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§ 1. B B e A e a u e 

H3B8CTHO, "!TO C <jiopManhHO-M8T8M8Tll'I8CKOJ:i T0"IKH 3peHH!I neil'l'rnlflhllhle K -Me30llbl 

11on11ocThIO a11anorH'IHbI 'IaCTHUaM co CHHHOM 112 (cM. ,eanpuMep, Ill). TaK :>Ke KaK u B 

cnyqae 'IBCTHU co CIIHIIOM 112 B0nHoBa!I <pyHKllll!I 11eilTpanhH0ro K -M830118 38BHCllT 118 

T0nhKO OT llp0CTpa!ICTB8HHblX KO0pAH!laT, !10 H OT AHCKP8TH0l! (3ap!IAOBOJ:i) 11epeMen11on, K0-

T0paR M0:>KeT IIPHIIHM8Th ABB 3118"18Hlrn. Taxol! IIHCKpeTHOil 11epeMen11ol! !IBn!leTC!I CTpBHH0CTL 

HnH CP- "18TB0CTh. B 11pencTaBnellllH, oa3HCOM K0Toporo '!IDnHIOTC!I C0CT0!IIIHH C 011peneneH-

11pl! CTpan II0CTbI0, 38p!!IIOB8!1 q,yHKUH!I 381lHCb!B88TC!I B BHAe CIIHII0pa 

tf, C Ko+ C K0 =I c, I 
( 1 ) I 2 c2 

I 

r11e 

Ko = l Ko u 
u } . ( 1 , (la) 

ITpe11cTaBne1rne ( 1), 0"18BHIIH0, 11on110CTb!O C00TB0TCTBY8T Z - 11pe11cTaBneHHIO An!! "IBCTHll 

CO Cl1HIIOM 112. 
1 U 

oz=<u.1>· 

ITpn 9T0M 011epaTop CTpBHII0CTH RBnReTC!I AHRroHanhHhlM H HMeeT BRA 

O11epaTop CP-"!eTHOCTH B TOM :>Ke 11pencTaBneaun HMeeT BRA ox=l ~ i,, 
a ero CO0CTB8Hllbte 'PYHKUHH 

Ko= 
1 

1 

y2 y2 
(2) 

)13 C00TII0ll!0IIBli ( la) H ( 2) cnenyeT, "!TO K0
- H K· -Me30H8M Mb! M0:>KeM co11oc-

T8BHTb, 11a11pnMep, sneKTp0HhI, 11onRpH30B8HHbI0 C00TB0TCTB0l!H0 110 H 11p0THB OCH Z , a 

H . K02 -M030118M - sneKTpOllbI, nonRpH30B8HHbl0 CO0TB0TCTB0HHO 110 H 11p0THB OCH 

X C11e11onaTen&Ho TOT <jiaxT, 'ITO Heli:Tpa111,nh1li: K -Me3oH 06na11aeT 011pene11eanoi! 

Maccoll H BpeMeHeM :>KH3HH B C0CT0S!Hlrnx K~, C T0'IKH 3peHH!I TeopHH 38p!I-

l!C8l!Hb1X 'IBCTHll CO C11HIIOM ½ COOTB8TCTBY0T HBIIH'IHI0 MarnnTHoro nom1, _nanpanneHH0ro 

110 OCH X , TaKHM o6pa3oM, H3M8H8HH8 C T8"18HH8M BpeMei!H C0Cl'0!lllHJ:i H 

38 C"l8T cnaooro B33ll!,iOll8ilCTBH!I <pOpM8llbHO 0111ICb!B80TCS! TOMB )Ke C00TII0l!l811HHMH, 'ITO H 
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x/ 
npeneccm1 B nonepO'IHOM MarHIITHOM none • TTepexonsi K CIICTOMe, COCTOHmell ll3 Hecxonh-

- /4/ 
KHX aellTpanbHblX K -M830HOB, B '!aCTHOCTII, paccMaTpHBaH CBO!!CTBa nap K°K0 

0 He-

Tpynao y6en11TbCSI B TOM, '!TO CYI!leCTByeT aaanor11H Me)KJly CHCTOMOll CB06onHhlX HellTparu,-

Hh!X K -Me30HOB II CHCT0MOll nonHp1130BaHHhlX 'IBCTHU co cnnHOM ½ , naxonl'II!lHXCH B 

MarHIITHOM HnH K8KOM-n1160 npyroM none, nellcTBYKlill8M Ha cn11H (cM. np1IM8'1aHHe ). 3Ta 

ananorm,, O'!eBnnHo, coxpaHSleTCSI II B ycnomrn x, npH KOTOPbIX K nel!Tp8Ilbllb!M K -Me30H8M1 

