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Eepe)I<HeB C.¢. ({ llP· PI - 10311 

OnpeJJ.eneH({e HYKI10HHoro H nHOHHoro ~opM~aKTopoa H3 aHai1H38 

peaKUHH 11 -p ~ e + e - n npH 3HeprliH 275 1\138 

l-13 aHanH3a yrnoabiX pacnpeJJ.eneHHif co6biTHif peaKUHH 11 -p -+ e + e + n 

onpeneneHbl Bei1H'IHHbl li30BeKTOpHOrO ~OpM~BKTOpa HYKI10H8 H ~OpM~aKTOpa 

11 -Me30Ha B o6naCTH nepenaHHbiX HMflYI1hCOB OT 1,5 ¢-2 llO 3,0 ¢l -
2 

nony'leHbl 3Ha'leHHII COOTBeTCTBYIOIUHX 311eKTpOMarHHTHbiX paJJ.HyCOB. Onpe

neneHbl BKI181lbl B Ce'leHHe 030 CCCTOIIHHH C pa311H'IHblMH fl01111pH38UHIIMH 

BHpTyanbHoro ~oTOHa. CnenaHa oueHKa yrna paccei!HHII y-KBaHTa, 

llpH KOTOpOM Ce'leHHe peaKUHH onpeneni!8TCII TOI1bKO 6opHOBCK({MH '111eH8MH. 

Pa6oTa Bb1110I1HeHa B Jla6opaTopHH I!JlepHbiX npo6neM OY15Hf. 

flperrpHHT 06be)lHHeHH010 HHCTHTyTa H)lepHbiX HCCJie)lOBaHHH 

_ay6Ha 1976 

Berezhnev S.F. et al. 
PI - I03II 

Determination of the Nucleon and Pion 
Form Factors from the Analysis of the Reaction 

- + -rrp-+een at275MeV 
v 

The isovector nucleon form factor F1 and the pion 
form factor are determined at nine values of a four
momen!rm transfer in the range between l.5F-2 and 
3.0 F from the analysis of the angle distributions 
for 11-p-+ e+e-n (IEP) events. The values of relevant 
electromagnetic radii are obtained. The phenomenological 
analysis has been performed allowing to determine the 
contributions to the IEP cross section from the diffe
rent polarization states of the virtual photon. The 
estimation of the y-quantum scattering angle providing 
the cross section to be Born one has been made. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

C> J 976 06 .. eOUHeHHWU UHc•u•y• JIOepHWX UCC.IIe0060HUii.lly6Ha 

' 

BBE,4EHHE 

PeaKUH.H o6paTHoro 3neKTpopo:>K~eHH.H nuoHoB /03TI/ 

+ 
77p-+een /1/ 

.HBn.HeTC.H HCTO'IHHKOM HH<iJOpMaUHH 06 3lleKTpOMarHHTHOH 
CTpyKType HYKllOHa H llHOHa B o6naCTH opeMeHHll0~06HMX 
nepe~aHHhiX HMny nLcoo (k 2 > O>.,LJ.u<P<bepeHuuanbHhie ceqeHH.H 
peaKUHH I 1/ 6hinH H3MepeHbi npu KHHeTH'leCKOH 3Hepruu 
nuoHoB 275 M3B no cTaTHCTHKe 60 1 1< 190121 u 7501 31 
co6LITHH. 3KcnepuMeHTanbHbie ~aHHhie aHanu3upooa
nucb I 4--61 c noM01UhiO ~ucnepcuoHHhiX Mo~eneu I 7 -9 I , 
CO~ep*aBWHX B KaqeCTBe CB060~HMX napaMeTpOB ~Hpa

KOBCKHH H30BeKTOpHbiH <iJopM<iJaKTOp F ~(k 2) H <iJopM<iJaKTOp 
nuoHa F (k 2). B npe~nono*eHHH o paoeHCTBe <iJopM<iJaKTO-

1T 
poo 

F v (k 2 ) = F (k 2 ) 
1 1T 

/2/ 

6Mno o6Hapy*eHo xopowee cornacue 3KcnepuMeHTanbHMX 
u TeopeTuqecKHX ~u<P<bepeHuuanhHMx ceqeHHH u onpe~ene
Hbi 3HaqeHH.H <iJopM<iJaKTOpOB llpH ~eB.HTH 3HalJ:eHH.HX k 2 B 
HHTepoane nepe~aq oT 1,5 fP - 2 ~o 3,0 tP - 2 I 4-61. )l.n.H 
HHTepnpeTauuu ~u<P<bepeHuuanbHhiX ce'leHHH npuMeH.Hnachl 101 
TaK*e H3o6apHa.H MO~enh I 11/. 

