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B ocnoBe MeT010B Oy/1€BO3HAYHOIO aHAJIN3a JIEKUT PACCMOTPEHUE
HECTAHJAPTHBIX MOJIesIeil TEOPUU MHOXKECTB C MHOT'O3HAYHOW MCTUHHO-
cThio. 'TOUYHee TOBOpsi, UICTUHHOCTH BBICKA3bIBAHUS B TAKUX MOJIEJISIX
IIPUHUMAET 3HAUYeHUs B HEKOTOPOIl MOJTHOM OyJ1eBoii ajrebpe.

B nacrosiimee BpeMsi Oy/IeBOZHAUYHBIN aHAJM3 IIPEJICTABISIET CODOI
JIOCTATOYHO MOITHYIO TE€OPUIO, M300MIYIONIYI0 MHOTOYUCIEHHBIMU TJTy-
OOKMMU pe3yIbTaTaMi U UMEIOIIYI0 Pa3HOOOPAa3HbIe MPUJIOYKEHUS, TJIaB-
HBIM 00pa3oM, B TeOpuu MHOXKeCTB. [IpmmenuTesbHO K (DyHKITMOHATB-
HOMY aHaJIM3y METOJbI OYJIEBOZHAYHOIO aHAJIM3a HAILIUM BeChbMa yIad-
HO€e NPUMEHEHNe B TaKUX O0JIACTAX, KaK TEeOPUsl BEKTOPHBIX PEIIETOK
U PENIeTOYHO HOPMUPOBAHHBIX ITPOCTPAHCTB, TEOPHUs TOJOKUTETbHBIX U
MaKOPUPYEMBIX OIIepaToOpoB, Teopus aaredp ¢pon Heiimana, BBITYKIIbIiIT
aHaJIn3, TEOPUs BEKTOPHBIX MEP.

CoBpeMeHHbBIE MeTO/IbI OYJIEBO3HAYHOI'O aHAJIN3a B CUJLY CAMOU CBO-
el IpupPOIbI CONPAXKEHBI C JJOBOJIBHO T'POMO3JIKON TEXHUKON JIOTUICCKOT'O
xapakTepa. MOXKHO CKa3aTbh, 9TO C IIPArMaTUIECKOW TOUKU 3PEHUST Psi-
JIOBOTO TIOJIb30BATE/ISI-aHAJUTAKA, 3Ta TEXHUKA B 3HAYUTEILHONW CTEIeHN
OTBJIEKAET OT BIIOJIHE KOHKPETHOMH IIeJTM — BOCIIOJIb30BATHCS JTOCTUYKE-
HUSIME OyJI€BO3HAYHOI'O aHAJN3a JIJIsI PEIIeHs TOH WU WHOW aHaJATH-
YEeCKOI 3a1a4u.

[Tockonbky B yHKIIMOHAJIHHOM aHAJM3e HAN0O 1€ TPUBBIYHBIM 00b-
€KTOM WCCJIEJIOBAHUS ABJIAIOTCA Pa3sHOOOPA3Hble MPOCTPAHCTBA (DYHK-
111, BOBHUKAET €CTeCTBEHHOE KeJJaHue MMETh JIeJI0 He ¢ abCTpaKTHO
OyJIeBO3HAYHOU CUCTEMOM, a C ee (DYHKIIMOHAJILHBIM AHAJOIOM — MO-
JIEJIbIO, 3JIEMEHThI KOTOPOU SBIAIOTCA (PYHKIMSAMEA, & OCHOBHBIE JIOTH-
YeCKHUe OIepAIMU BBIYHUCJSIOTCS <«IOTO4Ye4YHO». [IpumMepom Takoit mo-
nemm sBasiercs Kiaace VO Bcex byHKIMIA, OIpe/iesIeHHBIX Ha (bUKCHPO-
BAHHOM HEIyCTOM MHOYXKeCTBe () U JIefiCTBYIONIUX B KJjacc V BCEX MHO-
JKECTB. SHAUEHHSIMU MCTUHHOCTH B Mozesn V& SBISIOTCS BCEBO3MOK-
HbIE TIOJIMHOYKECTBA (), IpruIeM UCTUHHOCTD [p(u1, . .., u,)]| BbIcKa3bIBa-
g p(ty, ..., t,) Ha QYHKIHAX Ui, ..., U, € VO BUHCAgETCS CleIyTo-
M 00Pa30M:

le(ur,...,un)] ={a€Q: o(ui(q),... un(q))}

B macrosimeit pabote mpejjiaraercss pelieHne IMOCTaBJIEHHON BHIIIe
zagaun. C 9TOi 1eJIbI0 BBOJIUTCS U UCCIEIyeTCsl HOBOE TMOHSATHE Helpe-
PBIBHOTO TIOJIMBEPCYMA, TIPEJICTABJISIONIETO cOOO0il HEITPepPbIBHOE PACCIO-
eHre Mojiesieil Teopur MHOXKeCTB. [loKasbIBaeTCst, 9T0 KJIacC HEIPEePhIB-
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HBIX CEYEHUI TOJIMBEPCyMa SBJISETCsT OyJIeBO3HAYHON aJireOpanmdecKoit
CHUCTEMOM, YJIOBJETBOPSIONIEl BCEM OCHOBHBIM IPUHITATIAM OY/I€BO3HAY-
HOTO aHAJIN3a, & TAKYKe YCTAHABIUBACTCS, ITO JTI00asT Takast OyIeBO3HAY-
Hast ajredpamdecKast CHCTEMa MOYKET OBITH ITPeJICTaB/IeHa B BUJIE KJIacca
CeYeHMIT TTO/IXOISIIETO HEIIPEPHIBHOTO MTOJTUBEPCYMA.

2.1. IIpenBapuresibHbIE CBeJIeHUS

2.1.1. IIycre X u Y — rtomnomorudyeckue mpocrpanctsa. OrTobpa-
xkeune f : X — Y HasbIBaeTCS OMKPLIMbLM, €CITH OHO YIOBJIETBOPSIET
JIIOOOMY U3 CJIEAYIONUX SKBUBAJEHTHBIX YCIOBHIA:

(1) st Besikoro oTkpbiToro moamHOKectBa A C X obpas
f(A) orkpeiT B Y;

(2) aus Besikoit Touku x € X u s060it ee okpecrHocTH A C
X obpas f(A) sBasiercst okpecTHOCTBIO TOUKH f () B Y;

(3) f7'(cIB) Ccl f~1(B) nnst moboro nogmHOKecTBA

Bamerum, uro pasenctso f1(cl B) = cl f~1(B) umeer mecro st
BceX MoJAMHOXKecTB B C Y Tornma u TOJIbKO TOT/ia, KOrjia oToopakenue f
HEIIPEPBIBHO U OTKPBITO.

Orobpaxkenue f : X — Y Ha3bIBaeTCA 3AMKHYMOLM, €CJIU OHO YIIO-
BJIETBOPSIET JIIOOOMY U3 CJIEAYIOMUX SKBUBAJECHTHBIX YCIOBHIA:

(1) st Besikoro 3aMKHYTOrO mojmHOXKecTBa A C X 0obpas
f(A) samkuyT B Y;
(2) clf(A) C f(clA) pna moboro nommuokecTBa A C X.

Pasenctso cl f(A) = f(cl A) BeimosHsieTcst Jyist JF0O0TO TIOMHO-
kectBa A C X Torma m TOJIBKO TOrja, Korjga orobopakenue f : X —Y
HEIPEPBIBHO U 3aMKHYTO.

2.1.2. Ilycrs X — mekoropsrii kiacc. Ilogkmace 7 C (X ) Haszo-
BEeM monoaozuet Ha X, ecim
(1) ur =X;
(2) UNV €1 ana scex U,V € T
(3) UZ € 7 nyist moboro noamuOXKecTBa % C T.

Kirace X, Hayesiennblil Tomosiorueit, Mbl, KaK OObITHO, Oy/IeM Ha3bI-
BATbh MONOA02UMECKUM MPOCNPAHCINEOM.

Bce ocHOBHBIE TOMOJIOTMYECKOE MOHSITHs (TakKhe, KAk OKPECTHOCTH
TOYKH, 3aMKHYTOE€ MHOYKECTBO, BHYTPEHHOCTD, 3aMBIKaHNe, HEeIIPEePhIB-
Hast pyHKIWMs, XaycaopdOBOCTh U T. 1) BBOJASITCS AHAJOIMMYHO TOMY, KaK
9TO JIEJIAETCsI JIjIsi TOIOJIOTUM Ha MHOXKECTBE. 3aMEeTHM OJIHAKO, UTO He
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BCe KJIacCUYeCKHe ITOAXOAbI K OMPEJIEJIEHUIO 3TUX MOHATUN COXPAHAIOT
cBoO (hoOpMaJIbHYIO CHJIy B Cjaydae KJjacc-Tomojoruu. Hampumep, u3
JBYX OIpeJiesIeHnil 3aMKHYTOT'O MHOYKECTBA:

(a) kaxk mojMHOXKeCTBa X, JIOMOJHEHNE KOTOPOTO IIPUHAJIEKUT T,
(6) xak mommMHOXKecTBa X, JIONOJTHEHIE KOTOPOro C KaxKJOil cBoeil
TOYKOM COJEPKUT SJIEMEHT T,

cJIeyeT BBIOPATH BTOPOeE.

Orpejiesnisis 3aMblkanne MHOXKeCTBa A KaK HamMeHbIllee 3aMKHYTOe
oJIMHO2KeCTBO X, cojiepakaiiee A, Mbl mogBepraeM cedsi OIpeIeIeHHO-
My PHUCKY: HEKOTOpPbIE MHOXKECTBA MOT'YT He UMeTh 3aMbIKaHus. OJIHAKO
9Ta 1pobjeMa OTCYTCTBYET, €CJIM TOHOJIOTHS T XaycAopdoBa: B 3TOM
cilydae KaxkJioe MHOXKeCTBO OyJieT uMeTh 3aMmbikanue. (/leficrBurensHo,
B CJIydae Xayc0pdOoBOi TOTOJIOTHU KaXK bl CXOAAIINICT (DUIBTP UMeeT
€IMHCTBEHHBINH TPees, a 3HAYUT, COBOKYITHOCTb BCEX MPEEIOB CXO/Is-
muxcst GUIHTPOB HAJ JTAHHBIM MHOYKECTBOM OKAalKeTCsl MHOYKECTBOM, a
He COOCTBEHHBIM KJIACCOM. )

Cumsosiom Clop(X') obo3HaUaETCST KJIACC BCEX OTKPBITO-3aMKHY ThIX
HOJMHOXKECTB X (T. e[IOJIMHOYKECTB, SIBJISIFOIIIXCST OJTHOBPEMEHHO OTKPBI-
TBHIMH ¥ 3aMKHYTBIMHI). B nanbeiimem 3anucy U C X Oyjaer o3HavaTh,
gro U € Clop(X). s knacca {U C X : x € U} mbl OyemM UCHOTIB30-
Barh obo3navenne Clop(x).

