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AnHoranua

st abcTpakTHOM OYI€BO3ZHATHOMN CHCTEMBI IIPEIIAraeTcst (pyHKIIMOHAILHBIA aHA-
JIOT — MOJIEJIb, SJIEMEHTBI KOTOPO#l SIBIMIOTC (DYHKIMSIMU, 8 OCHOBHBIE JIOTHIe-
CKWe OIlepalyyl BLIMUCISIOTCS «IIOTOYedHO». BBOIUTCS M MCCIeyeTcst HOBOe T10-
HSITHE HETIPEPBIBHOTO MOJUBEPCYMA, TPEICTABIAIONEro co60i HempepbIBHOE pac-
cjoeHre Mofesiei reopun MHOXKECTB. [lOKa3bIBaeTcsi, 9TO KJIACC HEIPEPBIBHBIX
cedeHuil TOIMBEPCyMa sBJIsieTcst OyJIeBO3HAYMHON anrebpanveckoil CUCTeMOi, y1o-
BJIETBOPSIONIEH BCEM OCHOBHBIM TPUHITUIIAM OYJIEBO3HAYHOIO AHAIM3A, & TAKIKe
YCTaHABANBAETC, ITO JI00ast TaKas Oy/1eBO3HATHAA aIreOpamdecKas CHCTEMA, MO-
KeT ObITh IpeCTaBIeHa B BUJE KJIACCA CEYEHUl TOIXOIAIIEro HEIPEePbIBHOIO
MoJIUBEPCyMa.

Karoueevie caoea u ¢ppasvi: OyaeBo3HAYHBIN aHaIu3, (DYHKIMOHAIBHOE [IPEICTAB-
JIeHU€, CTOYHOBCKMIT KOMITAKT, HEIPEPBIBHOE PACC/IOEHNE, HETIPEPHIBHOE CEUEHUE.

B ocHoBe MeT0/10B Oy/1€BO3ZHAYHOIO aHAIN3A JIEZKHT PACCMOTPEHNe HeCTaH-
JIApTHBIX MOJIeJIeil TEOPUU MHOXKECTB ¢ MHOTO3HAYHON MCTUHHOCTHIO. TouHee
rOBOPS, UCTUHHOCTh BBICKA3bIBAHUS B TAKUX MOJEAX MPUHUMAET 3HAUEHUS B
HEKOTOPOU MOJTHOM Oy/1eBoit ayredpe.

B nacrosiniee BpeMs Oy/ieBO3HAUHbBIM aHAJIU3 IIPeJcTaB/isger coboit jjocra-
TOYHO MOIIHYIO TEOPHUIO, U30OUIYIONLYI0 MHOIOYHUCJAEHHBIMHU TJIyOOKUMHU pe-
3yJIbTaTaMH U UMEIONILYI0 pa3HOOOpa3Hble MPUI0KEHUsd, TJIABHBIM 00pa30M, B
Teopun MHOKecTB. [IpuMeHuTesbHO K QYHKIIMOHAJIHLHOMY aHATH3Y METO/IbI OY-
JIEBO3BHAYHOT'O aHAJIM3a HAILJIM BeChbMa YJIaqHOe IPUMEeHEHne B TAKUX 00/1aCTsIX,
KaK TeOpUs BEKTOPHBIX PEIIeTOK U PEIIeTOYHO HOPMUPOBAHHBIX ITIPOCTPAHCTB,
TeOpHud IMOJOKHUTEJIbHBIX U MayKOPUPYEMBIX OIepaTOpOB, Teopus ajaredp GoH
Heiimana, BbIIIYK/IbI aHAIN3, TEOPUsI BEKTOPHBIX MeP.

CoBpemMeHHBIE METO/IBI OYIEBO3HAYHOTO aHAIN3a, B CUJIY CAMOI CBOeil mpu-
POABL COLPAZKEHDI ¢ JOBOJIbHO 'POMO3/IKON TEXHUKOHN JIOTUYECKOrO XapaKTepa.
MozKHO cKa3aTh, 9TO C MParMaTHIeCKOi TOUYKH 3peHns psI/I0BOTO MOJTH30BATE T~
AQHAJIUTUKA 3Ta TEXHUKA B 3HAUUTEJ/IbHOW CTEIEHU OTBJIEKAaeT OT BIIOJIHE KOH-
KPETHOH Meu — BOCHOJb30BATHCS JOCTUZKEHUSIMEU OYJI€BOZHAYHOIO aHAIN3a
JJ1d pellleHrud TON WM WHOU aHAJATUYICCKON 3a/1a4H.

Pa6ora Bemonnena npu puHaHCOBOHN omaepxKKe Poccniickoro douga GyHIaMeHTaATb-
HBIX HccaeaoBanuii (Ko npoekta 97-01-00001).

© A.E.T'yrman, I. A. Jlocenkos; 1998



Dynryuonasvroe npedcmasaenue 6YAe603HAHOZ0 YHUBEPCYMA 95

[TockoyibKy B (DyHKIIMOHATBHOM aHaIn3€e HanboJiee TPUBBITHBIM 00 bEKTOM
UCCJIeIOBAHUSI SIBJITIOTCS PA3HOOOPa3HbIe TPOCTPAHCTBA (DYHKIUil, BO3SHUKAET
eCTeCTBEHHOE YKeJaHne UMeThb JIeJI0 He ¢ aDCTPAKTHON Oy/eBO3HATHOI cucTe-
MOIii, a ¢ ee (DYHKITMOHATHLHBIM aHAJIOTOM — MOJIEJIBIO, 3JIEMEHTHI KOTOPOIl siBJIsI-
10TCs QYHKIUAMHA, & OCHOBHBIE JIOTHIECKUE OMEPAINU BBIUUCISIOTCSA «ITOTOYe-
HO». [IpmMepom Taxoii Mogesn siesstercs kaace V€ Beex dbyHKImil, onpeesen-
HBIX HAa (DUKCHPOBAHHOM HEMYCTOM MHOYKeCTBe () U JeiicTBYOmMuxX B Kaace V
BCEX MHOXKECTB. SHAUEHHSMH HCTHHHOCTH B Mojenn V@ SBISIOTCS BCEBO3-

MOZKHBIE MOJMHOKECTBA (), IpudeM UCTUHHOCTD ||@(u1, ..., Uy)|| BhICKA3bIBA-
must ©(ty,...,t,) Ha GYRKOUSX Up, ..., U, € VO BHIYHCISETCS CII€IyIOmIM
obpazom:

lo(ur, - un)l = {g € Q| ¢(ua(q), .- un(a)) }-

B nactogmeit pabore mpejiaraercs pelleHne IOCTaBJIeHHOH BbIIIE 3a1a-
qu. C 3TON IIeJIbI0 BBOAUTCA M HCCJIEAYyeTCd HOBOE IOHATHUE HEIIPEPBIBHOI'O
MOJTUBEPCYMa, MPEJICTABISIONIEr0 COD0I HelIpepbhIBHOE pacCI0eHne Mojieseil Te-
OpHUHn MHOZKECTB. HOKaBbIBaeTCH, 9TO KJIaCC HEIIPEPBbIBHBIX CedyeHn i ITOJINBEP-
cyMa sgBJIsleTcst OYIeBO3HAYHON aaredbpantieckoil CHCTEMOI, YI0BIeTBOPAOIIe
BCEM OCHOBHBIM TIPWHITHIIAM OyJIEBOZHAYHOTO AHAIN3A, & TAKZKe YCTAHABINBA-
ercs, 9To J0bas Takas Oy/J1eBo3HATHAA aareOpandecKass CUCTeMa MOXKET OBITh
MpeJICTaBIeHa B BHUJE KJIACCA CEYEeHUIT MOJIXO/SIIEr0 HePEPHIBHOTO MOJTHBEP-
cyma.

8 1. IlpeaBapureabHbIE CBEAEHUS

1.1. Ilycte X m Y — Tomosiorndeckue mpocrpancTa. OrobOpazKkeHue
f: X — Y nazeiBaercs omrpumoim, €CJii OHO yIOBIETBOPSIET JIIOOOMY H3
CJTIeIYIOIMNX SKBUBAJEHTHBIX YCJIOBHIA:

(1) mng Begroro orkpbiToro moamuokectBa A C X obpas f(A) orkpbiT
BY;

(2) mng Begkoii Touku © € X u Jr06oit ee okpectHoctn A C X o6pa3s
f(A) aBastercst okpecrHOCTBIO TOUKE f(2) B Y

(3) f~Y(clB) C cl f~1(B) nna moboro moammoxecTBa B C Y.

Bamernm, uro pasenctso fL(cl B) = cl f71(B) umeer Mecto st BCex Toji-
MHOKecTB B C Y Torma m TOJIBLKO TOra, KOrjaa oToOpazkKeHue f HeIpepbIBHO
U OTKPBITO.

Orobpazkenne f: X — Y Ha3bIBaeTCa 3aMKHYMBLM, €CJTH OHO YIOBJIETBO-
psieT JIF0OOMY U3 CJIEYIONINX SKBUBAJIEHTHBIX YCJIOBUIL:

(1) auist Bestkoro 3amkayToro noamuoxkecrsa A C X obpas f(A) 3aMkuyT
BY;
(2) clf(A) C f(clA) aus moboro nogmuoxecrsa A C X.
Pasencrio cl f(A) = f(cl A) Boinonusiercst st sio6oro noamuozxkecrsa A C X
TOT/Ia W TOJIBKO TOT/1a, KOTa oTobpaskenue f: X —Y HempepwsIBHO U 3aMKHYTO.
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1.2. IIycrb X — mekoropsiii kinacc. Ioaknace 7 C P(X) nasoem
monoaoezuet; Ha X, ecJn
(1) Ur=X;

(2) UNV e anaseex U,V € T;
(3) WU € 7 st siioboro nojamuoxkecra U C 7.

Knace X, najmenenusrii Tormoorueii, Mbl, Kak 0OBIYHO, OY/JeM Ha3bIBATD M0N0-
AO2UMECKUM NPOCTMPAHCIMEOM.

Bce ocHoBHBIE TOOJIOITYECKOE MOHATHS (TaKHe, KAK OKPECTHOCTh TOYKH,
3aMKHYTO€ MHOYKECTBO, BHYTPEHHOCTH, 3aMbIKaHIe, HellpepbiBHAs (DyHKIHSI,
xayc10pOBOCTb U T.1I.) BBOJATCS AHAJOTHYHO TOMY, KAK 3ITO JIEJACTCS JIJIs
TOIMOJIOTHH HA MHOYKECTBE. 3aMeTHM OIHAKO, 9TO He BCE KJIACCHYECKHE IMOJI-
XOJBI K OIPEIETeHNI0 ITUX IMOHATHH COXPAHSIOT CBOK (hOPMAJBHYIO CHIY B
caydae Kjaacc-ronosiornn. Hampumep, u3 AByX omnpeaeieHuit 3aMKHYTOIO MHO-
JKECTBA:

(a) Kak MOAMHOXKeCTBa X, JONOJHEHHe KOTOPOrO MPUHAJIIEIKHUT T,
(6) kak nojMHOXKecTBa X, JIOLHOJIHEHHE KOTOPOI'O € KazK/I0i CBOe TOUKOil
COJICPZKUT 3JIEMEHT T,

cJieJlyeT BbIOpaTh BTOPOeE.

