O pacno3naBanuu adpduaHO He
9KBUBAJIEHTHBIX TPEeXMEePHBIX
N300 parkKeHumii

B.H. Kossios

ITox m300pazkeHweM WM TEIOM MOHUMAETCsl KOHEYHOe (HemycToe)
MHOZKECTBO TOYEK B TPEXMEPHOM €BKJIMJIOBOM IIPDOCTPAHCTBE.

IIycTs n3obpaxkenus A u B cocToaT w3 TOYEK ai,...,0An U bi,...,by,
COOTBETCTBEHHO, ¥ 1) — B3aWMHOOJHO3HATHOE COOTBETCTBUE MEXKIY TOU-
KaMu u300parkennit A u B, KOTOpbIM TOYKe a; u3 A CTaBUTCST B COOTBET-
cTBue ToUKa by w3 B (i = 1,...,n). Oboznaunm uepes B* MHOKeCTBO
BCeX m300pakeHuii, morydaeMbix n3 B addunabivu mpeobpa3oBaHusiMHU.
[ToaraemM, 9To Ha mpPOM3BOIBLHOM B’ m3 B* coxpangercsa HyMepamms To-
4eK, MOPoXKIeHHasl n300pazkenneM B, 1o ects vepes b, na B’ o6o3na1ena
TOYKA, B KOTOPYIO MEPEXOIUT TPU COOTBETCTBYIOIIEM MTPeoOpa3oBaHNN
touka b; u3 B. Toukn a; n b;}(i), a TakxKe OTpe3Ku (a;a;) u (bip( )b;}( )

1) P(g
HasbiBaeM coorBercrByommmu (i # j, i, =1,...,n).
ITycrs 3amano € > 0. O6o3uaumnm gepe3 { B} MHOXKECTBO BCEX TaKHX
B’ w3 B*, uro pnmua xaxoro orpeska (b)) (i = 1,...,n) ne Gosbire

€. Addunnbie mpeobpazoBaHusi, epeBodlIne n3006parkKenne B B u300-
paxenns u3 {B}°, nazosem e-addunnabivu. ComepKaTebHO UX MOKHO
TPaKTOBATh KaK HEKOTOPbIEC JIOKAJIBbHBIC, OTrDaHUYEHHBIE TIpeaejlaM1 Be-
JauHbl € adpuHHbIE Tpeobpa3oBanus A n3obpaxenus B.

Yepes lﬁ(B’ ) 0603HAUMM JIMHY HAmbGOJIBIIErO W3 OTPE3KOB (aib;}(i))
(1t = 1,...,n). lycrs By € B*, u 1)y 6Guektusuo orobpaxkaer A na B.
[Iycrs €1 > 0 Takoe, uro mig Beex B’ uz {By}°! u npu Beex Guexrusx 1)
n3obpazkennst A Ha B MUHUMYM BeJIMYMH ZZ(B’ ) locTuraercs Ha n300pa-
xerauu By npu 6uekruu vg. Ilycts €9 > 0 Takoe, 9T0 st BCIKO# TapbI
nzobpaxkenuit (A’, B))), noxyuaaemoit e2-adbdunnbivu npeobpazoBanusmm
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napsi (A, By) Kax 11eJ1010, BBITOJIHSIETCS aHAJIOTMYHOE CBOMCTBO: JIJIs BCEX
B w3 {B{}*' n upn Bcex Gueknusix ¢) MUHUMYM BeJINUUH lw,(B”) JIOCTH-
raercst Ha u3o0pazkenun B( mpu Guexnum t)y. Torna B Ha3bBaeM nc-
KOMBIM m300paskeHueM s nzobpakerns A, a OMEKIuo g — UCKOMBIM
coOTBeTCTBHEM Mexk Ty ToukaMmu B A u B. Benuunny lﬁo (By) oboznagaem
uepe3 R4 (B) u HazpiBaeM paccTostHUEM MexKIy uzobpaxenusavu A u B.

Ecnu, ¢ ommoit croponsl, orpannyanTh e-adduHHbIE TPE0OpPa30OBAHMSA
TOJIBKO MPeo0paz’0OBAHUSIMU M30METPUIECKUMU WU TOA00U, a C JIpyToit
— TOJIAaTaTh £] W €9 HEOTPAHWUIEHHO OOJBIMMW, TO TPEITEeCTBYIOIIHE
OTIpeJIeJIEHUsT UCKOMOTO M300parkeHusi By U MCKOMOTO COOTBETCTBUS 1
EePEXOIAT B COOTBETCTBYIOIIHE MOHSITHS JIJIsT TPe0OPA30BAHNI M30METPH-
geckux u monobus. Panee [1, 2, 3| mug sTux npeobpa3oBanuii u Jist IByX-
MEPHOTO CIydast MOy IeHbl HEKOTOPBIE HEOOXOMNMBbIE YCIOBHUSA, KOTOPBIM
JIOJIZKHBI YJIOBJIETBOPSATh n306paxkenust B nape (A, Bp). Ouu 10BOJIBHO
OYeBUIHBIM 00pazoM 00OO0OIMAITCS HA TPEXMEpHBIN Caydail U KOPOTKO
cocroaT B ciepyromeM. Ilycts Oueknueit ¢ Touke a;, n3 A comocTaBiieHa
Touka b; w3 B’ (k = 1,...,n). BosbMeMm B IPOCTPAHCTBE MPOM3BODL-
Hyio Touky O W TapasieqbHbIM meperocoM orpeska (a;, b ) copmectiv
TOUKY a4, ¢ Toukoit O. TouKy, B KOTOPYIO TIepeiiieT Ipu 5TOM b;k, 00603Ha-
9UM 9epe3 C;, j, W HA30BEM COOTBETCTBYIOIIEH TOYKAM a;, W b;.k 7 TTOPOK-
nennoit umu. Vzobpakenue, cocrosiiiiee n3 Touku O — IEHTPA, U TOUYEK
g, (K=1,...,n) — ToYeK sizpa, HA30BEM XapPaKTEPUCTHIECKUM M300-
paxennem C s mapel (A, B'). Ilpu TakoM MOCTpOEHWH HEKOTOPBIE W3
TOYEK siIPa MOTYT COBNACTH (CUTHCsA). Takue TOUKM HA3BIBAEM KPATHBI-
My ([-KpaTHBIMY, €M CJUINCH | TOYEK) W COXPAHsAeM B X 0003HAYEHU-
SIX CUMBOJIBI CJIUBIIUXCS TodeK. Cdepy HAMMEHBITETO 0 PAIUYCy IIapa,
BKJIIOYAIOIIEr0 BCe TOUKH spa, HasbiBaeM K/ro4esoil. st napsr (A, By)
IEHTP XaPAKTEPUCTUIECKOTO U300parKeHUsi ¢ HEOOXOJAMMOCTHIO JTOJIZKEH
COBITQIATH C TEHTPOM KJIIOUEBOi cephl.