B HacTo.Hmeu pa6oTe aHanH3HPYIDTC.H 980 co6hlTHH 
03TI, nony'leHHhlx ~ononHeHHeM HMeowerocll paHee 131 
CTaTHCTH'leCKOrO MaTepHana, a TaK*e ~aHHMe pa6oT ll, 21 
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v 
BenH'iHHhi F 1 H F 77 onpe,L\enHnHCh B paMKax ,L\Hcnep-

CHOHHOH MO,L\eiTH 19 1 C HCllOITh30BaHHeM TeopeTH'ieCKHX 

3Ha'ieHHH I 12 - 141 pa3HOCTH <iJopM<iJaKTopoB 

~(k 2 ) = F ~ (k 
2

) - F 
77

(k 
2
). 131 

IlpoBe,L\eH TaK)I(e <iJeHoMeHonorH'ieCKHH aHanH3 ,L\aHHhiX, 

ll03BOITHBIIIHH MO,L\eiTbHO- He3aBHCHMbiM CllOCOfiOM onpe,L\e

ITHTh BKITa,L\hl B .L\H<iJ<iJepeHI.J,HaiTbHOe Ce"'eHHe 03Il COCTOHHHH 

C pa3ITH'iHOH nonHpH3ai.J,HeH <iJoTOHa. 

§1. 3KcnepuMeHmaA&Hble oaHHb!e 

3KcnepHMeHT BblllOITIIHITCH Ha Me30HHOM KaHane CHHXpo

I.J,HKITOTpOHa Jla6opaTOpHH H,L\epHbiX npo6neM 011JII1 npH 

KHHeTH'iecKoil 3HeprHH nHoHOB 275 M:JB. YcTanoBKa, c 

noMOII.I,hiO KOTopoH: .[\eTeKTHpoBanacb peaKI.J,HH I 11, onHcaua 

B pa6oTaX 1 15- 231, AMlliTHTY.L\HO- BpeMeHHaH HH<iJopMai.J,HH C 

,L\eTeKTOpOB 3allHChiBanacb Ha MarHHTHble neHThl 3BM 

"MHHCK-22"; TpeKH B HCKpOBhiX KaMepax <iJoTorpa<iJHpOBa

ITHCh Ha KHHonneHKy. B pe3yiTbTaTe H3MepeHHH, ,L\ITHBIIIHXCH 

500 'I, 6bmo nony'ieHo 460 ThiCH'i <iJoTorpa<iJuH: H 3anucaHa 

COOTBeTCTBYIOII.I,aH 3THM C06hlTHHM aMlliTHTY.L\HO-BpeMeHHaH 

HH<iJOpMafHH. Ilocne BBe.[\eHHH pH,L\a npe,L\BapHTeiTbHbiX KpH

TepHeBI3 OCTaiTOCh 100000 CHHMKOB, KOTOpbie 6biiTH o6-

pa6oTaHbl Ha aBTOMaTe A3JIT -11
24

/. 06pa6oTKa <lJunhMOBoil 

HH<iJopMai.J,HH H npoi.J,e,L\ypa Bhi,L\eneHHH peaKI.J,HH I 11 onucaHhi 

B pa6oTe 131. B COOTBeTCTBHH C yKa3aHHhiMH TaM H.[\eHTH

<iJHKai.J,HOHHhiMH KPHTepHHMH 6wna Bhi,L\eneHa rpynna co

OhiTHH, H3 KOTOpbiX 984±44 CITy'iaH npHHa.[\ITe)l(aiTH peaKI.J,HH 

03Il, 126±14 - <iJOHOBbiM npoi.J,eCCaM H 105±35 COCTaBITHITH 

<iJoH OT nyCTOH MHIIIeHH. IlpHBe.[\eHHbie OIIIH6KH Y'iHThiBaiOT 

norpeiiiHOCTH, B03HHKaiOU.J,He npu onpe,L\eneHHH 'iHcna co6br

THH 03II H <boHa. Bee co6biTHH pa36HBanHch Ha nHTh rpynn 

B 3aBHCHMOCTH OT 3Ha'ieHHH k 2. 4HCITO cnyqaeB H llpOI.J,eHT 

<iJoHOBhiX B3aHMO.[\eHCTBHH ,L\ITH Ka)I(.[\OH rpynnbi yKa3aHbl 

B ma6A. 1. 

4 

Ta6Aut~a 1 

N9 I1HTepBan k2 k2 4ucno 4ucno Tipo-

k2 fgB 2 /c 4 <P-2 C06b!Tllll ¢oHOBbiX UeHT 
co6br- ¢oao-
Tllll Bbrx co-

6biTllll 

1 0,050..0,065 0,058 1,48 128 15 11,7 
2 0,065..0,080 0,073 1,88 207 35 16,9 
3 0,080..0,095 0,088 2,26 260 34 13,1 
4 0,095..0, 110 0,103 2,65 298 28 9,4 
5 0,110..0,130 0,119 3,05 290 14 4,8 

