Mopeau HeonlpeaeJIeHHOCTH B
MHOTOIIOJIb30BaATEJbCKHAX CEeTIX
Manamenko HO.E., Hopukosa H.M.

I'nasa 4. 33,[[3‘13 AHAJHA3A MHOI‘OHPOJIYKTOBOPI MMOTOKOBOH
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§2. Croxactuueckue popmyaupoBku 3anaum anaausa Mll-ceru

2.1. Cayuak Hen3BeCcTHOM QyHKIUH pacnpeneierus. CyiecTBen-
HBIM MOMEHTOM IIPH MCCJAEIOBAHMH 3a1ad CO CIyYalHbIMu (GaKTOpaMu ABJIs-
eTcss HHPOPMUPOBAHHOCTE O GHYHKIUIX pacipenenerus ((.p.) WMEOIIHXCS
¢.B. B wactHOCTH, ecin 0 ¢.p. ¢.B. d(-) HAUETO He M3BECTHO, KPOME MHOXKe-
cTBa DD, KOTOPOMY € BEpOATHOCTHIO 1 IpHMHAMIEKAT CaydailiHble peadu3aln
d(w), TO TOYHAS HYKHSS OlIEHKA MaTeMaTHIeCKOTO OKUIaHus 000 Hempe-
PBIBHOM caydaiHoi GyHKIMHK ¢.B. d(+) coBIamaeT ¢ MUHUMAJIBHBIM 3HAYEHH-
eMm sToi dyuknuyw wa D [11]. Takum ob6pasowm,

def

inf 6§ = inf /Qeo(d(w))P(dw) = rin 0,(d) < 03,

P: P(D)=1
T.e. dopumyaupoBka (1) mpeBpallaeTcs B TapaHTHPOBAHHYIO TOCTAHOBKY
(1.18). 15 morcka BepxHeil OLUECHKH CPETHErO 3HAUCHUS MaKCHMUIHOR obec-
MeYEeHHOCTH TPeBGOBaHuUi Moy InM cirabyto mocTaHoBKy (1.16). CienoBaTesns-
HO, B CJIyYae HeM3BeCTHON (b.p. 11 85 MOXHO yKa3aTh JUIIL Te XKe IPaHUIIb,
gto u (1.19) nas . Ilpu orom 68 sBaseTcs TOUHOM TapaHTHPOBAHHON OLCH-
Koil 3Hadenus 65 .

U3 pesyrbTaTOB MpeIbIIyINero MyHKTa OY€BHIHO, YTO (P M3BECTHOM
D)6 =67(1) < 0*(p). B orcyrcrsue apyroit wHbopManuu o ¢.p. yKasaHHASL
HYDKHSISL OIIeHKA 3HaYeHus 0°(p) CTAHOBUTCS HEyJydIraeMoi. Bepxusis omen-
Ka MaKCHMUHHOU p-obecliedeHHOCTY TpebOBaHWY Bee TaK¥XKe MaeTCs BeTUdH-
HoM 6§ crmaboi MakCMMWHHOM obecmedeHHOCTH TpeboBanmit. Tem cambiM, B
PaCCMOTPEHHBIX TPEATIONOKEHASIX HHPOPMUPOBAHHOCTH (HEMHPOPMUAPOBAH-
HOCTH) O (.p. dopmyaupoBku (1) u (4) He pasanIaloTCs ¥ SKBUBAJEHTHI
samadve (1.11) mpu wadopmupoBarHocTu d € D.

2.2. TepmeiiepoBckui cayuau mHbpopMuUpoBaHHOCTH. Uccaemyem
Temeph CATYAINIO, KOT/Ia OTHOCATEIBHO (§.p. ¢.B. d(-) W3BECTHBI JHIIH IBY-
CTOPOHHWE OTPAHWIEHHS-HEPABEHCTBA Ha HEKOTOPHIe MOMEHTHI (HalpuMep,
Ha MaTeMaTHIeCKOe OXHUIAHNe U IUCIEPCHIO) KOMIIOHEHT BeKTOpa d W KOM-
makt D. (Ilpn sToM He mpenmosaraeTcsi, 9TO KOMIOHEHTHl BeKTopa d B3a-
WMHO HEe3aBUCHMBI, HO CYATAETCSA, YTO HeT MHOOPMUPOBAHHOCTH O KO3hDu-
nueHTax Koppedsiui. Q6 cayvyad paccMaTpUBaeTCss aHAJOTUHYHO — CM.



[11].) Moayunm mast P(+) yeaosue P(-) € A(a), rne A(a) def {P()|P(D) =1,

as; < / di(W)P(dw) < dli,. .. ay < / [di(w) — d)"P(dw) < @', Vi€ M},
Q Q

a=(ay,a},...,a, a,). Torna MOXHO OIIPE/IeTHTEH IaPAHTHPOBAHHBIE OLCHKH

uHTerpagos B (1)—(4) kak wHGUMYMbI WX 3HadeHud no Bcem P(-) € A(a).

2.2.1. IIas 3amau ¢ ocpenHenueM. [lpotenypa BOLIUNCTECHUS TapaH-
THPOBAHHBIX OIEHOK OCHOBHIBAETCS HA CIEMYIOIEM pe3yJbTaTre (HMCIOIb3y-
o1eM JuHeRHOCTh 1o P(-) meneBoro GpyHKIMOHATA W OTPAHWIEHUH, CM. B
[11, 26]).

