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SUMMARY 

In first section of this paper the role of the exchange mecha
nism in the backward scattering of protons on light nuclei is dis
cussed. The corresponding simplest diagrames for 4He and 3He are 
shown on Figs.land J. Our consideration has been restricted by this 
type of diagrames. 

The 4He wave function has been used in parametrisation (J) ta
ken from ref. /lJ/ for calculating the vertices on diagram 1. All 
parameters were fixed from data on.elastic electron - 4He scattering. 
The results of calculations for dependence of P- 4He backward scatte
ring cross section on p~oton kinetic energy Tp in lab. system are 
shown in Fig.2. Experimental points are taken from ref. /l/. One can 
see the peculiar dip at Tr = 200 MeV. The angle distribution has pik 
in the backward direction and is shown in Fig.5 for Tp = 665 MeV. 

For the wave function of 3He parametrisation (8), analogous to 
4He, can be taken. However, par~meters C and t' are not known 
because of the lack of data on elastic electron - 3He scattering at 
large momentum transferred. Data on P - 3He backward scattering are 
also very poor.so, we can only evaluate parameter cf- , taking c=l 
(the cross section i; not sensible to c). Two possible values are 

<f' = o.J and O.OJ. The corresponding graphs·are shown on Fig. 4. 
Since numerical agreement, obtained for 4He 1 does not yet prove 

the dominance of the pole diagrams, another confirmations are needed. 
Such confirmation would be, of course~ the existence of dips in the 
energy dependence of P - 4He· and P - 3He backward cross sections. 
Fr-om isotopic invariance it follows also that for the pole diagrams 
cross sections of P - 3He backward scattering and the P + 3H -
~ n + 3He charge exchange reaction must be equal, but the P - JH 
backward scattering should be suppressed. 

It is desirable also to measure the polarisation effects in the 
above reactions. Such effects should be suppressed in the case of 
dominance of one of the diagrams. 

In the last section we have calculated the cross section for 
d + 4He ~ JH + 3He reaction under the same assumptions. This 
reaction is interesting from the point of view of the isotopic 
invariance check-up /lO,ll/ 



I. BBeJleHHe 

B nocne)lHee BpeMSI 3Ha'IUTenhHO IIOIIOnHunHCh 8KCIIepHM0HTanhHbJe 
/1/ . 

aaHHhre no yrrpyroMy paccesrHHJO npoTOHOB Ha3aJl Ha nerKHX srapax 

B CBSI3H C 8THM IIOSIBHnach Heo6XO)lHMOCTh B 6onee IIO)lp06HOM Teope

TH'IeCKOM paCCMOTpeHHH 8THX IIpoueccoB. 

Han6onee aeTanhHO B nnTepaType o6cy)KJlanoch paccesrHne npoToHoB 
/2/ /3/ 

Ha3a)l Ha aefiTpoaax. B pa6oTax AMaao , KaneMaHa H OBepceTa 8TOT 
/3/ 

rrpouecc TpaKTOBancsr K8K CTPHIIIIHHr aefiTpoHa. HecMoTpSI Ha TO, 'ITO B . 6b1-

nH onpo6oBaHbl pa3nH'!Hhie BonHOBb!e 4>YHKUHH aefiTpoHa, B o6naCTH Bb!COKHX 

aHeprHfi IIOSIBHnHCh 6onhll1He pacXO)K)l0HHSI C 8KCIIepHM0HTanhHbIMH Jl8HHb!MH 

KaK ansr BenH'IHHhI ceqeHnsr, TaK H ansr yrnoBoro pacnpeaeneHnsr H aHep

reTnqecKofi 3aBHCHMOCTH. 

nyq1IIee cornacne 6bmo aocTHrHyTo npn y<J:eTe D -BonHoBofi qacTH 

"' " . /4/ O ~YHKUHH )leHTpoHa • )lHaKo H B 8TOM cnyqae IIOSIBHnOCh 3Ha'IHTenhHOe 

paCXO)KJl9HHe C 8KCIIepHMeHTOM IIpH yBenH'I9HHH 8HeprHH JlO 1 faB H BbJllle. 
/5/ 

ilpyrofi MexaHH3M peaKUHH 6bm paccMoTpeH BepTO'IH n Kanennofi ; 

paccesrHHe npoToHa Ha3a)l TpaKTOBanoch KaK pe3ynhTaT MHoroKpaTHoro 

paccesrHHSI ero Ha HyKnoHaX B aefiTpoHe. Bb!'IHCneHHOe HMH Ce'IeHHe OKa3a

noch IIO'ITH Ha IIOPHJlOK MeHhllle SKCIIepHM8HTanhHOro. 

