IMPOTPAMMA
9K3aMeHa, 110 KypCy
“TNODOEPEHIMAJIBHASA TEOMETPIA N TOIIOJIOTA”
(ocennmii cemectp 2023/24 yq. roga, gektop - npod. E.B.Tpounkmuii)
OkonuarenbHas BEPCUS

[IporpaMma cocTouT U3 JIBYX 4YacTeil: CIIUCKA TEOPETUUECKUX BOIIPOCOB M CHUCKA 33J1a4. 3a1a4uu
U3 CIMCKA JEISITCS Ha TPU TUIIA:

1) Bagaumn, KOTOpbIe MpUIAraloTcsa K oumnery (T.0. 6umer GakTUIeCKN COCTOUT U3 JIBYX TEOPETH-
YEeCKUX BOIPOCOB U 3aJIa4M), OHU TIOMeYeHbl OyKBOit “37.

2) 3asaum, B KOTOPBIX JOKA3LIBAIOTCS BCIIOMOTATEIHHBIE (DAKTBI TEOPETHUECKOTO BOMPOCa (Kak
PABUJIO, BBIKJIAJKN WIN PACCYKICHUS, HE COJEPKAIINE HOBBIX TOHSITUN U METO/IOB, WJIN U3BECTHHIE
u3 apyrux Kypcos). Oum nomeuensr 6yksoit “B”. B Tom BOnmpoce mporpaMMbl, B KOTOPOM JIAHHAS
3a/1a49a JI0JI?KHA OBITh U3/I02KEHa BMECTE C PEIIeHNEM, HMEETCH COOTBETCTBYIOIIAS TIOMETKA, “BKJIFOUAst
zazady Takyo-to’. B dopMmymmpoBkax BOIPOCOB B HK3AMEHAITMOHHBIX OMIETAX ITUX TMOMETOK yKe
He bymer.

3) Ipounme 3amadm, KOTOPBIE Oy/AyT MCHOJIB30BATHCS, [VIABHBIM 00PA30M, KaK MATEPHUAJ JIst
JIOTIOJIHATETBbHBIX BOIIPOCOB Ha dK3amMene. OHu moMeueHbl 6yksoit “I17.

CIINCOK BOIIPOCOB

1. CBHSHOCTB 1 JIAHEeHAad CBA3HOCTD. CBHSB MEXKAY ITUMU TIOHATUAMMN.

2. Xaycmopdosocts. HopmanbaocTs. Jlemma Vpwicona. @PopmynmupoBka Teopembl Tutie o mpo-
nomkennu. Pazbuenne e TuHAIIEL.

3. Kommaxruocts. HempepbiBaas Guekimsg KOMIIAKTHONO MPOCTPAHCTBA Ha XayCcA0pdOBO sABId-
ercd roMeoMopdu3MoM. (BKIoYas 3amady 16)

4. Inankoe mHOTOOOpasue, riiajakoe orobpaxenne, muddeomopdusm. CyliecTBOBaHNE aTIaca C
kapramu, guddeomopdubvu mapy (R™). (Braogas 3anaam 23, 24)

5. CymrecTBOBaHUE IJIAJIKOTO pa3OueHUs eIUHATIHL.
6. IloBepxHOCTb ypPOBHS KaK MHOTOOOpa3ue.

7. Tpu onpejeneHns: KacaTeI-HOTO BEKTOPA, SKBUBAIEHTHOCTD UX. (BKJIOYast 3am1a4dn 28, 29, 30,

31)
8. Kacarenbnoe oToOpakeHne, SKBUBAJIEHTHOCTEL TPEX OTpeesIeHnii. (BKIouast 3a1aay 32)
9. Perynsproe 3uadenue. 1Ipoobpas peryagapHoro 3nadenus. (BKIodast 3agady 36)

10. Ilorpy:keHue, BOKEHUE, BJIOYKEHUE B CUJIBHOM CMBICTIE, TOJAMHOTO0OOpasue. Teopema o cBsi3n
obpasa Baoxenus n nogmuoroodpasusi. Dopmynmposka semmbr Capaa. (Bkrouas 3agaqy 35)

11. Crabas Teopema YuTHH.
12. KacarespHoe paccoenue.

13. IloustTue opueHTHPOBaHHOrO MHOT006pa3ust ¢ kpaem. Kpait. Opuenranys Kpas rJ1afKoro opu-
eHTUPOBAHHOTO MHOrOOGpasus. (Bkmouag 3agaqy 45)



14.

15.

16.
17.
18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

29.
30.
31.
32.
33.
34.

35.

