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,. paCCM8TpHB8n8Cb HepenstTHBHCTCK8H aanaqa Tpex Ten, KOroa qaCTHUbl 

B38HMOOel!CTBYtO~ M9lKOY Co6ol! napHblM nOTeHUHanOM H nonyqeHbl CHCT9Mbt ypaaHeHHl! nnst 

aMnnHTYObt paccestHHSI BHe 9HepreTHqecKOJ! noaepXHOCTH , 8 T81C>K9 OnSI BOnHOBbtX cjlyHKUHl! B 

cnyqae paccestHHH Tpex qaCTHU 6ea o6pa30B8HHSI TpexqaCTHqHblX CBSI38HHblX COCTOSIHHli. 

00HHM H3 rnaBHblX OOCTOHHCTB 9THX ypaBH9HHii SIBnsteTCSI TO o6CTOHTenbCTBO, qTO HX 

K09cjlcjlHUH9HTbt Bbtpa lK8 !OTC si TOnbKO 

BHe 9HepreTHqeCKOl! noaepXHOCTH, 

B aToll pa6oTe Mbt cnenaeM nonb!TKY noKaaaTb, KSKHM o6paaoM M O>KHO nonyqHTb 

aHanoruqHbte yp8BH9HHH B penstTHBHCTCKOii aanaqe Tpex Ten. 11CXOOHblM nyHKTOM H8WHX 

paCCMOTpeHHl! 6yneT TpexqaCTHqHOe ypaBH9HH9 6eTe-CanbneTepa, K o6cy>KU9HH!O KOTOporo 

Mhl H nepeXOD.HM. 

I. YpaaueuHe 6eTe-CanbneTepa unsr Tpex qacTHU 

m 
2 

cTaeauo, aaaiiMouel!cTayrowue Me>KAY co6ol! nocpencTaoM nonS! c Maccol! 

H 

I" 

m 1 COOTBeT-
3 

nonHSSI 

cjlyHKUHSI fpHH8 9THX qaCTHU (c COOTBeTCTBYtOWHMH nonSIMH t/1
1 

, 1{1
2 

H 1{1
3 

) no onpeue

neHH!O eCTb CYMM8 BKnBAOB BCeX AHarpaMM <l>el!HM8H8 C TpeMSI BXOASIWHMH H TpeMSI Bbt-

XOASIWHMH nHHHSIMH C M8CC8MH m I , m 2 H m S , COOTB9TCTB9HHO. npu 9TOM 6yueM CqHT8Tb0 

qTo nHHHSI K8lKUOll qaCTHUbl C M8CCOl! m
1 

B K8lKUOl! UH8rpaMMe <l>el!HM8H8 SIBnsteTCH He-

npepbiBHOl!, H qTo CpenH qaCTHU m I , m H 
2 

a nonuyro cjlyHKUHtO fpHHa npencTaBHM qepea 

d3
' ( x x x y y y ) m f du du du dv dv dv S ( x -u ) S ( x - u ) S ( x· -u ) x 
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) cjlyHKUHH fpuua ronol! qaCTHUbi : MaCe oil m 
1 

H aaoaeM 

d 8' ( u 1 u 2u
8 

v
1 

v
2 

v
8

) S!UpOM uuarpaMMbl. 5iapo G(&J HaaoaeM TPHBHanbHbiM, e cnH oao 

sransreTcst H.D.POM uuarpaMMbl, onHCbtaarowea pacnpocTpaaeuue Tp e x ron bt X qacTuu. Ecnu 

B UHarpaMM9 ~( 8) HM99TCH H9CBSI38HH8SI qaCTb, OnHCb!B3tOW8SI pacnpOCTp8H9HH9 ronol! 

qaCTIIUbl C M8CCOli m
1 

, TO K8K HeTpyUHO BHU9Tb, SlllpO T8KOi! UHarp8 M Mbl MOlKHO npeu

CT8BHTb B BHUe: 
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( 3) ·I ( 2) 
G (xlx2x3yly2ya)c Sl (xl-yi)G (xkxfykyf), 

(1.2) 
( i " k .. e ) a 1, 2, 3 

r)le S" 1(x -y)- <!JyHKUH!I, o6p8TH8!1 <!Jy HKUHH S
1 

(x -y) T.e . 
I I I I I 

- I 
{ d y

1 
S
1 

( x
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- y1 ) S I ( y1 - Z I) c 0 ( x
1 

- Z I). ( 1.3) 

.UnarpBMMY G( 3) H830B9M npHBOllHMOU, ecnu ee MO~<HO npenCT8BHTb B BH)le .. 
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1
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1
)(dv
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)(dw

1
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X ~(S) ( U U U V V V ) S ( V - W ) S ( V - W ) S ( V - W ) X 
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(1.4) 

x (i<a> ( w w w w' w' · w' ) S ( w' · - y ) S ( w'- y ) S ( w'- y ) • 
2 t 2a a 2 at t t ~ 2 2 a a a 

npe)lCT8Bn9HH9 (1.4) H9TpHBH8nbHO , eCnH HH 
<i <a> 

I 
HH 

-(3) 
G 

2 
He gansnoTCSI TpHBHanhHbJMH 

!lllPBMH. HaoiSopoT, ecnu ace npencTasneHH!I ( 1.4) JlBHHOil JlHarpaMMbl SJBn!IIOTC!I Tpnsuanb

HbiMH, TO TBKYIO nnarpBMMY H830B9M HenpHBOJlHMOfi. EcnH Mbl 3H89M COBOKYHHOCTb BCeX 

nenpUBOllHMbiX /lll8rp8MM, TO K8l!<llYIO npHBOJlHMyiO ~Harp8MMY MOlKHO nony'IHTb, nonb3YS!Cb 

MHoroKpaTHbiM npnMenenneM paseHCTsa ( 1.4), rne G
1
<3> y~<e ISynyT !1/lPB · neKoTopbiX Henpa. 

BOllH MbtX nuarpaMM. TaKHM o6pa30M, ecnu g ( x
1 

x 2 x8 
y 

1 
y
2 

y 
8 

) - cyMMB scex TpexqacTH'I-

l!biX )lHarpBMM, TO K8lKJl8!1 H9HpHBOJlHM8!1 HnH npHBOllHM8!1 JlH8rpaMM8 nony'IHTCSI K8K 

p!lna, nonyqeHHblll HTepuposaHHeM paseHCTBa 

qnea 

g ( x1x2xay1y2ya) '"go( x1x2xay1y2ya) + 
( 1.5) 

+ .f ( du I) (dv1 ) &o ( X I x 2 X aU I U 2 Ua) K ( U I u2 u3 VI V 2 v3 ) g ( VI v2 V a y 1 y 2 y a) , 

rne K ( u 
1 

u
2 

ua v 
1 

v 
2 

va) - cyMMa RJl 9P scex uenpusonHMbiX nHarpaMM H g
0 

( x
1 

x
2 

x
3 

y 
1 

y
2 

y a) 

rpHHOBB!I <!JyHKUH!I Tpex ronhiX qacTnu - &o( x 1x
2

xay 1y 2ya)· ·S1( x 1-y 1) S/ x 2-y2 ) Sa( x
3
-y

8
), 

nocKonbKY B K He coneplKHTC!I sceii COBOKYHHOCTH Tp9X'I8CTH'IHbiX nuarp8MM, 

TO oqesnnuo, 'ITO pasencTso ( 1.5) npencTaBn!leT co6ofl ypasHenne n n11 g ( x x x y y y ) , 
11,2 1 1 2 a 1 2 a 

KOTopoe SJBnSJeTC!I ananoroM ypasnenun BeTe-CanbneTepa 

B nanbHefiweM Mbt ISyneM nonbsosaTbCSJ ypasneHneM (1.5) , aanucanHhiM a cnMsonu

q ecKoA <!JopMe 

g a g
0
+ ~ K g • 

( 1.6) 

