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I. 3neKTPOMarHVITHble l)lopMI)laKTOPbl - ea>KHe.:iwV~e xapaKTepVICTVIKVI 

HYKIIOHa. B HaCTOR~ee BpeMR 0 I)>OpMI)laKTOpax npOTOHa VIMeeTCR 

AOBOilbHO nOAP06HaR VIHI)>OpMa·LIVIR B WVIpOKOM VIHTepeane q 2 OT 0 
AO =30 /f3B/c/

2
• npVI MailbiX q2 I q2~ 0,5 /f3B/c/ 2/ aapRAOBbJH 

VI MarHVITHbiH I)>OpMI)laKTOPbl npOTOHa OnVICbiBaiOTCR TaK Ha3biBaeMOH 

AVInOilbHOI1 I)>OpMyiiOH. npVI q2 ~ 1 /f3B/cf2 Ha6IIIOAaeTCR 3aMeTHOe 

OTKnOHeHVIe /20%/ OT AVInOilbHOH l)lOPMYilbJ /eM., Hanp.,/1/ /. ¢opM
I)laKTOpbl HeHTpOHa VI3BeCTHbl 3Ha4VITeilbHO Xy>Ke, 4eM I)>OpMI)laKTOPbl 
npOTOHa. 

B HaCTOR~e.:i pa6oTe npoeeAeH aHaiiV13 ecex ony6m-tKOBaHHbiX 

AaHHbiX no cel!eHVIRM ynpyroro pacceRHVIR 3IleKTPOHOB AeHTPOHaMVI. 

lteilb aHaiiVI3a - nOily4eH~-te VIHI)>OpMaLIHH 06 3IleKTPOMarHHTHbiX I)>OpM
I)laKTOpax HeHTPOHa. 

Mbl HCnOilb30BaiiH TOT >Ke MeTOA, KOTOpbiH npHMeHRIICR paHee npVI 

aHanV~ae MVIPOBbiX AaHHbiX no ynpyroMy e -p -pacceRHHIO 111• 3ToT 

MeTOA Tpe6yeT onpeAeileHHbJX npeAnOIIO>KeHHH 0 l)lyHKLIHOHailbHOH aa

BHCHMOCTH cJ>OpMI)laKTOpOB OT q 2, np~-t4eM B COOTBeTCTBY~He Bblpa>Ke

HHR AIIR I)>OpMI)laKTOPOB BXOART eapb~-tpyeMble napaMeTpbl, 3TH ·napa

MeTpbJ HaXOARTCR nyTeM MHHHMH3aLIHH l)lyHKLIHOHaila x2 ,onpe~enReMoro 
CileAYIO~HM o6pa30M: 

2 1 Teop 2 
X = ~ -(a. k- Nka. ) , /1/ 

i,k ~i.k 1
' 

1 

rAe a i,k - Ce4eHHe B i -.:1 T04Ke, VI3MepeHHOe B k -TOM 3KCne

PHMeHTe; ~ i,k - 0WH6Ka aik ; aJeop - Ce4eH~-te, Bbi4HCIIRe

MOe no TeopeTVI4ecKHM l)lopMynaM, Nk - eapbVIpyeMbiH napaMeTp, 

KOTOpbiH BBOAHTCR AIIR Y4eTa B03MO>KHbiX CVICTeMaTVI4eCKVIX OWH60K 
Ka>KAOrO 3KCnep~-tMeHTa. 

0TMeTHM, liTO nPVIMeHRIIHCb npeAIIO>KeHHaR B pafiOTe 121 IIHHeapVI-
3aLIVIR VI nporpaMMa FUMILI 131 

HcnonbayeMbJH MeTOA noaeonReT nony4~-tTb HHI)>OpMaLIHIO o l)lopM

I)laKTopax HenocpeACTBeHHO Vl3 AaHHbiX no Cel!eHHRM. 06bi4HO 3Ta 

npolleAYpa npoBOAVITCR e ABa 3Tana. BHa4ane 1-13 AaHHbJX no ce4e

HHRM onpeAeiiRIOTCR 3Ha4eHHR I)>OpMI)laKTOPOB /nyTeM nOCTpOeHHR npR

MOH PoaeH6niOTa/, aaTeM HaXOARTCR napaMeTpbJ, xapaKTep~-tay~~-te 
'3aBHCVIMOCTb I)>OpMI)laKTOPOB OT q2, 

