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BECTHUK VIMYPTCKOI'O VHUBEPCUTETA. MATEMATUKA. MEXAHUKA. KOMIILIOTEPHBIE HAVKHI

MATEMATUKA 2017. T.27. Bom. 3

YIK 519.6

© A.TI. Yenuos

VIBTPA®UNJIBTPHI I MAKCUMAJIBHBIE CIHEIIJIEHHBIE CICTEMBI
MHOYKECTB!

PaccmarpuBaercst ceMeiicTBO MAaKCHUMAJIbHBIX CIIEIJIEHHBIX CHCTEM, 3JIEMEHTAMU KOTOPBIX SIBJISIOTCH MHOYKEe-
CTBa MPOW3BOJILHON PEITETKN C «HYJIeM» W «eIWHUIEH», a TaK¥Ke ero MoJceMeiiCcTBO, COCTABIEHHOe U3 YiIb-
TpadWIHLTPOB TAHHOM permeTku. VIcClIenyoTcs COOTHOIIEHMST MEXKIY €CTECTBEHHBIMI TOMOJOTHSIMU, HCITOIh-
3yeMBIMU JJIsi OCHAIIEHUS MHOYKECTBA, MAKCHUMAJIHHBIX CIETJIEHHBIX CHCTEM W MHOXKECTBA YIbTpadUIbTPOB
yIoMsiHyTO# perterku MuOXKecTB. [[okazaHo, 94TO mOCIeHee MHOXKECTBO B €CTECTBEHHOM (11 HPOCTPAHCTB
yAbTPabUIBTPOB) OCHAIIEHUHU SIBJISETCS HOAIPOCTPAHCTBOM IIPOCTPAHCTBA MAKCUMAJBHbBIX CHEIJIEHHBIX CH-
CTeM B OCHAIIEHUU IBYMsI CDABHUMBIMHU TOTOJOTUSIMHE, OHA U3 KOTOPHIX MOIOOHA MCITOIH3yeMO TTPU MOCTPO-
ennu pacimpenuss BoamdHa, a BTopas COOTBETCTBYET HA MIEHHOM YPOBHE CXeMe MOCTPOEHUS MPOCTPAHCTBRA
CroyHa B ciydae, KOTZIa PENIeTKa sABJsSeTcs ajaredpoit Muoxkects. CBONWCTBA MOIydaloIIeiicss OUTOMOIOrnYe-
CKOil CTPYKTYPBI I€TATU3UPOBAHBI I CIy9aeB, KOTIa PEIIeTKA sBISeTCS aJaredpoii MHOXKECTB, TOMOJIOT e,
ceMefiCTBOM 3aMKHYTBIX MHOYKECTB TOIOJIOTMYECKOI'0 IPOCTPAHCTBA.

Karouesoie cao6a: permneTka MHOYKECTB, TOTIOIOTHS, YALTPADUIABTD.

DOT: 10.20537/vm170307

BBenenune

Maxkcumanbubie cuemennbie cucrembl (MCC) 3aMKHYTBIX MHOMXKECTB TOMOJOTMYECKOTO MPO-
CTPAHCTBA UCCIIEI0BANCH B CBA3H C MOHATHEM CYTEPKOMIIAKTHOCTH W MOCTPOEHUEM CYEPPACIIAPE-
muit (em. [1-3] u ap.). Ormernm BazkuOe mosoxkenne (cM. [4]) 0 CyIEPKOMIIAKTHOCTH METPH3YEMbIX
KOMITAKTOB, & TAKyKe CBS3b CYMEPKOMIIAKTHOCTH C TpocTpancTBamu Bomvana (cMm. [2]). B ymomany-
THIX W MHOTHX JPYTHUX PaboTax paccMaTpuBaIacCh CIEMIEHHOCTh CEMEHCTB 3aMKHYTHIX MHOXKECTB.

Bosmozken, oHaKo, n 60J1ee MUPOKMi B3I/ Ha BEIH, KOTJIa UMEeTCS B BUJLY CIEILIEHHOCTD MO
CEMENCTE TOr0 WM MHOTO 3aaHHOTO AITPUOPHU CeMelcTBa MHOKECTB. [locaenee MOKET, HATIPUMED,
OTBEYATH OCHAIIEHUIO MHOYKECTBA, UTPAIOIIETr0 POJIb «EIUHUIIBI», TO WJIN WHOH H3MEPUMOii CTPYKTY-
poii. MoXHO TakKe pacCMaTPUBATH CIHEIIEHHbIE CUCTEMbI OTKPBITBIX MHOXKECTB B TOMOJIOTHIECKOM
npocrparcree (TIT). YmomstHyTEIE CIyuanm ymaeTcss OXBATUTHL €JIWHON CXeMoil, OTBedalomei niee
OCHAITIEHWST «EMHUIIBI» TPOM3BOJIBHOMN PEIeTkoii ee mogaMHOKecTB (1/M). B TO ke BpeMms TaHHbII
nozxoz nosposisier [5,6] nccaenosars yasrpaduabtps (y/d) yrnoMsiHYTON permerku ¢ mpuMeHeHneM
9JIEMEHTOB T€OPUHU OUTOTIOJOTHIECKUX TPOCTPAHCTB [7|. B crity STux mpuyns mpecTaB/iserT HHTepec
CBSI3ATH JIJIst JAHHOTO BEChMa 00IIEro cryvas (OCHAIEHUST MCXOHOTO MHOKECTBA TIPOU3BOILHON pe-
IETKOM ero /M) KoucTpykuuu, onepupyiommue ¢ MCC u ¢ y/d ynoMmstayTOil permerku, nmest B BUILY
BO3MOXKHOCTH OcHammennst MuoxkecTBa Beex MCC aByMs XapakTEePHBIMU TOMOJIOTUSMU: 110 CMBICITY
BOJIM3HOBCKOI U CTOYHOBCKOH.

§ 1. Obime cBegeHus

Ucmonp3yeM CTaHIAPTHYIO TEOPETHKO-MHOKECTBEHHYI0 CUMBOJIMKY (KBAHTODBI, CBSI3KHU U Jp.); & —

A
MyCTOE MHOXKECTBO, = — PAaBEHCTBO TI0 OTpeesieHnio, Boipaxkenue def 3amenser ¢hpaszy «Imo omnpee-
JeHnioy. [IpuHIMaeM akCHOMy BBIOOpA; CEMECTBOM HA3bIBAEM MHOYXKECTBO, BCE 3JIEMEHTHI KOTOPO-
0 — MHOXKECTBA.

!PaBora Bemossena B pamkax ITporpammbr Ipesmmmyma PAH «Maremaruueckne 3a/Jadn COBPEMEHHON Teopuu
VIIPaBJICHUST> .
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Ecin x n y — obwexrol, To {x;y} ecrs def MHOX)ecTBO, comeprkalee ,y u He cojeprKaliee HU-
KaKUX JIDYTUX 37eMeHTOB. MHOKecTBa — 00beKThI; caemys [8, ¢. 67], moaraem Jijis IpON3BOJIBHBIX

A
06bekToB a u b, uro (a,b) = {{a}; {a; b}}, nostygas ynopsipouennyio mapy (YII) ¢ mepbiM d1emMen-
TOM a ¥ BTOpbIM 31emenTom b. Tist nponssosbroii YII z uepes pry(z) n pry(z) obo3Hauaem cooTrer-
CTBEHHO TIePBBI I BTOPOil SJIEMEHTHI 2, OIHO3HAMHO ONpeeIseMble yenosueM z = (pry(z), pry(2)).

A
s xkaxgoro oobekTa = B Buge {v} = {z;x} nMeem CHHIIETOH, COepKAIMil X.

Ecim X — muoxkectBo, T0 uepe3 P(X) obosHadaem cemeiicTBo Bcex 1m/M X, mojlaraeM Takike

P(X) 2 P(X) \ {@}; naxonern, gepe3 Fin(X) obo3nadaem ceMeiiCTBO BCEX KOHEUHBIX MHOXKECTB W3

P/(X). B kauectBe X MOKeT, KOHETHO, UCIOIL30BATHCA cemeiicTBo. Ecin X — memycroe cemeiicTio,
TO TIOJIATAEM, YTO

{UMx {UX XePX®)}, {nHx {ﬂX X eP(X)},

{Uh(x { U X : KeFin(X)}, {n}(x { ﬂ X : K eFin(X)},
XeK XeK

[OJIydasl YeTBIPe CeMeHCTBa II/M O0beJNHEeHNs BCeX MHOXKeCTB 3 X; sCHO, UTO KayKJoe M3 THUX
cemeiicts cogepxut X. Ecom M — muoxkecrso n M € P/ (P(M)), To

Cu[M] £ {M\ M : M € M} € P'(P(M)) (1.1)

(cemeiictBo /M M, gBOiicTBeHHOE IO OTHOMIEHNIO K M); (1.1) GyIer, B 9aCTHOCTH, NCIOTB30BATHCS
B caydae, Korma M — tomosorns na M. Ecin A — memycroe cemeiicTBo, a B — MHOXKECTBO, TO

Al 2{ANB: Ac A} € P'(P(B));

TeM cambiM onpesenen cien A na MuoxkecTBo B (06bIuHO paccmaTrpuBaercs caydait, koria A €
€ P'(P(A)) u B € P(A), rne A — MHOXeCTBO).

Ecmt A u B — muoxkecrsa, o B4 ecrs def muOoMkecTBO BCex orobpaskennii 3 A B B; ecin

f€BAuCcP(A), o fY(C) 2 {f(z): x € C} € P(B) (obpaz C npm geitcrmm f), f1(C) # @
mpu C # &.

