Anrebpa n anamm3

Tom 22 (2010), Ne2

K TEOPVMN BECKOHEYHO ANPDPPEPEHIINPYEMBIX
IIOJIYTPYIIILI OIIEPATOPOB

© M. C. BUYET'KYEB

Ilo 3anaHHOMY IMHEMHOMY OTHOIICHUIO (MHOTO3HARIHOMY JIHHEHHOMY OIe-
paTopy), PE30JIbBEHTA KOTOPOI'0 YIOBJIETBOPAET OIPEAEJICHHEIM yCIOBUAAM
pocra, cTpouTca 6eCKOHeIHO auddepeHnupyeMas TOTyrPyIIa OIepaTo-
poB. [0Ka3bIBAETCA, YTO DTO OTHOLIEHUE ABIAETCA I'E€HEPATOPOM IIOCTPO-
€HHOU HOXYTPYNIBI ONEpaToOpOB. IlomyIeHHBIE PE3yAbTATHI TECHO CBA3A-
HBI C COOTBETCTBYIOIMMY pPe3yabTaTaMu u3 MoHorpadbun Xmmre ., Pmwi-
munc P. (Pynxunonamsuem anaans u noayrpynnet, IJI, M., 1962).

§1. Beepenue

[Iycte X — xommiekcHoe GaHaxoBo mpocrpancTBo u B(X) — Gamaxosa
anrebpa JIUHEMHBIX OIPAHUYEHHBIX ONEepaTopoB, aeucTyomux B X . [lox mo-
JIyTPYIION OIEPATOPOB MOHUMAETCA CHIBHO HEINPEPBIBHAA ONEPATOPHO3HAT-
naa gynkuma T : Ry = (0,00) — B(X), naa xoropou T(t + s) = T(t)T(s)
npu Becex t,$ € Ry, [lonyrpynna 1" HasbBaeTCA 8biposcdennol, ecin ee aapo

KerT = () KerT'(t) — menyneBoe nogupocrpancTso u3 X. [1s Takux mouy-
t>0
IPYIII BBOAUTCA TIOHATHE FEHEPATOPa MOy PYIIb KAK JUHEMHOE OTHOLUICHUE

(MHOrO3HAYHBIN JUHENHBIX OmepaTop). B §2 mpuBoaMTCA CBOAKA OCHOBHBIX
MOHATUN U3 TEOPUU JUHEUHBIX OTHOWEHUA. OCHOBHBIE PE3YJbTATHI AAHHOU
CTATBHU CBA3AHBI C TOCTPOEHUEM DECKOHEIHO AUMPPEPEHINPYEMBIX TOLY Py I
IO 3aJaHHOMY JAWHEXHOMY OTHOumeHWoo. OHM TECHO COIPHKACAOTCI C COOT-
BETCTBYIOIIUMY pe3yabraTamu u3 [1, §12.2].

Beckoneuno nquddepeHmupyemMbie ToJayrpyIibl OMePATOPOB UCIOAb3YOTCA
[IpY UCCAEIOBAHUY JTUHEUHBIX AU(PEPEHINATBHBIX BKIIOYECHUN BU 1A

(1) € Ax(t), t>0,

rae A — sumHENHOE OTHOmEHWE Ha 0aHAaxOBOM mpocTpancTee X, T.e. A —
JUHETHOE TOAIMPOCTPAHCTBO U3 AekapToBa mnpowssepenus X X X. Hudde-
PEHIIMATbHBIE BKIIOYEHUA €CTECTBEHHBIM 00Da30M BO3HUKAIOT IIPU U3y ICHUUN

Kanouesvie ca06a:; MMHEMHOE OTHOIIEHUE, GeCKOHEYHO auddepeHnupyemMas HOIyrpyIna
OIIEPATOPOB, I'€HEPATOP IIOLYTPYIIIE], PE3OILBEHTHOE MHOXKECTBO.
Pa6ora Beimonrena npu gurancoson nogaepxke PODU (rpant 07-01-00131).
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mudpepeHIraIbHbIX YPABHEHUT B 0AaHAXOBOM MPOCTPAHCTBE ¢ HEOOPATUMBIM
omepaTopoM mpu npomsBogHOW. TexHuka mepexona OT Takmx guddepeHn-
ATBbHBIX ypaBHEHUE K M pepeHIraIbHbIM BKIIOYCHIAM MIMPOKO UCIIOAb30Ba-
J1ack B MOHOrpaduu [2], rae npuBeAeHbl MHOIOYUCICHHBIE IIPUMEPHL (CM. TaK-
xe Mororpaduio [3]). Bosrukaomue npu uccregoBanuu nuddepeHnuatbHbIX
BKJIIOYEHUH TTONYTPYIIIBI OIIEPATOPOB, KAK MPABMIO, ABIAIOTCA BBIPOX JCHHbI-
MU HOJYTPYIIAMA OEPATOPOB U B CBA3K C DTUM BO3HMKAIOT MPOOIEMBI OIpe-
JEJEHUs UX CeHepaTopa. B maHHOU paboTe MCIOIB3YHOTCA CACAYIOWUE OIpe-
JenreHus rerepaTopa noayrpymnnst oneparopos 1 : Ry — B(X), BBegennoe
B craThe [4]. lamee cumBomom Ay 0603HAUAETCA MHOUHATESUMAILHBIN [IPO-
usBoammi omepaTop (1| moayrpynner 7', u OH IPU OTOXAECTBICHUH €rO C
rpauKOM pacCMaTPUBACTCA KaK JUHEHHOE OTHOIIEHUE Ha X .

