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I'maBa 3. 3agaua aHaJdM3a MHOTOIPOAYKTOBOM IOTOKOBOH
CETH B CJydYae HEM3BECTHOTO BeKTopa TpebOBaHUU
§1. MHOFOKPHTepHaJIBHaH IIOCTAaHOBKA 3aJavy aHaJIu3a

1.1. Popmaansanus peHieHUus 3agadu. PaccMoTpuM Temepb IOpy-
oW KpalHWH ciaydai HeloJHOW WHOOPpMHUPOBaHHOCTH. Ilpeamosoxum, ITO
npu ouerke >dpdexktuBnoctu MIl-ceru BekTOop TpeGoBanuil d He U3BECTEH
IV TPAHUIBl HEOTpeleTeHHOCTH TPebOBaHWH TATOTEIONTUX Map B CETH OKa-
3BIBAIOTCS CAUIIKOM IIUPOKAME. (THIUYHEIR mpuMep MONOBHON CHTYAIMA
maeT TeldedOHHAS CeTh, K KOTOPOH MOTYT TONCOENWHATHCS TOTB30BATEIN C
KOMTBIOTEPHBIME MOMEMaMu, TePeCchIIAIoNne GONbINNe MaCCUBBHI MAHHLIX,
UTO CHJIBHO MeHSeT 3aTrPy3Ky JUHWHM, a B KaKOM MecTe BO3HWKHET TaKas
aboHEHTCKas Tapa 3apaHee He m3BecTHO.) IIpw 5TOM rapaHTHpOBaHHbBIE TIO-
CTAHOBKM MalOT M3THUIIHE TMeCCUMUCTUIECKNe OIeHKM, a caabas — CHIBHO
3aBLINIEHHYI0, ¥ TO ¥ IPYTOe MAJ0 HHOOPMATHUBHO.

OnHUM U3 pa3zyMHBIX TTOIXOI0B K MccaenoBanuio BosmoxHocted MII-ceTn
o obecnedeHno TpebOBaHNY MOTL30BATENEH B TAHHOM CIyUae sBIASETCS Ba-
PUAHTHBIN aHAJHM3, KOTIa pelllaeTcs HeCKOJIBKO (MHOTO) BAPUAHTOB 3a1a4n
araauza MIl-ceTtw nas pa3andubIX BeKTOPOB TpebOBAHUN, B TOW WU WHON
CTETeHN TPEeNCTaBIATONIAX Bce MHOXKECTBO. Y KazaHHasd HHOOPMATIHS TPero-
crasisiercst JIIP (mumy, npuanMaomieMy pellleHus, HaIpUMep, 3aKa3quKy
CeTH WJIW ee TUCTIeTYepY ), KOTOPHIH fesaeT BEIBOIHI 06 sddekTusrocTH MII-
CeTH Ha OCHOBAHUW COOCTBEHHBIX OIEHOK BAXHOCTH PA3HBIX TPYNI Tpebo-
BaHWH, TPOTHO30B OYAyIIUX TpebOBaHWM, aHAJN3A CIETAHHBIX 3asBOK, KOP-
PEKTWPOBKY CTATUCTUIECKUX MAHHBIX ¥ T.M. MccremoBaTenb-MaTeMaTHK B
TAKOW CUTYAIMU [TOJDKEH IS KAXJOTO U3 BHIGPAHHBIX BEKTOPOB d PEIlUTh
OTMITUMU3ATMOHHAYIO 3a7Mady TOMCKa TPUEMIEMOTO pacipeneleHus TOTOKOB 1
COOTBETCTBEHHO ONTUMAILHOTO MYJILTUIOTOKA. B pe3yabTaTe TPUXOIAM
K 3a7ade TMapaMeTpUIecKoro mporpaMmmupoBanus Tuma (1.11), roe mapa-
MeTpPOM siBIsieTcss BeKTop TpeboBanuit d. 3amernm, uTo B 3amade (1.11)
yMHOXeHue d Ha MOCTOSHHYI TMPUBOIUT K YMEHBIIEHWIO BO CTOJIBKO XKe
pa3 Beaumunubl y(d). CienoBaTeqbHO, MBI MOXEM OTHODMHPOBATEH BEKTOP
TpebOBaHUY ¥ CINTATEH, YTO U3MEHEHNe TapaMeTpa IIPOUCKXOAUT Ha eMuHII-