Oupejiesisist 3aMbIKaHUE MHOYKeCTBA A KaK HAaMMEHbIIEee 3aMKHYTO€e I0/I-
MHOKeCTBO X, cozepzariee A, Mbl mogBepraeM cebsi ONMpeeIeHHOMY PHCKY:
HEKOTOpble MHOXKECTBa MOTYT He UMeTh 3aMblKauusg. (OmHAKO 3Ta mpobeMa
OTCYTCTBYET, €CJIH TONOJIOTHs T XaycaopdoBa: B 3TOM Cjydae KazKioe MHO-
KecTBO Oy/leT uMmeTh 3aMbikauue. (/leficTBuTebHO, B caydae xaycaopdoBoii
TOIOJIOTUH KazKJIbIH cXOsuiics pujibTp UMeeT e IMHCTBEHHbIH 1Tpe/jiei, a 3Ha-
90T, COBOKYITHOCTh BCEX TPEIEJIOB CXOAANNXCs (DUIHTPOB HAJL JAHHBIM MHO-
JKECTBOM OKAYKETCsl MHOXKECTBOM, a He COOCTBEHHBIM KJIACCOM. )

Cumposiom Clop(X) obo3madaercst KIace BCeX OTKPHITO-3aMKHYTBIX TTO/I-
MHOkKeCTB X (T. €. MOJAMHOKECTB, SIBJISIFONIUXCS OJJHOBPEMEHHO OTKDBITHIMU 1
3aMKHYTBIME). B gasibreiimiem 3anucy U T X Oyzmer o3madarh, uro U €
Clop(X). Hns kmacca {U C X | « € U} bl Gymem HCIOTB30BaTh 0003HATE-
rue Clop(z).

Tomostorust Ha3bIBACTCS IKCMPEMAALHO HECBAZHOTU, €CJN 3aMbIKAHUE BCSI-
KOT'O OTKPBITOTO MHOYKECTBA SIBJISI€TCS OTKPBITBIM MHOZKECTBOM.

BoabmuaCcTBO HEOOXOMMMBIX HAM CBEJIeHHIT O TOMOJOTHIECKIX ITPOCTPaH-
cTBaX MOXKHO Haiitu, Haupumep, B [1,2].

1.3. Ilycts B — nonnasg Oynesa anrebpa. Tpoiika (L, || -=-||, || - € - ||) na-
3BIBAETCS 0YAe603HaAHOT aszebpauneckols cucmemot van B (nau B-3naunod
anzebpauueckol cucmemot), eciu Kiaaccesl || -=-|| u || - € - || apasores kaace-

byukmuavu u3 U X U B B, 001a1a0MUMHA CIeIYIOINIMEA CBORCTBAMU:
(1) [u=ul=1;
(2) flu=2l=lv=ul;
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(3) [lu=v[|Allv=w] < |lu=wl;
(4) lu=v[[Allv € w| <luewl;
(5) [lu= vl Allw e vl < flw € ull

JII BeeX u, v, w € L.

Kunace-dyukmun ||-=- || u || - € - || nasbiBarorcs Gysesosnaunbivu ( B-3nau-
HBIME) 0UYEHKAMU UCTNUHHOCTNY, DABEHCTBA U IIPUHA/JIEZKHOCTH.
Bumecro (4, || -=-||,||- €-||) MBI 06bIuHO Oyaem mmcarh mpocTo U 1 B CIIy-

qae HeOOXOAMMOCTH CHAGXKATH CUMBOJIBI OYJI€BO3ZHAYHBIX OIEHOK UCTHHHOCTH
uHjgekcoM || =g u || - € [|y-

Bynesosnaunast cucrema U HazbiBaeTcst 0moesumotl, €cau Jis JOObIX
u,v € Y us ||ju=v| =1 creayer u = v.

1.4. Paccmorpum 6GyneBo3Haunble anarebpandeckue cucteMbl 3 u U HaT
noJHbIME OyJieBbiMu ajrebpavu B u C' W OpeamoioKuM, 9T0 MEXK/Iy aJjre-
opamu B u C' umeercs OyneB mzomopdusm j: B — C. Hzomopdpusmom 6y-
NEBO3HAYHBIL aszebpauveckur cucmem b u U, coanaco8armvim ¢ u3omopPhus-
MOM J, Ha3bIBaeTCs OMeKTUBHAS Kaacc-pyHKudg ¢: I — U, yaoBIeTBOPAIONIAs
COOTHOIIEHUSAM

J(llur = ugllg) = lliur) = i(uz)lls,

J(llur € ugllg) = [li(u1) € i(ua)|lw

JUtst Beex uy, ug € 4. T'oBopsaT, 9410 Oy/1€BO3ZHAYHBIE CHCTEMBI U30MOPPHDL, €CIIH
MeK/Iy HEMH CYIIeCTBYeT H30MOP(U3M.

B tom cayuae, korna U u U — OyneBo3HAUHBIE aJreOpamvdecKue CUCTe-
MBI HaJ OJHOW u TOi Ke ajredpoit B, Besaxkmit m3omopdusm i: 4 — U mno
YMOJIYAHUIO MPEII0JIAraeTcs aCCOMUUPOBAHHBIM C TOXKIECTBEHHBIM H30MOP-
Pusyon: [Juy =uglly = [[i(ur) =i(ug)llw, [[ur €uzlly = [li(ur) €i(uz)|lg- Tlpn
HEOOXOTUMOCTH TMOTIEPKHYTH 9TO OOCTOSTE/HLCTBO, MBI Oy/leM Ha3bIBaTh Ta-
Koit m3oMopdusm B -u3omopdusmom u HA3bIBATH COOTBETCTBYOIINE CHCTEMbI
B -usomopprvimu.

1.5. Bcrony B gasbmeiiniem, ynorpebss 3anuch Bujga ©(t1, ..., t,), MbI
0 YMOJTYAHUIO MPeANoaraeM, 4ro ¢ — (OpPMyJIa TeOPeTHKO-MHOKECTBEH-
HOIl CHIHATYpPBI, BCE CBOOOJHBIE II€PEMEHHBIe KOTOPOi MOIajaloT B CIUCOK
(t1,. .., tn).

[TpousBosbHbIl HAGOP (U1, ...,Up) DJIEMEHTOB CHCTeMbl il Ha3BIBAETCSI
03HAYUGANHUEM CIUCKA 1epeMeHHbIX (t1,...,tp). Pekypcueii no cjioxnocru
dbopmysbr onpeessiercs (GyreBo3HAUHAS) HCTHHHOCTD ||@(U1, . . . , Uy ) || JTFOGOI
dbopmyibt p(t1, ..., ty) OTHOCHTEIHHO IPOU3BOIBHOIO O3HAYMBAHUS (U], . . ., Up)
nepeMeHHbIX (t1,...,t,). Ecau dopmyna ¢ aromapha, T.e. umeer Buj t; = to
win t; € t9, TO ee HCTUHHOCTH OTHOCHTEJILHO O3HAYMBAHUS (U1, Ug) 1OJArAeT-
cst paBHOii ||u; = ug|| w ||u; € uz|| coorBercTBeHHO. McTHHHOCTH Ke bopMmyIT
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OO0JIbIIIel CJIOYKHOCTHU OIPEJIe/ISeTCS CJIEIYIOMHIM 00Pa3oM:

lu, - un) &ur, - un) || = llo(ur, - un) [ A9 (u, - un)
lpQua, - un) Vap(ur, - un) || = flp(uns . sun) [V [0 (uas )
lu, - un) = Plur, . un) || = llp(ur, - un)ll = l9(u, - un)ll;
||ﬁ90(ul7--~aun)|| = ||90(U1, 7un)||J_
||(Vt) cp(tvula""un)n = /\||90(u7u17""un)||7
uci
||(E|t) Qo(tvulw'"un)n = \/||90(uvulv""un)||’
uci

e cuMBou bt oBo3mataer momonmenue b B GysteBoii anre6pe B. [oBopsr, 4T
dopmyna ¢(t1,...,t,) ucmunna B anrebpandeckoii cucreme L OTHOCUTETHHO
o3HauMBaHUs (Ug, ..., Up), €CJU UMEET MECTO paBeHCTBO ||¢(u1, ..., uy)| = 1.
B srom coryuae iyt 4= p(uq, ..., up).

1.6. IIpepgioxkenue. Ecim ¢opmyna ¢(tq,...,t,) A0Kazyema B Hcdn-
CJIEHUH TPETUKATOB, TO ||@(u1, ..., uy)|| = 1 st Beex uq, ..., u, € i

< Hecio:xHO yOeUTHCSI B TOM, 9TO BCE AKCHOMBI HCIUCIEHUS TTPeTHKa-
TOB UCTUHHBI B CUCTEME ﬂ, a IMpaBUJIa BbIBOJA COXPaHAIOT MCTUHHOCTD. HO—
CJIe/IHEE O3HAYAET, UTO BBHIBOAUMOCTH (DOPMYJIBI (0 B HCIUCICHAU MPETUKATOB
u3 GopMys @1, ..., @, obecneduBaeT HEPABEHCTBO ||@1 A -+ A onll < |l¢l]. D

3 rocjieHero npejioykKeHusi, B 9aCTHOCTH, CJIeJyeT, 9T Jijsi J11000it (hop-
mysbl ©(t,t1, ..., 1) W JOOBIX JEMEHTOB U, U, W1, ..., Wy € i uMeer MecTo
HepaBeHCTBO |[u = v|| A |[p(u, wr, ..., wp)|| < [|e(v,wr, ... wy)l-

1.7. Tlycrs u € U rakoBo, uto U = u# &. Cnyckom s/1emMeHTa U HA3bIBA-
ercst KJIace {v el { UEve u}, KOTOPBIiT Oy1er 0003HAYATHCS CUMBOJIOM Ul.

1.8. Ilycrb (ug)¢ez — cemeiicTBo s1ementoB 4 u (b¢)eez — cemeiicTBO
9JIEMEHTOB aareOpbl B. Djement u € U Ha3bIBaeTCss nodsemom cemMeicTBa
(ug)eez ornocurennuo (be)eez, ecmm [|v € ull = Veez be AlJv = ug|| mna seex
v e il

[Tycts U — mommuOokecTBO . Dytement U € 4 HA3BIBAETCS NOJBEMOM
muoxkectBa U, ecin |[v € Ul| =\ ,yllv = u|| st Beex v € U, 1. e. U aBasiercs
MOTbEMOM CeMeiicTBa (U)yeyy € eMHUIHBIMA BECAMH.

