3agauu kK nnepBoMmy 3aHATui0 A. CkomeHKOBa

Bekxmopubim nosem Ha MOJIMHOXKECTBE IIOCKOCTH HA3BIBAETCS CEMENCTBO BEKTOPOB v(I) HA
IJIOCKOCTHW B TOYKAX I JAHHOI'O TMOAMHOXKECTBA, HETPEPHIBHO 3aBUCAMINX OT TOYKHA .
BekTopHoe mose Ha3bBIBaETCA €JUHUUKDIM, €CIU BCE €r0 BEKTOPHI € IMHUTHEBIE.

1. ITocTpouTe eAMHUIHOE BEKTOPHOE MOMe HA IIOCKOCTH. (OHO Gy 1T e [UHUIHBIM BEKTOPHBIM
MOJEeM Ha TPOU3BOILHOM MOAMHOKECTBE ILIOCKOCTH. )

[[Ba e TMHMYIHBIX BEKTOPHBIX MOJA HA3BIBAIOTCA 20MOMONHbIMU, €CTU OTHO MOXKHO MOTYYUTH
13 JIPYroro HempepbIBHOU AedOpMallel, B MPOIECCe KOTOPOU BEKTOPHOE II0Je OCTAETCA €IH-
HOIHBIM. PopMaIbHO, TaKOU gedopMaluen HA3LIBACTCA CEMEUCTBO vU; eIMHUIHBIX BEKTOPHBIX
OJIeW, HEMPEPBIBHO 3aBUCAIIEe OT mapaMeTpa t, M KOTOPOrO Uy €CTh HePBOe IMoJe U U eCThb
Bropoe mose. O6o3Hauum 4depes V(N) MHOXKECTBO €IUHUYHBIX BEKTOPHBIX MOJEH ¢ TOYHOCTHIO
0 TOMOTOITHOCTH Ha TMOAMHOXecTBe N TLIOCKOCTH.

2. (a) Jloboe eguHEYIHOE BEKTOPHOE MOJE U HA IIOCKOCTH IOMOTOIHO HOII0 —U.

(b) IlpuBeauTe IpUMEp HENOMOTONHBIX €INHUIHBIX BEKTOPHBIX MOJIEH HA HEKOTOPOM IT10MHO-
KECTBe TIOCKOCTH.

3. #V(N) =1 ann

(a) N'=0x[0,1];

(b) N=D*:= {(z,y) € R* [ 2* +y* < 1};

(€) IPOUBBOIBHOIO JepeBa Ha ILIOCKOCTH.

4. Onuumre V(N) mis

(a) N=S":={(z,y) e R? | 2* +y* = 1};

(b) N = K, (rpad Terpasapa);

(¢) mpousBOIBLHOTO WIOCKOTO rpada N.

31ech ‘ommcaTh’ O3HAYAET MOCTPOUTH ‘€CTEeCTBEHHOE B3aWMHO-OTHO3HATHOE COOTBETCTBUE
mexay V(N) u HEeKOTOPBIM ‘M3BECTHBIM’ MHOXKECTBOM. ‘U3BeCTHOCTH MHOXKECTBA O3HAYAET KaK
MUHAMYM OTHUCAHUE KOJMIECTBA €r0 DJEMEHTOB, a KAaK MAKCAUMyM — HAJIUYNe ‘€CTEeCTBEHHBIX’
omepanui Ha MHOXecTBe U HA V (IV), COXpaHAEMBIX COOTBETCTBUEM.

5.* Jlio0ble ABa eJUHMTHBIX BeKTOPHBIX IOIA Ha AucKe D?, COBHAJAIONue Ha €ro TPAHITHON
OKPY:KHOCTH, TOMOTOTHbLL Henodsuxcho na 2paruye S' (T.e. ToMOTONHBI Tak, 9TO (1) = vo()
g x € Sh.

3agaum ko BTOopomy 3aHATUIO A. CKOomeHkoBa

Cmandapmuvim mopom T? B TpexmMepHOM IPOCTPAHCTBE Ha3blBaeTCA Gurypa, o6pa3zoBaHHAA
BpamienueM okpyxkuoctu (z — 2)? 4+ y* = 1 Boxpyr ocu Oy.

Kacameavuvim sexmopuvim nosem Ha Tope T? HazbpIBaeTCA CEMEHCTBO KACATEIbHEIX K HEMY
BeKTOpOB v(z) € T, B €ro TOYKAX &, HEIPEPBIBHO 3aBUCAIIMX OT TOYKHU X.

Bynem Ha3BIBATH €IMHAYHOE KACATEIBHOE BEKTOPHOE MOJIE MIPOCTO NOAEM.

1. (a) ITpuseauTe mpumep no.ia Ha Tope 2.

