DI0I'DAMMA
DK3aMEHA IO KypCy
“NMUDPDPESIESLIUAJIBOAA TEOMETOUA 1 TOS0OJIOI' A
(ocernun cemectp 2002/03 yu. roga, sexrop - npod. E.B.Tpouuxun)

OJporpaMma COCTOUT M3 ABYX UACTEH: CIUCKA TEOPETUICCKUX BOIPOCOB M CIKUCKA 3a1a.
3aJadu W3 CIUCKA TeJNATCA HA TPU TUMA:

1) 3apga4du, KOTOpLIE HpWIAralOTCa K OumeTy (T.0. OmiaeT GaKTUYECKA COCTOUT W3 ABYX
TEOPETHIECKUX BOIPOCOB W 3a4a4M), OHU IIOMEYIeHbl OykBou “3”.

2) 3agadm, B KOTOPLIX HOKA3BIBAIOTCA BCIOMOrATeIbHBIE (hDAKTHL TEOPETUIECKOTO BOIPOCA,
(Kak TPABWIO, BHIKIAJKA WIM PACCYXACHWUA, HE COMAEDKAIIUE HOBBIX MOHATUU W METOIOB, VIN
U3BECTHBIE W3 ApPYrux Kypcos). Ouu momedensl Gyksou “O”. B ToM Bompoce mporpaMmbl, B
KOTOPOM JaHHAA 33,4374 JONKHA ObITH M3I0XKEHA BMECTE C PEIICHUEM, IMEETCA COOTBETCTBYIO-
s MOMeTKa “BKJIIOYAA 3a1ady Takyoo-T0 . B GpopMyaupoBKax BOIPOCOB B DK3aMEHAIMOHHBIX
fureTax dTUX MOMETOK yxXe He Oyzxer.

3) Dpoune 3a7at1, KOTOpPBIE Oy YT UCIOAB30BATHCSA, MIABHBIM 00PAa30M, KAK MATEPUAI [JII
IOMOJHUTEIBHBIX BOIPOCOB Ha k3aMmene. OHu momedeHnsr OykBou “O7.

COUCOK BO25250COB

1) Merpuvyeckoe TPOCTPAHCTBO, OTKPBITHIE W 3aMKHYTHIE MHOXECTBA, W WX CBOWUCTBA.
(Bkamowas 3agaqu 1, 3, 4, 5, 6)

2) Tononormueckme NPOCTPAHCTBA, BHYTPEHHOCTH, 3AMBIKAHUE. OeNPEPBIBHOE 0TOOpaxe-
Hye. (Bkmodas 3agaqu 8, 9, 10)

3) Tomeomopdusm. ekapToBo npousseaenue. (Braoodas s3agaqm 17, 18)
4) CBA3HOCTH M IUHENHAA CBA3HOCTH. CBA3b MEXy DTWMU MOHATHAMU.

5) XaycpopdoBocThb. DopManbHOCTH. Jlemma Ypeicona. Popmymuposka Teopembl Turme o
[IPOAOIXKEHUU. Da30ueHrne equHUIbL.

6) KommakraocTs. KoMmakTHOE Xaycaq0pdhOBO IPOCTPAHCTBO HOPMAIBHO. (BKIOYAA 33 JaN

38)

7) Tmagkoe mHOrooGpasme, raagkoe orobpaxenue, muddeomopdumsm. CymecTBoBanme
aTaaca ¢ kapramu, guddeomopdubivu mapy (R"). (Bkiaouas 3agaxu 49, 50)

8) CymecTBoBaHME MMAJKOTO PA30MEHNA €IUHUIIBL.
9) DOBepXHOCTH YPOBHA KaK MHOr0OOpasue.

10) Tpum onmpemeneHns KacaTeIbHOTO BEKTOPA, SKBUBAJCHTHOCTD IIEPBBIX ABYX. (BKIKOYAA 3a-

maqu 53, 54, 55)
11) KacareapHOe 0TOOpaXeHue, peryapHoe 3HAUYCHUe. DPpoo6pas PeryIapHOro 3HAYMEHU.

12) Dorpyxenue, BIOKEHWE, BIOXKEHUE B CHIBHOM CMBICAE, mMOoAMHOrOOGpasme. Teopema o
cBs3U 00pa3a BIOKeHUs U mogMHOroobpasus. Popmyauposka semMbr Capaa. (BKIoUas
sagaqu 60, 55)

13) Cuabas Teopema YUTHH.



14)
15)

16)

17)

18)
19)

20)

21)

22)

23)

24)

25)

26)

27)
28)

29)

30)

31)

32)
33)
34)

35)

KacarerbHoe paccioenue.

DOHATHE OPUEHTHPOBAHHOIO MHOr000pasua ¢ kpaeM. Kpan. OpueHTanua Kpas Iaa koro
OPMEHTHUPOBAHHOTO MHOr000pas3us. (BKIo9ad 3anady 71)

OUMAHOBA METPHUKA, TeH30PHBIA MOAXOJ, CyMIECTBOBAHME. JPp0o0Opa3, MHAYIMPOBAHHAL
meTpuka. (BKao9as 3agaqau 72, 73, 74, 75)

Tenszopsl, cyMMa, IPOU3BENEHUE, CBEPTKA, AIHTEPHUPOBAHUE U CUMMETPAPOBAHUE TEH3O0-
poB. (Bkmodas 3agadu 89)

TeH30pHBIE NOIA ¥ NOIMIXHENHbIE OTOOpaXeHn . (BKIOIad 3a1a9u 88)
DOMHATHUE U ONYCKAHWE WHAEKCOB y TEeH30pa. (Bkaodas 3ama<au 92, 93)

Teopema 0 mpeacTaBICHNY TEH30PA B BUE CYyMMbBI TEH30PHBIX IPOU3BEAEHUN PO CTEUIINX
TEeH30pOB. (BKIOYad 335247 91)

Hudpdepennuanrpabie Gopmbl u aarebpandecKue ONepanuu HAJ HUMUA.

