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1. Maorae 8BTOphl OTN&'!IUIH H88KUBan8HTHOC'I'Io IIpBIUlBIIa B&p83nB1fBNOCTB TOlK.Il&CT

B&HHhiX 1f8CTIDl B KB8BTOBOII N&UBBK& B 'JIOCTyl!aTa CBNN&TpB38JlBB' (cyllt&CTBOB8HB& l!BWh 

CBNN&TpB'IBhiX Bl!B BBTBCBIICN&TpB'IBhiX BOl!BOBhiX cjlyUilBII CBC'reNhl TOlK.Il8CTB8BBhiX 1f8CTBil) B 

o!Spallt&l!B BBBNaHB& aa .QOJIYCTBNOCTio CYIIt&CTBOB8HBR B paNXaX KBaliTOBOII N8X8HBitB T8K 

B83hiB8&NhiX 'JipoN&lKyTO'IHhiX' CT8TBCTBK TOlK.Il&CTB&HIIhiX 1f8CTII!l, OTB81f81011tHX NBOI"OMep

HhiN aenpBBO.QBNhiM npeJXcTaBneustN rpyunhl nepeCTaaoaox (eM. 38M& 'IaBBe B. nayna 11a 

Ill /23/ . 
CTpo 192 XIIBI"B i paiSoThl 

0 
, B IIOCll&AII&II B3 BBX CO.Q&plKRTCR IIOilpoiSII8H ISBISl!BOI"pacjlaa 

!Ip&.QWGCTBflOIIIBX ell pa60Tj B8HISOl!e& IIO.Qpo6aoe paCCNOTp&JIBe STOI"O BO!Ipoca 1Ip&llCT8Bll&
/4/ 

ao B ) • C .11pyroll cTopoahl, CPT - BBBapBuTaocT& T&opaa noliJI, 03Ba1fatollt8B nam& cna-
/5/ 

6yto noxanuocT& , .QonycxaeT, B03NOlKIIO, ISonee mBpoxall xnacc nepecTaaoBO'IIIhiX coOT-

aomeut, 'lf&N oiShi'IBO BCIIOllh3f&Nhl& 6o3&BCKBII B cjlepMB&BCKBII Kl!8CChl1 1Ip&ll1IOl!8I"8&Mhl:8 B 

161 
B&I"8TBBHON .QOK838T&llhCTBe T&op&Nhl ntoll&pca-nayl!B o 

/7/x/ /8/ 
Bxraep B rpaa IIOJ[838l!B, 'ITO Bhi:60p onepaTOpa 8H&pi"BH-BMIIYl!hC8 cBOISO.QHOI"O 

IIOl!R B CBNM&TpH30B811BOII 'OC9Uilll!SITOpiiOII' cjlopM&! 

P" ~ + . • Y.e'7 P. [a,..a.J. (I) 

,Bll&'lf&T 38 C06oll OIIp&ll&li&BIIhl& OI"p811B1f&BBSI 118 II&p&CT8110B01fllhl8 CBOIICTB8 onepaTOpOB polK-

Il&IIBSI H YHB'ITOlK&BBJI a: B a. , COOTB8TCTB&IIR09 B OllBO'IACTR'IIIOM COCTOHHHB K C 4-
ol 

B&ltTOpoM 8118pi"BH HMIIyl!hC8 p M • CHMBOl! 

+ .Ql!R IIOll&ll C ll&llhiN CIIBHOM, 
£ • (2) 

- .Ql!ll Jinnell C DOl!YJI&llhiM CIIRBOM 

YJt83hiB88T 811TBKOMNyT8TOp Bl!B ltONNfT8TOp COOTB&TCTB&HHOo .neliCTBHT&l!hHO, OII&paTOp 

HBl!HeTCSI I"911&p8TOpOM DpoCTp8HCTB8HHbiX B Bp&MeHHOI"O CllBHI"OB, IIOSTOMy llOl!lKHO BbiiiOl!

HHTbCH T8XlK& ypaBH&BHe: 

x/ 

[ P"' + J " + , a, -. Pe. ae 

Ber11ep cjlopNyliBposan aonpoc B paMxax KB811TOBOII M&X8HHKH OCIIHnnaTOpa. 

3 

(S) 
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/9/ 
Tenepb aa (I) • (3)_. ecna socnonb3oNTbCR T&KlKe, cnellyR BsnaaanKouy-Sapyns , aa-

aapaaHTHOCTb~ OTHOCHTen&HO yHHT&pH~X npeo6p830B8HRA onepaTOpoB Bl, t MOlKRO OllHO
x/ 

3H8'1BO npHIITH K T8K H83~NeMbiM napaKOMMyT&QROHHbiM COOTBOWeHRRM rpHH8 

c a.,[ar.a .. J, L •2{a ... a1t,a ... +2E{a ... a ... t,a1 • 
(4) 

rile BMeCTO n~6oro onepaTOp8 a MOlKRO ROilCT8BnRTb onepaTOp a+, 8 CRMIIOnR'I8CKR8 

cjlarypable CIC06KH B npaBOA '18CTR &Me~ 3R8'18BRII KOMMyTaTOpoB HnR 8HTRKOMMyT8TOpoB B 

06bi'IBOM CMbiCne: 

{a,..a; }_,· A .. a {a •. at}_, • {a:. ai}_,•O . (5) 

CoBOJ[yRHOCTb onepaTOpOB, DOil'IHHR~IQHXCH rpRHOBCKHM COOTHOWeHHHM ( 4) t 6ylleM H83b!B8Tb 

anre6poll a I'paaa. 

