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obapuTs:

1) Bagaua ApHoIbAA HA KOHMDUIYPAIIMOHHOE TPOCTPAHCTRO.

2) F'unoresa ITyankape.

3) CMeKHOCTHBIE TPHAHTYJISIHH.

4) TloaroroBurb HAGOP CHMBOJIOB JTsl PACIO3HABAHUSA NOMEOMOPGMHOCTH W TOMOTOIH-
YeCKON 9KBUBAJCHTHOCTH.

5) BaoxumocTsb rpadoB B pasHble TIOBEPXHOCTH.

6) Koudurypannonsubsie mpocTpancTBa; 3aj1a4a Ipo BOJIKA, KO3Y U KAIyCTY.

7) Oneparun HaJl TPOCTPAHCTBAMHU HE MOTHBHPOBAHHBI (OCTABUTH TOJIBKO HIPSAMOE ITPO-
H3BEJIEHNe).

8) IIpmaymMaTh HOPMATBHYIO CXeMy paccKasa mpo RP2.

9) 3ajmaua PO YETHIPEX KOHE.

10) Tokazarh, uro B R? Bee y3iibl pacilyThiBaIOTCsl.

11) Cxkumarormue 0ToOpakeHHsl 1 UX HUCMOJIb30BaHue B TubdepeHInaIbHBIX yDaBHe-
HUSX.

12) BeraBuTh 332491 M3 COOTBETCTBYIOIIETO IK3aMEHA.

ITpeancaosue

Tomosiorus uzy4vaer cBoiicTsa hUryp u IpoCTPAHCTB, HHBAPUAHTHBIE OTHOCUTEILHO HEellpe-
PBIBHBIX JiepopMalimii. 3a moc/ienee cToJIeTHe OHA IMPEBPATUIACH U3 HEOOIbITON KOJIeK-
MU TTPUMEPOB B PA3BUTYIO HAYKY, UMEIONIYI0 TPUIOXKeHUsT KO MHOTHM pa3jenaM MaTe-
MaTuku u ¢puszuku. [leab Kypca — M03HAKOMHUTH HIKOJHHUKOB UMEHHO ¢ 0a30BBIMU U Ha-
DI THBIMA IPAMEPAMH TOMOJOTHH (JBYMepHbBIe TOBEPXHOCTH, BEKTOPHbIE O3, nedopMa-
MU SJACTHIHBIX TeJ), 1aTh HHTYUTHBHOE MPEJCTaBIeHne 00 OCHOBHBIX TOMOJOMHYECKUX
MOHSATHSIX (TOMOJOMMYECKOe TPOCTPAHCTBO, HEIIPEPBIBHOE 0TOGpazKeHHEe, TOMEOMOPMDU3MBI,
MHOTr000Opa3usi) U MOKA3aTh, KAK TOMOJOTHUECKHE COOOpazKeHHus (3aMKHYTOCTh, TEOPEMA O
IIPOMEKYTOYHOM 3HAYECHUH, KOH(MUIYPAIMOHHOE IPOCTPAHCTBO) MOIYT paboTarb B HECBSI-
3aHHBIX, HA [IePBBIil B3IJIsJI, C TONOJOrHEl 33/a49aX.

HekoTopbie npuMepbl 1 MOTUBAIIUAA

e AcrTpoHaBT COBEPIIMJ KOCMHYECKOE IYTEIIEeCTBAE U BEPHYJICH HA 3€MJIIO OTDAZKEH-
HBIM.

e YernipexmepHasi cobaka MOXKET 3aJie3Th B 3aKPbITHIN SIIUK.

e Kak Bcesennast MoxKeT OBITH KOHEYHOI, HO 0e3 Kpas. He mck/I0oueno, 4ro jBa act-
POHOMHUYECKUX O0BEKTa, BUAMMBIX Ha HeOe B pa3HBIX MecTaX, eCTh OJHU U TOT Ke



00bekT, BuanMbiii ¢ pa3abrx cropon. WMAP. Ceitaac yke TOUHO W3BECTHO, ITO TAKOE
ObiBaeT (BpAINAIONIHECs] YePHBIE JIBIPHI ).

e Cdepa u Top He romeoMOopdHBI, T.K. Ha TOPe €CTh HECTArHBaeMble KpPUBbLIE, a Ha
cepe — HeT.

e DazoBBIe MpPOCTpaHCTBa. /IBUKeHnd IIaHeT KaK TeUeHNe HECXKUMAEeMOW XKUJTKOCTH.

