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§ 1, B a e a e H He 

KoH~OpMHBH HHBapHaHTHOCTb ypasHeHHH MaKcsenna, ypaBHeHHH llHpaKa 

C M8CCOH m = 0 H B006IUe BCeX ypaBHeHH!!, OllHCblBB!OlUHX CB060aHbte '18CTH -

Ubl C M8CCO!! maO H CllHHOM s, yCT8HOBneHa aaBHo/1,2 , 3 ,4/ , C .TeX nop 

KOH~OpMH8H Ppynna llOCTOHHHO npHBneKaeT K ce6e BHHM8HHe MHOPHX 8BTO-

pos, 3To npocTaH Ppynna p ·aHPa 3 . 0Ha H30MO~Ha15,6/ ppynne spameHH!! 

UleCTHMepHOPO npOCTp8HCTB8 0(4,2) C HHB8pH8HTHOlt KBBapaTH'IHOl! ~OpMO!!: 

2 ( 1) 
+ - X 

AnPe6pa Ppynnbt 0(4,2) OTHOCHTCH K THny A3"' 03, H 'IHCflO KOMMy

THpy!OIUHX onepaTOpOB, onpeaenH!OlUHX ee 6a3HCHbte ~YHKUHH, p8BHO g/6/, 

!13 HHX TpH HBflHIOTCH onep8TOp8MH Ka3HMHp8 0(4,2) H Bblp8>K810TCH qepe3 

PeHepaTOpbl BpaiUeHHl! UleC THMepHOPO npOCTp8 HCTB8 J a{3 cneay!OIUHM 06pa -

30M/7 / : 

c 
( 

c • ..L, J J J 
ll 48 af3y8w( af3 y8 w( 

c 
Ill 

3 
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rue a ,{3 ,.,, i 1 .. 1 ,2, ,, 6 , 

J(l, 2 • 3 • 4 ) • JI2J84 -JI8J 24 + J23 Jl4' 

Co6cTBe HHble 3Ha'leHIHI e 1 , e 11 , e m unR Ka*noro HenpnaounMoro npen-

CTBBneHHH r pynnbl 0 ( 4, 2), KBK H unH H8Kpb1B810uteii ee rpynnhl SU(2,2)1 MO*HO 

onpeuenHTb nouo6HO C06CTBeHHbiM 3 HB'IeHHHM HHB8pH8HTOB rpynnbl 0(6) H ee 

H8Kpb1B810uteR SU(4) Ha6opoM Tpex 'IHCen m I , m 2 , m 3 /
7

/ 

e = m ( m +4) + m ( m +2) + m 
I I I 2 2 

e = ( m + 2)(m +l lm 
II I 2 3 

e . (m +2) 2 (m +ll
2

+(m +2l
2

m
2

+(m +I f m--e - 4 
Ill I 2 I 8 2 3 

m a 0, }_ ,I 
2 

3 
2''' 

(3) 

lJncna m I , m 
3 

= 0,1 / 2,1 ••• unR KOHe'IHOMepHblX npeuCTBBIJeHHii; OHH MOryT 

6b1Tb MHHMblMH H HMeTb He n pepblBHbli! c neKTp B cnyq ae 6eCKO He'IHOMe pHbiX, 

OcTanbHbte ·a onepaTopoB MO*HO Bbt6paTb cneuyJOutHM o6pa3oM : P 
2
•m 

2 
, 

2 ... 2 ... 2 ...... 
W•m s ( s +l l - UBB HHB8pH8HT8 rpynnhl nyaHK a pe P (3 ,I),M - L ,(ML) 

-U B8 HHB8pR8HT8 OuHOpOUHOH rpynllbl nopeHUB L(3,1) , 
.. 2 

M - OUHH HHB8pH8HT 

rpynnhi apaUJeHHii 0(3) H 

nnOCKOCTH 0 (2) , 

M 
8 

- OUHH HHB8pH8HT r pynnhl BpaUJeHHH HB 

Hac HHTepecyeT, KBKHM npeuCTBBneHHHM rpyllllbl 0(4,2) COOTBeTCTBYJOT 

HellpHBOUHMbie npeuCTBBneHHR rpynnhi nya HKape, OnHCb1B810UlHe 'IBCTHUbl' C MBC -

COfi m a 0 H CO c nHHOM s , .llnR cny'IBR !jlOTOH8 3TO 03H8'!8eT 1 'ITO Mbl HHTe -

pecyeMcR , KBKHe HMeHHO npencTaaneHRR rpynnhl 0(4, 2 l 

HHRMR ypaaHeHHil MaKcBenna. 