Bee cjJoltOBCKRe H8RpRBOilRM~e npellCT&BneaRR anre6pb1 a onpellenii~TCR cnellY10lll8A 

/10/ 
Teopeuoll rpaa6epra R ~eCCR8 : ecnR B rRnb6epTOBOM RpOCTpSHCTBe npellCTBBneHRR an-

reopbl a RMeeTCR 81lRHCTBeBHOe BaKYYMHOe COCTORHRe, TSKOe, 'ITO 

a .. <P.- o AnR ace-x k , (6) 

TO 3TO COCTORHRe RBnlleTCR T8JtlKe COOCTBeHBbiM BeKTOpOM: 

a.a:ct>o • 9~ .. e <Po llnH acex l(at, 
(7) 

DpH'IeM acnellCTBRe nonOlKHTenbBOII onpellenOBHOCTR HOpMbl BeJtTOpOB npe~CT8Bn8HRR C06CT-

BeRHoe qacno ~ llOnlKRO ObiTb nen&IM, 6onbmRM aynH R onpellenRTb uaKcauanbHO soa-

MOlKROO KOnH'I8CTBO RSpacjlepMHOHOB ( E • - ) B CHMMeTpH'IHOM HnR D8p80030HOB ( f: • +) 

B SHTRCRMMeTpR'IHOM COCTORBRHo 'lacno ~ H83biB810T B CBR3R C STRM paHrOM nap8CT8-
• c;, • •m m 

TRCTRKR, npocTp8HCTBO npellCT&BneHHR ROJ[pbl&aeTCH BeKTopaMR :f (a ) To 1 rile ;r -

RpOH3BORbHblll RORRHOM)H B ReM onpelleneH onepaTOp 'IRC8R 38RORHeiiHH: 

N ... 112. ra:.a .. l,- U/2.' N .. ~o. 0. (8) 

nocKOnbKy <PO HBnii9TCH DHKRR'I8CKHM B8KTOpOM (npH ll8ACTBHR HS aero onepSTOpSMH an

reopbl d B03HHJ[8eT nnOTHblll pllll BeKTOpOB1 RO KOTOpoMy MOlKHO pa3ROlKRTb nJOOOII BeK-

x/ KaK 6ylleT cnellOBSTb H3 ll8RbB8IImero, COOTHOW8BRe (4) TORbltO llnR onepaTOpOB 

yHR'ITOlK8HRR (np&B8R '18CTb (4) paBH8 ayn10) B~TeK&eT H3 npellCTSBneHRR BCeX OCT8RbHbiX 

COOTROWeBRII (4) B OllH03H8'1BOII cjlopue 8B38TQ8 rpaaa (eM, HRlKe). 

4 

<~I 
' /~ 

I 

1 

TOp npellCT8Bn8HRll ) H anre6pa a COileplKIT onepaTOp npoexTHpOB8HRII 88 aero: 

A • n unrN .. 
,. ""N .. 

(9) 

nonrreaaoe npellcTaaneaae liBnH8TCH aenpRBOAHMbiM cornacao neuue Xaara-11Ipeepa1 1 11, 

Haxoaen, ycnosaA (6) • (7) anonae llOCT&TO'IHOy'IT06~ B~'IRcnBTb cpellRee no aaxyyuy OT 

nJD6oro DOnRHOYa lOT onepaTOpOB a B d + Ho T8M C8Mb1M H&DpHBOAHMoe np&.QCT&Bneoe, 

0Dpe.Qen118M08 ycnOBBIIMH ( 6) H ( 7) t OK83~Ba8TCH 8.QBIICTB8HHblM C TO'IHOCTb~ .QO YBHTap-

/12/ 
aoro npeo6pa30BaHBII , 

8 DpOCT8AmBX CDY'I&IIX nepeCTSHOBO'IH~e COOTBOWeBBII (4) BMecTe C ycnOBHHMR (7) 

DpB cjiBKCBpoBaHROM paare ~ y.QSeTCII paapeWBTb H 38RHC8Tb B BBile O.QHRX TOnbKO Depe-

CT8BOBO'IB~X COOTBOWeHRA, 8BTOM8TR'IeCKR Y'IRTbiNIOlllRX ycnOBRR ( 7), Kauecji)"'B R Taxa-

/13/ 
xama noxaaana, 'ITO ycnoBRe ~ • I DpBBO.IIBT K OObl'lBbiM 6anaaeAsbiM nepecT&HOBO'IBbiM 

COOTRo.meDIIM .11n11 noneA 4>epua-.napaKa R Boae-3AamTeAsa. Ycnoaae ~ • 2. DpBBOAKT 11: 

DpOCT9Anieuy B8TpRBRanbBOMy o6oomeBR~ 06bi'IB~X Dp8BHn KBSBTOBSBRR, RM8JOIQ8MY BR.Il 

TpBnRBoAHbiX COOTHOIQ8JIBII; 

a ... ata ... -E a ... ara .. 2{d,.,dr}.,d ... •2(a •. a .. t.a ... (10) 

/14/ 
OTKpbiTbiX llnH cny'IS51 DapacjlepMROHOB H838BBCHMO OT rpRHS 8onKOBbiM • 

~BOrRe 8BTOpbl OTM8'18nH H30MOpcjiH3M anre6pbl a Anll napacjlepMROHOB ( t- • -) C 

/13-16,18/ 
anre6poA n. rpynnbl BpameHRA • OnepaTOpbl 

Io,o •- Io,o .. Q > 

Izo,o I .. a. = '1.2 < 1. +a: 

l2k·I,O.- I o,1•··· ;1.2. (a,.- a: ) . ( 11) 

I ....... =- 1 ... ,.., = 1ft [ 1,,.,0 , 1~~,,0 ]_, ln,n.•1,l, ... 2K,2k•1, ... 

