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§ 2. Merpuueckne npoctpancrsa

B MATEMETUNECKOM BHATH3E MI% BCTPENIENCH C HECKOALIGHMI
TONATHAMM TpeZeaa, NpHYEN B HEKOTOPHX CAYMGAX AAR mOCAC-
OBATEALNOCTH OMMHX W TeX Ke NATENATHYECKHX OGDEKTOB
B CBIGH C DASHMH 3A1A4IMH BBONATCA PASHHE NMONATHA peReaa.
TIpeKae BCero Mis BCTpeNaeMca ¢ MOMTHEN MpeAend MOCAEno~
DATEALHOCTH BEWECTBEHHHX wiCen. DTO IOHATHE HENOCPEACTBEAHO
00OOLEETCA Ha MOCICIOBATESHOCTH KOMTAEKCHHX WCER i
7I-NEDHHX DEKTOPOD. 3ATEM 1A MOCAEAOBATEBIIOCTEN yHKIMA
MW WMCEN DAX MOMFTHA CXONMNOCTH: MPOCTO (HEPABHONEPHOR),
PABHOMEPHOM, B CeRNEM 1 T. A.

Bee STH MOWATAS CXOTHMOCTH WMEIOT GOAbIGH HACTHIO TO
ofliee, 4TO CKOLMOCT MOCAENOBATEMBHOCTH SAENENTOB X,
(ABASHOULAXCH WHCAANH, BEKTOPAMH 1IN GYHKIANK) K STEMEHTY &
OSIMBNACT HEOTPIHHTEHHO® CCOIWKEIHED X, H X, HEOTpamideil-
HOE YMeNbUICHHE €PACCTORIIEY NEARY STHMH SACMENTAMil NpH
Hcorpanentos  yoeawsemnt nowepa #. M B sasuCHNOCTI
OF TOFO, KGK M NOHAMGEM PACCTOAHHE MCALY SAMEHTIMM X
W%, MH nOAysacw pasmwnme onpeacsenns mpeaens, Ho toraa
NDEACTANARETCA  UECCOOOPAIHM AR HEKOTOPHX MHOKECTS
S1eMCHTOD 2aTh OGIIEE OMPEAEENHE PACCTORNHA MEKIY DTeNeil~
TaMi, KOTOPOE OXBATHPAA0 Git PACCMOTPEHHHE WaCTlie CAYHIH,
4 SaTeM C MONOWbIO TOFO PACCTORHIN BBECTH B MHOWCCTUO
NOATHE NPEREABHOTO MePEXOLA M NDEBPATHTE 5TO MHOKECTBO
© npocTpancTso.

Metpuueckoe npocTpanctso, Muowectso X masusaerca
em putecKkuu  npOCT PaNCTIB0M, echH KEKION nape ero
9IENCHTOB X Y MOCTABIEHO B COOTBETCTBHE HEOTPHUATEMBHOE
KEUECTBRINOE WHCAO P (¥ ¥). YIOBAETROpSIOWEE CAEAYIOUMN
yeaonuan:

1) pr(¥. y)=0 7oraa w TomKo Torma, koria x=y
(akcuona moxcdecmaa).

2) px (¥, ¥)=px(y. X) (akcuoua cusuempuu).

.x;) Px (%2 Y)4-px (¥ 2) >px(x. 2) (akcuona mpeyzoas-
Huka).

TO WHCTO Px(¥, Y) HASHDAETCA POCCMORMUEM MEKIY
SAeMeHTAMH X W, ‘@ NEPCNHCACHHHE TDH YCAOBHA — aicuo-
Aauu em puu.” OYEBUIHO, ATO GKCHOMH MCTDHKH mpencra-
BARIOT COGOH GOPMYAMPOBKY HAMGOACE OOLIX CBOACTS paccTORHS
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MEXLY TOUKEMH OOHSHOTO TPEXMEPHOTO CBKNAORA MPOCTPaH-
ctoa,

B namnchwew, ccin SCHO, O KIKOM METpieckom mpo-
crpancrne X maet petb, T0 BNECTO Dy (X, ¥) Gymew mucath
pocto p(x. y).

