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M·, 

BaelleHHe 

KaK H3BeCTHO, B HSCTOS!wee apeMSI pa3BHTHe ltBSHTOBOil Teop&Jt UO,JIII' ltAeT ITO 

/1-9/ 
rryTH ee 8KCHOMSTH38llRH , C!Oila OTHOCHTCSI, HSllpHMep, SKCROMSTH'19Cit8SI cjlop-

• nt 
MynHpOBitS KBSHT"OBOA TeOpHH nong, llpellfi-GJK~HHSSI B·ailTMSHOM 1 COf',JISCHO K·OTOpOA 

TeopHSI nong onpellenHeTcH npa noMoma reltaes6eproacKHX onepaTopoa nong A (x) , 

paCCMSTpHBSeMbiX KSK onepaTOpH03HS'IHbie o6o6weHHbie cjlyHKUHH H HX 06bi'IHbie npo-

1!3BelleHHSI A (xI) A (x 2 ) ••• A (x n) • OcHOBHblM MaTeMaTI!'IeCKHM opyllHeM I!CCnellOBa-

Hill! B STOM llOilXOile SIB,JISIIOTCSI o6o6weHHble cjlyHKUIIII BaltTMSHa: 
_fn) 
W (x 1 ,x 2 , .. ,xn )•< OJ A(x

1
)'A(x

2 
) ... A(x n )j 0 >, n = 1, 2, ... , 

KOTOpbie SIB,JISIIOTCSI BSKYYMHblMH CpellHHMH OT 06bi'IHOf'O np01!3BelleHHSI onepaTOpOB 

nonS! B npellCTaaneHHII reA3eH6epra. 

BaJKHbiM llOilXOllOM K SKCHOMBTH'IeCKOMy llOCTp~HHIO KBBHTOBOA TeOpHII DOllS! 

/3,4/ 
liBnl!eTcl! cjlopMynapOBKa Boron106oaa , nonoJKessag B ocaoay llOKa3aTenbCTBa 

141 
lli!CnepCHOHHbiX COOTHOWeHI!lt , 

Mbl CTpeMHMCSI yCTSHOBI!Tb CBSI3b MeJKllY KBBHTOBOlf TeOpHelt llOilll B cjlopMyllll

pOBK8X BaATMaHa H Boron106oBa. 

11 Mel! STO B BHilY , B HBCTOHlllelt pa6QTe Mbl llBilHM cPYHKUROHBilbHYIO cjlopMyllH

pOBKY aKCHOM Boromo6osa, orrpellenSI!OwHx npH'IHHHYIO S -MaTpH'IHYIO TeopHIO, Llnll 

rrpOCTOThl orpaH~'IIIBSeMCl! OllHIIM CSMOlleltCTBYIOWHM BeweCTBeHHbiM CK81lllpHhlM no

neM, 

B Ka'leCTBe OCHOBHhiX cjlH3H'IeCKHX senH'IHH B aKCHOMBTH'IeCKOM nollXOile Boro

mo6oBa Mhi npHMeM Knacc TaK H83biBBeMhiX npH'IHHHbiX onepaTopoa, onpellenl!eMbiX 

B Bl!lle xpoaonoraqecKoro rrpoaaselleHHll apMHTOBbiX reltaea6eproBCKHX onepaTopoB 

TOKB J (X) , T.e. 

3 



T(n)(xl,x2 , ... ,xn ) ~ T (J (x 
1

) J (x 
2 

) ••• J (x n ) ) , n = 1, 2, ... 

H paCCMaTpHaaeMbiX K8K Onep8TOPH'05H8'1Hble OOOO!IleHHbie <iJYHKUBB. 8TH onepaTopbl 

s!Bl!HIOTCH CHMMeTpH'IeCKHMB, KOB8pB8HTHbiMB, y.QOBl!6TBOpSIIO!IlHMB ycl!OBHIO npB'IHH

HOCTII B <!JopMe BorOl!iOOOBB B MOryT 6hiTb tPaKTOpH30B8Hbl. LlnH <j!OpMyl!HpOBKB ycno-

81151 npii'IHHHOCTII Mbl aaeneM a paccMoTpeHse TaK aaabiBBHMyro D (x) -onepansro, 

nuaenayro H nepecTaaoaoqayro, npeoopaayromyro npB'IBHHble onepaTOpbi a aanaa.Qb!BaiO-

!Illle H oonanaromyro aceMB caoi!:CTBBMH oohi'IHOft onepauBH nucfl<Pepeanupoaaaasr. 

8 aaHHOM 8KCIIOM8TII'IeCKOM UO.QXO.Qe B K8'16CTBe OCIIOBHOrO M8TeM8TB'16CKOrO 

opyaHH 6yaeT cnylKHTh Knacc o6o6meHHbiX tlJyHKIIBi!: Boronroooaa: 

(n)( ) 9 1 (n) B x
1

, x , ... ,x = < T (x , .. ,x 
2 n 1 n 

n = 1, 2, ... , 
)10>~ <0IT(J(x

1
) ••• J(xn))l0>, 

KOTOpbie SIBl!SIIOTCSI BattyyM&DIMH cpe.QHBMH OT UpB'IHHHbiX onepaTOpOBo 

AKCIIOMbl 

HaaeCTHO, 'ITO !leT IIHK8KOrO KPBTepBS!, U03BOl!SiiO!llero c<!JopMynspOB8Tb Henpo

THBOpe'IHBYIO Hl!H HeTpiiBH8l!bHYJ0 1 UOliHYIO B He38BHCIIMyiO CHCTeMy 8KCHOM. 0HB 

OObl'IHO oepyTCSI 113 XOpOillO 113BeCTHOi!: KB811TOBOi!: TeOpHH UOliS!o 

AKCHOMbl Boromo6oaa OXB8Tb!B810T He TOl!bKO Te CBol!cTaa, KOTOpb!MII OOl!S.Qa

iOT onepaTOpb! CBOOO.QHbiX nonei!:, HO H 116KOTOpbie OO!Illle B l!OK8l!bHbl6 CBOi!:CTBa, 

OTp8JK810!1lBe !jlH3B'I6CKBe npBHUHUbl H !jlyHKUHOH8l!bHbl6 CTpyKTypb! B6l!H'IHH. 

Mbl npHBe.QeM HHJKe CBCTeMy 9THX 8KCH0Mo 

I . ran&oepTOBO npocTpaHCTBO 

AcBMUTOTB'IeCKIIM COCTOHHBS!M CBCTeMbi, npeaCT8Bl!SiiO!llel! co6ol! COBOKYUHOCTb 

HeKOTOpOrO 'IBCna 6eCKOH9'1HO yaaneHKbiX apyr OT apyra '18CTIII!, COOTBeTCTBYIOT aeK

TOpb! cenapa6enhaoro npocTpaacTaa H 

LlnS! Up8KTB'IeCKBX uenel! npeaCT8Bl!SiiOT OCOOb!l! HHTepeC Ul!OT!Ible H30MOp!j!Hble 

noanpocTpaacTaa [l S H D z npocTpaacTaa run&6epTa H • 

ITpaaeneM nocTpoeaae aTBX npocTpaacTa. 