Teopema o mpoMekKyTOYHOM 3HAYUEHUN

MGTO,ZL AeJIeHUA OTPE3Ka IOIoJIaM JaeT JOKa3aTeJbCTBO TE€OPEeMbl O IPOMEZKYTOYHOM 3Ha-
YeHuu.

1. JlokazaThb, 4TO KyOHUecKoe ypaBHEHHE UMeeT 10 KpaliHeil Mepe OMH JeficTBUTEIbHBII
KOpeHb, a KyOudeckoe ypaBHEHHE C OTPUIATEJIbHBIM CBOOOIHBIM YJIEHOM — OJIMH IT0JIOXKH-
TeJbHBbIA KOPEeHb.

2. Yepes f(a) oboznaumm Hanboabmmii u3 KopHeit ypapuenuda x> — 3z + a = 0. fpagerca
an GYHKIU f HenpepbIBHOM?!

3. Ilycrp Ha mmockocTH 3aaHbl JaBe DUTYPH (M3MepuMble MHOKecTBa). Jlokasarh, 4ro
CYIIECTBYET IpsAMasd, JTeJIdIasd KazK/Iyo U3 3TUX (PUTyp Ha JiBe PABHOBEJIMKIE YaCTH.

4. Ha mnockocTr BHIOpAIN MHOXKECTBO TOUEK C KOPPEKTHO ONpeIeaéHHOM TLIommaibio. [lo-
KazKHUTe, 4TO CYHIECTBYET Napa MepPIeHIUKY/ISPHBIX IPAMbBIX, Je1Ias BhIOpaHHOEe MHOZKE-
CTBO Ha 4YeThbIpe PABHOBEJIUKHNE YACTH.

5. Ilyctp moesn asukercss u3 nyHkTa A B MyHKT B ¢ HEKOTOPOil H3BECTHON CKOPOCTHIO
(He 06s13aTEILHO TOCTOSIHHOM, He 00sI3aTeIbHO CKOPOCTh HYJIeBask B KOHEYHBIX IYHKTaX). B
O/IHOM U3 BaroHOB 3TOTO TO€3]1a YCTAHOBJIEH MACCUBHBIN CTEPKEHb, KOTOPbHIH MOXKET CBO-
60110 KOJIe0AThCs BIIepeI-Ha3a/l TOJI JAeHCTBAEM CHJIbl HHEPIUH. BO3MOXKHO JI1 B MOMEHT
0TXO0/1a II0e3/Ja IMOMECTUTh CTePKeHb B TaKOe HadaJIbHOe IIOJI0ZKEeHHe, T.e. JaTh €My TaKOi
YyTOJ HAKJIOHA, YTOOBI HA MPOTSKEHUU BCEr0 MYyTH OH He MPUKOCHYJICT K IOy, Oyaydn
IpeIOCTABIEH BO3IEHCTBUIO NBUKEHHUS TIOe3/1a U CHJIe COOCTBEHHOM TszKecTu?

6. /loka3aTh, 9TO Ha MOBEPXHOCTH 3eMJIM B JaHHBI MOMEHT BPpEMEHH HaiiayTcs JBe Iua-
METPAJIbHO IMPOTUBONOJIOZKHBIE TOYKH, B KOTOPBIX COBIQJIAIOT TeMIlepaTypa W JaBJICHUE.
TemmepaTrypa u maBjieHHe HEMPEPHIBHO 3aBUCAT OT TOYKH HA 3eMHOM ITape.