Tomnosiorust HA3BIBAETCS IKCMPEMAALHO HECBA3HOT, ECIITH 3AMbIKAHIE
BCSIKOT'O OTKPBITOI'O MHOYKECTBA, SBJISIETCS OTKPBITHIM MHOYKECTBOM.

BosbmmacTBO HEOOXOMMBIX HAM CBEJIEHUN O TOMOJOTUIECKUX TPO-
CTPAaHCTBAaX MOYKHO HaiiTh, Hanpumep, B |1, 2|.

2.1.3. Ilycts B — mnosnnas Oysea anrebpa. Tpoiika (U, [-=-],
[-€-]) naswiBaercsa 6yaesosnaurol anzebpauneckols cucmemotis nan B
(nmm B -3naunol aszebpauveckol cucmemot), ecan Kiaccsl [-=-| u
[- €] saasorea knace-byuxmusvu u3 4 X 4 B B, obagaiomumu cie-
JYIOIMUMU CBOMCTBaMU:

(1) fu=u] =1

(2) [u=v] = [v=u];

(3) Tu— ol Ao — wl < Ju— ]

(4) Jlu=v]Afvew] <Juew];

(5) Ju=v]AJwer] <|weuy]
It BCex u, v, w € .
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Knacc-byukuun [-=-]| u [-€-] naswiBarorcsa GyneBo3HAYHBIMU
(B-3HAYHBIMU) OUEHKAMU UCTNUHHOCTU PDABEHCTBA U TIPUHAJIEKHOCTH.

Bumecro (U, [-=-],[-€-]) mbr 06braHO Gymem mucars mpocto H u
B ciydae HeOOXOIUMOCTU CHA0XKATh CHUMBOJIbI OyJIEBOSHAYHBIX OIIEHOK
UCTUHHOCTH MHJEKCOM |- =]y u [- € ]y.

Bynesoznaunasi cucrema i HasbIBaeTCsS 0omaoeaumoti, €Cau JJIs JIIo-
Obix u, v € U u3 Ju = v] = 1 creayer u = v.

2.1.4. PaccmorpuM OysieBo3Ha4HbIe ajrebpanmdeckue cuctembl i u
¥ naji moJiHbIMU OyJieBbIMU ajireOpamvu B u C' U IPeanooKuM, 9To
Mexry anreopamu B u C umeercs OyneB mzomopdusm ) : B — C.
Hzomopgpusmom bysesoznaumnvx areebpauveckux cucmem U u U, coena-
COBAHHBIM C U3OMOPHUIMOM ), HABBIBACTCS OMEKTUBHAS KJIaCC-PYHKITUSI
1 U — U, yIOBIETBOPSIONIAs COOTHOIEHUIM

I(wr = u2ly) = [o(ur) = 2(u2)],
I([ur € uz]y) = [o(u1) € 2(u2)]w

JIJIsT BCeX U1, uo € U. T'oBOpsiT, uTO OysIeBOZHATHBIE CUCTEMBI U30OMOPEHHDL,
€CJIM ME3KJTy HUMHU CYIIECTBYeT U30MOP(U3M.

B Tom ciyuae, xkorga U m U — OyseBo3HadHBbIE aJredOpandeckKue
CHUCTeMBbI HaJT OJIHOM U TOM Ke ajredpoit B, Besakuit nuzomopdusm ¢ : I —
0 110 yMOJTIAHUIO TIPEIIIOIAraeTCsl ACCOIMUPOBAHHBIM € TOYK,IECTBEHHBIM
M30MOPOU3IMOM:

[ur = w2y = [o(ur) =2(uz)lw, [ur €uzy = [o(ur) € 21(uz)]w-

[Tpu HEOOXOIMMOCTH IO TIEPKHY Th 9TO 0OCTOSTEILCTBO, MBI Oy/1eM Ha3bI-
BaThb TaKoil m3oMoppu3M B -u3omopdudmom 1 Ha3bIBATH COOTBETCTBYIO-
e CUCTeMbI B -uzomopdrvimu.

2.1.5. Bcerogy, ynorpebisis 3anuch suga @(t1, ..., ty), MBI TI0 YMOJI-
YAHUIO MPEIoaaraeM, 4ro  — (OPMYyJa TeOPETUKO-MHOXKECTBEHHO
CUTHATYPBI, BCE CBOGOJHBIC II€pEeMEHHBIE KOTOPOH IONAJAl0T B CIIMCOK
(t1y.. .y tn).

[TpousBosibHBIH HAGOD (U1, ..., U, ) IEMEHTOB cUCTeMBI i HA3BIBaA-
eTcsl 03HAUUBAHUEM CIIUCKA TepeMeHHbIX (t1,...,t,). Pekypcueii mo
cJI02KHOCTU (BOPMYJIBI OIpe/iesisieTcs (OyIeBo3HaUYHAs ) KICTUHHOCTD

I[QO(ula s ,Un)]]
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n060it popmysst ¢(ty,. .., t,) OTHOCUTEIHBHO IIPOU3BOJHLHOIO O3HAUNBA-
uus (uq, ..., U,) TepeMeHHbIX (t1,...,t,). Ecim dopmyna ¢ aromapha,
T. euMeeT B t1 = to mian t1 € ty, TO €e HCTUHHOCTh OTHOCUTEILHO O3Ha~
quBaHust (uq,us) mojaraercss paBHOW [ui = wus| u u; € ws| coorser-
crBeHHO. VcTUHHOCTH )Ke (popMys1 OOJIbIIEil CJIOKHOCTUA OIPEIeISeTCs
CJIETYIOIIUM OOpPa30M:

[~
I[(Vt) gO(t, ULy .-, Un

ULy..nyUp

lo(ut, .. un) & P(ur, ..., un)] = [o(u, - un)| A [0 (u, ... u,)],
lo(ur, ... un) Vb(ur, ... un)] = [e(ut, ... un)] V[ (ug, ... u,)],
I[%D(ulﬂ ce- aun) - ¢( ]] - I[‘P(ula ’un)]l = |[¢(U17 <. 7un)]l7
( )

)
)
ULy ey Up)
)
)

Gt ot ur, . oun)] =\ To(u, . un)],

rie cuMBoJs b obosHauaer norosHeHne b B Oysesoil anrebpe B. Toso-
par, uro dopmyna @(ty,...,t,) ucmunna B anrebpandeckoii cucreme i
OTHOCHUTEJbHO O3HAYUBAHUS (U1, ..., Uy ), €CJH UMEET MECTO PABEHCTBO
le(ui,...,u,)] = 1. B atom caygae numyt 4 = p(ug, ..., uy).

2.1.6. Ilpemytoxkenme. Eciu o(tq,...,t,) JoKazyeMa B HCUHCIIE-
HUH OPeIuKaToB, 1O [¢(u1,...,u,)] = 1 a1 Bcex uq, ..., u, € 4L

< Hecnoxkuo ybeuThbess B TOM, 9TO BCE aKCUOMbBI UCUYUCJIEHUS TIpe-
JINKATOB UCTUHHBI B cucTeMe 3, a mpaBuUja BBIBOJA COXPAHSIOT MCTUH-
nocthb. llociennee o3HadaeT, YTO BBIBOJAUMOCTL (POPMYJIBI © B UCUUC-
JIEHUU TIPEUKATOB U3 (POPMYJ (1, ..., , ObDecrednBaeT HEPABEHCTBO
lor A Apn] < el >

N3 nocseinero mpejiyiozKeHust CJIeIyeT, UTO Jisd Jito0oit (hopMyibt
o(t,ty,...,t,) 1 JOOBIX JIEMEHTOB U,V,W7,...,W, € i MMeeT MecTo
HepaBeHCTBO [u = v]| A [p(u, wy, ..., w,)] < (v, w1, ... ,w,)].

2.1.7. Ilycrs u € U TakoBo, uto U = u# &. Cnyckom sj1eMeHTa U
Ha3bIBAETCS KJIACC {v ced: UFEve u}, KOTOPBIH Oy1eT 0003HAIATHCS
CAUMBOJIOM ...

2.1.8. Ilycre (ug)eez — cemeiicTBo amementoB U u (be)eez — ce-
MEeMCTBO 3JIEMEHTOB ajaredpol B. DiiemenT u € U HA3BIBAETCA N00GEMOM
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ceMeiicTBa (Ug)eez OTHOCHTENBHO (be)ecz, ecn

[veu]= \/ be A v = uel

£e=

1 Becex v € 4.

[Iycte % — mommuOX)ecTBO . DytemeHT U € i Ha3bIBaeTCS N00s-
emom MuOKecTBa % , ecn [v € U] = \/ e [v = u] ana Bcex v € U, Te.
U SIBJISIETCSI TIOJTbEMOM CeMeNCTBa (U)yecq C €TMHUIHBIME BECAMU.

IIpennomoxum, 910 (be )ecz — anTumens B ajarebpe B. DieMent u €
i HA3BIBAETCS NEPEMEWUBAHUEM CEMENCTBA (U¢)scs OTHOCHTEIBLHO Ce-
MeiictBa (bg)ecz, ecmu [u = ug] > be qsi Bcex £ € Eu Ju = @] >
(VgeE be )J_'

Ecimm cucrema U ormenmma M B Hel MCTUHHA aKCHOMa, SKCTEHCH-
OHAJIBHOCTH, TO IOAbeM (IepeMellnBaHue) JIIOOro ceMeicTBa (Ug)ecs
OTHOCHTEJIbHO ceMelicTBa (anTuienu) (bg)¢cz OUPeIeIAeTCs eINHCTBEH-
HBIM 00pazoM. B srtom citydae, ecim moabem (mepemernBaHue) CyIie-
CTBYeT, MbI Oy/ZieM 0003HAMATb €r0 CUMBOJIOM asC¢cx beug (COOTBETCTBEH-
HO mixees beug). g nombema muoxkectBa % C 4 ucrosb3yercs 06o-
3Havenune % 1.

2.1.9. B 6yneBo3HaYHOM aHaJM3e 0COOYIO POJIb UTI'PAIOT TPU OCHOB-
HBIX MPUHIIAIE — IPUHIUI MAKCUMyMa, IPUHIINAI [IepEeMelInBAHUS U
NPUHIAI IObEMa. DTO CBSI3aHO C TE€M, UTO B aJIreOpamdecKux CHCTe-
Max, YJIOBJIETBOPSIONINX STUM IIPUHIAIIAM, OABJISIETCS BO3MOXKHOCTD C
IIOMOIIBIO paHee UMEIOIIUXCS 9JIEMEHTOB KOHCTPYHUPOBATH HOBBIE.

