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YIK 519.6

© E.I. IIuwmxkees, A.I. Yenuyos

BOJIMOHOBCKUNIN KOMIIAKTU®UNKATOP U EI'O IPUMEHEHUE
JIJII NCCJEJOBAHUS ABCTPAKTHOW 3AJJAYN O JOCTUXKUMOCTU!

PaccmarpuBaercst aberpakTHas 3ajada O JOCTHXKUMOCTH C OPAHHYEHUSIME ACHMITOTHYECKOTO XapaKTepa.
OrpaHuyennss TAKOrO THUIA MOTYT BO3HUKATL MPU OCIA0JECHUN CTAHJAPTHBIX (B TEOPUU YIPABIEHUS) Orpa-
HUYEHUH, TAKUX KaK (PA30BHIE OIPAHUYEHHUs, KPDAEBBIE U MTPOMEKYTOUHBIE YCIOBHUS, KOTOPBIM TOJIYKHBI Y0~
BJIETBOPSITH TPAEKTOPWH cucTeMbl. OIHAKO OPAHUYEHUS] ACUMITOTHIECKOTO XAPAKTEPa MOTYT BO3HUKATH
¥ M3HAYATLHO, XaPAKTEPU3ysl TEHICHIINU B YaCTH PeaTiH3alii XKeJaeMoro mopeneHus. Tak, HampuMep, MOXK-
HO TOBOPHUTH O PEATTU3AIMH JOCTATOYHO MOIIHBIX UMITY/IbCOB YIPABICHUS UCUYE3AOIIE MATIONW JIIUTETHHOCTH.
B sTom mocienneMm ciaydae TPYTHO TOBOPUTH 00 OCIADJIEHWM KAKUX-JTMOO CTAHIAPTHBIX OrpaHwdenwit. Tax
WJIA WHAYE, MBI CTAJIKUBAEMCST C HADOPOM YYKECTOUAONMINXCS TPEOOBAHNU, KAYKIOMY U3 KOTOPBIX MOYKHO COTIO-
CTABUTH HEKOTOPBIN aHAIOT OOJIACTH JOCTUXKUMOCTH B TEOPUU YIIPABJIEHUS, 8 TOUHEe 00pa3 MOAMHOKECTBA
IPOCTPAHCTBA OOBIYHBIX pelleHuii (ynpasjenuii) npu JeficTBUU 3aJaHHOrO oneparopa. B pabore ucciemy-
I0TCsI BOIIPOCHI CTPYKTYPbI BO3HUKAIONIErO (KAK aHAJIoOr OBJACTH JOCTUKUMOCTH) MHOXKECTBA IIPUTIKEHUS.
Cxema uccienoBanus 6a3UPyeTcs HA TPUMEHEHUH CIENUATBHOIO BADUAHTA, PACITHPEHUS IPOCTPAHCTBA Pelle-
HUI, TOTYCKAIOIIEro eCTeCTBEHHYIO AaHAJIOTHIO ¢ paciupenreM Boimana, 1Cmoib3yeMoro B 0b1iei TOmoIorn.
B sroit cuTyarmu ecTecTBEHHO MOJIAraTh, YTO MPOCTPAHCTBO OOBIYHBIX DEIIEHHH OCHAIIEHO HEKOTOPOIN TOIMO-
sorueii (0O6bIYHO B 3TOM Ciiydae uccjemyercs T1-npocrpancTso). B oToil cBa3u 06CyKIA0TCs BOIPOCHI, CBsi-
3aHHBIE C 3AMEHON MHOXKeCTB, (PDOPMHUPYIONIMX OIPAHUYEHUs] ACHMITOTHIECKOrO XapaKTepa, 3aMbIKAHUSIMA
U BHYTPEHHOCTSIMHU, & TaKKe (YaCTUYIHO) BOIPOCHI, CBA3aHHbIE C [IPEICTABIEHUEM BHYTPEHHOCTH MHOMKECTBA
JIOTTyCTUMBIX ODOOIIEHHBIX 3JIEMEHTOB, OOPA3YIOIIEro BCIOMOTATEIFHOE MHOYKECTBO MPUTSKEHUS .

Karouesvie caosa: OTPaHUYECHUA aCUMIITOTHYIECKOTO XapaKTepa, PaCIlIupeHne 3aJa9n, TOTOJIOTHA.

DOI: 10.20537/vm180206

BBenenune

OCHOBHBIM TIPEJIMETOM HCCJIETOBAHUS HACTOSINEH pabOTHI SIBJISIETCS BAPUAHT KOHCTPYKITAM, HAZBI-
BaeMoil kommakrudukaropom (cMm., B wacTHocTH, [1]) ¥ npuMensieMoii [yisi 1esiell TOCTPOeHNsT MHO-
xkecrBa mputszkenus (MIT) B abcTpakTHOl 3a7ade O JOCTHKUMOCTH C OTPAHUYEHUSIMHU ACHMIITO-
tnaeckoro xapakrepa (OAX). Posb 3T0if KOHCTPYKIMM COCTOMT B MOCTPOEHWH AJEKBATHOTO MPO-
cTpaHcTBa 060061eHHbIX 37eMeHToB (09), Ha KOTOpOe 3aTeM MOXKHO ObLIO OBl TPOIOIKUTE IEIeBOi
OrepaTop MCCAEAYEMO 3aa4i; TaHHOE TPOIOJIXKEHNE JTOIKHO OBITH HEMpepPhIBHBIM. B Kadecrse O
UCIIOTB30BAJIUCH, B YACTHOCTH, Mephl U yabTpadbuasTphbl (y/d). OKazanock, B 9aCTHOCTH, UTO JJIst
1esieil TOCTPOEHNST PACTITNPEHNH MPUKJIAIHBIX TT0 CMBICTY 3339 O JOCTHUKUMOCTH MOXKHO, B ITPUHITN-
e, MCIO/IL30BaThH KOHCTPYKIMU, NPUMeEHsieMble B 00miei Tormonornn (kommakrudnkanms CroyHa—
Yexa, pacummpenne Boamsna u 1p.; cM. 2, 3.6, [3, §6]). B uacraocTn, kak ormeueno B [4,5|, mpu
MTOCTPOEHNN KOMIAKTU(DUKATOPA YAAETCA MPUMEHUTH CXeMy, DA3UPYIONLYIOCs Ha, UIeIX PacIimpe-
uust Bomvsna [2, 3.6]. Hacrostmast paboTa cofep:KuT pa3BuTHe JTAHHOTO MOAX0Ia. PaccmarpuBaercs,
B YaCTHOCTH, BOMIPOC O 3aMeHe cemeiicTBa, onpefenstonero OAX mcxomHoi 3a1adm, COOTBETCTBY-
IOTIAM CeMelCTBOM 3aMBbIKAHUi (TIPU 3TOM TIPEAMOIAraeTCs, 9TO TPOCTPAHCTBO OOBITHBIX DEITeHUIt
OCHAITIEHO TOMOJIOTHEN, yaoBaeTsopstromeit akcnome T71). TTokazano, 9To ymoMsiHyThIE 1Ba BAPUAHTA
OAX mopoxgaior omHo u To ke MII; caenoBarebHO, UMEET MECTO eCTECTBEHHAST SKBUBAJIEHTHOCTD
10 pe3yJ/jIbTaTy. OCHOBHLIM MHCTPYMEHTOM UCCJICJOBAHUA ABJIACTCA BOJIMYHOBCKM KOMH&KTI/I(bI/IKa,-
TOp (KOMIMAKTHMDUKATOP, MOCTPOEHHBIH Ha Hjee UCIOIL30BAHUS pacumpenns BoiMana).