CnenuanbHbie cemeicTBa. B mpeseax HACTOSIIETO MyHKTA (DUKCHPYEM HEIyCTOe MHOZKe-
ctBo 1. CemeiicTBO

A E{Z e P (P)| (2 € D& € T)&(ANBET YAcT YBeT)}

BCEX T-CUCTeM T1/M [ ¢ «HyJeM» U «eIUHUIeli», B KAUeCTBe CBOUX TOJCEMENCTB COIEPKUT CeMeicTBa

(alg)[I] 2 {Aenll]|[T\Ac A VAc A, (1.2)

(top)[1] £ {7 € =[] UJGer vgeP (@)} ={rexll] |JGer vGeP(r)}
Geg Geg

Bcex anrebp m/m I u Beex romosoruii Ha I. Beegem, kpome TOro, cemeicTBO
(LAT),[I] 2 {ZT e[| AUBET YA€ ¥YBeT} (1.3)
BCcex pemtetok /M I ¢ «Hynem» u «exmanmeiis. B ceasn ¢ (1.2)—(1.3) mosesno yuecTs, 9To
(alg)[1] € (LAT),[I])&((top)[] C (LAT),[I)&(Cylr] € (LAT),[I] V7 € (top)[I]).  (1.4)

B nmasbHeiimem GygeM OpHeHTHPOBATHCSA Ha «paboTy» C pelnerkaMu u3 ceMeicTs, mogobHbx (1.3);
(1.4) nokasbiBaer, 94TO TaKOi TOJXOJ SABISETCH BeChbMa OOIMM. 3aMernM, 9To nociaenrsis B (1.4)
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BO3MOXKHOCTH OY/IET OTBEYATh MCIIOIB30BAHUIO TPAIUIMOHHO MTOHUMAEMOT0 CyTeppacimpenns (CM.,
manpumep, (3, rr. VII, §4]).
BBemem B paccMOTpeRne PenreTKu ¢ CHHTIETOHAMMA:

(LAT)°[I] 2 {£ € (LAT),[I]| {z} € £ Va e I};

MOJIE3HO UMETh B BUY, uT0 npu 7 € (top)[E], B cayvae korpa (E,7) ecrb T1-npocTpaHcTBO, HETpe-
menno Cglr] € (LAT)?[I]. Hakowern, B BuIe

U E{LenlIVLel VeeI\L3ILel: zeL)A(LNL=92)}

MMeeM CeMefiCTBO OTIeNMMBIX T-CHCTeM (C «HyJIeM» n «exmHuneii»); scuo, aro (LAT)?[I] C 7°[I].
B o ke Bpemsi Bosmoxken ciaydait (LAT)?[I] # (LAT),[I] N 7°[I]. Hanomunwm, uro npu Z € 7[I]

(Cen)[Z] 2 {ZeP(I)| N Z+# 2 VK € Fin(Z)} ecrb cemeiicTBO BCEX HENMYCTBIX IEHTPHPOBAH-
Zek
HBIX [OZCEeMEHCTB T-CucTeMbl Z.

Basbr u npeabda3bl TOMOJIOTMYECKUX MPOCTPAHCTB. B 1e/rsax 6osbIneit kparkocTun B 0003HA-
qeHuIX (QUKCUPYEM 0 KOHITA HACTOSIIETO MyHKTa HemycToe MHOXKecTBO X. Byaem paccmarpuBaTh
OTKPBIThIE W 3aMKHYThIE Da3bl U MPeada3bl TOTOJIOTHIECKUX TTPOCTPAHCTB C «eaunuuteity X. B Bume

(BAS)[(X] £ {BeP (PX)|(X=|)B)& (VB eB
S BTl (Y= | Bt (15
VBy€B Yo € BiNBy 3B3 € B: (x € B3)&(Bs C BN By))}

MMeeM CeMeiicTBO BCEBO3MOXKHBIX OTKPHITHIX 6a3 ronosornit Ha X. ITpu stom {U}(B) € (top)[X]
VB € (BAS)[X] (romosorusi, mopoxaeHnast coorBercrByfommeii 6a3oit). Ecan 7 € (top)[X], To

(r — BAS),[X] £ {B € (BAS)[X]| {U}(B) = 7} (1.6)

ecTh cemeiictBo Beex oTKphITHIX 6a3 TIT (X, 7). CemeiicTBO BCEBO3MOXKHBIX OTKPBITHIX MpPea6a3 To-
TTOJIOTHT Ha MHOXKeCTBe X WMeeT BUJT

(p — BAS)[X] £ {x € P/(P(X))| {N}s(X) € (BAS)[X]}= {X € P'(P(X))| X = Uxk @n
Xex
C yuerom (1.5)—(1.7) momywaem croiicreo {U}({N}4(X))€ (top)[X] VX € (p—BAS)[X]. Ecm
T € (top)[X], o

(b — BAS),[X;7] = {X € (p — BAS)[X]| {N};(X) € (7 — BAS),[X]} (18)

ecTh ceMeicTBo Beex oTKphIThIX nipeabas TIT (X, 7). Bregem reneps B paccMoTpeHne ceMeiicTBO Beex
samMkHyThIX Tomosioruii I1. C. Anekcannposa, mosmaras B ayxe [9, c. 98], aro

(clos)[X] £ {F € P/(P(X))| (2 € F)&(X € F)X(AUBEF YAc F VB € F)&

&(( FeF VF eP(F)}
FeF’

(sicro, uro Cx|[7] € (clos)[X] V7 € (top)[X]; kpome roro, Cx[F] € (top)[X] VF € (clos)[X]).

CewmeiicTBO BCeX 3aMKHYTHIX 0a3 Tomosoruit Ha X ecTh

(cl — BAS)[X {BGP’(P() (X eB)&((|B=2)&(VBi€B VB, €B
BeB

Vo€ X\ (B1UB)3Bs € B: (B1UBy C B3)&(x ¢ B3)) };
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nerko Bugers, aro {N}(B) € (clos)[X] VB € (c] — BAS)[X]. IIpu 7 € (top)[X] nomaraem, 4aro
(cl = BAS),[X; 7] 2 {B € (cI = BAS)[X]|Cx|[r] = {n}(B)}, (1.9)
noJtydasi cemeiicreo Beex 3amMkHyThix 023 TII (X, 7). B Buze
A
(b — BAS)[X] 2 (X € P/(P(X))| {Uh(X) € (cl — BAS)[X]}
MMeeM CeMeificTBO BCeX 3aMKHYTHIX Tpeabas ronosornii Ha X. Ecian xe 7 € (top)[X], To (cm. (1.9))
A
(b — BAS)[X; 7] £ {X € (p— BAS)uX]| {Uh(X) € (c —BAS),[X;7]}  (1.10)

ecTh cemeiicTBo Beex 3aMkHyThx npenbas TI (X, 7). Ecm X € P/(P(X)), To

(COV)[X| ] £ {x e P/(x)| X = | J X}
Xex

DsemeHThI Toroyioruu. CoxpaHseM MpeImooKeHne OTHOCUTENHHO X 1 X — HEmyCcToe MHOXKe-

crBo. IIpu 7 € (top)[X] n x € X momaraem N2(x) 2 {GerlzeG}n
N.(z) 2 {H € P(X)|3G € N°(z) : G C H),

nosrydast cemeiictBo okpectrocreii (eM. [10, ra. I]) x 8 TII (X, 7). Ecau 7 € (top)[X] u A € P(X), 0
cl(A, 1) € Cx|[r] ecrs def 3ambikanne A B (X, 7). Hakoner, npu 7 € (top)[X] uepe3 (7 — comp)[X]
obozravaeM cemeitcTBo Beex kommakTHbX B TIT (X, 7) m/M muONKecTBa, X.

CueruieHHble cucTeMbl. BBesieM B pacCMOTpEHHE CeMeficTBO

(link)[X] £ {X* € P'(P(X))|[ANB#@ YA€ X VB e X} (1.11)
Beex crerennpx (v, [1-3]) cucrem m/m muoxkecrsa X. Ecm X € P/(P(X)), o nomaraem, |aro
(X — link)[X] £ {X € (link)[X]| X C X}; (1.12)

semenTs! (1.12) cyThb cuemennbie cucrembr n3 cemeiicrsa (1.11), comepxammecs B X. Haxoner, mpu

XeP (P(X))
(X — link),[X] £ {X € (X — link)[X]|¥ X € (X —link)[X] (¥ C X)= (X = X)}
ecth cemeiicro Becex MCC n/m X, comepxamuxcst B X.

§ 2. @uabTPHI U ClENJIEHHbIE CUCTEMBbI (06Iue CBOIiCTBA)

B nanmpHeiitem dbukcupyem Hemycroe MHOXKECTBO E'; paccMarpuBaeM cemeicTsa /M F.
®unbrpsel. Ecin £ € w[E], To

F'(L) £ {FeP(L\{2})|(ANBEF YAc F YBe F)k
&VFeF VLeL (FCcL)y=(LeF))} (21)

eCTh MHOYKECTBO BCeX (DUIBTPOB IMHUPOKO MOHHMaeMoro miamepumoro mpocrpancrsa (UII) (E, L).
Coorsercreento, MHOKeCTBO Beex y/d mannoro UII ecth

F*(L) 2 (U e F*(L)|VF € F*(L) U C F) = U = F)} =
—{UeFL)VLeLl (LNU#G YU ecU) = (Leld)) =
={U € (Cen)[L]|VV € (Cen)[L] U C V)= (U=V)};
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F*(L) # ©@. TpaguuponusiM obpas3oMm onpesesiiorcst Tpusraabibie uabrpsr UM (E, L), rue

Len[E]: ecmm x € E, to (L — triv)[z] 2 {L € L|z € L} € F*(£) ecrb TpuBnaibhslii (buxcn-
poBanHBIT) GUIBTP, oTBevaomuii Touke . [Ipm srom (cm. [11, (5.9)])

(£ — triv)[z] € F3(L) Va € E)<= (L € m°[E]) (2.2)

((2.2) ompenensier HEOOXOANMBIE W JOCTATOYHBIE YCJIOBHS MAKCUMAJBHOCTH TPUBHATBHBIX (Db
tpos). [Tosnaraem, uro (npu L € 7[E])

(L) 2 {UeF(L)|LeUy YL e L
Torma (cwm. [11,12]) (UF)[E; £] 2 {®,(L): L e L} e (BAS)[F;(L)], n mpu 5TOM TOIOJIOTHS

T3 [E) £ {U}((UF)[E; £))= {G € P(F3(L))|VU € G IU €U : B.(U) C G} € (top)[F3(L)]
mpesparaer FX(£) B mymsumepioe Th-TPOCTPATCTEO
(F3(L), T2(E)). (2.3)
Ecm e £ € (LAT),[E], to mreen taxse (e [5, (6.7)]) (UF)E; L] € (cl — BAS)[FX(L)], a

TOPOKIEHHAST JAHHOW 3aMKHYTOIH 0a30#f TOTOIOTHS
A
T%(E] = Cry () [{N}((UF)[E; £]) ] € (top)[F5(L)] (2.4)
npespaiaer [5, pazgen 6] Fi (L) B kommakTHOe T} -TIPOCTPAHCTBO
(F5(£), TZ[E]), (2.5)
mpu arom (cwm. [6]) T%[E] C T} [E]; B Buge Tpumiera
(F5(L), T2 [E], TL[E]) (2.6)
nmeem (cum. [7]) Gmromomormueckoe mpocrpanrctso. Tomomormio T%[E] ymecTHo Ha3BaTh BOJMIHOB-
ckoit, a T7:[E] — cToyHOBCKOIi, IMesl B BUJLy aHAJIOIMH C eCTecTBeHHBIMNU ciaydagmu: npu L = Cgl7],
rae 7 € (top)[E] peammsyer Ti-npocrpancreo (E,7), TII (2.5) orseuyaer pacmupennio Boavana
ucxonuoro TII (E,7), a npu £ € (alg)[E] B Buzme (2.3) nmeeM HyJIbMEPHBIN KOMIIAKT, 8 TOTHEE,
npocrparcTeo CToyHa.