B sroM myHKTE MBI CPOPMYIUPYEM YIIOMSIHYTHIE TPUHIIAIIBI U HC-
cJleJlyeM B3aWMOCBSI3b MEXKJy HUMH, OCTaBUB B CTOPOHE UX IIPOBEPKY
JIJIST KOHKPETHBIX aJIre0pandecKux CHCTEM.

[Iycts B — nonnas Oynesa anrebpa u U — B-3nadnas ajredpamnde-
CKasl CUCTEMaA.

IIpuanun makcumyma. [Lis jo6oii popmyisr o(t,ty, ... t,) 1
9JIEMEHTOB U1, . . . , Uy, € 3 cymiecTByeT Takoi sjaemeHT u € U, 410

1(3t) o(t,ur, ..., un)] = [e(u,u, ... up)]|.

Ilpunnun nepememnBaHusi. /s Beskoro cemericra (Ug)ecs
ssremenToB Y u Jroboii anrunent (bg)ecz B anrebpe B cymiectByer 1epe-
memmBaune (Ug)¢cs oTHOCHTETBHO (e )ec=.
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IIpuanun nogvema. CrupaBeIHBbI CIEIYIONIHE Y TBEPXKICHHS:

(1) /st Besiroro cemeiictBa (ug)ecz 971eMenTOB A 1 J1I060r0
cemericrBa (b )ecz ds1eMentoB arebpsr B cymecrsyer
nogwbeM (ug)eez oTHOCHTETBHO (be )ecs.

(2) st moboro snemenrta u € 4 CymecTByIOT ceMeicTBO
(u¢)eez vementoB U u cemeiicTBo (be)ec= d/1€MEHTOB
ajrebpel B Takme, 4TO U ABJISAETCH HOJBEMOM (Ug)¢cs
orHOCHTETIBHO (be)ecs.

2.1.10. Teopema. Eciu B-3naubnasi anarebpamdeckasi cucrema
YOBJIETBOPAET IPUHITUITY II€EPEMEIIINBaHNUs, TO OHa TaK2Ke€ YJ/IOBJIETBO-
pseT U OpUHITUILY MAKCHMYMa.

< Pacemorpum dopmyiy ¢(t, t1, .. ., t,), 0003HaYNM Yepe3 U HAOOD
IIPOU3BOJILHBIX JIEMEHTOB U1, . . ., Uy € Y 1 nosokuM b = [(3t) p(t, ¥)].
Ilo onpezenennio 6ynesosnaunoit ncruanoctu b = \/ . [o(v, @)]. Bna-
roZiapsi IPUHIUILY HCYepIbIBaus HajiayTcs antunens (be)ecz B anred-
pe B un cemeiictBo (Vg)eez di1ementos i rakue, 4ro \eczbe = b u
be < |o(ve,@)]. Ilo ycmoBmiO TeOpEMBI CYIIECTBYET II€PEMEIINBAHIE
v € Yl cemeiicTBa (Vg)eez orHoCuTesbHO anTunent (be)ecz. B wacrmo-
crn, |v = ve]| = be. B cuny npennoxkenus 2.1.6 nMeior MecTo HepaBem-
crBa [p(v,d)] = [v = ve] A [(ve, @)] = be. Crnemosarensho, (v, )] >
Vees be = b. Hepasencrso [p(v, @)] < b ouesmmno. >

2.1.11. Teopema. llyctp B-3nadnasi ajirebpandeckasi cucrema 4
VJIOBJIETBOPSIET IIPUHIIAITY MTOJbeMa U B 44 HCTHHHA aKCHOMa 9KCTEHCHO-
"HasapHOCTH. Torma mjst 3\ cpaBeInB IPHUHIIUIT IIePEMEITHBAHISI.

< IDycrs (ug)eez — cemeiicrBo smementos i u (be)ecz — aHTH-
1enb B ajirebpe B. Ilo yciaoBuio TeopeMbl Jjid BCAKOrO & € = HaliyTCs
ceMefcTBO (ug)aea(e) d1ementon U n cemefictso (bg)aca(e) d1€MEHTOB
aaredbpnsl B Takume, 4TO

[v e ue] = \/ bg A v =wug] nma seex v € L
acA(§)

Paccmorpum muoxkectBo I' = {({,a) : £ € 2, a € A(&)} u nna
Kazxioft mapet v = (§, ) € I' mosozkum ¢y = bg A b m vy = ug. llycrp
u € Y — noabeM cemeiicTBa (V.)yer OTHOCHTENBHO (Cy)~er. Hemocpen-
CTBEHHBII MOJICUET ¢ NPHUBJIEYEHUEM ONPEIEICHUIT JaeT CJIeYIONHe Co-
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OTHOIIICHMA:

[veu] = \/cw/\ﬂv:%]]:

yel’

:\/ \/ be Nbg A v =ug] =

EEE acA(€)

:\/bg/\I[UEU,g]I.

£e=

I[TokazkeM, 4TO U SABJISETCS IEePEMEIUBaHIEM CeMECTBaA (Ug )¢ez OT-
HOCUTEIBHO (be)ec=.

Cravajia ycTaHOBUM HEPaBEHCTBO |u = ug] > be. B cumy ucrun-
HOCTU aKCHOMbI SKCTEHCHOHAIBHOCTH JOCTATOYHO NoKa3aTh ([v € u] <
[v € ue]) > be mmm, uro To ke camoe, be A v € u] = be A v € ug].
ITockombKy be A by, = 0 pn £ # 1), MBI HMeeM

be A v € u] = \/bg/\bn/\ﬂvEun]]:bg/\ﬂvEud].
ne=E

[Tokaxkem Tenepsb, uto [u # I < \/geE be. HelicTBuTesbHO,

[u 2] =Gt eu] = \/Iveul =

vel
= \/ \/bf/\[[véud]g \/bg. >
vell €2 =

2.1.12. Teopema. Eciu B-3naunasi ajrebpawndeckasi cucrema 3l
VZOBJIETBOPsAET NPUHIIAIIAM MaKCHAMyMa W HOJbeMa, TO OHA TaKzKe YIo-
BJICTBOPSAET U NPUHIIAILY ITepeMeITUBaHUS.

< Ilyers @ € U — mogwem mycroro mogamuoxKecTBa 4. Jlerko
nposeputh, uro [ = @] = 1. (3mech, Kak u BCIOAY B JasbHelIneM,
3anmch u = & osnavaer (Vi)t ¢ u.)

Paccmorpum ceMeiicTBO (ug )¢z d1eMenToB U u anTunens (be )ecs B
anrebpe B. Ilomoxum b = (Vg be). Oupenemm cemeiictBo (Vg )gezs
u pasbueHne enumHUNBI (C¢)ecz CoemytomuM obpazom: = = = U {Z},
Ve = Ug, ¢¢ = be uipu £ € Emvz = @, cg = b. Ilyers u € U —
IObEM CeMelCTBa (Vg )¢cz/ OTHOCHUTEIBHO (C¢)¢czs. JIerko mousTh, uTO
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[u # @] = 1. IHeiicrBurensno, [ve € u| > ¢ upu { € =/, orxyzna

cJieyeT, 9To

ﬂu#@]]:\/ﬂv€uﬂ> \/05:1.

vesl Ee=’

Taxum obpazom, [(Ft)t € u] = 1. CoryiacHo HpUHIUIY MAKCUMyMa HaM-
nercst Takoil ssement v € 4 uro v € u] = 1. Torma mo ompeseneHuro
IIOIbEMA,

ce = 1Ace = \/ cp ANov=vp] ANee = v =we] Aee
nez’

U, cTajo ObITh, v = ve| > c¢¢ s Beex § € E'. B wacrnocru, npu £ € 2
uveeM |v = ug] > be. Kpome Toro, B cumiry sremmbr2.1.6 BBIIOJIHEHBI
CJIEJIYIOTIE COOTHOIIEHNSI:

<\/b§> < v=2"] = v=2"|A|2" =2] < Jv=2]

£e=

Cire10BaTeIBHO, U ABJISIETCS IEPEMEIIBAHUEM CeMeHcTBa (Ug )¢ez OTHO-
curenpHo antunend (be)ecz. >

2.1.13. Ilycts B — nosinas Oy/eBa anreopa u 3 — B-3nadHas aJji-
redbpandeckast cucreMa. Cucrema i Ha3bIBaeTCS 0YAECBO3ZHAYHBIM YHU-
sepcymom wad B (B -3HauHbM YHUBEPCYMOM), €CIIU OHA YIOBIETBOPSIET
CJIEJIYIOIIUM TPEM YCJIOBUSIM:

(1) cucrema U oTmemma;
(2) U yaoBiieTBOpSIET NPUHIUILY TI0IbEMA,;
(3) B Y UCTHHHBI AKCHOMBI SKCTEHCUOHATIHLHOCTH U PEryJIsip-

HOCTH.

Teopema [7|. [Lis sroboii mosHOH OyseBoii aarebper B cyire-
cTByeT B-3Ha4YHBI yHUBEPCYM, IPHIEM €JHHCTBEHHBIH C TOYHOCTHIO JIO
B-u3zomopguzma.

[Tospobroe n3noxkenue Teopuit OyIEBbIX ajreOp um OyI€BO3HAYHBIX
aJrebpanvdecKux cucreM nmeercs B [3-6].
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2.2. llonsiTEe HETIPEPBIBHOTO PACCJIOEHUS

2.2.1. IIycte () — HpPOM3BOJIBHOE HEMyCTOE MHOXKeCTBO m V@ C
Q) x V — kyacc-coorBercrBue. (37ech u jajee V 0603HAYAET KIIACC BCEX
MHOXKeCTB.) st KaxK 101 Touku q € () Kjacc

{q} xV@(q) =V?n ({q} X V) = {(q,x) : (q,7) € VQ}

obosnaunm cumBoJsioM V4. Ouepuano, VP N VY = & npu p # q. Coor-
BercTBue V& Gynem HasbiBaTh paccaoeruem Haz Q, a kiace VI — caoem
paccioernst V? B Touke q.

IIycts D C Q. @ynkrmio u : D — V@ naseBaior cevenuem paccio-
emns V@ max muoxectsom D, ecom u(q) € V9 nns Beex ¢ € D. Kiace
Beex cedenmit V@ wax D obosmauator cumposiom S(D,V?). Ceuenms,
ompejesieHHbIe Ha (), Ha3bIBAIOT 2.400aavHoiMmu. Eecmm X — momMHOXKe-
crBo V@, to cumposom S(D, X) 0603HaAI0T MHOXKECTBO BCEX CEUCHHIT
pacciioenuss X Hag D.

Touxky ¢ € Q HazoBeM npoexyuets snemenma x € V& u obosna-
anM cumBostoM pr(z), ecmu x € V9. IIpoexyueti mmooicecmea X C V@
Gy/leM HasblBaTh COBOKYIHOCT {pr(z): x € X} u ofo3HauaTh ee chM-
BoJstoM pr(X).

