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·~ 1. BBE,UEHHE-

. HatJIIHru! C 70-X fOJ:(0B llIHpOKOe p~CilpOCTpaHem1e B qJI13IIKe Bb!COKIIX 

::rneprnii nonytJHJI Me:roJ:( onpeJ:(enettm1 npocTpancTBenHo-BpeMenni'1x napaMeTpOB 

. o6nacrn 'Ml{O)KeCTBe·HIIOH ·re~epaum1, OCHOBaHHbIH Ha Il3YtJeHIIII IIHTepcpepe~

L{IIOllllblX K0ppemlQIIH TO)K,[(eCTBellliblX •IaCTIIQ C 6JJH3KIIMII IIMilYJlbCaMII [1-6]. 
O6bllJIIO a11amn 3aBIICIIMOCTll Y3KIIX napHbl~ icoppemlUIIH OT pa3MepOB ll3JJYtJaIO-

. - meii CIICTeMbl npoBOJ:(IITC.H B paMKax MO,[(eJJII 0,[(HOlJaCTlllJHbIX IICTOlJllllKOB [ 4-

11 ]. B paMKax 3TOH MOJ:(eJJII BepO.HTHOCTb rettepau1m J:(Byx HeB3aIIMOJ:(eHCTBYJOI.UIIX 

6eccn11110BbIX 6030110B c 4-11MnynbcaM11 p
1 
• 11 p

2 
B npocTpaucTBeuuo-BpeMeni1wx · 

TOlJKax xi = {rl, ti} lfX2 = {rz, tz} OilllCb!BaeTC.H Bblpa)KeHHeM 

Pi +Pz .· . 
rJ:(e p = . 

2 
, q = p 1 - p 2, x 12 = x 1 -: x2, qx12 = qx 12 - q

0
t
12

• PeJyJibTaT · o) 
cpaKTHlJeCKII JJe)KHT B OCIIOBe BCeii IlllOHHOH IIHTepcpepoMeTpHH. 

8 HaCTO.HJ.Uee BpeM.H 113YtJaIOTC.H Y3Klle KOppeJJ.HQIIII He TOJlbKO TO)KJ:(eCTBeHHbIX 

6eccnHHOBblX tJaCTHQ (nHOIIOB, KaOHOB), 110 II tJaCTHQ C OTJllllJHMM OT HyJrn 

CnllHOM (npOTOHOB, HeiiTpOHOB, ,[(eHTpOHOB), KOTOpbie K TOMY )Ke MOryr IIMeTb 

11e11yneBy10 no~.Hpll3aQHIO. B CB.H3H c· 3THM npeJ:(CTaBJI.HeT HHTepec cmmoBrui cTpyic

Typa Y3KIIX napHblX KoppeJJ.HQIIH. PoJJb c111111a II BJlll.HHHe IlOJJ.Hp113aQHII irn y31rne 

napHble KOppeJJ.HQIIII TO)K,[(eCTBeHHblX tJaCTIIQ C 6JJil3KIIMII IIMilYJJbCaMII 6bIJIII 

11cci1e,[(0Ba11b1 pa11ee B pa6oTe. [8]. B 3Toii pa6oTe o6cy)KJ:(anacb TaK)Ke cnIIHOBrui 

CTPYKTypa BKJJa,[(a B Y3KI1e napHbie KOppeJJ.HQIIII S-BOJIHOBOro B3aIIMOJ:(eiiCTBII.H B 

KOHelJHOM COCTO.HHIIII (BKC). B J:(aJJbHeiiweM B pa6oTe [9] 6bIJIII paCCMOTpeHbl 

6onee ll0J:(po6no KaK napllble, TaK II TpoiiHbie KOppeJJ.HQIIII HeB3am.tOJ:(eiicTByIOJ.UIIX . 

TO)K,[(eCTBeHHblX tJaCTIIQ . C npOI13B0JlbHbIM CilIIHOM II npOI13B0JlbHOii CilllHOBOii 

llOJJ.Hp113aQlleH. 

B ,[(alllIOH pa6oTe YTOtJH.HIOTC.H II 0606ma10TC.H pe3yJJbTaTbl CTaTeii [8,9], OTiiri

C.HJ.UHeC.H K BJIII.HHIIIO cn11na na 3aBHCIIMOC'rb Y3KIIX napHbIX KoppeJI.HQilll TO)KJ:(eCT

BeHHblX tJaCTHQ OT pa3HOCTH HMilYJJbCOB. OcnOBHOii )Ke QeJiblO pa60Tbl .HBJJ.HeTC.H 

a11an113 «o6paTHblX» scpcpeKTOB, KOTOpb1e JaK.TI10tJa10TC.H B TOM, tJTO CIIMMeTpH3aQH.H 

IIJIH aHTHCHMMeTp113aQII.H J:(BYXtJaCTHlJllblX aMllJJHTYJ:( OTHOCHTeJibllO. nepecTaHOBKII; 

HMilYJJbCOB npHBOJ:(HT K B03HHKHOBe111110 K0ppen.HQHii Me)KJ:(y cn1111aM11 J:(Byx TO)K

J:(eCTBem1blx tJaCTHLI c 6JJH3KIIMH 11MnynbcaM11 11 113Me11en11IO ux n01rnp113aQ11I1. no· 

cpaBHeHIIIO co CJJytJaeM neTO)K,[(ecTBennbIX tJaCTHQ. 



2. CTII1HOBA5I 3ABl1CI1MOCTh 
KOPPEJI~UHOHHOH $YHKUI111 

.[{BYX TO)KJlECTBEHHhlX YACTHU 
C EJ1113KI1Ml1 11MTIYJlhCAMI1 

Tipocne,!l,HM cHaqana KaK H3Mem1eTc» cooTHOIIIeHne ( 1) npn nepexo,!l,e OT 

6eccnHHOBhlX TO:lK,!l,ecTBeHHhlX qacTHU K TO:lK,!l,eCTBeHHhlM qacTnuaM C npOH3BOJih

~hlM cnHHOM'j II npoli3BOJihHOH cnmrnaofi non»pH3auHett. YqHThIB~ .D.aJihHeihuee 

npiIMeHeHHe, Mhl Bh16epeM iciecKOJihKO HHOH no,!l,XO.D., qeM B pa6ornx [8,9]. 

TiycTb p(l) II. p(2) - 0,!1,HOqacrnqHble (2j '+ 1)-p»,!1,Hhle cnnHOBbie MaTpHUbl 

nJIOTHO~Tlf, OTBeqafOfl..{He He3aBHCHMhlM ToqeqffblM liCTOqirnKaM I Ii 2, I v 0 ).) II 

I µC2) ) --:- co6cTBeHHhie cocT0»HH» 3THX MaTpHU, p~) II p~) - coorneTcTBYIDIUHe 

co6crneHHhie 3Haqe1rn» ( ; p~I) = Sp p(I) = 1; 7 p~2) = Sp p(2) = I } B o6meM _ 

- A(l) 1\(2) 
cnyqae MaTpHUhl p Ii p MOryr He COBna,!l,aTh Ii He KOMMyrnpoBaTb .D.pyr C .D.py-

rm,1; npH ~TOM, Boo6me roBop», 0:,; I( v(l)1µC2> )I :,; 1, v = I, 2 ... (2j + I), 

. µ = 1, 2 •.• (2j + 1). Mbl 6y.D.eM npeHe6peraTh 3aBHCIIMOCThlO MaTpHU p(I) Ii p(2) OT 

Ht,f_nYJibCa qacTHUhl B TOH o6naCTH, B KOTOpOH cymecTBeHHbl mnepqiepeHUHOHHble 

Koppen»UHH. 

C yqeTOM TO:lK,!l,eCTBeHHOCTli (CHMMeTpH3aum1 liJili aHTliCHMMeTpH3aUHli KBaH

TOBO-MeXaHHqecKHX aMnJIHTY.D.) Bepo»THOCTh Toro, qTo qaCTHUa c 4-m.myJibCOM 

P1 6y,!1,eT 3aperHCTpHpOBaHa B COCTOHHIIII C npoeKUHeH ml Ha BbI,!l,eJiem1y10 OCh, a 

qacTHUa c 4-HMnyJihCOM p2 6y.D.eT 3aperncTpnposaHa B cocTo»HHH c npoeKu11eii 

cnnHa in2 Ha TY )Ke OCh KBaHTOBaJrn», HMeeT CJie,!1,yIOIUYIO CTPYKTypy: · I 2jtl 2j+l . . 
w (p p ) = w (p) :r L p(l) p(2) I< m 1yCI)) ( m 1µ(2)) e- 'P.X1 e- 'P2X1+ 

m1m2 l' 2 0 v=l µ=l v µ I 2 

+(-1)2j(ml1µ(2))(m21v(l))e i2e 2112 • - (2) 
- ip X - ip X ) 

liJili 
W (p p) = W (p) [ll) p(2) + p(I) . p(2) + 

m
1
m

2 
I' 2 0 m1m1 

m
2
m

2 
m

2
m

2 
m1m1 · 

+(-1)2j2Re(p(l) (2) -i(p1-p)(x1-x/)] 
m2m1 Pm1m2 e . . 

(3) 

3,!1,eCb 

2 

2j + I 

P(l) , = . °"', ( m lyCI) ).( m Iii))*. p(J) 
m m ,t_, · I · 2 · , ' v· ' 

2 I V = I 
2j + I (4) 

P(2) = ~ ( m 1µ(2) ) ( m 1µ(2) )* p(2) 
mm £,,;., 2 I µ 

I 2. ·µ =··, . , , . . , 
- 3JieMeHTbl ci:inHOBblX MaJpHU nJIOTHOc;,TH p(l) Ii p<

2> .. CyMMHpy» no. npoeKUHHM 

cmrna, nonyqaeM j j 

W (pl' P2) = L L Wm m (pl' P2) = 
m·=,-j·m =j . I 2 . 