Ipencrasrerue quddepeHnuaIbLHBIX (GOPM B IOKATBLHBIX KOOPAUHATAX. (BKIOYAA 33,140

95, 96, 97)

KoBapraHTHBIA IpaJueHT BEKTOPHOTO MOJAA B €BKIWAOBOM IIPOCTPAHCTBE. 3aKOH M3Me-
HeHUA K03 (UIMEHTOB CBA3HOCTU IPU 3aMeHe KOOpIUHAT.

KoBapraHTHBIN IPAJAEHT TEH30PHBIX MOJEU MPOU3BOILHON BAJEHTHOCTH B E€BKJIMUIOBOM
npocrpancTse. (Braodas 3agaqau 100, 101)

Addunanasn cBasaocTsb. Ee cBOUCTBA M XapakTepusalus UMHU.

CuMMeTpudecKas CBI3HOCTDb, aCCONMUPOBAHHAA C PUMAHOBOM METPHUKOM. (BKIIOYas 3a-
gagu 102)

DopMyIbl KOBAPUAHTHOU MPOW3BOAHON 110 HAMPABIEHUIO U BIOJb KPUBOU.

Omnepanusa mapaaIeabHOTO TepeHeceHna. ['eoMeTpriecKas MHTEPIIPETAIMA KOBAPUAHTHON
npousBogHOU. CBA3BHOCTH HA MOBEPXHOCTHU B €BKJIUOBOM MPOCTPAHCTBE.

CoxpaHeHue QJIUHBL U YIVIa, MEXIY BEKTOPAMU IIPU MAPAJIEILHOM [TEPEHECEHNHN.

leogesuyeckue. CymecTBOBaHNE U eAUHCTBEHHOCTD MIPU 33, JAHHBIX HAYAJIBHBIX YCIOBUIX.
(Bkirogas 3agau 105)

IDKCIOHEHIUATLHOE O0TOOpaxenme. Teopema O CyMECTBOBAHUN OKPECTHOCTH C yCIOBUEM
€IUHCTBEHHOCTH “KOPOTKOU’ TI'€0Ie3WIeCKOMN.

Temzop KpUBU3HBI JUMAHA.
CBOMCTBA CUMMETPHUU U KOCOU CUMMETPUM TE€H30PA KPUBUIHBI.

DOpMyJIBI 1A KOMIOHEHT TE€H30Pa KPUBU3HBI PUMAHOBOU CBA3HOCTHU. (BKIIOYAA 3a1a4Q

107)

Tenzop duvum u ckamAapHas KpuBusHa. CBA3b C rayCCOBOW KPUBU3HOU MOBEPXHOCTH.



36) I'eomeTpudeckuil CMBICA KOMIIOHEHT TE€H30pa DUMaHA. (BKIOYAd 3agaqn 112)

37) Teopema O HE3aBUCHMOCTY HAPAJIEILHOIO MEPEHECEHUs OT KPUBOU CPEAU FOMOTOIHBIX
IIPU HYJEBOM TE€H30p€ KPUBU3HEL.

38) Buemmnuu guddepennuman u ero csoucTsa. (Bkmodas 3agaqdn 133, 134, 135, 136, 137)

39) DoHATHE KOrOMOJOTHU TVIAIKOIO0 MHOr000pasus. Jpoobpas auddepeHnnaibHon GopMbl
npu raaakom orobpaxennu. CBasek ¢ romoronuavu. (Brarodas sagaqam 140, 141)

40) Domarume maTErpata guddepeHnaTbHON (POPMBL IO OPUEHTHPOBAHHOMY MHOTO00DA3UIO.
De3aBUCUMOCTD UHTErPAIA OT BHIOOPA JOKAIBHOU CUCTEMbI KOOD IUHAT. (BKIOYAA 32,140

148, 150)
41) Obwas popmyra Crokca.

42) O6beM pEMaHOBA OPUEHTUPOBAHHOIO KOMIIAKTHOTO MHOI0OODA3HI.

COUCOK 3AIAY

1. (9) 9ycrs X — merpudaeckoe npocrparcTBo. Torga Y C X OTKPBITO TOrJa U TOIBKO
rorga, korga X \ Y samkuyTO.

2. (D) DokazaTb, 9TO OT KOHEIHOCTHU B CBOUCTBAX IEPECEUCHUN OTKPBITHIX MHOXECTB HEIb35
OTKa3aThCA.

. (9) [okazarb, aro B.(x) oTKpsBITO.
. (9) [okazars, aro Int Y oTkpsITO.

(9) MokazaTs, 9T0 Y 3aMKHYTO.

(D) DpoBepuTh AIA 3AMKHYTHIX MHOXECTB cBoucTBa 1 3 — 4 3.

o =S N

. (D) DOpuBecTu mpuMep TOMOIOrMIECKOr0o HpOCTPaHcTBa (X, T), He CBA3AHHOTO HU C KAKOU
METPUKON (FOBOPAT: TOMOJOTUA HE METPU3YEMA).

8. (9) B Tomoa. mp-se Y C X 3aMKHYTO TOTZa M TOIBKO TOrJa, Korjga Y =Y.

9. (9) B Tomoa. mp-e Y 3aMKHYTO.

10. () Oposepurh maa T (TOmMOIOrMU, WHAYIUPOBAHHOM HA MOAIPOCTPAHCTBE) AKCUOMBI
TOIOJIOT WM.

11. (3) Oycrs (X, px) — Merpudueckoe mpocTpancTsBo. Torga Tomonoruio Ha Y C X MOXHO
BBECTH IBYMsA CIIOCOOAMMU:

1) px mopoxpaaer Tx, KOTOpas WHAYIUPYET T1,

2) px IpHU OTPaHUYEHHUHA HA Y AaeT py, KOTOPAd IMOPOXKIACT Ty, .