Tenepb noKa~<eM, KaK "" ypasHeHII!I ( 1.6) nonyqaTb npyrue <!JopMbt s Toro ypasuenHH. 

nycTb K · ·KI + :K2. Tor)la paCCMOTpltM BenH'IHHY g' • YllOBneTBOp!!IOIUYIO ypasHeHHIO 

g"- r;·+ g~ · K 2g'·, 

rne g; - pewen11e ypasneun!l 

g' · cg + g Kg'·· 
0 0 0 I 0 

4 

( 1.7) 

(1.8) 

'1 
1 

1~ 

HenocpencTseuuoll noncT 

H9HH9 ( 1.6). nosTOMY 

HO yfi9JlHTCH, 'iTO eCnH 

CTB9HHO, TO BenH'IHH8 

g- ~-K2 g "~ , KOTOI= 

nony'IHTb p83Hbl9 MOllH<!JH 

B JlBnbnellweM HBMI 

<!JyHJttUIH rpHH8, B KOTOpO 

B &TOM cnyqae RllPO yp 

K 

r)le 

-I 
Kll • · Sf ( xf-: 

a G ll - ISeTe- ·CanbneTe~ 

CT8BHTb B ( 1.6), TO HOnJi 

g " · ~ + go Kng + 
r)le 

gt• ~ Kng ; 

Ecnu ssecTu rpHHoo6paau 

"k-
TO MOlKHO nony'IHTb TpH ~ 

g " . g2t g2a ( Ka t 

Bse)leM senu'IHHbl T 1k , 

Tlk " Klk + Klk 

i1M911 B BRllY (2.2). (2.5) 

'lk" sf< x f-
nonyqaeM, 'ITO 

H, cne.aoaaTen&uo, T1k ct 

npH'19M f -T811 '18CTHU8 ' 

~ 

T 
lk 
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(1.2) 

(1.3 ) 

BUTb B BHne 

(1.4) 

K9 SJBn snOT CSI TpHBH8nb HbiMH 

;>BMMbl SIBn S:UOT CSI TpH BH8nb-

3H89M COBOKYllHOCTb BC9 X 

IOlKHO n ony'IHTb, n o nb3y HCb 

•T !UlP8 · HeKOT Op biX Henpa. 

- CyMM8 BC9X T p9X'I8CTH'I-

;>8MM8 nonyqHTCH K8 K qne H 

( 1.5) 

18 MM H g0 ( x 1 x~x3 y 1 y2 y 8)-

. X I- y I) 52 ( X 2- y~) SB ( X3- y8) • 

;>eXti8CTH l.{HbiX .a.uarp8MM , 

m e LlfiH g( x
1 
X~x 8 y1 y

2 
y

3 
) o 

, 3 8llH C 8HHbiM B C H M BOnH-

(1 .6) 

oMbl 3 T OrO y p8BH9HHH. 

30p HIOW)'IO yp8BH9 HHIO 

( 1.7) 

( 1.8) 

', 

,· 

j 
' ., 

HenocpencTaennoA noacTaHOBKOA (1.8) a (1.7) y6elKnae MCH, 'ITO g' yaoaneTaopHeT ypaa

neHBe (1,6), noaToMy g' ,. g MolKHO nocTynBTb H no-npyroM}'. HenocpeacTaenao Moll<-

HO y!SenHTCH, 'ITO eCnB g 

CTBeHno, To aenB'IBHa g - g~· K 
2 

g 

HBfiSUOTCH peweHBSIMH yp8BH9HHA ( 1.6) H (1 ,8), COOTB 9T• 

YLIOBfi9TBOpS19T ypaBH9HH9 ( 1,8) H , Cne,[IOB8T9nbHO, 

, KOTopoe a cao10 o q e peAb coananaeT c ( 1.7) . TaKoA non xon noaaon>1eT 

nony'IHTb pa3Hb19 M011HijiBK811BH yp8BH9HHSI ( 1.6). 

2 . Cny qaft napHbiX B38BMOI1 e llcTaBll 

B a anbHeAweM H8MB 6yneT pac cMoTpen o n p u 6nHlK&HHe n nSI n onuoll Tpe xqa cTH'IBOA 

IjlyHXIIHH fpHaa, a KOTopoM Y 'IHTbiBB IOTCSI TOnbKO napHbie aaaHMon eAcTBBSI Tpex qacTBII. 

B &TOM cnyqae !UlPO ypaaH e BBSI ( 1.6) npeACTaBn Sie TCSI a BH,[l e : 

( 2 .1) 

rAe 

(2 .2) 

a G11 - !SeTe- ·canbne TepoacKo e !Ulpo An H I - T o ll H I -Toft '18CTHII. E c nu ( 2,1) U OA-

CTBBHTb a (I .6) , TO n ony 'IHM 

Ecnu aaeCTH rpHHoo6pa3Hbi9 IjlyHKIIHH, y a o ane TaopHIOWHe ypaaHe HHSI 

( i.,lk ) -1,2,3, 

TO MOlKHO nony'IHTb TpH p a3Hbl9 MOLIH ijiHK8UHH y p8BH9HHSI (1,6) B cny qae (2.1) 

g • · ':at '~a( Kat Kl2) g • 'at gat(Ku+ Ku) g • · 

• &12+ g12( K2a+ Ka~ g • 
BaeneM aenH'IBHbi T1k , yaoaneTaopHIO!llHe ypaaH e HHHM 

Tlk • l{tk + Ktk go Tlk 

i1M9SI B BHIIY (2,2), (2,5) H TO, 'ITO 

nonyqaeM, 'ITO 

( I .,tk ) E 1,2,3. 

( 2.3) 

(2.4) 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

( 2.9) 

H, Cn9,[10B8T9nhHO , T1k COBU8,[189T C 8MUnBTYAOll paCC 9 HHHSI 

npB'19M f -T8SI '18CTHU8 •ronag•, n e rKO nony'IHTb, 'ITO 

-TOll H k -Toll '18CTHIIbl , 

·I ( 2) 
~t- Sf (xf -Yf )Tit (x, xkylyk) (2.10) 

5 



rae T< 2
J 

tk -
.u ayxqacTHt.tHa~ aMnnnTyn.a pacc e HHHSL TaKJt:M o6pa30M, ccnH .nonycTHTb, t..J:TO 

Mbt yMeeM pewaTb aBYX'I8CTII'<Hy!O 38!lll'IY, TO cneayeT C'lltT8Tb g tk 11 ~k H3B 8 CTHbiMH. 

T enepb Mbl MO>I<eM non yt.tifTh ypaaHei-nHI nnSl g
1 

, g 
2 

H g
3 

, onpeaeneHHhie paaeacTaa-

MH ( 2 ,4) . T aK , Hn npHM ep, ecnn a nepaoe 11 3 (2.4) noacTaBHTb g 113 nepeoro paeen-

CTBa (2 .6), TO n ony'!ItM 

gt ~ go K2sg2 s+ go K2ag2s( Kat+ Ktf g ' (2.11) 

Ecn11 Tenepb a n epBbiii 'lneH npaeoi'I 'IBCTH paeeHCTBa (2.11) noncTaBHTb g 113 (2,5), 
n 

8 BO BTOpOii - g
28 

H3 (2,9) II BOCnOAb30B8TbCH paBeHCTB8MH (2.7) H ( 2 ,4). TO nony•tV:M 

gt~ gn- go+ l'b \s( g2+ gs) 
(2.12) 

T aKHM "'e o6pa3 oM nony•ta e M n aaa npyrHx ypaaHe>m<t: 

g 2 ~ gs t- go + l'b Tat( ga + g t ) ' 
(2. 13 ) 

ga ~ g t 2 go + go Tt 2 ( gt + g 2 ) 

CHcTeMy ypaaHeHHfi (2.13) H ( 2 ,12) MO"'HO 3anHC8Tb a MaTpH'IHOli cjJopMe: 

( g']- (·~.- go ) 
\ 

g 2 - gat- go 

g g -at t 2 go 

+ go l O ~3 
T

2)f1 

) 
Tat 0 Tat g2 

Tt 2 Tt 2 0 \ g a ' 

( 2. 14) 

CHcTeMa ( 2 .14) onpen enena
1 

nocKonbKY Mbi aonycTI<ni1, 'ITO yMeeM pewaTb aayxqac

TH'IHY!O 3aaa•ty . Ta ~< e CHCTeM8 non y qaeTC<I, eCTII< He nOAJ,30B8TbC<I paBeHCTB8Mll (2.6) , 

8 TOAbKO np11M9HIITb M9 TO c dTe paUI: It ypaBH8HH<I (2.3) C llOCTieay!OWeH nepecTpOHKOH nony-

'IHBW 8 rOC5l pH,UB. 

