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AHHOTAINY

B mpocrtpanctse LQ(Rd; C™) wm3yuaercst CaMOCONPSIKEHHBIN CHJIBHO
SJUINIITUYECKUi  omeparop A. TOpsiKa 2p, 3aJaHHBI  BbIpaXKeHHeM
b(D)*g(x/e)b(D), ¢ > 0. 3aecy g(x) — OrpaHU<eHHAs ¥ IOJOKUTETHHO
ompenenennas (m X m)-marpuna-byaknus B R?, mepmoguueckas 0THOCH-
TesIbHO HeKoTopoit pererkw; b(D) = Z\da|=p b D% — muddepennmanbHbIit
OTIEPATOP TOPSIKA P C TOCTOSHHBIMEA KO3hpumumenTaMu; b, — MOCTOSHHDBIE
(m x n)-marpurel. Ipenmoraraercs, aro m > n u 910 cuMBoJ b(€) nmeer
MaKcHMaTbHEI panr. g pesomssentsl (A. — (1)~ mpu ¢ € C )\ [0, 00)
OJTyYeHbl ATTPOKCUMAIINH TI0 ONepaTOpHOil HopMe B Lo (]Rd; C™) u 1o Hop-
Me omeparopos, aeficrByommx u3 Lo(R% C") B npocrpancrso CoGosesa
HP(R?; C"), ¢ omenKaMu IOTPEIIHOCTH B 3aBHCAMOCTH OT € 1 (.

Kiirouesbie cJjioBa: mnepuogudeckne gudepeHinaabHble  0NepaTophl,
ycpeninenue, 3peKTUBHBIN 0T1epaTopP, KOPPEKTOP, OIIEPATOPHBIE OIEHKH 110~
[PEIIHOCTH.

Uccnenosanue Boinosneno npu noguepxke POOU (npoexr 14-01-00760) u
CII6TY (upoext 11.38.263.2014).
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BBEJEHUE

0.1. TeopeTuko-orepaTOPHBIN MOAXO/1 K TeOpuu ycpeaHeHuii. Pabo-
Ta OTHOCHUTCS K TEOPUM YCPEIHEHWH Mepuogudeckux JnuddepeHmaababix
oneparopos (JI0) B mpezene mamoro nepuona. Teopust yepemnenuii (romo-
PEHUM3AINN) — IMUPOKasi 00JIACTh TEOPETHUECKON U MPUKJIAIHON HAYKH. 3a-
JladaM yCpeJIHeHHs TOCBAINeHa OBIIMpHas JUTePaTypa; YKaKeM B MEPBYIO
ouepens kaurn [BeLP|, [BaPa|, [ZhKO]|.

B cepum pabor M. 1. Bupmana u T. A. Cycaunoii [BSul-4| 6bu1 open-
JIOZKEH TEOPETHKO-OMEePATOPHBIA TI0AX01 K 3ajadaM TeOPHH YCPEJTHEHHIA.
C TOMOIIBIO TOr0 TMOJAX0/a U3Yy9asCsl MIUPOKUH KJIACC CAMOCONPSZKEHHBIX
MaTPUYHBIX TEPUOUIECKUAX OIEPATOPOB BTOPOIO MOPSJIKA, JEHCTBYIONINX B
Ly(R% C™) u nomyckaromux (HaxTopHU3aImio BAIA

A = b(D)*g(x)b(D). (0.1)

31eck g(X) — orpaHWYEHHAS] ¥ PABHOMEPHO MOJIOKUTETBHO OTpeIeTeHHAs
MaTpHIa pasMmepa (m X m), TepHoInIecKast OTHOCUTETHHO HEKOTOPOi pe-
metkn I' C R, Yepes Q obosHauaeM s71eMEHTAPHYIO sueiiky perrerkn I
Hamee, b(D) — (m x n)-marpuunsiii ogHopoassi IO mepsoro mopsiaka.
IIpeamonaraercst, 970 m > n u 970 cuMBOJ b(£) WMeeT paHr n TP BCEX
0 # ¢ € RY Ipu celaHHBIX TPEATONOKEHIAX omepaTop A CHIbHO 971/
tudeH. [Ipocreitmmuii mpumep omeparopa (0.1) — cKaIAPHBIH 2/ IMOTHIECK Uit
omeparop —div g(x)V (omepaTop aKkyCTHWKH); OMEPATOp TEOPUHU YIIPYTOCTH
Takxke jgomyckaer 3anuck B Buze (0.1). 91w u Apyrue mpuMepsl MoApOoOHO
paccmorpensr B [BSul,3,4].

IIycts € > 0 — mauenii mapamerp. Wcemosbsyem obosnadenune F(x) =
F(e7'x). Paccmorpum onepatop A = b(D)* ¢ (x)b(D), KoaddummenTs Ko-
TOPOro GLICTPO OCHULIUPYIOT 1Ipu € — 0.

B [BSul] 6bu10 nokaszano, uro upu € — 0 pesonbsenra (A; + I )_1 CXO0-
aures 1o oneparopuoit Hopme B Lo(R?; C") k pesosbsente addexmuetozo
onepamopa AY = b(D)*¢°b(D), rae ¢° — nocrosmuas afdermuenan mam-
puyae. Bolta mosydena omeHka

A+t = a0+ 1)

1‘ Ce. (0.2)

La(RY) = Lo(R)

B [BSu2,3| 6bu1a HaiigeHa Gosiee TOUHAs AMMTPOKCHMAINS DPE30JIbBEHTHI
(A-+1 )71 1o omeparopnoii Hopme B Lo(R% C™) ¢ morpemnsocrso nopsika
2. B [BSu4] 6bi1a momywena ammpokcumarus pesonbenTs (A. + 1 )_1 10
HOpMe omeparopos, Aeiicteyomux u3 Ly (RY; C") B npocrpancrso CoGoesa
H' (R4 C"), ¢ ouenkoit

1

H(AE +D) o (A ) - giqs))

< Ce. (0.3)
Ly (R4)—H1(RY)

Baece K(e) — mak HasbiBaeMblii koppexmop. Omeparop K(g) comepxkur
OLICTPO OCHUJLIUPYIONIHE MHOMKHUTENH, & [MOTOMY 3aBUCHT OT €; MPH 3TOM

1) ys 1 = O(e™).



Ouenku (0.2), (0.3) TOYHBI 1O MOPSAJKY; MOCTOAHHBIE KOHTPOJMUPYIOTCS
SIBHO B TEPMHUHAX JAHHBIX 3aJa4u. [logobHbie pe3ysbraTbl HA3BIBAIOT ONe-
PAMOPHBLMU OUEHKAMU NOZPEUWHOCTU B TEOPUN ycpenHenuit. Meros uccie-
nosanust B [BSul-4| ocHoBaH Ha MaciTabHOM TPeOOPA3OBAHUHU, PA3IOKe-
HUY [IEPUOJUIECKOTO oreparopa A B IpsMoil HHTerpasl (¢ TOMOIIBI0 TEOPUH
®oke-Biioxa) m ananmuTryeckoi Teopun BosMytenuit. [lpu srom 6BLIO BBI-
SICHEHO, 9TO PE30JbBEHTY oreparopa A, MOKHO allpoOKCUMUPOBATh B TEP-
MHHAX TOPOTOBBIX XapaKTepHCTHUK omeparopa A Ha Kpato crekTpa. B arom
CMBICJIE MIPOIEAYPA TOMOTEHUBAIINY SIBJISETCs IPOSIBJIEHUEM CNEKMPaibH020
nopoz06ozo fiexma.

OTMernM TakzKe HEITABHIOI paboTy [Sul, B KOTOPO#i OBLIH MOy IEHBI aHA-
sorm onerox (0.2), (0.3) mrs pesompsentsi (A: — CI)™" B IPOM3BOIBHOM TOU-
ke ¢ € C\ Ry ¢ mBymapaMeTpudecKuMu OIeHKaMU IOTPEIIHOCTH (B 3aBUCH-
MocTH oT € 1 ().

Jpyroit moaxo K MOy YeHrI0 OTEPATOPHBIX OIEHOK TOTPENTHOCTH (MO/IHU-
dunmposanubIil MeTox EepBOTO TpubTIKeHns) ObLT npeaToken B. B. XKu-
KOBBIM; 9TuM MerogoM B [Zh]| u [ZhPas| Gbuiu mosydensr aHaiorn ONEHOK
(0.2) m (0.3) ;s omepaTOpPOB aKyCTUKN M TEOPUH YIPYTOCTH.

OtmempHBIN WHTEPEC TIPEICTABIAET 337a4Ma YCPETHEHUS I TePUO/In-
geckux suuntuaeckux JIO BbicOKOro uérHoro mopsjka. B pabore [V]
H. A. Bennamunosa mero/, npejoxenustii B [BSul|, 611 pazsut npuvenn-
TEIBLHO K TAKUM omepaTopam. Mzydasack 3a7ada ycpeaHeHns 11 Omeparopa

B. = (D?)*¢°(x)DP. (0.4)

31eck ¢ (X) — CHMMETPHUYHBIH PABHOMEDPHO MOJIOKUTEIBHO OMPEIeTeHHBIH
1 PaBHOMEDHO OIpaHWYEHHBIH TEH30D MOpsJIKa 2p, MePUOTUIECKUNl OTHOCH-
tesibHo permerku . [lpu p = 2 omeparop suzma (0.4) BO3HUKAET B TeOpUH
yupyroctu wiactut (eMm. [ZhKO|).
Dddektusnbii oneparop ana B mmeer sy B = (DP)*¢"DP, rue ¢° —
appexmuenvit menzop. B [V] nonyuen anasor ormenkn (0.2):
-1 0 -1
H(BEJrI) —(B°+1) HLQ(WHLW) < Ce. (0.5)
0.2. OcHoBHbIe pe3yiabraTbl. Mbl n3yuaem Hojee 00N KJIACC SJIIUI-
tudeckux nepuoandeckux IO Beicokoro mopsiaka, dem (0.4). Pacemorpum
omeparop A Buga
A= A(g) = b(D)"g(x)b(D), (0.6)
rae g(X) — PaBHOMEDHO IIOJIOXKUTEJIBHO ONPEJIE/ICHHAs] M OUPAHUYCHHAS
MaTpUIAa-(OYHKIN pasMepa (m X m), TepruoIndecKas OTHOCUTETHHO PeIreT-
ku I', a b(D) — (m x n)-marpuunsiit ogropoausiii 1O mopsinka p. Tounoe
ompegenenne oneparopa (0.6) maercs B m. 4.1. g oneparopos A = A(g°)
U3y9aeTcst 3a/1a9a, YCPEeTHEeHHS.
Ocnoshvie  pesyavmamo.  pabomv.  — ANTPOKCUMAIMA  PE30JbBEHTHI
(A. — ¢I)7!, roe ¢ € C\R,, B pasIMIHBIX ONEPATOPHBIX HOPMaX C JABYTIapa-
METPUICCKUME OMEHKAMHU MOTPEITHOCTH (B 3aBUCHMOCTH OT € 1 (). Teopema
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8.1 jaer annpoKCUMAIUIO PE30JbBEHTHI 110 OLIEPATOPHON HOPME B Lg(Rd; C™)
(anasor onenku (0.5)):

J(ac e = (a0 -7 <CiQs (0)

La(RY) = Lo(RY)

B Teopeme 8.2 moJiyueHa anmpoKCUMAaIlus Pe30bBEHTHI B "3HEepreTndeckoii”

HopMe (T. €., 10 HOpMe omepaTopos, meiicTByromux u3 Lo(R% C") B mpo-
crpancto Cobonera HP(R?; C™)):

H(Ag —cny Tt = (A=)

— K (Ge)|

Lo (R)— HP(R4) < GO (08)
IMokazano, uro sddexrusnbiii oneparop A’ mmeer Takyio ke CTpyKTypY,
kax mexopuwiii: AY = b(D)*¢%b(D). Koppexrop K((;€) comeput 6bcTpO
ocuuupytornue Muoxkurenw; upu srom | K (¢ e)||,—mr = O(7P). Bolsc-
nen xapaxrep 3apucumoctu C1(¢) u Ca(() or cnexkrpasbHOro napamerpa (.

IMomumo  omenku  (0.8)  mosyuena — annmpoKCHMAIUs — ONEPATOPA
g°b(D) (A — CI)_1 (orBeuatomero  "moToky") MmO HOpME OIEPATOPOB,
neiicrsytomux u3 Lo(RY; C") B Lo(R% C™).

B o6mem ciyuae koppekrop K (; €) comepKuT BCoMOorare/ibHbIil criazxu-
BaoIMii oneparop. Mbl BBIJIE/IsIeM YCJIOBHE, TPU KOTOPOM MOYKHO HUCIIOIB30-
BATh CTAHIAPTHBII KOPPEKTOP, HE COIEPIKAIINI CrTaxkKuBATENsT (CM. TEOpeMy

8.6).

0.3. Cxema wuccaemosanusi. MeTom HCCIeIOBaHUS IIPEACTaBIdgeT 000t
JaJIbHEIIee PA3BUTHE TEOPETUKO-OIIEPATOPHOrO MTO/IX0/IA.

C nomoriip0 MacITabHoro npeodpaszoBaHmst 3aBUCUMOCTD OT TTAPAMETPA €
EPEHOCUTCs U3 KO3 UIMEHTOB OllepaTopa B TOUKY Pe30JibBeHTHI. VIMeHHO,
MMEeEeT MeCTO YHUTApPHAs 3KBUBAJEHTHOCTD:

(Ac = CI)H e (A= Ce?T)

(A% —¢I) e (A0 — )T
Torga onenka (0.7) cBOAUTCA K HEPABEHCTRY

A=) (a0 e <CUOE. (0.9
[(a-cn™ — @ e L <O (09)
Hna nokazarenscrsa onenku (0.8) mbr ucnonbsyem (0.7) u BcromorarenbHoe
HEPABEHCTBO

< C3(Q)e.

| a2 (A =™ = (4" = cn) T - K (o) La(RY)—>La(R%)

Tlocienree Takzke MOXKHO TTOABEPTHYTH MACIITAOHOMY TpeobpasoBanuio. [1o-
JIY9IUM 3KBUBAJIEHTHOC HEPABEHCTBO

|a2((a =)™ = (40 - )T - K (o))

Lo (R4)— Lo (R%) (0‘10)
< C3(¢)e' 7.



Hepagencrsa (0.9), (0.10) ¢ upoussonbabiv ( € C\ Ry BoBOgATCH M3

HEPABEHCTB i ciaydasi ( = —1 ¢ HOMOIIBIO TOAXOAAINNX TOXKIECTB JIJIst
PE30JIBBEHT; 9TOT MpueM 3anMcTBoBaH u3 [Su|. [losToMy 0CHOBHBIE paccMOT-
peHUs TPOBOAATCA Jjs cayuas ( = —1.

Omneparop A packiageiBaeTcss B npsiMoil maTerpas no omeparopam A (k),
neiicrytormmm B Lo (€2; C™) u 3aBucsmmm ot mapamerpa k (ksasuumnyavcea).
Omneparop A (k) 3amaércs soipaxkennem b(D+k)*g(x)b(D+k) ¢ neprogute-
CKUMH IpanndHbiME yeaoBusmu. Cieys [BSul], Mbl BbITe/1sI€M OTHOMEDHBIIH
napamerp t = |k|, orHocuTessHO KOTOpOTO cemeiicTBo A(k) mpeacrabisier
coboii nosuHoMUAALHITG onepamophuil nywok crenenu 2p. B pabore [V] mas
TaKUX My4YKOB Oblia pazeuTa abcrpakTHasi cxema. C eé MOMOIBI0 MBI J0-
kazpiBaeM HepaseHCTBO (0.9) (mpm ¢ = —1). Yrobbr nmposepurs (0.10), MBI
pa3BuBaeM abCTPAKTHYIO CXEMY /I TOTHHOMUAIBHBIX IIy9KOB [10 aHAJIOTHH
¢ paboroit [BSud].

0.4. Crpykrypa paborbi. B pabore 8 maparpacos. § 1-3 mocssitensr ab-
cTpakTHO cxeme. B § 1 ommceiBaercst (hbaKTOPU30BAHHOE OLEPATOPHOE Ce-
meiictBo A(t) = X (¢)* X (), BBOomUTCSA CrieKTpasbHBEIN pocToK. B § 2 ommca-
HBI PE3YJIBTATHI pAOOTHI | V| — IMOpPOroBhIe AIIPOKCUMATAN W AlTPOKCHMATINST
pesombsenTsl (A(t)+e2PI)~! cTapmero nopsaka. § 3 TOCBSITeH MaTbHeiiIe-
My Pa3zBUTHIO aOCTPAKTHONH CXEMBI M TIOJYyYEeHUIO ANTPOKCHMAINA PE30JIh-
senthr (A(t) + ¢2P1)~! npu yuere xoppexTopa. B § 4 BBesen m3ydaembrit
KJIACC TePUOAMIeCKuX A PEepPeHITnaAIBHBIX OTepaTopoB A, MeficTBYIOmNX B
Ly(R%;C™), onucano pasiozxkenue omeparopa A B IPsSMOi HHTErPAI omepa-
topos A(k), neficreytomux B Lo(2; C™). B § 5 cemeiicrso oneparopos A(k)
M3y9aeTcd C MOMOIIBIO PE3YIbLTATOB abCTPAKTHON cxembl, BBOIAUTCA I dher-
TUBHBIN 0OTIepaTop, OMUCHIBAIOTCS CBOMCTBA 3 dekTnBHOM MaTpuisl. B § 6
HA OCHOBE TeopeM abCTPAKTHON CXEMBI MOJyYEHBI ATMPOKCUMAIINN PE30JTh-
BerThl (A(k) + 2P1)~L. B § 7 m3 pesymbTaTon § 6 ¢ MOMOTIHIO PA3IOKEHNS
omeparopa A B NpsAMOil MHTErPaJ BBIBOJASTCA TEOPEMBI 00 AITPOKCHMAINT
pesoabsentsl (A+£2PT1) ™1 3arem 3a cuer NCHOIL30BAHMS TIOIXOIAIIIX TOK-
JIECTB i1 PE3OJIbBEHT 9TH TEOPEMBI [MEPEHOCATCS Ha CJydail Pe30JbBEHTHI
(A — ¢e?I)~! B npoussosbroit Touke ¢ € C\ Ry. Boigensercs yciosue,
pU KOTOPOM MOKHO yCTPAHUTH CIJIa2KHUBAIOIIUI O11epaTop B Koppekrope. B
§ 8 ¢ TTOMOIIBED MACIIITAOHOTO TTPEOOPABOBAHUS U3 OTEHOK § 7 BBHIBOAATCS OC-
HOBHBIE Pe3yJIbTaThl pabOThl — TEOPEMbl 00 ANMPOKCHMAITUAX PE30JIbBEHTHI
(A. — ¢I)™! B pasmUYHBIX OMEPaTOPHLIX HOPMAaX.

0.5. Obozuavenus. [Iycte ), & — cemapabenbHble TUILOEPTOBBI TIPO-
crpanctsa. Cumsor ||| ozHaTaer Hopwmy, (-, +) 5 — CKaIgpHOE MPOU3BEICHIE
B §); qepes ||+, 0603HATEM HOPMY JIMHEHHOTO HEMPEPBIBHOTO OTIepaTopa
u3 $ B &. MHOrma aid COKpAIEHNsT 3aliCH MBI OIyCKaeM MHIeKCh. Kean G
— JiHelHbIN ontepaTop u3 §) B &, 1o uepes Dom G obo3nagaercd 0061acTh
ompenesienusi, a depe3 Ker G sanpo oneparopa G. Ecau 1 — noanpoctpas-
cTBO B §), To Nt — €ro opTOroHAIBHOE JOMOTHEHTE.




Ckasnsiproe npoussejenue u Hopma B C™ obosnauenbl yepes (-,+) u | - |
COOTBETCTBEHHO, 1, — emumnmunas (n X n)-marpuna. Eciu a — marpuna
pasmMepa m X n, To |a| 03HAUAET HOPMY MATpHUIBI a Kak omeparopa u3 C" B
c™.

