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I'maa 5. 3agaua aHaaM3a MHOTOIPOAYKTOBOM IIOTOKOBOH
CEeTH CO CJYYAMHOM IMPOMYCKHOM CIOCOGHOCTBLIO
§1. BeposTHOoCcTHBIE (OPMYJHUPOBKH 3anaum anaausa MII-ceTn
IJId CJIy4aHHOM IMPONYCKHOM cIIocOBHOCTH pebep

1.1. Cnenuduka cJaydaMHOH HPONYCKHOM crmocoGHocTH. Paccmo-
TP¥M Telephb APYTOM BAPWAHT BEPOSTHOCTHOW (HOPMYINPOBKH 3a7a9W aHa-
auza MII-ceTw, cBI3aHHBIN ¢ HEOTPENeTeHHOCTRHIO BEKTOPA IIPOITY CKHOU CITO-
cobrocTH pebep duszuveckoro rpada G ceru. llpenmoroxum, 4To BEKTOP ¢
SBJseTCs peasnu3aiuei c.B. ¢(-), u3Mensoreiics B mpenerax ¢ < ¢ < ¢,
Taxwm ob6pazoM MOTYT OLITH YUTEHBI KaK CIyJalHble TOTEPH ITPONYCKHOM
CTOCOGHOCTH KaHAJOB CBsI3W (M3-3a W3MEHEHWH BHEITHEH Cpebl, HalpuMep,
MEeTeOYCJTOBHiA ), TaK ¥ CIYYAWHBIH BBIXOI M3 CTPOS OTIETBHBIX pebep ce-
T# (B pe3yJabTaTe aBapuil WM MOJOMOK). B 1-# cuTyanuw rpamuis: ¢ u ¢’
HECUIABLHO OTIUUAIOTCS, U3MEHEHUS ¢ TPOUCXOMAT CPABHATENLHO GBICTPO U
“MeeT CMBICT PacCMATPHUBATEH XKECTKYIO MOCTaHOBKY 3amaun amammida MII-
CeTH — He JIONYCKAIOIIYIO alloCTePHOPHOTO Tlepepacipenelenus TOTOKOB TI0-
cJle KaxKIo# HOBOH peasm3aiud c.B. ¢(-). st 2-#f — BekTOp ¢’ MOXET MMeTH
HyJeBble KOMTOHEHTHI, OOHYISIONINE TOTOK AJIs KaKOH-1160 TATOTEIONTeH ma-
PBI Ha TOBOJBHO TPOMOJDKHTENbHOE BpeMs (10 BOCCTAHOBJEHMUS ), 9TO TIPH-
BOOUT K HEOOXOMUMOCTH TiepepacipefeNeHusl TOTOKOB, IPUYeM B YCIOBUIX
Te@UIUTa TPOTYCKHON crocobnocTy. B mannoil cuTyanuu TeM Gogee BaXHO
06ecIeYnThL PABHOPABHOCTDL MOJB30BATENEH, W 3TA BAXKHOCTH OGOCHOBLIBA-
eT BBEIOODP KOHKYPEHTHOTO paclpeneleHus MOTOKOB B KadecTBe MPUEeMIEMOTO
TOCTABAPUAHOTO BaphuaHTA.

I{OHG‘IHO7 HauboJee IOAXOOAIINM M3 BCEX KOHKYPEHTHEIX peH_[eHI/HH/I ABJIACTCA
CYNMEPKOHKYPEHTHOe (CM. TJI. 2) KaK He TMCKPUMHUHUPYIOIIEe HU OIHY TATOTEMNIYIO
napy. Ho u nmpousBoJbHO B35TOE KOHKYPEHTHOE paclpeneseHne MOTOKOB, IO Kpau-
HER MeEpe HE NUCKPUMMHHUDPYET HaMMEHEE obecrnievyeHHBIE IIaphbl, 4Y€ro HE CKaXellb
O BapHaHTE¢ MaKCHMHU3allUNl CYMMEI IIOTOKOB B CE€TH, IIOCKOJIBEKY OH IIPOTHUBOPEYUT
HCIOJB30BaHUIO “OO6XOMHBIX” My TeH Hepedadn MOTOKA.

OTMeTuM, 4TO KakK MPABUIO IS Hepepacipeneieius MOTOKOB B TOBpe-
XKIEHHOW CeTH W3BeCTeH CTaHIapTHBHIM Habop 0OXOOHLIX MapIIpyToB. B
YACTHOCTH, B aHAJOTOBBIX TesehOHHBIX CETAX CYIEeCTBYeT IMOHsATHe “Tpa-
duka oOXOmOB U 3aMeH”, 3aIA0IIEr0 A BCeX BOZMOXHBIX CIyYaeB aBapuit



TMOPSAOK TepepacnpeeseHus MOTOKOB TATOTEOIINX ap, ¢ TeM ITOOBI KOM-
MEHCHPOBATH MOTepH HanboJee MOCTPATABIINX 32 CYeT He 3aTPOHY THIX HaH-
HO¥ aBapWed MOJb30BaTedeH. ITO — IMPaKTUUECKUH aHAJOT MaKCHMUHHOTO
mpasuaa (1.11). Konewrno, momyvarormiics MyJbTHIOTOK He BCET/la TOTHO
COOTBETCTBYET KOHKYPEHTHOMY, HO B TIPUHIIUIE TpaduK ToXKe MOXHO CO-
BepIIeHCTBOBATh. [loaToMy MBI OymeM, Kak ¥ paHee, CUNTATH, ITO MOTOKHK
pacIpenesiioTess ONTHMATBHEIM 06pa3oM (00 yKa3aHHOE TPEeNNoJOXKeHre
TMO3BOJISIET TIPU PellleHuH 3a0a9¥ aHAJU3a TMOJYIaTh He3aHWKeHHble TapaH-
THPOBAHHBIE OIEHKH ).