DICMENTH  METPHNECKOTO NPOCTPAHCTBA Gyaew  naswpath
TakoKE W mOYKGNU.

Haxonew, oTMETHN, WTO BCAKoE MHowecTso V. Aewauee
B METPHIECKON MPOCTPAICTDE X W PACCHATPHBAENOE C TeMH Ke
PACCTORHHRMH MERY STEMENTAWH, §T0 W B X, ANIACTCH CaMO
MCTPHUCCKHN DOCTPAHCTROM # HAIMBACTCH MO0 pOCT pan-
emsou npoctpancrna X

TIpeAes NOCACTOBATEABHOCTH, SAEMEHT X METPHIECKOTO
MPOCTPaNCTBa X HIIDBACTCH 1 pedeAo N0CAEI08amEsHOCTIL
STEMCHTOR %y, Fpo ovs Xpo oo W3 X €CTH P (g0 £)—>0
npH 7 —>co.

Bynew mucary 5 sToM cyuae

P
limx, = x.

OTHOCHTEAHO  CXOMAIMXCA  MOCICAOBATCABHOCTEN  TONCK.
METPHYECKOTO NPOCTPANCTHA MOAHO BHCKA3ATh HCKOABKO 00U
eopen.

Teopewa 1. Ecau nocaedosamessnocms modek (x,)
xempuseckozo npocm pancmaa X cxodumes k motie x € X,
Mo u anan nodmocaedosamesssocms (kn,) nocaedosa-
measwocmu (x,) cxodumen k smoit oce moke.

JloKazareanctao. ovesnino.

Teopeua 2. [Tocaedosamesshocms mosex [x,) we-
I puteck020 npocm pancmea woxwem cxodumscs ne Goace
ek Kk 00koMY npedesy.

Tycr, x,—>% n x,—>y. Toraa, Kkaxoso O Wi Guio
e>0,

P )P DG W) < e

218 20cTaTowno Gonbumx 1. Tak Kak X n y— GuKCHpoBaHE
TOMKN, 4 ¢— MPONSBOALHOE MOAOKHTESHOE WHCAO, TO STO
HEDABHCTEO BOSMONNO, MG €cTn P (¥, Y)—0, 1. ¢. X —y.

Teopema 3. Ecau nocaedosameshocms |x,) movex
us X cxodumes & moue X € X, mo 4ucaa p(x,, 0) 0zpa-
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vunenss dan awGod Guccuposannol mowku O npocmpan-
cmea X.

B camoM rede, Mo aKcHOMe TPeyroabhika A1 moGoro n
Ieeu

P 0)<p(xa )0, O <LA-p(x. =K,

160 [P (¢, X)) KAK COMUGACH WHCTOBAR MOCIEIOBATEALIOCTS
OrpANHYEHa . CAEAORATENSHO, WCTA p (X, X) HE mpeBOCKOLT
HekoTopoll nocrosiHo L.

Hadonew 10 po.i (COOTOETCTOCIO SaMkHYMMH 1 POK)
C UENTPON B TOUKE @ H PAmHYCOM 7 COROKYMHOCTS Tk ¥
npocTpancTsa X, yaobacTaopsownx Hepasenctay p (¥, @) < r
(coomsererseimo " vepasenctay p (¥, @)< r). Bynew ofosna-
ware Takoh map S(a, r) (coorsercraenso S(a, r)). Hasopex,
Jaee, OKpeCmAOCmL TOSKH X TOGON Wap ¢ UEHTPOM 8 STO
Touke.

Jlerco mmgers, W10 Towka X sbaRercs mpeAciow M0Cie0-
BATERBHOCTH (x,) TOTAA W TOIGKO TOTAA, KOTAA M0GA OKDECT-
HOCTL TOUKH X' CONEPANT BCC TONKN PACCHTpHBAENON mocTc-
AORATEALHOCTH, NAWLIAR < HEKOTOPOTO HoMepa. MrokecToo,
Jeauiee LEHKOM BHYTDH HEKOTOPOTO 1Lapa, HAIIBAETCA 02pa~
hunennsin.