IIpexnonozxnm, uro (b¢)¢ez — amrunens B anrebpe B. Diement u € U
HA3bIBAETCSI nepemewusanue./w cemeiicTBa (Ug)¢ez OTHOCUTETBHO (b )ccz, ecan
|u=ug| = b nnaseex  €Em flu= [ = (Veez be)*

ECJ_II/I cucTreMa il oTIge/JInMa 1 B Hell UCTUHHA aKCUOMAa SKCTEHCHOHAJIBHO-
CTH, TO IOIbeM (IepeMellnBaHIe) JI000ro ceMeiicTBa (Ug)¢cz OTHOCHTETHLHO
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cemeiicra (antunenn) (be)¢cz onpeesgeTcs eJMHCTBEHHBIM 00pa3oM. B arom
cJydae, ecau mojbeM (mepeMeniuBaHue) CyMmecTByer, Mbl OygeMm 0003HAavaTh
ero CUMBOJIOM asC¢ex bete (COOTBETCTBEHHO miX¢ex betug). s moabema MuO-
xkectBa U C U ncnonb3yercsa oboznadenue U7

1.9. B OyneBo3nadnoM aHajm3e 0COOYIO POJIb UT'PAIOT TPU OCHOBHBIX
HpuHIUIla — IIPpUHOUII MaKCUMYMa, HPUHIUII II€epeMelluBaHudA W IIPUHIUIL
MO IbeMa. DTO CBI3aHO C T€M, UTO B aJIT€OPANIECKUX CHCTEMAX, yIOBI€TBOPSI-
IOIIUX STUM IPUHIIUAIAM, MOSIBJISIETCS BO3MOXKHOCTH € TOMOIIBIO paHee MMeo-
HIUXCAd 9JIEMEHTOB KOHCTPYUPOBATH HOBLIE.

B s1oMm mynkTe Mbl cHOPMYTHPYEM YIIOMSHYTHIE MPUHITUITBL H UCCJIEYeM
B3aMMOCBSI3b MKy HUMM, OCTABUB B CTOPOHE UX MPOBEPKY /ST KOHKPETHBIX
ajiredpanvIecKnx CUCTEM.

[Iycte B — monnasg OyneBa anrebpa u 4 — B-3nadnad anredpamdeckas
cucTeMa.

IMpuamun makcumyma. /L m060it hopmyasr p(t,t1, . .. t,) 0 sm1eMeH-
TOB U1, . . ., Uy € Y cymecrByer takoi sjaement u € L, 410

|(3t) o(t,ur, ... un)|| = le(u,ug, ... up)l|-

IMpunanun nepememmBanus. J[1s1 BCIKOro ceMeicTna (Ug)¢cz d1€MeH-
roB Y n snoboii antunenn (be)¢cz B anrebpe B cymectsyer mepemeninsanme
(ug)¢ez orHOCHTETBHO (be)¢cE.

Ipuanun nogbema. (1) /s Besikoro cemeiicrsa (ug)¢ez dementon U
n gmoboro cemeiicrsa (bg)¢cz  27€MeHTOB anrebpbl B cymiecTByeT moabeM
(ug)¢ez ornocurenbHO (be)¢e=.

(2) [lst sroboro ssiementa v € U cymecTByIOT ceMeicTBO (Ug)cez die-
mentos i u cemerictso (be)¢cz v/1ementon ajredper B rakne, 4ro u siBisiercs
noxbeMoM (ug)¢ez oTHOCHTETBHO (be)ecs.

1.10. Teopema. FEcim B-3naunast ajirebpamdeckasi cucrema i yaoBJie-
TBOpAET IIPDUHITAITY IIepeMellliBaHuA, TO OHa TaK2>Ke yJO0BJIETBOPAECT U ITPUHITA-
Iy MaKCHMYMaA.

d  Pacemorpum dbopmyny ¢(t,t1, ..., t,), 0603HAYUM CHMBOJIOM U Ha-
6OP 1POU3BOJIBHBIX JJIEMEHTOB U, . .., Uy € L u nosoxum b = [|(3t) (¢, 7).
ITo onpezenennto Oynaesosnaunoit ncrunnoctu b = \/ ¢ ||lo(v, @)|. Baaronaps
NPUHIAIY HCYepHbiBanis Hafiayrcs antunensd (b¢)¢cz B aarebpe B u cemeii-
c1BO (vg)gez vaementon H rakue, 4o \eez be = b be < ||p(vg, @)||. o yeao-
BUIO TEOPEMbI CyIIeCTByeT mepemerniuBanne v € i cemeiictBa (v¢)ccz OTHO-
curenpno antunenn (b¢)ecz. B wacrnocr, |[v = ve|| > be. B cumny npemso-
xKenng 1.6 mmeror MecTo HepaBeHcTBa || (v, U)|| = |lv = ve|| A ||p(ve, @)]| = be.
Caenosarenbuo, [|o(v,4)|| = Veezbe = b. Hepasencrso [l¢(v, )| < b oue-
pugHo. D
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1.11. Teopema. Ilyctp B-3Hadnas ajarebpandeckasi cucreMa il yaoB.ie-
TBOpsIeT MPUHIAITY MogbeMa # B Y HCTHHHA akcHmoMa 3KCTEHCHOHAHHOCTH.
Torma ans Y cnpaBeTHB TPUHITAII TTePEMEITHBAHHIS.

< Iycrs (ug)eez — cemeiicTso anementos U n (be)ecz — anTunens s
asreope B. Ilo ycjoBuio Teopembl jijist BCAKOro & € = HaifayTcst cemeiicTBo
(ug)aca(e) dnementos U n cemeiicro (bg)aea(e) /1eMenTos airebpsr B Takue,
9TO0

lveuel =\ bEAllv=ud| amascexveil
acA(E)

Pacemorpum muoxecrso I' = {(§,a) | £ € Z, a € A(§)} u s kax0i
napst ¥ = (§, @) € I' mosnoxum ¢, = be A bg‘ H Uy = ug‘ [Iyctb u € U — noab-
eM ceMmeiicTBa (Uy)ycr OTHOCHTENTBHO (Cy)yer. Hemocpemcrsenubrii mompcder c
LIPUBJICYCHUEM OLPEIeJeHUI JaeT CJIeAyIomue COOTHOIEHUSI:

lveull =\ ¢ Allv =]
yel’

=\ V benbgAfo=ug

£EE acA(f)

= \/ bg/\ ||U - u§||
EeE

ITokazkeM, 9TO U SBJIAETCH MepeMeIInBaHIeM ceMeficTBa (Ug)¢cz OTHOCH-
renbHO (b¢)¢ez. CHavana ycranoBuM HepaBeHCTBO |lu = ugl| > be. B cmy
MCTHHHOCTU AKCUOMBL 9KCTeHCHOHAJILHOCTH J0CTaTouHo Hokasarh (|[v € ul| <

|v € ugl|) = be wim, uro 1o xe camoe, beAllv € uf = beAlv € ugl|. ockoibky
be A by = 0 ipu £ # 1), MBI NMeeM

be Ao € ull = \/ be Aby Allv € uyll = be A v € ugl].
nez

ITokazem Tenepn, uto [|u # G| < Vg be. [efictsurenno,

o ol =G0t eul =\ lveu =\ \benlveul <\ be >

vel vell €2 (eE

1.12. Teopema. FEcim B-3maunass aarebpamdeckasi cucrema 4 yaoBie-
TBOpAET HPUHIIHIIAM MaKCUMyMa W 10A'beéMa, TO OHA TaK2Ke Yy/I0BJICTBOpsAECT U
IPHUHIAILY ITepeMelInBAHHA.

< Tyers @ € 4 — noxbem mycroro moamuoxkKecTsa L. Jlerko mpose-
puth, uro |9 = @|| = 1. (3mech, Kak u BCloLy B qaTbHEHTITeM, 3aMuCh U = &
oznavaer (Vi)t ¢ u.)
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Paccmorpum cemeiicTBo (ug)¢cz dmementon U u anTunens (bg)¢ez B asre-
6pe B. Tonoxnm b = (Vez be)®. Oupenennn cemeiicrso (vg)¢ezr n pasbuenne
esuHIIBL (C¢)eezr caepytomum obpasom: Z' = ZU{Z}, ve = ug, ¢¢ = be upn
§€Znvz =" cz =0b Ilyers u € 8 — nogbem cemeiicrsa (Vg)eez
OTHOCHTENBHO (C¢)eczr. Jlerko momars, uro ||u # & = 1. eiicTuTensmo,
|lve € ul| > ce mpu € € Z', orkyna caenyer, 4ro

ol = Vipeul> \ =1

vel
Taxum o6paszom, ||(3t)t € ul| = 1. CornacHo npuHIUIy MAaKCUMyMa Ha#1eTCs
Takoii smement v € 4, uro ||v € u|| = 1. Torma mo onpeeeHIIO TOIBEMA
ce = 1hce = \ ey lv=uyll Ace = [lv=rvell Ac

nez’
— =/
H, crajgo ObiTh, ||v = vel| = c¢ st Beex § € =
nmeeM ||v = wu¢l| > be. Kpome Toro, B cuity jieMMeI 1.6 BBITIOTHEHBI /1€y IOITHe
COOTHOIITCHHUSI:

B wactaoctu, npu £ € =

(be) lo=2"| = Jv=2"Allg" =2| < llo=2].

£e=

CiiesioBarenibHO, ¥ IpeJCTaB/IAeT COOON IepeMemnBaHne ceMeiicTBa (ug)¢cx
ornocurenbno antunenu (be)ecs. D

1.13. Ilycts B — monnas OyseBa anarebpa u 4 — B-3nadnast ajredpan-
qeckas cucrema. Cucrema U HA3bIBACTCHA OYAEBO3HAUHBIM YHUBEPCYMOM HaO B
(B -3Ha4HbM YHUBEPCYMOM), €CJTH OHA YIOBIETBOPSIET CJIE/LYOIHM TPeM YCJI0-
BHSIM:

(1) cucrema Y orpennma;
(2) 4 yaoBI€TBOPSIET MPUHITAITY TIOHEMA;
(3) B U HCTHHHBI AKCHOMBI SKCTEHCHOHATIBHOCTH W PEryJIsiPHOCTH.

Teopema [7|. st s06oii mosHoii Gyepoii aarebpsl B cymecryer
B-3na4nplii yHuBEpCYM, HpUYeM €JHHCTBEHHBIH ¢ TOYHOCTHIO JI0 B-u3zomop-
¢uzma.

