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HAMKPAIIIA PIBHOMIPHA AITPOKCHUMAIIIS
B METPUYHOMY IIPOCTOPI

HEIIEPEPBHUX BIJIOGPAZKEHD

3 KOMITAKTHHUMM OIIYKJIMMHU OBPA3AMU

For the problem of the best uniform approximation of a continuous map with compact convex images by
sets of other continuous maps with compact convex images, we establish necessary and sufficient
conditions and the criterion for an extremal element, which is a generalization of the classical
Kolmogorov criterion for the polynomial of best approximation.

s 3agaun HauJTyvIeil paBHOMEPHOM anIpOKCHUMAIMN HEMPEPHIBHOTO OTOOPAKEHUsI C KOMITaK THHIMHI
BBINYKJIBIMH 00pa3aMi MHOXKECTBAMHU /IPYTMX HENPEPBIBHBIX OTOOPa’KEHUII C KOMIAKTHBIMH BBIMYK-
JIBIMU 00pa3aMU yCTaHOBJIEHBl HEOOXOAUMBIE, JOCTATOUHBIE YCJIOBUSA U KPUTEPUl 3KCTPEMaIbHOIO
3JIEMEHTa, KOTOPBIil SIBJISIETCS 0000IIEHHeM KJiaccuieckoro Kpurepust Kosimoroposa MHorousieHa
HaWTy4lIero NprOJIKEHHU 1.

Y uiit poboTi po3rJIANAETHCS 3a/]avya HaiKpalloi piBHOMIpHOI arpoKcUMalii Here-
PEPBHOIO BiI0Opa’KeHH: 3 KOMMAKTHUMHU OMYyKJIMMHU 00Opa3aMM MHOKMHAMH 1HILINX
HEeNepepBHUX BifloOpa’KeHb 3 KOMIMAKTHUMH ONMYyKJIMMH 00Opa3aMH, siKa INOJIATaE B
HACTYITHOMY.

Hexait § — komnakT, X — JIiHIHHUA HaJ 1TOJIEM KOMILJIEKCHUX (iiCHMX ) YMCeJI
HopMoBaHuii npoctip, C (S ,X ) — JIHIAHMAN Ha/l TIOJIeM A1MCHUX 4YKcesT HOPMOBAaHMIA
MPOCTIp OHO3HAYHUX BifIoOpaXkeHb g KommakTa S B X, HemepepBHUX Ha S, 3 HOp-
Moo | g| = max,es | g(s)|, K(X) (Ko(X)) — CyKynHiCTh HEMOPOXKHIX KOMIAKTiB
(HEMOpPOXKHiX OMYKJIUX KOMIAaKTiB) npocropy X, H(A, B) =

= max {maxxeA min g || xX—y || max . p Min . 4 || xX—y ||} — xaycpopdoBa BigcTanb

Mix muoxunamn A, B iz K(X), C(S, K(X)) (C(S, Ko(X))) — mHOXHHA Here-
pepBHUX Ha S BIZHOCHO MeTpHKM Xaycaopda 6araTo3HauyHuX BigoOpaxkeHb S B
KX) (S B Ko(X).

3anavero HaKpaIoi piBHOMIPHOI alpoKCcUMarlii Bi/ToOpakeHHs a € C(S, KX ))

MHOKHHOIO V C C(S, KX )) Oy/AeMo Ha3UBaTH 33/1a4y Bi/ILIYKAHHS BEJIMYMHU
o, (V) = inf max H(g(s), a(s)). (1)
gev ses§
SIK11I0 iCHY€ eJIeMEHT g* eV Takuii, 10

0a(V) = max H(g"(s). a(s).

TO #ioro 0y1eMo Ha3uBaTH €JIEMEHTOM HAlKPAIoro HaOJIMKEHH S /1151 BiZJOOpaKEeHH
a y MHOXKMHI V, abo eKCcTpeMaJIbHUM eJIeMEHTOM /1151 BesTrauHu (1).

CJ1ig 3a3HaYMTH, 110 MMTAHHS apOKCHUMallil 6araTo3HaYHUX BiOOpaXkeHb y pis-
HHUX acleKTax po3ryafaaucs y 6arateox mpausax. OfHak Jidile oOKpeMi 3 HUX MpH-
CBSTYEHO NMUTAHH M HalKpaIloi anpoKcuMallii 6araTo3HaYHuX BigoOpaKeHb (AuB., Ha-
npukJan, [1 — 6]).

Oco0/MBICTB i OCHOBHA CKJIA[HICTh IOCJIIZIKEHH S 3a7ja4 HalKpalioi piBHOMipHOi
anpoKcHUMallii HermepepBHUX BiI0OparkeHb 3 KOMITAK THUMH 00pa3aMu OB’ s13aHi 3 TUM,
10 MHOJKHMHA TaKHX BiAOOPa’KeHb HE € JIHIMHUM, a 0TXKe, 1 JIHIHHUM HOPMOBAaHUM
MPOCTOPOM.
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HAWKPAIIA PIBHOMIPHA ATIPOKCUMALIS B METPUYHOMY TTPOCTOPI ... 1621

Y uiit poboTi BCTaHOBJIEHO HEOOXiHI, /IOCTATHI YMOBHU Ta KPUTEpPii eKCTpeMasib-
HOT'0 ejieMeHTa AJ1s1 Besnuunu (1).