BCD81lCTBH8 yp8BB8HRA ( 4) lipH 4i •- ynoaneTBOplliOT nepeCTSHOBO'IHbiM COOTHOW8HBIIM: 

[ I,., I 1,. L- i ( ~,., I. .. + ~ ... I,., -~"I II'. -~I' .. L,) (12) 

COBR81l8101QBM C anre6poll na rpynnbl Bp8lll8HBII B MHOTOM8pHOM npocTpSHCTBe, p83M8pHOCTb 

KOTOporo onpelle~H8TCH 'IRCnOM COOCTB8HHbiX COCTORHHII nonR B paCCM8TpBB88MOA orpaHH

'IeHHOII oonacTR npocTpaacTaa. B aeorpaHB'IeHHOM o6~eue sTO 'IHcno ycTpeunsreTCsr x 

6ecKoaeqnouy. Anreopa ( 12) aueeT nonsnreopbl, onpenenReMLte onepaTopaua, oTHOCHlllH

MBCH K OUHOMy H TOMy :>Ke COCTOIIHHIO 1<. : 

5 
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/15/ 
Anre6pa (IS) uaoMoJl'llua anre6pe no TpeXMepBblX spameJIBit , Ycnosuw TeopaMbl 

rpnn6epr8-M8CCHa COOTBeTCTByeT Tpe60B8HBe orpaBH'IeHHOCT8 CB83Y ClleJ:Tpa COI5CTHB-

I IKI 

HhiX 3H8'19HRil onep8TOpoB S '18CIIOM -~/2,, CocenB8e C06CTBeBBble 3B8'1eB8B STOro 

onepaTopa OTII8'18JOTCB 88 91l8B81ly, a o6mee 8X K0118'1eCTBO COCT8BnB8T 2j • ~ , 3Ha'le

HH9 j,. 1!.2. 111111 scex K cooTseTcTsyeT XB8BTOB8B8JO corii8C8o o6bl'IBbiM npaBBIIaM niDI 

rjlepMHOHOB, 8alKJIO, 'ITO 811re6pa ( 12) HBn119TCH IIOIIyllpOCTOil 8 IIOSTOMy ee llp8BOa8Mbl8 

/17/ 
np9JlCT8BR9HHR BIIORHe llp8BOaHMbl , 8 llpOCTp8HCTBO 111060ro BellpRBOllHMOrO llpeacTall-

ll9HHR Mo~eT 6wTb Bblae11euo 83 np8BoaaMoro npocTpaacTBa xpoaexxeposcxoro npoaase

llCHHR Cll8HOpHbiX npeacTaBne8811 /J.lf& lC fl If& X.,, X /J. 'l.z. , noapo6uoe paaae11e88e TaKOro 

KflOH9KK9pOBCKOrO llpOH3BeaeHRR 88 R91lpRBOilRMbi9 '18CTH B Clly'18e ll8pacjlepM8080B BTOpO-
. /18/ 

ro p8Hr8 6blll0 llp083&ea980 lJepHHKOBbiM , npu Bbiaen98HR H91lpRBOilRMOrO noanpoCT-

flllHCTB80 COOTB9TCTBYJOIIlero 38a'leH8RM 2 j • ~ 11106011 onepaTOp ( ll) t aei!CTBYJOIIIRII B 

119M, 6yJleT npeaCT!IBIIHTbCH CyMMOII 0119p8TOpOB ana K8~oro CIIRHOpHOro npeacTaBneHRR, 

BXOJllllll9rO B HCXOaHOe XpoHeXX9pOBCK09 11pOR3B91l98H9! 

i A ~ A bA+ 
I -z:.. I - v2.l. ( b. • .. > . (14) 

.b,o A•l l•,o llcl 

I •1" ii.(t," h"·l ·z:. = 1. -
1k·I,O -''1 2.11·1,0 A•f II .. J 

(15) 

~ A i A A ~A~ 8· 

I · z:... I .. 1
'· z:... [I I ] · it. [ z:. l z:.. I ] 

... , ... Act "'·" I A•l lft,o ' n,o I A•l "'• 0 '&•l a.,o - (16) 

Ho 3TO 03118'18CT, 'ITO B K8~0M uenpHBOJlHMOM npencTaBR8HRR 8nre6pb1 a nap81jlepMB

OIIHhiX COOTHOIUCHHII ( 4) MO~HO BBeCTR CyMMbl! 

~ A. 
111 •L b 

A•l II 

llfJli'19M •xoMIIOII9HTbl• b 1\ 
II 

H 

d:-lh"+ ,.., ... 

b 
.... 
K OTIIOCRTCH 

llii!OTCII llpH OJlHH8KOBhiX 3H8'1CJIHSIX Hllll9KCOB A 

(17) 

K CIIHIIOpHOMy 11p91lCT8Bn8HHIO R noa'IB

OCihi'IIIIolM nepeCT8ROIIO'IHbiM COOTHOW&-

HHSIM <jlepMH-nom<, Ha ( 16) cnenyeT, 'ITO paanu•IHbie "xo,.uioneHTbl" nomKRbi YliOBneTBO

PHTh KOMMyT81lHOHflhiM1 8 119 8HTIIKOMMyT8UHOIIlli>IM COOTHOIIICRHIIM, T8XHM 06p830M1 803-

6 

~ 

II 
.•. ~ 
!l:. I 

··.~d. 
:~r·:l 

II 

I , . 
. ·;~ ·,~ 

; l.l 
Jl; 
J ' 

,j 
:~·I! 

