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AnHoTamusi. B paGoTe BBOJSTCS [(Ba THIIAa OIIEPATOPOB, NEHCTBYIOMNX B THIBOEPTOBOM IIPOCTPAHCTBE, KOTOPBIE 0000IIAIOT
KaK KJIacC [I-TaHKeJIEeBBIX ONEpPaTOpOB, TaK U KJIACCH CKOIIECHHBIX TAHKEIEBBIX ONEPAaTOpPOB, ONpeaeneHHbIe paHee. [lomydeHsr
OIIMCAHUS ONEPAaTOPOB BBEIEHHBIX KIIACCOB B TEPMUHAX KOMMYTAI[HOHHBIX COOTHOIICHHI!, JaHbl KPUTEPUH MX OIPaHUYECHHOCTH,
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orepaTopaM B IPOCTPAHCTBE Xapau.
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Beenenne

MatpudHoe 3aaHHe SIBISIETCSI OJHUM W3 CIIO-
co0OB BBENEHHA JIMHEHHBIX OMEPaTOpOB, ACHCT-
BYIOIIUX MEXAY THIEOEPTOBBIMU IMPOCTPAHCTBAMU
(cm, mampumep, [1]). XoTs yHUBEpcanbHBIA yHO0-
HBI KPUTEPHUN OrpaHUYEHHOCTH MpPHU TAKOM 3aja-
HUHM HE U3BECTECH, UMEETCS PAI IOCTATOYHBIX U He-
00X0IMMBIX ycinoBuid (cM, Harpumep, [4], [5]). B To
K€ BpeMsl ISl TAKUX BaXKHBIX KJIACCOB OMNEPATOPOB,
Kak ornepaTopsl Ténnuua u ['aHkens, U3BECTHBI KpU-
TEPUH WX OrPAHUYCHHOCTH B THWIBOEPTOBBIX MPO-
CTPaHCTBaxX B TEPMHUHAX UX MAaTPHII (CM., HAIIPHMED,
[6], [7], [9]). B mocnemuee Bpems MOSBHICS Psif
pabot (cMm., Harpumep, [10]-[14]), B KOoTOpBIX pac-
CMOTPEHBI HEKOTOpBIE OOOOIICHUS TaHKEIEeBBIX
OIIepPaToOpOB, TAKKE MOIYCKAIOIIME MaTpPUYHOE 3a-
nanue. B Hacrosimed paboTe BBOASTCS JBa THIA
OIIepaTopoB, ACHCTBYIONINX B THIHLOEPTOBOM IpO-
CTpPaHCTBE, KOTOpbIe 0000IIAIOT KilacC ONepaTopoB,
BBeZieHHBIH B [11]. TlomyueHs! omucanus omeparo-
POB 3THUX KJIACCOB B TEPMHUHAX KOMMYTAalMOHHBIX
COOTHOILIEHUH, COAepXalluX OINeparop CcIBUra, U
KPUTEPHUH OTPaHUYEHHOCTH,  SIACPHOCTH U
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MIpUHAUIeKHOCTH Kiaccy [wunbbepra — llImuara B
TEPMUHAX MAaTPHUI] ITUX OIMepaTopoB. JlaHBI MPUIIO-
JKEHHS JTHX pPE3yJNbTaTOB K WHTETPaJIbHBEIM OIepa-
TOpaM B TpocTpaHcTBe Xapam H° B eIHMHMYHOM
Kpyre. YacTtp pe3ynpTaToB ITaHHOW pabOTHl ObLIa
aHoHcupoBaHa B [15].

1 Tunbl CKOIIEHHBIX [I-TAHKEJIEBBIX ONepa-
TOPOB

Hamomuum, uro MaTpuLa JMHEHHOTO ONEepaTo-
pa T B cenapa0eIbHOM I'HIBOEPTOBOM MPOCTPAHCTBE
‘H B opTOHOpMHpOBaHHOM Oazuce (e, ),., 3TOro
IIPOCTPAHCTBA COCTOUT U3 IEMEHTOB BHUJA

ty, =(Te,e)).