[oka3aTs, ITO T) = T, .

12. (3) 9ycrs Y1 C X u Yo C X — orkpeiThe mioTHBEe mogMHOKecTBa. Torga Y =Y, NYo
— OTKpPBITOE IIOTHOE TOIMHOXECTBO.

13. (3) Oycrs X = Fy U F;, rae Fy u Fy — samvkuyteie, f : X — Y. Torga f HempepbIBHO
TOra ¥ TOILKO Toraa, korga f|p : F1 =Y u f|p, : F» — Y HenpepbiBHEL

14. (3) Oycrs fy, : X — R — HempepbiBHBIE DyHKIMHT, cxoaamuecs K [ paBHOMepHO Ha X.
Torga f menpepbiBHAA.

15. (3) dycrs X u Y — merpuueckume npocrpancTsa. Jokazars, aro f : X — Y menpeprisaa
B TOYKE T( B CMBICIE OTOOPAXKEHUN COOTBETCTBYIOIINX TOMOJOIMIECKAX MPOCTPAHCTB TOTAA U



TOIBKO TOT'JA, KOTAA AU JI0OO0U MOCIef0BATEILHOCTH { Ty} ¢ lim z, = z¢ umeem lim f(z,) =
n—00 n—00

f (o).

16. (3) DpusecTu npumep GUEKTUBHOTO HEMPEPHIBHOTO OTOOPAKEHUA, HE ABIAIOMETOCA TO-
MeOMOPpPA3IMOM.

17. (9) Kakue ycnoBus HALO HATOXKWUTH HA TPOU3BOIBHYIO CHCTEMY IIOAMHOXECTB 31, ITO0BI
B PE3YJbTATE B3ATUA UX MPOU3BOIBHBEIX OOBEIUHEHUN Oy IATH HEKOTOPYIO TOIOJOTHIO 7

18. (D) OposeputTh (¢ MCHOIBL30BAHUEM HpenbIAyLIeN 3ama4dn), 970 X X Y [eUCTBUTEILHO
TOMOJIOTHIECKOE MTPOCTPAHCTBO.

19. (3) Hdokasats, uro X X Y m Y x X romeomMopdHBL.
20. (3) [dokasatb, uro (X X Y) X Z u X x (Y X Z) romeoMOpdHEL.

21. (3) Aycrs (X,px) u (Y,py) — merpuveckue npocrpancrBa. Onpemserum ma X X YV
CJEMYIOITE PACCTOAHUA:

Pmax((T1,y1), (T2,92)) := max{px (z1,2), py (y1,%2)},

p2((@1, 1), (22,42)) = \/ % (1, 22) + 93 (y1. 1),
p+((z1,91), (72,2)) == px (71, 72) + py (Y1, Y2)-

HoxaszaTh:
1) Yro 5TO MeTpUKHU.
2) Yro coorsercrByomme Tonosoruu Ha X X Y coBHagaoT.

22. (3) [Jokasarh, 4T0 HOAMHOXeCTBa npamon (a,b), [a,b) u [a, b] He romMeomopdHEL.
23.
24.
25.

(3) Orpesox [a,b] C R cBA3eH u IMHENHO CBA3EH.
(3)
(3)
26. (D) dOpusectu npuMep HexaycAOPGOBA TOMOIOITIECKOTO IPOCTPAHCTBA.
(3)
(3)
(3)

3) O6pa3 cBA3HOTO MPOCTPAHCTBA IPHU HEMPEPHIBHOM OTOODAKEHUN CBA3EH.

3) OpuBeCTH IPUMEP CBA3BHOI'O, HO HE JUHEUHO CBA3HOI'O IPOCTPAHCTBA.

27.
28.
29.

30. (3)9ycrs f: X — X — menpepoiBHOE 0TOOpaxenue xaycaopdosa npocrpancTsa. [lo-
Ka3aTh, ITO MHOXECTBO HEIOABUXKHEIX ToueK Fy := {x € X | f(r) = z} 3amkHyTO.

3) [loka3aTh, 9TO AEKAPTOBO MPOU3BEIEHUE XayCAOP(POBLIX IPOCTPAHCTB XayCaopdOBo.
3) loka3aTs, 9TO B Xaycaop¢dOBOM IPOCTPAHCTBE KaXAad TOUYKA 3aAMKHYTA.

3) Beskoe meTpudeckoe mpoCTPAHCTBO HOPMAIHHO.

31. (3) [lokasarb, aro X xaycnopdOBO TOra W TOIBKO TOTAA, KOTAA AMATOHATL A =
{(z,y) |z =y} C X x X samkuyTa B X X X.

32. (3) Hokasars, uro ecam orobpaxenue f : X — Y B xaycnopdoBo HpOCTPaHCTBO Y
menpepsBEO TO rpaduk 'y := {(z, f(x)) |z € X} C X x Y zamxayr B X x Y.

33. (3) 3aMKHYTOE MOAMHOXECTBO 3aMKHYTOr'O IOAMHOXECTBA 3AMKHYTO B O0BEMIIOMIEM
IIPOCTPAHCTBE.

34. (3) (Teopema Turne o npogomxenun) JycTbh X — HOPMAIbHOE TOMNOJOIHYIECKOE IIPO-
crpanctso, f : F — R — menpepoiBHas ¢yukmua. Torga f mpogomxkaeTrcsa A0 HEIPEPHIBHOU
dbysxkuum g : X — R. Ecam f orpammvena, To u ¢ MOXHO BHIODATH OIPAHHIEHHOUW TOU XKe
KOHCTaHTOU.

35. (3) [Jokasarb, 9TO OTPE30K [a, b] KOMIaKTEH.
36. (3) [dokasaTb, 9TO 3aMKHYTOE IIOAMHOXECTBO KOMIAKTHOIO IIPOCTPAHCTBA KOMIIAKTHO.