IIycrs (@i, aiy), (@izai,) # (Gisai) — TPONKA PA3TMIHBIX OTPE3KOB
MEKJy TOYKaMu n300parkenusi A Takux, 9T0 OHU He 00pa3yI0T TPEYTOIb-
ank. OHa HA3BIBAECTCS BBHIPOXKIEHHOMN, €CTH OTPE3KM JIEKAT B TAPATLIETh-
HBIX IIOCKOCTAX. Jlajtee Mbl OyieM pacCMaTpUBATh TOJBKO TaKue m300pa-
JKEHWS, B KOTOPBIX HET BBIPOXKIEHHBIX TPOEK 0Tpe3KoB. C cojepKaTeh-
HO#l TOUKM 3pEeHUs 3TO HE OUeHb CYIeCTBeHHOoe orpanmdenue. leiicTBu-
TeJILHO, YCTh B m300pakeHnu A eCTh BBIPOXKJIEHHBIE TPONUKU OTPE3KOB.
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Paccmorpum maps! pagmyca d, Te § — HEKOTOPOE MOJI0KUTENTHLHOE TUCIIO0,
C IeHTpaMu B TOYKax a; m3obpaxkenns A (i = 1,...,n, n > 4). Kakum
ObI MaJIbIM He ObLIO §, BCErJa MOXKHO BbIOPATH 110 OJHOM TOYKE a; B KaXK-
JIOM II1ape Tak, 9Tobbl B m3o0pazkennn A’ u3 Touek a) (i =1,...,n) yxe
He ObL710 ObI BBIPOXKIEHHBIX TPOEK OTPE3KOB. fICHO, 9TO B COAEpKATE/b-
HOM ILTaHe IPH JOCTATOYHO MajoM 0 m3obpazkenme A’ «mpakTHaecKm»
HEOTJIMYUMO OT UCXOJHOTO A

Hazosem m3o6pazkenme B’ m3 B* cormacoBamubiM ¢ A, ecam cyrme-
creyer B B’ Tpoiika orpeskos (b b)), (b),0},) w (b)), ne ammasiomumx-
Csl CTOPOHAME OJJHOTO TPEYTOJIbHUKA, PABHBIX, MAPALICTLHBIX U OHOHA-
[PABJIEHHBIX C COOTBETCTBYIOIIUMI OTPE3KaAMU (G, Ay ), (Aisaiy ) 1 (@i, a4g)
B nzobpaskenmn A. [lapasienbubie oTpesku, Hanpumep, (a;, ai,) u (0 b))
HA3bIBAEM OJIHOHANPABJIEHHBIMU, €CJIU, IPU YCJIOBUHU, 9TO B (a4, a;,) CJe-
Ba HaNPaBO CHavasa WJeT TOYUKa @y, & 3ATeM G;y, TO B orpeske (b b))
cTeBa HATIpaBo TOKE HJET CHavasa Touka b , zaTem b .

Tpoiiky orpe3kos (a;, @iy ), (aizai,) 1 (Gizai;) MOKHO UHTEPIIPETHPO-
BaTh KaK 3aJIAIO0NLYI0 HEKOTOPBIM 00Pa3oM «BHYTPEHHIO» B M300pazke-
HUU CUCTEMY KOOPDAWHAT: HAYAJI0O KOOPDJMHAT MOXKHO COBMECTUTH C IIPON3-
BOJIbHOI TOYKOiT M300pazkKeHus, OCH CHCTEMBI OyyT ONPeIeaaThCs Tps-
MBIMU, TAPALIETLHBIMI OTPE3KAM, CAMU OTPE3KU — OMPEIET MACIITab-
HBIE €JMHUILI IO 3TUM ocaM. KoopamHaTel To9ek n300pazkeHusa B TaKoii
cucTeMe He MEeHSI0TCs npu adPUHHBIX TPeodpaszoBaHusIX n300paKeHMs.
B Takoii uarepnperanun cornacosannocth B’ ¢ A o3Havaer Kak Obl ypas-
HUBAHME JBYX BHYTPEHHUX CHCTEM KOOPAMHAT n300pazkennii A u B’ npn-

BeJIeHNe WX, B HEKOTOPOM CMBIC/IE, K OOIIeit crcreme.

Teopema 1. Ecau By — uckomoe usobpasicenue 0as usobpasicenus A,
mo By coesacosano ¢ A.

JokazareabcTtBo. Ha xiroueBoit cepe ne mMoxker OBITH MEHBINE Tis-
T TOYeK sapa. JleiicTBuTenbHO, 00bIe JBa TeTpasapa (a Takike JIBa
TPEyTOJIbHUKA, UJIN JIBA OTPE3KA) MOXKHO COBMECTUTH JAPYT C APyToM ad-
dbunubIME TPeodpazoBanusgMu. V3 sToro ciemyer, 9To Touku u3 By, mo-
POXKTAOIIIe TOYKY Ha KJIIOUEBOil cdepe (ecn nX MEHbIIe MsITH ), BCerIa
MOT'YT OBITH TIPUABUHYTHI HEKOTOPHIM £-a(DUHHBIM TPe0dpA3OBAHIEM K
COOTBETCTBYIOIIUM TOYKAM U3 A. DTO yMEHBINT PAJHyC KII0UIeBOH cde-
pol, uTo Jist napsl (A, Bp), 110 ONpejiesIeHnio, He0yCTHMO.
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Jlajiee MBI PACCMOTPUM IO OTAEIBHOCTH CJIyYaud, KOT/Ia Ha KJIIOYEBOH
cepe (MHOTIA, /TSI KPATKOCTH, TPOCTO chepe) HAXOAITCS COOTBETCTBEH-
HO TIITh, IIECTh, CEMb W DOJIBITIE CEMU TOYEK.

