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I'iaBa 4. 3agaua aHajJdM3a MHOTOIPOAYKTOBOM IMOTOKOBOH
CeTH OJIAd CIAYUYaHnHOI'O BEKTOpPa TpGﬁOBaHHH
§1. BeposaTHocTHbIe popMynupoBKHu 3anadu anaauza MIl-ceTn

IIpennonoxum Temnepsb, 4TO OTHOCHTEILHO BeKTOpa TpeGoBanuit d abo-
HEHTOB CeTH M3BECTHO, UTO 3TO — PEATU3AINMS CIYIANHON BeJHIUHEL (C.B.)
d(+). Torma BO3MOXHO HECKOJIBKO BEPOSTHOCTHBIX (POPMYJIMPOBOK 3a/1a4H O
gonyctuMmoct MII-ceTn.

1.1. ®opmyaupoBKHu, IpenmnoJiaramolliue ocpeanHenue. Hauboree
pacnpocTpaHEHHON W TPOCTOM, XOTH WM HauMeHee OCMBICJIEHHOM colepxKa-
TeJBHO, ABIACTCA 3a7ada o cpeduet donycmumocmu, T.e. HackoIabko MII-
ceThb OyneT HOIMYCTUMA B CpeliHeM. 31eCh BBIIEIUM /IBe OCHOBHBIE TIOCTAHOB-
KH.

1-s1 — ocecmrag, kax u B §1.2, He paccunTHIBAeT HA BO3MOXHOCTE AI0-
CTEPHOPHOTO TIepepacIpeiesieHsi TOTOKOB Tocse peasn3anun ¢.B. d(-) (Ko-
I/la CTaHeT W3BECTHBIM ee KOHKpeTHOe 3Hadenne d). B TakoMm ciyvae MOXHO
chOpMYJIUPOBATH BONMPOC, CYLIECTBYET JU pacipenelieHe TOTOKOB, IPU KO-
TOPOM JIOCTUTAETCA CpelHee 3HaUYeHUe dc.B. d(+). Ecau 3navenne d W3BECTHO,
TO MPUXONUM K OOLIYHOM 3ajiaue O AONYCTUMOCTH, & €CJ OHO U3BECTHO He-
TOYHO, TO TOJydaeM Jubo OomHYy u3 OOOOIIEHHBIX TMOCTaHOBOK TJ.l, aubo,
Korna uHbOpMalus o d wmueer BEPOATHOCTHBIN XapaKTep, Bo3BpalllaeMcs
K MCXOIHOMY MHOXeCTBY (HOPMYJIUPOBOK HaHHOTO maparpada ¢ 3aMeHo# d
Ha d. IlosToMy must mMaabLHEHIIETO TeOPeTHIECKOTO NCCTeNOBAHUS YKA3aHHAS
3aj7a4a caMOCTOSITeJbHOIO UHTEpeca He TpelcTaBlsdeT.

Curenytoriast GopMyIUPOBKA 3a7aUt O CPEIHER MOMYCTUMOCTH MJIsE XKEeCT-
KOU TOCTaHOBKM ONMUPAETCS HA TOHATHE YPOSHA 00ECNeEeUeHHOCTU NOMOKO-
6z mpebosanuti (0.1.T.) TATOTEIONINX TTap TPH 3ATAHHOM pacIpeleseHnH
MOTOKOB [

. def (.
min_z(f)/d;, M(d)= {i e M| d; #0},
tEM(d)
KOTOpOe XapaKTepu3yeT HOIYCTHMOCTL paclpefeleHud [ mJd BeKTopa d.
OnpeneanM KeCcTKYIO IOCTAHOBKY 3afadd O cpemHeir momyctumoctn MII-
CeTH KakK IOMCK MaKCHMyMa CpelHero ypoBHS O6eCcIleYeHHOCTH TpeboBaHuin

g¢ def maX/ min iP dw).
u zez(c) Jo ieM(dw)) d;(w) (dw)



3neck n magsee: ) — TMPOCTPAHCTBO HIEMEHTAPHBIX COOBITHHE w (OT KOTO-
PHIX 3aBUCHT 3HadeHue d), P — BeposTHOCTHAs Mepa Ha COOTBETCTBYIOIIEH
o-airebpe GopeseBckux MHOXeCTB u3 §, dyukius d(-) P-usmepuma wa €,

p d(). Buecro P({w € Q| d(w) € B}) 6ynem Takke MCIOJNb30BATH
ykopouenHnyto sanuch P(d(-) € B) nnu npocro P(B).

Boo6irie roBOps, s XKECTKOM IIOCTAHOBKM BO3MOXHA ellle OfHa (hop-
MyJIHPOBKa 3aladi O CPelHedl HOIYyCTHMOCTH, KOTJa MaKCHMU3UPYETCs He
CPeTHUN ypPOBEHb 06eCIeYeHHOCTH TPeGOBAHMIL, & YPOBEHD CpenHeil obecire-
YEeHHOCTH TPeGOBAHWM, T.e. OIpeeseTcs

P(dw).