37. (3) [lokasaTb, YTO KOMIAKTHOE IOIMHOXECTBO XayCa0pdoBa IPOCTPAHCTBA 3AMKHYTO.



38. (9) [lokasaTb, YTO HEMPEPHIBHBIA 06Pa3 KOMIAKTA, KOMIIAKTEH.

39. (9) Oycrs f : X — R! — mempeprBHas (yHKIMA Ha KOMIAKTHOM IPOCTPAHCTBE X.
Torga f orpanuveHa u NpUHUMAET HAUOOJBIIEE U HAUMEHbBIIECE 3HAICHUA.

40. (3) Touka x( Ha3BIBaETCA NPedeabroti MOUKOT MHOXKECTBA, Z, €CIM B KaXJI0U €€ OKPECT-
HOCTH COJEPXKUTCA OECKOHEIHO MHOIO TOYeK Z. JJ0Ka3aTh, 9TO B METPUICCKOM IPOCTPAHCTBE
X MHOXECTBO Z, HE UMEIOIIEe MPEIENbHBIX TOYEK, SBIACTCA 3aAMKHY THIM.

41. (3) Yucmo € > 0 asusercs wucaom Jebeea orkpuiroro nokperrus {U,} MeTpuaeckoro
npocrparcTsa X, ecan nokpsitue {Be(z)|x € X} asaserca uamensaenuem {Uy} (T. e. xax npim
wap JIeXUT B HEKOTOPOM dIEeMEHTe MOKpHITUA). [lokasarTsh, 9To ecau B X BCAKAA IMOCIEIOBA-
TEIBLHOCTb UMEET CXOAALLYIOCA TOAIOCIEN0BATEIBHOCTD, TO BCAKOE OTKPBITOE MOKPLITHE UMEET
qucyo Jlebera.

42. (3) Oycrs X — MeTpUIECKOE IPOCTPAHCTBO, TOTAA CACAYIONME yCIOBUA SKBUBAJCHTHBL:
1) X xOMOAKTHO;
2) m06as moCIenOBATENLHOCTD {Zyn} C X MMeeT CXOISUIyIoCs [0AII0CIEe0BATEILHOCTD;

3) mobas MOCIENOBATEILHOCTh BIOXKEHHBIX HEIYCTHIX 3aMKHYTBIX MHOXecTB {F,} (T. e.
F,, D F, ;1) uMeeT HeIycToe mepecevueHue.

43. (3) JexapToBO mpoU3BeIeHNE KOMIAKTHLIX IPOCTPAHCTB ABIAETCA KOMIAKTHBIM.

44. (3) dpusecTu npuMep MHOrOOOpPa3KA C HECOINIACOBAHHBIMY MMIALKUMEA CTPYKTYDAMU, T. €.
¢ aBymsa rakumu raagkumu arvaacamu (Ui, ;) m (Vj,9;), aro {(U;, i), (Vj,1;)} Be aBiserca
LIAJKAM ATIACOM.

45. (3) Hoxasars, uro S” gBIgeTCA IIAIKAM MHOIOOOpa3UEM.

46. (3) Hoxasars, uro RP" apigercsa riajkuM MHOr0OOpasueM.

47. (3) DyayT am raaaKuMu MEHOrOOODPA3UAME MDAHUIIA KBAAPATA W BOCBMEDPKA (IIOAMHOXKE-
crea R?) ?

48. (3) MoxasaTs, 9T0 S? — KOMILIEKCHO-aHATUTHIECKOE MHOT000pasme.

49. (9) Jdokaszarb, 9TO U3 rIAAKOCTU (GYHKIUY II0 OTHOIICHAIO K HEKOTOPOU KapTe CIeIyeT
DIAIKOCTH O OTHOIIEHUWIO K JIOOON.

50. (9) [lokasaTb, 9TO U3 rIAAKOCTU OTOOPAKEHUA MO OTHOIIEHUIO K HEKOTOPOU Hape KapT
cIefyeT IMIAKOCTh IO OTHOIIEHHUIO K JHOOOM.

51. (3) Dposepurb, 9TO HOPMYILI

k a*
= , k=1,...,n,
MY/~ iy ey ) pam— e
k
z* °Y k=1,...,n,

CVIE PR ()
sagaior muddeomopdmam B.(0) C R" mw R™.
52. (3) DpuBecTm npumep rIAgKOrO roMmeoMopdusmMa, He ABAAMEroca nuddeoMmophuzMom.

53. (9) (ompaspanue onpegenenus) Jyctb v : (—1;1) — M — raaakoe orobpaxenue. Torga

COOTBETCTBUE
dzt dz™

dt dt )|,_,



ABIACTCA BEKTOPOM. 3/eCh B JOKAILHOM cHCTeMe KoopamuaT (z!,...,z") oTobpaxenue 7y 3a-
mano xax (zt(t),...,2"(t)).

54. (9) Kaxbill KacaTeabHBIN BEKTOD B TOYKE P OMHO3HATHO OMPEAeNsIeTcs CBOUMEU KOMIIO-
HEHTAMU OTHOCUTEILHO ONHOU CUCTEMBI KOODIUHAT.

55. Dycrs (z!,...,2") — JOKaTbHAA CHCTEeMa KOODAMHAT B OKpectHocTH P € M, P
(zh,...,28), a £ € TpM wmeer xoopauraTe £'. Tormga cooreTcTBEE

Zaxl ,...,:Ug)fi

HE 3aBUCUT OT BBIOOpA JOKATLHOU CUCTEMBI KOOPAUHAT U OMpeAelseT onepaTop auddepeHin-
poBaHUA.

56. (3) JokazaTh 5KBUBAIEHTHOCTH TPETHErO onpegeneHus (depes auddepennupoBanus) Ka-
CATEeIBHOI'0 BEKTOPA JABYM APYTHM.