[Toapobuoe uznozxkenue Teopuii OyIEBBIX aaredp u Oy/JI€BO3HAUYHBIX aJire-
Opamdeckux cucrem mveercst B [3-6].
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§ 2. IlousiTHe HEIIPEPHIBHOTIO PACCJIOEHUS

2.1. Tlycrs Q — mpoussosbHOE Hemycroe MuOkecTBo 1 VO C Q x V —
Ksacc-coorsercrBue. (3aech u maee V ofo3HaUaeT KJIacC BCEX MHOMKECTB.)
Jlna xazxmoit Toukn ¢ € () Kaacc

{g} x Ve =v9n ({g} x V) = {(g.2) | (q.2) € VO}

0bo3naunm cumposiom V9. Ouepuuno, VP N V? = & upu p # q. CoorBer-
crBue V€ Gyzem HasbiBarh paccaoenuem Hax Q, a kiaace VI — caoem paceio-
ennst V9 B Touke q.

Iycts D C Q. ®yukmuio u: D — VY maspiBaior cewenuem paccioe-
must V@ man muokecrsom D, econ u(q) € V9 mnst Beex ¢ € D. Kiace Beex
cegennii VY man D o6ozmagator cumsosom S(D,V?). Ceuenns, ompesesen-
Hble Ha , HA3BIBAIOT 2406aavhbmyu. Ecin X — mogmuoxectso V@, 1o cum-
Bosiom S (D, X) 0603Hadal0T MHOKECTBO BCeX cedenuii pacciaoenuns X waj D.

Touxy g € Q HazoBeM npoekyued snemenma x € VO 1 0603HATHM CHMBO-
oM pr(x), ecim @ € V4. Ipoexyuet mmoscecmsea X C VY Gynem naspisars
coBokymHocTb {pr(z) { x € X} u obosnauars ee cumposiom pr(X).

2.2. Ilpexamosoxkum Temnepb, 910 () — TOMOJOTHYECKOE MTPOCTPAHCTBO 1
na kiacce V9 C @Q x V sajana mekoropas Touosiorus. B 9ToM ciyuae Mbl
6yneM HasbiBath VY nenpepushom paccaoenuem nag Q.

Tox nenpepuisnvim ceveruem paccaoenns V@ nonuMaercs cedenne, spJisi-
fo1eecst HenpepbiBHOM byHKImeit. s gmroboro mogmuoxkecrsa D C () cuMBo-
nom C(D,VQ) o6o3nauaercs Kiace Beex HenpepbBHbIX cedenuit V@ nay D.
AnasornaabiM 06pa3om, ecau X — moamuozkectBo V', 10 cuMBoIOM C(D,X)
0003HaYaeTCsl COBOKYITHOCTh BCeX HempepbhiBHBIX ceuennit X wam D. Oueru-

no, C(D, X) = C(D,V9) nS(D, X).

Berony B manbHeiineM MBI cauTaeM, 9TO () — 3KCTpeMaabHO HECBSI3HBII
KOMIIaKT, U IIpealroJiaraeM BblIIOJIHEHHBIMU CJIC/YIOIIUE yCJIOBUA:

(1) Vge@ VzeV? Juel(Q, VY wulq) =ux;

(2) YueC(Q,V®) VAC Q wu(d)c V<.

2.3. Ilpenoxkenue. Hempeprisroe paccaoenme V@ o6agaer cieryio-
IIAMHA CBOHCTBAMM:
(1) Tomomornss V? xaycropgosa;
(2) st amo6bix u € C(Q,VO) n q € Q cemeiicrpo {u(A) | A € Clop(q)}
SIBJISIETCsT 6a30i OKpecTHOCTEH TOUKH U(();
(3) Bce aementer C(Q,V®) aBISIOTCS OTKPBITHIME H 3aMKHY THIMI OTO-
Opazkeansivm (cm. 1.1).
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Q Iycrs 2 n y — pasmuansie snementsl VY. Tomoxnm p = pr(z) u
q = pr(y). B cuay 2.2 (1) maiigyrcs ceuennst u,v € C(Q,V?) rakme, uro
u(p) =z nv(q) =y.

[IpeamonoxkuM cHavana, 9ro p = ¢. B cuny 2.2 (2) mHO)KecTBO A =
{g € Q| ulg) # v(e)} = Q\u(v(Q)) orkpsiro-zamkuyro. Torza u(A) un
v(A) — HemepeceKarNUecst OKPECTHOCTH TOYEK T U Y.

[Tycrs Tenieph p # q. B atom cayuae cymecrBytor A, B C () Takue, 4To
ANB =9, pe€ Auq € B. Torna u(A) nu v(B) — HemepeceKaloIHecst
OKPECTHOCTH TOYEK T U Y.

Yrrepxaenne (2) ¢ 04eBHIHOCTHIO BhITeKaeT n3 2.2 (2).

Yreepxkaenue (3) sKBUBaJeHTHO 2.2 (2) B CUIIy TOrO 0OCTOSATENBCTBA, ITO
Clop(Q) aBnstercst 6a30it KaK OTKPBITOl, TAK U 3aMKHYTOil Tomooruu B Q). D

2.4. Jlemma. Ilomunoxectso X C V€ orKpbITO-3aMKHYTO TOrAa 1
ro1bK0 TOrga, Korga u” N (X) T Q gust Beex u € C(Q, V).

< B nogcHennu HyzKJIaeTCA JHUIIb JOCTATOYHOCTL. PaccMOTPUM HpPOH3-
BoubHBI s1ement © € VY. Ilycrb cevenne u € (@, VQ) u TouKa ¢ €
TAKOBBI, 9T0 U(q) = Z.

Ipenosoxum cnauana, aro x € X. Tlockosbky Muoxkectso A = u~!H(X)
OTKPBITO-3aMKHYTO, u(A) — OKpecTHOCTh ¥, cofepxkamiasca B X. B cuay
POU3BOJILHOCTH T 3aK/II0YAEM, YTO MHOXKECTBO X OTKPBITO.

Ecin xe ¢ X, T0, BOCIIOJIb30BABIIUCH OTKPHITO-3aMKHY TOCTHI0 MHOZKE-
crBa A = Q\u~1(X), saxkiouaem, uro u(A) — OKpPecTHOCTD T, He HepeceKaio-
mascs ¢ X. [Ipon3BONbLHOCTD & TO3BOJILET CAEJATh BHIBOJ, YTO MHOKECTBO X
3aMKHyYTO. [

2.5. Ipennoxenne. Tonosorus VO skcrpemaabno HecpssHa.

< TIlyers X — orkpbiroe noamuozxecrso V. B cuy xaycaopdosocru
tonosornn V? sambikanme ¢l X BiIsSeTCS MHOXKECTBOM, a HE COOGCTBEHHBIM
kmaccom (em. 1.2). TIpu srom st Besikoro cedennst u € C(Q, V@) MuozkecTBO
u (el X) = clu™(X) orkpbiro-samxnyro. B cuiy Jemmbl 2.4 MHOXKECTBO
cl X orkpwito. D

2.6. Jlemma. /list mo6oro nogvuoxkecrsa X C V9 Bormosnensr ciaery-
fOIe PABEHCTBA:

X = U u(u (X)),
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< Ouesnjnoe ciaeacrue 2.2 (1) u OTKPBHITOCTH BCEX HENPEPHIBHBIX Ce-
venmit. [

2.7. Jlemma. Ilogknaccer X,Y C V@ comamaror Torma u ToapKO TOIZa,
korga u N (X) = u"H(Y) gzt Beex u € C(Q, VQ).

< Bosbmem npousBoiabHo ¢ € , x € VI u paccMOoTpuM cedeHme u €
C(Q, V%) rakoe, uro u(q) = x. Bem v € X, 10 ¢ € v H(X) = u (V)
u, ciaeposarenbuo, © = u(q) € Y. O6parHoe BKJIIOUYEHHE YCTAHABINBACTCS
anajiornaso. D

2.8. TIpeamnoxkenme. Ceuenne u € S(D,V?), onpexerennoe na orkpsi-
ToM moamHOKecTBe D C (), HEIpephIBHO TOTa H TOJIBKO TOTJa, KOTJAa im U —
OTKPBITOE TMOIMHOKECTBO V<.

< IlpeamosioKuM, YTO cedeHHe U HempepbiBHO. g Besgkoro q € D
nosGepenm ceuenne u, € C(Q, V) Takoe, uro uy(q) = u(q). Muoxecrso Dy =
{p e D ! u(p) = uq(p)} = ul(imu,) orkpeTo B D, a 3maunt, u B Q.
[Tosromy obpas u(Dy) = ug(Dy) OTKPHIT B CHIY OTKPLITOCTH TIJIOOATBHBIX
HenpepeiBHbIX cedennii. OueBugno, D = quD Dy, Tax xak ¢ € Dy. Craino
OBITH, MHO?KECTBO

imu = u(D) :u( U Dq) = |J u(Dy)

qeD qeD

ABJIAETCA OTKPBITBIM.

[IpegnmonoxuM Temepb, 4TO im % — OTKPHITOe MHOXKECTBO. PaccMoTpuMm
IIPOMU3BOJIBHYIO TOUKY ¢ € D n nogbepem ceuenne u, € C(Q, V@) rakoe, aro
u(q) = uq(q). Muoxectso {p € D | u(p) = u(p)} = v~ (imu) orxpeiTo u
ABISETCS OKPECTHOCTBIO TOYKH (¢, OTKYJA CJIe1yeT HelPpePBIBHOCTD CEUeHH U
B TOUKe q. [

2.9. Jlemma. Jlus so6oro nogmuoxecrsa X C V@ ppimosnensr ciey-
forue COOTHOUICHHUST:

(1) pr(clX) Cclpr(X);

(2) pr(int X) C int pr(X).

< Pacemorpum mpomssossroe cedenne u € C(Q,V?). B cuny cBoiicTs
saMbIKaHna MBI mveeM v (el X) = clu™}(X) C clpr(X), orkyaa 6aaroma-
pa pasenctsy pr(X) = Uyecgve) u~H(X) creayer sxmrouenne pr(cl X) C
clpr(X).

Cootrorenne (2) ycTaHaBINBAETCS AaHAJOTHYHO. >
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§ 3. HempepbIBHBII ITOJIMNBEPCYM

3.1. Paccmorpum memycroe muoxectso (Q u paccaoenue VO C Q x V.
[Ipemosioxkum, aro 1 Kaxkaoit Touku ¢ € () kaacce V¢ apastercss anrebpamn-
94eCKOil cucTeMOil curatyps {€}.

st upousBosibHOit hopmyiist (L1, ..., ty) u cevennii uy, . . . , Uy, paccioe-
unst V9 cnmBosom {o(u1, ..., up)} Gyaem 0603HAYATH MHOKECTBO

{q € domwuy N---Ndomuy, | V= gp(ul(q),...,un(q))}.