.,.. ~ 

ll...-~·· 

RU8eT anre()pa b onepaTOpoB, yaoBn8TBOpBJOIIIIIX COOTBOW8BBBN: 

bA bA+ ~ 
[ • . t 1 .• - "' [ b: . b; L, - [ b:.. b t L. • o (18) 

b 8 [ I A+ 4 8 [ h A+ b 8+ 1 0 
I J..· 011 • Ot ]., • " • l •• • • 

( b A .. A•B ( ··-). 
(18) 

181 
PemeBBB ( 17) 6b111R o6B8pYJ118Bbl eme rpaaoM B BnocnenCTIIBB BOny'IBnB HaBN8BOBaDe 

8B3aT!la ( AftSIIZ ) rpBR8o Hx CBR3~ C ll:poHeJ:J:epoBCJ:BM BpoB3118aeBB8M CIIBBOP8b1X apea-
. /16/ ' 

CT811118BBI noa'lepX8B811aCb B p86oT8 • 

.ll1111 anre6pbl napa6oaoaos ( E • +) BNe&T WecTO uowopojlaoCT~ c anre6pol na CBNn

/18/ 
lleXTB'Iecxolt rpynnbl • .ll11a oaaoro • TOro •• cocTOana BO:tBBxaeT noaa11re6pa, aaouopt• 

lUll 
Ball anre6pa na Tp8XM9pHOI! rpynnbl nopeaT!la (aN •npocTpaBCTHBBbiX• B oaao 

•apeMeHH08• B3M8peUe), 8 STOM cny'lae ycnOIIB8 orpaBB,8BBOCTB CRB3y CB8KTpa onepa

TOpa, .aaallorx'luoro Tp&T&eMy ypasaeB8JO a (IS) , upaaoa8T ae 111: orpan'leaaocTB, a aao-

6opoT, It aeorp8RR'I9HHOCTR STOrG cneXTp8 CBepxy II COOTB&TCTIIRB C napa6o38CT8TBCTBJ:Oit, 

0aB8XO IIOIIyllpOCTOT8 anre6pb1 R B 8TOM Clly'lae B0311011118T BII&CTB KORCTpyXIl810 ( 17), ec-

118 TOilbii:O npR STOM nepeCT8HOBO~Bb19 COOTBOW8HBR aiiR •xoMROH8BT• 83M8BBTb Ba Dp0TB

BOIIOIIOlltHbl8 ( E • +), 

/~/ 
8TOp8H 'laCTb TeOp&Mbl rpaa6epr8 R Meccaa COCTOB~ B aOX838T811bCTB8 TOro, 

'ITO 8B38TDbl rpHR8 onpeae1111~ BCe ~KOBCXBC B811p8110aRMb18 npeacTaBneHRB nap&XOMMyTa

llHOHHbiX COOTHomeuRI!, npocTpaHCTBO J1 uenpRBOaRMOrO npencTaiiii8RBB anre15pw ~ 
onpeaenR8TCII Tpe60B8RR9M H811R'IRH B 89M 9liBRCTBeBBOrO BaJ:YYMBOrO COCTORBBB! 

i,: <Po • 0 llllR scex K. • A (20) 

R HOXpb1B88TCR B9XTOp8MR P ( ~ +) Po rae !P -DpOB3BOIIbRbllt IIOIIRBOMo npeacTalllleBB8 

anre6pbl d B aTOM llpOCTp8HCTB91 onpeaenReMoe 8B38Tll8M rpaaa, RBnBeTCB, BOOISDie 

/J8/ ~ rM 
rosopa, npaBOaHMbiM (eM, p85oTy ) , Ho B oiJ MOlltBO Bblllenrno noanpocTpaHCTOO ~ 

110Xpb!BaeM09 BeXTOp8MR lj) {l ~A+) cf>O rae fl - llpoB3BOIIbBWit BOIIJIHOM, a <~>o 
A•l I A m 

ea&HCTB8RR09 B8J:yyMBOe COCTOIIHH8! (Z: i, )T
0 

w 0 0 B TaJ:oe npeacTaB118liBe COr-
/11/ A•t 

118CHO 119MMe· Xaara-UJpeepa 6yneT yllte BellpHIIOaBMblM OTBOCBTellbBO anre15pw (l • 

noctcOIIbXY 8H3aTII rpRH8 YliO&~eTBOpH9T ycnoBRHM (6) B (7), Rallaeaaoe npeaCTaBneUe 

IIBnReTca eaaacT&eRHbiM c TO'IHOCTbJO no yaBTapaoro npeo6pa30BSBBBx/. TuRN o6paaow, 
/10/ ~ 

CIIOIIYII Teop&Me rpaa6epr8-M9CCH8 , napanone paHr8 l' BCera8 1\lOlltBO 38BBC8Tb B 

Pc.t. ~"·> ~ BRAe 8R311TDa rpaaa; Beii:TOp8 COCTOSIHHII llpB aTOM 8M8~ cj>opMy 
A•l 

0 B 

x/ tN 
Cnp8B9MRBO • o6paTaoe yT&eplflleBRe: ecna B ~ 

YMR08 COCTOSIHll8 ~O Tatcoe, ~TO ( Z:.. i, A ) ~ ,. 0 
ll<8 YCIIOIIBIO (20) (cM,/33/), 4•o 

0 
> 

7 

• 

BMC&TCH eABBCTB8BB09 Balty-

080 yaaa-eTBOPBeT ~ax-



noAnpocTpascTBe CM.. npocTpaBCTBa J; , a BCe · sa6niQlla&Mwe ouepaTOpbl cornacao (8) 

11 ( 16) npssnraJOT BB.II: 

~ 

- z:.. 0 ( L ~At b" ) 
k.t . ICf A•l k t 

6 (21) 

/18 l4/ 2. Tenep1o cne.117eT o6paTIITioCJI 11: BWliCII&BBJO cuwcna napanon•. H&KOTOpwe aB<Topw • 

npe.11nonarana B03Mo-.ocTio )'CTaso.anesa:a CBB3H M&M.Q)' T&Opa:eA napauon• B 'npoMe~~

HhiMB' CTaTBCTBKaMR B KB8.11'1'0BOI M8lt8BIIK8 T0M.Q8CTB8BBWX '18CTBUo JlelmBTellloBO, 0.11-

HOMY B TOMy ~8 H&tiopy 0.11BO'I8CTR'IHWX COCTORBBA B T80pBB napauonH M0~8T COOTB8TCTBO

&aTb0 soo6me rosopa, secKonbll:o paanBuwx BeltTOpoB cocTOaoA CBCT&Mw. Hanpa:Mep, B 

CX8M8 napaJ:DaHTOBaBBll BTOporo paara BM88TCH .liB& AByX'IACTB'IHbiX BeKTOpa, OpToroaam.

