Jlekiua 2, TOKII, [IM

[€OMETPUYECKIE NOHSATUSA: KPUBbIE, OKPECTHOCTL TOYKM, OTKPbLITbIE MHOXECTBA, 00-
nactu. lNlonosHeHne KOMMNIEKCHOR MIOCKOCTU A0 PaCLUMPEHHOW KOMMJIEKCHOW MNOCKO-
ctu. BeckoneyHo yaanenHas Touka. [MoHsTue ctepeorpaduHeckoii npoekunn.

1. MuOKeCcTBO BceX KOMILTEKCHBIX UHCET C PACCMOTPEHHOM B MPEIBIIYTIIEel TeK-
uu apudMeTuYecKOil 1 MeTpudeckoit crpykrypoit obosnadaercs depes C. Tak xe
0003HAYAETCS U TLJIOCKOCTh, Ha KOTOPOi m300pazkarorcs dncaa. Muoxecrso C gacto
Ha3bIBAIOT OTKPBITON KOMILJIEKCHON ILJIOCKOCTBIO.

2. Kpupnle. HenpepbiBHOII KpHUBOil Ha KOMILIEKCHOM IIJTIOCKOCTH HA3bIBAETCS MHO-
2KeCTBO, 3aJlaBaeMoe TTapaMeTPUUYECKUM ypaBHEHUEM

v=ut), y=y), telaf],

rie x(t), y(t) — 3amannble HenpepbiBHbIe (DYHKIMU OT HapaMeTpa t. [Tapamerpute-
CKOe ypaBHEHHe yJ00HO 3alHCaTh B KOMILIEKCHOM (opme

xr+iy = x(t) +iy(t), nm z = 2(t).

Cupsimisiemble KpuBbie, ux JinHa. OpreHTanus KpUBbIX (HAIpaBieHne 06Xo/a).

3. OmpesesmM TOMOJIOIHIO OTKPBITOI KoMmiLTekcHoi maockoctu C, T.e. ompeje-
JIUM OTKpBIThIe MHOXkKecTBa (okpectHOocTH) Ha C. ITpocreiiniee OTKpBITOE MHOKE-
CTBO — OTKPBITHII KPYT |2 — 2p| < & KOHEUHOrO PaJinyca £, KOTOPBIH HA3BIBAIOT
TAKZKe £-OKPECTHOCTBIO TOYKH 2o (1eHTpa). OTKPBITHIM MHOKECTBOM TAKZKe CUH-
TaeTcst OTKpbiTas nojaymaockocts Ax + By + C > 0, koropyio B TOKII yro6HO
CYUTATH OTKPBITBIM KPYI'OM OECKOHEYHOrO pajuyca. Y Ka3aHHble MHOXKECTBA BMECTE
HA3BIBAIOTCSI OOOOIIEHHBIMU OTKPBITHIMU KPyraMu (Hjid 0000IeHHBIME KDY OBBIMHE
OKPECTHOCTSIMU).

Omnpeneneune. OrkpoiTbiM MHO)KeCTBOM Ha C HA3bIBAETCSH MHOKECTBO, KOTOPOE
BMeECTe C KaxKJ0#l CBOeil TOYKOI COJEPKUT HEKOTOPYIO £-OKPECTHOCTDH ITOW TOYKH.
3aMKHYTHIM Ha3BIBAETCSI MHOYKECTBO, JOMOJTHEHNE K KOTOPOMY SIBJISIETCST OTKPBITHIM
MHOKECTBOM.

OtmeruM, 9TO J11000€ OTKPHITOE MHOYKECTBO, cojepzaliee TouKy z € C Ha3bIBa-
10T TaK»Ke OKPECTHOCTHIO ITON TOYKH.

['panununoit Toukoit mpousBosibHOTO MHOXkecTBAa F Ha C HaspiBaercs Jjrrobas Ta-
Kasi TOYKa IJIOCKOCTH, B JII000#, CKOJIb YTOJHO MaJIOi, E-OKPECTHOCTH KOTOPO Ha-
XOJIATCA TOYKM KaK IPUHAJIeXKaIue, TaK U He IpPUHAJIeKallne MHOXKeCTBY F.
I'panunneit OF MuHOXkKecTBa E Ha3bIBaeTCS MHOYKECTBO BCEX €r0 I'PAHHIHBIX TOUEK.
Mo:KkHO JaTh Apyroe ompee/ieHne 3aMKHYTOTO MHOXKECTBa — MHOYKECTBO 3aMKHY-
TO, €CJIM OHO COJEP:KUT CBOIO rpanuny: OF C E.