Hnst mo6oro snementa © € V4 nonoxum z) = {y € V1 | V1 = yex}.
OuesnHo, ecyiu B cucreMe V4 ncTuHHA aKCHOMa IKCTEHCHOHATBHOCTH, TO JIJIsT
Becex x,y € VY paBencrBa x| = yl| m x = y paBHOCWIbHBL. Ecmm X —
noamuozkectBo VY, to cumsosom UX 0Go3nadaercss 00be nHenne Uzex zl

Bcerogy B pasibHeiiem npejnosiaraercsi, 9to () — 3KCTPEMaJIbHO HECBsI3-
Hbiii KommaxkT u V¢ — menpepsiBHOe paccioenne Hax Q.

st mponssostbroro cevenns u € C(Q, VQ) knace Ugeq w(@)4 bt Byem
HA3BIBATH PACNAK06KOT CeUeHNT U U 0003HAYATH CHMBOJIOM LU

3.2. Hempepoisroe paccioenue V@ HA3OBEM HEnpepuisHbim NOAUCEPCY-
mom Hast (), eciin B KaxaoM cioe V9 (g € ()) MCTHHHBI AKCHOMBI 9KCTEHCHO-
HAJIbHOCTH U PEryJspHOCTH H, KPOME TOIO, BBIIIOJIHEHBI CJIELYIOIINE YCIOBUS:

(1) Vge@ VYazeV? Juel(Q, VY wulq) =u;

(2) YueC(Q,V¥) VAcCClop(Q) wu(A) € Clop(V¥);

(3) Yue C(Q,V?) vLui € Clop(V9);

(4) VX € Clop(V®) JueC(Q,V?) Lus=X.

3.3. Jlast nponssosbHEIX cevennii u,v € C(Q, V?) pasencrsa {u=v} =

ul(imv) u {u€v} = u~(Lvl) obecrneunBaOT OTKPHITO-3aMKHYTOCTh MHO-
xkeerB {u = v} u {u € v}, 9T0 MO3BOJIAET HAM BBECTH B PACCMOTDEHHE JIBE

knace-bynkmmn ||-=-||,|-€-|: C(Q,V?) x C(Q,V?) = Clop(Q), momaras
lu=v| ={u=0v}nfuev] ={ueuv}.
Hecnoxno ybemurbes B Tom, 1ro Tpoitka (C(Q,VY),|-=-,]-€-)

npejicTasisier coboii oraennmyro Clop(Q))-3HauHy0 aTrebpanvIecKyo CucTeMy
(em. 1.3).

U3 onpenesiennst HempepbIBHOrO mouBepcyMa 3.2 (4) cieayer cyiecTBo-
BaHUE HEIPEPBIBHOTO CeYeHUus @A, VAOBJIETBOPAIOIIErO YCJI0BUIO Loy = @.
OueBn1HO, Takoe cevYeHwe eINHCTBEeHHO. Kpome Toro, JIerko 3aMeTHTb, 9TO
Vi oMNq)=9 ana Beex ¢ € Q, |9" =0 = Q, a Takxe ||[u=2"|| =
|u= || mnst Beex u € C(Q, V).

3.4. Jlemma. /Jlns o6oro moamuozkectBa X C V@ mveror mecto ce-

JIVIONIHEe COOTHOIIEHUST:

(1) ecom X C V@, 1o pr(X) C Q;
(2) ecam muoxecrBo X orkpsrto, To pr(cl X) = clpr(X).
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4 (1) Ecm X © V@, 1o naiinerca cevenne u € C(Q,V?) makoe, uro
Uimu = tus = X. Ouesmano, pr(Uimu) = |u# @, orkyma crexyer
OTKPBITO-3aMKHY TOCTb Pr(X).

(2) Tycrs X — orkpeitoe moamuoxkectso V. Torma sambikanme cl X
OTKPBITO-3aMKHYTO, Kak u ero npoeknus pr(cl X). OdgeBngnoe BK/IOUYEHHE
pr(X) C pr(cl X) Breuer clpr(X) C pr(cl X). ObparHoe BKIIOUeHHE yCTAHO-
BJIeHO B 2.9. D

SBameuanue. Creayroiue BOIPOCH MOKA OCTAIOTCA OTKPBITHIMU.

(1) Bepmo mm, uTo 3 3aMKHyTOCTH TmOomMHOKecTBa X C V@ cremyer
3aMKHYTOCTH ero npoeknuu pr(X) C Q7

(2) Cupasemmuso u pasencrso pr(clX) = clpr(X) musa maoboro (me
06sI3aTeIbHO OTKPHITOro) moaMuoKecTsa X C V@7

3.5. Hocumensem ceuenusi u € S(D,V?), onpenenennoro na D C Q,
HA3bIBAETCS MHOYKECTBO SUPPpU = {qGD ‘ Vi e u(q)#@} OueBnHO,
suppu = {u#0} = {u#o"}. Takum obpasom, ecmn u € C(Q,V?), 1o
SUpp % — OTKPBITO-3aMKHYTOE MHOZKECTEO.

Ilycts u — mempepsiBroe cedenne VO u D — MOAMHOKECTBO SUpp U.
CumBosiom C'(D, u) obo3HaYaeTCs KIace

{veC(D,V9) | (Vg€ D) VI Ev(q)€ulq)}.

Ouesuno, C(D,u) = C(D, uy).

Cnyckom cedenus u Oymem Ha3piBarTh Kiaace C(suppu,u) u 0603HAYATH
ero CUMBOJIOM u). Jlerko 3amerutb, uto u) = C(suppu,Lus). OueBumo,
B cayuae {u#£ D} = @ cuyck cedeHus U npeACTABAAET COOOM CIyCK U Kak
sjieMenTa OyJIeBO3HAIHOI asrebpandeckoii cucrems (cM. 1.7).

3.6. IIpegnoxenne. s mo6eix X C V@ nu € C(Q,V?) crexyromme
YTBEpKIeHAS SKBUBAJICHTHEL

(1) Lus=X;

(2) u(g)d =X NVY qis Beex q € Q;
(3) suppu=rpr(X) un uizC(pr(X),X);
(4) |lv € ul| = v Y(X) s Beex v € C(Q, V).

d (1)=(3). docraTo4no JHIh 3aMeTHTh, 4TO Suppu = ||[u# Q| =
pr(Lua), ¥ BOCIOIB30BATHCS paBeHCTBOM Ul = C(supp u, Lul).

(3)—(2). ITomoxum A = supp u. Jlerko mousats, uro X NVY = & = u(q)l
Uit Beex g € Q\ A.

st mpomssosibuoit Touku ¢ € A maiigyres x € u(q)) u vy € C’(Q,VQ)
Takne, 9t0 v¢(q) = x. Ilycrs By = |lvg€ull. Cewmeiicto (Bg)sea 06pasyer
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OTKPBITOE MOKPLITHE KOMIAKTa A, M09TOMY M3 HEro MOXKHO BBIOPATH IIO/IIO-
kpoitne (By)ger, rae F' — koweunoe moxmuoxkecrso A. Ilo mpunnmmy mc-
wepnbpiBanus Haiigercsa anrunens (Cg)gep Takas, uro Cq C By ana g € F
n Uyer Cq = Viyer Cqg = Vyer B¢ = A. Tloctponu cedenne v € S(A, Ve,
JUIsL Kazk10it Touku p € A monaras v(p) = vg(p), e ¢ Taxoii (e UHCTBEHHBI)
ssement F, uro p € C4. Cedvennme v HeMPEPHIBHO, TOCKOIBKY v = vg Ha C
(¢ € F). Jlerko 3amerutsh, urto v € ul = C(A, X).

ITycTh ¢ — MpOM3BOJNLHBIN MeMenT A.

Pacevorpum z € u(q)l, monbepem ceuenme w € C(Q,V?) rakoe, |ro
w(q) = x, u mocrponm ceuenne W € S(A, V?) ciaeyomum 06pazom:

T(p) = w(p), ecmm p € ||lw€Eul,
= v(p), ecmupe A\|lweul.

OueBuHo, cevenue W HenpepbiBao, U W € ul = C(A, X), orkyna cremnyer,
uro © = W(q) € X B cuy BKIOUeHus ¢ € |Jw € ul|.

[Iycte Tenepp x € X N V4, Kak m panbine, mogbepeM cedeHue w €
C(Q,V?) rakoe, uro w(q) = z. Paccmorpum cevenne W € S(A, V?), onpeze-
JIEHHOE CJIeIYIONUM 00pa30M:

o w(p), ecmup€ w H(X),
wlp) = { v(p), ecamp € A\w(X).

13 ouesunnpix coornomenuii w € C(A, X) = ul u ¢ € w™(X) BbiTekaer, uTo
z=w(q) =w(q) € u(g)-

(2)—(4). Paccmorpum mpomssobHoe cederne v € O(Q, V@), Ecmu g €
lv€ul| = v (Lul), To v(q) € Lul u, cremoBarensuo, v(q) € u(q)l = X NV,
T.e. ¢ € v 1(X).

Ecrm xe ¢ € v 1(X), To v(q) € X NV? = u(qg)l, a smaunt, VI =
v(g) €ulg) m g € |lveul.

(4)—(1). Bamerum, uro v !(Lud) = [[v€u| = v 1(X) ana Beex v €
C(Q,V?). Tosromy cormacuo menme 2.7 nmeer MecTo paBercTBo X = Lul. D

Tlist Kazoro muozkecrsa X C V@ ceuenne u, y10BIeTBOPSIONIEE YCIOBU-
aMm (1)—(4), oueBuHO, €JUHCTBEHHO. DTO CeUeHHe Mbl OyJeM HA3bIBATH Yna-
ko6kol MHOXKecTBa X U 0003HaYATH CUMBOJIOM " X .

Hectoxkuo ybeauTcest B CipaBe/THBOCTH CJIETIYIONIETO YTBEPIKICHNUS.

IIpennoxenne. Ilycrs X — orkpbiToe mommuoxkecrso V@, Ceuenme
ue CQ, VQ) coBmazaer ¢ "¢l X7 rorma m ToIbKO TOTMA, KOrma U SABJIACTCS
rmoTogedHo HamMeHbIIM cpenn cedenmii u € C(Q,V?), yaoprersopsromux
prsrrogernio X NV C u(q)l mrst Becex q € Q.
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3.7. Jlemma. Ecmmr u € C(Q,VQ) u A € Clop(Q), o Uu(A) €
Clop(V9).

<z moGoro cedenma v € C(Q,V?) muoxectso v~ (Lu(4)) = AN

||lv € ul| orkpbITO-3aMKHYTO, OTKyIa B CHay 2.4 ClegyeT OTKPBITO-3aMKHY-
Tocth MHOXKecTBa Llu(A). D

3.8. Ipemuoxkenue. .JTwo6oe nenpepsisroe cevernne V@, onpenenennoe
Ha OTKPBITOM HJIH 3aMKHYTOM IOJMHOXKeCTBe (), MPOJOIZKAETCS 0 TI00ATb-
HOI'O HEIIpepbIBHOT'O CEY€HH .

d Myers ACQuueC(A, VQ). Jist kaxkaoit Toukn ¢ € A HailyTces
ceuenue u, € C(Q, V@) u MHOXKECTBO B, C Q rakue, uto ¢ € By u uy = u Ha
B, N A.

