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1. llO.A$L mu:na BopH.a-HH{Pe.A.bBa u zwiepJJ.e.u6pm-i,u~ B Hat1aJie 3O-x 
ro.l{oB EopH [1l, a saTeM EopH H HHqieJib.l{ [2J ~BeJIH B paccMoTpeHtte 
He.Jiv1HeAHble sJieKTpoMarHHTHble · noJIH c xapaKTepHoA HeJiv1HeiifiocTb10:' B 

I 
HatiaJie 6O-x I'O.l{OB lJepHHKOB H Eap6amoB [3], [4] HCCJie,n;oBaJIH 

' , .) 

H8Jlvll-18HHOe CKa.JIHPHOe noJie (p THna EopHa - HHqieJib,l{a, saBHCHIIJ,ee OT 
.l{BYX nepeMeHHHX t vi x, vi noKa3a.JIH, qTo eCJIH ,n;e0CTBvle s noJIH <P 
BH6paTb B Bvl.l{e 

d c t d X , ( 1) 

- <Ptt + c2 
<Pxx + a2 

[- (q>x)
2 

<Ptt + 2 <Pt <Px <Ptx - (q>t)
2 

<Pxx] = O 
( 2) 

B TpexMepHOM npocTpaHCTBe MHHKOBCKoro. CaMa MHHvlMaJibHaH 
noBepXHOCTb sanvlCb!BaeTCH B BH,n;e 

y = a q>( t, x) • ( 3) 

B 8THX qiopMyJiax a - pasMepHaH nocTOHHHaH, no,n;o6paHHaH TaK, tlT06bl 
Be.JlvltlvlHa a <P vlMeJia pasMepHOCTb ,ll;JIHHH, A - pasMepHaH nocTOHHHaH, 
no,l{o6paHHaH TaK, tlT06H B8JlvltlHHa s HMeJia pasMepHOCTb ,n;eACTBHH •. 

,ne0CTBvle S ,l{Jlfl HeJivlHeAHoro CKaJIHPHO!'O noJIH Tttna:· EopHa
HH(beJib,ll;a (p , 3aBHCHIUero OT nepeMeHHHX X 1 , ••• , · xn, , I' ,n;e X 1 = ct, 
HMeeT Bvl,l{ 

s = A J /1 - a2 n«~ <Pa,~~ d x1 ••• d xn.. (4) 

3,n;ecb <Pa, = Ba, <P , na,~ - KOMeTptttieCKHH TeH3OP npocTpaHCTBa 
MvlHKOBCKoro Mn ,Ue0CTBHe ( 4) nponoputtoHaJibHO .. nJiow.a,n;H 
rv1nepnoBepXHOCTH [5] 

n+1 ( 1 n) X = a (p X , ••• , X ( 5) 

B npocTpaHCTBe MHHKOBCKOI'O Mn+1 C MeTpHKOH 

( 6) 

IloBepXHOCTb ( 5) MOllCHO HHTepnpeTHPOBaTb KaK MHPOBYIO noBepXHO_CTb 
(n - 1) - MepHOH MeM6paHH. TaKyIO MeM6paHy 6y,n;eM Ha3HBaTb 



nmepMeM6paHoti. 
runepnoBepXHOCTH. 

Ee lBHXeHHe 3alaeTCH ypaBHeHHeM MHHHMaRbHOH 

2. Memoo I.JepnUK'o6a-Bap6atllo6a K6a'HJ'Tlo6anusr. no.reu mwia Bopna
H'H.(/jeAbaa. ,MHHMMaRbHaH noBepXHOCTb (3) sanHCHBaeTCH B BHAe (4] 
. , r' =r (g, 't), r= {ct, x, y},. (7) 

0Ha YAOBReTBOpHeT ypaBHeHHIO 

M HeRHH8HHHM YC~OBHHM 
· rgg .- r't't .= o 

. r~ = r~ = o, a= g - 't, ~ = g + 't. 

