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1. BBE,QEHHE 

MeTOA ¢eHOMeHonorH4eCKHX narpaHmHaHOB no3BOnReT npOCTO Boc
npOH3BOAHTb pe3ynbTaT~ anre6p~ TOKOB Ha YPOBHe APeBeCHOro npH-
6nHmeHHR / l ~ 0AHaKO AnR peweHHR HeKOTOP~X 3aAa4, HanpHMep AnR 
npaBHnbHOro KOnH4eCTBeHHOro onHcaHHR AnHH pacceRHHR rrK -cHCTe
M~, APeBeCHOro npH6nHmeHHR HeAOCTaT04HO. 

Hcnonb30BaHHe cneAY~~ero, OAHOneTnesoro, npH6nHmeHHR KHpanb
HOA TeOpHH nonR / 1,2/ no3BOnReT HaAeRTbCR Ha B03MOmHOCTb aAeKBaT
HOro onHCaHHR 6onee WHPOKOro Kpyra 3aAa4, B 4aCTHOCTH, Ha nony-
4eHHe HH$OpMa4HH O samHWX BHyTpeHHHX xapaKTepHCTHKax Me30HOB 
/paAHYC~, AnHHW pacceRHHR H np./. 

6onbWaR pa3HH4a MemAY 3KCnepHMeHTanbH~M 3Ha4eHHeM AnHHW 
pacceRHHR a ½ =0,335+0,006m-1 / 3/ H semt4HHoA a ½ =O, 14m-1 .o - rr • 0 · rr 
nony4eHHOH B APeBeCHOM npH6nHmeHHH KHpanbHOH TeopHH, yKa3~BaeT 
Ha 3Ha4HTenbHOe HapyweHHe SU(3) L® SU(3) R-CHMMeTpHH. CneACTBHeM 
3Toro MomeT 6b1Tb 6onbWOA AOnonHHTenbHblA BKnaA B AnHHbl pacc~R
HHR OT OAHOneTneB~X AHarpaMM C CHnbH~MH BepWHHaMH, onHc~sai
~HMH Me3oH-6apHOHH~e / 4/ HnH Me3oH-KBapKOB~e/ 5/ s3aHMOAeACTBHR. 

B HaCTOR~eA pa6oTe B~4HCneH~ BenH4HH~ BKDaAOB OT neTneB~X 
Me30HHblX H 6apHOHHblX AHarpaMM B AnHHbl pacceRHHR nHoH-KaOHHOA 
CHCTeMw. AHanorH4HWe pac4eTW npoBeAeH~ AnR nHOH-nHOHHOA CHCTe
MW. PaccMOTpeH TaKme anbTepHaTHBH~A cny4aA KBapKOBWX neTneswx 
AHarpaMM H AaHO cpaBHeHHe pe3ynbTaTOB 3THX ABYX nOAXOAOB. 

2. nArPAH~HAH B3AHMO,QE~CTBH~ 

,l\HHaMH4eCKOA CHMMeTpHeA nHOH-KaOHHOro B3aHMOAeACTBHR npH 
H"13K"1X 3Hepr1-1Rx RBnReTCR SU(3)L® SU(3) R KHpanbHaR C"1MMeTpHR. 
narpaHmHaH, HHBapHaHTHWA OTHOC"1TenbHO npeo6pa30BaH1-1A AaHHOA 
K1-1panbHOA rpynnbl' "1MeeT BHA /1 / 

Cl F2 . . 
J.. = __,;._ wi wi • /1/ 

2 ~ µ 
KoHcTaHTa cna6oro pacnaAa n1-10Ha .Frr=95 M3B. npHBeAeM B~pameHHe 
AnR ¢opM KapTaHa w~ B cny4ae sw6opa HOpManbH~X KOOPAHHaT rpyn
nosoro npocTpaHCTBa ronACTOYHOBCKHX Me30HHWX noneA: 

(-1) n n · 
------- ( D )1 a M , ,,---- - - - ----. 
(2n+l) ! k µ k f''.J 1t:t.1H[itf l~I i'' •C f •. J• 

12/ 

-. ·,;:pw,1v ,1· ',V' . ,UJ H➔ : 
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rAe (D0
)~ =o!; (D}ik =-f inm fmjk x M

0 
Mj; Mi- nomi Me3OHHoro 

OKTeTa; f. ( d. ) - CTPYKTYPHble nOCTO.RHHble noArpynnbl SU(3} . 1nm mm ~ 
JlarpaHlKl-'laH, Hapywa101111-11-1 Kl-'lpa/lbHYIO Cl-1MMeTp1-110, Bbl6epeM cor11ac-

HO re1111-MaHHY, OaKcy, PeHepy /s/: · 
2 2 · 

; 
m o,F i>.-0 - -iL0 if = -~IL.... I Sp [ e ·7 (X -y2>, ) e ·7 e ] + (0 ➔ -0) I. 

C 2yff ·o 8 _ 
/3/ 

3AeCb '\ - MaTPl-14bl re1111-MaHHa; Ao=v; ;0- yro11 Ka61-1660; f = 

= l "" 
-F _:£ ,\i Mi. 