Hhl& Apyr Apyry: 

a: a; Po • •m ae ak ro . 

(22) 
TaKoe B&Ipo~esae Mo-.o 15blno 15bl conocTaBBTio MsoroMepsocTB cooTB&TCTByJOmax npe.Q

/18/ cTa.aneasll rpynnbl nepecTaao.aoK B 'npoM&lltYTQ'IH&IX' CTaTHCTIIKaX • B .II&AcTBBTen~osocTH, 
119/ 

KAK noKaaana fanBBAO B Hs.11ypes , TeOPBIO napanona senlo3a conocTaBHTio KaKoA-aa6o 

CT8THCTHKe TO~SCTBeRSbiX 'laCTI!Il, lfOCII:OllbXy B8KTOp8 p ( Q +) q, o BOOI5Jll& rOBOpH
0 

He 

o6paay10T npeAcTaBnessA rpynnbl nepecTaBOBOK. O.IIBB npsMep, YKA38BHhlll aTHMH aaTopaMs, 

O'I&Hb HCBO STO HliliiOCTpHpyeT, nyCTio BM88TCH TpB napa~pMHOBa BTOporo paara, H8XO.IIB

JllHecSI B COCTOSIHBliX ( k, 2, Ill. ) o Cornacso COOTBOW&HBHM ( 10) BM88TCll TpB liBB&liSO 

H&3aBHCB~X B&KTOpa: 

a: a; a: <Po, a;a:a~<Po. d:a~a;<Po. 
(28) 

• a· a• a. . e • ... npu nepecTaHOBKaX onepaTOpo8 

aue rpynn&I ~ 
9TH TpB B&KTOpa o15pa3y!OT np&ACTaBne-

KOTOpoe npBBO.IIBTCll K O.QHOM&pHOMy aBTBCBMM&TpB'IHOMy (O.IIHOMepaoe 

·cHMM&TpH'Iaoe npeAcTa.aneaae a cuny ( 10) aBTOMaTB'I&CKH acqeaae-rl u .IIByMepaoMy CMema

aol! CHMMeTpss aenpHBOAHM&IM npeAcTaBneBaaM: [ 1 I I) + [ 21) • EcnB nono~HTb A.aa coc

ToHIIHR OAHHaKOBbiMH: K "'m ) TO aHTHCHMM&TpH'IHOe np&AcTaBnease aBTOMaTH'I&CKH sc

'leaaeT, a sa Tpex B&KTopos (23) cornacao (10) ocTaeTcs nsmb OAHB nsaellso aeaasacu-

Mhri!: 

a: a; a: <Po ... 0 . • • +m a•a•d•m a. a. de 'ro • - t • • 'ro -
(24) 

8 

~" 

Ho OAKS Beii:TOp R8 MO~&T ol5pa30BaTio 15a3BC ABYM&paoro CM&massoro npeACT8Bli8RBll[21 ], 

CneAOBAT&llloBO, '18CTb STOro np&ACT8Bli8HBR B CBny nep&CTaBOIIO'IBblX COOTHOW&BRll ( 10) a.a

TOM8TII'18CKB ol5pama&TCR B Bynb, B TO Bp&MH 11:811: Apyrall '18CTio0 B006me roBOpR ( 1\ • t ) 
. ' 

ae ol5pama&TCR .a B)'lllo. Ho AnSI TO~&CTB&HHbiX '18CTRI1 &To R&B03MOlKHO. Ha &TOM OCHOB8RHH 

/19/ 
8BTOpb1 pai50TW .aoo15me OTI5p8CbiB810T B03MOlltBOCTio nap8KB8BTOB8HHR0 K8K npoll&Ayp&I, 

H&COBM&CTROll C ycnOBR8M Hepa3liH'IHMOCTB TO~&CTB&HHblX '18CTBUo C Apyroll CTOpoHblo 

/10/ 
fpBB6&pr B MeCCB8 , YKa3biB810T 88 B03MOlKBOCTio OTCyTCTBBll CBli3B Me~y uapanoneM 

B T&OpB&It T0~8CTB8BHbiX 'laCTHil, BM&IOm&ll M&CTO B Ol5b1'1Hb!X CX&MaX KB8HTOBaBBll «<lepMR

JlBp811:8 B Boae-3AamT&llaa nonell. 0AH&Ko AOnycTRMa RH&ll BHTepnpeT&IlRll napanons, cornac

ao ltOTOpolt Dapanone COOTB8TCTByeT Ofibi'IROMY UOlii00 BO 06li8A81DIII&My AOifOliBRT&llloHOII Cltpbi-

TOit BayTp&HH&II CT81f8Hiol0 CB060Ab10 XOTH 88 aanR'IH& H H8 npeAnonara&TCR B BCXOARWX Tpe-

150B8HBSX fpaaa npB BbiBOae'napanepecTaROBO'IHbiX cooTsowesaA. Toraa napanon~ cneAyeT co

nocTaBIITio KBAHTOIIY~ M8X8HRKy TO~A8CTB8HHb!X '18CTHI10 Oi5R8A810lllRX .IIOifOliHBT&n .. ROit CT8-

nem.~ c.ao6oaw a ynoBneT.aopsiOmax o6&I'IHbiM cTaTHCTUJtaM 41epMa-JlapaKa ana Boae-311a

mT&Asa. 

neliCTBRTenloHO, napanone BC&rAa MO~&T i5b!Tio npeacTaBn&HO 8H3aTil&M fpRH8o Jlanee, 

BCli8ACTBR8 ol5aaaT&llloROll CHMM&TpH30B8HHOll <jlopMbl BC&X onepaTOpOB R86lii0Aa8Mb!X B&nB

/20/ 
'IHR II T80pBB napaltBARTOB8BHS Bb!p8lK8HHS AnS RHX B T&pMHHaX 8H3aTil&B fpRHa BM&IOT 