ITpocTpaacTBO D S , KOTopoe npeacTaaneao B BH.Qe 

ns 
.. 
+ 

n:::: 0 

4 

(n) + 
DS(Pn ), ( 1.1) 

I 
"~I 

1: 

l! 
·~ 

I. 

I 

f 
I 

I 
·I 
~~I 

I;, 
, !I 

' '!I 

t 

·~· 
~1; 
~if 

I
··.· 

. 

i 

j 

.. 

/10/ 
HBl!HeTCSI S!.QepHbiM UpOCTp8HCTBOM H COCTOHT H3 BeKTOpOB 

..., "( o') " ( I l A ( n) l "" 
f=lf , f (pl), ... ,f (p,, ... ,pn ), ... 0 f(n) (p)n .. 

l 0 • ( 1.2) 

KOMUOHeHTbl KOTOpbiX npaaaaneJKST noanpOCTpaHCTBy S ( p~ ) c s <R3n) 
rae r+ 

1,11 

OCHOBIIbiX 

-+ -+ - + 
tPYHKUBi!:, OnpeaeneHHbiX B OOl!SCTB fl n ~ 0 I , X ••• x !') 

,,.. n •II - oonacT& 

I Pl I P~ , (p~ )2- <i\ )2..p2, P~ > o , I = 1, n , aeorpaHB'Ieaao na<P<!Jepeans-

oeCKOH6'1HOCTB, CBMM6TPB'I6CKBX H pyeMbiX, M6.Ql!6HHO y6biB810IllBXCS! H8 

•tn) 
f (p , .•. ,p ) .. 0 anSI acex n.2 N0 , rne 

1 n A " 

N 0 - aeKoTopoe nocTOS!HHOe 'IBcno. Hyne-

B8SI KOMUOHeHT8 f(O)BeKTOpa f 
~ 3 n 

G; r; ~ ecT& KOMnneKcaoe qucno, R o6oauaqaeT 

9BKliHaoaoe UpOCTp8HCTBO n 
.. .. 

3 - HMnyn&coa P 1 , ... , Pn 
- + 

ITpocTpaac'l'ao S ( 0 n ) MOlKHO HHTenpeTI!pOB8Tb KSK npOCTpaHCTBO BOl!HOBb!X 

tPYHKUBl! ft -'18CTBI1 M8CCbl 11 > 0 C HMUYllbC8MH p I , ... , p n 

=v'P; + 11
2 

..... p~ =v'P! +11
2 

H 9HeprBS!MH 0 .. 
pI 

ITpocTpaacT~o os 
aoCTb aeKTopoa f k ' D S 

A (n) 

SlanS!eTcS! TononoruqecKHM. roaopSIT, 'ITO nocnenoaaTen&

CXO.QHTCSI K Hyl!JO B 'C ~ , ecna 1 ) BX KOMnOHeHTbl 

f k ( p 
1 

, •• , p n ) .. 0 anSI acex A n B CMbiCne CXOaBMO<;:TH B npOCTp8HCTBe 

~ ( ft + ) H • 2) KOMUOH9HTbl 
n 

(n) 
k(p,, ... ,pn)=!' n ;:: N 0 anSI acex aeaa-

BIICHMO OT K • 

B D S cKangpaoe npo11aaeaeu11e onpeaenS!eTCSI cornacao 

AA A(O).(O)"" n 4 0 2 2 ~n)* 
(f,g)= £ g + ~ f ... fen d p

1
9(P 

1 
)ll(p

1 
-11 )) £ (p

1
, ... ,p ) ;(~)(pl, .. ,pn) (1.3) 

n=l J~-1 

AMUl!IITyay npOH3BOl!bHOrO COCTOS!HHS! MOlKHO 3aaaaaTb Upll UOMOillB aeKTopa . 
I</J(f)>= 

.. 
I I 1/;(n) (f (n)) > , (1.4) 

n=O 

rae I tbln)( f(n))> - aeKTOp COCTOSIHHSI CIICTeMbi n -HeB381!MOaei!:CTBYIOillHX '18CTHU 

MSCCbl jl > 0 C HMUYllbC8MH pI, P2 , .•• , p n H aHeprHSIMH p~ m yp~+p2 , ••• 
P = ,;p2+p..2 • rae Jlnl(o , .. ,p )G- S( n + 

n n 1 n n 
- BOliHOB8SI tPYHKUHS! CHCTeMbl 

'18CTIIU B IIMUYllbCHOM UpOCTpaHCTBe. 

06oaaa'IBM qepea D z 1!30Mop<!Jaoe c D S nncTHOe noanpocTpaacTao flln&6ep
A 

Ta ~~ , co~,TOH!llee 113 BeKTopoa I</; (f)>, oupeueJ!SieMbiX cornacao (1.4), 11 38BII

cmrmx OT f G; D S lii!HellKo, KenpepbiBKO 11 aaoMeTp!!'IHO. 
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floa IIpOCTpaHCTBOM 0 Mbl 6yaeM BIIpeab rroapaayMeBSTb oaHO H3 rroarrpo

CTpaHCTB D S . H ~ z 

IloanpocTpaacTBO D -C H 6yaeT cnyJKHTb B aanbaeAweM KaK o6nacTb onpe-

neneHHS! H HerrpepblBHOCTH onepaTOpOB, paCCM8TpHB8eMbiX B BKCHOMBTHKe. 

II . IlpH'IHHHbie onepaTopbt 

IlpH'IHHbte onepaTOpbt 

(n) 
T (x 1 , ••• ,xn)"'T(J(x

1
) •••• J(xn)), 

rae J(x)- 9pMHTOB onepaTop TOKa, T.e. 

+ 
J (x) "'J(x) 

n "' 1, 2 ... , 

IIBIIS!IOTCI! onepaTOpH03H8'1HbiMH 0606WeH.IIbiMH cjlyi!KilHS!MH, T.e. KBJKaoA cjlyi!KilHH 

f ( x , ... , x ) G- S ( R •n ) npHrrHCbiBBIOTC 11 IIHHeil:Hble onepaTopbi I n 

(n) 4 • (n) 
T (f) "' f ,, f d X I .. • d X n f (X I' ... , X n ) T ( X I , ... , X n ) a 

= f ... f d • X I ,, d 
4 

X n f (xI 1 .. , X n ) T (J (X I) ... J (X n ) ) 

n "' 1, 2, .. , 

(2.1) 

(2.2) 

(2.3) 

onpeneneHHbie B D , nnoTHOA B H , npa'leM xapaKTepHayrowHe 9TH onepaTOpbi 

MaTpH'IIIbie 9IIeMei!Tbl 

( cp , T (n) (f) t/1 ) C S ' ( R 4n ) 

(2.4) 

ITO aByM COCTOS!HHS!M ¢ ,IJ1 '- 0 C H , T.e. S!BIIS!IOTCS! IIHHei!:HbiMH HerrpepbiBHbiMH cjlyHK

UlfOHBIIBMH B S ( R4 n) 

3aMeTHM, 'ITO npH'IHHHbiA onepaTop 1-ro nopsraKa eCTb 9pMHTOB onepaTop 

TOKa J (x) 1 T.e. 

