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Summary 

The high energy parts of the spectra 
· of 

3
He·, 3 H and 4.He nuclei from 6 Li , 9 Be and 12 c 

targets at the lab. angle of 5.5° with inci­
dent 665 MeV protons have been measured. 
A combination of the magnetic spectrometer 
analysis, time-of..;.flight technique· and energy 
loss measur~ment for particle.identification 
has been used. The experimental data have 
been corrected for multiple Coulomb scatter­
ing effects the amount of which has been 
experimentally estimated using deuterons from 
reaction (20)~ Reaction (20) also.was used 
for absolute calibration of the particle 
spectra •. The eros's sections of 3 He '· .3 H and . 
4 He nuclei are tabulated in Tables 1,2~3'~nd 
shown in Figs. 4-6. From measurements of ele~ 
mentary reactions (1) and (18) the.following 
cross sections have been found: · 

da (pd-> 17 ° 3He) = (3.2+0.4)'p.b/sr 
dO -

arid 
· da · .+ 3 
dO (pd -+17 H) =.(6~8±l.O).p.b/sr 

(f~ll dots in Figs. 4a, Sa). In the 3 He and 
~H spectra besides the maximum of quasielastic 
proton scattering on three-nucleon clusters 
near p = 1800 ~ev /c a significant gain of cross 
sections at energies kinematically correspon­
ding to the one-pion production processes (5) 
and (7) on. two-nucleon clusters at P ·= 
1500 MeV/c is observed. The ~ntegrated cross 
sections for this momentum region are given 
in Table 4. In the 4 He spectra the cross 
sections with lower momentum monotonously 
rise without any peculiarities near p ..:: 
1600 MeVj.c due to process (6). Possible rea­
sons for such a behaviour are discussed quali-

·tatively.o 
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. 1. BBE,l(EHHE . 

fipB B3aBMO,IJ;CHCTBBH npOTOHOB cpe,IJ;HeH 3HeprBB C ner-­
KBMB B cpe,IJ;HBMB .JI,IJ;paMB B cneKTpax BTOpB'IHLIX 'laCTBIJ;, 
o6pa3yroiiJ;axc.JI no~ ManLIMB yrna:Ma K ny'IKy, Ha6mo,IJ;aroTc.JI 
6LICTpLie nerKae l!lparMeHTLI c 3Hepraeii B co'rHHM3B. Tai<~ 
npH 3HeprHB npoTOHOB 665 M3B c 3aMeTHoii aepo.HTHOCTLID 
/ABI!II!IepeHn;uanLHLie ceqeHH.H nop.H.IJ;Ka :- · Io-29 - l0-32cM2/ 
cmepM3B/c/ reHepBpYJ9TC.H .H,D;pa d , 3 he;~4:Hec 3HeprBH¥B 
AO 500-600 M3B /l ' 2/ .· . . . . : . . 

MexaHB3M o6pa3oB~HH~ l!lparMeHT.O~ . cTonL BLicoKoii 
3Hepruu npe,IJ;cTaBn.HeT 3Ha'IBTenLHLIH BHTepec ,IJ;ml accne­
AOBaHB.H KnacTepHoii CTPYKTYPLI .H,D;ep. TaK, Hau6onee BLico­
K03HepreTH'IHa.H 'laCTb Ha6nro,IJ;aeMLIX CDeKTpOB MO:>KeT 6biTb . ' 

cB.JI3aua c npou;eccoM KBa3Bynpyroro pacce.HHB.H npoTouoB 
HyKnOHHLIMB accou;Han;B.HMB. CpaaHeHue · ABI!II!IepeHn;aanLHoro 
Ce'leHB.JI o6pa30BaHB.JI l!lparMeHTOB B o6naCTB llBKa KBa3B­
ynpyroro pacce.HHH.H C . Ce'leHBeM COOTBeTCTBYIOIIJ;ero 
"cBo6o.zciioro" pacce.HHif.JI no3BOn.JieT. on;eHHTb nonHLie 3~eK:-:­
TBBHLie 'IBCna aCCOIJ;HaiJ;BH B g,D;pe -MBIIIeHB. MO:>KHO O:>KB,IJ;aTb, 
'IT?. B Tex. :>Ke ycnoBH.HX npO.HBn.HIOTC.H. H ,IJ;pyrBe B03MO:>KHbie.: 
np.JIMhle .. peai_<nHH K}!a3HCB060,IJ;HOr,o B3aHMO,IJ;eH,CTBB.H.llpOTO­
HOB C aCCOIJ;HaiJ;B.HMH, B 'laCTHOCTH, np.HMLie peaKIJ;HH Me30-
H006pa30BaHB.H :Haaccou;Han;B.HX. B.3TOM cnyqae OTHOCHTenL-. 
Ho u'ul-eHcBBHLIMB MoryT 6LITL pea.Kn;uJi·, HMero~He 6HHapHLiii · 
xapaKTep, KOr,IJ;a B "3neMeHntpHOM". aKTe B3aHMO,IJ;eHCTBHH 
npoToHa c accou;Han;ueii B03HBKaiOT ,IJ;Be qacTHIJ;LI - nHoH 
H nerKoe .H,D;po ( 3 H, 3He, 4 He) • · 

,I:(eiicTBBTenLHO, conocTaaneHH:e. ABI!II!IepeHn;HanLHLIX ce­
'leHHii npou;eccoa 
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p + d -+ TT
0 + 3 He, /1/ 

