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1 BsgBegenue

B pa6oTe uccaeayerca BOIpOC 0 KOMIAKTHOCTH BO3MYIIEHIA ONPAHIICHHOIO
oneparopa fko6u (guckperHoro anagora oneparopa [ltypma-/luysuiia va
IOJIYOCH ), TIPK DTOM BO3MYILICHUE MOPOKIAETCI U3MEHEeHNEeM CIEeKTPATbHOU
MEPBI OTEPATOPA MPU COXPAHEHUH CYMIECTBEHHOI'O CIEKTPa (TOIHBIE (HOP-
MYJIUDPOBKHU CM. HUKE).

PacemorpuM nociegoBaTeabHOCTH ucen {a,}5%,, {b,}52, Takue, 4To
an, > 0, b, € R. Onepatop fko6u - 5To onmepaTop B mpocTtpancTse [2(Z, ),
JIeCTBAEe KOTOPOrO Ha BEKTOpaxX CTaHJIapTHOT'O OPTOHOPMHUPOBAHHOIO 0Ga-
suca {e, }>°, onpenenserca caeyomum oopasom (em. [NS]):

Aeg = boeg + ageq, Ae, = ap_164_1+ bpep + aneny, n>1.

CoorBercrByomas OeCKOHEYHasA TPeXINarOHAJbHAA MATPHUIA HA3BIBAETCSI
Marpunen fAkoou:

b[) Qo 0 0
ap bl a1 0 N
./4 = O ai b2 a9 e . (1)

Bynmem npexgnorarars, aro sup, {a,} < oo, sup,{|b.|} < oo, n € Z,, Torga
omeparop A orpaHHYeH U ABIAETCA CAMOCONIPAXKEHHBIM, BEKTOD €y ABIA-
eTcA IUKJINIeCKIM BeKTOpoM omeparopa A. VI HA060pOT, KaK LI OI'DAHHU-
JEHHBIN CAMOCOIPAXKEHHBIN OMePATOP C UUKJINIECKIM BEKTOPOM MMEeT Ma-
Tpuiy flko6u B mOAXOAAIIEM OPTOHOPMUPOBAHHOM 0asmce, T.e. YHUTAPHO
DKBUBAIEHTEH HEKOTOPOMY omnepaTopy fkobu.

N3y4uenne pasIMvHBIX CIEKTPAIbLHBEIX CBOMCTB ONIEpaTopoB flko6um mpu-
BIeKaeT K ceGe mocrosuubm mHTepec (em. [PY], [DKS], [R], [De], [B]).
[Ipu >ToM BO MHOTHX paboTaX HCIOIB3YETCA XOPOIIO U3BECTHAA CBA3BL TEO-
pun omepaTopos SIKoOU ¢ Teopuen MHOTOWIEHOB, OPTOTOHATLHBIX IO Mepe
Ha MENCTBUTEIRHOU OCU. B HacTosmen pabore aCUMITOTUIECKHE CBOUCTBA
OPTOTOHAIBLHBIX MHOTOY/ICHOB IPUMEHAIOTCA [IIA M3YUEHUA CIEKTPAJIbHBIX
CBOUCTB OIepaTopoB AkooOm.

PaccMoTpuM BepOATHOCTHYIO GOPEIEBCKYIO MePY /i C OTDAHIMYEeHHBIM Oec-
KOHEYHBIM HOCHTEJNEeM Ha MeMCTBUTEIbHOW ocu. IlycThb MHOrOWwIeHBI (), (2)
CTeIeH! N CO CTAPIIMM KO(D(PUINEHTOM eIUHUIA OPTOTOHAIBHBI 110 HTOU



+oo
mepe: Qu(z)z"dp = 0, k = 0,1,2,...,n — 1. [1a HUX BHIMOJIHACTCS

— O
TpeX4IeHHOE PeKYyPPEeHTHOEe COOTHOIIEHNE

Qur1(2) = (2 = ba)Qn(2) — a5_1Qn-1(2), n >0, (2)

¢ HadaabHbIMK yeaoBuamu Q_q(z) = 0, Qy(z) = 1, npuyem a, > 0, b, € R.
Paccmorpum marpuiy fkobu, siemMeHTaMu KOTOPOU ABJIAIOTCA KOd(pPuIim-
eHTHEl PEKyPPEHTHOI'0 COOTHOmeHn: (2), n 0603HaINM depe3 A, omepaTop
fAxkobu, cooTBeTCTBYIOUINN >TON MarTpume. M3BecTHO, 9TO Mepa [ ABJIA-
eTcsa cnerpaabHON Mepou omeparopa A, (cm. [Ah]). I HaobopoT, kKaxgomy
oneparopy fAkobu A 0IHO3ZHAYHO CTABUTCA B COOTBETCTBUE MOCAEN0BATENb-
HOCTH MHOI'OYJIEHOB, OIpeIeNeHHAsA DEKYPPEHTHBIMU COOTHOMmEHusMu (2).
DTO MHOIMOYWIEHBI ¢ €IMHUYIHLIM CTaPIIIM KO(PPUIUEHTOM, OPTOrOHAILHEIE
o coekTpaabHon Mepe omeparopa A. Taxkum o6pazom, mUMeeTCs B3aMMHO-
OMHO3HAYHOE COOTBETCTBHE MEXK Iy OIlepaTopaMiu SIKoOU 1 BepOATHOCTHBEIMEI
MepaMM Ha TeHCTBUTEIBHOU Ocu (MOAPOOHEe O CBA3M OPTOrOHATBHBIX MHO-
rOYICHOB 1 oneparopos fIkobu cm. [NSJ).

O6osmauM vepes K mieat KOMIAKTHEIX onepaTopos B [%(Z, ). Tosopar,
4T0 omepaTop A ABIgeTca KOMIAKTHEIM BoaMmymeHueMm omepatopa A°, ecan
A—A° € K. Xopomo u3BecTHO, uTo ecau A u A° - omeparops! SIko6u, To A—
A% € K rorga m Toabko Torma, koraa lim, .. [ad —a,| =0, lim, . |6 —
b, = 0.

[l1a OrpaHMIeHHOr0 CAMOCOIPAXKEHHOrO omepaTopa A, TelCTBYIOMEro B
cemapabeIbHOM MIbOEPTOBOM IIPOCTPAHCTBE, 0003HadnM epes o(A) cnekTp
omepaTopa A, a depe3 0gss(A) ero cymecTBeHHBIN CIEKTP (HAOMHUM, YTO
CYLIECTBEHHBIN CIEKTD MOMy4aeTcs yaateHuneM u3 o(A) MHOXKeCTBa M30u-
POBAHHBIX COGCTBEHHBIX YHCET KOHEYHOW KPATHOCTH).

