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illHpOKO HCIIOnh3yeMblH B nocneAHee speMR B TeOpHH CHnbHblX H sneK­

TpOMarHHTHblX B38HMOAeHCTBHH MeTOA AHCIIepCHOHHblX npaBHn CyMM II03BO-

nReT yCT8H8BnHB8Tb COOTHOWeHHSi Me*AY pa3nH'!HblMH KOHCT8HT8MH CBR3H 

H napaMeTp8MH HH3K08HepreTH'!eCKOrO H (HnH) BblCOKOSHepreTH'!eCKOrO pac­

CeRHHSi 'IBCTHU /1 I. B HaCTORWeH pa6oTe s paMKax MoaenH seKTOpHOH ao­

MHHBHTHOCTH sneKTpOMarHHTHOrO B38HMOAeHCTBHSi 8ApOHOB /2,3/ (aanbHeH­

WHe CCbinKH H8 nHTepaTypy IIO 8 TOMY BOIIpocy MO)!(HQ H8HTH, H8IIpHMep, B 

0030pHOH CT8Tbe Y! OCB ! 4 /) 06Cy)!(A8eTCSi npaBHnO CYMM, CBR3blB8IOLUee ce­

'leHHe y p - B38HMOAeHCTBHSi C KOHCT8HTOH nepeXOA8 <floTOH- BeKTOH H na­

paMeTp8MH BblCOK08HepreTH'!eCKOrO Me30H-HyKnOHHOrO pacceRHHR. flpoBeAe­

HO Cp8BHeHHe nony'leHHOrO H3 npaBHna CYMM 3H8'1eHHSi KOHCTBHTbl C ABH-

HhiMH paanH'!HbiX SKcnepHMeHTOB. KoacTaHTa CBR3H 

qepea MaTpH'IHhiH sneMeHT nepexoaa 

<Oij (O)!V(q)>= 
IL 

2 
Gyvm v 

I E"(q) 
3 2 --0- ,.. 

(21T) y2q 
( 1 ) 

H HrpaeT ¢lYHA8MeHT8nbHY~ ponb BO BCeX npHMeHeHHRX MOAenH BeKTOpHOH 

AOMHHBHTHOCTH K KOHKpeTHblM npoueccaM. MaTpH'IHblH sneMeHT ( 1) IIPH 
2 2 + 

q = m" OIIHChisaeT nenT OHHhie pacnaAbi V ... P. + f , IIPH KOH-

CT8HTa G y ..,.( 0) BXOAitT B MaTpH'IHbie sne M e HTbl paAHBUHOHHb!X paCIIBAOB 



L 

H npOUeCCOB cjJOTOpo:>KAeHH51 Me30HOB H npH q 2 < Q - B 81leKTpOMarHHTHhie 

cjJopMcjJaKTOphi Me30HOB H 6apHOHOB /4/ . B cjJopMyne ( 1 ) j ll - onepaTop 

8 1leKTpOMarHHTHOrO TOKa, fj.t( q ) - 4-BeKTOp D01151pH3aUHH BeKTOpHOrO Me-

30Ha C HMDYllbCOM q H MaCCOft m V • J.1CXOAHhiM nyHKTOM DOlly'IeHH51 

aHcnepcHOHHhiX npaBHll c yMM 51B1151eTC51 ¢opMyna Koum !11151 aMnllHTYAhi y p -

pacce51HH51 Bnepea: 

f ( E ) 1 
~ E, - E (2 ) 2 lri 

KoHTyp HHT e rpHpOB8HH51 B K OMnlleKCHOii n llOCKOC T H 8HeprHH B cjJopMylle (2) 

onpeaen51eTC511 KaK 06hl'IHO, 06WHMH YC110BH51MH MHKponpH'IHHHOC T H H cneK­

Tpa llbHOCTH. OnycKa51 cTaHaapTHhle n poMelKy T O'IHhle BhlKllaAK H 111, Mhl npH-

BeaeM OKOH'IaTellbHbiH BHA npaBHll CYMM !11151 y p - B3aHMOAeiiCTBH51: 

rae 

llOHa, 

2 a A 
-2tt -- .. f 0 (E)dE + J (A)' M 

0 YP 0 

A 
2 

0 = f E o {E)dE+J (A), 
0 

y p 2 

U - nOllHOe C B 'IBHH B 
YP 

y p B38HMOABiiC T BH51 1 

(3) 

{4) 

M - Macca HyK-

a = 1 / 137, J n (A ) - HH T erpall B KOMDllBKCHOii DllOCKOCTH 8 Hep-

rHH no 6onhWOMY Kpyry p a aHyca A oT aMnllHTYAhl y p - pacce51HH51 Bne­

p ea. 

