TEOPEMA NOCHAbI I PASPEIITAIOITIINE
T'PVYIINIBI YPABHEHUN COBOJIEBCKOI'O TUIIA

B JIOKAJIBHO BHIIIVKJIBIX [TPOCTPAHCTBAX*

B.E. ®enopos

ITosrygeno o6o6imenne Teopembr Vlocuabl 0 MOPOXKIEHUH CHIBHO HEIIPEPHIB-
aerx rpymmn kaacca (Cp) B JIOKAJIBHO BBIMYKJIBIX TMPOCTPAHCTBAX HA CIIydaii
TPYIIT, pa3penraonux ypaBHeH!s COO0IeBCKOT0 Trma. 1101y deHHbie pe3yapTraTht
HCIIOJIB3YIOTCS IIPY MCCIIEJOBAHIY OJHON HAYAIbHO-KPAEBOM 3312 ¢ GECKOHet -

HBbIM YHUCJIOM KPa€BbIX yCIIOBPIfI.

KiroueBble cioBa: 6wupodicdennaa 2pynna Omepamopos, uHGuHumesu-

MaADHBLT 2EHEPAMOP, NOKAADHO BbBINYKAOE TIPOCTMPAHCINEO.

1. BBenenne

Paccmorpum ypaBuenme cob01€BCKOTO THITA
d
Lu(t) = Mau(t) (1)

rae oneparop L € L(4; F) (1. e. iMHeHHbBI 1 HENPEPHIBHBIN) HE SIBJISIETCST HEIIPe-
pBIBHO OOpaTuMbiM, oneparop M € CI(4; F) (1. e. JuHEiHbINH 3aMKHYTHI ¢ 00-
nacteio onpenenernss domM, muorHoit B U), I u §F — CEKBEHIMAILHO TOIHBIE
JIOKaJIbHO BBIIIYKJIbIE JIMHEHHBIEe TOII0JIOTUYEeCKUe IPOCTPAaHCTBA. B mmocJjiegaee
BpeMst ypasHenue (1) BbI3bIBaeT 0COGEHHO MPUCTAIBHOE BHUMAHUE HCC/IET0BA-
reneit [1 — 5].

B cryuae cymecrsopanus oneparopa L1 € L(F;U) ypasnenue (1) pey-
nupyercd K ypaBHEHUIO

d

e
¢ omeparopom A = L™'M € CI(U) wm A = ML™! € CI(F). Paspermmamocts
sagaun Kommm 11 Takoro ypasHeHus TPaIUIHOHHO UCCIEIYeTCs METOJAMU Te-

() = Av(t) (2)

opuu nostyrpymi orneparopos [6; 7]. @yHjaMeHTAIBHBIM Pe3yJIbTATOM 3TOM Te-
OpUM SIBJIETCS TEOpeMa O HeOOXOIMMBIX U JOCTATOYHBIX YCJIOBUAX HA UHOU-
HUTe3NMAaJIBHBIN TeHepaTop A MOJIyrpynmbl COOTBETCTBYIONIETO Kiacca. B man-
HOiT paboTe Hac OyIyT MHTEPECOBATH CUILHO HEIPEPBIBHBIE IPYIIIIHI OIIEPATOPOB.

*PaboTa nomgepykana ['0CyIapCTBEHHON HAYIHONW CTUIECHIUEH s MOJIOIBIX YICHBIX,
TPAHTOM [jTsi MOJTOZBIX ydeHbIX IIpaBurenscra Uensabunckoit obmactu u rpanTom MuHOOpa-
3oBarma Poccum (mudp PD02-1.1-82) ma npoBeneHnE MOIOABIMA yUE€HBIMEA HAYTHBIX HCCIIE-
TOBAHWI B BEAYIIUX HAYIHO-IIETATOIHMIECKNX KOJIIEKTUBAX.
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[Topox merme omepaTopom A Takoit TPYNIBI 03HAYAET PA3PEINMOCTE KIACCHIe-
ckoii 3agaan Komm v(0) = vy, vg € domA, st ypasHenust (2) Ha BCeii Jieii-
creurenbuoil psamoit R. Teopema o remeparopax CHIBHO HEIPEPBIBHBIX TPYIII
OIepaTopoB B Cjaydae GAHAXOBBIX MPOCTPAHCTB nokasaHa B [6]. Ilpaktuaeckn
mapaJIeIbHO C Teopueil MOIyTPYI OIMepaTOPOB B OAHAXOBBIX MPOCTPAHCTBAX
pa3BUBAJIACH AHAJIOTUYHAS TEOPUS JJIsI JJOKAJHHO BBITYKJIBIX IPOCTPAHCTB, JIJIst
KOTOPBIX COOTBETCTBYIOIAs TeopeMa JokazaHa B MoHorpadun K.Mocuasr [7].
Ormernm, 4uTo y Hac, Kak u B [7, c. 349|, peub moiiger 06 SKCIOHEHIHATE-
HO OT'PAHUYEHHBIX CUJILHO HEIPEPBIBHBIX I'PYIIIaX, KOTOPhIE BKIOYAIOT B CeOst
KJIACCHI PABHOCTEIIEHHO HENpPepbIBHbIX [7, c. 347| u JIOKAIbHO PaBHOCTEIIEHHO
HEpepBIBHBIX rpymr [§; 9].

[Toyrpyniel pa3audHbIX KJIACCOB, pasperiatonie ypapuerne (1) B 6ama-
XOBOM TIPOCTPAHCTBE, UCCJEAYIOTCS MHOTUMU aBTOpaMu. VX xapakTepHoil yep-
TOIl sBJII€TCH HaJMYMe HEeTPUBHAJIBLHOIO $Jipa y IMOJIYTPYIIbI, 110J KOTOPHIM
[O/IPA3YMEBAETCA SA/IPO IPOEKTOPA, SABJSIONIErocs ee eauHureir. MeTossr, uc-
nosib3yemble B padorax [1; 5; 10; 11|, no3Bosisiior paccMaTpuBaTh HOJIYTPYIIIbI
(M TPYIITBI), BHIPOKIAIOIINECS HE TOJBKO Ha siipe omeparopa L, HO TakKe u
Ha, M-tipucoemHEeHHBIX BEKTOpax orneparopa L BeicoThI HE Oosibite p. I1aBHOIM
1eJIbI0 JIAHHOT PabOThI SIBJISIETCSI IepeHeceHre MeTooB [7] uccieoBanns HeBbl-
POXKIEHHBIX TPYIIT B JIOKAJTHHO BBIMYKJIBIX MPOCTPAHCTBAX HA CAyYail TPYIII
ypastenus (1), kak 310 caesano B [10] st CHIIBHO HENPEPBIBHBIX MOJIYTPYIII
0TIepaToOpPOB, U 0OOBIUTH HA C/IyYaii JIOKAIBHO BBIMYKJ/IBIX ITPOCTPAHCTB Pe3yJib-
tarbl [11] O CHJIBHO HENpPEepPBIBHBIX IPYyINax ypaBHeHUsI COO0JIEBCKOrO THIA B
6aHAXOBBIX MTPOCTPAHCTBAX.

