Anrebpamnyeckasi reomerpusi 11: Jlemma Herep o nHopmanusanuu u pakTOPIpPOCTPAHCTBO

Anredopanveckasa reomerpuda 11: Jlemma Herep o HOp-
MaJII3aIu 1 PAKTOPHIPOCTPAHCTBO

IIpaBuia: 3a4eTsl 0 JIUCTKAM OBIBAIOT ABYX THIIOB: KOTJa CAaHbI Bee (umau 2/3) 3aa4du co 3Be3J0UKaMU,
sm6o Bce (mym 2/3) 3ajaun Ge3 3Be3704YEK. 3aJadu C ABYyMsl 3Be3/J0YKAMU MOXKHO He craBaTb. CaaBimmm
k 3aza4 ¢ AByMsl 3BE3IOUKAMH pa3pellaeTcs He caaBaTbh 2k 3aZad cO 3Be3J0YKAMH U3 TOrO JKe JIMCTOYKA.
Bagaun, obosznadennsie (1), ciaeayer craBaTb BCeM.

Ecnu cpanet 2/3 3ana4 ¢ (*) u (!), crygent nonydaer 6¢ 6aioB, eciu Bce, Kpome (MakcuMyM) aByx — 10t
6aJ1710B.

Ecin cpanbr 2/3 3ama4 6e3 3Besnouek u ¢ (1), cryaent nomydaer 6t 6ansios, ecan Bce, KpoMe (MaKCHMyM)
Tpex — 10t 6astoB.

DTH BUIBI OLCHOK HE CKJIAABIBAIOTCH, TO eCTh Gosibine 10t 3a JIMCTOYEK IOJLYyUUTh HEJb3s.

Koadbdunuent ¢ pasen 1.5, eciu 3agaum caaHbl He 1o3xKe, ueM depe3 20 aueil mocse Bblgaud, 1, ecsiu
mexay 20 u 35 guamu, u 0.7, ecau mozxke.

PeByJIbTaTbI CcAavu 3allUChbIBaIOTCd Ha JINCTKE BEJOMOCTH, KOTOpasd BblJaeTCd CTYAEHTY, U €€ HaJl0 XPaHUThb

A0 IIOJIYYIEeHHs OKOHYAaTEeJIbHBIX OI€HOK IIO0 KYypCy.

11.1. Jlemma Hetep o HOpMasamn3anuu

3amaya 11.1. Ilycrs A — KoHeuHO-TIOPOXK AeHHOE KoJib1o Hald C, 6e3 menuresteit 0. do-
KasKWTe, UTo MoJie 9acTHbIX k(A) nzomopdHo KonewnoMy pacmupenuto mosst C(zy, ..., 2)
PAIMOHAJIBHBIX (DYHKIUIA.

Samaua 11.2. IIycrb A = Ox — KoHEYHO-TIOPOXKAeHHOe KoJiblo Hau C, 6e3 nemure-
geit 0, a X C C" — abdunnoe noamuoroobpasue. IIpemonsokmm, 9T0 KOOPAMHAHTHIE
byuRINN 24, }Z s eeey Zig ’Z asrebpanviecKn He3aBUCUMBI, & BCE OCTAJIbHbIE KOOD/IMHAHTHIE
dyukImMn anrebpanvecku 3apucuMbl or Hux. Jlokaxkure, 4To mose 4acTHBIX k(A) mu3o-
MopdHO KoHeuHOMY pactmperunto modst C(z;, |Z - ’Z ).

Bagada 11.3 (!). B ycuousix npepuiymieil 3aa4u, paccMOTPUM HPOEKIuo X — ck
II0 KOOPAUHATAM 2, ..., %, - JJOKAXKUTE, IYTO ITO OTOOpaKeHUe JOMUHAHTHO.

Bagaua 11.4. ITycre X C C" — menpusogmmoe addurHOE MHOrOOOpaA3Ne MOJOXKU-
TeJILHON Pa3MEPHOCTH, IPUIEM KOODJUHATBI 21, ..., 2) AJIreOPANIeCKU HE3aBUCUMbI B
kE(Oz), & zZky1, ..., 2n aNTeOpANYeCKN 3aBUCHMBI OT HHUX. JIOKayKnuTe, 4TO CyIIEeCTBYET
MmHorowieH P(z,) ¢ koabdunuenramu B C[z1, ..., 2] Takoii, uro P(z,) = 0.