I 2 

=:=, 2W ~ (p) [1 + (-::- i')2j Sp (p(l) l 2
:) cos qx12],. 

r.D.e Sp.(pA(l) l\p(2)) = °"' ~ p(l) p(2) 
, ,t_, ,t_, m2m1 mlm2 (5) 

, A(J) 1\(2) 
- «CJie,!1,» MaTpHUbl p p *. 

ml m2 

Ycpe.D.H»» qiyuKUHIO cos qx12 B qiopMyne (5) no npocTpaHcTBeHHo-BpeMeHHhlM 

pacnpe,!1,eJieHHHM nepBOro H BTOporo HCTOqHnKOB, nonyqaeM CJie,!l,YfDIUee Bblpa)Ke-

1me ,!l,JIH KoppeJI»UHOHHOH qiyHKUHli .D.BYX TO)l(,!l,eCTBeHHhIX qacTHU B o6JiaCTli Ma-

JlblX OTHO_CliTeJihHblX HMnyJihCOB: 
"•! . ' ,, 

(W (pl' P2)) 2 · A(I) 1\(2) * 
R1z('q) = 

2
W

0
(p) == l + (- 1) 1 Sp (p p ) Re (F1(q) F£(q)), , (6) 

r,!l,e 

·· F
1
(q) = f W

1
(x).iqx cfx, 

Fi~)= f Wz(x) eiqx cfx, 
. (7)' 

qiyttKUHH W/i) II Wz(x) onnchrnaIOT Bepo»THOCTHOe pacnpe,!1,eneHne '4-Koop,!1,HHaT 

.D.BYX IICTOqHHKOB. 

J13 paseHCTB (7) Ii YCJIOBHH HOpMHpOBKli 

J W1(x) ix= J Wz(x) l'x = 1 (8) 

cne.D.yeT, qTO F 1(0) = Fz(O) = 1, II B ~pe,!1,ene uyneBott pa3HOCTH HMnyJihCOB 

R,z(O) = 'i + (- 1)2j Sp (p(l) p<2>) • (9) 

. *Cne)l OT" npoHJBe)leHHJI 3pMHTOBCKHX MaTpHI.I )leHCTBHTellbHaJI ' Be!IH'IHHa,. TaK . '!TO 

Im Sp (p(l) p<T>) = 0. 

-_ _,..,~,--~, -··~ 

:.: :._;:.,:. : •j '"·'"11 t;~ry..· ~· 
,; • .,,.,,., •, u•~-"''\,.'!!1"1\ 
i~ i.__.., --I' :u._ • .,. u,.1. .• 1,;.,,Ja,1,,»lft.J.fUlJ \ 

I! hMSJlHOT~MA 



TipH AOCTaTOqHO 60J1blllHX q cpyHKUHH FI(q) " Fz(q) CTpeMSITCSI K ttymo, a cpyHK

UHSI R1z(q) - K enttttttue. 

Ecnu, KaK u B pa6oTax [8, 9], npennoJJO)KHTb, qTo OAHO'laCTll'IHble HCTO'IHHKH 

OAHHaKOBbl H cnHHOBbie MaTpHUbl nnoTHOCTH COBnanaJOT: 

W1 (x) = Wz(x) = W(x), 

TO cornactto (6) 

F 1(q) = Fz(q) = F(q), 

R
1
i(q) = I + .(- l)2

j Sp (r>2) IF(q)l2. 

p(l) = p(2) = p; 

(JO) 

B cnyqae, Korna ABe TO)l(AeCTBeHHbie qaCTHUbl rettepttpylOTCSI B OAHOM H TOM )Ke 

«qHCTOM» CnHHOBOM COCTOSIHHH, KOTOpoMy OTBe~aeT onpeneneHHaSI cnHHOBaSI BOJl-

. . "2 · " S "2 
HOBaSI cpyHKUHSI, BbinOJlHSIIOTCSI paBeHCTBa p = p, p (p ) = 1 u B COOTBeTCTBHH 

c (6) u (10) nm1 ABYX 6()~0HOB ~1/0) = 2, a )J.)ISI ABYX cpepMHOHOB R ,lo) = 0 [9]*. 

Ecnu qacTHUhI tteno.risipu3oBaHbI, cpopMyna ( 10) .u.aeT _ 

,. 
'.. (- 1)2j 2 

R 1i(q) = I + 2j + I IF(q)I (11) 

' . ' 1 
B Han6onee HHTepeCHOM cnyqae TO)l(AeCTBeHHbIX qaCTHU co CnHHOM 2 (:meKTpO-

Hbl, npOTOHbl, HeiiTpOHbI) pnHHOBaSI MaTpnua nnoTHOCTH HMeeT BHA·(CM., Hanpu

Mep, [12]): 

"I"" p = 2 (/ + crP), _ (12) 
J\ J\ 

me O' _.:__ BeKTOpHblii onepaTOp Tiaynu,-P - BeKTOp nonsipu3aUHH, / -ABYXPSIAHaSI 

enHHHqHasi MaTpnua. JlerKO BHAeTb, qTo npu STOM 

"(1)' "(2) _ _! . " " ,/\ · 
p p - 4 {(l +t1P2) / + cr (Pl+ P2) + icr [P,, P2]}, 0 3) 

u Torna B cpopMynhI (5) H (6) cnecyeT noncTaBHTh 

S ("(I) "(2)) - _! (1 p P') 
PPP_- 2 +12· 

CornacHO (10) AJJSI OAHHaKOBbIX HCTOqHHKOB HMeeM [8,9] 

. . l+P2 2 
R1i(q) = 1 - -

2
- IF(q)I . 

(14) 

(15) 

*<l>opMyna (10) He }"IHTLmaeT, BJattMO)(eiiCTBHll o KOHe'lHOM COCTOllHHH. BKna)( s-oonHOBOro BKC 

B KOppemn,IHOHHYIO' cpyHKQHIO ')(BYX TOlK,!leCTBeHHLIX 'laCTHLI CBllJaH TOnLKO C 'leTHLIMH JHa'leHHllMH 

IIOJIHOro CIIHHa H nponopQHOHane11 I + (- l)2
j Sp (f?) (CM. IIHlKe !pOpMyny (45) H pa6oTy [8]). 

4 

OpH OTCYTCTBHH n01rnp1iJauim 

I 2 
R1z(q) = I ~ 2 IF(q)I . ( 16) 

np11 -60JlbWOii MflO)KeCTBellltoCTII TO)K)].eCTBellllblX tJaCTIIU M0)KJIO, KaK II B 

pa6oTe [9], BBeCTII rpynnbl O)lllO'laCTH'lll~IX IICTOLIIIIIKOB C pa3llb1Mll 11pocTpa11cT

Be111to-BpeMel111blMII pacnpe)lenemrnMH. PacCMOTpllM )].Be rpynnbl ll~TO'IIIIIKOB; 

nepBml HJ KOTOpblX co.u.ep)KIIT II O)lHOtJaCTll'lllblX IICTO'IIIIIKOB C pac11pe)lene1111eM 
I • 

4-KOOp)].HllaT w,(x), a BTopasi - 111 0)].HO'laCTll'lllblX IICTO'IIIIIKOB C pacnpe.u.ene-

llHeM 4°K00p)].HllaT Wz(x). MIIO)KeCTBellllOCTb TO)l(Aecrne11HblX tJaCTIIU paBHa 
,. I .• 

(11 + m) .. ,,.a nomwe tJHcno nap cocrnBnsieT 2 (11 + 111) (11 + 111 - I). Op11 STOM 

I ., ' " ,· .• . . ·1 .· ' . 
2' 11 (11 +. I) nap coornewrnyJO_T. nepsoii rpynne IICTO'IIIHKOB, 2 111 (111 + I) nap -

BTopoii rpynne HCTO'IIIHKOB; KpOMe TOl'O, IIMeeTC" 11111 «CMewallHblX» nap OT 

o6eux rpyrm. B paMKax HIIKJII0311BIIOl'O IIO)lXO)].a np11 )].OCTaTO'IIIO 6oJJblllOM cpa3o

BOM ~-6.;,eiie Bee napb; MO)KH0 pacc~rnTp1rnai·i, 11eJaB11c11Mo ·11 orpa11w111ThCS1 11poc

TblM CYMMHpOBaHHeM BepOSITIIOCTeii, CBSl3allllblX C pa3Hb1Mll napa~m [9]: 
B' pa6oTe [9] npe.u.nonaraJJOCb, 'ITO IICT04IIHKII 113 06e11x rpy11n 113JIYtJalOT 

J\ . 

tJaCTHUbl, C O)lHOii. H TOii )Ke MaTpuueii llJIOTIIOCTII p. Eonee ecTecrne11110 ClJIITaTb, 

'ITO nepsoii H BTOpoii rpynnaM COOTBeTCTBYIOT pa3Hble MaTpHUbl nJJOTIIOCTII p~ I)_ II 

p<2>: CyMMHpysi BKJiaAbl pa3l!blX nap C COOTBeTCTBYIOIUIIMH OTIIOCHTeJJbllblMII Be

caMH'II IIC110Jlb3YSI )J.)ISI nap OT OA!IOii H TOii )Ke rpynnbl IICTO'IIIHKOB cpopMyny ( I 0), 
a ivrn «cMewaHHblX» nap - cpopMyny (6), nonytJaeM Bblpa)Ke1me )].JISI Koppensi

uuo1111oii cpyHKUHH llBYX'TO)K)].ecrnemtblX 11acrnu: 

'R
1
z{q) '=.I+ (- 1)21 { ((. (n/~' - I)) I)) Sp (p<l)

2

) IF
1
(q)l2 + 

" ,. •.,. n+m 11+111-

+ · · _ {m (m - I)) , . "(2)2 . ., 
·((11 + m) (11 + 111 ..:.. I)) Sp (p ) !Fz(q)t + 

+ , ,; , - 2.(11111) . , . "(I) "(2) . } 
.((11 ,+ m) (n -t: 111 , !))Sp (p P ) Re (F1(q)) F2*(q)_ . . (17) 

3.u.e~b ytJTe110, LJTO. MIIO)Kecrne1111ocn1.1111 m ~10ryr cp11yKTy11poB,\Tb 11p11 11epe-
• . . , . . . . . . .. . . " I " ,, . 

