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1. B aacToJI~eii pa6oTe Mbl paccMOTPHM aeKoTopble 
o6li.Uie csoiiCTBa aeiiTpanLHbiX K -Me3oHoB, o6pa3YJOII.UIXCJI 
B BHKnJ03BBHbiX nponeccax: 

a+ b-> K 0 +X, a+ b -• K0 +X, /1/ 

a+b .... K0 +K 0 +X, a+b->K 0 +K 0 +X, a+b-~K
0

+K
0

+X. /2/ 

liy,neM C"'BTan., "'TO qacTanbl a a b o6na,naroT onpe
,neneaaoii cTpaaaocTLJO /He o6JI3aTenLHO aynesoii/. TeM 
CaMbiM BCKnJ01.faJOTCJI 83 paCCMOTpeHBJI peaKnHB C yqaCTBeM 
nepBB"'HbiX .nonrmKBBYII.UIX aeiiTpanLHbiX K -Me 30HOB. 

Caaqana xpaTKO ocTaHOBBMCJI aa o,naoqacTB"'HbiX BHKnJ0-
3BBHbiX peaxnaJix. Bsa,ny coxpaaeHBJI cTpaaaocTB, MaTpana 
nnoTHOCTB aeiiTpanLaoro K -Me3oHa c BJI!!JYnLCOM p ,noJDKHa 
6b1TL B npe,ncTasneaaa cocTOJIHBii K 0 a K

0 
,naaroaanLaoii/1/: 

A ( p} 
p "(:•' <Pl 1~ :Pl~ /3/ 

( 
1 0 A 

r.ne rT
3
= 

0 
_

1 
)- MaTpana llayna. HopMapoBKY el P) Mbl Bbl6epeM 

TaKBM o6pa3oM, 1.fT06bl fK 0 (p) a fi(o(P> cosna&ana c o.nao
qacTB"'HbiMB cTpyKTYPHbiMB lllyaxnaJIMB K

0 
a 1(0 -Me30HOB: 

d3a d
3
a-

. ·~ -> K o -> -> I(' 
I K" ( p) = w ( p) --;Jiif-' fK {p) = (J;( p) d3p 

. /4/ 
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ITepei~eM TenepL K KopoTKO)I(HBy~eMy B ~onro)I(Hay~eMy 
cocTOJIHBJIM Kg B K L' EcnB npeHe6peqL 34MlleKTaMB HapyweHBJI 

- -
CP -BHaapBaHTHocTH, To 1Ks>=IK1JK:>+II(>>H' IKL>=IK

2
>=1K>·-J16. 

y2 y2 
B npe~cTaaneHBH 3TBX cocTOJIHBi 

(

f .... 
p ( p) = ~ Ko (p) + fKo ( p) 

fKo(PJ- fi<a(P) 

.... ....) fKo ( p) - fKo (p) 

fKo (p) + fK 0 (p) .. 
/5/ 

0TciO~a JICHo, qTo o~HoqacTHqHwe CTPYKTypHwe ~YHKnBB 
K8 B K L-Me30HOB paaHw ~pyr ~pyry: 

' .... 1 .... .... 
f 8 (p) =fL(p) = 2(fK' (p) + fi{o (p)). /6/ 

B COOTBeTCTBHH C 3THM, ~nJI cpe~HHX MHO~eCTBeHHOCTeH 
nonyqaeM: 

1 <n8 > = < nL > = - ( <n . > + <n_ > ) . 
2 K" Ko /7/ 

ITo~qepKHeM, qTo cooTHOWeHHJI /6/ .h /7 I - cne~CTBHJI 
COXpaHeHBJI CTpaHHOCTH B peaKnHJIX /1/. 