II, B OAHOI)>OTOHHOM np~-t6nV~>KeHHH ce4eH~-te npo1.1ecca 

e+d-+e+d /2/ 

r @~::.·:::~:.;. ___ ;·:-~~~~~!:=1 1 

f!:!t·- ~---~- ! f.~Jt:'*"j~" ~:..£A_ ' 
\.,;~,.-·4~-"'Jt~-~ .. ~C.:- . 
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HMeeT 8 na6.CHCTeMe cneAy~~H~ 8HA/4/: 

da 
dO =aM [ A(q 2)+ B (q2) tg28 /2]' 

J cos
2
812 

rAe aM= 4E2 sin4812 
1 

2E 2 
1+ Msin 8/2 

d 

/3/ 

I 8 - yron pacce~HH~, E - Ha4anbHa~ 3HeprH~ 3neKTPOHa, 
Macca Ae~TpoHal. 

Md -

BenH4HHbl A(q2) H B(q2) Aa~Tc~ 8blpa>KeHH~MH 141 

A ( q 2) = G ~ ( q 2 ) + ~ 71 2 G ~ ( q 2) + ~ 71 G ~ ( q 2 ) 

141 

B(q2)= ~ :(1+71 )G~(q 2 ). 

3AeCb 0 0 (q 2) ; GQ (q 2) H G M(q2)- sap~A08bl~, K8aApynonbHbl~ H Mar-
HHTHbl~ I)>OpMI)>aKTOpbl Ae~TPOHa, a 71 = q 214M~ • 6yAeM, KaK 06bi4-
HO, npeAnonaraTb, 4TO cnpa8eAnHBO HMnynbCHoe npH6nH>KeHHe •. 
B 3TOM npH6nH>KeHHH ,l)>opMI)>aKTOPbl AeiiTpoHa MOryT 6b1Tb C8~3aHbl 
C 3ap~A08biMH H MarBHTHbiMH I)>OpMI)>aKTOpaMH npOTOHa Q~P(q2 ) , GMP(q2) 
H He~TPOHa GE 

0
(q2) 'GM0 (q2) COOTHOWeHH~MH. 

GC(q2)= (G/(q2)+ GEn(q2))CE 

GQ(q2) =(GEP(q2)+ GEn(q2))CQ 151 

2 Md [ n 2 P 2 1 P 2 n 2 ] 
GM(q )=M (GM(q )+GM(q ))Cs + 2(GE(q )+GE (q ))CL. 

p 

3AeCb 

CE =jl u2 (r)+w 2(r))j 0 {~)dr 0 2 

3 oe w(r) . qr 
CQ =-=- f w(r)l u(r) - ---=-1J (-)dr 

y2 71 o yS 2 2 

CL= ~ j w2 (r)lj 0{~)+j (.!l!..))dr 
0 2 2 2 

2 

-~ 

C = j I u 2(r) - w 
2 

(r) I j 
0 

( ~ ) dr + 
s 0 2 2 

161 
+ !._ f w (r )I u (r) + w ( r) I j ( !!!._) dr. 

y2 0 y2 2 2 

H j 2 (~r) - cl)>epH4eCKHe l)>yHKI..IHH B 3THX 8blpa>KeHH~X io ( r ) 
6eccen~, a u(r) H w (r) -
Cbl8a~He S H D -cocTo~HHR ~1 

8H~ HOpMHP08KH: 

paAHanbHble 80flH08ble l)>yHKI..IHH, OnH
YA08fleT80p~~~He cneAY~~eMy ycno-

"" 2 
f[u2(r)+w (r)]dr=l. 

0 171 

HaMH Hcnonb308am1Cb <I>YHKI..IHH u(r) 
Te 151: 

H w ( r) , nony4eHHble s pa6o-

-ar n ·-cir 
u(r)=N(e + l Cie 

i=1 
181 

m 
w(r) =p N(arh 2(iar) + l c: c: rh

2
(ic'.r)). 

j=1 J J J 

3AeCb 

-x[ 3 3 ] xh (ix)=e 1 +- + ~ • 
2 X· XG 191 

a a 'N 'p 'ci ' {i 'Cj 'cj - napaMeTpbl. .an~ Taro, 4T06bl 
BOnHOBa~ l)>yHI<I..IH~ He HMena CHHryn~pHOCTH 8 T04Ke f = 0, napaMeT
pbl C i , c i , C j , c 'j AOn>KHbl YAOBneTsop~Tb ycnosH~M 

n 
l c. =- 1 

i= 1 I 

m 
l c: = -1 

j =1 J 
m 
l C~-1-= __ 1_ 

j=1 Jc:~ a2' 
J 

1101 

napaMetpbl I ci '{. H T.A.I noA6HpalOTC~ TaK, .4T06bl 3Ha4eHH~ 
U (f) H W (r) C08naAci1111 CO 3Ha4eHH~MH, Ha~AeHHbiMH nyTeM 4HCneH
HOrO HHTerpHpOBaHH~ ypa8HeHH~ mpeAHHrepa c noTeHI..IHanoM XaMaAa-