7. Jlokazarh, 4TO BOKPYT JII00O# IJ1a KON 3aMKHYTO#l KPUBO# MOYKHO ONKUCATH KBaIPaT.

e 8. Jlokazarp, 4TO ecJiu JUaMeTp ILIOCKON (hUTYPBI HE HPEBOCXOIUT d, TO €€ MOYKHO IOKPBITh
HPABUJILHBIM IIECTUYTOJIBHHKOM C PACCTOSTHUEM d MEXKIY POTHBOIOJIOKHBIMHA CTOPOHAMH.

IIpuMmepsl HpoCTpaHCTB

Touxka, npsimMas, UHTEPBAJI, JIy4, TOJYUHTEPBAJI, OTPE30K, OKPYZKHOCTD, JIUCK... KOMIIOHEH-
THI CBA3HOCTH.



Kak MOKHO TpejcTaBIaTh cebe Tpexmepuyto cdepy (nobasienuem Toukn Kk R? ujn
CKJIEKO JIBYX 1IApOB).

Hedopmuposats 1o ety Mebuyca He yIUTKY, a 4eJIOBeYKa ¢ cepiem!

JIM3BIOHKTHOE 00beINHEHNE U TPSIMOe TTPOU3BEICHUE MPOCTPAHCTB.

9. Kakoif u3BecTHO# TOBEPXHOCTH ToMeoMOPQHO IIpocTpancTBo St x 17

Jedopmanmnm 31aCTUIHBIX TeJI

10. 3ajga4a npo TOMOJOrnIecKOro Yesiopeka. Eciu Obl 4e1oBeK ObLI JOCTATOTHO JACTUYEH,
TO MOT ObI Pa3beIMHATH CIEIJIEHHBIE MAJIbIBI 00EUX PYK, HE PACHEIIsIS MaIbIbI ]
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11. DiacTUYHBI KpeHaeb HaJleT JIByMd pydkamu Ha 0yoauk. /lokasarh, uTo, nedopmu-
pPys KPEHJIeJIb, OJIHY €I0 Py4Ky MOXKHO CHSITH ¢ OyOJIMKA.

12. Ha kpeHnzese BOKPyT oboWX pyvueKk HapuCOBaHA OKPYKHOCTh. Jlokazarhk, uTo, aedop-
MHUPYs OKPYKHOCTD, €€ MOYKHO IE€PEBECTU B COCTOsTHHE 00EPHYTOCTH BOKPYT OJIHON PYUKH.
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13. IlponedopmupoBars deTBepTyIO DUTYPY B KPEHIELD.



T'omoTonum

14. Tlokazarb, uTo Jjiuct Mebuyca roMOTONMYECKH IKBUBAJIEHTEH OKPYZKHOCTH.

15. IToka3arh, 9TO TOp C BBIKOJIOTOH TOYKOIH TOMOTONHUYECKH SKBUBAJIEHTEH OYKETY JBYX
OKPYZKHOCTEHA.

16. O6obIeHe: MoKa3aTh, 9TO JABYMepHas cdepa ¢ g pydkamu 6e3 OJHOM TOYKH IOMO-
TOIUYECKH SKBHBaJIEHTHA OyKeTy ¢ okpyzkHocTeii. [lokazars, aTo cdepa ¢ g pyukamu 6e3
JIBYX TOYEK MOMOTOIUYECKH SKBHBaJCHTHA OyKeTy N OKpy:KHOCTell u Haiitu N.

17. TlokazaTh, 4TO cTaniapTHOE HOrpyzKenue OyToiku Kieitna B R? romoronnyecku 3x-
suBanenTao StV StV SZ

18. [Tokazarh, uTo cdhepa ¢ N OTOXKIECTBAEHHBIMA TOYKAMU TOMOTOINITIECKH SKBUBAJIEHTHA
oykeTy u3 n — 1 oKpyzKHOCTel u oJHOil chephl.

19. IlokaszaTh, YTO TOP C N pa3 3aKJACEHHOI MOJOCTHIO FTOMOTOINMYECKH SKBUBAJIEHTEH OY-
KeTy u3 n cpep U OJHOH OKPYKHOCTH.