57. (3) /lokazaTh SKBUBAIEHTHOCTH TPEX onpegeaeHui auddepennuana.

58. (3) OpuBecTm mpuMep MOrpyKeHus, B3AMMHO-OJHO3HATHOrO Ha 00pa3, HO HE ABJIAMOIIE-
rocCA BIOXKEHUEM.

59. (3) [1a KOMOAKTHBIX MHOTOOODA3WU BIOXKEHWE BCEra ABIAETCA CAIBHBIM.

60. (9) [lokasaTb, 9TO HOAMHOrOO0OpA3Ue ABTOMATUICCKH 3aMKHYTO.

61. (3) dycrs f: M — N, a Qy € N — perynspuoe snatenne f. Torga Mg, := f1(Qo)
ABIACTCA TMAJKUM moaMHoroobpasmeM, dim Mg, = dim M — dim N. B kavecTBe JOKaTbHBIX
KOOPJAUHAT B OKPECTHOCTH HEKOTOPOU TOIKM M@, MOXKHO B3ATH HEKOTOPHIE (m—n) xoopauHAT

M.

62. (3) DpuBecTu nmpuMep TAKOI'O BIOXKEHWs, 9TO 00pa3 HE ABIAETCA IOAMHOr000pasueM (u
Jaxe MHOrooOpasueMm).

63. (3) DenpepniBHOE OGMEKTUBHOE 0TOOPAaXKEHUE KOMIIAKTHOT'O IIPOCTPAHCTBA HA XayCAOp-
¢dOBO ABIAETCA TOMEOMOPDPU3IMOM.

64. (3) OpumeHTHPOBATH OPUEHTUPYEMOE MHOTO00OPA3ME MOKHO POBHO ABYMSA CHOCOOAMU.

65. (3) DasoBeM 3aMKHYTBI IIyTh B MHOrooOpasuum M 0de30puenmupyrouum, eCim MMeeTCs
Habop xkapt Uy, ..., U, DOKPHIBAIOUIAX €ro, IpuIeM KaxXaasd IepeceKaeTcs TOIbKO C IBYMs CO-
CeHUMU, & BCE AKOOMAHBI IMEPEX0na, KPOME OJHOTO, MOJOXKUTEIbHBL. [[0Ka3aTh, YTO MHOrO-
0o6pasume HEOPUEHTUPYEMO TOTNA U TOJBKO TOT/A, KOT/a UMEETCA Ne30PUEHTUPYIOUUN My Th.

66. (3) DasoBeM so0KaabHOU opuenmayuet BEIOOp opueHTanmu (T. e. Ga3mca) B KaXJOM Ka-
CaTeIbHOM IPOCTPAHCTBE. JIOKAIbHAA OPUEHTALMA 40KAALHO NOCMOAHHA, €CIA IS KaX 0N
kapThl U crapgapTHBIM 6a3uc 0; 3aaeT JOKAJILHYI0 OPHEHTAINIO B IIPeJeJaX KapThl IH00 BO
BCEX TOYKAX COBIAMAIONIYIO C JAHHOU, TUO0 el MPOTUBOMOMOXHYI0. [[oKazaTh, 9T0 MHOr006pa-
3u€ OPUECHTUPYEMO TOr'Qa U TOJIBKO TOTr'da, KOr'Ma MMEeTCA JOKAJIBHO IMOCTOAHHAA OPUCHTAIWA.

67. (3) dokasarsb, uTo MHOroO6pasus S™ u T? opueHTEPyeMBL.

68. (3) /lokaszaTh, 9TO KOMILIEKCHO-AaHAMUTHIECKOE MHOT000Pa3ue OPUEHTHPYEMO.

69. (3) [lokazaTs, aTo denTa Mebuyca eCThb HEOPHEHTHPYEMOE MHOTO0OPa3me.

70. (3) MokasaTk, 9TO mpoeKTUBHAA mIocKocTh RP? ecTh HEOpMEHTHPYEMOe MHOr006Gpasue.
71. (D) DpoBepuTh, UTO OrPAHWYIEHUA KAPT HA KPAU AEUCTBUTEILHO 00PA3yIOT ATAAC.

72. (9) YcaoBme, uro Marpuna ||g;j| cuMmeTpumueckas (HEBBIPOXKJEHHAA) IHOJOXKUTETIHLHO
OIIpeIeJeHHAS JOCTATOYHO MIPOBEPUTH A KaxXgou Touku P € M ToabKO B OJHOU KapTe.



73. (D) OpoBepuTh HHBAPUAHTHOCTD OLMPEAEICHNS CKAJAPHOTO IPOU3BENEHUA C HOMOIIBIO PU-
MaHOBOU METPUKH.

74. (D) DpoBepuUTH PKBUBAIEHTHOCTH ONPENEICHAN OMIMHENHOU (POPMBI HAJ TOYKOU 9Iepe3
TEH30PHBIN 33KOH U KaK POPMBI HA KACATEILHOM ITPOCTPAHCTBE.

75. (D) DpoBepuTh CONIACOBAHHOCTDH JABYX OIPEAEICHUN 0OPATHOrO 06pasa.

76. (3) loxasatwb, uto ecau ¢ : N — M — morpyxenuwe (B JaCTHOCTHU, BJIOXKEHUE), a

7 ? ?
— puMmaHOBa MeTpuka Ha M, TO i*g — pumanoBa MeTpuka Ha N. O04YeMy DTO HE TAK [IJs
MPOU3BOABHOIO OTOOpaXKeHus 7

77. (3) [lokazaTb TeopeMy O CyMIECTBOBAHWU PUMAHOBOU METPUKHU C MOMOMIBIO Pa3OumeHws
equHUNL (€3 TeopeMbl YUTHH).

78. (3) Dokaszarb, uro Tensop Tuma (1,1), MHBAPDMAHTHBIN OTHOCATEIHHO OPTOTOHAIBHBIX
3aMeH KOOD/WHAT, IPOTOPIMOHATEH TeH30py J;.

