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I'JIABA 1. OBIIAA TOIIOJIOT' M.
OYHAAMEHTAJIBHAA I'PYIIIIA 1 HAKPBITUSA

1.1. Tomonorus R". ILtanapusie rpadsr

1. [lokaxeTe, 9TO OmpeneNeHne HeMPEPLIBHOCTY I€PE3 OTKPBITEIE MHO-
xKecTBa (Ipoobpa3 OTKPHITOrO MHOXKECTBA OTKPHIT) DKBUBAJIEHTHO OOLIU-
HOMY £-0 OMpPEIETCeHUIO.

2. [TokaxwuTe, 9TO JUHEUHO CBA3HOE MHOXKECTBO CBS3HO.

Ilycts A C R™ — mpoW3BOIBHOE MOAMHOXKECTBO. [l MPOU3BOILHOU
Touku x € R" semuuuny d(z, A) = in1f4 ||z — a|| HaBBIBaTOT paccmosnuem oT
ac

TOYKHI I IO MHOXKECTBa A.

3. a) [lokaxure, uro pyuxkuus f(x) = d(z, A) HenpepsiBHA 15 106000
moamuOX)ecTBa A C R™.

6) [Mokaxwure, 9TO eciu MHOKECTBO A 3aMKHYTO, TO dyukuma f(r) =
=d(z,A) pusa Bcex T ¢ A IPUHUMAET HMONOKUTEAbHBIE 3HATCHU.

Mycts A, B C R" — npousBoabHble TOAMHOKECTBA. Benuauny d(A, B) =

= i‘nf |la — b|| HaBBIBaIOT paccmosnuem Mexay muoxectBamu A u B.
acA,beB

4. Ilycte A C R™ — 3amkuyToe moamuoxecTBo, C C R™ — xoMmmaxT-
HOE MOAMHOXKECTBO. [[oKaxkuTe, YTO CYMECTBYET TaKas TOUKa ¢g € C, 9T0
d(A,C)=d(A,cp), a ecmm MHOXKECTBO A TOXKE KOMIIAKTHO, TO CYIIECTBYET
emé u Takast Todka ag € A, uro d(A4,C) =d(ao, o).

IIycte A C X C R™. Touky a € A HA3BIBAIOT 8HYMpPeEHHEl, eCau Cyle-
cTByeT MHOXeCTBO U, oTkpeiToe B X, mia koroporo a € U C A. Touxy
a € A HA3BIBAIOT U304UPOEAHHOT, €CIN CYIIECTBYET MHOXKECTBO U, OTKpPHI-
toe B X, maa xoroporo U N A = a. Touky z € X Ha3BIBAIOT 2panuunot
Toukou A, ecau aas mo6oro muoxectsa U, orkpeitoro B X, UN A # @
nUN(X — A) #2. Buympennocmp MHOKECTBA A — 5TO MHOXKECTBO BCexX
BHYTPEHHUX TOYEK. JaMbiKGHUE MHOXKECTBA A —>TO 00beMHEHNEe MHOXKE-
cTBa A U BCEX MPAHUIHBEIX TOYEK.

5. Mokaxwure, uro: a) muoxectBo A C X C R™ zamkuyro B X Torza
U TOJBKO TOr[Ja, KOIJA OHO COLEPKUT BCE MPAHUYHBIE TOYKH; 6) BHYTDEH-
HOCTH MHOXECTBA A — dTO HaMOOJAbINEE OTKPHITOE MHOXKECTBO, COIEpPKa-
meeca B A; B) 3aMbikaHue A — 3TO HaUMEHbIEE 3AMKHYTOE MHOXKECTBO,
cozepxkamiee A; T') MHOXECTBO BCEX TDAHUYHBIX TOYEK A — 3TO Pa3HOCTD
3aMBIKAHUA ¥ BHY TPEHHOCTH.



6. (Kycouno-tuuennas teopema 2Kopmaana) [ycrs C — 3aMKkHyTas He-
CaMOTIEPECEKAIIAACA KOHETHO3BEHHA JOMAHAA Ha, ILIOCKOCTU R2. Moka-
xure, 170 R? \ C' cOCTOUT POBHO M3 ABYX CBABHEIX OOIACTEH, TPUYEM rpa-
HULEeN KaxXaou w3 Hux cayxut C.

7. lycTe a, b, ¢, d— TOUYKM 3aMKHYTOUN HECAMOIIEPECEKAIOMIENCS TOMAHON
C', pacToMOXKEHHBIE B YKA3AHHOM TOPAAKE. [[peamosoxuM, IT0 TOUKA @ U ¢
COeIUHEHBI JoMaHou L1, a Touku b u d coequueHsr toMaHou Ly, mpuaém 06e
DTHU JIOMAHBIE JIE2KAT B OQHOU M TOU K€ U3 ABYyX objacTer, 00pa3oBaHHBIX
aomanon C'. [Tokaxure, 910 Jomaubie L u Ly IepecekanTcs B HEKOTOPOU
TOYKeE.

I'pap G —>TO MHOKECTBO TOYEK, HABBIBAEMBIX 6EPULUHAMIY, TPUIEM
HEKOTOPHIE MapLl pE6Eep COCIUHEHBI PEODaMU.

KoauitecTBo pébep, BEIXOAAMINX W3 BEPIINHBI Tpada, HA3LIBAIOT cme-
nenvlo BepmuHbl. B TOM ciaydae, Korga u3 Ja1000U BEPIIUHLI rpada MOKHO
IIPOUTH II0 ero pébpaM B JOOYIO APYTyIO BEPIINHY, MPad) HA3LIBAIOT CEA3-
notm. I'pad moxer umers nemau (pé6pa, HAIATIO U KOHEL, KOTOPBIX COBIa-
narT) U deotinbie pébpa (HecoBmanaromume pEdpa, UMEIOIIME OqHY U Ty Ke
napy BepinuH). [OMapHO pPas3Ju<HBIE BEPIIUHBL U1, - .., Up, COCNUHEHHBIE
pébpamu v1v2, V23, ..., UpU1, HA3BIBAIOT YUKAOM.

I'pad G HA3BIBAIOT NAGHAPHBIM, ECIU €TI0 MOXKHO PACIOJOKUTDL HA ILIOC-
KOCTH TaK, YTOOBI €ero pébpa MOMapHO HE MEePEeCEeKAINCh.

[Iycts rpad K, cocTOUT U3 N BepUINH, MOMAPHO COETUHEHHBIX pEOGpaMu,
a rpad K, ;,, COCTOUT U3 N + 1 BEPIINH, Pa30UTHIX Ha JBA IMOJMHOXKECTBA
U3 N BEPIINH U U3 1M BEPUIVH, IPUIEM peObpaMu COeIUHEHBI BCE Maphl Bep-
[IMH 13 PA3HBIX MHOXECTB.

8. Mokaxute, uTo rpadsl K3 3 u K5 HemaHapHbe.

9. [Tycte G — depeso, T.e. cBasubiu rpad 6e3 mukiaos. [Jokaxure, 9TO
v(G) = e(G) + 1, rae v(G) — aucno sepmun, e(G) — aucao pébep rpada G.

10. (Popmyna Dmrepa) IIycre G — mianapue rpad, COCTOALMNA U3
S KOMIIOHEHT CBS3HOCTHU, CPEOu KOTOPBIX HET W3O0JUPOBAHHBLIX BEPIIUH.
[Iycts, manee, v — qucao BepmuH rpada G, a e — uaucao ero pébdep. To-
raa masa a00ro BaokeHua rpada G B MIOCKOCTH YUCIO TpaHen f OLHO U
TO X)e, a uMeHHO, f =1+ s —v +e.

11. [JokaxwuTe, 9TO CBA3HBIN IIAHAPHBIA rpad (6€3 meTels U JBOUHBIX
pPEBGEpP) COLEPKUT BEPIIUHY, CTEINEHb KOTOPOU HE IPEBOCXOLUT J.

12. MoxaxuTe, 9TO BEPUIMHEL JIOOOT0 ILTAHAPHOrO rpada (6e3 merenb
U IBOUHBIX PEGEP) MOXKHO PACKPACUTH B [ATH IBETOB TAK, ITO JHOOHE IBE
BEPIIWHBI, COeIUHEHHBIE peOpoM, Oy IyT Pa3sHOrO IIBETA.



13. a) Oycrs G — mraHapHb rpad, BCE DPAHU KOTOPOT'O COXEPKAT
1éTHOE IucIo pebep. [JokaxuTe, ITO BEepUINHEI >TOr0 rpada MOXKHO pac-
KPacuTh B [Ba IIBETA.

6) Iycrs v —ruankas 3aMKHYTasi KpUBas, BCE CAMOIIEPECEIEHUS KOTO-
pOU TpaHCBepCAIbHBL. JloKax)uTe, 9TO 7 Pa3bUBaeT MIOCKOCTh HA 00IaCTH,
KOTOpBIE MOXXHO PAaCKPacCUTh B JBa IIBETA TAK, UTO OOJACTU, IDAHUYAIINE
IO HEKOTOPOU Ayre, OyAyT PAa3HOrO IBETA.

14. BuseguTe u3 GhopMy bl JUIepa LIA MIAHAPHEX TpadoB GopMyTy
Dunepa, CBA3LIBAOIIYIO YUCJIO BEPIIUH, PEOED U MPAHEN BLITYKJIOTO MHOTO-
I'DAHHUKA.

15. a) Hycre G — miaHapuein rpad 6€3 M3OIMPOBAHHBIX BEPINUH,
¥; — THCIO €r0 BepIINH, W3 KOTOPLIX BBEIXOAUT i pédep, f; — uucio rpa-
Hell, OrpaHUYeHHLIX j péOpamu (¢ yueroM ux kparuocren). Jokaxure, 4T0
rorga » (4 —i)v; + > (4—j)f; =4(1 + s) > 8, rae s — IUCIO KOMIIOHEHT

J

(2

ceasuocTu rpada G.

6) oxkaxuTe, 9TO ecau Bee TpaHu 4-yroabaeie, TO vy + 2vs + v3 > 8.

B) JlokaxuTe, 9TO eC/In JH6ad MPaHb OrPAHAIEHA, IIUKIOM, COAEPKAIIAM
n(v — 2)

n—2

16. BocnoassoBasmucs 3agaden 15 B), HoxyIuTe emé OQHO JOKA3ATENb

CTBO HemTaHapHOCTH rpados K5 u K3 3.

He MeHee n peébdep, To e <

1.2. Tomomormyieckue MPOCTPAHCTBA

Tonoso2uueckoe npocmpancmeo — >TO0 MHOKeCTBO X, B KOTOPOM BHI-
JeJeHa, CUCTeMa O IMHOXKECTB T, O0JIaTA0IIasa CIeIyOIMMI CBOMCTBAMMU:

1) mycToe MHOXKECTBO U BCE MHOKECTBO X TPUHAIICKAT T;

2) mepecedeHue KOHEYHOI'O YUC/IA DJIEMEHTOB T [MPUHAIJIEKUT T;

3) obbenuHeHVE TIO60I0 CEMENCTBA HJIEMEHTOB T IPUHALICKUT 7.

MmuoxecTBa, IpuHALJIEKALIUE T, HA3BLIBAIOT omkpbimbimy. MHOXKECTBA,
MOTIOJHEHUS KOTOPBIX OTKPHITHI, HA3BIBAIOT 3GMKHYMbIMY.

OTo6paxkenue TOMOIOIMIECKAX IIPOCTPAHCTB HABBIBAIOT HENPEPbLEHbIM,
ecau IpoobHpa3 M0O0r0 OTKPHITOT0 MHOXKECTBA OTKPHIT. HenmpeprsiBHOE OTO-
OpaxkeHue TOMOJOrMIEeCKUX MPOCTPAHCTB HABBIBAIOT 20ME0MOPPHUIMOM, €C-
JIZ OHO B3AWMHO OJHO3HAYHO U 0OpaTHOE OTOOpAaXKEHUEe TOXKE HEIIPEPHIBHO.

JIro6oe o IMHOXKECTBO A TOMOIOrTIeCKOro MPOCTPAHCTBA X CaMO MOXK-
HO PacCMaTpPUBATH KaK TOMOJOTUYIECKOE IPOCTPAHCTBO, €CIN CIUTATh, UTO
MHOkECTBO B C A oTkpeiTO B A, ectu B = B’ N A 111 HEKOTOPOT'O MHO-
xectBa B’, orkpuToro B X.



Tononoruieckoe IpOCTPaHCTBO X Ha3BIBAIOT KOMNAKIMHLIM, €CIN U3
JTI000T0 ero TDOKPBITUA OTKPBITBIMA MHOXKECTBAMU MOXKHO BBIﬁpaTI) KOHEY-
HO€ IIOAIIOKPBITHE.

17. MokaxuTe, 9TO OO0 3AMKHYTOE MOIMHOXKECTBO KOMIAKTHOIO
IPOCTPAHCTBA KOMIIAKTHO.

18. BeequTe «eCTECTBEHHYIO» TOMOJOTHIO Ha MHOXKECTBE MATPHIL 1 X M.

19. Caasuo mu mpocrparactso GL(n), cocrosAmmee u3 HEBLIPOXK IEHHBIX
MaTpPUIL!

20. a) [TokaxwuTe, 9To mpocTpaacTso SO(3), cocTosiee u3 OPpTOroHAIb-
HBLIX MATPUIl TOPAIKA 3 ¢ onpeneauTeneMm 1, CBA3HO.

6) Jokaxure, aTo npocrpancTso SO(n) cBa3HO.

21. JJokaxxuTe, 9TO TPOCTPAHCTBO, COCTOAIIEE W3 HEBEIPOXK JEHHBIX Ma-
TPUII C MOJOKUTENLHBIM OMPEIeTATENEM, CBA3HO.

22. a) [lokaxkure, 9T0 TIpoCcTPancTBO U(n) YHUTAPHBIX MATPUIL CBA3HO.

6) MokaxwuTe, aTo npocTpanctso SU(n) yHUTApHBEIX MATPUIL C OIpee-
auTeaeM 1 CBA3HO.

Tomosoruyueckoe mpocTpancTBO X HA3LIBAIOT aycdopdosbim, ecau s
JIOOBIX IBYX PA3IUYHBIX TOYEK X,y € X HAUAYTCA HEMEPECeKAIOUNEecs OT-
KDPBITHIE MHOXECTBA, COIEepkKallIie 3T TOIKU.

23. llpuBegure mpumep HexaycAOPGOBA TOMOJOTMIECKOTO MPOCTPAH-
CTBA.

B merpuiueckom npocrpancTBe X MOXKHO OIPEIEINTDH TOMIOJOIHUIO CJe-
oywoommM 00paszoM: MHOXKeCTBO A C X OTKpHITO, ecnu iodas ToUka a € A
COOEPXKUTCA B A BMeCT€E€ C HEKOTOPBIM OTKPBITBEIM HIaApOM C HEHTPOM a.

24. [TokaxXuTe, YTO TOMOJOTUA, UHIYIUPOBAHHAA METPUKOU, ABIACTCA
xaycaopgoson.

25. TokaxwuTe, ITO B XaycaopdoBOM mpocTpancTBe X A1 JTIOOBIX ABYX
PA3JIMYHBIX TOYEK T U Y HAUAETCSA OKPECTHOCTh U O &, 3aMBIKAHUE KOTOPOU
HE CONEPKUT Y.

26. IIycte C' — xoMmaxTHOE MOAMHOXKECTBO XayCHop¢OBa MPOCTPAH-
crBa X u ¢ € X \ C. Joxkaxure, 4T0 y Touku = u y MHOXKecTBa C €CThb
HEIePEeCeKamunecs OKPECTHOCTH.

27. okaxure, 9TO y JIOOBIX IBYX HENEPECEKAIOMMXCSA KOMIAKTHBIX
noamuoxkectB A u B xaycaopdosa npocrpancTBa X e€CTh HEOEPeceKkaro-
IIIeCsi OKPECTHOCTH.