YTBEPYKIEHUE 2. Hasg 410601 Henpepulenol GyHKyYuY MUHUMYM 1RO 6Ce-
soamoscuvin P(-) € A(a) ee mamemamuueckoz0 oxcudanud docmuzaemed,
npudeM, 8 KAUeCmee Peaiu3qyuy MUHUMYMA Modcem Gbimb 6bl0pana Mmepa,
COCPedomoUe AT 8 KoHeunoMm uucte mouex < qm + 1.

Takum 06paszoM, HCXOTHAA 3a7ava OMTUMUZANAK B GHYHKITHOHATHHOM
TPOCTPAHCTBE CBelleHa K KOHEUHOMepHo#. Hampumep, TycTh M3BECTHO Ma-
TeMaTHueCKOe OXUAaHWe d C.B. d(-) W 9TO MO KaXIOW KOOpIMHATE C.B.
d;(+) pacmpenenena CI/IMMeTpI/IT{HO OTHOCHTEIBHO d;, @ €e IHCIEePCHs Orpa-
HuYeHa BesudnHOl o2. O603HAYMM >TOT BapuaHT HHPOPMUPOBAHHOCTH KaK

P(-)e A, (d d, 0 0?). 3meck u magee obosHadenue () COOTBETCTBYET HyJIeBO-
My BEKTOPY, 02 — BEKTOPY € KOMIOHEHTAaMH 02, a 0 — BEKTOPY € KOMIIO-

def 2
HEeHTaM®n 0; — +/0; (CpeHHeKBELHpELTI/IT{HOMy OTKJIOHeHI/IIO). TOI‘]IEL TOYHad
rapanTupoBanHas onenka 85! cpemnero snauenus 85 makcuMuHHON 0GecTe-
YeHHOCTH TpeboBaHWYU naeTcs GOpMYIOn

ggr e min [ () P(aw) = (5)
P(-)eEA.(d,d,0,0

{AJ PiSy

= LJn,  {8u(d 1—2}), + ) (Bo(d+ AT) + 6y(d — A ))p; /2 |
ji=1

m
ij S 17 Py Z 07 |Af| S di7 (Af)2p] S 02'2 V’L:] = 17"'7m}'
Jj=1
OTcroma BUIHO, UTO IJIsS TeX CeTeH, MJst KOTOPHIX fy(-) BIMyKaIa 1o d, B

YaCTHOCTH, IJIs OIHONPOIYKTOBMKa, 851 = HO(CZ). K Takomy paBencTBy mpu-
XOIIUM ¥ [IJIsl psilla BapuaHTOB DoJiee y3KOH WHPOPMUPOBAHHOCTH, HATPUMED,
KOT1a TOYHO U3BECTEH BEKTOP cZ, 3a7al0MIui TPONOPIUY TpebOBaHUK THTO-
TEIOIINX Tap B CeTH, HO He W3BECTEH (SBJSETCS CIYIaiHBIM) KOIDOUTHEHT



€r0 YBeJWUYEHUs WU YMeHbllleHus. Torna mpw 3aqaHHOM OTPAHWIEHUN HA JTUC-
NIEPCUIO ¥ CUMMETPUYHOCTH paclpeeseHus NoJdydaeM yIPoIleHHYo GopMy 3a1aun
(5), KoToOpas y¥Xe MOMYyCKAaeT SBHOE PEIIEHWE 33 CUeT BHIMYKJIOCTH 10 1

05" = gmin {00(d)(1 = p) + [Bo((1 + )d) + 6o((1 = )d)]p/2| 'p < o*(1)} =

( mo cBOFCTBY OMHOPOTHOCTH cTemeHn -1 nus dyrkimu Oo(-) )

= in {0 —p+ 15

)| 1?p < o?(1)} = bo(d).

Onmako, B obieM ciydae (THIMYHBIE IPUMEpPLI 3[€Ch BOZHUKAIOT s D
Buna (1.5)) Makcumunnas obecnedennocTs Tpebosannit fy(d), kKak QywKums
MHOTHX II€PEMEHHBIX, He 6yIeT HU BBIIYKJIOA HU BOTHYTOH (XOTS MUHHMYM
() mo d na a060M BBIIYKIOM MHOXECTBE IOCTHUIAeTCs B yIJIOBLIX TOU-
kax — cM. (1.18) B pasnm. 1.3.3). Ilooromy momck 3unavenus (5) sBiaseTcs
HEIPOCTON BBIYMCIMTETHHON 3a/1adedl (Ho GoJee POCTOi, YeM TIOMCK 3HAYEHHS
(1) nnst HeNpepBIBHOW IJIOTHOCTH PACIpENeJeHNs, HAIPUMED, €CJHM W3BECTHO, U4TO
d(-) norapudmMmueckn HopMaIbHa ).

