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B sTux sanmckax mpuBOAUTCA IOCTPOCHME 3HAMEHHTOI'O IpuMepa Muinopa HeCTaHIAPTHON
FOMOTONMYECKON Cepsl, a TakXke HabOPOCOK AOKa3aTeIbCTBA 3HAMEHHTON Teopembl Kepsepa-
MuaHopa 0 KOHEYHOCTH MHOXKECTBA IOMOTONUYECKUX Cdep. [aa moHnMaHuma GOJBIIEN YaCTH
TeKCTa TOCTATOYHO BJAJCHUSA MOHATHEM MHOT000pasus u ocHoBamu Teopuu romogoruu ([FF89],
§812,13,17 wam [Pr04], §15, [Pr06], I). Boaee Toro, oH cogepxkuT HAGOP YIPAKHEHUN IO OCHOBAMMU
TEOPUU TOMOJIOTMH U IIO3TOMY MOXKET OBITh HCIOIB30BaH Ha CEMUHAPCKUX 3aHATHAAX 110 DTOU TeMe
(manpumep, 8 HMY na 2-m kypce).

[lepBbIN 1 BTOPOU IMYHKTHI HE3ABUCHMBI IPYT OT APYTa; TPETHH IMYyHKT MCIOJb3YeT BTOPOM.

Boubinas 4acTh MaTepuaga MpemnogHOCATCA B BUe 3a1a4. (DTO XapaKTePHO He TOJIBKO M/
M3EHCKAX MOHACTBIPEN, HO U [/ CePbe3HOT0 M3YUYeHUs MaTeMaTuku.) [lid permeHus 3agad 1o-
CTaTOYHO YBEPEHHOT'O BJAIEHUA MOHATHEM MHONO0Opa3ua M OCHOBAMHU Teopum romoqaormi. Bee
HEOOXOIUMBIE HOBble ONPEeJeNeHNs MPUBOAATCA 31ech (Mam galoTces cebliku). VHOrga mojgckas-
KaMU ABIAIOTCA COCEIHUE 3a0a91. 3a4a9y, 111 PENIeHNA KOTOPHIX YUTATEII0 HyKHA JUTepaTypa
(MM KOHCYABTALUSA CIEMUATUCTA), IPUBOJATCA CO 3BE3I0YKAMU M CCBLIKAMU. Ecam ycioBue 3a-
JTavy ABIACTCA (POPMYINPOBKON YTBEPK ICHNUA, TO DTO YTBEPKICHUE U HALO TOKA3ATD.

Mer nponyckaeMm neabie KodpGUIUMeHTH 13 0003HaYeHu: rpynn romoaoruni. Muel paboTaem B
IIaIKOW KaTerOpUH, eCIM He OPOBOPEHO MPOTUBHOE.

HecTangapTuble romoTOonn4YecKme cgepol

ITpumep cdepwsr Mumanopa. Cywecmsyem zamknymoe 2aadrkoe T-meproe muo2000pa3ue,
20MOONUYECKY dK6UGAAeHMHOE (U 2omeomopdroe) chepe ST, no ne dugpdeomopdroe ef.

Muoroo6pasus M u N HA3BIBAIOTCA 20MOMONUUECKY IKEUBAACHMHbIMU, €CIU CYIIECTBYIOT
HenpepbiBHbEe 0TOOpaxkenus f : M — N u g : N — M rakue, ¥yro f o g romoronuo idy u go f
rOMOTOMHO id ;.

O6osnaunm T, := {(z,y) € S" x S™ : |z,y| < 1} (Tpy6uaTyio OKPeCTHOCTH TUATOHANN).

1. (a) Yemy romeomopduo 737

(b) Yemy romeomopdust T3 u 157

¢) Ty ne romeomopduo S? x D?. Ykazauue: H,(0T,) ¥ Z ananoruuno zanade 4d Huxe.

(d) T, me romeomopduo S* x D*.

2. (a) Jl6oe orobpaxkenne S' — 9T, rOMOTOMHO OTOOPAKEHHIO B TOUKY.
(b) Jlio60e orobpaxkenne S? — JT, rOMOTONHO OTOOPAKEHUIO B TOUKY.
(¢) He mo6oe orobpaxenue S* — 0T; roMOTONHO 0TOGPAKEHUIO B TOUKY.