28. Ilycte f: X — Y — HenpepuIBHOE B3aMMHO OJHO3HAYHOE OTOOpa-
JKeHNe KOMIIAKTHOI'O IpocTpaHcTBa X Ha XaycAopdOBO IPOCTPAHCTBO Y .
Mokaxure, 4T0 f — romeoMopgpusM.

29. Moxaxwure, uro D™ /D™ ~ S™.
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30. JokaxuTe, uTo mpocTpaHcTBo S' x S' romeomopdHO mpocTpanH-
CTBY, KOTOPOE MOy IaeTCsA IIPHU CAEAYIOMEM OTOXK IeCTBICHIN TOYEK CTOPOH
kBagpara 0 < z,y < 1: (z,0) ~ (z,1) u (0,y) ~ (1,y). (DTo upocTpancrso
HA3BIBAIOT MOPOM.)

31. a) Moxaxure, uro {*} * X ~ CX (3mecw {*} — ogHOTOUEUHOE TIPO-
CTPAHCTBO).

6) Moxaxute, 910 S° * X ~ LX.

32. Jlokaxure, aTo SP * S~ SPHatl,

33. llpuBequre mpuMep CBA3HOTO, HO HE JUHEUHO CBA3HOTO MPOCTPAH-
CTBA.

34. [okaxwure, uro npocrpancTBo GL(3) cocrour u3 gBYX CBA3HBIX
KOMITOHEHT.

1.3. CuMmmmimaibHbIe U KJIETOIHbIE KOMILIEKCHL

35. [lokaxxuTe, ITO CAEAYIOIINE TOMOJIOTUIECKUE MPOCTPAHCTBA T'OMEO-
MOP(HBI:

(a) MmEOX)ECTBO mpaMEIx B R mpoxoganmx depes HAMAIO KOOD IMHAT;

(6) MHOXKeCTBO TmmepIockocTedn B R™TL mpoxomammx epes Hadao
KOOD IUHAT;

(B) cdepa S™, B KOTOPOU OTOXK IECTBJACHA KaXKIasd Iapa IUAMETPATBLHO
MIPOTUBOMOIOKHBIX TOYEK.

(r) map D™, B KOTOPOM OTOXIECTBJCHA KAXKIAA Hapa IUAMETPATBLHO
IPOTHUBOMOIOKHEIX TOYeK I'PaHmIHON cdepsr S7~! = dD",

36. [loxaxxuTe, ITO CAEAYIOIINE TOMOJIOTUIECKUE MIPOCTPAHCTBA T'OMEO-
MOD(HBI:

(a) mMHEOKECTBO KOMILIekcHBIX mpaverx B C*l mpoxoxammux wepes ma-
A0 KOOP AMHAT;

(6) cepa S?"Ft1 C C"l, B KOTOPOH OTOKAECTBICHEI TOYKHA BHIA AT
nas Beex A € C, |A| = 1 (ana xaxo# duxcuposarron Toukn x € S2H1);

(B) map D?" C C™, B KOTOPOM OTOXJECTBICHE TOTKM MPAHUTHON Ce-
pet S?7"~1 = 9D Buna Az ama Beex A € C, [\| =1 (ana xax 108 pukcupo-
BaHHOM Touku r € SZ"~1).

IIpocTpancTBO U3 324391 35 HA3BIBAIOT GEULECTNEEHHBIM TPOECKIMUCHBIM
npocmparcmeom u obozuazaror RP". IIpocrpancTeo u3 3azadu 36 HA3B-
BAIOT KOMNAECKCHbIM NPOEKMUBHBIM Npocmpancmeom u obosnagzaror CP™,

37. Mokaxwute, aTro RP! ~ S! u CP! =~ §2.

38. [lokaxuTe, 9YTO NpAMOEe MPOU3BEICHUE OKPYKHOCTU HA OTPE3OK HE
romeomMopduo ucty Mébuyca.

39. okaxute, aro CS™ ~ D"t n ¥.§" ~ Snt+l,
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40. Joxaxute, uro cdepa S? apraercsa CTW-KOMILIEKCOM.

41. Moxaxute, aTo TOp 12 apaserca CTV-KOMILIEKCOM.

42. [loxaxwute, 910 chepa S™ asasercsa CW -KOMILIEKCOM.

43. [lokaxuTe, 9TO BEIIECTBEHHOE MPOEKTUBHOE MpocTpancTBo RP™
sasieTcss C'TW -KOMILIEKCOM.

44. [loxaxuTe, 9TO KOMILIEKCHOE NPOEKTUBHOE mnpocrpanctso CP"
spisercs C'W-koMIuekcom.

45. ToxaxuTte, 9TO JHOOON KOHEIHBIN CUMILIUIAATBHLIN KOMILTIEKC Pa3-
MEPHOCTH N BKJIaIbIBaeTCA B R2TL,

46. loxaxuTe, aTo R \ RF ~ Sn—F—1 x RA+L

47. Joxaxute, ato S"tm=1\ §n=1 ~x R™ x Sm~L  (TIpeamomaraercs,
70 cepa S™! pacnonoxena B ST cTrangapTHO.)

48. IIycts SP V ST = (SP x {x}) U ({*} x S7) C SP x S?. [Nokaxure,
aro SP x S1/SP\ ST~ SPTU.

49. B3aTe 1Ba dK3eMILIApa HOIHOTOpHA S' X D? 1 uX TpaHMUIbLl CKIe-
€HBI &) 0 TOXJIECTBEHHOMY I'OMeoMOPQU3My; 6) 0 rOMEOMOPGU3MY Ipa-
HIL, 0ePeBOALEMY MEPUIMAH B Imapamielb. Jokaxure, 9TO B ciydae a)
norysaerca St x S%, a B crygae 6) noxygaercs S°.

50. Paccmorpum dakTop npocrpancTsa Ms(C) mo cregyromeMy OTHO-
IIEHNIO SKBUBAIEHTHOCTE: A ~ BAB™! 114 IpOM3BOIBHOR HEBLIPOXK TEHHOM
MaTpunsl B. Xaycaop@doBo Jau MOLy9eHHOe IIPOCTPAHCTBO?

51. a) [lokaxkure, uT0 C'W-KOMILIEKC CBA3EH TOrAa W TOJLKO TOCIA,
KODJ[a CBA3EH €ro 1-MepHBIN OCTOB.

6) Jokaxwure, aro C'TW-KOMILUIEKC CBSI3EH TOAA U TOJIBKO TOIa, KOr4a
OH JIMHEWHO CBS3€H.

52. IocTpouTe paccroerune S° — S2 co croem S'.

1.4. [IBymMepHBIE IIOBEPXHOCTH

53. [lokaxure, 4TO €CiU U3 MPOEKTUBHOU ILIOCKOCTH BHIPE3ATh IUCK
)
D?, To B pesyabTaTe noayunTca auct Mébuyca.

Ilycte My# My — nByMepHas MOBEPXHOCTH, KOTOPAS MOJYUAETCA U3
IBYMEpHLIX moBepxHocTen My u My cremyromen omepaimen: u3 M, u u3
M, Bripesaerca mo gucky D? m cOOTBETCTByIOIIME TOYKH UX KPaéB CKJe-
MBAIOTCA. DTy OMEPALNIO HABBIBAIOT €84A3H0T cymmoti. CBA3HYIO CyMMy N
Topos T? GygeM m1a KpaTKoCTH 0603Ha4aTh nT'2, a CBA3HYIO CyMMy M
POEKTUBHLIX TIockKocTenn P2 6ymzem o6osrataTs mP? (o6o3uaxtenus nT
u mP? we craEgapTHEIE).

54. [lokaxuTe, ITO €CIN TOBEPXHOCTEL M| HEOPUEHTUPYEMa, TO TOBEPX-
Hoctb My # M, Toxe HEOpUEHTHPYEMA.

9



55. Moxaxure, uro SZ#2P% ~ K2, T.e. cdepa S?, U3 KOTOPOU BHIPE3ar-
HBI IBA OUCKA W BMECTO HUX BKJIEEHHI IBa JucTta Mébuyca, romeoMopdHa
OyTouike Kienua.

56. Moxaxute, uro T2#P? ~ P24 P?># P2,

Oycts M? — TpuaHryIMpOBAaHHAS 3AMKHYTasA JBYMEPHAS HOBEPXHOCTE
¥ — YMCJIO BEPIIVNH TPUAHTYJANUU, € — 4uCiIo pédep, f — uucmo rpa-
Helt. Diaeposot zapaxmepucmukod MoBepxHOCTH M? HA3EIBAIOT UUCIO
x(M?)=v—e+ f.

57. lokaxwure, ato X (Mi#Ms) = x (M) + x (M) — 2.

58. Mokaxwute, aro x(mT?) =2 —2m u x(nP?) =2 —n.

59. /TokaxkurTe, ITO B3AMKHYTasd OPUEHTUPYEMAas IBYMEDHAs MOBEPX-
HOCTH HE MOXKET OLITh IOMEOMOP(pHA 3aMKHYTOU HEOPUEHTUPYEMOU IBY-
MEPHOU [OBEPXHOCTH.

60. Toxaxure, 9TO SUIEPOBBI XAPAKTEPUCTUKU ABYX TOMEOMOP(MHBIX
BAMKHYTHIX [IBYMEDHBIX MOBEPXHOCTEH ONUHAKOBHL (Ywkazanue. Paccmo-
TPUTE ABE TPUAHTYIALUUA OJHOU W TOU Ke TOBEPXHOCTU U TOIIEBEIUTE
OIHY U3 HMX TaK, 9TOOLI pEOpa dTUX ABYX TPUAHIYJALNUHA [IEPECEKANNCH
TPAHCBEPCAJIBHO. )

61. Kakou IByMEpHOU MOBEPXHOCTU T'OMEOMOPMHO (HPaKTOPIPOCTPAH-
cteo S! x S! 1o crexyronemy oTHOmeHMO KBUBATeHTHOCTH]: (7, Y) ~ (Y, T)?

62. Moxno ju rpad K33 Broxurs B tuct Mébuyca?

63. Moxuo au rpad K5 BIOKUTE B TOP?

64. Moxaxure, uTo mosepxHocTu nT? m mP? MOXHO HOIyIATH U3
4n-yroabHUKA U 2M-yTroJbHUKA, OTOX IECTB/AS UX CTOPOHBI COOTBETCTBY-
OIIM 00pPa30oM.

65. a) [okaxuTe, 9TO Ha ToBepxHOCTH NP2 cymecTByeT 3aMKHyTas
KpHUBas 7y, MOCJE PA3PE3aHUsA BAOJb KOTOPOU MOBEPXHOCTH CTAHOBUTCS OPU-
€HTUPYEMOU.

6) [dokaxwre, 9TO €caum n IETHO, TO OKPECTHOCTb KPUBOU Y IOMEO-
MOp(dHA TUINHAPY, & €CIu n HeIETHO — TO JucTty Mébuyca.

66. IIpeamomo:xuM, 9T0 Ha cdepe ¢ g pyukamu M? MOKHO pacIOIOKUTE
P HeCaMOIIepeCeKAaIMuXCsa 3aMKHY ThIX KpuBbIX (', . .., () Tak, 9T06B OHU
MOMAPHO He MepeceKamuch u He pazbusaiu M2 (T.e. ITOOB MHOKECTBO
M?\ (C1 U...UC,) 6BLI0 CBA3HO), HO /TI0OBIE p + 1 Takue KpUBHIE pasou-
BaioT M? ma wacTu. [JoKaxKuTe, ITO P = g.

67. loka;xuTe, ITO Ha 3aMKHYTOM HEOPUEHTHUPYEMOII IOBepXHOCTH 1. P2
MOXKHO PACIIOJOXKUTH N IIOIAPHO HE IepeceKanmxcs muctoB Mébuyca, HO
HEJb3S PACIONIOXKUTE 1 + 1 IOMapHO HEmepeceKamunXcsa JucToB Meébuyca.

68. Mokaxure, 4To rpad Kg MOXKHO paCIOJIOKUTEL HA, MPOEKTUBHON
miockoctu P2, a rpader K7 u Ky 4 MOXHO PACHONOKUTE HA TODE.
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69. a) Joxaxure, 4TO JH0OON KOHEYHBIM rpad (G MOXKHO BJIOKUTH B
HEKOTOPYIO 3aMKHYTYIO OPHEHTUPYEMYIO IBYMEPHYIO TIOBEPXHOCTL M 2.

6) Jloxaxute, aTo ecau rpad G cBaseH, a moBepxHOCTH M2 nmeer mu-
HUMAJTBLHEIR POJ, TO Bce o6gacTu, Ha KOTophle rpad G pasbusaer M2,
CTACUBAEMBL.

70. Moxuo sz rpad K3 3 B1oXuUTH B TOP?

71. Moxwno au rpad K5 Bioxuth B et Mébuyca?

1.5. T'omoTonvm

HenpepriBunie orobpaxenus fo, f1: X — Y HaswiBamoT 2omomonmubimi,
ecau CyHIeCTBYeT Takoe HempepwiBHOe orobpaxenue F: X x [0,1] — X,
aro F(z,0) = fo(z) u F(z,1) = fi(z).

Tonomornyueckue mpocTtpancTBa X ¥ Y HAa3BIBAIOT 20MOMONUUECKU
IKBUBAAEHMHbIMY, ECIU CYyIEeCTBYIOT Takume oTofpaxkenua f: X — Y nu
g:Y — X, 9710 nx xomnosunum f o g u g 0 f TOMOTONHLI TOXK NECTBEHHEIM
0TOOpax)eHusIM IpOCTPAHCTB X 1 Y.

72. a) Iycts X = X; U...U X, mpuuéM MHOXKECTBA X1, ..., Xp
3aMKHYTEL. Paccmorpum orobpaxenme f: X — Y um ero orpanmdeHus
fi = flx,. Jokaxwure, 9T0 oTOOpaxkeHue f HEIPEPLIBHO TOIAA U TOIBLKO
TOrf[a, KOra HEMPEPBIBHEL BCE OTOOpaXeHus f;.

6) oKaXUTe AHATOTUIHOE yTBEPIKACHUE IJIA OTKPBITHIX MHOXKECTB.

3ameuanue. 3agada 72 a) HyXKHA A1 IPOBEPKU TO'O, ITO I'OMOTOI-
HOCTH OTOOPAXKEHUN — OTHOIIEHNE DKBUBAJICHTHOCTH.

[Iycte X u Y — Tomosoruydeckue mpoCTPAHCTBA C OTMEYEHHBIMEA TOY-
KaMu To 1 Yo. Ux 6yxemom HasweBator npocrpanctso X UY/zg ~ yo (upo-
crpacrBa X u Y CKJIEMBAIOTCA O OTMEYEHHBIM TO4YKaM). Byker nByx
mpoCcTpaHCcTB obo3uadawT X VY.

73. okaxute, aTo mpocTparcTsa S'V I n S romoTomumueckn >kBu-
BAJICHTHHI.

74. Jloxaxure, aro npoctpanctsa R? \ St u §% Vv S! romoronmeckn
DKBUBAJEHTHHI.

75. U3 cdeprl ¢ g pyIKaMu BBIKOIOTA TOYKA. [[OKaKUTE, ITO MOy ICH-
HOE MPOCTPAHCTBO MOMOTONUYIECKN DKBUBAJEHTHO OYKETY 1 OKPYXKHOCTEN
U BLIYUCIUTE 7.

76. [Joka:KuTe, YTO eCJaM U3 IPOCTPAHCTBA R® BEHIGPOCUTH N DK3EMILIA-
pos S! (Bce OKpYKHOCTH He3aysJTeHHEIE W TIOTIAPHO HE BalleTIeHHEBIE), TO
MOJYYEHHOE MMPOCTPAHCTBO Oy IeT TOMOTONUYECKN DKBUBAJEHTHO OYKETY 1
SK3EMILIAPOB mpocTpaHcTBa S2 V S1.
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77. IIycts L — gBe oxpyxuOCTH B R3, 3amemnnenssie HanboIee IPOCTEIM
croco6om. [JokaxuTe, uTo mpoctpancTsa R3 \ L u S? V T'? romoTommyaeckn
SKBUBAJIEHTHEL.