T1 1
) ( x) J(x) . 

3pMlfTOBOCTb OrrepaTOpa TOKB J(x) 03H8'1aeT, 'ITO 

* * J(f) "'J(f (2.5) 

6 

nnsr n106oi! * f(x)~ ~(R 4 ) 1 rne f (x)- cjlyHKUHS!, KOMIIIIBKCHO-COIIpl!lKeHH811 C f(x) • 

ByaeM C'IHTaTb, 'ITO 

T!n)(f) t c D• 

nnsr f ( x 
1

, ... , x n ) ~ ~ (R 4
n ) , 

lJ.epea S (R4n) 0603H8'1BHO rrpOCTpaHCTBO cjlyHKilHli OT n 4-BeKTOpOB xll 
J 

(2.6) 

p. = 0 ,1, 2, 3 , j = 1, 2, .. , n , IIBOrpaHH'IBHHO aacjlcjlepeH!lHpyeMbiX II CTpeMSIWHXCII K Hy-

R!O rrpH I x P. I .. "" 6biCTpee, 'leM n106ol! CTeneuu I x P. I 
J J 

B qacTaocTH, H3 onpeaeneaasr (2.3) cneayeT 

T(n)(fl, f2 , ... , fn )= J(fczl )J(f C1.2 ) .... J(fan) 

nn11 ni06biX f (x ) !Co· S ( R • ), i "'l,"n, yaosneTsopsrromux ycnosuro 
I I 

f a (x a ) fa (x cz ) "' 0 
I I J J 

rrpH 

X 0 < X 0 
a 

1 
a 

1 
(x -x ) 2 > 0, 

a 1 a 1 -
~ l < j ~ n. 

(2.4) 

(2.5) 

(2.6) 

HaM IIOHano6HTCS! TBKlKe IIOHIITHe 8HTHIIpii'IHHHbiX onepaTOpOB, KOTOpble Mbl 

o6o3HB'IHM qepea 

-(n) -
T (x

1 
, ... ,xn) • T (J (x 1 ) .... J(xn )), n ~ 1, 2, ... 

H orrpeaenHM HX KaK onepaTopoana'IHble o6o6meHHbte cjlyHKUHII cornacao 

T (n)(f) z T(n)(f *) * 

(2.7) 

(2.8) 

c 4n * 
lliiii III060i! f (X I , .... , X n ) iC- cD (R ) , rae f (X I 1 .. , X n ) cjlyi!KUIISI, KOMIIIIeKCHQ-Co-

IIpl!lKeHHBII C f(x 1 , ... , Xn) • 

B '18CTHOCTH, 

- (n) 
T (f I ' .. ,, f n) = J (fa I)"' J (f II n) 

AIIII III06biX f 
1 

(x 
1 

)IC-S(R•) 1 I • 1, n 1 yaosneTBOpS!IOWIIX ycnOBHIO 

fa (x a ) fa (x cz ) ., 0 
I I J J 

IIpll 
0 0 

X a I >X II ,1~1<j~n 

0TMeTIIM CBOACTBB rrpii'IHHHbiX onepaTOpOBo 

7 

(2.9) 

(2.10t 

(2.11) 



• 

l 

npaqHHHble orrepaTOpbl l!Bnl'IIOTCll CHMMeTpHq6CKHMH 1 T,e, 

T
1

n
1(F) .. o, 

rae 

F (X 1 1 ... , X n ) = f (X 1 , ... , X n ) - f (X a 
1 

, .... , X a n 

anll nro6ol! ~YHKUHH 

f (X I , ... , X n ) E- S ( R 4 n ) . 

npaqHHHhie OllepaTOpbl BCeraa HMeiDT rrpeo6p830B8HHll <l>ypbe: 

n 
TGn) 1 4 4 1I p 

(p1 , .. ,pn)=-- f ... fdx
1 

.... d x
4

e 1=1 J 
(2rr)2n 

• J (n) ) 
T (X I ' ... ,X n ' 

T.e. 

T (n) (f) T (n) (f) 

1; - 4n) anH nro6oll T ( p 
1 

, ... , p n ) ~ ~e ( R , rue 

f 1 4 4 l~nPJ 
(x , ... , x ) = -- f .... f d p ... d p e J"' 1 

I n (
277 

)2 n I n 
., f(p , ... ,p ), 

I n 

(2.12) 

(2.13) 

(2.14) 

(2.15) 

(2.16) 

rrpaqeM f(x
1

, ... ,x n )E- S (P 4 n) 

4- HMIIyJibCOB p 
1 

, ... , Pn . 

~4n 
rue R - rrceeuoseKnauoeo rrpocTpaacTeo 

•, 

Ill , flyaHKape-HHBSpHSHTHOCTb 

K KaJKuoMy rrpeo6paaoeaHHID (a, A) co6cTeeaaoll rpyllllhl flyaHKape P + cooT

eeTcTeyeT YHHTapaoe rrpeucTaeneaae U (a ,A) H, rue 4-eeKTop a oaaaqaeT TpaH

cnHUHID, a A- rrpeo6paaoeaaae co6cTeeaaoll rpyrrrrhi Jlopeaua l+ , 

flpaqHHHhie onepaTOphl npeo6paayroTCll cornacao 

(n) -1 (n) • ) 
U (a,A)T (f)U (a,A)=T (f !<~,A) , (3.1) 

rue 

f ( -1 -1 (", A) X 1 , ... , x n ) = f (A ( x 1 - a ) , ... , A ( x n -a ) ) 
(3.2) 

!; 4n) UJIH nro6ol! f (x 
1 

, ... , x n ) G- <- ( R • 

8 

IV. YcnoeHH rrpH'IHHHOCTB 

Jlnll ~OpMyJIHpOBKH ycnOBHll llpll'IBHHI)CTB Mhl BB6U6M B paCCMOTpeHHe KJIBCC 

381183Uh!B8IDIIIHX orrepaTopoB. 

