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B lracToSimeii pa5oTe coo5maiDTCSI pe3ynhTBTbi aKcrr~pHMeHTanhHoro 

HCCneL(OB8HHSI yrrpyroro pacceSIHHSI IIpOTOHOB Ha neiiTpOH8X IIpH 9HeprHH rrep-: 

BH"'!HbiX rrpoToHoB 4 faB H B HHTepBane rrepenamwro HMrrynhca [ 0,004~ It I< 
2 < 0,12] (faBle) • . .. 

Pa5oTa rrpononmaeT cepHID nccnenoBaHHii, pe3ynhTaTbi KOTOpbiX 5hi-

. II 6/ . · :• 
nH orry5nHKOB8Hbl paHee 0 , 8KCIIepHMeHT BbiiiOnHeH HB CHHXpOcP83UTpO,.: ,. 

''" • ~ t 

He OI1s:JI1, Crroco5 perncTpauHH yrrpyroro p d -pacceSIHHSI cocTOHT ,B cne­

LlYIDIUe'M, BHyTpeHHHii IIy"'IOK yCKOpHTenSI HarrpaBmieTCSI Ha rrneHO"'IIIYlO MH­

meHh0 H3I'OTOBneHHYlO H3 L(eiiTepHpOB81IHOI'O IIOnH9THneHaJ l.JaCTHU!>l OTL(8"'IH 

IIOII8L(8lOT Ha SIL(epHylO 9MynhCHlO, C,05b!THSI. yrrpyroro p d -paCCeSIHHSI IIBL(eJK...;. 

HO BbiL(enSilOTCSI H3 cPOHa IIO KHHeMaTH"<JeCKOH CBSI3H yron-aHepi'HSI neiiTpOII8 

/2/ 
OTLIB"'IH. Ilonpo5Ho MeTon H3nomen B. pa5oTe 

CTaTHCTH"<JecKaSI oruH5Ka H3MepeHHSI LlHcP¢epenuHanhHoro ce"<JeHHSI MeHh­

me 3%. A5coniOTHaSI TO"'IHOCTh cocTaBnSieT 7%, Pe3ynhT8Tbi H3MepeHHSI ce­

"<JeHHH rrpHBeL(eHbl Ha pHC, 1, 

I13MepeHHSI rrponenaHhi, B "<JacTHOCTH, B o5nacTH ManhiJ\ yrnoB pac- . 

CeSIHHSI, rne 3H8"'IHTenhHYlO ponb HrpalOT KynoHOBCKHe CHnhl, 8TO o5CTOSI-
... ! ~I, 

3 
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TenbCTBO II03BOnsreT Bbi'IHCnHTb OTHOilieHHe peanbHOH '18CTH 8MIInHTy!lbl 
I . ·. 

pacceHHHH K MHHMOii, Y'IHThlB8H HHTep$epeHUHID KynOHOBCKoro ·n: H!lepHOrO 

B38HMO!leHCTBHH, 

A -J. • ·-J. . E . 181 HanH3 !18HHhlX IIpOBe}:leH IIO HHTep~epeHUHOHHOH ~OpMyne eTe 

_!!_~=A2 
+A

2 
+(l + {J)A~-2A (A +2nA-ln~), 

diJ c r . 1 c r 1 ka () (1) 

; 

rne 

A = v' ( k_) - exp [ - 1- ( b t + c t 2
)], A =a A 

1 I dO opt 2 , r 

2 n F( t) A F ( t ) = exp [ l/2 ( b t + c t 2
)] , 

c k () 2 

2 
) ~ l 

n-- --
- 137 ~ f3 n 

(__!~_£._) 
dO opt=( 

2 
' l = -2 p ( l- cos () ) ' 

c 411 

k - BOnHOBOH BeKTOp CTanKHB8IDiliHXCH '18CTHU B C,U,M,, (} -:- yron pac-

C9HHHH B C,U,Moo a pann:yc neii:Tpoaa, p c - n:Mnynhc B c.u,M, 

.. PaccMaTpHBaeTCH He 38BHCHili8H OT CIIHHOB '18CTb. srnepHOii: 8MIInHTY!lbl 

A • OnHaKo BKnan CIIHH03aBn:csrmn:x qneaoB MO)!(eT 6biTh Benn:K, 3To yqn:-

TbiBaeTcsr rrapaMeTpoM (3 , Ecnn: (3 = 0 , TO Baan:Moneii:cTBHe He 3aBn:ciiT 

oT emma p d -cn:cTeMbi, Donpo6Hoe o6cy*neHn:e Bbrpa)!(eHn:sr nnsr d a I d n 
( ) 11/ A' . 