Cuemiennbie cucrembl. HamomunM, uto cemeiicteo € € P’ (P(E)) HA3BbIBAETCH CIEIJIEHHBIM,
ecm X1 N # @ V3 €& Vg € & Torma (em. (1.11))

(link)[E] £ {£ € P/(P(E))|S1 NSy £ @ Y¥ €€ VS, € £}

[Iycrs £ € (LAT),[E]. Bymem paccMarpuBaTh CIelIeHHbIE moficeMeiicTBa L, Ha3bIBas WX JIJIS KPAT-
KOCTH CIeTJIeHHbIMU cucTemamu 11/M F (B Tom ciydae, korga L = Cg[7], tae 7 € (top)[E], nonyua-
eM CIIeIIeHHBIE CHCTEeMBI 3aMKHYTBIX MHOXKECTB, 9TO cooTBercTByeT [1-4|); B Bume (L — link)[E] =
= {€ € (link)[E]| £ C L} nmeem cemeiicTBO Bcex ClemieHHBIX cucreM 11/M F; sicro, uro F*(L) C
C (£ — link)[E]. Haxonern,

(£ — link)o[E] = {€ € (£ —1ink)[E]|VE € (£ ~link)[E] (EC &)= (E=E)} (2.7)
ectb cemeiictBo Bcex MCC /M E. Jlerko Bumers, 9To
(L —link),[E]={£: € (L—lnK)[E)]|VLeL (LNY#@ VX €&)= (Lef)}. (2.8)

[Ipencrasiaenus (2.7), (2.8) cranapTHBI U HA UAEHHOM YPOBHE COOTBETCTBYIOT |3, mpemioxenue 4.8].
B Ka4geCTBE OYeBUIHOTO CJIIEACTBUA OTMETUM, 9TO

F* (L) C (£ — link),[E]. (2.9)
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3 (2.9) crenyer, uro (£ — link),[E] # @. Kpome Toro, nveem cpoiicTro, anasorngnoe [3, 4.7,
VL€ (L —link)[E] 3Ly € (L —link),[E] : L1 C Lo. (2.10)
13 onpenesennii (cM., B gacTHOCTH, (2.8)) sterko caeayert, aro VE € (L —link),[E] VX € & VL e L
(XCL)y= (L&) (2.11)
B cBs3u ¢ (2.11) ormernm ouernnyio ananoruio ¢ (2.1). Jonomnusist (2.9), ormernm Tak»ke, 94To
F*(L) ={U € (L —link),[E]| ANBeU YVAclU VB eU}.

Bamerum, uro {L} € (L—1ink)[E]V L € L\{@}. IIpu stom EU{E} € (L—link)[E]VE € (L—link)[E].

B Bume ciaemcrust mosydaemM, 9o
E €& VE e (L —link),[E]. (2.12)
BBesieM B paccMOTpeHme MHOXKECTBA, MOJ00HbIe UCHoIb3yeMbiM B |3, 4.10]:
(£ — link)°[E| L] 2 {€ € (£ —link),[E]| L € £} VL € L. (2.13)

fcuo, uro (£ —link)°[E| @] = @ u (L — link)°[E| E] = (£ — link),[E] (cMm. (2.12)). C yuerom (2.11)
mostyaaem, aro VILy € L VLo € L

(L1 C Ly) = ((£ —link)°[E| L1] C (£ — link)°[E| Ly)).
§ 3. HekoTopsbie cBoiicTBa, CBA3aHHBbIE C JABOMCTBEHHOCTHIO

Berogy B manbueiimem £ € (LAT),[E] dukcupyercs; mosydaem Hemycroe ceMeicTBo
€5[E; £ = {(£ —limk’[E| L] : L€ £} € P'(P((£ — link), [E]) ). (3.1)

Hawm norpebyercst Takske cemeiicTBo, JapoiicTBeHHoe 1o oTHorennio K (3.1). B aroit cesasm ormernm
mpezK /e BCero, YTo € y4eTOM COOTHOIIEHU ABOUCTBEHHOCTU

CglL] € (LAT),[E]. (3.2)
C yduerom (3.2) BBEmEM B PACCMOTPEHNE MHOXKECTBA
(£ —1ink)?, [E| A] £ {€ € (£ —link),[E]| 3L € £: £ C A} VA € CglL]. (3.3)

[lo ompeserermmo (ABOiicTBeHHOM) penTeTKH (3.2) mveem, Korewro, MuaoxkecTsa (£ — link)o, [E| E'\ L]
mpu L € L.
IIpengoxxenne 3.1. Fcau L € L, mo

(£ —link)3,[E| B\ L] = (£ — link),[E] \ (£ — link)°[E| L].

Hoxasarenncrro. [ycrs V € (L~link)g,[E| E\L]. Cormacro (3.3) sa mexoroporo V € V
nmeem, uro V C E\ L. Ilpu srom V ¢ (£ — link)°[E| L]. B camom nene, ecin V € (£ — link)°[E| L],
To cornacHo (2.13) L € Vu VN L # & B cuy cuemsienrocrn V; onnako V N L = & no seibopy V.
[IporuBopeune moka3wbBaeT Tpedyemoe CBOWCTBO, U, KOJIb CKOPO BBIOOD V OBLI MPOU3BOIBHBIM,

(£ —1ink)2, [E| E\ L] C (£ —link),[E] \ (£ — link)°[E| L].

[Iycts W € (£ — link),[E] \ (£ — link)°[E| L]. Torga B cuny (2.13) L ¢ W. Ilostomy cormacuo (2.8)

st Hekoroporo W € W nmeer MecTo CBOWCTBO

LNW =g
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(yamreiBaem, uro L € L), to ectrb W C E\ L, rne E\ L € Cg[L]. U3 (3.3) crenyer, uro
W e (L —link)J,[E| E'\ L], uem u 3apeprmaeTcss TPOBEpKa BIOMKEHI

(£ = link),[E] \ (£ — link)°[E| L] C (£ — link)g,[E| E'\ L]. O
N3 mpenmoxenna 3.1 ciemyer, KOHETHO, YTO
(£ = link)g, [E| E] = (£ — link)g,[E| E '\ @] = (£ — link),[E], (3.4)
tak kak (£ — link)°[E| @] = @. Ormernm, ato

€ [B; L) 2 {(£ —1ink)%,[E| A] : A € Cp[L]} € (p— BAS)[(£ — link),[E]]. (3.5)

Bameuanue 3.1. IIposepum, uto € [E; L] € (p — BAS)[(L£ — link),[E]]. HeficTBurensho, u3
onpezenenus (cm. (3.5)) caemyer, aro

¢ [E; L) € P/ <73((£ - link)O[E])). (3.6)

Mycrs € € (£ — link),[E]. Torma B cuny (3.4) mveem, uto € € (L — link)g,[E| E]. Tpu stom
cormacuo (3.2) E € Cg[L], a Torma

(£ -link)o [E|EJCc ] S
Seds,[E;L)

[MosTomy & € U S, deM 3aBepIaercst MTPOBEPKa BIOYKEHUsT
Seeg,[B;L]

(£-link)[ElCc | S

SeCg,[E;L]
a caegoBaresibHO (cM. (3.6)), n paBeHCTBa
(£-link),[E]= |J S
Seeg,[E;L]

C yuerom (1.7) momywaem Tpebyemoe cpoiicto: €5 [E; L] ecTh OTKpBITas mpeabasa HEKOTOPOil TO-
nosiorunt Ha (£ — link),[E]. O

3 (3.5) nomysaem, aro {N}4(€,[E; £]) € (BAS)[(L£ —link),[E]| n, xax crexcrsue,
A Y .
To(E| L) = {U}({N}:(€5,[E; £])) € (top) [(£ — link),[E]]; (3.7)
IIPU 9TOM, KaK JIEPKO MPOBEPUTH (CM. mpemoxkenue 3.1),

€ [E; L] = C(ztink). (e [€op[E; £]]- (3.8)

Bameuanne 3.2. IIposepum (3.8). [Tockonsky mpu L € £ nmeer mecro E\ L € Cg[L], To
(£ — link)2 [E] B\ L] € €5, [E; £],
a moTomy (cM. mpesroxenue 3.1)

(£ — link),[E] \ (£ — link)°[E| L] € €%, [E; £],
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W, KAK CICACTRIe, MOyTaeM CROHCTRO
(£L—1link)°[E| L] = (£L~1link),[E]\ (£ ~1link),[E]\ (L ~1ink)’[E| L]) € C (£ tink),[z] [Cop [ E; L]] . (3.9)

C yuerom (3.1) u (3.9) nomysaen mrowenme
CHE; L] € Clomiin, (7] [Cop B L] (3.10)

Bribepem mponssobio M € C(z_jink), [£] [Qﬁgp[E; L]], mocne wero moxbepem N € €5, [1; L] Takoe,
aro M = (£ — link),[E] \ N. Torma ¢ yaerom (3.5) monbepem A € Cg[L] co cBoiicTBOM

N = (£ — link)g,[E] A].
[Tpu srom E\ A € L, u B cuity npemioxkennst 3.1
N = (£ —link)g,[E|A] = (£ — link)g,[E| E\ (E\ A)] = (£ —link),[E] \ (£ — link)’[E| B\ A] €

€ Cztink), (5] [€5[E; L]].

Kaxk crencreue, M € €} [E; L], uem 3aBepinaercs MpoBepKa BIOKEHUST
Cir—tink), [E] [€0p [E; L]] C CE; L],
a crano 66ITh (cM. (3.10)), m Tpebyemoro pasercTsa (3.8). O

Bamernwm, urto @ = (L — link)g [E| @] € €3 [E; L] (em. (3.2), (3.5)). 3amernm Taxke, 9To co-
rimacHo (1.6) u (3.7)

[N}(€ 5 £]) € (To(E| £) — BAS), [(£ — link), [E]].
C yuerom (1.8) m (3.5) moywaem, Kak CJI€ICTBHUE, UTO
CO[E; L] € (p — BAS),[(£ — link),[E]; To(E| £)]. (3.11)
C yuerom storo u3 (3.5), (3.8) u (3.11) mosydaem, UCIOIB3Ys JBOHCTBEHHOCTD, ITO
E[E: L] € (p — BAS)S[(£ — link), [E]: Ty (E] £)] (3.12)

(samernm, 4To, mockomeKy @ € €9 [E; L], menpemenno @ € {N}y(€5,[E; L])). Urak (cm. (3.11),
(3.12)), €5, [E; L] — otkpwitas, a €)[E; L] — samkmyTas mpenbaser TTI

((£ — link)o[E], To(E| £)). (3.13)
§ 4. CynepKOMIIAKTHOCTh IMIPOCTPAHCTBA MAKCUMAJIbHBIX CIEIIJIEHHBIX CUCTEM

Crauasa HATOMHUM OCHOBHBIE TIOHSATHSI, CBsI3aHHBIE ¢ cynepkoMmakTHbIMI TII. B stux mocrpoennsx
caenyem [1-3]. Hekoropeie onpejiesieHnst HATTOMHNM.

