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Dpoueccbr coyllapeHHH ecTpe'IHbiX sneKTpoa-noaHTPOHHbiX H sneKTpoH

sneKTpOHHbiX ny'IKOe MOI'yT 6biTb HCnOllb30eaHbi llllH HCCll9llOeaHHH pHQa O'leHb 

ealKHbiX npo6neMa TaKHX1 KaK: 

a) npoeepKa K3.D. aa MallbiX paccTOHHHHX/1/; 

6) rny6oKo-Heynpyroe p0lKll9HHe allpOHoe/2-4/; 

e) aHHHI'HllSIUHH 9lleKTpOH-n03HTpOHHOA: napbi e allpOHbi/5/ H napbi 

f' -Me30HOB 1 Tr -Me30HOB1 I( -Me30HOB1 6apHOHOB/6/; 

r) pOlKlleHHe nap allpoaoe e npoueccax e + • -+ e + • + napa Bll-

poaoa/1,7-10/; 

ll) npoeepK8 C -KHeapHaHTHOCTH npH ebiCOKHX 9HeprHHX/11/; 

e) npoeepKa e03MOlKHOCTeA: HcnonbaoeaHHH PCAC H anre6pbi TOKOB 

npQ ebiCOKHX saeprHHX/11 I, a TaKJKe pHlla llPYI'HX npo6neM. 

BonbwoA: HHTepec ebi3bieaeT npouecc e + • -+ • + e + rr + rr , H3 KOTo

poro npH onpellelleHHbiX KHHeMBTH'IeCKHX ycnoeHHX MOlKHO ebillellHTb npouecc 

e3aHMOlleii:CTeHH CeeTa CO ceeTOM Y + Y -+ 1T + 1T • CeH3b llH<fJ<flepeHUH8llbHbiX 

Ce'leHHil: 9THX npoueccoe npHeelleHa e pa6oTe/10/ H HMeeT BHll: 

Ju ..... ••"" f 
Ju yy ... rrrr (1) 

Jcu 
1 

Jcu
2 

JO JO JO 
"I "2 • 

JOrr 

I'll9 <flyHKUHH f He aaeJt:CHT OT yrnoe, a 38eHCHT OT 9HeprHA nenTOHOe H rr-Me-

30HOe; cu
1 

11 cu
2 

- saeprHH rr -Meaoaoe. B o6nacTK HH3KHX saeprHA: ( Ey :5 
~ 1 fse) npouecc y+ y -+TT+TT MOlKeT 6biTb H3y'leH TeopeTH'IeCKH C llOCTaTO'IHO 

BbiCOKOil: CTeneHbiO TO'IHOCTK. B 9TOM cny'lae MOlKHO npoeeCTH HCCllellOeBHKH 

no K3y'leHKIO rrrr -e38HMOlleii:CTBKH1 nonSipK38UKOHHbiX 9~eKTOe e y+y-+ TT+Tr 

8 
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- peaKUHH 1 no npoaepKe HH3K03HepreTH"ieCKOil. TeopeMhl (TOMCOHOBCKHil. npeaen 

KOMnTOH-a4><jleKTa y + 17 -+ y + 17 ) , C pOCTOM aHeprHH y -KBaHTOB MO)KHO 

CTaBHTb 3a):(a"iH no H3y"ieHHIO "ieTHOCTH pe30HaHCOB1 pO)K):(eHHbiX npH B3aHMo

aeil.CTBHH CBeTa CO CBeTOM, 

HacToHmaH pa6oTa noCBHmaeTCH aeTanhHOMY TeopeTuqecKoMy uccneaoaa-

HHIO npouecca Y + Y -+ 17 + 17 C nOMOmbiO MeTO):(a ):(HCnepcHOHHbiX COOTHOWe-

HHil. B o6naCTH aHepruil. E y -:;_ 1 raB, flpouecc y + y ... 17 + 17 paCCMaTpHBaeT

C.II KaK COCTaBHaH "iaCTb peaKUHH e + e -+ e + e +17 +17. CneaoBaTenbH01 J:IH

cnepCHOHHbie COOTHOWeHHH aanHCbiBaiOTCH ):(nH BHpTyanbHblX y -KBaHTOB, "Mac

Chi" BHpTyanbHbiX npOCTpaHCTBeHHOnoao6HbiX <iJOTOHOB Bbi6HpanHCb ManbJMH 

B cpaaaeHHH c ux aaeprueil.. TaKoil. BbJ6op "Mace" o6ecne"iHBaeT npenMymecT

BeHHbiil. BKna):( J:IBYX<IJOTOHHOil. ):(HarpaMMbl B rrpouecc e + e -+ e + e + 17 + 17 

B HH3WeM nopH):(Ke no aneKTpH"ieCKOMY 3ap.IIJ:Iy H Manbie BKna):(bl npOJ:IOnbHbiX 

(BpeMeHHnOll06HblX) KOMnOH9HT y -KBaHTOB B C9'19HHe y + y -+ 17 + ·17 , 

B HHTepecyiOmeil. HaC o6naCTH aHeprHil. ( Ey ~ 1 raB) MO)KHO orpa

HH"iHTbC.II paCCMOTpeHHeM HH3WHX napUHanbHbiX s- H J -BOnH, ( CHCTeMa 1 co

CTQHma.II ua llBYX 11 - Me30HOB ( KOHe"iHoe cocTO.IIHHe) HMeeT nono*HTenbayiO 

3ap.II):(OBYIO qeTHOCTb C =+I H noaTOMY B peaKUHH Y+ y -> 17 + 17 OTCYTCTBy-

IOT BOnHbl C He"ieTHbiM e ) , 
B J:IHCrrepcuoHHbiX ypaBHeHH.IIX BKnaJ:Ibi HHTerpanoB no neBbiM paapeaaM 

rrpu6nH)KeHHO OnHCbiBaiOTCH 60pHOBCKHMH qneHaMH H CU - H p -pe3oHaHCaMH, 

B np.IIMOM KaHane ucnonbaoaanocb aayxqacTH"iHoe ycnoaue yHHTapaocTH c J:IByx

rrHOHHbiM npoMe)KyTO"iHbiM COCTO.IIHHeM. 

B pa6oTe paccquTaHbi ceqeHHH 
1
s H d -napUHanbHbiX BOnH peaKUHil: y+ y ... 

-+ 11 + 11 H ceqeHHe npouecca e + e ... e + e + 11 + 11 • LlnH pacqeTOB Hcnonb-

30Banucb ):(aHHbie o <IJaaax napuHanbHbiX aona 1111 -pacceHHHH, BbinH paccMoT-

peHbl J:IBa H3BecTHbiX BapHaHTa ( clown-up H down , eM, puc. 2a) <IJaabi 8 '£=: 
1717 -aMrrnHTy):(bi H no O):(HOMY BapHaHTY <IJa3 8 'J=2 

t.=O 
H [) T=0,2 (eM, pHC, 

&2 

) 
T-0 

26 , 11ccneJ:IOBaHO BnHHHHe H3M9H9HH.II noporOBOrO noBeJ:IeHH.II 8 &O <IJaabi 

1717 -paCCe.IIHHH lpa30poc 3KCnepHMeHTanbHbiX 3Ha"ieHHil. ):(OCTaTO'IHO WHpOK 

a6nH3H nopora) H BbiCOKoaaepreTH"ieCKoro noae):(eHH.II dla3bi Ha ceqeHH.II npo

ueccoB Y+Y ... 11 + 11 H e + e ... e + e + 11 +17 • 11ccneaoBaHo BnH.IIHHe Heynpy

rHx npoueccoa Ha XOJ:I ceqeHHil.. 

4 

' 

.~.;-UIJ 

) 

' 

CBSI3b aMrrnHTy.ll npoueccoB y+ y -+ n rr + + n 

CO cneKTpanbHbiMH cpyHKUH.IIMH TOKOB/18/, BB9ll9HH 

CB.II3b peweRail. llBCDepCHOHHbiX ypaBHeHHA ,11n.11 s 

'Mace' BHpTy8nbHbiX cjloTOHOB C COI5CTB9HHOA an 

rr - Meaoua /28/, a D03BonseT TeopeTa"ieCKH pace 

pa3HOCTb MaCC ,:!: H rr 0 -M930H0Bo 

§1, LlacnepCHOHHble COOTHOW9HH.II .11n.11 i 

aMDnJiTyA 

. ... ~ 

06oaaa'IRM qepea lc = ( lc 0 , lc ) , l:' = ( lc 0 , lc 

lc2 ( -j) :a( cu 2 ( -j) , f 2 ( -j) ) HMDYnbCbl y -KB8HTOB 

£ H £' H HMITYnbCbl KOH9'1HbiX 1T -Me30HOB C H p v . 
cooTBeTcTBeuao. By.11eM C'IHTaTb B AanhaeftweM, 'IT' 

H lc2 = lc'2 ,.-m2 • 
y 

B CHCTeMe ueHTpa Mace BBe,lleM pen.IITHBHCTCI 

cneAyiOIIIHM o6pa30M: 

" J 
< f I S I I > = I (2rr) 2 

---8(4) 
4culco (lc+lc'-lc,-' 

3AeCb 

=41c!=4cu2; CUJ=CU2=CU lc 0 = lc 0 
tp t - yron pacce.IIHH.II1 a H p DpHRHMaiOT TpH 3HB 

T a',J ( t, cos ¢, ) on&CbiBaiOT B3aRMOileAcTBHe llE 

c onpeAeneaabiMH nonspaaauii.IIMH ( rrpOAOnbBbiMB, 

KOMDOBeHTbl BeKTOpOB nongpH3allHH HCKni0'19Hbl/10 

3aMeTHM1 'ITO KOH9'1HOe llBYXDBOHHoe COC~ 

aua'leHB.II nonaoro aaoTorra'leCKoro cnaua T = 0, 

pBaHTHOCTB BCKlliO'IaiOT auaqeaae T • 1. 
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nposepKe HH3K03HepreTH~eCKOa TeopeMbl (TOMCOHOBCKHa npeAen 

y + 17 -. y + 1T ) • C pOCTOM aaeprHH y -KB8HTOB MO>KHO 

H3y~eHHJO ~eTHOCTH pe30H8HCOB1 pO>KAeHHbiX npH B38HMQ

cseTOM. 