+ def . Z;
62°¢ = max mm/
z€Z(c)ieM Jo d;i(w)
Takas 3agada, OUEeBHIHO, SKBHBAJCHTHA OOLIYHON 3aJade O JONYCTHMOCTH
s BeKTopa d' ¢ KOMIOHEHTaMK

4 %1/ [ ()} P(dw)

a umenno, §2°¢" = fy(d").

2-s TOCTaHOBKA — KOTOPYIO MBI OyIeM B MaJbHEHIIeM acCOMUUPOBATE C
nedcecmrol 3amadent o cpegueit momyctuMocTu MIl-ceTn — sBIseTCs IBYX-
srammoi. Kak u mas HeXecTKOM TrapaHTHPOBAHHOW IIOCTaHOBKH u3 §1.2,
TmpenmoJaraeTcs, 9TO, XOTSA OIeHKa AOMYCTUMOCTH CeTH TPOUIBOOUTCI @
priori, TpueMIeMoe paciipenejeHne TOTOKOB GymeT BEIOUPATHCS NI H3BECT-
HOTO BeKTOpa TpeboBanuit d — peamusaiuu c.B. d(-). B Takoit mocranoske
MaTeMaTHIecKas GOpMyIUPOBKa 3amaun (M 3HAUEHWe Pe3yThTaTa) 3aBHCHT
OT KOHKPETHOTO CMBICIa CIOB “IipreMeMoe pacipenejieHue’”, KOTOPbIH, cie-
nyst obtedt cxeme axasnn3sa gonyctumoct MIl-cetu (§1.3), 6ynem moHumars
kak pemrerne (1.11). Torma 3amava amanusa cpenneir momyctumoctu MII-
CETY CBOIUTCA K TIONCKY CPedHe20 3HAUCHUT MAKCUMUNNOT 06ecneueHnocmy
mpebosanut

Zi{dW)} o0y -
4w P(dw) (1)

65 L max / min
z2{:}: D—>Z(c) Jo i€EM(d(w))

)
2% it T P10 =, NP C),

v ecau 3navenne 85 > 1, ro MII-ceTs Gynem cuuraTh donycmumoti 6 cpeo-
nem, B mpoTuBHOM caydae, MIl-ceTs ne donycmuma ¢ cpednem. OTMeTnM,



4TO M3 HemomycTuMocTu B cpenem MIl-ceTu caenyer (HO He 3KBHBaJeHT-
HO) ee HEIOMYyCTHMOCTH B CPEIHEM B CMBICJE JKECTKOH MOCTAHOBKH, T.e.
68 > 6:°C. u me caemyeT HENOMYCTUMOCTH LIS CPETHErO 3HAUCHWS d nin
d'. Kpome Toro, 2¢¢" > §2¢C.

ITpmBemeM cooTBeTcTByOmMMUE puMepHL. IlycTh rpad ceTw cOCTOMT W3 OTHOTO
pebpa eIMHWYHON TMPOIYCKHOM CIOCOOHOCTH W Ha HEM 3aJaHbl [BE TATOTEIOIINE
napel. U nycts Q = {w!,w?}, P(w!) = P(w?) = 1/2, d(w!) = (1/4,3/4), d(w?) =
(3/4,1/4). Torna d = (1/2,1/2), d' = (3/8,3/8),u 65 = 1> 62°C = 2/3 (upu z =
(1/2,1/2)),a 98’60/ = 4/3. Ecau xe rpad ceTu cOCTOUT U3 IBYX HECMEXHBIX pebep ¢
[POITY CKHOM cHOCOBHOCTBIO 1/2 Kaxoe, v [0 HUM pa3fieseHbl IBe YKA3aHHbIE BhIIIE
TSATOTEIONNE TTAPHI, TO MO-TPEXHEMY GO(J) =1, 10 0§ =2/3.

