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Teopema zKopgana

A. B. Yepnapckunu

I. CBONCTBO «PA3BUBATH» U JPYTUE TONOJOIMYECKUE
CBOHMCTBA

1. IIEJIOE HE ECTb CYMMA CBOUX YACTEl. 9To HabuBIIEE OCKOMHHY BBI-
CKa3bIBaHUe M3BeCTHBIN KuGepHeTwkK M. MUHCKHU OCBEXWI TaKOU WIIIOCTPAIUEn:
HUKaKasA 9acTh OTpPabl HE €CTh OT'paja.

Ha szbike, KOTOPBIM MBI 6y IEM TTOMB30BATHCH, TO 3HAYNT: TOMOJOTHIECKUHA 06pas
OKPYXHOCTH pa3zbuBaeT MJIOCKOCTDH, HO HUKAaKad ero YacTh MJIOCKOCTHU He pa3buBaeT.

2. YUTO 3HAYUT «PA3BUBATH»? Tepmun «paz6uBaThy CBA3aH C OJHUM U3 ABYX
OCHOBHBIX TOTIOJOTHYECKUX CBOUCTB MpocTpaHcTB. Mbl He OyjgeM mpuberath K 06-
MeMY TOHATUIO TOTMOJIOTUIECKOTO MPOCTPAHCTBA, ITOOB HE OTKJIOHATHLCA JAJEKO OT
HaIlel TeMBI, 1 OTPAHUYIUMCSA TIOMHOKECTBAMH EBKJINI0BBIX nmpocTpancTs R”. Cob-
CTBEHHO, HAM HYXHa IIOCKOCTh, HO MBI IO MepPe BO3MOXKHOCTHU OyJeM KacaThCs U
06Imero cayHdas TOMOJOTTIecKoro obpasa cheprr S?~! B R [lrockocTs 6yaeM 060-
3navaTh I1.

IMo amHOXKECTBO pasbueaem CBA3HOE MHOXKECTBO, ECIU [TOTOMHEHNE K HEMY HE CBS3-
HO.

3. CBA3HOCTL. Hamomuum, uTo cBasuocts X C R"™ mo ompefejeHnto o3Hava-
eT, 9To X HeJb3s MPeJCTaBUTh 0ObeIMHEHNEM IBYX HEMYCTHIX W He TepeceKafomnXca
IO IMHOXK€eCTB, KoTophbie omkpuimbl 6 X . [logmuoxkectBo A C X oTkpeiTO B X, ecan
OHO eCTh Tlepecedenne X ¢ OTKPBITHIM o AMHOXeCcTBOM IR™, a oTKpHITOCTh B R™ 03HAa-
qaeT, ITO KaXjasd TOoYKa MoJAMHOXecTBa R” JeXKUT B 5TOM MOIMHOXECTBE BMECTE
CO CBOEHN OKPECTHOCTHIO, HAIPUMED, ¢ IMapoOM C IIEHTPOM B DTOU TOYKE.

OTkpbITOE MTOAMHOXKECTBO IR™ CBA3HO TOTJa M TOJABKO TOT/Ia, KOT1a OHO AUHETHO
C643HO, T.e. JIOOLIE [Be ero TOYKH COeAMHUMEL JeXalllell B HeM npocmoti dyeoti. B
KadecTBe TAKOW AYTH MOXKHO B3fATH JOMAHYIO.

MaTemaTuyeckoe npocseuweHue, cep. 3, Bbin. 3, 1999(142—157)
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CBOWMCTBO CBA3HOCTHU W TOHATHE «PazbUBaThy ABAAIOTCA TOMOJOTUIECKUMU U MO-
TOMY TIO3BOJAIOT JOKAa3bIBATH B MPOCTHIX CAYyYaAX TOMOJOTHYECKYIO HEOKBUBAJICHT-
HOCTH MHOXKecTB. C TOMOIIBIO akcuOMBI /leleKnH 1a IerKO TPOBEPSETCS, 9TO CBA3HBI-
MU O IMHOXKECTBAMHI YHCJIOBOH OcH R ABIATCA B TOYHOCTH HHTEPBAJBI (BKIOYAA
TOYKH M HEOI'DAHMYEHHBIE HHTEPBAIbl — MOJIYNpAMBIe U camy R).

OTKpBITBIE UHTEPBAJIBI TOTOJOTMYECKN OTAUYAIOTCH OT 3aMKHYTBHIX W MOJYyOT-
KPBITBIX TeM, 9TO KaXaad UX TO4YKa pazbuBaeT JOOYI0 WX CBA3HYIO OKPECTHOCTD.
OKpyXHOCTb OTAMYAETCSA OT JIOO0OT0 WHTEPBAIA TEM, YTO HH OJHA €€ TOYKA ee He
pazbuBaeT. /IBe TOYKH OKPYXKHOCTH pazbUBAIOT. DTO MOXKHO HA3BATh OJHOMEPHBIM
crydaeM TeopeMbl ZKopaana. [Ipamad He ToMeoMopdHA TIIOCKOCTH, TaK KaK Kaxk 1ad
ee To4YKa pa3buBacT KaX Iyl CBOIO CBA3HYIO OKPECTHOCTH, & TOYKH TIOCKOCTH, O4e-
BUHO, He Pa3bUBalOT KPyroB, IEHTPaMU KOTOPBIX OHU CIYyXKaT.

HamoMHIM, 9TO KOMIIOHEHTON CBA3HOCTH (MJIM TPOCTO KOMIIOHEHTO!) MHOXKECTBA
HaabIBaeTcA M1060€ ero CBA3HOE MOJAMHOXKECTBO, He Jexallee B 60JAbIIEM CBA3HOM IO /-
MHOXKecTBe. Besikoe MHOXKeCTBO pacmajaeTca B CYMMY MOTIApHO HeMepeCceKaloNmxCs
CBOWX KOMIIOHEHT CBA3HOCTH.

4. KOMIAKTHOCTL. BTopoe BaxHoe TOMOJOrMYeCcKOe CBOHCTBO — KOMITaKT-
HOCTH, OHO ONPENENAETCA C MOMOIBI0 OTKPBITHIX TOKPBITHN. [loKpBEITHE MHOXECT-
Ba — DTO CHCTEMa €ro TMOIMHOXKECTB, Aalolad B OOBEeIUHEHUN BCE 3TO MHOXKECT-
Bo. OTKpBITOE TOKPHITHE MHOXKeCTBA X COCTOUT U3 OTKPHITHIX B X IOIMHOXKECTB.
MHOXecTBO KOMIAKTHO, €CIA M3 KaXKJOTO €r0 OTKPHITOTO MOKPHITUA MOXKHO BBIIe-
JUTH KOHEYHYIO TIOJICUCTEMY, ABIAIONIYIOCA TOKPHITHEM. 3 MHTEepBaJOB KOMTAKTHBI
TOJNBKO 3aMKHY THIE HHTEPBAJbI (M TOYKH). DTO — HM3BecTHadA JeMMa ['eine-Bopess—
Jle6era. Ho Ha mpsamolt nuMeeTCs MHOTO APYTUX KOMIAKTHBIX TIOJMHOXKECTB, HAPU-
Mep, 3HAaMEHNTOe KaHTOPOBO MHOXKECTBO.

Boobiie, koMnakTHBIE TTOAMHOXKeCTBa R™ 3TO B TOYHOCTH TOAMHOXKECTBA, ABJIA-
OIINECH OTHOBPEMEHHO 3aMKHYTHIMEU M OTDaHWYEHHBIMH. (3aMKHYTHIE TOIMHOXKe-
CTBa — 3TO [IONOJHEHNA K OTKPHITHIM. OHM XapaKTepHU3yIOTCA TEM, 9TO COAEPKAT
BCe CBOM MpejedbHBIE TOYKHU, T.€. TAKNE, B JIOOOU OKPECTHOCTH KOTOPBIX MMEIOTCA
TOYKH JaHHOTO MHOXecTBa. OTrpaHUYeHHOEe MHOXKECTBO — MHOXKECTBO, COIepKaIlie-
ecsl B IIape Kakoro-HAOGYAb pamyca.)

5. KoHTUHYYMbI. O6a cBONCTBa — CBA3ZHOCTH M KOMIAKTHOCTH — BBIpaXkKa-
10T HEMPEPHIBHOCTh MHOXKECTBA (B OTIWYNE OT HEMpephIBHOCTH oTo6paxkenus). Oun
ABJAIOTCA TOTONOTHYECKAMH, T. €. COXPAHAIOTCA MPH FoMeoMopduaMax (B3auMHO O/1-
HOBHAYHBIX U B 06€ CTOPOHBI HEMPEPHIBHLIX oTo6pakeHnax). Ha camMoMm nere oHM
COXPAHSATCA pH M060M HenpepbiBHOM oTob6paxenuun. O6paTHoe, BooOIE TOBOPS,
HEBEPHO, B Y€M YUTATENh MOXKET YOEIUTHCA HAa MPOCTHIX ITPUMEPAX: Pa3PBIBHOE OTO-
GpajkeHre MOXKET COXPAHATDH CBA3HOCTH W KOMIIAKTHOCTb.

MHOXeCcTBO U CBS3HOE, W KOMIIAKTHOE ONHOBPEMEHHO HA3BIBAETCS KOHMUHYYM-
om. HenpephiBHBEIN 06pa3 KOHTHHyyMa ecTh cHOoBa KoHTuHyyM. (Hampuwmep, ecan
GyHKIUSA ompejeleHa Ha 3aMKHYTOM HWHTepBaje, TO W 06JACTh ee 3HAYEHUU eCTh
3aMKHYTHIA WHTepBaJ. 13 3Toro BeITEKaloT TeopeMbl Boabiiano n Belepurrpacca o
HETNPEPHIBHBIX (DYHKINAX. )

B wacTHOCTH, TONOJOrMIecKHil 06pa3 C' okpyXHOCTH S’ Ha IIOCKOCTH ABIAETCA
KOHTHHYYMOM. MbI 6y1eM Ha3bIBaTh TaKOU 06pa3 MPOCTON 3aMKHYTOU Kpuon. 1o
Ke BEpHO W Aad Tomojormueckoro obpasa C"~! cheprr S*~! B R™ (Takoii o6pas
6y/1eM Ha3BIBATH TOMOJOIHYECKON chepoilt).
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6. TEoPEMBI 2KoPaAHA, 2KoPaAHA-BPAYydPA u IlIEH®AUCA. B cBoenn oc-
HOBHOU 4dacTu TeopeMma KopaaHna yTBepXKJaeT, 9TO MpocTasd 3aMKHyTad kpuBas C'
nHa maockocTu Il paz6usaeT II.