Han6onee yaoBneTBopHTenhHOe cornacne c aKcIIepnMeHTOM 6bmo no-

/4/ /6/ 
ny'IeHO KepMaHOM H KnccnHHrepoM ( CM. T8K)K0 ) , KOTOpbie BepaynHCh 

K o6MeHHOMY MexaHH3My. Paccesr11ne Ha3aJl. 6bmO paCCMOTpeHo B MO)lenH 
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IIOl!IOCOB Pen)Ke. Heo5xonHMbJe 11apaMeTpbl 5bmll 011peneneHbl 110 naHHbIM 

0 llllOH-HYKlIOHHOM pacceHHllll Ha3an. 

HecMoTpH Ha xopowee qncnennoe cornacne c aKc11epnMeHTOM 1 nocTur

/4 6/ 
HyToe B ' , BOllpoc O MexaHH3Me, OTB9TCTB9HHOM 38 pacceHHHe Ha3an, 

He cnenyeT cqnTaTb 3aKpbITbIM. Heo5xonnMo npoBecTn 5onee 11onpo6HbJe 
/4/ 

1!3MepeHnH. B qacTHOCTn,, B oTMeqanacb 11peBannpy1011IaH ponh o5MeHa 

pe30HancoM N * (1688) CO CIIHHOM 5 /2 110 cpaBHeHH!O C o5MeHOM 

neiiTpOHOM. TTocKOl!bKY IIOl!HpH3aUHOHHbJe acficfieKTbl B TOM ll npyroM cnyqae 

MoryT 5h1Tb pa3nnqHbI, TO 5b!lIO 5b! 11one3HO 11p0ll3B9CTH nx ll3Mepenne Ha 

OIIJ,tTe H cpaBHHTb C pacqeTHbIMll. 

ilnH 11poueccoB pacceHHHH 11poTonoB na3an na Hnpax, 5onee cnO)KHbIX 

qeM neiiTpon, 11ono5Hbl9 pacqeTbl OTCyTCTBYJOT. EnnHCTB9HHbl9 TeopeTnqe

CKne oueHKH 61,mn cnenaHbI il.I1. EnoxnnueBbIM n K.A. ToKTapoBbIM na oc-

" ,1, • /7,8/ B llOBe TllK IW3bIBaeMOH 4'lllOKTyau110HHOH Monenn • Bnny CBoero Kaqe-

CTBeHnoro xnpnKTepa Monenb 011penenHeT nnwh 3aBHCHMOCTb ceqenuH pac

/ l/ 
ceHHHH llpOTOHOB na3an OT HX anepruu 

Ha H3blKI? nnarpaMM <t>eiiHMaHa cfin10KTyaunoHHbIH MexaHU3M COOTB9TCT

ByeT 11poueccy MllOPOKpBTHOPO pacceHHHH llpOTOHD na HYKlIOHDX Hnpa. KaK 

y)Ke oTMeqanocb, pacxo)l<ne1111e BKnana aToro Mexa11113Ma B paccemrne 11a3an 

na neiiTpOHaX C 3KC119pl!M9HTanbHbIMH naHHhlMll HBl!H9TCH 5onblliHM, XOTH 

u ne11noxo 01111cbrnaeT anepreTuqecKuii xon ceqemrn. PacqeT 11ono6nb1x mia

rpaMM :UnH 5onee TH)Kenh1x Hnep 3aTpynnttTenen. 

B HaCTOHlU9H pa5oTe paCCMOTpeH KOHKypttpyIOIUHH o5MeHHb!H MexaHH3·M, 

cornacno KOTopoMy Ha3an pacceuBaeTcH ne HaneTaJOIUHH 11p0Ton, a 11p0Ton, 

11epBonaqanbHO 11pnHanne)KaBrnttw Hnpy. 