1.2. ZKecTkas MoOCTaHOBKA MPH HAJHUYUHU CJIYyYaWHOM MPOMYCK-
HOU cnocoGHocTHu. O6CyTnM CenndUKy XECTKOW TOCTAHOBKY 3a1a9d O
nonyctuMocTu MII-ceTu co caydainoi TpomyCcKHOR CTTOCOGHOCTRIO U ee OT-
Juyue 0T PacCMOTPEHHBIX 3alay CO CAYUYAUHBIMU TPeCOBaAHUAMU.

B oTcyTcTBHE BO3ZMOXHOCTH TepepacipeneleHs MOTOKOB HEOGXOMWMO
IPeIyCMOTPeTh BBINOJHEHNE GU3NTECKUX OTpaHnIeHn# (1.2) Ha MOTOKH ph
VMEHBINIeHUN TPONYCKHOM cmocobHocT pebep. PazyMHLIM TpencTaBaseTcs
cJenytomiee OMyIeHre: TPU YMeHbIIeHnr (yBeJHIeHU] ) TTPOIYCKHOR CIIo-
cobHoCTY pebpa Bce HeHYJEeBble TOTOKK MO HEMY TPONOPIIUOHAJIBHO U3MEH s -
IOTCsL, T.€. BMECTO MOTOKOB fir U fi(kte), ¢ = 1,2,...,m, NIPOXONUBIIUX IO
k-my peGpy MpONYyCKHOU CIOCOGHOCTH ¢, OYIYT MPOXOIUTH MOTOKH

firer(W)/ex m fi(lc+e)ck(w)/cka te M, (1)

3aBUCSIINE OT CAyUaiHol peasuszanuu w € ). OnHaKo, TPU ITOM [JsI pac-
ITpeesieH s TOTOKOB HapyIIaeTest yCJIoBHe Hepa3pbhiBHOCTH (1.1), 3amatormee
MyJabTUIOTOK B mpuHsiTod Momean MIl-cetn (cm. §1.1). Urobsr ompenennTs
MYJIBTHIIOTOK Js PACCMATPUBAEMOTO CJIydas HaM MOHATOOUTCS BBECTH TIy-
TH Tlepeiavu MOTOKOB, T.e. UCIOIb30BATh cMelianuyio moneiab MIl-cetu B
“myro-sepinunOi” dopme (1.1) B “myro-myTeBoit” opme (cM. HampuMep,
B [51]).

Mpencrapuy 3navenue z;(f) Vi € M B Buge cyMMBI IOTOKOB 25 10
OTEJNBHBIM TYTsM (IEMOYKaM CMEXHBIX YT, COeNMHSIONIMM HCTOYHUK 7
CTOK ¢-ro mponykTa) { € Z;. AHaJgorudyHo, MOTOK f;; KaXIOro i-TO BHIA
MPONYKTa MO MPOU3BOJBHON j-# [Myre pasleiseTcs HA TOTOKH ff] MO My TsIM
£ € &; sroro npoaykra. Torma nias maio6oro myTu £ € Z; BBITIOIHEHO

£ gk
= 1]1161? iy (2)

B obtmem crydae, ecan 0603HaUUTEL Yepe3 F' Tpou3BOILHBIN HabOp

Fd:ef{fifjiszieziy ieM, j=kk+e, kek},



a uepes zZ(F) — MyJIbTHIOTOK ¢ KOMIOHEHTAMHE

22’ d:ef Z Zz'Eia (3)

£i€E;

TO MOXHO ollpeldeJUTh O606’u4€HHbl€ ()y206bl€ nomoxru

Ji = Fa(F) =Y g (4)
§i€5;

pu 5ToM, ecatw st oGoGIertoro pacnpenesenus norokos f = {fi;} cupa-
BemsuBoO yeaoBue (1.1) Hepa3pBIBHOCTH TOTOKA, TO BBHIOJHEHO PAaBEHCTBO
#(F) = 2(f), T.e. MyIpTHIOTOK onpenenseTcs ¢ momortsio (1.1), B mpoTus-
HOM cJydae IJs BLIYMCICHUS MyJbTHIOTOKa B MII-ceTn caemyeT BoCmoJb-
30BaThes mpenctaBienneM (2)-(3). B paccmarpuBaemoi cuTyanud, KOTaa
nepepacnpenejJeHus MOTOKOB He TPOUCXONMT, a WX 3HAYECHUS Ha Ayrax Me-
HSFOTCS [TOCTATOTHO TPOM3BOJBHBIM 00pa3oM (BCJeN 3a W3MEHEHWeM Ipo-
IIyCKHOM CTMOCOOHOCTH), BBIMOTHeHWe (1.1) OKa3bIBaeTCs MCKIIOUMTETHHBIM
ABJEHUEM. ()TMGTI/IM7 YTO XKEeCTKas IMTOCTaHOBKa HE NOIIyCKaeT Hepe6pOCKI/I YacCTH
[MOTOKa ¢ OfHOTO TMYyTH Ha APYrod HaXe TOH Xe caMoil TAroTellel mapbl (mo-
noGHOEe ocabieHne CM. Hajee B pasi. 4). A ecad TOTOK OfHON TATOTEIEH maphl
IPOXOAUT HECKOJBLKUMHA (paSJII/I‘IHbIMI/I) IIyTIdMH, TO €I'0 BE€JIMYNHa Ha KaXJOM IIYTH
MOXKET JUMUTHUPOBATLCA OTBeI[eHHOI;I HpOHyCKHOf/‘I COCODHOCTRIO HAa Pa3HBIX OY-
rax — peajusalusgx MEHEMyMa B (2). 3HaUUT, Takue TyTH HYXKHO yUYUTHIBATH IO
orneabHOcTH. 1[03TOMY MbI BBIHYXKIEHBI, HECMOTPS Ha 3HAYMTENHHOE YBe-
JUYEHUe PasMePHOCTH, MPUOETHYTH K pasieleHuio OGOOIIEHHBIX TyTOBBIX
MOTOKOB MO MyTAM X TPOXOXKIEHUS, 3ajaBaeMoMy HabopoMm F — obobujen-
HolM JY20-NYmesbim pacnpedeienuenm nomoxKos.