peanH3YJOTCR peUJe -

B § 2 nonyqeHbl HHQJHHHTe3HManbHble reHepaTopbl KOHQJOpMHOlf rpynnhl 

B KOOpuHHBTHOM ( y) npocTpBHCTBe, Bbi'IHCneHbl onepaTopbl K a3HMHpa e I • e ll. 

e IJ[) HBiiueHb l 'IHCIJB m 
2 

, m 
3 1 COOT BeTCTBYJOutHe onpeueneHHOMY Bbi6opy 

3 H8'1eHHH CnHH8 5 
' 

4 

--
B § 3 nocTpoeHbl 6a3HCHble Q>yHKUHH rpynnbl 0(4,2) B npenc1 

nnaroHanhHOM no rpynne nyaHKape H no onHoponHoR rpynne nope 

3 TOM paCCMOTpeH BOnpoc 0 C BR3H npeucTaBneHHi! 3TH X rpynn H nt 

QJYHKUHH 0 RBnRIOutHecg npeuCTBBneHHeM rpy nnbl nyaHKape ung '18C'l 

coil m = 0 H CnHHOM s H B TO *e BpeMg RBnR IOUlHeCR npeuCTc 

OUHOpDUHOH rpy nnb i nopeHu a , B KOTOpoi! HeT nOHRTHR CIIH H8, 3TH 

Q>yHKUHH peanH3YIOTCR B npocTpaHCTBe, KOTopoe npencTaBnReT coo• 

npOH3BeueHHe KOHyca Ha KOHe'IHOMepHoe CnHHOBOe npocTp8HCTB0
1 

aopRIOT 6e3MaccOBbiM ypa BHeHHRM BeRH6epra18,9/. 

B npHnoJKeHHH B KB'IeCTBe npHMepa paccMoTpeHbl ypaBHeHHR 

ra H QJyHKUHH 1 RBnRIOutHecg H X peUJeHHeM , unR c n y q a g QJOTOH8 s "" 

§ 2. feHepaTOpbl H HHB8pH8HTbl KOHQJOpMHOH rpynnbi 

nepei!neM OT KOOpuHHBT X QJOpMynbi ( 1) K KOOpuHH8T8M I 

xp. 
1 

_ _2,( y 2 +L 2y 2)ax -y = • y 5 - . p. (X + x ) (x5 + x6) y 6 5 
5 6 5 

T a K KBK M bl CTpOHM npeucTaaneHHe KOHQJOpMHOli rpynnbi
1 

UHBT 

110 rpynne nyaHK8pe, Bbi6epeM reHepaTOpbl CUBHra P p. H 4-x Bp 

M p. v B npocTpa HCTBe MHHKOBCKoro B o 6bi'IHOM unH 3ToR rpynnbi 

S p.v 

coli 

p 
p. 

M • ..!..( g ' 
/1V i p.p. 

a -.--
i!Yp. 

a 
y . --

p. ar., g , y • 
w " 

2) 
ar 

p. 

+ s 
/1V 

- cnHHOBBR 'IBCTb MOMeHT8 KOIJH'IeCTB8 UBHlKeHHR; g 
11 

• g 
22

• 

.llanee llpHMeM/4/ 1 'ITO CnHHOp 'P(y), OnHCbiBBJOUlHH 'IBC T HUJ 

m•O H CnHHOM S, npH rrpeo6pa30BBHHRX rrono6HR 

D[y]•ay 

nepexouHT B 

D [ 'P ( y l] = a -o-l 'I' ( -I 
a y 

5 



)I'O aenpHBOt:IHMoro npea

e rpyDDbl SU(2,2)1 MO)KHO 

aTOB rpynnbi 0 (6) H ee 

171 

(3) 

- C -4 

OCTaBneHHil ; OHJ.l MOI'YT 

rae 5eCKOHe'!H OMepHbiX. 

