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fnaronea B.B. H np. PI - I0894 

Hay'!eHite neyxny'!eBbiX co6biTHii a 
4
He p-cronKHOBeHHHX 

rrpH HMITyllbce rranaiOmero 4 He 8,56 faBle 

l1ayqanHcb 4He-p -cronKHOBeHHH rrpH HMrrynbce rrana10mer-o 
4 

He 

8,56 raB/c Ha onHoMerpoaoii aonoponHoli nyabipbKOBoii KaMepe B OHHH. 

6bJnH HCcnenoeaHbi yrrpyroe p 4He pacceHHHe, KorepeHTHOe p 
4

He ~ N 
4

Herr 
po•neHHe, a raK•e peaKUHH paaaana p 4He~p 3Hen.OrrpeneneHhl ce'!eHHH 

H o6cylKneHbr oco6eHHOCTH polKneHHH rr -Me3oHoB. B peaKUHH paaeana 
paaneneHbl C06biTHH, B KOTOpb!X 3He HITH HeiiTpOH HBITHIOTCH CIT9KT8TOpOM. 

3TH C06biTHH HCITOITb30B8Hbl lliTH H3Y'I8HHH BiipTyanbHOrO pn ~ pn 

H p3He -+p3He pacceHHHH. 

P a6oTa BbiiTOnHeHa B Jla6opaTopHH BbiCOKHX 3HeprHli 0~1 HH. 

Coo6UleHBe 06'be.llBHeHHOI"O BBCTBTYT& IJlepBWI BCCJie.IIOB&BBi. )ly6H& 1977 

L-----------------------------------------------------4 
Glagolev V.V. et al. PI - 10894 

Study of Two Pronged Events in 4 He p Collisions 
at 8.56 GeV/c 4 He Incident Momentum 

We have studied 4 He-p collisions at a 4He incident 
momentum of 8.56 GeV/c using the 1m Dubna bubble cham
ber. We have investigated the p 4He elastic scattering, 
the coherent p4He~N4He11 production and also the break-up 
reaction p4He~p 3Hen. Cross sections were determined and 
production features discussed. From the break-up reac
tion subsamples of events in which a 3He a- an n appear 
as spectators were selected. These events were used in 
order to study the virtual pn ~ pn and p 3He ~ p3He 
scattering. 

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

Communication of the .Joint Institute for Nuclear Research. Duboa 19'1'1 

© 1977 06~e()uNeHNWI1 UNC•u•y• A()epHWX UCCAeOOCJGNUiiJ{.)'tiluJ 

1. BBEAEHHE H 3KCIIEPHMEHTAHbHA.JI 
IIPO~EAYPA 

B 3TOB pa6ore MM npHBO~HM pe3ynLTaTM no ~Byxny

'leBMM C06MTHBM, Ha6mo~aeMbiM B 4 He p ·CTOllKHOBeHBBX 

npH BMnynLce na~aro~ero 4 He 8,56 T3B/c, 'ITO cooraer

CTByeT BMITYllbCY npOTOHa 2,I5 T3B/c B CHCTeMe, r~e 
4 He ITOKOBTCB. 3KcnepBMeHT 6blll npoBe~eH B ,l],y6He 
Ha O~HOMeTpOBOB BO~OpO~HOB ny3blpbKOBOB KaMepe. llo
ny'leHO B ~Ba)l(~hl npOCMOTpeHO OKOllO I80 000 4Jororpa-

4Ju8. llpe~naraeMaB pa6ora ocHOBLIBaercB Ha qacTB BH

<lJopMaU.BH, co~ep)l(all.l,eBcB Ha nneHKax, a HMeHHO, Ha 
1 791 cnyqae XOpOWO B3MepeHHbiX H H~eHTB<lJHU,HpOBaHHhlX 

~ByxnyqeBhlX C06hlTBB. 

MM uccne~yeM peaKU.BB: 

p4He--+ p 4He 

--> p 4 Herr0 

--+ n 
4

Herr+ 

3 
--+ p Hen. 

llpuMeHeHHe ny'IKa 4He ~aer B03MO)I(HOCTL paccMar

PBBaTL KBHeMaTB'IecKyro o6nacTL, B Koropou nepe~aHHLIB 
'leThlpeXBMITYllbC Me)l(~y nepBOHa'lallbHbiM 4He B BbiXO~B
II.I,HM 4He una 3He Man • .6onee roro, or6op co6LITBB ynpo