Caeqyomnn KIaCCUIeCKUN Pe3yIbTaT YTBEPKIALT, ITO CYIIECTBEHHBIN
CIIEKTP OIepaTOpa YCTOMYNB OTHOCUTEILHO KOMIIAKTHBEIX BO3MYIICHUNL:

Teopema 1.1 [Betiw [K, RS]] Ecau A u A° - oepanuuennvie camoconpa-
arcennbre onepamopbvt u (A — A%) € K, mo 0p55(A) = 0ess(A°).

Teopema Beuns-pon HermaHna, ABIAIOMAACA B HEKOTOPOM CMBICAE 0Opalie-
HIEeM TeopeMbl Bei1a, yrBepxaer, uTo ecin A u A° - camocompaxenHbIe
OTIEPATOPBI, TO Oegs(A) = 0ess(A°) TOrma m Tompko Torga, xorga (A —
UA°U*) € K n1a HEKOTOPOTO YHUTApHOTO omepaTopa U.

B macrosmen crarbe paccMaTpUBAETCA CICAVIOMAs 3agada. 1lycTh ji -

*

CHeKTpa/lbHasg Mepa HEeKOTOporo omeparopa flkobm A,, ©* - cnekTparbHasg



Mepa omepartopa fko6u A,-. Ilpeamomoxum, 4TO CylieCcTBEHHBIE CIEKTPHI
oneparopos A, u A« coBnagaror. Ilo Teopeme Benna-pon Henmana omepa-
TOp A,« YHHTApHO DKBUBAJICHTEH HEKOTOPOMY KOMIAKTHOMY BO3MYIICHUIO
omeparopa A,, HO cam omepaTop A, MOXKeT He ABIAETCA KOMIAKTHBIM BO3-
MymeHueM A, (gaxke B TOM cIydae, KOra Mepa j* HMOIydeHA U3 MepBL /i
nobaBieHneM OAHOW Macchl). Hac GyayT mHTepecoBaTh yCAOBUA Ha MePHI [i
u /1", HeOOXOAMMBIE M JOCTATOYHBIE I TOrO, ITOOH omepaTop A, — A,
OBLT KOMITAKTHBIM.

[leperngemM K OMMCAHNIO KIACCOB OIEPATOPOB, B KOTOPBIX MBI OyIeM pac-
CMATPUBATL STy 3ajgady. IlycTh E - KOHeYHBIM HAOOp MOIAPHO HEmepe-
CeKAIOIUXCsA OTPe3KOB gencrsurenbron ocu: E = U} _ Ey, By = [oy; Bil,
k=1,..,p. llycts p(x) > 0 - uarerpupyemas gyukuusa a . [oopsar, 4ro
dyukuus p(x) yaosrersopset yciaosuio Cere Ha F, ecan

B log p(z)dx

a V(B — ) (@ — ay)

PaccmoTpuM onepaTopsl SIKo6H, CYIIECTBeHHBIN CIEKTP KOTOPLIX COBIATAET
C MHOXeCTBOM FE, abCOMIOTHO HEmpepBIBHAA COCTABJAINIAA CIEKTPATILHON
MepBI UMeeT Bec, yaoBaeTBopsionmu ycaosuio Cere Ha F, a IUCKPETHLIN
CIIEKTD COCTOMUT U3 KOHEIHOT'O HAOOpa AUCKPETHBIX MACC, PACIOI0XKECHHBIX
Ha IeACTBUTEILHON ocu BHe F,. O0603HAYMM DTOT KJIACC ONEPATOPOB Yepes
S(E). CoorBercrBytomuit Kiacc Mep o60o3Hadnm depes M(E). [laa mroxkasa-
TeILCTBA OCHOBHBIX TEOpeM HaM moHazobuTca Takxke kiace S'(E) C S(F),
K KOTOPOMY MBI OTHECEM ONEePaTOPHI, CIEKTPATbHAA MePa KOTOPHIX HE MMEET
CUHTYJIAPHOU COCTABJAIONIEN HA MHOXECTBe F, COOTBETCTBYIOUIUU KJIACC
mep obosnadnm M'(F). Bce ocHOBHBIE yTBepXK AeHUsA Oy YT NOKA3AHBI CHA-
qana mag kaacca S'(F), a morom pacnpocrpanens Ha kKiace S(E).

[Iycte Mmepa p € M'(E) nmeer Bec p(r) m MACCHL M, PACIOJIOKEHHbIE
B Toukax z; € R\ E, j = 1,...,l. Kak 6bl10 3aMedeH0 BbIIIe, 110 STOU
Mepe OTHO3HAYHO BOCCTaHaBImBaercsa omeparop flkoom A, € S. Paccwmo-
Tpum Taxxke mepy pf € M'(E) ¢ Becom p*(z) m maccamm mj B TOTKaxX
z; €R \ E, j=1,...,01*. CoorBercrBytonmu omepatop Axobu 0603HATIM
A

B cay4ae, Korga MHOXKeCTBO F COCTOUT U3 €IMHCTBEHHOIO OTPE3Ka, Olle-
patop A,« — A, Bcerga OyfeT KOMIIAKTHBIM. ODTO CICLyeT U3 Pe3yTbTaToB
Paxmanosa u [enncosa (cm. [R, De]) u BepHO 11 Gosee MEUPOKOrO KIacca
OIEepaTOPOB: eCIM CHeKTpadbHad Mepa ji omepaTopa fIKo6m TakoBa, 9TO

> 0o, k=1,2,3,...,p. (3)



p' > 0 mourm Bcroxy Ha orpeske [—1,1], u p umeer He Gosee UeM cUeTHOE
9uca0 TodedHbIX Mace Ha R\ [—1, 1], npegeabHbIME TOYKaMU KOTOPBIX MOT'Y'T
OBITH TOMBKO KOHILI oTpe3ka [—1,1], o a, — 1/2, b, — 0 mpu n — oo.

Cutyamnus MeHAeTCs, eclu MHOXEeCTBO F cocTouT Gogtee 4eM m3 OTHOTO
orpeska. Hampumep, ecim F ABigeTcsa oObeIuHEHHEM IBYX HelepeceKaro-
[IUXCST OTPE3KOB MEUCTBUTEIHLHOW OCH, TO BO3MYyIIeHume omeparopa flkobum
n00aBIEHIEM OTHOUW MACCHI B TOYKe, He MPUHA IIeKAIIEN MHOXeCTBY F, Hu-
KOUa He ABIAETCA KOMIAKTHBHIM. B KadecTBe WILIIOCTPAINKM PACCMOTPUM
omepaTophl fIko6u Ay u A,, MeUCTBHE KOTOPHIX OMPEAEIAeTCA CJIeTYIOIINM
obpa3oM:

Avey = 3er, Arean i1 = 3ea, + €ania, Ar€a, = €an_1 + 3eani1;

Aseg = €1, Aseont1 = €oy + 3€apn12, Aseoy, = 3€9p_1 + €2p41.