[Tpeanonoxum, uro muoxkecrBo A orkpeiro. He wapymas obmiHocTH,
MBI MOZKeM CUHTaTh, 910 By C A. PaccMoTpuM OTKpbITOE MHOKeCTBO X =
Ugeo w(@)d = Uyea U ug(Bg) n nokamenm, uaro (c1.X) NV = u(g)d ana seex
q € A. Tlposepum b Braouerne (cl X) NV C u(q)l (obpaTHoe BKIHOUE-
HUE BBITEKAET M3 OYEBHJHBIX CBOHCTB 3ambikanus). [lycrs z € (c1X) N VY.
Haiigercsa cegenme v € C(Q,V?) Taxoe, uro v(q) = 2. OdeBmmno, 11 BCs-
Kot okpectHoctn B T ) Toukm ¢ nepecedenne v(B) N X wemycro u, cra-
70 ObITh, Haiigercs Takad Touka p € B N By, uro v(p) € u(p)). C apy-
roit croponst, u(p) = uy(p) u, caegoBarensuo, v(B) NUuy(By) # @. Muo-
KecTBO Uug(By) 3aMKHYTO, U mOdTOMY = € Uuy(By), OTKyaa cieayer, 9TO
x € uy(q)d = u(q)}. Homoxum 7 = "cl X . I3 ycranoBI€HHOrO BbIIE BbITe-
KaeT paseHcTso u(q)d = u(q)) ms Beex ¢ € A. Takum 06pazom, U — HCKOMOE
1J100a/IbHOE TPOJOIZKEHUE CEYEHUs U.

IIpeamoozkuM Tenepb, uro MuHOZKecTBO A 3aMkHyTO. CeMeiicTBO (By)gea
00pasyer OTKpBLITOEe MOKPHITHEe KOMIAKTa A, a 3HAYMT, M3 3TOr0 MOKPHITHUS
MOZKHO BBIOpATh MOAIOKpbITUE (By) e, Te ' — KoHedHoe moaMHOz«KecTBO A.
be3s orpanmuenust OOITHOCTH MOXKHO IIpE/IOJaraTh, d9YTO qu rBy = Q.

[To npunmumy ncuepusiBanns Haiigercs antuiens (Cy)qep Takas, aro Cy C By
st Bcex ¢ € F m quF Cy = Q. Tlocrponm cedenme u € S(Q, VQ), s

KaKI0i Toukn p € @ momnaras u(p) = ug(p), rae ¢ — Takoii (e AMHCTBEHHBDII )
snemenT F', uto p € C,. CedeHme U HeNIPepPBIBHO, IOCKOJIBKY U = ug Ha Oy
(g € F). OueBngno, u =u ma A. D>

Caencrue. Eciim A — OTKpbITOE HJIH 3aMKHYTOE MOJMHOXKECTBO (), TO

C(A,VO) = {ula:u e CQ, V).

IMpunnun npogoxkenns. /s moboro cevenns u € C(A,V?), ompe-
JICIEHHOTO Ha OTKPBITOM MoJAMHOKecTBe A C (), CylecrByer eamHCTBeHHOEe
cegernme U € C(cl A, V?), mpogomxaromee u.
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< Cormacmo mpemioxenmio 3.8 cymectsyer cedenme u; € C(Q, V%)
rakoe, uTo U1 = u Ha A. Tlosoxkum T = uq|q A-
EuHCTBEHHOCTD TOCTPOEHHOTO NMPOIOIKEHAA OYeBUIHA. >

Ceuenne u, cdurypupyiomiee B (popMyTHPOBKe MPUHIUIA TPOIOJIKEHHUS,
Oy/ieM Ha3bIBaTh 3AMbKGHUEM CeIeHHs U 1 0603HAIATH CHMBOJIOM ext(u).

3.9. Heciso:xuo ybeurcest B ClIpaBeJIMBOCTHU CJIELYIONIET0 YTBEPAK IEHUS.

Teopema. PaccMoTpnM ceMeiicTBO (u¢)¢cz T/I00ATBHBIX HENPEPBIBHBIX
cewennii V@, anrmiens (Be)¢ez B anrebpe Clop(Q) u nosoxmm B = (Vees Be)t
Torta HenpepbIBHOE CedeHne

u = ext qulB& U @
fe=

spjisiercss nepemernsanneM (ug)ecz orHocutesbHO (Bg)e¢ez. B wacrnoctn,

Jutst 6yJieBo3HaqdHOI anredpamdeckoii ciucrembr C(Q), VQ) CIPABEJINB IIPHHIAI
IIepeMeIIHBAHHISL.

CueacrBue. Bysepoznaunas anrebpamdeckas cucrema C(Q), VQ) VJI0-
BJIETBOPAECT IIDUHITUILY MaKCHMYMa.

3.10. Teopema o moTOYEYHOII MCTUHHOCTH. st 0605t pop-
myapt @(ty, ..., t,) o Tpom3BoabHBIX cedenmii uy, ..., u, € C(Q,V?) mmeer
MECTO PaBEHCTBO

lp(ut, .. un)ll = {g€ Q| VI E(ui(q), ..., un(q)) }- (*)

< JIlokazaTeabCTBO MPOBOAUTCA MHIYKIHME 110 CJI0KHOCTH (DOPMYJIBL .

Ecian dopmysia ¢ aromapna, T.e. umeer Buj t; € to wiaum t1 = tg, TO
PaBEHCTBO (*) BBITEKAET U3 OLPEJIeIeHHsI OIeHOK HCTHHHOCTH || -=- || u || - € - ||.

Honyctum, st opMys MeHbIEH CJI0KHOCTH TeopeMma Joka3aHa. Mbl
OrpaHHYNMCS PACCMOTPEHHEM JIMIIb TOTO CIydad, Koraa (popMmymaa ¢ HMeer
B (Jto) @D(tO,Z).

Ecin V1 = (3tg) ¢ (t,U(g)), To maiizmercs Taxoii saement x € V9, 4ro
Vi = w(a;,ﬁ(q)). [onbepem cewenne uy € C(Q,V?), yrosmersopsiomee
paBencTBy ug(q) = x. Ilo npeanonoxkenuto wHaykuuu ¢ € ||¢(ug,d)|| C
|(Fto) ¥(to, u)||, aT0 MOKA3BIBAET BKJIOUECHHE « D» B COOTHOIICHUH ().

[Tokaxkem obparnoe BrJtodenue. Ilycrs ¢ € [[(3tg) ¥(to,d)||. o upun-
MUYy MAKCHMyMa HaiiIeTCs HempepbIBHOE cedenne ug Takoe, 9to ||¢(ug, 4)|| =
|(3to) ¥(to, @)|. Toraa no npeanonoxkennto uuaykuun V7 = 1 (uo(q), @(q))
saaunt, V7 = (3to) ¢ (to, d(q)). D
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3.11. Jlemma. /[ Jo6oro moamuoxkectBa X C V@ mveror mecto
CJIETYIOIIHE COOTHOIIEHHST:

(1) UelX CcluX;

(2) Uint X C intUX;

(3) ecm X € Clop(V?), 1o LUX € Clop(V¥);

(4) ecsmm maOKECTBO X OTKPBITO, TO LUX — OTKPBITOE IIOJMHOMKECTBO Ve,
(5) ecam muokectBo X orkpeiTo, TO Llcl X = clLUX.

4 (1) Iyers z € UelX. Torma x € yl| anst mekoroporo y € clX.
Pacemorpuy cetermst u, v € C(Q,V?) raxne, aro u(q) = = n v(q) = vy, rue
q = pr(x). Hna seskoro A € Clop(q) Bomonneno v(A) N X # . Tonoxum
B=AnN|u €| C Q. Iockoabky q € B, Haiinercsa Takas Touka p € B, 410
v(p) € X. OueBunno, u(p) € v(p)) C UX u, crano 6eith, u(A) NUX # .
CaenoBarenbpuo, € cl LUX.

(2) Tpeanonoxum, uro € Lint X, u pacemorpum y € int X u u,v €
C(Q,V?) rakue, uro x € yl, u(q) = x u v(q) = y, rae ¢ = pr(x). cno,
a0 Muoxectso B = v (X) N ||u € v|| aBusiercs okpecTHOCTHIO ¢, a 3HAUYMT,
u(B) — okpectHocts . Kpowme Toro, u(p) € v(p)l C UX ana Becex p € B,
T.e. u(B) C UX. Cramo 6biTh, = € int LIX.

(3) Corulacao jemme 2.4 10CTATOYHO PACCMOTDPETH MPOM3BOJIBHOE Cede-
mme v € C(Q,V?) n nokazars, ¥ro MuokecTBo v 1 (LX) OTKPHITO-3aMKHYTO.
[Iycrb w = "X . OueBnano, v(gq) € LX Torga m TOJBKO TOIJA, KOIJA
V4 (3t € u(g)) v(g) € t. o Teopeme o noroueunoit nucrunnoctn v~ (X) =
{geQ|ViE (3t € ulg) vig €t} = (3t € u) v e t| n, crexosarennho,
v HX) Q.

(4) TpuBnanbubiM 00pazoM cieayer u3 (2).

(5) Ilycrs muozkecrBo X orkpbito. Torga ero 3ambikanue ¢l X oTKpbiTo-
3aMKHYTO, U cOmIacHO (3) muOkKecTBO Llcl X makke sBJIsieTcsi OTKPBITO-3a-
MKHYTBIM. OueBujgHoe coorHomenue LIX C Ucl X Braewger clUX C UclX.
O6paTHoe BKJIIOYEHHE crpaBenBo B cuty (1). D

SamMeuanue. C.HB,HYIOH_[I/IG BOIIPOCHI IIOKa OCTalTCA OTKPbLITBIMH.