3 3 
p + . He -+ p + He /2/ 

Ha CB060JJ;HLIX .HJJ;pax .d H 
3 He noKa3LIBaeT /

2< 'ITO npH 

:meprHH npoTOHOB 660 M3B ce'leHHe o6paJoBaHH.H 6LICTPLIX 

.HJJ;ep 3 He no.D; MaJILIMH yrnaMH B peaxu:HH Me3oHoo6pa3oua­

HH.H JaMeTHO 6onLwe, '!eM B ynpyroM pacce.HHHH. B aHano­

rH'IHLIX ycnOBH.HX ,ll;HciJciJepeH,UHaJILHOe Ce'leHHe o6pa30BaHH.H 

s.D;ep 4 He B .peaKUHH -

p + 
3 + 4 
He ... TT. + He ' /3/ 

6onLwe, 'leM_B ynpyroM paccesHHH 

4 4. 
p + He -+ p + He • · 

I 
/4/ 

Ilo3TOMY reHepauHs HJJ;ep renHH B KaHanax MeJoHoo6paJo­

BaHHH Ha HYKJIOHHLIX aCCO,UHa,UHHX THJia 

p + [ 2N] ... TT + 3 He /5/ 

H 

p + [ 3 N] ... TT + 4 He 
/6/ 

MO)KeT 6LITL 6onee HHTeHCHBHOH, '!eM fipH KBa3HynpyroM 

pacceHHHH, H · JJ;aBaTL nOJJ; MaJILIMH yrJiaMH. 3Ha'IHTeJILHLIH 

BKJiaJJ; B · cneKTpax 6LICTPLIX .HJJ;ep 3He H -4 He ./3JJ;eCL H HH)Ke 

KBanpa THLie CK06KH 0603Ha'laiOT, 'ITO ·npHMaH HJJ;epHaH peaK-
. ~- " - ' 

UHH HJJ;eT Ha HYKJIOHaX H HYKJIOHHLIX aCCO,UJ!:a,UHHX, HaXOJJ;H-

JUHXCH B s.D;pax/. TaKyro )Ke oco6eHHoc·Th cJieJJ;yeT. O)KIIJJ;aTL 

H B cneKTpax 6LICTPLIX .HJJ;ep TPHTHH acneJJ;CTBHe IipoTe:KaHHH 

_npouecca 

p + [ 2N] ... rr + 3H. . /7/ 

4 

j­
~ 

I 

I 

HJy<ieHHe KBa3HCBo6oJJ;HLIX npouecco_u Me3oHoo6paJoua· 

HHH Ha HYKJIOHHLIX acco,uHa.UH.Hx ·noJBOJI.HeT nony'IHTL .D;oiion­

HHTeJILHyro HHciJOpMa,UHIO 0 Bepo.HTHOCTH-HYKJIOHHoro accouiul­

poBaHH.H no cpaBHeHHID c npoueccaMH KBaJHynpyroro pacce­

.HHH.H. TaK, HanpHMep, npH KBa3HynpyroM BLI6HBaHHH JJ;eiiTpo-. 

HOB B03MO)KIILJ npo,UeCCLI 

p + [np)T=O-+ p + d, /8/ 

p+[np] -+p+d, 
_ T =I /9/ 

p + [ nn] 4 n + d 
T =I -

- /10/ 

C yqaCTH.eM TOJILKO [ np)-H [nn) -nap B pa3JIH'IHLIX H30CnHHO­

BLIX COCTO.HHH.HX. B TO )Ke BpeM.H B npo,ueccax Me30H006-

pa30BaHHH Ha JJ;BYXHYKJIOHHLIX aCCO,UHa,UHHX B03MO)KHLI KBa-

3HCB060JJ;HLie 6HHapHLie peaK,UHH, .B KOTOpLIX npeJJ;CTaBJieHLI 

Bee THnLI napHLIX aCCO,UHa,UHH HYKJIOHOB, BKJIIO'IaH ,H acco~, 
UHa-UJlH HJJ;eHTH'IHLIX HYKJIOHOB: 

+ [ np] T=O·-+ TT 
+ 311, p + 

. 3 
p + [ n p] -+ rr+ · + H , 

T =I 

p + [ nn] 
T =I 

... TTO + 3H' 

. 3 
P + [np] -+ TT 0 + He, 

- T=O 

p + [ lip] . -+ TT 0 + 3 He, 
T =I 

p + [ n'nJ . . -+. TT 
T = I 

3 
+ He, 

p + [ P P] T = 1 ... TT + + 3He. 

/11/ 

./12/ 

/13/ 

. /14/. 

/15/ 

/16/ 

/17/'. 

PerHCTpa,UHH o6eHX 6LICTPLIX 'laCTHU B KOHe'IHOM 

cocTOHHHH peaKuHii /11/-/17/ noJBOJIHeT :8 npHHUHne onpe­

JJ;eJIHTL OTHOCHTeJILHYJO BepOHTHOCTL aCCO,UHHpOBaHHH--.D;JIH 
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Ka:>K,noro Tnna HyKnOHHLIX nap B .11,npe. HeKoTopi.xe peaKUHH, 
HanpHMep /8/, /1 f/, /14/, ,naiOT, He3aBHCHMYID im<lJopMaUHIO 

, 06 aCCOUHHPOBaHHH onpe,ne-neHHOrO THUa, H HX c'OBMeCTHOe 
n3y'leHae Mo:>KeT cny:>KHTL .zin.11 oueHKH -foq.iocni_nonyqaeMoii 
HH$OpMaUHH. - _ - , - - -

KpoMe Toro, cpaBHHTenLHoe H3y'leHne pa3nH'IHLIX KaHa­
noB Me30H006pa30BaHH.Il no3BC>n.lleT npooepHTh BLinOllHH· 
MOCTL H30TOnH'IeCKHX COOTHOilleHHH Me:>K,ny Ce'leHH.IlMH 3THX 
KaHanon. TeM caMLIM MO:>KeT 6LITL, B qa'cTHOCTH, ycTaHon­
neHa_ TO'IHOCTh -nOniOCHOrO IIpHfinH:>KeHH.Il ,nn.ll OnHCaHH.Il TaKO· 
ro THna np.IIMLIX .ll,nepHLIX peaKUHH. -

IlepcneKTHBHOCTL H3y'leHH.Il peaKUHH KBa3HCB060,nHOrO. 
6nHapHoro :Me3oHoo6pa3onaHH.Il Ha accounaunxx 3aBHCHT oT 
TOrO, HaCKOllLKO OT'IeTllHBO OHH MOryT 6LITL BLI,neneHLI Ha 
$oHe conYTCTByiOJUHX peaKunii. TaKHMH peaKUHHMH MoryT 
6hiTL: a/ npHMLie peaKUHH -Heynpyroro B3aHMO,neHCTBHJI 
npoToHa c KnacTepoM /HanpnMep, ·p + [ 4He]--> p + n + 3He/; 
6/ np.llMLie peaKUHH ,nBOHHOrO Me30H006pa30BaHHJI /Hanpn- . 
Mep,- p + 3 He ... 2 rr -+ N + .3 He I; ·a; BLI6imaHne Knacrepon 
HyKnoHaMH Kaci<a,na, pa3BHBaroxuerocx B x,npe noon ,neiicTBHeM: 
nepBH'IHOrO npOTOHa H T .,n. Ilocne,nHHH- H3 :ynoM.IlHYTLIX 
MexaHH3MOB o6cy:>K,nancx, HanpnMep, B pa6oTax 1~(. . 