OmnepaTop A, momyvaercs u3 omeparopa A; mpum BO3MyIIeHH:H Mepbl moba-
BJIEHWEM TOYEYHON MACChl B Havale KOODAMHAT (CYMIECTBEHHBIN CIEKTD U
BecoBas (DYHKIMA He MEHAITCs). B To xe Bpems (A — Ay) ¢ K.

Pa6ora nocrpoena cieyomuM o6pa3om. B crenyromem naparpade mpu-
Be/ICHBL TIPEIBAPUTEIbHBIE CBEICHNUS, HEOOXOMUMBIE NI TAJTbHEUIIrO U370~
XKeHusa. Tperun maparpad MOCBAMIEH CIyYalo, KOTIa CYIIECTBEHHBIR CIIEKTP
omeparopa A cocrouT He Goslee YeM U3 TPeX OTPEe3KOB; IS HTOrO CIydasd
HallIeHO HeOOXOIMMOe U NOCTATOYHOE YCIOBHE KOMIAKTHOCTU BO3MYILEHUS
omeparopa A, COOTBETCTBYONMIEr0 U3MEHEHUIO ero CIeKTPATLHON Mephl. B
1eTBePTOM Maparpade paccCMaTPUBACTCA CIydal, KOTAA TUCJI0 OTPE3KOB, CO-
CTABJIAIONINX CYIIECTBEHHBIN crieKTp A, 6oabie Tpex. B marom maparpade
pPe3yaIbTATHL MPEABIAVIINX YacTeN CTAThU MEPEHOCATCA Ha 0oJee IUPOKUN
ka1acc onepaTopos S(F).

Asrop 6aarogapen B.A.Kaxaruuy 3a mo/esubie 00CYKIEHUA U COBETHI.

2 IlpeaBapuTeabHble CBeJeHUA U OIIpeaeJe-
HUA

Caenytomas TeopeMa ONUCHIBAET CBA3b KOMIAKTHOCTHU BO3MYIIEHUA OTepa-
TOpOB flKOOM ¢ ACUMITOTUKON OPTOTOHATHHBIX MHOTOWIEHOB.



Teopema 2.1 [B.Bexxepman [B]] [Tycmv A u A° - onepamopw Axobu, a @,
u Q° coomeememesyrowue uM NOCACOOEAMEADHOCTIU OPMOLOHAADHBLE MHO20-
unenos. (A — A®) € K mozda u moavro moeda, xozda

(6 QQ(())) =0

PGBHOMEPHO 6 SGMKHymOﬁ oxpecmHocmu beckoneurnocmu.

lim

n—oo

HamomunM onpegeenns HEKOTOPHIX CTAHJAPTHBIX TMOHATHN TeOMETPH-
9eCKOU Teopuu (HYHKIUHN, KOTOPBIE MOHATOOATCA HAM B TadbHEHWIIEM (CM.
[W, A).

O6o3naunm depes ) 06aacTh, apusaouyocs gononseruem F: = C\ E.
Aeticmsumeavnan Pynkyus I'puna g(z, 29) nasa obaactu ) ¢ 0CO6EHHOCTHIO
B TouKe 25 € ) - oro dyHKumsa, rapmorudeckas B ) \ {29} u Takas, 4ro
dyukuusa [g(z, zo) —log(1/|z — z|] rapmoruYHA B OKpecTHOCTH 2 (ecau zp =
00, TO [g(2z) — log|z|] rapmormIHA B okpecTHOCTH 00) u lim, . g(2,2p) =
0, (€.

Pacemorpum dyukmmio $(z, 29) = explg(z, 20) + (2, 20)]. Ecam p > 1
(obmacts ) He sBIAETCS OAHOCBA3HOU), TO GyHkuus P(z) Gymer MHOrO-
3Ha4YHA B ). IJTa QYHKIUA JOKAJLHO aHAIUTUIHO OTOOpaxkKaeT o0JacThb §2
Ha BHENIHOCTH €INHUIHON OKPYKHOCTH.

Lapmonuuecrkue mepvi wi(2), k =1,...,p - 5T0 GYHKINU, PADMOHAIECKUE
B 06macTy () BKIOYasA 00, ONpeIeeHHbIe IPAaHITHBIMI yeaoBuaMu W (C)|cex,
= 0(j,k). Ham raxxe momagobarca aHamurwdeckne (yHkumm Q(z) =
(1/2)lwi(2) + icop(2)]-

Ecaun ycaosue Cere (3) Boimonseno mas BecoBou dyHKmuu p(C), TO (CM.
[W]) cymecTyer genctBuTenbHas GyHKus h(z), FApMOHUYIECKAS B 00IACTH
Q n ygoBreTBopsatomas Ha F creyomemy rpaanaaoMy yeaoBmio: h(C)|ceon =
log(p(¢)). Kommrekcuas Gynxuusa R,(2) = exp[h(z) + ih(z)] 1oxarsuo ama-
IUTUIHA B 001acTH (), IMEeT HeKACATEJIbHBIC MPEICIbHBIC 3HATCHUA HA ee
rpame 9 1t |B,(()]ceon = p(C):

Ecan ob6racts () He ABIgeTcA OXHOCBA3HOU (npu p > 1), To QyHKIUU
®(2) n R,(z), onperereHHble B, OyIyT B OOMIEM CIydae MHONO3HATHEL.
Tounee, mx abGCOMOTHBIE 3HAYCHUA OYIyT OTHOZHATHBIME (DYHKITWAME, a ap-
IYMEHTHI - MHOTO3HAaYHBIME B §). [lasa manHOM MHOrO3HAaYHOU (yHKINU f(2)
Beipakenne Ap, f 0003HaYaeT mpupalmeHne QYHKIUE Opu 00XOAe BOKDYT
orpeska Ej. Hampumvep, Ag, arg(®™") = —nwg(00).



s ypoGeTBa galbHENIIEro u3ioxeHus Kaxaon mepe p € M(FE), abeo-
JIOTHO HENPEePBIBHAsA COCTAB/IAIIIAL KOTOPON nuMeeT Be¢ p(r) a TUCKPETHbIE
MACCHL PACIIOJIOXKEHHl B TOUKaxX z; € R\ E, comocTaBuM HaOOp dncen

I
1
T, (p) = EAE" arg R(z) + Zwy(zj), v=1,..p. (4)
=1

[lepengemM K OIpemeNeHMI0 PUMAHOBBLIX TATa-(PYHKINN, KOTOPHIE OYIyT
UCIIOMB30BATHCA A ONMUCAHUA ACUMIITOTUIECKAX CBOUCTB OPTOrOHATBHBIX
MHOPOYIEHOB. Bosee moapo6HO 06 5>TUX (PYKIUAX MOXKHO MPOIUTATEH B CO-
orBercrByomen aureparype (cm. [D, Ch]).