ITpH nolly'IeHHH (3) HCD01lb30B811C51 H3BeCT Hbiii HH3K08HepreTH'IBC KHii 

npeaen aMnllHTYAhl KOMDTOH- 8 ¢cjJeKT8 B HYllBBOM nopHAKe no 'IaCTOTe cjJo­

TOHa npH E -+ 0 . 

flllH Bbl 'IH C11B HH51 ]
0

(A ) B (3 } H ( 4 } caenaeM cneayrowHe npeano-

llOlKeHH H . 

1. Moaellb BBKTOpHOH AOMHHaHTHOCTH H DOA8B11BHHB npOUBCCOB C 06-

MBHOM H 30CDHHa I ,f 0 B t - KaHane npH F ... oo no3B011HeT 3anHCaTb 

4 

2 0 2 2 
u(yp)=G o(p 

yp p ) + G yw o ( w p ) + G ycf> o 

flHarpaMMHblH CMb!Cll npH 611HlKeHH51 (5 ) Hlln!OC T pHpyeT C51 H E 

2. ITpHMe H 5151 an 51 n a paMeT p H38UH H aMnllH T YA VN-

aAAHTHBHYID MOAellb KBapKOB / 5 / H npeanonar a51 CnHH< 

Ce'IeH Hii DPH BhlCOKHX 8 H eprH51X, H8XOAHM 

0 1 
o(p P)=o(cup)=-(o(rr+p) 

2 

1 + - o -o 
a ( cpp)=- ( a ( K p)+a ( K p)+a ( K p)+u ( K p 

2 

EcnH HCnOllb30B8Tb COOTHOW e HHe /
6/ 

2 ( o ( K + p ) + o ( K - p ) ) = o ( K 
0 

p )+ o ( KD p ) + a ( 11 + p ) 

T O, nO!lC T 8B115151 (6 ) - (7) B (5 ), nony'IH M 

1 2 2 2 
a ( yp)=--;;-[G YO + Gy w-2Gvm](o(77+P)+u(rr· 

3 2 + 
+-

2
-Gycp(o ( K p)+a(K-p 

IT oaqepKHeM , 'ITO BC e KOHCTBH T hl G ( 2 y v q ) B (8) ( 

BOM 3HB'IBHHH q 2 
= 0 • ITpeac T aB1151eTc51 ecTeCTBBHHhiM 

BaTh B K8'IeCTBe nepBOrO I1pH611HlKBHH51 COO T HOWeHHe 

2 
G 

y p 

2 

G 
yw 

2 

G y ¢=9 : 1 

5 

2 . 



2 0 
a(yp)=G u(p 

yp 

2 2 

P) + Gywu( cup)+ Gy¢ a ( ¢ p). {5) 

JlHarpaMMHbiH CMbiCn np1!6nl!lKeHI!5! (5) HnnJOCTp11pyeTC5! H8 pl!c,l, 

2. DpHMeH5!5! D.n5! napaMeTpH3811HH aMnnHTYil V N - pacce5!HH5! np11 E-+ oo 

8!l!liiTHBHyiD MO!lenb KB8pKOB /5/ II npe!lTIOnarag CTIHHOBYID He38BHCHMOCTb 

Ce'IeHHH npll BbiCOKHX 9Heprli5!X, H8XO!li!M 

0 ( 1 + -u(p P)=u cup)=-(u(rr p)+u(rr p)), 
2 

(6) 
1 + - o -o 

u ( ¢ p ) =- ( u ( K p ) + a ( K p ) + a ( K p ) + a ( K p ) - a ( 11 + p ) -a( TT'"'P) ). 
2 

Ecn11 IICITOnb30B8Tb COO THOWeHI!e /
6/ 

+ - 0 -2 ( a ( K p ) + a ( K p ) ) = a ( K p )+ a ( K' p ) + u ( rr + p ) + u ( rr - p ) 1 (7) 

TO, ITO!lCT8Bn5!5! (6) - (7) B (5), nony'IHM 

1 2 
2 2 ( + a(yp)=-;;-[G 110 + G11 w-2Gvm](a rr p)+u(rr-p))+ 

3 2 + 
+-

2
-Gy¢(a(K p)+u(K-p)). 