Pumamosa Merpuka, TEH30PHBIN TTOAX0, CylmecTBoBanue. [Ipoobpaz, wHIyIMpOBAHHAA MET-
puka. (B/rOuast 3amaqan 46, 47, 48, 49)

Ten3opbl, cymMMa, IPOU3BEIEHNE, CBEPTKA, aJbTePHUPOBAHUE W CUMMETPHPOBAHUE TEH30DOB.
(Bkotouas 3agaquu 64)

Ten3opHBIE TIOJIS W TOJUINHEHHBIE 0TOOpazKeHus. (BK/IOUast 3a71a9y 63)
[loguaTHE U OMyCKaHME WHIEKCOB y TeH30pa. (BKIO4as 3agaqu 67, 68)

Teopema 0 mpenCTaB/IeHNN TEH30pa B BHUJE CYMMbI TE€H30DHBIX IPOU3BEIEHUII IPOCTEHIINX
TEH30pOB. (BK/IOYas 3ama4n 66)

Huddepennnanbabie dopMmbl u agarebpanydeckue orneparnuu Haj aumu. [lpeacrasienue mud-
depermmanbabIx (HhOPM B JIOKATBHBIX KOOPAMHATAX. (BKIOYag 3agaqam 70, 71, 72)

KoBapuanTHblil rpajueHT BEKTOPHOIO 1I0JI B €BKJIMJ0BOM LIPOCTPAHCTBE. 3aKOH U3MEHEHMS
K03 DUIUEHTOB CBI3HOCTHU IPU 3aMeHe KOOPIWHAT.

KoBapuanTusiit rpagueHT TEH30PHBIX MOJIeH TPOU3BOJILHON BAJEHTHOCTA B €BKJINIOBOM IIPO-
crpaHcTBe. (BKJIOYAs 331a9u 75, 77)

Addunnas ceasmocTtsb. Ee cBoiicTBa U XapaKTepH3alis UMM,

Cummerpuueckasg CBA3HOCTD, aCCOIMMPOBAHHAS ¢ PUMAHOBON METPHKOi. (BKIOYasd 3ajady

78)
QopMyJIBl KOBAPUAHTHON TTPOM3BOTHON IO HANPABIEHUIO U BIOJIL KPUBOI.

Omneparnus napaJ/uiesibHOrO IiepeHeceHus. l'eomerpudeckasi HMHTepIpeTalus KOBapPUAHTHON
npou3Bo/Hoi. CBA3HOCTE HA TIOBEPXHOCTH B €BKJIMIOBOM TPOCTPAHCTBE.

CoxpaHeHnue JUIMHB] U yIJIa MEXKJY BEKTOPAMU TIPHU MapaLIeIbHOM TepeHECEHUH.

Teomesnueckue. CylecTBOBaHUE U €JIUHCTBEHHOCTH [PH 3aJAHHBIX HAYAJIBHBIX YCIOBUSIX.
(Brstouas 3agaqay 81)

DKCITOHEeHITAIbHOE 0Tobpakenue. TeopemMa 0 CyNIeCTBOBAHUU OKPECTHOCTH C YCJIOBUEM €JIMH-

3]

CTBEHHOCTH “KOPOTKOM~ Te0/Ie3MIeCKOil.

Tenzop kpuBu3abl PuMana.

CaoiicTBa CHMMETPUHN U KOCOII CHMMETPUHN TEH30pa KPUBU3HEL.

@opmysibl 71 KOMIOHEHT T€H30pa KPUBU3HBI PUMAHOBOI CBSI3HOCTH. (BKJ/IIOUAs 337129y 83)
Tenzop Puvun u ckangpuas kpususna. CBg3b € IaycCcoBOil KPUBU3HON ITOBEPXHOCTH.
Teomerpryeckmii CMBICTT KOMIOHEHT TeH30pa Pumana. (Bk/rouas 3agaqdy 88)

Teopema 0 HE3ABUCHMOCTH TAPAJIETHLHOTO TEPEHECEHU OT KPUBOW CPEeau TOMOTOIHBIX MIPH
HYJIEBOM Te€H30pe KPUBU3HBHL.

Buemmumit qudbdepennman n ero croiicrsa. (Bkmogas 3agaan 109, 110, 111, 112, 113)



36. TMouarme xoromosormit riiaakoro maoroodpasugd. IIpoodbpas muddepenrmanbaoit Gopmbr Tpu
riaaakoM orobpazkennu. CBsi3b ¢ romMoronusamu. (BKiO9as 3agadu 116, 117)

37. llousitue unrTerpasa auddepeHua bHoil (POPMBI 110 OPUEHTUPOBAHHOMY MHOI006pa3HIO.
HeszaBucumocTs nHTErpasa 0T BLIOOPA JOKAILHON CHCTEMbBI KOOPAMHAT. (BKI0Uas 3aaauun 124,

126)
38. Obmas dopmyna Crokca.
39. O6beM pUMaHOBA OPUEHTUPOBAHHOIO KOMIIAKTHOIO MHOTO0Opa3us.
40. Omnpegenenne cremneHn 0TOOPAXKEHNST, €€ KOPPEKTHOCTb W TOMOTOIHIECKAS HHBAPUAHTHOCTS.
41. Teopema 0 cBsa3u cremeHr 0TOOPAKEHU U WHTErPasia 0T (POPMBI.

