
P2 - 11514 

!.If~/ ~~ 

E.A.HaaHOB , A.A.KanycTHHKOB 

OBUlAH CBH3b 

nHHEHHOH H HEnHHEHHOH PEAnH3AUHH 

CYllEPCHMMETPHH 



P2 - 11514 

E.A.HaaHoB , A.A.KanycTHHKOB* 

OBlUAH CBH3b 

RHHEHHOH H HERHHEHHOH PEARH3AUHH 

CYOEPCHMMETPHH 

HanpaeAeHo e Journal of Physics A: Math. and General 
u e OpzKoMumem 19 MexoyHapooHoii KOH~epeHl#UU 
no ~U3UK€ 6biCOKUX 3Hepzuii /TOKUO, 1978/ 

.. 
• I 

* )l;HenponeTpOBCKHH rocy,napCTBeHHbiH YHHBepCHTeT. 



Hsauoe E.A., KarrycTHHKOB A.A. P2 - 11514 
06maR CB513b nHnel!nol! H ue;mueiinol! peanH3auull cyrrepcnMMe·rpuH 

YcTanosneua CBSI3b Me>KilY cyrreprro.,eBbiM IIC•ilXOilOM K cyrrepcur.l'-'eTpHu 
B He.,uneliHOH peannaaul!ei! BonKOBa-AKynosa. noK838HO, 'ITO onpeneneuuoli, 
3SBHC51Well OT none!! 3aMeuoil rrepeMeHHbiX xl-' , (:}a mo6oe cyrrepnone 
MOlKHO IIpHBeCTH K BHIIY, B KOTOpOM OHO IlpellCT8Bl151eTC51 HeilHHeilHO rrpe­
o6pa3yiOWH~!IICSI KO"IJOHeHT8MH. 06paTHO, 113 HeiJnHeilHO npeo6pa3yiOWllXCSI 
noneri sceraa MO>KHO o6paaosaTb o6beKThl c nuuel!HhiM 3BKOHO~I cyrrep­
rrpeo6pa3oBauuSI, nc.,y'!eHhl 06WI!e <jlopMyl1bl lliJS! rrepexona OT IlHHeiiHOfl 
peanH3aUeH K uenHHeiiuoii R anSI nocTpoeHHII cyrreprroneii H3 neaHaeiluo 
npeo6pa3yiOWIIXCSI rroneii. 

Pa6ora Bhmonuena B fla6opa ropaH reopeTH'leCKoll <jJH3HKH OIHH:. 

npenpiiHT 06belllllieHHOJ:"O HHCTHTyTS R.llepHblX HCC!le)lOB8HHil. lly6Ha 1978 

Ivanov E.A., Kapustnikov A.A. 

General Relationship between Linear and 
Nonlinear Realizations of Supersymmetry 

P2 - 11514 

The close correspondence between the superfield approach 
to the supersyn1'netry and the Volkov-Akulov nonlinear realization 
is established. \\"e show that any superfield, by certain field-
dependent change of variables lt 1-' , 0 a , can be transformed to the 
form in which it is represented by nonlinearly transforming com­
ponents. Inversely, there ahvays exist the functions of the nonlinear 
realization objects which transform according to the linear super­
transformation Ja,·:. \tie derive general theorems and explicit 
formulas 'A'hich describe the transition from the linear realization 
to U"'le nonlinear :>ne and vice versa. 

The investigation ha.s been performed at the Laboratory 
of Theoretical Physics, JINR. 
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© 1978 06'betlHHeH!!bi/l HHCTIITYT S111.epHblX IICCne.aOB8HBil /ly6H8 

I. BBE~EHHE 

CymecTBYIOT ~sa pa3JIB'IHbiX no,nxo.na K peaJIB3aU:BB 
cynepCBMMeTpBB. 3TO, so-nepBbiX, JIBHeHHRJI peaJIB3a­
u;BJI /1,2/ KOTOpaJI HaB60Jiee ecTeCTBeHHbiM o6pa30M 3a­
~aeTCJI 'Ha cynepnoJIJIX <I> k (x, 0) /S,4/ * 

<I>' (x, 0) =<I> (x + -
1
-(y(), 0 -f ) ' Ill 

k k 2i 

r,ne f - CDBHOpHbiH napaMeTp B k - JIOpeHU:eB BH,I{eKC. 
~pyroil no,nxo~ - HeJIBHeiiHaJI peaJIB3aU:BJI BonKosa-AKyno­
Ba /5/, B KOTopoil ocHOBHOH BeJIB'IBHOH JIBJIJieTcJI Heo,nHo­
po,nHo npeo6pa3YIOIUBHCJI ron,ncTOYHOBCKBH cnBHop A (x) 

1 - J1 8.\(x) = f + -(y A(x)a A(x) , 
2i J1 

121 

a BCe OCTaJILHble llOJIJI ak (X) npeo6pa3YJOTCJI DO 3aKOHY 

1 - J1 
8a k (x) = 2ft"YJ-LA(x) a ak(x) 131 

I eM. TaK)Ke pa6oTy /a/ I. HeJIBHeiiHaJI peaJIB3aU:BJI HaB6onee 
JIBHO OTpa)KaeT B,I{eiO CllOHTaHHOrO HapyweHBJI cynepCBM­

MeTp8B. 
B cnyqae o6bi'IHbiX CBMMeTpBA aHanorB'IHble no,nxo,nbl 

B3aBMOCBJI3RHbl / 7/, B ecTeCTBeHHO O)K~RTL, 'ITO ll0.I{06-
HRJI CBJI3L BMeeT MeCTO B ,I{JIJI cynepCBMMeTpBB. TaK, 

*Mbl BCDOJIL3yeM MaaopaHOBCKBH cllopMaJIB3M. MeTpBKa 
B y-MaTpBU:bl Bb16paHbi.KaK B pa6oTe /4/, 
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B 1974 rO)l.y 3yMHHO /S/ OTMeTHJI, 'ITO Cyll.(eCTBYIOT li>YHKI.I,HH 

HeJIHHeHHO ITpeo6pa3yiOII.(erOCJI rOJI)l.CTOYHOBCKOrO ITOJIJI, 06 • 

Jia)l.aiOII.(He TpaHc!l>opMal.I,HOHHLIMH CBOHCTBaMH KOMITOHeHT 

CKaJIJipHoro CyiTepMyJihTHITJieTa /eM. KOMMeHTapHH ITO 3TOMY 

ITOBO.D.Y Ha CTp. 12/. 0)l.HaKO 06ll.l,aJI CTpyKTypa COOTHOIUeHHJI 

Me~)l.y .D.BYMJI peaJIH3al.I,HJIMH CyiTepCHMMeTpHH OCTaBaJiaCb 

HeJICHOH. 