ABlllltymHMCSI C naHHOl! CKOPOCThIO, ae npnMeHHMO noHSITHe 38pS!JlOBOl! DOnHOBOl! fPYHKUHH, T.e. 

om1ca1rne 38pS!Jl0BhlX CBOl!CTB ny'IK8 He !IMHeTCl'I nonHblM. TaKaSI CIITYaUH!I MO)KeT HMOTh 

MOCTO npll BblCOKHX 3Heprngx, Korna HellTpallbHblll K -Me30H C naHHbIM IIMITynbCOM p 

SIBJUleTCSI '18CTblO KB811TOBO-MOXlllUl'leCKOll CHCT0Mbl, COCTOHmel! H3 K 0
- H "i(o -M030HOB0 

r; -M03_0HOB, r1rnepo1IOB II HyKnoHoB, a KoppemrnHH K
0 

H K 0 npyr C npyroM, a TSK)KO 

C npyrHMH 'ISCTIIUll.MH, He tpnKCllpyIOTC!I. TTpn 3TOM ny'IOK nel!Tp81IbHblX K -MeaoHOB C 

)lSHHblM IIMnyllhCOM npencTaBmieT co6oll CMemaHHhlll 8HC&M61lb, CBOliCTB8 I<;OTOporo, T8K)K8 

- /~ 
KaK II CBOHCTBa ny'!Ka '!aCTll'IBO nonHpH30B8l!HblX 3Jl0KTpOHOB II HyY.nOHOB , on11Cb1Ba10TCSI 

JlBYXPSIAHOl! M&TpHnel! nnoTHOCTH-

UenhIO H8CTOS1mell pa60Thl SIBllSleTC!I anan113 pacnaJ:\HblX CBOllCTB CMemaHnoro ancaM6nsi 

HellTpanbHblX K -ueaoHOB. 

§ 2. 3ap8JlOBaSI M8TpHna nllOTHOCTII 

B npencTaBne111111 (1) aapsinoBSSI MaTpnna nnoTHOCTH IIMeeT BHn 

p 
( 

I c
1 

I 2 

C c* 
2 I 

C c• ) 1 2 

I c) 2 
(3) 

rne '!epTa o3Ha'!aeT ycpennenne no napaMeTpaM xaanToBo-MexannqecKoll c11cTeMhl, 'IBCThIO 

KOTopoll SIBm:eTCSI neliTpaJibHhlll K -M83011, 

llnH 'lliCTOro COCTOSIIUISl 1 KOTopoe MO)KIIO OnHC8Tb C llOMOillblO BOnHOBOll fPYHKUIIH ( 1) > 

detp =I). (4) 
llng CMeWaHnoro COCTO!IIIHSI 

det p ,f O. 
(5) 

3aMeT11M, '!TO COCTOSIIIIISIU K"--, K0
-' K~-H K02 -Me30IIOB COOTBeTCTByIOT cneny10I!lll8 

x/ AHanor11g CT8110BIITCSI nonnoll, ecnH paCCMOTpeTb H3MeneHlle non7aaanHH_H8llTpo

llOB, npoxonHillllX '18p0'3 IIOl!S!pH30BaHIIYIO MIImeah, C yqeTOM nornomeHHll/2 • TaKoe :>KO COOT

BeTCTBIIO IIMeeT M8CTO Me)KJly 113MeHe1111eM 38PMOBOil 'PYIIKUHH aellTpSllbllOro K -Me30B8 H 

H3Menea11eM nonHp1138UHII ,y -KB81ITOB, npOXOASIDXHX qepe3 nonsipH30B8HIIYIO aneKTpoaay10 
M11mea1, /3/. 

4 

' ,\ 

t 

,j 

3118'IelIHSI 3apsinosoil Me.TpllUbl llllOTHOCTR 

p = l 1 O 
Ko O QJ, p - I Q U 

i<o-'01J p Ko 
I 

' 

1 1 
=J',( 1 1J, 1 -1 1 

P o = l~ Lt 1 l · 
K 

(8) 

3neMellTU M8Tp11Itbl llllOTHOCTII (3) HMOIOT npocToli ¢n3B'leCKHll CMblC/" P,-HOCHTenbHSSI nomr 
Ko 

-Me30IIOB B ny'!Ke paBHa 

n 
Ko Sp PKo p p 11 1 

8 OT!IOCIITet:bHBSI AO/Ill K
0

- M830llOB 

iln11 K0
- II 

1 

nK0 s= Sp P;:0 P =p 
22 

K
0
2 -Me30IIOB nony'IaeM COOTBe't'CTB8HHO 

llKo = Sp 
PKo p = ½ + Re 

p12 I I 

nKO = Sp PKo p = ½ - Re p 
12 I 2 

TTepexo~ K npei-!CTi1B1Iemno, 68311COM KOTOporo SIDIDil'YTCSI COCTOSIHll<I 

ll<IOTc,r C nOMOmhIO YHIITapaoro npeo6pa30B811Ilst. 