42. TayccoBo cdeprudeckoe orobpazkenne u Teopema l'aycca-Bomme.

CTINCOK 3AJIAY

1. (3) Ilpusectn npuMep GHEKTHBHOIO HEMPEPBIBHOTO 0TOOPAZKEHUST, He SBJISIFOMIETOCS TOMEOMOD-

3) Orpesok [a,b] C R cBsi3eH U JIMHEHHO CBSI3CH.
3) O6pa3 ¢BA3HOrO NPOCTPAHCTBA IPU HENPEPHIBHOM OTOODAKEHNN CBI3EH.

[IpuBecTn mpuMep CBI3HOTO, HO He JTMHEHHO CBI3HOTO IIPOCTPAHCTBA.

IT) IIpusectn mpumep HeXaycI0pdOBA TOMOJOTHIECKOTO TPOCTPAHCTBA.

JlokazaTh, 94TO JeKapTOBO MIPOU3BEAEHNE XayCI0P@OBLIX TPOCTPAHCTB Xayc1opdoBO.

.
AN N N N N N S

3) JdokazaTk, uTo B XaycaopdoBOM MPOCTPAHCTBE KayKIas TOYKA 3aMKHYTA.

Bceaxkoe METPpUYICCKOEe ITPOCTPAaHCTBO HOPMaJIBHO.

© W N ;WA N

(3) llycts f : X — X — HempepbiBHOE oTOOpaskeHue xaycaopdosa mpocrpancTsa. JJokas3ars,
YTO MHOXKECTBO HENmOIBHKHbBIX Touek Fy = {x € X | f(v) = x} 3amkmyTO.

10. (3) Hokazarb, uro X xaycnopdoBo TOra 1 TOJIBKO TOTAa, Korga auaronansb A = {(z,y) |z =
y} C X x X samknyra 8 X X X,

11. (3) Jokazars, uro ecam orobpaxenue f : X — Y B xaycmopdoBo mpocrpancTso Y Herpe-
pbiBHO TO rpaduk I'r := {(z, f(x)) |z € X} C X x Y 3amknyT B X X Y.

12. (3) (Teopema Turne o npomoskennn) [Tycts X — HOpMATbHOE TOMOJOTHIECKOE TTPOCTPAH-
creo, f : FF — R — nenpepoiBaag dyuknusd. Torga f npomoskaercs 10 HETPEPHIBHONW (DYHKIUN
g: X — R. Ecou f orpanwdena, 70 U ¢ MOXKHO BBIOPATh OIPAHWYEHHOMN TOM YKe KOHCTAHTOI.

13. (3) Jokazars, 9T0 0Tpe30K [a,b] KOMIaKkTeH.

)
14. (3)
)
)

JlokazaTh, 9TO0 3aMKHYTOE TOIMHOYKECTBO KOMIIAKTHOIO ITPOCTPAHCTBA KOMITAKTHO.
15. (3) /Jokazarb, 9T0 KOMIAKTHOE TIOJIMHOKECTBO XaycaopdoBa IPOCTPAHCTBA 3aMKHYTO.
16. (B) [dokasarb, 9T0 HEMPEPBIBHBIN 06pa3 KOMIAKTa KOMIAKTEH.

17. (I1) Tycrs f : X — R' — menpepoiBras (yHKIus Ha KOMTakTHOM mpocTpancTee X . Torma
f orpanmdeHa n mpuHEMaeT HanbOJbIIEe N HANMEHBINEe 3HATCHNSI.

18. (3) Ilpusectu npumep MHOroo6pasus ¢ HECOIVIACOBAHHBIME [VIAJKUMU CTPYKTYDAMH, T. €. C
aByMst TakuMu riagkumu atiaacamu (Us, ;) 1 (Vj, 1), aro {(U;, i), (Vj, 1))} He aBnsercs rinagkum
ATIACOM.



19. (3) Jokazarh, aro S™ gBjsieTcs MJIAJAKUM MHOI000pa3UeM.

20. (B) Jokazars, yro RP™ sBisiercs riajKuM MHOIO00pa3ueM.

21. (3) ByayT s rragkuMu MHOTOOOPA3USAMM TPAHWIA KBAJPaTa W BOCbMEDPKA (II0JIMHOKECTBA
R?) ?

22. (3) Hdokazars, uTo S? — KOMILIEKCHO-aHATATHYECKOE MHOI000OpasHe.

23. (B) okazaTh, 9T0 U3 IIAIKOCTH (DYHKIIUU TT0 OTHOIIEHUIO K HEKOTOPO# KapTe CIeyeT Tal-
KOCTH TI0 OTHOITIEHUIO K JIODOI.

24. (Bb) [dokasarh, 9T0 U3 TIAJKOCTH OTOOPAYKEHUS 10 OTHOIIEHNIO K HEKOTOPOH mape KapT Cjie-
IYeT TJIAIKOCTD 1O OTHOIIEHWIO K JTFODOI.

25. (3) [poseputs, ato dHopmybl

k a
- , k=1,...,n,
Yy Ve — @)= (@22 — ... — (a")?
k
k 24 k=1,...,n,

VI P+ ()
sagaior quddeomopdbusm B.(0) C R" u R™.
26. (3) [lpusectn mpumep raagkoro roMeoMopdusma, He sBJsoIerocs muddeomopdusmMom.