3arra3UhiBSID!IIBe orrepaTophi 

(m + n) 5\ (x I , ... , X m , Y I , ... , Y n ) , m n = 1, 2, ,, , 

y UOBJI6TBOpli!OIIIB6 ycJIOBBIO 

91 
(m +n) 

( X I ' '" ' X m ' y I ' "'' y n 
) c 0 

npB 

X I $ l Y I ' ... , Y n I ' i = 1 ,n , 

( 4.1) 

(4.2) 

(4.3) 

rae COOTHOIII6HB6 (4,3) 03H8'186T, qTQ TO'IKS X Ji6lKBT p8Hblll6 BJIIl llpOCTpaH-

CTB8HHOIIOU06HO ,OTHOCHT6JibHO BC6X TQqeK Y I , ... y n 1 l'!BJil!IDTCll Ollep8TOp03H8q-

( m l 4 
HhiMI! o6o6meHHhiMI! ~yHKUI!liMB, T.e. KBlKUOl!: ~yHKUHH f (X 1 , ... , x m ).G- S(R m ) 

11 g 1 n 1 ( y , .. , y )E-S(R 4n) rrplliii!CbiBaeTCll JIBHei!:Hbii!: on epa Top 
I n 

p (m+n) (f (:" lg (n)) = J '" J d 4 XI "' d4 X m d 4 Y t'" d 4 Y n f (ml(xl ' .. ,X m ) X 

(4.4) 
X glnl(y,, .. ,yn)~ (m+nl(x,, ... ,xm,yl, .. ,y n ), 

orrpeueneHHhill B D ; rrp11qeM, xapaKTepB3YJOIIIIll!: aTOT orrepaTop MBTpaqHbiH ane-

M8HT 

(¢,i(m+n) (f(,m)g(n))IJ!)E- S'(R4(m+n)) 
(4.5) 

110 aeyM COCTOliHHliM ¢,q'E- D • 3arraauhiBSJO!IIile orrepaTophi yuoeneTeopl!IDT yc-

JIOBHID 

~ (m+nl (f(m,lgl,nl) = 0 (4,6) 

f (m)( ) c 4m anll nro6hiX XI' .. , X m E- v(R a g (n) (y I ..... y n )E- S(R 4n) c rrpaqi!HHO-

He38BHCHMhiMH HOCBTeJiliMB, T.e, 

f 
( m l (n) 

(x
1

, .. ,xm)g (y 1 , .. ,yn)=0 (4.7) 

II PH 

x o - Yo > 0 
I J -

2 -- . --
(xl-yJ):? 0, i=l,m, J .. 1,n (4.8) 

9 



• 

l 

SlCHO, 'ITO COOTHOWeHHe (4.4) MOlKHO p8CCM8TpHB8Tb1 COI"nSCHO lUlepHOii Te0-
/10/ 

peMe , ~aK pacwapeeae aenpephleaoro no KSJKQOMY apryMeHTy nonanaeeAeoro 

<jlyHKUHOHana 

liJ (m+n) 
~ (fl''''fm,gl'"'gn ) = 

f ... f d 4 X I ... d 4 Xm d 4 y I ... d 4 y n fl (xI ) .. f m (xm)gl (yl ) .. gn (yn)x (4.9) 

m (m+n) 
XJ\ (xl'"'xm,yl, .. ,yn) 

4 -OT apryMeHTOB f I (x 1 ) ~ S (R ), I~ l,m H g 1 (y 1 ) ~- S (R 
4 

), 

ynoeneTeopsnowero. ycnoea10 

mlm+n) )=0 
J (fl'"' fm,gl'"' gn • 

ecna 

npa (x
1
°-y

1
° )~ C 

EyaeM C'!HTaT&, '!To 

anll f~·~(R 4 m) 

f I (X I ) g l (y l ) • 0 

H (x 1 -y
1 

)
2 ~ 0, I .. l,m, 

(m+n) 
!R_ (f,g)~C~ 

H g~S(R4n) 

.. l,n 

Tenepb Mhi CMOJKeM c<jlopMynapoeaTb ycnoeae npH'IHHHOCTB. 

(C) , npH'IHHHbie onepaTOpbl 

T (n)( (nl) J Jd4 d4 (tn)( )T(n)( g = "' Y I "' Y n g Y I ' .. ,y n Y I ' .. y n 

ynoeneTeopl!IOT ycnoea10 npH'IHHHOCTH e <jlopMe Eoron106oea 

(Df T)(n)(g(n)),. ~(n+l) (f, g(n)) = 0 

anll mo6biX f(x)~ S (R 
4 

) H 
( n l ( s; 4 n 

g yl, .. ,yn)G-<:(R) 

C npH'IHHHo-He38BHCHMblMH HOCHTenl!MH, T,e, yaoeneTBOpli!OWHX ycnOBHIO 

f (x) g(nl(yl , .. ,y n)~ 0 

llpH (xo- yo )2 0 
J 

H (x - y 1 ) 
2 ~ 0 , 

( 0THOCHTen&Ho D -onepauHH eM. npHnoJKeHHe). 

10 

= l,n 

1 .. 1,11 

(4.10) 

(4.11) 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

(4.t6) 

B npanoJKeHHliX yao6ao non&30B8TbCll TaK aa3&IeaeM&IM HHTerpan&HhlM ycnoeaeM 

npH'!HHHOCTH. 

(d) • npa'IHHHhle onepaTop&I ecerna npencTaenl!IOTCll e eane: 

T(n)(f(n) ) = T (a) (f (a) 
a 1 , ••• ,a 

11 

T (n-a)(f (n-o) 

a•+ 1' ••, an (4.17) 
(n) S 4n nn H nro6oA f ( x 1 , .. , x n ) G- ( R ) , HMeiOweA BHQ 

(n) (a) (n-•1 
f (x 1 , ... ,xn)==f (x 1 , ... ,x

0
)f {x•+l'"'xn ), 

(4.18) 

rne 
I • I 4• 

f (x , ... ,x )~S(R )u 
I a 

(n-a) S: 4(n-a) 
f (x•+l , ... x n)l:- o: (R ) 

(a) (n-a) 
f (x I , .. , X ) f (X , ... , X ) • 0 

• aa+l an 
(4.19) 

npH 

X 0 < X 0 
a I a l 

(x cz -xa ) 2 ~ 0, 1=1,s, 
I l 

j=s+l,n, (4.20) 

B '!8CTHOCTB, 

T (n)(f 1 , ... ,fn )• P (f 1 , .. ,f 
8 

I fa+! , ... , f n )x 

X I r'•l (fl , ... ,f. )T(n-a)(f•+l , ... ,fn )I, 11•1,2, .... 
( 4.21) 

nnH nro6&IX f 1 (x 1 ) 1:- ~ (R 4 
) , I •l,n , rae CBMBon' P(f , .. ,f 1 f .. f ) 

1 I •+ 1 1 1 n 

o6o3aaqaeT cyMMY coeoKynaocTB no eceM n ! I s ! (n -s) ! pa36HeHHliM coeoKynao-

CTH OCHOBHblX <jlyBKUHA f I (X I), ... , f n (x n ) H8 QBe COBOKynBOCTH S H II- S <jlyBK-

UHii. npH 3TOM nepeCT8BOBK8 BHyTpB K8lKQOA COBOKynHOCTH He y'IHThlBaeTCll. 

