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B HacToR~ee speMR 3Kcnepi1MeHT~ no 113MepeHI1~ ce4eHI1H npo~ec
cos ynpyroro v~(;~)e-pacceRHI1R npOBOARTCR B HeCKOnbKI1X ~eHTpax 
no $11311Ke B~COKI1X 3Heprl1~/l-3/oHaXOARTCR B CTaA1111 nOArOTOBKI1/4/ 
n1160 OA06peH~ /5/ 3KCnepi1MeHTbl HOBOrO noKOneHI1R, xapaKTepl13y~
~11eCR o4eHb s~coKoH cTaTI1CTI1KOH 11 Man~M yposHeM ¢oHa. OcHOBHaR 
~enb npOBOA11M~X 11 nnaHI1pyeM~X 3KCnepi1MeHTOB - 113Mepi1Tb napa
MeTp BaHH6epra sin 2ew s 411CTo nenToHHOM npo~ecce /cso6oAHOM 
OT HeonpeAeneHHOCTeH, CBR3aHH~X C y4eTOM A11HaM11KI1 Cl1nbH~X 

B3ai1MOAeHcTBI1H/ c T04HOCTb~ ~ 0, 005. CTonb s~coKaR T04HOCTb He
o6XOA11Ma, s 4acTHOCTI1, AnR nposepKI1 npeAcKasaHI1H Teop1111 seni1Ko
ro o6oeAI1HeHI1R AnR "6ery~ero11 sin2ew (Q2 = M ~)/6/. 

PaA11a~I10HH~e nonpaBKI1 K npo~eccaM ynpyrorG pacceRHI1R HeHT
PI1HO Ha nenTOHaX B~411CnRni1Cb 80 MHOr11X pa6oTaX, CC~nKI1 Ha Ko
TOp~e MO~HO HaHTI1 B / 7/, rAe nony4eH~ KOMnaKTH~e ¢opMyn~ AnR 
OAHoneTnes~x 3neKTpocna6~x nonpasoK K A11¢¢epeH~11anbHOMY no 
nepeMeHHOH y = E~/ E v I E~ 11 E v - 3Heprl111 pacceRHHoro 3neKTpo
Ha 11 Ha4anbHOro HeHTp11HO COOTBeTCTBeHHO B n.c./ 11 K nonHOMY 
Ce4eH11RM 3TI1X npo~eCCOB. B/S/ M~ TaK~e B~411Cnl1nl1 OAHOneTnes~e 
3neKTpocna6~e nonpaBKI1 KaK ¢YHK~I111 OT E v 11 y K ynpyroMy 
v (i7 )e -pacceRHI1~, KPOMe Toro, 113Y411nl1 Bni1RHI1e 3Kcnepi1MeHTanb
Ht,X ~KDIATeniAPR rnF\":-'=' ~·:-:;::;:-~;;: .:;.:,::;.,,n;; nd 1Jd/-1Ha1..1110HHY~ nonpaBKY 
11 noKa3anl1, 4TO 8 HeKOTOp~X cny4aRX OH11 AOCTaT04HO Cl1nbHO Bni1R~T 

Ha Y -saBI1CI1MOCTb paA11a~110HHOH nonpaBKI1. 
B 6onbWI1HCTBe cospeMeHHbiX 3Kcnepi1MeHTOB 11AeHTI1$11Ka~I1R co6~

TI1H ve-pacceRHI1R OCy~eCTBnReTCR nocpeACTBOM 3neKTpoMarH11TH~X 
Kanopi1MeTpos, KOTop~e 113MepR~T nonHy~ 3Heprl1~ 4aCTI1~, cnoco6-
H~x s~s~sa~b 3neKTpoMarH11TH~e n11sH11. AnR npo~ecca 

'' (k I ) + e(p I) -+ v(k 2 ) + e (p 2 ) + 0 0 0 /1/ 

03Ha4aeT B03MO~H~e TOPM03H~e $OTOH~, BI1A11MY~ 3neKTpo-
MarHI1THY~ 3Heprl1~ C xopoweA T04HOCTb~ MOmHO onpeAeni1Tb KaK 
E ~~~ 0 

=(Ev-E v) . no3TOMY 3KCnepi1MeHTanbHO Ha6n~AaeMOH ne-
peMeHHOH B TaK11X ·AeTeKTOpax RBnReTCR He y, a 

• 
E E ' JI.c. Eeo.mo 

- V- V ViS 
Y=( ) ----Ev - Ev . 