3Ha'ieHHH <iJopM<iJaKTOpOB ,L\ITH Ka)I(,L\OH rpynnhi C06hiTHH 

C'iHTaiTHCb He 3aBHCHII.I,HMH OT k 2 • 

§2. Ilpot~eoypa onpeoeAeHuJI (JopM(JaKmopo6 

Ilo Ka)I(.[\OH H3 nHTH rpynn C06biTHH <iJopM<iJaKTOpbl onpe

,L\eiTHITHCb cpaBHeHHeM 3KCnepHMeHTaiThHhlX H TeopeTH"'eC

KHX pacnpe,L\eneHHH no KOCHHycy yrna BwneTa (BY) BHp

TyanhHoro <iJoToHa B (77-p) c.I.J,.M. 1
6

• 27 • 281. ,ll,u<iJ<iJepeH

I.J,HanhHhie Ce"!eHHH paCC'iHTbiBaiTHCh no ,L\HCnepCHOHHOH 

MO,L\eiTH 191. CO,L\ep)l(all.l,eH B Ka'ieCTBe napaMeTpOB ,L\HpaKoB

CKHe H naynHeBCKHe H30BeKTOpHhie H H30CKaJIHpHbie dJopM-
v v s s 

<iJaKTOphr F 1 , F 2 , F i , F 2 H <iJopM<iJaKTop nuoHa F 
77

• TaK 

KaK .L\H<iJ<iJepef\I.J,HaiTI,.Hhie Ce"'eHHH Cna6o 3aBHCHT OT BeiTH'iHH 
v s s;478/ 

F:; , F 1 , F 2 ' ' , To 3Ha'ieHHH 3THX <iJYHKI.J,HH Bhi"'HCnHnHCh 

no ,L\HnonbHOH <iJopMyne. <l>opM<iJaKTOPhi F ~ H F 
77 

C'iHTanucb 

,L\eucTBHTenhHhiMH I 5, 141. Ecnu Hx BapbHpoBa Th KaK He-

3aBHCHMhie napaMeTpbl, TO nony'iaiOII.I,HeCH 3Ha'ieHHH HMeiOT 

OIIIH6KH :: 800/o. CymecTByiOII.I,He TeopeTH'ieCKHe npe,L\cTaB

neHHH n03BOITHIOT ycTaHOBHTb ,L\OnOITHHTeiTbHhle COOTHOIIIe-
v 

HHH Me)I(.L\Y F 1 H F 77 , 'iTO npHBO.L\HT K 3Ha'iHTenhHOMY no-

BhiiiieHHIO TO'iHOCTH HX onpe,L\eiTeHHH. 

B HaCTOHII.J,eu pav6oTe aHaiTH3 ,L\aHHhlX npoBO.L\HITCH .L\ITH 

Tpex BH.L\OB CBH3H F 1 If F 77 .B nepBOM BapHaHTe laHaiTH3 11 
v 

nonaranocb, 'iTO BhlllOITHHeTCH cooTHOIIIeHHe F 1 = F 77 
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B o6nacTu BpeMeuuno.no6nLIX nepe,naq 3TO paBeHCTBO Mo
)l(eT 6biTh TOnhKO npu6nH)I(eHHhiM. 113- 3a OC06eHHOCTeH 
aMnnHTY.ZJ;hi npou:ecca 

TTTT -> NN' /4/ 
cpe,nu KOTOpbiX OCHOBHOe 3Haqeuue HMeeT H¥KnOHHbiH no
moe B t -KaHane 130{Me)l(,ny <iJopM<iJaKTopaMH F1 H F77 B03Hu
KaeT HeKoTopaJI pa3HHU:a .na)l(e npu ManhiX nepe.naHHhiX 
HMDynLcax. KOHKpeTHhie 3HaqeHHJI ~(k 2) 3aBHCJIT OT TO
ro, KaKaJI Mo,nenb ucnonL30Banach npu pacqeTax. O.nnaKo 
TeopeTuqecKaJI ueonpe.neneuuocTL B 3TOM cnyqae Mo)l(eT 
6biTh MeHLIIIe norpeiiiHOCTeH, B03HHKaiOI.I(HX npH Bhiqucne-

v ~ 
HHH F 1 H F"' qTo CBJI3auo c KoMneucau:ueu p11.na .nucnep-
cuonnhiX .nuarpaMM, onucLIBaiOJ.liHX o6a <iJopM<iJaKTopa. Tio3-
TOMY B KaqecTBe BapLupyeMoro napaMeTpa Bhi6upancJI 
F ;a 3uaqeuue F 77 Bhlpa)l(anoch c noMOJ.llhiO cooTuomenuJI 

F (k 
2 

) - F v (k 2 ) - ~ (k 2
> 

TT - l • /5/ 

2 B auanu3e I I ucnonh30Bannch 3HaqennJI .1\ (k ) , Bhi-
qucneHHhie no pa6oTaM I 13,14/. 

B pa6oTax I 12/ npu paccMOTpeuuu 3neKTpoMarHHTHOH 
CTPYKTYPhi a.nponoB B ycnoBHH yuuTapuocTu uap11,ny c 
.ZJ;BYXMe30HHbiM npoMe)l(yTOqHbiM COCTOJIHHeM 6blna YYTeHa 
rrw - cncTeMa. Bo3HHKalOmaJI nonpaBKa ynyYIIIaeT onucauue 
,naHHhix no F 77 H <PopM<iJaKTopy nepexo.na y _, rr 0 w. 