HesaBucuMo oT HOpMBI TIpeicTaBJIeHs, OOOOIIEHHBIE 1YTOBBIe TOTOKY B
MII-ceTw HOMKHBI yIOBIETBOPSATE OTpaHrdeHusM (1.2) 0 POy CKHOH c1o-
cobrocTH ee pebep. C yueToM MPenIioNoXeHus O MPOMOPIHOHATHEHOM COKPa-
[IIEHUK OBOBITIEHHBIX TTOTOKOB MPY YMEHBIIEHU] MPOIYCKHON CIIOCOOGHOCTH,
orpanndenus (1.2) mias paccMaTpuBaeMOW TMOCTAHOBKA yI0OHee 3alucaTh
KaK paBeHCTBa. BBemeM s JOMyCcTHMOTO MHOXeCTBa 0O0OIIEHHBIX pacipe-
[eJIEHUH TTOTOKOB 0B03HAYEHHE

def

Fle) S {S] i 20, Z(ﬁk + fitkre)) = & Vk € E}. (5)

PdakTUIeCKH, TOTOKOBBIE TepPeMeHHEIE f;; B TaKOH MOCTAHOBKE MMEIOT CMBICT TOR
JaCTH POy CKHON CTIOCOOHOCTH j-# MyTH, YTO OTBeNeHA HA Mepenady ¢-I'o BUAA TPO-

nykTa (HampuMep, Mo CTaHIapTHHIX Tede(GOHHBIX KaHAJIOB, 3ape3ePBUPOBAHHBIX



mist i-8 TaroTeoriei napsl ). OnHaKo, 5Ta BeJTHIHHA He 00538 TeIBHO ABIsSeTCs QrU3H-
‘IGCKOI‘/'I7 T.€. YKa3aHHOE€ OTBCACHNUE MOXKET OCYIICCTBJIATECA YMO3PHUTEJBHO. HpI/IMep
TaKOH CUTyalluX AJacT IIOTOK MalllMH Ha Y4YacCTKe IIOCCE IIOCJE Pa3BUJKH, B KOTO-
pOI;I COCAUHUJIUCEL OBa IIOTOKa, KOT'da CBeTOq)OpOM OTBEICHO ONUHAKOBOE BPEMS Ha
IpoIyCKaHue IMOTOKOB C Pa3HBEIX CTOPOH (HpI/I 9TOM IIPOCTO IIOJaraeM, 4To IIpo-
ITyCKHaA cocobHOCTh OYTHU OCJUTCA IPOIOPIMHUOHAJBHO BXOAHBIM OJA I[a,HHOI;I Oyru
OTOKaM).

Kak u nis o6eranoro pacupenenetus moTokos (M. B pazn. 1.3.1, 4.1.1),
HONY CTUMOCTH OOODIIIEHHOT0 paclipeneleHus s TaHHOTO BEKTopa TpeGoBa-
HUW XapaKTepUsyeTcs YPOBHeM OGEeCIIeYeHHOCTH 10 Bcel ceTu TpeboBaHUU
TATOTEONUX Tap. DTOT YPOBEHb ONpeeiseTcs MUHUMAJbHBIM W3 3HaUe-
HUH 06eCTe9eHHOCTH MOTOKOBBIX TpeGoBaHmi (0.1.T.) — OTHOIIEHUS TTOTO-
Ka K TpeGOBaHWIO NaHHOU TsaToTetoled mapbl. s XecTKol mocTaHOBKH,
corgacHo (1), ypoBeHB O.1.T. paBeH

def . 1 .G i
I(F,c,d) = min — #z{f 5] - }) mm — E mm f] ¢i/cf,
Z Z

§i€E;

eciy QOPMATBHO HOJOXKHUTD Cgie & cx. 3necy F = {ff]} — obobleHHOe
nyro-myTeBoe pacupenesnenue noTokos na MII-cetu ¢ Bexropom ¢’ (Makcu-
MyMOM ) IIPOILyCKHON CIOCOGHOCTH, BHIPAXKeHHe B GUIYPHLIX CKOOKaxX 3ala-
€T ero M3MeHeHHEe B Pe3yJbTaTe COKPAIIEHUs MPOIYCKHOX CIOCOGHOCTH MO
¢ = ¢(w), Z({}) coorBercTByeT M3MeHeHHOMY pacupeneaeHnio 1o (3), a
nocJjennee paBeHCTBO MOJLydeHo Ha ocHoBamuu (2)—(3).

3aMeTHM, UTO IPU M3BECTHOM ¢ 3amada Makcumusanuu J(F,c¢,d) >xBu-
BaseHTHa 3anade (1.11), a umenno, Ve, ¢ <c¢<¢”

max J(F,c,d) = by(c,d)

F: fe]}(c”)

¥ peaymsanus [ MakcuMyMa MOXeT ObIThH Hai/leHa B BUIE f;; e f0 & /e

Vi € M, j = 1,2e, nas a1060r0 1yro-myTeBOTO paclpeleleHus TOTOKOB
F°, coorBercrayiomero pemenuio £(c,d) samaun (1.11). [leficTBuTento, mo
CBOMCTBY MaKCHUMYMa

& -
& ¢ CHW{ATY O w()
> 9({f> Ty AL e _
) 2 9015 L) )= i U0 iy D g
N maobopoT, ecim MEI olpeleauM z* def Z(F*) mo (2)-(4), To maiimeTcs Takoe (He
0bobIIenHOE) pacnpenesenne MOTOKOB f*, uTo z* = z(f*) m BHIMOAHEHO ycJOBHE



5 < Ni”‘]-cj/c;-’ Vie M, j =1, 2, orkyna c yaeToM f* € f(c”) nonyunm f* € F(c),
a CJIeI0BATENBLHO

1
V(F*, ¢, d) min dizZ < fo(e, d)

Ho B paccvaTpuBaeMoM ciydae 3HAUEHHE ¢ 3apaHee He W3BECTHO (SBISETCS
CJAYYAWHBIM) W TO3TOMY HCCIENYIOTCS PAa3JiNIHbBIE BEPOSITHOCTHBIE (HOPMY-
JMPOBKHU.