Ha pnc. 1 H 3 n306pa)KeHbI 11pocTeiiwne o5MeHHbJe nnarpaMMbt nnH 

4 lie . n 3 
He • Korna nyKnOHbI, KOTOpb!Mll 11poncxonHT. ci5MeH, o5pa3yIOT 

CBH38HHYIO CHCTeMy, COOTBeTCTBeHHO neiiTpon H TpHTHH. 
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CymecTByeT TaK;>Ke p5In 6onee cn0;>KHblX o6MeHHhIX an:arpaMM, K0T0-

pbxe He paccMaTpHBaIOTC5I B aaHH0H pa6oTe. 

B paaaene 2 Bh1q1Icn5IeTc5I BKnan non10cHofi an:arpaMMhI an5I 
4 

He 

Bee napaMeTpbI, He06XOllHMhie an5I pacqeTa, nonyqeHbl H3 )laHHbIX 06 ynpy-

roM pacce5IHHH aneKTp0H0B Ha 5Illpax 
4 He 

191• CpaBHeHHe peaynbTaT0B 

pacqeToB c aKcnepn:MeHTanbHhIMH aaHHhIMH aano xoporuee cornacn:e. l1HTe

pecHoil: oco6eHHOCTb!O pa_CCMaTpHBaeM0H an:arpaMMbl 5IBn5IeTC5I xapaKTepHb!ll 

npoBan B KpHB0H aaBHCHM0CTH ceqeHH5I OT 8Heprn:n: npoT0H0B B o6nacTH 

T P ;; 200 Mas. 

B paaaene 3 paccMoTpeH BKnaa non10cHofi an:arpaMMhI B pacce5IHHe 
3 

lie npoToHoB uaaaa Ha 5IJlpax • OTcyTCTB!le aaHHhIX no ynpyroMy pac-

CeHHHIO aneKTpOH0B Ha 
3 

He 6 6 B 0 naCTH onblIIHX nepeaaaaeMblX HMllynh-

COB He noaaonuno Bb1qn:cnHTb Benn:qn:Hy ceqeHH5I HeaaBHCHMblM o6pa30M. 
3 

lie OaHaKo aaHHbie no pacceHHHIO npoT0H0B Haaaa Ha no3B0nHIOT, B 

rrpearrono;>KeHHH o npeo6nanaHn:n BKnaaa non10cHofi nn:arpaMMbI, npon:aaecTH 

oueHKY napaMeTpa, onpeaen5110mero rroaeaeHn:e BonHoaofi cjiyHKUHH 
3 

llc Ha 

ManhlX paccT0HHH5IX. 

TTocKonhKy qllcneHHoe cornacne peaynhTaToB pacqeTa c aKcnepn:MeH

T0M HBn5IeTC5I He)l0CTaToqHblM nnH Toro, qT06bl cnenaTb BblB0)l 0 )l0MHHH

py10mefi pomr non10cHoil: an:arpaMMhI, Heo6xoa1IMa aanbHefima5I 8Kcrrepn:MeH

TanbHa5I npoBepKa ee rrpeacKa3aH!lll. 3TOMY Borrpocy II0CB5IWeH qeTBepTblll 

pa3aen. 

B d 
4 llc ➔ 3H+ 3 llex/ pa3aene nHTb Bb1qn:cnHeTC5I ceqeHn:e peaKUHH + 

3Ta peaKUHH HHTepecHa TeM, qTo oHa no3B0n5IeT rrpoBepHTb H30Tonn:qecKyIO 

. /1011/ 
HHBapHaHTH0CTb CHnbHhlX B3attM0)leHCTBHll ' • TTonyqeHa cjiopMyna, 

CB5I3b1Ba10ma5I ee ceqeHHe C ceqeHH5IMH pacce5IHH5I rrp0T0H0B Haaaa _Ha Hn-

pax 
3 

He n: 
4 He TT • pH 8ToM npeanonaranocb, •1To B 8THX npoueccax 

llOMHHHpyIOT rronIOCHbie an:arpaMMhI. 