Knaccer Ly BexTop-bynknuit B obmactn O C R? co snavenmsavu B C
obozuataem depe3 L,(O;C"), 1 < ¢ < oo. Knacesr Cobosesa C"-3nadmbix
dbysknmit (B obmactn @ C R?) mopsgaka s ¥ CTEIEHH CYMMHPOBAHHS (
oboznauatorcst vepes Wi (O;C"). llpu ¢ = 2 ucnosmbsyem obozHaueHus
H?*(O;C"), s € R. B ciyqae n = 1 mantem Ly (O), Wi (0), H*(O), ro umo-
r/la MBI [IPEMEHsIeM TaKue YIpOINeHHble 0003HAYEHUsT U JIJIsi IPOCTPAHCTB
BEKTOPHO3HAYHBIX UM MAaTPUIHOZHAYHBIX (DYHKITHIA.

2KupubiM mpudToM 0603HAYAIOTC BEKTOPHbIE BeWduHbl. Mcmonib3yem
obosnadenns x = (z1,...,74) € RY, iD; = 9; = 0/0x;,j =1,...,d, D =

—iV = (Du, ..., Dy). Hanee, ecmn a = (au,. .., 0q) € Z% — mynsrunmexc
d _\d e a1 % a_ o o

nk € R 1o |« —ijla],k = kit k4, DY =Dyt - Dy s ayx

MYJILTHUHIEKCOB «, 3 3amuch 3 < « osmauaer, uro 3; < «j, j = 1,...,d;

JUIST 9HCTA COYETAHM HCIOAL3YeM 0003HAEHNe o8 = 051 e 53

Ucnonbsyem obozuauenue Ry = [0, 00). Yepes C, B, ¢, C, € (B03MOXKHO, C
WH/IEKCAMU ¥ 3HAIKAMHI) 0003HAYAIOTCSA PASTMIHBIE OTIEHOYHBIE TOCTOSTHHBIE.

§ 1. ABCTPAKTHASA CXEMA. CTIEKTPAJILHBIIT POCTOK

1.1. IMonusomuanbuble myuykn Buma X (1)*X(t). llycrs §, H. — Kom-
[JIEKCHBIE cenapabesibHble THABOEPTOBBI IPOCTPAHCTBA. 33/I1aH0 CEMENCTBO
(ITOJTMHOMUATBHBII TIYYI0K) OIEpATOPOB

p
X(t):Zthj, teR, peN, p=>2.
7=0

(Cayuait p = 1 6bw1 moxpobuo usyden s [BSul,2,4|.) Oneparopsr X (t) u X
JEHCTBYIOT U3 MPOCTPAHCTBA §) B IPOCTPAHCTBO $y:

X(t), Xj 1 H — ..

ITpepmonaraercs, uto oneparop X naomuo onpedeaen u samwnym, X, o2pa-
nuyen. J1oToOIHNTETHHO HAOKAM CASAYIOIee YCI0BUE Ha 00JaCTH Ompese-
JICHU .

Ycaosue 1.1.
Dom X (t) = Dom Xg C Dom X; C Dom X, =/, j=1,...,p—1, teR.

Mpl TakzKe mpejmoJiaraeM, 9TO IPOMeEXKyTOYHbIe OllepaTopbl X Iph j =
1,...,p— 1 nogumnensr Xg.

YeaoBue 1.2. Jlaa j =0,...,p—1 u daa awbozo u € DomXy swvinoaneno
1 Xjullg, < Cl[Xoull, (1.1)

ede C — nexomopas koncmanma (owesudno, C > 1).



Bamerum, uro npu j = 0 ouenka (1.1) rpusuansua. Ilpu caenanubix npes-
nosiozkenusx oneparop X (t) samrnym wa obsactu Dom X (t) = Dom Xj.
13 ycnosma 1.2 cnenyer, 9To

KerXo CKerX;, j=1,...,p—1 (1.2)

Harr ocroBHOW 00beKT — CeMeiCTBO HEOTPUIIATETIBHBIX CaAMOCOTIPSIYKEH-
HBIX B §) OMIEPATOPOB

Alt)=X(@)"X(t), teR. (1.3)
Omneparop (1.3) mopoxKmaeTcst 3aMKHYTOl B §) KBaApaTHUIHOH (hopmoii
a(t)[u,u] = | X(t)ull;., wu € Dom Xj.
O6oznaunm A(0) = X5 Xo =: Ap, 1 mo10:KUM
N := Kerdy = KerXj, N, := KerA4j = KerXj.

Yepez P u P, 6ynem 0603Ha4aTh OPTOMPOEKTOPHI MPOCTPAHCTBA §) Ha O u
9. Ha Dy COOTBETCTBEHHO.

YcaoBue 1.3. [pednosazaemesa, wmo moura Ag = 0 — U304UPOBAHHAA TOU-
xa cnexkmpa onepamopa Ag, npuvem

n:=dimN < oo, n<<n,:=dimMN, < .

Pacemosnue om mouru A\g = 0 do ocmaavnozo cnexmpa onepamopa Ag
o6osnaqum wepes d°. Yepes F (t,s) 6ymem o603HAYATH CHEKTPATLHLI TTIPO-

exTop omeparopa A(t) s orpeska [0, s], u momoxum §(t,s) := F(t,s)9.
Badbukenpyem mookuTeIbHOE THca0 § < min{d®/36, 1/4} u o6ozHaumM
0 =52(0) 1, (1.4)
rue
azmax{(p—né,uxpn}. (1.5)

3aece C — mocroaanas w3 (1.1). Ormernm, uto asromarndeckn t0 < 1.
B [V, nemma 3.9] mokazano, uro yciaosue 1.2 Bjeder OIEHKY

[ X0f]

5. <2(IX@F g, + V3 Ifll5), f€DomXo, [t <t (16)

Oxaswiaerca (cu. [V, mpemoxenwe 3.10]), aro mpu [t < tV Bemosmero
F(t,0) = F(t,30), rankF (t,d)=n. (1.7)

1o ozmadaer, aro mpu |t| < t° ma mpomexyTke [0,5] omepatop A(t) mve-
€T POBHO N COOCTBEHHBIX 3HAYCHUI (C yUeTOM KPATHOCTEH ), a TPOMEXKYTOK
(6,36) cBobomen or crektpa. st ynobersa 6ymeM HCIOIb30BATH COKPAIIECH-
Hble 0003HAYEHUSA

F(t) == F(t,5), §t):=3(t0).
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1.2. Omeparopbt Z, R u cnekrpajbHbiii pocTok S. Ilojoxum D =
Dom XN+, Venosue uzonupoBanuoctu o9k A\g = 0 B cexTpe Ag 110380~
JITET BOCIPUHUMATH D KaK THIb0EpTOBO MPOCTPAHCTBO CO CKAJISIPHBIM TTIPO-
ussegenneM (Xop, Xon)ﬁ*, p,n € D. Ilycth u € $,. PaccmorpuMm ypaBHeHme
X3 (XoY — u) = 0 ornocuresnsno 1 € D, nonuMaeMoe B c1ab0M CMBICIIE:

(X0¢7X0C)5§* = (U)XOOfJ* , VCeD. (1.8)

IMTpasast wacts B (1.8) aBIgeTCH AHTUIMHEAHBIM HEPEPHIBHBIM (DYHKITMOHA~
oM Ha ¢ € D, mosTOMYy perrenne i CynecTByeT, e IUHCTBEHHO, U BHITIOJTHEHA
orenxa || XoY| s < [lullg, . Mycs Termepn

weMN, u=-X,w; (1.9)

B 9TOM Caydae pemienue ypasrenus (1.8) o6o3naumm vepes ¥ (w). Onpege-
JIUM OUPAHUYEHHBIN oneparop Z : ) — §), aefictBytomuit no dhopmyie

Zw=19(w), weN;, Zp=0, peNt. (1.10)
Yrob6b! oreHnTs HOpMY omeparopa 7, 3anuieM (1.8) npu v = —X,w u ( =
P (w):
1Xow ()I[5, = — (Xpw, Xovb ())g, < X0t (@) llg, [ Xplls,, -
OTKYIa CJIEYET, ITO
(Ao (W), (W), < 1K1 Il -
Benovunas, ato d° > 366 u 1) (w) € M, momyuaem
365 [[¢ (W)I5 < (Ao (W), % (w))g < I1XplI* |0l -
CirefoBaTesibHO,
12| < (1/6)57/2 ]| X, - (1.11)
IlomoxknM Temepn
wy = Xo¥ (w) + Xpw € N, (1.12)
u onpejiesiuM orneparop R
R:N— N, Rw=ws. (1.13)
EFO MOXKHO TIpeACTaBUTh TaK>Ke B BUJE
R = P, X,|m. (1.14)

Cnexmpasbibim POCMKEOM OLEpaTOPHOTO ceMmeiicTBa A (t) npu t = 0 Mbl
Ha3bIBaeM CaAMOCONPSXKEHHBIN OIlepaTop

S=R'R:M—>MN (1.15)
N3 (1.14) u (1.15) BbITeKaer npe/icraBieHre
S = PX:P.X,ln.

Pocrox S 6ymem HazwiBaTh Heswuiposcdenmvim, eciu Ker S = {0}, aro sxBu-
BasieHTHO rank R = n.
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1.3. AHanguTnyeckue BeTBU COOCTBEHHBIX 3HAYUEHUIT I COOCTBEHHBIX
asieMeHTOB oreparopa A (t). C nomMomp0 aHajnTUIeCKOil Teopuu BO3-
myrmenuii B [V, 0. 3.3| 6bLIH TOTyYeHBl BaXKHBIE CBOHCTBA MEPBBIX N COO-
CTBEHHDBIX 3HAYEHUH ¥ COOTBETCTBYIONIUX COOCTBEHHBIX 3JIEMEHTOB OIepa-
topa A(t) mpn pocrarouno masiom t. Mmewnno, npu |t| < t° cymectsyior
BellleCTBeHHO-anamTHIeckue GyHKnuu \;j(t) (BeTBH COOGCTBEHHBIX 3HATE-
HUiT) ¥ BelleCTBEeHHO-aHaINTHIecKue §)-3uadnble hyHknun ¢;(t) (Bersu cob-
CTBEHHBIX BEKTOPOB) TaKWe, ITO

Api(t) = Xj(t)p; (), j=1,...,n, [t| <t°, (1.16)
n nabop {p;(t)};_, obpasyer opromopmmposanubiit Gasuc B §(t). Ecan

t, < t° mocraroumo mamo, To mpm [t| < t, MMEIOT MECTO CXOASAIIMecs CTe-
neHHble pasaoxkenus (euM. [V, Teopema 3.15] ):
Nt) =4t + ..., v =0, j=1,....n, [t| <t (1.17)
1 2 .
pit) =wi+ ol + 207w =1 n, [t <t.  (L18)
ITpu srom {wj}?zl 0bpasyiorT oproropMupoBaHHbIi 6asnc B N. Uncra v u
BEKTODPBI w; ABJIAIOTCS COOCTBEHHBIME [T CIIEKTPAIBHOTO POCTKA S, T. €.,

Swj:’ijj, j:l,...,n.

MNmeem

P=) " (,w))gwj, (1.19)
j=1

SP =Y 7 (- w))gws- (1.20)
j=1
Kak nokazano B [V, 1. 3.3|, nus snemenTos <p§i) u3 (1.18) BemOSHEHO
PeM j=1,...m, i=1..p-1 (1.21)
oV —pw)eN, j=1,..n (1.22)
C yuerom (1.7) u3 (1.16) nosydaem

F(t) =Y (o ®)gei (), It <t (1.23)

j=1
A)F(t) = Z i) Cops () g pi (B) 5 IE < £, (1.24)

j=1

TMoncrasasas B (1.23), (1.24) pasnoxenns (1.17), (1.18) u yuanteiBag (1.19)
u (1.20), maxoaum, uro npu |t| <ty (rae t, < t° mocrarouno mMamo) cupase-
JIUBBI CTEILIEHHbIE PA3JIOXKEHMSI

Ft)=P+tF+..., |t| <t
ABE(t) =tPSP + ..., |t| <t..
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Hawm, 0/jHaKO, Hy>KHbI HE CaMU 9TU PA3JI0KEHUs], a AIIIPOKCUMAIUK Ollepa-
ropos F'(t) u A(t)F(t) ¢ ojHIUM MM HECKOJIBLKUMK LEPBBIMU WieHaMmu (nopo-
206bi€ ANNPOKCUMALUL ), HO C OTIEHKAME TOTPENTHOCTH Ha BCEM TTPOMEXKYTKE
It| < t°.

§ 2. ABCTPAKTHAS CXEMA: [IOPOTI'OBLIE AIITTPOKCUMAILINN

B sTom maparpade KpaTko M31araroTCs OCHOBHbBIE PE3YILTATH abCTPAKT-
HOII cxXembl, nostydenHbie B [V].

2.1. BecmomoraTenbHbIHT MaTepuaJji. Ham mora o0uTess BapuaHT pe30sib-
BEHTHOT'O TOXKJIECTBA B CAydae, KO3 00JIACTH OIPeeeHUs IBYX OTEPATO-
poB He 0043aHBI COBIANATH, HO COBMAIAIOT 00IACTH ONPENeeHUT COOTBET-
cTByIOmmx KBagparudabix dopm. Hyxnas momudukamsa pe30ibBeHTHOTO
Toxjecrsa Obuia Haiizena B [BSul, ru. 1, § 2.

ITyctb @, b — ABe BaMKHYTBIE HEOTPUIIATEIbHBIE KBAJIPATUUHbBIE (DOPMBI B
IPOCTPAHCTBE §), 33/IaHHBIE Ha 00IIeidl 001acTH OIpeIe/IeHn st

0 := Doma = Dompb, (2.1)

KoTopas mioTHa B §). OmepaTopsl, oTBevarorue popMaM a u b, obozHauanm
A n B, coorBeTcTBEeHHO. PaccMOTpHUM MOy TOpaTHHEHHYO (hopMy

ay [u,v] = au,v] + 7 (u,v)g, v>0. (2.2)

CooTBercTByONast KBaapaTudnas popMa MOJOKHUTEILHO ONpeieaeHa. AHa-
JIOTH4IHO BBOANTCA popMa b . JImHeasn 0 aBiageTca ruabOEpTOBBIM IPOCTPAH-
crBoM O (@) OTHOCHTENLHO CKaJssipHOro npoussenenust (2.2). Hopmy mpo-
crpaHcTBa 0 (a,) 0603Ha4nM 4epes ||-|[,:

HuHa = a'y [U,U]1/2, (NS a (23)

B cuny cosnagenus obsacreii onpegenenns (2.1) dbopma b, HenpepbiBHa B
0 (ay) 1 MOPOXKIAET TaM SKBUBATEHTHYI0 HopMy. IlycTh mocrogmnas a > 0

ompe/iesiena COOTHOIIEHIeM
a~ [u,u

o = sup 77[ ’ ]
0#ued b’Y [u> u]

Paccmorpum remeps dopmy t = b — a. OueBugHO, OHA A -HEIPEPLIBHA, U e
OTBEYAET CAMOCOIPAKEHHbI B 0(ay) omepaTop Ty:

t{u,v] = ay [Tyu,v], u,veED.
Beegem oboznauenmne
Q. (A) =1+ (z+7)R.(A) =(A+~I)R.(A),

re R,(A) = (A — 2I)~! — pesombsenTa omepatopa A B Touke z € p(A).
(3meck p(A) — pe3oapBEHTHOE MHOXKECTBO oneparopa A.) Anamorngasre 060-
3HAMEHNsT BBOASTCS U s oneparopa B. Torga criipaBemBo TOXK1eCTBO

R.(B) = R.(A) = —Q(A)T,R.(B), =z € p(A)Np(B), (2.4)
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eM. [BSul, ru. 1, § 2]. Henocpejcreenno usz onpejenenusi Hopmbl (2.3) B
LPOCTPAHCTBE O CJIEJYIOT HEPABEHCTBA

lullg <y~ fuly (2.5)
1R (A0 <7212l (2.6)
1R (A)loo <771 I2:(A)ll g
192: (A)llasy < 1+ |2+ 9177 HIQ:(A)ll-g - (2.7)

W3 nux, B cBOWO 04epe/ip, B [V] BBIBOAUTCST Psiji OIEHOK.

2.2. OueHkKn s pa3HOCTHU pe30JbBeHT. Iloporosbie anmpokcumMa-
muu. B JaHHOM MyHKTE MBI (DOPMYINPYEM HEOOXOAUMBIE JIJI JaTbHEeHIIero
omenkn u3 [V, m. 4.2].

ITycts T's € C — KOHTYP, SKBUJUCTAHTHO OXBATHIBAIONINI OTPE30K BEIIE-
crBenHoii ocu [0, §] Ha paccrostaun §. HamoMmumm, 910 9nc/io § 6b110 BEIGpaHO
B 1. 1.1. Ilycts 2z € T's m [t| < t°. B xauecrse onepatopos A u B 6yayT BbI-
crymnars omeparopsl Ag = A(0) u A (t). Jns kparkocTu 6yaem nmcars R (t)
Bmecto R, (A(t)) u Q,(t) BmecTo Q,(A(1)).

IIpnvennm cxemy 1. 2.1, momarasa

v=240, 0=DomXy, alu,u]=|Xoul

5.0 bluu] =X (Oullf, -

Herpynno y6enurbes, uro o < 3. Ouesngno, |z| < 2§ npu z € I's. B cuny
(1.7) Bomonmeno || R, (t)|lg_s < 07! npu 2z € T u |t| < t°. Cnegosarenso,

12:(t)lg_s <4, z€Ty, [t <" (2.8)
Orcroma n u3 (2.6) BbITEKaeT oreHka
IR-(0)]| gy <4072, z €Ty (2.9)
Ananornuno, u3z (2.7) u (2.8) nosyaaem
[1€2:(0)[ly_yp < 13. (2.10)
Paccvorpum Temeps dopmy
2
t[u,u] = | X (ull§, — 1 Xoull5,
= 2Re ((tX1 + -+ + P Xp) u, Xou)g + [|(EX1 + -+ + P Xp) ull§ .

DToi KBapaTU4YHOU (opMe B IIPOCTPAHCTBE 0 C METPUKOIA, TIOPOKTAEMOii
dopmoit as, coorBercrByer oneparop Ty = Ts(t), KOTOPHIt MOKHO 3aIMCATH
B BUIC

2p )
Ts(t) = S T, (2.11)
j=1

Ie OMEePATOPLI T(s(j ) e sapucsT o t. Hopwmsr oneparopos T5(t) u T(S(j ) ome-
Henbl B [V, npeayoxenns 4.3, 4.4].
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IMpeanoxxenne 2.1. ITycmo t° — wucao (1.4). Bunoanenv, ouenru

IT5())lama < Coltl, [t <27, (2.12)

HTé‘j)HHa <B, j=1,....2p, (2.13)

2de nocmosannve Co u B sadam PABEHCMEAMU
Co =5C61% =511, (2.14)
B=pC? + X, 257", (2.15)

a C — nocmosnnan us (1.1) (ouwesudno, B > 1).