XO)le OT O)lllOl'O aKTa B3allMO)leiicTBHSI K JlpyroMy. np11 p< ) = p<-l CO0TII011Je1111e 

( 17) c0B11aw.teT c cpopMy11oii (32) B ·c·1'aThe 19]. Op11 11 = 111 = I Koppemiuim1111,lli 

cpy11KUH~ OIIIICblBaeTCSI cpopMy11oii (6), a 11p11 II = (} IIJIII ,,,' = (} ~ cflop~1y11oii ( I 0).· 

5 



3. cmrnOBblE KOPPEJUIUIH1. 

UBYXYACTHYHA~ MATPHUA TTROTHOCTH 

3cpcpeKT 603e- HJJH cpepMH-CTaTHCTHKH npHB0.llHT K K0ppemlUHH CIIHII0B T0)K

necTBeHHblX I.J3CTHU C 6nHJKHMH m,mynbcaMH H anm1eT Ha HX nom1pHJ3UHIO. 3To 

HCHO y)Ke HJ Toro, '!TO cyw.rnpHblH cnHH S u op6HTMbllblH MOMeHT L a C.U.H. 

nap bl '13CT~U CBH33Hbl H3BeCTHblM COOTII0We1meM [ 13]: 

<- il+s = I. (I 8) 

TTpH pa3HOCTH HMnyJibCOB q, CTpeMHIUeHCH K 11ymo, COCTOHHHH C 11euyneBblM. 

Op6HTMbHblM MOMeHTOM L B C.U.H. napbl «BblMHpalOT»; I.JaCTHUbl HMelOT op6H

TMbHbIH MOMeHT L = 0 H no3TOMY MOryT HaXO.llHTbCH TOnbKO B COCTOHHHHX C 1.JeT

HblM nonHblM cnHHOM (S = 0, 2 ... ). B l!aCTHOCTH, HeJaBHCHM0 OT «Hal.Janbl!blX» 

nonHpHJaUHH, coo6maeMblX ·1.JaCTHUaM HeKoppenHp0BaHHblMH 0.llHOI.JaCTHI.JllbIMH 

HCTOI.JHHKaMH (T.e. 11eJaBHCHMO OT KOIIKpenmro BH.lla MaTpHU nnoTHOCTH p(I) H 

fl.(2) . I . 0 
p ), nae TO~necTBeHllble_ I.JaCTHUbl co cn_HHOM 2 !!pH q ~ MOl)'T 113XO.llHTbCH 

TOnbKO B CHlffneTH0M COCTOHHHH (S = 0)*. 3To 03llal.JaeT, '!TO HX CTTHllbl CKOp

pe1mpoBaHbl TaKHM o6paJOM, '!TO npoeKUHH CIIHHa OKaJb!BalOTCH npOTHBo·nono)K

llblMH npH nl060M Bb16ope OCH KBallT0BaHHH; npH 3TOM cpe.llHHH nonHpHJaUl-rn 

Ka)K.ll0H H3 '13CTHU paBHa uyn!O. B o6meM nnatte TaKHe KoppeJU!UHH npH perncT

paUHH .llBYX'laC_THI.JHblX COCTOHHHH 0.llll0I.JaCTH'IHblMH neTeKT0paMH cnenyeT pac

CMaTpHBaTb KaK eme _0.lll!0 np0HBneHHe KBaHTOB0-MexaHH'leCK0ro ::icpcpeKTa, Bnep

Bble yKaJaHHOro B H3BeCTHOH pa6oTe 3ttHWTetttta, TTononbCKOro H POJeHa [14]: 

xapaKTep HJMepeHHH, npoB0.llHMbIX ,Han nepBOH 1.JaCTHUeH, 0.llH0JHal!HO onpene-. 

nHeT .n0KaJaHHe neTeKTOp0B, attanHJHPYIOIUHX C0CT0HHHe BTOpOH '13CTHUbl, XOTH 

nocne B33HMO.lleHCTBHH o6e 1.JaCTHUbl hpocTpattcTBeHHO paJneneHbl (CM. [ 15]). 

TTon1.JepK11eM, 'ITO, KaK 6yneT HCHO HJ nani.ueiiwero, B namt0M cny1.Jae o6cy)Knae

MblH KB3HTOBO-MexaHHI.JeCKHH 3cpcpeKT BnepBble CBHJaH C HHTepcpepeHUHOHHbIMH 

KOppenHUHHMH TO)K.lleCTBeHJJbl_X '13CTHU; Kp0Me TOro, TaK)Ke B 0TnHI.JHe OT npo

a11anH3Hp0BaHHblX pauee KOHKpeTllblX c11Tyau11i1 nono6ttoro rnna [ 15, 16 ], pac

CMaTpttaaeMhle 'laCTHUbl MOryT rettepHpOBaTbCH B paJHblX npocTpaHCTBeHHO-Bpe

MellHblX TOl!Kax H He3aBHCHMO npyr OT npyra**. 

HaiineM nayx1.JaCTH1.JHY10 ·MaTpttuy nnornocrn npu cpttKcHpoaaHHOH pmuocrn 

HMnynbCOB q .llBYX TO)KJleCTBeHHbIX I.JaCTHU H (pHKCHpOBaHHOM pacCTOHIIHH X12 

*3ro yrncplK/lCIIHC HMCCT caMhlii o6umii xap;KTep; 0110 OCTaCTCll cnpaBC/l)IHBhlM H npH BhlXO/lC 

1a paMKH paccMaTpHBaCMOii 1;1ec1, MOJlCJIH OJlllO'-laCTH'-lllhlX 11c1aBHCHMhJX HCTO'-IIIHKOB. 

. ":* Alla.JIOllf'-IIILIC. 1aMc'-la11mi OTIIOCllTCll K HIITCpcjicpc11u1101111L1M KOppcnllUHllM nap IICHTpa.JILHhlX 

K-MC10110B (CM., HallpHMCp, (7)). , 

6 

I 
I 

I 

Me)Kny HCTO'IHHKaMH. O1.JeBH.llHO, BepoHTHOCTH W a cpopMynax (2) H (3) npo-
mlm2 

nopUHOHMbHbl nuaroHanbHblM 3neMeHTaM .llBYX'l3CTHllHOH MaTpHUbl nnOTHOCTH 

p<
1
,
2
> • flerKO nOHHTb, '!TO .llHaroHMbHble H uenHaroHanbHbie ::ineMeHTbl .llBYX-

m,m2; m
1
m2 . . 

'13CTHI.JHOH MaTpHUbl nn0TH0CTH, ynoaneTBOpH!OIUett ycnoamo H0pMHpOBKH 

S r,.p(l,2) = '° ·'° p(l,2) . = 1, 
P(l,2) £.. £.. mlm2; mlm2 

ml m2 
HMelOT CTpyKTypy (cp. c (3)) 

(19) 

rne W = W 
m

1
m

2 
m

1
m

2
; m1m/ 

, W m'm'; m1m2 
I 2 , (1,2) = '° W 

Pm;m;; mlm2 L £.. mlm2 

ml m2 

wm'm'; mm = Wo(p) { LL p~I) Pµ<2> (( ml1v<
1>) ( m21µ<2>) e- iplxl e- ipl2 

+ 
I 2 I 2 , . . V µ . . 

. - ip X - ip X , , ip X ip X 
+ (- 1)2; ( m21v<I) )( mllµ(2)) e 2 I e 2 ') (( mllv(I) )*( m21µ(2) )*e I I e 2 2 + 

2 . , (I) , (2) ip x ip x }' · 
+(-l)'J(m

2
1v )*(m

1
1µ )*e 

21
e 

12
) .• (20) 

3 .. - w- /lo(( 2) . 
necb nepBblH H TpeTHH HH)J,eKCbl B aeml'IHHax H p . • CO0TBeTCTBYIOT CnHHO-

BblM npoeKUHHM llaCTHUbl c 4-HMnynbCOM Pp a BTOpOH 11 I.JeTBepTblH HHJl,eKCbl -

CTTHHOBblM_ npoeKUHHM l!aCTHUbl c 4-HMnynbCOM P2· 

C ylleTOM (4) 11 (5) HaXOJl,HM 

p<l,2), = _! { p<I] p<2] + p<I] p<Z] + (- l)2j p<I] p<2] e- iqx12 + 
. m;m2; m1m2 

2 m1m 1 
m2m2 m2m2 m

1
m

1 
m

2
m

1 
m

1
m

2 

+ (- 1)2j p(l) p(2~ eiqx, 2 ·} / (1 + (- 1}2j Sp {p(l) p<2)) cos qx ). (21) 
m;m

2 
m2m1 _ 12 

EcnH npoBeCTH ycpe)J,HeHHe no npocTpaHCTBeHHO-BpeMeHHbIM pacnpeJ1,eneHHHM 

nepaoro H BToporo HCT0llHHKOB,' Mb! nonyl!HM (cp. c cpopMynou (6)) 

·- ) 
< W, '·m~ 

mm2'12 -
I -P(l;2>,_ m(q)=<"'"' wmm) 

m1m2, ml 2 £.. £.. 1 2 

m
1 

m
2 
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= _!_ { p(I} p<2} + p(I! p<2} + (- 1)2j p<I} p<2} F *(q) F (q) + 
2 m

1
m

1 
m

2
m

2 
m

2
m

2 
m

1
m

1 
m

2
m

1 
m

1
m

2 
I 2 

+ (- 1)2j p(I} p(2~ F (q) F *(q)} / (1 + {- 1/j x 
m 1m2 m2m

1
_ I 2 . 

x Sp {p(I) p<2)) Re (F
1
(q) F2*(q))). (22) 

11 ( I) 11(2) 11 
Jln.SI 0J].HHaK0BhIX HCT0t:JHHK0B p = p = p, Fl(q) = F/q) = F(q) II cpopMyJia 

(22) ynpomaeTc.SI: 
2· 2 

Pm'm Pm'm + (- 1) 1 
Pm'm Pm'm IF(q)I 

P
(l ,2) ( ) _ I I 2 2 I 2 2 I , , q - . 
mlm2; mlm2 1 + (- 1)21 Sp (p2) IF(q)l2 

(23) 

Koppen.SIUHH npoeKUHH CllHHa JJ.BYX t:JaCTHU, o6ycnoBJieHHble \IIX T0)KJJ.eCTBeHH0-

CThlO, 0ilHCbIBalOTC.SI HHTepcpepeHUHOHHbIMH «06MeHHhlMH» t:JJJeilaMH B cpopMynax 

(21)-(23), C0JJ.ep)Kall(HMH «noK~lJaTeJJh CTaTIICTIIKH» (- 1)2j. 3TH «06MeHHble» 

t:JJleHhl CTpeM.SITC.SI K Hynm. B npe.uene 60JJhlllHX q. Tio,Ut:JepKHeM, t:JT0 B paMKaX 

o6cy)KJJ.aeMOH M0J].eJJU B cnyqae HeBJaHM0J].eHCTBYIOll(HX. HeT0)K,UecrneHHblX t:Jacn1u 

CilHH0Bbie KoppenmwH 0TCYTCTBYIOT npH n106b1x q (T.e. «Hat:JanhHble» n01rnpH-

JaUHH, C0JJ].aBaeMhie HCTOt:JHHKaMH, COXpaH.SIIOTC.SI)*. . 