B :KaqecTBe nepnoro mara na)I(Ho oueHHTL n:Kn-~.n 6nHap­
Horo KaHana· Me3oHoo6pa3oBaHH.Il B cneKTpax 6LICTPLIX x,nep 
renHH H TpHTHH, H3Mep.lleMLIX 6e3 COBna,neHHJI C nHOHOM. 
TaKa.H HH$OpMaUHH B HaCTO.IliUee BpeMJI npaKTH'IeCKH OTCyT· 
CTByeT: .KpoMe 3KCnepHMeHTOB /2/, ppone,neHHLIX B o6naCTH 
KBa3HynpyrHX nHKOB, H3BeCTHLI TOllhKO H3MepeHH.Il cneKTpOB 
.11,nep rennx, BLIIIOnHeHHLie B o6nacT_H 3Heprnii ne BLillie 
..- 100 _ M3B $oT-03MYllLCHOHHOH Men),nnKoii /eM., nanpn- · 
Mep, 1411. B cos3n c 3THM n HacToxxueii pa6oTe 6Lmn 
H3MepeHLI cneKTPhi x,nep .3 He , 3H _ H 4 He, o6pa3yiOIUHXC.Il 
npn coy,napeHHH npoTOHOB IT P = 665 M3B/ c x.npaMH nn­
THH, 6epHllllHJI H yx;-nepo,na B o6iJaCTH 3HeprHH 3He , 3 H H 
4 - - ' 

He, KHHeMaTH'IeCKH COOTBeTCTByiOIUeH npoueccaM Me30HO· 
o6pa30BaHHJI B peaKUHJIX /1/> /3/ H 

p + d + 3H /18/ 
--> "-- + ' ---

P' + 3H ... ;ro' + 4H : -~ ~ ''/19/' e. 
--

6 

I-
I 

2.3KCIIEPHMEHT 

H3MepeHH.Il _ npono,nHnHcL Ha . BLIBe,neHHOM npoTOHHOM 
nyqKe CHHXPOUHKnoTpoHa OHJIH. IlocTaHOBKaonLITOB 6nn3Ka 
K onncaHHOH paHee B pafioTe / 2/, 

B 3KCnepnMeHTe ncnonh30Bannch MHmeHH H3 CH2, CD 2, 
6 Li, 9 BeH 12C TOlliUHHOH OT 0,2 ,no 1,0z/cM2,JI,npa 
3 He, 3H n 4 He_, o6pa3oBaHHLie B MHmeHH, oT6HpanncL 
cncTeMoii xue.ixenLix KonnHMaTopon no.n yrnoM 5,5 ~ K_ ny'IKY 
B ,neTeKTHpooanHCh CHCTeMOH CUHHTHllllHUHOHHLIX C'leT'IH· 
KOB, pa3HeceHHLIX na 6a3e 12,3 M. H,neHTH$HKaUH.Il 3He H 
4 He B nO TOKe 'laCTBU C onpe,neneHHLIM - 3$$eKTHBHLIM HM­
nynLCOM ocyxuecTnnxnacb · oT6opo:M ·no npeMeHH nponeTa 
Me:>K,ny 6a30BLIMH C'leT'IHKaMH H rto 3Ha'leHHIO H-OHH3aUHOH· 
HLIX noTepL B. ,nnyx- cunnTnnnxTopax. ;IJ;nx. BLI,neneHHH .11,nep 
3 H, KpoMe TOrO, ,nononHHTenLHO HCnOllL30BallCJI OTfiop no 

npo6ery B <PnnL'ipe, no-MexuenHOM nepe.n c'leT'IHKOM aHTn­
conna,neHnii. 

HeKoTopLie yconepmeHCTBOBaHH.Il no cpanHeHHIO c ycno­
BH.IIMH pafioTLI /2/ 6LinH BBe,neHLI B MeTO,nHKY 3KCnepHMeHTa~ 
B OIIHCLIBaeMLIX H3MepeHH.IlX MHilleHH ycTaHaBnHBanHCL B Ba­
KYYMHOM .6oKc~, coqneHeHHOM c BaKyyM·npono,noM, TaK 'ITO 
perHCTpHpyeMLie qacTHULI npoxo,nHnH BeCL nyTL OT .MHilleHH., 
,no IIOCne,nHHX C'leT'IHKOB B BaKyyMe. 3TO n03BOllHllO HCK~:·­
'IHTL nonpaBKY Ha pacCe.llHHe B B03,nyillHOM 3a3ope OTKno-: 
HJiioxuero MarHiiTa; Kpo~e Toro, 6Lino y:MeHLmeHo _ c 
0, 78 Z/CM 2_,no .0,22 ''/jcM 2 KOllH'IeCTBO BeiUeCTBa a"nepBOM · 
c'leT'IHKe Ha 6a3e, r.ne H3MepxnocL npeMJI nponeTa_ qacTBU,­
'ITO TaK:>Ke yMeHLillHllO nonpaBKY Ha MHOrOKpaTHOe pacce­
JIHHe. 