C TOUKM 3peHus IPAKTUIECKOTO CUETa MIJIs IOy YeHUs TaPAH THPOBANHOM
OleHKH cpennedl gomycTuMocTd MII-ceTu B HexXecTKoOl IOCTAHOBKe MMeeT

def
cmbicn (¢ yaeroM yTB. 3.6 u3 §3.2) ucnoas3oBars Benunny vo(d) = 1/6q(d)
¥ IOHATHE IOIYCTHMOCTH B CPEIHeM IO IpolyckHoi crnocobuoctu (2). Kak
CIENCTBUE BBILYKIOCTH Vy(-) 10 d mMeeM

ve > min /Ql/o(d(w))P(dw) =vy(d) u

T P()€eAL(d,d,0,02)

def
v <uvEh = max. /l/o(d(w))P(dw) =
P()€A(d,d,0,0%) JO
(B mpennosoxernuu d —o =0) = max  {v(d—A)+v(d+ A)}/2.
{a] Ai=40; Vi)
cr prela
Frrie pa3 nomuepkieMm, 4To 3HaHKe vy  He TaeT BO3MOXHOCTH OLEHUTD Oy .
Paccyxnas anHagor#aubiM 06pa3oM, IJIst XKECTKOR MOCTAHOBKY IOy YUM,
4TO
: uC' : 1 7
min 47 = min  6y(d") = by(d),
P()eA(d,d,0,0%) P(-)€Ac(d,d,0,07)
OCKOIBKY 6y(-) He BospacTaer no d, a d; > d, w6o 1/d; < 1/d; 3a cuer
BBIIIYKJIOCTH NOJOXKHUTEJIbHOH BeTBH rumepboast. K coxamennio, monbrure-
rpanbuas GyHKnus B onpenenenun 07°C mpm m > 1 He ABASETCA BHITYKION



1o d, MOSTOMY I1JIsl TIOUCKA TapaHTUPOBAHHON OlleHKU MHTerpaJta B §2°C mo-
XKeM MOJIb30BATHCS UL GopMyoi Tuna (5) ¢ 3amenoit 8y(d) Ha min; z;/d;.

2.2.2. llas ONlEHKHU BEPOSATHOCTH p-mOonycTUMOCTH. [l rapanTu-
poBanuoro ornenuBanus p(1) (BepostrOoCcTH nonycrumoctu MIl-cetn) nou, B
obrem caydae, p(#) (3) momygaem npu Haawduu wHGopManun Tuia P(-) €
A(a) 3amauy moucka

r def .
)% inr / o (0d(w))P(dw), 6
POt [ o)) ©)
rae xp() — wHauKaTopHas (GyHKIHs MHOXecTBa B. IlOCKOTBKY TMONBIH-

TerpajbHas GYHKIUS He SBJAeTCS HEIIPEPLIBHOR, MBI He MOXEM HaIpPIMYIO
BOCIIOJIB30BaThCA yTBepxkaeHneM 2. CriiakuBanne HHINKATOPHOR QYHKINH,
BOOOIIIE TOBOPSI, He TPUBOMUT K TPHOIMKeHHOMY petieHuio (6). leficTBurens-
HO, ecJi, K npumepy, P(-) € .Ac(ci, ci,(j,a2), m=1, Z(c) = [O,J], To pt'(1) = 1/2,
HO BBIGMpAs CrJIaXHBAIONIYIO GYHKIMIO MEHBIICH X z(c)(-), TOTYYUM /IS Hee Mu-
HUMYM WHTerpaja, pasabiii 0. Ecaw xe Z(¢) = [0, 2m%F], 2m% > d+ o, To npu
CroTaXVBaHUY MHAXKATOPHOU QGyHKIMU “m3sre” (0 2™ 4 &) MUHMMYM MHTErpaJa
JOCTHIaeTCs Ha pacipelnesernn c.B. d(-), coCpeoTOYeHHOM B TouKax 2% + ¢, d u
2d — 2™ _ g ¥ 6IM30K K pl'(1) = 1—02/(2(2™2% — ci)2), OIHAKO 3TO HE COBIANAET
c paBubM | 3Havennem p(1), BEIYMCIEHHBIM 115 TPEASIBHOTO pacpeneaenns (Ipu
£ — +0). Tem He MeHee, NaHHBIA TPUMED MO3BOJAET TOMMETUTD CJAETYIOIIEE.
B o6ireit 3amave (6) onenka p’ () pasma mpenexy npu ¢ — +0 omenok

PP min [ x5 (0d()P(d)

m
P(-)eA(a)

rae Gyukuus x1e spasercs wempepbiBHo#, xt¢ = x Ha Z(c¢), xT° = 0 BHe
0.(Z(c))m xt* > x ma 0.(Z(c)), npuuenm xte > x+' Ve > ¢'.

HeficTBuTenbHO,

[ xzo@dPs) = int [ b7, 0d@)PE), «

I _ . . +& _
PO = inf inf [ x5 (0d)P () =

5120 P(.)lgA(a)/QXZ(c)( (UJ)) ( W) m ps( )7

Tak xak pl () me y6rBacT mo £ > 0.
Ios Berumcaenus pl (0) yxe mpumennmo yTBepxkenue 2.



BocnoabsyemMcs moqydeHHBIM pe3yabTaToM AJs caydas WHPOPMUPOBaH-
noctu P(-) € A,(d,d,0,0?). lpennonoxum, uro D = ®;]0,2d;] (pewrenue
s cummiekca D cM. HuXe B 1.4), W OyneM jajee CYUTATh BOZMOXKHON
nenysesyto BeposTHocTh P(0), a 6,(0) L' Haitnew p'' ().