79. (3) DokazaTb, ITO TEH30D TPETHEU BAICHTHOCTY, NHBAPUAHTHBIN OTHOCUTENIBHO TIPOM3-
BOJBHBIX 3aMEH KOOPAWHAT, PABEH HYJIIO.

80. (3) Daurum oOmMI BUI TEH30Pa YETBEPTOU BAJCHTHOCTY, NHBAPUAHTHOTO OTHOCUTEIHHO
IPOU3BOIBHOM 3aMEHBI KOOPAMHAT.

81. (D) BuipasuTsb cief MATPUILL B BAE PE3YIbTATA TEH30PHBIX OIEPAIWH.
82. (3) BrlpasuThb geTepMUHAHT MATDUILI B BUAE PE3YIbTATA TEH30PHBIX ONEPAINN.

83. () MoxasaTs, aTo Bemmamanr CY, C’}Cij , C}C,ZCZI“, BBIPAXAIOTCA depe3 Kod(pPUuIneHTHI
muorounena det (C' — AE).

84. (3) Dauru THID TEH30pA, KOMIOHEHTH KOTOPOT'O CYyThb KOX(DPUIIUEHTEI
1) BEKTOPHOIO MPOW3BENECHU,
2) CMEMmAHHOIO IPOM3BEJCHUs

BEKTOPOB B R? . D0Ka3aTh, YTO DTU TEH30PHI MOIYIATCA APYT U3 APYra MyTeM NOABIMAHUSI
AN OIIyCKAHUA WHICKCOB.

85. (9) Aycrp X mmeer BamenTHOCTH (1,0), W — (0,1). Dantu panr omeparopa X @ W.
86. (D) B Totke KOBEKTOPHI ABIAIOTCA (PYHKIIMOHAIAME HA BEKTOPAX.

87. () Dasucer {%} B TpM u {dz’} B T M KBOWCTBEHHLL.

88. (9) dycrs Ly — "nmommnuuenHoe orobpaxenue”, coorsercryomee Tersopy 1, a T, —
" TeH30p”, COOTBETCTBYIOIINY MOIUIXHENHOMY oTOOpaxenuio L. [loka3aTb, 9TO

1) Ly mommniuHeeH m HE 3aBUCAT OT BBIOOPA CHCTEMBI KOODWHAT.
2) T}, mEUCTBATEIBHO YIOBIETBOPAET (P, ()-TEH30PHOMY 3aKOHY.

3) OTu 0TOGpaKEHUA B3AUMHO OOPATHEI.

89. (D) DpoBepUTH TEH30PHBIN 3AKOH A CYMMBI TEH30DOB.

90. (3) DokasaTb Ha MpUMepe, ITO MEPECTAHOBKA BEPXHEr'O M HUKHErO WHEKCA HE ABIACTCA
TeH30PHOK oIlepalyerl. JaCCMOTPEeTh CIydal Tersopa Tuna (1,1) (mmennoro omeparopa). Jo-
JYYUTh B YaCTHOCTH, 9TO NOHATHE CUMMETPUIHOCTH OIEPATOPA C’Jl: = Cij 3aBUCUT OT CACTEMBI
KOOpIWHAT.



91. (9) [lokasaTb, YTO JOKAIBHO A MOOOU CHCTEMBI KOOPAUHAT UMEET MECTO PA3JIOKeHUe

iy D
b
T =T " 5.0

®R...0 ®dr' ® ... dze.

Ox'r
OHO eIuHCTBEHHO.

92. (3) dycrs bjj — HeBBIPOXAeHHOE TeH30pHOE Hote Tuna (0,2). D0J HEBHIPOX IEHHOCTHIO
norumaerca ycaosue det ||b;;|| # 0. DpoBepuTh HE3ABHCUMOCTH DTOTO YCIOBHA OT BEIGOPA CH-
CTEMBI KOOPAWHAT.

93. (9) Jloka3aTh, ITO KOMIOHEHTEI 0OPATHON MATPHITHI bjk, T. €. YAOBIETBOPAIOIIEH YCJIO-
suio b/¥by; = 67, o6pasytor Temsop Tumna (2,0).

94. (3) [okaxwuTe, 9TO ATLTEPHAPOBAHUE ABIAECTCA JUHEMHBIM OTOOPAKEHUEM, OCYIIECTBIIIA-
OINM OPOCKTUPOBAHUE HAa KOCOCHUMMETPUYICCKUE TEH30pDbI, a CAMMETPHUYICCKHE JeXaT B €ro

anpe.
95. (D) BeiBecTy u3 ompegeneHUs BHENIHET'O YMHOXEHUSI, ITO

dz"' A ... Adz' = Z (—1)7de’ " @ ... @ da'),
oESy

96. (9) [lokasaTb, YTO BHEIIHWE OPOU3BEACHUS OABUCHBIX KOBEKTODPOB 00pa3yioT 6a3uc B
OPOCTPAHCTBE KOCOCUMMETPUIECKMX TEH30POB (B TOUKE). DalTH Pa3MEPHOCTH MPOCTPAHCTBA
CUMMETPUIECKUX TEeH30pOB. VccrenqoBaTs BO3MOXHOCTL pasnoxkenus TeHzopa tuma (0,q) B
CyMMy CUMMETPUICCKOr'O 1 KOCOCUMMETPUICCKOT'O.

97. (D) Dokaxwure, 9TO MIA MOXyIeHUS (HOPMYILI BHENIHEI'O YMHOXEHUA Ha A3bike nudde-
PEHIUATBLHBIX (POPM JOCTATOYHO MEPEMHOKUTE BBIPDAXKEHUA, 8 3aTeM, IIyTeM HepeCTaHOBOK (C
Yy9€TOM 3HAKOB) YyHOPALOIUTH Au(dEPEHIUATDI.