D10 3HauuT, uT0 0T} He ABIAETCA TOMOTONMYIECKN DKBUBAICHTHBIM cepe ST 1 HEOOXOIIMO
YCJIOKHEHNE KOHCTPYKIINAMN.

O6osuavum T := Ty. [lns waxoxaenus rpynnst H3(0T) paccMoTpuM (pparMenT
Hy(T) L H(T,0) % Hy(dT) - Hy(T) = 0

TouHON nocienoBarenbHocTu napsl (7,07). 3gech i — roMoMOpdU3M BKIIOYEHUs, j — [OMO-
MOP(hU3M ‘TO3BOIAIONINNA TPAHUIY’ U 0 — TPAHUIHBIT TOMOMOP(U3M.
[lna opuenTHpyeMoOro 2n-MmHOroob6pasusa M o0603HAYIUM depes

N: H,(M) x Hy(M) — Z

ero gopmy nepeceuenuii [Sk, Sk05, Remark 2.3]. For a manifold M we denote (M,0M) shortly
by (M, 0). Ananroruuso onpenensercsa ourunenHoe orodbpaxenue N : H,(M,0) x H,(M) — Z.

3. (a) O6osnaumm uepes [S*] € Hy(T) romonoruveckuit kaace naronamm B St x S*,



(a) [S*] mopoxnaer Hy(T) u [S*]N[S?] = 2.
(b) Mas m06bix x,y € Hy(T) Boimomueno x N jy = x N y.
(¢) Cymectsyer [D*'] € Hy(T,d), nia xkotoporo [D* N[S4] = 1.
(d) Hs(0T) # 0.

VYkazanue: [D*] € im j = ker 9, mosromy 0 # 0.

(e) H3(0T) = Zs.

O603ra4nm yepes p : T — S* cyxenne va T npoexunu S* x S* — S* ma mepBuIi COMHOKMITED.
O6osnaunm wepes (1", p') xonuio naper (7, p).

4. CymectByeT auddeomoppusm [ : (p’)_lD4 — p ' D* mepeBoIAIINI TepecevueHUe ¢ IHA-
rosaisio B p~ 'z, 2 € Int D%,

O6o3maunm V' := T Uy T'. Tlocre criaxuBaHUA NOIYyIUTCA 8-MHOrooOpasue V' ¢ kpaeMm (Ko-
TOPOE HA3BIBACTCA 8000NPOBOJHbIM COCOUHENUEM IBYX KOMUU MHONOOOpasusa T').

5. (a) Jlo6oe orobpaxkenne S' — OV umm S? — OV roMOTOMHO OTOOPAKEHHIO B TOUKY.
(b) V romoronumieckn skpuBagenTHo SV St
(c) Hy(V) = Z@Z nmeer 6a3uc, B koropom marpuia Gpopmst nepecedenunt Hy(V)x Hy (V) — Z

uveer suj | ; .
(d) [das sToro 6asuca Sy, Se cymecryer 6azuc Dy, Dy rpynust Hy (T, 0), nas koroporo S; N

Dj == (52]

(e) H3(0V) # 0.

(f) H5(0V) = Zs.

MTaK, 0V He ABIAETCA TOMOTONUYIECCKH DKBUBAJICHTHBIM chepe 57 n H606XO,Z(I/IMO YCIOKHEHUNE
KOHCTPYKIUMN.

Il ocmpoenue chepvr Muarnopa. Paccmorpum rpad ¢ Bepmunamu 1, ..., 8 u pebpamu 12, 23, 34,
45,56,67 u 58. [l1a KaxX 10U BepIIUHLI a rpada

Bo3bMeM cBou dK3emmAp (Ty,p,) napst (T, p), u

BBEIOEPEM CTOMBKO Hemepecekawommxca guckos DY C S* ckoabko BepumH coeIuHeHo ¢ a.

Nns xaxgoro pebpa ab cxaenm p, Dt u pb_nga, KaK TpU MOCTpoeHuu MHOroobpasus V.
[Tocae craaxuBanus noxyduTcs 8-MHOroobpasue W ¢ kpaem. (OHO Ha3bIBaeTCA 6000NP060IHBIM
coedunenuem ko MHOroo6pasusa T coobpasuo rpady.) Kpau W sToro MHOroo6pas3us u eCTh

7-MHOTOOOpasme u3 npuMepa MuaHopa.