B HaCTOJill.l,eii: pa6oTe Mhl ycTaHaBJIHBaeM JIBHhiH BH.D. 

3Toro cooTHOIUeHHJI ITyTeM o6o6ll.(eHHJI Ha cnyqaii: cyiTep­

CHMMeTpHH pe3yJILTaToB KoynMeHa, Becca H 3yMHHo/7/ )l.JIJI 

06LI'IHhiX CHMMeTpHH. Bo BTOpOM pa3)l.eJie ITOKa3aHO, 'ITO 

ITpOH3BOJlbHOe CyiTepiTOJie BCer)l.a MO~O ITPHBeCTH K "pac­

ll.l,eiTJieHHOMy" BH.D.Y, B KOTOpOM ero KOMITOHeHThl ITpeo6pa-

3YIOTCJI ITo HeJIHHeii:HoMy JaKoHy /3/. C!l>opMynHpoaaHhl o6-

ll.I,He ITpaBHJia ITepexo.u.a K pacll.l,eiTneHHOMY ITpe.u.cTaaneHHIO. 

B TpeTbeM pa3)l.eJie ITOJIHOCThiO peiUeHa ITpo6JieMa ITOCTpoe • 

HHJI JIHHeHHO ITpeo6pa3yiOll(HXCJI CyiTepiTOJieH H3 BeJIH'IHH 

HeJIHHeii:Hoii: peanH3aUHH .A(x) , a k (x) • Pa3BHThle MeTO.IJ.hl 

MOryT 6b1Tb ITpHMeHeHhl K JII060H cyiTepCHMMeTpHH, 3a)l.aH· 

HOB Ha HeKoTopoM cyiTepiTpocTpaHCTBe. Mhl ITOKa3LIBaeM, 

'ITO HaiUH pe3yJILTaTbl HaXO)l.JITCJI B TeCHOM COOTBeTCTBHH 

c o6ll.I,HMH TeopeMaMH, BhiBe)l.eHHhlMH KoynMeHoM, BeccoM, 

3yMHHO /7/ ITpH aHaJIH3e CBJI3H Me~)l.y JIHHeHHhiMH H HeJIH· 

HeHHhiMH peaJIH3al.I,HJIMH Ofihi'IHhiX CHMMeTpHH. 

I I. PACJl!EIIJIEHHAJI tPOPMA CYIIEPIIOJIEH 

1. CornacHo o6meB: TeopHH HeJIHHeHHhiX peanH3aUHH 

BHyTpeHHHX CHMMeTpHH JII060H JIHHeHHhiH MYJihTHITJieT )l.aH· 

HOB rpyiTIThl Mo~eT 6b1Th pa3no~eH B ITPJIMYIO cyMMY HenH­

Heii:Ho ITpeo6pa3yiOll(HXCJI KOMITOHeHT ITOCpe)l.CTBOM rpyiTITO· 

BOrO ITpeo6pa30BaHHJI C rOJI)l.CTOYHOBCKHM ITOJieM B Ka'leCT· 

ae ITapaMeTpa 171. AHanorH'IHaJI TeopeMa BhiiTOJIHJieTCJI H B 

cnyqae cyiTepcHMMeTpHH. 

CoaepiUHM B HeKOTOPOM cyiTepiTOJie <ll k (x, 0) JIO-

KaJILHhiH cyiTepc.u.aHr c ITapaMeTpoM - .>,. (x): 

a 1 -
<ll (x,O) ... <Il (x,O)=<Il (x--A(x)y0,0+A(x)), /4/ 

k k k 2i 

4 

H HaH)l.eM 3aKOH ITpeo6pa30BaHHJI C)l.BHHYTOrO CyiTepiTOJIJI 

<ll ~ (x, 0) ITPH r no6aJibHblX cyiTepiTpeo6pa30BaHHJIX I 1/' 
/2/. B COOTBeTCTBHH C ITpaBHJIOM BapbHpOBaHHJI CJIO~HhiX 

ciiYHKI.I,HH rpyiTITOBaJI BapHal.I,HJI 0 <IJ ~ (x, (j) CKJia)l.hlBaeTCJI 

H3 .IJ.BYX qacTeH. llpe~)l.e BCero, 3TO Ofihi'IHhiH cyiTepC)l.BHr 

B TO'IKaX x' =X - -
1-A(x) y 0, 0' = 0 + A(x), 

ll ll 2i ll 

8 <lla(x 6),.,--;[_a_+l.._(y 0')-a-l<llk(x',O'). 
1 k ' ae , 2 ll ax~ 

/5/ 

Eme O.IJ.HH 'IJieH B03HHKaeT acne.u.cTBHe H3MeHeHHJI ITOJIJI 

A (x) B apryMeHTaX X. ' 0 • : 
ll 

8 2 <1l~(x,0)=- -1-oA(x)y 0-a-<llk(x',O') + 
2i ll ax, 

ll 

- a 
+ oA (x) -=-<ll k (x ', 0 '), 

ao· 
/6/ 

r.u.e oA (x) OITpe)l.eJIJieTCJI !l>opMyJIOH /2/. C yqeTOM COOT-

HOIUeHHJI 
a 11 1 11- a 11- a 

-a-= (oP- -
2

. a A.(x)yp O)-a . +a A.(x) ~ 
x 11 1 x P ao • 

BapHal.I,HH /5/, /6/ cyMMHpyiOTCJI B CJie)l.yiOll.I,YIO !l>opMyny: 

a a a 
o<ll k (x, 0)= 01 <Ilk (x, 6) + 82 <lik(x '0) 

1 - a a 
= -E y A(x) -<ll (x 0) 

2i p ax k ' ' 
p 

/7/ 

a 
KOTOpaJI ITOKa3LIBaeT, 'ITO KOMITOHeHTLI <IJ k (x,6) ITpeo6pa· 

3YIOTCJI He3aBHCHMO )l.pyr OT )l.pyra B COOTBeTCTBHH C He· 

JIHHeHHLIM 3aKOHOM /3/. 
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TaKHM o6pa3oM, 3aMeHoii nepeMeHHhlx mo6oe JIHHeiiHo 
npeo6pa3yiOmeecJI cynepnone MO)KHO nepeaecTH a "pac­
menneHHhlii" 6a3HC, B KOTOpOM OHO npe~cTaBJIJieTCJI Ha6o­
poM HeJIHHeHHO npeo6pa3yiOmHXCJI KOMnOHeHT. 