2.2.2. Ilpemmosoxxum Terepb, 910 () — TOIOJOITIECKOe IPOCTPAH-
crBo 1 Ha Kiacce VO C Q x V 3aaHa HEKOTOpas TOIOJOrUsA. B 3TOM
caydae Mbl 6y/eM Ha3biBaTh V& nenpepvisrom paccroeruem Ha Q.

Ion nenpepviervim ceveruem pacciaoerus V& moHmmaercs cede-
HUe, SABJIAIONeecs HempepbiBHON dyHKiueir. /[lis 1000ro moaMHoXKe-
ctea D C Q cumsostom C(D,V?) obosnagaercs Kaace Bcex HerpephiB-
HbIx cedernnit V9 man D. AnamormdnabiM o6pasoM, eciam X — IIOIMHO-
skectBO V@, TO cuMBOJIOM C (D, X) obosnauaeTcsi COBOKYITHOCTb BCEX
HerpephIBHBIX cedennit X man D. Ouesmmno, C(D,X) = C(D,V?@) N
S(D, X).

Bcrony B manbaeitiemM Mbl cautaeM, 910 () — SKCTPEeMaJIbHO HECBS3-
HBII KOMIAKT, W ITPEJII0JIaraeM BBIIOJTHEHHBIMU CJIETYIONTNAE YCITOBUS:
(1) Vge@Q VYrecVi FJuelQ,V?) ulq) =
(2) VueC(Q,V?) VAC Q wu(A)C Ve,
2.2.3. IIpemiosxenne. Henpepsisroe paccioernne V@ obiamaer

CJICVIOIIAMHA CBOHCTBAMH:
(1) romosorus V@ xaycmopgona;
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(2) aus mobbix u € C(Q,V?) u q € Q cemeiicrbo {u(A) :
Ae Clop(q)} siBJIsteTcst 6a30i okpectHocTeH TOUKH u(q);

(3) Bce saementsr C(Q,V?) SBJIAIOTCS OTKPBITHIMU H 3a-
MKHYTBIMH 0TOOpazkermsivu (cm2.1.1).

< Ilycrb o m y — pasamanbie saementsr V@, Tlomoxum p = pr(x)
nq = pr(y). B cany 2.2.2 (1) maitgyres cevenns u, v € C(Q,V?) Takne,
aro u(p) =z nuv(q) =y.

[Tpennonoxum cHadasma, 910 p = q. B cuny 2.2.2(2) MHOXKeCTBO
A={qeQ: ulg) #v(g)} = Q\u*(v(Q)) orxpriro-zamkuyro. Torza
u(A) n v(A) — HenepeceKaIKecsi OKPECTHOCTH TOYEK T U Y.

[Iycts Teneps p # q. B sTom ciryuae cymecrByior A, B C () Takue,
aro ANB = @, p € Auq € B. Torna u(A) u v(B) — HemepeceKaroImecst
OKPECTHOCTH TOYEK T H Y.

YrBepxkenue (2) ¢ 09eBUIHOCTBIO BbITeKaeT u3 2.2.2 (2).

YrBepxkaenue (3) sxkBuBasenTHO 2.2.2 (2) B CHIIy TOro 00CTOATEb-
crBa, uro Clop(Q) siBisiercst 6a30ii KaK OTKPBITON, TaK W 3aMKHYTOMN
TomoJiornu B (). >

2.2.4. Jlemma. ITogvaoxkectBo X C V& OTKpBITO-3aMKHYTO TOIIA
u ToJIbKO Tora, Korga u” H(X) C Q ars seex u € C(Q,V9).

< B mosicHeHunm HyKJIaeTcs JIUITb JOCTATOYHOCTH. PaccMoTpum
npousBobHbI aaeMent z € VY. Ilycrs cewenme v € C(Q, V?) u Touka
q € @ TakoBbl, 9TO U(q) = .

[Ipenmonoxum cuagasa, uro x € X. Ilockosibky mMHOXKeCcTBO A =
u~ (X)) oTkpBITO-3aMKHYTO, U(A) — OKPECTHOCTD T, COMeprKaIIascs B X .
B cuty nponsBoJIbHOCTH X 3aK/II0YaeM, YTO MHOXKECTBO X OTKPBITO.

Ecmn ke x ¢ X, TO, BOCIOJIB30BABIINCH OTKPBITO-3aMKHYTOCTHIO
muoxkectBa A = Q\u~1(X), zakmouaem, uto u(A) — oKpecTHOCTH T, He
nepecekaorasica ¢ X. IIpon3BOJIbHOCTE T IIO3BOJISIET CIEJIATh BBIBOJI,
9TO MHOXKECTBO X 3aMKHYTO. [>

2.2.5. IIpennosxenne. Tomosmorus VO skcrpemasbHO HeCBsI3HA.

< Ilycrs X — orkpeiToe mommuoxkectso VY. B cummy xaycmop-
dosoctn Tomonorun V@ sampikanme cl X sBIAeTCS MHOYKECTBOM, a He
cobcTBeHHBIM KiaccoM (cm. 2.1.2). Ilpm 9TOM aJist BCAKOrO cedeHust
u € C(Q,V?) muoxecrso u~t(cl X) = clu™!(X) oTKpHITO-3aMKHYTO.
B cuny memmbr 2.2.4 muoxkecTBO ¢l X oTkpbITO. [>
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2.2.6. Jlemma. JIis moboro nomvuoxkectsa X C V@ BoimosHeHb
CJIEJTYIOIIe PABEHCTBA:

X = U u(u_l(X)),

ueC(Q,Ve)

int X = U u(intu™' (X)),
ueC(Q,Ve)

dX = |J u(du'(X)).
ueC(Q,Ve)

< OueBuHoe ciecrare 2.2.2 (1) 1 OTKPBITOCTU BCEX HEIIPEPBIBHBIX
cedyeHmit. >

2.2.7. JIemma. Ioaxracesr X,Y C V@ coBmamaror Torma u TOIBKO
rorza, korga v~ (X) = u=NY) mrg Bcex u € C(Q, V).

<1 BosbmeMm npousBosibHO ¢ € (), x € V9 1 paccMOTpHUM cedeHne u €
C(Q,V®?) Takoe, aro u(q) = z. Ecmz € X,10q € v 1 (X) = u=*(Y) n,
crefoBarebHO, £ = u(q) € Y. OOparHOE BKIIIOYECHUE yCTAHABIMBACTCS
AHAJOTUYHO. [>

2.2.8. IIpeamnoxenme. Ceuernne u € S(D,V?), onpenenentoe na
OTKPBITOM 1oAMHOX«KecTBe D C (), HeIPepbIBHO TOIZ[a U TOJIBKO TOIJA,
KorJja imu — OTKpBITOe MojMHOKecTBO V&,

< Ipeanosioxkum, 9To cedenue u HenpepbiBHO. /st Besikoro ¢ € D
nonGepem cevenne u, € C(Q,V?) rakoe, uro uy(q) = u(g). Mnuoxe-
ctBo Dy = {p € D : u(p) = uy(p)} = v *(imu,) orkpero B D, a
sHaqnt, u B Q. Ilosromy obpas u(D,) = uq(Dy) OTKPBIT B CHILy OTKPBI-
TOCTH IVI0GAIbHBIX HenpepbisHbIX cevenuit. Ouesuano, D = (J p Dy,
TaK Kak ¢ € Dy. Ctajno ObITh, MHOKECTBO

imu = u(D) u< U Dq> = | u(Dy)

qeD q€D

SIBJISIETCS OTKPBITHIM.

[Ipeamosioxkum Terepb, 9TO im u — OTKPBITOE MHOXKeCcTBO. PaccMot-
PHUM NIPOU3BBOJILHYIO TOUKY ¢ € D u onbepenm ceuenne u, € C(Q, V?) Ta-
Koe, 110 u(q) = uq(q). Muoxecrso {p € D : u(p) = u(p)} = v *(imu)
OTKPBITO U ABJIAETCS OKPECTHOCTBIO TOUKH (, OTKY/Ia CJIELYeT HeIIPEePhIB-
HOCTb Ce€4eHUus u B TOUKE q. >
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2.2.9. Jlemma. st siro6oro mogvuokectBa X C V'@ BBHIIOIHEHBI
CJIEAYIOIIHE COOTHOIIICHUS:
(1) pr(clX) C clpr(X);
(2) pr(int X) C int pr(X).
<! Pacecmorpum npomssossaoe ceuenme u € C(Q,V®). B cmry
cBoitcTs 3ambikanusa Mbl umeeM 1~ L (cl X) = clu™1(X) C clpr(X), orky-
ma G6maropaps pasenctsy pr(X) = U,ec0,ve) u™1(X) crenyer BKitO-
venue pr(cl X) C clpr(X).
CootrHoterre (2) ycTaHABIMBAETCS AHAJIOTUIHO. [>

2.3. HemnpepbIBHBIN MOJIUBEPCYM

2.3.1. Paccmorpum HemrycToe MHOXKECTBO () M paccjoeHue Ve c
Q xV. Ilpenmonoxxum, 910 It KaxK10i Touku ¢ € () Kiacc VI aBisiercst
anrebpanveckoii cucremoii curaaTypsol { € }.

st npousBosibHOit bopmysbl @ (t1, ..., t,) W CeUeHUR U7, ..., U,
paccioerna VO cumsonom {p(ug,. .., u,)} Gymzem obosnadaTh MHOMKE-
CTBO

{q € domwuj; N---Ndomu, : VI sa(m(q),---,un(Q))}-

Mg mo6oro snementa x € V9 nonoxum z) = {y € V7 : VI |=
y € x}. OuesuHo, eciiu B cucreMe V¢ MCTUHHA aKCHOMA, YKCTEHCUOHAIb-
HOCTH, TO /1 BcexX x,y € VI paBeHCcTBa ) = y| U & = y PaBHOCHUIbHBI.
Ecin X — nomvuOokectBo V@, 1o cumBostom LUX o603HagaeTcst 06bem-
nenue | J, o ¢ 7l

Bceiony B nasbHeiinieMm mpejosiaraeTcs, 4To () — IKCTPEMAaJIHLHO
HecBsI3HBIH KoMIakT 1 V@ — HempepbiBHOe paccioenue HaJ (.

Iyt mponssobHoro cevenns u € C(Q, V) kmace |J geq (@) MbI
OyZileM Ha3bIBaTh pPacnarxoskol cedeHus u U 0003HAYATh CUMBOJIOM LU .