Cynepkomnaktaoctb. Ecin (X, 7),X # &, ecrb TII (to ecrb X — Hemycroe MHOXKeCTBO
u 7 € (top)[X]), To nmonaraem, aro

((p, bin) — 1) [X; 7] 2 {X € (p —BAS)[X;7]| ﬂ S# @ VS e (X —link)[X]} (4.1)
Ses

(cemeiicTBo BCex 3aMKHYTHIX OuHapHBIX npeadas TII (X, 7); oHo Moxer GBITH TycThIM). Jlerko Bu-

nets, aro VX € ((p,bin) — cl)[X;7] V€€ (COV)[X|Cx[X]]3ICr €€ 3C; € €

X =CiUCCs. (4-2)
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B (4.2) nposicasiercsi cMbICI GUHAPHOCTH COOTBETCTBYIOMEH npegdasel. Ormernm B crsizu ¢ (4.1),
.2)

(4.2), uro VX € (p —BAS)&[X;T]
(VQ:E (COV)[X|CX[XH dCe€ dCy e €. X = 01U02):> (X € ((p,bin) _Cl)[X;TD'

Cnenyst [1-3], maseisaem TII (X, 7) cyneprkommaxrabi, ecmn ((p,bin) — 1) [X;7] # 2.
Hns Besikoro muOXKecTBa M, M # &, B BUE

((ST) - top) [M] = {t € (top) [M]| ((p, bin) — cl)[M;t] # 2}

UMeeM CeMeiiCcTBO Bcex TomoJoruii, npespamatonmx M B cyneprkoMmnaktHoe TII. CymekommakTHOE
Ty-ipocrpancTBo HasbiBaercs [13, 5.11] cynepkommakrom. Hamomuwnwm, aro (em. [1-3,13]) cynepkom-
makTHOEe TTI KOMIIAKTHO; MOITOMY IIPH T € ((S(C) — top) [M], toe M — HemycToe MHOKECTBO, HMeeM
B Bugie (M, 1) kommakrroe TII.

IIpengoxxenne 4.1. B sude C[E; L] (3.8) umeem samxnymyro bunapryro npedoasy TII (3.13):

&[E: L] € ((p.bin) — 1) [(£ — link)o[E]: To(E] £)].

HJdokaszarenbctTs o. Urea mokazarensctsa coorBercrsyer [3, 4.13]. Tem e menee
PacCMOTPUM TaHHOE PACCYIKJIEHWE, UMes B BUJY MOMEHT, CBSI3aHHBIN C CYIIECTBEHHBIM 00DO0DIIeHueM

nocraroBku (cm. (1.4)). [onaraem gist kparkocru, aro € 2 CHE; L], nonyuas (cm. (3.12)) croiicTBo
¢ € (p — BAS)[(£ — link),[E]; To(E| L£)]. (4.3)

BriGepenm nponseobro U € (€ —link) [(£—link),[E]]. Torga & cny (1.12) U € (link) [(£—link),[E]],
IIPH 3TOM

uce. (4.4)
TormaVAeld VBelU: AN B # &. BeegeMm B paccMOTpeHme
V2L e L|(L - link)°[E| L] € U}. (4.5)

Bamermy, uro U # @ B cuy (1.11). Ilyers U € U. Torna U € €. Hpu stom U € P((L£ — link),[E]);
cm. (1.11). U3 (4.4) creayer (cm. (3.1)), uro ayst wekoroporo U € L

U = (£ — link)°[E| U].

[Mosywaem, uro (L —1link)?[E| U] € U. 1o oznauaer (cm. (4.5)), aro U € V. Takum obpaszom, V # &.
Iosyunmn ceoiictso V € P'(L) u, B wactaoctn, V € P'(P(E)). Beenenm B paccyorpenne

$U2 (£~ link)°[E| L] : LeV). (4.6)

B cuny menycrorer V u (4.5) nmeem, uro U # &. anee, o onpegenennto V nmeem Baoxkenne U C U.
Crajo 6bITH,

e PU).

Bribepem npomssomsro o € U. TIpn srom cormacmo (1.11) U C P((L — link)o[E]), a noromy
o € P((£ —link)o[E]), o ectb a C (£ — link)o[E]. Ormernm (cm. (4.4)), ato o € €, a Torza
cormacuo (3.1) mrst wekoroporo F € L

a = (£ — link)°[E| F]. (4.7)

Torpa B cuy (4.5), (4.7) F € V. U3 (4.6), (4.7) nveem reneps, uro « € 4. TTockosbky BbIGOD v GBI
[POM3BOJILHBIM, YCTAHOB/IEHO, uTo U C i 1, KaK CIeCcTBHe,

U == {(L£—1link)°[E|L]: L€ V}. (4.8)
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[Iycrs Vi € V u Vy € V. Pacemorpum muoxkecrsa (£ — link)?[E| V1] € U n (£ — link)°[E| V] € U.
B cuny cnemtennoctu U nmeeMm CBO#CTBO

(£ — link)°[E| Vi] N (£ — link)°[E| V3] # &

[Iycrs B € (£ — link)°[E| V1] N (£ — link)°[E| V]. Torma § € (£ — link),[E]; upu stom Vi € 3
u Vo € 5. [Mockoasky S cremneno, nMeem cgoiictBo Vi N Vo # &. Kosb ckopo Beibop V4 u Vo 6Bt
NPON3BOJILHBIM, ycTanossieHo, uro V € (link)[E] (em. (1.11)). Oxnako V C L B cuiy (4.5), a notomy
(em. (1.12))

V € (L —link)[E].
BriGepem (cm. (2.10)) npoussosnbayio MCC W € (L — link),[E] co croiicTBOM
Y Ccw. (4.9)

Torma, B wacrnoctu, W C L. Ecm V € V, o B cuny (4.9) V € W, a 310 03HAuaer, 9ro
W € (£ — link)°[E| V]. Urax,

W e (L —1link)°[E|S] VS e V. (4.10)
Bui6epem nponssoibio A € U. B cuty (4.8) mveem mia wekoroporo @ € 1V paBencTso

A = (£ — link)°[E] 9. (4.11)

C yuerom (4.10), (4.11) moayuaem remeps cBoitctBo W € A. II0CKOIBKY A\ BBIOUPAIOCH TPOU3BOJIBHO,

Weﬂm.

reU

ycraHosjeHno, yro W € k Yk € U, To ecTh

Taxwmm obpaszom, mepecedenune Bcex MHOXKeCTB n3 U HermycTo. Kob ckopo BeIOOp U OBLT TPOU3BO/IH-
HBIM, YCTAHOBJIEHO, UTO

(VL #@ Ve (€—Ilink)[(£ — link),[E]]. (4.12)
Leg

I3 (4.1), (4.3) u (4.12) BBITEKAET, YTO
¢ € ((p,bin) — cl) [(£ — link),[E]; T, (E| £)],

9eM U 3aBepIaeTcs J0Ka3aTe/IhCTRO. O
13 npemmoxenns 4.1 sorrekaer, uro TII (3.13) cynmepKOMIAKTHO; WHBIMU CIOBAMH,

To(E| L) € ((SC) — top) [(£ — link),[E]]. (4.13)
N3 (4.2) n npemyoxennst 4.1 umeem, uro Vy € (COV) {(ﬁ — link)o[E]| C(z—tink), (5] (€5 E; C]H
3C) € x 3Cy € x: (L —link),[E] = C; U Cy. Oanako B cuiy (3.8) nmeem paBeHCTBO
Cz-tink)o[£] €[ E; L] = €2, [E; L].
[105TOMY TIOTyHUaeM CIeIyIoNnee CBOHCTBO:
Vx € (COV)[(£ —link)o[E]| € [E; £]] 3C1 € x 3C € x : (L —link)[E] = C1UCy.  (4.14)
C yuerowm (3.5) n (4.14) momxyuaem, aro VG € P'(Cg|L])

((£ = 1link)o[E] = | J (£ —1ink)3, [E|G])= (3G1 € G TGy € G: (L - link),[E] =
Geg

— (£ — 1ink)3,[E] G1] U (£ — link)3, [E|Ga)).
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§ 5. CBasb ¢ yubTpaduabTpaMu

Pacemorpum TIT (2.5), umes: B Bumy csoiicrBo (2.9). Urak, y/d — cyts MCC. B 10 ke Bpemst
M0JIE3HO OTMeTUTH oveBniHoe nosoxenne: VA € Cg[L] VAg € CglL]

(A1 A = @) = ((£ = link)3, [B| A1) N (£ — 1ink)%, [E] Ao] = 2). (5.1)

Bameuanne 5.1. IIposepum (5.1), dukcupys Ay € Cg[L] n Ay € Cg[L] co cBoiictBom A1 N Ay =
= @. Ilokazkem, 910

(£ —link)o, [E| A1] N (£ — link)g, [E| Ag] = 2. (5.2)
,ZLOHyCTI/IM TPOTUBHOE: JaHHOE MHOXKECTBO-TIEpeCcevIeHrne HEImyCTO. Bbl6epeM
& € (£ —link)g [E] A1] N (£ — link)g, [E] Ag]. (5.3)
Torma B cruty (3.3) u (5.3) m1s HEKOTOPBIX X1 € £ 1 Y9 € € NMEIOT MECTO BJIOYKEHHST
(21 C Al)&(zg C AQ). (5.4)

ITo BeIGOPY A1 Ay umeem u3 (5.4), uro ¥ N Xy = &, uro nporuBopeunt crermternoctu €. [Tomy-
9YeHHOEe MpPOoTHBOpedne jokasbiBaer (5.2), yem n 3apepriaercs: npoeepka (5.1). O

Bamernm 3mech ke, uro B cury (2.10) m CHEMIEHHOCTH KasKJ0TO CHUHIJIETOHA, OTBEYAOIIETO
HEIIYCTOMY MHOXKECTBY u3 L, MOJIydaeM, ITO

L\ {2} = U €= U u«
£e(L—1ink),[E] UeF%(L)

(nst y/d cnpasemmso cBoiicrBo, momobHoe (2.10)). Bepremces k npocrpancrBy (2.5). IMonaraewm,
910

FolC|A] 2 {U e FX(L)|3U el : U c A} YA e CglL]. (5.5)

IIpepnoxenune 5.1. Ecau L € L, mo
F5(L)\ @c(L) = FolL| B\ L], (5.6)

lokazarTeabcTBo mogobHO obocHOBaHUIO Tpeioxkenus 3.1. Tem He MeHee paccMOTpuM
ero cxemy. Ilycre V € Fe[L| E \ L]. Torga, B wacraocru, V € Fi(L), u npu 510M 151 HEKOTOPOTO
V €V umeer MecTo BIOXKEHIE

VCFE\L.

