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EepelKHeB C.¢. 11 np. Pl - 9575 

H3MepeH11e HyKnoHHoro 11 ni10HHoro ~opM¢aKropoB B 11HrepBane 
BpeMeH11nono6HbiX 4-11MnynhCOB or 1,5 cp-2 no 3,0 ¢-2 

BbmonHeH aHanl13 nl1¢~epeHU11anbHbiX ceqeHI1il peaKul1il 11-p ~ e+e-n 
B paMKaX llHCITepCI10HHOil MOnenH. DonyqeHO xopowee OITI1C8H11e 9KCnep11M8H
ranbHbiX naHHhiX npH paBeHcrBe aneKrpl1qecKoro ni10HHoro ¢opM~aKropa 
F (k 2) H n11paKOBCKoro H30BeKropHoro ¢opM~aKropa HyKnOHa Fv (k 2 ). 
¢~pM~aKrOpbi orrpeneneHhi nnH 3HaqeHHil KB"anfara BpeMeHHnonodHoro 
nepenaHHoro 4-HMII'ynbca k 2 1,5 cp-2, 1,9 cp-, 2,3 cp-2 , 2,65 cp-2 113,0 cp-2., 

CpenHeKBanparl1qHbiil panHyc n110Ha r 
11 

11 HyKnoHa r Fv cocraBnSier 
0,62:!;_0,12 ¢. · I 

Pa6ora BhiJIOnHeHa B fla6oparopHH HnepHbiX npo6neM OH.HH. • 

llpenpHHT 06beAHHeHHOrO HHCTHTyTa HAepH~X HCC~eAOBaHH~ 

~y6Ha 1976 

Berezhnev S.F. et al. Pl - 9575 

The Measurement of the Pion and Nucleon Form 
Factors in the Region of the Time-Like 4-Momentum 
Transfers from 1. 5 F-2 to 3. 0 F-2 

Differential cross sections of the "-p~e+e-n reac
tion are analysed in a dispersion theory framework. Good 
description of experimental data is obtained when the pion 
electric form factor F17 (k~ equals to the isovector Dirac
nucleon form factor F;(k 2). The form factors are obtained at 
time-like 4-momentum transfers of 1. 5 F - 2 , 1. 9 F - 2 , 
2.3 F-2

, 2.65 F-2 and 3.0 F-2. The mean square root radius 
r

17 
and nucleon radius r;v are 0.62 ± 0.12 F. 

I 
The investigation has been performed at the 

Laboratory of Nuclear Problems, JINR. 
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' BeeoeHue 

PeaKUH.Il o6paTHoro JneKTpopo:lK.D.eHH.Il nuouoB /03ll/: 

+ rr + p-.e +e +n /1/ 

B npHHI.{Hne JIBn.lleTCJI HCTOqHHKOM HH~OpMai.{HH 06 3neKT
pOMarHHTHOH CTpyKType a,D.pOHOB B o6naCTH BpeMeHHfiO,D.o6-
HbiX nepe,D.aHHblX HMnynbCOB. 

BnepBble npouecc I 1/ 6Lm uJyqeu npu ocTaHOBKax 
oTpuuaTenLHblX nuouoB B ao.nopo.ne. B 3TOM cnyqae aepo
JITHOCTb peaKI.{HH /1/ OTHOCHTenbHO BenHKa, a HHTepnpe
Tai.{HJI nonyqeHHblX .IJ.aHHblX .ZJ.OCTaToqHO Ha.ZJ.e:lKHa, TaK KaK 
uaqanLHbiH nuou uaxo.ZJ.HTC.Il B S -cocTOJIHHH. B 3Kcnepu
MeHTax, BbinOnHeHHblX Ha BO.D.OPO.ZJ.HbiX ny3blpbKOBbiX Ka
Me pa x I I •2/ , a B .nanbHeiimeM 3neKTpOHHOH MeTO.D.HKOH / :J •41 

, 

KBa.ZJ.pa T 4-HMnynbCa BHpTyanbHOrO ~OTOHa paBHJlnCH CO
OTBeT CTBeHHO - 0,1 c;l)-~ - 0,3 <1>-~ B Ka:lK.ZJ.OM pnbiTe Teo
peTuqe cKHe KpHBble xopomo onucbmanu 3KcnepuMeHTanhHble 
pacnpe.neneHH.Il. O.nuaKo H3 3THX .naHHblX acne.ncTBHe Manoa 
aenuquubl nepe.naHHblX HMnynLcoB 6blnH nonyqeubl TOnbKO 
oueHKH .nn.11 cpe.nueKBa.npaTuquoro JneKTpuqecKoro pa
.nuyca nuoua: 