! PaBora BemosmHena mpu durancopoit moggepxkre PO®I (mpoextsr NeNe 16-01-00505, 16-01-00649).
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BameTnM, 94TO TIOCTAHOBKHU, Ha WIEHHOM yPOBHE CBsi3aHHBIE ¢ JocTrkuMocThio pu OAX, BO3-
HUKAIOT, B YACTHOCTH, B TEOPUH yrpasyerus (cM. [6—8| u ap.) mpu uccaeoBaHm BOPOCOB, CBA3AH-
HBIX C OCIa0/JIeHNEeM THITUYHBIX «CTAHJIAPTHBIX» OrpaHudeHnii (KpaeBble W MPOMEKYTOUHBIE YCJIO-
Bus, (ba3oBble orpanndenusi). [Ipu MOCTPOEHUN PACITIMPEHUii 38189 YIIOMSIHYTOTO THIA, OOBIYHO MC-
MOJIH30BAJINCH 0000IIeHHbIe yripaB/enus (anasorn O), ompe/esisseMble B BUE CTPATErHIECKIX Mep
(Ha JEKAPTOBBIX MPOM3BEJIECHUSIX) WM MEPO3HAYHBIX (DYHKIHUIT HA COOTBETCTBYIONIEM MPOMEKYTKE
Bpemenu. Takoil mMOIXO ABIAETCA €CTECTBEHHBIM JIJTIST 33/1a4 YIIPABJIEHUS C TeOMETPUIECKUMUI OTPa-
HUYEeHUAMMA, CUCTEMAaTUYIECKOe MCCIEeJ0BaHNE KOTOPBIX 6LIJIO Ha4YaTO I_[ C HOHTpHFI/IHBIM; Ba?KHYIO
posib cuirpasm mpu 3roM paborsl P.B. Tamkpemmaze (cm. [7]). Ormernm 371ech Ke OPUTHHATBHBII
noaxox H. H. Kpacosckoro, cBsi3aHHBIN ¢ TPUMEHEHUEM armapaTa 0000menabix (hyHKITHH B 3a1a9ax
UMITYJTECHOTO YTIPABJIEHUS; STOT MOAXO (CM. [8]) MOCTy KM OCHOBOI MHOTUX HCCIEIOBAHUN B 9TOM
obstacTu.

Crporo roBopst, 06LEKTOM WCIOJIB30BAHUS pacupenuii (cM. Takxke [6]) aBasmnch 3amaun or-
TUMAJHHOTO YIPABICHUS; OJHAKO TPUMEHsIEMBIe IS Tejlefl OMTHUMU3AIE B KJIacce 00OBIEHHBIX
yTIPaB/IeHuiT KOHCTPYKIN 6€3 0COOBIX 3aTPYAHEHUT MOTYT OBITH PACTPOCTPAHEHBI HA (BECHMa BaXK-
HBIE JIJIsT TEOPUU ¥ TPUJIOKEHWI) 33]a4n O JOCTUKUMOCTH.

Pazywmeercs, y/d eapa i MOryT KOHKYPHPOBAThH C yIpPaBJIeHUsIMU-MepamMu (T.e. ¢ 0000IeHHbI-
MU YIPABJICHUSIMU) TIPU PEIeHnr KOHKPETHBIX 3a1a4. OJHAKO HEKOTOPBIE BOTIPOCH KAUECTBEHHOTO
XapakTepa MOTYT, KaK MPeICTABISETCS, NCCIETOBATHCS C TTPUBIETYEeHNeM KOHCTPYKIINM, B KOTOPHIX
y/&d ucnonns3zoBasnuchk 661 B KauectBe O, T. €. MPUMEHSAIUCH ObI B KAYECTBE AHAIOTOB 00OOIIEHHBIX
praBHeHHﬁ. B AHAJIOTUIHOM Ka4veCTBE€ paHee yJIaJI0Ch HCIOJH30BaTh KOHEYHO-AJANTUBHBIE MEDbI
(em. [9-12] m gp.), 9TO, MOMUMO BCErO MPOYErO, MO3BOJIIO YCTAHOBATEH 3 (MEKTUBHO MPOBEPIEMbIe
yciioBud ACUMIITOTUYECKOM HEIYBCTBUTEJILHOCTU TI0 PDE3YJIbTATY TIPU OC.T[a6.T[eHI/H/I YJaCTU OrpaHnYe-
uuii. EcTecTBeHHBIM Da3BUTHEM JaHHOTO HAMpaBjeHus: craan paborsl [13-15], rae ymamsocs maTh
«koneuHomepHoes onucanne MIT maga omgmoii 3amaun o gocrmxkumoctu ¢ OAX (6osee Toro, B [15]
JAHHOE OTMCAHNE JIJIA 9aCTHOTO CAydas 3aJa9W yIPABICHUST MATEPUAIBLHON TOYKOH OBIIO JTOBEIEHO
710 KOMIBIOTEPHOI peain3alum).

Bce ke cirydan nocraHoBok, rue (kak B [13—-15]) mocrarouno «m3ompenHbiey KOHCTPYKIMN Pac-
IIIUPEHNsT TPUBOIAT K BEChbMa, KOHKPETHBIM pEe3yJIbTaTaM, SBJISIOTCS JTOCTATOUHO penkumu. Obpa-
MAsCh K TMOCTPOEHUAM HA OCHOBE PaCIiupenus BosMdHa, MBI CTPEMUMCS TOITOMY K YCTAHOBJIEHHIO
MTOJTO’KEHUI KAYeCTBEHHOTO XapakTepa. B JaHHOM ClIydae pedb UIET O BO3MOMKHOCTH SKBUBAJIEHT-
woit 3amenbl ogaux OAX apyrumu. CooTBETCTBYyOIIEe 0OOCHOBAHNE OCYIIECTBIISIETCS C TPUMEHEHH-
€M BOJIM3HOBCKOT'O KOMIAKTH(MPUKATOPA W CBOJUTCSI K MPOBEPKE OTOXKIECTBUMOCTH BCIIOMOTATE -
ueix MIT (o cytn, muroxkects gonycrnmbix 09).