Kax y»xe ykasbBaJoch BEIIlle, TPYIHO NMPEICTaBUTh cebe pealbHYIO CH-
Tyaluio, JJs KOTOPOH aJeKBaTHOW Oblaa OB MTOCTAHOBKA 33/IaUy O CperHel
JONMYCTUMOCTH, 6e30THOCUTENBHO, XKeCTKas WJau HeT. TpamunmonHee ciopa,
OIPaBABIBAIONINE OCPETHEHNE PE3YJNbTAaTa B OOLIYHLIX 3ajadaX ONTHMH3AIAU CO
Cy9aiHbIMKU (haKTOpaMHu, TAKWE, KAK MHOTOKDPaTHas IOBTOPAEMOCTEL CATYAIldd W
BO3MOXHOCTL KOMIIEHCAIIMK OYIYIIMM BLIMTPHLINIEM HACTOAIIETO MPOUTPHINIa, HE
NPUMEHAMBI K GOJBITHHCTBY MHOTONOJIB30BATEIBCKIX CETEBEIX CHCTEM, y3JbI KO-
TOPEIX COOTBETCTBYIOT arpernmpoBaHHBEIM MOJb30oBaTeasM. Hanpumep, y3abl Tese-
dornoi cetw kak npaBmio ATC, u Tpebosanws mapwei ATC B pasnbie MOMEHTHI
COOTBETCTBYIOT PA3HLIM TIapaM KBAPTHUP MJIHM PA3HBEIM JIOAAM B STHX KBAPTHPaX M
TaXke MPOCTO Pa3HBIM TeMaM Pa3sroBOpa OMHMX M TeX Xe Jiouel (To, uTo peGeHOK
HE CMOT JIO3BOHMTBCS MaMe Ha paboTy C BONPOCOM, KaK BHLIKJIIOYATL YaliHUK, HE
KOMIIEHCHPYETCS TPOU3BOJBHOM MIHTENBHOCTRIO X 00CYXKACHHUS YPOKOB). AHaJO-
TUYHO, MACCAXKUPLI OIHOTO M TOTO XK€ HallpaBJEHUS B METPO — PEaJbHO Pa3HBIE
JIIOMIM, ¥ ECJW OHHW €AyT Ha paboTy K ONpeNeJeHHOMY BPEMEHH, TO WX HE CJAUIITKOM
pamyeT BO3MOXKHOCTD MOMOXKAATE 2-3 Moe3ia B HAIEKIE TOEXaTh He B TaKOM TIEpe-
MOJIHEHHOM BaroHe (a 9To Kak Bee MacCaXUphbl OCTaHyTCs XK aaTh? ). [lomobHEIX TpH-
MEPOB MOXHO NMPUBECTH MHOTO — C IENbI0 MPOMJLIIOCTPAPOBATE HEMOBTOPAMOCTE
Jayke MOJIEJBHOM cATyalnmu. KpoMe Toro, THIIOTE3a O KOMIEHCAIIMN TPEIIoJaraeT
aHTUCHMMETPUIHOCTE IIPH OIEHKE HEJONOJYYEHNs TPOIYCKHON CIIOCOOHOCTH W TO-
JIydeHns JUITHed. B oTCyTcTBME aHTHCHMMETPHYHOCTH COOTBETCTBYIONIAE IITPa-
Bl (HampUMep, 3a HEMOMOCTABKY ) HOJUKHBEI OBITEH YUTEHBI B OCPENHAEMOR IeTeBOM
dyukumu. Tak, B (1) BMecTO 2 /d; crenyeT paccMaTpuBaTh 6osee OOIIY IO QYHKITHIO
©i(2i,d;) (manpumep, ¢;(2i,d;) = 2;/d; — a(l — 2;/d;)T, rne o — KoHcTanTa MTpa-
¢da 3a HEJONOCTaBKY, BEPXHMU WHIAEKC “+” 00O03HadaeT MOJOXHTENBLHYIO CPE3KY
— MakcuMyM u3 0 U BBRIpaXkeHWs B CKOOKax), MJIM BMECTO Min; z;/d; MakcCHMU3H-
poBaTh dyHKIWIO P2, d), yIMNTEHBALIIYIO BO3MOXHOCTE CYMMUPOBaHWs MITPadoB

(manpumep, ®(z,d) = min; z;/d; — >, ai(1—2;/d;)T). Hanee, onrako, orpasnammest



mpocTeiiedt hopMyaupoBkoi (1), TOCKONBKY yKasaHHBIE 00OOIIEHNUS MOTYT OBITH
WCCIAEOBAHEl aHAJOTHIHO.

K coxanenuto momyctuMmocTh B cpenreM nis MII-ceTn maxke He mO3BOJA-
eT TapaHTHPOBATh KOHEUHOCTH OUepelu B TeX CeTAX, I'lle HeoDecTleUeHHbIe
3adBKM He TePSIOTCS, a CTaBATCAS B odepenb. TodHee, HJs Hallled MOIENH,
€CJU OINUCATh CUTYAIMID KaK IMOBTOPAIIYIOCI U CUYUTATh, YTO TOJOXKU-
TeJdbHas 9acTh PAa3HOCTH d— z KaK O6bI JOOABISETCA K CIeHYIONIeH CJIyYaiHOMR
peaJju3aluy BEKTOPa d(-), TO ¢ BePOATHOCTHIO | KoTrma-Tubo TOJIyYuM BeK-
TOp TpeboBanuit, HOMBIIHHE O HOpMe JI060TO Haleped 3aHaHHOTO UYHWCIa.
(Oro crenyer m3 sakoma 0-1, cm. k mpumepy B [22].) Takum oGpasom, 3amady
O cpenHel OOMYyCTUMOCTH peKOMEHOVeTCs CTaBUThH KaK MpenBapUTeIbHYIO,
9TOOHI B CIyYae He JOMYCTUMOCTH B cpenHeM MII-ceTu mpuHUMATH pellieHne
0 ee MOIEPHU3AIUMN UJIU PAZBUTUU, & B CIIyYae MONYCTUMOCTHU B CPENHEM —
TPOBOANTE 60Jiee TOHKWM aHAJIW3 CETEeBOM CUCTEMBI.