HoM cuMiLIekce: d € D,
def e
i=1

(B ciyuae d;; = 0 s HEKOTOPOTO i’ 9TOT MHIEKC MCKIIOUAETCS M3 MHOXE-
crBa M B (1.11)). 3amaB muCKpeTHYIO AlNPOKCHMAINIO MHOXKECTBA 3HATe-
HUW TapaMeTpoB ¥ peurnB Habop 3amad (1.11), moayuum (¢ ompenesneHHo#
TOTHOCTHIO) ONHCcanne GYHKINOHAIBHBIX XapakTepucTuk MII-ceTn mis Beex
BO3MOXHBIX BapuaHToB Tpebopanwii. MMetomuecss B HacTOAIIIee BpeMs Me-
TOIBI TAPAMETPHAIECKOTO TPOTPAMMHUPOBAHUS TO3BOJIIOT TOCTPOUTE TaKoe
ONMCAHWe Iy TeM WTePaTUBHOTO IepecyeTa pellleHns onHoi 3amaqn (1.11) —
6e3 MHOTOKPATHOTO MPUMEHEeHUS TPOIenyp TMONCKA KOHKYPEHTHOTO MYJIbTH-
noToka (cM. HiKe §2, a Taxxke [64]).

Hpyroit mocTanoBkoi 3agaun anaanza MIl-ceTu B oTcyTcTBYE BeKTOpa
TpebOBAHUY WJIW 3asBOK TATOTEIONIAX Tap Ha Tepenady MOTOKa SBIAETCS
MHOTOKPUATEPHUAIBHAS TOCTAHOBKA: MAKCUMU3UPOBATE BEKTOP MYILTUIMOTO-
Ka Ha MHOXKeCTBe MOCTMXWMOCTH, T.e. HAUTH

Max{z| z € Z(¢)} = Max{z| (f,z) € X(¢)}. (1)

3mech MaKCHMHU3AIHS TPOBOIUTCSA B CMBICIE OTHOIIEHNS TaCcTHIHOTO TMOPSI]I-
Ka “ > 7 cpenm BekTOpoB m Max o6o3HadaeT MHOXECTBO MaKCHMaJIbLHBIX
(MIIsL 5TOTO OTHOIIEHWS ) JEMEHTOB — 3HAYEHWH BEKTOPHOTO KPUTEpHs, He
YBEJIWINBAEMEIX HU IO OMHOW KOMTIOHEHTE Ge3 YMEHBITEHUS 0 KaKo#-Iu60
npyroi [11, 67, 76], T.e. Max{z| z € Z(¢)} =

= 7%(c) ¥ (2% € Z(c)| V2 € Z(c) {¢>2°} = {z=2°}} =

={z° € Z(c)|Vz € Z(c) {Fie M: z;> 27} = {3je M: z < z}}.

Pemrenwem 3amaun (1) cauraercs muoxkectBo X 7 (c¢) Takux pacipemese-
HU# moTOKOB ¥ MyabTHIOTOKOB (f7,27) € X (¢), uro 2% € Z7(c), npuuen,
Vz? € Z%(c) 3(£%,2°) € X?(c). Toukn mmoxkecrBa X ?(c) waspiBaioTcs
onTuMaabHbIME 0 [lapero n OmxksopTy (I10), a camo mHOXecTBO afifex-
muéenbin. Anarormano, Z°%(c) — mmoscecmeo afdexmuenviz myapmuno-
moxos. Hapsiny ¢ spdbekTusnbiM ¢ 3anadei (1) acconumpyercs Taxxke 6oiee
IIMPOKOE MHOXKECTBO noayaddexmusnviz Touek wam Touek Caeiitepa X ©(c),
COOTBETCTBYIOIIECE MHOXKECTBY CAEUMEPOSCKUL MYALMUNOMOKOE

7°(e) ¥ {20 € Z(c)| V2 € Z(c) Fie M: 2 <25} —



He YIydIlaeMbIX 10 BCeM KOMIOHEHTaM Cpasy.

Hampumep, mjs MHOXECTBa HOCTHRKUMBIX MYJIbTHIOTOKOB, H300PaKeH-
HOTO Ha puc.7 (IBa BUAa TPOLYKTOB), BCS CEBEPO-BOCTOYHAS TPAHUIIA
(ABCDE) sBasieTcst caeiitepockoit, a orpeskn BC u CD — I10. Ilpu sTom
Touky noayuHTepBasnos [A,B) u (D,E] He 6yayT sddekTHBHBIMA MYIHTAIIO-
TokaMu. OTMeTHM, 4TO Ha puc.7 MOKasaHa XapakTepHas HopMa MHOXKECTBA
NOCTHRUMOCTH, TIOCKOJIBKY BMeCTe € JII0G0H CBOEH TOYKOW OHO CONEPXHUT M
HEOTPUIATENBHBIH BEKTOP ¢ MEHBIIUMHU KOMIIOHEHTAMMY.