CxkJeiiku n3 KBaJpaTa

Crpyrankue: I'pajg O6pedennniit. OToxKIeCTBACHIE TOUEK HA I'PAHUIE KBAJIPATa U MOCTPO-
eHre COOTBETCTBYIONUX (DaKTOpIpocTpancTB. CKIenBaHue OTHONU Tapbl CTOPOH: IWIHHIP
u yimct Mebuyca. CkienBanue aByX map CTOpPoH: TOpP, OyThiika Kieitna u npoexktubaas
maockocTh. Crureiika OyTeuikn Kiteitna u3 aByx qmcroB Mebuyca. Opuentarus. Heopuen-
tupyemocTth Jucta Mebuyca n OyTouiku Kieitna. Teopema o Kiraccudukanum JIByMEPHBIX
IMOBEPXHOCTEH.

IIpoekTuBHAd MJIOCKOCTH

OKpyzKHOCTDH C OTOXKJIECTBJICHHBIMHU ITPOTUBOIIOJIOKHBIMU ToUYKaMHu. /IBymMepHas cdepa ¢
OTOK/IECTBJICHHBIMH HTPOTHBOIIOJOXKHBIMU ToUKamu. JIuct Mebuyca B IPpOEKTUBHOM ILTOC-
kocTH. [locTpoeHre TPOEKTUBHOM IIOCKOCTH TIyTeM HMpUKJIeHBaHus JucTa Mebuyca K Kpy-
ry. HeopuentupyemocTb npoeKTuBHOII 1ockocT. HeBIoXKuMoOCTh B TpEXMEPHOE POCTPaH-
CTBO.



MHuoroobpas3ug

[TonsTue muoroobpasus. Kpaii. Kpait npoussenenusi. Kpait ncra Mebuyca. Cdepa, Top u
kpereshb. [loctanoBka Bompoca 0 SKBUBAJIEHTHOCTH HPOCTEHIINX MHOTO0OPa3uii. 3ab.ry K-
JleHnst O TAOCKOCTH 3emytn. OPUeHTHPYEMOCTb.

20. Knaccudukanusg 1ByMepHBIX MHOTO0Opa3uil — BHOJIHE peasbHO.
21. Yro nomyuurcsd npu cKjieike u3 4n-yroJbHUKA U MOJ00HbIE 3a/a49H.
22. Kakoe mpoCTpaHCTBO TOJYUUTCS, €CJIH CKJIEUTh JBa pedpa y TpeyroJbHuKa?

23. KakuM HamMeHBIIUM KOJHUYIECTBOM KapT MOYKHO MOKDPBITh OKPY’KHOCTH TaK, YTOOBI
nepecedeHne JIFOOBIX JIBYX OBLIO CBSA3HO?

24. KakuMm HamMEHBIIUM KOJUYECTBOM KapT MOYKHO MOKPHITH JIBYMEPHBIH TOP?

25. JTokazatk, uto O(u x I) romeomopdHo 6yThiike Kieiina.

26. /lokazaTh, 4TO TOp HE rOMEOMOP(MEH KPEH/IE/TIO.

27. Hokazatb, dopmyras: (X LUY) =90X UIY, (Ax X)U(BxX)=(AUB) x X.

Jlokazarh aHaJIOTUIHbIE (POPMYJTBI JIJIT CBS3HONW CYyMMBbI.

28. Jlokazarh, 9TO ecji Ha 3aMKHYTOM MHOTOOOpaszum M"™ cyliecTByeT WHBOJIONUS 0e3
HETIOJIBUZKHBIX TOUeK, To M™ sBisieTcs rpaHureil (T.e. CyIIeCTByeT Takoe MHOTOOOpasue

WnHaro QW = M™Y.

29. CymecTBYIOT JH KOMIAKTHbIe MHOrooOpa3ud, He BjaozxKuMmble B R" Hu npu kakoMm n?
Tor ke BOIPOC 15t IPOU3BOJIBHLIX (He 00s3aT€/IbHO KOMIIAKTHBIX ) MHOIO0Opa3uii.