Boaee Toro, IT \ C' cocrout us aByx kommoHeHT u C' aBageTcs oOIIeH rpaHuien
sTux kKommoHeHT. [locaentee oznavdaeT, 4T0 Kaxgad Touka C CIyXKHUT NpeneabHOR
TOYKON A KaXkKJOW M3 3TUX KOMITOHEHT.

Puc. 1.

OTOo XKe yTBEPXK/EHUE CIpPaBeNBO U s o6obmenus Teopembl 2Kopgana, go-
kazaHHOTO Bpayspom B 1912 roay: R?\ C"~! cocTont ms aByx xommonent nu C™~1
ABAAETCA UX O6IIEH TpaHUIEH.

Ho caenytomee yrounenne Teopemsbl 2Kopaana, nannoe A. lllendancom B 1906 1.,
He CIpaBe/NINBO B OGIIEM CiIydae Tpu 1 > 3:

Sambrkarna kommoreHT R?\ C' ToMeoMophHbI 3aMbIKAHUAM KOMIOHEHT /OTOTHe-
aua x S'. (DTo >KBUBAJEHTHO yTBEepXKAeHHIO, uTo roMeoMopduam S' na C' MoxeT
GBITH IPOJOIKEH 10 TOMEOMOP(MHU3MA TUNIOCKOCTH Ha cebs.)

Mui He 6yjeM JI0Ka3bIBaTh 3/I€Ch DTO YTOYHEHWE W OTOILIEM YUTATENA K KHUTE
JI. B. Keagpin «Tomosorutdeckue BAOKeHUA B €BKAN0BO pocTpancTBO». Ho B KoHIIe
MBI TIpuBejieM HecaoxHBIN npuMep (E. Apruna n P. Pokca, noapoGHee ONMCaHHBIN
B TOH KHHUTE), U3 KOTOPOro Gy/eT BU/IHO, IOYEMY DTOT PE3YAbTAT He MEPEHOCHTCA
Ha GoJee BHICOKWME Pa3MePHOCTH.

7. PETPAKIIUU. Mg Gymem onupaThes Ha moHATHe peTpakunn. OHO nMeeT 06-
meMaTeMaTHYecKoe YyIoTpebaeHne (Telepb 5TO 3HAYHT «0OIIeKaTeropHoey). B Ha-
MeM ciaydae moAMHOXKecTBO A MHOXKecTBa X HazbIBaeTCA pempakmon X, eCIu uMe-
eTcsi HempepbiBHOE oTOoGOpaxenue 7 : X — A, mpu KOTOpoM Bce TOYKN A HENOABUXK-
HBIL.

(B 6oaee obmien dhopme: mycTh naHbl oTobpaxkenus f: B - X ug: X = B¢
ycaosueM gf = 1|g — ToxkgecTBennoe orobpaxenue B. Torna oTobpaxenue r = fg :
X — X o6aagaet coiictBom r? = rr = fgfg = fg = r. Boaee Toro, eciu x = r(y),
T.e. z NeXUT B ob6pasze A orobpaxenud r, To fg(z) = r(z) = r(r(y)) = r(y) = «.
3ua4uT, r ecTh perpakuua X Ha A m Takke f ecTh oTOGpaxkenme, o6paTHOE K ¢,
orpanndenHomy Ha A. WHbIMu croBamu, f ecTh romeomopdusm B Ha A.)

Hampumep, peTpakiinen sBasgeTcs MpOeKIns TIOCKOCTH Ha psaMyo. Ham mona go-
6UTCA peTpakius ClIeayolero Tumna. B mape B™ BBIKHHEM TPOM3BOIBHYIO TOUKY O
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(ne obasaTembno nenTp). Kaxawri noaynnrepsaa (O, z], rae z € SP~1, oTo6pasum
Ha cBOil KoHell . MbI, 09eBuIHO, Moayaum peTpaknmio B\ O ma rpannmy mapa S?~ L.

8. OKPY>KHOCTbL — ABCOJIIOTHBII OKPECTHOCTHBLINI PETPAKT. ,[[JIH Hac cy-
MIECTBEHHBIM 6y 1eT CBONCTBO OKPYKHOCTH, COCTOAIIEE B ¢€ TIPHHAJICKHOCTH K KAaC-
cy abcoaomunlr okpecmuocmuulr pempaxmos. He maBad obIero omnpejeJeHnsA, MBI
OTMETHUM TOJBKO, 9TO COTJIACHO HTOMY CBONCTBY, 0601 roMeoMopdHbiil 06pas C' B
M060M MpocTpaHcTBe R™ ABIAETCA PeTPaKTOM HEKOTOPOU CBOEH OKPECTHOCTH. DTO
e BepHO 14 Bcex cep. MBI HOKaxkeM 3TO A1 roMeoMopdHEIX obpazos S B II.

9. OTPE30K — ABCOJIIOTHBIIl PETPAKT. 3aMKHYTHII HHTEPBAJ ABAAETCH ab-
COAOMHBLM PEMPAKMOM, ITO, B YaCTHOCTHU, O3HA4YaeT, 4TO Jiobad TpocTas ayra
(romMeoMopdHEIN 06pa3 0Tpe3Ka) B INIOCKOCTH ABIAECTCA €€ PETPAKTOM W, 3HAYHUT,
JI060T0 MOJIMHOXKECTBA MIOCKOCTH, COJAepPKAIIEro 3Ty AyTY.

A6comoTHbIe peTpakThl 06/1a Jal0T TaKKe JBOUCTBEHHBIM CBOUCTBOM: HETIPEPHIB-
HOe 0ToGpakeHne MOIMHOKECTBA MHOXECTBa X B TaKoe TPOCTPAHCTBO MOXKET GBIThH
pacnpocTpaHeno Ha Bce X . Jlaa oTpeska (M, 3HAYUT, 1JId AFOGOH TPOCTOH AYTH) 3TO
€CThb YTBEPXK/EHWE JEMMBI YPBICOHA, C KOTOPOW HAYMHAETCA TOMOTONUYECKAS TO-
moJorua. Mbl JOKaXeM ee TOJbKO B OYeHb YaCTHOM, HYKHOM HaM JaJbllle, caydae.

JIEMMA. Henpepwienoe omobpanxcenue f epanuyvt keadpama @ 6 ompeszok I mo-
sgcem 6eimb npodoanceno do HenpepwvieHo2o omobpancenus F : Q — I.

JOKA3ATEJNBLCTBO. Bozbmem BHYyTpE () TOUKy O 1 0TOGpa3nuM ee B JIOGYIO TOY-
Ky A orpeska. 3aTem Kax bl oTpe3ok [0, z], rie & AeXUT Ha rpaHute (), THHEHHO
oTobpaznm Ha oTpesok [A, f(z)]. To, 9To moxy4uuTca HempephIBHOE OTOGpaXKeHNE,
npojioiKatoliee f, TpoBepAETCA HEMOCPECTBEHHO. d

10. TEOPEMA O HEPETPATUPYEMOCTHU KPYI'A HA TPAHUIIY U TEOPEMA O HE-
MOJBUXKHON TOYKE. Hame noxasaTeabCTBO ommpaeTcs HA TEOPEMY O HEBO3MOXK-
HOCTH PeTPAKINN KPyTra Ha ero IPAHHYHYIO OKPYKHOCTD. JTa TeOpeEMa CIIPaBeInBa
N7 mapa aobol pazMepHocTH. MBI MpUBeAeM HUXKE TPOCTOE JOKA3aTEILCTBO A
kpyra. OHO MOXeT GBITH «ITPOJAOIKEHO) MO WHAYKINA Ha BBICIINE PA3MEPHOCTH, HO
mpu 3ToM obpacTaeT TEXHUYECKUMM JCTATAMHA M OKa3bIBaeTCA HEHAMHOTO TIPOIIE
OOBIYHBIX [JOKA3aTEMABCTB C MOMOINBI0 CUMILTUINAJILHON WIN TJIAJKOW ammpOKCHMa-
N

Kaxk n3BecTHO, 3Ta TeopeMa SKBUBAJEHTHA T€OPEME O CYIIECTBOBAHWY HETIO TBUXK-
HOW TOYKHN y JM060T0 HEMPEPBIBHOIO oToOpak)eHus mapa B cebs. Ham sToT dakT He
moTpeOyeTcs W MBI OCTaBHM JOKa3aTeAbCTBO DTOW DKBUBAJIEHTHOCTH YUTATENO B
KavecTBE YIPaXHEHNUA.

11. CXEMA JOKA3ATEJbCTBA TEOPEMBI 2KOPJAHA I CONIYTCTBYIOMUX YT-
BEP2KAEHUI. Ecau I\ C cBA3HO, TO MOXKHO IIOCTPOUTDH PETPAKINIO IOCKOCTH HA
C, 3maunT, n cogepxamero C Kpyra, a Torja u peTpakiuio 3TOT0 Kpyra Ha €ro
rpasuly. MBI MOTHOCTBHIO TPOBOMM MOKA3ATETHCTBO TOJABKO B ABYMEPHOM Caydvae,
HO GyIeT BIIOJHE OYEBUIHO, YTO OHO TIPAMO TIEPEHOCUTCA W HA MHOT OMEPHBIN CJIYYan.