ll.l,eH, T .K. BMITYllbC BhlXO~BII.I,BX 4He BllB 3Be CBllbHO OT
llB'IaeTCB OT BMITYllbCOB ~pyrBX B03MO)I(HbiX 'laCTBU,. 3TO 
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MO)KHO B8,lJ,eTb H3 pUC. 1, Ha KOTOpOM npe,IJ,CTaBneHbl 83Me
peHHhie HMnynbCbl ,IJ,nB BCeX BbiXO,lJ,Bll\8X TpeKOB. ,l),Ba n8Ka 
ua 3TOM p8cyuKe Bbi3BaHbl TpeKaM8 3He 8 4 He. "'TO cne
,IJ,yeT, uanp8Mep, 83 O,IJ,H03uaquo 8,IJ,eHT8!lJ8IJ.8poaauHhiX co-
6biT8H. TaK8M o6pa30M, o6pe3aH8e no 8Mnynbcy caMbiX 
6biCTpbiX BhiXO,!J,Bll\8X 1.1aCT8U. npaKT81.1eCK8 pewaeT 6onb
W8HCTBO npofineM HeO,IJ,H03Ha"'HOCTH, B TO apeMB KaK ,IJ,anb
HeHW8e o6pe3aH8B no KBa,IJ,paTy He,IJ,OCTalOU\eH MaCChi 8 
BepOBTHOCT8 x2 o6ecne"'8BalOT "18CTOTY OTOfipaHHhiX C0-
6biT8H. Ilocne nonpaBOK Ha 3~eKT8BHOCTb npOCMOTpa 8 
a38MyTanbHhie noTep8 Mbl nonyqan8 ceqeu8B 83yqaeMbiX 

Kauanoa, npaae,IJ,euuble a ma6Auije. 
ll3yqeuae 3T8X Kauanoa npoao,IJ,8TCB a cne,IJ,yromax pa3-

,IJ,enax. Pa3,IJ,en 2 Mhi nocaBmaeM ynpyroMy pacceBH8IO 8 
KorepeuTHOMY pO)K,IJ,eH8IO p 4He _. N 4He n. 

PeaKU.8B pa3aana p 4 He .... p 3Hen 83yqaeTcB B pa3-

,IJ,ene 3. 

Ta6Auija 

Ceqeu8e H3y"'eHHbiX Kauanoa 

PeaKU.8B 

4
He P 

4
He P 

4
He P 

4
He P 

4
He P 
'lie p 

pn 

4 
.... He p 
-> 

4 He prr0 

4 
-> He nrr+ 

--> 
4He Nrr 

.... 
3Be pn 
3 

-> He 5 pn 
_. pn 

4 3 He p _. n
5 

He p 
Ou.euKa nonuoro ceqen8B 
ITO OllT81.1eCKOH TeopeMe 

Ilonepe"'Hbie ce'leH8B I M6ul 

36±3 
1,06±0,18 
1,74±0,23 
2,80±0,40 
ll,0±0,5 

9,7±0,5 
19,5±1,0* 

25±1,3 * 
1,3±0,2 
148±7 

*Ilepaoe 3uaqeu8e ou.eueuo 6e 3 yqeTa nonpaaoK ua 
MuoroKpaTuoe pacceBH8e, BTopoe nonyqeuo c y'leToM rpy-

6oil nonpaBK8. 

4 

... 
en 
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li1MnYnuC nono>Kv1TEnbHOIO TPEKA (13rc) 

Puc. 1. PacnpeoeAeuue uMnyAbC06 6mopu<tubJX 3apJIJICeu
HblX <tacmu14 U3 1491 06YXAY<~e6blX co6bJmui1. Ha6AfOOaeMble 
nwcu coom6emcm6yfDm 3 He u llJe mpeKaM. 

2. YIIPYFOE PACCEJJHHE 
H KOFEPEHTHOE PO)I(j.{EHHE 

Ha puc. 2 Mbi np8BO,IJ,8M A84J4Jepeuu.8anbuoe ce'leH8e 
ynpyroro pacceBH8H KaK !lJyuKU.HIO itl, r,IJ,e t- nepe,IJ,an
HbiH 'leTblpeXHMDynbC Me)K,IJ,y na,IJ,alOIIJ.HM H BbineTalOIIJ.HM 
H,IJ,poM 4He. 3ro pacnpe,IJ,enen8e !lJ8rupoaanocb 3Kcnonen
u.uanbHOH 4JYHKU.8eii e bt u nonyqeu uaKnon b = 27 ,4± 
±1 ,5 I F3B/cl - 2.3uaqeuue b no'ITH paauo uaKnouy B pd
ynpyroM pacceBH8H np8 8Mnynbce na,IJ,aiOmero nporoua 
-2,78 F3B/cl 11. TaKoe 3Ha'leuue 8Mnynbca cpaBH8MO c 
8MITynbCOM npoTOHa B C8CTeMe llOKOB 4He 12,15 F3B/cl 
,IJ,nB p 4He .... p 4He -pacceBHHB. 

Mbl TaK)Ke llbiTan8Cb !lJ8T8poaaTb ynpyroe ,IJ,8~epen
u.uanbnoe ce'leH8e, 8cnonb3YB reopuiO MHoroKparnoro pac
ceBH8B rnay6epa /2/, 8 nony'l8nu ,IJ,OBOnhHO xopowee corna-
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CHe. B mo6oM cnyqae CTa THCTHKa B 06JiaCTH MHHHMyMa 
~OJI)I{Ha 6biTb yBeJIH'IeHa, 'IT06bJ YTO'IHHTb napaMeTpbl, BXO
~Hll{He B <t>opMyny rnay6epa /puc. 2/. IIpe~nonaraH, 'ITO 
ynpyroe 4He p - pacceHHHe 'IHCTO MHHMoe, Mbl no on
TH'IecKoii TeopeMe nonyqunu oueHKY nonHoro ce'leHHH, 

a HMeHHO, a = 148±7 M6H. 