§ 1. O6o3HaueHus 1 onpeiesieHusi ODIIEro xapakrepa

B crarbe ncnonn3yercst crangapTHAs TEOPETUKO-MHOKECTBEHHAS CUMBOJIMKA (KBAHTOPHI, TPOTIO-

SWIMOHAIBLHBIE CBA3KY 1 D), def 3amensier dbpasy «1o onpegeennios, 2 PaBEHCTBO O OTpejie-
JIEHUI0, & — mycToe MHOXKecTBO. [Ipuanmaem akcromy BbibOpa. CemeiicTBOM Ha3bIBAEM MHOMXKECTBO,
BCe 3JIEMEHTHI KOTOPOro — MHOXKecTBa. Ecim © v y — o0bekThl, To uepe3 {x;y} obo3navaem ennH-
CTBEHHOE MHOXKECTBO, COJep:Kalllee T, Yy U He CoJeprKalllee HUKAKUX JPYTUX JeMeHToB; {x;y} —

A
HeyTopsiloueHHast napa o0bekToB x, y. Torma mst Kaxkmoro oobekra z B Buje {z} = {z;2z} numeem
CHHIJIETOH, Ji7ist KoToporo z € {z}. MuoxecTBa — 06bekThI, a noromy {A; B} onpejeseno s Jio-
opx aByx muOxkecTB A m B. Kak ciexcrsue, mmeem (cM. [16, c. 87|) m1st mpon3BOIBHBIX 0OBEKTOB

A
aunb s euge (a,b) = {{a};{a;b}} ynopsnouennyio mapy (VII) ¢ mepBbIM 3/1€MEHTOM @ U BTOPBIM
snementoM b. Kazkmoit VII h comocTaB/IsIIOTCS. COOTBETCTBEHHO €€ HepPBEIil i BTOpoit s/emenTs! pry (h)

u pry(h), onHozHauHO onpenensiembie yeaosuem h = (pry(h), pry(h)).

A
Ecmm X — mnuoxkecrso, To P(X) ecrs def cemeiicTeo Bcex mopmuoxkecrs (n/m) X u P/(X) =

2 P(X)\ {2} (cemeiictBo Bcex nHemycroix /M X ); gepes Fin(X) obo3nauaem ceMeiicTBO BeeX HEITy-
creix koneunsx /M X; Fin(X) € P/(X). Torma anst Besikoro muoxkecrsa Y B Buge P/(P(Y))
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mMeeM cemeifcTBo Beex HemycTwix mozicemeiicts P(Y). s seskmx muoxkects U u V owepes VU
oGozmauaeM, ciaemya [16], mMEokecTBO Beex orobpaxkemmit (bymkmmit) uz U B V (mpun f € VU
wu € U s suge f(u) € V umeem smavenne f B touxe u); ecm g € VY u W € P(U), 1o

gt(W) 2 {g(u): w € W} € P(V) ecrb o6paz W npu neiicreun orobpaxennst g. Ecoim U n V. —
remycThie MHOXKecTBa, g € VU n 4 € P'(P(U)), To

Q»—t
=
1>

{g"(U): U ey} e P'(P(V)).
Ecin A — nenycroe cemeiicTBo (MHOXKeCTB) 1 B — MHOXKECTBO, TO
Al 2{ANB: Ac A} € P'(P(B)) (1.1)

ompenensier caen A ma muoxecrso B. O6prano B (1.1) Gyzer npeanonararses, aro A € P/(P(S))
u B € P(S), tne S — mHekoropoe MHOXKeCTBO. Jljis MpOM3BONBHBIX MHOXKecTBa M U cemeiicTBa

M e P (P(M)) s Buze
CulM| 2 (M\ H: He M} e P'(P(M)) (1.2)

nMeeM cemeiictBo /M M, nBoiictBenHOe 1o orHOmeHMIO K M. B mampmeiimem (1.2) mcmosns3yer-
Cs1, B 9aCTHOCTH, B ClIydasix, Korga M — romosorust Ha M wan ceMeificTBO 3aMKHYTHIX MHOYKECTB
B Tonoyiornueckom mpocrpanctse (TII). Ecim & — memycroe cemeiicTBo, TO

({UNS) E{J S: x e PO} & ({NHS) £ {[) S: x € P}

Sex Sex

Chnernuaabubie ceMmeiicTBa. B mpemenax Hacrosdmero myHKTa (DUKCUPYyEM HEITYCTOe MHOYKEe-
crBo 1. DaeMeHThl ceMeiicTBa,

Tl 2{L e P (PUI)|(@ € L)&I € LY&(ANB e LYAE LYB € L))

CyTh T-cucTeMbl 11/M I ¢ «Hysem» n «eaunuieiis. Torma mocpeacTsom
A
(alg)[I] = {Aen[I]|[I\Ac AVAEe A},

(top)[I] £ {r e (1) | G e7VG e P(r)}
Geg

BBEJIEHBI COOTBETCTBEHHO ayireOpel /M I u Tonosornu Ha I, a B BUjIE

(LAT)o[l] 2 {Z e n[|AUB € IVYAcIVB e}
NMeeM CeMeHCTBO BCeX pemierok 1m/M I ¢ «Hymem» u «eaunuieiis. OTMernm takke, ITo
AU E{ZTerl)|VLeIVeeI\LIJeT: (xeJ)& (JNL=02)}
eCTh CeMefiCTBO OT/IEJIMMBIX T-CHCTeM, SJIeMeHTaMi KOTOPBIX siBjstiorcst 11/M I. Ormernm, 9ro st
(LAT)°[1] 2 {£ € (LAT)o[I]|{z} € LYz € I}

mveem owesmaroe saoxenne (LAT)?[I] C #°[I]. Tomaraem, maxkomer, 49To

(Cen)[£] 2 {Z € P'(L)| (] Z # 2 VK € Fin(2)} VL € n[I}; (1.3)
Zek

B (1.3) onpeenensbr HEMyCThIE EHTPUPOBAHHBIE MOJACEMEICTBA COOTBETCTBYOMIEH T-CHCTEMBI.
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®PunbTpsl T-cucteM. PuKcUpyeM B MPeJesiax HACTOSIIIEro MyHKTa HeIyCToe MHOXKeCTBO I n 7-
cucremy I € m[E]; B BUIIE

F*(I) 2 {(FeP(T)| (0 ¢ F) & (ANBe FYAc FYBe F)& VFe FYJeT
(FCJ)= (JeF))