Onpegenenue 1.1. Cmapwum 2enepamopom noayepynnovl T HA3BLIBAETCA OT-
nvomernue A € LR(X), cocrosmee u3 map (z,y) € X X X, 1Id KOTOPBHIX BBI-
[OMHEHBI yCIOBUA:

1) z € ImT;

¢
2) T(t)x —T(s)z = [T(1)ydr gua Beex 0 < s <t < oo.
S

Ounpepgenenne 1.2. Jlio60e orromenue A4 € LR(X), yIoBieTBOpsAIOIIEe yCIO-
BUAM:

1) Ag C ACA;

2) A mepecranosouso ¢ oneparopamu 1'(t), t > 0 (cm. §2);
Ha3bIBaeTCA 2enepamopom noayepynnot T : Ry — B(X). lenepaTop A momy-
rpynnsl T HA3BIBAETCA 6A306biM, €CIM PE30IbBEHTHOE MHOXeCTBO p(.A) oTHO-
wenus A cogepxut norymwiockocts C, = {\ € C: Re A > w} mus mekoroporo
w € R.

[Ipy TakoM oOmpemeleHUM T'eHepaTOpa MOJIYyTPYINLI OTHALAET HEOOXOIu-
MOCTb [eIaTh NOMOJHUTEIbHLIE OTPAHUYCHUA HA MOBEJEHWE MOJyTPYINLI B
okpecTHOCTH Hyxs (Hampumep, B [1, ri. 12] paccMaTpuBaiuch MOTyTrpYIIIBL
kaacca A). [losTomy ocHOBHOM pesyiabTaT gaHHOW cTaThbu (cM. Teopemy 3.1)
[OJIyYeH [P 3HAYUTEILHO 06ojee CIa0bIX OMPAHUYEHUAX IO CDABHEHUIO C CO-
OTBETCTBYIOIIUM PE3yabTaToM u3 MoHOrpaduu [1, Teopema 12.7.1].

§2. HekoTopble CBEAEHNS N3 TEOPUM NIMHENHBIX OTHOLLEHWUN

[TpuBenem HaMbOMEE UCIOMB3YEMBIE ONPENEICHUA U PE3YAbTATH U3 TEOPUN
JMHENHBIX OTHOLICHUY, KOTOPbIE MOXHO HauTu B MOHOrpadwusax [2, 3, 5| u B
crarse [6].

Onpeaenenne 2.1. Jlio6oe aunennoe moampocTpancTBo A m3 nexaprosa
npousBegenus X X X HA3BIBAETCA AUHEUHBIM OMHOWEHUEM HA OAHAXOBOM
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npocrpanctee X, a eciu A — 3aMkHyTOE (IMHEXHOE) NOAIPOCTPAHCTBO, TO
BAMBEHYMbLM AUHECTHBIM OMHOULEHUCM.

MHox)ecTBO BCex JMHEMHBIX OTHOmeHWE HA X o6o3HadmMm 4epes LR(X),
a MHOXECTBO 3aMKHYTBIX oTHOmeHuu Ha X — depe3s LOR(X). Ilpu srom
vuOXeCcTBO LO(X) IMHENHBIX OmEpaTopoB, AEUCTBYIOWMX B X, CIATAETCA
BKIIOYEeHHBIM (npu 0TOX AecTBaeHun ux ¢ rpadukom) B LR(X). Takum o6pa-
som, B(X) C LO(X) C LR(X).