3 , ~~HeHH_~_JlASI B OAHOBbiX cjJyHKUHfi 

npe >KA8 acero OTM8 T HM, qTQ BOflHOBbl8 ciJyHKUH11 1 KOTOpbl9 6ynyT BBO.D.H T b C SJ, He Cne-

.D. Y e T TIOHHM8Tb KBK T 8K O B bi9 B 06bl'·IHOM CMblCne. Yf x BB 9 .D.9HHe 1! <') !,1 K8)K9TCH Y.D.06HbiM, 

.nnst TOf'O 1.fT06bi C HX llOMO UJ,bJO llOnyqHTh T9 aenHtJ:HHbl TIOnH, KO T Opb19 HM9JOT orrp e .neneHHbiH: 

cjJH3H«ecKuii CM biCn . B onHoay!O <jlyHKUH!O onpenenHM ( KBK 3 TO a enaeTC<I o6bt'IHO ) qepe3 

paae HCTaa: 

Xk (x tx 2 x 8)=<0J T o/J t (x t) t/J
2

(x
2

) t/J
8

(x
3

) i .k > , 
{3. 1) 

rae T 03Ha'!a eT xpoH onorH"leCI<oe n poncmeaeH>te on -':>::>TO! JOB n onH </1t ( x 1), t/J2 ( x2) H t/J 8 ( x 
8
) 

B r e fi3eH6eprOBCKOM npe.ncTaan e HHH, 8 <0 [ H < k [ CYTb COCT OflHHe BBKyyMa H COC T OSI-

6 

HH e nonHero onepaTopa 3 

K 3 THM COCTOSIHHSlM 1 1.fTOe 

H OT .llHCKp8THbiX KB8HTOE 

HBHblM o6p83n BblTIHCbiBl 

Mbi 6yaeM ux noapa3yMeE 

fpHH8, HMeeM: 

g (X X > 
t 2 

rae t/J
1 

( x
1

) 03Ha'laeT KBK 

rae .pt• (x
1 

) - onepaTop, 2 

nH6o MaTpHua. B cny'!ae 

3aecb '!epe3 

g ( xt 

+. 
\(Y1 ~ Y 8 

+ ( 
xk Yt Y2} 

• 
rae T 03H8':188T BHTJ 

B aanbHeAweM Mbi y>Ke t 

H368BHTbCSI yMHO:>KeHH8M 

HO Cl.IHT8Tb, tiTO 3 TH M8' 

EcnH X X < X , T • 
20 80 10 

+ 
X k ( x , x2 xs) 

DoCKOllbKY Bbtpa>KeJtn e 

HOBOfi cjJyHKUH9i\ aayx 'I 

T8KH8 COCTOSIHHSI 1 B KOT• 

(CC-2 ,3). Ecnn HMee· 

Hbl8 COCTOSIHHSI, no K 

CC- 2,3 . 3To CileayeT a< 

pbiBHOCTb nHRHH K8)K.D.0 

< 0 IT t/J 8 (x 8 )t/J 1 (xt)Jp>~ 
xapaKT9pH3yeTCH M8CC 

T eOpHH, MO)KHO B bi..D.9nP. 

x+(yyy)· 
k 1 2 3 



10M, CC.rJ H nonyCT JITb, 4TO 

g lk 11 H 3BeCTH blMH. 

lpeaeneHHwe paeencTaa-

g H3 rrepaoro paaen-

CT8BHT b 
g2,, 

:2 .7} H ( 2 .4}, 

>il ¢opMe: 

) 

( 2.1 I} 

11 3 ( 2 .5)' 

T O nony qv.:M 

(2 .12} 

(2 .13} 

( 2 .14} 

yMeeM p e waTb a eyxqac 

C!I paeeHCTBBMH (2 .6 }, 

oweil rr epecTpo ilKoli nony-

5yayT BBODHTbC SI, He C/18-

IQ . .-1 K8>K9 T CH y.ao6Hbi M , 

)pbie HMeJOT orrp en eneHHbtA 

8TC51 06bt'IHO} ~epe3 

I k > , 
(3.1} 

l\( x
1
). o/1

2
( x

2
)H o/J

3
(x

3
) 

SlHHe BBKYYMB H COCT OSJ-

HHe ITO/lHOrO on e paTopa 3HeprHH - HMITY/lbC8 COOT BeTCTB e HH O . 8 IT. 5 Mbl ewe pas e epHeMCSI 

K 3THM cocTostHHHM, qTo6ht HX KOHKpeTH3HpoaaTh. CocTOSIHHe <k l 3 8BHCHT, oqeaHnHo, 

H OT .QHCKp6TH biX KB8HTOB bi X t.{HCen 1 KOTOp bie Mbl 3.QeCb OIIyCK89 M. Mbl T8K>K9 H e 6yll.9M 

SlB HbiM o5pa3 BbiiiHCbiB8Tb CYMMbl ITO 3 TH M l.JHCn8M B £PopMynax , rue OHH IIOSIBn HIOT C R, -

Mbl 5yaeM HX rroapa3yMeB8Tb. T oraa , HCXOD II H3 05ht'IHOrO onpeaeneHHII IT O/lHOli <jlyHKUHH 

rpHHB, HMeeM: (3.2) 

r ne 

g(x 1 x 2 x 8 y 1 y2 y3 )~ < 0I T o/1
1 

(x
1

) t/1
2 

(x
2

) o/J
8

( x
8

)o/J
1 
(y 1 )o/J 2 (y2 )o/J~y 8 )10>7 

t/J
1 

(XI) 03H8'!8eT K8KOe- HH5yab COITp!IJKeHHe . 

(3.3} 

rne .p
1

• (x
1 
)- onepaTop, apMHTOBo-corrpRJKeHHblli c onepaTo p oM o/1

1 
( x 

1 
) , a 0 1 - KBKaR-

nu5o MaTpHua. B cnyqae "to x 20 x 80> Y10 Y20 Y 80 

3necb qepe3 

g(x 1 x 2 x 8 y 1 y 2 y 8 )~ ~ Xk (x
1

x
2

x
8

) x:(y
1

y
2

y
8
). 