30. TeopemMbl YUTHHU O BJIOKEHUSAX U MOTPYKEHUSX.

Kondurypamnmonabie mpocTpaHCcTBa

[IpescraBiaenune OKpyKHOCTH, chepbl, TOPA U MPOEKTUBHOMN MJIOCKOCTH B BUJIe KOH(MUTYDa-
IIMOHHOTO TIPOCTPAHCTBA MTAPHUPHBIX Mexanu3moB. [IlapaupHsiii Mexanusm tama (1,1,1;1).
Kondurypanunorroe mpocTpaHCcTBO 3J€KTPOHA.

31. IlpuayMaTh HETPUBHAIBHYIO MEXaHHUECKHIO CHCTEMY C JAHHBIM KOH(HUI'YPAMOHHBIM
npocrpancreoM: u, S™, T M,, S' Vv S*.

32. Jloka3aTh, 9TO MPOCTPAHCTBO BCEX MPSAMBIX Ha IIOCKOCTH roMeomopduo RP3\ {x}.

33. Jloka3aTh, uto RP? — KoHMUTYpANHOHHOE ITPOCTPAHCTBO TBEPIOrO TeJa.
)

DiljiepoBa XapaKTEPUCTUKA,

[IpaBuibubie muororpananku. Popmysia Dilepa st BHIILYKJIBIX MHOTOIDAHHUKOB U €€
UHIYKTUBHOE 0KA3aTeIbCTBO. JHIePOBA XapaKTEePUCTUKA Jist ¢epbl u Topa. T puanry-
JIATIAN.



34. /loxazaTh, 4TO B 1J10cKOM Tpacde 2F > 3F.

35. Jlokazarh, 910 B J1I060M TJI0CKOM rpade HaliaeTcs XoTs Obl OJHA BEPITWHA CTEIeHn D
U MeHbIIIe.

36. CMeKHOCTHBIE TPUAHTYJISAINH.

37. /loxazarh, 9TO A5 JIOOOr0 MPOCTOIO TPEXMEPHOTO MHOTOIDAHHUKA

fo fi h fs
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HpaBI/IJIbeIe MHOI'OI'PaHHUKU

38. lccirienoBaTh MpaBUIbHBIE CETH HA PA3HBIX IMOBEPXHOCTIX.

V3J1bI

MuBapuanTsl — OCHOBHas ujes aJjredbpamdeckoit Tomogoruu. TPHIMCTHUK. 3alerIeHne
Boppomeo. KoianmdyecTBo MpaBUIBHBIX PACKPACOK B 3 I[BeTa — WHBAPHUAHT y3JIA.

JlomoJIHUTEeJIbHbIE 331341

39. Brojg KOM4IecTBO Pa3dMBAIONINX TOYEK KaK TOMOJOTMYECKHUII MHBAPUAHT, JOKA3aTh,
gro 6yksel O, I, T, b nonapno #e romeomopdubl MexK 1y co0O0ii.

40. BBoag nHIeKC TOUKH (PUTYPBI, COCTABICHHONR M3 KOHETHOI'O JHCJIA IyT, KAK TOIOJIOIH-
JecKuit MHBAPUAHT, JI0Ka3aTh, YTO OyKBBI FO 1 @ He roMeoMOPQHBI.

41. KitaccuunupoBarh ¢ TOUHOCTHIO JI0 TOMeOMOP(MU3MaA ¥ TOMOTOHUYECKON IKBUBAJIEHT-
HOCTHU BCe OYKBBI PYCCKOTO ajidaBUTA.

42. CdopmynupoBaTh KpuTepuii TOro, 9ro (purypa, CoCTaBIeHHAs] U3 KOHEYHOTO YHCIIA
JIyT, TOMEOMOP@HA OKPYZKHOCTH.

43. oxaszarb, 4T0 rpadsl K5 n K33 HeBIOXKIMBL B ILIOCKOCTD

44. Begxas M OKPYKHOCTb B TPEXMEPHOM TOpe OrpaHHdIUBaeT TUCK? Bedakas o IByMep-
Hag cdepa orpannunbaer Tpexmepnsiii map? Te ke sonpocs q1a ST x S? u ana S3.