Honpupocrpancteo D(A) = {z € X : Jy € X rakon, uro (z,y) € A}
HA3BIBAETCA 00aacmblo onpedesenus omuowenus A € LR(X). Yepes Ax, rae
x € D(A), obosmagaerca muoxectso {y € X : (z,y) € A}; kpome Toro,
Ker A = {z € D(A) : (z,0) € A} — adpo omnowenus A uImA = {y € X :
dz € D(A) rakon, uro (z,y) € A} = |J Az — obaacmp e2o 3nauenud.

z€D(A)

Ecan orromenwne A € LR(X), To A0 ABaseTCA TMHENHBIM OAIPOCTPAH-
crBom B X u g mobeix & € D(A), y € Ax umeer mecto pasencTso Az =
y + AO0.

Cymmoti deyz ommowenut A, B € LR(X) Ha3BIBAETCA JUHEHMHOE MOAIPO-
crpacrBo w3 X X X Buga A+ B ={(z,y) e X x X :x € D(A)ND(B), y €
Az + Bz}, rme Az + Bx — aarebGpamdeckas cymMMma AByX [MOIMHOXeCTB Az
u Bzx.

Ob6pamuvim x muaenroMmy orHoumeHuio A C X X X Ha3wIBaeTCA JMHEMHOE
orromernme A~! = {(y,7) € X x X : (z,y) € A}.

Otnowenne A € LR(X) masbiBaerca unbexmusnvim, ecaa Ker A = {0},
cropwvexmusnbim, ecam Im A = X

Omnpepgenenune 2.2. Ornomenne A € LR(X) naseiBaeTca nenpepuiéno o0pa-
MuMblM, €CIA OHO OJHOBPEMEHHO NHBEKTUBHO U CIOPDBEKTUBHO, X TOr'1A Al e
B(X) B ciyuae, korga A 3aMKHYTO.

Onpepaenenne 2.3. Pezoaveenmubin mroxrcecmsom omuowenus A € LR(X)
naseBaerca maoxectso p(A) = {A € C: (A — X)L € B(X)}. Cnexmpon
omnowenus A € LR(X) naseBaercsa muoxectso o(A) = C\p(A).

Ecmn A € LR(X), To pesoasBerTHOE MHOXKECTBO p(A) OTKPBITO, & CHEKTD
o(A) 3amMkHYyT.

Onpepgenenne 2.4. Orobpaxenue
R(-,A) : p(A) = B(X), RN A) = (A=) A€ p(A),
HA3BIBAETCA pe30absenmoti omuowenus A € LR(X).

Ormerum, uTo pesoabBerTa aob6oro ornomenus A € LR(X) asaserca
LICEB JOPE30AbBEHTON B 00menpuaaToM cMbicae (cm. [1, §4.8]), u mosromy mus
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Hee BBIMIOJHEHO TOXAecTBO ['miubbepra

Ounpepgenenune 2.5. Pacwupennvin cnexkmpom omnowenus A € LR(X) na-
3BIBAETCA IIOAMHOKECTBO 5 (.A) M3 pacIIIpeHHOl KOMILIEKCHOM mIockocTn C =
CU {00}, xoropoe cosnagaer ¢ o(A), ecmm A € B(X), u 5(A) = o(A) U{c0},
ectn AEB(X).

Teopema 2.1 [6]. Ecau omuowenue A € LR(X), mo pacwupennviii cnexmp
(A7) o6pammnozo ommowenus A1 € LR(X) npedcmasum 6 sude

(A ={\: X eq(A)}.
Caeacrsue 2.1. Ecau omnowenue A € LR(X) u p € p(A), mo
o(R(n, A) = {(u =N X e (A}

Conpancennoe ommowenue A* € LCR(X) cocrout w3 map (£,7) € X*x X*,
rae X* — conpsaxernoe Kk X 6aHAXOBO IIPOCTPAHCTBO, YIOBIETBOPAIONIMAX /I
Beex (z,y) € A pasencrsom 71(z) = £(y), (z,y) € A. fcuo, aro A0 = {n €
X*:n(x) =0 gna Becex © € D(A)}.

SaMKHYTO€ JuHETHOEe MoAnpOoCcTPancTBO Xo C X HA3BIBAETCA UHEAPUAHITL-
notm i oraomenus A € LR(X) ¢ menycroim p(A), ecim Xy mHBapuanTHO
orHOCHTEILHO Beex omeparopoB R(A,A), A € p(A). Cyarcenuem omuowenusn
A ma maBapmanTHOE OATPOCTPAHCTBO X( HazoBeMm oTHOmenue Ay € LR(X),
PE30ABBEHTON KOTOpOro sasaerca cyxenue Ry : p(A) — B(Xy), Ro(A\) =
R(\, A)| Xg, X € p(A), pesoaseentsr R(-, A) : p(A) — B(X) ma Xy, u 0603Ha-
aum ero uepes Ay = A|Xp.

