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OT PEJAKTOPA MEPEBOJA

Hepsitas raaBa kauru «Ipynnel v aareGper Jlu» Tpakrata H. Byp6aku
nocBsllleHa KOMIAKTHHIM rpynnaM JId ¥ uX KoHeuHOMePHBIM MpeCTaBAeHUsIM.
IMpenbiayuiie BoceMb IVIaB yxKe NepeBefleHbl Ha PYCCKHH A3blK (OHH BBIIILIH
B U3faTeabcTBe «Mup» B 1972 (ra. IV—VI), 1976 (ra. I—III) u 1978 (ra. VI,
VIII)rr.). - .

CcbuiKH Ha yiKe mepeBefleHnble yacTu Tpaktata H. Byp6aku 3zaMeuennl
CCbLIKAMHM Ha COOTBETCTBYIOLIME DYCCKME H3JaHMUS, B OCTaJbHbIX CJAydasix
COXpaHeHbl CChUIKM Ha (ppaHUy3CKHe H3JaHHA.

51 6naronapen H. Byp6aku, npucaasiieMy HCIpaB/ieHHs] 3aMeUeHHBIX [IpH
nepesoje OWHGOK 4 HETOUHOCTeH B TeKCTe ynpaxkHeHHH.

A. Kupuanros



I'JIABA IX

KOMNAKTHbIE BEIHECTBEHHDBIE
rPYNIbl JIKH 1Y)

B 310ii 2aa8e svipasncenue sepynna JIus o3naqaer <epynna JIu xoneurnoil
Pa3mMepHOCTU HAO nOoAeM 6eUieCTEEHHbIX HuCea», Boipaxcenue sarzebpa Jlus
03HA4AET, eCAl HE 02080PeHO nPoTueroe, «aszebpa Jlu Koneunold pazmepro-
CTU HAO NOAEM BEULECTECHRBIX HUCEN>, A BLIPANCEHUE <6LULeCTEEHNAA aAzebpa
Jus (cooTB. «Komnaexkcnan areebpa Jlus) o3nauaer «arzebpa Jlu Koneunod
PA3BMEPHOCTYU HAO NONEM BELLECTEEHHbLX 4ucea» (COOTB. «...KOMNAEKCHBLX 4Yu-
cens).

HYepea Go 0603Ha4aeTCA CBA3HAA KOMNOHEHTA eOunuysl (HeldTparbHasn
Komnowenra) Tonoaoeuyeckol epynnvt G, uepe3d C (G) — yenrp 3rod zpynnot,
uepe3 D (G) — ee npouseodnas epynna (usu kommyrant), a yueped N 5 (H) uau
N (H) (cootB. Z;(H) unu Z (H)) — nopmaauszarop (COOTB. yeHTpaiu3arop)
nodunoxcecrea H 8 epynne G.

§ 1. Komnakrtunle anreGpn Jlu

1. Husapuanrnsie 3pmurosv Hopmo:

B 3tom nyHKTe k& o6o3Hauaer nose R uau C. [lyctb V — KoHeuHomepHoe
BeKTopHOe k-npocTpaHcTBo, O — HeBHIPOXKJeHHAs NOJOXKHTENbHAs SPMUTOBA
¢opma na V 2), G — rpynna, g — Hekoropas R-anrebpa Jlu, p: G—GL (V) —
romomopduaMm rpynn k& @:g — gl (V) — romomoppuam R-anre6p Jlu.

a) ®opma O uHBapHAHTHA OTHOCHTe/JbHO G (COOTB. g) TOrAa H TOJNLKO
TOr/a, KOrjla 3HAOMOP(H3M p (g) yHuraper oTHocutenbHo @ pas goboro g
e G (cootB. ¢ (x) anTudpmuros 3) orHocureapHo @ ana aoboro x&g). Heit-
CTBHTENbHO, 0603HAUMM CHMBOJNOM a* 3HIXOMOP(HU3M, COTPAXKEHHBIH OTHOCH-
teqbHo @ k 3HIOMOpODHU3MY a mpocTpancTBa V;, 1jia g= G, x=g, u M v U3
V umeem '

@@ up(@v)=0(p ()" p (g u, v),
R(p(x)u, 1)+ O (4, ¢ (x) )= (¢ (¥)+ @ (*)*). 4, V).

1) Bo Bceii 3T0# raaBe cebuika Buaa Alg., chap. VIII (chap. IX), osBauaer ra. VIII
(ra. IX) HoBoro ¢paHIy3CKOro H3JaHHM, KOTOpAsh TOTOBBTCH K I€YaTH.

2) HanomBum (Alg., chap. IX (cm. taxke Aze., 1966, ra. IX, § 1. — llepes.)), uro
spmurora ¢popma H Ha V uasnBaercs weasipoxcdennod, ecay B J0GOr0 BeHY.IeBOro
saemenTa £ u3 V cymecreyer veV, rako#l, utro H (4, v)=0.

3) Toropar, uro a<End (V) arruspmuror orHocureabHo @, ecau compsiKeBBHIA
K Bemy oTBocHTeAbBO @ sugomopduam a* paren —a. B cayuae k=C (coors. k=R) 310
03HAYaeT TaKXKe, 4TO SHAOMOP(HU3M ia mpocTparctra V (coors. C® p V) spmuros.
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Il Toro yto6u D (p () «, p (g) v)=O (4, v) AnA Bcex 4, v 3 V, HEOGXOAHMO
M JOCTATOYHO BhIMoAHeHHe ycsoBHS p (2)* p (g)=I1dy; ananormuno, 4ToGH
@ (¢ (x) u, v)+ D (4, @ (x) v)="0 1217 Bcex u u v U3 V, HEOGXOAHUMO H AOCTATOY-
HO BhIMOJHEeHHe yca0BUA @ (x)+ ¢ (x)*=0, OTKyna creayeT AOKaspiBaemoe
yTBepK/AEHHE.

6) Ecan ¢opma Q. napapuantHa oTHocntenbio G (cooTs. g), TOo opToro-
HajbHOoe AOMOJHEHHE K YCTORUHBOMY moanpocTpancTey B V ycToRYHBO; B Yac-
THOCTH, peAcTaByeHHe p (co0TB. @) mosynpocto (cm. Alg., chap. IX); kpome
toro, o1 mo6oro g G (cooTs. J0GoTO x<g) HnoMOpdH3M p (g) (c0OTB.
¢ (x)) mpocTpancTBa V MNOAYNPOCT H €ro COOCTBeHHBIE 3HAUEHHA MO MOJYJIIO
papubi | (COOTB. YHCTO MHHMH); TakuM oGpasoM, p (g) ynuTapeH (co-
oTB. ig (x) 3pMuToB, cm. Alg., chap. IX).

B) [Iyctb k=R. Ecin G — cBfi3nas rpynna Jlu, p — mopdusm rpynn Jiu,
g — aare6pa Jlu rpynnst G 1 ¢ — roMoMop¢u3M, oTeeyaHi p, T0 O HHBA
pHaHTHA OTHOCHTENbHO G TOrja M TOJBLKO TOr[a, KOTAa OHA HHBAapHaHTHA
otHocutenbuo g (ra. III, § 6, n° 5, caencrue 3).

r) Jlas cyulecTROBaHHsS Ha V HHBapHAHTHON OTHOCHTENbHO G HEBBIDOXK-
JEHHOM MOJIOKHTENbHOM 3PMHUTOBOH (POPMBI HEOGXOAHMO H AOCTATOYHO, YTOOH
noarpynna p (G) B GL (V) 6sl1a oTHOCHTeAbHO KOMNaKTHOH (Hureep., ra. VII,
§ 3, o° 1, npepyoxenne 1).

2. Csasnoie kommyrarusnvie seujecraennvie zpynnot Ju

IMycts G — cBsi3aHasi KoMMyTaTuBHAasi (BellecTBeHHasd) rpynna Jlu.
JKcNoHeHHHATbHOEe OTOOpaKeHHe

expg: L{(G)—> G

AIBJSIETC I CIOPBEKT HBHBIM MOpdH3MoM rpynn JIu ¢ nucKkpeTHbiM siapoM (ra. 111,
§ 6, n° 4, npemnoxenue 11), koTopnlit Hagenser L (G) CTPyKTypoO# cBA3HOM
HakpouiBaouleil rpynnsl Jlu G.

a) CnenyiouHe yCIOBHS 3KBHBaMeHTHbl: ( ONHOCBH3HA, €XP; SBJISETCA
H3omoppuamoM, G usomoppHa R" (n=dim G). Ecan B 3TOM Cayuae opu
NOMoOLH u3oMopdH3Ma exp,; mepeHecTd HAa rpynny G CTPYKTYpy BEKTODHOFO
npoctpadctBa L (G), To G HagenieTcsl CTPYKTY POt BEKTOPHOrO NpOCTPAHCTBA,
KOTOpas siBAsieTCs €AMHCTBEHHOH TAKOM CTPYKTYPOH, COr1acOBaHHOMH CO CTPYK-
Typo#i rpynnnl H Tononoruei Ha G. OxHOCBA3HEIE KOMMYTATHBHEIE FPynnkl JIH
Ha3bBaOTCA 8eKTOPHbIMy rpynnamu (JIu); ecliH cneuuanbHO HE OFOBODEHO
npotupHoe, 6yAeM B AajbHeHIIEM CYHTATb MX HAJAEJCHHBIMH CTPYKTYPOH BeK-
TOpHOro R-NPOCTPAHCTBA YKA3aWHBIM BHIIE CHOCOGOM.

6) OGoauauum uepes I (G) smpo orobpaxedus expg CoraacHo
Top. gen., chap. V11, p. 4, th. 1, rpynna G KoMnaKTHa TOrAa H TOJbKO TOTAa,
koraa I' (G) — pewerka B L (G), T. e. (cM. Tam sce) Koraa paHr cBOGOAHOrO
Z-vonyan I (G) pasen pasmepHoctH G. O6paTHo, eciu L — KOHeyHOMep-
Hoe BekropHoe R-mpocTpaHcTBo u I' — pemerka B L, TO TonoJjorsyeckas
tdaxroprpynna L/I' sBasiercsl cBA3HOM KOMMAKTHOA KOMMYTATHBHOH rpym-
noit Jin.
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T

CBsisHble KOMIAKTHBE KOMMYTAaTHBHbIE Ipyniibl JIn HasbBaloTCs geujec-
TBEHHbIMU TOpAMU WNH (B 3TOH TJaBe) NpPOCTO TOPAMU.

B) B obuiem caydae nycts E — BEKTOPHOE MOANPOCTPAHCTBO B L(G)
nopoxpaenuoe I' (G), u nyctb V — ero RononHuTeNbHOE NOANPOCTPAHCTBO.
Torma G saBnsiercs npsiMbiM npoH3BemeHHeM cBoux noxrpynn Jlu exp (E)
n exp (V); nepBas fiBNsieTCsl TOPOM, a Bropasi - - BeKTopHO#H rpynnoii. Hako-
Hel, Ji06asi KoMnakTHas noxrpynna B G cojepxkurcs B exp (E) (IOCKOJIbKY
ee npoekuus B exp (V) o6A3aTesbHO paBHA E€AHHHYUHOMY 3JIEMEHTY); TaKHM
obpa3oM, noarpynna exp (E) ABnsieTcsl eXHHCTBEHHOH MAKCUMAAbHOU KOM-
nakTHo#l moxrpynnoii B G.

Paccmorpum, manpumep, G = C*; oroxaectsum L (G) c C, Tak 4To 3Kcno-
HeHIHalbHbIM oTOGpaxenHeM ais G 6yger x > ¢* Torpa I' (G)=2niZ, E=I(R
u exp (E)=U. Ecau nonoxurs V=R, 1o exp (V)=R%, u MH nony4aem uso-
mopdusm C* — U X R%, nocrpoennniii 8 O6uy. Ton. 1975, ra. VIIL, § 1, n° 3.

r) OTmeruM, HaKoHeu, 4TO eXpg:L (G) > G sABnseTcss yHUBepcasbHBIM
HakpbiTHeM rpynnbl G u, cnenoBarenbto, I' (G) ecrecTBeHHBIM 06pa3oM OTO-
XKIAecTBasieTcsl ¢ GyHAaMeHTanbHOH rpynmno# rpynnb G.

3. Komnaxrusie arzebpos Jlu

[Teennoxenne §. MMycre g — (8ewjecteennasn) arzebpa Jlu. Caedyroujue
YCA0BUA IKBUBAACHTHYL:

(i) ¢ uaomoppna arzebpe Jlu nexoropod xomnaxrrot zpynnet Jlu.

(ii) I'pynna Int (g) (rn. 111, § 6, n° 2, onpenenenne 2) komnaxrua.

(iii) Ha g cyuwjecrsyer unsapuanrnasn 6uruneinas gpopua (rn. 1, § 3, n° 6),
KOTOPAA HEBbIPONOEHHA, NOAOHUTEABHA U CUMMETPUYHA.

(iv) g pedyxrusna (rn. 1, § 6, n° 4, onpenenenne 4). Han 106020 xg
andomoppusm ad x NOAYRPOCT U UMEET 4UCTO MHUMbLE COBCTBEHHbLE 3HAYCHUA.

(V) g pedykrusna, u ee gpopma Kuraunza B orpuyareasvua.

(i)=- (ii). Ecaiu g — aare6pa Jlu komnaktro# rpynnul Jlu G, To rpynna
Int (g) oraesuma u usomopdHa dakroprpynne KomnakTHo# rpynnul Go (ra. 111,
§ 6, n° 4, cnexcTBUe 4); 3HAYUT, OHA KOMMAKTHA.

(i) = (iii). Ecnu rpynna Int (g) KoMnakTHa, TO Ha g CylIeCTBYeT CHMMETPH-
uyeckas Gununefinaa ¢opma, KoTopasi HeBbIPOXKAEHHA, NOJOXKHTEeIbHA U HHBA-
puanTHa orrocHrenbho Int (g) (n° 1) u, Takum o6pa3oM, HHBapUaHTHA OTHO-
CHTEJbHO NPHCOEXHHEHHOro npeicraBienus aare6po Jlu g.

(iii) =- (iv). Ecau (iii) Binonnexo, To npucoe fMHEHHOe NpeACcTaBJieHHe as-
re6pui JIu g monynpocro (n° 1), a ciiegoBaTesibHO, § PeAYKTHBHA; KPOME TOTO,
supomopdusmbl ad x aas x =g o6nagalor TpebyeMbiMH cBoiicTBamMu (nm° 1),

(iv) = (v). dns mo6oro x &g umeeM B (x, x)=Tr ((ad x)?); Takum o6pasom,
B (x, x) ABAsieTcA CYMMO# KBaApaToB cOGCTBEHHbIX 3Ha4YeHHH onepaTopa ad x
H, CJI€XOBaTeNbHO, OTPHUATENbHA, €CJAH 3TH 3HAYEHHUS YHCTO MHHMbIE.

(v)=- (i). Ilycrb g penykrusHa, T. e. BNSeTCS NPOH3BEJEHHEM KOMMYyTa-
THBHOW noAanre6psl ¢ ¥ nonynpoctoil noganre6psl s (ra. 1, § 6, n° 4, npengo-
xkenue 5). Popma Kunnusera anre6psi JIn s ABASAETCA OrpaHHYEHHEM Ha s
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dopmbl B, T. e. HeBLIPOXKIEHHON M OTpHLAaTeNbHOH, ecin B oTpruaTe/bHa.
Moxrpynna Int(s) B GL(s) samkuyra (sBASeTCSl CBA3HOW KOMMOHEHTOW
exnnutn 8 Aut (8), ra. I, § 10, n® 2, caexctere 2) B OcTaBAfeT HHBAPHAHT-
HOH HEBHIPOXKIEHHYIO MOJIOXKHTENbHYIO popMy — B; cneloBatelbHO, OHA KOM-
naKrHa, H s usomop¢Ha aare6pe Jln kommakrHo# rpynnst J1u Int (s). Kpome
TOFO, TaK KaK ¢ KOMMYTaTHBHA, OHa H3oMop¢Ha anare6pe JIu topa T. Takum
o6pasom, g uaomopdHa aiarebpe Jlu komnakrHo# rpynnu Jik Int (s) X T.

OnpeaeneHuE l. Kounaxrnod ') arzebpod JTu nasvisaercsa aobas arzebpa
Ju, ydosaersopaowan ycaosuam (i) — (v) npedrosenus 1.

Taknm o6pasoM, KoMnakTHas aare6pa JIn ABIAeTCA NPoK3BeJeHHEM KOM-
MYTATHBHOH anreGpsl Ha KOMIAKTHYIO NONYAPOCTYIO anarebpy. llpyrumu caosa-
MHE, uToOHl anre6pa JIu 6ula KOMNAaKTHOH, HEOGXOMMMO H JOCTATOUHO, UTOGH
OHa OblJla PelyKTHBHOH, a ee NpoH3BoAHas anre6pa Oblja KOMOAKTHOM.

Aare6pa Jln xoMnaktHo# rpynnu JIu KOMOakTHa.

*

[TrennoxeHuE 2. a) I1poussedenue Koneunoeo wucaa arzebp Jlu asaaerca
KomnaxTuoi arzebpod Jlu To20a u Toasko 10200, K020a KN 6Ll COMHONCUTEAL
KOMNAKTex.

6) Hodaszebpa xkomnaxtholi arzebper Jlu KomnakTHa.

B) ITycto b — uleanr xomnaxtroil arzebpet JIu g. Tozda asrzebpa JTu g/b
KoMnaxkTha u pacwupenue b — g — g/b rpusuasrsno.

YrBepxaenus a) H 6) caenylot u3 ycaopu4 (iii) npegnoxenns 1. Yacrs B)
caexyer H3 a) H H3 TOro (pakra, UTo B peAyKTHBHONU anre6pe Jlu Bce Hipeadnl
SIB/IAIOTCA NPSIMBIMH cOMHOXHTeNsIMH (Ta. I, § 6, n1° 4, cnexcTBHe npepaoxe-
HHS 5). .

Ieennoxenne 3. Mycre G — 2pynna Jlu, Takas, 4ro 2pynna ee CeA3HbLLY

KoMnoHenT Koneuna. Caedywoujue Ycaosus IKBUBANCHTHOL: ‘ )
(i) Auseebpa Jlu L (G) komnakrHa.

(ii) F'pynna Ad (G) xomnaxrna.

(iii) Ha L (G) cywecTayer neaolponOennan NOAOKHUTEALHAA CUMMET pULE-
ckaa Guaunelinas opma, UHBAPUAHTHAA OTHOCUTEALHO NPUCOEOUHEHHOZO
npedcrasaenua zpynnet JTu G.

*(iv) Ha G cywjecTsyer pumanosa MeTpuxa, UHBAPUAHT HAA OTHOCUTEALHO
A€80LX U npasuix COBU208.5

(i) = (ii). Ecau L (G) komnakTHa, 10 rpynna Ad (Go)=1Int (L (G)) koMnakT-
Ha, NOCKOJbKY OHAa HMeeT KOHeuHblii HHpekc B Ad (G), mocaenHsasa rpynna
TaK>X€ KOMHOAaKTHAa.

(if) = (iii). dto cnenyer u3 n° 1.

(iiiy = (i). Tak kak Int (L (G))< Ad (G), To yrBep:K1eHHe BEITeKaeT H3 M. (jii)
npennoxenns 1. -

l) OTMeTHM, YTO BEILECTBEHHOE TOMOJIOTHYECKOE BEKTOpHOE MPOCTPAHCTBO MOXET
6HITh KOMNAKTHBIM TOMOJIOTHYECKHM [IpOCTPAHCTBOM, TOJILKO €CJIH OHO HYJIEBOE.
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*(jii)<>(iv). 310 crenyer u3 ra. 111, § 3, n° 13.,

4. I'pynnoi ¢ xomnaxThoimu arzebpamu Ju

Teopema 1 (T. Befun). ITycro G — caasnasn 2pynna Jlu, ascebpa Jlu
Koropoli komnaxTHa u noaynpocra. Toe0a G KOMNAKTHA U €€ YEHTP KOHeuEH.

IMockonsky G monynpocta, ee neHtp D auckpereH. Kpome Toro, dakrop-
rpynmna G/D usomopdua Ad (G) (ra. 111, § 6, n° 4, cnencTBHe 4), a 3HAYHUT,
KOMIaKTHa (npepjoxeHue 3) Haxouen, G/D coBnagaer co cBoeil NpoH3BOA-
Ho#t rpynmnoi (ra. 111, § 9, n° 2, cneacreue npenyoxenus 4). Takum 06pa30M
Teopema BHITEKaeT H3 npenyoxeHHsa 5 w3 Hwreep., ra. VII, § 3, n° 2.

Ireanoxenve 4. Mycte G — caasHaa epynna Jlu ¢ KOMNAKTHOR arzebpod
Ju. Cywecrayor top T, 00HOCBA3HAS NOAYNPOCTAA KOMNAKTHAA 2pynna
Ju S, aextopras epynna V u cropeexTusHbll MOpHUIM C KOHEUHBIM AOPOM
[:VXTXS— G. Ecau G Komnakrra, TOo epynna V cOCTOUT Auis U3
e0UHUHHO20 INEMENTA,

Mycts C (cootB. S) — OpHocBszHast rpynna JIu, anre6pa Jlu Kotopoi
usomopdHa UeHTpy (cOOTB. npoH3BofHof anare6pe) aare6pul Jlu L (G). Torna
C — BeKTOpHad rpynna, S — KOMNakTHasf FpyInna ¢ KOHeYHBIM LEHTPOM (TeOo-
pema 1) u G oroxpectsasercs ¢ dakroprpynnoit CX S no AHCKpeTHON mOA-
rpynne D, koropasi ueHTpansHa (Hureep., ra. VII, § 3, n° 2, nemma 4}, Ilo-
cKOJIbKY 06pa3 D npH oTofpaxeHHH B S LeHTpaJjeH H, C/I€lOBaTeJbHO, KOHE-
yeH, T0 D) C — noarpynna koHeuHoro HHAekca B D. [Tyetb C’ — BekTopHOe
noanpocTpancTBo B C, nopoxjeHHoe D[1C, m V — JONOJHATENbHOE MNOA-
npocrpanctso. Toraa rpynna T= C’/(DNC) sBaserca Topom, 1 G H30-
MopdHa ¢akToprpynne npousBeaeHHss VX T XS no HeKOTOpoil KOHeYHOH
rpynmne,

Eciu G xoMnakTHa, TO KOMIIAKTHO H npousBeaenue VX T X S (06w, Ton.,
1969, ra. 111, § 4, n° 1, caexcTeHe 2 npelsoxeHHS 2), a cJIe0BaTeJbHO,
rpynna V komnakTtHa, otkyaa V={e}.

Caeacteue 1. Mycre G — ceasnana Komnakthaa epynna Jlu. Toeda
C (G) — rop, D (G) — komnakrHas noaynpocras ceasnan epynna Ju u mop-
pusm (x, Y) > xy u3 C (G XD (G) 8 G A847€TCS KOHEUHBIM HAKPLITUEM.

B o6o3Hauennsix npemtoxenduss 4 V={e} v nogrpynou [(T) u f(S)
B G KOMNAKTHH H, 3HAYMT, 3aMKHyTH. [103TOMY AOCTaTOUHO NOKa3aTh, 4TO
f(D=C (G, [(S)=D(G). Umeem L (G)=L (f(T)XL (f(S)). Mockoabky
S noaynpocta, a T xommyratueHna, L (f (T)=% (L (@)=L (C (G)) (ra. 111,
§ 9, n° 3, npeasoxente 8) u L (f(S)=2L (G)=L (D (G)) (ra. 111, § 9, n° 2,
C/e[ICTBHE NpeJOKeHHs 4), OTKyJa C/leLy€eT JOKa3biBAEMOE yTBEepKACHHE.

Caeactsuk 2. Lentp u ¢pyndamenrasbnas epynna ROAYnpocTol cea3nol
KoMnaxkTrold epynnot Jlu KoneuHsl, @ ee YHUBEPCANBHAS HAKDPLIBAIOWAA KOM-
naxKrTua.
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B o6osnauyenusx npeasioxenust 4 rpynnsl V B T coCTOAT JKIIb H3 €XH-
HUYHOTO YJEMEHTa; TaKHM 06pa3oM, S ABJIsAeTcs yHHBEpPCAJNbHOR HAKPLIBAIO-
meit rpynnsl Jiu G, B dpysaamenransHas rpynna rpynns Jlu G H3omopdHa
Ker [, a ciepoBatenabro, koHeuHa. [Tockoneky G noaynpocra, ee uenrp D guc-
KpeTeH M, 3HaYHT, KOHEUEH.

Caenctue 3. Pyndamentasvnasn epynna c873HOL KOMNAKTHOL 2pynnot
JIu G nsasercs I-modysem KOHE4HO20 TUNQG, U ee paHz pasex pPa3MepHOCTU
C (G).

JleficTBUTENIbHO, B 0603HAUEHUSX CIEACTBHSA | DynaaMeHTanbHAs rpynna
rpynnst JIu C (G)o usomopona 2", rape n=dim C (G), a dysnamenrasbHasn
rpynna rpynnsl Jlu D (G) KoreuHa (cnreictsue 3).

Cunenctsue 4. [Mycte G — ceaA3nas komnaxrras epynna Ju. Caedyoujue
YCA08UA IKEUBAACHTHDbL. >

(i) G noaynpocra,

(i) C (G) koneuna;

(iii) 7 (G) xoneuna.

Ecau G odnocsasna, 10 ona noaynpocra.

3To BHITEKaeT H3 CAeACTBHH 1--3.

Cneacteue 5. IMycte G — ceasnas komnaktnas epynna Jlu. Tozda
Int (G) — ceasnas xomnonenta edunuysl epynnet Ju Aut (G) (ra. 11, § 10,
n°® 2).

Mycts f=Aut (G)o. Toraa f unayunpyer asromopdusm fi rpynnst C (G
i aBromMop¢usM f» rpynnnt D (G) u fieAut (C (Gh), fosAut (D (G).
IMockonsky rpynma Aut (C(G)) nmuckperwa (Top. gen., chap. VII,
p. 15, prop. 5), to fi=Id; nockoaeky D (G) nmoaympocta, TO, COFJIaCHO
ciegctsuio 2 teopemul 1 3 ra. III, § 10, n° 2, cymecTByeT 3MeMeHT g H3
D (G), rakodt, uto fz(x)=gxg~' ans scex x=D(G). Hua moboro
x=C (G umeem gxg '=x=f(x); Tak kak G=C (G).D(G), To
H3 3TOro caepyer, uro gxg '=f(x) ans Bcex x=G; TaKHM o6pasom,
feInt (g).

IMeeanoxenue 5. Mycte G — epynna Jlu ¢ komnaxkTroi areeb6pod Jlu.

a) Ilpednoaoxum, uro G ceasna. Toeda cywjectayer nauboaduias
Komnakrnas nodzpynna K e G, koropasa caasua. CyuwjecTsyer 3GMKHYTAA
yentpassvras sexropruan (n°2) nodzpynna N 8 G, raxas, uto G agasnerca
npamoin npoussedenuen N XK.

6) Ilpednosoxcum, 410 2pynna c8A3HbLE KOMNOHenT epynnot G Koneuna.
Toz0a

(i) JTio6as komnaxtnas nodepynna 8 G codepxurca 8 MAKCUMAAbHOL
KomnakTrot nodepynne. o

(ii) Ecau Ky u K2 — dse maxcumarsnbie komnaxrusie nodepynnot 8 G, 10
cywecrayer g G, Takoii, 4to Ko=gK;g~".
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(iiiy Hycre K — maxcumassnas xomnaxrras nodepynna e G. Tozda
KNGy cosnadaer ¢ Ko; 910 naubosvuian Komnakrras nedepynna e G,

(iv) Cywecrsyer 3aMKHYTAA UEHTPAAGHAR BEKTOPHAR nodzpynna
N 8 Gy, Hopmaasran 6 G u Takan, 4To 0A8 A0GOL MAKCUMAALHOL KOMRAK-
Trol nodepynne. K 6 G epynna Jlu Go A64seTcA npamoin npoussedersiem
Ko na N, a G — noaynpansin npoussedenuesm K na N.

a) Vicnoabzyem o6ozHaueHus npepsiomenns 4. Ilpoeknus Ker f Ha
V ABASiCTCS KOI:2YHOH MOArPYNHOH BEKTOPHON rpynnb V u, 3HauuT, coBna-
LaeT ¢ eawHHuHbIM 37iemeHToM. M3 sToro cnepyer, uro Ker [ copepxiurcs
B TXS, a takxe uro G ABAASTCA MPAMbIM NPOH3BEAEHHCM BEeKTOPHOR
rpynnet N=f(V) u KOMHaKTHOyI rpyansl K=[ (T X S). Mpoekuusa moboi
KOMIMAaKTHOIl MOArpynmhl rpyrmm Jlu G B N coBnagaer ¢ eJdHHUHLIM 3Jj€-
MEHTONM, H, CJIeAOBATeJabHO, 3Ta MoArpynna cogepxurcd B K. 310 poKassl-
BaeT a).

6) Ilpernosoxum Teinepb, uto rpynna G/G, koneuHa. CornacHo a),
Go siBnsieTcsl NpsAMBIM NpOU3BeNcHHEM CBOeil Hauboabliell KOMNAKTHOM
nmoarpynnbi M Ha BeKTOPHYIO NOArpynny P; OueBHAHO, YTO LOArpymnna
‘M B G nopwmanbua. [TycTs n — BekropHoe noanpoctpauctso B L (G), no-
NoJIHUTeNbHOe K noanpocTpaHcTBy L (M) © ycTodunBOoe OTHOCHTeNbHO
npiicoefdHEeHHOro npeacTaBsaeHuHd rpynnst G (n°1 u n° 3, npeanoxenie
3); Torga n — upean B L (G) u L (G)=L (M)Xn. [lycte N — HHurerpann-
Haa nomrpynna B G c¢ agre6poi JIu n; cornacHo npepnoxenuo 14 u3
ra. IIl, § 6, n° 6, ova nHopmanbna B G. Ilpoekuss u3 L (G) B L (P) ¢ sig-
pom L (M) unpynupyer usomoptdusm n ua L (P); u3 3Toro caexpyer, 4to
npoekuust Go Ha P muayuupyeT staibHulii mMopduam N Ha P, MOCKONBKY
P opuocBA3Ha, 310 H3oMoppu3M, H N — BektopHas noarpymnmna. Mop-
¢usm (x,y)>xy 3 MXN B G sABaseTcds HHDBEKTHBHBIM (MOCKOJBKY
MNN paBHO eAHWHHYHOMY 3JIEMEHTY) 3TaJjibHbiM MOP(QH3IMOM, a cleJoBa-
TesbHO, H3oMopdHamom. M3 3Toro BmiTekaer, 4TO N — zamknyras non-
rpynna 8 G ¥ uro dakroprpynna G/N xomnakTHa, nocxonbxy Go/N kom-
naktia, a G/Go xouweuna (O6w. ton., 1969, ra. III, §4 n° 1, cnexcteue
2 npeanoxenus 2).

CoraacHo npemsioxeHuo 3 us Hureep., ra. VII, § 3, n® 2, nmo6as, xom-
nakTHaa noarpynna B G CONEPXKUTCA B MaKCHMaJbHOH KOMHOAKTHOH mol-
rpynne, Bce MakcHMaJsbHble KOMNAKTHbE TMOArPYNMNb B G CONMpsiKeHb H LA
10605 MaKcHMAasbHOIl KoMnakTHOk noxrpynnu K B G rpynna Jlu G siBaser-
ca noaynpsimbim npousBefenneM K na N. [lockonbky Go conpepxkHT N, TO
OHa fABJfeTCs1 NONYNPAMBIM npouseenedem N na Go) K; u3 3toro caenyer,
uto Go} K cBfisua #, 3HAuuT, coBnajaetr ¢ Ko, Tak kak K/(Gu K) usomopd-
Ha G/Gy, TO oHa KOHeuyHa; HaKOHel, OYeBHIHO, 4To Ko siBiasieTcsi HaHGOJb-
wedl koMnakTHO# moarpynnoii B Go cornacHo a).

Caenctsue. Ecau N ydosaersopser ycaosusm 6) (iv) u ecau Ky u Ko —
dse makcumarsrsie Komnarrsie nodepynnot 8 G, TO cyujecTsyer dAement
ne N, rakod, 4o nK; n™'=Ka.
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[eiicTutenbHo, coraacHo (ii), cylmectByer siaement ge=G, TaKof,
uto gK, g~ '=K,, coraacho (iv), cymectByior n=N u k=K, Takue,
uto g=nk. Takam o6pa3oM, »3jJeMeHT n o6Jagaer TpeGyeMbM
CBOHCTBOM.

§ 2. MakcumaabHbE TOPH KOMRAKTHBIX rpynn JIu

1. odarze6pn Kaprana xomnaxtaoix aszebp Jlu

Jlemma 1. Iycre G — epynna  Jlu, K — xomnaxkrras nodepynna
8 G u F — unsapuanrnas 6usunetnan ¢opma na L{G). Hycts x, ye L (G).
Cywecrsyer saement k u3 K, rakod, uro O0asn ecex usL(K) umeem
F (u, [(Ad &) (x), y])=0.

Dyuxkuus v > F((Ad v)(x), y) 13 K B R wenpepulBHa H, ciefoBaTebus,
uMeeT MHHMMYM B HekotopoH touke ke K. I[lyeth ues L (K); nonoxum

h (f)=F (Ad exp (tu).k) (x), y), t<R.

-Aas Bcex { umeeMm h(f)=h (0). C npyroil cTopoHbl, cOrJjacHo npeasoxe-
Huio 44 u3 ra. 111, § 3, n° 12, umeem

D O=F (. (Ad &) (9} )=F (u, [Ad #) (x), )

OTKyAa cJeiyer RokasatesbctBo Jemmu (FVR, chap. I, p. 20, prop. 7).

Teorema L. Mycts § — komnaxrrnas ascebpa Ju. Modarzebpu Kaprana
anzebporJiu g (ra. VIL § 2, n° 1, onpenenenne 1) 284310TcA ee MAKCUMAALHOL-
MU KOMMYTATUBHOIMY nOOAAN2e6pAMU; 8 HACTHOCTU, § ABARETCA 06BeOUHERILEM
caoux nodaazebp Kaprana. I'pynna Int (g) Oelicrsyer Tpansurusno na mnoxce-
crae nodaszeGp Kaprana aszebpor Jlu g.

Tockonbky @ peayKTHBHA, ee nojaire6pnl Kaprana KoMMYTaTUBHBI
(ra. VIL § 2,n° 4, cneacraue 3 teopemnt 2) . O6paTHo, nycTb t — KOMMYTaTHB-
Has nopaare6pa B g. CorsacHo npepyoxennio 1 u3 § 1, n° 3, sugomopdusm
ad x monynpoct ans Beex x t. Cornacuo npensoxenuio 10 us ra. VII, § 2,
n° 3, cywecrsyer nogaiare6pa Kaprana aare6pul JIu g, conepxauas t. dro
JIOKa3plBaeT MEPBOE YTBEPKAECHHE TEOPEMHI.

Tlyctb t u t' — nBe monanre6pu Kaprana anre6pm Jlu g. Lokaxem, uro
cywecTsyer asToMopdusM u < Int (g), Takoi, uto u (t)=t". CornacHo npeaJjio-
xenmio 1 u3 § 1, n° 3, MoxxHo npeanoaararb, uto g uMeer Bux L (G), rae G —
cBA3Masi KoMmakTHasA rpynna JIM, H Ha g MOXXHO BHIGparTb HEBHIPOXAEHHYIO
HHBApHAHTHYIO CHMMETPHUeCKYI0 OuiuHelHyio ¢opmy F. Ilyetp x (co-
OTB. ') —— peryJsipublii 3JeMeHT ajre6pu g, Takol, uro t=g° (x) (coors. t’ =
=¢°(x")) (ra. VI, § 3, n° 3, teopema 2). Ilpumensa nemmy | npu K=G,
BHIHMM, YTO CyllecTBYeT Takoi sJemedt k<G, uro 3jnement [(Ad k) (x), x']
OpTOroHaJieH g OTHOCHTEJNbHO F H, cTano 6LiTh, paBeH uyJaio. Takum o6pasom,
(Ad k) (x)=g° (x)=t’ n, caepoBatenbno, g° (Ad k) (x))=t’, nocKoabKy 3Je-
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ment (Ad k) (x) perynsiped. Mbl NpHXOAHM K 3aK/JioueHHIo, uto (Ad k) (t)=t'.
Teopema pokasana.

Caeacteue. Mycre t u ¥ — dse nodaazebpor Kaprana 6 ¢, a — nod-
MHOdCECTBO 8 t, U — asToMOpPusm arzebpol Jlu g, nepesodauuil a 6 t'. Cy-
wecrsyer aaement v us Int (g), rakod, uro uov orobpaxcaer t na t’ u cosnadaer

C U Ha a.
T

NMonoxum G =Int (g) u paccMoTpuM cTabunuzatop Z; (a) NOAMHOXKECTBa
a B G; sto noarpynna Jlu B G ¢ anre6poit Jlu g (a), cocrosimedi u3 Tex
3feMentoB aire6pnl JIu g, KOTOpbie NMepecTaHOBOUHBI CO BCEMH 3JIEMEHTAMH
muoxecrsa a (ra. III, § 9, n° 3, npeanoxenue 7). Torna t u 4™ (') — nBe
noaare6pn Kaprana xomnaxtHoil anre6pu Jiu 3, (a). Cornacuo Teopeme 1,
CyllecTBYeT 3aeMeHT v M3 Z g (a), Takoi, uto v (t)y=u~' (). Dror saemeHT
obGsiafaer HyXKHHMH CBOHCTBaMH.

2. Maxcumanavnoie Topti

[Myctb G — rpynna Jlu. Topoun B G Ha3sbiBaeTcst Jo6asi 3aMKHYyTas
noArpynna 3tofl rpynnsl Jlu, aBaswowasncs Topom (§ 1, n°2), 1. e. gobas
KOMMYTaTHBHAS CBSi3Hasi KOMMAKTHas MOArpynna. MakcHMaJjibHble 3J/ieMEHTHI
MHOKeCTBa TOPOB B rpynite G, ynmopsiio4eHHOTO N0 BK/IIOYEHHIO, HAa3bIBAIOTCS
Makcumasrousimu ropamu B G.

Teopema 2. Mycts G — ceasHan komnaxruas epynna Jlu.

a) Anczebpui Jlu marxcumarvrivix Topos 8 epynne Jlu G asasworca nodaa-
eebpanu Kaprana e L (G). '

6) MMycro T u Ty — Osa MAKCUMALLHBLX TOPA 6 G. CywecTByeT 3aeMenT
geG, rakotl, uro Ty=gTy g~

B) G asanerca o6veduUHEHUEM CBOUX MAKCUMBAbHBIX TODOB.

IMycte t— noganre6pa Kaprana B L (G). MaTerpanbuas noarpynna
B G ¢ anre6poit Jlu t 3amknyTa (ra. VI, § 2, n° 1, caeacrare 4 mpeanoxe-
HHS: 4) W KOMMYTaTHBHA (TeopeMa l), a c/lelOBaTe/bHO, ABJISETCS TOPOM
B G. Ecsin T — makcumadabHblil Top B G, T0 ero anreGpa JIH KOMMYTaTHBHA H,
cTajio GHiTh, COAEPKHTCA' B HeKOTOpoH mojajrebpe Kaprand aarebpb Jlu
L (G) (teopema 1). Otcioga cienyer, YTO BCe MaKCHMaJbHbIE TOPH B rpymme
Jlu G cyThb B TOUHOCTH ee HHTerpajbHble MOArPYNNsl, ACCOLHHPOBAHHbIE
c nopanre6pami Kaprana aiare6psl Jiu L (G). YTBepxkeHue a) AOKa3aHo.
YrBepxaeuue 6) cieayer H3 Teopembl 1, NMOCKOJBLKY KaHOHHYECKHH rOMO-
mopousm G — Int (L (G)) clopbekthen (ra. I, § 6, n° 4, creactsHe 4 npeg-
aoxenns 10).

O6o3unaynM yepe3 X obbelHHeHHe MAKCHMAJBHLIX TOPOB B rpymne G,
# nyctb T — MakchManbHblfi TOp B G. O6pa3oM HENpepPhIBHOrO OTOGPaXKEHHS
(g, ) gtg™" u3 GXT B G sBasiercss maoxecTBo X, KOTOPoe TEM CaMbIM
aamxnyro 8 G. [Ins AokasaTenbCTBa B) AOCTATOUHO YOEAHTHCA B TOM, YTO
X ortkpeito B G. [MTockosbky X YCTOHMYHBO OTHOCHTENBHO BHYTPEHHHX aBTO-
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MOp(}H3MOB, JOCTATOUHO IOKA3aTh, YTO 15 BCEX ae T MEOXecTBO X AIBAsIETCA
OKpECTHOCTHIO TOYKH a. JlOKaxkeM 3TO HMAYKUMeH N0 pasMepHOCTH Tpymibl
JIu G. PaccmorpuM aBa caydas:

1) a ne npunadaesxcur yenrpy epynnot JIu G. Ilycto H — cBs3Has Komo-
HEHTa eIMUKIL UEeHTPpaAH3aTopa Z ;(a). 1o cBA3HAS KOMNAKTHAA NOArpynna
B G, otauynas ot G, couepxkamasn T u, cTano 6uThb, a. [TocKONBKY 3HI0MOp-
¢u3m Ad a noaynpocr (§ 1, n° 1), anre6pa Jlu noarpynnut H siBAAETCS HUJIb-
npoctpascteom sua0MopdusmMa Ad @ — 1. Mia npepnoxenus 4 us ra. VIL, § 4,
n° 2, cnepyer, 4TO MHOXecTBO Y, sBAsiiolleeci OObeJAWHEHMEM MOAT Py,
conpsixenunx ¢ H, ectb OKpecTHOCTb TOYKH a. COIIacHO NpPeAnoJoXKeHHIO
unaykuuu, Hc X u, caeposarensto, Y —X. Takum o6pa3om, X — okpecr-
HOCTDb 4.

2) a npunadaewmur yentpy epynnot JIu G. JLocTaTOYHO AOKa3aThb, YTO
a exp x npusapaexur X aasa mo6oro x u3 L (G). ITockonbky 110601 3n1eMEHT
x u3 L (G) npuHannexxut Hekoropoii nonaare6pe Kaprana anre6pu Jlu L (G)
(TeopeMa 1), To cooTBeTcTBYIOLIAs MHTerpaJjbHas noarpynna T’ comepxur
exp x. Tak kak noarpynna 7’ conpsizkena ¢ T, TO oua cCOAepKHT d H, CJIEI0BA-
TesbHO, @ exp x. Orcioaa BuTeKaeT TpeGyemoe yTBepKICHHE.

Cnencteue 1. a) 3Ixcnonenyuaavnoe orobpaxenue Oan G cropdek-
TUBHO,
6) Han awbozo n==1 orobpaxcenue g — g" uz G 8 G cropvexrusno.

Heficteurensuo, exp (L (G)) comepXkur Bce MakcHMaibHue Topw B G,
uro paer a). YreBepxkienue 6) caenyer toria u3 Qopmyin (exp x)"=exp nx
s x M3 L (G).

3amewanue 1. CymectByer KounaxTHoe nogMHoKectBo K B L (G), Takoe, uro
exp; (K)=G. [leficrBurenbHo, eciH T — MakcHMa/buHE TOp B G, To cyuiecTByer

komnakr CcL(T), ans koroporo exp y(C)=T; nocratouso Bsath K=
= U (Ad g) (C).
gei
Caeactsue 2. lepecenenue maxkcumarvnotx Topos 8 zpynne Jlu G nsaner-
¢a yenTpoMm aroil epynnot Jlu.

IMycrb x — uenTpanbuuiit 3nemenT B G. CorsiacHo TeopeMe 28), cyuiecTsy-
eT MakcHManbeui Top T B G, comepxXawuit x. Toraa x npHHALJIEKUT BCEM
TOpaM, conpsiKeHHbIM ¢ T, T. €. BceM MakCHMasbHBIM TOpaM B rpynne Jlu G.
OGpaTHO, eciM x NpHHAANEKHT BCEM MAaKCHMalbHuM TopaMm B G, TO OH,
COIJIacHO TeopeMe 2B), KOMMYTHPYET CO BCEMH 3/leMeHTaMu H3 G.

Cuaencrsue 3. fTycre g=G, u nycte C — ezo yenrpaausarop. Tozda
g npunadaexcur Co, npuuenm zpynna Cy asanerca 06sve0unenuem MaKCUMALD-
noix Topog 8 G, codepacawyux g. .

Cymectsyer Mmakcumaabhuii Top T B G, conepxawuii g (reopema
28)) H, caeposareabHo, copepxawufica B Co. C aApyroit ctopoun, Co — cBsi3-
Has KoMnakTHasl rpymna JIM, tak 4To OHa siBjsiercsl OGBbeAMHEHHEM CBOHX
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MakKCHMaJIbHBIX TOPOB (TeopeMa 2B)); Bce OHH cojepxar g (caeacrsHe 2),
1. €. B TOYHOCTH SIBJASIOTCSI MaKCHMAJILHEIMH TOpaMH B U, cofepXaliuMH £.

Cnencreue 4. fMycre g=G. Ecau g — pezyrapusiii yaement (ra. VII,
§ 4, n° 2, onpenederne 2), TO OK NPUHAOREHUT eOUHCTBEHHOMY MAKCUMANL-
HOMY TOPY, KOTOPbLE ABARETCA CBAZHOU KOMNOHEHTOR eOUHILYbL €20 YEHT PAAU-
saropa. Ecau g ne pecyasnpen, ro on npunadaexcur 6eckonedromy Mnoo/cecray
MAKCUMANLHOIX TOPOS,

IMockoasky Ad g noaynpoct, pa3MepHOCTb HHJBIIPOCTPAHCTBA 3HJIO-
mopdusma Ad g — 1 Takasi ke, Kak ¥ pasMepHocTb LieHTDanHsaTtopa C 3Je-
Medra g. CoraacHo teopeme 1 u npepnoxennio 8 u3 ra. VIL, § 4, n° 2, snement
g peryasipeH TOrJla M TOJMLKO TOrAa, koria Co — makcHMaabHbil Top B G. Uc-
noAL3yst CJAENCTBHE 3, 3aBepulaeM J0KA3aTedbCTBO.

Cnencreue5. a) Hycre S — rop e G. Lenrparusarop epynnor S cessen
u aganerca ofvedunenuem MaKcumarsuoix Topos 8 G, codepacawjux S.

6) Hycro s — xommyraruenas nodascebpa s L (G). Crabususarop s
8 G censen u naanerca o6vedunenuen maxcumarotoix ropoe 8 G, arzebpa Jlu
KOTOpbLX COOepiuUr s.

Ins nokasatenncTBa a) JOCTATOYHO IPOBEPHTD, YTO €CJAH JNEMEHT g rPyIll-
nel JIH G nepecraHoBoueH ¢ S, TO Cyl[eCTBYET MaKCHMAaJbLHbIH TOp B 3TOH
rpyune JIn, cogepxaiunil S # g. Ho ecain C — uedrpanusarop sneMeHra g, 1o
g=Cy (cnencrene 3) u S Co. Ecan, nanee, T — MakcHManbHbli TOP B CBA3-
HoH KommakrHo# rpynmne Jin Co, comepxaunit S, To g=T (cneacrsue 2),
OTKYZa BbIT€KaeT a). YTBepXKaeHHe §) cJelyer ¢ yyeToM npeioxKeHnst 9 u3
rin ML, § 9, n° 3, n3 yTBepKAeHHS! a), IPHMEHEHHOTO K HHTErpajabHOM MOI-
rpymnne ¢ aare6poit Jiu s.

3ameuwanue 2. s cneactsust 5 BHTEKaeT, YTO MaKCHMaJbHbIH TOp B rpynme

Jli G siBasercs ee MakKCHMajbHOH KOMMYTaTtHBHOR noarpynmoft. O6parnoe

HepepHo: HanpuMep, B rpynne Jin SO (3, R) MakcHMmaJjbHble TOpbl HMEIOT pa3Mep-
Z HOCTb | H, cJle0BATeJIbHO, HE MOryT COJEPXKaTh NOATPYANY AHAroHaJbHLX MATPHIL,

- usomopdryo rpynne (Z/2Z). C npyroft cToponsl, ecin g SO (3, R) — Heckansp-

Hasi AMaroHaJbHasl MaTpHLa, TO g — peryiaspHbit saement rpynnnl SO (3, R),

IIEHTPAJNH3aTOP KOTOPOrO HecBsizeH (cM. caeacTBHe 4).

Chaeacteue6. Makcumaronsie Topot 8 G ABASIOTCA CEOUMI COBCTBEHHbIMU
YeRTparu3aropamy u craburusaropamu ceoux aszebp Jlu.

Iyers T — makcumaabipit Top B G 1 C — ero nenrpaausarop. Tak kak
L (T) — nopanre6pa Kaprana B L (G), o L (T)=L (C). CaenoBarennbto, C=
=T, nockonbky C — cBsi3Hasi MoOArpymna (cleiAcTBHe 5).

Crenctue 7. [Tycrs T u T’ — dsa maxcumarsrotx Topa's G, A — noduno-
aecrso 8 T u s — asromopduan epynnet G, nepesodauuii A 8 T'. Cywecreyer
g=G, raxod, yro so (Int g) oro6pamaer T na T’ u coenadaer ¢ s na A.
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Mycts € — uenrpannsatop MHoxectsa A. Torna T u s™'(T") — nBa
MaKcHMAaJbHbX TOpa B Co. JII060# 3nement g U3 Co, Tako#, uro (Int g) (T)
=s"'(T"), 061anaeT Hy>XHbIMH CBOHCTBAMH,

Caencteue 8. MMycre H — rxomnaxrnan epynna Jlu u T — maxcumanonoiil
rop ¢ H. Toeda H=Ny(T).Hy u aaosenue Ny(T}) 6 H undyyupyer
usomopgpusm N, (T)/NHO(T) na H/H,.

Mycte heH. Torna h~' Th — MakchMaibHbi TOp B Ho, B, CJI€L0BATENb-
Ho (Teopema 2), cyiuecrnyer snemeHT g = Hy, Tako#l, uro hg = Ny (T). Takum
o6pasoM, h npuHamIexuT Ny (T).Ho, OTKyna BuTEKAET NepBOE yTBEpKACHHE.
Bropoe yTBepiKIeHHE HeNOCPEACTBEHHO CJeAyeT H3 NEepPBOTO.

3amewanun. 3) Mycrs G — ceA3nan rpynna JIH ¢ KomnakrHo# aareGpol
JIn. HasoBem nodzpynnamu Kaprana 8 G MHTErpanbHbie NOArPynnbl, aare6per JIu
KOTOp bIX AIBASIOTCA Nofaare6pamn Kaprana aare6put JTu L (G) (noarpynnst Kapra-®
Ha CBA3HON KOMNAKTHOH rpynnsl JIu ABASAIOTCS ee MAKCHManbHBIMH TOpaMu ). Teope-
Ma 2 U ee CJIELCTBHS OCTAIOTCA CNPaBefuBbIMU Ansi G, €C/IH B HHX BCIONY 3aMEHHTH
BBHIPAKEHHE «MaKCHMaabHBA TOp» Ha BhIpaxkeHhe «noiarpynna Kaprana». 3ro
ciefyer B cCUny npeanoxenus 5§ 1, n° 4, u3 roro pakTa, uro G ABJAETCA NPAMbBIM
npoH3BefleHHeM BEKTOPHOM rpynmnnl V Ha CBA3HYIO KOMNAKTHYIO rpynny K, u u3 Toro,
4To noAr pynns Kaprana 8 G ABASIOTCA POH3BERCHHAMH Ipynnsl V Ha MakcHmallb-
Hule Tophl B K. OTMeTUM, MeXAY NPOYHM, YTO U3 CJAEACTBH A 6 ITOTO MYHKTA BHTEKaeT
TaKxe, yro noArpynnsl Kaprana mMOXKHO ONPENEHTb KaK CTaGHIM3aTOPH NMoAan-
re6p Kapraua B L (G).

*4) YTBepx AeHue B) TeOPeMBl 2 MOXKHO TaKKe J10Ka3aThb CJelYIOHM 06pa3om.
Bynem cuuratsh, uro G HajeseHa WHBapHaHTHOH pHmaHOBOH MeTpuko# (§ 1, n° 3,
npeanoxente 3). Toraa mas do6oro wiementa g 3 G cyLiecTBYer MaKCHMabHas
reojesuyecKas, npoxoafAuias yepes g v elHHHYHLIN 3JemenT rpynns JI G (Teopema
Xonga — Puxosa). [Iposepsiercst, uto 3ampikaHHe 3TOH reomesHyeckol ssisercs
noxropom B rpynne Jlu G.,

3. Maxcumanaonoie Topor 8 nodebynnax u 8 (paxropzpynnax

IMeennoxeuue 1. Hycte G u G’ — O0se cena3nvie KOMNAKTHble 2pyn-
not Jlu. .

a) Iycre f: G — G’ — clopvekTusnoii moppuan 2pynn Jlu. Maxcumans-
note TopoL 8 G’ ABASIOTCA 06PA3AMYU MAKCUMANLHBLX TOPOS 8 G npu oTObpasce-
nuu f. Ecab adpo orobpancenus | yentpaavno 8 G (nanpumep, ouckperHo), 70
Makcumaronovie Topbt 8 G A6AROTCA 8 TOUHOCTU npooépaaamu MAKCUMAALHOLY
ropoa 8 G’ npu orobpaxcenuu f.

6) Hycrb H — caasnasn samknyrasn nodepynna 8 G. JIoboid makcumane-
Houl Top 8 H saasnierca nepecewenuem ¢ H nexoropozo maxcumansrozo ropa
8 G.

B) IMycre H — ceasnasn aamknyras Hopmarsuasn nodepynna 6 G. Makcu-

maronoimu Topamu 8 H aeaniores nepecewenus ¢ H maxcumaronvix ropos 8 G.

a) Ilycers T — makcHmadbublii Top B G. Torpa L (T) — nogaare6pa
Kaprana aare6pw Jlu L (G) (n° 2, teopema 2a)); caepoBareanso, L (f (T)) —
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nopaire6pa Kaprana aare6pul Jlu L (G’) (ra. VII, § 2, n° 1, caeactsue
2 npeanoxennst 4). Orciona Boitekaer, uto f(7) — MakcuMaJbHbii Top B G
(n® 2, Teopema 2a)). Ecnn nogrpynna Ker [ nedrpanbia B G, To ouna cogep-
xurest B T (cneacrsue 2 teopemst 2), 1. e. T=f~"(f(T)).

O6patHo, nyctb T/ — makchHMmasbublit Top B G’. IMokaxem, uto B G cy-
HIecTBYeT Takoi MakcuMadbhblfi Top T, uto f (T)=T". [lyctb Ty — MaKcuMaJib-
nblft Top B G. Toraa f (T\) — MakcuMasibHbill Top B G’ M CYWLECTBYET 3JIEMEHT
g'eq, ans KOTOpOl“O T"=g'[(T)) g~" (teopema 26)). Ecan snement g< G
TaKoB, 4to f(g)=g’, 10 ansi T=gT, g~ "' umeem T’ =f(T), T=f""(f (7).

6) Ilyctb 8 — makcumanbubii Top B H. Toraa S — 1op B G, K, ciegoBa-
TEJIbHO, CYIeCTBYeT MaKcHMaubHbill Top T B G, copepxkamuil S. [Tepeceuenne
TH — xommyraTHBHas noarpynuna B H, coaepxamast S H, crajo GhTb,
copnajgamomias ¢ S (n° 2, sameuanue 2).

B) CorszacHo npeptoxenuio 28) us § 1, n° 3, L(G) sBasiercs mpsiMbiM
nponsBeaenueM L (H) Ha uekoropbit uaean. [logaare6pni Kaprana anre6pbl
JIn L (H) sisnsnoTes, ciefaoBartenbHo, nepeceyenusiMu ¢ L (H) nopanre6p Kap-
TaHa aare6pnl JIu L (G). [ast mo6oro MakciManbioro Topa T B G nepeceyeHHe
TN H copepxut makcumasbubiit Top S B H, 4, crano 6bite, S=TNH (n° 2,
3ameyaHne 2).

3ameuanun. 1) Ipepsokenne 1 wenocpencrsenno” oGoGLLACTCH HA CBA3HHE
TPynnsl ¢ KOMNakTHOH asire6poil Jlu. B wactuoctu, eciu G — csssunas rpynna Jlu
¢ KOMNakTHOH asnre6polt Jin, To noxrpynnel Kaprana B G (cM. sameuanue 3, n° 2)
AIBIAIOTCA He 4eM HHbIM, KaK NpooGpasaMH (OTHOCHTEJNbHO KaHOMHUYECKOro roMo-
MopdHuaMa u3. G Ha Ad (G)) MaKCHMaJbHBIX TOPOB CBA3HOMA KoMNaKTHOM rpynnu Jlu
Ad (G).

2) Ilycts G — cesianas komnakthas rpynna Jlu, D (G)— ynusepcannias
Hakpuipaiowas rpynm 2 (G) u f: D (G) > G — Mopduam, HBASIOIIKACH KOMIO3H-
uneit KaHoHHaeckuX Mopduamos 3 D (G) wa D (G)n ua D (G) 8 G. Torna oroBpaxe-
nae T+ f~' (T)ectb GHEKIHS MHOXECTBAa MAKCHMAJIbUBIX TOPOB B G Ha MHOXKECTBO
MaXCHMANbHBIX TOPOB B D (G). O6parnas Guexunsi CTaBUT B COOTBETCTBHE MAKCH-
manbuomy Topy T B D (G) makcumanuubit rop C (G)o.f(F) B G.

4. Ilodzpynnot maxcumarbrozo panza

Paneom cesisHok rpynnbt Jlu G uasuiBaercst paur ee ajnreGpui Jlu,
o6osHauaembiii yepes rg G. CorsiacHo Teopeme 2a), paHr CBA3HOH KOMNAKTHOH
rpynnsl /4 paBed obuiell pasMepHOCTH €€ MAKCUMAJBbHbIX TOPOB.

ITyctb G — cBs3kast KoMnakrHas rpynna JIu u H — 3amkHyTasi noArpyn-
na B G. Ecin H cBs3Ha, 1o rg H<Crg G (nocko/ibKy MakcHMalbHble TOPbI
B H siBasiorcsi TopamMd B G). CornacHo teopeme 2B), noarpynna H caasna
u umeer makcumanvrsii pane (T. e. paHr, paBublil rg G), KOraa ona siBJjsiercs
06vedunenuen makcumaronsix Topos 8 G. 3 npepnoxednst 1 TYT Xe BbIBO-
JIHTCSH

ITrennoxenue 2. Hycre f: G —~ G’ — clopvexTusnbll MOPHUIM CEA3-
HbLX KOMRakTHbix epynn JIu, Adpo KoTopozo aexcur 8 yenTpe. OTobpanenus
Hvyf(Hyu H v [~ (H') 2824310TC 2 GUEKUYUAMY, YCTAHABAUBAIOULUMI BIGUM-
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HO OOHO3HA4HOE CO0TBeTCTaue ueolcdy MHOOEGCTéOM CBA3HLIX 3AMKHYTOLX

nodepynn Makcumasbnozo panea 6 G U GHAAOZUHHLIM MHONCECTEOM
oasn G!

IMpennoxenue 3. Mycre G — c8a3nas komnakThas epynna Jlu u H — ee
CBA3HAA 3AMKHYTAS noO2pyYnna MAKCUMAALHOZ0 paHzd.

a) Komnakrnoe mnoxcecreo G/H oonocessno.

6) F'omomopgpusm w, (H) — n, (G), nosysennouli u3 KAHOHUKECKOZ0 8A0KCE-
nus H 8 G, cropoeextusen.

ITockonbky H cBsi3HAa, WMeeM TOUHYIO nocaenoBarenbHocTs (Top. gen.,
chap. XI 1)) :

a1 (H)— n: (G) > i (G/H, €) > 0,

rae e — o6pas B G/H eaunnunoro snementa rpynnu G. Tak kak G/H cBs3Ha,»
#3 3TOr'0 cpa3y XKe-Nnojyyaercs IKBHBAJEHTHOCTh yTBepkaeHui a) u 6). C apy-

ro#l CTOpPOHHL, eca f: G’ — G — CIOPBEKTHBHLIH MOP(HU3M CBS3HBIX KOMIAKT-

HBIX rpynn JIu, siAPO KOTOPOro JIEXKHT B LEHTpeE, TO 6e3pa3iHyHo, A10Ka3HBaTh

a4 npeanoxenue (B dopme a)) ans G uau aasa G (npepnoxenue 2). Takum

o6pa3oM, MoXHO CHayasa 3aMesutb G Ha Ad (G), T. e. MPeANONOXKHUTE, YTO

G noaympocra, a notroM 3aMenuth G Ha ee YHMBEPCAJIbHYIO HAKphIBAIOILYIO

(§ 1, n° 4, carencrBue 2), 1. e. npeanonoxurhb, uro G onHoceszHa. Ho toraa
yTBepkIeHue 6) TPHBHAJIBHO.

Irennoxenue 4. Mycte G — komnaxktras epynna Jlu, H — ceasnas
3amkuyran nodepynna 8 G Maxcumasbnozo panza w N — nopmaisusarop
H 6 G.Tozda H umeer koneunoiii undexc 8 N u asanercs ¢ 683HOU KOMNOHEHTOR
edunuyel epynnot N. .

HeficrButensHo, anre6pa Jin noarpynnu H cogepxur nopanre6py Kapra-
na anre6pst L (G). CornacHo cnenctsuio 4 npennoxenusn 4 us ra. VII, § 2,
n° 1, H ecTb cBsi3HAs KOMIIOHeHTa e HHKIL rpynnbl N. [Tockonsky N KoMnakr-
Ha, H — rpynna KoHeyHOro uHiekca B N,

3amexanun. 1) Jlio6as uHterpanvuas nogrpynna H s G, Takas, urto
rg H=rg G, sauxnyra. [leficTBUTENbHO, NpegbIAyIIEE AOKA3ATENLCTBO N1OKA-
3piBaeT, uTo H — CcBSI3HAsl KOMIOHEHTAa eIMHMIBI CBOEIO HOpMalu3aTtopa,
KOTODHIA sIBASIETCA 3aMKHYTOH moarpynnoft B G.

2) B o6o3HaueHusix npefnoxenus 4 aobas 3aMmkayTas noarpyuna H' B G,
conepxawmas f u Takas, uro uHaekc (H’:H) koHeueH, Hopmanusyer H u,
CJAe]0BaTEeNbHO, COAEPXKHTCA B N; aHaloruyHo HopMmaausartop rpynnm H’
cosepxutci B N. B uactioctH, N sBasieTcsi CBOHM COOCTBEHHBIM
HOpMa#3aTOPOM.

1) Ccunka Top. gen., chap. XI, o3nayaer ra. XI ¢ppannysckoro uaganus, kotopas
FOTOBHTCA K NEYarH.
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5. I'pynna Belian

[lycts G — cBA3Has koMnakTHad rpynna JIn 0 T — MakcHMaJbHHI# TOp
B G. O6o3Haunm yepe3 N ;(T) Hopmannsatop T B G; cOriacHo NnpeisioxeHHIO
4 (n° 4), pakroprpynna N ;(T)/T xoneuna. OGoznaunm ee yepe3 W (T) nan
W (T) u nazosem epynnoil Beiiaa makcuManbHoro topa T B G wau rpynnoi
Befins rpynnu G otHocHTeansHo T. [Tockoawky rpynna T xoMMyTaTHBHa, Aefict-
BHe N;(T)Ha T, nopoxkaeHHOe BHYTpEHHHMH aBTOMOp(dH3Mamu rpynnul Jln G,
npH nepexoje K paKkToprpynne HHAYUHPYET AeficTBHE, Ha3bIBAEMOE KAHOHUUE-
ckum, rpynnst W (T) va rpynne Jlu 7. CorsacHo ciefcTBHIO 6 TeopeMb 2 H3
n° 2, a0 AeficTsHe sABAACTCH Tounbim: Tomomopdnsm W, (7) — Aut 7, xoro-
pbifl €My COOTBETCTBYeT, UHBEKTUBEH.

Ecau T’ — ppyroit MakcuMansHbifi Top B G 4 ecay 3jeMeHT g & G TaKoOB,
uro Int g oro6paxaer T ua T’ (n°2, reopema 26)), to Int g uugyuupyer
u30MOpPH3M ag rpymnut W (T) na rpynny W (T) u a, (s) (gig ~)=gs () g~
anst Bcex s Wi (T) u Beex te=T.

Irepnoxenue 5. a) Jwboii kracc conpaxennvix asementos 8 G ne-
pecexaerca ¢ T.

6) Ilepeceuenun kaaccos conpsocennbix anemerros 8 G ¢ ropom T asan-
10rca opburamu epynnot Belins.

IMycrs g G; cornacHo TeopeMe 2 u3 n° 2, cyutecTByer sneMeHT A< G,
Taxol, uto gehTh™', orkyna caeayer a). CoriiacHo Onpeje’CHHIO FPYNIb
Beknsa, gBa snemenTa, npHHajjexainne oguoll op6ute rpynnet Ws(T) B T,
conpsixennl B8 G. OGparno, nmycts a, b — gBa 3jemMeHTa H3 T COMNPSAXKEH-
usle B G. Cywecryer anemeHt A& G, Taxkoh, uto b=hah™ ', nmpuMensis
caeacTsHe 7 TeopeMmu 2 (n°2) ¢ A-—{a} s=Int h, T"=T, BHAHM, UYTO cylLe-
CTByer sneMmenT g & G, Takoi, uro Int Ag oro6paxkaer T 8 T u a ua b. Knacc
snemedra hg B W;(T) orob6paxaers Torga a Ha b, OTKyja CJeIyeT
NpeatoKeune.

Caencteue 1. Kanonuueckoe saomenue T 6 G onpedesner npu nepexode
k (axropepynne comeomoppusm T/ W ;(T) na npocrpancrso G/Int (G) kaac-
co8 conpaxcennoix 3aemenros 6 G.

JeficTBHTENILHO, 3TO HeNpepbiBHOE H OGHEKTHBHOE OTOGpayKeHHe MEeXAY
JABYMS KOMIAKTHBIMH npocTpancTBaMi (cM. O6i. Ton., 1969, ra. 111, § 4,n° 1,
cneacrsue | npexsioxenns 2).

Caencreue 2. ycre E — nodmnuoocecrso 8 G, ycroduusoe OTHOCUTEALHO
sHYTpeHnux asToMOpguamos. Ias rozo urobel E 6bir0 0TKPoLTO (COOTB. 3a-
MKHYTO, cOOTB. naorno) 8 G, neob6xodumo u docrarouno, urobor EN\T 6otro
oTKpbiTO (COOTB. 3AMKHYTO, COOTB. naoTHo) 6 T.

DTo BHTEKaeT H3 CIEACTBHst | H M3 TOTO, YTO KAHOHHUECKHE OTOGpaxKe-
nua T — T/ W (T)u G — G/Int (G) sBasiioTcst OTKPHITEIMH (0614 TON., 1969,
ra. 111, § 2, n° 4, nemma 2).
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O6osnauum yepes g anre6py Jlu rpynnul Jlu G u uepes t anre6py Jiu
rpynnbl Jiu T. Jeficreue rpynnu W;(7) B T onpenensier npeactasieHHe,
Ha3bIBACMOR KAHOHUMECKUM, TPy W s (T) B BekTOpHOM R-npocrpaiicrae t.

TTpEANOXKEHHKE 6. a) Bce opburet epynnot G 8 g (O npucoedunennoeo
npedcrasaenusn) nepecexaiorca ¢ t.

6) [Ilepecevenun opbur epynnet G ¢ t sganwrcs opburamu zpynnot’

Ws(T) s t.

YTBepxneune a) chaeayer u3 teopembl 1 (n°l). Ilyers x, y — nBa
3NeMeHTa M3 t, npuHapexauide ognofi op6ure rpynunt Ad (G), u nycrs A=
& G rakos, uto (Ad h) (x)=y. [Ipumenss caeacraue Teopemsl 1 (n° 1) aas a=
={x}, u=Ad h, t’ =t, BuguM, ut0 cyuecrayer g G, Tako#i, uro Ad g orto-
G6paxaer t Ha t u x B y. Takum o6pasoMm, hgeN;(T) (ra. 1L, § 9, n° 4,
npensoxene 11), u knacc snemenra hg 8 W4 (7) nepeBonut x B y, oTKyaa
CleAyeT MpeajoKeHHe.

Chnencrsue. Kanonuueckoe gaoxenue t 6 g onpedeaser npu nepexode
K gaxropaazebpam zomeomoppusr t/Ws(T) na g/Ad (G).

OGo3sHauum uepe3 j 3TO OTOGPaXKEHHE;, OHO HENPEepbIBHO U GHEKTHBHO
(npennoxenue 6). Mmeer MecTo KoMmyTaTHBHAf nHarpaMma

[

p¥ ; h ,
t/ W (T) > g/Ad (G)

rae p u ¢ — orobpaxeHus Mepexona K (pakropanre6pe, a i — KaHOHHYECKOe
ByoxeHue. [Tocko/bky i 1 ¢ — co6cTBeHHble oTo6paxenus (O6wy. Ton., 1968,
ra. I, § 10, n° 1, npeanoxenue 2, 1969, ra. 111, § 4, n° 1, npeanoxeunne 28)
U oro6paxeHHe p CIOpPbEKTHBHO, TO j— cobcTBenHoe !) oro6GpaxeHue
(O6uw. Ton., 1968, ra. 1, § 10, n° 1, npensioxeHnue 5) H, clefoOBaTeNbHO, FOMEOD-
Moppuam.

[Meennoxenue 7. fycre H — samxnyras nodepynna 8 G, codepo;ca-
wana T.

a) O6oanawum wepez Wy (T) nodepynny Ny (T)/T 6 W ;(T); epynna H/H,
uszomopgpna paxropepynne W (T)/ W,,O(T).

6) Aas Toeo utobei epynna H 6otaa casa3notl, Heobxo0umo u 30CTATOHHO,
uT06bL Ar060l 3aement uz W (T), umerowuii npedcrasureas 6 H, npunadaie-
xaa W,,O(T).

YTBepXKieHHe 3) BHITeKaeT H3 Cl1eAcTBHA 8 Teopemnl 2 (n° 2), a yrBep-

XKaeuue 6) ecTb HYacTHbIH cayua#i a).

1) 3aech, kak H B KHHre «MHorooGpasus. CBoika pe3yabTaToB», TEpPMHH , applicati-
on propre* nepeBOAHTCS KaK «coGcTBeHHOe oToGpaKennes (B otaHuHe ot «O6uledn Tono-
JIOTHU», Tle OH MepeBeleH KaK «coBepllenHoe orobpaKenues).— [Tpum. ped.

14
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6. Makxcumanrbroie TOpoL U NOOBEM 20MOMOPPUIMO8

ITycte G — cBsisnast koMmnakrHas rpymna JIM, a T — MakcHManbHBIA
10p B G. Paccmorpusm mponsBoany!o rpynny D (G) rpynnut G u ee yHHBEpCanb-
uywo Hakpupaomyio [ (G); nycts p: D (G) > G — mopduam, Aasomuiics
KoMno3ui el KaHOHHUECKHX MOPPHU3IMOB D (G)—~ D (G)u D(G)— G. Toraa
D (G) — ceasunas xoMnakruaa rpynna Jlu (§ 1, n° 4, crencrsue 2 npeanoxe-
HHs 4); KpOMe TOrO, Npoo6pas T Topa T Npu 0TO6PaKEHHH p SABASETCA MAKCH-
MaJbHbiM TOpoM B D (G) (n° 3, mpemyoxende 1).

Jlemma 2. Mycro H — epynna Ju, fr: T—~H u f: D (G) -~ H — rakue
Moppuamor epynn Jlu, uto Oasn scex teT umeen fr(p ) =T (t). Cywecrayer
eduncreennoui moppusmepynn Jlu f: G — H, rakod, uro fop=F u uro ozpanu-
uenuem f na T asasnerca fr.

Tonoxum Z=C (Gy). Cornacuo cnexcteuio | npexnoxenua 4 us § 1, n° 4,
mop¢usm rpynn Jlu g: ZxD (G) - G, raKko#, uto g (2, x)=2z"" p (x), ABaser-
¢ HaKpbIiTHEM; €T0 AP0 COCTOHT U3 11ap (2, X), TAKHX, YTO P (X)=2 H, C/IeOBa-
tenbHo, xep~' (Z)T. Tlockonbky Moppusm (2, x)>fr (27N f(x) us ZX
X D (G) B H nepesonut Ker g B {e}, cymecrsyer Mmopduam f us G 8 H, Takodt,
uto fop=f W f (2)=F; (2) a1 2= Z. Umeem Takxe f (f)=f, (f) ma tep (T).
MNockoneky T=Z.p (T), orpanuuenne f ua T cosnanaer ¢ fr.

IMeennoxenve 8. Mycre G — cesasnaa  komnakruan epynna Jlu, T —
maxcumarsroui rop 8 G, H — epynna Jlu u @: L (G) - L (H) — aomomopgduzm
anzebp Jlu. [an to2o urobor cyuwiecreosas moppusn epynn Ju f: G — H,
raxot, 4to L (f)= ¢, neo6x00umo u 0ocTarouno cyuiecT806anUe TAKO2O MOD-
gusma epynn Jlu fr2 T — H, uro L (f)=w|L (T); ro2da fr=fIT.

Ecian f: G — H — raxkoii moppuam rpynn JIu, uro L (f)=¢, To orpanuue-
Hue [, mopdu3ma f na T sAiB1sieTCsl eAHHCTBEHHBIM MOopuaMoM H3 T B H, Takum,
uro L (f)=¢|L (T). O6parno, nycts f;: T — H — mopdusm rpynn JIu,
raxoit, uro L (f) =¢| L (T). [Tycts D (G) u p 0603HauaioT 1o XKe, 4TO U B HaYade
nyHKra; oro6paxenue L (p) nHAynHpyer H30MODPH3M L (D (G)) na NpOH3BOJ-
Hylo aiare6py JIu b anre6put JIu L (G). Cywectsyer Mop¢pusm rpynn JIu f:
D (G) - H, raxo#t, uto L (f)=(p|b)o L (p) (ra. 111, § 6, n° 1, Teopema 1).
Mopousmbl t>ft)u t>fr(p () us T B H WHAYUHPYIOT OZMH M TOT Xe
romoMoppuam anare6p Jlu, a cienoBarenbho, coBnanaior. [1pumenss nemmy 2,
MBIl BHIMM, 4TO CyLuecTsyer Moppusm f: G — H, Taxof, uro L (f) n ¢ coBnana-
ot Ha L (T) u b. TTockoapky L (G)=b+ L (T), to L (f)=19.

Heennoxenue 9. Mycrs G — csasnan Kkomnakrnas epynna Jlu, T —
makcumanvneii rop 8 G, H — epynna Jlu u f: G - H — mopdusm. Mopduzm
f unvekrusen ro20a u ToabK0 T020A, K020 €20 ozpanusenue na T unvekTusno.

JleficTBHTENbHO, cOTJacHO Teopeme 2 (n° 2), HopMaJibHas noxrpynna
Ker f B G COCTOMT H3 €JHHHYHOTO 3NE€MEHTA TOra H TOJbKO TOrZa, KOTAa ee
nepeceyeHde ¢ T COCTOHT M3 €IMHHMUHOTO SJEMEHTa.
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§ 3. KomnakTunie OpMbH KOMNAEKCHBIX NOJYNPOCTHIX aare6p Jlu

1. Bewjecrsennvie hpopmu

Ecnm a — komnaekcHasi aare6pa Jlu, To cuMBOJIOM ap (nam npocrto
ap) o6osHauaercsl BellecTBeHHasi ajreGpa Jlu, nosyueHHasi orpaHHueHHeM
noas ckanspos. Eciu g — semectsennas aare6pa Jiu, To CHMBOJIOM g ¢y (K
npocTo gg) o6o3HauaeTcs KommiekcHas ajare6pa Jlu C® pg, monyueHuas
paciuipeHHeM noJs ckansapos. MMeeT mMecTo GHeKTHBHOE COOTBETCTBHE MEXIY
roMoMoppH3IMaMH BelleCTBeHHBIX aire6p JIn g — app) H roMoMopdusmMamu
KOMIIEKCHBIX anre6p J1u gy — a, a UmeHHO ecan i g — QpH g gi—>a —
oTBeyalouue Apyr Apyry romomopduamsl, to f (x)=g (1 @x) 1 g (A® x)=Af (x)
Ias Bcex xeg, A<C.

Oneenenenve 1. fTycrs a — xomnaexcnas asecebpa JIu. Bewecrsen-*
nod opmoii arcebpo JIu a naswBaercs 8cakan seujecTaennas nodaszebpa g
8 a, asasowanca R-crpykrypoti na sexroprnom C-npocrpancree a (Alg., chap.
I1, p. 119, déf. 1).

3To o3Hauaer, YTO roMOMOP(H3M KOMMJIEKCHBIX anareGp Jlu 89— 9,
accOHMHPOBAHHBIA C KaHOHHYECKOH HHBeKuHeH, 6GuektuseH. BeulectseHnas
nofanre6pa g s a, C1€0BATENbHO, ABIAETCS BelleCTBeHHOH dopMoil anre6pbl
JIn a Torpa u TOJABKO TOTAA, KOrJa NOANPOCTPAHCTBA g M ig BEeLIECTBEHHOTO
BEKTOPHOTO NMPOCTPAHCTBA a ABJASIOTCS B3aHMHO JONOJHUTENbHBIMH. Conps-
JCeniuem B a OTHOCHTE/IBLHO BEIECTBEHHOH (OpMBI g Ha3nBaeTCst 0OTOGpaxKeHHe
0: a— a, Takoe, UTo

o (xtiy)=x—iy, x, ys9. 1)

[eennoxenune 1. a) Mycre g — sewgectsennan gopmua ascebpor Jlu a
u 0 — conpsvicerue 8 a orHocureasno g. Tozda

o’=1d,, o (A +py)=A~o (x)+pno (y), [o (x), o W)]=0[x, y] 2)

Oan b ne&C, x, ysa. [Jaa 1020 4T06b6L 34MEHT X U3 Q npuua@xzeo/caxz g, He-
06x00umM0 U Q0CTATOUHO, 4TObbL G (X)=X.

6) ITycte o: a — a — orobpancenue, yoosiersopaoujee ycaosuan (2).
To20a MHOMECTBO § HENOOBUNCHBLX TOHEK OTOOPANEHUS O ABAAETCA BeuecT-
8enHOl hopmotl arzebpoL a, A& G — CONPANCEHUEM 8 @ OTHOCUTEALHO g.

Jloka3aTebcTBO OUEBHIHO.

OrmerHMm, uto ecau yepes B o6oanauuts popmy Kuanuura anre6pul Jiu a
H ecH g — BemlecTBeHHas ¢opma 310 aare6pnl JIn, To orpannyenne B Ha g
asasiercst popmoit Kunauura anre6psl Jin g. B yactHocTH, B npuHuMaer Be-
ulecTBeHHble 3HaueHHs Ha g X g. [Ipennonoxum, uto a pedyxkrusna. Ins Toro
4yTOGHl BeLlecTBeHHasi aare6pa JIu g 6bl1a KoMnakr HOM, HeOGXOHHMO H JOCTa-
TOYHO, 4TO6H! hopMa, NOJyUeHHAS OrpaHHYeHHeM B Ha g, 6bl1a OTPHILATENLHOM
(§ 1, n° 3). B 3toM caiyuae roBopsT, UTO § SIBISIETCS KOMNAKTHOL 8euyecTaen-
Hot ¢opuoii anre6pul Jln a.
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2. Beuwjecraennvie opmmi, accoyuuposannvie ¢ cucremoi llesarnre

B 3toM myHKTe paccMaTpHBaeTcs paculenjiewHasi nojynpocras anare6-
pa Jiu (a, b) nan nosem C (ra. VIIL § 2, n° 1) ¢ cucremoii kopueii R (a, h)=
== R u cucrema Llesanne (X ), o 5 370l anre6psl Jiu (ra. VIIL, § 2, n° 4, onpe-
Aesenne 3).

Hanomnum (cM. rax xe), uto auHeiiHOe oToGpaxenHe 6: a — a, KOTOpoe
COBrajiaer ¢ —-Idb na b u nepepoaut X, B X_, miA Bcex a =R, siBAAeTCA
asromopdusmMom anre6pul Jiu a. C apyrofi croponsl (ram xce, npensioxenue 7),
ecsH a, B, o +p — KopHH, TO

Xe» Xpl=Nop Xo+8, (3)
rie N, s R* u

N_o —p=Na,p. : (4)

OGo3znauum uepes by BelllecTBeHHOE BEKTOPHOE NOANPOCTPAHCTBO B b,
cocrosiutee H3 Takux Hebh, uro a (H)=R 111 Bcex a = R. Torna by ssagercs
R-cTpykTypofi Ha KOMIJIEKCHOM BEKTODHOM NpOCTPaHCTBe b, s Bcex a &
< R aMeeM [X., X_q]e&bo u orpaunuenne popmbl Kuaauura B aare6pbi a Ha o
HEBLIPOXKIEHHO H nosoxureabHo (ra. VIII, § 2, n° 2, sameuanue 2). Kpome
TOrO,

B (H, X,)=0, B (Xa, Xg)=0, eciu a+p%0, B (X, X—o)<<0 5)
(ra. VIII, § 2, n° 2, npeanoxenue 1 u n° 4, jemma 3).

TIPepnoXEHHE 2. @) BewjecTeennoe 6eKTOpHOE NOORPOCTPAHCTEO o=

=ho+ Z RX, 6 a asanerca sewjecreennod popmoli asreebpol a'c nodasees-

X=F .
poi Kaprana bo. Ilapa (aq, bo) neasercs pacweniennol noaynpocroi ee-
wecreennod areebpod Jlu ¢ cucremoii Illesaane (X,)-

6) ITycro 0 — conpanenue 8 a OTHOCUTEALHO ao. TOr 1a 000 == 0o0. Muoaxce-
CTBO ay HenodsuxcHovlx TOodex O0TOGpaxcenusn o0 sApaAeTcA KOMNAKTHOU ge-
wiectsennoll gopmot areebpo. Jlu a, u iho — nodaszebpa Kaprana arzebpol
Ju ay,. -

Yacrb a) cpasy caenyer us npensiayuiero. Jlokaxem 6). ITockoapky o080
u Bo0 — Ba mosyJHHEHHBIX OTOGpaXKeHHst H3 a B 4, COBINAJAAIOILHX Ha ay, TO
OHH coBnaxalor Belony. Torna oro6paxkenne o y 10BaAeTBOPAET YCI10BUAM (2)
3 n°1 wu, cjenoBaresibHO, ABAAETCA CONPSKEHHEM B a OTHOCHTENbHO Be-
1eCTBEHHOH (POPMBI Gy, COCTOALLEH H3 TAKHX X < @, UTO 0o (x) =x (NpemioxKe-
Hue 1). TlogoxuM aas a=R

Ug=Xe+X_a, va=iXo—X_0) (6)

Torpa Bekropuoe R-mpocTpancTBo a, nopoxknaercst by, u., v, DBonee
TOYHO, ecJH BhGparh kaMepy C cucteMbl KopHel R, TO
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a,=iH® @ (Ry,+Rv,) @)
aeR+(C)

OueBHAHO, uTO i)y sABAsETCS noganre6poit Kaprana aare6pu JIu a,, H ocTaer-
cs1 A0Ka3aTb, YTO orpaHHYeHHe HA a, Gopmu B orpHuaTeabHO. TTOCKOABKY fho
H pa3iHyHble mopnpoctpaHcTBa Ru,® Ru. opToronatbuul oTrHocHTesNbHO B,
cm. (5), orpanudenue B nHa il OTPHLATENbHO, H MBl NOJy4aeM

B (e, Us)==B (Va, Vo) =2B (Xo, X—a) <0, B (o, v.)=0, (8)
OTKyAda CJEeNYyeT N0Ka3nlBaeMoe YTBepXKAeHHe.
3ameuanue. B npenbiayliuX 0G03HAYEHHAX HMEIOT MecTO (GOPMYJbl

[#, ua]= —ia (h) va, [k, ve]=ia (B) Ua, [ta, va]=2iH. (REDH), (9)

[uw uﬁ]=N¢,Bu¢+B+N¢,—ﬁu¢—ﬁ’ a 4, (10)
o val=—No gthayptNo, —ptta_p @7 £p, (1n
{4 vﬂ]=Na,Bva+ﬁ_N¢.—Bva-ﬁ’ a7 +p (12)

" (B Tpex nocneanax GopMyaax, Kak o6uyHO, cunTaercd, yTo N, 5—0 ecau y+
+ 6 He KopeHb).
OrMerHmM, uto Z Ru , — BelecTBeHnas nojaaare6pa a.ure6pm Jlu a, KotoO-

pasl ABJISAETCS He YEM HHBIM, KakK Qo[)a,.

Tlyets G (R) — rpynmna pajasKaJbHbLIX BeCOB CHCTEMB R (I‘JI VL§ 1,u°9).
HanoMuumM, uyro ¢ o6biM romomopduamom y: Q (R) — C* accoumnHpyerca
ajeMeHTapuslid aproMopdusMm f (y) arre6put Jlu a, Tako#, uto f (y) (B)=h pas
heb u f(y) Xa=y () X, (ra. VIIL, § 5, n°2).