1 eM. B • Hann:3 sKcrrepn:MeHTanhHbiX naHHbiX 3aKnro'Iancsr B orrpene-

neHHH napaMeTpOB a=Ar(0)/A 1(0), b (aaKnoann:$paKUHOHHOro KOHyca) H. 

c ~ Pe3ynhTaTbi c'JeTa rrpn:BeneHbi B Ta6nn:ue. 

BapH8HTbl 1 H 2 IIOK83b!B8IDT 0 'ITO. !l8HHbie He MoryT 6b!Tb OIIHC8Hbl 

B IIpenrronO)!(eHHH .'IHCTO MHHMOii: 8MIInHTY!lbl p d -paccemin:sr (a = 0 ) • Ba-

pn:aHT 3 roBopn:T o cymecTBeHHoii ponn: KBBnpaTH'IHoro qneHa ct 2 

K838Tene SKCIIOHeHTbl (1), 
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B rro-
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NgBapn:-

aHTa 
--

'2 

3 

4 

"';. ' 

Ta5nn:ua 

ITapaMeTpbi- nn:$$epearmanhaoro ceqean:sr yrrpyr 

paccesran:sr ($opMyna ( 1)) rrpn: sHeprn:ii 4 fsB 

a b c f3 x2 

0 40,2+0,8 91+8 0 52 -
0 40,8+0,8 96+8 0,26+ 39 -

+0,09 

-0,88! 29,5!2,1 0 -0,81! 56:' 

!0,11 + 0,18 

0,40! 37,4+1,0 71+10 0 27 
!0,08 

;,_ 
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li '18CTH 8MITnHTYilhl 

DHOBCKOrO II HJl9pHOro 

....LQL) 
ka e ' ( 1) 

AI 

] ' 

. . 
2 ( . , - 2 P 1 - cos e ) . c. 

::,u,M, 1 (J - yron pac- .. 

::Tb. HllSPHOli 8MIInHTYilhl 

6biTb BenuK, 8To y'IH­

JollelicTBHe. He 38BHCHT 

>a.lKe HHH llnst d a I d 0 

Ga~nro'lancst B orrpelle­

aKuuouuoro KOHyca) n . 

. ' 
Mo,ryT 6hiTb. orrncaHhi 

accestm!st {a = 0 ) • Ba-

:>ro 'lneua c t 2 B rro-

.. 

•• 'f 
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N9Bapn-
auT a 

'2 

3 

4 

'.• 

Ta6nnua 

flapaMeTph! lln¢¢epeuunanbHoro ce'leHHst yrrpyroro pd. - · 

~acbestunst (¢opMyna (1)) rrpn auep~nn 4 faB 

a b c f3 x2 n-m P(x2) 

0 40,2:0,8 91+8 0 52 20 0,0001 

0 40,8!0,8 96+8 0,26+ 39 19 0,0044 

+0,09 

-0,88! 29,5:!:2, 1 0 -0,81+ 56 19 0,0000. 

!0,11 + 0,18 

0,40 :!: 37,4!1,0 71+10 0 27 19 0,1047 

+0,08 ., 
.. 

·r 
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Ty):le 

~· .•-

BapiiaHT 4 noK83biBaeT, 'ITO i:Jpii Hanii<iiiii peanbHoii;,_'IaCTII B aM:nnii­

pd -pacce.llHII.Il (a ,fO)rrHTep!f!epeHUIIOHHa.ll !f!opMyna (I). yJloBneTBopu..: 
1 . • 

TenbHO oniiCbiBaeT 8KCnepiiM9HTanbHh!e JlBHHbie, BKniO'IeHIIe B. 'IIICnO IICKO-

MhiX napaMeTpoB f3 npaKTII'IecKII He MeH.IleT P (X 2 . ) , nosToMy ~pH 

nony'IeHIIII Koiie'Inoro pesynbTaTa ( BapuaaT 4) Mhi tPIIKC~poBanu ero( f3 = 0 ) ~ 

Ha puc, 2 nprrBe):leao sila'Ieail:e a P d • , nony'IeaHoe B aacTo.11meii pa-· 

I 1 3 6/ 6oT~, BMecTe C p93Y!JbT8T8MII · npe):lblllYiliiiX 8KCnepiiJ'1eHTOB ' ' 

3naaiie peanbHoii .'IacTII aMnniiTYllhi p d -pacce.llHII.Il a P d =-0,40+ 0,08 
' ' ' . . ' ' ' '!41 ' ' .,.. « 

'n03J3,0n.lleT na OCHOBaHIIH Moaenn rnay6epa . Bhi'IHCnn:rb aPn =ReA pn(O )/Im Apn (0). 