•::S: 
s 
I
'D 
ID 

10
3 

1d 

0 101 

u 

0 
c::: 
u 

::r 

10° 

• p 4 He -- p4
He 

N =724 

P
4
He -- N

4
Herr 

N=90 

b'274!15 !r3B!cl
2 

···~~.t~; 
b'1l.4t1.9(fJ9/c) -~~ 

0. 0.1 

Ill 

0.2 

I r3B/c)2 

"" 

10' 

101 

0.3 

Puc. 2. PacnpeOe/leHue no It\, zoe t - t~emblpexuMnyAbC 
nepeOat~U MeJKOy HQ'IQ/IbHblM u KOHet~HblM 

4 
4He 

4 
0/IJI 

peaK/.lUU p4He-. p 4He /AeeaJI wKaAa/ u P He .... 'N Herr 
/npaea.11 wKaAa/. ,4aHHble (jjumupoeaAUCb (/jyHK/.lUeii eht , 
0/IJI ynpyzozo pacceJIHUJI UCnO/Ib308QH (/jopMQ/IU3M F Aay-
6epa. 3aMemuM, t~mo e cucmeMe noKOJI 4He Hat~aAbHblii 
npomoH uMeem uMnyAbC 2,15 F3B/c. 

6 

.. 

Bcne~cTBHe ManocTH cTaTHCTHKH B KorepeHTHOM po)l{
~eHHH, ~JIH H3y'leHHll KOHe'IHOrO COCTOHHHH N 4Jierr 6bJJIH 

npocyMMHposaHbi cnyqau, npuHa~ne)l{amue peaKUHHM p 4He .... 
-. p 4Herr0 H p 4He-. n 4Herr +, Ce'leHHH 3THX ~BYX peaK

UHH CBH 3aHbl KO 3$$uuueHTaMH Kne6rna- r op~aHa: 

a(p ·lHe-. n1Herr -) 

u(p 4 He-> p 1Herr0
) 

2. 

KaK BH~Ho H3 ma6AU/.lbl, Harnu pe3ynbTaTbi B npe~enax 

OlliHfiOK cornacyiOTCH C 3THM COOTHOllieHHeM. 
Ha puc. 2 npune~eHo TaK)I{e pacnpe.neneHue no nepe

~aHHOMY 'leTblpeXHMnynbCY Me)I{,IJ.y nepBOHa'laJibHbiM H BbJ

XO~Hll{HM 4 He B p 4He .... N 
4
He 11 peaKuuu. <I>HTHPYH 3TO 

pacnpe~eneHHe $yHKUHeH e bt, Mbl nony'IHJIH HaKJIOH b = 

= 11,4±1,9 /F3B/c/ - 2
• 

TaK KaK HeT no~xo~HIUHX ~aHHbiX o pd-pacceHHHH, 

~JIH cpaBH~HHll C HalliHMH pe3,JibTaTaMH Mbl HCnOJib30BaJIH 
~aHHbJe pd npu 5,5 F3B/c ~;henCTBHTenhHO, KorepeHT
Hoe pO)I{,IJ.eHHe Ha ~eHTpOHe_ cna6o 3aBHCHT OT TOrO, Bbl-

3BaHa JIH peaKUHH P , HJIH P, a TaK)I{e He Ha6JIIO,IJ.aeTCH JIH 

3aMeTHOH 3HepreTH'IeCKOH 3aBHCHMOCTH B $opMe ~H$$e
peHIJ,HaJibHbiX Ce'leHHH. l1cnOJ1b3YH pd ~aHHbJe, Mbl BH~HM, 
'ITO OTHOllieHHe ynpyroro Ce'leHHH K Ce'leHHIO C pO)I{~e

HHeM O~HOrO 77- Me 30Ha, HMeeT npH6JIH3HTeJ1bHO O~HHaKO-

BOe 3Ha'leHHe - 13 ~JIH '\Je p H p d - B3aHMO~eHCTBHH. 
Ha puc. 3 noKa3aHbi pacnpe~eneHH.II no 34><beKTHBHbiM 

MaccaM 11 4He u Nrr B cpasHeHHH c npe.ncKa3aHHHMH 

nepu$epuqecKoro $a3osoro npocTpaHCTBa. Ka)l{~oe co6hl
THe, reHepuposaHHOe no MeTO.D.Y MoHTe- Kapno, B3Bernu

nanocb c <t>aKTopoM e bt , r~e b - 3KcnepuMeHTanhHaH 

nenH'IHHa, onpe.neneHHaH paHee. B pacnpe~eneHHH 3<t><i>eK
THBHhlx Mace 77 

4He 3aMeTHa HeKOTOpaH KOHIJ,eHTpaU,HH 

C06hlTHH Ha~ $a30BhlM 06'beMOM. CTa THCTHKa CJIHlliKOM 

Mana, 'IT06hl ,IJ.eTeKTHpOBaTb 4He*, KOTOpblH ~OJI)I{eH 
HMeTb Macey -4 F3B/c,2 ecnu OH HMeeT TY )l{e npupo~y, 
'ITO H d *, Ha6nlO~aBlliHHCJI B KorepeHTHhlX B3aHMO~eHCT