Ilyets p — KomIuIeKCHOE uneno, v ={y;}

3=1{5,}

yucen, p €N, u nycts H — cenapabenbHOE I'Mib-

20

20 T noCJICAOBATCIIBHOCTH KOMIIJICKCHBIX

0epToBO IPOCTPaHCTBO. BBenem ormepaTopsl clie-
JYIOIINX JIBYX TUIIOB.

Onpeodenenue 1.1. Onepatop C B cemapabenb-
HOM TWJIBOEPTOBOM IPOCTPAHCTBE 7 Ha30BEM



o OByX munax CKOUEHHbIX [L-2aHKelesblx onepamopoes 6 2LL/lb6€p"106le npocmpancmeax

ckouweHHbIM P-2ankeneguim muna [C], ecmu i He-
KOTOpOTO OPTOHOPMHUPOBAHHOTO Oazuca
(e, )yso ©’H MaTpHIa 3TOrO Oneparopa COCTOUT M3

3IIEMEHTOB BHJA
Co =Y s (1.1)
MarpHua CKOLICHHOTO pi-TAHKEJEeBa OIepaTopa
una [C] umeer BUI (C;); 120 = (WY s )i jnos T- €

Yo Yy Ya2p Yap Yap ---
Wy WY pm Wopa Wspn

[c]— ujvz ujvw [T

HYs Y,

M4Y4

. (1.2)

[Janee omepaTopsl, YIOBIETBOPSIOIINE OMpeere-
uuto 1.1, Oynem obosuauars taxke C, ., .

Onpeoenenue 1.2. Oneparop D B cenapabelb-
HOM TI'WIBOEPTOBOM IIPOCTPAHCTBE H  Ha30BEM

CKOWleHHbIM [\-eankenegolm muna [D], ecnu s
HEKOTOPOTO OpPTOHOPMHUPOBAHHOTO Oazmca
(e,)150 € 'H MaTpuLa 3TOro onepaTopa COCTOUT W3

3JIEMEHTOB BHA
djk = ”’j8k+pj' (1.3)

MaTpuiia CKOIIEHHOrO |-TaHKeJIeBa OIepaTopa
tuna [D] umeer Bux (d ), ;.o = (W8, ) 120» T- €.

d, S, J, 5, 9, ..
l"l'6p “’81+p I"L82+p u63+p
. p'262p H281+2p P'262+2p
[D]=]", s . (1.4)
no;, uo,;,
u's

4p

[lanee omepaTopsl, yIOBJIETBOPSIOLIME OIpe-

neneruio 1.2, Oymem 0003HaYaTh TaKKe D}1 bp°

CBs3b MEKAY omnepaTropaMu YKa3aHHBIX THUIIOB
YCTaHaBJIIMBACT CJICAYIOLIas

Jlemma 1.1. Onepamop T, oeticmeyrowuii 6 'H,
ecmb crowennblil L-eankenes onepamop C, . mu-
na [C] moeoa u monvko mozoa, Ko20a e2o Conpsi-

o *
oicennwiti T ecmwv onepamop D, ; =~ muna [D], 20e

1

P

pa— — " o
V—:, 6n =Qny,-
n
Lokazamenvcmeo. Onepatop T HMeeT BUA
C,,., TOTJa ¥ TOJIBKO TOT/A, KOT/IA €T0 COIPSIKEH-

HBIM IMEeT MaTPHUILy, COCTOAIILYIO U3 3JIEMEHTOB BUIa

% — — 1 ! —\k+pi — i
Ly =Cy = “k Yiep = F ((“)k " yk+pj): v18k+pj’

1 —
e v=—-: §=p"y,. O
u
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MOXHO OXapaKTepHU30BaTh CKOIICHHBIC |I-TaH-
KeJIeBbl OIEepPaTophl pacCMaTpPHBaeMbIX THIIOB Kak
OIePaTOPBI, YIAOBJICTBOPSIONIAE HEKOTOPHIM KOMMY-
TAI[MOHHBIM COOTHOIICHHUSIM.