[Meennokenue 3. IMycro g — KOMNAKTHAA BeuwsecTeHnas (opMa aa-
eebpor Jlu a, rakas, aro g(\b=iby. Cyuwjecreyer raxotl zomomopdusm

¥: Q(R) — R%, uro g=f (y) (au).

Tycts T — conpsixKeHHe B a OTHOCHTeJbHO ¢. Toraa, corJacHo npeamno-
JIOKEHHIO, T (X)=x 117 X & iy, H, CeNOBATENbHO, T (X)= — x 1419 X Eho. dan
BceX aER u Bcex helhy

(T Xa)l=[—7 (), T Xa)]= —1 (I, X)) = —1 (2 (#) Xa).

M3 atoro BuiTekaer, uro [, 1 (Xo)]= —a (h) T (Xo) 419 Bcex A< ho, a caenona-
TeJbHO, H 1151 Bcex heb. TakuM 06pa3oM, CyLLecTBYeT 3jieMeHT c,& C¥,
takol, 4to T (Xa)=Ce X—a. Tlockonbky [Xo, X_oJ=ho, 10 [t (Xa), T (X-o)]=
= —[Xq, X—o] 4, 3HAYHUT, Cq.C_o=1; aHaMOTHYHO U3 opMya (3) i (4) noay-
4aeM, YTO Coy4p=CaCp, €CIH a, P, a4 B asagiorca kopuaMH. CornacHo
caencteHio 2 npepnoxenns 19 us ra. VI, § 1, n° 6, cymecrsyeT romomop-
¢Husm 6: Q (R) > C*, tako#, yto 8§ (a)=c, AIs Bcex a=R.

Tenepb 1oKaxeM, 4TO BCe YHC/IA Co BELLECTBEHHH H CTPOTO HOMOXKHTEI b-
Hul. JefcTBuTenbno, co B (Xa, X—o)=B (X4, T(Xa)), H, HOCKOJbKY 3HayeHHE
B (Xa, X_ ) OTpULATEILHO, TO JOCTATOYHO NOKa3arh, 4to B (z, 1(2))<< 0 aan
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JMo60ro HeHyJ/eBOro 3neMeHnTa 2 H3 a. [1oCKOMbKY MIOGOR 3/eMeHT U3 a 3alu-
ChiBaeTCA B BHAe X+iy, TAe X U Y U3 g, TO

B (x+iy, © (x+iy)=B (x+iy, x—iy)=B (x, )+ B (4. )

OTKyLa BHITEKaeT TpeGyeMoe yTBepXKIEHHE, TaK KaK OrpaHH4YeHHe B Ha g,
COrJIaCHO MpeAIoJIOKEHHIO, HEBBIPOXKIAEHHO U OTPHUATE/AbHO.

H3 storo cnepyer, 4to romomopbuaMm & npuHHMaer 3nadenns B RY;
noyToMy cyulecTByeT romomopduam y: Q (R)— R%, rakoit, yto §=7y"2%
Torza f(y)~'(g) saBAsiercss BewecTBeHHO# popmoit anre6pn JIH a; coorer-
CTBYIOIHM conpskennem Gyner v =f ()~ 'otof (y). das Bcex a =R nony-
qyaem

v X)=F ()7 (v (a7 Xa)=F ()" (c/* X_o)=X_

A vV (h)y=t (h)=h aasa h<ilo. U3 sT0rO caenyer, 4rto v’ siBAsieTcsa conpsxe-
HHEM OTHOCHTEJbHO KOMMNaKTHOH BelleCTBeHHOH (opMu a, 3HayHT,

F@) ™" @)=au

3. ConpaxcennocTd KOMNAKTHOIX (opm

Teorema 1. Hycre a — Komnaexcnan noaynpocras arzebpa Jlu.

a) a obaadaer KOMNAKTHOIMU (COOTB, PACUYENAACMBIMU) BELLECTEEHHOIMU
dopmanu.

6) I'pynna Int (a) Oedcreyer TPAH3UTUBHO HA MHONCECTBE KOMNAKTHLLX
(coOTB. pacwenssemoix) seujecTsenHolx Hops areebpor Ju a.

Oycrs b — nopanre6pa Kaprana aare6pei Jlu a. Toraa (a, b) —
paculemieHHas noaynpocras aare6pa Jlu (ra. VIIL § 2, n° I, 3ameuanue 2),
o6aanaiouas cicremoit Hlesamne (X,) (ran. VIIL, § 4, n® 4, cneacTBHe npesno-
xkeHnst 5). Yacrb a), TakuM o6pasom, caenyeT H3 npeitoxenns 2. [lyctb g —
KOMMaKTHas BerlecTseHHas gopma anre6pol JIu a. [Tokaxem, uto cyuiectByer
veInt (a), Takod, uro v (a,)=g. [Iycte t — nonaare6pa Kaprana anre6pui J1u
g; Torza t c, — noxaare6pa Kaprana aare6pul Jln a. [Mockonbky rpymnmna
Int (a) zeficTByetT TPaH3UTHBHO Ha MHOXeCTBe monaire6p Kaprana anreGpel
Jaa (rn. VIL, § 3, n°® 2, teopeMa 1), TO 10Ka3aTeNLCTBO CBOAUTCA K CAydalo
t(cy="0-. Tak kak popma g KOMNAKTHA, COGCTBEHHMIE 3HAYCHUS FHIOMOpHHIMA
ad h aast hest uucto maaMb (§ 1, n° 3, npemnoxenue 1). CneposarensHo,
KOpHH a. & R oro6paxaloT t B iR, a 3Hauur, t ={ho. Toria, cornacro npennoxe-
HHO 3 (n° 2), cymectByer takoli v<Int (a), uro v (a,)=g, OTKyna caenyer
yTBepKIAEeHHe §) B c/lyuae KOMIaKTHHX popu. [TycTh, HakoHEN, M H Mg — JBE
paciensisieMule BeiecTBeHube Gpopmu anre6pu JIn a. CymecTsyior pasmMeTky
(my, By, B, (XL)) H (mg, bs, By, (X2)) (ra. VIIL § 4, n° 1), KOTOpHE OYEBHIHBLIM
o6pa3om NnpoaOMKAIOTCA KO basme'rox e, U e; anre6put JIn a. ABToMOpdH3IM
aare6psl JIn a, KOTOPHIl IEPEBOAUT €1 B €2, IEPEBOAHT M B mz; TAKHM obpa-
30M, JOCTATOYHO IPHMEHHTb npengoxende 5 H3 ra. VIII, § 5, n® 3, urobu
LOKasaTh CyLIeCTBOBaHHE 3JeMeHtra u H3 Autp (a)=Int (a), Takoro, uro
u () =msy.
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3ameuanue. Ilosdxke Mbl moayuum OGLIYIO KJACCH(PHKALHIO BelleCTBEHHBIX
¢dopm KoMILIeKCHOHR mosynpocTtoil anreGpu Jlu.

Caeacteue 1. Mycre g u ¢ — O8e KOMNAKTHbie BeujecTéeHNble arzeb-
pot Jlu. Has rozo urobol g u g’ OGoiau usomopgust, Heobxodumo u docra-
TO4HO, 4T06bL KOMnaexcHbie arzebpol Jlu §c) 4 §' () Obiau usomopdneL.

Heo6xompumocTs ycnosusi ouesuana. OGpatHo, NMpPEANONONKHEM, YTO g
H g§'(c) usomopdusl. Ilyctb ¢ (coorB. ¢’) — uentp aare6pnl Jlu g (coots.
g’) u s (cooTB. 8') — npou3sBoxHas aJareGpa aareGpul JIn g (cootB. ¢’).
Torna ¢y 1 ¢’(¢) ABAAIOTCA COOTBETCTBEHHO wLeHTpamH aareGp Jln g,

H Q"(C) H, cnenoBaTeJqbHO, H30MOP(HL; H3 3TOrO BHITEKAeT, YTO KOMMYTa-
THBHBIE anre6pnl JIH ¢ U ¢’ H30MOpdHB. AHaNOrHUHO s(c) H 8’ () H3OMOPD-
Hbl, a 3HAYHT, corjacHo Teopeme 16), HaomopdHH M anare6pu s H s’, AB-
JAAIOIMHECH KOMMNAKTHBIMH BelleCTBEHHbIMH ¢opMaMH [BYX H3OMODGHHX
KOMIVIEKCHBIX MOJYNpOCThIX anare6p JIu.

Caeacteue 2. IMycre a — Komnaekchan aszebpa Jlu. Caedyoujue
YCAOBUA IKBUBANCHTHOL:

(i) a pedykrusna.

(i) Cywecreyer komnaktHas eeujectsennan ascebpa Jlu g, rakas,
4TO G UBOMOPPHA G

(iii) Cywecreyer komnaxruan epynna Jlu G, rakas, 410 a uszomoppra
L (G)ey

CoraaciHo onpegenennio 1 u3a § 1, n°3, ycaosns (ii) u (iii) 9xBH-
BaJeHTHH M H3 HHX cjepyeT ycjaosue (i). EciaH a peaykTuBHa, To oHa fIB-
JfieTCS NpAMBIM TNPOH3BEJIEHHEeM KOMMYTATHBHOH aJarefpbl, KOTopas ode-
BHIHBIM ofpa3soM ofgajaeT KOMMNAaKTHOH BelllecTBeHHOH ¢opMol, H To-
JAynpocToli aareGpel, KoTopad Takxke o6nazaeT KOMNAKTHOH BellecTBeH-
noit ¢QopMmoit coraacHo Teopeme la). CaeposateabHo, (i) Baedet
3a coboit (ii).

Cnepcteue 3. IMycre a1 u a; — 08e KoMnieKkCHole ROAYNpocTsie aA-
2ebpol JIu. Komnaxrnoimu seujecreernvinu dopmanu areebpor Ju a;Xag
A8AOTCA npoussedenun g X g, 20e gi— KOMNAKTHAA BeU4eCT8EHHAR (Op-
Ma arzebpor Ju a; dra i=1, 2.

[leficTBHTe1bHO, CYILECTBYeT KOMNAKTHasA BellecTBeHHas ¢opma g
(cooTB. gp) anre6pul JIH a; (COOTB. az); TOoraa g;X gs — KOMINAKTHAs Be-
necTBeHHas ¢opma aare6pnl JIu aiXas CieflcTBHe BbITEKAeT H3 TEOpPEeMBl
16), npaMeHeHHOR K a;, a2 H a; X aq.

B uyacTHOCTH, H3 3TOro cjlejCTBHA 3 NoJywyaeTcH, UTO KOMIAKTHas Be-
mecTBeHHasA ajareGpa JIu g nmpocta Torjaa H TOJABKO TOTJa, KOrJa KOMILJIEKC-
Has aare6pa Jlu g.c, mpocra. Toraa rosopsr, uto g — anre6pa JIu runa Aa
HAR B, ..., ecaH gy — aare6pa Jlu tuna A, uan B,, ... CoraacHo ciaeact-
BHIO | 3TOro MyHKTa, 08¢ KOMNAKTHbIE NPOCTLie BeliecT8enHbie areebpul Jlu
usomoppusl Toeda u Torsko Toz0a, Koeda OHu OOHOZ0 TUNG.
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IMycrs G — nouru npoctas (ra. I, § 9, n° 8, onpenenenne 3) cpA3Haa
KomnaekcHas rpynna Jlu. [oBopsit, uto G — rpynna Jlu tuna A, wiu B, ..,
ecau ee aarebpa JIu umeer Tun A, wiau Bs, ... . JlBe 05HOCBSI3 Hple MOYTH NPO-
CTbi€ KOMNAKTHBIE rpynnbl JIn H30MOpdHB TOrAa H TOJBKO TOFAa, KOTAa OHH
OJIHOFO THNA,

4. Mpumep I: xomnaxkTroe arzebpor JIu Tuna A,

Ilycts V — KoHeuHOMEpHOE KOMILIEKCHOE BEeKTOpHOE MPOCTPAHCTBO
u ® — HeBBpOXKAEHHASA NMOJOXKUTENbHAA 3pMATOBA $opma Ha V. Yrurapraa
epynna, accounnpopaunas ¢ popmoit ® (cm. Alg., chap. 1X')),— ato noxn-
rpynna U (@) rpynnsl GL (V), cocTosimei U3 aBTOMOP(HIMOB KOMMJIEKCHOTO
rusib6eprosa npocrpancrsa (V, @). 1o (BewecTBeHHas) nogrpynna Jlu rpyn-
nut GL (V), aare6pa Jlu xotopoit siBasiercs noganreGpoi u (M) pelecTseHHo#M
asre6psl Jlu gl (V), cocrosiueit u3 sHgoMop¢H3MOB X pocTpaHCTBa V, TaKHX,
yro x*= —x (ra. lI1,§ 3, n° 10, ciexctre 2 npepjoxkenus 37), rae sepes x*
o6o3Hauaercs sHAO0MOPGhHU3M, COnpsiKeHHbIH K x oTHOcHTE bHO {. [TockonbKy
rpymna U (®) komnakrHa (§ 1, n°1), u(®)— KomunakrHas BelleCcTBEH-
nas aareGpa Jlu. AuanoruuHo cneyuaasvnas ywurapnas rpynna SU (@)=
=U (@)NSL (V) — ato Komnakruas noxarpynna Jlu B SL (V) ¢ aare6po#t
JIu su (@) =u (@) Nsl (V).

Ecin V=C" u @ — crangaprHas 3pmMuaToBa popmMa (A KOTOPOH KaHO-
auueckuit Gasuc B C" oproHopmupoBaH), To BMecto U (@), SU (D), u (D),
su(®) mumyr U(n, C), SU(n, C), u(n,C), su(n, C). Dnementamu u3
U (n, C) (cootB. u (n, C)) spasiotca Takue matpuuni A & M, (C), uto AA=
=1, (coorB. A= —‘A). Fix Ha3bIBAIOT YyrUTAPHOIML (COOTB. AHTUIPMULTOBLIML) .

TIpensioERKME 4. a) KoMNAKT HoLMU BeuyeCTEEHHOLMU (HOPMAML KOMNALKC-
noti areebpor Jlu sl (V) agaswoten arzebpor su (), rae ® npobeeaer muooce-
CTBO HEBLIPONOEHHOLX MNOAOIHCUTEALHOLX IPMUTOBLLX (POPM HA KOMNAEKCHOM
8eKTOPHOM npocTpaxcrse V.

6) Aazebpos u (D) ABAAIDTCA KOMNAKTHOIMIU BEU4ECTEEHHLIMU (HopMamt
anzebpor Ju gl (V).

IMycts @ — HeBbIpOXKAEHHAs M[OJOXHTeJIbHAass 3pMHTOBAa ¢dopMa Ha
V. dasi Bcex xe=gl (V) nonoxum o (x) = —x* (rge x*— sngomopdusm, conps-
KeHHbl K x oTHocuTe bHO D). Toraa o yroeiersopser ycjaoBHsM (2) npeaJio-
xKenusi 1 u3 n° 1 4, ciegoBarenbHo, MHOXKecTBO u (D) (coots. su (D)) Henog-
BHXKHEIX Touek oroGpaxenus a B gl (V) (coors. sl (V)) apnsderca koMnakTHOH
BeulecTs eHHoR popmoit aure6pet Jlu gl (V) (coors. sl (V). [lockoiibky rpynna
GL (V) geficTByeT TpaH3HTHBHO Ha MHOX€CTBE HEBbIPOK AEHHBIX M10/10XKHTENb-
HBX 9pMUTOBHIX ¢opm Ha V (Alg., chap. IX) H Ha MHOXecTBe KOMMAKTHbBIX
BeniecTs enHbix ¢opm anrebput Jlu sl (V) (n° 3, teopema 1, u ra. VIII, § 13,
u° 1 (VII)), To npegsoxenne 4 goxkasaHo. :

1) Cm. takxe Ase., 1966, ra. IX, § 6, n° 2.— [Ipum. nepes.



5 § 3. KOMITAKTHBIE ®OPMbI AJIFEBP JIH 29

Cnencreue. JIro6as npocras KoMnakTHas eeujecTéennas arzebpa Jlu
Tuna A, (n>>1) usomoppna arzebpe JIu su(n+1, C).

JlefcTBHTeNIbHO, JI0Gasi KOMIJIEKCHasi aareGpa JIn THma A, usomoppHua
sl (n+1, C) (ra. VI, § 13, n°1).

3amewanusn. 1) Hmeem gl{(V)=sl (V)X C.ly, u(®)=su(®)XR.ily;
KOMNAKTHBIMH BEILECTBEHHHIMH (opmamt aare6put Jiu gl (V) sBasiioTes aa-
re6pu su (D)X R.aly, aesC*

2) Ecan xomnnekcryio anre6py JIu a ==sl (n, C) HagenuTb paculenyieHuem
u cucremoit Illepanne, seenennofi B ra. VHI, § 13, n° 1 (IX), To B 0o603Haue-
HHSIX n° 2

a,=su(n, C), ao=sl(n, C), a,Nlao=0(n, R).

5. Hpumep 11: komnaxruoie arzebpoi Jlu runa B, u D,

IMycrs V — KoxeuHomepHoe BELIECTBEHHOE BEKTOPHOE NPOCTPAHCTBO
H Q — HeBHIPOXKIEHHAsl NOJOXHTeJbHasi KBaapaTHYHasi ¢opma Ha V.
Oprozonaasnoii epynnod, acconunposannoit ¢ Q (Alg., chap. IX), Hasm-
Baercs noarpynna O (Q) B GL (V), cocrosiiasi H3 aBTOMOP(H3MOB BelleCT-
BEHHOT'O T'HAL6epTOBa mpoctpakcrsa (V, Q). dto noarpynna JIu B GL (V),
anre6pa Jlu kotopoii sBnseTcst nofaare6poit o (Q) aare6pst Jiu gl (V), co-
crosimleift M3 SHROMOP(H3IMOB X nNpOCTpaHcTBa V, TaKHX, 4TO Xx*= —x
(ra. 11, § 3, n° 10, cnencrBue 2 npepsoxenns 37), rae x* oGozHayaer
SHAOMOpGH3M, cOnpsiKeHHBIA K X OTHocHTesbHO (. TlockosibKy rpyn-
na O(Q) xommakTHa, TO »0(Q)— KOmMnaxTras BelllecTBeHHasi ajre6pa
Jiu. Toaoxum SO (Q)=0 (Q)NSL(V); 310 3amKHyTasi NOArpynna KoHeu-
Horo HHiaekca B O (Q) (uHgexca 2, ecan dim V=£0), u, caegoBatenbso,
ee aare6poit JIlu Ttoxke sBAsiercst o (Q).

"Ecit V=R" u Q — cranjgapTHasi KBagpaTHuHasi (opma, AJs KOTOpOM
KaHOHHueckHit 6asuc B R" oproHopmupoBaH, 1o BmecTo O (Q), SO (Q),
0 (Q) nuwyt O (n, R), SO (n, R), o(n, R). dnemenramu u3 O (n, R) (coots.
o (n, R)) siBasiiotcss maTpHus A& M, (R), Takue, uto A. ‘A=1I, (coots. A==
== —'A), KOTOpHE Ha3HBAIOTCA OPTOZOHANbHLIMU (COOTB. AHTUCUMMETPUH-
HolML) .

[lycrb V(c— Bekrophoe C-npoctpaHctso, noayuyenHoe H3 V, u Qg
— KBaJpaTHuyHas ¢opma Ha V¢, nomydennas uz Q. Oroxnectsum gl Vo)
¢ gl (V(c); torna anre6pa Jln o (Q), oToxpectBasiercs ¢ anre6poit Jlu
0 (Q (c)— 3TO OUEBHIHO, NOCKONBKY DTOGpaxenHe x - x* +x u3 gl (V) B ce-
6s1 C-nunefdino. TlockonbKy o (Q(c) — anre6pa Jlu thna B,, ecan dim V=
=2n+1, n>=1, u ™Mna D, ecau dim V=2n, n>=3 (ra. VIII, § 13,
nn° 2 u 4), To nonyyaem

TTPER/IOKEHHE 5. Jw6as KoMnaKTHAR npocras eeujecreennan arzebpa
Jlu tuna B, nZ21 (cootB. Tuna D,, n 2= 3) uzomopgra arcebpe Jlu o (2n+
+1, R) (coors. o (Zn, R)).



30 I'J/1. IX. KOMTAKTHBIE BEILECTBEHHBIE I'PYNIIH JIX 6

6. Komnaxrusie zpynnoi panea 1

CoraacHo Top. gen., chap. VIII, p. 5, prop. 3, p. 6, prop. 4, p 7, rem.
4, ronosoruyeckas rpynna SU (2, C) usomopHa Tomosoruueckoil rpynne
Sz kBaTepHHOHOB ¢ HopMmo# 1, u ¢akroprpynna rpynnst SU (2, C) no noa-
rpynne Z, coctosiwiefi u3 marpul Is u —Is, usomopdpHa TomnosorudecKoH
rpynne SO (3, R). Ormerum, uto Z — uenrp rpynnet SU (2, C). HeificTBu-
TesbHO, nockoabky H=R.S3, m060i snemeHT, JeXKalWlMi B UEHTPE [PyMMhl
Sz, nexur B neHrpe R aare6pul kBatepunoHoB H M, cjemoBaresibHO, HNPH-
HaJJIeKUT Tpymnne W3 ABYX sjaemeutoB S;|R={—1, 1}

IlpeasioEHHE 6. JI106as  noaynpocras KOMnakTHAA  @euyecTeen-
nas aseebpa Jlu panca | usomopgpra su (2, C) u o(3; R). JIobaa ceasnan
noaynpocran rkomnakruas epynna Jlu panea | usomopgpua zpynne Jlu
SU (2, C), ecau ona odnocéasna, u epynne Jlu SO (3, R) 8 nporuswom
cayuqae.

[lepBoe yTBepxAeHHe BbHITEKaeT W3 CJAEACTBHS  OpEIJIOKEHHA
4 u u3 npeanoxenust 5. Ilockoaeky rpymnna JIu SU (2, C) romeomopdHa
rpynne S; (Top. gen., chap. VIIIL,-p. 7, rem. 4), a 3HauMr, ORHOCBA3HA
(Top. gen., chap. XI), nwo6asn oOfHOCBS3HAs MHOJYNPOCTasi KOMNAKTHas
rpynna Jlu panra 1 usomopdpua SU (2, C); 1o6ast cBA3Has#i HEOXHOCBA3HAA
noaynpocrasd xkomnakrHas rpynna Jld panwra | uaomopua ¢akroprpynne
SU (2,C) no noarpynne rpynmel Z, cOCTOsI€d He TOJbKO H3 €JHHHYHOTO
aaeMenTa, T. e. rpynne SO (3, R).

3amewanue. W3 ckaszanHoro Bwmimie caepyet, uro SU (2, C) ozmuoc-
BfA3Ha W uto rpynna m; (SO (3, R)) umeer nopspok 2. Hanee mbl mokaxem,
4YTO 3TH pe3yJbTaThl COOTBETCTBEHHO 00O6GIIalOTCA Ha TPyNNH
SU(@n,C) (n=1) 1 SO(n,R) (n>=3) (cM. Takxke § 3, ynpaxHeHHe
4 u 5).

Hanomuum (ra. VIIIL, § 1, n° 1), uro kaHoHuueckum Gasucom B sl (2, C)
Hasbipaercs 6asuc (X4, X_, H), rae

(01 _{ 00 (1 0
X+—(o 0)’ X_= —1 0)’ H-(o —1)'

Torpa, noaaras

U=X++X_=<4__(l) : ) V=i(X+—X_)=((l_) . ) iH=((‘) _‘3 )

nonyyaem 6asuc (U, V, iH) B su (2, C), Takke Ha3biBaeMblii KaHOHHUECKHM.
Hmeem
.

[[H, Ul=2V, [iH,V]=—2U, [U,V]=2H. (13)

Ecau uepes B 060o3Haunte popmy Kuaaunra aare6pul JIu su (2, C), T0 He-
CJIOJKHbIE BBbIYHCJEHHS RAIOT

B(aU+bV+ciH, a U+ V¢ iH)=—8 (aa’ + bb’ +cc’).  (14)
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Takum o6pasom, ecsin Mbl oToXRAecTBUM su (2, C) ¢ R® npu momouiH KaHoHH-
4ecKOro 6asHca, TO npHcoeJHHeHHOe NpeicTaBienue rpynnbl SU (2. C) onpe-
JIeJIHT TOMOMOpPGH3M

SU@2,C)—-SO0@3, R)
(cM. HHXKe).

Kpowme Toro, ormetuM, uto RiH — nopaare6pa Kaprana B su (2, C) 1 uto
cooTBeTcTBYIOLHHA e MakcHmaabubiil Top T B rpynne SU (2, C) cocTout u3

JHAroHaJbHbIX MaTPHIL ( g g), rie aa= 1, a 3KCIOHEHIIHAJIbHOE oTo6paxe-
HHE -
exp: RRH—>T
, exp (x) (1
nepesoaur xH gaa xeRi B matpuuy -} H, caenoBa-
: 0 exp (—x)

tesbHo, uMeer Agpo Z.K, rae K — saement u3 su (2, C), onpenensiembiit pa-
BEHCTBOM

K=2mH= (3¢ ). (15)
Kpome Torb, uentp rpynnsl SU (2, C) coctout u3 enunuun u exp (K/2).
[Moaoxum
e=<‘l’ '(; ) =Ssu (@, C). (16)
CoraacHo n° 5, § 1, ra. VIII,
e2=< _; __‘1’) (Int6)t=1—", teT, (17)
Ad)X, =X_, (Ade)X_=X,, (Ade)U=U, (AdO)V=—V.(18)
Haxkonen, pasa t= <g S>ET HMeeM
Ad)Xy=d*X;, (Adf)X_=a"2X_, (Ad)H=H, (19)

(Adf)U=Re @) U+1Im @)V, (Ad#V=—1Im (a?) U+ Re(a?)V.(20)

§ 4. Cucrema Kopuedl, acCOlHHPOBAHHAS
¢ KOMNAKTHO#H rpynno#

B napaepagpax ¢ 4 no 8 uepes G o6o3nauaercs cB6A3HAS KOMNAKTHAS
epynna Jlu, a uepes T — maxcumaronnili Top ¢ G. Uepes g (coots. t) o60zna-
uaercsa arzebpa Jlu epynnot Jlu G (coots. T), uepes g (cooTB. te) — aazeb-
pa Jlu, noayuennas u3 g (coots. t) komnaexcugpurayued. Yepes W o6osnaua-
erca epynna Beidas epynnor JIu G ornocureavno T (§ 2, n°5).
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1. I'pynna X (H)

Ilycrs H — komnakruasi rpynna Jlu. Yepes X (H) o6o3Haunm (KommyTa-
THBHYIO) T'PYNNy HENpepLBHHIX FoMOMOPGHH3MOB U3 / B TOMOJOTHUYECKYIO
rpynny C*. CorsnacHo reopeme 1 uara. 111, § 8, n° 1, anemenramu rpynnu X (H)
ABasoTcA Mopbuambl rpynn Jiu. [as moboro a =X (H) aud depenuuan a ects
R-nuueiinoe oro6paxenue L (a): L (H) - L (C*). Bripeas M Gyaem oroxjie-
cTBaAATb anre6py JIu rpynnnt C* ¢ C takum 06pa3oM, yTo6hl SKCHOHEHIHANBHOE
oro6paxenue a5 C* coBnanano ¢ orobpaxendem z - e’ u3 C B C*. C mo6um
anemedtoM a u3 X (H) accouuupyercs anemenr L (a)eHomyg (L (H), C);
0603uauuM cumsosoM O (a) saemeutr u3 Homg (L (H)cy C), xorOpHIil emy
COOTBETCTBYET (T. €. TAKOH, uTO ero orpanuuenue na L (H)< L (H)¢ cosnanaer
c L (a)).

Jasa nmo6oro xe L (H) u mo6oro asX (H)

a(expy x)=e®@®

BBUAY (YUKTOPHAJBLHOCTH KCIOHEHUHANbHOrO oTOGpamenus (ra. III, § 6,
n° 4, npeanoxenre 10).

O6biu#o Mbl 6yseM cuuTaTh, yro rpynna X (H) anaurusHa. B a31oMm cayuae
anemenr a (g) us C* o6ozuauaercsi uepes g® Toraa cnpaBeduBH (OPMYJILI

gt'=g"g’ g=H, a, b=X (H)

(expux)'=e*@ W x=L (H), acX(H).

MMockonbky rpynna H KoMnakrua, snemenTsl u3 X (ff) npuHUMAIOT 3Have-
uun B nogrpynne U="U (1, C) KOMRJEKCHBIX YHCeJ, N0 MOXY/I0 paBHblx 1, Ta-
KHM o6pasoM, X (H) oTox AecTBAACTCS C I'PYNNOA HENPEPHWBHRX (WM AHATHTH-
qeckux) romomopdusmos 3 A B U. M3 atoro Boirekaer, uro ais mo6oro a =
=L (H) 3Hauenuss otobpaxeuus L (a) Jsexar B noampocrpasctee Ri
npocrpadctBa C, a caegosatenbHo, O (a) orob6paxaer L (H) B Ri.

Ecnu rpynna H kommyrtatusua, to rpynna X (1) aBasiercss HE UEM HHBIM,
KaK (auckperHoil) aBolicTBeHHOMH rpymmoi k H (Cnexrp. teop., ra. 11, § 1,
n°1). Ecau H xommyTaTHBHA H Koueuda, To rpynna X (H) otoxaectBiasercs
¢ KoHeudo#l amoiicTBeHHod k H rpynnoit D (H)=Homg(H, Q/Z) (rae
B cooTtserctun ¢ Alg., chap. VII, p. 27. ex. 1, rpynna Q/Z oroxaecTsiasercs
¢ noarpynnoii B C* npu nomomd romomopdHusma r i exp (2nir)).

Ilas mo6oro mopdusma f:H — H’ komnaktueix rpynn Jlu uepes X (f)
o6o3uauaetca romomoptdusm av—> aof us X (H’) 8 X (H). Eciin K — 3amkHy-
TaA HOpMaJbHAS NOATPYINA KOMNAKTHON rpynnd Jlu f, To uMeer MecTo TOy-
Has nocjejoBarenbHocth Z-moxyaedi 0 — X (H/K) — X (H) - X (K).

ITrennoxenue 1. Jasn aw06ol Komnakrroid epynnss Jlu H epynna X (H)
asanerca L-modysem Koneunoeo tuna, npuvem c80600HbiM, ecau I — ceasnasn
epynna Ju,
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IIpeanmonoxum cHavaxa, uto H ceasua. JlioGo# snement u3 X (H) pasen
efHHHUE HA npouaBogHoll rpynme D (H) rpynnet H, oTKyaa ciaeayeT H3o-
moppuam X (H/D (H)) > X(H). Ho rpymna H/D(H) xoMMyTaTHBHa H
CBA3HA, a 3HAYMT, ABAseTcA Topom, M rpymna X (H/D (H)) sasaserca cso-
GoaHoiM Z-moaysiem KoHeuHoro Tuna (Cnexrp. reop., ra. 11, § 2, n° 1,
cneacteue 2 npeasnoxenus 1). B o6Guiem cilyydae H3 TOYHOCTH MOCJHEAOBA-
TeJbHOCTH

0 — X (H/Ho)— X (H) — X (Ho),

rae X (Ho) — cBoGoakniit Z-M01y/1b KOHEYHOrO THNA, a8 MOAY/b X (H /Ho) Kone-
"4eH, BbiTekaeT, uTo X (H) — MoAyJb KOHEYHOro THMA.

[rennoxeune 2. Mycre H — KoMMYyTaTUBHAA KOMNAKTHAR 2pynna Jlu
u (a);e; — cemeiicreo saementos us X (H). Jan 1020 4rober a; nopoxdasu
X (H), neobxod0umo u docrarouro, 4robol. nepecevenue Ker a; cocroaro auwd
U3 eOUHUYHOZO INeMeHTa.

CoruacHo Teopeme 4 u3 Cnekrp. teop., ri. 11, § 1, n° 7, oproronanbuoe
pononterue K Ker a; ects nogrpynna A; B X (H), nopoxaennas a;. Toraa (rax
we, cneacTshe 2 TeopeMmul 4) oproroHasnbHoe aononxenue x [|Ker a; ecTb
noarpynna B X (H), nopoxaeHHas noarpynnamu A;, OTKyAa cjeayeT mpeaso-
KeHHe.

2. Yanoean zpynna ropa

Aapo 3kcmoHeHuHasbHoro otobGpaxkeHust L (S)—> S wasnisaercd y3ao-
8oil epynnod Topa S u o6o3Havyaercd uyep3 I'(S). 1o AuckperHas mogrpynna
B L (S) paura, paBHoro pasmeproctd S. Jlanee, R-nuseitioe oroGpaxerue
R® ; I'(S) — L (S), koropoe siBnsieTcs NPOAOIKEHHEM KAHOHHYECKOIO BJIGKe-
nus [ (S) B L (S), 6uekTuBHo. 310 0TO6paXKeHHEe HHAYHHDYET NPH nepexoje
K ¢paxroprpynnam uzomopdpusm R/ZQ® ,I'(S)—> S.

Hanpumep, yasqosasa rpynna I'(U) rpynnot U ects moarpynna 2miZ
B L (U)=(R. das ni060ro moppuama Topos f: S - S’ uepes I (f) o6oaraunm
romomoppu3sM I' (S) — I' (S’), nonyuerunit u3 L (f). Meer mecTo kKoMmyTaTHB-
Hafl aHarpamma

0> (S)>L(S) —£8 >0 (1)
r Ly H
exXpe,

0> T(S)>L(S)—5 8 >0
ITycrs a=X (S). [Ipumensas Toabko 4TO cKasaHHoe K Moppusmy H3 S B U,
onpejessieMmoMy orobGpakedHeM a, BuAHM, urto C-nuHeiliHoe oTo6pakexHe
8(a): L (S)c— Cuan® | nepesoaut I' (S) B 2niZ. Onpenennm Z-6uiunednyto
dopmy Ha X (S)XT (S), nosaras

(a, Xy =5 8(a) (X), aEX (S), X=T (S). L ©

2 H. BypGaku
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IMeennoxenue 3. Buaunednan ¢opua (a, X)i> (a,X) ra X(S)XT (S)
HesbiLposcOeHHa.

Hanomaum (Alg., chap. IX), yto, coraacHo onpenesenHio, 3T0 O3Hauaer,
4TO JIMHEHHBle OTOGpPaXKeHHS

X (S) = Hom , (T'(S), Z) u T (S) - Hom, (X (S), Z),

accouMMpoBaHHbE ¢ 3TOH GuanuHerRHOR GOpMOH, GHEKTHBHHI.

HeTpynHo 3aMeTHTb, uTO eCAH YTBEPKIEHHE NPELTOKEHHS BEPHO AJsl
ABYX TOPOB, TO OHO TaKXe BepHO JJ1s1 HX npon3BeneHHst. [Tockoabky Jo6oit Top
pasMepHOCTH n H3omopden U” To gokazaTesbCTBO CBOAMTCS K cayyalo S=
= U. Jkns 3TOro uacTHoro ciyuasi J0Ka3aTeJbCTBO OYEBHAHO.

Mycts f: S - 8’ — mopduam TopoB. Torka JnHelHMWE OTOGpaKeHHs
X X(8)>X(S) e T({f): T(S)>T(S) conpsiKeHH APYr K APYyry: AAs
ao6oro a’ =X (S8') n moboro XTI (S)

(X)) (@), X)=(a’, T () X)). @

Teepnoxenve 4. fycte S u S’ — dsa ropa. O6osnauum uepes
M (S, 8") epynny moppusnos uz S e S’ (xax zpynn Jlu). Orobpaxcenus
fr> X () u f T (f) asanrorca epynnosvinu usomoppusranu uz M(S, S’) na
Homg4 (X (87), X (S)) « Homg4 (T (8S), T'(S’)) coorsercrsenno.

Ecan f — moppuam rpymn Jlu u3 S B S/, 10 romomop¢usm X (f) sipas-
€Tcsi HE ueM HHbIM, KaK roMOMOpGH3IMOM, dgolicTeéeHubim K [ B cMbicae
Cnekrp. reop., ra. 11, § 1, n° 7. Oto6paxkenne ¢ > § 3 Hom, (X (S%), X (S))
B M (S, S’), onpenencuHoe Tax e, siBAsieTcsi OGPATHHM K OTOGDaXKEHHIO
f>X(f) a3 M(S,S’) B Homz(X (S), X (S)). Taxum o6pasom, nociaeanee
oroGpaxenne GuexrnHo. Ecam oroxpecreurs I'(S) (coor. T'(S8) ¢
conpsikeHHuM Z-mogyieM k X (S) (coots. K X (S")) (mpeanoxenue 3), 10
T (f) coBnanaer ¢ romomopduamom, conpsixkennsiM K X (f), otkyna crepyer
IZOKa3bBaeMoe mpelsioXKeHue.

3amewanun. 1) Hycrs f: S > 8 — mopdpusm Topos. 3meeBupHasi
auarpamma (Alg., chap. X, § 1, n°® 2), accounnpoBanuas ¢ (1), KaeT TOuHyio
MOCJe40BaTENbHOCTh

0 — Ker T (f) = Ker L (/) - Ker f -3 Coker T —
— Coker L (f) - Coker f — 0. (4)

B uacruocTH, NpeinoJOKHM, uTO MOPOH3M f CIOPBEKTHBEH H HMEET KOHeuHoe
sigpo N. Torpa u3 TOUMOCTH MOCAEXOBATENLHOCTH

0>N5>8Shs o,
rie i — KaHOHHUECKOe BJIOXKEHHE, MojyuaeM, uro romomMopduam L (f) 6uexrtn-

BeH. M3 rtounocTH mnocaenpoBatenpHocTH (4) cienyer HsomopdHaM N -
- Coker T (), orkyna noayuaem TOUHYIO NOCJAELOBaTeNbHOCTh

0->T(S)ZR8 r(s)>N-—0. (5)
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Kpome Toro, coraacuo Teopeme 4 us Cnekrp. reop., ra. 11, § 1, n° 7, noeneno-
BAaTEJbHOCTD

0> X ()Y ¥x ) X¥xn) >0 (6)

TOYHa.

2) CoraacHo npepJjoxenuio 4, orob6paxenne - I' (f) (2ni) ua M (U, S)
B I' (S) aBasietcst naomoppusmom. Ecmi asX (S)=M (S, U)u feM (U, S), ro.
KoMnosuuusi aofeM (U, U) ects 3ugomMopbusM ur—u', rae r=
={(a, [ () @ni)). B nanbueimem Gysem oroxzectsaits M (U, U)=X (U)
¢ Z, TaK 4T0 5/1eMeHT 7 3 Z GyAeT COOTBETCTBOBATH S3HAOMOPdH3MY u - u”. Bo
BBEAECHHBIX 0603HAYEHHAX

aef={(a, T (f)@2m))

3) C tounoit nocienosarensroctbio 0 - I'(S) > L (S)——> S — 0 ac~
couHHpoBau u3omopdusm rpynnsl I' (S) Ha pynaamenTanbuyio rpynny ropa S,
HasblBaemblii B fasbHeleM Kkanonudeckun. Jlns ao6oro mopdusMa Topos f:
S — S’ romomopduam I {f) oroxkaecTBasieTcsi npH NOMOMLH KaHOHHYECKHX
n3omopdusmoB ['(S)—>m(8) u I'(8)—>m(S’) c- romomoppusmom
m (f): 7 (S) > i (S), monyueHHblM 3 f. DTO, B 4YACTHOCTH, AaeT APY-
ryl0 HHTepHnpeTaluio TO4HOH mnochenoBatenbHocTH (5) (cM. Top. gen.,
chap. XI).

4) Tomomopduamel Z-moayaeit §: X (S) - Hom¢ (L (S)<C, Cur: I'(S)—>
— L (S)c) (+ nonyuen us kanonnueckoro saoxenust I' (S) B L (S)) npononxka-
1oTcd 1o u3omopduaMos BekTopHHIX C-npocTpaHCTB

u:C®X(S) » Hom¢(L (S)) C)

B nanbhefimeMm 3TH H30MOpQH3Mul 6yAeM HA3HBATb kanoHuweckumu, Orme-
THM, YTO eCJH NPOAOHKHTL N0 C-NHHEeAHOCTH cnapHBaHHE MEXAY NPOocTPak-
creami X (S) v I'(S) a0 Guamueinoit popmnt K , > Ha (CR®X(S)X
X(CRT (S), To

(u(a), v (b)) =2ni €a,b>.

3. Beca auneiinozo npedcrasienun

B stom myHkre 6yKkBa k£ 0603HauaeT noje R Hau C.

IMycts V — KOHeuHOMEpHOe BEKTOPHOE MPOCTPAHCTBO. Haj k H p: G —
— GL (V) — nenpepuiBHOE (a cjegoBaTesbHO, BELIECTBEHHO-aHAJHTHYECKOE,
ra. 111, § 8, n° 1, Teopema 1) npencraBienue cBA3HON KOMNAKTHON rpynnsl J1u
G 8 V. OnpeaenimM KOMIVIEKCHOE BEKTOPHOE NPOCTPAHCTBO V u nenpepeisHoe
oro6paxXenue p: G — GL (V) caenyomuM o6pasoM: ecad k=C, HONOKHM
V=V, p=p; ecin k=R, nonoxum V="V toraa p 6yner Komnosuuues p
H KaHOHWueckoro romomopdusama GL (V) — GL (V).

2*
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Las mo6oro Ae= X (G) uepes Vi( G) 0603HauHM BEKTOpHOE nonnpochaucT
B0 B V, cocronmee u3 nemopoa ve V, takux, uto p (g) v=g* v pas moGoro
geG (cm.ra. VIL § 1, n° 1), Toraa (rax e, npeaioxente 3) cyMma npo-
crpancte Vi (G) (rae A mpoGeraer Muoxecrso X (G)) mpsamasi. Kpome Toro,
BepHa

Jlemma 1. Ecau G xommyrarusna, 7o V — npamas cymma RpocTpancre
V. (G) 942 =X (G).

TlockonbKy mpeacrasiienHe p noaynpocto (§ 1, n® 1), aocraTouno foKa-
3aThb JieMMy B ciyyae nPOCTOTH p. B stoM cayuae xommyram Z muoXecrsa
¢ (G)s End (V) COCTOHT H3 cKansipos (Alg., chap. VIII, § 3, n° 2, th. 1). F'omo-
Mopqmam P, CJefoBaTeJbHO, (PAKTOPH3YyeTCH MO noArpynne C*.1, rpynnou
GL (V), n cymecrsyer saement AeX (G), Takoit, utro V="V, (G).

Onpepenenne 1. Becamu npedcrasaenun p 2pynnot G OTHOCUTEALHO MAK-
cumaavnoeo ropa T e G naswsaiorca ssementtt A u3 X(T), raxue, wro

Vs (T)5=0.

Yepes P(p, T) uau P (p), eciH 370 He BH3HBaeT HeZOpasyMeHHH mno
nosony Bui6opa topa 7, 0603HayaeTcsi MHOXeCTBO BeCOB NMPeACTaBJEHHS p
otHocHreabno T. CornacHo Jemme |,

= @ 7, (7)
reP(p, T)

Iycte 77 — apyroii MakcuMasibHHH TOp B G 1 g — 3jeMent u3 G, Tako#,
urto (Int @) T=T' (§ 2, n° 2, Teopema 2). Ilas Bcex Ae=X(T)

6 (@) (Vs (M)=V ("), tae A'=X (Int g~") (4). )

ChepoBaTe/ibHO, _
X (Int g) (P (p, T) =P (o, T). ©)
I'pynna Beilia W= Wo(T) nefictayer caeBa ua Z-Mmoayie X(T) mo
npasuny w i X (w='). Oas teT, AeX(T), we W, umeem **=(w™' ()"

IMreanoxenue 5. Muoacecreo P (p, T) ycrotiuuso orHOCUTEAbHO OelicT-
sus epynnot Bedaa W. Iycre nENg(T), u nycTo w — Kiacc 3reMenra
n e W. Han r&X(T) umetor mecro pasencrea ¢ (n) (Vy(T) =V (T)
u dim Vw;. (T)= dim Va (T)

Ha ¢dopmyan (9) mas T'==T, g=n caepyer, uro muoxecrso P (p, T)
yCTOHuHBO OTHOCHTenbHO w. Boaee Toro, p (n) HHAyUHDYET H30MOPGH3M
V;, (T) ua Vor (T) (popMysia (8)), oTKyZa BHTEKaeT AOKAa3HBaeMoe MpeiLo-
KeHHe.

TMpeanoxerue 6. Jas roeo urobor gomomopgpusm p: G— GL (V) Goia
UHDEKTUBEH, HeO6X00UMO U docrarouno urobe. mroxcecrso P (p, T) nopomda—
20 Z-mopyans X(7).
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Jast Toro 4utro6ul romoMopdU3M p GblJI HHBEKTHBEH, HEOGXOAHMO H JOCTa-
TO4YHO, 4TOG6bl ero orpaudyenne Ha T 6bi10 HHBEKTHBHBIM (§ 2, n° 6, npeaJo-
xenue 9). Kpome TOro, nocko/bky KaHonuueckuii romomoppusm GL (V) —
— GL (V) uubexrHBeH, MOXHO 3aMenuth p Ha p. Torna us ¢popmyast (7)
caeyeT, uTo SIAPO HpeACTaBACHHS P, OTPAHHYEHHOro Ha T, ecTh nepeceyelne
sipep 3nementoB us P (p, T). Takum 06pa3om, yTeepKACHHE BRITEKAET H3 Apel-
aoxenust 2 (n°1).

Jlunelinoe npexcrasaende L (p) anre6pu Jiu t B gl (V) npomonxaercs 1o
romomopdusma C-aare6p Jiu

L(p): te—gl(V).

HanomHuM, 4TO ¢ JIOGLIM 31eMEHTOM A u3 X (T) accounnposana (n° 1) aunei-
Has ¢opma 8 (A) Ha tc Takas, uyTo

(expr x)'=eM0) yet. (10}

Haxouen, nanomuaum (ra. VIL, § 1, n° 1), uro aas ao60ro oroGpakeHHA
pite— C uepes V p(td) o603Hauaercsi BEKTOPHOE MOAMPOCTPAHCTBO B v,
o6pasoBaunoe TakHMH Bekropamu v, uto (L (p) (1)) (v)=p (u).v mas Bcex
uste

Toraa u3 dopmyast (7) u 43 npen.nomeuunli ra. VIL, § 1, n° 1, nonyuaem

B nPEIyIO)KEHHE 7. a) fQaa awboeo A=X (T) umeer mecro pasencrso
ViD=V, (to:

6) Orobpaxcenue 8: X (T) —~ Homg (t¢, C) undyyupyer Guexyurwo P (p, T)
HQ MHOXCECTBO 8ecos npocTpanctea V oTHocureasno te.

OTMeTHM K TOMY Xe, Y4TO ec/H oApexeauts aedcrave W Ha tc, conmocraB-
Asis KaXK oMY aeMenTy @ u3 W snxoMoppusm L (w)canre6pht t o, TO OTOGpaxKe-
uue 8 6yner cornacopauso ¢ aeficraneM W nHa X (T) n ma Homg(t¢ C).

Mpeanonoxum tenepb, uto k=R. O603HaunM uepe3 ¢ cCOnpsKeHHE B 14
oTHOCHTEJAbHO V, onpeneisieMoe N0 npPaBuay o (x+iy)=x—iy AAs X,y H3
V. Ias 11060ro KOMIUIEKC HOTO BEKTOPHOro moanpoctpaHcTea £ B V naumenb-
wum R-mpocTpaHcTBOM B V, conepxamum E, 6yxer nomnpoctpanctso E 4
+ 0 (E). B yacTHocTH, Ansa mo6oro A X (T) cyluecTByeT BEUECTBEHHOE BEK-
TOPHOE NOANPOCTPAHCTBO V (A) B V, Taxkoe, urto NOAMPOCTPaHCTBO V(Ms 1%
cosnagaer ¢ V,(T)+V_,(T) (ormerum, uto o (V) ()=V_.(T)). Umeem
V (A)=V (— M), 1 noanpocrpanctBa V (A) cyTb H3OTHIHBIE KOMIOHEHTHI npea-
ctasjeHusi rpynnbl I B npocTpaHcTee V, mojy4eHHOro H3 p.

4. Kopru

Kopramu rpynnbl Jlu G oTHOCUTENbHO Topa T Ha3bIBAIOTCH HEHyJeBble
Beca NPHCOEAHHEHHOro NpecTaBaeHus 3ol rpynnbl JIn. MHOXecTBO KOpHEH
rpynnet.Jlu G orHocuTesabso T o603Hadaercs yepes R (G, T) uau npocTo yepes
R, eca 370 He Bhi3biBaeT HegopasymeHHi. CornacHo npemioxenuio 6, orobpa-
XKeHHe
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8:X (T) —tk

(uepes t} oGo3HauaeTcsi MPOCTPAHCTBO, CONPSKEHHOE K KOMILIEKEHOMY Bek-
Topnouy BPOCTPAHCTBY t¢) ocyinecTsasieT Glhekuuio muoxkecrsa R (G, T) Ha
MHOXecTBO KopHeil R (§¢, t¢) paciensennol pexykThpHofl anre6phi J1i (g¢, to)
(ra. VIII, § 2, n°-2, sameuanne 4). Ecian aas aio6oro o R NOAOKHTDH

8°=80d.(1=0dsw(td (an

TO Ka)KJoe MOANPOCTPaHcTBO ¢* oanomepuo Han C (ram oce, Teopema 1).
Hmeem
gc=tc® @ ¢* (12)
acsR
Jli1s kaxporo a & R o603Haukm yepe3 V (o) zByMepHOe NOANPOCTPAHCTBO
B g, Takoe, 4T0 V (@)y=6"+g~ “ Toraa HeHyneBHIMH H3OTHIHBIMH KOMAO-
HEHTAMH B § OTHOCHTEJ/ILHO APHCOEHHEHHOro NpeAcTaBaeH s rpynnsl I 6yAyT
t u noanpocrpanctsa V (a). Ilycrs K — xBaapaTH4HasA ¢popMa, aCCOLHHPOBAH-
nasi ¢ popmoit Kunnunra anre6pu Jin g. Toraa ona orpuuarteabsa (§ 1, n° 3,
npeanoxenue 1) u ee orpannyeHne K (@) Ha V (@) HeBHPOXI€HHO H OTpHIA-
Teabno. Jlas mo6Goro snemenTta ¢ u3 T sugomopduam Ad ¢ coxpanseT popmy
K (a), otkyaa nomydaem mopduaM rpynn JIk

to: T — SO (K (o).

CTano GHITb, CYULECTBYET eQuHCTEeHHsUll usomoppusm p,: U — SO (K (a)),
TaKOH, YTO lg=Paoct. JleHACTBHTEAbHO, NycTh X — HeHyJeBOH SJIEMEHT npo-
cTpaHcTBa g% M AycTb Y — 06pa3 X npH CONpPSIXKEHHH B §¢ OTHOCHTEJIBHO g.
Torma Yeg™° u, nonaraa U=X+Y, V=i (X —Y), nonyyaem 6asuc (U, V)
B V (a). B 6asuce (U, V) matpnua sugoMopdHuaMa npoctpancTsa V (@), 3anapa-

emoro Ad ¢, t<T, ecTw
< Re(tY) —Im (t"))
Im(t9 Re(t® /)

OTKYa cllefiyeT yTBepXKAeHHe.

IMrepnoxenue 8. Mycrs Q (R) — nodzpynna 8 X (T), noposxcdennan KopHa-
mu epynnot Jlu G.

a) Ientp C (G) epynnst JIu G ectv 3amxnyras nodzpynna e T, cosnadaro-
was ¢ nepecewenuem adep Kopreld. Kanonuuecxoe orobpaxcenue
X (T/C (G)) — X (T) unvexrusno, u ezo o6pas ecto Q (R).

6) Komnaxrnasn epynna C (G) usomopgpra zpynne, 0goiicraennoti K duc-
KpeTnol apynneX(T) Q (R) (Cnexrp. reop., 2a. 11, § 1, n° 1, onpenenentie 2).

B) Hdaa Tozo roboL yenrp C (G) coctonr uz eGunUMHO20 IAeMEHTA, HE-
06x00umo u docrarouno, 4robsl nodzpynna Q (R) cosnadara ¢ X (T).

CornacHo cneacTBuio 2 Teopembl 2 u3 § 2, n°2, moarpynna C (G)
coaepxurcs B T. ITockoaeky rpynna C (G) siBasieTca siAPOM NPHCOEAHHEHHOTO
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npeicTaBJeHHsA, TO OHa GYyLeT MepeceyeHHEM siep KOpHeH H, CTal0 GHTb,
opToroHajbHhM Jonoadednem rpynnel Q (R) B X (7). Toraa npeanoxe-
HHe caenyer H3 Cnekxrp. teop., ra. I, § 1, n°7, reopema 4, H n°5,
TeopeMa 2,

Ilreanoxenve 9. Jlwbod asromoppuan zpynnet Ju G, undyyupyo-
wuii edunuunoid asromopdusm na T, umeer eud Intt, 20e t<T.

Ipeanoaoxum cHauasa, uto C (G) CBOAHTCA K e AHHHUHOMY 3/JIEMEHTY; 3TO
anaunt X (T)=Q (R) (npennoxense 8). Ilyctb f — aBTOMOpPu3M rpynna JIu
G, HHAYUHPYIOLHH eAHHHYHbIH aBTOMOpdHaM HA T, B ¢=L (f)c. Torna ¢ —
aBToMOp(hH3M aarelpul JIu g, HHAYUHDYIOUWINA eHHAYHLIA aBTOMOPDHIM Ha
tc . CoraacHo npemnoxennio 2 Ha ra. VI, § 5, n°® 2, cyuiecrsyer equucTBeH-
HHi romomoppuam 0: Q (R) - C*, Tako#, uro ¢ HHAyUMpYeT Ha KaxioM g*
roMoTeTHI0 ¢ ko3pduuHenTtoM O (a). Tlockosbky @ coxpaHsieT BelieCTBEH-
HyI0 opmy g ajreGpul JIn gc, TO OH KOMMYTHDYET C CONpSIKEHHEM O B §¢
oTHOCHTeNbHO g. KpoMe Toro, o (g%)=¢7°, H, cieaoBarebHo, H (—a)=0(a)
ana  aoboro a=R. 10 o3Hauaer, uto O (@)D (@)=0(a)0 (—a)=1.

* M3 storo caenyer, uto 0 npHHUMaer 3HadeHHsa B U H, cTano GuTb, OTBEUALT
No ABOHCTBEHHOCTH 3aeMeHTy ! u3 T, Takomy, uto (Ad f)c=¢. 3Haumur,
Int t=f§.

B o6utem ciyuae npoBeJeHHbIe BEIIIE PACCYKAEHHSA PHMEHHMH K Tpynne
G/C (G), ueHTp KOTOPOH COCTOHT H3 €lHHHUHOrO 3JIEMEHTA, H K €€ MAKCHMaJb-
Homy topy T/C (G). Orciona nonyuaem, 4T0 €clu f — aBTOMOphHaM rpynnu G,
HHIYIHDYIOUHA e[HHHUBLIA aBTOMOP(dH3M Ha T, TO CYLLECTBYeT 3/IeMeHT ¢ H3
T, Takoii, yTo asTomopduamel f u Int ¢ HHAYUHpYIOT ipH mepexoae K (akTop-
rpynnaM ofuH H TOT xe aBromopduaM rpynne G/C (C). Toraa, noCKOJAbKY
KaHoHHYecKHit MOopdH3M D (G) > G/C (G) ABAAETCA KOHEYHbIM HAKPHITHEM
(§ 1, n° 4, creacTBre | nperoxenns 4), f H Int { HHAYUHPYIOT OAHH U TOT XKe
asromopou3m rpynnu D (G), a crenoBareabto, rpynnu D (G)X C (G) 1, cTano
6uiTh, rpynnel G (Tam ace).

Crencreue. ITycre u — asromopgusm epynnot G u H — 3amknyras nod-
2pynna 8 G, cocToawan U3 HenodBuNHbLX TOHeK oToGpaxcenun u. s Tozo
4T00bL ABTOMOPPUIM U Obla BRYTPEHHUM, HeOGX00UMO U GOCTATOYHO, 4TOGbL
nodepynna Ho umera marxcumanrvuoil pane.

Ecan aBromopousm u umeer Buz Int g, rae g =G, 1o noarpynna He=
=Z (g)o HMeeT MaKcHMaAbHLH panr (§ 2, n® 2, cnencrede 3). O6paTHO, eciH
H conepXHT MakcHMaJbHBIH TOp S, TO apTOMOpdH3M 4 umeeT BHA Int s, rae
seS (npeanoxenue 9).

5. Y3aoevie sexropte u dyarvrvie xkopru

JIEmma 2. [Tycte S — 3amxnyrasn nodepynna 8 T u Z (S) — ee yenrpa-
ausarop 8 G.
(i) R (Z (S, T) — mnoucecrso kopred a« =R (G, T), rakux, «ro a (S)={1}.
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(11) Uenrp epynnot Z (S) ecrv nepecewenue nodepynn Ker ¢ dana ae

R (Z (S, T).

(m) Ecau S censna, to Z (S) ceasna.

Anre6pa Jlu L (Z (S))c) COCTOHT M3 3]€MEHTOB, HHBAPHAaHTHBIX OTHO-
curesibHo AeidicTBUA rpynrnsl S B g¢ (ra. 111, § 9, n° 3, npennoxenune 8) H,
CTaJo GHThb, ABASAETCA NPAMOH CyMMOH riofanre6pul t¢ H rnojanre6p g%, Ais
Kotophix a (S)={l}, orkyaa caenyer (i). Torga yrBepxieHue (ii) BuTexaer u3
npeasioxenus 8 (n°4), a YyTBepXenue (iii) 6bi10 yxe AokasaHo (§ 2, n° 2,
cnencTBHe b TeopeMH 2).

Teopema 1. Mycre a =R (G, T). Lenrparusarop Z, muoxecrea Ker o
ecTb c8A3HAA 3aMKHYyTan nodepynna & G. Llentp nodzpynnot Z, pasen Ker a,
a ee npoussoonan epynna D (Z,)=S. feanerca noaynpoctold ceasnoii 3a-
uxnyrodl nodzpynnod panca 1 e G. Kpome 1020, R(Zs T)=la, —a)}
u dim Z,=dim T4 2.

Ilycry Z; — uentpanusatop (Ker a). CoraacHo nemme 2, 3TO CBfA3-
HafA 3amkHytasa noarpynna B G, a R (Z,, T) ecTb MHOXeCTBO KOpHeHd P&
eR (G, T), Takux, yto B ((Ker a))=f{l}. Ouesuano, uro {a, —a}c R (Z, T).
O6patHo, nyctb B R (Z4, T). Mockoavky (Ker a)o — moarpynna KoHe4HOro
HHaexca B Ker a, cyniectByer nejoe ydcio r=%=0, Takoe, 41O =1 a9 t=
e Ker a. U3 TouHOCTH NOC/I€H0BATEILHOCTH

0> Z->X(T)—> X (Kera)—0,
COOTBeTCTBy]O“.[eﬁ no IlBOﬁCTBeHHOCTH TOYHOH ocN1ef0BATEJbUHOCTH
0—- Kera T3 U0,

BHTeKaet, uto rf kpared a. CornacHo Teopeme 2 (i) H3 ra. VIIL § 2, n° 2, ato
osHauaet, 4to Ppe{a, —a}. Takam o6pasom, R (Zi, T)={e, —a} H3 3toro
cnenyer (nemMma 2), yto neHTp rpynnbl Z, ectb Ker a, H, ctano 6bith, Zo=~Z,.
Haxkonen, coraacHo cneactBuio 1 npepnoxenuss 4 (§ 1, n°4), D(Z.) —
noaynpocrasi CBfi3Has saMKHyTasi noarpynna B G, paur KoTtopoi pameH I,
MOCK OJIbKY

DL(Z)=9"+o" "+ [8%67"].

CnenctsuE. Cywecrayer mopusm epynn Ju v:SU (2, C) - G, obaada-
1ouuli caedyrougumu ceoticreamu:

a) O6pa3 mopdusma v 1 A0PO KOPHA O KOMMYTUDYIOT.

6) v(a O)ET u
: 0 a

aov(a 2)=a2 Oan ecex as U.
0 a
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Ecau vi u v; — dea mopguama zpynno Jlu SU (2, C) 6 G, o6radarosyue
YKA3aHHbIMUL Bblue ceolicTéamu, 10 cyuecteyer 3aement ae< U, raxod, uro

a 0
vo=velnt .
S (o E)

Coraacho Teopeme | 1 npennoxkenuio 6 U3 n° 6, § 3, cyumecTByeT ClOpbEK-
THBHHA Mopduam rpynn JIu v: SU (2, C) - S, ¢ nuckperHuM sapoM. Toraa
v~ ' (TNS,) — makcumaabuuit T0p B SU (2,C) (§ 2, n® 3, npennoxenne 1).
[Mockonbky MakcuMadgbhbie Topsl B SU (2, C) conpsixkenn (§ 2, n° 2, Teopema
2), TO MOXKHO NpeAnoJaraTh, 3aMeHssi B cilyuae HeoGXOAUMOCTH v Ha velnt s
(aas s=SU (2, C), uto v~ ' (T S.) — noarpynna AHarCHaJbHEX MaTpPHL

0
B SU (2, C). Toraa aas ao6oro a = U HMeeT MeCTO BKJIIOYEHHE v ( ¢ _ )e T
: 0 a

H OTOOpa)keHHe . -

a O a O
_ jaov _
(0 a) (0 a)

spJserca kopHew rpynne JIn SU (2, C), a'cnenoBaTenbHo, COBNafaeT ¢ OAHHM
H3 ABYX OTOOGpa KeHuH (a 2)!—*&2 HJH (a 2)»—» a"?(§ 3 n°6, pop-
0 a 0 a

Myaa (19)). B nepsoM ciayuae NOAXOXWT FOMOMOpGH3M v, BO BTOPOM CJY-
uae — romoMopdpuam velnt 8 (ram e, popmyna (18)).

Ecau v, u vo — gBa Mmopduama rpynnu JIu SU (2, C) B G, yrosnerpopsiio-
I He HYXKHLIM YCI0BHAM, TO 06a oK oroGpaxalor SU (2, C) B S, (ycioBHe a))
H, 3Ha4yuT, 06a SABASAIOTCS YHHBEpPCaJbHBIMH HAKPBITHAMH rpynne S,
Takum oGpa3oM, cyiuecTsyeT apTomMopduaM ¢ rpynnut SU (2, C), Takoii, uyto
ve=wvjo, H [OKa3aTeJbCTBO 3aBepiliaeTci NPHMEHEHHEM Ipel/ioXe-
HHA O H3 n° 4.

W3 npepbigymwero cneicTBHA BhlTekaeT, uto romMoMopdusm vy U—T,

™ a
onpejedsieMuil pPaBeHCTBOM v,(a)=v< 0

0
_), rie a= U, HEe 3aBHCHT OT
a

pu6opa v. O6oznaunm uepea K.=T (T) ob6pas npu I'(v;) snemenra 2ni u3
I'(U)=2niZ. B nanphefimem Gyzem Ha3bBaTh K, y3.108bim 6eKTOPOM,
accoyuuposanmsvin ¢ xopuen a. Umeem (a, K.) =2, 1. e. (n° 2, dopmyaa
2)) 8(a)(K.)=4mni. Ilockoabky K. TNpHHajJIeXKHT nepecedeHHio ¢
H L(Scy TO

K.=2niH; (a) (]3)

rae Hy (o) — Gyassnsil kopens, accounupobaHHbIf ¢ kopheM & (a) pacuennen-
HOH anre6pbl JIH (gg to) (ra. VII, § 2, n°2). Hnaue roeops, ecau
oroxaectsuts I' (T)®@ R ¢ rpynno#t, asofictBennoit k rpynne X (I @R, npu
MOMOILM cnapuBaHusa ( , ), TO y3J0BOMY BeKTOpy K, GyleT COOTBETCTBOBAThH
dyaasnoid kopens a’ (X (T)® R)*. )

3ameuanue. Jlas mo6oro xR
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o[ P (2nix) 0
0 exp (— 2nix)

v(_é _?)=v7(—1)=exp(—;-l(a). (15)

Orciofa BHTEKaeT, YTO MOPGHIM v UHDBEKTuBeH TOTAA W TOJABLKO TOraa, korpa K,&
&2I(T), T. e. xorna cymecrbyer takofl anement AsX(T), uro (A, K,) &2Z. Ecan
anre6pa Jlu g¢ npocta, TO MOPHH3M v HHBEKTHBEH, 33 MCKIIOUEHHEM CIyyasi, KOTAa
gc— aare6pa Jlu taua Ba, C(G)={l} u a — xoporxuil kopeun (cm. ra. VI, rabaunmn).

)= v (€2 =exp (xK,). (14

B yactHocTH,

Ha nporsikeunn srtoro naparpada uepes R'(G,T) Gyrem o06o3Ha-
YaTh MHOXECTBO Y3JIOBHX BeKTOpoB K, mast a<R (G, T). 310 — noxmHoXe-
ctBo B I'(T), KoTopoe npu KaHouuueckom BJoxendu I (T) B t¢ oToxaecTBis-
eTCHl C MHOXKECTBOM, NMOJYy4aeMBIM C MOMOLLbIO FOMOTETHH € K03 HIHEHTOM
2ni u3 nyanvHol K § (R) cuctemnl Kopredt RY (g ¢, to)=1{Hs ()}. OTClORA CneayerT,
uyto MHOXKecTBo RY(G, T) nopoxngaer BekTopHoe R-mpoctpauctso L (T
N D (G)) u yto oproronaabroe ponoauenue K RY (G, T) B X (T) ects X (T/ATN

no 806)))-

osrayuM uyepe3 Aut (T) rpynny aBromopcusmoB rpynnst JIu T. Fpynna
Beiia W=W;(T) (§ 2, n°5) oToxAECTBASETCS C HEKOTOPOH MOArpynmoi
rpynnul Aut (7). C apyroii ctopounl, nanomunm (ra. VIIL, § 2, n° 2, sameua-
ude 4), uto rpynna Befina W (g¢, to) pacuiemyienuoit penyKTUBHOR ajre6pbl
Jlu (g ¢ to) meficTByer B {¢ H, ClleloBaTe/buO, KAHOHHYECKHM 06pa3oM OToXKae-
crBJseTcst ¢ moarpynnoit H3 GL (to).

IMeennoxenue 10. Orobpascenue u L (u) ) us Aut(T) 8 GL(to
uHOyyupyer usomoppusm epynnot W na epynny Bedas pacuwenaen-
nod pedyxrusnoll aszebpor Ju (g¢ to. I'pynna W, (T) umeer nopadox 2

048 1106020 R, u 06pa3 ee HEEOUHUYHOZD IAEMEHTA npu npeobioyujem
U3OMOPPuUIME ABASETCA OTPAKEHUEM Syy

Tak kak paccMaTpuBaeMoe OTOOGpa)K€HHE HHBEKTHBHO, TO AOCTAaTOUHO
nokKa3sath, U4To ero o6pas coBnagaer ¢ W (g¢ to.

[ycrs ge=Ng(T). Henoabsys obosHadenus u3 ra. VIIL § 5, n° 2,
noaysaem, uto Ad geAut (g¢ tdNInt(ag); chenosateavno, Ad ge
e Auty(gc to) (cm. ram oce, n° 5, npeanoxenue 11). Coruaacio npepso-
xeuuo 4 n° 2 § 5 Toil xKe raaBbl, aBToMopdU3M nonaJrebpnl Jlu te, HHRY-
uupoBanunit Ad g, np uagnexur W(gc to. Caenosatenbuo, o6pas W B
GL (t¢) cozepxutcs B W (g¢, to) -

Mycts ae=R(G, T), u nycrb v: SU (2, C)—~ G — mopdusm rpynn Jlu,
o6safaoudil cBOACTBaMu, NepeyncAeHubiMY B cllefcTBUu Teopemul 1. O6pas
sjiementa v B SU (2, C) npu oto6paxennu 0 obsagaeT TakuMH CBOHCTBaMH
(§ 3, n°6, popmyna (17)):

a) (Int v (8)) (f)=¢, ecsiu t=Ker a;

6) (Intv (0) ()=¢"", ecau t=TNS,.
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Orciona caenyer, uto Ad v (8) HHIyUHPYeT TOXIecTBEeHHOE OTOGpakeHHe Ha
Ker 8 (a)=t¢ u oroGpaxkenHe x— — x Ha [g% g™ ], a ciefoBaTe/bHO, cOBNa-
ZaeT C OTpAXEHUEM Sy, . 3xayuT, obpa3 rpynnel W conep:xur Bce SHp(q) B

TakHM oGpasom, cosnagaer ¢ W (¢, to). B uactHocry, rpynmna W, (T) umeer
o
nopsiaoK 2, 1. e. cocrout u3z exunuub u Intv(6). 4. T. 1.

Caeacrsue. [Tpednosomum, uro epynna Jlu G noaynpocra. Tozda
2106011 ee 3NeMEHT ABAAETCA KOMMYTATOPOM OBYX ee IAeMEHTOS.

' Ilycre ¢ — mpeoGpasosanue Kokcrepa rpynnnl Bedta W (g t¢o)
(ra. V, § 6,n°1), unycrs n — saemenT u3 N ; (7T), kiacc koroporo B W oro-
KAECTBJASIETCA € ¢ IPH MOMOIILH H30MOPhH3 Ma, ONIP eeJIeHHOTO B IPEAJ0KEHHH
10. O6oanauum yepes f, mopdbuaM t+—> (n, {yu3 T B T. [l1s1 x =t HMEET MecTO
pPaBeHCTBO -

L (Foho)(®)=(Ad n) (x) —x=c¢ (x) —x.

Coraacuo tecpeme | u3 n° 2, § 6, ra. V, sunoMopdusm ¢ aare6pn Jlu
t ¢ He HMeeT cOGCTBEHHbIX 3Hauenui, pasHbix 1. B kauecTse ciefcTBus noayua-
em, uro oro6paxende L (f) ClOPbHEKTHBHO, TAK XK€ KaK U MOPGbH3M f.. 3HAUHT,
JA060oil asement u3 T ABJAsETCS KOMMYTaTOPOM JABYX 3/1€MeHTOB U3 G, U, IpuMe-
HAAs TeopeMy 2 u3 n°2 § 2, noayuaeMm TpeGyemoe YTBEPIKIEHHE.

6. Pyndamenrarvrasn epynna

B caenyomem npemioxenun uepes f{(G,T) o6o3Hayaercss roMoMop-
¢usm I' (T) B a1y (G), nonyyenHbli KOMIO3HIHEHd KAHOHHYECKOTO H30OMOpGhH3Ma
T (T) na n; (T) (n° 2, 3aMeuanne 3) u roMomopduaMa m; (1), Ti€ L —KaHOHHYE-
ckoe Biaoxenue T — G.

IMpeanoxenue 11. Tomomopgusn [(G, T): T'(T)—> n, (G) cropovexru-
sen. E20 adpo aeasnerca nodepynnoii N (G, T) 6 I' (T), nopoxcdennoii cemelict-
som yarogoix 8ekTopos (Ko, <z @, 1

T'omomopguam f (G, T) clopbekTHBeH, corjacHo npejioxenuio 3 (§ 2,
n°® 4). O6osnauum uepes A (G, T) yrBepxaeHue «sagpo romomopdusma f (G, T)
NopoXKIeHo BekTopamd K.», KOTOpoe HaM HYXHO jAoka3atb. Paccmorpum
caenyioliye caydau:

a) I'pynna Jlu G odnoceasna. Tlyers p: g¢ — gl (V) — nunefinoe npen-
cTapjense aare6pui JI gc B KOHEUHOMEPHOM KOMIJIEKCHOM BEKTODHOM INpo-
crpanctse V. OrpaHuyuBasi 3TO NpejacTaB/eHHe Ha ¢, Mbl MOJYYHM NPEACTaB-
JleHue g B BELECTBEHHOM BEKTOPHOM npoctpaHctse Vg Tlockonbky G omsoc-
Bsi3HA, CYLIECTBYET aHaJUTHYECKOoe JHHeHHoe npeicTaBieHHe : rpynnsl Jlu
G B npocrpanctee Vg, Takoe, uto p=L (a). [lpumenss npeaioxenne 7 u3
n° 3, noayuyaem, uro o6pas 8 (X (T)) rpynnet X (T) B t§ comepkuT Bce Beca
npexcrasaenus p B V. 3To yrBep:KeHHe cnpaBeLlHBO 151 J060ro npeacras-
Jenus p anre6psl JIu g¢. Ua reopembl 1 n° 2§ 7 ra. VIII suitekaer, uro 8 (X (7))
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COAEPXKHT TPyNmy BecoB cHcreMb! &8 (R), kOTopasi no onpeje/eHHIO ecTh
MHOMKecTBO TakuX AtE, uto A (Hs (o)) EZ pas Becex a <= R, uaM Takix, uto
A (K.) €2niZ pna Becex a=R. Takum o6pasom, rpynna X (7) cogepxur
Bece sqementl A u3 X (T)®Q, rakue, uro (A, K,) &Z mna moboro as
€ R. Tlo pBofictBenHocTH H3 3TOro caegyer, yro rpymna I (7) nopox&neﬂa
y3JnoBbiMH BeKTopaMH K., OTKyaa nojsyvaem ytBepxaenue A (G, T).

6) Ipynna Jlu G ecro npamoe npoussederue OOHOCEAZHOL 2pynnoi
Ju G’ na Top S. B stom cayuae T sipnsiercst NpsIMbIM NPOH3BEJEHHEM He-
KOTOporo MakcHMaJjmeHoro topa I’ B G’ sa S, I'(T) oroxaecrsasiercs
c I'(TYXT(S), mi(G)— ¢ 7 (G)Xn (S) u f(G, T)— ¢ romomMopdusMom,
nojsyyaeMbim Komnosuumeit f(G’.T) u NS,S). Tak kak romomopdHaMm
f (S, S) Guexrusen, kaHoHHueckoe orobpaxenue I'(T')— I'(T) GuekruBHO
oro6paxaer Ker f(G’, T’) ua Ker f (G, T). Kpome Toro, sekroput K, npu-
Hajlexar anreb6pe JIlu mnpousBogHo#l rpynnet G’ rpymnnet G H, ciemoBa-
TeabHO, o6pa3dy I'(T'), orkyaa cpasy noayvaem, uro A (G’, T’) Bieuer 3a
coboit A (G, T). Takum ob6pasom, B cuny a) yrsepxkuende A (G, T) poka-
3aHo.

B) O6uguii caywat. CyulecTByer CiOPBEKTHBHBIH MOPGH3M C KOHEUHbIM
aapom p: G’ — G, rge G’ aBnsiercss NpSIMBIM MpPOH3BejeHHEM OJHOCBA3HOH
rpynnst Ha top (§ 1, n° 4, npeanoxenne 4). Ecau T’ sBasercs npooGpa-
3oM T B G’ (T’ — makcumaabHblii TOp B G’ corjacHo mpepjoxexuio 1 u3
n°3 § 2) u eciu N — siipo p, TO HMEIOT MECTO TOYHblE NOCJEA0BaTe/bHO-
cth 0 >N—->G -G—-0 u 0>N—->T —-T-—>0, orkyaa nonyiaem
KOMMYTaTHBHYI0O jHarpaMMy ¢ TOYHbIMH cTpokaMH (n°2, 3ameyaHnue |,
H Top. gen., chap. XI)

0> I'(I) >T(T) >N—>0
[ Y 6Ny 1d,d
0—>n(G") > n,(G)—~N—>0

H3 3meesugnoit nnarpammet (Alg., chap. X, p 4, prop. 2) cpasy caeayer,
uro A (G’, T') Birever 3a coboit A (G, T), oTKyAa B cHay 6) modyuaeM jJoKa3a-
TeJbCTBO BCEro NpeasoXeHHs.

Cheacteue}. [aa rozo urobsr G 6oiaa o0noceasna, neobxodumo u docra-
T04HO, 4T06bL cemeiictso (K ) g 6, ) nOPoxdaro T (T).

Caeacreue 2. Mycre H — caasnas samknyras nodepynna 8 G, codepxa-
waa T. TozOa umeer MecTo TOUHAA NOCAEOOBATEALHOCT

0-—~N(H,T)>N(G,T)>mn (H)y— n (G)—> 0.

Sro caepyer u3 npegnoxenust 2 uz Alg., chap. X, p. 4 (3meeBuaHast AH-
arpamMma), NpHMEHEeHHOro K KOMMYTAaTHBHOH AuarpaMme

O»N(l:,ﬂ—»P(T)»n.(H)»O
O*N(G,D*F%T)—»n,%G)—-»O
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3amexanue. Moxno nokasars (cM. ynpaxkuenne 2 u3 § 5), uro rpynna n; (G)
paBHa nymo. Torna #u3 TOYHOCTH mpenHAyliedl NOCAEAOBATEALHOCTH NOJyudem
usomMopdu3M rpynnel n, (G/H) na rpynny N (G, T)/N (H, T).

Cagacreue 3. F'omomopgpusm n, (D (G)) - ﬁl (G), noayuennoui ua sroxce-
nus D (G) 8 G, undyyupyer usomopgusnx n, (D (G)) na nodepynny Kpyvenus
epynnot x; (G).

HefcrBurensHo, T(1 D (G) — makcumanbuniit Top B D (G) (§ 2, n° 3, npen-
aoxenne 18)). M3 Toynoctu mocaegoBarenbHocTH

0— I (TND (G) - T (I~ T (T/TND (G)) - 0
H Pl3' npenyoxXeHusa 11 BhiTeKkaeTr TOYHOCTb nocjaenoBaTe/IibHOCTH
0— 7, (D (G) > 7 (G) > T (TATND (G)) -~ O,

OTKyZa, MPHHHMasl BO BHHMaHHe To, yTo rpynna n; (D (G)) koneyna, a rpynna
I (T/ATND (G)) cBo6onHa, nojiyyaeM AOKa3blBaeMoe CJIEACTBHE.

.7. HMlodzpynnoi maxcumarvrozo panza

Hanomuum (ra. VI, § 1, n°7), yro noamHoxkectBo P B R=R (G, T)
Ha3bIBaeTcA 3aMKHYTHIM, ecliH (P4 P)fR< P, H cuMMeTpHYHbIM, ecid P=
= — P,

Tpenno)eHKE 12. ITycTo FE — MHOKECTBO CBAIHLLX 3AMKHYTOLE nod2pynn
8 G, codepucawux T u ynopadouennvix no sexawouenwo. Orobpaxenue
Hv> R (H, T) asanerca coxpanarowell nopadoxk 6uekyuet uz I 1a MHO*ecT-
80 CUMMETPUHHBLX 3AMKHYTbLx nodmnosxcecte u3 R (G, T), ynopadouennvix no
8K AFO4EHUIO. :

Ecan He%#, 1o L (H), asaserca npamoit cymmodl te H g* mif acs
&R (H, T). Iockoasky L (H)) — penyxkTuBHas nogaare6pa B g¢, TO NOAMHO-
xkectBo R (H, T) B R o6nanaer Tpe6yembimu cBofictBamu (ra. VIIL § 3, n° 1,
JemMa 2 H npepaoxenue 2). O6partHo, eciad P — nogMHOXKecTBO B R, o6nana-
Iolliee 3THMH CBOHCTBaMH, TO fo @ Z g“ — nogaarebpa Jlu B g, (rasx xe),

asP
KoTopas sBJafieTcs pauHoHaJjpHoii Hax R (n°3) u, caenoBartenbHo, HMeeT
BuA b, rae h — Hekoropas nopaare6pa Jiu B g. Ilycts H (P) — HHTe-
rpasbHas moarpynna B G, ompeaeasemas mogaare6poit x. OnHa 3aMkHy-
Ta (§ 2, n°4, sameyanue 1). Orcioga mnosyuaeM, YTO OTOGPAMKEHHSA
H—R(H,T) uw P> H(P) coxpaHsioT mopaAnoKk H oO6paTHh Jpyr K
apyry.

Crencrsue 1. Yucro aamxnyrox nodepynn e G, codepucauux T, koneuno.

Ilycrs H — takas noarpynna, toraa Ho& 9 U MHOXKECTBO H KOHeY-
Ho. Kpome toro, H — noarpynna B8 Ng;(H,), conepxamas Ho, a moa-
rpynna N;(Hy/H, xoneuna (§ 2, n°4, npemioxkeHde 4 H 3aMmeua-
HHe 2).
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Creacreue 2. Mycto H — ceaznan 3amknyras nodepynna e G, co-
depmawan T, u nycro WG (T) — craburusarop e W (T) nodmnoxcecrsa
R(H,T) mnomecrsa R. T'pynna Ng(H)/H usomoppna paxropepynne
WET)/ Wy (D).

Us npennoxennn 7 (§ 2, n° 5), npumenennoro k noarpynne N g (H), bite-
Kaet, uro N g (H)/H naomopdpua Wy i (T)/ W ;4 (T), rae uepes Wy 4 (T) 0603-
Hayaercs MHOXKecTBO 37iemeHTOB B3 W4 (T), npeacraBurenu kotopbix B N4 (7)
coxpausot H. [lyetb ne& Ng(T), 1 nycTs @ — Kaacc snementa n 8 W (7).
Cornacno npeanoxennio 11 ua ra. III, § 9, n°4, n nopmanusyer H toraa
H TOAbKO Torma, koraa (Ad n)(L (H)=L (H). Otciona 4 u3 npeajoxenus
5. (n° 3) creayer, yro noamuoxectso R (H, T) B R ycTOHYHBO OTHOCHTENbHO
w. CleJcTBHE 10Ka3aHO.

3amewanue 1. Tpynma WEH(T) sBasercs rakxe CcTabHAH3aTOPOM
B W (7) noarpynnir C (H) rpymnbi 7. D10 clienyeT U3 npeasoxenus 8 (n° 4).

Ilpennoxenue 13. Hycre H — ceasnas 3amknyras nodepynna
8 G makxcumasvroeo panza u C — ee yenrpasusarop. Tozda C codepxcur
yentp epynnot JIu G, a H asasercs c8A3HOU KOMNOHERTOU eOUHLYbL YeRTPAAU-
aaropa nodzpynnst C.

Iycte S — makcemaabubiit Top B H. Ilockonbky neutp rpynmst G co-
zepxutcs B S, on cogepxkutca B C. INoaoxum L=Z(C)q. I10 cBsA3Hast 3aM-
KHyTtas moiarpynna B G, cogepkaiuas f; cienosaresibHO, OHa HMeeT Mak-
CHMaJIbHBIA paHr, H ee ueHtp pasen C. O6o3nayum uepes R, u R, cHcTemsbl
KopHeii otHocuTeqbHO .S B H u L coorBerctBeHHo. Toraa crpapenanBo
BKloyeHne Ry R; <R (G, S). Tak kak C (H)=C (L), T0 U3 npepioxenns
8 (n° 4) smTekaer paBeHcTBO Q (Ry)=Q (R)). Kpome Toro, Q (RHYNR, =Ry
(ra. VL, § 1, n° 7, npeanoxenue 23), orkyna R,=R, n H=L (npeaso-
xenne 12).

3ameuanue 2. Bynem ropoputb, uro noarpynna C rpynns Jlu G kopue-
8asl, €ClIi CyulecTByeT MakcHMaJbHbil Top S B G 1 nogMuoxectBo P B R (G, S),

takue, uto C= [] Ker a. U3 npepnoxenusn |3 u u3 semmbl 2 n° 5 Boitexaer,
aspP

uto orobpaxcenue Hv>C (H) nopoxdaer Guekyuio MHONECTEA CBAZHLLY 30AM-
KHYTbLX noOzpynn MAKCUMANOHOZO0 PAHZQ HO MHOXCECTBO KOpHesbix nodepynn
epynnot Jlu G. O6patHass GHeKLHst ecth oTo6paxenHe C - Z (C.

CaeactBue. Muoxcecrso snementos g=G, raxux, uro TNgTg~'=
= C (G), a8aserca KOHed oI 00BeOUReRUeM 3AMKHYTOLX QHAAUTUYECKUX NOO-
Mrozoobpasui 6 G, orauuneix or G.

He#icreurensno, mnonoxum A,=T(gTg~'. Torma Tc<Z(A,) =
gTg~'<Z(A,). Cymecrsyer x&Z (A,), nan koroporo xTx~'=gTg~'(§ 2,
n° 2, reopema 2), OTKyna BbiTekaer, 4to g =(Z (A ). N (T). O6o3nauum yepes
A KOHeyHOe MHOXeCTBO (cJencTBHe 1) 3aMKHYTbIX moarpynn B G, comepxa-
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wHx T ® oriHunbX oT G, u nonoxkum X= {J H.N ;(T). 910 — KOHEuHoe
Hew

o6beIHHeHHEe 3aMKHYTHIX MToaMHoroo6pasuii B G, oTauuHbX oT G. Ecau A,
#C (G), 10 Z(A)e o u g npunapjaexur X. O6parHo, ecin g H.N;(T),
rie He= o, To Ay copepxur C (H), H, caepnosarensHo (mpepaoxenune 13),
A, C(G).