Iogmpocrpancteo A C X HaswBaioT pemparxmom X, eCIu CyIIECTBYeT
HempepuIBHOE oToOpaxenue r: X — A, orpanudenue koToporo Ha A TO-
xkpectBeHHO. OTOOpAXKEHUE T IPU DTOM HA3BIBAIOT PEMparyuet.

78. JlokaxuTe, 9TO CICAYIOINE YTBEPK ICHUA DKBUBAJICHTHEL (T. €. TO-
KaXXWUTe, KAK OHU BBIBOAATCA APYD U3 APYTa):

(a) Jlo6oe nenpepriBHOE oTOOpaxkenue f: D™ — D™ umeer HEmoaBIK-
HYIO TOYKY.

(6) He cymectsyer perpaxmun r: D™ — S™71.

(8) Iycts v(z) — Takoe HempepHIBHOE BEKTOPHOE moae Ha D™, 4o
v(z) =z naa Beex z € S" 1. Toraa v(z) = 0 aaa HekoTopon Touku x € D™,

79. [lokaxure, ¥T0 A—perpakT X TOraa 1 TOILKO TO4a, KOrIa JI000e
HempepsIBHOE 0TOOpaxenue f: A — Y MOXHO mMpOJOMKUTL Ha BCE X .

80. /[loxaxkuTe, ITO €CIU JIOOOE HEPEPLIBHOE OTOOPaXKEHNE IPOCTPAH-
ctBa X B ce0s MMEET HEMONBUKHYI TOUKY, TO JH00€ HENPEPLIBHOE OTO-
Opaxkenue ero perpakta A B cebsa TOXe MMEET HEMOABUKHYIO TOUKY.

81. [IycTe S°° — MHOXKECTBO TOU€K (Z1,Z2,...) € R, y KOTOPLIX auilb
KOHEYHOE YUCI0 KOOPAMHAT OTIMTHO OT HYJIA U » &7 = 1. DTO MHOXKECTBO
ABIAETCA METPUYECKAM MPOCTPAHCTBOM, U HA HEM €CTh €CTECTBEHHAA TO-
momorus. [JokaxuTe, 9TO TPOCTPAHCTBO S CTATUBAEMO.

Yrazanue. JokaxxmTe, 9TO TOXKIECTBEHHOE OTOOPAKEHWE TOMOTOITHO
orobpaxkeHuio (T1,xz,...)— (0,21, Z2,...).

82. Mlokaxkure, uro oTobpaxkenus f,g: GL(n,R)x GL(n,R)—GL(2n,R),

saganubie popmyaamu f(A, B) = (61 g) ug(A, B)= (AOB 10 ), TOMO-

TOIIHBIL.
83. [MoxaxwuTe, uTo mpocTpancTea X (St x S1) u S? v S? v S? romoro-
IINYECKN SKBUBAJCHTHLI.

1.6. BexTopHBIE TTOIA HA ILIOCKOCTH

84. PaccMoTpuM Ha KOMIUIEKCHOM ILUIOCKOCTH BEKTOPHOE moae v(z) =

4 o
= T upu z # 0, v(0) = 0. Hangure unIeKcbl 0COOBIX TOYEK TAKUAX BEK-
4
TOPHBIX TIOJIEN [IJIA BCEX HMEJNLIX 1 U HAPUCYUTE UX TPACKTOPUM IIan = —1,
n=4+2un=23.

[IycTs v — BeKTOpHOE MOJe Ha MIOCKOCTH, Y — 3aMKHYTAas HecaMoIepe-
CEeKAIIIAsCH KPUBAs HA IUNIOCKOCTH, HE IPOXOISAIMIAS Yepe3 0COObIe TOYKU
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DTOr0 BEKTOPHOrO NOJfA. Mndexcom KpUBOU Y OTHOCUTETHHO BEKTOPHOTO
MOJA ¥ HA3BIBAKT YUCIO 000POTOB BeKTOpa v(x) mpu 06X0me KPUBOU 7.
O60pOTH BEKTOPA CIUTAIOTCA IIOJOKUTEILHBIMU, €CJAU UX HATIPABIEHUE CO-
BIAJaeT C HapaBIeHueM 00X01a KPUBOMU.

85. [lokaxkuTe, 9TO MHIEKC KPUBOU <y PABEH CyMMe UHIEKCOB OCOOBIX
TOY€eK, 3aK/II0YEeHHBIX BHYTPH ee.

86. IlycTs Ha 3aMKHYTOU HECAMOTIIEPECEKAIOIIENCA KPUBOU 34, 1aHBI BEK-
TOpPHBIE OJL ¥ U W, npudeM B aiodon Touke X BekTopsl v(X) u w(X) He
IPOTUBOIMOJIOXKHEI [0 HAMPABICHWO. [[0OKaKUTe, 9TO TOT I8 WHIEKCH KpPU-
BOU 7y OTHOCHUTEIBHO dTUX BEKTOPHBLIX IOJEU PABHBL.

87. C momompio 3aga4n 86 mokaxure, 4TO M0O00K MHOrowieH P(z) =
=2"4+ a1 2" ' + ...+ a, C KOMILUIEKCHBIME KO3(QUIIEHTAME HMeeT II0
KparHen Mepe OJWH KOMILIEKCHBIN KOPEHb.

88. HazoBeM BeKTOpHOE IONe v YeTHHIM, ecin v(z) = v(—x), U HedeT-
HBIM, ecnn v(z) = —v(—z). JoxaxuTe, 9T0 MHAEKC TOUYKM () JIA I€THOTO
HOJIA I€TEH, & I HEIeTHOTO IO/ HEIETEH.

89. IlycTh HA rPAHUYIHBIX OKPYKHOCTAX KOJIbIIA 33, JaHO BEKTOPHOE II0JIe
TaK, 9TO BEKTOPLI KACAIOTCA IPAHNIHLIX OKPYKHOCTEH 1 Ha OJHOU OKPY K-
HOCTHU HAIIPABJIEHLI B OAHY CTOPOHY, a HA APYrOU B APYI'YIO (IIPOTHBOINO-
J0XKHYI0). [IpO10IKUTE DTO BEKTOPHOE MOJIE HA BCE KOJIBIIO TAK, YTOOLI OHO
HE UMEeJIO0 0COOBIX TOYEK.

90. /ToxaxwuTe, YTO BEKTOpPHOE Tosne 6e3 OCOOBIX TOYeK, 33JaHHOE Ha
TPAHUIHBIX OKPYXKHOCTAX KOJBIIA, MOXHO IMIPOJOJTXKUTH Ha BCE KOJBIO TO-
I'a 1 TOJLKO TOr[a, KOIa WHIEKCE PPAHUYIHLIX OKPY:KHOCTEN PABHEL.

91. IlycTh 3aMKHyTas CaMOIEPECEKAIOMAsACS KPUBAasd pa3bUBaeT ILIOC-
KOCTBb Ha HECKOJBLKO obmacren. B kaxmon o6gacTu MOXKHO BBEIOPATH HEKO-
Topyio Touky O u conocTaBuTh 06aacTH IUCa0 060poToB BekTopa OX mpu
o6xone kpuBou. [lokaxkure, 9TO €ciu [Be 0OIACTYU UMEIOT OOIILYI0 TPAHUILY,
TO COOTBETCTBYIOIINE UM HUCJIA, OTINIAIOTCA Ha 1.

92. [IpeamomoXuM, YTO UHTErPAILHEE TPACKTOPUYA BEKTOPHOTO TIOJA U
HA IIOCKOCTHU KACAIOTCA HEKOTOPOU OKPYKHOCTHU C B § TOUKAX BHY TPEHHUM
00pa30M U B € TOYKAX BHEIIHUM 06pa3oM, npuiéM BHyTpu C PACIONIOKEHA
eIUHCTBEHHas 0co0as TOYKa. [JOKaxKuTe, YTO MHIAEKC DTOU OCOOOU TOYKU
paBen 1+ (i —e)/2.

93. [lycts f— rmagkas GYyHKIUA HA IVIOCKOCTHU. [OKAXKUTE, ITO WH-
IEKC U30JUPOBAHHON OCOOOU TOYKM BEKTOPHONO moJa v = grad f a) mMoxer
npuHUMaTh 3HadeHusa 1, 0, —1, —2, ... u 6)* He MOXEeT NPUHUMATHL APYTUX
3HAYEHUN.
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1.7. BekToOpHBIE MOJA HA IBYMEPHBIX IIOBEPXHOCTAX.
Teopema Yuruu—Ipaymrenna

94. IlocTpouTe Ha TOpPE BEKTOPHOE MOJIE 6€3 0COOBIX TOYEK.

95. ITocTpouTe Ha OyThLike KienHa BeKTOPHOE MOIE 6€3 0COOBIX TOYEK.

96. IlocTpouTe Ha cdhepe BEKTOPHOE IMOJIE C OJHOU 0COOO0M TOIKOM.

97. IlocTponuTe Ha HPOEKTUBHOM ILIOCKOCTH BEKTOPHOE IIOJE C OTHOU
0cO060U TOYKOMU.

98. TlocTpouTe Ha chepe ¢ AByMA PYIKAMU BEKTOPHOE TOJE C OTHOU
0CO00U TOYKOU.

99. PaccmoTpum 4g-yroabHUK ¥ Ha HEM — BEKTOPHOE IOJE, TPAEKTO-
pUU KOTOPOro — IMapajuielbHbie mpsaMbie. U3 4g-yroJbHuKa MOXKHO CKICUTH
chepy ¢ g pydKaMu ¥ TOLYYUATH HA HEW BeKTOpHOe mnote. Ouuimre, Kak
BBIDVISIAAT OCOOBIE TOYKHU STOT'O BEKTOPHOLO MOJIA.

* * *

100. Ha cdepe S? C R? 3a1aH0 HempepbIBHOE MOJIE BEKTOPOB €IMHIIHON
JIMHBL, He 06S33TeIbHO KACAIOIIIXCS 3TOM cephl. JOKaKITe, ITO XOTA OBI
OIVH U3 DTUX BEKTOPOB OPTOr'OHAJTEH cdepe.

101. IIycts f: S? — S? — menpepriBHOE oTOOpakenne. JOKaxKuTe, ITO
cymecTByeT Touka T € S2, nia koropon f(r) = +w.

102. okaxuTe, 1TO M000€ HempephIBHOE oToOpaxkenue f: RP? — RP?
IMeeT HeIoJIBUKHYIO TOUKY.

* ok %
HazoséM cmenenvio riaaxon kpusoi : S' — R2 cremens 0To6pakeHys
v dy

—, I'le ¥ = — — BEKTOP CKOPOCTHU
Bk it dy P P
KpUBOU (TIAOKOCTH KPUBOU O3HAMAET, UTO OTOOpaxkeHue v nuddepeHn-
PYEMO U BEKTOP CKOPOCTH HUI'Ze He obpamaercs B Hyqb). [oBops nedop-

MAJIBbHO, CTEMEHb — DTO YUCIO 0OOPOTOB BEKTOPA CKOPOCTH IpU 06XOIe
BJOJL KPUBOM.

St — S') 3amammOro dhopmymoN O

103. [Jua KaxKaoro mejaoro Iucaa N HaApPUCYUTe KPUBYIO, UMEIOIIYIO CTe-
[IE€Hb N.

Bymem roBopuTh, 9YTO NIagKue 3aMKHYTHIE KPUBBIE Yo U Y] PE2YAAPHO
20MOMONMHUBL, €CIU CYMIECTBYET CEMEUCTBO MMIAJAKAX 3AMKHY THIX KPUBBIX V¢,
HenpepbIBHO 3aBucsuiee ot t € [0, 1].

Hazosém npocmoti nemaéii 9acTh w KPUBOU 7, 00JI,TAFOLIYIO CJIE Ty FOIII-
MU CBOUCTBaMU: 1) w HAYUHAETCA U KOHIAETCA B TOYKE CAMOIEPECEICHUS
KPUBOU ; 2) w HE UMEeT CaMOIepecedeHuy (HO OHA MOXKET MepeceKaTh
OPyTHe YacTU KPUBOU 7).
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104. a) /Tokaxure, 9TO M006as NIAIKAA KPUBAA PErYJIAPHO FOMOTOIHA
DI KON KPUBOU C KOHEYHBIM YMCIOM TOYEK CAMOTIEDECEICHMUS.

6) doxkaxure, uTo m00as IagKas KPUBas C KOHEIHBIM (HEHYJIEBBIM )
YUCIOM TOYEK CAMOIIEDECEYeHUs UMEeeT IPOCTYIO MEeTIIO.

105. JokaxwuTe, 9TO MIA TIPOCTOU METIN W KPUBOU 7y CYLIECTBYET Pe-
yJSIpHAS TOMOTONUS, IPA KOTOPOU U3MEHSAETCS TOJBKO W, IPUIEM MOCIe
FOMOTONUY MBI HOMYYaeM HOBYIO IPOCTYIO METII0 w’, KOTopas He mepece-
KaeT 7.

106. IlokaxkuTe, 9TO mpUMeHssT KOHCTPYKIuio u3 3axadu 105, B KOH-
Ile KOHIIOB MBI MOXEM IOJIYYUTHL OKPYXKHOCTH C MAIEHHBKUMU MEeTEeTbKa-
MU — BHEIIHUMU ¥ BHyTpeHHUMHU. [lokaxxuTe, IYTO >TU METEJbKIA MOXKHO
MEHATH MeCTaMIU, IPOTACKUBASA ONHY METEIbKY depe3 APYLYIo.

107. TlocTpouTe peryisapHY0 TOMOTOINI, KOTOPAsA YHUITOKAET Mapy
meTeneK, ONHA U3 KOTOPBIX BHYTPEHHAA, a APYras BHEIIHAA.

108. [loxaxwuTe, ITO KPUBBIE Yy U 7] PETYJIAPHO TOMOTOIHBI TOTAA U
TOMBKO TOT'JA, KOTa UX CTerneHu paBHHl (YuTHu—[paymrenn).

109. ToxaxuTe, YTO Ha chepe eCTh TOMALKO MBA KIACCA PErYJIAPHO I'O-
MOTOnHbIX KpuBbiX. (Ha cdepe MOXHO YHUYTOXUTHL Napy BHYTPEHHUX Ie-
TeJeK. )

1.8. dyngameHTATbHAS I'PYIIIA

DYnOAMERMAALHAA 2PYNNG TOMOJIOTAIECKOrO IPOCTPAHCTBA X C OTME-
YEHHOU TOYKOU Lo € X —BTO MHOXKECTBO FOMOTONUIECKUX KIACCOB METEIb
C HAYAJIOM ¥ KOHIIOM B TOYUKE T (METIA — 5TO HEMPEPEIBHOE OTOODAKEHUE
f:10,1] = X, mas koroporo f(0) = f(1)). [pynmnosas onepauus Ha >TOM
MHOXKECTBE — MOCIeNOBATEeIBHLI 06x0 nBYX nereab. DyHIaMeHTaTIbLHAS
rpymna obosuadaerca w1 (X, zo).

110. [okaxuTe, 9TO (pyHIAMEHTAILHAA IPYIIIa OYKETa N OKPYKHOCTEN
n30MopdHA CBOOOIHOU I'PYIIE ¢ 7 0OPa3yOIMMY.

111. JloxaxwuTe, aro rpynma w1 (nT?) mopoxaera o6pa3yomumu a1, by,

., Gy, by, CBABAHHLIMY € IMHCTBEHHBEIM COOTHOIICHIEM ﬁ (aibiajlbgl) =1.
i=1

112. JlokaxwuTe, aTo rpymma 71 (nP?) mopoxaera o6pa3yomums ay, . . .
., 0y, CBA3AHHBIMU €IUHCTBEHHEIM COOTHOIIEHUEM a; . ..a2 = 1.