YJJ.06Ho BBeCTII 3pMHTOBCKHH oneparnp nepecTaHOBKll npoeKUHH CllHHa. JJ.BYX 
/I 

t:JaCTHU P (I ,2) c M_aTpllt:JHblMH :meMeHTaMU [ 17): 

(.P(l,2)),, =O, 8, . (24) 
mlm2; mlm2 mlm2 m2ml 

/I 

JierKo BHJJ.eTh, t:JT0 co6crneH11h1e JHat:JeHH.SI oneparnpa P (1,
2
), .ueiicrnymmero B 

(2j + 1/-MepHOM CilHH0B0M npocTpaHCTBe JJ.BYX T0)KJJ.ecrneHHhlX t:Jacrnu, paBHbl 

(- 1)2j + 5, r.ue S - cyMMapHbIH cnm1; npH 3T0M 

S P". ( I ,2) - 2 . 1 
P(l,2) - J + . · (25) 

11 
( I 2) ' 

C noM0ll(hlO oneparnpa P ' cpopMyny (22) M0)KH0 ·nepenucaTh B BHJJ.e 

p(l,2)(q) = 1 {p(l) ® i3(2) + p(2) ® p(I) + 
2R,lq) 

+ (- 1)2j p (1,2) (p<I) ® i3C2)) F/(q) F'i(q) + 

+ (- 1)2j {p(I) ® i3(2)) p (1,2) Fl(q) F2*(q)}, (26) 

*3aMeTHM, '!TO B 11pyrnx MO/leJlllX TaKHe KOppeJJllUHH MOryr, Boo6me roBOpll, HMeTL MeCTO. 

8 

r.ue R1/q) onpe,UeJl.SleTC.SI .cornac110' (6). 8 cpopMyne (26) ® ,- JHa~ np.SIM0ro np~

IIJBe,neHH.SI MaTpHU (nepBhlii C0MII0)KHTeJlh 0TII0CHTC.SI K t:JaCT11ue C 4-m.mynhCOl\.1 

•• 11 ( I) 11 (2) pl' a arnpoH .- K t:Jacrnue c 4-11MnynhCOM p 2); p ® p . - cmrnosa.SI MaTpuua 
' . . 

llJJ0TII0CTII JJ.Byx t:JaCTHU npH 0TCYTCTBHII Koppen.SIUHH Me)KJJ.y Clllll!al'.111*. 
3aMeTHM, t:JT0 , ... 

p (1.2) {p(I) ® p<2\p (1,2) = p<2) ® p(I>, (27) 
' . 11 ( I 2) 2 11 • I'\ 11 . . . 

np11t:JeM (P · ) = I® I, r.ue / - e.u111mt:J11a.SI (2j +. I )-pHJJ.Ha.SI MaTp11ua. Ecn11 MaT-
. 11 ( I) . 11(") , , " • 11 ( I 2) 11 11 · 

PIIUbl p . H p ~. C0Blla)].alOT; TO 011epaTOpbl p ' II (p ® p) K0MMYTIIPYIOT: 

I,; I\ 'J .,·A /\11 /\., /\ I\ 

P (I.~> {p ®.p) =·(P ® p),P.<1/>. (28) 

CyqeTOM (28) cpopMyny (23) ,Un.SI o.ri.11H:.iK0B61x HCTOt:JHIIK0B MO~~o npe.ucrnBHTh B 
MaTpHt:JII0H cpopMe: ' ' . . ' .. ' ' ' 

11 11 11 11 .., . 11 ( I 2) . .., 
p<l,2){q) ~:{p ® p) [/ ® / + (- 1).:1 P ' IF(qW] 

I + (- 1)2
j Sp {p2) IF(q)l2 (29) 

JierKo BH,UeTh, t:JT0 npH JJ.0CTaT0'IHO 60J1bllIHX paJH0CT.SIX IIMllYJJhC0B, K0r,Ua 

F(q) ➔ 0, CllHH0Bble KOppeJJHUHII, CBHJaHJible C TO)K,[leCTBeHIIOCTblO,'·oTCyrcTBy10T, 

a no11.S1p1nau1111 coBnaJ].moT c 11at:Janb11b1M11. 

CnHHOBble Koppen.S1u11~ MaKCHMaJlhllbl np11 q ~ 0. B 3TOM cnytiae, KaK y)Ke 
· 11 (1) 11 (2) 

fOB0pHJJ0Ch, npH mo6oii CTPYKType MaTpHU p H p ,!.lBe T0)KJJ.ecrne1111b1e t:Jac-

THUbl M0fYT HaX0JJ.HThC.SI TOJlhKo·· B C0CT0HIIIIHX C t:JeTllhll\.1 31Ja4e1meM non11oro 

Cllll_Ha S. JlnH T0)KJJ.ecrnem1hlX 6oJOHOB 3TII COCT0HHIIH, CIIMMeTpllt:JHbl 0TII0CIITeJlb-

110 nepecTall0BKII npoeKUHH• CllHHa, ,Un.SI T0)K,Uecrne1111blX cpepMIIOIIOB - UIITIIClll\.1-

MeTpHt:JHbl. B yKaJaHHblX C0CT0.SIIIHHX npoeKUIIII cmma JJ.BYX t:JUCTIIU CIIJlbll0 CK0p

penHp0BaHbl: JJ.BYXt:JaCTllt:JHaH CllllH0Ba.SI cpyHKUIIH npe,UCTaBm1eT co6oii lie llpHM0e 

np.011J~e.ue1111e o.u11ot:JacTut:J11b1x cn1111osb1x cpyHKUIIH, a cyMMy• TaKIIX 11p~MblX 

' • 11 (1) 11(2) 11 · ' 
npoHJBeJJ.eHHH. Cornac110 (26) If (29) npH p .=. p_ =,p 'VI, ➔ _O .!.lByx,1acrn,11uui 

ClllfH0BaH Ma-r'tmua llJlOTilOCTll IIMeeT BlfJJ. . 

/I /I /I /I /I 

p(l,2)(0) = p ® p (/ ® / + (- 1)2j,p.(l.2)) 

H.. I:+ (- 1)2j Sp {p2) 
(30) 

' • "o> "e> "<t> "<'> ~8 OTJlH'!He OT (2j + I r-plUlllOii MaTpllUhl p ® p - MaTplllta p p - CTpOIITC>I ll0 CTall)(apT-

"(I) "(') ~ (I) (') ' .· "(ll "1'> 
llhlM npaBnJJaM YMIIO)Kefllt>I MaTpnu (p p • ) • =. L., p • p • II IIMCCT, Kat, II MaTpllllhl p II p - . 

• l{j. .,,, ., !•, •'' ·'"'"'· ;· mJI Jim'· I' ·, ! 

• µ 

(2j + I) CTpOK II (2j + I) CTOJ16110R. . 
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EcJJH TO)KJleCTBeHHb(e lJaCTHUbl re11epupy10TCll B OJl((OM H TOM )Ke «'IHCTOM» cm1-

IIOBOM COCTOllllHH, TO 3JJeMeHTbl CnHHOBoci Ma~pHUbl n~'OTIIOCTH cpaKTOpH3YIOTC~ H 

BbinOJllllllOTCll paBeHCTBa ' 

pm;m, P,~'m = Pm'm, Pm'm' 
1. 1,, ,t 2, 2 /' 1.2 2 I 

Torna cornarno (30) 

/\') /\ 
p~ = p, (p @p)'i> (1,2) = p ® p. 

.p0 •2><0) = P .. ® p. , 
Tion'lepKHeM, '!TO npH q ➔ ·o Bepol!THOCTb re11epaUHH JlByX TO)KJleCTBeIIIIbIX cpep

MHOHOB B OJlIIOM H TOM )Ke «'IHCTOM» cnHHOBOM COCTOlllIHH 11enpepblBHO 'c:Tpe

MHTCll K 11yn10 (B nOJIHOM COOTBeTCTBHH C npHIIUHllOM naynu; CM. B 3TOH CBll3H 

TaK)Ke MOHOrpacj:JHIO [ 18)). JlerKO BHJleTb, '!TO npH 3TOM CTpeMl!TCll K HYJIIO KaK 

3HaMeHaTeJlb, TaK H 'IHCJIHTe.rib''cf>OpMyJJbl (30). 

PaccMOTpHM Tenepb KOppeJJllUHIO cnmmB.TO)K}leCTBelll!bIX.lJaCTHU C 6JJH3KHMH. 