Bamaua 11.5. B ycioBusx npeipiayineit 3agaun, nycrs F(zq, ..., 2k, 2,) — OIHOPOIHAS

KOMIIOHeHTa, crapineii crenenu d MHorodnena P(zy, ..., 2k, 2n), & A1, ..., Ak, KOMILJIEKCHBIE
quciia, Takue, 9ro Fi(Aq, ..., Ak, 1) # 0. Ilycrs 2} := z;+ A2, tue i = 1, ..., k. JJokaxure,
qT0 y MHOrOWIeHa Q(2], ..., 2}, 2n) = P(z1 + Mzn,,,, M2k + Ak 2n, 2n) KO3 dunuent
apu zg HEHYJIeBOM.

Bagada 11.6 (!). Iycte X C C™ — menpusogumoe adbduHHOE MHOTOOGPA3WE MOJIO-
JKUTEJbHOM paBl\/IepHOCTI/I, IIpI/Iqu KOOpJII/IHaTbI 21y a0y Rk anreraI/IquKI/I HE€3aBUCHUMBI B
k(Oz), a zk41, ..., Zn, aIrebpanvecKu 3aBUCAMBL OT HUX. BeIGepeM 21, ..., 2}, KAK B IIPEIbI-
Iymeit 3agate, u mycts Oz — moakoino B Oz, HOPOXKAEHHOE 21, ..., 2},

Zkd1y - Znil, @ Z' — cooTBeTcTByIOmEe ahdurnoe maorootpasme. Jlokaxkure, 4To ecre-
CTBeHHas IpoeKlus Z — Z' KoHedHa.

VYkazanue. Y6eaurecs B ToM, uro Oz = Oz|z,], n IpoBepbTe, 9TO z;, — IEJIbIH HAJT
Oz
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Bamaua 11.7 (!). IIycte X C C™ — menpusomumoe addunnoe MHOroo6pasue IoJio-

JKUTEIBHON Pa3MEPHOCTH, IPUIEM KOOPAUHATBI 21, ..., 2} AJreOPANIeCKU HE3ABUCUMBI B

k(Oz), a zk41, -, 2n, aNTEOpAMYECKH 3aBUCUMBI OT HUX. J[OKaKuTe, 9TO TIOCJIE JIMHEH-
o C_ k

HOft 3aMeHbL 2; — 2+ _;_p 41 Aijj2j, i = 1,..., k, npoekuusa X — C" na Koop/uuarst

21, vy 2l — KOHEYHBI MOPQU3M.

VYkazanue. llpumennre npeplayniyo 3aJady, 1 BOCIOIb3YHATECh UHIYKIIHEH 10 M.

Omnpegenenne 11.1. X C C" — menpusogumoe adduHHOE MHOr0OOOpasue IOJI0XKU-
TeJbHON pasMepHocTH, a npoexius X — CF ma KoopauHATBI 21, ..., 2, — KOHEUHBII
Mopduam. daement z € Ox Ha3BIBACTCS IPUMUTUABHBIM, €CJIH 21, ..., 2k, 2 TIOPOXKIa-
1ot nosie k(X)) panmonanbubix dyuknumii ma X.

3amada 11.8. B yciioBusix T0ro onpeueienus, Jokaxure, 4ro z € Ox IPUMUTHBEH
TOrJIa U TOJIBKO TOTJIA, KOTJa 2 He coflepKuTcs B cobcrsenroM noanose K C k(X).

Bagaga 11.9 (!). Barux yenosusix, o6oznaunm 3a K anrebpandeckoe sambikanune C(zq, ...

Hokazkure, uto k(X) ®¢(z,,....2,) K ecrb npsamas cymMma KOHEUHOTO YHCTA MOJIeil, N30~
mopdubix K, u kaxmoe npomexxyrounoe mominone k(X) D K D C(zy,...,2;) coorBer-
CTBYeT OJIHOMY U3 HMPSMBIX CTaraeMbix B Koabie k(X) ®c(z, ... z,) K.

Bamaua 11.10. B s1ux yc/ioBusx, JOKaKUTE, YTO IUCIIO IPOMEXKYTOUHBIX 11oJiedi k(X) D
K D C(z, ..., 21) KOHEYHO.

VYkazanue. Bocmosmb3yitrecs mpenpiayieil 3amadeii.

Bagaga 11.11 (!). (reopema o mpumuTHBHOM 3yteMenTe) Jlokaxkure, 4ro obmas Ju-
HeliHad KOMOUHAIINAA Z?: J41 A\iZi BCeryia TPHMATHBHA.

VYkazauue. Bocmoap3yiiTech mpeabiayIeit 3amadeit

3anmava 11.12. Ilycre X C C" — menpuBoanMoe MHOrooOpasue, TaKoe, ITO IMPOEKITUS
X — C* Ha KOOPAMHATEI 21, ..., 2 — KOHEUHDIT MOPMU3M, a Zj41 — IPUMHTHBHBIH 3JTe-
menT. O6oznagum 3a X' npoekimio X Ha KOOPIUHATDL 21, ..., 2k, Zk+1- JLOKAZKATE, ITO

k(X') = k(X).