113. a) Moxaxwure, ato eciun G = w1 (nT?), To GG’ = 7.

6) Mokaxwure, uto ectn G = 71 (nP?), To G/G' X 72" @ Zs.

114. Jokaxure, uro m1(S™) =0 npu n > 2.

115. Jokaxure, aro m (CP™) = 0.
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116. JoxaxuTe, 9T0 dyHIAMEHTATLHAA CPYIHa mopepxHOcTE N2, u3
KOTOPOU BHIpe3aHO k > 1 OUCKOB, ABIAETCS CBOOOTHOU TPYIIOU DPAHTa
2n+k—1.

117. Jokaxure, 4TO GyHIAMEHTAIbHAAL CPYINa HOBepxHOCTH NP?, 13
KOTOPOU BEIpE3aHO k > 1 IMCKOB, ABIAETCA CBOOOMHOW I'PYIION PAaHLa
n+k—1

118. Brrauciure dpyrramentarbayio rpynny RP™ noa Bcex n > 1.

119. IIycte X — muct Mébuyca, A —ero kpau. /JJokaxkuTe ¢ MOMOIIBIO
dyumaMenTasbHON TPYNNLL, uTO A He ABIAETCA peTpakToM X .

120. TokaxuTe C IOMOMILI0 (PYyHIAMEHTAILHON IPYIIILL, YTO KPal Pyd-
K1 (TOpa C BBIPE3AHHBIM IUCKOM) HE ABJIAETCA PETPAKTOM DYUIKH.

121. ITycts M, 93 — MHOr000pa3ue eIMHUIHBIX KaCATeJbHBIX BEKTOPOB K
cdepe ¢ g pyakamu. [Jokaxure, 9TO DpyTmma my (Mg3) NOpOXeHa 00pasy-
IOIUMA G, - . .,0g, D1, ...,by,C, KOTOPHIE CBA3AHLI CIEAYIOMIMMI COOTHOIIE-
HUAMU: a;C = ca;, bjc = cb; u ﬁ (aibiaglbjl) =229,

i=1

1.9. HakpriBaromume nmpocTpaHCcTBa

Huoxprimue — >T0 TaKoe CIOPBEKTUBHOE 0TOOpaxkerne p: X — X JIuHei-
HO CBA3HBIX TONOJOMMYECKUX MPOCTPAHCTB, YTO y KAXKIOU TOIKU T € X
ectb OkpecTHOCTL U S 2, mpoobpas koropou romeomoppen U x D, rae
D —HexoTOpOE AUCKPETHOE MHOXKECTBO, IPUIEM OrpaHUIeHnE 0TOOpakKe-
HUS P HA >TOT OPOO6pa3 MPEICTABIAET COOOU €CTECTBEHHYIO IIPOEKIIUIO
npoussegernsa U X D Ha NepBLI MHOXKUTEIb.

IMycrs p: X — X —umaxperrue, a y: [0,1] — X — HekoTopeii myTs B X
¢ Hauanom B Touke o = (0). Torga ars 10601 Touku To € p~ 1 (xg) cyme-
CTBYET eJWHCTBEHHBIN IyTh § B X € HAYATOM B TOUKE &g, 4TI KOTOPOLO
pY =y. DTOT MyTh HABHEIBAIOT NOOHANUEM TIYTH 7.

HaxpriTue HA3BIBAIOT pecyaapHbiM, €CIN BCE TIOHATUA (C PA3HBIMU Ha-
yajaMu) JoO0U HeTId OZHOBPEMEHHO Jub0 3aMKHYTHL (T.e. ABJIAIOTCA Ie-
TIAMHY), TUO0 HE3AMKHY THI.

HakpeITre Ha3BIBAIOT YHUBEPCAAbHbIM, €CIL B MPOCTPAHCTBE X M06at
TEeTJIA CTACUBAEMA.

Comeomopduam f: X — X Ha3HIBAIOT a6mMoMOPPHUIMOM HAKDPHITHA
p: X — X, ecn p(f(%)) = p(&) mua Beex & € X,

122. TlocTpoiiTe YHUBEPCATLHOE HAKPEITHE TOpa 1'2.

123. IlocTpouTe yHUBEpCATLHOE HAKPHITHAE OYKEeTa OBYX OKPYKHOCTEH.

124. TlocTpouTe yHUBEPCATHLHOE HAKPHITHE OYKETA 1 OKPYKHOCTEN I
JI060r0 HATYPAJABHOTO N = 2.
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125. TlocTpoiiTe yHUBEpCATLHOE HaKpeITHE OykeTa SV S2.

126. [IpuBeauTe mpuMep HEPETYIAPHOTO HAKPHITUA OYKeTa ABYX OKPY K-
HOCTEH.

127. TlocTpouTe yHUBEpPCAILHOE HAKPBITHE CPEPHL C ¢ PYyIKAMM, LIe
g>2.

128. IlycTs ogHa AByMepHas MOBEPXHOCTDH N-JIUCTHO HAKPHIBAET APY-
ryfo. Kak CBA3aHLI UX DUJIEPOBHI XaPAKTEPUCTUKHA?

129. [loxaxwuTe, 4TO JIOOYI0 HEOPUEHTUPYEMYIO NMOBEPXHOCTH MOXKHO
IBYJIUCTHO HAKPHITH OPUEHTUPYEMOU MOBEPXHOCTHIO.

130. Jokaxure, 9T0o cdepy C ¢ PydKaMud MOXKHO HAKPHLITL CHEpou C
g2 pyaxkamu (gi,gs = 2) TOrja U TOJBKO TOAA, KOrAa gs — 1 menurcs Ha
g1 — L

131. MokaxuTe, 9TO MOOOU AaBTOMOPGDU3M HAKPHITUA TIOTHOCTHIO 33,14~
érca 06pa3oM OJHOU TOYKHU IIPU 3TOM aBTOMOP(pU3ME.

132. a) [okaxwuTe, 9TO HAKPLITUE P: XX PEryJasSpHO TOrAA U TOJb-
KO Tor[a, Korjaa rpymma Aut(p) TpaEsuTuBHO gedcTByeT Ha c1oe pL(zg),
T.e. TIEPEBOAUT JIOOOU DIEMEHT CJIOA B JHOOU APYTOM DIEMEHT TOrO XKe
CI101.

6) [oxaxwure, ITO IS PETryIAPHONO HAKPEITUI P: X — X rpymma
Aut(p) msomopdua 71 (X, z9)/p.m1 (X, Zo).

133. [Jokaxwure, uTo Jr06as noarpyna cBoboguon rpymnnst G cBo6O 1HA.

Eciu G — cBobognas rpymma ¢ n 00pa3ylOIUME, TO IOBOPAT, 4TO
G — cBoGoguas rpynmna paura n. [lns paara cBoOOGOIHOU TPYIIIBEL UCIOMb-
3yercsa o6o3uadenue rk G.

134. [oxaxwure, uTo eciu H —mnoarpymnma cBo6oguou rpynnsl G u uH-
gexc [G:H]=k < oo, torkH = (rkG — 1)k + 1.

135. [JokaxwuTe, 9TO CBOOOAHAA IPYHIA PAHTa 2 CONEPKUT B KAUECTBE
MOATPYTITLL CBOOOHY TPYIILY JH00r0 panra 1 (B TOM YUCIE U PAHTA 00).
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IJIABA 2. TOMOTOIIMYECKHUE CBOMCTBA
KJIETOYHBIX KOMIIJIEKCOB

2.1. TomoTommu. C'W -KOMILIEKCEHI

Tomomonuueckas epynna m,(X, o) —>TO MHOXKECTBO KJIACCOB [OMO-
TONUYECKU DKBUBAJICHTHBIX OTOOpaxenuu S — X, mepeBOIAMIUX OTMe-
YEHHYIO TOUKY So € S™ B OTMEUeHHYI0 TOYKY &g € X (MMeeTcsa B BUIY
TOMOTOMUA B KJIACCE OTOOPAKEHUU, TEPEBOIANIMX OTMEYEHHYI) TOYKY B
OTMEUYeHHYI0 TOUKy). ['pynmoBas omepanusa Ha 3TOM MHOXKECTBE 3a0a8TCA
caeqytomum o6paszom. Ha chepe BbiOmpaeMm 5KBATOpP, MPOXOMSIIAN Gepes3
OTMEYEeHHYIO TOUKY, U CTSAruBaeM ero. B pesynbrare moayvaem 6ykeT aByx
cdep. YToOBI MOAYIUTb NPOU3BENEHIE ABYX OTOOPAKEHUN, HY )KHO EPBYIO
cepy 0TOOpa3UTh MOCPELCTBOM IIEPBOrO OTOOPAXKEHU, & BTOPYIO — IIO-
CpPeLCTBOM BTOPOILO.

136. JokaxuTe, 9T0 JI0O0OE HEmpepbIBHOE oTOOpaxkenue S™ — S™, rue
n < M, TOMOTOIHO MOCTOSHHOMY OTOOPAXKEHUIO.

137. Moxaxure, aro SP x §9/SP Vv S~ SP+a,

138. Hokaxwure, aro SP x S\ point ~ SPV S7 (p,q > 1).

139. Jokaxure, 4TO JH060€ KOMIAKTHOE 1o amHOoKecTBO C' TV -KoMILtekca,
MIEPECEKALT JUIIb KOHEYHOE YUCI0 OTKPBITHIX KIETOK.

140. [oxaxwute, uro ecau Y C X — CTACUBAEMBIA TOTKOMILIEKC, TO
X/Y ~X.

141. Iycrs Y — nmogkommaexc C'W-kommmekca X. [Jokaxure, 9TO
X/Y ~XUCY, rge CY —xounyc van Y.

142. [Tokaxkwure, uTo orobpaxenue fo: (D™, 0D™,s0) — (X, A,ag) ro-
MOTONHO (B KIACCE OTOOPAKEHUN TPOEK) TOCTOAHHOMY OTOOPAXKEHUI TO-
ra U TOJIBKO TOrAa, Korja cymecrsyer romoromus fi: (D™ 0D™, sg) —
— (X, A4,a9), pua xoropou fi(D") C A u fi(x) me 3aBucur or t mua
x € D", T.e. roMoTONUA HemoaBumKHA Ha S" L = JD".

143. [lokaxuTe, YTO TOMOTONNYIECKAA TTOCIEIOBATEILHOCTD MAPHI

coo o mp(A) 5 (X)) » (X, A) 5 w1 (A) — L

TOYHA.
144. Moxaxure, uro 7, (CX, X, o) = mp—1 (X, xo) mpu n > 1.
145. IlycTb S°° — MHOXKECTBO TOYEK (Z1, T2, - . .) € R, y KOTOPLIX JIUIIb
KOHEIHOE IMC/I0 KOOPAUHAT OTJIMYHO OT HyAd U y o7 = 1. ITO MHOKECTBO
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SIBSIETCS METPUIECKUM IPOCTPAHCTBOM, U HA HEM €CThb €CTECTBEHHAsS TO-
momorus. [JokaxuTe, 9TO IPOCTPAHCTBO S CTATUBAEMO.

YKazanue. [JokaxuTe, 9TO TOXKJAECTBEHHOE OTOOPAXKEHWE OMOTOIIHO
orobpaxeHuio (T, Tz,...)— (0,21, Z2,...).

146. ITycte A u B —cBasubie C'W-KOMIUIEKCHI ¢ OTMEYEHHBIMY TOYKAMEI
ap u by. Jokaxure, uro Ax B~X(AAB), rne ANB=AXxB/AVBu
AV B =({ap} x BYU(A x {bp}).

2.2. O6mee mo0XeHUE. T-CBA3HBIE MPOCTPAHCTBA

IIpo Touxm 1, ..., ) B mpocTpaHcTBe R TOBOPAT, ITO OHU HAXOAATCS
8 00ueM NOAOHCEHUU, CIU TI00Be M + 1 U3 5TUX TOUEK He JeXKaT B OTHOM
(m — 1)-mepHOM adPUHHOM IOAIPOCTPAHCTBE IPU M < N.

147. [loxaxwuTe, 4TO A/ JIOO0r0 k B mpocTpancTee R™ MOXKHO BHIOPATH
k Todek oOILIero MOJIOXKEHUA.

148. BribepeM momapHO pa3JWvdHBIE YUCTA t1,...,l; U PACCMOTPUM B
R"™ Touxu (t;,t2,t3,...,t7), rae i = 1,...,k. [JokaxuTe, 9TO DTU TOUKH
ABIAIOTCA TOYKAMU OOWIEro MMONTOXKEHU.

149. BepmmHbl IBYX CHMILIEKCOB, P-MEPHOI'O U (¢-MEPHOI'O, ABJSIOTCS
TOYKaMU OOLIEro MOJOXKEHUs B N-MEPHOM HIpocTpaHcTBe. KakoBO OMKHO
OLITH 1 (TIpU MAHHBLIX P U ), YTOOBI CUMILIEKCEHL 00A3aTEIbHO He MePeCceKa-
auce?

150. Touxka A u BepUIMHEI ABYX CUMILIEKCOB, P-MEPHOT'O U ¢-MEPHOTO,
SABIAIOTCA TOYKAMU OOIIEr0 MOJOKEHUA B N-MEPHOM TIpoCcTpaHcTBe. KakoBo
JQOJLKHO OBITH N (IPU JAHHBIX P U ), ITOOBL JTI00AA IPAMAs, IPOXOLAILIAL
Jepes TOUKy A, He mepecekaJa OqHOBPEMEHHO 006a CUMILIEKCa?

* * *

Tomosoruyueckoe TpocTPaHCTBO X HA3LIBAIOT N~ C8A3HbLM, €CJIU OHO JIU-
HenHO cBs3HO U 71 (X) =0, ..., mp(X) =0.

151. [oxaxwure, 910 n-cBa3ubiu C'W-KOMILIEKC TOMOTOIMUYECKH DKBU-
BasieaTern C'W-KoMILIEKCy, ¥ KOTOPOT'O €CTh POBHO OTHA BEPUINHA W HET
k-mepubix knetok, rae 1 < k< n.

152. Mokaxute, uro CW-kommieke X ¢ OMHOU BEPITUHON, HE UMEIOIINN
k-mepubix knetok, rae 1 < k < n, n-cBaseH.

153. Jokaxure, 9TO N-MePHBIA 1-CBA3HLIN C'W-KOMILIEKC CTATUBAEM.

B sagadax 154—156 mpeanoaaraercsa, 910 X — n-ceasaeimr C'W-kKoM-
wiekce, Y — m-ceasasi CW-koMmuieke (06a KOMILIEKCA, KOHEIHOMEDHBIE).

154. Jokaxure, uro X — (n + 1)-CBA3HBIN KOMILIEKC.

155. Jokaxure, uro X AY — (n 4+ m + 1)-CBA3HBEIN KOMILIEKC;
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156. Jokaxure, ato X %Y — (n + m + 2)-CBA3HBIN KOMILIEKC.

[l17 TOMOJIOruIECKOr0 MPOCTPAHCTBA X MOXKHO OIPEIEIUTH €ro N-i0
cummempuueckyro cmenenv SP™(X) caenyromum obpasom. Ha npocrpan-
crBe X" =X X ... x X geucryer rpymma Sp:

o(z1,. s n) = (To(1), - > To(n))-

dakTop npocrpancrsa X" 0o sToMy geucTBuio —>To u ectb SP"(X).

157. MokaxuTte, aro SP"(CP!) ~ CP™.
158. Noxaxure, aro SP"(RP?) ~ RP?".

2.3. Paccroenusn

Joxaibno mpusuasvroe paccaoenue —>To Takoe orobpaxenue p: B —
— B, uro y awbou Touku x € B ecTh okpecTHOCTHL U, mpoo6pa3 KOTOpOu
romeomopden U x F (3gece F — HekoTOpOe (PUKCUPOBAHHOE MPOCTPAH-
CTBO, HA3BIBAEMOE CA0EM DACCIOCHUA), TPUIEM OTDAHWYEHUE P HA DTOT
Ipoo0pas MPenCcTaABIAET COOOU IPOEKINIO HA MEPBLI MHOXUTEb.