4. O6aacth. Baxueiinmit yacTublii ciydail OTKPBITOIO MHOYXKECTBA — 00JI1aCTh.
MuozkecTBo (G HAa3BIBaeTCA 00JIACTHIO, €CJIH OHO, BO-IIEPBBIX, OTKPBITO, & BO-BTOPBIX
cBs13H0. OTKPBITOCTD O3HAYALT, UYTO eCJTH MHOXKECTBO (G COMEPKUT HEKOTOPYIO TOUKY
Z, TO OHO COJIEPKUT U HEKOTOPYIO OKPECTHOCTD ITOH TOUYKHU (T.e. HEKOTOPYIO J0CTa-
TOYHO MAJIYIO E-OKPECTHOCTh TOYKH 2). CBA3HOCTDH O3HAYALT, YTO eC/Ii MHOKeCTBO G
COJIEPZKUT HEKOTOPBIE JIBE TOYKHU 21 U 22, TO ITU TOYKHA MOXKHO COEIUHUTH HEKOTOPOil
KPUBOii, TesimkoM Jiexkateit B G.

['panuipr obacTeit MOryT UMETh CJIOXKHYIO CTPYKTYPY, HO MBI Oy/IeM paccMar-
pPUBATh TOJBHKO TaKue 00JJaCTH, TPAHUIIBI KOTOPHIX COCTOUT U3 KOHEUHOTO YHCJa He



NMEIoImunux O6H_[I/IX TOY€K KYCOYHO IVIaJAKHUX KPHUBbIX — KOMIIOHEHT I'DAHHUIbI. B HacT-
HOCTHU B POJIX KOMIIOHEHT I'PaHUIBI MOT'yT 6bIT]:> OT,Z[eJ’[beIfI N30/IMpOBaHHbIE TOYKH,
paspesbl (pa3OMKHYThIe KDHBbBIE), 3aMKHYThIe KpUBbIe. HHCII0 PA3INIHBIX KPUBBIX,
coctapysionux OG Ha3bIBAETC MOPIIKOM CBa3HOCTH obaacTu (.

[IPUMEPBHIL. |z — 2| < R, Sz >0, r < |z — 2| < R,...

5. PacuimpenHnas KOMIIJIEKCHAS IIJIOCKOCTh. BeckoHeuYHO yaajleHHasd TOY-
kKa. B TOKII mupoko ucnosb3yercs mousitue 6€CKOHEYHOCTH, KOTOPYIO HPUHSITO
HA3bIBATH OeckoHeuHo ydasenHnoti moukol u 0003HAYATH CUMBOJIOM 2 = 00. [pyru-
MH CJIOBaMH, OTKPBITas KOMILIEKCHas IJIOCKOCTh C IMOmoJiHgeTcss HeKOTOpOil TOU-
KOl 2 = OO M IOJyYaeTcs HOBOE MHOXKECTBO, KOTOpPOe HA3BIBAETCS pPACIIHPEHHOIl
(3aMKHYTOI) KOMILTeKCcHOil mmockocThio C.

[eomerpuyecku TOYKY 2z = 0O M300pa3suTh HEBO3MOXKHO, OJHAKO MOXKHO BBe-
CTH ¥ U300parkKaTh OKPECTHOCTH 3TOW TOYKHU. KpPYroBoit OKPECTHOCTHIO TOYKH OO
Ha3bIBAETCsl BHENIHOCTDH JIFOOOT0 3aMKHYTOro Kpyra |z — zo| < r, r > 0, z5 € C.
T-OKPECTHOCTHIO TOUKH 0O HA3BIBAETCsI BHEIIHOCTH 3aMKHYTOrO Kpyra |z| < r. Hem
OOJIBIIe 7', TeM MEHBIIeHl CUYUTAETCS T-OKPECTHOCTL OECKOHETHO YIAJTEeHHOH TOYKH.
OerCTHOCTIO TOYKHN OO HA3BIBACTCA TaKZKE .HIO60€ OTKPbITO€ HEOI'PDAHUYECHHOE MHO-
xkectBo Ha C, cofepzkaliee HEKOTOPYIO T-OKPECTHOCTh TOYKH OO (MPH J0CTATOYHO
GOJTBIIIOM T').