/2/ 

B HacToR~eA pa6oTe Mbl 11 npi1BOA11M pesynbTaTbl B~411cneHI1R A11¢
¢epeH~I1anbHoro ce4eHI1R npo~eccos /1/ no nepeMeHHOH /2/ c y4e
TOM scex OAHoneTnes~x 3neKTpocna6~x nonpasoK. nony4eHH~e ¢op
Myn~ nossonRT npaBI1nbHO BHeCTI1 nonpasKI1 K y -pacnpeAeneHI1~ 
8 KOHKpeTHbiX 3KCnep11MeHTanbH~X ycnoB.~.,--·-
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Bb14 ~cneH~e A~lt>~epeHI.I~ailbHoro ce4eH~R no nepeMeHHO~ f npeA
cTaBilReT co6o~ AOBOilbHO npoCTY~ B TeXH~4eCKOM OTHOWeH~~ 3aAa4y, 
no3 TOMY Mbl orpaH~4~MCR np~BeAeH~eM pe3yilbTaTOB, W~pOKO ~CnOI1b-

3YR CCbiilK~ Ha / 7/ ~ / 8/ · 
AnR ce4eH~R 8 6opHOBCKOM np~6Il~>KeH~~ ~ HeKaaHTOB03IleKTPOA~-

HaM~4ecKo~ 4aCT~ OAHoneTileBbiX nonpaaoK cnpaaeAil~Bbl npe>KH~e ~t>op
MYilbl/8/, TaK KaK a 3TOM cny4ae E~i~· = E ~ , TO ecTb Y = y. Mbl npw 
BOA~M 3AeCb 3T~ $OPMYI1bl AilR nOilHOTbl ~3IlO>KeH~R ~ AilR BBeAeH~R 

o6oaHa4eH~~. 
oOpHOBCKOe np~6Jl~>KeH~e: 

B 
dove [ 2 (1 -)2 21 /3/ 
dy - = 2ao gL + - Y g R ' 

da~ - 2 2 2] 
eye = 2a0[(1- y) gL + gR • 

/4/ 

3AeCb 

1 . 2 Ll - 2 + sm vw 

/5/ 

!61 

rAe Tp. - apeMR >K~3H~ M~OHa, me ~ mp.- MaCCbl 3!1-::.KTPOHa ~ M~OHa 
cooTBeTCTBeHHO. Ce4eH~R nPOI.IeccoB ynpyroro ve(ve)e-pacceRH~R 
B 6opHOBCKOM np~6Il~>KeH~~ noi1y4a~TCR nyTeM 06b14HO~ 3aMeHbl: 

A~~t>~t>epeHI.I~ailbHble ce4eH~R a OAHoneTneaoM np~6Il~>KeH~~ aan~weM 

B B~Ae /7 •8/: 

171 

QED 
~e; = ~ [p (v;ep l[g(~;el(q2 )] 2 + (1 _ y) 2 [g(~;el(q2)] 21 +~~;e-. !81 

Qy 
QED 

d OL ( 2 - 2 (v· e) 2 2 da ile /9/ ::e = 2aO [/v;e)]21[g~;e) (q )] (1 _ y) + [g R, (q )] l +-d{- , 

rAe 

(v ·ei 2 1 . 2n(v ;e)( 2) 
g p.' ~q ) =-- + sm vwll q • 

L 2 

/10/ 

2 
2 ve;e 2 Mw <ve;el 2) 

a sin fJw (q ) = (1- --)K (q • 
M2 z 

2 

.fiBHble Bblpa>KeH~R AI1R p (v;e) ~ K<ve ;e)(q 2 ) nony4a~TCR c nOMOlllb~ 
o6111~x lt>OPMYil pa6oTbl/9/ AilR ~opM$aKTopoa aMnil~TYAbl n~6oro 4-~t>ep
M~OHHoro npOI.IeCca /HeKOTOpble BCnOMOraTeJlbHble $OPMYI1bl COAep>KaTCR 