2. CuiabHO HempepbIBHBIE IPyNIbI onepaTropos kiaacca (Cy) u ux
resepaTopsbl

Cdopmymupyem teopemy Mocuapl 0 reHepaTopax CHIBHO HEIPEphIBHBIX
IPYII B JIOKAJIbHO BhINYKJbIX npocrpancrBax [7]. Ilycrs U — cekBeHnmasibHO
OJTHOE JIOKAJIbHO BBIMYKJIOE TPOCTPAHCTBO, a omeparop A € CI(*U). Obo3naunm
gepe3 p(A) pe3osbBeHTHOE MHOXKeCTBO oneparopa A, gepes R, (A), u € p(A), -
pesomseenty (ul — A)~™1 € L(U) omeparopa A. Takxe GyaeMm HCIOTH30BATH
oboznavenus R, = {p € R: |u| > a}.

IIycts X — HekoTOpOE MHOXKECTBO WHAEKCOB, U, 2 — TOKATBLHO BBITYKJIbIE
pPOCTPAHCTBA. Byem roBoputs, 4to cemeiicTso oneparopos {®(z) € L(U; ) :
x € X} pasmocmenenno menpepuisno, ecau s ar000it HenpepbiBHOW Ha 20
MOJTYHOPMBI 7(+) CyIIecTByeT HempepbiBHAs Ha U mogayHOpMa ¢(-), Takas, 9TO
st Beex © € X, v € B r(P(x)v) < q(v).
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Onpenenenne 1. Omneparop A € CI(U), yI0BIETBOPSIONNI YCIOBUIM
(i) Ja>0 R, C p(A);
(ii) paBHOCTENEHHO HENPEPLIBHO CEMENHCTBO OMEPATOPOB
{(Ru(M) (Ju| — a))" : p € Rg,n € N},

OyeM Ha3bIBATH OUPGOUAALHBIM.

Tpynnoti Aunetdnos HenpepueHvs onepamopos HA3BIBAETCS CeMeHCTBO
onieparopos {V (t) € L(W) : t € R}, Takoe, uro mis Beex s,t € R V(s)V(t)
= V(s+1t). I'pyuny {V(t) : t € R} HazoBeMm 9KCNOHEHUUAALHO O2pAHU-
wennol ¢ KOHCTaHTOH a € R, eciam paBHOCTENEHHO HENPEPLIBHO CeMeiiCcTBO
omeparopo {e~UV(t) : t € R}. T'pymma omeparopos mazpisaercst (Cp)-
Henpepueroli WIN cuavho nenpepvisnol xaacca (Cp), ecii OHA CHJIBHO Helpe-
PBIBHA H S- %E)I(l) V() = I.

Omnepatop A Ha3BIBAETCA UHPUHUMESUMGALHM 2EHEPGMOPOM TPYIIIIHI
{V(t) € L(V) : t € R}, ecam

Ay = L VBV v
t—0 t

)

IIPW 3TOM OTIEPATOP OIPE/IeIeH HA TAKNX BEKTOPaX v, MPW KOTOPBIX YKA3aHHBIHN
peJiesl CyIIeCTBYeT.

3ameuanue 1. MudunnresnmaibHbIT TeHEPATOP MbI Jjis KPATKOCTH WHOTIA
OymeM Ha3BIBATEL 2eHepamopom. Bouipaxkenune "omeparop A MOpoXKTaerT Tpymmy
{V(t) : t € R}" Gyaer o3nadarh, 410 A — reHepaTop rpyIibI.

Pewenuem ypasuernus (2) masosem dynkmmo v(t) € CH(R;W), ynose-
TBOPSIONIY0 9TOMY ypasHenuto npu ¢ € R. I'pymmy omeparopos {V(t) € L(D) :
t € R} OGynem HaszbiBaTh paspewarouseti epynnot ypasrernus (2), ecan Jist Jiio-

o
foro vy m3 HEKOTOpPOro IIoTHOro B U MHONKecTBa Y dyukuua v(t) = V(t)vg
ABJIAETCA PEIICHUEM YDABHEHNA.

Teopema 1 (Mocuma). Onepamop A nopootcdaem sKCNOHEHUUGABHO 02DAHUYEH-
nyro ¢ Konemanmot a € R (Cy)-nenpepusnyro epynny mozda u moavko mozda,
K02da on bupaduasen ¢ mod oce Koncmanmot a. Ipu smom epynna asasemcs

paspewarowet das ypaswenua (2) (na mmoorcecmee Y= domA).
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3. BpIpoxKJIeHHbIE CUJIbHO HENMPEPBIBHBIE I'PDYIIIIHI

Beegem obosmadenns pl(M) = {u € C : (uL — M)~ € L(FU)},
ot (M) = C\ p"(M), Ry(M) = (uL — M)™'L, Ly(M) = L(pL — M)~,

p p
R, (M) = 1L RE (M), L{, ) (M) = 1L LY (M).

Bameuanue 2. 3amernwm, uto eciu ker L Nker M # {0}, o p(M) = 0.

Bameuanme 3. Ilycrs omeparop L mempepniBHO obparmm, Torma pl(M) =
p(L~'M) = p(ML™).

JlokazareabCTBO C/e/yomieil JeMMbl MOXKHO HaiiTu B [1].

: L
JIemma 1. (i) ker R

M -npucoedunennor  eexmopos onepamopa L evicomwv wme Ooavwed p,

)(M) ecmv  aunetinaa  000A0YKG  MHONCECTNEA

imRY (M) =imRE (M);
(A\p) (1,p)
(ii) ker L(y (M) = {M¢: ¢ € ker R (M) N domM},
imL(Lm (M) = imL(LW) (M).
Mycrs Y0 = ker Rf, (M), §° =ker L{;, (M), 4™ =imR} . (M),
= imLL (M), m € Ny = {0}UN, Ly = L| , M = M ,
(hoptm) oy domMj,
domMj = domM N&¥, k = 0,1, & = WOHmRf, (M), § = F+HmLE, (M)

(1)
Bce 3ambikanns 6epyTcs B TOMOJIOrAM MPOCTPAHCTBA il Wn § COOTBETCTBEHHO.

