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B rrpeAbiAY!lleti pa6oTe/ 1 / rurroTe3a o6 o6MeHHOM BbtpO)KJleHHH 6b!lla 

IICITOllb30B8H8 AllH rrony'!eHHH pHAB lliiHeti:HblX COOTHO!lleHIIH Me>KAY Ce'!eHHHMif 

pa3nii'!HbiX rrpoueccoB rrplf BbiCOKHX aHeprHSIX. B ocHoBe pac'!~ToB ne)Kana 

ClleAy!OlUBSI MOAellb ( C p./2-6/). 

PaccMoTplfM rrpouecc 

(1) 

rae a 11 c - 6apiiOH bi , a b 11 d - 11116o Me3oHbr , mr6o 6apiiOHbr . Dpearrono 

>KIIM ( cp./2/ ) 0 '!TO a) BbliTOllHSieTCSI TeopeMa 0 cpaKTOpH38UHH pea)l{eBCKHX 

Bhl'!eTHhlX cpyHKUIIA, 6) ITpll BhlCOKIIX :3HeprlfHX B rrpoMe)KyTO'!HOM COCTOSIHHH 

B t - K8H8lle MOI'YT H8XOAIITbCH peA>KIIOHbl 0 06ll8A810llllle KB8HTOBblMH '!HCll8-

MII Me30HHbiX HOHeToB 1 11 2+. Toraa aMITllHTYAY rrpouecca ( 1) M (a b .... c d) 

MO>KHO 38ITHC8Tb B BHAe 

+! 

M(ab-+cd) =yac (t)ylod 

ac 

Y s' 
bd 

(t) y 
s' 

p p 

( t) M ( 11, t ) + y a c ( t) y b d ( t) Mv r ( y, t ) } . 
s• vr v' 

3 

( 2) 



3AeCb 

1.± e 

r 
-lira ( t) 

• 

r< a r ( t ) + 3/2 ) 

M,(v,t) 
sin"a'(t) r<a' (t)+1) 

(-v-)a,(t) 

vo 

pell)KeBCK851 8MITlUITYil8 0 OTBe '-!8IO!ll851 o6MeHy peA)KliOHOM I • 

. f 
Bbi'"!eTHbie cpyHKUIH! y 1 , cornacHo /2/ , MO)KHO paccMaTpHBBTb 

M8TpH'"!HbJe aneMeHTbl "KB8pKOBbiX TOKOB" 

.. 
8 ( p f 

lf 
Pt )ys• 

( t ) = 1 < f I J d 
3 

X q + f3 'A' q I i > ' 
y2 

-+ -+ lf 1 3 r . 
8(pf -P )y r (t)=-:::::<fl J d X q+ A qli>, 

1 v v 2 

npH'"!~M B KaqeCTBe HeAHaroHanbHbiX aneMeHTOB 6a3HC8 anre6pbi SU( 3) 

cnellyiO!llHe KOM6HH8UHH 

+ 
x-1 

'Al :tiA 2 

2 

+ 

A z 

A - MaTpHu: 

'A4:ti'A5 

2 

+ 
A 

Ae:ti'A7 

2 

(3) 

KBK 

(4) 

( 5) 

B351Tbl 

( 6) 

4aCTHU8 TioMepaH'"IYK8 C'"IHT8eTC5! CB5!38HHOA C SU(3) CHHrneTOM, He 

KOMTIOHeHTOA OKTeT a . 3TO npHBOJlHT K paBeH-
cMelllHB8IO!llHMC5! c I= y = 0 

lf 
CTBy; Yp (t) = ylf (t). 

so 

llanee npeATIOnO)KHM, '"ITO Me)KilY 1- H 2+ qaCTHU8MH HMeeTC5! o6MeH-

HOe BbipO)KJleHHe H TI08TOMY pell)KHOHbl C OllHH8KOBbiMH KB8HTOBb!MH '"!HCna

MH ne)K8T H8 OllHHX H T e X )Ke TpaeKTOpH5!X. TpaeKTOpHH a r ( t) npeACT8B-

n5!IOT co6oA ceMeAcTBO napannenbHbiX np5!MbiX B nnoc KoCTH ( a, t) I 81. 
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KaK 6binO rroaqepKHyTo B/ I I, oTcJOaa cneayeT crrpaBeannBOCTb cpopMynbi 

fenn-M 81IH8 - 0Ky6o llnl'! TpaeKTOpUH 

(7) 

ilanee B pa6oTe/I/ rrpearronaranocb , 'ITO cooTHoweHue (7 ) B nnHeli 

HOM 11pH6nU)KeHHU npHBOllUT K T 8 KUM )Ke COOTHOWeHHSlM Me)KllY 8MI1nHTYll8MU . 