[Ipu sToM apudmermdeckas u MeTpHUeCKas CTPYKTypa Ha KOHEYHBIX TOUYKAX
(qmesax) pacmupeHHoil wiockocTu Ta ke, uro u Ha C. A st Touku 0o apudMeTn-
HYeCKue olepanuu U pacCCTodHudA Mbl OlIpEAe/IATb HE 6y,ZLeM

Cdepa Pumana. Crepeorpadpudeckaga mpoekriius. st Toro, 4rodbl 1npu-
J1aTh OECKOHEYTHO YIAJIEHHOI TOUKe OTPe 1€/ IeHHBII TeOMEeTPUIECKHIT CMBICT PACCMOT-
PHM OJIMH CII0COD M300parkeHns KOMILIEKCHBIX duce 1 Ha cdepe. s 3Toro mocTponm
B TpexMepHOM mpocTpaHcTBe R? cdepy S amamerpa 1, Kacaromryiocs KOMILTEKCHOI
wiockoctu XOY B nauase koopaunar (puc.). Boicmas rouka P(0,0,1) na cdepe
Ha3bIBaeTCs MOJTI0COM. [Ipoekius npon3Bo/IbHON TOYKHN 2 = T+1Y Ha chepy mosyda-
ercs Tak. Hy»KHO npoBecTu u3 mojioca P Jiyd K TOYKE 2 U B34Th IepecedeHne 3Toro
ayda u cdepor S. [loaydennas Touka Z mepecedeHns HA3bIBAETCs cTepeorpadudie-
CKOil mpoekImeii Toukn 2z Ha cdepy S. flcHO, YTO TaKOe MPOEKTHPOBAHKNE IIPUBOIUT
BO B3aMMHO OJHO3HAYHOE COOTBETCTBUE TOUKH ILTOCKOCTH U TOUKH chepsl. T.e. Kazk-
Jloe KOMILJIEKCHOE YUCJI0 UMEeT POBHO 0/IHO m3o0pazkenue Ha cepe S u, Ha000OpOT,
Kask/10if Touke Ha cepe, 3a UCKIIOYEHUEM MOJIOCA, COOTBETCTBYET €INHCTBEHHASI
rouka Ha C. [losrocy P He cOOTBETCTBYeT HMKAKOII KOHEYHON TOYKH HA KOMILIEKC-
HOIi ILJIOCKOCTH, JJIsI HErO MBI M BBeJeM Ha ILIOCKOCTH YCJIOBHYIO OECKOHEYHO yia-
nernyio Touky ("3a ropmszonToM") z = 00. OKPECTHOCTAME 3TOii TOUYKH HA30BEM
pooOpas3bl P YKA3aHOM IIPOEKTUPOBAHUE OKpecTHOCTel 1ooca P Ha cdepe (T.e.
"kpyroserx"okpectaocTeil Touku P Ha cdepe, m OTKPBITHIX MOIMHOXKECTB ChepsI,
conepxaiee Touky P). "Kpyrosoii"okpectroctbio Toukn M wa chepe mbi Gygem
Ha3bIBaTh BCAKHIl OTKPBITHI CErMEHT, KOTOPBI OTCEeKAeTCsl ILIOCKOCTHIO OT cde-
pol 1 comepkuT Touky M. Oka3piBaeTcs, 9T0 "KpyroBbiM'" OKpeCTHOCTSIM Ha chepe
PuMana COOTBETCTBYIOT yKa3aHHBIE paHee KPyroseie okpecTHoCTsM Ha C.