27. (II) Jokasarh cymecTBoBaHUE MOAYAHEHHOTO Pa3OUeHUsT eIMHUIBI JIJIs JTOKATIbHO-KOHETHOTO
ariaca (HEKOMIAKTHOTO) MHOrOOOpa3us.

28. (B) (oupasupanue oupejenenus) Iycrs v @ (=1;1) — M — rnagkoe orobpaxkenue. Torya

COOTBETCTBHE
1 n
£ (2! ny dz dz
vi(z, o T ar
=0
ABIFETCA BEKTOPOM. 37IeCh B JOKAMBHOMN cructeme xoopamuat (xl, ... 2™) orobparkenne vy 3a5aH0

1 n
Kak (z'(t),...,z"(t)).
29. (B) Kakaprit kacaTesgpHBI BEKTOP B TOUKE P 07HO3HAYHO OLPEEIAETCs CBOMMI KOMIIOHEH-
TAMMU OTHOCUTEJIbHO OJHOMN CUCTEeMBI KOOD/UHAT.

30. (B) Iycrs (z',...,2") — jokampHas cucTeMa KOOpAMHAT B oKpectHoctw P € M, P =
(xh,...,28), a & € TpM mveer xoopmuaaTs £, Torma cooTBeTCTBIE
n
of , 1 :
f'_> .(3}0,...,1‘8)51
1
im0

HE 3aBUCUT OT BbIDOpA JIOKAJIBLHOM CUCTEMBI KOOPAMHAT U olpejessder oneparop auddepenipposa-
HU.

31. (B) /lokazarh 3KBUBAJIEHTHOCTH TPETHLETO onpesenenus (depes auddepennnposanns) Kaca-
TEJLHOT0 BEKTOPA ABYM JAPYTHM.

32. (b) JoxasaTh 5KBUBaJEHTHOCTH TPeX ompeneseHuii nuddepenimaa.

33. (3) llpuBecTn mpuMep MOrPYZKEHUsI, B3aUMHO-OJJHO3HAYHOTO Ha 00pa3, HO HE SIBJSIOIIEr0Cs
BJIOXKEHUEM.

34. (3) Jna koMOakTHBIX MHOTOOODA3Uil BJIOKEHNE BCEr/IA ABJISIETCH CUIBHBIM.

35. (Bb) Hokasarh, 4T0 moaMHOroo6pasne aBrOMaTuIeCKu 3aMKHYTO.



36. (B) Iycrs f: M — N, a Qy € N — perynsiproe snauenne f. Torna Mg, := f~1(Qo) asis-
eTcs TIaJKuM noaMHoroodbpasueM, dim Mg, = dim M — dim /N. B xauecTBe JTOKaJIbHBIX KOODJMHAT
B OKPECTHOCTH HEKOTOPO# Toukm Mg, MOKHO B3ATh HEKOTODbIE (m —n) xoopaunrar M.

37. (3) IlpusecTu npumep TAKOTO BIOKEHUS, 9TO 00pa3 He ABJSETCS MOJAMHOr000pasneM (1 1azke
MHOT00Opa3MeM ).

38. (3) OpueHTHPOBATH OPHEHTUPYEMOE MHOTOOOpA3Ne MOKHO POBHO JIBYMsI CIIOCOOAMU.

39. (3) Hasosem 3aMKHYTHIN yTh B MEOT0OOpasuu M desopuenmupyrousus, €CIi IMEETCst Habop
kapt Uy, ..., U TMOKPBIBAIOIIMX €0, MPUYIEM KaXKJias [MePEeCeKALTCs TOJBKO C JIBYMs COCEJIHUMHU, A
BCe IKOOMAHDI ITEPeX0a, KPOMe OTHOTO, TOJOKUTETHHEL. Jl0Ka3aTs, 9T0 MHOT00Opa3ne HEOPUEHTH-
PYEMO TOTJIa M TOJBKO TOT/A, KOTJA WMEETCS JTe30PUEHTHPYIOMIHH Ty Th.

40. (3) Hasosem sokasvrol opuenmayuetd BeIOOp opueHTarmu (T. e. 6asnca) B KaxJOM Kaca-
TEeJILHOM IIpocTpaHcTse. JIoKajibHas OPUEHTALUS A0KAALHO NOCMOANNHA, €CIH [l KazKI0H KapThl
U crampaprablii 6a3uc 0; 33/1aeT JOKAIbLHYI0 OPUEHTAINIO B [IPeIeTax KapThl JH00 BO BCEX TOUKAX
COBIIAJIAOIILYO C JAHHOM, MO0 eif MPOTHBOMOMOKHY0. JJ0Ka3aTh, 9T0 MHOr00Opas3ne OPHEHTHPYEMO
TOTJIAa U TOJBKO TOTJIA, KOTJA UMEeTCsl JIOKATBHO TTOCTOSTHHAST OPUEHTAINSL.

41. (3) Jdoxazars, uro muoroobpaszus S™ u T2 opuenTHpyeMbI.

42. (3) Jokazarh, 9T0 KOMILIEKCHO-aHAJUTHIECKOE MHOTO0OPA3Ne OPUEHTHPYEMO.