77 1=1 
All.A pac4eTa npo4ecca 11K -pacce.RHl-1.A B APeBeCHOM np1-16/ll-1lKeHl-1"1 
OT 11arpaHlKl-1aHOB /1/ 1-1 /3/ noTpe6ylOTC.R 4aCTl-1: 

~ 1 - - _. 
5?_ = - --[ KKa 11. a 11. +ick 11. a,, 11k (Krma,, K)] -

4F2 /.l l /.l I I m I r ,-
11 

1 -
- -- (m2 -2m2) KK11 11 

12F2 K 11 i i 

£ 
HC 

IQ 

11 

r 
-- ( m 2 + m2 ) K K 11 11 
t2F2 K 11 i i 

1T 

/4/ 

/5/ 

6apl-10Hbl B paccMaTp1-1saeMOM npm1ecce no.RB/1.RIOTC.R TO/lbKO B B1-1Ae 
3aMKH,YTblX neTe/lb. CoOTBeTCTBYIOlll.l-1e 4aCTl-1 K1-1pa11bHOro Me3oH-6a
Pl-1OHHoro 11arpaHlKl-1aHa l-1MelOT Bl-'IA/4/ 

. M -
. L 1 = 21gA-F aijk x B1 y 5 Bi Mk, /6a/ 

' 11 

2 M -
L = 2g - a a B B M. M 

2 A .F2 kim njm i n J k 

L = 
3 

11 

i3 r B M a M 1 < g2 -1 ) r r + 
2Fff _i /.l n j /.l k A inm kjm 

+g2[~a2(o o -o o )-2a(1-a)f (f -id )]}. 
A .3 ij kn ik jn kjm inm inm 

/66/ 

/6s/ 

3AeCb a =ad -i(l-a) f ;a=..2.; g =1,25; M - Macca 6ap1-10-
ijk ijk ijk 3 A 

Hos; B. (M.)- non.A 6ap1-10HHOro /Me30HHoro/ OKTeTa. 
I I 

Hap.RAY C 11arpaHlKl-1aHOM /6/ Mbl TaKlKe 6yAeM 1-1cno11b3OBaTb B 
CBOl-'IX pac4eTax KBapK-Me30HHblH 11arpaHlKl-1aH MOAe/11-1, npeA/lOlKeHHOH 
s pa6oTe /5/: 

·2 

.} 
! 

£ 1 .• i ..!b (mi +m/) (. ~k )ij qia Y5 qja Mk 
F11 

/7a/ 

-2 
£ =-.!A._q_ q. Mk Me [ 

2 4F 2 la Ja 

mi::::3 

2 
(Ak An) +m (.\k). (An) . ] , 

L Il Ill. L llJ 
"; i76/. 

11 

£ ~. 
-·2' 
gA-1 L M · a M q (.\ ) y. q /7B/ 

3 4Fir 
knm .k µ n ia m ij /.l ja 

KoHCTaHTa nepeHOPMl-'IPOBKl-1 aKCl-'la/lbHOro KBapKOBoro TOKag ~ 1. 
q 1/ i =1, 2, 3, l-1HAeKc aanaxos;'°a =1, 2, 3, 4seTHOH 1-1.fAeKc/ 

1-1 mi - non.A 1-1 MaCCbl KBapKOB; ,\m - MaTpl-14bl re1111-MaHHa. 
AMn111-1TYAbl, on1-1cb1sa101111-1e npo4ecc 11K -pacce.RHl-1.R, onpeAe/1.RIOTC.R 

1-13 c)>OpMy/lbl . ', . , 

<a,i IS-ll/3.j>=i(277/o(p,+ptl-p· -p ) x 
J p l a 

,f+) ,f-) 
x [ Oa{Joij (s,t,U) + ifijk (rk )a/3 (s,t,u) ] • 

3AeCb s = (pi +p/3 ) 2; t = (pa' -p/3 f; U=(pfJ-pi)2- Mai-tAe/lbCTaMOBCKl-'le 
nepeMeHHble. All.A KaHa/1OB C onpeAe/leHHblM 3Ha4eHl-1eM 1'13Ocn1-1Ha 
l-1MelOTC.R ClleAYIOllll-'le c)lopMy/lbl nepeXOAa: 

T 1/2= T(+).;_ 2T<-f; T 3/ 2=T(+) -T<-). 

Hcno/lb3y.R 11arpaHlKl-1aHbl /4/ 1-1 /5/ B APeBeCHOM np1-16111-1lKeHl-1"1,n0-
11y4aeM l-13BeCTHWH pe3yllbTaT: 

T(+)/811 =11a
0
t; 

rAe 

T(-:,): /811 =11a
0 

(s-u), 

2 . , ' i' . m77 - _L 
a O . "' - ( ---) , ( = · · ( ( = s, t, u ) 

· 8 2"F77 m7r . 