(8 ) 

DO!l'IepKHeM , 'ITO BCe KOHCT8HThl 
2 

Gy v (q ) B (8) 6epyTC5! npll O!lHHaKo-

BOM 3Ha'IeHIIII q 
2 

= 0 • Dpe!lCTaBn5!eTC5! ecTeCTBeHHbiM noaTOMY Hcrronb30-

B8Tb B K8'IeCTBe nepBOrO rrpH6nHlKeHH5! COOTHOllleHHe SU (3)- C HMMeTpllll 

2 
G 

yp 

2 

G 
yw 

2 

G = 9: 1 
y¢ 

2 . 
( 9) 

5 



B pe3ynbTaTe nonyqaeM 

1 
0 =--

YP 3 
2 + + -

Gyp (O)(o(rr p)+o(IT-p)+o(K p)+o(K p)). (10) 

ViHTerpan no 6onbUIOMY Kpyry oT aMnnHTYJJ. MB-pacceHHHH MO)KHO Bbipa311Tb 

qepe3 3KCIIep11MeHTanbHbie BenllqiiHbl - JJ.nHHbl pacceHHHH, KOHCT8HTbl CB51-

3H g(MBB) 11 nonHbie ceqeHHH a · (MB) B HHTepsane OT nopora .oo E =A. 

O.o.HaKo, KaK IIOK83biBaeT BbiqllcneHHe pa3nllqHbiX npaBHn CYMM .onH MB-pac­

ce51HII51 /7/, STOT HHTerpan C XOpOUieli TOqHOCTbiO anrrpOKCHMHpyeTCH Bbl-

pa)KeHIIeM BHJJ.a 

A n E a 1- 1 
B (-) ]dE, 

1 E 
0 

Jn(A) =- fE 
0 

[I 
1 

( 11 ) 

r.oe 8 1 H a 1 - 113BeCTHbie rrapaMeTpbi TeopHH rron10cos Pe.o)Ke. B .oanh­

HeliweM Mbl TIPIIMeM dJOPMY ( 11) CO cne.oyiOUIIIMH 3HaqeHIIHMII rrapaMeTPOB/8/ 

a(~r+p) + a(~r-p) 2 ( BP + BP,E-1/
2

) ( 12) 

r.oe B.,= 19,7 M6, 8~,= 19,6 M6 11 

+ 
a(K p)+o(K 

-1/2 
p ) = 2 < c p + cp' E ) , ( 13) 

r.oe CP= 17,7 M6, CP,= 5,7 M6 H BCe SHeprHH B ¢opMynax (12) H (13) 

6 epyTcH B e.o.HHHuax fss . 

B dJopMyne (13) Mhi He yqHThiBaeM BKna.o R- TpaeKTOPHH 18 1 c 1130-

CIIHHOM I = 1 , TBK K8K STO 6binO 6bi npeBbllll8HIIeM TOqHOCTH IIpHHHTOro 

paHee npll6nH)KeHH51 (5) . 3 aMeTIIM, qTO qHCneHHO STOT BKnaJJ. HeBenHK.3KCTie-

pHMeHT8nbHhle 3HaqeHH51 Uyp(E) B HHTepsane sHeprHli E < E<A = 
nop 

5 fsB 6hinll H8HJJ.eHbl IIyTeM CyMMIIpOB8HH51 ceqeHHH ¢oTOpO>KJJ.eHH51 Me30HOB, 

B3 HTbiX H3 pa6oT 19- 1 11 • fpa¢HK 3 8 BHCHMOCTH a = a (E) H3o6pa)KeH Ha 
YP 

6 

L _ 

·r 
I 

1. 
.t 

pHc.2. nonHoe ceqeHHe ¢~TonornomeHH51 B o6naCTH E > 1 

HeBhiCOKOH ToqHOCTbiO, TIOSTOMY Mbl npHBeJJ.eM TOnbKO pe3 

HHH npaBHna CyMM ( 3) 

-0,06 M6.fSB 
2 

0,445 M6.fss • 2/3 GYP 301 Me 

o TKy.oa cne.oyeT 

2 
G yp ( 0 ) = 0,34 a . 

!13 ¢opMyn (10), (12), (13), (15) MO)KHO IIOnyqHTb 8CHM 

.o.en ceqeHHH a (E) rrp11 E-+ oo 
YP 

(T (oo),. 62 ' MK6. 
YP 

H11)Ke npiiBOJJ.IITCH Ta6n11ua 3HaqeHHli 
2 

Gyp = G (m p) , K0 1 

qeHbl 113 nenTOHHbiX paCII8JJ.OB BeKTOpHblX Me30HOB, 8 T8Kl+ 

paTHoro npouecca 
+ - 0 + e +e -+p ... 11 +11 , H3MepeHHOro 

BCTpeqHhiMH sneKTpoH-II0311TpOHHhiMH rry"'KBMII. 