Meb1 6yiem UCTIOIL30BaTh CIEYIOIIee HEPABEHCTBO, PaBHOCUIbHOE (2.12):

2 2
X ()ully, — [1Xoulls,

< (I1Xouly, +0lull3) Coltl, wed, [t <.
(2.16)
Ha ocnose roxjecrsa (2.4) B [V, (4.16)] nosyueno HepaseHCTBO

IR:(t) — R:(0) |5, < 48Co6't], |t| <t°, z €Ty (2.17)

O1eHKH Pa3HOCTH PE30JILBEHT II03BOJISIOT MOJIYUYUTE NOPO20GHIE ANNPOK-
cumayuy agist oneparopos F(t) w A(t)F(t). s ciekTpasbHOTO IIPOEKTOPa
F(t) cupasenmmso npexacrasienne (cum. [K])

1
F(t) = “omi R(t) dz,

rae kKoHTyp ['s 00xoauTesi B TOJIOKUTETPHOM HaIpaBiaeHuu. Torma

Flt)— P = —2% ) (R0~ Ru(0) d= (2.18)

YauTbiBasg, 9T0 AauHa KOHTYpa ['5 pasHa 20 + 276, u3 (2.17) u (2.18) mouy-
qaeMm

|F(t) = Pllg_g < Cilt], [t|<t’, Cr=48(1+7"")Co. (2.19)

Taxke 6b11a HadigeHa (cu. [V, (4.25), (4.27)]) caenyromas anmpokcnvanus
aist oneparopa A(t)F(t):

|A@)F () —#22SP| g o < CaltP™, [t < £, (2.20)

rae
Cy = c(p)(B™ + C2"H), (2.21)

Cs, B onpenenens B (2.14), (2.15), a nocrosanas ¢(p) 3aBHCAT TOIBKO OT .
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2.3. Anmpokcumariusi pe3osbbenTbl (A(t) + 1)~ B jannom nymk-
T€ Mbl YCTAHAB/IMBAEM Teopemy 00 annpokcumanuu pesosbserts (A(t) +
er] )_1. JL71st 9TOTO TTOHAIOOUTCS €I1e OJHO YCIOBUE.

Yenosue 2.2. Jlaa cobemeennns snavernut Aj(t) onepamopa A(t) evinoa-
HeHO

N(t) = et j=1,...,n, c >0, |t <t
N3 ycnosus 2.2 u coornomenuii (1.17), (1.20) caepyer nepaBeHCTBO
S > c.ln (2.22)

JJIst CIIEKTPAJIBHOIO POCTKA, 9TO 3aBEIOMO 00ECIIeYUNBAET €I'0 HEBBIPOXK ICH-
HOCTb.

Cueayromee yrBepxeHue 0bu10 ycranosiaeHo B [V, upenioxkenue 4.9[;
JJIsT TOJTHOTHI M3JI0YKEHUS MBI TIPUBEIEM €r0 C JI0Ka3aTeTLCTBOM.
IIpennoxkenue 2.3. Ilpu e >0 u |t| < t0 cnpasedausa OUCHKQ

1

2t (@) + 1) 7 R - (PSP +2) PHﬁ , S0 (223)
—

_1
Hocmosmnasn C3 = ¢, ** (201 + c*_ng) 3G6UCUM AUWDL OM D, 0, NOCMOAH-
not C us (1.1), nopmw || Xp|| u cs.
Joka3zaTesabcTBO. Boconb3yeMes: TOXKIECTBOM

G(t,e) = (A(t) + 1) F(t) — (PSP +<*1)"' P
— (A(t) + 1) F(t)(F(t) — P) + (F(t) — P) ((?*SP +*1)"' P

(
— F(t) (A(t) + €21) " (A(t)F(t) — 1P SP) (t1**SP + 1) ' P.

(2.24)
IIpu ycmosum 2.2 cripaBe i TUBBL OTIEHKHT
| (A@®) +20) " lgon < (ad® +)71 [ <1 (2.25)
PSP+ £21) 7 Pllgog < (et + %)L, 2.26
H—H

N3 (2.19), (2.20), (2.24)—(2.26) ciuepyer HEpABEHCTBO
IG(t,€)lln—s < 2C1 [t (cxt™ + %) 7H + Colt|PH (cut™ + )72, |t <17,

OTKY/Ia HEIOCPEICTBEHHO BhITeKaeT (2.23). O

C yuerom (1.7) ouesuno, uro nupu € > 0 u [t| <t sbinonneno
e 7| (A(t) + 1) F(t) [lns

2p—1 2p 1\ —1+1/2p 2p 1\ —1/2p 1 —1/2p
<P (AQ®) + ) I (A@) + 1) F) =] < (30) /7.

1

Orcroia u u3 mpeyioKeHusi 2.3 BBITEKAET CJIEAYIONIUN PE3YIHTAT.

Teopema 2.4. [Iyemw A(t) — onepamopnoe cemeticmeo (1.3), npuuem 6vi-
noarenst yeaosua n. 1.1, a maxoice yeaosue 2.2. [lyems P — opmonpoexmop
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na nodnpocmpancmso N, a S — cnexkmpasvuul pocmox cemeticmea A(t)
nput =0. Toeda npu e >0 u |t| < £0 CNPABedAUBE OUEHKS

2p—1 2p\—1 _ (.2p 2p 1\ —1
71|\ (A) + 1) T = (122SP + %) PHﬁ_}ﬁgCA. (2.27)

3decwv & ewibparo 6 n. 1.1, wucao t° onpedeseno coommowenuem (1.4). Ho-
cmoannas C' 4 onpedeaena pasercmeom

_ 1
Ca=Cs+ (30) % = ¢, (201 + ¢, 1Cy) + (38) /% (2.28)

u 3aeucum auwws om p, 8, nocmoaniot C u3 (1.1), nopmo || Xp|| v c.

Sameuanue 2.5. g nocrosaaoit C4 MOXKHO BBIIHCATH I'POMO3/IKOE SIB-
HO€ BBIPasKEHNE, €CJIH BOCIOIB30BATHCA cooTHOIeHnsiMu (1.5), (2.14), (2.15),
(2.19), (2.21) u (2.28). s nanpHefinero npuMenenns K anddepernnaib-
HBIM OIEPATOPaM BakKeH XapaKTep 3aBUCHMOCTHU JTOil MOCTOSHHOIN OT JaH-

HBIX 332490, [locte BO3MOXKHOrO 3aBblnieHus MOCTOAHHYI0 ()4 MOXKHO CUI-
~ _ —1/2
Tars muorowenom or nepementex O, || X[, 67/ u ¢, /%P ¢ nomorures-

HBIMEU KO3(POUITMEHTAMY, 3aBUCAIIINMHA JIUIIb OT P.

§ 3. ABCTPAKTHASA CXEMA: ATITTPOKCUMAIINA PE3OJIbBEHTHI
-1
(A(t) +e*I)" ¢ YUETOM KOPPEKTOPA

B nmammom maparpade MBI TOSyYaeM ANMMTPOKCHMAITHIO P30/ IbBEHTHI

(A(t) + 2] )71 npu ydere KoppekrTopa. Hamma memb — JoKa3aTh CJIemLyio-
Y10 TEOPEMY.
Teopema 3.1. ITycmw A(t) — onepamoproe cemeticmeo (1.3), npuvem 6vi-
noamnenvt yeaosus n. 1.1, a maxorce yeaosue 2.2. ITlycmos P — opmonpoexmop
na nodnpocmpancmeo N, Z — onepamop (1.10), a S — cnexmpanrvhvid po-
cmox cemeticmea A(t) npu t = 0. Tozda cnpasedausa ouenra

er-1 HA(t)W ((A(t) + &) = (I +22) (12SP + 1) P) Hﬁ .
-9
<Cy, >0, |t <t
§ (3.1)
30ecn 10 onpedeneno 6 (1.4). IMocmosnnas C 3a6ucum auvwn om p, &, no-
cmoannot C uz (1.1), nopmw || Xp|| u cx.

3.1. JJokazaresbcTBO TeopeMbl 3.1: mepsblii 3Tam. [71sa KpaTKoCTH
0bo3HATNM

A(t) = A(t)V2 (A(t) +€21) 7, (3.2)
= (t,e) = (PSP + 1) ' P, (3.3)

Ham my:XHO OIleHUTH omepaTop
T(t,e) :=A(t) — A2 (I +tP2) Bt e). (3.4)

Cpasy ormernM, 910 JijIst onepatopa (3.3) BBHIIOJIHEHO HEpaBeHCTBO (2.26).
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ITpeacraBum onepatop (3.4) B BUJIE CyMMBI Y€TBIPEX CJIArAEMbIX:

Y(t,e) = Ji(t,e) + Jat,e) + J3(t,e) + Ja(t,€), (3.5)
rae
Ji(t,e) == A (t)F(t)*, (3.6)
Jo(t,€) == A () F(t)(F(t) — P), (3.7)
Js(t,€) := F(H)A.(t)P — F(t)A(t)/?2(t, ¢), (3.8)
Ju(t,e) := A@)V2(F(t) — P)E(t,e) — tPA(t) V2 ZE(t, €). (3.9)

Jnga onenku oneparopa (3.6) Bocrobzyemcs wepasenctsom FOHTa B hop-
Me
(A +e) T <A A 50, e >0. (3.10)
C yuerom (1.7), (3.2), (3.6) u (3.10) nmeem

1108, gs, < sup AY2 (A4 %) < (38) 7V P, i <0 (3.11)
A=30

13 ycnosusa 2.2 u (3.10) crenyer onenka

-1
IRV F ()5 = sup V/Ni(t) (Ni(t) + )
1<i<n
1 1/2 —1/2 1.1 0 (3.12)
<e P osup N(t)™ 2P < e} Ple|=tel 7P, 0 < |t < t°.
1<l<n

Bumecte ¢ (2.19) sT0 Bieder oneHky omeparopa (3.7):
172(t,)ll9p < Crex VPP, [t <10, (3.13)

Hanee, nis paccmorpenus omeparopa (3.8) BOCIOIB3yeMCsl CJIEAYFOIIM
AHAJIOIOM PE30JIbBEHTHOIO TOXK/IECTBA

F(t) (A(t) +*1) "' P — F()E(t, )
— —F(t) (A(t) + 1) (A(t)F(t) — t*SP) E(t, )
v OMHOKIM ero ciesa Ha A(t)!/2. Torga omeparop (3.8) 3ammmercs B Bue
Js(t,e) = —F(t)A:(t) (A(t)F(t) — t*PSP) E(t, ).
Orcroga B cuny (2.20), (2.26) u (3.12) nosyyaem

175(t,€)|lgom < 026;1/2p(c*t2p + €2p)—1‘t‘2p+l‘t‘—1€1—p

(3.14)
< Cgc;lﬂp_lsl_p, It < t°.
B wurore u3 (3.5), (3.11), (3.13) u (3.14) BbiTeKaeT HEPABEHCTBO
IT(t )9 < Cae'™ + || Jalt,€)llnss,  [E] <22, (3.15)
e
Cy = (36)7Y/2 + Cycr /PP + Coc V271 (3.16)

TeMm caMbIM JOKA3aTETbCTBO OMEHKY (3.1) CBEIEHO K OMCHUBAHUIO OMEPATOPA

(3.9).
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3.2. Ureparuonnas nponeaypa. l[lepenuiiiem pe30/ibBEHTHOE TOXK IECTBO

(2.4) B BUIE
R.(t) = R=(0) — Q.(0)T5(t) R-(2),

(3.17)

u Oy/IeM TIO/ICTABIATE 9TO PABEHCTBO CaMo B cebs (MTepUPOBATE), YUIUTHIBAS

pasznoxkenne (2.11) s T5(t). llocae p urepanuii mosy<um

R.(t) — R(0) = tWy(2) + - - + tPU,(2) + W, (¢,

Orcroma n u3 (2.18) BeITEKAET MPEICTABIEHNE

F(t)—P=tFi+---+t'F, + F.(t),

rje
JoR— (2)dz, i=1
- 27T’L Ts z Zy =1, y P,
1
F.(t)=—=— ¢ W.(t, 2)dz.
2mi Jry

B cuy (3.19) oneparop (3.9) 3anumercs B Buje
Ju(t,e) = TPt e) + T2 (te) + TP (¢ e),

rmae

ZtA OY2EE(t, e),

TP (t,e) = tPA(t)l/z(Fp — 2)=(t,¢),
IO (t,e) = AW)V2E.(4)Z(t, ).

2). (3.18)

(3.19)

(3.20)

(3.21)

(3.22)

3.3. Omnenku omnepatopoB F;. Haiimem BoIpaskenus g omepaTtopoB F; B
repMuHax K03 dunuenTos pasnoxennii (1.18) maa coBCTBEHHBIX 371€MEHTOB

©;(t). Cormacno (1.23) mmeen:

n

F(t) =) (i) ¢i(t)
j=1

J J

1

<.
Il

I
M:

1

<.
Il

n

J=1

(-,wj e tpgogp))y) (wj +tel P
1
5 wj) WJ"‘tZ{ f)% +(=‘P§)>ﬁwj}+~--

+tp2{ wj) sa% +("‘p§1)) ‘ng 1)+"'+("p§p)>f3

J

(p)) +0 (tpﬂ)

Wi} + Fu ().
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B coorsercreun ¢ npejcrasieruenm (3.19)
i—k .
E: (7¢] )> @gz )7 ZZO?"'>p> (326)

(0)
J
eMN,i=0,....,p—1,5 =1,...,n CrenoBa-

rie st yao6cTBa CUUTAETCs, 9TO
0
J
TesbHO, oneparopbl Fj npu i = 1,...,p — 1 nepesogar M B N, a N+ 5 {0}.
Ilocenee TOMOKeT HaM OTIeHATH HOpMY olrepaTtopa (3.23) wepes O(e P11,
Yrobbl OIEHUTH OHepaTopbl Fj, UCIOJIb3yeM MHBAPUAHTHbIE [IPEJICTABIIE-
aus (3.20) a1 9THUX ONMEpaTOpOB B BHUJE KOHTYPHBIX MHTErpasaos. OueHnm
PABHOMEPHO M0 2 TOJBIHTErPaIbHbIE BhIpaskenus. JIjist 9Toro cHagana maii-
JleM WHBapUaHTHBIE JKe Mpejcrasienns st oneparopos W,(z). Byuem wure-
puposarh ToxKaecTBo (3.17), yuursisag (2.11). 3nauok “~” ucronb3yem Bme-

cro “=", ecm oTOpachIBaeM WIEHBI TIOPSIKa BRI p 110 t. Mmeem:

=wj,j=1,...,n,u Fyp = P.
B cuny (1.21) mmeem @

R, (t) = RZ(O) - Qz<0)T6(t) (Rz<0) - Qz(O)Té(t)Rz(t))
~ R.(0) — Q.(0) zp: 1T R, (0) + (2.(0)T5(1)? Ra ()
i1=1
~ R.(0) — Q.(0) zpj 11T R, (0)
- 1'1:1 - |
+92.00) Y-t TV (0) S 2TV R.(0) — (2:(0)T5(1)* Ra(t)
i1=1 io=1
~ R.(0) — ©.(0) zp: 1T R,(0)

i1=1

p—1 ) p—l' )
+92.00) Y- 1TV, (0) S 2T R, (0)

i1=1 io=1

p—2 ‘ p—2 . ' p—2 . '
~ 2000 Y iV, (0) Y 21 0.(0) Y 0T R (0)

i1=1 i2=1 i3=1

+ (Qz (0)T6 (t))4 Rz (t)
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DTy UTEPAIMOHHYIO NPOIEAYPY CJE/yeT NPOLOKATE JI0 TEX MOp, MOKa He

nomyanm nocaeany caaraempiv (2, (0)Ts(6))PT R, (t). Oxornuarensroe Bbi-
paskeHue UMeeT BUJL

R.(t) ~ R.(0) — Q. (0) Ep: 1T R, (0)

11=1
p—1 p—1
+2.00) S TV(0) S TV R.(0) + ...
i1=1 i9=1
p+1—k . p+1—k '
+(=0FQ.0) Y i 0.0) S BTV R.(0) + ..
=1 ip=1

+ (-1 (2.07")" R.(0).

Beigeanny U;(z). st ynporesusi FPOMO3/IKOI0 BbIPAYKeHUs Oy1eM UCIIO/Ib-
30BaTh cireayomnme obozHadenus. Ilycts yF = (’yf, e ,fy,’j) — MYJIbTUUHIEKC
JUIMHBL K TAKOM, 4T %k >1,i=1,..., k. Oboznaunm

(QZ(O)T(S(-))W’“ _ QZ(O)T(S('H) . QZ(O)T(s(’Vk).

Torga ¥;(z) 3anummercs B Buje
k=1 |’Yk’:i
Teneps u3 (2.5), (2.9), (2.10) u (2.13) BBITeKaer ouenka onepaTopos (3.27):

12i(2) 155 < 072 [ Wi(2) g0 <

<5’”2i > H(@(@Té’)w R.(0)| <
k=1 |yk|=i H—0
<45—1§Z: 3 (13§)k, i=1,...p.
k=1 |yk| =i

~ Nk N\
C yuerom B > 1 MOXKHO OIEHUTH (13B) ,k=1,...,1, gepe3 (13B) , 9TO
BJIEYET OIEHKY

1W3(2) [y < 46" (13§)i(i 3 1), i=1,...,p.

k=1 ”yk’:i
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Ucnonbsys (3.20) u yaurbiBas, 9o jgauHa KouTypa ['s pasaa 2wd + 20, no-
JIydaeM

I1Fillg g < (133) <ZZ ) (r141):=CD, i=1,...,p.

k= 1‘7k‘ =3
(3.28)

3.4. O1teHKka ormepaTopa Jil)(t,g). I[Iycts w € $H, oboszmaunm v =
E(t,e)u € M. Ouernm HOPpMY

HA(t)l/zFiE (t,s)qu) = | X()Foly., i=1,...,p— 1 (3.29)

Kax yxke ormeuanocs, oneparopst £y, ¢ = 1,...,p — 1, mepeogar N B N,
a N+ B {0}. Bmecre ¢ (1.2) 370 1103B0JIAET 3AMETHO YIIPOCTUTE BHIPAXKEHME
110/], 3HAKOM HOPMBI B mpaBoii yactu (3.29):

Xt)Fv=(Xo+tX1+ + ' X, 1 +X,) Fo =
=t*X,Fu, veM, i=1,....,p—1
Crnenosarennro, ¢ yuerom (2.26) u (3.28)
IX () Folly, < OO P IXp] vllg < CO NP IXp) (ext™ + %) lullg

(3.30)
B cuny mepasencrsa FOura (3.10)

(cxt® + &%) ™1 < o /2T Lpglp, (3.31)

Buecre ¢ (3.29) u (3.30) mpu yuere wepasencrsa t0 < 1 370 BIeUeT Ciemyio-
IILY0 OIEHKY Jisi orieparopa (3.23):

170t )l < Cse P, [t < 12, (3.32)
rie

p—1
Cs = 1P| x) (Z c<i>>. (3.33)

=1

3.5. Ouenka oneparopa Jf)(t, g). Paccmorpum temneps omeparop F,. Co-
riacuo (3.26)

Ob6oznaunm w; = <p( P) — Zwj. B cumy (1.10) u (1.22) umeem w; € N. Tpen-

craBuMm Fj, B BU/JE

E,=F,+ F,, (3.34)
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rue
Fy = ((w)) Zwj + (- Zwi) wj) (3.35)
j=1
n p—1 n
Fp = Z ( ,cpj ) Dy Z Lwji) @i+ (w5 wy) (3.36)
j=11i=1 7j=1

Brurodenne wj € 9 Bmecte ¢ (1.21) mokassisaer, uto oneparop (3.36) mepe-
pout N B N, a N 5 {0}.

Hcnosb3ys (3.35) u 3ammck npoextopa P B Buge (1.19), vaxoaum Fj, =
ZP + PZ*, a sciomunas onpegenenue (1.10) omeparopa Z, 3amedaem, 9T0
PZ =0, a rorna Z*P = 0. Ciegobare/bHo, (Fp — Z)P = 0. Orciona u u3
(3.34) cnenyer, uro

(F, — Z)P = F,P, (3.37)

a moroMy omeparop (3.24) 3anurercs B BUE
IO (t,e) = tPA(t)\PE,E(t, €). (3.38)

U3 (1.11), (3.28) u (3.37) BBITEKAET OI[EHKA
1 Pllgs < (1/6)57 2] X, + C®. (3.39)

ITycrs choBa u € H u v = Z(t,e)u € N. Tor daxr, aro ﬁp nepesogut N B
N, Bmecte ¢ (1.2) mo3Bosger ynpocTuts Bolpazkenue st X (t)Fpu:

X Fp = (Xo +tX1 + -+ 771X, 1 +17X,) Fyo = P X, Fpo.
CrenoBarensHo, ¢ yaerom (2.26), (3.38) u (3.39)
H<J§2>(15,5)uH55 = |t HX(t)F’pv‘

| x,

N
<X (CW + (1/6)67 2 X)) (et + )7 Jul

*

Buecre ¢ mepasenctsom (3.31) mpum yuwere Toro, uro t° < 1, ato Biewer
OIEHKY

|72 e <ot v, <, (3.40)
rIe
Co = 1% (CW) + (1/6)07 /2 | X, ) e /272, (3.41)

3.6. Onenka omeparopa J( )( g). Yrobwn onennth oneparop (3.25), Boc-
nosb3yemcs npeacrasaenneM (3.21). Brauase mogyanm orneHKy s onepa-
Topa A(t)Y/2W,(t, z), paBromepryto 1o z € I's. Jlast 5T0r0 HaM TOHAI00STCS
BCIIOMOTI'aTE€/IbHBIEC yTBep}K,ZLeHI/IH.