51 pa6oTa llOCBRmaeTCR AeTanbHOMY TeopeTH'ieCKOMy HCCneAOBa-

y + y -> 1T + 1T C llOMOWbJO MeTO.ll8 AHCllepCHOHHbiX COOTHOme-

aHeprHil: E y ~ 1 raa. Dpouecc y + y -> 1T + 1T paccMaTpHBaeT

peaKUHH e + e -> e + e +TT +TT. CneAoaaTellbHo, AH

oweHHR aanHChiBaJOTCR AnR BHpTyanbHhiX y -xaaHTOB. "Mac

npocrpaHCTaeHHODO.llOOHhiX <iJoTOHOB BbiOHpanHCb ManbiMH 

aaeprHeil:. Taxoa BbJ6op "Mace" o6ecne~asaeT npeHMymecT

B npouecc e + e .... e + e + rr + 17 

aneKTpH~eCKOMY aapR.lly H Manbie BKnBAbl npO.llOllbHbiX 

KOMDOHeHT y -KBBHTOB B Ce'leHHe y + y -+ 17 + ·17 • 

10meil: aac o6nacTH aaeprHa ( EY '$_ 1 faa) MO>KHo orpa

IMn'l'n<>aaeM HH3lliHX napuHanbHbiX s- H d -aona. ( CacTeMa, co-

17 - Meaoaoa ( xoae~Hoe cocToRHHe) a MeeT nono>KHTellbHYJO 

C =+I H noaTOMY B peaKUHH Y+ y -> 1T + 17 OTCYTCTBy-

) . 
sxnaAbi HHTerpanoa no neabiM paapeaaM 

bJBaJOTCR 6opHOBCKHMH ~neHaMH H CtJ - H p -pe30HaHCaMHo 

Hcnonbaosanocb ABYX~aCTH~Hoe ycnosHe yHHTapHOCTH c ABYX-

d -napuaanbHbiX aona peaxua~ Y+ y -. 

npouecca e + e -. e + e + 77 + 77 • JlnR pac~eTOB acnollb

e o 4Jaaax napuHanbHbiX sonH 171T -pacceRHHR• EbinH paccMoT-

sapHaHTa ( down-up H down , eM. pHc. 2a) 4Ja3bi 8 '£=: 
no OAHOMY aapaaHTy 4Jaa 8 J=2 

=0 
H 8 T=0,2 (eM. pHCo 

&2 
T=O 

H3MeHeHH.sr noporosoro noaeAeHHR 8 f:=o <iJaabi 

tpaaopoc 3KCnepHMeHT81IbHbiX 3Ha~eHHa AOCT8TO':IHO lliHpOK 

H BbJcoxoaaepreTH~ecxoro noaeAeHHR <baabi aa ce~eHH.sr npo

H e + e -> e + e + rr +77 • HccneAOBaHo BnHRHHe Heynpy

Ha XOA ce~eHHil:. 

4 
_., 

~ A 

.~.,:_; ~! ~ 
' . . 

1
~. 

~ .... · '. 
.r , 
, 

' .,_ .. ~ 

CB513b aMnnHTyJl npoueccoa Y+ y .... n 17 + + n 17 ( n - uenoe qacno) 

CO cneKTpallbHbiMH cPY HKUHSIMH TOKOB/ 13/1 BB9.ll9HHbiMH Bafta6eproM/ 14/1 Jl&eT 

CBSI3b peweHHit JlBCnepCHOHHbiX ypaaHeHHit .llnSI s H J -BonH, 38BHCSI111HX OT 

'Mace' BHpTyanbHbiX clJoTOHOB C COOCTB9HHOA sneKTpOMarHHTHOA SHepraeA 

17 - Meaoaa 128 1, a noaaonHeT TeopeTH~ecxu pacc':IHTaTb snexTpOMarHHTHYIO 

paaaocTb Mace 17::!: H 170 -Me30H0Bo 

Ill. JlacnepCHOHHbie COOTHOWeHHSI JlnSI H30TOnH~eCKHX 

aMnmiTyJl 

. .... .... .... 
0603H8'1HM 'lepe3 le = ( le 0 , le ) , l' = ( le 0 , le' ) H le 1 (j) = ( cu 1 (/), lc 1 (j)) t 

lez (-j) ,..( Wz (-j) , f 2 (-j)) HMDynbCbl y -KB8HTOB C B9KT0p8MH nonHpH38UBH 

£ H £' H HMDyllbCbl KOHe'iHbiX 17 -Me30HOB C H30TOnH~eCKHMH HH.ll9KC8MH ;, p v . 
COOTBeTCTBeHHO. Ey.tteM C'iHT8Tb B .ttanbHeftweM, 'ITO le~ = lc ~ = p: 
H le 2 = lc ,2 • -m 2 • 

y • 
B CHCTeMe uearpa Mace aBe.lleM penHTHBHCTCKHe aMnnHTY.ttbl T'Q ( t,coscp J a,_. ' 

cne.ttyJOlllHM o6paaoM: 

3.ttec& 

" J 
<I lSI i> =i -;;:rr

(2rr) 

(4) , 1 a , {3 
8 ( lc+lc -le 1-le 2) Ta(Jt, coscf>, ) £ £ • 

= 41c~ =4cu 2
; w 1 =w 2 =cu lc 0 = le 0 ; 

• 

f/J, - yron pacceSIHH.SI, a H p npHHHM&JOT TPH aHa'ieHHSI x, y, z. AMIInHTyJlbl 

1,}{3 ( t, COS cp t) ODHCbiB8IOT B38HM0Jl9ACT'8He JlBYX BHpTy8nbHbiX ciK>TOHOB 

c onpe.tteneHHbiMH nonHpH3&UH.SIMH ( npoJlOnbHbiMH, nonepe':IHbiMB). BpeMeHHbie 

KOMDOH9HTbl B9KTOpOB non.HpB38UBH HCKnJO'i9Hbl/10/ • 

3aMeTBM1 ':ITO KOH8'1HOe JlBYXDBOHHoe COCTO.SIHHe MO>KeT HM8Tb TpB 

aaa'leHHSI nonaoro uaoTonu'lecxoro cnaaa T = 0,1,2. Tpe6oaaaa.H C -aaaa

paaHTHOCTB acxniO'I&IOT aaaqeaae T • 1. 
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TaKHM o6paaoM: 

~,- 1 (~~ 1 (T=21 
T a {3 ( t, cos ¢ , ) = -- T a {3 ( t, cos ¢ , ) + -- T a {3 ( t, cos ¢ , ) 

yr yo 

,o,o 2 (T=21 1 (T=OI 
Taf3 ( t, cos ¢ ,J = - T {3 ( t, cos¢ ) - -- T {3 ( t, cos ¢ ) . v6 a f yl a f 

B npHMOM t -KaHane Mam~eJibCTaMOBCKHe nepeMeHHhie HMeiOT BH.r:t: 

= (k +k') 2 = 4k 2
0 =4w

2 

s = ( k - k 2 ) 
2 = - m 2 + p. 

2 
- -'- - 2 '1/ ( -'- + m 

2 
) ( -'- - p. 

2 
) cos ¢ 

y "2 4 y 4" f 

( )
2 2 2 

u = k-k 1 =-my+P., 
t 
2 

+2 V ( -'- + my
2 H -' -p.,

2
) cos¢. 

4 4 f 

necnepCHOHHOe ypaBHeHHe .r:tnH H30TOilH'I9CKHX aMilnHTY.r:t B KOMnneKCHOft 

• 
t- nnOCKOCTH HMeeT BH.r:t: 

2 
_lTI -4m;y (Tj 

( 1 ) 

T(TI ( t cos"'- ) a{3 , "~', 
1 

oo lm Ta{3(t', cos¢,) 1 lm TafJ t', cos¢) 
- f Jt' +- f-___;:,__ ____ Jt' + 
" 4p.2 t. - t - ; f " t, - t 

-4 

+ _J_ 

" 

" 
2 2.L 2 p.,co• '1-'r +my 

(2) 

I - co• 2 </> 1 

lm T~{/(1 ',cos¢, J Jt', 
f t,- t 

a.aecb T = 0,2, Paapeahi B KOMnneKCHOA t -nnoCKOCTH onpe.aenHIOTCH .aayx-

'laCTH'IHbiMH IlOpOI"aMH: 

t>4n 2 s>2(, 2 -m 2 ) u>2(p. 2 -m
2 J _ r", _ r" y • _ " y 

6 

- ' 

'
' 

~t '' ·I'" 

' ,, ,, ' 

:.~~ ..• ;~~ 

.·,:J~~. ,, ' 
i" ; 

-1:) . 

~,._ '•, 

·.·1·.··•·.,, 

'··' 

·\, ·:.-

,. ' 

B npHMOM KaHane aa HHamee ABYX'IaCTH'IHoe npoMe~y! 

