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I'maa 5. 3agaua aHaaM3a MHOTOIPOAYKTOBOM IIOTOKOBOH
CEeTH CO CJYYAMHOM IMPOMYCKHOM CIOCOGHOCTBLIO
§2. CroxacTuueckue POpMyJaupoOBKH 3anaum anaamsza MII-cern
IJId CJIy4aHHOM IMPONYCKHOM cIIocOBHOCTH pebep

O6cynuM st paccMaTpPUBAEMBIX 3a/1ad CTOXACTUIECKHE GOPMYIHPOBKH
IPY HAJTMIUE HEOUPENEJICHHOCTH B §.p. MMEIOIIUXCS €.B., B JTAHHOM Ciydae,
npomyckHoit crnocobuoctu pebep MII-cern.

B orcyrersue undopmanuu o ¢.p. unrerpat o ) (kak u B Hauage §4.2)
3aMeHsieTcs Ha MHOUMYM, X €CJIM HOCHTEIb pacipeneietus c.B. ¢(-) comep-
XKHUT ¢, TO MEHEMYM focTHraeTcs Ha w’' TakoMm, 9To c¢(w') = ¢'. Popmy-
JIUPOBKU Ge3 OCPeIHEHUs IIPH HTOM TakxKe cBomiTcs K ouetke #y(c’,d) ra-
PAHTHUPOBALHOTO yPOBHS 06ECICUCHHOCTH TPeGOBAHUIMA, IIOJLYICHHIOR B pa3l.
1.6 (em. B wactHOCcTH (13) mist xkecTkoit noctanosku). [lasee uccaenyem mo-
npobueit T.1. I'epueteposcrut cayuat undopmuposannocmu o @.p., Korma
M3BECTHBI IBYCTOPOHHWE OTPAHWYEHUs Ha Psia MOoMeHTOB c.B. ¢(-) [11]. By-
fleM MCIOIb30BaTh o6o3Hauenue P(-) € A(a), kak u B 1. 4 (M. pasa. 4.2.2),
¥ IPUMEHSTDH YTB. 4.2 0 TOM, 4TO rapaHTHPOBAHHEIC OLCHKY HITET PAJIOB Ta-
fotest P(+), cocpenorouennoit B HeGobIIOM drcae ToUeK [11].

2.1. Ouenk® nJas GoOpMYJHPOBOK, IIPENIOJAraloliiX OCpeIdHe-
aue. B cayuae P(-) € A.(¢,¢,0,02), T.e. CAMMETPUIHOCTH paclpenesenus
c.B. ¢(+), M3BECTHOTO €€ MATEMATHIECKOTO OKUIAHUS ¢ U OTPAHUYCHUN 02 Ha
IMCTIePCHE KOMIOHEHT (MyCTh, ISt TPOCTOTH, 0 = (¢f — ¢;)/2 Vk € E),
— W3 yTBepxkKaeHus 4.2 ciaemyeT, 4TO IS HEXECTKOH IMOCTAHOBKH C OCpell-
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B cuay BoruyTocTH 6y o ¢. Takxke u waTerpas B (6) (KecTKas MOCTAHOB-
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3amensiercs Ha MEHAMYM 110 {A| Ay = Agy. = Tox Yk € E} ot

(mm{; mm fg%} + m}\l}{E min ff’ c] Y })/
¢! i ;
i

iEM JEE;
£iEE; &



a unrerpas B (9) (IOJLyXKecTKas MOCTAHOBKA) — Ha
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OIIEHKH CBEPXY MAIOTCS paclpeneseHneM, cocpenoTodeHHoM B ¢. (OTmeTnM,
ITO aHAJOTHUYHBIE PABEHCTBA IS Vg, BOOOIE TOBODS, He BEPHEL.) 3Hade-
HUS Pe3yJIbTUPYIONIAX ONEHOK MJs ONTHMHU3aNuOHHBIX 3amad (6), (9) 3a-
BHCAT OT KOH(GUTYpAIMKM ceTH W MOTYT BapbupoBaThbes oT 6y(c’,d) (mpu
[OCJENOBATENLHOM COETMHEHUH pebep MeXIy WCTOYHHKOM M CTOKOM) MO
(6o(c’,d) + 0o(c”,d))/2 (mpn mapamiessroMm coemwHenwun). st ux momcka
IPUMEHUMEI OOIIHMEe METOILI BHIMYKJIOTO TPOrPaMMUPOBAHUSL, KOO MaKCH-
MU3KHpyeMble GYHKIUY (HaldIeHHble TapaHTHPOBAHHBIE ONEHKY WHTEIPAJIOB)
OCTAJNCh BOTHY TBIME I0 MaKCHMU3UPYIOUIAM ITepeMeHHBIM f;;.