Ob6o3naunm mpu a € R N, =R, N N.

Onpenenenne 2. Omneparop M naszwiBaercs (L, p)-6upaduasvrvim, ecin
(i) Ja > 0 R, C p*(M);
(il) paBHOCTENEHHO HENPEPLIBHBI CEMEHCTBA OIEPATOPOB

{ (R@,M(M) TT el = a)) = (po,- - pp) EREFn € N} :

k=0

{(L(Lu,m(M) LT (el = a)) = (Hos-- -5 pp) €RETL € N}.

k=0

3ameuanue 4. Onpenenerue 2 0600IaeT HA CIydail JOKAJIBHO BBITYKJIBIX TPO-
CTPAHCTB aHAJIOTUIHOE OIpe/iesienne, Beenentoe B [11], mia ciaydyas 6amaxoBbIx
MIPOCTPAHCTE.
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Bameuanue 5. Ecam cymecrsyer omeparop L~ € L(F;4), a omeparop L™t M
6upasmanen (MM, 4TO PaBHOCHIBHO, Gupauasen oneparop M L~1), to onepa-
top M (L, p)-6upazuanen. I[Ipu p = 0 BepHo obparHoe.

Sameuanne 6. (L,p)-6upagmanbHocTh omeparopa M pasrocuibHa (L, p)-
paguasbHocT omeparopoB M u —M, ompejenenne KOTOPOit st Cirydas JiO-
KaJIbHO BBIMYKJIBIX TIPOCTPAHCTB BBeeHo B [10].

U3 npeapiayiero 3amedanust u pesysabraros [10] caemyer

JIemma 2. Ilycmo onepamop M (L, p)-6upaduanren. Tozda

(1) daunwr 6cex uenover M -npucoedunennvx sexmopos onepamopa L ozpa-
HUYEHDL SUCAOM D;

(i) cywecmsyem onepamop ]\40_1 € E(&O;ﬂo), a onepamopv, H = MO_ILO,
J = LOM(;1 HUABNOTMEHMHDE CMENERY He boavuwe p;

(i) lim (uRE(M))PTu =u Vu e U

p—=300
lim (uLy(M)PHf =fVfedh

p—too

(iv) U= ul, §=5"a 3"
Jlemma 3. ITycmw onepamop M (L, p)-6upaduansen. Tozda U™ = Y, 3™ = F1
m € N.

Jokasamesvcmeo. Ouesuano, aro U™ C U'. Bozsmenm u € U, Torma cymiecrsy-
eT TOCTIeZ0BATEeTbHOCTD {uy} C imR(LM p)(M ), cxomgmasicss K u. PaccMorpum

moC/Ie10BaATeIbHOCTD Biga {v, = (nRE(M))EP+Dy, ) koropas B cimy emmbr
1 mpu nocrarouno 6osbmom k € N jrexur B im(Rﬁ (M))P+rm=L Tak xax

r(vn = u) < r((nRy; (M) P+ (wy, —u))+
k

+ 3 r((nRE(M)) DD (nRE (M) Py — w)) <
=1

k
< (1= a/n) " gy —u) + Y (1= a/n) P g((nRy (M)PH u — w),
=1

n1 = minN,NR,, 1o B cuay aemmbr 2 (iii) monrywaem sxrouenme U C U™, O

Jlemma 4. Ilycmo onepamop M (L, p)-6upaduaner. Tozda cemeticmeo onepa-
mopos {uP(uL — M)~ ' :p € R/} npu e > 1 pasrocmenenno nenpepvisno.
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(1+e)lal
2

Hoxazameavcmeo. Bozbmem 1 = ¥ 110 WHIYKIUU TTOJIY TUM

(uL — M)7'= (L — M)~ + (1 — ) RE(M) (L — M) ™" = - =

p
= (= (R (M) (L — M)~ +
k=0

(a1 — )PP R (M) (R (M))P(ua L — M)~
13 (L, p)-6mpagmansaoctu oneparopa M ciaemyer, 4ro npu Beex p € R, ms
J060i HempepbIBHOl B 4 TTOMyHOPMBI ¢(+) CYIECTBYIOT HENpPEepbIBHBIE B § 110-
ayHopwmbl (), k=0,1,...,p+ 1, aro

p M k
G n ) < Y (122

a(BE, D) L= M) 1)+ (= o[22 (1 22
p+1
xq((p = a)(m — a)P RE(M)(RY, (M) (i L — M)~ f) <Y~ exri(f) = r(f)-
k=0
[MousitHo, uTO 7'(+) — HENPepBIBHAS B § MOJIyHOPMA. O

Pewenuem ypasraerns (1) mazoem sektop-bynkmuo v € C1(R; ), yo-
Biaeropgtomtyio (1) mpu ¢ € R. Hapsany ¢ ypasuenuwem (1) mam monagobutcst
skBuBasienTHOE emy 1pu o € pY(M) ypasuenue

d

LEM) S

ft) = M(aL — M)~ f(2). (3)
Teopema 2. [Tycmv onepamop M (L, p)-6upaduasen. Tozda cywecmsyem akc-
NOHEHUUANDHO 0ZPEHUMEHHAA C KOHCMAHMOT 4 CUADHO HENPEPBIBHAA DA3PEUL-
rowaa zpynna ypasnenus (1) ((3)), paccmampusaemozo na nodnpocmpancmee 4

(3)-

Joxazameavcmeo. C ydaerom 3amedanus 6 u pe3ynbraTos [10] KoppekTHO ompe-
JIEJIEHHBIMU SIBJITIOTCS TIOJIyTPYIIIIGI OIIEPATOPOB, Onpene/ienabix npu t > 0,

[e%s) k
- . ) PR " ((p—a)Pt? L +1 1
)=t e B (LI mhany ) e o)

00 k
_ . W)y s s B (=(p+a)Pt? p 1 1
U-(t) = s Jm erh kg 0 i <7p+ (R (M) e L(uh).
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Uckomoii rpymmoit ypauernust (1) gBiisgercs: ceMeiicTBO 0OmepaTopoB

{(U@) e L) : U@t) =UL(t), t >0; U(t) =U_(—t), t <0}
JlokasbiBaeTcst 9T0 Tak JKe, Kak U B cirydae banaxosbix npocrpancts [11]. lior-
HBIM MHOXKECTBOM, Ha KOTODOM IDYIIIA JA€T DEIIeHHe YDABHEHUS, SBJISETCS
$0+Hm (RE (M))PH2. Paspematomas rpynma ypasaenus (3) CTpOMTCs aHATOr Y-
HO C IIOMOIIBIO JIEBBIX L-pe30sIbBeHT Lﬁ (M). O

Teopema 3. Ilycmo npocmparcmeo U (F) noaypepaercusno, a onepamop M

(L, p)-6upaduanen. Tozda U = U o U (F =3 @ F).