6. (a) Jliw60e oTobpaxkenue S' — OW umm S* — OW ToMOTOMHO OTOGPAKEHUIO B TOUKY.
(b) Buibepure 6asucet Sy,...,Ss u Dy, ..., Dg rpynn Hy(W) u Hy(W,0), nia koTopeix S; N
Dj = 61]
(¢) Hamgure maTpuny dpopmsl nepecedenunn MHoroobpasus W.
(d) H3(0W) = 0.
(e) Kpait OW romoTonumuecku >KBUBAICHTEH S .
(f) Curmarypa (dpopmsbl nepecedenunn) MEOr00Opas3us W pasua 8.

Yurarens, He 3HAKOMBIN ¢ IOHATHEM PACCIOCHUsA, MOXKeT He pemaTh nyHKTH (b,c,d,e) cremy-
IOIIEN 3a1aqi.

7. (a) S™ x S™ Baowumo B R*FL

(b) Cymma kacaTeabHOro paccaoerus K S™ X S™ u 0JHOMEPHOTO TPUBUATLHOI'O PACCIOEHUS
Hax S™ X S™ TpuBHAILHA.

(c) Muoroo6pasue T, napaiieau3yemo, T.e. UMEET CEMEUCTBO U3 21 KACATEIBHBIX BEKTOPHBIX
[OJIeN, TMHEMHO He3aBUCUMBIX B KaXKJIOU TOYKE.

(d) Muoroo6pasue V' napasienusyemo.

(e) Muoroo6pasue W mnapamnieansyemo.

(f) BrieauTe neauddeomopduocts OW u S7 us sagaq 6f, 7e u crenyomero pesyabrara.



Teopema XupuebGpyxa o curmarype. Cuznamypa 24a0K020 3aMKEHYMO20 TOUMY NAPUA-
AEAUBYEMO20 8-MEPHO20 MHO2000pasus deaumces wa 7 (daxce na 224).

8. Ilocrpoum amansormvno 4-mepuoe muoroobpasuum W ¢ kpaem. [Hokaxwure, aro OW ne
BJIOKIMO I'Tafko B S, mcnonbsys caeayronmii pesyabTar. (3aMeTum, 9To o Teopeme dpuamana,
OW Tomonorudecku Baoxumo B S1.)

Teopema Poxauua o curnarype. Cuchamypa 2460%K020 3aMKEHYMO20 NOUMU NAPAAMLEAU-
3YeM020 4-MEPHO20 MHO2000pa3us desumcs na 16.

Yka3zaHus.

2. (a) Oro6paxenune S — 9T, npogomkaerca 10 orobpaxkenus D? — Tj. Orobpaxkenue
D? — T, MOXHO U3MEHUTH MAIBIM TIEBEICHIEM, ITOOL OHO MepPecTalo IepeceKaTh THarOHAThL B
S? x S?. Orobpaxkenue D? — T, He mepecekaiomiee IuaroHatb B S? X S?, roMoTomHO 0TOOpa-
wenuio D? — OTy.

3aMedaHme. 3aJady 2 MOXKHO JeJaTh, MCIOIb3YA TOTHYIO TOCIEI0BATETLHOCTE PACCIOCHHA.
Haa S m S? moay«auTes TO *Ke penrenne, ITO W BHIIIE, HO 00OJee CI0KHO M3I0KEHHOE.

5. (a) Ucnoawsys Teopemy 3eudepr-Ban Kamnena u mocaenosarensaocts Manepa-Bueropuca,
nokaxure 71 (V) = Hy(V) = 0. 3arem Bocnoab3yurecs reopemon ['ypesuda.

6. (d) Orser: a; = 2, a;; = 1 mam a;; = 0 cOO6Pa3HO TOMY, CO€IUHEHBI I BEPIINHEL {, ]
pebpoM mIm HeT.

(e) (cp. [Br72, V.2.7]) Jocrarouno nokasars, uyro j : Hy(W) — H,(W,0) suumopduo. s
npoussoabaoro ' € Hy(W,0) onpegenum aunennyio yukuuio f @ Hy(W) — Z dopmy.on
fo(y) =2’ Ny. To (c) dopma nepecedennn Hy (W) x Hy (W) — Z yuumonyaspua. [losromy cy-
wecrsyer © € Hy(W), nas xoroporo f,/(y) = Ny muas moboro y € Hy(W). Ilo goiicTBeHHOCTH
[Iyankape 2’ — jx = 0. Urak, j suuMopgHO.

