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KPUBBIE. JIOKAJIBHBIE CBOMCTBA U TI'JIOBAJIbHBIE UHBAPUAHTHI.

Knaccudukanmsa 3aMKHYThIX KPUBBIX ¢ TOYHOCTBHIO 0 PEryjJaspHOM rOMOTOINNI
Hamomunaanue OCHOBHBIX OTpeiesleHnii (KOTOphIE yiKe 00CY K/ IAIUCh PAHBIIE).

OnPEARAEHUE 1. Tlyets 4o : [0,1] — R2 uw 4y : [0,1] — R? — 3amMKHYyTHIe peryaspHble KpUBbIE Ha TIIOCKOCTH (T.e.
7i(0) = (1) m ¥i(t) # 0 npm Beex t). OHM HABBIBAIOTCA PERYAAPHO 20MOTOTHBLMU, €CIU CYIIECTBYET TAKOE HEMPEPBIBHOE
orobpaxenne F : [0,1] x [0,1] — R? =ro0

1) F(0,t) = vo(t) m F(1,t) = 71(t) npm BCex t.

2) F(s,0) = F(s,1) npu BCex s.

3) F{(s,t) # 0 nipn BCex s u t.

Hedopmanbao rosopsi, F' — 310 ceMeiicTBO KPUBBIX, “HAUMHAOIIEECST B Y] W “3aKAHUYNBAIOIIEECST B Y2, B KOTOPOM BCE KPUBBIE
3aMKHYTBIE U peryiasiphbie (pu 9ToM F HenpepbiBHa Kak (DYHKIUS ABYX [EPEeMEHHBIX — [apaMeTpa FOMOTOIUY S U apaMeTpa
Ha KPHUBOH t).

3AMEYAHUE. B omnpejieenusx peryasapHOi KpUBOil M PeryspHoil TOMOTOTHH TLIOCKOCTh R? MOMKHO 3aMEHNTh Ha JByMep-
HYIO TIOBEPXHOCTh. [Ipu 3TOM YC/IOBUS PEryISPHOCTH JOJZKHDBI ObITH BBITOJHEHbI K HEKOTOPBIX (& TOr/a U B JIIOOBIX ) JOKAIbHBIX
KOOD/IMHATAX.

ONPEAEJEHUE 2. Yucno spammenusa K () 3aMKHYTOH peryasapHoil Kpusoil () — 3T0 uucio 060pOTOB, KOTOPOE AEJIAeT
BEKTOP CKOPOCTH KPHBOH TIPH JBUKEHWH TOYKH BIOJb KPUBOH. Bosee TOYHO: BEKTOD CKOPOCTH KpWBOH (HA TIIOCKOCTH C JIe-
KApPTOBBIME KOOpAMHaTamu) nmeer koopamuatsl (p(t) cos p(t), p(t)sinp(t)), tne a < ¢t < b, p(t) > 0, a ¢(t) — HenpepwiBHAS
dyHKIHs; TaK KaKk Kpusas 3aMkHyTa, 10 ¢(b) = ¢(a) mod 27; Torna uucio spamenus K () onpenensercs kax 5=|¢(b) —¢(a)|.

ONPEJAENEHUE 3. Yucno Yuraw W(y) — ....... (cM. KapTUHKY).
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Bamada 1. Jlasa peeyarapmnoti Kpueot vy Ha NAOCKOCU: ’ Queao epawenua K(7y) | — ’ Queao Yumnu W () ‘ =+1

Teopema 1 (Teopema YurHu Ha MIOCKOCTH). Jl6€ 3aMKEHYINGLE PELYAAPHBIE KPUBHIE HA TMAOCKOCTIU PELYAIPHO 20MOTNOTIHGL
moz20a u MoAbko moz0a, £0206 UT YUCAL SPAULEHUSL DAGHDL.

Teopema 2 (Teopema Yuruu Ha cdepe). J00as 3aMEHRYMAA DELYAAPHAA KDPUBLA WA cihepe PeLYAAPHO 20MOMONKG OKPYIHC-
nocmu uau “socomepre’”.
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KPUBBIE. JIOKAJIBHBIE CBOMCTBA U TI'JIOBAJIbHBIE UHBAPUAHTHI. (HPOZLOII)KEHI/IE)

3aMKHYThIE€ peryJisspHble KPUBbIE HA MPOCTENIINX ABYMEPHBIX MOBEPXHOCTIX

Jlid 3aMKHYTBIX PEryJIsipHbIX KPUBBIX Ha ILJIOCKOCTH €JIUHCTBEHHBIM MHBAPUAHTOM ([IPU PEryJsiPHON MOMOTOINU) SIBJISETCS
YHCJI0 BpallleHud. DTO TeopeMa YUTHU (CM. IPEAbLIYIIHUii JIUCTOK).