(b) Jlio60e moe v HA HA TOpe T? FOMOTOMHO MO0 —U.

(¢) [lpuBeguTe mpEMEp ABYX HECOMOTONHBIX TOJXel Ha Tope 172

(d)* Onuumre V (T?).

[TousaTue edunuuro20 KACAMEADHOZO BEKMOPHO20 NOAA HA PACCMATPUBACMBIX HUXKE IOBEDX-
HOCTSX BBOAUTCS JOCJIOBHO AHAJOTHYHO CIYYAl0 TOpa. ByjIeM Ha3bIBATH € IMHUTHOE KACATEIbHOE
BEKTOPHOE II0JIE IPOCTO NOAEM.

[TonsiTre 20MOMONKOCMY TTOJET HA PACCMATPUBACMBIX HUXKE IIOBEPXHOCTSAX BBOAUTCS JOCJIOBHO
AHAIOIMYHO CIydaio miockoctu. O6osznadnmm depes V(N) MHOXKeCTBO moxen Ha noBepxHocTu N
€ TOYHOCTBIO 0 TOMOTOMHOCTH (B KIaCCe TOJEeH).

Jlucmom Mebuyca M HasbiBaeTCA MOBEPXHOCTH B R?, 3aMeTaemad CTepkKHEM, PABHOMEPHO
BPAIIAIOMINMCA OTHOCUTEIBHO CBOErO IEHTPA, NPU PABHOMEDHOM [BIKEHHM HTOrO IEHTPA II0
OKPYZKHOCTHU, IPUA KOTOPOM CTE€DPKEHb AeJaeT HOA-000poTa.



2. (a) [Mocrpoure noxe v Ha Jucre Mebuyca M.
(b) FomoTonHo im mocTpoennoe Bamu nmose v moxo —v?
(¢) Onnurure V(M).
3. Onumure V(N) mis
(a) Bepxmen noxycdepn {(r,y,2) € R | 22 +1y? +22 =1, 2 > 0};
(b) kombua {(z,y) € R? | 1 < 22 +y* <2},
(¢) 6okoBoU moBepxHOCTH THAMHIPA {(7,y,2) ER? |22+ ¢y =1, 0 < 2 < 1};
(d) Topa ¢ mbipkou;
(e)* Oyrsuiku Kuenna K (onpegenenue cupocure).
4. Ecau Ha TOpe ¢ OBIPKOU 3aJaHBI IBA MOIA, TO UX CYXKEHHUsA HA TPAHUTIHYIO OKPYKHOCTDH
STOU IBIPKYM TOMOTOIIHEL

PacemorpuM cTangapTHyo cdepy S? B TpexMepHOM HPOCTPAHCTBE, T.e. HOJMHOXKECTBO
Touek (r,vy,2), A1a KOTOpHX x° + y? + 22 = 1 (mm, 9T0 TO *Xe camoe, ToUeK (r,y,Zz) BHUIA
(cos p cos 1, sin p cos 1, sin 1))).

5.*% (a) He cymecTByeT e IMHUTIHOTO KacaTelbHOI'O BEKTOPHOTO MoJA Ha chepe S2.

(b) To xe mia kpeuges (OmpegeseHne CIPOCUTE).

(¢) To xe a1a mpoekTUBHOU maockocTu RP? (ompenenenue cipocure).

3agaum k Tperbemy 3aHATUIO A. CkoneHKOBa

Edunuumvism nopmasbrvim 6exmopubim nosem K okpyxnoctu St = {(z,y,2) € R? | 22 +¢? =
1, z = 0} B TpeXMEPHOM TIPOCTPAHCTBE HABHIBAETCA CEMEMCTBO HOPMAJBHBIX K HEW €IUHUTHBIX
BEKTOPOB ¥(Z) B TOYKAX T OKPYKHOCTH, HENPEPBIBHO 3aBUCAIINX OT TOYKA . ByaeM HA3BIBATH
eIMHUYHOE HOPMAJIbHOE BEKTOPHOE TIOJE IIPOCTO HOPMaAAbHbIM nosem. [lonaTue 2omomonnocmu
HOPMAJbHBIX MOJIEA BBOJAUTCA JOCJIOBHO AHAJOTUYHO CAYYAIO MOJIEH.

1. (a) HocTponTe HOpMAIBbHOE TOJE.

(b) MocTponTe apyroe (T.e. He TOMOTONHOE Y¥Ke MOCTPOCHHOMY ) HOPMAJIBHOE HOJE.

(¢) OnumuTe HOPMATBHBIE TIOIA ¢ TOTHOCTHIO 10 TOMOTOIHOCTH.

(d)* Onuuure HOpMAIBHBIE MOJMA ¢ TOYHOCTHIO N0 TOMOTONHOCTH A 3aY34eHHOT TIaTKON
okpyxHnocTu B R? (ompegenenue cupocure).