45. Jlokasarb romeoMopdu3Mbl:
1) Sym*(S') = p*;



46. Jloka3arh, 9TO MPOCTPAHCTBO (C €CTeCTBEHHOW TOmoJOrnel) He Gojiee 4eM Tpexsie-
MEHTHBIX IIOJMHOYKECTB OKPYZKHOCTH roMeoMopdno S3. Kak 9To ¢BA3aHO ¢ IpeablIyIneit
3aaa4eii?

47. JlokazaTh, 4T0 cHe:knHKa Koxa romeoMopdHa OKPYKHOCTH.

48. CekyHIHAs W MHHYTHas CTPEJIKU — y3ea Ha Tope. lIpmaymMarh CBA3aHHYIO ¢ 9THM
3a/1a4y.

49. Tosepxuoctsh Xonda: (C*\{0})/Z = S' x S* — npumep KOMILIEKCHOrO MHOr0OOpasus
6e3 CUMILIEKTUYIECKOIl CTPYKTYPHI.

50. B nekoropsix kjrerkax kBajipara 207 20 cTOUT CTpeJIOYKa B OJIHOM U3 YeTHIPEX HAIPaB-
Jenuit. Ha rpanniie KBajipaTa Bce CTPETOYKHT CMOTPAT B/IOJIBb TPAHUIIBI 110 YACOBOM CTPeJIKe.
KpoMme Toro, cTpesiovukd B cOCeTHUX (BO3MOXKHO, TI0 JTUATOHAIY) KJIETKAX HE CMOTPST B TIPO-
TUBONOJIOXKHBIX HalpaB/enusax. Jlokazxkure, 4ro HaWJAETCS KJIETKA, B KOTOPOW CTPEIOYKHU
HET.

Pacckazarp npo «ueranthyio Bcejsennyo», TQFT u npo npuioxKeHus TONOJOTHH B
dusuxke.

Sagaan 3adera 2010 romga

51. JlokazaTh, uTo ypasHenne x5 + ax? + bx + ¢, e ¢ < 0, mMeeT XOTa OB OIUH TTOI0MKH-
TEJIbHBIA KOPEHb.

52. Jloka3aTh, 9TO BOKPYT MPOU3BOJIBHON TJIAIKOH KPUBOH MOYKHO ONHCATH poMb ¢ YyIIOM
B 60°.

53. /lokazarb, 4TO OTPE30K HE TOMEOMOPGEH MOJIy UHTEPBAJLY.

54. Tlokazarb, 4TO

1) chepa C N OTOZKAECTBJECHHBIMI TOYKaMH T'OMOTOIIHYECKHN 9KBHUBAJICHTHA 6yKeTy nu3
n — 1 oKpyzKHOCTe# 1 OJHOU chephl.

2) TOp ¢ N pa3 3aKJIeeHHO MOJOCTbI0 TOMOTOMUYECKY YKBUBAJIEHTEH OyKeTy U3 n cdep
U OJTHON OKPYZKHOCTH.

55. MozKHO JIn OJHUM 3aMKHYTHIM pa3pe3oM npesparuth RP? b
1) muck u aucr Mebuyca;
2) JuCK.

56. IIpuBecTu npumep JABYX KOMOMHATOPHO HEIKBUBAJEHTHBIX MHOI'OTPAHHUKOB ¢ OJ/IMHA-
koBbIM Habpom (V) E, F).
57. [oxazarb, 4To rpad K33 HeBO3MOKHO BJIOKHUTH B ILJIOCKOCTD.
58. Iloctpouts BOXKenue rpada Ks 3
1) B Top;
2) B uct MebGuyca.



59. Haiitu 3ii1epoBbl XapaKTePUCTUKU BCEX ABYMepHBIX MHOroobpasuit. [lojckaska: j1oka-
3aTh, 9TO

X(A#B) = x(A) + x(B) — 2

60. [IokazaThb, 9TO U3 BCEX ABYMEPHBIX MHOI0OOPa3uii TOJIBKO Ha cdepe n OyThLIKe Keitna
cyuiecrsyer 66CKO€"IHO€ KOJINYECTBO IIPpaBUJIBHBIX MHOI'OI'DAHHUKOB.
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61. /lokazarb, yro R* ne romeomopduo R”.
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