Paspexem moBepxHocTh §) 10 rpanuie E u cKienM B 1015 PPAHUIIEL C CHM-
METPITIHON elf 06.1aCThIO §), OIpeIeJeHHOR Kak (), y KOTOPOH BCe JOKATIbHEIE
HapaMeTphl 3aMEHEeHb KOMILIEKCHO CONPAXKEHHBLIMEU. MBI HOLYIIM 3aMKHY-
TYI0O OPHEHTHPOBAHHYIO IBYJIMCTHYIO MOBepXHOCTH Pumana poga (p — 1).

O6o3uatdum ee . ITa MOBEPXHOCTH MOXKET OBITH OMUCAHA KAK THUIEPIJI-
P

JNIOTHYeCKAd KPUBAfA, 3aIaBaeMasd ypaBHEHHeM w’ = H(z — o)z — Bj).
j=1

Komnier oTpeskos Fj, ABIAIOTCA TOYKAMEI BETBJICHUA MOBepXHOCTH R. DyHK-
musa ['puHa m rapMoOHHYECKHe Mepbl MOTYT OBITh MPOTOMXKEHBI Ha BCIO IIO-
BepxHOCTB R (cM. [A]).

Nas gamron cummMerpuanon mMarpuubl C' = (C} ) ¢ MOIOKUTEIHHO OIpe-
JTeJIeHHOM MHUMOU YaCThio TATa-(PYHKINA OT h IMepeMeHHBIX OIpeIeaseTcs
dopmy.Ion:

h o h h
O(uy, ug, ..., up) = Z exp(—mi Z Z Cyonun, + 2mi Z nyty). (5)
v=1

n1,N2,...,NLEZL pn=1 v=1
[l1s mocTpoenus crangapTHOu mama-dynuryuu Pumana noseprrocmu R Mbr
BBIYUCIUM Tiepuoabl guddepenunanos df;(z) : ]{ dQ(¢) = iBy,, By, €
E.

J
R u BBIOEpEM MPOM3BOIBHBIN KOMILIEKCHBIN BeKTOD (b1, b, ..., b,—1). Torma
COOTBETCTBYOMmAA TATa-pyHKINA PuMana Ha R ompenenseTcsa cJeIyromnM
obpa3om:

O(z) = 9(/: 0 (C) — b, / 4 1(C) — by 1),

0 0



rae gynkiua 0 nmeer marpuny napamerpos C = (iBy ;).

A cumnmomuueckue gopmyavt das opmo2onasbHblr mHo2ousenos. B 1969
roay Bugom (cm. [W]) BeIBe pOpMYIBI CHIBHON ACUMITOTUKU /I MHOTO-
YIEHOB, OPTOrMOHAILHEIX HA HAOOpPE AYD C BECOM, YIOBICTBOPAIOIIAM yCJIO-
suio Cere. B aBHOM Buie ¢ MCIOIL30BAHHEM TATa-GYHKIUN PuMana s>Tm
dopmyasr moxyumn A.M. Anrekapes (cm. [A]). B [A, KK1] 66w nonydenst
ACUMOTOTHYECKIE (POPMYJIBI IS MHOTOWICHOB, K a0COMIOTHO HEelpepLIBHOK
Mepe KOTOPBIX N0OaBIeHA AUCKpeTHAsA 9acThb. ClaeIcTBHEM aCHMIOTOTHYIC-
CKuIX (OpMya ABIACTCA HPHUBEICHHOE HIDKE YTBEPXKICHHE, OMMCHLIBAIOIIEE
ACUMIITOTHKY OTHOIICHUA MHOIOWICHOB.

YrBepxkaenue 2.2 /lis muo2outenos Qn(z), 0pmo2onaibubls omuocumen-
no mepvi 1 € M'(E) ¢ secom p(x), umetowetd ne boaee uem KOHEUHOE YUCAO

duckpemuwnix mace 6 mouxar z € R\ E, k = 1,...,1, eepubl caedyrowue
COOMHOULEHUA:
lim @n(2) = lim Onlz) (6)
n—00 Qni1(z)  C(E)P(z) n—o0 Opia(2)
PABHOMEPHO Ha 3AMKEHRYMBIT nodmmuoxncecmsar Q\{z1, 29, ..., 21}, 2de O, (2) =
©(n, 2)

——— a O(n,z) - mama-Pynryus Pumana c mampuyei napamempos
©(n, 00)

(iBy,j) u sexmopom napamempos
bu(n) =d, — nw,(o00) + T, (1), v=1,2,....,p—1,

ede J,(p) onpedeaenvt eviwe (4), C(E) - nozapudpmuueckasn emkocms muo-
acecmea E, xonwcmanmur d, 3asucam moavko om 2eomempuu obaacmuy E
(u e zasucam om n u ji).

B pa6ore P.Ilexepcropdepa u I1.FOguukoro [PY] meromamu, oramd-
HBIME OT MeTO10B Bugoma n Anrekapesa, HOIydeHBl (DOPMYIBI CHILHOR aC-
MUNTOTUKA A1 OPTONOHAIBHBEIX MHOT'OWIEHOB, & TAKXKe aCUMITOTHIECKHe
HOPMYIBL 1A AIeMEHTOB COOTBETCTBYIOMIEH MAaTpHUIB SIKOOHM 114 Kaacca
Mep, Gosee mmpokoro, eM kaacc M(FE) (6oree TouHbIe (GOPMYIUPOBKHU CM.
B [PY]). Mgl He Gyjgem mCHOIB30BATH 34€Ch aCUMOTOTHYECKUE (DOPMY.IHL,
noayiennsie B [PY]. U3 pesyabraros [lexepcropdepa u FO quuxoro mis mac
OyIeT BaXXHO TOJBLKO TO, 9YTO ACAMIITOTUKA HIEMEHTOB MATPUIEL SIkoOU 11
omeparopa u3 kaacca S(E) He 3aBUCAT OT PaCHONOKEHHOU Ha E cuHrysap-
HOU COCTABISIOMEN crekTparbHon Mepsl (eMm. [PY], crexcreue 6.1, a Taxxe
3aMedvaHue Mocie JeMMbI 2.2).



3 Heob6xoaumoe u 10CTaTOYHOE YCJIOBUE KOM-
MNaKTHOCTHU BO3MYIIIEeHU:A, p < 3

B sTom u cregyiommem naparpadax mMbr OyaeM paccMaTpPUBaTh TOJIBKO Oepa-
Topsel u3 kracca S'(E), T.e. 6€3 CHHIYIAPHON COCTABIAIOMIEN HA MHOXECTBE
E. B nocregnem maparpade pesyabrar OyaerT 0600IIeH Ha CIydIal OmepaTo-
poB ki1acca S(E)

Teopema 3.1 Ilycmb mnosxcecmeo E asasemca o6wvedunenuem ne 6odaee
uem mpexr ompeskoe detcmeumeavbnot ocu. Iycmv A, u A, - onepa-
mopbr Arkobu uz kaacca S'(E) co cnekmpaabnbimy mepamu [ u [* coom-
sememeenno. (A, — Ayr) € K mozda u moavko mozda, kozda

T () = T,(pn)(mod 1), v=1,2,...,p, (7)
ede J,(p) onpedeaenvi pasencmeom (4).