"JOWJ.!M o5pa30M:P
2
•m

2 
• 

)e p ( 3 , 1 ) , ~ 2 -L 2 
, ( M L l 

) ' 
.. 2 
M - Ot:IJ.!H J.!HBapHaHT 

)yDITbl BpaweaHII Ha 

Obi 0 (4,2) COOTBeTCTBYJOT 

CbiBaJOWJ.le qaCTJ.!Ubt- C MaC -

0 3Ha'!a eT, 'ITO Mbl J.!HTe-

., 2) peanH3YJOTcg pewe -

~ KOH¢OpMHOil rpynnhl 

·paTopbr K a3HMHpa C 1 • c n • 

)eaeneaaoMy aw5opy 

B §3 nocTpoeHbi 5a3HCHbie ¢YHKUHH rpynnbr 0(4,2) B npeacTaaneHHH, 

t:IHaroHaDbHOM no rpynrre nyaHKape H no Ot:IHOpOt:IHOil rpynrre nopenua. npH 

3TOM paCCMOTpeH BOnpoc 0 CBg3H npeacTaBneHHil 3THX rpynn H nonyqeHw 

¢yHKUHH, gangJOWHeCSI npeacTaBneHHeM rpyniTbl nyaHKape ang '!aCTHUbl C MaC-

COH m ~ 0 H CITHHOM S 

Ot:IHOpOt:IHOil rpyiTDbl nopeHua, B KOTOpOil HeT DOHgTHg CDHHa , 3TH 6a3HCHbie 

¢YHKUHH peanH3yJOTcg a rrpocTpancTae, KOTopoe rrpeacTaBnHeT co5oll npgMoe 

npOH3BeaenHe KOHyca Ha KOHe'!HOMepHOe CnHHOBOe DpOCTpaHCTBO, H Yt:IOBDeT

BOpS!JOT 6e3MaccoBbiM ypaaaeHHHM Belln6epra18,9/, 

B npHDO)KeHHH B Ka'!eCTBe npHMepa paccMOTpeHbi ypaanenHg Belin6ep

ra H ¢yHKUHH, gangJOWHecg HX pewenHeM, ang cny'!aH ¢oToHa s ~ I. 

§ 2, feHepaTOpb! H HHBapHaHTbl KOH¢OpMHOil rpyiTIThl 

nepei!aeM OT KOOpt:IHHaT X ¢opMynhr (I) K KOOpt:IHHaTaM y f1 ,y 6 I 

X 

(4) f1 
-...!.( y 2 +L2 y 2lax -y ' y 6 X 6 • f1 (x +x ) (x 6 + x6 y 6 6 

6 6 6 

TaK KaK Mbi cTpoHM npeacTaanenHe Kon!j>opMnoll rpynrrbr, t:IHaronanbaoe 

no rpyrrrre nyaHKape, Bbi5epeM reHepaTOpbl Ct:IBHI'a pfl H 4-x apawenall 

M 
fl" 

S f1V 

B npOCTpaHCTBe MHHKOBCKOI'O B 06bi'IHOM ang 3TO!l rpyniTbl BHAe: 

p 
f1 

M -~(g ' 
/)J.I I f1f1 

a -.--
(lyfl 

y • ...]_ 

f1 ar., 
g , y • 

"" " 
{5) 

- CDHHOBaSI '!aCTb MOMeHTa KODH'IeCTBa t:IBHlKeHHSI; g II •g 
22

• g
88

• - g
44

•1 , 

llanee ITpHMeM/4/, 'ITO CITHHOp 'f'(y) • OnHCblBaJOIUHil '!aCTHUy C Mac-

coil m • 0 H CITHHOM S, rrpH npeo6paaoaanHgx rroao6Hg 

D[y]•ay 

nepexoaHT B 

D [ 'I' ( y ) ] • a -•-I 'P ( -I 
a y ( 6) 
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H IlpH HHHepCH H 

T(y]- 2 +v 
y ' 

nepe xonHT s 

T ( · 'i'( yl ] = A(yl 'l' (T -I (y] l. 
(7) 

3necb 

A(y) ~ 2 2 y y l1 r.:\ . 
( y + y L 2 ) 2 a + 1 l1 \1Y , , , (></ y y a • 

5 

2s '!IIe HOB 

npH C06CTBeHHO-KOH!jlOpMHbiX npeo6pa30B8 HHSIX 

K[y] : TPT[y]-
11 11 

y + a (y 2 + y 2 L 2 ) 
11 11 5 

(8) 

( 1 + 2 a y 
2 2 2 2 

+a (y +Ly
5

ll 

CfiHHOp ~(y) npeo6paayeTCSI B ( 9) 

2 • 2 2 "" .,.,. Y -a (y2+L2y5a, 
K['l'(y)]a(l-2ay+a (y"+y L ))(1-yalfg'<l-ay )~ •• ~( 11 11 ), 

5 I Y" I l-2a y +a2(y2+L2y2J 
5 

2s -'lneHoB 

np11 9TOM Mbi BOCfiOflb30B8 fiiiCb TeM, 'ITO 

K(y ) :TPT[ y ), 
11 11 

rae T - HHBepCHSI, P - CUBHr: 

P[y )a y +a 
11 11 11 

}5 reHepaTOpOB KOH!jlopMHOH rpyllflbi B KOOpUHHBTHOM npencTaBneHHH 

6ynyT RMeTb sun: 

p --11 i 

a 
a r 11 

I a 
M • -:- ( g 1Y 1 -

11" ' I'll 11 a r 
II 

a 
- l+S ar 11" 

11 

- g , y i 
w v 

6 

ll = 

K 
I' 

-
a 

< r 11 a v 
' 11 

= .l.. (2 /l;.Y~ 
I 

a 
+ y -- +s +I) 

