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1. 06bi'IH8SI lf>opMynHpOBKa nocTynaTa CHMMeTpH38UHH 1 COI'naCHO KOTOpOft 

BOnHOB8SI lf>yHKUHSI .!lByX TO:lK.!l9CTBeHHblX '18CTHU .!lOn:lKH8 6b!Tb CHMMeTpH'IHOft 

HnH 8HTHCHMM9TPH'IHOA OTHOCHTenbHO nepeCT8HOBKH KOOp,llHH8T nepaoA H BTo

poA '18CTHU 1 SIBn.ReTC.R HB HBW B3rnSI.!l Hey.!la'IHOAo Pe'lb 1 KOHe'IH01 H.!leT He 0 

CBMOM M8T9M8TH'IeCKOM COOTHOWeHHH 

... ... ) ( ... ... ) 1/J(x ,x =±1/1 x..,x 1 , 1 ~ --.., 
(1) 

a TOnbKO 06 HHTepnpeTaUHH ero CMbiCna. 8BH.!lY Hepa3nH'IHMOCTH TO:lK.!l9CT

B9HHbiX '18CTHU He anonHe nocne.!lOBaTenbHO npHnHCbiBBTb 3THM '18CTHU8M HO

Mepa. HyMepySI '18CTHUbl H roaop.R 06 HX nepeCTaHOBKe, Mbl TeM C8MbiM KaK 

6bl .!lOnycKaeM B03MO:lKHOCTb pa3nH'IHSI Me:lK.!ly HHMH. 0pH T8KOM nO.!lXO.!le CHM

MeTpH38UHSI Bbirn.R,llHT K8K 'IHCTO lf>opManbH8SI onepaUHSI, KOTOpaSI nHWb nocT

If>aMyM Y'IHTbiBaeT Hepa3nH'IHMOCTb 'ISCTHU H npHBO.!lHT K npaBHnbHblM pe-

3ynbTaTaM. Coa,llaeTCSI TSK:lKe ane'laTneHHe, 'ITO CHMMeTpH3aUHSI aonHOBbiX 

WHKUHA TO:lK.!leCTaeHHbiX 'ISCTHU n1Je.!lCTaan.ReT co6oA .!lOnonHHTen&HbiA npHH

UHn, He CBSI38HHbiA C .!lpyrHMH npHHUHnSMH KB8HTOBOA MeXSHHKH. 

8 .!lSHHOft 3aMeTKe Mbl paccMOTpHM HHY10 1 HS HaW B3rnSI.!l MeHee lf>op

ManbHYlO H 6onee COOTBeTCTBYlOWYlO .!lyXy KBSHTOBOA MeXSHHKH, HHTepnpe

TSUHlO CMbiCna BOnHOBOft lf>yHKUHH TO:lK.!leCTBeHHblX 'ISCTHUe Ey.!leT TSK:lKe no

K838HO, 'ITO KOHKpeTHa.R CTPYKTypa aonHoaoA WHKUHH TO:lK.!lecTaeHHhlX qac

THU Henocpe.!lCTB9HHO cnenyeT H3 o6weA H.!leH HHTeplf>epeHUHH aMnnHTY.!lt CO

OTB9TCTBYlOWHX HepaanH'IHMbiM nyT.RM 1 1•21. XoT.R MHoroe H3 Toro, o 'leM 

6y,lleT H.!lTH pe'lb, Ka:lKeTCSI TpHBHSnbHbiM, TSKOA nO,llXO.!l, HSCKOnbKO HSM H3-

BeCTHO, B cyweCTBeHHblX 'lepTaX OTnH'ISeTC.R OT o6wenpHHSITOrO H MO:lKeT 

CnOC06CTBOB8Tb 6onee TO'IHOMy nOHHMSHHlO npo6neMbl TO:lK.!leCTBeHHOCTH MHK

p0'18CTHU. 
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2, npe)Kae BCei'O OCTaHOBHMCSI Ha $H3H'ieCKOM CMbiCne BOnHOBOl\ <fJYHK

UHH .UBYX TO)KaeCTB9HHb!X 'iaCTHU, nocKOnbK:j o6e 'iaCTHUbl Hepa3nH'lHMhi, 

.... .... ) 
t/J (X I , X 2 eCTb aMIInHTyaa BepOS!THOCTH TOI'0 0 'ITO !IpH60pbl 3apei'HCTpHpy-

IOT oaHy us qacTHU ( HeBa)KHO KaKyJO! ) B TO'iKe x 1 , a apyry10 - B TO'i

Ke ; 2 • Ha HGhiKe llnpaKa 131 tjJ (x1, x 2 ) - aTo aMrrnuTy.ua rrepexoaa us 

HeKoToporo Ha'ianhHOI'O cocTOHHHH It/!'> B KOHe'iHoe cocTOHHHe l; 1>xl; 2> 
a peaynhTaTe HGMepeHnH. TaKHM o6pasoM, HHaeKChi 1 H 2 HyMepyJOT He qac

THUhi, a KBaHTOBbie 'iHCna oaHO'iaCTH'iHb!X COCTOSIHHI\, KOTOpble tPHKCHpy!OTCSI 

npu6opaMH, 8 aanbHel\meM rroa :; 1( :;/'2 ) Mbl 6yaeM IIOHHMaTb He TOnbKO KO

opauHaTbl 'iaCTHUhi, HO H n106y10 COBOKYIIHOCTb Heiipepb!BHbiX HnH aHCKpeTHbiX 

KBaHTOBbiX 'iHCen, xapaKTepH3YIOliiHX OaHO'iaCTH'iHOe COCTOSIHHe ( HallpHMep, 

rrpoeKUHH HMnynbca, 9Hepi'HIO, KBaapaT yrnOBOI'O MOM9HTa H npoeKUHIO yrno

BOI'O MOM9HTa Ha BbiaeneHHyiO OCb) x/, 8 COOTBeTCTBHH C 9THM paBeHCTBO 
-to_, . ...... ~ .... ...., 
x 1 = x 2 oaHa'iaeT rronHoe coarraaeHue cocTOHHHl\ I x 1 > H I x 2 > ( <x 1 I x 2>= l), 

a HepaaeHCTBO x 1,f.; 2 paBHOCHnbHO opToroHanhHOCTH yKaaaHHhiX cocTOH

HHA ( < x 1 I x 2 >= 0 ) • Bo ua6e)KaHne He.uopaayMeHHl\ rroa'iepKHeM, 'ITO 

pe'ib IIOKa HaeT 06 "HCTHHHO" TO)KaeCTBeHHb!X 'iaCTHUaX (eM, 121 ), y KOTO

pb!X ace BHyTpeHHHe KBaHTOBbie 'iHCna ( B 'iaCTHOCTH, !IpOeKUHH CIIHH8) OaH

H8KOBbi. 