1.3. 2KecTkue mocTaHOBKH ¢ ocpexHeHueM. Haunem ¢ mccienoBa-
H¥A 3a7aud o cpegHer gomycTuMocTu MII-ceTu co caydaiHON IPOIyCKHOW
crocobHocTRIO. Kak yxke obcyxaaigoch B pasf. 4.1.1, 3agada o cpennei mo-
IIYCTHMOCTH MOXeT OBITH (GOpMaTn30BaHa Pa3sHbIMA (B TOM UHCIe, U 1O CO-
NepKAHUIO) CIOCOGAMY, TTPHYEM MBI CTApaeMcs B TaHHOH paboTe CIeNOBATH
umee KOHKYPEHTHOTO paciipefeleHus MOTOKOB, T.e. MAKCUMU3ANWHA YPOBHI
06eCIIeYeHHOCTH 10 Bced ceTw TpeGoBaHWit Tsroreommx map (cm. (1.11)).
B 3aBucumMocTy OT TOTO, Ha KaKOM dTalle MPUHIATHS PelleHui paspelnraeTcs
TPOBOMUTE OCpenHeHue, TOaydaeM MBa BAPUAHTA BEPOATHOCTHHIX (HOPMYIH-
POBOK € OCpeTHEeHHEM.

1.3.1. 3amauyum MAKCHUMH3AIUKU CPENHErO0 YPOBHA O.II.T. ¥ YPOBHA
cpenuen o.m.T. AHajorudno pasm. 4.1.1, 111 ocHoBHOE GOPMYIUPOBKY 3a-
Iau¥ O cpemHell MOMYyCTUMOCTH B XKeCTKOW MOCTAHOBKE CUUTAEM, ITO HATO
TaK BBHIOPATH HCXOAHYIO MapIIpyTH3AINAI0, YTOOB MaKCUMU3IAPOBATE Cpef-
Hee 3HAUEHWe YPOBHS o6GeCcTedeHHOCTH TpPeboBaHWN BCeX TATOTEIONTHX Tap.
B pesyabTaTe, mpuxonuM K MOWCKY

00 max [ 9(F,efw), d)P(dw) = (6)
F: feF(c")J
1 ey
= max min{— min ff] & (w)}P(dw).

(15 feFeryJa TEM d; L= e ¢
Mepa P umeeT TOT Xe cMBICH, YTO ¥ paHee, TOTBKO OT CAYYAWHOTO TTapa-
MeTpa w Tenepb 3aBUCUAT He d, a c.

Hpyras BozMoxHas GOpMyITUPOBKA — KOT A OCpegHseTcs He OBIITHH ypo-
BeHb U, & 3HAYEHUS TTOTOKOB IJIsi KAXKAOH TATOTEIONER Taphl, ¥ MAKCUMU3ZHU-
pyeTcs He CpemHUN YPOBeHE 06ecTeYeHHOCTH, & YPOBEHE cpenHell obecmedeH-
HOCTH TPebOBaHWE TATOTEIINK Tap (CM. OlpenieleHne 03”0' B pasm.4.1.1)
— maeT CIeAYIONIYIo 3alady ONTUMHU3ANNHN: HAWTH

o’ 1 ()
goec’ def max min—/ ({5 Pldw) —
’ (15): feF(em) (€M di Jo (5 ¢y HP(dw)



" . e C(w
= max_  min — min ff] ](” )P(dw).
U5y feF(en €M di S= Ja qet T

i

Onurako, Mbl He HyieM Ha Hel TopobHee OCTAHABIUBATHCSA B CUIY aHAJIOTUU
¢ (6), yKaxkeM TOJBKO OYEBUIHYIO ONEHKY

03°C < 637" < 6,(¢,d).
1.3.2. MeToabl MAaKCUMU3aLKs CPENHEr0 yPoBHS 0.1.T. CBeletne,

anagoruuanoe (1.13), B sanaue (6) npusonut (coraacuo [137]) x MakcuMu3a-
IMH B IPOCTPAHCTBE HEIPEPHIBHBIX (yHKINH

max  max {/Q 0(w)P(dw)| B(w)d; < Z({f5 cf'(“)}) Vie M, weQ}

F: feF(e)8(-)EC() c;-’
wiay 0 KoHedyHbix 2 — x 3amade JIII 6oabloi pasMepHOCTH

ég’cc = max max max {Z 6,P(w)| dib, < Z B

{15} feF(en1buluen {48 ] ceEs, ieM, we} [5G fem,

¢j(w
o, < I3 ]c(/!) Vje&, VEeT, Vie M, Vw € Q}.
i
[osTomy npsimoe petttenue (6), HapuMep, ¢ MOMOIIBIO METONA IIPOCKIH
06OBIIEHHDIX IPATUEHTOB [68], MOXeT OKasaThes 6oJee IPeIIoYTHTeNbHBIM.
[Monuepxuem, uTo MakcuMu3upyemas Qyukuus B (6) sBiIseTCs BOTHLY TOH, T.€.
naHHas 3a7ada GymeT 3amadeil BHILYKJIOTO IPOrPaMMUPOBAHMUSL.