Trennoxenue 14. Tycro X — nodmnoxecreo ¢ T, u nycre Ry — mnosxe-
creo kopreii a< R (G, T), rakux, 410 a (X)={1}. Fpynna Z ;(X)/Z 5 (X), u3o-
Mopua pakropepynne crabuasusaropa nodmnoxecrea X ¢ Wg(T) no nod-

. epynne, nNOPOXOEHHOU OTPANEHUAMU Sy 047 A &Ry,

Monoxum H=Z,(X). IMockoncky nopaare6pa JIu L (H)¢ cosnanaer
¢ MHOXECTBOM TOUEK B gc, HeNMOoABHXKHHIX oTHOcHTebHO Ad (X), TO oHa sABAA-
ercst cymmoil tc H Tex g% mas KortophX a (X)={l1}. B kauecrtse caencTus
nojaydyaem paseHctso R (Ho, T)=Ry, Tax uro rpynna WH (n nopoxmeua

OTPAXKEHHAMH S, AdSl o < Ry Jl0Ka3aTeJbCTBO 3apeplIaeTcsi NMPHMEHEHHEM
npeptoxenus 7 u3 § 2, n°5. :

Huxe (§ 5, n° 3, reopema 1) 6yner nokasaHo, yto ecan rpynna Jlu G ongno-
cBsiaHa, a X — ofMa Touka, To HeHrpaansatop Z (X) cBH3eH.

8. Kopneawvie duazpammnt

Onpepenenue 2. Kopresoi Ouacpammodi (wiM mnpocTo pHArpaMmof,
eC/H 3TO He BLI3BIBAET HepOpasyMeHHH) Ha3wsaerca rtpolka D=
=(M, My, R), 2de

(DRo) M — ceo600nsui Z-modyab Konednozo runa, a Mo — nodmodyas
8 M, soidesnionuiica 8 HeM NPAMBIM CAGEAEMbIM,

(DR) R — roneunoe nodmnoxectso 8 M, R\ Mo nopoxdaer sekropnoe
Q-npocrpancreo Q@ M;

(DRy) 044 a106020 a =R cyuwjecTsyer taxoh saement o’ u3 M*=
=Homz (M, Z), uro o’ (Mo)=0, a’ (a)=2, a 3ndomopgusm x> x—a’(x)a
#mo0yan M coxpanser nodmnoxecreo R.

Coraacio ri. VI, § 1, n° 1, nas mo6oro a<R 3neMent a) 43 M*
€AMHCTBEHHHM 06pa3oM ONpeaessercsl 3JeMeHTOM «; 0GO3HAUHM uepe3 Sq
sHRoMopdH3M x> x—a' (x) @ Monyass M. Kpome Toro (cm. ram se), sex-
TopHoe Q-npocTpaHcTB0 Q@ M sABAAETCA npAMol cymMmoii Q@ Mo H Bekrop-
Horo noampoctpanctsa V (R), nmopoxnentoro R, H R ecTb cHcTeMa KopHeil
B V(R) (cM. ram sce, onpenenense 1).

DJeMeHTH H3 R HasHBAIOTCA KOPHAMU KOpHeBoil auarpammsl D, a sJye-
MeHTH o H3 M* Ha3blsaloTcs dyaabrbimu KOpuamu. Tpynna, nopoxaeHnasn
aproMop¢HaMaMH S, MOAyns M, Ha3aniBaercs epynnoid Beidasa pmarpammsl
D u o6oanauaercst uepes W (D). Ee snemeHTH HHIOYILHPYIOT TOXAECTBEHHOE
npeo6pasosanne Ha Mo, a Ha V (R) — npeo6pasosanus rpynnsl Beilns cucre-
Mbl KopHe# R.
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Mpumepsr. 1) [na mo6oro csoGoanoro Z-mopyns M Kouweunoro tuma
Tpofika (M, M, @) sinasiercA KopHeBoH auarpammoi.

2) Ecan D=(M, Mo, R) — xopueBas auarpamma, To nyctb M§ — opTtoro-
HasbHOe ponosiHeHue K V (R) B M*, u nycTh R' -—— MHOXECTBO JyaJbHBIX Kopuei
gas D. Torpa D=(M*, M§, R") — xopHeBasi fuarpaMMa, HasbiBaemasi Jyass-
nod k D. [lns mo6oro oo R cHMMeTpHst S; MHOXKecTBa M* siBsisieTcst aBToO-
MODP(H3IMOM, KOHTparpPeAHEHTHbIM K CHMMETDHH S, MHOXecTBa M. Orto6paxe-
nie © > ‘w™' ectb uzomopduam W (D) na W (D). Kpome Toro, V (R") ecte-
CTBEHHbBIM O06pa3oM OTOXJECTBJIIOTCA C MNPOCTPAHCTBOM, CONPSIKEHHBIM
'k BekropHoMY Q-npoctpascty V (R); Tem cambiM R” oToXaecTBAsieTCsi € CHC
TeMoli KopHe#i, AyaJbHoH K R.

Ec/IH OTOX1ECTBHTH [TPOCTPAHCTBO, CONpsiKeHHoe K M* ¢ M, To aHarpawm-
Moit, ayanbHoii K DY, 6yner D.

3) IMycts (g, b) — perykTHBHas pacutemtedHast Q-anre6paJlnu Mch —
dossosennan pewerxka (ra. VIII, § 12, n° 6, onpenenenne 1). Iycts My —
noAarpynna B M, oprorosajnbHas KOPHsM paciiemieHHol aare6pu Jiu (g, b),
u nycte R — muoxectso H.,, a =R (g, h). Torna (M, My, R') — kopuesas
nnarpamma, a (M*, M§, R (g, b)) — nyannHas x Hefi AHarpamma.

4) Iycrs V — BekropHOe mpoctpancTBo Hag Q ¥ R — cuctemMa KopHeH
B V.O603nauum uepes P (R) rpynny BecoB cucrembt R, a uepes Q (R) — rpymmy
panuKkanbHbix BecoB 3Tod cuctembt (ri1. VI, § 1, n°9). Toraa (Q(R), 0, R)
u (P(R), 0, R) — xopHeBbie paHarpammbl. [as Ttoro urobbl JAHarpamMma
(M, My, S) 6bina usoMopdua pauarpamme suaa (Q (R), 0, R) (cooTs. BHAa
(P (R), 0, R)), Heo6X0AHMO ¥ AOCTaTOYHO, YyTOGH MOAYJb M 6bli MOpoOKIeH
cucremoli S (cooTB. uTOGbl MOAYJb M* 6bln mopoXkjaeH cHcremofl SY).

Ilns moGo# noarpynnbt X B P (R), conepxauteit Q (R), (X, 0, R) siBnsieTest
KOpHeBOH qHArpaMMOM, H TeM CAMBIM Mbl NIOTy4aeM ¢ TOYHOCTBHIO JO H3OMOP-
.¢pH3Ma Bce nHarpammbl (M, Mg, S), Takue, uto M¢=0, T. e. Takue, 4T0 S mo-
pOXKjJaeT MOArpynmy KOHeYHoro Hujexca B M.

ToBopsar, uto kopHeBas fnarpamma (M, Mo, R) npusedennas, ecnu cucre-
ma xopHeil R o6aanaer 3Tum cpoiicteom (T.e. (ra1. VI, § 1, n° 4) ecan coorHo-
meHHA o, =R, A= Z, p =Aa BJIeKyT 3a co6o#t A=1 unu A= —1). [luarpam-
‘™Mbl 43 npumepoB 1) H 3) npuseneHHble.

9. Komnaxrnoie zpynnoe Jlu u xopueesie duazpammo

B TepMuHOJOrHH MNpERbIAYULEro NyHKTa MOMHO pe3lOMHDOBATh BaX-
HYI0 4acTh pe3yJbraroB H3 nn® 4 H 5 B caeayloue#l reopeme:

Teorema 2. a) X (), X(T/TND(G), R (G, T)) — npusedexnasn rop-
nesaa duazpanma; ee epynna Beliaa cocrour us X (w), e0e weW. I'pynna
X (C (G)) usomopgpna paxropepynne epynnot X (T) no node pynne, nopoxdenrot
cucremodd R (G, T).

6) (I'(T), T'(C(G), R'(G,T)) — npusedennan xopresas Ouazpamma,
ee zpynna Bediasn cocrour us T' (w), ede we W. I'pynna n, (G) usoxoppua
gacropepynne epynnot T (T) no nodzpynne, nopoxdennot cucresmod R (G, T).
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8) Ecau oroxdectsurs kaxcooid us Z-uodysed X (T) u T' (T) ¢ conpsaxcen-
Ho K Opyeomy (n° 2, npenyoxkenne 3), To kaxoas u3 npedsldyuyux Kopre-
8bix Ouazpamm OTOXIecTe8ARETCA ¢ Oyarsnold duazpammol Kk dpyezod.

OG6Goanaunm uepes D*(G,T) pmarpammy (X (T), X(T/(TND (G))),
R(T, T)) u uepes D (G, T) auarpammy (T (T), I(C(G)), R'(G, T)); rosopsr,
YTO 3TO COOTBETCTBEHHO KOHTPASAPUAHTHAN OUAZPAMMA M KOBAPUAHTHAA
duazpasma rpynnsl Jlu G (ormocurensto T).

flpumepoir. 1) Ecan rpynna Jlu G noaympocra M umeer panr 1, To
D*(G, T) u D, (G, T) obsizatesqbHO H30MOP(HL OXHOH H3 ABYX AMarpamm
" A=(Z,0,{2, —2), Ay=(Z,0,{1, —1)). Ecau rpynna Jlu G wu3omopdHa
SU (2, C), To auarpamma D, (G, T) usomopdua A; (nockoabky G oxHOCBA3-
Ha); caegosateabHo, D* (G, T) usomoppna Ay Ecau rpynna G usomopdHa
SO (3, R), To auarpamma D, (I, T) usomopdpua A, (nockoabky C (G)={(l},
a sHauur, D, (G, T) uaomopdHa A,.

2) Ecim G u G’ — nBe cBAsHbie KOMNAKTHbe rpynnbi JIu ¢ Makcumadnb-
HoiMH TopamH T # T’ coorBerctBeHHo u ecam D* (G, T)=(M, Mo, R)
u D¥ G, T")=(M’, M, R’), To D¥(GX G’, TXT') oroxaecrBasierca ¢ (M@
O M, Mo® Mj, RUR’). AHaslorHuHOe yTBepXKACHHE HMEET MeCTO AJIf KOBapH-
aHTHBIX JMarpam.

3) Hycre N — samkuyraa noarpynna B 7T, uenrpaabuas B G, u nycrb
(M, Mo, R) — KouTpaBapuaHrHas Auarpamma rpymnel G  OTHOCHTE/NBHO
T. Torna kourpaBapuanTHas nuarpamma rpynnsl JIu G/ N orHocurenbno T/N
oroxAaectBaserca ¢ (M, Mg, R), raie M’ — noarpynna B M, cocrosmas H3
Takux A, uro A (N)={1} n Mi=M"NM,. :

4) ' AxasornyHo nyctb N — KOHeyHass KOMMYTaTHBHAs rpynna,
u @: n (G) > N — ciopbekrusubit romomoppusm. [lycre G’ — Hakpoiaio-
was rpynns Jlk G, accouuMpoBaHHast ¢ 3THM roMoMopdH3MOM, DTO cBA3Has
KoMnakrtHas rpynna JIu, npuuem N — ee ueHrpabuas noarpynna (Top. gen.,
chap. XI), a G ecrecrBeHHbIM 06pa3om oToxnectaaserca ¢ G'/N. [lycrs T/ —
MaKkcHMaJbHbiE Top B G’, siBasiommiica npoo6pasom T. Ecam (P, Py, S) —
KoBapHaHTHas auMarpamma rpynnbl JIu G ornocuresbno T, TO koBapHaHTHast
avarpamma rpynnsl JIu G’ orHocuTedbHO T’ oroxkmectBasierca ¢ (P/, P, S),
rae P/ — saapo romomopousaMa gof (G, T): P—~ N (cm. n° 6, npemjioxenue
11), a Po=PoNP.

3anmevanusn. 1) Tycrs ¢ — uentp anre6psl JIn g Toraa c =L (C(G))y
Hmelor mecTo CAeAyOlHe COOTHOLICHHS MeXJy AHarpamMmami rpynnbl Jinm
G otnocuresbio T M CHCTEMaMH nyaJbHbIX M NPAMBIX KOPHeHd PelyKTHBHOH
pacienyentoff aare6psl Jln (g to):

a) Kanonuueckuit usomoppusm CQ® I' (T) na te uanyuupyer 6uexumio C®
® ' (C(G)o) Ha ¢ u Guexumo 1@ R’ (G, T) na 2ui.R" (g, to)

6) Kaunounueckuit usomopdusm C®X (T) Ha npocTpaHCTBO t:, COnpsiKeH-
noe x te uuayuupyer Guekumio C® X (T/(TND (G)) Ha oprorouaipHoe jo-
nonuenue K tc @ (g)c ¥ OGuekunio 1@ R (G, T) na R(g¢ to)-
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2) Ilpennoaoxum, uro G — noaynpoctas rpynna JIu. O6o3nauum yepes
R (coors. R} cucremy kopue#t R (G, T) (coorB. R'(G, 7)), Tak 4TO HMeIOT
MECTO CJIENyIOLLHE BRIIOYEHHSI:

QR)cX(N< PR, QR)=T(T)c PR).

Koneunbie KomMmyTtaTHBHMbie rpynnsl P (R)/Q(R) n P(R")/Q (RY).
Haxonsatcs B AsoficrsennoctH (ra1. VI, § 1, 1°9). Ecan vepes M " 0603Haunth
rpynny, ABOHNCTBEHHYIO K KOHEYHOH KOMMYTaTHBHOH rpymnme M, To H3 cka-
3aHHOTO paHee MOJYYaeM KAHOHUHECKUE UB0MOPHU3IMbL

I'(N)/Q (R) =1 (G), P (R)/T(T)~ C(G),
P (R)/X (1) ~ (i (G, X(T)/Q (R)—(C(G).

B yactHocTH, npouseedenue nopadkos epynn ny (G) u C (G) pasro undercy
caasnocru cucremst R (G, T) (ram axe). .

Ilycrts Tenepb G’ — apyras cBa3Hast komnakrtHas rpymna JIu v 7/ —
makcuManbuuii Top B G’. Ilyers f: G - G’ — H3omopdHaM Tpynn JIH, Takof,
yro f (T)=T"; o603Haunm 4yepes f; H3oMmoppH3m Mexay T H T/, onpenessieMufi
usomoppusmom f. Toraa X (f;) ectb nsomoppusm D* (G', T') na D* (G, T),
o6o3navaemuii yepes D* (f), a I (f;) — usomopdpuam D, (G, T) va D, (G’, T'),
oGosnayaemuii dyepes D, (f). Ecan t<T # echn nonoxute d=fo Intt=

=(ntf®)ef, To D* (@)=D*(f), Dy (@)=D. (D).

TlreanoxeHue 15. fycre @ — uzomopguss D* (G', T') wa D* (G, T) (co-
or8. D, (G, T) na D, (G’, T"). Cywecrsyer usomoppusx f: G — G’, rakod,
410 f(T)=T' u 9=D* (f) (coors. 9=D, (f)). Ecau f, u fs — dea rakux uso-
Mopguama, 10 cywecrsyer 3aement t uz T, rakod, 4o fo=f; o Int 1.

BTopoe yTBepxkaenHe cpasy cielyeT H3 npeasnioxerns 9 (n° 4); nokaxem
nepsoe yTBEpKJAEHHEe, HANPHUMEp, AJs KOBAPHAHTHBIX AHarpamMMm. O6Go3HauHM
yepes g’ (coots. t’) anre6py JIn rpynnsl JIn G” (coors. T”), a yepes g’¢ (cooTs.
t'¢) ee KommnekcHpurauuo. Cornacso teopeme 2 (i) u3 rn. VIII, § 4, n° 4,
CYyLLeCTBYeT H3OMOPHH3IM P: g —> g’ ¢, KOTOPHI oTOGpaxcaer t¢Bt’ ¢ M HHAYLH-
pyer Ha I'(T)ct. sagaHHbiéi u3zomopdpusm ¢: I'(T)—>I'(7"). Torna g
Y~ (¢') — ABE KOMNAKTHHE BellecTBeHHbIe HopMH anre6pH JIu g¢, KoTophie
HMEIOT OHO H TO Xe nepeceuenne t ¢ t¢. CorstacHo npepsioxennio 3 u3 § 3,
n° 2, cymecTsyer BHYTpeHHHH asTomopdusm 6 anareGpu JIu g¢ HHAYUHpYIO-
M TOXKJeCTBEHHOe NpeoGpasoBanue Ha tc M Takod, uro 0 (g)=vy ' (9’).
3ameHsas P Ha P o O, MOXKHO peAmosiarath, 4yto P oToGpaxkaer g B g’. Kpome
TOTO, COrJIACHO MPEAJIOKEHHIO 4 H3 n° 2, cyuiecTByeT e AHHCTBEHHHH MOpHH3M
frs T—> T, rakoit, uto I (f;)=¢. Toraa orpaHHuyeHHe ¢ Ha t ectb L (fy),
H BBHAY npeisioxenns 8 u3 § 2, n° 6, cymecTByer eaHHCTBEHHbHIH MOp(H3IM
f+ G— G’, muayunpyownii fr Ha T u ¢ Ha g¢. [IpHMeHss ckazaHHoe BHIe
K @' u P, MOXHO MOCTPOHTb MOPPH3IM, O6paTHLINH K MOPPH3MY [, KOTOPHI,
cjef0BaTelIbHO, ABaseTcss usomoppuamom. Nanee, D, (=T (fy)=4o, orkysa
cilellyeT JoKasbiBaeMoe pejJioKeHHe.



9 : § 4. CHCTEMA KOPHER 51

OrmetHM, uro eciin T u T/ — jABa MakCEMaJIbHHIX Topa B G, TO AnarpaMmoi
D* (G, T)u D* (G, T’) uaomopdHsl (eca snement g = G o6nagaer cBOHCTBOM
g Tg~'=T’,10lInt g asnasercs naomopduamom G Ha G, oro6paxawuum T Ha
T"). O6osnauum uepes D* (G) knacc aHarpamm, H3omopdHEIX AMarpamme
D* (G, T) (cm. Th. ens., chap 11, p. 47); aro KopHeBasi gHarpamma, Koropas
3aBHCHT TOJILKO OT rpynnsl JIu G H KOTOPYIO Ha3uIBAIOT e KOHTPaBapHaHTHOH
aHarpaMmoii. AHaJOrHYHO onpesnesisieTcsl KoBapHaHTHas Auarpamma D, (G)
rpynnut G, oTKyAa nosydaem

Cazpcreue. Jlas 1020 uT066L caasmbie KomnakTHoie epynnot JTu G u G’
Golau udomopgrel, Heobxodumo u docrarowHo, urober Juazpammer D* (G)
u D*(G’) (coots. D, (G) u D, (G") 6biru pasnol.

[peanoxenue 16. Jaa aoboi npusedennoii Kopresoti duazpamme. D cy-
ujecrayer ceasnaa xomnaxkrHas epynna Jlu G, rakas, 4ro D* (G) (coorBs
D, (G)) uzomopdpna D.

a) 3ameHsis1, ecJH HyxHo, D Ha gyaibHyio QHarpaMmy, Mol NPHXOLHM
K IMOCTPOEHHIO TakKo# rpynnul G, uto D* (G) Haomopdua D. [lonoxam D=
=(M, My, R); Torza Q@ M sapasiercs npsamoil cymmoit Q ® My K BekTOpHOrO
noanpoctpanctsa V(R), nopoxaerHoro cictemMoil R. Kpome Toro, nockojabky
AyaJbHbie KODHH NMPHHHMAIOT LeJnle 3HaueHHsA Ha M, npoeknus M B V(R)
napaanenbio Q ® My cogepxHrca B rpynne BecoB P (R) cucremul R, Tak 4To
M — noarpynna koHeunoro uHnekca B Mo® P (R). O6o3Hauum uepe3s D’ au-
arpamMmy (MoGBP (R), Mg, R).

6) Ilyctb a — noaynpocras KomnJekcHas aare6pa JIu ¢ KaHOHHuecKOH
cHcTeMoll KopHei, n3omopduod R < C® V(R) (ra. VIII, § 4, n° 3), u nycts
g1 — KOMNaxkTHas BellecTBeHHasr ¢popMa aarebpul Jin a (§ 3, n° 2, Teopema
1). Ilyere Gy — opHocBsA3Hasi BelllecTBeHHass rpymmna JIn ¢ anreGpo# Jlu,
naomopduoft gi; torna G, komnakrna (§ 1, n°4, reopema 1). Ilycte Ty —
MaKcHMagbHeiA Top B Gy. CoryacHo teopeme 1, xuarpamma D* (G, T)) uso-
mopdua (P (R), 0, R).

8) [lycrp To — TOp pasmepHocTH, paBHoll panry M,. Torza mmarpamma
D* (T, To) usomopdna (Mo Mo, &), a nuarpamma D* (G, X To, T\ X T) u3o0-
mopdHa D’ (npHmep 2).

r) Ilycrs, HakoHen, N — koHeuHas noarpynna B T X T, OpTOrOHaiAbHas
K M. NNonoxam G=(G X To)/N, T=(T\ X To)/N. Torna G — cBsi3HaA KOM-
nakrHasa rpynna Jia, T — makcHManbhuiél Top B G H D (G, T) usomopdHa
D (npumep 3).

Cxonusn. Kraccupurayus ceasnoix komnaxtroix 2pynn Jlu ¢ Tounoctsio 6o
usomophusma ceofurca K Kiaccuguxayuu npusedenHbix KopHesulx duae-
panm. [Torynpocteie cssn3nbie Komnaxrnoie zpynnot Jlu coorsercrayroT Tem
npusedennoim Kopresvin duazpamman (M, My, R), 0ra koropoix Mq=0. 3ada-
Hue Takol Quazpammol 3K8UBANCHTHO 3A0AHUIO NPUBEOeHHOL cucTembl KOpHell
R 8 sexroprom npocrpancree V nad Q u raxod nodzpynnot M e V, uro Q (R)c
cMcP(R)
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3ameuvanue 3. [lycte T’ — ppyrofi makcuMmaapHuii Top B G U B (co-
or8. B’) — 6asuc cuctembl Kopre#i R (G, T) (coots. R (G’, T")) (ra.V1,§ 1,n°-5,
onpezienienue 2). CyuiecTByloT Takue 3jiemedtH g G, uro Inf g nepesogut
T8 7T u BB B, uBce 3TH 3/1eMEUTH J€KaT B OAHOM Kaacce no morymw Int (7)
(nockoaeky T u T’ conpsikeHs, MOXHO Ipeanonararb, yto 7=T', ® pocra-
TOYHO NIPHMEHHTb 3aMeuaHHe 4, n° 5, 1 npefnoxenne 9, n° 4, uara. V1, § 1).
Orciona caenyer, uto uaomMopousm T Ha T, nonyuennnifi u3 Int g, ue saBucur
OoT BHGOpa g; B KaueCTBe CJeACTBHA NOJyuyaem aHaJOTHYHOE YTBEPXKAEHHe
aas D, (Int g) u D* (Int g). Takum oGpa3som, nepedpasupya mutatis mutandis
3aMeyaHHe 2 H3 ra. VIII, § 5, n° 3, onpenenum KaHOHHUeCKHH MaKCHMaJbHbIH
Top B rpynne JIu G, KaHOHHUeCKHe KOBapHaHTHBIE H KOHTpaBapHaHTHLIE KOp-
HeBble Auarpammsl atoil rpynnsl Jlu, ... .

10. Asromoppusmet ceasnod xomnaxrroi zpynnwt Jlu

O6osHauum uyepes Aut (G) rpynny Jlu asromopcduamos rpynnnl G (ra. 111,
§ 10, n° 2), auepes Aut (G, T) samxuyryio noarpynny B Aut (G), cocrosuiyio u3
TaKuX alemeHTOB u, uto 4 (T)=T. H3sectHo (§ 1, n° 4, caencrsue 5 npeanso-
JKeHus 4), uTO CBA3HasA KOMNOHeHTa eAuHULBI rpynns Aut (G) ecTs noarpynna
Int (G) BHyTpeHHHx aBTomopdH3moB. O6Gosnauum uepe3 Int;(H) o6bpas
8 Int (G) noarpynnuet H rpynnn G.

IMycte D — KoBapuaHTHas auarpamma rpynnsl G oTHocHteabsHo T; 0603-
HauHm yepe3 Aut (D) rpynny ee asromMoptu3MoB, a uepes W (D) ee rpynmy
Beftna. OroGpaxenne ur>D, (u) spaserca romomopdusmom Aut(G, T) B
Aut (D). U3 npeanoxenus 15 (n° 9) HenocpeacTBeHHO noJyyaem

Tlpeanoxenue 17. Tomomoppusm Aut(G,T)— Aut (D) cropvexrtusen
u ezo adpon aeanerca Intg(T).

Ormetum, uto Aut (G, T)(\Int (G)=Int;(Ngz(T) r yto o6pa3 rpynnnl
Int; (N, (T) B Aut (D) ects W (D) (n° 5, npennoxenne 10). H3 npepnoxenus
17 nonyuaem H3omopdusm

Aut (G, T)/(Aut (G, T)\1nt (G)) - Aut (D)/ W (D).

Kpome Toro, Aut(G)=Int (G).Aut(G, T). HeficTBHTeJbHO, €CJH « NpH-
HaanexHur rpynne Aut(G), To u (T) — makcumanabhulii Top 8 G u, ciexosa-
TesbHO, conpsixkeH ¢ T; TakuM o6pa3oM, cyllecTByeT BHYTPeHHHH aBTOMOp-
¢usM v rpynos Jlu G, Ttakodl, uyro v (T)=u(T), T. e. TakoH, uro
v~ ' ues Aut (G, T). Orciosa suitexaer, uro rpynna Aut (G)/1Int (G) otoxaecTs-
asiercsa ¢ rpynnofi Aut (G, T)/(Aut (G, T)(Int (G)), u, 3aHauuT, NpHHHMas BO
BHHMaHHe CKa3aHHOe paHee, MW NMPHXOLHM K TOYHOM NOC/€A0BATENbHOCTB

1 — Int (G) — Aut (G) — Aut (D)/ W (D) — 1. (16)
B KauyeCcTBe CJeACTBHA NnoJydaeM

Ipeanoxenue 18. [Ipynna Aut(G)/Int(G) usomopgua zpynne
Aut ( D)/ W (D).
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[Mpeanonoxum, B uyacTHocTH, uto rpynna Jiu G mnoaynpocra. Torna
rpynna Aut (D) oroxaecteasiercsi ¢ nogrpymmoit B A (R(G,T)) (ra. VI,
§ 1, n° 1), cocrosimed u3 Takux saemeHroB u, uto u(X(T)<=X(T), a noa-
rpynna W (D) oroxaectsasierca ¢ W (R (G, T)).

Cneacreve. Ecau 2pynna G odnocessuna usu ecau C(G) cocrour us
edunuunozo sremenra, to epynna Aut (G)/Int (G) usomoppna epynne as-
Tomoppuamos epagpa Jowwkuna cuctems R (G, T).

STo BHTEKAET M3 CKA3aHHOTO BHILUE H M3 CACACTBHS MNPEAJIOKEHHUS
1l ra VI § 4 n°2.

Tenepb Mbl nokaxewm, uto pacluupenne (16) aonyckaet cedenus.

Hdas awboro a=R (G, T) o6osHauum uepes V (a) Takoe JAByMepHoe
BEKTODHOE MOANPOCTPAHCTBO B g, 4To V (a)=¢"+¢~ " OGosHauuMm ue-
pes K kBagpatuuHyio opmy, acconuupoBaHHylo ¢ dopmoi Kuanunra an®
re6pu Jlu g.

Onpenenenue 3. Pasmerkoi napet (G, T) nasviéaerca napa (B, (U ), <8)
20e B — 6asuc cucremsn R (G, T) (ra. VI, § 1, n° 5, onpenenenue 2) u ede
U, 048 w6020 a=B —rtakod asiement npocrpancrea V(a), uro

K(Ug=—1.

Pasmerkoit rpynnel JIu G HasbiBaeTcsi 3aJaHHe MAaKCHMaJbHOro Topa
T B G u pa3smerkdu napu (G, T).

Jlemma3. MMycro Bo — 6asuc cucremot R (G, T). pynna Iut; (T) dedcrsyer
npocTO TPAH3UTUBHO HA MHOxcecTee pasmerox napel (G, T), umeowjux sud

(Bo(U w5

Hasi mo6oro a=B, o6oznauum uepe3 K (a) orpaHuueHne Ha V (a)
kpagpatuyHoii popmul K. Heficteue T Ha V (a) onpeaensier MOphHU3M 1,2 T —
— SO (K(x). B n° 4 6uio nokasano, yro SO (K(a)) oToxaecTBasieTcs
¢ U Takum o6pa3soM, UTo 1, oToxAaecTBasieTcsi ¢ KopHeM a«. [lockonbky By —
GasHc cucteMbl R, To 370 Gasuc u Z-moayasi Q (R), NOPOXKAEHHOTO KOPHSIMH;
caegoparenbHo, By — 6asuc noamogpyasi X (T/C (G)) B X (T). Otcioza BrTeKka-
€T, uTo MopdH3M, ABASIOL(HICA NpOH3BeJeHHEeM MOP(HU3IMOB i, HHAYLUHDYET
usomopuam T/C (G) Ha npousseseHue rpynn SO (K (a)), koTopoe peAcTByeT
NpOCTO TPAH3HTHBHO Ha MHOXecTBe pasmerok napw (G, T), mepBasi KoMno-
HEeHTa KOTOpHIX €CcTh By.

ITpeanoxeHue 19. Mpynna Int (G) dedcrsyer HQ MHOJNCECT8e Da3MeToK
epynnot JTu G npocro TpanauTusHo.

[Myets e=(T, B, (Uy)) u &’ =(T’, B’, (U¢)) — ape pasmetku rpynnst G. Cy-
LIECTBYIOT MEMEHTH g M3 G, Takue, uto (Int g) (T)=T"; T4 snemenTr nexar
B 0HOM KJaacce no mogyJio N (T). CaenoBaTeNbHO, MOXHO NPEANONAraTh, 4To
T=T’, u ocTaercs J0Ka3aTb, YTO CYIIECTBYET €IMHCTBEHHLIR 3JEMEHT H3
Intg (N g (T)), nepeBoasiuiuii e B ’. Cornacto 3ameyanuio 4 ua ra. VI, § 1, n° 5,
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CyllecTByeT eJHHCTBEeHHbIH 3jeMent w u3 W (R), Takoifi, uro w (B)=B’. Ilo-
ckonbKy W (R) oroxaectsasiercs ¢ N ; (T)/T, cyuiectByet ajement n N ;(7),
takof#i, uto w =Int n, u 7 OAHO3HAUHO oOnpeaesieTcs] MO MOAYJio Irpynnsl 7. Ta-
KHM 06pa3oMm, MOXKHO Npesnoaararb, uto B=25’, H ocTaercsi 10KasaTb, UTO
cyliecTsyer eIHHCTBeHHBIH 3gement u3 Ints (7), nepesonsiuuit e B €/, a 310
ecTb He UTO HHOe, Kak JemMMa J.

Cnenctsut. Mycto e — pasamerka nape (G, T), u nycro E — epynna aero-
mopgusmoa epynnet Jlu G, ocrasrswowux na mecte e. Toada Aut (G) asanerca
noaynpasoin npousdsedenuen E na Int (G), a Aut (G, T) — noaynpamoin npo-
usaedenuenm E na Int (G)NAut (G, T)=Ints; (N4z(T)).

JleficTBureabHo, mo6Goi ajsement u3 Aui (G) nepeBOAHT e B HeKOTOpYyio
pasmerky rpynnil JIn G. Corsiacno npeggoxenuio 19, moGoi kaace B Aut (G)
no noxrpynne Int (G) nepecekaercst ¢ £ H NPHTOM TOJNLKO MO OJHOH TOUKe,
OTKyJa cJeiyeT NepBoe yTBepxKieHue. Bropoe yTBepxieHHe NOKa3blBaeTcs
aHAJOTHUHO.

3ameuanue. Tlycts G u G/ — [Be cBsi3HHle KOMMAKTHHE rpynnu Jlu,
n oycre e=(T,B,(U,) u e =(T",B,(U’,)— paamerkd rpynn Jlu
G u G’ coorBerctBenHo. Ilyctb X — MHOXecTBO H3omoppusmoB G Ha G’,
nepesogsiiux e B e’. Oro6paxenue > D* (f) (coors. D, (f)) asasercsi GH-
ekunei X ua MHoxKecTBo u3omopduamo D* (G’,7") na D*(G,T) (coots.
D, (G, T) na D, (G’, T’)), nepesogsiiux B’ B B (coore. B B B’). D10 cpasy
clenyer H3 nNpenjaoxeunsi 15 u JemMMH 3.

§ 5. Kaaccn conpsamxeHHOCTH

Obo3nauenun § 4 coxpaHanTcA.

1. Pezyanpumie snementol

Coraacno cnencrsuio 4 TeopeMul 2 H3 § 2, n° 2, peeyanprole d€MEHTHl
g rpynnul JIH G MOXKHO OXapaKTepH30BaTbh OJHHM H3 CJeLYIOUIHX CBOHCTB:

a) INogaareGpa B g, cocTosAMAas H3 HENOABHIKHLIX 3JIeMEHTOB OTHOCHTETb-
HO npeoGpasoBanua Ad g, ssiasercs nopaareGpoit Kaprasa.

6) Z(g)o— makcumaJbHbii T0p B G.

MHOXKeCcTBO pery/sipHbIX 3J1eMeHTOB rpynnbl JIn G oTkphITO H NIOTHO B G.

Ha nporsixennn storo naparpada uepes G, (coors. T,) oBosnauaercs
MHO2KeCTB O 3jeMeHTOB rpynnu Jlu G (coors. T), peryaspubx B G. [las toro
4TOGH 3/eMeHT g H3 G npHHamiaexan T,, HeoGXOAHMO H JOCTAaTOYHO, UTOOH
Z(g) cosnanan c T. Jlio6oi 3;1eMeHT H3 (, CONMpPsiKEH K HEKOTOPOMY 3JE€MEHTY
us T, (§ 2, n°2, reopema 2).

Inst Toro uto6ul asnement ¢ u3 T npuHapiexan T,, Heo6xoaumMo H gocTa-
TOUYHO, uTOGH 151 JMio6oro KopHst @ =R (G, T) BHNOMHANOCL YcaoBHe ("= 1,
caefoBaTenbHo, T— T, siBisieTcsi oGbeuHeHHeM noaTopos Ker a, rie a npoGe-

raer R (G, T).
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ITrennoxenue 1. Tosoocum n=dim G. Cywecrsyer Komnaxrroe Bewiec-
T8EHHO-QHAAUTUYECKOE MHO2006pa3ue V pa3meprocTy n— 3 u anaruTuuecKoe
orobpascerue ¢: V — G, obpas koropozo ecte G-G,.

Mycte ae=R (G, T); nonoxuM V,=(G/Z (Ker o)) X (Ker @), u nycTb @o—
mopduam u3 V. B G, Takoii, uto Aas mo6oro g & G u moboro te Ker o Hueem
Qo (g, H)=gtg™"' (uepes g oGo3HauaeTcs KAACC 3JMEMEHTa g MO MOAYJIO
Z (Ker a)). Torza V,— KOMIAaKTHOE BeliecTBEHHO- aHAIHTHYECKOE MHOT006pa-
3He pa3MepHOCTH

dim Vy=dim G —dim Z (Ker o)+ dim Ker o=
'=n—(dim T4+2)+(dim T—1)=n—3

(§ 4, n°5, reopema 1), gp,— Mop(H3M BEILECTBEHHO-aHAIHTHUECKHX MHOrO-
o6pasuii, a 06pa3 @, COCTOHT H3 3/1eMeHTOB rpynnul Jlu G, conpsxKeHHBX
K Hexkoropomy 3geMeHTy u3 Ker o. Torna B kauecTse V mocTaTouHo B3fATh
CyMMy MHOroo6pasHil V,, a B KauecTBe ¢ — MOP(hH3IM, HHAYLUHPYIOIHHA @, HA
kaxjaom V,.

3ameuanue. HasoseM 8noane pesyaaproimu TaKue 3JIEMEHTH g FPYNMB
JIu G, uro Z(g) aBasiercA MakcuMaJbHbiM Topom B G. Eciu geT, 10 g
BIOJIHE PEryJIAPEH TOrAa H TOMBKO TOrja, Korxa w (g)s=g Aaf J1io6oro ue-
enurnuHOro snementa w H3 W4 (T) (§ 4, n° 7, npeanoxente 14). Takuum o6pa-
30M, MHOXKECTBO BIIOJHE PEry/isipHHIX 3JeMeHToB rpymasl Jlu G sABisercs
OTKPHITHIM BCIOAY IUIOTHbIM B Heli moaMHoxkectsoM (§ 2, n° 5, creactsue 2
NPEeAIOKEHHSA D).

2. Kamepo: u asvkoeol

O603HauuM uepe3 t, MHOXKECTBO 3JEMEHTOB X€&t, TAaKHX, UTO 3JEMEHT
exp X peryaspen, T. €. npaHagnexHT T,. JLa1d Toro uTo0u 3J€MeHT X H3 t NpH-
Hajanexan t—t,, HeOGXOAHMO H JIOCTATO4HO, YTOGH CYINEeCTBOBaJ TAKOH KO-
peib a=R (G, T), uto & (o) (x)=2ni Z. [insa xkaxporo kopusi a&R (G, T)
H KaXI0ro LeJ0ro unc/ia n 06o3Haunm uepes H, , MHOXKECTBO TaKuX X Et, uTO
8 (&) (¥)=2nin. MHOXecTBa H., HA3HBAIOTCA CUHYAAPHOLMU 2UNEPNAOCKO-
cramu 8t, at—t, ecTh 06beJHHEHHE CHHTYAPHBIX THIIePIIocKocTel, A abK080a-
Mmu anre6psl JId t HA3pIBAIOTCSA CBA3Hble KOMITIOHEHTHl MHOXKECTBA t,, a KaMepa-
MU ~— CBAI3HBlE KOMAOHEHTHl JOMOJHEHHS B { K OOLEAMHECHHIO CHHTYJSAPHBIX
FHOEPIIOCKOCTEH, MPOXOAAILHX uepe3 HAaual0 KOOPAHHAT (T. €. THNePIIOCKO-
creiyH,o=Ker 6 (o), a =R (G, ).

Umeem I' (T)t-t,. Uepes N (G, T) o603uaunm noarpynny s I'(T), nopox-
JIeHHYI0 yaJ0BbIMH Bekropamu (§ 4, n° 5). CoraacHo npensoxennio 11 us § 4,
n° 6, dakroprpymna I'(T)/N (G, T) otoxuectiasercss c ¢yHaaMeHTaibrok
rpynnoi rpynnsl JIu G.

Hakoneu, uepes W o6ozHaunm rpynny Beins rpynnal Jlu G otHOCHTEJAbHO
topa T, paccMaTpHBaeMyio KaK rpymny aBromopdu3amos rpynmnsl Jlu T u asre6-
pet Jlu t, a uepes W, (coors. W;) — rpynny asroMoppu3MoB adduHHOrO
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NpocTp aHcTBa t, NOPOXKAEHHYIO rpyniiodl W H cIBHraMu Iy x > x4y A y €
e N (G, T) (coors. aaa yeT (T).
-Hyers weW, yeT' (T), a=R(G,T) 1 n=1Z. Torna

W (Ho, n)=Hou, n by (He, n)=Ha,n+(v.a)'

Orciofla nonyuaem, uro @ (C) ectb Kamepa ana A06oi Kamepu C H moGoro
ssneMenta w < W u w (A) — anbKos 115 1106010 ajaskoBa A H noboro w e Wi
OtMmernM, 4To ecid oroxaecTeuTb X (T)® R ¢ t* npu nomomu H3omopdHaMa
(27i)~'6, To anpKoBHl ajre6pl JIu t u rpynna W, sBASIOTCH COOTBETCTBEHHO
anbkoBaMu W ap¢uuHHOH rpymnnofi Beiins, accouMMpoBaHHLIMH C CHCTEMOH
kopueit R (G, T) (ra. VI, § 2, n° 1),

Treanoxenne 2. a) Fpynna W, (coors. Wi) sasanerca noaynpasvim npo-
uaeedenuen epynnot W na epynny N (G, T) (coors. I' (T)). Ilodepynna W,
epynno. Wi HopmaasHa.

6) I'pynna W (coors. W,) OelicTayer npocTo TpaH3UTUBHO HA MHONCECTBE
Kamep (COOTB. AAbK0808).

B) ITycro C — Kamepa, a A — aavkos. Tozda C (coors. A, coors. A)
A82AETCA PYHOAMEHTANLHOUE 06AACTLIO OTHOCUTEALHO OelicTeus zpynnst W & t
(coors. epynnot W, 6 t, coors. epynnvt Wy e t—t,). Ecau x<t,, a saemenr v =
= W, rakos, 4ro w (x)=x, 1o w=Id.

r) Jas ao6oii kamepot C cyujecteyer eOuHCTennbul arbkoe A, TaKod, 4to
AcC u0esA. Jlan 106020 aabkosa A cyuecTeyer eQUHCTEEHHbLE SAEMEHT
y=N (G, T), rakod, uro y=A.

Ecin weW n yel (1), 0 whw ™ '=ty, 1 wly w™ 'ty ' =ty -y 208
w (Y)—y N (G, T); 310 TyT Xe Bileyer 3a co6ol a). OcranbHbE yTBepXKICHHH
npeasoxenus caenyior 3 ra. VI, § 1, n°5, u § 2, nn°1 u 2

Caencrsue 1. ITycrs A — aavkos areebper JIu t, a A — e2o 3amvikanue,
u nycro H, 4— crabuasusarop A 8 Wi

a) I'pynna W, asaserca noaynpamein npouseedenuem H,y na W,

6) Ixcnonenyuarsroe orobpaxenue A - T u Kanonuueckoe saoxmenue
T — G undyyupyor npu nepexole K ¢axropzpynnam u K nOOMHONCECTEAM
20MeomMopPu3mot

A/H4— T/W — G/Int (G),
A/H,—~ T,/W G /Int (G).

Tlyets w’ = Wi; torna w’ (A) — anvkoB anreGpul JIn t, U cymecrsyer
(npemnoxenne 26)) eaMHCTBEHHbH sneMeHT w H3 W, Takoi, yto w (4)=
=w’(A), T. e. TaKoli, 410 w ~'w’ & H 4. TlocKkobKy noarpynna W, HopManbHa
B8 Wi, nonyuaem a). B

Kanonnyeckoe Baoxxende A B t MHAYUMDYeT HenpepbiBHYIO Ouekuuio 6:
A > t/W, (npepnoxenne 28)), KOTOpas ABAAETCA rOMEOMOPOHIMOM BBHEY
koMnaktnoctH A, Tak kak noarpynna W, nopmaabna 8 W3, rpynna H , nei-
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cTBYeT KaHoHHuecKuM o6pa3som B t/ W, (Alg., chap. I, p. 55} 1) ut/ W, oroxae-
cTBaAsiercs ¢ (aktoprpynnoii (t/Wo)/H, OrobpaxkenHe 0 nepecTaHOBOYHO
c neiictBueM rpynnul H 4 H, clle0BaTeNbHO, HHAYLHPYET NPH Nepexosie K pak-
ToprpynmnaM romeomopdusm A/H —t/Wi Takum o6pasoM, oroGpaxenhe

expy uuayunapyer romeomopdusm t/I' (T) na T 1 TeM caMbM romMeoMOphH3M
t/Wina T/W. Orciona u u3 cieactsusi | npesioxenus 5 § 2, n° 4, nonyyaem
yTBEpXKAeHHe 6).

3ameuanun. 1) I'pynna H, ecTecTBeHHHIM 06pa3soM OTOXAECTBJAETCA
¢ I'(T)/N (G, T} u, cneposarenbho, ¢ rpynnofl ai; (G). Takum o6pasom, ecau
rpymna G ofHocBA3Ha, H 4, COCTOHT JHMLIb M3 €IHHWYHOTO 3/IEMEHTA.

2) Myctb x < A; Torna exp x= T, H, ceposarenbuo, Z (exp x)o="7T. Das

TOr0 YTOGH 3JIEMEHT eXp x Obln snosne peeyasapuoim (n° 1, saameuanue), He-
06XOAHMO H JOCTATOUHO, YTO6H W (X) 5= x AJIf IIOGOro HEEIH HHUHOTO 3/IEMEHT A
we W;. CornacHo ceicTBHIO 1, 3TO 3HAYHT TaKXe, uTO /i (x) 5~ x AAs Mo6oro
HEEHHHYHOTO 3J1eMenTa h & H ;. B yacTHocTH, ecau rpynna G ogHOCBSA3HA, TO
Zs({#)=T pas mo6oro t<T,, H MOGOH peryasipunlii saemeHnt u3 G Bnojse
peryaspes. .
" 3) CneuranbhbiMu Toukamu 1as Wa (ra. VI, § 2, n° 2) seasioTcs TakHe
3/IEMEHTH X U3 t, uTo § (a) (x) = 2ni Z past mo6oro o =R (G, T) (rax xce, npen-
Joxenue 3), T. e. Takue, uto exp x = C (G) (§ 4, n° 4, npeanoxenne 8). [as
JA1060r0 TAKOro 3/ieMeHTa x ¥ NPOH3BOJILHOTO 3JeMeHTa w & W nmeeM wx —
—x=N(G, T) (ra. VL, § 1, n°9, npepnoxenne 27), Tak uro craGHAH3aTOPH
asieMeHta x B W, u 8 W, cosnapnalor. Ilyctb S — MHOXeCTBO cneyHaabHBIX
Touek AN A; H3 CKa3aHHOro BHIIE H H3 C/EACTBHS | BhITeKkaer, uTo rpynna
H , nefictsyer B S cBOGOIHO H UTO 3KCIOHEHIIHA/IbHOE OTOGPaKeHHe HHAYLHPY -
et 6uexuuo S/H, na C(G).

Caeacrsue 2. MTycre C — Kamepa arcebpor Jlu t u C — ee samvikanue.
Kanonuueckue saomenun C — t — g undyyupyror npu nepexode K gaxrop-
NPOCTPANCTBAM 20MeOMOpdu3mbL

C —~t/W — g/Ad (G).

Kanouuueckne oro6paxenusi C -t u t >t/ W sAB1s10TCA COGCTBEHHBIMH
(06w, Ton., 1969, ra. 111, § 4, n° 1, npeanoxenne 28)). Oro6paxenne C —
— t/W asasiercsl HeNPepLIBHBIM, COGCTBEHHBIM H GHEKTHBHHIM (Npe oM eHHe
28)), a cneaoBaTeNbHO, TOMEOMOPGHU3MOM, OTKY/AA, NPHHAMAs BO BHHMaHHE
caeficTBHE NpepaoxeHusa 6 us § 2, n® 5, nonyyaeMm caeacTsHe 2,

3ameuanue 4. O6osuauum Yepes §;., MHOKECTBO PEry/IAPHBIX NEMEHTOB
anre6put JIa g (ra. VIL § 2, n° 2, onpeznenenne 2) H nonoXuM t,.,=1t1gcq
Ilas no6oro x=t

det X—ad, )=Xx"" JI *xX—8(a))
a=sR(G,T)

1) Cm. rakxe Aze., 1962, ra. 1, § 7.— Hpun. nepes.
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TaKuM 06Pa3’oM, MHOXECTBO f., COCTOHT H3 TaKHX 3JEMEHTOB X H3 t, uTO
8 (a) (x) %0 ans mo6oro a =R (G, T), T. e. sBasierca o6be UHeHHeM Kamep B ¢
{Tem camum t,t g). U3 storo caenyer, uto CNt,, =C, oTKyna nomyvaem
romMeoMoppu3Mbl

C > treg/ W — g.e/Ad (G).

Cneacreue 3. Ipednoaoacun, uro epynna JIu G o0xoceasna. Mycre g —
"peeyrapruill  asement 8 epynne G. CyuwiecTsyroT MAKCUMAAbHOLUE TOp
S 6 G u asvkoe A 6 L (S), eduncreennvin 06pasom onpedessemvie Ycro8uamu
geexp(A) u 0=A.

MoxHO npeanosoxHTh, Yto g npuHamdexHr T, (§ 2, n°2, teopema
2). Ilycte x — 3neMeHT 43 t,, Tako#, YTO eXp x =g, U nycTb A" — anbKOB
anre6pu Jlu t, conepxaiuuii x. AnbkoBu A B t, I KoTOphix g exp (4),— 3to
anekoebl A’ — vy anst y< T (T); Takum o6pasom, Hallle yTBepKIeHHe CHAeLyeT
H3 NpefJoXeHus 2r).

3. Asromoppusmol u pezyarsproie sseMeHTO!

JIemmal. Mycto u — asromoppusm epynnot JIu G u H — muoxcecrso ezo
HenooBUNCHOIX TOUEK.

a) H asaserca samxuyroli nodepynnod 8 G.

6) Ecau mnoncecrso Ho yenrpaavrno 8 G, 1o epynna Jlu G KOMMYTATUBHAG
(u, 3nawur, G=T).

YrBepxiaenue a) oueBuHO. Jlasi foxasaresnbcTBa yTBepxKAeHUsd 6) MOXKHO
samenutb GHa D (G) (§ 1, caencreue 1 npeanoxenus 4), T. €. IPEANOJOXKHUTE,
yro G nonynpocra. Torna eciin MHoxecTBO Hy weHTpansHo B G, to L (H)={0},
TaK 4T0 3unoMopdusm L (u) —1d anre6put Jiu g 6uexkruser. Ilycts f — aHpo-
MopduaM MHOrooGpasusi G, onpejeneHHHH QgopMysol f(g)=u(g)~'g nas
g G. On 3taneH, NOCKONbKY, ecu g=G U xeg, o T (f) (x@)=u(g) ' (x—
— L (u) (x))g; H, 3HAaUHT, KacaTeJbHOe oToOpaXkKeHHe K [ B TOuke g GHeKTHBHO.
Or1ciofia BuITEKaET, 4To 06pa3s 3HAOMOP(H3Ma [ KOMTAKTEH H OTKPHT H, CleA0-
BaTe/qbHO, BBUAY CBSI3SHOCTH G, coBnasgaer ¢ G. Ilycte £ — pasMerka rpynnsl
G (§ 4,n° 10, onpenenenue 3) u u (E) — ee o6pas OTHOCHTEALHO aBTOMOPGH3-
ma u. CornacHo npennoxerHo 19 u3 § 4, n° 10, cymecTsyer Tako#t 3jaeMeHT
h u3 G, uro (Int 2) (E)y=u (E). [lyctb g = G — Tako# sneMeHT, uto h=f (g)=
=u(g) 'g; umeem i

wolnt g =(Int u (g))ou=1Int go(Int k)~ 'ou,
clegoBatenbHo, pasmerka (Int g)(E) ycroiyuBa orHocutenbHo u. Ecau
(Int @) (E)=(T\, B, (U ), <5) TO QUL (H). Pasenctso L (H)=={0} Baever
3a co6oit B= ¥; caeaosarenbro, G=T, u rpynmna G KOMMYyTaTHBHA.
Jlemma 2. Mycre x — aaement us T u S — nodrop 8 T. Ecau c8asHas

Komnonenra edunuyo. epynno. Z (x)\Z (S) cosnadaer ¢ T, 10 cywecrayer
TAKOU IAEMEHT S U3 S, UTO INEMEHT XS peeyaapeH.
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IOasa noboro o u3 R (G, T) o6o3HauuM uepe3 S, MOJMHOXECTBO B S,
COCTOsIllee M3 TAKHX 3JeMeHTOB SE S, uto (x85)*=1. Ecad B S He cyuiec-
TBYeT HH OJHOIO 3JIleMeHTa S, TAKOro, 4To0 XS peryJspeH, To S fBJAAETCSH
o6beaHHEHHEM NOAMHOroo6pasHii S, H, C/le€A0BaTeJbHO, COBMNANaeT C OJ-
HHEM H3 Hux. Torna cywectByer Takofi sjemeHt o 43 R (G T), uro (xs)*=
=1 pas moboro seS; 370 o3Hauaer, uto x*=1 u a|S=1, caepoBa-
tenbHo, Z (X)NZ (S)> Z (Ker a). Jlemma noKasaHa.

JIemma 3. Ipednoromunm, uro G oduocsasna. Iycre C — kamepa aa-
eebput Jlu t, a u — raxoii asromopgusm epynnst JIu G, ato T u C ycroi-
4UBbL OTHOCUTEAbHO OelicTéus asromopguama u. Toz0a mHONMECTBO TOueK
8 T, HENnoOBUICHbLX OTHOCUTEAbHO U, CBA3HO.

[Tockonbky G opHocBAsHa, MHOoXecTBo I'(T) nmopoxaeHo y3J0BBIMH
BektopamH K, (@R (G,T)) H, crepoBaTeabHO, JONYCKAeT B KauecCTse,
6asuca cemeiicteo K, Korla o npoberaer 6Gasuc B (C), onpeneasiemblit
kamepoit C (ra. VI, § 1, n°10). Takum o6pa3oM, ocrajocb AOKasaTth,
4TO ecMH ¢ — aBromopduam Topa T, coxpamsiomuit 6asuc B I'(T), To
MHOXECTBO HENOABMXKHBIX OTHOCHTEJNBHO ¢ TOueK cBfidaHo. Paanaras 3Tor
6asHc B ofbenuHHeHHe OPOGHT TIpyNnkl, NOPOXAEHHOH aBTOMOpHU3IMOM ¢,
Mbl NpPHXOAHM K cayyalo, korpma T=U" H ¢ — aBTOMOpGpH3M
(21yeeey 2a) > (22,..., 24, 21). B 3TOM ciyuae HemOABHXHEIMH TOYKAMH aBTO-
MopgH3Ma ¢ SABIAIOTCA TOYKH (2,..., 2), 2= U, ob6pasyloliie CBA3HYIO NOJA-
rpynny B T.

IMpenaoxenne 3. IMycre u — asromopdusm epynnot JIu G, u nycre
X — T104Ka u3 G, HenodBuxHas OTHOCUTEABLHO U.

a) Cywecrsyer Taxoil 34eMEeHT a U3 ¢, HeNOOBUNCHbLE OTHOCUTEALHO
L (u) u Ad x, 4T0 3aeMenT X eXp a pezyrapen.

6) Cywecreyer pezyrapueil remenr g u3 G, Henodsuskheiul OTHO-
CUTEAbHO U, KOTOPBIL KOMMYTUPYET C X.

[Mycte H — rpynna HemoABHXXHHX ToueK aBTomopdusma u, S — Mak-
camaJbHbfi Top B Z (x)NH H K — cBsiI3Has KOMIOHEHTA €AHHHIL IDYyNNbl
Z (S)NZ (x). Toraa K — cBA3Hasi 3aMKHyTas noarpynna B G; ¢ apyrod
CTOpOHLI, BBHAY CJeLCTBHs 5 Teopembl 2 u3 § 2, n°2, cywecrByloT Mak-
cHmaJbHbie TOpH B G, cogepxawde S H Xx; caenopatesabHo, K — moa-
rpynna MaKCHMaJjibHOrO paHra, coaepxauiags S H x. Kpome toro, K yc-
TOHYHBA OTHOCHTEJbHO 4, TMOCKOAbKY 3THM CBOHCTBOM 06aapaiot
S u x. O6o3HauiM yepe3 V MHOXKECTBO HEMOABHXKHHIX ToyeK B K OTHO-
cHrenbHo u. Toraa

ScVocKNH<CZ(S)NZ (X)NH,;

C/lieOBaTe/IbHO, MHOXeCTBO Vo copepXHTCH B IeHTpaJH3aTope TOpa
S B (Z (x)NH)o- Ho rpynna (Z (x)(1 H)o coBnanaer ¢ S (rax sce, ciepcrrie 6),
OTKYAa B KOHE4YHOM cyere nosysaem Vo=S. M3 nemmbl 1 BuIT€KaeT, 4TO noa-
rpynna K KOMMYTaTHBHA H, TAKHM 06pa3oM, ABASETCA MAKCHMAaJALHLIM TOPOM
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B G (MOCKOJIbKY OHA CBSI3HA H HMeeT MaKcHMaabHHIL paur). OHa comepXKHUT
S H x H coBnajaer co CBA3HOH KOMNOHeHTOH efHHHUH rpynnn Z (S)NZ (x);
TOra YTBepKiIeHHe a) chaemyeT H3 Jdemmbl 2. [lojaras g==x'exp a, noay-
4aeM yTBepxXKaeHHe 6).

Cunenctsue. IMycto s — komnaxrnaa arzebpa Jlu u ¢ — ee asromop-
Qusm. B s cyuecteyer peaysapueili 3neMeHT, HEnoO8UNCHbLL OTHOCUTEAb-
HO .

3aMmeHsisa s Ha @'s, MOXKHO NPeANOAaraTh, YTo s noaynpocra. [lyctb S —
ONHOCBAI3Has KOMnaKrHasl rpynna JIH ¢ anre6poi JIH s, H NycTb ¥ — TaKoH
asTomopdusm rpynnel JIu S, uro L (u)=¢. U3 npeasoxkeHHss 3 BblTeKaer
CYIleCTBOBAHHE TAaKOro 3JeMEHTa a H3 s, HEMOABHXKHOIO OTHOCHTEJbHO @, YTO
37IEMEHT exp a peryasiped B S; B 4aCTHOCTH, @ peryJsipeH B s (n° 2, 3ameya-
Hue 4).

Trorema 1. Mycre u — asromoppusm caasHol komnaxkrHod epynnot Jlu G.

a) Cs8a3HAA KOMNOHEHTA eOUHUYLL 2pYynnol HenoOBUICHLIX TOYEK asTo-
MOpPUIMA U COOepHCUT peeyanapHbil drement zpynnot JIu G.

6) Cywecreyer maxcumarovnoui Top K 8 G u kamepa e L (K), ycroduuseie
OTHOCUTEAbHO U.

B) Ecau G 00HOCBA3HA, TO MHONECTBO HENOOBUNCHOIX OTHOCUTEAbHO
U TO4EK CB8A3HO.

YTBepxKneHue a) ecTb yacTHb cayyalt npH x =e npennoxeHdus 3. [Ipex-
MOJIOXKHM Tenepb, 4T0 G 00HOC8A3HA, H NOKAXKeM yTBepKaeHHs 6) u B). [TycTb
X — 3JeMeHT H3 G, HeMOABHAKHBIHA OTHOCHTEJNDbHO 4, H MYCTh § — peryaspHbii
3/1eMeHT B (, HeNOABHKHBI OTHOCHTEIBHO & H KOMMYTHDYIOLLHH ¢ x (npenao-
keHde 3). LlenTpaausarop K sjeMeHTa g sABASIETCS MAKCHMAJbHbIM TOPOM
B G (n°2, 3ameyaHHe 2), YCTOHUHBBIM OTHOCHTEJbHO # H COJepKaLlHM
x # g. CornacHo c1eACTBHIO 3 npeioxKenus 2 H3 1° 2, CYIECTBYET €IHHCTBEH-
bl anpkoB A B L (K), Takoi, uto geexp (4) u 0= A. [TockoabKy 3/1eMeHT
g HenojBH2KeH OTHOCHTEJbHO «, aJIbKOB A, a ciiefoBaTenbHo, H Kamepa B L (K),
cojepkalas A, HENOABHKHB OTHOCHTe/1bHO L(u). D10 n0Ka3biBaer 6); Kpome
TOr'0, MHOXKeCTBO TOYeK B K, He[TOIBHXKHbIX OTHOCHTENbHO i, CBSI3HO (eMMa 3)
H CONEPXKHT X H e, OTKyla caenyet B) (O6wy. Ton., 1968, ra. 1, § 11, n® | npen-
JIOXKeHHe 2).

Ocraercsi 10Ka3aTh yTepxenue 6) B o6uiem cnyqae. Ho ecan D (G) —
yHHBepcaabHas HaKpwBalowas rpynnst D (G) U f: D (G) - G — xaHoHHue-
CKHi MOP()H3M, TO CYmMECTBYeT aBTOMOP(H3M # IpymMibi D (G), raxoi, uro
fote=uof. Ecou K — MAaKCHMAJbHbIA TOp B D (G) u C — xamepa B L (K), yc-
TOHYHBAA OTHOCHTEJbHO 4 (COIMIACHO yXKe JIOKAa3aHHOMY, TaKas KaMepa cy-
LIECT BYeT), TO CywecTByloT (§ 2, n° 3, 3ameuaHHe 2) eJHHCTBeHHBIH MaKCH-
manbubiii Top K B G 4 equicreenuas kamepa C B L (K), Takie, uro K=f"" (K)
u C=L (f)~ ' (C), orkyna cpasy noayuaem, uto K 1 C ycTOHUHBH OTHOCHTEJIBHO
u. YtepxkiaeHHe 6) 1N0Ka3aHo B OOlUeM ciaydae.

Cnenctsue 1. [Tpednoroxus, «1o ni (G) ecTo Z-modysb 6e3 Kpyuenus.
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a) llentpasuszarop aw6oeo aremenra epynnot Jlu G caasen.
6) Hea xommyrupyoujux sremenra epynnot JJu G npunadaexcar o0nomy
MAKCUMBALHOMY TOPY.

Coraacno caeacteuio 3 npeaioxenns 11 u3 § 4, n° 6, rpymna D (G) onuo-
cBasHa. Umeem G =C (G).D (G). Tlycts x= G; NOKOKHM x=uv, rpe ues
& C(G) u veD (G). Toraa Z (x)==C (G. Zp G, (v). CornacHo Teopeme 1B8),
rpynna Z, i, (v) cBAi3Ha; cnenosarenbto, H Z (x) CBA3HA, OTKYAa ClIeAYeT a).
Coraacho caeactsHi0 3 Teopemul 2 U3 § 2, n° 2, Z (x) ecTb o6benHHeHHe MaK-
CHMaAbHHX TOpOB B G, collepXalllHX X, OTKYAa NOJyyaeM yTeepKAeHue G).

Chaencrene2. ITycte I' — komnaxrras nodepynna e Aut (G), o6aadarow,as
cAe0YIoUUM CBOULCTEOM:

(*) CywecTayror Takue 3aeMenTol Uy, ..., Un U3 T', 470 3252 2106020 i 3aMbL-
kanue I's nodepynnot 8 T', nopoxcdennodl aremenranu u,, ..., 4i, 6yder Hopuare-
noi nodzpynnoi, npuven To=T.

Toeda cyujecreyer maxcumarvhoui Top 8 G, ycroduusoill OTHOCUTEABHO
detcrausn nodepynnot T'.

IMposenem pokasaTesibCTBO HHAYKLHeH 1O pasMepHOCTH rpynnsl Jin
G. Be3 orpannueHus OGILHOCTH MOXHO MpeAnoiaratb, uto 4+ ld; Toraa
noarpynna H, coctofilias H3 HeMOABHXKHBIX OTHOCHTEJIbHO 4) TOYeK, OTJIHYHA
or G u ycroiuusa oTHocHrenbHo aeficTeua rpynnn I'. Kpome toro, BBuLy
KomnakTHocTd rpynnsl I' o6pas I' B Aut (Ho) siBnsiercs ¢pakroprpynnofi rpynnsl
I’ u, cniepoBaTeNbHO, TAKXKeE y/10BJIeTBOPSAET yeaoshio (+). CoraacHo nmpeanoo-
JKEHHI0O HHAYKLHH, CYLIeCTBYeT MaKCcHMaJbHbiii Top S B H, ycToliyHpshil oTHO-
cutenbto I'. Llenrpanusatop K topa S B G cBasen (§ 2, n° 2, caeacraue 5)
n ycroiiuus oTHOCHTeNbHO I'; 3T0 MakcuMadbhblil Top B G, nockoabKy Hg copep-
XKHT peryasipHblii anement rpynnk G (teopema la)), koTophlli conmpsken
HEKOTOPOMY 3JieMeHTY H3 S (Tax ace, cleicTBhne 4).

Cnencreue 3. Mycre H — epynna Jlu u T — KomnakTraa nodepynna
8 H. lIpednoaoxcun, uro epynna Ho komnakrna, a nodzpynna T ydosaereopser
yeroeuro () ua caedcrausn 2. Toeda cyuectayer TaKoil MAKCUMAAbHLLE TOP
T & Hy, uto T Ny4(T).

Caenctsve 4. Jl06as nuarsnoTenTHas nodzpynna 6 KOMnakTroil epynne
Jlu codepacurca 8 HOPMAAUZATOPE HEKOTOPO2O MAKCUMAALHOZO TOPA.

IMycrs H — komnaxruasa rpynna Jlu, a N — HuabnmotenTHas Moarpymnna
B H. Torpa 3amuikanue I' moarpynnbl N Takxke sBJIS€TCS HHJAbLNOTEHTHOH
rpynnoii (ra I, § 9, n° |, crencraue 2 npeanoxenns 1), 0 AOCTATOUHO AOKE-
3atb (caeactsue 3), uro I' ynosaersopsier yeaosuo (). Ho I'o — HHABNOTEHT-
Has cBsA3Hasd KOMIaKTHas rpynma JIH; clefoBaTe/bHO, OHa SIBJAAETCHA TOPOM
(§ 1, n°4, caencrere | npeanoxenns 4), H CyleCTBYET 3JeMeHT u; M3 T,
nopoxjaaloui noarpynny, naoruyo B o (Top. gen., chap. VII, p. 8). Koneu-
Haa rpynna I'/To HHALIOTEHTHA, H CYLLECTBYIOT JIEMEHTH Uy, ..., Un =T /T,
nopoxpaiouiue I'/T'o v Takue, yro moarpynna B I' /Ty, nopoxaennas anemenra-
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MH (U2, ..., ), HOpMaabHA npu r=2, ..., n (Alg., chap. 1, p. 73, th 1, p. 76,
th. 4). Torna ecnu 31€MeHTH Us, ..., Uy ABAAIOTCH NPEACTABHTENAMH /1€MEHTOB
s, ..., Us B T, TO nocaenoBateabHocTb (&, ..., i,) 06AagaeT TpeGyeMbM CBO-
CTBOM.

Mpunep. [onoxum G=U (n, C). B ganpuefiieM Mbl nokakeM, 4To MNOJ-
Tpynna gHaroHanbHHIX MaTpHI B G sIBTAeTcH MaKcHMaJbHEM TopoM B G, a ee
nopma.nnaa'rop COBNAJAeT C MHOXKECTBOM MOHOMUAAbHbLX MaTPHL (Ae., 1962,
ra. 11, § 6, n° 5) B rpynne Jlu G.

Orciona nosyuaeM, 4yTo eciu @ — HeBHIPOXKAEHHAS MONOKUTENbHAS S-
MHTOBA ()OPMA HA KOHEYHOMEPHOM KOMILIEKCHOM BEKTOPHOM MPOCTPaHCTBE
V u [ — HuibnorentHass noarpynna B U (@), To cyuiecrByer 6asuc B mpo-
cTpancrse V, B KOTODOM MAaTpUIb 9/1eMeHTOB rpynnil I' MoHOMHANBHM (Teope-
ma Bauxrgpeasdra).

4. Oro6paxenun (G/T)XT — G u (G/T)XA — G,

O"roépa}xenﬂe (g, )+ gtg~"' H3 GXT B G HHAyUHPYeT Npu (aKropu3a-
uMH Mophu3M aHAJAUTHYECKHX MHOroo6pasuil

f: (G/T)XT ~ G,

KOTOPHIii clopbekTuBen (§ 2, n° 2, reopema 2). [1py orpanuuenud f HHAYUUPY-
€T CIOPbEKTUBHBIA MOp}H3IM

fr: (G/TH)XT, - G..
Basis ero komnosunuio ¢ Idg rX expy, MoayyuM Takke CiOpPhEKTHBHbBIE MOP-
usmu
9 :(G/T)Xt -G,
o2 (G/)Xt > Gr;
HAKOHell, ecii A — a/IbKOB B t, TO ¢, HHAYLIHPYET CIOPHEKTUBHLIA MOpPU3IM
¢, (G/T)XA—~ G,

Onpenenum npasoe delicreue rpynn W B G/T caepyiouiumM oGpasom.
Nycrs weW u ueG/T. O6o3HauuM Yepe3 £ NMPEACTABUTE]b 3JEMEHTA
w B N4 (T) H uepe3 g mpeJcTaButeib sAeMenrta u B G. Toraa o6pas anementa
gn B G/T He 3aBHCHT OT BbIGOpa n U g; OGO3HAYMM €ro yepes u.w.

OTHOCHTENBHO 3TOTO JeificTBusa rpynna W geficteyer B G/T csob6odno:
B BBEJCHHLIX 0003HAUCHUAX NPEANOJOKUM, YTO U.w=u; Torga gn=gT u,
caejgoBareabo, neT u w=1.

Onpeaenum npasoe geHicraue rpynnet W B (G/T)X T no popmyae

(u, hw=@ww, v '), usG/T, teT, veW,
H npasoe aeficraue rpynnst W5 B (G/T)Xt no dopmye
(4, ¥).o=(t.0, 0" (¥), ue=G/T, x=t, 0= W,,

rie ® — o6pas nementa w B ¢akroprpynne Wi/I' (T)=W.
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Ecau A — anbkoB Bt u H 4 — noxarpynna B W7, coxpausiomas A, To npH
NOMOILUHM OrpaHudeHust mosayuyaem feficrBue rpymnsl H, na (G/T)X A.

OTH pasjuvnble JefCTBHS COracyOTCs ¢ MOpOHMAME [, @ H @48 INA U S
eG/T, teT, x=t, yeA, ve W, o= W, heH,

f(u, ).w)=F (u, 1), @ (u, x)-0)=9 (1, 1), 92 (4, Y)-h) =04 (4, ).
JIEMMA 4. Tycre g= G, t<T, u nycto g — obpas saemenra g 8 G/T.
Oroxcdecreum kacareasvroe npocrpancreo £ G /T (coors. T, coors. G) 8 rouke
g (coots. t, cootB. gtg~"') ¢ g/t (coOTB. t, COOTB. g) npu nomowju 2e8ozo
cdeuza v (g) Ha 3aement g (coots. ¢, coorB. gig~"'). Tozda auneiinoe orobpa-
wenue, Kacareasnoe K f 8 Touke (g, ), orosdecTeanercs ¢ orobpaxcenuem
f': (@/t) Xt — g, onpedessemoin caedyrouyum obpasom: ecau 2<g, X<t u ec-

Au 2 obo3nauaer obpas 8 g/t ssemenra z, TO
f (2, x)=(Ad gt~ ") (z—(Ad t) 2+ x).

Mycts F — Takoe orob6paxenue us3 GXT B T, uro F (g, t)=gig~". To-
ckosibKy Fo(y (g), Idp)=Int goF, T0

T (g, o(F) (g2, tx)=T(Int g)o T, ,(F) (2, tx).
CorsiacHo npepjoxenuio 46 u3 ra. I, § 3, n°® 12,
Te, o (F) (2, tx)=t (Ad t™"Yz—2)+tx=¢t (Ad ") (z—(Ad ) 2+ x)),
H B KauecTBe CJIEACTBHSA NoOJydyaeM
Te, o (F) (g2, tx)=gtg~"' (Ad gt™") (z—(Ad #) 2+ x)).

HoxasarenbcTBo JleMMbl BbiTeKaeT U3 3Tofl dopMmysnl nNpH nepexome X dax-
TOP-rpynnam.

Ilpeanoxenue4. a) Mycre g=G, tT, x<t, u nycro g — o6pas 3ae-
smenra g 8 G/T. Caedyroujue ycaosus 3K8UBAACHTHYL:

(i) t=T, (coors. x=t,).

(i bis) 3aemenr f(g, t) (cootB. @ (g, x)) peeyrapen 8 G.

(ii) Orobpaxcenue | (coore. ¢) aganerca cybmepcued 8 Touxe (g, t) (co-
orB. (g, x)).

(ii bis) Orobpaxcenue f (cooTB. @) 3rassrO 8 Touke (g, t) (coots. (g, x)).

6) Orobpascenue f, (COOTB. ¢,, COOTB. @) npespawaer (G/T)X T, (coors.
(G/T)Xt,, coors. (G/T)X A) 8 eaastoe nakpoirue muoxecrea G, ¢ 2pynnoil
W (coors. Wi, coors. Hy).

a) DxksusajteHtHocTs (i) u (ibis) ouesumna. DxsusajentHocTh (ii)
u (ii bis) caemyer u3 coornomenuit dim (G/T)XT)=dim {(G/T)Xt)=
= dim (G). CorsacHo JemMe 4, orobpaxenue f apiagerca cybMepcuel B Touke
(g, t) Torna u ToAbKO TOrAa, Koraa g=t-Im (Ad t—1d); 3to o3nauaer, uro
aaement ¢ peryiapen. Hakoneu, nockoabky @ =fo(Idg,rXexps), To oro6pa-
KEHHe ¢ 3TaJbHO B TOMKe (g, ¥) TOrJa H TOJbKO TOTJa, Korja oTo6pakeHue
[ sTaabHO B TouKe (g, eXp x); 3TO, COIACHO MPEIBAYIIHM pACCYXICHHIM,
O3Hayaer, YTO X NMPHHAIIEXKHT t,.
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6) Takum oGpa3oM, MOppH3IMH fr, @r, ¢, 3TANBHB. C APYrofi cTOPOHHI,
rpynna W nefictayer caoboano Ha G/T u a fortiori na (G/T) X T. IlycTb paa g,
g 3 Gut, t' ua T, Buinonusieres f (g, {)=f (g’, t’); Toraa Int g~* g’ nepesogut
t’ 8 tu, cnegopatensHo, nopmanuayer T, nockoabky T=Z (f)o=2Z (t')o, 2 Ksacc
w snementa g~ ' g’ 8 W nepesonut (g, ¢) B (g’, '). Otciona caenyer, 4o f, —
r/iaBHoe HakpuiTHe ¢ rpynmoil W, 370 8 cBOIO ouepeAb 03HAYaeT, YTO ¢y —
rJasHoe HakpbiTHE ¢ rpynnod Wi, H npH MOMOLLH OrPAHHYEHHS HA CBA3HYIO
komnoHeHnty (G/T)X A muoxectBa (G/T)Xt, nonryyaem, 4ytro ¢4 — rJaaBHOE
HAKpuiTHE ¢ rpynnodt H ,.

3ameuanus. 1) CornacHo mpegnoxkennio 3 H3 § 2, n° 4, mHorooGpasue
{G/T) X A onHocasizHo. OTciona caeayer, 4To ¢, — YHHBEpPCaJNbHOE HAKPLITHE
rpynnul G,. [ockonbky rpynna s, (G.) KaHoHHYeckH H3oMopdHa n; (G) (n° 1,
npeanoxenne 1, u Top. gen., chap. XI), To rpynna =, (G) oToxaectaasercs
¢ Hy (tr.e.c T (T)/N (G, T)).

2) Orpatuuenne oTo6paxenusi ¢, Ha WX A< (G/T) X A npespaiaer
W X A B r1asHoe HakpuiTHe MHOXKecTBa T, ¢ rpynnoit H ,. Takum o6pasom, Mbl
BHOBb mojy4aeM chaeacTsHe | mpensioxenust 2 u3 n° 2.
' 3) O6o3nauum uepesa g, npoo6pas Muoxkectsa G, MpH 3KCIOHEHLHANbHOM
oToGpaXKeHHH, H MycTb &: g, — G, — OTOGpaXKeHHEe, MOJYYEHHOE H3 eXpg.
OroGpaxenne (g, x) > (Ad g) (x) #3 G Xt, B g, onpenensier npH PakTopH3a-
uHH orobpaxenue P, : (G/T)Xt, > g,. UMeeM eop,=¢,. [lycth wEeW, y=
el'(T) u o= W; Takosbl, 4T0 o (2)=w (2)+v aas moboro z&t, HMeeM
\‘Jr ((g’ _x) (1))=1]J, (gr x)— (Ad g) (Y)v rue gE Gr xEth TaK 4TO \‘Jr ((gv x) (1))=
=1, (g, X) TOr 4a  TOJIbKO TOrja, koraa y=0. Otciona caepyer (cm. Top. den.,
chap. XI), 40 ¢, — raasHoe HakpbiTHE Hajg g, ¢ rpynnod W, ae: g, - G, —
HaKpbITHE, aCCOLHHPOBAHHOE € T/1aBHbIM HAKPHITHEM @, CO CJIOEM, H3OMOPQ-
uoim Wi-muoxectsy Wi/ W.

§ 6. UuterpupoBanHe B KOMNAKTHbX rpynmax Jiu

B srom napazpage coxpansorca oboznauenun uz § 4, noaomum w (G)y=
=Card (W (7). O6o3nauum 4epes dg (coots. dt) mepy Xaapa na epynne Jlu
G (coots. T) ¢ noanoii maccoii 1, a uepes n (COOTB. r) — pa3mMeprOCTb 2pynnet
JTu G (coots. T).

1. MMpouseedenue 3HAKONEPEMERHHX NOAUAUREUHBIX Popm

[lycts A — koMMyTaTHBHOE KO/MBLUO H M — HekoTopblil A-MoayJsb. s
Kax/0ro uesoro uncaa r >0 uepes Alt " (M) o6o3Hauum A-MoayJab 3HaKonepe-
'MEHHbBIX r-JTHHeHHbIX HOPM Ha M. DTOT MOAYJIb OTOXKAECTBISIETCS C CONMPsIKEH-
oM K A-Monymo A’ (M) (Alg., chap. 111, p. 80, prop. 7). Myctb usAlt* (M)
u veAlt’ (M); nanomuum (Alg., chap. IIl, p. 142, ex. 3), uTo BHEWHHM fpO-
H3BeJeHHeM 4 M v HA3biBaeTcs aneMeHT u A v u3 Alt " (M), onpeneasiemblit
dopmynoi
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AV (X, ., X )= X Bg U (Xg 1y s Xg(s) V (x‘,(s_,_,), s Xg (s 41
11 ’
s, r
-

rae &; ,— NOAMHOXKECTBO B:CHMMeTpUUecKol rpynne S;.,, cocTosllee H3
flepPeCTaHOBOK, orpahuyeHust kKorophix Ha (I, s) u Ha (s+ 1, s4r) saBasioTCA
MOHOTOHHO BO3pacTalOUlHMH.

IMycts Teneps

0>M SMB M >0

— TOYHas1 nocJeJ0BaTebHOCTb CBOGOAHBX A-MOoAy/Iel paHroB r, r+s U § co-
OTBETCTBEHHO.

JIemma 1. Cywecreyer A-6uaunednoe orobpaxcenue u3 .ARS (M”)X
XAl (M) & AW+ (M), xoropoe obosnauaerca uepes (u,v)r>u~v g
xapakrepudyerca Kawooim u3 0syx caedyrowux ceodcrs:

a) O6o3naqum uepes u, <= Alt* (M) popmy (x1, ..., x5) > u (p (x1), ..., p (%5)),
u nycre vy At (M) — rakas gopma, uro vy (i (x1), ..., i (x})=v (x1, ..., x}) Oan
xl, ..., Xt us M’. Toz0a u~v=u,Av.
© 6) MMycro xy, ..., xs npunadaexcar M, a xi, ..., x; npunadasexcar M’; Toz0a

(~v) (o, oy Xs, (D), s E(X) =t (p (x1), ..o p(x5)) U (X, s X0). - (D)

Orobpasxcenue ¢: A* (M")® 4 A" (M’) — Alt*T" (M), raxoe, uto ¢ (u®
@ v)==u~v, ects uzomoppusm cs06o0usix A-modyred panza olun.

CyulecrBoBanne ¢opMbl v), yAOBAeTBOpsloulell ycioBHIO a), caepyer
H3 toro, uto A\’ (i) nopoxnaer usomopdpuam A" (M") na noamMoaysb, BHEISIIO-
uiufica npsimbiM caaraemsim B A7 (M) (Alg., chap. III, p. 78). Ilycte v, —
Takas ¢opma; nonoxum u~v=u; Av,. Toraa paBedcrBo (l). Bhino.-
HSIETCs1, MOCKOJIbKY €CJAH NOJOXKHTb i (Xp)=X;41, A | << E<r, TO €QHHCT-
BEHHBIM 3JIEMEHTOM O u3 &; ,, TaKHM, UTO P (¥; () 70 ana 1 <i<s, Gyner
ToOXJAecTBeHHasi nepecraHoBka. C gpyro#t cropoHs:, ¢opmyna (1) onpene-
JS€T 4~y EAMHCTBEHHbIM ob6pasoMm: jeficTBHUTeIBbHO, NycTh (€}, ..., €7) —
G6asuc B M, (f{,..,[f)—6Gasuc B M” u [, .. [s — Takue 3/JeMEHTH
3 M, uro p(f)=f ma 1<i<Ks. Toraa (fi, ..., fs,i(eD), ....i(e})) —
6asuc B M (Alg., chap. II, p. 27, prop. 21) u ¢popmyna (1) sanucwiBaercs
B BUJE

@~ (1, oo, fs i (€1, cni @) =0 (1, ... [{) v (ef, ..., €D), 2

T. e. anemeHT u3 Alt'*’ (M) onpenensiercs cBoMM 3HaueHHEM Ha HEKOTOPOM
Gasuce.

M3 npeapinymux paccyKAeHul nosy4aem, YT0 KaXKA0€ H3 YCJIOBHIA-a) u 6)
onpejenfeT efHHCTBEHHBM o6pa3oM npousbegeHue u~y. OueBUAHO, YTO 3TO
npoussesenue GuauHeiino. M HakoHel, nocsiegHee yTBepKACHHE TEMMBI CICALY-

et u3 popmyan (2).
H. Byp6aku
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2. ®opmyaa unrezpuposanus I'. Beiirn

Ilycrs e — eaunuyHblil 31eMeHT B rpynne Jlu G H e — Knacc sJeMenra
e B G/T. OroxaecTBUM KacaTenbHoe nMpocTpaHcTBo K G B Touke e c g, Kaca-
TeabHoe npocTpancTBo K T B e ¢ t M KacaTesnbHoe nmpocTpancTso k G/T B e ¢
g/t. O6o3nauum uepes (u, v)i>u~v R-GuiunefiHoe oroGpaxenne

A7 (g/t) X Alt" (t) — Alt" (g),

onpexaeieHHoe B n° 1.

Hanomuam (ra. I1I, § 3, n° 13, npeanoxenue 50), 4To orobpaikenne
& > o (e) ocyuiecTBjasieT H30MOpYH3M BEKTOPHOrG MPOCTPAHCTBA JI€BOHHBA-
pHaHTHBIX U depeHHaAbHBIX HOpPM creneHH n (cooTB. r) Ha G (coors. T) Ha
npocrpancreo Alt"(g) (coors. Alt’(t)). 3amerum rtakxe, uro det Adg=
=1 pas mo6oro g & G BBHAY TOTO, 4TO JMI06asl CBSI3HAA KOMNAKTHAS NOArpyn-
na B R* cocTouT JHI1Ib H3 eJUHAYHOrO 3jeMenTa. TeM caMbiM JleBOHHBAPHAHT-
Hble AudpepennHabHbe GOpMB cTelend n Ha G ABASIOTCS TaKXe NpaBOMUBa-
PHAUTHBIMH W HHBADHAHTHHIMH OTHOCHTENbHO BHYTPEHHHX aBTOMOP(OH3IMOB
(ra. 111, § 3, n° 16, caeacTene npendoxenns 54); B AanbHeAmeM Mbl Gynem
FOBOpHTb MpocTo 06 HHBapHaHTHHX AH$depennuanpanix dopMax Ha G.

Kpome Toro, us npennoxenus 56 ra. 111, § 3, n° 16, n n3 mpeapaylnx
PacCCyXKAeHHi BLITEKaeT, 4To 0ToGpakeHHe @ - @ (&) OCYLIecTBJISIET H3OMOp-
¢usM npocrtpaHcrBa (G-HHBapHaHTHBIX AMbdepeHnHaJbHHX (HOpPM CTENeHH
n—r Ha G/T ua npocrpauncrBo Alt"~" (g/t).

Ecau wg 7 ectb G-nuBapnaHTHas AuddepeHunansnas ¢opMa CreneHu
n—rHa G/T v ©; — HHBapHaHTHAs JHOepeHuHaANbHAS (OpMA CTENEHH F HA
T, 10 4epe3 w g 7~ @7 0603HAYNM e JHACTBEHHYIO HHBApHAHTHYIO TH( e peHLH-
asbHyl0 opMy cTelleHH n Ha G, Takylo, 4To .

(0e/r~a1) (e)=0g/r ()~ 0T (€).

Hakonen, nanomunm, uro uepes f: (G/T)XT — G o6o3navaercs Mop-
¢u3m mHOrooGpasni, . NojyyeHHu#A NpH (GakrTopH3anUH M3 OTO6paKeHHst
(g, ) gtg ' u3a GXT B G (§ 5, 1°4). Ecin a u B — nuddepeHinanbunle
¢dopmbl na G/T u T cooTBeTcTBEHHO, TO Yepe3 a /\ f o603Haunm dpopmy pria A

Aprép Ha (G/T)XT.

Has teT o6osnauum uepes Ad,, (f) annomopdusm npocTpancrsa g/t,
nodyyeHHb# U3 Ad ¢ npu ¢dakropusaunnu. I[Tosoxum

8g(t)=det (Ad,,()—D)= [] =) 3)
ac=R (G, T)

Mycrb xet 1 a=R (G, T); o6ozuaunM yepes a snement (27i)~' & (&) u3 t*,
TaK uTo
((exp x) *—1) ((exp x) ~*— 1)=(e*™M_1) (e~ 28 }) =43in’n&(x).