113 cooTHOllleHHJI I 4/ cne~yeT, 'ITO KOMnoHeHThi pac­
menneHHoro cynepnonJI <ll ~ (x. e) JIBJIJIIOTCJI KoHe'IHhiMH 
noJIHHOMaMH no aHTHKOMMYTHPYIOmHM CnHHOpaM A (x) H 
JIHHeHHbi no KOMnOHeHTaM HCXO~HOrO cynepnOJIJI ¢ k (x, 0) 
0HH nopo)K~aiOTCJI nocne~oaa TeJibHhiM npHMeHeHHeM one-

paTopa :r (A)=-~+ -1-(y A) __!____ 
a a.\ a 2i f.1 a ax f.1 

/KOTOpbiH COBna~aeT 

C o6bl'IHOH KOBapHaHTHOH cnHHOpHOH npOH3BO~HOH npH 
e = A(x)/ K A-noJIHHOMY <l>k (x, A(x)): 

a 
A k (x) = <l>k (x,A(x)) = Ak (x) + 0(.\), 

t,f;~ (x) = T (A)<l>k(x,A(x)) =t,i;k(x) +0(.\), 

- 2 
D~(x) = ...!...[.:f(.\):i:(A)] <I> (x,A(x)) = Dk(x)+O(A), 

2 k 

npH'IeM no~pa3yMeaaeTcJI, 'ITO npoH3BO~HaJI 
a 

axf.l 

/8/ 

He 

3aTparuaaeT A(~ , a ~eiicTayeT TOJibKO Ha nepBbiH ap­
ryMeHT noJIHHOMa cpk (X, A)., 06paTHM BHHMaHHe Ha TO, 
'ITO B OTJIH'IHe oT cny'laJI BHyTpeHHHX CHMMeTpuii 17 I 
cynepCHMMeTpH'IHaJI CBJI3b /8/ C He06XO~HMOCTblO BKJIIO­
qaeT npoH3BO~Hble noneii. 

Bo H36e)KaHHe B03MO)KHOro He~opa3yMeHHJI no~qepK­
HeM, 'ITO HaJIH'IHe pacmenneHHoro npe~cTaaneHHJI /4/ ~JIJI 
cynepnoneii caMo no ce6e eme He 03Ha'laeT 3KBHBaneHT­
HOCTH Me)K~y cynepnoJieBbiM no~XO~OM H HeJIHHeHHOH pea­
JIH3al.(HeH, KOJib CKOpO A(x) OCTaeTCJI HeKOTOpbiM He3a­
BHCEMhlM noJieM, He CBJI3aHHbiM C JIHHeHHO npeo6pa3YIO­
UUIMHCJI KOMnOHeHTaMH. B3aHMHO- O~H03Ha'IHOe COOTBeT­
CTBHe Me)K~y ~BYMJI nO~XO~aMH B03HHKaeT TOJibKO B paMKaX 

6 

CnOHTaHHO uapyllleHHOH cynepCHMMeTpHH, KOr~a CaMH 
cynepnoJIJI BKmo'laiOT ueo~Hopo~Ho npeo6pa3YIOmYIOCJI ron~­
CToyuoacKyro KOMnOHeHTy. B 3TOM CJiyqae y~aeTCJI Bbipa-
3HTb A (x) qepe 3 JIHHeHHhle KOMnOHeHTbi C nOMOmbiO 
KaHOHH'IecKoro npeo6pa3oBaHHJI. 

2. l1.3y'IHM Tenepb 6onee no~po6uo CTPYKTYPY npeo6-
pa30BaHHJI /4/ ~JIJI HeKOTOpbiX 'faCTO BCTpeqaromHXCJI cynep­
noJieH cneuuanLHoro BH~a. 

Ha'IHeM C 06bl'IHOH H cnHHOpHOH KOBapHaHTHOH npOH3-
BO~HbiX 

a 
- <I> a-;- k (x. e) 

f.1 

H 

:r <1> (x.e) = [ _j}_ + - 1-(y e) _a_] <Ilk (x.e). 
a k aea 2i f.1 a ax f.1 

0HH npeo6pa3yiOTCJI cne~yiOmHM o6pa3oM: 

a "' ( " .!1 a ) ---"'k x,U)-> ~ <llk(x, e, 
ax f.1 

/9/ 

Tacvk (x,e) 
a 

-> ~ a cp k (x' e)' 

~f.l= (M-
1

/ [VP -VP A(x)~], 
P ae 

/10/ 

~a= _a~+ 1 ae a 2i ( y f.1 e) a ~ f.1 ' 

A 
r~e CHMBOJI V 0603Ha'laeT KOBapHaHTHYIO npOH3BO~HYIO 
HeJIHHeHHOH peaJIH3al.(HH /5,6/ 

A -1 A a A A 1 A-
V =(T) --,'I =o --a.\(x)yA(x) 

f.1 axf.l f.1 f.1 2i f.1 
/11/ 
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u MaTpuu.a M ~ (x, 0) onpe,D;emieTcB 4JopMynoB: 

p p 1 p-
M = 8 -- V ..\(x) y 0. 

11 11 2i 11 
1121 

IIOCKOllbKY I'\ 11 <1J~(x, 0), 1'\a<IJ~(x, 0) CO,IJ;ep:>KaT 
TOllbKO KOBapHaHTHhle BenHqHHhl, OHH BBHO KOBapHaHTHhl 
no OTHOIIIeHHIO K npeo6pa30BaHHBM 121, 171. 

Elll.e O,IJ;HH sa:>KHhlH Knacc cynepnoneB: - KHpanLHhle 
cynepnonB 141 : 

1 -
± + tody50 ± 

¢ (x,O)=e Sk(x,O+), 
k -

1131 

+ 
r,IJ;e S k (x , 8 ± ) 3aBHCBT TOllbKO OT ,IJ;BYXKOMnOHeHTHbiX 
rpaCCMaHOBhlX CnHHOpOB 

e+ = .!.c1± iy
5
)o. 