SnoK·cxeMa 3neKTPOHHKH, ncnonL30BaHHOii B 3Kcnepn­
MeHTe /pH C. 1/, n03BOllJilla OCYJUeCTBll.llTL O,nH!lMepHLIH H 
,nByMepHLIH aHallH3' perHCTpHpyeMLIX qaCTHU .B aMnllHTy,n· 
HOM aHann3aTope Tnna AH -4096 c nocne,nyroxueii o6pa6oTKOii 
cneKTpon Ha 3BM "MHHCK:.. 22". Bo3Mo)l(HLie npoc'leTJ:d, 
B cneKTpax, o6ycnonneHHLie MepTBLIM npeMeHeMaHann3a-:.,, 
TOpa, KOHTponiiponanHCL nyTeM o,nHOBpeMeHHOH perncTpauHH 
cnrHanon CUHHTHnHHUHOHHoro cqeT'IHKa C6 6LicTpoiinepe­
c'leTHoii cxeMoii n aHann3a'i-opo-M. BenB:<inHa npocqeToB npn 
H3MepeHHJIX. cneKTPOB renH.Il B OCHOJ3HOH qacTH 3KCn03HUHH 
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Puc. 1. liJI~K- c.xeMa ucnoJib30Bauuoii B 3KcnepuMeHTe 3JieKT­
pouuoii annapaTypbi. C1, C2 - CUUHTUJIJI.IIUUOHHbie .c'ler•niKu,. 
perucTpupyroiUHe npoxo~euue 'laCTUU qepe3 nepBbiH /u 
C3, C4 . - .11epe3 BTopoii/ cnunTUJIJI.HTop ua 6a3e, r,11;e U3-
Mep.HeTc.H BpeM.H npoJieTa; C5 -. C'leT'IUK aHTUCOBITa,D;eHUH;. 
C6 - .cnunTUJIJI.HUUOIIHLiii c,eT'IUK ,D;JI.H KOHTPOJI.H npoc'leToB; 
JI3 - JIUHU.II 3a,D;ep:>KKU; .ZJ;- UHTerpaJibHbiH ,IJ;UCKpUMUHa Top; 
<I> - .4JOpMupoBaTeJIL; Y - ycuJiuTeJIL; CM - cyMMaTop; 
CC - .cxeMa coBna,D;euuii; T 4 A- BpeM.H-aMnJIUTY,D;HLiii KOH~ 
BepTop; IIC - nepec'leTHa.H cxeMa. 

He npeBbiWaJia 250/o, HO B HeKOTOpbiX B3MepeHB.IIX ,IJ;OCTUra­
Jia 60o/o. 

Bbi6pannLre ycJIOBU.H perucTpanuu IT03BOJI.HJIU ,D;ocTa TO'IHO 
'leTKO U,D;eHTHifJHUupoBaTb .II,D;~a 3He, 4 H~ U 3H. Ha puc._2 
ITOKa3aH O,D;HH U3 ,D;ByMepHbiX CITeKTpOB, ITOJiy'leHHbiX npu 
U3MepeHUH CITeKTpOB n:iJIU.II. 3iflifleKTUBHOCTb perUCTpanuu 
.11,11;ep 3 He, 3H . u 4 He B no ToKe qacTun, OTo6paHHLIX MarHUTHbiM 
noJieM OTKJIOHSJOIUero MarnuTa ii nona,D;aJOIUHX B TeJieCHbiH 

8 

yroJI perUCTpanuu YCTaUOBKU, B HallmX U3MepeHUJi:X 6JIU3Ka 
K 100~. 

,lJ;JI.II a6cOJDOTHOH KaJIH6pOBKU CITeKTpOB B TeX :>Ke YCJIO­
BU.IIX U3Mep.HJIC.II BbiXO,D; ,D;eHTPOHOB U3 peaKUUU ' 

; 
~ 
~ 
6 

30 

. . -· 
20 

15: 

1l 

5 

p + p -+ d + 1T+. 

I . . . . 
12c+lp 

. -. -· - . . . 00 ••• . . --·-
Tp·665MeV 
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20 40 60 80 

/20/ 

··) -. . . .. . . . ... . . -. . ... . . ..... . . ... --· . . ..... ·-·-. . . . -..... ~. ·-

• 
. 

.-
- .. .. __ .. 

. ·-. . 
.. 

m 
CHANNEL NUMBER 

120 

Puc.) 2. ,D;:ByMepliblii cneKTP /BpeM.H npoJieTa - aMnJIBTy,D;a/, 
3aDBCaHHbiH npu perBCTpaUBB 'laCTBU C 3~eKTBBHbiM4 UM­nym,;coM P = 1540 M3B/c. 06JiacTL perucTpanuu · He-
55-75 KananLI B 3 He - 90-110 KananLI no ocu BpeM.H 
nponeTa. B 14-15 Kananai - nuK B3MepeHB.H npoc'leToB. 
To'IKB Ha cneKTpe o6o3Ha'laJOT: • -·-60 co6biTBH; • ~ 15-

. 60 C06biTBii; e - 9-14 C06b1TBH; • - 5-8 C06biTBH; • · 
2-4 C06biTB.II; o - 1 C06biTBe. 

.TBDU'IHbiH · BMITYJibCHbiH cneKTp ,D;JI.II pa3HOCTUoro C'leTa ,D;eHT­
pOHOB ol- CH 2 - C Muweuea noKa3aH ua puc. 3 • .n;"n.H yMeHL­
weuu.H B03MO:>KHbiX CUCTeMaTU'IeCKUX norpeWHOCTeH npu 
Kanu6poBKe 'BLI6upanucb ,D;eiiTpOHbl c UMITYJILCOM, 6JIU3KHM 
K 3«WleKTBBHOMY U.MITYJibCy.perUCTpBpyeMbiX .II,D;ep: cnei<Tpbl 
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Puc. 3. CneKTP .neiiTpOHOB U3 pea:Knuu p + p 
. nonL30BaHHLiii .nn~ xanu6poaxu .a6conroTHLIX 
xo.na 6LICTPLIX ijlparMeHTOB I T = 665 M3B, 

: . p 

1600 

-+,d+rr+,uc-
3Ha'leHuii Bhi­
ed = 5,3°n.c.l. 

renu~ HOpMUpOBanUCh Ha BhlXO,I( ,neiiTpOHOB HU3K03HepreTU· 
'IHoro · nuxa peaxnuu 1201 I e c.n.M. 162 o I, a cneKTPLI 

3H - BhiCOK03HepreTH'IHOrO _nuxa 1201 I e c.n.M._32° /· . 
IJpu Kanu6pOBKe U U3MepeHUH cneKTpOB Hanp~)KeHHOCTL 

MarHUTHoro non~ B nHH3ax, «lloxycupylo~nuxper:HcTpHpyeM:Lie 
qacTHnhi, · ycTaHaBnHBanacL nponopnuoHanLHO Hanp~e-Hiio­
cTu_ no.ni B oTKn.oH~ro~neM: MarHine. Taxa~ npone.nypa·' He 
BHocuna 3aMeTHLix cucTeMaTuqecxux olllu6ox npu u3Mepe.;; 
HU~X, TaK KaK B pa6o11eii o6naCTH 3ll!ll!eKTHBHOrO:UMnynLCa 