BHHX Ha ,IJ.eHTepHH/S/, 

B o6nacTH Manhlx 3Ha'leHHH 3$$eKTHBHhlX Mace Nrr 
ua6mo.naeTC.II nuK, aHanorH'IHhlH TOMY, 'ITO Ha6nro~aeTCH, 
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(o) M ( 4 Hen) (b) M ( N1t) 

N=90 N=90 

-:::s: 20r i :::s: r1 !:: 
.D 
111 
0 
u 
0 10 
r::: 
u 
':::s: 
::r 

0 
39 4.2 4.5 4.8 1 1.3 1.6 1.9 

3 4>4>EKTV1BHbiE MACCbl (r3B/c1) 

Puc. 3. Pacnpe6eAeHue llerrlal u 4
Nrr[h] :JtfttfteKmue

HbiX Macc. CnAOWHble KPUBble U3o6paJICa10111 nepufjepu~iec
Koe fja3oeoe npocmpaHcmeo, HopMupoeaHHoe Ha N = 90 
nOAHOe 'iUCAO C06bi111UU. 

HanpHMep, B pd .... ndrr- peaKUHH npu 5,55 F:JB/c / 31. 
MeTO.D.OM, npe.D.JJO)f(CHHhiM He.D.aBHO /6/, MW TaK)f(e onpe

.D.eJJHJIH HH)f(HlOIO rpaHHUY cpe.D.HCKBa.D.pa TH"'HOrO llpHUeJih

Horo napaMeTpa (bL) a p 4He .... N4Jiprr peaKUHHX. 

)..J.JIH 3TOI"O Mbl HCllOJib30BaJJH npu6JIH)f(CHHYIO OllTHMaJJhHYIO 

rpaHHUY, onpe.D.CJJHeMyiO H3 COOTHOlliCHHH j-; ,8/: 

·) 

h- . h = 
- L 

3 ~ ~ 
~ r 2 < 2> '2 -~J -<.:.. x.-r.·p. 

i= l 1 1 1 

3 
<~xxrr> 

i,j =l i j i j 

3.D.eCb r i IMO.D.YJJh r i I - nonepe'IHhiR HMllYJJhC i -ToR 

BhiXO.D.HIUeR qacTHUW H x i = p i I p i , r .D.e pi - HMllYJJhC 

B C.U.M. i -TOR qaCTHUhl H p~ - MaKCHMaJJbHO B03MO)f(-
l u u 

HOe ero 3Ha"'CHHe. XOTH bL HBJJHeTCH HH)f(HeH rpaHHUeH, 

8 

t 
~ 

' J 

noKa3aHo 181, 'ITO 3Ta aeJJH'IHHa onpe.D.eJJHeT Mepy nepu<be

pu'IHOCTH co6LITHiL llony'leHHoe 3Ha'leHue .D.JJH peaKUHH 

p 4He _, N 4Herr paBHO 0,81±0,12 cl>M. 3Ta HH)f(HHH rpa

HHUa HMeeT BeJJH'IHHY, O)f(H.D.aeMyiO .D.JJH KOrepeHTHOrO po)f(

.D.eHHH /8/, 3aMeTHM TaK)f(e, 'ITO cpe.D.HeKBa.D.paTH'IHhiH napa

MeTp .D.JJH ynpyroro pacceRHHH p 4Be, Bhi'IHCJJeHHhiH B 

npe.D.llOJJO)f(eHHH, 'ITO ynpyroe pacceHHHe eCTh TeHeBOH 

3<b<lJeKT Heynpyroro, paaeH 1 ,03±0,02 cl>M, T .e. 6JJH30K 

K 3Ha'leHHIO, nony'leHHOMy a p 4 lle _, N 411err peaKUHH ' . 

3. PEAK~H.JI PA3BAJIA p 4 11e .... p 3llen 

3Ta peaKUHH npe.D.CTaBJJHeT HHTepec TCM, 'ITO OTKpw

BaCT B03MO)f(HOCTb UOJJY'ICHHH CBC.D.CHHH 0 BHYTPCHHCH 

CTpyKType 4 lle. 8 qaCTHOCTH, MO)f(HO H3Y'IHTh Bonpoc 

0 llpHMCHHMOCTH CllCKTaTOpHOH MO.D.CJJH K peaKUHH pa3BaJJa. 