UMeeM CeMeicTBO Bcex (puabTpoB m-cucteMbl Z. Torma

F5(I) 2 {U e FHI)NVF € F*(Z) U C F) = (U = F)} =
—(UeF(DWLeZ (LNU#oVYU eU) = (L € U)} =
— {U € (Cen)[Z]]¥V € (Cen)[Z] U C V) = (U = V)}

ecTb cemeiictBo Beex y/d namnoit m-cucremsr, F(Z) # @. Ipu sTom

(I,T) — triv)[z] 2 {J € Tjx € J} e F*(IT) Yz € I (1.4)

(B (1.4) ompenesnensl TpuBHAIbHBIE WIH (DUKCUPOBAHHBIE (DUILTPHI m-cucteMbl 7). M3sectHo [17],
9TO

((I,T) — triv)[z] e F{(Z) Vz € I) < (T € #°[1]). (1.5)
[Tomaraem Takxke, 910
F:(Z)7) 2 {U € FY(T)|T c UV T € P'(T). (1.6)

Yacrusriit cay4qaii. [Tockonbky P(I) € 7[l], rae I — Hemycroe MHOMXKECTBO, TO ONPEIEIEHbI
cemeiicrsa 1] 2 F*(P(I)) u Full] 2 F5(P(1)), §ull] # @. lpu srom, koreuro (cum. (1.5)),

4

(I —ult)[z] = ((I,P(I)) — triv)[z] € Full]Vz € I.

Haxkonen, B Buse koukpernzanuu (1.6) mmeem, aro

SulllT] £ FY(P(D|T) = {U € FulIlT CU} YT € P/(P(I)).

Ucnonbsyemble B HacTosieM TyHKTe y/d Oyjem Ha3bBaTh CTOYH-YEXOBCKUMM, UMEs] B BHJY OJHY
n3 HanbosIee eCTeCTBEHHBIX peann3aruii kKommakrudukamuu Croyna—exa (cu. [3, § 6]). [Tomaraem,
qTo0

B2 (B e P (PU)WB, € BYBy e B3ABy e B: By C By N By,
HoJiyuast CeMeficTBO HElyCThIX HAlpaB/AeHHbIX nojacemeiicts P([); B Buje
A
Boll] = {B € plIl|o ¢ B}
nmeeM cemeicTro Beex 6a3 dbuabTpor (B®) muoxectsa I. fcno, aro
(I—R)[B] £{J e P()|3B € B: BC J} € §[I] VB € Bo[I].
[Tpu srom Fu[I] C F[I] C BolI].
§ 2. DmemeHThI TOHOJIOTMA, 1

B npejenax HaCTOSIIEr0 KOPOTKOrO pasjena (UKCHPyeM HelyCTOe TOHNOJOTHIECKOe MPOCTPAH-
creo (TII) (X,7): 7 € (top)[X], rme X — wHenycroe mHOx)ecTBO; B wacrHocth, 7 € 7[X]. Ecau

r € X, 1o NO(z) 2 {GerlzeG} eF*(7), a

N.(z) 2 {H € P(X)|3G € N%(2): G C H} € §[X]
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(bumerp oxpectrocreit x & TI (X, 7); cum. [18, r. 1]); erxo sugets, aro N2 (x) € Bo[X] n N-(z) =
= (X —i)[N2(2)]. Ecrn B € fo[X] u z € X, 10 (cm. [18, v1. I])

(B = 2) &L (N, (2) C (X — £)[8]). (2.1)

B (2.1) Beegena cxogumocts B® u, B wacraocru, duasrpos B TII (X, 7). Ormernm ciegyromee

IpOCTOe CBOICTBO: e Y — HemycToe cemeiictso, B € fo[X] u f € YX, 1o f1[B] € BylY]; ecrm Y

OCHAITICHO TOMOJIOTHEl, TO MOKHO FOBOPHTE 0 cxoammocti B® f1[B] x Toit mmu mHoit Touke Y.
Ecm A € P(X), ro uepes cl(A,7) obosnauaem sambikannme muoxkecrsa A B TII (X, 7),

a (7 — Int)[A4] 2 {z € X|A € N;(z)} (Buyrpennocts muO)kectBa A B TII (X,7)). Hakonemn, B Bu-
e
(can — clos)[7] 2 {F e P(X)|F =cl((t —Int)[F],7)} = {cl(G,7): GeT}

NMeeM CeMeNHCTBO BCeX KAHOHMYECKH 3aMKHYTHIX B (X, 7) m/m X.
§ 3. DiemeHTHI TODOJIOTUM, 2
B nacrosimenm paszzeine dukcnpyem nerycroe maoxkectso I n w-cucremy J € w([I]. Tlonaraem, aro
O (L) EUeF (T LeUl VL e T. (3.1)
Mmuozxectsa (3.1) o6pa3yior (0TKpbITyi0) 6a3y TOmOIOrHK Ha HemycToM MHOXKecTBe Fj(J):
(UF)[L; 7] £ {®7(J): J € T} € P'(P(F5(T))) (32)
eCTh YIOMSHYTas OTKPBITAas 6a3a, MOPOKIAIOINIAST TOTOIOTHIO
T (1] = {UH(UF)[L; 7)) = {G € P(F§(T) VU € G 3U € U: &7(U) C G} € (top)[Fy(T)],
(F5(T), T%[1]) — myaemeproe Ta-ipoctpanctio (cu. [4, c. 62]). [TycTs /10 KoHITa HACTOSTITETo pasiena
J € (LAT)o[1]. (3.3)

Torga [4, (6.7)] cemeiicTBo (3.2) obpasyer rakxke 3amkuyryo 6a3y: B Buge {N}((UF)[I; J]) nmeem
CeMefiCTBO 3aMKHYTHIX MHOXKECTB, OTBEUYAONIUX TOMIOIOTHI

T (1) £ Cry( ({NH(UF) [T 1)) € (top) [F5(7)]
[Ipm stom (cm. [4, § 4]) mosygaem B BHIE
(F5(7), T 1)) (3.4)
KOMITakTHOe T-ITPOCTPAHCTBO, TIprYeM cornacHo [5, npemioxerne 4.1]
T 1] c T%[1, (3.5)
a noromy nostydaem (cm. (3.4), (3.5)) B Buze
(F5(7), T 1), T (1))

BUTOMOIOrMYECKOe TPOCTPAHCTBO. [IyCTh /10 KOHIA HACTOSIIErO pa3/ie/na BIMOJIHEHO (B JOMOIHEHNe
K (3.3)) ciemyoree ycioBue OTAETUMOCTH:

J € 71 (3.6)
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(zamernm, uro yeorus (3.3) u (3.6) semommsaiores & ciysae J € (LAT)C[I]; & croto ouepess, 310
nocseaee yeaosue Beinonneno st J = Ci[r], rae 7 € (top)[I] u mpm stom (I, 7) ects T}-mpocTpan-
crBo, cum. [4, (8.1)]). B cuny (1.5) u (3.6) umeem, aro

(L, J) — triv)[z] € F(J) Yz € L.