--
'1/ < r! > < 1,9<1> / 3/ < r; > =(0,2 ±0,6)<1>2 

1~1 

EcTecTBeHHblM nyTeM .nn.11 ua6mo.neHH.Il H HJyqeHH.Il 
34xlJeKTOB CTpyKTypbl a.npoHOB JIBn.lleTCJI H3MepeHHe .D.H~
~epeHI.{HanbHblX ceqeuuii peaKUHH /1/ npu 6onhmHx nepe
.naHHhiX HMnynLcax H conocTaBneuue nonyqeHHblX pacnpe
.neneHHH c TeopeTuqecKHMH. B pa6oTe, BbinOJIHeHHOH ua 
BO.D.OPO.ZJ.HOH nyJblpbKOBOH KaMepe / 5/ , 6blna nonyqeua Bepx-
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HJIJI Ol.{eHKa Ce'leHHJI 03ll npH KHHeTH'IeCKOH 3HeprHH 17-

Me 3 OHOB 340 M 3B. ,[(JIB C06b1THH C k2 > 0 ,f) (/) - 2 : ' 

-30 2 
a <10 CM 

Ha yposHe 95o/o .IJ.OCTosepHOCTH. Ha6nro,IJ,eHHe npouecca /1/ 

.D.JIJI nuoHos c HMnynbcoM P 17 = 4 T3B/c 6blno BblnoJIHeHo 

s pa6oTe 
161 . 3KcnepHMeHTaJibHble ,IJ,aHHble yKa3aJIH Ha 

,IJ,OMHHHpyroii.{HH BKJia,IJ, p -Me 3 OHa B 3JieKTpOMarHHTHyro 

CTPYKTYPX nHoHa H no3BOJIHJIH onpe,IJ,eJIHTh BeJIH'IHHy KOH

cTaHTbl y 2 . 

,[(aHH&e no 03ll B npoMe*YTO'IHOH 06JiaCTH 3HeprHH 

6blJIH nony'leHbl B pa6oTe /7 I, r,IJ,e Ha6nro,IJ,anoch- 60 co6bl

THH /1/ npu E 77 = 275 M3B. 3TH pe3yJibTaTbl aHaJIH3Hpo

BaJIHCh C nOMOII.{bW ,IJ,HCnepCHOHHOH MO,IJ,eJIH 19•10( KOTOpaJI 

CO,IJ,ep~aJia B Ka'leCTBe CB060,IJ,Hb1X napaMeTpOB H30BeK

TopHbiH .IJ.HpaKoBCKHH clJopMclJaKTop HYKJIOHa F~, clJopMclJaKTop 

nuoHa F 17 H clJopMclJaKTop GM , sxo,IJ,JIII.{HH B aMnJIHTY.D.Y Mar

HHTHoro ,IJ,HnOJihHOro nepexo,IJ,a M 1+.PaHee 6blJIO o6Hapy*e

Ho/ll/, 'ITO B OTJIH'IHe OT npol.{eCCOB npBMOrO 3JieKTPOPO*

,IJ,eHHJI nHOHOB, r,IJ,e .D.OMHHHpyeT pe3oHaHCHblH nepexo,IJ, Ml+' 