I. ITonoxum, a0 Ha cepe POBHO HATH TOYEK Cj j; — Cigjs-

1) ITokazkeM, 9TO BCe TOUKHU Cj,j, — Cisjs HE MOI'YT OBITH PA3HBIMHU, TO
€CTh TIOMAPHO HECOBMaJaiommMu. V3 onpejesennst XapaKTepUCTUIeCKO-
r'0 N300paKeHUsI CJAEYET, ITO MPHU £9-aDPUHHBIX TPE0OPAZOBAHUIX TTAPDI
(A, By) Kak 1es10ro 3TM Ke mpeobpas3oBaHusiM MOIBEPraeTcs U XapakTe-
pucrudeckoe m3obpazkenue C' 910t mapsl, To ects ecau (A', BY)) motydeno
n3 (A, By) adduanbiv npeobpasosannem, 1o n3obpaxkenne C’, nomyqen-
voe u3 C' 3TuMm ke mpeobpazoBanmeM, OyIeT XapaKTEPUCTUIECKUM JIJIsI
(A, B)). Eciu Bce ToUKnU ¢, j, — Cisjs u3 C' pasmble, TO, CJIEL0BATEILHO,
TOYUKM €, o Cs js T3 C' Toxe pasHbIe U TOXKE JI0JIZKHBI JIexKaTh Ha cdepe.
9T0, 0OHAKO, PABHOCUIBLHO TOMY, YTO M WCXOJHAA MATEPKA TOUEK Cj,j, —
/ /
i1j1 ~ Cisjs
HOM MHOYKECTBE JJUIUIICOUIOB, YTO HEBO3MOXKHO.

Cisjs M KaXKJAsl U3 BO3MOXKHBIX ITATEPOK C JIeXKaT Ha Oeckoned-

2) Tlonoxwum Ternepsb, 9TO M3 TOYEK Cj j; — Cisjs COBIATAIOT TOJIBKO
JBe, HAIPUMED, G, j; 7 Ciyj,, U TOKAZKEM, UTO STOT0 HEJOCTATOTHO.

CoBnasienne TOYEK C;,j, ¥ Cj,j, O3HAUAELT, YTO COOTBETCTBYIOIINE OT-
pes3ku (aj, a;,) n (b?lb%) PaBHBL 110 J/IMHE, NAPaJIICIbHLl U OJIHOHAIIPAB-
nenpl. JIByXKpaTHas TOUKA (Ci i, Ciyjy) U TPH OJHOKPATHBIX TOUKH Ciyjs
Cigjas Cisjs JOJZKHBEI OOPA30BBIBATE TETPAYIP, IPUIEM IIEHTD €ro ONMCaH-
HOIt chepbl — BHYTPEHHSsI TOUKA ITOT0 TeTpasapa (10 aHAJIOTUH € OCTPO-
YTOJBHBIM TPEYTOJHHUKOM HA30BEM TAKO# TETPA3AP OCTPOYTOJIHHBIM, €C-
JIN TIEHTP ONMUCAHHON cephbl JIEXKUT BHE TeTpadpa, WIN HA OJHON U3 ero
rpaneii — COOTBETCTBEHHO TYMOYTOJLHBIM U TIPSIMOYTOIBHBIM ). JleiicTBu-
TEJILHO, €CJIN TETPAYAP He OCTPOYTOTBHBIN, TO OH MO0 MPIMOYTOJIBHBIH,
b0 BCe YeThIpe TOYKW JIeXKAT B OJHON IJIOCKOCTH. B mociemneMm Ciy-
9ae B ATOH TJIOCKOCTH JOJIKEH HAXOMUTHCS U TEHTP KJIIOUeBOi chephl, 1,
BHAYUT, Y€TBEPKA TOUYEK IOJIZKHA JIEKATH HA OOJIBINON OKpYKHOCTH Ce-
pol. IIpu e9-adpdunnbix npeobpazosanusix napel (A, By) Kak 1es0ro n
nepesosie ee B mapy (A', By) TouKH (€] ), Chi0)s Chyiys Ciyjas Chsjs AT 9TOR
maphl TOXKE JOJKHBI JIEKATH HA OKPYKHOCTH. DTO PABHOCHUILHO TOMY,
YTO U 9TA YeTBEPKA, I UCXOJHAS YeTBEPKA TOUEK (Cjyj,, Cinjo)s Cizjar Cigjas
Cisjs J1€KAT Ha DECKOHEYHOM MHOXKECTBE 3JIIUIICOB, YTO HEBO3MOXKHO.
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Ecnu npeanosioxuTh, 9T0 TETPAdAP NPAMOYTOJIbHBIN, TO £9-addun-
HBIM TpeobpasoBanueM (mpu J060M €9 > () TPSIMOYTOJIBHBIN TETPasdIp
BCerja MOXKHO CJIeJIaTh TYIMOyroJbHbIM. [locjie 3TOro meHTp KJII04ueBoi
cdepbl Oymer COBIAmaTh C IEHTPOM OMUCAHHON OKPY:KHOCTHU OHOU U3
rpaHeii TeTpasipa — HA30BEM 3Ty TPaHb TJIABHOW — a MPOTHUBOJIEYKAIIAS
TJIABHOI TPAaHU BEpIUHA TeTpadjpa OyIeT HAXOAUTHCA BHYTPHU KJIIOUe-
Boit cdepnl. Ha kirouenoit cdepe, ciretoBaTeibHO, OYIyT HAXOAUTHCT TPU
TOYKHU, €CJTU BEPIITUHBI TJIABHOW I'PAHU — OJHOKPATHBIE TOUKN, WJIH Y€ThI-
pe TOYKH, eCJiu OHA W3 BEPIIUH TJIABHON IPaHU — ABYXKPATHAs TOYKA. B
JIFOOOM CJTydae TOUEK — MEHBIIIe MSITH, TO €CTh Mbl HAXOIUMCsI B TPAHUIAX
CIy9asi, PACCMOTPEHHOTO B HavYaJIe JOKA3ATETHCTBA TEOPEMBI.

WNtaK, TOUKA (i, j,, Cigjo ), Cisjas Ciajas Cisjs AOTAKHBI 0OPABOBBIBATH OCT-
poyroJibHBIi TeTpasap. Ilokaxkem Temepsb, 9TO M300paKeHWE HE MOYKET
OBITHh MCKOMBIM, TaK KaK HEKOTOPBIM £1-adPUHHBIM TpeobpazoBaHUEeM
n3o6paxkennsi By MOXKHO ymMeHbINTh RA(B).