Aorazameabcmeo:

HocraTrounocTs yeaoBus (7) 1S KOMIAKTHOCTH BO3MYIIEHWs aBTOMATH-
9eCKHU CAefyeT u3 acuMnTorudeckon gpopmyasl (6) u Teopemsr 2.1.

Mokaxem HEOOXOAMMOCTD. [lyCTh BO3MYIIEHUE ABIACTCA KOMITAKTHBIM.

( Qn(z)  @(2)

- = = (0 paBHOMEpPHO B 3a-
Qni1(2) Qn+1(z))

MKHYTOU OKPECTHOCTH GECKOHETHOCTH.
Ucnoawsysa acumnrorudeckue Gopmyast (6), morydaem:

: Qn(2) Qr(2) ) : ( On(2) 05.(2) >

1 — = | - = 07
e (Qn+1(2) Qri(d)) ~ C(B)2() = \Oun(2) 634 (2)
rae O)(z) = %, a ©*(n,z) - mra-Qpyaknua Pumana ¢ maTpuien

napaMeTpoB (1B j) I BEKTOPOM IapaMeTpPOB

Torma mo Teopeme 2.1 lim

n—oo

by(n) =d, —nw,(c0) + T, (1), v=12,...,p—1.

1
Tak kak ———— # 0, 10

C(E)a(2)
o ((Onl2)  OR(2) ) _
nl—>oo (®n+1 (Z) ;k1+1 (z)> .



Tora~-pyHKINA HECKOJIbKUX TEPEMEHHBIX, KAK BUIHO U3 ONPEIEJeHMU,
uMeeT meprog 1 Mo Kax oMy apryMeHTY, MO3TOMY MBI OyJeM pPacCMaTpu-
BATH YUCIa Nw,(00), yIACTBYIONINE B BEIPDAXKEHUAX [ BEKTOPOB IIapaMe-
TpoB ToTa-pyHkuun Pumana, no moxymo 1. Tormga mocreqoBaTeIbHOCTD
{nw,(co) (mod 1)}, orpanutena, u Mbl MOXKeM BEIGPATH CXOIALIYIOCA MO
nocaegoBaTeabHOCTh. Ilyers A C N Takas mogmocaenoBaTeIbHOCTh, 9TO

nuw, (00) "2 )y,

Torga 1A mpou3BOABHOIO 2z € R moxyamm:
O,(2) "IN 9, (2),
rae Ox(z) = O(A,2)/O(A,00)

O\, 2) = 0 (/ 40y — by (A), .. / a0, | — bpl(A)> |

0 0

rae b,(A) = d, + J,(1n) — A\, (IyTh MHTErpupoOBaHWA BO BCEX MHTErPATAX
fzzo dS), BHIOMpaeTCs OIMHAKOBBIN). BBemem Taxxke oboznadenume A + k mis
nocrenoBarenbHoctu ducen {n:n —k € A}. Torga

. On(2) Or(2)
1 = .
n—ooimed Opi1(2) | Onpi(2)

(8)
To ke camoe BepHO u 111 pyuknun OF. Iloryaaem:

( On(2) _ O5L(2) )_ Or(2) _ Oi(2)

Onri(z)  ©51(:))  Oanls)  Oh(2)

W3 Teopun ToTa-pyHKInn PuMana m3BeCTHO, ITO KaxkKIas U3 TITa-PyH-
KU uMeeT POBHO p — 1 HOb HA moBepxHOCTH RN. Ecium wyan tora-pyHxnun
6:x(2)  6i()
Op41(2) O141(2)
apober NOMKHBI coBmagaTh. (O0O3HAYMM HYIU >THUX APOobOen {z,’ﬁ}i;} Tax
Kak pyHknum O, um O} CBA3aHBL C OMHOU W TOU JKe IMOBEPXHOCTbIO R, TO
MBI TIOJIY9aeM [Ba BHIPAKEHUA A1 PUMAHOBHIX KOHCTAHT (DTU KOHCTAHTHI

ONPEAENAIOTCA TeOMETPUEN PUMAHOBOU MOBEPXHOCTH, cM. [D]):

lim =0

n—o00, n€A

B 1p0o06ax He COKpAIMAIOTCA, TO HYJIU W TMOJTIOCA DTUX

k=Y / 9,00 -h(0) = / 49,(C) — B (A) (mod1).
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Taxum o6pazom by, (A)=b%(A)(mod 1), orkyaa crenyer J, () =T, (11*) (mod 1)

Ocrajoch MoKas3aThk, ITO HYJIU TATa~PYHKIINN XOTsA ObI B OTHOU TPOOU HE
cokpamaiorca. [I1g caydas IByX OTPE3KOB »TO TpuBHaabHO. IIycTs p = 3.

B mpeaerbHO-MepruogndeckoM caydae (Korga Bce w,(00) panuoHATIbHE)
OTCYTCTBHE COKPAILEHUA HYyJeH JOKA3BIBACTCA MPHU MOMOIIA ACAMIITOTHIE-
cknX GOpPMY.T T4 OPTOTOHAMBLHEIX MHOTOWICHOB, MOTYYICeHHBIX M3 PEKyp-
PEHTHBIX COOTHOIIEHU] /I COOTBETCTBYIOUIETO MEPUOINIECKOTO CIydas (CM.
[KK2], [BKK]). PaccmoTpum caydan, KOrja OTHO W3 TUCET W, (00) He ABIA-
eTca panumoHaabHbM. Kaxkgas uz pyuxuun Oy (z) u ©p,(z) uMeer Ha pu-
MAHOBOH MOBEPXHOCTH R MO ABa HyJId. I[IpeAMONoXKUM, ITO CpeIu HUX €CTh
coBnagamomui: mycth GyHkuus O, (z) obpamaercs B HOIb B TOYKAX @ U 4y,
a Gykunsa ©p,1(2) B TOYKAX @ W ap;1. SaMETUM, 9TO IISA JOKA3ATEIbCTBA
TEOPEMBI JOCTATOYHO OTCYTCTBUA COKPAIIAIONIMXCA HYAed XOTA ObI 11 OJ-
HOU ToAmocIenoBaTeabaocT A + k. IIpeanonoxumM, 9To 5TO He TaK, U /I
moboro k € N rouka a asasercs Hyaem O, x(z) (HAC HHTEPECYIOT TOJIBKO
Takue “CKBO3HBIE  HYJIU, T.K. €CAU B KAKOM-TO MECTE DTOT HOJb HEe COKpa-
MAETCA, TO MBI CPa3y MOJYYUM COBIAIEHUE €r0 ¢ COOTBETCTBYIOMUM HYJIEM
O31,4(2), 9T0 HaM U TpebyeTcs).