5 a r 
5 

a 
yp a 

yp 

a 
-+ + 2 c 11'r ~r 5 a r 

5 

2g ' ,y' , _ 
11 I'll 

- ( y 
2 

+ L3 y 2) _2._ + 2 iS y + 2 g ,y ,5 ) • 
a 11" " I'll 11 )'11 

0 6o::>Ha 'IHM speMeHHYIO 'IBCTb reHepaTopa 4-x spameHnii M 
0 

a npocTpaHCTBt!HHYIO 'lBC Tb - Yepea M = M OnepaTopbi K aaHMil 

meHHwe Yepea reHepaTopw p • M • L I • D • K 11 • CY Tb : 

3necb 

11 I 

c =M ... 2 -L 2 +~ < r 
I 2 11 

K 11 , + K r , l - o2 

... 
~-+ M -+ 

=- (LM)D +-(P. c 
II 2 

I' II-

... 
K

0
- K P

0 
) + 

L I [K X p ]I 
4 

c =-<t.V>
2 

+.l..!(PM)(KM >I -~1 <Mr - [PxLl><~iK -l~ 
Ill 2 2 0 0 

+ (LD+ l..! CPK -K Plll
2 - (~lD -....!.![K x P)I ) 2 

2 0 0 2 

{ABI=AB+IJA , 

2 noncTaBnSISI BbipameHHSI ( 10) B ( II) H )''IHT biBB SI, 'ITO p 0 - p 

nonyyaeM : 

c 
I 

c 
II 

2 a • 
y2 _.iL__ y ..i}_+ 2sy --+ 3s- - 3 

5 a2 5a 5 a 
y5 y5 y5 

i wap a 
~ --( s sa (s -l +y -- ) 

4 11V P 5 ar5 

2 

C =2s(s +l)(y
2
.JL_-y L + 2sy _j}_ + s 2 - 2 s l+s 2(s -t 

n I 5 ar 2 5 a r 5 a r 
5 5 5 

7 



2 L 2) 

• 
2 + L 2y 2)) 

• 

!HBTHOM npBJlCTaBnBHHH 

(7) 

(8) 

D = 

K =.L(2•',y', 
fl j p/1 /l/1 

a 
+ y -- +• +I) 

• a r 
5 

-----------~------

( 10) 

06o2HaqnM npBMBHHy~ qacTh reaepaTopa 4-x npaweanA M • L 
0 1 

a npocTpaHCTBt!HHY~ qacTb - qepea M _ M OnepaTopw KaanMnpa, nwpa-

)KBHHbiB qepea r e HepaTopbi P 
11

, M 
1 

, L 
1 

, D , K 
11 

, cyT& : 

c 

c 

3nec& 

g ' 
+~ 

2 
P /1 K 

11
, + K 

11 
Pj.L,) - D 2 

II 

... 
=-(LM)n +2L<"P. 

2 

... 
K

0
- K P0 ) + 

IABI : AB+BA. 

c 
II 

7 

4 ( II) 

p 2 - p ... 2 
0 = 0, 

( 12) 



f,lbr Bll u i!M , 'l T O 113 Tpex OrlepaTO pOB C
1 

, e
11 

, e t!t H€ 3 a BI1 C I1 Mb! M SIBliSI-

e TCSI O.U11H , HanpHMep, C 11 > a e H e 
!It 

BbtpaJKaroT CSI 'lepe3 He r o : 

e 
r 

2 
e ll 

2 2 
+ 2 s (s +1 l -4 

s ( s + 1) 

e ~ 2 s ( s + 1 )( 
!It 

2 
C II 2 

--- -ll+s ( s 
s 2 ( s +ll 2 

+1) 2 ' 

( 12) 

Torna H3 T pex '-{lfCe n m I' m 2 m 3 ' onpenel!SI!OW11X co6CTB€HH bte 3H8-

'l € HII SI e e e n oc p e n c T BO M <flopMyn (3), H€38BII CI!Mb!M MOlKHO 
r II !It 

C 'li!T8 Tb TOllbKO O.UHO 'II!C l!O, H8rlpHMep, m 1 ,a m 2 H m 3 ¢'HKCHpOB8Tb, 

npn 38.(18HHOH B€lllf'IHH€ CtlHH8 s OHH p a BHbt: 

npe.UC T 8BIIM 'IHCl!O m I 

It aae.aeM one paTop 

TaK KaK 

e 

m • s 
2 

m :a + s 
3 

a aune: 

m
1
aiq - 2 

m ( m +4) a-qa '+ 4 
I I 

Q -<y ~ 
a 

a r ~ 
+. - 1). 