Ha OCHOBe TaKol\ TpaKTOBKH nei'KO aoKa3aTb COOTHOliieHHe (1), He IIOnb

·-ayHCb orrepaUHHMH "nepecTaHOBKH" H "aaol\Hol\ rrepecTaHOBKH" rrepaol\ H BTO

pol\ 'iaCTHU, He HM910IllHMH BBHay Hepa3nH'iHMOCTH 3THX 'iaCTHU 'ieTKOI'O CMbiC

na, llel\CTBHTenbHO, TaK KaK, cornacHo Bhiliieuano)KeHHOMy, aenH'iHHhi t/J( x 1, x2 ) 

( .... .... 
H t/J x 2 , x 1) rrpeacTaBnHIOT co6ol\ aMrrnuTyahi oaHoro u Toro )Ke rrpouecca -

.... ... 
a HMeHHO - pei'HCTpaUHH aayx TO)KaeCTBeHHhlX 'iaCTHU B TO'iKaX 

HMeeT MeCTO paBeHCTBO 

X I H x 2 , 

lt/JG1'~2>1=1tfr<:;2'xl)l. (2) 

CooTHoweHHe (2) aon)KHO BbmonHHThCH anH n106oA cynepnoauuuu .uayx 

COCTOSIHHA TO)K.ll9CTBeHHhiX 'l8CTHU C BOnHOBbiMH tPYHKUHSIMH t/J (;:I, ; 2 ) H 

x/ 
LfHC'IJO H938BHCHMbiX KB8HTOBblX 'iHCen, OIIHCbiB8101IlHX llBHlK9HHe 

O'leBHllHO, paBHO TpeM. nosTOMY MOlKHO BCeraa paCCM8TPHB8Tb X 
BeKTOp B H9KOTOpOM TpeXMepHOM a6cTp8KTHOM !IpOCTpaHCTBe, 

4 

'18CTHUbl1 

K8K 

~~ 

1
::~ 
' 

·' 

:' 
' 
,·.·i 

"' 

cp (x .... 
1

, x .... 
2
). flcHo TaK)Ke, 'ITO 3TO cooTHOliieHue crrpaaeanuao 

<iJyHKUHl\ B n1060M npeacTaBneHHH (He3aBHCHMO OT TH!Ia pei'HC1 

6opoa). OTcJOaa cpaay cneayeT ( cp. /4/), 'ITO 

.... ... ) 1£ ... ... ) 
t/J(x 1 ,x2 =e t/J(x2 ,x 1 • 

rae £ - YHHBepcanbHaSI ael\CTBHTenhHaSI KOHCTaHTa, He 3aBE 

TOSIHHSI t/J H OT nepeMeHHb!X 
.... .... 
X I H x 2 • 3aMeTHM T 

MO)KeM BCeraa BBeCTH tPYHKUHIO tfr'<xt,X.2>=tfr<:;2,:;t> " 
C Bb!lii9H3nO)K9HHbiM H81IHC8Tb anSI Hee paBeHCTBO ( 3) • 3To 

... .... ) ( ... .... ) 
t/J(x2,xt =~ftjJ xt,x2. 

CpaBHHBaSI (3) u (4), rronyqaeM: 

17=e 1£=+l 

AHanorn'IHhie paccy)KaeuuSI MO)KHO 6bmo 6hi npoaeCTH u a c; 

HecKonbKHX TO)KaecTaeHHhiX qacTuu. TaKuM o6paaoM, aonHoBa! 

aeCTBeHHbiX 'i8CTHU aon)I{Ha 6b!Tb nu6o CHMMeTpH'iHOA, nu6o 8 

HOI\ OTHOCHTenhHO rrepecTaHOBKH n1060ii rrapbl api'yMeHTQB 0 CO 

IIOKa3aHHSIM aayx H3MepHTenbHbiX npu6opOB, l1MeHHO B 9TOM 

CHMMeTpH3aUHH. 

KaK H3B9CTH00 HepenSITHBHCTCKaSI KBaHTOBaSI MeXaHHKa He 

naTb Bbi6op Me)Kay 3HaKaMH "+" H "-" a <flopMyne (1 ). B 

IIOnSI MO)KHO aanee IIOKa3aTb, 'ITO BOnHOBbie <flyHKUHH 'iaCTHU 

HOM aceraa CHMMeTpH'iHbi, a 'iaCTHU C nonyuenbiM CIIHHOM • 

CHMMeTpH'iHhi 
141 • 

3. PaccMoTpHM aonpoc o HOPMHpOBKe aonHoaoA tPYHKUH 

HhiX 'iacTuu. Ecnu <fluKcupoaaTh noKa3aHHSI nepaoro u aTopo 

HenepeKpblB810IUHXCSI HHTepaanax ~ I H ~ 2 , CyMMapHa 

pei'HCTp8UHH aayx T0)K.(l9CTBeHHb!X 'iaCTHU (npH He!IpepbiBHbll 

H x 2 ) pasHa 
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·:. 
·~ cp (x->

1
, x->

2
). .fiCHO T8KMe, 'ITO 8TO COOTHOilleHHe cnpaBeJlnHBO anSI BOnHOBh!X 

~YHKUHH B nro6oM npeacTaBneHHH (He38BHCHMO OT THIIa perHCTpHpyroJliHX npH-

6opoB). OTero a a cpasy cneayeT ( cp. 
141), 'ITO 

_, -> ) I€ -> -> ) 
1/J (X I , x 2 = e 1/J ( x2 , X I • (3) 

rae € - yHHBepcanhHaSI aeHCTBHTenhHaSI KOHCTaHTa, He 38BHCSIJli8SI OT COC-

TOSIHHSI 1/J H 01' nepeMeHHbiX 

MOMeM BCeraa BBeCTH ~yHKUHID 

x 
1 

H :;
2 

• 3aMeTHM Teneph, 'ITO Mhi 

!/J'(xi,J:2)=!/J(:;2,:;1) H B COOl'Bel'CTBHH 

C BbiilleH3nOMeHHbiM HaiiHCaTh anSI Hee paBeHCTBO (3), 3TO 03Ha'!aeT, 'ITO 

... ... ) ( ... ... ) !/J(x2,x1 =r}€!fr x1,x2. (4) 

CpaBHHBaSI (3) H (4), nony'laeM: 

TJ=elf =±l. (5) 

AHanorH'!Hhle paccyMaeHHSI MOMHO 6bJnO 6hi npoBeCTH H B cny'lae CHCTeMhl 

HeCKOnhKHX TOMaeCl'BeHHhiX '18CTHU, TaKHM o6pa30M, BOnHOBaSI ~YHKUHSI TOM

aeCTBeHHhiX '18CTHU JlOnMHa 6biTh nH60 CHMMeTpH'IHOH, nH60 aHTHCHMMeTpH'I

HOH OTHOCHTenhHO nepeCTaHOBKH nro60H napbl apryMeHTOB, COOTBeTCTByiDiliHX 

IIOK838HHSIM aByX H3MepHl'enhHhlX npH60pOB, I1 MeHHO B 8TOM COCTOHT CMbiCn 

CHMMeTpH38UHH, 

KaK H3BeCl'HO, HepenSITHBHCTCKaSI KB8Hl'OBaSI MexaHHKa He II03BOnSiel' CJle

naTh Bbi6op MeMay 3HaKaMH "+" H "-" B ~opMyne ( 1). B paMKax TeopHH 

IIOnSI MOMHO aanee IIOKa38Th, 'ITO BOnHOBb!e ~yHKUHH '18CTHU C uenhiM CIIH

HOM BCeraa CHMMeTpH'IHhi, a '18CTHU C nonyuenhiM CIIHHOM - BCeraa 8HTH

CHMMeTpH'IIlbl / 4 /, 

3, PaCCMOTpHM BOIIpOC 0 HOpMHpOBKe BOnHOBOH ~YHKUHH TOMaecTBeH

HbiX 'laCTHU, EcnH ~HKCHpOBaTh IIOK838HHSI nepBOPO H BTOporo I!pH60pOB B 

HenepeKpbiB8IDJliHXCSI HHTepBanaX ~ 1 H ~ 2 , CyMMapHaSI BepOSITHOCTh 

perHCTpaUHH JlBYX TOMaeCTBeHHbiX '18CTHU (npH HenpepbiBHhlX 3Ha'!eHHSIX x 1 

H X 2 ) paBHa 
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P= f JI¢(~1.X'2>1 2 dX'IdX'2. (6) 
1'11 1'12 