W3 Touex b?l - b?s HUKaKWe YeThbipe He JIeKaT B OJIHON ILTOCKOCTH,
CJIe0BATENBbHO, He 00JIee 4eM OJIHa TOYKA MOXKET OBIThH BHYTPEHHEH JI/Isi
TeTpasapa, OOpPA30BAHHOTO OCTAJBHBIMU 4YeThIpbMsi. [locKombKYy o/THO-
KpaTHBIX TOYEK Ha KJIUYEBOH cdepe Tpu, To, CJIeI0BATEHHO, €CTh CPeIn
b?l - b?S TOYKA, HE SIBJIAIONIASACS BHYTPEHHEH, U KOTOPO#l COOTBETCTBYET
ofHOKpaTHasg Touka Ha cdepe. Ilycts, mas ompemenentocTn, 310 HGymer
TOYKA b95. Yepes 3Ty TOYKY MOXKHO TPOBECTH BCIOMOTATETBHYIO ILIOC-
KOCThb P, Tak, 9TO OCTa/JbHbIE TOUKH b?l - b?4 OyIyT JIeXKaTh 10 OJHY
CTOPOHY OT 3TOil 1I0cKoCcTH. Bribepem napasienbubie npambie P/, P
P"' mpoxozpsimue depe3 TOUKH (Ci,jy,Cinja)s Cizja, Cigjy TAK, ITOOBI Ta-
CTH 3TUX TIPAMBIX, IIPDUMBIKAIOIMINE K 9TUM TPEM TOYKaAM W HaXOAAIIINECA
110 OJIHY CTOPOHY OT ILJIOCKOCTH OOPA30BAHHOTO MMU TPEYTOJbHUKA, Ha-
xoauuch 661 BHYTpH cdepor (mpumep Ha puc. 1). OueBmano, uro mis
OCTPOYTOJBHOTO TETPAas’/ipa, BOUCAHHOTO B ¢depy, BEIOOP TAKUX MPSIMbBIX
MOXKHO OCYIIECTBUTH.

Eciu Teneph, ocTaBiisgs HEMOJABUYKHONW BCIIOMOTATEIBHYIO ILJIOCKOCTH
P,, nposectn e1-adpdunnoe npeobpaszoBanne cxkarust (UM PACTAKE-
uust) n3obpaxkenusi By no manpassienunto npsaMbix P, P”) P" to Ttoukn
b?l - b?4 IPUJIBUHYTCA K COOTBETCTBYIOIIUM TOYKAM Q;, — (j,, ITO HEIO-
MIyCTUMO [IJIsT HICKOMOTO M300PaKEHN.

3) Urak, BCe maTh TOYEK HA KJIIOUEBOi cdhepe pasHbIMU ObITH HE MO-
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\”
J

Cisj3

Ciyj,
(ci1j1’ cizjz) 1

N

[

Ciyjs

Puc. 1.

TyT, I TOJBKO JBE M3 HUX COBIAJATHL TOXKE HE MOTYT. IIpemmosioxKmm
Terephb, YTO: &) COBMAIAIOT TPH TOYKH, HAPUMED, Cijji, Cigjar Cizjz, O)
COBIIA/AIOT JIBE TAPBI 110 JBE TOUKH, HAIPUMED, Ciiji, Cigjo U Cigjsy Cigja-
ITokazkeM, 9TO I 3TOr0 HEJOCTATOIHO, TAK KAK HEKOTOPBIM & 1-adGUHHBIM
npeobpazoBannem nzobpaxkenus By MoxkHO ymenbinuth R4 (B).

B ciyuae (a) mmeem Ha KI049eBoil cdepe OHY TPEXKPATHYIO TOUKY
(Cirjrs Cigjas Cigjs) U JIBE OMHOKDATHBIX Cj,j, U Cizjs. B ciydae (6) nmeem
JB€ JABYXKDPATHBIX TOYKH (Ci 1, Cinja)s (Cizjs, Cigjs) W OHY OTHOKPATHYIO
Cisjs- SICHO, UTO B 060UX CIydasx TPEYTOJbHUKU U3 STHX TOUEK JOJIKHBI
ObITH OCTPOYTOJIbHBIME, W BEPIIUHBI WX JIOJIKHBI JIEXKATh Ha, OOJIBIION
okpyxKHOCTH cepbl. Paccyxkmenns, 060CHOBBIBAIOIINE OCTPOYTOTHHOCTD
(TO eCTh MCKIIOYAIOIINE TIPAMOYTOJILHOCTD TPEYTOJBLHUKA), TAKHUE Ke, KaK
U B TIPEJIIECTBYIONIEM TYHKTE JIJI OCTPOYTOJBHOCTH TETPAdIpa.

B cayuae (a) xoTst OBI OJHON W3 OJHOKPATHBIX TOYEK Ha cdepe —
IyCTh, JJIsi ONPEJIEJIEHHOCTH, 3TO OyJIeT TOYKA Cjjj; — COOTBETCTBYET
TouKa m300pakenust By, TO €CTh TOUYKA b?s, He SBJISIIOIIASCS BHYTDEH-
Hell B TeTpas/ipe, 00pa30BaHHOM OCTAJbHBIMU TOUYKAMU b?l - b?4' [IpoBo-
JINM BCIIOMOTaTEeNbHYIO IJIOCKOCTh P, Yepe3 TouKy b?s TaK, 4T0OblI TOYKN
b?l - b?4 JIEZKAJIU TI0 OJIHY CTOPOHY OT 3TO# 110CcKOCTH. Bhibupaem mapadi-
nembuble npsiMble P u P”, mpoxonsmiue wepe3 TOUKH (G4, j; s Cigjo, Cigjs) A
Ciyj, M JIEZKAIINE B IJIOCKOCTH TPEYTOJILHIKA U3 STUX TOUEK W TOUKM Ciyjs ,
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TpuYeM TaKuM 00pa3oM, 9TOOBI YaCTH STUX TPIMBIX, TPUMBIKAIONIAE K
TOUKAM (Cj, j,, Cinjo, Cigjs) M Ciyjy J€FKATH BHYTPH OOJIBIION OKPYZKHOCTH
(mpumep Ha puc. 2). 3aTeM, Ipu HEMOABUAKHOI 1a0cKocTH Py, cokaTmem
(nnm pactszkeHreM ) n300pazkerusi By K 9T0ii TIOCKOCTH MO HAIIPABJICHUIO
npambix P, P npuasunem Toukn b?l - 694 K COOTBETCTBYIOIIAM TOYKAM
a;, — ;,. ITO yMeHbUT Beaudauny R4 (B), aro masa n3obpaxkenus By
HEJIOMYCTHAMO.

(Ciljl’ Ciyj» € i3jj)

Ciyj, Cisjs

"

P

Puc. 2.