43. (3) Jokaszars, aro jsenta Mebuyca ecTh HEOPHEHTHPYEMOE MHOTO0OpA3He.

44. (3) JlokazaTb, 9TO IPOEKTHBHAA MIOCKOCTh RP? ecTh HeopueHTHpyeMoe MHOroobpasue.
45. (b) IlpoBeputh, 9uT0 OrpaHUYeHNs KapT Ha Kpail AeHCTBUTETHHO 06pa3y0T aT/aac.

46. (B) Ycnosue, ato marpuiia ||g;j|| cummerpuyueckas (HEBBIPOXKIEHHAS) MOJIOKATETLHO OIpe-
JleJieHHasl IOCTaTOYHO MPOBEPHUTH JJIs KaxK 1o Todku P € M TOJBKO B OJTHOM KapTe.

47. (B) [IposepuTh HHBAPUAHTHOCTH ONPEJEIEHUS CKAISPHOTO MPOU3BEIEHNS ¢ MTOMOIIBIO PUMa-
HOBOI METPHUKHU.

48. (B) IIpoBepuTh KBUBAJEHTHOCTh ONpEEIeHN OumnHenHO (hOPMBI HAJl TOYKON Tepes3 TeH-
B0PHBII 3aKOH ¥ KaK (pOpPMBI HA KacaTeJIbHOM IPOCTPAHCTBE.

49. (B) TposepuTh COrTACOBAHHOCTH JABYX ONpesenenuii o6parnoro obpasa.

50. (3) Hoxasars, uro ecau ¢ : N — M — norpyzxenue (B 4aCTHOCTH, BJIOXKEHUE), & § — pUMa-
HoBa Merpuka nHa M, 1o ¢*g — pumanoBa merpuka Ha N. [logemy 3T0 He Tak A TPOU3BOJIBLHOTO
oTobOpakeHus !

51. (3) loxa3arb TeopeMy O CyNIECTBOBAHUE PHMAHOBOI METPUKHN C LOMOIILIO pa3bueHus e/iu-
Hulpl (6e3 Teopembl YUTHH).

52. (3) Ilokasars, uto Tenszop tuna (1,1), ”HBAPHAHTHBINA OTHOCHTEJBHO OPTOTOHAJIBHBIX 3aMEH
KOOD/IMHAT, MPOTIOPIMOHATICH TeH30Dpy d}.

53. (3) IlokasaTh, 9T0 TE€H30p TPeThell BAJEHTHOCTH, HHBADUAHTHBI OTHOCHTEIBHO TPOU3BOJIb-
HBIX 3aMeH KOOPJWHAT, PaBEH HYJIIO.

54. (3) Haittu o6muit Bug TeH30pa 9€TBEPTOl BATEHTHOCTH, HHBAPHAHTHOIO OTHOCHTETHHO TIPO-
U3BOJILHON 3aMEeHbl KOODAUHAT.

55. (II) BeipasuTh cjiej MATpUILL B BUJIE PE3YJIbTATA TEH30PHBIX OMNEpAaInii.

56. (3) Bblpasurh jeTepMUHAHT MATPUILI B BUJE PE3Y/IbTaTa TEH30PHBIX Olepaliuii.

57. (I1) Joxazats, arto semuauntn CF, C;:Cf , C}C,JQCZR , BRIPAKAIOTCA 4epes K03 OUIMeHTs MHO-
rowrena det (C'— \E).

58. (3) Haiitu Tun TeH30pa, KOMIIOHEHTBI KOTOPOTO CYTh KOI(DDUITMEHTHI



1. BexTOpPHOTO TTPOM3BEIEHNA,
2. CMeIanHoTO TPOM3BETEHNT

BEKTOPOB B R3 . HOK&S&TB, 9TO 9TU TEH30PbI IIOJYYar0TCd JAPYTr U3 Apyra 1nyTreM IIOAbIMaHWA WJIN
OIIYCKaHUA UHIAECKCOB.

59. (II) Ilycrs X mmeer Basentrocts (1,0), W — (0, 1). Hajitn panr onepatopa X @ W.
60. (II) Tensopuoe mosie df sBISETCST KOBEKTOPHBIM.

61. (IT) B Touke KOBEKTODBI SBJISIIOTCs (DYHKIMOHAIAMYU HA BEKTOPAX.

62. (II) Bazucsr {% 8 TpM wn {dz’} B THM npoficTBeHHDI.

63. (b) llycre Ly — "mosnummneiinoe oTobpaxkenue coorsercrByomee tensopy 1', a T, — "ren-
30p COOTBETCTBYIONTHH MouanueiinoMy orobpaxkennto L. Jlokazars, 9T0

1. Ly nosmivHeeH u He 3aBUCAT OT BbIOOPA CUCTEMBI KOODIMUHAT.
2. T, neficTBUTENIBHO YIOBIETBOPsieT (P, ¢)-TeH30PHOMY 3aKOHY.

3. DTu orobpakeHnus B3aUMHO 0OPATHBI.

64. (b) IlpoBepuTh TEH30PHBIN 3aKOH JJIsi CYMMBI TEH30DOB.