+' k 
'\ ·( y

1 
~ y 

8
) Mbt o5o3Ha'IH/1H BbtpaJKeHHe 

(3.4} 

+ - - -
x, ( y l y 2 y 8 ) = < k I T o/1 I ( y I ) t/J 2 ( y 2) o/1 8 ( y 8 ) I 0 > (3.5} 

* 
rne T 03HB'IaeT aHTHXpOHOilOrli'18CKOe ITpOH3B8D8HH8 onepaTOpOB H 

B nanbHeliweM Mbl yJKe He 6yneM BhiiTHChiBBTb M aTpHUhl 0 1 

H358BHTbC!I YMHOJKe HH8M HB "'aTpHUY, o6paTHY!O K M BTpHUe 

, llOCKOn bKY OT HHX MO>KHO 

0 0 0 • B 'IBCTHOCTH, MOlK-
1 2 3 + 

HO cqHT8Tb, qTQ 3 TH M8TfJHUbi e nHHH'IHbte. Pac cMOTpHM Tenepb Bbtpa JK eHHe an11 X ( x x x), 
k 1 ~ 3 

Ecnu 

* * X: ( x
1

x
2

x
3

) ~ - ~ <01 T o/1 (x) o/1 (x )lp>
0
<plw (x )lk > . (3.6} 

p • 2 2 3 8 l l 

!locKO/lbKY BbtpaJKelm e <0 I T t/J ( x ) o/1 ( x liP >' c oenanaeT c :x(2i( x.x .), !IB/li!IOWelic!l eon-
2 2 8 8 p 410 

Hoeoli <jlyHKUHell nayx q acTHU ( 5eTe- ·canbneTepoeCKBR <jlyHKUHR }, TO <p 1 5ynyT coneplKBTb 

T8KJI9 COCTOHHHSI, B KOTOpbiX HM 9 9TCS1 CBH38HH09 COCTOHHH9 BTOpoi\ H TpeTbBfi qaCTHUbl 

(CC-2,3}. EcnH HMeeT C !I upyroe COOTHOWeHHe epeMeH x 10 , X 20 H x
80 

, TO npoMelKy T O'I-

+ 
Hbl8 COCTOSIHHSI, n o KOTOpbiM X k 6yaeT p8CK/18DbiB8TbC!I, y JKe H e 6ynyT coneplKBTb 

CC-2,3. 3To cnenyeT !i3 3BIWi!OB coxpaH e Hit!l, HanpHMep , KaKoro-HH6ynb 3Bp >Jla (:uanpe-

pbiBHOCTb /lHHH!i KB JKaoll qaCTHUbt). TaK, HanpHMep, H3 9 THX 3BKOHOB cnenyeT , 'ITO 

< 01 T t/J 8 (x 8 ) t/J 1 (x 1)lp>~O. ecnH cocToRHHe IP> coneplKHT CC-2,3. T orna, ecnu CC-2,3 

XBp8KTBpH3Y8TCSI MBCCOII ~ 28 , TO BOCITO/lb30B8BWHCb Tp8HC/li!UH OHHOII HHBBpHBHTHOCTb!O 

T eopuH, MOlKHO ehtnenHTb a (3.6} eKnan CC-2,3: 

e 10 '2 a f 
(3 .7} 

+ qneHht He conep JKa w ue CC-2,3, 

7 



+ 

Y
23 

e ~_1~3 • 

m2 + m 3 

E23 C p ) a V jl 2+ IJ.:3 rne 

3aecb f c y - y 
p 2 3 

CBII38HO C JlBYX'IBCTl<'UIOI"l BOnHOBOil <jlyHKUHe il <jlopMynofl 

(2)+ lpY + 
X" ( y2 y 3 ) = e 23 f P ( y 2 - y 8 ) • (.3.8) 

KoTopa st Henocp eacTBenHo cne)lyeT ua ~lopMynbi npeot'5paaosaHHII 
( 2)+ 

X ( y y ) , ecnu caBH-
o 2 3 

HyTb apryM9HTbl y 
2 

H Y Ha 
3 

-Y 
23 

EcnH Tenepb B CHCTeMe (2.14) ycTpe MHTb BCe apryMeHTbl y
10 y 20 u Y3o K 

T8K,tfT0 6 b r y:rl- y
30 

OCT8Jl8 Cb KOH8ttHOfi, TO TOrna B STOll CHC T eMe (nocne TOro KaK g
1

, g~ 

H g 
3 

Mbl BbipaaHnH '19pe3 (2.4)) BM9CTO g t'5yaeT CTORTb pBBHblfl 9MY '!nell H3 (3.4) 

T8K KBK, nOCKonhKy y
10 

Y
20 

H y
80 

~-CIO , scerna BhinOnHHeTCSI 

x!Ox20x30 > y10y20 y30 • (3.9) 

H aM neot'5xoauMo 3HaTb KaK BeJleT cet'5R x + C y y y ) KOrJla y , y u y .. - ·oo • Ecnu 
k J 2 3 ) 10 20 30 

C'll!TaTb, 'ITO B Ha'!anbHOM cocTOSIHHH HMeeTcSI CC-2,3 H OJlHa cso6oaHasr 'IBCTHUa c nona-

I!UITeJlbUOti 3HeprHeH, TO Cne.nyeT IlOJlO)I<J..ITb: 

2 

< P I .;, <OJ I k > = o c k - P l o c <k - P l - m 
2
1 l . l 0 0 (3.10) 

Ecnu B TaKOM npe)lene BBOaHTb n epeMeHHbte no <jlopMynaM 

-l -I 

X - M ( m
1 

x
1
+·m

2
x

2
+ m

8 
x

8
); f.

1
= Cm

2
+m

3
) Cm/

2
+m

8
x

8
)-x

1
= 

(3.11) 

c x2a- x • ; f. 28 =x 2 -x 8 ; M = m1 +m:t ·m8 , 

T O JlnR g ( X - Y ~ 
3 
!;

1 
1')

28
1)

1
) nony'!aeM BbtpaJKeHHe 

g(x-v.;.; '1 '1 l =f g (k.; .; '1 1 )e·tk<x-v> e1 <•~-f>'11 dk & 
~3 J 23 1 23 1 28 

(3.12) 

g ( k, .;23 .; I '12 8 

+ 
f f ( '123 ) o ( f

0 
- E 

1 
( 1 ) ) 

n =x c.; .; > •- .. --...---- + 
• 

28 1 
4E 28 ( k - () E1 (f )[k0 -E1

(£)-E28Ck -1 )+i< I 

rae 

+ 'lneHbi perynsrpHble B TO'!Ke k
0 

= E / f ) +-E2J:k - 0 
.. -.. ---. 

C E 1C0 ,.Y1 2 + m 1 ), 

H '123 H l'jl nony'!B!OTCR 113 <jlopMyn (3.11), eCnH 3aM9HHTb x, HB y1 • 3 aecb )( k ( f.28f," 
CBSI38HO C X • ( x1 x2x

8
) paBeHCTBOM 

·lkX 
x. ( x

1
x

2
x

8
)= e Xk ( .;

28
,.; 

1 

noJlOt'5HbiM )1{9 ot'5p830M JlnR g23 B cny'!ae y y y .. _ , oo 

10 20 80.tk(X·Y) 

g23( X - y f,28.; I '!!a '11 )= f g~.< k f,28/; t'128f) e 

rAe t(f •• ~.;l 

nonyqaeM: 
l(k!!!l.- f>l')l 

e M dk d1, 

+ 

(3.13) 

f ie M o (f0 -E 1(0) fk-1 (f,28 ) fk-1 (1) 23) 
g28(k .; .. .;I 'l~a ) = .. r ,.. .... --,-(3.14) 

C2") 8 4E
2
(k-f) E 1 ( )[k0 -E 1 (fl -E 2 'k -fl+i< 

3 .. 

+ 'lneHbi perynRpHbie s TO'!Ke k
0 

= E 
1
(f ) + E ~ t k - t ) . 

8 

--.. 

II 

.. 
I 

KaK snnuo ua (3.12) H (: 

COCTORHI!"H C MBCC Oli p. 2: 

go • gl2 u g31 ne cor 

npeaCTBBn CHl!RM C 3.12) H 

T enepb B03bMeM ypt 

lfX 3HB'I91!l!R H3 (2.4). B y 

TBX ( 3.11) ll neot'5XO!li!MOC 

r ' &a K 23 1 c k .;23.;, 

~ r g nc k .; •• .; 1 '123 1 

+ fl &a T
23 

g
0 

(K 31+ K1 : 

EcnH Tenepb Hat'5aBnTbCR 

k
0 

- E
1 
(f) - E 23Ck.f')+if1TO 

r 1 g 0 ~< 231 <k .;.3! 