HSITO ABYXIlHOHHOe COCTOSIHHe ( Y'IHTh!B810TCSI TOnbKO CHJ: 

qneHhl Bh!Clliei"O IlOpSIAK8 ITO aneKTpOM8I"HHTHOH KOHCTaH 

OT6p8Cb!B8!0TCSI), 

B KpOCCHHI"-KaHanax noporoBbie 3Ha'lei!HSI onpeA4 

no~HT9nbHOCTH 9Hepi"HH rrpOCTp811CTB9HIIOilOA06l!b!X E 

k 0 = E_-E:_ ~ 0, ko = E+ -E~ 2 0 

( E _ , E+, E :_, E ~ - aHepi"HH Ha'lanbllhiX H KOHe'IHhiX 

HOB BO BCTpe'IHbiX rry'IK8X), 3aBHC HMOCTb paape30B OT 

neaa Ha pRe, 1. 

B AHCrrepcHOHHOM ypaaHeHHH (2) HHTerpanw n< 

KpocCHHI"-KaHanoB npH6nH~eHHO y'ITeM 6opHOBCKHMH 111 

30H8HC8MH, 

B MeaoHHOH aneKTpOAHHaMHKe 6opHoBCKHe qneHI: 

.oe/12/: 

I 
B a{3 ( t, cos ¢ , ) -4e 2 l 

k!a (j) k2{3(-j) 

u-(l 2 +if rr 

+ 
k,{l;J ' 

2 s - {l /7 

B T8KOfi 38IlHCH HHA9KCbl a H {3 CBSl38Hhl C nHHefiHO 

TOH8MH, B CHCTeMe KOOpAHH8T C OCSlMH X 0 Y 1 Z 1 

BeKTOpOB ( k X ( k X k1 ) ) 0 ( t X k1 ) H "' COOTBeTCTE 

fiOilepe'IHhlX (j)OTOHOB OilHCb!B89TCSI XX II YY- KOMilOHE 

3TH KOMilOH9HTbl OAH03H8'1HO CBSI38Hhl CO CrrHp8nbHbiMH 

pa6oTel16/, .lleiicTBHTenhHO, ecnH yq IlpHB9A9HHhlMH B 

J I 
HOM CilHpanbHOCTH COOTBeTCTBy!OT f =-

Vl' ..;2 
H f 

y 

fx 

H 

J 
yT 

BY Y 

H fy KOMilOHeHThl BeKTOpOB nonSip~ 

yl 
/16/ 

rrpHBOASIT K IlpHBeAeHHhlM B pa6oTe aMnn 

~Kn8A 50pHOBCKHX qneHOB B AHCITepCROHHOe ypaeHe 

'leCKHX 8MilnHTYA 38IlHCbiB89TCSl B BHAe/12/: 

(T) 
B af3 ( t, cos ¢ , ) 

8 e2 - - ..I ( k k ) -=-(,/ 2) 1 Ia 2{3 u =1-12 
'1/3 u + 

u - ~-~; 

7 



o6paaoM: 

( t, cos¢ t ) 

1 (T=O} 1 (T=2} 
- T a {3 ( t, cos ¢ , ) + -- T a {3 ( t, cos ¢ , ) 

yT yo 

(t, cos ¢ ,J 
2 (T=2} 1 (T=O} 
- T R ( t, cos¢ ) - -- T R ( t, cos ¢ ) . v6 a,_, t yJ a,_, t 

MOM t -KaHane MaH)lelibCTaMOBCKHe nepeMeHHhie HMeiOT BHJl: 

lc + lc' ) 2 = 4/c~ = 4w 2 

- lc ) 2 = - m 2 + p. 2 - _t_ - 2 V ( _t_ + m 2 ) ( _t_ - p. 2 ) cos ¢ 
2 y 17 2 4 y 4 17 t 

2 2 2 
lc-lc 1 ) =-my+P.17 

, 
2 

+2 y ( -'- + my
2 H -' -p.;) cos¢,. 

4 4 

Oe ypaBHeHHe JlliH H30TOI1H'leCKHX aMI11IHTYJl B KOMI11IeKCHOl!: 

H HMeeT BHJl: 

2 
.JT} -4m (T} 

( 1 ) 

, cos¢ ) 
t 

1 oo lm Taf3(t', cos¢,) , 
1 

fm Tafl t', cos¢) 
- f Jt +- f----.: ____ _ 
17 4p.! t' - t - ; l 17 -- t' - t 

2 2.l 2 
{1 17 cos o.p f + m Y 

Jt' + 

(2) 

I - cos 
2 cp t 

lm T~{j (I ',cos¢, ) 
Jt' , f , '- , 

2. Paapeabi B KOMnneKcHol!: t -nnoCKOCTH onpeJleliHIOTCsr JlByx

noporaMu: 

2 
17 s>2(p. 2 -m 2 ) u>2(p. 2 -m 2 ). 

17 y'- 17 y 

6 

.i 

·~ 

il«l'~. 

~. 

8 llpHMOM KaHane Sa HH3lliee JlByX'iaCTH'IHOe I1pOM8lKYTO'IHOe COCTOSIHJie I1pli

HSITO ABYXllHOHHOe COCTOHHHe { Y'IHThiBaJOTCSI TOIIbKO CH1IbHbJe B3aliMOA9HCTBHSI
1 

" el '11I9Hbl BbiCU19I'O I10pSIAKa llO 91I9KTpOMai'HHTHOH KOHCTaHTe CBH31i a = -;r;-:;;;--
OT6paCbiBaiOTCSI) • 

B KPOCCHHI"-Kaaanax nopoi"OBbie aaa'l:elmsr onpeAeJieHbi us ycnoBHsr no-

1IOiKHTenbHOCTH 9Hepi"Iili llpOCTpaHCTB9HHOI10A06HbiX BHpTyaJibHbiX ¢oTOHOB! 

lc 0 =E_-E:_?;O, k 0 = E+ - E~ 2 0 

( E _ , E+ , E :_, E ~ - saepi"HH aaqanbHhiX H KOHe'IHhiX sneKTpOHOB H rroanTpo-

HOB BO BCTpe'IHbiX ITY'IKaX). 3aBHCHMOCTb paape30B OT H COS</> t rrpeACTaB-

neaa Ha puc. 1. 

B AHCrrepcuOHHOM ypaBHeHHH (2) uHTei"panbi no neBbiM paape3aM oT 

KpoccuHI"-KaHanoB npn6nuiKeHHO y'ITeM 6opHOBCKHMH 'IJieHaMH H w- H p -pe-

30HaHC8MH. 

B Meaoaao:H sneKTpOAHHaMHKe 6opHoBCKHe 'IJieHbr aanHcbrBaJOTcsr B BH

Ae/12/: 

; 
B a(:3 ( t, cos ¢ 

1 
) -4e 2 I 

k1a (j) k 2(:3(-j) 

u - /1 2 +if rr 

+ 
k 1 {fj) k2a ( -j) 

s -IL2 +if 
!r 

1 
- 2aa(:31· 

B TaKoM: 3aiTHCH uHAeKCbi a H (:3 CBSI3aHbi c mmeM:ao nonsrpH30BaHHbiMH iflo

ToHaMH. B CliCTeMe KOOpAHHaT C OCSIMH X 1 Y 1 Z , HanpaBneHHbiMH BAOlib 

B9KTOpOB ( k X (kx k1]) 1 rr X k1) H { COOTB9TCTBeHH0
1 

B381fMOA9HCTBHe 

nonepe'I:HbiX ifloTOHOB onucbiBaeTcsr x x H Y Y- KOMnoaeaTaMI:I MaTpi:IUbi B af3 • 

3TH KOMllOH9HTbl OAH03H8'IHO CBSI38Hbl CO ClllfpaJibHbiMI:I 6opHOBCKI:IMH 'IJ19H8MI:I
1 

llpHBeAeHHbiMI:I B pa6oTe/16/. ,Ueii:CTBI:IT91IbH01 9CJII:I y'IeCTb
1 

'ITO llOJIOlKI:ITeJib-

HOH Clll:lpa1IbHOCTI:I COOTBeTCTBYJOT f l 
=- 1:1 f a OTpHUaTeJibHOH -

(X 

H 

l 

yT 
BY Y 

VT y ,;2 
1171 

KOMllOHeHTbl B9KTOpOB I101ISipH38UI:IH 
1 

TO H cy B X X ,;2 
/16/ 

llpHBOASIT K llpHB9A9HHbiM B pa6oTe 8Mll1IHTyAaM T+1,-1H ~1,+1 
eK1I8A 60pHOBCKHX 'I1I9HOB B AHCllepCI:IOHHOe ypaBHSHHe (2) AliSI H30TOllH

'I9CKHX 8MI11IHTYA 38llHCbiB89TC51 B BI:!Ae/12/: 

(T I ) B af3 ( t, cos </> 
1 

T 

8e2(v2J-l (k1ak2{3)u=!l; 

yJ u - ll2 
17 

7 

' 

+ 
( k 1 {3 k:za ) •=ll~ 

s - ll 2 
17 

I. 



.llnH Bbl'IHCneHHH BKn8Jl8 W- H p -pe30H8HCOB HCIIOnbayeM H3BeCTHble acMJeK

THBHble raMHnbTOHHaHbi JlnSI w TTy H p 77 y aeplliHH/18/, PeaKUHH Y+Y-+TTo+TTo 

coJleP*HT o6a peaoHaHca B s- H u -KaHanax. AMrrnuTyJla rrpouecca y + y -> 

77+ + 77- COJlep}I{HT nHlllb BKnaJl p -Me30H8, 

C y'ieTOM H3BeCTHOI'O H3 anreopbl TOKOB H KBapKOBOJl: MO)lenH COOTHQ

UieHHH 9w
17

y = 3 g p 17 y /18/ H cooTHOllleHHH Mw-::. Mp sKnaJl peaoHaHCHbiX 

'lneHOB B ypaSHeHHe (2) JlnH H30TOIIH'ieCKHX 8MIInHTYJl 38IIHllleTCH B BHJle/12/: 

2 
(T) 

P af3 ( t I cos¢ t ) 
32 9w TTY 22 f I U I u=M~ I S I s=M~ 

(--) x[ + ],(3) 
8 yl u- M! s - M ~ 9 ,.jJ 

I'Jle 

I u I = ( Ide ' ) lc 
2
a lc 

1 
f3 + ( lc 

1 
lc 

2
) lc ~ lc f3 + ( ( 1clc ' ) ( lc 1 lc 2) - ( lc 1 lc ' )( lc 21c)) 8 af3-

- 1c 1 f3 1c ~ ( 1c 1c 2 J - 1c 2a 1c f3 ( ~cr J I 
lsi =lu[lc 1 .... 1c 2 ]1. 

