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¢bopM OIHOPOMHBIX MOIMHOMUAJIBHBIX UTP KaK JJISI KOHEYHOTrO, TaK U Ui OECKOHEUYHOIo YMcia
y4acTHUKOB. Oco00e BHUMAaHUE YAEISIETCS HEKOTOPHIM KJIACCAM OMTHOPOMIHBIX KOOIEPATUBHBIX
UTP, TOPOXKACHHBIX IPOU3BEACHUSIMU HeaTOMUUYeCKUX Mep. OTJIIMYUTEIbHOI YepTOii IIpeaiaracMo-
ro MOAX0Aa SIBJISIETCSI CUCTEMATUUECKOE UCIOIb30BaAHUE MTPOJOIKEHUN MOJIMHOMUAIBHBIX (DYHK-
LIMII MHOXKECTBa A0 OTBEUYAIOLIMX UM Mep Ha CUMMETPUUECKUX CTEIEHSIX MCXOAHBIX M3MEPUMBIX
npocTtpaHcTB. bub. 19.
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BBEAEHUWE

K gucay rmaBHBIX 3a1a4 TEOPUU KOONEPAaTUBHBIX UTP OTHOCSTCS KOHCTPYHUPOBAHWE M aHAJIM3 pa3-
JIMYHBIX apOUTPAXKHBIX CXEM, PEAUTU3YIOIIUX TPUHIIUIIBI CIPABEMIMBOTO paclipenesieHUs rapaHTUpo-
BaHHOTO goxona v(Q) “Oonpinoii” koaauuu @ MeXIy ydacTHUKaMHu Urpsl I' = (Q, 2, v). IIpu sTom
Ba>KHEUIIIUM YCJIOBHEM SIBJISIETCSI MAKCUMAJIbHBINM y4eT BO3MOXHOCTEH “Majiblx” KOAIUIIUI ydacTHU-
KOB, OIMCBIBAaEMEIX ajireopoii . OnHa 13 HanboJiee IMOIMYISIPHLIX apOUTPaXKHBIX CXEM COCTOUT B MC-
MOJIb30BAaHUU TaK Ha3biBaeMoro gexmopa llenau ®(v) (cMm. [1], [2]) (B 1uTepaType MPUMEHSIETCS TaKXKe
CUHOHUM 3HaueHue lllenau, cm. [3—5]). UccnenoBanuio Bektopa lllenin HeaToMUUeCKUX Urp, MOIEIN -
PYIOILIIMX YCIOBUSI COBEPIIEHHON KOHKYPEHIIMM, TMOCBsIleHa (yHIaMeHTalbHass MoHorpadus [3].
31ech, Kak U B psifie paboT OpyTruX aBTOPOB (CM., HApuUMep, [6] 1 MMEIOLIYIOCsT TaM OOILINPHYIO O1G-
Juorpaduio), aHaTU3UPYIOTCS, IPEUMYIIIECTBEHHO, CIIeLIMaIbHbIE KJIaCChl UTP, MOPOXKIEHHbIE CyTep-
MO3ULIMSIMM BUAa v = f o |l, TIe f — BellleCTBeHHasl (PyHKLMSI OTPaHUYEHHON Bapyalui Ha OTpe3Ke
[0,1], HETMpepBIBHAS B €r0 KOHLIAX M TPUHUMAaoIasl HyJIeBoe 3HaueHne B Touke 0, a |l — HeaToMHU4YecKast
BEpPOSITHOCTHASI Mepa Ha OOpeJIeBCKOM G-ajiredpe 3TOTo OTpe3Ka.

B Hacrosiieii paboTe He HaKJIaAbIBACTCI HUKAKUX CIIEIIUAIbHBIX OTpaHUYeHUI Ha CIOCO0 MOPOXK-
JIEHUSI paccMaTpUBaeMBbIX KJlaccoB Urp. IlpemnaraemMplii ITOOXon OCHOBAH Ha aHaIM3€ ITOJIMHOMUAIb-
HBIX UTp B paMKax Teopun K -tipoctpaHcTB JI.B. KantopoBuua (cm. [7], [8], a Takxke [9]). MUcnionb3ysa
TPaaAULIMOHHYIO TEOPETUKO-UTPOBYIO TepMuUHOoJIoTHIO (cM. [1], [3]), mom KoonepaTUBHOI UTPOIi BCIOLY
Jlajiee TIOHMMAeTCsl YIIOMUHABIIUIACS yXXe o0beKT Buma I = (Q,E,v), rie 0 — HEKOTOpPOE HEITyCTOe
MHOXKECTBO, X — KaKasi-JIu0o ajireopa ero moaIMHOXKECTB, a v — (YHKIIUS, 3aJaHHasI Ha ajireope X. Die-
MEHTBI MHOXeCTBa Q Ha3bIBAIOTCS UTPOKAMM, a MOAMHOXECTBA ¢ C (Q, IpHHajIexXallue ajireope X, —
KOQIUIIMSIMHA UTPOKOB. 3HaUeHUsI (DYHKIIMHM v Ha BJIIEMEHTaX ajreOphl X TPAaKTYIOTCSI KaK MaKCUMalb-
HBII TapaHTUPOBAHHBIN JOXOM COOTBETCTBYIOIIMX KOoaMIIU. [0BOpsSI HECTpOTO, MCClIieAyeMblii B pabo-
te BekTop Illeruiu nmpeacraBisieT co00i1 CrielaabHbBII JTUHEHHBII OIIepaTop, COMTOCTABIISIONINI HEKO-
TOPBIM KOONepaTUBHBIM UTrpaM [” omuH 13 pa3yMHBIX BApMAaHTOB paclipeieieHNs MX MaKCUMAaIbHOTO

DPa6ora BeimonteHa npu rHaHcoBoit noanepxke PODU (rpant 19-10-00910) 1 nporpamMmbl (pyHIaMEHTATBHBIX HAYUYHBIX
uccienoBanuit CO PAH (Homep Tembl FWNF-2022-0019) u PO®U (rpaut 19-10-00910).
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noxoja v(Q), JOCTUTHYTOTO COBMECTHBIMM YCUJIMSIMU YYaCTHUKOB “00s1bl10i1” koanuuuu Q. YTo Kaca-
eTcsl (hopMajibHOII CTOPOHBI, TO M3JaraéMble B CIEAYIOIINX pa3aesiaX pe3yJabTaTbl OTHOCITCS K MHTE-
rpaJibHbIM TIpeacTaBiieHusIM BekTopa [ernu (cm. [5], [10]), obieryaroimimm ero oTbiICKaHUE TSI ITUPO-
KOTO KJIacca KOOIIePaTUBHBIX UTP. DTU Pe3yJIbTaThl OIYUYEHBI KaK IJISI KOHEYHOTO, TaK M1 O€CKOHEYHO-
ro 4ucjia WUrpokoB. B mociegHeM ciaydyae oco0oe BHMMaHUE YOEISeTCS OMHOPOMHBIM UIrpaM,
MOPOXIEHHBIM MPOU3BEACHUSIMU HEATOMUUECKUX BEPOSITHOCTHBIX Mep. IIpomoirkatoTcst nccienoBa-
HHS B3aMMOCBSI3U MexXay BekTopoM lllerniu u mojasspHeIMU ¢popMaM OMHOPOMHBIX UTP, HavaTkle B [2],
[11], [12]. I'maBHBII aKIIEHT AeaeTCs Ha BHIYMCIMTEIBHBIX aclieKTaxX (JJIsSI HEKOTOPHIX BaXKHBIX CIyJacB
JIaloTCsl HOBBIE (hOPMYJIbI, OoTpeaesiomue Bekrop [ernan Kak 10CTaTOYHO MPOCTYIO (PYHKIIUIO TTapa-
METPOB, 3aJaI0IINX PACCMATPUBAECMYIO KOOIIEPAaTUBHYIO UTpy). OCHOBHEIE U3 UCIIOJIb3YEMBIX PE3YIIb-
TaTOB, TIOJIYYeHHBIX B IIpeablaylnux padorax [2], [5], [13], kak mpaBuio, cHaOXeHBI 00Jiee KOPOTKMMU,
VIIPOIIIEHHBIMU JOKa3aTebcTBaMu. Kpome Toro, mpuBOASITCS YCOBEPILIEHCTBOBAHHBIE KPUTEPUU OJI-
HOPOIHOCTHU KaK B 00IIIeM cilydae, TaK U IS HEKOTOPBIX CIIeIIMAIbHBIX KJIACCOB UTP.

I'maBHOI OTIMUNTENBHOM t-If:pTOI‘/'I IIpeajiaaracMoro nmoaxoaa K uCCJ€aoBaHNIO BEKTOpa e ogHO-
POOHBIX KOOIIEPATUBHbIX UTP ABJIACTCA CUCTEMATUYCCKOC NCITOJIb30OBAHUC HpOﬂ,OJDKeHI/Iﬁ paccMaTpu-
Bac€MbIX ITOJIMHOMMUWAJIbHBIX (I)YHKL[I/Iﬁ MHOXKECTBa 40 OTBE€YAOIMX UM MEP HAa CUMMETPHNYICCKUX CTCIIC-
HAX UCXOOAHbIX UBMCPUMBIX ITPOCTPAHCTB.

1. OJHOPOJHBIE ITOJIMHOMMUAJIbHBIE UT'PHI
1.1. KB-npocmpancmeo V u ezo noonpocmpancmea V" V" u pV

[lepexons K oNMMcaHUIO U3y4aeMbIX KJIACCOB UTP, BBEAEM HEOOXOIUMBIE TOHATUS U OOO3HAYEHMUS.
Monoxum V' = {v : £ — R|v(J) = 0}. Ilyctb ¢ — MPOU3BOIBLHBIN 37eMeHT anre6pnl X. OG03HAUYUM
H (e) COBOKYITHOCTB BCEX KOHEUHBIX X-U3MEPUMBIX pPa30UeHN T MHOXeCTBa e. COIIACHO OIPENEICHUIO,
KaXIblit a7eMeHT 1| € H (e) mmeeT BUI N ={e,},, Tae A — KaKkoe-11nbo HEITyCTOEe KOHEYHOE MHOXECTBO,
BCE e, IpUHaIexar ajirebpe X, e, Ne, = J NpU a # a' U, HAKOHELL, BBITTOJIHSIETCS] PABEHCTBO

e, = e.
UaeA a

IHonoxum H = U 2H (e) m o1t kaxnoro pazoueHusi | = {e,}, € H u pynkuuu v € V' onpenenum
ee MOJIMHOMUAJIBHYIO pa3HocTh v(1) = v({e,}4) dopMmyioii
v = Y D" e, (L1)
0cA ac®

(3mech u nanee |[A\@ — YMCIIO 27TIEMEHTOB KOHEYHOTO MHOXecTBa A\®). Bennuuny |A| 6ynem Ha3bIBaTh
HOPAIKOM pa3sHoOCTH v({e,} ,)-