Puc. 7

IlocranoBka 3anauu anaauza MIl-ceTu ¢ Hen3BeCTHBLIMU TPEOOBAHUS MY B
(dhopMe 3a1auu BEKTOPHOU OMTUMHU3AIKK OTPAKAET MHOTONONb30BATEICKIH
XapakTep ceTeBo cucTeMbl. He uMes KOIMUYeCcTBEHHBIX TOKa3aTelel, Halpu-
Mep, 3a8BOK aBOHEHTOB, €CTECTBEHHO ONMUCHIBATE QYHKIIMOHAJIBHBIE BO3MOX-
HocT MII-ceTw MHOXeCTBOM mOCTHXRUMOCTH Z(¢), TOTIA KaK IpeIeTbHbIe
BO3MOXHOCTH (GyHKIIMOHMPOBAHHUS 3a12€T MHOXKECTBO Z 7 (¢) MaKCHMaTbHBIX
3JIEMEHTOB MHOXECTBa MOCTHXUMOCTH. B ycioBusSx neduiimTa mpomycKHOMR
CIOCOGHOCTH pebep ceTu pacipejeserine TOTOKOB AJs TATOTEIONUX map Tak-
XKe MOJDKHO BHIOUpaThes u3 3GHeKTUBHOTO MHOXeCTBa. PaccMaTpuBaeMbrit
caydait #HGOPMUPOBAHHOCTH (HeMHGOPMUPOBAHHOCTH) He aeT MCCIeIoBa-
TeJ10 O6beK TUBHBIX OCHOBAHUH [IJIsi TOTO, YT0OB! npepnodecTs ogun 110 Bek-
Top mpyruMm. llosTomy mpuxomuTcs mpemocTaBasTh JIIIP omucanme Bcero
3O PEKTHBHOTO MHOXKeCTBa (WM €ro allpOKCHMAINIO) s CyOheKTHBHOTO
BBIGOpA KOHKPETHOT'O pellleHus.

ABTOpHI He MpuIAepXUBaOTCs TOUH Touku 3perus, uro JIIIP crenyer mpens-
SABJATH MaJiO BapHUaHTOB. HaHpOTHB TOT'O, CUATACM HGO6XOI[I/IMBIM YKa3aThb IIO
KpaWHel Mepe Bce YIJoBble TOUKM >DHEKTUBHOTO MHOXKECTBA, YTOOBI MOXHO OBI-
JIO TMIPpEeACTaBAUTL CaMO MHOXKECTBO (I/IJII/I C JacCTbhIO C.HGI;ITepOBCKI/IX TO‘IGK) n 1npu-
HUMaTBL PCIHICHUSA Ha OCHOBE MOJIHOR KapTHWHEL. ,HJI?[ obJieryeHus npeacTraBJICHUuAg



CYMIECTBYIOT ObIIIMEe METOMBI, HAIPUMED, TPOTPAMMBI, IEMOHCTPUPYIOIIUE PA3IAY-
HBIE IBYX- U TpexMmepHble rpanu MuoxecTBa 11O BekTopos [76, 39, 4, 40]. Ecau xe
JIIIP Bce paBHO TPYIOHO CHPaBUTLCI ¢ UMEIOIIeHcs WHGOPMAIMER, TO OH JOJXKEH
Jm6O TIONMBITATHCS Y3HATE MOGOJBIIE ([MOMYUIe) O BOSMOXKHBIX TPeGOBAHUSX MOJb-
30BaTeNen, Iub0 chOpMYyTUPOBATD MOMOJHUTENBHBIE KPUTEPUY, KOTOPBIMH OH 6y meT
PYKOBOICTBOBATHCS IPU OCYIIECTBIEHNN BhIOOpa n3 5hdeKTUBHOTO MHOXECTBa. B
MOCJETHEM CIydae IPUAEM K 3aiade onTuMusanuu Ha maoxecTBe 110 Touek. s ee
pellennst He 06s3aTeqBHO CHAYAIA alIPOKCUMUPOBATE MHOXKECTBO, TIOCKOJBKY TPH-
MEHHUMBI METOJIBI JIEKCHKOT paduuecKol onTrMu3anun (Kak He TOHAIOOMIICS SBHBIH
BUJI MHOXECTBA CBEPXKOHKYPEHTHBIX PEIEHUN IJs MOUCKA CYMEPKOHKYPEHTHOTO B
npenbiayiemM maparpade). [losToMy mis wccaenoBaTelst Takas MOCTAHOBKA OOBIY-
HO MPENNOYTUTENbHEE, ¥ KPOME TOr0, OHA TO3BOJSET OOBEKTUBU3UPOBATE BHIOOD
KOHKDPETHOTO pacupenenerus moTokoB B MIT-cetu. (Korja KpuTepun W3BECTHE, UX
MOXHO 06CYXIaTh WIIW C HUMU CIIOPUTH, UYTO O3y CIIOBHO JIy UIlle TIPUHSI THSI PETTEHU ST
[0 TPHWHIMIY HETOCTATOYHOTO OCHOBAHUS: “Kak 3aXoTeJsa JeBas Hora”.)
OTMeTHM, YTO, XOTSA B PACCMaTPABAEMON MOIEIH IPEAIOJaraeTcs IeH-
Tpadw30BaHHOE TPWHITHE pelleHWd — YyIpaBJeHWe TOTOKAMW, HeJIb3s He
VUUTHIBATE MHOTONOJNB30BATEThCKOTO XapakTepa MII-ceTu, T.e. mpueme-
MOCTH pellleHus A BcexX aboHeHTCKuX map. Ilpobiema coriacoBaHuS WHTe-
PECOB TaKXe MOXET MOTPpeOOBaATE MpelbABIeHUS 3PHEKTHBHOTO MHOXKECTBA,
HaIpUuMep, TOJHOMOYHBIM MPEACTaBUTENIM OTIEJIBHBIX TPYII MOJb30BaTe-
Jeit (ecay pedb WIAET O cHcTeMe 00eCTedeHnsT Pa3iuIHBIX PETHOHOB) M T.II.
Tak uTo paccMaTpuBaeMas B TaHHOM Haparpade 3arada ONMUCAHUS MHOXKe-
ctBa 11O perrennit oka3piBaeTcs TOCTAaTOYHO BaxkHou mas MII-cerei.
IIpenmosoxuM Tenepb, YTO U3BECTHHI T'PAHUILI IJs BeKTopa TpeboBa-
aud TaroTeormux map: d € D. Torga MOXHO ompeneiuTh Berwauny 67°
XKECTKO TapaHTHPOBAHHOMR 06ecieYeHHOCTH TpeGoBaHui (cM. 1i1.1) n mpueM-

