HMY, I kvpc, 06.11.2017
JINCTOK 6*.
COOBPAYKEHUSI HEINNPEPBLIBHOCTU.

Teopema o mpoMe>KyTOYHOM 3HAYEHUU

Bagada 1. B pag croar 500 camor: 250 npaBeix u 250 JIeBBIX, HO He 00g3aTe/bHO TapaMu. Jlo-
KazKuTe, 9TO HaiiyTcs 250 Moapsi] CTOSIIUX CAIIOT, CPeIu KOTOPBIX MPAaBBIX U JIEBBIX IOPOBHY.

Bagada 2. Typucrt Buepa yrpom 9.00 Havag mojgbeM B ropy W BedepoM OCTAHOBUJICS Ha
nowrer Ha Beprmmae. Cerogast on B 9.00 Ha4YaJI crycK u K Bedepy ObLI yike BHu3Y. Cryckascs
1 TOJHUMAJICSI TYPUCT MO OJHON TpOIe, HO B IPOINECCE JIBUKEHUsI MEHSI CKOPOCTb W JIeJIaJl
ocranoBku. Jlokaxkure, 4T0 HaiijeTcs TAKOE MECTO HA TPOIE, B KOTOPOM TYPHUCT HAXOIUJICSH
BUEpa U CeroJHs B OJHO M TOKE BPEMH.

Bamada 3. /lana Beimykjaga ¢durypa. /lokazkure, 9TO CyIIecTBYeT IpsMasd, OJHOBPEMEHHO
JIeJIAIas MOnoJIaM eé IIONIalb | IIePUMETP.

Bazaua 4. [IpeacraBbre cebe, 94TO 10J HA KyXHE y BAC HE OY4eHb POBHBIN (Tak OGBIYHO ObIBAET,
0COBEHHO eCJI OH TOKPBIT JinHOosIeyMoM ). [Tosromy KBajgpaTHbiii Tabyper CTOUT Ha MOJIY TOJBKO
TpeMsi HOXKKaMHU, a YeTBepPTas HOXKKA BUCHT B BO3/yxe. MOXKHO Jin TaK HEPEeIBUHYTH TadypeT,
YTOOBI OH CTOSLT HA TMOJY BCEMHU YeTHIPbMSA HOKKAMH, U MOZXKET CJYUHTbCH, UTO, KaK €ro HH
JIBUTaii, TabypeT Bce paBHO OyAeT KadaTrbes?! Mbl, KOHEUHO, IIPE/INoaaraeM, 9To, Korjaa Tadyper
TBEPJO CTOUT HAa 4YeThIPeX HOXKKAX, €ro MOBEPXHOCTb MOXKET ObITHb HEeCKOJIbKO HAaKJIOHEHa II0
OTHOIIEHUIO K TTOJTY.

Curemyromue jiBe 3a/ja9u WHOI/IA HA3BIBAIOT «TE€OPEMaMU O OJIMHAX .

Bagaua 5. [Janbl jBe Bbiykiibie (urypbl (Mozxker ObiTb, Hepecekaomuecs). Jlokaxure, 410
CYIIECTBYeT NpsaMas, AesIias II0Ialb KaxK/10i (purypbl mormosam.

Sagaga 6. Haiimure ommOKy B T0Ka3aTeIbCTBE YTBEPZKIEHHS, IYTO JIOOYIO BBHITYKIYIO (DUTY-
Py MOYKHO Pa3euTh Mapoil B3aWMHO TEePIeHTUKYISPHBIX MPSIMbIX HA Y€THIPDE PABHOBEJINKWE
qactu. JlokazarenbcTBo: "B srr000M HampaBIeHUN MOXKHO MPOBECTH €INHCTBEHHYIO MPSIMYIO [,
JIEJISILY IO 10 ih (Urypbl momoiaMm. KaxKy u3 HoJIyduBITAXCs MOJOBUH (DUTYPBI MOZKHO
Pa3JIe/IUTh Ha JIBE PABHOBEJIUKUE YaCTH HPAMbIMU, HepueHuKyasaspabivu [. [Iycrs A u B — 1ou-
KU [epecevdeHns STUX MePIeHINKY/IIPHBIX TPSIMBIX ¢ IpgaMoii [. HatneMm n3aMeHATH HallpaB/IeHHe
npaMoii [, coxpangs Bce nocrpoenns. Ilocoe uamenenns nanpasienus na 180° Touku A u B
MEHAIOTCS MeCTaMU. 3HAYUT B HEKOTOPBIA MOMEHT OHU COBIAJaJH. B 9TOT MOMEHT mepueH/u-
KyJISIDHBIE MPSIMbIe COBIAJIAIN U BMeCTe C psiMoii | geuin purypy Ha deTbipe paBHOBEJUKHE
qactu." JlaiiTe mpaBuiibHOE JOKA3aTEIbCTBO.

Bagaua 7. Jlokaxkure, 9T0 BOKPYT JIOOOH BBIIYKJIONR (DUIYPHl MOXKHO OIHUCATH KBAJIPAT.

HenpeproiBHBbIE KPUBBIE HA OKPY>KHOCTH.

[ycrs v: [0,1] — S, y(t) = (z(¢),y(t)), rae =,y — nenpepriable dynkuu. lanee Bcerya
npeanonaraeM, aro ¥(0) = v(1) = (1,0). HenpepwiBrast dbyukmust f: [0, 1] — R nazsiBaercs
HOIHATHEM KpUBOit 7, ecan Y(t) = (cos(2m f(t)), sin(27 f(t)).

Bagaua 8. Mzo6pasure rpaduku nogustuit f (cunras, uro f(0) = 0) maa KpuBbx

(a) 7(t) = (cos(2mnt),sin(27wnt)), (b) ~(t) = (cos(t(1 —t)),sin(t(1 —t))).