O06001IeHHOIT OKPY’KHOCTHIO HA, PACIIMPEHHON KOMILIEKCHON IMJIOCKOCTH Oyaem
HA3bIBATH OKPYKHOCTH KOHETHOT'O PAHYCa HIN MPIMYIO (OKPYKHOCTH GECKOHETHO-
ro pajguyca). [Tokazkem, 4To 11060l 0600MIEHHON OKPYKHOCTH HA MJIOCKOCTH COOT-
BETCTBYET OKPYZKHOCTDH Ha cdepe Pumana. [lycth 2z = x 4 1y — TOUKa Ha IIJTIOCKOCTH,



eil coorBercTBYeT HeKOTOpas TouKa Z (v, 3,7) (¢ 0ObIYHBIMU JIEKAPTOBBIMU KOOD, 11~
natamu «, 3,7 B R*) na cdepe S. Haiigem cBasb koopauuar. [[jist 3TOro Hamuiiem
ypaBHeHHE NPAMOii, coeauusioneii Touku P u z. B 3-MepHOM npocTpaHcTBe KO-
opauHaThl 3TuX To4YeK Takosbl: P(0;0;2) u z(x;y;0). CremgoBarenbHo, ypaBHeHUe
HCKOMOW MPpAMON B KAHOHUYECKOM BUJIE UMEET BU/
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J1s1 Haxozkienus nepecedenus uctosb3yem 31o u (2). Torma
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[Tosb3ysacek (2) u (4), MOKayKeM, 4TO OKPYKHOCTH HA IIOCKOCTH COOTBETCTBYET OKPY K-
HOCTb Ha cdepe. [leiicTBUTENBbHO, 00Iee ypaBHEeHHE OOODIIEHHON OKPYXKHOCTH HA
mwiockoctn X OY umeer sug A(z? +y?) + Bx +Cy+ D = 0. Tounee, ecm A # 0, 10
MOJIy9aeM OKPY?KHOCTh KOHEYHOTO pajnyca, a ecim A = 0, To noryvaem ypasHenue
IpAMOil (OKPYZKHOCTH GECKOHEIHOIO PaJInyca).

[ToacraBum crofia Beipazkenus u3 (2) u (4), rorga

T B v D0 A+ BatCBLD—D=0.
11—~ 11—~ 11—~

B pesysbraTe MOJYUYeHO CIeyIoliee YpaBHeHHe 0OTHOCUTENbHO (v, 3,7):

7: Ba+CB+~vA—-D)+D=0.

D70 JuHeiiHOe ypaBHEHHE MJIOCKOCTH, 3HAYHT, KOTJA TOUKA Z = & + iy npoberaer
0BGOBIIEHHYI0 OKPYZKHOCTD, TOUKa (v, 3,7) npoberaer HEKOTOPBIH 1yTh 10 cdepe,
0CTaBasCh BCe BPeMsl B OJHOIT 1y10cKocTH 7. T.e. 3TOT myTh ecTh nepecederne chepo
1 IJIOCKOCTH T — OKPYZKHOCTD.

Ormerum, uro B ciayuae A = 0 mpoexius psaMoil Ha cdepy sBJISETCs OKPY K-
HOCTBIO, TIPOXOJisiiiedi uepes noaoc P. B ¢Bsi3u ¢ 9TUM u roBopsT (CM. BBIIIE), UTO
upsAMasg Ha KOMILIEKCHOH 1J10CKOCTH 9T0 (00001IeHHAsI) OKPYZKHOCTD, IIPOXO/IAIIAs
depe3 GECKOHEYHO y/IaJeHHYI0 TOYKY U UMeolasi GeCKOHEYHBI Pauyc.

Ormernm elne 0HO BasKHOE CBOHCTBO cTepeorpaduveckoil NpoeKuu. Y riibl MexK-
JIy KPUBBIMHU IIPH CcTepeorpaduuecKoil IpoeKIun coXpausarorcs. leiicTBurenbo, us
(2) u (4) moayuaem

x 5 y %+ 92
o= - = =
Y242+ 1 P2+l 22t
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Orciona, cuurast © = x(t), y = y(t), Mbl MOKEM BBIYUCAATH KOOPAMHATHI BEKTOPA
KacaTreJIbHOW K KpUBOH

(o, B,7) = (el(t), y(1)), B(x(t),y(t)), v(x(t),y(t)),

sexkanieit Ha cdepe Pumana. [losromy npoBepka yTBep:KJIeHHS CBOJIUTCS K CTaH-
AaPpTHOMY BBIYUCJIEHUIO YTJVla MEXKY KaCaTe/JIbHbBIMU B O6H.[ef/i TOYKE JIBYX KPHUBBIX.



