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Ill 
Henasao 6~na c~puynaposaa~ npocTpaacTseaa~e csollcTBa paano~eaaa no nyq-

IC8M S -M8TpHil~, ICOTOp~e QOn~bl HM9Th M8CTO B mo6oll ICOppe!tTHOII S -MaTpaqaoll 

TeopHH B nOK8nhHOII penaTHBHCTCICOII ICBBHTOBOII TeOpHH nona, noJCaaaTenhCTBO B~nonHHMOC

TII aTHX CBOIICTB S -M8TpHilbl B p8Mit8X aJtCIIOMaTJiqecJColl ICBBHTOBOII TeOpHH nona BaiiT-
/2/ /3/ 

M8H8 QaHO B 

B aaCToamell pa6oTe M~ noJCa~eM npoCTpaacTBeaaonono6a~e csoll:cTBa paanoJKeHH<I 

no nyqJCaM B81CYYMH~X Cp9QHHX panaallHORHbiX onepaTOpOB, a TaiCJKe M8Tpaqa~X aneM9HTOB 

S -MaTpHilbl B paMJCax aJCcaoMaTaqecJColl npaqaaaoll S -MaTpaqaoll Teopaa Eoroni0-

6osa141, nna npOCTOT~ Mbl paCCMOTpRM C8MOQ911CTBR9 OQROrO Be!Il9CTB9HHOrO Cltanapao-

ro non11 </>(x) noKa~eM, qTO peaynhT8T nponecca p8CC911HR<I MeJKQy B9!Il9CTB8HHbiMH 

Clt8nllpRbiMR q&CTRil8MR C M8CCOII m.,IO 8CHMilTOTRqeCICR He 38BHCHT OT llpHCyTCTBH<I 

npyrax qacTan. 

B I<aqecTse acxonaoll senaqRHbi Mbl 6epeu cjlyaJCnaoaan~oaoe paanoJKeaae 

pHilbl no HOpManhHbiM IlpDH3B9Q9HR<IM aCRMilTOTRqaCJtHX nonell 

s = I 
N=O 

rne ICOecjlcjlRnReHTHbl9 cjlyHICilRR hN (~N) -C-qacna CO CBOIICTBOM: 

S -MaT-

(I) 

h N(.!a ) = hN (~ N) B cjlopMyne (I) sseneabi cne!lyiOmHe o tloaaaqeaaH : 
N 

/4/ 
Cneny11 Eoron106osy , ycnosHH npaq~~HHOCTR onpenenaM npa noMom• cneny10-

mero cjlyHKilHOHanhHOrO COOTHOID9KR<I: 

( 2) 

x/ 
f (x), g(x) t j(R ) , yQOBJIOTBOpHIOUlHX ycnOBHIO f(x) g( y ) = 0 nn11 BpeMe-

aanouo6HhlX HKTepoanos ( x - y )~ ~ 0 

IlHIO 

x/ 

BaeneM Teneph o paccMOTpeaae paiUISUHOHHY:IO onepaTopaoaaa'IHYIO o 6o6meHHYIO IjJyaJt -

'iepea 
cjlepeanapy eMbi X 

j ( R) 3i19Cb H BCIOLl Y Ll8flbll!9 Ot'i03H8'19HO 11[10CTp8RCTBO He orpallii'19HIIO LlK<)>
H Me.anenHo y0hTBaJOmRx ll.'l G~CKOJT<.P-HIOCTR <l>yttKHM~ . 

3 



N 
H (f)•fd

4
xNf(x) 6 S 

N - -N 
s+ 

8 </> (x
1

) •• 8</>(x N) 

= (-i ff d\ O(t; -x"
2

) ... 8(x0 -x0 )j (x ) ... j(x) I f(x ), 
-N N•l N 1 NP(l,NY aN 

onpeneneas~ B 0 C H nn• nE6oA ~y~B f(x )E j (R 4N)E j (R4N). 
- N 0 

lll&ACR CO CBORMB npoH3BOJl,llbiMH ){OCTaTO'IJIO BbiCOXOI'O llOpRAJC8 B Hynh npB 

CyMMBpOBaBRe B (3) npoB3BOllBTCB no BC&B03NOJKBiiiM nepecTaBoBJtaM a
1 

, 

1,2, ... N • lfepea 

J(x ) -i ..2Ls + 
8¢(x) ' 

tCx)- j (x) 

o6oaRaqes onepaTOp 6oaescxoro TOxa. 