B npouecce /1/ npeo6na,IJ,aroT 6opHOBCKHe 'IJieHbl. llocne

.D.YWII.{He Bbl'IHCJieHHJI, BblnOJIHeHHble C yqeTOM BCeX 3KCne

pHMeHTaJibHblX YCJIOBHH, noKa3aJIH, 'ITO BCJie,IJ,CTBHe KOM

neHCai.{HH BKJia,IJ,a OT nepexo,IJ,a M I+ ero HHTepclJepeHI.tHe:H 

C 6opHOBCKOH 'laCTbW aMnJIHTY,IJ,bl HX BKJia,IJ, B ,D,HclJclJepeH

I.{HaJibHble Ce'leHHJI COCTaBJIJieT - 95tfo /B/. ll03TOMY Ce'leHHe 

peaKI.{HH OKa3aJIOCb npaKTH'IeCKH 3aBHCJIII.{HM TOJibKO OT 

clJopMclJaKTopos F
77 

H Flv . B npe,D,nono~eHHH F 
17
(k 2) = F 

1
v(k2 ) Mo

,IJ,eJib xopowo onucana 3KCnepHMeHTaJibHble pacnpe,IJ,eJieHHJI 

no 'leTblpeM He3aBHCHMbiM nepeMeHHblM: k 2 , E)Y - yrJiy 

Me~y HMnyJibCOM nHOHa H clJoTOHa B C.I.{.H. 17 N , 8 - yrny 

Me~y HMnyJihCOM HeHTpOHa H 3JieKTpOHa B C.I.{.H. e+e-H 

cp - yrny Me~,IJ,y nJIOCKOCTbW peaKI.{HH 

17-+p-+y*+n /2/ 

H nnocKoCThJO pacna,IJ,a BHpTyaJibHoro clJoToHa y*. Cpe,IJ,Hee 

3Ha'leHHe clJopMclJaKTOpOB npH k 2 
= 2 t1J - 2 6blJIO Ol.{eHeHO 

C TO'IHOCTbro -15%. ,[(aJibHeiiwee TeopeTH'IeCKOe 060CHOBa

HHe ucnoJih30BaHHJI 03ll ,IJ,JIJI uccne,IJ,oBaHHJI CTPYKTYPhi 

4 

a,D,pOHOB ·6blJIO C,IJ,eJiaHO aBTOpaMH pa60Tbl /l 2! noKa3aBIUH

MH, 'ITO ,IJ,OMHHHpOBaHHe 6opHOBCKHX 'IJieHOB JIBJIJieTCJI npo

JIBJieHHeM KBa3Hnoporosoro nose,IJ,eHHJI aMnJIHTY.D.hi npo

uecca /2/. Cyii.{HOCTb 34KtleKTa COCTOHT B TOM, 'ITO B aM

nnuTy,IJ,e npouecca /2/ npu MaJiblX 3Ha'leHHJix HMnynhca 

BHpTyaJihHOrO clJOTOHa k OCHOBHYIO pOJib HrpaJOT MYJibTH

nOJIH E 0 +, E 2 - ,L 0 + ,L 2 -, He 3aBHCJIII.{He OT lkl H onpe,IJ,e

JIBeMble, B OCHOBHOM, 6opHOBCKHMH 'IJieHaMH. Bee OCTaJib

Hble MYJihTHnOJIH Be,IJ,yT ce6JI KaK 1 kin, r,IJ,e n ;::1 H, cne,IJ,o

sa TeJibHO, cTpeMJITCJI K HYJIIO c yMeHbweHHeM lk I· C TO'IKH 

3peHHJI 3KcnepuMeHTa OT6op co6blTHH, Y.D.OBJieTsopJIJOII.{HX 

KBa3HnoporOBOH KHHeMaTHKe, CBO,IJ,HTCJI K ,IJ,eTeKTHpOBaHHW 

e+e:-nap C 34KtleKTHBHbiMH MaccaMH, 6JIH3KHMH K MaKCH

MaJibHbiM 3Ha'leHHJIM, ,IJ,OnyCKaeMblM 3aKOHOM COXpaHeHHJI 

3HeprHH. llO,IJ,TBep~,D,eHHe 34KtleKTHBHOCTH /1/ ,IJ,JIJI HCCJie

,IJ,OBaHHJI CTpyKTypbl a,D,pOHOB H yKa3aHHe Ha Cyll.{eCTBOBa

HHe 34KtleKTa KBa3Hnopora 6blJIO nonyqeHo npu aHaJIH3e 

-240 co6blTHii peaKI.tHH /1/ /E
17

= 275 M3B/ /l 3f noMOII.{hJO 

ucnoJib30Baswe:HcJI paHee ,IJ,HcnepcuoHHOH Mo,IJ,enu. Xopowee 

cornacue Teopuu H 3KcnepuMeHTa B npe,IJ,nono~eHHH F; =F 
n03BOJIHJIO onpe,D,eJIHTb clJopMclJaKTOpbl C TO'IHOCTbiO -11 ~ 
npH Tpex 3Ha'leHHJIX k 2 

H Bbl'IHCJIHTb pa,D,HYC nHOHa. 

HapB.IJ.Y c oT6opoM co6blTHH, Y.D.OBJieTBOpBroii.{HX KBa3H

noporoBOH KHHeMa THKe, Ha,IJ,e~HOCTb TeopeTH'IeCKOH HH

TepnpeTai.{HH MO~eT 6b1Tb nOBbiWeHa nyTeM HCnOJih30BaHHJI 

34KileKTa KOMneHCai.{HH /l 4/. lf3 ,IJ,aHHblX no clJoTOpO~,IJ,eHHW 
,IJ,JIJI WHpOKOrO HHTepBaJia 3HeprHH B C.I.{.H. 11N QbiJIH nony·

'leHbl yrJibl pacceJIHHJI, npH KOTOpbiX ,D,HclJclJepeHI.{HaJibHOe 

Ce'leHHe onpe,D,eJIJieTCJI TOJibKO 6opHOBCKHMH 'IJieHaMH: 

BKJia,IJ, OCTaJibHblX aMnJIHTY.D. KOMneHCHpyeTCJI HX HHTepclJe

peHI.{HeH C 6opHOBCKHMH. llpH nepeXO,IJ,e OT peaKI.{HH C pe

aJihHblM clJoTOHOM K npoueccy /2/ 34KtleKT KOMneHCai.{HH 

coxpaHJieTCJI 
1151 . 

3TOT pe3yJibTaT cnpaBe,IJ,JIHB TOJibKO ,IJ,JIJI TeX 3HeprHH, 

npH KOTOpbiX ,IJ,OCTaTO'IHO Y'IHTblBaTb B ,IJ,HCnepCHOHHbiX HH

Terpanax BKJia,IJ, oT pe3oHaHca ~ (1236). llpH 3HeprHJix, 

r,IJ,e CTaHOBHTCJI Cyll.{eCTBeHHblM BKJia,IJ, BblCWHX pe30HaHCOB, 

COXpaHeHHe KOMneHCai.{HH ,IJ,O~HO 6biTb H3y'leHO B COOTBeT

CTBYIOII.{HX MO,IJ,eJIJIX. 

