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Abstract. Ilycrs L ecThb MOJOKHATEILHO-OIPEICICHHBII OIIepaTop B IMILOep-
TOBOM IpoCTpaHcTBe J¢ ¢ unjgekcamu gedexra ny > 1 u mycrs {Ker Lj; 'y, 'y}
ectb ero Kanounveckas (1o M.M.Bumuky) rpanudnast Tpoiika. B pabore paccmar-
PHUBAETCsI SBOJIIOIMOHHAS JIUHAMIYIECKAsT CUCTEMA,

uy + Lou = 0 in 7, t>0;
“‘t:ozut’tzozo in J7;
Flu = f(t), t 2 0,

B KOoTOpOil f ectb rpammunoe yupasienue (Ker L§-snaunas dbyHkist BpeMeHn),
u=uf (t) — Tpaekropusi. V3y4aiorcst HEKOTOpbIE OOIIUE CBOWCTBA TAKUX CUCTEM.
Haiinen abcTpakTHbBIM aHAIOT MPUHITAIIE, KOHEYHOCTH CKOPOCTUA PACIPOCTPAHEHUST
BOJIH.

KirroueBbie cjioBa: CUMMETPUYECKUN TOJTyOrPAHUYIEHHBIN OTlepaTop, rpa-
HUYHas Tpoiika Buruka, quHaMudecKkas CUCTeMa ¢ TPAHUYHBIM YIIPpaBJIeHU-
€M, KOHETHOCTh CKOPOCTH PACIPOCTPAHEHUSI BOJIH.
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0 O paborte

e Jlunamudeckasi cucrema ¢ rpannanbiM yrpasierueM (JICIY), koropas
paccMaTpuBaeTcss B paboTe, OIpeessaercss CUMMETPUIECKUM II0TyOrDaHM’-
YEeHHBIM OIIEPATOPOM C HEHYJIEBBIMU UHIeKcaMu gedekTa. V3ydatorces Hanbo-
Jiee obIIMe CBOMCTBA TAKUX CUCTEM. JTO MOTUBUPOBAHO IIPOIPAMMOIL TOCTPO-
eHns (bYHKIMOHAJIBHON MOJIEJIN TaKUX OIEpaTopoB (T.H. 60A4H060U MOJeAu:
eMm. [3], [6]-]9]). Hacrosimas pabora passusaer pesyiabrarsl |2, 5|, oTHOCS-
muecst K Hambostee obmum cBoiictBam JICI'Y. Bosmoxkuo, nambosee mpume-
JaTeJIbHBI HOBBINA (DaKT COCTOUT B TOM, 9TO XOPOIIO U3BECTHBIA B MHOIO-
YUCJICHHBIX IPUIOYKEHUSIX IPUHIIMII KOHEYHOCTH CKOPOCTH PaCIPOCTPaHEHUST
BoJIH (nasee koporko KC mpuHIWII) nMeer ajleKBaTHBINH aHAJIOT B aOCTPaKT-

ubix JICTY.

e Pabora mocesimaercs 85-yetuio moero yuntess Asexcaniapa CepreeBuda
Biiarosermenckoro, 0/iHOTO 13 MHOHEPOB U CO3/ATe/ el TEOPUU TUHAMUTECKUX
o0paTHBIX 33/1a4. B cBoe BpeMs OH OObsICHIJI MHE TVIyOMHY W BO3MOXKHOCTHU
dopmynnr Hanambepa. He Oyaer npeyBendenneM ckasaTh, UTO JaHHASA pa-
6oTa BBINTOJIHEHA B MaHepe u TexHuke Ajekcanpa CepreeBuda.

1 Omneparop L

I'pannynasa Tpoiika

e Kak ormeueno Boime, JICIY omnpeensiercs moryorpaHuIeHHBIM OIIEPATO-
pom. OmmirieM KJIace OmepaTopoB, ¢ KOTOPBIMU Mbl uMeeM jiejio. [Iperosara-
ercs, 910 Lo eCTb 3aMKHYTBIN, TIJIOTHO 33/IaHHbIN CUMMETPUYCCKUN ITOJIOXKH-
TeJIbHO-OIIPE/Ie/ICHHBIN ollepaTop, TaK 4TO BLIIIOJIHEHO

Dom Ly =; Lo C Ly; Lo=2~IL ~v>0; 1<ni°:nf°<oo,

. L .
rjie I ectb emananbiii oneparop. Ormernm, aro B cuity ny’ # 0 Takoit ome-
paTop ¢ 00s13aTeIbHO HEOTPAHUYIEH.

e Maur oboznataem £ = Ker Lj u ucnosbzyem (OpTOrOHAIBHBIN) ITPOEKTOD
P 8 ¢ ua . Ormernm coorromenne dim ¢ = nk®.

IIycrs L ecrsb pacmmpenue Ly no @punpuxcy: Ly C L = L* C L,
L >~I, Ran L = 5. O6parublit K Hemy L1 ecTh caMOCOIPAKEHHBIIH orpa-

HUYIEHHBII oniepaTrop B 7.



sBectHoe pasnoxenne Bummka [20] umeer Buj
Dom Lj = Dom Ly + L™ ' ¢ + ¢ = Dom L + ¢ (1)

HOC/Ie/[HeE PABEHCTBO ycTaHaBuBaercst B pamkax teopun M.I.Kpeiina [15].
Takum obOpazoM, KaxKablit sjeMeHT y € Dom L eIuHCTBEHHBIM 00pa30M
IpeacTaB/IdeTCda B BUIAE

y=yo+L'g+h=y +h (2)

¢ HekoTopbiMu g, h € K u y' = yy + L~'g € Dom L. KomionenTs! ompe;ie-
JITIOTCS TI0 Y CJIEIYIOMNM 00pa3oM:

v =L'Lyy, ywo=L"Lily—v), h=y—y —v. (3)
Orobpazkenust
[y :=L1'L5—1, Ty:=PL; DomT'y; = Dom L}
Ha3bIBAIOTCA 2PAaHUYHDIMU ONEPATOPAMU. I/I3 OHpe,HeJIeHI/Ifl n (2) nMeeM
My=-h, Toy=gy (4)
Kpowme Toro, usz omnpeseneHuit ciemayer:
Ranly = RanT'y = 7. (5)

BaMeTnM, 9TO TPAHWTHBIE OIIEPATOPHI MOTYT He JIOIMYCKATh 3aMBIKAHU; 0O~

Jlee TOrO, Takasd CHUTyalus TUINYHA B npuiokenusax. OnHako, ecin cHaO-
sath Dom L nopmoit rpaduka [|yl|2.,.n, = [yl* + 1| Leyll*, To T'1 5 cranossres
HelpepeIBHbIME [15].

e Cupase/INBO COOTHOIIICHHE
(Lju,v) — (u, Liv) = (Tyu, Pev) — (Tou, T'v), u,v € Dom L;  (6)

(Cm, manpumep, [5]). Tlo Tepmunoaoruu teopuu onepatopos [15|, coorHo-
mennst (5) n (6) oznavator, aro Habop {7 ;1'1,'s} cocraBisier epanuunyio
mpotiky oneparopa Lg. [Io obieit Teopun rpaHUIHBIX TPOEK MMEEM:

Lo=L; | [KerTy NKerTy),  L=0L: | Kerl, (7)
(em. [15], roraBa 7).

e Bo3MOXKHBIN c110co6 pean3oBaTh pasjozkeHne (2) COCTOMT B peIeHur
JByX "rpaHndHbIX 3a/0a".



Jlemma 1. ITycmv y = yo + L~1g + h ecmv npedcmasaenue Buwuka sae-
menma y € Dom L. Tozda anemernmot h u g eduncmeenmvim obpazom onpe-
0eNA0OMCA COOMHOULEHUAMU,

Lih=0; Tih=TIyy. (8)

Liw=0; Tyw=0; Tow=Ty(y—h), 9)
coomeememeento, 2de w = L™ 1g.

Jokxazamensvemeo. DiaeMeHT h, yIOBIETBOPSIONINI BTOPOMY COOTHOIIEHUIO B
(8), cymectsyer B cuity (5). On equncrsen. B camom gene, ecan h' ymosie-
tBOpsier (8), To § := h — h' Bieuer I'1y = 0, 1.e. § € Dom L. Tlociennee
BezeT K ¢ = 0 B coury Dom L N Ker L = {0} (em. (1)).