Ecan u ¢, n d caydaiiner, To moaydenuble GOpMyJabl KOMOMHUPYIOTCS C
(4.5). B 4acTHOCTH, [ HEXECTKON NOCTAHOBKH, 0GO3HAYAS Yepes ¢’ OleH-
Ky mucnepcuu c.B. d(+), MOXeM 3anucarh (MOCKOIbKY BHY TPEHHUN MUHMMYM
Takxke Oy/eT BOHYTOH GYHKIMEHR ¢), 4TO

. . 1e . 1 R
min min 6y = min — min  {fs(é—
P(c(-))eAc(é,8,0,02) P(d())eAo(d,d,0,0'2) {A| Ay=t0) VEEE} 2 {A’J,pJ} " LEB

A=Y p)+ D (0o(é - A, d+ A7)+ 05(e— A,d— A ))p; /2)+
j=1 j=1

m

(an i EB{GO(HA,d)(l—ijHZ(@o(éM,J+A”')+Ho(é+A,J—A”')m/?}},
TP5 j=1 j=1

roe

Bd—ef{{A/]:p] L ij <1, p; 20, |Al]| < d“ (Al]) < UI? vi.j € M}

j=1

2.2. Ouenku nJsa ¢GopMyJupPOBOK Ge3 ocpenHeHHs. AHaJoTHIHO
1m.4.2.2.2 moxeT 6LITH MOKa3aHO CJAEMyIoITee
YTBEPXKIEHUE 3. B neacecmxoli nocmanoske

Ot p0)= Jim min [ g (8u(c().d) | P(ds) u ply(6)
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2de x13 (y) 0603HAUAEM C2AAICENHYIO U3GHE UHOUKAMPUCCY MHONICECTNEA

{y > b} C R! u munumymvl 6 npasvlx 4acmAr 6bINUCATIOMCT HA OCHOEAHUY
ymeepocdenusd 4.2.

[Tpn wrpopuuposannoctu P(c(+)) € A.(¢,¢,0,0%) oTciona BeIBOTUM SB-

HBle GOpMysabl — B mpennosnoxkernn o = (¢’ — ¢')/2 cocpemoTodeHHBIM B

1 V6 <6y(c,d),
pP@) =4 0 V8>0%  min  max[fy(¢+ A,d),0 (- A,d)],

A AkE{O,:I:ak}
1/2 B ocTadbHBIX caydvasx,

1 V9 <Y(f, ¢, d),
FrO)=4 0 Vo>  min  max[d(f,é+A,d),9(f,¢é— A,d)],

A AkE{O,:I:ak}
1/2 B OCTaJbHBIX caydYasx,

1 Vo <9(F,c,d),
POy =4 0 vo>9Y  min  max[d(F,é+A,d),I(F,é—A,d),

Ar Age{0,Ltox}
1/2 B OCTaJBHBIX CIydasX.

Hynesoe 3nadenue B 3TUX HOPMYIaX TOCTUTACTCS HA PacIpeneleHlt, cocpe-
NOTOYeHHOM (¢ BepossTHOCTSAMHE 1/2) B ¢+ A mis A, peasusyoriei MUHAMYM,
a 3HaveHWe 1/2 — Ha pacupeneieHWd, COCPENOTOYEHHOM B ¢ + 0, T.e. B ¢
u ¢”. Hocnenussi cuTyanus BOZHUKAET, KOU'Ma MPH JOOGBIX A TakuX, 4TO
|A| < 0p Vk € E, mis ToCTHXAMOCTH MYJbTUTOTOKA fd HOCTATOTHO TMPO-
MyCKHOM crocoGHocTH au6o ¢ — A, aubo ¢+ A. 3neck 110GOMBITHO OTMETHTH
clenylolee.



