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Bonxos M.K •• OcHIIoB A.A. P2 - 11716 

llnBIIbl p8CC&liBBll II'K -CBCT&Mbl B ltBpanbHOll TeOpBB nons 

B oasonernesoN npa6n&JK&HBB uenauelii«>A SU( 3) eSU(3) Jtsaurosoll 
Jtspam.soll TeopBB Bbi'IBCneua aMnnaryaa ynpyroro ~rK -paccesuss. Hapyweuae 
CBMMeTpBH sw6pauo cornacuo cxeMe renn-Mauua-OaJtca-Peaepa. npa 
Bbi'IBcneRBB weao&uwx nerneBNX aaarpaMM acnonbayeTCH cynepnponararop­
Hblii M8TOll perynspB381lBH. 06CylKll88TCH BKn8ll B 8MnnBTYllY OT 6apBOHHbiX 
nernesblx aaarpaMM. nony'I&Hbl an&Hbl pacceHHBH anH scex napuuanbHbiX 
sona. Peaym.TaTbl BN'Iacneaull npaseaeHbl B ra6nuue. OuH cpaBHBB810TCll 
C BM&IOWBMBCll 3JtCnepBM8HT811bHbiMB ll8HHblMB. 

Pa6ora Bl>IDonseaa B na6oparopaa TeopeTB'IeCJtOll cjlB3BitB OH.RH. 

Coo6meHR8 06heliBR8RHOrO BRCTRTyT8 llll&pHbiX HCCDeliOB8HRA. ny6Ha 1978 

Volkov MK., Osipov AA. P2 - 11716 

.K -Scattering Lengths in the Quantum Crural Field 
Theory 

'The scattering length of all partial waves of the ~rK system 
are calculated by means of the one-loop approximation of chiral 
quanh.un field theory, 

'The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1. BBE,l{EHHE 

B pa6oTax 
11

-
41 

6biJIO noKa3aHo, 'ITO HCllOJIL30BaHHe 

O~HOlleTJieBoro npH6JIH*eHHH B KBaHTOBOH KHpaJILHOH Teo­

pHH no3BOJIHeT nony'laTL BllOJIHe y~oaneTBOpHTeJILHble 

HH3K03HepreTH'IeCKHe pa3JIO)KeHHH ~JIH aMllJIHTY~ 1717 -

pacceHHHJI. C llOMOll.\LIO TaKHX pa3JIO)KeHHH B pa6oTe/4/()bl­

JIH Bbl'IHCJieHbl ~JIHHbl pacceHHHJI H napaMeTpbi 311xl>eKTHBHOH 

o6JiaCTH BCeX napuHaJILHbiX BOJIH 1717 - CHCTeMbl. )J,JIH llOJI­

HOTbl KapTHHbl npe~CTaBJIHeTCH HHTepeCHbiM B TOM >Ke 

no~xo~e Bbl'IHCJIHTL ~JIHHbl pacceHHHJI 17 K - cucTeMbl, 'leMy 

H llOCBJill.\eHa HaCTOHIUaH pa6oTa. 

llpoae~eHHble 3~ecL pac'leTbl noKa3anu, 'ITo,, KaK H B 

CJiyqae 1717 - CHCTeMbl, ~JIHHbl pacCeHHHH HH3WHX napi.(HaJIL­

Hblx BOJIH IS H P I B 17 K - cucTeMe uenHKOM onpe~eJIHIOT­
cs 6opHOBCKHMH 'IJieHaMH. O~HoneTneaoe npu6JIH)KeHHe ur­

paeT Be~Yll.\YIO pOJIL JIHWL npH Bbl'IHCJieHHH BbiCWHX nap­

UHaJILHbiX BOJIH, Ha'IHHaJI c D-aoJIHbl. llpH'IeM ~JIHHbl pacces­

HHH D - BOJIHbl B KaHaJie C J =112 onpe~eJIJIIOTCJI B OCHOBHOM 

BKJia~aMH 6apHOHHbiX neTeJIL, a ~JIHHbl pacceJIHHJI 6onee 

BbiCOKHX napuHaJILHbiX BOJIH - llHOHHOH neTJieBOH ~Har­

paMMOH. 

Bo BTopoM naparpa«l!e npHBO~JITCH KHpaJILHble narpaH­

)I(HaHLI, Heo6xo~HMble ~JIH onucaHHH npouecca 17 K - pac­

ceJIHHJI, H Haxo~HTCJI aMnJIHTY~bi 3Toro npouecca B 6op­

HOBCKOM npH6JIH)KeHHH. B TpeTLeM naparpa4le 06Cy)K~aiOT· 

cs BKJia~LI 6apHOHHbiX neTJieBbiX ~HarpaMM. B 'leTBepToM -

nuoHHbiX ~uarpaMM. B nHTOM naparpa«l!e ~aHbl Bblpa)KeHHH 

MJI acex ~JIHH pacceJIHHH rr K - CHCTeMbl. 
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§2. JIAFPAH)J(HAH B3AHMO,lfE.HCTBH.R 