3To rrpH6nJ1)KeHHe cnpaBeanHBo npu He oqeHb 6onbWHX sueprullx . KpoMe Toro, 

XOTSl OHO 11 11pUBOllUT K COOTHOWeHHSlM Me)l{llY Ce'leHHSlMI1 1 COrnacyJOW11MI1C SI 

c sKcrrepHMeHTanbHbiMH aaHHbiMH , ero TPYAHO orrpaBJl8Tb TeopeTH'leCK:.r . 

B H8CTOSIWeli pa60Te MW 110ny'li1M HeKOTOpwe Hen UHeHHWe COOTHOWeHHSI 

Me)KllY Ce'leHHSIMH 1 He 11p116eraSI K YK838HHOMY 11pH6nU)KeHUJO. 

ilnSI MHHMOH 'l8CTI1 8MIInllTYJlbl M r (II, t) Bbli10nHSieT CSI COOTHOWeHu e 

a In Im M r ( 11 , t ) 
a (t) 

rl In s 

n oacT aBnSISI 3 T o Bbrpa)KeHne B ( 7), non y q aeM 

a In lm M x *( 11 , t ) l iJ In lm M p ( y , t ) 

---------=-a In s 4 a In s 

oTxyaa, nocne nHTerpnpoBaHnSI, cneayeT 

3 +-
4 

( 8) 

iJ In Im M v ( ~o~, t) 
e 

---8-ln-s-=---- ' ( 9 ) 

( 10) 

MO)KHO I10K838 Tb 0 'ITO I10C TOSIHH8SI HHTerpHpOB8HHSI f ( t) HMeeT BHJl 

f ( t) l+t(t), 
( It) 
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rne £ ( t) - aenH'IHHa BToporo n opHnKa MaiJOcTH no pacmenneHHJO TpaeKTOpn~. 

EyAeM C'IHTaTb f ( t ) = 1. AH a norH'IHOe ( 10) cooTHo!lleHne cy!lleCTByeT 

H AJ1H 2+ HOHeTa 

lm M = ( lm M ) t! 4 
( Im M ) 

3
/

4 

K2 A2 TB 

( 12) 

VfCTIOJlb3YH ( 2) 1 MOlKHO Bb!p83HTb 8MTIJ1HTYA bi , CBH38 HH b i e C o6MeHOM 

HeCTpaHHbiM peAlKHOHOM, '!epe3 aMnnnTyAbi ynpyrnx "p , K p , p P n n P -

CTOJ1K HOBemiil: 

MP(11, t)=M ("+p)-M("-p)=M(K+p)+!M(K 0 p) ·-M(K
0
p)-M(K-p), 

4 + o -o -
M ( 11 , t) =-[ M ( K p ) + ~ ( K p ) - M ( K p ) - M ( K p ) ], 

vs 9 

M (v,t)=[2M(pp)+2M(pn)-6M(" 0 p)-M(K+p)-M(K 0 p)+M.(Kop)+M(Kp\] 
V I 

MA (11, t)=M(K+p)-M(K 0 p)-M(K 0 p)+M(K-p), 
2 

4 
0 

+ - o -o 
MT (v, t)=-[4M(" ~ )-M(K p)-M(K p)-M(K p)-M(K p)], 

8 9 

M (v,t)+M 
P Tl 

(v, t)= 2M (" 0 p)+M(K+p)+ M(K-p) + 

+ M ( K 0 p) + M ( K0 p) . 
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Bbrpa)l{eHIHI nnH Im M K * ( 11, t ) H Im MK ( v, t) qepe3 ynpyrHe aMnnH-
2 

TY/lbl nony'l8IOTCSI H3 ( 10) H ( 12) • 

8 + 0 -0 - 1/4 
lm M K * ( t~ , t ) = .j - ! Im [ M ( K p ) - M ( K p ) + M ( K p ) - M ( K p ) ] l 

27 

+ 
0 

-o _ s/ 4 
· I Im [ M ( K p ) + M ( K p ) - M ( K p ) - M ( K p ) ] l 

VB 8 1/ 4 + 0 ~ - 3/4 
-=2 v-!Im M(IT-P-+ITo n)l !Im[M(K p)+M(K p)-M(K p)-M(K p)] , 

?:7 

s + o -o - l 1/4 
Im M = .j - I Im [ M ( K p ) - M ( K p ) - M ( K p ) + M ( K p ) ] 