(1) Bepmo m, uTo 3 3aMKHyTOCTH TmOomMHOKecTBa X C V@ cremyer
samknyTocTs LIX C V&7

(2) CupasemiuBo Jju paserncrso Ll X = clUX s soboro (ne obsiza-
TEIBHO OTKPHITOr0) moammoKecTa X C V97

3.12. Teopema. Bysepozuaunas airebpamieckas cucrema C(Q,V9)
YVAoBJI€TBOpsAECT HPUHIIAILY 11O/I'bEMA.

< Ilyerb (ug)eez — ceMelcTBO I100aIbHBIX HENPEPBIBHBIX CeueHmi Ve
n (Bé‘)geg — ceMeiiCTBO OTKPBITO-3aMKHYTHIX MOAMHOXKeCTB (). Pacemorpuwm
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OTKpBITO-3aMKHYTOe MHOKECTBO X = clJgez ue(Be) m nomoxum u = "X
TTokazKkeM, 4TO MOCTPOeHHOe TakmM obpaszom ceuenne u € C(Q,V?) apser-
cst mobeMoM (Ug)ecz orHOCHTENLHO (B¢)ecs. [leiicTBuressro, jist 1106010
ceuennsi v € C'(Q, VQ) HMEOT MECTO CJAeAYIONHe COOTHOIIEHUSI:

lveu| =v Hius) = v} (dgLer u5(35)> =clov! (ELEJ: u5(35)>

=c | JvH (ue(Be)) =l | Ben|lv=uel| = \/ Be A o=
§EE £eE ge=

Paccmorpim Terepn mponssobroe ceverne u € C(Q,V?) n moxaxem,
9TO OHO SIBJISIETCS MOTBEMOM HEKOTOPOTo cemeiictna saementos C(Q, V®) or-
HOCHTEJIBHO ToaXojsero cemeiicrsa saementoB Clop(Q). Ilycrs X = Lu.
Jost kazoro o € X noaGepem takoe ceaenne u, € C(Q, VE), uro € im uy.
Honoxmm By = |Jug €ul| = uy'(X). Ouennamo, * € uz(B;) C X ama Beex
v € X, orkyna caegyer, 910 X = (U, e x Ue(Bz) = clUyex ta(Bz). Anamo-
THYHO TOMY, KaK 3TO CIeIaHO B MepBOil 9acTH JOKa3aTeIbCTBa, MOKHO yCTa-
HOBHTE pasenctBo |[vEul| = ey Be A |[v=1uz|| ama Beex v € C(Q,V9).
Takum 06pa3oM, u — mojbeM ceMeiicTBa (Uy)zec x OTHOCUTENBHO (By)zex. D

3.13. Ilyctb D C @ u U — 1OAMHOXKECTBO S(D,VQ). Jnst KaxK 1o
touku ¢ € D o6oznatuum cumsosom U(q) coBokymnoctb {u(q) | u € U}.

TIpeanoskenne. IIycrs U — memycroe nogmuoxectso C(D,V?), rxe
D C Q. Crexyronpre cpoiicrpa cedenns T € C(Q,V?) skpupanenTmsr:
(1) w="cll,eyimu™;
(2) |lveul|=cl{qe D |v(q) €U(q)} ams Beex v € C(Q, Ve,
3) vea|| = cdU,eyfv="1u} mis seex v € C(Q,VQ);
(4)

4) ul = {ext (Uueu U|Du) ’ (Dy)uey — pasbuenune eguHUIBI }

B asarebpe Clop(D)
(5) = C(D. LU,y im )
(6) ceveHme U SIBASIETCS MOTOYETHO HAMMEHBIIHM CDEJIH CeYeHHii U €
C(Q,V?), yrosrersopsmomux pmogennio U(q) C (q)| mist Beex
q€e D.

<4 (1)=(2). Homoxmm X = J,gimu. Torma Lus = cl X u mosro-
vy lved| = v Hiua) = v X) = o Y(X) s Beex v € C(Q, V).
Hecsioxuo ybeaurhest B ToM, ato X = quD U(q), a TakzKe yCTAHOBUTH FKBHU-
BaJeHTHOCTD BKMoYennit v(q) € U(q) m q € v} (quD U(q)).

(2)—(3). Jocrarouno nokasarnb, uto muozxecrsa {q € D | v(q) € U(q)}
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n U,y {v=u} comagator a1 Beex v € C(Q, V?). Bosbmenm npomssombayio
TOUKy q € D.

Ecaun v(q) € U(q), o i HEKOTOPOro JjeMenTa u € U BbIoHeHO v(q) =
u(q) u, caenosarenbro, ¢ € {v=u}.

Ecm xe ¢ € U,eyiv=u}, To nna monxonsamero v € U numeer Mecto
BrJovenue ¢ € {v=u}, a 3uauunt, v(q) = u(q) € U(q).

(3)—=(4). Paccmorpuym npoussombusii smement v € C(D, V) u onpeze-
mum ceuenne T € C(Q, VY) caeayomum o6pasom:

o v(q), ecan q € D,
vla) = { @™(q), ecmu q ¢ D.

[Iycrs v € @l. Torma D = {veu} C [[vea|| = U, {v=u} C D. Hdaa
Beex u € U MuOKecTBO {U=u} = u~!(im¥) orkpwTo-3amxmyTo. CoTrTacHo
HPUHIUIY WCYepIbiBanus Haiigercs antunend (D, )yey B anredbpe Clop(Q)
takast, uro Dy, C {T=u} u

\/ Du:clU{E:u}:D.

uel ueld

Ouesnzno, cevenne w = |J,,cy; | p, HENPEPBIBHO, MHOZKECTBO dOM W OTKPHITO,
D =cldomw u {w=v} = {w=7v} = domw. dcuo, uro ext(w) € C(D, VQ)
u {ext(w)=wv} = D. Tosromy ext(w) = v u, TakKuM 06pa30M, CIPABE/TTUBO
BKJIIOUEHHE «C».

YeranosuMm obpatHoe BRIouenue. Ilycrs (Dy)ycy — pasbuenue eauHu-
uet B anrebpe Clop(D) n v = ext(J, ey vlp, ). Toxaxkem, uro v € ul. Ilo-
ckoyibKy domwv = D, g0ocTaTo4HO yCTaHOBUTH BKJOYeHne imv C Lul. Ode-
BuaHO, u(Dy) C LUl aust Beex u € U u, caeposarennno, |J, e w(Dy) C LT
Bamerum, aro imv = cllJ, ¢y w(Dy), a 3naunT, imv C L.

(4)—=(5). Homoxum X = cl,,¢yy im . Ilyers (Dy)ucy — pazbuenue eu-
uuipl B anredpe Clop(D) n v = ext(U, ey v|p, ). OueBnano, domv = D. Ilo-
kazkem, 4ro imv C X. U3 sxuovenns u(Dy) C X caenyer J, o u(Dy) C X,
OTKyJa ¢ yderoMm pasencrBa imv = cllJ, ¢ u(Dy) BbITEKaET TpebGyemoe cooT-
womrenne imv C X. Taxkum obpasom, u) C C(D, X).

JIsist 1oKa3aTebeTBa 0OPATHOrO BKIIOYEHUSA PACCMOTPHUM MPOU3BOJLHOE
cedenne v € C(D,X) u ycranosum pasencrso v = ext({Uyeyulp,) s
HekoToporo pasbuenusi exuauibl (Dy)yeyy B anredpe Clop(D). Ouesnso,
v~ 1(X) = D. Iockombky ceuenne v orkpoiro, D = clv 1 (|, o imu). Kpove
Toro, MuoxkectBo A = v~ (|, ¢ im ©) OTKpBITO M MIOTHO B D.

C KaxKIpIM 3JIeMEHTOM U € U CBSKEeM OTKPBITO-3aMKHYTO€ MHOYKECTBO
Cy = {v=u} = v 1(imu). U3 owesnmmoro pasencrsa A = J, o, Cu cremyer,
410 \/,,cyy Cu = D. CoracHo npHHIMILY MCYePIBbIBAHUSA HaiileTcd paszbuenne
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enuautbl (Dy,)yeyy B anre6pe Clop(D) takoe, uro D, C C, mig Becex u € U.
[Honoxum w = J,equ|D,. fAcHo, uTO 17161 KazKa0ro u € U UMEOT MecTo
paBencTBa w|p, = u|p, = v|p,, Tak xkaxk D, C {v=u}. CremoBarenbHo, 10
HPUHIAIY TPOJIOJIKeHUsT ext(w) = v, 4T0 JoKa3biBaeT TpedyeMoe BKIIIOUEHHE.
(5)—(1). Hdocrarouno 3amerutrs, uyro D = pr(cllJ, o, imu), n Bocnosns-
30BaThCsl Mpe/iokenueM 3.6 (3).
DksusasienTHOCTh (1) 1 (6) oueBugHa. D>

Ceuenue w, urypupyroinee B yCJAOBUH MPE/JIOZKEHUSI, OYEBUJIHO, €JIMH-
ctBeHHO. MBI OyZieM Ha3BIBATH ITO ceUeHue nodsemom MHOXKecTBA U 1 060-
3HAYATh CUMBOJIOM UT.

Bamerum, uto B cayuae U C C(Q,V?) yenosue (3) MoxkuO 3amucarh B
caeytomem suge: [[veET|| =V oyllv=ul s seex v € C(Q,V?). Takum
o6pasom, ecim U — memyctoe moamuokecto C(Q, V@), o momsitie moxnh-
eMa U coBitaiaeT ¢ OJHOMMEHHBIM IOHSATHEM, BBeIeHHbIM B 1.8.

§ 4. OyHKIINOHAJIBHOE IIPEACTABJIEHUE
OyJ1eBO3HAYHOIO0 yYHUBEpPCYMa

Ha nporsizkenun Bcero maparpada Mbl mnpejmnosiaraem, 9to () — SKcTpe-
MaJIbHO HECBsA3HbIH KoMuakT u  — GysieBo3naunbiii yuusepcym naJi Clop(Q).

4.1. Jlna ganpHeiineit paboThl HAM MOHALOOUTCA MOHITHE (PAKTOP-KIaCca
X/~, rie X — (coGCTBEHHBIN) KJIAacC, a ~ — OTHOIIEHHEe IKBHBAJIEHTHOCTH
na X. Tpamgunuonnoe ompejesnerne (pakTop-Kaacca, BBOIUMOE sl TOTO CJIy-
vast, Korga X sBJISIETCST MHOYKECTBOM, He BCerja MepeHOCUTCs Ha, CJIydail cob-
CTBEHHOT'O KJIACCA, TOCKOJIBKY 3JIeMeHThI X , 9KBUBAJIEHTHBIE JaHHOMY T € X,
MOTI'YT, BOOOIIE TOBOPsi, 00Pa30BBIBATH COOCTBEHHBIN KJIACC. DTO HPEHSITCTBHE
HPEOJIOJIMMO C ITOMOIIBIO CIeAYIOMEro hakTa.

Teopema ®pere — Paccena — Cxkorra. /st ji1060ro OTHOIIEHHS
S9KBHBAJIEHTHOCTH ~ Ha Kjacce X cymectByer ¢yuakmus F': X — V takas,
97O

F(z)=F(y) <> v~y 11 Bcex x,y € X. (%)

B kauecTBe F' MOXKHO B34Thb (PYHKIIUIO, OIIPE/ICIEHHYIO CJIeYIONIM 00pa-
30M:

Flz)={ye X |y~z & (Vz € X)(2 ~ 2 — rank(y) < rank(2))}.