Ham pesynbTaT : a p n =:0,52 ~ 0,18. 

Ha puc. 3 co6paHbi ):laHHbJe o Benii'IIIHe peanbHOi! 'I8CTII aMnniiTYllhi 

/5,111 
pn · -:-paccemm.11, CnnolliHbie KpiiBhie paCC'IIITaHbi no JliicnepciiOHHhiM 

CDOTHOili9HII.IlM, nyHKTIIpHb!MII niiHII.IlMII nOK838H ~OpiiJlOp Olliii60K Jln.ll 8TIIX. 

/5/ 
pac~I,E~TOB • TI ony'Ienaa.11 B HaCTO.IlllieM sKcnepiiMeHTe Benn'IHHa a P" xopomo 

cornacyeTC.Il. C npeJlCK838HII.IlMII JliiCnepCIIOHHbiX CDOTHOilieHIIH, 
. '!3 . ' 

B 6onee paHHeii pa6oTe 
1 

npM sHeprn.11x 2 n 4 fsB npHBOJlHnl!cb 

3H8'IeHII.Il a pn , OTnii'I8101liii9C.Il OT TeopeTII'I9CKOH KpiiBOH Ha 2~3 CTaHaapT­

/3/ Hh!X OTKnOH9HII.Il, OnbiT HaCTO.IliUeii paefoTbi noE;asan, 'ITO B 8KCnepiiMeHTe 

B03MO:amo, 'IIMeeTC.Il CIICTeMaTII'I9CK8.11 Olliii6Ka, CB.I138HH8.11 C HeKoppeKTHbiM 

· Bhi'IIITaaiieM !f!oaa npii Bbl):leneaiiii ynpyrorQ p d -pacce.llHII.Il B o6nacTII Ma­

nhiX nepe):I8HHb!X IIMnynbCOB, 

Ha piic, 4 II 5 npiiBe):leHbi Bee II3BeCTHbie ):laHHhJe no napaMeTpaM 

b II C B paccMaTpiiBaeMoii snepreTII'IecKoii o6nacTII, HaTepecao OTMe-

TIITb, 'ITO HaKnOH llii!flpaKUHOHHOI'O KOHyca h KaK !flyHKUII.Il SHepriiii BeJ;teT 
~ 

ce6.11 noao6ao nonaoMy ce'IeHIIIO atot • 3To noa.llTIIo, II6o B paMKax onTII~ 

'leeK oil: Mo):lenii h =(R/2) 
2 ,;~ , I'Jle R .,.. paJliiyc o6nacTII B38IIMoaeiicTBII.Il, 

tot 

6 

·,.' 

. 

'i 

I 

I 
I:· 

I 
I 
I· 

-~ .. 

PIIc,6 JleMoacTpupye·T sHepreTH'IecKyro saBIICHMOCTb 1 

ynpyroro pacce.llHH.Il, 

n H T e p·a T y p'a · 

I.' H. nanXa)KaB, n. neBHHCKII, B. 3a.ll'IKH, 3. 3naTaHOB, 

n.<P~ K!fpHnnoBa, 3. Kop6en, n. MapKoB, Hro Kyaiir 3yii 

B.A. HIIKHTHH, n. Po6, B.A. CBHpiillOB, n. TyBJleH):IOJ 

X. tJepaeB, tJ.hiDHr Ebea, M.r. llJa!f!paaoBa. Hcf>, .§.._ Bhm 

2. B.A. HHKIITHH, A.A. HoMo!f!nnoB, B.A. CBHPHllOB, n.H. ( 

paaoBa, TIT3, N?6, 18 ( 1963). 

3, · Kh. Chernev, N,Dalkhazhav, P.Devinski, L.Khristc 

Z, Korbel, P.Markov, V,Nikitin, L.Rob, M.Shafranc 

Z.Zlatanov and L.Zolin. Paper Submitted to XIIIth 

High Energy Phys. Proc, of the Conf. (12a, 29) 

4. R.J. Gl~uber. J?hys,Rev,, 100, 242 (1955) • 

5 A.A. Carter, D,V. Bugg, Phys.Lett., 20, 203 (1966 . .-
D.C.Salter, G,H.Stafford, R,F.George,· K.F\Riley, '£: 

Phys.Rev., 146, 980 (1966). 