IMoknanemo asist 6yap-sikux g, h e C(S, K(X)) p(g, h) = max,es H(g(s), h(s)).
Besmuuna p(g, h) 3amae METpUKY Ha MHOZKHHIL C(S, KX )). BignosinHuit MeTpuy-

nuit npocTip 6ynemo nosnavatu uepes (C(S, K(X)), p).
3 ypaxyBaHHsM 3a3Ha4EHOIr' 0 3a/lavuy BiALIyKaHHs BeJIMYUHHU (1) MOXKHa nogatH y
BUTJISIL

o, (V) = inf p(g, @). )

TMosHaunmo yepe3 X MpOCTip, CIPsKeHMiA 3 X, a uepe3 B OQMHHYHY KYJIIO
uboro npoctopy: B* = {f: fex | rl< 1}.
Teeppxkenns 1. /s 6yov-sxux g, he C(S, Ko(X)) mae micye pisricme

p(g,h) = max max

hax may ma(x) Re f(x) — m%) Re f(y)].

xegl(s ye

Hexait g, h e C(S, K(X)), o€ R. Sk BioMo, cymMoio GaraTosHauHux Bigoopa-
XKeHb g 1 h Ha3uBaeTbcs BifoOpaxkeHHs g +h Take, wo (g + h)(s) = g(s) + h(s)
[ BCiX § €S, a 10OYyTKOM yHMCJia O, Ha BiIoOpa>k€HH:A g HA3MBAEThCA BifoOpa-
XKeHHs og Take, mo (og)(s) = og(s) mng Bcix se€S. Jlerko mepeBipuTH, 110
onepauii goaasanns enementie Muoxun C(S, K(X)), C(S, Ko(X)) i MHOXeHH:
JIACHUX YKCEJ Ha Il eJIEMEHTH He BUBOASATD 13 IUX MHO>KUH.

IMosnauumo uepes (C(S, KO(X)))2 npsamuit 1o6yTok  C(S, Ko(X)) x C(S,

K((X)). Osnaunmo B (C (S , Ko(X ))) aJsireOpaivHi onepauii JoJaBaHHA 1 MHOXKEHH s
Ha AIACHI YKhCJ1a TAKUM YHHOM:

(g1, ) + (g2, ) = (g1 + &2, + hp),

a-(g h) (og, ah), sgkmo o €eR, o=0,

o- (g h) (oh, o0g), sxkmo o eR, a<O.

Bynemo BBaxatu, wo (g, hy) = (g2,h), ne  (g1.m), (82.h) € (C(S,

KO(X)))2 , KO gy — hy = g, — hy, TOOTO AKWIO AJI1sA BCiX s €S8 g1(s) — hy(s) =
= g»(s) — h(s). Jlerko mepekoHATHUCS, O BiAHOLIEHHS = € BiJHOLLIEHHSIM €KBiBa-

. 2 .
JICHTHOCTI, sIK€ J03BOJISIE PO3OUTH (C(S, Ko(X ))) Ha Kyacu K, ) €KBIBAJICHTHUX
MiXK coboto map (g, 7). CykKynHicTb Takux KJjaciB Oy/seMo No3HayaTH uepes

K. ko

Hexait o, BGK(C ¢ — niiicHe ymegio, (g1, M) € o, (g2,h) € B.

2
(S.Ko(X)"”
Hoknanemo oL+ B == K419, h+hy)» CO = Kc(g p)- MOXKHA MEPEKOHATUCS, IO
pe3yJibTaTH omeparliii JoJaBaHHA KJlaciB i MHOXKEHH: iX Ha Ai{CHI yucJia He 3aJie-

2KaTh Bi/I BUOOPY €JIEMEHTIB i3 IMX KJIaciB i MHOKHMHA K (C(5.Ko () 3 TaK O3Haue-
ERA(]

HUMH aJIreOpaiuHuMK ONepalisiIMU € JIIHIHHUM MTPOCTOPOM HaJ| MOJIEM AiMCHUX YUCEeJI.
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1622 10. B. THATIOK

Poutb HyJ1s1 B 11bOMY MpocTOpi Oy/ie BifirpaBaTu CyKymHIiCTh ycix map (g, k), ekBiBa-

sientHux napi (0, 0), To6To nis AkMx h = —g. OTxe, K(g0) = {(g, -g):g €
e C(S, Ko(X))}. Onascix a e K(C(S’K()(X)))z i (g, h) € o mokJy1aaEMO
ol = | K| = max max| max Re /0 + min RefG)]. )

Mo:kHa nepeKoHaTHuCs, 10 BeJinduHa |||, o € K 2, HE 3aJIEXKHUTh BI/J
P o (C(5. Ko (¥))

BHOOpPY (g, h) 13 O 1 3a/10BOJIbHSE BCi aKCIOMH HOpPMH. TaKWM YMHOM, NIPOCTip
K
(C(s. Ko (x)?