ycts mpu perrennu 3amaun (1.11) ¢ BekTopom ¢ = ¢ Bce orpanndenus
10 POy CKHON criocobrocT (1.2) 6b1u cyimecTBenHbIME. Torna, ecin B He-
KOTOPOM TIyTH MMeeTcs XOTs Obl 2 pebpa, TO Xyamni (TapaHTHPOBAHHBIN B
paMKaxX paccMaTpUBaeMoi WHGOPMUPOBAHHOCTH) BAPUAHT PACIpeIeeHHs
SKBUBAJEHTEH — C TOYKHM 3PEHUS BO3MOXHOCTH TPOIYCKaHUS TMOTOKa —
YCTQHOBJIEHUIO HUXKHEH TPAHUIBI TPONYCKHOM CIIOCOOGHOCTH pebep 1o BeeMy
nyTH. (lleficTBrTENbHO, TOCKONBKY Ha 5TOi TpaHuIle Gy AT HOCTHTATHCS MEHAMY M
IIOTOKa, TO HOCTAaTOYHO, yTOOLI OHAa peaJn3oBaJiacChk JHUIIEL OJd OJHOTO pe6pa) H
Tak s KaXKa1oro HeomHopebepHoro myTH. s omHOpeGepHbIX My Tel, CooT-
BETCTBYIOIIUX PA3HBIM TATOTEIONIMM TTapaM, BEPXHAsS U HUKHAA TPAHUIBL UX
POMYCKHOM CIHOCODHOCTY TakxKe OYIyT B XyIIIeM CIydYae BHIAgaTh acuH-
XpoHHO. B pesyabTaTe MoXeT oKazaThes, 4To f = 6(c',d) (19 = J(F,c,d),
V= 19’(/5, ¢,d)). Takum obpasom, mis psga KOHQUTYparuit ceTu (HampH-
Mep, KOJBIEBOH pH m > 3) B YKa3aHHBIX BhIIE GOPMYJIAX OCTAIOTCS JHIIb
IBEe TepBble BO3MOXHOCTH, T.e. MCYe3aeT dJIeMeHT caydainoctu. Obecre-
YeHHOCTH TpeboBaHWYU B TMOMOOHOW ceTw 6ymeT TaKoW, KaK eciau ObI BeKTOp
[MPOMYCKHOM CHOCOBHOCTH OBLI JeTePMUHUPOBAHHBIM ¥ WMeJ HaWMeHbIee
3HayeHue ¢, HeCMOTPs Ha TO, YTO paclipeliejieHHe COCPEOTOYEHO ¢ Bepo-
ATHOCTAMU 1/2 B ¢} ¥ ¢} — HaWMeHbIIeM ¥ HaWbOJBIEM 3HAUEHUSIX —
IJsl KaxXaoro pebpa rp € R. B oToM, B 4acTHOCTH, MPOSBISAETCA ceTeBas
crenupuKa UCCACTYEMbIX CHCTEM.

O6o61enve st CIYyYadHBIX W ¢, ¥ d He TPUBOTUT K NPUHIHIUAIHHO
npyrum dopuyram. Tax, mpn P(d(+)) € Ay(d,d,0,06'%), D = [0,2d], o' = d
¥ TMPEXHUX TIPEITOJNOKEHUSIX OTHOCHTEIBHO pacipenesenus c.B. ¢(-) 6ymem
UMeTh

1 V6 < 8y(c,2d),

0 Vo> min min max [6y(¢ + A,d+ A",
Pfd(e) = A: Ape{0,x0x} A': Ale{0,%0l}

Bo(¢ — A,d+ A, Op(¢ + A, d— A, 0y(¢ — A, d— A,

1/2 B ocTambHBIX CIydasx

(ecat caUTATH, 9TO ¢ ¥ d MOTYT OBITH 3aBUCHMBIMH, TO O MAKCHMYMOM T0-
CTATOYHO OCTABUTH TOJBKO 1-# ¥ TMocjenuuit sjgeMenThl). CHTyanus, Korma
o' < d,o < ¢ — &, paccMaTpUBaeTCA 10 aHaJoTHH ¢ 1.4.2.2.2.

Temnepnb B cleqaHHbIX MPEIIOJIOKEHUIX HETPYIHO BHITUCATH FapaHTHPO-
BaHHbIE ONEHKHU [IJsi COOTBETCTBYIOMIMX BEJIUUNH P-0OECICYeHHOCTH TPeto-
BaHWH TATOTEIONIMX ap. B yacTHOCTH, 1)k MAKCHMUHHOR P-06eCcedeHHOCTH



0 (p) (HexecTKas MOCTAHOBKA) MOJIYYAM, UTO

G*F(p) _ GO(CI,d), 1/2 < ¥4 S 17
‘ 9, 0<p<1/2

u focturaercs Ha Mepe Pl cocpenorouennoit ¢ BeposTrocTIME 1/2 B:

¢+ A, nas A, peanusyiorero é, mpu p < 1/2,

d uc mpup>1/2.

OueHKH [JIsE OCTAJMBHBIX TTOCTAHOBOK BEIYKCIAAIOTCS TOYHO Tak XKe.