Hiorza Gunaer, 470 b HEKOTOOM NpOGTPaNErRE HeMOCpEA-
CTRCHHO 3210HO MOWATHE NPEAETA MOCACRORATEAWHOCTH SAEHCH-
0. ECAH B STOM NPOCTDAIICTE MOXHO DBECTH MTDHKY Tak,
4T0 ompeAcAEMoE €0 MOWSTHE NPEACR MOGICIOATEALNHOCTA
GyaeT coBnalaTh © yxe WMCOWWMCH noWsTHOM mpeReaa. 10
TOBOPAT, IO AANNOE NPOCTPANCTBO NOXaO Wem pu30sams.

BamuKanks. B MCTDHACCKOM MPOCTpaNCTRC MOTYT GWTH
DUEACHS MHOTHE BIKHEHLINE MOWTH, C KOTODHMI MM BCTpeva-
UCh B TCOPHH TOHENMIX NIOACETE. PACTIOTOXEHNIX Ha NpANOA.
Tak, ecan aano Mnowectso M C X, o touca a € X navu-
VACTCR npedeasHOl MOUKOR STOTO MHOWecTD, CCM M0GaA
OKPECTHOCTS TOUKH X CONCANT XOTA Gu oany Touky Mio-
weera M\ a, T. . ccn

S@ nnNe +g

a1 m0Goro r. Muokectao, noayseoe npucocxunernie k M
BCCX €r0 MEAGLIX TONEK, HATMDICTCA 3a.MMKaHUEN MHO-
weerna M w obomaaercn M.
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HerpyaHo ycTanosuTs, 4ro SaMMKAIA TOYCUHNX MHOKeCTD
METpHICCKOTO POCTDANCTI OGAGLAOT TEMH e OCHOBHEMH
CBOMCToaMI, HTO W OAMMKIMAE WHCIOBHX TOUCYHMX MAOKECTE,
a nen

1) MUN =MuN,

2 Mg,

3) (A M,

4) SaMHKaHHe NYCTOTO MHOWeCTEa MyeTo.

Muowectso M wasunaercs saxuymsi, ecnw M= M.
Muoxectso M HasHBaeTCH OMKpHmAL, ecti €ro donoAHeNue
XNM samkuyro. Muoxectso M HASHBACTCH M20MHMM
B wiowectoe G, ecan 0G M. B uacriocr, Mioxectso M
HasMaeTCR 6cwOy nAOMAMM B MpocTpascTae X WM MPOCTO
Beloay maorhuM, ecaw M= X. Haxowen, muomectso M ma-
SHDIETCR HUZOE K MAOMANA B POCTPaNCTDE X, Ccan KK
1ap STONO. MPOCTPANCTSA COXePKHT b ceGe HEKOTOPHA Wap,
cuobomih or Touex Mioxecrsa M. ToapoGoe aoweHHe
COOMCTB SAMKIYTHX W OTKDHTHX MHOKECTS B METDHUECKHX
npocrpancTaax ox. o [1].

Henpepuiue Gymkumm. Tlycts aami asa_ Merpiecux
mpocrpactsa X n ¥ w Gyukwis y = f (x), onpeacrennas na
HeKoTopoM MHoKecTBe M npOCTPaNCTBA X cO  SHANCHHAMI
b npocTpancte V. Gyukuns f () Wasuaeca wenpepuonol
& mowe %€M, ecin a1 aoro >0 Hamzerca § >0
TaKoe, 810 py (f (%), f (%)) <e Am neaxon Touu x € M.
YI0BETBOpSIOIEN HepaBEHCTBY Dy (¥, %0) < 0.