JlarpaH>KBaH, JIBJIJIIOII.tBBCJJ HeJIBHeii:HOB peaJIB3aUBeii: ICB• 

paJILHoii: SU(3) x SU (3) CBMMeTpBB ,IJ;JIJI ncea.n;ocKaJIJipHoro 

Me30HHOrO OICTeTa B OICTeTa 6apBOHOB, BMeeT BB)J; 

f =i>t +f2 . Ill 

r,n;e ~ 1- JiarpaH>KBaH, OnBCLIBaiOutBH Me30H·Me30HHble 

B3aBMO,IJ;eHCTBBJI, a f 2 - JiarpaH>KBaH, OnBCbiBaiOutBH 6apBOH· 

Me30HHble B3aBMO,IJ;eBCTBBJI. ~JIJI CJiyqaJI 31CCnOHeHUBaJIL• 

HOB napaMeTpB3AUBB noJiyqaeM 
F2 . . 

f1 - ._!!_sp !a e 1~ a e -i~ 1 
4 p. p. • 

3.n;ecL F 17 = 92 M3B - KOHCTaHTa cna6oro pacna.n;a naoHa, 

1 8 
a~=- .I A i Mi ' r.n;e A i- MaTpBULI renn- MaHHa B Mi -

F TT 1=1 

nOJIJI Me30HOB. MeTpHICa BLI6paHa TaK, qTo a; = ag -a 2 *. 
B HB3WeM nopJI,IJ;Ke no KOHCTaHTe 1/F; JiarpaH>KBaH ~ l 
BMeeT BB,IJ; 

;;; 1- iii-~ a b 
ol_1 =- --KK a TT ap.71 - --2 Kr. ap.K11 ap.71 (·.b. 

4 F2 p. 4 F I I a 
TT 71 

121 

fipB BLiqBCJieHBB BICJia,n;a OT 6apBOHHbiX ,IJ;BarpaMM ,IJ;O· 

CTaToqHO orpaHBqBTLCJI paCCMOTpeHBeM HB3WBX nopJI,IJ;ICOB 

HeJIBHeiiHoro narpaH>KBaHa f 2 I eM. I 21 I. 
-
f2 "' L 1 + L 2 + L 3 . 131 

3.n;ecL 

"' B pa6oTe757 npaae.n;eHo BLipa>KeHBe ,n;JIJI SU(3) x SU(3) 
KBpaJILHO-CBMMeTpBqHoro JiarpaH>KBaHa B CJiyqae CMeWaH· 
HOB napaMeTpH3aUBB I3KCnoHeHUBaJILHO napaMeTpB30BaHLI 
TOJILKO nBOHHLie nOJIJII. 

4 

L 1 ,. -2iga ijkBiy 5 BjMk' 

_g_2 -
L2 .. 2 a . a.,. B. B., M. Mk, 

M kim qm 1 L J 

L 3 ,.._L_
2

B. y R.M.#Mk{(g 2 -1)f.(/ f. + 
2 F I P. -r J A ILm kJm 

TT 

+g2A[~a2 (o .. okf-o.ko.(/ +2a(1-a)fk. (f.(J -id. 11 )11, 3 lJ 1 JL J m 1om ILm 

aijk -adijk -i(1-a)fijk 

M 
g = g - ; g A= 1,25 ; M - cpe,n;HJIJI Macca 6apBOHHoro oK-

A F71 

TeTa; a ""- f ; d ijk B f ijk - SU(3) - K03!W>BUBeHTLI d- B 

f - CBJI3B, a Bi • nOJIJI 6apBOHHOrO OKTeTa. 

MaccoaLie qneHLI Me30HOB BBO,IJ;JITCJI no cxeMe renn­

MaHHa-OaKca- PeHepa /6/. B HB3WeM nopJI,n;Ke no 11F 2 
no-71 

nyqaM: 

2 2 
«> mK ->2- m -
ol..g = -:-::-:I' TT K K + -:-::r [ 712 K K + ... 1 

12 F TT 6 F 71 

r,n;e IDK - MaCCa ICaOHa. fipB BLiqBCJieHBB B30TOnBqecKB-BH· 

BapBaHTHLIX aMnJIBTY,!J; 11K ·pacceJIHBJI 6y,n;eT BCnOJIL30Ba· 

HO TOJILKO nepaoe cnaraeMoe .n;aHHoro BLipa>KeHBJI: 

- m2 -
f 3 = ~KK11i 11i. 141 

12 F 71 
AMnJIBTy,IJ;a pacceJIHBJI nBOHa Ha KaOHe HMeeT BB,IJ; 

A 

<a , i I S -I I {3 ,j > "" 
i(2TT)4 o<4

>(p
1 

+Pf3-P i ~ Pa) x 

4(2TT)
6

yEaE{3Ej Ei 
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[ + -
x oaf3oijA (s,t,U)+ifijk (rk)af3A (s,t,u)], /5/ 

( 2 2 2 I r,D.e S"" Pj +Pf3) , t z(pf3 -pa) , U =(Pf3-pi)' a • e,D.HHH'I· 
Hax MaTpuua. ,D;nx aMnnHTY.D. o KaHanax c onpe,D.eneHHhlM 
H30CnHHOM HMeeM 

3/2 + - ( ) A (s ,t,u). A (s,t,u)-A s,t,u , 

1/2 + -
A (s,t,u) .. A (s,t,u)+2A (s,t,u). 