HepeTparupyemocTh Kpyra Ha T'paHuIly BiedeT 3a cobon Goiee oOIee yTBEPK-
NeHWe: 3aMbIKaHWe OTPAHUYEHHOU KOMIIOHEHTHI JOMOJHEHUS K KOMIAKTHOMY MHO-
JKeCTBY Ha IMIOCKOCTHU He peTparmpyeTcsa Ha cBowo rpanuny. OTcoga, B 9aCTHOCTH,
BBITEKAET, 9TO MPOCTasd Ayra He pa3buBaeT MIOCKOCTH, a TAKXKe, ITO TOMeOMOP(MHBIN
o6paz C' OKpyXKHOCTH SIBAAE€TCH OOIIEN TPAHUIEN BCEX KOMIIOHEHT CBOETO MOTOJHE-
HUA.
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Haxowet, MbI TpUBeIEM TOKA3aTETBLCTBO YTBEPK AEHNUA, YTO KOMIIOHEHT JOTIONHE-
uus K C' poBro aBe. OHO OKazbIiBaeTcs Goliee CAOKHBIM U B OTAMYHNE OT MPEIbI TYIITHX
CYIIECTBEHHO MCHOJb3yeT cBouicTBa Il xoTs, yTBepx aeHWe, KOHEYHO, BEPHO U B M-
MEPHOU CHUTYaIlWH.

Jlasg momHOTHL MBI BHIBeIeM U3 TeopeMbl zZKopnana-bpayepa apyrue kaaccudeckue
pesyabTaThl Bpayepa: Teopemy 06 WHBapMaHTHOCTH O6JACTH U pazMepHoOcTH R” —
U cjleJaeM KPATKUH HCTOPUIECKUH 3KCKYPC.

II. TOKA3BATEJABCTBO TEOPEMBI 2KKOP/IAHA

HavHem ¢ foKazaTelbcTBa TEOPEMBI O HEpeTParupyeMocT Kpyra B Ha ero rpa-
Huy S.

1. TEOPEMA. He cyujecmsyem pemparyuu B na S.

JOKA3ATEJNLCTBO. Ilycts r : B — S — perpakuus. Bozbmem Tovky zg €

S. Mlycts K moaubiil mpoo6paz TOYKU Zg. ITO KOMIAKTHOE MHOXKECTBO, MPUYEM
KNS = xzy. laa xkaxgon Toukn r € K BozbMeM MaJblil TPeYyroabHUK A, comepxa-
mui ¢ BHyTpH ceba. Tpeyroabuuk Ag, A1 TOYKH g BO3bMEM TaK, YTOOHBI €0 OTHA
CTOpOHa Jexkasda Ha S U cojiepikaia g BHYTpu cebs. TpeyroabHUKY I OCTAIbHBIX
TOYEK HE MOJXKHBI TlepecekaTh 5. BribepeM KOHeYHOE HHCIO TPEYTOJbHUKOB, 00~
e/IMHEHNE BHYTPEHHOCTEHN KOTOPHIX comepxuT K. HeMHOro momeBesnB BepIINHHI,
MOXHO MOOUTHCSA, 9TO6BI BEPIINHBI KAk 0T'0 TPEYT OJbHU-
Ka He JeXaldu Ha MPAMBIX, COAEPKAIINX CTOPOHBI APYTHUX
TpeyroabHuKoB. Torjga rpanuna oObeIUHEHUS OCTAaBICH-
HBIX TPEYTOJBHUKOB COCTOUT W3 KOHEYHOTO HHCIa JOMa-
HBIX, U3 KOTOPBIX TOJBKO OHA, HA30BeM ee [, MOXKeT GBITh
HE3aMKHYTOU — OHa JO0JXKHA COeJUHATH JIBa KOHIA CTO-
poHBI TpeyroabHuKa Az, dexaimen Ha S. B camom jerne,
KOHEI] TaKO! JOMaHO! He MoXeT Jexarh BHyTpu B. (O1-
pe30K He pazbuBaeT CBA3HON OKPECTHOCTH CBOErO KOHIIA.)
Ecan Tpeyroapuuku Gpasuck JOCTATOYHO MAJIBIMHU, TO
Puec. 2. paccrosaue Todek [ oT K cToab Majgo, ITO PACCTOSIHUE €€
o6paza r(l) or zo MeHnbile 3aganHoro . Ho »roT 06pas

€CTh CBA3HOE MHOXKECTBO, KOTOPOEe COMEPXKUT 00a KOHIA yKa3aHHOU CTOPOHBI A, .
Tak kak zy pazbuBaeT CBOIO OKPECTHOCTD, HTOT 00pa3s [JOJKEH COMEPKATEH g, T.€.
| mepecekaeT K, 9TO HEBO3MOXKHO TO MOCTPOEHHIO. O

OTO [I0Ka3aTelbCTBO JOBOJBHO HEMOCPEACTBEHHO TMPOAOIKAETCH MO WHIYKIUH
Ha BBICIIHE pazMepHOCTH. MBI yKa)keM TOABKO CXEMY DTOTO PACCYXKIEHUS, TaK KaK
moApo6HOE €ro MPOBEIEHNE, KaK CKa3aHO, UMEET MPUMEPHO TOT XK€ MOPSAA0K CJAOXK-
HOCTH, 9TO U OOBIYHBIE JOKA3aTEAbCTBA.

Paccyxad oT 06paTHOTO, JOMYCTHM, UTO MMEETCA PeTPAKIud 1, @ @7 — S7~1
n-MepHoro ky6a Ha ero xpaii. Bosbmem BayTpu (n — 1)-MepHoii rpanu Q"1 C 571
3TOro KybHa TOUKY X,. Illycts K, — moambri nmpoo6pas sTou Touku. OH mepece-
kaeT S"~! Tompko mo Touke X,. I[lokpoem K, KOHEYHBIM HHCIOM Ky6OB, I3 KOTO-
PHIX TOIBKO OMH MepecekaeT S™~1 cBoell rpambio, cojepkKamel X, BHYTpH cebs.
Mui He 6y1eM MOKa3BIBATH dJEMEHTAPHBIA (PaKT KOMOWHATOPHOU TOMOJOTHUN: HEKO-
TOpasg CHAMILIUIUAIBHAS OKPECTHOCTH DTOT0 OObeqUHEHUS Ky6OB MMeeT TDaHUIEn
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(n — 1)-mepHoe MHOTO0OGpasne. Takad OKPECTHOCTH HA3BIBACTCA PETYAAPHON, B Clle-
OYIOIIEM TMYHKTE MBI PACCMOTPUM 3JIEMEHTAPHBIA CIyYall PEryJAapHON OKPECTHOCTH
nepeBa. O603HAYMNM TPAHUIY PETYJASAPHON OKPECTHOCTH OOBeIMHEHNS TTOCTPOEHHBIX
Ky6oB yepes M™~1. Ee kpaii coBnajaeT ¢ xpaem S"~? (n — 1)-meproro ky6a, coep-
Karmero x,. O6paa r, (M"~!) sexuT B Matol OKpecTHOCTH 5TOrO Kyba 1 He coep-
KUT X,. B cury aToro mmeeTcsa perpakims 7/, sToro o6paza na S™~ 2. Komnosuuus
7! T, ONpeeadeT PeTPAKIHIO Ty_1 : M7™1 — S7=2,

BozbMeM Temepb TOUKY X,,_1 B KaKOH-T60 rparn S™ ™2 i1 0603HAYNM ee MOMHBIN
mpoobpas 4depes K,_1 C M™~!. [laablie moBTOpAEM MPOBEICHHOE TOJBKO 4TO TO-
CTPOEHUE C TEM TOABKO OTAMYINEM, YTO BMECTO Ky60B 6epeM 0Obe TMHEHNA CUMITIEK-
cOB, coflepxkanux To9ku K,_1. MBIl MOXeM MOCTPOUTH PETYIAAPHYIO OKPECTHOCTH
»Toro mpoo6pasa Tak, uTo ee rpanuna M"~? (BaaTas oTHocuTeabno M™™1) mepe-
cexaeT S"2 mo rpammme S" 73 ky6a, cofepXKaIllero X,_;, I IpH 5TOM ee 06pa3 He
COePKUT 3ToH Toukn. [[0sTOMY, KaK M BEIIIe, CTPONTCA PETPAKINA Ty o 1 M™% —
S"~3 u paccyxJeHNe MOXeT GBITH TPOIOMKEHO JafbIle.

Tak Kak pazMepHOCTH MHOTOOGpasmit M' yMeHbIIaeTCA Ha eMHUIYY C Kax IbIM
AT OM, Y€pe3 1 MIArOB MBI MPUJEM K PETPAKINHU JOMaHOW 6Ge3 mepecevdeHni Ha ee
[IBa, KOHI[A, ITO HEBO3MOXKHO B CHIY €€ CBA3HOCTH.

JlokaxkeM Temnephb [IBa MPeABAPUTEIHHBIX YTBEPXK JEHUS.

2. PEI'YJSAPHAA OKPECTHOCTDL AEPEBA. /lepeBoM Ha3bIBaeTCA CBA3HBIN Ipad
(O6'be,[[I/IHeHI/Ie OTPE3KOB, MepeceKaIInXCcAad TOJBKO B KOHHaX), ¥ KOTOpPOTO HET IIH-
KJOB, T.€. B HEM HET 3aMKHYTHIX TenovekK pebep, B KOTOPHIX Kakqoe pebpo BCTpe-
JaeTcsA He HoJiee OQHOT'O pa3a. 9KBI/IBaJIeHTHbIM CBONCTBOM ABJACTCA HEBO3MOXHOCTD
yaJeHuda OqHOTO (OTKprTOFO) pebpa Tak, 9To68 Tpad ocTadca cBA3HBIM. Eire nHa-
€ MOXKHO CKa3aThb, 9TO AEePEBO — 3TO Fpacb, Kaxaasd TOYKa KOTOPOIr'o UJan €ro pa3s-
O6UBaeT MU ABAACTCA KOHETHON TOJIBKO A OJHOTO pebpa.

HepeBo, oveBUIHO, UMeeT pebpo, OJNH U3 KOHIIOB KOTOPOT O TPUHAAIEKUT TOTHKO
3TOMy pebpy, mpudeM mocie oTO6pachIBAaHUA 3TOTO pebpa CHOBa OCTAaHETCHA JEPEBO.
I/IHa‘Ie, CMeNnIadach 10 pe6paM, MBI 06A3aTEeIbHO TOMAYYIUM UK.