Ecan 6d ¢ Z(c), To p'' () = 0, w60 MIOTHOCTH pacupeneIeHus, cocpe-
noTouennas B d, cooTBeTCTBYeT orpanudenniy wa P. Ecan 0d € Z(c), no
HaiimeTcs BeKTop A (¢ KOMIOHEHTaMW A; Pa3HBIX 3HAKOB), IJs KOTOPOTO
A2 <o Yie Mu(d+ A8 ¢ Zc), (d— A ¢ Z(c), Torna pacipe-
Jenue, cocpenotodennoe B d + A, Takxe maer p’(#) = 0. Ecan xe 1u60
(d + A)f, aubo (d — A noctmxum YA, A? < 2062, a (d+ 0)8 ¢ Z(c), To
p’'(6) = 1/2 u nocTuraeTcs Ha pacupeneseHuy, COCPEIOTOUCHHOM (¢ PABHBI-
M BePOATHOCTAMH) B ToukaX d+0 u d—o. Ecau 6D C Z(c), T0, ouennnHo,
p''(6) = 1.

B oCTaJbHBIX CHTyalMsax IPUXONMTCS PaccMaTpUBaTh paclpeneJeHus,
COCPEOTOYECHHBIE B TPeX TOYKaX:

5 1 def 1l . o, .5 5
B d+ A ¢ BeposTHOCTSIMHA §p[A] = g min ol /A m B d ¢ 1—p[A]
Mpu stom, ecan IA: A? < 202, (d+ A0 & Z(c) u (d — A ¢ Z(c), To,
BLIOMpas Takue A, MOJYyYUM HOCTHXHUMOCTH JHIIL CPEOHEH TOYKH, ¥

pI(0)= inf {1—p[A]ld+ A€ D\(Z(c)/6)} =

A A2>g2

=1— sup {mino?/AY|d+A e D\(Z(c)/0)}=

A: 02<A2<202 i

=1— max {mino?/A? d+ A €intDn (MaxZ(c)/6),

A A2«202
d—AecintD\ (intZ(c)/0)} < 1/2,

rie Max moHmMaeTcst B CMbICTe OTHOIIEHHs “<” cpenm BeKTOPOB (T.e. TO
Caeiitepy), a int oGoszHavaeT BHyTpeHHOCTH B R™. B mporuBmOM ciydae
Boi6upaeTcs an6o A: A2 > 202, Tak, 4TOOL (CZ:EA)G OBITH HEMOC T KU MBIMH,
w60 A’ > 0 tak, aTo6er (d + A8 ¢ Z(¢) M TOCTHXMMBEIME GBLIH 1Be
TOYKHM W3 TPEX, B KOTOPBIX COCPENOTOUYEHO pacipeniejeHne (MX Mepa paBHA

1 — p[A']/2), Torma

p(6) = min| inf {1 - plA/2 d+ A" € D\ (Z(c)/0)).

inf  {1-p[A]ld+AecD\(Z(c)/8)}| =

A: 252<A2< 42



1 .
=1- max[ 5 IAI}E;X{mjn o?/AN? d+ A’ € intD N (MaxZ(c)/6)},

max  {mino?/A?| d+ A € intD N (MaxZ(c)/9),

A: 202<A2%2<d?

d—A¢intD\ (intZ(c)/e)}] -

_ 1—maX[ %g}%ﬂ/(t')ﬂ d+t'o € intDN(MaxZ(c)/8)},  max  {1/¢|

’
t2v2, A: A?=¢

d+tA €intD N (MaxZ(c)/6), d — tA € intD \ (intZ(c)/@)}] >1/2.

Bo Bcex caydasx WHQUMyM He HocTHraeTcs (IoydaeTcs Kak Ipees IpH
d+ A — Z()/0 wn d + N — Z(c)/0 suavenmit p(f) mas yKasaHHEIX
pacipenesenuii), #60 MHOXKeCTBO Z(¢) 3aMKHYTO, & MEHEMA3EPYIOMIAs 1O-
CIeNOBATEIBHOCTh TOYEK CTPEMUTCS K HeMYy M3BHe. B TepMmHax QyHKIUH
6,(-) mocaenHue HOPMYIIBI TEPEIHIIYTCS KakK

p"(6) = 1 - max %Itr}%ﬂ/(t')ﬂ d+ 1o cintD, 6o(d+ Vo) =0},

max, {1/2] d+tA €intD, Oy(d+t'A) =8> y(d—t'A)}|.

t>

Amnajoruunas 3amada rapaiTHpoBannoro ounemusanus p*(f) (mis xect-
KOl OCTAHOBKH) QOPMYJIAPYETCS CIAEMYIOMIAM 06PasoM:

I def .
pt(8) = sup inf P(8d<2).
BuyTpenuuit mHPUMYM 371eCh MOXeT OBITH TpeicTaBieH Kak (6) ¢ 3aMeHOR

def =
Z(c) na Le(z) = {7 > 0| 2 < 2z} u nis ero BBIYMCICHUS CIPABELIUBO
TaKoe e IPeNeJbHOe IPEICTaBIeHre. 3aMeTHM Telephb, YTO HHIUKATOD B
(6) samuceIBaeTCS B BUIE

Xz(e)(0d(w)) = max xpe@)(0d(w)).

2€Z(c)

B pesyabTaTe morydaeM OmMeHKY

“T(9) = su inf / o (0d(w))P(dw) <
P ) ZEZ(pc)P(')EA(a) o Xre(z)(0d(w))P(dw) <



P( )EA( )/Q MaX XLe(z) Hd( ))P(dw) = pF(e).

2€Z(c)

Mpu undopuuposanrocti P(-) € A.(d,d,0,0?) npuxommm K cremymormemy.