3agaga 11.13. B yciosusax npeablayineii 3ajaam, JoKaxKuTe, 9To npoekmus X' — X
KOHEUYHA U OUPAIMOHAJIBHA.

Bagaga 11.14 (!). (JIemma Herep o mopmamuszamuu) Ilycrs X — addunnoe mMHOrO-
obpasue. lokaxkure, 4TO CyInecTByer yHUTapHbIil nosmuom P(t) ¢ koaddurmenramu
B Clz1, ..., 2;], u GupanuoHAJbHAsS, KOHEYHAS HPOEKIUS U3 HA MHOXKECTBO DEIIeHUi
ypasuenust P(z1, ..., 2, t) = 0.

VYkazanue. Bocrmoab3yiiTech mpeabiayieii 3aadei.

Bamaua 11.15 (*). dokaxkure, 9ro Ha J1000M MHOrOOOpa3uy HARIETCs IIAJKasd TOY-
Ka.

VYkazanue. Bocrmoab3yiiTech mpeabayieii 3aadei.
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Bamaua 11.16 (*). dokaxkure, 970 MHOXKECTBO OCOOBIX TOYEK 3aIAHHOIO MHOI00Opa-
3Ws BCErJIa aJaredOpantdHo.

Bamaua 11.17 (*). Ilycre X C Y — menpusomumble MHOroobpasus. lokaxkure, 4ro
CTEIeHb TPAHCIEHEHTHOCTH II0JIs YaCTHBIX X CTPOrO MEHBINE, YeM CTENEHb TPAHCICH-
JICHTHOCTH TI0JIs1 9aCTHBIX Y.

11.2. ®akTOpPIIPOCTPAHCTBO

Onpenesnenue 11.2. Ilycrs G — KOHEUYHAs IpYIIA, AEHCTBYIONAS aBTOMOP(MU3MAMA
na adgdunnom muOroobpaszun A, Oy — KOJBIO PEryasipHbIX (DYHKIHI, a (92 — KOJIb-
1o uHBapuanToB. B cuiy teopembr Herep, Oﬁ KOHEYHO MMOPOXKJIEHO, 3HAUUT, SIBJISIETCSI
KOJIbIIOM (yHKIHH Ha addUHHOM MHOTO0Opa3nn Spec((’)g). O6o3naunM Spec((’)i) 3a
A/G. D10 mHOro06pasue HasbiBaercsi pakTOpHpocTpaHcTBoM A mo peiicreuro G.

Sagaga 11.18. ITycrs A menpusogumo. Jokaxkure, uro A/G ToxKe HEIPUBOIAUMO.

Bagaga 11.19. Ilycrs rpynma G = Z/nZ neficrByet Ha omxHOMEpPHO# adduHHOIN 110C-
koctu C yMHOXKeHHEeM Ha TPUMETHBHBIH Koperb /1. Tokaxkure, uro C/G rmajxo.

3amava 11.20. Ilycre M — riajgkoe addunnoe MmHOroobpasue. O6o3nauum 3a m, C
O MakcuMaJIbHbIH ugean Touku x € M Jokaxure, uyro dim my, / mi JIOKAJIBHO IIOCTO-
SIHHO KaK (pyHKIus T.

Bagaua 11.21. Jlokaxure, uro C2/{+1} ne rmaxo.
VYkazanue. Bocronb3yiiTech npe b Iyeii 3aadeit.

Bagaua 11.22 (*). Ilycre G = Z/nZ — xoreunas noarpynua B SU(2), koropast nefi-
cryer Ha C? Kak JguaroHaJbHAS MATPUIR, C COOCTBEHHLIMHI 3HAYEHHSMHE €, 1, Iue

e = {/1. doxaxure, uro C?/G ne rnaxo.

Bagaua 11.23 (*). Ilycrs G — rpymnma cuMMeTpmil KBajpaTa, jeiicTByromas Ha R2.
Paccmorpiu ee feiictue na C2 = R? @ C. lokaxkure, ato C?/G riazko.

11.3. Kouabiio G-MHBapUAHTOB U MAaKCUMAJIbHbIE H€AJIbI B HEM

Sagaua 11.24 (!). Jokaxkure TeopeMy 0 IPUMUTUBHOM 3JIEMEHTE: JII000e KOHEY-
HOe pacipenue modeil [K : k] XapakTepucTuku HyJIb MOXKHO HMOPOJUTE HaJ( k OfHUM
ssemenToM x € K.!