Omneparop B € B(X) masbBaeTcsa nepecmanosounbim ¢ orHomenuem A €
LR(X), eciu (Bz, By) € A pusa mobon napsr (z,y) € A.

§3. lMocTpoeHune GeckoHe HO AnddepEHUMPYEMBIX MOAYT Py

B sTom maparpade msaararoTca OCHOBHBIE Pe3yJIbTAaThI cTaThbu. Paccmat-
puBaeTca Kiaace auHenHbx orHoueHur u3 LCO R(X), uMeonmx pe3orbBeHTy,
MOBEeHNEe KOTOPOU PEryaupyeTca PyHKIUAMA U3 CICAYIOMEr0 KIACCA.

Onpepgenenne 3.1 [1]. Pyuxnmio ¢ : R — R orrecem k kaaccy ¥, ecau oHa
YIOBIETBOPAET CACAYIOLMM YCJIOBUIM:

(i) ¢ monoxurenbHa, HENPEPHIBHO nuddepeHnupyema u He yObIBAeT ¢ BO3-
pacraxueMm |T;

(i) $(r) — 00 mpm [7] — 00;

(iii) ¢'(7) orpanuuena,;

o
(iv) [ e ™) dr < oo npu moGom t > 0.
—0o
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Ycaosue (iv) BBIIONTHEHO, B 9aCTHOCTH, TOIAA, KOIAA ‘ lllm lﬁ (|TT )‘ = oo.
T|—0Q
Jlemma 3.1. ITyemv A € LR(X) ¢ pesoaveenmuvim mmoxrcecmeom p(A), co-

deparcawyum noaynaockocmo C,y = {X € C: ReX > wy}, u das nexomopoeo
a > 0 8bINOAHACNCA OYEHKE

IR A < (L+[A)Y A eCy,. (3.1)
Ecauy > wo u x € D(AICIH2), 20e [a] — yeaan wacmy wucaa o, mo
Y+iw
y(t,w) = — lim 2% / MR, A)z d) (3.2)
y—iw

npedcmasasem cobot nenpepuisnyio Pynwkyuto npu t >0, y(0,z) =z u

o0

R\ Az = /e_)‘ty(t,x) dt, Rel > . (3.3)
0

[MokasareascTBo. Tak kak © € D(A™), m = [a] + 2, To oH npegcrasBum B
Buge & = R()\y, A)™xy mua mekoroporo ry € X, rae \g — pucupoBanHAL
rouka u3 C,, ¢ Re\ < . Teneps, npumensas Toxzgecrso ['masbepra, nmeem
pEeACTABICHIE

m—1

R )\0, m n{EO R()\,.A).’E[]

R\, Az =
T\ - Ag T (= Ag)™
Omrcroma HAXO UM, 9TO
. Y+iw m—1 i
At _ Aot m—n
—5 / MR\, Az d = e (a;—i— Z:l — (X, 4) x0>
Y—iw n=
Y+iw
L[ e B A
271 ()\ — Ao)m
Y—iw

[lepexoaa K mpegesy nmpu w — 0O U yUUTHIBaA B cuiy ouenku (3.1) abcomror-
HYIO CXOQUMOCTb MHTErPaja, U3 MPABOU YACTU MOCAEIHErO PABEHCTBA, IOIY-
qaeM

m—1 Ttico
" _ 1 R(\, A)xy
— Aot m—n _ At )
y(t,z) =e <a; + nEZI —n!R()\g,A) {L‘()> 3 / e TESWE dA.

Y—1%00
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Caenosarensno, dyuknus y(t, x) menpepoiBaa npu ¢t > 0, npuaem npu ¢ = 0
cupasegmuso paserctso yY(0,z) = z. U3 nomyuennon dbopmyast aua y(t, )
nMeeMm

m—1
A\ x R(A,A)m_”xg
t dt = — — _
0/6 y( Jx) )\_ )\0 nz_:l ()\ . >\0)n+1
o] Y4200 (34)
1 —Xt / utR(MaA)xo
— —————du | dt.
Tomi )€ < [
Y—1%00

3aMeTuM, 9TO JBOUHOU WHTErPAI CXOAUTCA abCOMOTHO, MOITOMY, U3MEHIL
IOPAOOK MHTEIPUPOBAHUA U UCIOAB3YsA METOABI TECOPUU BBIYIECTOB, IIPUXOANM
K DaBEHCTBY

Y4200
i eB=A)t R(p, A)zo = R(X, A)xy
2mi ) (1 =N (A= Ao)™ (A= o)™’
y—ico
Urak, npaBas qactsb Gopmyist (3.4) coBuagaer ¢ R(\, A). n

Jlemma 3.2. Ecau pesoavsenmuoe muoxrcecmso p(A) omuowenus A € LR(X)
codepacum nocaedosameavrocmy (N,) makuz, umo lim |R(\,, A)|| =0, mo
n—oo

D(A™) = D(A) das m > 2.