EcnH HHTepB81lbl 1'1 1 H 1'1 2 COBII81l810T 0 B HHTerpane (6), B COOTB9TCTBHH 

C H311Q)K9HHbiM BbiWe ( CM. pa3Jl911 2), llBa>Kilbl Y'iHTbiBaeTC.H BepO.HTHOCTb 

rrepeXOila B OllHO 1:1 TO >Ke COCTO.HHHe I ; I> X I~ 2> • n OSTOMY B STOM cnyqae 

CYMMapHa.H BepOSITHOCTb pei'HCTpaUHH, 0'19BHilHO, pasHa 

P=-+ J J I¢<X' 1 .X'2 >I 2 d~ 1 dx2. 
1'11 1'11 

(7) 

Ha (7) cnellyeT, 'ITO ycnoaue HOpMHpOBKH B011HOBOA ~YHKUHH llBYX TO>KileCT-

BeHHbiX '18CTHU ll011>KHO HM9Tb BHil: 

-}- f fl ¢ (X" 1' x ... 2 ) 12 
d X" 1 d X'2 = l • (8) 

B ~opMyne (8) HHTerpupoaaaue pacrrpocTpaHSieTCSI aa ace B03MO>KHbie aaa-

'leHHSI X I H x 2 

Ecnu KBaHTOBbJe 'IHCna x 1 1:1 x 2 rrpHHHMaJOT llHCKpeTHbiA pS!Il 3Ha'ie-

HHA, BMeCTO (8) C11ellyeT HaiiHCaTb 

-. ( ... ... > 12 l , I < ... ... > 12 I I"' x, X +- I I "' X • X = l. ... 2 ' I 2 
X 11"x+2 

(9) 

BenH'iHHa 1{1 (;;,;)a cpopMyne (9) eCTb aMnnuTylla aepoSITHOCTH perucTpa

UHH llBYX TO>KileCTBeHHbiX '18CTHU B COCTOSIHHSIX C OllHH8KOBbiMH Ha6opaMH KBBH

TOBbiX 'iHCen ( T.e. B OllHHaKOBbiX pOilHO'iaCTH'IHbiX COCTOSIHHSIX) • 8 cny'iae 

cucTeMbi aecKonbKHX ( N ) TO>KileCTaeHHbiX 'iaCTHU aonaoaa.H cpyHKUH.H 

1{1 (; I' ; 2 , ,.. , X'N) pasHa aMII11HTYil9 BepOSITHOCTH 3apei'HCTpHpoaaTb 'laC-

THUbl B COCTOSIHHSIX C KBaHTOBblMH 'iHCnaMH 
.... .... ... 
X I' X2 ',.,'X N , npH"'eM 

HHileKCbl 1,2 ••• OIISITb-TaKH HyMepylOT He 'laCTHUbi, a KBaHTOBbie 'IHCna Oll

HO"'aCTH'IHbiX COCTOSIHHA. Y C110BHe HOpMHpOBKH B011HOBOA ~yHKUHH N TO>K

IleCTBeHHbiX "'aCTHU IlpH Herrpepb!BHbiX 3Ha"'eHHSIX IIepeMeHHbiX ll011>KHO HMeTb 

BHil 

-fi, f f ... f I"' (X' I,; 2' .... xJI
2 

dx ... ldx2 ... d;N= l. (10) 

N 

6 

' :) 

~ 

npH llHCKpeTHbiX 3Ha'ieHHSlX 
... ... ... 
Xt,Xli"'XN BM9CTO (10) 

"<' I < .... .... ... ~~ l t "' x,x ... X) I + 2! (
... ... ... ... 2 

I I I"' X I' X 2' X ... X} I + 
: • .;,:2 

l "<' (... ... ... ... ... ) 12 + "31 I ~ I I 1{1 x 1 , x:l' x 3 , x ... x + ... 
~1,;.:2,;.1.3 

+-1-I I I ... I lifl(;,;t,; ... ;)F"=l. 
Nl ... ... ... ... I 2 3 N 

XI .J,x2 "X 3""' XN 
4. npocnellHM Tenepb CBSl3b CTpyKTypbl B011HOBOA ¢ 

TO>KileCTBeHHbiX "'aCTHU C llpHHUHIIOM HHTepcpepeHUHH KBaHTC 

aMDnHTYilo npelliiOnO>KHM CHa'iana, 'iTO OllHa H3 "'aCTHU H 

TOSlHHH I a> , a JlpyraSI - a opToroaanbHOM K HeMY coc 

STOM cny'iae aeKTOp llBYX'iacTH"'HOI'O cocTOSIHHSl I c > npE 

llpSlMOe 1IpOH3Bell9HHe aeKTOpOB OllHO"'aCTH"'HblX COCTOSlHH 

l.IT06bi IIOCTpOHTb B011HOBY10 ~yHKUHlO B ~ -npellCTaaneHHI 

my10 cocTOSIHHJO I c > , rrpHMeHSIJOT o6bi"'HO cnellyJOmHA rrp1 

wyT Bbipa>KeRHe llllSI B011HOBOA ~YHKUHH B rrpellll01IO>KeHHH, ~ 

TO>KileCTBeHHbi, a rrocne STOI'O CHMMeTpH3YlOT (HnH aRTHCHI 

ny"'eHHoe Bbtpa>Keaue. CneJlyeT oTMeTHTb, 'iTO yKa3aHHbiA 1 

110I'H"'eH, H, CTpOI'O I'OBOpSI, He C1leJlyeT H3 COOTHOW9HHSI (, 

HO, B "'HCTO 110I'H'I8CKOM rrnaae B011HOBaSI ~YHKUHSI MOI'na 6bi 

HOA ( aHTHCHMMeTpH"'HOA), HO HMeTb COBCeM llPYI'YlO CTpyK~ 

llpH 06bi"'HOM H31IO>KeHHH IlpOUellypa CHMM9TpH3aUHH Bb!I'11Sl 

llOII011HHTenbHbiA IIOCTynaT. Mbl BHilHM o60CHOBaRHe STOA IIJ: 

Hll99 HHTepcpepeHUHH aMII11HTYil 1 COOTB9TCTBY10IllHX Hepa3 

JleAcTBHTenbRO, rrepeXOil H3 cocTOSIHH.H I c > =I a > x II 
IX' I> X I x2 > B pe3ynhTaTe H3MepeHHSI MO>KeT HllTH IIO llBYI 

... ... 
TOSIHHe I a > rrepeXOilHT a I x 1 > , a coc TOSIHHe I b > - a I x 2 

Hue I a> rrepeXOilHT a I ~2 > , a cocTOSIHHe I b > - a I X'1 

llO IIOCTOSIHHOI'O cpa30BOI'O MHO>KHT911SI ( CM. /
1/) aMII11HT: 

COOTBeTCTBYJOillaSl nepaOMY nyTH nepeXOJla, pasHa 

x/ no cymeCTBY Mbl 3jl8Cb CHOBa CT811KHB88MCSI C H81IOC1le 

XOAOM
1 

KOI'AS B H8'18118 paccyJKll8HH~ 'ISCTHUbl C'IHTSIOTCSI 

B KOHUe - Hepa311H'IHMblMHo 
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llpH llHCKpeTHbiX 3H8'1eHHSIX 
-+ -+ -+ 
X1oX:J•••XN BMeCTO (10) cnellyeT H8DHCaTb 

'<'I(-+-+-+ :1 1 ~ 1/1 x, X ••• X) I + -, 
X 2. 