YpaBH8HHe (8) pemaeTCH MeTOAOM ~aRaM6epa M ~ypbe. HMeeM 
r = r 1~a) + r 2 (~) , 

I'le 
= ,_,,_1_ CD 

_g_k_. (a+(k) e-ika + a--'(k) eika J r
1 

(a) f 
v'T"i"" 0 v'"TK , 

_1_ CD 

_g_k_ (a+(k) eik~ + a-(k) e-ik~ J • ·r2(~) = J 
Y2X 0 vTK 

OnepaTOPH a fl0l4MHHIOTCH KOMMyTaUHOHHHM COOTHOmeHHHM 
[a; (k) at (rn)J = -,6(k-- rn) , 

(a~ Ck) a! (rn)J = 6(k-m)r., .(a;<k) a; (m)J =6(k.- m) 
3le, Cb at' , . a ,- . a -:- KOMnOHeHTH BeKTopa· a. 

( 8) 

( 9) 

( 10) 

( 11 ) 

(12) 

X ... 1/ 

AHaR9£l14HO YCROBHHM ]opeHua B. s~eKTPOAMHaMHKe (6], YCROBHH 
( 9) BHnO~HHIOTCH B cpeAHeM A~H BeKTOPOB qJH3H4eCKHX COCTOHHHH, 
TO eCTb 

< Ii' I : r;2: I, A > = O , < A' I : r/: I A > = o 
,ll;JISI q,ypbe-o6pa30B HMeeM ' 

< A' I :b,(p): I A·> 1 = 0, < A' I :b2(p): I A>= 0, 
I'Ae onepaTOPH b paBHH ' 

( 13) 

( 14) 

b~(p) = 1 J d q ✓p2 - q2 a- ( P - g) a- ( P + g ) + - 4 
0 i' ' ' 2 ' 2 

( 15a) 

+ + j d q ✓q2 _ p2 a+ ( q - P) a- ( P + q) 
p 2 2 , 

2 

b2(p) = 1 f d q /p2 - q2 a- ( g - P) a- (- p + g ) + - 4 
0 

2 ' 2 
( 15b) 

1 oo r a+ ( P - q) a- (- 14-9-) + 4 J d q v' q2 - p2 2 
p 

b
1
(-p) = b~ (p),. b2(-p) = b;(p). (16) 

OnepaTOPH b flOA4l1HHIOTCH CRelYIOIUHM KOMMYTaUHOHHHM COOTHomeHHHM: 
Eb

1
(p) b

1
(q)J = (p - q) b

1
(p + q), 

[b2(p)b2(q)J= (p-q)b2(p+q), (17) 

[b
1
(p) b

2
(q)J = 0, 

3aAaIOIUHM a~re6py ]H. 
3. 06o6~enue .aemooa I.JepnuKo6a - Bap6atllo6a. MeTOA YepHHKOBa

Eap6amoBa KBaHTOBaHHH MHHHMa~bHHX lBYMepHHX noBepXHOCTeH H~H 
CTPYH npl1 pacnpocTpaHeHl1l1 ero Ha Ml1Hl1Ma~bHHe noBepXHOCTl1 6o~ee 
BHCOKl1X pasMepHOCTeH, l1RH MeM6paH, Tpe6yeT o6o6meHHH. B Ka4eCTBe, 
napaMeTpOB Ha MHHHMa~bHOH noBepXHOCTH MH BH6HpaeM leKapTOBH 
KOOPll1HaTH o6~eMRIOIU8I'O npocTpaHCTBa Ml1HKOBCKOI'O. KOOPlHHaTHaH 
ceTKa Ha noBepXHOCTH Tenepb He HB~HeTCH HM OPTOI'OHaRbHOH, Hl1 
l130TponHOH, KaK STOI'O Tpe6yeT MeTOA Ye~HHKOBa-Eap6amoBa. 
KBaHTOBaHtte 
K00PAl1HaTax 
0606meH11ro. 