PeaKUIIH 
+ 

rr +p-+e +e +n 

y+C-+f.L++f.L-+C 

11-+ c .... f.L++ 1-'- + .. . 

y+C-+ e++e-+C 
+ - + -e +e -+rr +rr 

T a6nHua 1 

B.105 

3,5 + 0,9 

5,9 ± 1,5 

5,8 + 1,2 

6,5 + 1,4 

5,41 + 0,89 

4,8 + 0,7 eT+e--+71++rr 

3HaqeHIIH G 
2 

B Ta6nHue 1 BhlqiiCnHnHcb 
yp 

2 3Br(p ... rr71) 
GYP"' am p 

7 

2 

Gyp a 

0,34 

0 ;56 

0,55 

0,62 

0,52 

0,30 

no ¢opMyne 



pHc.2. nonHoe Ce"'eHHe <jJ~TonornomeHHH B o6J18CTH E > 1 f3B H3BeCTHO c 

HeBblCOKOti TO'IHOCThiO, IT03TOMy Mbl ITpHBeLJ,eM TOJlhKO pe3yJlhT8T Bhl"'HCJle-

HHH np8BHJ18 CYMM ( 3) 

-0,06 M6.f3B 2 
0,445 M6.f3B .. 2/3 Gyp 301 M6.f3B, ( 14) 

OTKyLJ.a cneayeT 

2 
Gyp (0),., 0,34a. 

( 15) 

113 <jlopMyJl (10), (12), (13), (15) MO)I{HO ITOJlY"'HTh 8CHMITTOTH"'eCKHH npe-

aen Ce"!eHHH a (E) npH E -+ oo 
VP 

a (oo) .. 62 - MK6. YP ( 16) 

2 HH)I{e npHBOLl.HTCH Ta6nHua 3Ha"'eHHH Gyp "' G (m p) • KOTOphie 6bmH nony-

'IeHbi H3 JleiTTOHHhiX paCIT8Ll,OB BeKTOpHbiX Me30HOB, 8 T8K)I{_e H3 ce<ieHHH o6...: 

+ - 0 + paTHbro npouecca e +e -+p-+17 +11 , H3 MepeHHOPO B OITbiTaX CO 
BCTpe"'HhlMH 3JleKTpOH-IT03HTpOHHblMH ny"'K8MH. 

PeaKUHH 
+ 

11 +P-+e +e +n 

y+C-+~t++~t-+C 

17-+C ... IL++ IL-+ ••• 

y+C-+e++e-+C 
+ + e +e -+TT +11 

eT+e -+rr++ · " 

Ta6nHua 1 

8.105 

3,5 + 0,9 

5,9 + 1,5 

5,8 + 1,2 

6,5 + 1,4 

5,41 + 0,89 

4,8 + 0,7 

3Ha"'e HHH B T86J1HUe 1 Bhl"'HCJlHJlHCh 

2 3Br(p ... '"r) 
Gyp., 

7 

2 

Gyp 

0,34 

o;5B 

0,55 

0,62 

0,52 

0,30 

no <jlopMyne 

a -1 
CcbiJlKa 

/12/ 

/13 / 

/ 14/ 

/15 / 
/16/ 

/17 / 

( 17) 



0 + l 0 0 rae B= r ( p .. e +f I r ( p .. rr++rr-), mp "'764 M s e H WHpHHa p-

Me3oHa ec10ay nonaran acb p aeHoii r p = 130 M s e, 3a HCK1IJO'Ie HHeM nocnea­

Hero pe3y1IbT 8 T8 B Ta6nHue , rae M bl HCllOnb30B81IH 3 Ha 'le HH e r .. 90 M s e, 

cornacHo 9KcneoHMeHT81IbHhiM a aHHhiM H o e ocH6HPCKOH rpyn nhi 1 f7 1• 

B ceeTe e o3MO.lKHOH 38BHCHMOCTH Gyv= G ( q 2 
) npeac T a e n Sie T HHTe ­

pec Cp8BHH Tb Be 1IH'IHHY ( 15) C pe3y1IbT8 T8MH a p yrHX KOC BeHHhlX MeT OaOB 
2 

onpeaeneHHSI Gyp npH q "" 0 • P accMoTp HM a HIPpaKUHOHHyJO Moaenb ~Po-

TOpO.lKaeHHSI p
0

- M030HOB a Ha~~eHHH enepea: 

2 

( 
du yp-+po., 
-) 