3 (n) 
aMeTBM, 'ITO npH'IHHBhle onepaTophl T ( f 

1 
, .. , f n ) , npencTaeneaB&Ie B eune 

( 4.18), ynoeneTBOpliiOT COOTHOWeBHIO 
(11) 

T · ( f 1 , ... , f ., ) = 0 

4 --· an11 mo6&IX f 
1 

(x 
1 

) 1:- S (R ) , 1 "" J,n , ynoeneTeopliiOWHX ycnoeHIO 

npH 

H 

f 1 (x 1 ) ... f 8 (x 8 )f 8 + 1 (x 8 +1 ) ... fn (xn)=O 

X 0 
I , ••• ,X~ 

2 
( X1 -X l ) ~ 0 

~ 
0 

X a+I , ... , X 0 
n 

, l=l,s, j=s+l,n 

11 

(4.22) 

(4.23) 

(4.24) 

( 4.25) 



.Y cnoaae npH'IHHHOCTH B cjlopMe Eoromo6oaa a HHTerpanhHoe ycnoaae npH'IHH-

HOCTH S!BnSIIOTCSI 3KBHBaneHTHbiMH. 

Tenepb yKalKeM 911!9 H8 OAHO B8lKHOe COOTHOII!~HHe, CBSI3b!B810II!ee llpH'IHHHb!e 

H sana3abiB8101I!H9 onepaTOpbi: 

~(n+I) (f' g(n)) "' ( D f T) (n)(g(n)) = 

_ I T C n+ I l (I! c n! f) + I T l,n l ( g 1 n l) J (f) (4.26) 

anSI n106hrx f(x) G- S (R 
4 

) (n)( ) to 4n 
f YI'"'•Yn G-o)(R ). 

nonb3YS!Cb CBOikTBOM CHMMeTpii'IHOCTH npH'IHHHbiX onepaTOpOB, Mbl H3 (4.26) 

nony'IHM TaK H83hiBaeMoe ycnoaae paapemHMOCTH 

~ (f,g) - !R (g,f) -I [ J (f), J(g) 1 "'0 

4 
anSI niD6hiX f (x), g(y) c- S (R ). 

(4.27) 

npHHHM8SI BO BHHMBHHe ycnoBHe rrpH'IHHHOCTH B cjlopMe Eoron1060B8 (4.14), Mbl 

H3 (4.27) nony'IHM COOTHOII!eHHe 

[J(f),J(g)]=O (4.28) 

anSI n106biX f(x), g(y)G- S (R 4
) YAOBneTBOpS!IOII!HX ycnOBHIO 

f(x) p(y) = 0 2 
npa (x-y) ::: 0, (4.29) 

Bblp8lK810II!ee KOMMYTBTHBHOCTb onepaTopa TOKB J (X) B npocTp8HCTBeHHOITOao6Hb!X 

TO'IKaX. 

V. CneKTpanbHoe ycnoaae H ycnoaae nonHOTbi 

Cyll!eCTByeT CHCTeMa C06CTBeHHblX 8MITnHTy):{ COCTOSIHHSI 4-HMITynbCa p 1-' , 

1-' = 0 ,1, 2, 3 ( reaepaTopa TpaHCnSI!lHH npOCTp8HCTB8•BpeMeHH), COOTBeTCTBYIOII!H~ co6-

C'TBeHHblM 3Ha'leHHS!M p~',r,;. \j'+ • rae v +- KOHOHa (anepea) I pI p2=(p0 ) 2 - or )2 

p 0 >0!ap~'=O. • 
Ecn11 B COCTOSIHHH II!' ( <fl) > rc;. D ( II . .. - + 

<l(p)G- S (P
11 

ITYJ1bC8 p V HMeeT 3HB'IeHHSI p V E- 0, + , V • 0';3 
11 

anSI BeKTOp 4-HM-

, T.e. 

V A 4 

p I IJ ( <l> ) > = I 'I ( <t I) T> 
(5.1) 

12 

raCJ A ll A _. 

<fl ( P ) = P <fl ( P) , P 2, ( po) 2 _ ( P ) 2 = 11 2 , p o > o 
I to (5.2) 

Toraa 

U(a,l\)1'1'( ¢) >:1'1' (U(a,A)<fl )>, (5.3) 

rae 
(U (a, A );)(p)= elap ¢ (APIP) 

(5.4) 

• - + 
tl'(p),; S (P 11 ) ansr mo6oii 

CymecTayeT HeBhipolKaeaaoe coCTOSIBHe I 0 > , cooTBeTCTByiOmee co6cTBeHHOMY 

3Hil'leHH!O p V = 0 , ):{JlSI KOTOporo 

U (a, A) I 0 > = I 0 > (5.5) 

- COCTOSIHHe BaKyyMa, llpH'IeM 

IO>~;D •• 
(5.6) 

8 cany ITOJlHOTbl CHCTeMbl C06CTBeHHblX 8MITJ1HTyJl CQCTOSIHHSI 4-HiimynbCS p V 

Mbl HM88M ycJJOBHe ITOJlHOTbl: 

. .. 
<'I' (b) I A(f) B(g)t¢(k)> = 

i -1- f ... Jd~ d 4
p, e(p~) S(p~ -11

2
l) x 

n=O n! l=l (5.7) . . 
x<IJI(h)l A(f)lp

1
, ••• ,pn>< p

1 
, ... ,pn IB(g) l<fl(k) > 

anSI mo6hiX f(x) ,g(y) & S (R 
4

) H BeKTOpOB I 'I' ( h ) > • I <fl ( k) > G- D • 

I'Jl8 h ' k G- D s rae A (f) a B (g) - aeKOTOpbie onepaTopaoaHa'lHbie o6o6-

HleHHbie IPYHKUIIH, onpeneneHHbie B D • C h 

noa ycnoaaeM nonHOTbi (5.7) Mhi 6yneM noHHMaTb Bhmonaeaae cnenyiOmero 

tjty IlKilHOH8JlbHOrO COOTHOIDeHI!SI 

<'l'(h)l A(f) B(g) I <fl(k) > = 

2 2 _!_ < 'l' (I~) I A( f) I X (n) (f (n) ) > X 

n:o lnl,2nl=nl n! !nil 
I 

(5.8) 

'* 
X < X (n) ( f (n) ) I E ( g) I ¢ ( k) > • 

! n 1 I 

rae CHMMeTpH'leCKHe OpTOHOpMHpOB8HHbie 

onpoaensnoTCSI IjlopMynoii 

.1. f" (n) ) 5: ;:; tt+ 

.,.yHKUBH ! ~ ' n ' •• 1 ( p I ' ... , p n G- < ( "n ) 

I 2 

13 



A (n l 
I ( I> f ) ( P 1 • • .. ,p n ) 
P a I ... an (5.8) 

n! (n l <P , .. ,p >=v I I n nl! n2 ! .. n! 
I •1 • "2 • 

rne f (n) 

al ... an (5.10) (pi'"''Pn)=f (p) .... f (p}, a I I an n 

A -+ 
rne I f (p )I - nonHbiii Ha6op HOpMHpOBSHHbiX !jlyHKUHil H3 npocTpSHCTBS s ( n ) 

a ll ' 
ynoaneTBOpHIDWHX ycnOBHHM 

• 4 0 2 2 •• ) ) 
(fa,ftl )=fd pll(p )8(p -11 )fa (p f~(p =Oap 

a 

•• 
fa (p) fa (q) 