ll3o6apHaJI Mo,IJ,eJih, pa3BHTaJI B pa6oTax 
116 

•
17 1 

,IJ,JIJI 

OnHCaHHJI 3JieKTPOPO*,D,eHHJI nHOHOB, Ta~e npHMeHJIJiaCb 
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JJ.JUI paccMoTpeHBB npouecca 0311. 11ocne pBJJ.a pa6oT, 

B KOTOpbiX )J.eJiaJIHCb OIJ,eHKH/lB/ BJIH BblqBCJIBJIHCb HHTer

paJibHble xapaKTepHCTHKH npouecca 111. /1 9
•
201. 6blJIO Bbl

nonHeHo DO)J.p06Hoe HCCJie)J.OBaHBe 0311, B KOTOpOM pac

cMaTpaaancB o6MeH H3o6apoii a U-KaHane, Hepe3oHaHCHhie 

JJ.06aBKH B nponara Tope ll (1236) H BJIHBHHe acex 4!opM4!aK

TOpOB Ha JJ.H414lepeHIJ,BaJibHble ceqeHBB/ 2 I~ 11pH BblDOJIHeHBH 

qacJieHHbiX pacqeTOB yqHTblBaJIBCb BCe 3KCOepHMeHTaJibHble 

ycnoBHB. AHaJIB3 noKaJaJI, qTo BKJia.IJ. o6MeHa B U -KaHane 

H Hepe30HaHCHblX JJ.06aBOK B JJ.B414lepeHIJ,BaJibHble ceqeHBB 

. He npeBblWaeT 5<1«> H 3<1o COOTBeTCTBeHHO; 6blJI DO)J.TBep')K

)J,eH )J.OMHHHPYID~HH xapaKTep 6opHOBCKHX qJieHOB H nony

qeHO xopowee cornacHe TeopeTHqecKHX H 3KcnepHMeH

TaJibHblX pacnpe.IJ.eJieHHii. 

110)J.XO)J., aHaJIOrHqHbiH H306apHo:ii MO)J.eJIH, 6blJI HC

nOJib30BaH )J.JIB yqeTa BJIHBHHB Ha JJ.H4141epeHIJ,HaJibHble Ce

qeHHB 0311 BbiCWHX pe3oHaHcoa /22,23/. BbiqacJieHHB npo

BOJJ.HJIHCh JJ.JIB KBaJHnoporoaoii o6nacTH. YqHTbiBaJIHCb pe-

30HaHCb1 DI 311,51 F3B, 1 = 0,1 F3BI, Sill 1,53 F3B, 
1= 0,1 F3BI, s3I I 1,66 F3B, [' = 0,15 F3BI, s II 

11,70 F3B, 1 = 0,15 F3BI, ao36y')K)J.aeMble nepexo)J.aMH 

~! Ef-4
/. OIJ,eHKH, BbiDOJIHeHHble )J.JIB cnyqaB eY~. noKaJa

JIH, qTo anJIOTb JJ.O noJIHoii 3HeprBH a c.IJ,.H. rr N, paaHoii 

W= 1350 M3B, BJIBBHHe BbiCWHX peJoHaHCOB cyll1,eCTBeHHO 

MeHbWe, qeM BKJia)J. 6opHOBCKHX qJieHOB. 

MyJILTHnOJibHblii aH.aJIH3 npouecca 111 ocyll1,ecTBJieH 

TOJibKO TeopeTHqeCKH: JanHCaHbl pa3JIO')KeHBB ceqeHBH pO')K

)J,eHHB llloToHa c pa3JIHqHblMH nonBpaJaiJ,HBMB no MYJihTB

noJIBM H no CTeneHBM cos E) y; B 6opHOBCKOM npB6JIB')KeHHH 

paccqaTaHbl COOTBeTCTBYID111,He napaMeTpbl )J.JIB CJiyqaB, 

KOr)J.a HaB60JibWHH nOJIHblH MOMeHT B (rr -p) CHCTeMe paBeH 
J = 312 /25/ . 

Pa.IJ.HaiJ,HOHHble nonpaBKH K 0311 6blJIH ablqHcJieHbl a 

npe)J.nOJIO')KeHBH 0 He3HaqBTeJibHOCTH H3JiyqeHBB a)J.pOHOB 

no cpaBHeHHID C JienTOHaMH H )J.JIR TaKOH nocTaHOBKH 3K

cnepHMeHTa, KOr.IJ.a He JJ.eJiaeTcB pa3JIHqBB Me')K)J.y 3JieKTpo

HOM B n03HTpOHOM /26 /. 

B HacT011111,e:il pa6oTe aHaJIH3BPYIDTC11 HOBble JJ.aHHble 

no peaKIJ,HH 111, nonyqeHHble npa KHHeTaqecKoii 3Hepraa 

naoHOB E 77 = 275 M3B 127! H3 conocTaaneHHB 3KcnepaMeH

TaJILHblX H TeopeTHqecKBX pacnpe.IJ.eJieHHii onpe.IJ.eJieHbl 

6 

3HaqeHBR 4!opM4!aKTopoa F I a F 
77 2 

npa nBTH 3HaqeHH11x 

apeMeHHDOJJ.06Horo 4-aMnynLca k , a TaK')Ke onpe.IJ.eJieH 

cpe)J.HeKBa)J.pa THqHbiH pa.IJ.HYC nBOHa IHYKJIOHal. 