Ons a, ge C(S, KO(X)), 3TiIHO 3 TBepAKeHHsM | i crmiBBigHOIEHH M (3), Ma-
THMEMO

€ JIHIAHIM Ha/I TTOJIEM MiNCHUX YHCeJ HOPMOBAHUM IPOCTOPOM.

p(g,a) = max max

max Re f(x) — max Ref(y)‘ =
seS fEB yea(s)

xeg(s)

= max max

max Re f(x) + min Re = K - K )
mex max f@+ min f(y)‘ Ko - Ko

xeg(s)

3 ypaxyBaHHAM IBOT'0 3a71auy BiAmrykanHas Besuwanan (1) ((2)) o a € C(S .
Ky (X)) , Vc C(S, Ky (X)) MOJKHA MO/IaTH y BHTJIS/II

0u(V) = inf max H(g(s), ats) = infp(z. @) = inf | Keo) = Ko |-

[Mo3naunmo uyepe3d Ky  MHOXKHHY JIIHIHHOTO HOPMOBAHOTO MPOCTOPY

C(S,KO(X)))2 i g€ V}, Ta po3-

3a/1a9y HAMKpAaIIoro HaOJIMXKEHHS eJIeMeHTa

K(C(S,KO(X)))z’ sAKa 3afa€Tbcs K Ky = {K(g,o) e K(

TUIAHEMO Y MPOCTOPi K¢ o\

K(4,0) MHOXMHOIO Ky, TOOTO 3aja4y Bi/IIIyKaHHs BEJTMIUHUA

K(g,i(gil(v " K(g,O) ~ K0 ” : ©)

3po3yMiJio, 110 CPaBeJIMBOIO € PIBHICTh

o, (V) = K(glnf K500 = Kiaoy | (6)

. *
1 oJ1d Toro moob ejieMeHT g €V OyB eKCTpeMaJIbHUM €JIEMEHTOM [J1 BEJIMUMHU
(4), HEOOXIIHO 1 JOCTATHRLO, 1100 ejieMeHT K (".0) OyB €KCTpPEeMaJIbHUM €JIEMEHTOM

MU1s1 BeJIMuuHH (5).

Teepaxenns 2. Hexaii ae C(S, Ko(X)), s€S, ae K (g, h) €

(C(8.Ko (X))*

eo i Qi) = H(g(s), als) — h(s)). @ynxuia Q5 (0) He 3arexumov 6id 6ubopy

napu (g, h) 13 O, € HenepepsHolo ma OnyKA0l0 no O. HA K(C(SK X)) Ipu
>80

ikcosaromy O ¢ynkuia ©4(0) € Henepeperoi no s Ha S.
Teeppxkenns 3. Hexaii oaa a € C(S, Ko(X)), s€S, fe B, o €

€ Kk &M e
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W¥(o) = | max Re f(x) — max Re f(y) — max Re f(y)|.
xeg(s) yea(s) ye—h(s)

Dynkyia ‘I‘}(oc) He 3anexumv 6i0 éubopy napu (g, h) i3 O, € HenepepsHoiO

ma onykaow no 0. Ha K( ( . Ilpu gixcosanux s, a, O Gyukyisn ‘P}(Oc)

2
C(S,Ko (X))
€ HenepepeHoio ho f Ha By po3yminui caabkoi * monoaozii B .

TeepaxeHHsa 4. Hexaii se€S, feB*, oe K (g, h) € q,

(C(s.Ko(X)*°

l‘sf(oc) = max Re f(x) — max Re f(y). Tooi eeauuuna l;f(oc) He 3aiexumbp 610
xeg(s) ye—h(s)

euoopy (g, h) i 3aoae ainiiinuii Henepepeuuii GyHKyioHas Ha K( ( 2, Mmoo-

C(S.Ko (X))
mo lsf € (K(C(S,KO(X)))Z) , Oe (K(C(S,KO(X)))Z) — npocmip, ChpAXeHUl 3
Koo

Y nopasnpiioMmy OyaeMo MPUIYCKaTH, IIO y 3a/adi BiAIIyKaHHs BeJnduHU (4)
aé¢ \_/, ne V — 3aMHKaHHA MHOKHHH V MpoCTOpy (C(S, Ko(X )), p). Jlerko me-
PEKOHATHCS, IO 111 yMOBA €KBiBaJIeHTHA YMOBi K (4 o) € K_V, ne K_V — 3aMHMKaHH:

MHOXHWHHA Ky y JTiHIiHOMY HOpMOBaHOMY npocTopi K (« 3po3symisio, mo

S, Ko (X))

. . I, - . . *
3a YMOBU BUKOHAHHS CIIBBIIHOIIEHHSA a ¢ V Mae Micue HepiBHiCTh O, (V) > 0. 3

OTPUMAaHOI HEPiBHOCTI BUIJIMBAE, 1110 MHOKMHA TUX g € C(S, KO(X)), N1 SAKUX

* .. .
p(g, a) < 0.,(V), He € MOPOKHBOIO MHOKMHOI. Lili MHOKMHI Ha/le>KUTh, 30KpeMa,
BitoOpaxkeHHs a. He € mopoKHBOIO TaKOXK MHOXKHHA THX eJIeMeHTiB K (g,h)s DI

akux | K n — Ko | < 0a(V). Ona ae C(S, Ko(X)) Ta g" €V nokmanemo

5

g _ * _ * _ _
a; = plg,a) = I?éanH(g (s), a(s)) = HK(g*,O) K (4,0 “,

Cg* = {K(gsh) € K( (s, K()(X) ” K(g m ~ Ko " < Oﬁg*},

5

s8 = {s eS: H(g" (s). ats)) = ocg*},

max Re f(x) — max Ref(y)‘
xeg'(s)

BY (s) = {feB*

= max

max Re f(x) - max Re f(y)‘ (g*(s), a(s))}, s € S§*.
feB’

xeg"(s)

. * * * . .
3rigno 3 [7, c.12, 13] ywepes I'(M, y ), T (M, y ) mo3HayuMo Bi[IOBiAHO KO-
HyCHU BHYTPIIIIHIX Ta FPAHUYHUX HANpPAMKIB /11 MHOKMHA M JIiHIHHOIO HOPMOBa-