Jlokazameavcmeo. Bosbmem mpousBosibHBIE BekTop u € M. U3 (L, p)-
oupammasbHOCTH Ooreparopa M ciemyer, 9TO [jist 1000 HENPEPBIBHOM MOJTY-
HOPMBI ¢(+) CyIIeCTBYeT HempepbIBHAsI HA MpocTpancTBe 4 mosynopma r(-), Ta-
Kast, uro cpasy mis seex k € Ng ¢ ((k — a)RE(M))P 1 u) < r(u). Takum o6-
pasom, muoxectso A, = {((k — a)RE(M))P™ u : k € N} C U orpanmueno.
3 nosypediekcusroctu npocrpaxcrsa i caeayer, uaro A, c1abo KOMIAKTHO
[7, ¢.199, reopema 1]. TTosromy u3 110607t ero 0606IIEHHO TOC/Ie]0BATETBHOCTH
MOZKHO BBIGPATH €160 CXOIANIYIOCS K BeKTOPY 13 A, 0606IIEHHYI0 TOIOCTIE10-
BaTeIbHOCTE. B wacTHOCTH, U3 mociexosareabroctn A, C U BbiGepem mosro-
caeoBaresbHOCTD { ((ky — a)R,%n(M )P}, cmabo cxomgammyiocs K HEKOTOPOMY
BekTopy v € A,. I3 3amKHyTOCTH sTUtHeitHOTO OIpocTpancTea U cienyer ero
crabas 3aMKHYTOCTH |7, ¢.180, Teopema 11|, mosTomy v € U

IMycrs v, = ((kn—a)Rﬁn (M))PTtu—v, Torma w- lim v, = 0. Paccmorpum

n—~oo

s- lim (RY(M))P* v, = s- lim ((k, — a)Rg, (M))PTH(RE(M))PH u—

—(RE(M))P* o = (Ry (M) (u — v)

coracuo jemme 2 (iii). st 1060ro smeMenTa ConpsizKeHHoro K 4 mpocrpancrsa
u e W ((RE(M))PHo,) = v/ (vy), tae v € Y. Orciona

w- lim (RY(M))P* o, =0 = (R (M))P™ (u—v),

n—oo

smaunt, u — v € U°. Teopema joKazana. O

4. PdazoBbie MPOCTPAHCTBA

[Iycts 4 — cexBeHMMANBHO MOJHOE JIOKAJBHO BBITYKJIOE MPOCTPAHCTBO,
dyukmun v : R — U, w: R — C. Ux ceepmroti HazpiBaercss narerpas Pumana

/u(s)w(t—s)dSZu*w:R%ﬂ.
R
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Cpazy oTMeTUM CUMMMETPUIHOCTH CBEPTKU B CJAEIAYIOMIEM CMBICTE:

u*w:/w(s)u(t—s)ds:w*u.
R

Huxunit ungexc "wosp" npu obozHaveHnn (hyHKITMOHATHLHOTO TPOCTPAH-
cTBa Oymer 0603HaYaTh (DUHUTHOCTH BXOASIMX B Hero pyukmuii. Cumsosom DD
Oymem obo3HaYATEH omepaTop AuddepeHIInPOBAHNS.

Jlemma 5.  Iyemo dynrkyuu w € CPF(R;C), u € C"((a,b);4),
supp u(t) C [a,b]. Toeda dynwyua uxw € CJ(R; L), npunem DF(u x w) =
ux DFw, k <m € Ny, D'(uxw) = Duxw,  <n € Ny.

Annpoxcumamuenoti edunuyeti Ipu o — g OyJeM Ha3bIBaTh CeMelcTBO
HeoTpunarenbubix Gynkmnuii {A, : R — R;a € A}, Takux, 910, BO-NIEPBBIX,
upu sobom « € A [ Ay(s)ds = 1, a Bo-BropbIX, Jyist 1060it okpecrroctn O

R

yas lim [ Ag(s)ds = 1.
a—ao &

Jdemma 6. Ilycmo dynxyua u : R — YU ozpanuvena, A C R, ag € A, {A, :
R — R, € A} — annpoxcumamusnas edunuya npu o — ag. Ecau npu aobom
a € A ceepmra ux N, cywecmsyem u pynryus u(t) nenpepuiena Ha unmepsaie
(a,b), mo u* Ay (t) nomoueuno crodumea x u(t) na (a,b) npu a — ap.

JlokazaTebCTBA MPEeABIAYIINX IBYX JIEMM COBIIQJAIOT C TOKA3aTETLCTBA-
mu iemm 1.1, 1.2 [12] ¢ TOYHOCTBIO /10 3aMEHbI HOPMbI HA [IPOU3BOJIBHYTO HEIlpe-
PBIBHYIO TI0JIyHOPMY B npocrpaHcTise if.

Jdemma 7. (i) Ecau dynryua v € C([0,T];4) N CH((0,T];U) ydosaemsopaem
ypasnenuro (1) na unmepsase (0,T], mo npu p € p(M)

[ ermutniar = REOD @) - e ul); (4)
0

(ii) ecau gynwyua f € C([0,T);F) N CH(0,T);F) ydosaemsopaem ypas-
nenuto (3) na unmepsase (0,T), mo npu p € p(M)

t

/ e f(r)dr = LE(M)(F(0) — e ™ £ (1)), (5)

0
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Jokazameavcmeo. (i) Beumy Hempepsisuoii muddepentmpyemoctu u(t) mpu ¢ >
0 m HenmpepbIBHOCTH orepaTopa L, MHTEerpupyst Mo 9acTsaM, MOJJLyInM

t t

—ur by
L/e’”u(T)dT S Lu(r)| + —/e’”Mu(T)dT.
7 . b

3 3

Yerpemnnm € — 0+ u ucmosb3yeM 3aMKHYTOCTh omeparopa M, Torma

¢ ¢
uL/e_“Tu(T)dT = —e M Lu(t) + Lu(0) + M/e_“Tu(T)dT.
0 0

Ecin p € p¥(M), ro nosyuum rpebyemoe.
(ii) moka3pIBaeTCS AHAJIOIMIHO C UCHOIb30BaHUmeM 3aMeHsl u(t) = (al —

M) (1), =

JIemma 8 [13]. ITycmo ¢ € L((0,T); ) u dan 210601 nenpepuisholi 6 npocmpan-

cmee U noayropmuvt q(-)
T
Ing | [ eFSp(s)ds
lim 0

p—+00 n

<h<T.