HMllYJlbCaMH B ciI)'lJ~e. K~rna Ka)KJlru! H3 lJaC~~u uenOJillpH30B~II~. Torna , 
I\ I\ I\ 

"(I)_ "(2) __ /_ "(I)® "(2) _ ~ 
p - p - 2j + I ' p p - (2j +-~1)2 ' 

H cornac110 (26) H (29) HMeeM 

"(1,2) - I . I® I+ (- 1)21 p (1,2) Re (f1(q),F/{q)) 
P (q) - 2 2· I · * 

(2j + I) 1 + ~- I) 1 
2
j+ I Re (F1(1) F2 (q)) 

(31) 

" " 2. " c''1 2) •: 2 
p(l,2)(q)= I ./®I+(-::-1) 1.P' IF(q)I· 

(2j+, 1)2 j + (- 1)21 ___ 1 _· IF(q)l2 
, . . 21 + I 

'(32) 

' . . "(I 2) .· 
Mbl BHJlHM, '!TO npH MaJJbIX 3HalJeHHllX q MaTpuua p ' (q)·cymecTBeHHO OTJJH'!a-

eTCll OT eJJ,HIIH'IIIOH MaTpHUbl. 

JlerKo rmKa3aTb, '!TO JlJlll '!acrnu co; cnH_HoM ½ onep~!op nepecrn11omrn, npo7 

I\ . 

eKUHH crm11a P (I ,2) HMeeT BHJl , 

;/\ ~1·2 1 " " " " P' ' ) = 2 (/®I+ er® er), (33) 
I\ • ' .. 

r.ue (J - BeKTOpHbIH onepaTop Tiaynu. Anll lJaCTHU co CllHHOM 
I\ I\ I\ I\ I\ I\ I\ 

P o,2> = (S ® S{+(S ® S).,.. I® I, (34) 

I\ I\ I\ I\ ! .• . , .'; 

rne S = {S, S, S } - Tpexpl!Jlllbie MaTpttUbI npoeKUHH cnmra (cM., uanpux y z 
Mep, I 171). 

10 

~ 
rl 
! 

'I 
t 

4. CTil1HOBhIE KOPPETI51Ul111. . 
O.QH04ACTl1l!HA.5l MATP11UA ITJIOTHOCTl1 

I 

11ccnenyeM Tenepb BJIHllHHe KoppeJJllUHH JlByx TO)KJleCTBeHHb!X qacTHU c 

6JJH3KHMH HMnyJJhCaMH Ha OJlHO'laCTlilJHbie napaMeTpbl nom1pll3au1rn. 3neMeHThl 

C
0

nHHOBOH /MaTpHUbl nJJOTHOCTH lJaCTHUhl c 4~HMnynhco'M Pi MOryr 6b;Th Hatt,[(eHbl 
1' '•l " 

nyTeM cyMMlipOBamrn :meMeHTOB JlBYX'laCTH'IHOii: MaTpHUhl nJJOTHOCTJI ,.no npo-

eKuJ~~ CllHII~ :,aCTHUb! c 4-HMnyJibCOM !'2: . . ,, 
j 

15oi = "' po;2> 
mm "'-' mm;mm 

I I m = -·j . ,, I 2 I 2 
2 .. 

HJIH' B MaTpH'IIIOM BHJle 

(35) 

,.,i .•;) ~(I)_ S .p"(l,2) 
P --P(2) (36) 

Ecnu HCXOJlHTh H3 cj:JopMyJJbI,(23) (HJJH H3 3KBHBaJJeHnioii eii: cpopMYJibI'(29)), 

Mb! nony'IHM 

" 2. "2 . 2 
-(I)( ) _ . p + (.'... 1) 1 p IF(q)I 
p . q - 1 + (- 1)21 Sp (p2) IF(q)l2 . 

') 

(37) 

8 CHTyauuu C JlBYMll pa3HbIMH HCTO'IIIHKaMH, KOr,[(a JJ,Byxqacrnq11rui, MaTpuua IlJIOT

IIOCTH OnHcbiBaeTC~ cpopMyJJoii: (22) (HJJH (26)), 
0

0)],IIO'!aCTH~mrui M
0

aTpHua IlJIOT-

IIOCTH HMeeT BHJl- ,, 

p(l)(q) = 2Rllz{q) {p(I) + p(2) + (- 1)21 (p(I) p(2)) Fl(q) F2*(q) + 
., 

+ (- 1)2} (p(2) p<O) Ft(q) Fz(q)}, (38) 

rJJ,e R 1z<q) onpeJJ,eJJlleTcll cornac110 _(6)*. 

JlerKO BHJ].eTb, '!TO ecnH HCTO'IHHKH H311YlJaIOT 11enom1p1noBaHHbie qacTHUbl, 

llOCJJeJJ,HHe OCTaIOTCll HenonllpH30BaHHhlMH H C yqeTOM KOppen.HUHH, CBll3aHHhIX 

c TO)K)],ecrne1111ocThIO. JJ:eii:cTBHTeJihHo,' ecnu · '· 

TO 

. ' 

"(I) = "(2) = _1_ 1 
p p 2j+ I ' 

. I I "(I) "(2) = . . 2.,' 
p 'p (2j + 1) 

, *3JteCb HCfi0nb30BaHbl paeeHcma Sp (p(}) ® p<2>) p (l,2) = p"(I) p<2l Sp · p (1.2) (p(I) ® p<2>) = . m · m 
= p(2) p<' >, Sp(l .2) (p(l) ® p(2)) p (1,2) = Sp (p(I) p(2l). 
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I\ 

I 
II lJIICJIIITeJJh cpopMyJJhl, (38) JanHChIBaeTC51 B BIIJJ.e 2Rlz(q) 2j + 1 • TaK 4T0 

~(I) __ I_" 
p - 2/+ I /. 

ECJIII IICT0lJHIIKII IICnycKaIOT tJaCTHUhl B 0JJ.H0M H TOM )Ke «4IICT0M» CilHH0B0M 

C0CT0llHIIII (p(I) ·= p<2> = 'p,' p2 = p), TO npII °C6JJII)KeHHH HM~YJJhCOB JJ.BYX TO)KJJ.eCT

BeHHhIX tJaCTIIU IIX nonllpIIJaUIIII TaK)Ke He MxHlllOTCll'. B 3TO_M cnyqae 4HCJIHT~h 

cpopMyJJhI (42) IIMeeT BIIJJ. 2R
1
z(q) p, TaK tJT0 j5 = p. KaK y)Ke rosop11iioch, Koppe-

JJllUH0HHM cpyttKUIIll R1z<q) JJ.BYX T0)KJJ.eCTB~HHhIX cpepMHOHOB, a TaK)Ke 3cpcpeK

TIIBH0e CetJeHIIe C00TBeTCTBYIOIUero npouecca npII q ➔ 0 CTpeMllTCll K HYJJIO. 

IlpII Henonuofi non~pIIJaUIIII nonllpIIJaUIIOHHbie napaMeTphI OJJ.Hofi IIJ 4acTHU 

B co6hITIIllX C yqacTIIe_M BTOpofi T0)KJJ.eCTBeHHOH 4acTIIUhl C 6JJHJKHM IIMilYJJhC0M 

M0ryT cymecTBeHH0 0TJIHtJaThCll OT C00TBeTCTBYIOIUHX nomipIIJaUH0HHhIX napa

MeTp0~ npII JJ.0CTaT04H0 6oJJhlllIIX q,, npII' ~0T0phIX F(q) ~ .0. ,3aMeTHM, 4T0 B 

paMKax paccMaTpHBaeMOH M0JJ.enH 0JJ.H04aCTHlJHhie n0JJllpIIJaUH0HHhJe napaMeTphl 

npH 6oJJhlllIIX q JaJ].aIOTCll 0JJ.H0tJaCTH4HhIMH HCT04HHKaMH; B cny4ae JJ.0CTaT04H0 

6oJJhlllOro cpaJoBoro .' o6oeMa 0'11H 6nHJKH K rihpaMeTp~~ nonllpIIJaUHH, xapaK

TepHJYIOIUIIM IIHKnIOJHBHhIH OJJ.H04aCTHlJHhIH cneKTp. 

' : - . , . ,.,·.· l '.1 . . , . . 
PacCMOTpIIM cnyqaH JJ.BY,X · qa~~m~. co. ,cnHH0M 2' Koppe-r!llUH0I_IH~ cpyHK,1;1Hll . 

K0T0phIX 0ilIIChIBaeTCll cpopMynofi (15). IlpHMemI'll C00TH0llleJrne (37) H Y4HThIBM 

cpopMyJJhl (12) H (13), nonyqaeM CJ1eJJ.y10mee Bhipa)KeHHe J].nll OJJ.HOtJaCTH4HOH MaT

pIIUhl IlJI0TH0CTH: 

S<I) = .!_ [ /+.(~P) , _ 1 - IF(q)l
2 

_ ] · 
2 

- I - ½ (I + P 2) IF(q)l2 
(39) 

Mb! BIIJJ.HM, 'ITO npII MMhIX q BeKT0p nOJJllpIIJaUHl:I 

p· = p __ 1_.:.._IF~(~q)_l
2 

_l - ½ (I + p 2) IF(q)I~ 
(40) 

3)].eCh p -'-- «HCXOJJ.Hhlll» BeKT0p IlOJJllpIIJaUII~; OTBetJaIOIUHH 60JJhlllHM 3Ha4eHHllM 

q_, P = IPI. CornacHo (40), ecnH P = 0, TOH P = 0. To4HO TaK )Ke, ecnH P = 1, TO . 

P = I. B !!P0Me)KYT0tJH0M cnyqae, K0rJJ.a O < P < 1, CTeneHh nonllpIIJaUHH yMeHh

lllaeTCll: P < P. KaK Y?!(e roBopHJJ0Ch, npH mo6L1x JHa4eHHllX P =!- 1 II q ➔ 0 
CTeneHh n0J1llpHJaum1 p CTpeMHTCll K 11yn10, 4T0 C00TBeTCTByeT reuepaUHH JJ.BYX

tJaCTHlJH0ro CIIHrJJeTH0ro C0CT0llHHll, EcJJH )Ke P:.,= },,TO npH paJH0CTH HMilYJJhC0B 

q ➔ 0 CaMa BepollTH0CTh reuepaUIIH napbl TO)l(JJ.eCTBeHHhIX , qacTHU CTpeMHTCll 

K HYJJIO. 
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5. BJHUIHl1E BKC HA cnHHOBbIE KOPPEJUIU1111 

O6cynirn Tenepb KaK BJllrneT S-B0JIII0B0e BJam10.ueiicTBHe B K0He4II0M C0CT0-

llllllH Ha CJJIIII0BbJe Koppe1rnu1m TO)l(JJ.eCTBellllblX ,,acTHU C 6mnKIIMII IIMllYJlbCa~rn. 