+ f I g0 ~8 g 

Ecn11 sepHyTbCR K nepe"et 

~ K 23 )( 1 

rne 

3JleCb 
(2) 

x •. e < •• •a>- Jlsyx" 

io K 23 X k • X tk 

BMaCTO (3.17) MO-< HO Ham 

AHanorl!•IHbi M o6paaoM ua 

TaKu M ot'5paao'l, Mbl n ony '! 

pacco mmn Ha CC-2,3: 



• 
(3.8) 

Yto Y20 II Yao K 

Me (nocne T oro KIIK g
1 

, g 
2 

IHbl ll eMy qneH H3 (3,4) 

T C SI 

(3.9 ) 

-+ - ·oo • Ecn11 

060!lH8SI 'IB CTIIUB C l!OlJO-

(3.10) 

(3.11) 

'1, dk df (3.12) 

~ ) 
----~----... -- .------- - + 
-E,(l')-E,.(k -f ) + i < I 

~ -~---2 

- 0 ; ( E 1{f) >=>/f 2 + m 
1
), 

:y q aeM: 

.(kit-- f>'l, 

+ 

(3.13) 

dk df, 

> 1 •• f <11 n> 
or' --(3.14) 

-E 2 'k -f)+i< I 

: 2J k - t ) . 

I 

K aK Bll l lHO 113 ( 3.1 2 ) 11 ( 3.14), 'llleH bl, conep • <a m n e p a cceSinH :_ 'lflCTII Ubl H a CBSI3 8 H U OM 

C OCTOSIHUll C M8CC OCI 11 231 II MeiOT l!OlJIOC8 B TO '!K e k
0 

c E 
1
( p ) + E

28
(k- p) , n oC K OllbKY 

&0 , &
12 

11 &
31 

ne conep>~< aT pacce!IHII SI n a CC-2 ,3, TO 11x npencTa aneHII SI ,~ ananorii'!Hble ~ 

npen CT8BlleHH !!M (3,1 2 ) II (3,14), He 6 ynyT conep lKBTb n o m o ca B T O'!Ke k
0

= E/ P ) + E
23

(k - f) 

T enepb B 0 3b M e M y paaHeu11e (2 .12). a K OT OPOM BMeC T O g
1 

, g
2 

11 g
3 

r OI!C T aan e nbr 

IIX 3HB'IeHI!SI 1!3 (2,4), 6 y11eM C 'IIIT8 Tb, 'ITO l! OllY'III BWeeCS! p8 8 8 H CTB O 38 l!IIC II IIO B K 0 0p1!11H8-

TBX (3,11) H H e06XOIIII MOC T b B IIHTe rpllpOBBH!III 11 0 HCKnJOtt eHa . Torna n on yttHM: 

l • K l( k .; .; u u ) g ( k u u 11 f 
., 2 8 2 3 1 23 t ~ 3 1 2~ 

1<•~- P >11 1 
) e 

l(kmJ .f l'7'1 
- { g 0 ( k (

2
; I '1 

23 
f ) e dV + 

(3 .1 5 ) 

l(k5__p )'1 
+ [ l ~ T

23
g

0
(K 31+K 12)1(k .;28.; 1 u

23
u 1 ) g (k ~ 3u 1 y23 f )e M 

1
dl' du

23
du

1
• 

EcnH T e nepb Ha 6aenThCst H OT HHTerpupoeaH~ st no ... H noTOM y M H O>KH T h paeenCTBO Ha 

k
0 

- E
1 
(f) - E 28(k.f)+ir1T o . a npene n ax ko~ E

1
(f)+E 23 ( k - P ) 11 < ~ 0 n ony 'IIIM 

1<f-k~l) .; I 
J g 0 K 23J (k .; 23,; 1 u 2 j 1 ))(k(u 23u 1 ) du 23 du 1 ~~ e f k-f (.;

23
)+ 

(2tr) 

EcnH s e pHyTbCfl K neper.. te HH htrvt x 1 , T o HMee M 

23 
'a K 23X k • )(Ok + &o 1a go ( Ks I+ Kt:t X k ' 

23 -1Px 1 
X Ok -= e 

(2) 

Xk-f ( x2 x 3l- !lB Y X'IBCTII'II!B<I BOlJ H OBB !! <jlyHKUIISI !l lJ SI CC-2 ,3. n onara SI 

BM 8 CTO (3,17) MO>I<HO Hllfi i!Cl!Tb 

AnanorH'IH biM o 6pa30M 113 ypaaue u ur. (2,13) nony'!a JOT C !I eme n a a yp a a u e u11 R : 

TaKH M o6pa3o" , Mbi n ony 'lllm i C IIC T eMy y paau e 1111 ri Ill!!! x •• 
pacc e m ii! St ua CC-2,3: 
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II 

(3 .1 6 ) 

(3.1 8 ) 

(3.1 9 ) 

(3.20) 

( 3.2 1) 

a cny ttae I 



' . ") ( ) (" X ' X 0 T 23 T2s X 

lx:: ·l·" ''• T., 0 T., x:: I 
(3,22) 

28 0 T T 0 28 
x8. 12 12 x8k 

r ne 3 HBl.{KH 

28 
K8 K X 

2,3 caepxy oa u8'1810T, 'ITO Mbi nMeeM ueno c CC-2,3. Tenepb cnenyeT u8IITHJ 

2 8 28 , x H x CBli3 8Hbi c aonnoaoll <j>yHKOHeil, onHCbiB810lll9H p8CCel!HHe H8 

28
2k 3k lk 

CC-2,3 -
x. , licxoull H3 p8B9HCTB8 (2.3) a npenenbHOM nepe xoue y 10 

H coa e plllBSI B biKnanKH, a Hano rHttHbte BbtwenpHaeneHHbtM, nonyqaeM 

2 8 

x. 
28 

~ X lk + 
28 

x2k + 
28 

x3k 

T enepb abmn we M o6mee yp8anenue a M8TpH'IHOil <j>opMe unll p8cCeliHHll H8 CC-

i,j /( i,j) ~ (1,2) (2, 3) (3,1)/: 

\

/ x::\) ( x
1

:. 

xu - · x 11 

2k Ok 

x 11 x11 

8k Ok 

s 
21 

c58q 

s 
II 

s ) 
8j 

s + :g 0 lj 

s 
21 

Tal 

T 
10 

T
28 

T
28

) 

0 T81 

T 0 
I 2 

II 

xl. 

lj 
X 

2k 

II 

X Sk 

y 00 
, y ... -"10 

so 

(3.23) 

(3 .24) 

lj x
0

• - p e wenue u ayx'18CTH'iHOro yp8BH eHHll EeTe-C8nbneTep8 unll 8pryMeHTOB x 1 H x, 

H pewenue cao6onnoro yp8aHeHHll unll TpeTbero apryMeHTa, Yp8aHeHHll (2,14) H (3,24) 

an8norH'IHbi ypaaneHHliM <l>aueeaa
13 1

, nonyqeHHbiM unll p8CCeliHHll qaCTHUbi na CBli38HHOM 

COCTOliHHH B HepenliTHBHCTCKOII KB6HTOBOII M9X8HHK9, EcnH H8TIHC6Tb yp8BH9HHll (3,24) B 

TipH611H>K9HHH MrHOB9HHOrO B36HMOil9 11CTBHll, TO B H9p911liTHBHCTCKOM npeuene 01111 nepexo-

!HIT B TOqHbl 9 y paan eHHll <l>aueeaa. B 3TOM CMbrcne ypaaneHHll (3,24) l!BIIlllOTCll p ellll-

THBHCTCKHMH o6 o6meHH liMH y paBH9HHII <l>au eeaa . 