JEMBIM CYHUTaTbhb TOJBKO T€ 3(1)(1)6KTI/IBHBI€ MYJbTHUIIOTOKHK ZQ, HJIsI KOTOPBIX

22 > 63d Vd € D, ve. 2 > fy(dme)dme, ne ' X maxd; Vi € M.
€

B stom cayqae JIIP mpenwssiasercs MeHbinee (0 CPaBHEHHIO € TPEIBILY-
M CIydaeM) MHOXKECTBO BapHAHTOB. | paHUIbI A1k 2 MOTYT OBITH TOJY-
YeHBbl M MCXOHs U3 KaKUX-JUGO NPYTUX MPEANOJOKEHUR, HAPpUMED, TyTeM
IPAMOTO 3alaHus ypoBHeH df HeoGXOMMMOTO MWHHMYMa IOTOKOB pPa3JImd-
HBIX mponykKToB (mpu ycaosuu d° € Z(c)). Ere onnn cnoco6 06beKTUBHOTO
COKPAIIEHUs KOJMUECTBA BAPUAHTOB, OcTaBiseMbix Ha mpouszsora JIIIP, ma-
0T YCIOBUS Ha pacipeneleHre MOTOKOB, TOUHEe, Ha MAPIIPYThl COSMUHEHU S
abOHEHTCKUX Tap, HATPUMED, OTPAHUYEHUS 110 YMCIY TPAHZUTOB UM HEOO-
XOIMMOCTH HECKOJTBKUX pebGepHO-HelepeceKaiomxces myTeil (cM. Beenenne).



K COXKaJICHNIO, 3[1eCh MLI y2K€ BLIXOIUM 3a IIpedeJibl KJaacca JUHEeNHBIX 3a7ad
1 TepideM BO3MOXHOCTE IIPUMEHCHU — IJIA allllPOKCHMaIluK 3(1)(1)6KTI/IBHOFO
MHOXKECTBa — MeTOHOB ITPOJOJI2KCHHU I, OIIMChIBaCMbIX HHUXKE (B §2)