Ml1HHMa~bHHX noBepXHOCTeH B HeopTOI'OHaRbHHX 
npl1BOAl1T K yKa3aHHOMY B Ha3BaHHH STOI'O nyHKTa 

Pesy~bTaTU MOll1qJl1Ul1POBaHHOI'O MeTOla KBaHTOBamm 
CTPYHH AO~XHH COBITaAaTb C pesy~bTaTaMH HCXOlHOI'O Me~Ola, TO eCTb 
C pesyRbTaTaMH BTOporo nyHKTa. 

H3~0Xl1M CYTb MOAl1qJl1Ul1POBaHHOI'O MeTOAa YepHHKOBa-Eap6amoBa. 
HMeeM He~HHeHHOe CKaRHPHOe no~e ~ = ~(t,x). EMy COOTBeTCTByeT 
Ml1Hl1Ma~1HaH noBepXHOCTb (3). ~l1qJqJepeHUl1a~bHOe ypaBHeHHe (2), 
KOTOPOMY OHa YlOBReTBOpHeT, pasle~HM Ha lBe 4aCTH: Rl1HeHHYIO -

- ~tt + ~xx (18) 

M He~11HeHHYIO -

D(~) = - (~)
2 

~tt + 2 ~t ~x ~tx - (~t)
2 

~xx • ( 19 ) 
Ilp11paBHl1BaeM Hy~ro RHHeHHYIO 4aCTb (18) M pemaeM ee MeTOlOM ~yp1e. 
HMeeM 
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cp(t. x) = 

= 1 
y7T 

r.n:e 

f ___g__J£_ [a+(k) ei(Wt-kx) + a-(k) e-i(Wt-kx) J 
-co v2"'w 

(20) 

- w2 + k2 = 0 • w > 0, k = ± w. (21) 
CqHTaeM, qTo HMeeTC.H JIHHeHHOe CKaJI.HPHOe KBaHTOBaHHOe noJie (20) • 

.OnepaTOPhl a+ H a- no,n;qHH.HIDTCH KOMMYTaUHOHHhlM COOTHomeHH.HM 
[a+(k) a+(m)J = 0, [a-(k) a-(m)J = o. c

2
2) 

[a-(k) a+(m)J = 6(k - m). 

IloJiaraeM, 'qTo CKOPOCTb CBeTa c = 1. MeTpHKa M3 HMeeT BH.l{ 

d s2 = - d t 2 + d x2 + d y2 • (23) 
MeTpHKa, HH.l{YUHPOBaHHa.H Ha noBepXHOCTH (3), HMeeT BH.l{ 

. d o2 = - d t 2 + d x2 + a2 (cp d t + cp d x) 2 • (24) . t X 

KBa.npaT HOPMhl BeKTOpa N(w, k), KaCaTeJibHOro K hoBepXHOCTH (3), 
paBeH 

cp(t, 

= 

+ 

N2 = - w2 + k2 + ( cpt w + cpx k ➔ 2. 
IlepenHmeM (20) B BH.l{e 
x) = 

__ 1_ f ___g__J£_ ra+(k) eik(t-x) + a-(k) e-ik(t-x)J + 
y7T O y2lf 

_1_ 
y7T 

co ' 
J, d k -- [ + o v2K a (-k) eik(t+x) + a-(-k) e-ik(t+x)J 

IlO.l{CTaBJI.H.H (26) B HeJIHHeHHYID qacTb (19), noJiyqaeM 
v~ D= 

( 25) 

(26) 

= { j k
2 

d k [a+(k) eik(t-x) + a-(k) e-ik(t-x> J }(cp + cp )2 
0 y21{ t X 

+ { j k
2 

d k.[a+(-k) 8 ik(t+x) + a-(-k) e-ik(t+x) ·J }(cp _ cp )2 •. 
0 Y2K t X 

(27) 

naJiee CYHTaeM, YTQ BeKTOp N(w,k) KacaeTC.H noBepXHOCTtt (3), 

.HBJI.HeTCH tt30TponHhlM H no-npexHeMy Y.l{OBJieTBOp.HeT YCJIOBH.HM ( 21). 
IlepeYttCJieHHhle YCJIOBH.H BhlnOJIHHIOTC.H, eCJIH 

(cpt w + cpx k)2 = 0. 
C YY8TOM (21) 3TO 03HaqaeT 

(28) 

4 

( (j) + (j) ) 2 = 0 ( cp - cp ) 2 = 0 ( 09) t X 't X • t:.. 