Ecau, xax u B pasn. 4.2.4, .p. ¢.B. w He U3BeCTHA, HO IOCTYIHO HaOIIOTe-
HUIO CKOJBKO YTOIHO HE3aBUCHMBIX peasusauuit c¢.B. ¢(w), To (6) oTHOCHTCS
K KJIaccy IBYXOTANHBIX MTPOBBIX 3a7ad CTOXACTHIECKOTO IPOTPaMMUPOBa-
HUSL, ¥ [LJISL ee peIIeHns TPUMEHIM MeTON CTOXaCTHIeCKHX KBA3UT PAIHEeHTOB
[26]. DTOT MeTOI aHAJOTMYEH METONY IIPOEKIMH CyIeprpaguenTa — Iepe-
X0 K CIeIyIOIledl TOYKe OCYIIeCTBISLETCS IyTeM IepeMelrleHus (¢ IIaroM
yOBIBAIOIIeH IJIWHBI) B HAIPABICHUA CyIeprpagieHTa B TeKyIleid TouKe —
HO BMECTO CYIeprpalueHTa MHTerpata B (6) MCIOIB3YeTCs CyIeprpaIuenT
MOBIHTErPATBHON (YHKIMHE, B3STHIA s CIyYaiHO BHIGHpAEMOTro Ha Ka-
XKIOU UTepauuy 3uHadenus c¢(w). YKasaHHas IPOLENypPa IPUMEHSETCS U IPH
pellleHnHn 3a1ad ¢ U3BecTHOH (.p. (ITOOB H30€XKATH BEIYUCICHHS HHTET PAJIOB
0 W), TOTIa CIydaiiHas MOCIeN0BATeTbHOCTD 3HaUe N ¢(w) TeHepupyeTcs
nocpencTBoM cuMyJsnun. OTMeTHM, 4TO CYIeprpaluenT MHTerpaia PaBeH
MHTErpally OT CyleprpairneHTa HONbIHTEr PAJBHON BYHKIHH.



[ownck cymeprpanuenTa 1o I mogsiHTer parbHoi GyHKINE B (6) — cTOXa-

CTHYECKOTO KBa3WI'panneHTa mis 3amadu (6) — MpOBOMMTCS MOBOJBHO TPO-
£i

cTo. A MMeHHO, B KayecTBe YKa3aHHOTO CyImeprpanuenta B Touke ({fi'},w)
MOXeT GOBITH BBHIOpAH MPOM3BOJNBHBIN BeKTOp ¥ = ¢([F,w) ¢ KOMIOHEHTaMA
1/1”, jeé& €£€Z;, 1 € M, Takoi, 4To IJId HEKOTOPOTIO %', peau3yollle-
ro MuHEMyM 10 ¢ B (6) B mamHOW Touke, W mis omHoro M3 HaGopos j°(&),
peanu3yomiero B (6) cOOTBETCTBYIONINE MAHHMYM TIO j, BHIIIOJHEHO

C'D(E)(w) =
s YEEEn

g”'”(f) =
! din - Cfoe)

Cc C;o
(€)= 1°(.) < argmin f§ ,<'> Od—fargggg—z o fc“j(() o)
a OCTaJbHbIe KOMIIOHEHTEI — HYyJeBbIE.

TakuM 06pazoM, Ha Kax[IOM IIare MeTO[a CTOXaCTHUCCKHX KBasuIpa-
MMeHTOB IS TATOTEMOINel Maphl ¢ HaWMeHbledl (Ha >ToM Imare) obecte-
YeHHOCTHIO TPeGOBaHUil YBEINUMBACTCS e OTHOCUTEIbHLIN IOTOK 10 IyTe,
OKa3aBlllelics s Hee y3KMM MecToM (IpM HaHHOW peasusanuu c(w) C.B.
¢(+)). Ecau nonobunx 1%, j°(€) meckonbko, manpumep, K' u K(i°,¢),
MOXHO B3ATh HEHYJEBBLIMH BCe TaKhe KOMIOHEHTHI CTOXaCTHUECKOIo KBa-
3UTPAIHEHTa U MOJOKATD

1 Cjo(;0 (W)
£ 3°(i%¢) v =
3950(4° f) ( 75) Dc}lﬂ(iﬂ,f) 56 70.

CDOPMELJILHO MeTOI 3allMChIBaeTCsa CJeOYIOIINM O6PEL30M.

BamamuMcs TPOU3BOTLHEIM HAUATBHEIM TPUOTHKeHneM [, Takum, 4To-
6e1 {fii} € F(c") (em. (5)), B 4ACTHOCTH, B3SIB KOHKYPEHTHOE PACIpe/ieeHre
[IOTOKOB, YBeJMYNM MOTOKH IPOA3BOJBHBIX TATOTEIOIIXX Iap Ha pebpax ¢
HEHYJIeBOH OCTATOYHOM MPOIYCKHOH CIIOCOGHOCTHIO (MIJISL KOTOPBIX OKaXKyT-
ci B (1.2) mpu ¢ = ¢” crporue HepaBencTBa). HajbHellne TPpUOIHKEHLS
OIIPEIeJIIOTCS ¢ MOMOIIIBIO0 HTePATHBHON IIPOIELY PhI

FH—l = PI‘]}(C,,){Ft + aﬂ/;(Ft,wt)}, Oy l 0, Zat = o0, (7)

rge w' — (-9 HesaBMCMMas peaJu3alusg C.B. w, a Pr o6o3HadaeT omepaTop

npoexkTupoBanus, t = 0,1,

Orparnvenns (5) — GIOIHO-CHMIJIEKCHBIE (TOCKOJIBKY MBI HE OTCIEXKH-
BaeM BBHITOJHEHUS YCJIOBUH Hepa3peiBHOCTH (1.1)), ¥ MOXKHO MCIIOJNB30BATH
CTAHIAPTHYIO TPOIENYPY MPOEKTHPOBAHUS Ha CHMILTEKC (CM. HampuMep, B



[117]). Coraacuo [26] I cxommres K F* — perrernio (6) — ¢ BepOSTHOCTBHIO
1. Onnako cxommMocTh MeTona (7) — HOBOJBHO MerseHHas (M3-3a yObIBato-
IIIEeTO IIara).