MokasareabcTso. [lokaxem, aro D(A") = D(A"!) mia kaxgoro «mcra
n > 2. Paccmorpum mpomssoababi BekTop = € D(A" ). Torga us Toxaect-
Ba ['mnbbepra umeem

RO, Az — (s — Ao) R, AR, A)z = R, A)z.

Orcroona, nepexons K npegery mpu k — 00, 3akmodaeM, aro D(A") C D(A"+1).
CaegoBarensuo, D(A") C D(A"*!) paa mo6oro n, a nockoasky D(A™) D
D(A™) mna mo6oro n, TO MOTyTaeM HCKOMOE PABEHCTBO.

[IycTs Teneps © — mpousBoabHb BeKTOp U3 D(A) u m > 2. Ilo gokasan-

(1)

HOMY CyIIECTBYeT MOCIeNOBATENIBHOCTE (Zp, ') BekTopos w3 D(A?), mia xoTo-

- 1 2
pou lim :E%) = z. [lanee, CymecTByeT mocCaeq0BaTEILHOCTE (:r%)) BEKTOPOB
n—oo
. 2 1
u3 D(A3) rakas, aro lim ||$£L) — )|| =0 u 1. 1. [Ipogonxkas aHAIOrMIHBIE
n—oo

NOCTPOEHMA, TPUAEM K IOCIeA0BaTeAbHOCTH (Y,) BekTOpOoB m3 D(A™), mas

- 1 .
KOTOpOU nILIIOlO Hyn—x% ) || = 0. Taxum o6pazom, nanOlo Yp = &, OTKY A2 BEITEKAET

skaodenue D(A) C D(A™), a saaaur, D(A) = D(A™). O
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Teopema 3.1. IIycmv omnowenue A € LR(X) ydosaemsopaem caedyowum
YCAOBUAM:

1) p(A) DCL={A € C:ReX >0}

2) cywecmsyrom Pynryus P uz waacca V¥ u nocmosnwnas M > 0 makue,

umo M
R(it, A)|| < —, Te€R;
IRGm A < s 7

3) pesoavsenma omuowenus A ydosasemeopsem 6 Ci oyenke
IR A < M1+ (A%, AeCy,
das wexomopoeo o = —1 u My > 0.
Tozda omuowenue A asasemca 6a306biM 2eHEPAMOPOM OECKOHEUHO OuP-
Pepenyupyemoti noayepynnovr onepamopos T : Ry — B(X), onpedeasemoti
Popmyaot

a+i00

T(t):—%m_ / MR A) AN, >0, (3.5)
a—ico
ede a > —ag, ag = ;g}%% IIpu smom cxodumocmv uwmeepaaa 6 (3.5) no-
HUMAEMCA 8 CMBICAE 2406H020 3HaueHUs. Kpome mo20, cnpasediusa oyenKa
|T(t)|| < Moe®™, t>0, (3.6)
ede My > 0.
HMoka3zaTeabcTBo. Ilomoxum
a+iw
T(t,a) = —% / RN, A) d), (3.7)
a—iw

rae ¢ > —ag. VUckomas momyrpynma 1 GygeT mOCTPOEHA KAaK MPENea [P
W — 00 CeMEerCTBa onepaTopos Buaa (3.7) B PABHOMEPHOU ONEPATOPHOU TO-
II0JIOIr'nunM.

Bocnoasayemcsa pasenctBom (cum. caeacrsue 2.1)

o(R(ir, A) = {

IT — A

:Ae&(A)}, reR,

¥ OLIEHKOU
) ) 1
|R(ir, A)|| > r(R(iT,A)) = sup T
res(A) [IT — Al
COMTACHO KOTOPBIM, YIUTHIBAA yCIOBUE 2, IMEEM

M > s L > L ! ¢ =ReA
—— > sup — > - —— =, £=Re),
P(1) " aes(a) it — Al T it = (E+an)[ (]
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rage A =&+ i1 u r(R(iT, A)) — cnekrpassubll paguyc omeparopa R(iT, A).
Urak, [£] = |ReA| > wﬂ) s moboro A € 0(A) C Im\ = 7, 1. e. B obactu
Cym ={A€C:ReX < —W}, orpaandenson kpusou [y = {A € C:

£ =Rel = M}, maxoaurca Bech cnektp o(A). Ilosromy o(A) C {\ €
C:ReX < —ap}.