Jlemma 3.2. BoinoaneHno HEpasercmeo

HA(t)WHHﬁ <6, |t <t
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HoxazaTesnbcrso. Ilycrs u € 0. B cuny oupepenenus oneparopa A(t)/?2
nMeeM HA(t)l/QuHﬁ = || X (t)ullg, . Bocmombsyemca nepasencrsom (2.16):

2 2 2 2
IX@ul, < I1Xoul3, + (I1Xoul3, +6llul}) Coltl, [t < 1O,

Benovmnast ompesieienne HopMbr ||ul|2 = ”XOUH%* + (5HuH% U yYUTHIBAst
(2.14), nonyaaem

2
|A® 2] < @t ol = 6llull3, wed, <t
O
Jlemma 3.3. BoinoareHo HEPAGEHCMEO
IR-(t)llg o < (2VB43)6 12, zeTy, 1] <t (3.42)
HokazarenabcTBo. Ilycts u € . B cuny onpesesnetnns HOPMBI B 0 ©MeeM
y
IR (8)ully < 62 || R (t)ullg + | XoR: (t)ull,
Bwmecre ¢ (1.6) 3ro BIEUeT
IR (8)ully < 2/ X (D R(t)ullg, + 36" | R (t)ully <

3.43
<2 X(OR.(tullg, +30 2 lully,, [t <t® zeTs. (3.43)

B cuny ycnosus z € T's Beimonneno |z| < 20, a noromy
IX(6)R- (t)ull, = (A()R-(t)u, Ra(t)u)g,
= (u, Ro(t)u)y, + 2 || Ra (t)ul§ (3.44)
< NR()llgs, 1ull + 26 (| R ()13, lully < 367 [Jullf -
O6benunsst (3.43) u (3.44), mpuxoanM K UCKOMOMY HepaBeHCTBY (3.42). [

Ouennm renepsb oneparop Y, (t,z) mo ($ — 0)-uopme. us 91010 MBI
CHOBa TPOBEJEM MTEPAIMOHHYIO TIPOLEAYPY, IEIbI0 KOTOPOH Ha 3TOT pas
siBsisiercst Bblesierne diena W, (¢, z) B pasnoxennn (3.18). Kak u npex e,
MBI uTepupyeMm ToxectBo (3.17), yumreiBasi (2.11). Hama nens ceituac —
OIEHATH HOPMBI BCEX ONMEPaToOpoB Npu t B cremenn Oombmmeii p. [Tostomy
BMECTO 3HAKA PABEHCTBA, MBI MHOTIA OYZeM HCIOIB30BATH 3HAK COOTBETCTBAS
~, 0TOpachIBas 9JIeHBI TOPAIKA p W HIZKe. [lepBag urepanmys:

Rz(t) = Rz(o) - QZ(O)Té(t) (RZ(O) - QZ(O)T5(t)Rz(t))

= R.(0) — Q.(0) (tT;” dot tpTgw) R.(0)

= 00) (PP e T R0) - (QLO)TH0)° Ba(0).
CirenoBaTesibHO,

R.(t) ~ —Q.(0) (tPHTgp“) ot t%Tg?p)) R.(0) + ((0)T5(t)? R (t).
(3.45)
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ITepBoe coraraemoe B npasoii uactu (3.45) obosuauum uepes 7y (t, z) u one-
HuM, ucnosbsys (2.9), (2.10), (2.13) u nepasencrso t° < 1:
IZ2(t, 2)ll g < CyltlPt, [t <0, Cpy =526/%pB.

Brimumrem HeydTeHHDbIE WIEHB! /IS BTOPOI UTEPAINH, OCTABJSIS OATD JINTITH
“JIeHBI ¢ t B cTenenu Goibineit p:

(€2 (O)Td( £))? Ra(t) = (2.(0)T5(t))* (R=(0) — Q:(0)T5(t) R.(t))
— 120, ( 70, (0) T(1)> R.(0)

+ 830, ( L0T® + 190 (O)Té(l)> R.(0) + ...
1P ( (T L)Y 4 -+T§P‘1)QZ(0)T§1)) R.(0)

+rlQ, (0)( V0,01 + -+T5(p)QZ(O)T5(1)> R.(0) + ...
+199.(0) (T2 (0T R.(0) - (2:(0)T5(1)* R (1)

~ tPHLQ) (0)( Q.(0)T" + ---+T§P>QZ(0)T§”)RZ(0) .
+1979.(0) (T2 (0T R-(0) - (2:(0)T5(1)* R (1)

:bma—MAMM»Rw»

Onsrh onernM BBIAETeHHBIH WwieH Zo(t, z) ¢ momomnrsio (2.9), (2.10), (2.13) n
mepasercTsa t0 < 1:

1 Z2(t, 2) Coplt*, |t <20,

g0 <

riue
Cloy =4-13%712DB% D =p+(p+1)+-+2+2p—1)+-+1.

Heyurenney Temeps octaics omeparop — (2. (0)Ts(2))* R.(t).

DTy UTEPAIMOHHYIO MPOIEIYPY CJelyeT IPOJOKATh AHATOTMI-
HBIM 00pa3oM [0 TeX II0p, II0Ka HE OCTAHETCS HEYITEeHHBIH tIeH
(=P (Q.(0)T5())P T R.(t) =: I°(t, 2). Bee unennt Zj(t, 2), 5 = 1,...,p,
BblEJ/Id€MbIE 1IDU ITI0CJIE0BATE/IbHBIX HUTEPANAX, OLCHATCA CJICAYIOIIUM
obpazoM:

IZi(t, )l < CpltlP 1<% G=1,....p, (3.46)
FrI];e . . ~ .
Ciyy = 413520 b7, (3.47)

()

a ¢y’ 3aBUCHT TOJLKO OT p 1 Homepa j. Haxonen, wnen Z0(t, z) onenurcs na
ocuoBaumn (2.10), (2.12) u gemmbr 3.3

IZ0t, )|y, p < Coppn EPFY, el <22, (3.48)

rae
Clpr1) = (2V3 +3) - 13PH1 67 1/20p T, (3.49)
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Acuo, uro W,u(t,2) = Iy (t,2) + - + L,(t, 2) + I°(t, 2). B urore, us (3.46) u
(3.48) crepyer onenka

H\I]*(t7 Z)Hf)*)b < C7‘t‘p+17 z €T, ’t’ < tO, (3'50)
e
p+1
Cr; = Z C(j). (3.51)
j=1

Teneps u3 semmbl 3.2 u orenkn (3.50) BBITEKAET HEPABEHCTBO
HA(t)l/Q\I/*(t, Z)H < VB[P, 2 eTs |t <O,
H—=H

Bwmecre ¢ (3.21) u onenkoit anunbl korTypa ['s uepes 27 + 20 < 27 + 2 310
BJIEYET

szx(t)l/?m(t)“Hﬁ < (147 YWVECH [t |t < 0. (3.52)

B pesynbrare n3 (2.26) u (3.52) mosygaem oneHky oreparopa (3.25):
HJP(t,g)Hﬁ% < (1+ 7 YVEOr [P (et + 22)7L ] <10,
Yaureisas (3.31), 0rcioia BbIBOUM
HJf)(t,a)Hﬁ_m < CelP, ] <10, (3.53)

rae

Cs = (1 + 7 )V6Cc /212, (3.54)

3.7. 3aBepurenne jgokasaresbcrBa Teopembr 3.1. U3 (3.4), (3.15),
(3.22), (3.32), (3.40) u (3.53) BITekaer mckoMas omeHka (3.1) ¢ mocrosH-
HOM

C’A =0y + C5 + Cg + Ck. (3.55)

3ameuanne 3.4. Jl1a mocTossHHOM C'4 MOXKHO BBILIUCATD IPOMOBJIKOE SIB-
HOE BBIDAYKEHNE, €C/IM BOCIIOIBb30BAThCA cooTHomenusamu (1.5), (2.14), (2.15),
(2.19), (2.21), (3.16), (3.28), (3.33), (3.41), (3.47), (3.49), (3.51), (3.54),
(3.55). Inst nanpreiimero npuMenenus K audepeHnuaibHbIM OlepaTopam
BaKeH XapaKTep 3aBUCUMOCTH ITOH 1I0CTOAHHOM OT JlanHbIX 3aa4u. [locse
BOBMOZKHOTO 3aBBINIEHNs TOCTOSHAYI0 C'4 MOMKHO CINTATH MHOTOUICHOM OT
nepemennbx C, | Xpll, 671/%P u o
MU, 3aBUCSIIUMUI JUITB OT P.

€ TMOJIOKUTEJILHBIMU KO3 durnenTa-
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§ 4. TIEPUO/IUYECKUE JUOOEPEHIMANLHBLIE OIEPATOPL B RY,
PA3JIO>KEHUE B IIPAMOM MHTEDPAJI

4.1. ®akTOpPU30BAHHBIE OIIEPATOPHI MopaaAKa 2p B Lo(R% C"). B mpo-
crpancrse Ly(R% C") pacemarpusaorcs mudbdepeHuaibHbe OmepaTophl,
dHOPMATHEHO 33 TAHHBIE BHIPAYKEHHEM

A = b(D)*g(x)b(D). (4.1)

B1eck g(X) — paBHOMEPHO TMOJIOXKUTENBLHO OMPEIEJIeHHAsT U OPPAHUICHHAS
MaTpHIa-OyHKIUS pazmMepa m X m (Boobiie roBopsi, g(X) — 3pMHUTOBA MaT-

PUIA ¢ KOMILIEKCHBIME 3JIEMEHTAMN ):
9. 97" € Loo(RY), 42)
g(x)=cly,, ¢>0, x € R%. '

Omneparop b (D) 3aman BoIpazkeHueMm
b(D) =) bD, (4.3)
loe]=p

rje by, — nocrostHHBIe (M X M)-MATPUIBI, BOOOIIE MOBODSI, ¢ KOMIIJIEKCHBIMU
snementamu. Ilpeanonaraercs, aro m = n, a cumson b(§) = >, -, ba&”
IOAYMHEH YCJIOBUIO
rankb(&) =n, 0#¢&eRY
DTO yCI0BHE PABHOCUILHO CJIEJYEOLIMM OLIEHKAM
aply, <b(0)*b(6) < arl,, 6 €S, (4.4)
0<ag<ap <oo. '

Be3 orpanngenus obirmoctr OymeM CIUTATH, 9TO HOPMBI MaTPHIL b, OTPAHM-
1/2,

9EeHBI KOHCTAHTON (g

bal < 1%, Jal = p. (4.5)

Crporoe omnpejiesienne ornepaTopa A maeTcs depes KBaJApaTudaHyoo (hopmy.
B cuny ycnoswuii (4.2) marpuiy g MOXKHO (haKTOPU30BATH

9(x) = h(x)"h(x);

npudem h, h~! € Loo. Hanpumep, moxno monoxurs h = ¢g/2.
Paccmorpum omeparop X, geiictByrommii u3 mpocrpancrsa Lo(RY C") B
Ly(R%; C™) 1o npasmy

(Xu)(x) = h(x)b(D)u(x), u€ DomX = HP(R% C"),
U KBaIPaTHIHY0 GhopMy
o u,] = [ Xul sy = [ (6GOHD)uGx), HD)ux) dx. w e HY(RYCY)

R4
(4.6)
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C nomorpto npeobpasosanust Pypbe u coornomennit (4.2) u (4.4) nerko
LPOBEPUTH CLIPABE/INBOCTH OLEHOK
co/|Dpu|2dx <alu,u] < cl/|Dpu|2dx, u € H?(R%; C"), (4.7)
R4 R4

rjie MCroab30Bano obozwagenmne |DPul? = > lal=p |D*ul|?. JleitcTuTenbHo,
B cuiy pasenctsa [lapcesasis

I 2% [ 1€ de < afuul < gl [ BeaEF de.
Rd Rd

riae u(€) — @ypoe-o6pas dbyuxnuu u(x). Orciona u u3 (4.4) noayvaem

Oéng_l!ZL/I&IQ’)Iﬁ(ﬁ)PdS<a[u,u] <041H9\Loo/!£|2p|ﬁ(£)2d£- (4.8)
R4 R4

Hcmone3yst sneMeHTapHble HEPABEHCTBA
Y I <IEPP < > 1 (4.9)
la|=p |a|=p

rae ImoCTodHObIC C;w CZ 3aBUCAT JIUIIL OT d U P, IpuXoaM K UCKOMBIM HEpPa-

BercrBaM (4.7) ¢ HOCTOSTHHBIMU
co = chaollgHIZL, e = danllglia. (4.10)
Cnenmosarennho, dhopma (4.6) samkayTa n Heorpunarespaa. Orpedaronmit

et camoconpszkennsiii omeparop B La(R%; C") mbr n o603Hauaem gepes A.

4.2. Pemerku B R? Beiogy HumKe MBI IIPEINOIAraeM, 9TO MATDPHIIbI-
byuKIImE g, h nepuodusns, 0THOCHTEIBHO HeKoTOPOit permerkn ' C RY:
g(x+n) = g(x), h(x+n)=h(x), xe€R? necl.

IIycts ny,...,ng — 6asuc B R?, mopox gatormmit permerky I':

d
F:{neRd:n:Zlini,liGZ},

i=1

u nycth {) — syieMeHTapHas s4deiika pernerku [

d
Q—{xeRd:x—Ztini,0<ti<1}.

i=1

JIBOHCTBEHHBL 10 OTHOIICHUIO K N1, . . ., ng 6asuc s', ..., s? B R? onpeze-
JISTIETCS] COOTHOIIIEHUSIMU <sl, nj>Rd = 270;. JroT 0asuc NOPOKIAET pewemsy

I', deoticmeennyro x pewemre I':

d
f:{seRd:s:Zqisi,qiEZ}.

i=1
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Buecro siuefiku pBoficTBeHHOM perneTku HAM yA00HEE PaCCMATPUBATH UeH-
mpaavryro 3ony Bpuasioena

ﬁ:{keRd:|k|<|k—s\,07ésef},

KOTOpast ABjderTcsa (yHIaMeHTaTbHBIM MHOKeCTBOM perterku I'. Bymem
none30Barscs obosHadennsavu |Q = mesQ, Q| = mesQ u ormernm, uro
1Q/|Q] = (2m)%. Ilycrs g — paxuyc HARGOJIBIIErO MApPA, COIEPKAIIEIOCS B
clos (NZ, TOTIA

2rg =min|s|, 0#sel. (4.11)
O6o3naunm

B(r):{keRd:\k\gr}, r > 0.

C pemerkoii I' csizano auckperroe npeobpasosanne Pypbe {Us} = — v:

v(x) = |Q|_1/2 Zi)\s exp (i (s,x)), x €,

sel’

sel’

KOTOpoe yHHTApHO orobpazkaet lo(I) Ha Lo(Q):

/|v P ax =3 a2,

sel

Yepes WN/;(Q;(C”) 0003HAYMM  TOJIIPOCTPAHCTBO Tex (yHKIuil u3
W3 (§; C"), I'-mepromaeckoe TTPOJIO/ZKEHAE KOTOPBIX Ha R? npunamesxuT

. loc(Rd C™). llpu q = 2 ucnonab3zyeM 0603HATEHIE ﬁS(Q; cm™).

4.3. Onepatopbl X (k) u A(k) B L2(Q;C"). Ilycts k € R Ompenemm
onteparop X (k) : Lo (2;C") — Lo (2;C™), 3agannblii Ha 061acTH ONpejie-
JIEHUA
Dom X (k) = HP(;C")
COOTHOIIEHUEM
(X (k)u)(x) = h(x)b(D + k)u(x). (4.12)
Pacemorpum kBagparuanyio dbopmy a (K), 3a1anmy1o BeIpazkeHneM
(19 ) = X (k)0 = [ (6K + K b(D + K)u) dx.
2 (4.13)
u e HP(Q;C").

C momormpro muckperHoro mpeobpasosanust Oyphe u coorHormernit (4.2) u
(4.4) nerko mpoBepuTh, UTO TpU Beex K € R? BBIMOIHEHB! OEHKN

aollg™ 1L ax(k) [u,u] < a(k) [u, u] < aulgllz.ax(k) [u,u],

- (4.14)
u e HP(Q;C"),
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e
a.(k) [u,u] == " [s+ k[*[G?, ue HP(Q;C). (4.15)
sel
Otcioza ¢ yaerom (4.9) moxyaem

co/|(D+k)pu|2dx < (k) [u,u] < o1 / (D +k)Puldx, ue AP (Q:CM),
Q Q

/e OCTOSTHHBIE ¢, ¢1 onpegesnensl B (4.10). Cnenoarensho, omeparop X (k)
3aMKHYT, a dopma (4.13) 3amrHyTa 1 HeoTpHIATe bHA. CaMOCOTPSKEHHbIH
omeparop B Lo(€2; C"), orBeuarommuii dopme a(k), obosnaunm qepes A(k).
PopMaTbHO MOXKHO 3aIlACaTh

A(k) = b(D + k)*g(x)b(D + k).

4.4. Pasznoxkenune omneparopa A B mpsamoii mHTerpaji. Ha kiacce
ITTsapma S(Rd;(C”) ompenennmM Tpeobpazosanne lenbdanma U cooTHOITE-
HUEM

V(k,x) = Uv) (k,x) = Q] /> " exp(—i(k, x + n))v(x +n),
nel’
veSMRELCY), xeRY keRL

Torga BRITOHEHO
// v (k,x)|? dx dk = / v(x)|*dx, V=Uv,
a R
u U TpOJIOJIZKAETCS 110 HEIIPEPBIBHOCTHU JI0 YHUTAPHOTO O0TOOparKeHUst

U : LyR%:CM) — /@LQ(Q;C”)dk =: K. (4.16)
Q

Brmouernne v € HP(R?; C") pasrocusuo Tomy, uro v(k,-) € HP(Q;C")
npun. B. k€ Qu

//(\(D+k)”V(k7x)2+w(k,x)|2) dx dk < oo.
o Q

Ormneparop yMHOXKEHUsI HA OrpaHuueHHyt0 [-riepuonndeckyto (yHKINO B
LQ(Rd; C™) mog meiicTBueM U TEPEXOMUT B OTEPATOD YMHOMXKEHHS HA Ty JKe
dyukmmio B ciaogx upsMoro waTerpata K m3 (4.16). eiictBue omeparo-
pa b(D) ma v € HP(R% C") mepexomuT B TOC/IOHHOE JECTBIE OTEPaTOpa
b(D + k) na v(k,-) € HP(Q; C").

C yuerom ckazanuHoro ¢gopmy (4.6) MOXKHO pa3IOKUTh B HHTETDAJ

alv,v] = /a(k) F(k,),v(k,)] dk, v e HP(R%:CM).