1.3.3. O XecTKHX HOCTAHOBKAX C ocpedfHeHWeM Ko3hPHUIIueH-
TA YBEJUUYEHHUS MPOMYCKHON cmocoGHocTH. OTMEeTHM, UTO IS JKECT-
KO TOCTAHOBKM HET CMBICJA BBIUMCIAATE CPETHIOD (M0 w) XapaKTepuCTH-
Ky Vp(c(w),d) — koaddunnenTa yBeanIeHns/ yMEeHbIIEHNS TTPOIYCKHOR CITO-
cobHOCTH pebep, TpebyIoIIerocs s mepenadn BeKTopa d TpeGoBaHui (CM.
paszm. 1.3.1). JleficTBUTENBHO, B OTCYTCTBHE BO3MOXKHOCTH THHAMAIECKOTO
nepepacipeieseHs TOTOKOB, JaXe eCJIU eCTh CIOCOObl ONEPaTUBHOTO MPU-
obpeTeHns HeJOoCTalollled MPOMYyCKHOX CIMOCOOHOCTH, TO BPAIN JU Halnercs
crocot TMpomaXkyu JUITHeH B3aMeH. W MODTOMY COOTBETCTBYIOIIUN CpemHUN
KOs duimeHT He npencTaBiser uHTepeca. OQUpeneseHHYIO0 TPaKTHUYECKYTO

NEeHHOCTH MO2KeT MMeTh XKeCTKasd NOCTaHOBKa, B KOTOpOfI ocpegHseTcs IIoJo-

def
KUTeTbHas Cpe3ka vy, T.e. Bemunna vj = max|0, ). C yueToM HEBO3MOXK-

HOCTH aIllOCTEPHUOPHOTO yIPpaBJCHUA ITIOTOKAMHU, 3[1€Ch II0JyYaeM CJICAYIOITYIO
3aJa4vy OIITUMHU3AINN: HaWTH

min /min{y > 1] Z Hélgn ff] ¢j(w) > d;/v Vi€ M}P(dw).
Q I3

. ~ . 1
{75} feF (e £ie=s €

Homyuennas 3amada cioxnee s cueTa, deM (6), HO s Hee TaKkKe MOX-
HO BBIIKMCAThL CyOrpafgMeHTHBIH airopuTM. MBI, omHako, WcciaemyeM HUXKe
foJiee TPOCTYIO ¥ PaCIpOCTpaHeHHYo (HATPUMEDP, B TedeGOHHBIX CETSX )
IOCTAHOBKY, KOIjla M3HavaJbHOe paclipefeleHue IIOTOKOB He OINTHMHU3UPY-
erTcs (cunTaeTcs PUKCUPOBAHHBIM ), & HAJIO ONEHUTH CPETHUHE KOIXDOUIHEHT
Tpe6yeMoro yBeJdrWdeHns IIPOIYCKHOM CIOCOGHOCTH.

Bynem mpennosaraTh, 9T0 KCXOMHOE pacipeeJenne TOTOKOB yIOBIeTBO-
PAJO OTpaHMYEHUSAM II0 IPOIYCKHOM CIOCOGHOCTH s ee BepXHed T'paHu-
uet: f € F(c"), npuaeMm, 5TH OTPaHWIEHUS BBHITOJHSIINCH KaK PABEHCTBA:
fe ]}(c”), u z(f) = d, T.e. TpeGOBaHUS YIOBIETBOPSINCH U JUIIHEH TTPO-
IIyCKHO# CIOCOGHOCTH He apeHAoBaJoch. 1orfa mas Ayro-IyTeBod (HOpMBI
BBITIOJHEHO

min =T Ve, Y min fi=d; Vie M, (8)
‘ IH3=% ‘

1 BEPXHAA OIlCHKa 3HaYCHU A

/ min{v > 1] Z Hélén ff] () >d;/v Vie M}P(dw)
Q jE&

n =
— C;
£;€5; J



MOXeT OBITH HalimeHa Kak pelicHue 3agady IIONCKa

/ﬂmin{y > 1 Iknellg () > 1/viP(dw) = /Q 1/(min ck(w))P(dw) =

1 1
¢} kEE )

1

— Ck
= | max Ck(w)P(dw)

— cpenHero Ko3huiineHTa yMeHbIIeHWs MPOMYCKHOU cmocoOHOCTH Haubo-
Jee TOCTpamaBIirero (Mo BO3medcTBHEM C.B. w) pebpa. 3mech yke MOXKHO
npuMeHUTH MeTon MonTte-Kapiao 6e3 obpaltienus K ceTeBOM ONTHMU3ANNH.

B cayuae |Z;| = 1 ykasaunas oneHKa sBASETCS (51 XKECTKOH TTOCTAHOB-
K1) TouHO#. K coxamennio, B 06IIeM cIydae OHa MOXeT OKa3aThCs CHIBHO
sapeiinennoi. [losromy mis xaxnou w € (), reHepupyemMoil B mpoiiecce CH-
MYJISIUA, TPANETCS HaiTH Bce pebpa ry, mis KOTOphIX ¢x(w) < ¢}, n Bce
nyTu &, TpOXosliine Mo >TuM pebpaM, a TOTOM MEPecYUTaTh HJs HUX KO-
3(pUIIMEHTHl U3MEHEHUWS TTOTOKOB 110 My TAM

65 (w) & cx(w)/el.

min
k: &;n{k,k+e}#0
B pesyabrare ompemensTcs KodGPUIHEHTH 00eCIeUeHHOCTH TpPeGoBaHUR
TATOTEIIUX IIap KakK

0'(w) €3 65 (w)2f /d,

£:€5;
U MOXKHO TIOCUYXUTATHEL 3HAYECHU A

f(w) = ?el}\? 0'(w) 7 p(w)=1/0(w),
KOTOpBIE UCIOb30BaTh B MeTone MonTe-Kapiao s BeIYMCIeHHsS COOTBET-
CTBYIOIIUX CPETHUX KOIPPUIIUEHTOB.