0 .. .. 
2 p 0 (p - q ) • I 

B !jlopMyne (5.8) cyMMHpoaaaae npoaOAHTCH no seeM n ! nepecTaHOBKSM 

1,2, ... n 'IHCen al' .. .. ,a., I> - onepaUHH nepecTaHOBKB y HHAeKCOB P • Yc-

noaae OpTOHOpMBpOBSHHOCTH !jlyHKUHH (5.8) Bblp8*S9TCH B BHA9 

H 

(f•*cnl (<•l )=o ,o , ... 
I I • 1 • ' 1 n n n n nl,n2 "1'n2''' 1 1 2 2 

• • • 
I r<•l (pl, ... ,p.)fl(n) l(al''"'a.)= 

, .. 1"1•"2•"1 "1'"2'" n , n 

0 .. ... 0 ... ... 
= 2 p I o ( p I - a I ) ... 2p n 0 ( p n - an ) 

VI • s - MSTpHUS 

CymecTayeT yH&TapHbiil onepaTop, T.e. 

+ S S = 11 

(5.11) 

(5.12) 

(6.1) 

paCCMSTpHB89Mbiii KSK B30MOp!jJH3M M9*AY JlBYMH ranb6epTOBbiMB n pOCTpaHCTBSMH 

IIS'ISnbHbiX H KOH9'1Hb!X SCHMUTOTH'I9CKHX COCTOHHHil YAOBneTBOpRIDIUHX ycnOBHHM! 

SIO>=IO>, 
(6.2) 

rne I O>G- D - COCTORHHe BSKYYMS , · 

Sl'l·(¢)>=1 '1'(4>)> (6.3) 

14 

---------li...L.lJ..U_.[ __ L_l ~ . .-..~!..~ 

• - + nna nro6oll 4> ( p) G- S ( P 
11

) 
A 

, r)le IIJI (4> )>G- - O)lHO'ISCTH'!Hoe COCTOHHHe, D c ll 
• 

COOTB9TCTByiOmee COCTOHHHIO peanbHOil 'ISCTHUbl H 

[U(a,A),S]=O 

(6.4) 

Ocaoaaoil aana'!eli S -MSTpH'IHOil TeOpHH HBnHeTCH H3y'leHHe aepOHTHOCTH nepe-

XOAOB Me*)ly HS'ISnbHb!MB B KOH9'1HbiMH SCHMUTOTH'IeCKHMH COCTOHHHHMH. 

ACHMUTOTH'19CKHe COCTOHHHH, OTB9'1SIOWH9 HSnH'IHIO h 6eccnaHOBbiX aeme-

CTB9HHb!X CKSn$!pllbiX 'ISCTHil MSCCbl 1/. > Q 
.. .. 

C HMnynbCSMH pI , .. , p n H 9Hept'H!IMH 

p 0 = y p 2+ 1/.2 , ... , .. , p O = y p 2 + 11 2 , MOJKHO nony'IHTb B CHny UHKnH'IHOCTH Co-
l 1 n n 

cTO!IHH!I aaKyyMa I 0 > G- D z nyTeM aae.neHH!I onepaTopoa poJK.neHH!! a+ ( p) 

H YHH'ITOJK9HH51 a (p) 'ISCTHil cornaCHO 

A A A A ( ) 
a+(f(l)) I 'l'(n) (f (n) ) >., I'P(n) (a+ (f(l))f n ) >t (6.5) 

rne 

A :~- • 1 n) 1 " 1 " ( 1) "In-n 
(a +c f ( 1.1 f ) ( PI .... p D ) .. ..;n ~ ( -1) f ( p l ) f \ p I ..... p l-1 • p 1+1 ... p n ) 

(6.6) 

H 

a(f (I-)) J'l''" 1(f(,;) )>,. I 'l'(n) (a c£to,;tn)) >, 
(6.7) 

rne 

(a t£ ( I)) f )( n) (pi,"' p n) = y!i+T f d 4p (J ( pO) 0 ( p 2 - 112) ftl ~p) r"tn+l)( p' pI'"' p"(t8) 

rne 
• - + 
r<t>(p)G- Sco IL> ' I'P(n)cf)(n)>G- Dz 

.. ,,, - + 
npa f (p 1' .. ,p n) G- S ( P. n ) • 

3TH onepSTOpbl y.noaneTBOp51!0T cnenyiOmHM KOMMYTSTI!BHbiM COOTHOmeHH!IM! 

•• + .. 4 0 2 2 "* .. 
[a(f ),a (g)l=fd pll(p) B(p -IL )f(p)g(p) (6.8) 

"* A* 
[ a(f),a(g) ]= 

+ A + A 
a (f),a (g)l=O (6.10) 

A A - + 
npa n106oli f (p), g(a )G- S ( PIL ) · 

OnepaTOpbi pOl!{AeHH!I a+ (p) H YHH'ITO*eHHH a (p) npeo6paayiOTCH cornacao 

A A 

U (a, A) a+ (f) u-1 (a, A)= a + ( U (a, A) f ) 
(6.1 I) 

15 



• f (A -IP) rAe 
(U (a, A) f) (p) = e 1 "~ (6.12) 

B 
"'* "* U(a,A) a(f) u- 1 (a, A)= a(U(a, A) f (6.13) 

rAe "* "* (U(a,A)f )(p) .. e-1"P f(A- 1p) (6.14) 

-+ 
An51 moooi!: f(p)c:-S(Pil ). 

TaKBM oopa30M, onepaTOpbl pOlKAeHHH a+ ( p) B yHB'ITOlKeHHH a(p) Mbl oyAeM 

pacCM8Tpi!B8Tb K8K onepaTopB03H8'1Hble oooomeBHb!e ljlyBK!lilill onpe.neneaabie B D z 

TiocTpOIIM Tenepb aenpepbiBayro no K&lK.tiOMY apryMeaTy nonllnl!aeAayro onepaTopao-

aaa'IHYIO oooomeHHYIO ljlyBK!lii!O 

+"A +A +A 
A (f

1
, ... ,f

0
)=a (f 1 ) ••• a (fn 

(6.15) 

-~+ ~ 
oT apryMeBTOB f 

1 
(p

1
) C:.· S ( n ), 1 .. 1, n , KOTOpyro MOlKH01 cornacao SLQepaoa 

/10/ ll - + 
TeopeMe 1 npo.nonlKaTb aa npocTpaHCTBO S ( 0 n ) 

A II A 

A+(f¢nl)=f ... f( n d4 p O(p 0 )8(p 2 -f! 2))f 1 "~p , .. ,p )a+(p ) ... a+ (p ), 
1='1 l l l I n I n 