-'- 2 ± 
IIpeo6pa3o.aauue I 11 cynepnoneB: + <ll k ex. o) 
Ha "yceqeHHhlX" cynepnonBX S ~ (X, 0 ± ) 
npeo6pa3osanue: 

HH,IJ;YU.HpyeT 
cne,IJ;yJOIIJ.ee 

+ + -s- '(x. e+) = s -kcx- ifye + 
k - -

- 1 -
+ 4 Eyy

5
E, 8± -f +). 

1141 
+ 

Ilepexo,IJ; K paciiJ.enneHHOMY npe,D;cTasneHHIO ,IJ;nB S k (x. 0 + ) 
npoH3BO,IJ;HTCB no npe:>KHeMy peu.enTy - 3aMenoB: E .... -A (X) 
B Tpauc4JopMaU.HOHHOM 3aKOHe 1141: 

+ a+ 
s ~(x. e ±) --> s k- (x. e ±) 

± - 1-
=S (x+iA(x)ye+:;: -A(x)yy A(x),e+ +..\+(x)). 

k - 4 5 -
1151 

,D;eB:cTBYB TaK :>Ke, KaK H npu BhlBO,IJ;e 4JopMynhl 17 I, ue­
TPY,IJ;HO nposepHTb, qTo KOMnoueHTbl cynepnonB s ~± (x. e +) 

npeo6p~pyroTCB no 3~KOHY 131. 3aMeTHM, qTO B TO BpeMB, 
KaK ¢ ~ (x, 8) H S k (x, 8 ±) CBB3aHhl npOCThlM COO THO· 
111e~ueM 1131, CBB3f Me:>K,IJ;Y paciiJ.enneHHhlMH cynepnonJIMH 
¢ ~~ (X, 0) H S ~- (x, 0 ± ) OKa3hlBaeTCB 6onee CllO:>KHOH: 

8 

<llak± (x,e),.,[ 1+ _!_@Y. y5 01'\~ 
4 f1 -

1 - 2 f1 a± 
- -(00) 1'\ + 1'\ )S k (x,O + ), 

32 - IL -
1161 

r,IJ;e 

11 -1 11 P P - a 
1'\ + = (M ) ( V - V ..\ + ---=- ), 

- ± P - ao + 

1171 

f1 f1 !1-
M+ = 8 + iV ..\ (x) y 0 + 

- p p p -
1181 

II I. CYllEPllOJI.Jl KAK 4>YHKL!HH 
HEJIHHEHHO llPEOEPA3YIOII!HXC.Jl llOJIEH 

1. 061IJ.He 4JopMynhl nepexo,IJ;a OT nuueB:noB: peanu3aU.HH 
K uenuneB:noB:, nonyqeHHhle B pa3,IJ;ene II, no3BonBJOT peiiiHTL 
o6paTHYIO 3a,IJ;aqy nocTpoeHHB nuueB:HhlX npe,D;cTasnenuB: 
cyneprpynnhl H3 o6'beKTOB uenuneB:uoB: peanu3aU.HH A ( x) , 

a k (x) . 
CooTnowenue I 41 MO:>KHO nepenuca TL B o6pa1IJ.eHHOM 

BH,IJ;e: 

¢ (x,O)=¢a{2~(x,8),0-A(X(x,em, 
k k 

1191 

r,IJ;e 
HHIO 

X (x. e) 
f1 

y,IJ;oBneTBOpBeT 4JyHKU.HOHallbHOMY ypaBHe • 

- 1 - -
X (X • 0 ) - -A (X) y II 0 = X II • 

IL 2i ' ' 
1201 

Pe111aJI 3TO ypasuenue MeTo,IJ;oM nocne,IJ;oBaTenLHhlX npu6nu­
:>KeHHH, MO:>KHO npe,D;cTaBHTL X (x 0) B BH,IJ;e Koueqnoro f1 • 

nonunoMa no uHnLnoTeHTHhlM cnuuopaM 0, A(X) 

BO,IJ;HhlM OT A (X) : 

H npOH3· 

9 



1 - 1 - .fl-
X , (X, 0) ~ X - -0 )' ,\ (X) + - (() y ,\) ( r} ,\ y 0) + ... , 

I 11 2i 11 4 P f1 

OTKy.D.a cne.D.yeT, 'ITO cooTuorneuue I 191 npe.LJ.cTaBJHJeT 

co6oB paJno)l(eHne cynepnonR <fJ k (x, G) no non.RM uenn­
uciiuoli peannJaQHH. 

IlpaaaR 'IaCTh cooTuorneun.R I 191 .RBn.ReTc.H cynepno-
3HLI,HCH CllC.LJ.YlOll\HX (} - llOllHHOMOB: 

-
Au(x,O) ,\ a (X ( x . 0)) - 0 1211 

ak (x, 0) c: a k(X(x, 0)). 1221 

B Ilpu.!loJKeuuu A .D.OKaJauo, 'ITO npn npco6pa JoBaHHRX 

121, 131 Ka)I(.LJ.hJH HJ :nux nonnuoMoB npco6paJyeTc.R B co­

OTBP1C1BHH C llHHCHHhJM JaKOHOM 111 H, TaKHM o6pa:JOM, 
caM o6na.D.aeT caoucTBaMn nuueuuoro cynepnon.R. 

B pcJynhTaTe npHXO.LJ.HM K JaKnwqeunw, 'ITo :JaMeno:H 

x 1, .. X 1, (x. 0) B uenuueuuo npeo6paJywmuxc.R nomn 

,\ u (X) , a k (x) MO)I(HO CTpOHTh llHHCHHO npco6pa:Jyl0ll\HC-
c51 cynepnon.R npou:Jaonhuoro auernucro cnnua. 

KoMnoueHTbi 6aJHCHhiX cynepnoneu 1211, 1221 Bhipa-

)l(aKJ101 'ICpC3 llOJIR ,\a (X) , a k (X) H HX TlpOH3BO.l:UfhiC 
C llOMOilthKl npOClOH HlepaU,HOHHOH liJopMynhJ: 

) ( .. ) -- a . A,(X) 
. (,\/,(x,O)) (-hu 1 - - )o rl p 

r) .> ~ tJ _--(,\(X) y -.- · ' 
·-.)-!·~- - ( !)) 0 2i IL dxll a k (X) 
! I a a k X, 1231 

KOTop;:u BhiBO.D.HTC.!l C lfCIIOllh30BaHHCM ypaBHCHH.R 1201. 
HanpHMcp, nepBhiC .D.BC KoMnoueHThi cynepnonH 1211 onpe­
)lenxJo"I CR COOTHOIUCHH.RMH 

A ( x) - ,\ ( x) . 
a a 

U 1 , (X) c· C f.J - -
1
- (} ,\ (X) ) (" d f./.,\ ( X) 

ut l _,a 2i 11 _, a 

10 

I 
\ 

I 

r.D.e C f3a - M~ TPHQa 3ap.R.LJ.OBoro conp.!l)I(CHHR. JierKo y6e­

.D.HThC.R, 'ITO !A 0 (x) .ll,CHCTBHTCllhHO npeo6pa3yCTC.!l, KaK 
nepaaR KOMnoueuTa cynepnonn: 

ii'A (x) - --:~;; (x) . u. ll 

2. 11MC.R B pacnop.R)I(CHHH 6a3HCHhiH Ha6op 1211, 1221, 
Mhl MO)I(CM CTpOHTh HOBhiC cynepnonn, nn6o llCpCMHO)I(a.R 

cynepnon.R 1211, 1221 H .D.CHCTBY.R Ha nony'ICHHhiC llpOH3-

BC.LJ.CHH.R o6bi'IHOH unu cnuuopuo:H npoHJBO.LJ.HhiMH, nu6o 

coaeprna.R JaMeuy x 1, .... X 11 (x, 0) uenocpe.LJ.CTBeuuo a 

KOBapuaHTHhiX npOH3BO.D.HbiX HCllHHCHHOH peanH3aQHH \p A (x), 
v(l ak (x) 0 TaKHM nyTeM MO)I(HO llOCTPOHTb cynepnone c mo-