C 3TOH UCJJbiO Mbl Ha puc. 4 llpC.D.CTaBHJJH yrJJOBOC pacnpe

.D.CJJCHHC .D.JJH .TaK Ha3bJBaCMbiX CllCKTaTOpOB 11 H 
1

Jie 

lo6o3Ha'leHhi 11 . u 1 11(• . I a cucTeMe noKOH ~liP. 3 11e (n) 
s s 

onpe.D.eJJHeTCH KaK cneKT a TOp, KOr .D.a HMllYJJbC ero B CHCTC-

Me UOKOH 4ile MCHblliC, 'ICM HMllYJJbC II( 
1 !1e). KaK 

MO)f(HO BH.D.Cl b H3 pUC. 4, 11 s H 
3

JJe s HMCIOT xapaKl epHbiC 

.D.JIH CllCKTaTOpOB pacnpe.D.eJieHHH, a HMCHHO, 11 H 
1

JlP 
!"-> ~ 

o6Jia.D.aWT lCH.D.CHUHCH HCllYCKaTbCH H30Tp0UHO H C MaJibiM 

HMDYJihCOM. HMnynhCHhie pacnpe.D.eJJeHHH cpaaHeHhi c XtoJib

TCHOBCKHM HMllYJJbCHbiM pacnpe.D.eJICHHeM cneKTaTopa B 

.D.CHTpOHC. ]aMCTHM, 'ITO 3KCUCpHMCHTaJJbHbie pacnpe.D.eJie

HHH HMeiOT lliHpHHy H cpe.D.Hee 3Ha"'eHHC 6oJiblliHe,"'eM npe.D.

CKa3aHHH XtoJibTCHa, XOTH BCC OHH H.D.CHTH"'HOH <lJopMbl. 

11, HaKOHCU, Ha puc. 4 C H 4 fnoKa3aHbl pacnpe.D.eJieHHH 

3Hepruu c.u.M., o6ycnoaneHHhiC <iJepMu- .D.BH)f(eHueM BHYTPH 
4 Ht> .D.JIH BHpTyaJJhHOI·o p 11 _, p 11 H p :lJJe .... p 3!1e pac-

ceHHHH. 

* ]aM-eTitM, "'TO 3TO 3Ha'leHHe npH6JJH3HTeJJbHO paBHO 
HH)f(HCMy npe.D.CJIY 3<b<ilCKTHBHOrO pa.D.Hyca B3aHMO.D.CHCTBHH. 

l/2 
R=[l/aef (daef /dt)t=O ] =1,10±0,07 4>M. 

ICM. A.A.JioryHoB, HryeH BaH Xhey. llpenpHHT 11<1>83 

69-4, Cepnyxoa, 19691. 
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Puc. 4. YzAoeoe [(a) u (d)] u uMnyAbCIWe [(b) u (e)] 
pacnpeOe/leHUJt n s u 3He s cneKmamopoe. Ha pucyHKax 
(c) u (f) npeocmaeAeHbZ pacnpeoeAeHUJt 3Hepzuu 6 c.t~.M., 
xapaKmep Komopbzx o6ycA06/leH cPepMu- oeuJKeHueM OAJI 
eupmyaAbHozo pacceJtHUJt p3He-. p 3fle u pn -. pn. 

Pacnpe~eneHHH no KBa~pary qerwpexaMnynbca, nepe
~aHHoro OT nepBOHaqanhHOro K BTOpHqHOMY npOTOHY B 
p 4He -> 

3He s pn H p 4He -> ns p 3He , npe~cTaBneHbi Ha 
puc. 5 H 6. To, qro 3TH pacnpe~eneHHH crpeMHTCH K 
Hymo, Kor~a I ti -. 0, ecrb 3$$eKT 4IJe. ,l1;eiicTBHTenLHo, 
B 3TOH o6naCTH BHpTyanbHOe pn HnH p 3He pacceHHHe 
He ~On:>KHO npOHCXO~HTb, TaK KaK BCer~a He06XO~HM He
KOTOpbiH MHHHManbHbiH nepe~aHHbiH qerwpeXHMnynhC ~nH 
roro, qro6w pa3BanHTh 4 He /9/. TaKHM o6pa30M, acKmo
qaH o6nacTh B6na3H It I = 0, pacnpe~eneHHH, noKa3aH-

Hble aa puc.5 a 6,no~xo~RT ~nR onucaHHR pn-->pn a p3He .... p 3He 
pacceRHHH. CTaTHCTHKa ~nR nocne~Heii peaKII,HH Mana. 
TeM He MeHee, Mbl BH~HM, qro nepe~aHHhiH qeTLipexaM
nynhc HMeeT MaKCHMYM OKOnO HH3KHX 3HaqeHHH. ,l1;nR cny
qaR pn --> pn Mbl Ha6mo~aeM ~H$paKII,HOHHhiH MaKCHMYM, 
TaK )l(e KaK H ~nR npouecca nepe3apH~KH pn __, np 
PacceRHHe Ha3a~ MO)I(HO nyqme YBH~eTb Ha BCTaBKe B 
puc. 5, KoropaR npe~cTaBnReT pacnpe~eneHae no lui 
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Puc. 5. PacnpeoeAeHUJt no lti u lui 0/lJt eupmyaAbH020 
pn __, pn pacceJIHUJl. 3oecb t u u - t.tembzpexuMnyAbCbZ 