65. (3) Ilokazare Ha mpuMepe, UTO TMEPECTAHOBKA BEPXHETO0 W HUMKHETO WHJEKCA HE SBJISIETCS
TeH30PHOI omepanmeii. Paccmorpers cygaii Tersopa tuna (1, 1) (nmureiinoro oneparopa). ITomyunTts

B YaCTHOCTH, YTO MOHATHE CUMMETPUYHOCTHU OIIepaTopa C’; = CY 3aBUCHT OT CHCTEMBI KOODJMHAT.
66. (b) JoxasaTh, 4TO JIOKAJBHO JJIsl JTEODOH CHCTEMBI KOODJWHAT UMEET MECTO DA3JIOKEHIE

T i 0

Jr-da Hoin Rdr’t @ ... ® dala.

®...®

Ox'»
Ono equHCTBEHHO.

67. (B) Ilycts b;; — nesbipoxgentoe Tensopuoe nose tnma (0,2). Tlox HEBBIPOKAEHHOCTHIO TIO-
numaercs ycnosue det [|b;;]| # 0. IIpoBeputh He3aBHCHMOCTL STOrO YCIOBUS OT BLIOOpA CHCTEMBI
KOOD/IMHAT.

68. (B) [loxasarb, 9T0 KoMuoHenTbl obparHOil Marpuupl bF, T. e. ynosiersopsiomeit yca1osuio
Wkby; = 67, obpazytor Temsop Tuma (2,0).

69. (3) Jlokaxkure, 4TO AJIBTEPHUPOBAHME SABJIAETCS JUHEHHBIM OTOOPAKEHMEM, OCYIIECTBIIAI0-
MM OPOEKTUPOBAHUE Ha KOCOCUMMETPUYECKHe TeH30Pbl, a CUMMeTPUYeCKHe JIeXKaT B ero sipe.

70. (B) BoiBecTn u3 onpeseseHus: BHEITHETO YMHOKEHHS, ITO

dz'' A ... Nda't = Z (-1)7dz"" @ ... @ dz').
0€Sy

71. (Bb) Jokasarb, 9TO BHENTHWE MPOW3BEIEHUsI HA3UCHBIX KOBEKTODPOB 00pa3ytorT 6asmc B MpO-
CTPAHCTBE KOCOCMMMETPUYECKUX TEH30POB (B Touke). HaiiTu pasMepHOCTh MPOCTPAHCTBA, CHMMET-
pPHYECKUX TeH30pOB. MlccmeoBaTh BO3MOXKHOCTD pas3siokeHus Ter3opa Tuma (0, q) B CyMMy CHMMET-
PHUUIECKOTO U KOCOCHMMETPHIECKOTO.

72. (B) Tokaxwure, uro ais moaydeHuss (GOPMYJILI BHEITHETO YMHOKEHUsT Ha si3bike nuddepen-

MUAJIBHBIX (DOPM JIOCTATOTHO TIEPEMHOKUTE BBIDAYKEHMUsI, & 3aT€M, [IYTEM MIEPECTAHOBOK (C yUIeToM
3HAKOB) yIOPsI0unTh audepentumato.



73.  (3) Beipaxkenne y/det ||g;j||dz' A. . . Adz™ sBagI€TCS TEH30POM OTHOCHTEILHO 3aMEH KOOPIMHAT
C TIOJIOZKUTEJIbHBIM HKO6I/IaHOM. Bﬂecb gZ] — PUMaHOBa METPUKa.

74. (II) [okaxkwure, uTo o6bHOE YacTHOE M dEPEHIMPOBaHe KOMIOHEHT TeH30PHOTO TIOJIsT B
R" He sBAseTCST TEH30PHOM OTIepaIneii.

75. (B) dsabrit Bug V 8 R™ 1151 001UX TEH30POB YCTAHABINBACTCS AHAJOTMIHO BBIKJIAIKAM JIJTsT
BEKTOPHBIX W KOBEKTOPHBIX mosieli. [IpogenaiiTe 9Ty BRIKIAAKY.

76. Ilposepurs, uro V KOMMyTHpYeT €O CBepTKOil. (3)

77. (B) IIpoeepurs npasuno Heorona-Jleiibuuna kopapuanthHoro auddepeHnupoBanns npous-
BeJeHNs TPOU3BOIbHBIX TEH30PHBIX IOJIeH.

78. (B) PumanoBa cBst3HOCTE V HA PUMAHOBOM MHOT00ODA3UM KOMMYTHPYET C OMEPAIUSIMU TOJI-
HATHUA 1 ONTYyCKaHUA MHIECKCOB.

79. (3) dokazarh SKBUBAJIEHTHOCTH TPEOOBAHMIT €BKJIMIOBOCTH C TOYKH 3DEHUS] METPUKH U €B-
KJIUJTOBOCTH C TOYKM 3PEHUA CBA3HOCTH.

80. (3) Ecawm nBe reomesndeckne COMPUKACAIOTCA B HEKOTOPOi TOYKE, TO OHHU COBITAJIAOT.