TaK>Ke B /8/ I. 
B o6oaHa4eH~RX 191 ~MeeM 

/11/ 
z 

(ve) Fl (0) 3a 1 ln~ ln(R/ /'), 5 m ~ 
p = -- = 1 + -------1--lnR + ~[-- + ---~J+- +8R-9+ --I 

Ff(O) 1611(1-R) 1-R R(1-~ R-~ R M~ ' 

rAe R=M~/M~ • ~ =M~/Mi.MH~ ml- MaCCbl CKailRpa x~rrca ~ t

KBapKa COOTBeTCTBeHHO, 
z (If ·e) F3 (0) a R R 1 1 

K • ~q2)=~=1+--1--[Z(-1)-W(-1)]+-[Z (-1)-W ( -1)]-
Fl (0) 411(1-R) 1-R 1-R •. 

/12/ 

B Bblpa>t<eH~~ /12/ 

2 2 2 
1 q 2x(1-x)+m~x+m~(l-x) 

I
3 

(q, m1, m2) = (x(1- x) ln------2-------- dx, 
o Mw 

/13/ 

q2 = (p
1 

- p
2

) 2 . c 1 = 1 AilR nenToHoB ~ c 1 = 3 AilR KaapKOB, W (-1) 
~ Z(-1)- KOHe4Hble 4acT~ co6cTaeHHO 3HepreT~4ecK~x lt>YHKI.I~Ci W- ~ 
Z-6oaoHoB, onpeAenReMble $opMyi1aM~ /A. 1 I ~ /A. 2/ pa6oTbl 19 1, Z

1
(-1) 

n yj' (-1r "'dl.. I VI J I VIJ<. ljlyHKI..IVIi-1, c.;UAt!P>KaUI~t! Mac.;c.;y t -KBapKa ~ ~c-

4e3aiOIII~e B npeAeile m~ << M ~: 

t 3m~ 2 2 2 2 2 
W (-1) = -

2 
I
1 

(-Mw• m
1

, 0)- 6[I 3(-Mw, m 1 , 0)- I 3 (-M W• 0, 0)1, 
Mw 

1 3m 2 
2 2 2 1 32 2 114/ 

Z (-1) = -=t I0 (-Mw• m
1

, m 
1
)- -[3- 8(1 - R) + --~1 - R) 1 x 

2Mw R 3 

2 2 2 
I k q

2
x(l - x) + mix + m;(l - x) 

Ik (q • mi. m2) = r X ln---------2-------dx, 
o Mw 

k = 0;1. /15/ 

(v·e) Bblpa>t<eH~e /11/ AI1R p • anre6pa~4eCK~ coanaAaeT c lt>OPMYilO~ 
(3b-3d) ~3/7/; 4TO KacaeTCR Bblpa>KeH~R /12/ AilR K(vf;e)(q2), TO 6biJ10 
npoaepeHO, 4TO C ero nOMOlllb~ nOilHOCTb~ 4~CJ1eHHO BOCnpo~3BOA~T
CR Ta6n.2 3To~ >t<e pa6oTbl /np~ Mw= 83 f3B, sin

2
fJw=0,215,m1 =0/. 

BBeAeH~e nepeMeHHO~ y B~Ao~aMeHReT TOilbKO K3A-4aCTb A~~t>~t>e
peHI.I~ailbHblx ce4eH~~ /8/ ~ /9/. Bb14~cneH~e BKilaAa TopM03Horo 
~3Ily4eH~R B HOBO~ nepeMeHHO~ npOBOA~TCR HenocpeACTBeHHO C ~CnOI1b-
30BaH~eM np~eMOB pa60Tbl/10/, 
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0KOH4aTeflbHOe B~pa>KeHI-Ie B YflbTpapenRTI-IBI-ICTCKOM 

I-IMeeT npocTO~ BI-IA: 
d QED :;:e =2uo ~[g~fL(Y)+gifa(Y)1. 