7. (b,c) lokaxkuTe u UCHOAB3YNTE CleAyIOMMN (akT: ecau p : F — B — BEKTOPHOE paccio-
enue co caoeM R”, p & e TpuBnaawsho u b := dim B < n, To p TpuBuaabHo. [l11 mokasaTerbcTBa
HTOro (hakTa yOequTech, 9TO MPEMATCTBUA K TPUBUATLHOCTH OOOUX PACCJIOCHUN OTUHAKOBHI (M,
3HAYWT, HyJeBble) BBUIY TOrO, 4T0 oToOpaxenue BadeHus my(SO,) — m(SOy, 1) aBasercs
U30MOPPU3MOM.

ITpenarcTBusa K HyJAb-KOOOP JAHTHOCTH

1. (a) Ecim A u B — samkuyThIe MHOrOOGpasusa u A = OM, To A X B = 0(M x B).

(b) Jlroboe ogHOMEpHOE MM ABYMEPHOE 3aMKHYTOE OPHEHTUPYEMOe MHOI000pa3ue sSBIAETCS
KpaeM HeKOTOPOr'o MHOT'000pa3us.

(c) Jlroboe aBYyMEpHOE 3aMKHYTOE HEOPUEHTHPYEMO€e MHOIr006pasue Ye THOW SUIePOBON XapaK-
TEePUCTUKHA SABIACTCA KPaeM HEKOTOPOI'O MHOI0OOpa3us.

2. (a) RP? me aBasgeTca KpaeM MHOrOOGDa3us.

Pemenne. IlycTts, mamporus, M — 3-muOTOOOpasume u OM = RP2. O6oszmaunm uwepes M’
kormto MEOroo6pasua M. Torga 0 = x(M Ugp: M') = x(M) + x(M') — x(RP?), orxyza x(RP?)
1eTHO. IIpoTuBopetne.

(b) 3amkHyTOE 2-MHOr006pa3ue ABIAETCA KpaeM MHOr00Opa3usa TOr4a U TOABKO TOT A, KOr1a
ero >WIepoBa XapaKTePUCTUKA TeTHA.

(c) Teopema. Ecau 3amknymoe mHo2000pa3ue A8ALEMCA KPAEM MHO2000PA3UA, MO €20 -
AEPOBA TAPAKMEPUCTNUKG YEMHA.

(DTa TeopeMa MHTEpeCHA TOABKO MJIA 9eTHOMEDHBIX MHOT00OPA3NL. )

(d) Ecau 3amkuyToe 2k-mu0oroo6pasue N sBaseTcsa Kpaem MHON000pasus, 10 tk Hy (V) geren.

Teopema. Jlwboe 3amknymoe 3-muo2000pa3ue ABAAEMCA KPAEM HEKOMOPO20 MHO2000DA3USA.

3. (a) RP%**! gpageTcsa kpaeM HEKOTOPOTO MHOTOOOPA3HA.



(b) RP™ siBasieTcss KpaeM MHOr0OGpa3usa TOLIa U TOABKO TOrA, KOUIa 7. HEYeTHO.
(c) CP?* ne apagerca KpaeM MHOTN00Opa3us.

(d) CP?**1 gprgerca xpaem MHOT006pasua (Jazke OpHEHTUPYEMOTO).

(e) CP™ aBasiercsa kpaeM MHOTO00pa3us TOTAa U TOJIBKO TOTAA, KOIAA 7 HEUYETHO.
(f) RP? x RP? ne apageTca Kpaem MHOTO00pa3us.

(g) Tlpu xkakom ycaosuu RP™ x ... RP™ sapiserca KpaeM MHOr00o6pasus?

4. (a) Kpan opueHTHPYyeMOro MHOro06pasus 3aMKHYT ¥ ODUEHTHUDYEM.

(b) Jlroboe ogHOMEpHOE WM ABYMEPHOE 3AMKHYTOE OPHEHTUPYEMOe MHOr006pa3ue sSBIAETCS
KpaeM HEKOTOPOrO OPUEHTUPYEMOr0 MHOTO0OPA3UA.

