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I. p-d pacceJIHUe u cmpyKmypllbiU ¢opM(iaKmop oeiinpoua 

,l].m1 onpe.neneHHH cTpyKTypHoro /H.neinloro/ ¢opM¢aKTopa .neiiT
poHa B paMKai TeOpHH r~~y6epa BHBnH3HpOBan~Cb 3KCn~piMeH
TBnbHbiC ,naHH&Ie no ynpyroMy pacceHHHIO npoToHoB ~a~eiiTpouax 
npH HMnyn&CBX 11 ,2; 14,4; 15,9; 20,5 H 26,5 r:m/c 11 

. H npoTo
HOB liB npOTOHBX /2,3/, a TBK>KC ,naHHbie. 06 ynpyroM pacceHHHH 
ueiiTpOHOB liB npOTOHBX •B TOM )I(C 3HepreTH4CCKOM HHTCpBane. 
,l].H¢¢epeHu.Han&Hoe ·ce4enHe ynpyroro p-d pacceHHHH B o6nacTH 
MBnbiX nepe,naHHbiX HMnynbCOB q ~fO)I(CT 6biTb Bb!pa)I(CIIO 4Cpe 3 
aMnnHTY.D.hi ynpyroro p-p H p-n /HnH.n- p. / pacccHBHH na 
CB060.IJ.Hb!X HyKnOHBX C noMOIIJ,biO cne,ny!OIIJ,CH ilJopMyn&I / 4 ,.5/: 

\ da 1 ·= JS(.!....)[I (t)+~xp(ix )I (t)+ exp(ixcn 
dt pd 4 c . cp PP . 

)I (t)l+· 
np -

r/i . I t I t 12 + - exp ( z X ) (-) (-) IG • . vrr cpn np 4 pp .4 

/1/ 

t- KBa,npaT 4eTbipexMepHoro nepe,naHHoroHMnyn&ca. TipH Man&IX 
q ; t! ~ q 2 ; I PP ( t) H I np (t) - H,nepHbie aMnnHTY.D.bl ynpyroro 

p-p H n-p pacceHHHH·. 
CTpyKTypHbiM ¢opM¢aKTopoM .neiiTpona npHHHTO HaJhiBBTb 

S(q),r.ne S(q)= r(u2+w2Jjo(qr)dr, I u H w- BOnHOBbiC 

ilJyHKUHH. ',neH.Tpo0ua B S- H D - COCTOHHHHX COOTBCTCTBCHHO, ~ -
paCCTOHHHC MC)I(.IJ.Y HYK~OHBMH B ,neiiTpOHC, j 0 - ilJyHKIJ,HH JieccenH/. 

2 2 ' 2 S (q)=So (q)+S2 (q). 

S
0

(q) H S/q) - ¢opM¢aKTOpbt .neiiTpoHa B S-. H D -cocToHH~Hx 

COOTBCTCTBCHHO. 
,lJ.nH aMnnHTY.IJ.bl ynpyroro paCCCJIHHH npOTOHa HyKnOHOM 6y,neM 

nonbJOBBTbCH cne,ny!OIIJ,CH napaMeTpH3Bli,HCH: . 
' 1 . 

a --bt 
l(t),; _ (a+i)e 2 

41iy1T 
3 



b - napaMeTp HaKJIOHa, a - nOJIHble ceqeHUH B3aUMO,II;eHCTBHH/6 /, 

a= 
Ref (0) 

lm f(O) - OTHOIIIeHue ,neiiCTBHTeJibHOH qaCTH aMnJIHTY,II;bi 

pacce.HHHH K MHHMOH ee qaCTH. 
AMnJIHTy,na KynouoacKoro pacce.auu.a nMeeT au.n 

f _ 2n fi'£ie -iTJ F {t) _ 
2 0 _ 1._06 • "fi I 

_ e • , 7J - ncn-----, 
c I tl p R VTTr" 

r.ne n = l/137,04fina6• fina6 - CKopocTb uaneTaiD~eii qacTHUhi 
B na6opaTopuoii cncTeMe, F {tJ. - :meKTpoMarunTHhiH <1JopM$aKTop. 
npoTOHa, R - BeJIUquua nJ'p.a,nKa pa.nuyca o6naCTH HYKJIOH- HyK-. 
nouuoro B3auMo,neiicTau.a 1 I <PM/. . 