B srom ciyuae VN L = &. Torpa cornacuo onpeenennio § 2 nmeem, aro V ¢ @ (L) (cm. raxxe [14,
(2.4)]). Homyuwmmu, aro V € F5(L) \ ®(L), gem 3aBepuiaercst mpoBepKa, BIOKEHUS

FolC| B\ L) € Fy(L)\ @c(L). (5.7)

Bribepem npoussossao W € Fi(L) \ ®,(L). Torma L ¢ W, u, Kak CIeJIcTBHUe, sl HEKOTOPOTO
W € W nueer mecto (cm. [14, (2.4)]) croticteo LNW = &. Torma W C E'\ L, tie no seibopy L
mveeMm E\ L € Cg[L]. [Tostomy cornacuo (5.5) W € Fc[L| E \ L]. Urak, mnony<aumn BroxeHne

F5(£)\ ®c(L) C FelL|EN\ L,

a craso 6brTh (em. (5.7) ), m Tpebyemoe pasenctso (5.6). O
Beegem B paccMOTpEHHE HEmyCToe CeMeiicTBO

Scll] 2 (FelL|A]: A€ CplLl]} e P! (P(F;ﬁ(ﬁ))). (5.8)
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IIpenioxxenne 5.2. Cnpasedauso pagencmeso
Scll] = Crs(o) [(UF)[E; £]]. (5.9)

JNokasarenscTso. Bubepem npomssomsno V € Fe[L]. Torma mist mekoroporo V € CplL]
nmeeM (cMm. (5.8)) N

V ="Fc|[L|V]. (5.10)

Ormernm, uro W 2 E\ V€ L no suibopy V, npuuem £ \ W =V, a rorna B cuity npejgioxkennst 5.1

u (5.10) V=Fc[L| V] =Fc[L| E\ W] =F;(L)\ @£(W) € Cp:()[(UF)[E; L]], uem u 3aBepmaercs

MPOBEPKA BJIOKEHUST

Scll] € Cps (g [(UF)[E; £]]. (5.11)
Iycrs M € Cps (g [(UF)[E; £]], a N € (UF)[E; £] takoso, uro

M = F*(£) \ N. (5.12)

Ucnonssyst onpenenenns §2, nondepem L € L co ceoiicrBom N = ®,(L). Torga cornacHo mpeyio-
xermo 5.1 mveem (cm. (5.12))

M =F;(£) \ (L) = Fo[£| B\ L, (5.13)
rie B\ L € Cg[L]. U3 (5.8) u (5.13) nomyuaem, uro M € F¢[L£]. Urax, ycranosmeno, aro
Cr; (o) [(UF)[E; £]] € FclL],

orkyzaa ¢ yaerom (5.11) momyuaem Tpebyemoe pasenctso (5.9). O
Hanomunm (cm. §2), uro (UF)[E; £] ects 3aMkHyTas 6a3a, mopoxgaomnias Tomoygormio T [El;
npu arom & = O, () € (UF)[E; L] u Fi(L) = ©,(FE) € (UF)[E; £]. Torga (cm. [5, (1.18)])

Cry(c) [(UF)[E; L]] € (BAS)[F5 (L)), (5.14)
uw ipr stom (cu. (2.4), [5, (1.20)]) cripaseymBa menouKa paBencTs
T2[E] = Cry ey [{N} ((UF)[E; £]) ]| = {U}HCrz () [(UF)[E; L]] ). (5.15)
U3 (5.14) 1 npempmoxkenns 5.2 momydaenm, ato FclL] € (BAS)[F*(L)], u mpu stom (ca. (5.15))
T2([E] = {U}(Fcl[L). (5.16)
s (1.6) u (5.16) BhITeKaeT cileIyiomee CBOHCTEO:
FclL] € (TZ[E] — BAS)[F5(L)). (5.17)
Urax (cm. (5.17)), cemeiicrio (5.8) siBastercst oTkpwiToii 6azoit TTT (2.5).
TIpennoxenne 5.3. Ecau A € Cg[L], mo
FelL|A] = (£ — link)3, [E| A] N F5(L). (5.18)

MoxasarTennctso. Hyers U € Fo[L|A]. Torna U € F(L) u anst mexoroporo U € U
nmeer mecto Bioxkenne U C A. U3 (2.9) nosyuaem, aro U € (£ — link),[E], a Torma cornacHo (3.3)
U € (L —link)g,[E| A]NTF;(L). UTax, ycTaHOBTEHO BIOYKeHMe

Fc[L]A] C (£ —link)3, [E| A] N F5(L). (5.19)

[ycrs U € (£ — link)g [E]A] N Fj(L). Torma B cumy (3.3) g mexoToporo ¥ € il mveer mecTo
¥ C A (mpwm srom, koreuno, i € (L — link),[E]), a, mockoseky U € Fi(L), uz (5.5) cuexyer, 4ro
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U € Fo[L|A], gem u 3aBepmaercs mposepka Brosenns (£ — link)5, [E] Al N5 (L) C FclL] A, a
craenoBareasHo (cM. (5.19)), u paBencrsa (5.18). O
13 (3.5), (5.8) w npemnoxenunst 5.4 BRITEKAET, 9TO

Scll) = {(£ — k)% [B|A]NF(L) : A € Cpll]) =
={SNF;(L): Se (’,‘gp[E; L]} = ¢gp[E; L]

pagey (5:20)

Urax, orkpeitas 6a3a (5.17) ecrs cien orkpertoit mpeabassr (3.11). 13 (5.20) caemxyer

IIpennoxenne 5.4. Tonoaozua TE[E] undyyuposana na F}(L) us TIT (3.13):

TZ[E] = To(E| £)

F5(£)

Urax, (2.5) ssagerca nognpocrpanctsom TII (3.13). C yuerom mosoxenuii § 2 mosywaem, 9ro
F:(L) € (To(E| L) — comp) [(£ — link),[E]].

IIpengoxxenme 5.5. Ecau € € (L — link),[E], mo

() (£ —1link)°[E| £] = {€}. (5.21)
Xe€

Joxasareunbctso. ObozHaunm uepes £ MHOXKeCTBO-TIepecedernne B jieBoii vactu (5.21).
Cpasunym £ n {£}. Torma u3 (2.13) nmeem ¢ oueBnAHOCTHIO, 9T0 £ € £, a MOTOMY

(£} c & (5.22)

Bri6epem mpomssosibao S € £. Torma S € (£ — link)?[E|X] VX € £. Ilockonbky £ # &, nmeeMm

u3 (2.13), uro S € (L — link),[E]. Kpome Toro, B cuay (2.13) ¥ € § VX € £. Unbivu cioBamu,

£ C 8, a rorma ¢ yuerom MakcumanbHocTH € momydaeMm (cMm. (2.7)) pasenctBo S = &; mosromy

S € {€}, uem n 3aBepmaercst nposepka Baoxenust £ C {€}, orkyma (cm. (5.22)) ciemyer Tpebyemoe

paserctso £ = {£}. O
Bamernm, aro (cm. §1) u3z (3.12) BeiTekaer, 4To

& [E; L] C{UR (&[5 £]) C Czotinky, [ To(E] £)]; (5.23)

mer yam (1.9) m (1.10), a Takxe ouesmmnoe Bnoxkenne {U}y(€[E;L]) C {N}({U}(€;[E; L])).
U3 (3.1) u (5.23) mosy9aem cJeyioree CBOCTBO:

(£ — ink)°[E| L] € Cetimio iy [To(EI £)] VL€ L.
Teneph ¢ y4eToM MpeIozKeHust 5.5 moydaeM (1Mo CBOWCTBAM 3aMKHYTBIX MHOYKECTB), UTO
{€} € C(c-1ink),[E] [To(E|L)] YVE € (L —link),[E].

dro ozuauaer, uro (3.13) asasierca Ti-npocrpancTBoM. C yueTom moJioxKenuii § 4 moydaeM BasKHOe

cBoiicTrO: B Buje (3.13) mmeem cymepkommakTHOe T]-TPOCTPAHCTBO.
Bamernm, uto cornacho (3.7) € [E; L] C To(E| L), a motomy (cm. (3.5)) mpu A € Cg[L]

(€~ link)3, [E] A] € To(E| £):

ecm mipu 3tom £ € (L — link)g [E[A], To (em. §1) (£ — link)g, [E|A] € qu‘io(Em)(é’); B KadecTBe A
MOZKET MCIOJIb30BaThCs MHOXKecTBO F \ L, rie L € L.

Ipennoxxenne 5.6. Ecau & € (£ —link),[E] u & € (L — link),[E], mo

(81 7& 52) <~ ((51 \52 7é Q)&(SQ \51 7é Q))



378 A.T. Yennos
MATEMATHUKA 2017. T.27. Boi. 3

Joxkaszareuancrts o Pukcupyem MCC & u &. Iycrs & # &. Torma & \ &2 # 2.
B camom gene, nomycrum mporusHoe: £ C Eo. Torma B cuny makcnmanbaoctu £ umeem (em. (2.7))
paBeHcTBO £ = &, uTo HEBO3MOXKHO. [IpornBopeune mokaszbisaer, uto &1 \ & # . AHATIOTHYHBIM

obpasom mposepsiercst, uto & \ & # @. Urak, (&) # &) = ((&1\ & # 2)&(& )\ & # 2)).

[TpoTuBOTIONOKHAST UMILIUKAINAST OYUEBUTIHA. |
Caencrue 5.1. ITycmov & € (L —link),[E] u & € (L — link),[E]. Tozda
(51#82)@(321651 322682:21ﬂ22:@).

HJoxaszarenabctso. Ilycrs & # &. Torma cornacho npennoxkennto 5.6 £1 \ E; # @. Ilycrn
A€ &\ &E. Torma A € L, u B cuny (2.8) misa mekoroporo B € & umeer mecto AN B = &. Urak,
ycranorsiena nmmmkaius (&1 # &) = (X € & IXy € & 1 1N Yy = ). Ecam xe 1 € &
n E9 € & TaKOBBI, UTO 21 N Ey = &, 10 &1 # & cuny cuemmernocTr u £, u Es. U

st mobbIx ABYX HEmycThIX cemeiicTs &1 n £y TOIAraeM, ITo

(Dis)[E1: &) £ {2 € & x &) pry(2) N pry(2) = D). (5.24)

Hna wac Baxen Bapmant (5.24) B ciaywae, korma £ n & cyrs MCC. Jlerko Bugerh, 9To npm
& € (,C - link)O[E], & € (,C - link)o[E] nze (Dis)[gl; 52]

(£ — k) [E| B\ pry(2)] € N8, (g 1)(E1) : & ¢ (€~ k)G [E\pry(2).  (5.25)

B nmomonmenme k (5.25) ormernm (cm. (5.24) u crencreue 5.1), aro (Dis)[E1;E)] # @ mpm & €
€ (L —1link),[E] n & € (L —link),[E]\ {&1}. TTosromy (5.25) onpesiessier KOHKPETHYIO PeaIN3aIIIO
Ti-otmennmoctn B TII (3.13).