C yuerom 3toro (ucnoss3ys (3.3) u (3.6) B COBOKYIHOCTH) MOIydIaeM, ITO

wlT) 2 (L) = triv)[a])eer € Fy(T)" (3.7)

(B (3.7) umeem BapuanT norpyzkerusi I B mpocrpaucTso y/d ormenumoii pemerku J € (LAT)o[I]N
N#°[1]). Hamommmm, wto cormacwo [4, mpepioskernwe 7.1]

A(w[T)NL), TY[1]) = @4 (L)VL € J. (3.8)

§ 4. MHO>KecTBa MTPUTSI>KEHUS U KOMIAKTU(PUKATOPHI

Bcrony B manbHeiimeM GpUKCHpyeM HEIyCTOe MHOXKECTBO F B KadecTBe IPOCTPAHCTBA OOBIUHBIX Pe-
mennii. CemeiicrBa u3 S[E] 6yaem ucnonbzoars st mocrpoennss OAX, 4ro joctarodno st Beex
mammx mieseit (e, [17], [19, (2.4)]). Ecm (Y, 7), Y # @, ects TII, f € YE u € € B[E], 1o [19,

(2.1),(2.2)]
(as)[E;Y ;7 f: €] 2 {y € Y3U € FABIE]: £ U] = y) (4.1)

ects MII B 3amaue o mocrmxkumoctu ¢ OAX, ompejgessieMbIMU TIOCPEICTBOM (HAIIPABIEHHOTO) Ce-
meiictea €. Ormernm, uro B [4, onpenenenne 3.1] npusenerno skeuBaneHTHOe npejcrasaenue MIT
Ha S3bIKe HaIpaBJeHHOCTEH. B cBs3u ¢ ycaoBUsIMU, 00ECTIEINBAIONIIMI HCUIEPIIBIBAIOIIYIO CEKBEH-
muabHyio peanmsanuio MIL, cum. [17, c. 38]. Bamerum B cBasu ¢ (4.1), uro

(@s)[E; Y375 58] = () d(f1(2),7) (4.2)

3e€

(3mecw (Y, 7), f n &€ coorercrryior (4.1)).
Bciony B masbreiimenm moaaraem st oobix ayx TII (S,71), S # @, n (T, 12), T # &, aro

C(SaTlaT7T2) é {g S TS’g_l(G) Sal VG e 7'2}7

MOJTy9asi MHOYKECTBO BCEX HENMpepbIBHBIX oTobpaxenuii u3 (S, 71) B (T, 72).
Ecmn (Y,7), Y # @, ects Tl u f € Y¥, 1o nua seaxux TTI (K, t), K # @, orobpaskenmuii
meKPugeCK,t,Y,7)

(f =gom) = (¢ ((as)[E; K; t;m; €]) C (as)[E;Y;7; f; €] VE € BIE]);

3JIECh W HUXKE O — CHUMBOJI KOMTIO3UIIMN OTOOPaKeHMiA.

Onpenenenne 4.1. Econ (Y, 7), Y # @, ects T u f € Y 1o (Y, 7, f)-xkommakTudukaropom
mazwpBaeM Begkmit mabop (K, t,m, g), mna koroporo (K,t), K # @, ects kommaktroe TII, m € K7,
g€ C(K,t,Y,7) u nipu atom f = gom.

Xoporro u3zsectro [10, mpegroxkerne 5.2| coiictso: ecnu (Y, 7), Y # &, ectb To-npOCTPAHCTBO,
feY¥? a (K, t,m,g) ecrs (Y, T, f)-kommakudbukarop, T0

(as)[E;Y;7; f; €] = g' ((as)[E; K; t;m; €]) VE € BIE]; (4.3)

upu sToM MII B steBoit wactu (4.3) paccmarpuBaem B Kadectse ocHoBHOTO, a MII (as)[E; K;t;m; ] —
B KadecTre BCromorareabHoro (mo cyru, sro nocaearee MIT ects MuokecTBo fomnyctumbix 09).
YemoBumes o caeayiomux obosuadenusx: ecan 7 € (top)[E] u € € B[E], To

(€15 2 {A(S7) : S} e P(Crlr)&(EN] E{(r ~t)[S]: S} eP(r);  (44)
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[pU 3TOM [S]g) € BlE] n [E]gz € B[E] (nmokazaresncTBa JIETKO CAeAyIoT n3 onpeenennit). Orvernm
npoctoe coiicteo: ecau 1 € (top)[E], (Y,7) ects TIL Y # @, f € C(E,7,Y, ) u A € P(E), To

cA(f1(A), 1) = c(fL(cl(A, 1)), ). (4.5)
Bameuanne 4.1. [Tposepum (4.5), yanThiBas, 9T0 B CUJIy HENPEPLIBHOCTH [
FHel(A, ) C el(fH(A), ). (4.6)

Torma B CHTy 3aMKHYTOCTH MHOXKECTBA B npasoii yactu (4.6) nmeem Baoxkenue
1 1
c(f (cl(A, 1)), 72) C cl(f(A), 72). (4.7)
C apyroit CTOpOHBI, C YIeTOM U30TOHHOCTHU OMEPAIINU B3ATHS 00pa3a MMeeM BJIOXKEHUE

FH(A) € fHel(A, ),

a TOrJda IO aHAJIOTUIHOMY CBOfICTBy orrepaTopa 3aMbIKaHUA PEaJIN3yeTCd CJAEAYIOIIee BJIOKEHUE!:

cl(f1(A),72) C cl(fH(cl(A, 1)), T2).
Ucmonwzys (4.7), monyaaem tpebyemoe paBeHcTBO (4.5). O

IIpengoxxenme 4.1. Ecau 71 € (top)[E], (Y,72) ecmo TII,' Y # @, f € C(E,n,Y,m)
u & € BIE], mo
(a8)[B; Y7o £5 €] = (as)[B; Vi 7o £ [€17")]

cl

HJoxkasareuancrtso. [ycrs 71, (Y,72), f u € yIoBaeTBOPSIIOT YCIOBUSAM TIPEJJIOKEHHS.
Torma cormacuo (4.2), (4.4) u (4.5)

(as)[E;Y;7a; [;E] = N A(fH(E),72) = N A(f (c(E,m)),m) = N d(fE),n)=
I seg =e(g]
— (as)[B; Y;7; f;[€15].

cl

[Ipemoxenne moKa3aHoO. |

IIpengoxxenmne 4.2. Ecau 71, (Y,72), [ u & ydosaemsopsaiom ycaosuam npedaoscenus 4.1 u,
kpome mozo, £ C (can — clos)[E; 1], mo

(as)[E; Y7o £: €] = (as)[E; Vi £ [€])7V].