HpyruM momxomoM K MccaenoBanuio cpegued momycTuMocTu MIl-cetn B

“ def
HEXKECTKOH TOCTAHOBKE SBJSETCS OCpelHeHWe BedudywHbl Vo(d) = 1/64(d)

(ompenenennoit Gopmyioit (1.12), cm. §1.3) kosdduIHeHTa YBEIXICHUS TPO-
MYCKHOH CIOCOOHOCTH pebep ceTH, 00ecHeuynBaoIIero ee HOMyCTHMOCTD.
O6o3nauum

o [ undw))P(a), @)

u ecau 3uavenwe vy < 1, To Mll-cers Gymem HazbiBaTh donycmumol 6
cpeduem no nponycknot cnocodrocmu. OUeBUIHO, OTCIONA He CIENYET MOMY-
CTHMOCTH B CpelTHEM ¥ HaobOpOT (I/I6O CYMMUpOBaHMe U ApoOHas UepTa He mepe-
cranoBounsl ). ComepXKaTeabHO, BBETEHHOE TIOHSITHE IONYCTHMOCTH B CPeTHEM
IO TTPOTTY CKHOM CTIOCOGHOCTH COOTBETCTBYET HYJTE€BLIM CPpeIHUM 3aTpaTaM Ha
obecmevenve momycTuMOcTH MII-ceTw Tpu BO3MOXHOCTH apeHObl MOMOJIHH-
TeTHHOU W CHAYW B apeH/Iy JUITHERX TPOMYCKHON CITOCOOHOCTY HJIsT TUHEWHON
GYHKIUK cTOMMOCTH aperabl. OMHAKO YKa3zaHHAS MOIEIbHAS CUTYAIUs, T0-
BUOAMOMY, AaJeKa OT peadbHocTu. Kpome Toro, 3akon (-1 mas mamHOTO
cIydas o3HadaeT, uTo naxe ecaw MIl-ceTsh w momycTuMa B cpemHeM TO TMPO-
TMYCKHOW CTTOCOGHOCTH, TPpH J060M HAYAJLHOM KaluTalde ¢ BePOSTHOCTHIO
1 HacTymuT MOMEHT, KOT7a He XBATHUT HeHel Ha OMIATy NONOJHUTEILHON
mpormyckuou cmoco6HocTu. Takum o6pa3oM, ¥ 3TOT TOAXOA He CBOOOIEH OT
HeAOCTATKOB IMPEALIAYINETo, B YJACTHOCTH, MaJOH WHHOPMATABHOCTH GaKkTa
OOMYCTHMOCTH B CpemHEM.

Ilomygennoe paznawume MO TPaKTOBKE W MO Pe3yIbTaTaM OIS Pa3HBIX
XapaKTEepUCTHK CpeqHed HONYCTUMOCTH TOJLKO TONTBEPXKIAET HECOCTOS-
TeILHOCTE UIeH cpeqHed MOMYyCTUMOCTH, TeM He MeHee, B CHUIY ee PacIpo-



CTPaHEHHOCTH IPOIEHypPe OCPEOHEHUs ITPUXOTUTCS YHEJATh MHOTO BHHMA-
mus. OTMeTwM, 9TO BbIUMCIeHHe WHTerpasaa (1) oT GYHKIAM MaKCHMyMa
— HecTaHOapTHad 3a7ada, M ee pellleHne s HeIPEPLIBHLIX IIOTHOCTEH
pacipeneseHus IpPeAcTaBlIseT CaMOCTOATeIbHYIO IpobiaeMy. B vacTHOoCTH,
npuMenenre MeToga MonTe-Kapiao TpeGyeT MHOTOKPATHOTO PEICHUS 3a1a-
YW O HOIIYCTHMOCTH, IPHAYEM, IIOTPEITHOCTD OIpEeNeJeHus MaKCAMYMOB aK-
Kymyaupyercs. [las moncka v$ MOXKHO HCIONB30BaTh KYCOUHYIO JIMHEHHOCTh
byHKIHE V() ¥ CTPOUTH IPOIENYPY ee WHTETPUPOBaHUs Ha Gase yTB. 3.6
(pa3m. 3.2.3), onHAKO COOTBETCTBYIOIINX YNCJIEHHBIX AJTOPATMOB aBTOPAM
He u3BecTHO. OmMH DpOCTO# ciydail BO3HMKAET 3M€Ch, €CJIA IPAHUILI H3MEHEHUS
c.B. d(-) HacTONBKO MadHI, uTO vo(-) B HEX Juneina. Torma v§ = I/Q(CZ).