OTMmeTuM cpasy Ke JiBa MoJe3HbIX ToxaecTBa (cM. [2]):mpum =23 u A={1,....m—1,m,m+1} qnsa
JM000H MMOTMHOMUAIBHOM pa3HOCTH V({e,} ) BBITTOIHAETCS COOTHOLIEHUE

v({er,.. s lmnitt) = Ve, s lm1,m I mi}) — Vel . sl i,€m)) — Vel s €misCmii})- (1.2)

Kpowme Toro, mis mobeix e € £ un = {e,} , € H(e) CripaBelINBbI PAaBEHCTBA

viey= > v, ve, (1.3)

0cA

rae n“’ = {e,}, — Pa30MEHN MHOXECTB U e,, 4 BEIMYNHBI v(n“)) OIpEeNesIIOTCs, COIIacHO (hopmy-
acm
ne (1.1), paBeHcTBaMU

rm) =Y. 0" Je | oca

Hanee (1) 0603HayaeT MHOXECTBO MHIEKCOB pazoueHusi M = {e,}, € H :

Q(n) = A: n = {ea}A € H.
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Omnpenenenne 1 (cMm. [14]). Bemmunny

W, =sup{ D v®)line HQ)

ocQ(M)
OyJeM Ha3bIBaTh HOAUHOMUAAbHOU 8apuayueli pyHKyuu v. byneM roBopuTh, UTo GYHKIUS v € V' uMmeer
OrpaHIYEHHYIO MOIMHOMUATIBHYIO Bapuawuio, eciiu v, < eo. Tlomoxum
V="{ve VI, <
OnuuieM KOHYC BIOJIHE MOJIOXUTEIbHBIX (DYHKLMi, HAAEIAIOUMIA BEKTOPHOE IPOCTPAHCTBO V' ¢
HOPMOIi | - ||, cTpykTypoit KB-mpocTpaHcTBa.

Onpenenenue 2 (cM. [14]). ByneMm ToBopuTh, 4TO GYHKIMA v € V' 6noane nosoxcumenvha, eCIm ee mo-
JINHOMUAJIbHBIE PA3HOCTU HEOTPULIATENBHBL: V(1)) = 0 1151 Becex 1 € H. BeInykiiblii KOHYC BIIOJIHE MOJIO-
KUTENbHBIX GYHKIMET v € V' 0603HaYuM V.

SAcHo, uTo KOHYC V. conepxuTcs B V' 1 onpenensieMblit UM (4aCTUYHBII) NOPSIAOK
uzyvesu—vel,

BMECTE C HOPMOii |-[, ¥ omepammsiMi [OTOYEYHOTO CIIOXEHMSI M yMHOXEHHS (DyHKIMii Hazessier

OPOCTPAHCTBO V' CTIPYyKTypOil HOPMHMPOBAHHOIO ITOIYYIIOPSIIOYEHHOIO KOJblia. bonee Toro, mpo-
cTpaHCTBO V' mpencrabisieT coboii KB -konbuo (cM. [14]). B yacTHOCTH, OHO SIBJISIETCSI YCIOBHO-TTOJI-

HBIM OTHOCUTEJIBHO MOJIYYIIOPSIIOYEHHOCTU =,. [Ip1 3TOM HOpMa || . ||0 COBMECTHMMA C YACTUYHBIM TTO-
pAOKOM: MOHOTOHHas (0)-CXOIUMOCTB V, lo v, T ©0) BJIEYET MOHOTOHHYIO CXOIMMOCTD ||vn||0 lo
(||v,,||0 T o0) B HODMUPOBAHHOM MPOCTPAHCTBE (V,|| . ||0).

[amee OCHOBHYIO POJIb UTPAIOT TaK Ha3bIBacMble IMOJMHOMMUAIbHBIE (DYHKIINM MHOXeCTBa U3 V
MpeacTaBIIsSIIoIINEe COO0M aHAIOTU TOJUHOMMABbHBIX (DYHKIIMOHAJIOB HAa BEKTOPHBIX MPOCTPAHCTBAX
(cm. [15]).

Onpenenenue 3 (cM. [12]). DyHkuMIO v € V' OyneM Ha3bIBaTb HOAUHOMUAABHOU NOPAOKA N, €CJIU BCE
ee MoJIMHOMUAaJIbHbIE PA3HOCTU TTOpsifiKa 1 + 1 oOpalaroTcs B HyJb:

V({ea}A) = O: {ea}A € H: |A| =n+l.

COBOKYITHOCTb BCeX TaKUX (PyHKLMI 0603HauuM V",

1 o
OTrmMmeTumM cpagy XK€, 4To V' — obObryHOE IIPOCTPAaHCTBO KOHCYHO-aAAUTHUBHBIX ME€P OrpaHUYCHHOU
< 1 I
Bapuvaluu. HpI/I 3TOM HOpMa ITOJIMHOMUHAJIbHOM Bapuyaliun ” . "0 coBmagaeT Ha V'~ ¢ KJlaCCUYECKOM HOp-

MO OJIHOM BapUaluu || . ||

V] =sup ¥ e )lin = {e}s € HQ)t,

asQ(M)

1
a OMHapHOE OTHOIIEHUE 2, B V' — ¢ OOBIYHBIM ITOPSIKOM >
uzv & ule) 2vie), ee .
Kpome Toro, Ha ocHoBanuu (1.2) nMeeM: U3 IIOJIMHOMUATIBHOCTH (DYHKIIMH v TTOPSIIKA # BHITEKAET €€

IOJIMHOMUAIbHOCTB JIIOOOTO MOpsIAKa m > # (T.€. CIIpaBeIIUBLI BiloxeHus V" < V" mia Bcex m > n).

Onpenenenue 4 (cM. [13]). [Tonoxum pV = | l 1I/ " . DneMeHTHI ceMelicTBa pV OGyneM Ha3bIBATh 1O-
=
AUHOMUANBHBIMU QYHKYUAMU MHONCECEA.

Crnenyst cTaHIapTHBIM 0003HAYEHUSIM TEOPUUM BEKTOPHBIX PEIIETOK, IST KaxXaoil GdyHKIuu v € V'
OTPENIEINM €€ MOJOXUTENBHYIO, OTPULIATEIbHYIO U MOJTHYIO Bapualnuu

vi=vv0, v =(=»)vO0, =()vy

COOTBETCTBEHHO (3[1€Ch, KaK OOBIUHO, # V W (4 A W) 0003HAUYaIOT TOUHYIO BEPXHIOIO (HUXXHIOIO) rpaHb
MHOXeCTBA {u, w} B mpocTpaHcTBe (V,2>))).

XKYPHAJT BBIYMCIIUTEIBbHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Ttom 63 Ne 3 2023
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3ameuanne 1. 13 Ttoro, uto V gBnsietcss KB-TIpOCTPaHCTBOM, Ha OCHOBAHMU OOIIEil TeOpUU BEeK-
TOPHBIX PEIIETOK IOJydaeM, UTO CIPABEIIMBO Pa3IOXEHUE

v =v'—v s kaxnpoit yHkuuu v e V. (1.4)

ITpy 5TOM HEMOCPEICTBEHHO U3 OIIPEAeICHHS TOJOXUTENbHOM (v ) 1 OTpULIaTeIbHOIM (v ) BapraLuit
UMEEM U 2 v, w >, v s Mo0bIX u,w € V, Takux, 4ro v = uy —w. OTCloa, y4yuTbIBasi paBEHCTBa

+ - + -
[v|=v" +v uv’ Av =0 (BhITeKaloIINEe U3 TOTO, YTO /' — BEKTOPHAS pellleTKa), HETPYIHO MOJTYIHUTh
CJIeMyIOIIVe BhIpaskeHUs IS TIOTMHOMMAILHOM BapHalliu v

Vl, = VI(Q) = inf{u(Q) + w(Q)|u —w = v, u,we V,}.

Onpenenenne 5 (cMm. [13], [14]). ByneM roBoputs, uto GpyHKLMA v € V" aBnsgercs 00HopodHoii nopso-
Ka n, eciiv OHA JU3BIOHKTHA C TpocTpaHcTBoM V™' (T.e. [v| A |u| = 0 nnst Becex u € V"1, CoBoKymHOCTB

BCEX OIHOPOIHBIX TOPSIIKA /1 TIOJTNHOMHATBHBIX (DYHKLMiT MHOXecTBa 0603HaunM V. (3nech n nanee

V' =v®:={0})

3ameuanne 2. [TomuepkHeM, YTO OMHOPOAHOCTh (PYHKIIMM MHOXECTBA B CMBIC/E OIpeneeHus 5
KapIWHAJIbHO OTIMYAETCSI OT OQHOPOIHOCTU CcTeleHu 1, paccMaTtpuBamwoleiics B [3]. THIUYHBIM TTpH-
MepoM (PYHKILIMIT MHOXECTBA OTHOPOIHBLIX CTEIICHUW 1 SIBJISIIOTCSI, HAIIpUMED, CYIepro3UlUU BUIA
v = f o, IIe L ecTb HeaTOMMUYECKasi Mepa Ha OopelieBCKoil G-airedpe orpeska [0,1], a f — Belue-
cTBeHHast pyHKums, nuddepeHurpyemMast Ha o6iacTu R 3HaAUYEHMI MEpHI LI M OOHOPOAHAs cTeneHu |

(T.e. Takas, uro f(ox) = of (x) niusg Bcex o € [0,1] u x € R). B To ke BpeMs crenieHn uk YKa3aHHOU Me-
pHI [, OyAy4u OOJHOPOOHBIMU IIJISI BCeX k > 1 B CMBIC/IE ONPENeIeHUs 5, 3aBEIOMO He SIBJISIOTCSI OTHO-
ponHbiME cTertenu 1 (eMm. [3, § 26]).

HanomHuumM (cMm. [7]), 4To nBa 37eMeHTa X, ¥y BEKTOPHOI pelieTKu X Ha3bIBalOTCS NTU3bIOHKTHBIMU
(o6o3HaueHue xdy), eciu |x| A [y| = 0. Jlanee, aJieMeHT x Ha3bIBaeTCsl TU3BIOHKTHBIM C MHOXECTBOM
E < X (o6o3HaueHue xdE), ecnu xdy nnst Kaxnoro y € E. HamoMHuM ellie, 4To BCsiKasi apXruMeaoBa
BEKTOpHasl peleTka X SBJIsIeTCs AUCTPUOYTUBHOM CTPYKTypoii (cM., Hammpumep, [7, Teopema 111.5.1]

unu [9, Teopema 6.8]). CiaenoBareiapbHO, B yCIOBHO-TIONHON BEeKTOPHOI perieTke (V,>,) BBITTOIHSAETCS
COOTHOILLIEHUE

wuvvy IAw=wArw)v (v Aw) isaBcex uv,wel. (1.5)

Hcnionb3yst aucTpmOyTUBHBIN 3aKoH (1.5), mpuBeaemM NpocTyio, HO MOJAE3HYI0 B AaJbHEHIIEM AeTanr-
3alMI0 OIpeaeeHs] OMHOPOAHOCTU (PYyHKIIMIA U3 pV .