Auanu3 I I I BhmonuJincJI c ~ (k 2), BhiYHcneuuou B 
COOTBeTCTBHH C pa6oTaMH /12/, 

3aMeTHM, YTO 3HaYeHHJI <PopM<iJaKTopa F 
77

, nonyYeHHhie B 
pa6oTax 112- 14/, B HHTepBane nepe,naq oT uyn11 .no 3,0 f/> - 2 

XOpOIIIO OnHChiBalOTCJi <lJopMynOH 

F (k 2 ) 1 
TT 1 - Bk 2 /6/ 

§3. Pe3yAbmambl onpeoeAeHUJI r,PopMr,fiaKmopoe 

~OpM<iJaKTOpbi onpe,nenJinHCh cpaBHeHHeM 3KCnepHMeH-
TanhHbiX .nu<lJ<Pepeuu:uanLHhix ceqeuuu da/ dcose Y c Teo-

6 

peTuqecKHMH. Bo Bcex Tpex auanu3ax JuaqeuuJI x 2 u 
OIIIH6KH napaMeTpOB npaKTHqecKH COBna,nanH, qTo yKa3biBaeT 
Ha OTCYTCTBHe qyBCTBHTenbHOCTH pacnpe,neneHHH K Benu
quue ~ (k 

2>, ecnu oua Mana. B ma6A. 2 npHBO.ZJ;JITCJI 3Ha
qeuHJI F 1 , nonyqeuuble npu o6pa6oTKe 3KcnepHMeHTanL
HbiX ,naHHhiX HaCTOJII.I(eH pa60Tbi H .ZJ;BYX npe.ZJ;hi.ZJ;YI.I(HX /I' 2 /. 
Auanoruqnhie 3uaqeuuJI .nn11 F Jk2) npuBe,neHbi B ma6A. 3. 

Ta6AUfla 2 

J 
eaan- K'[~~J 0,058 0,067 O,O'T.l 0,078 0,087 0,088 O,IOJ 0,112 0,119 ... 

I F/(K') 0,90 1,12 1,00 1,07 1,D 1,01i 1,12 1,21 1,26 

n '"'-IF ( t<'} 0,93 1,16 1,04 1,r- 1,22 1,13 1,20 1,32 1,lli 

m f,"yl/( 2 ) 0,92 1,15 1,0J I,IJ 1,21 1,12 1,19 1,31 1,35 

no••• : 0,09 : 0110 : o,oe : 0,16 : 0,10 .. 0,09 • 0,09 : o,ro : o,oe 
OU'dltl - o,o~ - o,oe 

CtM•Ctl 
1 o,o? 0,07 ! 0,05 0,06 ! 0,05 !; 0,06 0,07 :. o,ort qec1e1 

0011111 

7' 9,2 IJ,I 
(j">•l) 

5,1 n,7 5,06 

•croa- 121 I&CTOI- III I'll II&CTOI- a&CTOI- I'll •cr~• 
.Ia••• _,.,., 11M pe.- IU pe.- .... pa- ,.,., .. 

•• OO'f& Oota oora 
~ L_ '----- - L_ --

Ta6Aufla 3 

J K' [ ~-,p,>j o,05e 0,067 0,073 0,07e O,OB? 0,088 O,IOJ o,JI2 0,!!9 
... u .. c• 

I F (K') 
If 

0,90 1,12 1,00 1,07 1,IJ 1,06 1,12 1,21 1,26 

D f;, (K2) 0,85 1,04 0,91 0,99 1,04 0,95 I,OI 1,12 1,16 

I ~ (K') 0,85 1,05 0,93 1 10! 1,06 0,97 1,011 1,15 1,19 

DO IIIII 0,09 0,10 0,08 0,16 0,10 + 0,09 .. 0,09 0,10 0,08 
OHdltll - o,oo - 0,08 

CICTDII-
TI118CI81 
HIOKI 

0,07 o,o8 0,07 o,o8 0,07 0,07 c,oe 0,07 
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0mH6KH IIO OIIpeAeJieHHIO COBIIaAaiOT C rrorpeiliHOCTJIMH B 

F 1 (k 2 ) . MaKCHMaJILHoe paJnuque B BenuquHax tiJopMtiJaKTO

poB, rronyqeHHhiX B aHaJIHJax I I H I I I, He npeBblmaeT 3'1o. 

3HaqeHHH tiJopMtiJaKTopoB FIT ,npuBeAeHHLie B ma6A. 3 
/aHaJIH3 I I/, HCIIOJib30BaJIHCb AJIH onpeAeJieHHH 3JieKT

poMarHHTHoro paAuyca rr ·MeJoHa. 3aBHCHMOCTb tiJopMtiJaK

ropa IIHOHa OT k 2 3aAaBaJiaCb B ABYX BHAaX: 

F = A(i) + .!.._ <r 2 >k 2 
IT 6 

/7/ 

FIT 

A<D /8/ 

1-Bk 2 

HopMupoBoqHhle rrapaMeTpbi BBOAHJIHCb AJIH AaHHbiX pa-

6oTbi I 21<A(2)) H AaHHbiX HacroHmeil pa6oTbi (A(3)), c TeM 

qT06bi yqeCTb OiliH6KH a6COJIIOTHbiX H3MepeHHH. 