BKJia.D. B aMnJIHTY.D.Y oT 6apHOHHhix ,D.HarpaMM Bhi'IHcnx­
eTcx 06bl'IHblMH MeTO,IJ.aMH peHOMHpyeMbiX TeOpHH nOJIJI. 
IlpH Bbl'IHCJieHHH BKJia,D.a OT Me30HHbiX neTJieBbiX ,D.HarpaMM 
6y,D.eT HCnOJib30BaHa HenOJIHHOMHaJibHaJI tlJopMa KHpaJibHOrO 
narpaH)I(HaHa. 0Ha Heo6xo,D.HMa ,D.JIJI nocTpoeHHJI cynep­
nponaraTopoo no nHOHHhiM nonxM. CooTBeTCTBYIOmax 'laCTh 
8 ·MaTpHI.{bl HMeeT BH)l. 

S = 1.: N T* [ [ d4 x N i'( 2
l(M/F)I 2 , 

01 M F · F 1 

r,D.e f(f>'"'(M/F) 03Ha'laeT, 'ITO B narpaH)I(HaHe i' 1 npooe,D.e­
HO KOBapHaHTHOe Bbi,D.eJieHHe BHeliiHHX aCHMnTOTH'IeCKHX 
noJieH (M) H BHyTpeHHHX (F),no KOTOpbiM 6y,D.eM npOH3BO)l.HTb 
T* -ynopx,D.O'IHBaHHe. 3,D.ecb B3JIT BTopoH: nopx,D.oK no nonxM 
M/cM. 131 I. TaKoe Bhi,D.eneHHe BHeliiHHx noneH: Y.D.06Ho 

'7 I ctlJopMynupooaTb Ha Jl3h1Ke tlJopM KapTaHa' /eM. Ilpu-
/lOJKeHue 1/. 

HcnoJILJyx 
7K - paccexHHJI 

narpaH)I(HaHbl 121 H I 41, ,D.JIJI aMnJIHTY.IJ. 
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B 6opHOBCKOM npH6JIH)I(eHHH noJiyqaeM 

+ I - 2 mK 2 A (s,t,u) 877 = 77a 0 [t +-(--) ] , 
3 m77 

A -(s,t,u)/877, 77a 0 (s-ii), 

r.IJ.e 
ID 77 )2 1 (-

ao= 2 477F
77 

(; ~ i_ 
m2 

77 

((zs,t,u). 

/6aj 

1661 

IlpH Bbl'iHCJieHHH 
oaTh tlJopMyny 

)l.JIHH pacCeJIHHJI 6y,D.eM HCnOJibJO• 

I 
I . r e 

a e = hm ---t::T . 
s •s

0 
877 .JsQ 

I 1 1 I 
f p = - f dx P p ( x) A ( s ,x ) 

2 -1 

/7/ 

r,D.e - napuuanbHax oonHa B Ka-

Hane c HJocnHHOM I H op6uTanhHhlM KBaHTOBhiM 'IHCJIOM 
C , X • KOCHHYC yrna pacceJIHHJI B CHCTeMe l{eHTpa MaCC, 
Pp(x)- nonHHOM Jle)l(aH,D.pa, s 0 =(mK+ID 77 ) 2 , (J.HMnynhc 
'laCTHU B C.l{.M. 

-+ IIepeMeHHble MaH,D.enhcTaMa MO)I(HO Bblpa3HTh qepe3 
Qu x, 

s-(mK+m77)2-t2[Q2 +.J(Q2 + mi)(Q2+m;) -mKm77]. 

-+2 
t z2Q (x-1), 

2 -+ -+ -+ 
uz(mK-m 77 ) -2[Q2x +.J(Q 2 +mi)(Q 2 -tm;) -mKm 77]. 

H3 161 u 17 I nonyqaeM ,D.JIJI .D.JIHH pacceJIHHJI 77 K- cucTeMbi 
B 6opHOBCKOM npH6JIH)I(eHHH: 

a
112 -877a y<1+v/l2) m-t.o 17m -l 
0 - 0 y+l 77 • 77 • 

3/2 4 (1-y/12) -1 005 -1 a .. - 77CL-.Y ---m =- m o ·v y + 1 77 • 77 • 

1/2 1' -3 1 -3 a 1 = 2 77 a 0 --
1 

m .. 0,0 m , 
y+ 77 77 

r.IJ.e _E$ 
Y = m 

77 

§3. BKJIA,4 EAPHOHHhiX IIETJIEBhiX ,4HATPAMM 

B aMnnHTY.D.Y 77 K - paccexHHJI o npu6niDKeHHH 
BKJia)l.hl nJITb THnOB O)l.HOneTJieBbiX ,D.HarpaMM. 

1 F4 ,D.aiOT 
77 
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• BLI'IHCnHM TonLKo lfneHLI, nponop­
D;HoHanLHLie Q

4 
. BKna,n B KOHCTaHTHbiH H KBa,npa TH'IHLIH 

qneHLI co.nep:>KaT Heonpe.neneHHLie napaMeTpLI, KOTOpLie 
MO:>KHO 3a~HKCHpOBaTL, HCllOnL3YB HH3K03HepreTHlfeCKHe 
TeopeMLI anre6pLI TOKOB. 3TH TeopeMLI Tpe6yiOT, 'IT06bl 
aMnnHTy,na llpH HH3KHX 3HeprHBX nonHOCTLIO onpe,nenBnacL 
6opHOBCKo:ii ,nHarpaMMo:ii I B cnyqae m rr = mK'"' 0 /. qneHLI 
6onee BLICOKHX CTeneHe:ii, lfeM Q 4 • 6y,nyT ManLI no cpaB-