Ipenaoxenue 1. Qyuxuyus v € V" aeasemcs 00nopoonoii nopsdka n mozda u moavko moaoa, K020a 6bi-
NOAHAIOMCS COOMHOULEeHUS

viav!, vav!. (1.6)

(Bcrony nanee miig mo6oro nonMHoxecTsa W C V nomaraeM W, = W N V..)
JokasarenbcTBo. Kak yxxe orMedasnoch (3amedanue 1), 1151 11000 QYHKIMU v € V' ee TTOJOXKUTENb-

.,
Hasl ¥ OTpuILaTe/IbHas Bapualuy AU3bIOHKTHEL: v dv . [ToaTomy (cM. [7]) cipaBemIMBBI COOTHOIIIEHUSI

v|=v"+v =v"vv mnaBcexve V. CrenoBareibHo, 1 T00bIX GyHKUM v € V v u € V, BbIION-
HSIIOTCSI HEPaBEHCTBA

0<v  AuElAau, 0=Sv AuElviau
-1 - -1
OTcrogaipu v € VP nue V""" monyuaem TpeGyeMoe: v du v du nnsi Bcex u € |04

C apyroit CTOpoHBI, eciu Wi GYHKIUU v € V" BhINONHAIOTCA cooTHoweHus (1.6), B cuily 3aKoHa
nucTpuoyTuBHOCTH (1.5) nMeem

ViAu=@"vv)au=0 Au)v(y Au)=0
—1
s Beex u € V', 3HauuT, v omHOpoaHa nopsiaka . [pemioxenue 1 tokasaHo.

XKYPHAJT BBIYMCIIUTETIbHON MATEMATUKU U MATEMATUYECKOW ®U3UKU  Tom 63 Ne 3 2023
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B nanbHeiileM UCoNb3yIoTCs ClIELyIONIMe CBOICTBA MPOCTPaHCTB V", V" u pV.

IIpennoxenue 2 (cM. [14]). Koavyo pV seasemcs HopmaavHOU nodpeuemkoil (udeaiom) npocmpan-
cmea V(m.e.ve pV ulv|>, |ul ereuemu e pV).

Ipennoxenue 3 (cm. [13], [14]). [as 6cex n > 1 npocmpancmea V" u V" senasomes 3AMKHYMbIMU KOM-
nonenmamu (nosocamu) V- (m.e. udearamu, 3aMKHYmMuIMU OMHOCUMENbHO (0)-cxodumocmu). B uacmuocmu,

Ons kaxcdoul pyrkyuu v € V' u 011 kaxcoozo m 2 1 cyuwsecmeyem npoeKyus v ,, Ha ym.

Vim = SUP{u € Vvt 2, up—supwe Vv 2, wh;

npu 3mom (no onpedeneruro) cnpageorusa UMNAUKAUUS
veV, = v, € V™ oam ecex m=1.

OTMeTHM TaKXKe, 9TO Ha OCHOBAHHMM MPeIUIoKeHMsT 3 poctpancTsa V' u V' seisiorest mogpermer-
kamu V' . IToaToMy i1 Bcex 1 2> 1 cipaBeaIMBbl COOTHOIIIEHUS

veV ' =viv, eV veV®” =viv,ver™.
E1lie oqHO M3 BaXKHBIX CBOMCTB MOJIMHOMUAJIBHBIX (PYHKIIUIT MHOXKECTBA YCTaAHABIUBAETCS CIeAyIOLIeit
TEOPEMOIi O IEKOMITO3ULINU.
Teopema 1 (cMm. [2], [13]). Ansa kaxcdoeo n > 1 npocmpancmeo V" aeasiemes npamoii cymmoii nonapHo-
OU3BIOHKMHbBIX NOONPOCMPAHCING V™ - 045 ecarxoii Gyukyuu v € V" cywecmeyem eduncmeennoe npeocmae-

n
nNeHue v = z Vm» 20V, € V™ npu smom v,, = Vimy UVl A V| = 0 025 6cex | # m.
m—

1.2. Ananumuueckuii Kpumepuii 00HOpOOHOCMU
IMoMmMmo orpeneneHus 5 B paboTe UCIIONb3yeTCs M aHATUTUIECKIUM KPUTEPUT OMHOPOIHOCTH, Ha-

foluit orcanue GyHKmit v € V" B TepMIHAX aCHMITTOTUYECKOTO TIOBEICHUSI MX TIOJTMHOMUATBHBIX
pasHocTeii. B (hopmynupoBKe 3TOT0 KpuTepus, Kak U BCIOLy Aajiee, MpearojaraeTcs, YTo ceMeicTBa
H (e) ynopsimoyeHbl CTaHAapTHBIM 00pa3oM: 1 < & Toraa M TOJIBKO Tora, Korua pasouenue & € H(e) aB-
JISIeTCSl U3MeJTbueHUeM pa3oueHusi | € H(e) (T.e. KakIblil 3IeMEHT pa3oueHust & COMEPKUTCS B HEKO-
TOPOM 3jieMeHTe pa3bueHusi 1). [Ipu aTom 1o peneaom lim, ) &, TOHUMAETCsI Tpees 0600IIeH-
HOM TIOCIIeIOBATEIBHOCTU YUCEI {@p}ne pry) TIO HampaBiaeHHOCTU H(e). Tlpemnaraemplii HUXXe OOLIMA

AHATUTUYECKUI KPUTEPU OMHOPOTHOCTHU TIPEACTABIISIECT yIpolieHue kputepus (H) u3 [2], ocHoBaH-
Hoe Ha npepioxenuu 1 u3 m. 1.1.

Ilpennoxenne 4. Qyuxyua v € V" aeasemcs 00HopooHoii nopsadka n mozda u moavko moaoa, K020a 6bi-
NOAHAIOMCST COOMHOUEHUS

. + 0N . (P — — —1-
(H,) lim Zv M) = lim Zv M" =0, m=12,.,n-1;
meQn o)eQn

ede
(m) _ _
Q" = {wc Q)0 = m}.
(Kax 1 paHee, yepes |®| 0603HaYaeTCst YUCIIO AIEMEHTOB KOHEYHOTO MHOXKECTBA (.)
Joxka3arenbcTBo. Ha ocHoBanuu popmyiisl (1.4) u mpenoxeHus 1 mist noka3zaTeabCcTBa pacCMaTpu-

+
BacMOro yTBE€pXKICHUA JOCTATOYHO OIrpaHHMYMNTHCA MCCICOOBAHUEM Cliydad v € V+n (T.e. Iampnu v =v,

v_ =0). Urak, nycts v € V' ynosnerBopsier yciaosuio (H,) : limye o) Zmeg‘"” v(n®) = 0 msa Bcex
ul

. -1
m=1,2,...,n—1. JlonycTuM, 4TO IS HEKOTOPOIl (YHKLUMU u € V' BBHIMOIHAETCSI COOTHOLIEHUE

—1
w=uAv = 0. Torna, B cuy npemioxenus: 3 umeem: we V.. Tlpu 310M U3 w = ( BBITEKAET, YTO
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w(Q) = € IJIs1 HEKOTOPOTO MOJOXUTEJIbHOTO uncia €. OnHaKo B cuily yciaoBust (H,) cyluecTByeT pa3ou-
enue 1 € H(Q) Ttakoe, 4TO

n—1
S,m=>Y > vin)<e

= Pers

KpOMC TOIrOo, U3 OMNpPEACJICHNA W BbITCKACT HEPABEHCTBO W OS V. HOC—)TOMY IJI BBIIICYKA3aHHOTO

-1
pas6GueHus 1) BBULY BKIIOUeHUst w € V' (1 Ha ocHOBaHuM dopmyibl (1.3)) rmosryyaeM COOTHOLIIEHUE

n—1
wQ) =Y > win)< S, <e

= (k)
k l(x)EQn
Ho ono IIPOTUBOPECYUT PaBECHCTBY W(Q) = E&. HOJ'[y‘-ICHHOC IIPOTUBOPEYUE NOKA3bIBACT Tpe6yeMoe: v

OJHOpOAHAa IMopdaKa .

PaccmoTpum Tenepb MpOU3BOIBHBIN BJIEMEHT V € V+(") U TIOKAXXEM, UTO OH YIOBJIETBOPSIET YCIOBUIO
(H.). HamomHumM (cM. [13]), 4yTo 1151 BOONHE MOJ0XUTENbHOU DyHKIMU v TIPEAEb

= li ¢ = 1.7
val@) = lim D, vn®), m=12....m (L7)
[0S

CYLLECTBYIOT IPU JIIOOBIX e € X, a onpenessieMble cooTHoLeHrueM (1.7) dyHKIMA v,, yOIOBIETBOPSIOT
YCIIOBUSM

Vo<V, v,eV', m=172,..,n (1.8)

m 0=
VYuuteiBasg onpeneyieHue GyHkuuit v,, (cootHowenus (1.7)), dopmyay (1.3) 1 paBeHCTBO HYJIIO BCEX
MOJTMHOMMAIBHBIX pa3HOCTe DYHKUIMM v TIOPSIAKA m > n, TIOJIy4yaeM MPEACTaBICHUE v = v, + -+ + v,
n—1
e, coracHo (1.8), v,, € V" nnst Bcex m = 1,2,...,n. Tlosromy dyHKIMS W = Z | Vm TIPUHALICKUT
=

-1
Vn n, cjaeaoBaTcIbHO, AMU3BbIOHKTHaA C V. OTCIOI[a, WUTbIBasi, 4TO Vv = w+Vv, =2, w, IOJIy4yaeM
+ n =0
vaAw=w=0. HO, B CMJIY BITOJIHE ITOJIOXKUTCJIBbHOCTHN (I)YHKI_[I/Iﬁ V,,» IOCJIEAHEE COOTHOLICHWE BJICUET

CIIPaBEJIMBOCTb PABEHCTB v, = -+ = v,_; = (. DTH paBeHCTBa U 0O3HAYAIOT BBITIOJIHEHUE yciioBus (H.,)
IUTST paccMaTpuBaeMoit GyHKLINM V.

3ameuanne 3. Ha ocHoBaHuu npemnoxeHus 4 u opmyn (1.1), (1.3) nis Bcex v U3 V:”) BBITTOJTHSTIOTCS
paBeHCTBa

(H)  lim m}g;ﬂ)vm”) =v(©Q).