xi 
3Ta 3aaaqa, npeano;>KeHHa5I oaHoMy n:a aaTopoa ( E.3.K.) n.H. na-

rrn:aycoM, 5IBHnacb TonqKoM K Hann:caHHIO aaHH0H pa60Thl. 
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4 
2. PacceSJHHe npoToHoB Hasan Ha He 

BbJIIHCnHM BKnaa nomocHOH /lHarpaMMhI, H3o6pa:HrnHHOil: Ha pnc. 1, C 

u /12/ 
IlOM0lllhIO HepenSJTHBHCTCKOH anarpaMMHOil: TeXHHKH • Bee ti:aCTHllbl 6y/leM 

npeanonaraTh 6ecCilHHOBbIMH, AMnnHTyaa, C00TBeTCTBy101UaSJ 3Toil: /lHarpaM

Me, HMeeT BH/l 

➔ 2 2 

A = 
21 G ( q )I 

➔ ➔ 2 ➔ 2 ➔ 2 
( k r -kl) kr k1 

( 1) - +-- - ( 4 
2M a 2M 4 2MP He 

H He 

3aech 
➔ 

k I H 
➔ 

k r - HMnynhCbl npoTOHa LlO pacceSJHHSJ H SlLlpa 
4 He 

nocne pacceSJHHSJ B CHCTeMe ueHTpa Mace CTanKHBaIOIIIHXCSJ 'laCTHU;. M 4H e , 

M 3H H Mp - MaCCbl SJ/lep renHSJ, TpHTHSJ H npoToHa; ( 4He·=
1-20 M3B 
I 

3HepI'HSJ CBS13H IlpOT0Ha H TpHTHSJ B Sl/lpe 
4 ffe • naoil:Ka B 'IHCnHTene 

IlOSJBnSJeTCSJ H3-'-3a Toro, 'IT0 B Sl/lpe 
4He coaep.~HTCSJ /lBa npOTOHa. 

<l>yHKUHSJ G ( q 2 ) CO0TB eTCTByeT BeplllHHe BHpTyanhHOI'0 pacnana 
4 He 

Ha npoTOH H TpHTHil: HnH HX cnHSJHHSJ. OHa 3aBH.CHT OT OTHOCHTenhHOI'O 

HMnynhca q npoT0Ha H TpHTHSJ B CHCTeMe HX ueHTpa Mace: 

➔ 

q 
➔ 

k 
I 

I ➔ 

4 k r 

G ( q 2 ) HMeeT cneay10mnil: BH/l: 

G( ➔ 2)=( ➔q 2/2µ 3 -£4 · q p _ H He ) <I> ( q ). ( 2) 

3aecb µ 3 = 
p- H 

- ¢yphe-o6paa 

4 He. 

Mp M 3 H 

Mp+ M 3H 
npnaeaeaHaSJ Macca npoToHa n TPHTHSJ; <ll(q)-

BOnHOBOil: ¢yHKUHH HX OTHOCHTenhH0I'0 /lBH~eHHSJ B S1Llpe 
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B KB'IeCTBe BOnHOBOH ~yHKUMM 
4

He B KOOp/lMHaTHOM rrpencTaBne-

/13/ 
HMM MO,KHO MCITOnb30B8Tb Bblpa,K9HMe, rrony'IeHHOe EacceneM M BMnKMHOM• 

M3 naHHbIX no pacce~IHMIO sneKTPOHOB Ha 
4 

He 
191

: 

➔ 2 
l'l'(r

1
)l=N 

4 2 2 n exp ( - a 2 r I 2 ) [ 1 - D exp ( - ~- r . ) ] • 
1=1 2 

1 

y 

➔ 

3necb 

SI)lpa j 

r i - KOOp/lMH8TbI 

a 2 = 0,579 F - 2 

-ro HyKnoHa B CHCTeMe ueHTpa TSI,KeCTM 

2 
y = 0,308 D = 0, 858 • Bb1pa,KeHMe 

B KBanpaTHbIX CK06Kax cymeCTB9HHO OTnM'I89TC.SI OT e/lMHMUbl nMIIIb B 06-

naCTM ManhIX pacCTOSIHMH OT ueHTpa SI/lpa. 