Tak kak LiLiL™'g = Lig = 0, L™'g € Dom L cnpasejugo (Tak 4to

'L~ tg @Dy Dol g = Toly — yo — h) o [y(y — h) BBIOJIHEHO), MBI

Bu M, 9To w = L~ 'g pemaer zanaay (9). Ecim w’ Takxke peraer ee, TO Jiis
W= w —w umeeMm ' = Iy = 0, at0 Beger K w € Dom Ly B cuy (7).
Iosromy Lyw = Lyw € Ran Ly u, ciaegosarensno, Liw LKer L§. Iocaennee
JlenaeT Bo3MOKHBIM LiLiw = 0 Tosbko ecim Lyw = 0. Ilockonbky Ljw =
Low = 0, Mbl ipuxoaum K W = () 110 UHBEKTUBHOCTH L. O

Takum opasoM, i HaxOXKjeHust h U g u3 (2), MokHO Haiitu h u3 (8),
peruTh (9) u 3arem mosyanTh g = Luw.

IIpumep

e B kavectBe miutocrparmu paccmorpuM oneparop Jlamnaca. Ilyers (€2, g)
eCTh KOMIIAKTHOE IJIaJIKoe | pIMaHOBO MHOroo6pasue pasMepHocTH n > 2 2
¢ TyIaJKoil cBsizHol rpanuneil I'; mycrs A — muddepennnaabHbIi oepaTop
Jlamnaca-Benbrpamu B 2.

Ilycre H?(Q), p = 1,2, H(%<Q) ={y € HI(Q)’ y‘r =0} u H3<Q) =
{y € H*(Q)| y‘r = l,y’F = 0} cyrp nmpocrpancra Cobosiea (v — BHEITHsIs
nopmasis K I'). Tlomoxum J7 = Ly(Q) u oboznaunm wepes Harm(Q2) :=
{h € | Ah = 0in Q \ I'} moxmpocTpaHcTBO rapMOHHYECKUX (DYHKITHIL.
Caemytorue (hakThl XOPOIIO U3BECTHHI.

'Berony manee 2aadxuti osgadaer C°°-riaagkuil.
2caydait  C R™ BHOJIHE TIOJIXOMUT JIJIs HAIIUX IeJIeil.



Omneparop (munumasvroni aansacuan) Ly := —A[C(Q) = —ATHZ()

HOJIOKUTENIBHO onpejiesieH. ConpsizKeHHBIH K HeMY (MaKCuMaibHoill Aanaa-
cuan) ectb Ly = —A[H?*(Q) + Harm(Q)] u Bomoneno ¢ = Ker L] =
Harm (). Pacmupenue @puypuxca oneparopa Lo ectb L = —A[[H?*(Q) N
Hy ()]
e Cornacno (2) u (4), 4T00BI OIHCATD JIeHiCTBHAE TPAHTIHBIX 01epaTopoB [ o,
HA,JI0 [IOKAa3aTh, KAK HAXO/IATCH TapMOHIYIeCKHe (DYHKIMN A 1 g [0 33 JAHHOMY
y € Dom Lj. Tak xax yo u L~ 'g npunagmexar H}(Q), mbr umeem y = h na
I'. Tem cambivm, dynknus h MoxkeT OBITH OnpejiesieHa Kak (€IMHCTBEHHOE)
pemenue 3a1a4n upuxiie

Ah =0 in Q\T; h=y on I. (10)

YT00bI OIIpeIe/IUTh TAPMOHUYIECKYIO (DYHKIIUIO ¢, HATIOMHUM, YTO CJIAraeMoe
Yo B (2) nmexur B Dom Ly = HZ(2) u, ciieoBaTe/IbHO, YIOBIETBOPSAET YCJI0-

BUIO (‘l,yo}r = 0. U3 sroro ciegyer

-1 @
al/L lg = au(y — Yo — h) - 81/(y - h)
B 1o xe Bpewmst, Mbl umeem L 'g € HJ(Q) m LiL{L™'g = Lig = 0. B
pesyabTare, 11 L~1g nomygaem:

A*(L7'g)=0 in Q\T; L 'g=0, 0,(L7'g)=0,(y—h) on T (11)

(bynknus h yxe maiinena). Pemasg sty koppekrnyio 3asgady Komm s
OUrapMOHHYIECKOTO YPAaBHEHUsl, MBI TIOJlydaeM L~ 'g U 3aTeM HaxojuMm ¢ =
AL 1g.

Jlerko BuzeTh, uTo coorHomenus (10) u (11) ABAAIOTCH KOHKPETHBIMU
Bepcuami (8) u (9) coorsercrsenno. MoxkHO ckazarh, uto Lih = 0u Li*w =
0 cyTh abcrpakTHOE ypaBHeHue Jlarraca u OurapMoHUYIECKOe ypaBHEHHE CO-
OTBETCTBEHHO.



2 JImaamuka, onpejaeJjsieMas oliepaTopoM L

Cucrema o

e I'panmunas Tpoiika ONpenessaeT QUHAMUYECKYIO CUCTNEMY C 2DAHUMHBLM
ynpasaenuem (JCTY) Buma

i+ Lyu =0 in 2, t>0; (12)
Uly=o = Ulg=o = 0 in J; (13)
Twu=f in A, t>0, (14)
rie () = %, a f = f(t) ecrb J -3HauHas byHKIMS BpeMeHU (2panuvHoe

ynpasaenue). Tepes u = u’ (t) M1 obozHadaem pemrenne (60any). nsa xpat-
koctn MBI HasbiBaeM (12)-(14) mpocto cucremoit o dbynxmus uf () ects ee
TPAEKTOPHSI.

Brejiem kitace riiajkux yrpaBjieHUi

M = {f € C>([0,00); )| supp f C (0,00)},

aunHysmpytonmxcsa Bosmsnu t = 0. Kak nokaszano B [5], misa kaxmoro f € A
CyIIeCTBYyeT e/MHCTBeHHOe Kiaccrndeckoe permenne u = uf (t) € C°°([0, 0o); )
(2na0kaa 6oana), ynosmersopstiomee yciaosmio uf () € Dom Ly, t > 0 u
[PEJICTABIMOE B BHUJIE

[l

W (t) = —f(t)+Lzl>/otsin [(t —s)Lz] f(s)ds, t>0.  (15)

I/IHTerI/IpOBaHI/Ie II0 9acCTdM JacT 3KBHUBaJICHTHOEC IIpeAcTaBJ/IeHUe

ul (t) = —f(t)+L7! /Ot {1 — cos [(t — s)L%]} f(s)ds = —f(t)+ul (1), t>0,
(16)
)

B KOoTOpOM cytaraemoe u} (t) € Dom L coorBercryer siementy y' € Dom L B
passoxkenun (2).
[pasas wacts B (15) mmeer cmbica miga moboro f € HE ([0,00); %),

aHHyupyonerocs Bommsn t = 0. [Ias Takux ynpasiennii oHa onpejessier
(o606miennoe) pemenne uf cucrembr (12)—(14).

e [IpuBesiem m3BecTHBIE CBOMCTBa BOJIH. B jlajbHeiiieM MbI mojiaraeM Bce
dyHKIIMN OT BpeMeHH MPOIOIKeHHBIMI Ha t < 0 Hy.em.



Beenem oneparop 3anasnbiBanust T, JedcTByONmit Ha (BbYyHKIMA OT Bpe-
menu 110 ipasuity (T,w)(t) := w(t—7). Tak kax oneparop L, onpeesaionuii
9BOJIIOIMIO CHCTEMBI (v, HE 3aBHCHT OT BPEMEHH, IMEET MECTO COOTHOIICHUE
CTAIMOHAPHOCTH

u () = (T (t) = uf (t — 1), t>0, 7>0 (17)

1 ero cJjaeJacrBue

iy =al @), SO =aft) 2 —Lf@),  t=o0 (18)

e Cucrema o cHabXKeHa CTAHJIAPTHBIMU ATPUOYTAME TEOPUH YIIPABJICHUS.
[pocrpancTso ynpasienuit (Bxonos) F = LY(R, ;%) ectb enewnee
npocmparcmeo. OHO CONEPIKUT CeMefiCTBO 3aa3 bIBAIOIINX YIPaBIeHuil ., 1=

T, %, 1> 0 u rnajxuii Kjaacc .4, KOTOPBIil yI0BIETBOPSET COOTHONIEHUIO

dP

Tl =M p=12.. (19)

fed}=

U SIBJISIETCsI JIOKAJTBHO ILUIOTHBIM B % : cooTHOmeHue { f ‘[0 1] |
Ly ([0, T]; #) cupasemyuso npu Beex T > 0.