HOTo0 rpocTopy Y i3 y* eY.
Teopema 1. Cnpasedausoro € pisticmo

e k)= N N {K(g’h)EK(as,Ko(X»)z

veSg feBg (s)
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1624 10. B. THATIOK

sign( max Re f(x) - max Re f(y)](max Re f(x) — max Re f(y)) < 0}.(7)
yea xeg(s) ye—h(s)

xeg’ (s)

Jloeedennsa. Maemo

F

Ci = {K(é”h) eK( C(S.Ko (X)) " Kg.ny = Ka,0) " =

= || K(g,h—a) = r?eag( (p?(K(g,h)) < O(g },

nenns s€S Q5(Kgn) = H(g(s), a(s) — h(s)), Kn € K

Otxe,

(C(S»K()(X)))z )

Ncs o),

seS

Cg (S) = {K(g,h) EK( (5. Ko (X)) (ps(K(g h)) < OC }

Tomy 3rigHo 3 TBepAKeHHsM 1.2.2 [7, c. 14]

r(ca K 0)) c DS r(c§ (s), K(g*’o)) c ﬂ* r(cg (s), K(g*’o)). (8)
s

seSs
Ockinbku s sy € S\SS , srigno i3 3aysaxennsam 1.1.7 [7, c. 13], F(C;';' (s0),

K(g*’ 0)) =K (C(5. Ko X)))g , TO 13 ciBBi/IHOLIEHHSI (8) OTpUMAEMO

res ko) = OTCE @ K o) = N TE O Ke,) ©
N

seSg

Bisbmemo nosinbne K, p) € ﬂ (C (s), K o ) = @F(Cﬁ (s), K(g*,O))'
seSg $

Topni 3rifHO 3 0O3HAYEHHsIM KOHYCa BHYTPILLHIX HaOpsMKiB /151 Oyb-AKOro s €.S

icnye o, >0 Take,mo K, -« + 0 Ko p) = K( . € C§ (s). Bnacsiigok

(g,0) g +(xsg,0t;h)
LBOTr'O

(ps( oy T O K(gh)) < af . (10)

3adikcyeMo 0O i po3ryigHEMO ©f (K 0y s K, h)) sk pysknito s° Ha S.

3rigHo 3 TBEPAKEHHAM 2 BOHA € HEMIEPEPBHOIO (byHKuleIo B KOXKHIN Touni se€S, a
ToMy 3 HepiBHOCTI (10) BunyinBae icHyBaHHs okosty O(s) TOYKM § Yy KOMMakTi S
TaKoro, mo 1Jis Bcix s” € O(s) CrIpaBIKyeThCs HEPIBHICTh

(pY(K Coy + 0 K, h)) < af . (11)

Buacsifok onykJtocTi yHKIil (p?f(K(g,p)) no K , Ha K( ( (nuB.

C(S. Ko (X))
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TBepAKeHH: 2), HepiBHOcTi (11) Ta chiBBigHOLIEHHA (p?»(K(g* 0)) = H(g*(s'),

5

a(s')) < max H(g*(s), a(s)) = of paa Beix 0€(0,1] orpumaemo cribsigHo-

IECHHA

(p?f((l - o) K(g*’o) + a(K<g*,0) + o K(g’h))) = (pg‘f(K(g*’O) + 0oL K(g’h)) <

< (1- oc)cp?f(K(g*’O)) + oup?f(K(g*’O) + ol K(g,h)) < (l-wad +

P

+ ool = of .

3Bi/ICH BUIJIUBAE, 1110

a . g’
(Ps'(K(g*,o) + tK(g’h)) < af (12)
JIJIs1 BCIX € (O, OLX] , 8 €0(s). OckisibkM S € KOMIIaKTOM i UYES O(s) =S, 103
mokpuTTs O(s) KoMmakTa S MOXKHA BUAIJIUTU CKiHUYeHHe mianokputts O(s;), i =

= I,_k, m, TOOTO Ule O(s;) = S. TNoksagemo o= maxi<i<k O, . Tomi 3 (12) Bu-

MJIMBAE, 1110

%

94(K 0y + tKie) < 0 (13)

IJIA BCIX s € S Ta BCiX te(O, &]
Tomy BHacJIiIOK HemepepBHOCTI O s Ha S dyHKIIL (p?(K @0 T aK(g’h))
(nUB. TBEP/IKEHHS 2) O[IEPKUMO
a - _ * - N _
r?gasx )8 (K(g*,o) + OLK(g’h)) = r?ssx H(g (s) + ag(s), a (s) (Xh(S)) =

= p(g*-i-ag,a—och) = HK

(g*+&g,&h—a)

- H K(g*,O) + 0K o n) = Ka,0) “ < af .
3gizcn 3rinno 3 Teopemoro 1.3.4 [7, c. 19] otpumyemo, wo K, ) € T\C§

K & 0))' 3 ypaxyBaHHSM LIbOI0 Ta CHiBBifHOIIEHHA (9) poOMMO BHUCHOBOK, LIO

CIIPaBIKY€ETHCS PIBHICTH

r(cg ,K(g*’o)) = ﬂ* r(cg (), K(g*’o)). (14)
seSs

F

Tenep nepeiiiemMo /10 onucy KOHyca F(C;}' (), K " 0)), s€S8 . Hexail niass s €

5

€ S8, feB"
(K = R - R - R , 15

v (K e.m) ‘m;(x) e f(x) = max Re/(y)— max ef(y)‘ (15)
K(g’h)GK

(. Ko(X)*
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1626 10. B.THATIOK
Toni st s € Sag'

g* — . s g*
Ca () = {K@,m Kt ko) T 1% Vi (Kgm) < o } (16)