Ecan uepe3 R (G, T) 0603HaUBTb MHOKECTBO MOJOXKHTENbHEIX KOpHEH cucTe-
mMbl R (G, T) orHocuTtennno Gasuca B, To
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Sglexpr)=[[ 4sin’né (x),
a=R (G,

OTKYHa, B 4acTHOCTH, cjenyer, uTo 85 (f)>0 pas moboro tT,. 3amerum
TaKkxKe, uto 85 ()=085(t™") aa t<T.

[Mrennoxenue 1. MMycro ©g, 0g/r 4 07 — unsapuantrsie Ougdépen-
yuanaensie popmot na G, G/T u T ceereercraenno crenened n, n—r ur. Ecau
OG=0g/T™ 01, TO

fFlog=wgrNdgor

OueBMAHO, MOKHO CUHTATh HOPMBL @ g, H 7 HEHY/IEBBIMU; TOTAA AMDDe-
penunanbhan dopma (4, {) > 0g/p (U) Aoy (t) crenenn n na (G/T)X T sciony
HenysneBasi, CJ/le10BaTe/ibHO, CYLLECTByeT TaKas 4HcjaoBasA (QyHKLHA & Ha
(G/T)XT, uro *

[*(@g) (4, )=06 (u, ) 0,7 (W N\ o7 (0)

Tenepy 3ametu™, uto s heG, usG/T, t=T umeem f[(h. u, )=
‘= (Int k) f (u, ). U3 nuBapuaHTHOCTH POPMH ® ;6 OTHOCHTEILHO BHYTPEHHHX
aBTOMOp(HU3MOB nonyuaeM, uto & (hu, t)=24 (u, ¢) u, cnegoBarensuo, 8 (u, )=
=34 (e, 1).

OG6GoaHauHnM uepe3 p: g — g/t oro6paxeHHe nepexona k ¢akropanrebpe,
a uepes @: g/t — g — orobpaxKenue, onpeaesnsiemoe Hpopmyaoi

e(p X)=Ad ") X—X mna X=g;
nanoMuum (§ 5, n° 4, neMMa 4), uyro KacaTe/lbHOe OTOGpaxKeHHE
Te. o (): Te(G/T)XT(T) > T:(G)

nepeBout (2, tH) B t (p (2)+ H) ana z=g/t, Ht. -
Mycrb 2y, ..., 2o—r — 3neMenTHl 43 g/t M H,, ..., H, — saeMeHTH H3, t.
Torna

f* we (e, T) (21, ..., Za—r, tH, ..., tH)=
=wg (f) (tp (21), ..., L@ (2n—,), tH\, ..., tH,) (cornacHo onpeaenesuio) =

=oge) () ... 9(2,_), Hy, ..., H) (nOCKONBKY ©; HHBapHaHTHA) =

=067 (&) (P9 @1 r PO (20 )07 (€) (Hy, ... H) (n° 1, neMma 1) =
=det (pg) 0 g1 €y 2, )0r@)(H, ... H) =
=g ogr@ (2, - 2a_)or ) (tHy ..., t H) (NOCKONLKY Of

‘ HHBapHaHTHa) =
=086 () (@gr AN (€, ) (21 ey Zp—pp tH, ..., tH ),

oTKyna f*eg (e, )==385 ) (0g/r A @y (e, ) n, crenoBarensuo, 8 (e, H==8(#).
IMpennoxenue nokasauo. :

3+
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CHa6Gaum MHoroo6pasua G, T u G/T opHeHTaLHSIMH, OllpelesiieMbIMH
dopMamMu wg, w7 H Wg,r COOTBETCTBEHHO. TOraa 3TH ¢oOpMH oNpeaensioT
uHBapuanTHoie Mepul Ha G, T u G/T (ra. 111, § 3, n° 16, ipeanoxenns
55 u 56), Taxxke 0G03HauaeMbie YEPE3 wg, Wy H Wg

JIemma 2. Ecau wg==wg/r~ w1, T0
S Wg = S WG /1 S or.
G G/IT T

OGo3HaunM uepe3 n KanoHuueckuii Moppusm G B G/T. Ilyctb g G,
K nyets by, .., la—, — 37n€MenTH W3 T, (G/T). OrtoxpectBum cJaoi
a~'(n(g)=gT ¢ T npu nomownu cupura y(g). Toraa cooTnHomenne wg=
= o G,y Wy BJEYET 32 cOGOH paBencrBo (Mn., Cs., pes., 11.4.5)

ogl (ty, ... t,_)=(0g;(ty - ta_)) 0F.

Torna Smc= (;"’1) wg,r (Mn., Cs. pes., 11.4.6) H

(§‘M= S Sma =§ w,-S wg,;r (Mu., Cs. pes., 11.4.8).
G/T & Git -

JIemma 3. Hpoo6pas na (G/T)X T, npu aokarvrom zomeoxoppuame f,
(Hnreep., ra. V, § 6, n° 6) meper dg na G, ecto mepa p®d;dt, ede p —
eduncraennan G-unsapuantnas mepa Ha G/T ¢ noanod maccodd 1.

BuiGepem vuBapuanTHyio auddepenunansuyio popMy @y (COOTB. wg,7) Ha
T (coor. G/T) mMaKcMMaJbLHOH CTENeHH TaK, 4TOGH Mepa, onpelesseMas
dopMoii w7 (COOTB. ® g ,7), Gblnia paBua dt (cooTB. p). [lookUM wg=wg/ r~ @7
H3 neMmbl 2 BLITEKAET, uTO Mepa, onpeaensieMas $popMoii g, paBha dg. IMycts
U — takoe orkpmToe mopmuHoxectso B (G/T)XT,, uro romeoMopdusM [,
HHAYIMpYeT H30Mop¢H3M noamuoXectBa U Ha OTKpHTOE NOAMHOXECTBO
V B G,. [Tycts ¢ — HenpeprlBHas (YHKIIHA ¢ KOMIAKTHHIM HOCHTEJIEM, COLED-
xamumess B V. OGo3HauHM no-npeXXHeMy uepe3 ¢ mpogoskenwe ¢ Ha G,
obpaianineecs B HyJlb BHe MHOXecTBa V. Hmeem )

5 ¢ dg =§ 9 wg =§ (9of,) [ (0g) =
=SI (9°f) 00/1/\60 @, (npepioxenne 1) =
=5, (9ef.) dp . 8q dt.

JleMma nokasana.
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Teopema | (T. Beiib). Mepa dg na G ecto 06pas npu orobpaxcenuu
: Gy S dts 2de

8g()=det (Ad,,()—N)= ][] (-0

acsR(G.T)

(g t)—~gtg' us GXT 6 G mepor dg®

Apyeunmu caosamu (Hureep., ra. V, § 6, n° 3, npeanoxente 4), sepa dg

ectb 06pas npu orobpascenuu [: (G/T) X TG mepor n® :G) d¢ dt.

Hoxkaxem nocneguee ytBepxkaeune. Uz § 5, n° 1, H u3 Mn., Ca. pes.,
10.1.38), cnexyer, uro MHOKecTBO G~ G, HHr e He MIOTHO B G, a MHOXKeCTBO
T—T, nur ze He naotHo B T. Kpome Toro, oTo6pasketHe f. npespaiaer (G/T) X
X T, B rnaBHoe HakpbiTHe MHOXecTBa G, ¢ rpynnofi W (§ 5, n° 4, npeanoxe-
uue 46) ). Tenepb 10Ka3aTeJbCTBO TeOpEMBI ClieyeT H3 eMMbl 3 H H3 Hnreep.,
rn. V, § 6, n°6, npemnoxenne 11.

Chrexcteue 1. (i) Hycrs ¢ — ¢pynkyus, unreepupyesas na G, co 3na-
deHuamu e Oanaxoeox npocrpancree usu 8 R. [Jas nouru ecex tsT
pynkyun gr> @ (gtg™") na G unrezpupyema no mepe dg. Dynkyus
t> b4 (t)s ¢ (gtg ") dg unreepupyema na T u

G

| v@de=175r ) (S v (gtg")dg) b (t) dt )
G

{«popmyna uurerpHpoBaHusi I'epmanHa Beitns»).
(ii) Mycre @ — nosoxcureavnan usmepuman pyuxyus na G. Jas nou-
tu acex te=T ynkyun g - ¢(gtg™") na G usmepuma. Pynxyus ti

*
*‘*§ ¢ (gtg~")dg na T usmepuma u

S p(g)dg= w(G) ; <§ (p(gtg—l)dg) 8, (1) dt. (5)

TMockonbKy oTo6paxenHte f monyyaerTcs H3 oTo6paxeHnus (g, {)+— gig™"' n
G X T B G npH pakTopH3alHH, TO OcTaeTcs HpHMeHHTb HKrreep., 1. V, § 5, 6
8, u Hureep., ra. VII, § 2.

Caencrsue 2. ITycro ¢ — yenrpasvuaa (1. e. Takas, uro ¢ (gh)=p (hg)
RS MOGbIX 9/1eMeHTOB g H f H3 G) hynkyua na G co 3HAUEHUAMU 8 HEKOTOPOX
b6anaxoeom npocrpancree uiu 8 R.

a) [an roeo 4robot ¢ 66110 U3MEpUMA, HeOGXOOUMO U BOCTATOUHO, 4TOObL
ee oepanuuerue va T 66110 usmepuso.

6) aa toeo urobo. ¢ Gviaa untezpupyema, Heob6xo0umo u GOCTATOYHO.
utobor pynxyun (9| T)d; Goira unreepupyesa na T, u Tozda

| o@dg=15r] v 08c 0t . 6)
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OGosnauum uepes p: G/TXT — T npoeknuio Ha BTOPOH COMHOXHTEb.

Toraag o f=(gp| T) P; Kpome Toro,o06pas Mepn p @ —— &, dinpu orobpaxe-

(G)

HHH p eCTb Mepa 0 di. Tenepb cieacTBHe BuITEKaeT u3 TeopeMul | 3Toro

W(G)
AYUKTa U u3 teopeMmn | u3 Hureep., ra. V, § 6, n° 2, npuMeHeHHBX K ABYM
COGCTBEHHHIM OTOGpakeHUsM [ u p.

Caencreue 3. Tycre H — ceasnan samxnyras nodepynna e G, codepxca-
wan T, u nycro b — ee areebpa Jlu, a dh — mepa Xaapa na H ¢ noanod
maccold 1. Iycre ¢ — untezpupyenasn yenrparvnasn pynkyus na G co snaue-
HUAMU 8 HekoTOpom Oawaxoeom npoctpanctee uau 6 R. Toeda
pynsyus hv> @ (h) det (Ad,, (h) —1) yenrpasrbna u unreepupyema Ha
Hu

{o@ =S | w0h) det (Ady, (=) dh. ™
G

Heficrpurennno, ¢yuxkuus hi> ¢ (k) det (Ad, 4 (h)— l)— uempanbnaﬂ
¢yHsKuus Ha H, orpanuuenue kotropoi Ha T umeer Bun t > ¢ () 84 (8) 8, (1)~ ".
Tenepb ciieACTB HE BHITEKAET U3 CJAEACTBUSA 2, ipuMeHeHHOro K rpyanaM G u H.

3ameuanusn. 1) Ecau B crepactsud 3 nonoxuth =1, To noayuum dopmyay

{ det(ad, () —1) dh=1w (G)/w (1) ®
H

4, B YacTHOCTH,

{ 8¢ ) dt=w (G). 9)
T

2) Ilycre v — mepa Ha ¢akropnpoctpanctee T/W, onpeaeanemas ¢op-
MyJoi

V v@avm=gpr v 0a

T/W T

re uepes n o603HauUaeTcs KaHoHuueckas npoekuusi T va T/W. U3 caepcrBus
2 BmTekaer, yto romeoMmopous™m T/W — G/Int(G) (§ 2, n°5, caeacrsue
1 npeanoxenus 5) nepeBoguT Mepy v B o6pa3 Mepn dg NpdH KaHOHHUECKOH
npoeknuu G — G/Int (G).

3) Ilpeanosnoxum, 4To rpynna G ojHOCBsA3HA. Ilyctb A — anbKkoB B t
# dx — mepa Xaapa Ha t, Takas, ln'os dx=1. Torpa mepa v ABJAsieTCA TaKXKe

|
o6pasom npu romeomopdusme A — T/W (§ 5, n° 2, creacTeue | npeanoxe-
4sin®n & (x) dx na A.

asR, (G, T)

1
HuA 2) MepH w6
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lTpumep. Bosbmem B Kauectse G rpynny SU (2, C), a B kauectBe T —
NOATpynny AuaroHajbHex Matpul (§ 3, n° 6); oroxaectsum t ¢ R npu nomo-
wu BHGOpa Gasuca {iH} B t (ram xe). Tonoxum A=}0, 7i(; 370 anbKOB B ¢.
Orpesok A=(0, x) oTOXKAECTBASIETCS C NPOCTPAHCTBOM KJACCOB CONMPANKEH-
HBIX 3/1eMenToB B rpynne Jlu G, npudem snement 6 us A cooTBercTBYyeT KAaccy

i0
9JIEM@HTOB, CONPSMKEHHBIX TEeMEHTY ( € Sie). ITycts d8 — mepa Jle6era
e
(0, n) ; U3 npeaBIYUIKX pacCyxAeHHR nonyuaem, uTo Mepa Ha A, 06pa3 Meph

2 .
Xaapa Ha rpynne Jlu G, cosnajaer ¢ — sin® 6 6.

3. Hurezpuposanue 6 arzebpax Ju

TMeeanoxenue 2. [Tycro H — (BewecTBennasn) epynna Jlu pasmeproctu
m ub — ee arzebpa Jlu. [Tyctoe © y — npasounsapuanTran ouppepenyuars-
nasn gopma crenenu m na H, unycro oy— dugdepenyuarsnan popma crenenu
m Ha b, uHBAPUAHTHAA OTHOCUTEABHO cdeueoe u cosnadarowasn 6 ravase
- Koopdunar ¢ wy(e). Toeda

(eXPH)* Oy= A[’ (l)b,- (10)

20e Ay — ¢ynxyusa na b, unsapuanTHan oTrocuteasno deticteusn Ad (H)
u Takas, 4To ’
=det (ad x)?\ Oan x=h.
(2w @)

Myctb x, x4, ..., Xm — 37eMentH u3 §. MMeem
) (EXP* mﬂ)x(xb bl ] xm)=(mﬂ (EXP X)) (Tx(exp) (xl)r ceey Tx(exp) (xm))'

O6Go3paunm uepe3 W (x): h > b nesnii puddepesuran skcnoHeHUUANbHOTO
oro6paxenHs B Touke x (ra. I1I, § 3, n® 17, onpenesnenue 8); cornacHo onpe-
NLeJIeHHIO,

T.(exp) (y) (exp x) ~'=w (x).y ana mo6oro y<h.
Bsuay Toro uto opma @, JeBOMMBAPHAHTHA, NOJyuaeM
(0 (exp x)) (T, (exp) (%), ..., T (eXp) (X p)) =0 (€) (W (x)-x, ..., W(x).xp) =
=(det @ (x)) 0y (xy, .., X

H, C/eAOoBaTeNbHO, exp¥ oy=M, Oy BI5

expad x—1
ad x

Ay (x) =det o (x) =det

(ra. III, § 6, n° 4, upennoxenue 12).
Mycts he H; nockonbky Ad h — asromopdusm anre6pu Jlu b,
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ad ((Ad k) (x))=Ad hoAd xo(Ad h)~",

oTkyna Ay ((Ad h)(x))=A,(x). Takum oGpasoM, QyHKuHA A, MHBapHaHTHa
othocHTeabHo Ad (), uem 3aBepluaeTcsi 40Ka3aTeJabCTBO NPeLOXKEHHS.

3ameuanue. PaccMoTpHM QYHKUMIO A, ACCOUHHPOBAHHYIO C KOMNAKTHOH
rpynnofi JIz G: B cuny Teopemnl 1 u3 § 2, n° 1, Aas BHYHCAEHHS A, JOCTATOU-
HO 3HaThb ee 3HaueHus Ha t. Onnako pas Joboro x&t snaomoppusm ad x
aarebpn JIu g MoAynpocT H LONYCKaeT B KadyecTBe COGCTBEHHHX 3HauyeHHA
0 (c KpatHocThiO r) K 6 (a)(x) M mo6oro a =R (G, T) (¢ kpaTHOCTDBIO 1).
Otciona cpasy noayyaem opmyay

SOE_1 8 (1) ‘
8 (@) (x) —ns(x)’ (”.)

Ay (x)=
acsR (G, T)

rae 8,()=8g(expn) H ny()= [| 8(a) )=det ad, (x).
a=sR(G,T)

Myets wg,r — uuBaphanTHas audpdepenusansias ¢opma Ha G/T cre-
neuy n —r 4 © — AnpdepennnansHas GpopMa cTeneHH r Ha t, HHBapHaHTHasA
OTHOCHTEJLHO CABHroB. B 0603HaueHuax n° 1 nycTb @ g7~ @y — eAHHCTBEHHaA
s epenunasbian GopMa @, CTeNeHH n Ha g, HHBAPHAHTHAsA OTHOCHTENBHO
CHABHIOB H TaKasi, 4T0 o, (0)=wg,r(€)~ o (0).

Haxonen, o6oanaunm yepes $: (G/T) Xt - g mopduam, nosyyennui ¢pax-
TopH3auHed u3 oToGpaxenns (g, x)r— (Ad g)(x) 13 GXt B g.

IMreanoxenne 3. Hycrs o, O 07T — uUHBAPUANTHbE Oud-
epenyuarsuvie dopmer coorsercreenno na g, t, G/T crenenu n, r, n—
—r. Ecau og=owg/r~ 0 7O

\p* (Dg=(l)G/T/\ng ®y

2de i, — ¢ynxyus na t, onpedesseman Gopmuyrod n,(x)= H é (@) (x).
acsR(G,T)
OGo3HauHM yepe3 w; (COOTB. @) HHBAPHAHTHYIO AH(deEpeHUHATbHYIO

¢opmy MakcHMaJsbHOM pasmepHocTH Ha G (cooTs. T), coBnafalouLyio B HayaJe
KOOpJHHAT ¢ ®, (COOTB. ®;). PaccMOTpHM KOMMYTAaTHBHYIO JHarpammy

(G/THxt3 g

J (1d, expy) lexpa
(G/T)YXT—>G
f

INpunuMasi BO BHHMaHHe TpeioxXeHHe | H3 n1° 2 H COOTHOLIEHHE eXPT Wr= @,
noJiyuaeM paBEHCTBO

V" explog=agrAd0.
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CornacHo npeanoxennio 2, $* expy @,=(y*A,) *o0,. INockoabky @ysxkuus
A, HHBapuaHTHa oTHocuTeabHO Ad (G), umeem

(p* Ag)(g,x) Ay (¥)= E; s geG/T, x=t.

Orcioa cieayeT, uTo ¢popMul $* wg (g, x) ¢ OG/T @A n, (x) 0, (x) coBnana-
IOT B TeX TOUKaX, r e GYHKIHA 8, (X) He paBHa HYJO, T. €. COBNIARAIOT HA OTKpHI-
TOM MJ0THOM noamuoxectee (G/T)Xt,. CnenopateasHo, GpopMul Y*@g (g, X)
U 0g/T (g-)/\n!I (%) o, (x) cosnapaior Bciony. Ilpepnoxenne poxasaso.

Bui6epem nuBapHaHTHule fudPepernnanbhbie, popMbl MAKCHMAIbHON cTe-
neHH wg Ha G H oy Ha T, Takue, 4T0 |0 5|=dg H |0 r|=dt. O6oanaunm uepes
®, (COOTB. ;) MHBAPHAHTHYIO OTHOCHTENbHO CABHrOB AH(QepeHuHaNbHYIO
dopmy Ha g (cOOTB. t), COBHAAAUYIO ¢ ®wg(e) (cOOTB. ¢ wy(e) B Hauane
KOOPJHHAT, a uepe3 dz (cooTs. dx) — mepy Xaapa |o,| (cooTs. |o). Paccyx-
nasa mutatis mutandis, kak B n° 2, nonyuaeM ciaeayoiuee npeatoxKenue:

T1PEANOXEHKE 4. Mepd dz na g ecTo 06paaz mepw dg® n, dx npu

1
w (G)
cobcreennom orobpancenuu (g, x)— (Ad g) (x) ua G Xt s g.

Mu npepocrarisiem unTarenio camomy cOpMyJHPOBATh H AOKA3aTh aHa-
JIOrd c1encTBHi ¢ 1 o 3 n 3ameuannil ¢ 1 no 3 u3 n° 2. Hanpumep, nyctb ¢ —
HHTerprpyemas (pyHKIHS Ha g (CO 3HaUEHHAMH B HEKOTOPOM GaHaXOBOM mpo-
cTpanctse win B R), Torza

fo@ dz=ﬁ§(§ ?(Ad ) () dg) m@dn (12

H, B YaCTHOCTH, €CIH ¢ MHBapHaHTHa OTHocuTeabHo Ad (G), TO

§ () dz=w—(l6—)§ ¢ (%) m,(x) dx. (13)

4. Hurezpupoeanue ceuenuil 86eXTOPHO20 PACCAOEHUA

B 3ToM u cieayiolieM NyHKTax yepes X o603HauaeTcs BelecTBEHHOE
mHoroo6pa3sne knacca C' (1 <Cr<C o0) JOKaJbHO KOHEUHOH pa3MepHOCTH.

IMycts ¥ — MHOrooGpasue Kiaacca C'. Ecan r << oo, paccMorpum orobpa-
xenue f—j (Hua &€ (X; Yy # (X; J' (X, Y)) (Mn., Cs. pes., 12.3.7). [1poc6-
P a3 OTHOCHTEJbHO ITOTr0 OTOOGPaKEeHHs TONOJOrHH KOMIAKTHOH CXOAMMOCTH Ha
€ (X;J"(X,Y)) nasmBaercs ronoaoczued xomnaxruod C’'-cxodumocrTu Ha
" (X, Y); 37O ecTb BEepXHsisl rpaHb TONONOTHiH paBHOMepHOf C'-CXONHMOCTH Ha
K (Mn., Cs. pes., 12.3.10), xorpa K npoGeraer Bce KOMNaKTHble NOAMHOMKECT-
Ba B X ' ‘

Ecan r= oo, T0 Tonoaoczued xomnaxrrod C=-cxodumocru na €~ (X; Y)
Ha3LlBaeTCH BEPXHAS IPaHb TONONOrHA KOMNakTHOH C*-CXOLMMOCTH, WIJH,
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ApYruMU cJOBaMH, camasi cjabasi M3 TONOJIOTUi, B KOTOPHIX HeNPephBHbI
KauoHuueckue BaoKenusa € (X; Y) > F*(X;Y) s 0<< k<< o0,

Mycrp E — BewlecTBeHHOe BeKTOpHOE paccioeHue kiaacca L ¢ 6asoft X,
u nycrb &7 (X; E) — BekTOpHOe npocTpaHcTBO ceueHHH kiacca C paccioeHus
E. B stom nyHkre Gyfem cuuTath, YTO npoctpaHctso ¥’ (X; E) HagmeneHo
TONOJIOTHeH, UHAYUUPOBAHHOM Tomojorueil KommakTHOH C’-CXOEMMOCTH Ha
%' (X; E), BaoBb HaspiBaeMOH TomnoJsorueil komnaktHo C’-cxogumocth. DTa
TonoJorus npespamaer &' (X; E) B noanoe OTAeIUMOE JIOKAJIBHO BBEITYKJIOE
TONOJIOrHYeCKOe BeKTOpHOoe mupocrpaHcTso (cm. Mu., Cs. pes.,
15.3.1 u Th. spec.).

IMycte H — rpynna Jlu u m: HX X — X — 3aKoH JieBOro AeHcTBUS KJac-
ca C; nosioxkum hx=m (h, x) gas he=H, x= X. [lycts E — BexTopHoe H-pac-
croerue ¢ 6asoit X kaacca C™ (ra. 111, § 1, n° 8, onpenenenue 4). Has s
e 7" (X; E) u he H o6o3Hauum uepes s ceuenne x —h.s (h ™' x) pacciioenus
E; oto6paxenue (h, s)— s 3apaer sakou aedcteust rpynnet H Ha npocTpaHcT-
Be (X, E).

Jlemma 4. 3akon deticreus HX " (X; E) > &' (X; E) nenpepoigen.

[Mpusumas Bo BHMManue onpepenenue tonosoruun 8 &' (X; E) u reope-
my 3 us O6uwy. ron., 1975, ra1. X, § 3, n° 4, IOCTaTOUHO AOKA3aTh, YTO LJIs JIO-
Goro yesoro uucja k< r oroGpaxenue f: H XXX ot (X; E) — J (X; E), ra-
xoe, uto f (h, x, s)=j% (*s), uenpepuuo. Jas h = H o6o3Hauum yepes 14 (co-
ors. ;) aBromop¢usm x — hx mHOroo6pasusi X (coors. pacchaoenusi E).
Onpegnenum oToGparkeHus

fi: HXX - J*(X, X), f2: HXE — I*(E, E),
g: HXXX #*(X; E)y—~1* (X, E)

no gopmynam fi (h, x)=jz (w), f2(h, v)=j; (Ox), & (h, %, s)=jhs (s). Torza
f(hv X, S)=f2 (h’ &) (h_lv )C)) ° g (h—l’ X, S) e fl (h_lf )C)

H, cTaJjo Outh, BBUAY M~., Ca. pe3., 12.3.6, 1ocTaTO4HO NOKA3aTh HENpepHIB-
HOCTh OTOGpaxkeuu# fy, fo u g.
Ho g ecthb xoMnosuunus oroGpa)keHu

HX XX (X E) 219 x5 ¥ (x; F) 4D, |
- XX & (X;J* (X, E) > I*(X; E),

rae € (x, u)=u (x). Beuny nenpepeiBHocTH oTOGpaxkenus £ (O6w. ron., 1975,
ra. X, § 3, n°4, caeacreue 1)g HenpepeiBHO.

Iyctb (ho, xo) & H X X; Dokaxkewm, 4to oTOGpaKeHue f, HenpepuiBHO B TOY-
Ke (hos Xo). Cymectsyiot kaptel (U, ¥, F)u (V, ¥, F’) ua X u oTkpsiToe NogMHO-
wectBo Q B H, Takue, uto xo= U, hy=Q u m (2 X U) V. Ucnonbays seipa-
wenus gas J* (X, X) B 3THX kapTax, NPDHXOIHM K I0Ka3aTenbcTBy mis 1 I
< k uenpepriBHOCTU B Touke (Ko, xo) oToGpaxcenus (h, xy> AL (1) u3 QX
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X U B P((F; F), rae A (z3) (v)=—l!!— D'z, (x).v s v F (Mn., Ca. pes., 12.2).

Ho D' w4 (x) ecTb He uT0 HHoe, KaK I-s1 yacTHas Npou3BoAHas no x or m (A, x),
HenmpepLIBHAA MO MPEATNOoNO0KEeHHIO; C/1ef0BaTeNbHO, H oTo6pakenue f; Henpe-
pbiBHO. AHAJIOTHUHO AOKAa3biBaeTcA HENPEPLIBHOCTD f2, YTO 3aBeplIaeT A0Ka3a-
TEbCTBO JIEMMBI.

Ilrennoxenue 5. Mpednosoxcum, uro zpynna H komnaxtna, w nycTo
dh — mepa Xaapa na H ¢ noanoit maccoid 1. ITycre s — ceuenue paccaoenusn
E kaacca C'. [Iaa x< X obosravun uepes s ™ sextopuoid unrezpan 51 ks dh.

Tozda s ¥ ects ceuenue paccaoenus E kracca C', uHBAPUAHTHOE OTHOCUTEAbHO
H; 328 awbozo x&X umeenm s¥ (x)=§l hs (h™' x)dheE, 3ndomoppusn

s+ s ¥ npoctpancrea &7 (X; E) ecto npoextop na nodnpoctpancreo H-unea™
puaHTHLIX Ceuerudl. :

Paccmotpum otobpaxenne hi>"s us H B &' (X; E); coraacho nemme
4, oHo HenpepuiBHO. [TockoabKy npocTpancTso & (X; E) nmoaHo H OTAEIHMO,
HHTerpaj s*:i ks dn npuHannexur &' (X; E) (Hureep., ra. 111, § 3, n* 3,

caeacrsue 2). Tax Kak juHelHOe oToGpakeHHe sk S (x) u3 &' (X; E) B E,
HENPepHBHO, TO § (x)=§’ "s (x) dh ans mo6oro x < X. OueBnano, uro s ¥ Hu-

BapHaHTHO oTHocHTenbHO H. Ecni s ecTb H-HHBapHaHTHOE ceueHHe, To § o S,
OTKYyAa cjaeayer NoclefiHee YTBEPIKAEHHE NPeNJIOKEHHS .

‘Cnegcreue 1. [Mycre F — 6anaxoso npoctpancreo, p: H — GL (F) —
Aunetinoe anaautudeckoe npeocragrenue u f €' (X; F). as x X noaoskcun

F* =\ o (h)f (=" x) ah.
H

Tozda f* ecto mopgpusm kaacca C" uz X 6 F, nepecranosounsiil ¢ delicreuen
epynnot H. [asn aobozo x=X

dxf#=§l e()od, i foT,(v,_)dheZ (T (X); F), (14)

ade 4epes 1, 0603HAYALTCA ABTOMOPPUIM X 1> hx Muozoo0pasus X.

IlepBoe yTBep:kAeHHe BHITEKAeT H3 TNPENIOKEHHS 5, IPUMEHEHHOro
K paccaoendic X X F, Ha koTopom aeficTBHE rpynnb onpeaeisercd 1o npaBuay
{#; (%, /) > (hx, p (B).f). Bropoe yTBepxkeHHe cliefiyeT H3 NPEMIOKeHHA 2 H3
Hureep., ra. 111, n° 2, ecnu k BekTopHOMY HHTerpaay f¥ npHumeHHTH romo-
vMopdusm d,: €7 (X; F) > Z (T, (X); F), HenpepuBabiil 10 ONpeAENEHBIC TONO-
JIOTHH KOMNaKTHOH C’-CXOZHMOCTH.

" Caepcreue 2. IMycte F — 6anaxoso npoctpancreo u [ €’ (X; F);
noaoxcum
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f* <x>=§, f (hx) dh

dan xX. Toz0a pyncyun [* npunadremcur kaaccy C' u dan x& X, he
< H cnpasedauso pasencteo [* (hx)=f* (x).

Cnencreue 3. IMycre F — 6araxo80 npocTPancrso, p — yeaoe Hucao
=0 u *QP (X; F) — npocrpancrso duppepenyuarsnox Gopm na X crenenu
p co 3nauenuamu 8 F, npunadaexcauux kraccy C* Q<k+1<r). Jraave

e*Q° (X; F) nosomun o

=§l ¥ wdh. Tozda orobpamenue w—w¥* ecro
npoexrop 6 *Qf (X; F), 06pa3s koropoeo agasercsa nodnpocrpancréom H-unsa-
puaumbtx ¢opu Has a0boi popmot 0 =*QP (X; F) cnpasedauso pasencrso
d (0*)=(da)*.

lMepBoe yTBepxiehHe BHTEKAeT H3 npe;ulox(eﬂnﬁ 5, npnmenenﬂoro
K Bekroptomy H-paccnoennio AW (T (X); F) (ra. III, § 1, n°8, npumepn).
Jlasi nokasatenbcTBa BTOPOrO YTBEPKIAEHHS AOCTATOYHO, YUHTHIBAsi Npeo-
Keude 2 u3 Hureep., ra. III, § 3, n° 2, npoBeputh, uro orobpakenHe d:
*QP (X; F) - *~'QP*! (X; F) HenpepbiBHO npH YCJOBHH, 4TO nepsoe (co-
OTB. BTOpOE) NPOCTPAHCTBO HaAE/TEHO TONoNOTHe il KoMNaKTHOM C*-CXORHMOCTH
(coorB. C*~'-cxomumocTu). A 370 N€rko cienyer U3 OnpefesneHHs ITHX TOMO-
aoruit npu noMoiuu nonynopm (Th. spec.) u us toro, uro d ecTb fudpdeperuH-
aJabHbili oneparop mopsinka <1 (Ma., Cs. pes., 14.4.2).

5. Husapuanrnwvie dupdepenyuarvnvie dopmol

MMycts. X — pemecTBenHoe MHorooGpasue kiacca C* JOKalbHO KO-
HeuHOM pPasMepHOCTH, H MYCTh (g, X) > gX — 3aKOH JIeBOro JeACTBHS Kaacca
C ™ cpsiaHoli KoMnakrHo#i rpynntl J1u G ua X. [lasi g = G 0603HaYHM yepes T,
asToMopdu3M x > gx muorooGpasust X. [ycte Q (X) — anreGpa BemecTBeH-
HBX AHp¢epennnanbHbix popm kiaacca C* Ha X (Mu., Cs. pes., 8.3.1).

Jas no6oro 3nementa § U3 g o603Haunum uyepe3 Dr COOTBETCTBYIOILEE eMy
sextopHoe nose Ha X (ra. 111, § 3, n° 5), a dyepes 0 (§), i (§) coorBercTBYIOIIME
oneparopbl Ha  (X), Tak uTO CHpaBeNIHBH cJaexyioune dopmyas (Mx.,
Cs. pe3., 8.4.5 u 8.4.7):

0 () o=d ( €) 0)+i (§) do, 15)
:—t(ri’x, #0) =75, . (8 (§) 0). 16)

Oudpdepenunanbias popma o &Q (X) HHBapHaHTHaA, eC/IH Tf O = ® [JIst JIO-
6oro g = G; cornacHo popmyae (16), sTo Takxke ozHauaer, 4o 0 (§) 0 =0 past
nioboro Ee<g. O6oanaunM uepes Q (X)¢ nonnpoc-rpaﬂcmo nmsapnanrnux
nncpcpepeﬂuﬂaﬂbﬂux ¢opm na X. Ecau 0esQ (X)% 10 do=Q (X)%, 1, crano
6uith, Q (X)€ ectb nodxomnaexc xomnaexca (Q (X), d).
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Teorema 2. Kanonuueckoe enoxcenue 1: Q(X)% > Q(X) ecro zomo-
Tonuam xomnaexkcos (Alg., chap. X, p. 33, def. 5); orobpamenue o>

. =S Tiw dg ecTs ¢ TOYHOCTHI0 Q0 20MOTONUU OBPATHBLL K HEMY 20MOTO-

nusx. B wacrnocru, orobpaxcenue H(v): H(Q (X)6)~H (Q (X)) 6uexrusno.

Coraacio caeactBiio 3 H3 n°4, orofpakeHHe > o¥* sapasercs
MopdusMoM Kommtekcos H3 Q (X) B Q (X)%, unayunpyomum ToXAecTBeHHOE
oTo6paxeHHe Ha noakomnJekce Q (X)%; Takum 06pas3oM, L14 AOKA3aTeNbCTBA
TEOPEMH AOCTATOYHO NMOCTPOHTh TaKOH rpaayHpoBaHHHH romoMopusm s:
Q (X) > Q (X) crenesn — 1, uro

0¥ — @ =(dos+sod) (v) a8 moboro we Q (X). (17

Coraacso aemme 1 u3 Hurezp., ra. 1X, § 2, n° 4, u 3ameuannn | us § 2,
n° 2, cyliecTByeT Takas noNOKHTeNbHAA Mepa dE Ha g ¢ KOMNAKTHBIM HOCHTE-
JeM, 4T0 ee 06pa3 NpH IKCNOHEHIHANLHOM OTOGPaXKEeHHH paBeH dg. [lasa o

e (X) nosoxum
1

s (o))=§ {S R ) o)).dE} dt
9

H ToKaxeM, yto popmyaa (17) sunousercs. AHaJ0rHYHO TOMY, KaK 370 6bi/IO0
CAe/aHo B JOKasareibcTBe caeAcTBHA | (n° 4), npoBepHM dopmyay

1
ds (@) =§{ § tepad® m).dg} dt.
Torpa u3s ¢opmya (15) n (16) TIoNy4YHM paBeHCTBA

] *
ds (@) +s (dw) =} { { pe @E®@)+i@®) do)).dg}dt=
0

8

1
S{S Y )m)dg}dt—
[

=S{ ! F(r:;p ) dt} dt =

* #*
=S (texpr@—@)dE=0" —a,
[}

uTo 3aBep|§1ae'r HOKa3aTeJLCTBO Teopembl 2.

Mpumenum aty Teopemy B cayuae X = G gasa gefictsus rpynnsl JId G aepu-
mu casuramd. Hanomuum (ra. 111, § 3, n° 13, npeanoxenue 50), uro, crass
B cooTBercTBHe aMddepeHunanbHoll popme Ha G ee 3HaueHHE B eAHMHLE,
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nojiyyaeM H3oMop¢H3M NpocTpaHcTBa R (G)G Ha rpafiyHpoBaHHYIO aiareGpy
Alt (§) 3HaKomepeMeHHBIX MNONHJAHHEAHHIX ¢opM Ha g¢. OTOXXECTBHM.
Q (G)® c Alt (g) mps nomowH sTOrO usomopousma. Torxa onepatop d sagaer-
cs gopmynoi (ra. III, § 3, n° 14, npeanoxensne 51)

do(ay, ..., ap4 )=
= Z (=) e(a,alay,...a_pay, .. Q1 @)y Gy y)
i<j
s o u3 AltP (g) u ay, ..., ap41 U3 g.

Hasn £ g ob6o3HaunM yepe3 Ly cooTBeTCTBYIOLIEE €My JIeBOHHBAPHAHT HOE
BEKTOpHOE MNoJjie (ompejenasiemoe MpH moMowy HeficTBus rpynnel G Ha ceGe
npaseimu casuramy, cM. ra. 111, § 3, n° 6). Onepatopnt 0 (Ly), i (L) KoMMyTHDY-
10T ¢ gefictsueM rpynnol G Ha Q (G) npu MOMOLK JIeBbIX CABHIOB H, CTaJIO GbITh,
HHIYRHpYIOT onepaTopul 6 (E), i (§) B moanpocTpanctse Q (G)Y, korophie BBHAY
otoxaectanenus Q (G)° ¢ Alt (g) neficteylor no dopmyaam (Mw., Ce. pes.,
8.3.2. n 84.2)

0©) 0) @ a)=—Y © @y @y o @} @,y 0 8,

(i E)o)(a, .., a,,_,)=m € ay .., ap_,)

a8 o u3 AltP (g) B ay, ..., G, U3 g.

Tonkommaeke °Q (G)® 6uunsapuantnowx (ra. 111, § 3, n° 13) dopm oro-
KAecTBaseTcs ¢ noakoMmiaekcom Alt (g)¢ sHakonepemewHBIX monMAHHeAHBIX
¢opM Ha g, MHBAPHAHTHLIX OTHOCHTEJBHO MPHCOEAWHEHHOr'O NMpeACTABJEHHS
(1. e. Takux, 4to 0 () © =0 nas moboro £ eg). Torna HMeeM KOMMYTaTUBHYIO
JHarpaMMy KOMIJIEKCOB

% (G)° - Q(G)°~Q(G) (18)
Alt ()¢ — Alt (g)

r e rOPH3OHTAJIbHbIE CTPEJIKH 0603HaualoT KAHOHHYECKHE BJIOKEHHS, a BePTH-
KaJbHble CTPeJKH — H30MOPGH3MH, HHAYUHDPOBaHHHE OTOGPaXKEHHEM
oo (e).

Cnepctsvi 1. a) B duazpamme (18) ace moppusmer a6480TCA 20M0TO-
nusmamu.

6) MMycrs o= Alt (g). J48 1020 4T0b6L © npunadiencara Alt (g)%, neobxo-
dumo u docrarouno, yrobor do =0 u d (i (£) ©)=0 daa ao0boeo £E=g. Jupge-
peryuan komnaexca Alt (g)G pasex HYyawo.

. B)G T'padyupoeannoe sexroproe npoctpancrso H (Q(G)) usomopgpuo
Alt (9)".
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U3 teopemu 2, npuMeHeHHO! K aeAcTBHIO rpymnel G Ha G JI€BLIMK CIBHraMH
(cQOTB. K feficTBuIO ((g, h); x) > gxh~! rpynnm G X G Ha G), BHTEKaeT, YTO
xaHOHH4ecKoe BaoKeHHe Q (G) - Q (G) (coots. Q (G) — Q (G)) ecTh ro-
moronuam. Otciofa, npHHAMast Bo BHirManuke Alg., chap. X, p. 34, cor., noay-
yaem a).

Jokaxem 6). Cornacno npeanoxenuio 51 n3 ra. I, § 3, n° 14, nmeeM
doa=—da, T. e. doe =0, a7 1060 OTHOBPEMEHHO JIeBOKHBapHAHTHOH ¥ npa-
BOMHBApHAHTHOM H(depenuranvholt popmu o Ha G. Ecar o <Ak (g)% To
do=0 u, caenoparennro, d (i (§) ®)=0 (§) o—i(§)dw=0. O6paTHo, ecan
do=0 n d (i (§) ©)=0, to 6 () o=0.

YTeepxaenune B) creayer H3 a) K 6).

3ameuanue. Paccmotpum noakommiekch Z (Q (G)) n B (2 (G)) B Q(G)
(Alg., chap. X, p. 25). U3 ¢opmynm, 3agaiomedi geddepeHuran npoH3bee-
uusi 1BYX popm (Mnu., Cs. pes., 8.3.5.), crenyer, uro Z (Q (G)) — noganreGpa>
B Q(G), a B (R (G)) — npean 8 Z (2 (G)); crano 6HThb, BHElIHee NIPOH3BEIEHHE
uuayunpyetr Ha H (Q (G)) cTpykrypy rpagynpoBaHHoi anre6Gpu. Torma us
CKa3aHHOrO BHIE [OJy4YaeM H30MOPD(H3M TIpajyHpPOBaHHHX a.szebp

H (Q (G)) — Alt (g)°.

IMycts H — 3amkHyTast nogrpynna B (G; npHMeHHM Teopemy 2 Kk X=
= G/H. CoraacHo caeacteuo | npeanoxenns 17 uara. 111, § 1, n° 8, G-unpa-
pranTHHe gHpdepeHIHaNbHEe ¢opMbl Ha G/H otoXaecTsasiiores ¢ H-nupa-
prauTHHMH 3nementamu B Alt (T.(G/H)), unn, uTo 1O e camoe, ¢ H-unpapu-
aHTHHMH 3JeMmekTaMmu B Al (g), KOTOphle aHHYJAHDYIOTCA onepaTopamu i (§)
st moGoro E= L (ff). Orcoga noaydaem

Caencreue 2. ITycre H — 3amknyras nodzpynna 6 G.

a) Kanonuueckoe saronenue Q(G/H)° > Q (G /H) ecto 2omoronusm.

6) Komnaexc Q (G/H)® oromdecrernerca ¢ nodkomnaexcom s Alt (g),
cocToAU4UM U3 IaeMenTos8 @ u3 Alt (g), uneapuantrotx OTHOCUTERbHO RpUCOe-
OdunenHoz0 npedcrasaenun epynnot H u rakux, wro i (§) =0 9as a06020 t &
& L (H). Ecau, kpome roeo, epynna H ceasna, 70 3T0T nodKomnieKc cocTour u3
Takux opsu o <Alt (g), «t0 0 (§) 0e=0ui () ©=0 011 awbozo t= L (H).

§ 7. HenpuBopumbie NpeacTaBjeHHsi CBA3HLIX KOMIAKTHBIX
rpynn Jlu!)

O6o3nauenus § 6 coxpansworca. Ilpedcrasrenuen zpynnot JIu G na-
3ui8aeren 410606 Henpepoisnbil (€4e008aTEAbHO, GHAAUTUYECKILE) 20MOMOp-
pusm zpynnwt Jlu G 6 epynny JIu GL (V), ede V — KoMILIeKCHoe 8eKTOpHOE
npoerpancT8o KOHe4HOl pasamepHOCTH. Jl106oe npedcragaenue zpynno Jlu
G noaynpocrd (§ 1, n°1).

* Buotbepem wamepy C 6 t (§ 5, n°2) u nosomum T (T) . =CNT (T).

1} B 3Tom u caenywumux naparpadax ccoiika Th. spec. 03HavyaeT NOCBAIIEHHYIO

JIHHEHHbIM NPEACTABIECHHAM KOMIIAKTHHX IpYNI [/ABy (PaHUY3CKOro H3AAHHA KHUrH
«Théories Spectrales», KOTOpasi TOTOBHTCA K MEYATH.
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1. Jlomunanrnwe seca

O6o3nauum uepe3 X, MHOKecTBO 3meMeHTOB A H3 X (T), Takux, uro
(Mx)=20 ama mobGoro x=I'(T)44, T. e. TakHX, uro JHuefinas
dopma 8 (A): tc > C otoGpaxaer kaMepy C mpoctpauctea t B iR ..

Hapennm X (T) crpykTypofl ynopsinodeHHo# rpynnsl, AjAA KOTOPO#H moJjo-
KHUTEAbHBIMH 3JeMEHTaMH SABJSIOTCA 3JeMeHTH u3 X . [lonoxkum Ry =
=R(G, T)NX;+ u R_.= —R,. dneMeHnTH U3 R, Ha3bLIBAIOTCH NOAONUTEND-
HbIMU KOpHAMU, & 3NeMeHTH H3 R_ — orpuyaressnoimu kopuamu. JTioGod
KOpeHb AIBJISieTCH JHG0 MOAOXKUTENbHBLIM, JHO0 oTpulaTtetbusiM (ra. VI, § 1,

T

n° 6, reopema 3). [lonoKHTEAbHNI KOpeHb, KOTOPHIH He ABASETCH CYMMOH

JBYX IOJOKHTEJIbHbIX KOPHeH, Ha3nBaeTcs npocToim. JIIOGOH noNOKHTENbHBIH
KOpeHb sIB/IsieTcsl CyMMOH NpocThiX KopHe# (Tas se). [1pocToie KopHH 06pasy-
10T 6asuc noArpynnsi B X (T), nopoxaeHHO# KOPHAMH. DTa NOATpyIna OTOXKAe-
creasercss ¢ X(T/C(G)) (§ 4, n°4). OrpakeHusi OTHOCHTEJAbHO MPOCTHIX
Kopueil nopoxaaor rpynny Beiuis W= W ;(T) (ra. VL, § 1, n° 5, Teopema 2).

Jlemma 1. fMycre A — srement us X (T). Credyrowue ycrosus aksusa-
AEHTHbL:

(i) A\—w (M) =0 (coorB. >>0) das awboz0 we W, rakozo, wro w+1;

(ii) 021 aw0b6020 we W, Taxozo, «ro w1, h— w (A) ecTo Aunednas Kombu-
HAxuA NPpocToix Koprell ¢ HeOTPuUYATEAbROIMI (COOTB, HEOTPULATEALHOIMU, HE
paskoimi. OOHOBPEMERHD HYAO) Ko3huyuentamu;

(iii) (A, Ka) =0 (coorB. >0) a5 4106020 nosoxuTessHozo KOpHA o,

(iv) (A, Ka) 20 (coor. =>0) 028 a106020 npocTozo KOpHA «.

2xBuBanseHTHocTb (jii) # (iv) oueBHaHa. IlockonbKy MHOXKecTBO ‘Bcex K,
oroxaecTBasiercsi ¢ ayanbHod K R (G, T) cHcremof xopuedt (§ 4, n°5), To
IKBHBaJeHTHOCTD yTBepK aeHHit (i) H (iii) BuiTexaer H3 npeanoxeunus 18 u caen-
ctBHH H3 ra. VI, § 1, n° 6. Uunankauus (ii) = (i) Tpusuanbua, a obparuas
HMIVIHKalUus Takike BhTeKaer u3 ra. VI, § 1, n°6.

O6o3uaunm uepes X, mHoxecTso nemeHtroB u3 X (T), Takux, yto
(A, K2) 220 aasa 1106010 nosoKHTENLHOTO KOPHSA a.. DJeMeHTH H3 X 4 ;. Hasu-
BaoTcsi domunanthoimu. OHH 06pasyloT ¢yHAaMeHTaNbHyO ofaacTb AIs
W B X(T) (ra. VI, § 1, n° 10). Umeem X, X,

Ecau rpynna G ogHOCBsi3HA, TO AASl KaXIOTrO MPOCTOrO KOPHH & Cylile-
cTBYeT 3JeMeHT W, 43 X (T), Tako#l, uto (Ws, K. ) =84 A%15 s060T0 mpocToro
KOPHSI B, T. €. 8, (0o) =W, — &, g (Vo) =00, A5 JIOGOTO NPOCTOro KOpHs P a.
dNeMeuThl Wy HAa3LIBAIOTCH YHOAMEHTANOHBIML JOMUHAHTHBIMH BecaMi. OHu
o6pasyioT 6asuc koMMmyTraTtHBHO# rpynnn X (T) # KOMMYTaTHBHOTO MOHOHZIA
X4 4; Apyrdmu ciosamu, moGoil sneMent A u3 X (T) sanuchipaercs B BHJe

A=) (M K,) @,

OGosunauum uepe3 p takofi sjaemenr us X(7)®Q, uro 2p= Z a.
asER,
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Toraa {p, K.) =1 ann mo6oro npoctoro kopHsi & (ra. V1, § 1, n° 10, npeano-
xeunue 29). Ecau rpynna JIu G onHOCBsA3HA, TO p ecTb cyMMa ¢yHAaMeHTaJb-
HbIX JOMHHAHTHLIX BECOB.

2, Crapuwuii sec nenpusoodumozo npedcrasienus

C mo6GuM npeacrarienueM 13 G — GL (V) accouumpyercss romomop-
¢usm L (t), C-anre6pu Jlu g¢ B mpoctpancrso End (V), npomonxkaouiuii
JuHednoe npeacrapienue L (1) aare6pH JIM g B BelllecTBEHHOM BEKTOPHOM
npocrpancTse, Jexauiem ke V (ra. I, § 3, n° 11). Corsnacuo npeasnoxe-
Huio 7 u3 § 4, n° 3, orobpaxenne § u3 X (7) B Homg (te, C)=t§ GuekTuBHO
oT0o0paxKaeT MHOXKECTBO BECOB NPEACTaBJAEHHS T OTHOCHTENbHO T HA MHOXKECT-
Bo BecoB mnpexacrasienusi L () orHocutensuo mnonanre6pu Kaprama t¢

B ¢ -

Jlemma 2. [Tycre ¢ — auneinoe npedcrasaenue KoMniekcholi aaze6-
pot JTu g¢ 8 KOMNACKCHOM BEKTOPHOM NPOCTPAHCTSE V KOHEHHOE pA3MEPHOCTU.
a8 cywecreosanun npedcrasaenus t epynnst Jlu G 8 npoctpancrse V, rako-
.20, uto L (v)(y=1¢, Heobxodumo u 3ocTarouno, 4robe. ¢ bbiro noaynpocro,
a seca modysa V oruocuresvro nodaszebpus Kaprang tg npunadaremcaru

3 (X(T)).

Ecau cymectsyer npeacrapienue v rpynns Jlu G, Takoe, uro L ()=
== @, TO NpeacTaBJeHHEe ¢ MOJYNPOCTO, TaK Kak G CBSI3HA, NMPEACTaBJEHHE T
noayipocro (ra. I11, § 6, n° 5, crencrsue 2 npexnoxenns 13), a Beca Mmogyns
V orHocuTeabHO t¢ NpHHAMIEKAT 06pasy otobpamxenusn 6. Takum oGpasom,
HEOOXOAHMOCTb [OKa3aHa; HOKaxeMm Jgoctaroynoctb. Ecau ¢ moaynpocrto,
V ectb npamMas cymma npoctpaucts V) (t¢), Iie p NpoGeraeT MHOKECTBO BECOB
moayas V ornocureabno t¢ (ra1. VIIL § 2, n° 4, caegcreue 3 Teopemnl 2). Eciu
BC€ Beca MpHHajIexKar o6pa3y oTo6paxkeHHs §, TO CYLIECTBYET TaKoe mpen-
crapaense Ty Topa T B npoctpauctse V, uto L (17)q= ¢lt¢: AeAcTBHTENbHO,
HOCTAaTOuHO NONOKHUTb 17 () v=t" v pnteTuove V, o (to)- Takum oGpaszowm,
JeMMa ciaenyeT M3 npenjomenus: 8 us § 2, n° 6.

Teorema 1. a) Iycre t: G - GL (V) — nenpusodumoe npedcrasae-
nue epynnot JIu G. Toeda mHoxecTso 8ecos npedcTasAeHua T (OTHOCHTEIbHO
T) umeer MAKCUMAALHOLE 3AEMEHT A — CTAPUILL 8€C, KOTOPLLE ABAAETCA DOMU-
HaunTHoLM 6ecox, u npocTpanctgo V), (T) odnomepro.

6) s rozo 41066 d8a nenpusodumbix npedcrassenus epynnovi JIu G Goi-
AU IKBUBANCHTHOL, HE0b6x00uMO u GOCTATOUHO, 4TOObL UX cTApuIue 8eca Buau
pasrbl.

B) s awboeo domunantrozo saementa h us X (T) cywecrsyer nenpuso-
dumoe npedcrasaenue zpynnot JIu G co crapuwum secom M.

CornacHo Jemme 2, KaAacch 3KBHBAJEHTHOCTH HENPHBOAMMHIX mpen-
crapaennil rpynnnl JIn G GHEKTHBHO COOTBETCTBYIOT KJAacCaM HENPHBOAUMBIX
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KOHEUHOMEDHbIX NpeACcTaB/aeHH aire6psl JIH g CO CTapIIBMH BecaMu, NPUHAA-
aexaumumu § (X (7).

OG6o3nauHM yepe3s Fg. UEHTpP, a Yepes P gc — NPOU3BORHYIO aare6py
anre6pul JIn g¢, TaK 4T0 g¢=Zac® P g [na a06oi auneitnoit dopmet p Ha
te) @g 06o3naunm uepes E (p) npoctoit Pgc-Moayab, BBeaennsiii B ra. VIII,
§ 6, n°3. [Ina moGol nuHelnol ¢popmbl v HA Fgc yepes C (V) 0603Hauum
accounHpOBanHblil Fgc-Monyab pasmeproctH 1 nan C. Toraa gc-monyan
C (v)® E (n) mpocThl, B, COTacHO caeacTBHIO 2 Teopembl 1 ua i VIII, § 7,
n°2, n Alg., chap. VIII, § 11, n° 1, th. 1, A060# pocTofl KoHeunoMepHEHH
8 c-MOAY/Ib H30MOpdeH gc-Moaymio Buaa C (v)® E (p); kxpome toro (rax xe),
monyib C (v)® E (p) HMeer KOHeuHyl0 pa3MepHOCTb TOrAa M TOJNBKO TOrAa,
Koraa uncaa p (H,) neisle 0 nonoxuresnbuble ais 11060rc NPocTOro KGpHA a.
Ecau yepes v} u 0603HaunTh JuHelHylo dopmy Ha tc, KoTopast HHAYLHpYeT
tdopmy v Ha Fgc U hopmy p Ha te[) D¢ o (v+ ) (Ho)=n (H,); xpome Ttoro,
Beca mMoayast € (v)® E (n) umeor BHa v-+A, rae A npo6eraer Beca Moayas
E (n), 7. e. umetor BHA v+ pn—0, re 06 (X ) (ra. VIIL § 6, n° 2, nemma 2).

Orciona 3akmouaeM, uto g-Moayab C (v)® E (1) HMeeT KOHeuHylo pasmep-
HOCTb TOr/Ja M TOJbKO TOrAa, Koraa uncaa (v+ ) (H,) uenble H HeoTpuuaresanb-
Hbie /151 JHo6Oro BPOCTOro KopHs a, a ero Beca npunagiaexar 8 (X (7)) roraa
H TOJIBKO TOTJa, Koraa v+ p npuuamiexut 6 (X (T)). O6beannenne sTHX aByX
ycaoBuil o3Hayaer, 4To v+ p APHHALIEXKHT & (X4 4+); B aTOM cayuae v-fp —
crapmuil Bec Moayaa C (v)® E (u). Tem camuim aasa mo60ro AOMHHAHTHOTO
anementa A u3 X (T) nocTpoeHo HenpHBoaUMOe HpeacTaBienue rpynnkt JIn G co
CTapuIiiM BECOM A, a TaKiKe NOJYYeHBl, C TOYHOCTBIO 1O 3KBHBAJIEHTHOCTH, BCe
HeHnpuBOAKMHIE NPEACTABACHHSA 3T0H rpynnst JIn. Tak Kak BeKTophl Beca v p
3 C(v)® E (1) o6pasyloT NOANPOCTPaHCTBO pa3MepHOCTH 1, To TeopeMa
JoKa3ana.

Caeactsue. Fpynna Jlu G umeer tounoe aunelinoe npedcrasaenue
(roneunot pasxepnocrtu).

Cuauana samerum, uto a060# snement u3 X (7) paBen pasHOCTH ABYX
JOMHHAHTHBIX 3JeMeHTOB: Gojiee TOUHO, MycTh T8 — Tako#H sneMeHT M3 X 4,
uyro { W, K.) >0 ans moboro npocroro KopHa a; aia moboro A X (T) cy-
IeCTBYET TaKoe Lie/10e NONOKHTeabHOe YHCAO 1, uTo (At n, Ko) =0 pan
Ji060ro npocToro Kopust @, 1. e. (n° 1, demma 1) A+ =X .

Orciopa caefyer, UTo CyecTsyeT KoHeunoe ceMefcTBo (A);<; 3/I€MEHTOB
u3s X 4, nopoxnamouiee Z-moxyap X (T). lna i =1 0603HauuM yepes t; HenpHu-
BOAHMOE NpeacTaBjaeHHe rpynnit G co cTapiiHM BecoM A; (Teopema 1). Ilycrs
T — npsaMas cymMa npexcTasieuuii v. Ilo noctpoennto mHoxecrso P (t, T)
BECOB NpeacTaBieHus t© (oTHOCHTeNbHO T') mopoxpaer Z-moayiab X (7). Toraa
H3 npenaoxeuus 6 u3 § 4, n° 3, puTEKaeT, YTO roMOMOP(dH3IM T HHBEKTHBEH,
H cJIeqcTBHe NOKa3aHo.

3aneuanus. 1) Ilycrb n; — nonaire6pa B g, SABAAIIAACA CyMMO# g°
aas a>0. Ilycrb v: G — GL (V) — HenpHBoaHMOe BpeJcTaBAEHHE CO CTap-



2 § 7. HENPUBOAHUMBIE NMPENCTABJEHHUA I'PYTINT JIH 83

wuM BecoM A= X 4, a v:gec— gl (V) — npexncrasiaende, noJayyeHHoe U3 T.
Toraa Vi (T) — noanpocTpaHcTBO, COCTOSIIICE H3 TeX BeKTOpoB ve=V, anst
KOTOPHIX T (¥) v=0 nas J06oro xn4.

B camoM nene, 3TO cAeAyeT H3 COOTBETCTBYIOIUErO YTBEPIKNEHHS ANS
ge-Monyaeit C (v)® E (u) (ra. VIIL, § 6, n° 2, mpeanoxenue 3).

2) Myctb B (G) — anre6pa HenpepeIBHBIX MPeACTaBASIOWUX QYHKIUHA Ha
G co 3Hauenusimu 8 C (Alg., chap. VIII). Ilycts rpynna Jlu G pedictByer Ha
O (G) n1eBbiMH ¥ npaBuIMH caBHraMu. st Kaxporo Ae X 4., o6o3Ha4uM 4epes
(V, T2) HempHBOAHMOe NpeAcTaBaeHHe rpynnsl G co cTapmuM BecoM A (Teope-
Ma 1), a uepes (V¥ T,) — KoHTparpenneHTHoe npeictapieHde (ra. I1I, § 3,
n°® 11). Toraa, coraacHo Th. spec., npeactasiaeute rpynnu JIu GX G B npo-
ctpanctee O (G) usomopHo npsaMoii cymme npexcrasiaenuil (Vi® VE, ta® 1),
rae A npo6eraer X ;. U3 3ameyanus | nonyyaem cieaymoiiee yTBepKKaeHue,
Mycre A& X, ., u nycrs E, — nodnpocrpancteo a8 8 (G), cocToaujee us rakux
Henpepolansix npedcrasisiowux dynxyuil f na G, uro f(gh)=n ()" [ (g) 02

4106020 g= G u aw0bozo teT, a f+x=0 043 4106020 xe=n_ = @ g% Toeda

a<0
npoctpanctgo E) ycroiivuso oTHOcureasHo aesolx cd8uzos, npedcrasierue
epynnot G 8 E, npu nomouyu regoix ¢08ue08 Henpugooumo u umeer crapuiuil
gec A.

3) Nycts t: G — GL (V) — HenpuBoguMoe npeacrapiende. CyiecTsyer
takoil anemeHT v U3 X (C (G)), uro t(s) v=v (s) v m1a s=C (G), v V: peit-
cteuTeanHo, T (C (G)) conepxkutesi B KomMmyTtaHnTte t (G), Kotopeifi pasen C*.1,
(Alg., chap. VIIL, § 3, n° 2, th. 1). lns1 mo6oro Beca A npeAcTaB/IEHHS T Orpa-
Huyerde A Ha C (U) cosmajaer ¢ v.

4) Onpepenenus 4 pesyapratel H3 ra. VIII, § 7, nn® 2—5, Ges tpyaa
0606uiaioTcs Ha AAHHBIH cayyal; MBl NpeAOCTaBJseM CAENATh 9TO YHTATENIO.

Meepnoxenue 1. MMycro t: G — GL (V) — wenpusodumoe npedcras-
senue epynnet JIu G co crapuun secom he=X 4 4. [lycte m — yeaoe wucao
(A, K,», u nycro wo — raxod ssement epynnot Beiirs, uro wo (R4)=
aER
=R_ (ra. VL, § 1, n° 6, caeactsue 3 npeanoxenns 17). Hmeer mecTo o0un us
Tpex cayuaes: :

a) wo (A)= — A u uucso m yerno. Toeda cywecrayer UHBAPUAHTHASR OTHO-
cureaoro G HegoLpOICOeRHAR CuMMeTpudecKan buaunelnan gopma na V; v —
npedcrasaenue sewecréernnozo tuna (aononatende 11).

6) wo (M= —A. JIwbaa unsapuantrhas ornocuressno G Guaunelnas
dopma na V pasuna nyawo; t© — npedcrasaenue KOMRAeKCHO20 Tuna (Tam ixe).

B) wo (A)=—A u wucao m newerno. CyuyecTsyer UHBAPUAHTHAR OTHOCU-
Teabr0 G HEBHIPONOEHHAA 3HAKONEPEMEHRAA Ourunelinas dopmua na V; © —
npedcragaenue K8ATePHUOHKOZO Tuna (Tam se).

Ecau ozpanuvenue npedcrasaenusn t na C (G Herpusuaabho, 10 umeer
mecro cayual 6). _

Bununeiiian ¢opma B uHa V unBapuaurHa otHocuteAarHo G Toraa
H TOJIbKO TOTAa, KOTAa OHAa HHBapHaHTHA OTHOCHTeAbHO g¢ (ra. 111, § 6, n° 5,
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caeacreue 3). Ecan rpynna Jlw G noaynpocra, To noxasunaemoe npeaoxKe-
HHe cneayer u3 npeasoxenna 12 ua ra. VIIL, § 7, n°5, u us npezulox(ennﬁ
3 nononuenus 11

B o6wem cayuae nonoxum C (G)o=S n oroxaectsum X (T/S) ¢ noarpyn-
noit B X (T) (nuBapHaHTHOM oruocktesnbuo W). Ecan 1 (S)={l,}, To T uuayun-
pyer npH nepexoje K ¢aKTOpnNpenCTAaBJEHHIO THpexcTaBieHne 1': G/S -
— GL (V) co crapumuM BecoM A; B 37T0M cay4ae npeisioxeHHe c.nen,ye*r H3
BhilIECKa3aHHOTO, NMpHMeHeuHoro k G/S.

IIpeanonoxum, uro t (S)s={l,}. Toraa cymecrByer ueuyneBofl sneMeHT v
13 X (S), Takofi, uto T (s)=v (s)y ana no6oro s S (3ameuaune 3). B atom -
cayyae v ectb o6pas 3nemenra A npu romomopdusme orpaunuedus X () -
— X (S). NMockoanky rpynna W gefictByer TpHBHaAbHO Ha X (S), paBeHCTBO
wo (A)= —A\ BJeyer 3a cOGOH v==-—v, 4YTO HEBOIMOXHO; CIeA0BATEALHO,
weo (A)5= — A. C apyro#i cTopounl, ecan B — Guauneiinas popma ua V, vupap-
auTHaA OTHOCHTedbHO G, TO LAl X,y W3 VA s u3 S

B (v(s) x, v(s)y) =B (x, y) = (s)’ B (x, y),
oTrKyla B =0, u npearoxeHnse LOKa3auo.

Iycth &  (G) — MHOMXKECTBO KNACCOB HENPHBOAMMBIX HENPEPbIBHLIX Npel-
cTap/ieHuit rpynnul G B KOHEYHOMEPHHIX BEILLeC TBEHHBIX BEKTOPHEIX NIPOCTPaH-
cTBax. M3 npennoxenns | u peayabraroB pononuenus Il nosyuaem Gueknmio
®: X, ,/2— Gg(G), rae uepes X oGosHauaercsas moArpynna {l, —wg)
B Aut(X(T)). Boaee Touno, nycte A& X, # nyctb E, — npeacrap/ieHne
rpynnsl JIk G co crapiiuM BecoM A; TOrha

O, —wo (M) =E, ), ecan Aot —wo (M) wan ecan ) (A, K,) #2Z,

asR

O —wo (M)=Ef, ecmmr=—w,(A) = Y (MK, e2z

aesR

rae Ej spaserca R-crpykrypofi ua Ei, uuBapnautHofi ornocHTeanHo G.

3. Koavyo R (G)

Iyctb R (G) — xoabuo KnaccoB (HempepblBHEX KOHEY HOMEPHLIX KOMIIEKC-
UbIX) npescrasaenndi rpynns G (Alg., chap. VIIL, § 10,n° 6). Ecan t — npea-
crasjaente rpynnu JIH G, To uepes {t] 6yaem o6osuauars ero kaace B R (G).
Ecnu t u 7/ — nBa npeacramaeHns rpynnsl JIk G, To no onpenefeHHIo

[+ [l =[o7], [ [v]1=[r&7].

IMockoabKy nio6Goe npescrasienne 3toll rpynnul Jiu noaynpocro, Z-MonyJib
R (G) cro6onen H ronyckaer B Kayecrse 6a3HCa MHOXKECTBO KJAaCCOB HENPHBO-
AHMBIX Tpeacrasaenuit rpynns JIk G; 9170 MHOKECTBO OTOXKAECTBISAETCA NPH
noMow Teopemut | ¢ X . Oro6paxenne 1> L (t) HHAYUHDPYET FOMOMOp-
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¢usM [ xoasua R (G) B Konblo Z(g¢) npeacrabieHHd anrebpn JIu g¢
(ra. VIIL, § 7, n°6).

Iyerbt: G — GL (V) — npeacTasieHue rpynnol JIlu G. PaccMoTpHM rpa-
nyupoBky (V, (T))yex ) BekropHoro C-mpoctpanctsa V. OGosHauum uepes
Ch (V) nau yepes Ch (t )xapamep rpanyupoaaunoro BEKTOPHOTO MPOCTPAHCT-
Ba V (ra. VIIL, § 7, n°7). Ecau uepes (e )xex(r) 0603Ha4YHTh KAHOHHYECKHH

Gaauc koabua Z [X ()] =Z* ™, 10 no onpeaenenuio

Chm)= ) (dimV,(T)e*
reX(T)
Tem cambim onpeneneH {Taxm ae) roMoMOpGHH3M KoNel, Takxe 0603Hayae-
mbiit yepes Ch, u3 R (G) 8 Z {X (T)]. Ecau rpymna Jlu G noaynpocta, To HMEET
MECTO KOMMYTaTHBHAas nnarpamma

R(G) 27 (X ()]
1y i3 : ()
#@d Lsz(P)

rre yepe3 P 06o3HadyaeTcs rpymma BecoB cHCTeMb R (gc, to). a yepes § —
roMoMop¢H3M, MOJYyYEHHBId H3 §.

IFpynna Bedna W pefictByer aromopduamamu B rpynne X (T) u, cneposa-
tenbho, B Koabue Z [X (T)] CornachHo npepsoxenuio 5 u3 § 4, n° 3, obpas
romomopduama Ch conepxurcs B noaxonsue Z [X (T)]%, cocrosimem 3 aze-
MEHTOB, HHBAPHAHTHBIX OTHOCHTENbHO rpymnn W.

TMeeanoxenne 2. Fomomoppusm Ch undyyupyer usomopdusm xoavya
R (G) na Z[X (T)}".

HNuast A= X1 4 o6o3nauum yepes [A] rkaacc B R (G) HenpHBOAHMOrO npel-
CTaBJieHHs co cTapuiHM BecoM A. [Tockonbky cemefictBo ([A] ),_Ex++06pa3yeT
6asuc Z-monyas R (G), AOCTATOUHO AOKA3aThb CleAYIOLLee YTBEDKAECHHE:

Cenedcreo (Ch [M)rex, , 06pasyer 6asuc Z-nodyan Z (X (T)] v,

Has mo6oro aneMeHTa u=z a,e* n3 Z [X (T)] Ha30BeM MaKCHMAJIbHHIMH
A

YJeHAMH 3/EMEHTA 4 TaKHe axe”, 4TO A — MAKCHUMAJBHLI 31EMEHT MHOXEecTBa
Tex peX(T), ana KoTophx a,,;eo W3 reopemnbi 1 BHiTEKaer, 4ro | dNeMeHT
Ch [A] o6nanaer eAHHCTBEHHHIM MAKCHMAJbHBM Y4IEHOM, 4 HMenHO ¢*. Tenepsb
NpEeNNIOKEHHE BHITEKAET H3 CJEYIOmeH JIeMMbI;

JIemma 3. rn kaxdoco As=X,; obosnwawum uepes C. snement u3
Z (X (D)) ¥, unerowyuii eduncreennviii maxcumaronoiii «aen e*. Tozda cemedicTao
(C“)‘EX++ o6pasayer 6asuc 6 Z (X (T)} Y.

Joka3aTesbcTBO MPOBOAUTCSA TAK XKe, KAK JOKA3aTeNbCTBO MPEsI0KEHHS
3uzrn VI,'§ 3, n°4, c samenoit A na Z, P na X(T) u PNC na Xy 4.

[ycts 8 (G) (coots. 8 (7)) ecTb C-anreGpa HenpepbiBHbIX MPEACTABAIO-
KX pyHkuui Ha G (coots. T), u nyctb ZO (G) (cooTB. 6 (T)W) — noaanre6pa,
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COCTOAILAS H3 UEHTPaJbHHX (COOTB. HHBApPHAHTHHX OTHOCHTERbHO W) (yHK- .
uuit 53 O (G) (coors. 8 (T)). Oro6paxenne orpainyenns O (G) - 6 (T) uuny-
uupyer romomopdusm Koner r: Z8 (G) - 6 (T)W. C apyro#t cTopoHH, oroGpa-
JKeHHe, KOTOpOe NpEeACTaBJAEHHI0 T CTAaBHT B COOTBETCTBHE €ro Xapakrep
(1. e. dyurunio g+ Tr 7(g)), npoaonxaerca Ao roMomopdusma C-anre6p
Tr: €C® ; R (G) =286 (G), koropuiis, coraacHo Th. spec., siBasierca usomopgua-
MOM. AHanorH4HO M3 KaHOHHYecKoro BaoxeHus X (T) — © (T) noayyaem u3o-
mopdusm C-anre6p 1: C [X (T)] — O (T), KoTopHil HHAYUHPYET H3OMOPDH3IM
v C [X(M) Y — (Y. Ouarpamma

C®,R(G)—22>C x(M¥ @)
Tr¢ ¢t
ze (G) e (¥

KOMMYTaTUBHA: REACTBUTENLHO, AN ai06oro npeacrabaends t: G — GL (V)
H joboro teT

Trz()= (dim V, (T)) A (£)=1 (Ch 7) (¢),
reX(T)
T. e (roTr) [t] =(1 o Ch) {r}.
Tenepp H3 NpefnoXKeHHA MOJYYaeM CAeLYOILHA pe3yabrar.

Caencreue. Orobpaxcenue ozpanuvenun r: 26 (G) - 6 ()Y ecro 6u-
exyus,

4. Popmyaa xapaxrepos

B stom nyukre rpynna X (T) cudAraercd MyAbTHIVIHKAaTHBHOH, a ee 3Je-
MEHTH paccMaTpHBAIOTCA KaK KOMIVIeKCHO3RauHble dbyHkuHuu Ha T. [Ipednoaa-
2aerca, 4ro 3aement p u3 X (1)@ Q npunadsexcur X (T).

Yepes L?(T) 0603uaunM ranb0epToBO NPOCTPAHCTBO KJAACCOB KOMILIEKC-
Hux GyHKuHA, KBagpaTHIHO HHTerpupyemulx Ha T, a uepes O (T) — noanpo-
CTPAHCTBO, COCTOsLILEE H3 HENPEPHIBHLIX NpeacTaBasomux ¢yakuui. Coraac-
Ho Th. spec., X (T) o6pazyer oproHopMupoBanHHil 6asuc B L* (T) u anre6pan-
uyeckuit 6asnc B O (7).

Ias fe L? (T) 1 w e W o6o3nauum uepes “f saement u3 L2 (T), onpenensie-
muii pasercreoM °f ()=f(w "' (f). Torza ana A<X (T) umeem “A=w (A).
O6o3Hauum yepes e: W — {l, — 1} cuenarypy (exuncrBenHuil romomopdusm,
TaKo#, uto e (s)= —1 gas moGoro orpaxeunns s). Jlas {< L* (T) nonoxum

I(h=) e@*"f
weW
Ecan A= X 4, To Bce xapakrepnl “(Ap) pa3aHuHL; B CAMOM jAeJie, JOCTATOYHO
noka3arb, 4yto “(Ap)= Ap Anf A060r0 w = 1. OfHAKO 3TO CHEAYeT H3 JeMMH

I (n° 1) n 13 coornomennit {Ap, Ko) = (A, K.) 4+ 1> 0 ans mo6oro nonoxu-
TeIbHOro KopHs o. B KausecTBe CyIefACTBUS mOJMyuaeMm
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I7 (Ap)||*=Card (W)=w (G).

Tosopst, uto anement f& L? (T) anruunsapuanten, ecan “f=e (w) | aas
.moGoro we W (1. e. ecnn °f= —f pas nio6oro orpaxenus s). Ilokaxkewm, uro
( 2 (G ——] — oprozonarsbusii npoexrop npoctpauctsa LT) na noanpoctpancto
aHTHHHBapHAHTHHIX 3JeMeHToB. [leficTBHTeNbHO, NycTh f, f/ — 3JemeHTH H3
L?*(T), npuyeM [’ anTHHHBapHaHTeH; TOrAa sjeMeHT J(f) aHTHHHBapHAHTEH H

F A=) e@f =) F.°hH=

welW weW
=Y (D=2 G <.
we W

IMeennoxenne 3. Isemenrer I(Mp)/\Jw(G) , 20e A& X ¢ 4, obpasyror oprot
HOPMUPOBAKHbIE 0Q3UC NOONPOCTPAKCTBO OHTUUHBAPUAHTHOLLY JAEMEHTOB
8 L? (T) u ancebpauseckusi 6a3uc nodnpocTpancTéa OHTUUKBAPUAHTHbL 3A4e-
menros 8 O (7).

ﬂOKﬂSﬂTCJIbCTBO HpOBOlIHTCﬂ TakK e, KakK A0Ka3aTeJbCTBO ﬂpelIJIO)KeHHﬂ
1 uarn VI, § 3, n°3
Coraacuo npeioxkeHuio 2 u3 ri. VI, § 3, n° 3,

Ioy=p[] 0= Y=p~']] (@—1); (3)
a>0 a>0
cJlefOBaTebHO,
1) (=] @—1. @

Orciona Beiny caeacrsns 2 reopemn 1 (§ 6, n° 2) noayuaem takoii pe-
3yAbTAT: :

JIEMMA 4. Ecau @ u p — Ose yentpassuvie nenpepmsnote pynxyuu va G,
TO UMmeeT MecTO (hopmyaia

| 7@ v @dg=5r5] @OTEW.0 0/ @)@t

Ions no6oro Ae=X,, 0603HAYHM uepe3 j; XapakTep HelPHBOLHMOrO
npeAcTaBieHdss rpynnsl G cO CTaplIHM BecoM A.

Trorema 2 (T. Befins). Juas a106020 A=X, 4 cnpasediuso pasencrso
I ()1 T=1 (hp).

Pyuxuua J (p).x.|T anTHHHBapHauTHa oTHOCHTeNbHO W B sIBAsETCH JH-
HefiHol koM6GuRaiked ¢ neabm# KosPdHIKenTamn saemenTos B3 X (T). Torxa,
corjacHo npeanoxenHio 1 H3 ra. VI, § 3, n° 3, ona 3anHchBaeTc B BHAe
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Z @, J (pp), rae pnpoGeraer X ; ¥ rlie a, — Hesble YHCNA, U3 KOTOPHIX JIHIIb
n

KOHEYHOe YKCJIO OTIHYHO OT HyJs. ITocKoabKy S Ix, (@)12dg=1 (Th. spec.),
G

H3 npelfoxeHHs 3 i JeMMbl 4 noayyaem paBEHCTBOZ (ap)2= 1, orkyaa noay-
"

YyaeM, 4YT0 BCe @, PaBHBI HYJIIO, 32 HCK/IIOYeHHEM OJHOTrO H3 HHX, PaBHOFO | HIH

—1. Ho koa¢punuent npu A B a|T paBen | (Teopema 1); caemoBareabHo,

Koadbduuuesr npu Ap B J (p).ys (T) rakxke pased | (ra. VI, § 3, n° 3, 3ameyanue

2), oTKyna a:,==1, u Teopema AoKa3zaHa.

Cnencteue 1. B obosnauenusax n° 3 8 xoavye I [X(T)] umeem

( Z s(w)e"’") Ch [A] = Z e(w) e“* e™® dan awbozo AeX .

weW weW

JTo caepyer H3 TeopeMhl H H3 KOMMyTaTHBHOCTH aHarpammul (2) (n° 3).

‘Cneacrsue 2. [Jaa awbozo A& Xy u 1106020 pecyrapnozo 34€MENTA
tusT .

Y & (w)h(wh) p (wh)

Y. e(w)e @)

X ()= : ©®)

2de cymmuposanue oba pasa eederca no ecem 3aementam w us W.

Hedicteurensho, pyukuus J (p) (f) Heny.ieBasi BBHAY peryJsipHOCTH SJe-
meHTa { (dopmyna (4)).

Ecan ¢ — uentpanbuas gpyskuus Ha G, To orpaHuuenne ¢ Ha T MHBapH-
aHTHO oTHocHtesJbHo W, H, 3Hauut, J(p).@|T aHTHHHBAPHAHTHO OTHOCH-

teabuo W. Kpome Toro, cornacto Th. spec. i Teopeme 1, cemeficTBo (xk)"EX++

AB/sieTcs anreGpanvdeckum 6asicoM NPOCTPAHCTBA UEHTPANbHbIX IPEACTABIS-
0mHUX GyHKUHA HA G M OPTOHOPMHPOBAHHHM GasncoM npocrpanctsa ZL? (G)
KJAaccOB LEeHTPaJbHHX KBaAPaTHYHO HHTErpHpyemblx QyHkuuii Ha G.

W3 npemnoxenusi 3 ¥ teopemsl 2 nosayuaem

Caencrsue 3. Oro6paxcenue, KoTopoe Kax 0o yenTParsHoll HenpepoLeHo L
—i/2 -

¢yncyuu @ na G conocrasasner ¢ynkyuio w (G) I{p) (9| T), 3ad0aer uso-
MOpU3IM NPOCTPAHCTBA YENTPAAbHOLX npedcTasinoujux ¢ynkyuld na G
NG nPOCTPAHCTBO anTuunsapuanTholx ssemenros & O (T). 310 orobpasxcenue
nRPoo0ANKAETCA RO HENPEPLLBHOCTU 00 UBOMOPPU3MaA (2urbbeprossix npocrt-
pancre) us ZL?(G) na nodnpocTPAHCTE0 GHTUUKEAPUAKTHLLX 3AEMENTOE 8

*(n.

Cnencteue 4. Iycre @ — UEHTDGALHAR HERpepLIGNAR (GYHKYUR HA
G. Tozda
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[ n@ee dg=$ 70 [ t—a ™Yo wa=| B Be ) (o) @) at
T

a>0

HeficTBurenibHO, cornacHo JemMe 4 H Teopeme 2,

| %@ 0@ dz=57] % OTOWO @O 6) @)
G

{70000 (0) (1) at

w(G) '

Ho ¢yHkuusa t— ¢ (t) J (b) (t) anTunHBapHaHTHa, a PyHKUuA ——=/ (Ap) ecThb

(G)

OPTOTOHAJbHAS MPOEKUHs Ap Ha nozmpocrpancmo aHTHHHBAPHAHTHHX 3Je-
MEHTOB B L2(T) c/1e0BaTenbHo, :

w@r) 70090 @0 ar= B (o) O

Haxoneu, ssuay dopmyan (3) nmeem p () J (p) ()= H (1—a ()™, uem
a>0
H 3aBepllaeTcs JO0Ka3aTedbCTBO CAEACTBUA.

3ameuwanun. 1) Nas moboro snementa w < W nonoxum p, = “p /p; Toraa
Y e@)pa=]] 1—a"H=p 2H (@—1). (6)
w a>0 a>0

Ecan t — perynsipunii snement B T, To u3 ¢dopmyan (5) moayuaem

Y e@ A Be, (0 ) e(@A(Be,®

== = . 7
wl Yewe 0 [ 0—ao7Y )

w >0

OrmertumM, uto QyHKINA P, €CTb JHHeHHAss KoMOHHANHA KOpHEH C leNHMH
Ko3 punuenramu, T. e. npuHaniaexut X (T), nake ecan 66 MBl H He Npejnona-
raan, uro p<X (7). Orcioga cneayer, uro dopmyna (7) cnpasennnsa Ges
npeanonoxenus, uro peX (7). geAcTBHTENbHO, 3aMEeHAA B JOKAa3aTeNbCTBE
rpynny Jiu G Ha COOTBETCTBYIOLIYIO CBSI3HYIO HaKpHIBAOULYIO, NPHXOLHM
K c1y4alo cireactsus 2.

2) AHasOrHYHO NepBoe paBeHCTBO CAEACTBHsA 4 ocTaercs B cuje 6e3 npes-
nonoxeunnd, uto peX (7).

3) TeopeMy 2 MOXHO NOJyuYHTb H3 ee HHOHHHTE3HMAJbHOro ana.nora
(ra. VIII, § 9, n° 1, Teopema 1); 310 TaKxKe cnpaBefJHBO A/NA TeopeMun 3 H3
c.nenyxomero nyuKTa (KoTopas ABjserca aHasoroM Teopems 2 u3 ra. VIII, 5 9
n° 2).



90 [JL IX. KOMITAKTHBIE BEIIECTBEHHBIE I'PYHIILI JIH 5

5. Paameprocru nenpusodumvix npeocrasaenuil

Bepuemcs x agnutusuol 3anucu rpynnsl X (T) 4 ne 6ynem Gosrbiile npeino-
Jaratb, uro p npuHaggexur X (7).

TeopEMA 3. Pasmeprocte npocTpancrea Henpueodumozo npedcrassenus
epynnot JTu G co crapwum secom ) 3adaerca popmyrol

(Mto, K,)
xa ()= — S
ag+ (p, Ky

Ionoxum y=(1/2) Z K, torma & (@) (y)=2ni paa /moGOro mpoCTOro
a>0
kopHsi e (rai. VI, § 1, n° 10, npemiioxente 29). TIpsimas Ry He npuHagiexur
HH oxxol rumepmiockoctH Ker 8§ (a), a caegoBartesnbHo, eXxp (2y) — peryasip-
Hbli 37eMeHT B G A/ JM1060ro AocTaTouHo Majoro z& R*. [Iasa mobux pe
e=X(T) 1 z=R cnpaBeJHBO PaBeHCTBO

() (exp (zp)= ) e(w)e? @@

weW

Hcnonbayem caenyomyio JemMMy, AOKa3aTelbCTBO KOTOPOH MNpHBeIeM
HHXKe:

JIEmmA b. Cnpasedausa popmysra

J () (exp (2y))=e 2 W H (1 _pTRw (Ka))'
a>0

Iostomy dyHknus J (u) (exp (2y)) ectb npousBeseHHe QyHKIHH, cTpems-
medcs kK 1, xoraa 2 ctpemurca K 0, H HYHKUHH

2 [ 8w (K)=(niz)" [ (m Ko,

a>0 a>0

rge N=Card R,..
TpesnoaoxuM cHauasna, yto p=X (7); toria, NpHMeHssl cleicTsue 2
TeopeMbl 2, BHAHM, 4TO HpH 2, cTpeMsuemcs K 0, i (2y) cTpeMuTCs K

[I o ka/ ][ <p Kads

a>0 a>0
B 3TOM cJjyyae TeopeMa JOKasaHa.