·· to· 

..• 
.;<.; 

axcenTaHc cna6o 3aBucuT OT Hanp~eHHOCTU non~ B nHH-
3ax: U3MeHeHUe non~ Ha 5~ Bhl3LIBaeT U3MeHeHUe CKOpOCTU 
c11eTa Ha 6~. · 

3. PE3YJLbTATbl H3MEPEHHH 

B UHTepaane uMnynLcoB 1000-2000 M3B/c 6Linu 
U3MepeHLI cneKTPLI ~.nep 3 He u · 4 He· c MUIIIeH~Mu D ; 6 Li , · 

. 91Be ;12 C ·-u cneKTpLI ~,nep 3H c MUIIIeH~MU D , 6-Li ,B: 12C . 
llpu o6pa6oTKe cnex:rpoB Y'ITeHo He6onLIIIoe U3M(meHue IIIKa­
nLI ,JIMnynLCOB, BLI3LIBaeMOe nO,I(TOpMa)KuBaHUeM -B MUIIIeHU, 
u imeceHa noripaBKa, o6ycnoBneHHa~- MHoroxpaTHLIM xyno­
HOBCKUM . pacce~HueM B ·cnuHTunn~Tope nepBLix: 6a3oBLix 
c'leT'IUKOB. ·3Ta nonpaBxa onpe.nen~nacL 3KcnepuM:eiiTanLHo 
u3MepeHueM 3aBucuMocTu cxopocTu:cqera .neiiTpoHoB o6oux 
nuxoB peaxnuu /201 oT TomnuHLI .nononHuTenLHoro pacceu­
BaTen~ •. · BHocuMoro Ha_ nyTu 'qacTun, B6nu3u nepBord cnuH­
Tunn~Topa~ Benuquua nonpaBKU He npeBbiiiiaeT 5~ B BLICO­
K03HepreTU'IHOH qacTu cnexTpa u .nocTuraeT npu aauMeHi.-­
IIIUX 3Ha'leHUU UMnynLCa . perUCTpupyeMbiX ~,nep 25~ .nn~ 
3 He u 4S~ .nn~ 4 He.-- _ _ 

YKa3aHHLie B Ta6n. 1-3 u Ha puc; .4-6 OIIIUGKH 3Kcnepu­
MeHTanLin.lx TO'IeK ~Bn~roTc~ qucTo cntTUCTH'IeCKHMH. Kpo­
Me TOrO, BCe TO'IKH cneKTpOB UMeJOT o6~nyro 7-10~-HYIO 
norpeiiiHOCTL, CBB3aHHyro c a6conroTHoii · xanu6po':oxoii. He­
onpe,neneHHOCTL, o6ycnoBneuua~ rionpaBxoii·Ha·pacce~Hue, 
B BLICOK03HepreTU'IHOH . 'laCTH cneKTpOB COCTaBmieT OKO~O 
nponeuTa u B03pacTaeT .no ·3aMeTHoii. Benu'IUHLI nop~.nxa 
15~ B HU3K03HepreTU'IHOH qacTU cneinpa 4 He U ,. 20~ B 
HU3K03HepreTU'IHoii qac-fu cneKTpa 3 He. . · · 

,D;n~ KOHTpon~-o6meii-3!WieKTUBHocTu perucTpanuu 3 He u 
3 H BpeM~·aMnnuTy,nHLIM KOHBepTOpOM B- HeKOTOpLIX ceaH­
cax cneKTpLI U3:Mep~nUCL MeTO,I(UKOH 3a,nep)KaHHLIX COBna- -
.neuuii. ITonyqeHHLie cneKTPLI xopolllo cornacyrotc~ B npe.ne­
'nax yKa3aHHLIX oliiH6ox. Onpe.neneHHoiinpoBepxciii 34MtlexTuB­
HOCTU perucTpanuu ~Bn~eTc~ u c.nenaHHOe Ha:Mu U3MepeHue 
.nu«llciJepeHnuanLHLIX ce11eHHii peaxnuii /11 u · · 1181: da/dfl 

. ( p d ..... 11° 3 He)= /3,2 ± 0,4IMK6H/c111ep ··u da idO(pd-+lT+:W = 
·· = 16,8 ± 1,0/ MK6H/C111ep. 3KcnepUMeHTanLHOe 3Ha'leHUe 

" . 
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Ta6mma 1 
3uepreTH'IeCKHe cneKTphl JI,nep 3 He /Tp. = 665 M3B, 

e · = s,sa I 
· · · 3He 

~Li i' p -1Ie i' ••• 9Be ... p - lae -t .;. ' 

·,i 
I2c ... P -3ae..,o ! 

r, uaB d. ~6" •ro-ll c.Z. r,uall• .d..~O' , 10-n c,.;t T,llaBf~,1~~ 
d.RrlT · c:rep !.laB. dn.tT · · c:rep llaB · · :. · llttT crep laB_ 

. I 149 16,:5 .t 1,1 163 24,52 .t 0,92 167 . 19,36 .t 0,36 
169 13,8 .t 1,1 190 19,47 .t 0,88 191 17,41 .t 0,17 
191 12,21 j: 0,94 207 15;18-.t 0,72 217 15,66 .t 0,30 
210 II, 77 ;t 0,82 224- 14,07 .t 0,21, 245 . 13,77 .t 0,20 
242 8,27 .t 0,20 236 12,79 .t 0,31 276 12,46 .t 0,27 1 

255 7,00 .t 0,18 247 12,80 .t 0;30 :508 10,83 .t 0,21 ' 
266 ?,04 .t 0,17 270 II,27 .t 0,22 340 9,41 '.t 0,13 I 