IIpocrpancTBO JZ €CTh GHYMPEHHEE NPOCMPAHCMEO CUCTEMBL (v, BOJIHBI
(coctostms) uf (t) cyThb ero amementsl. OHO COMEPKUT PACIIHPSIONIEECS Ce-
meiicTBo docmusicumvlr mmosrcecme U7 = {ul(t)| f € A}, T > 0 u TO-
TaJIbHOE JIOCTHKUMOE MHOXKeCTBO % = span{% " | 7 > 0}. Cornacuo (19) u
(18), mmeeT MeCTO MHBAPHAHTHOCTH JOCTUXKUMBIX MHOZKECTB: BBIIIOJTHEHO

LU =", 120, LU=%. (20)

B cucreme «, orobpazkenue
W™ F — 2, DomWT™ = .4, W™f:=ul(1), >0
peaJim3yeT cooTBeTCTBHE "BXOI-cocTostHIE" .

Jlemma 2. Ilpu mobom T > 0 omobpascerue W7 samvikaemo.



1
Joxaszameavcmeo. 1. Bosbmem npoussosibHoe ¢ € . Ilpumensis L™2 B
(15), mmeenm:

(L™ 2uf (1), ¢) = —(L"2 f(1), )+ (L /0 ' sin[(r—s)L2]f(s)ds, ¢) = —I+1I.

(21)
[Tockonbky L = L*, BTOpOE cilaraeMoe UMeeT B/

1= / "(F(s), 6(s)) ds,

rne ¥(s) := L~ sin[(r — s)L2]¢ ynoenersopsier th(s) = — sin[(r — s)Lz]¢p €
J€. 3areM JIErKO OIPAB/IbIBACTCS MHTEIPUPOBAHKE 110 TACTSIM:

NI

= [(f'(s), L~V sin|(r — s)L2])¢) + (f(s), L% cos|(T — )L

[N
-
-
SN—
—_

NI

+ /OT(f(s),sin[(T —s)L2]¢)ds = (f(7), L_%QS)JV

+ /OT(f(s), sin[(7 — s)L

N

N
~
—~

w
:_/
S
SN~—

U

V2]

6)ds = (L4 £(r), 6) + / “(sin[(r — )L

[Moncrasiss 1 B Bujie nocegaeii cyMMbl B (21) 1 yIuThIBas MPOU3BOJIBHOCTD
¢, TPUXOJIUM K TIPEJICTABJICHUIO

L3 (r) = /0 “sin[(r — s)L31f(s) ds. (22)

2. B cuny (15), 3nauenue posiabl uf (T) onpejiesisiercss 3HAYCHUAME yIPaB-
JIEHUs f’0<t<T (me 3aBHCHT OT f‘t>T). [Iycrs f’[OT] — 0B Lo([0,7];¢) u

u! (1) = y B . Tpenensustii nepexon s (22) Bexer k L2y = 0. Y3 nocaen-
Hero cjejyetr y = 0.

Takum obpazom, f — 0 u W7 f — y npusogar k y = 0. CireroBaTesbHo
WT nomyckaer saMbIKaHue. O
IIpumep

e B npumepe, BLIGpaHHOM B KadecTBe HILIIOCTPAIMM, MBI uMeeM £ =
Harm (€2), npuiem coorsercreume Harm () > y < y|,, ectb Guexmus. Ilo-



9TOMY, COIVIACHO (4), crcTeMe (v MOYKHO TIPUJIATh SKBUBAJEHTHYTO (Tpa/IuIy-
OHHYI0) GOpPMY HAYATHLHO-KPAEBOI 3a/1a91

Uy — Au =10 in (Q\T) xRy; (23)
U|t:0 = ut|t:0 =0 in Q, (24)
u=f on I' x Ry, (25)

KOTOpas OMMCHIBAeT pacupocTpaHenue BoiHbl v = uf (z,t) B (), uHUIMEPO-
BAHHOW IPaHUIHBIM ncTOUHUKOM (yupasienueMm) f = f(v,t). IlpuBegem us-
BECTHBIE CBOIICTBa BOJIH.

Hng rnagkux yupasienuit knacca 4 = {f € C®(I' x Ry) | supp f C
I' x R}, anaymmpytomunxcst B6amsu ¢ = 0, cucrema (23)—(25) mmeer e/uH-
cTBennoe Knaccmaeckoe permenne u!/ € C®(Q x Ry).

IIpu Bcex 7 > 0 orobpaxkenue W7 : f |[0,T} + u/(-,7) HempepbIBHO 13
FT = Ly(I'x [0,7]) B A [17].

IIycts Q" := {x € Q| dist(z,I') < r} ectp MeTpuuecKas OKPECTHOCTD
rpaHuiel paguyca r > 0; obosnaunm T, := inf {r > 0] Q" = Q}. CoorHore-
HHC

suppu’ (-, t) C U, t>0 (26)
MMeeT MECTO U MOKA3bIBAET, YTO BOJIHbI JIBUXKYTCsI OT TPAHUIIBI BHYTPH MHO-
roobpasusi co ckopocrbio < 1. B moment t = T, BOJHBI 3al0JIHSIOT Bee 2.
B nmocneaytomem Mbl roBopuM 06 3TOM haKTe KaK O NPUuHyuUne KoHeuHocmu
cxopocmu pacnpocmpanerus 6oar (KC-puaimn). O orBedaer ruepbosmd-
HOCTH HAYaJIbHO-TPAHUIHON 3asa4du (23)—(25).

e Bresenm jocruzkumbie Muoxectsa %t = {uf(-,t)| f € .} u ormeTnm co-
orromenne %5 C %' upu s < t. Kax cieacrsue (26), umeer MeCTo BJIOKEHHE
Ut C A= {y € H|suppy C Q}. Baxnplit baxT, KOTOPBI HHTEPIPETH-
pyeTcsi Kak JIOKaslbHasi IIpUb/IMzKeHHas TPAHIYHASL YIIPABJIAEMOCTh CUCTEMBbI
@, COCTOUT B TOM, YTO ITO BJIOYKEHHE IIJIOTHO: BHIIIOJIHEHO DABEHCTBO

UT =HT, T>0 (27)

(em. [4], [19]). Tak kax  kommakTHO, pu 7 > T, u3 coorHomenus (27)
cienyer %7 = H, Tak uro cucrema (23)(25) yupasisema npu scex T > T

Jlo6asum, urto B garHOM IIpumMepe cemeiicTBo mpoekTopo P™ B ¢ na %™
HerpepwIBHO 110 7. OIHAKO, B CHCTEMe, OIMChIBaeMOil ypasHennsyMu Makcpest-
JIa, COOTBETCTBYIOIIEE CEMECTBO MOXKET MMETh OECKOHETHOMEpHBIE Pa3phl-
BbL: cM. [14]. Takum 06pazom, HEIPEPHIBHOCTD %/ T OLIPEJIEJIEHHO He SIBJISIeTCS
o0IIM (HaKTOM.
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praBJIHeMOCTL CucCTreMbl «

e Jlna abcrpaxTHOit cucreMbl o Buma (12)—(14) mocTHKUMBIE MHOMKECTBA
cyts U7 = {u/ (1) | f € M }. Onunaxo, obcyKaaTh cBoiicTBO (27) He uMeer
CMBICJIA, TIOCKOJIbKY B Heil HeT aHasiora noaupocrpancts J27. Tem He Menee,
BOIIPOC MOYKHO TIOCTaBUTH Tak. OIpeJIeJMM TOTaJIbHOE JTOCTUKIMOE MHOZKE-
ctBO % := span{Z 7| 7 > 0} u cKaxkeM, 4TO CHCTEMa (¢ yIpaBJsieMa, eCJIu
BBIIIOJIHEHO PABEHCTBO

U = (28)

Ecau (28) He numeer mecta, Mbl HasbiBaeM 7 = 7 © U nedexrabiv (HE10-
CTUKUMBIM) MOZNPOCTPAHCTBOM. Bormpoc cocrout B yeioBusx, obecrednBa-
formux BoinosHenue (28). OTBeT TAkoB.