Ecau 6d ¢ Z(c), To u3 noxyuennoro mepasenctsa p*’(6) = 0, u Takxe,
ecam 3A: A2 < 02, (d+A)8 € Z(c). B ocTanbHbIX clIyuasx Lis oGecreqenus
p*7(#) > 0 mamo Tak BHIGpaTh z* € Z(c), uToGn w df < z*, u VA, A? < o2,
BeImoHLIOCH 1160 (d + A)§ < 2, mm6o (d — A)§ < z*, uTo He Beerma
BO3MOXHO, ecin 0D € Z(c¢). A umenno, o6osnauum Vi > 1 uepes d(t) BexTop ¢
xommonenTamu di(t) = di, dj(t) = dj +to; Vj # i, w nycTs

0 (1) < max o (d'(1)),

npu sTom p*L () = 0 VO > éo(l). Hag 6 < éo(l) naiinem t° = max{t| ¢ < éo(t)} u
BEIGEpEM 2%, peasu3yoniui éo(to), T.e. z* > dfu VA, A2 < (t0)20'2, crenyer Jaubo
(d+ Ao < z*, mbo (d — A)0 < z*. Torza

P*F(9)=min[ ok, -rla /2] d+ A" € D\ (Le(2")/9)},
A tDaiSi|nAfi| VieM{l _p[A] | CZ:E A € D \ (Le(z*)/e)}] =

1 .
=1- max[ 9 m[ax {1/t ) | d+1t'ceintDN (MaxLe(z*)/6)},
t'ef1,t°

o Tax {1/t2| d+tA € intDN(MaxLe(z*)/6), d—tA € intD\(intLe(z*)/@)}].
t>1°, A: A?=g?

2.2.3. Ilns olleHKH MAKCHMHMHHOHR p-0.I1.T. |'apaHTupoBamHas OIeH-
Ka BeJIW4YWHBl O* (p) MaKCHMUHHON p-06eciieYeHHOCTH TIOTOKOBBIX TpeboBa-
HUAR

" (p) L g 9 7
()= o8y P (7)

MOXeT GBITH NPUOJMKEHHO HalfleHa ¢ MOMOIIBIO IIPOLenyPhl TUXOTOMHUHK 110
6 (B pesyabTare pelleHus JOTapHPMUIECKOTO ducaa 3anad (6) — moucka
Pl (). Lnx P(-) € A.(d,d,0,0%) ee B psfe cIyuaeB yTaeTcs MOCTPOATE B
SBHOM BHIIE.

ITpenmomoxum D = ®[0,262i], 0;i<d; Vie M. Ectup>1-— p[cZ]/Q, TO
07 (p) = 0o(2d) = 0(d™*) = 62 = *7(1) w mocturaercs Ha pacmperede-
HUH, cocpenoTodertoM B Toukax 0, 2d = d™*® ¢ pepostrocTsMu p[d]/2 u B
d ¢ BepositHoCTBIO 1 — p[d]. WHave, nyers p = 1 — p[A]/2, rne 0 < A < d.



Ecin A > d/+/2, Torna 677 (p) = 6y(d + A) u wndmuym B (7) He mocTH-
raeTcs. MuauMusupyoiei OyaeT mocaenopaTenbHOCTE (npu 6 — 40) mep Py(-),
cocpenoTouennbix B Toukax d + A(8), d — A(8) ¢ BeposTHOCTIME (P[A] + 6)/2 1 B
d ¢ BeposTHOCTBIO 1 — (p[A] 4+ 6), rme Ay :ef 0'2/\/7 [oaxygaem, uTo npn
8 # 0 s Pgs(Z(c)/0) > p HEOOXOTMMO 9(d—|— A(8)) € Z(c), Te. 0 < 90(d + A(8)).
Mocaenusas Beamuuna naer nias P = P snauenne BHyTpenHero makcumyma B (7),

KOTOpOe U cTpeMuTcst mpu 6 — +0 K MHOUMYMY, OIpeaersionemMy H*F(p).

Ecan xe 0 < A < d/+/2, o Bemonneno p = 1 — p[A]/2 = 1 — p[v/2A] n

0*7'(p) = min| fo(d + A), L min max[fy(d + A'),0,(d — A)]|,
npudeM, uudumym B (7) Takke He TOCTUTaeTCs (MO CXOMHBIM COOGPaKEHN-
AM).

B ocramsubix cryuasx (p = 1—p[v/2A], 02/2 < A? < ¢?) amaioruanbM
06pa3oM MoJaydaeM, 9To

0" (p) = min| 6(d), min  max[f,(d + A'),8,(d — A",
A': AP=2A?

Plle B [I€PBO CHTYAIMKM MUHUMUBUPYIOIIee pACIpesieleHie COCPENOTOYEHO B

TouKe d, & B NOCJeNHeH — HHPUMYM He JOCTUIaeTCs, KakK W B IPeIbIIYIIHX

cayvasx.