1.2. ITapameTpu3anus pelleHus ¢ IOMOIIbLIO O6paTHOM JIOTH-
YyeckKou cBepTKH. TpamniuoHHEIM CTOCO60M ATNMPOKCHMATHT MHOXECTBA
MaKCUMYMOB BEKTOPHOTO KPUTEPUS ABJISETCS MAKCUMU3AIUI CBEPTKU 4acT-
HBIX KPUTEpHeB, HAPUMED, WX CYMMBI WM MHHAMYMa C BecaMu (T.H. JH-
HeWHAs ¥ JOTHIECKast CBEPTKA — CYIIECTBYIOT ¥ IPYTHe TUIBI CBEPTOK [1]).
Beconrbie kodhpuimenTH 06BITHO GepyTCs U3 CTAHIAPTHOTO CUMTIIEKCa 1 Ka-
KoMy Habopy BecoB cooTBeTcTBYeT HekoTopas [1O uiu caeiirepoBckas TOY-
ka. Taxkum o6pa3oM, 3a1aB amITPOKCUMAIATO CAMIITEKCA, MOXHO TOIYIATE B
TOM WK MHOU GopMe annpoKcuMalinio 3hGeK TUBHOTO MHOXKECTBA Iy TeM pe-
IIEHNS TapaMeTPUIEcKOTO CeMeHCTBa 3a1ad MaKCHMU3AINA CBePTKY (mapa-
MeTPOM CJIYXKHT BEKTOpP BeCOBBIX K0dbduunuenToB). KavecTBo monyuenton
aNTpOKCHMAIAu (HalpyuMep, PAaBHOMEPHOCTH) 3aBUCAT OT KOHKPETHOTO TH-
Ta CBePTKH. B 9acTHOCTH, TWHEHHAs CBepTKA B JHHEHHOM cJaydae TO3BOJIET
peaJyibHO HAUTH JUIIb YTJOBble TOYKHU, TOCKOJBKY I TTOCTPOEHUs TPaHu dh-
(HEeKTUBHOTO MHOXKECTBa HAI0 “yrajgaTh’ BEKTOP BECOBBIX KO3hD(DUIIMEHTOB,
COBIANAOIIINMA C HOPMAJbIO K 3TOW I'paHi.

CyI1iecTBEHHBIM MOMEHTOM IIPH HCTOTB30BAHAY CBEPTOK (KaK ¥ IPH APY-
rux crnocobax annpoKCUMallMK, HalpuMmep, 110 MeTOdy TOCJeNoBaTelbHbIX
ycTynok [56]) okasbiBaeTcs pasnenenue >PHEKTHBHBIX U TOMYIPHEK THB-
HBIX TOUYeK, 0cobeHHO, Tpaneil MuHOXecTBa Caeiitepa [69, 59]. [las rpaneit,
ne sastorruxes 110, Bcerma HadijeTcs HOMYCTUMBIR MYJBTUIOTOK, GoJee
NPENImoYTUTENbHBIN HJs KOro-Jiubo U3 MoJb3oBaTelell U He MeHee TIPEHIo-
YTHTEJNBHBIR 151 OCTAJNBHBIX TsroTeomnux nap. C Touku 3penus 3hHekTun-
HOCTY CETH B IEJIOM TaKOU MOTOK 6e3yCcIOBHO Jydie. 3agada COCTOUT B TOM,
4TOOBI BHIIEJNUTH HE TOJBKO YIJIOBble TOUKHU, HO 3hdeKTUBHBIE TPaHu, UbO
noJys>pheKTUBHBIE TPaHk TaKke UMeloT 3GdheKTUBHBbIE TPAHUUYHBIE TOUKM.
EctectBenno, uTo >dhdekTUBHON 6yNeT TpaHb, Bce YTIOBbE TOYKHW KOTOPOH
3(pdeKTUBHBIE, OIHAKO, MPOBEPKA BCEX YIJOBBIX TOUEK TPpebyeT CJAUIIKOM
6oabIoro nepebopa. U xoTs MogoGHBIEe METOIBI [Js OOIMX JWHEHHBIX 3a-
flay TOCTATOYHO pacIpocTpanensr [76, 29, 165], pa3MepHOCTH CETEBHIX 3a1ad
CUJILHO 3aTPyIOHAET UX PUMeHeHUe.

HpyruM BaXXHBIM cBoMcTBOM, KoToporo oxunaer JIIIP ot ammpoxcu-
Malliu, a TouyHee, TMapamMeTpusalinu dPGHeKTUBHOTO MHOXKECTBa, SABJSETCS
HHTEPHPETUPYEMOCTE KO3hduIueHToB cBepTKU. ConepiKaTelbHbll CMBICT
BecoBBIX KodhunmenToB mozBoaseT JIIIP opmenTuwpoBaThecs Ha HUX TIPH



BeiGope koukpeTHo# IO Touku u cnocobeTByeT 06HEKTUBH3ANMUY MTPOIIECCA
npuHSTUs perteruit. Tak uro gajsee B nanHoU paboTe GyIeT UCIOIB30BATH-
cst obpaTHas jgorndeckas ceeptka (OJIC) [70]. Makcumusupyemas GyHKIHS
mist OJIC otamgaercs ot sgorudeckoir cBeptku (JIC) Tem, aTo Beca cTOST
B 3HaMeHaTese (HOPMAIBHO HTO OTJIMUKE CYIIECTBEHHO, KOO TO-TPEXHEMY
BEKTOp KOdDPHUINEHTOB U3MEHS€TCS Ha CHMIIEKCe ), ¥ st 3amadn (1) nveeT
BU/I
.2