ITycrs A ectb omepaTop B ImjibOEPTOBOM IpocTpancree # u Y C H —
nomnpocrpancTso. CKazkeM, 9T0 & eCTh UHBAPUAHMHOE NOONPOCTNPAHCINGO
oneparopa A, ecin Boimosneno Dom ANY =% u ADomANY) C 43, a
onepatop Ay : 4 — ¢, Dom Ay = Dom ANY, Agy := Ay HazoBeMm 9acThIO
ABY.

CummMeTpuydecKuii II0THO 33 JaHHBII ollepaTop A HA3BIBAETCH 6NOAHE HECa-
MOCONPANCENHBLM €CTTA OH He mMeeT (B CYIIECTBEHHOM) CAMOCOIIPSKEHHBIX
gacTeif, T.e. OTCYTCTBYIOT 9acTi Ag, /Ul KOTOPBIX BHIIOMHEHO A% = Ay,

Cucrema « onpeiesisiercst onepatopoM Lg. Kak nokasano B |5, ona ynpas-
JIsleMa, T.€. BBIIOJIHEHO (28), eciiu 1 TOJIBKO ecjin Ly BIOJTHE HECAMOCOIIPSIZKEH.

e CymecrByior nuramudeckue cucreMbl (12)—(14), B kotopsix (27) npusn-
MaeT dopmy 7 = £ upm jobdom 7 > 0. Kak mpumep, MOXKHO yHOMsi-
HyTh cucremy Ha €2 C R™, sBosonus KOTOpOii Ompejessiercsi ypaBHeHHEM
Sitnepa-Beprym uy + A*u = 0 U aJ1eKBaTHBIM TPAHUYHBIM YIIPABJICHACM
[18]. Caemyroree coryamenne NCKIOYAET TaKue CJIydad KaK TPUBUAJbHBIE.

Cormaamrenue 1. [Ipednonrazaemcs, wmo cucmema & maxosa, 4mo UMemMcs
7 >0, das Komopux evinosneno %7 O U™ # {0} npu mobwxr € > 0.

Wubivu ciioBaMu, MPEIIOIAracTes, ITO CeMefCTBO JIOCTHAKUMBIX TTO/IIPO-
CTPAHCTB %/ ™ MMeeT MOJIOKUTETbHBIE TOYKH POCTA.

B xoHKpeTHBIX cucTeMax, B KOTOPBIX Pean3yeTcs TPUBUAJIbHBIN CJIydaii,
KC-npunrun He numeer mMecta: (26) HAPyIIaAeTCs U BOJHBI PACIIPOCTPAHSIIOTCSI
¢ beckonewHO cKOpocThio. Kemm yemosue Cornamenust 1 HAPYIEHO, HAITH

3cM. KOMMEHTapuu K 9TOMy ompe/iesiennio B [9]
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JlaJIbHERIIe Pe3yaIbTaThl COXPAHSIOT CUJIY, HO CTAHOBITCS TPUBUAJILHBIMU.
B ocrasmieiics yactu paboThl COTJIAIIEHUE CUUTACTCS IPUHITHIM.
Cucrema [
e PaccMmorpuM gumHAMHUYECKYIO cuCTeMy [ BHIA
U4 Lv =1 in 2, t>0; (29)
V)= = Ut=0 = 0 in 2, (30)

YIPABIIEMYIO UCTMOYHUKOM 1), SIBJIIAIOMNAMCS ¢ -3HAIHON (DYHKIel BpemMe-
1. Yepes v = v¥(t) obosnauum perenne. s T1ajiKuX HCTOYHUKOB K/Iacca

= {w e C*([0, 00) | supp ¢ C (0, oo)}

AHHYJIMDYIOIIUXCA BOM3n t = 07 penienne € JMHCTBEHHO, ABJIAE€TCA KJlaCCH-
YECKUM, IJIaIKHUM, IIPpEACTABJ/IAETCA B BUIE

v¥(t) = L%/Ot sin[(t — s)L2|(s)ds,  t>=0 (31)

u npunajieskutr Dom L npu jirobom ¢. B cuny (7), nociennee Bieder
M%) =0, t>0. (32)

[Ipasas qactb B (31) umeer cmbicst npu ¢ € LY°([0,00); ) u paccmaTpu-
BaeTcst Kak obobmennoe pemenne. Ecmm ¢ € HE ([0, 00); #), To nnrerpu-
poBanue 110 YactaMm B (31) maer

W) = L /Ot {11 — cos|(t — S)L%]} d(s)ds, t>0.

B stom ciyuae seimosneno v¥(t) € Dom L u coornomenue (32) coxpanser
CUTY.

e Kak uwacTHbIl cay4ail, MBI paccMaTpuBaeM MIHOBEHHBIE MCTOYHUKH 1) =
d(t)y, tme y € A u 6(+) ectb nenbra-dyHKIws Jlupaka, 1 cCOOTBETCTBYIOIIHE
pemenna v = v (t) =: v¥(t) cucremb
v+ Lv=20 in 7, t>0; (33)
’U|t:0 = O, 1‘)|t:0 =Yy in J7. (34)
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PGH_IGHI/IH npeacTaBUMbl B BUJIE
W(t) = L 3[sin(t L2)]y, ¢ >0 (35)

O6obuiennoe pemenne v¥ KOPpeKTHO ONpeaeIeHo s joboro y € . Ecam
1
y € Dom L2, to v¥(t) € Dom L u cBoiictBo (32) coxpaHsier cuity s v¥:

Dil(t) =0, t3>0. (36)

e OOcyIuM CBA3U MEXKJIy CUCTEMaMu « U [3.

Jlemma 3. Ilpu mobom T > 0 cnpasedauso coommowerue

(W (T), y) = —/0 (F(1).Tot"(T — £))dt,  fe.#, ycDomL. (37)

ﬂomasame,/wcmeo. B C1y BbI60pa yiipaBJjieHHUd U I'JIaJKOCTH COOTBETCTBYIO-
X TpaeKTOpI/IfI Uf n Uy, JIETKO OIIPpaBAbIBaIOTCA CJIEIYIOIINE BbIKJIAJIKH:

= /OT(uf(t) +Liud (8),08(T — 1)) dt = /OT(uf(t), V(T — 1)) dt+

+ /OT(L;;uf(t), V(T — 1)) dt = (i (£), v (T — ) + (uf (t),0"(T — t))]|:—5 +
+ /OT(uf(t),i)y(T — 1)) dt + /OT(L;;uf(t),vy(T —t))dt =

LY (W (T, y) +/OT(uf(t),i}y(T—t))dt+/OT(L;;uf(t),vy(T—t))dt =
© (! (T, ) + / ( (8), (T — 1) + Lo (T — 1)) di+

+ /0 T[(rluf (1), Tov?(T — 1)) — (Dou! (£), T (T — t))] dt =

(14), (33), (36)

(u! (T), ) + / (f(t), Tae"(T — 1)) dt

(MbI TakzKe ucrnob3oBat LivY = LvY, cieytomee u3 L C Lfy). Conocrasiiss
HAYAJI0 U KOHeIl, IpuxoanM K (37). O
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Erie o/iHa CBA3L ME¥K/Iy TPAGKTOPUsIME CHCTEM ( U 3 COCTOUT B CJIeJLy-
romeM. Briosime anajornynbie BLIKJIAAKKM, HAYUMHAIOIMIMECH ¢ pasencTsa 0 =
T, .. .
Jy (@ (t) + Liuf (t),v¥(T — t)) dt, upuBOAAT K COOTHONICHUIO

/0 (uf (1), (T — 1)) dt = —/0 (F(), D" (T — ) dt, fe ., beN
(38)

e Brisenem onHo crienerBue coorromernst (38). CkaykeM, YTO UCTOYHUK 1)
JeiicTByer u3 nojanpoctpancTsa ¥ C A, ecim () € & BBIIOJHEHO NMPH
BCex t.

dukcupyeM HOIOKUTEIbHOE 0 < T'; mycTsb 1 neiictyer u3 % © U° *.
Tax:ke nycrs [ € %, N A ectb 3ana3abiBaioniee yipasienue. [Ipu Takom
BbIGODE, cormacho (17) Mbr umeem u? (t) € % ° npu eex 0 < ¢ < T, uTo BejeT
K (u/(t), (T —1t)) =0, 0<t<T.3naunT, uATerpa ciesa B (38) mcaesaet
U MBI [IOJIy9aeM

/T_ (f(t), Dov™(T —t)) dt = /Oa(f(T—t),ngw(t))dt:O.