B ciayuae (6) ma cdepe OmHOKpaTHAsT TOYKA TOJBKO OJHA — TOUYKA

Cisjs- ECaH €ff COOTBETCTBYET TOUYKA b?s, He SIBJISTIONIASICS BHYTPEHHEH B
0 0

Terpasape b; — bj , TO MOBTOPSIOTCS HOCTPOCHUS M PACCyKIEHUs L

ciydas (a). Ecim rouka b95 BHYTDEHHSs, TO MMPOBOIUM Uepe3 b25 BCITO-

MOTATEIbHYIO IJIOCKOCTh P, Tak, 4ToObl TOYKN b?l, 622 ObLIN 110 OJHY

CTOPOHY OT 3TOU TJIOCKOCTH, & TOYKH b?g - 694 — mo apyryio. Ilpu Touke

b?s, BHYTpEHHElI B TeTpasape M3 TOUEK b?l - 694 9TO, OYEBHUIHO, BCETIA
MOYKHO ¢7en1aTh. Jlajee BeibupaeM mapaJuieababie npaveie P u P, mpo-
XOJSAIIIE YePe3 TOUKH (Ci, jy, Cigjo) M (Cigjy, Cigjy) T JEAKAIINE B TIIOCKOCTH
TPeyTroJIbHAKA U3 STUX TOUEK U TOUKHU Ciyj;, TAKAM OOPA30M, 4TOOBI da-
CTH 93THUX TPAMBIX, MTPUMBIKAIOIINE K KPATHBIM TOYKaM W HaXOAAIIINeCA
BHYTPHU OKPYZKHOCTH, PACIOJIATAIACH IO PA3HBIE CTOPOHBI OT OTPE3Ka C

KPaTHBIMM TOYKaMU Ha KOHIax (mpumep wa puc. 3). Tenepn cxxarne (nam
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pacTrsizkenne) n3obpakennst By K HENOJABUKHOI 1iockocTn P, 110 Hampas-
nennto npambix P’ P’ npuasuner Toukn b?l - b%; K COOTBETCTBY IOIITHM
TOYKAM @4, — Gj,, 9TO HEJOIIyCTUMO Jijisi n300pakeHus By.

(Cirjp Cirjs)

(Cijjj’ c i4j4)

Cisjs

Puc. 3.

Iloce paccMmorpernoro B myHKTax 1, 2, 3 ocTaeTcs TMPEINONOKNATD,
9TO M3 MATH TOYEK Ha KJ04eBoil cdepe jinbO CAUTHI Y€THIPE U TIATas
OJTHOKpATHas, JIUOO CJAUTHI TPU U OJHA JBYXKPATHAsI, a 9TO U JTAET JOKa-
3bIBAEMOE yTBEpPXK/IeHre st cirydast | (¢ msiThio Toukamn).

I1. Tlooxkum Temeph, 9TO Ha KJII09eBOl cepe MecTb TOUEK G j; — Cigjg-
Bce mrects wn maTh U3 HUX HECOBIAIAIOIIUMEI OBITH HE MOTYT — HA KJIO-
9eBoit cpepe MOIKHO OBITH, KaK TOKa3aHOo B myHKTe 1 ciayuas I, e 6ostee
YeThIpex TOUeK (BKJIIOUas KparTHbie). Eciu mojarats, 9To JOKa3bIBAEMOE
yYTBEpZKAEHNE HE BBITTOJIHACTCA, TO BO3MO2KHBIX BAPUAHTOB JIBa: a) Tpex-
KpaTHast TOYKA N TP OJHOKPATHBIX (TOYKH (Ciy j1 s Cigjas Cisjs)s Ciajas Cisjs
Cigjs); 0) ZIBE JIBYXKDATHBIX TOYKH U JIBE OJHOKPATHBIX (TOUKH (Cj jy,
Cinja)s (Cisjas Cisja)s Cisjss Cigje)- DTH FI€THIPE TOYKM B Ka’KOM U3 BapH-
AHTOB JIOJI>KHBI 00PAa30BBIBATH OCTPOYTOJIbHBIE TeTpadapbl. O60CHOBaHUS
OCTPOYTOJILHOCTH aHAJOTUYHBI MYHKTY 2 ciy4vas .

B BapuanTe (a) cpenn Touex b?l - 696 He 6oJiee IByX ABJISIOTCS BHYT-
PEHHMMU I TeTpasapa (uam TeTpasapos), 06PA30BAHHBIMU OCTAIbLHBI-
MU. 3HAYUT 1O KpaiiHeil Mepe OFHON M3 OJHOKPATHBIX TOYEK COOTBET-
CTByeT He BHyTpeHHgAdA. [lycTh, misg onpeeeHHocTn, 1o OyaeT ToIKa b?G.
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[TpoBosuM Yepes Hee BCIOMOIaTeIbHYIO IMJIOCKOCTh Tak, YTOObI OCTa/Ib-
HBIE TOYKI b?l - b25 PACIIOIATAMICE TI0 OJHY CTOPOHY OT 3TOM ILITOCKOCTH.
Barem depe3 BEPIIHHBI IPAHN, 00PA30BAHHON TOUKAMU (Ci, j 5 Cigjas Cizjs )
Cigjas Cisjs, TIPOBOIMM Tapastesnbuble mpsameie P, P” P" tak, 4ro6bI
YaCTH 3TUX NPAMBIX, NPUMbIKAIOIINE K BEPIIMHAM U PACIOJIOKEHHbIE 110
OJIHY CTOPOHY OT ILIOCKOCTH TPaHH, HAXOIUINCH Obl BHYTPHU KJIOUYEBOi
cepnr (puc. 4). lanee cxxarnem (nnm pacrsizkenunem) m3obpazkenus B
no Hamnpasiaenuio npambix P, P P" x menompmxkmO#l miockoctn P,
MPUIBUHEM BCE TOYKH b?l — b?s K COOTBETCTBYIOIIUM TOYKAM G, — Gis,
910 A7 By HeJI0myCcTUMO.

m

(Ci/j/’ Ciyj Cijjj)‘ ﬁ' Cisjs
C

[ “ials

[

Puc. 4.

B Bapmante (6), ecan Kakoif-mmb0 U3 ABYX OJHOKPATHBIX TOYEK Cigjs
. 0 0
T Cigjs COOTBETCTBYET He BHYTDEHHAS TOUKa (TO ecTh b wm bs He BHYT-
DEHHsIs1), TO TIOBTOPSIEM PACCYK/IEHUsT BapUaHTa (a).

ECJII/I Ke O6eI/IM OAHOKPATHBIM TOYKaM COOTBETCTBYIOT TOYKWN BHYT-
0 _ 0
peHHUE B TeTpa’jipe, 00pPa30BAHHOM OCTAJIBHBIMU TOYKAMU bj1 bj4, TO
BCIIOMOTATEIHHYIO TIJIOCKOCTH MPOBOJIUM depe3 pebpo TeTpasipa, COOT-
BETCTBYIOIEE KAKONH-TMO0 M3 KPATHBIX TOUEK, HATPUMEpD, uepe3 pebpo
0 10 0 0
(bjlij). Ocranmsubie TokH, TO ecTh by, — bj, OyayT pacnosaraThest mo
OJTHY CTOPOHY OT 3TOi# TockocTh. Jlajiee MOBTOpsieM TOCTPOEHUS st

BapuanTa (a).



