IMTPOTPAMMA
9K3aMeHa 10 Kypcy
“TNOOEPEHIIMAJIBHAA TEOMETPUSA U TOITOJIOT U A”
(ocennmii cemectp 2025/26 yq. roma, gektop - npod. E.B.Tpounkwuii)
[Tpensapurensuasa Bepcus mo coctogumio HA 31 aBrycra 2025 1.

ITporpaMma cocTonT U3 JBYX UaCTel: CIIUCKA, TEOPETUIECKUX BOITPOCOB M CIUCKA, 33/1a4. 3a0a49n
W3 CITUCKA JIEASITCA Ha TPU THIIA:

1) Bagaun, KOTOpPBIE PEKOMEHIYIOTCS J/Is 3a9€eTa, OHM NOMedeHbl OykBoit “37.

2) 3amavn, B KOTOPBIX JOKA3BIBAIOTCS BCIIOMOTATEIBHBIE (DAKTBl TEOPETHIECKOTO BOMPOCa (Kak

TIPABUJIO, BBIKJIAJAKW UJIN PACCYKACHN D, HEC COJACPZKAIMNE HOBBIX IIOHATUNA 1 METOO0B, NJIN N3BECTHLIC

u3 npyrux Kypcos). Onn momedenbl 6yksoit “B”. B Tom BOmpoce mporpaMMbl, B KOTOPOM JIaHHASI

3ada4da JOJIZKHA OBITH U3/I0KEHA BMECTE C pemenneM, uMeeTCd COOTBETCTBYIOITad ITOMETKaA “BKJIIOYAS

3ajilady Takyio-10’. B dopMyampoBkax BOMPOCOB B 9K3aMEHAIMOHHBIX OMJIETAX 9TUX [TOMETOK Y2Ke

He OyJier.
3) Ilpounme 3amaum, KOTOpBIE OYIyT HMCHOJIB30BATHCH, [VIABHBIM 00Pa30M, KaK MaTepUas Jjis

JIOTIOJTHUTETHHBIX BOITPOCOB Ha dKk3amene. Ouu momedensr 6ykBoit “I17.

10.

11.
12.
13.

CIINCOK BOITPOCOB

CBasHocTh 1 guHelinadg cBa3HOCTL. CBA3Db MEXKAY 9TUMU ITIOHATUAMM.

Xaycaopdosocts. Hopmanbuocts. Jlemma Ypeicona. @opmymupoBka Teopembl Tutie o mpo-
nokennu. Pazbuenne e uHUIIBL.

Komnakrrocrs. Henpepriaasg GHeKIsa KOMIAKTHOTO IIPOCTPAHCTBA Ha XayCAopgOBO SBJId-
erca romeomopdusmom. (Bkrovag 3agaqy 16)

I'nmankoe MHOTOOOpasme, riiaakoe orobpaxenne, quddeomopdusm. CyriecTBOBaHNIE aTIaca C
kapramu, guddeomopdubvu mapy (R™). (Brmogas 3anaam 23, 24)

CymtecTBoBaHUe MIQIKOTO pa3bueHus eIMHATIBL.
IToBepxHOCTHL YPOBHS KaK MHOT0OOpasme.

Tpu onpeseneHnst KacaTeabHOTO BEKTOPA, SKBUBAIEHTHOCTh UX. (BKJIOUast 3a71a4dn 28, 29, 30,

31)
Kacarenbnoe orobpazkeHue, 9KBUBAJIEHTHOCTb TPEX OIpeeaenuii. (BKaouas 3a1ady 32)
Perynsiproe 3uadenne. IIpoobpas peryaspHoro suadeHus. (BKJIOUast 3a1a1y 36)

Ilorpy:xenune, Bao:KeHHe, BAOKEHNIE B CHIBHOM CMBIC/IE, HOAMHOr00bOpas3me. Teopema o ¢BA3M
obpasa Baoxenus n nogmuoroodpasusi. Dopmynmposka semmbr Capaa. (Bkrouast 3agaqy 35)

Crnabas Teopema YuTHH.
Kacarenbnoe paccioenne.