B of6mewm cayvyae JOCTaTOYHO 3aMETHTb, YTO B JOKa3aTe/lbCTBE TEOPEMBI
3 Bceria MOXKHO 3aMeHHTb rpynny G Ha moAxoJAULYIO CBA3HYIO HAKPHIBAIOILYIO
H CBeCTH JOKa3aTeJbCTBO K MpejblAylleMy cJayyalo.

Tenepn noxaxem gemmy 5. Ilycts 2= C. O6Go3HauuM yepe3 ¢, orobpaxe-
nie u3 t B C-aare6py App (X (7), C) oro6paxenuii 3 X (T) B C, KoTopHie 3Je-
meHTy Het ctaBaT B COOTBETCTBHE OTOGpaXKeHHe



3 § 7. HENPHBOJAMWMBIE NPENCTABJIEHUA I'PYNN JIK 91

@, (H): w> p (exp zH)=e W)

Torna ¢, (H+ H')=q. (H) ¢. (H’), Tak 4TO CyWIECTBYeT TOMOMOP(HIM
KoJtel

¥.: Z[t] = App (X (T), C),

TaKoil, 4to P, (e”) (n)=e®* W C npyro#t cropomm, coraacHo nmpepnoxe-
Huo 2 u3 ra. VI, § 3, n° 3, B Z{t] cnpaBepauBo cooTHoWweHUe

Z e(w) e =e" H (1—e "9,

weWw a>0

TlpuMensa romoMopdu3sM . H NpHHAMaA BO BHHMaHHe dopmyiy
b, (") (W =eBWEN_ 2o @™ W)

noJayyaeM JAOKa3aTedbCTBO HCKOMOM (opmyJbl.

Caencteue L. Mycrs || || — nopua 8 X (T)@R. Jaa awbozo he Xy
obo3snayun wepes d (L) pa3MepHOCTs NPOCTPAHCTBA HeRPUBOOUMO20 nPedCTas-
senun epynnot Jlu G co crapuum secom .

a) Cnpasedauso HepaseHncTso sgp dN/Ir+plV< oo, ede N=

XLy
=(1/2) (dim G —dim 7).
6) Ecau G noaynpocra, o inf  d (A)/l|IA4pll >0.
kex++

a) Jlns go6oro R cymiecTByeT Takoe uHcso A,>0, uro | ( A+
+p, Ka) | <Ackd+pll, oiyna d 1)/ Ih+pI V< [[ Au/¢o. K.
a>0
6) TIpeanosoxim, yto G nosynpocta; o6o3HayHM yepes fi, ..., §, npocThie
KOpHH H nojoxhmM N,=K,. Torna

<k+p,Ni) 4
(p,N~) =H <A'+P,N,'>;

i=1

a3

i=1
TaK Kak {(A+p, Ni) = {(p, N) =1, 10
' d(’~)>sgpl<?~+p, Nl

Ecan G noaynpocTa, To oroGpaxeHHe x> sup|{x, N;)| 3anaer Hopmy
B X (T)® R, o6s3aTesbHO SKBHBaJEHTHYIO 3aAaHHOH HOpMe, OTKyJa BbiTeKa-
er 6).

Crnencteue 2. [Ipednoronun, uro-epynna Jlu G noaynpocra u d.— yearoe
yucso. Tozda muoxecT80 Kaaccoa ee npedcrasaenud pasmeprocTu < d Ko-
HewHOo.
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U3 caepcteus 16) BbiTekaer, YTO MHOXKECTBO Xy 3JeMeHTOB A H3 X4 4,
TakHx, 4to d (A)<<d, xoHeyHo. O mioGoro A H3 Xy nycTb V) — HenpHBOAH-
MOe mpelCTaBJeHHe cO CTApUIHM BecoM A. JlioGoe mpejcTaBiieHHe pa3MepHO-
cti < d uzoMmopdHo npamoit cymme D V:* ¢ na<d, 4To H J0Ka3niBaeT

re X,
CJIeJCTBHE.

6. Jremenrvi Kasumupa

CoraacHo npeiioxeHH0 3 H3 § 1, n° 3, Ha g cylIecTByeT HeBLIpOXKACHHAA
OTpUYaTesbHAA cCUMMETpHYecKas GHiHHeARaA ¢opMa, HHBApHAHTHAA OTHOCH-
teabio Ad (G) (ecau G noaynpocrta, T0, HanpuMep, MOXKHO B3ATb Gopmy Kua-
s1uHra aare6put Jiu g). [ycts F — Takas ¢popma. Hanomunm (ra. I, § 3,n°7),
yro asiemeHToM Kasumupa, accouunpoBattsim ¢ F, Ha3niBaeTCa TAKOR 3j1eMeHT
I, npunajgnexamuii ueuTpy yHHBepcasbHOH oGepThiBawuieii aare6pu U (g),
yTo A J06Goro 6askca (e;) B g, yAOBIETBOPALILEro yeaoBuio F (e, e;)= — 8y,
umeem ['=—) ¢’

Ha npoTsxeHuu 3ToH riasbl aemenramu Kasumupa rpynnu G Gynem
Ha3bBaTh 3JeMeHTs H3 U (g), nosyueHHble HCXOAA H3 HEBBIPOXKAEHHOR HHBAPH-
aHTHOM CHMMETpHUECKOR H oOTpuyaresbHoli GHiHHeRHOH ¢opMbl Ha ¢
ykasaHnuM Bume crnocoGom. Eciu ' — snemeur Kasumupa rpymost Jln
G u t: G— GL(V)— HempHBOAHMOe mpeAcTaBjJeHHe 3TOH TIpynms
JI4, TO romomopcpusu I'y npocrpaHcTBa V sasiaserca romorertelt (Alg.,
chap. VIII, § 3, n° 2, th. 1), koadpduuneHT KOTOpOH MBI Gysnem 0603Haqa'rb
yepea [ (1).

TMeennoxenue 4. Hycro T — asement Kasumupa epynnot JIu G.

a) Ecau v — nenpusodumoe npedcrasaenue 2pynnoi JIu G, o wucso T (1)
BeWecTBEHHO 1 HEOTPUYATEAbHO. ECau T He ABAAECTCSA TPUBUANLHBIM NPeOCTAB-
aenuen, To, 6oaee Tozo, I (v)>0.

6) Cywecrayer edurctsennan Ksadparuunan dopra Qp va X (@R,
TaKaA, 410 041 2106020 HenpuaoduM02o npedcrasrenusn t 2pynnot G 8bLNOARA-
eTcA PasencTso

[ (©)=Qr(A+p)—Qr (o)

20e b — crapuwuii sec npedcrasaenus v. Popmua Qr HesbipocIenna, NOAOKCU-
TeAbHA U UHBAPUAHTHA OTHOCuTeabro W.

Mycts F — HeBbIpOXKAEHHAS OTPHUATENbHAS CHMMETPHYECKas GHJHHeH-
Has ¢opma Ha g, onpefeasiomas I'. ycts ¢ G - GL (V) — nenpHBoAumoe
npeAcraBiaente rpynnnl Jlu G, H nycts ( , ) — ruib6epToBO CKaJsIpHOE
npouspefieHHe Ha V, HHBapHaHTHOe oTHOcHTenbHo G (§ 1, n° 1), H (&) —
6asHe B g, Takolt, uro F (e, ;)= — 8. Torfta ann .mo60ro ajieMenTa v H3 V, He
HHBaPHAHTHOrO OTHOCHTeJbHO G, mojyudem ’
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F@) (v, 0y =(0, Ty(@)=—) (v.(e)v)=
i
=) (v (e (e)yv) =

=) ((edvv, (edyv) >0,

OTKYAa CJAeAyeT a).

Iycre B — dopma Ha g, o6paTHas K orpaHHYeHHIO Ha t. GHAHBeAHON
dopMb Ha g, mosnyueHHoH H3 F pacmupenHeM noas ckaasipop. CoraacHo
cneacTBHIO mpemnoxenuss 7 u3 ra. VIIL, § 6, n°4, umeem!) T (v)=
=B (6 (A), (A4 2p)). [Ipononxkum orobpaxenne §:X (T) —» t¢ no R-aunefno-
ro oroGpaxkens H3 X (T) @ R B t§, ¥ nycrs Qp KBagpaTHuHan ¢popMa X »
> B (6 (x),6 (x))uaX (T) ® R;oHaHeBHpOXKAEHHA, HHBaPHAHTHA OTHOCHTEJNbHO
W, 1 HMel0T MecTO paBeHCTBa

F(n)=B@®(+0p). §(A+p)—B () 8(e)=0Qr(A+p)—Qrlp)

Tenepr nokaxeMm, uto-popma Qp nosoxcureasvra. JlefAcTBHTENRLHO, €CNH X E
X (T)® R, To 3neMeHT § (X) H3 t3 NPHHHMAET YHCTO MHHMbIE 3HAYEHHsI Ha t H,
ctano OuTh, BelUECTBEHHbE 3HaueHHA Ha it. Hcnosp3ys HepaBeHCTBO
F(y, )0 ana y<it, 3aBepmaeM A0Ka3aTelbCTBO.

Hawm ocraercs noKa3aTh YcJOBHe eAHHCTBEHHOCTH M3 myHKTa 6). Ilycrts
Q — kBajpatnyHas ¢opma ra X (T)® R, yaosaerBopsoman Tpe6yeMHM yc-
noBHAM, U nycth @ (coor. @) — Gununefinan ¢opma, accouHHpPOBaHHaA
¢ Q (coors. Q,). Aaa A, pe=X(T)++ cnpaBeAIHBH paBeHCTBa

O p=Q A +p+p)—QE)—(QA+p)—QE)—(Q r+p—Q ()=
. =0, (A p).

Tak kak X (T)+4+ nopoxknaer BexkropHoe R-npoctpancteo X (T)®@R, 1O
O=9d,, otkyaa Q=0Qr.

3ameuanue. INycte x =g. CyiliecTByer Takoe NOJNOXKHTEJNbHOE BELieCTBEeH-
Hoe 4HC10 A, uTo A4 J1060r0 HenpHBOAHMOro npeicrasaenua t: G — GL (V)
H 71060/ rHAL6GepTOBOH CTPYKTYpH Ha V, HHBapHaHTHOA oTHOCHTeNbHO G,

WL @) @I2<AF ().

HeiicTBuTeNbHO, HCNOAbL3YA 0603 HaYEHHA H3 MpeAblAYLiero A0Ka3aTelabCT-
Ba, MOXHO BHIGpaTh G6a3Hc (e;) B g TaKUM obpa3oM, yTo ¥ =ae;, a< R. Toraa
g veV

(xpv,xy0)=lal® (e, v, e,0)<lal? T (v) (v, v).

1) JlokasaTenbCTBO, KOTOpOe TAM NpPHBEleHO /A pacllenseMbiX NoJynpocTHX
anre6p Jiu, HPAMO NEPEHOCHTCA HA cAyuaill pacmenfsieMHX PeAYKTHBHHX aareGp.
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o~

§ 8. Mpeo6pasoanne Pypbe

Cozrawenusn u oboznavenun us npedoldyujezo napazpapa coxpansoTCcA.

1. IpeoGpasoeanusn Pypve unrezpupyemvix Gynxyuii

Hanomunm B 3TOM NyHKTE pe3ybTaThl H onpelejenns u3 Th. spec.!).

OG6o3HaunM uepes G MHOXKECTBO K/1ACCOB HENPUBOAMMBIX MPEACTaBAEHHR
rpynnst Jlu G (B KOHEYHOMEPHHIX KOMIIEKCHHIX BEKTOPHBIX NPOCTPAHCTBAX).
Ins moGoro ues G o6o3naunm uepes E, NpOCTPAHCTBO NMpEACTABJEHHA U,
a uepes d(u) — ero paamepHOCTb. CYILIECTBYIOT HEBHPOXKAEHHBE NOJOXKHTEAb-
Hble 3pMHTOBH ¢OpMBI Ha E,, HHBADHANTHBIE OTHOCHTEJIBHO U, H JIOOHe JBE
TakHe ¢opMbl nponopuHoHaabHu, O6o3Haunm uyepes A* (coors. |A|l ) co-
npsiKesue (cooTB. HOpMY) anementa A u3 End(£,) OTHOCHTE/IBHO KAKOH-TO H3
atux ¢opm. dns no6oro g < G uMeloT mecro paBenctBa u (g)*=u(g) '=
=u(g ™ Yu ||lu(g)ll .=1; misaM060ro0 x g capaselaUBH paBeHCTBA u(x)* =
=—u@x)y=u(—=x).

CHa6gum End (E.) cTpykTypo#l runb6epToBa mpOCTPAHCTBA, B KOTOPOM
CKaJsipHOe NPOH3BejgeHHe 3ajaercst HOPMYIOH

(A|B) =d (4) Tr (A* B)=d (u) Tr (B A¥), (1)

H T0J0XKHM
(Alle=(AIA)Y"*=(d (u) Tr (A* A))'/2, 2
Toraa ,
VE @) 1Al o < 1Al o<d (1) 4]l o ©)

H, CJe0BaTeJbHO,
ICAIBY | <d @) 1Al o I Bl o @)

Has mo6oro g G umeem| u (g)lle:=d (u).
O6o3nauum uepes F (G) anre6py H End (E ). O603naunm uepes L? (G)

4=l
ruabéepToBy cymMmy ruibGeproBhix npoctpancts End (£,); 3To npocTpancTBO

cemeiicte A=(A,)=F(G), taknx, uro Z |A,ll3< o0, cHaGxenHoe

CKaJNfIPHBM [POH3BELEHHEM

(AIBy=) (A,B,)y=) d(u)Tr(AfB,). (5)
=t} =t
Haxoneu, uepes || ||, o6o3naunm ruanGeprosy Hopmy Ha L2 (&), Tak uro
I1AN=) 14,1317 A=L? (D).
=Y

1) CM. noactpouHoe npumeuand#e B Havaue § 7.
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Ecan f — xomnjekcHaa ¢yHKUHA, HHTerpHpyemas Ha G, To a4 Joboro
u < G NONOKEM

u ()= f(g) u(g) dg=End (E,). (©)
G

Hmeem |[u (f)umgs If (@) dg=|fll,- Konpeobpasosanuexn Pypse dpyukunn
G

f nasupaerca cemeficteo (4 ()),cg=F (G), o6osmauaemoe uepes Z(f).
Ecan fL?(G), 10

Ifi3= Y (u®lu@)=1F0I5

uesG

TaK YTO Z HHAYLHpyeT H30METPHYHOE JHHeilHOe oTo6pakeHHe THAbOGepTOBA
npocrpanctsa L? (G) Ha ruab6eproBo npocTpanctso L®(G): apyramu caosa-
MH, naa [ u f/ 13 L?(G) umeem

g [@F (&) dg=(FW) | ) = ZG d@Tr@@*u). @

G
Onpenennm cBepTKy f+f’ nByX 3jeMentos f u [ u3 L' (G) caepyomeit popmyaoi

(f'f’)(h)=§ fthe™")F (@) dg=\f(g)f (=" h)dg
G

(HHTErpas HMEET CMHICJ AJA NMOYTH Bcex he=G).
Torma f*f' L' (G) n u (f+f')=u(f) u(f’) aaa soboro u=G; caegosa-

TEJbHO, _ ~
FUf)= 7. 1), ®

O6paruo, nyctb A=(A ), — 3aement n3 F (G). laa moGoro usG
nycts & A — (anaanrnueckan) ¢ysHkuus Ha G, onpemensiemas ¢opmyaoh

(% A) (@)= u ()l Au) =d (u) Tr (Auu(g)™"). ©)

Ecan A= L?(G), 1o cemeiicteo (% A), oz cymmupyemo B L% (G). Toraa npe-

obpasosanuen Pypove s3neMenta A Ha3bBaeTCs CyMMa 3TOr0 ceMeficTBa, 0603-

HayaeMas Yepes Z(A). Orobpaxennss FH F ABIAIOTCS B3aHMHO OGPaTHLIMH

H30MOp(H3MaMH MeXRy FHAbGepToBHMH npocrpanctsamu L2(G) m L?(G).
JIpyrHMH CIOBaMH:

Ilrennoxenue 1. Jio6as komnaexcras gynkyus f, keadparuuno unreapu-
pyemas na G, A6AAeTcA cymmoli 8 2urvbeprosom npocrpancrse L2 (G) cemei-
craa (f),ea 20e 0ra 2106020 he G u a106020 us

Fult)=Cu@)lu )y =d @ fte)Tr (u(gh™") dg= |
N (10)
=d ()| [ (@) Tr (u(g)) dg.

G
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BhiGepem At Jio6oro ue G oproHopmuposaunbiit 6asuc B, 8 E, U uepes
(i ()) o6o3naunm martpuuy sJementa u(g) B 3Tom Gasuce. [Ipepnoxenue
| TakXe o3Hauaer, 4To ceMeHCcTBO GYHKIHA \/d (u) wij nisa uws Gui, jus B,
o6pasyer opToHopMuposannsili 6asuc B npoctpanctee L? (G).

Ecau f — unrerpupyemas ¢yukuHsa Ha G, Takas, uto cemeiicTso (f.) paB-
HOMEPHO CYMMHpYEMO, TO CyMMa 3TOro cemeficTsa eCTh HempepbiBHafl QYH-
KI(HS, TOYTH BCIOAY coBriafaomas ¢ f. JIpyrHMH c/J0BaMH, €CJIH, KpoMe TOro,
MpeAnoaoKHuTb, 4To GyHKUHA [ HempepbiBHA, TO AJA Jwboro he G

R

fiy= ng(un f(gh) Tr (u(g)) dg. (11,
ue G

O6patno, nyctb A< F (G), ecan cemeiictBo (¥, A),cg5 PABHOMEDPHO CyM-

MHpPYEMO, TO

g ) (FA@=) dwTr@A,u(@™

=t ve

ectb HenpepbiBHas GynKuHa Ha G, st Kotopo#i A siBisiercsi KonpeoGpa3osa-
HHem Pypbe.

[lyctb f — nnterpupyemas ¢pyHkuus Ha G, u nyctb s G. O603Hauum
uepes y (s) f u 8 (s) [ pynkuuu Ha G, onpeneasiembie hopMyTaMu ¥y (s) f=es+f,
8(s)f=Fxe 1, 1. .

) N@)=F(""g) B ()N (e)=F(gs) ma g=G
(r.n III,§ 3,n°4, u Hureep.,ra. VIL§ 1, 0° 1, ra IIL § 1, nn® 2, 3). Umeen

u (v ( s)f)-Sf sT g u(g)dg= Sf(g)u(sg)dg.

Cel0BATEILHO,
u(¥(s)H=u(s)u(f) (12)
H aHAJOTHUHO
u@(s~YH=u(u(s. (13

Ecnu G KomMyTaTHBHA, TO G ectb MHO)KeCTBO, Jexallee HHXXe ABORCTBEH-
Ho# K G rpymnbt (Cnexrp. teop., ra. 11, § 1,n°1); roraa d (u)=1 gas qoboro
u=C, u My MPHXOZHM K ONpeieseHHAM npeoGpasoBamm d>ypbe JAHHBIM
B Cnexrp. reop., ra. IL

2. llpeoGpasosanus Pypoe Geckoneswno duppepenyupyemsix Pynxyui

Hanomuum (ra. III, § 3, n° 1, onpegenenne 2), uro uepes U (G) o6o3Haua-
eTcs aareGpa pacnpeletenuit Ha G ¢ HocHreseM, coaepxauiumcs B {e}. KaHo-
HHueckoe BJoxeHHe g B U (G) npogomkaercs 10 H3oMopdH3IMA YHHBEPCAJb-
Ho# o6GeprhiBalouet anre6pul anre6pbl Jlu g Ha U (G) (rax xe, n® 7, npeadno-
xenHe 25). B pnanbnedimemM Mbl 6yAeM OTOXAECTBJAATbL 3TH ABE aare6pbl NpH
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NIOMOLLH YKa3aH#oro Haomopdusma. Ecan f — GeckoHeuno pubdepenunpye-
mast KoMnaekcHast Gyskuns Ha G o ecan t U (G), To uepes L; f u R; | o603na-
unM ¢yHKUHH Ha G, onpenesieMble GopMyaamH

Lef(g)=(egt, [}, Rif(@)={(t*eq [)
(cMm. Tam xe, n° 6). Oaa nwoboro g=G

Liov(g)=v(g)° Li, Rio8(g)=8(g)°R: -

Iycrs ueG. O6o3naunm uepes E, NPOCTPAaHCTBO 3TOro MPEeACTaBJeHHS.
Moponsm rpynn Jlu u: G — GL (E.) onpeznensier nps auddepeHuupoBanan
roMoMopdu3aM (BellecTBeHHHX) aiare6p JIi g — End (E,) H, cTano GHTh,
romomopdpuaM aare6pu U (G) B anre6py End (E,), Takke 0603HauaeMblit
uepes u. Ecin t= U (G) 1 ecan f — Geckoneyno g depenunpyemasn GyHkuus
Ha @G, To

u(LiD=u@u), uReh=u)u) (14)

rje yepes ' oGo3Hauaercs o6pa3 3jI€eMeHTa ! [IpH IJaBHOM aHTHABTOMOpP(dH3-
me aare6pul U (G) (ra. 1, § 2, n° 4); B caMom peJe, cnpaBensiHBOCTL ¢op-
MyJ AOCTATOYHO NPOBEPHTH LA L&g, a B 3TOM CJyyae OHH MOJNYy4aloTCA
nuddepenunposanuem u3a gpopmya (12) 1 (13) (cm. ra. 1L § 3, n° 7, npen-
Jaoxende 27).

' O6o3anaunM uepe3 A (1) cTapuiMii Bec npeacTaBiaenns uesG (§ 7, n° 2,
Teopema 1); Toraa 0TOGpaxeHHe U > A (1) ecTb GUeKuHsA H3 G HA MHOXECTBO
X4+ nomunanTHHX BecoB B X (7).

Ilycte I'e= U (G) — anement Kasumupa rpynnet Jis G (§ 7, n° 6). Oas
mo6oro u e G anpomopdnam u (T') npoctpanctBa E, ecTb roMOTeTHsA, KO3 hH-
1MeHT KOTOpoii 0603HaYaeTca yepea I (1). Orciona nonyyaem oToGpakeHHe
ur~F(u)na G C.

Ecnn ¢ M — JBe BellleCTBeHHO3HAUHBIE NONOKHATeNbHbE DYHKUHH Ha G,
TO uepes < P HIH @ (1)< \ (4) 0603 HauaeTCs OTHOLIEHHE KCYLIIECTBYeT TaKoe
M >0, uto ¢ (1) < My (1) aas 106010 u & G»; 370 eCTb OTHOIIEHHE YACTHYHO-
ro NOpsAKa Ha MHOXKECTBe BellleCTBEHHO3HAYHHIX MOJOXKHTENbHHLIX (yHKUHH
Ha G. :

[Teennoxeune2. Mycro mi— ||m|| — nopma 8 sektoprom R-npocTpanct-
8e R®X (T)u T — saement Kazumupa epynnot Jlu G. [Tycre ¢ — sewjecraen-
HOBHAUHAA NOAQKUTEALRAR PynKkyua ra G.

a) Caedyrowgue Ycaosus IKBUBANECHTHbL:

(i) Cyuwecrsyer taxoe yenoe uucao n>0, uro @ (W (A W)+ 1)
(cooTB. 045 2106020 yerozo yucaa n>0 umeen ¢ (W< (1A W+ 1)~%).

(ii) Cywecrsyer rakoe yesoe yucso n>0, uro @ (W) (I (¥)+1)* (co-
OTB. 045 4106020 yerozo uucaa n>0 umeex ¢ (W)< (W) +1)~".

6) Ecau epynna Jlu G noaynpocra, To ykasanroie sviuse ycaosun (i) u (ii)
IKBUBAAEHTHbL TAKKCE YCAOBUIO

(iii) Cywgecrayer Taxoe yesoe wucao n=>0, yro @ (¥)< d (u)* (coors. 01a
2106020 yeaoeo qucaa n>0 umeen ¢ (u)< d (u)™").

4 H. Byp6axu
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CHauana 3aMeTuMm, 470 ycaoBue (i) oueBHAHHIM 06pa3oM He 3aBHUCHT OT
BHI6PaHHOA HOPMB. 3HAYHT, B KayecTBe HOPMBI MOKHO B3fITb HOPMY, ONpeje-
JaseMyio KkBagpaTHuHo# ¢popmoit Qp, accounuposannoii ¢ I' (§ 7, n® 6, npeano-
wenne 4). Toraa _

0T (@)= A @) +pl*—lloll®

o, ciegoBarensho, I (u)+ 1< (1A ()|l 4 1)°< T (u)+1, orkyna surekaer a).
Kpowme roro, ecau G nonynpocra, ro (§ 7, n° 5, cieacrsue | Teopemut 3)

I @+ pll < d @< 1A @)+pl Y, rre N=(1/2) (dim G—dim T),

nostomy A ()l + 1< d (@)< (1A (@)l +1)", orkyna cienyer 6).

W3 npemnoxenns 2 Bhitekaer, yro ycioBHe (i) He 3aBHCHT or BHGOpa
M aKcHMaJjIbHOro TOpa, KaMepnl H HOPMbI, a ycJ0BHe (ii) He 3aBHCHT OoT BuIGOpa
snemeHTa Kasumupa. ®ynkuus, ypoBaerBopsiomas ycaosuam (i) u (ii),
HasuiBaerca QyHKLHEH ymepennozo pocra (coors. 6bicTpo yousaowel PyH-
KuHe#). [IpouzBeneHHe AByX QyHKUUA yMEPEHHOTO POCTa €CTb PYHKIUS yMe-
peHHOro pocra; NpoH3BeJeHHe PYHKIHH YMEPEHHOTO pocTa Ha GhCTPO yOhIBa-
I0ly10 QyHKIHIO ecTh 6bicTpo y6nBalomasn ¢ynkuus. Ecan ¢ — 6bicTpo y6bl-
Baomas QyHkuus, To ceMeficTBO (¢ (4)), =g CYMMHpPYyeEMO.

ITpumepoi. ®ynkuus ur d (u) — dyskuua ymepennoro pocra (§ 7, n°
5, ciexcreue 1 reopemu 3); mis mo6ol HopMu || || Ha R® X (T) dynkuus
u - [|A ()] Takxe ¢yHKUHS ymepenHoro pocra. [las mo6oro snementa Kasu-
mupa I' pynkuus u v I' (u) — dyHKuus ymepeHHoro pocra; wid GoJaee o6uio:

Mrennoxenue 3. Jaa awboeo teU (G) ¢pynxyuu ur> flu () o 4 ur>
> |lu ()|l — Pynkyuu ymepennozo pocra na G.

ITockonbKy npousBeseHHe ABYX PYHKIUA YMEPEHHOTO POCTa €CTh QYHKILHSA
yMepeHHOro pocTa, TO NpeajoKeHHe A0CTaTOYHO JoKa3arh Lisl feg. B arom
clyyae yrBepXkKACHHE BhITeKaer U3 3ameuanus u3 § 7, n° 6, U U3 HepaBeHcTBa

Hu (Al <<d (Wllu ] -

TeoPema 1. a) ycrs | — Geckoneuno duppepenyupyemas KOMNAEKCHAR
¢ynxyun na G. Tozda cemelicteo (f ), =g 20¢ [ ()= (u ()l u ([)), pasnomep-
HO cymmupyemo Ha G, u 0aa moboeo h= G

Fiy=Y <atmlu®y=) dw]feTrigh™)de.

usG usl G

6) ITycto [ — untezpupyeman ¢ynxyus na G. JJas 1020 41066l OHG NOYUTU
8cr0dy cosnadaaa ¢ HeKoTOpol Geckoneuno dugpdepenyupyemols dpynxyuel,
reobxodumo u docrarouno, utobet ynxyus uvr ||u (f)|l . 66L1a 6oicTpo YbbL-
sarowet na G.

Iyctb f — 6eckoneurno auddepeHunpyemas ¢yHkuusa Ha G, u nyctb I' —
anemenr Kasumupa mas G. CornacHo dopmynae (14), mia jaoboro nesoro
yucaa 7220 cnpaBelJiHBO PaBEHCTBO
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Fyu=u@u@)=u(Ld"N
H KaK CIeJCTBHE Moayyaem

T @)"lle (O« < WLD" Fl < sup (0" D (@) (18)

TakuM o6pasoM, ¢pyukuus 4 ||u ()|l o — 6nicTpo y6uiBawouiass ¢GpyHKmus.

O6patHo, nyctb A=(A),cg — iemeur us F(G), Ttako#i, uro
U ||A,| ., — 6uictpo y6upaiomas ¢pyskuus. [Tonoxum fu (g)=<(u (g)lA.);
Toraa g+ fu(g) — auanuTuyeckas W, CJAeOBATeNbHO, GECKOHEUHO MHpde-
pexnuupyeMasi ¢pyHkumus. [asa mo6oro x&g, corJacHo npefaoxeuuo 27 u3
ra. 111, § 3, n° 7,

(L fu) (@)= (u (@) u (x)| Au)).

TMycts te U (G); Torda M3 npeasiaymedl Gpopmyan noaydaem
(Li fa) (g)=(u (@) u (DI Au),

M, 3HAYHT,

(L1 F) (@)1 =1 (s (&) 4 ()1 Au) | < (w s (N ot (@) w Al o=
=d (u)zllu (t)" oo"Au" o

Toraa u+>supl(L,f,) (g)| — 6bcTpo yOuBawMmAan GYHKIHSA, NOCKOAbKY d (4)

Hllu ()l o —gQ)yHKuuu yMepeHHOro pocTa {npeajoxente 3), a |[A, || ,— 6nic-
Tpo yGuBaowas ¢QyHKuus; cTano G6urh, cemefictso (L,f,),<5 paBuomepuo
cymmupyemo. Orcioa noaydaem !), uTo cymma cemefictaa (f,) ecTb 6eCKOHEUHO
audepennupyemas ¢pyHxkuus Ha G, KonpeobpaszoBanue Pypbe KOTOpOJ ecTh
cemeiicTso (A,), yeM 3aBepliaeTcsl 10Ka3aTeJNbCTEO TEOPEMH,

O6o3nauum uepes & (G) BeKTOPHOE MOANPOCTPAHCTBO B L?(G), cocTosmee
u3 Takux cemeficts A=(A ), g 470 dyHruus u— A | ,, — 6ricTpo y6riBa-
jomas ¢yukuusi Ha G. H3 Teopemsl | BHTeKaeT, 4TO OTOGpaKeHHS
Fifrucgu F: A Z (u(g)|A,) MHRYUHDYIOT B3aHMHO 06paT-

=t
Hbi€ U30MOpP(U3MbI MEXNy KOMIJIEKCHBIMH BEKTOPHBIMH HpOCTPAHCTBAMH
#>(G;C) u < (G). Cuabaum npocrpanctso @ (G; C) Tonosorne#
C ®-paBHoMmepHo# cxofuMocTH (§ 6, n° 4), KoTOopas MOXeT GHWTh Ornpeje/eHa
npu momomu cemeiictea noayHopm fr>- sup |L,f(g)l ans teU (G), a mpo-
g6

crpasctso & (G) — Tononoruei, onpejeaseMoii MOC/IeZ0BATENbHOCTBIO MOy~
HopM p.: A sup ([ (u)+1)"1A,]l .. U3 popmyan (15) B npeamayuiem
=

J0Ka3aTeJbCTBe BHITEKAET, 4To oTo6pakenue FHenpepuisHo. I[lycrs te& U (G),
u nyctb A=(A),cg— anement us & (G); nonoxum [, (€)= (u(g)lA.).

1) 310 caenyer u3 Toro, uro npocrpanctso € > (G; C), cnaGxennoe ronosnorned
C ®-paBHOMepHOH cxoxumocTH (§ 6, n° 4), noano.

4*
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IlycTb p — Takoe Henoe 4o, UTO Z I (1) ~?=M < oo. M3 npeasiaymero
=14

J0Ka3aTenbcTBa CJAENAYET, YTO CYWLECTBYET TAKOE [eJI0e YHCJO M, YTO s

moboro g G

I(Le fu) (@) <d @l ()]l AUl o< m. (14T (@)™ F (1)™7 | Aull o

otkyaa |(L: F14)) (g)| < m Mpn (A); 310 KOKa3BIBaeT-HeNpPepPLIBHOCTb 0TOOpa-
Kenusi & Orcioa BHTeKaer

Caeacteue. Orobpascenun F: fr> (u ()ycg 4 F: Ar> Z (u(g)lA,)

uea
UHOYYUPYIOT B3AUMHO OOPATHBIE UBOMOPPUIMBL MENCOY TONOAO2UHECKUMU
sexropuoimu npocrpancreamu €= (G; C) u & (G).

3. IIpeo6pasosanun Pypove yenrparonovix ynxyuii

HOnsi mo6oro u=G o6Go3HauuM depes ¥, Xapaxkrep NpeicTaBIEHUS u;
ToTAa

% ()=Tr (u(g) (€=G) (16)
Hanomuum (Th. spec.) dopmynni
Yy* %y =0 (u,vEG, u=v), (17)
1
Xu* X =5 Ha (4SO (18)

JIast mo6oro ue G 0603HaYUM yepes &, TOXKIECTBEHHOE OTOOpaKeHHe
npoctpauctsa E,. Hanomuum (§ 7, n°4), uto uepes ZL®(G) o6osHayaercs
noanpoctpancTo B LZ(G), cocTosimiee W3 KNacCOB HEHTPAsnbHBIX (QyHKiHi,
T. €. TakuX QpyHKuM# f, uto folnt s =f ans moboro s = G, UK, YTO IKBUBAJIEHT-
Ho, v (s) f=0 (s~") f nast moGoro s G.

Irennoxenue4. Mycrs f< L? (G). Aaa roco urobor ynkyus | 6oiaa yen-
TpaAbHOil, Heobx00umo u docTarouno, 4Tobb orobpaxcexue u (f) 6oui0 zomore-
ruell dasa awbozo us G. Tozda

&

u ()= § (&) 1. (8) de. (19)

CornacHo npepnoxenuio 1 (n° 1), ycaoBre, yTo GpyHKuHUs [ ieHTpasbHa,
paBHOCHAbHO ycnoBHIO 4 (Y (s) )=u (6 (s™")f) nast a06oro s G u moboro
ue G, Ho 3To ycaoBue Takxke 3anuceiBaercsi B Buze 4 () u (f)=u (f) u (s) aast
aw6oro s G u moboro usG (popmyant (12) u (13)), oTkyna nonyyaem
nepBoe yTBepkiAeHue npeanoxkenus 4 (nemma llypa). Ecnu oroGpaxenue
u (f) — romoretust, 10 u (f)=AMA, &4, THE

1 i !
=gy Tr (ﬁ):mé F(g) Tr (u(g)) dg=7(—u)—§ f (&) x. (&) dg-
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B kauyectBe ciieicTBHA s Jio6oi cpyﬂxuuu feZL? (G) nonyuaem
u (=R =5 (20)

a 3HayHr,

FhH= (<iulf>—d%7)uea, @1)

npuyeM

1F0IE=Y, | ings| =Y 1<

OG6paTHO, eClIH ¢ — KBaXPaTHYHO HHTErpHpyeMas KOMIVIeKCHas GYyHKUHSA Ha

G, 10 anement ( Z((“; ) u3 F (G) npunamnexur npocrpanctsy L’ @

u (popuyaa (9))
(5(3) @=t@m (G as@)=vw i

OTKyAa
f((“"“’ )) PRICT (22)

OrmeruM, uro u3 ¢opmya (20) u (21), B yacTHOCTH, MoJydyaercs A U,
vus G

u(x)=0, ectu uwv, @3)
“ (,gu)=7;("u_)e End (E,), 24),
é(xu)=71%‘—)-eEnd(Eu)c:F(®1). (25)

Ieeanoxeme 5. flycre [ — nenpepoisnan yenTpasonaa Gynkyus wa
G. Jlaa 1020 4r0buL ora 6viia Beckonewno Ouddepenyupyemoii, Heobxo0uUMO
4 Odocrarouno, urobor ur>|{y,|f)|6etaa 6eicTpo. ybeisarowell
dynxyued na G; rozd0a dan awbozo g=G

flg)= Za (Xl FY X (@)

1) Buaoxum npocrpanctso End (E.) B npoussencuue F (G)= H End (E ), nocra-
0l
BuB B coorBercTBHe eMenty A =End (E.) cemeiicteo (A),p The Au=A u A,=

=0 a1 v£u.
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CoraacHo Teopeme 16), pynkuns f GeckoneuHo AnddepeHuHpyeMa Toraa
H TOJIBKO TOraa, Koraa ¢yskuns u - |u ([} . fBAAeTcs GuicTpo yO6biBaouleH,
Ho, corsacHo dopmyie (20), )
& 1
OTKY/a IoJyyaeM NepBoe yTBepXkKaeHHe, nocKoabky d (u) u 1/d (u) — dyHKuan
YMepeHHoro pocra.
Teneps npenmonoxumM, uro QyHKuHs [ GecKoHeuHo AHpdepeHLHpyeMa;

Toraa, corsiacHo Teopeme la), f(g)= Z f.(g) nas moboro g= G, rae

=14

fo@=(u@iu))=d@Tr (@ u@)=
=d(u)Tf(u(g)_' (xalF )=<iu|f> Tr (u(g)™)=

= (Xl 1. (8)

Hrak, f(g)= Z (%ul F) %4 (&), Ho npH M060M 4 = G anst KOHTparpesHeHTHOrO
usG

€

d (u)

K u npeacTaBacHHA u’ BHNOJAHACTCH YCJOBHE iu=xu, H otoGpaxeHHe u > u’

AIBJAAETCA ' lepecTaHoBKoit B G, mostomy f(g)= Z el Py, (Q), uem 3a-
us .

Bepliaercss A0Ka3aTeJbCTBO MpeAJOXKEeHHS.

Cuencrauk. ITycts f — unenpepotenan yenrparonas ynsyua na G. Jian
T020 4TO0bL OHA 6biaa Geckoneuno dupdeperyupyemoli, Heobxodumo u docra-
TO4HO, 4TOOb ee ozpanuuenue Ha T OGviao Geckoweuno dugpdhepenyupyemo.

JleficTBHTENIbHO, COTIACHO CreJCTBHIO 4 H3 § 7, n° 4,

(xu|f>=§ TWMe®d, re o@t)=[] 1—a@®™hi®.

o>0
Ecan ¢yukuns f|T GeckoHeuHO AH(QepeHUHPYEMA, TO ¢ TaKkKe GECKOHEYHO
aupdepenunpyema. Torna H3 npegsiokeHHst 5, mpHMeHeHHOro K rpymue 7,
noJIy4aem, 4To u I—>S rOe@)dtuaT=X(T)— (GYHKUHS YMEPEHHOrO pocTa
T

H ur> (y,|f) Takke GyHKUHMA yMEpPeHHOro PocTa; TaKHM o6GpasoM, (yHk-
uus [ 6eckoneuro AP depenupyema (npennoxedne 5). O6paTHoe OueBHIHO.

4. Lenrparvnwe ¢pynxyuu na G u pynxcyuu na T

OG6o3Hauum yepe3 ¥ (G) IPOCTPAHCTBO KOMIVIEKCHBIX HENPEPLIBHBIX (yH-
KIHH Ha G, a yepes ¥ * (G) — NOANPOCTPAHCTBO GeCKOHEuHO AHpdeperuupy-
eMbiX ¢yHkiud. Torda HMeer MecTo NOC/eAOBATEIbHOCTb BKJIOYCHHH

8 (G)= # ™ (G) =% (G)=L*(G).
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OG6o3HauuM cooTeTcTBeHHO uepe3 Z08 (G), Z€ “(G), Z# (G), ZL* (G) noanpo-
CTPaHCTBA, COCTOsIIIHE H3 LEHTPa/bHBIX (YHKUHHA B 3THX NPOCTPAHCTBAaX.
Ananoruuno seenem npoctpanctsa 8 (T), € © (T), € (T) u L*(T). das ao6oro
npoctpaHcTea E H3 3TOro Ha6opa 0603HAUHM uepes EY (coors. E~ %) nox-
NPOCTPAHCTBO, COCTOsILiee H3 HHBAPHAHTHBIX (COOTB. AHTHHHBAPHAHTHbBIX)
3J1eMEHTOB OTHOCHTEJBHO aeficTBusi rpynnnl W. Mmeem xommyraTuBHYIO AH-
arpamMmy

2% — ()"
7%~ (G)—=>7 > (T)¥
78 (G) — o ()"

Te BepTHKANbHbIE CTPEJIKH 0603HAYAIOT KAHOHHUECKHE BJIOXEHHS, a 0To6pa-
KEHHS Qc, Ao, Gg NOPOMKICHBI OTOGPaXKeHHeM orpaHuyenus Ha F (G) B € (7).

Oro6paxcenss a., a,, ag Ouextusnor (§ 2, n° 5, cneactsde | npensoxe-
HHA 5,§ 8, n° 3, cnencTeHe npemioXKeHus 5, H§ 7, n° 3, cencTBHE MpefnOKe-
HHUA 2). !

[Mpennosioxum Tenepn, 4TO NOAYCYMMA p NOJOXKHTENbHBIX KOPHEH MpHHAL-
nexut X (T), u paccMoTpuM oToGpaxeHHe b, KOTOpoe KaXKAO# HenpepbiBHOM
¢yHguud ¢ Ha T craBHuT B cooTBercTBHe ¢.J (p). MMeeT MecTo KOMMyTaTHBHAsR
aHarpamma

ZL*(G) = LA(n~-%
ze}(o) s @ ()Y —2> 7(})—"’
7%= (G) I>g = (Nl = (1)~Y
— ZGT(G) o, oY 25 61"

rie BepTHKaJbHbIE CTPEJKH 0603HAYAIOT KAHOHHUECKHE BJIOXKeHHs], 0ToGpaxe-
Hus b, b, bg MOpOXaeHH OTOGpaXeHHeM b, a OTOGpaXKeHHe u NpOLOAXKaeT
b.oa; no HenpepwBHOCTH (§ 7, n° 4, caencrsue 3 teopemnbl 2). Otobpakenus
uu bg 6uexrusnol (Tam xe); b, TakKe 6uekTusno (ynpaxkHense 5); Hampo-
THB, b, B ofllem ciayuae He CIOPHEKTHBHO (yrnpakHeHHe 6).

§ 9. JleficrBua koMnakTHuIX rpynn JIu Ha mMHOroo6pasusax

B srom napazpage uepes X 0603Ha4QeTCA AOKAALHO KOHE4HOMEPHOE
ordeaumoe seujecTsennoe mroeoobpasue kracca C (1< r< ).
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1. Mozpyscenue mno2006pasus 8 OKPECTHOCTU KOMNAKTHOZO NOOMHO-
aecraa

JIemmal. Mycre T u T’ — dsa ronosoeuueckux npocrpancréa, A u A’ —
KOMNAKTHOle noomuoxcectsa coorgercraenno 8 T u T u W — okpectnocts
muomecrea AX A’ 8 T X T'. Cywecteyior orkpoiras okpectHocts U mHoxcecTt-
sa A 8 T u orkpoiras okpecrnocrs U’ mnoxmcecrsa A’ 8 T/, rakue, uto U X
XU cw.

ITyctb x = A; cymecTByIOT Takue oTKpbiThie MHOXecTBa U, BT u U, B T,
uto (x} X A’ < U, X Uy W: geHcTBUTENBHO, KOMITAKTHOE NMOJMHOXKECTBO {x} X
X A”B T X T’ MOXHO NOKPBITH KOHEUHBIM YHCJIOM OTKPBITHIX MHOXECTB, COfED-
skamuxcss B W, Buga U; X U}, rae xeU;; Tenepbh JOCTaTOYHO INOJIOXKHTb
4 ’
U=(lU,u U= U.
i i
[TockoabKy A KOMNIAKTHO, TO CYLHECTBYIOT TaKHe TOYKH Xy, ..., Xm B A, 4TO
’
Ac |/ U,; nonoxum U= U Ugn U= N U,. Torna AXA'cUXU' =
i i i

c W, 4ro 3aBepiuaeTr JAO0Ka3aTe/bCTBO JIEMMBI.
Ha nporskenun storo naparpagda uepes Y o6o3nayaerca OTaeMmMmoe
MHoroo6pasue knacca C'.

IMeegnoxenue 1. Hycre @:X — Y — mopdusm kanacca C’ u A — kox-
naktHoe nodmnoxcectso 8 X. Caedyowe Yycaos8un 3K6UBANEHTHLL:

(i) Oepanuuenue ¢ Ha A UHBEKTUBHO U @ — UMMEPCUR 60 8CEX TOUKAX
muoxcecrea A;

(ii) cywecrsyer orkpouiran okpecrrocts U muomecrsa A, Takas, 4ro @
undyyupyer nozpyacenue okpectrocru U a8 Y.

Eciu 3TH yCioBUSI BBINOJIHEHB, TO TOBOPAT, MTO @ €CTb NOZ2PYMeEHUe
8 OKpecTHOCTU nodmuoxecrsa A.

Jlokaxewm, uto (i) Baeuer 3a coGo#t (ii); oOpaTHOe yTBEPXKAECHHE OUEBH]-
Ho. Ilycrs (i) BHINOHEHO; TOTAa CyECTBYeT OTKPbiTOe MHOXKecTBO V B X,
colepxamiee A H Takoe, U4To orpaHuueHHe ¢ Ha V ecTb ummepcusa (Mx.,
Cs. pes., 5.7.1). O6o3nauum uepe3 I' Takoe MHOXKeCTBO Touek (X, y) B VXV,
uto @ (x)=¢ (y), n nycTs A — nuaronanb B VX V. Torga A — oTKpBITOE NOA-
muoxkectBo B I': geficTBuTenbHO, 4214 Noboro x =V cymecTByeT OKPeCTHOCTh
U, ToukH x, Takas, yro orpanuuenne ¢ Ha U, uubekTuBHO, T. 6. (U X Uy)=
=AN (UeX Uy).

IMockonbKy Y oraennmo, MuoxectBo I' 3amkuyTo B V X V; clienoBarenbHo,
ponoaHenne W mHoxectBa I'- A B V X V otkpuiTo. CorsiacHo npeanosoKeHHio,
W cogepxut A X A; u3 nemMbl | cieyeT, YTO CyIECTBYET OTKPHITOE MHOXKECT-
Bo U’ B V, conepxamee A u takoe, uto U’ X U’ W, 1. e. TaKoe, 4TO Orpannye-
Hue ¢ Ha U’ unbekruBHO. KpoMe Toro, cymecTByeT OTKpbiTasi OKPeCTHOCTh
U mHoxecrBa A, Takas, uTo ee 3amblKaHue cofepxurca B U’ (O6w. ron.,
1968, ra. 1, § 9, n° 7, npensioxenne 10). Toraa ¢ unAyuHpyeT roMeoMoOppu3M
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u3 U na ¢ (U) u, cnenosarennHo, us U Ha ¢ (U), 0TkyAa BHITEKAET, 4TO OTPaHH-
yenue ¢ ua U ecTh norpyxenue (Mn., Cs. pes., 5.8.3).

IMeeanoxenue 2. lTpednoaoscum, 410 muozoobpasue Y napakomnaxTHo.
Mycro A — nodunomecrso 6 X, u nycre ¢: X > Y — mopgpusm kaacca C',
aadarouuii 2omeomoppuam uz A na @ (A) u 3TaLbHOLE B0 BCEX TOUKAX MHOKECT-
8a A. Toeda cywecrayer Takas orkpeiran okpectnocte U mnooectea A, uro @
sadaer uzomoppuszm mnoxecrea U na orkpviroe nodmnozoobpasue 6 Y.

YMenburas B cayuae neo6xomuMoctd X u Y, MOXKHO mpepmosaaraTth, 4TO
MopdusM ¢ 3TajeH H ciopbekTuBeH. O603HauuM yepes o¢: ¢ (A) > A romeo-
" MopduaM, obpatblii kK ¢|A. [Tockoabky MHOrooGpasue ¥ merpusyemo (M.,
Ca. pes., 5.1.6), ¢ (A) nonyckaer QyHHaMeHTANbHYIO CHCTEMY NapaKOMMNAaKT-
HBIX OKpecTHOCTel; Toraa, coraacHo Top. gen., chap. X1, cymecTByiOT OTKpH-
Tasi OKpecTHOCTb V MHOXKecTBa ¢ (A) B Y 1 HenpepoiBHOE 0TOGpaXceHHe §: V —
— X, coBnapamoiee ¢ ¢ Ha ¢ (4), Takue, uto @ (5 (y))=y AasA moboro y&
V. Kpome T0ro, oto6pa)eHue § TONOJOIHYECKH ITANBHO; CJAEeN0BATEILHO,
s (V) aBnserca oTkphiTeiM MHOXKecTBOM U, cosepxamum A. Toraa ¢ sanaer
romeoMop¢uam ¢’ u3 U na V. Cornacuo Mn., Ce. pes., 5.7.8, ¢’ — uszomop-

Ppusm.
Ha nporsxennu storo myHkra 6yaeM MpeAloJararb, 4To 7# ®.

Ileeanoxenne3. ITycte A — KomnakTHoe nodmnosicecrso 8 X. Mnoscecreo
P moppusmos o= €' (X; Y), 2628I0UUXCA NOZPYHCERUAMU 6 OKPECTHOCTU
nodmnoxcectea A, orkpoiro 8 €' (X; Y) 8 ronoaozuu komnaxrroii C'-cxodumo-
cru (§ 6, n°4).

'OueBHIHO, YTO MpPEJIOKEHHE AOCTATOYHO AOKa3aTh s r==1.

a) ITokaxem crHauasga, yto nmoamuoxectso J B €' (X; Y), cocTosuee u3s
MOp(HU3MOB, ABISIOWMXCA HMMEPCHAMH BO BCEX TOUKAX MHOKecTBa A, OTKpH-
10. Paccmotpum otoGpaxenne ju: €' (X; Y)XA —J'(X, Y), Takoe, uro
ja (@, X)=ji(9) (Mn., Ca. pes., 12.1). }

IMo onpenenennio Tononorsy B €' (X; Y) orobpaxenne j, 5 ¢+ j,(9,.) u3
#'(X; Y)B € (A;]' (X, Y)) HenpepbiBHO; TOrAa H3 O6uy. Ton., rn. X, § 3,n° 4,
Teopema 3, clenyeT, UYTO OTOGpaKEHHE j, HelpepHBHO.

C apyro#t cTopoHsl, nycTb M — MHOXecTBO cTpyil j ua J' (X, Y), ans Koto-
puix KacatenbHoe oro6paxenue T (j): Tq()(X) > Ty (Y) (Mn., Cs. pea.,
12.3.4) unnexktupio. Muoxectso M otkpuito B J' (X, Y): meficTBHTeABHO,
[IOCTAaTOYHO NPOBEPHTH 3TO YTBEPXKAEHHE [/ cayuasl, KOTAa X — OTKphiToe
TOAMHOXECTBO KOHEYHOMEPHOTO BEKTOPHOro npocTpanctsa E, a Y — oTkphi-
Toe MOAMHOXecTBO 6aHaxopa npoctpanctea F, 1. e. (M., Ca. pes., 12.3.1)
LOKa3aTb, YTO MHOXECTBO HHBEKTHBHHIX HENPEPbIBHBIX JHHEHHBIX OTOGparke-
unii otkpbito B Z (E, F), a 3710 caeayet ua npennoxenns 16 us Th. spec., chap.
111, § 2, n° 7.

Ma cKkasaHHOro BHIE BLITEKAeT, YTO MHOXECTBO j; ' (M) OTKpmTO
B Z! (X; V)X A; cTano 6uith, ero gonoinenue Faamkayro. [lockoabky A KoM-
NaKTHO, NPOEKIHS Pry: X NXA>F ! (X; Y) aBasieTcsi cOGCTBEHHLIM H,
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c/eoBaTesibHO, 3aMKHYTHIM MopduaMom. Toraa mHOXKecTBo J, coBnajawoee
¢ @' (X; Y) -pr, (%), otkpriTOo B ¥ (X; Y).

6) IMycts H — noamuoxkecTBo B J X A X A, cocTosillee A3 TAKHX 3JeMEH-
T0B (f, X, y), uro f (x)=F (y). HAcHo, uto H comepxut JXA, rae A oGozHayaer
JAHaroHaJb B npoH3BeneHHH A X A. [Nokaxkem, 4to mHoxectBo H’ =H-(J X A)
3axknyro B J )X A X A. Tak kak & ectb fonondenHe B J K 06pa3y MHOXKeCTBa
H’ npu co6erBeHHol npoekuuH pri: JXAXA — J, 10 oTciofla 6yfer cieno-
BaTh JOKa3nBaeMoe [pel10xKeHue,

Tonoaorus B #' (X; Y) ToHbLIE TONOAOrUH KOMIAKTHOH CXOAHMOCTH; IO-
aroMy orto6paxenne (¢, x)@(x) uz Z'(X;Y)XA B Y HenpepusHO
(O6uw. ron., ra. X, § 3, n° 4, crencteue 1); orciofa nonydaem, uto H 3aMkHyTO
‘B JXXAXA. TeM caMbiM JOCTaTO4HO NMOKa3aThb, 4T0 J X A orKpnTOo B H HIH,
JAPYrHMH C10BaMH, 4TO A/l J11060r0 ¢ J 1 n06oro x A CymecTByloT OKpec-
THOCTb Q Toukd @ B J H OKpecTHOCTb B ToukH x B X, TakHe, UTO J/1s J1060ro
MopdHama P H3 Q orpaHuuedde § Ha A(\B unwvekrusno.

Takum o6pa3om, mpeisioxeHHe BHTEKAaeT H3 clefyloued JeMMb:

JIemma 2. ITycre x — rouku mnozoobpasun X u ¢: X - Y — mopuss
kaacca C', agaaowuiica ummepcuett 8 Touxe x. CyuyecTsyioT OKPecTHOCTs Q
rouxu ¢ 8 €' (X, Y) u oxpecrnocre B rouxu x 6 X, raxue, uto 0as awbozo
Pe=Q oepanuqenue ¢y Ha B unwvexrusno.

IMycts U — OTHOCHTEIBHO KOMMAKTHASA OTKPHITAasi OKPECTHOCTb TOUKH X,
H30MOp(Has KOHEUHOMEPHOMY BEKTOPHOMY NpOCTpaHcTBy  Takas, uto ¢ (U)
conepx(m-ca B o6nacTu onpefeneHus Kaprl V. MuoxectBo o mopduamos
Ye?' (X;Y), Takux, uro ¢y (U)cV, orkpuro 8 F' (X; Y), a oto6paxente
orpanuuenus Qo — #' (U; V) HenpepblBHO; TeM caMblM Mbl CBEJIH JOKA3aTeNb-
c¢TBO JeMMH K cayualo X=U u Y=V, 1. e. ¢ caMOro HauaJa MOKHO NpeAmo.,a-
rath, 4To X — KOHEUYHOMEPHOE BeKTOPHOe NMPOCTPaHCTBO, a Y — GaHaxoBO
npocrtpatnctBo. Bri6epem HopMbl B mpoctpaHcrBax X u Y.

Jluueitnoe oro6paxenue D (x): X — ¥ UHBEKTUBHO; MyCTh g — €ro ko-
nopma (Th. spec., chap. III, § 2, n°6). Torna no ompefesieHHIO KOHOPMHI
| D (x).t|| Zq It ans nw6oro te=X. IMycts e R TakoBo, uro 0 <<e<<q/2,
H OycTb B — Tako# 3aMKHYTHIH wIap c HeHTpoM B x, uto || Dg (u)— Do (x)|| < &
st mo6oro 4 < B. O6o3HauuM uepes Q noamaoxectso B F' (X; Y), cocron-
mee U3 Takux Moppu3moB ¢, uro | Dy (u)— D¢ (u)|| <e ans ao6oro usB,
OHO OTKPHTO NO ONpeAeNeHHI0 Tonoaorud B €' (X; ¥). das ¢y Q nonoxum
Yo=Y — Do (x). Umeem | Do (#)|| < 2e ana aoboro LB, H, cTano 6uTh,
[|Po () = o (v)|| < 2¢||lu—v|| ans NpOH3BOJABHNX 4 H v U3 B (Mn., Cs. pes.,
2.2.3). Orciona noayuaem

¥ (@) — % () = 1 D@ (x). (4 — o)l — lIpo (4)— o (V)| =(¢ —2e)llu—vl|.
CiefloBaTenbHO, OrpaHHYeHHe P Ha B UHDBEKTHBHO, H JeMMa AOKa3aHa.

Ilpeanoxenue 4. Mycre A — xomnakxrroe nodmnoxcecrao 8 X. Cywecray-
10T KOHeuHOMepHOe BeKToproe npocTpancTeo E u moppusm o =€’ (X; E) (r+#
F= W), ABAAIOUUUCA NOZPYIEHUCM 8 OKPECTHOCTU NnOOMHONECTea A.
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Mycts (Ui, @i, Ei);c; — KOHEUHO® ceMeHCTBO TaKHX KapT Ha X, UYTO HX
o6nactu onpegesieHust HOKPbIBalOT A. M0OXKHO NPOAONIKUTH ¢; A0 OTOGP aXKeHust
u3 X B E; (Takke o6o3HauaeMoro uepes ¢), moaaraf ¢; (x)=0 mis xe
¢ U;. Ilycrb (Vi);e; — NOKPHITHE MHOXKECTBA A OTKPRHITBIMU MHOMXECTBaMH U3
X, takumu, uto V,cU; pas Beex il (cymecTBoBaHHe TAaKOTO HOKPHITHS
BHTeKaer u3 cnefctsus 1 ua Top. gen., chap. IX, p. 48 1), npuMeHEHHOrO K KOM-
NAaKTHOMY npocTpaHcTBy X/, monydyeHHOMY H3 X npHcoefHHeHHeM GecKOHEYHO
yaaJaeHHOH TOYKH, H K HOKPBITHIO HPOCTPAHCTBA X’ OTKPLITHIMH MHOMKECTBaMU
Ui (iel) u X'-A). Ina mo6oro il myctb a; — uuciopass yHkuus Ha
X knacca C', papHas | Bo Bcex ToUkax MHOXKecTBa V; M ¢ HocuTeJeM, COAepKa-
muMcsa B U; (Mn., Cs. pes., 5.3.6).

Paccmotpum otobpaxenne : X - @ (E,® R), onpenensiemoe gpopmyanoil

iel

@ (1) =(a; (¥) ¢, (x), @, (x)) iel

Jast mo6oro i < [ otoGpaxenne a; ¢ NIpHHALJIEXKHT Kiaaccy C™ (HOCKOJbKY €ro
orpaHvveHus Ha V; ¥ Ha JONOJHEHHe K HOCHTeNTIO o; IpHHaAJexuT knaccy C),
a ero orpanuueHue Ha V; ecTb morpyxkenue. Orcioja ciaepyer, uto ¢ — MOp-
¢busm ki1acca C’, apasiowuiics nMMepcuelt Bo Bcex Toukax MHoxkectsa A. Io-
Ka)keM, uto orpaHu4eHHe ¢ Ha A uHBEKTHBHO. [1ycTh X, y — Takue ABE TOUKH
u3 A, uro ¢ (x)=¢(y), 4 nyctb i</ — TaKOH HHAEKC, A KOTOPOrO X €&
e V. Toraa a; (x)=1, u, crano 6eite, o; (y)=1, 4To BJIeuer 3a coboii y=U;;
HO, KPOME TOro, @ (X)=q: (y), OTKyAa x=y BBHAY TOrO, 4TO (i HHAYyLHUDYET
norpyxenue mHoxectsa U; B E. '
MoxHO f0Ka3aTh 2), uro Jio60oe OTAeNUMOE CYeTHOe B 6€CKOHEYHOCTH YHCTOE
MHOroo6pa3sue PasMepHOCTH 7 MOXHO NMOrpysuth B R2", Menee cHAbLHMI peaynnTaT
CM. B yNPa)KHeHHH 2.

2. Teopema 06 3K8UBAPUAHTHOM NOZpYNCEHUU
B 3ToM mynkTe npemmnosaraercs, 4TO r# ©.

JIEMMAZ. ITycre G — KomnakTnas Tonosozuueckas zpynna, Henpepuieno
OelicTeyrouian Ha Tonosozudeckom npocrpanctse X, A — nodmnoocecrso g X,
ycroiuusoe ornocuresvuo G, u W — okpecrnocte nodmnoxcecrea A. Tozda
cyugecTayer OTKPLITAR OKPecTHOCTo V nodmnoxcecraa A, ycrolivusan oTHOCU-
reavno G u codepxcawanca 8 W.

Mosoxum F=X-W Y u V=X-GF. Toraa MHOxecTBO V OTKPHTO
(O6wy. ron., 1969, ra. 1, § 4, n° 1, cneacteue 1), ycToliuuso oTHOCHTENbHO G
HAcCVcW.

Teopema 1. ITycte G — Komnaxrnasa zpynna Ju, (g, x)r> gx — 3aKon
128020 deiicTaun kaacca C" epynnve G na X u A — Komnakr Hoe noGmnoxecTeo

1) Cm. takxke O6uw. ton., 1975, ra. IX, § 4, n° 3.— Ipuxs. nepes.

2) Cm. Whitney H. The self-intersection of a smooth n-manifold in 2nr-space.
Ann. of Math., v. 45, 1944, p. 220—246.

3) W — BuyrpennocTb MHOXKecTBa W, cM. O6uy. Ton., 1968, ra. 1,§ 1, n° 6.— Mpun.
nepes.
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8 X. CywecreyroT anasutudeckoe aunelinoe npedcrasaenue p epynnot G 8 Ko-
HeunomepHoM sexTopHOoM npocTpakncTee E, mopgusm ¢: X — E kaacca C',
cozaacosannbil ¢ deiicrauenm epynnot G, u oTkpoiran okpectrhocte U nodmno-
aecrea A, ycroiluusan oTHOCUTEAbHO OelicTeus epynnot G, Takue, 4To 02 panu-
uenue ¢ na U ecro noepyxcenue,

3aMeHss1 A Ha KOMIaKTHoe OAMHOXecTBO GA, MBI IPHXOAUM K CJYy4aio,
Korga A ycToHYHBO OTHOCHTENBHO G.

Mycts E¢ — TaKoe KOHeYHOMepHOe BEKTOPHOE NPOCTPaHCTBO, YTO CYLIEC-
TByeT 9jeMmeHT U3 €' (X; Eg), ABAAOWMACA NOTPYKEHHEM B OKPECTHOCTH
MHozxecTBa A (n° 1, npeanoxenHe 4); TOraa MHOXeCTBO & MOp(HH3MOB, 06Ja-
LaOIUX 9THM CBOHCTBOM, OTKPBITO H HenycTo B ¥’ (X; Eo) (n° 1, npennoxe-
Hue 3). PaccMoTpuM HempepbiBHOe JiMHeHHOe mpe/icTaBieHHe KOMIAKTHOH
rpynns G B npoctpancTse €’ (X; Eo) (§ 6, n° 4, nemma 4). CorstacHo teopeme
Merepa — Beiisn (Th. spec.), o6beiHHeHHe KOHEYHOMEPHBIX IOAMPO-
CTPaHCTB, YCTOHUYMBHIX OTHOCUTEABHO G, MioTHO B ¥ (X; Eo). Torga cymec-
TBYeT TaKOH 3JEMEHT @p M3 P, uTo OTO6paKeHus x> @q(gx) AIA Bcex
g=G nopoxkIalOT KOHEHYHOMEpHOe BeKTOpHoe mnoAnpocTpaHeTso £
B €’ (X; Eo), KoTOpO€ 04eBUIHBIM 06Pa30M YCTOHYHBO OTHOCHTENIBHO AelicTBUSA
rpynnsr G. .

Bo3emem B kauyectBe E mpocTtpanctBo Homy (E), Eg), B KauecTse g
npeacrasjenue rpynnel G B npoctpaHctBe E, HHAYLHMPOBAHHOe neHcTBHEM
G Ha E,, u B KauectBe ¢: X — E orobpaxenue, KOTOpoe TOuKe ¥ € X CTaBUT
B COOTBeTCTBHE JIMHeHHoe oToGpaxeHue Y > P (x) 3 E| B Eg. 9T0 MopusM
Kiacca C'; mia x=X, g= G 1 yEE;

¢ (gx) () =1 (gx) = (x) (Yo7 (&) =(p () @ (x)) (),

rae yepe3 t(g) o6o3HauaeTcss aBTOMOPOU3M x> gx NPOCTPAHCTBA X.

Mycte a: Homg(E\, Eo)— E¢ — nunefinoe orobpaxeHnue u i u (o),
TOr4a o= @g, TAK YTO ¢ — MOTPyKEHUE B OKPECTHOCTH MHOKecTBa A BBHAY
TOro, uto oToOpaxeHue @o o6nanaer 3TuM cBoiictBoM. TakuM o6pa3som, CY-.
IeCTBYeT TaKasi OTKphiTash OKpecTHOCTb U MHOKecTBa A, YTO orpaHuueHue ¢
Ha U ecTb morpy:xeHue; Kpome TOro, COrJiacHo JieMMe 3, OKpecTHOCTh U MOxHO
Bh6paTh YCTOHUMBOH OTHOCHTENbHO AeHcTBHSA rpynnbl G, yTO H 3aBepluaeT
JlI0Ka3aTe/IbCTBO TEOpEMBI.

Caeacreue 1. [Ipednosoncun, uro X Komnaxrro. CyusecTeyior anasuruye-
cKoe aunelinoe npedcrasaernue p epynnot G 8 KOHEYHOMEPHOM BEKTOPDHOM
npoctpanctsee E u noepysxcenue ¢: X — E, Takue, uro ¢ (gx)=p (g) ¢ (x) Gan
g6, xeX.

Caeacreue2. ITycte H — samknyraa nodzpynna 8 G. Cywecrsyror ana-
aAuTuseckoe aunelinoe npedcrasaenue epynnst JIu G 8 KOReHHOMEPHOM BEKTOD-
HoM npocTpanctee E u Touka ve E, crabususarop koropoii coenadaer ¢ H.

Mpumenum caeicTsHe 1 K KaHOHHYeckoMy aelicrBuio rpynnbl Jiu G Ha
KOMMakrHOM MHoroo6pasuu G/H. Toraa Mbl MOMyYHM aHAJHTHYECKOE JHHeH-
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Hoe mpexnctaBiense p: G — GL (E) u takoe norpyxenue ¢: G/H — E, uto
o (gx)=p (@) ¢ x) m1n g G, x& G/H. llyctb e G/H — kaacc snementa
e=G un v=yg(e) — ero o6pas. las moGoro g=G

p@)v=uvg(g)=¢(e) v ge=ewg=H.

Caencreue 3. llpednososcum, 4o npocrpancteéo X napaxomnaxrso. Cy-
wecreyloT sewiecTaentoe 2uavbeproso npocrpancreo E, nenpepoisnoe
yruraproe ') npedcrasaenue p epynnet J1u G 8 npocrparnctse E u nozpyscenue
@: X - E kracca C', rakue, 410 ¢ (gx)=p (g) ¢ (x) A5 a06020 g < G u 21060-
20 xeX.

IMpocrpanctso X/G nokansHo koMnaktHo (O6uy. Ton., 1969, ra. 111, § 4,
n° 5, npeanoxenne 11). Ero cBs3Hble KOMNOHEHTH CyTb O6Gpa3bl CBSI3HRIX
KOMIIOHEHT NPOCTPaHCTBA X, KOTOpble ABJSIOTCA MPOCTPAHCTBAMH, CHETHBIMY
B GeckoneyHoct (O6w. rTon., 1968, ra. I, § 9, n°® 10, Teopema 5); caemoBa-
TeJBbHO, H CAMH OHH CUETHBl B GeCKOHEYHOCTH, YTO BJedyeT 3a coGoit napakom-
naktHoctb X/G (ram se). Crano GBITb, CYIIECTBYIOT JIOKAJbHO KOHEUHOE
nokpurre (U?%), o ;npocTpanctda X /G OTKPHTHIME OTHOCHATEABHO KOMIIAKTHBI-
MH MHOXeCTBaMu H Takoe nokpbitae (V/ ), <p 4o Vi Ul mast noboro ae
&1 (Top. gen., chap. IX, p. 48, cor. 1 2)); Torna ana npooGpasa X nonyyaem
JBa J0KanbHO KOHEUHBX NOKPHTHSA (U ), < H (V )y < OTKPBHITHIMH OTHOCHTEJIb-
MO KOMNAKTHBIMH YCTOAUHBBIMH OTHOCHTENBHO G MHOXECTBaMH, TAKHMH, YTO
Ve Uy nas ao6oro ael.

Jas qo6oro a1 cymecTByioT NpeACTaBAEHHE P, TPynnbl G B KOHEYHO-
MEpHOM BEIUECTBEHHOM BEKTOPHOM mnpocTpaHcTBe £, H MOpPHIM .
e &' (X, E,), cornacoBaHubi#i ¢ fedcTBueM rpynnel G H TaKko#, YTO €ro OrpaHu-
yenne Ha U, ecTb nmorpyxeune (teopeMa 1). [last moboro ae/ nycTb Go —
yucnoBas ¢yHkuus Ha X kaacca C', paBHas | Ha V, 1 0 BHe U, (Mn., Cs. pes.,
5.3.6). Iloaoxum b, (x)=S a, (gx)dg nas xe= X. ®yukunus b, ecTb PyHKUHS

G

kaacca C’, ynBapuaHutHasa otHocutesbHo G (§ 6, m° 4, ciexcTBHe 2), paBHas
1 na V, u 0 Bue U,. CHaGnuM kaxnoe E, ranb6epToBbHM CKasl APHBIM NPOU3Be-
JEeHHEM, HHBApHAaHTHHM oTHocutesbHo G (§ I, m° 1), a R KaHoHHuecko#
ruabGepToBoit crpykrypoid. Ilycte E — npocTpancTBo, fiBJASIONICECH THAbGED-
ToBO# cymMolt ceMeiictBa (E.PR), o, H NycTh p — NpeACTaBICHHE TPyl
G B E, nonyyeHHOe M3 NMpenCTaBjJeHHil pe H TPHBHAJILHOrO AeHCTBHS TPYNITbl
G ua R. Ias moboro x& X nonaoxum ¢ (x)=(bq (¥) a (%), be (¥)q=, Toraa
@ — moppuam knacca C" u3 X B E, coracoBamublit ¢ geilcTBHEM TPyNMbl
G. AHaJlOrnyHO TOMY, KaK 3TO GHLIO CHENaHO B JOKA3aTeJbCTBe NPeaaoXKeHHs
4 (n° 1), npoBepsieTcs, 4TO ¢ €CTh NOrPyKeHHe. ITO H 3aBepLUIAET NOKA3aTeb-
CTBO CJENCTBHS.

1) To ectb (Th. spec.) nenpepoisHoe nHHeliHoe npeacTaBneHHe (H ureep., ra. VIII,
§ 2, n° 1), Takoe, yTo onepatophl p (g) yHHTapHb AAst Beex g G.
2) Cm. Takxke O6w. ron., 1975, ra. 1X, § 4, n° 3.— IIpun. nepes.
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3. Tpybru u TPAHCEEPCAAU

JIemma 4. MMycre H — xomnaxrras epynna Jlu, p: H - GL (V) — ee He-
npepsieroe (a 3HA4UT, GHAAUTU4YECKOE) npedCTaBAeHUEe 8 KOHE4HOMEPHOM
8ewyeCT8eHHOM BEKTOPHOM npocTpatcTae 4 W — okpecTHOCTb Hauara koopdu-
nar 8 V. CyweCTayr0T OTKPLITAA OKPECTHOCTL HA4aAQ Koopdunar B, codepia-
waaca e W u ycrotiuuean ornocureavno H, u anarutuveckul uzomoppuam u:
V = B, coeracosannbui ¢ Odedcrauem H u rtakod, uro u(0)=0 u
Du (0)=1d,.

BriGepem ckaaspHoe npoH3BeleHHe Ha V, HHBApHAHTHOE OTHOCHTEbHO
H (§ 1, n° 1). CywecrByer Takoe BeniecTBeHHOe YHCIO r >0, YTO OTKPHITHIA
miap B paauyca r cogepxurcsa B W; o4eBHAHO, YTO 3TOT LIAP YCTOHYHB OTHOCH-
reapho H. Jina awoboro ves V nonoxum u (v)=r (r’+ ||v||%)~'%v; Toraa u —
GueKTHBHOE aHaNHTHYecKoe oTobpaxeHue U3 V B B, coracoBaHHOe C IeHCTBH -
em rpynnu H, a ob6patHoe K Hemy orobGpaxkenue w > r (r’—w]?) ™" *w
anaautuuno. M, Goaee toro, u (0)=0, a Du (0)=I1d,.

Tleeanoxenue 5. Mycre H — xkomnakrnas epynna Ju, (b, x)—> hx —
3aKow aegoeo delicteun kaacca C" epynnot H va X u x — Touka a X, nenodsuc-
Haa oTHocuTeabHo delicteus 2pynnot H. Tozda epynna H dedcrayer aunelinsi-
Mu npeobpasosanunmu Ha sexroprom npoctpancrae T=T, (X), u cywecrsyer
orkpsiroe nozpyscenue ¢. T — X kaacca C', coeracosannoe c¢ delicTeuem
epynnot H u taxoe, uro ¢ (0)=1x, a To (¢) ecTs Toxmdecraennoe orobpascenue
npocrpancrea T.

Ilycts (U, ¢, E) — rakas kapra Ha X B x, uto o6aactb U ycTofiuuBa OTHO-
cureabro H (n° 2, nemma 3) u uro ¢ (x)=0. Oroxaectsum £ ¢ T npu noMoiH
T, () 1 noaoxKHM

P (y)=§/ hp(h~'y) dh nna yeU,

rie dh ectb Mepa Xaapa Ha H c noaHo#t maccoit I.

Toraa (§ 6, n°4, caeacrsue 1) $¥* — moppuam knacca C" us U B T,
cornacoBaHubifi ¢ aeiictBueM H u takoil, uro v¥ (x)=0, a 4, p¥=1d,.
Crano 6HTb, CyuecTBYIOT OTKpHTOoe MHOXKectBo U’ U, comepxkaiuee x,
U OTKPHTas OKpecTHOCTb V Touku 0 B T, Takue, uro p* uuaynupyer usomop-
¢usm 0: U’ — V. ¥Ymenobu1as B c1yuae HeoG6xogumoct U’ M V, MOXKHO nipeano-
Jarartb, YTO OHH YCTOHYHBH OTHOCHTENbHO H H uTO CyulecTByeT H30MOPHHIM
u: T —V, cornacosannntii ¢ aeficreuem rpynnst H (nemma 4). Takum o6pa-
30M, JOCTATOYHO B3ATb =0 'ou,

Hanomuum (M=., Cs. pes., 6.5.1), uro ecin G — rpynna Jlu, H — noa-
rpynna JIu B G u Y — muorooGpasue, Ha Koropou rpynna H aefictsyer caesa,
10 uepes GXYY o6osnmauaercs ¢akropmMHOrooGpasHe mpOH3BelEHHS
mHoroo6pasuit G X Y no npasomy neiicteuo (g, y), ) (gh, h~' y) rpynnu
H; 30 MmHOTOOGpa3He, Ha Koropom rpynna JIu G aefcTByeT cpaBa ecrecTBeH-
HEM 06pasom; npoekuua G X ¥Y—G/H spnsercs paccioennem co caoem Y.
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Kpome Toro, ecau ¥ — kKoHeyHOMepHOe BEKTOPHOE TIPOCTPAHCTBO, HA KOTOPOM
rpynna H pefictyer annefiubiMu npeoGpasopaunsimu, To G XY naneneno
€CTeCTBEHHOH CTPYKTypol BekTopHoro G-pacciaoenusi ¢ 6asoit G/H (Mn.,
Ce. pes., 7.10.2).

Ilyete G — rpynna JlIu, cobcraenno ') peficTByiouiasi Ha MHorooGpasun X
(O6wy. Ton., 1969, ra. 111, § 4, n° 1, onpeaenenne 1) Tak, uTO 3aKOH AecCT-
BHs (g, x) > gx npunagiexut kaaccy C'. Toraa gns nio6o# Touku x U3 X op-
6ura Gx TOUKM X — 3aMKHYTOe HOAMHOrooGpasHe B X, H3oMopdHOE OZHO-
poanoMy npocTpaHcTBy JIu G/G,., rae G, — cTaGuAH3aTOp TOUKH X B
G (cm.ra. ITL, § 1, n° 7, npepnoxenue 14 (i), n O6w. ron., 1969, ra. 111, § 4,

'n°2, npepiioxenye 4), sipjsiiomiMiica KoMnakrtuo#d rpynnoit Jlu (ram xe).

IrEnnoxenuE 6. ITpednosomun, 4o mHozo06pasue X napaxomnaxTHo.
IMycre x — Touxa 8 X u G, — ee crabuausarop. CyuiecTeyr0T KOREUHOMEPHOE
aHaaruTuyeckoe aurelinoe npedcrasaenue t. G, — GL (W) u orkpwroe no-*

epyxenue a: GX *W —> X kaacca C’, nepecranogounoe ¢ -OelicTeuem
epynne. G u orobpaxarouee Kaacc asementa (e, 0y G X W 8 rouxy x.

IMonoxkum T=T,(X). [lycte W — nomnpoctpauctso B T, ycrofiunsoe
OTHOCHTENbHO AeficTBHA G, H JONOJHHTENbHOE K noanpoctpaHcTBy T, (Gx)
B T (uanpumep, optoroHanbHoe nonoaxenue K T, (Gx) oTHocHTenbHO G,-HHBA-
pHaHTHOTO ckansipHoro npoussesenss Ha T). C apyro#t ctoponsl, nycTsb @ T —
— X — mopbu3M, o6nafaoniHi cBOACTBAMH H3 YCIOBHY NpejjioxXeHus 5 (or-
HocHTesbHO H = G,). PaccmorpuM MopdusMm A: G X W — X, onpenensieMbift
¢dopmynon A (g, w)==g¢ (w). On uupLynupyeT npH nepexoje K GakTOpMHOro-

o6pasusim MopdpusM p: GX *W — X kaacca C’, nepecTaHOBOUHHIA ¢ gefi-
cTBHeM rpynnbl G H oro6paxkaiollHi Kaacc z saeMeHTta (e, 0) B TOUKy X.
ITokaxeM, uro MopdH3M p 3Tanen B Touke 2. Mimeem
dim (G X G W)=dim(G)+ dim(W)—dim (G,)=dim (Gx)+ dim(W)=dim(T),
H, cTano GBITh, JOCTATOYHO TOKA3aTh, YTO i €CTh CyGMepCHsl B TOUKE Z HJH 4TO
A ectb cyGmepcus B Touke (e,0). Ho kacartenbnoe oroGpaxeune Ty, o)(A):
T.(G)® W — T cosnagaer ¢ oro6paxenuem T, (p (x))+i, rae p (x) — op6u-
TaabHOe OTOOpaXKeHue g gx, a i — KanonHuyeckoe Bjoxeuue W B T. Ilo-
ckoabky Im T, (p (x))="T, (Gx), To oToGpaxeHHe T, g) (A) CIOPBHEKTHBHO H MOp-
¢u3M p 3TaNeH B 2.
Mubl ToKaxkeM, yTO CyLLecTByeT OTKpHITasi OKPECTHOCTb 2 MHOXKecTBa G2

BGX O W, ycrodiuusan ornocureavro G 4 Takasi, 4TO p HHAYUHPYET H30MOp-
¢$hu3M MHOXecTBa Q Ha OTKpHTOe nogMHoxecTBO B X. OTcioja cpa3y BhITeKaeT
npeaoXeHHe: AeHCTBHTE/IbHO, NpooGpa3 MHOxecTBa Q@ B GX W ycTofiunB
oTHOCHTENbHO G H, cTano 6uiTh, HMeeT BHA G X B, rae B — oTKpbiTOE NOAMHO-
xkectBo B W, comepxauiee HayaJo KOOPAHHAT H YCTOHYHBOE OTHOCHTEJIBHO
G,. YMeubiiast B ciayyae HeOGXONHMOCTH Q, MOXHO HpeAMNOJIOXKHTD, UTO CY-
uectByet usomopbuam u: W — B, nepectanoBouHblll ¢ neficTBHeM rpynns! G,
(nemMa 4). OueBuaHO, 4TO KOMNO3HUHN MOpGH3IMOB

1) CM. npumeuanue Ha ctp. 21.— lpun. nepes.
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a: GX w189, G g4 x

YAOBJIETBOPSIET YCJOBHAM MpeNJIOMKeHHs.
Tenepb npemokKeHHe BLHITEKACT H3 CJeAyOIleH JeMMbl:

Jlemma 5. Tycre Z — ordesumoe mnozoobpasue Kaacca C', nadeaennoe
3aKonoM aeso2o delicteuam: GXZ — Zkaracca C',upn: Z - X — mopdpusm
{xkracca C"), nepecranosounsiil ¢ deticrauen epynnot Jlu G. [Tycro 2= Z u x =
= (2). [Ipednoroxcun, wro MOphusm | 3Taren 8 2, @ CTAOGUAUBATOD TOHKU 2
8 G cosnadaer co craburusaropon G, rouku x. Tozda cyujecTsyer oTKpoiTas
okpecrnocty Q opburet Gz, ycroliuuean ornocurersno G u Takas, 4ro p 3ada-
er usomoppusr Q nHa orkpoiToe noomuoxectso 8 X.

Mockosnbky Mopdusm p nepecTaHoBoueH ¢ AeHcTBuem rpynnnl G, oH 3Ta-
JleH BO BceX TouKax op6uthl Gz. Tak kak kaHoHH4yeckoe oroGpaxente G/G, —
— Gx sipasiercsi roMmeoMopdu3mMoMm, To oro6paxenne Gz B Gx, 3ajaBaeMoe
mopdbuaMom p,— Takxke roMeomopdusM. Torla u3 npemoxeHuss 2 H3
n° 1 caenyer cyuiecTBoBaHue Tako# oTKphITOil okpecTHocTH U op6uTH G2 B Z,
4TO M 3ajaeT OTKpbiToe morpyxenue muoxkectsa U B X. ,

IMockonbKy rpynna G co6¢TBenHO feficTBYeT Ha X, TO CYLIECTBYIOT OTKphI-
Tasi OKpecTHOCTb V ToukH x M KoMRakTHoe noaMHoxecTBo K B G, TakHe, 4to
gVNV=g ma g& K (06wy. ton., 1969, rn. 111, § 4, n° 4, npegnoxenne 7),
H, B yactHoctH, e K, MuoxectBo Wi takux Touek ye=Z, yto Ky U, oTKpHI-
To B Z: geficrBuTensHo, Z-W, ecTb o6pa3 3aMkHyroro MHoxecTBa (KX
X Z) - m~" (U) npu co6eTpenton npoekunn pro: KX Z — Z, Tlonoxum W=
=W, p~! (V); 370 — OTKpHITOE HOAMHOXKECTBO B Z, COepKAlLIee Z H YIOB-
JieTBOpsiolee CIefyIOIWHM YCIOBHIM:

() KWcU n, B uactioctH, W U,

(i) p (W)= V.

Tonoxum Q= GW u paccmMoTpuM orpaHuieHHe p Ha Q. JTO 3TaJbHBIA
MopdH3M, TaK Kak a06asi TouKa H3 Q cONMpsizKeHa IpH NOMOLLH rpynnsl G ¢ He-
Koropo# roukofi u3 U. TlokakeM, 4To 3T0 orpanuyesne HHbEKTHBHO: HYCThb g,
h — Takue snemenTh U3 G H i, v — Takue 3aeMeHTH H3 W, uto p (gu)=p (hv).
IMonoxuM k=g~ h; Toraa p (¢)=~ p (v), oTKyaa, coraacHo (i), k=K. Ho
BBuay (i) kv uunpunagnexar U; cienoBatesbHO, 4= kv, TOCKOJIbKY OTPaHH-
uyeHHe p Ha V HHbeKTHBHO, OTKYyAA gu = hv. Takum o6pa3oM, orpaHHyeHHe p Ha
Q HHBEKTHBHO H, 3Hauut (M~., Ca., pe3., 5.7.8), siasiercsa H3aoMoppH3MOM Ha
OTKpHITOE MoAMHOroo6pasue B X, uTo 3aBepliaeT A0Ka3aTesbCTBO JIEMMBL.

B ycnosusix npeanoxenusi 6 06pas a ectb oTKpuTas okpecTHoctb T opbu-
TH A TOUKH X, Majie/leHHasi CTPYKTypoil BeKTOpHOro pacciaoenusi ¢ 6asolt A, nas
KOTOpOro Hy/eBoe ceuenne — 3To cama op6uta A. Takasd oKpecTHOCTb Ha3hl-
BaeTcs aunelinol Tpy6xod (BOKpyr paceMarpuBaemoit op6uthl). as kaxpoit
ToukH a<A cioit Y, 3Toro BeKTOpHOro paccioeHHsl ecThb NMOAMHOrooGpasue
B X, ycToituHBOE OTHOCHTEJbHO cTabuin3atopa G, TOUKH @ H TaKoe, 4TO MOp-

¢Hu3m u3 GXG" Y, B X, oro6paxaomuit Kiacc sJjementa (g, y)s=GXY,
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B gy X, 3ajlaer usoMopduaM kiaacca C" mexay GX % Y,u T. B srom cay-
yae roBOpsT, UTo Y, eCTb Tpauceepcasd B Touke a K Tpy6ke T. 3amerum, yTo
KacaTeJlbHOe POCTPAHCTBO B TOYKE d K Y, KAHOHHYECKHM 06pa3zom HaomopdHO
Yo 1 4TO OHO AABIAETCA JOMOJHHTENbHBIM MoanpocTpancTBoM K Ty (4) B T4 (X);
BeKTOpHOe paccioenue T ¢ 6asoil A, clle[oBaTe/bHO, KAHOHHYECKHM 06pa3oM
n3oMopdHO HOpMajibHOMY paccaoenHio Hag A B X (Mn., Ca. pes., 8.1.3).