HOCJIe,I[OBaTeJIbHO OT6paCbIBaH pe6pa, MBI B KOHII€ KOHIIOB OCTaBUM TOJBKO O-
HY BepinuHy. Bo3dbMeM MHOTOYTOJIBHUK BOKPYT DTOW TOYKH W, TPUCOEAWHAA pebpa
B 0OpaTHOM TIOpAKe, OyaeM KaXIbIH pa3 Jo6aBIATH COAEPKAIIAN OdYepeTHOE pe-
6po MPAMOYTOJBHUK, TPAHNYAIINNA ¢ TOCTPOEHHON Ha TPeAbIAYINeM Iare (GUrypon
M0 OTPe3KYy, BMECTE C MHOTOYTOJLHUKOM BOKPYT JAPYTON BEPIIHHBI DTOT0 pebpa
(cm. puc. 3).

JocTaTovHo 0YEBHAHO, YTO KaX /B pa3 Mbl 6yeM ToJaydaTh (PUTYPY, TOMEO-
MopdHuyo Kpyry. Takum o6pazoM, gepeBo Ha MIOCKOCTH UMEET CKOJb YO THO TECHYO
OKPECTHOCTh, TOMEOMOP(PHYIO KPYTY.

ITocTpoenHas OKpecTHOCTH Ha3bIBaeTCA peryiaapHon. UHayKiuen mo aucay pebep
JIETKO CTPOUTCA pEe€TpaKInA TaKou OKPECTHOCTHU Ha AEPEBO, MPpUYIEM ACHO, 9TO €CJIHn
OKPECTHOCTHh [MOCTATOYHO TECHad, TO W PETPaKIOWIO MOXHO COaeJaaThb C,L[BI/H‘&IOIHGI?I
TOYKN TOCTATOYTHO MaJoO.

3. OKPY>KHOCTb — OKPECTHOCTHBII PETPAKT IIJIOCKOCTH.
MPEANOXKEHUE. [Tycms dan 2omeomopdusm h : S — C okpyscnocmu S na noo-

mnoncecmeo C naockocmu 1. Toada das nekomopoti okpecmruocmu U(C) 6 naoc-
rocmu umeemca pemparyus U(C) na C.
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Puc. 3.

JTOKA3ATEJbCTBO. PaccMoTpum mocieoBaTebHOCTD 7; pa3GueHnil IOCKOCTH
Ha KBaJpaTh (Kak B TeTpajKke (B KACTKY») co cTopoHoit 271, Omn cTpoaTca ¢ momo-
B0 TTap CEMENCTB MPAMBIX: TPAMBIE B OTHOM CEMENCTBe OTCTOAT APYT OT ApyTa Ha
paccToAHNA KpaTHBIE 27 ¢, a IpAMBIE Pa3HBIX CeMEHCTB OpTOTOHATBHEL. Kpome Toro,
pazbuenne Z;41 MOAYYaeTCsA NOOGABICHUEM HOBBIX NIPAMBIX K TIPAMBIM pa3bueHus Z;.

Kaxoll BepmmHe v KaXjoro KBajpaTa KaX/oro pa3bueHna MOCTaBUM B COOT-
BEeTCTBHE OJHY M3 Gamxaummx Todek (', KOTOpyI O603HAIAM T,. 3aMeTHM, 9TO
€CJTM MBI BEIOGEPEM TIOCJIEI0BATENLHOCTD ¥; 3TUX BEPIINH, CXOIANLYIOCA K HEKOTOPON
To4uke g Ha C, TO U MOCJAEJOBATEALHOCTb TOUEK &, OYJeT CXOAUTHCA K DTOH XKe
TOYKe.

PaccMoTpuMm Temepr pebpa KBaapaToB, He mepecekatommx C. CHavama Kaxjgoe
Takoe pebpo [v',v"] noapasaenenua 7, roMeoMOpGHO 0OTOOpa3UM Ha TY U3 ABYX AYT,
Ha KoTopkle C' pazsbuTo TOYKAMU Ty U Tyr, KOTOPAA MMEET MEHBITHH THAMETP.

3aTeM aas moApasjeNeHua /5 BO3bMEM Te KBaJpaThl, KOTOphIe He nepecekaoT C
W He JeXaT B 0TOOPaHHLIX Ha MEPBOM Iare KBajpaTax W MOCTYIMHAM C UX pebpaMm
(He JMexamuMu Ha yXKe OTOOGPaXKEHHBIX) TOYHO TaK XKe.

ITpoo/mxuM 5TO TIOCTpOeHUe Ha Bce /;, BLIOMpad Ha O9epeIHOM MIare Te KBapa-
THI, KOTOpHIE He lepecekatoT C' 1 He JeXaT B BHIOpaHHBIX paHee. 3aMeTHM CHOBA, 9TO
ec/qM MBI BO3bMEM TOCIEJOBATENHLHOCTh TOYEK w; Ha pebpax KBaApaToB BTHX TO/-
pasjiefleHnii, KOTopas cXoAuTcA K Touke Ha C', TO U TOC/Ae10BaTelLHOCTL X 06pa3oB
Ha C' GygeT CXOAUTHCH K TOU JKe TOYKE.

Mb1 pakTH9ecKH MOCTPOWIN HeNmpephIBHYIO peTpaknuio Ha C MHOXeCTBa, TI0-
JydeHHoro mpucoeguHerneM K C 6eckoHeIHOTO Tpada, COCTOAMEro n3 pebep Kba-
PaTOB BTHUX TOApa3jeJeHniI, HOMep KOTOPHIX pacTeT Mo Mepe mpubamkennd K C.
Kaxjgaa Touka maockoctn BHe C' IpUHAIEXAT KBaJpaTy OJHOT O U3 TI01pa3 feJeHnn
7;, KOTOpHII He nepecekaeT C' W TpaHWIla KOTOPOTo yxXe oTobpaxena B C.

Tenmepb MBI TOCTapaeMcA paclpOCTPAHUTh MOCTPOEHHOE OTOGpaXKeHNe Ha TaKme
kBapaThl. Boobiue ropopd, 5To HeBosmoxHo. (I'paHnia kBaapaTa MOria GbITH OTO-
6paxena B C' ¢ eJBIM HEHYJEeBBLIM 9UCJIOM 06X0,10B, HO MBI HE XOTHUM OCTaHABIABATE-
cA Ha CTPOTOM ONPE/IeIEHHH HTOTO TIOHATHA. )

Omako, ecam KBajpaT AOCTATOYHO 6am30K K C', TPOIOMKEHNE MOXKET OBITh TI0-
cTpoeHo!
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Moapob6uee. [lns Beakoro € > (0 Haul e Tcss HOMED ¢ TAKOW, ITO TPAHUIBI KBaJPATOB
noapasfeNeHul Z; A4 j > ¢, OTOGPAHHEIX B HAllleM TTOCTPOEHUW, OTOGPaXeHB! B
moamMHuoKecTBa (', TaMeTPhl KOTOPHIX MeHbIe €. O6pa3bl TpaHUIl TaKNX KBaPaTOB
cogepxkarcs B C' B roMeoMOpdhHBIX 06pazax OTPe3Ka M, COTJIACHO M. 9 MpeabI IyIIEr O
pasfena, Mbl MOXKEM MPOJOMKNUTHL OToOpaKeHne Ha 3TH KBaIpaThl.

AcHo TakXke, YTO MpHU HTOM AUAMETPHI 06PAa30B KBAIPATOB CTPEMATCA K HYJIO
TIpW BO3pacTaHUN .

PaccMoTpuM Temeph Bce KBaIpaTHI, I8 KOTOPHIX HAMHU OBIJIO OTIpeeeHO 0To6pa-
xenne B C'. Bo-niepBhIX, ACHO, ¥TO oTOOpak)eHne nx o6beMHEHNA HEMTPEPBIBHO U He-
TIPEPBIBHO MPOIOIKAETCA TOXK eCTBEHHBIM oToGpaxkenunem C' Ha cebs, T. €. CHOBa MbI
nMeeM peTpakuuio. OTobGpaxkeHne ompeeaeHO, BO3MOKHO, HE A BCEX KBAAPATOB.
Ho o6beaunenne Tex, 11 KOTOPBIX OHO OTIPEIENEHO, COMEPKUT HEKOTOPYIO OKPECT-
HOCTh C' B IUIOCKOCTH W TIO3TOMY MBI B [I€HCTBUTEABHOCTH TOCTPOUIN PETPAKIIUIO
okpectaoctu C' #Ha C'| 9T0 1 TpeGOBAIOCH. g

3AMEYAHUE. Mbr noctponan perpakuuio Ha C' MHOXecTBa, moaydennoro mz C'
nob6aBleHNEM €€ OKPECTHOCTH W T'PAHUI] HEKOTOPHIX KBaAPaTOB MOAPa3leJeHuN 7; .
Mui ucnoabsyem ee paabiie. O6o3HAYMUM ee T.

4. OTPE30K — ABCOJIIOTHBIIl PETPAKT TMJOCKOCTHU. [las oTpeska I copa-
BEIIUBO Hojee cuabHOE YTBEPEK ACHNE, I€M MBI BOCIOJb3yEMCA TIPU AOKa3aTeJdbCTBE
mJomoaneHni K TeopeMe 2Kopaana.

JEMMA. FEcau q : I — J C Il 2omeomopdpusm, mo J — pemparxm II.

JTOKA3ATEJBLCTBO JIEMMbI. PeTpakius cTponTcs Tak ke, kKak qis C', HO 3/1eCh
HE BO3HUKAET TOTO NPEenAmMcmeud, KOTOPOe BOBHUKAJIO i ToMeoMopdHOTro obpasa
OKPYXKHOCTH B BHjle HEHYJEBBIX CTElEeHEN OTOOpaKeHWH T'paHul KBajapaToB Ha C.
WubiMu caoBaMu, MBI IS KaXOTO KBaApaTa MOXKEM MOJb30BATHCA JeMMOU m. 9
IPeBIAYIIEro pa3ena. (]

5. IOKA3BATEJBLCTBO TEOPEMBI 2KOPJAHA. MBI mocTponan BHITIE peTpak-
nuto 7 Ha C' MHOXECTBA, MOJYIEeHHOTO TMpucoefnaeHneM K C' HEKOTOPOU €€ OKPeCT-
woctu U W rpaHull KBajpaToB NOApa3leJeHUN 7;, TpUIeM Kaxgad To4uka BHe C'
JNeXKWAT B OTHOM M3 OTOOpaHHBIX KBaPaTOB.