: X , X · · , · · X - ycpe.nueHHbie 3Haqeuu.a c.naura . <Pa3bi cp ucn . cpn u 
KYJIOHOBCKOH aMnJIHTY,II;bl· npu -pacce.HHHH Ha IIPOTOHe, HeUTpOHe 
u npu .nayKpaTuoM: pacce.auuu /ua pu n /. · 

Cornacuo ct>panKo 151 3Haqeuu.a aenuquu X , x , X cna6o 
, cp en cpn 

3aBHCHT OT 3Hepruu u paBHbi npu6nu:lKenuo O,Oo. 
HnTerpan rnay6epa 1G 3aiiHCbiBaeTCH B <lJopMe 

lm f (q)1m f {q) PP ,,..,n,..p __ _ IG=fS {q) 
0 

1m f (0) 1m f {q) 
q dq 

· PP np 
/ecnu npeue6peqb BKJia,noM D -cocTOHHHH/. HnTerpaJI rnay6epa 
BblqllCJIHJICH ,II;JIH pa3JIUqHbiX BOJIHOBbiX <iJyHKUU!f ,neiiTpOHa ll pa3- · 
JIUqHbiX 3Haqeuuii napaMeTpOB HaKJIOHa b. 0Ka3aJIOCb, qTo 1G 
oqenb cna6o 3aBucnT OT napaMeTpoa aMnJIHTY.llhi ynpyroro pac~ 
ceHHHH npoTona ua npoTone u neiiTpone u oT aapuauTa B3HToii 
BOJIHOBOH <iJyHKUHH ,neiiTpona. Ero 3Uaqeuue KOJie6JieTCH OT 0,026 
.no 0,028 M6n -

1 
, qTo xopo111o cornacyeTCH_ c · pe3yJibTaTa:Mu, 

cne.nyiD~HMH H3 H3Mepenuii noJIHhiX ceqeuuii p-d , p -p u n- p 
•B3aUMO_neHCTBHH, a TaK:lKe TT-d ll 1T-p B3aUMO,II;eHCTBHH. 

,ll;JIH onpe.nenenu.a <PopM<iJaKTopa .neiiTpona 6biJia B3HTa TOJihKo 
qaCTb 3KCnepnMeHTaJibHbiX ,naHHbiX /a HMeHH.O; B OfiJiaCTH 3HeprHH 
10-26 r 3B/ c no TOH npuquue, qTo B :noii o6JiaCTH 3Hepruii napa
MeTp naKnona ynpyroro n- p pacce.anu.a H3BecTen u a npe.nenax 
OIIIH6oK_ coana.naeT c napaMeTpoM naKnona ynpyroro p-p pacce.a
HHH. ,ll;n.a umnocTpauuu 3Toro <PaKTa na puc, 1 uaueceni.I .nanHhie 
. pH.na pa6oT, a KOTOpbiX uccne.noaanncb .nuiJ>Ibei>enuuanhHbie ceireuu·H 
yrrpyroro n- p u p- p pacceHiHH. IIapaMeTp naKnoua onpe.nenen 
.nnH It I := 0,6-0, 7 /P:Ja/c/ 2 7

-
131 .IloJIHhie ceqennH B3aHMo.neii

CTBHH, a cne.nosaTeJibHO, u ·onTuqecKue. ToqKu rrpu 3THX 3Hepru.ax . 
B n- f! ll p- P B3aHMO,II;eHCTBHHX TaK:lKe COBIIa,naiDT Me:lK,ny CO-. 
6oii 1

6
•
10

•
13

•
1

4 l. )l;n.a orrp~.nenennH <lJopMiJ>aKTopa .neiiTpona napa
MeTp HaKJIOHa n -P pacceHHHH · fibiJI IIpHHHT paBHbiM IIllpaMeTpy 
HaKJIOHa yrrpyroro p- p pacceHHHH. 0THOUieHUe ,neiiCTBHTeJihHOH 
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qaCTH aMIIJIHTY.llbl ynpyroro n- p pacce.HHHH K MHHMOH ee qacTU 
npu t = 0 npHIIHMaJIOCh paBHhiM 3TOH BeJiuqune B p'-p pacce.HHHH. 