3. BKJlA,l\ ME3OHHblX OAHOnETJlEBblX AHAr PAMM 
' ; '. . -· 

11MeeTC.R 4eTblpe B1-1Aa OAHOneT/leBblX Me30HHblX A1'1arpaMM, KOTOPble 
AalOT BK/laAbl B aMn/ll-'ITYAbl n1-1OH-KaOHHOro pacce.RHl-1.R /p1-1c. 1/. Ha111-1-
4He npOH3BOAHWX B 11arpaHlKl-1aHe /1/ MOlKeT npl-'IBOAHTb K nepecTpoA
KaM MaTpH4HblX 3/leMeHTOB B TeOpHl-1' B03MYllleHl-1H - , peAYKI.IH.RM. 8 pa-
6oTeh/ 6b1110 noKaaaHo, KaKl-'IM o6pasoM ,..;OlKHO cc)lopMy111-1posa·Tb Teo
p1-110 B03MYllleHHH, 4To6w PeAYKL.11-11-1 OTCYTCTBOBa111-1. 8 Haw1-1x pac4e
Tax OAHOneT/leBblX Me3OHHblX Al-'larpaMM 6yAeM C/leAOBaTb pe3y/lbTa
TaM 3TOH pa60Tbl. 

B 11arpaHlKHaHe /1/ BWAe/lHM BHeWHHe M /CB.R3aHHWe C BHeWHHMl-1 
KOHl.li3Ml-1/ 1-1 BHYTPeHHHe .F / CB.R3aHHble · C i:iponaraTopaM.1-1/ non.A no 
npas1-111y C/lOlKeHH.R BeKTOpOB B KPl-1BOM npocTpaHCTBe: 

f (M) ➔ £ (M/F) . 
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a. 5 g z 

Pttc. I • MesoHHbJe · .op;HoneTJreBble p;uarpaMMbJ ,D;JIH npo~ecca 
rrK-pacce.lIHH.II: ----- - IlHOHHa.lI nHHH.II; -.-.-. - KaOH
Ha.lI nHHH.II • 

. 

TaKoe paa,qelleHHe no11ei1 y,qo6HO c(j)opMyllHPOBaTb Ha R3b1Ke (j)opM 
KapTaHa/11, 

npo1,4eccy rr K -pacceRHHR 6y,qeT cooTseTcTsosaTb <l>YHKL4HOHa11 S -
MaTpHL4bl 4eTBepToro nopR,qKa no aCHM!1TOTH4eCKHM Me30HHblM no/lRM, 
KOTtipwi1 MOmHO npe,qcTaBHTb B BH,qe 

·2 
S(1rK) = -1-<0!T*[ :Jd4xf(2)(MIF):}2 IO> • /8/ 

2 F F 
3,qecb B 11arpaHmHaHe .s:i<2>c M 1-F) B3RT BTOpOH nopsi,qoK, no nO/lRM M. 

,ll11R perym1pHaa4HH neT11eBblX HHTerpa11os BOCnO/lb3yeMCR cynep
nponaraTOPHblM MeTO,CIOM •. noc11e pacKpblTHR T * -npOH3Be,qeHHR no11y-
4aeM TPH BH,qa cynepnpon~raTopcis: 6ea npOH3BO,qHWX, C o,qHOH 
H ,qByMR npOH3B0,CIHblMH: 

u(J) (x) = ti. (x) ti. (x) ! a(j) (n) [ - __2_ ti.0 (x) ] 2n, 
' m ml n=O .Fff 

/9/ 

... 00 • 

a(j) (x) = ti. (x) a ti. (x) ~ c<J) (n) [ - - 1
- ti.0 (x)] 2n, 

µ ml µ m n=O Ff 
/10/ 

a (X) = (a /). a /). _/). a a /). +a /). · a /). _/). a a /). ) X 
µ11 µ m II IDi m µ 11 m1 µ IDi II m m1 µ 11 m 

/11/ 
x }: b(n) [ - _i_ ti. (x)] 2n. 

n=O .F2 o 
1T 

4 

> 

' 

"3,qecb ti. (x) - npH4HHHaR Cl>YHKL4HR CKallRPHOro no11R MaCCbl m; :{J) (n) • 
b{n) H m C (j) (n) - 4HC/10Bbte K03Cl>Cl>H1,4HeHTbl. TaK KaK Hae HHTepecy
eT TO/lbKO o,qHoneT11esoe npH6/1HmeHHe / n =0/' TO ,Cl/lR BbtpameHHH 
B KBa,qpaTHblX CK06Kax MOmHO HCnO/lb30BaTb 6eaMaCCOBble cso6o,q.:. 
HWe nponaraTopw/1~ BwpameHHSl ,q11R o,qHoneT11eswx BK11a,qos 3THX cy
nepnponaraTopos ,qaHbt B npH11omeHHH. ,llHarpaMMa a ,qaeT OCHOBHOH 
BK11a,q B ,qllHHbl pacceRHHR al/2 H a312 cpe,qH Me30HHblX neT/leB~IX 
,qHarpaMM. 0 0 

BK11a,q OT ,qHarpaMMbl r OKa3blBaeTCR Ma/lblM, H Mbl ero Y4HTblBaTb 
He 6y,qeM. 

Bbl4HC/1RR BK11a,qbt OT ,qHarpaMM a' 6 w B B aMn/lHTY,Clbl 1rK -pac
ceRHHR T (± >, no11y1.1HM c11e,qyl01J.1He BbtpameHHR: 

T(±) (s,t, u) = T(±) (s, t, u) + T(±)(s'?t, u) ±'I(±) (u,t, s) , /12/ 
B a a 

r,qe; 

! 2rr.F 1 · · 
-T(+) =1ra211(2t-1) [2fn--77 -3c+-+2(1-.J(f))+ 
81r . B O m

17 
6 /12a/ 

+ 2(t-2) fn21. 