Int

Hoxasareancrso. [yers 71, (Y,72), f u & ynosaersopsiior yciousiM npejaoxkerns 4.1,
opuYeM CeMeRcTBO £ COCTOUT TOJBKO M3 KAHOHMYIECKH 3aMKHYTBIX MHOXKECTB. Torma

Y=cl((rn —Int)[X], ) VX € £. (4.8)

=

.
[Monarast st kpaTkocT & [5]( 1) MOJIy9aeM, B 9aCTHOCTH, 9TO

Int >

g S P/(Tl),

. Urak, & € B[E] peamusyer mocjeHee paBeHCTBO, a TOTJAA B CHILY

~

u cornacuo (4.8) & = [g]gl
npeamoxkernst 4.1

(@s)[E; Y7o f; [E1NTV] = (as)[E; Vs mo; £3€] = (as)[E; Y mos 3 [E1SY] = (as)[E; Vs mo; £ €.

Int cl

[Ipemoxenne moKa3aHoO. |

Urak, ecin HanpassieHHoe cemeiictBo € n/mM E cOCTONT TOJBKO M3 KAHOHWYIECKH 3aMKHYTHIX
muOXKecTB (T.e. £ C (can — clos)[E;71]), To BHyTpenHOCTH MHOXKecTB n3 € pearmmsyior B (Y, 72) To
ke MII, aro n £; nMmeeT MeCcTO SKBUBAJIEHTHOCTH JIBYX CEMEICTB TI0 Pe3yIbTaTy.
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§ 5. BoaiM3aHOBCKUIT KOMIaKTU(HPUKATOP

Berony B mambreitem dukcupyem tomosioruio 71 € (top)[E], mpeBpammaorniyio MHOKeCTBO F
B Ti-npocrpancreo (E,71), kommnakT (T.e. komnakrtHoe Th-nipocrpancrso) (H, 7o) m orobpare-
uue r € C(F, 71, H, 7»). PaccmarpuBaem BOIPOCHI, CBSI3aHHBIE C JOCTHKUMOCTBIO dmemenTos H Ha
BHAYEHUSX I' B YCJIOBUAX, KOTUIA TeM WJIH UHBIM crocobom Beemenbl OAX Ha BHIOOP 0OBIYHBIX perre-
unit 3 E. Ilpu € € B[E] paccmarpusaem MII (as)[E; H, 7o;r; £] B KauecTBe (MHTEPECYIOIIET0 HAC)
pemenns 3agaan o goctukuMocTn ¢ OAX. [l HAXOXKIEHUS TAKOTO PEIeHns U UCCIeTOBAHUSA ero
cBoiicts mucnonb3yem (4.3) npu magexamiem soibope (H, 7o, r)-kommakrudukaropa (cm. [5, § 7]).
[Tockonbky Tpumier (H, 7o, r) dukcupoBan B manabHeiineMm, 6yaeM OMyCKaTh yKa3aHWe HA JTAHHBI
TPUILIET W UCIOIb30BATH TEPMUH «KOMIAKTU(MUKATOP». B 9TOi CBA3M HATTOMHUM, 9TO

Cpl1] € (LAT)°[E]
(neitcrurensro, y Hac (F,71) ecrb Ti-npocrpancrso). Kak ciezncrsue,
Cplf1] € (LAT)o[E] N 7°[E],
U peajn3yercs CIeAYIOMuii BApHAHT KOMIAKTHOTO 17-IIPOCTPAHCTBA;
(F5(Crlf1]), TE 1 [ED). (5.1)
Camo MHOXKecTBO E morpyzKkaerca B JaHHOE TPOCTPAHCTBO MOCPEICTBOM OMEPAaTOpa
w[Cg[f]] : E — Fj(Cg[f1)). (5.2)

Hamomunm rereps Hekoropble mnocrpoernst [5, §§5-7]. B sroii ceszu ormernm, uaro [5, (5.10)]
OTPEJIETIEHO HEIyCTOe MHOXKECTBO

Fim[E; Ci71]; H; 7] € P/(HE),

npuaeM (cM. [5, (7.9)]) r € Fiyy[E; Cg[71]; H; 72]. D10 mossomaser |5, (7.10)| onpenenuts oTobparxke-
HUe
eim[r|Cr[T1]] : Fo(Cpln]) — H,

JJIsT KOTOPOTO MMEET MECTO CJIe/yIoliee CBOMCTRO:
r' U] = oun[r|Cr[R]](U) YU € F(Crlh).
[Ipu stom (cm. [5, (7.14)] r = @im[r|Cg[T1]] o w[CEg|71]]. Hakowner, cormacuo [5, npemmoxenue 7.1]
im[r|Crl71]] € C(F(CrlT)), TS, 5 [E], H, 7). (5.3)
Takwum obpaszom (cm. (5.1)-(5.3)), B Buge
(F3(CElf]), Te 5, (], w(CE[F]], tim[r|Cr71]])
peanmsyercst komnakTudukarop (rounee, (H, 7o, r)-kommakrudukarop). Toraa cornacho (4.3)

(a8)[E: H 72: 73 €] = @i 1| Cpl ] (a8) [B5 Fy (Cp[71])) T 5 [EL: wCulA]]; €]) V€ € BIE].
(5.4)
JlamHOe mpeacTaBaeHne MCIOJb3YeTCs B MOCIEIVIOMMX MOCTPOSHHUAX C Ieabio cpaBHenns MII mpn
pazmmunbix Bapuantax OAX. Cremyroree 110/10KeHre JIOMTUIECKU CBsI3aHo ¢ [4, npeyoxkenne 8.2];
OHAKO CEAYAC MpPEeICTaBIAETCA MOJE3HBIM JaTh HE3aBHCHMOE JIOKA3aTEILCTBO COOTBETCTBYIOIIETO
yTBep}K,ZI;eHI/IH.

IIpengoxkenme 5.1. Omobpasicenue (5.2) nenpepuero:

w[Cplf]] € C(B, 71,F5(Cplfl), Te 2, [E])- (5.5)
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HoxaszaTeancTso. HamomanM, 9T0 OTKpBITast 6a3a, MOPOXKIAIOIIAST TOTTOJIOTHIO T%E[ﬁ] [E],

MoKeT GbITh onpesesena |2, 3.6] ciemyromum obpasom. Urak, nosaraem
FU[7|G) £ {U € Fy(CplA))3U e U : UC G}VG €. (5.6)
Torma B BUIe cemeiicTBa,
A - - * ~
§ = {FelnlGl: G e}y € P/(P(F§(Crln)))
nmeeM Tpebyemyio oTkpeiTyio 6asy TII (5.1):
T&, 17 E] = {U}@)- (5.7)
[Iycrs x, € E. PaccmoTpuM TpuBHATBHBIN ¥ /]
A - ~ * ~
U, = w[Cg[T1]|(zs) = {F € Cg[T1]|z. € F} € F3(Cg[71])-

[Iycts G, € N,%O

Cglfl

(] (Uy). C yuaerom (5.7) monbepem G € T1 €O CBOICTBAME

U, € FE[71|G))&(FL[7|GY] C G,). (5.8)
N3 onpenenenust U, mmeem 1o cBoiicrsam 11-pOCTPAHCTB, YTO Xy € Gy, T.e€.
0
G. € Nz ().