Onmako B IeIOM ellle pa3 MOIUYEPKHEM HEPAIHOHAILHOCTH OCPEIHEHUS
KOdG@UIUEHTA V¥ B KOHTEKCTE IIOCTAHOBOK HACTOSIIEH paBOTHI (MbI OCTaHa-
BIMBAEMCS Ha HTOM KOXPOHUIMEHTE JUIIb B CUILY IPUHITOR B JIATEPATYpPE
samens! (1.11) samaueit munmMmmsanuu vy [128]). Boaee anmekBaTHO# mpax-
THYECKAM HHTEpecaM IPEICTABISLETCS OLEHKA 3aTpaT Ha obeclevyeHue [0-
nycrumoct MII-ceTu, mosydaemas IpocTHIM CpaBHEHHEM BeKTOPOB ¢’/ —
HCIOJIB3YEMOR BEKTOPOM d IIPOILYCKHOR CIOCOGHOCTH — M ¢ — CPEMIHEro 3iHa-
wenust ¢.B. ¢(+). K coxamenuio Takoit mpocToit crocob He TOTUTCS, KOTIa MBI
XOTHM OLEHUTD He NONOJHUTEIbHEIC 3aTPAThI, & BO3MOXIBLHE yIep6 mJs 1Io-
TpebGuTeNeR B OTCY TCTBHE HOTOGHBIX 3aTPAT, 4eMY COGCTBEHHO U IOCBSILICHA



mpenyaraemas MoHorpadus. llogpobHee 3amaum oIMeHKHW yirmepba OT COKpa-
HIEHUs TTPONMYCKHON CHOCOOHOCTY pebep OyAyT O0OCYKIATHCA B CIENYIOIINX
riaBax.

1.4. TloayxecTkas mocTaHoOBKa. PaccMoTpuM ellle OnNWH BapwaHT
XKeCTKOW TOCTAHOBKY 3adaum o cpenueir momyctuMocTu MIl-cetwm co cay-
YalHOU TPONMYyCKHOU crnocobHocThio. OH BO3ZHUKAET B CHTYAIMM, KOTHA TO-
cJie KaXKIOW peastn3alni c.B. ¢(-) paspelraeTcs mepeGpocka MOTOKA € OTHOTO
NyTHW Ha IPYTOM TOW XKe TAroTelolled napbl, XOTs NepepacipeneieHue oTBe-
JeHHOM TPONYCKHOM CcIOCOOHOCTHU pebep MeXIy TITOTEHIUMU TapaMu 1o-
TpeXHeMy CUWTaeTcs HeBOIMOXHBIM. B 3TOM cMbIcTe, MaHHas TOCTaHOBKA
sIBJgeTCS oclaableHneM MCCIeOBAHHON B NpenblAyIIUX pa3nenax 2,3, oynem
Ha3BIBATh ee noayrcecmxol. HeTpyoHO BHIETH, YTO IJs DTOM TMOCTAHOBKA
3aMETHO COKPAaIllaeTCsl Pa3MePHOCTh BEKTOPA TepEMEHHBIX 110 CPaBHEHUIO C
(6).

O6Goswaunm gepes Z;(c), 1 € M, MHOXeCTBO NOCTHKWMBIX 3HAUCHUH
MOTOK& §-# TSTOTEmeRd mapbl (B OIHONPOTYKTOBOH CETH C BEKTOPOM ¢
mponyckHoi crocobHocTH pebep rpada G). Torma yposens obGecrnedento-
cT¥ TpeOOBaHWM B C€TU € MCXOIHBIM paclpenejeHueM MTOTOKOB f e F (")
B pe3yJibTaTe COKpAIlEHUs MPONYCKHOU criocoGHocTH ¢’ 1o ¢ Byner ompene-
JATHCS Kak

def 1 e
(fwc d) = {2}3} dmaX{ZZ| 2 € Z; ({(fzk + fi(k+e))ck/ck}k:1)}'
[Ipuxonum ot (6) K mOUCKY
0 X max [ (F,e(w),d) Pldw) = (9)
JeF(") Ja

/ max {9(w)| Vi € M 0(w)ds < 5(w),
fET(C”)

f(w),z(w)

() € Z{(n + Foen) S hiem)}P(00)
nau mas KomednwIx ) x zamaue JIII

C’“(;'”)}ME)

max max {Z 0w| ewdz S Ziwy Ziw S ZZ({(flk + fl(k+€))

JeF(en) {Puszutuen T2

Vie M, weQ}.
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Iast mpuMeHeHUs MeTona OGOGIIEHHBIX (MJIM CTOXaCTHIECKUX KBa3W-) Ipa-
IMEHTOB — B caydae 60abinux §) (nam HemsBecTHOH ¢.p. ¢.B. ¢(-)) — ynoGHee
BMECTO BHYTpEHHeH 3anaun MakcuMu3anuy B (9) BLIIKCATH [IBOACTBEHHYIO,
TOJTy TUM

éé’”'c = max min min — Z i fzk + fl(k+6))0k(w)

fE]}(c”) t€EM )‘IEAI 7 kEE

P(dw), (10)

i i i i i i i def
A= (V) my, =l =1, A =Ty — ol > 0 Ve = (s(k),t(k)) € R}

—— OrpaHMYeHHUs 3aladr, TBOACTBEHHON K MaKCHMU3AIMK OIHOIPOLYKTOBO-
O MOTOKA 2; HA CETH C (PU3MIECKHM rpa(pOM g (¢ BEKTOPOM MPOITY CKHOM
CIIOCOBHOCTH pebep, paBHBIM {(f“C + fl(,H_e))c }keE)