.,.. .,.. I <-+ -+ -+ -+ ~~ ~ ~ 1/1 X 1' X 2' X ••• X} I + 
:1.;.:2 

+-+ ~ ~ ~ 11/J(;l'~:J•"s· x ... x)l
2+ ... 

. :1,;,:2.;.-t.s 

+..!... ~ ~ ~ · .. ~ II/I ( x , x , x ... x ) 12 = 1 . 
Nl 1 2 8 N 

-;1 -/.x~ ./ ~81- ... :N 
4, DpocneAHM Tenepb CBSI3b CTPYKTYPbi eonHoeoA 

( 11) 

<f>yHKUHH CHCTeMbl 

TO*IleCTBeHHbiX 'laCTHU C npHHUHDOM HHTep~peHUHH KB8HTOBQ-M9XaHH'IeCKHX 

aMDnHTYilo llpe)lDOnO*HM CH&'Iana, 'ITO OllH8 H3 'laCTHU HaXOilHTCSI B COC

TOSIHHH I a> , a llpyrasr - e opToi"oHanbHOM K HeMy cocTOSIHHH le > • B 

aTOM cny11ae eeKTop llBYX'IaCTH'IHoro cocTOSIHHSI I c > npellCTaBnHeT co6o:ll: 

npHMoe npoH3BelleHHe BeKTOpoe OllHO'Ia~TH'IHbiX cocTOSIHHA I a > H I b > 
-+ 

4To6bi nocTpOHTb eonHoeyiO <f>yHKUHIO B x -npellCTaeneHHH, cooTeeTCTByiO-

IIIYIO cocTOSIHHIO I c > , npHMeHHIOT o6bi'IHO cneAyiOIIIH:II: npHeM: CHa'lana nH

myT Bbipa*eHHe AnSI eonHoeoA WHKUHH B npeAnono*eHHH, 'ITO 'laCTHUbi He

TO*IleCTeeHHbi, a nocne :3TOI"O CHMMeTpH3YIOT (HnH aHTHCHMMeTpH3YIOT) no

ny'leHHOe Bbipa*eHHe, CneAyeT OTMeTHTb, 'ITO yKa3aHHbiA peuenT He enonHe 

nOI"H'I9H, H, CTpOI"O I"OBOpSI, He cneAyeT H3 COOTHOIIIeHHSI ( 1), .Ue:II:CTBHTenb

H01 B 'IHCTO JIOI"H'I9CKOM nnaHe BOJIHOBaSI «lJyHKUHSI MOI"Jia 6bi 6biTb CHMMeTpH'I

HOA ( aHTHCHMMeTpH'IHO:II:), HO HM9Tb COBCeM llPYI"YIO CTpyKTypy x/, ll OSTOMY 

DpH 06bi'IHOM H3n0*9HHH npOUellypa CHMMeTpH3aUHH Bbii"nSI)lHT KaK HeSIBHblft 

llODOJIHHTeJlbHhiA nocTynaT, Mbi BHilHM o6ocHosaHHe aToA npoUellYPhi e o6me:ll: 

Hllee HHTep¢lepeHUHH aMDnHTyll 1 COOTB9TCTBYIOIIIHX Hepa3nH'IHMbiM nyTSIMo 

.Ue:II:CTBHTeJibHO, nepeXOil H3 cocTOSIHHSI I c > =I a >xI b > B COCTOSIHHe 

lx 1 >xI ~ 2 > e peayJlbTaTe H3MepeHHSI Mo*eT HATH no llBYM nyTSIM: 1) coc-

TostHHe Ia> nepexoAHT a lx1 >, a cocTOSIHHe lb>-el; 2 > , 2) cocToH-

1 
-+ -+ 

HHe a> nepeXOilHT B I x 2 > , a cocToHHHe I b > - B I x 1 > , C TO'IHOCTbiO 

llO DOCTOSIHHOI"O 4Ja30BOI"O MHO*HTenSI (eM, / 1/) aMDnHTy)la BepOSITHOCTH1 

COOTB9TCTBYIOIIIaSI nepBOMY DyTH nepeXOila, pasHa 

x/ 
no CyllleCTBy Mbl 3JleCb CHOB8 CT8JlKHBaeMCSl C H9DOCJleJlOB8TellbHbiM DOJl-

XOJlOM, KOI'Jl8 B H8'18Jle paccyJKJleHHp: '18CTHUbi C'IHT8lOTCSl p83JIH'IHMbiMH 0 a 

B KOHUe - Hepa3JIH'IHMbiMH, 
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• 

II 

A 1(X" t• it2 )=<it tl a><-; 
2

1 b >, (12) 

a aMnnuTy,oa BepOBTHOCTH, COOTBeTCTByromag BTOpOMy nyTH nepexo,oa, 

A2(~t.X"2)=<~zla><X'tlb>. (13) 

3aecb <; 1 Ia >=¢
8
(; 1 ) , <X" 2Ib>=¢ b(x ... 2 ) - HOpMupoBaHHbie Bon-

BOBbie I}JyHKUHH O,QHO'ISCTH'IHbiX COCTOBHHa B X -npe,OCTSBn9HHHo 

Bauay TO)KaecTBeHHOCTH 'IBCTHU o6a nyTH HepaanutJHMbi, noaToMy aomK

ua HMeTb MecTo HHTepl}lepeHUHB aMnmnya A1 u A 2 • Ecnu y'leCTb, 'ITO 

cooTaoweHHB ( 12) u ( 13), KaK Mbi y)Ke roBopunu, onpeaengroT A 1 H A 2 
-+ -+ 

C TO'IHOCTbiO ,00 H938BHCBIUHX OT X t H J;~; 2 I}Ja30Bb!X MHO)KHTenea, BOnHO-

BBB I}JyHKUHB B X -npe,OCTBBneHHH AO~Ha HM9Tb BHA 

-+ -+ 18 1 ... -+ 18 2 -+ ... 
1/lab(xt'x2)=e <x 1la><x2lb>+e <x 2 la><x 1 1 b> (14) 

Ha paBeHCTBa (1) aanee cneayeT, 'ITO 

., -8 ) 
1 (u2 1 =±I • e ( 15) 

"'"lt>aaa 8 1 M0)!{9T 6b!Tb npOH3BOnbHOa H 6e3 llOTepH 06IUHOCTH MO)KHO nono-

)KHTb 81 = 0 • Y'IHTbiBSSI, 'ITO 3H8K "+" B I}JopMyne (15) BCeraa COOTBeTCT

ByeT '18CTHUBM C UenbiM CllHHOM 0 a 3H8K "-" - '18CTHU8M C nonyuenbiM CUR

HOM, Mbl MO)K9M 38llHC8Tb OKOH'IaTenbHO: 

1/1 ab (X 1 • ~ ) = < ~ 1 I a > <; zl b > + ( -02 8 <X 2 I a ><X 1 1 b '> . ( 16) 

3aecb s- CllHH K8)K,[l0a H3 T0)K,[l9CTBeHHblX '18CTHU. 