ITepexonSI K KoopnMHaTaM HKo6n, nonyqaeM Bb1pa,KeHMe nnSI BonHoBon 

~yHKUMM OTHOCHTenbHOro /lBM,K9HH.SI npoToHa M TpMTM.SI: 

x [ 1 - D 

3a 2 

4rr 

) a4 [ (1 + 1 /y 2 ) a/2 

O+l/y2)a/2_ 0 

1 

9 a2 r2 )] 2 exp( ___ -
16 y 2 

1 

2 
( 3 2 2 ) X exp - 8 a r 

(4) 

➔ ➔ . 1 ( ➔ ➔ ➔ ) 
3necb r = r 1 - "3- r 2 + r 3 + r 4 - paccTo.SIHMe oT rrpoToHa no ueHTpa 

SI)lpa ·TpMTMSI. ITpM rrpeo6pa30B8HMM K KOOpllMHBTaM HKo6M 6bmO MCITOnb-

30B8HO TO o6CTOSITenbCTBo, 'ITO /ln.SI cpennMX 3Ha'IeHMH BHyTpeHHMX KOOpllM-

➔ 

HaT HyKnOHOB B TpMTHM p. . BbIITOnH.SieTCSI COOTHOIII9HMe: 
l 
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2 
2 y 

< p > ·>> ---:r 
l a 

Paano:11ma IIOllKope1rnoe Bb1pa:11<eHIIe B (4) B pHll n rrpollenaa rrpeo6paaoaa

Hne <l>ypbe, rronyqaeM: 

<I> (q) = ( ~ 
3a 

D 

)3/4 [ (1 +1/y 2)3/2 

(1+1/y 2 f/2_D 

2 ➔ 2 q 
exp [ -

2(1+3/2/ )
312 

3(1+3/2y 2 ) 

l ➔ 2 
::r 2 q ] ] I exp [-3 - 2 

a 

(5) 

J - ••• l . 

B paccMaTpnaaeMOM HHTepBane 3Heprnii PH_ ll B ( 5) 6bICTpo CXOllHTCH, 

TTollcTaBnHH ( 5) n ( 2) B ( 1), awmcnSieM JlncpcpepeHunanhHoe cetJeHne pac-
. 4 ,h 

ceSIHHH IIpOTOHOB B C,U,M, Ha3all Ha H]lpax He IIO '!'OpMyne 

du . µP.:_4He Al2 
--=1----
d O 217 

( 6) 

4 
rlle µ 4 - rrp11BelleHHaH Macca rrpoToHa n He , Ha p11c, 2 · rrp11-

p - He 

BelleHbI peaynbTaTbl llnH JlHcpcpepeHunanbHoro cetJeHnH paccenHnn Ha yron 
0 e = 11 B CHCTeMe ueHTpa Mace B aaBHCHMOCTH OT KHHeTntJeCKOii 3Heprnn 

4 
IIpOTOHOB a na6opaTOpHoii CllCTeMe, 0 - yron BbmeTa SI]lpa He 

OTHOCHTenbHO HarrpaaneHHH I1a]la10mero rrytJKa B C,U,M, · Ero BenntJHJia Bbl-

6paJia B COOTBeTCTBllll C 3KCIIepnMeHTanhHblMH ]laHHbIMH, 

TTpoaan B aHepre1nqecKoM xolle cetJeHnn rrpn T P = 190 M aa o6ycnoaneH 
4 2 

rrpoBanoM B aaBHCHMOCTH aneKTpHtJeCKOI'O cpopMcpaKTopa Hllpa He OT q 
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B o6nacTn B01c0Kofi aHeprnn HaneTaJOmero npoToHa cornacne c aKcnepn-

M9HTanbHb!Mll llaHHb!Mll srnm1eTCSI xop0IIIllM •. Ilpn 

lla!OT 

du 

dO 

0 - • -31 0 
( E) = 11 ) -2,5 _ 10 CM"'--/cTep, 

TP =665Maa (1)-(6) 

C00TB9TCTBYJOIUee 9KCnepnMeHTanbH0e 3Haqeane paBH0 

-31 2 
( 1,2 ± 0,3) .10 CM /cTep. 