290 5,85 .t 0,14 283 10,:57 .t 0,14, 375 7,58 .t 0,13 
317 5,13 .t 0,14 297 9,24 .t 0,63 4II ,4,86 .t,O,OB 
343 4,93 .t 0,13 3II 8,35 '.t 0,67 - 426 4;13 .t 0,08 
37!. 4,05 .!,O,II 324 8,84 .t 0,43 443 3,10'± 0,08 
386. 3,61 .t 0,17 :538 9,28 .t 0,18 ' 472 2,08 j: 0,06 
401 . 2,19 .t 0,08 348_ 8,39 .t 0,18 504 1,73 .t 0,06 
431 1,08 .t 0,06 363 8,02 ± 0,22 538 1,57± 0,02 
447 0,92 .t 0,04 390 5,23 .t 0,10 572 1,05 i 0,05 
462 0,65 j: 0,06 ·408 4,33 .t 0,06 606 o,4B ± o,a. 
476 0,70 .t 0,04 420 2,91 j: 0,04 642 0,14 .t 0,01 
492 0,80 .t 0,04 . 437 2,52 j: 0,03 
525 0,84 .t 0,04 452 •' 1,85 j: 0,0:5 
543 . 0,65 .t 0,06 466 1,35 j: 0,03 ·-· 
558 0,44 j: 0,02 .. 482 1,29 .t 0,03 
572 0,20 .t 0,04 504 1,40 .t 0,08 
592 0,05 :t 0,01 519 1,89 .t o,d6 

·536 . 1,59 .t 0,06 
545 1,07 i,0,03 
565 . 0,94 i. 0,02 
58I 0,60 .t 0,02 
599 o;35 .t·o,02 ·-

613. 0,17 .t 0,01 . 
632 0,06 .t. 0,01 

~ 

\ 

I' r 
f 

I 

I 

~ ,, 
I 

l 
' 
I 
'i 

Ta6mma 2 
3uepreTirclecxHe cneKTphl· JI,nep 3H I TP = 665 M3B, 

0 . = 5 5°_/ aH .. , 

6L.: . + ·p -. 3H i' o'o. 12 3 . 
C +·P..,.. H -t oo. 

,• J 

T, !laB d. .:: G" , 10-31 cuo:: · T,1!aB d. o::o ,10-31 CM2 
d..a4T crep J.laB-. · c{.nolT crep MaB 

I 
·-:::- .. 
-

328 . 3;75 .:t 0,92 314 :),9 .:t 1,3 
343 3,56 .:t 0,51 360 . . 6,76 ± 0,91 
366 4,30 .:t 0,75 378 . - 5,51 i 0,53, 
385 

.. 
3, 76 .:t 0,44 

. 410 . 4,26 .:t 0,51 . 
4II 2,7I;t0,37 - 447 2,42 ± 0,48 
431 1,78±0,24 472 . 2,02 .:t 0,43 . 
456 0,94 .:t 0,22 500 0,96 ± 0,49 
474 0,66 i U,3~ - 521 o,91 ± u,41 

-· 
490 0,46 ± 0,21 . 545 0,66 .:t 0,37 
515 0,43 .:t 0,19· . 567 u,54 ± o,n· 
538 .. o,46 .t. 0,22 592 0,20 ± 0,12 
556 . 0,!5 .:t 0,!3 
585 0,18 i 0,21 

13 



3HepreTHqecxHe 

13,~!1 .t 0,6!1 
225 10,70 .t 0,60 
2~ 1,116 .t o,~!l 
268 6,67 1 o,~ 
2!10 6,06 .t 0,38; 
313 ~.33 .t 0,31 
337 217!1 .t 0,25 I 
,.7 1,83 .t 0,17 
36o 1,76 ,t 0,17 I 
385 1,07 .t 0,14 
398 0,77 1 o;16 
410 0,6~ .t 0,12 
~4 o.~ 1 o,u' 
~39 0163 .t Oi.II 
449 0,67 .t 0,09 . 
470 0,63 ,t 0,10 I 
477 Q,U .t 0,07 
497 0,29 .t 0,0.· 

.586 0,17 .t Q,Oil 

14 

Ta6mma 3 
cneKTPLI JIAep 4He 

e 4 = s,so 1 
He 

170 38,!1 .t 1,!1· 
180 ,.,3 .t 1,7 
187 32,6 .t 1,6 
195 29,6 .t 1,5 
203 26,2 .t 1,3 
212 23,59 .t 0;86 
22Z 18,78 .to.~ 
232 16,34 .t,0,89 . 
242 n,67 1 :o,79 
252 ·· n,68 ·±·o,77 
263 12,57 .t o, 70 
272 II ,81 .t 0,66 
283 u.~ .t o,62 
294 9,!10 .t 0,56 
306 8,80 .t 0,55 
316 7,53 ! 0,54 
328 6,60 i o,u 
338 5,95 .t o.~ 

. 351 4,50 .t 0,3~ 
364 3,70 ,t0,29 
377 2,87 .t 0,26 

. 388 2,08 .t 0,24 
402 1167 .t 0,21 
414 0,80 .t 0,14 
426 1,09 .t 0,16 
~ o, 72 .t O,II · 
~55 0~!10 . .t O,II 
466 0,98 .t 0,13 
~1 0,116 .t O,II 
4!15 . 0,60 .t 0106 
508 o.~ .t o,08 
52Z 0,37 .t 0,06 
539 0,14 .t 0,04 
553 0108 .t _0,02 

I Tp = 665 M:JB, 

67,4 .t 2,4 
69,3 .t 2,3 
57,9 .t 2,0 

. 60,8 .t 2,1. 
55,9 .t 1,9 
46,8 .t 1,6 

. 33,5 .t 1,2 
2~,9 .t 1,0 
20,77 .t 0,55 
16,II .t 0,53 
14,88 .t 0,6~ 
12,3!1 ,10,31 
II,I3 .t 0,61 

9,21 .t 0,32 
8,09 ,t0,49 

367 . 5,86 .1 0,29 
379 4,~ .1 0,31 
392 3,3~ .t 0,28 
404 2,67 .t 0,23 1 

418 2,02 .t 0,16 
430 1,76 .1 0,18 

. 445 1,87 .t 0,18 
458 1,50 .t 0,13 
470 1,09 .t 0,13 
486 1,05 .t 0,13 

. 513 0,69 .t O,II 
543 0,06 .t 0,02 
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~ Puc. 4. CneKTPhl a.nep 
3
He, o6pa3<>aaHHLIX npu a3aHMo-

.neiicTaHH npoTouoa c 3Heprueii 665 M3B c a,npaMH 6 Li /a/, 
. 9Be /6/ u I2c /a/ no.n yrnoM: 5,5° a na6. c. CTpenxu 
I yKa3blaaroT 3Haqeuua HMnynLcoa a~ep 3 He OT GuuapHhiX 
· pea~uii Ha cao6o,nHhiX a,npax d u· He /npo~eccLI /1/ H 
/2/ I. llepHhle TO'IKH Ha puc. 4a - aLixo.n 3He H3 pea~HH 
/1/. 