332 B.H. Ko3nos

Urak, uerpipex To9eK (BKJIIOYas KPATHBIE) HA KJIIOYEBOi cdepe ObITh
He MOXKeT. 3HAYUNT, TAKUX TOYEK He Oo0JbIe Tpex. Kcam ux Tpu, 10 ocra-
I0TCSL CJIeJIyIOIINe BAPUAHTHI: a) OJJHA YeThIPEXKPATHAs TOYKA U JIBE OJI-
HOKDATHBIX, 6) OJTHA TPEXKpATHAs TOYKA, OJIHA JIBYXKDPATHAS U OJHA OJI-
HOKDATHAsl, B) TPU JIBYyXKPATHBIX TOYKH. BCE 9TM BAPUAHTHI JAIOT JOKA-
3LIBAEMOE YTBEpKJIeHNE /I PACCMATPUBAEMOTO CIydasd.

ITI. Ecnn na k104eBoit cdepe ceMb TOYeK C;, j; — Ci,jp, TO BCE CeMb, TIECTh
WIN TIATh W3 HAX HECOBIAJIAIOMNMHA OBITH HE MOTYT — 3TO IOKA3aHO B
caydae I: ma kjar0ueBoit cdepe ¢ ydeToM KpATHOCTU JOJKHO OBITH HE
6ojiee deThIpex TOYEK. DTO, HETPYAHO BUIETH, JJIsI CEMU TOYEK Cpasy
JlaeT JOKA3LIBAEMOE YTBEPXKIeHNe,

IV. Ecau Touek Ha Kja1049€Boit chepe Bocemb u OOJIbITE, TO K JI00BIM ceMu
73 HUX TMPUMEHUMBI PACCYKIEHUs MPEIIIeCTBYIOMero ciaydasa. Teopema
JTOKA3AHA.

Urak, umeem Ternepb 1Ba HEOOXOMUMBIX yCa0BUSA s mapbl (A, By):
MCKOMOe m30bparkenne By HOKHO OBITH COIVIACOBAHO C A, W EHTD Xa-
PAKTEPUCTUIECKOTO N300PAKEHNUs JOIKEH COBMAIATH C IIEHTPOM KJTIOUe-
Boit cpeprl. Coveranne 3TUX ABYX YCJAOBUI TIO3BOJIUT HAM J1ajiee BBITIE-
HOTH M3 KOHTHHYAJBLHOTO IO MOIIHOCTH MHOXKECTBa B* KoHeuHoe mojI-
MHOKeCcTBO U m300paskeHnii, Cpean KOTOPHIX TOIBKO W MOXKET HAXOJUTh-
CsT ICKOMOE.

JeficTBuTe/bHO, coryacoBbiBaTh B’ ¢ A MOXKHO 10 pa3HLIM TpoOiiKam
OTPE3KOB (a4, Giy ), (Aizai,) 1 (Gi5a4). IlycTh 9TH OTpe3KH paBHBI, mapaJ-

JICJIBHBI U OJTHOHAIIPABJIEHBI C COOTBETCTBYIOIIIMMUW OTPE3KAMU U3 B/, TO
/

/ / / / /
ecTb ¢ orpeskamu (b, . , b o)y, (B (b (). Ho atum
P Bin) stia) ) CBusgis) D) B i) b))

YCJIOBHEM BBIJIEJISETCS HE eINHCTBeHHOe m300pakenwe m3 B*, a mexo-
TOPO€ KOHTUHYAIbHOE 10 MOITHOCTH MHOXKECTBO, U N300ParKeHNs B 9TOM
MHOYKeCTBe MEPEBOJIUMBI JPYT B APYTa Mapaslie bHbIMu nepenocamu. O-
HAKO CPe/Ii HUX MMEETCs TOJIbKO €/INHCTBEHHOE — 0DO3HAYMM €ro depe3
By (i1) (i) — A KOTOPOTO B Iape ¢ A eHTp KJI09eBoil cdeppl copma-
JIA€T C IIEHTPOM XaPaKTePUCTHUECKOr0 M300ParKeHus.

Otpeskn (a;,ai,), (aizai,) u (ai5a;,) MOXKHO BbIOHpaTh B A He Gosee
gem (C2)3 criocobarvmr. CooTrercTrento, He 6o/bime GyaeT n m306pasKeHuit
By (i) —p(ig)- ODOZHAIMM MHOKECTBO HX Yepe3 UY. O6beaunenye MHO-
sects UY 171t Bcex BOBMOKHBIX Omeximii ¢ o6o3uaanm uepe3 U. Takum
06pazoM MPUXOANM K CJIeIyIONIEMY YTBEPIKICHUIO.



O pacrno3HaBaHUM TPEXMEPHBIX M300payKeHUH 333

Teopema 2. Hcxomoe usobpasicenue By mooicem Harodumvbes moavko
cpedu usobpascenuti muooicecmea U.

Camoe TpyaoeMKoe B mocTpoeHnn MHOXKecTBa U — HEOOXOIMMOCTh B
nepebope n! Guekiuit ¥. PaccmoTpuM, Kak MOXKHO 0DOUTH WX MCIOIB30-
BaHUeE.

CornacoBanHOCTbL By ¢ A 03HAYAET, UTO CPEIN TOUEK sIIPa Ha KJTIO-
4eBoii cepe ecTh werhipexkparHasg (mau GOJbIIel KPaTHOCTH) TOYKA
(mepBasi cuTyaIus), WM €CTh OJHA TPEXKpaTHas W OfHa (Wau GOJIbIIe)
nByxKparHas (um GoJbIneil KpaTHOCTH) TOUKa (BTOpast CUTyanus), uin
eCTb TpU W GOJIBINE JBYXKPATHBIX TOUKH (TpeTbs curyarws). OreHmm
YUCJI0 BO3MOXKHBIX BAPUAHTOB II€PBOA BTOPOM U TpeTbell CUTyauuid —
COOTBETCTBEHHO MHOXKECTB ﬁl, ﬁg u ﬁg nzobpaxkenuit 3 B*.

Haymaue geThIipexkpaTHOl TOYKU 03HAYAET, ITO HEKOTOPHIE Ba, TET-
pasapa ¢ BepIIMHAMHI B TOYKAX COOTBeTCTBeHHO M3 A m B’ mepeBoggarca
IPYT B ApyTa TMapaieThbHBIM meperHocoM. Ilap TerpasmpoB ¢ BeprimHa-
vu u3 A m B’ MOKHO BBIOpATH M CONOCTABUTH IPYT APYTY He Gojee geM
41(C4)2 criocobanmu (¢ yqeToM BO3MOMKHOCTH 1O PA3HOMY COTIOCTABJISTH
JPYT JAPYTY BEPIIUHBI B TETPA3IPax).