[Mouck 62°¢ B npuHIKIE MOXHO OCYHIECTBAATH MO METOLY MTPOEKIHH
CTOXACTUIECKUX KBA3UTPAIMEHTOB [26], T.e. 331aBIINCh TPOU3BOTBHBIM Ha-
YaJbHBIM TpubmkerneM 2zt > 0, CTPOUTH

ZH_l = PTZ(C){Zt + aif(ztawt)}v Oy l 07 Zai = 00,
riae w' — {-s He3aBHCHMas pealu3alus C.B. w,
&(2hw') = 1/di(w") naa i = argmin 2;/d;(w'),

a OCTaJTbHBIe KOMTIOHeHTH HyJdeBble, ¢t = 0,1,...,
Pr oboznauaer omepatop npoekTupoBanus. OmHAKO MPOEKTUPOBAHUE HA
MHOTOTPAHHUK HOCTVXKUAMBEIX MYJTbTUTOTOKOB TPEACTABIIET cOBOH CaMOCTO-
STeTBHYIO TpobieMy, OT pelleHus KOTOPOH CYIIEeCTBEHHO 3aBUCUT VCIEI-
HOCTEH YKa3aHHOTO MeTOma.
[IpeoGpasoBanme, anamorwduoe (1.13), mis 62¢¢ npuBoguT (coraacHo
[137]) K BEIpaXKeHHIO

67°C — max  max {/Q B(w)P(dw)| 8(w)di(w) < 2 Yie M, we Q)

2€Z(c) 8(-)EC(R)

¥ nJg kKoHeunsrx ) — x samaue JIII

max max { E 0, P(w)| di(w)b, <z Yie M, weQ}.
z€Z(c){fu}wen
€N
1.2. ®opmyaupoeku 6e3 ocpenHeHus. Hanbosee 06ocHOBaHHONW CO-
JepXaTeJbHO W B OIpeleJeHHOM CMbICJIe NPOTUBONOJOXKHOA K 3ajayve o
cpenmell HOMYCTUMOCTH sIBJAsSeTCs 3agada o momycTuMmocTu MIl-cetn c Be-
POSITHOCTBIO 1, T.e. IJIsI MOYTH BCeX BO3MOXKHBIX peasusanuii d c.B. d(-) (3a



HCKJIIOUeHreM, GbITh MoxeT, d(w) nist w € ', rue P(') = 0). Herpymnno
BUOETDH, UTO MaHHas GOPMYJIWPOBKA MPAKTHUUECKH COBIIATAET € TapaHTH-
POBAHHON TOCTAHOBKOM 3a/1add O MOMYCTAMOCTH u3 §1.2 (mpm akKypaTHOM
BLIGOpe MHOXecTBa ) BO3MOXHBIX 3HAUEHWN BeKTOpa TpeGOBaHWU — CM.
ke B yTB.1). [losToMy mist ee wccaenoBanusl TPUMEHUMBI METOIBI, 06CY-
XKaBlidecs B TJI.1.

EcTecTBennbiM 06061mIeneM yKa3aHHOW (HOPMYIAPOBKH SBISETCS 3ala-
va aHaau3a momycTumMocTu MIl-cetn mias crydaiinoro BeKTopa TpeboBaHu
¢ BEPOSTHOCTHIO, He MEHBINEH 3aMaHHOTO 3HAYeHns p — 3adaua o donycmu-
MOCTU € 6EPOTMHOCBIO P WK O p-donycmusmocmu. 3a cueT TPOM3BOIA
B BBIGOpE p 3Ta GHOPMYITUPOBKA MeHee 0OOCHOBAHA, UYeM TPEILIAYINAs, HO

IpencTaBasgeTcs 60aee peaJbHOR, YeM 3a7a9a O CPpedHed MOIyCTHMOCTH.

C y4eTOM HEMOJIHOM CONEpKATENLHOM 00yCJIOBIEHHOCTH TIOCIAENHER (HOPMYJIH-
POBKH €€ 3a4acTyl0 MOXKHO YIIPOCTHTE, IOAMEHMB 3a/a49eil O rapaHTHPOBAHHOA 10-
IIyCTHMOCTH [JIs TIOAXOAAIIero MaoxkecTsa D). Hampumep, ecim Bce KOMIIOHEHTHI d;
PeasM3yIoT He3aBUCHMBIE JOTapU(MUIECKH HOPMAJIBHO pacipeneneHnbe c.B. d;(-),
TO ¢ BEpPOSTHOCTHIO p 3HaveHus d;(-) HaxomsTes B mosymurepsate (0, dY], rae

d? d:efmin{di| P(di(-) < di) > p*/™}.