OTHomeHHH 3THX ceqeHHii 2,1 ± 0,3 cornacyeTca c aenuqu­
Hoii 2, abiTeKaiDI.QeB H3 H30TOllH'IeCKHX COOTHOilleHHB ,nmi: 
3THX pea~HB. 

)''laCTKH cnexTpoa 3 He H 4He,KHHeMaTH'Iecxu oTaeqaro­
~e xaa3uynpyroMy pacceaHHIO npoToHoa Ha Tpex- H 'leThl-

17 
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Puc. 5. CneKTPLI JI,Aep 3 H, oGpaJosaHHbiX npu BJaBMo,Aeii 
CTBHB npOTOHOB C :meprueii 665 M3B C JI,ApaMB 6 Li /a/ 
B I2c /6/ no.A .yrnoM -5,5° B na6. c. CTpenKH yKaJhiBaiDT. 
JHa'leHHJI BMnynLCOB JI,Aep 3 H OT 6uuapuLix peaKI.{HB ua 
CB060,AHLIX JI,Apax d · B 3 H. qepHLie TO'IKH Ha ·puc. ·sa -
BbiXO,A 3H B3 pea.KI.{HH /18/. 

18 

• 

peXHyKnOHHbiX aCCOI.UiaU:BHX, npaKTB'IeCKB COBlla,AaiOT C Ta-
. KBMH :>Ke cneKTpaMB, nonyqeHHbiMB pauee . B pa6oTe / 2/ *. · 

> ,· ' • • • .• . 3 
,D;u!l>!l>epeHI.UianLHLie ceqeHBJI o6pa3oBaHBJI .R,Aep . He , 

3 H B 4 He, npoBHTerpuposaHHLie no HMnynLcy B BHTepBanax, 
KHHeMa TH'IeCKH c·ooTBeTCTBYIOII.UIX npou;eccaM /5/-/7 I, npu:.. 
Be,ACHLI B Ta6n. 4 • 

KaK BH.AHO HJ puc.4-6, Ina cneKTpax 3He, 3 H u4He, 
nony'leHHLIX C MHWeHJIMH 6 Li H 9 Be,,AOCTaTO'IHO 'ICTKO BLI­
,AenJieTCJI TOJILKO nuK KBaJuynpyroro pacceJIHHH. B o6nacTH 
3HeprHB, KHHeMaTH'IeCKH COOTBCTCTBYJOII.UIX KBa3HCB06o,A­
HLIM 6HHapHLIM npou;eccaM /11/.;./17/, Ha6nro,AaeTCJI TOnLKO 
peJKOe yaenuqeuue BLIXO.Aa 6biCTpblx JI,Aep 3 He, 

3 
H H 

4 
He. 

0TCYTCT:0He 'leTKO BLipa:>KCHHLIX TIHKOB B. CTICKTpax BQnH-. 
3H P3H. =P 3 He = 1520. M3B/c, p 4 He = 1600 M3B/c :ina­
'IHTenLno.oTnuqaeT 3TH CfieKTpbl OT CfiCKTpOB ,AeBTpOHOB(7/ · 

. '-' ' 
HJMepellliLIX B auanorH'IHLIX ycnOBHJIX: B CfiCKTpax ,ACBTpo-
liOB KBa3HCB060.AIILIB 6unapHLIB npou;ecc MC30HOo6pa30BaHHJI 

• ._ • -. c-. > • 

Ha HYKTIOHaX. 

p + [ N] ... 11 + d /21/ 

TipOJIBTIJICTC.R B BH,Ae HHTCHCHBHOrO,.. TIHKa npH p d OKOnO 
1370 M3B/c I() d = 6,5 o /. 

·Ha6nro,AaeMoe pa3nH'IHe cneKTPOB ,AeiiTpOHOB' H 6onee 
TJI>KenLIX !l>parMeHTOB Ka'le_CTBeHHO MO:>KHO. 06'LJICHH.TL cne-
.AYIOID;HM: . . 

1/ Yrnosa.R ''3aBHCHMOCTL .AH!l>!l>epeuu;uanLHoro ceqeHHJI 
peaKu;Hii /1/, /3/ u /20/ uM:eeT pa3mi'IHbiB xapaKTep, <ITo • 
npHBO,AHT K OTnH'IHIO B·OTHOWeHHH Ha6nro,AaeMOrO BhlXO,Aa 

* 0Tnuque ua nocTOHHHLIH KOJll>!l>Hu;HeHT I ,3 o6ycnosneuo 
TeM,, 'ITO a /2/ ,ATIJI a6conroTHoii Kanu6poBKH .ucnonL30BanocL 
CC'ICHHC HH3K03HepreTH'IHOrO TIHKa peaKD;HH /20/, .B3JITOe 
H3 /5./, B TQ BpCM.R KaK B ,AaHHOB pa6oTe 6panOCb 6onee 
TO'IHOC. 3Ha'ICHHe .·ce'ICHHH, .. nonyqeHHOe . B. /6/ Ha OCHOBC 
BCeX HMeiOII.UIXC.R B HaCTOJIUlee BpeMJI H3MepeHHB CC'ICHHJI 
3TOB peaKD;HH. . 

'19. 
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• ' PHc. 6. CnexTpLI .HAep . 
4

HeJo6pa3oBaHHLIX npH B3aHMOAeii-

~ 
CTBHH npoTOHOB. C 3HeprHeH 665 M3B c .HApaMH 6 Li /a/, 

· : 9Be/6/"H 12c /B/ noA yr.rioM 5,5° B ·.rra6.c. CTpe.rixH yxa-
3LIBaiOT 3Ha'leHH.H HMnyJILCOB .HAep 4 He oT 6HHapHLIX peax­
nHii Ha CB060AHLix .HApax 3 He~ 4He/nponeccbl /3/ H /4//. 
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"BLICOK03HepreTH'IHLix" H "HH3K03HepreTH'IHLix''- AeiiTpo­

HOB H .HAep reml.a: H TpHTH.H. ECJIH B peaKnHH /20/ BLIXOA 

AeHTpOHOB B. :"BbiCOK03HepreTH'IHOM'_' fiHKe. B. 2;5 pa3a 

BbiWe, 'leM B- "HH3K03HepreTH'IHOM", ·TO COOTBeTCTBY~llle' 
OTHOWeHHe AJI.H 3 He . COCTaBJI.HeT COrJiaCHO AaHHbiM B 'g 