EcnB_peqL B~eT 0 nponeccax TBna a+ a .... K +X /Hanp., 
pp ->K

0
(K

0
) + X, , e+e-.... K0 (K6 ) +X/, TO c yqeTOM CP ·BH

aapBaHTHOCTH ~OJDKHW BWUOnHJITLCJI paBeHCTBa 

f 0 (p) = f -0. ( -p) ' 
K K /8/ 

r~e p - BMUYJILC K ·Me30Ha B CBCTeMe UeHTpa BHepUBB. 
B 3TOM cnyqae, KaK nerKo BB~eT:b, <nKo > = < nKo > B,co
rnacHo /7/, 

< n S > = < n L > = < n Ko > = < n i(o > . /9/ 

2. B cnyqae peaKUBB /2/ HOpMHpOBaHHaJI Ha BHKni0-
3BBHWe ceqeHBJI MaTpBUa UnOTHOCTH ~BYX HeHTpanLHLIX 
K-we3oHoa c BMnynLcawB p B q a npe~cTaaneHBB ~ayx
qacTBqHwx cocTOJIHBi I K '>(P) x IK''>( ~ IKe ><P>x IKo _;,(ql, IK():><P' '/ IK,A q) 

4 

"~ 

. .. 

B \K0 >(p)xiKO:,(q) C onpe~eneHHLIMB CTpaHHOCTJIMB /+2, 
0, 0 B -2, COOTBeTCTBeHHO/, BMeeT cne~yiO~YIO CTpyKTypy: 

0 0 0 

B(p,q) 
.... -> 

0 F(p,q) 0 
p< p,q) = \ ........ .... -> 

0 0 F*( p,q) B(p,q) 

0 0 0 D(p, q) 

3~eCL 

d6 a 
4 ---+ .....,. -+ .....,. 4 -+ -+ KOKO 

A(p,q) =A(q,p) =fK 0 K0 (p,q)=w(p)w(q) -> -> 
d 3p d3p 

6 
.... .... -> .... .... .... .... .... d aioio 

D(p, q) = D( q,p) = f-Ko-Ko (p, q) = w (p) w( q) _.....::...:::... 
d3pd3q 

I aKoKo 
B( ->p ~\ = f - (p, q) =W (PJ W (q) 3-> ctJ-> 

·~ K°K
0 d p p 

I 
........ \2 .... .... .... ~ 

F(p,q) 5 B(p,q) B(q,p1 . 

/10/ 

/11/ 

ITo~qepKHeM, qTo He~BaroHanLHWe MaTpBqHwe 3neMeHTW 
p(p,q) , COOTBeTCTBYIOJnlle COCTOJIHHJIM C pa3HWMB CTpaH
HOCTJIMB, paBHLI HyniO - BBB~Y coxpaHeHBJI CTpaHHOCTB B 
nponeccax /2/. llpB A(p, v =D(p,i) :0 waTpBna_!lnOTHOCTB 
/10/ onBcwaaeT o6pa3oBaHBe o~BHOqHwx nap K°K

0
, caoicT

aa KOTOPLIX no~po6HO o6cy~aJIBCL B pa6oTax/2,6/. 
C UOMO~LIO MaTpJJn fiaynB p ( p ,q) YO)I(HO npe~cTaBBTL 

B BB~e 

,. ( ) .... .... b (p 'q) ( ) ( q) 
p p,q = a+(p,q)+ 

9 
(aj + a3 ) + 

c_(p,q) ( (p) (q) )+ t4(p,q) (a(p) xa(q)+a(p) xa(q) ) + 
+ a3 -a3 " 1 1 2 2 

2 
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+ e_(p,q) (a(p)xa(q) -a(p)xa<r» )+g (p ~(a~p)xa(3q)) · /12/ 
1 2 2 1 +' J 

0 1) 0 -i 
J,necb a1 ~ ( 1 O , a2 = ( i O); BCe c}lyHKD;HH, BXO.l{JIID;He B 

I 12/, .neiicTBHTeJILHW. Ha.nexcw '+ " a "- " yxalwaaroT, 'ITO 
paCCMaTpHBaeMaJI c}lyHKD;HJI CHMMeTpH'IHa HJIH COOTBeTCTBeH· 
HO aHTHCHMMeTpH'IHa OTHOCHTeJibHO nepecTaHOBKH HMnyJIL• 