II 

i _, 
4 

!DIAP 
s s \ Q 

11" "P 

It Cv6C TB€HHO€ 3 H8'1€HH€ e a iq m 
rr 

0 11"AP 
(m +1la-_.!_( S S, iq, 

2 4 11" "P 

8 

( 13) 

( 14) 

( 15) 

( 16) 

TO C06CTB€HHOe 3 H84€~1!SI OtlepaTOpa Q • = i q 0 

It q ' 

CoGc T ae HHbte 3Ha'leHHSI onepaTopos C 
1 

I! C m 

paBHb! : 

e e o- q 2 - 4 + 2 S ( S + 1 ) 
3H . I 

BbrpaJKeHHbte 

e.aH. eur =+2s(s + lll-q2_Jl+ s2 ( 5 +I) 2• 

3TO !jJaKTif'leCKH 03Ha'!aeT , 'ITO Bbt6paHHOe HaMil tl p€.(1C T aBl!€ H11 

eTcH nsHJKeHueM TO'IK!f Ha wecTHMepHoi1 c!jlepe (I) . 

n ocMOTpHM Tenepb , '!€MY paBHb! OC TatOWH€CSI 6 6a31fCHbiX 

ilBa HHBapH 8 HT8 r p ytltl b ! nya HKape paBHb! H yllro , TaK KaK Mace 

nyn ro: 

p 2 = m 2= 0' W = rn 
2 s(, +ll=0. 

OnnaKo, KaK uaaec THo, a TaKOM cny<Jae aoaHHKaeT nononHHTen 

HHBBpHBHT , paBHWA C tlH p8JlbHOCTH '!aCTI!U W : 

( ~1 Pl 
>.. 

p 

naa onepaTopa Ka31!MHpa onHoponaoA rpy tltlbt !TopeHua HMeroT 

ll h!€ 3 Ha4€H IISI : 

2 4 2 
(M -L 

2 

1
1 

2 _ I l 
~- - p 
4 

2; <~1Ll r -; llP 

Ecnu npencTasneHHe npHHanneJKH T ocaosHoA cepaH , y HnTapHo H 

BO.UHMO , TO 11 - uenoe , p - aewecTBeH Hoe . B o6weM cny '!ae p - K 

n o , H npencTaaneHHe Heyn n T apHo . 

9 



-
, C Ill He38BJICHMbiM SIBn!i 

pa>t<8IOTCS! qepea Hero : 

( 12) 

~IOWII X C06CTBeHHble 3H8-

~), He38BIICIJMbiM MO}KHQ 

n 2 II m 3 ljli!KC11pOB8Tb, 

( 13) 

( 14) 

( 15) 

( 16) 

I 

TO co6cTseHHoe 3 Ha'te~Hst onepaTopa Q • = i q • 

Co6cTseHHbie 3Ha'teHMst onepaTopos C 
1 

M C 
111 

H q ' p8BIIbl ! 

c 
3 H, C I =- q 2 - 4 +2s(•+l) 

C = +_ 2 s ( s +I )(- q 2 _ I ) + s 2 ( s +I ) 
2
, 

Ill 

( 17) 
c.aH. 

3TO ¢aKTM'teCKM 03H8'18eT , 'ITO BW6paHHOe H8MH npencTasneHHe peanH3Y

eTCS! nsH>t<e HHeM TO'IKM Ha lllecTMMepHoii c¢epe ( I). 

nocMOTpHM Tenepb , 'teMy pasHbi ocTaiOLUHecst 6 6aa i!CHbiX onepaTopos. 

fl sa HHB8pM8HT8 rpynllbl nyaHKape paBHbl HyniO, TBK KBK M8CC§l p8BH8 

( 18) 

OnHaKo, KaK uasecTHo, a T8KOM cnyqae B03HMKaeT nononHMTenbHWii 

HHB8pH8HT , paBHWA CIIMpanbHOCTM 'i8CTHUW: 

( ~~ Pl 
A = 

p 
( 19 ) 

llaa onepaTopa KaauMupa onHoponHoii rpynnbl nopeHua nMeJOT co6c TseH-

Hbte 3Hat.teH HH! 

2 -· 2 
(M -1. 