[TonsiTre OpUEHTHPOBAHHOrO MHOT000Opas3usa ¢ kpaem. Kpait. Oprentanus Kpas TaaJKoro Opu-
EHTUPOBAHHOTO MHOrooGpasust. (Bktovas 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. CMEIAHHOTO TPOM3BENEHUS

BekTopoB B R? . TTokazark, 9T0 9T TEH30PbI MOIYYAIOTCS IPYT U3 APYTa MyTeM TOJBIMAHIS T
OTTyCKaHWs WHIEKCOB.

59. (II) Mycrs X nmeer sasenrrocts (1,0), W — (0,1). Haiitn panr oneparopa X @ W.
60. (IT) Tensopuoe mose df ABAAETCH KOBEKTOPHBIM.

61. (IT) B Touke KOBEKTODBI ABJISIOTCs (DYHKIMOHATIAMYU Ha BEKTOPAX.

62. (II) Bazuce {%} 8 TpM wu {dz’} 8 THM npoficTBeHHbI.

63. (Bb) Ilycre Ly — "monmmuneiinoe oTobparkenue coorBercTyomee tensopy 1, a T, — "ren-
30 COOTBETCTBYIOIIMH momanHeiinoMy orobpaxkenwio L. Jlokazars, 9T0

1. Lp nojinjiiHeeH U He 3aBUCHUT OT BBIOODA CUCTEMBI KOOD/IMHAT.
2. Ty, MefiCTBUTENBHO YIOBIETBOPSIET (P, ¢)-TEH30PHOMY 3aKOHY.

3. DT orobparkeHns B3aUMHO OOPATHEI.

64. (B) IIposepuTh TEH30PHBIN 3aKOH JIsi CyMMbI TEH30POB.

65. (3) Ilokazare Ha TpuMepe, YTO TEPECTAHOBKA BEPXHETO0 U HUYKHETO WHJEKCA HE SBJISIETCS
TeH30pHO#t ortepaineii. Paccmorpers coryuait rensopa tuna (1, 1) (anneitnoro oneparopa). Toayunts

B YaCTHOCTH, YTO MOHATHE CUMMETPUYHOCTHU OIEepaTOpa C’; = CY 3aBUCHT OT CHCTEMBI KOODJMHAT.

66. (b) JoxasaTh, 9T0 JIOKAJBHO JJIst JTFO0O0H CHCTEMBI KOODJWHAT UMEET MECTO DA3JIOKEHIE

7 — piin 9 Qde' ® ... ® drl.

J1---Jq 83;.7;1

®...®

Ox'r
Omo equHCTBEHHO.

67. (B) Ilycts b;j — nessipoxgentoe Ternsopuoe nose tnma (0,2). Tlox HeBBIPOKAEHHOCTHIO TIO-
Humaercs ycnosue det ||by;|| # 0. IIpoBepuTh HE3ABMCUMOCTB STOrO YCJIOBHS OT BHIOODA CHCTEMBI
KOODJIMHAT.

68. (B) Jdokazars, 4TO KOMIOHEHTBI OOPATHON MaTPUILBI Wk, 1. e. yIOBIETBOPSIONMEH YCIOBIIO
b*by; = 67, obpasytor Tenzop Tuma (2,0).
69. (3) Hokaxkure, UTO aJbTEPHUPOBAHUE SIBISETCS JIMHEHHBIM O0TOOPasKEHMEM, OCYIIECTBIISAI0-

IIM IIPOEKTUPOBAHNE HA KOCOCUMMETPHUYICCKHMEe TCH30Pbl, a CUMMETPHUYICCKUE JIC2KaT B €ro dape.

70. (B) BbisecTu us onpeje/ieHus BHEIIHETO YMHOKEHU, Y4TO

dz™ A ... Adall = Z (-1)7dz"" @ ... @ dz').
o€Sy

(IpeaBapUTEIHPHO YCTAHOBUB ACCOIMATHBHOCTE BHEIIHETO YMHOKEHNS U IPHIAB TEM CaMbIM CMBICT
JIEBOH 4acTu).

71. (B) Jokasarb, 4T0 BHEIIHHE NPOM3BEJIEHUsI DAZUCHBIX KOBEKTODPOB 00pasytor 6a3uc B 1po-
CTPAHCTBE KOCOCUMMETPUUIECKUX TEH30POB (B Touke). HaliTn pasMepHOCTh MPOCTPAHCTBA, CHUMMET-
PHYECKUX TEH30pOB. llccmeoBaTh BO3MOXKHOCTD pas3jiokeHus Ter3opa Tumna (0, q) B CyMMy CHMMeT-
PHUYECKOTO 1 KOCOCHMMETPUIECKOTO.