Q
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D10 o3HaudaeT, uTo HpeobpazoBanne lenbdania OCYIIECTBISET YHUTAPHYTO
9KBUBAJEHTHOCTH MEZXKJLy OEPATOPOM A 1 IPSIMbIM MHTErPAJIOM OLEPATOPOR

A(k):
UAU' = / DA(k)dk. (4.17)

Q

§ 5. IUOOEPEHUIMAJIBHBIE ONEPATOPHL A(k) HA AYEAKE Q.
[TPUMEHEHUE ABCTPAKTHON CXEMbL

5.1. Mccnenosanue omneparopoB X (k) m A(k). Hama nens — mpose-
purb, uro k oneparopam A(k) mpumenuma abcrpakthas cxema. Crenys
[BSul|, nonoxum ¢t := |k| u @ := k/t. Oneparopm X (k) =: X(¢,0) u
A(k) =: A(t,0) 3aBucsaT 0T OJHOMEPHOIO IApamerpa t U OT JIOHOJIHUTE b
morot napamerpa @ € S (koropsiit orcyTCTBOBAI B abCTPAKTHON CXeMe).
Mpgr 6ytem 3a60TUTHCSH O TOM, YTOOBI TOCTPOCHUS W ONEHKU ObLIN PABHOMED-
HBIMU OTHOCUTEJHHO 6.
Cornacho (4.3) u (4.12) umeewm:

XK =hY ba(D+K)*=nY by Cik*"FD’

|al=p laj=p  B<a

=h Y by Yy Chltle=Flgo—rph,

lal=p B<La

Cnenosarennho, oneparop X (k) momyckaer 3anuch B Buje

P
X(k) = X(t,0) = Xo+ > _t/X,(6). (5.1)
j=1
31eck oneparop
Xo=h Y baD* = hb(D) (5.2)
loe|=p
3aMKHYT Ha 00/1aCTH OIpe/IeIeHIs
Dom X = H?(Q; C™), (5.3)
“mpomexxyrounsie” oneparopsl X;(0), j = 1,...,p — 1, 3amanbl COOTHOIIE-
HUAMN
X;0)=hY b Y = CO“DP (5.4)

lal=p  B<a,|Bl=p—j
Ha, 00/IaCTAX OUPEIeICHNST
Dom X;(8) = HP™7(Q;C"), (5.5)
a oreparop
Xp(0) =h Y ba8” = hb(6)
la|=p
orpaumder u3 Lo(2;C") B La(2;C™).



30

13 (5.3) u (5.5) Bugno, uro ycaosue 1.1 BHINOJIHEHO:
Dom Xy C Dom X (8) C Dom X, () = Lo(Q;C"), j=1,...,p— 1

B cuy (4.4) cipaBesinBa oreHKa

1/2

1/2
1X,(0)]| < ) /

91l - (5.6)

Paccmorpum reneps sipa oneparopos X ().

IIpennoxkenune 5.1. Sdpo onepamopa Xy cocmoum u3 nNOCMOAHHYLT
8eKMOP-PYHKUUL:

MN:=KerXg={ue Ly(C"): ux)=ceC"}. (5.7)
IIpu g =1,...,p— 1 6vinoaneHs, cOOMHOULEHUA
N C Ker X;(0), 0S¥ (5.8)

Hoxkazarenbcro. llycrs u € 9. D10 paBHOCHJIBHO TOMY, YTO U €
HP(Q;C") u b(D)u = 0. Pasencrso ITapcesans st psiyios @yphe 1mo3so-
JISIET 3aTMCATh 9TO YCIOBUE B BUIE

0= / bD)u(x)*dx = " [b(s)ts> =D (b(s)*b(s)ls, Us)cn - (5.9)
Q

sef sef

B cuny (4.4) coornomenue (5.9) paBHOCHIBHO TOMY, 9TO
s/ [Gs]* =0, seT,

9ITO B CBOIO OYepe/b SKBUBAJIEHTHO PABEHCTBY HYJIO BCeX KO3GbMUINEHTOB
®ypbe Us, KpoMe Ug, TO ecThb, u(x) = c € C".
C yuerom (5.4) srutouenns (5.8) ouennbr. [

OpronpoexTop mpoctpanctsa Lo (§2; C™) Ha moanpoctpancTso N neiicTBy-
€T KaK yCpeJHeHue Mo sJelike:

Pu=|Q™" /u(x) dx, u € Ly(QCM).
Q

ITycts n, = Ker Xj. Coornomenue m > n obecnednBaeT BBIIOTHEHHE
YCJIOBHS Ny = M. Bojiee TOTo, MOCKOILKY

M, = Ker X = {q € Ly(Q;C™) : h*q e HP(Q;C™) : b(D)*h*q = 0},

TO peajim3yercsd ajbTepHATHBa: Jubo n, = oo (ecamw m > n), aubO N, = n
(ecim m = n).
IIpoBepuM Temeps BeIosHeHue ycaoBus 1.2.

IIpensoxenne 5.2. [Ipu j =1,...,p — 1 cnpasedaussr ouenxu
1X,0)ull ) < G | Xoull ), we BAQCY.  (5.10)

3decv nocmoannvie C; ne sasucam om napamempa 0 € St 4 sasucam
: -1
AUWD 0T d7 D 7 HgHLOC7 g HLoo7 ap, 01 U TQ.
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HokasaresberBo. B cuiy (4.5) u (5.4)
1 2 1/2
1X;0)ull 0 <P llall2 > Y 2D ullp,).  (5.11)
lo|<p B<a, |Bl=p—j

Pazmoxum dymkmmo u € ﬁp(Q; C™) B psan @ypbe

x) = [Q 72D dgette), (5.12)
sel’
C yuerom (4.11) nmpu j =1,...,p — 1 BeImOHEHO
s°12 < [Pl < (2r0) " [s|, 0#seT, |Bl=p—j. (5.13)
U3 pasenctsa Ilapcesans qyst psnos @ypbe u u3 (5.13) BBITEKAET ONEHKA
Dl = Y Is"Us? < (2r0)™¥ Y IsPPlusf’ [8l=p -
Oyésel“ Oyésef
(5.14)

Hanee, u3 onpenenenus (5.2), (5.3) oneparopa X, pasnoxenus (5.12) u
HuKHeli onenku (4.4) caenyer, 9ro

_111—1 ~ 7 n
1Xoul7, ) = llg 'l a0 DI [6sf*, we AP(@iCm).  (5.15)
sel’

B urore, o6bemnuss (5.11), (5.14) u (5.15), IpuxoguM K HCKOMOMY HEpPaBeH-
crBy (5.10) ¢ mocrosHHO

-~ 1/2 —1/2 1/2 —1n1/2
G =alog a2l e (X % ). G
o] <p B<a, |Bl=p—j
|

B ety kommakrrOCTH Bioxkennst Dom a(0) = HP(Q; C") B mpocTpancTso
Lo(92; C™) criektp omeparopa A(0) muckperen. Touka \g = 0 siBasiercss uzo-
JIMPOBAHHLIM COOCTBEHHBIM 3HadeHueM oneparopa A(0) = Xj X kparaoctn
n; COOTBETCTBYIOIEE COBCTBEHHOE MOANPOCTPAHCTBO T COCTOUT M3 HOCTOSTH-
HEIX BeKTOp-byHKIHit (cM. (5.7)) . Onernnm paccrosame d° ot Toukn \g = 0
710 ocrasabHoro crekrpa oneparopa A(0). M3 (4.11) u (5.15) caexyer, uro

a(0)[u,u) > o |||, (2r0)* |[ul}, )

u e HP(Q;C"), /u(x)dxz().
Q
Taxum obpazom,
> oo |lg| L (2r0)™. (5.17)
Caenys aberpakTroit cxeme, 3adUKCUPYEM MOJOKUTEIBHOE YUCI0 § <
min {d°/36, 1/4}. C yuerom (5.17) monoxnm

§ = min {ao oYL (2ro)* /36, 1/4} . (5.18)
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Hepasencrsa (5.10) no3Bosior B Kauecrse nocroguuoi C u3 (1.1) mpuusrs
5:max{1, Chy o 5,,_1}, (5.19)

r/ie KOHCTAHTBI éj onpegenenst B (5.16).
Iocrosmaas C' = max {(p - 1)C, | X, (0)||} (cm. (1.5)) ceitaac 3aBucHT

or 0. C yuerom (5.6) mpuMeM 3aBBIIIIEHHOE 3HAUEHNE

~

& =max{(p-1)C, a1 gl }.
He 3apucsiee ot 6. B coorsercrsun ¢ (1.4) momoxkmm

o_ 82 s |
¢ max{(p-1)C. ol )}

(5.20)

5.2. Bkawdenue omepatopoB A(t,0) B abcTpakTHyOo cxemy. Bymem
NPUMEHATH abBCTPAKTHYIO CXEMY, MOJIaras

9 =Lo(QC"), $H = Ly(4C™).

B kauectBe mosmHOMmanmbHOrO Tyuka X (f) Bosemem X(¢,0) = X(k) =
X (t0) (cm. (5.1)); 9TOT MyUIOK 3aBHCHT TakzKe OT nmapamerpa 6. Brimonnenune
yesosuit 1.1 u 1.2 6b110 mpoBepeno B 1. 5.1. Poas omeparopa A(t) mrpaer
A(t,0) := A(k) = A(t0). Cornacuo onpenenenuto oneparopa A(k) (cm. m.
4.3) umeem
A(t,0) = X(t,0)" X (t,0).

Beimosinenne yemosust 1.3 nposepeno Boime B 1. 5.1. dapo 91 = Ker A(0) =
Ker X onmcano B (5.7).

Ocraercss NpoOBEpUTDH CIPaBeIMBOCTE yea0Bua 2.2. O6o3HAUMM [epes
E;(k), j € N, k € Q, nocienoBarebHble cOOCTBEHHbIE 3HAYEHNS OLEPATOPA
A(k), 3aHyMepOBaHHBIE C yYETOM KPATHOCTEA.

Bocnonbsyemes aycroponaumu onenkamu (4.14) dopubr a(k) gepes
Beriomoraresibayto dopmy (4.15). Camoconpsizkennblii oneparop B §), oTBeqa-
tomii popme (4.15), o6o3nauum yepes A, (k), a ero nociegosarebabie cob-
CTBEHHBIE BHAUEHUST — UYepes E;-) (k), 7 € N. IIpu apyrom criocobe HyMeparun
cobcreennble 3uadenust oneparopa A, (k) ompenenaiorcs n3 mpecTaBIeHNs
(4.15) — 510 uncma |s + k%, s € T, npudem Kax0e Takoe COBCTBEHHOE
3HAUEHMe MMeeT KpaTHOCTb 1 (OHM 3aHyMepoBabl 3HaukoM s € 1), Orciosa
JIETKO CJIEJIYEOT COOTHOIIIEHUST

EY(k)=|k[*’, 1=1,...,n, keclosQ, (5.21)
E)(K)>r? kecosQ\B(r), 0<r<rg. (5.22)
YauTsiBasg HUKHIO O1eHKy (4.14), u3 (5.21) u (5.22) moxyvaem
E; (k) > ao |‘g*1H;; k*, 1=1,...,n, ke clos Q,
By (k)= a0 g7 |l r?, kedosQ\B(r), 0<r<m, (523
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OTKY/Ia, M CJIeJIYeT BBIIIOJIHEHUE YCIOBHUS 2.2 ¢ TIOCTOAHHOMN
—1—1
o =aglg HLO@ . (5.24)

5.3. IlocTpoenne criekTpaasHOro pocrka. Omeparopwr Z, R u S, BBe-
jgennbie B 1. 1.2, ceftuac 3aBucar ot 0. Jljag ux moCcTpoeHUsT BBEIEM BCIIOMO-
rarespHBI omeparop A. Ilycrs
M={w e L(2;C™): w(x)=CeC"}
— TOANPOCTPAHCTBO MOCTOSTHHBIX BEKTOP-(pyHKImi B £, = Lo(Q; C™).
Omneparop A : M — $H conocraaser sektopy C € M caaboe I'-
nepuoduuecxoe pewenue ve € HP(Q;C") 3amaun

b(D)*g(x) (b(D)ve(x) + C) =0, /VC(X) dx = 0. (5.25)

Q
Bagaua (5.25) npu C = b(0)c, c € C", apnsiercsa peanmsanumeii 3amaun (1.8),
(1.9) (ceituac w = ¢ € MN). Oummem, kax geicreyer oneparop A. Ilycrs

ei1,...,en — crangapraeie opThl B C™ n v; = ve,. B cramgapriom basuce
B C" BeKTOP-PYHKINM V;(X) 3aIMCBIBAIOTCS KaK CTOJIONBI IytiHbI 1. [lycTs
A (x) — (n X m)-mMarpuia co croabaMn vi(X),. .., vy (x). Torga omeparop

A ecTh omeparop yMHOXKeHWs Ha Marpuily-byHkmuio A(x). OrMernM, 9To
marpuna-dyuKius A(x) saBiasercs [-0epHoAnIecKuM pereHneM 3a1a9u

b(D)*g(x) (b(D)A(x) + 1) = 0, / A(x) dx = 0. (5.26)
Q

B coorsercreun ¢ (1.10) noayvaem:
(Z(0)c)(x) = A(x)b(B)c, ceC" =M,
ZO)u=0, uecnt.
Taxkum obpazom,
Z(0) = Ab(0)P. (5.27)
Omneparop R(6), onpenenennsiii cormacuo (1.12), (1.13), npuanMaeT Bu
(R(0)c)(x) = h(x) ((D)A(x) + 1) b(B)c, ceC" =9

Torna cexkrpasbablii poctok S(0) = R(0)*R(0) : M — N 3a1aerca cOOTHO-
IIICHIEM

S(0) = Pb(6)" (b(D)A + 1,,,)" g (b(D)A + 1,,,) b(0) |
U JeficTByeT Kak yMHOKeHne Ha Marpmity b(0)*¢'b(0), tae
¢ =10 / (b(D)A(x) + 1im)" g(x) (B(D)A(x) + 1) dx. (5.28)
Q

Vuurbisas ypasuenue (5.26), sanumem ¢g° B suje

@ =19 [ §(x)dx, (5.29)
/
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rie

9(x) = g(x) (b(D)A(x) + L) . (5.30)
[Tocroguuas marpuna (5.29) HasbBaercsa afdexmusnot mampuyeti. OHa as-
TOMATUYIECKHU TIOJIOKUTEJILHO ONMPEIeIeHa, YTO JIEFKO YCMOTPETh W3 Ipe-
craprernst (5.28). Tem cambiM, MBI TTOKA3a/au, 9TO CHEKTPATBHBIA POCTOK
omeparopHoro cemeiictsa A(t, @) npeacraBnM B BUJE

S(0) =b(0)*g"b(0).
Kax ormeuasnock B m. 2.3, u3 ycioBud 2.2 BRITEKAaeT HEPABEHCTBO
S(0) = ci I, (5.31)

C TOCTOSIHHO ¢4, ompejenenHoil B (5.24) n me 3aBucameit or 6. Takum 06-
pa30M, CIEeKTPATBHBIH POCTOK S(60) HEBBIPOKICH.

5.4. Dddekrupnbiii onneparop. CpoiicrBa 3¢ deKTUBHOI MaTPULIBI.
ITomoxmm

S(k) =t°S(0) = b(k)*¢°b(k), k=10 € R% (5.32)
3T0 cuMBOJI AU PEePeHImaTLHOT0 OTIepaTopa,
A® = b(D)*¢"b(D) (5.33)

C TOCTOSIHHBIME KO3(DPUITUEHTAME, HA3LIBAEMOTO IPhermustvim onepamo-
pom mrst oneparopa A. U3 (5.31) u (5.32) BBITeKaeT OIEHKA TSI CHMBOJIA
9 PEKTUBHOTO OIEPATOPA.:

b(k)*g°b(k) > c.|k[*1,, keR% (5.34)
OTMeTHM HeKoTopkle cBoiicTBa sdexTuHON MaTpursl g°.

IIpepsioxkenune 5.3. Obosnasum

7= 197" [ aGoix, i (rml i g<x>1dx)1.

Tozda spexmuenas mampuya ¢° ydosaemsopaem nepasencmeam
9<g’° <7 (5.35)
B cayuae, xozda m = n, umeem mecmo paserncmeo g0 = g.
Jdoka3aTesibCTBO MOXOXkKe Ha JOKa3aTeIbCTBO Teopembl 1.5 m3 [BSul, ri.
3], rme pacemarpusasnuck IO Broporo mopsiaka. Ilyers C € C™ u veg —
nepuonngeckoe perrenre 3agaan (5.25). OuesumHo,
hC = h(b(D)vc + C) — hb(D)vc. (5.36)

Cnaraembie B ipaBoii yactu (5.36) oproronasnbubl apyr apyry B Lo(2; C™),
TIOCKOJILKY TiepBoe ciraraemoe npunaaieknT Ker X, a BTropoe mpuHaaiexuT
Ran Xy. CrenoBarenbHo,

Ih(b(D)ve + )L, < IhCI[1, )y CeC™
C yuerom (5.28) sro Bieder
(¢’C,C) < (¥C,C), CecC™,
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9TO PABHOCHJILHO BepxHeil onenke (5.35).
Jlis nostydenus HuxkHei onenku samerum, uro P = (R*)7IN C N, =
Ker X{j. ITomoxknm

Qw = ym-l(h*)—lg/h—lwdx, W € H, = Lo(;C™).
Q

DJieMeHTapHO HpoBepsieTcs, uTo QW € P upu w € $H,; Qw = w nipu w € 3;
1 BBIIIOJIHEHO

(QwW,w)g, = |Q\_1<ngjcw>, Cw = /h_lw dx, we$H. (537
Q
CkasaHnHoe O3Ha4daer, 4rTo ) — OPTOHPOEKTOP B £, HA MOANPOCTPAHCTBO
PB. IIpumenum mpoektop () ¥ pasenctBy (5.36). Ilockonbky hb(D)ve €
Ran Xg = M, nonygaem QhC = Qh(b(D)vc + C). Carenosarensto, ¢ yue-
Tom npeacrasienust (5.28),
IQRCIIR, = [IQR(B(D)ve + O3,
< [r(D)ve + C)[F, = [2[(s°C,C), CeC™
U3 (5.37) mpu w = hC cremyer, 910
IQRCII5. = (QhC,hC)5, =[9(gC, C). (5.39)
Bwmecte ¢ (5.38) 310 Beder HUKHIOW OIEHKY (5.35).

B ciyuae, korga m = n, umeeMm n, = m = n. Torna Beimosneso P C M,
dimP = m = n, dimN, = n, = n. Cnenosarenvuo, P = N,. [lockoabky
h(b(D)vc + C) € M., 1o B (5.38) HEPABEHCTBO MEPEXOUT B PABEHCTBO. DTO
ozmagaer, uto ¢ = g.- 0

(5.38)

Ouenku Buga (5.35) W3BECTHBI B TEOPUH YCpeIHEHUI 7151 KOHKpeTHBIX 1O
Kax Bunka Poiirra-Peiicca. M3 HUX BRITEKAIOT OIEHKHA HOPMBI 9 (HEKTHBHOI
MAaTPHUILI U 00PATHON K HEMH:

—1 _
19°] <llgllew, 106 | <l e (5.40)
Beiesum remneps caygan, Korga B (5.35) Kakoe-1mb0 3 HEPABEHCTB TPe-

Bpanaercs B paBeHCTBO. Cireyromye 1Ba yTBEPXKAEHNHs AaHAJOIUIHBI IPe/T-
aoxennsm 1.6 u 1.7 w3 [BSul, rr. 3.

Ilpengmoxkenme 5.4. I[Tyems gr(x), k = 1,...,m, — cmoabyv, mampuywv
g(x). Pasencmso ¢° = g pasnocuavno coommouenuam
b(D)*'gr(x) =0, k=1,...,m. (5.41)

Jokazarenncrso. B cuny npeicrasinenus (5.28) pasenctso ¢° = § paBHo-
CUJIBHO COOTHOITIEHHO

|h(b(D)vc + C)|3. = ||RC[3,, CeC™ (5.42)

Kak yxe ormeuasnocs, B mpasoif gactu (5.36) ciaraeMblie OpTOrOHAIBHBI IPYT
apyry, a noromy (5.42) sksusasnenTHO paseHcTBy hb(D)ve = 0 mpu Jsro6om
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C € C™. B cuny (5.25) 9T0 BBINOJHEHO B TOM M TOJILKO TOM CJIydae, KOrIa
b(D)*g(x)C = 0 upu sobom C € C™. Tlocneanee papuocuibho (5.41). O
Ilpengmoxkenme 5.5. ITycmo lx(x), k = 1,...,m, — cmoabuyv mampuywv
g(x)~t. Pasencmeo ¢° = g pasrnocuavho npedcmasiernuam

L(x) =10 + b(D)vp(x), 19eC™ v,eH'(uCY; k=1,...,m.
(5.43)

Hokazarenncrso. B coorsercrsmn ¢ (5.38), (5.39) pasencrso ¢° = g pas-
HocuIbHO ToMy, uTo h(b(D)ve + C) € B npu gwobom C € C™. pyrumu
cnopamu, g Besikoro C € C™ naitgerca sekrop C, € C™ Takoii, 4To BbI-
nosmero h(b(D)ve + C) = (h*)~1C,. Iloceanee oznadaet, 910

g(x)7'C, = b(D)ve(x) +C, CeC™ (5.44)

Unterpupys 1o €2, norygaem g~ 1C, = C.