Tozda ¢(s) = 0 nowmu ecrody na [h,T].

Badukcupyem mpoussosbHoe 1 > 0 u OygeM paccMaTpUBaTh ypaBHEHUE
(1) u ero pemtenus na unrepsane (—1,7T).

Onpenenenne 3. 3avmkayToe MHOXKeCTBO 3 C U HAa3BIBaeTCH Pa3068biM NPO-
cmpancmeom ypasaenus: (1), ecan

(i) so6oe pemtenne v = u(t) ypasuenus (1) gexur B B, T e. u(t) € P
vVt e (=T,7T);

(ii) my1st J1IOGOTO U W3 HEKOTOPOTO MJIOTHOTO B P MHOXKECTBA P CyIIecTBy-

o

er eguHCcTBeHHOE perenne 3aa4au u(0) = ug aas ypaBHenus (1).

Teopema 4. ITycmwv Ty < Ty. Toeda daa moboti dynxuuu u € CH((Ty, Ty); U)
(f € CYH(T1,T»);%)), ydosaemsopaoweti ypasnenuro (1) ((3)) na unmepsa-

ae (T1,Ty), umeem dasn ecex t € (T1,Ts) u(t) € ) imR(L“S)(M) (f(t) €
s=0 ’

M imZE, (M)).
s=0 ’
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Joxasamenavcmeo. DyHKIWHN, yIOBIETBOPSIONAE YCIOBHUIM JAHHON T€OPEMBI, B
npejiesiax TOro JJ0Ka3aTeabCTBa Jjisi KPATKOCTH OyieM Ha3blBaTh DEIIeHUsIMU
ypasuenus (1) nam ypasuenus (3) COOTBETCTBEHHO.

IIycts u € C™((T1,12);4) — pemenne ypasuenns (1). Torma u =
RE(M) (o — d/dt) u. Tlo mmaykimm Jierko jokazarh, 4ro npu mobom k € N

L k m mkmdm L k d g
u = (RY( > (-ymey Tu = (REM))* (o= — ) u.

CrenoBaresbro, u(t) € ﬂ 1mR(u s)(M) N imR(LN S)(M) vt € (T1,T3).
5=0 ’

Paccmorpnm d)yHKLu/Ho ©(t), pasHyto ke~ (=)™ npu |t| < 1 u pas-
Hyto Hysio npu [t| > 1. Koabdunuenr k = (f_ll e’(l’sg)_lds) 1. Herpya-
HO yGeaurhesi, uro ¢ dbunuTHa 1 Geckoneuno muddepentupyema, a {A, =
a lp(a™t):  a >0} — anmpokcuMaTHBHAS eAEHMIA TP o — 0.

Toomnpegennm permenne u € CH((Ty, Ty); U) ¢ orpeska [T + €, Ty — €] npu
MaJjoM € > 0 HyseBoit (byHKIME Ha BCIo IpaMyo. Bozsmem T > 0 u 40CTaTOUHO
masioe «, arobbl Ay (s) = 0 upu |s| > T. JleiicrBysi, Kak IPU JI0KA3aTEILCTBE
reopembl 2.1 [12], HETPY/IHO TTOKA3aTh, YTO CBEPTKU JTOOMPEIETEHHOTO PEIeHNsI
ypasuenns (1) ¢ dbyukuuavu A, OymyT pemenusmu ypapuenus (1) mpu t €
Ty +¢, Ty —¢], T e.

To+T
d

LuxAy)e = La / u(s)Aa(t — s)ds = M(ux Dg).
T -T

Cormacuo semme 5 u x A, € CP(R;U), tak kax A, — beckonedno aud-
depennupyembie dbyukmnuu. Joonpeaenenusie Hyaem ¢ orpeska [T + €, Ty — €]
permenus u(-) orpanndensl u HenpepbiBHbl Ha (11 +¢€,Th —€), M03TOMY COIIACHO
JieMMe 6 mostydaem, 9To beckoHedHo audpepeHupyemMbie pernennst u x N, Ha
unrepsase (17 + €,Th — £) MOTOYEUHO CTPeMsTCa K 1 pa3 HEmpepbIBHO (-
dbepennmpyemomy pemennio u(-) npu o — 0+. B custy npoussosbHoctn € > 0
muoxkecTBo {u(t) : t € (11,T%), u(-) peutenne nz C°((11,T%);4U)} maoTHO B
{u(t) : t € (T1,T»), u(-) pemenue u3s Cl((Tl,Tg)' ) }. Tosromy mist perennii

m3 kmacca CL((T, Ty); ) Taksxke mreem u(t) € ﬂ 1mR (M) mput € (11,T).

(1,8)
Hns pemennit ypasuenns (3) Teopema ;LOKaSLIBaeTCH AHAJIOTUYHO. ]

Teopema 5. ITycmwv onepamop M (L,p)-6upaduaren. Toeda U (F') ecmo
gasosoe npocmpancmeo ypasnenusa (1) ((3)).
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oxazameavcmeo. BrioueHns n paBeHCTBA

leR(“ S)(M) C leR(“ S)(M) = leR(Lﬂ S)(M) =yl

CTTeYTOT W3 CBOMCTB 3aMKHYTBIX MHOMKECTB 1 jieMMbl 3. [Tosromy u(t) € Ul mpu

Beex t € (=T, T) B cuny npeabiyimeii Teopemsl (17 = =T, T = T).
YcTaHOBUM €MHCTBEHHOCTD pernennst 3aaun Kommu. 13 (4) mis pernenust

u(t) ypasuenus (1), yaosiersopstorero ycaosuio 4(0) = 0, npu t = T' nosyanm

T T
RL /e“(T Du(r)dr = /e“su(T—s)ds.
0 0

Cornacuo semme 6 st ¢(s) = u(T —s), s € (0,T), n ajst 110607 HEPEPHIBHOI
B 4l moJyHOPMBI ¢(+) CYIIECTBYET HENMpepbIBHAS B § MOJIyHOPMA 7(+), 9TO

T
Ing (f e“sgo(s)ds>
- P
T 0 < Tm InpP + Inr (Lu(T))

p—+o0 7 - p—otoo H

=0.