( 20) 

E cn11 n pencTasneHMe npnHanne}KllT oCHOB HOii cepHH , y HMTapHo H HenpH-

BOllll M0 1 TO 11 - uenoe, p - aeLUeCTBeHHoe . B o6LUeM c nyqae p - KOMnneKc -

HO, H npencTaaneHne HeyHn TapHo , 

9 



~~ 

Co6 cTBeHHbte 3 Ha'!eHHSI HHBa pHaHTOB rpyrrrr 0(3) H 0(2) paBHbt: 

"M 2
1 -i<i+Ill 

M I=MI. 
3 

11TaK, H3 aeBSITH 6.a3HCHbiX orrepaTopoB rpyrrrrht 0( 4, 2) oc:ranocb 

meCTb, 3To 

."t~"t 2 .... 
Q

0
, >.. ,M L ,2i(ML), M •, M

3
• 

( 21) 

(22) 

Hallae M Terrepb 6a3HCHbte ljlyHKUHH, SIBnSIIDIUHecSI co6cTBeHHbiMH ljlyHKUH-

SIMH OllHOBpeMeHHO BCeX 3THX orrepaTOpOB, H IlOCMOTpHM IlpH 3TOM 1 K8KHe 

yCnOBHSI H8n8r810TCSI H8 BenH'IHHbl HX C06CTBeHHbiX 3H8'1eHHil, 

§2, Ea3HCHwe ljlyHKUHH 

OpencTaBHM y ~ B BH/le: 

f3 (23) 
y~ canst e 

Pema11 ypaBHeHHe Ha co6cTBeHHbte 3Ha'!eHHSI orrepaTopa Q 

a 
( -- + s -I ) I • ·i q I , 

(24) 

a{3 

BH/lHM, 'ITO 683HCHbie ljlyHKUHH MOJKHO rrpe/lCTBBHTb Cne/ly!OIUHM o6pa-

30M: 

(I-• +lq) f3 
=e 

<f>yHKUHSI 

HT orrpeaenHTb, 

J( p> 
'I' A •+• ,M (t:._) 

2 

J(p) 

'I' 
A-+ • 'M(.J!._ ) . 

2 

(25) 

yJKe He 38BHCHT OT {3 · · H ee BH/l rrpellCTO-

10 

--
TaK KSK ljlyHKUHSI llOnJKHa 6WTb TBKJKe 6a3HCHOR ~YHKUHE 

OyaHKape, OllHCbiB810UleH '18CTHUY C M8CCOi1 m = 0 H CnHHOM 5 , 

IlOCTpOHTb 3TY ljlyHK UHIO 8H8 nOrH'IHO TOMy , K8K 3TO nenanOCb B pat 

anSI M8CCbl mf. 0. E yneM paccMaTpHB8Tb cjlyHKUHH B npocTpBHCTBe, 

CSI IlpS!MbiM I1pOH3BelleHI!eM KOHyCa ( 8 He riirrep6onOHD8 1 KBK B/ 10 / 
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8 , 8 ,8 < P- P, 1; r • < l. 

i I Jl.Jl o 0 

§4. PeweHHll ypaBHeHHll Bel!H6epra 

C MBCCOl! m-0 

(60) 

s/9/ li0K838HO, 'ITO 6e3MaCCOBb!e ypaBHeHHS! Bel!H6epra IIpH ycnoBHH, 

'ITO HX p e weHHll rrpeo6pa3yJQTCll no rrpeAcTasneHHliM (s,O) HnH to,sl 

OllHOpOAHOl! rpyiiii bl flopeHua, MOJKHO rrony'IHTb H3 COTBeTCTBYIQ!UHX ypaB-

HeHHll c Maccol! m j. 0 B3liTHeM rrpeJlena m -. 0 HnH , TO'IHee hl .. oo 
m 

ypaBHeHHll B 3TOM cnyqae y rrpOLUBIQTCll H I1pHHHM81QT c nelly!QLUH ll BHJl : 

rJle 

.J.•> 
II ( Pl <•> 0 

p ( Pl • ( -<•> 
n <Pl 

). 

0 

<•> -<•> 
OrrepaTOpb! n (P) H n (P) paBHbi: 

2o • 

ii <•> < P 1 - -
2
- n < A P + P L <·> 1 • 

(2sl!~l 0 

( 61) 

( 62) 

(63) 

TaK K8K ypaBHeHHll ( 61) CTpOliTCll T8KHM o6pa30M/9/, 'IT06b! HX pewe

RHll SIBnllnHcb rrpeJlc TasneHHeM rpyrrrrbi OyaHKape llnSI 'IBCTJIUbi c Maccol! 
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m-0 H CnHHOM s H npeo6paaoBbtBanncb no npencTasneHHIO (s,O) 

HflH I(O,s) OUHOpOUHOii rpynnbi nopeHU8 0 TO SICHO , 'ITO nony'!eHHbie 

HaMH <jJyHKUHH ynosneTBOpHIOT 3THM ypa BHeHHSIM, YpaBHeHHSI H nx peweHHSI 

UflSl Cny'IBSI QJOTOH8 ( CnHH s a I BblflHC8Hbl B npHnO>KeHHH. npH 3TOM 

QJYHKUHH 1 SIBflSIIOUlHeCSI peP.eHHSIMH 3TH X ypaBHeHHH 1 npH p~ 0 nponOpUHOH8flb

Hbl $yHKUHHM EepecTeuKoro nnH $oToaa1 II I. 