§1. 3KcnepuMeHmaAbHble oaHHble 

~JIB onpe)J.eJieHHJI 4!opM4!aKTOpOB aHaJIH3HpOBaJIHCb 

1040 co6biTHii, HJJ.eHTHiiiHUHPOBaHHblX B pa6oTe 
7271 

H3 

pacnpe.IJ.eJieHHJI 3THX cnyqaea no KBa.IJ.pa TY He.IJ.OCTaiD111,e:il 

Macchi M; cne.IJ.yeT, qTo cpe.IJ.H HHX aMeeTCJI 793±38 co6w

THii peaKIJ,HH 111 H 247±30 co6blTH:ii llloHOBblX npoueccoa. 

EcnH aaecTH KpHTepH:ii 

2 2 
M <1,0 IF3B/c2/ . 

X -
131 

TO qHCJIO CJiyqaen 0311 H 4loH yMeHbWaiDTCH )1.0 748±36 

H 97+12 COOTBeTCTBellH9. cl>oH OT nyCTOH MHWeHH COCTan-
- '27 

JIHeT 70±26 C06blTHH
1 

• 11pHBe)J,eHHble OWH6KH B KOJIHqecT-

Be CJiyqaen yqHTblBaiDT norpeWHOCTH, B03HHKaiD~He npH 

onpe.IJ.eJieHHH qHcna co6biTH:ii 0311 H llloHa. 

Onpe.IJ.eneHHe 4!opM4!aKTopoa ocy~eCTBJIHJIOCb no cTa

THCTHqecKoMy MaTepHaJiy, YJJ.OBJieTBOpHID~eMy KpHTepHID 

131. Bee co6hiTH11 pa36HaanHcb Ha n11Tb rpynn a JaBHCH

MOCTH OT 3HaqeHH11 k 2 . qHCJIO CJiyqaeB B Ka')K)J.OH rpynne 

H npoiJ,eHT liiOHOBblX B3aHMO)J.eHCTBHH yKa3aHbl B ma6A. 1. 
~JIH Ka')K)J,OB rpynnbl CTpOHJIHCb pacnpe)J.eJieHHJI C06bl

THH no TpeM HeJaBHCHMbiM nepeMeHHblM :cos E) Y, cos0 H 

cos¢. Onpe.IJ.eneHHe 4!opM4!aKTopoa ocyll1,ecTBJI11Jioch no yr

JIOBblM pacnpe.IJ.eJieHHJIM BHpTyaJibHoro llloToHa (cos E) Y);.D.Biil-

4!epeHIJ,HaJibHble ceqeHBJI no JJ.BYM )J.pyrBM nepeMeHHWM 

CJiy')KHJIH )J.JIB nposepKH ODHCaHHJI MO)J.eJibiD C HaH)J,eHHWMH 

3HaqeHHHMH 4!opM4!aKTOpOB COCTOJIHHB noJI11PH3aiJ,HH B&p

TyaJibHOrO llloTOHa. 

§2. MooeAb u ee napaMempbl 

~JIH aHaJIH3a 3KCnepHMeHTaJibHblX )J,aHHWX npHMeHJIJiaCb 

MO)J.eJib 'I 5< yqHTb1BaiDII1,a11 B )J.HCnepCHOHHWX HHTerpanax 

TOJibKO BKJia.IJ. pe3oHaHcHoii JJ.HnoJibHOH aMnJIHTYJJ.W M1 +. 
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H3ocKan.llpHa.ll qacTL aMnnHTY.IJ;LI 03II 6panacL paBuoB: 
6opHOBCKOH, 3a HCKmo'leHHeM aMnnHTY.IJ;hl £ 0+(0), KOTOpa.ll 
npupaBHHBanacL uynro, 'IT06LI cornacoBaTL ee noBe,IJ;euue 
c pe3ynLTaTaMH MynLTHnonLuoro auanu3a/29,30/. Mo.IJ;enL 
xopowo onucana ,IJ;auuwe no .IJ;Hclxl>epeuu;uanLHLIM ceqeuuJIM 
peaKIJ;HH 

y+n-+TT +P /4/ 

npu 3Hepruu llloTOHOB Ey = 350 M3B, .IJ;Hiillllepeuu;uanLuoe 
Ce'leHHe 3TOrO )Ke npou;ecca ,IJ;n.ll @ 17 = 180° B HHTepBane 
3HepruB: 350 M3B ,:::Ey:S. 750 M3B, a TaK)Ke nonepequyro 
H npO,D;OnLHYIO 'laCTH Ce'leHH.II 3neKTpOpO)K,IJ;eHH.II 3ap.II)KeHHLIX 
H HeHTpanLHLIX nHOHOB B HHTepBane 3HeprHH B c.u;.H. TT N 
1,1 T3B ~W::;; 1,35 T3B H k 2 = 5 (/il.Bcne,IJ;CTBHe 3clxl>eKTa 
KBa3Hnopora TO'IHOCTL OnHCaHH.II 03II ,IJ;OR)I{Ha 6LITL eiu;e 
6onee BLICOKOH. 