2.2.4. BapuaHT CBA3aHHLIX OTPAHMYEHUH HA KOMIOHEHTHI BEK-
Topa TpeGoBanui. llycts Temepsr D 3amano orpanuuenusivu (1.5), T.e
apasercs cumiiekcom, D C R™™'. Torma MOXHO BBIPa3sUTh OIHY KOOP/IH-
HaTY yepe3 OCTaJbHbIE, TTOJYUYNM

D={d>0|dy, =do - Zdl, Zd<d0

IIpu >TOM OrpaHUYeHs Ha epBble M — | KOMIIOHEHT OCTAIUCH CBSI3AHHBIMH,
OIHAKO KOHKPETHBIN BUI 3aBUCHMOCTH KOMIOHEHT TO-TIPEXKHEMY CUATAETCS
He M3BECTHBIM. B TakoM ciyuae Mbl MOXKeM pPaccMaTpPUBATH HHOOPMUPOBaAH-
wocts Tuna P(+) € A.(d,d,0,0?), Ho yxke mist Menbirero yncaa (m— 1) kow-

noneHT BekTopa d. lIpowsmtoctpupyem 510 Ha npumepe m = 2. [lomyctum,

dy = 1, d(w) def (w,1 —w), roe orHocuTenbHO .p. c.B. w = di(-) umeercs

unpopmuposannocts P(-) € Ai(3,5,0,0%) c 0 < 1/2, Te. dy = & = 1/2,
d = (5,3)- Bommamem pemenust 3amad (6),(7) aas gannoro npuMepa. Oun

CTPOATCS TaKXKe, KaK ¥ [Js [PedblIyIIero, ¢ yuderoM orpanudenuit di € [0,1]. A



WMeHHO, cHauaga onpenerasem pl () wepes mpemen BeposTHOcTedt pl () cormacmo
nosrydenHOMy 06obmenuio yTBep)acHus 2 (kaxmnas pl (§) BeramcageTcs ma ocHo-
BaHWM yTBepxeHus 2), a 3aTem no dyrknun p’ (-) maxomum 0*1'(p) xax obpaTryto
GYHKIHUIO.

Hesasucumo ot mexeBoro pynkunmoHaga 6ygeM HCHOJL30BATH 0603HaUeE-
e Py mis mo6oit Mepsl, peatnsyiomeit murmym o P(-) € A.(d, d,0,0?),
u P; — nust ssementa muHuMmMusupyiomed (npu § — +0) mociaenoBaTens-
HOCTH Mep, ecau wHGuMyM 1o P(-) He mocturaercs. OGozHaumM Takke
VAA€[0,1/2]:

(Al 2 min[v2A, 1/2],
def

8(A) = min[fy(d), max[fy(d(L — A)),0(d(L + A))]] =

= min max[ﬁo(d(% - A’)),eo(d(% LAY, 6(A, A

0<A'<A

' max{min[fy(d(% — A)),0o(d(L + A"))], min[o(d(L + A)), b (d(s — A))]}.
B cnesannbx obosnavennsx p’ () =

0 V6 >#6(o), Py cocpenorodena au6o B W, gub0 B W — 0 U & + 0;

1— 02/A2(6) V0 € {8(A)| o < A < [0}, tme AB) X max{A| 6(A) = 6},
P; cocpenorouena B W £ (A(0) +6) u w;

1/2 V6: 6(A°) >8> 6(o,5), Po cocpenorouena B =+ 0;

1— Lo2/(A/(8))” V8 = ¢'(A) < max[8(A, 1),6([AL, [AL)], 0 < A < 1/2,

rme A'(6) def min{A| §'(A) = 0}, Ps cocpenorouena nu6o B & £ (A +6)
u &, au6o B &+ (V2A + 6) u &;
1 Vo<@:.
Orcrona nmosyuaem, uro 3navenuem §*''(p) (u ero peanusammeit) 6y et
6z Vp: 1>p>1-20? Py(0)=Py(l)=20?u Py(w) =1—40? upu p >
>1-20% amusp=1-20% Ps(d)=Ps(1- %) = 20%/(1 - §)2,
Ps(&) =
=1-40%/(1-6)%
0(A,[Aly) = min[8(A, A),0([A])] musp=1—30%/A?, YA: 0 <A< 4,
Py(@) = 1-0*/(A(1=6))* n Ps(o £ A(1 = 8)) = 50°/(A(1 - 8))°
—BCJIyI{aeH( J[A]2) = 0(A,A),
Py(@) = o /(A(1 - 6)) 1 Po(o £ [Ala(1 - 8)) = Lo /(A(1 - 6))
— B caIyyae H(A [Aly) [Aly) 1 A < 1/(2v/2); )
O(A) maap=1-0"/A% VA: 0 <A< L, Py(w)=1mupu 8(A) = ,(d),
Pu(@) = 1 - 0?/(A(1 = 6)7 u Py £ AL - 6)) = Jo?/(A(1 - 6))?

o
6)
o



B IPOTHUBHOM CJIyYae.

CxonubiM 06pazoM MOXeT GBITH BbIIUCAHO pelrenue 3anadu (7),(1.5), a
takxe (1.5'), MJIst TPOU3BOJIBHOTO M > 2, OMHAKO TO MOTpebyeT mepebopa
GoJIBIIeTo (IKCIOHEHTIMATBHOTO TI0 M) Yhcjaa BapuaHToB. 2KecTkas mocra-
HOBKa MCcIenyeTcs aHaJOTHIHO W MBI Ha Hell OCTaHABJIWBATHCSA He GyIeM.
Hatst obmmero cayuas P(-) € A(a), Korna u3BeCTHB OTPAHWYEHWUS W HA IPY-
THe MOMEHTHI, TOTYIUTH SBHOE pellleHne, KakK MPaBuio, He yaaeTcs, & TTONCK
TpuOIMKEHHOTO PelleHus, HeCMOTPs Ha HaJdWdwe YTB. 2, ocTaeTcs HEMPO-
cToOW 3amadvedi. B Takol cuTyaluu, ecay OIEHKa, ompeneNeHHas Mo HeboIb-
1I10# wHhOpMaIuu, TpedyeT yTOTHEHNS, TO, MO-BUAMMOMY, TTPOITle YTOUYHATE
d.p. ¢.B. d(+), HATpUMED, SMIUPHIECKYIO TYTEM TPOBENeHHUs GOTBIIETO YH-
cJla COYYaWHBIX MCIHBITAHUN — HAOMIOIEHUH CIy9aidHbIX peasusamai d(w)
c¢.B. d(-), a 3aTeM IPUMEHSITH Pe3yJabTaTHl §1.