3 



,ll>KOHeOHa *. nony4eHHble B pa60Te151 3Ha4eHHH napaMeTpOB Ci , 
ci ,Cj ,£j YAOBJleTeopH~T yenoBHHM /10/ IlHWb npH6IlH3HTeilbHO, 

e T04HOeTbiO, HeAOeTaT04HOti npH npaKTH4eeKOM Bbi4HeJleHHH ¢opM
¢aKTOPOB AetiTpOHa Ha 38M. 8 eBH3H e 3THM Ha~AeHbl HOBble YT04-
HeHHble 3Ha4eHHH 3THX napaMeTpoe. 3Ha4eHHH napaMeTpoe a , N 
HP 6biJlH B3HTbl H3 pa60Tbl/5/: a=0,2338F-1 , N=0,8896F-112 
p =0,0269. B Ta6n. 1 npHBeAeHbl nony4eHHble HaMH 3Ha4eHHH 
napaMeTpOB C 1 , E I , C~ H c'. (i=1, ... ,4; j =1, .... ,5). 

J J 

Ta611H1..1a 1 

3Ha4eHHH napaMeTpOB, BXOAH~HX B BOJlHOBy~ ¢yHK1..1H~ 
Ae~TPOHa 

( i c i ( ,j c: 
J 

5,733a -0,63608 4,833a -20,34 
12,844 a -6,615 10,447a -36,60 
17,331 a 15,2162 14,506a -123,02 
19,643a -8,9651 16,865354 a 305,12 

21, 1542 a -126' 16 

III. nepetiAeM Tenepb K H3JlO>KeHH~ pe3yJlbTaTOB aHaJlH3a 3Kene
PHMeHTaJlbHbiX AaHHbiX. Mbl npoaHaJlH3HpoeanH AaHHble, nony4eHHble 
e pa6oTax 17- 141 (0,3F-2~ q2s; 34,1F - 2 ) npH pa3HbiX npeAnonome-
HHHX 0 ¢OPM¢aKTOpax HYKilOHa. 

1. npeAnOJlOlKHM, 4TO HMe~T MeeTO MaeWTa6Hble eOOTHOWeHHH 

GMP(q2)=JL G/ (q2) 
' p /11/ 

GMn(q2) =JL nGEP(q2) /12/ 

G En( ql=O. /13/ 

3Aeeb Jlp H Jln- nOJlHble MarHHTHble MOMeHTbl npOTOHa H HetitpoHa 
B MarHeTOHaX 6opa. AflH 3apHAOBOrO ¢0pM¢aKTOpa npOTOHa npHMeM 
Bblpa>KeHHe 

*3TOT noTeHI..IHan noseonHeT onHeaTb AaHHble no n-p paeeeHHH~ 
B o6naeTH Manblx 3HeprHH, a TaK>Ke nony4HTb eornaey~~eeeH e onbl-

dGEn 161 
TOM 3Ha4eHHe eenH4HHbl ""dii2 lq2=0 /eM. I. 

4 

•. 

{,\ 
::, 

I 
l 

P 2 a 3 1- as 
G (q )= + --

E 1 +a q2 1+a q2 
1 2 

/14/ 

I a 1 , a 2 , a 3 - napaMeTpbl/. 
KaK noKa3aHo e pa6oTe 111,e noMo~bJO /11/ H /14/ MoryT 6bJTb 

onHeaHbl see HMe~LI\HeeH AaHHble no ynpyroMy paeeeHHH~ 3JleKTpo-
HOB npOTOHaMH. ,llJlH napaMeTpOB a1 npH 3TOM fibJilH nOJly4eHbl ene-
AYIO~He 3Ha4eHHH: 

a 1= 0,67 /r3B/e/ 2; a 2= 2,23 /r3B/e/
2

; a3 =-0,45. /15/ 

EenH npeAnonomHTb, 4TO ¢opM¢aKTOpbl HetiTpoHa YAOBJleTeopH~T 
eOOTHOWeHHHM /12/ H /13/, a AilH ¢0pM¢aKTOpOB npOTOHa npHHHTb 
/11/, /14/ H /15/, TO npH 3TOM MO>KeT 6b1Tb nOJly4eHO YAOBJleTBO
pHTeJlbHOe onHeaHHe I x 2/ x 2 = 105/89 I AaHHbiX no ee4eHHHM yn
pyroro e-d paeeeHHHH, nony4eHHbiX e pa6oTax17- 14< EAHHeTBeH
HbiMH BapbHpyeMbiMH napaMeTpaMH HBJlH~TeH HOpMHpOB04Hble MHO>KH
TeJlH Nk(k=1, ... ,8). Hx 3Ha4eHHH npHBeAeHbl e Ta6n. 2. 