6hiM BHCIUHHM CITHHOM. HenpHBO.D.HMhiC cynepnon.R C Ollpe­

.D.CllCHHhlMH cynepcnUHaMH Bhi.LJ.Cll.RlOTC.R_, KaK Ofihi'IHO, npoeK­

LI,HOHHhiMH onepaTopaMH, 06l.lla.R CTpyKTypa KOTOphiX HaH.D.CHa 

B pa6o1 C /\! ', C HX llOMOll\hlO, B 'laCTHOCTH, HCTPY.D.HO 

llOClpOHlh KHpanhH~C cynepnon.R /13/, KOlOp~e HCllpHBO­

.D.HMhl H IICpCHOC.RT, B 3aBHCHMOCTH OT KHpanbHOCTH, 

cynepcnHHhl j HnH- j, r)le j - 3Ha'ICHHC COOl BCTC I ByiO­

IQCro BHCIUHero CllHHa. Cyll\CCTBYCT, O.D.HaKo, 6onee Ilp.!!MOH 

PCQCWJ IIOCTpOCHH.R KHpanhH~X cynepnoneii H3 IIOllCH ,\ (x), 

uk (x). PaccMoTpHM cne.D.YIOlliHH ua6op "yce'leHHhiX" !i -
llOllHHOMOB: 

-- + 
;\ -+ ( x, il-+ ) ~ ;\ -+ (X (x. 0 + ) ) - 0 + , 1241 

.. -+ - + 
n- (x,ll+) ~ a (X- (x.O+ )) , 

k - k 
1251 

-± 
T".LJ.C ¢YHKQHH X 11 (X. ()-+ ) y.D.osneTaop.R!01 ¢YHKQHouanb-
HhiM ypaBHCHH.RM 

-+ - + 1- -+ -+ 
X 7/ (X . il + ) ' i ,\ c (X - ) 1 p 1-j :': :+ 4 ,\ c (X - ) )'II } ;, ,\ (X ) = X II . 

/261 
(' - + -1 - + 

(A ( X - ) ~ C ,\ ( X - ) ) 

11 



3TOT ua6op B03HHKaeT B pe3yDbTaTe o6pameHHH ~OpMynw 
1151. TaK :lKe, KaK 3TO c)J,enauo a IlpuAoJKeHuu A .IJ.DH 
cynepnoneH 1211, 1221, MO:lKHO noKa3aTb, qTO nODHHOMW 
1241, 1251 npeo6pa3yiDTCH no DHHeHHOMY 3aKOHY 1141 H 
TeM caMWM o6pa3yiDT y.IJ.o6uwH: 6a3HC .IJ.DH nocTpoeHHH 

KHpanLuwx cynepnoneH:. B IlpuAoJICeHuu E npuse)J,eH 
HBHWH BH)J, npOCTeHWHX CKaDHpHWX cynepMYDbTHnneTOB, 
nocTpOeHHWX H3 A (x) H ero npOH3BO)J,HWX nepeMHO:lKe­

HHeM 0 -nODHHOMOB 1241. 
3)J.eCb yMeCTHO O)J,HO 3aMeqaHHe. 3yMHHO B )J,OKDa)J,e isj 

yKa3aD Ha cymecTBOBaHHe HeDHHeHHOH peaDH3aUHH C roM­
CTOYHOBCKHM CnHHOpOM X (x) , npeo6pa3yiDLQHMCH no He­

CTaH)J.apTHOMY 3aKOHY * 
1 -

8x(x) =£ + 2i<y
11 

x(x) a11x(x) + 

1271 

1 - 11 
+-<y y x(x)y a x(x) 

2i 5 11 5 

H OTMeTHD, qTO HMeHHO H3 CnHHOpOB X(X) y)J.aeTCH no­

CTpOHTb cKanHpuwH: cynepMyDLTHnneT. Hawe 3aMeqauue 
cocTOHT B TOM, qTo uenuueH:uaH peanu3aUHH 127 I CBH3aua 
C KaHOHHqeCKOH peaDH3aUHeH 121 3KBHBaneHTHOH 3aMeHOH 
CllHHOpa X(X) ll0)J.06HO TOMy, KaK B KHpaDbHOH )J,HHaMHKe /10/ 
CBJI3aHw pa3nuquwe uenuueH:uwe peanu3aUHH .IJ.DJI nuouos. 

ll03TOMY nw6aH DHHeHHO npeo6pa3yiDmaHCH ~yHKUHH llODH 
x (x) MO:lKeT 6WTL nocTpoeua uenocpe.IJ.CTBeHHO H3 cnu­
uopa A (x) H ero npoH3BO.IJ.HWX O.IJ.HHM H3 o6mux MeTO.IJ.OB, 
onHCaHHWX B 3TOM pa3)J,ene. 3KBHBaneHTHaH CBH3b Me:lK.IJ.Y 

cnuuopaMH x (x) H A ( x) 3a)J,aeTCH ypasueHHHMH 

* HuTepecHLIM csoH:cTBOM peanu3aUHH 127 I HBDHeTcH 
ee npHBO)J,HMOCTb B TOM CMWCDe, qTO DeBaR H npaBaH KOM­
noHeHTW CllHHOpa X(X) npeo6pa3ylOTCH He3aBHCHMO: 

- 11 
ox + = < + - i£ y X + a X + • - - 11 - -

12 

1 + i. Y5 - 1- i Y5_ + 
x(x)= 2 --A(Z (x,,\))+-

2 
A.(Z (x,,\)), /28/ 

+ 1-c + ± 
Z ~ ( x, A) ± 4 ,\ ( Z- ) y

11 
y 

5 
A (Z ) = X l1 /29/ 

Ia OTDHqHe OT 3KBHBaneHTHWX 3aMeH )J.DH llHOHOB CBJI3b 
/28/ BKnwqaeT npoH3BO.IJ.Hble nonH A (x) /. MeTO.IJ.OM, 
auanoruqHblM ucnonb30BaHHOMY B Ilpu.~wJKeHuu A, MO>KHO 
nposepHTb, qTo .IJ.DJI cnuuopa X (x). onpe.IJ.eneuuoro ~opMynoH: 
1281, npeo6pa3osauue /2/ nonH ,\(x) HH.IJ.YUHpyeT npe­
o6pa3osauue /27 I. Cnuuop x (x) JIBDJieTCJI MaH:opaHOBCKHM. 
B 3TOM ueTPY.IJ.HO y6e.IJ.HTLCJI, npHHJIB so BHHMaHHe npasuno 

KOMnneKCHOrO conpH:lKeHHJI 

(Z ± )t :Z + 
11 11 

KOTOpoe CDe)J,yeT H3 BH)J,a ypaBHeHHH /29/. 