Ha 1rnaccHqecKOM YPOBHe YCJIOBH.H ( 29) .naroT TOJlbKO TPHBHaJibHble 
pemeHH.H. Il03TOMY, KaK H B nyHKTe 2, 6y.neM cqHTaTb, YTO .nonoJIHH

TeJibHble HeJittHeHHHe YCJIOBH.H Y.l\OBJieTBOP.HIOTC.H TOJihlW B cpe.nHeM .l(JI.H 

BeKTOPOB ~tt3ttYeCKHX COCTO.HHHH, a ttMeHHO: 

< A'I :(cpt + w) 2
: I A>=< A'I :(.cpt - cp) 2: I A>= o, (30) 

r.ne .l{BOeTOYtte, KaK tt B nyHKTe 2 03HaYaeT HOpMaJibHOe npott3Be.l{eHtte 
one pa TOPOB. Ilp}l BHnOJIHeHtttt ( 30) HeJIHHeHHa.H YaCTb ypaBHeHtt.H ( 2) 

TaKxe o6pamaeTC.H B HYJib B cpe.n;HeM ,l{JI.H .nonycTttMhlX BeKTOPOB 
~H3ttYeCKHX COCTO.HHHH. 

OnepaTOPH ((j)t - (j)x) tt (cpt + ~x) paBHH 

cp -cp = _i_ 
co 
J vµd µ, [ a+(µ,) eiU(t-x) _ a-(µ,) e-iU(t-x>J, 

t x vT 0 
(31) 

co 
cp + cp = __ i_ J vµ ctµ, [ a+(-µ,) eiU(t+x) _ a-(µ,) e-iµ,(t+x)J 

t X YX 0 • 

OnepaTopH (cpt - cpx) 2 tt (cpt + cp) 2 3anttmyTc.H B Btt.n:e cJie.nyromttx 
.l{BOHHhlX ttHTerpaJIOB: 

(cp - cp )2 = - J_ j j v)Tvd µ, d v[a+(µ,) a+(v) ei(µ,+v)(t-x> + 
t X '.JL O 0 

+ a-(µ,) a-(v) e-iCU+V)(t-x) _ a+(µ,) a-(v) ei(µ,-v)(t-x> 

_ a-(µ,) a+(v) e-i(U-V)(t-x>J , 

2 1 coco 
(cpt + <P) = - x J J l"Jfvd µ, d v[a+(-µ,) a+(-v) ei<U+V)(t+x) + 

0 0 

+ a-(-µ,) a-(-v) e-i(µ,+V)(t+x) - a+(-µ,) a-(-v) ei<µ,-V)(t+x) 

_ a-(-µ,) a!(-v) e-i(U-V)(t+x)J , 

C yYeTOM paBeHCTBa 
a-(µ,) a+(v) = a+(v) a-(µ,) + 6 (µ, - v) 

tt3 (32) noJiyqaeM 
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($t - $x)
2 = :($t - $x) 2

: + 
Cf) Cf) 

+ i J f YUV 6(µ - V) e-i(µ-V)(t-x) d U d V , 
0 0 

1 
+ x 

($t + $x)
2 = :($t + $x) 2

: + 
Cf) Cf) 