Teopema 1.1. Cnpaseonuswt ciedyrowue ym-
8epIHCOeHUSL:

1. Ozpanuyennwiii onepamop C 6 npocmpancmee

2
0°(Z,) aeremcsa CKOULEHHbIM |\-2AHKeNeGbIM MUnd

[C] 8 mom u monvko mom ciyuae, K020a 8bINOIHEHO
cnedyiouee KOMMYMAYUOHHOE COOMHOULEHUE:

cs=Lsre (1.5)
n’

2. Ozpanuuennviti onepamop D 6 npocmpancmee
(*(Z,) s619emcsa CKOUWeHHbBIM V-2AHKENe6bIM MUNa

[D] 6 mom u monvxko mom ciyyae, Ko2o0a 8bINOIHEHO
cnedyiouee KOMMYMAYUOHHOE COOMHOULEHUE:

DS” =vS'D, (1.6)

20e S — onepamop cosuza ¢ > (7).

Hokazamenvcmso. 1. Ilycts onepatop C ynos-
netBopsiet (1.1). IIpu Beex k, j € Z, numeem

(CSe.e;) =(Ce,.,e;) = ijp(kﬂ)ﬂ' =
J+p 1
= u_prk+u+p> = “_p<Cek’ej+P>n =

:uip(Cek,S"eﬁ :M%(S*pCek,ej)

B cuny orpannyennoctu oneparopa C, oTcioza cie-
ayer (1.5).

O06parHo, myctb Bbimonasiercst (1.5). Torma
upu k,jeZ,, k>0 nmeem

¢, =(Ce,e;) =(CSe,_,,e;) =

1 1
= <u_pS ”Cekil,ej) :u_p<cek71aSpej>n _

1
=—(Ce,_,,e.. Y=—c,,
P k=1>%j+p p Gtp)k-1)*
T T

Wtepupys momydeHHOE paBEHCTBO, IMEEM
1

_ _ Pk — 1/ (PRt
Cik = “,,k Cookrjpo =H 7 Clpprjpo =M m

Clpkejr0)-

Tak kak mpu k =0 mocienHee PaBEHCTBO OYEBHUJI-
HO, omepatop C — CKOIIEHHBIA [ -TaHKEJIEeB THUIIA

[C], npusem v, =p™"c, .
2. Ilepexons x compspkeHHOMY B (1.5), moiy-

gaem, 4to omepatop C OymeTr |-TaHKeIeBHIM THIIA
[C], ecnut 1 TONBKO ecu

s'c’ =_LC*SP. 1.7)
T
C mpyro#i cropossl, B cminy Jemmel 1.1 C Oyzer

*
p-rankeneBelM Tuna [C], ecnu u Tonbko ecnu C

1
Oyner v-raHkeneBeIM Tuma [D], mpudem v=—-.
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IMostomy, nomaras B (1.7) C" =D wu moxcrapisis

1
V= = T0y4aeM BTOpPO€ YTBEPXKACHHE TEOPEMBI. []

2 CkolleHHBbIC [I-TAHKEJIEBbl ONEPaTOPHI.
HeyHumonyasipHblii ciy4yai

B sToM pasnene OyneT paccMOTpeH cCiiydaii
Il

Crnenyromue TeopeMsl JaloT, B YaCTHOCTH, yC-

JOBHS OTPaHUYCHHOCTH OIIEPaTOPOB paccMaTpH-
BaeMBIX KJIACCOB.

Teopema 2.1. Ilycmv H — cenapabenvhoe
beckoHeuHoMepHOe  2UNbOEPMO8o  NPOCMPAHCMEO,
C=C,,,  H—>H — crowennvui n-eankenes one-

pamop muna [C].
1. Ilycmo |p|<1. Onepamop C=C

wrp 0P
Huen mo2oa u moavko mozoa, kozoa (y,) € (>(Z.,).

Ilpu smom C sersemcs sadeprvim ¢ wopmou I unv-
bepma — LLImuoma

Il =| 22l s

Jj=0 k=0

1/2
2

@.1)

H CJICa0M
trC = ZM’IY(p+1)I1‘ (2.2)
n=0

2. Ilycmyo |p.| >1. Onepamop C=C A6/~

HY,p
2
emcs OzpaHuienHbIM, eciu u moavko eci (L"y,) € £°.