QED 
daiie a Z - 2 -df- = 2uo-;[gL fR(y) + gRfL(y)]' 

rAe 
23 2 2EvY 5 - 1 - 2 17

2 

fL(Y)=---ln---Y+-Y --72 3 me 12 24 6 ' 

f 
r.. 23 2 - 2 2Evy 2- 1 -2 - 2 17

2 

R\.Y) =- - -(1- y) ln- - -Y - -Y - (1 - y) -. 
72 3 me 9 18 6 

np!-16111-I>KeHI-11-1 

/16/ 

/17/ 

/18/ 

/19/ 

B~pa>KeHI-IR /18/ 1-1 /19/ c~ecTseHHO np~e cooTseTCTBY~I-IX 
(jlopMyn, nony4eHH~X no nepeMeHHO~ y s /7,8/. B 4aCTHOCTI-1, OHI-1 
He coAep>KaT 4neHOB, KBaApaTI-14H~X no norapi-I()>MaM, 1-1 (jlyHK~I-1~ CneH
ca. npaBI-IflbHOCTb B~pameHI-1~ /18/ 1-1 /19/ nOATBep>KAaeTCR TeM, 4TO, 
11HTerpi-1PYR I-IX no Y OT 0 AO 1 , M~ cpa3Y npi-IXOAI-IM K (j)OpMynaM 
/16a-16c/ pa6oT~/7/ AflR K3A-nonpasoK K nonHOMY ce4eHI-1~-

AI-1()l()lepeH~I-1anbH~e ce4eHI-1R ve (iie )e -pacceRHI-IR nony4a~TCR nyTeM 

o6~4HO~ aaMeH~ /7 I: 

(v ;e) 2 (ve ;e) 1 2 (ve ;e) 2 1 
g IL (q ) -+ g =--+sin Ow (q ) + ----. L L 2 n (v;e) I .I.U/ 

(v.,;eL 
2

) (ve;e) . 2 0(ve;e)( 2) 
gR... lq -+ g R = sm w q ' 

B s~pa>KeHI-IRX /8/ 1-1 /9/ 1-1 aaMeH~ /7/ B (jlopMynax /16/ 1-1 /17/. 
Ha p!-1c.1a-r np11seAeH~ 3neKTpocna6~e OAHoneTnes~e nonpaBKI-1 

OL -
_ davefdy 

B<:Ev , y) = ( - 1) -100% 

/21/ 

daB /dy 
ve 

KaK (jlyHK~I-11-1 nepeMeHH~X y /cnnOWH~e fli-IHHH/ 1-1 y /nYHKTI-IPH~e/ 
AflR npo~eccos v e-, v e-, vee-H vee -pacceRHI-IR, B~4HcneHH~e 
npH 4eT~pex aHa~eHHRXIL3Hepr1111 naAa~ero He~Tpi-IHO s n.c. 1-1 np~-1 
cneAY~HX 3Ha4eHI-1RX Mace 4aCTI-1~: 

a/ MaCC~ nenTOHOB B3RT~ H3 nocneAHero 113AaHHR Ta6nl-1~ CBO~CTB 
4aCTI-1~ /11/; 

6/ 3(jl(jleKTI-1BH~e MaCC~ KBapKOB - 1-13/7/, IDt = 32 r3B; 
s/ Mw= 83,0 r3B, Mz=MH= 93,8 r3B. 

KaK BI-IAHO, 3neKTpocna6~e nonpaBKI-1 no nepeMeHHO~ y Man~ 1-1 cna6o 
3aBI-1CRT OTY, B OTfll-1411e OT AOBOflbHO 60flbUO~ H Cl-lflbHO 113MeHR~
~e~CR nonpaBKI-1 no nepeMeHHO~ y. RcHo, 4TO 3TO o6cTORTenbCTBO 
cneAyeT y411T~BaTb npH aHanHae y -pacnpeAeneHI-IR s 6YA~I-1X 3Kcne-

p!-1MeHTax. 