1 1 - 277 F1r 3 - T<->=-1ra2 (s-u) l1(2fn---3c+-)+2(f-u)[l-J(f)]I, /126/ 
81r B 3 0 • m17 2 

'_!_ ,t.±\s,t,u)·= ..!.1ra2 I 2(1-'G(s) ][ 4~2(s) (f-u-10(s-y 2-1) + 
81r a 8 0 

4 •. 
+ :- ( y2-1 )2 ) + 12y2+ a± ("s-y 2 -1 )2 ]+ [ S(t-U)+( y2-]:)2} X 

s 

X [ a _ g__(y2+1- ---4JCfny) ]+(y2+1) [ 3(y2+1) 3 +10(s-y2-!) a ] + 
1 s 2_1 3 2 

Y /12s/ 

~ + 
+ a-(s-y2-1)2 1. 

4 

3,qecb HCnO/lb30BaHbl o603Ha4eHHR: 

+ 27TF Ji 22 a =29; a-=13; a=2fn 77 -3c+ - ~fny· 
m

77 
3 y2-l ' 

5 
a =a+2fn2+--'-; 

1 6 

2 . 
a =a+ -fn2; a =a+2fn2; 

2 5 3 

mK 
y= --

m1T 

5 



a! =19a-10fn2; a~ = 3a-10fn2; 

~2 Cs)= Lcs-r2-1)2-4; 2[1-J(t)l= 'i 1k r{k) r{k+t), 1131 
's k=1 f'(2k +2) 

2[ t -'G(s)] 
oo -k 1,. I..JL Jdx[x(l-x) ]k. 

k=1 k O 1 +(y2-1) x 

,QJ111Hbl pacceRHl1R onpeAellRIOTCR f.13 (j)opMyJlbl 

al = lim fl j ys Q2e , 
e s➔ so e 

rAe rl = [ 16111-1 J T 1 (s, x) Pe (x) dx - nap1.111a11bHaR ao11Ha c 1130-
-1 . 

Cnl1HOM I f.1 MOMeHTOM f; . Pe (x) - nO1111HOM fle>KaHApa; s
0 

= ( mK + m11)2 . 
,Qnft BKJlaAOB, 8 AJ111Hbl pacceRHl,1R 11K-c11cTeMbl OT OAHOneTJleBblX 

Me3OHHblX A11arpaMM a, 6 f.1 B no11ylleHbl 3Ha4eHl1R, np11BeAeHHble B 
Ta6Jl. 1. 

4. BKflA,n 6APH0HHblX '1 KBAPK0BblX 
0,llH0nETnEBblX ,llHAr PAMM 

B np1,161111)1(eH1-111 .Fr.4 a aMn1111TYAbl n110H-KaOHHoro pacceRHl1R AalOT 
BKilaAbl nRTb B11AOB OAHOneTileBblX A11arpaMM /p11c. 2/. 8bl411CI1eH11e 
3Tf.1X A11arpaMM npof.138O,Cll1TCR o6bl4HblMl1 MeTo,qaMl,1 Teop1111 no11R. np11 
3TOM MOlKHO orpaHH411TbCR 4JleHaMl1 He BblWe BTOPOH CTeneHl1 no ne
peMeHHblM ·s. t, u. TaK. KaK 41leHbl 6011ee BblCOKf.1X CTeneHeH 6YAYT 
Mallbl B c1111y np11cyTCTBl,1R B 3HaMeHaTene MaCCbl 6apl10HOB /4JleHbl 

T11na s2_§_ /. 
M2 

,llJlR ,q11arpaMM a' B 11 A BKJlaAbl B KOHCTaHTHbl11 11 Jll-1Hel1Hbll1 no 
MaHAellbCTaMOBCKl1M nepeMeHHblM 4JleHbl COAep)l(aT Heonpe,qeneHHble 

L2 La 

~~ 
' ~ 

' / 

L1 l ~ 

(~a~; IL .. 

,, ~1) L1 l◄ I LL,. .., 
' / ' u (a) B (2) ~ 

PHC. 2. BapHOHHhJe OAHOileTJieBbJe AHarpaMMhl AJIH npou;eccoB 

17 K- HJIH ITIT -pacceHHHH • 

6 

) 

'I 

t 

,I_ 

• , 

napaMeTpbl, KOTOpble MOmHo 3a¢11Kc11posaTb, 11cnOI1b3YR Hl13KO3Hepre
Tl14eCK11e TeopeMbl a11re6pbl TOKOB. ,lleHCTB1,1TellbHO, BKI1a,qb1 B aM
nll11TYAbl ']{+)11 T(-) OT 3Tl1X Al1arpaMM 11MelOT 811A 

,f+t (~)4 1 !(s2+u2) [.M_a4+_gg_a2(1-a)2+7(1-a)4] -
J;;. .48112 9 3 

-4t2 [ ~ + ..£..a2 (1-a) 2 -(l-a)4 ] + 
3 3 

35 4] [ 41 +4t(m2+m2) [-a4+toa2(1-a)2+3(t-a) -2(m2+m2) -a4+ 
KIT 9 KIT 9 

" 
34 2 23 22 . . 