(¢) JTlio6oe 0 HOMEDHOE WK ABYMEPHOE 3AMKHYTOE OPHEHTUPOBAHHOE MHOI006pa3ne ABIAETCA
OPUEHTHUPOBAHHLIM KPaeM KPaeM HEKOTOPOTO OPUEHTUPOBAHHOTO MHOI'00ODA3HA.

HamoMHEM, 9TO opuermuposanmubim MEOrO0Opa3neM HA3BIBAETCA 0PUEHIMUPYEMOe MHOT006pa-
3ue ¢ PUKCHPOBAHHOU OPUEHTAIINEH.

Teopema. Joboe 3amKkHymoe opueHmMuUpPos8anHoe 3-mH02000Pa3ue ABAAEMCA OPUEHMUP 0B GH-
HbIM KPGEM HEKOMOPO20 OPUEHMUPOBAHHO20 MHO2000DA3US.

5. Opuentuposannoe (npoussoabho) muorootpasue CP? U CP? e sABigeTcsas OPUEHTUPOBAH-
HBIM KPaeM OPUEeHTUPOBAHHOIO MHOT000OpPa3us.
YKazaHue: ecau He MOMYyIAeTCA, TO CM. CAEIVIOUINe 33,Ta9u.

6. [lus 2n-mepuoro MHOroo6pasus M ¢ kpaem u romomopdusma Baodenus i : H,(OM) —
H,(M)

(a) iz N iz = 0 npu awdom x € H,(OM);

(b) imi = H,(M)*, rge opToronaisuoe JOMOIHEHIE GepeTca OTHOCHTEILHO (POPMEI TIepece-
senun H,(M) x H,(M) — Z.

YkazaHue: UCHOIB3YUTE CACTYIONUN Pe3y.IbTaT.

Teopema asoucrsennoctu Ilyankape (caoxuas 9acTs). a4 0puenmuposannozo 24a0-
K020 m-muoe006pazus M ousunetinoe ymuoncenue N : Hy (M) X Hy,—p (M, 0) — Z ynumodyaspho,
m.e. 0aa 4106020 NPUMUMUBHO20 (M.€. He Jeadue20cs Ha yeaoe uucao, boavuwee 1) snemenma
a € H,(M) cywecmsyem makot f € Hy—py(M,0), umo anNp=1¢€ Z.

7. (cp. [Pr06, reopema 8.16]) [luas opuenTuposansoro (2n + 1)-muoroo6pasus M u romoMop-
dusmos H,, (M, 0) 2, H,(0OM) - H,(M) nveem

(a) x Ny = iz Ny mas aobbix © € H,(OM) uy € H,1(M,0).

(b) dy Ny = 0 upm a06om y € H,, 11 (M, 0).

(c) imd = (im 9)*, rae oprororambHOE TOMOTHEHEE GEPETCA OTHOCUTETHHO (HOPMBI TIepece-
qenunt H, (0M) x H,(OM) — Z.

(d) 2rkim 0 = rk H,,(OM).

8. Teopema IlouTpsaruna (7). FEcau zamxuymoe opuewmuposannoe 4k-muozoobpasue N
ABAALTNCA OPUEHIMUPOBAHKLIM KPAEM OPUEHNUPYEMO20 MHO2000pasus, mo o(N) = 0.

9. (a) Addumusnocmv. o(M UN) =o(M)+ o(N).

(b) Myavmunaukamuswocmy. o(M x N) = o(M)o(N).

(c)* Addumuenocmy Hosurosa-Pozauna. o(M |J N)=o(M)+ o(N) [Pr06].
OM=0N

YkazaHus.

3. (d) IlocTponTe n ucnoabsyire paccioenne CP#*1 — HP* co croem S?2. Waum mocTpoiTe

u ucnoab3yirre nupomonuto Ha CP?+! Ges HenoABMKHBIX TOUYEK.
(f) e(RP? x RP?) = ¢(RP*)? =1 mod 2.

7. (c¢) Ykazauue: ucnoassyure (a,b) u goucTBeHHOCTH [Iyankape.



Ecmn v € H,(OM) n  Nimd = 0, To iz Ny = v Ny = 0 guas awboro y € H,1(M,0).
3HauuT, Mo ABoucTBeHHOCTH Ilyamkape iz = 0, T.e. x € im 0.
(d) Ykasauwe: ucnonbsyure (¢) u IBOUCTBEHHOCTD IlyaHKape.