s omperencins nenpepubHOCTH f (X) ceayer, ro ecin

Xy Xy (g %€ M)

o
ICARSACH
Bepio 1 ofpatwoe yToepiachme: ecnn
F x> f (x0)

aan moGoR  nocielosarenwhoctn  (¥,) & M.  cxonmuefics
K %€M, 1o Gymiuwna f(x) Henpepusma b TouKe xp. Joka-
2QTOALCTRO STHX YTuepHACHI TOUNO TAKOE e, KAK A1 peile-
CTBCHHUX (YHKIAN BelllecTaentofl MepeMeHHON.
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Tomeomopdmam, Tlycrs X 1 ¥ — Rannse MeTpHueCKHE Tpo-
CTPHCTIA M CYWECTRYCT BOIMHO OINOGMAUNOE OTOOpANCME
npocrpancraa X wa npocrpancreo Y. Ecu 970 otoSpaxeie
B3NN HenpepiBHO, 70 MpocTpancTsa X K Y HINBAIOTCR
2000 pPHstuiL.

§ 8. Tipumepn WeTpHUEEKHX MpOCTPAHETS

Uncaonas mpmas. Tlycrs X =R, rie R—MuoReCTso
BemecTRCHHMX WHCeA (4ACA0Das NpAMas). EcAn x, ¥ € R, T0 nosarack

b y)=le—yl

Cnpasexmmsocts _axciou weTpuki osesumia. CXOmMOCTH § 910N
IPOCTpaNCTSe €CTh OGHYAAA COIMOCTS WHCAOBHX NOCIE0BATENb-
nocrei.

Esianzoso_npocrpancrso. [lyers X — apnduerncckoe n-vep
Ho® TOCTPAHCTBO, T. €. MHOKECTBO DCEX YIOPRAOUCHHMX CHETEM
13 peutecTaenHix uncea. Ecan

wm (B b Bl B = e Ml

10 nosaraen
pln = ]/22 &=
=

‘CupaseammBOCTS aKCHON METPHKH AerKo nposepHTs. TTycrs
(0, ), k=n23

Pl >0 (1. e g(;s -m)’»o) npu kewco.

310 paswocuauio_ ycaomno §-»g, 1=1,2 ..., n mpn k->co.
Taiuu 00patoN, CXOMIMOCTS B PACCHATPHDIENON TPOCTPAHCTBR ecTh
cxoQuoCmb 16 KopHITAN.

TlpocrpancToo X ¢ STON MTPIKON HaaWDIOT N-MepHI eaca-
Gossu npocmpancmeos. M Gyaeu oSommanats ero L

TIpocTpanctbo _HenpepubHLX QYHKIMA ¢ ueCumesckoR
MeTpUKOR. TIycri, X — MHONECTAO BCEX HEMpepHBIAX YKl 3a-
Rawix ua orpeake (0, 11°).

*) Ecan orpeskou nswenens nepewennoft ¢ 6yzer [a, 8], 10 ero
MOXHO nipeoGpasoBaTs 5 0Tpe3ok [0, 1], 503 HOBYIO HESABHCHMYID
nepexenyio
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Brexew uerpuky, noasran
ol ) =max|xO—y O

Tponep swmoueime axcnou merpu
To, 110 6 (¥, 9) 20 1 (%, y) =0, mumn ccan x()=y (0, a
Tawe, w0 " p(x, ) =p (3, 4, ovemnuio. Octaeica  mposepims
aKcuowy TpeyroRLIKa
Waa iodoro 1€ (0, 1] nueew
L@ =z O1=1xO—=y O+ O —z O] <
<leO—y O +1y -z O1<
<maxlx @ =y Oi+masiyO=z01=

=0(n )00 2.
P(n ) =max| 5 (O =2O1<p(x. N+ 2)

Tostouy

Muoecrao scex tienpepuEsX Gy, 3axNINX 12 OTpesKe
10, 1) "B KOTODO METPiIKa AHEeNa yKA33 WM OOpadow, Nasumactex
npochpancmaos nenpepusner Byikud 1 obcwiaaseres C [0, 11
LYo mastinari ero Takke npoc pacmao NeNpepMANILE Gy
Wil ¢ NeONUERCKOE MempUKOR, Tok KiK DiEcTOMINS MEWAY Gy~
LA CORMARBET ¢ NeGuBIERCKIM Yk AoNeHIEN,