.
*
Ona se€S8, feB mno3Hauumo

Cg (f’ S) = {K(gsh) EK(C(S,KO(X)))Z : W}(K(g,h)) < ch } (17)

Brimmos (16) pns se S5 CE (s) = ﬂfeB* Cs (f.5). Tomy i s € S8 sa
TBepIKeHHsM 1.2.2 [7, c.14]

r(cg (s), K(g*,o)) c ﬂ r(cg (f,s), K(g*’o)) c
feB

< N r(cg* (f,5), K(g*’o)). (18)

FeBE ()

Hexait gna s e S;%" f & BS (s). Toni

max Re f(x) — max Re f(y)
* yea(s)

xeg (s)

= \P}(K(g*,O)) < o . BHacsti0K HenmepepBHOCTI (DYHKIIT \p}(K(g’h)) no K p)

(muB. TBepmxKeHH: 3) 3rimHO 3 [7, c. 13] poOMMO BHUCHOBOK, IO F(C;f (f,s),

K

= . 3Biacu Ta 3 cniBBiAHOIEHHA (18) BUMJIMBaE, IO

(g*,())) Ktk

M(CE o Kip) © N T(CE G0 K] =
feB

N r(cg* f, s), K(g*’o)). (19)

FeBE (5)

BisbmeMo noBibae K(q j) € ﬂfeBg* . F(Cff (f5 $)s K(g*,O)) = ﬂfeB* F(Cg (f, s),

K 3rigHo 3 03HaYEHHSM KOHYCa BHYTPILIHIX HAaNpPSAMKIB AJ1s1 Oy[b-sIKOIro

<g*,0))'
feB icnye Ay >0 Take, mo K(g.«’o) + ApKgn = K(g*+x_,-g,k_,-h) e C (f.9).
BuacJtigok uporo

WK o) + MrKeem) < of - (20)
Bacikcyemo A iposryianemMo ‘I’}r(K(g*’O) + KfK(g,h)) sk yHKuio f° Ha B .

3rigHo 3 TBEPIKEHHAM 3 BOHA € HeMepepBHOIO oy cJj1abKiili * TomoJiorii B .
Ockisbk# Mae Micue HepiBHICTB (20), To BHac/1i10K 1poro icHye okian O(f) 'y po-

3yMiHHI cj1abKoi * TomoJiorii mpoctopy X Touku f y B Takui, 0 AJIs BCiX
f'€O(f) cnpaBmKyeThCS HEPIBHICTD
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s

\P}/(K(g*,()) + fo(g,h)) < (X.ag . 21

Buacutiiok onmyksiocTi pyHKIIi1 ‘P}f(K(q’p)) no Ky , Ha K(C( (nuB.

S, Ko (X))

TBepAXKeHHsA 3), HepiBHOCTI (21) Ta CHIBBIAHOMICHHS ‘P}'(K(g*O))

< of pnascix o e€(0,1] orpumaemo cris-

max Re f’(x) — max Re f’(y)
xeg*(s) yea(s)
BIJTHOLLIEHH S

\PS/'((I — (X) K(g*,O) + O{'(K(g*,()) + }\'fK(g,h))) = \P;V(K(g*,()) + a?\*fK(g,h)) <
< (1 - Q)T;’(K(g*,())) + (X‘\P}'(K(g*’())'F?\'fK(g,h)) <

< (l—oc)ocﬁ* + ococﬁ* = ocﬁ*.

3Bi/ICH BUILJIUBAE, 1110
V(K o) + K ie) < O (22)

IJIS BCIX t € (0, A f]. Ockisibku B~ € c/1aBKO * KOMTMAKTHOI MHOKHHOIO (mus.,
HanpukJan, [8, c. 35]) i UfeB* o(f) = B, 103 nokputTsi O(f) MHOXHUHU B
. . . . b k %
MO2KHa BUAIJIUTHU cKinveHHe nianokputts O(f;),i= 1, k, To6TO Ui=1 O(f;) = B .
'y —_ . . s . g>~
IokageMo A = lrglsr}C A4 . Toni 3 (22) BunmBaE, MO \Pf(K(g',O) + tK(g,h)) < of
s Beix f € B mate (0, 7:] BHacs1ifok HenmepepBHOCTI y PO3yMiHHI cJ1abKoi *
tonosiorii B 1o f Ha B dyHKUii ‘P;(K(g*,O) + }_»K(g,h)) Ta cj1abKOl * KOM-
MakTHOCTI B 3BIIICH OTPUMYeEMO max g \P?(K(g*,O) + XK(g,h)) < of . Bpaxo-

BYIOUH II}0 HEpiBHICTh Ta criBBifiHOWIEHHA (16), poOuMO BUCHOBOK, 10 K +

(87.0)
+ XK(g,h) € Cf‘(s). OckiJbKHT Cfi (§) € ONmyKJIOIO MHOJKHHOIO NPOCTOPY

Ta K - € Cg (s), To 3BizcH 3rigHo 3 TeopeMorto 1.3.4 [7, c. 19] Bu-

K(C(S,Ko X))’ (g".0)

mBae, Wo K ) € F(C};’ (s), K @ 0)). Tomy 3 ypaxyBaHHsM criBBigHOIIEHH: (19)
MO2KHA 3pOOUTH BUCHOBOK, ILIO [IJIsi § € S§  Mae Micle piBHICTh

e Kgy) = N T(CE G Ko g) 3)
feBi (9)