( 3) 

o6pama10-

X =X .-:~ ••• • X • 
I 2 N 

a N ttHcen 

(4) 

Cornacso onpeneneBBJO onepaTOpsoasa'tsoA o6o6measoA ~YBJtllRR, saxyyMB&Ie cpensse 

panHallROBRbiX onepaTOpoB 

N 4N 
bN(f)uj <0 1 HN(f}IO >C j;(R } 

npB nE6oA fEj (R4N). 
0 

T e o p e M a 1, 

(5) 

nyCTh a - llpo113BOnhllb1A llpoCTp8JJCTB&JJJJOllOll06JJbiA B9JCTOp0 a o\>0 , nps co6mo-

A8HBB ycnOBHSI npH~BlJOCTB (2) B8XYYMHb19 cpenHRe panBanROHBbiX onepeTOpOB, onpenensre

Mb18 ~pMynoA ( 5) 0 YAOBlleTBOpSIJOT npOCTp8lJCTB9JJJJOllOll06BbiM CBOACTB8M p83ll0li<8HRSI no 

nyuau, T.e. 

lim b 
m+n+r+• (FAa ) • h m+n { f ) br+• { g ) (6) 

>.~-

AnSI nJ06oA ~yJJJCIUIII )_ • F { x , y ->.a) e. j { R <lm+a+r-+al ) 
1:1 -m+n _r+a 0 ' 

BM8JOill9A Bllll 

F (x ,y ) • f{x )g(I. ) 
-m+n -ri-a - =+n f'+a (7) 

-! 

I'A9 

f(x )EJ( 
-m+n 0 

Teneph aaanorsquo 

nyqxau nn• uaTpBqHMX Sl 

onepaTOpsoasaqay~ o6o6m 

1 
A* (<f> )= . lff't 

N N y n! 

onpeneneaay10 B D C H 

llROHHbiM CBOIICTBOM 

U(a ,A) A:(<f>N : 

OTHOCHT81TbBO npeo6pa30Bl 

( 9) 0 Bbl'tHCITRM M8TpH'tHbl~ 

<01 U(:l.a,l) A, 

x S A*(<l>n}U( A 

= S ( e · IA 
m+r, n+s 

nn>I o/1 (~' ) E"( R Jm) 
m ~ m f ' <I 

Terreph Moli<JJo y cTa E 

s ( q' • 
m +r,n+e m 

H BSXYYMRbiX cpenRHX p8AI 

h ( x' 
m+n+r+s 

cornacso ~opMyne 



N 
H (f) • f d

4
x N f(x ) 8 s 

N - -N 
s+ 

8¢(x
1

) •• 8</>(x ) 

=( - iff d\ O(x" -x"
2

) ... 8(x0 -x0 ) j (x ) ... j(x) I f(x ), 
- N 1 N•l N 1 NP(t ,Nr aN 

onpe.nenesa~ B DC H nnR nm6oA ~Y~• f(x )E j (R<N)E j (R<N). 
- N 0 

III&ACSI CO CBORMB npoB3BO)tllblMll ltOCTaTO.'IBO BblCOJCOI'O llOpBltBa B Bynh npR 

Cywwxposaaae B (3) npoX3BOltBTCSI no BC8B03MOJICBblM nepecTaBoBJCaM a
1 1 

1,2, ... N • 'lepea 

J(x ) -i ...2Ls + 
8¢(x) • 

o6oaaaqea onepaTOp 6o3escxoro TOJCa. 

t<x) ~ j (x) 

( 3) 

o6pama10-

x =x-= ••. - x. 
I 2 N 

a N qacen 

(4) 

Cornacao onpeneneRB~ onepaTOpBoasaqsoA o6o6messoA ~YBXIlBR, saxyyMB&Ie cpensae 

p&nRallRORRblX onepaTOpoB 

N 4N 
bN(f)~ i <0 1 HN(f)IO>Cj;(R ) 

npR nm6oA fEj (R4N). 
0 

T e o p e w a 1, 

(5) 

nyCTh a - npoB3BOn&ln"A llpoCTpaacTBeaaonono6ablA sexTOp, a A. >O , npa co6mo-

nenax ycnosnsr npR~RHOCTR (2) BaJCyyNHble cpenBBe paa.anBORBblX onepaTopoB, onpenenne

Mble ojlopMynoA ( 5) 0 YllOBneTBOpll~ DpOCTp8HCTBeBBODOA06BblM CBOACTBaM pa300lK8HRR DO 

nyuau, T.e. 