Ipu smom C sensiemcs si0epHvim ¢ HOpmou I unob-

bepma — LLImuoma u cnedom, 3adagaemvimu ghopmy-

aamu (2.1) u (2.2) coomeemcmeenno.
Jloxazamenvcmeo. 1. Tak kak

Cip = <Cek:ej> = <€k,C*€j>,
TO
<C*ejaek> =Ch :ﬁj’yllk+j'

CrnenoBarenbHo, ecnu orepatop C OrpaHWdeH, TO
npu Bcex j =0

|}/lj|2 Zk:|’ka+j ’ = ;|Hj|2 |ypk+j

2 c 2
=S =feref <=
k

B wactroctn, mpu Bcex j=0,1,...,p—1 cxomgurcsa

pa Zk‘,|v,,k+,-

YTO U JIOKa3bIBaeT HEOOXOMMOCTb.
Jna noxasarenbcTBa JOCTATOYHOCTU PAacCMOT-
puM HOpMy ['mmpbepra — Hmunra

o =| 2

j=0 k=0

2

* . VI3 71010 creyer, 4To (y,)el*(Z,),

1/2
2

e

Tockonbky ceituac (v,) € (*(Z,), |u/<1, 1o

86

S S b [ = Sl S

720 k=0 7=0 k=0

<SS fn [ =—— [ <o
=0 =0 1_|H| )

CrnenoBarensHo, C ecth omeparop [mmsbepra —
IIImuara. Kpome Toro, oH AEpHBIN, OCKOJIBKY €0
cien
o0 o0
_ _ n
wrC=3 ¢, =2 WY,
n=0 n=0
KOHEUeH B cHity HepaBeHcTBa Ko — ByHsikoBckoro:
00
n < n 2
PTETES T ,
n=0

Vall,

2
P e

2. Ilyctp |p| > 1. Ecmm omreparop C orpaHIYeH, TO
Cey =Y Wye. u Z|ufyj| :"CeO”2 <.
i j=0

U3 storo crenyert, uto (1'y,) € £*(Z,), 4t0 u 10-
Ka3bIBaeT HEOOXOAUMOCTb.

[ycts Teneps (u'y,) € ¢*(Z,). Paccmorpum
Hopmy ['mibbepra-1lImMuara oneparopa C

2 .

I, =22 fen = XXM s,

J J

- v 2
=X () =
J

_ +i 2

ST TRd

)2:

2

¥ phs s

IA

pk+j

k

n

1
<= | (P,
k |H| n
1 a P
:—1|p Vall p <
=
[

CrnenoBartenpHO, omneparop C SBISIETCS OIEPaTOPOM
I'ums6epra — Hmuara.
bonee Toro, omepatop C sBISETCS SACPHBIM,

o0
MOCKOJIbKY €ro cjiea trCzZu"y(pmn KOHCUYCH.
n=0

n
B camom nene, nocneposaTensHocTs (|'y,) orpa-
HudeHa. [losromy Halimercs Takas KOHCTaHTa

K >0, uro |y,|<K/|y|" npn Beex n. Cnemosa-

TENBHO,

n

<=k L| o

(p+Dn P
W W
Teopema 2.2. [Iycmv 'H — cenapabenvhoe bec-
KOHeUHOMepHOe — 2unbDepmogo  NpOCMPAHCMEO,

D=D,;,:H—>H — ckowennviii \-2anxenes one-

n
|“ Y(p+l)n

pamop muna [D].
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1. Ilycmo |v| <1. Onepamop D,

5., OZpanuvern,

ecnu U MONbKO  eciu  NociedosamenbHOCHb
—2n/p 2

(v="?8,) npunaorexcum (~. Ilpu smom ycroeuu

oH makdice npunaoaexcum K kaaccy Iunvbepma —

LImuoma u aensemcs A0epHbiM, U

1/2
2

Pk, | ZXM el | - @3

u cnedom
D = gv"s(pmn. 2.4)
2. Iyems |v| > 1. Onepamop D, ; , ozpanuuen,

eciu U MONBKO  eCiu  NOCIe008AMEeNbHOCHb
—n/ 2
(v7"78,) npunaonexcum (. Ilpu smom ycrouu ox

makaice A6asIemcs a0epubvim ¢ Hopmou I unvbepma —
HIvuoma u cnedom, 3adasaemvimu @Gopmyiamu
(2.3) u (2.4) coomeemcmeenno.