M 1 ( .. 
bl orpa111t411MCll cJiy4aeM 4aCTIIU co CIIIIII0M 2 JJ.Ba 11e1npo11a IIJIII ,UBa 11p0To11a, 

CM. [8,9]). B CHJIY paBeHCTBa ( 18) BJam10)leiicrn11e np11 11yneB0M op6itTaJJbllOM 

M0Merne M0)l(eT 11pm1BJil1TbCll T0JlhK0 B JJ.BYX4aCTll4llbIX COCTOlllllUIX C II0JlllblM 

CHHII0M, paBllbIM llymo, 4T0 CKa3bIBaeTCll 11a xapakTepe K0ppeJJllUllii. 8 peJyJJbTa

Te, KaK 6blJIO ll0Ka3aH0 B pa6oTe [8] (CM. TaK)l(e [ 19]), Koppem1u110111iall cpyHKU
0

1UI 

I 
.UBYX H0JJllpH30BaIIllbIX T0)l(,UeCTBeIIllbIX 4acn1u co CI111110M 2 B paMKax M0,Uemt 

0JlHHaK0BbIX o.u1104acn1'1t1bIX IICT04IlltK0B 11MeeT cTpyKTYPY 

1 + p 2 ,., I --P 2 -
R1z(q) = 1 -

2 
IF{q)I- + 

2 
Bint(q), (41) 

r.ue P = IPI - cTene11h no1rnpHJau1111 Ka)l(.UOii 113 ,iacn1u. 

8 cpopMyne ( 41) BTOpoii 4JleH' 01111CbIBaeT 3cpcpeKT' cpepMII-CTaTIICTIIKII J].nll He

B3aHM0)leikTBYIOIUHX 4aCTIIU (cp. C cpopMynoii (15)), a H0JJ. Binl(q) H0IIIHtaeTCll 

BKJJaJJ. BKC 6eJ y4eTa T0)l(JlecTBe1111ocT11; Jas11c11MoCTh B. (q) OT a~mmnyJlhI pac-
- - mt 

CellHllll II pa3H0CTH HMHYJJbC0B np1IBe)leHa B CTaThllX [8,20). Cornac110 [8.20] BeJJll-

4lllla Bint (q) M0)KeT 6bITh KaK noJJO)l(HTeJJbH0H, TaK H. oTpHuaTeJihHOii, np114e~1 

Bcema B. · (q) > - 1 (TaKIIM o6pa30M, ec1111 B. 
1 
(q) < 0, ·To 1B. (q)I < 1 )~ O6bI4tlO 

1m m 1m 

npH 04ellb 6omw11x 31ia4e111rnx q cpyHKUllll B. I (q), KaK II F(q); CTpeMIITCll K 11ymo 
' ·In 

11 R1z(q) ➔ I. 

JlerKO y6eJJ.HTbCll B TOM, l(TQ C y4eT0M yKaJ_a,moii CllHHOBOii CTPYKTYPbl_S-B0JI

II0B0ro BJaHMOJJ.eiicTB1tll sJieMeHTbI .UBYX4aCTll4IIOH MaTp11ui,1 rtJI0TH0CTII .usyx .'IaC-

THU co CHHII0M ½ HMeIOT BIIJJ. (cp. c cpopMynoii (23)): 

(I 2) . 1 1 
pm;m'· mm (q) = R (q) {pm'm P,,,,,,, ( + Bint(q)) -

I 2' I 2 , ;, J 2 , I I 2 2 
. 2 . 

-_p
111

,
111 

p
111

,
111

. (IF(q)I + Bin/q))}, 
I 2 2 I 

(42) 

r:ue R 
1
/q) onpeJleJilleTcll cornac110 (41 ). 

8b1pa)l(e1111e (42) M0)KH0 nepenncaTh B onepaTop11oii cpopMe: 

11 ( I 2) 1 " " ' 
p . (q) = R

1
z(q) {{p@ p) (l + Bint(q)) -

- {p@ p) P <1,2> (IF(q)l2 + B. (q))). 
, mt 

(43) 

~ 
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A 
3necb MaTpnua nnornocrn p onpenem1eTcS1 no cjmpMyne (12), a «06Me1111b1tt» one-

" (I 2) . A( I 2) 
parnp P · -. no cpopMyne (33). 3aMeTHM, lJTO BKJ1an BKC B p • HMeeT cTpyK-

TYPY A A A 
8 int(q) {p @ p) K, 

rne 

AAAA I""" K =I@ I - P (1.2) = - (/@ / - c:r@ &) 
2 

eCTb onepaTop npoeKTHpOBaHHSI Ha COCTOSIHHe llBYX 'j:_0)1(.!leCTBeHHblX lJaCTHU C 11y

neBbIM C)'MMapHbIM CnHHOM; C06CTBellllble JHalJeHHSI K paBHbl 2 (npH S = 0) HflH ,0 
(npn S = I). 

Ha oc110Be (42), (43) 11axonnM on11otJacrntJ11y10 MaTpnuy nnomocrn: 

-(I) A(l,2) . I A · "2 2 
p = Sp(2) p = R (q) { p ( I + Bint(q)) - p (IF(q)I + Bint(q))). 

12 

'1<! 

(44) 

C ytJeTOM (13) llOJIYlJaeM Bb!pmKeime .wrn BeKT0pa CllHIIOBOH nom,pH3aUHH on11oii 

H3 tJaCTHU, conep)Kamee BKnanh1 cpepMn-crnTHCTHKH n BKC: 

_ • · J - IF(q)i2 
P-P 2 2 

l+P 2 1-P 
I - . 2 ,: IF(q)I +. 2 . Bint (q) 

(45) 

'' i : . '': -

l13 C0OTHOUJeHHSI (45) cnenyeT, lJTO ecnH pa3110CTb HMnynhCOB q ➔ 0, TO, KaK .,H 
' 1 : ',. 

npu OTC:fTCTBHH BKC, TO)KnecTBeHHble lJaCTHUbl co CllHIIOM 2 OKa3b1BaIOTCS1,Heno-

nS1pH30BaHHbIMH npH mo6oii, He paBHOH e,[(mmue, HCXO;HOH CTeneHH nonSlpH-

3aUHH P, COOTBeTCTBYI01UeH 6onbUJHM 3HalJeHHSIM q. EcnH )Ke p = 1 (T.e. lJaCTHUbl 

po)KnaIOTCSI B onn11aKOBblX «lJHCTblX» CllHIIOBbIX COCTOSIHHSIX), TO npu mo6b!X q 

Bt!KTOpb! p (I) H p COBnanaIOT. Opn °,HOM BKJIM S-BOnHOBOro B3aHMonettCTBHSI. B 

KOppeJISIUH0IIIIYIO cpy1IKUHIO, KaK SICIIO H3 ( 4] ); CTporo paBeH 11ymo, 'a B npenene 

npH q ➔ 0 caMa BepOSITHOCTb re11epaUHH paccM'aTpHBaeMOH napbl TO)KlleCTBeHHbIX 

lJaCTHU CTpeMHTCSI K 11ymo. 

npu 6omUJHX 311atJe11uS1x pa3HOCTH HMnynhcoB q cpyHKUHH F(q) H Bint(q) 

CTpeMSITCSI K 11yn10, CllHII0Bble KoppenSIUHH, CBSl3aHHble C T0)KlleCTBeHHOCThIO H 

BKC, nctJeJaIOT, a BeKTOpb1 ·~ (I) H P co'Bnana10T npu n106oii 11atJanb11oii cTene11n 

nonHpH3aUHH. 

npnBene1111ble Bblllle COOTIIOUJeHHSI, CTporo fOB0pSI, cripaBeMHBbl 'nn51 HeHT

par!bllblX T0)KnecTBellllbIX lJaCTHU (HanpHMep, JJ.BYX HettTpOHOB), llOCKOflbKY He 

YlJHTblllalOT KYJIOIIO~CKOro B3aHMOJJ,ettc'TBHSI ,;.le)K,l{y JapSl)KeHHblMH lJaCTHUaMH. 

O,u11aKO, eCJIH 3ap51)Kel1llble •racTHUbl po)KnamTC}I 11a paCCTQ}llllfSIX, ropa3,1{0 MeHb-

2'1!2 .. 
WHX 6opollCKOro pannyca a = -. -2 ' ytJeT KYJIOIIOBCKOro B3aHMone11CTBl1SI CB0lll1TC}I 

me 

14 
!' 

Jll1Wb K YMHO)KeHHIO Koppen~UHOHHOH ,cpyHKU1111 (41) Ha TaK na3b!BaeMblll «ra

MOBCKHH cpaKTOp» H K neKOTOpOMY nepeonpenene111110 s-BOJIHOBOro B3al1MO,l{ettCT

BHSI B. t(q) (CM. [8]). TT03TOMY CTPYKTypa cpopMyn (43)-(45) nflSI MaTpHU nnoT-
, m 
HOCTH H BeKTOpa nOJIS1pH3aUHH OCTaeTCSI 6e3 H3Me11en11ii. 