Kak wm3menuTcs teopemMa YUTHH, €CJIH PACCMATPUBATH TY K€ 33/1a9y He HA MJIOCKOCTH, 8 HA KAKOH-HUOYAb ABYMEpHOM
[HOBEPXHOCTH !

Xouercs, 9Tobb1 (HOPMYJIUPOBKA TEOPEMBI O KJIACCU(MDUKAINN KPUBBIX Ha MoBepxHOCTH M OBLIA TTPUMEPHO TAKOM Ke, KaK
U JJIs TUIOCKOCTH: Jl6e 3amrHymole peeyrapHoie Kpussie Ha noseprnocmu M pezyaiapno zomomonms, mozda u moavko mozoa,
%0200 UL <CUHBAPUAHMBLY ..., ... COGNAJAIOM.

Hano monars, 9rTo Takoe 3mech «wHBapwaHThl». OTBeT OyZer pasHbIM [ PAa3HbIX HOBepxHOCTedl. Paccmorpum ormenbHO
HEKOTOPBIE TPOCThIE TIOBEPXHOCTH.

Cayuait cdepnl camblii npocroii. Mbl ero yxke obcyxuanu (CM. IPeAbIAYIIUil JIUCTOK). 3/eCh KaxK/as KPUBAs DEryJIspPHO
romoronHa Jimbo “oxpyzkuOCcTH ', 110 “BochMepke”. Takum obpazom, fyid cepbl: «<MHBAPUAHT» PUHUMAET BCETO /IBA 3HATEHUS.

[Ipenpiayimuit mpuMep MOKA3bIBAET, YTO Ijisd KPUBBIX HA cepe HET 4ero-to moxoxkero Ha “umcyo spaienus’. 1lo kpaiineit
Mepe, HET HUKAKOIO YHMCJIOBOIO «MHBAPUAHTA» (T.€. YHCJA, CONOCTABISEMOrO KPUBOH, KOTOPOE COXPAHIETCS MPH DPEry/igpHO
OMOTODHH ), IPUHUMAIOLIErO PA3JIUYHBIE [EJ0YUCIeHHbIe 3HaUeHnsd (KaK ObLIO /i KPUBBIX HA [IJIOCKOCTH ).

Yro0bI HOHATH, I0YEMY TAK [IPOUCXOIAUT, HAJO €I PA3 MOAYMATh O TOM, KAK OIPE/IENI0Ch YUCJIO BPAILIEHUS HA [LJIOCKOCTH.
IMpu ABUKEHUU TOYKHU BAOIL KPUBOi (Ha MJIOCKOCTH) MbI CIGIWIN 33 M3MEHEHUEM YIJIa MEXKJY BEKTOPOM CKOPOCTH KPUBOW 1
HEKOTOPBIM (DUKCUPOBAHHBIM HANpaBieHueM (OChI0 ), T.e., PaKTUUYECKH, Mbl UCIOJIb30BAIU TO, YTO Ha ILIOCKOCTH ITO (DUK-
CHPOBAHHOE HAMPABJIEHWE 33aHO BO BCEX TOYKax IIockoctu. Ha cdepe aToro chenarps Hemb3s. ITO HE OYEBUIHASI TEOPEMA
(ona Gyzmer mokasbiBaThes B Kypce auddepenimanbuoil reomerpun). Ee MokHO chOpMyanpoBaTh Tak: ecau 6 kaxcdol mouke
deymeprnoti chepvt 6b16PAMB KACAMEALHBIT BEKMOP MAK, 4MOObL, OH HENPEPHLEHO 306UCEA O MOUKY, MO 68 HEKOMOPOT MouKe OH
bydem pasen HYA10.

Ha nmnmsape Boibpars Taxkoe ‘“‘DMKCHPOBAHHOE HANpAaBIeHHE  BO BCEX TOYKAX MOXKHO. Hampumep, MOXKHO MpPEaCTABUTH
IUJIMHJP KaK YaCTh [JIOCKOCTH (31€Ch, KOHEUHO, “IUIUHIAD” Mbl MOHUMAEM KaK YTO-TO rOMEOMOPGhHOE IUIUHIPY — HAIPUMED,
KOJIBIIO H& [LJIOCKOCTH).