Bozbmem Goabmionn kBaapaT (), cogepXkaliuii OKpecTHOCTH U HEANKOM BHYTDPH
cebss. MoxHO cUMTaTh, YTO TO OJWH M3 KBaJAPATOB MEPBOTO TOApa3edeHUA /1.
KsaapaTsl moapasgeiennii Z; an6o JeXaT B HEM IEAUKOM, JU60 He TMepeceKaioT ero
BHYTPEHHOCTb.

Bozbmem Touky vy Ha rpanmne (). 3aHymMepyeM OTOOpaHHBIE BBIIIE KBaAPaThI
nopasieqeHuil /;, 0603HAYNB UX (g, M BO3bMEM B KaXJJOM W3 HUX MO TOYKE .
Ecan npeanonoxuts, ato C ne pazbusaet I, T.e. uTo gomonuenne x C' umeeT of-
HY KOMIIOHEHTY CBA3HOCTHU, TO MOXKHO /14 Ka)K,[[Oﬁ TOYKHW Vg TMOCTPOUTH JOMaHYIO,
COEIMHAIONMIYIO C HEW TOUKY ¥y, KOTOpas mpoxoauT B () u He nepecekaeT C. O6beau-
HeHWe 3TUX JOMaHBIX 06pa3yeT rpad W MOXKHO JAOTMYCTATDH, YTO 3TOT rpad — JepeBo
(I/IHa‘Ie BBIKTHCM M3 HET'O HECKOJBKO OTpeBKOB).

BosbMeM peryaapHyo OKpecTHOCTH R 3TOTO jAepeBa, cYWTad, YTO OHA He Te-
pecekaeT C'| neXuT B (), IPUTOM TIEPECEKAETCA C TPAHUIER () TOIBKO MO OTPE3KY
d, cogepxatemy vg. R romeomopdna kpyry. Ee rpanuna coctont u3 d u gomosHu-
TeabHon ayru d'. Jlerko nocrponts perpakunio R ua d’. [Ipogoaknm 5Ty peTpakIuo
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TOX eCTBEHHO Ha OCTAIBHYIO 9aCTh KBaApaTa () U TOIYIUM peTPaKINIo ry KBajpaTa
Ha fomoJHenne K R.

OTO JOTIOMHEHNE HE COJAEPKUT TOUeK V. [l KaxkI0ro u3 oTo6paHHBIX KBaIpa-
TOB ¢ MOCTPOUM PETPAKIMIO JONOJHEHUA K TOYKEe v Ha ero rpaHuiy. [lomydum
peTpakuuio o6befUHEHUA KBAAPATOB g \ Vg Ha CyMMY ux pebep. [[ONOJHAM 3Ty pe-
TPaKIUIO TOXKAeCcTBOM Ha U 1 0603HAYNM TOMYYIUBIIYIOCA peTpakiuio rs. Hakowerr,
MBI UMeeM PETPAKINIO T's = 7, IOCTPOEHHYIO paHee.

Kommozunus Tpex peTpakiui r3rery gaeT perpakumio 7 : Q — C. BozbMem Te-
nepb ToMeoMopduaM ¢ : S' & C' M IPOJOMKIM ero 10 HEMpPepLIBHOTO OTO6PaKeHNA
q: B — Q xpyra, orpanudennoro S', B8 kagpat @ (paauyc [Oz] auneiino oTo6pa-
KaeTcd Ha 0Tpe3ok [A, q(z)], rae A — xakaa-nubyab Touxa B ()). Komnoznus ¢~ 17
JaeT peTpakluio Kpyra B Ha ero rpanuiy, 9To HeBozMoxHo. Teopema noxaszana. ]

III. TOKA3ATEJABLCTBO COINYTCTBYIOWUX NPEAJOXKEHUNI

MBI JoKaXeM Ternepb TPHU YTBEPK ACHUA, JOMOJHAINX TeopeMy zKopaaHa: MBI
TOKaXeM, YTO MpOocTasd 3aMKHyTasd KpHBasd Ha ILWIOCKOCTH pa3bUBaeT ILIOCKOCTH B
TOYHOCTH Ha JBe KOMIIOHEHTHI U ABJAACTCA OO IPaHuIel 06erX d3TUX KOMIOHEHT
CBOEro JOTOJHEHHA, B TO BpeMA KaK IPocTad Ayra IMIOCKOCTH He pa3buBaeT. IJTo-
T0 HEJOCTATOYHO, YTOOHI YTBEPKIaTh, 9TO TOMeOMOpP(gHBIe 00pa3bl OKPYKHOCTH I
OTpe3Ka Ha MIOCKOCTH PACTIOJOKEHBI ¢ TOYKH 3PEHUA TOMOJOTHN TaK ke, KaK W CTaH-
JapTHBIE OKPYKHOCTE M OTPE30K. JTH YTBEPK JCHUA CIPaBeINBLI, HO TPeOYIOT 1A
MOKa3aTeIbCTBa AOTMONHATEILHON CIEITAILHON TeXHUKH, M MBI OTCHIIAeM HHTEPECY-
formeroca unTaTensa K kaure JI. B. Keagsbmr.

1. TEoPEMA 1. Tomeomop@nuiti o6pas J ompeska I = [0,1] 6 naockocmu TI
(m. e. npocmas dyea) ne pazbusaem II.

MBI IOMKHBI T0Ka3aTh CBA3HOCTH jgonoanenus K J = ¢(I) B miockocTn, rjae ¢ —
romeomopdusm orpeska I = [0,1] ¢ mogmuoxkecTBOM NuockocTu J. Mbl goKaxem
CHavajga JeMMY, KOTOpas KacaeTCs BOOOIIe KOMIAKTHBIX TI0IMHOKECTB TIOCKOCTH.

2. JIEMMA. Ecau komnaxmuoe mnoxncecmso K C 11 pazbusaem II, mo ono we
ABAAEMCA PEMPAKMOM 3AMBIKAHUA HU OOHOU U3 02PAHUUEHHBIT KOMNOHEHM CE0€20
donoanenua ¢ T1.

JTOKA3ATEJLCTBO JIEMMbI.. VMmeeTcsi TOABKO OjlHA HEOT pAaHUYEHHAS KOMIIOHEH-
Ta JOTOJHEHUs, COlepKallas JOTOJHEHNE K JOCTATOYHO GOJBIIOMY KPYTY, KOTOPBIT
COJIEPXKUT HaIllle MHOXeCcTBO K (JomoMHeHHe K KPYTy CBA3HO, a KOMIOHEHTHI, Je-
Kall[e B Kpyre, orpaHudeHs). BozbMeM 60abIIoN KBajpaT (J, cofepKani BHY TPH
cebsa K. Ecan U — ojiHa U3 OrpaHUYeHHBIX KOMIIOHEHT, TO OHA TaK¥XKe JEXKUT BHYTPH
Q. MycTs 7 — peTpakiusa 3aMmbikanud U Ha cBoto rpanuiy (aexamyto B K). /lonos-
HEUM ee ToxkjgecTBoM BHe UU. Mul moay+um oTobpaxenue () B ceOsi, TOXKIeCTBEHHOE
Ha TpaHulle u Takoe, 9To ToYku U He sexaT B o6paze. CymecTByeT peTpakius () ¢
O/THON BHIKHHYTON TOYKOH (Mo6oi Toukol n3 U) Ha rpannuny Q. Kommosnuus sToi
peTpakuu u r 1aeT PeTPakuuio () Ha TPAHUILY, YTO HEBOZMOKHO. d

3. IOKA3BATEJbCTBO TEOPEMBEI 1. B m. 5 pasmena I mokazano, ¥To mMeeTca
perpaknus Il Ha a10060€ TTOIMHOKECTBO, TOMEOMOP(MHOE OTPE3KY, BHAYMAT, U PETPaK-
nus Ha Her o JI060r0 Goabliiero noaMuoxkecTBa 11, Teopema BeITekaeT U3 Mpeabl IyIIEH
JEMMBI. (]
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Wrak, 9acTh OKPYXKHOCTH yTpadMBaeT BaKHOe CBOUCTBO, KOTOPOE MMEET IeJasd
OKPYKHOCTh, — pazbuBaTh MIOCKOCTH TIPH JM0GOM ee (FOMeOMOPMHOM) pacmonoxKe-
Hun Ha mirockocTu. OHAKO, 9TOGH 1eJoe NMeJI0 HOBOe CBOUCTBO, KOTOPOE HEe MMEIOT
€e 9acTH, BCe XKe HYXKHO, YTOOBI DTH YacCTH UMEJIN KaKhe-TO CBOM CBOUCTBA, KOTO-
pble obecrevaT HOBOe CBOUCTBO 1eJOro. TakmM CBOUCTBOM OTpE3Ka ABISETCS €TI0
COCOGHOCTh A0KAAbHO pa3buéamb IIOCKOCThH BOJIM3M €r0 BHYTPEHHUX TOYeK. MbI
mpearaeM 9UTaTEeN0 CAMOMY ONPEIEIUTh 3TO CBOUCTBO.

4. TPAHUILI KOMIIOHEHT AONOJHEHUA K C.

TEOPEMA 2. I'panuya kanxcdoti KOMNOHEHMBL JONOAHEHUA K 20MEOMOPPHOMY 06-
pasy C oxpyacnocmu coenadaem ¢ C.