Hcnionb3ys hopmyiy (1.3) ¥ MOHOTOHHOCTH MOJMHOMUAIBHBIX pasHocTeil GyHKIMA v € V', MOXHO
ITOKa3aTh, YTO JUI1 OMHOPOLHOCTH BIIOJHE MOJIOXUTEIbHBIX (GYHKIMI 13 V" HEOOXOIMMO U 1OCTATOU-

HO BBITIONIHEHUSI ycinoBust (HY).

3ameuanne 4. Kak BbITeKaeT U3 pe3yabTaToB padbotsl [13], dyHKIIMHA v,,, OTIpeaeIeHHbIE B COOTBET-
ctBUU ¢ popmyJioii (1.7), yooBIETBOPSIOT YCIOBUIO

m®) = msiBcex e€exr u k=1,2,....m—1.

o n n
Takum o6pazom, 1ist 10001 GYHKLMU v € V' BBIIIOJTHSETCS PABEHCTBO vV = Z B

ey Ve I1pu 3ToM pop-

MmyJia (1.7) naet sBHOE olnpeneeHue NPOEKLUUU v € pV, Ha ITOJI0CY yom. v, = sup{we me) |w < v
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2. UHTET'PAJIBHOE INPEACTABJIEHUE BEKTOPA HIEITIN
2. 1. Axcuomamuueckoe onucanue eexmopa Illenau

IIpucrynas K akcuoMaTuueckoMy orrcanuio Bekropa Illeruiu, HamoMHuM (cM. [2], [3]), uTO mox-
MpocTpaHcTBO W C V' Ha3bIBaeTCs CUMMETPUYHBIM, ecTi Oov € W mnsaiBcex0e T uve W,tne J —
rpyrina aBToMop(u3MoB U3MEPUMOTO TMpocTpaHcTBa (Q,X), a GyHKLMU O o v onpeaensitorcs no ¢op-
MyJie

Oov(e) =v(B(e)), 0€TJ, eck

Otmernm, uto monnpoctpanctsa V™, V™, pV u SIBJISIIOTCSI CHMMETPUYHBIMU. 30eCh, KakK U B |3
5 b b b 5
[5], yepe3 fV oGo3HavaeTcst ceMeiicTBO BeeX GMHUTHBIX (DYHKIIMIA MHOXeECTBA 13 V'

SV ={ve V|AR e Suppv : (|R| < =)}.
3nech Supp v — COBOKYITHOCTb BCeX HocuTeliei hyHKmu v (eM. [2], [3]):
Suppv = {Re Z|v(e " R) = v(e), e € X}.
Onpenenenue 6 (cM. [2], [16]). Bexmopom Illenau na cummempuurom noonpocmparcmee W C V oymem

o o 1 o
HasbIBaTh JIMHENHBIN onepatop @ : W — V', yIOBAETBOPSIOLINI YCIOBUSIM

1
Al. ®(v)e V.  npnsaBcexve W NV,
A2. ®Oov)=0oD(v) usiBcexOe T, ve W;
A3. ®()(R) = v(Q) nnsi Bcex R e Suppv,ve W.
3ameuanme 5. [Ipemraraemas akcmomMaTka pacCunTaHa Ha IIPOCTPaHCTBA, coaepkalire QYHKIINY C
HEHYJIeBOI aTOMUYECKOM (AUCKPETHOM) COCTABIISIIONIEH, B TOM YUcJie U Ha pUHUTHBIC UTPHI. [ToaToMy
ycioBue A3, Kacalollleecs apeTo-oNnTUMaIbHOCTU pactpeaeneHus d(v), naHo B Tol ke popMe, UTo U

ISl KOHEYHBIX UTp (U1 HeaTOMMYECKUX, KaK BUAHO U3 [3], moctaToyeH BapuaHT D(v)(Q) = v(Q)).
YuuTbiBasi TeopeMbl enMHCTBEHHOCTH (cM. [1], [3]), ycTaHOBieHHbIe 17151 bv' NA u fV , HETpyIHO Tpo-

BEPUTD, YTO KOHCTPYyUPYeMbIil najiee ornepatop @y COBIAIAET C KJIACCUYECKUM 3HAYEHUEM Kak Ha [V,
Tak ¥ Ha noanpoctpaHctBe pvNA = bv'NA N pV . HanomHum (cM. [3]), uTto bv' NA — 3amMbIKaHUE B
HOPME ITOJIHOM Bapyaluy JIMHEMHOTO NPOCTPAHCTBA, MOPOXKAEHHOIO BCEMU UTPaMU BUIA f o L, Taef —
¢yHKIIMS orpaHUYeHHOU Bapuauuu Ha otpe3ke I = [0,1] Takas, yto f(0) = 0 u HenpepbIBHAs B TOUKaX
Owu 1, al — HeaTOMUYEecKast BEpOSITHOCTHAsI Mepa Ha OopesieBCKoil G-anredbpe B MHoxecTBa . OTMETUM
TaK:Ke, UTO B OTJIMYME OT paboThI [3], yciioBue Al HakjagpIBaeT Oosee ci1adoe TpeOoBaHME Ha IOIOXKM -
TeJILHOCThH oriepaTopa d: BMecTo KOHyca MOHOTOHHBIX (pyHKIIMI MHOXKeCcTBa B Al ucCIoib3yeTcs 0ojiee
Y3KMI KOHYC BIIOJIHE TTOJOXUTENbHBIX (QPYyHKUMA V,.

2.2. @ynxyuonan llenau: ocnosuvie ceoiicmea

B nanbHeinx paccMOTPEeHUSIX OrpaHUUMMCS ciiyyaeM W = pV (XOTs ucriojib3yemMasi apryMeHTa-
oyt 0e3 CyIIeCTBEeHHBIX M3MEHEHUI ITPOXOANT U JJIST O0JIee MIMPOKOTo Kilacca aHaTUTUYEeCKMX (PYHK-
LIMI1 MHOXECTBA OrpaHUYEHHOM MMOJIMHOMUAIBHOM Bapuauuu, cM. [16]). CyTs npemjiaraeMoro rmoaxoaa
K TocTpoeHuio BekTopa lllennu Ha pV cocTOUT B MCMIOb30BAHWUM TTOAXOASIIETO OUJIMHEHHOTO (DYHK-
mmoHasa Sk : pV x B — R, mopoxXnamoIero NCKOMBI JTUHEWHBIM omnepatop ®. B COOTBETCTBUU C
dopmynoit

Dy (v)(e) = Sh(v,y.), e€X (2.1)

31ech, Kak OOBIYHO, ¥, — MHIUKATOPHAas (DyHKIIUS MHOXECTBA e (T.e. Y (f) =l nputuse uy,(t) =0
npu t u3 Q\e), B = B(Q,X) — BeKTOpHasl pelleTka OrpaHWYEHHBIX X-U3MEPUMbBIX BEIECTBEHHBIX
dynkumit Ha Q ¢ Hopmoit ||f]| = sup{l[f()llf€ O} M KOHyCOM MOJOXHTENBLHBIX 3IEMEHTOB
B, = B.(0,X) ={f € B|f(t) 20, t € Q}. Kak OyneT rmokaszaHo gajee, 3HaueHue yHKIIMOoHana Sh, bu-
rypupyiolero B ¢oopmyre (2.1), mpeacTtapisieT co00il v -UHTeTpajl HEKOTOPOTO CIIelIMaTIbHOIO YCpeaHe-
Hug GyHkumu f. OgHako BBUIY TOTO, UTO B psijie cllydyaeB 6osiee ynoOHa cTaHaapTHast TPaKTOBKa, B Ka-
yecTBe 0a3MCHOTO BbIOEPEM TOT BapUaHT onpencaeHus S (Ha3pIBaeMOro B HajbHeieM (yHKIIMOHa-
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Jiom lllernin), koTophlii HanboJiee 630K K TEOPETUKO-BEPOSITHOCTHOI MHTEpIpeTalnu orepatopa ®
(em. [11, [3], [4D)-
[MpuBeneM HeoOxonuMble 0603HaYeHust. 3abukcupyeM v e V, f € B, N = {e} uz H(Q) u MHOXe-

CTBO T, = {t.}] Takoe,uto t; € ¢; Vi = 1,2,...,m. O603Hauast uepe3 I1,, = T1(£2,) COBOKYITHOCTb BCEX I1e-
pecTaHOBOK MHoOXecTBa (M) = {1,2,...,m}, NOJOXUM

ST = > ST, (2.2)
- nell,,

rae
SHEMT) = D [tV (),
i=1

VD = Viera)s VD) = V(Uimien) = V(Uidieny)s £ € [2,ml.
Onpenenenue 7 (cM. [2]). Pyuxyuonanrom Illlenau na npoussedenuu npocmpancme pV u B Oynem Ha-
3BIBaTh oTOOpakeHue Sk : pV x B — R, onpenensiemoe dhopmynoit
Sh(v, f) = nilg{lg)Sv(f,ﬂ,Tn), ve pV, [feB (2.3)

151 TpoBEPKU KOPPEKTHOCTH OTIpEAETIEHUS 7 HEOOXOMUMO yOeaUThCs, YTO Ipu Bcex v € pV u f € B
npenes 0000IIEHHO Mocae10BaTebHOCTH {S, (f, M, Ty )} 4r() CYLIECTBYET, KOHEUCH U HE 3aBUCHT OT BbI-
Oopa MHOXeECTB T,. BBeneM HeKOTOpbIC MOHSTHSI M 0003HAYEHYsI, HEOOXOIMMBIE [UIsI TAKOI ITPOBEPKHU.
O603HauNM ¢ COBOKYITHOCTb BCEX KOHEUHBIX IIOIMHOXKECTB MHOXECTBA € ¥ PACCMOTPHM [POM3BOJIb-
Hble QYHKLUU O : Q[N] — Ruve V. dna kaxnoro pasouenus N = {e;}|' € H(Q) 3apukcupyeM HeKO-
TOPYIO CUCTEMY T = T, = {t.}/", YIOBIETBOPSIOILLYIO YCIIOBHIO Z; € ¢;, i € (1), 1 TIOIOXKUM
o _ o) o)
Simy =D arvm®,
ocQ(n)
e 1° = {, € t|i € @} wist Beex o < QM).

[N]

Onpenenenne 8 (cMm. [2]). CkaxeM, uto pyHKkuug o : Q' — R aBnsieTcsa v -uumezpupyemoii, eciv

npenen 06061EeHHOM ocneaoBaTenbHOCTH {S: (1, T)} H(0) CYILECTBYET, KOHEYEH U HE 3aBUCUT OT BbIOO-
pa cucrem t,,n € H(Q). OT1oT npenes 0603HAYUM Iocdv Y1 Ha30BEM V-UHTEerpajoM (hpyHKIIUH O .