p = S pS + 

rue 
•la ..!!.. 1 1 -1) S = e y • = - ( 1 1 ,/2 

ITpn: 3TOM 

s+ = e IU !I_ 1 1 1 y • = - ( ·l 1 l. 
y2 

p' = ½ ( 1 1 ) 
p:_o Ko 11 ' 

K 

½ ( 1 -1 ) 
= ' -1 1 ' 

p' = ( 1 u ) , 0 0 
K

0 
U U p Ko = ( 0 1 J 

I 
2 

Ko 
I 

R 

(7) 

(8) 

(9) 

(IO) 

K
0

2
, ocymecTB-

(11) 

(12) 

B npe_ncTABIIOIIl!H ( 11)' ( 12) onepaTop M8CCbl II0liTpanbHOro K -M830Ha IlpHBOHHTCSI K JlHa

ronanbllOMy rrn"ly ( nciony h = c = 1 

( . ,, 
0 ) 

( 13) 
II = 

m, -01 2 
• ,\ 2 , 

?!12-1 -
2 
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rAe . m Fl m I A II A -MliCCbl II IlOCTOSIHHble pacna/.lbl K0 - B K0 - M030HOB 
1 2 1 !l t 2 

COOTB8TCTB0HHO. JlerKO BBA0Tb, 'ITO B3M8H8HH0 MaTpB!lbl Il.llOTHOCTB C T0'10HH0M Bp8M81I0M 

onRCbtBaeTC!l COOTIIOIIlOHHeM: 

+ 
P' l t) U(t) p'(O) U(t) (13) 

rne 

u (t) =e 
•I Hi 

( 

•(Im! +~)i 
e 2 

0 ). o· 
•(Im +~i 

e 2 2 

t - COOCTB8HH08 npeMII H8i!TpanbHOl'O K -M830Ha. 0TCJOAa cnenyeT, 'ITO 

p' (t) 

( 

p' (0 ·At 
11 ) e l 

p' (0 • Al+A,, 
2 I ) e 2 I e 

•At 
p' (U) e 2 

22 

p' ( -~ 12 0) e 2 t .-·~J 
(14) 

MaTpnna p' lt) IIOpMHpOBaHa TOK, 'ITO ee cmin paneH OTHOCHT8.llbHOi! AO.rte H8i!Tpliilbllb!X 

K -M830.HOB, He pacnaBWHXC!l K MOMeHTy Bp0M81IH t • 

BepO!ITHOCTb oouapylKHTb HefiTpa.rtbHblH K -Meaon B COCTOSIHHH Kd MOlKBT Ob!Tb Bbl-

'IHcnena no naaecTnoii cj,opMyne
161 

w 
Kd 

Sp p p ltJ. 
Kd 

B qacTHOCTH, ecnn npH t = 0 Mb! HMB.IIH K0
-Me30II 

llP;l tu/ p~2 (0) = p;2 (0) = p;l (OJ = ½ ) 

, , ·A I t -A t • ~ 
WKo =Sp PK0 pl tJ =¼le +e 2 +'.le 2 cos(,',.m tJ 

i'i-;::o= Sp p~ p'ltJ = ¼ le·A1t 
.c... Ko 

•A2t 
+e 

• A I+ A:'t 
-:le 2 cos(limt)) 

(16) 

TO 

(16) 

<PopMy.llb! ( 16), KaK n cne:i:oBano OllrnuaTb, COBlla!laroT c COOTHOilleHH>IMH Ilaiica-Ila'IHOIIIl/ 1/. 

§ 3. Pacna;:i n pacces!HHB B CMOWSIIHOM ancaMone neiiTpanbHblX 

K - M830HOB 

Ecnn Mb! IlMBeM 'IHCTOe COCTOSIHne, aapS!AOBaSI <pyHKUHn KOTOporo 

6 

I 
1, 

·1 I, 
t 
'lJ l 
i 

l 

i\ 
I j 

l, 
;:. 