IIapaMeTpaMH MO.IJ;enu JIBn.IIIOTC.II .IJ;HpaKOBCKHe H naynu-
v 

eBCKHe H30BeKTOpHLie H H30CKan.llpHLie lilopMiilaKTOphl ~ , 
F 2 v , F1 s , F 2s lllopMiilaKTOP nuoua F 

17 
H lllopMiilaKTop G M' BXO

.IJ;.IIIu;HH B aMnnuTy.n;y M1+. Ilpu pac'leTe TeopeTH'IeCKHX pac
npe,IJ;eneuuB: 3Ha'leHH.II F2v , F1

5 H F2
5 Bhi'IHCn.llnHcL c no

MOiu;LIO .IJ;HnonLHOH lilopMynLI. cl»opMiilaKTOp B o6naCTH ManLIX 
npOCTpaHCTBeHHOnO.IJ;OfiHLIX Depe,D;a'l COBna,IJ;aeT C H30BeK
TOpHLIM MarHHTHLIM lllopMiilaKTopoM uyKnoua G~k2) ":Ilpew 
nonaranocL, 'ITO 3TO paBeHCTBO coxpauJieTC.II H B o6nacTH 
BpeMeHHnO.IJ;OfiHLIX nepe,IJ;aHHLIX HMnynLCOB; 3KCTpanon.IIIJ;H.II 
OCyiu;eCTBn.llnaCL TaK)Ke C nOMOIIJ;LIO .IJ;HnonLHOi lilopMynLI. 
TaK KaK .IJ;Hiillilepeuu;uanLHhle ceqeuu.11 cna6o 3aBHC.IIT oT Be
nH'IHHhl 3THX lilopMiilaKTOpOB, TO B03MO)KHhle norpeWHOCTH 
3KCTpanonHpOBaHHLIX BenH'IHH npaKTH'IeCKH He CKa3LIBaiOT
c.11 ua TO'IHOCTH TeopeTH'IeCKHX pe3ynLTaToB. ITo ou;euKaM 
MHHMa.ll qacTL F B paCCMaTpHBaeMOM HHTepBane nepe-

1T u/JJ/ 
,IJ;aHHLIX HMnynLCOB COCTaBn.lleT MeHee 20/o <YT peanLHOH . 

" CpaB~euue 3KCnepuMeHTanLHLIX ,IJ;aHHLIX no lllopMffi8:K
Topy GM (k ) c TeopeTH2ecKHM pe3ynLTaToM pa6oTLI /'); , 
r .IJ;e lllopMiilaKTop GM (k ) nonaranc.11 nponopu;uouanLHLIM 
lllopMiilaKTopy GM(k2), yKa3LIBaeT ua xopowee cornacue 3THX 
lllopMiilaKTopou B o6nacTu k 2 < 10 4> -2 /31 I 
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3KcTpanomnJ;8B. F1v 83 npocTpa8CTBeuuono.IJ;o6uoii o6nacT8 
yKa3LIBaeT Ha TO, qyo Imf1v np8 k 2 < 3 <P-2MaJia. Il03TOMy 
o6a 4JopMclJaKTOpa np8 aHaJI83e cq8TaJI8CL .a;eiiCTB8TeJILHLIM8. 

§3. Ilpofleoypa onpeoeAeHu.R 
(JopMf/JaKmopoe F

1
v u F 

77 

3aaqeH8B. clJopMclJaKTOpOB onpe,IJ;eJIB.JI8CL MeTO.IJ;OM Ha8-
MeHLW8X KBa.D;pa TOB 83 aHaJI83a pacnpe,IJ;eJieH8H no COS (H) y, 
Ha86onee qyBCTB8TeJILHLIX K 83MeHeH810 clJopMclJaKTOpOB. 
B Ka)K.IJ;Oii 83 nB.T8 rpynn co6LIT8ii clJopMclJaKTopLI nonaran8CL 
He 3aB8CB.IIJ;8M8 OT k2 

, 8 8X 3HaqeH8B. onpe,IJ;eJIB.JI8CL 83 
YCJIOB8B. M8H8MyMa CJie.IJ;yiOIIJ;ero clJYHKIJ;80HaJia: 

- 2 
II> = (N 11?-Ncp) 

a2 
cp 

2 
8 (no'1t<en-YniMHW -piNcp -n iTeop ) 