/T OKABATEJBLCTBO. ['paHUIBl KOMIOHEHT JOTNOJHEHNUA BO BCAKOM CJAydae JexaT
B C. IlycTh () — KOMIIOHEHTa JOMOJHEHWS, TPaHuIla KOTOpou He coBmagaeT ¢ C.
Toraa »Ta rpaHmna JeXuT B mpocTon ayre, comepxamenica B C', u II, a Torga n
@), perparupyeTcsa Ha 3Ty Ayry. 3HaunT, (Q U C' perparupyerca ua C. [lo semme
() MOXeT OBITH TOJBKO HEOTDAHWMYEHHOU KOMIoOHeHTOU. B pesyabraTte C' sBasercs
oOlIIell TpaHullell BCeX ONpaHUYEHHBIX KOMIIOHEHT cBoero jgononHennd. (Ha camom
Jlelle TaKasd KOMIIOHEHTA O/IHA, HO MBI 5TOI'0 HE JJOKa3aJu. )

Heorpanwndennas KOMIOHEHTa ()., MPEBPAIAETCA B ONPAHUYEHHYIO ¢ MOMOIIBIO
caepytomiero npuema. [onoaaum I ogHoM TowKOM B 6eckonewnocTu. [loayunres cde-
pa (Tonosorndecku). Beikutem oHy To4uky O U3 Jpyroil KOMIOHEHTH — MOXY IHTCA
IOCKOCTD. [Ipu 5TUX omlepanuax rpaHuna (Jo, He M3MEHUTCA, & KOMIIOHEHTA CTaHeT

OTpaHMYEeHHON. |
5. JIEMMA. Ilycmoe, kax u panvwe, C' — comeomopduuiii o6pas okpyrcHocmu.
Hyemy U — npouzeoavnas xomnowenma donoanenus xk C, b — mouxa 6 U u a —

mouxa na C. Jas awboti okpecmuocmu O mouku @ 8 nA0CKOCIMU CYWECMBYEM NPO-
cmas dyea l, coedunsrowan b ¢ mourot a’, aeacawet 6 ONC, npuuen |\ @’ aexrcum
6 U. Ayay L moxncHo 634mb KOHEUHO36EHHOM A0MAHOMU.

JTOKABATEJLCTBO. Kak mokasaHo B TpefbIAyIeM TyHKTe, Kaxjgaa Todka C
ABNACTCA MPEJIETLHON JUIA KaiK Toil KOMIIOHEHTHI fomonHeHud. [losToMy cymecTryeT
goMmanad [, coeqmuaoman B U/ Touky b ¢ Toukon c, dexamen B O. Cunras, ato O
BHIMYKJa (HAPUMep, KPYT), COEIMHUM @ ¥ ¢ oTpe3koM. IlycTh ¢’ — mepBas To4uka u3
C' Ha 3TOM OoTpesKe, cunTad oT ¢. (Takasd ToUka CyIeCTBYeT MO NPHHIMNILY [AeJeKHH-
noBa cevennd.) Torna o6benHeHNE lc oTpeskoM [c, a’] naeT TpebyeMyio JOMaHYIO.

O

6. TEOPEMA 3. TomeomopdHBI 06pa3 OKPYKHOCTH PazbUBaET MIOCKOCTH POB-
HO Ha JBa CBA3HBIX OTKPBITHIX MHOXKECTBA.

JOKA3ATEJLCTBO. IlycTh cHOBa gan romeomopdusm h : S — C okpyXKHOCTH HaA
KOMITaKTHOE TOJAMHOXKeCTBO TockocTn C', KoTopoe, KaK MBI yXKe 3HaeM, pa3buBaeT
miaockocTh 1. JlomycTum, 910 KoMmoHeHT gonoaHerus K C 6oabIle IByX.

Toabko ofHA M3 >THX KOMIIOHEHT HeOTpPaHWYeHHasd W TOT/a, COTJAcCHO YCJIOBHIO,
UMEIOTCA 1O KpaWHell Mepe [Be ONpaHWYeHHBIE KOMIOHEHTH (MX 3aMBIKAHHA KOM-
nakTHbI). O603Ha4nM JBe Takne koMnoHeHTHl Uy u Us. B kaxnon n3 obaacrein Uy n
Us Bo3bMeM 10 To4Ke by U by cooTBeTcTBeHHO. KpOoMe TOr 0, BO3bMEM [[BE Pa3IMIHbIE
TOYKHU aq U as Ha C.
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Ncnonbsya neMMy, COeIHHAM TOUKY b; ¢ AByMA Pa3JMIHBIMU TOIKAMU Gj; , JeXKa-
MIMA B MATBIX OKpeCTHOCTAX Ha C' COOTBETCTBEHHO TOYEK @, JOMAHBIMA [;;, TIPIHIEM
TaK, 9TO 3a WCKIIOYeHNEM KOHIIA ¢;; JoMaHad [;; aexnT B obractn U;. Kpowme Toro,
MOXHO CHUTaTh, 9TO [;1 U l;5 TepecekaioTca TOJBKO B b;.

O6ozraanM Mandyo Ayry, cojepxamyiocd B C' ¢ KOHTAMH G1; W dz; Hepes [;.
SaMbIKaHNe JOTIOTHEHNA K cyMMe aByX AyT [; #a C TakXKe pacmagaeTcd Ha IBe JyTH I
u 2.

HeTwipe JoMaHBIX [;; BMecTe ¢ ayramu [; Ha C' 06pa3yioT MpPOCTyIO 3aMKHYTYIO
kpuByto 7. llepecevenne 7 ¢ C cocTtonT m3 AyT [;. OTa KpnBad pa3buBaeT MIOCKOCTh
POBHO Ha JBE KOMIIOHEHTHI.

B camoMm fese, kaxjgad TOYKa MPOCTON 3aMKHYTOH KPHUBOHI Ha INIOCKOCTH, Kak
MBI [TOKa3aJl, ABAACTCA MpeleJbHON 1A KaX 0N KOMIOHEHTHI AomoaHenud. [losTo-
My, eclH Takasd KpUBad UMEeT B KadeCTBe CBOeH 4acTU XOTA Obl OJUH OTPE3OK, €€
JIOTIOMHEHNE COCTOUT M3 [BYX KOMIOHEHT (TaK Kak BOJIM3N TOYEK OTpe3Ka TOUKH
JOIIOJIHEHUA pacllafaloTca Ha [Ba IOJMHOXKECTBA TakK, YTO TOYKH KaXJOr0 U3 II0[-
MHOX€ECTB MOXKHO COEJMHATH OTPE3KOM, He TIePECEKAIOMINM 3TON KPHBO).

W3 aByX KOMIIOHEHT, Ha KOTOpPLIe Z pa3fuBaeT IIOCKOCTD, OHa HeOr paHUIeHHAas,
o6ozHa4unM ee W, npyras orpanmdenHas, obosnadum ee V.

M&b! yTBepXK aeM, 9To aBe ayru [' u [? nexkaT B pa3HBIX KOMIOHCHTAX IOTIONTHE-
HUA.

B camom gene, ecin oHM JexkaT B OJHOW KOMIIOHEHTe, ckaxeMm, B W, To V me
nepecekaeTca ¢ C. Boszbmem B V ToUKy v U, OAB3YACH TOU XK€ JEMMOH, TPOBEIEM
IBe IYTH, COeUHAIONINE ee B V ¢ ToYKaMu B Kpyrax c HeHTpamu by 1 by, He Tepe-
cekatormuca ¢ C. 3aTem go6aBUM JBa OTpe3Ka, COSIMHAONINE 3TH TOYKHW C by U
by. MBI OAyInUM AyTY, KOTOpasd JeXUT B V, 3a UCKIIOYEHIEM OTPE3KOB OKOJO CBOMX
KOHIIOB, W COEJUHAET TOYKM b1 U by, MunHysa C', 9TO HEBO3MOXHO, TaK KaK STU TOYKN
BBIGPAHBI B Pa3HLIX KOMIIOHEHTaX IomoaHeHns K C'. 3Ha4nT, oHa u3 Iyr [}, ckaxeM,
1, 1eXNT B OrpaHWYICHHON KOMIOHECHTE V.

BosbMeM Ha [! TOUKY @ M MaJbIil KPYT 0 C HEHTPOM B @, IEINKOM JeXKAaIIui B V.
Kak yrogno 6J13K0 OT @, B 9aCTHOCTH, B 0, MOXHO HAWTH TOYKY U U3 HEOT paHUYIeH-
HOM KOMTOHEHTHI gonoarenns K C.

ITy TOYKY MOXKHO CBA3aTh ¢ KaK YrOJHO AaJeKON TOYKOW Ayrom L, He mepece-
katormenca ¢ C. OTa ayra godXHa TepeceKaTh PpaHuIy obaactu V U, 3HAYMAT, OTHY
3 9eTHIPeX YT ;.

Ho st syrm aexat (3a NCKIOYMEHNEM CBOMX KOHIOB Ha (') B OTPaHWYEHHBIX KOM-
noHeHTax gomoaHenusa K C. 3HAYWT, cylecTByeT Ayra, KoTtopad, munys C, coean-
HAET TOYKY HEOTPAHUYICHHON KOMITOHEHTHI JOMOoJHeHHA K C' ¢ TOYKON OrpaHu<IeHHON
KOMITOHEHTHI. JTO HEBO3BMOXKHO M TIPEANOJIOKEHNEe, 9TO UMEETCA IBe OrpaHUYeHHBIE
KOMIIOHEHTHEI, IPUBEJEHO K IPOTUBOPEYHIO. O

7. IIPUMEPBI KHACTEPA U ®PAKTAJBI. B0O3MOXHO, YATATENIO TPYAHO TOTY-
CTUTH, 4TO 60jee ABYX 06JaCTEN HA INIOCKOCTH MOTYT MMETH COBIIA JAIONTY 0 TDAHMUILY .
Takme KOHTUHYYMBI, KOTOPBIE PazbUBaiOT MIOCKOCTH Ha 3aJaHHOE YHUCJIO 06JACTEN,
TPaHUIEN KaX 0N U3 KOTOPBIX OHU ABJAAIOTCA, OBLIA TIOCTPOEHBI BIEPBHIE MOJILCKAM
Tonoaorom Kuacrepom B 1922 roay. Ux nocrpoenne cm. B kuurax [8, 9]

WHuTepecHo, 9TO TaKue MPUMEPHI BO3HUKAIOT B BRIMUCIUTEALHON MaTeMaTuke. [[o-
CTATOYHO MPUMEHUTHL aaropuTM MeTona HbioTona s pemrenusi ypaBHeHus z”° = 1
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n
z; —1
———. [l1ockocTh pasobherca Ha n obra-

nz,

(3
cTed ¢ OOMIUMU TpaHHUIAMU, IpUYeM TOYKH M3 OfHOU objacTH OyAyT MOPOXKAATH
TIOCIeIOBATENBHOCTD, CXOMANIYIOCA K OJTHOMY W TOMY Xe KOPHIO M3 1, a M3 pasHBIX
obJIacTel K pazHbIM KOPHAM. JTO OJWH W3 TMPOCTEHIINX TPUMEPOB BO3HMKHOBEHUS

TaK Ha3bIBa€MbIX gﬁptmmcmoe.