+ 
4. Ypaane HHll unll Xk ( x1 x2 x;) 

+ 
B npellblllY!lleM nynKTe Mbl o6o3H8'<HIIH q ep e3 X k ( x 1 x2 x 3) aenH'<HHY 

113 p8B9 HCTB8 

+ 
Xk (xlx2x8) 

lliiH <j>yHKUHlil 

X + ( x x x ) ~ < k I T :;; · (x ) i (x ) ; · (x ) I 0>. 
k 123 tl2238 

(4,1) 

(3 .5) CT 6HOBHTCll OTI 9 BHilllb!M, 'ITO H9llb3ll o6Hapy>KHTb npliMY!O CBll3b M9 >KilY 

H x ( x x x ) • Do3TOMY a nacTOH!ll9M nyHKTe Mbl nony'iHM ypaaneHHll 
+ k I 2 3 

Xk (xlx2x3), 

B ocn onb3yeMCll TeM , 'ITO TpexqaCTH'IHOe yp8BH enne EeTe-C8nbneTepa ( 1.6) MO>KHO 

9 Ul9 38IIHC 8Tb B BHA9 : 
g~~+ : gKgo. (4,2) 

10 

H en ocp encTaeuuo MO>KHO y6e 

!l ilT K Oll iiOMy II TOMY >K9 pc 

g 

T oru8 B cny'l8e n8pHbi X B381 

g 

3 Ta ~l0pM8 38 TIHCII g TI03 I 

+ 
T OpbtX BenHYHH 

+ 
gl • g2 II 

rue a C!lll311 c ( 4,3) nono~< 
+ 

g 1 = g !\ago 

EcnH aaec Tn aenHY IIHw g lk 

TO 0 1.f 9 BH O H O , ttT O y p8BH9HlHI 

MOilH<jJHK8UHH y p8BII 9HH H ( 4,3 

g = g 2t 

KB>I<.UB51 lf 3 KOTOpbi X cosrra .uac 

BbiKn8.D. KH
1 

MO>I< H O n onyt.JHTb C 

pll'iHOII <j>op Me: 

( g+g+g+) = I 
1 2 a 

B < 4.8 J a e"""""b' T1• 

( 4.8) T6K>Ke onpeueneno , ec. 

( 4,8) MO>KHO HCTIO!Ib30B6Tb ! 

HU e 1.f8CTllU bl 1-18 .llBy x qaCT JPU 

llHKy, npOHIIII !OCTpHp OB6HHY!O 

nepe xon K OH91.fH biX Koop.anHa1 

ne p8CTI8 u aeTC H, 

+lj 

<x +tj 

x2k lk 

T or na Mbl 

+lj 
X )= 

3k 

+lj 

+·< xl. 
+ll 

x2k 



23 
X 

lk 

23 

x~k 

23 
x3k 

(3,22) 

-2 ,3 . T errepb cneayeT nailTH J 

b1B8!01ll9il p 8CC9 SIHH9 H8 

pexoae y ~0 

:a eM 

acceHHHSI na CC-

8 anSI apryMeHT OB 

' y .. - lO 

so 

(3.23) 

(3 ,24) 

X I H 

lp8BH9HHSI (2 ,14) H (3,24) 

IHHSI tt8CTHUbl H8 CBSI38HHOM 

li1HC8Tb yp8BH9HHSI ( 3,24) B 

cTCKOM rrpeaene onn nepexo-

HeHI!SI (3,24) SIBnSI!OTCSI penS!-

.
2 

x 
3

) eenH'IHHY 

I (x a)\ 0> . (4.1) 

apy>KHTb llpS!MY!O CBSJ3b Me>Kay 

Te Mbl nony'IHM yp8BH9HHSI 

re- CanbneTepa ( 1.6 ) MO>KHO 

(4,2) 

Henoc peacTeeHHO MO>KHO y6eaHTbCSJ, 'ITO I!Tep>rpoean>re ypaeHeHHil (1,6) n (4.2) np>reo-

anT K oanoMy 11 TOMY >Ke peaynbT8TY 

g = go+ go K go+ ... + 1m K • 

T oraa B cnyqae napnhrx B38HMoaeilcTBHli HMeeM 

(4.3) 

3Ta c!JOpMa 38J1HCII g Il03BOn519T 1 KBK l1 B n.2, nony'H1Tb CHCTeMy ypaBH9HHt\ Jl,n5l H9KD-

+ + + 
Tophrx a e ni.PiHH g

1 
g

2 
11 g 

8
• TaK, HanpHMep, MO>KHO nono>KHTh, 't!TO 

+ + + 
g~ go+ g ,+ g2+ g If (4, 4) 

r a e B C BSI311 C (4.3) nonO.ii<eHo 

(4.5) 
EcnH aaecTH aenHttliH bi glk '! epe3 yp8BH9HHSI 

g,k ~ go+ ~kKlk go' (4.6) 

TO O'IBBHa no, 'ITO ypaeneHtHt ( 4.6) coenaaaroT c (2,5) . Toraa MO>KHO Bbli11!C8Tb Tpl! pa3Hbte 

MOaHtjlHK8UIIH yp8B118HHil ( 4,3) 

g u g2~ g (K a I+ K, i g23e gat g ( rc, tK2) g3 i 

e ~2+ g( !(23+ \t g12' 
(4 .7) 

K8~<a851 113 KOTOpb!X COBI18a89T C COOTB8TCTBYIOWel\ H3 (2,6), flpOBOall a HanorlPiHhre rr .2 
+ 

B biK118.llKH, MO>t<HO nony1.fHTb CHCT C MY .U11Sl 

pn'lnoii ¢opMe: 

g 
3 

. 3Ty CHCTBMY Mbl 38111!1ll9M B M8T-

+ + · + (0 T31 T1) 
+( gt g 2g , ) T2a 0 Tt 2 ·go 

T T 0 
23 3 1 

(4.8) 

B (4.8) aemi'IHHbr T1k Te ~<e C8Mbie
1 

'ITO 11 e (2 .1 4) 11, cneaoaaTenbHO, ypaaHeHHe 

(4,8) T8K>Ke onpeaeneHo, ecn11 C'IIIT8Tb, 'ITO a eyx'laCTH'IH8H aaaa'!a H3BeCTH8, YpaeHenHe 
+ 

(4,8) MO>KHO ncrronb30B8Tb ann nony'!eHHSI ypaeneHHSI ann X k , Koraa HMeeTCSI pacceSJ-

HHe li8CTHUbi H8 llBYXli8CTI.PIH OM CBH38HHOM COCTOSIHHH . 3TO MO>KHO C,ll9118Tb 1 npH MeHHSI M9TO-

aHKY, npo>rnnrocTpl!poeannyro B n .3 . T onbKO a 3TOM cnyqae cneayeT caenaTb rrpeaenbHbtll 

nepeXOJl KOH9tiHbiX KOOpllHHBT K + Oo 1 Y1.fHTbiB851 , 1.{1'0 CBH38HH09 COC T OHHH9 B 3 T OM npenene 

ne pacnaaaeTC<r, 

+IJ +ll 
<x x 

lk 2k 

T oraa Mbl nony'IIIM: 

( 
+ IJ 

+: X 
lk 

+ll 
) e ( XOk 

+IJ 
X 

Sk 

8 
2 1 

8 
3 j 

(~ :31 :1 2) 
23 1 2 

T2a Ta t O 

II 

8 . 
t j' 

g 0 • 

) + 

(4 . 9) 



rne +ij 
xlk 

+ij 
+:x2k 

+ij 
+-x 3k 

+ij 
· ·xk 

(4.10) 

3aaqxa I, j nOCTaBneHhl anR TOrOo ~06hl OTM9THTb TOT ¢aXT0 qTo B XOHeqHOM COCTORHHH 

HM99M CBH3aHHOe COCTOSIHHe i -Toll H j -Toll qacTHUbl, 

5, 3neM9HTbl S -MaTpHUbi, OnHCbiBaiOIUHe paCC9!1HH9 qaCTHUbl 

Ha CBR3aHHOM COCTORHHH 

npa non)"leHHH ypaBH9HH!I (3,22) Mbl BOCnOllb30BanHCb T9M 0 qTQ eCnH 

xto' x20' xao >:yto 'y20 'yao ' To 

g - ~ < 0 I T .P ( x ) .P ( x ) Y, (xa) lk><kl T ~ o(y1 )Y,.(yl</(3 (yll0>, k I I 2 2 a I .1 tf 

n o TOM 0 B bi)len!IR BKnaa BCex paccestHIIll nepBOll qaCTHUbl aa CC-203, nonyqHM 

g - · ~ 
lkR > 

<Q T </11 (x 1 ) </1 2(x 2) Y,a (x; lkR><kR! T </1
1 

(y
1
) ~ '2(y2) </la(y

3
) 10>+ 

+ OCT81IbHbie qneHbi • 

(5.1) 