nepe6at.tu MeJKOy llQ'IQ/lbHbZM p U KOilet.tllbiM p U/lU n, 
coomaemcmaeHHo. CnAOUJHble AUHUU noAyt.teHbZ ¢umupoaa
HUeM oaHHbZX (/jyHKllueu e ht 

r~e u - qeywpexHMnynLc nepe~aqa Me*~Y nepBoHaqanL
HLIM p H KOHeqHbJM n. <l>HTHpyH pacnpe~eneHHH npH ManbiX 
ltl H [ul 3KCnOHeHU.HanbHbiMH $yHKU.HRMH, Mbl nonyqana 
npaKTHqecKH o~HHaKOBLJe HaKnOHhi, T .e. 14, 7±0,41 I F:JB/cl-2 
a 14,1±1 ,01 I F:JB/cl - 2, cooTBeTCTBeHHO *. 3aMeTHM, qro 
HaKnOHW,nonyqeHHhle ~nH ~H$paKII,HOHHOrO nHKa, 6nH3KH K 

HaKnOHaM, nonyqeHHbiM ~nH pd- B3aHMO~eHCTBHH npH 

-2 T:JBjc/lO/TeM He MeHee,MW XOTHMno~qepKHYTL,qTo~nR 
H3yqeHHR pn-pacCeRHHR ropa3~0 nyqme HCnOnh30BaTLp 4He 

* ,l1;nR oqeHb ManeHLKHX lui, Boo61ll,e roBopR, o6Hapy)l(a
BaiOTCR 6onhiiiHe no BenuqaHe HaKnOHLI, qeM ~nR 1 ti pac
npe~eneHHR. O~HaKo craTHCTHKa qepecqyp Mana ~nH Ha-
6nro~eHHR 3Toro 3<l><l>eKTa. 
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Puc. 6. PacnpeoeAeHue a6coA10mHo2o 3Ha'leHUJI 'lemblpex
UMnyAbca nepeOa'IU MeJICOy HQ'IQAbHbiM U KOHe'IHbiM p 

4 ·~ OAJI peaKquu p He-. nsp' He. 

CTOnKHOB8HHH,'I8M pd. )l,eHCTBHTenbHO, BCne)J.CTBHe )J.HljJpaK

UHOHHoro xapaKTepa ynpyroro pacceHHHH HMnynbc OTJJ.a'IH 

HeihpoHa B pn -> np 'laCTO llO)J.06eH HMnynbCY llpOTOHa 

Cll8KTaTopa. 3TO llpHBO)J.HT K HBneHHffi HHTepljJepeHUHH H K 

llO)J.aBneHHIO H8KOTOpbiX KHHeMaTH'I8CKHX KOH!jJHrypaUHH KaK 

cne.LJ.cTBHro o6o6meHHoro npHHUHna HCKnm'leHHH. TaKaH cH

TyauHH He BCTpeqaeTCH c 3He s cny'laHMH. KpoMe Toro, 

Mbl TaK>Ke XOTenH 6bl OTM8THTb, 'ITO Macca MHW8HH BHp

TyanbHOrO HeUTpOHa He CnHWKOM OTnH'IaeTCH OT peanbHOH 

MaCCbl H8UTpOHa. )l,eHCTBHTenbHO, ecnH Mbl npe)J.nonmKHM, 

'ITO 3t-Je HaXO)J.HTCH Ha MaCCOBOH llOBepXHOCTH, KOr)J,a 

llpOHCXO)J.HT B3aHMO)J.8HCTBHe, TO nony'IHM, 'ITO MaCCa BHp-

12 

TyanbHoro HeiiTpoHa HMeeT pacnpe.LJ.eneHHe co cpe.LJ.HHM 

3Ha'leHHeM 0,889 F:JBjc2H .LJ.HcnepcHeii 0,045 F:JB/c 2. 

HeCMOTpH Ha TO, 'ITO Cll8KTaTOpHaH MO)J,enb M0)1(8T 6biTb 

npHMeHeHa K peaKUHH pa3sana p 4He -. :3He pn, cymecTBY

ffiT H8KOTOpbl8 KOppenHUHH M8)1()J.y BbiXO)J.HJUHMH 'laCTHUaMH 

H Cll8KTaTopOM. 3TO MO)I(HO BH)J.8Tb, HCCne)J.yH yron Tpeif

MaHa- RHra ¢, KOTOpbiH onpe)J.enHeTCH Ha puc. 7. llapaMeTp 

aCHMMeTpHH yrna TpeiiMaHa-JIHra, KOTOpbiH HBnHeTCH OT

HOW8HH8M 'IHCna cnyqaeB, r)J.e ¢ :2: rr/2, K 'IHCny C rf>·.· r./2, 
npe.LJ.CTasneH Ha puc. 8 KaK ljJyHKUHH HMnynbca cneKTaTopa. 