4 
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PHc.l. 0AHoneTnes~e 3neKTpocna6~e nonpaBKH K npo~eccaM 
ynpyroi'O vMe -pacce.RHH.!l /a/, viLe -pacce.RHH.!l /6/, Vee
pacce.RHH.!l /s/, vee -pacce.RHH.R /r/ npH pa3nHqHMX 3Ha
qeHH.RX 3HeprHH naAruo~ero HeiiTpHHO E v KaK q,yHK~HH nepe
MeHHOH y / cnnom~e nHHHH/ H nepeMeHHOH y I nyHKTHp~e/ • 
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Ta6nHu;a 

3neKTpocna6bie op;HoneTJieBbie nonpaBKH K llOJIHbiM ceqeHHHM 

npou;eccos ynpyroro v (V )e-H v (V )e 
IL IL e e 

-pacceHHHH 

R 0 vll 0 ii ll oRv (%) o ve 0~ oR~'e (%) 

f:JB 0,999 0,994 0,5 0,973 0,974 -0, I 

10 f:JB 0,996 0,990 0,6 0, 972 0,973 -0, I 

100 f:JB 0,993 0,986 0,6 0,970 0,972 -0,2 

T3B 0,990 0,982 0,8 0,967 0,970 -0,3 

B Ta6n~4e AaH~ 3neKTpocna6~e paA~a4~0HH~e ~aKTOP~ AnR nonHux 
ce4eH~I1 v

11 
(v

11 
)e-~ ve (i7e )e -pacceRH~R 

I OL I B 
o(E > = r .Jk_ cty ; rJ!!L cty 

v 0 dy 0 dy 
/22/ 

~ 3neKTpocna6~e nonpaBK~ oR K OTHOWeH~IO 

/23/ 

np~ Tex ~e 4eT~pex 3Ha4eH~RX 3Hepr~~ naAa~ero He~Tp~Ho Ev . 
KaK B~AHO ~3 Ta6n~4~. peaynbT~py~aR sen~4~Ha nonpasK~ oR 

K OTHOWeH~~ R OKa3~BaeTCR HaMHOrO MeHbWe O~~AaeMOH B 3KCnep~
MeHTe /5/ T04HOCT~' l'l. R- 5%. no3TOMY y4eT 3neKTpocna6~x nonpaBOK 
a TaKoli c~Tya4~~ 6yAeT HeHy~H~M. OTMeT~M, OAHaKo, 4TO 3TO ~MeeT 
MecTo TonbKO np~ sin2 Ow = 0, 20 +0, 23. AnR APYr~x 3Ha4eH~I1 sin

2 
Ow 

nonpaBKa oR MO~eT 6~Tb nOPRAKa 3KCnep~MeHTanbHO~ OW~6K~ i\R. 
TaK, Hanp~Mep, np~ sin2ow= 0,284/12/ ~ EJI = 100 r3B (jvll= 
= 1,000, ojjll= 0,967 ~ oR 1'1L = 3,3%. Ecn~ 3Ha4eH~e/12/AnR sin 20w 
nOATBePA~TCR B 6YAY~eM, TO 3neKTpocna6~e nonpaBK~ CAB~HYT 4eHT
panbHOe 3Ha4eH~e sin 2 0 w Ha sen~4~HY, cpasH~MYIO c o~~AaeMoli 
ow~6KOH /5/. 

ABTOP~ s~pa~aiOT rny60KYIO 6naroAapHOCTb n.X.Xp~CTOBOH aa 
nOM~b B nony4eH~~ B~pa~eH~H /14/, a TaK~e r.B.M~4enbMaxepy, 
A. Ae Pyxyne ~ B.A.XosaHCKOMY aa noneaH~e o6cy~AeH~R. 
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