'BBB8pB8HTHbll!' OTHOCRTenbHO BHyTp&HRHX HHII&KCOB ~ BRA (21) • 0AH8KO B Ol5bi'IHOII T&-

OpRR C BHyTp&HH&ll CHMM&TpHell 'KHReMaTH'I&CKB' CBS38HHbl8 KOMJrO.H&HTbl lfOO'IRHSIOTCS OAB

R81t0Bb1M nepecTaHOBO'IRblM COOTB'OIU8RHSM0 B TO Bp&MR JtaK AliS 'KOMifOH&HT' 8H3aTila fpa-

/21/ 
sa COOTHOW&HRS ( 18) H ( 19) HM910T paanH'IHblll X8p8KT&p, Ho eme KneliHOM 15blnO no-

Ka38H00 'ITO B cnyqae OTCyTCTBHS B3aHMOA&fiCTBHS 0 BKni0'1810Wero BHyTp8HR~8 CT&If&HH CBO

OOAhl nons, nepecTaHOBO'IHbl& COOTHOllleRHSI Me~y paanH'IHblMR BHyTp&HHHMB KOMifOR&RTaMB 

nons MOryT 15&!Tb 38M8H9Hbl sa aHTHnepecTaHOBO'IHbl& COOTHOW&HHII 15&3 H3M8H8HHS p83YRio

T8TOB AnS M8TpH'IHbiX aneM&HTOB onepaTOpOB sa6li10Aa&Mb!X B&liH'IHH (OTM&THM H&yHBT&pBblll 

xapaKT&p npeo6pa3088HHS Knell sa, 1IOtKOnbKY ORO H3M8HS8T nepeCT8HOIIO'IHbl8 COOTHOW9HHS) • 

B aaweM cnyqae &TO RCHO cnenyeT na aanaca TAKHX onepaTopoB B BHAe (21). TaKHM o15-

paaoM, Teopss c.ao6oasoro napanonH, &brpalK&HHoro qepea asaaTu fpRsa, c noMOWioJO .acer11a 

AOifyCTHMOrO BBHOY CHMM&TpR30BBHH011 <jlopMbl onepaTopoB Hal5n10Aa&Mb!X B&liH'IHH (OTCyTCT

BBll .rneHOB B3aHMOA8liCTBHS' pa3nH'IHblX 'KOMifOH&HT" ) npeo6pa30B8HRR J<n&l!H8 aellcTBH

T&nbHO M0~9T 6&1'0> npRB8l1&Ha K 3KBH&an•}HTHOi! <jlOpM& T&O)JRH Oi5bi'IHOrO nons C BHyTp&H

H&fl CHMM&Tpaett. Tenepb raMJWbTOHHAH ( 1) HMe&T ann: 

H c z:.. 
•• A P

o t•A+t'" 
I( ... • 1 

(25) 

H lfOCKOnbKY KOMifOH&HTbl 
\,'"• 
• 

4 A• fA 
1:)1< R "• npeo6pa30B8HR8M 

I'" 0., , nonylleHHhJe H3 

Knellaa E AI --EAI , (AA- • E,.,. , ynosneTsopHIOT nepecTauo&O'IHbiM cooTuoweHHSM ona-

uaKo.aoro xapaKTepa: E,., • E,.A • 
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onepaTOp T "' • t' A+ f I 8 
• ., D., (28) 

YJlOBII8TIIOpKIH' anre6pe n. rpyn:m.t u. 
[Tu 

• • 
'D \ T.AD l Tea T. ]_ • o ae " - o,.o • (27) 

Ho raMBm.TOaus (26) onpeJXen•eorc. mnypow Sp T. , a cneJXoaaTem.ao, TeopiUI 
01:831\lBa-

U /221 eTCK HSBapBaSTSOII O'I'SOCBTellltSO rpyn:m.t B.By'l'p&.BJDIX DpeOI5pa30Ballllll i , 

B Teopn napanorur BYpolK.Ilene SOCK'!' Cl:pl\1'1'1\111 xapa:.:Tep, noc:.:onw:y nl015oll ouepaTOp 
~lA 

0 NOliCBO 3aN8D'I'It J[OCll8 llpeol5pa30BaJIRII J<neltsa sa a.B3a'l'l( rpBsa DpB COO'I'B&T-k . 

C'I'B:YIOIII&It SOpNBpOBJ:& B&rrOpoB CO<;TOIIlllllto 0TN8'1'BN, 'ITO SOpNBpoBI:a OJlSO'IaCTH'I.BOro COC-

TOII.BH.Il ( fl(; ) d: ~ 0 cornacso ( 7), Yllte ;y~:aaYBaeT sa Cl:pi\I'I'Oe BYPOlK.Ile.a•e 8'1'0ro 

/10/ COCTOIIDII ( CN, B CB.Il3H C I!I'I'HN 3aN9'181019 DpO'I'BBODODOlKBOrO XapaJ:Tepa B pa6oTe ) , 

AsanOrB'ISOe IIOD0llt81018 HN&e'l' NeCTO DpB 118p&XOJle 0'1' CBOISOJXBI\IX IIODelt It 118aHMO.IIell-

/28/ /24./ C'I'BYJOIIIHN IIODIIN II IIP41.llCTallneDB BSaBNOli8IC'I'IIBII, HanpHNep1 Mal: ICap'I'B 
1 

8onJ:o11 
121JI 

B AN&TyiOI IIOJXpoi5.BO H37'f8nK BSaBNO.IIeiCTBBe DepacjlepNHOJl.lloro DODII 1/J ( ~ ) C 

"ene~:Tpowarn'l'syr.~• ( 15oaoJLIIYN) uoner.~ fl,. C~): 

H, .... - J" A,.. Jl' • Yz 1 e [ f • ¥1' t l_ (28) 

Ecnw aaucaTJo 8'1'0 B3aHNOJXelcTBHe II TepNHBaX 8B3a'I'I(8B rpBsa, TO ero 'BByTpeRHIIII' 
/28/ 

cTpyltTypa llpOKIIBTCK ocol5esso 'leTXo : 

i .. 