HeHHIO c qneHaMH QYTHna ( ~) ~I. B npH6nH:>KeHHH Q4 
F TT M 

Bee ,IJ;HarpaMMLI, H306pa:>KeHHLie Ha puc. 1, ,naiOT KOHelfHLIH 

8 

BKna,n B aMnnHTY,IJ;Y rrK -pacceBHHB 3a HCKniOlfeHHeM ,IJ;Har­
paMM THna 16 , r,ne HMeiOTCB ,IJ;Be BepWHHbl C npOH3BOJ(Hbi­
MH. llpH BbllfHCneHHH 3THX ,IJ;HarpaMM B03HHKaeT OJ(HH Heon­
pe,neneHHbiH napaMeTp (C). BKna,nbl Be ex yKa3aHHbiX ,nHar­
paMM B aMnnHTy,ny rr K - pacceBHHB B npe.nnono:>KeHHH m K = 
= m :0 HMeiOT BH,IJ;: 

TT 

+ 1 gA 4 11 14 4 A • --(-) {(s 2+u 2 )[-a4 +-~ (1-a) 2 +11(1-a)]+ 
a 80rr2 Frr 9 3 

+2t 2[~a4 +_gg_a 2 (1-a)2 +7(1-a )4 ]1, 
9 3 

- 1 gA 4 2 2 
4 

Aa .. 80rr2(Frr) (s -u Hf-+10a2(1-a)2+3(1-a)4]. 

+ c 2 2 2 4 35 4 2 2 4 A- s-(2t -u-s ){g [-a +lOa (1-a) +3(1-a) ]-
u 4F4 A 9 

TT 

2 5 2 2 -2g [-a +3(1-a)]+31, 
A 3 

- 3C 2 2 4 a4 2 2 4] A~ --(s -u )!g [-+10a (1-a) +3(1-a) -
o 4 F4 A 3 

TT 

-2 i: [ .§_ a 2 + 3 (1- a )2 ] +3 I. 
A 3 

A± ,.._LA± 
6 3 a • 

A+ l gA 2 2 2 '"' :-::--2 ( -;;Jr) ( 2t - U - s 2 )! g2 [ ~ a4 + 10 2(1- )
2 

t 48rr Frr A 9 a a + 

4 5 2 2 
+3(1-a) 1- [

3
a +3(1-a) 11. 

9 



- 1 gA 2 2 2 2 a 4 2 2 4] 
A z-(-) (s -u ){g [-+lOa (1-a) +3(1-a) -z 16772 F2 A 3 

17 

- [~a 2 + 3 (1- a )2 ] I 
3 

+ 1 gA 4{ 2 2 [ 31 4 82 2 (1 ) 2 4] A . ,. --2 (-) (s +U ) -a +--a -a +13(1-a) -
0 240" F17 3 3 

2 19 - 8t [-a4 
9 

16 2 v2 4 ] +-a (1- a) +(1-a) I, 
3 

- 7 gA 4 2 2 [ 1 4 2 2 4 ] 
A '"'-- (-) (s -u) -a +lOa (1-a) -+3(1-a) . 

0 240772 F. 3 17 

IIapaMeTp C B Hawux liJopMynax u.n;eHTHqeH rrapaMeTpy 
C B Bhlpa)l(eHHH ,IJ;JIB aMIIJIHTY.IJ;bl 1777-paeeeBHHB /eM. pa6o­
Ty 

121
/. B 3Toii pa6oTe 6Lmo noKaJaHo, qTo eenu liJuKeu­

poBaTb IIapaMeTp C H3 IIpaBHJibHOrO IIOJIO)I(eHHB p-peJo­
HaHea B p - BOJIHe, TO e Xopoweii TO'IHOeTblO ero MO)I(HO 
elJHTaTb paBHbiM HYJIIO. C ,npyro:ii eTOpOHbl, C MO)I(HO ou;e­
HHTh eyrreprrponaraTopHbiM MeTo,noM. B 3TOM enyqae TaK)I(e 
OKa3biBaeTeB, l{TO BKJia,n B aMIIJIHTy,ny OT .IJ;HarpaMM 16 
BeeLMa MaJI IIO epaBHeHHIO e BKJia,IJ;OM Beex OeTaJibHbiX 
.IJ;HarpaMM. Bee 3TO ,naeT OeHOBaHHB B ,IJ;aJibHeHWeM rrpe­
He6pe'lb BKJia,IJ;OM OT .IJ;HarpaMM THIIa 16 B aMIIJIHTy,ny 
"K- paeeeBHHB. 

YqeT .nuarpaMM 1z oKaJLIBaeTeB eyiiJ;eeTBeHHhiM, qTo 
Oeo6eHHO OTl{eTJIHBO BH,IJ;HO, eeJIH paeeMOTpeTb OTHOWeHHe 
.IJ;JIHH paeeeBHHB e paJJIHl{HbiMH H30TOIIHqeeKHMH eiiHHaMH. 
TaKaB )l(e eHTyau;HB HMeJia MeeTO H B TT TT- eHeTeMe. ~e:ii­
eTBHTeJibHO, eeJIH ylJeeTb BKJia,IJ;bl TOJibKO OT .IJ;HarpaMM e 
JiarpaH)I(HaHaMH 6e3 IIpOH3BO,IJ;HbiX, Mbl IIOJIY'IHM: 