ZEHJ\I/} ?d) di’
rae M(d) & {ie M| d; >0},d €D, D — enunnunsii cumiiekc. B Takoi
3AMUCA COEPKATETbHAS WHTEPIPEeTANUS KAXKAOTO KOodDPUIMeHTa OYeBU]I-
Ha, 3TO — HOJs TpebOBaHWMU MaHHOW TATOTEOIIed maphl B OOITIEed cyMMe
TpeboBanui. Pasubie BeKTOPHI KO3)PUIMEHTOB COOTBETCTBYIOT PA3JIUYHBIM
BapuMaHTaM paciipeleeHus CyMMapHOTO 3aIpoca modb3oBaTedei. PesynabTu-
PYIOIIHAH MyJThTUITOTOK — KOHKYPEHTHBIH [133] mirst mosryanBIIierocst BeEKTopa
TpeboBaHmii.

Has reomerpuueckoit wimtoctpaimuu OJIC B cpaBHenuu ¢ JTuHeRHOM
CBEPTKOU BepHEMCS K MOIETbLHOMY MHOXECTBY [NOCTHXKUMOCTH € PHC.T.
Ha pucynke 8 mTpuxoBKOW 0003HAUEHLI JUHUW YPOBHS JIUHEHHOW CBEPT-
K7 (pa3Hble HAKJIOHBI JUHUH O3HAYAIOT pa3Hble BEKTOPHI KOY(POUIHEHTOB),
a nyakTupom — QJIC, BekTOpBI KO3DOUIIUEHTOB TTOMEUeHbl “CTPesoukon” .
Herpynuo BuneTs, uTo Kax ol BHyTpented Touke 1O rpanu coorBeTcTBY-
et cBoit BekTOp Koddduimentos OJIC, Torna kak JguHelHas cBepTKa yKa-
3aHHBIM CBOMCTBOM He obaamaer. I'panuunbim Toukam B u D 11O rpanei
COOTBETCTBYET GECKOHEUHOE MHOXECTBO BEKTOPOB KOXDMUIUEHTOB, IPpUUEM
OJIC ne nozBoaser ornenuTsb 374 11O Touku oT He sBASIOIIUXCS d3PHEKTUB-
HBIMH OocTanbHBIX Touek [A,B) u (D,E| nanubix rpaneit maoxectsa Cureii-
Tepa (panee, B §2.2, OHN GBLIN BHIZIEJEHBI € TOMOIIBIO JEKCHKOT PadrIecKOi
MPOIEAyPhl TOCTPOEHUS CYNEPKOHKYPEHTHOTO PelleHus, APYyToi crnocod 6y-
NIeT TIPEeMJIOXKEH HIUXKE).



Puc. 8.

Pacemorpum opmaibio annpokcuMaiuonubie csoictBa OJIC, cuenys
[72, 70, 71, 73]. O6o3naunm, Kak u panee (1.11),

6,(d) € ax ‘min s

(f,z)eX(c) i€M(d) dz

€ yYeTOM BO3MOXHOCTH OGDAIICHUS B HOJIb KoMIoHeHT BekTopa d. U coxpa-
HUM OCTAJIbHBIC 0603HAYCHHS T2 IS DTOTO cirydas, B yacTHocTd Xo(¢,d) n
Zy(c,d). B [70] noxasana aunimuneBocTs §o(-) Ha D (cM. TakxKe pesylbTaThl
§2.3) ¢ KOHCTAHTOH

def def
K = (0")*{ E (1/2m=)2312 1pe 0" € max E zi, 2% = max z;
ieM
Vi e M. Ormernwm, uTo coraacuo [70, 71] maxgep Oo(d) = o*.
Hiist creiTepoBCKOTO MHOKECTBA CIPABEIINBO TAKOE XKe TPecTaBIeHne
¢ momorpio OJIC, xkak  miast apyrux cBepTok (auneinon nan JIC),

XCe) = U Xole,d), ZC(c) = U Zo(e,d).

deD deD

pu sTtom mas OJIC MHOXeCTBO CIeATEPOBCKAX MYJLTHIIOTOKOB MOXKHO TIa-
paMeTpH30BaTh U 6€3 HCIOIB30BAHUSA BCEIO MHOKECTBA, Pealu3alliii MaKCH-
MyMa CBepTKM, & UMeHHO, B cayyae O(1/m) > 0

() = | 18(d)d)}.

deD

(Crporoe paccMoTpenue GyneT TPOBeNeHO B TJI. 6 s Gosee 00IIeH moCTa-
HOBKM — 3a[la4¥ MOMCKA BEKTOPHOTO MAHUMAKCA. )