K 2 27 

3/4 

I Im [ 4 M (IT 0 p ) - M ( K + p) - M ( K- p) - M ( K 
0
p) - M ( K 0 

p ) ] l 

1/ 8 8 _ 1/4 
= 6 ..; - ! lm M ( IT p _, 17 o n ) l x 

?:7 

+ - 0 - 0 3/4 
x I Im ( 4 M ( IT 0 p ) - M ( K p ) - M ( K p ) - M ( K p ) - M ( K p ) ] l 

C riOMOUlb!O (2), (10), (12), (13) H (1 4 ) MQ)I{HO nony'lHTb Terrepb 

uenbiH pHil COOTHO!lleHJ-!li Me)I(JlY aMITnHTYJl8MH yrrpyrHX H HeyrrpyrHX rrpo-

ueccoB, aanpHMep (cp . /1/): 

2 0 -0 - 1/4 =v- ![M(K+p) ,.. M(K p) +M(K p) -M(K p)] • 
27 
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• { M ( K + p ) + M ( K 0 p ) - M ( K 0 
p ) ..:. M ( K - p ) ) s/ 4 + 

+[M(K+p)=M(KOp)-M(K
0
p)+ M(K-p) ] 1/ 4 • 

( 15) 

+ - 0 -0 3/ 4 •[ 4M(rrOp)-M(K p)-M(K p)-M(K p)-M(K p)] 1. 

E c rm: 11MeeTcH ooMeHHoe BbiPO*Ae HI1 e , TO c npa BeAni1Ba <j)opMyna 

Im ( M a ( 11 , t ) + M b( 11 , t ) ) = 0 , ( 16 ) 

rae 8 11 b - BeKTOpHblti 11 TeH30pHbi ii peA}K110Hbl C OAI1H8KOBbiMI1 BHyTpeH

HI1MI1 KB8HTOBbiMI1 '111Cn8MI1o noACT8BnHH CIOA8 COOTHOilleHI151 ( 14) 11 nonh3Y-

51Ch onTI1'1ecKoti TeopeMoti, nony'tJ:aeM 

II A(+) -A(-) lll/4 [lA(+) -A(-) ll3/4 ... [AC+>_AC-l)J/4[A'+l_AC-l)3/4 
p p v 8 V 8 A 2 A 2 T

8 
T

8 
• (17) 

3aecb BBeAeHbi cneay10W11e o6o3Ha'leHJHI 

(+) + 
A .. o(" P), p 

(+) + + 
A •o(K p)+ o (K n), 

VB 

(+) + -
AA -u(K p)+o(K p), 

2 

(-) -
A .,o(rr p), p 

(-) ) A ,. u ( K- n ) + o ( K p , v, 

(-) + -
AA =u(K n)+ u(K n), 

2 

8 

• I 



(+) (-) 
Av = 2u(pp)+2u(pn)+Av, 

1 8 

3
AC - l AC+l 

+ P + v e 

M bl BOCI10nh3QBan HC h H30TOI1H"!eCKHMH COO T HOIJJeHHSIMH 

o + - o 
u(K p) = u(K n) ; a(K p)=u(K n); 

a TBK*e H3MeHHn H 3 H 8K B ( 17), JlOCKOnh KY 

(+) 

A P < 0, 
(+) (-) 

A v e -A V e < 0 . 

( 18 ) 

ilnSI cpaBHe H HSI paBeHCTBB ( 17) C 3KCilepHMeHTOM cnenyeT B03BeCTH 

ero B "!e T BepT yiO CTerreHh H crpy11 11HpOB8Th B 11p8BOH H neBOH e,'Q "18C T H 

rronO*HTenhHb!e "!neHblo B blilOnHHB 3TH AeifCTBHSI 0 11pHAeM K COOTHOWeH:HIO 

(+) (-) (-)2 

+AA AT (A T 
2 8 8 

(+) (+) 
= A A AT 

2 

(+) 
+A p 

8 

(+) 2 

(A 
T8 

2 2 2 
3Acv-l )+ AC-l A C-l (AC-l + 3 Acv+l ) + 

e P ve v e e 

+3AC+l
2 (-) (+) (+) 2 ( -l 2 

)+AA AT AT + 3 AT 
T 8 2 8 8 8 

( 19 ) 

(-)2 (-l (-) (-)2 (+) 2 

+ 3A T ) +A A 2 A T (A T +3AT ) + 
8 8 8 8 
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3KCD B pHMBHTB nbHhl B 3 H B q B HHH Dp8 BOA H n e BO A q aC TB A (19) DpH HBKOTOphlX 

aaeprHHX n p nse n e Hhl B cneny~weA T a6nnue l 9/ 

3ae praH (fa a) fl e B8H 4 8C Tb ( M 6 J npa BBH q a CTb r, M6 ) 