2 
Gyp(O) 

GYP (0) u tet ( pop) 0 
d u p p-+p0 P 

(-) 
d t t=o = d t t = 0 

.. 
16 IT ( 18 ) 

<f> OTOpO.lKaeHHe 
0 

p - Me3 0HOB H8 M 8 1Ihle y rnhl XOpOW O OITHChiB8eT CSI ~Pop-

MynoA 

du d 0' ) a exp (bt) = (-- exp (bt) 
d t t=o d t 

CO 3H8'1eHHSIMH napaMeTpOB npH E= 5 fse 1181 

a = 0,125 M61 f s a2, b 8, 1 + 1,5 r sa-2. 

n oacTaen srsr a (1 8 ) 3Ha'le HH e a · (pN) .. 31 M61 151 , n onyq aeM 
tot 

2 
Gyp(0) .. 0,35a . 

( 19) 

(20) 

( 21 ) 

OpHMeHeHHe MoaenH eeKT OpHoH aoMH Ha HTHOC TH K np o u eccy ~PoTopo.lKaeHHSI 

ITHOHOB ITOH BhlCOKHX 9HeorHSIX 

y +P-+ p 0 + p-+ 11 + +n ( 22 ) 

8 

aaeT ewe oaHy B03MO.lKHOCTb onpeaenHTb KOHCT8HTY 

nonvqaeTcsr eenH'IHHa 

2 
Gyp(O) .. 0,4a. 

G 
Yf. 

Mhi BHaHM, 'ITO 'IHcneHHhie 3Ha'leHHSI (15), (21) H (23) J 

Me.lKay co6oH. H HeCKOllbKO xy.lKe - co 3Ha'leHHSIMH GYP(' 

3To o6CTOSITe1IbCTBO MO.lKeT CllY.lKHTb HeKOTOPhiM YK83. 
2 

HHe 38BHCHMOCTH Gyy( q ) OT CTeneHH BHp TyallbHOC 

HHTepecHhlH H ea.lKHhlH eonpoc Tpe6yeT 6onee TlliaTenb 

H3y'leHHSI. 

B 38K1IJO'IeHHe aeTophl Bhlpa.lKaJOT 6naroaapHOCTb J 

ne3Hoe o6cy.lKaeHHe H noaaep.lKKY STOH pa6oThl . 
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/4/ 
t:taeT erue OAHY B03MO)I(HOCTb onpet:tenMTb KOHCTaHTy G (0) • CornacHo , 

yp 
nonv~aeTCR BenH~MHa 

(23) 

Mbl BHAHM , ~TO ~HcneHHbJe 3Ha~eHH51 (15), (21) H (23) XOPOWO CornaCVIOTCH 

2 
Me)I(Ay C06oJ.i M HeCKOnhKO Xy)l(e-co 3H8~eHM51MM Gyp(mp) B Ta6nMUe 1. 

3TO 06CT051TenbCTBO MO)I(eT cny)l(l!Tb HeKOTOPhlM VK838HMeM Ha TIPOHBne-

2 
HMe 38BMCMMOCTM Gyy(q ) OT cTeneHM BMpTyanbHOCTM. KoHe~Ho, 3TOT 

MHTepeCHbiJ.i M B8)1(HbiJ.i BOTipOC Tpe6yeT 6onee TIUaTenbHOI'O M TIOJlp06HOI'O 

B 3aKnJO~eHMe aBTOpbi Bbipa)l(aJOT 6naro.oapHOCTb A.M.BanAMHY 3a no­

ne3Hoe o6cy)I(AeHMe M TIOAAep)I(KY 9 TOA pa60Thl. 
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P uc . I • .[l;t a i ·p a M Ma y P - p a _cce51111f 'il cor TiaC H O MOJlellH B e KTOpH o li noMu HaHT­

HO <cT H . C naow ua'1 JIH IIIHI 1!3o6pal!weT liYKllO H, BOJIHHC T /1 51 - r?o T OH H ·­

n yn KTnpHas:t - BCKTOpHt.Tii );f€~0H . 

! lo 

b/•11<0 

v l>,'J. 

500 

'tO 

300 

2.00 

too 

t z 3 't 

PHc.2. fpa~HK aaepreTHqecKoA aaBHCHMOCTH nonaoro c eqe 
JleACTBHH. 
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500 

300 

2.00 

too 

t 3 s E f3B 

PHc.2. fpalj!HK 3HepreTH'IeCKoll aaaHCHMOCTH nonHoro ce'leHHH yp - aaaHMo-
aellcTBHH. 

II 