+ I _I-----------------
i= I a2 

i 
/5/ 

3.IJ;ecL: Ncp- q8cno clloHOBLIX co6LIT8ii Bo acex nB.T8 rpyn
nax, onpe.IJ;eneuuoe 83 aaaJI83a pacnpe.IJ;eJieH8B. 3aper8cT
~8poBaHHLIX C06LIT8H no KBa.D;paT~ He.IJ;OCTaiOIIJ;eii MaCCLI, 
N cp - aapL8pyeMLiii napaMeTp; acp - ow86Ka B aen8q8ue 
N cp , BLJq8cJieHHaB. np8 BLI.IJ;eneH88 clloHOBLIX co6LIT8ii 127 I , 
ni3Kcn. - 3Kcnep8MeHTaJILHoe q8cno co6LIT8ii, nonaaw8x 
B i 8HTepBaJI pacnpe.IJ;eJieH8B. no COS (H) y , n i MHlll - q8CJIO 
co6LIT8ii, nonaaw8x B i 8HTepaan pacnpe.IJ;eneH8B. no cos (H) Y 
np8 83MepeH8B.X C nyCTOH M8WeHLIO, Y - OTHOWeH8e noTo
KOB B 3Kcnep8MeHTax c nonuoii 8 nycToii MHWeHLJO; Pi -
BepOB.THOCTL nona.IJ;aH8B. clJoHOBOrO C06LIT8B. B .IJ;aHHYIO o6-
JiaCTL k

2 
8 B i 8HTepBaJI pacnpe.D;eJieH8JI no cosE)Y , BeJI8-

q8HLI P 0 onpe.IJ;eJIB.JI8CL nyTeM po3LirpLiwa clJouoaoro npo-1 

IJ;ecca; 

a 2 = n + y 2n 
i i3Kcn iMHW 

niTeop - q8cno co6LIT8ii B 1 8HTepaane, paccq8TaHHoe no 
clJopMyne: 

daTeop (i) 
no =I·A· (. , /6/ 

1 Teop d COS (H) y 

r.IJ;e I - noTOK rr -Me30HOB, A - q8cno aTOMOB BO.IJ;opo.IJ;a 

10 

I 
1 

i 

B M8Welfo8, f - K034Mt>8U8eHT, yq8TLIBaiOIIJ;8H 34Mi>eKT8BHOCTL 

1271 da (i) 
per8cTpaiJ;88 8 o6pa6oTK8 , Teop - 3Haqea8e 

d cos(H)Y 

TeopeT8qecKoro ceqea8B. B i 8HTepaane, npe.IJ;cTaaneuuoe 
B B8,IJ;e: 

~~Teog_ji) = c (i)(F 
1
v)2 +c

2
(i) F; +Cii) F

1
v F; +C 

4 
(i) F lv + 

d cos(H)Y 1 
/7/ 

+ c
5
(i) F

77 
+Cii). 

Ko3cllcll8U8eHTLI ck (i) BLJq8CJIJIJI8CL B paMKax .IJ;8Cnepc80HHoii 
MO.IJ;eJI8 C yqeTOM KOHKpeTHLIX yCJIOB8H 3KCnep8MeHTa 1281 . 

TaK8M o6pa30M, n i Teop B.BJIB.eTCB. B.BHoii clJyHKIJ;8eii clJopM-
clJaKTopoB F 1v 8 F 

77 
0 

B uacTOB.IIJ;eM auaJI83e npe.D;nonaranocL paaeucTao: 

Fv(k2 )=F (k 2 ), 
I TT 

/8/ 

cornacyJOIIJ;eecB. c pe3yJILTaTaM8 onLITOB no npB.MOMY 8 o6-
pa THO MY 3JieKTpOp0)K.ZJ;eH810 I I 3 •33 •34 I· 

§4. Pe3yAbm.ambl 

Pe3yJILTaTLI onpe.D;eneH8B. clJopMclJaKTopoB np8Be.IJ;eHLI B 
ma6A. 2. B nepaoii cTpoqKe 3an8caHLI 3aaqea8B. /l>opMclJaKTO
pOB C OW86KaM8, yq8TLIBaiOIIJ;8M8 TOJILKO CTaT8CT8qeCK8e 
norpeWHOCT8 8 HeToqHOCTL B onpe.D;eJieH88 q8cJia clJoHOBLIX 
C06LIT8H. qyo6LI yqeCTL OW86Ky 0, o6yCJIOBJieHHY10 HeToq
HOCTB.M8 B onpe.D;eJieH88 COCTaBa nyqKa, 34Mt>eKT8BHOCTeii 
.IJ;eTeKTOpOB 8 o6pa60TK8, clJopclJaKTOpLI BLiq8CJIJIJI8CL .IJ;JIJI 
3Haqea8ii noToKa I-o 8 I +a. CooTBeTCTBYIOIIJ;He OTKnoueH8B. 
clJopMclJaKTOpOB f (k 2 ) np8Be.IJ;eHLI BO BTOpOii CTpOKe. )J;JIJI 
noJiyqeH8B. nOJIHOH OW86K8 3HaqeH8B. f{k2 ) KBa,IJ;paT8qHo 
CKJia.IJ;LIBaJI8CL C norpeWHOCTB.M8, np8Be.IJ;eHHLIM8 B nepBOH 
CTpOKe. BeJI8q8HLI clJopMclJaKTOpOB C nOJIHLIM8 OW86KaM8 
3an8CaHLI B TpeTLeii CTpOKe Ta6JI81J;LI. 