H, .. t • -ie z..: f" At": 
Aol 

(29) 

S -N&TpBIIl\1; _,TBeTCTBYJOmBx paanB'IHI\IN upo-
npB BI\I'IBCD&SBB N&TpB'ISI\IX 8n8N8STOB 

/28/ 
Iteccaw 1 o'leBBttaa BoaNo:!K.IIocTJo npeoopaaosanBs Kneltsa ttns paanB'IHYx l:oNnoaeB.T 

nons, 3ar.~esa OTli&Dbiii\IX COCTOHDit no BBYTpeBHell KOOpJlSHaTe CYNNOit BC8X TliKHX coc

TOIIHBI - a.aaa'l'l(eN rpBBa - npB COOTB9TCTBYIOIII811 HOPMHpOBK9 9KBHB&D9HTHa Y'I8Ty ycpett

SQHBII uo Sa'I&DbHYN • cyNMBposallllll no ~:ose'IHYN cocTO.IlHH.IlM a oi5Y'IHoll TeopBB, Tax, 

JlDH C8'18HBSI "4JoTOpoliC.II&HBII" Dapa4JepNHOJIHOII Dllpl\1 110 BS8IIIS&M 'aneKTpoMarBB'I'SOM' Done 

. /25 26/ C8'18SBe OJ:&31\1Ba9TCII B ~ paa 6onbW81 S8llt8J[B JlDSI 06&l'IBOII cjlepMBOHJIOll Dllp&l ' , 

Ho 110 CTOnbJ:O lKe paa yaenH'IHBaeTCR o6&I'Isoe ce'lenxe npx cyMMBpOB8HHB no xo&e'IHbiM 

COCTOIIBHIIN 4JepNBOJLIIOit llap&I1 8CDI '18CTBIII\I 06D8J18IOT 3S)'Tpesaell CT8118Hb10 CB060llhl, 

HM810111811 ~ COCTO.IlHBll, B CBH3H C I!I'I'HM DpBM8pOM CD8Ay8T 38M8THTb, 'ITO DOHCKK na-

pa'I&CTBD DyT8N R3N8p8KI.Il C8'19BH.Il cfloTOpolKJ18HBSI nap&! 06bi'IHhlM 4JoTOSOM BO BHeiiiH8M 

10 

Ol5bl'IHOM aneKTpOMarBKTHOM Done 03Ha'laDH 6bl B Jl8liCTBBT9DbHOCTH DOBCKB MYDbTHDDeTOB 

BHyTpeHHHX CHMMeTpHil, OllKHBKOBO B3aBMOJl8l!CTBYIOIIIBX C 'i>DQKTpOMarHHTH&IM IIODeM, CTa

TBCTHKB JKQ 'laCTHil, BXOllSIWHX B TaKHQ MYDbTBDDQTbl, liODlKHll 6biTb 06&I'IHOit, nocTaKOBita 

/10,18,25,26/ 
IIODpOCll 0 CTaTHCTKKe fi -Me30Hll HOCHDll KMQHHO TaKOII xapaii:Tep, a HaMe-

/27/ 
peHBQ COOTBQTCTByiOmero CQ'I8RHII JlDII jU -M830Ba DOKll3liDO OTCyTCTBBQ y Hero ll&l-

pOlKJlQHHSI DO 'i>D8KTpOMarHBTHOMy B38BMOll&l!CTBBIO, 

/28/ 
npettnaranOCb TaKlKQ B CBII3H C TPYllBOCTIIMH B o6~HCH8HBH CHMNeTpHH COCTOSI-

SBII Tpex KBapKOB, o6pa3yJOIDJIX 6apBOHH&Ill 56-nneT B s ll, -cHMM8TpBB1 npBMQBIITb K 

~:aapxaM TeopHIO napa4JepMHosaoro nona TpeTb&ro pasra. Ho 8'1'0 aKaaaanenTno npe.t~nono

• 
lK8HHIO 0 aanB'IHB y KBapKOB,DOMBMO 38p11llll B runep38p11Aa,eme llODODHHTen•aoll CT8D8BB 

CBOI50llbl B, 0'18BHllH01 Be ycTpliHSIQT BCXOllH&IX 3aTpyllH8HHII, 

Tai:BM o6paaoM, napanonH, Bblp8JK9HHbl8 B TepMHHBX 8H3a'l'l(eB rpBBa c DOMOIIIbiO DOll 

xottstmero npeo6paaoaaHHH Knel!na, soaMolKHOCTb xoTOporo An.ll B38HMottelcTay~~Bx nonell 
/29/ /30/ /31/ 

15&Ina noxaaana nJO)lepcoM • KBHOIDHT8 H Apaxa • Bcer)la MOryT 15b1Tit npBBeJle-. 

Hbl B COOTBQTCTBHe C o6&I'IH&IMH DODSIMB, o6naAaJOJIIHMB, B006nte rOBOpB, BHyTpeHHell CBM 

171 181 
M8TpHell, "Ha'le, SICXOAH08 Dp9ADODOlK8BHe Buraepa B rpBHa 0 CBMM8TpB3011liHBOII 

'ocnannBTopaol!' 4JopMe raMHDbTOHHasa cao6ottnoro nons npHBOJlHT x orpaHH'IeHBJO 1103-

MO)KHbiX nepeCTliHOBO'IHblX COOTHOW9BBII KnaCCOM ~6&1'1Hb1X COOTHOW9HBII llJlll 4JepMBORSI\IX 

BDB 6030HHblX Donell, DOllpll3yM&BaH, OllHai:0 1 B03MOlKHOCTb HanK'IBII BHyTp8BB91 CT8fi8HII 