Briano 3 (15), (17) ans s eSS, feBE (s) maemo

g* _ .
Ca (s, f) = {K<g,h>EK(C,(S,KO(X»)”

max Re f(x) — max Re f(y) — max Re f(y)| < ocﬁ*}. (24)
xeg(s) yea(s) ye—h(s)
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3 pisHocTi (24) BunmBac, wo i s €SS, f e BS (s)

CS (s, f) = A% (s, )N BE (5. ), (25)
ne
A§*(s, ) = {K(g,h) EK(C(S’KO(X)))Z :xléléi()sﬁ) Re f(x) - }max Re f(y) -
- m.';l&(s Re f(y) < ch}
BE (s, f) = {K(g,h) €Ki kyx? * M3 Re f() — max Re f(y) -

- max Re f(y) > —af }
ye—h(s)

* *
Po3rJisHeMo BUNANOK , Ko a1 s € S5, f e BS (s)

oc;{ = | max Re f(x) - max Ref(y) max Re f(x) — max Ref(y)
xeg (s) Xeg (S)
Tomi
A8 - {K K : R _ R
a (S, f) (g,h) € (C(S,KO(X)))2 xrg;')i Cf(.x) m%)((s) ef(y) <

< max Ref(x)},
xeg'(s)

g* — .
B (5 1) = {Kien) €K sy ¢ 10X Ref() = max Ref(y) >

> —0f + max Ref(y)}.
yea(s)

f - -
[To3znauumo KS(K(g,h)) = xr;l;l();) Re f(x) yénj}l)((s) Re f(y), Kn € K(C(S,KO(X)))Z'

3rigHo 3 TBepAXKeHHsAM 4 W; € JIIHIHHUM HerepepBHUM (YHKIIIOHAJIOM Ha

Kicis.xyxyp - Maemo

A8 (s, f) = {K(g,h) K sy (Kien) < ¢ (K(g*’o))},

B (s, f) = {K(g,h) €K s ko) - 0 (Kgm) > —0f + max Re f(y)}.
OcKibKHU

({(K( *0)) = max Ref(x) = max Re f(x) - max Ref(y) +
8 xeg (s) Xeg (3) ye

+ max Re f(y) = (x§ + max Re f(y) > —of + max Re f(y),
yeaf(s) y€af(s) yea(s)
TO 3rijiHoO 3 TBepAKeHHsM 1.3.7 [7, c. 21]

F(Ag (S, f), K(g*,())) = {K(g,h) GK(C(S,KO(X)))Z : ég(K(g,h)) < 0} =
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= {K(g,h) EK(C(S,KO(X)))Z :xrg%) Re f(x) — mz}l)(( Re f(y) < 0}

F(B,%' (s, ), K(g*,m) = Kes.xoon

3Bifich 3 ypaxyBaHHsM TBepaxKeHHs 1.2.2 [7, c. 14] ta piBHocTi (25) ogepKyeMo

(C§ (s, ) K ,* )) = F(Ag* . f). K(g*,O)) ﬂl"(Bg’*(s’ N K(g*’o)) )
= {K<g,h> eK(C(S’KO(X)))z:E{(K(g,h)) < 0} _

= {K<g,h) eK( G, K()(X)))z max Re f(x) — me}ll)(cs) Re f(y) < 0} =

= {K(g’h) EK(C(S,KO(X)))z : sign( max Re f(x) — max Re f(y))

xXeg (v)
X (max Re f(x) — m%) Re f(y)) < 0}. (26)
xeg(s s

AHaJIOT1YHO OBOAMWTHLCS, IO PiBHICTH (26) Mae Miclie i y BUNAAKY, KOJIH [AJIs

seSag*, fer*(s) oc;{ = | max Re f(x) - max Ref(y) = ma(x) Re f(y) -
yea(s

xeg’(s)

- max Re f(x).
xeg’(s)

OTtxe, piBHICTD (26) Mae Miciie A1 OyAb-sIKHX § € S§' , feBs ; (s).
3 piBHocTeit (14), (23), (26) pobumMo BUCHOBOK MPO CHPaBEAJIUBICTh PiBHOCTI (7).
Teopemy moBemeHo.

Teopema 2. Hexaii V — 0o8iabHa MHOXUHA NPOCMOPY C(S, Ko(X )). Has mo-
20 wob eanemenm g* €V Oys excmpemasvhum oasa seauvunu (4), HeoOxioHo, w06

. * . *
He icnysano maxozo enemenma K py € T (KV, K(g* 0)), wo 0aa ecix seS5

.
fe BE (s) cnpasdxyemvca nepisnicmo

sign[ max Re f(x) - max Re f(y)](max Re f(x) — max Re f(y)) <0
Y& xeg(s) ye—h(s)

xeg"(s)

Hoesedenns. Hexaii g* — ekcTpeMasibHUi esieMeHT aJis Besimunnm (4). Tomi
K (€0 € eKCTpPEeMaJIbHAM eJIEMeHTOM /171 Besimunad (5) . 3rigHo 3 Teopemoio 1.4.1