3ameuanue 6. B psine cinyyaeB (Hampumep, IJIs1 peryJISIpHBIX UTpP, cM. [14]) v-uHTerpupoBaHUe peay-
LUPYETCS K BRIYMCIEHUIO MHTeTpajia (PyHKIIMHU O, TI0 “O0BIYHOI Mepe”: Iocdv = jocduv , TIe W, — cyer-
HO-aaIuTUBHAS (DYHKIUSI MHOXKECTBa, BOCCTaHABIMBaeMasi 10 PeryyIsIpHOI Urpe v Ha OCHOBAaHUU CO-
OTHOILIEHUIA uv(e[N') = y(e), e € X (mogpobHOCTU cM. B [5], [10]).

K uucny v-mHTEerpupyeMbIX (YyHKIMIA OTHOCSITCSI pa3IMYHbIe KOMITO3ULIMKA U3MEPUMbBIX U HeEIIpe-
PBIBHBIX (PYHKIIMI, MOTYMHEHHBIC HEKOTOPBIM TpeOOBaHUSIM COIIacOBaHHOCTU. [IpuBeaeM oouH U3

BapMAHTOB Takoii Kommosuimu. [1ycts dynkumst f : O — R takoBa, uto | f|| = sup{f(1)||t € O} <o, a

i

(0 — cUMMeTpUYHasl BEeLECTBEHHO3HauYHasl OyHKLMSI, ONPpeNeieHHas Ha n-MEPHOM KyoOe [—|| f

b

Komnosunumeit f n ¢ Oynem Ha3biBaTb GYHKUUIO f * ¢ : Q[N] — R, 3agaBaemyto opmynoit

O )., £@,)),  T=1t) € O,

0, B IIPOTUBHOM cIiIyyae,

o]

e Q) = {t c O||t| = n}. Dopmynupyembie HUXKE JIEMMBI TAIOT MPOCTHIE YCIOBUS V -UHTETPUPYEMOCTH

KOMTIO3UTIUM f * ¢, KOTOPBIE UCTIOIB3YIOTCS TIPU MPOBEPKE KOPPEKTHOCTH OTpeaesieHus (PyHKIIMOHA-
na [erm.
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Jlemma 1 (cm. [2]). Ilycmo f — npouseoavnas X-usmepumasn @yuxkyus usz B, a § — HenpepwviéHas cum-

MempuuHas YHKUuUs, 3a0aHHAsL HA N-MEePHOM Kybe [—|| f
uHmezpupyemoil 015 11000t Qyrkyuu v € pV'.

f ||]" Toeda ux komnosuyusa f * ¢ aeraemca v-

>

[Ipexne yem 3acpukcrupoBaTh TOT (PaKT, YTO GYHKIIMOHAI S/ KOPPEKTHO ONpeIie/icH, IIPUBEIEM IpY-
ryio (hopmyIty JUTst 9aCTHBIX CyMM S, (f,M, T, ), 3a1aBaeMbIX COOTHOIICHUsIMU (2.2). Takast popmyna, oT-
paxaromast CBsI3b MEXIy 3HaYeHUsIMU SA(v, f) U v-UHTETpaTaMU YCPEIHSIOMINX MPOIOJDKEHUN f Ha

Q[N] JlaeTcs clenyrolieii JeMMoit (Huxke ”c;’ ={er, li € o}).
Jlemma 2 (cMm. [2]). Mnsecexv e V u f € B cnpasedausa chopmyna
ST = Y SHamvn®), (2.4)
oc(n)
2de

=Y fo/M, teo™

et
Jlemmpbl 1, 2 noKa3bIBalOT KOPPEKTHOCTD oTpenesieHUus: (hyHKIMoHana Sh.

Teopema 2 (cM. [2]). Pyukyuonan llenau koppexmmuo onpedenen oasi ecexv € pV u f € B. Ilpu smom
cnpaseoausa gopmyna

Sh(v, f) = j fodv. (2.5)
Kax Bertekaer u3 ¢hopmyier (2.4) wist 4acTHBIX cyMM S, (f,M, T,)), dyHKunoHan Hlerum muHeeH mo

KaXIOMY apryMEHTY. YKaXXeM HEeKOTOpPbIe JOIMOIHUTEIbHBIE CBOCTBA 3TOro (hyHKIIMOHAaNa, obecrie-

1
YUBaloIe BO3MOXHOCTb IMTOCTPOEHUSI Ha €ro OCHOBE NCKOMOTO orepaTtopa ®,. : pV — V', ynoBiaeTBo-
psitoniero ycinosusim A1—A3.

Teopema 3 (cMm. [2]). buruneiinoiii hynxyuonan Sh = pV x B — R, 3adasaemviii popmynoii (2.3), nenpe-
pbleer Ha npoussedenuu npocmparcme (pV | - ||0) u(B,||- ||) OH ydosaemeopsiem cAeOyIoUUM YCA0BUAM:

Shl. Sh(v,f)=0,ve pV, =pV nV, fe B,;
Sh2. Sh(v,xz) = v(Q),ve pV,Re Suppv;
Sh3. Sh@ov,f)=Sh(v,0 ' o f),ve pV,0eT, fe B;
Sh4. |Sh(v, )| < ||f||||v ,»veEDpPV,feB
(30ecb u dasee B o f(t) := f(O(r)), 1t € Q).

2.3. @ynxyuonan llenau u onepamop Py

PaccMmotpuM Tertepb otobpaxkenne @y : pV — V', onpenensiemoe GopMyoit

D, (v) = S(v), ve pV, (2.6)
rae S(v) — pyHKIMsS MHOXECTBA, MPEACTaBIISIONIasl CO00i Cy>KeHue JIMHeiHoro (pyHKuunoHana Sh(v,-)
Ha CEMEMCTBO BCeX MHAMKATOPHBIX (QYHKIIUI MHOXECTB U3 X. Tak KakK (yHKIIMOHAI .S/ HeNIpEephIBEH U

OuiuHeeH, To @y, — TMHEHHBIN orlepaTtop Ha pV'; mpu 3TOM JJId KaXIoro v € pV (hyHKIIMS MHOXeCTBa
S(v) —annuTvBHas Mepa OoTpaHUYEHHON Bapualu Ha U3MepruMOoM IpocTpaHcTie (Q, X). Onupasich Ha
TeopeMy 3, MOXKHO YCTaHOBUTb, UYTO JJUHEUHBII oniepaTop P,, yIOBIETBOPSIET BCEM TPEOOBAHUSIM OIpe-
nenenus 6. JleiictButensHo, cBoiicTBa Al, A2 u cootHomenus Shl, Sh2 reopembl 3 ugeHTUYHBL. YTO

Kacaetrcs A3 (rmepectaHoBOYHOCTb @y ¢ aBToMopdu3dMamu 0 € 7'), TO 3TO CBOMCTBO BhITEKAET U3 1ie-
MOYKHU PABEHCTB

DB 0v) = SK)O o) = SO) (o) = 0o Pu(V)(e), e %

XKYPHAJT BBIYMCIIUTEIBbHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Ttom 63 Ne 3 2023



BEKTOP IIEITJIM OAHOPOOHbBLIX KOOITEPATUBHBIX UT'P 483

IlonBoass wWTOTM W YYUTHIBAs TEOPEMbl EIMHCTBEHHOCTW [Jig TIOANPOCTPAHCTB fV 1
pvNA = bv' NA N pV , BbITeKalolllMe U3 COOTBETCTBYIOLIUX pe3yabTraToB [1] u [3], chopMynupyeM Bbi-
IIeCKa3aHHOE B BUJIE CJICAYIOLIE TeOpEMBIL.

Teopema 4 (cMm. [2], [12]). Onepamop D, onpedenennsiii ha npocmpancmee pV ¢opmyaoii (2.6), yoo-
eaemeopsem eécem ycaosusim Al—A3. Boaree moeo, ecau Q = [0,1], a T = B, mo kaxicowiii auneiinwiii onepa-

mop® : pV — y! , 04151 KOMOopoeo evinoansaomes ycaogus A1—A3, coenadaem ¢ @y Ha noonpocmparcmeax
fV u pvNA.

3. MOJIAPHOE MNPEACTABJIEHMWE BEKTOPA IIEITJIN
3.1. Iloaspuas gpopma 00HopoOHOI Koonepamueoil uepul

[NpuBeneM HeKOTOpBIE TTOHSATHST, HEOOXOIMMBIE IIJIST TIOCTPOSHUS MHTEPECYIONIETO HAC TIpeacTaBiie-
Hus orieparopa @y . [Tpexie Bcero HAMOMHUM, 4TO yHKIwMs  : X" — R Ha3bIBaeTCS CUMMETPUYHOM
TMOJIMAAIUTUBHOM (byHKIIMEt MHOXECTBA, €CJIU OHA aAlAUTHUBHA I10 KaXXI0MY apr'yMEHTY U, KpOME TOrO,
IUISL JIIOOBIX €, ...,e, € X U L€ 11, BbINIOJIHAETCA PAaBEHCTBO

vye,...,e,) = W€y -»€nmy),

rIe, Kak ¥ paHee, [, — cOBOKyMTHOCTb BCEX MepecTaHOBOK MHOXecTBa {1,2,...,n}. BeITyKiblil KoHyC
BCEX HEOTPULATEIbHBIX CUMMETPUYHBIX MMOJMAIIMTUBHBIX GyHKIMA  : &' — R, 0603HaunM yepes
¥, a BEKTOPHOE ITPOCTPAHCTBO, COCTOsAIIEE U3 (DYHKLMIA, TPEACTABUMBIX B BUIE PA3HOCTHU IBYX DJIE-
MeHTOB 13 ¥ — uepe3 W". Bolieaum Kiiacce NoJIMaiinTUBHBIX GYHKUMiA \y € P, aHaTOTMUHBIX OHO-

ponubiM dyHKImsIM MHOXecTBa 13 V™. C 3T0ii Le/IbIo KaXIOMY pa36HEeHIIO
n= e} € H,(0):={£e HO)IQQ) = n}

COIMoCTaBMM COBOKYITHOCTD HE BCEX YITOPAOOYCHHDBIX 71-23JICMCHTHBIX ITOAMHOXKECTB MHOXKECTBA Q(T])

3aukcupyem y € ¥, u onpeesium 0606IIEHHYIO TIOCIEI0BATETBHOCTh {Wntne w0 TOE

v, = z vie;,...,e; ).

(igye - si)ETT))

YyutsiBast HEOTPULATEJIbHOCTb U MTOJIUAJAUTUBHOCTDL \f, HETPYAHO y6eL[I/ITbC9[, 4YTO IT0CJICa0BaTEC/Ib-
HOCTb {Y/; }rc i (o) STBJISIETCSI MOHOTOHHO BO3pacTaloLIei:

11 2 n = Wn' 2 Wn-
CJ'ICI[OBaTeJ'[bHO, OJIS1 KaxKaou (I)y'HK]_II/II/I Yy e \PZ CYLIECTBYET IMPECACI

Y,y (Q) = TIEI}'ITQ) WYy

0603HaunM P coBokymHOCTh DyHKLMI 13 P, [UIs KOTOPHIX BBIMOMHSIETCS YCIOBHUE
W(n)(Q) = W(Q) LRRE} Q) s
u nonoxnm P = ¢ g,

Onpenenenue 9 (cM. [2]). DiieMeHTB BEKTOPHOTO MTPOCTPaHCTBA p OyzaeM Ha3bIBaTb 00HOPOOHbIMU
noAUa0dOUMUBHBIMU PYHKUUIMU MHOICECNEA.