2.3.2. Henpeprisroe paccioenne V@ Haz0BeM HENpepbieHbLM NOAU-
sepcymom Hag (), ecnu B KaxkaoMm cioe V7 (¢ € ()) NCTHHHBI aKCHOMBI
9KCTE€HCHOHAJIBHOCTU U PEryJIdpHOCTU W, KPOME€ TOI'O, BBIIIOJIHEHBI CJIe-
JLYIOTIHE YCJIOBUSI:

(1) VgeQ VzeV? Juel(Q,V9) ulq) = x;

(2) VueC(Q,V?) VAcClop(Q) u(A) € Clop(V¥);

(3) YueC(Q, V¥ Luse Clop(VQ);

(4) VX €Clop(V?) JueC(Q,V®) Luis—=X.

N—
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2.3.3. Jljns mpomssoabnbix cedenmit u,v € C(Q,V?) pasencrsa
{fu=v} = v Himv) u {uev} = u!(Lvy) obecneunBaOT OTKPBLITO-
3aMKHYTOCTH MHOXKeCTB {u = v} n {u € v}, 9T0 HMO3BOJIAET HAM BBe-
ctn B paccMorpenne jse Kiace-bynxmun [-=-],[-€-] : C(Q, V) x
C(Q,V?) — Clop(Q), nonaras Ju=1v] = {u=v} u Jucv] = {uecv}.

Heciioxxao ybeuThbest B TOM, 9TO TPOIiKa

(C(viQ)v H':']Iv HE]I)

upeicraBisier coboit oreumyto Clop(Q)-3Haunyto anrebpanvdecKyro Cu-
cremy (cm2.1.3).

U3 onpenenenust HenpepbiBHOTO nomBepcyMa 2.3.2 (4) cremyer cy-
IIeCTBOBAHUE HEeIIPEePLIBHOIO cedeHus &, yI0BJIETBOPIONIEIO YCIOBHIO
L@ = @. OueBuHO, TaKoe ceUeHUe e IMHCTBeHHO. KpoMe Toro, jierko
saMeTuTh, uro V7 |= & (q) = @ s Beex g € Q, [9" = 9] = Q, a Takxke
[u=2"] = [u=2] ana scex u € C(Q, V).

2.3.4. Jlemma. s moboro nommuoxkectsa X C V@ nmeror mecto
CJIEJTIYIOIIHE COOTHOIIIEHHS:
(1) ectr X C VY, 1o pr(X) C Q;
(2) ecsm muO)keCTBO X OTKpBITO, TO pr(cl X) = clpr(X).

< (1): Ecrm X © V9, To maityiercs ceuenne u € C(Q,V?) rakoe,
gro Uimu = Lus = X. OueBnuHo, pr( L imu) = [u+# 2], orkyna
CJIe/TyeT OTKPBITO-3aMKHYTOCTH Pr(X).

(2): Ilycrs X — orkpsiToe mommuoxkectso V. Torma saMblka-
uue cl X OTKpbITO-3aMKHYTO, Kak 1 ero npoekiusi pr(cl X). Ouesumnoe
sryodenne pr(X) C pr(cl X) saeuer clpr(X) C pr(cl X). O6parnoe
BKJIIOUE€HUE YCTaHOBJEHO B 2.2.9. >

SAMEYAHUE. Cremyroriue BOIPOCH TOKa OCTAIOTCS OTKPBITHIMHU.

(1) Bepno aum, uro m3 3aMKHyTOCTH HOAMHOXNKecTBa X C V@ cire-
JIyeT 3aMKHYTOCTh ero npoekiwu pr(X) C Q7

(2) CupasegmBo u paserctBo pr(cl X) = clpr(X) misa moboro
(He 0bsA3aTeIBHO OTKPBITOTO) HoMHOKecTBa X C V@7

2.3.5. Hocumenem cedernns u € S(D, V@), onpenenennoro ma D C
(), HA3BIBAETCS MHOXKECTBO SUPP U = {q eD: Vil u(q)# @}. OueBn-
o, suppu = {u+# @} = {u# @"}. Taxum obpazom, ecm u € C(Q, V),
TO SUPP U — OTKPBLITO-3aMKHYTOE MHOXKECTBO.
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I[Tycts u — HenpepbiBHOE cedenue VO u D — MOIMHOXKECTBO SUPP U.
Cumsosiom C(D,u) obo3HAYAETCST KITACC

{v € C’(D,VQ) : (Vge D) VI Ew(q) Eu(q)}.

Ouesngno, C(D,u) = C(D,Lul).

Cnycrom cedenusi u Oyzem HasbBaTh Kiacc C(supp u, u) u 0603Ha-
4aTh ero cuMBoJioM wl). Jlerko zamerurb, uro wl = C(Suppu,Lu.).
OueBngHo, B citydae {u# @} = () CIyCK CeYeHUs U MPEJICTABISIET CO-

00i1 CIlyCK 1 KakK 3JeMeHTa OyJIeBOZHAYHOUN asjredOpamvdecKoil CUCTeMbl
(em. 2.1.7).

2.3.6. IIpeanoxkenme. g moboix X C VY mwu € C(Q,V?)
CJIEJIYIOIUE YTBEPIKICHUsI S9KBUBAJICHTHDI:
(1) cus=X;
(2) u(g)d =X NV g1 Becex q € Q;
(3) suppu — pr(X) n ul— C(pr(X), X);
(4) [veu] =v Y X) a1 Beex v € C(Q, V).

< (1)—(3): HocraTouno jumib 3aMeTUTH, 9TO suppu = [u# | =
pr(Lu.), 1 BOCIIOJIB30BAThCs paBeHCTBOM ul = C(Supp u, LuJ).

(3)—(2): Iomoxkum A = supp u. Jlerko mousTs, uto XNVI = @ =
u(q)d nst Beex ¢ € Q\A.

Hnst mpoussospHoit Toukn ¢ € A maiigyrea x € u(q)l m v, €
C(Q,V?) Taxme, aro v,(q) = x. Iycrs B, = [v,€u]. Cewmeiictso
(Bg)qea 00pa3yer OTKPBITOE IIOKPBITHE KOMIAKTa A, [I03TOMY U3 HEro
MOKHO BBIOpaTh moatokpeitue (By)gzep, Tae F' — KOHEYHOE IIOAMHO-
sxxectBo A. Ilo npunmumny ucdepnsiBanus Haiinercs antunens (Cy)ger
taxas, 4ro Cy C By st ¢ € F u Uy ep Cq = Ve p Cg = Ve By = A.
[Moctponm cedernme v € S(A, V?), nnsa kaxmoit Toukn p € A momaras
v(p) = vg(p), rme q Takoit (exuncrBenHblil) smement F, aro p € Cy. Ce-
YeHue ¥ HeIIPEPBLIBHO, IOCKOJIBKY v = v, Ha Cyy (¢ € F'). Jlerko 3amerurs,
gro v € ul = C(A, X).

IIycTh ¢ — MpOM3BOJILHLIA 31eMenT A.

Paccmorpum x € u(q)), mogbepem cewenme w € C(Q,V?Q) raxoe,
aro w(q) = x, u mocTponM cederne W € S(A, V?) ciemyiomm o6pazon:

w(p), ecau p € [weEul,
v(p), ecau p € A\Jw € ul.

mm{
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OueBusno, cedenne w HenpepbiBHO, 1 W € ul = C(A, X), orkyna cie-
ayer, uro x = w(q) € X B cuity BRIodenus q € w € ul.

[Iyctb Teneps z € X N V9. Kak u panbiie, mogdepeM cevdeHune w €
C(Q,V?) Takoe, uro w(q) = x. Paccmorpum cewernme w € S(A,V?),
OIIPEJICJICHHOE CJICIYIOIMMIM O0Pa30M:

L w(p), ecmu p € wH(X),
w(p) = { v(p), ecmmpe A\w HX).

U3 ouesunnbix coornomennit w € C(A, X) = ul u ¢ € w™!(X) BbITexa-
er, uto © = w(q) = w(q) € u(q)d.

(2)—(4): Paccmorpum rpomnssosibHOe cedenne v € C(Q, V). Ecom
q € [veu] =v 1 (Lul), To v(q) € Lua u, ciegosarensho, v(q) € u(q)l =
XNV re gev1(X).

Ecin xe q € v~ H(X), To v(q) € X NV = u(q)], a snauur, VI |=
v(q) €Eulq) mq € [veu].

(4)—(1): 3amerum, uro v (Lul) = v €u] = v (X) mst Beex v €
C(Q,V®?). TlosTomy cormacuo memme 2.2.7 IMeeT MECTO PaBeHCTBO X —
LUl >

Jst Kaxkoro MHOzkecTtBa, X C V@ cedyeHme u, y/I0BIETBOPSIOIIEe
yeaosusiM (1)—(4), o4eBUIHO, JIMHCTBEHHO. DTO CeYeHne Mbl OyeM Ha-
3BIBATh Ynakoskol MHOxKecTBa X 1 0003Ha4YaTH cUMBOJIOM " X .

Hecsioxkuo y6euThest B CIPABEIJINBOCTH CJIELYIOIIEr0 yTBEPK Ie-
HUSL.

IIpennosxkenwne. Ilycrs X — orkpbsrroe nogmuozxkectso V&, Cede-
e U € C(Q,V?) cosmamaer ¢ "cl X Torza m TOJBKO TOTja, KOILTa U
ABJIACTCS MOTOYETHO HamMeHbInnuM cpequ cedernii u € C(Q,V?), yao-
pirerBopsitomux Brodernio X NV C u(q)l s Beex q € Q.

2.3.7. JIlemma. Ecim u € C(Q,V?) u A € Clop(Q), To Uu(A) €
Clop(V@).
< Hnst mo6oro cevennst v € C(Q, V@) muoxkectso v (U u(A)) =

AN [v € u] orkpsrTo-3aMKHYTO, OTKY/1a B cuity 2.2.4 ciiegyerT OTKPBITO-
3aMKHYTOCTh MHOXKecTBa, Ll u(A). >

2.3.8. IIpenaoxkenune. Jlioboe mernpepoisroe cedernue V<, ompee-
JIEHHO€ Ha OTKPbITOM HJIN 3aMKHYTOM IOIMHO>KECTBE Q, IIDOJIOJI2KaeTCA
JI0 IJI00AJIBHOTO HEITPEPBIBHOI'O CEICHHSI.
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<A Ilyets A € Q uu € C(A, V). na xaxnaoit Toukn q € A
HaligyTea cedenne u, € C (Q,V?) u MHOXKeCTBO B, C Q Takme, 4TO
q€ Byunuy —=umnaB;NA.