B orrucaHHoll: Bbillle cucTeMe KOOPJlHHaT B MaTpuuax Baf3 H Paf3 oTnH'IHbi

MH OT HynH OYJlYT cneJlyiOIUHe KOMIIOHeHTbi! 

0 

xoz) 
zz (

x

0

x 

zx 
YY 

0 

§2 • .llHCIIepCHOHHble COOTHOUieHHSI nnH napUHSllbHb!X 

SMITJIHTYll 

B oonaCTH HH3KHX aHeprull: OCHOBHOll: BKnaJl B 8MIInHTYJlY rrpouecca 

oyJlyT BHOCHTb HH3WHe S- H cl -rrapuuanbHbie aonHbi, T.e. 

T a(~) ( t 1 cos¢ t ) 

.llnH BbiJleneHHH S - H 

cneJlyiOIUHM o6paaoM. 

-

f(T) (t) + 5 f(T) ( t) p (cos¢ ) + 
af3 • af3 d 2 t 

cJ -BOnH H3 JlHCIIepCHOHHOI'O ypaBHeHHH (2) 

8 

(4) 

IIOCTyiiHM 

' 

'
·:·'~ 

:·, 
' 

~.·.· 

;:,~< 
rlit\ 
."li,t 

_·..'},; 

,'j •• 

,~I; 

~;\: 

:li~' 
i, ·' 
\'·.') 

·.-:' 

EcnH Mbl nonOlKHM B COOTHOWeHHH (4) COS cp
1 

( tl cos cp = ~ 
t y3 

1 (T) 
P2 (cos cp, = yT ) = 0 1 Taf3 

1 vr nucnepc }J.nH ~HKCHpOB8HHOrO yrna COS cp T.e. 

CBOJJ.HTCH K JJ.HCllepCHOHHOMY ypaBHeHHJO }J.nH s -Bon 

4ro6hi BhiAenHTb J -Bonay, nonolKHM B ypaBHeH 

cos cp t 
7 

= vTs 
7 

(Pz (cos cp, = vls) 5 

H Bbl'iTeM H3 3TOrO ypaBHeHHH JJ.HCnepCHOHHOe ypaBHE 

rorna 

T ( T) ( t I cos cp 
af3 ' 

v 7 ) - T (T) ( t I cos cp = -
15 a{3 ' \) 

TaKHM o6paaoM, ypaBHeHHH nnH s -H J -Bona peaKUf 

T(T)( t) 
a{3 • 

(T) 
1af3(t) d 

"" lm r~@ (t') 
f ' 17 2 t -t-if 

4p.7T 

(TJ 
Jt' + Baf3 

(T) ' 
Jt' + B af3 ( '~ y -L f 

IT 4p.: 

(T) ,7 (T)( 1) 
+ P a{3 ( t 1 y - ) - P af3 t 1 --=- . 

15 y3 

Ycnoaue JlBYX'IaCTH'IHOll: yauTapHOCTH JlnH napuuanbHb 

(T) 
lm T af3 ( t) f 

(T) 
-lfif (t) 

e sin a(t( t) r :~ ( t) 

3JleCb 8~Tlt) - · !jla3bi rrapuuanbHbiX aMnnHTYJl TT TT -pa 

DoJlCTasnHH ycnoaue yauTapHOCTH l6) B JlHCnep 

nonyquM nuaell:Hbie CliHrynHpHbie HHTerpanbHbie ypaE 

HeHHH pelli8IOTCH CBeJleHUeM HX K Kpaeaoll: 38JlB'Ie 

9 



BKnaaa cu- H p -pe30H8HCOB HCIIOnbayeM H3BeCTHbl9 a¢J¢eK

W TT y H p TTy Bepwna/18/. PeaKUHSI y +Y -+TTo +TTO 

s- H u -KaHanax. AMIInHTyaa rrpouecca y + y ... 

p -Meaoaa. 

am'e6pb! TOKOB H KB8pKOBOH MO):lenH . COOTHo

/18/ H COOTHOW9HHSI fttw '::. Mp BKnaa pe30H8HCHbiX 

AnSI H30TOIIH'I9CKHX 8MIInHTYA 38IIHW9TCSI B BH):le/12/: 

9yJ 
22 -f I ul u=M~ I sl s=M~ 

(--) x[ 2 + 2 ],(3) 
8 ...;2 u- M w s - M cu 

k 1 f3 + ( k1 k 2) k ~ k f3 + ( ( kk' ) ( k 1 k2) - ( k 1 k ')( ki)) 8 af3-

k k 2 ) - k2a k f3 ( k
1
k') , lsi= lu[k 1 .... k

2
]1. 

0 

CHCTeMe KOOpAHH8T B MaTpHUaX 8af3 H paf3 OTnH'!Hbi

cneayJOII!He KOMIIOHeHTbl! 

yy 
xoz) 

0 zz 

, llHCIIepCHOHHhle COOTHOWeHHSI .llnSI I!8pUH8nbHhlX 

8MIInHTY.Il 

HH3KHX 3HepPHH OCHOBHOH BKnaa B SMIInHTyay IIpouecca 

II!He s- H rJ -rrapUH8llbHbi9 BOnHbl 1 T.e. 

f(Tf3J (t) + 5T(Tf3i(t) P (cos¢ ) + ... (4) 
a s a r1 2 t 

rJ -Bona H3 AHCIIepCHOHHOPO ypaBH9HHSI (2) IIOCTYIIHM 

8 

.i 

,·; 

;.,;~.;~::._ '. 
'';· 

>'!. 

1 E CnH Mbl IIOnOlKHM B COOTHOWeHHH { 4) cos rp = --=.r-• TO , ...;, 

-'-J = 0' p2 ( cos ¢ t = ..['J" (TI J (TI 
Taf3 (t, cos¢

1 
= yJ);: Taf3 (t). 

1 = --- AHCIIepCHOHHOe ypaaHeHHe vr 
T,e, ansr ljJHKCHpOBBHHOrO yrna COS rp 

CBOAHTCSI K AHCIIepCHOHHOMY ypaBHeHHIO ansr s -BOnHhi, 

YTo6br BhiAenHTb cl -aonHy, nonolKHM a ypaaHeHHH {2) 

COS rp = .I~ 
t v 75 

7 1 (P2 (cos¢ = .!_) = -) 
t v 75 5 

H Bbi'!TeM H3 3TOro ypaBHeHHSI AHCIIepCHOHHOe ypaBHeHHe AnSI S -BOnHh1
1 

Toraa 

T (TI ( t cos ¢ 
a{3 ' t 

7 1 v-J - rrr1 (t, cos¢ =-J - r(T)<,J 
15 af3 t yT - a{3 d 

(2) 

TaKHM o6paaoM, ypaaHeHHsr ansr s -H cJ -BOnH peaKUHH 38IIHCb!B810TCSI B BH.Qe: 

( T I ( , ) ( 1 1 ..IT I ( 1 ) 
lm Ta{3 t • clt' + Ba~ (t, -) + ~"af3 t, vT 

17 f2 t'-t-if yJ 
4p.TT 

T(Tt t) 
a{3 • 

(TI ') .JTI 1 
lmTaf3 (t d , 8 rrl(t y'_l_J -~f3(t,-h) + _ _:_ ___ clt + af3 ' 15 yJ 

t'-t -i£ 
(TI ) __ 1 f 

Taf3(t d = TT 4p.: {5) 

p( T I ( t , _]_ ) _ p ( T I ( t _1_ ) 
+ a{3 • V af3 • _ · 

15 yJ 

YcnosHe ABYX'I8CTH'IHOH YHHTapHOCTH ,UnSI napuHanbHbiX 8MIInHTy,u HMeeT BH,U: 

(T) 
lm T af3 ( t) f 

8(T} 
e _, f (tJ 

sin a(t(t J r ~~ (, J e . {6) 

3,uecb 8~T(t) -·<Paabi napuHanbHhiX aMnnHTY.Il TT rr -pacceSIHHSI c naocnHHOM T. 
no,UCTBBnSISI ycnOBHe YHHT8pHOCTH (6) B ,UHCIIepCHOHHhie ypaBH9HHSI (5}, 

nony'!HM nHH9HHbi9 CHHPynSipHbie HHTePpanbHhie ypaBH9HHSI 0 no,uo6Hb19 ypas

HeHHSI pewaJOTCH cse,ueaneM HX K Kpaesoii: aaaa'le PHMaaa/19/. CTeneHb 

9 
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HeOAH03H8'1HOCTII ee pemeHHSl CBS138H8 C IIHAeKCOM K 38A8'1R 0 KOTOpblli Ollpe-

AeJISieTCSl !3bipa>KeHReM: T) 

1 
oo 218rr,, 

K=--fdfne 
217; 4 2 

1-177 

ECJIII «\la3bl 8~''(t) 11p11 t-> oo aCRMilTOTH'IeCKII CTpeMSITCSl K Hymo, TO 

pemeHHSl RHTerpaJibHblX ypaBHeHHli ( 4) eARHCTBeHHbl II 381111CbiB810TCSl B BRAe! 