Ta611H1..1a 2 

HopMbl, nony4eHHble e pesynbTaTe aHaJlH3a AaHHbiX no ynpyroMy 
e-d -paeeeHHH~ 

Pa6oTa 4HeJlO napaMeTpH3al.IHH napaMeTpH3al.IHH 
T04eK /11/-/15/ /19/-/21/ 

171 6 0,999+0,006 1,001+0,006 
/8/ 4 1,099'+0,036 1,096'+0,036 
191 7 1 ,022'+0,011 1 ,025'+0,011 
/10/ 6 0,870'+0,026 0,867+0,026 
/11i 14 0,939'+0,026 0,938'+0,026 
/12/ 10 0,902'+0,019 0,888+0,018 
/13/ 37 o,9oi+o,o24 o,886+o,o23 
/14/ 13 0,815~0,005 0,807~0,005 

2. CooTHOWeHHe /13/ saBeAOMO AOillKHO HapywaTbeR. B onbiTax 
no paeeeHHH~ MeAileHHbiX HetiTpOHOB Ha 3JleKTpOHaX /1 5/ noJly,!-leHO, 
4TO 

n 2) 2 
dG E (_q __ I 2 = (0,0195 ± 0,0003) F 

dq2 q =<> /16/ 

Mbl paeeMOTpeJlH HHTepeeHyJO B03MOlKHOeTb HapyweHHH MaeWTa6HbiX 
eOOTHOWeHHti /12/-/13/, o6ey>KAaBWy~eH B pa6oTal16!npeAnOI10lKHM, 
4TO H30BeKTOPHble H H30eKaJ1HpHble (GMV(q2), GE V(q2 ) , GM 8 (q 2), 
GE8 (q ~, ¢0pM¢aKTOpbl eBH3aHbl MaewTa6HbiM eOOTHOWeHHeM 
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G v ( q2 ) = ~ G v ( q 2 ) 
M 1/2 E 

/17/ 

G s(q2)=f...s..G s(q2) 
M 1/2 E ' 

rAe 

1 
p. =-(p. -p. ) 

v 2 p n 
/18/ 

p. = 2L(p. + p. ). s p n 

Hs /17/ H /18/ nony4aeM 

G P (q2)=p. G P (q2)+p. G n(q2) 
M p E n E 

G n( q 2) = p. G P ( q2 ) + p. G n ( q2) 
M n E p E ' 

/19/ 

Bblpa3HM ¢opM¢aKTOPbl HeihpoHa 4epe3 ¢opM¢aKTOPbl npoToHa. Hi--teeM 

GEn(q2)=-1-[G P(q2)-Jt G P(q2)] 
p. M p E 

n /20/ 

GMn(q2)=p. GEP(q2)+2[G P(q2)-p. G/(q2)1. 
n P.n M p 

•, 

KaK BHAHO H3 /20/, COOTHOWeHHfl AnR ¢opM¢aKTOpOB HeHTpOHa /12/ 
H /13/ Hapywa~TCR TOnbKO B cny4ae, ecnH He HMeeT MecTa MacwTa6-
Hoe COOTHOWeHHe /11/, CBR3~Ba~~ee MarHHTH~H 11 3apflAOB~H ¢opM
l!laKTOpbl npOTOHa. 

npH aHanl13e AaHHbiX no ynpyroMy e-d -pacceRHH~ Mfl ¢opM
¢aKTOPOB npOTOHa Mbl npHHflnH Bblpa>KeHHfl 

G P (q2 ) = -0,24 _ + ·-'1,'--24 __ 

E · 1+0,37q2 1+2,50q2 /21/ 

G P(q2)- ( -0,33 1,33 ) -p. +---- . 
. M P 1+0,58q2 1+2,42q2 

nony4eHHble111 B pesynbTaTe aHan11sa MHpOBbiX .QaHHbiX no ynpyroMy 
e-p -pacceRHH~. HopHHPOB04Hble MfiO>KHTen~;~ /e.QHHCTBeHH~e sapbHpye
Mble ,napaMeTp~/ npHBeAeHbl B Ta6n. 2. B npe.Qenax OWH60K OHH 
cosnaAa~T co 3Ha4eHHflMH Nk, nony4eHHbiM~1 B npeAbi.Qy~eM cny4ae. 