-> .... .... COB p <- q . 
Jlerxo aa,neTL, 'ITO 

a+(p,q) = ~ ( A(p,q)+ D(p,q) + B(p,q') + B( q,p)), 

.......... 1 -io-) -)-) 

b+(p,q) = 2"(A(p,q) -D(p,q)), 

-+-+ 1 --+--+ -)-). 
c_(p,q)= 2 (B(p,q)- B(q,p)), 

g+(p, q) = 1.( A(p, q) + D(p, q)- B(p, q) - B( q,p)). 
4 

/13/ 

Tax xax aena'laaw A(p,ij) ,B@,cv a o(i),(j) cYIQecTaeaao nono
liCHTeJILaw, H3 /13/ cne.nyroT aepaaeacTaa 

a+(p,q) > 0, lg+(p,q) I <a+(p,q), 

I b+(p, ii> I + I c_(p,q) I< 2a+(p,q). 
/14/ 

Haii,neM Tenepb .nsyxqacTH'IHWe cTpyxTypawe c}lyaxu;aa 
f 88 (p, q) , f LL (p,q), fSL (p.q) .. 3TO MOlKHO c,neJiaTb CJie· 

.nYIDUUIM o6pa3oM. MaTpau;w nnoTHOCTH K8 a K L ·Me3oaoa 
a K°K0 

npe,ncTaaneaaa /6e3 y'leTa aecoxpaaeaa.11 CP-qeT· 
HOCTH/ HMeiOT BH,n: 

1 1 
p = -(1+a ), p =-(1-a ). 

S 2 1 L 2 1 
Jlcao, 'ITO 

fLL (~, q) = ~ (p, q) = ~ P~p) P~ q) p< p,q)=a+ (p,q) + ~ d+(p,q), /15/ 

6 

l 
l 

l 

fsL (p, q) = fL8(p,q) = Sp ;;<f)p v;> p < p,q)= a)p,q)- ..!.d+(p,q)*. /16/ 
2 

TaKHM o6pa30M, cTpyxTypawe c}lyaxu;aa ,nayx K
8
- Meloaoa 

a .nsyx KL ·Meloaoa paaaw ,npyr ,npyry. O.naaxo a o6~eM 
cnyqae 

fLS (p, q) =/ f SS (p, q). /17/ 

Jlerxo aa,neTL, 'ITO 

fKoKo(P, q) + fKoKo(P, q) + fKoKo (p, q) + ~oKo (p, q) 

=2[ fss (p,q) + fSL (p,<i J. /18/ 

3. Hl&eCTHO, 'ITO BHTerpaJI OT ,nayx'laCTB'IHOB CTpyx· 
TypHOB c}lyHKD;HH , xapaKTepB3YJOll.{eB BMnyJibCHOe pacnpe,ne • 
neHae xaxax·na6o qacTBu; c a d. awpa:>KaeTCJI qepe3 cpe.n· 
Hee 'IHCJIO nap c d , po:>K,naiOlD;HXCJI B ,naHHOB BHKJI103BBHOB 
peaxu;aa. Ecna pe'IL a,neT o TO:>K,necT&eHHWX qacTau;ax, TO 
npR RHTerpRpO&aHBR no lj)a30BOMy 06"beMy O,nHO B TO :>Ke 
co6wTRe Y'IRTW~e!c.ll ~w. a pe3yJILTaT cne,nyeT pal
,AeJIRTio nonOJJAM 7 • 8 COOTBeTCTBRB C :JT!IM ,nJIJI cpe,nHero 
'IBCJJA nap K"K 0 B cpe.naero 'IRena nap K°K0 /a pac'leTe Ha 
O,nRH &JCT B3&RMO,neiicTBR.B/ MW MO:>KeM HanacaTb BWpa:>Ke· 
HR.B 

.1-> 3-> 1 2 · I -> --> <rpd q 
<N 0 0 >=-2 (<n o>-<n o>)=--JffKo,,c{p,q) -,/19/ 

K K K K 2aab 1\ w(p)w(q) 

~ L"l-> 1 .... ... d p a~q 
<NKoio >=<nKo nio>= aab JJfKOJ(o(p,q) w(p) w(ij) . /20/ 

* 0TMeTHM, 'ITO CTpyKTypHa.B c}lyHKD;HJI f8L(p,q) TaJC ))(e, 
KaJC H c}lyHKD;HH f SS (p, V H fLL( p, §), C_JIMMeTpB'IHa OTHOCB • 
TeJibHO nepeCTaHOBKH HMnyJibCOB p H q . 