3. llpH nocTpoeHHH DHHeHHblX npe)J,CTaBDeHHH H3 noneH 

HeDHHeHHOH peaDH3aUHH B o6blqHblX CHMMeTpHJIX HCnODb-
3yeTCH PH.D. o6mux TeopeM, BblBe.IJ.eHHblX KoynMeHOM, Bee­
coM H 3yMHHo171 . Bee 3TH TeopeMLI .IJ.OnycKaiDT o6o6meuue 

ua cnyqaH: cynepcHMMeTpHH. 
0)J.Ha H3 HHX onpe)J,enHeT Knacc npe)J,CTaBneHHH )J,aHHOH 

rpynnbl, KOTOpble MO>KHO noCTpOHTb Ha OCHOBe Ha6opa 
a -noneH:, npuua)J,ne:lKamux K ~HKcuposaHHOMY npe.IJ.cTasne­
HHID R no)J,rpynnbl CTa6HDbHOCTH. 3TOT KDaCC HKDIDqaeT 
TODbKO Te npe)J,CTaBneHHJI, KOTOpble CO,Aep>KaT R npH pe­
.IJ.YKUHH no no.IJ.rpynne cTa6HDLHOCTH. Ecnu R sxo;:J;HT B ue­
KOTopoe npe.IJ.CTasneuue m pa3, TO cymecTsyeT m ue3asu­
CHMblX cnoco6os nocTpoeHHH nocne)J,uero. qTo6bl nposepHTL, 
qTo auanoruquble yTsep>K.IJ.eHHJI cnpase.IJ.DHBW H ;:J;DH cynep­
CHMMeTpHH, He06XO)J,HMO npoaHaDH3HpOBaTb o6mee COOT­
HOWeHHe /191. 0TBDeKaHCb OT CllOC06a, KOTOpbiM /19/ 
6blno nonyqeuo, 3aMeqaeM, qTo nw6oH: nopeuues MYDLTHnneT 
a -noneH: B npasoH: qacTH ypasHeHHJI /19/ MO:lKHO nono>KMTL 
paBHblM HyDID, He HapyWHB 3THM TpaHC~OpMaUHOHHbiX 
CBOHCTB cynepnODJI <Ilk (x,O) B neBOH qaCTH /TaKHe yc­
DOBHH npHBO)J,JIT K KOBapHaHTHbiM COOTHOWeHHJIM Me>K;:J;y 
KOMnOHeHTaMH <IJk(x,O), nO)J.06HblM YCDOBHID a 2 +rr 2-1 B 
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KHpanhHOH ,nuHaMHKe * 1. TaKHM o6pa3oM, npuxo,nuM KBLJ­

Bo,ny, l.JTO cynepnone <J>k(X ,()) MO)I(eT 6h1Th BOCCTaHOB­

neHO IHenHHeHHol Ha OCHOBe no KpaHHeH Mepe O,I(HOrO 

HenpuBo,nuMoro no rpynne JlopeHu;a Ha6opa a - noneH:. He-

06XO,I(HMO TOllhKO, 1.JT06hl TaKOH )l(e nopeHI.J;eB MYllhTHnneT 

co,nep)l(ancJJ cpe,nu KoMnoHeHT <P k (x, () ). .HcHo, 'ITO ecnH 

3TOT MYllhTHnneT BCTpel.JaeTCJJ B <Ilk (x, ()) HeCKOllhKO 
pa3, TO Cyii.J;eCTByeT CTOllhKO )l(e He3KBHBaneHTHhJX cynep­

noneH <J>k (X,()), nocTpOeHHhlX C noMOII.J;hiO O,I(HOrO H TOrO 
)l(e H,a6opa a - noneH: H o6na,naiOII.J;Hx o,nuHaKOBhiMH TpaHc­

<iJopMaUHOHHhiMH CBOHCTBaMH. HanpHMep, HMeJJ cKanJJp 

a (X), MO)I(HO o6pa30BaTh TPH 06II.J;HX CKanJJpHhiX cynepno­

nJJ: 

1 - 2 :: - -<P (x,O)=a(x,O), <P (x,())=A(x,O)A(x,ft)a(x,O), 

<1> 3 (x '0) = [A (X 'f1) A (x '0 )] 2 a (x ,0) 

B COOTBeTCTBHH C l.JHCllOM CKanJJpHhiX KOMnOHeHT B TaKOM 

cynepnone. Ha ocHoBe nceB,nocKanJJpHoro nonJJ a 5 (x) B03-

MO)I(HO nocTpoeHHe TOnhKO o,nHoro cKanJJpHoro cynepnonJJ: 

<P (x 'e) .. A (X 'e) y 5 A (X 'e) a 5 (x) ' 

'ITO CHOBa HaXO,I(HTCJJ B cornaCHH C 06Cy)l(,naeMOH Teope­

MOH, noCKOllhKY no,nrpynna CTa6HnhHOCTH HenHHeHHOH pea­

llH3ai.J;HH cynepCHMMeTpHH BKniOl.JaeT, HapJJ,ny C C06CTBeH­

HhJMH npeo6pa30BaHHJJMH JlopeHI.J;a, TaK)I(e H OTpa)l(eHHJJ npo­

CTpaHCTBa-BpeMeHH * *. 
JlerKO npoBepJJIOTCJJ H OCTallhHhle TeopeMhl CTaThH /7 I . 

B Kal.JeCTBe npHMepa paCCMOTpHM Ty H3 HHX, cornaCHO 

* llo,npooHee o6cy)l(,neHHe aHanorHl.JHhlx ycnoBHH B cny­
qae npOH3BOllhHOH BHyTpeHHeH CHMMeTpHH MO)I(HO HaUTH 
B pa6oTe !111. 