BH)J.HO 3Ha'IHTenbHOe OTKnOHeHHe OT HynH C pOCTOM HM

nynbca cneKTaTopa. Cne)J.yeT OTMeTHTb, 'ITO KoppenHUHH 

He M0)1(8T 6bJTb 06"bHCHeHa KHH8MaTH'I8CKHM 3ljJ!jJ8KTOM ot • 

TaKoii )1(8 3ljJljleKT Ha6nro)J,aeTcH B dp -s3aHMO.LJ.eiicTBHHX 

npH 3,3 F:JBjc/1 ~Mo)I(HO 3aMeTHTb, 'ITO napaMeTp acHM

MeTpHH B 4He p -B3aHMO)J.8HCTBHHX HMeeT T8H)J.8HUHffi 3a

BHC8Tb TaKHM )1(8 o6pa30M OT HMnynbCa Cll8KTaTopa, KaK 

H B dp- B3aHMO)J.8HCTBHHX. 

)l,nH Bbi'IHCneHHH C8'18HHH npouecca np -> lip H3 

Ha6nro)J.a8MOH peaKUHH p
4He-> 3 lle s pn He06XO)J.HMO HC

nonb30BaTb HeKoTopyro MO.LJ.enb. Mbi 6y)J.eM npe)J.nonaraTb, 

'ITO CBH3aHHbiH llpOTOH B 
4 He HMeeT TaKyffi )1(8 BepOHT

HOCTb (p) CTOnKHOB8HHH C npoTOHOM- MHW8Hbffi, KaK H 

CBH3aHHbiH H8HTpOH. EcnH npeHe6pe'lb 3ljJ!jJeKTaMH BHe 

MaCCOBOH llOBepXHOCTH H 3KpaHHpOBaHHeM, 3Ta BepOHT

HOCTb B '18Tbipe pa3a 6onbW8, '18M )J.nH CB060)J.HOrO HYK

noHa. B 3TOM npe.LJ.nono)l(eHHH, 3KCTpanonHpyH .LJ.HqxpepeH

uHanbHOe ce'leHHe ynpyroro np- pacce HHHH npH ManbiX 

It I c noMOIUbffi ljJHTHposaHHOH ljJyHKUHH e bt, Mbi nony'IHM 

)J.nft nonHoro ce'leHHH ynpyroro np pacceHHHH a = 24,0± 
±1 ,2 M6H. ,D,oaonbHO ynpomeHHbiM cnoco6oM MO)I(HO yqecTb 

npoueccbi MHoroKpaTuoro pacceHHHH /ynpyrHe H ueynpy

rHe/ BHYTPH 4 He. ,D,pyrHMH cnosaMH, ecnH Mbi XOTHM 

Ha6nro)J.a Tb np .... np peaKUHffi, To MHoroKpa THoro pac

ceHHHH He .LJ.On)I(HO 6biTb. EcnH P' sepoHTHOCTb Toro, 'ITo 

* 3TO MO)I(HO BH)J.8Tb npH reHepaUHH cnyqaeB p 4He-> 3He ]Jll, s 
B COOTB8TCTBHH C 3KCnepHM8HTanbHblM pacnpe)J.eneHHeM 
'leTbipexHMnynbca nepe)J.a'IH M8)1(.LJ.Y Ha'lanbHbiM · H KoHe'l
HbiM npoToHaMH. <l>epMH- .LJ.BH)I(eHHe n BHYTPH 4He 6bmo 
B3HTO H3 3KCnepHM8HTanbHOrO pacnpe)J.eneHHH 

3He .., 
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Puc. 7. CxeMamu<~ecKoe npeckmaeAeHue pea1<14UU 
p 4He .... 3He 5 pn [(a)] u p4He --> n 3Hep [\b)]. YzoA 
TpeiiMaHa- J.IHza onpeoeA.Remc.R a[(a)].[ (b)j KaK yzoA MeJIC
oy HOpMaA.RMU nAOCKOCIIIeU, o6pa30BQHHbiX UMnyAbCQMU 
BbiXOO.RUIUX p U n U UMnyAbCQMU 4He U 3He, ace UM
nyAbCbl 83JI111bl 8 CUCIIIeMe nOKOJI HQ'IQAbHOZO p. 
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Puc. 8. 3aeucuMOC111b napaMempa acuMMempuu pacnpe
OeAeHuu no yzAy TpeiiMaHa- J.IHza /eM. meKcm/ om uM
nyAbca cneKmamopa. 
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BTOpHqHoe pacceHHHe ~on~Ho npoHcxo~HTb BHYTPH 4 He , 
TOr~a o6maH BepOHTHOCTb Ha6nro~eHHH ynpyrHX C06WTHH 
peaKIJ.HH p 4 He .... 3He

5
pn ecTb 2PU-P') 3 .11cnonh3YH 

nonHoe ceqeHHe NN-~3aHMO~eucTBHH 44,6 M6H H KoppeK
THPYH pacnpe~eneHHe ~nH Manwx It I , MW nonyqHM ~nH 
ceqeHHH ynpyroro np -pacceHHHH BenHqHHY 25,0±1 ,3 M6H. 