. 0 

i'./ ,i 

'1i 

); 
,1 
I' ·f: 

11 
i,i 

J i\, 
'i 
,, ,, 

/1, 

i[ 
11 

t 
). 
::1 

y 
i~ 

! 
l 
~ 

,ii 

f 
!1 
}1 

J 
,\ 
,11 

'l 
i( 
1i ) 

",' 

i 
1/ 

;r 

if, = c" K0 + c' K• 
0 l l 2 2 I 

TQ, KIi.it K3B0CTHO, 3aBHCHMOCTb 8MII.IIH,-YAbl H B8po5ITHOCTH pacna.!la OT BpeMeHB 

BHA: 

A(t) A , ·Clm +~>• == l Cle 1 2 
+ A c' •( Im + A 2 ) 2 

2
e 2--z-• 

P(t) 
2 2 ·Ar 2 2 -.\ ..t 

I A 1 I i c'
1 
I e + I A 

2
1 I c' 

2 
I e * + 

• >.,+.\~ 
+2IAjA*

2
c'

1
c~le 2 'cos(t.mt-/5), 

!'AB ii = arg A 
I 
A\ c'I c1 • 

( 17) 

IIM88T 

( 18) 

A I l[ A 2 -BMll.llHTyAbl pacnaAa K0
- H 

I 
K 0 

2 
-M830HOB COOTBBTCTBBHHO. B cnyqae 

CM8lll81IHOl'O 8HC8MO.ll!l B8ll11'111HY P(t) 

'18CTblO KOTOpoi! SIBllSI8TC!l aeilTp8.rtbHblil 

HBOOXOAIIMO ycpe1UIBTb no napaM8TpaM CHCT0Mbl, 

P(t) 
2 . 

=IA 1 ! p;
1

co> 

Art- >.2.i 
+ 2e._2_ 

K -Me3on. B peay.rtbTaTe Mb! nony'IHM 

-.\ t 2 -.\ t 
e 1 + I A I p' (0) e 2 + 

2 22 

•llimt 

Re (p 
1
: (0) A 

1 
A\ e ) • 

B M8TpH'IHOM BH/:(0 COOTHOmeHHe ( 19) MOlKBT OblTb 38llHC8BO cne.".lyJOmHM oi5pa3oM 

+ 
P (t) = Sp A p lt) A , 

( 18) 

(20) 

rAe A -onepaTOp SMilllHTYAbl B 38pS!.".\OBOM npocTp81ICTB0. TiocxonLKy cnen M8TpHilbl HHBa-

pHSHT8H OTHOCHTB.llbHO YHHTapnoro npeoop830B8HHH, qiopMyna (20) HMeeT 0/:tHH H TOT lK8 

BUA B .IIIOOOM npeJlCT8BnBH~H. 0AH81!:0 J:llISI Bbl'IHC.110BIIH BOllU'IUHbl p ltJ ( CM. <popMyny ( 1 9) ) 

B8Hoonee YAOOHO HCITO.llb30B8Tb 

HH.llbllblfi BUA: 

K
0
1 -K0

2 - npoucTaBneuae, B KOTOpoM 

A=(AIO). 
0 A

2 

A HMeeT unaro-

B OT.IIH'IH0 OT aMIIJIHTy/:tbl pacnaua MSTpHI!a p~CC8HHHSI AH8l'OII8JibH8 B K° K0 npen

CT8BU8BBH. MaTpBUa nnoTHOCTH B peaynbTaTe pacCASIHHSI MOHSIBTCSI no 38KOHY 

p 
+ .+ 

Fp
0

F /SpFp
0
¥. (21) 

B 'ISCTHOCTH, ec1111 nepBOIIa'lallhHO Mb! HM8l1H IlY'IOK K0
2 

-M830HOB1 ceqeuue perenepannn 
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+ 
onpono11110Tc11 no <),opMYne (J 

po, = Sp F PKo.F P Ko 
2 t 

Y•urT1,uia11, '!TO D K° K0 
- npe.D:C'l"BBJIOBJnr 

II p ( 6) 1 Mbl IIOny'IIIM 113B8CTHbli! 
Ko 

2 

u 

F 1 0 
F= ( 0 FJ II 

II! 
peaynhTBT 

2 

I Ft -F2I 
--4--

(22) 

ncnonb3ylt lIBHbll! nun MBTp!IIl 

(23) 

p 
Ko 

t 

§ 4. Oopaaonaune nap_ K ° K0 n cMowaaabtl! ancaMo/lb uol!TpallbllblX K -ueaoaos 

ITpHMOpoM COCTOSIJIHll, KOTOpoe npencTaB/lllOT coool! llOKoropeHTHYIO CMOCb K0
- II K0

-

M030HOB, llB/lltOTCSI COCTOltHHO HOiiTp81lbllblX K -M030HOB, 06paay10m11xclt B peaxuun 

A + B = C + D + ... + K0 + K0 II 1IOTS1m11x B K8KOM-n1160 onpeno11e11HOM H8J!p8BIIOHIIH npa ye-

nOBHH, 'ITO K -M030Hbt, /IOTltmno no npyroMy nanpaB/IOHHIO, ne !pliKCHPYIOTClt, 

Hal!noM aapltllOBYIQ M8TpHny ll/IOTHOCTII ll/lll ny'Ilta , K -M030HOB, BXOllltmHx D COCTBB 