[Tycrs 2* € G,. Torma nmeem ¢ ovesnaHocThIO, uTo {2*} € U*, 1
U 2 w[Celall(a"):
npu sToM, KoreuHo, {x*} C G,. Dro o3naugaer, uro (cMm. (5.6))
U* € F§[71|Gy]
u rem 6osee (cm. (5.8)) U* € G.. TTockoubKy BbIGOD 2 GBI TPON3BOJILHBIM, YCTAHOBJIEHO, YTO
w[Cg[T1]](z) € Gy Vz € G..

Naevm caosavm, w[Cp[f ] (Gy) C G. TTockoabky BEI60p G GBIT TPOM3BOILHBIM, TIOTY TN CBO-
CTBO

VG e N%o [E}(W[CE[%l]](fL'*)) 3G € N,gl (.%'*) : w[CE[ﬁ]]l(G) c G.

Cglfil
Urak, oro6pazxkenne (5.2) HEIPEPHIBHO B TOUKE Ty (OTHOCHTEIHHO TOMOJIOTHIl, yITOMUHAEMBIX B (5.5)).
[TockoIbKY 1 BBIGOP X4 OBLIT MPOM3BOILHBIM, YCTAHOBIEHO (5.5). U
Ormernwm, uto u3 (4.5) n npemoxenus 5.1 BerTekaer cBoiictso: ecan A € P(E), 10

Aw[CrA]] (4), T, 5y [ E]) = clw[CrlAll (€l(A, 7)), TS, 17 [E)); (5.9)

71

npu stoMm cl(A, 71) € Cg[71]. Hostomy ¢ yaerom (3.8) u (5.9) moxywaem, 9To

O] (cl(A, 7)) = cl(w[CplF]] (A), TG, [E) =
= cl(w[Cp[A ' (cl(A4, 7)), Ty [E]) YA€ P(E). (5.10)

CgoiicrBo (5.9) MOXKeT MCIOIB30BATHCS B KOHCTPYKITHSAX, MOMOOHBIX Tpetoxkennto 4.1. Ormernm
ceffTac HEKOTOPBIE TPOCTHIE MTPEJCTABIEHNST N3BECTHBIX TTOJIOKEHNTT, CBA3aHHbIe CO cBoiicTBOM (5.10).
Tak, B wactuoctu, ¢ yaerom (1.6) u (3.1) onpezneneno npu £ € B[E] caenyioree ceMeicTBo:

Fy(Celall[€]]) = U e FyCela)lE]] cuy = [ PopmE)
zele) TV
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(71)

o C Cg[71]); mpu sTom B ety (5.10), mpemoxkenmit 4.1 n 5.1 moryaaem

(yuurbiBaem 31ech, ato [£]
IETIOYKY PABEHCTE

(as) [ T (Cl]): T, o () w[CElA]]: €] = (as) B F(Crlf)); T
= N A@ICHA (D), T, [E) = N Popm(@B )= N PoyaiE) =

= F5(CulA]I[E]")-

C

Tem cambiv st Bemomorareasaoro MII, coorsercrByromero OAX wa ocHOBe &£, HeobsI3aTE/HHO
OTIpEeIeSISIEMBIM CHCTEMON 3aMKHYTHIX MHOYKECTB TPOCTPAHCTBA OOBLIYHBIX PEIIEHNH, TOTYyIeHO KOH-

(71).

KPETHOE NPeJICTaB/IeHNe B TePMUHAX 3aMKHYTHIX Y/, comepKamnmx ceMeicTBo [E]Cl

(as)[E;IFS(CE[ﬁ]);T%E[m[E];w[CE[ﬁ]];S] ={U e Fy(Cg[n])|cl(E, 1) eUVE e &L (5.11)
[Ipexcrasaenne (5.11) moxer ucnoan3oBarbes B (5.4).

§ 6. HekoTopbie BOOPOCHI, CBA3aHHbBIE C ITPEACTABJIEHNEM BHYTPEHHOCTA MHOXKECTB
OPUTIA>KEHUS

B nHacrostiiiem pasjiesie Mbl KOCHEMCsT HEKOTOPBIX cyiecTril noaoxkennii [20]. Mbr paccmarpusaem
T)-tipoctpanctso (F,71), rne E — memycroe muokectBo. OtHOcuTensuo € € [[E] Gymem mpesro-
naratk, uro € C Cg[71] ([20, 3ameuanne 6.1]). Torpa no cBoficTBaM 3aMKHYTBIX MHOYXKECTB MMeeM,
ITO

(] =€ Celrl.
Ye&

Takum 06pa3oM, B paccMaTpuBaeMoOM cJjydae BeimoaHeHo ycaosue [20, (6.1)]. Hamomuwmwm, «ro
(. [20, 5 1))

Fo(Crln]|€) = {U € Fo(Cr[n])IE C U}
DJIEMEHTHI TAaHHOT'O MHOXKECTBA, UCIIOJIHSIIOT PoJih gomyctumbix O B 3amade o gocrmkumoctr ¢ OAX
B Buze cemeiicrBa €. Torma (cm. |20, Teopema 6.1])

(TG 7 E] — Int)[Fo(Cr[R]IE)] = Pcpym( ﬂ ¥). (6.1)
T €

Hamomunwm, gro cormacuo [5, (7.3)] nmMeer MecTo Cieyiomas menovIka PABeHCTB:

F(Crlf]I€) = (as)[E; F5(CrlR)): Tg 7, (B w[Ce[A]]; €] =

= (as)[E; F5 (Cpln)); T 7 [E] w[Ce[R]]; £].

(6.2)

Urax, B cury (6.2) mbr momyuaem, aro mocpeactBoM (6.1) ompemesena BHYTPEHHOCTH (BCITOMOTA-
resibaoro) MII, KoTOpast B CyIECTBEHHO YaCTH OTMPEIeIseTcs MelCTBIeM TOUYHBIX DeIleHuii, KOTo-
PBIMU ABJISIIOTCS TOYKHU MEPECETEHNsT BCEX MHOXKECTB m3 £ (371eCh CJIeyer, KOHeuHO, yuecTh (3.8)
u |5, (4.10)]). Bo3Hukaer ecTecTBEHHBIH BOMPOC: a He SBASETCS JM TAKOe TIPECTABICHNE OOIINIM
croiicrBoM Bcex MIT? OxasviBaercst, 910 9T0, BOOOIIE MOBOPSI, HE TaK.

