxllepeHuuanbHble ceqeHBJI po)l(.neHBJI 4JparMeHTOB H , He, Li 

H Be B peaxuuu d + 12 C no.n yrnoM e :iaii = 90 o npu 3HeprHH 

,neiirpoHa 3,1 F3B/HYKA. 

der/cl Pd.n. ( MClaJ2H ) 
CTepa,n;,M3B/c 

0,0467 O,OI87 O,OI7I 0,03I2 2,o.ro-4 S,G.I0-4 4,s.ro-4 O,G.I0-4 8,9.I0-4 

0,0429 O,OI6I O,OI48 0,0202 r,:: .• ro-4 3,s.ro-4 3,0.I0-4 0,4.I0-4 2,6.I0-4 

0,0357 O,OII4 O,OI06 0,009I o, 7. ro-'1 2,7.I0-4 0,2.I0-4 r,o.ro-4 

0,0300 0,0084 0,0083 o,?.ro-4 O,I.I0-4 O,G.I0-4 

0,0073 0,1.I0-4 I,I.Io-4 0,5.I0-4 O,I.I0-4 o,s.ro-4 

- o,3.ro-4 o,8.ro-4 0,4.I0-4 . -4 
0,4.I0-4 O,I.IO 

-3. -3 -4 
0,4.I0-4 0,2.I0-4 o,3.Io-4 4,I.IO S,O.IO 0,2.IO 

-3 -3 
0,2.I0-4 O,I.I0-4 - 3,7.IO 2,4.IO O,I.I0-4 

--s -3 - 2,8.IO I,6.IO 

(MaB/c) 

C MsB/c) 
PnpoTOHa 

I30 

I50,5 

I68,4 

I79,4 

I89,7 

200,I 

2I8,0 

226,7 

243,2 



Ta6Aulla 7 

~H~epeauHanLH~e ceqeuHs o6pa3oBaHHB H30Tonoa H no~ yrnoM 

e"mii = 90 0 

J130TOII 
11Hrepaan 
3Heprai1: da/dU (1.16/cp) 
(MgB) 

lH 3-11 16,4:!:_0,5 

2H 5-14 4,1:!:_0,3 

3H 
6-17 1 ,9:!:_0,2 

npo6erH B nponaue, T.e. 3HaqeHHB 
(d 2a/dP d!l) d t , 

- ------ -·------------ B 0/o, f'3 0' 
d,t (d 2a/dP dO) p 

KOTOpble MO)I(HO nonyqHTb H3 ~aHH~X B~WeH3nO)I(eHHbiX pa60T, 

npHBe~eHbl B ma6A. 8. Co~ep)I(HMoe Ta6nHU~ MO)I(eT cny)I(HTb ~ns 

OUeHOK BKna~a O~H03apB~H~X HOHOB, OWH6oqao H~eHTH~HUHPOBaH­

HbiX KaK npoTOH~. 

B JaxmoqeaHe aaTop~ 6naro~apsT JI.JI. TeMHHKOBa 3a o6cy)l(­

~eHHe. 
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Ta6AU11a 8 

3HaqeHHB OTHOWeHHH B~XO~OB BTOpHqHbiX ~eHTpOHOB H B~ep TpHTHB 

K BbiXO~aM BTOpHqH~X npOTOHOB {:3d H f3 t B Ofo llpH pa3nHqH~X 

ycnOBHBX H ~nR BTOpHqHbiX TpeKOB pa3H~X ~nHH 

'-'c·n .. ~ ,; :;; :rry::hc YroJI ).:.JJJuc. i~.:rryJJLc OT!!OCIIT. 0TirOCIIT Ccwma 
... <.. .... ~-· C:![:."lTc[l a:~:c- 'l'pet:cl COOTBBT. BLC~O.TI: BLJ::O}.I; 

( I'oB c) c:::r n liJ.,JOccO:{'' . J/~,) (rpa,:;;) Cc::) (loJJ/c'l jdOO .. 
I p+c-- 3,7u Tn 

"""' 4 0,300 4,0 - 4 

2 -11-3,70 I8 23 0,505 6,2 - 4 
0 -11- 3,?0 I0 40 O,GIO 6,I - 4 
4 -11- s.~~o sc G,S 0,3;)0 IO,O - 4 
0 -11-:.3,'10 30 22 0,;)00 6,8 0,30 4 

G -11-3,70 30 42 0,600 4,0 O,I6 4 
r/ -11-3,?0 GO 4 0,300 IO,O - 4 
[) -11-3,70 GO 28 0,500 "' 0 v,v O,IO 4 

9 -11-3,70 GO 48 G,GIO 3,IO O,OG 4 

IO -II- 3,70 93 5 0,320 IO,O - 4 

n: -II- 8,70 93 22 0,500 2,7 0,01 4 

I2 -11-0,'"10 93 48 O,GIO I,2 - 4 

I3 -II-G,57 I37 4 0,30G 4,0 - 3 

I4 -II-G,57 I37 22 0,500 I,6 - 3 

L3 -11-8 60 I80 22 0 GOO 0 9 - 5 

IG d·t-"C- 3,9o 90 0,2 O,I30 2'i,I IO,I G 

I7 -11-3,90 90 0,5 O,IG5 20,4 8,4 G 

I8 -11-3,90 90 0,7 o,wo 24,G G,9 G 

j2 

I9 J.,+ c-s,3o 90 0,2 O,I30 27,0 I,O G 
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