0,3+0,5,a AJI.H 4 He cormi.cHo pa6oTaM /lO,ll/_ 0,1+0,2. 
3TO 03Ha'laeT, 'ITO BKllaA KaHaJIOB Me30H006pa30BaHH.H yBe-

• , - ~ o • > r ~ < • 

JIH'IHBaeT BbiXOA .HAep reJIH.H - H TpHTH.H _ npeHMYllleCTBeHHO 

B "M.a:.rxoii" ':iacTH-- cnelnpa / P3'He "'- p 3H ~-- 750. M3B/c, 
P 4He ~ 700 M3B/c/. B cotieTaHHH c APYrHMH HHTeHCHBHLIMH 

MeXaHH3MaMH~ AaiOIIUIMH -.HApa reJI~.H H TpHTH.H C 3HeprH.HMH 
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HH)Ke 100.; 2_00 M3B /"xacxa~HLIB:'!, "acnapHTtmLHLiil"/, 

· o6c}')K~aeM:LiB:-'":MexauH3M: ~opMH·p'yeT MoHo'I'cm:Ho 'cna~aiOIIUie~ 
c 3uepraeB: cneKTpLI.'' ' . . . . . , - . '·, . . 

. 2/ c· yBenH'ICHHeM Ma2cid tiac;Hl{LI, ii~K~.H~eB:c.a B na6. 

'cacTeMe, npH. cl>'Bxcup(>BaiiHoB:c:mepr:Ha :HaneTaiDIIUIX ti:acTHI{ 

B03paCTaeT ~OCTYllHa.H 3HeprH.H B C.U.M. B3aHMO~CHCTByiO~HX 
qacnlu. IIo3TOMY, ·. ecna . napHoe · Me3oHoo6pa3oBaHHe Ha 

OT.l{eJILHLIX Hyxnouax npu 3HeprHH 665 M3B 1Iaxo~HTC.H 
B6JIH3H KHHeMaTH'Iecxoro nopora, TO npH B3aHMo~eB:cTBHH 
c .l{BYMB H TeM 6onee TpeM.H HYKJIOHaMH ero'BKJia.l{ ~OJI)KCH 
B03pacTaTL llO OTHOWCHmO K O~HllO'IHOMYMC30H006paJOBa­
llHJO /9/,cne.l{oBaTenLHo, xaHanLI Tana p+[2N] ... 2rr +aHe a 

p + [ 3 N ] ... 2rr + · 4 He~, ~aio~IU~e HenpepLIBHLIH yqacToK 

cnexTpa · .a~ep 3 He 8 • 4 He Me·)K~Y "BLICOK0.3HepteTH'IHLIM" " 

H ''HH3K03Hepre.TH'IHLIM'' llHKaMH 6anapHLIX peaKUHH /5/ 
H /6/, .l{OllOJIHHTCJILHO CrJia)KHBaiOT 3HepreTH'IeCKOe pacnpe-

3 4 -
.l{enenae .a~ep He. H · He • . . ·. . . 

KonaqecTBeHHLie ·ouenKH B03MO)I(Horo BKJia.l{a KaHanoB 

Me 30Hoo6pa30BaHH.H B H3MepellHOH o6naCTH cneKTPOB 6y~yT 
o6c~.l{aTLC.H B cne~yio~eB: pa6oTe. 

. B 3aKniO'IellHe aBTOpLI BLipa)KaJOT 6naro.l{apHOCTL r .MoT-. 

UY, npHH.HBWeMy yqacTHe B npoBe.l{eHHH pacqeTOB, KOTOpLie 

ll03BOnHnH , OUCHHTL .TO'IHOCTL cneKTpOB, o6ycnoBneHHYJO 

MHoroxpaTHLIM xynoHOBCKHM pacce.HHHeM. 
' ' ~' . . - . . 
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Y CJIOBJUI 06MeHa 
llpenpHHTLI H eoo61l(eHHB OH.HH paec~omaJOTCB 6ecnJiaTHO, Ha ocHoBe 

B3aHMHOrO 06MeHa, YHHBepCHTtneM, HHCTHTyTaM, Jia6opaTOPHBM, 

6H6JIHOTeKaM, Hay'IHLIM rpynnaM H OT~eJILHLIM Y'leHLIM 6oJiee 50 CTpaH. 

MLI O)KH~aeM, 'ITO nonyqaTeJIH Hl~aHHH OH.HH 6y~yT caMH npoBB­

JIBTL HHHllHaTHBY B 6e cnJia THOR nocLIJIKe ny6JIHKallHH B ,[{y6Hy. B nopB~Ke 
06MeHa npHHHMaiOTCB Hay'I:HLie KHHrH, )KypHaJILI, npenpHHTLl H HHOrO 
BH~a ny6JIHKallHH no TeMa THKe Olf.Hlf. . 

E~HHCTBeHHLIH BH~ ny6JIHKal{HH,KOTOPLIH HaM npHCLIJiaTL He CJie~y· 
eT,- :JTO penpHHTLI I OTTHCKH CTa Teii, y)Ke ony6JIHKOBaHHLIX B Hay'I:HLI;x: 

. )KypHaJiax/. 

B PB~e CJiyqaeB MLI CaMH 06pall(aeMCB xnoJiy'l:aTeJIBMHaWHX H3~a· 
HHH C npOCL60H 6ecnJiaTHO npHCJiaTL HaM xaxHe•JIH6o KHHrH HJIH 

BLinHCaTL ~JIB Hameii: 6H6JIHOTeKH Hay'I:HLie )KypHaJILI, H3~aiOII(HeCB B HX 
cTpaHax. 

OT,tieJibHbie 3anpocbi , 
lfl~aTeJILCKHH OT~eJI· e)KerO,D;HO BLinOJIHBeT OKOJIO 3 000 OT,D;eJILHLIX 

3anpocoB Ha BLICLmxy npenpHHTOB H coo61l(eHHii OH.HH. B TaxHx 3a­

npocax CJie,nyeT o6B3aTeJILHo yxalLIBaTL HH,nexc 3anpamHBaeMoro 
H3,D;aHHH. 
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