(T) + + (T) (T) 
T af3 ( t) f = X ( t) A a{3 ( t) + 8 a{3 ( t) f + P af3 ( t) f 

x+ (, J 

(T) 00 a~TI(t'J 18£ (II 
exp ! -'- P f cit' l • t'(t'-t) 1T 

4~ 

sTI 
I f (x) • aiTI() (siT) ( ) ~(TtxJ ) 

_J_ p 
00 e Sin f X a{3 X + a{3 f 
f clx. 

1T 4p. 2 ( x- t) x+(x) 
1T 

A:lt) 

3AeCh RHTei'p8Jibl 110HIIM8IOTCSl B CMb!CJie I'J18BHOI'O 3H8'1eHHSI, 

§3, OapuHaJibHbie ce'leHHSI rrpouecca Y + Y -> "+ 11 

11 ce'leHHe peaKUHH e + e _, e + e + 11 + 11 

nonHoe ce'leHHe npouecca y + y ... rr + rr Bbipa:>KaeTCSI a BRAe cyMMbi 

S- II J -rrapUH8J1bHblX Ce'leHHli 

a ( t )yy .... 1717 = a y y .... 1717 ( t) • + a y y ->TT 17 ( t) d 

KOT0pb19 CBSI38Hhl C rrapUH8J1bHbiMH aMIIJIHTYABMH ·cneAyiOIUHM o6pa30M! 

a 
yy-> TTTT 

(t)r=(lf+l)~ 
l6rr 1 r 1 

l 7 T~f3 (t)f Ta '{3 ,..(t) f eaa, e {3{3, (7) 

3AeCb e a a II e f3 f3, - IIOJISlpH38Il.IIOHHble M8Tp11Ubl IIJIOTHOCTII BllpTyaJibHblX 

«\lOTOHOB, 

Ha116onee HHTepeCHhlM npeACTaBnsreTCSI cny'lali, KOI'Aa aneKTpoH 11 rro-

3HTpoH B peaKUIIH e + e -> e + e + TT+ 1T BO BCTpe'IHbiX IIY'IK8X paCCeHB8-

eTCSl BIIepeA. Dnsr 3TOI'O cJiy'laSI MaTpHU8 IIJIOTHOCTII BHpTyaJibHbiX «\lOTOHOB 

HM9eT BIIA/10/: 

10 

-
' 

j 11,.'~¥~--, 

)~ ·I 
-~~ ' . . 
:. ' . 
~~ ... 

~ 

-.1·1.~ '~ \ . . 
:~ ·. 