+3 a2(1-a)2 + (1-a)4] + 2(m2K-~) [ 9 a 4+3 a2(1-a) 2+ 7(1-a)4] + 6M2x 

x ( m2+ m2 ) ( 21 + 1) [ .!.La4+l!.a2(1-a)2+ 11(1-a )4 ] + 3M2t (21 +1 ) [ ~a4 + 
K 11 0 9 .3 0 9 

+10a2 (t-a)2 +3(1-a)
4

1--48M41
2 

[ ..!Z..a4 +6a 2(1-a) 2+9(1-a) 4 ] I. 
. 9 

/14a/ 

-1-) g 4 1 I 2 2 2 2 2 I 
T = (..'.:'.A.) -- (u -s ) +4(s-u) (m +m ) +.3M ('s-u) (21 +1) x 

4 .FIT, 48112 K 1T O /1 6/ 

X [ia4 +10a2(1~) 2 +3(1-a)4]. 
3 

3,qecb 11cno11b3YIOTCR ClleAYIO~l1e o603Ha4eHl1R AllR pacXOAR~l1XCR 11H
Terpa11os: 

a4_ q 

f 2 ·-M2+i0 q -
= i112 M2 I 

2 

• · d4 ·· 2 
[ g · . =.irr Io, 

( a2 -M2+i0) 2 
COr11acHO"TPe6osaH11RM Hl13KO3HepreTl14eCKl,1X TeopeM AllR Clly4aR 

T04HO11 K11paI1bHOl1 Cl-1MMeTp1111 (mK= mlT = 0) 4Jiel-!bl B aMOilHTy,qax pac
ceRHl1R ,' nponop1.11-1OHaI1bHble (3 2 / Q- 11Mny11bc 4aCTl11.1bl B Cl1CTeMe 
I.le HT pa Mace/ -11 KOHCTaHTHbJe, nOilHOCTblO onpe,qellRIOTCR APe'BeCH011 
A11arpaMMOl1. neTJ111 AaioT nonpaBK11 Ha411Hc3R C 4e'TBepTOl1 CTeneH"1 Q. 

nepeXOAR K CllY4alO MaCCl18HblX Me3OHOB, noTpe6yeM COOTBeTCT811R 
Hawero pe3yllbTaTa pe3YllbTaTy c mK=m11 =0 np11 npeAellbHOM nepexo
Ae mK; m ➔ 0. 

1T ✓ 
YAOBileTBOPl-1Tb Hl13KO3HepreT114eCKl1M TeopeMaM MOlKHO, ec1111 no11O-

)l(l1Tb B ¢opMy11ax /14/ . 

12 = 0, 210 + 1= 0. 
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npH 3TOM aBTOMaTH4eCKH swnaAalOT 4neHw, nponopqHOHanbHWe Mac
caM 6apHOHOB. B HTore AHarpaMMbl a' B H A AalOT KOHe4Hble BKna_AW 
B aMnnHTYAW rrK-pacceRHHR' paBHble 

_l!_,t+) = l!.rrce g4 I (s2+-u2) [ ~a4 +_gg_a2 (1-a) 2+7(1-a)4] - ' 
& 3 u A 9 3 · 

-4C[ f +½a
2

{1-a)2 -{1-a)4 ] +41 {y2+1) [ ~5 a4+10a2{1-a)2 + 

4 ] 2 . 2 [ 41 4 34 2 2 4 J 2 . 2 +3(1-a) -2(y +1) -a +-a (1-a) +(1-a) +2(y -1) x 
9· 3 

23 22 
x [-a4+-a2(1-a)2 +7(1-a)4] I, 

9 3 

_!__T(-)= li.rra 2g4 [~2 -s2 +4(s-ii) (y 2+1) ]x 
8rr 3 0 A 

4 
X [ ~ + 1 Oa2 (1-a) 2 + 3(1-a)4 ). 

3 

/15a/ 

/156/ 

nepeHAeM K o6cy>KAeHHIO BKnaAOB OT AHarpaMM 6 H r .npH Bbl4HC
neHHH BKnaAOB OT AHarpaMM 6,rAe,HMelOTCR ABe sepWHHW c npoHa
BOAHblMH /6B/' BO3HHKaeT OAHH HeonpeAeneHHblH napaMeTp npH KBaA
paTH4HWX no nepeMeHHWM s-,t~,.u -4neHax. AHanorH4HWe pac4eTw 
AnR npoqecca nHoH-nHOHHoro pacceRHHR noKaaanH/4/,4TO ecnH $HK
CHposaTb senH4HHY nOA06HOH KOHCTaHTW H3 npasHnbHOH noArOHKH 
p -Me3OHa B p -sonHe, ,-o BKnaAOM B aMnnHTYAY OT 3THX AHarpaMM 
MO>KHO ripeHe6pe4b. BKnaA OT AHarpaMM r C OAHOH sepwHHOH /6B/ 
npH BW4HcneHHH 7777-pacceRHHR Y4HTWBancR, HO OH TaK>Ke OKa3ancR 
ManwM. C APYrOH CTOPOHW, KaK BHAHO H3 BWpa>KeHHR /7B/, B KBapK
Me3OHHOA MOAenH BepWHHW, CBR3aHHWe Cf~ COAep>KaT MHO>KHTenb 
(gf-t) ,aa c4eT KOToporo AaHHaR 4aCTb narpaHmHaHa soo6~e o6pa
~aeTcR B Hynb. Y4HTW~aR 13TH 3aMe4aHHR, MW He 6yAeM paccMaTpH-
BaTb BKnaAW OT AHarpaMM 6 H.r. · 