Ilpn T P = 150 M aB pacq~T uaeT 

-
du (,;:;, __ 110 -29 

o )=3-10 2 
dO CM /cTep. 

C00TBeTCTBYJOIUee 9KCnepllM9HTanhHoe 3Haqeane paBH0 

-29 
(1 , 2 t 0,24 ) • 10 2 

CM /cTep. 

Ilpn MeHblllllX aaeprnsrx npoToH0B pacq~TH01e aennqna1,1 ceqeansr aHa

qnTenbH0 npeBbIIIIalOT 9KCnepnMeHTanhHbl9 llaHHhie. 

OllHaKO 9T0T Hell0CTaT0K npncym BCeM nonJOCHb!M llllarpaMMaM n, 

B03M0:lKH0, CBSI3aH C aeo6xOllllMOCTblO BB91l9HllSI onpelleJieHH0I'0 polla yan
/16/ ·· 

TapHbIX nonpaB0K 

3aMeTnM, qTo npn 6onbwnx aHeprnsrx pearnbTaTbI pacq~Ta oqea1:, qya-
4 

CTBHTenbHbl K noBelleHlllO B0nH0B0il: cpyHKUllll He Ha ManhIX paCCT0SIHllSIX. 

HanpnMep, ecnn B0nH0BYIO <pyHKUllIO Bb!6paTb B Blllle np0CT0fi <pyHKUllll 

raycca, To ceqeHne npouecca npn TP =665 Maa ynalleT 6onee qeM Ha lle

CSITb nopSillK0B. 

Yrnoaoe pacnpelleneHne nMeeT nnK Haaall aealle, KpoMe He6onbwofi 

o6nacTn Ha pnc. 2 nocne npoaana, rile 11a6n101laeTCSI pocT ceqeunsr. 3To 

nerK0 o6'bSICHllTb TeM, qTo MaTpnqHblfi aneMeHT npouecca aaBllCll_T T0nbK0 
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OT q2 
1 Il09TOMy yBeJIII'IeHHJO yrna paccesrHirn COOTBeTCTByeT "cnon-

3aHHe" no Kpirnoil: Ha pnc. 2 B CTOpOHY 6onbIIIHX 9HeprHil: npoToHa.· 

Ha pnc. 5 npHBeJ:leHo yrnoBoe pacnpeJ:1eneHHe npouecca npn TP = 

665 MaB. 3KcnepHMeHTanbHbie J:{aHHbre noKa OTCYTCT:ay10T. 

· • /15/ 
l1MeJOIIlHeCSI /laHHb!e J:{nH npOTOHOB C 9HeprHen 150 MaB J:{aJOT 

6onee nonory10 yrnoByJO aaBHCHMOCTb, tJ:eM npeJ:1cKa3bIBaeT non10cHasr 

J:IHarpaMMa. Ho 9TOI'O H cne)loBano O)KHJ:{aTb. ileii:CTBHTenbHO, B o5nacTH 

npoBana HatJ:HHaJOT J:IOMHHHpoBaTb J:lpyrne MexaHH3Mbl paccemmSI, H no9TOMY 

XO/l KpHBOil: Ha pnc. 2, a cneJ:10BaTenbHO, H yrnoBoe pacnpeJ:1eneHHe B o5nac

TH nepe/l npoBLHIOM J:{On)KHbl 0b!Tb 6onee nonorHMH .. 