MosTomy p-npomycTumocTh MII-ceTn BymieT BLITEKATH U3 € TapaHTHPOBAHHOM ATy~
crumocTr Ha mapasnenenunene [0, d)]®[0,d5]®...®[0,dP,] (xors Takas 3amMena ne
ABJIAETCS SKBUBAJEHTHOR ). B obIieM cirydae, KOT/a MOCTAHOBIIHK 3313491 HE 3HAET
KaK PaclpeieduTh BEPOITHOCTE 1 —p (HETOCTHXKMMOCTH BEKTOPa TPeOOBAHMM ) MEX-
Iy Pa3MYHBIMY MOJB30BATENIME, WM B OTCyTCTBHME HE3ABUCHMOCTH TPebOBaHMI
TaroTeonmx nap MII-ceTu, onpenesuy MHOXECTBO

{d| v € I(p)} = Arg Min{d| P(d() < d) > p},

rae Min o3zHavaeT MHHEMYM B CMBICJE OTHOIIEHHS TMopsaka “<” cpelr BEeKTOPOB.
Teneps, moaoxus DY def {0<d<d"} Vy € T(p), npuiem K cMelTaHHON TTOCTAHOB-
Ke O0OOIIEHHOM 3a1auu O AOMyCcTAMOCTH (cM. pasn. 1.2.3), Koria Halo BBISICHUTH
rapaHTUpOBaHHYO HonycTuMocTh MIl-cetw mis Bcex d w3 xoTst 6w1 omroro DY,
v € T'(p). MockonbKY BeposITHOCTHas Mepa Kaxjaoro )7 He MeHBINE p, TO rapaH-
THPOBAHHOCTE obecmiedeHust TpeboBaHWH U3 Kakoro-iubo DY, v € T'(p), Bueder 3a
coboit momyctumocts MIl-ceTu ¢ BeposiTHOCTRIO p. ObpaTHOE, BOODIE TOBOPS, HE
Bepro. OTMETHM, YTO Ha TMPakTHUKe (DYHKIUS PACIPENESeHns] W3BECTHA HETOYHO U
mpemiaraeMas 3aMeHa BePOSITHOCTHOMR MMOCTAHOBKY METEPMUHUPOBAHHON HE CUIBHO
YMEHBIAET aleKBATHOCTH MOJEIBHOTO ONUCAHUS] CUTYAIIWH.

HexecTkas mocTaHOBKa 3a/1auy O p-A0IMYCTHMOCTY CBOAUTCS K TTPOBEPKE
YCIOBUA

P({we€ Q| dw) € Z(¢)}) > p, nam P(Z(c)) > p.



W3 570t TOCTAaHOBKH €CTECTBEHHO BBITEKAIOT CJAEIYIOITNe O TUMU3AIMOHHbIE
dopmyaupoBku 3amaun anaausa MIl-cetu co cayuaiinbivu TpeGOBaAHUSIMHE.

MakcuMaabHy10 BEPOSTHOCTH, ¢ KoTOpoi manuas MIl-ceTb momyctuma,
6ymem obosradath p(1) def P(Z(c)) n Ha3pBaTH 6€poamHocmbIo JONYCmuU-
mocmu. Ogeumno, ecan p(1) > p, To MIl-ceTs p-momycruma, nHaYe — HeT.
O606tmas, MoxHO omnpeneauTh V8 > 0 BepositHOCTH p(#) obGecmevenns §-it
yacTu TpeGoBanuit TiaroTeomux map B MIl-cetn xak

p(8) € max{p| P({w € Q| 8d(w) € Z(c)}) > p} = P(2(c)/6),  (3)
HnJian B TepMI/IHELX MELKCI/IMI/IHHOfI 06eCHeT{eHHOCTI/I Tpe6OBELHI/IfI
p(6) = P({w € Q| 6,(d(w)) > 6}).

HeficTBuTentHo, yeiosue d € Z(c)/0, 1.e. 0d € Z(c), skpuBagenTHo 0y(d) > 0, ubo
{00(d) > 0} = {0d € Z(c)} m {0d € Z(c)} = {0b(0d) > 1} <= {6o(d) > 0}.
IMocnennee Bepro V6 > 0 mo onpenenenuto

i 1 .2 1

? - = - max min 2+ def —0o(d).