Jloxaszamenvcmeo. Ilo nemme 1.1

D,;,=C,

Wwy.p2

e v=p"’, §, =n"y,. Cnenosarensho, p=v "*,

Yn = Vin/pa'
1. Ecmn |v| <1, To |u| > 1. IlockonbKy orpaHu-

YEHHOCTb OIIepaTopa PaBHOCHIIbHA OTPaHUYCHHOCTH
€ro COMpPsDKEHHOTO, B CHITy TeopeMsl 2.1 omeparop

C,,,» aBMecte ¢ HUM U omepatop D, ; ., Oyayt

OrpaHUYCHBI TOrJa U TOJIBKO TOTAd, KOorja OorpaHu-

uen omeparop C,. ., T.€. KOIJa MOCIENOBATENb-

HocTh W'y, =V °"'’8, mnpuHamiexur (°, 4TO pas-
HOCHWJIBHO TIEPBOMY YTBEPKACHHIO.

AHaNoOrn4HoO, TOCKOJBKY IPHHAATIEKHOCTh
omeparopa kmaccy I'mmsbepra—munara (smep-
HOCTb) pPAaBHOCWIbHA TPHHAAIEKHOCTH KIaccy
I'mnp6epra — [lIMuara (COOTBETCTBEHHO SIIEPHOCTH)
€ro CONpSHKEHHOTo, TO NpH ycnosun (v ©-"'78 )e *

omeparop D, ;

Ta — [lIMuara u sBisieTcs SAEPHBIM, IPUYEM

1/2 1/2
2 2j 2
1o, =| Z2ldul | =| 22 (B
jok ok

MPUHAIISKUT K Kiaccy ['uan0ep-

_ _ n
trD = Zdnn - ZV 8(erl)n'
n n

2. Ilyctp |v| >1, T.e. |u| <1. Kak u B ciygae 1

*
B cuuty Teopems! 2.1 oneparopst C, 1 D, ;

Oy-
JyT OrpaHMYEHbl TOTAA M TOJLKO TOTJA, KOrjaa or-

panuyen oneparop C,. ., TO €CTh KOIJa MOCIEN0-

BaTeNbHOCTL Y, =V 78, mpuHamiexut (>, uto

PaBHOCHUJIBHO IIEPBOMY YTBEPIKIACHUIO.
HOCKOJ’IBKy AACPHOCTH OIl€paTopa paBHOCHJIb-
Ha SACPHOCTHU €ro COIPSAKCHHOTO, TO IMPHU YCIOBUU

Problems of Physics, Mathematics and Technics, Ne 1 (66), 2026

(v"'?8,)e (> onepatop D,

5., TAKKE SBISETCS
snepHbIM ¢ Hopmol ['mibOepra — llImuara u cre-
oM, 3agaBaeMbiMu Gopmysamu (2.3) u (2.4) coot-

BCTCTBCHHO. O

3 CkouleHHbIe [I-TAHKEJIEBBI ONEPaTOpPBI.
YHuMoay AAPHBIH cay4daii
B atoM pazmene Oyzer paccMoTpeH ciydait

|},l| =1. Hmwke OymeT mokaszaHO, 4TO TEOPHUS TaKHX

omepaTopoB (haKTHYECKH CBOAUTCA K TEOPHU CKO-
LICHHBIX TaHKEJIEBBIX ONEPAaTOPOB, PACCMOTPEHHBIX
B [18], [10].

Onpeoenenue 3.1 [18]. Onepatop L B cemapa-
OeITFHOM THIILOEPTOBOM TPOCTPAHCTBE 7 Ha3bIBa-
eTCSl CKOWEHHbIM 2AHKENe8bIM NOPAOKA P, €CIN AT
HEKOTOPOTO OPTOHOPMHPOBAHHOTO Oasuca
(e, )4so € 'H MaTpuIia 3TOrO ONepaTopa COCTOMT M3

3JICMCHTOB BHJ1a

Ly =(Ley,e;) =0, .

Crnenytomas TeopeMa IOKa3bIBaeT, YTO B YHH-
MOJYJISIPHOM CJIy4ae CKOIIIEHHBIE LI-TaHKEJIEBhI OTle-
patopsl TunoB [C] u [D] cBomdTcs K CKOIIEHHBIM
TaHKEJIEBBIM.