6. X.M. tJepaeB. HsBeCTH.Il cf>H EAH, !.lh 5 (1969). 

7. L.M.C.Dutton, H.B. van der Raay, Phys.Rev.Lett,, 

1418 (1968). 

8. H. Bethe. Ann. of Phys., ~. 190 (195B). , 
9. G.W. Bennett, J.L. Friedes, H.Palevsky, R.J.Sutter 

W.D. Simpson, G,C. Phillips, R.L. Stearns and D. 

Phys.Rev.Lett,, 1:2, 387 (1967), 
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oHOii. 'l8CTI'I B aMrrnrr-

ryna ( I) YllOBJ!eTBop~..: 

J'leHrre B qrrcno rrcKo-

1 no9TOMY nprr 

:KcrrpoBann ero( f3 = 0 ) ~ 

mHoe B H8CTOSIIIIeii pa-· 
., /I 3 6/ 

>HTOB 1 1 
, 

IHIISI a P d =-0,40+ 0,08 
' .. -:- '' 

rhapn=ReApn(O)/ImApn (0). 

Jii 'l8CTII aMnniiTYilhi 
II 

no arrcnepcrroHHhlM 

op omrr6oK anSI 9TIIX_ 

BenH'l:HHa a P'l xopomo 

mmenrrii, 

1 4 f9B npHBOilHnijCh 

BOii H8 2~3 QT8Hil8pT­

/3/ 
ITO B 9KCnepi'!MeHTe 

CIH8SI C HeKOppeKTHbiM · 

:eSIHIISI B o6naCTII Ma-

ole no napaMeTpaM 

TII~ MnTepecHo OTMe­

KUI'ISI aneprrrrr Be~eT 
-~ t J. 

, rr6o 8 paMKax onTrr-

tCTII B381'1MOileiicTBHSI, 

,, 

... 

Prrc,6 aeMoHcTprrpye'r anepreTn'lecKyro aaBncrrMoCTh nonnoro ce'l:eHIISI · 

. ynpyroro pacceSIHHSI, 

I •. H. llanxa:>KaB, rr. lleBIIHCKII, B. 3aSI'l:KII, 3. 3naTaHOB, n.c. 3onrru, 

n.<P~ K!fpHnnoBa, 3. Kop6en, rr. MapKoB, Hro Kyailr 3yii, Hryen llnn Tbi, 

. ' B.A. HIIKIITIIH, n. Po6, B.A. CBIIpiiilOB, n. TyBaennop:>K·, n. XpiiCTOB, 

X. llepneB, llhiOHr Eben, M.r. llJa<jJpanoBa, HIP, ..§.,_ BbUJ. 2, 342 ( I968). 

2. B.A. HIIKIITHH, A.A. HoMocfJHnOB, B.A. CBIIpiiilOB, n.H. CTpyl!oB, M.r.llia<P­

paHOBa. ITT8, N96, IB ( I963), 

3, · Kh. Chernev, N.Dalkhazhav, P.Devinski, L.Khristov, L.Kirillova, 

z. Korbel, P.Markov, V.Nikitin, L. Rob, M.Shafrano::va. V.Sviridov, 

Z.Zlatanov and L.Zolin. Paper Submitted to XIllth Int.Conf. on 

High Energy Phy.s. Proc. of the Conf. (12a, 29) (1966). ., 
4. R,J. Gl~uber. I;'hys.Rev., 100, 242 (1955). 

5. A.A. Carter, D.V. Bugg. Phys.Lett., 3,2, 203 (1966); D.V. Bugg, ·· 

D.C.Salter, G.H.Stafford, R.F.George,. K.F\·Riley, R.J.'I'apper, 

Phys.Rev,, 146, 980 (1966), 

6, X.M. llepneB. MaBeCTHSI <1>11 EAH, Uh 5 (1969). 

7. L,M,C.Dutton, H.B. van der Raay, Phys,Rev.Lett., ~ 

1418 (1 968). 

B. H. Bethe. Ann, of Phys,, ~. 190 (1958). 

, 

9, G.W. Bennett, J.L. Friedes, H.Palevsky, R.J.Sutter, G.J. Igo, 

W.D. Simpson, G.C. Phillips, R.L. Stearns and D.M. Corley. 