0 2€z(c) i d; 6

0o(0d) 4 ax min

2€Z(c) ¢ fd

Moxmo mocTaBUTE ¥ 00paTHYIO 3aMady — TOMCKA TaKOTO MaKCHMAallb-
Horo @, uro @-s nmons TpeboBanuit Bcex Tsaroreiomux nap B MIl-cetu obec-
MeYUBaAETCS ¢ BEPOSTHOCTHIO, HEe MeHbIeld p. DTO 3HAUEHHUE

0"(p) < max{f| p(8) > p} = max{6|P(Z(c)/6) > p} (4)

6ymeM Ha3bIBaTh (110 aHAJOTHH ¢ §)) BeTHINHON MaKCHMAHHONR 06eCcIe e HHO-
CTH € BEPOATHOCTHIO P TPEBGOBAHUHN TATOTEIONIHX Tap B CETH, WIH 8EAULUNOT
MAKCUMUHHOT P-06eCNeUuenHoCmy nomoKoenr mpebosanu.

YTBEPYKIEHUE 1. Beauuuna maxcumunnot obecnewennocmuy mpebosa-
nut ¢ sepogamuocmyvio 1

6°(1) = max{0| p(9) = 1}

cosnadaem ¢ 85 — eapanmuposannot oyenkotd 3mauenud b, O0ag mmodrce-
cmea D maxoeo, umo P(D) =1 u

Vd € MaxD, Ve >0 P(D\O.(d)) < 1.

Bnecs u naaee O, (+) obosnavaer e-okpecTHocTs (B R™).



Hoxazameavcmeso. Jlerko Bumers, ato 6 < 6%(1), ubo P(D) = 1 u 6%d noctn-
xuM Vd € D. Dost @ > 0F no onpenenernnto 05 waiinercest d € D: 0y(d) < 6, 3Hauur,
Ad’ € MaxD: 0y(d’") < 6, w ¢ yaeTom mempepsiBrOocTH Oo(+), Je > 0: Vd"” € O.(d')
0o(d") < 6. Orcrona, {d| 0u(d) > 0} C D\ O.(d"), Ho P(D\ O.(d")) < 1, Tee.
p(0) = P({d] bo(d) > 0}) < 1w 0 > 6%(1).

Ecau B mocTaHOBKe 3a0a4y TaHO MHOXKECTBO, Ha KOTOPOM COCPEIOTOYCHA
mepa P(d(-)), To 5T0 MHOXecTBO U BEIOUpaeTcs B kadecTse D. B obiem ciry-
yae TOMCK MOAXOAsIero [ aBiasercs caMocTosTe bHOR 3amadeii. Ha mpak-
THKe, KOrna (GYHKIUS pachpenejerus c.B. d(-) He W3BeCTHA WM M3BECTHA
HETOYHO, [IJs ONEHKH ee MapaMeTpOB HCIOJIL3YIOTCS Pe3yabTaThl HabJITo-
neHWi caydainbx peanusanuii d° c.B. d(-). llo >TuM peatusamuaM MOXHO
onpefeauTh ¥ MHOXecTBo D kKak oobenmuenue Beex {d°}. Herpymno y6e-
IWTHCS, YTO TaK MOCTPOCHHOE MHOXKECTBO OyHmeT obJalaTh TpebyeMbiM B
YTBEPXKICHUH | CBONCTBOM JIJIsi OMIMPUYECKON TJIOTHOCTH PaclpeneaeHus
P,(d(").

AHaJoOrvuHbBIA cmoco® MPUMEHAM [IJIs MPaKTHYECKOTO OICHUBAHUS Be-
JUYUHB MaKCUMUHHON p-0OecledeHHOCTH TpeboBaHui. A MMeHHO, OymeMm
MCKaTh 3HadeHwe §(p) Kak MakcmMmasabHoe u3 6§ Ha mHOXecTBax D(p) C
U{d?}, nas koropeix P,(D(p)) > p. llpuuem, yunThiBas, 9To 0 Ha Jto-
6om D coBmamaer ¢ 2 nHa MHOXecTBe Maxl) — MaKCHMaJIhHBIX DIEMEHTOB
D (cv. B [47] u pasm. 3.1.1), Mmoxem paccmarpuBaTh Juinb D(p), moiy-
wennbie u3 U{d’} myTtem or6GpachiBanus nemomumupyembix d° (mo Tex mop,
MOKa SMIMpPHYEcKass Mepa MHOXeCTBa OCTABIIMXCS TIpeBbIaeT p). [lpu BoI-
IUCIEHWN 3HaYeHWH #F COOTBeTCTBYIOIIee MHOXeCTBO [(p) mMeeT CMBICIT
3aMeHMTh BBIYKJI0# obosoukoin muoxectsa (J{0 < d < d°| df € D(p)},
9TOGBI YMEHBIIUTD YHCIO YTJIOBBIX TOUeK s mepebopa (cum. pasm. 1.3.3).
Tewm He MeHee, 001IHiA TepeGOp, BKIOUYas pasiudnbe D(p), MOXKET OKa3aTh-
sl IOBOJLHO GOJBIIMM, YTO He MO3BOJSET TOBOPUTE 06 3O (HEKTUBHON 3aMeHe
3amaun (4) ¢ p < 1 rapanTupoBaHHOi mocTaHOBKO#. [lo-BHmmMoMmy, momck
TPUOTMKEHHOTO 3HadeHUs §°(p) MpOIIe OCYIIECTBISITH Yepe3 pellleHue Io-
CJIEIOBATENBHOCTH 3amad (3), JOKAJIU3Ys MaKCAMaJbHOe #, s KOTOPOTO
p(8) > p, ¢ HOMOIIBIO IPOLELYP THIA TUXOTOMHHU (CM., K IpuMepy, B [74]).