AnnpoKCHMaUHH Bceil coBoKynHOCTH 3HaqeHHH F
77 

no 

MeTOAY HaHMeHbiliHX KBaApa TOB IIOKa3aJia, qro tiJopMyJia 

/8/ IlpHBOAHT K MeHbiliHM 3HaqeHHJIM )('2 H MeHbiliHM OiliH6-

KaM rrapaMeTpOB. Il03TOMY B AaJibHeHilieM 6YAYT 06Cy)f(· 

AaTbCJI TOJibKO pe3yJibTaTbl, IIOJiyqeHHble C 3TOH anrrpoK· 

CHMHPYIOIUeH tiJyHKUHeH. 

B ma6A. 4 npHBeAeHbi xapaKTepHCTHKH anrrpoKCHMH· 

PYIOIUHX tiJyHKUHH /8/, rrpoBeAeHHbiX qepe3 BCIO COBOKyn

HOCTh 3HaqeHHH F 
77 

, H COOTBeTCTBYIOIUHe 3HaqeHHH CpeA

HeKBaApaTHqHbiX paAHYCOB. 

Ta6Aut~a 4 

Aaa- - 2 x 2 A <2>±oA <2> A <3H:PA <3> 
2 

JIH3 X r ±or or vfX-
IT IT IT TT IT IT 

IT L 
1 8 11,5 0,94:!:_0,04 0,89:!:_0,04 0,70:!:_0,06 0,07 
2 8 16,7 0,93:!:_0,05 0,87:!:_0,04 0,60:!:..0,08 0,11 
3 8 16,8 0,92:!:_0,05 0,86:!:_0,04 0,66:!:_0,07 0,10 

8 

.J 

' 

\ 
I 

3HaqeHHJI tiJopMtiJaKTOpOB, IIOJiyqeHHble B pe3yJibTaTe 

aHaJIH30B I I, I I I, TaK )f(e KaK H tiJopMa TeopeTuqecKHX 

KpHBhiX /eM. pUC. 1,2/, IIOKa3biBaiOT, qTo B 06JiaCTH ne

peAaHHhiX HMIIYJibCOB OT 0 AO 3,0 cp- 2 
TPYAHO IIOA06paTb 

OAHOIIapaMeTpuqecKyiO tiJyHKUHIO, AOCTaToqHo XOpOiliO an

IIpOKCHMHPYIOIUYIO JaBHCHMOCTb tiJopMtiJaxTopa F ; oT k 2 • 

Il03TOMY AJIH orrpeAeJieHHJI H30BeKTOpHOrO paAHYCa HYK" 

JIOHa HCIIOJib30BaJIOCb TeopeTHqecKOe 3HaqeHHe BeJIHqHHbl 

v 
r - r 

1 IT 
= 0,13, /9/ 

rne rv/13/ 
..... 1 ' 

HhiM AJIH 

TaKHM 

HHH: 

riT/ 14
/COOTBeTCTBYIOT pacqeTaM, HCIIOJib30BaH· 

orrpeAeneHHH pa3HOCTH <F v- FIT) aHanuJa I I. 
o6pa3oM, 6biJIH nonyqeHhl cneAYIOIUHe 3Haqe-

r 
TT 

0,00± 0,11' /10/ 

r; = 0,73± 0,11 *. /11/ 

)l.JIH cpaBHeHHH B ma6A. 5 IlpHBeAeHhl HMeiOIUHeCJI AaH· 

Hble 0 HYKJIOHHOM H IIHOHHOM paAHyCaX. 

Ta6Aut~a 5 

B a ~ aaa.aaaa 3BBqeoe PlWIYCl'l C c Y .t tt a 

3J:CD8plllleRr IIO ( Ji € ) -p8CC8.RHJIIl '"l.ll: .o,57zO,o6 /751 

rltcnepiiii.BBT II) npiiMOIIY :JJfeJ:tpOpO•Jl,RIIl IDIOHft 
P8CC8IIDI8 anepe,a, MOAenlo EepeD.lC8 'l1f :0. 780,!0 .024 ~I 

Teopen•ec<d a111••• JI'IHJiix no (:Ji IV')-, (e .H)-, 
( e+ e-) -B3aJIMO,ll8ICTBJUIU 'l;·· .o, 76(- ,t2f.l /IJ/ 

TeopeTJqecnll aJIU113 lB.RHYX no peruntwa e+ e--
n+ n-(napaMerp138IUta THD8 ryuapJIC8-CaK.YlJ811) 'l,r: 0,6J /I4/ 