. Ha puc. 2 npuae.nenbi 3naqenu.a S 2(! ) co cTaTncTuqecKnMu 
OIIIH6KaMu, nonyqennhie H3 ananu3a .nannhiX no p-d pacce.anum . . . 2 
npu 3Haqenu.ax 3Hepru~, yKa3aHHhiX Bbiiiie, ,nJIH 1ti<0,2/P3a/c/ • 
Bee 3TH TOqKu Y.llOBJieTBOpUTeJihHO JIO:lKaTCH Ha KpHByiD, KOTOpaH 

MO:lKeT 6h1Th npe.ncTaBnena 3MIInpuqecKoii <lJopMynoii au.na 

. • 2 t 2 
S {-)=exp{fit+yt ), 

4 
-2 

fi = 25,9 ±1,2/P:Ja/c/, 
y = 60 ± S/P:Ja/c/-4• 

YKa3aHHhiH KOpH,II;Op OIIIHfiOK yqUTbiBaeT KaK CTaTUCTuqeCKHe, 
TaK u cucTeMaTu<lecKue OIIIH6Ku B .nu<P<iJepenuuanbHOM ceqenuu 
ynpyroro p-d pacce.anu.a, a TaK:lKe OIIIH6Ku B rrapaMeTpax naKnona 
p-p n n-p pacceHHHH. 

KaK au.nno H3 pucyiiKa, 3Haqenue <iJopM<iJaKTopa, nonyqeunoe 
B .nannoii pa6oTe, y,noBJieTBopuTeJihHO cornacyeTcH c npuae.nen
HhiMH TeopeTuqecKHMH KpHBhiMH a o6imcTu nau6oJihiiiHX t. B o6-
nacni MaJihiX t ne6oni.111oe pacxo:lK,nenue na6nm.naeTcH npu uc
nonh30Banuu aonnoaoii <PYHKUHH XaM6cTona 1181. naunyq111ee corna
pue so ace~1u}nepaane .· t -npu :Hcnonh3oaanuu <iJynKuuu Epeccena 
u KepMaHa 

5 
·• . 

II. p-d u e.-d -pacceRnue 1la·MaAble yZAbl 

ConocTaBnM Tenepb nonyqeHHbie .nanHhie c pe3yJihTaTaMu 
3KCnepuMenl-oa no ynpyroMy ·e.:_d pacceJinum. B HMnynhCHOM npu-
6nu:lKeumi a npe.Iiirono:lKenuu, qTo .3JieKTpou npe.ncTaBJIHeT co6oii 
6eccTpyKTypnyiD qacTnuy, .nu<P<iJepenuuaJibHOe ceqenue ynpyroro 
· e-d pacceHHHH MO:lKeT 6biTh npe,ncTaaneuo a au.ne 

da = ( da ) · [A(q2 ) + B( q2) tg2~] 
dO . dO . Matt_. . 2 

1 .. e - yron pacceHnu.a a na6opaTopuoii cucTeM:e Koop.nunaT/ unu 
B au.ne: 

da ,;, ( da ) 
dO dO Molt 

2 2 2 . 2 2 ; 2,[ 2() ]I I G0(q )+ G
2 

(q )+ G , (q J 1 +2 (lt-7Jd )tg - • /2/ 
mag . 2 

~·G0 (q2j,·G 2Jq 2)u Gmag(q 2)u- 3JieKTpuq:cKuii, 3JieKTpuqecKH~ Kaa.n
pynoJihHhiH ... ll MarHHTHhlll ,n~nOJihHhlll <iJopM<iJaKTOphl ,neuTpOHa. 

5 



\ .• ;·· 

da 
(-c!l ) Ml>tt CC'ICHHC MOTTOBCKOrO pacCCHHHH, 

Md - Macca .neiiTpona. 

'2 -q -

Tfd = .4M~ 

- B o6JiaCTH pacceHHHH Ha MaJibiC yrJibl OCHOBHYIQ pOJib nrpaeT 

3JICKTpH'ICCKH.H 4JopM$aKTOp /CM. pHC. 3/. C ,!l,pyroH: CTOpOHbi, 

-no TOH npH'IHHC, 'ITO ,!J,ClfTPOH HBJIHCTCH pbiXJIOH CHCTCMOH C MaJIOH 

3HeprneH: CBH3H; 3JICKTpOMarHHTHbiH 4JopM$aKTOp ,!J,CHTpOHa MO:>KCT 
6biTb Bblpa:>KCH B BH,!J,C /20/ - . _ . _ -

'G0(q 2)=(G +G )(1 +TJ y-1 
frif+w 2)j (ezr)dr. 