6 

' 

OnHCaH~e YAOBneTBOPHTenbHOe: x2/X2 = 106/89. 3apRAOBbiH t!>opM
¢aKTOp HeHTpOHa BO BCeH paCCMaTpHBaeMOH o6naCTI1 q2 Man /He 
npeBOCXOAHT-5·10-3 I H npH q2:22F-2 MeHReT 3HaK. npoH3BOA-
HaR 3aPRAOBOrO ¢opM¢aKTOpa B T04Ke q2=0 nonO>KHTenbHa 11 pas-
Ha 

dGEn (q2) 

dq2 
1 = o,o23. 
q2=0 /22/ 

u dGEn(q~ 
0TMeTHM, 4TO 3TO 3Ha4eHHe npOH3BOAHOH _ 

2 
lq2_0 cornacy-

q -

eTCR CO 3Ha4eHHeM, nony4eHHbiM B HeAaBHeM OnbiTe no ynpyrOMy 
e-d pacceflHH~ B o6naCTH Man~X q 2, BblnOnHeHHOM Ha epesaHCKOM 
ycKopHTene 1171

. 

/18/ 
3. B nHTepaType /eM., Hanp., I 4acTo o6cy>KAaeTcR sos-

MO>KHOCTb TOro, 4TO 

n ( 2 F
1 

q )=0. /23/ 

B 3TOM cny4ae 

2 n 2 q n 2 
G (q)=---G.(q). 

E 4M2 M 
/24/ 

npH 3TOM npeAnOnara~T TaK>Ke, 4TO 

G P(q2)=p. G P(q2) 
M p E 

/25/ 

G n(q2) =Jl GEP(q2 ). 
M n 

Mbl nposenH o6pa6oTKY AaHHbiX no e-d-pacceRHH~ s npe.r~nonome

HHH, 4TO HMe~T MeCTO COOTHOWeHHR /24/, /25/. Y.QOBneTBOpHTenb
HOrO OnHCaHHR .QaHH~X nony4HTb B 3TOM cny4ae He y.QaeTCR (x 2/5( 2= 
=179/89); BCe napaMeTpbl Nk Ha MHOrO OWH60K OTnH4a~TCR OT 
e.QHHHQW/. 0TMeT~M, 4TO ecnH 

n q2 n 2 
G (q2)=-b- G (q ) 

E 4M2 M !26! 

I b - aapbHpyeMbiH napaMeTp/, TO npH 3TOM MomeT 6b1Tb nony4eHo 
y.~:~osneTBOPI1TenbHoe onHcaHHe .QaHHWX Cx 2/ x 2 = 105/88). 0.QHaKo 
napaMeTp b B npeAenax owH6oK paseH Hyn~ I b ::: -0,052:,0, f1 I. 

17-14/ 
IV. HTaK, nony4eHHwe s pa6oTax AaHHble no ynpyroMy 

e-d-PaCCeRHH~ MOryT 6WTb Y.QOBneTBOPI1TenbHO OnHCaH~, ecnH npeA
nonO>KI1Tb, 4TO ~30BeKTOPHWH ~ H30CKanRpHbiH ¢opM¢aKTOPbl CBR3aHW 
MaCWTa6HbiMH COOTHOWeHHRMH /17/, a .QnR ¢opM¢aKTOPOB npOTOHa 
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npHHRTb non~CH~e B~pameHHR 1211 CO 3Ha4eHHRMH napaMeTpOB, 
HaA~eHH~MH -npH aHanH3e MHpOB~X ~aHH~X no e-p-pac~eRHH~. np11 

dG n(q2) 
3TOM npOH3BO~HaR :q2 ~~=06nH3Ka K 3Ha4eHH~, nony4eHHOMy 

/17 I e 3Kcnepi1MeHTe no n-e pacceRHH~, a TaKme e onbiTe no e d -
pacceRHH~ e o6nacTI1 Mam1x q2 • 

,[laHHble no e-d-pacceRHI1~ MoryT 6b1Tb TaKme on11caHbl, ecnH 
npe~nonomwr b, 4TO 11Me~T MeCTO MacwTa6Hble cooTHoweHI1R I 11 I-I 131. 

TaK11M o6paaoM, T04HOCTb 11Me~~q~1xcR ~aHHbiX He noaeonReT _no
ny4HTb O~H03Ha4HOA HH~OpMa~HI1 0 3apR~OBOM ~OpM~aKTOpe HeATpO
Ha. 
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