Orcroga mo semme 8 u(t) = 0 mourn Beroxy Ha (0,77). A Tak kax u(-) — Hempe-
poieaast Gyukuus Ha (—71,7T), o u(t) = 0 npu Beex t € [0,T). Paccmorpum
dbyukimo v(t) = u(—t) ma [0,T). Ilonarno, aro v(t) ecTsb perrenne ypaBHeHUS
L%v(t) = —Mu(t) na srom orpeske. I3 3ameqannst 6 ciemyer, 4To oneparop
—M rakxe (L, p)-6upagnasen. [Tosromy v(t) = 0 upu t € [0,7). Dro o3nauaer,
aro u(t) = 0 upu t € (—=T,0].

Orcroa mojtydaeM eIWHCTBEHHOCTH 3aj1adun 3ajaqun Ko ¢ o0biM Ha-
gaTbHBIM 3HadeHueM. CyIecTBoBaHmue pemennd 3agaun Komm maia ypaBHeHns
(1) ma mmotHOM B U! MHOKECTBE im(Rﬁ(M ))PT2 creyer m3 Teopembr 2.

Hns ypasuenns (3) Teopema J0Ka3bIBAETCS aHAJOIMYIHO. [Ipm 9TOM J1y1st
JIOKA3aTeIbCTBA €JUHCTBEHOCTH UCIIOIb3YeTCa TOXKIECTBO (5). O

3ameqganue 7. VI3 eqMHCTBEHOCTH peIieHns 3aaadu KoImm cieayer e mHCTBeH-
HOCTH Pa3pPEIAOIIeil TPYIIILI.

5. CwiabHO (L, p)-6upaguaibHbiii onepaTop

Onpenenenne 4. Omneparop M wuazwpiBaercs cuavho (L, p)-6upaduasvroim
cnpasa (caesa), ecim ou (L, p)-6bupamuanen n g moboro u € domM u mus
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JI000i1 HempepbIBHO# B 4 MOTYHOPMBI 7(+) CYIIECTBYeT KOHCTAHTA €1, 3aBUCS-
mas OT U, TaKasd, YTO

r ((W —a) [Tl = @)RE,,, (M)AL M>—1Mu> < eiw)

k=0

e]
(n1st BCex f M3 HEKOTOPOTO MJIOTHOTO B § MHEA A § U JIst JTI000I HEPEPBIBHOM
B § MOYHOPMBI 7(+) CYIIECTBYeT KOHCTAHTA Co, 3ABHUCAINASA OT f, TaKas, ITO

r ((\/\\ —a) [T(ml = a)M (AL — M)_lL(Lu,m(M)f) < 02(f)>

k=0
opu JIOOBIX A, flo, fi1, - -+ 5 fp € Rg.

Bameuanue 8. Oneparop M cunbho (L, p)-6upagmanen cupasa (ciaesa) Tormga
1 TOJTBKO TOT/Ia, KOT/a CIIBHO (L, p)-paauansHsl cipasa (cresa) |10] omeparopsr
Mwu —M.

U3 pesymnbraTos [10] cpa3y ciaemyer

Teopema 6. IIycmv onepamop M cuavno (L, p)-6upaduasen cnpasa (caesa).

Tozda U= U (F=3"@F).

Caexncrue 1. ITycmo onepamop M cuavno (L, p)-6upaduasen cnpasa u caesa.

Tozda
(i) LPu = QLu Yu € 4

(ii) Vu € domM Pu € domM u MPu= QMu;

(iii) Ly € L(UF; %), k=0,1;

(iv) My € Cl(U¥;F%), k=0, 1;

(V) cywecmeyem onepamop Lfl € Cl; (4 ub).

JlokazaTesibCTBO 9TOI0 CJIEJICTBUS HE OTJINYAETCs OT J0OKA3aTeIhCTBA aHa-
JIOTUIHOTO YTBEP:KIeHNsI B GAHAXOBBIX MpocTpancTBax [11].

Sameganme 9.  Jlerko yBuzers, UTO [pH YCJIOBHH CHIABHON (L, p)-
6upauansrocTH oneparopa M cnpasa (ciaesa) paspernaionias rpyIia ypas-
merns (1) ((3)) 3amana ma Bcem mpoctpancTse U (§), a ee equHuIeH ABIIETCST
npoekTop P (Q).

Onpenenenne 5. Omneparop M uazeiBaercs cuavho (L, p)-6upaduasvrvim, ec-
mu on (L, p)-Oupagnasnen ciesa u PaBHOCTENEHHO HENPEPHIBHO CEMEHCTBO Orre-
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paTopoB

p
{(w —a) [J (el — @) RE, ) (M)YAL = M)™" X o, a1y € Ra} .
k=0

Bameuanue 10. B caywae L' € L(F;4U) omeparop M cumsro (L,p)-
6upamaen, ecan bupammanen omeparop L~ M (mwmx ML™Y).

Teopema 7. I[Tycmwv onepamop M cuavro (L, p)-6upaduanen. Toeda cywecmey-
em onepamop L' € L(F';41).

Jokasameavcmeo. Ilycrs f € imL(LM p)(M), T e. f = (LL (M))PTg npu nexo-

TopoMm ¢ € §. Torma npu n,l € Z, = Z N R, nonyunm
w2 (Ry (M) (nL — M)™f — PY2(RE(M)PTHIL — M) 7 f =

p+1
= (I=n) Y _(nRE(M))PH = (IRF (M) (IL — M) ™" x
k=0

X Ly (M)(Ly, (M))" M (na L = M)~ 'g.

Orcioga Bestescrue cuabHoit (L, p)-pagnanbHoctu oneparopa M

F (P 2REM)PH (0L — M) f — PP(RE(M)PTAL - M) ) <

IR a(M(mL — M)~'g) -
= el = @) & =@/l H1 =/ A (a7 "

npu n,l — oo. [losTomy, yuuThIBasg MJIOTHOCTH JIMHEAJIA imqu p)(M) B Fu
).