Takum o6pasom, kpusad 'y opr = {A € C: { =ReX = —
p(A), mpuaem nuas Bcex A € 'y opy mmeer mecTo HperZ(CTa,BJIeHI/Ie

w(Im)‘ } mexur B

R(\A) = R(¢ +ir, A) = Y €"R(ir, A"
n=0
ITockonbky
p(r) M1

) M
leRtin Al < el < S o = 5.

A1 Kaxaoro A € I'y op7, A = § + 17, TO moTyvaeM OIEHKY

1RO Z\E!”( S e

Hasunas ¢ 5Toro MecTa mpu MOCTPOEHUY MOJIYTPYIIIIEL OMEPATOPOB UCIOIh-
syercsa moaxox w3 [1, Teopema 12.7.1].
PaccmoTrpum mHTErpast

1
— / eMR(N, A) d), (3.8)
2mi
Ca(w)
rge Cy(w) — 3aMKHYTHI KOHTYD, IPOXOAAMMU depe3 TOUku A = a + iw,

B = —atp(w) +iw, C = —arp(—w) +iw, D = a—iw, rae 0 < a < 7. YIacToK
BC xorrypa Cy(w) ecTs gyra Kpusoi [y o, & OCTaIbHBIE yIACTKH — IPAMO-
nuuennsie orpesku. Oueparop T'(t, a) Kak pa3 coBOAIaeT ¢ HHTErPAJIOM B I0Jb
DA. Hama 3a1a49a MoKa3aTh, ITO HHTETPAJILL II0 TOPU30HTATLHBIM OTPE3KaM
koHTYpa Cf(w) CTPeMATCA K HYJIIO IpA w — 00. SICHO, 9TO 5TH MHTErpaIbL
HE MPEBOCXOAAT MO HOPME BEIMIHHbI

a

2M ot _ 2M at
e / A= )

—00

KOTODPBIC IPA W — OO CTPEMATCA K HyJIIO Opu<veM PaBHOMEPDHO OTHOCHUTEIBHO
¢ Ha m06OM mpOMexyTKe Brga (€, 1), £ > 0.
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Wurerpan sgoas BC crpemuTcs K
o0
% (OB i (r) +im, A)(—adf! (7) + i) dr,  (3.9)
—oo
a OH, B CBOIO O4Y€pe[b, OIEHUBACTCA MHTErPAJIOM

e}

/ e~ ov(T)t MIT) dr, (3.10)

—0o0

YMHOXEHHBIM Ha HEKOTOPYI mocrosHaylo. VuTerparn (3.9) B cuiy cBoumcTBa
(iv) dpyskmum ¢ € ¥ cXOAUTCA PABHOMEPHO OTHOCUTEIBHO | HA JIOOOM IIPO-
mexyTke Buga (g,1), € > 0. B mrore moryuaem, aro lim sup [7(¢,w) —

Y% (e, L)
T(t)|| = 0 m omeparopuosnaunas Gyakuma 1 : R, — B(X) npeacrasasercs
abCOMIOTHO CXOAIMMCA MHTETPATOM
T(t) ! MR A) AN, 0<a< L 50 (3.11)
=—— e a< — . .
271 ’ ’ M’
[y o

13 dpopmyawr (3.11) caepyer onenka (3.6). [duddeperumpys non 3HaKoM uH-
rerpana B (3.11), momyvaem paBeHCTBO

1
T'(t) = —5 / MAR(N, A)dX,  t> 0. (3.12)
Ly«

[Tokaxem abCOMIOTHYIO €XOAMMOCThH uHTerpata B (3.12). Ilpunumas Bo BHE-
manme (3.9), omenka HopMbl omepaTopa R(A, A) mpu A = —aap(7) +4i17 € I'y o
umeer Bug ||R(—ap(7) +ir, A)|| < % [MosTomy HOpMa npasou wactu (3.12)
HE IPEBOCXOAUT WHTErPAJIA

o0

/ e_awmth\ dr,

—0o0
YMHOXEHHOT'0 Ha HEKOTOPYIO HOCTOSHHYO. [lanee

[e.e] o

1
/e_a¢(7)t|7|d7<(p<§at) /e_%"“/’(ﬂqﬂdﬂ

—00 —00
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rae ¢(s) = max |7]e=*%(7) | s > 0. Dynxums ¢(s) ABIACTCA OrPAHMUEHHON 15
TE

Bcex s > (), 9TO cregyeT U3 ONEHKH

T

%Te—sw) < / =) .