§5. 3aKnJO'!eHHe 

i-1TaK 1 nonyqeHbl QJyHKUHH , SIBflSIIOIIUieCSI 6a3HCHbiMH QJYHKIIHS!Mif rpynnbi 

0 ( 4,2) H Bno>KeHHbiX B Hee nonrpynn : 

(64) 
0(4,2) C P(3,1) C L(3,1lC0(3,1) C 0( 2) 

H ynoBneTsOpHIOillHe 6eaMaccoBbtM ypaBHeHHHM B eliH6epra19/, 

Y c TaHOBneuo, 'ITO XOTSI ypaBHeHHSI c MaccoA m s 0 H c n106btM cmiHOM 

s HHB8pH8HTHbl OTHOCifTenbHO KOHQJOpMHbiX npeo6p830B8HH!i, peweHHSI 3THX 

y paBHeHHii peannayJOT co6oli ( aaanorH'IHO c nyqaJO a To Ma sonopona) nnwb 

'!8CTb BCeX npeUCT8BneHH ii KOHQJOpMHOii rpynnbt , 8 HMe HHO BblpO>KUeHHbie 

npencTaBneHHH 1 peannayeMbte UBH>KeHHeM TO'IKH Ha wecTHMepuoA c~epe ( I) . 

"lncna m 
1 

, m 2 , m
3 1 xapaKTepH3YJOutHe uenpHBOUHMoe npencTaBneune rpyn-

nbt, npH M8CCe '!8CTHUbl m - 0 

TOBbiM tfH CnOM i q : m m s 

onpeJleflSIIOTCSI BenH'IHHOii CnHH8 s 

m •+s 
3 -

m ::.iq- 2 
I 

O,$q<+~. 

H KB8H-

ABTop 6naronapHT H.A.CMoponnacKoro aa nocToSJHHyiO noMOutb 11 BHiiMa

ane K pa6oTe, a TBK>Ke M . fycapa H M.E. llle$TenSJ aa none3Hbte o6cy>Kne HnH, 

BHU : 

npnno>KeHHe 

B cnyqae cnnaa s• l 6eaMaccoBbte ypaBaeHHSI B elia6epra npHHHMaJOT 

0 

fi<t>( p ) 

n <uc Pl 

0 
) ( 

F 

) .o, 
X 

20 

r ne 

ii (I) ( p ) 
2 2c ;L<•> , <p +p 

0 

11(1) (p)s 2( - p L(o)) ( p 
0 

... (a) 
L 

...... <•> 
P L l • 

F - cjlyHKUHSI , npeo6p83YIOUl8SICSI no npeUCT8BfleHIIIO ( 1 ,0) OUHOpi 

rpynnb: nopeHua; X - cPYHK UHSJ , npeo6paayJOuta SJCSI no npencTa a ; 

OUHOpOUHOH rpynnbt nopeHua. 

B c<jJepnqecKoi1 cncTeMe ypaBHeHHSJ ( n . l) BbtrnSJUSJT cnenyJOm 

30M ! 

0 I - Cos() , 
Sin o.-1¢ 

V2 
F - Cos() 0 

-I¢ 
( 1¢ 

- I¢ 

s~~ } 
SinO e s~~· } ( F. X --- 0 

..;2 
2 ( SinOe t¢ 

..;2 
0 

Sin0e 1¢ 
Cos() 0 I+ CosO 0 

~t¢ 

yT / 2 

- Cos() 
SinOe - t¢ 

0 - Cos0 - 1 
Sin Oe -t¢ 

0 
[y2 V2 

-1¢ 

X ( 

SinOe t¢ -t¢ 

Si~~ ) 0 s:;:e ) ( y2 
2 ( Sin Be 

1
¢ 

..[2 
0 

Cos() 
SipOe t¢ 

Cos() 
SinO e 1¢ 

0 0 
..;2 ..;2 
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rpeacTaBneHHJO (s,O) 

SICHO, 'ITO nony'leHHble 

'paBHeHHSI H HX pemeHHSI 

JHflO)I(eHHH, npH 3TOM 

npH p~o nponopuHoHanb-

biMH <jlyHKUHSIMH rpynnbl 

(64) 
l( 2) 

6epra19/, 

n s 0 H C fll06biM CnHHOM 

330B8HH!! , pemeHH51 3THX 

'OMa soaopoaa) nHWb 

'vleHHO BblpO)I(LleHHble 

wecTHMepHoli c~epe (1). 

Je npeacTaBneHHe rpyn-

HHO!! Cnllll8 s H KB8H-

O,$q<+~ . 

