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B HaCTOJJ.ll(ei 3aMeTKe B paMKax narpau)l(eBoi TeopHH 

llOJIJI Mbl 6y,AeM H3y'laTb Te JIHHeHHble KaJIH6pOBO'IHble npe

o6pa3088.HH.II napanonei, ,AJIJI KOTOpbiX BblllOJIHJIIOTCJI KOMMy

TalUIOHHble COOTHOWeHHJI Me)I(,Ay BpeMeHHbiMH KOMDOHeHTaMH 

TOKOB. Mbl YBH,AHM, 'ITO rHDOTe3bl anre6pbl TOKOB HaKJia,Abi

BaiOT B 3TOM CJiy'lae Cyll(eCTBeHHble orpaHH'IeHHJI Ha BH,A 

KaJIH6pOBO'IBbiX npeo6pa30BaHHH. llOKa)l(eM TaK)I(e, 'ITO JII0-

6yl0 MO,AeJib, y,AOBJieTBOp.IIIOII(YJO aKCHOMaM anr.e6pb1 TOKOB 

/HanpHMep, MO,AeJib KBapKOB, a ·MO,AeJib/, MO)I(HO o6o6li(HTb 

Ha CJiyqaa napanoJieH. fipH 3TOM, B 3aBHCHMOCTH OT BH,Aa 

KaJIB6pOBO'IHOrO npeo6pa30BaHHJI, HHOr,Aa B03MO)I(Hbl He

CKOJibKO He3KBHB8.JieHTHbiX o6o6ll(eHHH. 

06o3Ha'IHM qepe3 !<tJ I coaoKynuocTb axo,AJIII(HX B TeopHIO 

nonei H pa3o6beM ee Ha "ceMeicTaa." I <ll! = .u l<ll!
7!, C'IHTaJI, 

I TJ I 
'ITO B i -oM CeMeHCTBe CO,Aep>KaTCJI llOJIJI O,D.HOrO COpT aCTa-

THCTHKH: napa6o3e ,AJIJI 71 = -t H napli41epMH - 7/llJIJI 1J = -. 
HH.AeKc A OTJIH'IaeT non.11 BHYTPH ceMeicTaa: <lliA. Cne,Ayx 

pa6oTe I 1 I, 6y,AeM paccMaTpHBaTb TOJ1bKO cnyqai HOPMaJibHblx 

KOMMyTaUBOHHbiX COOTHOWeHHH Me>K,AY llOJIJIMH, T .e. BHYTPH 

Ka>K,Aoro CeMeHCTBa llOJIJI Y.AOBJieTBOp.IIIOT COOTBeTCTBYJ:OIUIIM 

napacTaTHCTHKaM TpeXJIHHeHHbiX KOMMyTaUHOHHbiX COOT

HOWeHHH /z/, B TO BpeM.II KaK ,AJIJI nonei, COCTO.IIli(HX H3 

pa3Hb1X CeMeHCTB (if j BJIH TJ fTJ ') , HMeeM 06bi'IHble KOM

MyTalUIOHHble COOTHOWeHHJJ.: 

/1/ 

PaccMoTpHM Tenepb JIBHeiHoe KaJIH6poBO'IHoe npeo6pa3o

aaHHe HaH6onee o6ll(ero BH.Aa: 
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'¢ 7~ ( X ) = ct il ( X ) + A ( X ) 

l f.,.,.,.,, .,., , 
11 'i 'A • iA , i ' A ' <I> i ' A ' /2/ 

Kai< H3BeCTHO /.1/, eCJIH !<fll COCTOHT TOnLI<O H3 6030HHLIX 
H l)epMHOHHLIX noneii, TO BpeMeHHLie I<OMfiOHeHTLI TOI<OB 
J ~ ( x) , J ~ ( x) , cooT:BeTCTBYJOUUIX npeo6pa30BaHHJIM 
BHona /2/, onaJOT 

[JOf(x),Jo(v)l, =-iu(~-~).J[of J(x), /3/ 
g - xo = yo · , g 

~ 

TOnLI<O eCJIH 
.,.,.,., , .,.,.,., , 71 

f., ,,,,=8 f., .• ,, 
1/\ , I 1\ 1/\ , I 1\ /4/ 

T .e. ecnH I<aJIH6poBO'IHLie npeo6pa3oBaHHJI au.na /2/ He co
onep>Ka.T nepei<peCTHLIX 6030H·I)epMHOHHLIX 'lneHOB. llpH 3TOM 

0 l ' .,., .,., I} 
Jf (x) = -- ~ f., _,,,[rr., (x) ,tll,,,, (x)], 

2 j,\ j ',\ 'T/ 1/\, l 1\ I/\ I 1\ 

rone 'I=+(-) MJI 6o30HHLIX /l)epMHOHHLix/noneii, 
- HMnynLCLI conpJI)KeHHLIX I< nomo q, ~ ( x ) , a 

[ A , B J = A B + 11 BA , .,., 1J = + , - /HJIH ±1/. 