-1 3/2 1 gA 4 1 4 2 2 2 4 m" 
a2 •-(-) [-a --a (1-a) +(1-a) ]--"" 

90 " 3 F 17 9 3 y + 1 

-6 -5 .. 1,4 .10 m
17 

, 

10 

-1 
1/2 1 gA 4 17 4 74 2 2 4 m" 

a '"' - (-) [-a +-a (1-a) + 17(1-a) ]---• 
2 720"3 F" 9 3 y+l 

-4 -5 
z2,3-10 m • 

17 

OTKy,na 

a~ 2 /a~ 2 
=1,6 -10

2 

AHaJioruqHyiO OIJ;eHKy Mbl MO)I(eM rrpoBeeTH ,IJ;JIB 17 TT - eHeTe­
Mbl /eM/21/: 

a~ /a~ =4,2-10 2 . 

EeJIH Terrepb yqeeTb H BKJia,IJ; ,IJ;HarpaMM 1z , TO ,IJ;JIHHbl 
paeeeBHHJI 6y,nyT paBHbl 

a 3/2 __ 1_ g A 2 2 13 4 26 2 2 4 
2 - 1

80
3(:::-.2) lgA[-

9 
a +-a (1-a) +5(1-a) ]-

17 F17 3 

m-1 
[ 5 2 3( 2]1 17 -5 -5 - -

3 
a + 1-a) ---

1
- =4,6-10 m 

y+ 17 

1/2 
a 

2 
_1 __ (_gA_)2{ 2 g2 [-17_a4 __ 38_a2(1-a)2 +(1-a)4 ]+ 
720773 F; A 9 3 

-1 

+5[
3
5 a2 +3(1-a)2 ]l m"

1 
=3,7.10-4 m-5 

y+ 17 

Terrepb HX OTHOWeHHe eTaHOBHTeB paBHbiM a~ 2 /a~ 2= 8,3 

a B ""-eHeTeMe a0
2 /a2 = 11. 

TaKHM o6paJOM, BH,n;Ho, qTo yqeT .nuarpaMM 1z 6oJih­
we qeM Ha IIOpB,D;OK yBeJIHl{HJI 3HaqeHHe ,IJ;JIB ,IJ;JIHHbl pae-
eeBHHB e I =312 . 3HaqeHHe .IJ;JIHHhl paeeeBHHB e I= 112 
IIOl{TH He H3MeHHJIOeb. 3TO eBB3aHO e TeM, l{TO B KaHaJie 
e I =3/2 rrpoHeXO,IJ;HT IIOl{TH IIOJIHOe eoKpaiu;eHHe BKJia,IJ;OB 
OT ,n;HarpaMM 1 O, 1 a H 1e . B TaKOH eHTyau;HH OeHOBHYIO 
poJib eTaJIH urpaTb .nuarpaMMhl Tuna 1z . B KaHane e 
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1=1/2oTaKHX COKpall.(eHHB He npoHCXO.IJ;HT, H 3.IJ;eCb .IJ;OMHHH· 
pyeT BKna.IJ; OT 'leTblpexyronbHbiX .IJ;HarpaMM, KOTOpbiB Ha 
nopJI.IJ;OK BbiWe BKna.IJ;a OT .IJ;BarpaMM 12 . 

B 3aKmo'leHBe naparpa4>a npBBe.IJ;eM Bblp8.)1(eHBe .IJ;nJI 
aMnnBTY.IJ;bl rr K -pacceJIHBJI, nony'leHHoe nocne cyMMBpo­
BaHBJI BKna.IJ;OB OT .IJ;BarpaMM 1 a , 18 , 1 Z B 1 0 : 

3/2 4 2 2 -3 -4 
A /16rr =Q [1,9(x-1) - 1.2(X+1) ]10 m , 

TT 
/8/ 

1/2 4 2 2 -3 -4 
A /8rr=2Q [1,9(x-1) +4,6(x+1)]10 m

17
• 

§4. BKJIA,[f ME30HHblX IIETJIEBblX ,4HAFPAMM 

HMeeTcJI 'leT~a~pe Tuna O.IJ;HoneTnes~a~x Me3oHHbiX .IJ;Har­
paMM. 
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..( A" K 

a 

,s; }I~ 
....... / 
~/ 
/\ 

lr. \ 
P' I 

J( ><.. ~ 
/. ·~ 

6 

Puc. 2 

X 
K' l'ii 

K.Y ... !9 
/ ~ 

6 

'97 ~ :r"" 
'~ .................. 

/.\ 
'K 

v \..)· 
I( ,:r' ,_..r 

/ ~ 
z } 

r 

~nJI ax perynJipB3anuu ucnonL30BaH cynepnponaraTopHblii 
/CIT/ MeTo.IJ; Bbi'IBcneHBJI 1810 BKna.IJ; .IJ;BarpaMM 2z npu 
Bbi'IHClleHBB .IJ;llBH pacceJIHBJI OKa3b1BaeTCJI HeCyll.(eCTBeHHbiM. 
Y'leT Maccos~a~x 'lneHoB narpaH.)I(BaHa npBBO.IJ;BT K 20~-HbiM 
nonpasKaM B aMnnBTy.IJ;e B no3TOMY TaK.)I(e cna6o BnHJieT 
Ha pe3ynbTaTbl. C yqeTOM 3THX 3aMe'laHBB Bblpa.)l(eHHJI .IJ;llJI 0 