·~ 

~~~-
. -~ 

< .• ,A .. 
I> 
·>.: 

'····· 

~· 
'!l{ 

'(".1 

-~f ., 

(! 
0 

:.} 
J 
2 
0 

rAe: 

K( t) 
m2 - m2 

• J6 ~ [(2E- V. t) E + ~] ; E, l 
t2 2 

E - sHeprHSI scTpe'IHhiX nyt~Kos; leo - sHepraH aap1 

3A8Cb cjlopM}'JI8 (7), HanpaMep, AJISI Ce'leHHSI 

cjlopM}': 

uyy ... 
1717 

(t) J =U ;yl_.
1717

(t) J+ K(t) u~ySr/t)J + K
2 

(t) 

... 
LL 5 lie I • 2 

u (t) = - ~ - I I 1 (t) I + 
yy-> 1717 J 6417 I r I t XX J 

u II l ( t) = _5_ ili -' I T ( t J 12 
yy-> 1117 J 16 -> X Z J 

77 lie I ' 

II II 5 I "k, I 
u yy-+1717 (t) J = 1617 l'fl" 

2 
Tzz(t)J I . 

fiJISI BHpTyaJ1bHhiX «\lOTOHOB C M8JIOi!: M8CCOi!: ( m~ < 

cTaTO'IHO y'IHTbiBaTb JIHlllb rrorrepe'IHbie aMIIJIHTYAbi, 

B pa6oTet12t s -BOJIHa JJBHHOli peaKUHH 6bma pi 
. 0 

HOi!: rrapaMeTpH38UIIII «lJa3bl 8 s ( t) TTTT -paCCeSIHIISI, 

6opy down -up Ha6opa 3KCIIepHM9HT8J1bHbiX 3H8'19HHi 

CTpeMHJ18Cb Ilpll 60J1blllHX t K 1T 1 T,e, RHJleKC K 3.!: 

rrapaMeTpH38UHH 6hiJ1 paaeH 9AHHHU9 II peweHH9 

B HacTosrmei!: pa6oTe paccMoTpeHbi ABe APYI'H' 

8 O ( f ) -Jown-up H down , KOTOpbie IIOK838Hbl H8 pi 
• 

JIHHIISIMH/20/, nyHKTHpOM o603H8'19Hbl IIOpOrOBbl9 M 

t B rrpeJJeJiaX 3KCIIepHM9HT8J1bHbiX ABHHblX) • 3KCII9}: 

«tJaabi/21 I 8! ( t) 11 8 2J ( t ) 11 aHanHTH'IeCKHe KpHBbie, 

'leTOB Ha 3BM, npHB9Jl9Hbl Ha pHC, 26) • finsr 4Ja3bl 8, 
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ee perneHHH CBH38H8 C HH}leKCOM K 38Jl8'1H 1 KOTOpbiH onpe-

eHHeM: 

I J en e 

4/l ~ 

JT) 
21 or 1,1 

1 ( f} ITpH f -> 8CHMITTOTH'I9CKH CTpeMHTCH K Hynro, TO 

JlhHb!X ypaBH9HHH ( 4) 91lHHCTBeHHhl H 38ITHCbiB810TCH B BH}le; 

+ + (T) (T) } e = X ( t} A afJ ( t} + B afJ ( t) e + P afJ ( t) e 

(TI 
00 fj~T)(t') 18f ( 1 I 

exp 1-'- P f dt' I e 
t'(t'-t) 1T 4i; 

tfT! 
1 plxl. siT!( )(BITI(x) ,rrt) ) 

-'- p 
00 e · Sin f X a{J + a{J X f 
f dx. 

1T 4112 ( x- t) x+(x) 
1T 

bl ITOHHMSIDTCH B CMhiCJ1e f'J18BHOf'O 3HS'IeHHSI, 

3, flapuHaJlhHhie ce'leHHH npouecca Y + y -+ rr + rr 

H Ce'leHHe peaKUHH e + e -+ e + e + TT + TT 

'leHHe ITpouecca y + y -+ TT + TT Bhlp8)1{SeTCSI B BH]le CyMMhl 

hHblX Ce'l:eHHt!: 

TT = UYY-> TTTT(t). + UYY-+TTTT (t) d 

bl C napUH8J1bHblMH 8MITJ1HTYil8MH CJ1e]lyiDIUHM o6pa30M: 

... 
lie 1 I ''r = ( 2£ +1J--

16" 1 f 1 

1 "T T~f3 ( t) f Ta 1J ,.( t) f e aa ' e {3{3' (7) 

e f3 f3' - ITOJ1SipH38UJiOHHb19 M8TpHUbl ITJ10THOCTH BHpTyBJ1hHblX 

HTepeCHblM npeJlCT8BJ1SieTCH cny'l:at!:, KOf'}la 9J19KTpOH H no

R e + e -+ e + e + TT+ TT BO BCTpe'l:HhlX ITY'IKSX p8CC9HB8-

H 8TOf'O CJ1Y'I8H MaTpHUS ITJIOTHOCTH BHpTySJ1bHblX ~OTOHOB 

10 

_, 

.·'·· 

~~ 
\"" 

:Ill, 

i,' 

··' ~ 

irt.. 
;'~ 
'.l 

i 
~~ 
·~ 

'.:~';: 

M 
\~ 

.i.J 

r.qe: 

(! 
0 

l 
2 
0 J 

m2 - m2 
K(t) = l6......::l:[(2E-..jt)E +~] 

t2 2 
E , E - le0 >> m • 

E - saeprHSI scrpe'iHbiX nyqKos; leo - saeprHSI BHpTyaJlhH&IX t~Joroaos, 

3.qec& «j>opMYna (7) 1 aanpHMep, AnSI ceqeHHSI d -aona&I npHHHMaeT 

«j>opMY: 

u (t) =U !.. l (t) + K(t) u II l. (t) + K2 (t) u II II (t) 
yy-+ rrrr II yy ... rrrr II yy-+rrrr II yy-+~Trr II 

... 
u L L (t) = _s_ ~I_. II T (t) 12 +IT (t) 
yy ... rrrr " 6417 I r I t XX " y y " 

12 I 

... 
u II l ( tJ = -

5- ~ - 1 I r ( t J 12 
YY-> 1717 " 16 ... X z " 

rr lie I 

... 
u II II (tJ = _s_ ~ _r 2 

IT .. (tJ 11 1 
YY->171T " 1617 I k I 

(8) 

llng BHpTyaJ1bHhlX ~OTOHOB C M8J10t!: MSCCOt!: ( m~ << IL!) B Ce'l:eHHH }lo-

CTSTO'IHO y'IHTbiBSTb J1HUJb nonepe'IHbJe SMITJ1HTYilbl, 

B pa6oret12t s -aonaa llSHHot!: peaKUHH 6&ma paccqaraHa llJ1SI pe3oaaac-
o ' 

HOt!: napaMeTpH3SUHH ~S3bl 8 s ( t) TTTT -pacCeSIHHH, 'ITO COOTBeTCTByeT Bbl-

6opy down -up Ha6opa 9KCnepHM9HTSJ1bHbiX 3HS'I9HHt!:, <llaaa SCHMITTOTH'I9CKH 

CTpeMHJ18Cb npH 60J1blllHX t K TT, T,e, HH/l9KC K 38/lS'iH PHMSHS JlJISI TSKOt!: 

napaMeTpH38UHH 6b1Jl paBeH ellHHHUe H peUieHHe 6biJ10 HeO]lH03H8'1HbiM, 

B HSCTOSIIUet!: pa6oTe paCCMOTpeHbl llBe llPYI"He napaMeTpH3SUHH ~83bl 

8 O ( t ) -Jown-up H down 1 KOTOpbie ITOKS38Hbl HS pHC, 2 a) HenpepbiBHblMH • 
JIHHH.HMH/20/, flyHKTHpOM 0603H8'19Hbl rrOpOf'OBbie MO/lH~HKBUHH ~83bl 8° (t) 

• 
t B npeJleJ1aX 9KCnepHMeHT8J1bHbiX llBHHblX), ~KcnepHM9HT8J1bHO H3BeCTHbie 

~3bl/21 f 8! ( t) H 8 ~ ( t ) H SHSJ1HTH'i9CKHe KpHBb!El 1 HCITOJ1b3yeMbl9 llJ151 pac-

0 
'ieTOB HS 38M, npHB9/l9Hbl Ha pHC, 26), llnH 4Ja3bl 811 ( t) 6&ma HCITOJ1b30BSH8 
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-

KpHBaSI e pe3oaaaeoM B TO'IKe, eooTBeTeTBYJOllleii Maeee I -Me3oHa. BTopoit 

pa3 KpHBaSI npoxoaaT TO'IKY TT I 2 B o6naeTH I ' -Me3oHa. CyrueeTsosaHHe 

y ljla3hi 8~ ( t) I -pe3oHaHea sKenepHMeHranbHO noaTsep*aaeTesr B pa-

6oTe/15/ • 

Pe3ynbTaThi pae'leToB ee'leHHti: s -sonHhi peaKUHH y +Y -> TT +TT 

ansr B3aHMoaefieTBHSI nonepe'IHhiX ljloTOHOB npeaerasneHhi Ha pH e. 3a) H 6) 

eoOTBeTeTB9HHO anSI clown -up a clown napaMeTpH3aUHH /) ~ ( t} ljla3hl TT TT -pae

eeSIHHSl (nyHKTHpHbl9 nHHHH eOOTBeTeTBYJOT I!OpOI'OBOMY H3M9H9HHIO ljla3bl 

/)~ (t) ). 
Ha pHe. 4a) a 6) npeaerasneHbi KpHBhie ansr Jown-up H clown -na-

paMeTpH3aUHH 1) 0 (t) ljla3hl TTTT -paeeeSIHHSl1 eooTBeTeT:BeHHO, anSI peaKUHH 
s ' 

e yqaeTHeM oaaoro ana anyx npoaonbHhiX ljloTOHOB. Bee npHBeaeHHhie KpHBhie, 

3a HeKnJO'IeHHeM ee'leHafi e TTTT (T =2) KOHe'IHhiM eoeTOSIHHeM, HM9JOT pe3o

HaHeHbl9 oeo6eHHOeTH B o6naeTH a Me30Hao nnsr clown-up napaMeTpH3aUHH 

pe30HaHeHhii1: IIHK Bbipa)!{eH 6onee SIBHO, Bee ee'leHHSl B3aHMOaei1:eTBHSl I!pO

aonbHhlX ljJOTOHOB IIpa6na3aTenbHO Ha I!OpSiaOK M9Hbllle ee'leHHti: B3aHMOaei1:

eTBHSI IIOIIepe'IHbiX ljloTOHOB, 0aHaKO B IIOnHOe ee'leHHe ( 8) BKnaahi ee'leHHti: 

npoaonbHhiX ljloTOHOB sxoasrT e MHO)!{HTeneM K ( t) - m~, a, seneaeTBHe Mano-

eTH m9 , HX a6eonJOTHhifi BKnaa O'leHb Man. 

H a pH eo Oa} a 6} IIOKa3aHbl ee'leHHSI B3aHMOaei1:eTBHSl BeTp9'1HblX ny'I-

KOB e o6pa30BaHHeM asyx IIHOHOB, paee'IHTaHHhie e IIOMOlUb!O MeToaa SKBH

BaneHTHbiX ljloTOHOB/ 1 I H3 ee'leHHil y + y _. TT + TT (pRe. 3a) H 6)). Ce'leHHe 

npoueeea e ++ .-.... e+ + e-+" 0 + TT 0 6onbllle ee'leHHSI npoueeea e + + e- .... 

-+ e + + e- + TT+ + TT-. 3TOT pe3ynbTaT IIpOTHBOIIOnO)!{eH pe3ynbTaTy 0 nony'leH

HOMy B pa6oTe/22/ o Pa3nH'IHe o6M!fHSieTeSI TeM, 'ITO B Hallleti: pa6oTe yqTe

Hhl BKnaahi p H W -Me30HOB, KOTOpb!e eyllleeTBeHHh!M o6pa30M MeHSIJOT XOa 

ee'leHHfi pO)!{aeHHSI Heil:TpanbHblX a 3apSI)!{9HHblX TT -Me30H0Bo 