K coxamennio, MHOXeCTBO KOHKYPEHTHBIX perrenni (peanusanuit 0y(d))
st MuOTUX d € D comepXuT He sBiastornecs 3pHeKTUBHBIMU TTOTY3DdeK-
THUBHBIE TOYKH HAPATY ¢ dDPeKTUBHLIME. /115 BLIAeTeHS TOCTeTHAX BBREIeM
MHOXEeCTBO

def
X*(c,d) S {(f",2") € Xo(c,d)| Y_ 2z = o(d)},
i€M
rie
def
o(d)=  max Z 2.
(5,2 Xo(ed) £t
[MepedopmynupoBaB yTBepxkaenus u3 [70] mJs TaHHOTO CETEBOTO CJAyYas,
HOJLY THM
YTBEPXKIEHUE 1. [Tycmb z*(c,d) — npousdeoavbhbie mouku MHOMCECTNE
X*(¢,d), moeda muosxcecmso sd@exmuensviz My4bMUNOMOKOE NPEICMasU-
MO 6 6ude

Ze(c) = U {z"(¢,d)}.

deD

H xpome mozo, Jay > 0 (Hasvisaemas KOHCMAHMOY PeSYAIPHOCTIU):

X*(e,d) = X%(e,d) P Arg max {min Z1az)  (2)

1
(£,2)eX(c) ieM(d) d; i

V0 < a < ap. 3navenue mHocieqHero MakcuMyMma OyneM obosnavats 05 (d).
Taxum o6paszom, Ha TPaKTHKE [TOMYCTUMO BMECTO TTOCTPOEHHS BCETO MHO-
xecTBa X *(¢,d) HAXOMUTH TPOM3BOIHHBIE €T0 HIEMEHTHI, & BMECTO PelleHu’
JeKCHKOTpadmdeckoil 3amadn noucka (¢, d) € X*(¢,d) mcnoap3oBaTh mis
mapaMeTpu3anun (¥ ammpokcuManuu) 3PHeKTHBHOTO MHOXECTBa BEKTOPHI
z*(¢,d) € X%(¢,d) mpu mekoTOpOM mOCTaTOUHO MajgoM « > 0. OTmerwwm,
ugto mist JJC Tpymree oTneauTh oT Hyas mapamerp o (cum. [70]), Torma Kak
mast OJIC B Teopeme 3.2 u3 [73] nokasaHa paBHOMepHas peryJspHocTs Z 72 (¢)

C
ay & (m — 1)1 . 3nn=/2

rioe m = |M| — uucno TaroTelomux map, n — unciao Bepirua MIl-ceTn.

1.3. AnmpokcuManus pelreHuss ¢ MOMOIbI0 0GpaTHOM JOTrHuYe-
CKOW cBepTKHU. PealbHo OTpaHMIWBAIOTCS JUIIL KOHEUHBIM UNCIOM 3-
(HDeKTUBHBIX TOYEK, KOTOPbIE TEM He MeHee NalOT IpelncTapienne o Becem 110
MHOXecTBe. [lJIs1 5TOT0 BBOIMTCS MOHSATHE KOHEUHOR ceTH (€-CeTH) B IIPOM3-
BOJBLHOM KoMIIakTe W KakK TaKoro KoHedHOro MHOXKecTBa W, Touek w! € W,



j=1,...,J,aro h(W,W,) < ¢, rme h obo3HadaeT paccTOsSHUE B MeTpPHKE
Xaycaopda,
def
R(W, W) = max[max p{w, W'}, max p{w’,W}].
weW w'eWw'’

[Tpu anmpokcumanun ¢ momoriibio OJIC sdpdex TMBHOTO MHOKECTBA B METPH-
ke Xaycrmopda MOXHO YTBEPXKIATH CIEMYIONIEe.

YTBEPXKIEHUE 2 [72]. Jag ww06020 ¢ > 0 naiidemes makxoe noaoicu-
meavHoe yucao 6, umo dad 060t 6-cemu Ds C D npu 0 < § < 8, mno-

U = (e, d)},

deDs

ede z*(¢,d) — npouseosvnas mouxa uz Z*(c,d), obpazyem c-cemv 6 Z°(c).
Hag mobozo ¢ > 0 natddymed maxue wucaa § > 0 v a: ag > a > 0, umo
dag w060t 6-cemu Dy C D mnosxcecmeo

U {z*(d)},

deDs

ade 2%(d) — npouseoavragz mouxa uz X *(c,d), obpasyem e-cemv 6 Z°(c).
IIpu smoa napamempon e-cemu 6ydem

(%)) + 1

e=—— 0"+ 1+ a)K)é

Oy — O
(14 a)K — xoncmanma Junwuya dynxyuu 05(-) na D, oy — xoncman-
ma pezyagpnocmu mnoxcecmea 110, cu. eviwe). Tax wmo mexncdy § u €
cywecmeyem aunednad c643b.