EP EN d 0 0 2 /3/ 

GEP, G EN - 3JICKTjJH'ICCKHC 4JopM$ai<TOpbl npOTOHa H HeiiTpoHa 
COOTBCTCTBCHHO. 

Jf3 3I<CnepHMCHTaJibHbiX ,!J,aHHbiX no ynpyroMy e- d paCCCHHHJO,

BbinOJIHCHHbiX B o6naCTH MaJibiX q, MO>KHO onpe,!J,CJIHTb Go : 6epH 

3JICI<Tpii'ICCI<HH 4JopM$ai<TOp ·npOTOUa H3 3I<CnepHMCHTOB no e- p 
pacceHHHJO, no 4JopMyJie /3/ onpe,!I,CJIHJOT 3JICI<TpH'ICCI<HH $opM$ai<

Top neiiTpona, nOJib3YHCb pa3JIII'IHbiMH TCOpCTH'ICCI<HMH BOJIHOBbiMII 
4JyHI<UHHMII ,!J,eiiTpona. . . 

.CTpyi<TypHbiH 4JopM$ai<TOp ,!J,eiiTpona S ( q) MO>KHO onpe,!I,CJIIITb -

n3 3I<crrepnMeHTanbiiLix .naHnLix · no ynpyroMy p- d pacce Hnmo, 

- HCnOJib3YH MO,!J,CJib rnay6epa. 3To H 6biJIO C,!J,CJiaHO B. I 'laC Til 

pa6oTbi. 

fiOCMOTpHM, B I<ai<OM COOTBCTCTBHH llaXO,!J,HTCH 3I<cnepHMCH· 

.TaJibHbie .naHHble no e-d H p-d pacceHHHIO. Coaoi<ynnocTb 

3KCnepHMCHTaJibHbiX ,!J,aHHbiX no e-d He-n pacceHHHig ·yi<a3biBaeT 

Ha TO, 'ITO 3Jiei<TpH'ICCI<HH 4JopM$aKrop HeiiTpona 6JIHlOI< I< HYJIIO. 

Ha pnc. 4 noi<aJaHhi H3BCCTHhie 3I<cnepnMeHTaJihHhie pe-· 

3YJihTaThl no HCCJIC,!J,OBaHHIO ·ynpyroro e-d paCCCHHHH H I<pHBaH 

C I<OpH,!I,OpOM OWH60I<, , paCC'IHTaHmiH . -no 4JopMyJie 

A(q2)=S2(q)G2 (q) . 
-7 EP 

.. - 2 
npn HCnOJih30BaHHH ,!J,aHHbiX no p-d paCCCHHHIO. 3,!J,CCh S (q ; 2 ) 
3MnHpH'ICCI<aH I<pHBaH, noJiy'ICHHaH B ,!J,aHHOM 3I<CnepHMCHTC 

:l 

2 t 2 
(S ( 4") = exp ( f3 t + y t ) r.ne f3 = 25,9±1,2 /rTs/c/-

2
, y = 

= 60+5 ;r3B/c/ -
4
), G - 3JICI<Tpnqeci<nH: 4JopM$ai<Top npoTona, 

- EP -

onpe,!J,CJIHCMbiH H3BCCTHOH ,!J,HITOJibHOH 4JopMyJiofi: GEf? 
1 

2 
(1+ ~ / 

I 
2 -

a= 0,71/r3B/c/ /. 

llpn 3TOM · 3JICI<TpH'-!eci<nH: 4JopM$ai<Top nefiTpona 6hin nono)Ken 
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· paBHbiM .HyJIIO. B6ni!3H: ocn 3awTpnxoBanuoH: o6nacTn ne)KaT. 