§ 6. CemeiicTBO MAKCUMAJIBHBIX CHEIJIEHHBIX CUCTEM KaK HYJIbMeEpPHOE 15-TIPOCTPAHCTBO

Bepremcs k paccmorpenuto cemeiicrsa (3.1). Panee ormeuasnocs, uro (cm. npegnoxkenne 4.1) nannoe
ceMeiicTBO ecTh 3aMKHYyTas OmHapras npendasza TII (3.13). Buecte ¢ Tem (cMm. (2.7), (2.13))

U s=UJ«€-1ink)°[E| L] = (£ - link),[E],
Seex[E;L) LeL

a motomy cormacao (1.7) u (3.1) mMeer MecTo CBOICTBO
Ci[E; L] € (p — Bas) (£ — link),[E]], (6.1)
To ecTh (3.1) ecTh TakKe M OTKpHITast nmpeadaza. Kak ciuencreue,

{N}(€5[F; £]) € (BAS)[(£ — Tink) [E]

T.(E| L) 2 {U({n}s(€s[E; £])) € (top) [(L£ — link)o[E]]. (6.2)

Mer noayumnan (memycroe) TTI
(€ — link)o [B), T (B £)), (63)

st koroporo (em. (6.1), (6.2)) nmeer mMecTo BaOKeHUE
CIE; L] CT(E|L). (6.4)
Ormernm, uro B ety (2.13) VL € L VLy € L

(LiN Ly = @) = ((£ —link)°[E| L] N (£ — link)°[E| Ly] = @) (6.5)
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(ucnos3yem onpenenenne cuerernoct B § 1). TTosromy ¢ yaerom (5.24) nmeem, aTo

(£ — 1ink)°[E] pr, ()] N (£ — link)°[E] pry(2)] = @

VE € (L —link)o[E] V& € (£ — link),[E] ¥z € (Dis)[&; . (6.6)

I3 (2.13), (3.1) u (6.4) BuiTekaer, ogHako, uro (L — link)°[E| L] € Nﬁ*(Em)(E) VE € (L —link),[E]
VL e . N3 (6.6) mo ceoiicTBaM, OTMEUEHHBIM B 3aK/II09EHUN § 5, CJI€YET TEreph, 9TO
V& € (L —link),[E] V& € (L —link),[E]\ {&1}

6.7

Bameuanne 6.1. TTposepum (6.7), dukcupys & € (L — link),[E] n & € (£ — link),[E] \ {&1}.
Torma (Dis)[€1; &) # @ (em. crenctrue 5.1 u (5.24)). Beibepem mponssosisao z € (Dis)[€1; E2]; Torma

AN A
nmeeM st Ly = pry(z) € & u Ly = pry(z) € & croiicrro L1NLy = @. Mockoabky Ly € Lu Ly € L,
nmeeM n3 (6.5)

(£ = 1link)°[E|Lq] N (£ — link)°[E| L] = &, (6.8)
rie (£ —link)°[E|L,] € Nl‘l*(Ew)(é’l) u (£ —link)°[E|Ls] € N (Bic) (&2). Temeps n3 (6.8) mosryaaem
yTBepxKIenue, omnpenesnsiomniee (6.7), Tak Kak BoIGOp &1 u E OBLIT MPOU3BOJLHBIM. U

"3 (6.7) BoiTekaer, uro (6.3) ects Th-npocrpancrso. ITokaxkem, uro mamnoe TTI mymbmepHo.
BaMeTuM cHaUAIa, 9TO CIPABEIINBO CJIEIYIONIee

IIpengoxxenne 6.1. Fcau A € L, mo cnpasediuso pagencmeso
(L —1link)°[E|A] ={€ € (L —link),[E]| AN # 2 VX €&} (6.9)

JokaszarenscrTso. Obosnaunm gepes ) MHOKeCTBO B mpaBoii wactu (6.9) (MHOXKECTBO
A € L durcupyem). Ilycrs S € (£ — link)?[E| A]. Torga B cuny (2.13) S € (£ — link),[E], u npu
stom A € §. Torma mo cBoiicTry cremienHoctn ANY # & VY € S§. B urore S € ). YeranosieHo
BJIOJKEHNE

(£ — link)°[E| A] € Q. (6.10)

[Mycrs V € Q. Torma V € (£ — link),[E], n upu stom ANY # @ VY € V. C yderom 31010
cpoiicTBa u (2.8) mosyuaem B cuy MakcumasabHOCcTH V, uto A € V), a Torga uz (2.13) cremyer, 9ro
V € (L —link)°[E| A], uem n 3aBepraercs nposepka Baoxenus ) C (L —link)°[E| A], a cTamo 6uITh
(em. (6.10)), n pasencrsa (6.9). O

[pengnoxenne 6.2. Ecau A € L, mo (£ — link)°[E| A] € C(z_jini), (5[ Tx(E] £)]-

HJoxaszatrenncrtso. Pukcupyem A € L; nomaraem A 2 (£ —link),[E] \ (£ — link)°[E| A].
[Iycts V € A. Torga cormacuo npemioxkenuto 6.1 mis mekoroporo V € V umeem

ANV =0. (6.11)

OrmernM, aro V € (£ — link),[E], a rorga V € L (cm. §2) u B coorsercreuu ¢ (2.13) onpejesnero
MHOZKECTBO

(£ — link)°[E| V] = {€ € (£ — link),[E]| V € £}, (£ — link)°[E| V] € ¢*[E; L]

(em. (3.1)). Hpu stom V € (£ — link)°[E|V]. Ecim W € (£ — link)°[E| V], To B cury (2.13)
V € W, orkyza ¢ yuerom (6.11) caemyer, uto 3X € W : AN Y = &. BHOBb HCHONB3YS TPEIJIO-
xkenwe 6.1, momyaaem, aro W ¢ (£ — link)°[E| A], a moromy W € A. lrak, ycTaHOBIEHO BIIOXKEHME
(£ —link)?[E| V] C A. Takum obpasom, 3G € C[E; L] : (V € G) A (G C A). Konb ckopo BeIbOp V

OBLT TPOU3BOJBLHBIM, MTOIYIAEM, ITO

VEEAIG e CIE;L]: (£ €G)&(G CA). (6.12)
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Hockomexy CH[E; L] C {N}4(CHE; L]), (6.12) osmamaer (cm. (6.2)), uro A € Ty (E|L), a Torga
(£ —link)°[E| A] = (£ — link)o[E] \ A € C£_ink),[£][T«(E| £)], aT0 m TpeboBamoch qokazats. [

U3 npenioxenns 6.2 u (3.1) sorrexaer, uro &[E; L] C Cr_iink, (g [T«(E] £)], n, kax crencreue
(mo cBoiicTBaM 3aMKHYTBIX MHOYKECTB),

{N}(COLE; £]) € Crtink), (5] [T+ (E] £)]; (6.13)

pa3yMeeTcs, yIuThIBAeM TO, 9TO B npaBoii wactu (6.13) ncmomb3yercs cemMeiicTBO BCEX TIOMHOKECTB
(£ —link),[E], 3amkuyTeix B TII (6.3). Urak, TII (6.3) obxamaer 6a30it, COCTOSIIENH M3 OTKPHITO-
3aMKHYTBIX MHO)KeCTB. [losromy (6.3) ecth HyabMepHOE Th-TIPOCTPAHCTEO.

Ormernwm, uto u3 onpesenennii § 2, (2.9) u (2.13) ciaemyer cBoiCTBO

Op(L) = (£ — link)°[E| L] NFA(L) VL€ L. (6.14)

Ipennoxxenne 6.3. Cnpasedauso pasencmso (UF)[E; L] = C[E; L]

Fs(£)

JokaszaTenscrtso. Ucnoassyem (6.14). Ecan U € (UF)[E; £], To mias nekoroporo L € £
mveeM (em. §2, (6.14)) U = &,(L) = (£ — link)°[E|L] NFX(L), rue (£ — link)°[E|L] € C}[E; L]
cormacuo (3.1). ITosromy U € € [E; L] . YCTaHOBJIEHO, UTO

F5(£)

(UF)[E; £] C ¢F[E; L]

B0 (6.15)

[Iycts Teneps a € €[ E; L] Fr(o) @ B € CiE; L] rakoBo, 91O

a=pNFL).
Torma mua mekoroporo B € £ mmeer mecro § = (£ — link)?[E|B] (cm. (3.1)), a moromy u3 (6.14)

crenyer, ato O, (B) = (£ —1link)?[E|B]NF: (L) = SNFL(L) = a, tne ©£(B) € (UF)[E; L]. B urore
a € (UF)[E; L], gem 3aBepuraercst npoBepka Biioxkenust € [E; L] UF)[E; L], a c ygerom (6.15)

F2(0)C

u tpebyemoro pasercrsa (UF)[E; L] = CI[E; L] R (L) O
B kauecTBe BechMa OYEBHMIHOTO CJIEJACTBHUS MOJIYyIaeM
Ipeanoxxenne 6.4. Cnpasedauso caedyouee pagencmeo monoaoeuti:
T7[E] =T.(E|L) P (C)" (6.16)

IIpengoxxenmne 6.5. Tonosozuu T,(E| L) u T«(E|L) cpasrumos, u npu smom
To(E| L) C T.(E|L).

Joxkazareancrso. Yarem (3.1), (3.8) u (3.12). B ca3u ¢ (3.12) ormernm, aro (cm. (1.10))
{Uh(CSE; £]) € (cl = BAS),[(£ —link),[E]; To(E| £)], a Torma cormacko (1.9) momydaem paBeHCTBO

Cctink), (1) To(E] £)] = {N}({U}s (€[ E; £])). (6.17)

I[Ipu sToMm, Koneuno, cupaseamuBo Biaoxkerne Ci[E; L] C {U}4(CH[E; L]). Kak crencTsue, momydaem
(cm. (6.17)) cremyromee roxkenne: {N}H(&G[E; L]) C C(z_tink),[£][To(E| £)]. Bribepem mponssobHo
muoxectBo F € Cz_jink, (5)[To(E| £)]. Torma F € P((L£ — link)o[E]), n cornacro (6.17)

F=[)X (6.18)

Xex

rie k € P'({U}(€5[E; £])). Ilpu atom k # @ u k C {U}4(€4[E; £]). 3amerny, uro cormacuo (6.13)
WMeeM, B 9aCTHOCTH, Tlenodky siaoxennit C5[E; L] C {NHEF[E; L]) C Cr_iink, g [T«(E] £)].
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HOSTOMy O CBOMCTBAM 3aMKHYTBIX MHOXKECTB B IPONU3BOJJILHOM TTI TToJIy9aeM OYEeBUIHOE BJIO-
wemme {U}y(C5[E; L]) C Criink),[g)[T+(E] £)] (o6beammenne KOHETHOTO ceMeiicTBa 3aMKHYTBIX
MHOXKECTB 3aMKHYTO). Toraa no BeIGOPY K MMeeM CJIeyIonee CBOMCTRO:

K C Cotink),[g] [T« (£] L£)],
rae k # &. Ho B aTom caydae (cm.(6.18))

F € Cz i, ([T (E] £)].
[TockobKy BbI6Op F GBI MPOU3BOILHBIM, YCTAHOBIEHO BJIOYKEHUE

C 1k, [B)[To(E] £)] C Cztink),[£)[T«(E] £)].

Kak crexcrsue, monyaaem tpebyemoe Broxkenne To(E| L) C TL(E| L). O
C yuerom npemioxkenust 6.5 mosydaem, 9To

(£ —1ink),[E], T,(E| £), T.(E| £)) (6.19)

ecTh Guronosornaeckoe npocrpancTio [7]. C yuerom npesmioxennit 5.4 n 6.4 noxydaem (cm. (6.19))
CJTeTyToITee MOJIOKEHME.