Papencrso (5.44) eimosHeHo mpu Beex C € C™ Torma m TOIBKO TOTIA,
korga ono eemoaneno npu C = g le, (1. e, C. = e), k = 1,...,m.
IloceHee paBHOCIIBHO TpeacTaBaennsM (5.43) mia cToatmnos 1 (x), k =
1,...,m. 0
3ameuanue 5.6. U3 gokazaresnbcrBa mpeoKeHud 5.5 BUIHO, YTO IIPHU
yeaosuu g0 = g marpuna (5.30) nocroguna: g(x) = g = g.

5.5. Ouenku marpunbi-gpysakimu A. Huxe mam moHamo0aTCs OMeHKH
HOPM MaTpuibi-byHKImr A(X).

Jlemma 5.7. [lycmos vi(x), j = 1,...,m, — cmoabyvt mampuypi-Gyrryun
A(x), asamowetca I'-nepuoduveckum pewenuem sadawu (5.26). Tozda ewvi-
NOAHERDBL OUEHKU

1/2 _ 1 .
BD)V;ll oy < 12 1gl 2 197 2, =1, m, (5.45)
—1/2 _ 1/2 —_ 1/2 .
Vil oy < ag 2 2ro) I 20l 2 g Y2, =1, om. (5.46)

Joxkazarennbcrso. Hanomuum, uro dyuknus v; € HP(Q; C") ynosierso-
psieT TOXKJIECTBY

(9(b(D)V; + ), bD)W) oy = 0, w € FP(C™, (5.47)
a TaKzKe ycioBuio [, vjdx = 0. U3 (5.47) cirenyer, 9To
12 .
1hbD)V;ll o) < IhejllLyoy < 12012, G=1,....m,

oTKy/1a BeITekaeT (5.45).
Hrobwr onternTs || V| 1, (q), ncnomssyem pan @ypoe, (4.4), (4.11) n yerosue
fQ v, dx = 0. Torma momxydanm

15DV IBae = a0 3 121955 > a0(@r0)? [Villay: 5= 1Li-..om,
O;zésef
(5.48)
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rae Vjs, S € I, — kosppumments Oypre GpyHKIHE v;. U3 (5.45) u (5.48)
caenyer orenka (5.46). O

Caencrue 5.8. ITycmo mampuua-pynryua A(x)  asasemes T'-
nepuoduueckum pewenuem 3adawu (5.26). Toz2da 6unostenv. OueHKY

1Al Ly < l0272C4, (5.49)
Ib(D)A| Ly < [21/2C, (5.50)
1Al ooy < |QY2Cy, (5.51)

rae
1 —1/2 — 1/2 —1pl 2
Y o= m2aq M 2r0) gl g

2 1/2 _ 12
C? = m" gl 19712

1/2
Oy = P oV ( 5 (2r0)—2(p—|ﬁ>>

|BI<p

HokasaresncrBo. Hepasencrea (5.49) u (5.50) sBasgoTCA OUeBHIHBIM
crepcrBuem (5.46) n (5.45) cOOTBETCTBEHHO.

Yro6er mposeputh (5.51), Bocnomw3yemcs pamom Dyppe. Aragoruano
(5.14) ¢ yuerom (4.4) nmeem

IDPA|IZ, ) < (2r0) 207103 s A
075561:

< (2r0) 20 agt Y7 |b(s)Asf?

07és€f
= (2r0) 2P Pag bD)A|T ) 1BI<P

CrenoBaresibHO,

1A () < o DDA, 0 ( 3 (gro)—2<p—|ﬂ>>‘

I8I<p
Bwmecte ¢ (5.50) sTo Baeuer (5.51). O

§ 6. AINPOKCHUMAIIUS PE3OJILBEHTH (A(k) +52p1)_1

6.1. Ammpokcumarust pe30JbBEHTHI (A(k) + 523’]) o onepaTopHOii
Hopme B Lo(Q;C"). Mbl npumennm k oneparopaomy cemeiicrsy A(t, 0)
Teopemy 2.4. YUncno t° ompeneneno B (5.20) u me 3aBucut or 6. 3a cuer
OPUCYTCTBHUS TIPOEKTOpa P Ha moampocTpancTBo (5.7) MOCTOSHHBIX BEKTOD-
dyukumit, u3 (5.32) BHITEKAET COOTHOIIEHUE

tS(0)P = S(k)P = b(k)*¢°b(k)P = b(D + k)*¢°b(D + k)P = A%(k)P.
(6.1)
CiemoBaTeIbHO, OMEPATOP MOJ 3HAKOM HOPMBI B (2.27) TpHHUMAET BUI
(A(k) +e?PI)~! — (A%(k) + e?1)~!P. Tlocrosmmas Ca ceff9ac 3aBUCHT OT
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0. Cornacuo 3aMedannio 2.5, 9ra MOCTOSTHHAST — MHOTOYJIEH OT [EPEMEHHBIX

C, 1 X,(0)|], 6727, ¢, Y2 ¢ nonosurenpHbIMT K03 unmenTaMu, 3aBUCS-
mumn sk ot p. Coorrommenns (5.16), (5.18), (5.19), (5.24) nokasbiBator,

gro mocroguuble §, C' U ¢, He 3aBucaT or 0; B cury (5.6) MOXKHO 3aMEHUTH

| X, (0)| za Bemanmy a}/2||g||1L/j. Takum 06pa3oM, MOCIE BO3ZMOKHOTO 3a-
BhITIeHNsT TOCTOTHAYIO C4 MOYKHO CUMTAThH He 3aBUCAIIEH 0T 0; OHA 3aBUCAT
roibko ot d, p, o, o1, g/l 97 |zw 1 0.

ITpumenas teopemy 2.4, mpuxonuMm K HEPABEHCTBY
e (A(k) + 1) — (A%(K) + 1) 7P| 1y 0) s 1a(0) < Cay 62)
e>0, |kl <t

TMokazkem, 4TO 1O 3HAKOM HOPMBI B (6.2) MOXKHO 3aMeHUTH TPOEKTOP P
TO2KACCTBEHHBIM OIIEPATOPOM; 9TO IPpUBCACT JIMIIL K U3MCHECHUTO IIOCTOAHHO
cupasa. Ucnonb3ys auckpernoe npeobpazosanue Oypue, ybexmaemcst, 410

ePTH|(AY (k) + e D) T P () Lo

=1 sup_[(b(s + k)" g"b(s + k) +1,) 7|
Oisef

<l sup (cfs kP 4+e?) T < gt 60, [k <0
0#£sel’

Mpur yasnn (5.34) u (4.11). Orciona n u3 (6.2) nosydaem
e H[(A(k) + 1) = (A%(k) + 1) Ly 0) - 1a(9)

—1/2p —
<Cata/rgl, e>0, |k <t

Ilpu k € closQ \ B(t°) onenku tpusmamsuel. Kaxnoe ciaraemoe mox
3HAKOM HODMBI B (6.3) OIleHHBAeTCsI MO-OTAEIBHOCTH 33 CUeT OIeHKH (5.23)
JJTs1 HANMEHBIIEro cobCTBeHHOTO 3HadeHus oneparopa A(k) u anasornaHoro
HEPABEHCTBA Jid ciaydas 3ddekTusHoro oneparopa. meem

PN(AGR) + D) Ly na(e) < e )T
e 7Y|(A%(K) + €% 1) | Ly() s ooy < x0T (6.4)
>0, keclosQ\B(t).
O6beaunsas (6.3) u (6.4) u obosnauast
Ca = max{Cy + 0;1/2177"0_1, 20*_1/27)(160)_1},

NPUXOJUM K CIIEIYIOIIEMY Pe3YJIbTaTy.

Teopema 6.1. ITycmov onepamop A(k) = b(D + k)*gb(D + k) onpedeaen
6 n. 4.3, u nycmo A%(k) = b(D + k)*¢°b(D + k), 2de ¢° — afipexmuenan
mampuya, onpedesennas 6 n. 5.3. Tozda cnpasedausa ouenrka

I(Ak) + D)~ = (A°(k) + 1) 7| Ly) o La(e) < Cac' ™,
e>0, ke clos Q.
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Hocmoswnan Cy sasucum auwws om d, p, oo, a1, gl 97 oe w om
napamempos pewemxu L.

6.2. Annpoxcumanus pesonbsentst (A(k) + 627’1)_1 10 3Hepreru4e-
ckoii Hopme. Tenepb Mbl OpUMeHUM K orneparopHomy cemeiictey A(t,0)
teopemy 3.1. Ananormuno (6.1) n3 (5.27) ciaemyer, 9aro

#7(0) = Ab(k)P = Ab(D + k)P. (6.5)

C yuerom (6.1) u (6.5) oneparop nox 3nakom HOpMEI B (3.1) cefiaac npunu-
MaeT BHJ

E(k,e) == A(k)Y? ((A(k) + 1)~ — (I + Ab(D + k))(A%(k) + 1)~ P).
(6.6)
Coracuo 3amevanuto 3.4 u coornomenuam (5.6), (5.16), (5.18), (5.19), (5.24)
OCJI€ BOBMOZKHOT'O 3aBbIIIMEHN A IMOCTOAHHY IO CA MOXKHO CHHUTATL HE 3aBHUCA-
mieit o @; ona sasucuT TOMBKO 0T d, P, v, a1, |gllr., 197 Lo B To-
IIpumenas reopemy 3.1, npuxonum K HEPABEHCTBY

€k, )l < Car €>0,  [k| <. (6.7)

Omuenum reneps HOpMY omepartopa (6.6) mpu k € clos Q \ B(t°). Oneparop
(6.6) mpescTaBUM B BUIE CYMMBI TPEX CJIATAEMBIX:

Ek,e) = AK)V2(AK) + 1) — A(K)V2(A°(K) + 1)1 P

6.8
— A(K)Y2AP,,b(D + k)(A°(k) + 1)1 P, (68)
rae P, — 0opTonpoekTop Ha NOAmpocTpaHcTBO I MOCTOSHHBIX BEKTOD-
dbyurimit B Lo (2; C™).
N3 (5.23) cieayer oneHka epBOro CIaraeMoro
A2 (A(K) + 1) |y ooy < 0 PE) (6.9)

k € closQ\ B(t°).

Ucnonbsys npucyrcersue npoekropa P, a takxe (4.4) u (5.34), nasg Broporo
CJIAraeMOro 10JLy 4aeM

1A 2 (A% (%) + 1) 7 Pll 1,y 0) 5 10

= ||b(D + k)(A°(K) + 1) Pl 1, (0)= L)
_ 6.10
< g2 b (b(30)g"b(k) +71,) | o1
—1
< ar Il k[P (c.|kf? + %) 7
CirenoBaTesibHO,
Y| AK) Y2 (A°(K) + e 1) 71 P 1y 0) o L) 60

<a?|gl 2 PP Kk e clos Q) B(t).
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st rperbero wiena B npasoii yacru (6.8) anasorunuso (6.10) umeewm:
1A(K)2AP,b(D + k) (A (k) + 1) " Pl 0) L)
<A AP 1y 0) - Lo 16D + k) (A°(k) + 1) Pl 1, 0) 5 a(e)

-1
<o PIKIP (culK[? + %) | AGK) Y2 A P 10 La(e)-
(6.12)
OueBuno,

IA®K) APy Ly (0) = La() = 170D + K)APn| 1, 0)- 120
1/2
< 19079l 216D + 1A Ly 0.
Hnst ||b(D)Al[1,(q) cipasepmasa onerka (5.50). B cumy (4.4) n (5.49)

(6.13)

1b) Al Ly < [k[Pal?1012C) < al?102C), ke closQ, (6.14)
rae 21 = diam Q. U3 (5.50), (6.13) u (6.14) BLITEKAET HEPABEHCTEO

A APl 2oy < gll/2 () +rfat* V), K € closh.

(6.15)
Teneps u3 (6.12) u (6.15) BeITEKaeT OleHKA HOPMBI TpeThero wieHa B (6.8)

npu k| > %
e A(k)2AP,b(D + k) (A (k) + 1) 7P|y 0) () < Co,

k € closQ\ B(t%), (6.16)

12y /2 (o2 P20 —1/2—1/2P(t0>—1

gl ( A TTriay Oy >C*
B urore u3 (6.8), (6.9), (6.11) u (6.16) cremyer onenka omeparopa (6.6)
mpu |k| > %

riae Co = o

5p_1”5(k 5)||L2(Q Y= La(Q) S 6’,4, e>0, ke clos Q \ B(to),

6.17
CA =] 1/2p(t0) <1—|—c* 1/2 1/2”g||1/2) + Cy. ( )

Hepagencrsa (6.7) u (6.17) upuBojsr K CaeAyIOMEMy De3yJibTary.
Teopema 6.2. ITycms onepamop A(k) = b(D+k)*gb(D+k) onpedeaen 6 n.
4.3, u nyemo A°(k) = b(D 4+ k)*¢°b(D + k), 2de ¢° — spermusnan mam-
puya, onpedesennasn 6 n. 5.3. I[Tycmo P — opmonpoexmop npocmpancmea
Ly(2; C™) na nodnpocmpancmeo (5.7). Hycmo A(x) — I'-nepuoduseckoe pe-
wenue 3adavy (5.26). Toeda npue >0 uk € clos Q) CNPABEJAUBE OUEHKD

| A" ((A(K) + 1)~

— (I +Ab(D +k))(A%Kk) 4 &%P1)~? < C%elP.

) HLQ (Q)—}LQ(Q) =

Hocmosannas C4 = maX{C’A,aA} sasucum auwb om m, d, p, qp, Qf,
l9llzws g7 Lo, u om napamempos pewemsu T.
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§ 7. AIMPOKCUMAIIUS PE3OJILBEHTHI OTIEPATOPA A

7.1. Annmpokcumanus pesoabsentbl (A + ¢?1)~! mo omneparopHoii
HopMme B Lo(R% C"). Bepuemcs x omeparopy A, aeficrByiomemy B IIpo-
crpancrse La(R%;C"). B cuty pazioxenus (4.17) BbimosaeHo

2o\ _ ,—1 22r )1
(A+e™I)  =U </§@(A(k)+ I) dk)u. (7.1)

-1
AHaJIOTHYHOE PA3TOKEHNe UMEET MEeCTO W JIId OmepaTopa (AO + 2] ) .
CrenoBaTe/bHO,

|| (A + €2pI)71 — (AO + €2pI)71 HLg(Rd)—>L2(Rd)
= ess-sup [|(A(k) + 1)1 — (A°(k) + 1) 7Y Ly ) Lo ()
keQ
Orcrona u u3 TeopeMbl 6.1 BhITEKaeT CJIEIYIONMHA Pe3yIbTaT.
Teopema 7.1. IIycms onepamop A = b(D)*gb(D) onpedesen 6 n. 4.1, u

nyemo A? = b(D)*¢°b(D) — apexmusnwiii onepamop. Tozda cnpasedrusa
ouenKa

I(A+e%I)™ — (A% + e%1) Y| Ly (rty s Lo(rey < Cac' ™%, €>0. (7.2)

Hocmoswman Cy sasucum avws om d, p, oo, a1, g, 97 o w om
napamempos pewemsru L.

—1 -
7.2. Anmpokcumalug pe30JIbBEHTI (A + 52pI) 0 YHEepPreTuYecKoi

HOopMe. Temepb MBI TOJYYUM AMMTPOKCUMAINIO PE30/TbBEHTHI (A +e2] )71
Py yuere KOPPEKTopa, OMupasach Ha Teopemy 6.2 u pasznoxkenue (7.1). Ha-
HOMHIM, 9TO HOJ JjeficTBueM mpeobpasosanus lenbdanma omeparop b(D)
packiapIBaeTCs B IpsMoil uarerpas mo oneparopam b(D + k); a oneparop
YMHOYKEHHsT Ha TIePUOANIecKyto MaTpuily-dbyHKInio A(X) nepexoaur B yMHO-
JKeHue Ha Ty e DyHKIUIO B ¢j10six psimoro narerpasia K (cm. (4.16)). Ham
norpebyercst Taxkwxke oreparop 11 := U PJU, neiicreyiommit B Lo(R?%; C™).
Baeck [P] — oneparop B K, aeficTByommii mocsioiiHo kak orneparop P. Jlerko
susiets (eM. [BSu3, (6.8)]), uro II ects IO c cumsosom xg(€), e xg —

XapaKTepPUCTHIeCKass PYHKIMA MHOXKECTBa (), T. €.,
() (x) = (2m) =42 / e % (€) de. (7.3)

Q

(Ormernm, aro II — crazkuBaroruit onepaTop. )
3 ckazaHHOrO CJIEIyeT, 4TO OMepaTop

E(e) = AY2 (A+ )71 — (I + Ab(D))(A° + &2 1)~111)

packiapiBaeTcs B ipsimoii urrerpas no oneparopam E(k, ) (em. (6.6)). ITo-
9TOMY M3 TeOPeMBI 6.2 BBITEKAET OIfeHKA

e MEE 1yre)y—Lawe) < Cay € >0. (7.4)
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U3 (7.4) Mbl BBIBOAUM CJIEAYIONIUI PE3YJIBTAT.

Teopema 7.2. I[Iycmov onepamop A = b(D)*gb(D) onpedeaen 6 n. 4.1, u
nyems AY = b(D)*¢g"b(D) — spexmusnmiti onepamop. Ilycms A(x) — T-
nepuoduuecroe pewenue sadawu (5.26), a g(x) — mampuya-pynryus (5.30).
ITyemoy TT — onepamop (7.3). Tozda npu € > 0 cnpasediusv, oueHKy

|(A+e2 1)~ = (I AbD)I) A+ )™ | gty ooy < O, (7.5)
JAY2 ((A+ D)7 = (I + ABDYI (A + 1) ™) || gy o)
<C@ci-p,

lgb(D)(A+2 1) =gb(D)(A +e% 1) M| oy o ey < C' P2 (7.7)

1) 2 6

Hocmoannwe C,7, Cy7, Cy7 s3a6ucam avwn om m, d, p, ag, o1, ||9]| L.,
lg~ L. u om napamempos pewemmu T.

(7.6)

HokazaresnbcrBo. g nposepku HepasencTsa (7.5) ucmobdyem (7.2) u
OIEHUM OIEepPATOP

Ab(D)TT(A® + 2P 1)1 = ATL,b(D)(A° + &2 1)1,
3nece I, — IIJIO ¢ camBomom xg5(€) B Lo (R4 C™). Oneparop [A]I1,, yHu-
TAPHO YKBUBATEHTEH NPIMOMY HHTErpady oT oneparopos [A]P,, a motomy

_ 1
ATl 1y ) oy = APl £a@) s 1a() < 12072 1Al ,0) < CF.
(7.8)

Mgt yamn (5.49). danee, nconssys (4.4), (5.34) u (7.3), noxyaem

e~ 1[b(D)(A° + Ezpl)iln”Lg(Rd)ﬁLg(Rd)

=" sup [b(€)(0(€)"g°b(€) + % 1n) |

£eQ
<70y sup €] (c. g + %) (7.9)
I39]
< a%/2c;1/2p sup |£|p*1 < a%/zczl/zprf_l, e > 0.
£eQ
(1)

B urore u3 (7.2), (7.8) un (7.9) BoiTexaer omnenka (7.5) ¢ mocrosumoit C) ' =
Ca+ Cgl)ai/Qc;l/Zpr}ffl.