B [72] Takxe mccaenoBaHa BO3MOXHOCTH HETOYHOTO DEIICHUS 3aLadu

MaKCHMHU3AIUK CBEPTKH. A MMEHHO, 0603HaIUM

X3 (e,d) E {222 (d) = (£2(d), 24 (d)) € X(c)|

o, A
min 2 (d)

ieM(d) d;

+a )z (d) > 65(d) — A}
€M
Torna cnpaBenauBo
YTBEPKIEHUE 3. Hag ww0boi 6-cemu Ds C D, npouseoavnvir xou-
cmanm a, 0 < a < ap, © A > 0 U NPOU3BOALHBIE TMOUEK xa’A(d) u3
X*8(¢,d) 6vinoaneno nepasencmeo

Oéo-l—l

Oy — O

hZ°(c), | {z*%(d)}) < max|A/a,

deDs

{(e"+ (1 4+ a)K)é + A}].



1.4. YeTORUYHMBOCTL MpENCcTaBJICHUI MHOXKECTBA PEIIeHUHU Kpau-
HUMH TOYKAMHU.

B sakumouenwe mamnoro maparpada paccMOTPHUM CIyUail, KoTma, KakK ¥ B
§2.3, BeKTOp NPOMYCKHOU CIOCOOHOCTH ¢ > () M3BeCTeH He OYeHb TOYHO UIHU
MOXeT TIOIBEPTATHCS HeGOTBIINM BO3MYIIIEHUSM (BO3MOXKHOCTD CYIIIECTBEH-
HBIX W3MEHEHUH BEKTOPA ¢ YIXTHIBaeTcs B TaaBax 5-7). Takas curyanus pe-
AJMLHO BOZHUKAET, €CITH TTPOTYCKHAS CTTOCOBHOCTD SBIASETCA aTrPETHPOBAHHON
XapaKTEePUCTUKON, HATpUMep, He TPOCTO UNCI0 KAHAJOB CBIA3M, a B TTepecye-
Te Ha WX KavecTBO, Ha KOTOPOE YK€ BIUAIOT BHEITHHE (HaKTOPDI, CKaXKeM,
METeOyCJIOBUS.

Bocmnonbsyemces pesyabraTtamu [16, 18] mo yCcTORYMBOCTH MHOXKECTB
kpainux Touek Ilapero-OmxkBopra u Cuaeiitepa (cM. Takxke [135, 62,
52]). Hus wavama 3ameTnM, 9TO oTobpaxenwe ¢ +— E(X(c)) Jumumn-
HEIpephiBHO B Touke ¢ > 0, 60 BO3ZMYIIIEHUSIM HOABEPraeTcs JUITh MpaBas
JacTh JIUHEAHBIX orpannvennit. HeTpymHo yBumeTh Takke (CM. TOKA3aTeNb-
cTBO TeopeMsl 1 B [17]), uTo mpu ¢ < oo muoxecTBo X (¢) orpamndeno (Bos-
MyIIIeHHas 3a1ada pa3pennMa) 1 KoucTanTa Junmmna e 3apucut ot ¢. Co-
raacuo [16, 18] u3 JIunuini-#enpepbIBHOCTH OTOOpaKeHWs THHEHHBIX OTpa-
HAYEHUH B MHOXECTBO KPaWHWX TOUYEK 3a7aBAae€MOTO WMHW TMOJWDIPA CIAETY-
eT JIMOIIuI-ToJNy HePEPBIBHOCTh CHU3Y MHOXECTBa 3GHEKTUBHBIX KPANHUX
TOYEK DTOTO MoJaudapa U JIMIIIUI-TTOTYHeMPEPIBHOCTh CBEPXY MHOXKECTBA
ero noayshdeK TUBHBIX Kpaduux Touek. OTcCioma ¢ MOMOIIBIO HECIOXHOTO
0000ITIeHNsT (mepeHeceHns pesyapTaTa ¢ Z Ha X MyTeM PaccMOTPEHHS JIUIh 2-X
KOMITIOHECHT BE€KTOpa & B Ka4E€CTBE BEKTOpPa KpI/ITepI/IeB) ImoJgdy4daeM

YTBEPKIEHUE 9. Muozosnaunoe omobpaicenue 8eKmopa nponyckrot
cnocoorocmu pebep MIl-cemu 6 mnoscecmeo addexmusnviz (noaysdder-
muennz) wpatnuz mouex ¢ — E(X%(¢)) (¢ — E(X%C¢)) ) Junuwuy-
noaymenpepvieno cnuzy (ceepry) ma mmoxcecmee ¢ < ¢ < ', ¢ > 0,
" < 0.
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