4 aMnnHTY.IJ; rr K -pacceJIHHJI B nopJI.IJ;Ke 1/F 
17 

npHHHMaJOT 
BH.IJ; 

+ + + + 
A- (s ,t,u)=A- (s,t,u)± A- (u,t,S)+ A- , 

nonH. rrrr 
/9/ 

r.IJ;e 

A;17 =8rr
2 a~(2-t)(1-2t)[a 1+2(1-J(t))] +16rr~~(t-2)(t+1)ln2, 

A- ,.,..§..TT2ao2(s- u)[(~+.!_)t +2(t-4)(1-J{t))]. 
TTTT 3 3 

A+(s,t,u) "'2rr2a5[1-G(s)ll29(s-y2-1)2 +12y 2 + 

2- - - 2 (y2-1)2 
+4Q (s)[t-u-10(8-y -1)+4 _ ]! + 

s 

- - 2 2 2 4y2 
+rr2a51[s(ii-t)-(y -1) ][a 2 + s (1+y2- y

2
-flny)]+ 

+(1+y2 )[3(1+y 2)a 3+10(s-1-/ )a 4 l+19(s-1-y 2 )2 a
5

}. 

A-(s,t,u)=2rr2a5[1-G(s)]{13(s-y2 -1)2 + 12y 2 + 

2 2 
2 - - - - 2 (y -1) 

+4Q (s)[t-u-10(s-y -1)+4 _ ll+ 
s 

13 



- - - .2 2 2 2 4 Y2 
+rr2a2l[s(u-t)-(y· -1) ][a +-(1+y ---lny)]+ 

0 2 i y2-1 

+(1 +y 2 )[ 3 (1 +y2 )a3 + 10 (i -1 -y2 ) a 
4

] + 3 (s -1- y 2 / a 
6 

l, 

2rr F 17 l 
a 1 = 2ln --- - 3 C + - ; 

m17 6 

y 4y2 y 2+1 
a 2=-a1 -2+ln-- ----(1- ---lny); 

4 (y2-1)2 y2 -1 

1 2y 2 
a3 = a 1+ - + 4 ln 2 +-In y ; 

2 1- y2 

7 2 2 a
4 

= a 
1 

+ 1 + - ln 2 + __ y- ln y ; 
5 1 2 -y 

3 10 2v2 . a 5= a 1+ -
2 

- -
1
-ln2 + --'--lny, 

. 9 1 2 -y 

3 10 2v 2 a =a +-- -ln2 + ---..c....i--lny; 
6 1 2 3 1 2 

m 
y=~ m • 

1T 

-y 

- ;:; r 2 +1 cl-1)
2 

Q(s)= --[1-2 --+--] · 
4 s 82 

llleCTh HeH3BeCTHhiX napaMeTpOB, a 1 , ··· · · a 6 , Ja­

~HKCHpOBaHbl 6naro~apR ucnonL3oBaHHro cynepnponaraTop­

Horo MeTo~a. 

14 

<l>yHK~HH G(s) H J (t) 

a (s) = 1- ...!. I ik / dx [ ~-x) 1 k • 
2 k= 1 k 6 1 - y2x 

J(t) = 1- ...!. £ t"k rck_Lr_i!+1) 
2 k= 1 r (2k+2) 

HMeroT BH~ 

,lJ;eTanH Bhl'lfHCneHHB ~JIR llHOHHOB ~HarpaMMhl 2e llpH­

Be~eHbl B fipU/IOJICeHUU 2. 

§5. )J.JIHHbl PACCE.RHH.R 

AHanuJ nony'lfeHHoii aMnJIHTY~hl pacceRHHR noKa3hiBaeT, 

'lfTO BKna~ Me30HHhiX neTJieBbiX ~HarpaMM B S- H p(lsl/2)­
BOnHbl Man llO cpaBHeHHID C 6opHOBCKHM llpH6nH)I(eHHeM, 

BKna~ oT ~uarpaMMhi 2 z ~nR scex ~nHH pacceRHHR He­

Cyi..L\eCTBeHeH. ,lJ;nHHa pacceRHHR a3(2 B OCHOBHOM onpe­

~enReTCR ~HarpaMMOB 2e . ,lJ;nR d - BOnH OKa3bl­

aaeTcJI Ba)I(HhiM y'lfeT 6apuoHHhiX neTenL. Ha'lfHHaR c f -aon­

Hhl ~nHHhl pacceJIHHJI llO'lfTH llOnHOCThiD onpe~enRIOTCJI 

BKna~OM TOJihKO OT O~HOB ~HarpaMMhl 2e . ,lJ;HarpaMMa 

26 ~nJI f= 3 BHOCHT 30o/o nonpaBKH B 3TOT pe3ynLTaT. 

C pocTOM f e e BKna~ yMeHLmaeTcR. Y'lfHThiBaR 3TO, MO)I(­

HO C ~OCTaTO'lfHOB CTeneHhiD TO'lfHOCTH ~nR ~nHH pacceRHHR 

C f ~ 3 llOnb30BaTbCR ~OpMynaMH, nony'lfeHHhiMH H3 ~Har­
paMMhl 2e : 

1/2 2 -2f -1 
af~ 3 = Ze[H +4(5f +3)+8y( f -2)]m

17 
. 