Bena'IHHhl ee'leHHi-1, eoOTBeTeTBYJOlUHX pa3Hb!M napaMeTpH38UH'!IM /) O (t) s 

ljla3bl TTTT -paeeeSIHHSl
1 

pa3nH'IaiOTeSI aaeTOnbKO, 'ITO BIIOnHe B03M0)!{H0 HX 

sKenepHMeHTanbHOe pa3pellleHHe. TaKHM o6pa3oM, HMeeTesr npHHUHIIHanbHasr 

B03MO)!{HOeTb oTnH'IHTb clown-up - pellleHHe oT Jown -pellleHHSI ansr ljla3hi 

l3 o (t) "" -paeeesrHHSI. BnHSIHHe noporosoro H3MeHeHHSI ljlaabi 8° (t) (eM. 
s s 

IIYHKTHpHbi9 nHHHH Ha pHe, 2a) eyrueeTB9HHO M9HSI9T IIOB9Jl9HH9 ee'leJ~Hti: 

y + y .... TT +TT nHlllb B noporosoti: o6naeTH sHeprHfi, H so seeM aHTepsane 
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paceMaTpHBaeMbiX 9HeprHA H3MeHSI9T ee'leHHSl e ' 

56) o 11HTepeCHO OTMeTHTb, 'ITO anSI enyqasr Jown 

ca e + e -> e + e + TTTT (T = 2) CTaHOBHTCSI MeHbll 

'leHHSl e + e-> e+e+TT+TT(T=O) (pHe. 56), 'ITO Ba)!{J 

T8nbHOo 

B pa6oTe 6binO HeeneaosaHo snHSIHHe 6bierpc 

K HynJO B o6naCTH '9HeprHft ~ 1 f9Bo 

Ce'leHHe npoueeca Y+Y .... TT + TT MeHsrnoeb III 

nopora H cyruec-raeaao - npH aaeprHSIX > 1 faa (p• 

ee'leHHSI npoueeeos y +y _. TT + TT H e e .... e e n 

o6naeTH SHeprHA yeTOA'IHBhl K H3M9H9HHSIM "XB< 

HaKoaeu, paccMaTpHsanocb snHSIHHe y'leTa He~ 

BHe yHHTapHOCTH (6) 6hin ao6asneH IIOCTOSIHHb!ti: l 

BeTCTBOBan ysenH'IeHHJO MHHMOfi qaCTH (6) I!pHMep 

I'HH > 1 rss. BnHSIHHe TaKOI'O H3MeHeHHSl Ha xo, 

npeacrasneHO Ha pHe. 7 • 113 pHeyHKa BHaHO, 'lTC 

npoueeea y + y -> TT + TT yeTOA'IHB8 K STHM 

CeqeHHSI d -sonHhi peaKUHH y + y -+ TT + TT 

( B38HMOaeAeTBH9 IIOIIepe'IHb!X ljJOTOHOB) If Ha p 

IlpOJlOnbHhiX ljJOTOHOB) o 

KpHBbie HOeSIT SIBHO pe30HaHCHbii1: XapaKTep 

o6naCTH /' -Me30Ha, 113 IlpHBeaeHHhlX rpaljJHKOB C 

BKnaa cl -sonHhi B nonnoe ce'leHHe npouecca cp~ 

nHlllb s o6naeTH I pe3oaaaca. 

§4. Pac'leT sneKrpoMarHHTHOfi pa3 

+ TT--H TTO -Me30HOB 

3neKTpOMai'HHTHaSI pa3HOCTb MaCe IIHOHOB Bb 

Hhle ljlyHKUHH Pv (m2) H PA (m2) seKTOpHoA H ali 

M8I'HHTHOI'O TOKa/23/ 

IL2 -p2 
TT+ 170 

3a 
411 

1 

F2 
11 

r clm2 Ioo Pv ( 
0 y o m 

13 



eaoaaacoM s TO'IKe, cooTBeTCTByJOruei!: Macce I -Meaoaa, BTopoi!: 

npoxot:un TO'IKY "I 2 s o6nacTH I ' -MeaoHa, CyruecTaoaaHHe 

(t) 1 -peaoaaaca aKcnepHMearanbHO rrogTaep*aaeTCR a pa-

nbTaTbl paC'I9TOB C9'19HHi!: S -BOIIHbl peaKUHH y + y -+ TT + 17 

gei!:CTBIHI norrepe'IHbiX ~OTOHOB rrpeacTaaneHbi Ha pl:(c, 3a) H 6) 

down -up H down rrapaMeTpaaauaa 8 ~ ( t) ~a3bi TT 1T -pac-

HKTHpHbie IIHHHH COOTB9TCTBYIOT ITOpOI'OBOMY H3MeHeHHIO ~a3bi 

c, 4a) a 6) npeacrasneHbi KpHBbie AIIR down-up H down -rra

HH 8 O (t) ~a3bl TTTT -pacceHHHH, COOTBeTCT8eHHO, AIIH peaKUHH s . 

oaaoro ana tmyx rrpoaonbHbiX ~oToaos, Bee rrpHseaeHHhie KPHBbie, 

HHeM Ce'leHHi!: C 1717 (T=2) KOHe'IHbiM COCTOHHHeM, HM910T pe3o

o6eHHOCTH B o6nacra a Meaoaa, llnH down-up rrapaMerpR3aURH 

Bbipa)KeH 6onee HBHO. Bee C9'19HHH B3aRMOAei!:cTBHH IIpO

IIpH611H3HTenbHO Ha ITOpHAOK M9HbWe C9'19HHi!: B3aHMOAei!:-

9'1HbiX ~OTOHOB. 0AHaKO B IIOIIHOe Ce'leHHe (8) BKIIaAbl C9'19HHi!: 

~oTOHOB BXOA51T c MHO)KHTeneM K ( t) - m{ 1 a, scneacTBRe Mano

RX a6COIIIOTHbii!: BKIIa,[l O'leHb Man. 

C, ba) If 6) ITOKB3aHbl Ce'leHH51 B3aHMOAei!:CTBH51 BCTpe'IHbiX ITY'I

OBaHHeM ABYX IIHOHOB, paCC'IHTaHHbie C IIOMOIUb!O MeTO}:la 9KBH

OTOHOB/l/ H3 Ce'leHHi!: y +Y -+17+17 (pHC, 3a) If 6)), Ce'leHRe 

++ .-.... e++ .-+TT 0 + " 0 6onbwe ce'leHR51 rrpouecca e++ .- .... 

3ToT peaynbTaT rrpoTRBorrono*eH peaynbTary, rrony'leH

PaanH'IHe o6bHCHHeTC51 TeM, 'ITO B aawei!: pa6oTe y'lre-

1 
W -Me30HOB, KOTOpb!9 cyrueCTB9HHbiM o6pa30M MeH5110T XO,[l 

A9HH51 Hei!:TpanbHbiX If 38p5I)K9HHb!X TT -M930HOB
0 

Hbl C9'19HHi!:, COOTBeTCTBYIOIUHX pa3Hb!M rrapaMeTpH38UH:!IM 8 ~ (t) 

8CC95IHH51 0 pa311H'I810TC51 HaCTOIIbKO, 'ITO BITOnHe B03MO*HO HX 

anbHOe paapeweHHe. TaKHM o6paaoM, HMeeTCH rrpRHUHIIHanbHaH 

'b OTIIH'IHTb down-up - peweHHe OT down -peweHRR A1151 ~83bi 

pacceHHR51, BnH51HHe rropoi'OBOI'o H3MeHeHR51 ~a3bi 8~ (t) (eM, 

IIHHHH Ha PHC, 2a) CyiUeCTB9HHO M9HReT ITOBe}:leHRe C9'19HHi!: 

TT IIHWb B ITOpOI'OBOi!: o6naCTH 9Hepi'Hi!:, H BO BC9M HHTepBane 
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p8CCM8TpHBaeMbiX 9H9pi'Hil: H3M9HSieT Ce'leHHR e + e-+ e + e +TT +17 (pHC,5a, 

56), HHTepeCHO OTMeTHTb, 'ITO AIIH Cny'18H down -peweHHH Ce'leHHe rrpouec

Ca e + e -+ e + e + 1717 (T = 2) CTaHOBHTCH MeHbiUe MOAH~HUHpOB8HHOI'O ce

'leHHSI e + e -+ e + e+TT+1T(T=0) (pHC, 56), 'ITO Ba*HO rrposepHTb 9KCIIepHMeH-

T811bHO, 

B pa6oTe 6binO HCCIIe}:lOBaHO BIIHSIHHe 6biCTpOTbl CIT8,[l8 0 ~ ( t) - ~3bl 
K HYIIIO B 06118CTH '9Hepi'Hil: ~ 1 fas, 

Ce'ieHHe npouecca Y+Y-+ 17 + 17 MeHMOCb rrpH aTOM Ha 10-15% s6nH3H 

rropora H cyruecr.aeH-HO - IIpH 9Hepi'HHX > 1 ras (pHC, 8a, 86), CneaosarenbHO, 

ce'ieHRH npoueccoa y +y -+ 17 + 17 H e e -+ ee 1717 a RHTepecyiOme:li Hac 

o6nacTH aHepi'Ril: ycToA'IHBbi K R3MeHeHRHM .. xaocTa" ~a 1717 -pacceSIHRR, 

HaKoHeu, paccMaTpasanocb BIIHHHHe y'ieTa Heyrrpyi'RX npoueccos, B ycno

BHe YHHTapHOCTH (8) 6bm A06asneH IIOCTOHHHbii!: MHO)KHTellb, KOTOpbii!: COOT

BeTCTBOBan yBeiiH'ieHHIO MHHMOi!: 'i8CTH (8) IlpHMepHO Ha 80% B o6naCTH 9Hep

I'HH > 1 faa, BnHHHHe TaKoi'o H3MeHeHHSI Ha xoa ce'ieHHR y + y ... 17 + 17 

npeACTaBneHO Ha PRC, 7, Ha pRCYHKa BHAHO, 'ITO o6naCTb HH3KHX 9Hepi'Hi!: 

rrpouecca Y + y -+ 17 + 17 YCTOA'IHB8 K 8THM H3MeHeHRSIM, 

CetieHHSI d -sonHbi peaKUHH y + y -+ 17 + 17 npeacTaaneHbi Ha pRe, Sa) 

(saaRMoaeAcTaHe nonepe'iHbiX ~oroHoa) H Ha pRe, 86) (aaaRMoaeil:cTBRe 

ITpOAOIIbHbiX ~OTOHOB), 

KpHBbie HOC5IT 51BHO peaoHaHCHbii!: xapaKTep B o6nacTH I -MeaoHa H B 

o6nacTR I' -Meaoaa. Ha rrpHseaeHHbiX I'pa~HKOB cneayeT, 'ITO oTHOCHTenbHbii!: 

BKIIag d -BOIIHbl B IIOIIliOe Ce'ieHHe rrpouecca cpaBHHM C BKIIa}:lOM S -BOIIHbl 

IIHWb B o6nacTR I peaoaaHca, 

§4, Pac'ieT aneKTpoMarHHTHoi!: paaaocTH Mace 

n±- H 170 -Me30HOB 

3neKTpOMai'HHTHa51 pa3HOCTb MaCe IIHOHOB Bbipa)KaeTCH 'iepe3 CIIeKTpanb

Hbie ~YHKUHH Pv (m2) H pA (m2) BeKTOpHoi!: H aKCRallbHoi!: 'iacrei!: aneKTpo

Mai'HRTHOI'O TOKa/23/ 

p.2 -p.2 
17+ 170 

' 

3a 
471 

J 
F2 

17 

f
ood 2 Joo Pv (m2) - p (m2) 

my A 2 
o 0 m 2 2 Jm I 

y + m 
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rae F
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= 95 Maa - KOHCTaHTa pacrraaa rr -MeaoHa. CneayH aanee pa6o