PaccMOTpUM aCUMITOTAICCKYIO (DOPMYILY IIA CAEIYVIOUEr0 BHIPAKEHUA:

lim < Qn(2) Qn-l-?(z)) _

n—o00, n€EA Qn+1(z) Qn+1(2)

i (2202 Qo) _ 92) Oute)
Ont1(2) Onya(2) Ont1(2) Ory1(2)

DyHKINSA, CTOAMAA CIIPABA, ABAACTCA 00H03HAUHOT MEPOMOP(DHON PYHK-
nmen Ha puMaHoBOU moBepxHOocTH R. UMssectHo (cMm., Hampumep, [D]), 4To
OTJIUYIHBIX OT KOHCTAHT MepPOMOPMHBIX (PYHKIWKM C eTUWHCTBEHHBIM IOJIIO-
COM KPATHOCTH ¢ Ha KOMIIAKTHOW PUMAHOBOW MOBEPXHOCTH POJIA ¢, BOOOIIE
rOBOpsA, HE CyIIecTByeT. e TOYKM, AJd KOTOPBIX Takue (PYHKIUU €CTh,
HA3BIBAIOTCA moukamu Betepwmpacca. [Ina Hamren moBepXHOCTH TAKUMUI
TOYKaMU OYIYT ABIATHCA KOHIIBI OTPE3KOB Fj. Takum o6pa3om, BO3MOXKHBI
IBa CAydasd:

n—oo, n€A

Oa(2) Ory2(2)
Ont1(2) Onti(2)

Oas2(2), Tak Kak Bce WX HyJIM COBMAmaioT. Torma, MUCIOIBb3YA BHIPAKEHUE

a)Ecan dynkuus noCTOSHHA, TO O)(2) = Opti(2) =

10



A1 PUMaHOBBIX KOHCTAHT, ITOJIYyYIaeM:

—k,,_Z/ 40, (C) — by ( )zi:/ 42, (C) — by (A) +w,(c0), (mod 1),

9TO NPOTUBOPEYUT YCIOBHIO O TOM, YTO XOTsA ObI OAHO M3 ducex w,(oo)
ABAAETCA UPPALXOHATLHEIM.

Oa(z) Ony2(2)
Or+1(2) Or11(2)

- Touka Bemepmrrpacca. AHAJOTTIHO MOXKHO MOKA3ATh, UTO (p4j TAKKE

6) Ecau Qynkuns HOCTOSHHOU HE ABIACTCSA, TO (A 41

ABISTIOTCA Toukamu Bewneprnrpacca. [lockoabky Takux TOYEK WML KOHEY-
HOE YHCJIO, TO IPH HEKOTOPOM 3HadeHun kg GyHkumm O, (2) 1 O g, (2)
cosmanyT. Ho Torga, eme pa3 mcnonb3ys BbIpaKeHUe M1 PUMAHOBBIX KOH-
CTAHT, TMOJIYdaeM:

= Z/ 400 (€) by (A) e (00) = ;/ 400 (€)= by (A) + o (50).

Takum o6pa3zoM, MBI OMATH MOJIYYIaeM MPOTUBOPEYNE C UCXOTHBIM IPEIIo-
JoXKeHreM 06 UPPANnOHAIBLHOCTH W, (00). Bo3HUKIIME TPpOTUBOpEINA 3aBep-
AT J0KA3aTeIbCTBO TEOPEMHI.

4 YcjaoBus KOMIIAKTHOCTH BO3MYIIEeHUA, P > 3

[Tepengem Temepp K CIy€a, KODIa MHOKECTBO E cocTOUT GoJee 1eM 13 Tpex
OTPEe3KOB (HAIOMHUM,9TO MBI TO-TIPEKHEMY OyAeM DacCMATPUBATH TOIBKO
oneparopsl u3 kaacca S'(F)). B cayaae p > 3 ycaosue (7) ocraercs gocra-
TOYHBIM I TOI'O, YTOOBI BO3MYIIEHNE OBLIO KOMIAKTHBIM.

Heo6xoaumoe ycroBue mokasaHo B Goaee crabou popMe.

Teopema 4.1 Ilycmp mnoncecmso E ssasemea o6vedunenuem boaee uem
mpex ompe3kos deticmeumeavnots ocu. Ilycmv A, u A, - onepamopbl

Arxobu uz kaacca S'(E) co cnekmpaibublmu MeEPamy [L U [1* COOMBEMCMBEHHO.
Tozda

1) ecau J,(p) = J,(1*)(mod 1), mo A, — A, € K;
2) ecau A, — Ay € K, mo J,(p) = T (p¥)(mod 1/2), i=1,2,...,p;

11



ede J,(p) onpedeaenvi pasencmseom (4).

Loxazameabcmao:

1) Kak u B ciygae p < 3, goctaTodHOCTh yeaoBus (7) A1d KOMIAKTHO-
CTH BO3MYIIEHUA caepyer u3 (hopmyanl (6) u Teopembr 2.1. Ilpusegem He-
KOTOpHIE CAeICTBUA, KOTOPBIE OYIYT MOJE3HBI IPKU JOKA3aTeIbCTBE BTOPOIO
YTBEpPXK I€HUAA TEOPEMHL.

[Ipegmonoxmm, 1To oneparop A, — A, He AB1geTca KoMmakTHEIM. Kak
cregyer u3 TeopeMmbl Bemnsa-gpon Henmvana, 5Ty HEKOMIIAKTHOCTH MOXKHO “UC-
IpPaBUTh HEKOTOPHLIM VHUTAPHBIM HpeoOpa3oBaHUEM OTHOTO U3 OIepaTo-
pPOB. YHUTAPHO DKBUBAJCHTHBIM OMEpaTOpPaM COOTBETCTBYIOT SKBUBAJEHT-
HbIE CIeKTpaabHble Mephl. [lokaxkem, Kak “McIpaBUTh’ CHEKTPAILHYIO Mepy
omepaTopa A+, ITOOHE HOIYIEHHBIN ONEPATOP CTal KOMIAKTHBIM BO3MYIIe-
HUEeM UCXOAHOTO. [l DTOro paccMOTPUM CAeAYIONIYIO (DYHKIIWIO:

V(z2) = exp(d  milwp(2) + idi(2))),

rje Ty OAHO3HAYHO (cM. [W]) OmpemessioTcsa u3 CHCTeMbL

|2 N I
yy ZTkAE,,Wk(Z) =1,(p) — L, (1"); ZTk =0, v=1,..,p.
k=1 k=1

DTa QYHKIUA JOKAJIBHO AHAIATHIHA B 06JacTé () U He HMeeT Ha Hell Hy-
Jen u noaocos. Pacemorpum dyukumio x(z) = |V (x)| = exp(ry), © € Ek.
Ha kaxgom orpeske Ej MOIyab 5TOU (PYHKIMM MOCTOAHEH W PAaBeH HEKO-
TOPOMY MOJOKUTEILHOMY 9HUCTY, TPUIEM MPOM3BEJCHMEe BCEX DTUX THCENT
paBHo emuuune. OueBmIHO, 9TO ecaum HekoTopas GyHkmua f(r) ymosie-
TBopsia yeaouio Cere Ha E, To m dyukmus y(z)f(z) Takke Oyger emy
yroBrerBopaTh. Pymxuma R, (z) coBmagaer ¢ ¢ynkmumen Vr(z), mpudem
A, arg Ry (2) = I,(1) — I (1)
Caenyrommue yTBepK IeHIA BEPHBI I1A TPOU3BOILHOIO THUCIA OTPE3KOB.

Cuaencreue 4.2 I[Iycmv A, u A, - onepamopvr Akobu uz kaacca S'(E)
IIycmy Ao - onepamop, coomsememsyowutd mepe p° = xp*, 2de Gynryus
x(z) = exp(t), © € Ey, a T, 00H03HAUHO ONPEIEAAIOMCA U3 CUCTILEMb

1 p B . p
4_ ZTkAEVWk(Z) = IV(/'L) - IV(/'L )7 ZTk = 07 V= ]-7 Py
T k=1 k=1
Tozda (A — Ap) € K.
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B wacTrHOCTH, ecu B KagecTBe onepaTopa A« B3ATh IPOM3BOIBHBIN OIe-
paTop ¢ abCOMIOTHO HEMPEPBIBHON MEPOU, TO MOJIYIUM

Cnencreue 4.3 Kaxcowi onepamop A, € S'(E) aeasemes KomMnaxmubim
so3mywenuem nexomopozo onepamopa A, € S'(E), ne umenwez2o uzoiu-
POBAHHBIT COOCTNEEHHDIT YUCEA.

2) [Ipunumas Bo BHEUMaHEe crencTsue (4.3), MBI MOXKEM CYHTATb, ITO
Mepa f abCOMIOTHO HenmpepbiBHA. [lOBTOpsAA mOKa3zaTeTbCTBO TeopeMmbl 3.1
BI UM, YTO HAM OCTAETCA MOKA3aTh OTCYTCTBUE COKPAIICHUA HyJIed B Ipo6u
On(2)On+1(o0)
©,(00)On41(2)
PUMaHOBOU MOBEPXHOCTH, W KayK Jasd UMeeT Ha Heu poBHO p — 1 Hoab. Kpome
TOr0, HAIIK TATa-(PYHKINN BOZHUKINA U3 ACUMITOTAKA OPTOTOHATBHBIX MHO-
rOWIeHOB, u u3BecTHO (cM. [W]), 9TO BCe MX HYJM J€XKAT B BBILYKJION 000-
Jouke MHOXKecTBa F. C mOMOIIBIO CBOMCTB OPTOTOHAALHLIX MHOT'OWICHOB
MBI MOYXKEM CJIeIUTh 33 Hyaamu (QpyHKuu O, u O,,; Ha TEeNCTBUTEILHOM
mucte ) PUMAHOBOU MOBEPXHOCTU. Tak Kak Mepa [, He UMEeT AMCKPETHBIX
macce, To u3 pesyabratos C./lenucosa n B.Canmona [DS| crepyer, aro Hyau
O, n O,,1 Ha MHOXKecTBe R \ F cokpamarbcsa me moryT. Ho coBmanenume
Hy./Iell MOXKET IPOUCXOINTDH TaKXkKe I Ha BTOPOM JIHCTe ) pIMAHOBOM TOBEPX-
moctu. IIpesmonoxmm, aTo 0,(2) =0 u 6,,,(2) = 0, npuaem 2z € Q. Tara-
(YHKIUU TOABIAIOTCA B ACAMITOTHICCKUX (POPMYIaX A4 OPTOTOHATLHBIX
MHOPOYJIEHOB KaK METOJ PelleHus oOpaTHOU 3axa4u SIkobu, KoTopas omnpe-
JeIAeTCsa HeKOTOpon cuctemon ypasaenuu (cm. [W], Teopema 6.2, mim [A],
teopema W2). [las TOro, 9TOOBI CIEIUTH 3a TE€M, HA KAKOM JUCTe PUMa-
HOBOW MOBEPXHOCTH CUAAT HyJu ToTa-pyHKuuu O,,(z) mis HeKoToporo m,
YIOGHO BEPHYTHCS K CHCTEME B TOM BH/Ie, KAK OHA puBeaeHa y Bugoma (cM.

[W)):

. HamomuumMm, 910 TOTa-()yHKINE ONpPENeIeHbl Ha IBYTUCTHON

)

-1

(@n(z) —ww(2))) = 1:;1 miAg,w(z)  (modl)

—

, (9)

2> ewi(zj) = Mgy — @il e(00)  (mod 1)
j=1

h<I

2

rie z; - KOHEYHbIe HYJIU MPOM3BOIHON KoMILlekcHOU dyHkuuu ['puna G'(2),
m; - IPOU3BOJbHEIE HATYpaJIbHbIe TucIa. Ilapamerpsl €, = £1 u Toukm z;
OJHO3HATHO ONpPeeIAl0TCA U3 CHCTeMBL. TOYKM z; COOTBETCTBYIOT HYIAM
ToTa-pyEKknnu Pumana, mpudem ecim 118 HEKOTOPOW TOYKM Zj, IapaMeTp
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€j, = +1, To cooTBeTCTBYIONAA TOYKA NPUHALICKUAT “(DUBMICCKOMY  JTUCTY
puMaHOBOU moBepxHOCTH (2, € Q mn z;, € E), a ecin €;, = —1, 1o 2;, € Q.