Paccuorpmu_cxouniocs o mpocrpancrse C(0, 1} Myeri aana
BoCCOBATERLHOCTS Xy (D] S1ewehToR 3 C [0, ), CroAsmancs « ¥ ()
(@ (e ) >0 npi n=> G0). 310 iamt, 10

max] 5, (0 =% (O] >0 mpn Ao,

T. €. 113 700010 WHCH >0 HalleTcA HOMED Mo =My ¢) TAKOR, wTO.

maxity (0 —x (O] <

Ran 13> 7y () w, caezosareasno,
lr—x@0l<e

28 131 (6) 1 a8 ncex ¢€(0, 1) Ho 570 osmauaer, ato nocaenosa-
Teauocts (xa (6) pasHouepiio CxomTen k ymaavm % ().

Jlero sitets, 70 # 00pATHO, eCaH NOCACAOBITEABHOCTS (X (O}
‘pasiouepHO CxOmITER K x (), T0 (£, ) >0,

Tasn 0Gpasow, cxoamiocts » mpoctpancroe C [0, 1) ects pasno-
Wepnan exodusocms 1A otpeske [0, 1)
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Mpoctpancteo gyuunh ¢ wnterpupyenod p-i_ crencmbio.
Iy ke g ok By ) mpaAAk A L0 1173
Jlne ywan, OTAMtAOUECA AN N3 MHOKCCTSE NCPH Ry, b
CHOsa_ CaNTaest TowteCTRCHAHM.

Ecan x (€L, [0, 1] 1 ¥ ()EL, [0, 1), 1o noaaracw

; G
pen n:(fmnfy(m"ﬂ) .
d

BUIOENHE OKCIHOM TORACETD 1 CHMMETIIN ACFKO TPOBEPAETCH; akCrO-
A TPEYTOTLANA CIEAVET 43 HCPABCHETD MIHKODEKORO 1A HATErpOAOR.
Tloapuenios WpocTpancTao  aasisactca mpocmpancmeou Ly0, 11,
Tipocrparctso Ly[0, 1] wasunaeren zuasdepmossu @yneiuo-
Narshix npoCHpaNETEON.
Tiyers (D€L0, 1, n=1, 2.
K x@EL10, 1) % ¢

Szt —xw P at>o
d

u (%)) cxomnres

i n-» co. Tora roB0pT, 470 mocAE0BITEAbHOCTS Byl (X, ()]
CXOUITCR ¢ cpeOHex ¢ noKaIamesex (urekcow) p K GynKiaH X (0).

Tipi p=2 FOROpAT Npoci0 0 cxoouMOCmU 8 CpedHes.
‘Hpoctpancso wncaosux nocaenosateumocted 1, (p> 1)
Tlycth X — wioKecTno NoCAeA0BATeabHOCTEH BeweCTRCHHR WHCex
K= (B B B ), THRALICKAIIX [y *). ECaH = (5, Ea
T WY i Ml +oor o) €L 0 onpegeann paceTonie

0 popuy e \
o n:(gm—m”\)"

Bunosueie axcnou cusmerpi  Toxzccrsa nposepaerca Gea Tpyze.
ACioua TPeyrOTMIIKS CIEAYET 13 uepaBencToa MUIKOBCKoro Ay,
osyeiios npocTpacino nasusscrcn npocmpancso p Hpo-
CTORCTIO 1, WAMROTEA  KOOPOMNGIA  SHAGepMONE npo-
pilremsigs
‘Moo ok **%), 4t cxozuocTs mocasxOBTERHOCTH Uizl
5= [E") x arewenry = [5,)  npocrpancrne {, owauacr, o

1) 8% > %, npu n >0 1as neex I
2) am awGoro £>0 maierca Takoe wncro No(e) W10

% €7 [P < e” a1 N> No(e)  seex n.
Rl

) Cu. rase Honoauene I
**) Cu. Jlonomiewwe 1(crp. 494).
#*) Cp. ke KpuTepuh KOMNAKTHOGTH B WpOCTPaNCTSe /e