TeopetJI'I8CIJIIt 811!1:JIII3 )V!JIIIHX no :f!OpM~KTopy n-ue30-

111!1 c ytteto» 7r 41 -coCTo.ana B ycnOBBI yRnapaocrlf 

""" F,f ;.·0,66 • 0,69 /21 

Pacqeor c DOJIOPI.bJJ cynepnpone.raropnoro MBTOlft )r.0,65 /JJ/ 

Teopen:qecxwl 811!1113 MBitiX no :fDpllf!liK!OPJ fi-MeJo-

"" ~ .0,68,tO,Ol /34/ 

* ArrrrpoKCHMaUHH 3HaqeHHH F ~ KPHBOH /8/ Aaer r ~ = 0, 79fP. 
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lltF: z,F: 

lO 

2.0 

tO 

0 Qtl Q:IO Q30 Q..o Q50 

Puc. 1. H3oeeKmopHbiU (JopM,Pa~emop HYKAoHa. • - uacmoJI
UiaJI pa6oma~ !\ - pa6oma /27 , ! - pa6oma I 1/. llpu onpe
OeAeuuu (JopM(JaKmopoe ucnoAb3oeaAUCb 3Ha~eHuJI <F} -- F 
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ebi~UcAeHHble e coomeemcmeuu c I 13,14/, CnAOWHbJe Kpueble -
pe3yAbmambl pac~emoe I 13,14/, 

Jle F~r 'ImF~r 
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Puc. 2. C/JopM(JaKmop nuoua. • - uacmoJIIJiaJI pa6oma, ~ -
pa6oma /2/ , ! - pa6oma I I/. HcnoAb3oeaAUCb 3Ha~eHUJI 
(F1v-F ), Bbi~UCAeHHble e coomee!flcmeuu c /13,14/.CnAOWHble 
Kpue,fe - pe3yAbmambl pac~emoe /13,14/. 
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§4. Ol.leHKa yzAa KOMneuca1.1uu 

/31/ 
B pa6oTe ,nHd>4JepeH.u;HanLHoe ce'leHHe llloTopo)l(,neHHJI 

6Lmo npe,ncTaaneHo B 4JopMe 

da 

dt 
da 6opH. 

dt 
2 +<l>(s,t,k ), 

r,ne nepaoe cnaraeMoe o6o3HaqaeT 6opHOBCKYIO 'laCTL 

Ce'leHHJI, a BTOpoe - BKna,n OT B3aHMO):{eHCTBHJI B KOHe'IHOM 

COCTOJIHHH H ero HHTep4JepeHIJ;HH C 6opHOBCKOH aMnnHTY):{OH. 

ff3 aHanH3a 3KCnepHMeHTanbHbiX ,L{aHHbiX no lPOTOpO)I(,L{eHHIO 

6binO noKa3aHO, 'ITO npH Ka)I(,L{OM 3Ha'leHHH S CyiiJ;eCTByeT 
t, o6paiiJ;aiOIIJ;ee c,b (s,t, k 2) B HonL. 

B paMKax ,nHcnepcHOHHo:H Mo,nenH ycTaHoBneHo, 'ITO 

npH nepexo,ne K 03II 3Ha'leHHe t b Ha:H,neHHoe H3 ,naHHLIX 

no lPOTOpO)I(,L{eHHIO, He MeHJieTCJI/9/, 3TH pe3ynLTaTbl ,naiOT 

B03MO)I(HOCTb npH HCCne,noBaHHH 03II OCyiiJ;eCTBnJITb MO

,nenbHO- He 3aBHCHMbiH aHanH3 3KCnepHMeHTanLHbiX ,L{aHHbiX, 

OT6HpaJI C06biTHJI ,HMeiOIIJ;He t, 6nH3KHe K t k • 

B HacTOJIIIJ;e:H pa6oTe no Ka)l(,no:H H3 5 rpynn co6LITHH 

6binH HaH,L{eHbl 3Ha'leHHJI yrnOB, TipH KOTOpbiX cp(s,t,k 2) 

o6paiiJ;aeTCJI B HOnb. )l,nJI 3TOro B Ka)I(,L{OH rpynne C06LITHH 

no 3KCTiepHMeHTanLHbiM TO'IKaM npOBO):{HnaCb nnaBHaJI KpH

BaJI, HaHny'IIIIHM 06pa3 OM annpOKCHMHPYIOIIJ;aJI 3Ha'leHHJI 

d a/ d COS 8 y , H HaXO)J,HnCJI yron, npH KOTOpOM 60pHOBCKaJI 

'·IaCTL ceqeHHJI coana,nana c nnaaHo:H KPHBo:H. 3Ha'leHHJI 

TIJITH yrnoa B npe,nenax OIIIH6oK coana,nanH. Cpe,nHee 

3Ha'leHHe yrna no ace:H o6nacTH k 2 paBHo: 

e: = 70° ± 7° /12/ 

BenH'IHHa yrna, npH KOTopoM npoHcxo,nHT KOMneHca.u;HJI 

B COOTBeTCTBYIOIIJ;eH peaKIJ;HH lPOTOpO)I(,L{eHHJI, paBHa/ 31 ( e: = 70°. 