Teopema 3.1. [Iycmo |u| =1.
1. Ilyemv C=C,

wY,p
onepamop muna [C] nopaoka p. Toeoa cywecmsyem
maxou ynumaphuwlii onepamop V : ' H — H, umo ona
HeKOMopo20 CKOWeHHO20 eankeneea onepamopa L
nopsiokap ¢ 'H

— CKOULeHHbLU W-cankenes

C=V"L

2. Ilyeme D=D — CKOWEHHbIIL V-2aHKeNes

v.,8,p
onepamop muna [D] nopsoka p. Tozoa cywecmsyem
maxoul ynumapnwii onepamop V : H — H, umo ons

HEKOMOpo20 CKOWeHH020 2ankeneéa onepamopa L
nopsiokap 6 'H

D=LV.

Jlokazamenvcmego.  OnpenenuMm  JTUHEHHBIN
onepatop V:H —H no npasuny Ve, :=p e,
(m pmamee mo nuHeWHOCTH). OH SBISETCS YHHUTap-
HBIM, TaK Kak OMEKTHBEH M HM30METPUYEH B CHIIY

yCIIOBUS | u| =1.

1. Onpenenmm oneparop V : ' H — H dopmyoit

VD xe |=> Wxe,.
Jj=0 Jj=0
3TOT omeparop B JaHHOM 0a3uce MMeeT AUaroHajb-
HYIO MaTpHILy
(Vee,) = diag(L LI, ..

OH yHHTapeH, TTOCKOJIbKY | p| =1 (umeem V' =V7").
Ilycte L :=VC. Tak kak

Ve =V'e =pe,

J
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TO Vj,k
(Le,,e;)=(VCe,,e;)= (Cek,V*ej) =(Ce,,We,) =
= I’_‘Lj<cek’ej> = I»—ljl-ljykarj =Y ks

3HaunT, L — CKOIICHHBIN raHKeNeB Nopsiaka p B H.
2. lyets C=C,

oy p —COIIPS’KCHHBIN K OIICpa-

Topy D=D

.5, (lemma 1.1). Ilepexons B npensl-

JyLIEM DPaBEHCTBE K CONPSHKCHHOMY M YYHUTHIBas,

uyto V' =V, monyuaem, uro D=C" =LV, uto n

TpeGOBANIOCH TOKA3aTh. O
Cneocmeue 3.1. Ilycmo |u| =1.

1. Crowennvuii p-eanxenes onepamop C=C,

oZcpaHuden 6 npocmpaHncmee H, eciau u mojbKo
eciu oepanuven CKOUIeHHDbII 2aHKe/le8 onepamop L.

2. Crowennbiii p-eankenes onepamop D =D, ;

oZcpaHu4en 6 npocmpaHcmee H, eciu u mojbKo
eciu oepanuven CKOUWEHHDILL 2aHKele8 onepamop L.

4 HpHJ’lO)ICEHHﬂ K MHTErpajbHbIM OII€pPaTo-

pam B npocTpanctee Xapau H’
B nmanHOM pasmene OyIoyT pacCMOTpPEHBI Kiac-
Chl HMHTETPAIBHBIX OIEPaTOpPOB B IPOCTPAHCTBE
Xapnau, aenstomuxcs oneparopamu tuna [C] u [D].
Hamomuum, 4to  mpocmpancmeo  Xapou

H*(D) cocTouMT M3 Takux (GyHKLMH f, aHATMTHYE-
CKHX B OTKPBITOM €AMHWYHOM Kpyre ) komruiexc-
HOH TUIOCKOCTH, IJIsl KOTOPBIX MOCIIENOBATEIILHOCTD
(f,) ux TelnopoBckux KOI(P(UINEHTOB B Hyle
npuHaIIexuT npoctpanctBy /°(Z,). DTo cemapa-

6enpHOE THITEOEPTOBO NMPOCTPAHCTBO OTHOCHTENBHO
CKaJIIPHOTO TIPOU3BEICHUS

(frg) = Zf 2

IocnenoBaTenbHOCTL MOHOMOB ¢, (Z) = 2 (keZ))
00pa3yeT OpTOHOPMHUPOBAHHBIA Oa3WC MPOCTPAHCT-
Ba H*(D) (cM. manpumep, [16]).