/5/ 
7J 

"iA(x) 

PaccMOTPHM Tenep~>, o6II.Uiii cny'laii napanoneii. ,lJ.ox~eM 
cneony10~ee npeonno)KeHHe. 

llpe,AnO)KeHHe: KOMMyTaTOp /3/ HMeeT MeCTO Torona H 
TOnLI<O Torona, Korona TOI<H /5/ He coonep)KaT nepexpecTHLIX 
'lneHoB Me)Kony pa3HLIMH ceMeiicTBaMH na~anoneii, T .e. xorona 
OHH COOTBeTCTBYIOT I<anH6pOBO'IHLIM npeo6pa30BaHHJIM/2/, 
MJI I<OTOpLIX 

f .,., .,., , 

iA, i 'A' 

iry 
o"~"~o .. ,fAA' 

II /6/ 

,lJ.nJI TOrO 'IT06LI conenaTL 3TO YTBep>KoneHHe TO'IHLIM, 3aMe
THM, 'ITO 06'LeonHHeHI!e I<OMMYTHPYIO~HX /aHTHKOMMYTHpYJO· 
UUIX/ 6030HHLIX /l)epMHOHHLIX/ CeMeiiCTB noneii eCTL TO )Ke 
6030HHOe /l)epMHOHHOe/ CeMeBCTBO /'ITO HeBepHO MJionpyrHX 
napanoneii/. llOJTOMY 6e3 orpaHH'IeHHJI 06UUIOCTH 6yoneM 
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C'IHTaTL, 'ITO B !¢! coonep)KHTCJI He 6onee 'leM no O,nHOMY 
6030HHOMY H l)epMHOHHOMY CeMeiiCTBy. 

llocxonLI<Y I<aJIII6poBo'IHLie npeo6pa3oBaHHJI, nepeMeWH
BaiOII(He napa6o30HHLie H napal)epMHOHHLie nonJI, He yonoa
neTBOPJIIOT ai<CHOMaM anre6pLI TOI<OB y>Ke MJI o6LI'IHLIX 
noneii, JICHO, 'ITO OHH 3anpe~euw. IloJTOMY paccMOTPHM 
npeo6pa3oaaHHJI au.na: 

, .,., .,., .,., .,., 
<I> . \ ( X) = ¢. \ ( X) + A ( X) !, f. A . 'A' ct>. ' \ ' (X) ' /7 I 

1/\ 1/\ j 'A, I , I I 1\ 

T.e. MLI nonaraeM B /2/ 

.,.,.,.,· .,.,.,.,· .,., 
f . \ . ,, ' = 0 f . \ . ,, , 

11\,11\ l/\,1/\ 

Ilpeonnono>KeHHe 6yoneT onoxa3aHo, xax TOnLI<O MLI noi<a)KeM, 
'ITO paBeHCTBO 

[ [ "ip. ( x), ct> jv ( x) I 11 ' [ 77i 'I',( y) ,ct> j'v' ( y)! 11 J xo =yo= 

= 2io(;- y) (o ji, ovp..{"ip. ( x) ,tl>j'v, ( y)J.,- /8/ 

- o ij 'op.v, [ 77 i'p. •( y) , ct> j v ( x) J 11 ) , 

BLinOnHJieTCJI TOnLI<O MJI noneii H HMnynLCOB H3 O,nHOB H 
TOR )Ke l)yHI<lUIH, T .e. Korona i = i' = j = j '. 

BepxuHe HHonexcw y noneii H HMnynLCOB B /7 I MLI onyc
xaeM, C'IJJTaJI, 'ITO MJI 11 = + ( -) ace nonJI napa6o30HHLI 
/napal)epMHOHHLI/. 

HcxoonJI H3 TpeXJIHHeiiHLIX aoOTHOWeHHii: rpBHa B HMnynLC
HOM npOCTpaHCTBe, HeTpy,nuo noi<a3aTL, 'ITO B I<OHI)Hrypa
lUIOHHOM npOCTpaHCTBe /MJI CI<anJipHLIX, Bei<TOpHLIX H CnH
HOPHLIX noneii/ Be~HLI cneonYJO~He O,nHOBpeMeHHLie COOTHO· 
meHHJI ( x 0= y 0 = z ) : _ 

[[77. (x),¢.{3(y)] ,¢. (z)l=-2ih 3(;_;)¢.{3(y), 
1a J 11 JY ay 1 

[[ 17. (x) ,¢ .
13

(y) I , 17. (z)1 = 2iof3 scy- -;) "· (x). 
w J 7J JY y 1a 

/9/ 

,lJ.nJI i = i ' = j = j ' 
H3 /9/. 