[ME]

npaBag 9aCcTh KOTOPOUW CTPEMUTCA K HYJIIO IpW 7 — OO BBUAY CBOUCTBA (iv
dbynkumu u3 knacca V. Urak, abcomorras cxoquMocTs naTerpana B (3.12), a
suaqauT, auddepennupyemocts yakmum 1 : Ry — B(X) ycranosrena.

Moxyrpynmnuoe ceouctso 1T'(t+ s) = T(t)T'(s), 0 < s < t, cregyer u3 00bII-
HBIX CBOUCTB I'OJOMOP(MHOrO (PYHKIMOHAILHOIO UCIUCACHUS (CM., HAIIPUMED,
[1, Teopema 5.11.2] u [7, ra. I, §5]. Beckoneunas guddepeHnupyemMocTs mory-
rpynnst T' crenyer u3 [1, Teopema 10.3.5], B KoTopon gokasaHa GeCKOHEYHAA
nuddepermupyeMocTsb quddepeHupyeMOon IOy PYIIILL OIePATOPOB.

Ocranock mokasaTh, 9T0 A ABIgeTCA GA30BBIM TEHEPATOPOM IIOMYTPYII-
et T (B cMeicre ompeperenns 2.2). [yers (z,y) € A. Torga (y,z) € A}
nu A~! € B(X), Tak xax no yciosmo Teopembl 0 € p(A). Crexosarersuo,
z = A~ 'y. Torga m3 popmyast (3.5), BOCHOIB30BABIIACH a6COMOTHON CXOIH-
MocThIO uHTerpata u3s (3.11) u roxaecrsom ['mibbepra, morysaem

1

T(t)x —T(s)x = ~9 (M — )R\, A) ALy dA
s
Ty
1 e/\t _ e/\s
=— | ———(R(\,A) — A Hydx
[ RO - ATy
Tya

t
:/T(T)ydT, 0<s<t<oo.
S

Takum 06pa3oM, yCTAHOBIEHO yciaoBue 2 u3 onpeneneHus 1.1.

Ecmu 79 € D(Ag), To bymkuusa 7 +— T(7)zg : Ry — X menpepsisHa u
T'(T)zog = T(7) Aoz, T > 0. UnTerpupys no npomexyTky [s,t], rae 0 < s <
t < 00, 06€ YACTHU MOCIETHETO PABEHCTBA, TIOLY IaeM

t
T(t)zo — T(s)z0 = / T(r) Ay dr-
S

Jro o3HaUaeT, ITO (z0, Azg) € A.
Teneps pokaxem Bkiaodenue D(A) C ImT. U3 nemm 3.1 u 3.2 moxyuaem,

aro D(A™) = D(A) pas gocrarouno Goxsmoro m € N, a uz popmyxa (3.2),
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(3.3) m (3.6) crexyer, wro D(A) C D(A™) C ImT. [lepecTaHOBOMHOCTE OIIe-
paropos T'(t), t > 0, ¢ orromenuem A Berrekaer u3 dpopmydst (3.5). [lencrsu-
TersHO, ectn (z,y) € A, To (y,z) € A~ € B(X) u, smaumr, A~y = z. Us
pasercts T(t) A~ = A7'T(t), t > 0, moxyTaem, aro (T(t)y, T(t)z) € AL,
u nosromy (T'(t)z, T(t)y) € A, t > 0, T. e. ycTaHOBICHA IIEPECTAHOBOYHOCTH
oneparopos T'(t), t > 0, ¢ A. Vitak, nusa A BEIIOIHEHBI BCE YCIOBUSA U3 OLpe-
peneHns 1.2. O

3ameuanne 3.1. Yreepxaenme Teopembl 3.1 BepHBI ama orHOmeHus A €
LR(X), pe301bpBeHTHOE MHOXECTBO KOTOPOI'O COAepxKuUT Horymiockocts Cg =
{A € C:ReA > B} mna mekoroporo € R u gonyckatomen ounernku ||R(iT +
B, A)| < %, 7 € R, mna mekoropou ¢ysxmmu ¢ € ¥ u [|[R(AA)|| <
Mi(1 + [A)*, A € Cg, guaa mekoropeix M; > 0 m a > —1. B arom ciyqae
BepHa dopmyaa (3.5) u ouenka (3.6) gus a > —agp, rge ag = T11€1£ % - B.

Teopema 3.2. Ilycmo donoarnumenvbro k ycaosusm 1-2 meopemvr 3.1 8vinoa-
HEHDL YCAOBUA:

3) sup [[AR(A, A)|| < oo; sup [[R(A, A)|| < oo;
A>0 Re A0

4) sexmopvr uz nodnpocmpancmea A0 pasdeasom sexmopvs uz nodnpo-
cmpancmsa A*0.