. . . g* * _
[7, c. 22] mae Miclle CHiBBIIHOILIEHH F(Ca s Kg*’o)ﬂl" (KV, Kg*,o) =J.
3Bifcu, BpaxoByrouH (7), poOMMO BUCHOBOK, IIO HE iCHYyE Ko n € F*(KV,
K(g*,O)) , IJIS SIKOTO
sign| max Re f(x) — max Ref(y) (max Re f(x) — max Ref(y)) <0
xeg (s) Y& xeg(s) ye—h(s)
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msABCix seS5, fe Bagx(s).
TeopeMy noBefieHoO.
Teopema 3. Hexaii V — dosiavia mnoxuna npocmopy C(S, Ko(X)). Sxkuwo

g eV e excmpemarvhum esemenmom 0aa eeaudunu (4), mo 044 6ydv-AK020

Kgn) € F*(KV , K(g* 0)) icnytomy eaemenmu s €S, f e B maki, wo

max Re f()~ max Re f(y)‘ H(g (5), a(s)) = plg*, a),
xeg (s

sign[ max Re f(x) - max Re f(y)](ma(x) Re f(x) — m%);) Ref(y)) >0
xeg(s ye—h(s

xeg"(s)

Teopema 4. Hexaii V — 006iabHa MHOXKUHA NPOCMOPY C(S, KO(X)), grev.

Axwo 0aa koxnozo g€V icnylomo enemenmu s, €S, f, € B maki, wo ma-
oMb Micuye Cnieei0HOULeHHA

max Refy(n) = max Ref(| = H(g'(sp). alsy)) = plg’i @) @7)

xeg (sg)

sign( max Re f,(x) - m.?x) Re f(y)) X

xeg (sg)
X max Ref (x) = max Re f » 28)
xeg(sy) yeg"(s,)

mo g% € excmpeManbHUM eAeMeHmMoM 044 deaudunu (4).
/[loeedennsn. Hexaii g — NOBIJIbHUII €JIeMEHT MHOKUHHM V. 3rifgHO 3 YMOBOIO

TEOpeMH iCHYIOTh €JIeMEHTHU Sg € S, fg € B Taxi, nJ1s SKUX MaloTh MICIle CIiBBi/I-
Homenus: (27), (28). Tomi

0< sign( max Re f,(x) — IIlE(lX Refg(y))

X€g (sg)

X max Re f,(x) — max Re f,(y)
xeg(sy) yeg (Sg)

= sign( max Re f,(x) - ma(w;) Refg(y)) X

xXeg (9

X (max Re f,(x)- me(lx Re f,(y)— ( max Re f,(y)— m?x Refg(y)))

xeg(sg) yeg (sg)

= sign( max Refg(x)— max Refg(y))
X€g (v )

X (max Refg(x)— max Refg(y)] - p(g*, a) <

xeg(sg)
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< | max Re fy(x)— max Refg(y)‘ - plg,a) <
xeg(sy) ye€a(sy)
< max| max Re f(x)— max Re f(y)| - p(g*, a) =
fGB* ng(Sg) yEG(Sg)

= H(g(sy). alsy)) — plg’. @) < max H(g(s), als)) ~ plg . a) =

= plg. a) - plg’, a).

3eigcu p(g, a) = p(g*, a) nus Bcix ge V. lle it o3Havae, o g* e ekcrpe-
MaJIbHUM €JIEMEHTOM [J1s1 BeJIMYrHU (4).
Teopemy 1oBe/ieHO.

Osznauvenns 1 [1, c. 1616]. Muoxuny M nopmoeanozo npocmopy Y 6Oydemo

* R *
Hasueamu 1 -MmHOKUHOMW0 6i0HOCHO mouku Yy € M, akwo y — yo € I' (M, yg)
onsecix ye M.

Osuauenns 2. Muoxuny Vc C(S, Ko(X)) 6ydemo nasusamu T -suoxunowo

6ioHocno g* €V, akwo MmHOXuna Ky € ' -mHOoXKUHOIWO npocmopy

6I0HOCHO K( moomo axkuo Koy — K, », = K

K(C(S,K0<X)))2 §.0)° &".0) (e-¢) €

€ F*(KV, K onaecix geV.

(g*,0>)
Teepmxenns 5. 3ipkosa eidnocno g €V muoxuna V < C(S, Ko(X)) e
T -mHoxunoI0 6idHOCHO g,
TeeprKenns 6. Bydv-ska onykaa muoxuna VC C(S, Ko(X)) € T -mnoxu-

HO10 8IOHOCHO 6YOb-AK020 g* ev.

[puksiagom onykJioi MHokuHN V < C! (S , Ko(X )) , €JIEMEHTH SIKOi MaloTh MPOCTY
CTPYKTYPY, € MHOXKHMHA CTAJIUX BiJOOpa’KeHb 3 KOMIIAKTHUMHU OMYKJIMMH 0Opa3aMH,
TOOTO TaKMX BiI0OpakeHb g € C(S, K(X)) , mwo g(s) = Ky € Ko(X) mnsa Beix

ses.
3 ypaxyBaHHSAM IbOTO Ta TBEPAKEHH:S 6 poOMMO BHCHOBOK, II0 MHOXKHMHA BCiX

CTa/MX Bifo6paXkeHb 3 KOMIIAKTHUMHU OMYKJIMMU 00pa3aMu € I -MHOXMHOIO Bij-
HOCHO Oy[b-sKoro g*e V.