B pesyabrare, ncmoab3yst TPOU3BOJBHOCTE [, 3aKJ/IIOYaeM, 9TO JJIs JIF0OOrO
IJIAJIKOTO 1), JTeHCTBYOmero u3 % & %/°, BBINOJIHEHO COOTHOIIEHHUE

Lov?(t) = 0, 0<t<o. (39)

[Tozke oHO OYIET UCITOIB30BAHO W UHTEPIPETUPOBAHO.
[Tockonbky T' > 0 TPOU3BOJILHO, MOCJIE/IHEE COOTHOIIEHNE B IIPEZKHEM BU-
JIe BEPHO I CHCTeMBI [3: ecyin v pefictsyer u3 % © %, 1o (39) BBIIOIHEHO.
Brostne anasornano, mist cucremsr (33)—(34), u3 (37) upu yciaoBun y €

W © % °| N Dom L BBIBOJUTCS COOTHOIIICHUE

Fov¥(t) =0, 0<t<o. (40)

3 Aocrpakthbiii KC-mrpuHIun

Kak yxke ormMedasnoch, 06CyKaaTh CBOCTBO (26) s abCTPaKTHBIX CHCTEM
o u [ He UMeeT CMBIC/IA: B HUX HET MHOTOOOpasuii, obyracteit u rpanuir. Tem

4Hanomuum o Corstamennu 1!
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HE MeHee, IPUMeYATeTbHbIN (haKT COCTOUT B TOM, UTO &JIEKBATHBIN aHAJIOT
KC-npunnuia 1yt HUX BCe Ke CyIIecTBYeT.

e Cnauana obparumcs K [Ipumepy n nogcamm, Kakoit UMEHHO (haKT, OTHOCS-
muiics Kk KC-tipuniuiy, Mbl coOupaeMcst yCMOTPETb B aOCTPAKTHOM CJIydae.
CoorBercTByIommas cucrema (3 ecThb

vy — Av =1 in (Q\T) xRy;
U’t:o = vt’t:o =0 in €,
v=0 on T x R,

Qukcupyem 0 < 0 < 7 < T,. Ilycts UCTOYHUK ) JI€HCTBYET W3 IMOMIIPO-
crpancTBa ST S H7, T.e. BbinonHeHO Supp Y (-, t) = Q7 \ Q7, ¢t > 0. Takum
obpaszoM, uCTOYHUK JoKaam3oBan B "cioe" Q7 \ Q7. orgesienHOM OT rpa-
rumpl [ paccrogrmem o, a )\ Q7 ecTh HelycToe OTKDPBITOe MHOMKECTBO. B
3TOM cJIydae BosHa vV pacipocTpansgercs B 00 CTOPOHEI OT CJIOSI CO CKOPO-
ctoio 1. B cuy mocnennero, npu ¢t > 0 oHa JIOKaIM30BaHa B OOJIBITIEM CJIOE
Q7 Q771 B TepMuHAaxX MOAIPOCTPAHCTE 3TO MOYKET ObITh 3AIIMCAHO B BUJIE
Vv (t) € AT S 7t Vimenno 3T0 cBOMCTBO UMeeT abCTPAKTHBII aHAIOr B
cucreme [3.

Puc. 1: Domains

e IIpusejem aToT anaJor. s yro6crsa (hopMyIUPOBOK npuMeM %/
{0} u U= LY(Ry; ).

<o *
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Puc. 2: Cones

Teopema 1. [lycmv 0 < 0 < T u nycms ucmounuk ¥ € ¥ dedicmseyem u3
nodnpocmparncmea % S °. Toeda npu ecext > 0 6bINOAHEHO COOMHOWEHUE

wW(t)eUTHH S U,

Loxazameavecmeo. JoKa3aTeabCTBO IPOBOINTCS B HECKOJILKO IITATOB.
IIar 1. 3aech BBIBOAUTCS BCIIOMOraTe/IbHOE COOTHOIIeHne. Yepes

Cor={n) eRL| 0K <t s—t+n<ESs+t—1n}

0003HaYAETCA XapaKTePUCTUIECKUI KOHYC YPaBHEHUsI CTPYHBI Uy — Ugs = 0.

Jlemma 4. Ilycmov f € M u nycmov ) € N ecmv ynpasierue U UCmMovHUK
6 cucmemaxr « u 3. Cnpasediuso coommouterue

(v (s), 0/ (£)) = —» / (0¥ (), F(m) + (&), ()] dedn, 0<t<s.

2
(41

)
Joxazamenvcmeo. s dyrkmuu Brarosemenckoro b(s,t) 1= (v¥(s), u’ (t))
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MeeM:

bu(s,£) = bus(5,1) = (v¥(5), 8/ (1)) = (i (s), ! (1)) "

= —(v ()Lguf(t) (va<s> w(s)’uf(t))byLCL*
= — (" (s), Liu! (1)) + (L (s), ! (1)) — (6(s), u/ (1)) &

— (Ty0*(s), Tau! (1)) = (Do (s), Tyw! (8)) — ((s), ! (1)) "0
= —(Ta0¥(s), f(1) — ((s),u! (t) =t F(s,t)  in Ry xRy,

B 1o ke Bpewms, yciaosust (30) npusogsT K ganubiv Ko b‘ —o = bt| —o = 0

) +
)

Ha ocHoBammu [s — t,s +t] C R, komyca Cs,+. Unrerpupya no Hamambepy,
[TOJTy YaeM

1
bsit) = = [ Flem)dsan,
q10 ecTh (41). O

Tenepn Bribepem (s,t) ¢ yerosnem Cy; C Cg o Tlo ribopy, B Komyce C
HMEEM:

(39)

Lo0” ()|, = 0 (42)

|§<a

u (¢(€),u/(n)) = 0, npuuem nocnemuee BuioOMHEHO BBUY Ul () € UM C
UT C U°, B 1o Bpema Kak (&) oproronanen %°. Taxum obpasom, 06a
cJlaraeMbIX 1oJ1 mHTerpasoM (41) aHHYJIMPYIOTCS B KOHYCEe M MBI IOJIyda-
em (uf(t),v¥(s)) = 0. [lockombKy f € .4 TPOU3BOIBHO, TIOCTIE/HEE PABEH-
cTBO o3Ha4aet, uTo BbinoaHeno v¥(s) L%t Coxpansis s GUKCHPOBAHHBIM 1
Bapbupyst t € [0,0 — s] (noka (s,t) € Cz ¢ mMeeT MecTO), Mbl IOTydaeM
v¥(s) L% 7. Menss s B jonycrumonm cermente [0, ], mpuxozum K

() €T OTWTE,  0<s<

ro | Q

(43)
ITTar 2. B npoBejieHHBIX BbIIIe PACCMOTPEHHSIX PACITUPUTH cerMenT 110 [0, o]

HEBO3MOXKHO, T.K. Ipu § < ¢ ocHoBanue [s — t, s + t] kouyca C} ; He monagaer
B R, . [loaTroMy MBI 3aMeHsIEM KOHYC Ha