B pa6oTa/5/ 6bino noKaaaHo, 4TO npH onHcaHHH npoqeccos no
nRpHayeMOCTH nHOHOB H pacnaAa Hei'iTpanbHblX nceBAOCKaJlRPHblX 
Me3OHOB HCnOI1b3OBaHHe KBapKOBWX neTeJlb BMeCTO 6apHOHHWX noa
BOI1ReT He TOJlbKO nOJlHOCTblO socnpOH3BeCTH pe3yJ1bTaTbl Bbl4HCJ1eHHH 
C 6apHOHHWMH neTJlRMH, HOH B PRAe c11y4aes 3Ha4HTeJ1bHO ynpoCTHTb 
COOTBeTCTBYIO~He BWKJlaAKH. no3TOMY npeACTaBJ1ReTCR HHTepecHWM 
cpaBHHTb Bb1pa>KeHHR AI1R BKJlaAOB B aMnJlHTYAbl pacceRHHR OT 6apHoH-
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HWX neTneswx AHarpaMM /15/ c COOTBeTCTBYIO~HMH BKilaAaMH, nony-
4alO~HMHCR B Me3oH-KsapKOBOH MOAeI1H. BKilaAbl OT KBapKOBWX neTeilb 
B aMnJlHTYAW rrK'-pacceRHHR HMelOT BHA 

_1_ ,f+) =rra2 [ "'.'"8 2 +u.2 +4t(y2 +1) -8y2J , 
:32rr O : 

1 . (-} 2 2 2 2 ] -T = rra [1.1 --s +4(-s-rr) (y +1) • 
.3277 ° 9HCJ1eHHble 3Ha4eHHR AI1R AI1HH pacceRHHR' nony4alO~HeCR B o60HX 

c11y4aRx, AaHbl B Ta611. 1. 
npHBeAeM peaynbTaTbl aHanorH4Hbtx Bbl4HCJ1eHHH AI1R CHCTeMbl nH

OH-nHOH. B 3TOM c11y4ae npoqecc pacceRHH~ xapaKTepH3yeTCR OAHOH 
aMnJlHTYAOH :A(s,t,u). BKJ1aA B 3'Ty aMnJlHTYAY OT 6apHOHHWX neTne
BblX AHarpaMM a' B H A HMeeT BHA . ' 

:2rr:A (s, t, u) = ~ rr{ gi{ (12+ u2) [ ~3 a4+ ;6 a2(1-a) 2+ 5(1-a) 4] -

-'s2[ a4+ ~4 a?- (1-a)2 +(1~)4 J +16s[ ti a4+1Q~2(1-a)2 +3(1-a)4. J_ 

-4[ -.fila4+ 154a2 (1-a)2 +1'3(1-a) 4 JI. 
9 3 · 

Pac4eT C KBapKOBWMH neTJlRMH npHBOAHT K 6011ee npoCTOMY sw-
pa>KeHHIO: 

_1'_·-A(s,t,u) = 2rra2 (f2+ii2 -s2+16s -24). 
· .32rr · 0 
4HCJ1eHHble 3Ha4eHHR AilR AI1HH nHOH-nHOHHOro pacceRHHR AaHbl 

B Ta611.2. 

5. BblBO,[lbl 

npoBeAeHHWe pac4eTW noKa3aJ1H, 4TO BKJlaAW OT OAHOneTneswx 
6apHOHHWX HJ1H KBapKOBWX AHarpaMM s aMnilHTYAW nHOH-KaOHHOro 
pacceRHHR He ycTynalOT BKJlaAaM OT APeBeCHWX AHarp~MM. 3~o e~e 
pa3 yKaawsaeT Ha Ba>KHOCTb y4eTa CJleAYIO~HX nopRAKOB TeOpHH soa
My~eHHH npH onHCaHHH 3Toro npoqecca. 

To, 4TO APeBeCHOe npH6J1H>KeHHe npH H3y4eHHH nHOH-KaOHHOH 
CHCTeMbl He HrpaeT onpeAeilRIO~eH pOilH, KaK 3TO _HMeJlo MeCTO npH 
onHcaHHH nHoH-nHOHHOH CHCTeMbl, o6bRCHReTCR npHCYTCTBHeM TR>Ke
noro K -Me3oHa. 6011bwaR Macca KaoHa npHBOAHT K 6011bWOMY Ha
pyweHHIO COOTHOWeHHH 4CAT H caMOH KHpa11bHOH CHMMeTpHH, a nOTOMY 
BO3pacTaeT POilb 6011ee BblCOKHX nopRAKOB TeOpHH B03My~eHHH, B 
4aCTHOCTH' . OAHOneT nesoro npH6J1H>KeHHR C CHJlbHblMH Me3oH-6apHOH
HblM"1 sepwHHaMH. 