Pazo6bem orpesok [0, 1] roukamu 0 = ap < a3 < ag < ... < ay = 1 HA OTPE3KU CTOTH MAJION
JUTHHBIL, 9TO MHOZKeCTBO Y([ak_1, ax]) J€KUT Ha Jayre, IuHA KOTOPOH CTPOrO MeHbIie 7 /2.

Byzewm crpouts nogusarue f ciaeayonmm obpasom. Ha Kazxk10M oTpeske [ag_1, ax] onpejeneHa
dbyuxmus fi(t) = arctg(y(t)/z(t)) nam = arcctg(z(t)/y(t)), anst KOTOpOil BEpHO PaBEHCTBO
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v(t) = (cos fr(t),sin fr(t)) npu t € [ak_1, ag]. Hucna fr_q1(ag—1) 1 fr(ar—1) orvugarorcs va 27m.
Capuras GyHKIMN fi Ha TOAXOAAIINE THCIA 27T CINUBAEM M3 HUX HENPephIBHYI0 PYHKIUIO f
na [0, 1].

Bagaua 9. Jokaxkure, uro dbyukuus f geficrurenbuo asiasgercs nogaaruem u f(1) € Z.
KaxkoB reomerpuueckuii cmbica f(1)? Jokazkure, 9T0 CyHmIECTBYET TOJBKO OJHO HOjgHATHE f,
st koroporo f(0) = 0.

Bennuanny f(1) Ha3bIBAIOT CTeNeHbIO KPUBOI Y 1 0003HaUat0T Yepe3 deg .

[Ipe/ioI0KiM, 9T JIJIs KazKJI0ro s 3ajana kpusas vs: [0,1] — ST, ~,(0) = ~4(1) = (1,0).
EcJin 370 cemeiicTBO KpuBbIX 00/1a12eT CIeAYIOIUM CBORCTBOM: JIJIg BCAKOTro € > 0 cymiecTByer
d > 0 rakoe, uro jus Begkoro t € [0,1] u Beex s1, 82 € [0, 1] u3 mepasencrsa |s; — $o| < 6
craenyer |7vs (t) — s, (t)] < €, TO TOBOPAT, UTO 33aHa TOMOTOIHS MyTei Yo U ;.

Bagaua 10. /lokazkuTe, 4TO TEM CaMbIM 3a/iaHa TOMOTONNs HOAHATHH fo u f1 u, Gosee Toro,
BepHO paBeHcTBO deg vy = deg .

Bagada 11. (OcroBHasi Teopema anarebpbi) Jlokazkure, 4TO BCSIKHI HEMOCTOSTHHBIA MHOTO-
YJIEH HaJl 10JIeM KOMILIEKCHBIX YHCEJI MMeeT KOpeHb. (YKa3aHue: IpeojoKuM 00paTHoe u
paceMoTpuM Boipazkenue v,(t) = g(se'), g(z) = %; UpK KazkJIOM S 9TO HEIPEPbIBHASA KPH-
Bag HA OKPYKHOCTH, IpHUYEM IPH OOBIIAX $ CTEleHb KPUBOil paBHA CTEIeHH MHOTOYIeHa P,
a npu s = 0 9Ta CTeleHb paBHA HYJTIO; MPOTHBOPEYNe. )

Bamaua 12. (Teopema Bpayspa o nenoasuzxkuoii Touke) Ilycts z = f(w) HenmpepbiBHOE 0TOO-
pazkenue (ONpeIeIeHNe HeNPEPbIBHOCTH JIJIi KOMILIEKCHBIX YHCe/I JIOCJOBHO TAKOe K€ KaK U
quist BemectBennbix) By = {z 1 |z] < 1} B ceba. [Tokaxkure, 4To CyleCcTByeT HENOJABUKHAS TOY-
ka 2 = f(2). (Ykazauue: upeaonozkum 06paTHOe U PaccMOTpUM Bhipaxkenune () = g(se'),
riae g(z) — ToUKa mepeceveHus Jyda, BHIXOAAMEro u3 f(z) m mpoXoJdIero depes z, ¢ OKpYyK-
nocreio S'; 3amerum, uto ¢(2) = 2z npu |z| = 1; Toraa cremnenb 7y, paBHa HYJIIO, a CTeleHb 7
paBHA e/IHHHUIIE. )

Bamaua 13. Jokaxure, uro ecau f: By — Cu f(2) = —f(—z) upu |z| = 1, o cymecryer
Touka zop € Bi, B koropoii f(z9) = 0. (Ykasauue: upemionoxkum o0paTHOE M PACCMOTPUM
soipazkenue v (t) = g(se™), rae g(2) = f(2)/|f(2)]; crenenn 1 aABIsgeTcsa HEUYETHBIM YUCIOM, A
CTeleHb 7Yy PABHA HYJIIO. )

Bamaua 14. (Teopema Bopcyka-Yiaama) s BCAKOTO HENpPepbIBHOIO 0TOOpakenus f JIBY-
mepHoit cdepbt S? B R? cymecrsyer Touka x € S?, nist koropoit f(z) = f(—=x). (Ykazanue:
nocuuTaiiTe Pa3sHOCTh 3HAYCHMH [ B JAMaMETPAJIbHO TMPOTHBONOJJOKHBIX TOYKAX U CIIPOCKTH-
pyiire nosycdepy Ha Kpyr.)

Bagaua 15. JIokazxkure, 4TO Ha 3eMJ€ CYHIECTBYIOT JIBE JHMAMETPAJIbHO IIPOTHBONOJJOKHbIE

TOYKH, B KOTOPBLIX COBIIQJAl0T JaBJI€eHHE€ U TEeMIIepaTypa.