2.3. Cayua#t ¢.p. ¢ HEM3BEeCTHLIMH ITapaMeTpaMu. Menee peatb-
HOM TpefcTaBIsdeTCs CATYallus WHOOPMUPOBAHHOCTH, IPY KOTOPOH N3BECTEH
BUzL §.p. ¢.B. d(-), HO He M3BECTHHI HEKOTOPHIE ee TapaMeTphl (HampuMep,
C.B. cuMTaeTcs JorapupMuiyecKu HOPMaJbHOM, HO ¢ HEM3BECTHLIM MaTeMa-
THYECKUM OKWTaHWeM u/uian nucnepcnei). Tem He MeHee, yKa3aHHBIN THI
WHGOPMUPOBAHHOCTY HEPEHAKO MPEANOJaTraeTcss B TPAIUIIMOHHBIX HCCIeNo-
BaHUSIX 3a7ad cO caydainbiMu dpakTopamu. HeTpymao BumeTh (cM. Takxke B
[11]), uTo Torma mas mowcka 5! momywaem 3amady KoHeUHOMEpPHOW MWHU-
MU3allUu WHTErPAJbHON IeJeBOH GYyHKIIWU:

e zigf/n 00 (d(w))P?(dw),

T o MeHsSeTCs Ha MHOXEeCTBe BO3MOXKHBIX 3HAUEHHH BEKTOPA HEU3BECT-
HbIX mapaMeTpoB Mepsl P*(:). Omenka nms (3) MoxeT GLITH aHAJOTMYHO
3alMCaHa ¢ TOMOIIBIO HHTETrPAJBHOTO IPEeICTaBICHHs

p"(0) = inf [ Xz (0d(w) P (d)
nin kak p’ (8) = inf P*(Z(c)/6). lax (4) mpuxomuM K MUHIMAKCHON 3amade

67" (p) = inf 0.
)= 1 oo B8y

K COXaJICHUIO, 0obIIUX MeTOIOB penienud IIOJYYEHHLIX 3aJa4 HeT, ITO3TOMY
Halo UCIIOJB30BaThH CHeHI/I(l)I/ITIeCKI/Ie 0cOOEHHOCTH 3aIaHHOTO BHIA (pp FEcoan
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NOCTYTIHO NUMGEpeHInPOBaHEe 10 MapaMeTpPy &, TO MOXHO MONBITAThCS
IPUMEHSTH TpalUeHTHBIE WX CyOrpaTieHTHbIE IPONeTyPbl MIHUMA3AINH,
OIIHAKO IPHUIETCS Ha KAXKIOM IIare METONa peliaTh 3amady Tuma (1),(3)
win (4), COOTBETCTBEHHO, NI OIpeNeJeHs IPATUEHT MeIeBOH (DYHKINH.
[To-Buaumomy, weM GoJee MOTPOGHYIO (HO HENOJHYIO) WHDOPMUAPOBAHHOCTE
MBI IIPENNoJaraeM, TeM TPyIHee HAXONUTH TOYHBIE OEHKY B PaMKaX TaKoi
MH(OPMAPOBAHHOCTH.

2.4. AudpopMmupoBanHocTh 0 ¢.p., 3aJaHHas CJyUYaMHLIMH pea-
gusanuamu. Teneps 3amernm, 9To wHGOPMATHIO O (.p. (B TOM UncIe, pac-
CMOTPEHHYIO BBIIIIE ) BPSI/I JIX YIAETCS MOy IaTh TEOPETHIECKH, & CKOpee OHa
OCHOBaHA Ha JKCIMEPUMEHTAJBHBIX MAHHBIX — HabOIIOIEHUSIX HE3aBHCHMBIX
peasm3zanuit ¢.B. d(-). [losromy Hambosiee ameKBaTHBIM TMPaKTHKE IPENCTa-
BISIETCST CJENYTOIIAN BapUaHT WHOOPMUPOBAHHOCTH O (.p., TPALAIHOHHO
IpefnogaraeMbli B CTOXaCTHIeCKOW onTumusanuu. Kak n B pasm. 1, cuu-
TaeM, ITO HUKAKOW TpsiMoil wHbopMannu o ¢.p. ¢.B. d(-) HET, Kpome, OBITH
MOXeT, MHOXeCTBa [), OrpaHnunBaoNniero o6aacth 3Havenni d(w). OnHako
NOMYCTUM, 9TO TOCTYIHA CKOJIb YTOMHO OOIIMPHAS KOCBEHHAS MWHAOOPMAIHS,
a WMEHHO, TTPOM3BOJIbHAS CIyIaiHas TOCTeNOBATENBHOCTD HE3aBUCAMBIX pe-
anm3anui c.B. d(-). [lpuuem, B oTIMIMe OT MPENBIAYINETO TYHKTA, TpebyeTcs
Hai TV He TapaHTHPOBAHHBIE ONEHKX XapakTepucTwk (1)—(4), a camu >Tn
BEJIMYHIBI, MIYCTDh, Ipubimkento. B rakoil mocranoske mis 3amad (1)—(3)
ecTecTBeHHO mpuMernM MeTon MouTe-Kapio (kak u mpemmaraioch panee
B §1), a apyrue crmocobbl WHTETPUPOBAHUS He TMPUMEHUMBI, W BaXXHO OpTa-
HU30BATh MPOIENYPY CIeTa TaK, YTOOH He BHIYACIATE KaXKIBIH pa3 3aHOBO
3HaYeHWe TONBIHTErPATbHON QYHKINK, HO TO BO3MOXHOCTH HMCIOJb30BATH
moJiydeHHbIe paHee 3HadeHusi. HambGosee mpocTo 9TO choenaTh mJs 3a1avn
(3) (cm. pasm. 1.2), nas 3amau (1),(2) mono6ias BO3MOXHOCTL OCHOBAMA Ha
yTB. 3.4,6 (cm. §82.3 ramaser 3). 3amava momcka 63°¢ w3 pasm. 1.1 B pac-
CMATPUBAEMOR (HOPMYJTUPOBKE SBISETCS CTOXACTUIECKOM WTPOBOM 3amader
¢ peKypcHed, sl pellieHust KOTOPOH TPUMEHNM MeTOI CTOXACTHIECKUX KBa-
3UTpATueHToB [26].