[Tpemmonoxkum, aro MHOKEeCTBO A oTKphITO. He Hapymras obiHO-
CTH, MBI MOXKEM CIHTaTh, 4T0 By, C A. PaccMoTpuM OTKpBITOE MHOXKE-
crBo X = [, cqu(@)d = U e Uug(By) 1 nokazem, uro (c1.X)NV? =
u(q)) ms Beex q¢ € A. Ilposepum sinmib Britodenune (¢l X) NV C u(q)l
(obpaTHOE BKJIIOUEHHE BBITEKAET U3 OYEBHJIHBIX CBOICTB 3aMBIKAHUS).
[Iycts x € (c1X) N VY. Haitnercsa cewernme v € C(Q,V?) taxoe, uro
v(q) = x. OueBuHO, JJIst BCAKO# OKpecTHOCTH B [ () TOYKH ¢ TIepecede-
ure v(B)NX HemycTo u, cTaso ObITH, HafigeTcs Takas Todka p € BN By,
a0 v(p) € u(p)l. C mpyroit cropousr, u(p) = ug.(p) u, ciegoBaTeIb
Ho, v(B) NUuy(By) # @. Muoxecrso Luy(B;) 3aMKHYTO, H IIOITO-
My © € Uug(By), orkyma ciaexyer, 9to z € uqg(q)d = u(q)). Ilo-
jgoxkuM u = "cl X . U3 ycraHOBJIEHHOTrO BBINIE BBHITEKAET PABEHCTBO
u(q)d = u(q)) nns Bcex g € A. Takum 06pa3oM, U — HUCKOMOE TJI0OAJIb-
HOE MTPOJIOJI?KEHUE CEUEHUS 1.

[Ipeanonokum Tenepb, 9To MHOXKecTBO A 3amkxmayTo. CemeiicTBO
(Bg)qeA 00pa3yer OTKPLITOE IMOKPBITHE KOMIIAKTa A, a 3HAYUT, U3 ITOrO
HOKPBITHS MOYKHO BBIOpaTh MOAOKpeITHE (By)ger, Tae F' — KoHedHOe
noamuoKecTBO A. Bes orpanuvenust oONIHOCTH MOXKHO IIPEIIOJIAraTh,
aro J,ep Bg = Q. Ilo npunnuny ucuepnbisanust HafiieTcs aHTHIENb
(Cq)qer Taxas, uro Cq C By qnsaiseex ¢ € Ful,cp Cf = Q. Hocrponm
cewerne U € S(Q,V?), nia xaxoit Touxn p € Q nomaras u(p) = u,(p),
rge ¢ — Takoil (eguHCTBeHHBI) steMmenT F, uro p € C,. Ceuenue u
HEIIPEPBIBHO, IIOCKOJIBKY U = U, Ha Cy (¢ € F). OueBuguo, u = u
Ha A. >

CiaencrBue. Ecim A — OTKpBITOE WM 3aMKHYTOE€ IIOAMHOXKECTBO
Q, To C(A,V?) = {u|s :u e C(Q,V)}.

Mpuanun npogomskenusa. s moboro cevenns u € C(A,V?),
OIIPEIeJIEHHOIO Ha OTKPBITOM moaMHOX«KkecTBe A C (), CyIecTByer euH-
creernoe cederme U € C(cl A, V?), mponomkaromee .

< CorytacHo TpeIoXKeHuIo 2.3.8 CyIIecTByeT TaKoe cedeHue up €
C(Q,V?), uro u; — u na A. TomoxuM U = U1 | 4.

EuHCcTBEHHOCTD MOCTPOEHHOIO MPOIOJI2KEHHSI OUeBUIHA. [>

Ceuenne u, durypupyioiiee B HOPMYIUPOBKE ITPUHITUATIA ITPOJIOJI-
JKeHUs1, Oy/IeEM HA3BIBATH 3GMbIKGHUEM CEIeHUs U U 0003HAYATH ext(u).
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2.3.9. Heciyioxkno y6eIuThCs B CITPABEJTMBOCTH CJIEJIYIOINIETO YTBEP-
JKJIEHUS.

Teopema. Paccymorpunm ceMericTBO (Ug )¢z IVIOOATBHBIX HEIIPEPHIB-
uprx cevennit V@, anrtunens (Be)eez B anrebpe Clop(Q) u mosroxum
B= (\/g cs B¢)t. Torna nenpepnisroe cevenne

uext( Uu§|35 U ®A|B>

£e=

SBJISIETCST mepeMernuBaHueM (Ug)¢cz oTHOCHTEIBHO (Bg)ec=. B dacTHO-
cru, ts 6yeBozHadHoil anrebpamdeckoii cucremsr C(Q,V?) crnpaser-
JIUB IPHHIUII IEPEMEITHBAHHUSIL.

CuencrBue. Byneposnaunas amrebpamieckas cucrema C(Q,V?)
YZOBJIETBOPAET IIPUHIIUITY MaKCUMYMa.

2.3.10. Teopema o MOoTOY€4HON UCTUHHOCTH. Jlnss 10607t
dopmynt p(ty, ..., t,) I IPOU3BOIBLHBIX CedeHUI U1, . . . , U, € C(Q,V?)
HMeeT MeCcTO PaBEeHCTBO

[o(ut, ..., un)] = {q €eQ: Vi w(ul(q),...,un(q))}. (%)

< JlokazarebCTBO MPOBOIUTCS WHLYKIHEH 0 CJIOKHOCTH (POPMY-
JIBL 0.

Ecmu dopmyna ¢ aromapna, T.eumeer Buj t; € to wim t1 = ta, TO
PaBEHCTBO (*) BBITEKAET U3 OIPEJEIeHUsT OIEHOK UCTUHHOCTHU [-=-| u
[<]

Homycrnm, aua GpOpMya MEHbIIEH CI0KHOCTH TeopeMa, JTOKa3aHa.
MBbI OrpaHIINMCS PACCMOTPEHNEM JIUIID TOTO CJIydas, Koraa hopMyIa o
umeer sug (3tg) Y(to, T).

Ecm V7 |= (3to) ¢(to,i(q)), To mafimercs Takoii smeMeHT T €
Vi, aro V1 |= w(zc,ﬁ(q)). [ombepem cewenne ug € C(Q,V?), yao-
BJIETBOPsitOIee paBeHCTBY uo(q) = . Ilo mpesmosioykeHno WHIyKIn
q € [ (uo,@)] C [(Fto) ¢ (to,@)], aro mOKa3BIBaET BKIIIOUEHHE D B COOT-
HOIIEHUNU ().

[Tokaxkem obparnoe Britouenue. llycrs ¢ € [(Fto) ¥ (to,u)]. Ilo
HPUHIAILY MAaKCUMyMa HalJIeTCs HEIPepbIBHOE CeYeHUe Uy TaKoe, 9To
[ (up,@)] = [(Fto) ¥(to,u)]. Torma mo HpPeIOTOKEHIIO HYKIIH

V4 = (uo(q), ©(q)) u, smauur, V7 = (3tg) ¢(to, d(q)). >
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2.3.11. Jlemma. /s jo6oro mogvuoxkectsa X C V@ umeror we-
CTO CJIEIYIONIHE COOTHOUICHUS:
(1) UclX CclUX;
(2) Uint X C intLUX;
(3) ecmr X € Clop(V?), o LX € Clop(V?);
(4) ecsm muOM)ECTBO X OTKpPBITO, TO LUX — OTKpBITOE MOJI-
MmHOXKecTBO V@ ;
(5) ecsmm muOkecTBO X OTKpBITO, TO Ll X = clUX.

< (1): IHycrs z € Ucl X. Torma x € y| ayst mHekoroporo y € cl X.
Paccmorpnn cedenus u, v € C(Q, V?) takne, aro u(q) = = u v(q) = v,
rae ¢ = pr(z). s seakoro A € Clop(q) Bbmosmeno v(A) N X # &,
[Monoxum B = AN Ju € v] C Q. Iockonbky g € B, Haiinercss Takast
Touka p € B, uro v(p) € X. Ouesngno, u(p) € v(p)l C UX wu, cramo
obiTh, u(A) NUX # &. Crenosaresbho, x € clUX.

(2): Ilpemmomnoxkum, uro z € Uint X, u paccmorpum y € int X u
u,v € C(Q,V?) raxue, aro = € yl, u(q) = v n v(q) = y, rme ¢ = pr(z).
deno, uro muoxkectso B = v~ (X) N [u € v] sBasiercs okpecTHOCTHIO ¢,
a 3uaunt, u(B) — okpecrHocth x. Kpome Toro, u(p) € v(p)] C UX mis
Beex p € B, r.e. u(B) C UX. Crao 6bith, & € int LIX.

(3): CorytacHo jiemme 2.2.4 JOCTATOYHO PACCMOTPETDH IIPOU3BOJIBHOE
ceuerme v € C(Q,V?) n nokazars, aro MHOMNeCTBO v 1 (LUX) OTKpBITO-
samkHyTO. Ilycth w = "X 7. OueBnmno, v(q) € LX Torja u TOJBKO
Torga, korga V4 | (3t € u(g)) v(g) € t. Ilo Teopeme o moToUedHOI
uctnanoctn v (X)) = {g € Q: V1| (3t € u(q)) v(g) € t} = [(3t €
u) v € t] u, cnenosarensuo, v H(X) C Q.

(4): TpusnampabIM 06pasoM cieayer u3 (2).

(5): Iycrs muOXKecTBO X OTKpBITO. Torma ero 3ambikanme cl X
OTKPBITO-3aMKHYTO, U COIVIacHO (3) MHOXKecTBO LIcl X Takike sBisieTcs
OTKPBITO-3aMKHYThIM. OueBuaHOe cootHotmrenune X C Ucl X Bieder
clUX C Ucl X. ObparHoe BKJIIOYeHHE cpaBeyinBo B cuity (1). >

SAMEYAHUE. CJreyrorue BOIIPOCHI MIOKA OCTAIOTCST OTKPBITHIMU.

(1) Bepno am, 9ro m3 3aMKHyTOCTH HoaMHOXKecTBa X C V@ cire-
nyeT 3aMKHyTOCTh LIX C V®@?