72. (B) Tokaxwure, uTo a5 MOTy9YeHUss (DOPMYJILI BHEITHETO YMHOKEeHUsT Ha si3bike nuddepen-
[UAJIBHBIX (DOPM JIOCTATOTHO TIEPEMHOKUTE BBIDAYKEHMUsI, & 3aTE€M, [IYTEM MEPECTAHOBOK (C yUIeTOM
3HAKOB) yIOPSIOUUTh Audepentuatb.

73.  (3) Bupazkenue y/det ||g;j||dzt A. . .Adz™ aBasercs TeH30pOM OTHOCHTEILHO 3aMEH KOODTHHAT
C TIONIOKUTEIBHBIM AKOOMAHOM. 371eCh ¢;j — PUMAHOBA METPHKA.

74. (II) [okaxkwure, uTo 06bIYHOE YacTHOE M dEPEHIMPOBAHe KOMIOHEHT TEH30PHOTO TIOJIST B
R" wHe sBAsieTCsT TEH30PHOM OTIepaIueii.

75. (B) dsaeiii sug V 8 R™ ay1s 06mux TEH30POB yCTAHABIMBASTCA AHAJOTMYHO BBIK/IAIKAM JIJTst
BEKTOPHLIX W KOBEKTOPHLIX IoJieii. [Ipomenaiite 9Ty BRIKIAIKY.

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

77. (B) llpoepurs npasuiao Heiorona-/leitbuura koBapuantHoro nudepeHimpoBanns Ipons-
BeJeHUs TPOM3BOIbHBIX TEH30PHBIX TOJIeH.

78. (B) PumanoBa cBst3HOCTE V HAa pUMAHOBOM MHOT00OpA3UM KOMMYTHPYET C OMEPAIUSIMU TTOJI-
HATHUA 1 OITYyCKaHUA MHIECKCOB.

79. (3) Jlokazarb 3KBUBAJEHTHOCTH TPEOOBAHMIT €BKIMIOBOCTH C TOYKHW 3DEHUS METPUKHU W €B-
KJINJOBOCTA C TOYKH 3PCHNA CBA3ZHOCTH.

80. (3) Ecawm nBe reomesmdeckne COMPUKACAIOTCA B HEKOTOPOi TOYKE, TO OHU COBITAJIAOT.

81. (b) llpu mapasutebHOM MEPEHECEHUH BEKTOPA BJOJb TEOIE€3UIECKON PIMAHOBOI CBSI3HOCTH
YTOJI MKy HAM U KacaTeIbHBIM BEKTOPOM OCTAETCS TTOCTOSHHBIM.

82. (3) [lokasarb, 9T0 B KOOPIMHATAX, 3aJIAHHBIX OTOOPAYKEHUEM eXp, BCE I, obparmatorcs B Py

B) BeiBectr hopmysty mis KOMIOHEHT TeH30pa PUMaHa pUMAaHOBOM CBA3HOCTH.

84. (3) Jokasars, uTo Ten3zop Puuyum cumMerpuyes.

85. (II) Yemy paBeH TEH30D KPUBU3HBI OJIHOMEPHOIO MHOTO00Opa3ust 7
i i i

86. (II) Hdokaszars, uTo ecin ij — K03 PUTHEHTH! CBSI3HOCTH, TO ij — I}, ABMIAETCA TEH30POM.
i i . i i

87. (II) dokaszark, 4To ecau ij,, ij — K03 PUIMEHTHI IBYX CBA3HOCTEH, TO ij - ij, SABJTAETCS

TEH30POM.

88. (B) Hoxasats, aro Vid; = 0.

89. (IT) CocraBuTh ypaBHEHWE NAPAJIETBHOIO MEPEHECEHUST BEKTOPOB HA TLIOCKOCTH.

90. (IT) CocraBuTh ypaBHEHWE Ie0e3MIECKUX JUHUHA HA TJIOCKOCTH U B TIPOCTPAHCTBE.