PaBHOCTEIEHHYIO HEIIPEPBIBHOCTL CeMeilcTBa OlleparopoB
{(nPP2(RL(M)YPTY (0L — M)™Y i n € Z,),

MBI MOXKEM YTBEPXKJATh, YTO CYIIECTBYET OIeparop

Li'=s lim L' e £(§"uY),

n—oo

e Lot = nPH2(RE(My))PH (nLy — My)~L.
Bosbyenm u = (R% (M))P™ v npn nexoropom v € 4.

Ly Lyu = (nRE(M)P*2u = (I 4 (nL — M)"' M )P+ 2y =

p+1
wt > CF G (RE(M)F(RE (M))PH g+
k=1
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(REM)P(nL — M)~ My,
U3 cunbnoii (L, p)-paguansaoctu omeparopa M mosydaem

p+1

) Muwy 1)
L' Liuw—u) <y CF glw) 1M 0
r (Lo Liu “)‘,; P2 ([ = a)F (] — a1k (]~ a)p?

npua n — 0.

Herpymo moKa3aTh, U4To cemeiicTBo omeparopos {L.'L; : n € N,} pas-
HOCTEIIEHHO HEIPEPBbIBHO, IMMO3TOMY B CUJIy HEIIPEPBIBHOCTU OIIEpaTOPa L1 JLJIA
JII000i1 HEMPEePBIBHOI TIOJYHOPMBI 7°(+) CYIIECTBYET HEMpepbIBHAS IOJyHOPMA
q(+), Takast, uro st Beex n € Zg, u € U r(Ly'Liu) < g(u). Tak kax

imR(Lup)(M) = Y1 nmomyuaem, uro Ll_lLlu = u pa moboro u € U, Ama-
JIOTUYHO JI0KA3bIBAETCH, YTO L1L1_1 =1. O

Cyxenne {Ui(t) : t € R} ({Fi(t) : t € R}) rpymmer {U(t) : t € R}
({F(t) : t € R}) ma moampocrpancreo Ul (F!) apiserca skcnonennmambo orpa-
HIYEHHOI CHJIbHO HempepbIBHON rpymnoii Kiracca (Cp).

O6osznaunm S; = Ll_lMl : domS; — U domS; = domM;; Ty =
MlLfl : domTy — §', domT} = Li[domM;]. OdeBuaHO, YTO OMEPATOPEI
Sl S Cl(ﬂl), T € Cl(%l)

Teopema 8. IIycmwv onepamop M cuavno (L, p)-6upaduasen. Toeda ungu-
Humesumasoroim 2enepamopom epynnoe {Up(t) : t € R} ({Fi(t) : t € R})
aeasemcs onepamop S1 (11).

Cxema OKa3aTeIHCTBA HE OTINIALTCS OT CXEMBI, MCITOJB30BAHHON MTPH
JToKazarebetse Teopembl 5.1 [11] B cayuae 6anaxoBeIx mpocTpaHcTB. V3 Teope-
MBI 1 momyanM

Caencrue 2. ITycmwv onepamop M cuavno (L, p)-6upaduasen. Toeda onepa-
mopwr S1 u 11 6upaduanvro.

CaencrBue 3. ITycmo U = F. Onepamop M cuavno (I, p)-6upaduarern moezda
U MoAbKo moeada, kKoz2da on bupaduanch.

Hoxazameavcmeo. ObpatHoe yrBepkaenne caemyer n3 3amedannst 10. Toka-
KeM TIpgMoe yTep:kaenne ciaenctsud. Ilockomeky L = I, To U0 = {0}, U = U
u L7 My = M. Ocramocs cocrmarses Ha ClegcTsue 2. O
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6. O6obOmienne Teopembl Mocumbl

Paccmorpum ciemyrorue maTh yCaOBHil.

(A1) Cywecmeyrom dee IKCNOHEHUUAADHO 02ZPAHUNEHHBLE CUALHO HENPe-
puenwie epynno {U(t) € L(U) : t > 0} u {F(t) € L(F) : t > 0} onepamopos ¢
A0PAMU.

Homoxxum P = U(0), Q@ = F(0), U° = ker P, 4! = imP, F° = ker Q,
Ft = imQ. Umeew 4 = U0 @ U, § = 30 @ . Yepes {Ui(t) : t € R} u
{F1(t) : t € R} obo3HaumM CyKeHHsI COOTBETCTBYOIIUX TPYII HA MOMTPOCTPAH-
crea U u F'. Cyxenus SBJIAIOTCH HEBBLIPOK IEHHBIMHI TPYIIIAMHE, U [0 T€OPEME
Wocuapl oHn mMeoT WHMOUHITE3NMATbHBIE TeHepaTopsl S1 u 1] COOTBETCTBEH-
HO, SBJISIONINECs: bupaanaabHbiMu omeparopamu. [Ipum sTom 6e3 orpanuydenus
O6U_LHOCTI/I KOHCTaHTBI 4 B OIIpEICJIeHNN 6I/IpaﬂI/IaJH)HOCTI/I JJId 9TUX OIIepaTOpPOB
MOYKHO B3ATH OJMHAKOBBIMMI.

(A2) Cywecmsyem aunetinwiti zomeomoppusm L1 : U — F1. maxodi, wmo
Ll[domSl] == domTl, L181 = TlLl.

(A3) Cywecmeyem buexmuenvid onepamop Mo € CL(UY; FV).

Orcioga crienyer cymecTsoBanue oneparopa M, e L(SO;LI,O).

(A4) Cywecmsyem onepamop Ly € E(ﬂO;SO), makoti, 4mo onepamop
H = Mo_lLo HUABNOMERMEH CMeEeNneHY He boavue p € Ng.

(A5) L = Lo({ — P)+ L1P; M = Myl — P) + L15P, domM =
domMy+domS;.

Teopema 9. Onepamop M cuavro (L, p)-6upaduasen mozda u mosvko mozoa,
Koeda evinoanensv 6ce ycaosua (A1) — (Ab).