Ha KOMTIJIEKCHOH TLTOCKOCTH: Zj41 = Zj —

8. [TPUMEPBI APTUHA-DPOKCA. IlpuBemem mpocTelrmit mpuMep roMeoMOpd-
HOT'O 00pasa AByMEPHOU c(ephbl B TPEXMEPHOM MPOCTPAHCTBE, IS KOTOPOU He CyIIle-
CTByeT TOMeOMOP(HOT 0 Tpeo6pa3oBaHusa MPOCTPAHCTBA, MEPEBOIAIIETO 3TOT 06pas
B (Kpyrayio» cepy, T.e. mis KoToporo He Boimognena Teopema Ulendanca. Bmep-
Bble TakKoll (6oJee CIOXKHBIN) MpUMep GBI MOCTPoeH B 20-X rojax aMepHKaHCKUM
Tonojorom /[x. Anekcangepom m HasbIBaeTca «poraTon cdepon Amekcangepas. Ero
mocTtpoenne mpuBegaero B kuHure JI. B. Keagorm. Boabmas cepusi pazaooGpasHbIX
npuMepoB Oblta ocTpoera B 1949 roay A. Aptunom u P. ®okcom. Mbr nmpuBegem
caMblll TPOCTON u3 HuX. /[pyrue mpuMepbl W MOAPOOHOCTH MOXKHO HAUTH TaKXKe B
xuaure JI. B. Kexapi.

Puc. 4.

[ocTpoenne mpumepa, Hageemcs, scao u3 puc. 4. CTpourcs gyra, «3aysieHHAsd
B oiHOM KoHIley. CTporo 3To o3HavaeT OTPHUIlaHWE CBOUCTBA, KOTOPOE HA3bIBAETCH
JOKAJBbHOU OTHOCBAZHOCTHIO W KOTOPOE [ CTAHJapTHOTO OTPe3Ka B TPEXMEPHOM
MPOCTPAHCTBE YAOBJAETBOPEHO [Jsi €r0 KOHEYHBIX TOYEK: [JIA (3ay3JeHHOTO KOHITA»
HEBEPHO, YTO A BCAKOTO MOJOXKUTEABHOTO £ HAWAETCA TaKoe TOJOXKUTEIbHOE §,
4T0 JI060e 0TO6paKeHne OKPYKHOCTH B d-OKPECTHOCTH KOHIA AYTH, TTPU KOTOPOM
o6pa3z He mepecekaeT AYTY, MOXKeT ObITH MPOae(pOPMUPOBAHO B TOYKY B [JOMOMHEHUN
K IyTe B £-OKPECTHOCTH DTOTO €€ KOHIIA.

BrumaTeabHo paccMOTpPEB PUCYHOK, YUTATENb COOOPA3NUT, 9TO 3TO TaK W €CTh B
MaHHOM cayvae. MaleHbKYIO TETIIO, «HAeTYIO» Ha AYTY BOMU3U 3ay3J€HHOTO KOHIA
HEJB3d CHATH C AYTHU, HE MPOTAIINB ee K Apyromy koumy. CTporoe gokazaTeabcTBO
TpebGyeT 3HAKOMCTBA C TEXHUKOW (DYHIaMEHTAJILHON TPYTIIIH, M3J0XKEHHON, B TpUMe-
HEHWW K TAKOT'O poja mpuMepaM, B kaure JI. B. Kexabrr.

9. JIOKAJBHASA MJOCKOCTHOCTh. IlpaBuabnad GopMyampoBKa 0600IIEHNA Te-
opembl lllendanca, kak BUIHO U3 MPUBEAEHHOTO MpUMepa, TpebyeT OmpeaeaeHHbIX
JOKaJbHBIX orpaHmydeHnil. MOXHO [I0Ka3aTh, HATIPUMED, YTO €CAW JAAHHBIU TOMEO-
MophuaM chepbl Ha MOAMHOXKeCTBO K MNpPOCTPAaHCTBA MOXKHO MPOJOIKHUTE 0
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TOMeOMOP(}HU3Ma OKPECTHOCTH KaXKJAOU TOYKH, TO OH MOXKET OBITH TMPOJAOIKEH U 0
roMeoMOp(du3Ma MPOCTPAHCTBa Ha cebs. DTO yCJIOBHE HA3BIBAETCH JOKAILHON TLIOC-
KOCTHOCTBIO 06pasa cepshl.

JlocTaTouyHo, Kak mokazaa aMmepukaHckui Tomomor P. Bunar B 50-x rogax, mo-
Tpe6oBaTh, YTOOB HU B OJHOU TOYKe 0Opa3za He OBLT BO3MOXeH (DEHOMEH MpUMeEPa
Aptuna n Poxkca.

IV. IIPUMEHEHUA U UCTOPUA

1. PETPAKUuM HA C'. B nHamem goxasateabcTBe TeopeMbl 2Kopmana Mbr dak-
THYECKHU TIOCTPOWIN PETPAKIAIO KBajgpaTa (), comepxamero ', Ha 3aMbIKaHHE OT'Pa-
audennon komnonenTs I\ C'. Ee xomnosuuumsa ¢ perpakuumein 11 Ha @), 1aeT peTpak-
U0 BCEH TIOCKOCTH Ha BTO 3aMbikaHue. BoikuabiBad m3 Il Todku orpaHm<eHHON
KOMTIOHEHTHI jfomoJHenns K C', MBI TOJy9aeM PETPAKINIO 3aMbIKAHUA HEOT DAHWYeH-
Hou KommoHeHTHl Ha C'. /loGaBass Touky B GECKOHEYHOCTH W BBIKUBIBASA TOYKY U3
OTPAHWYEHON KOMIIOHEHTHI, MBI TPEBPATUM €€ B HEOTDAHWYEHHYIO KOMIOHEHTY. B
pe3yabTaTe ModyvuaeM CJAeAyIOolee YTBEPXK IeHIE, KOTOPOE MBI HCIIOAb3YEM B TOKa3a-
TeTbCTBE TEOPEMBI 00 WHBAPUAHTHOCTH O6JACTH:

JIEMMA. ITyemv C — zomeomopdusiii obpas okpyscnocmu S' na naockocmu II,
U — oepanuuennas u U’ — neoepanuuenas xwomnonenmwt donoanenua x C. Toeda
samvikanue U' | JC' Heoepanunennoti komnonenmul pempazupyemca wa C' u marace
pempazupyemcs na C' mnoxcecmeo U | JC \ zg, 2de xg — npoussoavnas moura 6 U.

B n-MepHOM ciydae MBI He JOKa3aJu, 9TO TOMOMOTHYeCKNH 06pas (n — 1)-MepHo
cepnl pazbuBaeT R™ poBHO Ha ABe KoMIOHEHTHI. O THAKO, TPOBEEHHOE TIPH JOKA3a~
TenbcTBe TeopeMbl ZKopaaHa paccyX aeHne (Tocie cOOTBETCTBYOMIEN MOAH(DUKAIHT
JUIA N-MEPHOT'O Clydas) MpAMO T0KasbiBaeT yTBepKAeHne 5Tol JeMMbl. CyTh B ToM,
YTO JUISL OCTOBOB J10 pasMepHOCTH (n — 1) cOOTBETCTBYOIIEr0 pa3bueHna Ha KyObl He
BO3HUKAET MPENATCTBUA NPHU MOCTPOECHUN PETPAKINH, a 1A N-MEPHBIX TOCTPOCHUA
He TpeOyeTcd moc/e MPOBeeHUA ONepaluil BEIMETaH!A, KaK B 3TOM J0Ka3aTelbCTBE.

2. TEOPEMBI Ob MHBAPUAHTHOCTHU OBJACTH U PABMEPHOCTH R™.  [lokaxem
Temephb, onupasach Ha TeopeMmy 2Kopmana-Bpayapa u Teopemy o HepeTparupyeMocTn
mapa Ha TPaHUIy, elle oJHy (PyHIaMeHTaJbHyIo TeopeMmy Bpayspa — meopemy 06
unsapuanmuocmu obaacmu. Teopema o HeromeoMop(pHOCTH TpocTpaHcTB R” u R*
mpu k # n ABAAETCA €€ TPAMBIM CJAeICTBHEM.

TEOPEMA. FEcau h : U — V — zomeomopdroe omobparicenue omkppimozo noo-
muoaxcecmea U C R™ na nodmnosncecmso V-C R™, mo V makace asasemca omrpoi-
muim nodmuoxcecmeom R™.

JTOKABATEJABCTBO. KOMMOHEHTH OTKPBITHIX TOAMHOXKECTB R™ oTKpHITHL. [lo-
3TOMY MOXKHO cYUTaTh, uTO U cBaAsno. Toraa ceazuo n V.

Mycts 2o € U n yo = h(zg) € V. BozbMem Maubiii map B C U ¢ ueHTpoM B g U
rpannueit S. Pacemorpum C' = A(S) n mokaxeMm, 9To Yo JeXKUT B OFPaAHUUEHHON KOM-
moHeHTe gomnoaHennd K C, koTopas neaukom jaexuT B V. OTcioga OymeT BBITEKATD,
49TO Yo — BHYTPEHHAA To4uka V u, 3HAYUT, V — OTKPBITOE MOAMHOXKECTBO R”.

Bo-niepBrix, o6pas Int B meankoM [eXuT B OJHOU KOMIIOHEHTe, cKaxem W, mo-
monteruss K C', B CHIy CBABHOCTH.
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Ecaun W wne mexut B V, To umeeTcsa Touka z € W, xoTopad He npuHameXuT V
u, 3Ha4nT, o6pasy B. MosTomy, ecan Mbl mocTponm perpakiuuio (W \ z)|JC wa C,
TO C TOMOIMIBIO 7 OHa TepelieT B peTpakiuio B Ha S, KOTOPOW He CYIIECTBYET.