CBOI50Jlbl, 3a'M8TBM, 'ITO YTB8plKll9HBe 0 1103MOlKHOCTH J1Bllib CTliTHCTBJ[ 4>epMB-.nllp8Xa II 

6oae-3l!smTeiiHa H8 OCHOBBHHB 6onee o6mBX coo6pa)KeHBII1 6e30THOCBT8DbBO K T&OpHB na-

/82/ 
panona, 6&Ino BbiCKaaaso EopxepcoM • B 3aKDJO'Iesae OTMeTBM, 'ITO CP-aaaapBaHT-

aocTb T80pHB OI51138T8DbHO Tpe!)yeT CBMM8TpB3aitBH raMHDbTOHBasa, 8 BWI50p KOMMyTaTopa 

( E = - ) JlDII Hero B cnyqae none II C DOIJyJl8DblM CIIBBOM B aHTBXOMMyTaTopa ( (, • +) 
161 

B cnyqae nonell C D8Db1M CDHHOM cneJXyl!l'l' B3 T80p8Mbl niOJ18pca-naynH llDII OTll8DbB&IX 

xoMnoaeaT asaaTita rpBRa napanonst, Haxone~t, aonpoc o castaH TeopBH napanonell c o15&I'I

HbiMB TeOpBIIMB B cnyqae BXDIO'I&HHII B38BM0.!18IICTBBSI o6mero X8p8KT9p8 ( B 'laCTHOCTB,, 

B38BMO.!I811CTBHII, HapymaJOWHX BHyTpeRHIOIO CHMM&TpHIO) IIBnSIQTCSI OTitp&ITbiMo 

AllTOP Bblp8lK88T 6narottapHOCTb npo$. A.M. EanABHy, c.s. repaCHMOBy, B.S. roaop

Koay, "·"· N\uxallnoay a H.A. qepHHKoay aa aeo.t~aoxpaTaoe o6cyJKn&HBe c HHMB uanolKeB-

HbiX 3J18Cb aonpocoa, 

E-.'!.2...!...~ ~ 

1, B, naynH, 06mae npBBitHDbl BOJlHOBOil M8X8HBKH, 0flf3, rocTeXB3A8T, 1947, 

2. G.Gintlle. Nuovo Cim., lJ, 493 (1940). 

8, D.Ter Haar. Physica, !!. 199 (1952). 

4. A.M.L.Messiah, O.W.Greenberg. Phys.Rev. 1368,248 (1964). 

11 



~,ll...,L~I\...J.l.J.IJ.U~.IJI..Jl!ill!llll UI!JIIUI~, 

5, CM. cTaTJoiO P. AocTa 11 ciS. 'TeopeTII'I&eJtasr ljlRsxxa 20-ro aexa• (naMHTH B.nayna), 
nn • ~ocx:aa, 1962, 

6, G.Luders, B.Zumino. Phys.Rev., !J.9, 1450 (1958); N.Burgoyne. Nuovo Clm., !. 607 (1958). 

7. E.P.Wigner. Phys.Rev., Zl· 711 (1950). 

B. H.S.Green. Phys.Rev., ~. 170 (1953) 

9. J.Bialynlcki·Birula. Nuci.Phys., !j, 605 (1963). 

10. O.W.Greenberg, A.M.L.Messiah. Phys.Rev., llB, 1155 (1965). 

11. R.Haag, O.Schroer. J.Math.Phys., !· 248 (1962). 

12. A.S.Wightman. Phys.Rev., 101, 860 (1956). 

13, S.Kamefuchl, Y .Takahashi. Nuci.Phys., ~. 177 (1962). 

14. n.B. BonxoB, )I(ST<Il, M. 1660 ( 1969). 

16. T .F.Jorden,_ N .Mukunda, S.V .Pepper. J.Math.Phys., ,!. 1089 (1963). 

16. C.Ryan, E.C.G.Sudarshan. Nuci.Phys.,.!?, 207 (1963). 

17, G.Racah. Nuovo Cim. Suppl., ~. 67 (1959). 

18. N.A.Chernikov. Acta Phys.Polonica, !_!,51 (1962). 

19. A.Gallndo, F.J.Indurain. Nuovo Cim., !Q, 1040 (1963). 

20. T.W.B_.Kibbl•, J.C.Polkinghorne. Proc.Roy.Soc., Aill, 252 (1957). 

21. O.Kiein. J.Phys.Radium, !• I (1938). 

22. G.A.Baker. Phys.Rev., ~3, 1119 (1956). 

23. J.C.McCarty. Proc.Camb.Phii.Soc., U· 131 (1955). 
24. n.B, BonxoB. )I(ST<Il, ~ 618 ( 1960), 

26. A,U. AMaTyHH. )I(ST<Il, 11., 926 ( 1964). 

26. S.Kamefuchi, J.Strathdee. Nuci.Phys., 42, 166 (1963). 
~ -

27. 'o.W.Aiberlgi-Quaranta et al. Phys.Rev.Lett., ,!. 226 (1962). 

28, O.W .Greenberg. Phys.Rev.Lett., !], 598 (1964). 

29. G.Luders. Zeit.Natur., Ua, 254 (1958). 

30. T .Kinoshita. Phys.Rev., !J.9, 978 (1951). 

31. H.Araki. J.Math. Phys., .?_, 2i7 (!til). 

32. H.J.Borchers. High enerty ,hysics u~ elementary ,articles (lectures presented at a seminar, Trieste, 3 
May -30 June lti5). Int. atom.energy ~gency, Vienna, 1965, p. 147. 

33. H.Araki, O.W.Greenberg, J.S.Toll. Phys.Rev., 1~, 1017 (1966). 

Pyxonucb nocTynuna B H3A&TenbcKHA OTAen 
20 M8SI 1966 r, 

12 

'·/ 

'' ~ I 

,, 
;· 

.",•. 

' 

/ 

:·,: 

.. ·,{• 

'I 

~ 'I , 

' 
.· 

··. \r 
it'; 

\. 

'.. 

/ 