159. Paccmorpum B mpocTparcTtee C? ¢ xoopammaTaMu z u w cde-
py S®, samanmyio ypaemenmem |z|? + |w|> = 1. Ha S® AeficTBYeT rpymia
St = {ew‘} (06e KOoOpAWHATHL z W W yMHOXawoTCA Ha €'). DakTopmpo-
CTPAHCTBO MO 3TOMY ICHCTBUIO TOMEOMOP(MHO IMPOEKTUBHOMY IIPOCTPAH-
crBy CP! ¢ ogroponmemMu koopauaaTamu (2 : w). [okaxuTe, 9TO MTPOEK-
musa p: S% — S3/S1 ~ CP! apnseTcs MOKATLHO TPUBHATBHBEIM PACCIOCHAEM
(paccaoenue Xonda).

160. ITpeacrasmm S? xax R? U co. a) Hapucynre B R? mpoobpassr 1Byx
Touek S? mpu 0TOOGPAKEHUH P. 6) Hapucyure mpoo6passl Cpa3y HECKOJIbKUX
ToYeK (B KavecTBe OIHOTO M3 Mpoo6pa3oB yI06HO MCmoab30BaTh R2 U 00).

161. ycts p: S® — CP! — paccaoenne Xonda. Noxkaxute, ato D* U,
Up CP! = CP? (3gecs moapasymesaerca, aro S = dD*?).

162. [JoxaxwuTe, 9T0 He cymecTByeT perpakimn r: CP? — CP!. (3xecw
noapazymesaercs, 1to CP! sroxeno B CP? ecrecTBeHHBIM 06pa3om.)

163. IocTpoiiTe MHOrOMepHOe paccitoeHne Xomda p: S2H — CP”.

164. ITocTpouTe KBATEPHUOHHOE PACCIOeHUE XOmda.

165. a) Pazo6ném S? ma ase morycdepnt. JoKaxuTe, 9TO UX TPOOOPA3ET
npu paccaoeHnn Xomda — apa moasoTopus S x D2

6) Ucxons w3 aTOro, onmmuTe, Kak CKIenThb chepy S 3 aByX momHO-
TOpPUM.

166. Cxaerite cepy SPTIH! uz SP x DI+l g DPHL x 9,
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* * *

B szagagax 167—172 mocTpoure yKa3aHHBIE JOKAJIBHO TPUBUAILHBIE
PACCIOEHUs U YKAXNATE UX CJIOU.

167. SO(n) — S~ 1.

168. U(n) — S?n~1L.

169. U(n) — S*.

Ilycte Vi, p — muoz006pasue Hmugess k-mepubrx penepos B R™, G, p —
mHo2000pasue I'paccmana k-MEpHBIX TOANTPOCTPAHCTB B R™.

170. O(n) — Vk,n-
171. Vk+1,n — Vk,n
172. Vk,n — Gk,n-

2.4. TouHas MOCJIEI0BATEILHOCTD PACCJI0EHAA

173. Moxaxute, 910 7, (St) =0 mpm n > 2.

174. a) oxaxwure, aTo T2(S?) = Z.

6) Mokaxute, 9T0 7y, (S?) = 7, (S?) mpu n > 3.

175. lano pacciaoenue ¥ — B co crnoem F. [lokaxuTe, 9TO €CJaU TIPO-
crpaHcTBO E crarusaemo, 10 7y, (B) 2w, (F).

176. IocTpoiTe pacctoernune S® — CP™ co croem S' u qokaxuTe, 9TO
m2(CP*>®) =Z u m,(CP*>°) =0 npu n # 2.

177. Ilycte X — npoCTPAHCTBO €IMHUIHLIX KACATEIbHBIX BEKTOPOB K
Y —coepe ¢ g pyukamu. IMocrpoiiTe paccaoerne X — Y co croem S' u
HONBITANTECH BHUUCAUTE 71 (X ) ¢ IOMOIIBIO TOYHOU MOCAEI0BATEILHOCTH
DTOI'0 PACCIOEHMUS.

178. IlycTe 3amaHa KOMMYTATABHASA UArpaMMa a0eJIeBLIX CPYIII C TOY-
HBIMU CTPOKAMMU:

¢35 a2 %} Qg

A1 A2 A3 A4 AS
J/Wl J/wz J/l% llm J:Ps
B B1 B, B2 Bs B3 B, Ba B-

[Ipegnonoxum, 910 Y1, Y2, Y4, Y5 — m3oMopduaMeL. [Jokaxure, 9TO TOr A
(p3 TOXKE U30MOP(DUIM.

179. MokaxwuTe, 9TO ecau B 3agade 178 gmarpamMma KOMMYTATHUBHA C
TOYHOCTBIO [0 3HAKA (T. €. BEIIOIHAKTCA HE COOTHOIICHUA BUa fg = uv, a
COOTHOWIEeHUs BUa fg = +uv), TO yTBEPKACHUE BCE PABHO OCTAETCA BEp-
HBIM.
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180. B zamadue 178 ecTb 8 MpeqmONOKEHUU: 1, P2, P4, P5 — DMAMOP-
dusMbL, 1, Y2, P4, Y5 — MOHOMOPU3MEL. [l T0KA3aTEILCTBA TOTO, ITO
(3 — snuMopdusM (MOHOMOPGU3M ), UCHOAL3YIOTCS AL 3 U3 HuX. Kakue
“MeHHO?

181. Ilycts 0 — A 5 B Y, ¢ - 0— rounas [IOC/IeIOBATENBHOCTE abe-
JeBBIX rpymn. [loxkaxkure, YTO CASIYIONINE YCIOBUA DKBUBAJCHTHBI:

(a) »Ta mocreOBATEILHOCTD UMEET BHU[

oAb ApCcco—o,

e { — eCTEeCTBEeHHOE BJIOXKEHUE, ) — eCTECTBEHHAS MPOEKIIU;

(6) romoMOPUEM ¢ MMEET JEBLI OOPATHBIA, T.€. CyMECTBYET [OMO-
Mopdusm ¢: B — A, maa xkoroporo ®p =1Idy;

(B) roMmoMOpdu3M 1) UMeeT HpaBBI OOPATHEHIN, T.€. CYIIECTBYET IOMO-
mopdusm ¥: C' — B, mias koroporo ¥ = Ide.

182. Mamo pacciaoenue p: ' — B co cioem F. [lokaxure, 9TO €Cau Cy-
mecTByeT cedenue s: B — E (t.e. po s =Idp — roxaecrsennoe orobpa-
xeune B), 10 m,(E) 2 7, (F) @ mp(B).

183. Mamo paccaoenue p: ' — B co croem F. [[okaxwuTe, 9TO €Cau Cy-
wectByeT perpakuus r: B — F, vo m,(E) 2 7, (F) ® m,(B).

184. Mano paccioenue p: E — B co caoem F. [lokaxure, 4TO eCIN CJIOU
F crarusaem B npocrpancree E, to 7, (B) Z 7, (E) ® mp—1(F).

2.5. 'omoTOIMI€ECKY MPOCTHIE MPOCTPAHCTBA.
H-npocTpaHcTBa

185. Ilycte X — CW-kommaexc, X™ — ero n-MepHB 0CTOB. [JoKaxku-
Te, aro Baoxkenue i: X" — X unayuupyer usomopdusMm i, : m, (X", zo) —
— (X, zo) npu k < n u snumopdusm upu k = n.

Ecau xax apim saement rpynnet 71 (X, ) MHAYIUPYET TOXKI€CTBEHHBIN
aBTOMOpduU3M rpynnsl 7, (X, Zp), TO npocTpancTBo X HA3BIBAIOT 20MOMO-
NUYECKY TL-NPOCTIbIM.

186. ToxaxuTe, ITO TPOCTPAHCTBO MOMOTONNYIECKN 1-POCTO TOTJA U
TONBKO TOT[A, KOrAa ero GpyHIaMeHTaTbHAI IPYNIa KOMMYTATUBHA.

Ipu pemenun 3amad 187 m 188 MOXKHO CYUTATH M3BECTHBIM, YUTO
7 (S™) =Z npu Bcex n € N.

187. Mokaxwure, 910 mpu n > 2 rpynma m,(S™ V S, zy) asiserca cso-
601HOU abeaeBOU IPYNION ¢ GECKOHEYHBIM (CIETHBEIM) HAOOPOM 06pa3yto-
IIUX.

188. JoxaxwuTe, uTO mpocTpaHcTBo S V S He ABIAETCA TOMOTOIIe-
CKH N-IIPOCTHIM.
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Tomonornyeckoe MPOCTPAHCTBO X € OTMEYEHHOW TOYKOU Iy € X
HasBIBAIOT H-npocmpancmeom, €CIU 3a0aHO HEMPEPBIBHOE OTOOpaxKe-
e p: X x X — X, mas xoroporo orobpaxenus z +— u(z,xo) u = +—
— 1(Zo, ) POMOTONHBL TOX JECTBEHHOMY OTOOpaxkKeHu:o ([IpenIosaraeTcs,
110 wu(xo, o) = To). OTOOPAKEHNE |1 HABBIBAIOT IIPU DTOM YMHOHNCEHUEM.

189. Mokaxwute, uyro npocrpanctBa CP>* u RP* susiorcs H-mpo-
CTPAHCTBAMU.

190. [TokaxuTe, 9TO JII000E MPOCTPAHCTBO MHETEIb ABIAAETCSI H-mpo-
CTPAHCTBOM.

191. JokasxuTe, aTo chepa ST apiagerca H-mpocTpaHCTBOM.

192. Mokaxwure, 4o ecin X — H-IpocTparHcTBO C OTMEYEHHON TOIKOU
xg, To rpymmna 7 (X, zg) abenesa.

193. [lokaxuTre, 10 Ji060e H-mpocTpancTBO X TOMOTOINYIECKH ITPOCTO
(T. €. POMOTONUIECKN N-TIPOCTO I MHOOOT0 HATYDPAILHOTO 7).

2.6. MHuoroo6pasusa. OpmeHTHPYEMOCTH

194. loxaxure, ITO HA CACIYIONINX TOMOJIOTHUIECKAX MPOCTPAHCTBAX
MOXKHO BBECTU CTPYKTYPY IVIAJKOro MHOroobpasus: a) S™; 6) RP"; B) CP™;
r) T™ (n-mepHBIT TOD).

195. [lokaxuTe, 9TO CTPYKTYPYy INIAIKOT'O MHOIOOOPA3USI MOXKHO BBE-
cty Ha npocTpaHcTBe G}, p k-MEpHBIX IOJNPOCTPAHCTB B N-MEPHOM IIPO-
CTPAHCTBE U HA IPOCTPAHCTBE GZ‘n OPUEHTUPOBAHHBIX k-MEPHBIX HOANPO-
CTPAHCTB B N-MEPHOM HpOCTpaHC’i‘Be.

196. Iycts (xo : @1 : ... : &,) —oaHOpOAHEBIE KOOpauHATH Ha RP™. Kak
CBSI3aHBL KOOPJVHATEL OJHOI'O U TOI'O e BEKTOPHOI'O MO B KapTe 1 /Ty,
Z2/Xo, ..., Tp/To U B KAPTE Xo/T1, Ta/T1, ..., Tn/T17

197. Nokaxute, 9T0 G p = Gp—g -

198. [loxaxwuTe, uT0o MHOroOOpasue 1'S™ KacaTeIbHBIX BEKTOPOB K che-
pe roMeoMopdHO TOJIMHOKECTBY B KOMILIEKCHOM mpocTpancTse C™Hl, aa-
JAHHOMY yDaBHEHHeM 2; + ...+ 24, = 1.

199. [loxaxwure, 9TO G;A ~S? x S2.

200. Toxaxwure, uTo kBagapuka 8 CP" ! 3anannas ypasHernuem 27 + . ..

.+ 22 =0, puddeomopdua G2+7n. Bonee Toro, mpu sTom auddeomop-
du3Me KOMILIEKCHOE COIPSIKEHIEe COOTBETCTBYET W3MEHEHUIO OPUEHTALINN
IIOCKOCTH.

201. Joxaxute, ITO 11060€ OMHOCBI3HOE MHOT000Pa3ue OPUEHTUPYEMO.

202. [ToxaxwuTe, UITO JI0O0€ HEOPUEHTUPYEMOE MHOT000pasue MOXKHO
OBYJIUCTHO HAKPHITH OPUEHTUPYEMBIM MHOTOOODA3UEM.

203. OpuenTupyeMbl U caeyonme MEOroobpasus: a) RP"; 6) CP™?
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204. JoxaxuTe, YTO MHOI00OOpa3ue G;n BCErga OPUEHTUPYEMO.

205. [loxaxkuTe, UTO BeleCTBeHHOe MHoroobpasme I'paccmana Gy,
OPUEHTUPYEMO TOT[a U TOJIBKO Torga, korga n 4éruo. (OgHo u3 BO3-
MOXHBIX JOKA3aTeIbCTB COCTOUT B TOM, YTOOBI PACCMOTPETb TPAH3U-
ruBHOe gercrBue rpynnsl SO(n) sa Gj,p €O CTALMOHAPHOU IIOACDYIIION
(O(k) x O(n — k)) N SO(n) u DONBITATHCA PABHECTH OPUEHTALUIO C IIOMO-
IIBIO 3TOTO NENCTBUA).

2.7. Broxenusa u morpyxenmusa. Teopema Cappa

206. IIycts f: M™ — RY — norpyxenne. Jokaxute, uro ecau N > 2n,
TO KOMIO3UIUA OTOOpaXeHus f U MPOEKIUU HA MOYTH JIOOYIO MUIEPILIOC-
kocts RN~ € RN aprsercs morpyxennen.

207. Hycts M™ — koMmmaxTHOe MHOrooOpasue u f: M"™ — RN — no-
xkenne. [lokaxure, uro eciu N > 2n + 1, To koMno3unus oTobpaxeHus f
U TIPOEKIMY Ha HOouTH Mobyio rumepmiockocts RY 1 ¢ RY gpagerca Bio-
JKEHUEM.

208. Paccmorpum B mpocTpancTBe MaTputl M, ,, T0AMHOXeCTBO M, m k,
cocrosmee u3 Beex Marpul panra k. [Jokaxwre, aro ecau k < min(m,n),
T0 My, m 1 — MHO00Opa3ue pasmeprocru k(m +n — k).

209. IIycte U C R™ — oTkpuiToe MHOXKECTBO, f: U — R™ — rmagkoe
oTobpaxenue. JJokaxuTe, ITO €Cau n > 2m, TO A MOYTH BCEX JUHEUHBIX
orobpaxenuu A: R"™ — R™ orobpaxkenue g: U — R", 3anansoe popmymon
g(z) = f(z) + Az, aBasercs HOrpyxeHueM.

210. [okaxure, 9T0o ecim M"™ — KOMIAKTHOE MHOrOOOpasme C Hemy-
cteM KkpaeM W ™!, To He cymecTByeT rmagkon perpaxuma r: M™ — WnTL

Yxazanue. Ilycts a € W"~! — peryaaproe a3mavenme. Torga r~!(a) —
OJHOMEPHOE KOMIIAKTHOE IO IMHOIN000Pa3ie, Kpail KOTOPOro JexkuT B WL,

211. IIycte M™ — muOrOO6pa3ue 6e3 kpas (He 06A3aTEIBHO KOMIIAKT-
Hoe), f: M™ — N™! — takoe Bioxkenme, aro f(M™) —3aMKHYTOE MHO-
xectBo. [Jokaxure, 4To ecar MEOroo6pasue N1 01HOCBA3HO, TO MHOTO-
o6pasue M"™ opueHTUPYyEMO.