... ... 
5. 8biWe H9BBHO npeanonaranOCb, 'ITO B9KT0pbi X I H Xz COOTBeT-

CTByiOT HeO,QHHBKOBbiM Ha6opaM KBSHTOBbiX 'IHCen ( T.e., 'ITO <; 11 x-+2 > = 0). 

.Reno, OAHBKO, 'ITO npH Henpepb!BHbiX 3H8'leHHSIX ~ 1 H X2 BBHAY Henpe

pb!BHOCTH BOnHOBoa I}JyHKUHH COOTHOW9HHe (16) ,QOn)KHO 6biTb cnpaBe,QnHBbiM 

8 

·~: 
:~ 

.1,:)'·· .. ' .. 
'l 

:, L 
.' :~ ! 
'\)1·', 

II,' 

~· 
·IC 
I 
1: 

I 

' I ,j 
! 

H B npeaene it1=;; 2 • Tioa'lepKHeM, 'ITO B cny'lae aenpe 
-+ -+ 
x 1 H Xz 8BTOM8TH'I9CKH Bb!llOnHSieTCSI paBeHCTBO (8), To 

UHSI, onpe,oeneHHSSI no I}JopMyne ( 16), SIBnSieTCSI HOpMHpOB8H 
-+ 

ByaeM C'IHTaTb, 'ITO Benuquaa x llpHHHMaeT AHCK 
-+ 

Ecnu aa6opbi 
... 
Xt H x 2 He coBnaaaiOT, To ua BbiWeH' 

'ITO CTpyKTypa BOnHOBOi!: !flyHKUHH no-npe)KHeMy onpeaengeT' 

OaHaKo.npu ~ 1=;2 paccy)Kaeaug c HHTep!flepeauuei!: ABY} 

lOT CBOa CMbiCn, H I}JOpMyna (16) CT8HOBHTCSI 0 B006IUe r 

B aTOM cny'lae ang onpeaeneaug crpyKTypbi Bonaoaoi!: !flya~ 

llOnb30B8TbCSI ycnOBHeM HOpMHpOBKH (9). 
__.....,. _._. 

TiocKonbKY aMnnuryaa < x, xI c'> = <x, xl ab> , Boo6w 

Ha !f!YHKUHH 1/1 a b (X",~ ) , KOTopag nonytJaeTCR,ecnu nc 

3HS'I9HHB 
... ... ... 
X 1= x 2 =X , BBe,QeM HOBOe 0603HS'l9HHe 

... ...I ( ... -+ ) <xxx axb>=¢ab x,x · 

Toraa paBeHCTBO (9) aanuweTCB B Buae: 

HnH 

_I_ l l 
2 -> I-:_ 

xt"' 2 

11/1 (X'
1
,x ... 

2
)1 2

+ l 1¢ b(;,;)I 2=I 
ab --. a 

X 

_I [ I I 11/1 G
1
,;

2
>1 2

- I 11/1 <X'. x>>l 2 1 +I 1¢ <x..;n 
2 -> -> ab -+ ab -+ ab 

X X X X 
I 2 

nerKO BHAeTb 0 'ITO C y'leTOM paBeHCTB 

... ... ... 
<ala>= l <xla><xla>*=I, <bib>= l <xlb> ... ... 

X X 

<alb>= l <x_,l a>*<X'Ib>=O, 

x/ 

... 
X 

B 6onbWHHCTBe yqe6HHKOB H MOHorpa«j>Hlt (eM,, HanpHMeJ 

AllH BOllHOBOlt «j>yHKUHH ABYX TO)K,[leCTBeHHbiX 'laCTHU OTllH'I 

MHO*HTeneM 1 I...;'£ • 3To CBH3aHo c TeM, 'ITO o6bi'IHO Ha 

UHIO TmK,QeCTBeHHbiX 'l:aCTHU HaKlla,QbiBaeTCH CTaHAapTHOe y 

KH ffllfr (x,,x2>12 dx ,dx2 = 1 • He cosna,oa10wee c (8 
npH TaKOit HOpMHpOBKe BepOHTHOCTb perHCTpaUHH ABYX TO 

THU B TO'l:KaX X 1 H 5t 2 pasHa 2ilfr(x-: x2)1 2, a He ilfr(it 
I 

Hac. 
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.... .... 
H B 

npeAene x 
1 

= X 
2 

• 0 OA'iepKHeM, 'iTO B cny'l:ae HenpepbtBHb!X 3H8'i9HH:ii: 

; l H ~ 2 aBTOMSTH'ieCKH BbtnOnHsteTCSl paBeHCTBO (8) 1 Toe• BOnHOBSSl <!JyHK

onpeAeneHHSSl no <!JopMyne (16), stBnsteTCSl HOpMHpOBSHHO:ii: x/. 
UHSI, .... 

EyAeM C'iHTaTb, 'iTO BenH'iHHa x npHHHMaeT AHCKpeTHb19 3Ha'ieHHSl. 

.... .... 
E cnH Ha6opbt X 1 H x 2 He COBTI8A810T 1 TO H3 Bbt!lleH3nO:lKeHHOI"O SICH0 1 

'iTO CTpyKTypa BOnHOBO:ii: <!JyHKUHH no-npe:lKHeMy onpeAensteTCSl <!JopMyno:ii: (16). 
.... .... 

0AH8KO npH X 
1
= x

2 
paccy:lKJleHHSl C HHTep<!JepeHUHeH JlBYX aMnnHTYJl TepSI-

IOT CBOfi CMbiCn, H <!JopMyna ( 16) CT8HOBHTCSI1 B006IUe I"OBOpSI, HeBepHO:ii:. 

B 9TOM cnyqae AnSI onpeJleneHHSl CTpyKTypbl BOnHOBOH <!JyHKUHH cneJlyeT BOC-

nonb30B8TbCSI ycnOBHeM HOpMHpOBKH (9). 
-+_, -to-+ 

00CKOnbKY aMnnHTyJla <x,x\ c'>=<x,x\ ab> , Boo6me roBopst, ae paB-

( 
........ 

HS <!JyHKUHH t/J a b X, X ) , KOTOpaSI nony'l:aeTCSl 1 ecnH TIOJlCTaBHTb B 
(18) 

.... .... .... 
3Ha'ieHHSI X 

1
= x

2 
=X t BBeJleM HOBOe 06031fa'ieHHe 

.... ....\ ( ........ ) <xxx axb>=<f>abx,x. 

TorJla paBeHCTBO (9) sanH!lleTCSI B BHJle: 

HnH 

I I I 
2 -+;-:_ 

X1l" 2 

\t/1 (.;1,x ... 2)\2+ I\¢ (.;,.;)\2=I 
a.b -+ a b 

X 

(17) 

_I [I I \t/1 (~ 1 ,;2 )\ 2 - I \t/1 (;t, ;t)\ 2
)+ I\¢ (X.,;t) \ 2

= I. 
2 -+ -+ ab -+ ab -+ ab 

(17a) 

X l x
2 

X X 

flerKO BHJl9Tb 1 'iTO C y'ieTOM paBeHCTB 

-+ -+ -+ _,. 