Bamaun MaKCUMU3aIMK HalIeHHBIX TapaHTHPOBAHHBIX OEHOK [IJIs XKeCT-
KOW M TIOJYXKEeCTKOH MOCTAHOBOK 33 CYET BHIOOPA M3HAYAJBLHOTO paclpere-
Jerusi moTokoB (3amaan (11), (12) u T.1. ¢ HalimenuHbIMT BapuanTamu P(-))
CBEJHCH Teleph K NeTEePMUHUPOBAHHBIM ¥ PelIaioTCs KaK 3aJadd MaKCUMH-
samun o I yposus Y(F, ¢, d) nin ] (>kecTKas OCTAHOBKA) U TIO f ypoBHs
19’(f~, ¢, d) nmm 9’ (moury)ecTKast TOCTaHOBKA ). KOHKpeTHBIN BBIGOD TpH 5TOM
3apucuT oT 3amannoro § muas pT(0) u pL(#) mim oT 3amamuoro p muas 67 (p)
n ép(p). (3mecw Bepxuuit nuneke “I'” ozHagaeT, 4TO B GoOpMyJIaxX s 9 (12)
v @ menoassyeres mepa P() = P.'.) llonpoGHOe paccMOTpeHwe CILydas
p < 1/2, no-BumwMomMmy, He MMeeT TPAKTHUECKOTO CMBICHAA, TaK ITO yKa-
JKeM JHUIIL OLIEHKY ép(p) < ép(p) < G:F(p). Ipu p > 1/2 u3 noxyIeHHBIX
pPe3yIbTaTOB CIeNyeT, 9TO ép(p) = ép(p) = 0o(c,d).

2.3. O6 agekBaTHOCTH BEPOATHOCTHOTO MOAXOma. B 3akiiouenue
JaHHOM TrJiaBbl OTMETUM, YTO B OTJUYME OT HEONpeNeJeHHOCTH, CBA3AHHON
¢ BeKTOpoM TpebOBaHUM MOJb30BaTel]el ceTeBOil CUCTEMbI, KOTOpas sBJsi-
eTcs cyObeKTUBHOM M, B IPUHIMIIE, MOXeT OBbITh yMeHbIlIeHa nyTeM cbopa
JONOJHUTENbHOM WHGOpPManuu, 6oJee TOUHOTO yueTa peaJbHbIX MOTpebHO-
cTeil, puKcaluy TpedBapUTeNbHBIX 3ad4BOK U T.I., IOCKOJbKY €e UCTOYHUK
HaXOIMUTCA B paMKaX CaMoil paccMaTpUBaeMON CUCTEMBbI, HEOT PeleJeHHOCTh
BEKTOPA MPOIYCKHOH! CIIOCOGHOCTH 3a4acTyio OObeKTUBHA, T.€. 3aBUCUT OT
BHEIIHUX MO OTHOIIEHWIO K cUCcTeMe IPUUYUH U 06cTOosTenbcTB. CyOBeKTUB-
HBIMKA MOTYT CUMTAThCS JUIIb MeJTKUE HEUCIPABHOCTH, BbI3BaHHbIEe HeEUe-
AJbHBIM TEXHUUYECKUM COCTOSHUEM DJIeMEHTOB CETH.

O6BEKTUBHYIO HEOMpPeNeJeHHOCTh TP TMOTEPAX MPOIMYCKHOW CIOCOBHO-
CTH NIOMYCTUMO MOIEJUPOBATH CIAYYAUHOCTBHIO JUIIL B TOM CUTYallUU, KO-
rmoa 3To — “npupopHas”’ HeOUpeaeNeHHOCTh, T.e. CAyJYalHble U3MEHEHUus BO
BHELIIHER cperle, BIAUSIONIME Ha IPOMYCKHYIO crlocobHOoCTh. QueBuUiIHO, HC-
cJellOBaHHbIE B MPENbIAYIIMX MYHKTaX MOAeJU He TPUMEHUMBI [Js U3yue-
HYSA BO3MOXHBIX MOCJHEACTBUN KPYIHBIX aBapUi U TEXHOT€HHBIX KaTacTpod,



a TakXe TeJEHANPABIEHHBIX Pa3pyLIaloNux Bo3neicTBui. (/leficTBruTens-
HO, pa3Be Pa3yMHO ObLIO MPU CO3MAHUU MEXIYTOPOIHOU TesedOHHOU ceTH
B CCCP paccuntriBaTh Ha pacnan Coro3a miu Ha BBIXOI W3 CTPOS UMEH-
HO TPO3HEHCKOTO y3JIa CBS3M — KJI0UeBOTO ISl yKasaHuoi cetn?) Hukakwme
BEPOSTHOCTHBIE MOJIETH TTPU DTOM He MAI0T MOJE3HBIX OIleHOK, 160 HeT OCHO-
BaHW{ MpennoJaraTh HaJudue Takoi nabopMaiuu o §.p., KoTopas IpuBesa
OBl [IJIsl CETH K PE3YIbTATY, CYIIIECTBEHHO JyYIlleMy, YeM I'apaH TUPOBAHHBIH
(cM. B pasm.2). O6iiee paccMOTpeHHe 3a0a91 AHAIN3A YSI3BUMOCTH CeTEBBIX
CHCTEM TI0 OTHOIIEHUIO K HECAYUAWHBIM HOTEpPSM IIPOIMYCKHOW CIIOCOBHOCTH
(v XKe CIydadHBIM, HO ¢ HEM3BECTHOH ¢.p.) TMPOBOAUTCS B CIEMYIOIIAX
riaaBax paboTHI.