Yxazanus. 1) Ecau npu 06xome BAOIL KPUBOU Y OPUEHTAMA MHOTO-
obpasua M™ C N™H! uamensercsa, To cymecTsyer kpusag ¥ 8 N1, tpamc-
BepCcaJabHO nepecekarormas M'™ poBHO B OJHOU TOYKE.

2) B cayuae ogrOCBA3HOrO MHOrOOOpasma N™T! cymecrsyer riamkoe
orobpaxenue g: D? — N™t! orpammuenne xoroporo ma 0D? coBmagaeT
c 9.

3) B obmem monoxenun mepeceuenue f(M™), g(D?) u 4 cocrour u3
YETHOI'O YUCIA TOYEK.
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212. [okaxKuTe, ITO MPOEKTUBHYIO ILIOCKOCTH RP? HeIb3s BIOKUTH
B R3.
213. TlocTpoliTe OrpyKeHne TPOeKTUBHON wIocKocT RP? B R3.

2.8. Crenens oTob6paxenusa. Haekc nmepecedeHus

214. Tlyctes M? —cdepa ¢ g pyukamu, rae g = 1. JokaxnuTe, 9TO cTe-
HeHb 0600 TIAJKOr0 oTobpaxenus f: S? — M? paBHa HYJTO.

215. lokaxure, aro deg(fg) = (deg f)(degg).

216. IIycty P(z) — muorounen crenenu n. Joxaxure, 970 0TOOpaxKe-
une C — C, zamannoe dopmyaon z — P(z), mpomomxaerca I0 DIagKoro
orobpaxenus CP' — CP'. BeruucauTe CTeneHb 3TON0 OTOOPAKEHI.

217. Conocrasum orobpaxkenuto f: S™ — S™ orobpaxenne X f: L.S" —
— XS™, orobpaxas S™ x {t} B S™ x {t} mocpencreom f mus Bcex t. oka-
xkure, uro deg f = deg X f.

218. Brerauciure wHIEKC mepecedeHusa mo moxayaio 2 RP™ u RP™ B
RPmt™,

219. Buraucaure nenounciensnii naaekc nepecedenns CP™ u CP™ B
cprtm,

220. ycrs A(MP, N9) — 0ei0o4ucjeHHbIN UHIEKC IEPECETeHNUs BYX OPU-
€HTUPOBAHHBIX [0 IMHOI'000DA3Ui B ODUEHTUPOBAHHOM (P~ ¢ )-MEPHOM MHO-
roo6pasun. [Jokaxure, uTo A(MP, N?) = (=1)PI\(NY, MP).

221. Tokaxxure, 9TO CACAYIOMINE ONPENETeHUs Ko PPuyuenma 3ayene-
nus 1k IByX OpMEHTUPOBAHHLIX 3AMKHY THIX HEMEPECeKAIIMXCA KPUBLIX €]
¢y B R (wm B S?) 5KBUBATEHTHEI ¢ TOYHOCTHIO 10 3HAKA.

a) PaccMoTpuM npoekuuio gaHHBIX KPUBBIX HA ILIOCKOCTH B OOLIEM IO-
JOXKeHU” 1 OyIeM y9IATEIBATE TOJBKO T€ TMEePEKPECTKY, HA KOTOPBIX KPUBA
¢1 TPOXOMUT TIOJ KPUBOU Co. Kaxk 10My mepekpécTKy COOTBETCTBYET IUC/IO
g; = £1 (puc. 2.1). Kospdpuuuenr sanennenus lk(cy, co) —sT0o cymma Beex

YUCEI €.
/ § ’ \
/ Co C2 \

Puc. 2.1. Koapdunrenr 3amernieHus

g =—1 g =+1
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6) Harauem Ha KpUBYIO ¢; OPUEHTHPOBaHHYK HOBepXHOCTH () (3TO
O3HAYAET, 9TO KPAEM OPUEHTUPOBAHHOU TOBEPXHOCTU (| CAYKUT OPUEH-
TupoBaHHas KpuBas ¢y ). Kosdduuument sanemnenus lk(cy, o) —osT0 nugexc
nepecedenns mosepxaoctu C'} U KpuBOH ¢z B R3.

B) Pacemorpum muck D*,) xpaem xoToporo cryxut mamHas chepa S°.
Harsmem B D? ma xpusbie ¢; u ¢y (opmenTuposanuke) mosepxHocTu (O
u Cy. Kospduuuenr sanemnenus lk(cy, cy) —5TO UHIEKC MEpeCedeHus mo-
Bepxuocrenr C; u Cy B D*.

r) Paccmorpum orobpakenue T2 = ¢ X ey — S?, KOTOpOe COmoCTaBIA-

er mape (r,y), Tle & € ¢; U Y € 2, TOUKY % € S2. Koa(ppuumeHT 3a1iemn-

aenus lk(cy, ) —5TO cTEmeHb 3TOro 0TOOPAKEHUA.

2.9. Bekropusie noisa. Koacrpykimsa IlorTparuna

222. [lana TpUAHTYIALMA 3aMKHYTOro MHOroo6pasus M ™. Iloctpoure
Ha M"™ BeKTOpHOEe HOJe TaK, ITOOBI KaxXIOMy k-MEpHOMY CUMILIEKCY TPU-
AHTYJIATINN COOTBETCTBOBAIA GBI OcObaa Touka maaekca (—1)% (cummrexcer
7 0cOOBIE TOYKM JOJKHBI HAXOQUTHCSI BO B3AUMHO OJHO3HAYHOM COOTBET-
CTBUN.)

223. [loxaxwure, 9T0 ecau M"™ — 3aMKHYTO€ MHOrOOOpasue ¢ HyJeBOU
DUMEPOBOU XaPAKTEPUCTUKON, TO HA M™ CylmecTByeT BEKTOpPHOE moJe 0e3
0COOBIX TOYEK.

224. [okaxure, 9TO CyMMa UHIEKCOB OCOOBIX TOYEK BEKTOPHOI'O ITOJIA
HA 3aMKHYTOM MHOT'000pA3ny HEIETHOU PA3MEPHOCTU PABHA HY.IIO.

225. [loxkaxxuTe, 9TO €CAU HA 3aMKHYTOM MHOI'OOODA3WUU CYIIECTBYET
nosie HanpapjaeHU# (T.e. B KAXKJOU TOYKE 3a4aHa MPAMAas U3 KacaTeabHO-
IO IPOCTPAHCTBA), TO HAa HEM CYIIECTBYET M BEKTOPHOE Iose 0e3 0COObIX
TOYeK.

[nagxoe 3aMKHYTOE TOAMHOr006pasue (He obs3aTesro ceazaoe) MF C
C R™"* maspBaror ocnawénnbim, ecu B Kax noi Touxe x € M* saganm opTo-
HOPMUPOBAHHEIA HAO0P BEKTOPOB v (Z), . . ., v, (z), opToronamsusx T, M*;
[IPY DTOM KaXK bl BEKTOD v; (1) TIaIKo 3aBUCUT OT &. IlyCTOE MHOXKECTBO
MBI CIMTAaEM OCHALIEHHLIM MHOIOOOPa3UeM JIOO0U Pa3sMepHOCTH k.

[[Ba OCHAIEHHBIX MHOI000Opa3us Mé“ u M1’c Ha3BLIBAIOT OCHAWEHHO KO-
6opdanmubimu, ecau B R"T#+1 cymecreyer mogvmuoroo6pasue W o6mra-
IaloIee CASIYIOMIMEA CBOMCTBAMMA:

o Wkt pacmonoxeno B momoce 0 < Tpppr1 < 1;
o xpait W*t! cocrour ms M} u Mf, mpuwaém st MmEOrO06pass pacmoro-
JKE€HBI, COOTBETCTBEHHO, HA TUIEPIIOCKOCTAX Tntkht+1 = 0 U Tptp41 = 1;
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o Wk+! moIxoIuT K 5THM TMIEPILIOCKOCTAM OPTOTOHAIBHO;

e Ha WHH! 3agano rmagkoe ceMeicTBO OpTOHOPMUPOBAHHEIX HAGOPOB BEK-

TOPOB, IPOIOIKAIOIIEE T CeMeHCTBa, KOTOpHe 3atantt Ha ME u MY,
MHuoXecTBO KIaCCOB OCHAIIEHHO KOOOP JaHTHLEIX MHOI'000Opa3uil pa3Mep-

noctu k B R"F o6osmaqaror QF (n + k).

226. 3anaiite na MHOXKecTBe (2F (N + k) cTpyxTYypy abeneBoi rpynmer
(HecBs3HOE OOBEIUHEHNE).

227. a) Jokaxwure, 1o N (n) = m,(S™) npu n > 1 (Xond).

6) Hoxaxure, ato QF (n + k) =2 mpyp(S™) npu k >0 u n > 1 (oaTpa-
CUH).

228. Ommrmmre ocHaméHHOE MHOrOOOpasue B f (3), cooTBeTcTByOMmEE
pacctoermo Xonda p: S3 — S2.

2.10. Teopusa Mopca

229. Ilycte U C R™ — orkpriToe mHOXKecTBO U f: U — R — rmagkas
dyuxua. Jokaxure, 9TO A TOYTH BCEX JUHENHBIX pyHkmmu A: R® — R
dyuxmua f + A uMeeT TOMHLKO HEBBLIPOK IEHHBIE KPUTUIECKUAE TOIKMU.

230. IIycTs mHOrOO6pasme M "™ Broxkeno B R"”. dukcupyem Touky a € R™
u nonoxum f(z) = ||z — al|® ana x € M™.

a) Mokaxure, 4T0 TOUKa & € M™ ABIAETCA KPUTUIECKOU TOIKOU (DyHK-
uuy f TOrjga U TOABKO TOrAa, KOrjaa BEKTOp & = & — a OPTOrOHAJIEH IIPO-
crpanctBy 1T, M™.

6) [MokaxuTe, uTO A1 HO4TH Beex a € R™ dynxmua f(x) = ||z — al?
asagercs pyukmuen Mopca.

IIycre f —rmagkas Gyakmusa xHa muoroobpasuu M™. Ecan sa M" 3a-
IaHA PUMAHOBA METPHUKA, TO MO (PYHKIMKU f MOXKHO HOCTPOUTDH 2paduenm-
noe gexmopwnoe nose grad f, KOTOpoe XapakTepU3yeTca CICIYIOMIAM CBOU-
CTBOM: s JiI0OOr0 MIAIKOT'0 BEKTOPHOT'O MOJMA v Ha MHOroobpasum M™
BLIOJHAETCA paBeHcTBo (grad f,v) = v(f), rae v(f) — npoussoguas pyHK-
uuu f 00 HANPABIEHUIO BEKTOPHOLO MOJS .

231. Tokaxure, YTO OCOOBIE TOYKN BEKTOPHOrO mois grad f coorser-
CTBYIOT KPUTUYIECKUAM TOYKAM (PYHKIUU f, TPUIEM HEBBIPOXK JEHHBIE 0CO-
ObLIe TOYKU COOTBETCTBYIOT HEBBIPDOXK NIEHHBIM KPUTUYICCKUM TOYKAM.

232. [loxaxure, 9YTO MIA JHOOOUM PUMAHOBOM METPUKUA WHIEKC HEBBI-
POXK IEHHOU 0CO00M TOYKU Ly BekTopHOro momia grad f pasen (—1)°, rae
1 — VHIEKC KPUTUIECKON TOYKHU To pyHKumm f.
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233. llycrys f — dyuxumsa Mopca Ha 3aMkHyTOM MHOrOOOpasmu M™.

n

JokaxuTe, 9TO arbTepHIpOBaHHAA cymMa » . (—1)ie;, rae ¢; — komraecTso
i=1

KPUTUIECKUX TOYEK MHIEKCA i, He BaBI/ICI/ITz oT BeIGOpa dyHKIUU f.

234. IlpeanonoxumM, ITO HA 3aMKHYTOM MHOT000pasuu M" cyiecTByeT
dyuxmua Mopca f, uMeroIas poOBHO [BE HEBHIPOXKICHHLIE KPUTUIECKUE
rouku. [lokaxure, 4To Torga MEoroo6pasue M"™ romeomopduHo S™.

235. IlocTpoure ¢ynkmuioo Mopca Ha N-MEPHOM TOpe U YKaXKUTe eé
KPUTUIECKUE TOYUKU.

236. ITocTpoure ¢pyuxnuo Mopca Ha S™ a) ¢ AByMs KPUTUIECKAMU
Toukamu; 6) ¢ 2n + 2 KPUTHIECKUMU TOYKaMu (IO IBE TOYKU KaiKIOrO
unrgexca ot 0 10 n).

237. Ilocrpoure ¢pyuxumoo Mopca ma RP™.

238. ITocrpoure ¢yuxuuio Mopca na CP™.
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I'JTIABA 3. TOMOJIOTMHX X1 KOTOMOJIOT'NA

3.1. ToMoIOrMM ¥ KOrOMOJIOTUH
¢ k03 PpummmeHTaMu B MOJIE

Bo Bcex sTux 3amadax ©MEOTCA B BUAY CUMILIANAAILHBIE TOMOJOI MY 1
KOT'OMOJIOTMY, €CJU HEe OCOBOPEHO [IPOTUBHOE.

239. BrruucanTe rOMOJIOT AN CUMILTUITAATEHOTO KOMILIEKCA, COCTOSIIIETO
73 7 M30JUPOBAHHBIX TOYEK.

240. [Iycte K — CBA3HBIN CUMILIMINAILHLIA KOMILIEKC. [JOKaxKuTe, 9T0
Hy(K;F)=F.

241. a) Beraucaure roMonoruu n-MepHOrO CUMILIEKCA.

6) Berauciure roMosoruy rpaHULbL NI-MEPHOI'O CAMILIEKCA.

242. BoraucanTe CUHTYIAPHBIE TOMOJOTMYA TOYKH.

ITenmbim omobpaxcenuem nenHerx xkommtekcos Cy, u C! HasBIBAOT Ce-
MencTBO roMoMOopdusMoB ¢y, : Cy, — C,, y10BIE TBOPAIOMIKMX COOTHOLICHUAM
0.9k = Pr—10k. Hemnoe orobpaxkenue ¢y : Cp — C} MHIyIUpYyeT ceMen-
cTBO roMOMOPGU3MOB ¢, : Hy(C\) — Hy(CL). Ipu sToM (o)) = @uths.

243. [loxaxuTre, YTO cuMILMInaIbLHOEe oTobpaxkenue f: K — L uuay-
uupyer uensoe orobpaxenue fi: Cr(K) — Ci(L), koTopoe onpenensercs
CJAeRyIomuM 00pa3oM:

fi([ao, ... ax]) =
[f(ao), ..., flax)], ecma f(a;) # f(a;) npw i # j;

0, ecan f(a;) = f(a;) mus HEKOTOPOroO i # j.

Eciu gaa uenserx orobpaxkenun f,g: C — C' cymecTByer cemen-
ctBo romomopuamos Dy, : Cp — C} |, yIOBIETBOPAIOMIX COOTHOMICHUAM
Ok+1Dk + Dy—10r = g1 — fr, TO Taxoe cemencTBO D HA3BIBAIOT %ennot 20-
momonueti, CBA3LIBAIOWEN f u g.

244. [lokaxnTe, 9TO ecau menHbe orobpaxkenusa f,g: C — C’ memHo
TOMOTOIHBI, TO fyx = Gx.

245. [lokaxxuTe, YTO FOMOTOIHBIE OTOOPAKEHUA UHAYIUPYIOT OIUHAKO-
BBEIE OTOOPAKEHUA CUHTYIAPHBEIX TOMOJOTUN.

[Iycte K — KOHEYHBIN CUMILTANUAIBHBIN KOMILIEKC pa3MepHOCTH 1. Ero
atiaeposoti Tapaxmepucmukol HasbBaroT duciao X(K)=ap — a1 +as — ...

.+ (=1)"ay,, rge a; — KOAMIECTBO i-MEPHBIX CUMILIEKCOB B K.
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246. ycts by =dim Hy (K; F'). Jokaxure, ato X (K)=bg— by +ba — ...
4 (=1)"by,.