81. (Bb) Ilpu napaareapbHOM NMEPEHECEHMH BEKTOPA BJOJIBb TEOJE€3MYECKON PUMAHOBOIN CBI3HOCTH
YIOJI MEXKTYy HUM M KacCaTeJIbHBIM BEKTOPOM OCTAETCH IOCTOAHHBIM.

82. (3) [Nokasarb, 9T0 B KOOPAMHATAX, 3a/IAHHBIX OTOOPAZKEHUEM €XP, BCE I‘;k obpamatorca B Py

B) BeiBectr hopMyTy 1ist KOMIIOHEHT TeH30pa PrMaHa puMaHOBOi CBA3HOCTH.

84. (3) Jokasars, ato Ten3zop Puuyum cummMerpuden.
85. (II) Yemy paBeH TeH30p KPUBU3HBI OJTHOMEPHOTO MHOT0O0Opa3us 7
86. (IT) /Tokaszark, uTo eciu ij: — K0(pDUNMEHTHI CBI3HOCTH, TO ij — I}, AiBIIsIETCSA TEH30POM.

87. (II) Hdokaszars, uTo ec/u F;k, F;k — K03bDUIUEHTHI IBYX CBSI3HOCTEHN, TO F;k — F;k ABJIAETCH
TEH30POM.

88. (b) Hoxkasars, uto V;ﬁ;- = 0.

89.

(TT) CocraBurh ypaBHEHHE TAPAIETBLHOIO MEPEHECEHNs] BEKTOPOB HAa, IMJIOCKOCTH.
90. (II) CocraBuTh ypaBHEHNE I€0IE3NICCKAX JIMHUN HA ITJIOCKOCTH U B MPOCTPAHCTBE.

91. (3

) CocraButhb ypasHeHue reonesnveckux junuii va cdepe. Halitu pemenus ypasHeHust.
3) Onucath onepanuio mapaIeJbHOr0 MEPEHECeHs IO OCHOBAHUIO PSIMOTO KPYTOBOTO KO-

93. (3) Onucarh onepanumio mapasiIeLHOTO NEPEHECEHHs! TT0 TPEYTONBHUKY Ha ¢dhepe, 00pa3oBaH-
HOMY JIBYMsI MEpPUJIMAHAMU U SKBATOPOM.

94. (IT) TTokasarh, 9TO ecam ABa MOAMHOrOOOPA3US COMPUKACAIOTCS MO HEKOTOPOH KPHUBOM, TO
orepalus MapaJuie/ibHOrO [EPEHECeHnsi BJIOIb 9TOM KPUBOH HE 3aBUCUT OT BbIOOPA MOIMHOT00ODA-
3us.

95. (3) Bommcars B BekTOpHOIT hopme dhopMysy KOBAPHAHTHON MPOU3BOIHON HA MOBEPXHOCTHU B
TPEXMEPHOM MPOCTPAHCTBE.

96. (3) BuruucauTh, Ha KakOil yToJ IOBEPHETCS KACATEIBHbIH BEKTOP HA TIPAMOM KPYTOBOM KOHY-
ce B Pe3y/IbTaTe MapaJIeTbHOT0 TTeEPeHeceHns BAOIL 3aMKHYTON KPUBO#. YCTAaHOBUTH 3aBUCUMOCTD
oT criocoba PacroyIoKeHNs KPUBOH HA KOHYCeE.

97. (3) Berumcaurh, Ha Kakoil yroJ TMOBEpHETCS KaCATeJbHBI BEKTOp Ha cdepe B pesyabrare
[apaJsiIeJIbHOT'O TIEPEHEeCEH s BJO0JIb [TapaJlIesiu.



98. (3) Berumcaurh, HA KakKOil yroJ MOBEPHETCS KaCATETbHBIH BEKTOP Ha cepe B pesyabrare
MapaJuieJBHOTO TIepeHEeCeHNs BJI0JIb KPUBOil, COCTABJIEHHO! U3 JBYX MEPUINAHOB U NapaJsulesn.

99. (II) YcraHOBHUTH 3aBHCHMOCTH MEXK/Y YIJIOM MOBOPOTA KacaTEJbHOTO BEKTOpa Ha cdepe B
pe3y/ibrare 1napaJiie/ibHOI0 IePEeHeCEHs Bjl0/Ib 3aMKHYTOl KPUBOI 1 ILJ10111a/1b10 06J1acTH, OIpaHu-
YEeHHOH 3TOI KPUBOI.

100. (3) BurumcimuTh Ten30p KpuBu3nbl cepn S2,

101. (3) BoruuciuTh TeH30p KpUBM3HBI Topa 12, BioxkenHOro B RS |

102. (3) Bbruucjaurh T€H30p KPUBHU3HBI MIPSIMOIO KPyTrOBOTO KOHYCA,

103. (II) Beraucaurh T€H30p KPUBU3HBI IJIHHIIDA.

104. (II) Haiitu gmcao HE3aBHCHMBIX KOMIIOHEHT T€H30pa KPUBU3HBI MHOTO00PA3Us PA3MEPHOCTH
2, 3, 4 (B IPEANOIOKEHNH, UTO BCE CUMMETPUN OIHUCAHBI B TEOPEME).