CpasHHBaR HMelO~HecR 3KCnepHMeHTaJ1bHble AaHHbte no AI1HHaM pac
ceRHHR rrK-cHCTeMbl C no11y4eHHblMH ·a pe3yI1bTaTe HaWHX Bbl4HCJ1eHHH, 
MO>KHO CAeJ1aTb BblBOA, 4TO HCnOJ1b3OBaHHe OAHOneTnesoro npH6J1H>Ke-
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HHR KHpanbHOA TeOPHJ.1 AaeT Ka4eCTBeHHd sepHoe onJ.1CaHJ.1e AnHH 
pacceRHHR nHoH-KaOHHoAi CHCTeMw. npH 3TOM Me30H~6apHOHHaR 
J.1 Me30H-KBapKOBaR MOAenH npHBOART K 6nH3KJ.1M 4HCneHHblM 3Ha4e
HJ.1RM AnR AnHH pacceRHHR KaK B cny4ae nJ.10H-nJ.10HHOH, TaK J.1 B cny-
4ae nHOH~KaOHHOH CHCTeM. 

,llnR 11K-cJ.1cTeMbl OCTaeTCR OTKpblTblM sonpoc O BKnaAaX B aMnnH
TYAbl T(±) OT AHarpaMM c ABYMR neTnRMJ.1 H 6onee. MolKHO TOnbKO 
Bblpa3J.1Tb HaAe)l(AY, 4TO HeCMOTPR Ha npHCYTCTBHe CHnbHblX sepWHH 
BKI]aAbl OT 3TJ.1X AHarpaMM OKalKYTCR ManblMJ.1 no cpaBHeHHIO C OCHos
HblMJ.1 BKnaAaMJ.1 OT APeBeCHblX J.1 OAHOneTneBblX AHarpaMM B CHny 
AeACTBHR npJ.1H4Hnos KJ.1panbHOl1 CHMMeTpHH, XOTR H aaMeTHO Hapy
weHHOH An-R 11K -cHCTeMW, HO see me coxpaHRIOl!lel1 CBOJ.1 OCHOBHble 
4epTW. 

KocBeHHblM no,qTBePiKAeHHeM pa3yMHOCTJ.1 BblXOAa aa paMKJ.1 APe
secHoro np1,16n1,1meHHR s 1<J.1panbHoA ·TeopHH MoryT cnymHTb nocneA
HHe A0CTJ.1lKeHJ.1R KBaHTOBOA XPOMOAHHaMHKJ.1 /KX,Q/, a HMeHHO: paa
BJ.1TJ.1e annapaTa, cBR3aHHoro c 1/N -paanomeHHeM npH N➔ oo / 2o/ 
IN - 4Hcno 4BeTOB 1<sap1<a/. 3Aecb 6b1no noKaaaHo, 4TO MOAH())J.14J.1-
posaHHWe KHpanbHWe narpaHmHaHW MOlKHO paccMaTpHBaTb KaK 3()l()leK
TJ.1B,Hble narpaHlKHaHbl AnR KX,Q B o6naCTJ.1 HJ.13KJ.1X 3HeprHA. npJ.1 3TOM 

4neHaM nopRAKa (_!_)n s paanomeHHH 1<J.1panbHoro narpaHmHaHa cooT-
1 F11 

seTCTBYeT \TN? -npHfinHmeHHe KX,Q. TaKl'.IM o6paaoM, Hcnonbaosa-

HHe OAHOneTnesoro npJ.16nJ.1lKeHJ.1R KBaHTOBOH KHpanbHOA TeOpHH 
COOTBeTCTBYeT Ha R3WKe KX,Q y4e~y cneAYIOU1ero nopRAKa no 1/N -
paanomeHHIO. .. 

nPl1JIOlKEHl1E 

npHBeAeM a~pameHHR AnR ()lypbe-o6paaoa cynepnponaraTopos 
J1h), J1>(x) Hu (x) '/cM. cj)opMym1 /9/, /10/ H /11//. npH 
3TOM orgaHJ.14J.1MCR /liOnbKO HX OAHOneTneBblMJ.1 Bl<naAaMJ.1: 

12 

(I) ·(O) ~(I) ( 2) . . a a q =1---
16112_ 

I 2fn 477.F 77~2c - LEn' a(i) (0)- 2mi en-'E.l. + 

~(l)(q2) 
µ 

-a (q2) 
/lV 

· m 2 m2-m2 m 
1 

+2[ 1-'G(l)] I, 

2 2 
m1 -m (i) . [ 2 , ] = -- --- c (0) Q G(q ) -1 , 
8772 q 2 µ 

q cii, · im2 b(0) q2 [ 4nF
11 

1 , 
= ( g - ~ ) ---- I- 2c - 2En - +-fn b(0) + 

/lV q2 3 ( 417)2 m2 m 2 

\ 

5 2 (m2 - m2) 2 m2 + m2 
+ 6 ] + 2 [ _L + 4 • - 2 1 ] [ 'G ( q2 ) -1 ] + 

m2 m2q2 m2 

2 2 2 2 
m + m 5 2 2 m1 ml 

+2 1 ---9.:...+(-q--4)---f'n-l+ 
m2 3 m2 m2 

(m2 -m2/ 
+ig 1 b(0)[1-'G(q2 )). 