91. (3) CocraBurh ypasHenue reojesndeckux quHuii Ha cdepe. Hafitu pemenns ypaBHeHus.

92. (3) Onucarb onepanuo mapaJie5HOr0 MEPEHECeHNsl 0 OCHOBAHUIO TIPIMOTO KPYTOBOI'O KO-

HyCa

93. (3) Onmcars onepanmio mapasiIeLHOTO NEPEHECEHHs! TT0 TPEYTONBHUKY Ha ¢depe, 00pa3oBan-
HOMY JIBYMS MEPUAMAHAMHU W SKBATOPOM.

94. (II) Ilokasarhb, 9TO €CJaU JBA MOAMHOTO0OpA3Us PUMAaHOBA MHOTOOOPA3Ms COMPUKACAIOTCS MO
HEKOTOPOil KPUBOH, TO OMEpalus MapajieIbHOrO MepeHeceHus BI0Jb 9TONH KPUBON HE 3aBUCUT OT
BBIOOpA ITOAMHOTO0ODA3HSI.

95. (3) Bemmcars B BeKTOpHOIT hopme dhopMysy KOBAPHAHTHON MPOU3BOIHON HA MOBEPXHOCTH B
TPEXMEPHOM MTPOCTPAHCTBE.



96. (3) BuruucauTh, HA KaKOil yToJ IOBEPHETCS KACATEIBHbIH BEKTOP HA TPAMOM KPYTOBOM KOHY-
ce B pe3y/bTaTe MapaJlIeJbHOTO TIepeHeCceHns B0Ib 3aMKHYTOH KPUBOH. YCTaHOBUTDL 3aBUCHMOCTH
oT criocoba PacIoIoKeHNs KPUBOH HA KOHYCeE.

97. (3) BeruncauTh, Ha Kakoil yroJ MOBEpHETCS KaCATeJIbHBI BEKTOp Ha cdepe B pesyabrare
MapaIeTLHOTO TIepEeHECEHUS BIOb TaPAJIIE/H.

98. (3) BerumcauTh, Ha Kakoil yroJ MOBEpHETCs KaCATeJIbHBI BEKTOp Ha cdepe B pesyabrare
MapaJIeTbHOTO TIEPEHECEHNS BJIOJIb KPHUBOH, COCTABIEHHON U3 JIBYX MEPUINAHOB W MapasLIe .

99. (II) YcraHOBUTH 3aBHCHMOCTH MEXK/Y YIJIOM MOBOPOTA KaCaTEJBHOTO BEKTOpa Ha cdepe B
pe3yJbrare napaJijiesibHOr0 IIepeHeceH s B0/Ib 3aMKHYTOH KPUBOI 1 IJI01a b0 06JIacTH, OrpaHu-
YEHHOM 3TON KpHUBOMN.

100. (3) Burumciamuh Ten30p Kpususnbl cepn S2,

101. (3) BerumcauTs TeH30p KpUBU3HBI Topa T2, BiaoxenHoro B R |

102. (3) BbrancauTh TEH30p KPUBU3HBI MPAMOTO KPYTOBOTO KOHYCA,

103. (II) Berawcaurh TeH30p KPUBU3HBI [IJIHHIIDA.

104. (I1) HafitTi uncio HE3aBUCMMBIX KOMIIOHEHT TEH30PA KPUBU3HBI MHOT000PA3USA PA3SMEPHOCTH
2, 3, 4 (B IIPEANOIOKEHUH, UTO BCE CHMMETPHUN ONUCAHBI B TEOPEME).

105. (3) Ommcars reojesnveckie JUHUK HA III0CKOCTH JI06a4eBCKOro B MOien BepxHeil 1moJy-
IIJIOCKOCTH.

106. (3) JlokazaTk, 9TO HA MOBEPXHOCTH B TPEXMEPHOM MPOCTPAHCTBE JIMHUS SABIAETCH Te0Je3 -
4ecKoll Torjla M TOJIbKO TOTJIa, KOTJIa OHA B KaxKJ0# TOYKe HOPMaJibHa, T.e. €€ IJIaBHad HOpMaJb
nmapasiebHa K HOPMAJIN K TTOBEPXHOCTH.