OSIHHYIO nOMOlllb H BHHMa -

none3Hble o6cy)l(aeHH!I, 

BeAH6epra npHHHM8JOT 

ra e 

fi (I) ( p) ~ 2c~i:<·> > cp +; i:< ·> > 
0 

(n. 2 ) 

n m c P l 3 2 c-; i:<•> 
p 0 

... ~ <•> 
p L ) • 

F' - <jlyHKUHII, npeo6pa3y!OW8SICSI no npeacTaBneHHIO (I, 0) OLlHOpOLlHOll 

rpynnb: JlopeHua; X - <jlyHKUHII, npeo6pa3yJOW8!1C!I no npeacTaBneHHJO (0,1) 

OLlHOpOLlHOll rpynnbl JlopeHua, 

B c¢epH<tecKoli cHcTeMe ypaBHeHHII ( n.l) Bbii'nllll51T cneayJOlllHM o6pa -

30M : 

Sin fJ e -I¢ 

V2 
- Cos fJ 0 I - Cos fJ , F' 

2( SinfJe tcp 
0 

..;2 
SinfJe 

-t¢ 

x( SinfJe 
t¢ -t¢ 

} 0 s~~e } ( '2J .o (n.3) y2 ..;2 

lcp 
0 ~ 

yT 

SinfJe 1¢ 
Cos fJ 0 I +CosfJ 'a ..;2 

-•¢ 
- Cos fJ 

SinfJe 

[y2 
0 - CosfJ -1 

Sin fJe -t¢ 
0 

Y2 X I 

2 ( 
Sin Oe tcp 

0 
..j2 

-t¢ SinfJe lcp -1¢ 
Sin fJe ) 

X ( 

SinfJe 
0 ..f2 )(xr(n.4) y2 y2 --

0 

..;2 
Cos fJ Cos fJ 0 X a 
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PeweHII>IMH STHX ypaBHeHHR RBmllOTCSI <jlyHKUHII: 

r, 

f3 

G(l) . (-1) M-1 
f~) • < a,O ,<f> \ pljM >• --(j -~lljM /j IM-JJ)--=- x 

y2 " 

p M-1(0) . I( M-1)</> 

(2j +3Hj_:_~l +21 
X V 

2(j +Ml ! V~~::.-.. ~~~::;::, t-j--vM-~-+1+-,:. ,::to>'~· } 
I . M+l I(M+I)</> 

------ P (0) e 
(j-M+ 2Hj -M + I) 

J+l 

-(j+Ml(+j -M+l) p~-t (Ol e I( M-0 </> 

(2 j +I l j 
j(j-M+ll( j-M+2l '(. \ 

- y 2M p; (6) e I M</> } + 

M+l I(M +I></> 
P (Ol e 

(j +I l 
+ 

j( j - M+I)(j - M+2l ' { 
(

. M-1 I( .J.. 
t+MHj+M-llP (Ole M-0'#' 

l-1 

·J -/2<i +Ml 
·M P (0) IM</> 
l-1 e 

M+l 
p l-I(Ole I(M+O </> 

r l X t 

¢yHKUHH ( X
2 

nony'IBJOTCSI 113 <jlyHKUHil ( . f 
2 

} OTpa)KeHHeM: 

Xs fa 

x<a,O,¢>l•(-JJ
1

+
1 

<a,"-0·"+</>\p-ljM >. 

Ycnoane nopMHpOBKH ljlynKUHli 'P ~ ( f ) HMeeT ann: X . 
( IJI J<pl ,IJI J'<p'>) a \G (IJ1 2 4(2j +ll(p< +p2 Jjf'(-1 +i p) 12 

M(l) M '( I) 
X 

i I r < i +3 + i P > 12 
x ll ,8 ,l)(p'-pl 

ll 1111 . 
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(n.5) 

cn.e) 

( n. 7) 

Koro 

np11 

Ill / 
' 

P- 0 ljlyHKUHH ( n .5) nponopuHOH8nbHbl ljlyHKUHRM E epe 

'ITO 11 cnenoaano O)KHuaT b, T ~K KaK a s ToM c n y qa e npoc· 

B KOTOpOM CTp OSITCSI 3TH ljlyHKUHH 1 CBOnHTCSI K npHMOMY npOH3BeneH~ 

.Mepnoro HMnynbc noro npocTpancTaa Ha Kone 'IHOMepno e cnHnoaoe npc 

BO. 
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l<UIIIC 

(- IJM-1 

j) -- X 

v'2rr 

l(j - M+I) 

a IOA-Il ¢ 
(v)e 

1)¢ 

I(M-1)</> 
<Ole 

jM >. 

T BHA : 

(n.5) 

(n.e) 

X (n.7) 

Koro 

n p11 

Ill/ 
P- 0 <)lyHKUHH ( n . 5) nponopUHOHanbHbl <)lyHKUHS!M EepecTeu -
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