Bagada 11.25 (!). Ilycre G — KoHeuHasl TpyIIa, KOTOpasi JEHCTBYyeT Ha Kojble R
6e3 menureseit Hyns aBToMopdusMamu. JIoKaXKUTe, 9T0 COOTBETCTBYIONIEE PACIINDEHUE
noneit [k(R) : k(RY)] xoneuro.

VYkazaHue. Ybeaurech, 4TO 4TO KaxKAblil f € R yJI0BJI€TBOPSIET yPABHEHUIO Hg calt—
g(f)) = 0 ¢ xoacbpmmentamu B RY. Bosemure u3 storo, uto Bee sements k(G)
anrebpanansl Hag k(RY). Homyunre onenxy dimy goy k(R) < |G|, Bocnonssopasimich
TEOPEMOIl O IPUMUATHBHOM JIEMEHTE.

1TaKOﬁ I Ha3bIBaETCA IMIPUMUTUBHBIM.
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3anmava 11.26. B sTux ycioBusx, JOKaxKuTe, 9T0 R COIEPKUTCHA B 1EJIOM 3aAMBIKAHIT
R® B nose wacruwix k(R).

Yxkasanue. Y6eaurech, 4ro 4T0 Kax bl f € R ynosinersopsier ypastennio [[ o (t —
g(f)) = 0 ¢ xoacbbmrmenTamu B RE.

Bamaua 11.27 (!). [ycrs R — KOHEYHO-TIOPOKIEHHOE KOJIBIO 0€3 JesuTesieil Hys,
cHabkeHHOe feficTBreM KoHedHoit rpymmsl G, a RY — koo musapuanTos. JJokaxuTe,

gro Spec R —» Spec R® — nebiit MopdbusM.

VYkazanue. Bocronb3yiiTech npeabayieii 3aadeit.

3ama4va 11.28. Paccmorpum mopdusm Spec R N Spec RC. Ilycts z,y € Spec R ase
TOYKH, KOTOPbIe yaoBjeTsopsior g(x) = y. Jokaxure, aro ¢(z) = ¢(y).

3amaua 11.29. Ilycrs A ectb npsiMas cyMmma HecKosibKux konuii C, a KoHeuHas IpyIia
G neiictByer Ha A aBToMOpdu3Mamu, TakuM obpasoM, uro AC = C. JJokaxkure, uto G
JIEICTBYeT TPAH3UTUBHO HA MHOYKECTBE IIPOCTHIX UeAJIOB A.

3aga4ga 11.30. Ilycts R — Komedno-mopoxkaernnoe KoJbio Han C, cHabkeHnHoe meii-
CTBHEM KOHEYHOH rpymmel G, M - MAKCHMAJBHBIA mieas Touku y € Spec R®, a A :=
R/mR. Tokaxwure, uto A xoneanomepuo Haz C.

Vkazanue. BocnosbsyiiTecs TeM, 9410 R KOHEYHO IIOPOXKIEHO Kak RE-Momyiib.
Bagaua 11.31. B ycaoBusx mpenbiayimeii 3amaan, gokaxure, aro A = C.
Vkazanme. Yo6eaurech, uto (mR)® =m, u BoiBeguTe u3 s3toro A = RY /m.

Bamaua 11.32 (!). Iycrs R — koneuno-nopoxaennoe Koiblo Ha C, cnabxkennoe Jeii-
CTBHEM KOHEYHOH rpymmel G, M - MAKCHMAJBHBIA mieas Touku y € Spec RC, a A :=
R/mR. dokaxure, 410 G TPaH3UTUBHO JEHCTBYeT HA MAKCHUMAJbHBIX Hieauax A.

VYkazanue. Bocnob3yiiTech npeablyeit 3aaadeii, u mpuMenuTe 3agady 11.29.

Bamaua 11.33 (!). B ycioBusx npeapiayeii 3a1a4u, ocTpoiite 6uexmo Mexk 1y Spec RE
u MHOXKecTBoM G-opbut B Spec R.

3amadva 11.34. Ilycrs G — cuerHast rpymna, JeicTByomas Ha adGUHHOM MHOrOOOpa-
sun X aBTOMOpdU3MaMu, a Y = Spec(Og). IIpusenure npumep, korga G GecKoOHeUHAS

rpymma, a MopdusM X — Y He KOHETHBIA.

Sagaga 11.35 (*). B ycmoBusix npeapiIymmeii 3a/1a49u, IPEIIOJ0XKIM, 9TO BCe OPOUTHI
G koneunblie. Cjiemyer Jjin u3 910ro, 4ro Mopdusm X — Y KOHeUHBbI?
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