6. KOPPEJ15IUI15I TTOJ15IPI13AUHH ITPH PACCE5IHHH 

B CB513H C 061UHM aHanHJOM l1HTepcpepenu110HHhlX KoppenSIUHH .Mhl y)Ke OTMe-' ' ·. ,, . 1 
lJaJil1 Bb!We, lJTO npH q ➔ 0 CHCTeMa llBYX TO)KlleCTBeHHhlX lJaCT11U co cn11HOM 2 
MO)KeT HaXO,l{HTbC}I TOJlhKO B c11nrneTH0M COCTOSIHHl1. IT03TOMY CllHHhl lJaCT11U B 

3TOM cnytJae nOJIHOCThlO CKOppenttp0BaHbl, 11X npoeKU1111 Ha n106y10 OCb npOTl1B0-

nOJI0)KHbl no 3HaKy*. BMeCTe ·c TeM nnH Ka)Kl!OH 113 lJaCT11U B OT,[\eJihHOCTl1 TIOJISl

p113aUHSI OTCYTCTByeT. ITpH ynpyroM pacceSIHl111 on11oii H3 TaKHX lJaCT11U Ha KaKOM-

nn6o 6eccnmIOBOM nn11 HenonS1pH30Ba11110M Hnpe (Hanp11Mep, Ha Hnpe 
12

C) ~T611-
t• , I 

paIOTCSI, KaK H3BeCTHO, COCTOSIHHSI co CTil1HOM, op11eHT11poBaHHhlM napanJieJibHO 

HJll1 aHTHnapanJICJlhHO HOpManl1 D K nJIOCKOCTH pacceSIHHSI; np11 3TOM BeKTOp , 

non51pH3aUHH pacceSIHHOH lJaCTHUhl 

·.• P = a (E, 0) n, (46) 

rne a (E, 8) - TaK na3hrnaeMaSI «aHan11311py101UaS1 cnoco6HOCTh», 3aBHCS11UaSI B 

o6meM cnytJae KaK OT 3Hepm11 E, TaK H OT BeJIHlJl1Hhl yrna pacceSIHl1SI e, lnl = 1 . 
HanHlJHe npH q ➔ 0 )KeCTKOH cnHHOBOH KOppeJISIUH11 Me)Klly llBYMSI lJaCTH

uaMl1 oJHatJaeT, lJTO cfr6op c noMOlUhJO KaKoro-nn6o· aHanHJaTopa onpeneneHHoro 

cn11H0Boro cocTOSIHHSI onHoii 113 tJaCTHU np11BOA11T K )KeCTKOii cpnKcaunn cnnHo

BOro COCTOSIHHSI BTOpoii tJaCT11Uhl. TaKl1M o6paJ0M, eCJIH, HanpHMep: O.IJ:HH H3 He

nOJIS1pH30BaHHhIX npOTOHOB pacceHBaeTC.11 H nptto6peTaeT IlOJIS1pH3aUHJO pl'. TO 

BTOpoii, HepacceSIHHhIH npOTOH, 6y.[(eT aBTOMaTHlJeCKH HMeTh non.11pHJau1110 

P 
2 
= ~ P 

1 
= - a (E, 0) n: (47) 

Cne.IJ:0Ba-re.h1,Ho, · B03H11KaeT B03M0)KHOCTh oT6npaT6 Hepacce.11Htth1e npoTOHhI c )Ke

naeMoii nOJIS1pH3aUHeii, HHKaK He BJIHH; Ha HHX HenocpencrneHHO. 8 npHHUHne, 

*noCJJe pacCellHHll npoTOHa Ha npoTOHe (wrn HeiiTpOHa Ha HeiiTpOHe) nptt /IOCTaTO'IHO HHJKOii 

3Heprntt, TaKJKe BOJHHKaeT CHHrneTHOe COCTOllHHe. ',CBllJaHHal! C 3THM CnHHOBal! KOppeJillUHll 6LIJ!a 

)laJKe itcnoJJ~JOBaHa Will npoaepKH «HepaBeHCTB OeJIJla» [21,22). Tiptt nOBhlllleHHH 3Hepnm TaKal! 

BOJMOJKHOCTh. llC'le~aeT, noCKOJlhK'Y K S-BOJJHe )l06aBJJlllOTCll B~JIHhl c /lpyntMH op6ttTaJJhHhlMH MOMCH

TaMH.' TioJi'lepKHeM B 3TOii CBllJH, '!TO CnHHOBhle KOppeJJllUHH, paCCMaTpHBaCMhlC B HaCTOllIUCii.pa6ore, 

He CBllJaHhl C orpaHH'ICHHCM 3Heprntt: 3HCprnll npOTOHOB (HJJH HCHTpOHOB) MOJKCT 6LITh JJI06oii, BaJKHa 

TOJILKO MaJJOCTh BeJIH'IHHhl HX OTHOCHTellhHOro HMnyn1,ca. 
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:no MO)KeT OKa3aThC51 YJl06HhIM MeTO)lOM. nony'leHHH ny'IKa nonHpH30BaHHb)X•npo

TOHOS (HnH HeiiTpOHOB) C perynHpyeMOH nonHpH3aUHeH.· · 

" PaBeHcTBo (47) cnpaBe)lnHBo·npH q ➔ 0 He3aBHCHMO OT mi'lanhHhlX ycJJoBHii 

reHepauHH 'laCTHU, OHO COOTBeTCTByeT lJHCTO ,CHHfJleTHOMY. COCTOHHHIO. np11 

q -::/:- 0 COOTHOllleHHe Me)K)ly p 2 H p I H3MeJrneTC51, nOCKOJlhKY B 3TOM cJJy•rne KpOMe 

CHHrneTHOro COCT051HH51 reHepHpyIDTCH TaK)Ke TpHnJJeTHhle COCT051IIH51. 8 paMKax 

paccMaTpHBaeMOH HaMH MO)leJJH. O)lHO'laCTH'IHhlX HCTO'IHHKOB Ha1160J1ee mnepe

ceH o6cy)K)laBlllHHC51 B~lllle npHMep O)lHHaKOBhlX HCTO'IHHKOB, HcnycKaJOIUHX He-

" . . . . . . , .. , . . . . , . . , . . . I . 
3aBHCHMO Jlpyr OT Jlpyra HenOJJ51pH30BaHHhle t:JaCTHUbl co CflHHOM 2° EcJJH He Y"IH-

TbIBaTb' BKC, TO cornaCHO cpcipMyJJaM (32) H (33) JlBYXt:JaCTH"!Hllil MaTpHua nnot

HOCTH HMeeT BH)l 
".," I " ". " i-. ~ 

. , 
1
: / ® / - -

2 
(/ ® / + cr ® cr) IF(q)I 

~I~ . . P·' =-:- . 
4 1 2 I - _, IF(q)I · 

2 

· (48) 

. ' . . '.·" . ,' ' . ' . ' ·;,. ' ·. . ' ' . 

IlpoeKTHpyi ~aTpIIUY nJJOTHOCTH p<1
,
2> Ha cnHHOBoe_ cocToHHHe n~pBoii (pacceHH-

Hoii) ~aCTIIUhl C MaTpHueii nnOTHOCTH . 

p(I) =½(/+&Pl), 

HaXO)lHM MaTpHUY nJJOTHOCTH BTOpoii (HepacceHHHOH) t:JaCTHUhl, YJlOBJJernopmo

lllYIO HopMIIpoBOt:JHOMY ycnoBIIJO Sp p<2> = I: 

p(2)= 2 Sp --(~(l)i(l,2))=i[f-(&~·)'' IF(q)l
2 

·]·· 
O) . , . 2 . . 1 2 - IF(q)l2 (49) 

B COOTBeTCTBHH C ,3THM paBeHCTBO (47) 3aMeH51eTC51 Ha 
•' :• ; ' ' • '<' ' ' ', • • 

p =-_ p · IF(q)l
2 

. 
2 1 2 ,- IF(q)l2. ' 

(50) 

r)le P1 no-npe)KHeMy onpe..n,t:.1rneTCH cornacHo (46). IlpH q '➔ 0 BeJJH"IHHa 

2 . . 
IF(q)I ,➔ I II q>opMyna (50) nepeXO)l~T B (47); npII JlQCTaTOt:JHO 6oJJblll_HX q cpopM;-

cpaK:i:OP, ,f(q)' ➔ 0, K,oppeJJ:HUH~ Me)K)ly C,OHHaMII JI~CTIIU H'ct:Je3ae;,~ p 2 =. 0 He-

3aBIICHMO OT p 1 • IlO)lt:JepKHeM, qTQ B COOTBeTCTBHII C (50), npH JJJ06hlX 3Hat:JeHH51X 

q HanpaBJJeHHH· BeKTOpOB PI H P 
2 

npoTHBOilOJIO)KHbl • 

.. B-pa3iie.iie 5 66Cy)KJlMOCb MHHH
0lle BKC Ha criHHOBYKl CTp)'KTypy'y3KHX nap-

. ,. . i , , '," _' '. _ . '{.;. ,.. l •· •.•. • - ·. , __ , . . , . , •,. > ' , , •• •• t - ··;' , . ,'; ),·. • ~ '. i , . • ·• • , : , ;, _, ·i 

Hb!X KoppemIUHH TO)KJleCTBeHHhlX t:JaCTHU; 3TO BJIHHHHe MO)KeT 6b!Th, BeCbMa cyrue-

. ~TB~~mu/ wi~' HY~OHOB •. If c~~rneTC~B.H ~ _c ( 41 ~( 43). ~BYX qacT~t:JHaH Ma~p~ua 

IlJIOTHOCTH JlBYX , HenOJJHPH30BaHHhlX ,TO)KJleCTBeHHhlX,. HYKJJOHOB. onHCbIBaeTCH 

cpopMyJJoii ·•·, ,, .... , ,·; , • .. ,,, 
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" " 1 ·2 " " " " 
1 

(1 + B. 
1 
(q)) I g; I - -

2 
(IF(q)I + B. 

1
(q)) (/ ® I+ cr ® cr) 

"(1,2) - - m m 
p (q) - 4 I ,, I 

I - 2 IF(q)I-+ 2 Bint(q) 

(51) 

Ecm1 O)lHII H3 HYKJJOHOB pacce1rnaeTCH H np1106perneT nOJ1Hp1naumo, TO B _CIIJIY 

cnHHOBOH KoppeJJHUHH (cp. C (48)-(50)) ,.BeKTOp noJJHpH3aUlrn BTOporo 11yKJ1011a 

)laeTCH cpopMyJJoii 

P,,=-1' . .. (52) 
- I 2 - IF(q)l2 + Bint(q) i .•. 