- /6/ 
CHCTOMbI K° K0 

• Cornacno oomeMy onpone11e1m10 MBTPHll.bl Il/IOTHOCTH llOllCHCTOMU · , ll/1$1 

HOJ!Tpa."IhlIOro K -Meaona, /IOTltmero B HBI!paBnOHHH p • B MOMOHT BpOMenn t = O 

p (0) = Sp ¢ ¢ + , 
p q 0 C (24) 

rue ¢ 
0 

- 3BplIAOBBSI q,yHKHHlI napu K° K0 
1 a CHMBO/l Sp q 03HD.'I80T cyMMHpOB8Hl{0 

no nnaroHB/lbllblM 3/IOMOHTBM B 3D.p5L'lOBOM llpOCTparrcTBO 'IBCTIII(bl, llBH>Kymel!cll C HMllyllh-

COM q • JlerKo BH/lOTh, "1TO ¢ ¢ + OCTb HO '!TO nnoe, KD.K aapS!llOBa.11 M BTpHlla 
0 0 

ll/IOTHOCTH napu K"K0 • aanncanna,r B aapltllOBOM npocTpBHCTBO nnyx 'IBCTIIU, 

HanecTno, 'ITO CP -'IOTHOCTb napbl K° K0 /4/ 
BCerna nono>KI{TO/lbllB 0TCIOAH C/10-

nyeT, 'ITO OCIT'.I napa K° K0 oopaayOTCSI B COCTOltHlllIX C 'IOTHbIM op6BT8/lbHUM MOMeHTOM, 

ee 38PltllOBaSI ¢yHKllHlt ananorB'IHH CITBHOBOl! q,yHKllHH 3neKTpOHOB B TpnnneTHOM COCTOllHHH 

/4/ 
C npoeKnnel! na OCb z • paBHOi! nymo. Cne_!'.IOBaTe/lbllO I 

9c11M.= _1 { K"( p )Ko (q) +~q) J = 
C y2 (25) 

1 1 
72 l( o )(p) 

0 0 1 
1 ) ( q) + ( 1 >cp) ( 0 ) ( q) ) ' 

MaTpmw 
,,_(cnu) (caM) 
'I' ¢ B 

C C 
K° K0 

- npencTannemm MO>KOT Ob!Tb aanncaaa B BllllO 

8 

(cnu) (cuM) 
=½[(lU) x(uu) +(Ou) xtlOJ + ¢c ,pc u u (pJ u l \q) 0 1 (p) 0 0 (q) 

0 1 
+ l O O 'cp) 0 0 ( u u ) x'( U l ) J 

X l 1 0 1cq) + l u. tp) u u \q) • 

Ha COOTHOfilOHll!l (24) cnenyeT, '!TO npn aTOM 

p \UJ 
p 

Y, \l UJ 
u l 

(26) 

(27) 

TaK KBK B0/III'IIIH8 p P \U) nponopnHOHH/lbllH OllBlllI'f.HOi! MaTpH'IHOli MHTPBUO, ee DBll ae 38BBCIIT 

OT nuoopa npencTannenna, TaKHM oGpaaoM, ecnu napa K°K0 
oopaayeTclt E coCTOltHHltX 

C 'IOTllb!MII opoHTllJibllblMII MOM8HTHMB 1 ny•tOK HOl!Tp8/lhllbIX K -M830llOB, /ICTllmJIX no 

naanoMY nanpan11etm10
1 

aa.anorn'IOH rrrrxy nerronnp1Iaoaaan&1l'f aneKTpoaon. On npencTHB/llt8T 

coool! •neKorepenTnyro• cMech K0 a fo ' RnH, 'EJTO 8.KBMBanenTHO, K0 
- n K0 

-t 2 

M830HOB, npH'I8M coneplKHHBO Ko II Ko K0 ll 
I 

K\ ) B ny'lK8 OllHH8KOBO, JlerKO 

noKa3BTh, 'ITO T&Kalt )KO CHTYHlllllt HM80T M8CTO B C/IY'IBO, KOrAB napa K
0 i(• 

B COCTOltHIIltX C H8'l:8THbIMII OpOHT8/lbHbIMH MOM8llTHMB, 

flpB 8TOM 

ac 

<pc = _1_ ( (°(p) K0 (q) - K0 (p) K0 (q) ) = 
y2 

1 1 
=-<<o>c) y2 p 

0 0 
( 1 \q) - ( 1 >cp) 

1 
( 0 >cq) 

</,ac </,ao+- =½!( 10) x ( 00) 
C C OO (p) 0 1 (q) 

+(00) x(lO) 
0 1 (p) 00 (q) 

01 00 
-< oo>(p)x<1o>(q) 