TBepaxenns 7. Axuo muoxuna Vo C(S, X) i€ T -muoxunoio npocmopy
C(S, X) eionocno g* €V 'y pogyminni o3navenus 1, mo éoma € T -MHoKUMOIO
Yb020 NPOCMOPY BIOHOCHO g* Y PO3YMIHHI O3HAUEHHA 2.

Teopema 5. Hexaii V C C(S, Ko(X)), g"eV i V e I -mMHoxuHOI0 8idHOC-
HO mouku g% (6 momy uucai 3ipK0o6oi 6iOHOCHO g* abo ONYKAOK MHOXKUHOI).

Hasa moeo wo6 enemenm g* 0y6 eKcmpemMaibHUM eAeMeHmMoM 04s eeauyunu (4),
HeO0OXIOHO 1 docmamubo, woo 044 KoxXHozo g €V icHyeaau enemenmu Sg € S,

fe € B*, 014 AKUX uKoHyromuca ymosu (27), (28).

oeedenns. Heobxionicme. Hexait g* € V € ekcTpeMaJIbHUM €JIeMEHTOM [1J151
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BeJiunHU (4) . Ockinbku V € I -MHOXKUHOIO BiTHOCHO g* (B TOMY YHCJIi 3ipKO-

BOIO BIJTHOCHO g* a60 OIMyKJIOI0 MHOXKHHOIO), TO K( e (KV,K ¥ 0)) Toni

g.-g")
. . *
3ri/IHO 3 TEOPEMOIO 3 /1151 Oyb-siKoro g € V' icHYIOTh efleMeHTH s, €S, f, € B
TaKi, IJIs IKNX BUKOHYIOThCsI YMOBH (27), (28).
Hocmamuicms yMOB TEOpeMH [JIs1 eKCTPEMasIbHOCTI  ¢* BCTAHOBJIGHO Y TeEO-
pewi 4.

Hacaiook 1. Hexaii V — nionpocmip C( S, KO(X)). aa mozo wob enemenm

g eV b6ys exkcmpemanvrum enemernmom oasn eeaudunu (4), HeoOXioHo, W00 04

. * .
Kkoxnozo g€V icuysaru enemenmu s, €S, f, € B maxi, wo

max Refy(x) - max Refy(y) H(g' (sg), alsy)) = plg" @), (29)

xXeg (sg)

sign( max Re f,(x) - mz(ix Re fg(y)) mz(ix Re f,(x) 2 30)
xeg (sg)

Moeedenns. Hexait V— ningnpoctip C(S, Ko(X)), g*€V € ekcTpeManbHUM
eJIEMEHTOM A1 BesimunHu (4), g€ V. Ockinbku g + g* €V Ta V € omykJioio

MHOJKHMHOIO, TO 3I/IHO 3 TEOPEMOIO 5 ICHYIOTh €JIEMEHTH s, €S, f, € B TaKi, 10
BUKOHYEThCs yMoBa (27) i

sign( max Re f,(x) - mz(ix) Re fg(y)) X

xXeg (3
max_ Ref,(x) - max Ref(y)| 2 0. (31)
xe(g(sg)+g'(sg)) yeg (sg)

3 (31) BurmBae (30), AKII0 BpaxyBaTH, IO

max Re fo(x) = max Re fo(x) + max Re f,(x).
xe(g(sg)+g (sg)) xeg(s, Xeg (sg)

Hacuninok poseneHo.
Hacaiook 2. Hexaii V — nidonpocmip C(S, KO(X)). aa mozo wob eaemenm
g" eV 6ys excmpemanvuum esemenmom oasn eeauuunu (4), HeoOxiowo i docmam-

HbO, WOO 044 OyOb-sK020 g €V icnysaau eaemenmu s, €S, f, € B" maxi, wo
maiomb micue pienocmi (27), (28).
Hacaiook 3. Hexaii V € MHOXUHOI0O cmaaux 6i000paxehv i3 C(S, KO(X)).

Has mozo wob6 eaemenm g* €V 0y8 ekcmpemasbHUM e€AeMeHMOM OAA BeAUHl-
Hu (4), He0OXiOHO | docmamHbo, o6 044 0yOb-saKoeo g €V icHyeéaau enemenmu

s, €S8, fg€ B" maxi, o maromo micue pienocmi (27), (28).

3ayBa’kKKMo, 10 B YaCTKOBOMY BUIA[Ky, KOJIM § € KOMIIAKTOM Ipoctopy R™, a
X=rR , TIel HAaCJTI/IOK BCTAaHOBJICHO Y Tparti [5].

Hacaiook 4 [1, c. 1616]. Hexaii Vc C(S, X), gc€eV i V e T -mnoxunot0
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6I0HOCHO MOYKU g* Y po3ymiHHI o3HaueHHA 1 (6 momy uucai 3ipKo6o 6iOHOCHO

*

g abo onykaoio MHOKUHOIO).

Hnasa moeo w06 enemenm g* 0y6 ekcmpeMmasbHum enemeHmom 0aa éeauduru (4)
8 YboMy 6UNAoKy, HeOOXiOHO 1 doCmMamHvo, Wo0b 044 KoxHozo g€V  icHysau

* .
eAeMeHmu Sq € S, Vg € a(sg), fg € B maki, wo

fol8 o) = v) = max max [ ") - v| = ps”, @),

seS yea(s)
Re f,(2(s) = 8"(5¢)) 20.
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