98. (3) Buipaxenue \/det ||g;;jl|ldz! A ... A dz" aBRAETCA TEH3OPOM OTHOCHTEILHO 3aMEH KO-
OPJMHAT C MOIOKUTEILHBIM AKOOMAHOM. 3J€Ch gjj — PUMAHOBA METPHKA.

99. (9) dokaxwmre, 9TO OOBIIHOE TACTHOE AUD(PEPEHIUPOBAHIE KOMIIOHEHT TEH30PHOTO MOJIA
B R" He aABIgeTCA TEH30PHOU OIEPAIIAEH.

100. (D) Asmewm Bux V B R" 1 06mux TeH30pOB yCTAHABIMBACTCA AHAJOTMYHO BBIKJIAIKAM
[T BEKTOPHBIX M KOBEKTOPHBIX MOJMER. JPOJEJAUTE DTY BHIKIAIKY .

101. (D) Oposepurh mnpaBmio IJbloToHA-J/lenbHUIA KOBapumaHTHOrO AuddEpPEHINPOBAHNA
NPOU3BEAEHUS IPOU3BOJbHBIX TEH30PHBIX ITOJEH.

102. (D) DumaHOBA CBA3BHOCTH V HA PUMAHOBOM MHOI'006pAa3Wu KOMMYTHUPYET C OHEeDAIVAME
NOAHATUA U OIIyCKAHUA WHACKCOB.

103. (3) [Joka3aTh SKBUBAICHTHOCTH TPEOOBAHUN €BKIMJOBOCTU C TOYKU 3PEHUA METPUKY U
C€BKJIM TOBOCTU C TOYKMU 3PDCHUA CBA3HOCTH.

104. (3) Ecam aBe reoge3myaeckme CONPUKACAIOTCA B HEKOTOPOU TOYKE, TO OHM COBIALAIOT.

105. (D) Opu mapaareIbHOM MEPEHEeCEHUU BEKTOPA BIOAb E€OJE3UIeCKOM DPUMAHOBOU CBS3-
HOCTHU Yr'OJ MEX Oy HUM M KaCaTEJIbHBIM BEKTOPOM OCTACTCA NOCTOAHHBIM.

106. (3) DokasaTb, 9TO B KOODJUHATAX, 3aJaHHBIX OTOODAXKEHUEM €XP, BCe FE- i, O0pamaiorcs
B Py B HyIb.

107. (9) BeiBecTu popMyry Ansa KOMIOHEHT TEH30pa DUMAHA PUMAHOBOM CBA3HOCTH.
108. (3) Jdoxazars, 9TO TEH30p DUTIU CUMMETPUYIEH.

109. (D) Yemy paBeH TEH30p KPUBU3HBI OJHOMEPHOIO MHOr006pasus ?



110. (9) [dokasaTb, 9TO ecau Fé-k — K02 PUITUEHTHI CBA3HOCTH, TO Fé-k — }C j ABIACTCA TeH-
30pOM.

111. () [Joxasars, 4TO ecam F;k, F;k — KO3 PUIMEHTHI ABYX CBA3ZHOCTEH, TO F;k — ;k
ABJIAETCS TEH30POM.

112. (9) Hoxasars, 9TO Vkéj- =0.

113. (9) CocraBuTh ypaBHEHZE HAPAJIEILHOIO EPEHECEHUS BEKTOPOB HA INIOCKOCTH.

114. (9) CocraBuTh ypaBHEHWE Ie0Ie3WIeCKUX JIUHAN HA ILIOCKOCTH ¥ B IIPOCTPAHCTBE.
115. (3) CocTaBuThb ypaBHEHUE Ie0NE3NIECKUX JUHUY Ha, Chepe. DalTH PENICHUA Y PDABHEHMA.
116. (3) OmmcaTs onepanuio DapaLIeTbHOTO IIEPEHECEHUA IO OCHOBAHUIO MIPAMOr0 KPyTOBOTO
KOHYCA.

117. (3) Ouumcars omeparmuio apaLieIbHOTO IEePEHECeHNs 10 TPEeYyrOabHUKY Ha cdepe, o6pa-
30BAHHOMY [OBYMs MEPHUAVMAHAMU U DKBATOPOM.

118. (D) DokasaTb, YTO eCaAM ABA HOAMHOrOOOPA3UA COMPUKACAIOTCA II0 HEKOTOPOU KPUBOM,
TO ONEpalnus MAPALIEILHOrO MEPEHECEHU BIOAb 3TOU KPUBOU HE 3aBUCUT OT BBIOOPA, MOIMHO-
roobpasus.

119. (3) BemucaTs B BekTOpHOU (hOpMe HOPMYILYy KOBADUAHTHOU IPOM3BOJHON HA IOBEPXHO-
CTU B TPEXMEPHOM IIPOCTPAHCTBE.

120. (3) BouramcanTb, Ha KAKOW YyrOJa MOBEPHETCA KACATEIbLHBIM BEKTOD HA IIPAMOM KPyToO-
BOM KOHYCE B PE3yJbTaTe MapALIEILHOrO MEPEHECEHU BIOMb 3AMKHY TOU KPUBOU. Y CTAHOBUTH
3aBUCAMOCTE OT CIOCO6A PACHOIOXKEHUs KPUBOU HA KOHYCE.

121. (3) BeramcawnTs, Ha KAKOU YO IIOBEPHETCA KACATEIbHBIN BEKTODP HA cepe B pe3yabTaTe
[MAPAJIIETHHOIO0 MEPEHECEHU B OB MTAPAJIIENH.

122. (3) BeramcawnTs, Ha KAKOU yTOM IOBEPHETCA KACATENbHBIN BEKTOP HA C(epe B pe3yabTaTe
MapaJLIeIbHOTO IEPEHECEeHnA B0AbL KPUBOU, COCTABICHHON U3 ABYX MEPUAMAHOB M HIAPAJLICTH.