3uavenwe (3) MOXHO TPUOIMKEHHO ONpeneJsiTh MO MeTomy MomHTe-
Kapiio kax nosio Tex w € , mist kKotophix d(w) € Z(c¢)/0 (nnu xak moso Tex
B, nas kotopeix d° € Z(c)/8). llpu 5Tom, 9TO6EI M36€XKATH MHOTOKPATHOM
TPOBEPKH HOCTHRKUMOCTH fd(w), crenyeT BeIIuCasTh Vo(fd(w)) He mist Becex
d(w), a TOIBKO [ HETOMUHUPYEMBIX BBITYKJION KoMGuHarmed Tex d°, mis
koTophix vp(fd®) < 1, u He mOMUHMPYIOUIMX Te, NI KOTOPBIX Vo(6dP) > 1
(MOMWHUpPOBaHME TOHMMAETCS B CMBICJE OTHOIIEHWs “>” cpemd BEKTOpPOB).



Kpoume Toro, sekoropsie vy(8d?) MoryT 6bITh MOCYHTAHBl AHATHTUIECKH HA
OCHOBaHUH Juieinoro nponokenus (cu. [70]). OTMeTHM Takxe, 4TO €CIH
nast nanuoi MII-ceT yXe MOCTPOEHBI MHOXeCTBA 5()(GEKTHBHBIX MYyJIbTH-
notokos ZZ(¢) wmm Z%(c), To pemraTh 3amady o IOMYCTUMOCTH IS TOMCKA
p(#) BooOIIe He moHAamOOUTCS (HATO JUIIb IPOBEPSATH NOMHUHUPOBAHUE MIJIS
6d’). Takum ob6pasom, W McKaTh pelllenne 3amadn (3) mporre, vem (1), u
CMBICTa B TOJIYyYeHHOM DPeIleHHH GOJBIIIE.

Bamada 0 p-IONYCTUMOCTH MOXeT ObITH PACCMOTPEHa ¥ B KECTKOH 110~
CTaHOBKe, He IpeAloJaralolei arocTepuOpHOro NnepepacipeieJenns M0To-
KoB — mocie peasusaiun d(w). Torma roBopuTest du6o 0 p-IOIYCTUMOCTH
KOHKPETHOTO paclipefe]eHus IIOTOKOB [ MM MyJLTHIIOTOKA Z ¥ ONpemes-
etcst P(d < z) (mampumep, mo merony Mowure-Kapio), amu6o o xecTkoit p-
JOILyCTHMOCTH CETH B II€JOM ¥ MIIETCS

» o ax P(d < z).
2€Z(c)
Ecan p* > p, o MIl-cetn, acecmro p-donycmuma, U CICOIOBATEILHO, P-
nomycTuMa (06paTHOE He BEPHO ), TpHUeM, J000# MyJIbTHIOTOK 2*, peann3sy-
OIINH YKa3aHHBIA MakcuMyM, 6yzeT p-nonycTuM. OueBumno, z* € MaxZ(c).
K coxanenuto, aBTOpbl He MOT'YT NPEMJIOXKUTH OOIIIUX METOIOB TOUCKA
p*, Z°. YKaxeM JWIIb, 9TO B CJIydae PaBHOMEPHOTO pacipenenenus d(-) Ha
cuMMeTprdaHOM ), B KadecTBe z* BeIOMpaeTcst BeKTop 3 MaxZ(c), Bce KoM-
MOHEHTHI KOTOPOTO PaBHBI, €CIU TaKo# cyiiecTByeT. B obitiem caydae, mnis
XKECTKOU MOCTAHOBKM, 3ajada O CpefnHed MOmycTUMOCTH OymeT CyIlecTBeH-
HO Tpoltie 3axayu o p-nonycrumoctu. llosTomy Mbl He GyneMm pa3BUBATH

MOCJAeHIO (POPMYJTUPOBKY l1aJjiee U PacCMaTPUBaTh BeJIUYMHbI

p"(6) 7 max P(d<z) u 6(p) & max{f| max P(6d < z) > p}
2€Z(c) 2€7Z(c)
¢ TOH ke mompobHocTho, 9To 1 p(f), 6 (p).
(Ilpw m3BectHOM D oueBmmuo §*%(1) = 03 = 0y(d™**), vo mas p < 1
3amada IPUHIANAAILHO YCIOKHICTCS. )