4. Opburansvnsie Tunst

IMycts G — Tonosoruueckas rpynmna, gefcTeylouiasi HempepbiBHO Ha OTA€-
JUMOM TonoJiorndeckoM npocrpancrse E. Jlns kKaxnao# Touku x H3 E o603Ha-
uuM yepe3 G, craGHAu3aTop X B G H MPEANMONIOKHM, UTO KAHOHHYECKOE 0To6pa-
xKeHne G/G.— Gx ecTb roMeoMopdH3M; 3TO, B YACTHOCTH, BHIIOJHSETCS
B ABYX CJELYIOWIHX Caydasix:

a) tonosnorud B G  E pHCKperHI;

6) G co6erBeHHo gefictByer Ha E (O6wy. ron., 1969, ra. III, § 4, n° 2,
npepsioxenne 4), nanpumep, rpynna G koMnakrra (O6uw. ron., 1969, ra. HI,
§ 4, n° |, npemioxenue 2). '

OGosHauuM uepes I MHOXKECTBO KIaCCOB CONPSKEHHOCTH 3aMKHYTHIX
noarpynn B G. aa nio6oit Toukn x E opbutasbHbim TUnom TOUKH X HJIH
HHOrJa IPOCTO THIIOM TOYKH X Ha3blBaercsd Kiacc B & rpynnbl G,; JBe TOUKH
OJIHOH OpPGUTH HMEIOT OAHHAKOBHIA opGHTaNbHbI THH (Alg., chap. I, p. 52,
prop. 2); nse opGHTH MMEIOT ONMHAKOBBI THN TOrJAa M TOJbKO Torja, Korxa
OHH H30MOpPOHL Kak G-mroxecrBa (Alg., chap. I, p. 57, th. 1). Ias mo6oro
te 7 uepes Ey) o6o3nauaercsi MHOXKecTBO Touek B E THna {, T. €. 06beanne-
HHe op6uT TMHa f; 3T0 — ycToiiunBoe nogmHoxectso B E. Ecin Het, To
nuuyt Takxe E,, Bmecto Ey; nanpumep, E g ecTb 3aMKHYTOe NOANPOCTPaH-
ctBo B E, cocrosiuiee M3 TOUEK, HEMOABHXKHBIX OTHOCHTEJbHO G.

CHa6aum 7 cJelyOIIUM OTHOLIEHHeM NpeanopsiKa:

<< t'<> cymectByoT Takue Het u H'et/, uro HoH'.

IMycre Q u Q' — gse op6uthl rpynnel G B £ v f B ¢/ — ux tunsl. Jlas toro
yTOGH {<#, HEOGXOAHMO H JIOCTATOYHO cyuwiecTBoBanue G-mMopdHama (06si-
3aTeJlbHO HENpPepHIBHOTO M CIOPBEKTHBHOro) M3 Q' B Q.

[Mycte x, x — Touku u3 E, a ¢ B ¢ — ux Tanbl. Jas Toro uto6nl t<t',
HEOGXOJMMO H JOCTATOYHO CYILECTBOBAHHE TAKOro 3jeMeHTa ac G, uTo

aG,.a '@,

JIEmmA 6. fTycre G — epynna Jlu.

a) Jliobaa y6oisarouan nocaefoearesbHOCTd KOMRAKTHOIX nodzpynn
8 G crabususupyercs.

6) Mycre H u H' — dse xomnaktusie nodzpynnet 8 G, Takue, wro H H’
u 410 cyuecTayer usomoppusm memdy Tonosozuxeckumu zpynnamu H’
u H. Toz0a H=H'.

5 H. Byp6aku
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B) Mnoxcectso 7, nadesennoe ornoutenuenm t < t', ecTo néTeposo ynops-
douennoe mnowecrso (Th. ens., chap. III, p. 51).

a) Ilycts (H);5, — yGbiBaolLas 0OCIEA0BATENBHOCTD KOMIAKTHEIX MOA-
rpynu B G; 310 nocsegoBaTesbHocTh nogrpynn Jiu (ra. 111, § 8, n° 2, Treopema
2). IMocnegoBaTesbHOCTD HeakIX YHcen (dim H);-, | He Bo3pacTaer H, cliefoBa-
TeJbHO, CTaGHAM3HpYETCH; CYLLECTBYET TaKoe lejoe yHcao N, uro Bce MoA-
rpynna H; 1as i 2 N umeior o6u1yio cBA3HYIO KOMIOHEHTY €IHHUILL, ¥ GLiBalo-
1851 [OCJAEN0OBATE/IBHOCTD LEJIbIX MOJOXKHTENbHBIX YHCEN (H,-:(H,-)o)‘.> y TaKke
CTROHJIH3HpyeTCs, H, CTal0 GbiTh, H;=H; | AN NOCTAaTOYHO GOJBLIHX i.

6) Iycts [ — usomopdpusm mexay H' u H. TlocaegosarenbHoOCTb
(f" (H))4>0— 370 y6uiBalollasi MOC/ENOBATENbHOCTh KOMNAKTHHIX MOATPyMNM
B G; Toraa seuny a) [ (H)=f"*"'(H) ana pocraroudo 6oabworo n. Tak Kak
f — usomop¢uam, 1o f(H)=H=f (H’), orkyna H=H'.

B) Ilyctb ¢, t’=F Takoswl, uto {1’ 4 ¥ < {. CyilecTByIOT TaKHe MOJ-
rpynnet H, Hiet u H', Hiet', yro HO H' u Hy < Hi. Ilyctb g 1 g’ — Takue
nBa sjiemeHTta U3 G, uto Hi=gHg~' u Hi=g'H'g’™'; nonoxum u=g'"'g.
Toraa

uHu ' H'<H,
H, IpUHHMasi BO BHHMaHHe 6), mosyuaem, uyto uHu™'=H, orkyna H' =
=H u ' ={. Takum o6pa3om, MHOXKeCTBO F YNOPAAOYEHHO H BBHAY a) HéTe-
poso.

Teorema2. Mycte G — 2pynna Jlu, co6¢crsennbim 06pasom deilcTeyowas
na X, rax uto 3akon Oetictsus (g, X) — gx npunadaexcur kaaccy C'. [Ipedno-
A0sicum, 410 X napaxomnaxTro.

a) Orobpaxenue, Koropoe Kaxcdol rouke us X crasur 8 coorsercreue ee
opburaavnbitl Tun, 06aadaer CrefyrOuUM CEOLCTEOM NOAYHENPEPLIBHOCTL:
nycrs x<X, u nycrs tF — opbuUTAAbNLLL TUN TOHKU X; CYujecTayer Ycrol-
yusasn ornocureavno G orkpuiran okpecrnocrs U rTouku x, raxas, wro rtun
ato6oit Touku ues U 6yder Goasvwe uau pasen t.

6) Xy 0as 06020 te T ectd nodmnozoobpasue 8 X, OThowenue 3K8uBa-
aenTrocTu Ha X, undyyuposannoe Oeticreuen epynnsl G, peeyaapno (M.,
Ca. pes., 5.9.5), u moppuzm Xy —> Xg)/ G sneanerca paccioeruenm.

B) IIpednoaosicum, uro X/G ceasno. Toeda MnoxcecT8o OpOUTAAbLHBIX
TUnos 3iementToe u3 X 061a00er HauGOAbULUM INEMERTOM T, KDOME TO20, X(x)
ecTb OTKpbiTOe U NnAOTHOe nodmnoxscecT8o 8 X, a mHnoxcecreo Xu)/G c8a3HO.

Ilyctb x — Touka H3 X  f=F — ee Tun. [lia nokasaresbcTBa a) H 6)
MOXHO 3aMeHHTb X Ha yCTOMUHBOE OTKPHITOE MHOXECTBO, copepxailee x,
T. ¢. (mpensioxenne 6) mpeanonoXuTh, 4To X Hmeer Bug G X7 W, rme W —
APOCTPAHCTBO KOHEYHOMEDPHOTO aHAJHTHUYECKOro JIHHEAHOro mpeacTapBlieHHSA
HEKOTOpOoil KoMnaKTHo# noarpynnu H B G, 1 4TO TOUKa x ecTb o6pas p (e, 0)
snemenTa (e, 0) G X W npu KaHoHHdecKo# npoekuun p: GX W — GX Hw.
Ecin u=p (g, y)= GX " Wn a=G, 10 au=u Torna 1 TOALKO TOT A3, KOrAa
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CyuiecTByeT TaKoi snement h< H, ato (ag, y)=(gh~', hy), . e. ToTAa, KOTA]
as=gH, g~ Takum ob6pazom, G.=gH, g~ ' u, B uactuocTH, G,==H; ciefoba-
TesibHo, G, conpsikeHa ¢ HeKOTOPOH moarpynnoil B G,. D10 AoKasbBaeT, 410
THN TOYKH 4 GoJibille HJH paBeH f, OTKyAa Nojydaem a).

Kpome Ttoro, a1 Toro 4to6h To4Ka 1 HMeJa THN f, HeO6XOAHMO H JA0CTa-
TOYHO, 4YTOOH noarpynna G, 6maa conpsikena B G ¢ noarpynnoit H uix TaKxke
4T06L H, 6nina conpsixkeua ¢ H B G; corjacHo semme 66), 370 03Ha4aer, YTO
Hy=H, 1. e. 4T0 TOYKa y HeMoABH)KHA oTHOCHTebHO H. Ectn W’ — pexroproe
noanpoctpanctBo B W, cocrosilee H3 HENOLBHXXHHX OTHOCHTeNbHO H ane-
menToB, 1o X(y otoxpectsasierca ¢ GX 7 W u, crano 6mrb, ¢ G/HX W,
OTKyIZa BHITeKaer 6).

Jlna pokasaTeabcTBA B) 3aMeTHM, YTO H3 MPEAMNONOKEHHS O CBSA3HOCTH
X/G Burekaer, 4To X — 4YHcTOe MHOroo6pa3He KOHEYHOH Pa3MepHOCTH: Ael-
CTBHTE/JbHO, 115 jo6Goro k20 o6o3naunm yepes X, MHOXKeCTBO ToYeK x E X,
Tagrux, 410 dim, X =£; Toraa.mMHOXeCTBO X; OZHOBPEMEHHO OTKPHTO H 3aMK-
Hy'rd B X 4 ycToi4uBO oTHOCHTeIbHO G; cTasno 6uThb, X COBNAAAeT C OAHHM H3
MHOXeCTB X,.

[TpoBegeM q0Ka3aTe/bCTBO NYHKTA B) HHAYKILHeH 10 Pa3MEPHOCTH MHOTO-
o6pasusi X; yrBepxneune oueBHauo pist dim X==0. [IycTb v — MakcHManb-
HBHA 3/1eMeHT cpelH OpOHTAJbHBX THHOB Todek H3 X (Takoi 3jeMeHT cyulec-
TBYyeT COTJIacHO JeMme 6B)). JlokaxeM cJexnyiollee YTBepiKIeHHe:

B’) Han awbozo nodmnomecrsa A u3 Xy, OOHOBPEMEHHO OTKpPHITOZO
u 3amKnYT020 8 X () U YcTOtMUB020 OTHOCUTEbHO G, 3ambikanue A mroxcecTsa
A orkpuro 8 X.

3to yTBepKAeHHE BJedeT 3a cobofi B) . JleficTBHTEIbHO, OTMETHM CHadaJa,
4TO BBHAY a4) MHOXeCTBO X() OTKPHTO B X; H3 yTBepXKAeHHS B’) BLITeKaer, 4To
MHOKEeCTBO X(,) OTKPHITO H 3aMKHYTO B X H, ClleJoBaTeJbHO, coBnaaaer ¢ X, Tak
KaK OHO yCTOHUHBO oTHOCHTebHO G, a npocTpaHcTBo X /G cBssuo. [Iyerb 4 —
HEemycroe OTKPHITOe H 3aMKHYTOE MOIMHOXEeCTBO B X(), YCTOHYHBOE OTHOCH-
teabHo G; corjacHo B'), A OTKPHTO H 3aMKHYTO B X H yCTORYHBO OTHOCHTEJILHO
G, a caenoBatenabHo, coBnagaer ¢ X; U3 3TOro BHTEKAaeT, YTO MOAMHOXKECTBO
A na0THO B X() H, €TaJ0 GHITh, COBRaAaeT ¢ X(). TakuM o6pasom, Jio6oe Herryc-
TOe OTKPHTOE H 3aMKHYTOe MOAMHOXecTBO B X()/G coBmajaer ¢ X¢/G, uro
I 0Ka3hnBaeT CBA3HOCTb NpocTpaucTBa Xy)/ G. HakoHel, NOCKOJbKY X¢:) AJIOTHO
B X, u3 a) cienayet, 4To io6as Touka H3 X HMeeT THI < T; APYTHMH CJIOBAMH, T
ecTb HaHGOJbIIHA 3/IeMEHT CpellH oPOHTAJbHBIX THIOB TOYeK H3 X.

Tenepsb nokaxewm B’). MoXHO npeAnoaararhb, 470 MHOXecTBO A HemycTo;
nyctb x&A. Hyxno nokasatb, 4to0 A — OKpecTHOCTb TOUKH Xx. IIpu 3ToM
MOXHO NpeanoJarath, Kak 37O AejaJoch BHe, 4To X=G X7 W, rae noa-
rpynna H xOMnakTHa, a x — KanoHH4YeckHuil o6pa3 snementa (e, 0). Ilpexnono-
JKHM cHauaJa, yro H peficTByer TpuBHaibuo Ha W; Toraa X otoxaecTBaseTca
¢ (G/H)X W, a npocrpanctBo X()/G=X/G romeomopdpHo npocrpauctsy W
H, ClegoBaTejibHO, cBsA3HO;, noatomy A/G=X/G, orkyaa A==X. Bupeap
GyaeM npeamonarath, 4ro H meiicTByer HeTpuBHaibHO Ha W. Bu6epem ua
W ckaaspHoe npoH3BejeHue, HHBAPHAHTHOE OTHOCHTENbHO KOMAAKTHOH rpym-

5
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nn H; nycte S — epuuHyHas cdepa B npoctpaHcTee W (T. €. MHOXKECTBO
BEKTOpOB ¢ HopMoil 1). 3ameruM, uto npocTpanctso S/H cBasHo: aeficTBU-
TedbHo, ecau dim (W)=2, To S cBasmo, a ecaw dim (W)=1, To S apasercs
POCTP AHCTBOM, COCTOSIIAM H3 JBYX TOYeK, Ha KoTopoM rpynna H geiicteyer
HetpuBHanbHo. Tlonoxum Y=GX?S; 310 — 3amkuyroe noamuorooGpasue
B X, ycTolluHBOE OTHOCHTENEHO G H HMeIoLLee KoPa3MepHoCTh |, a NPOCTpaHCT-
Bo Y/G, roMeomopduoe S/H, cBA3HO. B cHIY NpPEANOJONKEHHS UHAYKLHH
cyliecTByeT OpGHTaNbHBIA THN O, MaKCHMaJbHHH Ana Y, MHOXecTBO Y(g) OT-
KpHITO H 3aMKHYTO B Y, a mpocTpaHcTtBo Y@/G cBsi3Ho.

Paccmorpum gefictBue R% Ha X, nonyuaemoe npH nepexone K GaKTOPMHO-
roo6pasuio H3 3akoHa jefctBHa (A, (g, @)+ (g, Aw) rpymnsl R% Ha G X
X W. e Toukd H3 X, cOnpsKeHHble OTHOCHTEJBHO 3TOro AelcTBUs, HMEIOT
OIHH H TOT Xe OPGUTAJIbHBIH THIT; C1€A0BATENLHO, X(o) CONEP KHUT MOAMHOXKECT-
Bo R% Y(9), KOTOpOE fIBJSIETCSA OTKPHITHM H IJIOTHBIM NOAMHOXecTBOM B X. Ox-
HaKo BBHLY a) MHOXKeCTBO X(;) OTKPHITO H, CJleJ0BaTelIbHO, lepecekaeTcs ¢ X),
HO TOrjga O=1.

C apyrofi cropousl, roMeoMopdHsm (A, @) AL w u3 R% XS na W-{0}
(O6uwy. Ton., 1969, ra. VI, § 2, n° 3, npennoxeHue 3) HHAYLHPYET roMEOMOp-
dusm u3 RY X(S/H) na (R%:S)/H, a, crano Guith, Takke H3 R% X(Y/G) Ha
(R%Y)/G B 3 R%L X (Y/G) Ha (R%Y@)/G. TakuM 06pa3oMm, MHOXKECTBO
(R%.Y(9))/ G cBsI3HO, a MHOXeECTBO X/ G COLEPIKHT NJOTHOE CBA3HOE MOAMHO-
KECTBO H, ¢JIEIOBATENbHO, caMo cBA3HO (O6w. Ton., 1968, ra. I, § 11, n° 1,
npennoxende 1). Ho Torna MuoxectBo A coBnagaer ¢ Xq) H, 3HAUHT, IVIOTHO
B X, a A AB/IsETCS OKPECTHOCTBIO TOUKH X. DTO 3aBepuIaeT HOKA3aTeNbCTBO
TeopeMbl.

B 0603HaueHHAX TeopeMbl 2B) TOUKH H3 X(r) HA3BIBAIOTCS 2AABHBLMU TOUKA-
Mu, a HX OpOHTH — eaasnbimu opbutaMi. Ecin x — Touka 3 X u eciaH

G X * W— nuHeHnast TpyGka B X BOprl‘ OpPOHTH TOYKH X, TO X — IJlaBHAs
TOYKa TOTAA H TONbKO TOTAa, Korjia G, eficTByeT TPHBHAJILHO B IPOCTPAHCTBE
W, 1. e. Korna Tpy6ka umeer Buzi (G/G,)X W.

ITpumeper. 1) Tlycts G — cBsi3Hast KOMnaKTHas rpynna JIu, neficTeyowas
Ha cebe BHYTpeHHUMH aBToMOppHaMamu. CTabuaH3aToOp 31eMeHTa x B G ecTh
He 9TO HHOe, KaK ueHTpanusarop Z (x) sneMenta x B G; oH coepkHT oboil
MakcHMaJbHBIA TOp, comepxkawui x. OTcioga cienyer, yTo HaHGOABLIKHA Op6H-
TaJIbHBI THII T €CTh KJ14CC CONPSXKEHHOCTH MAKCHMAJIbHBIX TOPOB B rpynmne JIH
G. OTkpeiTOe 11OAMHOXECTBO () COCTOHT H3 8NOAHE PeeyASAPHLIX SJIEMEHTOB
rpynnsl JIn G (§ 5, n° 1, 3ameuanue). [Ipeanonoxum, uto G ofHOCBsI3HA.
Toraa G coBnagaer c MHOXecTBOM G, ee peryAapHbIX sseMentos (§ 5, n° 2,
saMeyanne 2); ecan A — anbkoB nopaiare6pm Kapranma t anreGpel
JIln g=L (G), To orobpamxenue, sesawoujeecs Komnosuyuel orobpancenuil
n: A% G, - G,/Int (G), ecTo usomoppuam anaruruseckux mroz0obpasuil.
B camoM nene, sTo roMeoMopdusM (§ 5, n° 2, ciencTeue 1 npeanoxenHs 2).
Iycrb as A; nonoxum ¢ =exp a 4 oroxaectsuM T, (G) c g npu HOMOILH CABH-
ra y(f). Torma kacatenbHoe oro6paxenne T, (7)) oToOXKmeCcTBUTCA ¢ oTOGpa-
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KEHHEM, ABIAIOLHMCSA KOMITO3HIIHE A KAHOHHUECKOrO BIOXKEHHA t — g H OTO-
6paxeHns nepexoga K (akroprpynne g —g/Im (Ad¢~'—1). Tlockonbky
saeMeHT ¢ peryasipeH, T, (%) €cTb H30MOP(H3M, OTKy/a NOJydyaeM HCKOMBIA
pesyabrat (M., Cs. pes., 5.7.8).

2) INycts E — BewecrBenHoe acHHHOE EBKIHIOBO NPOCTPAHCTBO, § —
MHOXecTBO rHnepmiockoctred B E u W — rpynna mnpeobGpasoBaHHH mpo-
crpaHctBa E, nopoxieHnHasi OpTOroHaJbHBIMH OTPaXK€HHSIMH OTHOCHTEJbHO
rHnepniockocrell U3 $. IIpeamonokum, uTo MHOXKECTBO $ YCTOHUHBO OTHO-
cHreabHo W, a rpynna W, HafjeneHHASI IHCKPETHOR TONOJOTHeH, €CTeCTBEHHBIM
ob6pa3om AedcTByer B mpocrpaHcrBe E.

MoxHOo npHMeHHTD CKa3aHHOe Bhiilie K fieficTBHIO rpynnsl W Ha E. Cta6u-
JIH3aTOp TOUKH X H3 E siBasiercs moarpymnmnok B W, NopoXKAeHHOR OTPaKeHUAMH
OTHOCHTEJbHO PHAEPIJIOCKOCTEH H3 $, cogepXKallux Touky x (ra. V, § 3, n° 3,
npegnoxente 2). ClenoBarenpho, HaHGObUINM OPGHTAIbHBIM THIOM T SBJISA-
ercst knacc noarpymni {Id g, a Eqy — o6begiHeHHe Kamep B E. OrmeTHM, uTo
B 3TOM CJay4ae HakphiTHe E(y) — Eqy/ W Tpusuaabro, H, B 4aCTHOCTH, MHOXKECT-
BO E(y HECBA3HO, €CJIH MHOXECTBO £ HEMmyCTO.

HOMOJIHEHHE I

CTpyxTypa KOMNAKTHLIX rpynn

1. Mozpyncenue xomnaxrnoil zpynnot 8 npousgedenue 2pynn Ju

[Teepnoxenue 1. JIwbas Komnaxkruas tonosozuteckas epynna G uso-
Moppua s3amkryroll nodepynne 8 npoussedenuu KomnaxTHoix epynn Jlu.

O6o3naunM uepe3s G MHOXECTBO KJIAaCCOB YHHTApHbIX HEMpHBOMHMBIX
HeTpephiBHHIX TpeACTaBNeHH# rpyniisl G B KOHEUHOMEPHHIX KOMIIEKCHBIX
ruab6eproBux npocrpanctsax (Th. spec.). as aio6oro anementa ue G nycrsb
H, — mpocrpaHCTBO mpescraBieHHst 4 H p.: G — U (H,) — romomoppH3m,
accouuHpoBaHHbH ¢ u. Coraacko teopeme [lerepa — Belns (Th. spec.), ue-
npepuBHBIA roMoMopdHsM p=(p ), H3 G B H U (H,) uHBEKTHBEH;

. e .
NOCKOJIbKY rpymna G KOMMaKrHa, p HHAYIHPYeT H3oMopdH3M rpymnnl G Ha
3aMKHYTYI0 NMOATPYNNy B rpynme H U (H)

usG

Caepcteue 1. [Tycte V — OKpecTHOCTb  eQUHU4HO20  3AeMEHTA -
8 G. Toz0a V colepacur Taxyto HOpMarbrytO0 3amMKryTYI0 nodepynny H 2pynnet
G, uaro ¢paxropepynna G/H asrsercsa epynnod Jlu.

Hycrb (K,), e — TaKoe ceMeAcTBO KOMNAKT HBIX rpymnn JIu, uto G oroxkne-

CTBJISETCS C 3aMKHYTOH noArpymmnoi B H K;. Oas moboro Ae L o603HauHM
[X=-¥ A
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yepe3 pi: G — K, orpanruende Ha G KaHOHHYecKO# npoekuuH. CyliecTsyioT
KoueuHoe MHOXKecTBO J — L ¥ ajsl Ka:xaoro A< J OKpecTHOCTb Hauasla KOOPJH-

nar Vi B K,, Takue, uto V comepKHT ﬂ p. ' (V,). Tenepb noctatéuso noJo-
e/

Katb H= ﬂ Ker (p,).

ret

OGo3nauum uepe3 (H)),.,; y6nBaoiuiee ¢QuabTpyOLLeecs cemeHCTBO
3aMKHYTHIX HODMAJIbHBIX oarpynn B G, Takoe, 4to ¢paxkroprpynna G/H, sasas-
etcs rpynno#t Jlu. PaccMOTpHM NMpOEKTHBHYIO CHCTeMY KOMMAKTHBIX FPYIN
Jlu G/H, (cMm. O6wy. Ton., 1969, ra. 111, § 7, n° 3).

Chencteue 2. Kanonuseckoe orobpaxcenue G—lim G/H, ecro usomop-
—

-3

Pusm TONOAOZUNECKUX 2pynn.

HeficteuresbHo, H3 caencTBuss | BoiTeKaeT, uto ycjosue (AP) us
06w. Ton., 1969, ra. 111, § 7, n° 3, BHNOJHEHO; Telepb yTBepKAEHHE clelyeT
H3 npeaioxenus 2 ua O6w. rton., 1969, ra. 111, § 7, n® 3.

Crencreue 3. J45 1020 410664 G 66iaa 2pynnod JTu, neobxodumo u docra-
TOYHO, 4TOObL 8 Hell CYUWeCcT808ANA OKPECTHOCTL EOURUHHO20 INEMENTA €, He
cofeprcawyan HUKakol HopmasbHoli nodepynnet, oTau4rol ot {e}.

Heo6xonumocTb 3TOrO YCI0BHSA yXKe aoka3ana (rJa. I11, § 4, n° 2, crenct-
BHe | TeopeMH 2), a JOCTaTOYHOCTb JErkKo HoJydaercss H3 caencTsus 1.

2, Hpoexrusnviii npedea zpynn Ju

JIemma 1. Mycre (Ga, fap) — npoexrusnas cucrema TONOAO2UHECKUX
2pYnn OTHOCUTEAbHO (uabTpylouwezocs muoxcectea undexcos I u G — ee
npedea. IIpednososxcunm, 4ro kanornuueckue orobpascenus f.: G — G, ciopvex-
TUBHBL, '

a) IModepynnet D (G ) (coots. € (G,), coot. C (Ga)o) 06pasyror npoexrus-
HYyto cucremy nodmroscects 8 G..

6) D (G)=lim D (G, u C(G)=1im C (G ).

B) Ecau apynzza G, KOMNAKTHA 28 4106020 ael, 1o C(Gp=Ilim C (G ),

-3

Mycts o, p — nBa saementa u3 I, npudem o< P. Torna fe« (D (Gp)) <=
< D (Go) ¥ fap (C (Gp)) = C (Go), TOCKOABKY OTOGPaXKeHHe fop CIOPHEKTHBHO; U3

HeMpPepHBHOCTH OTOOpakeHHA fop MOJYyuaeM, 4TO [ua(D (Gg) =D (G,) m
fap (C (Gg)o)<=C (Ga)o, oTKyna caenyer a). Ilockoabky oroGpaxenue f,

CIOPBEKTUBHO, f« (D (G))=D (G.)(Alg., chap. 1, p. 67, prop. 6), Torna D (G)=
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=lim D (G,) (O6w. ron., 1968, ra. I, § 4, n° 4, creactBue). U3 ciopbekTus-

HOCTH f. Modyuaem BKJoueHHe [, (C (G)<=C (G.) B, crano 6uth, C(G)=
clim C(G,); o6parHoe BkmoueHHe oueBHAHO. Hakouew, yTBepKaeHue B) BbiTe-

Kaer H3 yTBepxKAeHHA 6) U U3 mpepjoxendsi 4 us O6uy. ron., ra. 111, § 7, n° 3.

JIEMMA 2. MTycTo (S )c 1 (Th)oep — 08a KOneunsix Cemedicréa odnocens-
Houx noutu npocroix epynn Jlu (ra. 111, § 9, n° 8, onpenenenue 3), u nycre
u: H S,—~ H T, — cropwvexruenoiii mopgusm. Toeda cywecrayror unvex-

asi beB
Tusnoe orobpancenue l: B — A urakue usomoppusmer uy: Sy — Ty (b= B),

410 U ((Sdac)=(%s(S;(3))s =B 042 4106020 3reMENTA (S)qc 4 U3 H Sa
a4

O6o3HauuM yepes s, (CooTB. tp) aare6py Jlu rpynnst S, (coors. Ts) nas

Ero siapo ecTb HaeaJ B moaynpocToli aare6pe Jiu H .8, H, cTaj0 6biTh, HMEeT
acA
BHJ H sp,rae A”cA (ra. 1, § 6,n°2, caepctBue 1). [Tosoxxkum A’ =A-A”.
asA” .
Ipu orpannyenunu L («) onpegensier H3oMopdu3M f: H $, > H t,. Coraac-
asA’ b=B
HO TOMY 2Ke CJIEACTBHIO, AJs Jio6oro a u3 A’ upean f (s;) coBnajgaer ¢ OAHHM H3
t»; clea0BaTeNbHO, CYIECTBYET TaKast 6HeKuus [ B — A/, uto f (s; 3)) =t, Ans
b& B, u | 3anaet usoMoppusM fy:s; 5)—>ts. [lockoaBKY rpymnsl S, # T ofHo-
CBSI3HBI, CYLIECTBYIOT TaKHe H30MODGHU3MEL Uyt Si ) = Ty, 4T0 L (s)=Ff) Aas
beB (ra. 11, § 6, n°® 3, Teopema 3).
O6o3HauuM uepes u: H S,—~ H T, mopdusm, onpegeasiemblii hopmy-
asA beB
Jloﬁ;ﬁ (Sdacd=(44 (;(5))s< 5 [T0 NoCTpOEHHIO HMeEM L (@)=f=L (u), otky-
la 4=u, 4TO 3aBepuUiaeT JOKA3aTeJbCTBO JEMMBI.

JIemMa 3. B ycaosuax aemmor | npednoaoxcum, «ro epynnet G, ABAAOTCA
00HOCBA3HBIMU KOMNAKTHOLMU epynnamu Jlu. Toeda Tonoaoeuweckas epynna
G usomopdra npoussedenuto OOHOCBASHbIX NOUTU NPOCTLIX KOMNAKTHLLX
epynn Jlu.

Has mo6oro e e/ rpynna G, sBJAs€TCS NPAMBIM NPOH3BeJeHHEM KOHEYHO-

ro ceMeiiCTBa OJHOCBSI3HHIX MOYTH NMPocTHX moarpymn (SY), _, (ra. IIL, § 9,
(-3

n° 8, npeanoxenue 28). [lycts f =7 u B> a. CoraacHo JemMe 2, CyHLIECTBYET

Iy,
TaKoe oro6paxenne lg.: Lo — Lg, uto [, (Sﬁ“( ))=S:', aas AeL, Toraa
lyp o lpa=1ly Ins1 a <Py, TaK U0 (Lo, lge) €CTH HHAYKTHBHAS CHCTEMA MHO-
X)ecTB oTHocHTeIbHO /. ITycTb L — ee npeged; BBHAY TOTO UTO OTOOGPaKEHHS
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lg. MHDBEKTHBHH, L, MOXHO OTOXAECTBHTb C MOJMHOXKECTBOM B L, Tak 4To
L= U L,

acs]

Mycts Ae L. Tonoxum Shi=(l}, ecim AL, u 0603nauum uepes
@hs: Sk — S MopduaM, monyueHHBIH H3 [e5; TAKHM 06GPa3oM, Ml NPHAEM
K TIPOEKTHBHO CHCTEME TONOJOTrHYecKHX rpymm (S%, gks), mpenea S, xoropoil
nzomoptden S, /1 HEKOTOPOro AOCTAaTOYHO GoJsbiioro a. Kanonnueckmii
TOMOMOp(}H3M TONMONOTHYECKHX TPy

1im< 1 s;) -1 <1im s;)
o\ reL reL\ T2

L1=1) 1=7

ouekrused (Th. ens., chap. 111, p. 57, cor. 2); on saBAsIeTCs U3OMOPHH3IMOM,
MOCKOJIbKY paccmaTpHBaeMble Ipynnnl koMnaktHul. Ho nepBas u3 stux rpynn
otoxaecTasiercs ¢ G, a BTopast — ¢ NpoOH3BeJleHHeM Ipynn S;, YTO 3aBepiua-
€T J10Ka3aTeJbCTBO JEMMHI.

3. Crpoenue C8A3HBIX KOMNAKTHOIX Zpynn

Ilyctb G — KoMMyTaTtuBHAsi KoMmakTHass rpynnma. Hanomuaunm
. {Cnektp. teop., ra. 11, § 1, n° 9, npepnoxenne 11), uro roraga G naomopna
TOINOJIOTHYECKO rpymne, ABOHCTBEHHOH K JUCKpeTHOU KOMMYTAaTHBHOH Ipyne
G. Tpynna G cBsi3na TOrJla M TOJBKO TOTAa, Koraa G — rpynna 6es Kpyuenus
(Cnekrp. teop., ra. 11, § 2, n° 2, cnencreue 1 npepnoxenns 4).

Crenyomue cofictBa sxkBuBanentHn (Cnekrp. Teop., 1. 11, § 2, n° 2,
chneacreue 2 npeasnoxenns 4, u § 1, n°9, creacteue 2 npeanoxenus 11):

(i) G Bnoane nHecBA3Ha;

(i) G — nepuonnueckas rpynna;

(iii) Tononoruyeckas rpynna G u3oMop¢Ha npeaesny IpoOeKTHBHOH CHCTE M
KOHEYHBIX (KOMMYTATHBHHIX) TDyII, CHA6GKEeHHLIX AMCKPETHOH TOIoJOorHeH.

Caenywomee npeasnoxkenne o6obuiaer ciaeactsue 1 npeasnokennsi 4 us § 1,
n°4.

[TeEnnoxennE 2. Mycte G — c6A3HAA KOMNAKTHAS 2pynnd.

a) C(G) ecto Kommyrarusnas céa3Has komnaxkrHas epynna;, D (G) —
C8A3HAS KOMNAKTHAA 2pynna, cosnadaou,as co cgoeil npoudsodnol 2pynnotl.

6) Henpepoisnoui eomomoppusam (x, y)r>xy uz C(GoXD(G) 8 G
cropveKTueen, a e2o A0po ecTo yenrpaavnas nodepynna & C(G)oX D (G),
KOMNAKTHAS U BNOAHE HECBA3HAA.

B) Cywecteyrot cemelicTao (S,), < KOMNAKT HbLX NOYTU nPOCTyiX epynn Jlu
U HenpepolaHbLll CIOPBEKTUBHbLI 20MOMOPPUIM H S, — D (G), adpo koropo-

asl

20 €CTb KOMNAKTHAA 8NOAHE HECBA3HAS YEHTPAAbHASA nodepynna.

Ilyctb (Ga, fop) — NPOEKTHBHAA CHCTEMA KOMNAKTHHWIX Ipynn JIu OTHOCH-
TeJbHO (GHABTPYIOIIETOCS MHOXKecTBa /, TaKas, yto G u3omopodna lim G, , a
—
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KaHOHHYecKHe 0To6paxeHHs fo: G — G, COPBeKTHBHb (c1eqcTBHE 2 npeio-
xenusi 1). [lna a </ nycrb nq: D (Ga) > D (Ga) — YHHBEPCaJbHO® HaKpbiTHE
rpynnbl D (G.). W3 oToGpaxeHuil f.p mosiydaeMm MOpOH3IMHL fup: D (Gg) —
— D (G.), rak uro (D (G.), fog) ecTb MpoexTHBHAS CHCTEMAa TOMOMOrHYECKHX
IpyIN, YAOBJETBOPSIOLAS YCAOBHAM JeMMbl 3.
U3 310il XKe JeMMH caeyeT, UTo TonoJoruueckas rpynna lim D (G.) wuso-
—

MOp(Ha MPOH3BEAEHHUIO ceMelicTBa (S,); o ; KOMOAKTHLIX MOYTH APOCTLIX PPy
Jlu. CorsacHo nemme 1, mpejes mpoexTHBHOI cHcTeMbl FOMOMOpP(H3MOB (7.}

OTOXKAECTBJISIETCS C HEMpepbiBHBIM NOMOMODP(}H3MOM It : H S, — D (G), koro-

relL
pulil clopbekriBe (O6w. ron., 1969, ra. 1, § 9, n° 6, caeacreue 2.
Teneps ormertm, wro rpynna S, coBnagaer co cBoei MPOH3BOXHOMH
resL -

rpynnoii: 3to Bhitekaer M3 ciaeacrBHsl npeasoxeuusi 10 us § 4, n° 5. Crano

6uT, rpynna D (G) TakXKe cosBnagaer co cBoedl MPOH3BOAHOH FPynmoH, mo-
CKOJIbKY roMomopdH3M m ClOpbeKTHBeH. B xauecTBe cJeNCTBUSI MOJNydyaeM

D (G)o D (D (G))=D (G). Takum o6pasom, rpynna D (G) komnakrHa H coBna-
I aeT co cBoeii MPOH3BOAHOH I'PyNMOM; 3TO 10Ka3WBaeT &), TaK Kak yrBepxue-
nus, kacaowmuecss C (G)y, TPHBHAJBHEL.
C npyroil CTOpOHLI, SIAPO romMomMop¢usma m: H S, — D (G) oroxae-
Aesl
crasiercs ¢ lim Ker (n,) (Alg., chap. II, p. 89, rem. 1), T. e. c KoMRaKTHO#K

BIOJIHE HeCBAI3HOH leHTpaJbHOH MOATpPynmoi, OTKyAa moJydaeM B).

Jlokaxem 6). as ao6oro e u3 / MopdpuaM s,: C (Gu)o X D (G,) — G,
TaKof, uro 8, (%, y) =xy 1as x< C (Ga)o, y = D (G.), ClOpBEKTHBEH, & €ro sapo
siBJIsieTCSl KOHEUHOH LeHTpanbHOoi moarpynnoii (§ 1, n° 4, caencreue 1 npeajo-
XKeHHsI 4). MoppH3MH s, 06pa3’ylOT HNPOEKTHBHYIO CHCTeMY OTo6paxeHu#,
npenesa KOTOPOHl OTOXJECTBJsieTcs BBHAY CKa3aHHOTrO Bhillie ¢ FOMOMOPGH3-
MmoMm (x, y) > xy U3 C (G X D (G) B G. Tenepb HeCJOXKHO NMOKa3aTh, KaK 3TO
I€/1a/10Ch BLILIE, UTO 3TOT MOP(H3M CIOPBHEKTHBEH H UTO €r0 AAPO HEHTPAJbHO
H BOOJIHE HECBSI3HO, OTKyla BbiTekaer 6).

Caencrsue. JT106a8 paspetuuman c6A3HAS KOMNAKTHAA 2PYNNA KOMMYTA-~
TUBHA.

JleficTBHTeNbHO, TOT @ €€ MPOH3BOJAHAS Ipynna pa3pelliiMa H coBnajaer
co cBoeil Mpou3BoaHO#l rpynmofi (mpenJyioxenHe 2a)); ¢jaeI0BaTelbHO, OHA
COCTOHT JIHUIb H3 eIHHHUHOTrO 3JI€MeHTa.
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JOTIOJTHEHHE 11

Ipencras/jeHls BemecTBEHHOrO,
KOMILJIEKCHOTO H/IH KBATEPHHOHHOrO THNA

I3

1. IIpedcrasrenusn sewgecreennvix arzebp

OGo3nauuMm uepes ¢ aBromMopdH3m o> o npocrpanctsa C; ecin W —
KOMILIEKCHOE BEKTOPHOe MPOCTPaHCTBO, TO uepe3 W oGo3Hayaercs BEKTOpHOe
C-npoctpancreo ox (W) (r. e. rpynna W, nanejeHHast 3akoHoM neHcTBHs

(¢, w)r> aw g a=C, wesW).

Ileennoxenue 1. ITycrs A ecto R-arzebpa (accoyuarusnas ¢ edunuyed)
u V — npocroii A-nodyav koneunoil pasmeprocru nao R. Toe0a umeer mecro
00uH U3 caedylougux Tpex caywaes:

a) kommyraur modyasn V (Aaxe., ra. VI, § 1, n°®2) uaomopd;eu R, u
Acymodyas V¢ npocr,

B) kommyranr modyas V uzomopgen C; A cynodyss Vi ecre npamasn
cymma Osyx neuzomopdubix npocToix A cynodmodyaeld, nepesodumvix dpye
8 Gpyea asromopduszmon c@ 1y,

Y¥) kommyranr modyss V usomopgern H; A yrmodysre Vc) ecto npamas
cymma Osyx cgoux u3oMopPusix npoctsix A cynodmodyaetll, nepesodumox
Opye 8 Opyza asromopdusmon c@ 1.

Kommyranr E monyasi V ectb Tedo, siBasioieecsi KOHEYHBIM pacliHpeHHeM
R (Alg., chap. VIII, § 3, n°2, prop. 2), 4, 3nauur, usomopden R, C unu
H (Alg., chap. VIIL, § 15). Acymonyab Vg noaynpoct (Ase., ra. VIIL § 3, n®
3), uero kommyTtanr oroxpecreasiercsic C® g E (Alg.,chap. VIIL, § 11,n° 2,
lemma 1).

Ecan E usomopden R, 10 Kommyrtant Moayas Vi usomopden C u
V(cy— npoctoit AcyMopyan (Aae., ra. VIIL § 3, n° 1).

Ecau E ne usomopden R, 1o on comepxur nose, usomopproe C. Orciona
noiyyaem- Ha V CTPYKTYPY AyMomyns, o6osnauaemyio uepes V°. Torna
V¢ — npocroit Aymonyan, a C-aunefinoe orobpaxenne ¥: Vig— V* eV,
takoe, uTo ¥ (@@ v)=(av, av) w18 a=C, veV,— usomophpusm (Alg,
chap. V, p. 61, prop. 8). Kpome toro, 6®1, coorsercTByer npH 3TOM
usomoppusme R-aBromopdusmy (v, v')> (v, v) npoctpanctea_ V'@ V° u,
crano OuTb, NepeBONHT A ¢ NOOMOLYJH \p“ (V) u 9" (V) nmpyr B
Apyra.

Kommyraur E g moayas Vg conepxur, Takum oGpasom, aareépy CXC,
IelicTeylomylo Ha V°@® V° roMoTeTHsIMH. I Toro 4To6H He CYWeCTBOBAJIO
usomoppuama Mexny A cyMOAYIAMH V¢ 1 V°, Reo6XOIHMO H JOCTATOYHO,
yToGbl anre6pa E ) coBnagana ¢ CXC, . e. yro6si Tesio E 6bl10 H30MOpdHO
C. 310 u 3aBepliaeT N0Ka3aTeJbCTBO.
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TIrennoxenue 2. flycre A ecrt R-arzebpa (accoyuarusnasn ¢ edunuyeli)
u W — npocroii Acymodyas xoneunod pasmeproctu nad C. Toeda umeer
MeCTO O0UH U3 Caedylowux Tpex Cay4aes: _

a) Cywecrayer A cyrusomoppuan 8 npoctpancrsa W na npoctpancreo W,
Takoil, 4o 8 o =1y, Tozda mroacecrso V nenodsuncnvix Touex oTobpasenusn
0 sagaserca R-crpykrypoti na W, u npocrot A-nodysre W g umneer KOMMYTANT,
pasnoii R.1y. Kpome 1020, Wy A6a8€TCA npamod cymmold dsyx npocrolx
usomoppnoix A-modyaet.

6) Acymodyasu W u W ne usomopgpues; To20a W r— npocroit A-nodyae
¢ Kommyrantom, pasnoin C.ly.

B) Cywecteyer A usomopdusn 8 npoctpancrea W na npocTpancreo W,
rakot, 410 8 o 8= —1y. To2da A-nodyase W g npoct u e2o KOMMYTant cosna-
daer ¢ teaom C.1 @ C.0, usomoppnoim H.

KomnnekcHoe BekTopHOe mpoctpaHcTso Hom A(q(W’ W) umeer pasmep-

Hoctb <1 (Alg., chap. VIII, § 3, n° 2); ecau OEHomA(C)(W, W), To 3ugo-
Mop¢u3M 0 o 8 npocTpaHcTBa W AiBAseTcst roMoTeTHEH ¢ KOIQPUIHEHTOM o
eC. dasa mo6oro weE W umeem ad (w)=060080 0 (w)=0 (xw)=ab (w); Ta-
KHM 06pasoM, ko3dgduuneHT o BewecTBeHHBH. Ecan 0/=A0 ana A=C, 10
8’ 00’ =|A|%20 00 u, cTa10 GLIThb, BHINOJHACTCH OAHA H TOJLKO OfHa H3 cAedy-
IOLIHX TPeX BO3MOXHOCTeH:

a) Cy[ﬁecrayeT OEHomA(c)(W, W), TaKol, uTo 6e0=14;

6) Hom, (W, W)=(0)

B) cymectsyer 8<Hom, (W, W), Tako#, uTo o= —1y,

B cayuiae a) MHOXKecTBO V HenmogBHKHBIX TOUEK OTOGpaKeHus 0 ABaAAeTCA
R-ctpykrypoii na W (Alg., chap. V, p. 61, prop. 7); nockoibxy Monyb V¢, H3o-
Mopden W, A-Monyns V npocT H ero kommytaHT paBed R.1, (npepnoxenne 1),
a Mopyib Wigy He sIBAfieTCH MPOCTBIM.

O6paTHo, NPeAnoNOXKHM, UYTO MORyAb Wy Henmpoct, Toraa mycTb
V — npocro#t A-noamMonyib B Wy nockoabky Aymoaynb W mpoct, To
V+iV=W u VNiV={0}, 1. e. W=V @iV. Takum o6pasoM, V aBagercs
R-ctpyktypoit Ha W, u usomopdusm 0 npoctpanctBa W Ha npocTpaKCTBO W,
takoit, uto 0 (v+iv)=v—iv’ A1 v ¥ v’ W3 V, yHOBAETBOPAET YCJOBHIO
Go0=1y.

B KauyecTBe CJIeACTBHA MmoayyaeM, YTO B ciyyasix 6) H B) A cyMoayib
W gy IPOCT; COIMIACHO NpeaJioxenHio 1, ero kommyrant E usomopgen C B cay-
yae 6) u H B ciyuae B). Kpome Toro, oueBuawuo, uro E copepxur C.1, u C.0
B cJiyyae B), OTKyAa H CjaeAyeT NpenjoxeHHe.

B npeanonioxenHsiX NpesIoKeHHst 2 rOBOpAT, 4To W ecTb AcyMonynb
8el4eCTBEeHHO20, KOMNABKCHOZO UMl KEATEPHUOKHO20 Tuna (OTHOCHTeNb-
HO A), ecniu HMeeT MecTo cayqail a), 6) H/JH B) COOTBETCTBEHHO.
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Haa K=R uau C o603naunm uepe3 S, (A) MHOKECTBO KJIACCOB MPOCTHIX
A gyMonyne#t Koneunoi pasmepuocTw Han K. I'pynna I'= al (C/R) neit-
ctByer Ha G(A); ABa mnpeabAYLUIHX TMPEAJOXEHHA YCTAHABAHBAIOT
6uexrusnoe coorsercreue mewdy S p(A) m  GHakTOpMHOXKECTBOM
S¢(A)/T.

2. Mpedcrasaenun xomnaKruvix zpynn

IMycte G — KoMnakrHas TORoJOrHYeckas Tpymma, ¥ myctb p: G —
— GL (W) — nenpepriBHOe nmpeacTapense rpynnbl G B KOHEUHOMEPHOM KOM-
NJIeKCHOM BEKTOPHOM NMpocTpaHcTBe. Bynem ropopHTh, YTO p — HenpueogUMOE
fpeacTaBieHHe BeU{eCTEEHH020, KOMNAEKCHO20 UAU KBATEPHUOHHO20 TUnd,
ecan W seasierca C@-monynem (ornochrensuo anre6pn A= R(a)) COOTBeT-
CTBEHHO BEILECTBEHHOr0, KOMIJICKCHOrO HJIH KBaTepuHonHoro Tuma. Ilyctsb
H — HeBBIPOXKIeHHASN MOJIOKHTENbHAS 3PMUTOBA opma Ha W, HHBapHaHTHAs
OTHOCHTeJNbHO .

Ilpepnoxenue 3. Ipednoroscum, 4ro p Henpusodumo.

a) p ecto npedcTasienue 8euyecTEEHKHO20 TUNG TO20a U TOALKO Toe2da,
Koeda cyujecTsyer nHenyaesan buaunelinan cummerpuyeckas gopma B na W,
unsapuanTrHas otHocureavto G. B atom cayuae popma B nesovipoxcdenna;
Muoxcectgo V, cocrosaujee us raxux ssementos we W, yro H (w, x)=B (w, x)
Oaa moboeo x = W, agasercsa R-crpykrypoi na W, uneapuanrnoit ornocureas-
Ho G.

6) p ecTb npedcTasaenie KOMNAEKC HO20 TUna T020a-4 TOAbKO T020a, Koeda
He cywecrayer Henyreaol burunednol popmor na W, unsapuantrol oTHOCU-
reavro G.

B) p ecTb npedcrasaenue K8ATePHUOHHO20 TUuna To20a u TOAbLKO TO20Q,
Koeda cywjecrayer wenyaesasn 3naxonepemennas buirunelinan gopma na W,
unsapuanTnas ornocureavno G; raxkas popma 06a3aTeAbHO HEBLIPONAEHHA.

Has 6 =Hom c(G{(W’ W) u X, ye& W noaoxum By (x, y)=H (Bx, y). Toraa

By — 6ununeiinast ¢opma na W, MHBapHMaHTHAs OTHOCHTENbHO G M He-

BBIpOXKeHHasl, ecau romoMoppusm O HenyneBolt. O6o3HauuM uepes Q(W)G
MpOCTPAHCTBO OGuanHeHAHbIX ¢opM Ha W, HHBapHaHTHLIX OTHOCHTEJD-

HO G; oToGpaxenue 06— By u3 Homc(c)(lV, W) ua & (W)° ects H3oMophuaM
BekTopHbX C-mpoctpancts. Orciosa, B YACTHOCTH, BHITEKAeT YTBEpXKie-
HHe 6).

IMycrs 0 ecTs C(G)-nsomoptpnsm npoctpaucTea W Ha W, TakoH, uro
0°0=ay ana as{—1, +1} (npeanoxenre 2); MOCKONBbKY MPOCTPAHCTBO
# (W)° umeer pasmepuoctn 1, To cyliecTByeT Takoe uncio e C, uro

Bs (y, X)=¢Bs (, y), KaKuMu Gbl HH Gblan X, y u3 W.

[Tosropro wucnomb3ys 3To cBoiictBo, noaydaem By (y, x)=eBy (¥, y)=
=¢’By (y, x), otkyna e?=1 u e={—1, 4+ 1}. Kpome Toro, mns x us W
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H (0x, 0x)= By (x, 0x)=¢Bs (0x, x) =cH (050 (x), x)=ceaH (x, x),

otkyna eo.>>0, nockoabky ¢opma H nosoxurenbua, 1. €. e=c. Ho Toraa
YTBEPKIEHHA a) H B) CIEAYJOT H3 MpeNIOXKeHHs 2.

O6o3nauum uepea dg mepy Xaapa Ha rpynne G ¢ moJHoft macco#t 1.

JIEmmal. Mycro WS — nodnpocrpancreo 8 W, cocrosusee us saemenros,
uxsapuanTHolx orHocuteavbHo G. 3IHOomopdusm S p (g)dg npocrpancrsa
G

W ecrs npoexrop na nodnpocrpancrao we, nepecranosounbiii ¢ dedcrauem
epynno. G. B uacrnocru,

dim w°={ Tr o (g) dg.
G

IMonoxum p=S p (g) dg; Torna pas aw6oro he G
G .

p(h)°p=s o (hg) dg=S p(g)dg=p,
G G
H aHaJOrH4Ho p o p (h)=p. Takum o6pa3som, auhomopqmsm p nepecTaHOBOYEH
¢ neficteuem rpynnel G, H ero o6pa3 Cogep:KHTCH B We Ecmn we WS 1o
p (w)=s p (g) w dg=w, uTO NOKA3LIBAET JEeMMY.
G

JIemma 2. ycro u — 3HAOMOPPHUIM KOHEUHOMEPHO20 BEKTOPHOZO NpO-
crpancrea E nad nosren K. Toeda

Tr &*=Tr 82 (w)— Tr A (u).
n
IMyets 3. (X)= H (X —a) — pasjoxkeHHe Ha JHHeHHHE MHOXHTENIH
i=1
XapakTepHCTHUECKOrO MHOTOUIeHa 31A0MOP(dH3MA ¢ B IOAXOAAMEM pacllHpe-
HuH moas K. Torpa

Tr u2=Z al Tr /\Z(u)=z oo, Tr 82(u)=z @,
i i<j i<j

(cm. Alg., chap. VII, p. 37, cor. 3), uro 3aBepinaer AOKa3aTeaLCTBO.

IpEnnoxenuc 4. [Ipednoasoscum, 4ro npedcrasserue O HenpueoAUMO.
a3 1020 urobu p Golro sewecrsenno2o (COOTB. KOMNACKCHO20, COOTB. K6Q-

TePHUOHHO20) TUNA, HeobX0OUMO U GOCTATOUHO, 4TObbL UHTE2PAA ; Trp (gz) dg
6611 pasen 1 (coors. 0, cootB. —1).

OGo3Hauum uepea p NpeNCTaBAeHHe, KOHTParpeiHeHTHOE K NpeicTaB-
Mennio p B mpocTpaHctee W* (ompenensiemoe paBenctsoM p(g)='p (g7"):
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TIpumensis 1eMMy 2 K ipeicTaB/eHHIO p (g) ¥ HHTerpupys no rpynne G, nony-
yaeM

§Tro@)dg=] T dg={ 118G (@) dg—{ Tr A? ((2) da,
G G

OTKyJa BBHAY JeMMul |
S Tr p (%) dg =dim S*W*)° —dim (A 2W*)C.
G
Ho S*W* (coots. A2W*) oToxaecrsnsiercsi ¢ NPOCTPAHCTBOM CHM-

MeTPHUeCKHX (COOTB. 3HaKonepeMeHHbIX) GunuHelHbIX ¢dopm Ha W. Tenepsn
npejsioXKeHHe cjieAyeT HeNMOCPeACTBEHHO M3 NpelsioKeHHus 3.



YIPAXHEHHSA

1) Tlycts G — cBfisHasi KOMMYTaTHBHAsl KOMEUHOMepHas KoMnaeKcHan rpynna Jin
u V — ee aare6pa JIH.

a) Oro6paxkenHe exp;: V — G sABIsAercsl CIOPBHEKTHBHEIM TOMOMOP(QH3MOM; €ro
agpo I' — auckperuas moarpymna B V.

6) G — KoMnakTHa TOrAa H TOALKO TorAa, Koraa I' — pewerka B V; B aTom caydae
G Ha3LBAKT KOMNAEKCHOLIM TOPOM.

8) Mycrs T — auckpernas nogrpynna B CZ, nopoxpenuas saementamu e, =(l, o),
e2=(0, 1), es=(V/2, i); nonoxum G=C?/T, H=(T+ Ce)/T. [Tokasars, uro H usomop¢-
na C¥ uro G/H — kommueKkcHnili TOp pa3MepHocTH |, HO G He CONePKUT HeHYJeBOro
KOMINVIEKCHOTO TOpa.

r) Beskas cBA3nas KoneuHoMepHasl KOMIJIEKCHAsi KOMIIAKTHAA rpynna JIu asasercs
KoM eKCHniM TopoM (cM. ra. I11, § 6, n° 3, mpenjiokeHHe 6).

2) Iycte H — MHOXeCTBO KOMIVIEKCHHIX 4HCEN T, AJf KoTopux Im v >0.

at+b a b

a) Ilokasars, uro dopmyna yr= ctd aia teH H ( c d)—ve SL(2, 2)
OnpefeJser JeBoe aHAJHTHYecKoe neHcTBHe fHCKperHo# rpynmu SL (2, Z) ud H.

6) Haa ve=H o6o3nauum uepes T kommaekcHuii Top C/(Z+1Z). [TokasaTh, uro
oroGpaxenHe 1> T. ompenensieT mpH nepexofe K $akTopoTo6parkeHHIO GHEKLHIO MHO-
xKectBa H/SL (2, Z) Ha MHOXKeCTBO KJIaCCOB H30MOp(HSMa OLHOMEDHHX KOMIJIEKCHHIX
TOpOB.

3) Ilycte G — Hurerpajbuas noarpynna B O (n), ToXAecTBEHHOe NpeacTaBJIeHHe
koropofi B R" nenpusogumo. Jlokasats, 4ro G 3amkHyra (samucate G B Buge K X N, rae
K KomnakTha, a N KOMMyTaTHBHa, H NMOKa3saTh, uro dim N<C1).

4) Tokasarh, 4TO 3KBHBAJICHTHHE YCJOBHS H3 Npefaoxenus 3 (n° 3) sKBHBaJIeHTHH
TaKkKe KaxXIOMY H3 CJAeAyOIIHX YcJOBHMA:

(i) I'pynna Ad (G) orHocHTesnHO KomnakTha B Aut (L (G)).

(ii”") I'pynna Ad (G) otHocurespHOo KomnakTHa B End (L (G)).

(v) B s1060#i OKpecTHOCTH eXHHHYHOTO JeMeHTa ee= G COnepKHTCA OKPECTHOCTD,
HHBaPHaHTHAas! OTHOCHTEJILHO BHYTpeHHHX aBTOMOpdHaMOB. (Cp. Hureep., ra. VII, § 3,
n° 1, npegnoxenne 1.)

5) Iycts A — aamkHytaa noarpynna B GL (3, R), cocrosimas H3 MartpHI (ay)
co cBofictBaMH ay=0npH i>j, ay=1 ana 1<i<<3, ansZ, anesZ; nyctb B — noa-
rpymna B A, BugeasieMasi YCJIOBHAMH dip=ags =0, aisenZ, H nycts G=A/B.

a) INokasarth, uro G — ogHoMepHas rpymna JIu ¢ KoMnakTHo# ajre6po#t J1u.

6) Tlokasarb, uto C (G)=D (G)=Go u uro Go — MaKcHMaJbHasi KOMNAKTHas
nmoarpynna B G.

) IMokasats, uto G.He AiBAsiercsl MOAYNPAMHM NpoHasefenHeM Go Ha HEKOTOPYIO
noArpymy.

6) TMoka3saTh, 4TO A KOMNAKTHOCTH (BeulecTBeHHOH) aare6pH JIM HeOGXOLHMO
H AOCTATOYHO CYlIeCTBOBaHHe TaKoro Ga3Hca (e)), Ae L, A KOTOPOro CTPyKTypHHe
KOHCTAHTH Yiuw AHTHCHMMETPHYHH MO HHAEKCAM A, i, v (T. € Yap = —Tpav= —"TYiwp).
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7) Husomorusoi arzebpod Jlu nasmsaercs (BellecTBennas) anreGpa Jiu g,
cHa6KeHnas aBToMOpPU3MOM S, oGJlaaalouum CBOACTBOM sos—l OGo3nayum uepes
gt (coors. g7) coGeTBeHHOE MOANPOCTPAHCTBO AJIst S B g € coﬁcmeﬂﬂum 3HayeHHeM
+1 (coorB. —1).

a) [oka3sats, yro g+ — nonanre6pa B g, a g~ HBaserca g T -monynem; cnpasetuBo
BrIovenne[g~, 9 " ]—g T, n mpocrpancrea g’ H g~ OpTOronasbHE OTHOCHTEJBHO pOpMbI
Kuanuura.

6) IlokasaTh, YTO CJeayIOLHe YCJIOBHA 3KBHBAJEHTHH

(i) a*-monynb g~ mpoct;

(i) 9 — makcHManbnas nopainre6pa B g, OTIHYHAA OT g.

Ecsin 3TH ycJioBHS BHINONHeHB H ec/H aiareGpa Jln gt He comepHT HHKaKoro He-
HYJIeBOro Haeasa aare6pul JIu g, To roBOpAT, UTo HHBOJIIOTHBHAA asnre6pa JIH (g, s) He-
npugoduma.

B) [Mpeanosnoxum, ure g noaynpocta. [lokasats, uTo cieayliolnye YCJIOBH S 3KBHBA-
JNEHTHH:

(i) exHHCTBEHHBIMH HpeanaMH B g, yCTOAYHBBIMH OTHOCHTEJbHO S, ABJsOTCA {0} H g;

(ii) g 160 nmpocra, MuGo ABJIAETCA CyMMO# ABYX MPOCTHIX HAEAJIOB, NepecTasJlsie-
MBIX S.

Moka3saTb, UTO 3TH YC/I0BHH BHINOJHAIOTCS, KOrAA (g, S) HENPHBOAMMA (3aMETHTb,
41O g ABAseTcH NPAMofl cyMMoil s-ycTofuuBBIX HieasloB, H mpoBepHTSH (ii)).

r) IpeanosoxuM Teneps, UTO g NOJAYNPOCTA H KOMNaKkTHA. [TokasaTh, 4To HHBOJIIO-
THBHas aare6pa JIu (g, s) HenpHBOAHMA TOrAa H TOJABKO TOFAa, KOTAA S — HETOXJe-
CTBeHHOe TpeoGpa3oBanue H (g, S) yROBJIETBOPAET YCHOBHAM MyHKTa B) (mycTb p —
nogmonyab B g1 -monyne g~ H @ — ero opToronasnbHoe LONOJHEHHE OTHOCHTENBHO POp-
Mbl Kunnunra; sameruts, uto [p, q]==0, H BbiBeCTH OTCIORA, yTo p+[p, p] — umean B g).

2) Ilokasats, yro g ABasAerca npaMoit cymmoi cemelicTBa {9} ; <, S-yCTORUMBEIX
HAEaJIOB, TaK YTO @o COCTOHT H3 S-HENMOXBHXKHBIX TOYeK, a (@ S|g;) — HeNpHBOJAHMbIE
HHBOJIIOTHBHLe aare6pw JIu npu 1<<i<Cn.

8) INycrts G — KoMnakTHadA NoJAYNpocTas rpynna JIH, u — ee apToMopdH3M NopAR-
Ka 2, K — cBA3HAaA KOMIIOHEHTAa €aHHHUH B MHOXECTBE HeMoaBHXHBIX TOWEK [JISi
u B X — Muoroo6passe G/K (B stoM cayuae onHoponHoe npocTpaHcTBo X HasbIBaloOT
CUMMETPUHECKUM) .

a) [TokasaTtb, uyto eciu G NoYTH NpocTa, To K — MakCHMaiabHa s CB3HAA 3aMKHY-
Tas noxrpynna B G, oTiHyHas ot G; HHave roBops (ri. I, § 3, ynpaxuenue 8), geficr-
BHEe G Ha X npHMHTHBHO. B 3TOM cayuae rosopAT, YTO CHMMETPHUYECKOE MPOCTPAHCTBO
X uenpusodumo.

6) IlpeanonoxuM, yto MHorooGpasHe X OAHOCBA3HO; NMOKA3aTh, YTO OHO TOTAA
H3oMopdHo NPOA3BeaCHH IO MHOT006 pa3H i, Kaxao0e H3 KOTopbiX H3omopdHo nH6O rpynne
JIH, AHGo HenpHBOAHMOMY CHMMeTPHYECKOMY NpPOCTDAHCTBY.

9) IlycTb a — HellleCTBeHHasi HJH KOMIIEKCHas aiare6pa JIH u G — KoMnakTHas
noarpynna B Aut (a). [Tokasats, uto a o6sanaer G-ycroiuupolt noganre6poit Jlesu
(ra. L, § 6, n° 8, onpenenenne 7) (CBECTH K cyyalo, KOTAa PpaguKaJj a KOMMYTaTHBEH,
H Hcnoabaosats Hureep., ra. VII, § 3, n° 2, semMa 2).

§2

1) INycTb G — KOMNaKTHasA CBA3HAA rpynna JIH H g — ee 3semenT.

a) IMoka3saTb, YTO CYLLECTBYET HeJioe YHcJo n 2> |, Takoe, uro UeHTpaiH3aTop Z (g")
cBfi3eH (AOKa3aTh, YTO A/A NOAXOAAMIEro 7 3aMKHYTas MOArpynna, nopoxieHHas g",
ABASIETCA TOPOM).
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6) IlpeanonoxuM, utg pasmepHocTb npocrpancTsa Ker (Ad g”— 1) ne 3aBucur or
n (npu n>=1). Iokasars, yro Z(g) cBssen.

8) Ecau anement g* peryasipes npu Bcex n2=1, o Z(g) cBasen.

2) Tokasath, 4To BCsIKasl CBSI3HAs KOMNJeKCHasA rpynna JIu siBasercs NonynpsiMbiM
NpOU3BEeHHEM CBOEH NMPOM3BOAHON rPYNIE Ha HEKOTOPHIA Top (ecau T — MakcHManb-
ubifl Top B G, sameruts, yro T(1D (G) sBAsercs TOpOM).

3) Iyctb G — komnakTHasi rpynna Jlu, g — ee anre6pa JIu u s — NOANPOCTPAHCT-
BO B g, KOTOPO€ BMecTe C JIOGLIMH TPeMsi 3MeMEHTaMH X, ¥, 2 cofepXHuT [x, [y, 2] Tlyctp
& — COBOKYIHOCTb KOMMYTATHBHbIX OAAJIreGp B g, COAEPKALLMXCA B 5. [okasats, uyro
cBfA3HAs KOMNOHEHTA eMHKIB cTabunu3aropa s B G AeficTByeT TPaH3UTHBHO HAa MHOXKe-
CTBe MaKCHMaJbHEIX 3JIEMEATOB B & (paccykAarh, Kak B AOKa3aTeNbCTBe Teopemul 1).

4) Tlycrb G — cBsispass Komnaktgasi rpynna Jlu, T — makcuManbHbA TOp
B GuS — noarop B T. O6o3naunm yepes X (coots. F) crabunusatop (COOTB. UeHTpaNH-
satop) S B W4 (7).

a) Iokasats, yro rpynna N ;(S)/Z;(S) usomoppua = /F.

6) Iycts H — cBa3nas saMkHyTas noarpynna B G, B KOTopo#l S siBJsIETCS MAKCH
ManbHbM TopoM. [Tokasats, yro KaxXabli saemeRT rpynnsl Wy (S), paccMaTpHBaeMbiil
Kak aBToMOp(u3M S, ABJAETCA OrpaHHYeHHEM Ha S HEKOTOoporo sjementa H3 2.

5) MycTs G — cBa3nas koMnakTHas rpynna Jlu u § — top 8 G. INokasars, uto
cefylolHe YCAOBHS PaBHOCHJbHBL:

(i) S comepkuTcsi B efHHCTBEHHOM MAaKCHMAaJlbHOM TODE;

(ii) Z 4 (S) — makcumanbHbil TOP;

(iii) S comepKHT peryasipHEIH 3/eMeHT.

6) IlycTe G — cBA3nan KoMnakThad rpynna Jlu, T — Makcumanbsblii Top B G, g
(coorB. t) — aare6pa JIu rpynnsl G (coors. T) u i t — g — KaHOHHUYECKOE BJIOXKEHHE.
[lokasath, yTo oroGpaxenue ‘i: g* — t* onpepensier Nocje nepexoaa K pakroporobpa-
XKeuuio roMeoMoppusm g*/G na t*/W; (T).

I 7) lycrs X 1 Y — aBa CBA3HBIX OTAENHMBIX BellleCTBERHBIX MHOr00GpasHsi Kacca
C’ (1 <r< 0) u paameprocTH n; nycTs f: X —> ¥ — coberpennubiii Mopdusm Knacca C',
cna6xennulil opuenrauneii F (Mn., Cs. pes., 10.2.5).

a) Iokaaarb, 4TO CYIIECTBYET H €{HHCTBEHHO BELIECTBERHOE UHCIO d, sl KOTOPOTo

crnpaBefJIHBO PaBEHCTBO 5()‘* a=d§/ a 018 JoGoH cKpyudenHoHM (HeuerHOH) nudde-

penuHanbroil gopMbl a kaacca C' i cTeneny n Ha ¥ ¢ KOMIAKTHEIM HoCHTeneM (HCTIONb-
soBath Mn., Ce. pes., 11.2.4).

6) IlycTs y=Y Takosa, uTo f 31anen Bo Beex Toukax ' (y). das x=f~' (y) nono-
XuM Vx (f)=1 (cootB. v; (f)= — 1), ecnn orobpaxenus F; u fx (Mn., Cs. pes., 10.2.5,
npumep b)) muoxectsa Or (T, (X)) 8 Or (T, (Y)) coBnanaior (coors. NPOTHBONONOXKHEL) .

Jokasath, yto d= Z v, (), 1ak uro de=Z.
xef'w)

Yucao d HasblBalOT crenensto mopduama [ H o6o3nayalor yepes deg f. Econ X =
=Y u ecnn X opHeRTHPYEMO, B KayecTBe F GepyT oto6paxKenue, COXpansiollee opHeHTa-
o X.

B) Ecau deg f==0, nokasath, uro f ClopBeKTHBeH.

r) Ecan cymectyer Takas Touka xe<X, uto ! (f (x))={} u { sranen B x, To
| clopmexTuBes.

8) Ilycts G — cBsi3Has KOMIAKTHAd rpynna Jlu u dg — HopMHpOBauHas Mepa
Xaapa #Ha G.
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a) Mycts f: G - G — mopduam mHorooGpasuil; A1si g G OTOXKAECTBAM C IO-
MOILBIO JeBoro casura guddepenunan Ty (f) ¢ nuHeliHnM OTOGpaxeHHem L (G) B L(G).
Jloka3aTh paBeHCTBO

deg /. v (e)dg= {0 (@) det T, (0 dg
G G

ns ao6oit GYHKUHH @, MHTerpupyemoll Ha G (¢ KOMNJIEeKCHHMH 3Ha4YeHHAMH), H pa-
BEHCTBO

deg f= ; det T, (f) dg.

6) Myers Yr: G - G — oro6paxenne, mepesojauee g B g* Jokasath pa-
. BEHCTBO

deg \p,,=§ det (1 +Ad g+... +(Ad g)* V) dg.
G

B) Ilycte T — makcumanbHeiil Top B G H T, — MHOXECTBO peryjispHHX sje-
meHToB B T. Ilokasats, uro expE{(T,)cL(T) " 1}7,,_‘ (T)<T, nns Beex k>=1.
r) IMokasatn, uro deg pe=Fk"Y™ (7, pupectn orciona pasenctso

| det(+Adg+.. +@dgrdg=rtm .
G

9) dDto ynpaKHeHMe NOCBAIIEHO APYroMy JOKasaTeahcTBYy Tteopemul 2. [Tyeth
G — cBasHaf komnakTHad rpynna Jlu, T — makcumanbHuli Top B G u N — erd Hopwma-
nu3arop. OGoanauny yepes G X VT pakropmHorooGpasue G X T no AeficTBHIO rpymms N,
ofpeniesiennomy dopmyaoi (g, #).n==(gn, n="' tn) (Mn., Cas. pes., 6.5.1).

a) INokaaats, 4ro mopdusm (g, £) i gtg~" MHoroo6pasus GX T B G onpeenser
mocJsie nmepexofa K (akToporobpaxkeHHIo aHaJauTHYecKni mMopdHsm f: GXNT > 6.

6) Mycte 8 — Takoit snement T, crenenu Kotoporo niothu B T (O6wy. Ton., 1969,
ra. VIL, § 1, n° 3, ciexcreue 2). TTokasats, 9to f~' (8)={x}, rne x — kaacc napu (e, 6) -
B GXVT, u uto | srazen B TouKe x.

B) BuiBecTu Ha ynpaxHeHHs 7T), uTo f ClOpBEKTHBEH, H NOAYYHTh OTCIOfia Apyroe
JIOKa3aTeJbCcTBO TEOpeMHl 2.

10)* B 3roM ynpa>kHeHHH HCTIONB3YETCA CIeYOLHi pe3ynbTaT 3 aireGpanuecKoi
Tonosorun (Ppopmysa Jegueya 1)): nmycts X — KOHeYHOMEp HOE KOMIAKTHOE MHOIO-
o6pasue u f — MophH3M X B ceba. [1peAmonoxkuM, 4TO MHOXKECTBO F HENMOABHIKHBIX
To4yek 414 f (T. e. TaKHX, 4TO f(¥)=x) KOHEYHO H YTO /A Beex x& F uucio § (x)=
=det (1 —7 (f)) orauuno or Hyas. O6osHauum uepes H' (f) supomopdusm AuHeiHOrO
npoctpaHcTBa H' (X, R), nHaynHpoBaHHKI oro6pakenueM f (mpH i>0). Toraa

Z 6(x)/l6(x)l=z (— 1) tr HE ().

x=F =0

1) JloKa3aTeJIkcTBO CM., Hanpumep, B ctathe: Lefschetz S. Intersections and trans-
formations of complexes and manifolds.— Trans. Amer. Math. Soc., v. 28, 1926,
p- 1—49. (Cm. rakke: Jonba A. Jlekuuu mo anreGpanueckodt Tonosorun.—M.: Mup,
1976.— Ped.)
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Mycts G — cBA3nas KoMnakTHasi rpynna JIH u T — MakcHMalbHBI TOp
B G. [lasi g = G o6o3Hauum yepes t (g) aBToMOpPH3M MHOTO0Gpa3Hs G/ T, NOPOXKAEHHBIH
JIeBHIM CJBHIOM Ha g.

a) Ilyctb ¢ — rakoit asemeHT H3 T, uTO NOPOXAEHHasi HM TMOArpynna NJOTHa
B T. [ToxasaThb, Y0 HEMOABHKHBIMH TOUKaMH aBToMophu3ma t ({) asasiorca Kiacew nl

ans ne N (T). Busectn orciona, uro (N (T): T)= Z dimg H'(G/T, R).
i>0

6) [ycrb g — npousponbHLIf 3/1ement H3 G; NOKa3arth, YTO MHOKECTBO HEMOLBHK-
HBIX TOUEK aBTOMOP(H3Ma T (¢) HelycTO, H BHBECTH OTCIOZA ellle OAHO AOKA3aTeAbCTBO
Te0peMH 2.,

11) Hyerb G — xomnakTHas rpynna JIu. FoBopsr, yro noarpynna S B G ecTb noa-
rpymna runa (C), ec/id oHa cOBNajlaeT ¢ 3aMbIKaHHeM HEKOTOPOH LMKJIHueCKOH MoArpyn-
MB M HMeeT KOHeuHHIH HHHEKC B CBOEM HOpMAaJH3aTope.

a) Nycrb S — noarpynna tuna (C); nokasath, 410 So — MaxcHMaJbHHI TOp B Go
"M uTO S fABJAsIeTCH NPSAMBIM NPOH3BeleHHeM So M HEKOTOPOH KOHeUHOH LMKAMYecKo# noa-
rpynnu. : -
6) I oxasarb, 4ro KaxAwi 3nemenT g G coaepXXHTcsl B HeKoTopo# moarpynne
tHNA (C) (paccMoTperb NMOArpPyNNy, NOPOXKAEHHYIO § H MAKCHMaJbHHM TOpoM B Z (g)).

B) Hyctb S — noarpynna tuna (C)u s — Taxoil 3/ieMenT B S, YTO €ro CTENEHH NJIOT-
Hol B S. [Toka3artb, uro kaxcanil sMemeHT U3 SGo conpsixkeH ¢ noMmouiblo Int (Go) ¢ ane-
MEHTOM H3 §S¢ (HCNoO/b3OBaTh METOA ynpaXHenus 10).

r)} O6o3naunm uepe3 p: G - G/ Gy ecrecTBeHHyI0 npoeKkiHI0. [TokasaTb, uto oro-
GpaxenHe S > p (S) 3agaer GHEKIHI0 MHOKECTBA KJACCOB COMpSNKEHHOCTH MOATPYIN
THna (C) B G Ha MHOXeCTBO KJIAcCOB CONPSIKEHHOCTH WUKJHYecKHX moarpynn B G/ Go.

n) Hycrb S — noarpynna tuna (C) B G; 0603HauuM 4yepe3 S, MHOXECTBO TaKHX €€
3JleMeHTOB, 06pas KoTopuiX B S/Se nopoxaaer S/So. [okasars, ¥ro aBa sneMeHnTa u3 S,,
conpsikeHuse B G, conpsikenn B N ;(S).

§3

1) Hycrb G — komnaxkraas rpynna JIn paamepuocty >0. a8 TOro 4roGu
J100asl KOHeuHasl KOMMyTaTHBHasi moarpynna B G Obsia HHKJHYeCcKO#, HeOGXOAUMO
H JI0CTAaTO4HO, uTo6H G 6bia nsomopua aubo U (1, C), au6o SU (2, C), 1160 nopmanu-
3aropy MaxcumaJibhoro topa B SU (2, C).

2) O603naunm uepes K omso H3 ten R, C mau H H uyepes n — menoe unc/sio
= 1. Cua6aum npoctpancTBo K7 06bIMHON 3pMHTOBOH (opMOil.

a) Hokasarb, yro U (n, K) — xomnaxTHasl BelllecTBeHHas1 rpynna Jlu.

6) Ioka3saTb, 4TO eHHHYHASA cepa B KT sB/seTca (BelleCTBEHHBIM) OJHOPOAHBIM
npocrpancteom JIu ans rpynnusl U (n, K); craGunnsarop Toukn uzomopder U (n—1, K).

B) BuiBectn orcoaa, uro rpymmn U (r, C) U (n, H) cBAsunl, a rpynna O (n, R)
HMeeT JiBe CBA3HBE KOMIOHEHTHI.

r) Hoka3sate, yro rpynns SO (n, R) u SU (n, C) cBsiaHuL.

1) Ilokasats, uto rpynna O (n, R) (cootB. U (n, C)) siBjseTcs NOJAYNpPAMEIM NPO-
uasefileniem Z/2Z (coors. T) ua SO (n, R) (coors. SU (n, C)).

3) a) [okaszars, uro anre6poii Jiu semecrBennoli rpynmut Jlu U (n, H) sisaserca
MHOXKECTBO MaTpHU Xx& M, (H) co cBoilcrBom ‘x= —x, cHaGXennoe ckobkoi [x, y]=
=xy —yx. O603HauHM ee yepea u (n, H). ’

6) Oroxpecreum C ¢ noanozem R () 8 H 1 C** ¢ H* ¢ nomowbio u3oMoppu3ma
(215 <os Z20) = (204 j2a 41, +.os 20+ j224). TOKa3aTh, wt0 U (1, H)=U (2n, C)(1Sp (2n, C).
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B) BuBecty u3 6), yro BCsiKast (BellecTBEHHAs1) MpocTast KOMIMaKrHas ajareGpa Jiu
tHna C, uaomopdHa u (n, H).

4) INycrs n — pesoe uucao = 1. .

a) ITokasarh, uro rpynna SU (n, C) oaHoCBsI3HA (HCNONIB30BATHL YMpajKHEHHE 2).

6) IMoka3aTs, yto nerTp rpyms SU (n, C) cocrouT H3 MaTpHL, BHAA A.J,, rae AeC,
At=1.

B) Besikast mour mpocrast KomnakrtHas rpynna Jlu tana A, uaomoppHa dakrop-
rpynne rpynnat SU (n+ 1, C) mo uHK/IHueCKo# NOArpymnme, coCTosiiiedl 3 MaTpHIL BHAA
C".l,,+|, 0<<k<ld, rne d — penurens n+1, a { — NpUMHUTHBHHIH KOpeHb cTeneHu d U3
€IHHHIIBL.

r) Hokasars, uro rpynna SL (1, C) oaHocBsisua (ucmosnbaosats ria. 111, § 6, n° 9
Teopema 6).

5) Oas peaoro n>>1 uepes Spin (n, R) o6o3Hauaercs npHBefeunast rpynna Kang-
¢dopaa, accounnpoBaHuas ¢ o6uyHON KBagparHunoil popmoii na R" (Ase., ra. IX, § 9,
n° 5).

a) IMoxasars, uro Spin (n, R) — komnakruast rpynna Jlu W uro CIOPBLEKTHBHBIA
romomopduam @: Spin (2, R) > SO (n, R) (cM. Tax xe) aHaAHTHYEH H ero siApo — 3TO
‘+ L, - l}'

6) Hast n>>2 nokasats, 4ro Spin (n, R) — ceA3Has ¥ OXHOCBsI3HAsA Tpymna (Hc-
noyb30BaTh ynpaxkHenne 2). I'pynna m; (SO (n, R)) nukiaHuecKast nopsiaka 2.

B) Mycrs Z, — uentp rpynnu Spin (n, R). Tlokasars, uro npu neuersom n Z,=
={l, —1}, a npu yerHom n>>2 Z,={l, —1, &, —¢}, rre e=e, ... e, — NPOH3BEACHHE
3/leMeHTOB KaHOHHUECKoro Gasuca B R*; rpynna Z,, usomopdua (Z/22) (coors. Z/4Z),
€CJH r YeTHO (COOTB. MEYeTHO).

r) Jlokasats, 4TO BCAKAas NMOYTH Mpocras CBA3HAs KoMnakTHasi rpynna JId tuna
B, (n>2) usomopdua au6o Spin (2n+ 1, R), 160 SO (2n+1, R).

a) Ecau r neueTHO (COOTB. 4eTHO) H Z>2, TO BCSIKAs MOYTH IpoCTasi CBA3HAST KOM-
nakrHast rpynna Jix tana D, uzomopdua qu6o Spin (2r, R), 6o SO (2r, R), au60
SO (2r, R)/{== 12/} (coorB. 160 oxHOM H3 MepeuHcIeHHuIX rpynm, au6o Spin (2r, R)/{1, e}).

6) a) IMokasars, yro komnakrHad rpynna Jlu U (n, H) cBsiaua u ogHocBsA3HA (MC-
NoJb30BaTh yNpaMHeHHe 2) U ee mEHTp ecTh {14}

6) Bcesikasi MOUTH npoctas cBsiaHasl KOMNaKkTHas rpynna Jlu tuna C, (n > > 3) Haomop-
¢ua au6o U (n, H), 1860 U (n, H)/{1,}

7) Mycrs A — aare6pa OKTOHMOHOB (Ha3HBAEMBIX TAKXK€ OKTABAMH WJH YHCIaMH
Kaaxg; Alg., chap. 111, p. 176) c kanoHHUeCKHM Gasucom (edo i (cM. Tan ake). OGoana-
4HM uepe3 V NpOCTPaHCTBO YHCTO MHHMBIX OKTOHHOHOB, IOPOXKJEHHOE BEKTOpPaMH
e, ..., 7, ¥ uepes E moxnpocTpaucTro V, HaTAHYTOE HA BEKTOpH! ey, ez, 3, es, &, e7. OTo-
JKHAECTBHM C MOJIEM KOMILJIeKCHRIX yHces C mopanre6py B A, IOPOXKAEHHYIO eo H e4, H TYCTh
G o3nauaer rpynny aBTOMOpGuU3MOB anreGpu A.

a) O6o3Haunm uepe3 Q KBaApaTHYHYIO popmy Ha V, uupynupyemyio uopmo# Kaun,
TaK uro () ;7 — OPTOHOpMHpOBaHHHE Gasuc B V. Jlokasars, uTo OTOGpaKeHHe
o> 0|V siBisiercst MHBLEKTHBHHM romomopdu3amom G B rpymny SO (Q), usomopdnyio
SO (7, R).

6) Tokasars, uro ymuoxeHue B aare6pe A cHaGXkaer E cTpyKTypo# TpexmepHoro
KOMIUIEKCHOTO TPOCTPAHCTBA ¢ 6a3HCOM {1, €2, ea). O6G03Haunm uepe3 @ 5pMUTOBY HOPMY
Ha E, oTHOCHTENbHO KOTOPOIi 3TOoT 6a3UC OpTOHOPMHPOBaH. ITycTs H — cTa6GUAH3ATOP €4
B G. IMokasars, uro oroGpaxeHue o i ¢|E sBasiercss H3omopdHamom H Ha rpymmy
SU (D), Haomopduyio SU (3, C). Oro6pakeHHe ¢ - 0 (es) 3ajaer BJAoKenne G/HB V,
o6pa3oM Kotoporo siBjsiercsi cpepa Se.

B) IMycts T — top B H, cocTos MM U3 TAaKUX aBTOMOPGU3IMOB O, sl KOTOPHIX
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o (eo)==eo, ©(e1)=u0e|, o (es)=Pe2, o (es)="ves, o{e)=e4, o(es)=uoes, o (ec)=pPes,
o (er)==ve7, rae @, B, ¥ — TPH KOMIEKCHHIX UHCJIA, PABHBIX | N0 MOAY/MNO K CBA3aHHBIX
pasenctBoM afy==1. [lyctb N — nopmanusarop I B G; nokasars, utro N/T umeéer nops-
0K 12 (3amerHTb, UTO KaXKAbIA 3/1eMEHT #3 N LOMKEH COXPaHATb MHOXKECTBO =6, i 5=
+#0); BoBecTH orcioga, yro paHr G pasen 2.

r) Tlokasars, utro G — cesi3uas noaynpocras rpynna tHna Ge u yro G/H oroxne-
crBasetca ¢ Sg (nokasarb, ur0 Gov= H; BHpecTH orciona, 4yro Go — rpynna Tena G,
3aTeMm HCNOAb30BaTh CO06 pa)KeHnﬂ paamepHocTH ). Besikast komnaktaau rpynna tuna Ge
n3omopdua G.