Phys,Rev.Lett,, 2:2, 387 (1967). 



' 

10. V. Barger and M •. Olsson. Phys.kcy.; i46, 1080 (1966) •.• 
' 

11. B.C. EaparneHKOB, B.n. ToHeeB. TipenpnHT OHHM, ·P2-3850, 1988. 

12. G. Bellettini, G. Cocconi, A.N.Diddens, E. Lillethun, G.Mathiae, 
. . 

J.P.Scanlon, A.M.Wetherell. Phys Lett., _:!S 341 (1965). · 
' 

13. L.M.C.Dutton, R.J.W.Howells, J.D.Jafar, H.B. van der Raay. 

Nucl.Phys., B9, 594 (1969). 

·: 
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E r:~a 
0 5 10 

0.1 

0.3 

-c!Pd 

... _, 

ReAP d (0) 
Pnc.2. a _ = --.::....;;.~-

pd lm A pd(O) 
K8K $yHKUliSI KliH9TIIqeCKOll 9Heprnn nepBUqHOro npo~ 

TOHa. i - HaCTOSimaSI pa6oTa, 
11,31 % /6/ § - pa6o'I1bl , ~ - pa6oTa • 

10 

--·1'' - J:' ' . 

I 

- .. 

d.Pn 

+1.0 

+0.5 

0 

-0.5 

' 

T 
+ 
1 T 

+ I 
1 +. 

. 1 

'-..,, 1' f 1 3· ~----- __ :_ :_, _:-:~ 
'd--~;yt 

/ 3 

0.2 0.5 1 2 5 10 

Puc.3. PeanbHa_SI qacTb aMnnnTy.Qbi ynpyroro p-n pacceSIH 

Pesynh'raTbi 'reopeTnqecKnx pacqeToB: 1 - no rtucm 

ifomeHn~:M 151 (I' - ~~pnnop oum6oK)~ 2-- no nnc1 

OTHomeHHSIM- I II 1, 3 -·no Teopnn n~nrocoa Pe.Q)Ke-' 

3KcnepnMeHTanbHbie .QaHHbie: f - HacToSimaSI pa61 

p-d pacceSIHue 11 •6• 7• 121,f- d-p pacceSIHne 113 

- BbJH aHanna n- p pacceSIHIISI /5/; f - nepeaapSIJli 

6ea yqeTa cnUHOB HYKnOHOB /1/ 

11 



E r,a 
10 

. I .. 

•H9pi'HH nepBH'IHOI'O npo~ 
. 11,31 % 181 

:bi , ~ - pa6oTa • 

d.Pn 

+1.0 

+0.5 

0 

-0.5 

0.2 0.5 1 2 

r 
+ 
1 

+ 
1 

5 10 . 20 50 

p faB/C 

Pnc.3. PeanhHa.SI 'IBCTh aMnnHTY.llbi ynpyroro p- n pacceSIHHSI Bnepe.o. 

Pe3ynh'raTbi 'l'eopeTH'ISCKHX pac'leToB: 1 - no ttHcnepcROHHbiM cooT­

JlollleHH~M 151 (I' - ~~pH.oop oum6oKf~. 2 - no .OHcnepciio.HHbiM co;..~ 
OTHOIIleHHSIM . I 111 , 3 -·no Teopnn nonrocoB Pea me . I 101 ( I'paHRUbi). 

8KcnepHM9HTanhHbl9 .OBHHbiS: ' - HBCTOSIIIlBSI pa6oTa, 2 ~ i ~ -
p-d pacceSIHHe 11 •8•7•121, !- d-p pacceSIHHe 1131, •' - !flaso-. 

Bblii aHanns n- p pacceSIHRSI 151, f - iiepesapSI.oKa n p-+ p n 
6es y'leTa cnnHoB HYKnoHoB 111 . 

11 
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Pnc.4. HaKnoH b · . nmppaKUHOHHoro KoHyca p d -pacceSIHHSI (eM, !jlopMyny 

( 1)). 05oaHa'IeHHS1 Te llie, 'ITO Ha pnc. 2 •. 
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!'"! 

. . I 100 

... 50 

f f 1 
I . I '·I ' I I · I I I I I I 

0 5 fO 

PIIc~5. napaMeTp c ( CM. !jlopMyny ( 1)). 05oaHa'IeHHSl 
pnc. 2, 
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