(2) Copasegmuso ym pasercrso Licl X = clUX s soboro (e
06sI3aTe/ILHO OTKPBITOr0) HoAMHOKecTBa X C V@7

2.3.12. Teopema. Bymepozuaunas cucrema C(Q,V?) yrosmerso-
pseT MPUHIHAILY OHEMA.
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< IDycrs (ug)eez — ceMelcTBO IVIOOAIBHBIX HEIPEPBIBHBIX CEde-
uuit VO u (Bg)eez — ceMelicTBO OTKPBITO-3aMKHYTBIX MOJMHOKECTE (.
PaccMOTpuM OTKPBITO-3aMKHYTOE MHOXKeCTBO X = cl UgeE ug (Be) u 110~
goxkuM v = "X . IlokaxkeMm, UTO IOCTPOEHHOE TaKUM OOPa30M cede-
mue u € C(Q, VQ) ssngerca nombemoM (ug)g¢ez oTHOCHTETbHO (Be)ecs.
HeiicrBurennuo, aus moboro cedenns v € C(Q, V?) umeror Mecro cite-
JIyTOIIUE COOTHONICHMUS:

[veu] =v(Lus) = v? (cl U u§(B§)> = clv_1< U u5(35)) -

£€E £CE
=cl U v (ug(Be)) = cl U BeNv=u¢] = \/ Be N v =1ug].
£EE ge= €=

PaccmorpuM Teneps mpomssosbHoe cedenme u € C(Q,V?) u mo-
KayKeM, 9TO OHO SIBJISIETCS IIObEMOM HEKOTOPOT'O CEMEHCTBa IJIEMEHTOB
C(Q,V?) orrocurenbHo momxoagmero cemeiictsa snementos Clop(Q).
I[Iycts X = Lua. Hna kaxgoro x € X mojdepeM Takoe CedeHHue U, €
C(Q,V?), uto x € imu,. onoxum B, = [u, €u] = u; (X). Oue-
BUJHO, T € u;(B;) C X g Bcex x € X, orkyza ciexyer, 9to X =
Usex te(Bz) = cllU,¢c x tz(Be). Ananormano Tomy, KaK 3TO CIEIAHO B
[ePBOIl YacTU J0KA3aTeIbCTBA, MOKHO YCTAHOBUTH PABEHCTBO [v € ul =
Viex Bz A [v=1ug] s Beex v € C(Q,V®?). Taxum obpazom, u —
HObeM ceMelcTBa (Uy)zex OTHOCUTENBHO (By)cx. >

2.3.13. Ilycts D C Q u % — nomvmozxkectso S(D, V®). g kax-
noit Toukn ¢ € D oboznaunm cumsosiom % (q) coBokymHocTb {u(q) : u €

Uy,

IIpennosxenme. Ilycrs % — memycroe nogmuoxectso C(D,V?),
rae D C Q. Crexnytomme cpoiicrsa cevernns U € C(Q,V?) sxpupasent-
HBI:

(1) @="cllU,cq imu’;
(2) [veu]=cl{ge D: v(q) € %(q)} s Becex v € C(Q,V?);
(3) [veu] =clUy,cq {v=u} am secex v e C(Q,VY);

4) ul= { ext (Uyeq ulp.) i (Du)ucw — pasbnenme
eauautsr B aareope Clop(D) };
(5) ul =C(D,cl,cq imu);
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(6) ceuenne U sIBJISIETCSI OTOYEYHO HAUMEHBIIHM CPEIH CEYEHHIT
@ € C(Q, V%), yrosmersopsonprx srmodennio % (q) C u(q)l
JIIsT Bcex q € D.

<1 (1)=(2): Honoxum X = {J,cq imu. Torma Lua = cl X u nosro-
My [veu] = v Hius) = vl X) = clv™H(X) mis moboro cevenus
v € C(Q,V?). Hecnoxuo ybeauThcsa B TOM, 970 X = Uyep % (q), a
TaKKe YCTAHOBHUTH SKBUBAJEHTHOCTh BKJtOUeHHil v(q) € % (q) u q €
vt < quD %(Q))

(2)—(3): Hocrarouno nokasars, uro MHO:KecTBa {¢ € D : v(q) €
U (q)} 1 Uyeq {v=u} coBmamator nus seex v € C(Q,V?). Bosbmem
ITPOU3BOJIbHYIO TOUKY q € D.

Ecmu v(q) € % (q), T0O 1jisi HEKOTOPOrO JIEMEHTa U € 7/ BBIIIOJHEHO
v(q) = u(q) u, ciegoBarenbuo, q € {v=u}.

Ecmn ke ¢ € |U,cq {v =1}, To ana noaxonamero u € % wnmeer
MecTo BKJoYeHne q € {v=u}, a 3uauur, v(q) = u(q) € % (q)-

(3)—(4): Paccmorpum mpousBoibHbIl amement v € C(D,V®) u
onpeneum cedenne v € C(Q, V) cremytomum obpasom:

(v, ecma q € D,
vla) = { @™(q), ecmm q ¢ D.

Iycre v € ul. Torma D = {veu} C [vew] = cllJ,cqy{v=1u} C D.
Jljist Beex u € % mHOMKeCTBO {U=u} = u~!(im¥) OTKPBITO-3aMKHYTO.
CoryiacHO IIPUHIUILY MCUePIbIBaHusl Haligercs anTuiens (Dy)ycq B aj-
rebpe Clop(Q) rakasi, uro D, C {t=u} u

\/ D, =cl U {v=u} = D.

ueY uewU

Ouesnyno, ceuennme w = |J,cq v|p, Henpepoisuo, muoxectso dom w
orkpbiTo, D = cldomw u {w=v} = {w=7} = domw. Hcuo, uro
ext(w) € O(D,V?) u {ext(w) =v} = D. Iosromy ext(w) = v u, TaKum
06pa3oM, CIpaBe/InBO BKJOUeHnE C.

Yeranosum obpatHoe BKiodenue. Ilycrs (Dy,)yew — pasbuenue
equunipl B anrebpe Clop(D) u v = ext(U,cq v|p,). Iloxazxkewm, uro
v € ul. Ilockosbky domwv = D, m0CTATOYHO YyCTAHOBUTDH BKJIIOUECHUE
imv C Luu. OueBunno, u(D,,) C LUl ayist BceX u € % W, CIeIOBATEIIBHO,
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Uuea w(Dy) C Lo, Bamernm, uro imv = cllJ,cq w(Dy), a 3HauwT,
muv C Lud.

(4)—(5): Homoxxmm X = cllJ,cq imu. Ilycrs (Dy)ucw — pas-
ouenne exumnipl B anredbpe Clop(D) n v = ext(J,cq ulp,). Ogennm-
HO, domv = D. Ilokaxkewm, uro imv C X. W3 Brmouenns u(D,) C
X crenyer |J,cq u(Dy) C X, oTKyma ¢ yd4eToM paBeHCTBa imv =
clUy,ecq u(Dy) BeITeKaeT Tpebyemoe coornomenne imv C X. Taxum
obpazom, ul C C(D, X).

st mokazaTesbeTBa OOPATHOIO BKJIIOYEHUS PACCMOTPHUM IIPOU3-
BosbHOe cevernne v € C(D, X) n nokaxkem, ato v = ext (U, cq ulD,)
711 HEKOTOPOro pazbuenust exuuuiibl (D, ),ec B anredpe Clop(D). Oue-
suaHo, v~ 1(X) = D. IlocKOabKy cedeHme v OTKPBITO, CIIPABEIIHBO
paserctso D = clv™!({J,cq imu). Muoxkectso A = v (U, cq imu)
OTKPBITO U ILJIOTHO B D.

C KaxKJbIM 3JIEMEHTOM U € %/ CBsI?)KeM OTKPBITO-3aMKHYTO€ MHO-
wectso O = {v=u} = v~ }(imu). U3 oueBumuoro pasencrea A =
Uuea Cu crenyer, uro \/, ., Cy = D. CoriacHo HpHHIMILY HCHEPIbI-
BaHUs Haiijercs: pazduenue equuuibl (Dy,)ycq B anrebpe Clop(D) Ta-
koe, uro D, C Cy mnsa secex u € % . Honoxum w = | J,c4 u|p, . fcHo,
9TO JIJIsI KaXKJIOT0 U € 7/ MMEIOT MeCTO paBeHCTBa w|p, = u|p, = v|p,,,
tak kKak D, C {v=wu}. CiemoBarejbHO, 10 TPUHIUILY TPOIOJKEHUSI
ext(w) = v, 9TO JIOKA3bIBAET TPeOyeMoe BKIIIOUEHIE.

(5)—(1): Hocrarouno sameTutsb, uro D = pr(cllJ,c4 imu), n Boc-
[OJIB30BATHCs TIpeioKenneM 2.3.6 (3).

OksuBaseHTHOCTD (1) U (6) oueBmmHA. >

Ceuenne U, dpurypupyoliee B yCJOBUU TPEJJIOXKEHUsI, OYEBU/HO,
eJmHCTBeHHO. MBI 6yjleM Ha3bIBATH 3TO CEYEHUE N0J5eMOM MHOIKE-
cTBa %/ m 00O3HAYATH CUMBOJIOM %/ 7.

BamernM, uro B caydae % C C(Q,V?) ycnosue (3) MoxkHO 3amm-
caTb B CJIEIYIONIEM BUJIE:

[veu] = \/ [v=1u] mnsBcex ve C(Q,VE).
ue¥

Taxum obpazoM, ecin % — Hemycroe ogavHoxkectso C(Q, V?), To mo-
HATHE TObeMa %/ COBHAJAET C OJHOMMEHHBIM IOHSTHEM, BBEIEHHBIM

B 2.1.8.
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2.4. OyHKIIMOHAJIbHOE MPeJ/ICTaBJIeHUE

OyJIeBO3HAYHOT'O YHUBEpPCyMa

Ha mupotsizkenun Bcero maparpada Mbl mpejnosaraem, 9to ) —
9KCTPEMAJILHO HECBA3HBIN KOMITAKT U L — OyJI€eBOBHAYHBIN YHUBEPCYM

uaz Clop(Q).

2.4.1. Jlna pnanbHeiinieit paboTbl HAM ITOHAI00UTCS TOHSTHE (PaK-
tTop-kiacca X/~, roe X — (cobCTBEHHBI) Kjacc, a ~ — OTHOIIEHUE
sKBUBaJeHTHOCTH Ha X . Tpajuimonnoe ompejesieane (pakTop-Kaacca,
BBOJIMMOE JIJIST TOTO CJIydasi, Korjia X sIBJIsieTCS MHOXKECTBOM, He BCETJIa
IIEPEHOCUTCs Ha CJIydail COOCTBEHHOTO KJIACCA, IIOCKOJIbKY 3J1eMEHThI X ,
9KBHUBAJIEHTHBIE JTAHHOMY & € X, MOTYT, BOOOIIE TOBOPsI, 0OPA30BBIBATH
COOCTBEHHBIN KJIACC. DTO MPEHSITCTBUE IIPEOJOINMO C TOMOIIBIO CJIE/Ty-
forero axra.

Teopema ®pere — Paccesra — Ckorra. /st jiro60ro oTHOIIE-
HHUST 9KBHBaJIGHTHOCTH ~ Ha Kjacce X cymectByer ¢pyukius F : X — 'V
TaKas, ITO

F(x) =F(y) +» x~y s Beex x,y € X. (%)

B kauectBe F' MOYXKHO B34Th (PYHKIIHIO, OIIPEJIEIEHHYIO CJIEJLYIOTITUM
obpaszom:

Flz)={yeX: y~z & (Vz€ X)(z ~z — rank(y) < rank(z))}.

Takyto dpyuKIMIO F' MPUHATO HA3bIBATH KAHOHUUECKOT NPOEKUUET OTHO-
[IeHUsT SKBUBAJCHTHOCTH ~. CooTHOIeHne (%) MO3BOJISIET PACCMATPH-
BaTh F'(r) Kak aHaJIOr KJIacca SKBUBAJIEHTHOCTHU, COIEPIKAIIETO JIEMEHT
x € X. B cBsasu ¢ arum Mbt 6yziem obozuadats F'(x) cumBosiom ~(z).