(5,2) 

C ocToRHHR <kRI onHC biBaHHR pacceRHHR nepaoll qacTHUbi aa CC-2,3, RBnRIOTCst co6CTBea-

HbiMH COCTO!IHH!!MH nonaoro raMHnbTOHHaHa C Henpepb!BHblMH C06CTB9HBblMII 3HaqeHH!IMH, 

Y CTpeMnstn y
10 

o Y2o 8 Yao rr nnn nonyqeaan ypaaHeHHR ann ~ , Mbi non~aeM 

erue 0 qTQ 3TH COCTQ !!Hll!l xaparrTepH3yiOTG!I co6CTB9HHblM 3HaqeHH9M nonHero raMHnbTOHHa-

Ha 

kRo• EI+ :E2a' 
(5.3) 

T.e. aTO 3H81:[9HB9 COBn·anaeT CO 3H81:[9HH9M aHeprHB CHCT9Mbl B H81:[8nbHOM COCTOHHHH. 

Cnea oBaTe nbH0 0 ypaBaeHHR (3,22) RBn!!IOTCR ypaBaeaHstMH an!iJ ¢yarrnaa 

+ 
Xk ~ < o I :T </1 I ( x I) </1 2 ( x 2) </1 a ( x a) I k R > • (5,4) 

r ne 
+ 

lkR> -rall3ea6eprOBCKOe COCTO!IHHe, OTBeqaiOIUee BXO!\!IIUHM BOnHaM, TarrHM JKe 

o 6pa30M MOJKHO 9IU9 nOn)"IHTb, qTQ 

+ 
xk <kRI :T iftl(yl)</12(y2)Y,a(ya)l0> • (5.5) 

rae <k Rl - rell3eH6e prOBCK09 C OCTO!IHHe, OTBeqaiO!ll99 BhlXOa!IIUHM BOnHaM, 3TO 06CTOH

T e nbCTBo aaxonaTCR B cornacaa c non yqeaHWMH ypaaaeHHHMH nn>r xk 
+ 

a xk 113 (3,22), 

aanpaMep, BHnHo, qTo X k onpenenaeTCH qepea x
0

k o T.e. aonHOBYJO ¢yHKUHIO Haqatlbaoro 

COCTO!!Hl!H, a H3 ( 4,9) BH!IHO, qTO X + onpeaen!leTCSI qepe3 BOnHOBYJO ¢YHKUHIO KOHeqao
+ 

ro COCTOHHHH XOk 

'-!T06bl nonyqHTb MaTpH'IHble a neMeHTbl pacceHHH!I Ha CBH3aHHOM COCTORHHH, O'I9BHaH01 

CneayeT yqeCTb 0 'ITO KaK B aaqanbHOM, TaK H B KOHeqaoM COCTOsuiHH HM99TCR CC-2 03 H 

01\Ha CB060nHaR 'IaCTHUa, 

12 

~-

i1Mell B BliliY (5,4). 

• (K +K )g- ~ 
"2 a a 1 1 2 k 

B a TOM Bhrpa>KeHHH c y MM: 

CC-2 03 0 a cyMMHpoaaaae 

HaM'. Tenepb, ycTpeMns!SI 

g ( K +: K ) g • ~ 
23 31 12 ktk~ 

( Yro ) .. _ ,~ ; ( XIO ) .. i 

I x2o- xaol <~ I Y2 

rne B KOOP!IHHaTOX (3,11) 

"' - r kl 

s < e 10- E.<f', 
4 E 23 (Itt -f1: 

3To Bblpa>KeHHe norra3b!Ba 

9TOfi B9nHqHHbi B KOH e l:(HO 

qacTana. CyMMHpoaaHHe r 

noacTaBnR!I (5,8) H 

+ _, _, 
< k 2g I :T .P, ( Yr ) </1 2 ( Y 2) 

+ 

a (5.7) , nonyqaeM 

+ 
g2a( Kai+ · I:t2) g •f X ( 

Ok 1 

(xiO ) -t+c!o; (yiO)+-oo 

I •2o- •sol <~ 

I •w- 'so I < ~ 

TaK KaK 

x _ 

[I 

+ 



(4.10) 

, qTo S KOH9'lHOM COCTOHHHH 

~8CTHUbl 

(5.1) 

CC-2,3, HBn>IIOTCH coeiCTBea~ 

~6CTB9HHbiMH 3H8'19HitliMit, 

x;. , Mbt non)"'aeM 

!HHeM nonaoro raMHilbTOHRa-

(5 .3) 

•I 8 HaqanbHOM COCTOHHHR. 

jJyHKIXHH 

+ 

R > ' (5 ,4) 

RM sonaaM. TaKHM >Ke 

I ) I 0 > • 
a (5.5) 

lllllHM BOnHaM. 3TO of5CTOB-
+ 

tnH )(k a )(k Ha (3 . 22), 

OnHOBYJO ~HKUH!O H8'1anbHOro 

BOnHOBYJO ~YHKllH!O KOH9'1HD-

I38HHOM COCTOSIHHH, 0'19BBAHO, 

'OHHHH HMeeTCH CC-2,3 a 

i1Meli B BHllY (5.4), npellCT8BHM BbtpalKeHHe &2S(Kat+Kt 2)g B BRil9 

... - -
~s(Kst+ · K,2)g ~ · l: g2s(Kst+ Ku))(k <kali'l/i,(y,)i]i~(y2)Y,s(ys)IO>+ 

kR 

+ OCT811bHbl9 qneHht. 

(5.6) 

8 3 TOM Bbl p8>K 9HHH CyMMHpOBBHHe Rll9T TOnbKO no COCTOliHHliM paCC9liHRli 'IBCTHUbl HB 

CC-2,3, a cyMMHpoaaaae no aceM ocTanbHbtM coCTOHHRHM Mbt oTaecnu K "ocTanbHbtM qne-

HaM'. Teneph, ycTpeMnHSI H x
10

, x
20 

H x
80 

K + oo, 

(5.7) 

I x2o-xsol <.oo ; I Y2o-Ysol <oo 
+ OCT811bHbl9 'l119Hbl, 

(5.8) 

3TO Bbtp8>K9BB9 nOK83b!B89T, 'ITO CyMMHpOB8HH9 no k t B (5,7) Hll9T no BC9M 3H8'19HitliM 

STOll BenR'IHHbl B KOH9'1HOM COCTOliHHR, B KOTOpOM 9CTb TOnbKO CC-2,3 R OllHB CBOf50llHBli 

qacTaua. CyMMHpoaaHHe no npyruM aaa'leHRHM k 1 M bt OTHecnH K • ocTanbHbtM 'lneaaM". 

nonCTBBnliSI (5 .8) R 

+ . - · - · - tk2YH~k2'1t r:2.f2<'1nl6(f2o- E,<9J 
< k :a,. I T "'· ( Yt ) "' .2 ( y 2) "' 3 ( y a ) I 0 > ~ e r X 

B (5.7 ) , nonyqaeM 

<•10 '"*""' (yiOJ-+-oo 

I x20- •sol<oo 

I v20- vso I< .. 