8) Mycts G — noutH npocrast CBA3HAA KOMIAKTHAS rpynna JIu Tena A,, B,, C,, D,
il Gp. Jlokasars, 4to nip (G) =0, a n3 (G)=1Z (ucnonb3onath ynpaxxuenus 2—7 u TOT
¢dakr, 4ro m;(S,) — TpuBHaiAbpas rpynnma npy i<{n ¥ UHKJHYECKA NpH i==n,
cp. Top. gen., chap. XI).

9) Ilyctb g — KomMnakTHas ajare6pa Jlk u t — noganre6pa Kaprana B g; nycts
(X gep — Takaa cucrema lllepanne B paciienienHoR penykTHBHOH anreGpe Jln
(8¢ to) uto X, u X__, conprKenbl (OTHOCHTENBHO g) ANA BeeX a =R,

a) Ilyets 7~ — noamonyab Z-monyas te, comepxammit iH , (e €R) # Takoh, urto
a (7)< Zi pas Beex a = R. [lokasarts, uro noamodyns & Z-moRry.as 8 MOPOXACHHBIA
T ¥ 5NeMEHTaMH U,, U, (%< R), aBaserca Z-noxanarebpoit Jlx B g.

6) Tpexnonoxuwm, 4to g (coors. t) — anre6pa Jlu KomnakTHO# rpynma G (co-
orB. makcumaibHoro ropa T B G). Ilyers I' (T) — sixpo romomopduama expy: t — T. Tlo-
Ka3athb, 4t0 Z-moayis (2n)~' ' (T) yaoBnersopser yCJAOBHAM NYHKTa a).

B) Ilycts (-, - ) — HHBapHAHTHOE CKaJsIpHOE NPOH3BE/IeHHEe Ha g§; NYCThb u (coots.
T) — mMepa Xaapa Ha g (coors. f), COOTBeTCTBYIOLast Mepe JleGera npH OroXKAeCTBACHHH
g (coors. t) c npocrpanctsom R” ¢ nomoub0 opronopmupoBanHoro 6asuca. O603HauHm
TeM XKe cHMBOJIOM | (cOOTB. T) Mepy Ha g/F (coorB. t/F7), Koropas upJaseTcs: GakTop-
Mepo#i Mephi j. (COOTB. T) N0 HOpMaJIH3oBaHHOR Mepe Xaapa Ha & (coors. 7). [lokaszarb

opuyay u(s/9)=1t/7) [[ <H,H,).
aER+

§4

1) Tlycte G osnauaer opny w3 rpynn SU(n, C) man U (r, H);, oroxaecrsum
8¢ ¢ sl(n, C) nu sp (2n, C) coorBeTcTBEHHO, CP. § 3, n° 4 u ynpaxuenne 3. Hcronbayem
o6oaHayenus H3 . VIIL, § 13, n°1 w n°3 ¢ k=C.

a) Tlokasatsb, uro noarpynna T 8 G, cocrosiiias H3 AHarOHaJbHHX MAaTPHI, C KOM-
1 eKCHBIMH Kos(bdmuﬂemamﬂ AB/SIETCA MAKCHMAaJbHHM TODOM H 4TO L(T)(c)—b

6) Oroxpgecrum X (T) ¢ oarpynnoi B h* ¢ nomouibio romomopduama 8. TTokasars,
YTO JiHHEHHbe QYHKUHOHAIH ¢ ¥ PyHAaMenTaabuble Beca W; npraantexar X (7). Ecan
t=diag (¢, ..., t)ET, 10 & ()=t n @; (O=f1...4; g 1<i, j<n.

¢) Bemectr H3 6) Apyroe mOKasateabcTBO T0r0 ¢akra, uro rpynnst SU (n, C)
H U (n, H) oqsoceasusl (cp. § 3, ynpaxneuus 4 n 6).

2) Myers G=S0 (n, R), n > 3; nonoxum n=2I[41, ecan n peyerHo, H n=2I, ec;in
n ueTHO. AnreGpa g OTOXKAEeCTBAsETCA ¢ 0 (12, C); Henoibayem 0603Hauenns u3 ra. VIII,
§ 13, nn 2 u 4. O6o3naunm yepes (f‘)1<l<n KaHonuyeckHf 6asnc B R”, Tloaoxum

1
e= \/—(f21—l+lf2;) L e—J—T(fz,—l—tfw) ma 1<, eo=z\/2_f21+1 npe He-

4eTHOM n; B npoctpaHctBe C” BoiGepem Gasuc Butra ey, ..., €, e_y, ..., e—1, €CJIH N HETHO
(coors. ey, ..., e, €, €1, ..., _1, €CJH N HEYETHO).
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a) Iycts H; — nopnpocTpanctBo B R”, mopoxaenHoe fo_1 H fo (1 i< /); noka-
3aTbh, yro nmoarpymna B G, o6pa3oBaHHasi TakHMH 3JjeMmentamu g, uro g (H)cH;
u det (g| H)=1 pas 1 i</, apnserca makcimaabunm topoM T B G, 1 uro-L (T)(c)=[).

6) OroxpectBum X (T) ¢ noarpynnoii 8 h* ¢ nomomsio 8. [Nokasats, yro JauHefl HEe
¢yHKUHOHAJH & NpsiHagaexaT X (T) ecd f T u ectu orpanuyende f na H; asasercs

HOBOPOTOM Ha yrou 0;, 10 g; (t)—e ' Beca®, ...,W_2, 20/—, 200;, T, _ | =T, npHuanie-
*ar X (T). Ecau n ueverdo, @W,—; npunagiexut X (7).
8) Iycrb G=Spin(n, R) 1 ¢: G — G — Kanonnueckoe HakpuitHe. Has @=
1

=(0,, ..., 8;) = R'monoxumt (0)= H (cos 0;—fai—1 fu sin 8;) = G.TlokasaTs, uro MHO-
=1

KecTso anementoB ¢ (0) 1as 8 =R’ aBaseTcs makcumaabubiM Topom T 8 G u uro ¢ (=

=T. Tlpu oroxnecrsrennu X (7) ¢ noarpynmo#t B h* umeewm g; (¢ (0))=e2'0".

r) Ilokasats, 4yro Beca W;_; u @, npuramiexar X (T); BuBecTH oTCIOa, uTO
Spin (n, R) — ogHocBs3Has rpynna (cp. § 3, ympaxuenue 5).

3) a) TNokasar, uro aBromMopdusm o2 A+ A rpymnu SU (1, C) np 1> 3 ke spas-
eTcst BHyTpeHHHM. Besikuit He BHyTpennsiii aBToMopgusM SU (n, C) umeer Bug Int (g)eo,
g=SU (n, C).

6) IToka3saTb, 4TO AJSI BCAKOH MOUTH NPOCTOH CBA3HOA KOMIaKTHOH rpynnbl G Tuna
A, (n22) rpynna Aut (G)/Int (G) uukadueckan nopsaka 2 (cp. § 3, ynpaxuenue 4).

4) Tlycte n — nentoe yucao =2,

a) Ilycte g0 (21, R) u det g= — I, nokasars, yro asTomMopduam Int (g) rpynnst
O (2n, R) 3anaer apTomMopdusm SO (2n, R), KOTOpH# ue ABIsIETCA BHYTPEHHHM.

6) Idans n>2 rpynna Aut (SO (2n, R)) coBnanaer ¢ rpynno#t Int (O (2n, R)) (uso-
mopouoit O (2n, R)/{=Iaa)).

B) YcraHoBATb aHaMOrHyumi pesysnbratr aas Spin (2r, R) u SO (2n, R)/{x= 12}
Ecau n verdo u me pasro 2, Besikuift aBToMopduam rpymusl Spin (2n, R)/{1, € (§ 3,
yHpaxkHeHHe D) SIBAAETCS BHYTPEHHHM.

5) TlycTe R — HenpusoAHMasi MpUBELEHHAN CACTEMa KOpHe.

a) TlokasaTb, 4TO COBOKYMHOCTb IUIMMHBIX KOpHeH B R 3aMKHyTa, CHMMeTpHYHA
H YycrofiuuBa otHocutesnnHo W (R).

6) ITokasaTb, 4TO BCAKOE HENYCTOE NOAMHOKeCTBO P B R, 3aMKHYTO€, CHMMETPUUHOE
H ycToitunsoe orHocHrenbHo W (R), coBnmajaer nu6o ¢ R, 1160 ¢ HOAMHOXKECTBOM VIHH-
HBIX KOpHeil.

B) ITyctb P+ R. [lokasaTs, uTo eca R uMeer Tun By (coors. Cy, F4, G2), 10 P simeet
tun Dy (coors. (A,), Ds, As).

6) Tlycts H — 3amKuyTas moarpymna B G, comepxawas N g (T).

a) Tloka3sars, yto H coBnanaer co cBosiM HopMaauaatopom B G H uro rpynna H/Hp
HaoMmopdua W/WH ().

6) Tlokasarb, ure R (Ho, T) ycTOAUHBO OTHOCHTEABHO w. O6paruo, ecin K —
cBA3Has 3aMKHyTasi noArpynna, cogepxawasi T 4 Takas, uro R (K, T) ycTo#iuuBo orHO-
curensuo W, To uopmanssatop K cogepxsr Ng (7).

B) IIpeanonoxum, uro G noutu npocta. [lokasars, yro H coBnagaer au6o ¢ N ; (),
au6o ¢ G, 3a HCKMOYeHHeM CJAEAYIOLIHX clyuaeB:

a) (cootB. a’) ) G=Spin (2l+l R) (coorB. G=SO (2{+1,R)) u Hy — crabuausa-
TOp uenynesoro BekTopa B R¥*', uzomoppumit Spin (2/, R) (coors. SO (2/, R));

B) G=U(l, H) » Hy=D — nogrpynna JuaroHaJdbHHIX MaTPHL;

B) G=U(, B)/{£ 1} u Hy=D/{x1};

¥} G — rpynna Tuna F, u Hy usomopdna Spin (8, R);



§ 4 ’ YIPAXHEHHUSA 135

8) G — rpynna tuna G u Ho — noarpynna (usomopdras SU (3, C)), onpenenen-
Hasl B ynpaxkHeuuu 7 K § 3.

7) Mycrb t: G - GL (V) — nenpephinHoe NpeAcrapieHHe G B KOHEYHOMEPHOM
BelllectsenuoM npocrpauctee. Ilpennonoxum, uro dimg V,<1 aan mo6oro Ae=X (7).

a) IlokasaTb, 4TO NpeacraBieHHe T siBJsfeTCS NPsIMOH CyMMO# KOHeyHoro naGopa
(*)1<igs HENPHBOAHMBIX MONMADHO HEH3OMOPQHHIX NPeACTABJCHHH, KOMMYTaHTH
Ki (1 <i<s) Koropuix usomopdun R uau C.

6) das toro urobn Ha V CYLLeCTBOBANA CTPYKTYpa KOMIIJIEKCHOT'O BeKTODHOrO
NPOCTPAKCTBA, OTHOCHTE/IbHO KOTOPOH onepaTopht u3 T (G) 6uuiH 66 C-auHeHHE, Heo6xo-
AHMO H LOCTATOUHO, YTO6H K, ..., K; 6bin uzomopdun C; B 3TOM ciiyuae Hmeercs 2°
TaKHX CTPYKTYD.

8) Iyctb H — cpA3nasi 3aMKHyTas MOArPYNNa MaKcsAMaJbHOTO panra B G, h — ee
anre6pa Jlu, X — muorooGpasue G/H n V — kacareibHoe MpocTpaHCTBO K X B TOUKe,
COOTBETCTByOWIEH CMeXHOMY Kiaccy H, oroxaectuM V ¢ pakropnpocrpancrsom g/b.

a) Flycrb j — mourn KoMnjekcHas cTpykrypa Ha X (Mu., Cs. pes., 8.8.3); o6o3Ha-
unM yepes V” (j) noanpocrpatctso B C® V, 06pasoBanHOe 3/1eMEHTAMH & CO CBOACTBOM
j (8)= —iu, v uepes q (j) — npoobpa3 V” (j) B 9 TaK, uroOH KAHOHHUECKOE OTOGpaKe-
Hie V — g/q (j) 6ui10 C-anHefinbiM #30MopH3MOM (TIPH YcJOBEH, uTO V cHaGxkaer-
csl KOMMJEKCHON CTPyKTypol, cooTBercrByiolllefi j). JlokasaTh, uTo 0TO6pakeHHe
j > q (j) aBasiercs GHeknHell MHOXECTBA MOYTH KOMIJIEKCHBIX CTPYKTYP Ha X, HHBapH-
aHTHBIX OTHOCUTENBHO G, Ha MHOXKECTBO KOMIVIEKCHHX OANPOCTPAHCTB P B § ¢, YAOBJIET-
BOPSIOLIMX CJeAYIOUIHM YCJIOBHSAM:

(n p+r=0¢
(2) pn§= bC’
(3 b, plcp.

6) Jns Toro yToGet Takas CTPYKTYpa Ka X cylllecTBOBaJa, KeOGXOAHMO H AOCTATOY-
HO, YTOGH! BCe KOMMYTAHTHl HENPHBOIHMHIX MOAMN PeCTaBJeHH i PHCOEAHHEHHOTO Npel-
cranjeHHs H B V 6uH H30MopdHHE C; NPH 9TOM yc/IOBHH HMeeTcs 2° TAKHX CTPYKTYD, rae
§ — UHCJIO HeNpUBOIMMBIX MOANpPeNCTaBJeHHA B V (Hcmomb3oBaTh ynpaxkueue 7).

B) ITycTb j — MOYTH KOMIMIEKCHA S CTPYKTYpa Ka X, MHBaDHAHTHAs OTHOCHTENbHO G,
u p=4q (j) — coorBercrayolee noAnpocTpancTBo. [as Toro urobH j Gel1a uxTe2pupye-
Mod (1. e, COOTBETCTBOBa/Na CTPYKTyPe KOMIMJIEKCHO-aHAJIHTHIECKOrO MHOroo6pa3usi Ha
X, cp. Mu., Cs. pes., 8.8.5—8.8.8), He06X0AHMO H AOCTATOUHO, UTOGH P YAOBJIETBOPHAJIO
YCTIOBHIO

@ [p. plcw.

r) Jas Toro uroGH Ha X cyuiecTBOBajsia KOMIJeKCHas (T. €. HHTerpupyeMas nouTu
KOMIUIEKCHAs) CTPYKTYPa, HHBADHAHTHAS OTHOCHTeNbHO G, HEOGXOLHMO H JOCTATOYHO,
uyro6H noArpynna H Obuia IleHTpasnH3aTOPOM HeKOTOporo Topa B G (mokasarb, YTO H3
NpHBeleHHHX BHLIe YcJaoBH# (1) — (4) BHTekaer, uTo p — napaGosnueckas nojaiare6pa
B g¢ (ra. VIIL § 3, n° 5)); 3TH KOMMJIeKcHHE CTPYKTYphi B3AHMHO OLHO3HauKO COOTBET-
CTBYIOT NapaGoAHyecKHM MojanreGpaM p B §¢ KOTODHE HBJSIOTCH NPSIMOA CyM-
MOH t; H CBOETO HHAbNOTEHTHOro paiarkana (ra. VIII, § 3, n°4).

1) Dokasatb, uTo cymecrByer B TounocTH Card (W) xoMmaexkcHHX CTDYKTYp Ha
G/T, HHBapHAHTHNX OTHOCHTEJIbHO G; ecau O H 0’ — JBe TaKHE CTPYKTYpH, TO cyllec-
TBYET eJHHCTBEHHHH sjemedT w & W, 1J19 KOTOpPOro KaHOHHYeCKO€ AelicTBHe w Ha G/T
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(¢ MoMouLkIO BHYTPeHHEro aBToMopdH3Ma) NepesofuT ¢ B ¢’. Ecau w — HeequHUYHBIH
aaemeut U3 W, 10 mefictsHe @ Ha G /T He uBasieTcsi C-aHAJMTHYECKHM HH JJA KaKOH

KOMIVIeKCHO# cTpyKTypul Ha G /T, uHBapHaHTHOR OTHOCHTEARHO G. .
e) OnpefesHTb KOMIJIEKCHHE CTIPYKTYpH Ha S?, MHBapHaHTHHE OTHOCHTENBHO.
SO (3, R).

X)* B 0603HaueHHsX ynpaxkHeHHs 8r) nycth G — xoMnaexcHduxauns G H P —
KoMIIeKchast moarpynna JIu B G ¢ ¢ aare6pofi JIk p. [lokasarthb, 4To KaHOHHUECKOE OTC-
Gpaxenne G/H — G /P apaserca H30MOPGHIMOM KOMILIEKCHO-AHATUTHUECKHX MHOrO-
o6pa3sui.,

9) Iycte H — cpsisnasi 3aaMKHyTasi NOArpyNNa MakcHMalbHoro panra 8 G, orsiuy-
Hast oT G H MakcHMaJbHas CpeiH MOArPYyIN ¢ TakHMH cBoiicTBamu. OGoaHaunM uepes
Z odaxroprpynny C (H)/C (G).

a) dim Z<1; ecan dim Z=0, To Z uMeer nopamok 2, 3 uaH 5 (cBecTH K cayualo
NoyTH Npocroil rpynnsl G ¢ TpHBHAJLHLIM LEHTPOM; NPHMeHHTH ra. VI, § 4, ynpaxue-
HHe 4).

6)) TpennonoxuMm, 94r0 G MOUTH NpocTa U Z HMeeT NOPSAAOK 3 HIH b; MONIOKHM 2=
=Card Z u n=Card (s, (H))/Card (x, (G)). [lokasaTs, 4TO BO3MOXKHH JHILUb CAEKYIO-
He ceMb CJydaeH:

(i) G —Ttuna G, H — tana Ay, 2=3, a=1;
(i) G —tuna F,, H — tuna Ay XAy, 2=n=3;
(iii) G —tuna Eg H — tinma Ay XAz XAz z=n=3;
(iv) G — tuna E,, H — tHna AyXAp 2=n=3;

(v) G—tina Eg, H — tana Ag 2=n=3;

(vi) G —runa Eg H — tina AgXAg 2=n=3;

(vii) G — tana Eg H — tuna A4><A4, 2=m==5.

(Mcnonb3oBaTh TO e ynpaxKHeHHe H TaGJuubl H3 1. VI; 119 BHUHC/JIEHHS T 3aMEeTHTb,
4TO eCjH [ H f’ 03HAualOT HHIeKCH CBA3HOCTH G H H coorsercTBenHO, TO 2mf=f'.)

B) B Kaxioom H3 mpembimyuiHx cayyaes onpelejHTtsb rpynmy H.

10) CoxpaHHM 0GO3HAUEHHS NPEABAYUIETO YIPANKHEHHSL

a) IpennonoxuM, uro dim Z=1. Toraa na G/H ecTb poBHO ABe G-HHBapHAHTHIE
KOMIVIEKCHBIE CTPYKTYPHI; CyllecTBYeT aBToMopdHaM rpynns G, coxpausiiouufi H u ne-
peBOASAIIHA ORHY H3 3THX CTPYKTYp B APYrylo (HCNOJB3OBATh yrnpaxcHeHHe 8).

6) OnpesennTh KOMNJEKCHbE CTPYKTYpH Ha P, (C), HHBapHaHTHble OTHOCHTEILHO
SU(n4t, C).

B) Ipennonoxnm, yro-dim Z=0wu Card Z+2. [lokasats, uto Ha G/H cyulecTsyer
G-HHBapHaHTHasA NOYTH KOMIIEKCHasi CTpyKTypa (eciH z — aaement C (H), He LeH-
TpaabHbili B G, 10 Int (2) 3agaer aBToMopduam G/H HeueTHoro nopsigxa (ynpakueHue
9); ucnosnbaoraTh ynpaxHenue 8 6) ). [Tokasars, uro Ha G/ H He cyuiecTByer G-HHBapH-
aHTHOA KOMILIEKCHO# CTPYKTYyphl (MCROIR30BATh yNpaxkHeHHe 8r)).

r) Ha 85 He CYLLeCTBYET KOMILIEKCHOM CTPYKTYphl, HHBAPHAHTHOH OTHOCHTENLHO
SO (7, R) (ucnonn3oBaTh ynpaxHeHue 7 Kk § 3).

11) CoxpaHHM o6o3HaueHHA ynpaxkHeHu#i 9 u 10.

a) Jlas toro uro6H ofHOpoaHOe npoctpancTBo G/H 610 cHMMerpudeckHM (§ 1,
ynpaxuenHe 8), Heo6XORMMO H ROCTATOUHO, YTOGH Z Gbiia NOpsiika 2 uiIH PasMepPHOCTH
1. B aToM ciydae cHMMeTpHyeckoe npoctpancTBO G/H HenpHBORHMO (cM. Tam xce).

6) IlpennonoxuM, uro dim Z=1; o6o3Ha4yuM Yepe3 X KOMNIEKCHO-aHaNHTHUECKOE
MHoroo6pasie G/H. TlokasaTh, YTO HMeeT MeCTO OAHH H3 CJeAyIOUIHX CAYYaeB:

(i1)+16 —tina A;, a D (H)— tana A,—1XAi—p; X H30MOpHO rpaccMaHuauy
G, (C'7),
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(ii) G — Tina B, a D (H) — Tana B,_,; X n3omopduo noamuoroo6pasuio B Py (C),
Ha KOTOPOM O6paiaeTCH B KYJIb HEBHPOXKACHHAs KBaApaTHIHas GpopMa (enadkasn npo-
eKTusHan Keadpuxa).

(ii") G — tunma Dy, a D (H) — tina Dy_,; X usomopdHo riankofi npoextHsHOH KBaA-
puke B Py (C);

(ili) G — tuna Cy, a D (H) — tuna A;_,; X naomop¢uno noxmuoroobpasiio B G, (€,
06pa30BaHHOMY BCEMH MAaKCHMaJbHHMH H30TPOMHEIMU HOANPOCTPAHCTBAMH B C¥ orno-
CHTENbHO OGHuHON 3HAKOMepeMenHoi Guaunelinofi dopmu B C*.

(iv) G — tana Dy, a D (H) — tana A;_,; X uaoMopcHo noanpoctpancrey s G (C*),
06pa30BaHHOMY MAKCHMAJIbHHMH H30TPONHBIMHE MOANPOCTPAHCTBAMH B C% otHOCHTEJIb-
HO OBHUHOR CHMMerpHuecKoi Guanueiinolt dpopmu B C¥.

(v) G — tuna Eg, a D (H)— tuna Dy

(vi) G — tuna E,, a D (H) — rama Eg

) Tlpeanonoxnm, uro Card Z=2; nepeyncinTb BO3MOKHbIE CJIyyaH. Ecan G —
tena A; By, Ci wan Dy, noKa3aTh, 4To BelllecTBeHHoe MHOrooGpasue G/H nzomoppHo
rpaccManosy Muoroo6pasuio G, (K?), rne K=R, C mu H. .

T 12) Ipeanonoxnm, uto G ORHOCBA3HA; AJISI BCEX a =R (G, T) NOI0KEM [,=
=-exp ((!/2) Ko). Tlonoxam N==N;(T) n o6o3nausm uepes : N - W xaHoHmueckoe
oro6paxente. [lycts B — 6aauc B R (G, T); a5 Kax0ro o & B BGepeM 3/1eMeHT 1, H3
(Nﬂ Sa) _(Tﬂ Sa)-

a) Tlokasath, uTo @ (fg)=5S. W ni=*,, OTKyAa n:=l.

6) TlycTb o B f — ABa PA3/HYHLX JEMEHTA B3 B B mMqp — MOPANOK JMEMEHTA SaSp
B W. Hokasars, uro ‘

R np=Tgh,  eCIH maﬁ=2,
RN g, =Ngh Mg, €CIH maﬁ=3,
(nanﬁ)2=(npna)2, ecll m, g=4,
(nanp)g‘———(nﬁna)s, ecan m g==6

(ecs, HampuMep, Map=3, TO (S4Sp) Sa (Sa8p)”'=sp W Ssu.Sp(x)=P; mokasatb, uTO
Nanghani 'ne'ng | npaHagaexur Sp, H BOCHONB3OBaThCs TeM, WO Sa(1SpN T={e}).

B) BriBectH 3 6), uTO CyLIECTBYeT eARHCTBEHHOE ceuerne v: W — N oToGpaxeHHs
@, 751 KOTOPOTO W (Sa)==1n¢ B v (ww’)==v (w) v (w’), ecin [(ww’)y=1(w)+! (w’) (aepes
[ (w) 0603HAUACTCA AJHHA W OTHOCHTEIBHO CHCTEMHB 06pasyloutuX (S,), < g CP. Tk Iv,
§ 1, o° 5, npennoxkenne 5). [onoxnM n,=v ().

r) ITycts W* — noarpynna B N, NopoxAeHHAs JTEMEHTAMH 114; IOKA3aTh, UTO wEn
NT seasierca noarpyrno#t T: B T, 06pasoBanHoOdl aeMeHTaMH MOpsiIKa <2, u yTO
W oroxaectasiercst ¢ W*/To.

1) Hyers weW — JJEeMeHT mopsijaKa 2; nokasaTb, YTO nd= H tp TAE Re —

aERw

MHOKECTBO Te€X MOJOKHTEJbHLIX KOPHER a, AJs KOTOpHX w ()<<0 (3amkcaTb w B BHAE
sa."' sa', rie r=I[ (w) u ;< B; nupumernTs B) H 1. VI, § 1, n° 6, ciencrere 2 k npeao-
Kenuio 17).

e) Ipeanonoxum, uro G mouru mpocta. Ilyctb ¢ — npeo6pasoBanue Kokcrepa H3
W u'h — uncao Kokerepa rpynnat W (ra. VI, § 1, n° 11). Tokasath, uto nf= H t,

1= R+

(ucmonb3oBath B), A) 4 ympaxHenue 2 us ra V, § 6).

13) a) BuGepem Gasuc B B R (G, T) B oGosnaunm uepes R, MHOXKECTBO MOJONKH-
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TeJbHbix KopHed B R (G, T). Ilokasars, uro 2;= H exp ((1/2) K, ) — snement u3
asR
+

C (G), ne sapucsmui or Bu6opa T u B; kpoMe TOro, 25=e. )
6) Ilycts H — apyrasn ceasuas Komnakrhast rpymna Jiu. Toraa 2;, ,=(25 2 o

ecau f: G — H — ciopbeKTHBHH MopduaM rpynn Jlu, 10 f(z25)=2y.

B) IMonoxum R=R (G, T); npeAnosoxumM, uro G ogxocsisHa, Tak yro X (T) oro-
xkaectsasiercs ¢ P (R). [okasatp, 4ro siapom romomopdusma y, > y (2) rpynmu X (T)
B {I, — 1} cayxur noarpynna P’ (R), onpeaesnensast B ynpaxHewnd 8 kK ra. VI, § 1.

r) Ecan G=SU (1, C), 10 zo=(—1)"*171;

~ecmt G=S8SU (n, H), 10 25=—1 ;
ecan G=Spin(n,R) u n=0,1,2,7 mod 8, 10 z5=1;
eca G=Spin (n, R) 1 n=3,4,5,6 mod 8, 10 25=—1;
ectt G — tHna Es, Es, Fy utn Gy, 10 25=0¢;
ecii G — tHna E; W OAHOCBA3HA, TO Z; — €IHHCTBEHHBIH HeTPHBHAJIbHBIH
anement C (G).

(Mcnoabsosate ra. VI, § 4, ynpaxuenne 5.)

14) TIpeamnonoxuM, uro rpynna G nouru npocra; o603HaunM yepes h uncio Kokcre-
pa mia R(G, T) (ra. VI, § 1, n° 11). T'oeopsar, uro ge G — azement Kokcrepa, ecid
cyuiecTByer Takod mMaKcHMasabHuM Top S B G, uro g npuHagaexur N ;(S) u ero kiaacc
B W ;(S) aBasercn npeo6pasosannem Kokcrepa (cM. rax oce).

a) [Tokasars, uro Apa sieMenTa Kokctepa conpskenn (paccykaartb, Kak B 10Ka3a-
TeAbCTBE CHEACTBHs K npeasoxenuio 10, n®5).

6) Daement KoKcTepa g perynsipeH u o6J1afiaeT CBOHCTBOM gh=zG, [ne 2 G — 3Je-
Meut C (G), onpeseneHHblfl B ynpaxHeuud 13; B 4acTHOCTH, g HMeeT MOPAAOK A HiaH 2h
B 3aBHCHMOCTH OT TOrO, paBeH HJIH HE PaBeH @ 3JEMEHT Z ; (HCNIONb3OBATb YNIPaXKHEHHE
12¢)).

B) Has Toro uro6u ge G Gbin 31ementoM Kokcrepa, HeOGXOAHMO H JOCTATOYHO,
uro6bl aBroMopduam Ad ¢® 1, anre6pul Jin g, YAOBACTBOPSII SKBHBANEHT HBIM YCJIOBH -
am u3 ra. VIII, § 5, ynpaxueune 5e).

r) Ilokasats, uro BCcaxka#l pery/sApHuHi SMeMeHT g< G, obaajaioyid CBOACTBOM
g"=C (G), nBasetcs anemerTom KokcTepa; aas p<<h He CywlecTBYeT peryJ/sipHuX aJie-
MeuToB &, pis Koropux kf e C (G).

15) Tyers H — cBa3Has 3amkHyras noarpynna B G. [osopsit, uro H sBasercs
€eT610, €CIH OHA HE COIEPKHUTCSA HH B KAKOH CBA3HOH 3aMKHYTOH NMOATPYyMe MAKCHMAb-
”oro paHra B G, oryHuHO#l or G.

a) Tokasatp, yro H sBJIsIETCA CeThIO TOTAA H TOJLKO TOrAa, KOTa ee IeHTpaJn3a-
Top B G cosnagaer ¢ C (G). B uacrHocty, ecti H — cers, o C (H)=C (G)NH.

6) B nannHeilmem GyneM npeanostarars, uto H — cers. [Tokasars, uro i smo6oro
Makcumaiabioro topa S B H cnpasepsmuso pasenctso C (H)=S8S(C (G).

B) Mycrs H” — cBusHasn samKHyras moarpynna B G, cogepxkamas H, [Tokasars, uto
rg H<<rg H’, H BbiBeCTH OTCIOfIa, 410 H sABJsercs cerbio B H'.

r) Iyers K — cBs3Has 3aMKHyTas Moarpynfa B H, KoTopas sIBJISIETCS cerbio
B H u coflepXuT peryaspHblit saement rpynnn G. [Tokasats, uro K siBasercs cersio B G.

16) IMycrs H — cei3uas 3aMKHyTas noArpynna B G, aas koropod TNH=S —
makcumanpublil Top B H, Ilycts A& R (H, S); 0603HaunM uepes R (A) MHOXKECTBO KOpHEH
H3 R (G, T), orpaHHueHHe KOTOPWX Ha S coBmajaer ¢ A.

a) Tlokasatb, uro R (A) Henmycro.
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6) Ilyctb w = W (S); nokasaTh, 4TO CYLIECTBY €T 3€MEHT ve W ; (T), ras xoropo-
ro R (w A)=w R (A) (ucnonb3opaTh ympaxuenne 4 Ha § 2).

B) Ilycts P (A) — nepeceuerre ¢ R (G, T) moarpynnal X (T), nopoxaenuoit R (A).
INoka3aTs, uTo cyulecTByeT Takas 3aMKHyTas noarpynna G, B G, cogepxkauias T, uto
P (A)=R (G, T). BuiecTH OTCIORa, 4TO OTPaxKeHHE 53 & Wy (S) siBAsieTcs OrpaHUYeHHEM
Ha S npoH3pefleHHsI OTpaXkeHHH s., a =P (}).

r) Ilokasars, uto y3noBo# BekTop Ki L (S), cooTBeTCTBYIOWHH A, ABJAAETCA LEJNO-
uHcneHHOf JHHe#HOH xoMGuHanHeh BekTopos K, as R (A).

1) Tycts By — 6asuc B R (&, S). Tloxasatk, uro R (A) copepxHuTCsi B NOArpynme
X (T), nopoxpenuoit o6nenuueruemM R (n), pn& By (noka3aTh, 9TO MHOXKECTBO KOpHEH
AsR(H, S), obnajaomMX yKasaHHHM CBOMCTBOM, YCTOHYHBO OTHOCHTENbHO S, AJf
pe By, venoassys B)).

117) Coxpanum 0603HaueHHS MPeALIAYUIErO YAPaKHEHHS; NPEANONOKHM, KPOME
Toro, uro nogrpynna H siBisieTcs cersro (ynpaxkHende 15).

a) Tlokasartb, yro R (G, T) conepxurcs B noarpynne X (7), nopox AeHHOH 06beHHe-
HueM R (M) ans A= By,

6) IMyctp A — cBA3Hasi KOMAOHEHTA €AHHHUH B MOArpyNne rpynnu S, o6pa3oBaH-
Hofi TeMH s & S, 1A KOTOPHIX A (S)=p (5) Aas Beex A, p 13 By, [ToKasath, uto cyiecTsy-
er taxo#i 6asuc {a, ..., a B R (G, T) u Takoe nenoe k, 0<Ck<CI—1, uro A sApasercs
CBAI3HOH KOMNOHEHTOH eIHHHIB MHOXKecTBa TeX (&7, Wi KOTOpHIX :

ay (t)= =0 (t)= 1, g1 (t)=...=a, (t)
{TTycTb x — TaKoi sa1ement L (S), ans Kotoporo 8 (A) (x)=2ni nas Beex A& B y; BuiBecTH
H3 a), wro exp x=C (G). Bub6pars {a,, ..., &) Takum o6pa3om, 4robu i8 (a;) (x) 6u0

HyseM npH 1<{j<Ck u meHnbe Hyasa npu k-4 1<{j<{l; nokasatb, uro Toraa nJjst
A= By kaxani xopenb u3 R ()) HMeeT BHI

a;j+n o 4. +np ap,

rae j=2k+1 H n;=N. 3aBepmnTh 10Ka3aTeAbCTBO, HCHOAb3Ys a).)

B) IlokasaTe, 4TO UHCJIO k He 3aBHCHT OT BrGOpa TopoB S, T H Gasucos By, {ai, ...
...,04}; OHO PAaBHO paHry NpOH3BOAHOH rpynmul mas Z;(A).

18) CoxpanuM oGo3HaueHust ynpaxueuu#t 16 H 17. Fosopsr, uto H — aaasran
NOJAF Pynna, €clH OHa SIBJSETCA CeThIO H eCJIH TOATOp A COAEPKHT pery/sipHulfi 3MeMeHT
(apyrEmu caopami, ecan k=0).

a) Tyctb K — cBsi3Hast 3amkHyTtas noarpynna B H. Tlokasatb, yro misi Toro, yro6ul
K 6nina rnasHo#l B G, HeOGXOAMMO H JOCTAaTOYHO, uTo6H K Gulna raasHoit B H, a H —
raaBHo#t B G (MCnosb30BaTh ynpakHeHHs 15B), r)).

6) Bnpenp 6yaem npepnosarate, 4yro H — rnaBuas noarpynna. Ilokasatb, uro
obbenunente R (u) nas w& By apasetcs 6asucoM B R (G, T).

B) Ilycte a=R (G, T). loka3aTb, uro OrpaHHYeHHe & Ha S SIBASIETCA UeNbIM HeHy-
JIeBbIM KPaTHHIM HEKOTOPOro Kopus A R (H, S); KopeHb o AiBAsETCA CyMMO#H 5J71eMEHTOB
13 R (M) (nokasatb, uro ciea B L (S) runepniockoctH 8 (o) =0 siasiercs cTerkoit B L (S)).

. 1) IMyctb A=R (H, S); nokasartp, uTo y3n080# BekTop K) siBJsiercsl JHHEAHOH KOM-
GHHAIIHEH C LENbIMH MONOXHTEIbHEMH Ko3pdunuentamu anementor K. pasa a =R (M)
(cp. ynpaxuense 16r) u ra. V, § 3, n° 5, aemma 6).

19) CoxpaHuM oGo3HaueHusi ynpaxkHeun#i 16—18; npennosoxum, uro H —
rnasHas noarpynna. Cuabazim X (T)® R (coorB. X(S)®R) cKaasipHuIM mpoHsBeje-
HHEM, HHBApHaHTHHM oTHocutenbHo W (T) (coors. W, (S)). Iyers A, p— apa
KOpHA u3 B .
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a) Ecau A ¥ p opTroronanbus, To MHOXKecTBa R (A) 4 R (u) oproronanbusl. Baisectu
OTCIOAa, YTO ecqH ( MOYTH NMpOCTa, TO STHM CBOACTBOM ofhajgaer u H.

6) Tlpemnonoxum B nanbuefimeM, uro n (A, p)= —1. [lokasars, uTo, cyltecTByer
Takoe ClOpbeKTHBHOEe oToGpaxenHe u: R(A)—> R(n), uro aus awo6oro acs
R (M) u (o) — enuncTBennblii Kopenb B R (i), CBH3aHHBIA ¢ & (T. €. He OPTOroH aJbHHH

a); kpome Toro, K,= Z Ky ukopun n3 R () nomapHo opToronaneul (3amucars Ky

PR (W
# K, B puje anneiinbix komGunauuit K, ¥ cpaBHUTh KoddduunenTn).
B) Ecau nn (i, A)= — 1, oToG paxkenHe 4 GHEKTHBHO H BCe Naphl CBA3aHHEIX KOpHeH H3
R (MUR(n) umeior Bz (a, u(a)) aias aeR(M).
r) peanonoxum, uto n (k, &)= —2; nycrb B & R (). [Tokasats, uro u~ ! (B) conep-

HHT OJHH WM B dneMeHTa; eciH u~ ' (B)={a1, a3}, TO KOpHH a; (i= 1, 2) OpTOroHaABHH
OCTaNBHEM KOPHSIM H3 R (A) H HMEIOT Ty Xe JaKHY, uTo i B, ecaw ™! (B)={a} u |la| ="
= ||B|l, TO & cBsI3aH ¢ eAUHCTBEHHHIM KOpHeM o’ & R () Toif XKe AJHHHL, uTO H a, ¥ {&, o'}
OPTOTOHAJNIBHO K OCTanbHBIM KopHsM H3 R (A); ecan u~' (B)=/{a} u ||alj = ||B I, T0 & opTo-
roHaJleH OCTaJbHHIM KOpHAM u3 R-(A).

n) Hayunte ananornuno cayvaii n(p, A)= —3.

20) Ipennonoxum, uro rpynna G noyru npocta; myctb H — raaseas noirpynna
B G panra >2.

a) Iloka3sars, yro H — noayupoctast rpynna tena By, Cu, Fy unn Gp (Hcnoab3osath
ynpaxuende 19).

6) Ipeanonoxum, uro H umeer panr == 3. [Nokasate, uro G — rpynna tTuna Ay, D,
Eg, E; unn Eg (paccmoTperb KOHUEBble BepitMHBl rpada Jbukuna chcteMbl R (G, T)
H TPHMEHHTE yrnpaxcHenue 19).

B) Ecau rg H>>3, nokasaTs, 4TO HMEET MECTO OJHH H3 CIEYIOLIHX CAyyaes:

G —rthna Ay (123) n H— tuna B;
G — tuna Ay_, ({=3) v H— tina C;;
G — tuna D, (!I=4) # H—tuna B,—;
G — tuna Eg # H — tuna Fy.

r) Ecan H — tana By, 10 G — THna A; man A,

1) Ecau H — tana G,, 10 G — tuna B, Dy van As.

(TTo nopony Gontee MoApPOOHOrC OMHCAHHSA CHTYauHH cM. § 5, ynpaxuenue 5.)

e) Iycts K — cBA3snasg 3aMKknyras noarpynna B G, cogepxautas H; nokasars, 4to
au6o K= G, nu6o K=H, nu6o, waxoney, H — tuna Gy, K — tuna B;, a G — tuna D,
unu Asg.

21) a) Ilycrb H — cBsisnas samKHyras noarpyma padra 1 8 G. Tlokasars, uro
caeylollHe YCJIOBHS SKBHBAJIEHTHH:

(i) H— rnaBHas noarpynmna,
(if) H — ceTb H COLEpPNKHT peryasipHBIH d7eMeNT;

(iii) cymecrsyer raaBnas slo-TpoHka (x, h, y) B g (rn. VIIL, § 11, n° 4), ans

KOTOpOH
L (H)¢=Cx+Ch+Cy.

6) TMokasaTb, uTo G COLEpXKHT rAABHYIO NOArpyNNy panra | u uTO fBe TaKHe MOA-
rpynnsl conpsikessl (B 0603HAUEHHAX YNpaKHEHHH 3aMeTHTDb, uTo S=A).

B) Tlokasatb, uyro cBsi3Has# 3aMKHyTas noarpynna B G siBasiercsl raaBHofi Toraa
H TOJBKO TOT'Ja, KOrJd OHa COAEPIKHT rJaBHyIo noArpynny panra 1 8 G (Hcloab3oBaTh
ynpaxnente 18a)).
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22) Ilyere H — raaenas noarpynna panra | B G; nyete I' — noarpynna B Aut (G),
o6pa3oBaHHasl TAaKHMH asToMopduaMaMu u, uto u (H)y=H. lNokasats, uro Aut (G)=
=T".Int (G).

§5

1) IMpennonoxuM, uro G OLHOCBA3HA; HA30BEM Q1bK0804 B G NIOAMHOKECTBO BHAA
exp A, rue A — aabkoB Hekoropo#t nopaiare6pn KapraHa B g.

a) Ilokasath, yro anbkoBH B G o6pasylor pa3buenue MHOXKecTBa G,.

6) Bceskuit anbkos B G conepKHTCH B elMHCTBEHHOM MaKCHMAaJbHOM TOpE.

B) IlokasaTs, uro aabkoBH B G, conepxamuecs B T, o6pasyior pas6HeHHe MHOXe-
ctBa T, M 4TO MHOXECTBO 3THX aJbKOBOB fBJISIETCS IMIABHBIM OJ{HOPORHHM MPOCTPAHCT-
BoM i W.

r) Kaxpabii Kaacc conpsixeHHOCTH pery/sipubix sieMentoB G HMeeT POBHO OJLHY
TOUKY B Kax[IOM aJbKOBe.

n) Iycts E — anvkoB B G. [Toka3zate, utro E — cTAruBaeMoe MHOXECTBO; €CJH g
npocta, E roMeoMop¢HO OTKPHITOMY CHMILIEKCY €BKJHMAOBA NpPOCTPAHCTBA.

2) a) Iyctb E — opHocBsi3HOE ToNMOJNOrHYecKoe NpocTpaucTBo ¥ u: E— G —
TaKoe HenpepuiBuoe oroGpaxenue, uro u(E)cG,. [lokasaTh, 4TO # TrOMOTONHO
(Top. gen., chap. XI) nocrosiHHOMy OTOGPaKEeHHIO CO 3HAUEHHEM e (paccMoTPeTh HaKpH-
THe ¢, : (G/T)Xt, - G,; nonHATb 4 fo oroGpaxenus u: E — (G/T)Xt, a3ateM HCNONb-
30BaTh CTACHBAEMOCTD t).

*6) JlokasaTs, uTo rpynna s (G) TpHBHAJbHA.

(ITyetb u: S2 > G — oTo6paxkenye kaacca C*; nelloabays NpepsoXKeHue 1 u Teo-
peMy TpaHcBepcaJbHOCTH, NOKa3aTh, YTO « F'OMOTONHO OTOGpaxeHnIo, 06pa3 KOTOPOro
cozepxutcs B G,, a 3aTeM NPHMEHHTH a).),

3) Myem f: GG — yHHBepca/bHOe HakputHe G W nu— szpo [ (usoMoppnoe
1 (G); nonoxum C=C (G) u C=C (G). Myctb 6 — aBTOMOPDHIM rpymnel G u 0 —
aproMopbuzm G, coorpercTByoni 6. OGosnauum uepes Go, Co, G., C, MHOXKeCTBa
HenoasHXubX Touek B G, C, G, C cOOTBETCTBEHHO OTHOCHTENBHO O, O, O, 0.

a) IlokasaTh, uto cBs3HAA KOMMoHeHTa efMHHLH (Go)o B G, coBnajaer c i (Go).

6) OGo3HauuM yepes s SHAOMOP¢U3M Z-MOAYASA &, HUAYLHPOBaHHu# 0. [TokasaTs,
uyro ¢akroprpynna G,/(G.) usomopdua moxarpynne B Coker (1 —s) u, B uacrHocTH,
KoMMyTaTHBHa. Ecan oro6paxkeunne 1 —s ciopbektusuo, 10 G, CBsi3Ha,

B) Ilycte ne N Takoso, yro s”"=Id,. I[lokasars, uto rpynna G,/(Gs)o oroxae-
creasiercs ¢ noxrpynnodi ¢akroprpynnu Ker (14-s4-... 45" ")/Im (1 —s); BuBecTH
OTCI0Za, YTO OHA HMEET NoKa3saTtesb #. Ecan n B3auMHO NMpocTo ¢ NopsaKoM NMoArpynibl
Kpyuenust B n, To Gy cBSI3HA.

r) Jlate apyroit BuiBox pesyibratoB 6) M B) ¢ nomomplo Alg., chap. X, p. 194,
ex. 23.

n) Ilokasarh, uro G, cBSI3HA B KaXKJAOM H3 CJIeAYOIIHX CAyyaes:

(i) G nonynpocta tHna Az, (n221) H G He ABISETCA BHYTPEHHHM.

(iil) G noaynpocrta tMna E¢ u ¢ He sBAseTcs BHYTPEHHHM.

(iii) G nmomympocta THna D, ¥ 6 — asromopdusm TpolicTéeHHOCTH (T. €. NopAaKa
3 no moxymo Int (G)). ~

e) Iloctpours uzoMopduam Co/(CsN(Goo) na (1 —0) (:‘nn)/(l—c) n. BuiBecTH
OTCIONa, uTO ecH 0To6 paxenHe | —s ne ciopbexTHsHo ¥ n(l — o) C, To C, He conep-
wutest B (Go)o. Mot G=80 (2n, R) u He BuyTpensero 6 uMeeM — Iz, (Gok, u G, He-
4:LEVER

4) IlpeanonoxuM, uro G noaynpocrta. [Tycrb e — pasmerxa B G 1 @ — Hexoropast
rpynna aBToMophH3MoB rpynnul G, coXpaHsIOlMX pasMerkKy; o603HauuM depes H nox-
rpynny B G, o6pa3oBaHHYI0 HENMOABHXKHBLIMM TOUKaMH anas @.

i
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a) Ilokasartb, uro Ho noaynpocra; ec/i G ofHOCBA3HA, TO H cBsi3Ha (CBECTH K Cay-
4aio, Koraa G nourH npocra, a @ yuknyeckasn, n npuMenntb reopemy 1 (n° 3) u ra. VIII,
§ 5, ynpaxuenne 13).

6) Ilpennosoxum, yro G nourH npocta. ITokasarb, 4To

eci G — tuna Ay (I2=1) 1 @ — nopsaka 2, to Hy — tana By;

ecqin G — tHna Ay (1222) u @ — nopanka 2, ro Hy — tana Cj;

ecin G — tana Dy ({>>4) n ® — nopsaaxa 2, o Hy — tuna By_y;
ecqd G — tuna Dy 0 @ — nopsaka 3 uau 6, 1o Hy — tHHA G5

ecid G — tana Eg 1 @ — nopsaaxa 2, o Hy — tana F,.

B kaxnaom cayuae snumcaurb rpynnon wy; (H), i=0, 1 (cp. ynpaxueunne 3).

B) Hoka3sats, uro moarpynna Hy — rnapHast (§ 4, ynpaxuenue 18).

r) Joxasarb, yro NOJNYNPOCTAas rpynna THna Bz uau Ag COEPXKHT F1aBHYIO MOL-
rpynny tuna G, (Mcnosnb3oBaTth 6) u § 4, ynpaxHenue 20).

5) Ilpemnosoxum, yro rpynna G nourn npocra; nycrb H — cBsisaH 3aMKHyTas
rnaBuas noarpymna B G (§ 4, ynpaxHenue 18). O6o3naunm uepes @ rpynny apToMop-
¢u3moB « rpynns G, coxpausiomux H, u yuepes F — noarpynmy snemenros G, Hemox-
BHXXHHX OTHOCHTeabHO @,

a) Ilokasath, Yro cyulecTByer pasMeTka G, HHBapHaHTHas OTHOCHTENIbHO O.

6) ITokasarb, ur0O HMEET MECTO OXHH H3 CJACAYIOUIHX CAy4aeB:

(iy H="Fo;

(ii) G — rana Bs, H — tuna Go u @ ceoaurca X eIHHHIE;

(ili) G — tana As, H — tHna G u @ umeer nopagox 2.
{Hcnonp3orarb ynpaxHenHe 4 u ynpaxkuenre 20 x § 4.)

 6) Ilpennonoxum,uro G onnocesaua. [Tyctb p — NPOCTOE YHCIO H g — BIEMEHT
u3 C (G) co ceoiicteom gl =e.

a) Ilokasarb, yro CyulecTBYIOT TakHe sjeMeHTH u=T U we W, yto

(i) w@u'=g;

(i) w*=1;

(iif) uP=e, ecnn p£2; uP=e uau g, ecn p=2. :

(Mycrs A — anbkos 8 t; aas i=0, 1, ..., p— 1 pubepem x; = A rak, uro exp xi=g'".
BasiTh B KauecTBe 4 JMEMEHT exXp X, FJe X — LEHTP TSXKECTH rpand A c pepuIMHaMH x;,
a B Kauectse w — Takoil anement W, uro w(A)=A—x.)

6) Noxasarb, uro cymectByloT takue u&T u v& N ;(T), uto

(i) vur™'u"'=g;

(ii) vP=e, ecam p£2, u v"=e WK g, ecH p=2;

(iii) uP=e, ecn p+-2, 0 u”’=e HIH g, eCc/H p=2.

(Hcnonbays KOHCTPYKLHIO a), MOAHATh W IO M,, KaK B ynpaxkHenuu 12 x § 4; noso-
xu1b v=nPt1! ecnn p£2, 0 v=r4, ecan p=2)

7) Ilycts p — npocroe uncao. [Tokasars, uTo caenyioLiHe YCIOBHSI 5K BHBANCHTHHL:

(i) p He peqHT MOPSANOK MOATPYNNH KpyueHHst B x,; (G);

(i) nna xaxnaoro saemenra g& G nopAigKa p HeHTpaausatop g B G cBA3eH;

(iii) Bcskas noarpynna B G, u3omopduas (Z/pZ)?, conepKHTCH B MAKCHMAJIbHOM
TOpe.

(dns nokasarexncrsa (i)=-(ii) Henonbsosarts ynpaxHenHe 38) , 115 10Ka3aTeabCT-
Ba (iii)=-(i) Hcmosb3oBaTh ynpaxueHHe 6.)

8) Ilycrs G=SO (8, R)/{=Is}, oGosnaunm uepes (), ;4 TaKo# 6asuc 8 R (G, T),
4TO Oy, i3 H Oty HE OPTOTOHAJBHH Qo (ra. VI, ra6mua IV). Ilycts A — noarpynna 8 T,
o6pa3oBanHas TakAMH (& T, N5 KOTOPHX

‘e ()=0s () =a4(t), o (P=0as ()=
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TokasaTb, uro A uzomopona (Z/2Z)? 1 410 ee UeATPAAU3ATOP B G — KOHEUHAST UEKOM-
MYTaTHBHas rpynna.

9) Nycts R — HenpHBOAMMAA CHCTEMA KOpHeH, R’ — nyanbuas cucrema, B —
Gasuc B R u o — nauGosbuinit Kopeub B R (oTHOCHTeabHO B). IMonoxum

o= Z nﬂﬂ, @ = Z n;ﬁj

peB peB

nyets ¥(R)=sup n.
g8

a) ITokasaTh, uro unrtepsaa (1, v(R)) B N sBaserca o6veaunenvem 1 u uucen
nj Ajs BB (NonoXHUM do=oq; NyCTh (@i, ..., Gg) — TAKaS MOCAEAOBATEIbHOCTD pas-

. . v
JBIHHX 31€MEHTOB u3 B, 4TO @; HE OPTOroHaMeH &y npu i=1, ..., g, n, =v(R) # q us-
. q

» A . 4 »
AfeTcS MAKCHMAJbHBIM ¢ 9THMH CBOHCTBAMM; NOK43aTh, YTO na_=z+l mai=l1, .., q):
L]

6) Mycts p — npocroe uncio. okasate, UTO cheaylomye TPH CBOHCTBA IKBHBA-
JIEHTHHI:

(i) p<v(R)

(i) cymecTByer BB, ans KOTOpOro p=ny;

(ifi) cymectyer $ & B, w1 KOTOPOTO P AeIHT ny.

B 37TOM cayuae TOBOPST, YTO p SIBJASIETCH RPOCTHIM HUCAOM Kpydenus mnf R.

B) A KaXIOTOo THNa HENpPUBOAMMBIX CHCTEM KODHEH BLIYHCJHTD BeJIHYHHY V R
¥ MPOCTHE YHCIa KPydenus. [10Ka3aTh, 4TO MHOKECTBO YHCEJ fig U MHOMKECTBO HHCE] A1)
COBNAfaOT BO Beex caydasix, kpome G

r) Mycrs R’ — 3aMKHYTO€ CHMMETPHYHOE MOAMHOKECTBO B R, HENPUBOAHMOE KaK
ciucrema kophelt. [lokasaTs, uro v (R)<v (R).

10) ITycte R — cucrema KopHe#t, p — npocroe yucao. Tlokasate, yTo caepyiomue
CBOMHCTBA 3KBUBAJEHTHLI:

(i) p — npocToe uucsI0 KpyueHH st U1 Hell PHBOAHMON KOMIIOHEHTH R (ynpaxueHHe
96) ).

(i1) cyumlecTByeT 3aMKHYTO€ CHMMETPHUHOS NMOAMHOKECTBO R; B R, OTiHuHOE OT
Rn MaKCHMaubioe € STHMH cBojfictBamu, Msi Kotoporo (Q(R)): Q (RV)=p (uepes
Q (R") o6oanauaercst Z-MOAyb, NOPGIKAEHAH AyanbHHMH KODHSIMH A R, a wepes

Q (R)) — noaMonyab, MOPOXKACHHBIH KOPHAMH & a8 a & R));

(iii) cyuecTByer 3aMKHYTO€ CHMMETPHYHOE MOJAMHOXKeCTBO R; B R, Aas KoTOpOro
nogMonyak p-kpysennit B Q (R")/Q (Ry) ornuuen or nyas.

(Oas gokasarenbcrsa (i)=>(ii) ucnonpaoBars ynpaxuenue 4,43 ra. VI, § 4; pas
JOKasaTesaberBa (iii)=+-(i) Hcnoab3oBaTh ynpaxHeHue 9r).)

B sTom ciryyae roBOPSIT, UTO g — MPOCTOE 4UCAO KpyHenus Oas cucremvt R.

11) ITyetb p — npocToe yucao. 'OBOPAT, YTO p — npocroe wucao kpyienus pan G,
€CJIH CylUlecTBYET TaKas CBA3Hasd 3aMKHyTad NOArpynna H makcuMaiabHoro paHra B G,
YTO MOArpynna p-kpy4yenus B m; (H) Herpusnaibna. IMonoxum R=R (G, T).

a) Tlpocrhie yucaa KpyueHHs aasi G SBAAIOTCH MPOCTHIMH YHCAEMH KPYUEHHS AAS
R (ynpaxuenue 10) ¥ npocTHIMM AeJUTeNAMH MOPSAKE MOATPYNNH KPYYeHHS TPynnul
n; (G).

6) Toka3saTh, 4TO BCAKOE MpocTO€ YHCAO Kpyuenus aas G penur w/ll, roe w —
nopanok rpynnsl W, a [ — pasr noaynpocroit rpynnsl D (G) (ucnoabsosats ra. VI, § 2,
n° 4, npennoxenue 7).
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B) Ilyctb =T n ne N TakosH, yto t"=C (G). [Tyctb R| — MHOXKECTBO TeX a E R,
2N KoTophx o (f)=1, B m — nopsAnok moxrpymnn Kpyuenus rpymn Q (R')/Q (RY)
(cp. ynpaxunenne 10). lokasarh, 4To KaxAb# NPOCTOH AeJHTENb m HKEJIHT n (CBECTH
K cay4aio, korga G IouTtH nmpocTa H OZHOCBSI3HA).

r) [Ipeanonoxum, uro G ogHoceszua. [1ycts g G H ne N takosml, uro g"=C (G)
H HHKaKoe 4HC/O KpydeHHs AJasi G He neaut n. Jlokasarb, 4TO npoH3BOAHAs Tpymma
LeHTpaJaH3aTopa g OLHOCBA3HA.

1) IMyctb g=G 1 p — npocToe YKCJIO, AJIH KOTOpPOro g° =e, He sABJSAIOLLEECS MPO-
CTHIM YHCJIOM KpydeHHs jisa G. [Tokasats, Yro ueHTpaausarop Z (g) cBsA3eH H YTO p He
ABJSETCA NMPOCTHM UHCJAOM KpyueHHs aasi Z (g).

e) [IpeanonoxuM, uto G OAHOCBSI3HA H p — NPOCTOE YHCJIO KPYyUeHHs aJis G. [loka-
3aTh, YTO CYHIECTBYeT TakoM 3JeMeHT g nopsaka p B G, uro n; (Z (g)) — uMkAHueckas
rpynna nopsiaka p (Hcroib3oBaTh ynpaxkeende 10 H ynmpaKkuenue 4 u3 ra. VI, § 4).

12) Myctb p — npocroe uncJo. [lokasars, YTC CAeAYOLIHE YCAOBH A SKBHBANEHTHEL;

(i) p He aBAseTcT MPOCTHIM YHCJAOM KpyueHHs ans G

(ii) mast mo6ok noarpynmu F 8 G, nsomopduoii (Z/pZ)" (aast n < N), uenrpaansa-
Top F B G cBsizen;

(ii’) ans J06o# nomrpynnu F B G, nsomopduoit (Z/pZ)’, ueHTpaAH3aTOpP
F B G cBssen; :

(iii) Bcsikast nogrpynna 8 G, uaomopdHas (Z/pZ)" asis HekoTOpOroO 1, conepx(wrcg
B MaKCHMaJbHOM TOp€;

(iii’) Bcsikas nogrpynma B G, usomopduas (Z/pZ)°, conepuTCs B MAKCHMAIBHOM
TOpe.

(Oas noxasareancrsa (i)=-(ii) HcmoabaoBars ynpakuente 111), aJist aoKasarenb-
crBa (iii)=-(i) ucnoap3oBaTh ynpaxuente lle) u 7.)

§6

1) IMycte R — npHBenenHasi CHcTema KOpHell B BellleCTBEHHOM BEKTODHOM INpO-
crpanctBe V. Cna6auM V CKHASPHBIM NPOH3BELEHHEM, HHBADHAHTHBIM OTHOCHTEJNLHO
W (R), H TpOROMKHM 3TO CKaJspHOE IPOH3BEACHHE ecTECTBEHHHIM O06pasoM Ha
S (V)(EVT, chap. V, p. 30); TakaM o6pa3oM, aJist Xy, ..., Xp, Y1, --., Yn 13 V CIIpaBeqIuBo
paBeHCTBO

(%] Xylyy oy )= Z 1196 1y - (%5184 (o)

aes'l

Bu6epem xamepy C masn R; monoxum N=Card (Ry), p=(1/2) Z a i w(R)=

aER+
=Card W (R). IIyctb P o3HauaeT 3JeMeHT H a 8 SV (V).
aER+ .
P N
a) [Mokasath, uro P=Wi— Z e (w)(wp)" (cp. ra. VI, §3, n°3,

i we W (R)
npenJoxenHe 2).
6) Busecrn orciona paseHcTBo (P|P)=w (R) H (ela).

aER+

] !
B) Hokasatb, 4TO (PIP)=2_Nw(R) H m} H (aix)=2 —N H (mi+
i=1

i=1 aER+
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+ 1 H (ala), rae m,, ..., m; — nokasarenn W (R) (Hcronb3oBaTh ynpaxHeHHe 3 H3
aER+
ra. VIIL § 9).
 2) Ilycts V — BeurecTBeHHOE KOHEYHOMEPHOE TrHIBGEPTOBO HPOCTPAHCTBO.
Cua6auM npoctpanctBo S (V*) MHOrowieHoB Ha V cKaasipHhiM 1 POH3BEJeHHEM, Onpeae-
~ JenHniM B EVT, chap. V, p. 30 (cp. ynpaxuenue 1). O603Hayum 4epes y KaHOHHYECKYIO
rayccosy Mepy Ha V (Hureep., ra. IX, § 6, nn°® 4—6); ecan (x), ;. , —OPTOHOPMHUPO-
Bauubifi 6asuc B V*, 1o dy (x)=(2m) "2 e~ "1/ gy, dx,.
a) Tlycrb g — saement S? (V), 3apaowuil ckaaspHoe HPoH3BeAEHHEe B V*, H mycTb
A:S (V¥ — S (V*) — onepauis BHyTPEHHEro yMHOXeHHs Ha ¢ (Alg., chap. 111, p. 165).
Tloka3aTb, 4TO Mis JIOGOro OPTOHOPMHPOBAHHOTO Ga3Hca (:ci)1<‘< . B V* u moGoro

n
mHorouJjena P 8 (V*) cupasegiuso paBeHcTBo AP=(1/2) Z 02P/0x?.

i=1

6) Has Pe S (V*) nojoxuM P* = Py, Tak uro P* (x)=§/P (x—y) dy (y) aas x =

V. [lokazaTb paBeHCTBO

i(xlu)

(CBecTH K 10Ka3aTeJbCTBY aHaJOTHUHOIO PAaBEHCTBA M QYHKUHH X i€ rae

usV) .
B) Hokasatb dopmyay s/ P* (ix) Q* (ix) dvy (x)=(P1Q) ans P, Q u3 npocTpaHcTBa

S (V*) (otoxnectBJeHHoro ¢ moampoctpancTsoM B S ((V ® C)*).

r) Ecau P — opnoponHeiii MHorowren Ha V, pas  koroporo AP =0, TO
| P avm—pip)

V .

n) Tlyerb W — koHeyHasi rpynna astomopdH3aMoB V, mopoxaeHHa sl OTPaKEHHAMH;
0603naunM yepe3 H MHoxectBo oTpamennit W. [lna he H onpeneanm exr=V u frs V*
TaK, 4To A (x)==x+ i (x) es. [loKa3aTh, 4To MHOrOWIEH P = H f, o6a1anaer ceoficTBOM

hesH
AP =0 (ucnonb3oBatb ra. V, § 5, n° 4, npeguoxenue 5).

3) Ilycrb p — Mepa Xaapa Ha aJJHTHBHOH rpymie g.

a) CyulecrByer enuncrseHHasi mepa Xaapa p; Ha G, o6Janaioumas cJjenyiouiuM
cBOHCTBOM: €C/TH @ H &) — HHBApHAHTHHE nudepeHiHanbHble GOPMH CTENEHH n Ha
G ¥ g COOTBETCTBEHHO, /LI KOTOPHIX @ (€)==w, (0) ¥ lo ) =p, TO lo gl =p g Oto6pa-
HEHHe | > |\, yCTaHaBJHBaeT Guexunio MHOXecTBa Mep Xaapa Ha g Ha aHANOrHYHOE
MHOXecTBO WiH G.

6) BuiGepem HHBapHAHTHOE cKajdsipHOe nmpoHaseneHHe ( | ) Ha g H mepy Xaapa v
Ha t Tak, 4ro p (COOTB. T) COOTBETCTBYIOT Mepe JleGera npH oToxaecTBJeHHH g c R® (co-
ore. t ¢ R") ¢ nmomMowbio OpTOHOPMHpOBaHHOrO GasHca. JlokadaThb Gopmyay

- T
S Ry (x) e~ gy (r)=(2n)"/? ;T( )

—w (G).
t G ©

6 H. Byp6axu
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B) OroxamectBum X (T) ¢ mopMHOKeCTBOM ruibGepToBa MpocTpaHcTBa t¥ c MO-

MolLbio oToSpakenus (2ni)~' & (§ 4, n° 2) u nosoxkuM P (x)= H (@, x) ana xst.
a=R
+

B o6o3nauenusax ynpaxueHuf 1 u 2 nokasarb, 4TO

7 (T) _
O =@V w (6)~ " (PIP)=aV age (@le) ‘]:[l m

r) B o6Gosnauennax ynpaxuennsa 9 K § 3 nycrb g, — nou-Z-aareGpa Jlu B g, no-
poxnennas (2n)~! T'(T) u s/1eMeHTAMH U, U, AIA o & R. JlokasaTh paBeHcTBo

N+r
H m,

n) Hpennoaoxum, uto G onHocBasna. [lokasath, urto I=r u

¢(G)=np 9/9;)

!

pg(@)=2"2a=Np2 T (@)™ [] (@)™ 2] tma~",

aER+ i=l1

rue @y, ..., & — 6asuc B R, a f — HHIeKc cAsHOCTH R.

e) Tlpeanonoxum, Kpome Toro, 4To R HENMPHBOLHUMA H YTO BCe KOPHH HMEIOT OfMHA-
KOBYIO JJIMHY; B KayecTBe CKaJlsipHOro npousseleHus Ha g BuGepem ¢opmy Kuanusra
¢ ofparHuim 3HakoM. [TokasaTsm, uro uG(G)=(2n)N+’(2h)"/2f‘/2H (m‘.!)_'.

1

4) Tycrb X — raazkoe mHorooGpasse kJaacca C ™. B 3TOM u c/ienylOmHUX ynpaxue-
HHSIX 0603Ha4YuM npocTo uepes M (X)' rpanyupoBanHoe R-mpoctpaunctso H (R (X)).

a) Mokasats, yro Q (X) — acconuaTHBHAsA H aHTUKOMMYTaTHBHaA rpajyypoBaH-
Han puddepennnanbhan anre6pa (Alg., chap. X, p. 183, ex. 18). BuBecru orciona, uro
H (X) o6nanaer ecTecTBeHHOM CTPYKTYpO#H acCOlHATHBHOH AHTHKOMMYTATHBHOH rpajyH-
poBaHHOR anreGpH.

6) Ecau X cBsisHo H umeeT pasmepHocTb p, 7o H (X)=0npui>pu dimp H* (X)=
==1. Ecas kpome toro, X KomnakTHO 4 opueHTHpyeMo, TO npocTpanctio HP (X) opHomep-
Ho (ucnoab3oBate Mu., Ce. pes., 11.2.4).

B) Ilyets Y — apyroe muorooGpa3sue kiaacca C™ u f: X - Y — mopdusm Knacca
C ™. OroGpaxenne f*: Q (Y) > Q (X) aaserca mopdusmom komnaekcos (Mn., Ce. pes.,
8.3.5); nokasatb, utro H (f*): H (Y) > H (X) aBaserca mopduamom aare6p.

r) Ipeanosoxum, yto Ha X 3agaHo NeficTBAE cBA3HOA KOMNaKTHO#/ rpynnu G Kaac-
ca C*®. Mokasatb, 4T0 NOAKOMNJeEKe (X)G HHBapHaHTHHIX ¢opm ABAseTcA nojajrel-
poit B Q (X). BrBecTH orcioza, uro otro6paxenne H (i): H (Q (X)G) — H (X), onpenenen-
HOe B TeopeMe 2, WBAsieTcsl M30MOp(H3MOM FpaJlyHpPOBaHHHIX aare6p.

n) Hokasarb, uto (Alt (g)G ABaserca nofaareGpoii BAIt (g) u uro oHa usomopdHa
rpaaydpoBaunnoit aare6pe H (G).

5) O6osnauum uepes H (G) rpapynpoBasnyio R-aare6py H (R (G)) (cp. ynpaxne-
Hue 4).

a) Mpocrpascrso H? (G) HyneBoe mpu p>>n W HMeeT pa3MepHocTh | NpH p=
=0 u p=n. [pocrpancteo H'(G) KaHOHHYECKH OTOXMAECTBAACTCH € ¢*, rue ¢ =

=L (C (G)).
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6) INpennonoxkm B nanbHefimem, yro G monynpocta. Ilokasats, uro H' (G)=
=H?(G)=0 (cp. ra., I, § 6, ynpaxuenne 1).

B) OG6Go3nayum uepe3 B (g) mpocTpaHCTBO GHAHHERKBIX cuuue‘rpuqeclmx G-KHBADH-
aHTHBIX ¢opM Ha g; Aas b= B (g) K X, Y, 2E g NONOKHUM b (x,y,2)="0b ([x, y], 2). Toka-
3aTh, uTO OTOGpaxenue b b 3anaer Hsomopdusm B (g) va H® (G) (nycTs 0 = H* (G);
NOKa3aTh, 9TO JUIsi JIOOOr0 X €@ CYMECTBYeT eAUHCTBeHHas HHeliHas ¢opMa f(x) Ha g,
s Koropoit df (x)=i (x) o, u paccmorperb opmy (%, y)—> — (Y, [ (x))).

r) TlokasaTh, uro pasmepHocTh nuHeiHoro R-mpoctpanctsa H°(G) paBHa udcay
MPOCTHIX HAEAJN0B B §.

6) Ilonoxum b; (G)—dll’l’lRH' (G) nnst iZ20 u, o6o3Hauas gepes X GopMaabHYIO

nepementyio, P (X)= Z b,(G) X'
i>0
a) Mokasatb, uTo b,-(G)=S tr A'(Ad g)dg u PG(X)=S det (14+X. Ad g) dg
G G
(cp. nomonnense I, nemma 1).
6) BmBecrH otciofa panenc-raaz b, (G)=2" HZ (— l)ib,-(G)=O, ecad dim G>
7

i

~

>0 (ucmonb3oBaTh ¢opmyay I'. Beiinsn nou ympaxuenne 8 k § 2).
B) Ilyctb G=U (n, C). [Toka3ats, uro P ;(X) coBnagaer c Ko3pQuuKeHTOM mpH
(X1...Xs)**~2 B mHOrouieHe

1
—i+X" [ «x+xa-x)
1<i, j<n
i]f
(c koapdruHentamk B Z [X]).

7) Ilyctb K — cBs3Has KoMnakTHas rpynna Jiu.

a) Ilycrb f: K - G — CIOPBEKTHBHBIH TOMOMODP(H3M C KOHEUHbIM xnpom Floka-
3aTh, uro romMomopdusm H (f*): H (G) > H (K) siBasieTcss MOHOMOPH3IMOM.

6) Ilokasath, uto anre6pa H (GX K) KaHOHMUECKH OTOXJIECTBJSAETCH C JIEBBIM
TeH3opHEIM npousseneHuem H (G)¢® H (K).

B) Buisectu u3 a) u 6), uro anre6pa H (G) usomopdpua H (C (G ® H (D, G)).
MMokasatb, uro anre6pa H (C (G)o) usomoppua A (c*), rae c=L (C (G)).

18) Ilycts k — Teso xapakTepucTHKH HyAb K E — rpanyHpoBaHHas Jesas GH-
aare6pa uap k (Alg., chap. I1II, p. 148, def. 31)). INpeanonoxum, uro E aHTH-
KOMMYTaTHBHZ M aHTHKOKOMMYTaTHBHa, a Takxe uro E,=0 /1% JOCTAaTOYHO
Gonpmkx m. [lycTh P 0O3HauaeT MpocTPaHCTBO NMPHMHTUBHHIX >1eMeutoB H E (cp.
. 11, § 1).

a) [lokasaTs, uro n1060# ORHOPOAHBIH 3/1€MeHT P MMeeT HEUeTHYIO cTeneHb (BBHIMH-
cathb ¢ (x™) Last 6osbuioro m). [ToayuKTh OTCIOAA KAaHOHHUYECKH H MOpGU3M TpaayHpoBaH-
HEIX 1eBEIX GHaare6p ¢: A (P) > E (cTpyxTypa rpaayHpoBaHHOR 1eBofi G6HaareGphl Ha
A (P) onpenenena B Alg., chap. II1, p. 198, ex. 6).

6) IMokasarb, uTo ¢ fBJAsieTCH H3OMOP(HHIMOM (IIPUMEHHTH HOKA3ATENBLCTBO TEOpe-
met | ra. 1L, § 1, 0° 6).

9) OGo3snaukm uepes m: GX G — G onmepaunHio ymHoxenuss B G, TaK 4TO
m (g, h)y=gh s g heG. Oroxnectsam H (GXG) ¢ H(GF¥QH (G) (ynpaxue-
HHe 76)) TaK, 4TOGW OTOGpaxeHne m* 3aj1asafo romoMopgHam anre6p z: H (G) -
— H(GE®H (G).

1) Cu. Takxe npusnoxeuue kK I'p. u aae. JIu, 1976, — lIpusm. nepes.

6‘
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a) Tokasartb, uto (H (G), ¢) ABAKETCA JeBOk IpaiyHPOBAHHOK AHTHKOMMYTATHBHON
H aHTHKOKOMMYTATHBHOI GuanreGpoit (3aMeTHTb, 4T0 OTO6paXkeHHe g ~ g_' 3ajaeT Ha
HP (G) ymuoxenue Ha (— 1))

6) Ilycrs P (G) — rpagyHposanHoe nognpocTpadcTso B H (G), oépaaosamloe npH-
MHTHBHBIMH 3JIEMEHTAMM; BHIBECTH K3 yNpaXHeHHsl 8, 4TO cyilecTByer H3oMOpdH3IM
rpafyHpoBaHHeiX Guaire6p A (P(G))—~ H (G).

B) [lokasarb, ure dimg P (G)=r (Hcronb3osarb ynpaxnenne 66)).

r) BeiBecTH oOrClOZa, YTO MHOIOYJEH b,(G) X' umeer Buz (1+X)‘H 1+
=0 i=1

+X2k‘+ l), rie ¢ — paamepHocTb C (G), [ — panr D (G), a ki — nesbie unena > 1; kpome
Toro, ki +...+ki=(1/2)Card R(G, T) 1)
10) Ilycts H — 3amkuyrast noarpynna B G; o603Haunm depe3 dh Mepy Xaapa Ha
H ¢ nonwoft maccofi 1. Tlonoxum x (G/H)=) (—1)dimg H'(G/H).
i=0
a) JlokasaTb paBeHCTBO ¥, (G-/H)=S det (1 ~Adg/b hydh (ucnonn3osate Alg.,
H
chap. X, p. 41, prop. 11, a takxke semmy | u3 npraokenus 11, n° 2).

6) IMycts mo (H) — uncno cBa3Hbx KommoueHT B H. [lokasaTts, uro

% (G/H)=0, eciu Hy HMeeT He MaKCHMaJbHbIA paHr,

% (G/H)y=w (G)/w (Ho) no (H), ecnin H Hmeer MaKCHMAaJbHbifi paHr.

11) IMyers # — aBroMopdH3m nopHaxa 2 rpynnsl G; o6o3naynM uepes K cpsanyio
KOMOOHEHTY eHHHIbI B MHOXKEeCTBe HenOABHKHbIX TOYEK s u, yepe3 kB — ee aare6py
JIu u uepes X — cummerpuueckoe npoctpanctBo G/K (§ 1, ynpaxnenne 8).

a) Mokasars, yro BcsiKa® G-HuBapHaHTHAs AHdepeHunatnHan popma » Ha X 06-
nanaer cBofictBom do =0 (3ameruTb, 4to 4 3anaer Ha Alt ’(g/R) yMHOKeHHe Ha (— 1)P).

6) Mouryunts orciofa H3omMopdH3M rpaayspoBantolt anre6pu H (G/K) na rpangyu-
posanuylo noganre6py s At (g/k), o6pasoBanHylo K-HHBADHAHTHBIMH 3JIeMEHTAMH.

B) [Noxoxum b;(G/l()=dimRHi(G/10 nas i220; pas ke K o6o3naunM yepes
Ad™k orpannuenne Ad.k Ha cOGCTBeHHO€ MOAMPOCTPAHCTBO L (i), COOTBeTCTBYIOILEE
co6cTBeHnomy 3Hauennio — 1. Ilycrb dk — mepa Xaapa ua K ¢ nosno# maccoft 1. loka-

3arb popmyasr: b; (G/K)=S TrA' (Ad ~k) dk HZ b;(G/K) X‘=S det (1 +X.Ad T k) dk.
K i20 K

r) Ecan, xpome TOro, K BMeeT MakCHMaJbHHIA paHTr, 10Ka3aTh, 4ro aareGpa H (G/K)
JMEET HYJIEBHIE KOMITOKEHTH HeUeTHBIX cTeneHeR (3ameTHTb, uro & =Int (k) aas Hekoro-
poro k= K).

1) BoiuncanTs rpagyHposanHyio aare6py H (S,). Busecm OTCI0Aa, YTO S, AonycKa-
eT CTPYKTYpy rpynnb! JIn (COBMECTHMYIO CO CTPYKTYPOH MHOrOOﬁpaBHﬂ) TOI A H TOJbLKO
TOrga, Korga n=1 aau 3.

12) Mycrs H — cBasnas 3aMKHyTas noarpynna B G | b — ee aareGpa Jln.

a) IlycTb a — snemedT u3 h*, HHBApHAHTHBIA OTHOCHTeNbHO [I; MOKasaTh, 4Yro
cyliecTByeT Takofl 3/eMeRT @ B 9*, WHBAapHaHTHLIA OTHOCHTENLHO H, UTO €ro OrpaHHyeHHe
Ha b coBnazaert ¢ a. [Toxasats, uto saement da & Alt? (g) aunynmpyertcsi i (n) u 0(n)aas
BCEX TE&h u uTO KJAACC ITOTO jeMeHTa B H? (G /H) ne 3aBucHT OT BHGOpa &. TaknM
o6pasom, onpeneien romomopdusm @i H' (H)—~ H? (G/H).

1Y Yycna k; coBnagalor ¢ nokasarennmi cacrems R (G, T). Cp. Leray J., Sur Vho-
mologie des groupes de Lie, des éspaces homogénes et éspaces fibrés principaux, Collo-
que de Topologie de Bruxelles (1950),p. 101—105.
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6) Ipennonoxnm B naabHefiiem, uro G noaympocra. Jlokasatb, 4r0o ¢ — H30MOP-
dusm.

B) Hdokasats, uro H notynpocra Toraa 4 Toibko Toraa, koraa H? (G/H)=0.

r) He npeanonaras ceasuocts H, onpexeauts usomopdusm (5*) — H?(G/H)
(npumenuts 6) k Ho).

13) Iycrs H — 3amkHyTast nogrpynna B mnoJynpocrofl rpynne G; nonoxum X ==
= G/H u n=dim X. [loka3arb, 4TO CJeAyiOWIHE YCIOBHH SKBUBAJICHTHHI:

(i} Cymectayer rakas 2-dopma o na X, uro do =0 u 4415 Bcex x = X 3uaxonepemen-
uaa GuauHeitnan ¢popma o, Ha T, (X) HeBbHIpOXKAEHHA;

(i) n yerno u cymecrtByer Takoii anemeut o< H? (G/H), uro o"?£0;

(tii) H sBAsieTcsn UeHTpaAH3aTOPOM HeKoToporo Topa B G;

(iv) H umeer makcuManbubifl panr 4 #a X cywectsyer G-HHBapHAHTHAS KOMIJEKC-
Has CTPyKTypa;

(v) Ha X cymecTByer Takas KOMIIEKCHAA CTPYKTYpa j H Takas 2-¢popMa o, uTo do =
=0 ana mobux x X, u, veT, (X) umeem o, (ju, jv)=o0, (1, v) 7 0, (4, ju)>0 npn
u=0 (*apyrumu ciopami, Ha X CyIIeCTBYeT K3.1€p068a CTPYKTYpa,).

(vi) Ha X cyilecTBYIOT KOMILJIEKCHAA CTPYKTypa j H 2-¢popMa o, YAOBAETBOPAIOWHE

ycJI0BUAM (V) H HHBapHaHTHHE OoTHocHTeabHo G (*1. e. Ha X cyulecTByer G-HHBapHaHT-
Hasm KIJAEpOBa CTPYKTYpa,).
(daa pokasatennctsa (i) = (iii) nomoxurs S=C (H)y u Z=Z;(S); nokasarse ¢ no-
MOLLbIO ynpaxHeHHa 12r), uro kaHomMyeckoe oroGpaxeune H2(G/Z)—~ H®(G/H)
CIOPBEKTHBHO, H BHBECTH 0TCIOAa, ut0 Z=FH. JxeuBanentnocts (iii) u (iv) caepyer u3
ynpaxHenus 8 k § 4. Iaa nokasareabcrsa (iii) = (vi) 10cTpoHTh HeBHIPOXKAEHHY IO H-HH-
BapHaHTHYIO 3pMUTOBY ¢opmy Ha g/L (H) 1 paccMoTpeTs ee MHHMYIO 4acTb; HCHOAB30-
BaTh ynpaxuenue lla).)

§7

1) TMycre G=U(n,C) u T — noarpynna JAHAroHalbHHX MaTpHl; A (=
=diag(ti, ..., t;) 13 T # | i< n nonoxKum g (f)="1. O6034auHM Yepe3 6 TOKAECTBEH-
Hoe mpeacraeaesne G B C".

a) Oasa rpynont X (T) ey, ..., &, AABAAIOTCA 6a3HCOM; NMOKA3aTh, YTO KAXKAHWH 3Jae-

k
went Z[X (N)}Y umeer sua e et +e")P(e ! ...,ee"), rae k — uenoe uyuciao, a P —

CHMMETPUYECKHH MHOrowIeH ¢ UEJbIMH KO3¢QHUIHEHTAMH OT n NEPEeMEHHbIX.

6) [lokasats, uto npeacrasacaus A’ ¢ (1 <r<n) HenpHBOAHMEL.

) [lokasatb, uyto romomopduam u:Z[Xy, ..., X.J[Xi']— R(G), ans «oToporo
u (X)=[A°* o], aBaserca nsomopdusmom.

2) Mycre G=SO@2/+1i,R) ¢ [>1; coxpanum o6o3HaYeHUs yMpaKHEHHS
2 k§ 4. O6oanaunm yepes ¢ npeacrasienne G B C2'*!, nonyyaiouleecs B3 ToXIeCTBeH-
HOrO pacUI¥PEHHEM MOJA CKaJApoB.

a) oy, ..., 011, 204, 2 TAKAKE ¢, ..., & AaAOTCA 6asdncom Z-mopyas X (T).

6) O6o3naunm yepes 1); NEMEHT eite Il Moka3arb, uTo KaXaAnd 3J€-
P

menr #3 Z[X (DY sanucusaerca B muae P(ny, .., n), rae P — cummerpuueckuii
MHOrOYJ/IeH C LEeJhIMH KO3 ¢HIHeHTaMH OT [ nepeMeHHBIX.

B) Tlokasats, yro npeacrasienua A’ ¢ (r<< 2[4 1) venpusonumu. Joxkasatp npH
r <! paBeHCTBO

Ch(A"o)=s (M, ... W) +{—r42)s,—2(m, ..., )+ ...
+( l—rk+2k ) S, _opMp )+,
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rie s, — 3JeMeHTapHHE CHMMETpPHUECKHe MHOTOWIEHH OT [ MepeMeHHBIX.

r) TIlokasats, yro romomopousm u: Z[X\, ..., XiJ>> R (G), ans xoroporo u (X;)=
=[A' o], ABnseTCA HIOMOPHHIMOM. :

3) Ilyctb G=S8O0(2/, R) ¢ [2>2; ucnojbayeM OGO3HAUCHHS YNPAXKHEHURA
2k § 4. OGosnauum yepes ¢ npeacTasiende G B C¥, nosyuamoimeecs Ha TOXKAECTBEHHOTO
paciiupeHueM NoJs CKaJsipos. .

a) B Z-monyne X(T) ey, ..., & ABAAOTCH Ga3HCOM.

6) OGosiauuM uepes w; snement e '+e ' B Z[X(T)] u uepes & — anement
i

H(ezi—e—z‘). Mokasars, 4ro peAkufl snement uz Z [X(T)]V sanucuBaercs B nuze

i=1

P (1, ... 1)+ Q (my, ..., m1).6, rae P B Q — cHMMeTpHYECKHE MHOTOWIEHH OT [ nepemen-

HHX ¢ Kosdpdunuenramu B (1/2) Z.

B) IlokasaTs, uto npeacraBiaedust A’ ¢ HeNpHBOAHMH NpH 7= [; npeacraBienue
A’ ¢ sBaserca npsmoit cymmoli aByx npeactasnenufi t¥ M T cO CTapuIHMH BecaMmH
2m; v 205;—, coorsercrBenno (cm. ra. VIII, § 13, ynpaxuenue 10).

r) Iokasars, uto npu r </ snement Ch (A’ o) naetcss GpopmyJIofi U3 ynparkHeHHR
2B) H yTO

Chit=—(84+Ch A'0), Ch'r'.=; (—8+Ch Alo).

L
2

a) 'Tlokasatb, 4ro romomopdusm u: Z[X,, ..., X; Y]—> R(G), mas Kortoporo
u (X)=[A'olu u(Y)=[vt], clopnexkTHBEH H YTO €10 AAPO NOPOKAAETCA IIEMEHTOM BH A
Y2— YX1+A, rae AeZ [X], ey X,]

4) Mycrs £ — KOMNJEKCHOE BEKTOPHOE NPOCTPAHCTBO, ¥ nycTh T4 (E) — npocTpaH-
CTBO TeHsopoB THNa (p, q) Han E (Alg., chap. 111, p. 63). O6Gosua4uum uepes Hj (E) noa-
npocrpadcrso BT § (E), o6pasoBainoe cHMMeTpHYEeCKAMH (T. €. IPHHAAAEKAIMHAMH 06 pa-
ay B T4 (E) npocrpasctBa TS’ (E)®@TS? (E*)) Tenaopamu, anHyJHPYyeMbIMH BCEMH cBep-
tunanuamu ¢; s ie(l, P, jelp+1,p+ @ (Alg., chap. 111, p. 64).

a) Ilokasars, uyro Hf (C") ycTofianso oTHocutensso GL (n, C) H, cilenoBaTenbHoO,
SU (n, C); o6GosHauum 4Yepe3 tj BO3HMKalOWiee TakKHM 06pazoM HpeAcTasjeHHe HJs
SU (n, C).