107. (II) IlokaszaTk, 9TO IpH IBUKEHNHU IeOIC3NICCKUE JTMHIH TEPEXO/IAT B T€OI€3UIeCKIe JIHHNH.

108. (IT) MMokaxkuTe, 4TO W3 HEMPEPHIBHON MOMOTOMHOCTH JBYX TJIAJKHX OTOODarKeHWi Creayer
UX TJIaJIKast TOMOTOITHOCTb.

109. (B) 'pamnent muddepernnanbroii GoOpMBl B KOOPAMHATAX MOMXKHO MOJIYYHUTH “HEMOCDE]I-
cTBeHHBIM mudepennnposanneMm’. IIpoBepuTs.

110. (B) IIycts w(1) 1 w(z) — Auddepernpanbable HOPMBL CTenenelt p n ¢ coorsercTBerHo. Toraa
d(w(l) A w(g)) = dw(l) N Wiy + (—1)pUJ(1) A dw(g).

111. (B) Hya mro6oit dpopmbl w nveem d(dw) = 0.

112. (B) TIposepursb, uTo NpM B3ATHU OOPATHOTO 00pa3a MoIydaeM JeicTBuTe HHO aud depen-
IHAIBHYIO POPMY.
113. (B) Hoxkasars, uro

w1 /\w2 — (_1)degw1degw2w2 A w1.

114. (II) Hdokazatk, uro ecam degw > n, To w = 0.

115. (3) Jdoxasars, 910 ecian GOPMBI Wi, . . ., Wy TOpsiaKa 2k + 1 JUHEHHO 3aBUCHMBI, TO

wi ... ANwp =0.

116. (B) I'pynner koromosoruii auddeomopdHbIX MHOr006pasuii COBIAIAOT.
117. (Bb) I'pynosl KOroMOJIOTHIT TOMOTOTTHYECKN SKBHBAJIEHTHBIX MHOT00ODA3Hil COBIAIATOT.

118. (3) Beruucauts koromonornu ge Pama matepsana (a,b) n eBkammosa npocrparcTtea R™.



119. (3) BoruncamuTh KoroMosoruu jge Pama Muoroobpasmit okpy»xkuoct St

120. (3) Boramcaurs koromosoruu ge Pama chepnr S2.

121. (3) Beramcnns koromossornu ge Pava mrockoetn R? ¢ o/1HOi BHIKOIOTOI TOYKOIA.
122. (3) Beraucaurs xkoromoaoruu e Pama miockoctn R? ¢ ByMsl BBIKOJIOTEIME TOYKAMIL.

123. (3) Hdokaszarb semmy [lyanxape: mobas 3aMkHyTas (hopma Ha JTHOOOM MHOTOOOPA3UN SIBJIs-
€TCs JIOKAJIbHO TOYHOMA.

124. (B) Unrerpas onpejesnen KOppekTHO, T. e. He 3apucut or Bbi6opa {(Ua, 0o, Va)}-
125. (IT) TlokazaTk, 4TO MpPU CMEHE OPUEHTAIINY WHTErPAJ MEHSET 3HAK.

126. (B) Tlokasarb, 9T0, NpU HEKOTOPBIX €CTECTBEHHBIX OIPDAHUYEHUSIX HA KAPTHI, MOKHO BbI-
YUCJISATH UHTErpaJ oT (popMbI CaeAyrimuM o6pa3zoM: pa3bute MHOroobpasue Ha KYCKHU, KarXK bl u3
KOTOPBIX JIEXKHUT B OJHON KapTe, IPOMHTEIPUPOBATHL OrpaHndeHus (POPMbI B JTOKAJIbHBIX KOOPINHA~
TaXx, & PE3YJIbTATHI CJOXKUTh.

127. (3) Besectn usz obmeit hopmyasr Crokca dopmyny I'puna.

128. (3) Besectu us obmeit hopmyasr Crokca dopmyny CTokca Ha MOBEPXHOCTH.
129. (3) Besectn us obmeii hopmyasr Crokca dopmyny Ocrporpagckoro — laycca.
130. (3) /Iokasarb OCHOBHYIO TeOpeMY ajareOpbl ¢ TIOMOIIBIO CTENEHN 0TOOPAKEHUSI.
131. (3) Haiitu crenens rayccosa cdhepnieckoro 0TobpaKenus Topa.
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