IIpumep. Paccmorpum (cm. takxke [21|) mpocreiiinyio CKaJIsgpHYIO yIPABASIEMYIO CHCTEMY Ha
npomexyTke [0, 1]:

z (t) = u(t);

saech u(-) = (u(t))icpp,1] € YU, Tae U ecTh MHOMKECTBO BCEX KyCOWHO-TOCTOSHHBIX W HETPEPHIBHBIX
cpasa dyuknuit u3 [0, 1] B nBoeroune {—1;1}. Urak, mo CMBICTY MBI WMeeM TYMOGIEp C IBYMsI
cocrostansimu. [Tomaraem, aro 2(0) = 0 (HaganbHoe cocrosinve dbukcnposano). Kpome Toro, nmeorcst

daz0BbIE OrpAHTYIEHUS:

2()=0 Vieo, %]. (6.3)
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PaccmarpuBaem 06/1acTh TOCTHKUMOCTH CHUCTEMBI B MOMeHT ¢t = 1 m coorBercrByiomee MII. Jler-
KO BHJIETh, YTO TOUHOE CODIIOmeHre (Pa30BLIX OIPAHMYEHHU 3/1eCh HeBO3MOXKHO. [losToMy obmacThb
IIOCTUKUMOCTH 1ycTa, B TO Bpems: kak MII mpu ecrecrBennom ociadiennn (pa30BbIX OrpAHUIEHU
SIBJISTETCST OTPE3KOM [—%, %] Paccvorpum mocaennee mosioxkenne 6osee mompooHo.

[Tycrs (B gannom npumepe) E = 4 (Y, 7) ecth BemecTBeHHast MpsiMast ¢ 0OBIYHOI |- |-TOTI0/I0THE!,

JAN

f(u(-)):/o w(t)dt V() € E (6.4)

(TepMUHAIBHOE COCTOSTHUE CHUCTEMBI, HAXOIAIIEHCS 110/ BO3JAEHCTBIEM TPOrPAMMHOTO YITPABIEHWST
u3 E). B mononuenne k (6.4) BBegem npn kaxkaom u(-) € E tpaekropmuio X(u(-)), OUpeIeeHHyO Ha
orpeske [0, 1] npasuiom

scuo, aro f(u(-)) = x(u(-))(1). Torma B Buzge (6.3) mmeem ciexyromiee yciaosue Ha BeiGop u(-) € E:

x(u())(t) =0 Vi o, 5]

JlamHoe yCc/IOBMe HEBBITIOJTHUMO, U MBI PACCMaTPUBAEM OCIab/IeHHBIE YCIOBUS
1
x(u()®) <e Vte[0, 5

3reck £ €]0,00[ — BapbUpyeMblii mapaMeTp, MOJIaraeMblii Ha COIepP:KAaTeIbHOM YPOBHE HCUE3A0Ie
maJsibiM. MBI conocrapisieM Kaxaomy € €]0, 0o[ MHOXKEeCTBO

Eole] = {u() € Blx(u()(#)| < vt o, %]}-

Ompenensiem Temeph ceMeiicTeo £ yCI0BUEM
AN
E ={Eyle]: € €]0,00[};

sicHo, uto € € S[E]. Torma nmeem, 9to

NZ= () Ell=2.

Xe& €€]0,00(

Taxkum o6pa3oMm, ympaBaeHuil, COOMIOTAOMNIX (Ha30Bble OIPAHUYEHUS TOYHO, ¥ HAC HE CYIIECTBYET,
YTO OTPA’KEHO W B MOC/IEJHEM YCJIOBUM B TepMHUHAX cemeiicTsa (mampasnennoro) . Mexay Tewm,
ucmob3ys (4.2), moxkuo nocrponts MIT mpu OAX, ompezensgembix mocpeactsom €. Jleyio B oM,
970 TipH BesikoM € €0, oo[ cymiecTByer «mmioobpasioes ynpasienne ug(-) € E, s KOToporo

x(u())(0)] <= Ve € [0, 5]

(B 4ACTHOCTH, MOYKHO Uepe3 paBHbIE I MaJIble IPOMEKYTKH MePeKII0IaTh yiupasieHue ¢ —1 Ha +1).
Nrak, Eyle] # @ npu € €]0, co[; kpome Toro, npu u(-) € Eple] u 4(-) € E uMeeMm ¢ 09€BHHOCTHIO,
qTO

_ 1 _
(u(t) = a(t) vt €0, 5]) = (al") € Eole]).
C yd4eroMm mpocTeiinero BapuaHTa, MoIyTPYIIOBOTO CBOWCTBA MOIydaeM, 9To mpu € €0, oof

1

FH(Bole]) = [

1+]
5 &5 Tel
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Tenepn ¢ yuerom (4.2) n onpeenenus cemeiictsa £ B HAIIEM KOHKPETHOM CJIydae MOJydaeM Tpedy-
eMoe PaBEeHCTBO

11
(as)[E; Y575 fi €l =[5, 5]
279
AaHHOE MHOXKECTBO MMeeT HEIIYVCTVIO BHYVTPEHHOCTL B BI/I,D;e NHTEPBaJIa | — l, l XO0Td IIepeceveHnue
YCTYIO BHYTD D 5: 50 D

BCEX MHOXKeCTB n3 £ mycTo. Takum 00pa3oM, B JaHHOM MPUMEPE CUTYAIlHsl CYIECTBEHHO OT/INYa-
erca ot (6.1), a camo cBoiictBo, oTmedennoe B [20] m mpuBomgamee k (6.1), B couerannun ¢ (6.2)
Kacaercsi BechMa crienmanbroro sapuanta MII, paccmarpusaemoro B [20] B cBsi3u ¢ ipecraBieHnem
BHYTPEHHOCTH.
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The attainability problem with asymptotic constraints is considered. Such constraints can arise under weak-
ening of constraints that are standard in control theory: phase constraints, boundary and intermediate
conditions; trajectories of a system must satisfy these constraints. But asymptotic constraints can arise from
the beginning as a characterization of trends in the implementation of desired behavior. For example, one
can speak of implementation of powerful control impulses with vanishingly small duration. In this case, it
is hard to tell whether any standard constraints are weakened. So, we have a set of complicating conditions
with each of which we can juxtapose some analog of the attainability domain in control theory and (more
precisely) the image of a subset of the usual solution space under the action of a given operator. In this
paper, we investigate questions concerning the structure of an attraction set arising as an analog of the
attainability domain. The investigation scheme is based on the application of a special way of extending
solution space which admits a natural analogy with Wallman extension used in general topology. Then it is
natural to suppose that the space of usual solutions is endowed with a topology (usually, it is a T;-space that
is explored in this case). In this connection, questions concerning the replacement of sets forming asymptotic
constraints by closures and interiors are addressed. Partially, questions associated with representation of the
interior of the set of admissible generalized elements that form an auxiliary attraction set are discussed.
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