** HanoMHHM, 'ITO nyaHKape -TpaHcnJJUHH npHHa,nne)l(aT 
$aKTop-npOCTpaHCTBy, npHl.JeM KOOp,I(HHaTa X~ HrpaeT 
ponh ron,ncTOYHOBCKoro nonJJ, CBJJ3aHHoro c reHepaTopoM 
p/5/ 
~ . 
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KOTOPOH H3 O,I(HHX ron,I(CTOYHOBCKHX noneH l6e3 HCnOllh30-

BaHHJJ HX npOH3BO,I(HhlXI MO)I(HO nocTpOHTL TOllhKO TaKHe 
npe,ncTaBneHHJJ ,naHHOH rpynnhl, KOTOphle co,nep)l(aT HHBa­

pHaHThl no,nrpynnhl CTa6HllLHOCTH. I3Ta TeopeMa JJBnJJeTCJJ 
B ,neH:cTBHTenLHOCTH cne,ncTBHeM paccMoTpeHHOH Bhlwe 17 I 1. 
B cnyqae cynepcHMMeTpHH c noMOIULIO o,nHHX noneH: A(x) 
Mhl B COCTOJJHHH nOCTpOHTL TOllLKO CKanJJpHoe, nCeB,nOCKa­

llJJpHOe, cnHHOpHoe H nceB,noBeKTOpHoe cynepnonJJ lnepeM­

HO)I(aJJ 6a3HCHhle cnHHOpHhle cynepnonJJ 1211 H y'IHThlBaJJ 

HX rpaccMaHoB H Ma:B:opaHOBCKHB xapaKTepl. Ho TonLKO 

3TH cynepnonJJ H BKniOl.JaiOT CKanJJpHhle KOMnOHeHTLI. lf3 

3Toro JJcHa cnpaBe,nnHBOCTL o6cy)I(J¥~,eMo:B: TeopeMhl. Cne­

UH$Hl.JeCKaJJ 'lepTa Cllyl.JaJJ cynepCHMMeTpHH COCTOHT B TOM, 

'ITO cynepnonJJ, nocTpoeHHhle TaKHM cnoco6oM, XOTJJ H Ha­

l.JHHaiOTCJJ C l.JlleHOB 6e3 npOH3BO,I(HhlX, TeM He MeHee C He-

06XO,I(HMOCTLIO co,nep)l(a T npOH3BO,I(Hhle nonJJ A ( x) B no-

cne,nyiOII.J;HX l.JneHax. KoHel.JHO, coBepwaJJ 3aMeHy x --. - ~ --. X~ ( x , () ) B KOBapHaHTHhlX npoH3BO.I(HhlX v P A ( x ), MO)I(HO 

nonyl.JHTL cynepnonJJ H 6onee BLICOKHX BHeWHHX CllHHOB, HO 
BCe OHH 6y,nyT Hal.JHHaTLCJJ C npOH3BO,I(HhlX nonJJ A (X). 

Pe3ynLTaThl, nonyl.JeHHhle B pa3,nenax I I, I I I, ,no­

nycKaiOT npJJMoe pacwHpeHHe Ha cynepcHMMeTpHH, 6onee 

CllO)I(Hhle, l.JeM CTaH,napTHaJJ. )J,eBCTBHTeJihHO, ,I(JIJJ TOrO, 

1.JT06hl onpe.nenHTL oTo6pa)l(eHHe THna I 41, I 19 I, .nocTa­

TOl.JHO 3HaTL, KaK ,naHHaJJ cynepCHMMeTpHJJ peaJIH3yeTCJJ 

B COOTBeTCTBYIOII.J;eM cynepnpocTpaHCTBe. KaK TOJILKO TaKaJJ 

peanH3au;HJJ Ha:B:,neHa, pacii.J;enneHHoe npe,ncTaBneHHe ,nnJJ 

npOH3BOJILHOrO cynepnOJIJJ ,I(OCTHraeTCJJ nO,I(CTaHOBKOB ron,n­

CTOYHOBCKOro <iJepMHOHa COOTBeTCTBYIOII.J;eB HeJIHHeBHOB pea­

JIH3ai.J;HH IB3JJTOrO CO 3HaKOM MHHYCI B npeo6pa30BaHHOe 

cynepnone BMecTo cnHHopHoro napaMeTpa. 06paii.J;aJJ nony­

l.JeHHhle COOTHOWeHHJJ, MO)I(HO BLIBeCTH 06II.J;He anropHTMhl 

,I(JIJJ noCTpOeHHJJ JIHHeBHhlX npe,ncTaBJieHHB ,naHHOB cynep­

rpynnhl B TepMHHaX HeJIHHeBHOB peaJIH3ai.J;HH. bhlJIO 6hl 

HHTepeCHO, HCllOJIL3YJJ yKa3aHHYIO npou;e,nypy, HaBTH CBJJ3L 

nHHeBHOB H HeJIHHeBHOB peanH3ai.J;HB rpa,nyHpOBaHHOB rpyn­

nhl 0Sp(1,4/ 12
•131 ,KOTOpaJJ, no-BH,I(HMOMY, HrpaeT Ba)I(HYIO 

ponL B cyneprpaBHTau;HH 114 •151 

15 



IV. 3AKJIJOIJEHHE 

B 3Toii pa6oTe MW orpaHB'IHnucL pacc:woTpeHueM l!>op­
:wa.n:J.HWX, TeopeTBKO- rpynnOBWX acneKTOB COOTHOWeHBJI 
Me)KJJ.Y cynepnoneohlM no.IJ.XOJJ.OM B HenuHeiiHoii peanu3au.ueH: 
BonKooa- AKynooa. B cne.D.YIOIIJ,HX ny6nuKaUHJIX Mbl o6cy)l.HM, 
KaK 3TO B3aHMOCBJI3b npO.IIBn.lleT ce6.11 Ha ypOBHe narpaH­
)I(BaHOB CO cnOHTaHHO HapyweHHOH cynepCHMMeTpHeH.MO)K­
HO O)KH)l.aTb, 'ITO 061IJ,Be 3aKOHOMepHOCTH H l!>opMynbl, Haii­
)l.eHHble B HaCTOJIIIJ,eH pa6oTe, OKa)KyTCJI none3Hb1MB npH 
nOCTpOeHBH cynepnOBeBOH l!>opMynHpOBKB CnOHTaHHO Hapy­
WeHHOH cyneprpaBBTaQMB B, B 'laCTHOCTB, npBBe)l.yT K cynep­
noneBOMY onucaHBIO cynepcBMMeTpH'IHOro 34>li>eKTa Xurrca, 
KOTOpbl:ii )l.O CBX nop 06Cy)K)l.anCJI TOnhKO B pa:r..t:KaX HenHHe:ii­

HOH peanu3auuu115 •161 . 