247. Boraumeaure rpymmer romosormi: a) S%; 6) T2; B) RP?; r) Beex
BAMKHYTHIX JIBYMEPHEIX MMOBEPXHOCTEN. (3aBUCUT X OTBET OT XapaKTEPU-
cTUKHU 1m0A7)

248. BrrauciuTe Cpymmsl TOMOJOMMY MEMTHONO KOMILIeKca V L 74N V,
rie A— IMHEHHLIN omepaTop, 41a KoToporo A% = 0.

* * *

249. [Iycte K — CBA3HBIN CUMIUINIMAIBHEIN KOMIUIEKC. /[[okaxkuTe, ITO
HY(K;F)=F.

250. a) Mokaxure, uto eciu A: U —V u B: V — W — qunensse oTo-
6paxkenus, mas KoTopeix BA =0, o Ker A*/ Im B* — nBoicTBEHHOE TIPO-
crpanctso ausi Ker B/ Im A.

6) Mokaxure, uro H¥(K;F) — IBOACTBEHHOE MPOCTPAHCTBO I
H,(K; F).

3.2. Tounmas mocje 0BATEILHOCTD IIAPLI

251. [I19 CUHTYIAPHBIX TOMOJOTUHN NOKAXKUTE, ITO
H,(X,Y)2 H,(XUCY,CY),

rae CY —xouyc vanx Y.
252. [I19 CHUHTYIAPHBIX TOMOJOTUHN TOKAXKUTE, ITO

Hk(X,Y) %Hk(XUCY)

npu k > 2.

253. Brraucaumre cuHryasprEe romosnoruu mapel (D™, S™71) u cumry-
JsApHBIE ToMosorun S™, PACCMOTPEB TOYHYIO MOCIEIOBATEJBHOCTD AP
(D™, 8™ 1),

254. Bripasute romosnoruu 6ykera X V'Y uepes romonorun X u Y.

255. Beraucaure romosorun mapst (SP x S7,5P Vv S9).

256. Borauncaure romomoruun SP x S9.

Toumas mocrefoBaTeas-HOCTE Manepa—BreTopuca
A CAMILTMIAATBHBIX T'OMOJIOT A

257. Ilycts K — cuMmummuaibHel KoMiuieke, Ko u Ky — Takue ero
nogxkominiekcrsl, 910 K = Ko U K. Ilomoxum L = Koy N K;.
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a) [[OK&)KI/ITQ, YTO UMEET MECTO KOPOTKadA TOIHAaA MOCIEJOBATEIbHOCTD

0— C.(L) P2, 0, (Ky) & Cu (K1) 2 0,k — 0,

rae jo: L - K, ni,: K, — K —ecTecTBeHHBIE BJIOXKEHUS.
6) Jokaxure, 9TO UMEET MECTO TOIHAS IIOCIEJOBATEILHOCTD

. —>Hk(L) —>Hk(K0) @Hk(Kl) —>Hk(K) —>Hk_1(L) — ...

(nocaedosamesvrnocmsv Matiepa—Bvemopuca).

258. C momormpio TOYHOU nocaegoBareabHocTn Manepa—Breropuca
BEIMCIATE TOMOJOrE: Topa 12,

259. Ilycte K — CUMIUIMIIATLHBIA KOMILIEKC, LK — HaICTpOUKa
mag K. lokaxure, 910 11a moGoro k > 1 mmeerca mzomopdusm Hy (Y K) =
= Hp_1(K).

260. a) C momormb ToOYHOU nocaeaoBaTensHocTH Manepa—Bberopuca
BEIMUCIATE TOMOJIOTHHI JOTIONHEHNA y3/1a B S° (0TBeT He 3aBUCUT OT BEIOODA,
y37aa).

6) BerMmcImTe TOMOIOr MY TOTOMHEHNS 3AIeIIeHAS B S°, COCTOAMIEro 13
7 CBA3HBIX KOMIIOHEHT (OTBET 3aBUCUT TOJBKO OT 71).

261. IToxaxure, 9TO LI CHUHCYIAPHBIX TOMOJOTUE (M IPOU3BOIBHBIX
IPOCTPAHCTB) TeOpeMa O TOYHOU mmocaenoBarenbroctu Manepa—Brero-
puca, BOOOIIIe I"OBOPA, HEBEPHA.

3.3. KireTounsie romoJiorun

262. Boraucaure romonorun CP" (B ToMm uncie u CP™) ¢ koabduiy-
eHTaMu B Z.

263. Boraucaure romonorun RP™ (8 Tom umciae u RP>) a) ¢ koapdu-
uuenTaMu B Zsg; 6) ¢ koddduinuenramu B Z.

264. BrruucauTe romMosoruu n-MepHoro topa 1" ¢ xoddduiimeHTamMu
B Z.

265. Beraucaure romonoruu ¢ KoahuuueHTaMu B Z a) 3aMKHY THIX OpU-
EHTUPYEMBIX IBYMEPHLIX TOBEPXHOCTEN; 6) 3aMKHYTHIX HEOPUEHTUDPYEMbIX
IBYMEPHBIX TOBEPXHOCTEN.

266. Iycte X — CW-xommuiekc, Hy(X)— rpynma roMosoruit ¢ Kosd-
dunumentamu B Z. Jokaxkure, uto Hy(X) = m (X)/[m(X), 1 (X)].

267. IlpuBegure npumep HecTArmBaemoro 2-mepuoro CW-kommiekca,
KOTODLI UMEET TaKhe K€ TOMOJOrWHU, KakK y Touku. (Yxasawue. B xa-
JecTBEe OJHOMEPHOrO 0cTOBa BoabMuTe S'V S' um mpuxnefite k Hemy B
JBYMepHbIE KIeTK: 1o caoBaM a’b~2 u b®(ab)~2.)
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I[Iycts p 1 ¢ — B3aMMHO TPOCTHIE HATYPATbHBIE TUCTA, TPUIEM p > 3.
3ananum Ha equanIHON cdhepe S* C C? meiicTBue 06pasyomel TpyIst Z,
CJAeRYIomuM 00pa3oM:

(z,w) — (exp(27i/p)z, exp(2mwiq/p)w).

daxTop cdepsr S? o TakoMy IeHCTBUIO CPYNNEL Z;, HABEIBAIOT AUH306bIM
npocmpancmeom u obozuadawt L(p,q).

268. Beraucaure romosoruu L(p, q) ¢ kosdduunenramu B Z.

269. Bynem paccmarpuBars S kak nmoamuoxecTBo C*°, cocrosiee u3
Touek (21, 22, - . .), 414 KOTOpbIX Y. |2;|2 = 1. Beeaém Ha S*° creyiomee oT-
HOIIIEHVE SKBUBATCHTHOCTH: (21, 22, - . .) ~ (€21, €22, . . .), Poe € =exp(2mi/m).
IIpocrpancTeo LY =S/ ~ Ha3LIBAIOT 0ECKOHEUHOMEPHBIM AUNIOBbIM NPO-
cmpancmeom. Beraucinre romosoruu npocrparcTsa LY ¢ koadduuenTa-
mu Z.

270. Beraucaure roMooruum KOMILUIEKCHOTO MHOTrooOpasus ['paccmana
GS’OO (cOCTOAEr0 M3 KOMILIEKCHBIX N-MEPHBIX mogmpocTpadcts B C*°) ¢
koa(dunmenTamMu B Z.

271. BeraucauTe roMOJIOTUK BEIIeCTBEHHOT0 MHOT000Opasusa ' paccmana
GSOO (coCTOAIErO U3 BEIIECTBEHHBIX N-MEPHBIX MOAIPOCTPAHCTB B R™) ¢
KO>(ppuUIeHTaMI B Zo.

272. BeraucanTe roMOJOTHE BEIMIECTBEHHOrO MHOroo6pasusa ['paccmana
G2.4 a) ¢ ko> durpenTaMu B Zy; 6) ¢ koadpduuuesramu B Z.

3.4. YuuBepcanrsHBIE K03()(PUIIMEHTHI

273. Beraucanre rpymnmsl KOTOMOJOTUE IBYMEPHBIX MTOBEPXHOCTEN C KO-
> dpunmenTaMu 7.

274. Beraucanre Cpymnmsl KOTOMOJOTUE IBYMEPHBIX MTOBEPXHOCTEN C KO-
sdunnenramu Zy, p # 2.

275. Mokaxure, ato rpymma H'(X;Z) ne umeer kpy4aeHnus.

276. llycte H;(X;Z)=7" @ T;m H(X;Z) =7Z" & T rae T; u T* —
KOHe4HEBIe rpymmsl. Jokaxure, 910 m; =n; u TP =2 T_;.

277. Boraucaure rpynnsl romomorunt u Koromomaoruu ausssl L(p,q) c
Ko puneHTaMu Zj,.

3.5. ®yHAaMEHTAIBHEIA KJIACC.
IBoucreernocts Ilyankape

278. Mycts iy : H,(OW"t!) — H,(W"t!) — romomopduam, maaymmpo-
BaHHEIN €CTECTBEHHLIM BKIoUeHneM. Torna ecim Maoroo6pasue W opu-
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eHTHpPYeMO, a ero kpait OW ™! crasen, To i, = 0 g1a KOdpPuUIIeHTOR Z 1
Zs, a eciu OHO HEOPUEHTUPYEMO, TO 4y = (0 11 KOdDPUINEHTOB Zs.

279. Joxaxute, aTo ectu f: OW"™Ht — M"™ — orpanmuenme HEKOTOPO-
r'0 HempepuBHOro oTobpaxenus F: W't — M™, mpuaém mmoroobpasue
Wntl opuenTupyemo, a ero xpait OW"t! cpasen, To deg f = 0.

280. [Iycre M ™ —3amkHyTOE OpueHTHPYeMOe MHOroo6pasue, Hy (M™) =
= 7% Ty u HY(M™) = 7% o T* rpe Ty, u T* — xpydenus. Joxaxure,
9TO Gf = Gp_fy Ok =bn_p, Tk = Th_k_1, Tk n—k+l g T = 0.

281. a) [okaxwure, 9T0 ectu M™ — 3aMKHyTOE MHOroOOpasue, a R —
aJAUTUBHAS T'PYNNa KOMMYTATUBHOI'O ACCOIMUATUBHOIO KOAbLA C €IUHU-
e, TO
H™(M™; R) = R IJIs1 opueHTUpyemoro M™;

’ R/2R  pns meopmenTupyemoro M™.

6) Jokaxwure, 9To eciu M™ —3aMKHYTOE ODUEHTUPYEMOE MHOI00Gpa-
3ue, To rpynna H,,_;(M™;Z) ne umeer kpydenus, a ecau M "™ —3aMKHyTOE
HEOPUEHTHUPYEMOE MHOr000pa3ue, TO NOArpynna Kpyuenusa B Hy, 1 (M™;Z)
u3oMopdHa Zs.

282. Moxaxwure, uro Hy(M"™ \ Int D™) = Hy,(M"™) mpu 1 <k <n — 2.
(3zece D™ —map, pacoonOKeHHBI B HEKOTOPOU KapTe. )

283. Mokaxwute, 9T0 ecaum M"™ — 3aMKHYTO€ OPUEHTHUPYEMOE MHOI'O-
obpasue, TO yTBepKAeHre 3aga4u 282 ocTaércs BepHbIM u npu k=n — 1.
CymecTBenHa, 1 37€Ch 3aMKHYTOCTH MHOT'006pasusa M"? A ero opuentu-
pyemocTh?

284. Ilycte M"™ — 3aMKHYTO€ OPUEHTUPYEMOe MHOI000pasue, IPUIEM
ero "Hanacrpouka L M™ romeoMopdHa 3aMKHYTOMY OPUEHTUPYEMOMY MHO-
roobpasumo. [lokaxure, aro M™— 2omono2uveckasn chepa, t.e. Hy(M™) =
= H},(S™) pus Beex k.

285. a) Oro6paxkenue f: M — M3 3aMKHYTBEIX OPUEHTUPYEMBIX MHO-
roo0pas3uu umeeT cremnedb 1. [[okaxure, 9T0 3TO OTOOpAKEHNE UHIYIIUPY-
er snuMopdusM (yHIAMEHTAIbHEIX rpynn. (Yxazanue. PaccMoTpure Ha-
kpuitie MY — M3, coorercrsyiomee nogrpymme f,mi (M), u mocTpoiire
nopuaTue orobpaxkenus f B 510 HakpeiTre. OTaensHO pazbepure ciydau,
KOI'1a HAKPBITHE UMEeT KOHEUIHOE U GECKOHEYHOE IUCJIO JUCTOB. )

6) [lokaxkuTe, 9TO OTOOpaXKeHue creneHu 1 chepel ¢ g pydIKaMu Ha
cdepy ¢ h pydkamu cymecTByeT TOrJA U TOJLKO TOrAa, Korjaa g = h.

ByneM HasbIBATH MOMOJOTUYECKUN KIACC ¢ HAL Z NPUMUTMUEHbIM, €C-
m o #mf, rme m €N, m > 1, u f— HEKOTOPHIX TOMOJOTUIECKUN KIACC
Hag Z. Ormerum, ato ecmu ma =0, To @ = (m + 1), mosTOMY DIeMeHT
KOHEYIHOI'O MOPAIKA HE MOXKET ObITH MPUMUATUBHBIM.
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286. [IpeamoyoxumM, 9TO 3aMKHYTas HECAMOIIEPECEKAIIAACT KPUBas f
peammsyeT romonoruIeckus knace a € Hy(M?), raie M? — 3amkHyTOE OpH-
eHTupyemoe MHOroob6pasme. [loxaxwure, uTo Torga aubo a = 0, mmbo o —
NPUMUTUBHBIA TOMOJOTUIECKUN KIACC.

287. [Mokaxure, 9TO JHOOON TPUMUTUBHBIN TMOMOJOTMYECKUN KIACC 3a-
MKHYTOI'0 OPHEHTHPYEMOrO MHOr006pasua M? peaamayeTcs 3aMKHYTOI
HECAMOTIEPECEKAOIIENCA KPUBOM.

3.6. YMHOXeEHME B KOI'OMOJJOTMAX

288. [lokaxxuTe, 9TO €Cau m > n, TO JO0e HeMpPephIBHOE OTOOpAKEHNIE
f: RP™ — RP™ wuaymupyer HymzeBoe oTobpaxkenue f*: HF(RP";Z,) —
— H¥(RP™;Zs) mnsa seex k > 1.

289. Mokaxure, ITO €CJaU M > N, TO I1I000E HEIIPEPLIBHOE OTOOPaKEHNEe
f: RP™ — RP"™ ungynupyer HyjaeBoe orobpaxkenue f,: Hi(RP™;Zy) —
— Hy,(RP™;Zs) nus Bcex k > 1.

290. [Moxaxwure, 4TO ecau m > n, TO JI000€ HEIPEPHIBHOE 0TOOpaKe-
e f: RP™ — RP"™ ungynupyer myaeBoe orobpaxenue f.: m (RP™) —
— m (RP™).

291. JIoka:knTe, YTO KICTOYHbIE IEMHEIe KOMILIEKCH 111 Topa T2 u id
npoctparcTBa StV SV S? m30MOphHEI, HO KOIBIA KOMOMOJOTHH DTHX
IPOCTPAHCTB He M30MOPQHEIL.

292. JTIoKaKuTe, 9TO KOIbIa KOrOMOoJIormi mpocTparcts RP3 u RP2 v §3
¢ xoa(pdunumentamu 7 u3OMOPGHEBL, a C KOdPPUIMEHTaMu Z, He HU30-
MOD(HBI.

293. Mokaxure, uTo crenenb orobpaxenus f: CP™ — CP™ paBua A",
rge A € Z.

294. [loxaxuTe, 9TO IPU IETHOM N HE CyHecTByeT AuddeoMopdusMa
f: CP™ — CP"™, o6pamaiomero OpueHTaIMIO.