>-~-

lim b 
m+n+r+• (FAa ) • h m+n (f ) br+a ( g ) (6) 

nnsr ni06oA ~yBJCnRR ). • F (x , y ->.a) E- j (R<Im+a+r-+al) 
b: -m+n _r+e 0 ' 

RM8JOIII8A BRA 

F (x ,y ) • f(x )g(x_ ) 
-m+n -Ho-e - m+n f'+e (7) 

4 

r ne 

f(x )Ej( 
-m+n 0 

Teneph asanorxqno 

nyqKaN ltnR NaTpHqBhlX SJ 

onepaTOpnoanaqsy~ o6o6m 

A* (<T> 
N N 

)= _1 __ 

VNT 

onpeneneaay10 B D C H 

llROHBblM CBOACTBOM 

U(a,A) A:(<I>N: 

OTHOCBT80hHO npeo6pa30Sf 

( 9) , B&IqBCnHM MaTpRqa&d 

<01 U (~a,l) A, 

x S A*(<l>) U(A. 

= S ( e -•A. 
m+r, n+a 

AnR o/1 (~' )E "( R 3m) 
m ~ m l ' <I 

Tenep& MolKHo ycTaE 

5 m+r,n+e: <Q:,_, 

R BaJCyyMRbiX cpeABRX paAI 

h ( X' 
m+n+r+s 

cornacno ~opM yne 



m+r. n+• 

·IA(l: ' ap -l:• ap 
( e J=l J k=l k+r f g )= h m+n+r+o (f '>.a). ( 11) 

s 

3secc, 

(x 
- m+n 

) = 1 
(2r. )..!~) f 

2 

::n I" 4 z i .,.,. ... 
l(l; • •'•- ~I m+t m+t f (q + )clq m+n e a- t _m n -

...;2;1 (12) 

-m+'"• 

rne r c q > -" if~ c"Q > ,J; _ m+n !'" I _ m n 
(q } E j {RJ(m+n) ) 

"' n ' 

f <:m+)= lfJ m (~ m)'Pn (~ m )n Ej(R4 (m+nl), qo=..jq2+m2 j=l~ 
J J 

<l>yHKI!HR g (y r+ a ) C j ( R <(rt a! HMQQT T8KYIO lKQ CTpyKTypy, 'ITO R f (m+n) (X ) , 
_m+d 

g An = g ( y r+• ->.a ) • (12) 

TeopeM a 2 . 

nycTb .BblDOIU:UilOTCSI ycnOBlUI TeopeMbi 1. Torna MaTpH,Hbi& sneM8HTbJ s m+r. n+a_.....___ 

onnenen!leMbl \! <J>opMynol! ( I 1), ysosneTsopsuoT npocrpaacrBel!Rb!M csol!craaM paano?KeRR!I 

!!9 . ..fl:c!.K8M, T, e , 

lim 
>. ~ ~ 

5 m+r.n+s 

,\( l: ' v P 
( c- t J"'"' l '"' PJ - ...... k=lapr+klfrm+ n ) &<·•·> > ~· 

/.ll!!l IIJ06bJX 

·--+r. 
( [<m+n) ) 5"' • = s (g ( rt-s ) 

.,.. (m+n) .... - 3 (m+n) 
f {qm+n)E:j

0
(R 

-{r+e ) 
g (p )Ej ( R 

3
lr+al 

-r+~ 0 

!! 