Hedopmanbro, eaadkum saoxncenuem f : S? — R™ cheprl HasbIBaeTca nzobpazkeHue cheprr
B R 6e3 camomepecedeHnn, 1as KOTOPOTo B JIOOOU TOYKE CYIIECTBYET KAacaTelbHas IIOCKOCTD.
(Popmaabro, oToOpaxkenue f : S? — R™ HaszBIBaeTCA 2400KUM GAOHCEHUEM, €CITA OHO MHBEK-
TUBHO U AKOOUaH df (r) HEBLIPOXKICH A1A M0O0U Toukn x € S2.)

Edunuunbim nopmasbrvim eexmopuvim nodem va f(S?) HazbIBaETCA CEMEMCTBO HOPMATBHBIX K
f(S?) BexkTopos v(z) B Toukax f(z) € f(S?), HempepwiBHO 3aBuCAmIX OT Touku * € S Bymnem
HA3LIBATH €IMHUYIHOE HOPMAJALHOE BEKTOPHOE IOJE MPOCTO HOPMUAAbHbIM noAeM. AHATOTTIHO
ONpEeENAOTCA TIAJKIEe BJIOKEHNA U HOPMAaJAbHEBIE MOJA M1 Topa, OyTelaku KiaenHa, 1ucka u T.1.

2. (a) Jlio60e BrOKeHMe Topa B R® mMeer HOpMambHOE TIOTE.
(b) Hukakoe Broxenue aucta Mebuyca B R? He uMeeT HOPMATBHOTO MO,

3. IlocTpouTe riajgkue Broxenus B R?

(a) mcra Mebuyca M;

(b) 6yreuku Kaauna K;

(¢)* mpoexTuBHOU MI0CKOCTH RP? (ompemenenue cnpocute).
[TocTpouTe HOpMaIbHBIE IO Ha JucTe Mebuyca n OyTeuike Kisauna.

4. (a) Ecmu raagkoe Broxkenue f : S? — R mveeT HOpMaabHOe T0Je, TO OHO WMeeT mapy
JUHENHO-He3aBUCUMBIX HOPMAJIBHBIX IIOJIEH.

(b) To xe misa Topa.

(c) BepHo sn To xe mis GyTeiiku Kiaenna?



[loHATHE 20MOTMONHKOCTU HOPMATBHBIX MOJEH BBOJUTCA JOCIOBHO AHAJOTMYHO CIyHYar0 Kaca-
TEeJbHBIX MOJIEN.

5. OnumuTe HOPMATbHbLIE TOA ¢ TOYHOCTHIO TOMOTOMHOCTH Ha

(a) cepe B R*;  (b) Tope B RY;  (¢) aucre Mebuyca 8 R*;  (d) GyTeuike Kaaitna B R*.

[TpuMmedanme: 0TBET MOKET 3aBUCETH OT TMAJKOTO BIOkeHus B RY.

3agauu k derBepTOoMy 3aHATHIO A. CkxomeHkoBa

1. (a) Jllo6oe rmagkoe BIoxKeHume Aucka B R? mMeeT HOpMaabHOe mofe.
(b) To xe msa Topa ¢ ABIPKOM.
(c) BepHo sim To x)e mis aucra Mebuyca?

2. Jlio6oe riagkoe BIOKeHHE TOpPa, OyTHUIKM KiewHa (Winm gaxe MPOEKTUBHOU ILIOCKOCTH
RP?) B R® umeer HOpMAJIbHOE TIOJE.

3. Onumure HOPMATBLHBIE MOJIA ¢ TOYHOCTHIO TOMOTOIHOCTH Ha

(a) cepe B R%;  (b) Tope B R (¢) aucre Mebuyca B R%;  (d) GyTeuike Kaaina B R®.

[IpuMetanue: OTBET MOXKET 3aBUCETh OT IMIAJKOTO BIOXKeHusA B RS,

4.* (a) Jio6oe rmagkoe Broxenue cdepsl B R mveeT HopMaabHOe mode.

(b) To xe misa Topa.

(c) Huxaxoe raagkoe ioxenue f : RP? — R?* ne umeeT HOpMAILHOTO MOJIA.

(d) CymecTsyer raagkoe sioxkenue f: K — R* He mveromee HOpMaabHOTO MO,

5.* (a) Ha mro60M TpexmepHOoM MHOr00Opasuu (OnpejeseHne CupoCuTe) CyIMecTBYeT e IuHIY-
HOE KaCaTeIbHOe BEKTOPHOE MOJe.

(b) V(S?3) = Z (ymuoxenue na V(S?) 3agaeTca yMHOKEHIEM KBATEPHUOHOR).