IlepecTpouku n Kiaaccu@uKanua rOMOTONAYIECKHX chep

3aMKHYTBIE OPHEHTHPOBAHHBIE MHOT000pa3ua N u Ny Ha3BIBAIOTCA OPUEHIMUPOBAHHO KOOOD-
JaHMHbLMUY, €CITU CYIIECTBYET OPHEHTUPOBAHHOE MHOI00Gpasue (opuenwmuposarnbili k000pdusm)
¢ rparunen Ny LI (—Nz) (upu 5TOM OZHO U3 MHOrOOOpPA3u#l MOXKeT ObITh ImycThiM). depes —N,
0003HAYAETCA OPUEHTUPOBAHHOE MHOI000pasue, MoLydeHHoe u3 Ny M3MEHEeHUeM OPUEHTALNM.

1. (a) M U N xo6opganTao M#N.
(b) Jlo6oe MHOr006Gpa3ne KOGOPIAHTHO CBI3HOMY.

2. (a) Ilepecrponka gaer MHOroo6pasue, KOGOPIAHTHOE UCXOLHOMY.
(b)* O6parHo, ecaim MHOr006pasus KOOOPAAHTHBI, TO OJHO MOXKHO MOJIYYATH W3 JAPYTOrO
IepPeCTPONKAMIM.

3. (a) Jlrob6oe opueHTEpPYEMOE MHOI00Gpa3ue Pa3MEePHOCTH # 3 KOOOPAAHTHO OTHOCBA3HOMY.

(b) JIro6oe cnuHOpHOE (T.€. mapaiiein3yeMoe B OKPECTHOCTH IBYMEPHOTO OCTOBA HEKOTOPOU
TPUAHTYJIANUA) MHOTOOOpa3ue pasMepHOCTH > 6 KOGOPIAHTHO TBYCBAZHOMY.

(¢) JIroboe cnimHOpHOE MHOTOO0PA3Ne PA3MEPHOCTH > 8 MAPALIEIN3YEMO B OKDECTHOCTH TPeX-
MEPHOI'O OCTOBA HEKOTOPOW TPUAHTYJIAIUN U IHOTOMY KOOOPIAHTHO TPEXCBAZHOMY.

Teopema Kepsepa-Mwiauopa. Muosxcecmso 0, opuenmuposanublx n-mmo2000pa3ui, 20-
momonuuecky axsusasewmubir S (2omomonuueckot cfep), ¢ mounocmuvio do corpansOuLe2o
opuernmanuto dupdeomoppusma, Koneurno npu n > 6.

4. DTOT Pe3yJabTAaT PABHOCHUIEH CACIYIOMEMY: MHOXKECTBO N-MHOT000pa3uu, TOMOTONUIECKN
DKBUBAJEHTHBIX S”, C TOYHOCTBHIO 10 auddeomMopdusma, KOHEIHO mpu 1 > 6.

Jlemmva. Hopmaavrnoe paccaoenue a0xncenus 2omomonuueckot cepvr 8 R™ mpusuaibrno das
604bUL020 M.

[IpenaTcTBUe K TPUBHATBLHOCTH JeKUT B T, —1(SO). [losTomy temma Bepra pisn = 3, 5,6, 7 mod
8. [l1a apyrux n moKa3aTeabCTBO OOJee CIOXKHO.

O koucrpykuunu [louTparuua cM., Hanpumep, [Pr04], §18.

s romoronudeckon cdepst N C R™ ¢ HopmaababM ocHatmenuneM ¢ o6osuaaanm epes p(N, () €
Tm (S™7™) = 77 KIACC OCHALIEHHOI'O KOOOPAU3MA.

5. [na cramgaptaon chepbt S™ C R™, 6oapmoro m u x € 7,(SOp,_p) = 7, (SO) pacemorpum
OCHAIICHNE HOPMAJLHOI'O PACCJIOCHUA, IOAYYEHHOE M3 CTaHAAPTHONO OCHALICHUA NPHU ITOMOLIN
x. O6ozmasmm wepes J(r) € 72 KIacc OCHANIEHHOTO KOOGOPAM3MA MOTYTIEHHOTO OCHAIIEHHOTO
MHOT'000pa3u.

(a) OnpeneanTe anasorwano u Beraucaure J : m (SOy) — m3(S?).

(b) Boraucaure J : 7 (SO) — w7

(¢)* Beraucmare J : m3(SO) — 73 .