Bcrogy Hmke ¢ 0003HauaeT OrpaHUYECHHYIO
MOJIOKUTEIbHYIO Mepy Ha [, a

= [,§'do(©) (nez)

— MOCJIE0BAaTEIBHOCTh MOMEHTOB MEPHI G.
PaccmoTrpuMm cnenyromuil  omepaTop B IIpo-

crpauctee H>(D) (p e N)

1@ =t 1= [ L o) (1] <1)

OTOT omnepaTop NMPUHAJISKUT KIIACCy Xaycllo-
pOdOBBIX ONEPAaTOPOB C SIIPOM, 3aBHUCSIIUM  OT
BHEITHEH IIEPEMEHHOM, BIIEPBBIC PACCMOTPEHHOMY B
pabore niepBoro asropa [17].

Teopema 4.1. Byoem npeonorazame, 4Ymo

|u|<1. Hna mozo umobwl onepamop H, , , Ovin
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2
oepanuyen ¢ npocmparncmee H (D) neobxooumo,
YMoObL 8HINOHALOCH YCLOGUE

P <o, @.1)

sup Z|“’jpkp+j
L

Ilpu ycnosuu (4.1) cnpasednusvl credyrouue
VMBEPIHCOCHUS:
1.H _ =C

w.o,p wp.p”

2. Onepamop H

po.p O2DAHUYEH 6 NPOCMPAH-
2
cmee H (D), eciu u monvko ecau nocredosameib-

2
nocms (p,) npunaonexcum (. IIpu smom ycrosuu

oH npunaonexcum xnaccy Iunvbepma — [lImuoma u
A1AeMcsl A0ePHLIM, NPUYeM

1], < DL)W
< (1-[mel)(1-1¢")

do(Q)
l-pg

Hoxasamenvcmeso. Eciu oneparop H, , , or-

trH =

paHWYEH, TO, pa3naras MoJBIHTETPATIbHYIO (DYHKIIHIO
B TEOMETPHUYECKHH psill, MOIy4aeM B pe3yibTaTe
HOYJICHHOTO I/IHTerI/IpOBaHH;I

(H0,00() = [ 5 —dc(@ =

=[,¢"Xwdo() = Zu’zf [,¢mdo) =
= Z wp,,. e (2). 4.2)

[TouneHHoe MHTErpUpOBaHHE 3aKOHHO B CHIIy TEO-
pemsl JleGera o HOYIEHHOM MHTETPUPOBAHMH Psiaa,

MTOCKOJIBKY
ZJD|HijCkp+j
j

<Z|pz| j do(g)_ | |c(m>)<oo

do(() <

Ortcrona cinenyert (4.1), Tak kak npu Bcex k >0
. 2
Z|“’]pkp+j |
J

1. U3 (4.2) cnenyer, 9To TIpH BCex k, j =0

2
af <

i

w.c.p H,o,p

<Hp,cr,pek ’ej> = l"tjpkp+j 2

YTO JOKA3bIBAET MEPBOE YTBEPKIACHUE TEOPEMBI.
2. Teneps B cuty yTBepxkaeHus 1 teopemsr 2.1
(npu vy, =p,) omeparop H,  OrpaHHYEH, €CIU U

TOJIBKO €CIIH I1OCIEe0BAaTEeIbHOCTh (p,) MpUHAJIIE-

KuT (°. TIpH 9TOM YCIIOBHM OH TaKyKe MPHHAIIEKUT
wiaccy ['mnp0Oepra — [lIMuzTa U SBIACTCS SACPHBIM, U

1/2
[#7), =| 2200w e

Jj=0 k=0
0 0
Jj=0 k=0
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Crdo(0)| <




o OByX munax CKOUEHHbIX [L-2aHKelesblx onepamopoes 6 2LL/lb6€p"106le npocmpancmeax

/'l dot0) =

Ms

5

= [, 2 et o0 =
L], do®

*(1=|ugf)(1-1g")

Brimie MBI BOCTIONIB30BaINCH HEPABCHCTBOM

172
(Zaj) < ZGH (a, 20).

Haxkosrern, cHOBa 1o Teopeme 2.1
wH = D WP, = 20 [ CPdo(Q) =
n=0

n=0

do(C)
1-pg™
PaccMOTpuM Taxke CIEyIOIMi OmepaTop B IIPO-
crpanctee H>(D) (p e N)

O

- [ X e ydo©) < .