.f fvµv 6(u-v)·e-HU-Vl(t+xl ct udv 
0 0 

Iloc~e saMeHH nepeMeHHHX 
U + V = P , 

no~yimeM 
- µ + V = q 

:($ -rn-)2• 
') Cf) • • 

= ~ J d p [b~(p) eip(t-xl + b7(p) e-ip(t-x)J t ,;,x • 
0 

2 ') Cf) • ( ) • 

( 33) 

(34) 

(35) 

:($ + $) : = ..!::_ f d p [b+(p) eip t-x + b...,(p) e-ip(t-x)J 
t X '.JC 0 2 2 ' 

r~e onepaTOPH b paBHH 

b~(p) = 1 J d q ip2 - q2 a+ ( P - g) a+ ( P + g) + - 4 
0 2 2 

1 oo r a+ ( P + g) a- ( g - P) + 4 J d q y q2 - p2 
p 2 2 ' 

1 p F 2 a- ( P - g) a- ( P + g) + b~(p) = f d q v p2 - q - 4 
0 2 2 

+ + I d q iq2 - p2 a+ ( g 2 P) a- ( p 2 g ) , 
p 

b;(p) = 1 P r 2 a+ (- P + 9) a+ (- P
0

- 9) + J d q y p2 - q - 4 
0 2 c... 

+ + j d q iq2 - p2 + (- p - 9) - ( p - g ) a ,; a ,; , 
p ,:_ ,:_ 

6 

! 

,\ 

.,')J 

\\ 

' : 
,j 

< I 

·f \ 

u 

b;(p) - 1 - - 4 
P r q 
J. ct q v p2 - q 2 a- (- P + 9) a- (- P -) + 

2 2 0 

+ + j ct q i q 2 - p2 a+ ( P 2 g ) a - ( - P 2 g) , ( 36) 
p 

OnepaTOPH b1 Y~OB~eTBOPHIDT c~e~yIDmHM COOTHOmeHHHM: 

[b~(p) b~(q)J = - (p - q) b~(p + q), 

[b;(p) b7(q)J = + (p - q) b7(P + q), 
(37) 

[b~(p) b7(q)J = - (p + q) b~(p - q), 

[b;(p) b~(q)J = + (p + q) b7(P - q), 

TaKHM ~e KOMMYTaUHOHHHM COOTHomeHHHM Y~OB~eTBOPHIDT onepaTOPH b2. 
OnepaTOPH b1 H b2 KOMMYTHPYIDT. 

Me~~y onepaTopaMH b H aHa~OrHqHHMH onepaTopaMH, BBe~eHHHMH 
B nyHKTe 2, HMeeTCH c~e~yromee B3aHMHO O~H03HaqHoe COOTBeTCTBHe: 

b7(P) ¢=> b~(p) , b~(p) ¢=> b1(p) , 

b;(_p) 
3~ec.h 

(38) 

¢=> b;(p) , b;(p) ¢=> b2(p) 
cnpaBa - onepaTOPH HS nyHKTa 2, c~eBa - onepaTOPH (36). 

4. K8anmo8anu.e no.A.eil $ ( t, x, y), u.w. JJEJJ15pan. TaKHe no~H 
npe~cTaB~HIDTCH TP8XM8PHHMH MHHHMa~.hHHMH noBepxHOCTHMH 

Z = a $ ( t , X, y) ( 39) 
B npocTpaHCTBe MHHKOBCKoro C M8TPHKOtt 

d s 2 = - d t 2 + d x 2 + d y 2 +dz 2 • (40) 

YpaBH8HHe no~H COBna~aeT C ypaBH8HH8M 
- $tt + $ + $ + a2 D (~) = 0, (41) xx yy 

r~e He~HHeHHaH qacT.h D ($) paBHa 
D ($) = _ $tt ($2 + $2) + $ ( _ $2t + $2) + $ ( _ $2t + $2) + 

X Y XX y yy X 

+ 2 $tx $t $x + 2 $ty $t $y - 2 $xy ~x ~y • (42) 

MeTpHKa, HH~YUHPOBaHHaH Ha TTOB8PXHOCTH (39), paBHa 
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.\ 

- d t 2 + d x 2 + d y 2 + a2((J)t d t + (J)x d x + (J)y d y) 2 • -(43) 
RBa.n,paT HOPMU BeKTOpa N(w,k1,kl), KacaTe~bHOro K ITOBepXHOCTH 
(39), HMeeT BH.11. 