7 



l,11.ecL aab - noJIHoe ceqeaae B3aHMO,IJ.eiicTBHJI aaqanLHLIX 
'laCTHI( a H b . • 

Cpe,IJ.Hee qacno nap K°K 0 
, , KgK 8 a KLKL onpe)J.enJieT

cJI no ci»opMyne 1191 C COOTBeTCTBYIOII(eii 3aMeHOH ~'1\o-> 
_.fi{oj{o, fss, ,fLL'a cpe,II.Hee qacno nap KsKL- no 4iop
Myne 1201 c 3aMeaoii fKoio-> f 8L . OTCIO,IJ.a c y'leTOM I 151, 
116/, 1181 H 1111 cne,11.y10T paBeHCTBa 

N 2 2 
< ss>=<Nu:?• <ns>=<nL> 

< N > = <NKoKo > +<NKoKo>+ <NKoKo > = 2<N88 > + <NSL >, 

2 2 
<(nKo+Dio)> =<(n8 +nL) >. 1211 

1 
llo,IJ.'IepxaeM, 'ITO, aoo6me rosopJI, <N8L>o;/2<N88>H~8>;i:J<N>, 
r,11.e N - noJIHoe qacno nap aeiiTpanLHLIX K -Me30HQ_B. 3To, 
O'leBH,IJ.HO, CBJI3aHO C KOppenJII(HJIMH B CHCTeMe K°K 0

, KO
TOpLie HCCne,IJ.OBanHCL B pa6oTaX / 2-G/ .PaBeHCTBO <N > = 
= :.l<N> B03MO>KHO TOHLKO npH ycnOBHH, 'ITO SS 

4 d3-> ·3---
ffd+(P. q) ~ -q- = 0. 

w(p) w( 'II 

4. fiepeii,IJ.eM TenepL K HHKn103HBHLIM nponecCaM, B 
KoTopwx peracTpapyiOTCJI aecKonLKO aeiiTpanLHLIX K -Me3o
ao. fipH COXpaHeHHH CTpaHHOCTB MaTpHI(a nnOTHOCTH CH
CTeMLI f HeiiTpanLHLIX K -Me 30HOB ,IJ.On>KHa 6LITL HHBapaaHT
Ha OTHOCHTenLHO YHHTapHOrO npeo6pa30BaHHJI Up U +, r,IJ.e 

A 

u 
f 1T n <k) -i-f 

k=la3 =e 2 

• 1T ~ ( k) * 
12k=l a3 1221 

e 

* A f CyMMaS = ~ a(k) eCTL onepaTOp CTpaHHOCTH CHCTeMLI 
k=l 3 

£ HeiiTpanLHLIX 1.( -Me30HOB. 

8 

.. 
On epa To.p U npa ,IJ.eBCTBHH Ha MHOrO'IaCTH'IHOe COCTOJIHHe 
JK 8 ><

1
)x JK 8 > <2) ... I K s >(m~JK r:<m+IJ .. JKJ:?(f) npaBO.IJ.HT K 3aMe-

He Kg;> K L- 3To 03Ha'laeT, 'ITO see MHoroqacTH'IHLie cTpyx
TYPHLie ci»YHKI(HH HHBapaaHTHLI OTHOCHTenLHO 3aMeHLI Kg: KL 
0TCIO)J.a, B 'laCTHOCTB, cne,11.yeT, 'ITO 

f f m £-m m £-m 
<ns>=<nL>,<nsnL >=<nLns >. /23/ 

3aMeTHM TaK>Ke, 'ITO npa ci»HKCHpOBaHHOM nonHOM 'IBCne 
aeiiTpanLHLIX K -Me30HOB, paBHOM n, 

; 

< ( n s + n L ) f > = < ( "K o + "K: o ) £ > = n f /241 

3TO paBeHCTBO OCTaeTCJI B CHne B ,IJ.HJI BHKni03HBHLIX pe
aKUBii; npB !HOM nf 3aMeHJieTCJI Ha cpe,IJ.Hee 3Ha'leHHe <nf>. 