2.4.2. g kaxjoit Touku ¢ € () BBeJeM OTHOIIEHNE SKBUBAJIEHT-
HOCTH ~, Ha Kjacce Y ciaemyromum oOpa3oM:

Ur~gv > q€ Ju=n].

Paccmorpum paccoenne V@ = {(g,~4(u)) : ¢ € Q, u € U} u ycaosum-
cst 0603HaATD Mapy (¢, ~¢(u)) cumposom U(g). OueBuaHO, 1UIsT KaZK 00
ssileMenTa u € i orobpaxkenue U : q — u(q) npeacrasisier coboil cede-
Hue pacciaoerns V@. Bamernm, 4o juist Beskoro © € V@ cymiecTByioT
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u € Y u g € Q rakue, yro U(q) = x. Kpome roro, pasencrso u(q) = v(q)
BBIIIOJIHEHO TOTJIa M TOJIBKO TOTJA, Korja g € [u=v].

IIpeBparuM Kazkplii ciaoit V4 paccioenns V& B anrebpamaeckyio
cucTeMy CUTHATYDHI { €}, mosarast

VikEzey < qeluen],

IJ1e 9JIEMEHTHI U, v € 4 TakoBbl, uTo U(q) = x 1 V(q) = y. Jlerko ybenurn-
Csl B TOM, 9YTO IPUBEJIEHHOE OIpeJIesIeHe KOPPeKTHO. JlelicTBUTENbHO,
ecim U1(q) = = m v1(q) = y I KaKOW-mOO JIPYToit Mapbl 9JIEMEHTOB
u1,v1, TO BKytoueHust q € |u € v| u g € [uy € v1] sxBUBATEHTHDL.

Hecnoxuo ybenurbess B ToMm, uto kiaace {u(A) : u € U, A C Q}
obpasyer 6a3y HEKOTOPOIl OTKPHITOI Tomosoruu Ha V¥, 4To 1mo3Bosser
HaM paccMaTpuBaTh V@ Kak HelpepbIBHOE PACCIOeHHe.

2.4.3. Teopema. ImeroT MecTO yTpBEPIKTEHUS:
(1) Paccroenme V@ apisercs HerpepbIBHBIM MOJTHBEPCYMOM.
(2) Orobpazkenne u +— U OCyIIECTBIISIET H30MOPOU3M MEXK-
qy 6ynesosHaanbivu yauBepcyMamu U n C(Q, V).

JlokazaTebCTBO MOCJe HEN TeOPEMbI PA300beM Ha, HECKOJILKO 3Ta-
TIOB.

2.4.4. Jlemma. Ecimu € hu AC Q, To u(A) C V9.

< lns kaxoro asmementa x € VO\U(A) maiimyres v € U u q € Q
Takue, 910 T = 0(q).

Eciu g € A, 1o u(q) # © = 0(q), q € |u+# v|, u mosromy mMHOKECTBO
U([u # v]) sBAsIETCH OKPECTHOCTHIO TOUKH X, He Tepecekaroreiics ¢ U(A).
Ecim xe q¢ ¢ A, 10 okpectHOCTb V(Q\A) TOYKM T He IEPECEeKAeTCs C

u(A). >
2.4.5. Jlemma. Knaccor {i: u € U} u C(Q,V?) copnazaror.

< PaccMmoTpum 11pon3BOJIbHBIN 3/1eMeHT u € i U TTOKaXKeM, UTOo ce-
aenne U HenpepsisHO. Ecmn v € Yu A T Q, To MEOX)ecTBO U+ (T(A)) =
AN|u = v] orkpsiro. IIpoussoabHOCT ¥ U A TIO3BOJISIET 3AKIIOUYUTE, UTO
ue0(Q,V9).

Yeranosum obpaTHoe BKrodenwe. [lycrs f € O(Q,V Q). s kax-
J0it ToUKM ¢ €  mogbepeM Takoil seMeHT u, € U, aTo Uy(q) = f(q), n
HOJIOYKUM

Ag:={peQ: )= flp)}=r"EQ)cQ.
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Takum o6pasom, (Ay)gqe@ — OTKPBITOE IMOKPBLITHE KOMIAKTA (), a 3Ha-
YNT, U3 HErO MOXKHO BBIOpaTh mommokpeitue (Ag)q.er, rae F' — komed-
HOe moaMHOXKecTBO (). Ilo mpuHIMIy mcuyeprbiBaHus HalJIeTcs aHTHU-
nenb (By)qer Taxkas, uro By C Ag anz scex ¢ € B u J,cp By = Q.
[Tockonbky OyseBo3HauHas ajireOpandecKasi cucrema 3 yI0BIeTBOpsieT
MPUHIIAITY TIePEMENTUBAHUs, ¥ HAC €CTh BO3MOYKHOCTH PACCMOTPETDH dJIe-

MeHT u = MiXyep Byugy € Y. Hecnoxxuo ybeaurbes B ToMm, 9t0 U = f. >

2.4.6. Jlemma. Tonosorust V@ skcrpeMasibHO HECBSI3HA.

< Berrekaer uz jsiemm 2.4.4 u 2.4.5 u nupejioxkenus 2.2.5. >

2.4.7. Jlemma. Otobpaxenne (u — ) : 4 — C(Q,V®) sapisercs
OueKIHes, IpuIeM JJIst BCex U, v € i\ BBIIOJTHEHBI PABEHCTBA

[u=v]y = I[a:A]]C(Q,VQ)7
I[’LLEU]IH = I[ﬂGiJ\]]C(vaQ).

< Jlerko 3ameTnTh, 4TO JJjIs BCexX u,v € U u ¢ € () UMEIOT MeCTO
COOTHOIICHUS

ViE=u(g) ev(g) < g€ ue],
Vil=a(g)=v(q) < g€ lu=1].

Tem cambIM Tpebyemble paBeHCTBa ycTaHOBJEHBI. B jemme 2.4.6 moka-
3aHa CIOPBLEKTUBHOCTEL 0TOOpaskenus u — 1. Ham ocraercs 060CHOBATD
€ro UHbEKTUBHOCTH. IlycTh 3jieMeHTHI u,v € il TaKOBBI, 4TO U = 0.
Torna J[u=v] = [u=7] = Q, orkyzna B cuIy OTIEINMOCTH CHCTEMBI
cjaeanyeTr paBeHCTBO U = V. >

Takum obpasom, tpoiika (C/(Q, VL T-=-1.1 € -]) npencrapasier
coboii OysieBo3HauHY0 ajredbpanyeckyto cucremy Hag Clop(Q), m3omopd-
nyio U, a 3paunt, C(Q, V?) aisercs 6y/1eBO3HAYHBIM YHUBEPCYMOM HaT

Clop(Q).

2.4.8. Jlemma. Ecmu € C(Q,V?), T0 Lus — OTKpBITO-3aMKHYTOE
moaMHOMKecTBO V9.

< Iyers u € C(Q,V®). Tockomsky C(Q,V?) ymosrersopsier
IPUHIUITY HOJbEMa, MbI IMeeM U = asCeex Bg g IJ1s HEKOTOPOTO ceMeii-
cTBa (Ug )¢z HemrpephIBHBIX cevennii V@ u cemeiictsa (Bg)¢cz OTKPHITO-
3aMKHYTBIX TIoaMHoxkecTs (. [t Besxoro v € O(Q, V@) nMeror Mecto
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(@ ueo) —a U o (ueBe) ~a U Benlo—uel -
Les §E€E ¢eE
=\ Be A fv=uel = [veu] = v (Lu).

EEE

Taxkum obpazom, coryiacHo jiemMe 2.2.7 yCTaHOBJIEHO PaBEHCTBO

Lua = cl U ug (Be).
£e=
MHuoxKecTBO UEEE ug (Bg) OTKPBITO, TOITOMY B CHILy jeMMbI 2.4.6 Kiacc
LU ABJISIETCS OTKPBITO-3aMKHYTBHIM MHOYKECTBOM. [>

2.4.9. Jlemma. s moboro nomvuokectsa X T V@ cymecrsyer
rakoe cevernme u € C(Q,V?), uro Lus = X.

< C xazapiM snemenToM © € X cpskem ceuenne u, € C(Q,V9)
Takoe, uTo T € imu,. Ouesuano, Muoxkectso B, = u,1(X) oTKpbITO-
3aMKHYTO. PaccMorpum mogbem © = asCycx B,u, W YCTAHOBUM PaBEeH-
crBo Luas = X. Ilockosbky € uy(B,) C X mis Bcex x € X, MbI
mveeM X = U, ey vz (Bz) = clU,ex Ue(Bz). na mpoussonbnoro ce-
venng v € C(Q, V) cnpaBeauBbl COOTHOMEHNS

v HX) = U v_l(um(Bm)) =
reX
=cl \/ By ANMv=1ug] = [veu] = v (Lua).
reX
Cornacuo jemme 2.2.7 TpebyemMoe paBeHCTBO YCTaHOBJIEHO. [>

2.4.10. Jlemma. /st sio6oii popmyibt o(ty, ..., t,) U IPOU3BOJIH-
HBIX cedeHui uy, . .., u, € C(Q,V?) umeer MecTo paseHcTBO

le(ur, s un)l ={g € Q: VI = o(ua(a),- - unl9)) }-

< loka3aTebCTBO JIEMMbI B TOYHOCTH ITOBTOPSET JIOKA3ATEIHCTBO
TeopeMbl 2.3.10 0 moTOYEYHOI UCTUHHOCTH. [>

W3 nocneaneit JieMMbI CJIeIyeT, 9TO B KaXKJIOM CJIO€ HCTUHHBI aKCH-
OMBI 9KCTEHCUOHAJBHOCTH M PETYJIAPHOCTH. Takum oOpa3oM, TeopeMa
2.4.3 HOJIHOCTBIO JOKa3aHA.

B zaksrouenne cpopmysmpyem TeopeMy, 00beIMHSIONIYI0 OCHOBHbBIE
pe3yabraThl naparpados 2.3 u 2.4.
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Teopema. Ilyctb () — CTOYHOB KOMIIAKT IIOJIHOH OYJIeBOI ajreo-

pbI B.

N

i

J

(1) Kmacc C(Q,V?) menpepbIBHBIX cedeHmiT MOJHBEPCYyMa
V@ masg Q sBisercs 6y1eBO3HATHBIM YHIBEPCYMOM.

(2) /st mroboro 6ymesosnadnoro yausepcyma U Hag B cy-
HIecTByeT HelpephIBHBI momBepcyM V& man Q, Kmacc
C(Q,V?) menpepbIBHBIX cedenmit KOTOPOro m3oMopden 4.
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