ClLo={(EmeR|0KESS, E—s+E<n< —E+s+1}.
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Durcupyem (s,t) Tak, arodsr C?, C C% . IloBTOpsist Te Ke BBITUCICHNSI,
’ 272
qto n B [lare 1, Mmb1 mpujgem K 3agade Komm s ypaBHEHUsS CTPYHDBI

btt—bSSZF(S,t), O<S<t,
bl =bileo 20, 120

¢ Temu ke b u F', uro u Beime. Uarerpupyd no /lamambepy, moaydnm

1
V! () = =5 [ [Ca©) £) + (). /)] den, 0<s <t
B cuny (42) u oproronamsnoctu (uf(n),1(€)) = 0 upu Beex £ < o, cia-
raeMble 10jl MHTEerpajioM ucuesaior u Mbl nojydaem (u’ (¢),v%(s)) = 0 gis

(s,t) € C% ». Coxpanss sHadenns § <t < o u yseaumausag s ot 0 10 0 — t,
272

saksodaeM, uto (uf(t),v¥ (o —t)) = 0 sumoseno npu 0 < t < 0. Tak Kak
f € .# npoussonbho, noceuee BejetT K vY(t) L% Te. K

W) e U, % <t<o. (44)
Comnocrasiss (43) ¢ (44), Mbl omydaeMm
wWtyeUowut, 0<t<o (45)

U JIOKa3bIBaeM IIEPBYIO YaCTh TEOPEMbI I IVIAJKUX 1). ANIPOKCHUMUPY
¥ € VU TIajKuMu UCTOYHUKAMU ¥ UCIOJIb3YS HENPEPBIBHOCTH COOTBETCTBHS
zﬁ![O’ g v¥(t), moyuaeM yTBepZIeHIe TIepBoii JacTH.

Ocraercst fokaszaTh cooTHomenne vV (t) € % 7.
Tar 3. [ycrs I' :  — A, I'y := vY(t) orobpazkenue, pasperiaroriee
sazady (33)—(34). Cormacno (35) mbl mmeem I = L7z sin[tL2], Tak uro I
€CTb OTPAHUYICHHBI CAMOCOIPSIYKEHHBINH OI1epaTop B ¢ .

Jlemma 5. Cnpasedauco coommnowerue
I'Y™ C U+, >0, t>0. (46)

Jloxazameavcmeso. Bospmem f € .4 u 6 > 0. B cuy (45), g ucrounuka
W € U, neiictBytomero uz % © % ™, poimosnneno

(W +0—-1),u/(t)=0, 0<t<O+T.
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[Tostaras t = 7, MBI UMeeM:

Ilo IIPOU3BOJIbHOCTU @D, IIocjiegaee BeaeT K
L Zsin|(0 — $)L2|u/ (1) LZ o %™,  0<s <6,

aro pasnocunsno L2 sin[(0 — s)Lz|uf (1) € %70, Tonaras s = Ouf=t,
noygaem ['u/(7) C 7. Tlockonbky Boambl ul/(T) mioTHB B %7, Mbl
npuxoauM K (46). ]

[Iycrb ucrounuk 1 takos, uto ¢ (t) € %™ BuimoaHeHo npu Beex ¢ > 0.
[Ipencrapissa

v (1) (3——1)/0 (I 4(s)] ds, t >0,

(46)
u yuntbiBag 175 (s) € 7T mna Beex s < i, sakmouaem, uro vV (t) €
%/ "t BBINIOJIHAETCS M, TAKIM 00pa30M, 3aBepIIaeM JI0Ka3aTe/IbCTBO 1eopeMbl
1. O

KimoueBoe HabJojIeHIe, YTO CKAJISIPHbIE TPOU3BEIEHUSA BOJIH YIOBIETBO-
pstor ypasHenuio crpyubl [(1b = F | npunajexxur A.C.Baroserenckomy.
Vmenno oHO 1103BOINIIO paspaboraTh Bepcuio BC-meToma jiist perenus -
HaMU9IecKnX obparHbix 3azad |1]. IIpocToii, HO MPOXYKTUBHBL TpHEM, CO-
CTOAIIAI B IIepeMeHe poJieil IIPOCTPAHCTBEHHON NIepeMeHHOH S U BpeMeHu
t (c samenoit xomyca Cy; na konyc C,) — Toxe nzobperenne Ajekcanjipa
Cepreesuua [10, 12, 13].

4 BoJiHOBbIE YaCTU CUCTEM U OIIePaTOPOB

Cucremsl 4 u By

[ HaHOMHI/IM, 9TO 6 €CThb CuCTeMa BHUJa

v+ Lv=1 in 7, t>0;

'U|t:() = i}|t:0 =0 in
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C TpaeKTopuein

W(t):L—%/O sin[(t — s)Lz](s)ds, ¢ > 0.

Kak gacTHbIil cydail, paccMaTpuBaloTcst, HCTOYHUKE ¥ = 0(t)y m cooTBeT-
crBytomue Tpaekropun v = v%¥ =: v¥ of the system

v+ Lv=20 in A, t>0;
U|t:0:()7 i}]tzozy in 2,

JUISE KOTOPBIX CIIPABEJJIMBO TIPEJICTABIEHNE
W(t) = L 3 sin[(t — s)L3]y,  t> 0.
e Hanommuwm paznoxenue S = % ® 9, rae % = span {%*| t > 0}.

Jlemma 6. Ecau (t) € 9 (Y(t) € %) swnoanerno npu ecex t > 0, mo
WW(t) € 9 (WW(t) € U) cnpasedauco daa ecex t > 0. Ecau evinoineo y €
D (ye), movi(t)e P (W(t) € %) cnpasedauso npu scex t > 0.

Jlokasameavcmso. 1. Ilycrs (t) € 2 N At > 0. Tak kax ¢(t) L% npu
t > 0, To u3 coornomenns (38) erko cieyer [yv| =0 = 0. CrienoBaresbho,
B ey (41) mer mveem (uf (t),v¥(s)) = 0 npm Beex s, t. [losromy vV (s) L%
BBIIIOJTHEHO TIPH BeeX § > (. ANITPOKCUMUDPYSt, IIPH HEOOXOAUMOCTH, HCTOIHUK
Y € P ucrounnkamu u3 A, caumeM orpanndenue Y(t) € I NN .

Jlerko mpoBepuTH, UTO TO YK€ CaMOe BEPHO U JIsi HCTOYHUKOB 1 = O(1)y
cy € Z: mpl umeeM VY (t) € P s Beex t > 0.

2. Ilycrs 9(t) € %, t > 0. Beibepem mponssosibho y € 4. B cuny (31)
nMeeM

D=

@0 = [ (1 bl =LY 6(5).) ds =

_ /Ot (w(s). L~ sinf(t — 5) 24 y) ds = /Ot (W(s), V(¢ — ) ds =
=0, t>0,

IpUYeM [OCIEHEe PABEHCTBO CIPABEINBO B CHILY cooTHoInenus vY(t) € 2,
nokazanuoro Beie. Takum obpazom, Mbl npuxoaum K v¥ (1) Ly, T.e. k v¥(t) €

v, t>D0. O
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e B pesyinbrare MbI 3aK/04aeM, 9TO cucTeMa [ SBOJIOIUMOHUDPYET JIMOO B
LOJIIIPOCTPAHCTBE &, OO0 B IOAIIPOCTPAHCTBE %/ , — B 3aBUCUMOCTH OT UCTOY-
HUKa ), IeHCTBYIOIMEro n3 % wim u3 %/ COOTBETCTBEHHO. DTO O3HAYAET, UTO
cucreMa [3 pacnajiaercsi Ha J[Be He3aBUCHMbIe (HEB3aMMOJIEHCTBYIOIINE) CH-
cTeMbl Sg U B9, IpUYeM BTOpasl CUCTeMa AeJIUT o0Iee IIPOCTPAHCTBO 9BOJIIO-
umn ¢ JICTY «. Ecin a ynpasisiema, T.e. Boiosneno % = €, 1o 9 = {0}
u cucreMma 35 orcyrersyer °. HamoMHuM, 9TO I0Cje/Hee nMeeT MECTO TOIIa
U TOJIBKO TOTJIa, KOrya oreparop Lo, KOTOPBIi OIpe e isieT Bce paccMaTpuBa-
eMble CUCTEMBbI, SBJISETCs BIIOJIHE HeCaMoconpsizkeHHbIM [5]. MokHO cka3aTh,
970 cucremMa [l eCTh 4acTh CUCTeMbI (3, He ylpasisemasi (He Haboaemasnt )
¢ rpaHunbl. Takas KapTHHa HAXOIUTCs B IOJHOM COIJIACHU C ODIIeil Teopueii
cucreM: cM. [16], I'masa 10.