5. PaccMoTpHM HHTepci»epeauaoaawe 6aeaaJI npa pacna
,IJ.ax aeiiTpanLHLIX K -Me30HOB .. C yqeToM aapyweHHJI CP
HHBapaaHTHOCTH lnpa coxpaaeaaa CPT /, cocTOJIHHJI K 0 a 
K · HMeiOT BB.D: /8/: 

vi1+Jol2 - 0 vl+IBI2 
IK~=(IK 8>+1KI?) , IK >=(IKs>-IKL>) ·1251 

2 25 

Haii,IJ.eM 'lacno pacna,IJ.OB aeiiTpanLHLIX K- Me30HOB c HMnynL
coM p , o6pa3YIOIUHXCJI B BHKn103HBHoii peaKuaa I 11, ua 
paccTOJIHHB x=vyr OT TO'IKH po>K,IJ.eHaJI*. Pe3ynLTaT co-

cTaBnJieT Q 
0 

( r ) d3p 

dP 0 = R 0 d T __. , 

aab w(p) 
r,11.e R 0 - noJIHoe 'IBcno co6wTaii I aKTOB B3aBMO.IJ.eiicTBHJI/, 
a Q0 (r, 1>) onpe,IJ.enJieTcJI no cl»opMyne 

.... .... 2 .... --> 2 
Q0 ( r,p) = fKo(p) IAK<i!(r)J +fi(o(p) lA i{o

0
( r) I /26/ 

3)J.eCL 

* l,11.ecL v- cxopocTL K-Me3oaa, y = ( 1- v 2)-112 , r -
co6cTseauoe speMJI npo.6era K -Me3oaa OT TO'IKH po>K)J.eHaJI 
.11.0 TO'IKH pacna,11.a I 1, 4 I 1. 

9 



r----v 1 + 1 ol2 -im8r-r8 r/2 -imLr-f' Lr/2 
.A 

0 
( r) = ( A e +A e 

K n 2 Sn Ln, ) ' 
/27/ 

/1~812 -im8 r- I8r/2 -imLr-I'L r/2 
AKon(r) = 28 (Asne -ft.Lnf ), 

ASn B ALn- aunnBTY.IJ.LI pacna.na .nonro)I(BB~ero B KopoTKo
)I(IIBYIJ.\Cro HeiiTpanhHLIX K -MC30HOB no BHTepecyiOil\CMY HaC 

1 I o 12 
KaHany n. C yqeToM paaeHCTBa <K J K8 > = ----'--'--

1 + I 812 
qaeM awpa)l(eHBe 

Q (r,p) = 
n 

nony-

[fKc{p)+ fKJP)l-<Ks\Kl.> l~o(p)-\(o(p)J -1 r . -I r 
=I" ( l' s I I 1J \2 (' I. ) + 

Sn . 2 n 
2( 1- <Ks\K1.> ) 

[fK" (i))-'i(o(p)J-<K
8
\Kl.>lfKo(p)+fKo(P)I _ \:_+l~r 

+~ \1) \e 2 cos(:'\nli+c ), 

r.ne 

1) 

EcnB 

1-<K~K >2 n n 
~. 1 2a1 

A l.n A Ln * 
-A-' c = arg~. 

Sn "Sn 
f Ko ( p) = fKo (i}) /Hanp., npB 

+ -e £' ... y +K 0 (K 0
) +X/, TO 

aHHBrBllJIIJ,HB 

I'+~' 
1' I' s '1.. -"S T - T ---7 

Q
0
(r,p)::(e +\7]

0
\ 2 e L -2<K 8 \KL>e 2 cos(L\mrH 0 )). /29/ 

3Ta ~puyna cnpaae,nnBBa TaK)I(C B B cnyqae o6pa3oBaHHJI 
o,nBHO'IHLIX nap K 0 R'/ B 3KCKlli03BBHLIX peaKU.BJIX, ecnB 

*Cor nacHo 3KCnepBMCHTanhHLIM ,naHHLIM, < K L I K 8 > 

""v2iTf + l=v2i17 ...ol"" 3.10-3 , <K IK >
2

.,to-
5

1
9
1. 