Pemrenne 3amaun (4) ¢ p = 1, T.e. mouck 62, ocymmecTBiaseTcs MyTeM
MUTEPATHBHOTO YMEHBIIIEHUS €T0 TEKYIIeTo 3HAUeHUs §, eCJu st OU9epenHo-
ro d(w) He BBIMONHHUIOCH yenoue d(w) € Z(c¢)/0 — rorma § := Gy(d(w)).
IIpn 5TOM BBIYMCIEHWS TPOU3BOASTCS JUIIH s TeX d(w), KOTOpbIe He 0-
MUHHUPYIOTCS PACCMOTPEHHBIME paHee (Kak # B pasm. 1.2). B caydae p < 1
3Hadenune (4) MOXKHO TPHOJIMIKEHHO HAHTH, €CJIU TMapaJehHO CTPORTE pe-
rernst Habopa 3amad (3) ¢ pasauaubiME § (B 3aBHCHMOCTH OT XKeJATeIbHOR
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TOYHOCTH ompenenenus 6*(p)). A WMeHHO, IS KaXKIOTO Peau3yIOIerocs
d(w) mpoBepsieTcst ero TpHHALIEKHOCTE Z(c)/0 cpasy mist Bcex 0 u3 3amaH-
HOTO MHOXeCTBa — 37eCh I0CTATOIHO BBIUUCINTE Op(d(w)) nam vo(d(w)).
Ha6op moweit, matomux mpubamxkenus mis P(Z(c)/0) npn ykasamabix 6,
TaKXe TONCYNTHIBACTCS OTHOBPEMEHHO (BMECTO OIHOTO UHCJIA 3AMOMUHA-
e€TCs COOTBETCTBYIOITNY MACCHB, OOHOBISIEMBIN TTOCJTe OUepPeqHON CIYIaNHON
peanusauuu). 3uavenue §, mpu xoTopoum nois d(w) € Z(c¢)/f or uucaa ucuo-
TaHWH MAHAMAJIBHO TTPEBBIIIAET P, CTPEMHUTCS (€ POCTOM YHCIIa NCITBITAHNH )
K MCKOMOMY TpubImKeHuio mis §°(p) ¢ BeposTHOCTHIO 1.

B curyammu, korma ocyiiecTBASTH HabmoneHre d(w) TOpas3no mpolrle,
geM BHIUCIATH fy(d(w)), MOXeT OKa3zaThesl ynobHee cHadasda ONPENeTHTH
SMIEPHIECKYIO §.p. ¢.B. d(w). Torma TpuMeHNMBI TaKXe U IPYTHe CIOCOGHI
Beraucaenus (1)—(4), paccmorpenusie B §1. Kpome Toro, mo mmeroreiics
BBIGOPKE MOXHO TPUOJINKEHHO ONEHHTH MaTeMaTHUecKoe OXUIaHue U IUC-
mepcuio ¢.B. d(w) ¥ UCIONB30BATH PE3YIbTATHL PA3il. 2.

B 1eqoM, omuepKHeM, 9TO, HeCMOTPS Ha OOWMJIKE PasIuIHBIX (HOPMYJIH-
poBOK 3amaur aHauausa MIl-ceTell B yCJIOBHAX HEONPENEJEHHOCTH BEKTOPa
d n na npobieMy BBIOOpa M3 HUX HauboJee COOTBETCTBYIOIIEH KOHKPETHOM
IeJU UCCIeIOBAHUS CETEBOM CHCTEMBI, He PaBOMEPHO Cpa3y MOIMEHSTH ee
3ajadedl ¢ MOJHOR MHPOPMHUPOBAHHOCTHIO. Ilofo6Has BO3MOXHOCTH HMeeTCs
JWIIL B PEIKUX CIydasx: xecTkue moctamosku (cm. (1.7)—(1.8) u mauaio
pasm. 1.1), wactubie Bunbl D (cM. B KoHne pasz. 1.3.3) u #HekoTOpHIE (HOp-
MYJUPOBKH ¢ ocpemrenueM u3 1. 2.1 (cM. (5) miIs OMHOIPOLYKTOBBIX CeTei,

1
62" w yE!), — wm mosTOMY Beerma HyXmaeTcs B OGOCHOBAHUH.

12