00 ) X 01 
- ( 10 (p) ( 00 )(q) 

p (0) = Sp 
cf, ao ¢ ao+ =½( 1 0) 

p • 0 0 0 1 

PaccMoTpnM Tenepb oomnl! cny'lail. ITycTh aMnnnTyna nponecca oopaaonaanlt 

C HMl'.l}'/lbCOM p II K0 -M83QH8 C BMnynhCOM q paaaa A (p,q) 

HMnynbCHOM npocTpaHCTBO BO/IHOB&lt q,yHKllHS'I napbI nponopnnona/lbHa B8/IH'<IIHO 

A (p, q) K0 (p) K0 (q)+ A ( q,p) K0 (q) K0 (p), 

9 

oopaayOTCSI 

(28) 

(29) 

(30) 

K0 -Meaona 

Torna a 

(31) 



.Q6oana'IHM a=....!.c (A(p,q)+A(q,p)), 
../2 

2 2 ·½ 
rne c = ( I A ( p, q) I + I A ( q,p) I ) 

b = _!_ c ( A ( p, q ) - A ( q,p ) ) 
1 ../2 (32) 

Torna nerKo BRAeTb, 'ITO 3apH.llOBaH ~yHKllHH, HOPMRpoB8HH8H aa e.nxanny, 6yneT RM8Tb 

BR.It 

1/1 = a¢ 
C 0 

+ b ¢ :• 

(la l
2
+lbl

2
=1). 

B K° K" - npencTaBnenna 

+ a+ b 2 10 00 . a -b 2 00 10 
,:,0 ,;,o = 1

-2 I ( oo\p)x( Ol)(q) +l.-.-2- 1 <ol)(p) x( 00 )(q,+ 

2 2 01 uo + ½ ( I a I - I b I + 2 i Im a* b )( 
0 

U ) x ( 
1 0 

) + 
(p) ( q) 

+ ½ ( I a I 
2
- I b I 2- 2iim a* b ) ( 0 0 ) x ( 0 

0
1 ) 

1 0 (p) 0 (q) 

OTCroJ:ia aapSI.QoBaH MaTpnna nnoTHOCTH ( 34) 

+ la+bl
2 

0 
p (0) = !p "' "' = _l_ ( 2> 

P q 2 0 I a-bl 

Cornacao ( 1 1). B npe.ncTaBneann, 083HCOM KOToporo HBnHlOTCH COCTOHIIHH 

p (0) = ½ ( 2 Re ab* p 

2 Re ab* 

1 

Ma ( 14) cnenyeT, '{TO B MOM8HT COOCTBeHl!Oro BpeMel!n 

, .,\ t 
p (t) = ½ ( e I ,\ ~ .&__±,\2 

P 2(Re ab*) e·~• 1 • 2( Re ab*) e ---,---- • •lm"1t 
2 e Llmt e 

e .,\ 2 t 

) . 

) . 

Ko 

(33) 

(34) 

(35) 

n Ko 
2 ' 

(36) 

(37) 

0Tcrona nerKO HallTH Bep9HTHOCTb perncTpannn B MOM0HT BpeMean B IlY,IK0 aellT-

panbHb!X K -M030HOB C IIMnynbCOM P COCTOHHHll Ko 
I • 

Ko 
2 • 

Ko H Ko 

10 

Mbl nony,mM W Ko = Sp p' p' (t) = ½ e·>.,, (38) 
Kl P I 

WKO = Sp p' p' (t} = ½ 
->. 2' 

e (39) 
2 K2 

p 

W = Sp p' 0 p' (t) = 
Ko K p 

.). t .,\ t • ). I +.\2 t ( 40) 
=¼(e 1 +e 2 +4lallbl(cos8)( cos,\ mt)x·e 2 

) 

W-0 = Sp p' p' (t' = 
K if'° p 

>.a+>. 
->. t .,\2• -~• 

=¼(e 1 +e -4lallbl(cos8)cos("1mt)e ) 1 

(41) 

r.11e lJ = arg ab x/: 

Ma ool!lero cooTaomeann (19) cnenyeT, 'ITO BepoHTHOCTb pacnana ny'!Ka neRTpan&HblX Me-

30HOB, BxonHmHX B cocTaB CHCTeMLI K°K0 , aaaacnT OT apeMean no aaKOHY 

rne 

2 ->. • 2 .,\ 2• 
P (t) = ½ I A 

I 
I e 

1 
+ ½ I A 21 e + {42) 

-~• 
2 

+ 2 I A 
I 

II A 
2 

Ila !lb I ( cos 8 ) e cos ( Amt - ¢ ) , 

¢ - pa3HOCTb ~83 aMllHHTYA A I H A2 

x/Bennqnaa W(K0
) 

/4/ 
B 0003ES'I8HHHX paoOThl YAOBn0TBOpHeT COOTHOW8HHJO 

W ( K0 )= W ( K0 (p), 0= O,t) =., ( K0 (p) K0 (q), 0=0, t)+ W (K
0

(p) K
0

(q), 0=0, t)= 

= W ( K0 (p) K\ (q), 0= 0, t )+ W ( K"(p) K0

2
(q), 0= O,t). 