<a\a>= I <x\a><x\a>*=I, <b\h>= I <x\b><x\b >*=I, 
.... .... 
X 

<a\b>=I .... 
X 

X 

<x-+\ a>*<x+\b>=O, 

x/8 60nbWHHCTBe yqe6HHKOB H MOHOI'paqJHfi (eM., HanpHMep, /
4
/) BbipalKeHHe 

AnH BOnHOBOfi $yH~HH ABYX TOlKAeCTBeHHbiX 'iaCTHU OTnH'laeTCH OT (16) 
MHOlKHTeneM 1 I -../2 • 3To CBH3aHo c TeM, 'ITO o6bt'IHO Ha sonHoByiO clJyHK

UHIO TOlKAeCTBeHHbiX 'iaCTHU HaKnaAbiBaeTCH CTaHAapTHOe ycnOBHe HOpMHpOB-

KH Jfll/t (;t
1
,;t

2
) 12 dx 1 d~ 2 = 1 , He cosnaAaiOwee c (8). 3aMeTHM, 'ITO 

npH TaKOfi HOpMHpOBKe sepOHTHOCTb pei'HCTpaUHH ABYX TOlKAeCTBeHHbiX 'iaC

THU B TO'lKaX X I H X 2 pasHa 2 11/t ( x"\ x2ll 2
, a He 11/t (:~\ '.;2) 1

2 
' KBK y 

Hac. 
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'•, 

I I 

CYMM8 

I ... 
XI 

I 
-+ 
x2 

II/I ab (x-+1,;2)12 =I. 

0TCIOJl8 cneJlyeT 1 'ITO 

-+-+:~I -+-+:~ 
I I¢ b(x,x)l =-I II/I b(x,x) I . 
-; a 2 a 

.llnsr '18CTHU C uenbiM CnHHOM 

(
... .... .... ... 

1/1 x,x)=2<xla><xlb>, ab 

JlnSI '18CTHU C nonyuenhlM CnHHOM 1/1 ab (;' ; ) = 0 • 

(18) 

3aMeTHM Tenepb, 'ITO aMnnuTylla nepexolla H3 cocTOSIHHSI I a> xI b > 

a cocTOSIHHe I~> x I ; > no caoeMY CMbtcny JlOn>KHa 6biTb nponopuuoHallhHa 

aenH'IHHe < xI a > < ~ I b > • B cooTBeTCTBHH c aTHM Mbi MO)KeM HanucaTb 

¢a b( ;_, ;) = < ;_X; I a X b > =f3 <~I a><;_ I b>. 

ConocTaansrsr (18) H (19), nony'IHM 

f3 =V2 (AnSI 6030HOB) 

fL .. 0 (a cny'lae ~epMHOHoa) 
-+ 

(19) 

(20a) 

(206) 

IlpH nonyuenbiX 3Ha'leHHSIX cnHHa cf>ab(x, ;) = 0 , 'ITO sransreTCsr MaTe-

M8TH'leCKHM Bbip8)KeHHeM npHHUHna IlaynH, 

6, Mbi paccMoTpenu cnyqaA, KOrAa .. I a> H I b > - opToroHanbHbie Apyr 

Apyry cocTOSIHHSI. Ba)KHO noA'IepKHyTb, 'ITO ecnH 0 < I <a I b >I< I , cocTosr

HHe I a>x I b> aoo6me He MO)KeT 6biTb peanHaoaaHo. ITocneAHee yTaep)KJl9HHe 

cTaHOBHTCSI o'leBHllHbiM nocne KOHKpeTHoro aaanH3a nto6oro peanbaoro cno

co6a npHrOTOBneHHSI HCXOJlHOrO COCTOSIHHSI, ecnH y'leCTb, 'ITO BCSIKOe ycT

poACTBO B38HMOll9ACTByeT C o6eHMH '18CTHU8MH COBepiUeHHO 0JlHH8KOBO, C 

Apyroft cTopOHbi 1 npH <bl a>= 0 coCTOSIHHe I a>x I b> MO)KeT 6biTb B npHH

uune coaAaHo, H aeKTOp I a>xlb> HMeeT anonae onpeAeneHHbiA CMbicn, Ko

Topbtft Mbl BbiSICHHnH B Dp9JlblllYIUHX p83Jlenax, 

Mo)KHO T8K)Ke paccMoTpeTJ:> cnyqaft., KOrlla JlBe 'laCTHUbi HaXOJlSITCSI 

B OllHOM H TOM )Ke HCXOJlHOM COCTOHHHH I a > • BeKTop cooTaeTCTByto-

10 

mero JlByxqacTH'IHoro cocTOSIHHH 6yAeT HMeTb BHll I a>: 
'ITO T8K8SI CHTY8UHSI M0)!{9T 6biTb peanH30B8H8 TOnbKO 

Ha paaeHCTB (19) H (20a) cneJlyeT, 'ITO a aTOM 

... ... ... ... ... .... 
l/Faa(x 1,x 2)=<x 1xx 2 laxa>=<axalx 1 xx 2 >*= 

=v2<a I i 1>*<al; 2 >*=v2<; 11a><;2 la> . 

IlpH HenpepblBHbiX 3H8'19HHSIX ;I H ~ 2 ~HKUHSI ~/faa(~ 
'19CKH YllOBneTBOPSieT VCnOBHIO HOPMHPOBKH, IlpH llHCKPeTH 

H 

)Ke 

-+ 
X2 ~opMyna (21) cnpaaeAnHaa TOnbKO a cny'lae, KOrJl. 

-+ -+ 
X1=X2 , TO, OnHp8SICb H8 ycnOBHe HOpMHpOBKH ( c: 

nOK838Tb, 'ITO 

( -+ -+) -+ -+ -+1 -+ ¢ a a X, X = < X X X I ax a> = < x a>< x I a>. 

06IUHA cnyqaft, KOrJla HCXOJlHOe llBYX'I8CTH'IHoe COCTOSIHHE 

B BHJle CyMMbl npOH3BeJleHHA BeKTOpOB 0JlHO'l8CTH'IHbiX C 

6hlTb npoaaanH3HpoaaH aHanorH'IHhlM o6paaoM, 

0KOH'l8TenbHO Mbl MO)KeM yTaep)KJl8Tb 1 'ITO npHHUI! 

aMnnHTYll Hepa3nH'IHMblX npOUeCCOB B CO'IeT8HHH C ycnOBHE 

pOSITHOCTeA OllH03H8'1HO onpeJlensreT CTpyKTypy BOnHOBbiX q 
BeHHbiX '18CTHU, XOTSI Mbl orpaHH'IHnHCb Cny'laeM llBYX TO)! 

THU 1 SICH01 'ITO 8HanorH'IHblft nOJlXOJl npHM9HHM K BOnHOBO~ 

TO)K)leCTBeHHblX '18CTHU, 

7, .llo CHX nop pe'lb mna 06 *HCTHHHO* TO)K)leCTBeE 

KOTOpbiX BCe BHyTpeHHHe KB8HT0Bble 'IHCna 0JlHH8KOBbi, 

Mbl nOHHM8nH COBOKynHOCTH "aHeiUHHX"' KB8HTOBbiX 'IHCen, 

llBH)KeHHe '18CTHUbl K8K Uenoro, 

"BHyTpeHHHe"' KB8HTOBbJe 'IHCna (KOTOpbie BCerJla JlHI 

peAeneHHIO xapaKTepHaytoT CTPYKTYPY 'laCTHUbi. K BHYTPE 

'IHCnaM OTHOCSITCSI npoeKUHH CDHH8 Ha BbiJleneHHyiO 0Cb 1 I 

TODH'IeCKHA CDHH1 38pSill 1 M8CC8 H T,Jl, Ba)KHO TO, 'ITO B I 

IOTCSI cynepn03HUBH COCTOSIHHA C pa3HbiMH 3H8'leHHSIMH BH; 
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~--- ··~-.. ,.,...,,. 