3amaua 2. Onpedeaume “wucao spawsenun”’ 0is Kpusol Ha YusuHIpe.

3amaua 3. Hapucylime na yusundpe dge kpusbie 6€3 camonepecereruti, Komopvle He A8AA0MCH PELYAAPHO 20MOTMONHLMU.
Kaxum «uneapuanmoms onl pasiudaromes?

3amaua 4. Ciopmysupytime u JoKaxrcume aHaAO2 MEOPeMb, YUmHu 0ad KPUSHLT HE UUAUHIPE.

Ha nucre Mébuyca, kKak U Ha MUIXHAPE, MOXKHO BbIOpaTh “prKCHpOBaHHOE HampapiieHue’ BO Bcex Toukax. Ho, Ha camom
Jese, s ONMpeae/eHNs “YuCIO BPAIIEHHST’ STOTO MAaJo.

Sagaua 5. Ilodymatime, wmo euse neobrodumo (kpome swbopa “Purcuposannozo nanpasasernus”’ 60 6cex Moukax), wmobo
“yucao epauwerus” Gua0 KOppexmHo onpedeseHo.

3amaua 6. IIpusedume npumepvs Kpusnr be3 camonepeceuenuti na aucme MEbuyca, KOMOPvIe HE ABAANOMCS PERYAAPHO
2omomonnvimy. CKOALKO MAKUT KPUGHT NONAGPHO HEIKEUBAAEHMHHBLL (M.€. ABAAOULULCH PELYAAPHO 20MOTMOTIHBLMY) CYULe-
cmeyem?

3amada 7. Paccmompum kpusyro v1 Ha aucme MEébuyca, xomopas udem 6004b €20 0CU U UMEEM 00HY “MAAEHBEYI NEMmesb-
ky”. Iyemv o — maxaa sce Kpusad, HO ¢ NEMeAbKOl 6 dpy2yio cmopony. bydym au amu Kpueble Pe2YAAPHO 20MOMONHYL?

Sanaua 8. Cgopmyasupytime u doxascume meopemy KAAGCCUPUKAUUY KPUSHT (¢ MOUHOCTBIO 0 Pe2YAAPHOT 20MOMONUL)
Ha aucme Mébuyca.

TOp

B ciygae Topa mose3Ho cHavasia moyquTh OTBET HA CIAEAYIONIHIT BOIIPOC: KOTAA 1B 3aMKHYThIE KPUBbBIE Ha TOPE TOMOTOITHBI
(6e3 ycaioBus peryisippoctu!)?.

*Bamaua 1. Copmyasupyiime u dokascume meopemy KAaCCUGUKAUUY KPUBHT (€ MOYHOCTDIO 00 20MOMONUY — He 0043a-
meabHo pezyaspnoti) na mope. <Husapuanmom» 30ecv ABAMOMCA 064 UEABT WUCAAL — UT U HadO onpedesums.

3amaua 9. Onpedeaume wucro 8PaEHUA OAA PE2YAAPHOT KPUBOT Ha mope.

*Bagaua 2. Cihopmyasupytime u doxascume meopemy KAGCCUPUKAUUY KPUSHLIT € TOYHOCTBLI0 J0 DE2YAAPHOT 20MOTOTUL
Ha mope.

‘ LIPOEKTUBHAs 1LJI0CKOCTh ‘

IMpoxymaiite cueayroiue aBa cnocoba KaaccupUKaIium KPUBbIX Ha MPOEKTUBHON MJIOCKOCTH (C TOYHOCTBIO JIO PEryjisipHOi
[OMOTOIIUH).

I. MoxHO, KaK 4 B Cly4ae TOpa, CHadajua pa3o0parbCd € KPUBBIMU, PACCMATPHUBAS UX C TOYHOCTHIO A0 romorouuu (He
00sI3aTeNILHO PETYJIAPHON), & 3aTeM “y9ecTh MAJEHLKUE TIeTEILKN .

I1. MoxHo, Kak U B ciay4ae cepbl, UCIOJb30BATh TO, 9TO MbI 3HAEM OTBET JJisi IPOEKTUBHOI IL10CKOCTH 6e3 TOYKH (BCIIOM-
HUTE, YeMy TOMEOMOPQHA MPOEKTUBHAS [IJIOCKOCTh C BHIGPOIIEHHON TOYKOI).

*Bagaua 3. Chopmyasupytime u doxascume meopemy KAGCCUPUKAUUY KPUSHLIT € MOYHOCTBLIO J0 De2YAAPHOT 20MOTOTUL
HA NPOEKMUEHOT NAOCKOCTIA.