ITpn Bbl'lllCneHHH aenH'lHHbl W(K
0

(p), 0, t ) 
/4/ 

B ¢opMyne (8) pa60T1>1 nonymeaa 

omn6Ka. Mcnpaaneuaoe auaqeune 

w (KO(p) 0 t) - "I 12 ( .). ,<•+0) ·Af>i-0) ', -,~ a e +e )+ 

2 ->. 1 0->. 2, ->. t->. .jJ 
+¼ lbl (e +e I )+ 

-~• 
+½lallble 

2 

npa 0 - 0 coananaeT c ( 40 ) • 

->.{) 
( e 

11 

->-U 
cos (/l-,\mt) + e cos ( 8 + ,\ m t)) 



§ 5. llllJ>ymemre CP -RHBllpHABTJIOCTH H _ _p_acna.q HA JlBa "-M830H4 HBliTpam.ublX 

K -M83QIIOB, BXOASIIDIX B COCTAB napbl K"K0 
• 

B patSoTe
171 

DblnR paCCMOTp8Hhl HBT8pq>8p8DDHOHHb19 SIBneHHH, KOTOpb18 JlOIIJKllbl co-

npoeolKJlaTh pacnan aeliTpam,11blX K -MB30HOB ua JlBll r. -Me3oua, ecJDI uapymaeTCSI 

CP -RHBllPHaBTHOCTh. TTpH aTOM npennonaranoc&, 'ITO HCTO'IHHKOM Dy'IKB H8!iTpa1IhHblX 

K -M830HOB SIBnSIIOTC!I p88ltDHII, B p83YIIbTBT8 ltOTOpbtX polKJlaBTCSI O)lHHO'lllblli K0 

(11na 1(0 -M83011). 

PaccMOTpHM T8D8ph HRT0p<pepe1mnoRHbl8 SIBneHHB nng pacnana RB nea "-M830114 

e cny'lae, xorna ae!iTpen&nbl!i K -Me30H BXOAHT e cocTae napbl K° K0 
• Ecnn HMeeT 

/8/ 
MOCTO HllBBpHHTHOCTh OTHOCHT8nhHO ' CPT -npeo6pa30BBHHSI, cornacao pa6oTe Caxca • 

COCTOSIRIISI Ks H KL , OOJIB)lBIOIDHe onpeneneaaoli Maccoll H ep8M8H8M lKB3HH, onpe1te

K0 cneny10IDHM o6pa3oM JISIIOTCSI -qepe3 Ko H 

Ks = 1 
v 1+ lrl 2 

K 2= 1 y 1 + Ir I 2 ( Ko - r Ko ). 
( K0 + r K0 ) , (43) 

CP -'IOTIIOCTH r "' 1, II'. K fr K0
1 , , KL= K0

2 
• TTyCTh B H8'141lhllb1A TTpn coxpaHeHHH 

MOM811T Bp8M8BH B K"K0 
- npencTaenBllllB 3apsinoeag MBTpnna nnOTIIOCTH HM88T BBD 

(35). 3annmeM ee e BHAB 

p(O) 
2 - - + 

2 + la-bl K°K0 - l!...:!:J!.l KO Ko + _,-- 2 (44) 

noncTaemrn B (44) COOTIIOW8llll8 (43) H Y'IHTblBBSI Bp8M8RIIYIO 38BHCHMOCTh COCTOSIRH!i Ks 

B KL 

rne 

Mb! nony'IIIM, 

1 + Ir I~ 
p(t) -· --4- [ P K K + • .\ 2 t 

LL L Le + PssK s K~ 
.,\ I t 

e + 

+p K + -~ SL s KL e 2 t e -!Amt + K K+ 
PLS L s 

-~A2 t !LI.mt 
e 2 e 

2 2 

(45) 

] , 

p = p = I~ I + j ...!..=_!, I = 1 + _l + 2 ( Re ab* )( 1- _l_ ) (
48

) 
LL SS 2 2lrj2 jrj2 lrj2 

. I a+ b 12 a - b 2 1 1 
P = PL = -...-- - I -- I = 1 - -- + 2 ( Re ab* ) ( 1 + _ ·) • 