Ha puc. J CnJIOWHLIM8 Kp8BLIM8 np8BO.IJ;B.TCJI TeopeT8-
qeCK8e pacnpe.D;eneH8B., BLJq8cJieHHLie c c1JopMclJaKTopaM8 83 
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P11c, 1. Pacnpe.lleneHifSI co6biTliH no KOCifHycy yrna BbineTa BlipTyanbHoro ¢oToHa El . 
CmiOIIIHbiMli KpliBbiMif noKa3aHbi pe3ynhT8Tbi TeopeTH:'IeCKifX pactieToB c ¢opM¢aKTo

paMif, npH:Be.[leHHbiMli B Ta6nH:ue 2. 

Ta6nH:ua 2 

k2 
' 

¢-2 1,48 1,88 2,26 2,65 3,05 

FIT (k2
) =F, ... (k

2
) 0,86£.0,08 0,99:t_0,06 1 ,05:t_0,05 1 ,07:t_0,06 1 ,20:t_0,05 

±f +0,06 +0,06 +0,07 +0,06 +0,07 
-0,05 -0,05 -0,05 -0,06 -0,06 

F 
17 

(k2 ) = F 
1
v(k l 0 86+0,10 

I -0,09 
0 99+0,08 

J -0,08 
1 05+0,09 

' -0,07 
1 07+0,08 

' -0,08 
1 20+0,09 

' -0,08 



ma6A. 2. Ha puc. 2 H 3 npe)J.cTaaneHbl pacnpe,11.eneHHJ1 
co6biTHH no yrnaM El H ¢ . Cnnonmble Kp~Bble Bb11.fHcneHbl 

c <l>opM$aKTopaMH, npHBe)J.eHHbiMH B ma6A. 2. H3 pHCYHKOB 

cne,11.yeT, '-ITO 
pacnpe,11.eneHHJ1 

MO)J.ellb C napaMeTpaMH, Haii)J.eHHbiMH H3 
no cos ElY, xopowo onHcbiBaeT AH<l><l>epeH-

I.{HallbHbie Ce1.feHHJI no )J.pyrHM He3aBHCHMbiM nepeMeHHbiM. 
3Ha1.feHHJI $opM$aKTOpOB H3 ma6A. 2 HCnOllb30BallHCb 

,11.nJ1 onpe,11.eneHHJ1 :JneKTpoMarHHTHoro pa)J.Hyca. 0wH6KH 
$opM$aKTOpOB 6panHCb H3 nepBOH CTpOKH Ta6nHUbl, a no

v 
rpewnocTb E(k)=±6~ npHnHCbiBanacb uenH1.fHHe F" (0) = F1 (0) = 

= 1 . IllecTb nony1.feHHbiX 3Ha1.feHHii YAOBneTBopHTenbHO 

(x2=9,x 2 =4) annpOKCHMHpOBallHCb 3aBHCHMOCTbiO 

F v (k 2 ) = 1 + _!_ r 
2 

• k 
2 

I 6 F v 
I 

/9/ 

npH 3HaY.eHHH 

/10/ r =r = /0,62+0,12/ cJ>. 
Fv TT -

I 
llonyY.eHHOe 3Ha1.feHHe :JneKTpoMarHHTHoro pa,11.Hyca xopowo 
cornacyeTCJI c uenH1.fHHoii, onpe.aeneHHOH no ynpyroMy 
eN- pacceJIHHJ0/35 / 1 

r .,= 0, 77 cJ>, 
F' 

I 
a iaK>Ke CO 3HaY.eHHJIMH, noJiy1.feHHbiMH H3 aHallH3a )J.aHHbiX 

no 03II H ,11.pyrHM npoueccaM I ma6A. 3/. 
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3uaqeuue r"= /0,68±0,01/ (JI uaiiJJ,eHo H3 aHaJIH3a 
JJ,aHHblX no F" , nonyqeHHblX so acex ,Tpex npou;eccax. 

Ha puc. 4 npuaeJJ,eHbl 3Ha'leHHJI cllopMclmKTOpa nuoua 
npH MaJiblX 3Ha'leHHJIX npOCTpaHCTBeHHODOJJ,06HblX H Bpe" 
MeHHDOJJ.06HblX nepeJJ,a'l. Cnnowua.a: KpHBa.a: Bbl'IHCJieua c 
noMOIULIO cynepnponaraTopuoro MeToJJ,a 1381, 3Ha'leuue 
3JieKTpoMaruuTuoro paJJ,uyca nuoua, nonyqeuuoe 3THM Me
TOJJ.OM, paBHO: 

r = 0,65 (JJ. 
7T 

AaTopbl 6naroJJ,apubl IJ.M.ITouTeKopao 3a nocTo.a:uuoe 
BHHMauue K pa6oTe, a TaK:>Ke IO.C.Cypoau;eay H «l>.r.TKe-
6yqase 3a MHOrO'IHCJieHHLie 06Cy:>KJJ,eHHJI. 
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