TaKHM o6pa3oM, 3Ha'leHHe yrna KoMneHca.u;HH coxpaHJieTCJI 

TipH nepexo,ne OT TO'IKH k 2 
= 0 B o6naCTb BpeMeHHnO,n06HbiX 

nepe,naq, 'ITO COOTBeTCTByeT BbiBO,L{aM pa60Tbl / 9/. 
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§5. OnpeoeAeHue 6KAaOo6 6 cetleHue 03II cocmo.JIHUU 
C pa3AU'lHbiMU nOA.JIPU3QijU.JIMU r/J01TIOHQ 

Ce'leH8e peaKU.88 03ll MO:lKHO npe.D.CTaB8Tb B B8.D.e 17 I 
3 4 

d a 
------ = l R .T. = lda.. 1131 
d 0 dO dk 2 i = l I I I 

Y e 
3)l.eCb k 2 

- KBa)l,paT nepe)l.aHHOrO 'leThlpeX8MnyJibCa; Q }', 
0" - TenecHbie yrJibi pacceJIH8JI y -KBaHTa 8 3JieKTpoua; 

i - 8H.D.eKc, onpe.D.eJIJIIOll.I8H nonJip83aU.8IO <i>oTona; T 1 on8-

CbiBaeT npou.ecc 

77-p .., y*n 1141 

C nonepe'IHbiMH HenOJI.IIpH30BaHHbiMH B8pTyaJibHbiMH }' 

KBaHTaMH, T 2 COOTBeTCTByeT npou.eccy C nonepe'IHO- nOJIJI

p830BaHHbiMH <i>oToHaMH, T 4 - c npo.D.OJibHo-nonJipu3oBau

HbiMH, T 3 onucwuaeT 8HTep<i>epeuu.uiO npo)l.OJibHo- u none

pe'IHO-nOJI.IIpH30BaHHbiX <i>OTOHOB; da i - COOTBeTCTBYIOll.l8e 

.D.8d>d>epeuu.uanbHbie ce'leH8.11; Ko3<i><i>uu.uenTbi R i cyTb 83-

uecTHbie <i>YHKU.H8 nepeMeHHbiX k 2 , cos¢ I ¢ - yron 

Me:lK)l,Y DJIOCKOCTbiO peaKIJ.88 1141 H DJIOCKOCTbiO e+e--na

pbll 8 cos oe I e e - yron Me:lK.D.Y HMny JlbCaMH 3JieKTpoua H 

ueiiTpoua B c.u..n. e+e--napbii. 

KonKpeTHbiH B8.D. T i 3aBHC8T OT 8cnoJib3yeMoii Teo

peTH'IeCKOH MO.D.eJI8. B uacToJiweii pa6oTe T i onpe.D.eJIJIJI8Cb 

uenocpe)l.CTBeHHO 83 3Kcnep8MeHTaJibHbiX )l.aHHhlX 6e3 np8-

BJie'leH8JI KaKoii-n86o Mo)l.eJI8. ~ByMepuoe pacnpe)l.eneH8e 

co6biT8H 03ll no nepeMeHHbiM cos¢ 8 cosO" annpoK

C8M8poBanocb <i>YHKU.8eii I 131, Ko3<i><i>8U.8eHTbi R i Bbi'I8C

JIJIJI8Cb MeTO.D.OM MonTe- Kapno c yqeToM peaJibHbiX ycno

B8H 3Kcnep8MeHTa, T i onpe.D.eJIJIJI8Cb KaK uapb8pyeMbie 

napaMeTpbi. Haii.D.eHHbie ou.eHK8 ce'leH8H dai np8Be.D.eHbi 

B 1TIQ6A. 6 lnepBaJI CTpOKal. Bo BTOpOH CTpOKe yKa3aHbl 

3Ha'leH8JI Ce'leH8H, Bbl'I8CJieHHble no )l,8CnepC80HHOH Mo

)l,eJI8 19 1. 3aB8C8MOCTb <i>opM<i>aKTopoB F~ 8 F 
77 

OT k 2 

6panacL B B8.D.e IBI c napaMeTpaM8 A 8 B,onpe.D.eneHHbiM8 

B auaJI83e I I. 
0U.eHK8 OTHOC8TeJibHOro BKJia)l,a Ka:lK)l.OrO 83 Ce'leH8H 

B nonuoe ce'leH8e npou.ecca 03ll np8Be.D.eHbi B H8:lKHeB: 

CTpOKe Ta6JI8IJ.bl. 

12 

Ta6Auija 6 

33 2 33 2 33 2 33 2 
dol .}Q CM da 2 ·10 CM da 3 .}Q CM da 4.1Q CM 

~ 2 ,57:t_0,38 -0,26:t_O, 13 0, 17:t_0,05 1 ,05:t_0,28 
; 2,89 -0,20 -0,12 0,92 
\. 72,8% -7,4% 4,8% 29,7% 

I 

i 
I ., 
I 

~ 
! 