COOTHOWeHHe /8/ cneonyeT TenepL 
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Ilono:>KHM B /8/ i = j ', j = i' u i I= j . Tor~a ~m1 11 = + ( -) 
nom1 H HMnynLChl ¢ iA, 7T iO KOMMYTHpyroT /&HTHKOMMy-
THPYIOT/ C c/J. , 7T . ., • B 3TOM cnyqae COOTHOWeHHJI /8/ J fl J v 

MoryT 6hiTL nepenucaHhl B BH~e: 

[I 7T. ( x) , ¢. ( x) I , l 7T. , ( y) , ¢. ,( y) l i 
1/1 ]1/ 1J Jfl IV 1J 

= 21 "if£,( y) ' <!JiV (X) i =Tj ( 7T if£ (X) ' ¢j V, ( y) ) TJ - /10/ 

- 2 [ "if£ ( X ) ' (lJ i v ,( y ) I -'I [ 7T ill , ( y ) ' <Pi v ( X ) J 1J • 
~ 

Bu~Ho, 'ITo ~nJI x0 ~ y 0 cooT Howe Hue /7 I nony':IHTCJI 
TOnLKo, ecnu 

I 7T. ' ( y ) , (!J. ( X) I ~ 8 , i) ( ~ - ;·) ' Jll ]I' _,, /l ,, . 

l 7T ( X ) , <!J. , ( y) ! ~ 0 , /) ( ~>- y') , 
j fl W -TJ fll' 

/II/ 

T.e. ecnu o6a nonJI lbepMHOHHhle I 1J = - I HJIH6oJOHHWe 
('I = + ) • 3To, o~Haxo, HeBOJMO)f(HO, a6o i =I j . Cne~o

BaTenLHO, paBeHCTBO /8/ BLIUOnHJieTCJI TOnLKO B cnyqae, 
eeJIH Bee UOnJI JIBnJIIOTeJI napa6030HHLIMB /napalbepMHOHHial· 
MB/ e OTHoeaTenLHWMB napa6oJe /napalbepMu/ TpexnuHei
HLIMB eOOTHOWeHBJIMB. HHLIMB enOBaMH, /8/ BMeeT MeeTo, 

eeJIH Bee nonJI npaHa~nelKaT o~HoMy a To.wy lKe ee.weieTBy. 

HJ :noro peJynLTaTa BWTexaeT, 'ITo o~aospe.weHawi xo.w
MYTa TOp TOKOB /3/ eo6mo~aeTe .. ~nJI KaJIH6pOBO'IHLIX npe
o6paJoBaHai, y~osneTBOPJIIOIIUIX yenosBJ0

1
/6/, T.e. He eo

~ePlKaiiUIX nepexpeeTHLIX 'lneHOB Me)f(~y pa3HLIMH napa
ee.weieTBaMH. 

0TMeTHM OMO ene~eTBHe ~OK&3&HHLIX peJrnLT&TOB. 
flyeTL Ja~aH _narp&H)f(B&H .£ (l¢!) 6030HHLIX <fJ i fl B lbep
MHOHHLIX <IJ i ~' nonei H nyeTL K&nH6pOBO'IHLle npeo6paJo
BaHBJI He eo~ep)f(aT nepexpeeTHWX ':lneHos MelK~Y paJoBWMH 
eeMeieTsaMa nonei: 

, 1j 1j , TJ Tj 
ill. (x) ~ <P. (x) -1 A(x) L f. •ll. (x). 

lfl lfl V t,Ul; Jl' /12/ 
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TOrM, eeJIH TOKB, eo_OTBeTeTBYIOIIUie 3THM Kana6pOBO'IHhiM 
npeo6paJOBaHHJIM, Ja.YwKaiOT anre6py, To TOT )f(e narpaH
lKBaH, B KOTOpOM, OM&KO, <f\~ ( x) JIBnJIIOTeJI napanonJIMH 
/e KOMYyT&JUIOHHhiMB eooTHOWeHHJIMB /1/ I, 6y~eT nopo
~aTL Toxa, y~osneTBOPJIIOIIUie Toi )f(e anre6pe. 

fl03TOMy, H&UpBMep, KB&pKOB&JI MO~enL /4/ HnH (T -

MO~enL /S/ 6y~yT Y~OBneTBOpJITL TeM )f(e &KeHOM&M an
re6plal TOKOB, eeJIH e':IHT&TL, 'ITO KB&pKH JIBnJIIOTeJI napa· 
lbepMHOH&MH, a naon a a'- napa6oJoH&MH. HenonLJYJI paJ
JIH'IHWe napanpe~eTaBneHBJI AJIJI BXO~JIIIUIX B 3TH MO~eJIH 

nonei, MO)f(HO UOeTpOHTL 6eeKOHe':IHOe MHO)f(eeTBO MO~enei 
AJIJI anre6pw TOKOB. 
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