105. (3) Omucars reoje3wteckne JUHUN Ha TceBIochepe.

106. (3) HokaszaTh, 9TO Ha MOBEPXHOCTH B TPEXMEPHOM MPOCTPAHCTBE JINHUST SIBJISETCS T€0JIe3H-

YeCKOM TOrJa W TOJBKO TOT'a, KOTJa OHa B K&)K,ZLOP'I TOYKEe HOPpMaJibHa, T.€. €€ IJIaBHad HOPMAJIb
IIapaJijiejibHa K HOpMaJIl K IIOBEPXHOCTH.

107. (II) IlokaszaTh, 9TO IpHU JIBUKEHNHU I'e0/IC3NICCKUE JTMHIH TEPEXO/IAT B T€0I€3UIECKIe JINHNN.

108. (IT) MMokaxkuTe, 4TO U3 HEMPEPHIBHOW MOMOTOMHOCTH JBYX TJIAJKUX OTOODaXKeHWil Creayer
WX TJIaJIKas TOMOTOITHOCTb.

109. (B) I'pagment auddepernnanbroiit GOpMbl B KOODIMHATAX MOYKHO MOJIYIHTH “HEMOCDE]I-
crBennbiM udpdepennmpoBannem’. [IpoBepuTs.

110. (B) IycTs w(y) 1 w(z) — mddepentmatbabie hOPMEI CTemeneil p i ¢ cooTBeTcTBeRHo. Torma
d(w(l) A w(Q)) = dW(l) Nw(g) + (—1)pw(1) A\ dW(Q).

111. (B) Hya mro6oit dopmbl w umeem d(dw) = 0.
112. (B) TIposepursb, uTo NpM B3ATHU OOPATHOTO 00paza MoIydaeM JeicTeuTensHO aud depen-
IHAIBHYIO POPMY.
113. (b) Hdokasars, 4To0
w1 Awg = (71)degw1degw2w2 N w1.

114. (TT) Tokazats, uro ecam degw > n, To w = 0.

115. (3) Jdoxazats, 910 eciam GOPMBI Wi, . . ., Wy HOpsAaKa 2k + 1 JHHEHHO 3aBUCHMBI, TO

wi AL Awp =0.

116.
117.
118.

(B) I'pynosr koromostoruii auddeomopdHBIX MHOr00Opasnii COBIAIAOT.
(B)
(3)
119. (3) Berumcaurs koromosoruu jge Pama mMuoroobpasmit okpysuocti S
(3)
(3)
(3)

B prHHbI KOI'OMOJIOTHIA TOMOTONHYECKN SKBHUBAJIECHTHBIX MHOI‘OO6paSI/H/I COBIIaJaIOT.

3) Beraucaurs koromosoruu e Pama marepsana (a,b) u eBringosa mpocrpancrea R”.

120.
121.
122,

123. (3) Hdokazarb semmy [lyanxape: mobas 3aMrayTas (dopma Ha JTHOO0M MHOTOOOpA3UN SABJIs-

3) Beraucaurs kKoromosornn ge Pama cdepsr S2.
3) BoeramcanTs koromosorum ge Pama miockocTn R2 ¢ OJHOI BBIKOJIOTOM TOYKOIA.

3) BorumeanTh KOroMOJIOTHR e Pama mnmockocrn R2 C IBYMA BBIKOJIOTBIMH TOYKaMHM.

eTCs JIOKAJIbHO TOYHOI.



124. (B) Unrerpas onpejenen KoppekTHo, T. e. He 3apucut ot Bui6opa {(Ua, o, Va)}-

125. (II) TTokasaTk, 94TO NMpu CMEHE OPUEHTAIMH MHTETPAJ MEHSIET 3HAK.

126. (B) Tlokasarb, 9TO, NPU HEKOTOPBIX €CTECTBEHHBIX OIPDAHUYEHMSX HA KAPTHI, MOKHO BbI-
YUCJISATH UHTErpaJ OT (pOpMbI caeayrmuM o6pa3zoM: pa3bure MHOroobpasue Ha KYCKHU, KarXK bl u3
KOTOPBIX JIEXKUT B OJIHOM KapTe, IPOMHTErPUPOBATH OrpaHuderus (GPOPMbI B JIOKAJTbHBIX KOOPIUHA-
Tax, & Pe3YJIbTATHI CJOXKUTh.

127.  (3) Buectn uz obmieit dhopmyasr Crokca dhopmyry ['pruna.

128. (3) Buisectu u3 o06mieit hopmynnr Crokca dhopmyry CTokca HA TTOBEPXHOCTH.
129. (3) BrBectu u3 obmieit dhopmynsr Crokca dhopmyry Ocrporpaackoro — Laycca.
130. (3) JlokazaTh OCHOBHYIO TeopeMy aarebphl ¢ MOMOIIBIO CTEIEeHN OTOOPAKEHMS.
131. (3) Haiitu crenens rayccosa cepudeckoro orobpazkenus: Topa.
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