IIpocTpancTBeHHass U BOJIHOBAas 4YacTH L

o ODuxkcupyem T > 0 u IpeAIIONIOKNAM, ITO OIIEPATOP L IMeeT 9acThb B MOJI-

upoctpancrse % 1. Haromim: 910 o3navaert, 1to Boinoaens %77 N Dom L
T u L§|%T N Dom L] C #7. Yupommas o603HaueHUsT, 0003HAUNM FacTh
Li 7+ 1epes LT, Dra wacth ecTh 3aMbIKaeMmblil oneparop B 7T u as ee

3aMbBIKAHISA Mbl COXPAHUM O0DO3HATEHUE LST. Bynem rosoputh, 9TO LST €CThb
npocmpancmeennas wacmo orneparopa L B YT,

B TO 2Ke€ BpeMd, JInHeaJI I'VIaJIKUX BOJIH %T IIJIOTEH B W 1 MHBapUaHTEH:
soimosineno Ly T = 7T (em. (20)). TlosTomy oneparop

" T T, Dom LI =T, LTy =Ly

KOPPEKTHO OIpeJe/IeH, [IOTHO 3aJaH i 3aMbikaem B %1, Jlns ero saMbi-
KaHWs COXpaHUM obosHavenne L. n masoseM 60amo0601 wacmuio onepatopa
LisB UT. Kak CJIeJlyeT U3 ee OIpeJIe/IeHNs, BOJHOBAas YacTb 00s3aTe/bHO
CYHIECTBYET.

Coornorenne LSZ C L' ouesmmno, HO MOXKHO CKazaTh GOJbIIE O CO-
OTHOIICHUN MKy IPOCTPAHCTBEHHON M BOJIHOBOH udactamu Lj. B ciremy-
IOIIEll JIeMMe T10JT U30MOPPHUIMOM NOHUMAGEMCHA UHBEKTUBHBIN, CIOPbEKTHB-
HBIIi, OTPAHUYECHHBII U OTPaHUYeHHO 0OpaTuMBbIil orteparop. Hamomuum 060-
snavenne = Ker Ly u nonokum F1 = Ly([0,T); # ) u AT =
{Flon| £ €2},

5JroT crywait peammsyercs B [Ipumepe.
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MmMma 7. ITycmwv onepamo UMEE “aACTD . Hyemow ecmov Uu30-
Jlemma 7. IT L; Lyt I wT

moppusm us FL na UT u nyemv svnoaneno K N UT = {0}. Toz0a npo-
cmpancmeennan u 60anocaa wacmu cosnadarom: LT = LT

Jlokazameavemeo. Beibepem napy (y, LiTy) = (y, Liy) € graph L. B cuy
(19) u (20), MOKHO yKazaTh IIOCICIOBATEJLHOCTL yUpaBaeHuit g, € A7,
Taxux, aro Bemoseno ud (T) — Liy B %T. Tlo uzomopduoctn W7 sra mo-
cJIeI0BaTeIbHOCTD 06A3aTe/IbHO CXOAUTCA: g, — g B.Z L. [Ipeacrapiss eaun-
CTBEHHBIM OOPA3OM G = —frn, § = —f ¢ fn € AT, MBI UMEEM CXOIUMOCTE
fo — fin.ZT, u3xoropoii cienyer ul™(T) — uf (T) B %T. Hapsmy ¢ mocres-
Heit cxopumoctbio, umeem Liul™ (T) B i (T) = w(T) = uon (T) — Liy.
B pesysbrare 3axmouaem, aro sumoseno (uf (T), Lyy) € graph LT

B 1o xe Bpewms, us L(’SZ C L(’ST caeyer graph Lgf C graph LE‘)T. BHa-
qut, 06e mape (y, Liy) n (u/(T), Liy) npunannexar graph L' . Tlocemmee
sener K (y — u/(T),0) € graph LT me. mmeem y — u/(T) € . Beuny
HNUT = {0} mp1 npuxopum x y = w/(T) u 3akmouaem, uto rpaduku
IIPOCTPAHCTBEHHOM 1 BOJIHOBOII dacTeil oneparopa L B uT COBIIQIAIOT, T.€.
nomyaaem LiT = Lyl [

o IIpemnonoxkenue 06 msomopduocrn W71 BechbMa orpaHmYnTeNILHO: YIKe
B Ilpumepe ono me BbINONHsETCd. [IpocMaTpuBas J10Ka3aTeIbCTBO JIEMMbI
7, MOYXKHO BUJIETH, UTO 3TO IPEJIIOJIOKEHNE MOXKHO OCJIabUTh CJIEJYIONUM
obpazomM. /loctaTodHo OTPedOBATh, YTOOBI CXOANMOCTD ITOC/IEI0BATETHHOCTH
Liu(T) Bnexma cxomamocts u/n(T) 8 %7, B TO BpeMsi KakK CXOIIMOCTD f,
B . Z1 obgaszarenpHoil ne gpagercs. MoyKHO ITOKA3aTh, UTO TAKOE UMEET MECTO
B [Ipumepe nipu T' < T,

B 5T0it CBSA3U CTOMT HAIIOMHUTD, uTO cxopumocth Liu/ (T') Beera Biever
cxomumocTsb craraembix u)" (T) € Dom L 8 npeacrasierun (16). Do orpa-
Kaer obnmit dakt: B (3), ecau MOCIeT0BATETLHOCTD LY, CXOAUTCS, TO U
y, = L™ 'L}y, Toxe cxomurcs.

KonTnpumepsr ¢ LST +# L(ﬁg He M3BECTHBI W HAJEXKJa Ha PABEHCTBO Oe3
JIOTIOTHUTEJILHBIX TIPE/IIOJI0KEHN TI0Ka OCTaeTCsl.

ITonuora BOMIH

e B cucreme [ MoxkHO BBecTu oToOpazkenue "Bxoji—coctosinue' 110 mpaBuiy
Thp = o¥(t), t > 0 qa ¢ € LY(R,; ) 5. Bribepem noapocTpancTso

50mn0 ucnosayercsa |3, 8] u naswpBaeTcs usomonuert
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o/ C A w obosnauum vepes W, = LY°(R,;&/) mpocTpaHCTBO UCTOUHMU-
KOB, JeficTByiomux n3 /. B srux obozHauennsx yTBepK/ieHne TeopeMbl 1
IPUHIMAET BHL

TVorege CUTT O U, O<o<rT, t>0.

B 1o xe Bpems, B [IpumMepe, Kak 1 BO MHOTUX JIDYTUX PUIOKEHUIX, OKa3bI-
BaETCs CIIPABEIUBBIM 00JIe CHJIbHBIN PE3Y/IbTaT: UMEeT MECTO He BJIOYKEHHUE,
a paBeHcTBo. OHO MHTEpPIPETUPYETCHd KaK IMOJHOTA BOJH B 00JIACTAX, KOTO-
pble OHU 3aI0JHAIOT. B abcTpakTHOM ciiydae, 10 aHAJIOTUU C TPUIOKEHUSIMU
MOYKHO TOBOPUTD O ITOJIHOTE BOJIH B 3aIIOJTHAEMBIX MTOJIITPOCTpancTBax. Huke
MBI TIPEJICTABIISIEM PE3YIbTAT TAKOrO0 THUIA, TOJYyUIEeHHBII PHU JTOTOJTHATE b
HBIX IIPEINOJIOKEHNSIX.

e Ilycre P¢ ecth mpoekTop B % Ha % €; 0603HAYIIM P{ :=1— P¢. Ilpeamo-
JIOZKVIM, 9TO CYIIECTBYET HelPEPhIBHOE (110 HOpMe) ceMeificTBO OrpaHnIeHHbIX
oniepatopoB N¢, 0 < € < €, TaKoe, YTO BBIIIOJTHEHO

N°=1, NyeDomlL, PINy=Py,  yeDomL,  (47)

OtmeTnM, 4To B cooTBeTcTBHE ¢ (47) BhimosHeno y — Ny € % <.