(d) J : 71,(SO) — 72 romomopdusm.

(e)* p(N,2¢) = p(N, () + J ().

Beuay 5de orobpaxenme p : 6, — 7 /im.J xoppexTHO ompemereno dopmyoin p(N) =
p(N,¢) +im J.

6. (a) Onepanusa CBA3HONO CYMMUPOBAaHUA MpeBpamaeT ¢, B rpymmy.

(b) p romoMopdu3M.

[TosTomy m mockoabKy rpymnmna m, : bl konedna aaa n > (0, 10cTaTOYHO TOKa3aTh, ITO kerp
KOHEYHO.

7. (a) Ecau HOpMaJbHOE PACCIOEHHe TPUBUAILHO, TO CyMMa KAaCATEIbHOI'O U OTHOMEPHOI'O
TPUBUAJILHOTO TPUBUAJIbHA.



(b) [ust ¢BA3HOrO MHOTOOOPA3KA C HEILYCTHIM KPAeM eC/IU CYMMa KaCATeJIbHOrO U O THOMEPHOT'O
TPUBHAILHOIO PACCIOCHUN TPUBHAIBHA, TO KACATEILHOE PACCAOCHNE TPUBUAIBLHO.

(¢) p(N) = 0 Torga u ToIbKO TOrAa, Korga N ABIAETCA TPAHUIECH TAPALIEIU3YEMOrO MHOTO-
obpa3us.

B caenyromux 3agadax N = W romoronumdeckas n-cepa u W napamternsyemo. [To mosoxy
3a/1a4, OTMEYEHHBIX 3Be310ukamu, cM. [KM63].

8. (a) Ecaim W crarusaemo, To N = S™.

(b)* Moxuo Tak BbIOpaTh ocHamerue cdepbt S C W, 4T00BI pe3yabTaT HePecTPONKH 10
aTou cdepe ¢ ITUM OCHAIIEHUEM OBLT MAPALIETN3YEMBIM.

(¢) IlepecTporkaMu MOXKHO T0OUTHCA TOrO, 4T00b W cTano ([n/2] — 1)-cBA3HBIM.

9. Mycte n = 2k u W’ noxyueno us W nepecrpoitkoin cdepsr S*¥ C W,

(a) Cymecryer x € Hy(W'), ana xoroporo Hy(W')/z = H;,(W)/[S¥].

(b) Ecan [S*] € Hy (W) npumutusen, To Hy(W') = Hy(W)/[S*].

(c) Ecm k > 4 werno, to tk Hy(W') # rk Hy(W).

(d)* Ecam k > 4 9eTHo, To N = S™.

(e)* Eciu k > 3 mewerno, o N = S™.

10. ()* Ecun=4—-1>7uo(W) =0, To N = S™.

(b)* CymecrByeT 3aMKHYyTOE HMOYTH Hapawreausyemoe 4l-muoroo6pasue M, mis KOTOPOro
o(M) # 0.

(¢) Ecoun =41 —1>7wu o(W) nemurcs wa o(M), To N = S™.

11. Ilycte n = 4l + 1 > 17. IlepecTpoukamm MOXKHO TOOUTHCA TOrO, 9TOOBI W cTaJo
2l-cBa3HBIM (K OCTATOCH Mapamieau3yeMeiM). Peamusyem siaemenT x € Hopyq (W) Broxkenumem
z: S?H — W. O6o3na4um depes

q(x) € ker[i, : w9 (SOg41) — 7 (SO)] = Zy

NPEeNATCTBIAE K TPUBUATLHOCTU HOPMAILHOTO pacciaoenus Bioxenus x. Obosnaunm Arf(N) =
Arf(q) :==>_,q(a;)q(b;) € Zy, where ay, ..., am, b1, ..., by is a symplectic basis of Hyq(W).

(a) ¢ xBagpaTuaHas popma HAL Zs.

(b) Arf(N) mewicTBUTEIBHO 3aBUCUT TOJIBKO OT V.

(¢) Ecmm Arf(N) =0, To N = S™.

Samerum, yro Arf(N) = 0 mus | # 1,3,7,15,31. Dro pemenne 3HAMEHUTOU HPOOIEMBL
Kepsepa, norydennoe okoao 2008 r.

12. BreiBeguTe Teopemy Kepepa-Muanopa us mpeabiayiiero.
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