Te/23/ (eM. TaK)Ke/13/), 3ariHIIIeM aMriJlHTYllY rrpouecca y +Y -> rr++ 17-

B rrpeaene t -> /L! -> 0 B cneayJOIIIeM BHJle: 

+ -
1T 1T - k k' 

Taf3 --> 4 y 2 rra ( gaf3 _ :::JL.s! 
m2 

y 

. J 
) -fdm2 

p2 
1T 

Pv(m2)-~A(m2) 

m2.+ m2 
y 

(a npeaene t 
2 .... !Lrr 0 CKaJISipHOe npOH3Bell9HH9 ( k /c J t 

7 

CTpeMHTCSI K m2 y ) . 

(9) 

2 
+ my 

'4HCJleHHbie K09lPlPHUHeHTbl B COOTHOIIIeHHH ( 9) orrpe)leJieHhl 1'13 paBeHCTBa 
/12/ /13/ 

!PopMYn llJISI rroJIHhiX ceqeHHii rrpouecca, rrpHBelleHHhiX B pa6oTax H 

B qacTHOM cnyqae, Koraa a = f3 = x JlJISI pa3HOCTH Mace rr MeaoHOB, riOIIY-

'laeM Bbipa)KeHHe: 

3 
J Tx x m 2 ) dm 2 

y y 
(10) 

IL rr+ - IL "o 
(417 J2 yl2/L 

'TT 

0 

l13 CKa3aHHOI'O Bbiiiie CJle)lyeT, 'ITO JlJlSI COS¢ 1= yl 
B OriHCaHHOM rrpeAeJie 

MO)KHO orpallli'IHTb paCCMOTpeHHe JlHIIIb S -BOJlHOi'!. 5opHOBCKHti. 'IJieH B Jl8H

HOM cnyqae He .uaeT BKJla)la, a pe30HaHCHbli1: 'IJleH OTJlH'IeH OT HYJISI JlHlllb 

llJISI 
2 _;_3_M2 

my < v T w 

npHBe)leM Bblp8)K9HHSI llJlSI BKJ18ll0B pe30H8HCOB 1 KOTOpble riOJIY'IBIOTCSI 

H3 COOTHOIIIeHHSI ( 3): 

+ -
p17"(y,z} 

X X 

2 

27 
9 2 M4 

(<)TTY (<) 

y6 p(T=2l(y,z} 
22 X X 

yJ p(T=O)(y,z} 
-

8
- XX 

4 
(3-y2} (1 +Y +2z} +JTY V z(z+y}(3-2y2} 

(1 + y + 2z } 2 - _i_ z ( z + y } 
3 

m2 

~ I'Jle z = --'- H y • 0KOH'IaTeJibH09 Bbip8)K9HH9 JlJlSI pa3HOCTH 

4M~ Mcu 
MaCC rr+- H 170 -Me30HOB MO)KHO 3ariHCaTb B BHJle: 

-'l 2 M 4 v g4,17Y cu C. 

(417 J2 18 p.1T 

(11) 
/),. p.·17 +170 = 

':.t' ' 

:· } 
.: (, 

.7' ' 

·,~\!:;*/\ 
~ \; 

\:• l 

"( 

. '., 1 
!t~,l '• J, 

·.·j··.l·''j 
'' ·.··~; 

I 
~ 

MHO)KHTeJlb ( orrpeaenHeTCSI HHTerpanaMH ( 9) 1 ( 10) H 

s -BOJlHhl 1717 -paCCeSIHHSI. 

Pac'leThi Ha 3BM npHaenH K cneayJOIIIHM aHa'le 

( = 3,7; 6,2; 0,39, KOTOpbie COOTBeTCTBy!OT npHBe)leH. 

clown H clown-up napaMeTpH38UHSIM 8 ~ ( t) H naps 

HOH B pa6oTe/12/ • 8THM 3Ha'leHHSIM COOTBeTCTBYIOT 3H 

!!. IL 
17 

+ 
17 

o = 4,2; 7 ,0; 0,44 Maa. J1y'llllee cornacHe c 

3Ha'leHHeM 1!./L 
17

+ 
17

0 =4,6 Maa aaeTclown-rrapaMeTpHaauH: 

ceSIHHH. OrrHcaHHhie Bbiiiie MOllHlPHKBUHH !Paabi Ha nop01 

3yJ1bTaTOB CyWeCTB9HHO He H3M9HHJ1He 

§5. 3 a K n 10 'I e H H e 

no.ny'leHHbie B ll8HHOJ:l. pa6oTe 8MriJ1HTYllbl npOU 

B rrpeaene /L! -> 0 H t -> 0 He HOpMHpOB8Hbl Ha T 

3T0 1 BepOSITH0 1 eCTb npH'IHHB llOCTBTO'IHO 6?J1blllH:X 

c 1717 (T=O), rrrr(T=2) H rrOrrO-KoHe'IHbiMH COCTOSIHHSIMH, 

1T ++ 1T- 8MriJ1HTYJlbl B yKa38HHOM rrpeAeJie 6JIH3Ka K TO!\, 

H OpMHpOBKa aMriJlHTYil Ha TOMCOHOBCKHH rrpeAeJI I 

CHOHHbiX COOTHOIIIeHHil: C Bbi'IHT8HHeM. CoOTBeTCTBY!Oilll 

B HaCTOSIIIIee BpeMSie 

B 3aKJ110'19HHe Bb!pa)KaeM 6naroaapHOCTb n.B. llh 

H 11.<1>. fHH36ypry aa CTHMYJIHpy!OWHe o6Cy)KJl8HHSI. 
I" 

n 1'1 T e p a T y p a 

1. S.J.Brodsky. Radiative Problems and Qu 
namics (1971 International Symposium o 
Photon Interaction at High Energies, C 
Ithaca, New York, Aug. 23-27, 1971), S 
and (EXP), December, 1971. 
(8 3TOM o630pHOM JlOKJla)le npHBOJlSITCSI Heo6XOJlHM~ 
JlPYf'HX aBTOpOB.) 
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95 Msa - KOHCTaHTa pacrrat:~a rr -MeaoHa. Cnet:~ySI t:~anee pa6o-

M. TBKMe/13/), 38IIHllleM 8MIIJIHTYJ:IY IIpOUecca y +y -+ TT++ TT-

... !12 ... 0 
TT B cnet:~YJOll!eM BHt:~e: 

... 4 V 2 rra ( g a f3 - 1c 8 1c~ 

ml 
y 

7 
) -fdml 

Fl 
Pv (ml) -pA (ml) 

m 2 + ml 

e t ... Jl~ ... 0 

K ml y ) . 

TT y 

CK8JISipHOe IlpOH3Be):leHHe ( /c /c J t 
7 

(9) 

2 
+ my 

HHbl€ KOSQJQJHUifeHTbl B COOTHOllleHHH ( 9) OIIpe.QeJieHbl 113 paBeHCTBa 

" /12/ /13/ rronabrx ceqeHHH rrpouecca, rrpHBe.cteHHhrX B pa6oTax 
11 

cn:rqae, Kort:~a a = f3 =" t:IJISI paaHOCTH Mace rr MeaoHos, rrcmy-

eHHe: 

J1 TT 0 
3 

f T 
"" ( 10) 

"" 
(m 2 ) dm 2 

y y 
(4rr J2 v22J1 

7T 

0 

ro Bhrllle cneayeT, 'ITO anSI cos¢,= 
yl B OIIHCaHHOM IIpe.QeJie 

IIIPIHTh paccMoTpeHHe JIHlllh s -aonnoil. EopHoscKHl!: qnea s aaa

He t:~aeT BKJiat:~a, a pe30H8HCHb!H 'IJieH OTJIH'ieH OT HYJIH JIHlllb 

v3 -M 2 T w 

eM Bb!paMeHHSI J:IJISI BKJia):IOB pe30HaHCOB
0 

KO'l"Opbre IIOJiy'ia!OTCSI 

HHSI ( 3)! 

+ -
rr ( y' z) 

2 

7 
9 z M4 

curry cu 

yjf p(T=2}(y,z) 

"" 22 
yJ p(T,..O}(y,z) 

B"" 
4 

(3-y2) (7 +y +2z) +:zTY V z(z+y}(3-2yz) 

(7 + y + 2z ) 2 
- _i_ z ( z + y ) 

3 ml 
~ Mcu 

__ t_ H y 

4M~ • 0KOH'iaTenbHOe Bbipa)KeHHe nnH pa3HOCTH 

H rr 0 -M930!i0B 
MO)KHO aanncaTb s anne: 

+ 0 = rr rr 
yl g:•rry M "~ 
(4rr J2 18 p. rr 

-

c. 

14 

( 11) 

,j!f 
·t·• 

·' 

·~· 
' J 

'111 
.. , 

I; 

·I 

,J 
' j 

I 

,I 

l 

MHO)KifTenb C onpe.QeJISieTCSI HHTerpanaMH ( 9), (I 0) If aaaHCHT oT rroset:~eHHSI 
s -BOJIHbl TTTT -pacceSIHHHe 

Pac'leTb! Ha 38M IIpHBeJIH K CJie):ly!Oll!HM 3Ha'ieHHSIM J:IJISI KOHCTaHTb! 

C = 3,7; 8,2; 0,39, KOTOpbie COOTBeTCTBYIOT IIpHBet:~eHHbiM B t:~aHHOlt pa6oTe 

down H down-up napaMeTpH3aUHSIM 8 ~ ( t) H IIapaMeTpH38UHH, OIIHCaH

HOl!: B pa6oTe/12/. 3THM 3HB'ieHHSIM COOTBeTCTBYIOT 3H8'ieHHSI pa3HOCTH Mace 

11 J1 TT + TT 0 = 4,2; 7 ,0; 0,44 Mss. ny'ill!ee cornaCHe c SKCIIepHMeHT8JlbHb!M 

3Ha'ieHHeM l1J1 rr+ 77 o = 4,8 Mss t:~aeT down -napaMeTpHaauHsr 8 ~ (t) <jJaabr rrrr -pac

ceSIHHSI. 0rrHCaHHbie Bb!ll!e MOJ:IHQJHKaUHH QJa3b! Ha rropore H Ha "XBOC're" pe-

3YnbTaTOB Cyll!eCTBeHHO He H3MeHHJIH. 

§5. 3 a K n 10 q e H H e 

DonyqeHHhie s t:~aHHo.li pa6oTe aMrrJIHTYt:lbi rrpouecca y + y ... rr + rr 

B IIpet:~eJie Jl~ -+ 0 H t -+ 0 He HOpMHpOB8Hb! Ha TOMCOHOBCKHH rrpet:~en. 
3To, sepoSITHo, ecTb npH'IHHa t:IOCTaTo'IHO 69Jibll!HX ceqeHH.li npoueccos 

c 77 77 ( T = 0 ), 77 77 (T =2 ) 11 77 o 770 -KoHe'IHhiMH cocTOSIHHHMH. ( H opMHposKa y + Y ... 

77 + + 77 - BMIIJIHTy .Qbl B yKa3aHHOM rrpe.Qene 6JIH3K8 K TOMCOHOBCKOH) • 

HopMHpOBKa aMIIJIHTY.ct Ha TOMCOHOBCKHlt IIpe.QeJI B03MO)I{Ha .QJISI t:IHCIIep

CIIOHHb!X COOTHOllleHHlt C Bbi'IHTaHHeM. COOTBeTCTBYIOD:laSI pa6oTa rrpOBQ.QHTCSI 

B HaCTOSill!ee BpeMSI. 

B aaKJIJO'ieHHe Bbipa*aeM 6narot:~apaocTb .n.B. illHpKosy, A.B. E<jJpeMosy 

If J1.cf>. f11Ha6ypry aa CTHMYJIHPY!Oll!He o6cy~t:leHHSI. 

n If T e p a T y p a 

1. S.J.Brodsky. Radiative Problems and Quantum Electrody
namics (1971 International Symposium on Electron and 
Photon Interaction at High Energies, Cornell University, 
Ithaca, New York, Aug. 23-27, 1971), SLAC~PUB-989 (TH) 
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