B IIpumepe, B kKauecTBe N MOXKHO B34Th OIlepaTOp YMHOYKEHUSA Ha TJ1a1-
Kyt QyHKIUIO X¢, yiaosiaerBopsitomryio yeaobusm 0 < x¢(+) < 1, XE‘ Qe =
1, XG‘F = 0. [Tapamerp €, BbIOMpaeTcd TakK, YTOOLI BHYTPEHHssI I'DaHUIA
obnactu 2 6pL1a Ttaskoit. [lo anamoruu ¢ x¢ Mbl HazbiBaeM N nedmpani-
3aMmopom.

JIlemma 8. IIycmwv onepamop Lo maxos, wmo netimpasuzamopv. N¢, 0 <
€ < €, cywecmeyrom u nycmo L umeem npocmpancmeennyro wacms LS 6
kaotcdom nodnpocmparcmee % €. Tozda cnpasediuso coommowerue

T =%,  7>0,t>0. (48)

Jlokasameavcmso.  (nabpocox) Pukcupyem 0 < 7 < T u GyjieM BbIOUPATDH
yipasienns f € .#7. Coorsercrsyiomue somusl uf (T) 06pasyioT miIoTHOE
MHOZKeCTBO B % T B CUILy OIpeie/IeHus oceHero. Kak 0UeBIIHo, IPOeK T
¢ u/ (T) oTHBI B UT S <. T'py6o roBopst, Wiest IPOBOUMOTO JOKA3ATE b
CTBa COCTOUT B TOM, uToObI npesicTasuth uf (1) Kak BOJIHY, TPOM3BEICHHYTO
aJIeKBATHBIM HCTOYHIKOM F, IefCTBYIONIAM U3 IOAIPOCTPAHCTBA %/ 7.
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Bosma uf, ynosnersopstiomast (12)—(14), TakzKe onpejiessieTcs: CHCTeMOit

i+ Liu = 6uf (1) + ou' (1), T<t<T;
u‘t*r - u|t:'r - O’
T = f, r<t<T,

rie § = 0(t) sro nenpra-byukiums Jupaka.
Bass e < 7 u npejcraiag uf = Neul +[uf — Nu’], mbt nostydanm cucremy
[ (co CBUHYTBIM BpeMEHEM) BHJIA

New! + L N“u! = F*, T<t<T, (49)
New!| _ = Newl|_ =0 (50)

(ucnosbzosano LiNu/ = LNu/) ¢ ucrounukom

Fe(t) == — {% + LS] (uf (t) — Nu/ () + 0u’ (1) + 5uf(7'),

rie uf (1) — Neuf (t) € Dom L N Z/¢. B cumy mOC/I€/HEro COOTHOMEHMST, MBI
umeem Li[uf (t) — Nu/ ()] = Li[uf (t) — Nu/ (t)] € %< € %7, tne L ecro
IpoOCTpaHCTBeHHas qacTh L B % €. B To we spems, uf (7) u 4/ (1) npmmae-
xar % 7. Urak, ncrounnk F B caMoM Jiesie JIeiCTBYeT U3 MOJIPOCTPAHCTBA
/T, upudeM ero Bpems Jieiicrusi pasuo T — T.

B cuny nocneauero, casurast Bpemst t — t — 7 B (49)—(50) u npumeHss
Teopemy 1, Mbl BuuM, 4TO UcTOYHUK F¢ npoussogut sosny v (T — 1) =
Neu/(T). Korna f sapbupyercsa B 4T, npoexuun PS¢ Nu/(T) = PSu/(T)
TAKIX BOJIH COCTABJISIOT HOMHYIO cucteMy B % T © /<. Yerpewmnsis € — 0, B
cuity (47) 9TO CymIecTByeT MOC/IeI0BATEIbHOCTh HCTOUHUKOB { F}, KoTopble
neitcTByioT u3 % T obecneunsaior cxogammoctb v (T —7) — uf(T). osTomy

TaKue UCTOYHUKHU MPOU3BOAAT HAOOp BOJIH, IIOTHLIE B % T,

Tax kak 7 u T TPOW3BOJIBHBI, HETPY/IHO BHUETH, YTO yCTAHOBJIEHHBIN
Bhile akT sKBuBajeHTeH paBeHCTBY (48). HTobb! ONMpasarTh hopMaIbHbIe
omeparuu ¢ 6 1 0, UX CJIeAyeT allIPOKCUMUPOBATD a/[eKBATHBIMHA [VIAIKIMU
peryssipusausaMu: M. Hanpumep [5]. O

W nest ncriosib3oBaTh HefTpaJm3aTOPhl 3auMCcTBOBaHa u3 [Ipumepa, e ux
CyIIeCTBOBaHUE TapaHTUPOBAHO U He TPedyeT JMOMOJTHUTETBHBIX IIPEJIITOI0KE-
HUIA.

24



Emie omHo abcTpakTHOE CBOCTBO

B1eck obobimaercs eme oauH ¢akt, nMmeromuii Mmecto B [Ipumepe. B Hem on
BBITJISIAT BeChbMa CHEIU@MPUIHO, HO, KAK BBISICHSIETCsI, UMeeT abCTPaKTHBII
AHAJIOL.

Hamomunm, gro pacimpenune mo @puapuxcy L = —A MHUHEMAJILHOIO
Jlanmenana onpeneneno sa Dom L = H2(Q) N H(Q). Hyers y € Dom L u
suppy C Q\ Q7 st HEKOTOPOro MOJIOKUTEJIBHOTO T < T, TaK 4TO SUpp Y
oTzieseH oT rpanunpl I' paccroganem 7. B sToM ciydae Mbl mveeMm Y|, =

8yy‘r = 0 u, cienosarensho, y € HZ(2), T.e. Bomonneno y € Dom L.

Jlemma 9. [lycmo 7 > 0 makoso, “wmo U SU™ # {0} u evnoaneno y €
(% © 7] NDom L. Tozda cnpasediuso coomuowenue y € Dom Ly.

7)
/loxazameavcmeo. Hanomnum, aro y € Kerl';. Ilycrs T' > 7. B cuny y €

Dom L u (40) MbI nmeem ngy|0<t<T = 0. Ilockomnpky y € Dom L, BbIIOJIHEHO

0Y(t) @ cos[tL%] y=L" cos[tL%] Ly, t>0.
Orcroma umeem 0¥ € C([0,T]; Dom L), tae obracts Dom L nHajenena HOp-
moit L-rpacduka [11]. B cuny coorsercrByromieil HenpepsiBHocTH 'y 9, MBI
[IOJTy YaeM F2®y|t:+0 = ['yy = 0. Takum obpazom, y € KerI'; N Ker 'y Te.

(M)
y € Dom L. O

Hemuoro dunocodpun

XapakTep U IeJId JTaHHON paboThl MOXKHO ITPOKOMMEHTHPOBATD CJIEJLYIOIIAM
obpazoMm. Kak mHam mpejicraBisiercs, paboTas B KOHKPETHBIX 00JIacTAX Ma-
TeMaTnvIeckoil dbusuku (Bpoje 00pATHBIX 3a/a4), BCE YK€ IOJIE3HO YIEJITh
BanManne abcrpakiusMm. Corremcs Ha KiraccnkoB. Corytacio Ban gep Bap-
neny: "Makcuma, KoTopoii ciegoBaia dmmu Herep Ha mporskeHun ee pa-
60TBI, MOZKET ObITH cHOPMYIMPOBAHA CJIETYIONIUM 00Pa30M: JIIo0as B3aMMO-
CBSA3b MEXKJy YncaaMu, (DYHKIUSIMI W OIEePAlUgMU CTAHOBUTCA IIPO3pad-
HO¥, TojIatomeiics 0000IEeHNI0 U TTPOYKTUBHON TOJIBKO IOCJE TOTO, KakK
OHA OKAa3bIBAETCH OTJIEJIEHA OT KaKUX-TU00 KOHKPETHBIX OOBEKTOB U CBEJICHA
K OOIIEe3HAYNMbBIM HOHATHAM " .

Cucrembl a 1  cyTh 00IIe3HaINMBbIe TOHATHA. MBI cTapaeMcst ¢1eI0BaTh
3TO MaKCuMme.
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