Takyto dyuknuio F mpuHATO HA3BIBATDH KAHOHUYECKOT NPOEKUUET, OTHOIICHMS
skBuBasieHTHOCTH ~. CooTHOmeHne (%) mo3BOJIsIeT paccmarpuBath F(z) kak
AHAJIOT KJIACCa SKBUBAIEHTHOCTH, CojepzKaiero snement v € X. B cBasu ¢
TUM MBI Oyzem obosHadaTh F'(z) cumBosom ~(x).
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4.2. /g kaxaoit Toukn ¢ € () BBeJeM OTHOLICHHE SKBHBAJICHTHOCTH ~g
Ha KJjacce U ciemayrommmM o0pa3soM:

Ur~gU & g€ |lu=ul.

Pacemorpuwm paceoenne V@ = {(q, Nq(u)) ‘ geEQ, ue Ll} 1 yCJI0BUMCs 000-
sHauarb napy (g, ~g(u)) cumsononm U(g). OueBuHO, s KaXkKI0I0 SJEMEHTa
u € Y oTobpazkenne U: ¢ — 1U(q) mpeacTaBisieT coboil ceuenne paccaoenus VO,
Bamernm, 4T0 Jis Besgkoro & € V@ cymecrsyor u € U u ¢ € () Takue, 4To
u(q) = z. Kpome toro, pasencrso u(q) = U(g) BBIIOJHEHO TOTAA U TOTHKO
Torja, Korja ¢ € ||lu=uv|.

TTpesparnM Kazk apiii caoif V7 paccaoennst V¥ B anreGpanteckyio cucreMy
curnarypot {€}, nosaras

ViEzey < qeluen,

rje 37eMeHThl 4, v € 4 TakoBbl, uTo U(q) = x u V(q) = y. Jlerko y6eauTh-
¢ B TOM, 9TO NPHUBEICHHOE ONpeeieHie KOPPeKTHO. JleiicTBuTebHo, ecam
u1(q) = x u v1(q) = y A1 Kakoii-1ubO JAPyroii 1uapbl JEMEHTOB Ui, V], TO
BKJIIOUeHUsI ¢ € |[u €v|| u ¢ € ||ug € v1|| IKBUBATIEHTHBI.

Hecuioxuo y6eaurhest B oM, uro kiaacce {u(A) |u € 4, A C Q} obpasyer
6a3y HEKOTOpOil OTKpPBITOIl Tomostorui Ha V'@, 4To M03BOJIeT HaM paccMaTpu-
Barb V@ Kak HelnpepbiBHOE PACCJIOCHHE.

4.3. Teopema. (1) Paccroenne V@ apisiercst HEeNpephIBHBIM TTOJIHBED-
CYMOM.
(2) Orobpazkerue u +— U OCYIIECTBIISIET H30MOPGHIM MEKJTY OYJIeBO3HAY-

meivn yamsepeymanvi U C(Q, V Q).
JlokazaTeabCTBO TMOC/IeHell TeopeMbl Pa300beM Ha HECKOJILKO ITAIIOB.

4.4. Jlemma. Ecmmu € dn AC Q, o u(A) C VO,

Qs kazkmoro saementa x € VO\U(A) maiizyres v € U n ¢ € Q Takue,
aro = = 0(q).

Ecmm ¢ € A, 10 u(q) # x = 0(q), ¢ € |[u#v| u uodromy mMuokKe-
ctBO U(||u # v||) ABIASETCS OKPECTHOCTHIO TOUKH T, He mepecekatomieiics ¢ u(A).
Ecin e ¢ ¢ A, to okpecrrocts U(Q\A) Toukn = He nepecekaercs ¢ u(A). D

4.5. Jlemma. Kraccst {u|u € U} n C(Q,V?) cosnagaror.

< PaccMOTpHM IpPOU3BOJIBHBIL 3/1eMeHT U € 4 U MOKAzKeM, UTO CeueHHe
U neupepbisno. Ecin v € hu AT Q, 1o muoxecrso U (0(A)) = AN|u=0|
orkpbiTo. [TponsBoibHOCTL v 11 A mO3BOMISIeT 3aKTI09nTh, uTo U € C(Q, V).

VeranosuM obpatnoe Brmodenue. Ilyers f € C(Q,VQ). ns xaxmoit
ToUKN ¢ € () mogbepeM Takoii memeHtT Uy € L, aro Ug(q) = f(q), n momoxKEM

Ag={p € Q| uglp) = f(P)} = (@Q) C Q.
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Takum o6paszom, (Ag)geQ — OTKPBITOE MOKPHITHE KOMIAKTa (), a 3HAYHT, U3
HET0 MOXKHO BBIOPATH HOIIOKPLITHE (Aq)qep, rie F' — KoHedHoe MOJIMHOXKe-
crBo (. Ilo npunnmmy mcdepubiBanms Haiinercss anrunens (By),cp Takas,
qr0 By C Ay ana Bcex ¢ € B u qup B, = Q. IlockonapKky OyneBo3HadHAS
ajrebpanyeckas cucremMa L yI0BJIeTBOPsIET HPUHIUILY TI€PEMEIInBAHNS, Y HAC
eCTb BO3MOKHOCTb PAacCMOTpeTb 3/1eMeHT u = miXger Byug € U. Hecioxno
ybennthes B Tom, uro u = f. D

4.6. Jlemma. Tomosorus V@ 9KCTpeMaJIbHO HECBSI3HA.
< Britekaer u3 qemm 4.4 u 4.5 n npennoxenund 2.5. D
4.7. Jlemma. Otobpaxenne (u — 0): 4 — C(Q,VQ) sapasiercs Guex-
e, mpuaeM Jist BcexX u,v € 31 BBIITOJIHEHBI PABEHCTBA
lu=vly = lu=1lgqve)
luevly = l[uetlcqve)

< Jlerko 3ameruTh, 4TO /s BceX u,v € U mw g € () uMerT Mecto
COOTHOIIIEHUSI

Viku(gervlg < qellucul,

Viku(g)=v(g) < qe€llu=v|.
Tem cambiM TpeOyembie paBeHCTBA ycraHoBJeHbl. B Jiemme 4.6 1moxkasana

CIOPBEKTUBHOCTHL OTOOpazkenus u — u. Ham ocTaercss 000CHOBATH €ro NHbEK-
THUBHOCTL. IlycTh 31ementsl u,v € Y TakoBel, uTo U = v. Torma |[[u=v]| =

|lu=7| = @, orkyma B cuiy orgesumocTu cucrembl L cjiejyer paBeHCTBO
u=v. D
Taxum o6pasom, Tpoiika (C/(Q, Ve l-=-1I|-€- |) mpeacrasster coboit

OysnesosHavnyo asrebpandeckyio cucremy Hag Clop(Q), msomopdnyo U, a
sraqnt, C(Q, V?) aprsercsa Gyresosuaunsiy yamsepeyMom maa Clop(Q).

4.8. Jlemma. Ecmmu € C(Q,V?), 10 Lus — OTKPBITO-3aMKHyTOE 10
muoxecTBO VO,

Q4 Hyers u € C(Q,V?). Mockomsky C(Q,V?) yaosiersopsier mpunmu-
1Ty TIOUbeMa, MBI MMeeM U = asc¢es Beug [u1si HekoToporo cemeiicTa (Ug)¢cs
HenpepbIBHLIX cevennit V@ u cemeiicrsa (Bg¢)¢ez OTKPBITO-3aMKHYTHIX TOJI-
muozkects Q. s sesikoro v € C(Q, VY) mveror mecto coorHomenmst

1((:1 U uf(Bg)) =cl U u§ (Be)) =l U Be N [Jv=ug||
§€E8 §€E £e=

=\ Be Alv=ue| = [[v€ul| = v (Luo).
ez
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Takum o6pa3oM, coryiacHo JieMme 2.7 YCTaHOBJEHO PaBEHCTBO

Lua =cl U ug (Bg).
{ez

MuoxkectBo (Jgez ug(Be) oTkpbITO, MosTOMY B cuity Jemumbl 4.6 Kirace Lud
ABJIAEeTCA OTKPbITO-3aMKHYTHIM MHOXKE€CTBOM. D

4.9. Jlemma. /st mo6oro mommuoxkectsa X T VO cymecrByer rakoe
cegerme u € C(Q,VQ), aro Lus = X.

4 C kasapiv sstementoM @ € X cpskem cedenne u, € C(Q, V?) raxoe,
410 7 € imug. Ouesuuno, MuoxkectBo By = uy'(X) OTKPBITO-3aMKHYTO.
Pacemorpum nojgbem u = ascyex Byu, m ycranoBuM paBeHCTBO Lul = X.
[Tockombky @ € Uy (By) C X mast Beex © € X, Mot uveeM X = | J, ¢ y U (Bz) =
lUyex Uaz(Bg). Jlas npomssombroro cevenna v € C(Q,V?) cupasesmsor
COOTHOIIEHHUSI

v (X)) = U Ufl(ux(Bx)) =cl \/ By A o=zl = [|veul| = v (Lul).
rzeX rzeX

Coracuo jgemme 2.7 TpebyemMoe paBeHCTBO yCTaHOBIEHO. [

4.10. Jlemma. s so6oii hopmynsr o(t1, ..., 1,) 0 IPOH3BOJBHBIX Ce-
gennii uy, . .., u, € C(Q, V) umeer mecro pasencrso

H‘p(ulv e 7un)” = {q €Q } v ): @(UI(Q)a S 7un(Q))}

< /loka3aTeabCTBO JJIEMMBI B TOYHOCTH TTOBTOPSIET TOKA3aTETHCTBO TEO-
pembl 3.10 o moToueuHoit nCTUHHOCTU. [>

U3 nocie et ieMMbl CJIe/IyeT, 9TO B KazKJIOM CJI0€ UCTHHHBI aKCHOMbBI 9KC-
TEHCHOHAJLHOCTH W PEry/asipHOCTH. TakuMm obpa3om, TeopeMma 4.3 mOJTHOCTHIO
JIOKa3aHa.

B sakmouenue chopMyaupyem Teopemy, 0O0beInHSONYI0 OCHOBHBIE pe-
3yJIbTaTH § 3, 4.

Teopema. Ilycre () — CTOYHOBCKHIT KOMITAKT ITOJTHOH OYJI€BOH aJire-
opel B.

(1) Knace C(Q,V?) menpepwisupix ceuennii nommpepcyma V@ man Q
SBJISICTCsI OYJI€BO3HAYHBIM YHHBEPCYMOM.

(2) st smro6oro Gymepoznadnoro yausepcyma M Hag B cymecrByer He-
npepsiBaELi mommsepcyM V@ man Q, knace C (@Q, VQ) HEIIPEPBIBHBIX CEYCHHIH
KOoTOpOro m3oMopcen 4.
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