MeTo~, KoTopwu MW HcnonhJOBanH ~nH BbJqHcneHHH 
ceqeHHH, OCHOBWBaeTCH Ha MHOrHX ynpomaroiiJ,HX ~onyme
HHHX, B qaCTHOCTH, Ha TOM, qTQ p H p' He 3aBHCHT OT 
KOHr!IHrypaii.HH HMnynbCOB B3aHMO~eHCTBYJOmHx HyKnOHOB. 
Il03TOMY nonyqeHHOe ceqeHHe MO~eT paCCMaTpHBaTbCH 
TonhKO KaK npe~BapHTenbHaH oueHKa. KpoMe Toro, npoBe
~eHHWH yqeT nonpaBOK Ha 3~eKTW MHOrOKpaTHOrO pacceg
HHH, KOHeqHO, CnHIIIKOM rpy6 ~ng TOrO, qTo6w cepbe3HO 
OTHOCHTbCH K BWqHcneHHOMY TaKHM o6pa30M ceqeHHlO. TeM 
He MeHee, 3He 

5 
cnyqaH ll03BOnHlOT HJyqaTb o6mHe qepTbl 

np -B3aHMO~eHCTBHH. ,l].nH cnyqaeB p4He--> n p 3He npo
BeCTH oueHKY ceqeHHH 6onee TPY~Ho. .rfeucTBHTenhHO, 
TPY~Ho npe~nonmKHTb, qTo c o~HOH H TOH ~e BepoHTHOCTbro 
npOHCXO~HT B3aHMO~eHCTBHe npOTOHa C rpynnaMH H3 Tpex 
HyKnOHOB, KaKOH 6w HH 6bin HX 3apH~ H HMnynbCHaH KOH
r!IHrypaiJ.HH. Ilo3TOMY ,!J,nH ynpyroro p 3He .... p 3He pac
ceHHHH He 6wno c~enaHo oueHKH ceqeHHH. 

4. 3AKJIIOlJEHHE 

IJpH HJyqeHHH ~ByxnyqeBWX C06WTHH MW nonyqHnH pe
JynbTaTW ~nH peaKII.HH p4He --> p 4He, p 4He .... N4

Herr H 
p 4tle .... p3 He n. liwnH onpe~eneHhi ceqeHHH JTHX KaHanoB 

H HCCne~oBaHW HX OC06eHHOCTH. 
Ynpyroe p4He pacceHHHe Mo~eT 6wTh oxapaKTepH30-

BaHo HMeromHM 6onhiiiOH HaKnoH pacnpe~eneHHeM nepe~aH
Horo qeTwpexHMnynbca. KaHan p 4He ... N 4Herr noKa3biBaeT 
HeKOTOpWH H36WTOK cnyqaeB B o6naCTHX ManWX MaCC 
rr 4He /-4 F3B/c o/ H Nrr /-l ,2 F3B/c/. CTaTHCTHKa cnHIII
KOM Mana ~ng KOnHqeCTBeHHOrO OllHCaHHH 3THX 3~eKTOB. 
Mw TaK~e oueHHnH HH~Hroro rpaHHII.Y ~nH cpe~eKBa~pa
THqHoro napaMeTpa CTOnKHOBeHHH B p4He --> p4Herr

0 
H 

p 4He .... n 4Herr + peaKIJ.HHX. 11cnonh3YH peaKIJ,HlO pa3Bana, 
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Mbl pa3)1,CJIHJIH CJIY'-IaH CO CllCKTaTopaMH :llle s HJIH II s . 

3aMCTHM TaK)f(C, '-ITO Ha6mo)J.aCTCH KOppeJIHUHH MC)f(.LJ.Y 

cneKTaTopaMu u BhiJieTaiOJ.UHMH '-JacTHUaMu, '-ITO y)f(c ua6JIKJ

)1,anocb B dp- B3aHM0)1,CHCTBHHX. 3Ta KOppeilHUHH, HC HB· 

JIHIOJ.UaHCH, llO"BH)J.HMOMy, KHHCMaTH'-JCCKHM 3<lJ<lJeKTOM, yBe

JIH'-JHBaeTCH C HMllYJibCOM CllCKTaTopa. 

C llOMOJ.UbiO C06biTHH C pa3BaJlOM Mbl TaK)f(C H3Y4HJIH 

BHpTyanbHhie pn .... pn u p 3 !1c -~ p:1llc ynpyrue paccen

HHH. XOTH onpe)J,eJieHUe Ce4CHHH )J,JIH 3THX llpOUCCCOB Ha

TaJIKHBaeTCH Ha HeKOTOpbie Tpy)J,HOCTH, Mbl HCCJlC)J.OBaJlH 

ynpyrue .Ll.H<b<bepeHuuaJibHhie ce4eHHH pn u p:1 lie. B'!acT-

HOCTH, nony'-IeHbi )J,aHHhie o6 ynpyroM pn - paccc'HHHH 

anepe.LJ. u Ha3a.LJ. . 

.LJ.aoe H3 aaTopoa /B.B.I'nar·onen u P.M.Jlc6c.LJ.eB/ 

6naro)1.apHT U.eHTP uay'-IHhiX uccJie)J,oaauuu B CTpac6ypre 

/<l>paHUHH/ 3a COBMCCTHYIO llJIO)J.OTBOPHYHl pa6oTy H f'OCTe

llpHHMCTBO. 
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