Hoxaxxem Tereps otenky (7.6), omupasics Ha (7.4). B cuty (4.4), (5.34) u
(7.3) mmeem

|AY2(A° + 1)~ (I - ID|| £y (Rt)— Ly (R4
= [|hb(D)(A° + 1)~ (1 — D[ £y (ReY— Lo (R

b(€) (b(€)*°b(€) +£*1,) (7.10)

1/2
< lglly? sup
|€|=70

/2y 11/2 1
<y gl2 sup [P (c.lgf? +<%) 7
|&]=r0
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CirefioBaTe/IbHO,

_ _ /2y 1/2 —1/2—1/2p —
A2 (A + 1) TN = D)l ) ey < 0 gl 22T,
Otrcioma n u3 (7.4) BoiTekaer oreHka (7.6) ¢ MOCTOSHHOM C’f) = C5 +
1/2) 1/2 —1/2—1/2p 1
ay "llglly e ro -

[Tepeiimem K noKazaTesbeTBY HepaseHcTBa (7.7). O6o3HAUIM

G(e) = gb(D) ((A+e*I)~" — (I + Ab(D))(A" 4+ e*1)~'11) . (7.11)

N3 (7.4) BeITeKaer oneHka

_ o 2
NG Lyt Loy < Callgly>, &> 0. (7.12)

Ucnonesys (4.3), 3amernm, 4To Jjist JH0OO0H JOCTATOYHO TIATKON (DYHKIIHH
u(x) B R? primosmaeno

b(D)(Au) = BD)Au+ > ba >, CLHD*PA)Du.
lal=p  B<a:|B|=1

Torga ¢ yuerom obozuadenus (5.30) oneparop (7.11) MOKHO TIPEJACTABATE B
BHIE

G(e) = gb(D)(A+ )7 — gh(D)(A° +e¥)7'T - G(e),  (7.13)
rue
G(e) =9 > ba > CHD*PMIL,Db(D)(A" + &%) 1L
lal=p  B<a:|B]>1
Ananornuno (7.8) umeem
1D AT |y () 1o (rety < 192172 D*PA| () < Ca. (7.14)

B nocnennem nepexoge Moty (5.51). B cuny (4.5) u (7.14) nmeem

|’§(5)|’L2(Rd)—>L2(Rd)
<ollpwat®cn S0 Y DDA + 1) 1y, (71D

laf=p B<o |B|>1

Awnanornuno (7.9) uz (4.4), (5.34) u (7.3) caeayer onenka

_ 1/2 -1
[DPHD)(A° + £220) ™ M gy gy < 0 sup J€[PH7 (ealg? + %) ™
£eq
OTKY/Ia
ap—lHDBb(D)(AO + g2p1)71HHL2(RdHL2(Rd) (7.16)
A e N [P '
Hepagencrea (7.15) u (7.16) BiexyT

5p_1||§(5)||L2(Rd)—>L2(Rd) < Ci, >0, (7.17)
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rie

Cho = ||g||LoomCAC*1/21/2p<Z ) anml),

|lal=p B<a: |B[>1
B wurore, uz coornomenwii (7.12), (7.13) u (7.17) BBITEKAET MCKOMOE Hepa-
BeHCTBO (7.7) ¢ MOCTOSIHHOI 01(43) = Cj’ngHlL/i + Ch. O
Boitemny crenmanbubie caydan. Ecmm ¢° = §, To BBITIOMHERB! yCIOBHA

(5.41), a Torma pemenne A 3amaqn (5.26) pasHo Hysio. [losromy (7.6) ympo-
[IAETCs, ¥ MBI IPUXOJIUM K CJIEIAYIONIEMY YTBEPIKICHUIO.

IMpennoxenne 7.3. Ecau ¢° =g (m. e., svnosnens ycaosusa (5.41)), mo
CNPABEdAUBA OUEHKA

JAY2 (A + D)™ — (A° + 1)) ||y ity Loy < CLETP, &> 0.
(7.18)
PaccymoTpum Temepn caydait, Koraa go =g.

Ipenyoxenne 7.4. Ecau ¢° = g (m. e., cnpasedausn npedcmasaenus
(5.43)), mo cnpasedausa ouyenxa

|gb(D) A+ 1) —g2b(D) A+ 1) gty s gty < O, e > 0.
(7.19)

Hocmoannas 51(43) sasucum auwn om m, d, p, ao, o1, |9llre, |97 e ©
om napamempos pewemsru L.

JokazareabcTBo. B cuny 3aMevanusa 5.6 B pacCMaTpUBaeMOM CIydIae BBI-
nosnreno §(x) = ¢° = g. Torga mepasencrso (7.7) HpEENMaeT BH

9b(D)(A+ 1)~ — g'B(D)(A® + £271) 1|ty gy < P
(7.20)
upu € > 0. Ananormaso (7.10) ¢ yaerom (5.40) mveem

19°b(D)(A° + &2 1)~ (I — [ £y Ry Lo (R

1/2 -1
< l9llzo0r™ sup [P (colgl +%) 7"
|€]=70

CirefoBaTesibHO,

h - 1/2 —1/2-1/2p —
g (D) (A + 1) (I = T0)| 1, gty Loty < gl 720

(7.21)
U3 (7.20) u (7.21) BoiTekaeT HepaBeHCTBO (7.19) ¢ mocTogHHOM 51(43) = 513) +

1/2 —1/2—1/2p —
e e e

7.3. AnmpokcumManus pe30JbBEeHTbI (A—Cezpl)_l npu ( € C\ R;.
Ilepenecem Temeps pe3yabTaThl TeopeM 7.1 u 7.2 Ha caydail pe30JbBEHTHI B
IPOM3BOJBHON PETYIIPHON ToUuKe, He Jjexareit Ha Ry . g 3ToT0 MCIOIB-
3yeM MOJIXOJISIIIHE TOXKIECTBA JJIs pe30abseHT (cp. [Sul).
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ITycrs ¢ € C\ R, Tosoxum ¢ = [(|e¥, 0 < ¢ < 27, u BBejgeM o0bo3HAUe-
HuUEe

) Ising|™t, ¢ € (0,7/2) U (31/2,2n)
c(p) = {17 o [1/2.37/2] : (7.22)

Teopema 7.5. Ilycmo swnoanenv, ycaosus meopemvs 7.1. Iyemv ¢ =
IC|e"? € C\ Ry u c(p) onpedeaeno 6 (7.22). Ilpu € > 0 cnpasedausa ouerka

I(A = ¢ 1) 7" = (A% = G 1) ! ||yt Laqrety < Crc(i)?e!—2PI¢/2P7
(7.23)

Hocmoswmnan C; = AC 4 sasucum auwn om d, p, oo, a1, |glles 19 L. ©
om napamempos pewemru I

Joxkazarennsctso. Ilycts ( = e, 0 < ¢ < 2m. Bocmosb3yemcs: Tox1e-
CTBOM

e R
X ((A + 5219[)—1 — (AO + 52pI)_1) (AO + EQPI)(AO - ZngI)_l' |

TTockobky crexTp omeparopa A cogepxkurca B Ry, To

(A + % 1)(A = G 1) |yt oy < sUp(a + %) o = G

>

= sup(y + )|y — ¢ < 2c(p).
y>0

(7.25)
AHaJIOrM4HO,
H(AO + 52p[)(A0 - Zgzpf)_luLg(Rd)—wz(Rd) < 2¢(p). (7.26)
N3 (7.2), (7.24)—(7.26) BbITEKaET HEPABEHCTBO
I(A = CD) ™" = (A° = G 1) M|yt La(re) < 40(9)*Cac™™, &> 0.
(7.27)

Bamenss ¢ ma €|¢|V/?P B (7.27), mpuxoauM K nckoMoMy HepaBeHCTBY (7.23).
]

Teopema 7.6. Ilycmv ewnoanenve ycaosua meopemwv 7.2. Ilyemov ¢ =
ICle"? € C\ R4 u c(p) onpedenerno 6 (7.22). Ilpu € > 0 cnpasedausv, oyenru

I(A = ¢eI)™" — (I + Ab(D)IN)(A” — Ce™1) ™| 1y maty ., ()

(7.28)
< Cac(p)?e! 2 ¢ /2,

1AY2 (A = ¢ D)™ = (I + MDY (A° = ¢ 1)) ||y )= 1 ()

< Cac(yp)?e! 7PI¢|M /212,
(7.29)
lgb(D)(A — (e*PI)~" — gb(D)(A° — C52pI)71HHL2(Rd)—>L2(Rd)

(7.30)
< 646(@)261_p|§|1/2p_1/2.
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IHocmosannwie Ca, Cs, Cq sasucam avwn omm, d, p, ag, o1, |92 197 o
u om napamempos peutemnsu L.

Hokazareqabcrso. llycte ( = €%, 0 < ¢ < 27. Bocnonp3yeMmcs: TOXKIe-
CTBOM

(A= (D)1 — (I + Ab(DYI)(A° — (1)~ = (A + e®1)(A — (2 1)
X ((A+ D)™ — (I + Ab(D)IT)(A® + e21)71) (A% 4 2P 1)(A° — (1)
+e2(C+ 1)(A — C2T) T AW(D)II(A° — C2PT) 1
~ _(7.31)
Canaraembie B paBoit actu (7.31) obosuaunm uepes J1(¢,¢€), J2(C,€).
U3 (7.5), (7.25) u (7.26) BHITEKAET OIEHKA
7 F1(C8) | oz Loy < 4c(9)*CY. (7:32)

s BTOpOTO tWieHa nMeeM

172G, )| Lo ret)— Lo(ey < 26%[(A = (1) Ly
X [|ATL,b(D) (A + &2 1) 7 £y, | (A 4 € 1) (A” = (1) 1y 1
(7.33)
Bamernm, uro HOpMa pesosbsenthl (A — (e?PI)~! onenuBaerca gepes Besm-
4pHy, 06pATHYIO K paccTogHuio oT Touku (e no R :

1A = Ce 1) M|y () Loy < € Pele). (7.34)
O6bemunusgs (7.8), (7.9), (7.26), (7.33) u (7.34), nonyuaem
_ i~ 2 —1/2 —
PTG oy Lary < de(@)’ Oy e F el (7.35)

Coornomenust (7.31), (7.32) u (7.35)
I(A—Ce®I)™! — (I + Ab(D)II)
< Cac(p)’e' ™, &>0,

¢ nocroguuoii Co = 401(41) + 401(\1)a%/2c

(7.36), mpuxomum k (7.28).

Jnst nposepkn nepasencrsa (7.29), npumennm oneparop A2 x oGenm
gacrsim pasencrea (7.31). Mveem

AV (A= CPD™ = (1 + MDA — G D)) = Ti(Ce) + Ta(C, ),

(7.37)

BJIEKYT OLECHKY

(A° = Ce1) M| Ly (me) s Lo (R (7.36)

;1/2}77“11)_1. SaMmendas € Ha €|C|1/2p B

rie
Ti(Cre) = (A+ePI)(A — (PI) 7!
x AY2 (A4 %) — (I + Ab(D)I) (A% + % 1))
x (A° 4 2 1)(A° — Ce2T) 7,
T3(C,e) = e2P(C + 1) AY2(A — e 1) Ab(D)IL(A° — (2P1) .
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Ouenka nepsoro uiena caexpyer u3 (7.6), (7.25) u (7.26):

_ - 2
P TNTLC )l Ly (Re) s Lo () < 40,(4)0(90)2> e >0. (7.38)
OtieHuM BTOPOIt UJieH:

172G )l Lty Larety < 26 A2 (A = (D)™ Ly,

X [ ATLb(D)(A° + 2 1) T 1y 1, | (A° + P 1) (A® = 1) 7 151,
(7.39)
B cuny (4.4), (5.34), (7.3) u (7.8)

IAIL,b(D)(A° + % 1) M| 1oy z, < Oy sup (€7 (c. €)% + %) 7
£eN
(7.40)

C yuerom (7.25) BBIOTHEHO

|AY2(A = (I | 1pra < 2e(9)| A2 (A + D)7 1y, < 2¢(0)e P
(7.41)
Teneps u3 (7.26) n (7.39)—(7.41) BHITEKAET OlEHKA

U T2(C, ) Lty Loy < 8c(9)2C y*e® L sup [€]P (c.|€1% + %)
£eN

< 80(@)201(\1@}/20;1/2]07“11071, e > 0.
(7.42)
B wnrore coornomenust (7.37), (7.38) u (7.42) npusojgar K HepaBeHCTBY

1412 (A= T2 1) = (1 + ABDYT(A® — C21) ™) || gty o)

< Cac(p)’e'™, >0,
(7.43)
¢ nocrosHuON C3 = 4C’f) + 801(\1)@}/20;1/27’7"{’71. Bamenss ¢ ma e|¢|V/?P B
(7.43), mpuxonauMm K nckoMoMmy HepaseHcTBy (7.29).
Ocraercs nposeputs (7.30). BocmosbayeMest TOXK 1eCTBOM

gb(D)(A — (¥ )1 — Gb(D)(A° — (*I) 7T
= (gb(D)(A + &2 1)~! — Gh(D)(A° + &2 1)) (A° + 1) (A° — (eI~
+ (C+ 1)egb(D)(A + 1) ™ (A= (D)™ = (A0 = G

(7.44)

O6o3naunM caaraembie B mpaBoii vactu (7.44) uepes El(ae), EQ(E,E). s
(7.7) m (7.26) cnemyer oreHKa

L1 ) Lty Lyrety < 20T ()t P (7.45)
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Bropoii wien onenum ¢ nomouipio (7.27):

" - ) -
1£2(C )l arays Loy < 82c(2)*Callgly 2 |AY2(A + 1) |1y,

< 8! Pe()Clgll 2.
(7.46)
Teneps u3 (7.44)—(7.46) BbITeKaeT oneHKa
lgb(D)(A = (1) ™" = Gb(D)(A” = (e I) ™ || () Loy < Caclp)’e' ™7
(7.47)

opu € > 0 ¢ mocrostHHO# Cy = 20543) + 86AHQH1L€. Bamensia € na €|¢|/? B
(7.47), nonyaaem uepapercrso (7.30). O

7.4. CueuuaJjibHble Cjly4daud. YCTAHOBUM AHAJOIM Opejoxenuit 7.3, 7.4
a1 pesonbsents (A—(e?PT) ™. Crenyromee yTBep:KIeHne IPAMO BLITEKACT
u3 (7.29) u m3 Toro, aro A = 0 mpu ¢° = g.

Ipennoskenue 7.7. [Tycmo svinoanenst ycaosus meopemuvi 7.5. Ecau g =G
(m. e., sewnoanenv yeaosusa (5.41)), mo cnpasedausa oyerka

|AY2 (A= ¢e®1)~ — (A% — ¢eI)7 1) | Lo(RE)— Lo (%)
< Cae(p) e PICIMPPTI2 e >0,

s 0 _
Paccmorpum reneps ciyvait, korjga go = g.

Ipenyoxenne 7.8. [Tycmo svinoanenst yciosus meopemnt 7.5. Ecau g° = g
(m. e., cnpasedausor npedcmasaenua (5.43)), mo cnpasedausa ouyenxa

[gb(D)(A — C€2p—7)71 - Qob(D)(AO - CEZPI)iluLQ(Rd)—)LQ(Rd)

7.48
< Chefp)Pel P2, e 0 (7

Hocmosannaa C§ zacucum auwn om m, d, p, ag, a1, |9llo., 197 Le w om
napamempos pewemxu L.

JokazarenbcTBo. B cuny 3ameuanus 5.6 B paccMaTpuBaeMoM CIydae BbI-
nosnreno §(x) = ¢° = ¢g. PaccMoTpuM cHauama pe3onanBeHTy B Touke (e2P,

rie Z = ¢/, CpaBeaaus ciemyionmii anagor ToxaecTsa (7.44):
gh(D)(A = (1) 7! = ¢*b(D)(A” = (1) = L9(Coe) + La(C o)
e
L3(C.e) = (gb(D)(A+e*1)™ — Ob(D)(A° + 1))
x (A% 4 2 1)(A° — Ce2P1) 7,

a BTODOIl HJIeH EQ(Z, €) — 1ot Ke, uro B (7.44).
U3 (7.19) u (7.26) BolTeKaeT OIeHKA

1L5 (o) Lty Loty < 2()CPP, e > 0.
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Orcropa u u3 (7.46) caegyer, aro npu € > 0 cipaBeInBO HEPABEHCTBO

[gb(D)(A — G=221) " — gB(D)(A® — Ce2 1) 1y gy < Ciel)?e' 7,

(7.49)
rae C; = 205‘3) + 80A||g||2/j. Bamenss € ma e|¢|Y/? B (7.49), npuxoguM K
(7.48). O

7.5. YcrpaHenue criakuBamoriero oreparopa. OKa3bplBaercs, IIpu
JIOTIOJIHUTEIBHBIX  TIPEJTIONOKEHUSIX OTHOCUTEIBLHO CBOWCTB — MaTPHIIbI-
dyurmmn A(x) MOXKHO W36ABUTHCS OT CIVIazkKuBaromiero omneparopa Il B am-
npokcuMarusax (7.28)—(7.30). OnHako, TOPSIIOK OMEHKH YJICHOB, COJEpIKa-
mux I — II, ornmgaercs ot mopsinka onenok (7.28)—(7.30); cM. HuUZKe mpes-
Joxernne 7.12.

VYceaosue 7.9. IIpednoarosicum, wmo I'-nepuoduneckoe pewernue A € ﬁp(Q)
sadawu (5.26) ozparuneno u asagemcs myavmunauxamopom us HP (RE C™)

6 HP(R% C"):
A € Loo(RY) N M(HP(RY C™) — HP(RY; C™)).

Beugy mepmognaroctn MaTputibi-gpyHKIEA A, ycaosue 7.9 paBHOCHIBHO
Tomy, 90 A € Loo(2) N M(HP(Q;C™) — HP(Q;C™)). Hopmy omepatopa
[A] ymHOXKeHUS HA Marpuny-byHKI0 A(X) 0603HAUNM Uepes

My = |[[A] HHP(Rd)—)HP(Rd)- (7.50)

Onucanme TpocTpaHCcTBa MYJIBTUILINKATOPOB B Kiiaccax CobosieBa MOXKHO
HafiTi B Kuure [MSh|. MoxHOo yKa3ars I0CTaTOYHBIE YCJIOBUS BBITOJTHEHUST
yeaoBus 7.9.

Hpenmoxenune 7.10. Iycmo swvinosneno toms 6vi 00HO U3 CAECOYOULUT
deyx npednosorcenul:

1°. 2p > d;

2°. ¥ = g, m. e. umerom mecmo npedcmasaenus (5.43).

Tozda ycaosue 7.9 sasedomo evnoaneno, npuswem |A|r.. v mysomunauka-
mopras wopma (7.50) Kowmpoaupyromes wepes m, n, d, p, ag, a1, ||9]lL..,
19~ Lo © napamempur pewemxu T.

JokazareabcTBo. 13 reopembl Baoxkenusi C. JI. CobosieBa u u3 reopembl
uysakra 1.3.3 kauru [MSh|, caenyer, uro upu yciaosun 2p > d ycsiosue 7.9
BBIITOJHCHO ABTOMATHYECKH 34 cuer praodenns A € HP(Q). Ilpu sTom Be-
st (| Az, m My onennsatorea gepes C||All gr(q), tie C sasucnt ot m,
n, d, p u ot obaactu 2. C yuerom orenku (5.51) mosrydaem mepBoe yTBep-
KJIEHUE.