-µv 3112 q2 

"' 

m2-m2 
1 

m 

3AeCb ~ (q2 ) = J d4 xeiqx a(x) - cj)ypbe-o6paa cynepnponaraTOpa a(x); 
c - nocToRHHaR 311nepa; <l>YHl<4J.1R [ 'G(q2)-1J onpeAeneHa cornac-

. HO cj)opMyne /13/, a K03cj)cj)J.14J.1eHTbl a<1> (n). b(n) J.1 c<O (n) HMelOT 
BJ.1A 

2(2n+3) 
b (n) = cf.

2
> (n) = 3 (n+l) (2n+2) !' 

a<1{n) =b(n) [ 2(4n+1_1)2 +t].' 

:f2)(n) = b(n) ( 4n+1_t) ( ,11+1 -3) • 

aC3>(n) = cf.l) (n) = b(n) [ 2( 4n+l_l) -1]. 
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PyKonHcb nocTynHha B ~3AaTenbCKH~ OTAen 
18 H~HR 1981 rOAa. 

BoJIKOB M.K., Oc1mos A.A. lfayti:eHHe 1tK-cHcTeMb1 P2-81-416 
s OAHOileTJieBOM npH6JIIDKeHHH KHpaJibHOH TeOpHH IlOJIH 

B OAHOileTJieBOM npH6JIHJKeHHH KHpaJibHOH TeOpHH IlOJIH c JiarpaH
)KHaHOM, o6JiaAruonµrn SU(3)L® SU(3)R-cHMMeTpHeH, paccMOTpeH npo
uecc TTK -pacceHHHH, Aim peryJIHpH3aUHH OAHOneTJieBblX Me30HHblX AHa
rpaMM HCilOJib3yeTCH cynepnponaraTOpHb!H MeTOA, Yti:HTb!BaIDTCH riep

UIHHbl, OilHCbIBaIDIIU{e B3aHMOAeHCTBHe Me30HOB C 6apHOHaMH, IlapaJIJieJib-
HO aHaJIH3HpyeTCH aJibTepHaTHBHbIH CJIY'l:aH Me30H-KBapKOBOro B3aHMo
AeHCTBHH. B&I'-mcneHHe neTJieBblX 6apHOHHbIX hcsapKOB&IX/ AHarpaMM 
IlPOH3B0AHTCH 06bl'l:Hb1MH MeTOAaMH TeOpHH IlOJIH, IIpeAJIO)lCeH npHe.M,no3-
BOJIHIDIIU{H KOppeKTHblM o6pasoM, B COOTBeTCTBHH c Tpe6oBaHHHMH HH3-
K03HepreTHti:eCKHX TeopeM anre6pbl TOKOB, Yti:eCTb MaCCbl Me30HOB 
B AHarpaMMax c 6apHOHHblMH H KBapKOBblMH neTJIHMH, Bbl'IHCJIHIDTCH 
AJIHHbl pacceHHHH AJIH 1tK- H TTTT -cHCTeM H cpaBHHBaIDTCH C 3KCnepHMeH
TaJibHblMH AaHHblMH, HcnonbsosaHHe OAHOneTnesoro npH6JIH~eHHH KH
paJibHOH TeOpHH AaeT Kati:eCTBeHHO BepHoe OilHCaHHe AJIHH pacceHHHH 
rHoH-KaOHHOH CHCTeMbI, Me30H-6apHOHHaH H Me30H-KBapKOBaH MOAeJIH 
~PHBOAHT K 6JIH3KHM 'IHCJieHHblM 3Hati:eHHHM AJIH AJIHH pacceHHHH KaK 
B cnyti:ae 1t1t-. TaK H B cnY'Iae 1tK-cHcTeM. . 

CooooieHHe O61,eAHHeHHOro HHCTHTtTil Jlj:le_l)_HWX HCcneAQ■aHHiti. _.Qy6Hcl_ 1981 
Volkov M,K., Osipov A.A----:Stucly-of 1tK System1nt~~-P2-81..:-476 
One-Loop Approximation of Chiral Theory 

The process .of•1tK scattering is considered in the one-loop 
:approximation of the chiral field theory with the SU(3)L ® SU(3)R 

1

symmetrical lagrangian. The superpropagator method of calcula
'ting the one-loop meson diagrams is used. The vertexes descri
bing the meson-baryon interactions are considered, The alterna
tive case of meson-quark interaction is analysed. The one-loop 
paryon (quark) diagrams are calculated by means of standard 
~ethods of the field theory~ Proposed here is a way of consider-

~

·ng correctly, in accordance with low energy t. h.eorems of current 
lgebra meson masses in the diagrams with baryon and quark lo- -
ps. The 1tK and TTTT scattering lengths are calculated and com
ared with experimental data. It is concluded that the one-loop 

approximation of the chiral theory enables one to describe qua
litatively values of lower scattering lengths of the 1tK system. 
The.meson-baryon and meson-quark models lead to close numerical 
values for the scattering lengths both for TTTT and "K systems. 
I 
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