295. [loxaxuTe, ITO NPU HEUYETHOM n CymecTByeT auddeoMopdusm
f: CP™ — CP™, o6pallafolnii OPUEHTAIILIO.

296. Moxaxure, aro ecau M**+? —3amkHyTOE OpHEHTHPYEMOE MHOIO-
obpasme, To dim Hog 1 (M*+2;R) — aéTrOE “mcio.

3.7. [IBoucTrBeHHOCTH Jledmena
¥ IBOMCTBEHHOCTHL AJekcaHgepa
297. lIpeanonoxum, 9To B chepy S™, n > 3, BIOKEHO M MOMAPHO Here-

pecekasomuxcsa cep S” 2. ycts X — ux JOmOMHEHME. BLIMucImMTe roMo-
gorum X .
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298. Ilycte M"~ ' C S™ — 3amkHyTOe TmOgMHOrOOGpasme. [okaxuTe,
a10 M™~ ! opmenTupyemo m S™ \ M" ! cocTowT m3 ABYX CBA3HEIX KOM-
[TOHEHT.

299. a) JloxaxuTe, 9170 RP? Hemb3a BIOXKUTL B R2.

6) Moxaxute, 970 RP? MOXHO BIOXKUTH B RY.

300. Berauciaure nHIEKC camonepecederusa quaroraiu B S™ x S™.

301. JoxaxuTe, uTo ecmx M 2" — 3aMKHYTOe MHON006pa3ue, TO

x(M?") =dim H,(M*";Z5) (mod 2).

302. Tokaxure, ITO eCIM 3aMKHYTOE MHOT00oOpasue M™ saBisercsa Kpa-
eM KOMIakTHOro MEOroobpasma W™t o y(M™)—uaérrOe amcio.

303. okaxure, 1To MHOr006pasnsa RP?" u CP?™ He ABIAOTCA KPaAMU
KOMIIAKTHBLIX MHOTOOGPA3HL.

304. Joxaxute, uTo MHOroo6pasua RP2"t! u CP?"*! gemgiorcs kpa-
AMY KOMIIAKTHBEIX MHOT'O00pa3ni.

305. a) Jokaxure, 9TO IEPECEICHUE LUKJIOB 3a4AET KBAAPATUIHYIO
dopmy ma H,(M?")/T,, rae T, — noarpymnma Kpyderus, u dhopMmy Ha
H, (M?™R).

6) [lokaxkure, 9TO Tpu YIETHHIX 71 dTa Gopma (fopma nepecevernus)
CUMMETPUIECKAA, & MPU HEIETHEIX 7 KOCOCHMMETPUIECKA.

B) Jokaxure, 9T0 (HOpMa IEPECEICHUs HEBLIPOXK IEHHA.

r) [lokaxure, 9TO MpU U3MEHEHUN OPUEHTAMNA MHOrO06pasusa gpopma
[ePeCcevueHns MEHACT 3HAK.

[ycts o (M*")— curaarypa (wH1eKC) GOPMBI IEPECEICHIA 3AMKHY TOT'O
OpUEHTHPYeMOro MHOroobpasms M47,

306. [Iycte M[!™ u My™ — 3aMKHYTEIC OPUEHTUPYeMBIe MHOT00GDa3HA.
Noxaxure, 110 0( M{"#My") = o(M{™) + o(Ma™).

307. MIycte M** — 3aMKHYyTOE OpHEHTEPYEMOe MHOr006pasue, KOTOPOe
ABIACTCA KPAeM KOMIAKTHOTO OPHEHTUPYeMoro MEoroo6pasusa W41 Jlo-
kaxuTe, 1To Torma o M%) =0.

3.8. Teopema Krionnera

308. [lokaxuTe, YTO MPOU3BENEHUE IBYX 3aMKHYTHIX MHOIO0Opa3un
OPHEHTUPYEMO TOr'a U TOJIHKO TOr'[a, KOrjAa 00a >Tu MHOroobpasus opu-
€HTUPYEMHI.

309. Moxkaxwure, uTo cdepa S” He ABIACTCA IPOU3BEACHUEM IBYX MHO-
roo0pa3nuil MOJOKUTEILHON PAa3MEPHOCTH.

310. IIycte K m L — KOHEYHBIE CUMILINIIAATBHBIE KOMILIEKCHI. [[oKaxXKu-

re, aro X (K x L) = x(K)x(L).
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311. Ilycte n > m > 1. [lokaxutre, ITO BCe MOMOTOMUYIECKUE DY
mpocTpadcTB S™ X RP™ u S™ x RP™ u3oMOpQHBI, & CPYIILEI TOMOJOTIN
Yy HUX Pa3HLIE.

312. JoxaxkuTe, 9TO BCE NOMOTOMMICCKHIE CPYIIIEL IPOCTPAHCTB S X
x RP>® u RP? u30MOp}HEL, 3 MPYIIE TOMOJOIMH ¥ HUX pa3HLIE.

* * *

n
313. a) llycts K = |J L;, roe L; — cTAruBaemMble MOAKOMILIEKCHL. [[o-
i=1
KaxXKUTe, 9TO A JOOLIX 1 daeMeHToB «; € HPi (K), p; > 0, npoussenenue
Q] U ...\ Qy PABHO HYIO.

6) [lokaxuTe, 9TO KOIOMOJIOIUIECKOe YMHOXKeHUe B LK TPUBUAIBHO,
T.€e. CUP-IIPOU3BENEHNE JIOObIX ABYX KOMOMOJOTUIECKUX KIACCOB MOJTOXKU-
TEABHOU PA3MEPHOCTH PABHO HYJIIO.

314. a) Moxaxure, uro RP™ u CP" Henb3sa NpeqcTaBUTh B BUE 005
€IVHEHUsA N CTACUBAEMBIX 10 TKOMILIEKCOB.

6) [Ipexcrasere RP™ u CP" B Buge oObeguueHus n + 1 craruBaeMbix
IO AKOMILIEKCOB.

3.9. Teopema Jledmena. Teopema I'ypeBuda

315. a) IlycTs oTobpaxkenue f: S™ — S™ Taxoso, uto deg f # (—1)"T1.
[okaxure, 9T0 OTOOpaXKeHue f MMEeT HeloIBUKHYIO TOYUKY.

6) llokaxute, IT0 Ha chepe S?™ He CymeCTBYeT HEMPEPEIBHOI'O BEK-
TOPHOTO oA 6€3 0COOBIX TOYEK.

316. Joxaxute, uTo moboe oTobpaxenue f: RP?" — RP?" nmeer He-
MOABUKHYIO TOYKY.

317. llycrs f: CP™ — CP™ —wuenpepuiBHOe oTOOpaxenue. [Jokaxure,
gTo wncao Jledmena oTobpazkenus f paBHO 1 + X + A2 4+ ... 4+ \?, rae
AEZ.

318. MokaxuTe, 9TO €Cau N IETHO, TO JIOOOE HEIIPEPLIBHOE 0TOOpaxkKe-
uue f: CP"™ — CP™ uMeeT HEMOABUKHYIO TOUKY.

319. Ilycts K — KOHEYHBIN CUMILIMIAAJBLHBIN KOMILIEKC, f: K — K —
HeIpepLIBHOE oToOpaxKeHue, p—apocroe duciao, fP = fo...o f. lokaxu-

—_—
P
re, uto A(fP) = A(f) (mod p). (3gecy A(f) — uucao Jedurena.)

320. a) /lokaxkuTe, 9TO HALCTPOUKA HAT AMKAXNIHBIM C W -KOMILTEKCOM
CTATUBAEMA.

6) lIpuBeauTe npuMep HECTATUBAEMOrO IPOCTPAHCTBA, HAACTPOUKA HA
KOTOPBIM CTATUBAEMA.

36



3.10. Teopema I'ypesudua. Teopusa nmpenaTcTBAA

321. Mokaxure, YTO 3aMKHYTOE OTHOCBA3HOE TPEXMEPHOE MHOI00Opa-
sue M3 roMoTOnIIecKn SKBUBAICHTHO S°.

322. Ilycte M™ (n > 3) —3aMKHYTOE MHOr0O6pasue Pa3sMEpHOCTHU N,
npuaéM 7 (M™) =0 opu k < n/2. Jokaxnre, 94ro M™ roMOTONNYECKN
DKBUBAJEHTHO cepe S™.

323. a) [lokaxuTe, 9TO HALCTPOUKA HAT AMKAXNIHBIM C W -KOMILTEKCOM
CTATUBAEMA.

6) [IpuBeauTe npuMep HECTATMBAEMOrO IPOCTPAHCTBA, HAACTPOUKA HA
KOTOPBLIM CTATWBAEMA.

324. Moxaxure, uTo s awdoro n-mepuoro C'W-kommiekca K (¢ oT-
MEeYeHHOU BepIInHON) u Ja6oro (n — 1)-cessHoro npocrpancTea X (¢ oT-
MEYEHHON TOYKOU ) UMEET MEeCTO B3aUMHO OJHO3HAYHOE COOTBETCTBUE
(K, X] —— H(K; m,(X)).

325. Mokaxure, aTo ecau K — n-mepubin CW-koMILiexc, TO Jr60u de-
meHT rpynnsl H"(K; Z) MOXHO OpeIcTaBuTh B BuAe f*«, e a— o0pasy-
romaa rpynnst H"(S™; Z) u f: K — S™ — mexkoropoe 0To6pakeHue.

326. a) Joxaxure, uro RP>* —unpocrpancrso tuna K (Zs,1).

6) Hoxaxwure, ayro CP* —npocrpaucrso tuna K(Z,2).

327. a) Hycrs X,, — muHOXKeCTBO BCex Tovek C" ¢ MOMAapHO PA3IMIHBI-
mMu Koopauuatamu. [okaxwure, a0 X, — npocrpanctso tuna K(P,,1).
(Bosuukaromyo 31eck rpymny P, Ha3bIBAIOT 2pynnot Kpawenbls Koc U3 1
HUTEL. )

6) Hycrs Y,, — pakrop X, mo mencrBuioo rpynust S, (mepecTaHoBKu
koopaunar). Torga Y, — npocrpancreo tuna K(B,,,1). (Bosuuxaomuyio
31eCh TPYIIy B;, Ha3LIBAIOT 2pynnoti Koc U3 7, HATEH.

328. Bygem paccmarpuBaTh S°° kak moamuOkecTBO C™° | cocTosmee u3
Touek (21, 22, ...), 41A KOTOpLIX Y |2;|? = 1. Beeaém Ha S*° cregymomee oT-
HOLIEHKE SKBUBAJEHTHOCTH: (21, 22, . ..) ~ (€21,€22, . ..), rAe e =exp(2mi/m).
Hoxaxwure, uro LY = S/~ —mnpocrpanctso tuna K (Z,,1).

329. oxaxure, 9TO

H, (L) = Lo,  ATA HEIETHBIX 1
e 0 a1 9éTHBIX 1 > 0.

330. [Iycte M3 — TpéxmepHOE MHOrOOOpa3ue ¢ 6eCKOHEIHOMN By HIaMeH-
TampHOW rpymmou, mpuudm my(M3) = 0. dokaxwute, a0 M?> — npocTpan-
crBo Tuna K (m,1).

331. Ilycte X — xoneunomepubin CW-kommaeke tuna K (7w, 1). Toka-
JKATE, ITO CPYIHA T HE COAEPKUT DIEMEHTOB KOHEIHOTO MOPAIKA.
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APYTUE MATEPUAJIBI KYPCOB
HE3ABUCUMOI'O MOCKOBCKOI'O YHUBEPCUTETA

XoBauckmia A.T'. Kommrekcaem anams. — M: MITHMO, 2004. —48 c.

B oTou 6Gpomiope coaepxaTca 334391 K HA9aIbHOMY MOJSYTOL0BOMY KyPCY KOMILIEKC-
HOr'O aHAJIM3a, KOTOPBIM YUTAJICA [JIsA BTOPOKYpCHUKOB BecHou 2003 roxa B HMY.

Bor HekoTOpBIe n3 TeM, KOTOphIe 00CYyXJaauch B Kypce: (popmyna Crokca B ociaa-
OMEHHBIX MPEANOJIOKEHUAX MMIAIKOCTH, COAEPXKAIad KaK JaCTHBIM caydaun Teopemy Ko-
[IY; TeOMeTpUsA Npeo6pa3oBaHuA UHBepCUU U reomeTpus JIo6a4eBCKOro, CBA3b 3TUX I'e0-
mverpunt ¢ TPKII; reopema Pumana BMecTe ¢ T€OPEMOU O IPOLOIKAEMOCTH OTOGpaXKe-
HuA PuMana 10 rpaHUIBl; pUMAHOBBI IOBEPXHOCTU AHAIUTUYECKUX (DYHKIIUN; TPUHIIATL
cummerpun Pumana—IIIBapua n Teopema Ilukapa.

JIbBoBckmir C. M. Jleknum no kommiaekcaoMmy amaausy. — M: MITHMO,
2004.—136 c.

Dra Gpouropa npeacTasiserT cOO0U PACHIMPEHHBIN BAPDUAHT KypCa JEKIHUU, [IPOYM-
TAHHOIO aBTOPOM HA BTOPOM Kypce He3aBMCMMOro MOCKOBCKOIO YHUBEDCUTETa B Be-
cerauneMm cemectpe 2002 roga. [ToMrMO TpagUIITMOHHOTIO MaTepUAJa, IPUBEIEHBI CBEIECHUA
O KOMIAKTHBIX PUMAHOBBIX ITOBEPXHOCTAX; 06Cy)K,Z(a.}OTC}I TaKue pe3yabTaThl, KaK TeO-
pema Pumana—Poxa u (or4acTu) Teopema AGens, a B IEPBOM HETPUBUAIBLHOM CIydae
(,Z[JI}I DILIAIITUYICCKUX KpPIBBIX) OpUBOAATCA M NOKa3aTelbCTBa.

IMapamonoBa U.M., Illenaman O.K. 3agaun cemunapa «Aare6per Jlu
u ux npuitoxenuss . — M: MITHMO, 2004. —48 c.

B cbopruke, B popme 3amad, gaeTcsa MOCIEIOBATEIbHOE WM3JIO0XKEHWEe OCHOB TEOpUn
aare6p Jlu, BKIOIad HAIBIOTEHTHBIE, Pa3peluMble I HOIyIpoCcThle aaredpsr Jlu, krac-
CcU(pUKANUIO KOHEYHBIX CUCTEM KODHEH, YHUBEPCAJbHble 00epThIBAOIINE aareGphl, die-
MEHTBI Teopur KoromoJuoruu aareop Jlu, sBegenue B adpdunnbe aarebpsr Kana—Myau,
DIIEMEHTHI TeOPUM MPEeJCTABICHUN BKIOYas GpopMyay xapakrepos Bemns—Kara, neko-
TOpBbIe IMPUIOXKEHNA K MHTErPUPYEMBIM CHCTeMaM 1 ToxaecrBaM MakpoHauabaa. [Ipej-
IoJIaraeTCA 3HAHUE MATEeMAaTHKH B OO6beMe IEepBLIX TPeX CeMEeCTPOB MaTeMaTUIeCKUX
(daKyIbTeTOB.

IMernvan 0.K. Ocroeer Teopmm mnpeacrasiaenmin. — M: MITHMO,
2004.—64 c.

KHura npencrasisgeT COO0U CEMECTPOBBIM BBOJAHBIM KypPC TEOPUU HPEACTABICHUN
KOHEYHBIX ¥ BaXKHEUIIMX KOMIAKTHBIX Ipyni. IIpeiHasHadaeTcs OJsA CTYJEHTOB MaTe-
MATHYECKUX U (PU3NIECKUX CIENUAIBHOCTEH, HAYMHAA CO BTOPOro Kypca.
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Mupkosckuu A.10. CrnexrpanbHas Teopua n (pyHKIUOHATLHLIE UCIU-
CJICHUS [ TUHEUHBIX OMEPATOPOB.
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