B8.D.HO, 'ITO npe.D.CKa3aH8JI .D.8Cnepc80HHOH MO.D.eJI8 oT

HOC8TeJibHO BeJI8'18H da l, da 
2 

8 da 
4 

, )l,al0ll.I8X OCHOBHOH 

l-96o/ol BKJia.D. B ceqeu8e npou.ecca 111, xopowo cornacy

IOTCJI C 3KCnep8MeHTaJibHblM8 OIJ.eHKaM8; TeopeT8'1eCKOe 

3Ha'leH8e da 3 OTJI8'1aeTCJI OT 3KCnep8MeHTaJibHOrO Ha 

. He CKOJibKO OW860K. 

~anee 8CCJie)l,OBaJiaCb 3aB8C8MOCTb Ce'leH8H dai OT 2 . 
k . Co6biT8JI pa368BaJI8Cb ua nJITb 8HTepuanoB no k 2, TaK 

:lKe KaK 3TO )l,eJiaJIOCb np8 onpe)l,eJieH88 <i>opM<i>aKTOpOB 

I eM. ma6A. ll. ~JIJI Ka:lK)l.OH rpynnbi npoBO)l.8JICJI d>enoMe

uonor8'1eCK8H auan83 .D.ByMepuoro pacnpe)l.eJieH8JI no cos¢ 

8 cos e e. TaK8M o6pa30M 6LIJI8 nony'leHbl BeJI8'18Hbl da i 
.D.JIJI nJIT8 3Ha'leH8H k 2. PeJyJibTaTbi npe)l.cTauneuw ua puc.3. 

CnnowHbie KP8Bbie pacC'18TaHbi no .D.8cnepc8oHnoB: MO.D.eJI8. 

B8)l.HO, 'ITO MO)l,eJib XOpOWO On8CbiBaeT noBe)l,eH8e Ce'leH8H 

da 1, da 2 8 da4 , COOTBeTCTBYIOll.I8X 83MepeH810 nonepeq

HbiX 8 npo)l.OJibHhlX <i>oToHoB. TeopeT8'1ecKaJI KP8BaJI, on8-

CblBaiOwaJI 8HTep<i>epeHU.80HHblH 'IJieH da 
3

, HeCKOJibKO OT JI8-

'laeTCJI OT 3KCnep8MeHTaJibHblX OIJ.eHOK. 3TOT <i>aKT MO:lKeT 

06'bJICHJITbCJI KaK HeCOBepweHCTBOM MO)l,eJI8, TaK 8 C8CTe

MaT8'1eCKOH OW86KOH, CKa3b1BaiOweHCH Ha 83MepeH88 Ma

JIOH BeJI8'18Hbi IBKJia.D. da 3 ue npeuwwaeT So/o/. KaK no

Ka3aJI8 pac'leTbl / 32 /, Ce'leH8e da l B 0)l,8HaKOBOH CTeneH8 

3aB8C8T OT )l.8paKOBCKOrO 830BeKTOpHOrO <i>opM<i>aKTOpa v • 
HYKJIOHa F1 8 d>opM<i>aKTopa n8oHa F77 • Ben8'18Ha da4 3a-

B8C8T, B ocnoBHOM, OT F ~: 83Meneu8e F)' ua 10o/o MeHJI

eT da4 Ha 14o/o, B TO BpeMH KaK 83MeHeH8e F 
77 

Ha 10o/o 

MeHJieT da 4 ucero JI8Wb ua 4o/o. TaK8M o6pa30M, ecJI8 

BeJI8'18Ha da 4 83BeCTHa C MaJIOH OW86KOH, TO MO:lKHO 

c xopoweB: TO'IHOCTbiO onpe)l.eJI8Tb F ~ )l,a:lKe np8 8CnOJib-

30BaH88 rpy6o:H ou.eHK8 d>opM<i>aKTopa F 77 • TaK KaK da 4 
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Puc. 3. BKAQObl 6 ou(J(JepeHijUQAbHOe Ce'leHue 03II COCITIOJI
HUU c pa3AU'lHblMU noA.Rpu3aiiUJIMU (JomoHa. CnAOWHble Kpu
e&Je pacc<~umaH&J no oucnepcuoHHOi1 MoOeAu /9/. 

onpeAenHeTCH TOnbKO 6opHOBCKHMH qneHaMH / 9/, TO HaH
AeHHaH TaKHM CUOC060M BenH'IHHa He 6yAeT 3aBHCeTb OT 
MOAenLHhlX HeonpeAeneHHOCTeH. 

ABTOPLI rny6oKo npH3HaTenLHLI JI.H.JianuAycy H 
li.M.llOHTeKOpBO 3a UOCTOHHHhlH HHTepec K pa6oTe; B.M.IiyA
HeBy, C.li.repacuMoay, B.B.Cepe6psKoay, ID.C.Cypoaue
ay, cl>.r. TKe6yqaae H r .Xenepy 3a MHOrO'IHCneHHhle o6-
CY:lKAeHHH u ueHHhle yKa3aHHH. 

ABTOphl Bhlpa:lKaiOT rny6oKyiO 6naroAapuocTL B.M.IiyA
ueay, H.M.IiyAHeBy, B.B.Cepe6pHKOBY H r .Xenepy H 
H.CTe!llauecKy 3a npeAOCTaaneuue pacqeToB !llopM!llaKTo
poa. 
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