3 
3. PaccesrHHe npoToHoB Haaan Ha srnpax He 

B 9TOM cnyqae J:{HarpaMMa Ha pnc. 3 Bbl'IHCnHeTCSI aHanorH'IH0 TOMY, 
4 

KaK 9TO 0bin-0 CJ:lenaHo J:{nSI lie • OJ:1HaKo onpe)leJieHHe BepIIIHHHbIX 'lac-

Teil: J:{HarpaMMbl HBnHeTCSI 3aTpyJ:IHHTenbHbIMi T.K. J:laHHbie no pacceSIHHJO 

aneKTPOHOB Ha 
3 

He HMeJOTCSI TOnbKO B o5nacTH cpaBHHTenbHO. ManbIX 

nepe.naHHbIX HMnynbCOB, TaM, l'J:{e eme He: nposrBnHJOTCSI OTKnoHeIIHSI Bon

HOBOil: <PYHKUHH OT rayccoBoil: qiopMbI. CooTBeTCTBy10111asr CHMMeTpH'IHaSI no 

u 3 /17/ 
KOOPJ:IHHaTaM tJ:aCTb BOnHOBOH <PYHKUHH He UMeeT BHJ:I 

2 
1w<~ )I 

3 

N TI exp ( - 3 {3 2 r 2 
) 

i,::ol i 
( 7) 

➔ 

3L1ecb /3 2 = 0,16 F -
2 

r i - KOOPLIHHaTbl HyKnOHOB B CHCTeMe HX 

uenTpa TH)KeCTH. Ha-aa nanH'IHSI y HyKn0HOB "Kopa" BonHOBYJO <PYHKUHJO 

/17/ 
MO)KHO. npe)lcTaBHTb B BHne, aHanorH'IHOM (4) : 
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- 2 3 tf' 2 
I 'P ( /I ) -1 = N n exp ( -3 ,82 r ~ )[ I - C exp ( - - r I ) ] • 

l=I · 8 2 
(8) 

B cnyqae, ecnH nonrocnasr aHarpaMMa aoMHHHpyeT B paccesrHHH npoToHoB 

naaaa na 1 nosrBnsreTCSI B03MO)KHOCTb onpeaenHTb H0H3B0CTHbl0 napa-

MeTpbl BOnHOBOH <jlyHKUHH (8). K CO)KaneHHro, aKcnepHMeHTanhHbie aaHHbie 

amr p 
3 He paccesrHHSI Haaaa oqeHb 5eaHhI. ITpH Bb!COKHX aneprHSIX HMeeT-

/18/ 
csr Bcero oana TOqKa npH T P = 665 M aB • ITocKonbKY npH aToii aHep-

rHH ceqeHHe cnaoo 3aBHCHT OT BenHqIIHbl C H oqeHb qyBCTBHTenbHO 

K 1 To, nono)KHB C = I 1 nonyqaeM aaa aoaiviolKHhIX aHaqenusr: 

"'
2 = 0 3 u ·' 

H 8 2 = 0,03 • ITpH 8THX 3HaqeHHSIX napaMeTpOB aaBHCHMOCTb 
. 8 

ceqeHmr paccesrHHsr npoTOHOB naaaa B c.u.M. Ha He OT 8HeprHH npOTO-

HOB B n.c. H3oopa)KeHa Ha pMc. 4. ITono)KeHHe npoaana B aHepreTHqecKoti 

3aBHCHMOCTH ceqemrn CHnhHO 3aBHCHT OT BemrqHHbl C 

nHqaThCSI OT yKa3aHHoro. 

4. Bo3MO)J{Hble 8KCITepHMeHTBnbHbie npoBepKH 

MexaHH3Ma 

H MO)K0T OT-

PaccMOTpHM Tenepb H0CKOnhKO BapHaJITOB B03MOiKHOti npoBepKlr Ha 

8KCITepHM0HTe ponH OOMOl!HOro MexaHH3Ma H nonroCHbIX aHarpaMM B pacce

SIHHH npOTOHOB Haaaa Ha nerKHX srapax. BepOSITHO, caMbIM npocTbIM C Tex

HHqecKoti cTopoHhI ohmo Ohl cpaanemi:e ce11eHHti paccesrnnsr npoToHoB naaaa 

3HH3 3" au ! Ha He , a TaK)Ke ceqem:1sr peaKUHH nepeaapsraKH p + ➔ n + e 

npH oaHoti aneprHH. Ma H30TOITH'l0CKOti HHBapHaHTHOCTH cneayeT, qTo 

B cnyqae aoMHHHpOBaHHSI paCCMOTpeHHblX Bbillie aHarpaMM nepBb!ll npouecc 

aon)Ken ObITh noaaanen, a apyrHe aaa npouecca aon)KHhI nMeTh oaHHaK0Bb1e 

C0'10HHSlo 
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.6bmO 6b1, KOH0'IHO, )KenaTenbHO II3MepHTb 3HepreTH'I0CKIIii XO.[( ceqe