B nipuBeneHHBIX 0003HAYEHUSIX OTHO M3 IIABHBIX MOHSITUI pabOThl — MOHSTHE TOJISIPHON (DOPMBI
OTHOPOIHOM UTPHI v — MIPUHUMAET CIEAYIOIINI BUI.

Onpenenenue 10 (cMm. [2]). PyHKUMS Y, € ¥ HazpiBaercs noAAPHOU OpMOlL Uepbl v € y ™. ecnu
BBITIOJTHSIETCS COOTHOIIIEHYE

vie) =V, (e,...,e) s BCex eE€ X (3.1)
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,H TUMM CJIOBaAMU, ITOJHUAAIUTHUBHAA HKITWA < \Ij(n) — TojisipHast Gopma Urpel v € b (n), €CJI1 €€
14
JuaroHajiv3anusia (Cy)[(eHI/Ie , Ha 1TuaroHajib

D ={(e,...,e,)e X"|e, =...=¢,},
paccMaTpuBaeMoe Kak (DyHKIIMSI OQHOI'O apryMeHTa) COBIIaNaeT C v.

DopMynupyeMBIii HUKE pe3ylabTaT paboThl [2] MOKa3bIBAET, UTO IS 000N OTHOPOIHOM WIPhI
yey® noJjsipHas opma ¥, CyLIECTBYET U €AMHCTBEHHA; KPOME TOTO, AJISl KaXA0To # = 1 oToOpaxe-
HUE V > Y, SIBJISIETCS JUHEWHBIM U30MOPHOU3MOM BEKTOPHBIX PELIETOK V™ u W | HaneneHHBIX KO-
nycamu V" u ¥ coorBetcTBeHHO.

Teopema 5 (cM. [2]). Zaa kaxucdoeo n =1 cywecmeyem eOUHCMEEHHbLU AUHEUHbIT U30MOPDUIM
Ly : V" — ¥ maxoii, umo

LL L, (v)(e,...,e) = v(e),e€ X;

L2. L,y®ov)=00L,(v),0e€ T,

my — g

L3. L,(V;") =¥,
ede Boy(e,...,e,) = Y(b(e),...,0(e,)) orsa 6cexe,,...,e,c Zube J.

AcHo, yto ycnosue L1 ectb B TouHOCTH TpeboBaHue (3.1), npeabsiBisieMoe K MOJsSIpHON dopme f,
urpsi v € V. B KauecTBe CICACTBUS TEOPEMBI 5 [OJIyYaeM CJIeIyIOLLYIO XapaKTePH3aLNIo OXHOPOIHBIX
¢byHKIIM 13 V', yTOUHSIIONIYIO COOTBETCTBYIOIIMI pe3yabTat us [13].

CnencrBue 1 (cM. [2]). @yHKIIMS v IIPUHAIIEXKUAT V™ torma v ToIBKO TOrga, KOrJa OHa SIBJISeTCS

JUaroHaJIu3alueil HEKOTOpoi GyHKLIUU Y U3 o,
[IpuBeaeM omMH M3 OCHOBHBIX pE3YJIbTaTOB PaOOThI, YCTAHABIMBAIOIINUIA CBSI3h MEXIY ITOJISIPHBIMU

dopmMaMM OTHOPOOHBIX UTP M JIMHEHHBIM oriepatopom D, .

Teopema 6 (cMm. [2]). s kancdocon 21 uv e V"™ evinoansemes coommowerue

D (v)(e) = y,(e,0,...,0), ecZ 3.2)

2oe \Jy, — noAAPHAA popma uepsl v.

3.2. Bexmop Illenau 00HopoOHbIX HeAMOMUYECKUX USD

PaccmaTtpuBaemble majee WUrphbl IIPEICTABISIOT CO00I JIMHEHbIe KOMOMHAUWU (YHKUMWI BUOA

n .
vV = I I 1].,[:-1', rne W,...,u, — IMPOU3BOJIbHbIE KOHEYHbLIE HEOTPUILIATECIIbHBIE HEATOMUYECKUE MEPHI,
i=

oTipezieNieHHbIe Ha OopesieBcKol G-anrebpe 9B emnAMIHOTO oTpe3ka [0,1], a o, — TpOU3BOJIbHBIE HATY-
panbHbIe YKcia. CIob3ys TpUBOIUMYIO HIKE (DOPMYITY TSI TTOJTMHOMUATBHBIX Pa3HOCTEM TIPOU3Be-

IEeHUA v, - v, GyHKUUN v, v, € V':

Vv = Y v™)-vnm™), me H, (3.3)

X, | @ L @, =Q(1)

ITOJTy4aeMylo MHIYKIe Ha ocHoBaHUY paBeHCTB (1.1)—(1.3), IeTko TpoBepUTh CIPaBEeITMBOCTD He-
paBeHCTBa

i - vally < Wil vl - (3.4)

Bosee Toro, ecmu v, € V" (i =1,2), 1o, B cuiy (3.3), umeem w(e,,...,e,.;) = 0 Wit TI060TO pa3oueHUs

{e,...,e .} € H,tne w = v, - v,, n = n + n,. CiaenpoBarenpHo (¢ yueToM (3.3) u (3.4)), cnpaBeniuBa UM-
TUTKATITHST

v,e V" (i=1,2)=v v, V"™, (3.5)
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o n ;
IMTosTOoMy MHAYKIIMEH TIO # HETPYIHO yOEAUTHCS, UTO MHTEPECYIOIIe HAC (PYHKIIUU v = I I ' lu?‘ npu-
i=
oy +... 40, o
Hamtexar V . OT™MeTHM, 4TO aHajIor COOTHOLIEHMS (3.5) A1 OMHOPOAHBIX GYHKLUMI MHOXECTBa
crpaBeUIvB (B OOIIEM CIydae) JIUILIb TP HEKOTOPBIX JOMOJIHUTEIBHBIX YCIIOBUSIX, KACAIOIINXCI (PYHK-

LM v; € ¥ HanpuMep, Ipy HATMYNK HEIIEPECEKAIOLINXCS HOCHTE e (hyHKIIMIT v; ICTIOJIb30BaHUE
dopmysl (3.3) 1 npennoxeHus 4 gaeT cieayplice yTOYHeHe COOTHoIeHUs (3.5):

v,e V", i=1,21&[3R € Suppv (R "R, = D) = v, -v, € V"™, (3.6)

[MomuepkHeM, YTO IS OMHOPOTHBIX BIOJTHE TTOJIOKUTENBHBIX (DYHKIIUI v;, v, C KOHEUHBIMU HOCUTEIIS -
MU R, R, TpeboBaHNe TM3BIOHKTHOCTH MOCIENHUX, aHAIOTMYHOE TOMY, YTO (pUTYpUPYET B COOTHOILIE-
Huu (3.6), sIBIsIeTCS ¥ HEOOXOAUMBIM YCIIOBUEM OTHOPOTHOCTU TTPOU3BEICHUS V; - V,.

n .
OKa3bIBaCTC${, YTO IJid Q)YHKHI/H/I BUgav = I I . lu’ql C HCaTOMMWYECCKMMMU CYHETHO-aJANTNUBHBIMU CO-
i=

MHOXUTEJIAAMU [L; OJHOPOAHOCTb UMEET MECTO 0e3 Kakux-1mbo JOITOJTHUTEIIbHBIX Hpe,Z[HOJIO)KCHI/Iﬁ.
HpI/IBe,E[CM HEKOTOPLIC ITPNTTOKECHUA TEOPEMBI 60 IIOJIAPHOM IIPEACTABICHNUUN BEKTOPA ey ojst on-
HOPOIOHBIX IMTOJIMHOMMWAJIbHBIX UI'D K BBIYUCIICHUIO 3TOTO BEKTOPA IJIA ITOJIMHOMUAJIBHBIX UTP, IMTOPOXK-

JIIEHHBIX HeaTOMUYeCKUMU Mepamu. O003HaYUM 4Yepes cV+1 = cV+1(973) CEMEMNCTBO HEOTPULIATEIbHBIX
KOHEYHBIX CUETHO aIIUTUBHBIX (DYHKINIA MHOXECTBA, 3aJJaHHBIX Ha OOpelieBcKoil G-anredpe 9B equ-
HuaHOTO MHTepBana [0,1]. [IpuMeHssa n3BecTHyIO Teopemy JIsITyHOBa O BHIITYKJIOCTH MHOXECTBA 3HA-
YeHUI BEeKTOP3HAYHOI HeaTOMUUIECKOI MepHI (M. [17]), MOXXKHO yOeanThCS B CIPABEIJIMBOCTH CIIEIY-
OIIIE JIEMMBI, OIMMCHIBAIOIIEH IIMPOKUIA KJTACC OECKOHEYHBIX OMHOPOTHBIX MOIUHOMUATBHBIX UTD.

1
Jlemma 3 (cMm. [2]). Ecau eeposmuocmuvie mepoi ..., W, € cV (B) neamomuueckue, mo gynxyus
n o« o
v = I I _ W A6.1528MC51 6n10AIHE NOAOKHCUMENbHOU U 00HOPOOHOIL nopsdka n.
i=
Joka3arenbcTBo. [ToTMHOMUATBHOCTD MOPSIIKA 71 Y BITOJIHE TTOJIOKUTEIBHOCTh (DYHKIIMU Vv BBITEKA-
10T U3 HEOTPULIATEIbHOCTU M AIAUTUBHOCTU QyHKLMI |, U ToxaecTBa (3.3). Ocraercst yoeIuThCs JIULIb

B TOM, YTO UISl v BBITIONHSIETCS KpuTepuit ogqHoponHoctu (H,). C 3Toif 11eapl0 pacCMOTPUM BeK-

TOp3HaYHylO Mepy W = (W;,...,U,). Ha ocHoBanun teopemsl A.A. JIsimyHoBa u3 [17] 0 BBIMYKIJIOCTH
obyactn 3HAYCHUN HEeaTOMUYECKOUN BEKTOP3HAYHOI MepbI UMEEM: MHOXECTBO

u) = {(w(e),...,u,(e))|e € X} Bommykinoe. [Toatomy mist mob6oro k > 1 Haiinyres Q,,...,0, € B Takue,
aroQ c O, € ... O, = Q,umnpusroM U,(Q,) = j/k mascexi =1,2,...,nu j=1,2,...,k. Paccmor-
pum pazouenue &, = {f,,..., f,} € H(Q), onpeneaeHHOE COOTHOUICHUSIMU

j{ = le f‘/ = Qj\Qj—ls .] = 2’35"'5k'