Joxasameavcmeo. Heobxomumocts ycsosuii (Al) — (AD) caemyer u3 pesyibra-
TOB mpeabLIymux naparpados. [Tokaxkem UX 10CTaTOUHOCTH. V13 mepednciieH-
HBIX YCJIOBMIA Cpa3y CJIeAYIOT PaBeHCTBA

p p

(R, py (M) = T (Ru (S0P, (L, M) = [ (R (T1))"Q,
k=0 k=0

rpe b= ([, fo1, - - -, fp) € RPTL TMasee, mpu A € R,

p

ML = M)™'LE, (M) f= (M =T) 7 [ (wed = T1) 7' ThQ -
k=0

o .
3nech f u3 miorHoro suneasta F= FO-+domT) . U3 nasHbIX cOOTHOMmeE M 1 Gupa-
JIUATBHOCTH onepaTopos S1 u T} ciemyer TpebyeMoe, IIpU TOM B ONPEIeIeHNI
cusbroit (L, p)-6upagnansraocru ciaesa o f) = ¢(ThQf). O
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Sameuanme 11. B cayuae, xorma U = F, L = I, cumpnas (I,p)-
OupamaabHOCTh PABHOCHILHA OupasmaabHocTn omneparopa M (criencrsue 3),
KOTOPasi B CBOIO 0Y€Pe/Ib SKBUBAJIEHTHA, CyIECTBOBAHUIO JIBYX OJIMHAKOBBIX (T10-
CKOJIbKY MPOCTPAHCTBA COBIIAIAIOT) CHJIBHO HEMpPEpbIBHBIX rpymm Kiaacca (Cp).
Yenosus (A2) — (A5) B TakOM C1yuae CTAHOBSITCS TPUBMAJIBHBIMU U TeopeMa 9
peaynupyercs K teopeme Mocumpr.

CuencrBue 4. U3 cuavnot (L,p)-6upaduasvrocmu onepamopa M caedyem
e20 cuavnasa (L,p + q)-6upaduasvrocmo.

7. HaganpHO-KpaeBasd 3a/jada C OECKOHEYHBIM YHCJIOM TI'DAHUY-
HBIX yCJIOBUII

Crauajia BBEJEM B PACCMOTPEHNE HEKOTOPbIE KOHCTPYKIUH U CHOPMYJIU-
pyeM CBsi3aHHbIE C HUMHU pPe3yJsbTarhbl, JoKaszaHubie B [14, ri. 7, §3, . 3.
[Tycts U — Ganaxoso npocrpanctso, oneparop A € CI(U). O6oznaunm

(o ¢]
domA>® = [\ domA*. HajesmB 5T0 MHOMKECTBO TOTMOJIOTHEl, OIPeseIseMoit
k=1

k

cucremoit mosyropM qi(u) = > ||Alulyg, k € N, nomyaum mpocrpancTso ®pe-
1=0

e, koropoe obozuadnM D 4(L) = D 4. Badukcupyem MoI0KUTEILHOE TUCIIO T.

e] _
IIycts €4(7) = ¢ u € domA™ : klim HAkquk < 7'} — TaK Ha3bIBAEMOE MHOYKE-
— 00

CTBO 3JIEMEHTOB A-3KCIOHEHIMAJBHOIO THITA, HE MPEBOCXOsInero 7. Bosbmem
HanOOJIbIIIee 3aMKHYTOE B TOMO/IOTUN ) 4 TOAIPOCTPAHCTBO, COJEpIKAIIEecs B

€ A(7), n obozuaunm ero yepes €4 (7,0 4). MuoxecrBo €4 (7,9 4) ¢ TonOIOME],
ompeesisteMoii moyHopMamu g (+), aBagercsa npocrpanctsoMm Pperre. O603HA~
unm Ap = A .
€a(T,D4)

Teopema 10 [14]. Cywecmeyem xoncmanma C € R, maxas, wmo das 060t
nenpepuisnotli 6 B noaynopmw r(+) cywecmeyem nwenpepuerai 6 B nosyHOPMa
q(+), wmo dasn ecex v € U, k € N 'r(A%v) < C*q(v). Ipu smom o(Ap) C
o(A) N B;(0).

Bnece Br(0) ={peC:|ul <7}

Bozsmem Terieps 2 = (0, +00), U = Lo(Q), A = —d?/dz?, domA = {v €
Ly(2) : v(0) +0'(0) = 0,v" € La(Q)}. Cuexrp omeparopa A COCTOUT U3 OJHOTO
cobcrBeHHOro 3Hadenust A = —1 u HenpepsiBroit wactu [0, +00) [15]. Ilycrs

o1(z) = V2e™%,  pa(x, \) = (VA + AWA) Y2 (sin(zvVA) — VA cos(zV/N))
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ecTh coOCTBeHHas U 0000meHHas cobcrBenHas (yukiun omeparopa A. Torma
Jyist ji0boro v € Lo(€2)

—+00

o(z) = (v, 1)en () + / (0, 2)pa (@, N,
0

rae (-,+) — cKassgpHoe mpou3Benenue B La(€2).
Bosbmem D 4(L2(2)) = D4, €4(T,D4) mpu 7 > 0. Iomoxknm

A):chAk, ch€R, M=Q(A _dekA d, € R,

rae P(\), Q(\) — nenbie dyukmun, npudem P(—1) = 0, Q(—1) # 0, a nyJei,
npuHaiexamnmx MaoxkecrBy [0, +00), y dyuknun P(A) wer. B cuny Teopembr
10 omeparopst L, M € L(E4(1,D4)).

Teopema 11. Ilycmo U = F = E4(7,D 4), mozda 8 Ycros8uaxr dannozo napa-
epagpa onepamop M cuavno (L,0)-6upaduanen.

Jokasameavcmeo. Ilockonbky P(—1) = 0, umeem

U, p2)2(T, A
Rﬁ(M)u:Lﬁ(M)u:/( ) 5(&) Lax.
o HTPX

Orcroma ast € Ny p € R\ {0},

=3 /‘”UW

= QU

ﬁ T
1 1
> /m w2 PN+ o0 = )
Awnamornuno moayunM cuibhyto (L, p)-6upaanaabHOCTb. O

B ommcannoit curyanun ypasuenne (1) npegcrasiasier coboit KpaeBylo 3a-
JTady ¢ 6ECKOHEUHBIM YUCJIOM TPAHUIHBIX YCIOBUIA

P(Ayur(a,t) = Q(A)ula,t), (x,t) € Ry x Ry,
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Ox2k

3ameuanue 12. OrmeruMm, 4TO B yCJOBUSX JAHHOTO Taparpada siapo moJry-
rpymisl Kpaesoit 3ajaan mveer sug U0 = span{p;}, a dasosoe mpocrpancTBo
sroif samaun — Ul = E4(7,D4) © U°.
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