223 3I<CDCpHMCHTaJibHbiC T0'-11<11. ··l'f3 pncynKa BH,!J,HO, ~ITO COBOI<yn-

. HOCTb ian Jib!)( no e- d H p- d- pacceHHHIO- HaXO,!J,HTCH- B xopoweM

COrJiaCHH. 3TOT $ai<T rOBOpHT 0 TOM, 'ITO pacnpe,!J,CJICHIIC H.D.CPHOH 

MaTepnu H 3apH.na B .neH:Tpone B npe.nenax own6oi< o.nnnai<OBhi-. 

• ilOJIY'-ICHHhie ,!J,aHHble. o CTPYI<TYPIHlM 4JopM$ai<Tope ,!J,CHTpc>Ha, 

napH,!J,Y C TCOpCTil'-ICCI<HMH, MoryT' 6biTh HCnOJib30BaHbl npH aHaJIH3C --

3KcnepHMCHTaJibllbiX ,!J,aHHbiX no 'e- d paCCCHHHIO Ha npC,!J,MeT onpe'

.D.CJICHHH 3JICI<Tpnqeci<or6 $opM$ai<Topa nefiTpona npu 'MaJihiX ci , 
OHH MoryT 6bl'Th noJIC3HblnpH HCCJIC.D.OBaHHH napaMeTpOB aMnJIHTY.D.bl 

p-npacceHHHH, a Tai<:>Ke npn · pewennn .11.pyrnx Ja,!J,a'-1, ciiHJaHHhiX 

C .H3)1_';1~ll!f_C_M_!J~!lHM_Q,!I,CH_CTB_HH:_':IaCTHU_C_ ,!J,CHTpOHaMH •.. ____ --·····--·-

. ABTOpbl 6naro.napHbl c-:--B-:-repacnMOBY H- B.A.CBHPH.D.OBY 3a 

llOJIC3HbiC 06Cy>K,!J,CHHH. 
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Puc. 1. llapaMeTp naKnoua yrrpyroro n-:-P H p- p _pacceHHHH. non 
·1 t! = 0,6-0,7 jr3B/c/ 2 rro ,~~;aHHhiM pa6oT: 
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Puc. 2. CyMMa KBa,~~;paToB ¢opM¢aKTopoB ,~~;eiiTpouau S-H D -co
CTOHHHHX 52

( {oJ•. HaHeCeHa l.J:aCTb 3_KCIIepHMeHTaJibHbiX TOqeK CO 
CTaTHCTHqeCKHMH OIIIH6KaMH, B BH,IJ;e 3aUITpHXOBaHHOH 06JiaCTH 
IIOKa3aH KOpH,li;Op, . yqHThiBaiOII.tHH. BCe IIepeqHC.!IeHHhie B TeKCTe 

OWH6KH, a TaK)Ke TeopeTHqecKH~ 3HaqeHHH S2_(~ ,li;JIH p,a3JIHqHi.I~ 
BOJIHOBbiX. ¢YHKUHH!fetiTpOHa: 1 - IipeccelJ'
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XaMa_na-,l()KOHCTOH 16/. 3 - rvlppaBqHK- 3 , 4- XaM6CTOH 18. 
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PHC. 3. BKna.n. B ~ (q 2) OT :meKTpHqecKO-fO, KBa,IJ.pynonhHOrO H 
MarHHTHOrO 4JopM¢aKTOpOB ,IJ.eiiTpoHa H3 /19t. 
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PHC. 4. A(q )• 

e-d 

x - 400 M:m,~. . '· 
o .- 500 M:m, /21/ 

. !!. - 188 M3B, · 

. 122/ 
0- 180-500 M3B,, L23' 
v- 100-:250 M:m. ~ · ' . 

Ha ocH 3aiiiTPH~osauuoii :o6JiacTH neJKaT 223 3KcnepHMeHTanb 
TOqKH, . nonyqeHHbie B ,naHHOM 3KCnepHMeHTe llO ynpyrOMY 1 
pa·cceHHHIO B ·HHTepsane 3HeprHH 10-26 r3B. 3auiTpHXOBaH 

- o6naCTb llOKa3biBaeT KOpH,n;Op OIIIH60K, OCHOBHYIO qaCTb KOTO 
COCTaBmleT CHCTeMaTHqecKaH OWH6Ka. KaK BH,ZJ;HO H3 pHC. 
CTaTHCTHqecKaH OWH6Ka 3HaqHTe.iibHO MeHbWe CH.CTeMaTHqecl 