SAcho, uto W,(f;) = 1/k mna Becex i =1,2,...,nu j =1,2,...,k. Icnio/ib3ysl 5TU pPaBEHCTBA U (POPMYJIbI

(rmke IT)) — COBOKYITHOCTB BeeX oToOpaxkeHuit 7t : {1,2,....n} — {1,2,..., m} Takux, uro ({1, 2, ..., n}) =
={1,2,....m})

vap = > [[wte). n=fe....e,be H, m=12,....n-1 (3.7)
m j=]
(ToJiydeHHbIe MpUMeHeHWeM cooTHoieHuit (1.3) W UWHAYKIUM TI0 m), OUEHUM BEeJIUYUHY

V€] = ZZ;ZQEQEM, v(EY) mpu k > n (31ech, Kak U paHee, Qg") = {0 < Q&)||0| = m}). Dra oueHka

HNMECT BU

-1
v[&k1<kiz Ll (3.8)
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VuureiBas, uto k! < (k —m)\k"™, umeem C;' /k" < 1/k"" mna Bcex m = 1,2,...,n — 1. O1ciona, npuHuMast

BO BHUMAaHMe, 4TO BeJIMUUHbI [T | He 3aBUCAT OT k, ITOJIydaeM CIIEAYIOILYI0 MOIUMBHUKALIHIO OLIEHKH (3.8):

n—1
gd< k‘j’fm,
m=1

L€ MOJIOXKUTEbHBIE KOHCTAHTHI d,, HE 3aBUCAT OT k. YuuTbiBasi cooTHouleHus (1.2), HeTpynHO ybe-

n—l1 .
JIUThCS, YTO MOCJIEA0BATEILHOCTh {Z lz Q<m>”(n“’)} SIBJISIETCSI MOHOTOHHO YOBIBaIOLIEH IS JTIO-
meLAEOS, H(Q)
00i1 BIOJIHE MOJIOXKUTENbHOM (hyHKIMU u. ClienoBarebHO, BBUAY paBeHcTBa lim, . v[€,] = 0, BbITe-
KaloIlero 13 rmojaydeHHoi MoguduKaluu olieHKHU (3.8), umeeM TpedyemMoe: GYHKIUS v YIOBJIETBOPSIET

ycnosuio (H, ). Jlemma 3 nokasaHa.

Hcnonp3oBaHme JIEMMBI 3 M TEOPEMBI 6 TTO3BOJISIET TTPEIIOKUTE 00Jiee KOHCTPYKTUBHBII, TT0 CpaB-
HeHU1o ¢ [3], criocoO BeruncaeHus sekropa Hlennu nist urp Buga u = f o |1, tae f — NOJMHOMUAIbHAS

(yHKUMS n BELIECTBEHHBIX NMEPEMEHHBIX, a L = (W,,...,[l,) — HEATOMUYECKAasl BEKTOP3HAYHAas Mepa.
Db deKTUBHOCTS IpeAjgaraeMoro crocoda 6a3upyercss Ha JOCTaTOYHO MPOCTOM CTPOSHUM ITOJISIPHBIX
¢dopM yKazaHHBIX UTP.

Jlemma 4 (cMm. [2]). Ecau mepot Wy, ..., L, Y0081emMEOPAIOM YCAOBUAM AeMMbL 3, MO nOAAPHAsA gopma S,
pyHKkyuu v = 1_[[:1 W; umeem uo

n

Vienone) =+ 3 [[wier)s €€ % (3.9)

n!ﬂ:eH,, i=1
20e 1, = I1 — coeokynnocms nepecmanoeok muoxcecmea {1,2,....n}.

n
Hoka3arenbcTBo. COOTHOILIIEHUE V(e) = I I ) l},Li(e) =\y,(e,...,e), e € X, Kak ! TOJINAAIUTABHOCTb U
i=
CUMMETPUYHOCTb PYHKIIMY Y, , onipeaesieHHoi hopMyoit (3.9), crienyoT HErmocpeacTBEHHO U3 ee o-

crpoeHus. JlIsT OpOBEpPKM BKIIOYEHUSI Y, € p 3aUKCUpyeM KaKoe-HUOyOb pa30oneHUe
n={e,...,e,;}€ HQ) (r 2 n) n, ucnonbsys ¢dopmyny (3.7) ¥ CUMMETPUYHOCTb PACCMATPUBAECMON
(bYHKIMHA Y, , BBIPa3UM 3HAYCHMsT 9TOW (YHKIMHU HA IMIMHIPUYCCKUX MHOXECTBAX ¢; X -+ X ¢; Yepe3
MOJIMHOMMAJIbHBIE Pa3HOCTU PYHKIIUHU v. COOTBETCTBYIOIINE BHIPAXKEHUST UMEIOT BUJT

\va(eila' . aei,,

)=Lvn®)
n.

IUTIS1 KaXKI0T0 A-3JIEMEHTHOIO MOAMHOXECTBA O = {ii,...,I,} < (7). OTcrona, o6o3Hayasi, Kak U paHee,
yepes 1) COBOKYIHOCTD yMOPSAMI0OYEHHBIX 71-3JIEMEHTHBIX TIOAMHOXECTB MHOXECTBA £(1)), TOJTydaeM:

BesmuuHa (Y, )y, := Z . HT‘\.pv(e,-],...,e,- ) paBHa CymMMe Z ,v(n®). CienoBarenbHO, HA OCHOBAHUY
-l )JELL, "

(i weQl
JIeMMBI 3 ¥ Kputepust ofHopoaHocTH (HF) (cM. 3aMevaHue 3) uMeeM limyy 0)(W,), = v(Q). Ho Torna,
B cuity paeHeTBa v(Q) = W, (0,...,0), monydaeM lim, ; 0)/(W, )y = Y, (0,...,0), UTO ¥ 1OKa3bIBACT Tpe-
Oyemoe BKIIIOUYEHUE f, € ¥ Jlemma 4 nokaszaHa.

IIpuBenemM, HaKOHEI, HECKOJBKO IMPOCTHIX, HO BaXXHBIX IJIST 001Ieit Teopun BekTopa Hlennu (cM.
[3]) pe3ynbTaToB, SIBASIIOLIMXCS MIPSIMBIM CJIEACTBUEM JIEMM 3, 4 1 TeopeMbI 6 O ITpeACTaBICHUM oIepa-

Topa Dy .
IIpennoxenue 5. /l1a a06020 Habopa Heamomuueckux mep ... WL, € cV+1 (W) cnpaseoausa popmyna
n 1 n
@ | [Tw | =2 T T @m. (3.10)
=1 =1 j=i
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n o
Hoka3arenbcTBo. Ha ocHoBaHUM 1eMMbI 3 PyHKIIUS v = I I _, M SIBIISIETCS OTHOPONHOT TIOPSIIKA 71.
i
Hcnonb3ys popmyity (3.2) u3 TeopeMbl 6 1 popmyiry (3.9) mist moisipHOI (hOPMBI UTPHI v, YCTAHOBJICH-
HYIO B JileMMe 4, TToJTydaeM NCKOMOE:

n

0@ = ,(@0....0 =3 (= D! [T m@ =3 [Tw,@ |n@). ecx
L=

=i nei=r =i

CnencrBue 2. [Tyctb v = f o, Tne f — nolnuHOMUaIbHASI GYHKLUS /1 BELIECTBEHHBIX TEPEMEHHBIX

takag, 9rto f(0) =0,au = (W,...,L,) — BEKTOp3HAYHAs HeaTOMUYeCKasl Mepa, 3aJaHHasl Ha G-aJreo-

pe RB. Torna BekTop Llennu urpsl v siBasieTcsi IMHEHHOM KOoMOMHauueit mep W,,...,|,. B yactHoCTH,

ecad U,...,\l, — BEPOSITHOCTHbIE HEATOMUYECKHUE MeEpbI, a f(Xi,...,X,) = ZK‘ < c,x" (3mech o =
slofsm

= ((Xl,...,OCn) — MYJIbTUMHACKCHI, OMNpCACIAI0OIINE CTCIIEHN COOTBETCTBYIOIIIMX MOHOMOB x* =

n o n
=1]_x"a o == E o 0,;), TO cripaBeuIMBa (hopmysia
i= -

n

. =>| > Zc, |, (3.11)

i=1 \U<of<m |ol

[IpsimeiM ciencTBreM bopmyiibl (3.11) sIBIsIETCSI OBOJIBLHO HEOXMAAHHBIN pe3yiIbTaT.

n [ 3
CnenctBue 3. Ilyctb v = E ) lciu’, rI€e L — HeaTOMHUYECKasl BEPOSITHOCTHASI Mepa Ha OOpeaeBCKOM
i=

o-anrebpe B . Ecnu Z:':l ¢ =1,1T0 O (v) = L.

3.3. O sexkmope Illenau koneunvix 00HOPOOHBIX USp

HO,[[‘{epKHCM, 4YTO yCJIOBUE HEATOMUYHOCTU MED U4,..., U, B JIEMME 3 umeer IIPpUHIOMWITNAJIBbHOC 3HaA-
YCHUC. CHpaBC,Z[J'II/IBOCTb UMILUIMKALUA BUOA

Wl € V= [w e v®
i=1

NMECT MECTO, B006H_[C TOBOpPA, JUIIb IMMPpHU JOCTATOYHO CHUJIbHBIX NOIMOJITHUTC/IbHbLIX IMPEATIOJIOXKCHMAX

OTHOCUTENBHO aJIUTUBHBIX (DYHKIINH |L;, BKITIOUAIOIINX HEKOTOPHIE YCIOBUS MU3BIOHKTHOCTH UX AVC-
KPETHBIX COCTaBISIONINX. BMecTe ¢ TeM B 11eJIOM psiae ciaydaeB camMu dopMyibl Bektopa [leniau oqHo-

n

POIHBIX UTP BUIA H (M; C QJUTUTUBHBIMU COMHOXHTEIIIMH WI; BIOJIHE aHATIOTYHbBI COOTHOIICHHUIO
i=

(3.10). He BnaBasich B TeXHUUYECKME AETaIU, IIPOMUTIOCTPUPYEM CKazaHHOe Ha mpumepe urp us3 V(Q) c

KOHEYHBIM MHOXECTBOM UTpOKOB Q = {1,2,...,q} u X = 20 = {ele < Q}. Ins Hayana B TEpMUHAX TaK
Ha3blBa€MbIX IUBUICHIOB XapllIaHbU JaaUM IJIs1 TAKUX UTP OoJiee NeTalbHOe ONCaHe HEKOTOPBIX Be-
JINYMH U OOBEKTOB, BBEIEHHBIX B M. 1. Hamomuum (cMm. [4], [18]), yro nuBuaeHnamu XapIuaHby v, KO-
ammnuii e € Q urpsl v € V(Q) Ha3bIBaIOTCS COOTBETCTBYIOIIME KOA(MPUIIMEHTHI pa3I0KeHUs

e
v = Zveu

eco,

¢dyHKIIMM v IO Oasucy {ue}eeco npoctpaHcTsa V(Q), cocTosmemy u3 urp enmHornacus u’. Iocaennue
IUIS1 KaXKA0TO e € G, ONpeAesstoTcs: popMyioin

W) = 1, ecm ecC/f;

0 B IIPOTHMBHOM cCJy4ae

3[€Ch, KaK 0ObIUHO, G, = {e < Q|e # @}). O nonHoTE U He3aBucUMocTH GyHKUMiA u#° cMm. [1].
0
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Hetpynao yoemnThest, 9To i IIpOCTPAHCTBA KOHEYHBIX UTP V' (Q) BBIMOIHSIOTCS CISIYIOIINE COOT-
HOILICHUS:

uzyv e Vec Qu, 2v,],

V.(Q) = {r e V(Q)|v, 2 0 mnsa Bcex e c O},
V" Q)={veV(@Q)|v,=0 nna scex e npu le|>m+1}, me|[l,q],

V(m)(Q) ={veV(Q)|v, =0 nns Bcex e nipu |e|#m}, me|[l,ql,
pV(Q) =V(Q)

(Kak 1 paHee, CUMBOJ |e| 0603HaYaeT MOIITHOCTh MHOXKECTBA ¢ ).