) =, )= [ 1 d0(0) (1<)

Teopema 4.2. byoem npeonorazamv, uYmo
|v| <1. [ns mozo umober onepamop U, = Obin 02-
panuuen ¢ npocmpancmee H* (D)  neobxooumo,

4mo6bl BLINOHALOCH ycioeue
2

SIZpZ|vjpk+pj <0,
j
Ilpu ycnosuu (4.3) cnpageonusvl credyrouue
YMBEPHCOeHUS:
L.T,,,=D,

2. Onepamop T’ ocpanuden 8 Npocmpan-

v,0,p
2
cmee H (D), ecau u moavko eciu nociedogamenv-
—2n/ 2
nocms (v-"'Pp, ) e l”. IIpu smom ycrosuu on max-

gice npunaoaedxcum kaaccy 'unvbepma — Llmuoma u
A67151emMCsl S0EPHLIM, U

ds(C)
"r”& SJ‘D P ?
(=Ml -l
ur = [ -49&)
p]—vgh!

Jloxazamenvcmeo. Kak B 10Ka3aTrenbCTBE TEO-
pemsl 4.1, pasiaras MOABIHTETPANEHYI0 (DYHKIIHIO B
TEOMETPUYECKUH P, MOJIydyaeM B pe3yibTare Io-
YWICHHOTO MHTETPUPOBAHUS

(T pe)2) = [, 62 (72 do() =
=2 Ve o) -

= Zvjpk+;7je,' (2). (4.4)
=0
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ITouneHHOE MHTErpUpOBaHME 3aKOHHO B CHILY
Teopembl Jlebera O MOWIEHHOM HWHTETPUPOBAHUM
psla, OCKOJIBKY

Sl [ M
Ortcrona cieayer (4.4), Tak Kak npu Bcex k >0
P = |'

1. I/Isj dopmyns (4.4) cnemyer, 4to

<Fv,c,pek’ej> = V/pk+pj’

YTO JI0KA3bIBAET NIEPBOE YTBEP)KACHHE TEOPEMBL.
2. CremoBaTenbHO, B CHIIy YTBepxaeHus |
teopemsl 2.2 (nmpu 8, =p,) omeparop I orpa-

ke do(Q) < i|v|j6(]l))) < o0,

2
l_‘v,o',pek || < |

Fv,c,ﬁ

v,G,p
HUYEH, €CIIM M TOJBKO €CiH TOCIe/[0BATEIbHOCTD
(v*"7p,) npunamnexut (°. TIpu 5TOM yCIIOBHH OH

TakKe MPHHAMISKUT Kinaccy 'mimpbepra — [lImuara
U SIBIISIETCS IAEPHBIM,
1/2
2
<

(=2

<SS EM b = E M [f,¢ o0 <
<TIM Lk
[T oo -

= [, Z(M) Zlef doc) =

do©)
(1=l )1~

Hakownern, kak 1 B J0Ka3aTeIbCTBE MPEABILY-
LIE TEOPEMBIL

Ir

o) =

N do(Q)
trl = V" =l ——. O
; p(p+1)n IDI—VCP+I

3akaouenue

B naHHO# cTaThe BBOJSTCA JBa THIIA ONEpaTo-
POB, IEHCTBYIOIIMX B TMJIBOEPTOBOM IPOCTPAHCTBE,
KOTOpBIE 00O0IIAIOT KaK KJIAacC [-TaHKEJIEeBBIX OIe-
paTopoB, TaK M KIACC CKOIIEHHBIX TaHKENIEBBIX OIle-
patopoB. beutn chopMyTUpOBaHBI U TOKa3aHbI KPH-
TEPUU UX OTPAHUYEHHOCTH U saepHoctu. Ilonyuen-
HBIC PE3YJIbTaThl TPUMCHSIOTCS K HHTETPATbHBIM
orepaTopaMm B IPOCTpaHCTBE Xapau. DTU pe3yibTa-
TBI MOTYT HCITONB30BATHCSA B TEOPHH OMEPATOPOB U
ee TIPUIIOKEHISIX, a TakKe MPHU YTCHUH CIICIHAalb-
HBIX AWCIUIUIAH ISl CTYACHTOB MAaTeMaTHYECKUX
crHenuaabHOCTEN.
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