N2 = -w2 + (k1)2 + (k2)2 + ((J)t w + (J)x k1 + (J)y k2 )2. (44) 
Ja~ee ITPHM8HH8M M8TO.ll., H3~0llteHHUH B ITYHKTe 3. PemeHHe 

ypaBH8HHH Ja~aM6epa npe.n,cTaB~HeM B BH.ll,e HHTerpa~a 1yphe 

( - 1 
00 00 d k1 d k2 (JJ t,x,y) -7Y f J 

v'2w 
[ a+ (k) ei(Wt - k1x - k2y) + 

-00 -00 ( 45) 
+ a- (k) e-i(Wt -k1x - k2 y)] 

r.n.e 
2 2 2 ) w = k 1 + k2 , w > 0 • ( 46 

KOMMYTaUHOHHUe COOTHomeHHH .11.~H a+ Ha- aHa~orHqHJ:l (21). 
Ilo~araeM, qTo N2 H3 (44) B cpe.n,HeM .n.~H Be~TopoB $H3HqecKHX 

COCTOHHHH paBHHeTCH HY~ID- C yqeTOM (46) H (44) STO .n.aeT 
<A' l:((J)tW+(J)xk1 +(J)yk2 )2 .:IA>=0. (47) 

Ilo.n.cTaB~HH ( 45) B. ( 42) ,. no~yqaeM 

00 oo d k
1 

d k
2 

D ((JJ) =h _£ _£ Y2w [ a+ (k) ei(Wt - k1x -,k2y) + 

+ a- (k) e-i(Wt -k1x - k2 y) ] (w (j)t + k1 (j)x .+ k2 (j)y)2 

113 ( 47) H( 48) · c~e.n.yeT, qTo 
< A' I: D ((JJ) :I A>= 0 

qT06H BHqHC~HTh N2 , 3anHmeM HHTerpa~ 

w (J)t + k1 (J)x + k2 (J)y = 

• oo oo d m d m 
= 1 f f 1 2 [ a+ ( m) ei( J.Lt - m 1 x ~ m2y) + 

7Y -oo -oo .v'21f 

a- (m) e-i(J.Lt -m1x - m2 y)] (w J.L + k m + k m) 
1 1 2 2 

r.n.e no.n,o6Ho (46) 

(48) 

( 49) 

( 50) 

2 2 2 5 ) J.L = m1 + m
2

, µ > O , ( 1 

Heme o.n.ttH TaKOH lite HHTerpa~ C 3aMeHOH Jl, m1, m2 Ha v, n1, n2. 

8 

J 

IlepeMHOlltHB HX, nepeH.n,eM K no~HPHHM KOOP.11.HHaTaM: 
m1 = u cos a, n1 = v cos~, k

1 
= w cos r, 

m2 = u sin a, n2 = v sin~, . k2 = w sin t. ( 52) 

B npe.n.no~Ollt8HHH yr~OBOH H838BHCHMOCTH B npoCTP8HCTBe HMITY~hCOB C 
ITOMOlllhID 38M8HH (34) no~yqaeTCH c~e.11.YIDlllHH pe3y~hTaT: 

X 

X 

64 '.lt2 w-2 N2 = 
'.Jt • 
J d a [1 - cos(a - f)J 2 x 
0 

1 ct p [ B~(p) eip(t - x cos a - y sin«) + conpJ + 
0 

X . 2 
+ J d a [1 + cos(a - f}J x 

0 
00 

ei•p( t + X COS a + y sin «) J d p [ B~ (p) + conpJ • 
0 ,:_ 

( 53) 