TaK KaK 

4 E23 ( k 2 - f 2 ) E 1( f 2 ) 

•I f2'1 t 
e d f 2 

x ~0- Et (~) - ~jt"2- (2)+1< 

+ qneHbl ae conepJKawae CC-2 ,3 

I f1,; I I f 271 1 e e 

E (It - f) E (() E ( ( ) 
23 2 1 I I 2 2 

+ qneHbl B KOTOpbtX H9T llBOi!Hb!X OCq6eHHOCTell . 
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(5.9) 

X 

(5. 10) 

+ 

(5.11) 



" 
B COOTBeTCTBHH C ¢opMynoll (5,7), g MO*HO npeACT8BHTb B BHAe 

rae 

g Q • I. 
ktk2 

< 0 I T ;f, 1(x 1) t/1 2 (x 2) t/1 3(x 3) I k 1;>-S 12~ k 2 
T ~ ,1(y 1 ) r#

2
(yJ ;

3
(y

3
) I 0>+ 

R R 

( x1o) -+ + ·- ; ( Y1o)-+ _ ,_ ; I ·\o- xao I <- ; I Y2o- Yao I < 
+ qneHht, st e coaep * 8Wste p8ccestHHst H8 CC-2,3, 

_ , + 
s - < k 1 ·k > • 

12 I R 2R 

(5.12) 

(5.18) 

ecTb M8Tpst '1Hhtll sn eMeHT S - M8TPHUbt, onstcbtB8IOWHil p8ccestHste H8 CC-2,3, T8K K8K 

_ -lk x-1..:.\ e 
< 0 I T "' (X ) "' (X ) "'(x ) I k > - e I M I I r 

1 1 2 2 a a JR 

f k 1 • f 1( e 23 ) ll (£ 10- E 1 (f 1) ~ x 

4 E23( k1 - f 1 ) E1 (l 1) 

e lfto!'t d f t 
(5.14) 

X -----------.~------~---.~----------- + 
k 10 - E 1 ( f 1)-E23 (k 1-f1 ) + : 1 r 

+ 11neHhi He coa ep*8WHe CC-2,8, 

TO UOACT8BnstS! (5,9) H (5,14) B (5,12) , nony'l8eM 

·l(k 1 X +~k l .;1) l(k 2Y+~:i1r 1ft 1 
= · r e M e M e e 

g - .. .... ... ... .. .... 
16 E~3 ( k 1 - f 1) E

28
( k 2- f 2 ) E 1 (f 1) E 1 (£ 2 ) 

-I £2 'It 

sl2 x 

(5.15) 
+ 

X 

tk 
1
_£l ( 2 ~ rk _ e < 71 23) a < e 10- E1 (f 1 >>a (f 20 ·- E1.<f :J > 

[ k
10

- E
1 

( f 1) - E 28( k 1 - f 1)+irJ [k2o- Et (f,.) - f.oa (k2 ·_ ( 2 ) + :if), 
(dk)(df) + 

+ qneHbi, · a KOTOpb!X H9T ABOI!HbiX OCo6estHOCTelt 

(( xto) -++ .- ; (ytO) .. _ ,_ ; I X.o-xaol <- ; I.Y2o-Yao1 < -) 

g
28 

K8K nerK O y 6eAI!TbC S! He COA9P* IIT ABOHHbiX OC06eHHOCTelt H U09TOMY UOACT&BnHH 

(5 ,10) 11 ( 5 ,15) B ( 5,11) HMeeM 
(I) (2) + 

x+ ( K 81 -+ K 1:t xk ll (f 10-E1 ) ll (fll()- E 1 l£..1.f1(.;28 ) tk _f('1 28 l 
011 2 a 2 '""' 

(1) (2) (1) (2) (I) . (2) (2) . 
16E~3 E

23 
E 1 E1 [k10 -E 1 - E

28 
+ trH~0 -E 1 -E 2/H ), 

+ (5.16) (I ) ( 2) 

s12 1l < f 10- E 1 l ll (f2o- E; ) rk _ e
1
< ( 28 ) rk _ r_2('1 23 l 

-:-;-:::rJ'j ( 2 \ (I) (2) ( 1) 1 ( l"J""'" -:-:--y2 - · -~4} -:f2) + • 
16 E

28 
E

23 
E 1 E 1 [k 10- E 1 - E 28 + . tr [l< 20- E 1 - E 23 +·u) 

(I) -+ - (I) -+ 
+ 'lneHbl ne coaep >KBWHe ABOIIHbiX oco6eHHOCTell, ( E2 8 = E 28 ( kl - e.); E I = E I <£.) ) • 

(I) ( t: ( 2) ( 2) 

EcnH Tenepb (5 .1 6 ) yMHO>KHTb 118 ( k 10 - E 1 - E 23 +i • 'k :,0- E 1 - ~lir) B npeaene 
( I ) ( I ) ( 2) (2) 

k 
10

.. E 
1 

+ E2 ~ , , k 
20

-+ E 1 + E 
23 

H £ ... 0 , a c e Meaee CHHryn srpHbte qneHbi yHH'tfTO)KSlOTCH 

H UOCn e H906XOAHMhlX COKp8WeHHII H3 (5,1 6 ) nony'IH M 
+ 

slo = x (ks, + kl2) xk + :llt2 
Ok

1 
2 

(5.17) 
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T8KHM o6p830M, M&l nony'lstr. 

'18e p8CCeHHHll '18CTH!lbl H8 C 

HHH (5.17). 8H8norst'!eH MeTe. 

H biX a neMeHTOB JlHH8MH"19CKH 

38HH&tx coCTOl!Hstlt, P8BeHCTe 

THBHCTCKOI! KB8HTOBOI! M9X8H 

WHX p8CC9S!HHS! H8 CBst38HHO~ 

AaTop B&lp8>K8eT rny 6m 

xenaase H ~.~.Toaoposy 38 

1. E.E.Salpeter and H. A. Bethe, I 

2. M.Geli-Mann, F.Low, Phys. R 

3, n.ll.<l>8aees. )1(3T<I>, T,38 

4, G. Wentzel, Phys. flev., 89. 61 

5, S.Mandelstam, Proc. ·Roy. Soc. 

F 



A 9 

(5.12) 

'aol < 

(5.18) 

o~a CC-2,8. TaK KBK 

8(f 10 - E1 (f 1)) 

-f 1)E 1 (f 1) 

X 

X 

(5.14) 

(5.15) 

(dk)(df)+ 

9 HHOCT9 ll 

1109TOMY 110ACT&B11 HH 

... 
2) . I 
23 + "ll 

(5.1 6 ) 

.. (l) ~ 

k, - f, ); E I = E t<f,) ) . 

( 2) 

· ~ / i<) a n p eAen e 

:pHbiB '111 BHbl Y HH'ITOJKB IOTCH 

(5.17) 

TaKH M o6paaoM, Mbl nony'IH11H BbtpaJKeHHe AnSI M aTpH'IHbiX sne MeHTOB S -MaTpHUbl a c n y 

qae p8CC9SIHHSI qaCTHUbl H8 CBSI38HHOM COCTOSIHHH. CneAyeT OT M9THTb, qTO MBTOA nony 'le

HHSI (5.17). 8H8110rHqeH MBTOAy, HC110nb30B8HHOMY MBHA911bCTaMOM/
5

/ A11 H B blpalKBHHSI M 8TpH1i

H biX 9119M9HTOB AHH8MH'I9CKHX B91!HqHH 1!9 p e 3 B011HOBbl 9 ljJyHKUHH o e T e-CanbneTe pa A11 SI C BSI-

3aHHbiX COCTOSIHHll. Paae HCTBO (5 . 17) B110 11H9 8Hano rH'IHO K3B9 CTHOMY paBBHCTBy B He p enH-

THBHCTCKOll KBaHTOBOII M 9 X8HHKe/
8

/ A11H Bblp8lK9HHH S -MaTpKqHbi X 9 11BMBHTOB
1 

0 11HCbiB810-

WKX paCCBHHKSI H8 CBH3aHHOM COCTOSIHHHo 

AaTop B btpa>KaeT rny6oKyiO 6 naroAapHOCTb H.H.Eoron106oay, A.A. lloryHoay, A.H. Taa· 

xenHA3B H H.!I'. ToAopoay aa HHTe pec K pa60Te H none 3Hbl e o6cyJKABHKSI. 
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