• + 
r.ne f I II) (pI , ••• , p n ) ~ s ( n" ) . OnepaTopa03H8'1H8SI: oooomeaaasr ljlyBKUIISI 

p. + ( f 1 n 1 ) npeoopaayeTcH no ljlopMyne 

U (a,A)A+ d}"'u~ 1 (a,A ) .. A+ (U(a,A)f In>), 
(6.17) 

rAe 
n 

• I • 
(U(a, A)f )(n) (pi, ..• ,pn) .. e 1J=t" pl f 1 " 1(A~ 1 pi, .. ,A-

1
pn). (6.18) 

Tenepb Hallie SCIIMIITOTH'!eCKOe COCTO!!Hlle MOlKHO 38A8B8Tb B cuny UHKJlH'IHO-

CTH COCTO!!Hil!l BaKyyMa I!pH nOMO lliH BeKTOpa 

I ~r (n) (f) 1 ~ 1> =A+ (f) 1 "~ 0 > = 

f f ( nn 4 ( o) 2 2 )) •cnJ + "" I 0 (6.19) = ... d p f! p 8 ( p -I! f (p , .. ,p )a (p ) .. a \P) >. 
J= I I l l I n I n 

,(n) 
4 (n~ +. 4 

(n) 
3aMeTHM, 'ITO MHOlKeCTBO acex aeKTopoa c I1J! ( f ) _. = c A ( f ) I 0 > 

A - + 
An!! nroooll f 'n) (pI ' •• , Pn )Go s ( !1 n ) I rAe c - nroooe KOMnneKCI!Oe 'IHCJlO, 

HBllHeTC!! nnOTHb!M B n -'l8CTH'IHOM IIOATipOCTpaHCTBe H 
n 

npocTp81!CTB8 ranb6epTa H. 

16 

0TMeTH M, 'ITO KpOMe COOTH0lli6HHA ( 4.26) I! ( 6.27), CBSI3b!B8!0llii!X npH'IHHHbie 

I! aana3.Qb!B8!0llil!e OI!epaTOJ>bi 1 cymeCTBYIOT eme KOMMyTaTHBRble COOTHOllieHIIH1 CB51-

3biB8!0lliile 9TH onepaTophi 

[ T'"'(flal), 8 +(;)] • (Dv T)ln~flal)• !JIIIi+ll(g,fhl) 
(6.20) 

[a { g • ), TID) { f lal)] .. { D v* T)hl( f l"l) .. g~II!+U (g~ fin) (6.21 ) 

ll• 1, a •.. 

,,, ~ 4tl 
.nnH nro<5oa f { x 1 , ... , x 

11 
) t;;. eJ ( R ) 

.. -+ 
a: g(p)c;;..s co

11 
> • 

r~te 

1 .. 
g(y)•--j d4pf1{po)S(p2-f!2) g(p)e-lpy 

{2tr) 3/ 
(6.22) 

co +!! 2 )g(y) ... o, (6.23) 

T.e. g {y) Go SKI" (R 4 ) 

fop.naaa (Kr). 

- npoCTpallcTa.O rnaAKax pemeH.Ra ypaBKeSBH KpeAaa-

vn • ;:~neMeHThl s -MaTpHUbi 

MaTpii'IBhie gneMei!Thl S -MaTpil!lbl S mn ( p 
1 

, .. , p m , q 
1 

, ... , q n ) 1 COO'J'BeTCTBYIO

mae R -'18CTII!l8M B H8'18nbHOM I! m -'laCTII!lSM B KOHe'IHOM COCTOSI:HIISIX1 51BJ15110TC51 

(' - + 
oooomeHHbiMII ljlyHK!lii!!Mil 1 I!pHHa.nnelKSlliiiMII npOCTpaHCTBy eJ' ( Om+D) , T.e. 

S m n ( ~*I m) ' f ( n) ) = < ~ ( m~ ; * ( m) ) I S I 'I' ( n) ( f ( n)) > "' 

= <01 A(g*)lml SA+(£
4

)
1"11 0> 

AnH mo6htx 
• (m) C' - + 
f (qJ'"'qn)G-eJ(Pn) I! 

4 (n) s; - + g (pi , ... ,pn) t;;.·.: ( () n ) , 

(7 .1) 

xapaKTepH3yiOlliiiX BOllHOBhle ljlyHKUllil '18CTR!l COOTBeTCTBeHHO B H&'lallbHOM H KOBe'l-

HOM COCTO!!Hi!HX. 

TaK KBK BeKTOpbl c I w' n) ( f 'n)) > nnOTHbte B H n , TO S - MaTpH-

US onpe.nenHeTCH O.QH03H8'1HO npil I!OMOlliil MaTpii'IHbiX 9J1eMeHTOB BH,[t8 (7.1 ). Mbl 

aaaeM, o'leaH.nao, .nononaHTenbHhte TpaBHan&Hhte MaTPH'IHble aneMeHThi 
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<OISI0>-1 (7 .2) 

H 

< 01 sA+<r'"'>l o> .. <ol A<r .. '"'>s 1 o > .. o. (7.3) 

ang npeo6p830B8HIIH MSTpllqSbiX sn&MeHTOB S -MS.Tpllllbl (7.1) Mbl BB9.lteM 

B paCCMOTpeaae Kll8CC TSK SB3biB8eMbiX pa.ltK8IIKOHHbiX OllepllTOpOB 

HCnJ(x
1

, ••• ,x,) .. (D(x 
1

) ... D(x,)S)S+ ,II• 1,2, ... , 
(7.4) 

pacCM8TpHB89MbiX KaK OIIepaT()p1103HaqHbie G6e6meBIIble «jlyiiKUKJl, T.e. K8lKilOA «jlyHK-

4t> 
UHH f (x I , .. , X n) IC- S ( R ) IIpHIIHCbiB89TCSI ll.ll:HeAHbiA OIIeparop 

Cnl J f 4 4 )H'"'C H (f)~ ... d x 1 ... d x, f(x
1 

, ... ,x n x
1 

, ... ,x n) • 

=J ... fd
4

x 1 ... d
4

x f(x
1

, ... ,x )(D(x) ... D(x )S)S+, 
n n 1 n 

(7.5) 

n = 1,2, ... 

onpeaeneaa&rl! B D , npnqeM 

(«<>,H 1" 1 (f)'l')te- S'(Rh) 
(7.6) 

ang <t , 'I' te- t 

Hcao, qTo cooTHomeane (7.5) MOlKHO paccMaTpHBBTI'l KaK pacmHpeaae nonaaeA

Holi onepaTopHo3Haqaoli o6o6mermoii !jlyHKIIHH 

( n) 4 4 
H (f 1 , ... ,fn )=J ... fd x 1 ... d xn f 1 (x 1 ) ... fn (xn)x 

x(D(x 1 ) ... D(xn )S )S+=(Df ... Df S)S+, n =1,2, ... 
1 n (7.7) 

4 -
OTapryMeHTOB f 1 (x 1 )t;;.~(R ), i=J,n 

0TMeTHM OAHO BBlKHOe CBOHCTBO paAHaUHOHlibiX OIIepaTOp.;>s. 