6 ( 28,0.±_1,4) .10 
7 

( 28 , 0.±_1 ,4) .10 
7 

12 ( 21, 7±__1, 0) .1 0 
7 

( 21 , 7,±_1 ,0).10 
7 

18 ( 20 ,1±_1,8) . 10 
7 

( 19,8±_1,8).10 
7 

YJcnonb3YBM Tenepb COOTHOWBHHH MB>KUY TpBBKTOpHHMH, KOTOpb!B Bbl-

TBK8IOT H3 MBCCOB b iX <jJopMyn SU (6) - ClfMMBTpHH, 0TMBTHM cnepsa, qTO 

MllHM biB q a CTH BMDnHTya, COOTBBTCTBy~WHX lj1H3HqecKUM qacTHilB M , HBDpH -

Mep, Mw(v, t) U Mcf,(Y, t) DpH DOMOWII COOTHOWBHHA (8) H ( 11) MOryT 

6hlTb onpe aenBHhl H 3 pBBBH C TB BHUB 

cos 2 e 
cos 2 e 

[m M ¢ ( v • t ) = [ lm M v 
8 

( 11 , t ) ) 

sin 
2 e 

lm M ( 11, t ) = [ [m M ( 11, t ) ] 
W VB 

~ 

rae {J - yron C MBWHBB HIIH , 

(lm Mv (v,t)] 
1 

( lm M v ( 11 , t ) ] 
1 

sin 2 e 
~ 

cos 2 e 
c~ 

( 20) 

CooTaoLueHne acu= a p (CM, / 9/) npHBOUHT K CB513H MB>KUY ceqBHHHMH 

[ 
(+) (-)] 

A -A 
VI V 1 

coa 2 e 
cos20 

=( _3_) 
3 

AH a nor M B CCOBOfl qlOpMynLI 

2 sin 

2 
{J ( +) ( _) 

~ [ A ( + l - A (- l l [ A Vs - Av 8 
A2 A2 

a =a 
C).) A 2 

naeT 

1(l 

atn2 £1 
~(21) 



(+) (-) 
H A -A l ve v e 

·. 

sin 2 () 

eo• 28 ( 22) 

C ITOMO!llb!O cpopMynhi 2 a K *=a c.>+ a cP npHXOAHM K COOTHO!UeHHIO 

( 23) 

(24) 

CpaBHeHHe c 9KcnepHMeHTOM A8HO B cneay10!lle~ Ta6nHne: 

3HeprHSI ( r a s) neBaSI '-1 8C Tb ~M6) 

eM 

6 

12 

18 

3 
(8~:!:_2,9).10 

3 
(75,2:!:_2,7).10 

3 
( 7 1 '6:!:_3' 2). 10 

HaKoHeu, c noMO!llhiO paseHCTBa 

11 

3 
( 85,2:!:_3, 1) .10 

3 
(75,5:!:_2,9) .1® 

3 
(71,9:!:_3,2).10 

2 a K =aw+a-~."' a v +a v nonyqa-
2 ~ a 1 



HnH 

...i_ AI+) A <+>(A C+l
2 

+ 3 A1-l
2

) + - 4- A<-> A C-l (A C-l
2 

+ 3 A <+>
2

) + 
9 A 1 T 8 T 8 T 8 9 A 2 T-a T? T 

8 

+ 2 A(+) A1-)(AC+l
2 

+AC-l 2
) +2 AC+l A(-l ( AC+)

2 
+ AC-l 2

) 
v

8 
v

8 
v 1 v 1 v 1 v 1 v 8 V 8 

4 (+) (-) ,_,2 (+)2 4 (-) (+) (+)2 ,_,2 
,_9 AA AT (AT +3AT )+-9-AA AT (AT +3AT )+ 

(+)2 
+(A v a 

2 8 8 8 2 8 • 8 

(-)2 (+)2 ,._,2 (+) 
+Av )(Av +Av )+4Av 

8 I I 8 

A C-l AC+l 
v 8 v I 

Al-l 
v 1 

( 26) 

CooTHoweHHe (26) TaK~e YAOBneTBOpHTenbHO cornacyeTCH c aKcrrepH-

MeHTOM 

3neprHH {raB) 

6 

12 

18 

fleBaSI 'laCTb ( M6 j 

7 
{ 31, 2±_2, 9) .10 

7 
{ 33,4±_2,3) .10 

7 
{31,0±_3,5).10 

flpaBaSI 'l8CTh (M6 ) 

7 
{ 28, 7±_2,9) .10 

( 
{ 33,8±_2,4) .10 

7 
{ 31,0±_4.0).10 
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