123. (D) YcTaHOBATH 3aBUCHUMOCTDb MEXY YIVIOM IOBOPOTA KacaTeILHOI'O0 BEKTOpa Ha cdepe
B pe3yJbTaTe MapALICIbHOrO MePEeHECEHUs BAOJb 3aMKHYTOU KPUBOU W ILIOMAABIO O0JACTH,
OrPaHUIEHHON STOU KPUBOM.

124. (3) BeraueauTs TeH30p KpuBU3HEL chepbl S2,

125. (3) Beraumcants TeH30p KpuBU3HEL TOpa T2, BIoxkenHoro B R3 |

126. (3) BuramcanTb TEH30p KPUBU3HBI IPAMOrO KPyTOBOIO KOHYCA,

127. (D) BeraucanTs TEH30p KPUBUBHBI IAIAHIPA.

128. (D) DauTy YMCIO HE3ABMCUMBIX KOMIIOHEHT TE€H30Pa KPUBHU3HBI MHOI00ODA3Usa pa3Mep-

HOCTH 2, 3, 4 (B IPEANONIOKEHUN, ITO BCE CUMMETPUU OMUCAHBL B TEOPEME).
129. (3) OnumcaTb reojesuvecKue IMHAYN HA IICEBLOChEDE.

130. (3) [dokasaThb, 9TO HA MOBEPXHOCTU B TPEXMEPHOM IIPOCTPAHCTBE JIMHUA ABIAETCA TEO-
Ie3UIeCKOU TOTAA W TOJIBKO TOT/A, KOTAA OHA B KAaXKIOU TOYKE HOPMAJILHA, T.€. €€ IIaBHAA
HOpMAaJIb MapaJIIENbHa, K HOPMAJIU K TOBEPXHOCTH.

131. (D) DokazaTh, 9TO NPU ABUKEHWU IE€ONE3NIECKUE JTUHUM MEPEXONAT B IEONE3UIeCKIe
JAHU.

132. (D) Dokaxwure, 9TO U3 HEIPEPLIBHOM MOMOTONHOCTH ABYX IVIAIKAX OTOODAXKEHUU CJie-
AyeT mX riiajgkasgd roMmOTOIMHOCTD.

133. (9) I'paguent guddepennuanbEon GOPMBI B KOOPAMHATAX MOXKHO HOIYIATH “HEIOCPE-
cTBeHHBIM AuddepeHnupoBanueM”’. JPOBEPUTh.



134. (9) dycrb w(1) 1 W(z) — AuddepeHnuanbabe GOpMEL CTEIeHen P U ¢ COOTBETCTBEHHO.
Torma
d(w(l) A (,J(Q)) = d(,J(l) Nwig) + (—1)pw(1) A d(,J(Q).

135. (9) Hua mobon dpopmbr w mmeem d(dw) = 0.

136. () dDposepuThb, 9TO NpE B3ATHU OOGPATHOTO 0OpaA3a IMOLyIaeM NEUCTBUTEALHO Audde-
pPeHIuAIbHYIO (pOpMYy.
137. (9) Hoxasars, aTO

w1 N\wo = (—1)degw1degw2WQ N wi.
138. (9) [okasars, uTo ecau degw > n, To w = 0.
139. (3) Jokasarb, 9TO eciu (HOPMBI Wi, . . . , W, JAHEHHO 3aBUCHMBL, TO

wiA... ANwp =0.

140. (9) I'pymmsr koromomoruu uddHeoMOPGHBIX MHONOOOPA3UH COBIALAIOT.

141. (9) I'pymmsl KOroMoJIOruy TOMOTONMYECKN SKBUBAJICHTHBEIX MHOIOOOPA3AU COBIALAIOT.
142. (3) Beramcaurs xoromonorun ne Jama wHTEpBata (a,b) m eBkaugosa mpocrpascTsa R
143. (3) BerueamTs KoroMonorum e Dama MHOT0o6pasuit okpyxuoctu S’

144. (3) BerueauTs xoromonorum e Dama chepsr S2.

145. (3) BuIMucIuTh KOrOMONOrHmE fe DaMa MIOCKOCTH R? ¢ 0HOM BEIKOIOTOM TOUKOM.
146. (3) BuramcamTs KOroMolorum e DaMa MIoCKOCTH R? ¢ IBYMS BBIKOIOTHIME TOYKAMHE.
147. (3) [okasatb aemmy Pyanrape: mobas 3aMKHyTas (popMma Ha JT060M MHOroo6pasuu

ABIACTCA JOKAJIBHO TOYTHOU.
148. (D) Uarerpax onpepeneH KOPPEKTHO, T. . He 3aBucuT OT Buibopa {(Uy, Yo, Va)}-
149. (D) DokasaTb, YTO OIPU CMEHE OPUEHTAINYN UHTErPAJI MEHAET 3HAK.

150. (D) DokazaTh, 9TO, IPU HEKOTOPHIX €CTECTBEHHBIX ONPDAHUYIECHUAX HA KAPTHI, MOXHO
BBIYUCIAATH HHTErPAI OT (POPMBI CAEAYIOMUM 00pa3oM: pa3buTh MHOroO6pas3ue Ha KYCKHU, KaXK-
IBIU 13 KOTOPBIX JEXUT B OJHOU KapTe, IPOUHTErPUPOBATEH OrPAHUYEHUA POPMBI B JOKAIBHBIX
KOODAWHATAX, 8 PE3YJAbTATHI CIOXKUTh.

151. (3) Besecrn u3 o6men opmyasr Crokca popmyry ['puna.
152. (3) Beecru u3 o6men ¢popmyast Crokca popmyry CTokca Ha MOBEPXHOCTH.

153. (3) Besecrn u3 o6men ¢opmyasr Crokca popmyry Ocrporpaackoro — [Laycca.
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