Teopema 6.1. Bumonoaozuueckoe npocmparcmeo (2.6) undyyuposarno uz 6umonosozuseckozo
npocmparcmea (6.19):

(T2[E] = To(E| £) (6.20)

)& (T;[E] = T.(E| L)

F5(£) Fz(ﬁ)) '

IMonaraem 10 Kowuma wacrosimero naparpada, aro £ € (LAT),[E] N 7°[E], nonyuas ciydait
OT/IETIMOI perreTKn (3amernM, 9To (cM. § 1) yIoMsiHyTOe CBOCTBO OTIEINMOCTH penteTku L nveer
mecro npu £ € (LAT)?[E]). Torga cormacuo (2.2)

(L — triv)[z] € F3(L) Yz € E. (6.21)

C yuerom (6.21) mbr B Buge (£ — triv)[] 2 (- triv)[w])er nveem orobpakernne nz E B Fi (L),
a noromy npu A € P(E)

(£ — triv)[]H(A) = {(£ — triv)[z] : x € A} € P(Fi(L)) (6.22)

I ODEACIICHET CICYIONLIE MHOKCCTRA-3aMBIKAH T
(el((£ = triv) [ (A), TZ[E]) € P(F5(£)) ) & (el((£ — triv)[]'(4), TZ[E]) € P(F5(£)) ), (6.23)
J715T KOTOPBIX TI0 cBoficTBaM (2.6) MMeeT MecTo BIoYKemHme
el((£ — triv)[]'(4), TZ[E]) C el((£ - triv)[]' (4), T2[E)). (6.24)
Pasymeercs, (6.23) u (6.24) npumennMer B caydae A € L.
[penyoxkenne 6.6. Ecau L € L, mo
(£ — triv)[]' (L), TZ[E]) = el(£ = triv)[]"(£), TE[E]) = B2 (L), (6.25)

JoxkaszareubctTso. 3amerny, uro B ciaydae L € (LAT)?[E] (6.25) ycranosieno B [6, (4.10)].
Kosb ckopo y HAc paccMarpuBaercs 60/1ee OO C/Iydail, IPIBEIEM COOTBETCTBYIOIIEE PACCY XK Ie-
me, yanreibas (6.24). Tlockoabky (cu., manpnvep, [12, (1.20)]) @£(L) = cl((L—triv)[-]* (L), T%:[E]),
JUTsT ToKa3aTenberBa (6.25) M0CTATOYHO YCTAHOBUTD BJIOXKEHUE

(£ — triv)[-]'(L), TZ[E]) C @4(L). (6.26)
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Bamernm B 910it cBsizu, uro cormacuo (2.4) (UF)[E; L] € {N}((UF)[E; L])= Cps(z)[T2[E]] u npn
srom O, (L) € (UF)[E; £]. Torma
CI)E(L) S CFZ(ﬁ) [TOE[E]] . (627)
Ecmn U, € (L —triv)[]}(L), To (cm. (6.22)) mma mekoToporo o, € L mveer mecto Uy, = (L — triv) [z, ],
a moromy L € U, m, kax caeacreue, Uy, € ®r(L). Utax, (L — triv)[-]1(L) C ®,(L), otkyma B cu-
ay (6.27) n3Bmexaercs (6.26). O
W3 npennoxenunsa 6.6 ciemxyer, B 9aCTHOCTHU, UTO

FA(L) = cl((£ — triv)[]1(E), T2 [E])= el (£ — triv)[] (B), T2[E)).
§ 7. Jobasiienue 1: mpOCTPAHCTBO 3aMKHYTBIX yJIbTPa(pUILTPOB

B nacrosimem naparpade 0rMedaTcs HEKOTOPhle CBOWCTBA, CBSI3aHHBIE ¢ OUTOMOJIOIMYECKUM PO~
crparcTBoM (2.6) B ToM caydae, korma L = Cg[r], tae 7 € (top)[E] peammsyer B Buzme (E,T)
Ti-npocrpamctro. Utak, B BUe

(E,T) (7.1)

nmeem T-tpocrpanctso, a torga L € (LAT)?[E] u, 8 wactnoctn, £ € (LAT),[E] N7°[E]. danmsrii
qacTHBI cydait, casannbiii ¢ (7.1), paccmarpusascs B [6, §6] B cBsi3m ¢ Bompocamm mocTpoe-
HUsT PACIHIUPEHnii abCTPAKTHBIX 33739 0 gocTmkuMocTu. Celidac 0oTMETHM HEKOTOPBIE JTOCTATOYHO
IPOCTHIE CJIEICTBUA TOJIOXKEHUIM TIPEAbIIynx naparpados HacTosmeil paborsl. Tak, B gacTHOCTH,

VAeP(E) VF € Cg|7]
((Clr] = triv)[1(A) € Beypy(F)— (A C F). (7.2)
B cBoto ouepenp, u3 (7.2) BuITEKAET, UTO
A((Crlr] — i) []}(4). T, 1 [E]) = B, (€l(A,7)) VA € P(E).
C yuerom mpeioxkenust 6.5 u Th-oraeanvoctu TII (7.1) momyaaem, uro (em. [15, mpemtoxenne 8.3])

(Cplr] — triv)[z.] € cl((Cg[r] — triv)[-]1(A), TCim [E))\cl((CE[r] — triv)[-]* (A),

SomlEl) VAEP(E) Va, €cl(A, 1)\ A (7.3)

B cBoio ouepenpb, ¢ ucnosnbzoanneM (7.3) ycranaBnusaercs [15, Teopema 8.1] paBeHCTBO

Crlr] = {A € PB)| el ((Clr] — triv)[]'(A), Tis, 1 [E)) = el((Cplr] — triv)[1(4), T, 1 [E]) }.
(7.4)
Teopema 7.1. Ecau TII (E,T) ne asasemcs duckpemuvim, mo ecmsv 6 caysae 7 # P(E), nenpe-
MEHHO

Cpir Bl # TE 1 [E]. (7.5)
Joxaszareuasbcrtso. Urak, nycrs 7 # P(E). Torna, kak ciejcrsue,
Cglr] # P(E). (7.6)

B camom mene, ecn Cg[r] = P(E), 1o, nockoabky T = Cg[Cg|T]], momydaeMm IeM0UKy paBeHCTB
7 = Cg[P(E)] = P(E), 4ro HeBo3MOxKHO 10 mpesmnosoxkennto. Urak, (7.6) ycraHosieHo, 910 03Ha-
gaer crpasemBocTh cBoiictBa P(E) \ Cg[r] # @. C yuerom sT1oro BhIGEpeM U 3adUKCHPyEM
H € P(E)\ Cglr] (H nesamxnyro 8 TII (E,7)). Torga B cuny (7.4)

A((Clr] — triv) [ (H), Ty [E]) # ol (Cilr] — triv)[] (H), T, [E]). (7.7)

re (Cglr] — triv)[[|}(H) € P(F(Cglr])). Us (7.7) crnexyer (7.5). O
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Caencrue 7.1. ITpu ycaosuu T # P(E) nenpemenno
T.(E|CE[r]) # To(E|Cglr]). (7.8)

Hoxkaszareuasbcrso. [ycrs TII (E,7) He ssasiercs quckpernsiv. Torma nveem (7.5), rie
TOMOIOTHH, Ucmob3yemble B (7.5), yaosaersopsior (6.20). 13 (6.20) BeITekaer, 0JfHAKO, UTO

(T.(E|CE[r]) = To(E|CElr])) = (Tg,m[E] = Te,[E)),

a motomy (cM. (7.5)) nmmeer mecro (7.8). O

§ 8. Jlobasiyienue 2: npocrpancrsa CroyHa

B nacrosiimenm naparpade, yaursisas (1.4), nonaraem, aro £ € (alg)[E]. B arom ciayvae cornacHo
[5, mpemnoxkenne 9.2] nmeeMm paBeHCTBO

T.E] = TZ[E]; (8.1)

mpu 3roMm TII (2.3) ecTsb HEMyCTOl HYTBMEPHBIIT KOMITIAKT (KOMITAKTHOE T5-ITPOCTPAHCTBO), TIPOCTPAH-
creo Croyna. Paccmorpum temneps Gurononornyeckoe npocrpanctio (6.19). Ormernm npex e Beero,
YTO B PACCMATPUBAEMOM Cefiuac ciaydae

L = CglL]. (8:2)

Bameuanne 8.1. CgoiicTro (8.2) MpakTHYECKN OUEBUIHO, HO BCE YK€ PACCMOTPHUM €ro 0O60CHOBA-
aue. Urak, mposepum (8.2). Ilycrs Ay € L. Torma E\ Ay € £ (cm. (1.2)), tne A1 € P(E), a toraa
E\(E\A;) = A;.Ho E\(F\A;) € Cg[L], amoromy Ay € Cg[L], gyem u 3aBeprmaercst 060CHOBaAHUE
saoxkernnst L C Cg[L]. Ocranock yeranosuts Baoxkenne CglL] C L. Urak, nycrs Ay € Cg[L]. Toraa
cormacuo (1.1) Ag = E\ L, tne L € L. Ho B aToMm ciywae cormacuo (1.2) E\ L € L, a ciieoBaTesHo,
Ay € L. Nraxk, CE[ﬁ] C L. O

U3 (3.3) u (8.2) BoITeKaer, uto mpn L € L OmpereeHo MHOKECTBO
(£ —link)g, [E|L] = {€ € (L —link),[E]|3X € E: ¥ C L} (8.3)
IIpepnoxenune 8.1. Ecau L € L, mo
(£ — link)g, [E|L] = (£ — link)°[E|L]. (8.4)

HJoxaszaTenascTs o Ouxenpyem L € L. Ilyers V € (L — link)g,[E|L]. Torma
V € (L — link),[E], u cormacuo (8.3) mas mekoroporo V € V nmeer mMecro

VclL. (8.5)

13 (2.11) u (8.5) caeayer, uro L € V. Crano 6eith, V € (L — link),[E] : L € V. ITosromy (cm.
(2.13)) V € (L — link)°[E|L], uem u 3aBepIuaercst MPOBEPKa, BJIOKEHHSI

(£ —link)3, [E|L] C (£ —link)°[E|L]. (8.6)

IIycts W € (£ — link)°[E|L]. Torma B cuay (2.13) W € (£ — link),[E], nw mpu satom L € W. Torxa,
B gactrocti, 3% € W X C L. Tlosromy (em. (8.3)) W € (£ — link)g, [E|L], uem u 3apepuraercs
mposepka Biaoxerns (£ — link)°[E|L] C (£ — link)g,[E|L]. C yuerom (8.6) momywaem Tpebyemoe
paseHcTBO (8.4). O

Ipenmoxenue 8.2. Cnpasedauso pasencmeo C3[E; L] = €5 [E; L].
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JoxasareubcTs o. Bebepem npoussossro A € €[E; L]. Torga A € P((L — link),[E])

n nig Hexoroporo A € L

A = (£ — link)°[E|A]. (8.7)
[Ipm sTom cormacuo (8.2) A € Cg[L] u, kpome Toro (cum. (8.7), mpegnoxkenue 8.1), BeimosHeHO A =
= (£ — link)g, [E|A]. Toraa (cum. (3.5)) (£ — link)g,[E[A] € €3 [E; L], a noromy A € & [E; L], qem

1 3aBepIlaeTcsd MPOBEPKa BIOKEHU
CHE; L] C Qgp[E; L]. (8.8)

[Mycrs B € €5, [E; £], a muoxkectso A € Cg[L] Takoso, uto B = (L—link)g, [E|A]. Torma B cuy (8.2)
A € L, v npu 3TOM COrIacHo npeaoxkenno 8.1

(£ —1ink)%, [E|A] = (£ — link)°[E|A].