SL s ~ 2lrl 2 Ir I 2 lrl 2 

HeTpyn110 BH)l8Tb, 'ITO eenH'IBllbl 
PSS' PLL' PsL H pLso6pa3y10T npe1tcTaene11ae 

onepaTopa p(O) · B xocoyronbHOM 6a3HC8 HeopTorouanbHblX npyr npyry COCTOBJmli Ks 

H KL • TTpa r = 1 eenH'IHllbl 
PLL ' Pss' PsL H p LS, Krut H cne11oeano 

12 

p' ( CM. cpopMyny (38) ). OlKB)l8Th, o6pa3ylOT MBTpllI!.Y nnoTHOCTB 

0(So3HS'IHM 8MIUIITYJlbl pacita1ta Ks H K L COCTOSIIIH!I aa )lBa " -M830H8 

COOTB8TCTB811Ji0 A 8 B ·AL • TTyCT .. npx aTOM 

AL-• A • = I • I e •¢ 
' 

Torita, cornacno ol5meMy cooT11omeux10 (20), 

p (t) 
2" ~

2 2 • .\, 
= IA I (p e ' • ss 

-1Amt 

+ 2 ( Re • PsL e 

2 -.\ t 
+ I• I PLL e 

2 

) -~ e 2 at 

l+lrl2 2 2 2 
= ---IA I l[l+lr l+2(a)lbl(coslil(lrl-1)] x 

4 Ir I 2 s 

• .\ t 2 -.\ 2 , 
x( e 1 + k I e ) + 

.\i+.\2 
2 2- ·--2-t 

+ 2l,l[lrl-1)+2lallbl(l+lrl )cosB]e 

(47) 

+ 

(48) 

cos (L\mt -¢) 

Ecna napa K° K0 polKJl88TCSI B COCTOSIHHBX C '18THblMH unn H8'18TBblMII op6HT81IbHblMH 

MOM8HTSMH, 

p =p =1+-1 
LL ss Ir I 2' 

PSI, = ·pLS = l 1 j";f"2, 

P (t) = ~IA 12 I ( 1+ Ir 11 ( e .>. t 
2" 4 Ir 12 • 

+ k 12 e •A2 t 

2 -~It 
+ 2 I • I ( Ir I - 1 ) e cos ( L\ m t - ¢ ). 

)+ (49) 

TaxaM oGpa3oM, npH pO)KJlBHHH K° K0 y nopora, e cny-qae cna6oro uapyIIIeHHSI CP -nu-

eapHBHTHOCTH HHTepijlepennuoHHbtli -qnea, XOTSI H 1tpallae Man ( = l•I ( lrl-ll 

roeopn, oTnH'l0H oT aynSI. 

, ao, eoo6me 

/7 9/ B cnenualibHOM cny-qae ' , Korna uecMOTpSI aa aapymeane CP -a:ueapaaHTHOCTlr 

npa pacnane Ha nea 7T -M030HB, COCTOSIHHH K H K COBIT8Jl8IOT C opToroHBIIhHbl-

MIi Dpyr npyry COCTOSIHIIBMII K
0 

1 H 

llHOHllb!l! 'lnen B (49) HC'l8388T. 

Ko 
2 

T.e. !rl 1 npn • = 0) , HHTep<j,epeH-

AeTop BbtpaJKaeT rnyl5oxy10 6naronapaoCTb M.H. TTonropenKoMy H .H.A. CMoponaucxo

MY 38 o6cylKJl8HH8 BOnpocoe, 38Tp0HYTbIX B JlBHHOli pa6oTe, H neHHb10 38M8'18HHB. 

13 



n u T e p a T y p a 

1. P. Jlamm, CTpaH1Ib1e 'IBCTllllhl u cun&aue B38HM011ei!cTBl!S1, rn. 3 Han. ua.mi:T. 1 1964 .r, 

2. B.r. Eapb1meacxu11, M.H. Ilonropenxul!, )K3T4>, 47, 1050, 1804 r, 

3, B.r. EapblW8BCKl!i!, B.n. fl10fSomim. Ilpenpl!HT P-1999, Jly611a, 1985 r. 

4. B,11 •. Oruenenxuli, M.H. Ilonropenx11ll, )K3T4>, 43, 1382, 1982. 

5. H.A. Tolchoek, Rev. Mod. Phys., 28, 277 (1956). 

6, fl.Jl. na11nay, E,M. flmpmHI(. KnaHTOBBll M8X8Hl!Ka, § 14, <l>H3M8TrH3, 1983 r. 

7. B.JI. fl106omun, a.o .. Oxoaoa, M.H. Hom-openx111!, Y llaya-<j,aa&. Hnepaa11 (j,uauxa, 1 , 
497, 1985 r. 

8. R,Sachs. Phys. Rev., Lett., 13, 348 (1964), 

9. M,B. TepeaTbeB. Ilpenpe:HT HT34> N, 342, Mocxna, 1985 r. 

PyKOllHCb ll0CTYllH/18 B H3!18Te/lLCKHi! 0TJ:1811 
2() BIO/ISi 1985 r. 