mero neyx'laCTH'IHOro cocTOSIHHSI 6yneT HMeTb BHil I a> x I a>. O'leBHilHO, 

'ITO TSKSSI CHTYBUHSI MO)KeT 6biTb peallH30B8H8 TOllbKO JlllSI 6o30H0Bo 

Ha paeeacTe (19) H (20a) cnenyeT, 'ITO e aTOM cnyqae 

-+ -+ -+ -+ -+ -+ 
1/J aa(x

1 
,x 2 ) =< x 1x x 2 I ax a>= <ax a I x 1 x x 2 >* = 

(21) 

=v2 <a I it 
1 
>*< al;: 2 >*=v2<;: ,I a><X'2 1 a>. 

npH aenpepblBHbiX3H8'19HHSIX ;t H ; 2 ciJyHKUHSI t/Jaa(;t,it2) 8BTOM8TH

'19CKH Vll0Bll9TBOPSI9T VCllOBHIO HOPMHPOBKH, noH JlHCKP9THbiX 3H8'19HHSIX X 1 

H ;
2 

ljlopMyna (21) cnpaeennuea TOllbKO e cnyqae, Korna ;t .;,;2 • EcnH 

)1{9 
.... .... 
Xt=Xl) , T0

1 
onupaSICb H8 ycnOBHe HOpMHpOBKH ( cp, c,n. 5) 1 nerKO 

OOK838Tb 1 'ITO 

( .... ... ) .... ...I ... ... ¢aa x,x =<xxx axa>=<xla><xla>. (22) 

06mHA cny'laA, KOI'Jl8 HCXOJlHOe llBYX'I8CTH'IH09 COCTOSIHH9 npellCT8BllSI9TCSI 

B BHJle cyMMbi npOH3BeJleHHA eeKTOpOB OllH0'18CTH'IHbiX COCTOSIHHA, MO)KeT 

6btTb npoaaanH3HpoeaH aaanorH'IHbiM o6paaoM. 

0KOH'IaTel1bHO Mbi MO)KeM yTeep)KJl8Tb 1 'ITO npHHUHO HHTepljlepeHUHH 

8MOllHTYil Hepa3llH'IHMbiX npOUeCCOB B CO'I9T8HHH C yCllOBHeM HOpMHpOBKH Be

pOSITHOCTeA OllH03H8'1HO onpeJlellSieT CTpyKTypy BOllHOBhlX ljlyHKUHA TO)KJl9CT

B9HHbiX 'laCTHU. XoTSI Mbi orpaHH'IHllHCb cnyqaeM neyx TO)KJleCTBeHHbiX 'lac

THU, SICH0
1 

'ITO 8H8llOI'H'IHbiA OOJlXOil npHMeHHM K BOllHOBOA ciJyHKUHH MHOI'HX 

T0)KJl9CTBeHHblX '18CTHUo 

7, no CHX nop pe'lb mna 06 "HCTHHHO" TO)KJl9CTBeHHbiX '18CTHU8X0 y 

KOTOpbiX ece BHyTpeHHHe KB8HTOBbie 'IHCll8 OllHHSKOBbi, non 
.... 
X 1 H 

.. 
X2 

Mbi OOHHMSllH COBOKynHOCTH "eHeWHHX" KB8HTOBbiX 'IHC9ll1 xapaKTepH3Y!OWHX 

JlBH)K9HHe '18CTHUbi K8K UellOI'O, 

"BHyTpeHHHe" KB8HTOBbi9 'IHCll8 (KOTOpbi9 ecerna JlHCKpeTHbi) no on

peneneHHIO xapaKTepH3YIOT cTpyKTYPY qacTHUbi. K eayTpeHHHM KeaHTOBbiM 

'IHCl18M OTHOCSITCSI npoeKUHH CDHHS HS BbiJlelleHHYIO 0Cb 1 CTpSHHOCTb, H3o

TOOH'I9CKHA CDHH, 38pSIIl1 MSCCS H T,Jl, Ba)KHO T01 'ITO B npHpOJle peallH3Y

IOTCSI cynepn03HUHH COCTOSIHHA C pa3HWMH 3H8'19HHSIMH BHyTpeHHHX KB8HTo-
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.l 

Bb!X .'IHCen. HanpHMep, COCTOSIHHe aneKTpOHa C npoeKUHeil: +1 /2 Ha OCb X 

npe~CT8BJISieT C060ii: cynepiT03HUH~ COCTOSIHHii C npoeKUHSIMH +1/2 H -1/2 Ha 
0 

OCb z • Donro>KHBYillHA aeii:TpanbHhiA K-Meaoa ( K J ecTb cynepnoSHUHSI 

K
0 

H K0 
• YKaaaHHbie cynepnoaHUHH MoryT 6biTb aeopToroHanhHbiMH ~pyr 

~pyry. CTeiTeHb HeOpTOI'OHSJibHOCTH BHyTpeHHHX COCTOSIHHii C H 0 SIBJISI

eTCSI, ITO-BH~HMOMy, yHHaepC8Jib HblM HenpepblBHbiM napaMeTpOM p83JIH'IHMOC

TH aTHX cocTOSIHHA /5/ • EcnH < C I D>=O , 'laCTHUbi ae~yT ce6SI KaK paanH'I

Hhie, npH <C I D >=I- KaK "HCTHHHo" TO>KileCTaeHHhie 'laCTHUbi. B cny'lae 

0< I <C I D> I< I cocTOHHHH C H D HBJISI~TCSI " 'laCTH'IHO paanH'IHMhiMH", 

H HX ITOBe~eHHe HOCHT npoMe>KyTO'IHbiil: XapaKTep. B aTOil: CBSI3H cne~yeT ITO~

'IepKHYTb yCJIOBHOCTb o6merrpHHSITOil: KJI8CCHcPK8UHH 0 COI'JISCHO KOTOpOil: COC

TOSIHHSI C pa3HbiMH npoeKUHSIMH CITHH8 OTHOCSIT K O~HH8K0Bb1M '18CTHU8M 0 a 

COCTOSIHHSI C pa3HbiMH CTpaHHOCTSIMH - K pa3HbiM. J.1 Te, H ~pyrHe COCTOSIHHSI 

MOI'YT "06'be~HHSITbCSI" B cynepiT03HUHH, BH~ KOTOpb!X onpe~eJISI9TCSI yCJIOBHSI

Ml!: I'eHepaUHH HJIH ~eTeKTHpOB8HHSI. C 9TOil: TO'IKH 3peHHSI "HCTHHHO" pa3JIH'IHbi

MH Cne~oaano 6bi C'IHT8Tb '18CTHUbl 0 cyrrepn03HUHH KOTOpbiX B ITpHHUHne He 

peanHay~Tcsr a npHpo~e xl. 

nerKO ITOHS1Tb 0 'ITO eCJIH ItO~ X l H x 2 ItOHHM8Tb BCIO COBOKYITHOCTb 

KB8HT0Bb!X 'IHCen - K8K BH9WHHX, TaK H BHyTpeHHHX - ace COOTHOWeHHSI Ha

CTOSIWeil: pa60Tbl ~ng BOJIHOBOil: cPYHKUHH (aMitJIHTY~bl pei'HCTpaUHH) ~BYX 'laC

THU OCTa~TCSI B CHJie. TipH STOM rtpHHUHn HHTep¢epeHUHH IT03BOJISieT O~H03-... 
H8~HO onpeaeJIHTb CTpyKTypy BOJIHOBOil: cPYHKUHH (aMnJIHTY~bl pei'HCTp8UHH) 

1lJISI '18CTHU C HeO~HH8KOBblMH BHyTpeHHHMH COCTOSIHHSIMH. 