3/2 2 -2f -1 a = Zn [7f +2(4f +3)-4y(f -2)]m , 
f?:. 3 [ 1T 

z e = 1T a~ 2 2 f + 1 
3 r u +1) r u -2) 

r 2 cu + 2 ) c y + 1 ) 

15 
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§6. 3AKJIIOfJEHHE 

)),nHHbl pacceJIHHJI .IJ;nJI s -aonH, nonyqeHHble a pa6oTe, 

3HaquTenbHO MeHbWe Ha6mo,D;aeMbiX B 3KCITepHMeHTe/9/ • 

3TOT peJynbTaT CyllteCTBeHHO laBHCHT OT Bbl6opa narpaH­

)I(HaHa, Hapywa1011tero HCXO.IJ;HYIO KHpanbHYIO CHMMeTpHIO. 

Mbl npH,D;ep)I(HBanHCb CXeMbl renn- MaHHa-OaKca- PeHepa. 

3To CBJilaHo c TeM, qTo nocne.IJ;HJIJI xopowo ce6Ji JapeKo­

MeH.IJ;oaana KaK npu onucaHHH acex Mace MeJOHHoro OKTeTa, 

TaK H a .IJ;pyrux pacqeTax HH3K03HepreTuqecKux npoueccoa 

Me 30HHOH 4JH3HKH /HanpHMep, 06'bJICHeHHe pacna,D;a ry->3d 10/. 
YqeT Mace rr- u K -MeJOHOB npu BblqucneHHH BKna.IJ;a oT 

6apHOHHbiX ITeTenb He MO)I(eT cymeCTBeHHO ITOBnHJITb Ha 

nonyqeHHbiH B 6opHOBCKOM npu6nft)l(eHHH peJynbTaT B cuny 

CaMOH H.IJ;eonorHH paJBHBaeMOH TeOpHH B03MYllteHHH. 

0CHOBHOH peJynbTaT npoae,D;eHHbiX HCCne,D;OBaHHH Ja­

KmoqaeTCJi B aHanHJe OTHOCHTenbHbiX BKna,D;OB neTneBbiX 

.IJ;HarpaMM B .IJ;nHHbl pacceJIHHJI, HaqHHaJI C d ·aonHbl H BbiWe. 

)),nJI 3THX BOnH 6opHOBCKOe npu6nH)I(eHHe HHKaKOH HH<lJopMa­

UHH 0 .IJ;nHHaX pacCeJIHH.II He ,D;aeT. 3Ta HH<lJOpMaUHJI CO.IJ;ep­

)KHTCJI B cne,D;yiOII.\eM - O.IJ;HOITeTneBOM npu6nft)l(eHHH. 0Ka­

JanOCb, qTQ l.IJ;eCb .IJ;OMHHHPYIOmHM JIBnJieTCJI BKna,D; OT 

ITHOHHOH neTnH. Ee yqeT .IJ;aeT BOJMO)I(HOCTb nonyquTb 

npOCTble Bblpa)l(eHHJI ,D;nJI ,1\nHH pacceJIHHJI C op6HTanbHbiM 

MOMeHTOM f ~ 3. 0TMeTHM, qTO peJynbTaTbl BblqHcneHHJI 

.IJ;nHH aonH, HaquHaJI c f -aonHbl, coaepweHHO He JaBHCJIT 

OT HCITOnbJyeMOrO npH BblqHcneHHJIX MeTO,D;a perynJipHJa­

UHH. Bee peJynbTaTbl co6paHbl a npuae.IJ;eHHOH J.IJ;ecb ma6-
AUfle. 

B JaKmoqeHHe aBTOPbl Bblpa)l(aiOT 6naro.IJ;apHOCTb 

)),.H.IinOXHHUeBy 3a ITOCTOJIHHOe BHHMaHHe K pa6oTe, 

B.H.IIepaywHHY H IO.B.IIap<lJeHoay - Ja noneJHbie .IJ;HCKyc­
cuu. 

IIPHJIO)J(EHHE 1 

Jiarpaft)I(HaH ~1 
~ =.l.c.Ji (;)i 

1 2 P. IL 

MO)I(HO npe.IJ;CTaBHTb B BH,D;e 

(F =1). 
TT . 
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KoaapHaHTHOe pa3,!J;eneHHe noneH Ha BHeWHHe (M) H BHyT· 
peHHHe (F) Tor,!J;a l}lopMynupyeTcJI cne)l;yiDI.UHM o6pa3oM 
/eM. pa6oTy 171 /: 

. e (DFl 
oc n n 1 [~ +-~-J. 

(;)i = !. (-1) (mF)e (2n)! (2n+1)! n=O 

r,!J;e 

(DF/ =aFe +f;k{3Fkef3, 

f3 1 r k 4 e = 2" f {3 Pk M aM + 0 (M ) , 

o i i r j 
(m F \ = 0 ik ' (m F) k =- f iP m f mjk F' F 

OTCIO)l;a 

f(2)(M/F) = ..1. a Mr a Mk ~ H~- (mn) i (mii)i + 
1 2 J1 J1 n,ii=0(2n)!(2n)! F r F k 

+..!_Mma Mjf ,! .Fka Fr ~ <-1)n+ii (nfl)\m~i. 
2 J1 ykp{3m] J1 n,'ii=0(2n+1)!(2n+1)! FC y 