3ameuanune 7. CootHouieHue pV (Q) = V(Q), noka3bliBalollee, YTO BCE KOHEUHbIE UTPbI SBISIOTCS
MOJIMHOMUAIbHBIMU, BBITEKAET U3 TOTO, YTO MpH |Q| = ¢ BCE MOJIMHOMUATIbHbIE PA3HOCTH (DYHKIIMU
v € V(Q) nopsinka m > g + 1 paBHbl Hya10. JelCTBUTENBHO, B pacCMaTpUBAaEMO CUTYallUM Kaxao0e
pasduenue nie,...,e,} NOpsiaka m = g +1 CONEpPKUT, IO KpaiiHell Mepe, ONHO MYCTOE MHOXECTBO €.
Ho B aTOM cityuae, Kak HETpyIHO yoeauTbes, u3 ¢hopmyJsl (1.1) BerTekaeT paBeHCTBO v(T) = 0.

Yro kacaetcs opmyiibl Bektopa Illern ®(v) KoHeuHoit urpsl v € V(Q), TO IIpU UCIIOJIb30BaHUU
IUBUIEHIOB XaplIaHbU vV, OHA IPUHUMAET JOCTATOYHO MPOCTOM BUJL

Ov), =D v./leh i€Q,

eco;
rne 6; = {e  Qli € e}, i € Q (cM., Haripumep, [1]). YTouHeHHe ykazaHHOI (GOPMYJIBI B CIydae OIHO-
DOIHBIX TP Ha OCHOBAHWUH BBILIEIIPUBEICHHOTO OMMcaHust poctpascts V™ mpuHuMaer hopmy
o0y, =13 v, veV™©Q, ieQ m=12,..4 (.12)
eco;

Haxkonerr, u3 (3.12) oueBuAHBIM 00pa30M BBITEKAET Cieaytoias npocras popmyiia Bekropa lernau mis
KOHEUHBIX OTHOPOMTHBIX UTP (YKe He TpeOyIolast BEIMUCICHUS UX TUBUACHIOB XaplIaHbU):

O(v), = =[v(Q)—v(O\)], veV™©Q), icQ m=12,...4q (3.13)

3 |-

(T.e. B clyyae OMHOPOIHOCTH Topsinka m Urpsl v € V(Q) KoMIioHeHTHI ee BekTopa lllennu, comtacHo
(3.13), paBHBI m-M HOOJISIM COOTBETCTBYIOIIMX MapruHadbHbIX BKJIamoB v(Q) — v(Q\i) ee UTPOKOB B
“Oonplnyo” Koamuuuio Q).

Jlerko IIPOBE€PUTH, YTO M OIIMCAHUE ITOpsAIdKa 20 Ha IIPpOCTpaHCTBaX KOHCYHbLIX OJHOPOAHBLIX MIPD
JOITYCKAaCT CYIIECTBEHHOC YIIPOIICHUE!

uz,veVec Olue) 2vie), uveV™Q), m=1.2,..4q

3ameuanne 8. CpaBHMBAS BBHIMMCAHHBIE BBIIIE COOTHOIICHUS C ONpEeIeICHUSIMU U pe3yIbTaTaMMu,
NpUBEIEHHBIMU B pasn. 1, 2, Ierko yoeauThbCs, 9TO HanboJiee BaxKHbIE OOBEKTHI M YTBEPKICHUS B 00-
1IeM clydae UMEIOT 3HAUMTEIBbHO 0oJjiee CJIOXKHOE OTTMCaHUE, HEXe U 1JISI KOHEUHBIX UTP (TaK OOCTOUT
JIeJIo, HallpuMep, ¢ OOIIUM OMpeAeacHIeEM OTHOPOTHOCTH ITOJTMHOMUAIBHOM UTPBI — ONpeAeacHUE ).
ImaBHOIM MPUUYMHOI TIpeacTaBlIsIeTCsl OTCYTCTBHUE ITOAXOASIIEIO aHAJIOTa TUBUASHIOB XapllaHby IS
o0111ero ciydast Urp ¢ 6eCKOHEYHBIM YMCJIOM YYaCTHUKOB. B KOHEYHOM XKe cilydyae clienyeT OTMETUTh
MOJIE3HYIO POJIb YKA3aHHBIX IUBUICHIOB U IIPY aHAIN3€ HECUMMETPUYHBIX aHAJIOTOB BekTopa lllermu
(cMm., Hatpumep, [4], [18], [19]).

Hcronb3yst npuBeaeHHbIE OMcaHus KoHyca V, 1 nipoctpancts V" (Q), y , TIOKaXeM, 4TOo
+

n 1

JUIs1 KOHEUHBIX UTP v = I I M Tie Wy = (Wi )rep — HEHYJIEBbIE AIIMTUBHbBIE MePBI U3 V. (Q), cipaBe-
=

JIMBO CJIEYIOLIEE YTBEPXKIEHUE.
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n <
IIpennoxenne 6. Koneunas uepav = I I _ W A6asemes 00HOPOOHOIL NOpAOKa n moeda u moavko moeda,
i

Koeda Hocumenu mep \; nonapHo OU3BHOHKMHbL:

[Teev”© <0 n0 =2 odmecex i#j,
=1
ede Q; = tk € Q|u, # 0} — (Haumenvwuit) Hocumens mepoL |\, i = 1,2,...,n.

n
Jloka3zarenbcTBo. 13 popmyiisl (3.3) cpa3y Ke BBITEKAET, UTO UTpa v = I I _,M; IPMHAIUIEXUT TIPO-
i=

cTpaHcTBy V"(Q). 3HaYUT, COIIACHO BHILIENPUBEIEHHOMY ONMCAHUIO TIPOCTPaHCTB V" (Q), BBINOIHSA-

10TCS paBeHCTBa v, = () 1151 BCeX KOAJMLUI e C YMCIIOM UTPOKOB, IIPEBBILIAIOIINM BEJIUYUHY 7. JList 3a-
n (v (v

BepILIEHUS IPOBEPKU BKIIOUCHUS I I _ M€ Vf")(Q) B CJIy4dae MONAapHOM IU3bIOHKTHOCTU HOCUTeNen O,
i=

ocTaeTcst yOeIUThCs, UTO B YKa3aHHOM cutyanuu v, = 0 1is 110601 KOATUIUY e Takoi, uto |e| < n. Ho
pi |e| < n KOATUIIUS e, 0O4EBUIHBIM 00PA30M, He TIEPECEKAETCs C OMHUM U3 7 HEMYCThIX MOMAPHO AN3b-
IOHKTHBIX HocuTesneit Q,. To xe caMoe cripaBeaMBo U 1Jis JIo00it yactv a1oit Koanuuuu. Otciona, B cu-
Jy olnpesesieHus AMBUACHAA v, , TodydaeM uckomoe: v, = (. Yto kacaeTcst 06paTHON UMIUIMKALIMT

H“i eV”(Q) =0 N0, =D nanascex i#J
i=1

TO 30€CHh MOXKHO BOCITOJIb30BaTbCA HH,I[YKHI/Ieﬁ I10 n 1 JOCTAaTOYHO ITPOCTO IMPOBECPACMBbIM d)aKTOM, 4qTOo

n - n -1
U3 YCJIOBUSA I I M€ V+(")(Q) BBITEKAET CIIPABEJIMBOCTb BKJIIOUEHU I I~¢~Mi € V+(" )(Q),
i= =)

j =1,2,...,n (ycTaHAaBIMBAaeMBbIX PACCYXKIECHUSIMH OT IIPOTUBHOTO). YKa3aHHBIC BKITIOUEHUS Ha OCHO-
BaHWM MHIYKIIMOHHOTO MPENTOJIOXKEHHs U atoT Tpedyemoe: O, N Q; = & mns Beex i # j. [Ipennoxe-
HUeE 6 TOKa3aHo.

B zakmiouenme ormeTMM, 4to (opmyma mrd Bekropa llleruim KOHEYHOM OXHOPOTHONM WTPHI

n

I I ) 1“" € Vf”)(Q) BITOJIHE aHAJIOTUYHA TOIi, KOTOpas HalileHa JJisl HeaTOMUYECKUX UTP B Caydae 0ecKo-
i=

HEYHOTO YMCJIa UTPOKOB (CM. IIpemioxeHue 5 u3 . 3.2). UMeHHO, cripaBeqInBO COOTHOIIIEHE

TIw@ue ke, i=12..n

J#I

n
o []w| = ) (3.14)
e o, ke o\Jo.
i=1
Jloka3zaTenbCcTBO cooTHolueHus (3.14) mnpu ycaoBUU TOIMApHON AOU3BIOHKTHOCTU HOCHUTENCH
0,i=1,2,...,n, OIUPAETCS Ha JIETKO NIPOBEPSIEMYIO B 3TOM cilyyae GopmyJry Uil AUBUAEHIOB Xaplia-
HbU QYHKUIUU vV = :'71 W;:

n n
y = I I Wi,  ansg koammuuid e = {k;,...,k,} Takux, dyro (k,...,k,) € I I 0;
—_ 1
e i=1 i=1

0 B OCTAJIbBHBIX CJlIydasix,

a TaKKe Ha BhIIIeyKa3zaHHyIo ¢opMmyny (3.12) Bekropa Ilemimn omHOpPOTHO KOOIIEpaTUBHOM UTIPHI U3
npocTtpaHcTBa V' (Q), UCIONB3YIOIIYIO €€ TMBUACHIbI XapIllaHbU.
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