PaCCMOTpHM B aTOil: CBSI3H Bbipa>KeHHe (16). BBO~SI BHyTpeHHHe H BHeW

HHe aeKTOpbl COCTOSIHHii, onpe]leJieHHbie B pa3HbiX no]lnpoCTpaHCTBaX, Mbl 

MO>KeM H8ITHC8Tb llJISI BeKTOpOB COCTOSIHHii, $HrypHpy~IllHX B ( 16), paaeHCTBa: 

_,. ... ..... ..... 
I X 1 >=I x, >X I m >' I X 2 >=I x2 '>X In>' 

(23) 

la>=IA>x IC>, lb>=IB>xiD>. 

x/ 
KaK H3BeCTHO, "npaaHna cynepoT6opa" aanpemaroT cywecTaoaaHHe cynep-

noaHuHA '18CTHU C pa3HblMH aneKTPH'IeCKHMH HJIH GapHOHHblMH 3apQAaMH H 
'18CTHU C UeJibiM HJIH nonyuenbiM CIIHHOM• 
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-+ -+ 

3~eCb XI • x2 A , B cooTaeTcTay~T "aaewHHM' 

naM O~H0'18CTH'IHblX COCTOSIHHi%, m n • c H D - BH 

C'IHTaTb, 'ITO <X 1 I X 2 > = < A I B > = 0 ( TaK 'ITO, KaK H n 

< ~ 11 ; 2 > = 0 ) • C y'leTOM (23) ¢opMyny (16) MO>KHO t 

.ne: 
....,. -+ -+ ..... 

1/I(Xlm, X2n)=<X 1 IA><X 2 I B><m I C><n I D 

2 s -+ ... 
+(-I) <X 1 IB><X 2IA><miD><niC'>. 

HaAaeM aepoHTHOCTb perHcTpaUHH cocTOHHHH I a> x I b > 

Hy~ no BC9M B03MO>KHbiM BHyTpeHHHM KB8HTOBbiM 'IHCJI8M ~ 

HHA. Mbr nony'IHM 

-+ -+ 2 -+ 2 -+ 2 
p= I. ll/I(X,m,X 2n)l =I<X 1 IA>I I<X 2 1B>I 

m,n 

-+ 2 -+ 2 2s 2 
+I<X21A>I I<XtiB>I +2(-l) I<CID>I X 

-+ ... -to ... 

x Re (<X 11 A > < X a I B > < X 1 I B > * < X 21 A > * ) . 

Bbxpa>KeHHe (25) HenpepbiBHO 38BHCHT OT CTeneHH HeOpTOI'C 

peHHHX cocToHHHA < C I D > • Tipu <C I D> =I oao ~aeT 

I'HCTpaUHH 'HCTHHHO"' TO>Kil9CTBeHHbiX '18CTHU, a npH <C 

HOCTb pei'HCTpaUHH p83JIH'I8~IllHXCSI '18CTHU ( CMo T8K>Ke /! 

B. TiollaO~H HTOI'H, MO>KHo KOHCTaTHpoaaTb, 'ITO o6m: 

X8HH'I9CKHA npHHUHn HHTep¢epeHUHH aMnJIHTYilo COOTB9TCTI 

'IHMblM nyTSIM0 HMeeT C8M09 HenocpeJlCTB9HHoe OTHOill9HI 

TO>KJlecTaeHHOCTHi oR He TOJibKO onpe~enHeT CTPYKTYPY B 

CHCT9Mbl TO>K~ecTaeHHblX 'laCTHU, HO T8K>Ke YK83blB89T H fij 

pbiBHOI'O nepeXOil8 M9:>KilY CBOACTB8MH CHCTeM nOJIHOCTI 

ItOJIHOCTbiO TO>Kil9CTB9HHbiX '18CTHU B CJiy'laSIX, KOI'Il8 B03Mt 

UHH no K8KHM-nH60 BHyTpeHHHM KB8HTOBbiM 'IHCJiaM. 
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-
... ... 

3JleCb X1 , X2 A , B cooTaeTCTBYIOT "aHelliHHM' xaaHTOBhiM 'IHC-

naM OJlHO'IaCTH'IHbiX COCTOSIHHi!:, m n • c H D - aayTpeHHHM. ByJleM 

C'IHTaTb, 'ITO <X 1 I X 2 > = < A I B > = 0 (Tax 'ITo, xax H npe:>KJle, <a I b>= 0 , 

< ~ 11 ; 2 > = 0 ) o C y'leTOM (23) cjlopMyny ( 16) MO:lKHO nepenHCaTb B BH-

Jle: 

~ ~ -+ -+ 

l/t(X 1m, X 2 n)=<X1 IA><X 2 I B><m I C><n I D > + 

(24) 
2 8 ... .... 

+(-1) <X 1IB><X 2 IA><miD><niC'>. 

HailJleM aepoSITHOCTb perucTpaUHH cocTOSIHHSI I a> x I b > , npocyMMHpoaaa

HYIO llO BCeM B03MO:lKHblM BHyTpeHHHM KB8HTOBbiM 'IHCnaM KOHe'IHblX COCTOSI-

HHil. Mbi nony'IHM 

... .... 2 .... 2 .... 2 
p= l: ll/t(X1m,X 2 n)l =I<X 1IA>I I<X 2 18>1 + 

m,n 

... 2 ... 2 2s 2 
+I<X2IA>I I<X11B>I +2(-1) I<CID>I X 

(25) 

..... .... .... -+ 

x Re (<X 11 A > <X a I 8 > < X 1 I 8 > * < X 2 I A > * ) . 

Bbipa:>KeHHe (25) Henpepb!BHO 38BHCHT OT CTeneHH HeopTOI"OHanbHOCTH BHyT

peHHHX COCTOSIHHil < c I D > • npu <C I D> = 1 OHO JlaeT aepOSITHOCTb pe

I"HCTpauHH •ucTHHHO" TO:lKJleCTBeHHhiX qacTHU, a npH <C I D > =0- aepoSIT

HOCTb perHCTpaUHH pa3nH'I810lliHXCS1 '18CTHU ( CM. T8K:>Ke /5,6/) o 

8. noJlBOJlSI HTOI"H, MO:lKHO KOHCT8THpOB8Tb 0 'ITO 06IUHi!: KB8HTOBO-Me

X8HH'IeCKHA DpHHUHD HHTepcjlepeHUHH aMDnHTyJl, COOTBeTCTByiOIUHX Hepaanu

'IHMbiM DyTSIM, HMeeT C8MOe HeDOCpeJlCTBeHHoe OTHOllleHHe H K npo6neMe 

TO:>KJleCTBeHHOCTH; oH He TOnbKO onpeJlenSieT CTPYKTYPY aonaoaoA ~HKUHH 

CHCTeMhl TO:lKJleCTBeHHbiX '18CTHU, HO T8K:lKe YK83biBaeT H Ha HanH'IHe HeDpe

pbiBHOI"O nepeXOJl8 Me:lKJlY CBOACTB8MH CHCTeM nonHOCTbiO paanH'IHblX H 

DOnHOCTblO TO:lKJleCTBeHHblX '18CTHU B cny'laSIX, KOI"Jl8 B03MO:lKHbl cynepD03H

UHH DO K8KHM-nH60 BHyTpeHHHM KBBHTOBbiM 'IHCnaM. 
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