6) IlokasaTb, 4TO Tj — HenmpuBOAMMOE NpeACTaBJeHHE, cTapuiki Bec KoToporo
(B oGo3HayeHHsX ynpaxuenuss 1 Kk § 4) paBen p W+ g Wy—1.

B) Bcsixoe menpusoaumoe npeacrasJenne rpynnkl SU (3,C) uaomopdHO ogHOoMy u3
npeacraBJeHuit 4.

r) HNyers (x); <, , — KaHoHHueckuli Gazuc B C" u (), ;. , — CONpAKenunlf
6asuc. Ilokasarts, yro Hj (C") OTOKAECTBJAETCA C NPOCTPAHCTBOM MHOrOUIEeHOB P&
eClxy, ..., X5, Y1, ..., Yn] ORHOPOAHLIX CTENEHH P NO Xx; H CTENEHH § N0 Yj, LI KOTOPHIX
o o%p
£ dx[ dyi

5) Iycrs k& — nosle XapakTePHCTHKH HYJb, V — BeKTOpPHOE NPOCTPAHCTBO Haj
k u ¥ — HeBHpoXAeHHas KBaapaTuuHan popma Ha V. Popma ¥ (coors. o6paTHas k ¥
dopma) onpeaensier saement I' 8% (V*) (coots. I'*=S? (V). O6osnauum uepes Q su-
zomopdusm S (V), sanasaeMbil ymHoXeHHeM Ha I'*, uepes A — suaomopduam S (V),
3ajaBaembill BHyTPeHHHM yMHOXKeHHeM Ha [, H uepea & — auaomopdusmS (V), Kotopmiit
ua 8’ (V) cBomMTcss K YMHOXKEUHIO U2 — n/2—r.
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a) Ecau (x), ;<, — opToHOpMupoBauunlit Gasuc B V, 10 Q (P)=(1/2) (Z x?).P,

ap
AP)=(1/2) 5~ s PE S (V).
ax;
6) Hoxkaaate dopmyast [A, Ql= —h, [, A]=2A, [, Q]= —2Q.
8) ITycts H, — npoctpanctso 31ementos S (V), aHHy HpyeMbiXx A («oAHOpOAHLIE
rapMOHHYECKHe MHOTOY/IEHB! CTENEHK r»). BoiBecTH H3 6) passioXeHHe B IPAMYIO CyMMY,
HHBapHaHTHoe oTHocHTesbHO O (V):

8 (V)=H®QH :®Q H _+&....

r) Tlokasars, yto npeacrasienne H, nenpupoaumo (cp. ra. VIII, § 13, n° 3 (IV)).

a) IMycerb k=C, V=C" c o6uiyHoft KBaapatauno# ¢popmoit (n >> 3). B npoctpancTpe
H, Bo3HHKaeT Hell pHBOJHMOE NpeacTaBaeHue T, rpynnsl SO (n, R); nokasath, 4To B 0603-
HayeHHAX ynpaxueHus 2 K § 4 cTaplIHM BecoM T, ABJsieTcs r0 ..

e) IMycrs T — anement Kasumupa rpynnu G, nonyuaembifi u3 ¢opmel Kuanuura.
Hokasarb popmyay

Ty o= gy ( —4Q8++ 3D +2— ).

Buuncaurb I (/) M BHBecTH OTCioia 3HaueHHe (GOPMbI Qp {npeanoxenune 4).

6) INpennonoxum, uro rpynna G nourst npocra. Ilokasathb, uro G AONYCKAET TOUHOE
HeNpHBOAMMOE NpejcTaBJeHHe BeerAa, 3a HCKIouendeM ciydass G= Spin (4%, R) npu
k=2

7) Nycts 1: G - SO {n, R) — seujecToennoe yuuTapHoe npepcrasiense G; 0603-
HaukM uyepe3 @: Spin (n, R) > SO (n, R) KaHoHH4ecKOe ABY/JIHCTHOE HakpuiTHe. ['oBopsr,
YTO T — CMUHOPHOE TIPELICTaBJCHHE, €CJH CyLlecTByeT MOpdH3M T: G — Spin (n, R), Ans
KOTOPOTo (oT=="T.

a) Ilycts 3 — takoe noamHoxectBo B P(T,7), wro ZUY(—2)=P(T,7) u
Z2(—2Z)=@; 06o3HAUHM uepes wy CyMMmy sieMeHtoB H3 X. Kaacc @ siemenrta
058X (T)/2 X (T)He 3aBucur ot Bul6opa Z. [Ioka3aTe, 4T0O T — CNHHOPHOE PEACTABJIEHHE
Torla H TOAbKO TOTAA, Korja @ =0. ' .

6) Moxkaszarts, uro p X (T) Toraa # TOAbKO TOrAA, KOT/1a MPHCOeAHHEHHOE IPEACTAB-
JieHHe SIBJIHeTCS] CIIHHOPHLIM.

8) MNycts G — rpymna JIu ¢ koMnakTHO# anreGpo#t JIM H C KOHEUHBIM YHCJIOM CBA3-
Heix KommoseHt. [lokasaTh, uro oHa 06,1aa€T TOUHLIM JIHHEfHBIM MNpeACTaBJeHHEM
B KOHEUHOMEPHOM BEKTOPHOM NpocTpaHcTBe (3anHcaTh G B BHIE MOJYNPAMOTO NPOH3Be-
JeHHs KOMNMaKTHOH rpynnsl K Ha BeKTOpHYyIO rpynny N; BHGpaTh TOUHOE NPeACTaBJAECHHE
K B KoneuHOMepHOM BeKTOpHOM NpocTpaHcTBe W H npencraBuTh G KakK noarpynmny B ad-
¢uHHOK rpyme npoctpadcTBa W N).

§8

1) Tlyerb G=SU (2, C) H 0 — ToxAaecTBeHHOe Npeacrasaenue G B C.

a) Henpusoaumuie npejcrasiendsi G — 370 NpeAcTaBJeHHH 1"=S "¢ ans n>0.

6) Ilyctb e), ez — KaHonuueckn#t 6asuc B C?; nokasarth, 9ro KoapdHUHeHTH T°
B Gasuce (€} €5 "o i, HMEOT BHA

P

n (=1 itjmngi—ipn
T},‘(g)= il @ B Pi](la'lz)-

~.
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-B a

’ a ﬂ n d’ n—~i i
rae g= €6, a Pi(t)=—[t"""(1 — )] («mnorowienn fxo6u»).

dt’
i1 (n— 1\ /2 -
—%ﬁ) T LAR UeNBX i, j, n

¢ yeaouamu 0<{i<Kn, 0<j<Cn o6pasyior opToHOpMHpoBaEHRH 6asuc B L% (G).

B8) BuBectu u3 6), uto QyHKUHH (n+l)'/2(

_ﬂ a
rae 0Kt 1, 0<C @< 2n, 0<C P << 2n. [ToKa3arh, uTo HOPMAJIM30BAHHAS Mepa Xaapa ua
G pasua (4n®)~' dt do dy.
n) Myems a, b=(1/2) Z TakoBH, uto a—beZ. BuBecTH H3 T), YTO MHOTOWIEHH
P:/2—a, a/2—b (f) a5 uenblx n To# e ueTHOCTH, uro H 2a, n > max (2a, 2b), o6pasyior

r) das g=< @ E)EG nycTs a=t‘/2e_i(“"+‘”)/2,ﬁ=(l—t)'/2ei(‘9_")/2,

oproHopMupoBanHkil Gasuc B L7 ([0, 1)) otrocutensro mepu £ T8 (1—£* P dt.

2) Mycrs f — dynxuns kaacca C* Ha G ¢ KoMnJeKCHHMH 3HaueHusiMH. [lokasarts,
YTO CYLIECTBYIOT [BE TaKue KOMIJIEKCHO3HaUnbe GynKunn g u ¢ Kjaacca C° Ha G, uro ¢
HeHTpaibHa H f=g«.

3) Mycrs u — wenpuBonyumoe npeacrapiesde G co cTapmuM secom A. Jlaa xEg
0603HAYHM yepes X eauHCTBen kil snement 3 C, conpskensnii ¢ x ¢ noMowsio Ad (G).
Jloxasatb pasencTtBo ||u (x)|| =16 (A) (%)}

4) BuGepeM Ha ¢ HEBHPOXIOCHHYIO MOJOXKHTENbHYI KBagpaTHuHylo dopMmy Q,
uuBapuanTHyio otHocuteabto Ad (G). Ilau x<=t nonoxum ¥ (x)= _ e~ QUrtu)

ueT (T)

a) Tloxasarb, uTo &) — byHKuHs kAacca €™ Ha t H YTO CyLeCTBYeT TaKasd GyHKIHA
¥, xaacca C® Ha T, uro @ cexpr="o.

6) MMoxasarb, uTo CylIECTBYET eAHHCTBEHHAA LeHTpaJbHas yHkuna ¢ na G xaacca
C ~, orpanuuenne KoTopoll Ha T cosnagaet ¢ &,. Jlas 11060r0 MaKCHMaJbHOTO TOpa
S B G 1 moboro x L (S) cnpasea/iBo paBeHCTBO

@ (exp x)= Z e~ A+
uT (S)

B) Ilyctb A — aabkoB B t, dx — mepa Xaapa Ha t 1 & — JIOKaJIbHO HHTETpHpYyeMas
¢$yHKUHSA Ha t, HHBapHAHTHAS OTHOCHTe bHO addunHo# rpynnn Beias W, (§ 5, n° 2).
Jloka3aTb paBeHCTBO

1 QW -1
§h (x)dx= = (G) sh (x)e (v (x) dx.
. ad x __
r) Jdasa xeg nonoxum § (x)=A7, (x) e_Q(")(v (expx) ™!, rme Ay (x)=det —e—aa—x—l-

(§ 6, n°3). [MokasaTb, yro £ — dyrHkuua kAacca C* Ha g H uro ec/i p — Mepa Xaapa
Ha g, T0 06pa3 APy OTOC paXkeHHH eXp ; Mepnl E siBAsieTcs Mepoit Xaapa wa G (Wcnosb3o-

BaTb B), a Takxe cjeacrBHe 2 TeopeMu | u mpennoxenre 4 (§ 6, nn°2 u 3)).
1
1) JlokasaTs dopmyay do(x)=m Z exp (8 (1) (x)_TQI (8 (M) nu xt, Toe
reX (T) ;

Q' — xBappaTHuHas hopMa Ha t°c, o6parHas K KkBaapaTaukoil opm™e ua tg, 3agaBaemoi
@, a fn — KOHCTaHTa, KOTOPYIO MOXHO BHUHC/MTb (Hcnoab3oBaTth dopmyay Ilyaccona,
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cp. Cnektp. reop., ra. II, § 1, n°8). BuBectH orciona paseictBo ¢ (f)=

=m Z e~ QBN g tesT.

reX(T)

5) a) ITycts V — BeliecTBeHHO® BEKTOPHOE MPOCTPAHCTBO, [ — HEHYJIeBO#H JIHHEH-
Hufl pyHkuHoHan Ha V H H — ero aapo. Hasa toro uro6n ¢pyHKuHs ¢ Kiacca C™ Ha
V o6pauntanace B HyJsb ua f, He06X0lHMO H AOCTATOUYHO, YTOGH OHA 3aMHCHIBAJNAcCh B BH-
ne f¢’, rne ¢’ — dynkuHa kaacca C* Ha V.

6) Ilycts V — BeumiecTseHHOE BEKTOPHOE NPOCTPAHCTBO H (fi), . , — KOHeuHoe cemed-
CTBO HeHyJieBHIX (DYHKUHOHAJNOB, ANS1 KOTOPHIX moanpoctpancTBa H,=Ker f; nonapro
pasnuulnl. Jlas toro yto6nl ¢yHKuHs ¢ kiacca C> Ha V o6pamanach B HyJb HA

o6bennuend H;, Heo6X0AHMO H NOCTATOYHO, yTOGLI OHA 3aMHCHIBAJIACh B BHLE ¢ H F,
’ iel]
rpe $ — ¢yskuns kracca C* nHa V.
B) ITycte T — 7Top # (@), o ; — KOHEYHOE ceMeficTBO XapakTepos T, OTAHYHBIX OT 1,
s Kotophix noarpynnbl Ky= Ker o; nonapho pasanyubl. 115 Toro 4yro6u ‘¢GyHKuHs ¢
k1acca C* Ha T of6pamajacek B HyJb Ha o6belHHeHHH K;, HeOOXOLHMO H NOCTATOYHO,

yTo6bl OHA 3amHChiBajach B BHAE w.H (a;—1), rne ¢ — ¢pyrkuus kaacca C* Ha
iel

T (paccyxkpath JokalasHo Ha T H cBectH K 6)).

r) B o603nauenusix n® 4 nokasarb, 4To oTOGpaxkenne b : F * M¥V—>e>mm V¥
Gue KTHBHO.

6) IMpennonoxuM, uto G HekoMMyTaTHBHa. [TokasaTh, yTo HenpepbiBHas PyHKUHSA
J (p)l/3 Ha T aHTHHHBapHaHTHA OTHOCHTeJbHO W, HO He IPHHAMJIEKHT 06Pa3y oTobpaxKe-
nus b € (MY > < (M~ V.

§9

1) Tlycts A — xkomMnakTHOe mopMHOXecTBO B R, coctosiniee H3 HyJR H uHced
BHpa 1/n, rne n — uedaoe == 1. [lokasats, uro ecan cHa6auth €’ (R; R) Tomojorueft
paBHomepHo# C'-CXOLHMOCTH Ha A, TO MHOXKEeCTBO MOP($H3MOB, 3a7aICUIHX BJOXKEeHHE
B OKpPEeCTHOCTH A, He Oynet oTKphiThiM B €’ (R; R) (paccmorperb mocienoBarteibHOCTh
dyekuni (), , o6aanaownx csoficTsami [, (x)=x A x<L1/(n+1) ¥ fa x)=x—
—1/n ona x>=1/n).

2) IMycts X — oraeanmoe MHOrooGpasse kaacca €' (1 r < o), cyetnoe B Gec-
KOHEYHOCTH H YHCTOE Pa3MEpPHOCTH n.

a) TlpennonoxuM, 4TO CYHIECTByeT BJIOXKEHHe ¢ MHOrooGpasus X B BeKTOpHOE
npocTpactBo V KoHeuHofi pasmepHocTH. [lokasath, 4TO CymiecTBYeT BJIOXKEHHe
X B Rt (ecam dim V> 2n 1, nokasarth, 4To CymecTByer Takas To4ka pe V, 4to mna
Jo6oro xeX npsamasi, coepuHsonias p H ¢ (x), nepecekaer ¢ (X) TpaHCBEpCaNbHO
B €IHHC TBEHHO TOUKe ¢ (X); BHIBECTH OTCIOAA, YTO CYILECTBYET BJOXKeHHe X B 1POCTpaH-
¢TBO pa3MepHocTH dim V —1). .

6) IMokasarn, 4to cymectsyer pioxenne X B R**F'. (ITycts & — coBokyriHocTb
OTKPHITHIX MHOXeCTB B X, % — NOJAMHOKECTBO B &, cocTosillee W3 Takux U, Ansa Koto-
pHix cymecTeyer Mopdusm ¢: X — R2"T! orpannuenne kotToporo Ha U siBifeTcst BAOKe-
HHE M; [I0Ka3aTh, HCTIONbL3Ysl @ ), 4To % — KBasunosauoe ceMeficto (Top. gen., chap. IX,,
p. 107, ex. 27) B & u, cllepoBaTe/bHO, COBNAAaeT ¢ 4.)
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8) IMokasats, uTo cymectsyer co6crennoe paoxenne X 8 R***!. (C nomowmbio
cobcTreHHof (GyHKuHH Ha X NOCTPOHTL coGcTBenHoe BJjoxenwe X B R*12)

91 3) Myers G — rpynna Jlu u H — koMmnakrHas noarpynna s G. [Ipeanonoxum,
yro G o6Jajfaer TO4HbiM JHHEAHBIM NPEACTaBJeHHEM (KOHEYHOH Pa3MepHOCTH).

a) ITycts ® 4 (G) o3nauaet nonaareGpy B # (H; R), o6pasopaHnyI0 OrpaHHYEHHSIMH
Ha H mpeacrasisaomux (RenpepuisHelx) ¢ynxunil na G. [lokasars, uro 8, (G) mwiorHa
B ¥ (H; R) OTHOCHTEJbHO TONOJIOTHH PaBHOMEpPHOH CXOAHMOCTH.

6) Mycre f=O (G). [Tokasarb, 4TO CyllleCTBYIOT TaKOE NpeACTaBICHHE G TPYNNH
G B KOHeYHOMEPHOM BeILeCTBEHHOM IPOCTPAHCTBE H TAKOH MaTpHYHBIA 3JIeMEeHT Npe-
craBnennsi o} H, koropuit ue oproronanen f (Th. spec.).

B) Ilycers p: H - GL (V) — npeacraBnenne H B KOHEYHOMEPHOM BelleCTBEHHOM
pekTopHOM npocrpaHcTBe. [lokasaTh, uTo CyillecTBYIOT KOHEHHOMepHOE BellleCTBeHHOe
BeKTOpHOe npocTpancTBo W, mpeacraBienne ¢o: G — CL(W) H HABeKTHBHHA romo-
mopousm u: V - W, takue, uto u (p (h) v)=0c (h)u{v) 111 heH, veV.

(CBecTH K CJyualo HENPHBOAHMOIO p H HCIOJb30BaTh 6)).

4) Ilyetp G — rpynna Jln, H — koMmnakrHast noarpynna B G H p — yYHHTapHoe
npeacraejedde H B BelllecTBeHHOM THibGeproBoM npocrpanctse V. JlokasaTb, yro
CYHIECTBYIOT BellleCTBeHHOe I'iIb6epToBO NpocTpaHcTBO W, YHHTapHOE NpeAcTaB/leHHE G
rpymb G B W H H3oMeTpHUecKoe BJoxXeHHe u: V — W, Taxue, uto u(p(h)v)=
=o(h)u(v) anst heH, veV (TOT ke Merof, 4TO H B ypaXKHEHHH 3).

5) Ilyctb G — rpynna Jlu ¥ H — xoMmnakTHas noarpynna B G. [Ipeanonoxum, uro
CyllecTBYeT TOYHOe JHHefHOe npeiacraBienHe p: G — GL(V) B koHeyHOMEpHOM Be-
IeCTBEHHOM BeKTOPHOM NpocTpaHcree V.

a) TlokasaTh, 4TO CyIeCTBYeT Npejicraniente ¢ rpynnbl GL (V) B koHeuHOMEpHOM
BellleCTBeHHOM BeKTOPHOM NpocTpaHcTBe W, HeBHpOXAEHHAs NOJNOXKHTEAbHASE KBaApa-
THuHast popma g Ha V H BekTop w = W, rakue, uro p (H)=0 (¢)(| Fu, rae F, — crabuan- -
sarop w B GL (V) (BbiGpaTh H-HHBapHaHTHYIO KBaApaTHUHYIO (OPMY ¢ H Takoe Npej-
cramiende rpymnsi O (g), a1t Kotoporo p (H) simisieTcss CTaGHAH3AaTOPOM HEKOTOPOH
TOYKH (cjaeicTBHe 2 H3 n° 2), 3aTeM NPHMEHHTb ynpaxkHeHHe 3B) ).

6) BuiBecTs H3 a), uTO CYILECTBYIOT KOHEYHOMEpHOE BellleCTBEeHHO € NpocTpaHCTBo E,
npeactasjente rpynnel G B E H BexkTop e=E, craGHAH3aTOpOM KOTOPOTO SIBJISIETCSE
H (B3sith E=W® Q, rae Q — npocTpaHcTBO KBafpaTHUHKIX ¢opM Ha V, H e=(w, q)).

6) Ilycrs G — rpynna JIu u H — komnakraasi noarpynna 8 G. Ilokasars, yro
CYIIleCTBYeT YHHTapHOE NpejcraBJjende G B BellleCTBEHHOM THJIb6EpTOBOM NPOCTPAHCTBE
E u BekTop e = E, cTaGuH3arop Koroporo cosnagaer ¢ H (B3sith B KayecTse E npocTpan-
creo L2(G)).

7) IHycrs G — rpynna Jla, H — koMmnakrHast nogrpynna B G M p — YHHTapHoe
npeacrasjende H B BellleCTBEHHOM THAbGepToBOM NpocrpaHcTBe W. OGo3nauHM uepes
X MHOrooGpasHe Gxw (n° 3).

a) [Ilokasatb, 4Yro CyYLLeCTBYOT THJAbGEPTOBO MNPOCTPAaHCTBO V, YHHTapHOE
npeacrasienie o rpymmel G BV u  (aBmagaTHyeckoe) BioxeHHe ¢ XV,
Takue, uro @gtx)=o(g)@(x) maa1 ge=G,x=X (ucnonb3oBaTh ynpaxHe-
HHSE 4 H 6).

6) Ecma W xoneunoMepHo ¥ G [ONyCKaeT TOYHOE JHHeRHOe INpencTaBe-
HHe KOHEYHOR pa3MepHOCTH, TO V Takke MOXHO BHOpaTb KOHEYHO-
MepHHM (IpH 3STOM O MOXeT He OHTb YHHTApHHM) (HCNO/Nb30BaTh YNpaXKHe-
HaH 3 H 5).

18) ITyers X — napakomnakrHoe mHOrooSpasme kiacca C' {(1<r<{ o) u G —
rpymna JIu, neficrBytowasi co6creeHHo Ha X Tak, 4ro oroGpaKeHHe (g, x)+> gx N pHHAN-
Jaexxur kaaccy C'.
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a) Tlokasars, 4TO CylECTBYIOT YHHTapHOE NpEACTaBIEHHE p rpynnsl G B rRALGEpTO-
BOM MnpocTpaHcTBe V' u BJoxeHnue ¢ (knacca C’) mMHoroobpasua X B V, TaKue, 4ro
¢ (gx)=p (@) 9 (x) m1a g= G, x=X. (Hcnonb3osath npemtoxenue 6, ynpaxHeHHe
7 ¥ paccyXaaTh, KaK B JOKas3aTeJbCTBe NpeloxeHHd 4.)
6) TlpeanosoXHM AONONHHTENbHO, YTO
(i) G monyckaer TouHOe JIHHeHOe KOHeYUHOMepHOe NpencTaBJieHHe;
(if) X cueTHo B GeCKOHEUHOCTH H OTpaHHUEHHOH pa3MEPHOCTH;
(iii) mmeerca JHIIb KOHEYHOE YHCJ/IO THNOB OPGHT nas AeficTBHA G.
Jlokasatb, YTO CYIUECTBYIOT KOHeYHOe MOKpWTHe X OTKPHTHMH MHOXXeCTBaMH
(U); < p yerolunBEMH OTHOCHTEbHO G, KOMNAKTHEIE NOArpymusl (H); ;8 G H 113 Kax-

Joro i<l 3amkHyroe mogMHoroo6pasue S; B U, ycroiiunsoe orHocHTeabHo H;, Takue,

H,

4yTo oTobpaeHue (g, )i gs onpeleaseT nocje ¢pakTopusaluus H3oMoppuaM G X 'S,

na U; (noka3ars, 4ro OTKpHiTHe MHOXecTBa B X/, npooGpas KoTopuix B X jJomyckaeT

- TAKo€ MOKphITHE, 06Pa3yloT KBa3HMOJHOE ceMeACTBO B COBOKYMHOCTH BCEX OTKPHITHX
noamHoxectB X/ G- (cp. Top. gen., chap. 1X, p. 107, ex. 27).

B) B npeanonoxennsax 6) mokasaTb, YTO CYLLeCTBYIOT npeicTaBjleHHe G B Bellec:
TBEHH OM KOHEeYHOMEPHOM BEKTOPHOM NPOCTpaHCTBe V 1 BJIOXKeHHe KJaacca G MHOroo6pa-
3ua X B V, coryiacoBaHHoe ¢ AeficTBHeM G (paccyX1aThb MO HHAYKIHH HAa MHOXeCTBe
noarpymn B G, Hcnosb3ys 6) H ynpakHeHusa 2, 7).

9) Ilyets G — rpynna JIn, co6eTBeHHO AeficTByIomasn Ha MHoroo6pasun X. Ilpeano-
JIOXKHM, YTO BHINOJHEHO OAHO M3 ABYX YCJOBHIL

(iy X/G — xomnakt, X cueTHo B GeCKOHEYHOCTH H OrpaHHUYEHHOH pa3MepHOCTH;

(if)y X — xoHeuHOMepHO€ BeKTOpHOE mpocTpaHcTBO H ( JHHeHHO jgelicTByer Ha X.

Jloka3aTb, YTO MHOXKECTBO THNMOB OPGHT 3jeMeHTOB u3 X KoHe4no (paccMOTperb
OJlHOBpEMEHHO 06a cJayyass HHAyKLHe# no dim X, Hcnoubsys mpejtioxeHne 6).

10) Ilyets G — noarpymna Jlu B8 GL (3, R), o6pa3oBaHHass MaTpHLaMH BHAA

1 a b
0 1 o}’ a, b=R. lNokasars, 4T0 A/ TOXKAECTBEHHOTO N peAcTaBieHHa G B R?
0 0 1

MHOXECTBO THNOB OPGHT GecKOHeuHo.
9 11) Dasa uesoro n>> | onpeaeinm orobpaxenue ¢, muoxectsa [0, i( XT? B R?,

nonaras @ (7; @, B)y=((n+r cos 2np) cos 2na, (n4-r cos 2nP) sin 2na, r sin 2np).
Tlyets

Tu=0, 0, (X, S,=0, (0)XT

a) Tlokasatb, 4ro orpanuueHwe ¢, Ha ]O,%I'XT2 ABJsETCH H30MOpH3MOM
(knacca C*) muoxecTsa )0, —;—l’xT2 Ha T,-S,.

6) Ilycts fn: T, > T, — oToGpaxkenue, coBnafalomiee ¢ TOMASCTBEHHHM Ha S,
H TaKoe, 4ro

fal(@n(r; @, B)=qu (r; a—(n—1) B, — .+ nB)

aaa r>0. Tlokasats, uro f, 3anaer aBromopuam T, S,.
8) [Mokasarb, uro Ha R® cymecTByer Takas CTPYKTypa aHaAMTHYECKOTO MHOrO-
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o6pasusi, uto orobpaxennst f,: T'n — R® H KaHOHHUECKOE BJOKEHHE R’ - U S,—~R
n
ananutHunbl. OGo3HauuM uepe3 X onpefeseHHOE TAKMM 06Pa3OM aHAIHTHUECKOE MHO-
rooGpa3sue. ’
r) las 6T o6o3nauum uyepe3 Rg BpalleHHe

(x, y, 2) > (x cos 2n0— y sin 200, x sin 2n9+‘y cos 2n0, 2)

npocrpanctBa R®. JloKasaTs, uro ciefyioutde (hopmy/s onpefensiior anaiurilieckoe
neficreue T ua X:

’ 0u=Ry(u), ecim usX- S,
n
0.u=R o(u), eciu usS, pra n>=1.

n) INokasath, 4ro MHOXKeCTBO THNOB 0p6uT B X (oTHOCHTEABHO AeficTBust T, onpene-
JNEHHOTO B ') ) GecKOHEuHO.

e) Tlokasarp, utro He cyuiecTByer BJOKeHHS X B KOHEUHOMEepHOe BEKTOpPHOE MPo-
CTPAHCTBO, 1P koTopom AeficTBHe T nepexofuo Gbl B JHHEAHOE (HCMOJb30BATD yIIPaXK-
Hexte 9).

12) Ilyetb G — KomnakThas rpynna Jiu.

a) JlokasaTh, 4TO MHOXKECTBO KJAaCCOB CONPSIKEHHOCTH HOPMAJH3aTOPOB HHTEF-
panbubix noarpynn B G koueuxo (paccmorperb fefictBHe G Ha rpaccMaHuaHe MOANPO-
crpaucTB B L (G) n npuMeHHTDh ynmpaHeuHe 9).

6) MHO)KecTBO KJAcCcOB COMPSAXEHHOCTH NOJYIPOCTHIX (KOMIIAKTHBIX) MOArPYIN
B G KOHeuHo (3aMerHuTb, YTO JAi06af aare6pa JIu coaepHUT JHIIb KOHEYHOE YHCJIO I1O-
JynpocThix uieasoB (ra. I, § 6, ynpaxuenue 7), H HCIOJbL30BATH a)).

13) Ilyers G — rpynna Jlu, H u K — koMnaxtuble noArpynnsl B G. Ilpeanonoxum,
uro G pONycKaeT TouHOe JHHeliHoe KoHeuHOMepHoe mnpeiacrasfeunue. [lokasars, uro
CyulecTBYeT Takoe KoHeyHoe cemefictBo F moarpynn B H, uro ans qio6oro g G noa-
rpynna HYgKg~' conpsixena 8 H ¢ oaHO# u3 noarpynn cemefictBa F (HCNONb30BaTh
ynpaxuesusi 5 u 9).

14) Tipeanonoxum, uto MHOro0oG pasue X napakoMnakTHO H JOKaslbHO KOHEYHOMED-
uo. [Tyere G — rpynna JIu, co6cTBenHo AeficTByomas va X, H — KOMnakTHasi HOATpyN-
fia B G, { — KJacc CONPSIKEHHOCTH MOATpynnsl f.

a) TlokasaTp, 4TO MHOXECTBO X ; Tex Touek B X, A4 KOTOPbIX CTaGH/IM3aTOP COBNA-

Aaer ¢ H,— nokaabHO 3aMKHyTOE€ NOAMHOrooGpasue B X.
6) [lokasars, uro oro6paxenue (g, x) > gx muoxectBa G X X, B X 3ajaeT usomop-

¢u3m (kiaacca C") MHOMKECTBa GXN(”)XH Ha X

i 15) Ilycte G — Tononoruueckasi JAOKaAbHO KOMMAKTHAasl Tpynna, coGCTBEHHO
neficTByomas Ha Tonosoruueckom npocrpancree E; nycte p — npeacrasienue G B Ko-
HEYHOMEPHOM BelleCTBEHHOM BEKTOPHOM IpocTpancree V. O6o3uaumm uepes dg npasyio
mepy Xaapa Ha G. )

a) Ilycts & — coBokynHoCTh noaMuoxecrs AC E, 061ajaioOuiHX -cleyiOuHM
CBOHCTBOM: CYHIECTBYeT Takoe oTKpuiToe mokpwrue (U ), _, npoctpanctea E, yro anst
N1060r0 a & I MHOXKeCTBO TeX g < G, Iist KOTOPHX gA N Ua# O, OTHOCHTEJIBHO KOMITAKT-
Ho B G.

Jlokasatb, 4TO A OGO HenpepbiBHOil pyukuuH f: E—V, wocurenb koropoi npu-
HaieXUT P, oToGpakeHHe x > Sp(g)"f(gx) dg siBnsiercsi HernpepbBHbIM 0TOGpa-

2 .
weuneMm E B V, cornacoBanubim ¢ aefictBuem G.
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6) Ilpeanosnoxkum, YTo BHINOJHEHO OLHO M3 CAEAYIOLIHX ycnosuu:

(i) npocrpancrBo E/G perynsipHo;

(ii) cymecrByer orkpuitoe MHoXxectTBo U E u Komnakt K B G, takue, uro E=
=G0U u gUNU=, ecin g&£K.

IlokasaTtb, uto Kaxkaas Touka x < E o6/afiaer OKPeCTHOCTBIO, MPHHAAAEXKaluel P
(B cayuae (i) nonoxutb A=V W, rae V — takas okpecTHocTb x, uto gV V=@ ans
£ BHe HeKoToporo kommakta B G, a W — 3amkHyTas G-ycTofuHBasi OKpeCTHOCTh.GX,
copepkawmasicsi B GV).

Kaxznas touka E ob6aagaer G-ycrofiunBoil OKpecTHOCTBbIO, o6Jagalomef cBoﬂc‘r-
Bom (ii).

B) ITpegnonoxknm, kpome Toro, uto E Bnostue peryasipho. [Tycte x =E u v & V taKko-
BHl, YTO cTaGHJH3aTOpP X COAEPIKHUTCA B Crabuau3aTope v. JloKaszaTb, YTO CYleCTBYET
HenpephiBHoe oToGpakenne F: E — V, cornacoBanHoe ¢ fgeiictBHeM G M TaKoe, 4TO
F (x)=v. (Ilyctb ¥ — mpocTpaHCTBO HeNPepLBHLIX YHCAOBHX QyHKuHHE Ha E ¢ uocHre-

JAsiMH ¥3 P, U TyCTh u: F— V — oro6paxenune o — Sa (gx) p (2) " 'vdg. Tyets C —.
G

BHIYKAast OKPeCTHOCTD U B V; NOCTPOHTH TAKYI0 OKPECTHOCTb A TOYKH X, IPHHAA/IEKAILYIO
2, uto gx & A Baieuer 3a co60¥i p (g) ! v C, u takylo pyukuHo @ na E ¢ nocureneM B A,

uto & (¥)5=0 1 Sd (gx)dg=1. [Tokasarp, yro u (&) npunanexur C, H BUBECTH OTCIOAQ,
G

yro veim u.)

16) Iyctb G — Tomonoruyeckad rpynna, cOGCTBEHHO AEHCTBYIOILAS HA OTACIHMOM
Tonosiorayeckom npocrpatcree E. [lycth xeE, H — cra6unu3aTtop Toukd x B G, S —
noaMuoxecrso B E, cogepxalllee x H HHBapuanwtHoe oTHocuTenbHo H. Ipynna H
neficTByer cripaBa Ha G X S no gopmyae (g, s).h=(gh, h~'s), rie g=G, heH, sS;
otoGpaxenne (g, s)—> gs onpegenser mocie QakTopH3auuu oro6paxenne (GXS)/H
B X. loBopsaT, 4To S sBJAETCA TPAHCBEPCAALIO 8 TO4Ke X, €CJH 3T0 0TO6pakeHHe
SIBJISIETCSA TOMEOMOP(H3MOM Ha OTKPHITOE MOAMHOXKECTBO B X.

a) Ecan G auckperHa, mokasatb, Yr0 CYILECTBYET TPaHCBEepCajb B TOUKE X,

6) Iycts F — orpe/nMoe TOMONOTHYECKOE NPOCTPAHCTBO, Ha KOTOPOM COGCTBEHHO
aeherByer G, H nycTb f: E — F — HenpepuiBHOe oToGpaskeHue, COracoBaHHOE ¢ JAei-
crBHeM G u TaKoe, 410 craGuausarop [ (x) B G coBnagaer ¢ H. Eciu S — Tpauceepcann
B Touke [(x), nokasatb, 4To [~ ! (S) — TpaHcBepcanb B TOUKe X.

B) Ilycrb N — 3amkHyTas HopMaJibhas nogrpynna B G, n: E — E/N — kaHouuue-
cKasi npoekuusi, I — TpaHcBepcasb B TOuKe 7 (x) Ans nefictusi G/N na E/N n S
<a~ ! (T) — TpaHcBepcanb B Touke x Aas aeficreus HN ua n~ ! (T). [Tokasarh, uto S —
TpaHcBepcasib B TOUKe x (maa neficrBHs G).

17) Nycre G — rpymnna JIu. ITokaxewm, uro G o6Jajaer cleAyOIUHM CBORCTBOM:

(T) Ans noGoro BHonHe PeryisipHOro TOMOMOTHYECKOro npoctpakcra E, Ha koTo-
pom coGerBerHo iekcTByer G, B KajKA0# Touke x = E cylllecTByer TpaHCBepcadb (ynpax-
Heune 16).

a) [okasats, uro rpynna JIu, nonyckalomasi TouHoe KOHEUHOMEpHOE JuHeliHoe
npeAcTabJeHHe, 061anaer colicteoM (T) (Hcno/ib3oBath ynpaxuenus 15, 16), a Takxe
npenJoxeunne 6).

6) Ecan G conepxkHuT Takylio 3aMKHYTYI0 HOpMaJabHyIo noarpynny N, uro G/N o6Ja-
aaer csoficteoM (T) u KN ob6aanaer csoficreoM (T) ajsi oGOk KOMNAKTHOR NOArpynnii
K B G, To G o6aanaer cBoiictBom (T) (nmpuMenutb ynpaxkuenue 16B)).

B) Ecau G, xomnaktHa, To G o6aagaer ceoficrBoM (T).
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r) Ecan G conepxHT TaKkylo HOpMaJbHYI0 KHCKpeTHYyI0 noarpynny N, uto G /N o6aa-
Raet csoficrsoM (T), To G cama o6aapaer csoficteom (T).

1) Iorasate, uro G o6Jaanaer cBoiicrBoM (T) (ayctb N — fApO NPHCOEAHHEHHOrO
npeACTaBJeHus; LOKa3ath, yto G /Ny o6aanaer csoiictBoM (T), 3areM NPHMEHHTD a), 6)
H ynpaxHeHHe 9 k § 1).

18) Mycre G — rpynna JIH, coGcTBeHHO AeRCTBYIOUIAf Ha BNOVIHE DeryJaspHOM
TONOJIOPHuUeCKoM fpocrpancree E.

a) [lycrb x E 1 { — opOHTaJAbHEL TR TOUKH X; OKA3aTh, 4TO CYHIECTBYET OTKDHI-
Tas oxpecTHOCTh U TOUKM x, HHBapHa HTHafl OTHOCHTENIbHO G H TaKafl, YTo LA BCeX U E
& U op6GuTaJbHHH THRO u>1.

6) Tlpexnoyioxnm, uro G cBobonHo aelictyer Ha E; nyctb n: E — E/G — xaHOHH-
yeckad npoekuus. [Tokasatb, uro mias Kaxao# ToukH 2= E/G cyllecTByer OTKpHTas
okpecTHocTh U H HenpepriBHOe oToGpaxenue s: U — E, A KOTOPOro nos (4)=u aas
scex ucsU.

19) MNycre G — rpynna JIn v H — xomnakThaa noarpynna B G. Jlokasats, qro
cynecTByeT TaKasl okpecTHocTh V rpynnbl H, uro BcsiKas noarpynina rpynnel G, coaep-
XKamasicst B V, conpsikeHa ¢ HeKoTopo# noarpynnoi B H (npHMeHKTL ynpaxHeHke 18a)
K MHOXECTBY KOMINaKTHHIX NoaMHoxectB B G, cp. Hureep., ra. VIII, § 5, n° 6).

§ 20) Hycrs G — xomnakTaas rpynna JIH, m — NOJIOKHTENBHOE LEJOE YHCIO.

a) IMoxasare, 4TO MHOMECTBO KJACCOB COMPSIKEHHOCTH MOArpynn B G nopsi-
Ka < m KOHeuHO (NpeAnojiaraM, YTo 5TO He TaK, NOCTPOHTL KOHEUH yIO rpynny F 1 nocJe-
JOBATENbHOCTb FOMOMOP(PH3MOB @, F — G, nas xoropoit ¢; (F) ne conpsixena ¢; (F) npn
i=j u Takylo, uro @, (F) cxonurcs K npeseny ¢ (f) ann Beex fe< F; noxasarb, uTo ¢ —
roMoMopGH3M, H BHBECTH OTCIOLA MIPOTHBOpEUHEe ¢ ylpaycHeHHeM 19.

6) [MokazaTb, 4TO MHONKECTBO KJACCOB CONPsiKEHHOCTH noarpynn F B G, B KOTOPHIX
KaKAbH TeMEHT HMeer NMOPANOK < m, KOHeYHO (mycTb p — Mepa Xaapa Ha G U —
TaKas CHMMETPHYHA$ OKPECTHOCTb €AMHHUHOTO jeMeHTa, uto U’ He ColepXHT aje-
MEHTOB nopsijika < m, KpoOMe eRHHHLB; ROKa3ath, yro Card (F)<Cu (G)/n (U))

9 21) MNycrs G — xomnakThad rpynna Jin v T — MakcuMaJsbHbiit T0p B G.

R a) [Iycrb & — ceMeficTBO 3aMKHYTHIX NOATpynN B G, HHBAPHAHTHOE OTHOCHTEJIEHO

_CONp#MEHHA H Takoe, uro cemeficro noarpynn (SN17)g. o, KoHeuno. [lokasars, uro
MHOXECTBO KJACCOB COMPSIKEHHOCTH noarpynn Sp AAs SE & xoHeu#o (C NOMOILIBIO
ynpaXHenust 12a) cBecTH K cJy4alo, KOraa moArpynmel So HOpMaJbHB; PacCMOTPeThb
rpymnbl C (So)o H D (So) H npHMeHHTs YynpaxHerse 126)).

6) INokasate, 4ro & ABAAETCH OGBEAHHEHHEM KOHEYHOro YHCJAa KJACCOB CONDSi-
HKEeHHOCTH noArpynn B G (c NOMOIILIO a) ¢BeCTH K cJy4aio, KOraa Bee NOArpynnu S &
HMEIOT OZLHY H TY XK€ CB#3HYIO KOMIOHEHTY €IHHHIH X, AOpMaJibHyi0 B G, 3aTeM orpaHH-
YHTb MOPAAKH 3/JeMeHTOB rpynn S/2 M npHMeHHTb ynpaxseHHe 206) ).

B) [lyctb E — orjenunMoe TONOJOTHYECKOE IPOCTPAHCTBO, HA KOTOPOM Her PephiB HO
aeficreyer G. [Tokasarb, 4TO ec/H 3JeMeHTH E HMEIOT KOHeYHOe YHCJ0 THNOB OpOHT nox
aeficteieM T, TO 3TO XKe BepHO H ;s AedcTBHA G.

Jonoanenne 1

I) Mycre G — cBA3HaA komnakrHas rpynna. OGo3HauuM uepes d (G) BepXHIOIO
rpaib paamepHocreit paktoprpynn G, Korophle aanlorca rpynnamu JIn. Ipeanonoxuy,
uro d (G) < co.
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a) Mycre K — 3aMkHyTas HOpMaJbHaa noarpynna B G; nokasare, uro d (G/K)<<
< d(G) u d(G/K)=d (G), eciH K BnosHe pa3pHBHA.

6) TMokasars, yro D (G) — rpynna JIx u uTo aapo roMmomopdusma (x, y) — xy rpyn-
au C (G} X D (G) B G KoHeuHo.

B) Mycts p=d (C (G)o). Toraa p<< oo; 10Ka3aTh, 4TO CYUIECTBYET TAKAsi KOMNAKT-
Ha$l BROJHE HecBA3Has rpynna D H Takofi romomopdusMm i: Z° — D ¢ nnoTHHM 06pasoM,
yro C (G)o nsomopdua (R°X D)/T, rae T — o6pas Z° npu otoGpaxeHHH x> (x, i (x))
(3anucatb C (G) B BHAE MPOEKTHBHOrO Mpejena TOPOB PA3MEPHOCTH p).

r) Ipeanonoxum, uro G JoKaJbHO CBA3HA; NOKa3arTh, yto G — rpynna Jiu.



YKA3ATEJIb OBO3HAYEHHHA

Ludpol B CCBUIKAX YKa3HBAIOT N10CAE40BATENLHO [JaBY, Naparpad H
ynpaxHexne).

G,, C(G), D(G) IX.1.1
NgH), Zg(H), N(H), Z(H) IX.1.1
L (G) IX.1.2
D(G)1x.23
rg (G) 1X.2.4
W (T), W(T) 1X.2.5
AR Op 9(cp 8¢ 1X.3.1
Qy, Uq, Vs 1X.3.2
u@®), s ( ) u(®), su(®) [X.3.4
U(n, ) U (n, C), u(n, C), su(n, C) 1X.3.4
0(Q) ( ), 0(Q) 1X.3.5

O (n, R), SO (n, R), o(n, R) IX.3.5
U, V, K, 6 IX.3.6

X (H), X-(f) 1X.4.1
8 (a) 1X.4.1
T (f) IX.4.2
(a,X) 1X.4.2
o, V, Vi(G) 1X.4.3
Pp,T) 1X.4.3
L(p) 1X4.3
R (G, T) 1X.4.4
Va, Ka, 1. pa 1X.4.4
Ze, S. 1X45
K. 1X4.5
R’ (G, T) IX.45
N (G, T) 1X.4.6
D*G, T), D«(G, T) IX.4.9
D*(f), D.(f) 1X.4.9
D* (G), D. (G) 1X.4.9
Aut (G), Aut (G, T) 1X.4.10
G, T. 1X5.1
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W, W, IX.52

Ha s t, 1X.5.2
Hal1X5.2

Oreg 1X.5.2

f. fr 1X5.4

? ¢, pa 1X.5.4

8-, ¢, 1X.5.4

w (G) 1X.6.1

u~v IX.6.1

g r~or 1X.6.2

Adgx (), 86 (f) 1X.6.2
R+ (G, T) 1X6.2

Ay 1X.6.3

n, 1X.6.3

" (X;E) 1X6.4

s¥* [X.6.4

Q (X), Q (X)¢ 1X.6.5
['(T4+, Xy, Ry, R_IX7.1
Xi+ IX71

W, p 1X7.1

8 (G) 1X.7.2

R (G) IX.7.3

[t} Ch(x) IX.7.3 (ch VIIL7.7)
Z0 (G) 1X.7.3

f, j(f) IX.7.4

x 1X.7.4

ZL*(G) 1X.7.4

Qr, F(z) IX.7.6

G 1x8.1

Eu d(u), 1Al o, 1A]l2, (A | B)Y IX.8.1
F(G), L? (G) 1X.8.1
u(f), #() 1X.8.1

# A, F(A) 1X8.1
v(s)f, 8(s)f IX.8.2
L:f, R f 1X8.2

A (), T(u) 1X.8.2
o<V 1X.8.2

& (0) 1X.8.2

%« 1X.8.3

Z# = (G), Z# (G) 1X.8.4
Eq 1X.9.4

Spin (n, R) 1X.3. ynp. 5



YKA3ATEJIb TEPMHHOB

anre6pa Jlu komnakTHas 1X.1.3

— — peaykrusHas 1X.1.3
anpkoB anre6pu JIu 1X.5.2

— rpynns JIr 1X.5. ynp. 1
aHTHHHBapraHTHas QyHkuHa 1X.7.4
aHTHCHMMerpHyHas maTpuua [X.3.5
aHTHspMuTOB SHROMOpdH3M IX.1.1
aHTudpMHTOBa MaTprua 1X.3.4

6unnBapHanTHas Qopma I[X.6.5
6uicTpo y6mBalowaa Qynkuua 1X.8.2

BekTopHasa rpymna Jlu 1X.1.2

Bec gomuHanTHHHA 1X.7.1

— npeacrasnenus (rpymnnl Ju) 1X.4.3
'— — crapumi 1X.7.2

— — ¢ynzaMerraanhnit 1X.7.1
BellecTeenHas ¢opma anre6pu Ju
IX.3.1, 3.3

BellecTBeHHHH Top 1X.1.2

BHelllHee npou3BegeHre ¢dopm 1X.6.1
BIIOJIHE pery/sipHpi snement rpymnst Jlu
IX. 5.1, 52

rnaBHas op6urta 1X.9.4

— noarpymna IX.4. ynp. 18
romoTonuam KommiexcoB 1X.6.5
rpymna Beiisn 1X.2.5

-~ — KOpHeBOH nmarpammbl IX.4.8
— Jlu BekTopHas IX.1.2

Anarpamma kopueBas [X.4.8

— — koBapHaHTHasa 1X.4.9
— — KoHTpaBapHauTHas 1X.4.9
— — mnpuBeaeHHas 1X.4.8
J03BOJIeHHas pelllerka 1X.4.8
pomuHaurHuA Bec 1X.7.1
AyanabHHH KopeHb 1X.4.5, 4.8

MHBOMIOTABHAA anare6pa Jlu IX.1. ynp. 7

Kamepa aare6pnl Ju 1X.5.2
KOBapHaHTHasl KOpHeBaf
1X.4.9

KoMnakTHas anare6pa Ju IX.1.3

— BellecTBeHHas (opma aarebpol Ju
IX.3.1

KoMmJeKkcHuE Top IX.1. ymp. 1
KOHTpaBapHaHTHas KOpHeBaf AHarpamma
IX.4.9

konpeo6pasosanue Pypue 1X.8.1

Kopenb rpynnot Jlu 1X.4.4

— — orpruateabumi IX.7.1

— — — nojoxurelphni [X.7.1

— npoctol 1X.7.1

— KopHesofi auarpammn [X.4.8
KOpHeBas auarpamma [X.4.8

— — koBapHaHTHas 1X.4.9

— — KoHTpaBapHaHTHaf [X.4.9

— — npHBeaeHHas [X.4.8

— noarpynna 1X.4.7

auarpamma

auneiinasn Tpy6ka 1X.9.3

MaKCHMaJbHas KOMNaKTHasd MOATpymIa
IX.1.4

MaKCcHMaJeHHil Top (B rpynne Jiu) 1X.2.2
mHorounennl Axobu 1X.8. ynp. 1

MoayJb BeulecTBeHHoro THma 1X.9.1

— KBaTepHHOHHoro tHma 1X.9.1

— KoMIIeKkcHoro tuma IX.9.1

HeBHpOXJeHHas spMHTOBa (popma IX.1.1
HenpHBOAHMAs HHBOJIOTHBHAas aJjre6pa
Ju IX.1. ynp. 7

HENPHBOJHMOE CHMMETpHUYECKOe
ctpaHctBo IX.1. ynp. 8

npo-

op6ura raasuas 1X.9.4
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op6utasbHbit THH 1X.9.4
opTroroHa/sbHasa Marpuxa [X.3.5
OTpHuaTesibHBIR Kopenb [X.7.1

AOrpyKeHue MHOTO06 pa3Hsi B OKPeCTHOCTH
noaMuoxecTBa 1X.9.1

noarpyma raasHas 1X.4. ymp. 18

— Kaprana 1X.2.2

— MakcHMaJbHOro pasra 1X.2.4

NoJIO XKHTeJAbHBIR Kopenb [X.7.1
npeacrapienue rpynnsl Ju 1X.7. cora.
— peugecTBeHnoro tHna 1X.9.2
— KBaTepHHOHHoro THna 1X:9.2
-— KOMMJIeKcHoro THna 1X.9.2
npeoGpasoBanHe Pypve 1X.8.1
npHBelcHH asi KopHeBasi AHarpamMMa 1X.4.8
[pocToe 4HcAo KpydeHHs IX.5. ynmp. 9
npocToit kKopenb 1X.7.1

pasmerka napu (G T) 1X.4.10

paur rpynnsl JIn [X.2.4

pery/asipuntit siement rpynnsl Jlu 1X.2.2
penykrtuBHas aiare6pa Jlu IX.1.3
peutetka (B MonyJe) IX.1.2

cetp IX.4. ynp. 15
CHMMeTPHYECKoe
ynp. 8
CHHIYJsipHasi runepiiiockocTs 1X.5.2
CONpsiXKeHHe OTHOCHTE/JIbHO BeutecTBeHHOR
¢opmu aare6pu JIn 1X.3.1

crelManpbHas YHHTapuas rpynna [X.3.4
crnHHOpHOE npencrabsaenue 1X.7. ynp. 7
crapuwHit Bec [X.7.2

npoctpancteo  IX.1.

Teopema Bauxrdervdra 1X.5.3
— Beiian 1X.6.2

— Xonga — Punosa 1X.2.2

THI (A4, B,,...) 1X.3.3

— Moayas 1X.9.1

— npeactaBnens [X.9.2
TOMOJIOTHSI KOMHAKTHOH C'-CXOZHMOCTH
1X.6.4

— — C%-cxoznMoctH 1X.6.4

Top 1X.1.2

— B rpynne Ju 1X.2.2

— — — — MakcHMaJbublii 1X.2.2
TpaHcBepcaas 1X.9.3, 9. ynp. 16
Tpy6ka (nnHeftnas) 1X.9.3

y3JjoBas rpynna topa 1X.4.2
y3anoBoit Bektop 1X.4.5
yHHTapHas rpynna [X.3.4
— wMarpHua [X.3.4

¢opmyna HurerpupoBanus lepmana Bed-
an 1X.6.2

— Jepuweya 1X.2. ynp. 10
¢yHpaMeHTa/bHBIE NOMHHaHTHBA  Bec
IX.7.1

&yHKuHsL anTHHHBapHautHas 1X.7.4

— 6bicTpo y6mBalomas 1X.8.2

— yMepeHHoro pocra 1X.8.2

-— uentpahibHas 1X.6.2, 8.3

XapakTep rpafyHpPOBAHHOTO BEKTOPHOro
npoctpanctsa 1X.7.3

ueHTpajbHas ¢yHkuns [X.6.2, 8.3

asieMenT Kasumupa 1X.7.6
— Kokcrepa 1X.4. ynp. 14
sHgoMopdHsM aHTHIpMHTOB IX. 1.1



§ 1

2

§ 3.

§ 4.

§ 5.

CONEP)XAHME NPEALIAYILUX I'JIABY)

IFaaBa 1. AareGpnt Jin
Onpepenetne asreGp Jiu

1. Aare6pu. 2. Aare6pu JIn. 3. K;)MMYTaTHBHHe aare6put J1u. 4. Uneaaw. 5. Ipo-
H3BOIHMH DAX, HHIKHAR uenTpaabHulll psif. 6. Bepxuuit uentpannpuuit psia. 7. Pac-
wHpenusi. 8. INoaynpsiMule npousBefRenus. 9. 3aMeHa Ko/iblia CKaJspoOB.

Yuusepcaabnan oGepruizaloumlas aareGpa aare6pu Jiu

1. Onpesenenye yHuBepcanbHOH oGepThiBaiouled anre6pul. 2. YuusepcabHas
obepThiBaioliasi ajare6pa npouaBenensis anare6p Jiu. 3. Yuapepcanbuas o6eproiBa-
onlass adare6pa mojzanareGpul aare6pul JIn. 4. YHuBepcanbhasi oGeprhiBaiomiasi
aare6pa anreGpul JIn, mpoTHBonosoKHOR K Kaunol. 5. CAMMeTpHUecKasi aareGpa
monyasi. 6. ®uabTpanus ysnBepcannHolf oGepTuBaiomest aareGpul, 7. TeopeMma
Tlyauxkape — Bupkroga — Burra. 8. [lpomonxkenwe puddepednupopanuil.
9. Pacwinpenne OCHOBHOTO KOJibIa.

Npeacrasaenus

1. peacraBienns. 2. TeHaopHoe npoussefenne npeacrasiennil. 3. [Tpeacrasaenus.
B MOAYJsix roMoMopduamoB. 4. [Ipumepsl. 5. UnsapuanrHule saeMedts. 6. Buau-
HeliHble HHBapHaHTHHe GopMbl. 7. DueMent Kasumupa. 8. Pacmmpente kosbla
CKaJIsipoB. -

Huabnotenrunie anre6pm JIu

1. Onpenenente HuAbNOTeHTHBIX aare6p JIn. 2. TeopeMa dureasn. 3. HauGoabuni
HaeaJ HWILMNOTEHTHOCTH mpeXcraBieHusi. 4. Hau6GoJbiwni HRALNOTEHTHBIH MAea
anre6pul JIn. 5. Pacuiupense nosisi CKaJsipoB.

Paspemnubie aareGpu Jin

1. Onpenenenne paapemnMuix aare6p Jin. 2. Pagukada aare6put JIn. 3. Huasnorenr-
Hbill paguKaa aiare6pul Jis. 4. Kpurepuit paspewnmoctu. 5. Hossle coficTBa paiu-
KaJa. 6. Paciwinpenne noJst cKaJsipos.

1) Ilas yro6cTBa UHTaTelsi noMeuiaeM cojepXaHHe MPeXBIAYLIHX TJaB KHHIH

«'pynnsl # aare6pul Jin», pycckuil mepeBOoX KOTOPHIX BHIXOAHMJ B H3ZaTejbcTBe «Mup»
B 1972 (ra. IV=VI), 1976 (ra. I—H1) u 1978 (ra. VII, VIII) rr.— ITpux. ped.
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§ 6. Moaynpoctsie aare6pu Jin

I. Onpenesnenne nonynpoctbix aare6p Jiu. 2. [Nonynpoctora npescrasaenuii. 3. [To-
JYNpOCTsie H HHJIbIIOTEHTHBIE 3/IEMEHTHI B oAylpocTuix anreGpax Jlu. 4. Pepykrus-
uble anreGpot JIu. 5. [lpuMenenne: ofHH KpHTEPHil NOJAYRPOCTOTH NpeACTaBJeHUH.
6. PepyktusHbole noganreGpni anareGpoi Jiu. 7. IlpuMepnl noaynpocteix anreGp
Jlu. 8. Teopema JleBn — MaublieBa. 9. Teopema o6 HHBapuaHTax. 10. 3aMeHa noas
cKaJisipos. '

§ 7. Teopema Ano

1. Koagpduuuenrs npeacranienus. 2. Teopema o npogoskenun. 3. Teopema A go.

Taasa I1. CecGonnuie anreGpbl Jlu

§ 1. OGeprupaloman 6uaare6pa aare6psi Jlu

1. IpuMuTHBHbiE 3/1eMeHTH KoasreGpul. 2. [IpuMuTABHLIE 3JIeMEHTH GHAMreGpPsl.
3. ®uabTpoBanHbie GuHaureGpnl. 4. OOCeprbiBalomas GuanreGpa anreGpbl
Jlu. 5. Ctpyktypa koaare6ps U, B ciyuae HynieBoll xapaktepucTHkH. 6. CTpyKTypa
¢GuAbTPOBAHHBIX GHaJreGp B clyyae xapaKTepucTHkH 0.

§ 2. Ceo6Goaunie aare6pm Jin

I. HanomuHauue o cBOGoaHbIX anreGpax. 2. [TocTpoenne csoGonHokl anreSpu Ju. 3.
3asanua ajare6pbl Jn 06pa3yOUIHMI H ONpefeSOUIHMHE COOTHOWEHHAMH. 4. Muo-
rouneusl Jlu u nopctanosku. 5. PyHkTOpHasMbHbie CBoficTRa. 6. I'pasynpoBkm.
7. Huxumii nenrpanbhsiii paf. 8. Jluddepennmposanne CBOGOAHBIX aareGp
Jlu. 9. Teopema o6 uckmouennn. 10. Cemeiictea Xonna B caoGonHom rpynnovze. | 1.
Basuc Xomnna ceoGonroil anareGpol Jin.

§ 3. YuusepcaapHan obepruiBaioman anre6pa csoboanoi anre6ps Jiu

1. YuuBepcasibHasi oGeproipaiolian anre6pa s aare6ps L (X). 2. [poextuposa-
une A+(X) na L (X). 3. PasmepaocTb OAHOPOIHLIX KOMIOHEHT asreGps Jlu L (X).

§ 4. Uenrpanbusie GHILTPANHH

1. BeutecTBeHHsie ¢puabTpauud. 2. Pynkuus nopaika. 3. [paaynposannan anreG-
pa, accollHHpoBaHHas ¢ GUIbTPOBaHHOI anre6poii. 4. LlenTpasbhbie QuIbTpaLHH
Ha rpynne. 5. [Ipumep ueHrpanbHO# GpuibTPaLuy. 6. [lenouncIeHHbie eHTPaabHbIE
(pHIBTPALLHH.

§ 5. Aare6pm Marunyca

1. Anre6pnl Maruyca. 2. I'pynna Maruyca. 3. I'pynna Marnyca u ceoGoguas rpyn-
na. 4. Huxuu#t uedarpasbiniil psig ceoGonuol rpynnsl. 5. p-puabrpanns B CBOGOA-
HBIX FpyINnax.

§ 6. Paa Xaycaopda

I. Dkcnionenta u norapudm B PUIbTpOBaHHHX ajtre6pax. 2. I'pynna Xaycgopga.
3. dopmanbusie psas Jlu. 4. Paa Xaycnopda. 5. [Togcranoexu B psa Xaycnopda
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§ 7.

§ 8.

CxonumocTs asis pana Xaycaopda (BewecTBEHHBA HJM KOMIJEKCHBA cayuad)

1. HenpepbiBHbie MHOrO4JIeHH CO 3Hau4eHHAMH B g. 2. I'pynyckyaa, onpeAesensas
NOJNHO#H HOPMHpOBaHHOMH aare6poil JIu. 3. JKcnoHeHnHaabHOE OTOG paXKeHHE B NOJ-
HBIX HOPMHPOBAHHHIX aCCOUHATHBHHIX ajreGpax.

Cxoaumocts psapa Xaycpopda (yabrpamerpHueckud cayyai)

1. p-aaHueckas oueHka psgoB exp, log u H. 2. HopmHpoBaHHble aJare6pul
Jin. 3. Tpynna, onpexenenHasi NoJAHOH HOpMHpoBaHHOK anre6poi JIn. 4. Skcno-
HeHUHaJbHOE OTOGpaXKeHHe B NOJHBIX HOPMHPOBAHHBIX aCCOUHATHBHBIX anre6pax.

Jonoanenne. Pynknua MeéGuyca

Faasa lI. I'pynnst JIu

§ 1.

§ 2.

§3

§ 4.

Ipynaw Jin

1. Onpeaenense rpynnu JIH. 2. Mopouamsl rpynnst JIs. 3. Iloarpynnw JIn. 4. To-
AYNp siMble po3BeAenHs rpynn JIn. 5. ®akTopMHOrooGpasns no rpynne Jiu. 6. Oa- -
HODOAHblEe IPOCTPAHCTBA K dakToprpynnel. 7. OpOuTh. 8. BekropHbie paccioeHHs
¢ onepatopami. 9. JlokanbHoe onpegenende rpynnnl JIu. 10. Fpynyckyan. 11.
Kyckn 3akoHOB meficTBHS.

I'pynna pekropos, kacateabHbx K rpynne Jlu

1. KacarensnHble 3aKOHb KOMNO3uurH. 2. Ipynna KacatenbHmX BeKTOPOB K I'pymnne
JIn. 3. Cnyuafi rpymyckya.

HNepexopn or rpymnul JIn x ee aareGpe Jiu

1. CeeprKa Toueunnix pacnpeaeteHni Ha rpynne Jlu. 2. CBoficTBa QyHKTOpHaNbHO-
ctu. 3. Cay4ait rpynnsi, AeficTByiollefi Ha MHOroo6pasui. 4. CHeprKa ToueuHBIX-
pacnpezneneniit B ¢yHkuuii. 5. ITons ToweuHblx pacnpenenennil, onpejescHHbIE
BefiCTBHE M IPyHNBl HA MHOTOOOpa3HH. 6. IHBapuaHTHBIE MO TOUEYHBIX pacnpeje-
nenui Ha rpynne Jlu. 7. Anre6pa JIu rpynnet Jin. 8. CBoficTBa G YHKTOPHAALHOCTH
anre6poi JIn. 9. Aare6pa Jlu rpynnbl 06 paTUMBIX 3JeMenToB aare6pol. 10. Anre6phl
JIH HekoTOpbIX AHHeHBbIX rpymn. 11, JInkeiinble npexcraBiaenns. 12, [pucoennnes-
Hoe mpexacTasiaenne. 13. Tensophl H HuBapHauTHbie ¢opmbl. 14, Gopmyna Maype-
pa — Kaprana. 15. KoHCTpyKuss HHBApHAaHTHbIX AHQdepeHUHANLHBIX (OPM.

16. Mepa Xaapa Ha rpymnme JIH. 17. JleBui#l nuddepenyHan. 18. AJlrera Jin
rpynyckyast Jin.

Nepexon ot aarebp Jlu k rpynnam JIn

1. Tlepexox or mopduamoB amre6p Jin k mopduamam rpymn Jin. 2. INepexon ot
anre6p JIu kK rpynnam JIn. 3. SKkcnoneHLHaNbHble OTOOpaxeHusi. 4. PyHKTOpHAJb-
HOCTb 3KCMOHEHLHAAbHBIX oToOpaXkennfl. 5. Hugyunposannas cTpyKTypa Ha MOA-
rpymne. 6. IlepBooGpasunie aas audoepenunanbuplx Gopm co 3HAYEHHSIMH B an-
re6pe Jin. 7. Tlepexoi oT 3akonoB MH(DHHHTE3HMAJbHOro AeHCTBHSI K 3aKOHAM
AeHCTBHS.
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§ 5. ®opmasblbie BHYHCAEHHA B rpynnax Jiu

1. Ko3ppunneHTH Copy. 2. ONepansi KOMMYTHPOBauHHM B adre6pe JIn. 3. Cteneun.
4, 3kcnoueuiHanbuoe oToGpaxKeHHe.

§ 6. BemecTBennbie HAH KOMIJEeKcHbie rpynnsi JIn

1. INepexoxn ot Mmopdu3amos aare6p Jiu k mopdusmam rpynn Jiu. 2. MurerpadbHpie
noarpynmnui. 3. Ilepexon ot anre6p Jiu K rpynnam JIn. 4. Jkcnoneuuanbuoe 0To-
6paxeunue. 5. [Ipumenenne K nHHeliHbiM npeacTaBneHnsiM. 6. HopmanbHble HHTer-
panbunie noarpymns. 7. [leppoo6pasunie auddepennnabubiX GOpPM CO 3HAUYECHHS-
mH B aareGpe JIu. 8. [lepexol OT 3aKOHOB HHPHHHTE3HMAJBHOrO AeHCTBHS K 3aKO-
HaM jefcTBusl. 9. JKcCNoOHeHHMaJdbHoe OTOGpaXkeHHe B JHHelHOH rpynme. 10,
KommiekcHHKaLHS BellleCTBEHHOH KOHeuHOMepHO# rpymnn Jin.

§ 7. Ipynnbi JIH Haj yJAbTPAMETPHYECKHMH NOJASMH

1. Ilepexoa ot aare6p Jiu k rpynnam Jiu. 2. SKCNOHEHIHANbHKE OTOGDPAXKEHHS,,
3. CraupaptHuie rpynnu. 4. ®PHAbTpanHs cTauAapTHHX rpymi. 5. CTeneuH B crau-
AapTHHX rpynnax. 6. Jlorapudmuueckoe otobpaxeHHe.

§ 8. I'pynnut Jlu sag R wan Q,

1. HenpeprBHpie MOpdH3MEL. 2. 3aMKHyTHe NOArpYNMH.

§ 9. KoMmmyTaTophl, NeHTPaaH3aTOpPH, HOPMAJH3ATOPH B rpynne Jlu

1. KommyTaTopn B TonoJqioruueckofi rpynne. 2. Kommyratopu B rpynne Jiu. 3. Llen-
Tpaausatopu. 4. Hopmaausatope. 5. HunbnorentHue rpynns Jiu. 6. Paspemnmbe
rpynnus JIn. 7. Paaukaa rpymne Jin. 8. IMosynpocTwe rpynnm Jiu.

§ 10. 'pynna aBTomopdu3moB rpynnnl Jln

1. UupuHHTe3HMaNbHEHE aBTOMOPGH3MH.-2. I'pynna aBromopduamMos Tpymnu JIin
(BeilleCTBEHHbIH MM KOMILIEKCHHH chaydai). 3. I'pynna aBToMOpdH3MOB Ipynnht
Jlu (ynbrpaMerpuueckuil cayuai).

Jonoauenne. Onepauiu Haj JHHeAHBIMH N PeACTABJCHHSIMH

Mpunoxenue. Koaare6pu. /0. A. Bax}ypuu

Caasa IV. I'pyonu Kokcrepa u cucremn Turca
§ 1. Ipynnn Koxctepa

1. JinuHa u npuBeneHHne paznoxenus. 2, Husapaneuue rpymnu. 3. OcHosHHe
ceofictea rpymn Koxctepa. 4. IlpuBesenHne pasaoxenus B rpymie Kokcrepa.
5. Ycaosue samennl. 6. Xapaxrepusanus rpynn Koxcrepa. 7. Cemeilctsa pasbu-
ennit. 8. Moarpynum rpynn Kokctepa. 9. Matpuum u rpapn Kokcrepa.

§ 2. Cucremn Turca

1. Onpeaenenne u ocHoBHue cBoficTBa. 2. [1pumep. 3. Pasnoxenne G Ha ABoiiHbe
knacch. 4. Cesisb ¢ cuctemamu Kokcrepa. 5. Tloarpynnu rpymns G, coaepxainie
B. 6. Tlapa6onuueckue noarpymnu. 7. Teopema npocToTh
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Honoanenne. M'padu

1. Onpegenennn. 2. Caasnnle KoMnoHeHTH rpadga. 3. Jleca u gepepbs.

Taasa V. I'pynnbl, ROpOXAEHHblE OTPAXKEHUIMU

§ 1.

§ 2.

§ 3.

§ 4.

§ 5.

§ 6.

TunepnaockocTH, Kamepn H AYelKH

1. OcnoBHble noHsATUA ¥ 0603HaueHus. 2. fHueiikn. 3. Kameprl. 4. CTeHKH u rpaHu.
5. JpyrpanHble yran. 6. [lpuMepH: CHMN/MIAAJLHEE KOHYCH W CHMIJAEKCH.

Orpaxenusn

1. MceBpoorpaxenusi. 2. Otpaxenns. 3. Oproronansuue orpaxenns. 4. Oproro-
HaibHHE OTpa)ieHun B ad@HHHOM eBKIMAOBOM mpoctpancTee. 5. Jlomosnenusn
0 BpalleHHAaX Ha MIOCKOCTH.

Ipynnb nepememennii, NOpPOKAEHHbIE OTPAXKEHHIMH

1. MpenBapuTtenbuble peayabTat. 2. CBfA3b ¢ cuctemamu Kokcrepa. 3. ®ynaa-
MeHTabHan ofaacts. Cra6uiansatopu. 4. Marpuua n rpag Kokcrepa rpynnn
W. 5. CuCTeMHl BEKTOPOB C OTpullaTeAbHEIMU CKaAAPHBIMU TPoH3BeAeHnsiMA. 6. Teo-
peMu KoHeuHoCTH. 7. PasnoxKenne aunefinoro npeacrasiaenus rpynmna W T. 8. Pas-
aoxenne adunnoro npocrpaicrsa E B npouspesenne. 9. Crtpoenne xamep. 10.
CnenHajibHHE TOUKH.

TeomeTpuuecKoe npeactasienne rpynns Kokcrepa

1. dopma, acconunpopannasn ¢ marpuueil Kokcrepa. 2. [lnockocts £, n rpynna,
NopoXAEHHas OTPAXKEHHAMH 0 _H 0. 3. ['pynna u npeAcTaBieHne, acCOLUHPOBAH-
uie ¢ matpuueii Koxcrepa. 4. KourparpeuenTioe npeacrapienne. 5. Jlokasarenb-
ctBo JeMMHu 1. 6. PynpamentanbHas obaacts rpynnsl W B o6beanHeHnl KaMep.
7. HenpuBsoaKMOCTL F€OMETPHUECKOTO PeAcTaBaeHHs rpynna Kokcerepa. 8. Kpure-
pHil koneuHoctu. 9. Cayuail, koraa popma B, HONOXKHTENbHA M BHPOXKAEHA.

-
UnBapuaHTel B CHMMeTphuecKol aareGpe

1. Pag ITyankape rpagynpoeanuoit aire6pul. 2. IHBapuaHTH KOHEYHOH JnHelHO#
rpynne: cBofictBa Moayas. 3.MiusapuaHTH KOHeUHOH JHHEHHOA rPyNNH;: CBOHCTBA
Koablia. 4. AHTHHHBapHaHTHBE 3jeMenThl. 5. Jlonoanenus.

NMpeo6pasoBanne Kokcrepa

1. Onpenenenne npeoSpasoBannit Kokcrepa. 2. Co6cTBeHHbIE 3HAUEHHA NTpeobpaso-
pania Kokcrepa. ITokasatenn.

Jonoauenue. JonoJunTeibunie CBEACHHS O JHHeAMBX NpeACTaBACHNSIX

Faasa V1. Cucremu Kopnefi

CuctemMn KOpHe#

1. Onpepenenne cucTemn Kopueii. 2. TIpsimas cymma cucrem kopueit. 3. Cessu
MEXAY AByMsi Kopusimu. 4. [IpupeaeHHme cucremn Kophed. 5. Kamepn u 6asnch



CONMEPXAHHE TMPEIbIAYIIHX [JIAB 169

cHcTembl KopHei. 6. TlonoxknTenbHele KOpHH. 7. 3aMKHYThle MHOJKeCTBa KOpHei.
8. MakcamanbHuil xopeHb. 9. Beca, paguxanbnule Beca. 10. ®yupamentanbubie
Beca, cTapuive Beca. | 1. [Ipeo6pasoBante Kokcrepa. 12. Kanonnueckasi 6unnneti-
Has ¢opma. ‘

§ 2. Adppunnan rpynna Beiian

1. Appunuas rpynna Beins. 2. Beca H cnenmanbunie Toukd. 3. Hopmanusatop
rpynnbl W,. 4. TlpHmeHenne: nopsaok rpynnut Befing. 5. CHeTembl KOpHe# U rpynnL,
NOPOJKJEHHble OTPaKEeHHSAMH.

§ 3. dkcnoHenuHabHbIE HHBAPHAHTH

§ 4.

1. Anre6pa cBoGogHo#i kommyTaTHBHON rpynnul. 2. Ciyyali rpynnsl BECOB; MaKCH-
MajbHble wieHsl. 3. AHTHHHBapHaHTHBie 3JemeHTH. 4. HHBapHaHTHHE 3/eMEHTH.

Knaccudnkauns cucrem KopHeit

1. Koneunnte rpymst Kokerepa. 2. I'padnt Jdunxuna. 3. ApdHunas rpynna Beiins
H nonoaxeHHul#l rpad IniHxkuua. 4. [lpeaBapurenbnas NOAroTOBKA K NMOCTPOEHHUIO
cHcrem xopueit. 5. Cucremnl Tuna B, (12>2). 6. Cucremsl Tuna C; ({2>2). 7. Cuctemsl
tHna A; ({>>1). 8. Cacremnl THna D; (12> 3). 9. Cucremsl THna Fy. 10. CHcTemnl THIA
Es. 11. Cucrema thna E;. 12. Cucrema tHna Es. 13. Cucrema tHna Gy. 14. Henpueo-
JAuMbie CHCTEMhI KOpHeM, He SIBJIAIOLIHECS NPHBEXEHHBLIMH.

Faasa VII. Mogaare6pu Kaprana. Peryasipibie 3jeMeHTbI

§ 1.

§-2

§ 3.

§ 4.

Tpumapuoe pasaomeuue JHHEHHBX NPEeACTABAECHNH

1. TlpumapHoe pa3snoKenHe aas cemelicrsa 3Haomopdu3mos. 2. [IpHmapHoe pasno-
JKeHHe I/ JHHeliHOro cemefictBa SHpomopdu3amon. 3. PasnoxkenHe snHHefiuuIxX
NpeAcTaBjeHHH HHIbNOTEHTHO! anre6pul J1u. 4. [Ipumapnoe pa3noxense ajnreGphl
JIn oTHOCHTeNbHO HeKOoTOpOro aBroMopdH3Ma. 5. MuBapua Tl noaynpocroro pefi-
CTBHSt B nmoaynpocto#t aare6pe Jlu.

TMonaare6pu Kaprana n peryaspume ajementn aareGpwm Jiu

1. Moganre6pu Kaprana. 2. Peryaspuste snementni anreGpui JIn. 3. Perynspubie
sseMeHTH H nojanreGpul Kaprana. 4. [loaanre6pe KapraHa noaynpocTelx aj-
re6p JIn.

Teopemm coOnpsixKEeHHOCTH

1. dnementapHoie asTomopdu3mu. 2. ConpsixeHHocTs nopaare6p Kaprana.
3. [Mpunoxenus Teopembl 0 compsKeHHocTd Noxanre6p Kaprana. 4. ConpsikeH-
HocTh nopanre6p Kaprana s paspewnmoft anreGpe JIH. 5. Onwo npepnoxenue
o rpymnax Jla.

Peryasiplbie ajleMeHTH rpynnm Jlu

1. Daementhl, peryasipHble OTHOCHTE/LHO NHHEAHOro npeacraBnenns. 2. Peryasp-
Hble snemeHTH rpynnbi JIH. 3. CBA3h C perynsipHhIMH 3JeMEHTaMH ajreGpbl
Jlu. 4. TpumeHeHHe K 3/eMeHTapHHIM aBTOMOp(H3IMaM.
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§ 5.

Jinuefiunie pasaeasomue aareGpoi Jin

1. Jluneiinnie pasfensom e aare6pul Jlu. 2. Pasgenstoulas o6osouxka..3. Pasnoxe-
HHs paculenasiowuX anre6p. 4. Jluueiinne aare6pnt JIu HHJBNOTEMTHRIX 3UAO-
mopdu3amoB. 5. XapakrepHsauus paspeAsiowux ajnre6p Jlu.

Jionoseune I, Monnuomnanbunie 0TOGPANKEHHA H TOMONOTHA 3APHCCKOrO

1. Tononorusi 3apucckoro. 2. JloMuHHpyOllHe NOJHHOMHHAJBHBE OTOGPaKEHUS.

Honoanenune II. Oauo crOKCTBO CBA3HOCTH

Taasa VIII. Pacuwenaennbie noaynpocreie ajredpu Jiu

§1.

§2

§ 3.

§ 4.

AareGpa Jin sl (2, £) n ee npeacTaBiacHnn

1. Kanoundeckuit 6asuc B sl (2, £). 2. TlpumuTupHme s1emenTm sl (2, k)-monyaeil.
3. IpocTuie moayau V (m). 4. Jlnueiinsle npeacrasienns rpynna SL (2, &). 5. Heko-
TOpHe 3seMeHTH rpynnel SL (2, k).’

Cucrema xopueft pacmenaensolil noaynpocroéi aare6pm Jiu

1. Paciuemniennuie noaynpocteie aare6pm Jlu. 2. Kopuu pacmemnienot mosnynpo-
cToil asre6put JIu. 3. BusuHeiinnte uHBapuanTusle Gpopumsl. 4. Kosdduiuental Ny .

Monaare6pu pacuennenHbx MOAYNPOCTHX anareGp JIn

1. TTonanre6pml, ycrofiunsuie ornocutenbHo ad b. Maeaan. 3. [Nonanre6pu Bopeas.
4. Tlapa6onuueckne nopaire6psl. 5. Hepacimenyennuii cayyail.

Pacmennenspie HOAYHPOCTHE anre6pm JIn, onpeneasie Muie HPHBEACHHOR CHCTEMOR

xopuel

§ 5.

§7.

1. Paameuennnie monynpocTele anreGpu Jin. 2. TpessapuTenbHas KOHCTPYKUHUSA.
3. Teopema cyinecTpoBanus. 4. TeopeMa eIHHCTBEHHOCTH.

AsTroMopduaMu Hoaynpocroll aare6pu Jin

1. AsromopduaMn pa3meueunoil moaynpocrofi aare6pul Jlu. 2. AsroMopPUIMH
paciuenyieHHo#H nojynpoctoift aare6pel Jin. 3. ABToMOpdH3ME paciuensieMoil no-
aynpocrofi anre6psl JIu. 4. Tononorus 3apucckoro Ha rpynme Aut (g). 5. Cayuait
rpynn Jla.

Mopnysn uan pacuenienuofi noaynpocroii anreGpok Jlu

1. Beca u npumuTtuBHble 3eMentHl, 2. [IpocTele MoLyH, HMeIOIHe CTapUWIHA BeC.
3. Teopema cywecTsoBaHus 4 eguucTseHHocTd. 4. Lleurpasusarop nomanreGput
Kaprana h B ynusepcaibHO#l 06epThiBaiomeil ajire6pe Jlu g.

Koneusnomepunie Moayan Haa pacuwennexsnofl moaynpocrofi anre6pok Jin

1. Beca npocToro koHeunomepuoro g-moayas. 2. Crapuiue seca NPOCTHX KOHEUHO-
mepubix g-mopymei. 3. Mukposeca. 4. Temsopuble npousseaeuus g-momyJeil.
5. Dyanbuntit g-moaynb. 6. Kosbito npeacrasieunft. 7. Xapakrepn g-mosnyJnei,



COIEP)XAHHUE TIPEJbIAYIUUX T JIAB 171

§ 8. CumMerpHueckHe HHBaPHAHTH

1. DKcnonenTsl auHeAHOH dopmel. 2. Baoxenune k [P] B S (h)*. 3. UusapranTHHe
MHorousenst. 4. CpoficTsa rpymn Auto. 5. Llentp yuHBepcaabroil o6epToiBaoweit
aareGpsol.

§ 9. ®opmyna lepmana Bedinn

1. Xapakrepsl KOHewMHOMEpHHX g-MozpyJefi. 2. PaaMepHOCTH npocTeiX g-monyxef.
3. KpaTHOCTH BeCOB TPOCTHIX g-MonyJielt. 4. Paasoxxenne TeH30PHOTO 11POR3BENCHHSA
JBYX MPOCTHX g-MoayJieil.

§ 10. MaxcamaabHbie noaaareGpu no.nyﬁpoc'rux aare6p Jin

§ 11. Kaaccn HHABHOTEHTHBIX 3AE€MEHTOB H sl>-TPofKn

1. Onpenenenye slp-Tpolkn. 2. slp-Tpofiku B nodynpocThx axre6pax Jin. 3. Tipo-
cTHe 3JieMeHTH. 4. [1aBHEIE J/lEMEHTH.

§ 12. Nopaaxu lllepanne

1. Pewerku 1 nopsagky. 2. Paaaenennne cTenenyn B 6nanre6pe. 3. Llerouncaenamit
papuant teopemnl Ilyankape — Bupkrotha — Burra. 4. Ilpamep: MHOroujeHm
¢ neabiM 3Hauenuumu. 5. Heckonbko ¢opmys. 6. Bunopuaks B yHHBepcasibHOH
obepruiBaomweil aare6pe pacmenieHHofl penykTHsHOH aare6pet J1u. 7. ITophaku
lepasae. 8. JlomycTuMBe pelIeTKH.

§ 13. Pacwenanemble npocToie ajsreGpul JIn KAaccHueckoro ThHna

1. Anre6pst JIn Tuna A; ( > 1). 2. Anre6pw JIu Tuna B, (1 2> 1). 3. Aare6pr JIu Tuna
Ci({z=1). 4. AareGpur Jlu THna D (I>>2).
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OrNIABJIEHHE

['nasa IX. KoMnakThbie BemiecTseHHbie rpynns Jiu .

§ 1

§ 2

§ 3

§ 4.

§ 5.

Konnaicmme aazebpo. JTu .

. ViHBapHaHTHbIe 3pPMHTOBH OpPMBI .
2 CBfA3Hble KOMMYTaTHBHEIE BeleCTBEHHBIE rpyrmm JIH
3. KomnaktHuie anre6ph Jiu . .
4. I'pynnbl ¢ KOMNAKTHHIMH a.nredpalvm JIH

Makcumarsnoe Topoe KomnaxTrewx 2pynn Jlu .

. HNopaare6pu Kaprana KoMnakTHBEIX am‘e6p JIn .

. MakcHMaJbHbIE TOPHI . .
. MakcHMaJibHble TOPH B nonrpynnax H B qbax‘roprpynnax .
. Moarpynnn MaxkcHMasbHEOro paHra .

. I'pynna Befins . .

. MakcuMmaJbHbIE TOpPHL H HO}I’beM romomoqunamos .

D UL W N =

Komnaxrroe dhopmer komnaekcuoix noaynpocreix aszebp Jlu .
1. BeutecTBeHHBIE POPMHI .

2. BeutecTBeHHbIE HOPMH, accouﬂnposaﬂﬂue ¢ CHCTEMO# HJeBaJme .

. ConpsikeHHOCTh KOMNAKTHHIX ¢opM . .

. Tlpumep I: komnakTHble anre6pul JIu THna A,

. Ipumep II: koMnakTHHE ajre6pul JId THna B,, uD,
. Komnakrune rpynner paura 1 . e e e e

D>t

Cucrema xopHell, acCOYUUPOBARKAA C KOMNAKTHOG zpynnod .

1. Fpynna X (H) . .

. YasoBas rpynna topa . . .

Beca JauHefiHOrO npenc*rasnemm .

Kophu

YaJnoBuie BeKTOpb[ H nya.nbﬂue KOpHH
dynnamentaspHas rpynna .

. Mogrpynnel MakcHMaabHOro paﬂra

. KopHeBble gHarpaMmbl . . .
KomnakTHeie rpynnel JIu u xopﬂesue }IHaI‘paMMbl

10. ABTOMOP(H3MEI CBA3HOHA KOMIAKTHO# rpynmnl Jiu .

©PND O W

K/LaCCbt CONPANCEHHOCTU .
1. Perynsipuble 3jeMeHTH .

‘2. Kamepnl ¥ aJBKOBHI .

3. ABTOMOp(H3MHI H peryns{pm:le 3JIeMeHTbl . ..
4. Oro6paxenuss (G/T)XT - G u (G/T)XA — G, . e

§ 6. Hureapupoeauue 6 KOMNAKTHOIX 2pynnax Jlu .

1. Tlpox3sBefeHHe 3HAKONEPEMEHHBIX NMOMHAHHEAHBIX qbopM
2. Cbopmyna unrerpupoBanks [. Beltus . .

W (=] (=4
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