3.n,ech onepaTopu B OT~HqaroTCH OT COOTB8TCTBYIDlllHX onepaTOPOB (36) 
3aMeHOH (p2

' - q2) 112 Ha (p2 - q2)312 • OHH Y.11.0B~eTBOPHIDT 
C~8.ll.YIDlllHM KOMMyTaUHOHHHM COOTHOill8HHHM: 
[B~(p) B~(q)J = - (p - q) 3 B~(p + q), 

rn;(p) B;(q)J = (p 

[B~Cp) e;cq>J = o 
0Tcro.n.a c~e.n:yeT, qTo 

q) 3 ·e;cp + q>, ( 54) 

[B(p)[B(q)B(r)JJ + [B(q)[B(r)B(p)JJ + [B(r)[B(p)B(q)JJ = 
[(q-r) 3(p-q-r) 3 + (r-p) 3(q-r-p) 3 + (p-q) 3(r-p-q)_ 3J B(p+q+.r).(55) 
Henocpe.n,CTB8HHOH npoBepKOH MOlltHO y6e.n.HThCH, qTo no~HHOM, CTOHlllHH 
B npaBOH qacTH (55) o6pamaeTCH B HY~h npH ~ID60M H3 yc~OBHH: 
1) q - r = 0, 2) p - q - r = 0, 3) r - p = O, 4) q - r - p = 0, 

5) p -q = 0, 6) r - p - q = 0. (56) 
OnepaTOPH B o6pa3YIDT a~re6py, KOTOPYID MH H83HBaeM a~re6poH 
qepHHKOBa·- Eap6amoBa .11.~H MeM6paH. 

5. I'unepJJEJ.t6pauu npous6o~buou pa.3.uepuocmu. CKa~HPHHM 
He~HH8HHHM no~HM Tttna EopHa-11H$8~h.n.a, 3aBHCHlllHM OT n nepeMeHHHX, 
COOTBeTC~YIDT. MHHHMB~hHHe rttnepnoBepXHOCTH (5) B npocTpaHCTBe 
MHHKOBCKoro Mn+1 H~H KpaTKO - rHnepMeM6paHH. ITOBTOPHH 
paccyllC,n:eHHH npe.n.u.n.ymero naparpa$a, no~yqaeM onepaTopu B~, B; tt 
SPMHTOBCKH COITPHllCeHHHe K HHM onepaTOpH B~, B;, aHa~on,iqHJ:le · 
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onepaTopaM B~, B;, H B~, B~ • OnepaTOPH B noJJy4alOTCB H3 
onepaTOPOB b (36) saMeHOH (p2 - q2 ) 112 Ha (p2 - q2 )(2n- 3 )/2 

OHH Y!OBJJeTBOPHIOT CJl8!YIOmHM KOMMYTaUHOHHHM COOTHOill8HHHM: 
[i+(p) B+(q)J. = - (p - q)C2n-3) B+(p + q) 

1 ·. 1 . t , 

[B+(p) B+(q)J = - (p - q~C2n-3) B+(p + q) 
2 2 2 

[B~(p) B;(q)J = 0 
0TCIO!a CJ18!Y8T, 4TO 

r!e 

[B(p)[B(q)B(r)JJ + CB(q)[B(r)B(p)JJ + [B(r)[B(p)B(q)JJ = 
= P(p, q, r) B(p+q+r) , 

(57) 

( 58) 

P(p, q, r) = (q-r)2n-3 (p-q-r)2n-3 + (59) 
+ (r-p)2n-3 (q-r-p)2n-3 + (p-q)2n-3 (r-p-q)2n-3. 

IloCJJ~!HHH nOJJHHOM o6pamaeTCH B HYJlh npH JJI060M H3 YCJJOBHH (56). 
OnepaTOPH B .o6pa3y!OT aJJPe6py. Ee_ MH Ha3HBaeM o6mei1 

are6pott YepHHKOBa - Eap6amoBa. 
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