Craso 661, B = (£ — link)°[E|A], rme (cm. (3.1)) (£ — link)°[E|A] € CS[E; L]. Urak, B € C}[E; L],
“eM W 3aBepImaeTcst mporepka Biaoxkenus €O [F; L] C €5[E; L], a creposarensro (cum. (8.8)), i Tpe-
OyeMoro paBeHCTBA. O

13 (3.7), (6.2) n npeaoxkenns 8.2 BRITEKAET, 9TO B PACCMATPUBAEMOM ceifvac ciaydae (anareOpsr
MHOYKECTR)

To(E|L) = T.(E|L).
Ucnonssys ceoiictea TII (3.13) u (6.3), moaywgaem (cm. (4.13), (6.7)), uro
((£ = link),[E], To(E[L)) = (£ — link),[E], T, (E|£)) (8.9)

eCThb HEIyCTOl CYMepKOMIIAKT (CymepKoOMIakTHOe Th-mpocTparcTBo). B wacraocTn, (8.9) — KoMmaxT.
Bamernm, aro u3 npeyroxenns 6.4 u cynepkommaktaocrn TTI (8.9) BeITEKaeT, 9TO MPOCTPAHCTBO
Croyna (cm. (2.3) B paccmarpuBaeMom cefidac caydae £ € (alg)[E]) aBagercsa moampoCTpaHCTBOM
CymepKoMmaKTa, Tak Kak (8.9) — cymepkommakT u crnpaseganio (6.16). Urax, npocrpancrso Cro-
yHa (kommakT CTOyHA) eCTh MOAIPOCTPAHCTBO cymepkommakTa. C yuerom mpeioxkenns 6.4 m or-
nemavoctr TTL (8.9) momywaem, aro F3 (L) € Cr_iing,(z][T«(E£[L)] (namomunm 0 KOMTaKTHOCTH
IPOCTPAHCTBA ¢ Tomosorueii (8.1)).

§9. lobaBiienne 3: MakKCUMAJIbHBIE CIEMJIEHHBIE CUCTEMbI OTKPBITHIX MHOXKECTB

YunrteiBas (1.4), Bciogy B Hactogmem maparpade mosaraem, uro £ = 7, T1e T ecTb (hbUKCHPO-
BaHHasl TONOJIOrHst MHOXKecTBa F, 1o ecth T € (top)[F]. Ormernm, uro, Kak nokasano B [6, § 8],

T9[E] = T[E),

npraem TII (Fi(7), T2[E]) = (Fi(7), TX[E]) ecrb HemycToii HYJIbMEPHBI KOMIAKT. DJIEMEHTHI MHO-
xkectsa F(7) — cyTb y/d, «cocraBienmble» U3 OTKPBITHIX MHOXKeCTB. 7151 KpaTKoCcTH Oy/1eM Ha3bl-
Barhb y/d u3 F¥(7) orkpeirbivu. Hanomuanwm, aro VG € 7V G € 7

(Gl NGy = Q) — (Gl N Cl(GQ,T) = @). (9.1)
Ipennoxxenue 9.1. Ecau G € T, mo cnpasedauso pasencmeo
(7 — link)o[E] \ (7 — 1ink)°[E|G] = (7 — link)°[E|E \ l(G, 7). 9.2)

Joxkaszareascrtso. Pukcupyem G € 7. [Iycrs V € (7 —link),[E] \ (7 — link)°[E|G]. Torma
G ¢ V. Cornacno (2.8) nveem mvmmkarmmio (GNY # @ VY € V) = (G € V), a noromy s
HekoToporo V € V peanusyercs pasenctso G NV = &. Ilpu srom V € 7, a moromy cormacuo (9.1)
VNG, ) =9. Urak, V C E\ cl(G,7), tne E\ cl(G,7) € 7. C yuerom (2.11) nmeem 110 BHIGOPY
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MCC V, aro E \ cl(G,7) € V. Hosromy cornacuo (2.13) V € (7 — link)°[E|E \ cl(G,7)], uem
U 3aBEpIIAETCS IPOBEPKA BJIOYKEHHUSI

(17 —1link),[E] \ (7 — link)°[E|G] C (7 — link)°[E|E \ cl(G, 1)]. (9.3)
Bri6epem npomssossao W € (1 — link)?[E|E \ cl(G, 7)]. Torma W € (7 — link),[E], n mpu 3Tom
E\c(G,T)eW. (9.4)
13 (9.4) cremyer B cuty CHemieHHOCTH VYV, 9TO
(E\c(G,7)NE#@ VE e W. (9.5)

IIpu srom G C cl(G, 7)) n, kak caeacreue, G N (£ \ cl(G, 7)) = @, a notomy (cm. (9.5)) G ¢ W
u corsacho (2.13) W ¢ (7 — link)°[E|G|. Tonxyuaem, uro W € (1 — link),[E] \ (7 — link)°[E|G], yem
U 3aBepiiaeTcs nposepka ioxkenus (7 — link)°[E|E \ cl(G,7)] C (7 — link),[E] \ (7 — link)°[E|G],
a craso 66Tk (cM. (9.3)), u paBencrsa (9.2). O

IIpengoxxenne 9.2. Cnpasedauso pagencmeo
To(E|T) = T.(E|T). (9.6)
JoxaszarenscrTso. [Ipexzae Bcero nanomunym, aro (cuM. (1.4)) cormacuo mperoxenuo 6.5
To(E|T) C T.(E|T). (9.7)
[Tokarkem Terneph, YTO CHPABEIJINBO CJIEYIOIIEe BJIOKEHNE:
Clrtinign [T (BIT)] € ANH{UL (€515 7). 98)
B camowm nene, iycth F € Cr_ijing), (7T« (E|7)], a mroxkectso G € T« (E|T) Taxoso, aTo
F = (1 — link),[E] \ G. (9.9)

3 monoxennit §2 jserko ciepyer mvmmkanns (G = @) = (F = (7 — link)°[E|E]), rue
(7 — link)°[E|E] € €}[E; 7] cornacuo (3.1). Urax,

(G = 2) = (F € {n}({U}4(&[E;7))))- (9.10)

ITycts remeps G # @. C yuerom (6.2) mveem st mekoroporo cemeiictsa B € P ({N}4(CE[E; 7))
PaBEHCTEO

G=|JB (9.11)

BeB

13 (9.9) u (9.11) noyvaem, creg0BATENHHO, TIETOYKY DABEHCTE

F = (r — link),[E] \ (| J B) = () (= — link),[E] \ B). (9.12)

BeB BeB

Iycre B € B. Torga (cm. §1) st mekoroporo K € Fin(€H[E; 7))

B= ()G (9.13)

Gek

C yuerom (3.1) mogbepem cemeiicrso R € Fin(7), nyst koroporo

K = {(r —link)°[E|L] : L € ). (9.14)



386 A.T. Yennos
MATEMATHUKA 2017. T.27. Boi. 3

Torga n3 (9.13) u (9.14) nosyuaem,aro

(7 —link)o[E] \ B = (7 —link),[E] \ ( (1 G) = U ((7 — link)o[E]\ G) =
. Gek Gek (9.15)
= LLEJﬁ((T —link),[E] \ (7 — link)°[E|L)).

U3 mpemmoxenns 9.1 n (9.15) BeiTekaer (cm. (9.2)) paBeHCTBO

(7 = link),[F] \ B = U (7 — link)°[E|E \ cl(L,7)]; (9.16)
Legr

pu stoM, Komeuno, (7 —link)°[E|E\cl(L, )] € €[E; 7] VL € & (npn stom & C 7). C yuerom (1.10)
UMeeM, CTaJI0 OBITh, CBOHCTBO

U (r = 1link)°[E|E \ l(L, 7)] € {U}y(€5[E; 7] (9.17)
LeR

B camom nente, £ 2 {(7 = link)°[E|E \ cl(L,7)] : L € &} € Fin(€}[E;7]), upnuem

U (r = 1ink)°[E|E\ (L, 7)] = | L € {U}:(€}[E; 7]
LeR Leg

(cm. onpegesiernst § 1). Urak, nmeem (9.17). TTosyaaem n3 (9.16), (9.17), aro mmeer MecTo BKIOYEHNE
(1 —link),[E] \ B € {U}4(€5[E; 7]). Koab ckopo u BEI60p B GBLT IPOM3BOIBHBIM, YCTAHOBIEHO, ITO
(1 —link),[E] \ B € {U}4(€5[E;7]) VB € B. Kak crencrsue, moygaem Ciejyomee CBONCTRO:

B 2 {(r —link),[E] \ B : B € B} € P'({Ul(C3[E; 7))

[Ipu srom (cm. (1.10), (3.12)) {U(CH[E; 7]) € (cl — BAS),[(7 — link),[E]; To(E|L)]. B sTom crygae
(cm. ompenenenust §1) u npu G # &

F =) ((r —link)[E] \ B) = (] B € {n}({U}x(C[E; 7)),

BeB Be®

u, ¢ yaerom (1.9), (3.12) u (9.12), moxyvaem BKIIOUEHHE
F e {N({Uh(&[E; 7)) (9.18)

C yuerom (9.10) noywaem Tenepnb, uro (9.18) mmeer MECTO BO BCEX BO3ZMOKHBIX CIydasx. [10CKO/Ib-
Ky Bei6op F ObLT mpomsBosbHEIM, yeranoBmeno Bioxenne (9.8), a torma C(,_jinw),(g)[T«(E|T)] C
C C(r—tink),[£][To(E|7)]. D10 ozmamaer (no gpoticrsenroctn), ato Ty (E|7) C To(E|7), oTkyma c ywe-
tom (9.7) BeITeKaeT Tpebyemoe paBeHCTBO (9.6). O

Urak, nomy4aem, aro TII ((7 —link),[E], To(E|7)) = ((7 —link),[E], T+«(E|T)) ectsb memycroit cy-
neprommakT. Kommaxr (F}(7), TE[E]) = (Fi(7), T2[E])) aBagercsa mOMpOCTPAHCTBOM yIOMSHYTOTO
cynepkommakTa (cm. Teopemy 6.1). TTo croiicTBam Th-IPOCTPAHCTE MMEEM, ITO

Fo(7) € Cr—tink),[£][T+(E|T)].
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