1111 2rr L S 

10 

-
cBcTeua K°K 0 

HOCTbiO /l' lO /. 
o6na,naeT onpe,neneHHoi 3apJI.IJ.OBoi 'leT-

IlonHoe 'IBcno pacna.nos Ks-+n, KL ... n Ha paccTOJIHB.IIX 
0 :._ x :._ xyT npB T» 1/I's , T « l;T L ,o'leBH.D.Ho, paBHO 

( <n cf>+<n- 0 >)- <K \K > (<n 0 >-<h-0 >) r 
K K S L K K •s 

.Pn=Rol <++rLn T)+ 
2 ( 1 - < K8 1 KL} ) s 

/30/ 

(<n~-<nK0>)-<K 8\K~(<nKif+<"Ko>) r
80 

+ Re(71 ------)1. 
1-<K 8 \KL> 2 0 (I'8 +I'L)/2-i~m 

B 'lacTHOCTB, c TO'IHOCTbiO .no 3ciJclleKTOB HapyWeHH.II 
CP-HHBapuaHTHOCTB I"" 10-3 I 

p ~"- + p2 o = R <nKo>+<nKo> 
11 0 2 

B nOnHOM cornacBH c cllopuynoi /7 I. 
AuanorH'IHWM o6pa3oM HeTpy,nuo nony'IBTb o6mee Bw

pa)l(eHHe, OnBCWBaiOil\CC BpCMCHHLIC KOppenJIUHB .IJ.BYX pac
na,IJ;OB HeiTpanbHLIX K -Me30HOB no KaHanaM n B e . .U.n• 
3KCKlli03HBHLIX peaKU.HH TBna a+ b ... c + ... K°K0 3TOT Bonpoc 
y)l(e paccuaTpBaancJI /cu., uanp., /2,4,11/ /. .U,xciJcllepeu
IJ,HanhHaJI BepOJITHOCTb 3aperBCTpBpOBaTb B MOMCHT co6-
CTBCHHOrO apeueHH r I pacna.n HeiTpanhHoro K -ueJoHa c 
BMUYllbCOM p no KaHany n, a B MOMCHT C06CTBCHHOrO Bpe
MCHB r2 - pacna.n HCHTpanbHOro K -Me30Ha c BMnynbCOM 
Q no KaHany f OnBCLIBaCTCJI BLipa)I(CHBCM 

2 Q r.. ... dP_{)- nf\p,q,r r) .._- I'2 
d3p d3q 
--... - --- dr dr 
w(p) w(q) I 2' 0 ab 

r.ne 

-+ ... ... ... 2 2 
Qrl(p,q,rl'r 2 )=A(p,q)\AKon(ri)\ \ftxoe(r2)\ + 

II 



--> -> 2 2 
+B(p,q) lA 0 (r)l IA-oo( 7 )I + Kn 1 KL 2 

-->-+ 2 2 2 2 
+B(q,p)IAKonh)l JAKof(r2)J +D(p,q)JAi(o0 (rt)l IAK.oe~2)l + 

+2Re[F(p,q)A
1
\0 n(r1)AR0 n (r1)AK0 f(r2)A*K0 f (r2)]. /31/ 

BenH'IHHa Q ne (p' q' T 1 'T 2 ) nHHeHHO JaBHCHT OT 3neMeHTOB 
MaTpHUW nnOTHOCTH /10/ H KBa,IJ,paTH'IHO - OT aMnnHTY.Il. 
pacna,IJ,a; npa 3TOM aMnnHTY.IJ.LI .A ... 4.r) H AK_o(r) onpe,IJ,en.HJOTC.H 

no cllopMynaM /27/. 

AsTop 6naro,IJ,apBT M .H.Ilo,IJ,ropeuKoro Ja o6cy)I()J;eHHe 

H noneJHLie JaMe'laHH.H. 
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