} , T (R 4 
) = F j ( R ' ). 

o r 

(13 ) 

/lOKB38 Tel1b <. 'rB0 T P O f •'""'•H: ~ c J:er;. _y e ·r f.f fl l Jt)'. j J '"~/I.LT P.eHUO 11 ..3 't'eOp'3 Mb1. 1 • .UOK 8 3S"'r"e liLC.T-
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ltOAb CltOpO 
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F {!.m+n 

I X 

• 
( !. m+n ) Ejo {R 

.ll01t838TeAbCTBO neMMbl 

llCb 9TO!! neMMO!! H yCAOBHQ) 

aaeprBB-!!Mnyn&ca P fl. 'I 
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=h (f)h {g 
m+n r+• 

rae BaJCyyMRble cpeARBe pa1 

onpesenR~TCR cornacHo cjlopM 

paropoe 

h ( F 
m+n+r+a 
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·r+· (f '>.a). ( 11) 

(q )dq 
_m+n _ m+n (12) 

~+m 2 , j=l~ 

rpy, 'ITO H f (n>+n) (X ) , 
_m+d 

( 12) 

119 sneMeHTbi S m+r n+a _____ 

jM CBOACTBBM paano~eRBH 

( 13) 

reup'3 Mt..' 1 • .lloKaaa-relit..f..T-

BO 'I"'!OpeMbl 1 Mbl pa36RB89M JIB AOit838TeDbCTB8 J19CitODbltHX D9MM, 

JJeMMa 1. 

nvcTL BWPODHHpTCS ycnoBHff npH,RHHOCTI (2). Torga oanuagHORHA8 onepATOOH03HA,-

Ba!l o6ofi11!9JI.B!Ul cbYBKIUIH H m+n+r+ • (F (m+n+r+a ) ), onpesen!I9M8!1 (3), YJ!OBD9TBODll• 

et TAX B83blB88MOMy 'JWTerpallbHOMy' ycnOBII) IlpH!JKRHOCTB: 

H (F(m+n+r+o) 
m+n+r+a 

)=H (f(m+n·l)H (g(r+o) 
m+n r+a 

An!! mo6oA ffiyaR!ln F ( x ' y ) E j ( R 4(m+n+r+ol 
- m+n, -t+a 0 

), 

npescTaBHMoA a BRAe 

KODb CKOpO 

r,11e oPYBJCI\Bl1. 

F (!. m+n ' ~ r+o ) = f ( ~ m+n ) g <.! r+ • ) ' 

X l > I y l ' 
-m+n - - r+a 

4(m+n) 

( !. m+n ) Ejo ( R H g (y )Ej (R<!r+al ) • 
-r+• 0 

( 14) 

( 15) 

no.:aaarenbCTBO neMMbl OCJIOBbiB88TC!I JIB peaynbT8T8X pafiOTb/
51

• Tenepb, nollb3y

SICb STOA D8MMOA B yCDOBH9M PODBOTbl CBCT8Mbl COfiCTBQJIJibiX HMnnRTYA OP8paTopa 4-

&aeprRR-HMpYDbCH p p. , Mhl nonyq:BM 

h m+n+r+o ( F Ao ) ~ 

=h (f )h (g) 
m+n r+a 

T 
+h 

m+n+r+a 
) ' 

pa.IIB~ROHJIWX onepaTOpoB 

• 

( 16) 

h (f ) 
m+n R r+o (' ) 

onpenenH~TCH cornacao ojlopMyne (5), a yce'lesaoe Ba!(1YMBoe cpe.11see pan•anxoasbiX one-

h ( F 
m+n+r+a 



hT 
m+n+t+a 

( Fk ) • 

- f f a • x d4
y 

-m+n -r+• ll(x.o-x0 ),..11(x0 -x" )ll(y0 -y0 .).-11(y0 -y0 ) x 
1 % m+n•l m+n 1 2 r+a-1 r+e 

x [ I 1 -+ -+ ~ 
;! f d ~v < OIJ (x.1.) ••• i(x,.+.)l~v ><!vliCY

1 
) ••• i (y o+o)IO>] 

X 

V•J 

I f(xa ) I g~ .... 
- m+n P(l,l'+.a) P(l , m+n) 

Ans• mo6 btx (! )'€ j (R 4(m+n) 
m+n 0 

n e M M a 2. 