Tozda X = D(A) @ KerT, X9 = D(A) — unsapuanmmuoe nodnpocmpan-
cmeo u3 X das onepamopos T(t), t > 0, u cymenus Ty : Ry — B(X),
To(t) = T(s)|Xo, t > 0, noayepynnw T : Ry — B(X), onpedeaennoti gopmy-
a0t (3.5), na Xo asasemea noayepynnot kaacca (A)so (no mepmunosozuu u3z

[1, §10.6]).

[MokasareascTBo. Obpamasics k Teopeme 4.3 u3 [6] (wm x [5, Teopema
5.4.14]), u3 nepBou YacTy ycaoBua 4 W yCAOBHs D HOLydaeM pasioxeHue X =
D(A)®KerT = D(A)® A upocrpanctsa X, npuiem cyxenue Ty Hoayrpym-
nel T Ha X He ABIAETCA BBIPOXK IEHHOU MOMTYTPYIIION OMEPATOPOB, & CyXKEHHIE
T ua Ker T aBpnseTcs HyJeBOU MOAYTPYIIION onepaTopoB. Kpome Toro, us ymo-
MAHYTHIX pe3yabTaToB creayet, aro o(Ag) = o(A) gaa cyxenus Ay = A| Xy
orHomenus A Ha Xy. D10 cyxenue Ay ABIACTCA IUHEUHBIM ONEPATOPOM, U
€ro pe3ONbBEHTA, TAK XK€ KaK W Pe30JbBEHTa OTHOumeHua A, yIoBIeTBOpA-
€T BCEM YCIOBUAM TEOPEMEI 3.2 M, CIeNOBATEIBHO, BCEM yCIOBUAM TEOPEMBI
12.7.1 u3 [1], u3 xoTopou cregyer, uro Ty — monyrpynna kracca (A)s. O

CaegcrBue 3.1. Ecau s8binoaneHbl Ycaosus meopemblt 3.2 u

[rp(r)| 7t dr < oo,

IT|>1
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mo cywecmeyem tlir&T(t):r das moboeo v € D(A) u tlir&_ T(t)xyg = xo dan

106020 xy € D(Ap).

[Moka3aTenbCcTBO. Bce yTBepX IeHUA CIECTBUA BBITEKAIOT U3 3aKII0 T TEb-
HOM 9aCTH JOKa3aTelbCTBa TeopeMbl 3.2 u Teopems 12.7.1 us [1]. O

3ameuanmne 3.2. EquHCTBEHHOCTH OCIAOIEHHOrO peIleHusA 3a a4 Ko mis
auHerHOr0 [uddepeHIuATILHOI0 BRI ICHN

z(t) € Az(t), z(0) =uz9 € X, (3.13)

rae auHeWHOE OoTHOIIeHue A yIOBIeTBOPAET yCAOBUAM:

1) C, C p(A) gra mexoroporo « € R;
2) lim I EAA) g,

Rel—oco  HeA
3) CylmecTByeT MOJOXATEIbHAsS MOHOTOHHO BO3PACTAOmad (QYHKIAA @ :
. Lo
[a,00) — R4 Takas, gro lim ¢(t) = co m lim IJRAAL — 0 g peex
) + ) (00 |A|—o0 Al

AeU(p) ={A € Cy:ReA < p(ImA)}, Geuna ycranosrena B crarse [8]. [Ipu
DTOM MOJ OCAAONEHHBIM PeNIeHreM MOHUMAEeTCa GyHKuua & (t), HenmpepsIBHAL
Ha npomexyTke [0,00), CHIBHO HenpepsBHO AuddepeHnupyeMas u y0BIeT-
Bopaomasn BraoueHuio (3.13) npu Beex ¢ > 0, a Takke HATAIBHOMY yCJIOBHIO
x(0) = zy (pmeMeHT () MOXET HE HPUHALIEKATH OOIACTH ONPENEeIeHAA OTHO-
wenus A).

OTMmeTuM, 9TO NP BLINOIHEHUM YCIOBUU JMIOO0TO YTBEPXKIEHWUA NAHHOU
CTATBU YKA3aHHLIE BEHIIIE ycaoBuA 1-3 BeImomaaoTcsa. Takum obpaszoMm, obec-
[eYUBAETCA eUHCTBEHHOCTD [OLYTPYIIIBL OIEPATOPOB, ONUCHIBAIOIIAX 0CIa0-
JeHHOe pelleHue AuddepeHnualbHOr0 BKIIOYICHUA.
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