OHaKO YeThbIpexKpaTHas TOYKA HEe MOXKET ObITh €JIMHCTBEHHONH TO4Y-
KO# Ha KJ04eBoit cdepe. [omkuabl ObITH OO €Ie OHA TOYKA, 00pa-
3YIOIasi ¢ KPATHOW TOYKOHM KOHITBI JUaMeTpa KJUeBoit cdepbl, Jiubo
eIe IBe TOYKH, 00pas3yroline ¢ KPATHOW OCTPOYTOJIBHBIN TPEYyroIbHUK,
BIIUCAHHBIN B OOJIBIYI0 OKPYKHOCTH cdephl, Jnb0 elne Tpu TOUKU, 00-
pasymliue ¢ KpPaTHOI TOYKOI OCTPOYI'OJIBHBIA TeTpas/p, BIUCAHHBIA B
cdepy. B nepBom ciiyuae B B* cytiecTByeT emHCTBEHHOE M300parKeHne,
JITST KOTOPOTO B TIape ¢ A 1meHTp XapakTepuCTHIecKOT0 M300PaYKeHnsT COB-
najaeT C cepeJUuHOl OTpe3Ka MexK/1y KPaTHOM TOYKON U JOIMOJHUTE/ILHOM.
DTy IOTOJHUTETBHYIO TOYKY MOXKHO TOPOINTH, OUEBUIHO, He Oosiee dem
(n —4)? cnocobamu comocTaBIeHns 1o o1HOl Touke m3 A n B’ apyr apy-
ry. Bo BTopom ciyuae B B* cyImecTByeT ennHCTBEHHOE N300paskenne, st
KOTOPOTO B mape ¢ A MeHTp XapaKTePUCTHIeCKOTO n300parKeHusT COBITaTa-
eT C TIEHTPOM OTHMCAHHON OKPY’KHOCTH TPEYTOJbHUKA (OCTPOYTOIBHOTO).
JlomoTHUTEIbHBIE JBE TOYKHA MOYKHO TOPOJUTH HE 0OoJjiee dem 2(C%74)2
criocobamu comocTapaenus map Touek u3 A mw B’ apyr apyry. B Tpernem
caydae B B cymecTByeT eqMHCTBEHHOE M300paskeHme, Jjisi KOTOPOTO B
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nape ¢ A HEHTP XapaKTepUCTUYECKOr0 W300parKeHusi COBIAJAeT C I1eH-
TpoM chepsl, OMICAHHOI OKOJIO TeTpasapa (0CcTpoyroasHoro). JomosrHu-
TeIbHbBIE TPH TOYKH MOYKHO TTOPOANTH He 6osee wem 31(C2 )2 cniocobavm
conocTas/ieHns Tpoek Touek u3 A u B’ npyr apyry.

B nestoM mosygaen, 9ro B Uy MOKET GBITh He GoJIee 1en 4(CH2((n—
4)% +2(C2_,)% + 31(C2 _,)? mzobparkenmii.

Paccmorpum rereph BTOPYIO CHTyanuio, Korja Ha KJio4eBoil cdepe
HAXOJMTCS OJJHA TPEXKPATHAs U OJHA JBYXKpaTHas TOYKa. IIsaTepku To-
gexk n3 A u B’, mopoxkjaronme 3TH KpaTHbIE TOUYKH, MOYKHO BBIOPATDH
T COTMOCTABUTH JAPYT ApyTy He Gomee wem 31(C3)2 - 2(C2)?% cmocobamm.
Jlaee Bo3MOXKeH Ciy4aiil, KOT/1a 3TU JBE KPATHBIE TOYKU SBJIAIOTCS KOH-
I[AMHI JraMeTpa KJII09eBoil cdepsl, Crydail, KOra eCThb ele 0Ha JI0I0JI-
HUTEJbHAS TOYKa, 00pa3yoIias C KPATHBIMU TOYKAMHU OCTPOYTOJIHHBIN
TPEYTOJIbHUK, U CJIydail, KOrJa eCThb eIle J[Be JOMOJTHUTEIbHBIE TOIKN Ha
cdepe, obpasymige ¢ KpaTHBIME TOYKAMH OCTPOYTOJIbHBIH TeTpasap. B
[EPBOM CJIydae OJHO3HAYHO ONpejesisieTcsi n3obparkenue u3 B*, s ko-
TOPOro B mape ¢ A MeHTp XapaKTepUCTUIECKOr0 N300pasKeHus COBIAIA-
€T C CepeImHOM OTPe3Ka MEXKy KpaTHbiMu Todkamu. Bo BTopoMm cirydae
cymectByer B B* enuHCTBeHHOE M300paykeHwe, y KOTOPOro B mape ¢ A
LEHTD XapaKTepUCTUYECKOr0 M300paykennsl COBIAJAET C LEHTPOM OIH-
CAaHHOW OKPY’KHOCTH TpPeyroJbHUKA. IIpm 9TOM JOmOJHUTENBHYIO (Tpe-
THIO) TOYKY MOYKHO TIOPOJMTH BBIOOPOM M COTMOCTABJIEHUEM JIPYT JAPYTY
1o ofHoit Touke Ha A 1 B'. BapnanTtos Takoro BeiGopa 0y/eT, 04eBHIHO,
ne 6ostee wem (n — 5)2. B Tpersem cayuae cymectyer B B* emHCTBeH-
HOe m300pazKeHne, y KOTOPOro B mape ¢ A IeHTP XapaKTepUCTUIECKOro
M300paKeHust COBIAIAET C IEHTPOM OIMCAHHON OKOJIO TeTpaspa chepsi.
ITpm aTOM mOTOTHUTENBHBIE IBE TOYKNU MOXKHO TTOPOANTH He 0ojee dem
2(C2_;)? crmocobamm.

B menom momywuaem, dUTOo B ﬁg MoOxkeT ObITh He 0Oojiee deMm
2-31(C3)%(C2)2(1 + (n — 5)2 + 2(C2_;)?) m3obparenmit.