HHSI, oco6eHHO B o6nacTn rrpe.[(cKa3aHHhIX rrpoBanoB, n yrnoBbie pacrrpeaene-

11m1. TTpe.[(CTaBnSieT HHTepec T8K)K0 II II3Mepe1rne rronSipII3aUmI' pacceSIHHbIX 

rrpoTOHOB JinII aCIIMM0TpIIH B ceqeHHH B38llM0.[(0UCTBHSI C nonSipll30B8HHbIMH 

rrpoToHaMn. TaK KaK TaKaSI rronSipII38llIISI HnH aCIIMMeTpIISI 3.[(0Cb MO)K0T 

B03HIIKHYTb nHillb B pesynbTaTe HHTepcpepeHUHH paann'!Hb!X .[(IIarpaMM, 

TO B cnyqae CHllbHOI'O Bbl.[(eneHHSI rromoCHOll .[(JiarpaMMbl OHa .[(0ll)KH8 6b!Tb 

noAaBrieHa. 

4 3 3 
5. PeaKUHSI cl + He ➔ lie + II 

TTpocTeiiume AIIarpaMMhI nnH sToro npouecca nso6pa)KeHbI Ha puc, 6. 

llnnbH0Hlllee pa3ll0)K0HIIe OTHOCHTCSI HMeHHO K 3THM nHarpaMMaM. 

llHarpaMMn 6a), uso6pa)KaJOIUaSI o6MeH nporoHoM, OTBeqaeT 

3 ) pacceSIHH!O Bnepen lie ; nHarpaMMa 66 OTBeqaeT pacceSIHII!O BITe-

pen 
3

11 • TTosTOMY HHTepcpepe!IUII0H 3TllX nnarpaMM MO)KHO npeHe6pe'Ib. 

YrnoBoe pacnpeneneHHe peaKUHII CIIMMeTpll'IHO OTHOCHTenbHO 3aM0Hhl 8 

Ha TT - El I 'ITO HaXOUHTCSI B COOTBeTCTBIIH C Tpe6oBaHII0M ll30TOITII'I0CKOU 

Ill! Bll pH8HTH OC TH. 

TTocKOllbKY BepWHHbl Ha .[(HarpaMMax 6a) n 66) y)Ke BCTpeqanHCb Ha 

nnarpa~~Max 1 u 3, To He npeacTaBnSieT Tpyna CBSI3aTb Me)Kny co6oii nHcp

cpepeHunanbHbJe ceqemrn, OTBe qa101Uue 3TIIM .auarpaMMaM 

a 4 
d+ He ➔ 

3necb 

TP ll 

3 
He+ 

/4 8k
2 

2 "" IO . · · rl 5kd 
3 (T d ) = T a 4 4 (T p = 45M ). a :i 3 (Tp = 36M ). 

H · p + He ➔ He + p ' P+ He➔ He +P ' · p 

4T
2
d + 16Td Mp -¾-

k = (M • -------) " 
d P 9M + 2T - HMrrynbc ne11Tpona B c.u.M., 

P d 

T d - KHH0Tll'I0CKHe 3Heprnn HaneTa!OIUllX npoTOHa II neiirpoHa 

B n,c. Bee ceqeHHSI OTHOCSITCSI K c.u.M. rrpn 8 =11 ° 
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ITonytieHHbI0 BbIIIIe peaynhT8Tbl /lml. pacceSIHIHI IIpOTOHOB H838/l MoryT 

OK838TbCSI rrone3Hb!MII T8K)l(0 II B /lpyrlIX rrpSIMbIX SI/lepHbIX_ pe8KUIISIX, 
3 3 4 3 

HarrpuMep, B peaKmrnx ( He , d , ( He , p ) 1In11 ( He, II), 
4 

( He , p ) Ha paanlI'iHbIX SI/lp8X. 
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