IF(q)l
2 

+·Bin•(q) 

ll.Jrn JlBYX HYKJJOHOB cpyHKUHH Bint(q) nOJIO)KHTeJlbHa, H BeKTOpb! PI II P 2 OCTalOTCH 

aHTHnapanJJeJlbHblMH 11 npH y•ieTe BKC: noJJ,t:JepKl!eM, "!TO npH q ➔ 0 CHOBa Bhl

noJJirneTCH paBeHCTBO (47),' OTBet:Ja101Uee t:JHCTO CIIHfJleTHOMY COCTOHIIIIIO· napb! 

t:JaCTHU. '.i:horo H CJJe)],()BaJIO . O)KHJJ,aTh; noCKOJlbKY S-BomioBoe BJam1oneiicrn11e 

npOHBmleTC.ll TOJlbKO B CHl!fJleTltol\l COCTOHIIIIH II '11e MO)KeT nepeBeCTll napy TO)K

,ueCTBeHHblX t:JaCTIIU 113 cw11rnen10ro COCTO.llllll51 B Tp11nJJeTIIOe*. 

1A - J 
n3BeCT!-IO,. '!TO np11 pacce.11m,rn nOJrnpH30Ba!IIIOll t:JaCTHUhl CO CIIIIHOM 2 Ha 

ueno1151p1130BaH11oii Mmue1111 ,u11cpcpepe11uuanb11oe cet:Jem1e pacceHHHH 11a yroJJ ·0 
HMeeT. cTpyKTYPY 

a (E, 8) = cr
0
(£, 8) [I+ a(£, 8).(Pn)], (53) 

r,ue P - Beinop non.11pmaUHH, n - HOpManh K IlJIOCKOCTH pacceHHliH, · a (£, 8)° _:_ 
'KO::icpcpHI.ll!eHT aJHMYTMhHOH aCIIMMeTpHH, COBna,uaJOIUHH C «amUJll311PYIDIUe'ii 

CTIOC06HOCTblO»· B Bblpa)Kel!liH (46) )ln51 BeKTOpa.'noH~pi'.naUJUi noCHe pacceHIIII~ 

11enonHpH30BaHHOH t:JaCTIIUbl Ha 11enOHH
0

!)H30BaJIIIOii MHllleHH [23,24'l'.' Jlenrn 

BH,UeTh, t:JTO ecHH OT6Hpa10-rcH co6b!THH c pacceH·1111e~1 ·Ka)K)lor~ 113 11enonHpH30Ba11-

HhlX · npoT011'0B (11eiiTpo110B) c '6JJH3KHMH HMny11i;caMH, TO H3-3a KoppeJJHUllll cim

HOB, B cHHY cooTHOllle1mii ( 47), (50), (52) w · (53 ), B03HHKaeT Koppe1rnum1 Me)K)ly 

HanpaBJJeHHHMH HOpManeii K IIJIOCKOCTHM paccesmHH. np11 q -::/:- 0 c Y4eTOM BKC 
pacnpe,uene1me yrna <p Me)K)ly 11opManHMH n

1 
u n

2 
K nnoc1<ocrnM pacceHHHH ,uaeT~ 

CH cpopMynoii 

2 
IF(q)I .+ Bint(q), 

W(cp) = I .,.. a (£1, 81) a (£2, 82) 2 cos cp (54) 
2 - IF(q)I + Bint(q) . 

*EcnH B. (q) < 0 (npn 3TOM o6il3aTenbllO B. (q} '> - I. CM. [8]). TO 11p11 IICKOTOphlX 31Hl'IC;lll>IX 
mt mt . ., 

Cf"' 0, B npnHltHne, R03MOJKlla CHTyaum1, °KOl}ta BCKTOpbl P, U p2 OKa3hl8alOTCll 11ap,UUIC!lhllhl. 
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11e1aBIICIIMO OT 11anpaBJ1e1mii BhlJleTa tJaCTIIU .uo pacce51llllll. 8 npe,ue.ne 11p11 
q ➔ 0, Koni:a_ re11ep11pye:rc51 c1111menwe COCTO}IIIHe llflpbl TO)KJleCTBeHHhlX IIYKJIO-

. ' ' 
110B! IIMeeM 

W (cp) = I - a_{EI' 01) a (£2, 02) cos cp. (55) 

YTo KacaeTC}I KYJJOIIOBCKOro B3allMO).lei-iCTBll}I Me)l(JlY 3ap51)1(ellllhlMII TO)l().lecrne11-
llhl~IH tJacrnuiu,tii, rn" ollo MO)KeT np11Becrn' TOJJhKO K 1nMe1iem110 nojmoii BepoH~ 
llbCTII npouecca, 110 KaK y)l(e ·oT~tetJaJiOCh Bhiwe, npaKTlltJeCKII He BJlll}leT 11a c'11i1~ 
110Bh1e_ Koppen51u1111. no:nm1y Bee· cj:JopMyJJhl .ua1111oro pa1nena Be'p11b1 KaK ,n.rrn 'riap 
11eiiTpOHOB, TaK II ).lJl}I nap npOT()_IIOB. 

nontJepKHeM B 1aKmotJe1me, ·tJTO coornowemlll (47) 11 (55), OTHOC5llllitec51 K 
npeneJJbllOMY c11y1.Ja10 np11 q ➔ 0, }IBJl}IIOTC}I CJle).lCTBlleM HOJIIIOii KOppeJJ51UHH Cllll-
110B JlBYX tJaCTHU' B c1111menwM cocT051HHII. To' o6CT051TeJJhCTBo, tJTo caMo emir~ 
11e:rnoe COCT051Hlle fl0}1BIIJ10Ch B CB51311. C ·111nepcj:Jepe11u11011HhlMII ,oco6e1111ocrnM11 
CIICTeMbl ;JlBYX ,TO)K).leCTBeHHhlX tJaCTIIU, ,He IIMeeT npH <HOM; npHHUllflllaJJhllOfO 
JHatJelllf}I._ Cxo)lllbJe COOTIIOWelllf}I IIMelOT MeCTO llpH mo6oM Mexa11111Me, npllBO
).l}lll{eM K 'llO}IBJJelll!IO JlOCTaTO'IIIO • tJeTKOi-i. CIIIIIIOBOii KoppeJll!UIIII. B KatJecrne 
on11oro 113 B03MO)KllhlX 11p11Mep0B TaKOro nrna -MO)l(IIO yKa3afh 11a .nep11cj:JepH'leC
KOe pacme11J1e1me nei-iTpo11a. 

111BeCT110, I.JTO 3Ta peaKUll}I yc11ew110 HCriOJlhJyeTC}I wi'}I IIOJIYtJemd. ;1'a1.Jrn 
MOIIOxpo:>.taTIII.JeCKOfO llYtJKa 11en0Jrnp1110Balll1hlX · 11ei-iTpOIIOB , BhlCOKOi-i- :mepm11 
[25]; eCJIII K TOMY )Ke IICXO).lllhli-i nytJOK ,uei-iTpOHOB noJrnp1110Ba11, TO 11ei-iTpOHllbli-i 
nytJOK TaK)l(e OKa3brnaeTC51 HOJJ}lpH30BaHllhlM [26 ]. BMecTe C TeM, B np1111u11ne, 
MO)KHO IIOJJYtJIITh HYtJOK no1rnp1110BallllhlX 11ei-il'poHOB II np11 IICXO).l!IOM 11e110J1}1-
pH30BaHHOM nytJKe nei-iTpOHOB. _TaKa51 B03:>.;fO)KHOCTh CB513alla C i;eM, 1.JTO np11. p;ic
menne11~11 J/,,ei-i,Tp'o11a C;).lOCTaTp'.HO MaJJOi-i nipenatJei-i HMqyJJhCa 1101.JTH flOJl~OCTii10 
coxpa115ieTC}I IICXO).lllOe C_OCT05111He napbl 11ei-iTpo11-npoTOH C cyMMapttblM Cf)IIIIOM 

' ' , '., , '· J. J i· ·,· .. • . , .. , ; . l, .. :· ; 

S = I, TaK I.JTO. Clll!Hhl 11ei-iTpo11a II npoTOHa OKa3hIBalOTC}I CKoppe1111poBal1HhlMH 
TaK )Ke, ~aK B 11eno11;p1130BaJIHOM neii~poll~. rio::n~;ty oi6op C . ;IOMOlJ'.th;O pa~-

' ' ' . - , ; . . ' ' ·' . - . ' . ' . ; . ~ : . ' . . •' ' ' 

cemlll5l no~rnp113Cl~all!lhlX npQTO_HOB aB~OMaTHtJeCKH npllBO)lHT _ '5 ;«K_OH~TJ)Y~POBa-
lllllO»_ nytJKa 11ei-iTpo110B, no1rnpu10Bam1blx .B TO_M _)Ke uanpaBJJemm. _Anan_111 _noKa-
3hI~a~T, ~TO ai1anor cpopMy~h; (47) HMeeT B 3TOM CJJytJae B11).l (Mhl npe11e6perae~ 
BKJJMOM_ Q-Bom1h!, cp. c [27D: · · · · · · · ·' · 

I 
p2 = 3P1, ' · '. · (56) 

a cj:JopMy11e (55) COOTBeTcTByeT Bblpa)Ke1me 

. - . I' w (cp) = I + 3 al (El' 011 a2<£2, 02) cos cp. (57) 

8 HaCT05lllleH pa6oTe Mhl. orpa1llftJHJlllCh IICCJle)lOBUlllleM napHblX CITHHOBhlX 
KoppeJI51Ulli-i; allaJIOrlll.Jllhli-i a11a;m3 CllHIIOBOi-i CTpyKTYPhl TpextJaCTIII.JllhlX Koppe
Ji}llilli-i i,e Hbi]hIBaeT 'upHHUllllllaJlhllhlX 1a-rpy.ulle111-1ii, 0).lllaKo BBIIJlY rpOM03)lKOCTII 
cpopMy11 Mhl i1e 6y,ueM 11x · ·mecb 11pHBOJlHTh: 
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na111ia51 pa6oTa HhlllOJ111e11a 11p11 noMep)l(Ke Me)l(ny11apommro 11aytJ11oro cpo11-
na, rpa!IT N~ NKAOOO. 
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