Paccmorpnm, HaKOHET, TPETHIO CUTYAIINIO, KOT/Ia HA, KJIIOYEBOI cde-
pe Tpu JaByxKpaTHbIX Touku. Ciydan, KOrjga JBe u3 HUX 00pas3yioT KOH-
bl JUaMeTpa KJI0UYeBOit cdepbl, W BCe Tpu 00Pa3yrT OCTPOYTOJIb-
HBIII TPEYrOJIbHUK, LIEHTP OHNUCAHHON OKPYXKHOCTU KOTOPOI'O COBIAIAET
C MEHTPOM XAPAKTEPUCTUUECKOTO M300PAXKEHUsI, OUEBUTHO AHAJIOTUIHBI
paccmoTpenubiM Bhitie. QcTaercst Ciydail, KOrjga K TPEM KPATHBIM TOY-
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KaM J100aBJIsSIeTCsI ellle O/(Ha, U [EeHTD KJI0YeBoiil cephl COBNaaer ¢ 1eH-
TPOM ONMCAHHON ChepBI MOy IAIOIIErocs TeTPAdIpa. DTY JOMOJHATE b
HYIO TOYKY MOXKHO TIOPOJUTH BHIOOPOM U COTIOCTABJIEHUEM JIPYT APYTY IO
ommoii Touxe m3 A m B', 10 ectb He Gonee wem (n — 6)? cnocobamm. B me-
7oM Tosrywaen, uto B U Moxket 661Th He 6omtee em 4(C2)0(1+ (n — 6)?)
n300pazKkenmuii. L

Yepes U obozrauanm obobeanaenne muoxkects Uy, Us, Us. 13 paccmor-
PEHHOTO BBITEKAET CJIEIYIOIee yTBEPIKIeHne (AaHAJOTHIHOEe Teopeme 2).

Teopema 3. Hcxomoe usobpasicenue By moocem Hazodumuses mosvko
cpedu usobpascenuti muooicecmea U.

DopMuUpOBaHTE MHOKECTBA U , B ormune ot U, He Tpebyer mepebopa
n! B3aNMHOOMTHO3HATHBIX COOTBETCTBHI MEXKTy TOUYKaAMU M300pakennit A
u B. Ecimu dparventoM nzobpazenns Ha3blBaTh HEKOTOPOE TMOIMHONKE-
CTBO TOYEK B HEM, TO Tpu TOCTpoernn U B CYNTHOCTH COTOCTABIISTIOTCS
JIPYT APYTY TONBKO (bparMenTs n3obpazkennii A u B', a me m3obparkenus
B mesToM. UmCIT0 2Ke BapMaHTOB TAKOTO COTIOCTABJICHNUS, KK 9TO BUIHO U3
PaCCMOTPEHHOTO BBIIIE, 3aBUCHT OT 7 MOJUHOMUATHHO.

Opanaxo dbopmuposanue mMuoxectsa U He ecTh OKOHYaHUE 3aJla4u.
Hamo ompenennts, kakum obpazom u3 U Oyaer BBIAEIATHCS HUCKOMOE
n3obpaxkenune By M Kak OyIyT COMOCTABIATHLCS JIPYT APYTY TOUKM Ha A
n Bo.

[Tycts BKMIO9eHMe n300pakenus B’ B U OTIPEIEJISITOCH (PparMeHTa-
Mm@ b mzobparenuit A u B’ 1pu HEKOTOPOM COOTBETCTBAM pp MEKTY
TOYKAMU STUX (PparMeHToB. [1o TOCTPOEHUIO, COOTBETCTBYIOIINE TOUKN
BO (pparMeHTax HAXOAATCA APYT OT APYra HA OJWHAKOBOM PACCTOSTHWM,
KOTOPOe 0BO3HAYUNM Uepe3 Ra(i)). Ecmu B’ — nckomoe nzobpazkenue, T0 u
BCE OCTaJIBHBIE TOYKU U3 B/ JOJIZKHBI HAXOAUTHCA OT COOTBETCTBYIOIIUX
TOYeK U3 A Ha PaCCTOSHUN, MEHBIIEM WJIN PABHOM Ra(i)). Orcrona cie-
JyeT 1poliejlypa OlpeJie/ieHdsi TOr0, YTO MOXKHO Ha3BaTh MPHEMJIEeMbIM
n3obpazkenuem u3 U. Jlas Kaxkj0ii Toukn a; u3 A onpejeiisieM MHOXKe-
CTBO (g, BCEX TeX ToYeK m3 B', paccrosiHme 10 KOTOPHIX OT TOYKHU a@; HE
Goabie Rg(b). Ananormuno gepes Qb;_ 0003HAYNM MHOYKECTBO BCEX TeX

TOYEK M3 A, PACCTOsTHIE 10 KOTOPHIX OT TOuKH b; He 6osbme R;(b). Ecn

Bce MHOXKeCTBA Qq, 1 Qy (1,7 =1,...,n) HemycTsl, TO n306paxkenne B’
J

— TpueMemMoe.
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Hazosem npuemiemoe nzobpaxkenue B’ y3konpueMaeMbIM, eI MOXK-
HO U3 KaKJIOT0 MHOXKeCTBa (),; BLIOpATh POBHO IIO OJHON TOUKe M300pa-
skernst B’ rak, 9To6bl Bee BhIOpaHHbIE TOUYKHU ObLIN pasHbiMu. Takum 06-
pa30oM, HETPY/IHO BUJIETh, OMIPEIEISETCST HEKOTOPOE B3aNMHOOTHO3IHATHOE
COOTBETCTBUE MEYKJY TOYKAMU JIBYX U300parKEeHUIA.

Cpenn y3KOTpUEMJIEMBIX BBIOMpaeM M300parkKeHue C HAMMEHbIIeil Be-
JITIAHOM Ra(i)). Ono un 6yger nCKOMBIM M300PasKEHNEM, & COOTBETCTRYIO-
mast OMeKIns — UCKOMBIM COOTBETCTBUEM MEXKIy TOUKaMU M300parKeHuit
Awn B.

W3menumM Terephb ONpeie/ieHusl NCKOMOTO M300paKeHusi U UCKOMOTO
COOTBETCTBHS MeXK/ly TOYKamMu m3obpaskenuii. B kadecTBe nckomoro 0y-
JIeM Terephb MO-TPEKHEMY BbIOMPATh m300pakenue By ¢ HanmenbImeil Be-
JIMIUHOM Ra(l;), HO CpeJi TpUEMJIEMbIX U300parKeHuii, a He Y3KOIPUEM-
sembix. Touke a;, 6ymem mojiaraTh, COOTBETCTBYET Tereph He OJHa TOYKa,
a BCe TOYKH MHOMKeCTBA (), , TOUKE b? COOTBETCTBYIOT BCE TOUKHU U3 MHO-
KECTBA ng. Kpowme Toro, reneps MOXKHO 1oJ1ararh, 4To n3obpaxkenus A
n B cocTosT He 00s13aTEIHHO M3 OJWHAKOBOTO UHCIA TOYEK. B mmesom Tak
U3MEHEHHbBIE ONPE/IeIeHNs, €CJI UMETh BBUY COJEPKATETbHYI0 CTOPOHY
Jenia, 6oJiee ONpaBIaHbl, U IPEYKHUE ONIPeIesIeHNsT MOKHO PACCMATPUBATH
KaK UX CIeI[UaIbHbIN, YaCTHBIA CJIydail.
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