Teopema goxazana. O

3. TEOPEMA 2KOPJAHA U TOIIOJOTHYECKASI XAPAKTEPU3AIINA IBYMEPHBIX
NOBEPXHOCTEI.

TEOPEMA YAUJAEPA. JlokaabHo c8A3HbIT KOHRMUHYYM, codepicauuti npocmyio
3amKHyMylo Kpusylo, paszbusarwutica xasxcdot ceoeli npocmoti zamxHymotl Kpusoti
u He pasbusanwutica Hukarol ceoel napotl mouek, 2omeomopden cepe.(Cm. KHUTY
Yanngepa «Tomonorus Muoroo6pasmin [11]).

KoHTUHYYM 40KaibHO C6A3€H, eCAW KaXjad ero TOYKa UMEET B KaX/AOU CBO-
el OKPECTHOCTH CBA3HYIO OKPECTHOCTh. B Kiacce TakMx KOHTHHYYMOB JBYMepHBIE
MHOT006pa3us BbIIEIAIOTCA TEM, YTO OHU He Pa3bUBAIOTCA TTapaMy TOYEK M TeopeMa
ZKopaana cpaBeauBa A HUX JOKAILHO, T. €. KaX 1ad docmamouHo Maias TPOCTas
3aMKHYTas KpUBas WX pa3buBaeT.

Mexy co6olt KOMITaKTHBIE IBYMEpHBIE MHOTOOOPa3us pasandaoTcs, rpybo ro-
BOPS, T€M, CKOJBKO MOXHO TIPOBECTH HETEPeCeKAIONINXCA 3aMKHYTHIX KPUBBIX, 06
e/IMHEHNE KOTOPHIX He pazbuBaeT MHOT006pasud (pojy MHOroo6pasus). Mbl He IPHBO-
UM fleTalell OMpeleleHni, TaK KaK 3TOT MaTepHhaJj XOPOIo JOCTYIEH B PasinaHON
yue6ron auteparype. (Cm., Hanpumep, kaury Jx. Macen, /Ix. CrommmHre «Aare-
Gpamndeckasa Tonoaorusy [17].)

OtHOMepHBIE MHOT006pasus (T.e. HHTEPBANb, OKPYXKHOCTb U UX JU3BIOHKTHbHIE
00OBbeINHEHNA) XapaKTePU3YIOTCA TaKXKe ¢ MOMOIIbIO MOHATHA «pa3buBaThy. Hanpu-
Mep, OKPYKHOCThL XapaKTepU3yeTcA KakK JOKAIbHO CBA3HBIA KOHTHHYYM, KOTOPHIN He
pasbuBaeTca OHON, HO Pa3zbUBAETCA JBYMA CBOUMU TOYKAMI.

4. TlpuBemem Tenepb KpaTKUH 0630p PA3JUIHBIX JOKA3ATETHCTB TeopeMbl 2K op-
JaHa M COTMYTCTBYIOIINX YTBEPKACHUU 32 €€ CTOMETHIOKN MCTOPHIO.

ITepBoe ynmoMuHaHMe 0 CBOUCTBE 3aMKHYTOU KPUBOH G€3 caMoTiepeceeHuN MOXKHO
oTmeTuTh B paboTe Hetimana 1865 roga. [lepBoe mokazaTeabcTBo ObLto mano ZKop-
naroMm B 1887 roay. OHO OCHOBBIBAJOCH Ha ANMPOKCUMAINHA KPUBOW C JABYX CTOPOH
TMOMUTOHAJBHBIMA KPUBBIMU, [IJsI KOTOPHIX yTBepXkaeHue Koppan camran oveBm -
HBIM 7 He fokasbiBad. OTHAKO, ero JaJbHEUIINe PacCyXAeHns TaKkKe ObLIN He TOJ-
Hbl. PaKTUYIECKN OH MOKAa3aJ, YTO MOJUTOHBI MOXKHO MOCTPOUTH TaK, 9TO Ka¥kjaas
TOYKa JaHHOW KPUBOU OyaeT £-0imM3Ka K OJHOMY M3 HHUX, a TPeOGOBAJIOCH JOKA3aTh,
9T0 Gan3ocTh OyaeT K o6ouM noauronam. Tem He MeHee ero [OKa3aTEIbCTBO MOXKET
O6LITH MOBefeHO f0 KoHMA. [lo cymiecTBY 3T0 6b1I0 caeaano lendaucom B 1906 roxy
Ha OCHOBe aHAIW3a MOHATHA TOCTHARHUMOH TOYKH (T.e. TOUKH KPHBOMH, Ui KOTOPON
MMeeTCs TOJUT OHATbHAA KPUBas, TIePeCeKaloascsa ¢ JaHHON KPUBOHW TOMBKO B 3TON
Touke). Tpn srom MMlendanc gan cymecTBeHHOE yemaeHne pesyabraTta ZKopaaHa, o
KOTOPOM CKa3aHO BHIIIIE.

IlepBoe cTporoe goxazaTeabcTBO GBLIO JaHO MOJAOM paHbile BebieHoM, KOTOPHIT
Takke aHAJIN3UPOBAJ MOHATHE TOCTUKUMOCTH.

JlokazaTeabcTBo, mannoe bpayspom B 1910 roay, npusemo [Ix. Asekcamgepa
njee J0Ka3aTeIbCTBa, OCHOBAHHOTO HA TOMOJOTMYECKHAX CBOACTBax MHOXKecTB. CyTh
COCTOUT B TOM, ITO €CJAN JBa MHOXKECTBA CBA3HBI U MEPECEKAIOTCA MO JBYM CBA3HBIM
MHOXECTBaM, TO UX 00beMHEeHNe pa30uBaeT MIOCKOCTh HA jJBE KOMIIOHEHTHI.



156 A. B. YepHasckui

B paabueniem Teopema zZKopgana gokasviBadack MHOTO pa3s. O6G30p uMmeeTcs B
cratbe [octana u Tungena [7]. Mbl n1aeM HEMOMHBIN CIUCOK, CTAPAACH IPUBECTH 6O~
Jiee WM MeHee OPUTHHAIBHBIE PaGOTHl. B OCHOBHOM 0Ka3aTeabCTBa CIeI0BaIN JU60
nytu 2ZKopaana — lllendanca, T. e. anmpokcuManuy DOJUT OHAME, TUOO Ty TH AJIEKCaH-
nepa, T.€e. TOMOJOTHIeCKOMY . ABTOPY NPENCTABAAETCH, YTO JOKA3ATEIbCTBO, JAHHOE
3/1€Ch, ABJSETCA HOBBIM.

OpuruHaJIbHBIN METO[ JOKa3aTeabcTBa TeopeMbl 2Kopgana 6oLt Haligen 3. Moi-
com [15]. B [16] oH 6BIT ycoBepllleHCTBOBaH ATMOHCKMM MaTemMaTukoM P. Maexapa.
MeToa onupaeTcs Ha CJAeAYIOMYIO JeMMy, KoTopyio Maexapa CBOAUT K TEOPEME O
HETIOABUKHOW TOYKE, HO KOTOPYIO HETPYTHO J0Ka3aTh HEMOCPECTBEHHO: €CJAN B TPS-
MOYTOJBHUKE J[Be IYTU COEJUHSAIOT Maphl TOYEK HA MPOTUBOIMOIOKHBIX CTOPOHAX, TO
OHU TIEPECEKAIOTCA.

IIpocTon zamrayTHIN KOHTYP C' MOXeT OBITH MPEACTABIEH B BHUEe CYMMbBI ABYX
ayr u u d (BepXHAA W HUXKHAA), COCAMHAINIMK ABE TOYKH B NPAMOYTOJBHWUKE Ha
mape MpOTHBOTOJOXKHBIX CTOPOH. Ha oTpeske I, coequHsIONEM IPYTyIO TTapy CTOPOH,
BO3bMEM OTPE3OK C OJHUM KOHIIOM Ha U TaK, YTO HUXKE DTOTO KOHIA TOYEK U HET.
Torga TOYKM H>TOr0 OTPE3Ka JekKAaT B OTPAHUYEHHON KOMMOHeHTe nomnoanHenns K C
TaK KaK WHade JerKo CTPOUTCA Ayra, COeJIUHSAIONIasds KOHIb | W He MepeceKaolas
OMHY U3 AYT % Win d B TPOTUBOPEYHE C JEMMON.

OTO UBAINIHOE PaCCyXJeHUe, OJHAKO, He TIEPEHOCUTCA Ha MHOTOMEDHBIN CIyvan.

[Mo-BugumMomy, 10Ka3aTEABCTBO, JaHHOE AJeKCaHIePOM, IPUBEJO ero K uaee 0606-
menns Teopembl ZKoppana — Bpayspa Ha moaMHOXKecTBa cephbl MTPOM3BOJBHON pa3-
MEpHOCTH — K TeopeMe deoticmseennocmu Aqexcandepa. Tenmepb 5ToT pesyabTaT
ABJAETCA DIEMEHTAPHBIM CJAEJCTBUEM TOYHOW MOCJENOBATEABHOCTH Mapbl W IBOU-
ctBernocTu [lyankape. B 1927 rony IlonTparun caenan cymecTBeHHOE q06aBIeHUE
K DTOMY Pe€3yJbTaTy, MOKa3aB, 9TO JABOUCTBEHHOCTH AJIEKCAHJEPA PEATUIYETCA KaK
NBOUCTBEHHOCTD 3alerienns. [')pyGo roBops, Kaxk10My k-MepHOMY IMUKJIY B TOJAMHO-
KecTBe cephl OTBEYAET B OTIOJHEHUN K 5TOMY MOAMHOXKECTBY (OTHOZHAYHO C TOY-
HOCTHIO /IO TOMOJIOTHH) IIUKJ TOTIOMHUTENLHON PasMepHOCTH 1 — k — |, 3alleTUIeHHBIN
¢ naHHBIM. B ciy4ae Teopembl ZKopjana - Bpayspa ocHoBHOMY nukay (n—1)-MepHoi
chephbl OTBEYAET B JOMOMHEHNH [TUKJ U3 JBYX TO4Y€eK (MO ONHON B KaXkJOU KOMIOHEH-
Te).
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