Mw rny6oKo npB3HaTenJ.Hbl B.lf.OrueseuKoMy 3a BH­
Tepec K pa6oTe B KOHCTpyKTBBHble 3aMe'laHBJI. HaM npB.IITHO 
no6naroJJ.apBTL 3.C.CoKa'leBa B li.M.3ynHBKa 3a none3Hble 

06Cy)K)l.eHBJI. 

IIPHJIO)J(EHHE A 

- Mbi noKa)KeM 3)l.eCJ., 'ITO e -nonBHOMbl ak (x. e) B 
..\a(x .e), onpeJJ.eneHHwe l!>opMynaMB 1211, 1221, npeo6pa-

3YIOTCJI nuueiiHo npu npeo6pa3oBaHBB none:ii ..\a (x) , a k ( x ) 
no HenBHeHHbiM 3aKOHaM 121, 131. ,l].oKa3aTenLCTBO O)l.BHa­
KOBO )l.JIJI ak (x .e) B AJx.e). no3TOMY )l.OCTaTO'IHO npo­
BeCTB ero, HanpuMep, JJ.JI.II Aa(x.e). 

qT06bl HaHTB_ nonHOe BHtBHBTe3BManLHOe npeo6pa3o­
BaHBe nonuHoMa ,\a(x,e) '"'..\a(X(x.e)) - ea npu l!>uKcu­
posaHHbiX apryMeHTaX X, e, He06XO)l.BMO nOCTynBTb cne­
Jl.YIOIIJ,BM o6pa30M: npgsapJ.BpOBaTb li>YHKUBIO Aa(X (X ,e)) 
npB li>BKCBpOBaHHOM..., X/l no 3aKOHY 121 H, KpOMe TOrO, 
y'leCTb B3MeHeHBe X (x. e) 3a C'leT HenBHeiiHoro C)l.BBra 
non.ll A (x) : ll 

(! 

BAa (x .e)= H~(y .\(X) ' ~ ,\ (X)+8X ~i\ (X). 
- 21 Jl a All a ll axil a I A.ll 

r)l.e 8 xll YJJ.OBneTBOpJieT ypasHeHBIO 

16 

P 1 a -- - 1 ca - -. -- i\(X)y e)ax ., -. fY e + 
ll 21 ax. ll P 2 1 ll 

p 

+.L"A()7)y f. 4:-"X(X)y e. 
4 P ax ll 

p 

IA.2/ 

KOTopoe npeJJ.CTaBnJieT co6o:ii pe3yJILTaT sapLuposaHBJI ypas­
HeHBJI 1201. 3aMe'laJI, 'ITO 

a ax a ll ...L a -- :l ---;:- ... ..:._:;jL ~ -[8{3- . -=-A(X)y e]-lL-, 
aX iJX aXP 21 aX f3 axr:~ 

ll 11 11 tJ 

IA.31 

u noJJ.cTaBJIJIJI I A.2l, I A.31 s I A.ll, uaxo.D.BM 

- 1 a- 1 a-
8,\ (x.e)z H---i"y ,\(X) -a-,\ (X)+-2.-fY e ~,\(X). IA.41 

a 2i 11 xl1 a 1 11. xl1 a 

lfcnonL3Y.II cooTHoweHue 1231, MO)KHO 3anuca Tb I A.41 
B BB)l.e 

- -a ...L a-o..\ (x.e)--f [-=- -2. (y e)-..:-::-x ],\ (x.e). 
a ae 1 11 ax a 

11 
IA.51 

qTo cosna)l.aeT co cTaHJJ.apTHbiM npeo6pa3osaHBeM cynep­
nonJI. 

IIPHJIO)I(EHHE li 

IlpOCTeHWBMB KHpanbHbiMB "yce'leHHbiMB " cynepnonH­
MB, KOTOp~e MO:>JCHO noCTpOBTb B3 6 - nonBHOMOB 1241, 
JIBn.IIIOTCJI CKanJipHwe cynepnonJI: 

± =c - -c- ± -± s (x,e±)-..\±(x,e±)A±(x,e±}"'A±(X )A±(X )- lli.ll 

- ·- + -
- 2 e ± ..\ ± ex -) + e ± e ± . 

B Ka'leCTBe npuMepa ownuweM JIBHYIO CTPYKTYPY KoMnoHeHT 
+ cynepnonJI S (x , e + ) B TepMBHaX A. (X) B ero npOB3-

BO)l.HbiX. qT06bl C)l.eJiaTb 3anBCb 6onee KOMnaKTHOH, YJJ.OOHO 
nepe:iiTB K cnBHOpy W (x): . 

w(x)-..\(Z+ (x ,,\))• 

17 



r)l,e Z~ (X,,\) onpe)l.eneHa O)l,HHM H3 ypaBHeHHH /29/. 
B TepMHHax w (x) HMeeM: 

A ex + ) - w ex + ), 

.x: +iwccx+ )yiL e+ ~ xiL 
/R.2/ 

Pa3naraJI o6e CTOpOHhl COOTHOWeHHJI /f'>.l/ C yqeTOM 

ypaBHeHHH /f'> .2/, )l.nJI KOMDOHeHT cynepnonJI 8+ (X, () + ) 
HaXO)l,HM: 

1 +iy 
A (x) ~ "C:J c (x) 5 w ( x), 

+ 2 

i IL 1+iy t/J (x)--(1+iy )w(x)+ -(1 +iy )(y w )a (we __ 5_w ), 
+ 5 2 51-i 2 

1+iy IL 1 1-iy p 
F (x)-2-iwcy 5 a (r) +-wcy y -2lia (r) X 
+ IL2 2 PIL2 

X aIL ( - c 1 + i Y5 
(r)-

2 
1 1-iy 1 . 

) + _- c 5 o(-c _:.2.L ) 
(r) 4 (r) 2 (r) (r) 2 (r) • 

/R.3/ 
Hcnonb3YJI cynepTpaHc$opMaUHOHHLie cao:HcTaa cnHHopa w(x): 

1 -
8w(x)- H2jfYIL (1-iy5 )w(x)CJILw(x), 

Mhl Henocpe)l,CTBeHHO y6e)l.HnHCb,qTo $yHKUHH /f'>.3/ )l,eH­

CTBHTenbHO o6pa3yiOT neBOCTOpOHHHH CKanJipHLIH cynep­

MynbTHDneT. 3aMeTHM, qTQ KOMDOHeHThl CynepnonJI 8-(x,(J ) 
nonyqaiOTCJI H3 /f'>.3/ KOMnneKCHLIM CODpJI>KeHHeM. -
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