B )l;aP.HOM Bblpa)l(eHHH MO)I(HO JIBHO Bbi,!J;enHTb nHOHHble 
H KaOHHble nonJI. ilpH 3TOM 6y)l;eM npH,!J;ep)I(HBaTbCJI cne­
,!J;YIOI.UHX o6o3Ha'ieHHH: rr - BHewHee nHOHHoe none, K -
BHewHee KaoHHoe none, r - BHyTpeHHee nHOHHoe none, 
H- BHyTpeHHe e KaOHHOe none. 
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B HTore nony'IHM: 

f <
2
) (rr/r) = _:1_ a "e a "k (f' kre - r 2o ") x 

s 2 F 2 J1 J1 kr 

00 

X !. 
n= 0 

1T 

22n+ 1 (-1)n 

F 2n(2n+2)! 
1T 

r 2n 

(2) 1 .. oo 2 2n+ 1 ( 1)n 2n 
f (rr/f')=--rrma rrkrka rm!. - r ' 

a 2F; 11 11 n=O F 2n (2n+2)! 
1T 

£<
2
)(K T)=---1-a K a Kr

2 ~ --2 <-::!.L__r 2n 
8 

. 4F; 11 11 n=O F ;n (2n+ 2)! ' 

2 . _ 2~1 n 
£()(K 1f')=--1-(KarK)f rkarY~ 2 (-1) r 2.n 

a 4F 2 J1 f3 {3yk 11 n=O F 2n (2n +2)! 
1T 1T 

f(
2
)(rrK/Hf')=-1-a rrea KkrmHn ~ _?J.:-fl~---r 2 n x 

s 4F; J1 JL n=Orrr2n(2n+2)! 

X ! Okn Omf t 2 ffm/3 f /3nk ( 4 n+l -1) !, 

f'<2
) (77KIIIr) ~ __ 1_ (Kma' 17j )f rt I'kif HY x 

a 2F2 J1 ykf1 /1mj 11 
17 

~ __ 2 <-=IL ___ r 2 n. 

"n:'o F2n (2n+2)! 
1T 

IIPHJIO)J(EHHE 2 

Onpe,!J;enHM BKna,!J; OT ,!J;HarpaMMbl 2a B aMnnHTy)l;y 
pacceJIHHH /9/. s - onepaTop, nocne BblnonHeHHJI 
T :t ynopJI,!J;O'iHBaHHJI no BuKy, MO)I(HO npe)l;cTaBHTb B BH,!J;e 
CYMMbl 

.... ?. .... 
s =., + s ' a_a, s_s_ 

r,!J;e 

1 e r -s = --4 r dxldx2N K(a 171 a 1T 1 a K 2a K2) X s.s. 2F' 17 J1 11 v j/ 

1T 

oo 2 n+l 
x !12 ~ [ - i ~ 77 l n _4_-=--.ill!l--±lL 

"n=O 6F ;n(2n + 2)! 
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~ i £4+ y - ~ 
sa. a.= 8 F4 .r dxl dx2 N 17K(171 a J1171 ){K2 avrf3 K2) ( f3y£ X 

17 

( a(Xl~ a(x2)~ ~ /Xt)a(X2)~ ) 
X J1 17V 17-17Jl V 17 X 

00 

x ~ [ _ i~ -.2n 
n=O 77 J 

4 2n+l (2n +3) 

6F 4n(n+l)(2n+2)! 
17 

11 f = 11e (x t ( £ =1,2 ,3), ~ 17 (x) - nponara Top cao6o.IJ.Horo nHoH­
Horo nonJI. 

TaK KaK HaC HHTepecyeT TOJILKO O)J,HOneTJieBOe npH6JIH· 
)KeHHe (n ..,Q), TO npH nepeXO)J, e K HMllYJILCHOMy npOCTpaH­
CTBY MO)KHO HCflOJIL30BaTL 4JopMy MaCCHBHLIX CB060)J.HLIX 
nponaraTOpOB JIHWL )J,JIJI BLipa)KeHHB, CTOJimHX B KpyrJILIX 
CK06Kax. OcTaJILHLie nponaraTopLI .IJ.JIJI npocTOTLI 6epyTcJI 
B 6e3Maccoaoii 4JopMe /S,S/. CornacHo /5/ nonyqHM 

s+ = ::.L..(2m2 -t )(2m 2 -t )Jdxe ix(p2-pl) ~2 (x)x 
s.s. 4 F4 K 77 11 

17 

x ~ (-i~ )2n 22n+l (2n +3) 

n=O 0 3F4n 1(2n+3) 
17 

S~.s.= 4Fi4(kt+k2) (p +P) .f dxeix(P:z-Pl) 
V 1 2J1 X 

17 

00 

x (a,~ a~ -~77 a,a ~) ~ (-i~ )
2

n 
r 17 V 17 r V 17 n=O 0 

4 2n+1 (2n-t3) 

6F 4n (n+1)(2n+2)! 
17 

0.IJ.HoneTneaoii BKJia.IJ. 3THX cynepnponaraTopoB paaeH 

A+_ (2mi-t)(2m; -t) [ 2 ln 217F 11 _ 3C +....!! + ln2- 2 J (t) l, 
- (877F2)2 m17 6 

17 

20 

A-= m!(s-u) l ~(21n 277F17 -3C+..Q_) +(4- ~) J(t)+ 

3 (817 F! ) 2 2m 17 m 17 6 m 17 

4t 
+ ---41. 

3m; 
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