IIpu moKa3aTe BCTBE BTOPOTO YTBEPKACHUS OyaeM CInTaTh, 9To 2p < d
(vHave mpuMennMoO TiepBoe yTBepyKaenne). IIpeamonoxnm Tereph, uro g0 =
g- B cury 3ameqanms 5.6 B srom ciayuae sermomeno g = g(b(D)A+1,,) = ¢°.
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Torna A € HP (Q) sBastercst [-ieproquaecKuM peIeHneM 3a,1aqu

b(D)*b(D)A(x) = b(D)*g(x)"1¢°, / A(x) dx = 0. (7.51)
Q

Omneparop b(D)*b(D) — MaTpuYHbIH S/IHOTHIECCKAI OTIEPATOP C MOCTOSH-
aeiMu KO3 dunmenramu. [losromy perrenne 3amaun (7.51) MOXKHO omuCaTh
B TepMHHAX KodpPumuenTos Pypobe:

Ro=0; As=(b(s)*b(s) " b(s)* (g Dag”, 0#sel.
Hockombky g 1 € Lo C Lg(£2) mpu mo6om ¢ < 00, TO B CHJTY H3BECTHO
TeopeMbl MapIiuHKeBrda, 0 MyJbTUILIHKATOPax Mg psaaoB Pypwe (cm. [Mal)
BBIMOJIHEHO A € Wg (Q) tpu r060M ¢ < 00. PuKcHpyeMm g Takoe, 9TO pg > d
(manpumep, ¢ = p~(d + 1)). U3 reopembl MapruHKkeBuda c/Iejiyer ONeHKa
Hopmbl [[Allywr o) B repunnax m, n, d, p, ao, a1, [|g)L. u g~ L., - Hanee,
u3 teopemb! Biaoxkerus C. JI. Cobonesa u ciencreus 1 nmyukra 1.3.4 KHUTH
|MSh| crremryer, aTo ycaoBue 7.9 BLINOTHEHO 3a CI€T BK/IIOUEHHA A € Wg (€).
Ipu srom senumunnnt [|AflL,, u Mp ouenusaiorca vepes C||Allyr(q), rae C

3aBUCUT OT M, N, d, p u or objyiactu ). DTO 3aBepiraeT JO0KA3ATEIBCTBO
BTOpOTO yTBepXKaeHusd. [

Omernmv Terepns omepatop b(D)(I — M) (A° — (e?PI)~! mo (Ly — HP)-
HOpME.

Jlemma 7.11. IIpu e > 0 u ¢ € C\ Ry ecnpasedausa oyenka
16(D)(I = I)(A” = (1) ™| Ly ety v (ray < Crie(p), (7.52)

2de C11 = 2041/20;1 (1+ r0_2)p/2.
HokazaresnnscrBo. Vcnonssys (4.4), (5.34) u (7.3), moxysaem:

D) = T(A° + ¢Ie 1) ) 1o
= sup (1= x5 (€))(1 + 6772 (&) (b(&)"9°b(&) + ¢l 1,) |

£eRd
1/2 -1 1/2 _— _ 2
<ay sup (14 [EPP2LEP (e + [¢1e) T <yt (141 2)"2.
2T0

(7.53)

Hamee, oueBUIHA OIEHKA,

(A° +ICIEI)(A° = G 1) ™yt oy < SUP(@ + [CIe) = G|

=sup(y + 1)|y — ¢| ™ < 2¢(p).
y>0

(7.54)
N3 (7.53) u (7.54) Beirexaer (7.52). O
ITpeanoxkenue 7.12. I[Tycmo evinostienvs ycaosus meopemvs 7.6, a mawroice
yeaosue 7.9. Tozda npu € > 0 cnpasedausv, oueHKy

IAB(D)(I — I)(A° — (™ 1) 7| 1y (e Lo(re) < Coe(9), (7.55)
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1AY2 (ABD)(I = T)(A° = ¢e*1)7") ||y () Lo () < Cocl),  (7.56)

1gb(D)(I = I)(A° — ¢ 1) |y () Loty < Cre(), (7.57)

Hocmoannwme Cs, C¢ u Cr 3asucam auwv om m, d, p, ag, a1, ||9llr..,
lg~ Lo, om napamempos pewemsu T, a maxoce om My u |A| L. .

HokazaresnbcrBo. Onenka (7.55) ¢ nocrogrnoii Cs = ||A| L., C11 BBITEKaeT
u3 ycaosust 7.9 u ornenkn (7.52).
Hns mokazarenscrsa (7.56) 3ameTnm, 910

|AY2 (AbD)(I = T)(A® = Ce™1) ") || 1y ety 1 (R)

(7.58)
1/2 1/2 _
< lgll}2 oy ? [ ABD)(I — T)(A° — ¢%T) | 1, ety o () -

N3 ycanosus 7.9 n nepasencrs (7.52), (7.58) Buirekaer (7.56) ¢ mocrosHHOM
/2 11/2
Co = o1 lgl[ 2 MaCur.
Jnga nokasarenscrBa mHepaBeHcTBa (7.57) 3aMeTnM, 9TO B CHJIy JIEMMBI 1
nysakra 1.3.2 kauru [MSh| uz ycnosua 7.9 soirekaer, aro b(D)A ssasiercs
mysbTuakaropom 3 HP(RY C™) B Ly(RY; C™), npudem nopma cooTBer-

CTBYIOIIETO ONEpaTOpa YMHOMKEHUs OlEHMBAETCsI B TepMuHax aq, ||[Allp n
My

M)A oty 1o (re) < €a = Calan, [|A][Le; Ma)-

Torga u marpuna g = g(b(D)A + 1,,) gBisieTcs MyJIBTUIIMKATOPOM K3
HP(RY ™) 5 Ly(RY €, mpmtest |11 s ety s 1ty < N9l (€4-+1). O
ciopa u u3 (7.52) Beirekaer onenka (7.57) ¢ nocrosinuoit Cr = ||g|/n.. (€A +
1)011. U

Tenepb Teopema 7.6 n mpemyioKenne 7.12 BJIEKYT CIAeAVIONUN Pe3yIbTAT.

Teopema 7.13. ITycmov evinoanensvs ycaosus meopemv, 7.6, a maxoice ycao-
gue 7.9. Tozda npu € > 0 cnpasedausv, oueHKy

(A= ¢ePT)~" — (I + Ab(D))(A” = Ce* 1) M| 1y (met) s Ly (R
< Cac(p)2 72 |¢ V2L 4 Cie( ),

|AY2 ((A = ¢e®I)™" — (I + Ab(D))(A° — ¢*P 1)) | Lo (RY)— Lo (RY)
< Cael)?e!PI¢P 2 4 Coc(w),

lgb(D)(A = (e® 1)~ — gb(D)(A® = Ce® 1) ™| 1 ()= Ly (R
< Cacl)?e 7PICNHHE 4 Crelp).
IHocmosanmwie Ca, Cs, Cy sasucam avwn omm, d, p, g, a1, |9z, 197 | e

u om napamempos pewemru I'. Ilocmoannwe Cs, Cg, Cr 3asucam om mex
orce seaurnun, a maxoice om | AL, u My.
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§ 8. YCPEJJHEHUE OIIEPATOPA A,

8.1. Amnmpokcumanusi pe30JbBEHTHI oneparopa A. o onepaTopHoii
Hopme B Ly(R% C"). nsa Beaxoii I-nepmommaeckoit dbyskmmu p(x) B RY
HCIOIb3yeM 0003HAYEHIe

1

O (x) := (e x), &>0.

B Ly(R%;C") paccmorpum omeparop Ag, € > 0, bopManIbHO 3aaHHbI
nuddepeHnraabHbIM BEIPAKEHUEM

A. =b(D)*¢°(x)b(D), e>0. (8.1)
Kax o0brano, crporoe ompegenenue omeparopa A. Aaercs depe3 COOTBET-
CTBYIOIYIO 3aAMKHYTYIO KBAJIPATUIHYIO (POPMY
azlu,u] = /(ge(x)b(D)u,b(D)u> dx, ue HP(R%CM).
Rd

Dopwma a. mounMHEHA OTEHKAM, aHATOTHIHBIM (4.8):

aollg / E[2P[6(E) 2 de < aclu,u] < auglr. / E[[a(E) 2 de. (3.2)
Rd Rd

ITpu maom € xoadutments oneparopa (8.1) 6eicTpo octmmmpytor. Tu-
NUYHAA 3372498 yCPeJHEeHUs MPUMEHHTETRHO K oneparopy (8.1) cocrour B
AMMPOKCUMAIMH PE30JBLBEHTHI MTPH MaJOM &. VCHomb3ysd pe3yabraThl §7 u
MacmTabHoe Tpeodpas3oBaHne, Mbl BBIBOINM TEOPEMBI 00 alIpOKCHMATINT Pe-
sombsenthl (A: — (1)~ npn ¢ € C\ R,

Mycrs T, — yanrapusii 8 La(RY; C") oneparop macmraboro mpeobpa-
30BAHNA, 3aaHHBI COOTHOICHNEM

(Teu)(x) := ¥ ?u(ex).
Jlerko npoBepuTh CJeAYIOIEe TOXKIeCTBO
A, = e PTF AT,
rae A — oneparop (4.1). Torma
(A — CI)F = ePTH(A — P17 'T.. (8.3)
AHaJIOTIHOE TOXKIECTBO BepHO 1 A7is omepaTopa AL:
(A — ¢t = T (AY — D) 7T (8.4)
Beiunrast (8.4) n3 (8.3) 1 110/1b3ysiCh YHUTAPHOCTHIO onteparopa 1, moJydaem
1(Ae = <D™ = (A" = CD) 7 Ly ety Lo(re) (8.5)
= e?||(A = ¢ I) 7! — (A% = (D) 7| 1y Rty L (R

Teopema 7.5 BMecTe ¢ TOXKIeCTBOM (8.5) IPUBOIAT K CICAYIOMEMY PE3YJIb-
Tary.
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Teopema 8.1. ITycms A. — onepamop (8.1) u A° — appexmusruiti onepa-
mop (5.33). ITycmo ¢ = [(|e’? € C\ Ry u c(p) onpedeseno ¢ (7.22). Ipu
e > 0 cnpasedausa ouenra

(A = D)™ = (A% = (D)7 gty 1o (rey < Cre(@)?el¢]VP71 (8.6)

Hocmoannan C1 sasucum auwo om d, p, oo, a1, |9lloes 197 0. w om
napamempos pewemmu L.

8.2. AnmpokcuMainusa pe30JbBEHTHI oleparopa A. mo sHeprerude-
ckoit HopMe. Temepb ¢ MOMOIBIO TEOPEMBI 7.6 MBI MOJTYYUM ATTPOKCH-
Manmio pesosbsenThl (A: — ¢I)~! 1m0 HOpMe omepaTopoB, JEHCTBYIOMIX U3
Ly(R% C™) B npocrpanctso Cobonesa HP(RY; C"), a raxxke anmpokcuMa-
nmio oneparopos g b(D)(A: — ¢(I)~! (orBewaromux "morokam") mo mopMme
orneparopos, jeiictytonmx 3 Lg(R% C") B Lo(RE;C™).

Mycrs . — IO B Ly(R? C") ¢ cumBosiom Xﬁ/g(£>v T. €.,

(M) = (20) 2 [ x9e) de, (8.7)
Q/e
Omneparopsr (7.3) u (8.7) cBSI3aHBI COOTHOIIEHNEM
1. = T TIT.. (8.8)

Ilomoxmm
K(¢e) := A°b(D) (A — ¢I) 7ML (8.9)
Omneparop (8.9) HABBIBAIOT KOPPEKNOPOM; STOT OMEPATOD HEMPEPLIBHO MEPE-
BosutT Lo(R%: C™) 5 HP(R?; C").
Teopema 8.2. Ilycmdv gunoarens, ycaosus meopemo 8.1. [lyecmo Il — one-
pamop (8.8), K((;€) — onepamop (8.9), a g(x) — mampuya-dynryus (5.30).
Hpu e > 0 cnpasedauesb, ouenry

1(Az = ¢~ = (A% = CI) 71 = K (G 0)l| 1y (rty s 1o (re)
< ee(@)ICM (€¢It + €I
l97b(D) (Ax = CI) ™ = FHDY(A" = CI) L gy ey
< ec(i)2Cal¢ [V,

1o -1
Hocmoannwme C', C", Cy 3asucam auwo omm, d, p, ag, a1, 19|l 197 || Lo
u om napamempos pewemxu 1.

(8.10)

(8.11)

HokazaresbcTBo. Ananornyno (8.3) ¢ yuerom (8.8) umeem
K(C;e) = ePTXAb(D)(AY — ¢e2P1) 7 IT,. (8.12)
Uz (8.3), (8.4) u (8.12) BhITEKAET, ITO
I(Ac = ¢I) ™ = (A% = CI) 71 = P K (G50l 1y Rty L (re)

= eP|[(A = 1) = (I + AbD)I)(A® = Ce™T) ™| 1y (s Ly ()
(8.13)
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B cuiy (7.28) u (8.13) upu £ > 0 cupasejiuBa oleHKa

[(Ae = ¢I) ™ = (A° = (D)1 = &P K (G5 €) |y (Rt Lo (re) < Cacl()el¢]/7.
(8.14)

Amnayornamo,

JAY? ((Ac = ¢I)7H = (A% = D)™ — P K (G ) | 2o (RY— Lo (R
= eP||AY2 (A= ¢e®I)™" — (I + Ab(D)I)(A® — e 1)) || 1y (mety s Lo ()

Otcroa n u3 (7.29) BBIBOIUTCS HEPABEHCTBO

IAY? ((Ac = ¢I)™H = (A = D)™ — P K (G ) | Ly (R Lo (RE)

(8.15)
< Caelp)?el¢[M/2H2,

Hockomeky (1 + [€]2)P < 2P71(1 + |€]?P), ¢ ygerom mmkmeit onenkn (8.2)
a7 mo6oii dbyrkmmm u € HP(RY; C™) spmosmeno

ey = [+ IEPPIRE@P de <270 [ (14 €7 ae)P dg

R4 Re
<20t (HUH%Q(Rd) + O‘SIHQ_IHLOOHA;/QUH%Q(R‘”) '
Otcroma n n3 (8.14), (8.15) BeiTekaer (8.10) ¢ MOCTOSHHBIME
c' =2w-D/2c, (= 2(p_1)/263a81/2\|9_1”lL/OZ'

Hepagencrso (8.11) mpsimo cieayer u3 (7.30) ¢ moMoImpo MacmrabHOTO
npeobpazosanus. [

Sameuanue 8.3. 1) Tlpu dbuxcuposannom ¢ € C\ Ry ouenku u3 reopem
8.1, 8.2 umetor Tounstit nopspok O(e). [Ipu Gonbmom || mOPsIOK OMEHOK
YILyHIIAeTCs 33 c4er upucyrerBust MHoxkureseil sujga [(|7° (upu s > 0) B
upasbix vacrsx. 2) Ouenku (8.6), (8.10), (8.11) paBHOMEpHBI 1O yIiy ¢ B
mobom cektope Buza {¢ = [(|e?¥ € C: o < ¢ < 27 — @} €O CKOL YTOIHO
MaJIBIM (.

8.3. Cnemmanbuble caydan. Eciu ¢° = g, 10 A = 0 u koppekrop (8.9)
obparmaercst B HoJib. B arom cayuae (8.10) ympormaercst.

ITpeanoxxenune 8.4. Ilycmov swvinosnervt ycaosua meopemv S.1. Ilycmo
d° =G (m. e., svnoanenv ycaosua (5.41)). Tozda npu ¢ > 0 cnpasedau-
80, OUEHKA

1(Ae — ¢I)™" = (A% = CI) Ml vy o (RO
<ee(p)C (CI 4+ eI

Crenyroiiiee yTBep2K/IeHUE BBIBOJAUTCA U3 MPEIIOKEHUS 7.8 MACIITaOHBIM
npeodpa30BAHUEM.
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Ipennoxkenue 8.5. I[Tycmo svinoanenst ycaosus meopemuvi 8.1. Ecau g° = g
(m. e., cnpagedausvr npedcmasaenus (5.43)), mo npu € > 0 cnpasedausa
OUCHKQ

lg"b(D)(A = ¢I) ™" = g°b(D)(A° = CI) ™ 1y (mat) - 1 ()
< Cielp)%el¢| /212,

8.4. YcrpaHeHUE CIVIayKUBaIoIiero oneparopa. I[lpeanosoxkum Teneps,
9TO BBITIOJTHEHO yesioBue 7.9. Torma BMecTo KoppekTopa (8.9) MOXKHO HCIOJTb-
30BaTh OMEPATOP

K% e) := Ah(D)(A° — ¢I) 7L, (8.16)

KOTOPBIIL B 9TOM CIydae HempepsiBHO mepesomut Lo(R%: C") 8 HP(R?; CM).
Ormernm, uto oneparop (8.16) — TpaJUIMOHHBINH KOPPEKTOP, TPUMEHSIEMBIi
B TEOPUU yCPEIHEHUA.

W3 reopembl 7.13 MacITabHBIM TPEOOPA30BAHUEM BBIBOIUTCS CJIE Y FOIITH
pe3ysbrar (Cp. ¢ BBIBOJOM TeOpeMbl 8.2).

Teopema 8.6. ITycmov svinosmenss ycaosus meopemvs 8.1, a mawksice ycro-
sue 7.9. ITycmv K°((;e) — onepamop (8.16), a §(x) — mampuua-dyrryua
(5.30). Tozda npu 0 < e < 1 cnpasedausvr ouenku

(A = ¢~ = (A% = D)1 = P KO(G ) py (ma) s v (R

8.17
< el I (€617 + C7IGI2) + CaePel), 10

lg°b(D)(A — ¢I) ™ = FB(D)(A° — 1) 7 1y Rty L ()
< eCaclp) M2 + CrePe(p).

/el -1
Hocmosnnwme C', C", Cy 3asucam auwo omm, d, p, ag, a1, 19||oe, 197 || Lo
u om napamempos pewemxu I'. Ilocmoannwvie C; u Cg 3a6ucam om mezx sice
seaunun, a maxoice om |A||p., u My.

(8.18)

OrmeruMm, uro B Teopeme 8.6 Mbl Hasoxkujiu orpanuueHue 0 < € < 1,
MOCKOJIBKY TIpH BEIBoAe (8.17) mcmombsyerca, aro 2P < eP. Kpome Toro,
onenkn (8.17), (8.18) mpeaCTaBAAIOT MATEPEC P MAJIOM €. Bhipaskenne s

nocrosuoit Cg umeer Bugy Cg = 2P—1)/2 <C5 + Ozal/QHg*lHyj}CG).

Comnocrassast mpeyoxenne 7.10 u Treopemy 8.6, TPUXOIUM K CJIETYFOIIEMY
YTBEPZKACHUTO.

Cateacrsue 8.7. [lycmv svinoanenvt ycaosus meopemot 8.1. Iyemv KO(C;e)
— onepamop (8.16), a g(x) — wmampuya-pynruus (5.30). Kpome moeo,
NYCMb GBNOAHEHO TOMA Obl 00HO U3 CACIYIOWUT J6YT NPeINoAOHCEHUT:

1°. 2p > d;

2°. g¥ = g, m. e. umerom mecmo npedcmasaenus (5.43).

Toz0a npu 0 < € < 1 cnpasedauen. oyenku (8.17) u (8.18). IlIpu smom sce
NOCTNOANHBIE 6 IMUT OUEHKAT 3a6UCAM AUWb om m, 1, d, p, o, a1, ||9||L..,
g~ | u om napamempos pewemsu T.
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Sameuanue 8.8. 1) IIpu dukcuposannom ¢ € C\ Ry onenku u3 reopembr
8.6 umetor Tounblii opsok O(e). 2) Ouenku (8.17) u (8.18) paBHOMEpHSBI 110
yIoIy o B mo6oM cexrope Buga {¢ = || € C: ¢y < ¢ < 27—} co cxomb
YLOJHO MAJBIM 9. 3) YCaoBust cyiefcTBust 8.7 BBITOJHEHBI B CJIEIYOIINX
UHTEPECHBIX JJTsl MPIJIOKEHNH caydasx: a) korja p =2 u d = 2 nwin d = 3,
BBIIOIHEHO 2p > d; 6) Korga m = n, BumoiHeno ¢° = g. Hampumep, 310
BepHO 1 oneparopa A. = Agf(x)A.
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