PaJlHSUIIOHHbie onepaTOpbl ltBllliiOTCH CHMMGTpHqecKHMH. QTBOCKT6llbll0 C'aQKX ap-

ryMeHTOB, T,e. 

H ( n) (f 
a 1 

, ... ,fan ) = H(.n) (f 1 , ... ,f n (7.8) 

Jlnll mo6biX f 1 (X 1 ) t;;. ~ (R 4 ) , I = 1, n . 
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•• .lJIJ.ULJil .. l.llJJU.UI.Ill!llUIJJIL!! .. lWJ_j.LII.L..Il-.IJUJI._jJ_ ......!......_., .. _ 

MaTp11'Ulble sneMell'J'bl (7 .1) TenepJ>. MOryT 6b!Tb C®Jl9Hbi K aaKYYMBbiM cpeA

HIIM paJlK8IIHOHHbiX ottepaTOpO:S (7 .5) Ilp.H IIOMOIU.H ltOMMYTaT.HBHbiX COOTa:omea.HA 

+ A 
[ S , a (f ) l Dt S = f d

4 
y f(y)(D (y)S) 

A* 
a( f 4 * ).S]=D *S=fd yf(y)(D(y)S) 

f 

(7.9) 

(7 .10) 

.. - + 
JlllH mol5oA f (p) Go S ( PIL ) , rile cWHXli.HH f(y) OlipErnemteTCSI «jlopMynoA: 

1 f (y) • -----:-? f d 4 p 9 ( p o) li ( p 2 _ IL 2) 

(2")3/2 
f (p) e -lpy 

(7.11) 

B npaa:SJl.UelK.H'r npOCTpSHCTBf S Kr (R 
4 

) • 

3aMeTHM, "l'l'O XO'l'$1 f (y) ae npKHIIIlllelK11T np~aHC'I'&y S (R4 ) , TaM He 

Meaee np4Bble qaeTII ( 7 ~B) 11 ( 7.10) onpe.nenmoT onepaTOp.S:oa.S:a'I.Hhle o6o6meHIIble 

lf>yaxu.H.H, Tall: lUllt l!IX llli!W& 'meTa lmn5IIO'l'CSI onepaTOpaoe.s:a'lllbiM.H o6o6ruea.llbrMB. 

cWHKII.HHMH. 

np.H Bbiq.HcneHKK MaTpH'UlbiX aneMeHTOB Mbl 6yAeM ll0llb30BaTJ:,CSI TSKlKe COOT-

aomea:BSIMH 

" "* <Oia+(f) .. a(f )!O>·<OI DtS!O> .. <OI D,*S!O>•O. (7.12) 

nol1b3YSICb cnyqaeM, XO'J.Y Bblp83HTb CBOIO l:'ny6oxyiO 6narOJl8PHOCTh H.H. Bo

romo6osy, A.H. 1'8Bxenan3e, H. B5UibiBBIIKOMy-Bapyne, A.B. E«jlpeMosy, A. Yn&Masy B 

B 3. Kanycii.HB;y 3a none3Hble o5cyJKJleBaSI B ueBBhle 3aMeqa.HHSI. 

nPHflO)!{EHHE 

D - onepanBSI 

ang «jlopMynapOBK.II JlPyrBX 8KCHOM HaM 6y.neT yno6HO BBeCTH B paCMOTpeHHe 

Talt Ha3biB8eMyiO D -onepauHIO, o603HaqeaayiO cneJlYIOIIIBM o6pa3oM: 

0 1 • f d 4 x f(x) D(x) 
(1) 

AllH mo6oil f( :r:) ~ ~ (R 4 
) , o6na,qa10rueA csoAcTB&a.m: 1 °) nJil.lleitBOCTB, -r.e. 

0 at+ bq .. aD 1 + b D q 
(2) 
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llnSI mo6biX f ( x) , g ( y ) E- S ( R 4 
) , r lle a B b - HeKOTOpble HOCTOSIH-

Hbie qacna, 

llnSI nro6biX 

B 2°) KOMMyTaTBBHOCTB, T,e, 

[0 1 ,0
9
]-0 

f (x), g(y) E- ~( R
4 

). 

(S) 

OnepauaSI D 1 np~>o!SpasyeT KS:lKilf!O onepaTopaosaaqayro o!So!Smeaayro WlfKilH!O 

A(g) • f d
4

y g(y)A(y) a D (4) 

a npyryro onepaTopaosaaqayiQ o!So!Smeaayro cjJyaltnBro 

(0
1 

A) (g) • Jf d 4xd 4 y f(x) g(y)(D(x) A) (y) • B (f,r) 11 
(5) 

onpelleneaayro B D C H , npa'leM 
to I I 

(¢>, B(f,g)'I')E- ~ (R 
(6) 

llnSI nro6biX f (x), g(y) Eo'~ ( R 
4

) 

pbiBHQCTH B S I 

a aeltTopoa 'I' , ¢> "' t c coxpaaealleM aenpe-

npu STOM onepauas D I coxpaaseT ace caoltCTBS o6bl'IHOll: onepSI\BB. nacjJcjle· • 

peHUHpOBSHBSI, T,e, 

1 o. D
1

a .. o, 

I'll9 a - H9KOTOpOe DOCTOSIHBOe 'IHCno, a f(x)E- HR 4
), 

2o. D I I a I A I ( g I ) + a 2 A 2 (g 2) I .. 

,. a I ( D I A I ) ( g I ) + a 2 ( D f A 2 ) (g 2 ) • 

"' a 
1 

B 
1 

(f , g 1 ) + a 2 B 2 ( f, g 2 ) 

(7) 

(8) 

.IWSI nro6biX f (x) , g I (y I) 1 g 2(y 2 ) ~ S ( R 
4 

) , a I H a 2 - H9KOTC.t.J9 DOCTOSIH-

Hbie qacna, 

0 3. t 1 IA
1

(g 1 )A
2

(g 2 )1 .. 

-=(0
1 

A
1
)(g

1
)A

2 
(g

2
)+A 1 (g 1 )(D 2 A 2 )(g 2 )• 

• B I (f • g I ) A2 (h) + A 1 ( g I ) B 2 ( f' g 2 ) 
(9) 

llnSI nro6biX f (x ) , g 1 ( y 1 ) , g a. ( y 2 ) E- S ( R 
4 

) • 
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rne 

npeo6pa30BSBBe 41ypbe-QDepanaa D Mbl onpenenHM no (jlopMyne 

D~ .. D, 
I 

f(ll)•-
1
- f d 4 p e-IPXf(p) 

(2tr) 2 

llnSI nro!SoA f (p) E- S ( R 4 ) , 

n B T e p a T y p 8 
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