-A.a) 

g(¥_,.._ )Ej' (R4(>+-ol ) 
• 0 • 

X 

(17) 

~ypbe:o6paa yceqeaaoro cpegaero paAHaSBOHHMX onepaTQpOB (17) npHaasne~HT npoc-

TpaHCTBY 
. , ( R 4(m+n+>+-e) 
10 ( q • p • k) ) • 

- m+n-1 - r+a·l 

n 0 K a 3 a T e n b C T B O. nonb3yHCb CBOACTBaMB nonHOTM aunnBTYAM onepaTOpa 

4-aHeprBH -BMITVIIbCa P , MM H3 ( 17) DOnyqHM: 
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rAe 

hT 
m+n+r+a 
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( -i )m+n+>+-o 

(2 71 )4(m+n+rh) 
fffd

4
q d4 p d

4
kx 

- m+ta - 1 _z+ ... l 

lAa k x e f 2 ( q • k ) g 2 ( p • k ) [J·l ( q • p • k ) 
--m+n-1 - r+a- 1 -m+b.-1 - r+a·l 

If-l(q ·~ ..... , 
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• k ) ~ 

v ~ 

x 8(k- :t k ) < Ojj(O) '" 11 > ••• <" q li(O) lk J-1 J 1 1 m+n -1 m+n•. l -V 
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.. 
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Aaanoruqsy~ cTpyiTYPY RNeeT ~yHXURR -i, ( ~·-1 , k ) l BXOASUU8R B ~OpMyny ( 18), 

B cuny pensrTBBBCTcJCoA JtoBApxallTBOCTJI Teopxa, ~yBJtlliUI .j)t-l ( q , D , k ) , -m+n- 1 r+a-1 

onpenen!leM8!1 ( 19) 
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~yHXIli!R neorp aaxqe aao aenp e J 
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>JUIIJUUl B cjlopuyny ( 18) • 

i) C-l ( q , D , k ) , 
-m+n•l r+a-1 

orpHHII'18HHOII rpymthl llo-

I~X cxanapa~x npoK3Beneaxll 

T.e. 

(23) 

p 2 p p 
-r+a-1, r+a-1, .. 1., j, ••• , 

>6mellBoll ~YHltllii 

lCTH 

(24) 

m• 
•-1,... 1J., 

;M 2) X 
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d k X 

m+n-1 
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0 ( P
0 
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2
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~YHXUKII HeorpaHH'I&HHO Herrpep~BHO DK~peBDHpyeMaH DO rrapaM&TpHM 

M&DD&HBO y6~Ba~I!lHII OTHOCITenhHO 9THX rrapaM&TpOB H8 68CEOH8'1HOCTI
0 

E . ( R<c ••• ) ( 2 • 2 • M2)) 
J p.af3 ~· m lJ 1 ' • 

Tax EaE o6o6meaaaa ~yaxnaa 

I ( 2 • 2 2 ) ·~ •c ... l 

2 

p. a{3 • 

(26) 
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• 
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N -(.) 

.\ D 
.\-. - 0 ,!1~ , m2 
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- m+n-1 0 .. 

g 2 (~H-e-1 'k )C Jo( R 4(H-o)) 

( e !Aat ' 

B cooTaomeBBB ( 28) Mhl 6pana cacTaMy OTC'IeTa 

ll!llll I:ONJIOH9BTa Bei:TOpa k = ( k0
, k t, k 2 , k 3 ) . 

f 2 g2 ) = 0 
(28) 

a = ( 0, a, 0, 0 ) 1 
k '- COOTB9TCTBytO-

16/ 
Cnenyll Apua , uocTpoaM 8 upocTpaacTse 0,. aeorpaaB'Ieaao n•<!>4Jepeanapye-
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>.- >.-

N 

f 1/(k' 
iAak' 

e dk'= 0. 

3TO COOTHOW9BH8 BblllOUHB9TCH TOUbltO B TOM cnyqae, ecna cpyBXUHB ry(k') 
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-(-) 

aenocpencTBeaao cnenyeT, 'ITO D 2 2 2 
O,JlaB , m ,M 
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llOitaaana B DOunpo=paacTBe j 0 ( R <(m+n+r+o) ) E j ( R. (m+n+rh) ) • nna non-
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N 
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