MobaBuM K Mepe i TUCKpeTHyIo Maccy B Touke 20 € R\ E, apisomeiica
NpOeKInelr TOUK:M 7 € ), B KOTOPOH, 110 HAIIEMY IIPeINOJ0KEHIIO, COBIIA-
nraloT Hyau ToTa-QyHKIIn O,(z) m 0,.1(2)). PaccMoTpuM MHOTOWIEHH,
OPTOTOHAJBHBIE OTHOCUTEILHO DTOU HOBOUM MEPHI M HAWIEM WX ACUMIITO-
tuky. Iro npm sTom msmenurca B cucreme (9)7 Ilpu mobasrenuum x mepe
OPTOrOHAJTBHOCTH JUCKPETHOH MACCH B TOUKe Z° K TPABBIM IACTAM ypaB-
HeHUI TPUOABIAIOTCA YUCIA Wy (2°0), TpUIeM B JeBBIX YACTAX ypaBHeHUH (B
CyMMe) yKe CTOAT Takue xke duciaa ¢ koxdduuumentom —1. [lepenocs B ka-
KI0M ypaBHeHUN w,(Z°) u3 npaBoit YacTu B JAeByI0 (M yIUTHIBadA, YTO Nepe
CYMMOU CTOMT MHOXHUTEIb 1/2), Mbl M3BMEHUM COOTBETCTBYIOWMYN KOd(Ddu-
nuenT nepef wy(z°) ma +1. CrexoBaTelbHO, COOTBETCTBYOMME (BhYHKIIE
©,, 1 O,,,, BOHUKAIIIE 13 ACKMITOTHKA MHOTOWICHOB, OPTOMOHAILHBIX
110 Mepe ¢ JOMOJTHUTEILHON Maccoi B Touke 20, 6yIyT UMeTh HY.IH B TOH XKe
TOYKe, HO YK€ CUIALIIEN Ha JeNCTBUTEILHOM JUCTE PUMAHOBOU MMOBEPXHOCTH.
B T0 x)e Bpemsa 5T (pYHKIUY TOTYIUIUCH U3 ACUMITOTUKA OPTONOHATBHBIX
MHOT'O'LJIEHOB W, CJ€JOBATEIHLHO, HE MOT'YT UMETh COBIAIAONINX HYIen Ha, (2.
Takum 06pa3oM MBI MOKA3AJdM, 9TO COBNAIATH MOT'YT TOJBKO HYJIM, JEXKa-
e Ha caMOM MHOXKecTBe F. A Tak Kak 3HAYeHHA MapMOHMYECKHX Mep B
TodYKax, Jexammx Ha F, pasusl 0 wiu 1, To, onars ucnoassys cucremy (9)

i Hyaen GyHKIun O, u O, norydaeM yTBepXKIeHUE TeOPeMBI.

5 @opmMyJaupPOBKa OCHOBHOI'O pe3yJjbTaTa

Hamomunm, 4T0, Kak GBLIO CKa3aHO BO BBeleHUH, U3 pe3yabTaros [PY] cie-
IyeT, 9TO aCUMIOTOTHIeCKHe (DOPMYJIBL 1A DJAEMEHTOB MaTpulbl fIkobu, co-
OTBETCTBYIOWIEH omeparopy u3 kiacca S(E), He 3aBUCAT OT COCPEIOTOYEH-
HOU Ha MHOXKeCTBe E CUHTYIAPHOU COCTABIAIONIEN CIEKTPATILHON MePHI (CM.
[PY], cremcTBue 6.1, a Takxke 3aMedaHue MOCTE JeMMBL 2.2), U BCE PE3Y.Ib-
TaTHl IPEILIAYIINX HaparpadoB OCTAIOTCA BEPHBIMEA U II1 OIePaTOPOB 13
S(F). Takum 06pa3om, BepHA CAeAYIOMIAS TeopeMa.

Teopema 5.1 Ilycmb muosncecmso E sasasemcea ob6bedunenuem Komeno20
wucaa ompeskoe deticmsumenvnot ocu. Ilyemv A, u A, - onepamopv

Arxobu uz kaacca S(E) co cnexmpasbublmu MEPams [ u (1 coomeememeenno.
Tozda
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1) ecau J,(p) =T, (p*)(mod 1), mo A, — A, €K;

2) ecau mnosxcecmso E asasemen 06vedunenuem ne 6oaee uem mpex om-
pesros deticmeumenvnot ocu u A,—A,- €IC, mo J, () =T, (1*)(mod 1),
1=1,2,...,p;

3) ecau mnosxcecmeo E asasemes o6vedunenuem ne boaee uem mper om-
pesros deticmeumenvrot ocu u A,—A,- €IC, mo J, () =7, (1*)(mod 1/2),
1=1,2,...,p;

ede J,(p) onpedeaenvi pasencmseom (4).

B sakmiovenue paccMOTpUM TpUMED, TOACHAKOMMNA, KAK PACIOIO0XKEHIE
JOIMOMTHUTENBHBIX TUCKPETHBIX MaCC BAUAECT Ha KOMIIaAKTHOCTH COOTBETCTBY-
I0IIEero Bo3MyIeHus omeparopa fkobu. IlycTh cmekTp omepaTopa fkoom A
ABIACTCA O0BEJUHEHIEM IBYX CHMMETPHIHO PACIOJOKEHHBIX OTPE3KOB JeH-
creuTensHon npamon: o(A) =[-8, —a]U[a, f], 0 < a < f < 400, a crexk-
TpaabHas Mepa aO0COMIOTHO HEMPEpPLIBHA, U BEC €€ YIOBICTBOPAET YCJIOBUIO
Cere. [lo6aBuM K Mepe KOHEYHBIM HAOOP AMCKPETHBIX MAaCC, COCPEIOTO-
YEeHHBIX B CHMMETPHTHO DACIOJOKEHHBIX TOUKaX 27 Ha MCHCTBUTETLHON
ocu BHe 0(A). Ecin qucao 1o6aBIeHHBIX MACC 9€THO, TO COOTBETCTBYIOLIEE
Bo3MyIeHHe omepaTopa A OyZeT KOMIAKTHBEIM, T.K. U3 YCIOBHA CHMMe-
TPUIHOCTH OTPE3KOB CleayeT, UTo wi(2}) +wi(—2}) = 0(mod 1). B cayuae,
KOTa J00ABIACTCA HEIETHOE KOMMIECTBO MACC, U3 YCJAOBUA CUMMETPUIHO-
CTH UX PACHOJIOXKEHHA CJIeIyeT, 9TO OJHA U3 MAcC OyJeT paCIIONOKEHA B
Havane Koopauuar, A Hee wi(0) = we(0) = 1/2, a 119 OCTATBHBIX TOYEK
mo-npexnemy wi(27) +wi(—25) = 0(mod 1), n, creroBaTeIsHO, COOTBETCTBY-
IOIIlee BO3MYIIEHNe omepaTropa A He OyJeT ABIATHCA KOMIAKTHBIM. Kpome
TOT'0, HETPYIHO MOKA3aTh, YTO B MOCAEIHEM CAYYIae BO3IMYIIEHHBIA OTIEPATOD
OKa3BIBAETCA KOMIAKTHEIM Bo3Mymmennem omeparopa A, rie omeparop A1)
COOTBETCTBYeT MaTpuie SIKo6m, KOTopas HOIydaeTcsa U3 MaTpUIEl SIko6n
omepaTopa A BEIMEpPKHBAHMEM IIEPBOU CTPOKHA U IEPBOIO CTOJIOINA.
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