CyneprpaiadenT TOIbIHTEr PAThHOR q)yHKLH/H/I B (10) BEIUHCASIETCS TOCTA-
TOYHO IIPOCTO — Yepe3 pelleHue 17 CTaHoapTHBIX OIHOIPOLYKTOBBIX 3amad
(11115 KOTOPBIX IPHMEHAMBI METOIBL IOTOKOBOTO TporpaMyuposanns [30]). A
MMEHHO, HaxomuM ¢* = ¢*(w, f) A = (w, f) peadu3yIoNIne MEHUMYM

B (10), n 3amaem ij-10 KOMIOHEHTY CyIepTpagnenTa Kak

iei(w, ) 1= di X7 c’“c(,f”), j=kk+e kek,

k

ij(w, [) =0 Vi#i.

Temepb MOXHO WCIIOTB30BATEH BEIUUCIATETBHYIO cxemy (7):

le_l = Prﬁ(C"){flt + Oétgp(wtvflt)}: w' € Q, t=0,1,..., -

¥ pe3yabTaT [26] 0 ee cxommMOCTH (YIATHIBAS BOTHYTOCTH IeJ€BOR (DYHK-
TN ).

3amaya MaKCUMHU3AIWK YPOBHS cpelHei obeclieuenHOCTH TPeGoBanui T5-
roteforux map B MII-ceTu mis mosyXecTKOW MOCTAHOBKH GOpMaIU3yeTCs
KaK ¥ IJd KeCTKOW: HaUTH

éé’”’c' = max mlnf/ max{z;(w)| z;(w) € ({(fzk‘|‘f2(k+e))Ck(w)}keE)}P(dw)

fE]'—(C”) ZEM
n CIIpaBelJIMBbI aHaJOI'MYHbIEe OI€HKHN

029°C < 62" < 9y(¢,d).
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1.5. HexxecTkasa mocraHoBKa ¢ ocpenHeHueM. IexecTkas mocra-
HOBKAa 3a/1aud 0 cpenned gomyctumoctd MII-ceTw co caydaiinon mpomycKHON
CTOCOGHOCTBIO TPUBOIUT K Mpobieme, aHaJgornIHON (4.2): HaiTH

5 (&) 2 [ u(clu), d)P(dw),

¥ TPYIHOCTH ee pelienust — Te ke (cM. pazn.4.1.1). He mporme oka3siaeTcs
¥ TIOWCK CpelHero 3HaveHus: Beamduubl vo(c(w),d) = 1/65(c(w),d). Takum
06pa3oM, P OCPEeTHEHUH HEXeCTKas MOCTAHOBKa CJOXKHee I cYeTa, IeM
JKeCTKasd, KakK M B 3ajade CO CIYVIAHHBIMU TpeCOBaHUIMH. 3aMeTHM, 4To
3anaua ocpennenus vo(c(w),d) Mo TpymoeMKocTH skBuBajenTHa moucky 05 (4.1),
a IIOMCK ég(d), Ha060pOT, SKBUBAJIEHTEH ocpennennio vo(c, d(w)), T.e. moucky v
(4.2). HeicreuTensno, mis 3agad JIII, onpenensiomux fy(c(w), d) wiu vy (e, d(w)),
CJIYYaHHOCTH BXOAMT JHUIIL B IPaBylo 4acTh. [I03TOMy B clydae AOCTaTOYHO OJIH3-
kux ¢’ u ¢” (ecaw MM COOTBETCTBYET ONHA U Ta XKe GA3UCHAA TOAMATPHIA, 32 1aT0IIasT
pellieHre) BHIMOJIHEHO ég(d) =0u(¢,d), rne ¢ — cpentee 3HaueHwE C.B. ¢(-).
MoxHo paccMOTpeTh HEXKEeCTKYIO ITOCTAHOBKY W HJs OOIled 3amady o
cpenHel OOMYyCTHMOCTH, KOTIa CIYYadHBI KaK TpeOOBaHUS IMOJIL30BATEIEH,
TaK ¥ IPOIMyCKHas cIocobHOCTL pebep rpada cetu. CoxpanuM obo3HaAYEHHE
W IS C.B., COCTOSAIIEH U3 IBYX KOMIIOHEHT w' 1 w?, cunras, 4To d 3aBUCUT
TOJBKO OT 1-#, a ¢ — oT 2-u. Torma moayJaeMm 3a1ady BHIUMCIEHUS

05 2 [ u(elw), dw)P(dw),

He OTJIMYAIOIILYIOCS TPHHIATHAJIBHO OT (4.1), TaK 4TO METOIBI ee pelIeHus
nasee o6cyxknath He OyneM. (Tem Gosee, uTo B 06IIeM corydae MBI yXKe He
MOXeM TOBOPHTBH O KyCOYHOH JnHeHHOCTH 10 (¢, d) Hu mist Oy, HE 175 1g.)

1.6. ®opmyauporku Gesz ocpenuenus. llepeiimeM Temepb XK BepOAT-
HOCTHBIM (HOPMYJUPOBKAM, He UCHOJB3YIOIIMM OCpelHeHue, AJs 3ajauu O
nonyctuMocTu MIIl-ceTw co caydaitnol mpomycKHOM cTOCOGHOCTRIO.

1.6.1. ZKecTkas mocTaHoOBKa. B XecTKOM cIydae MBI HHTepecyeMcs
BEPOSITHOCTHIO JIONYCTUMOCTH (MM TOCTIRUMOCTH ypoBHs 6) mast MII-cetn
¥ BO3MOXHOCTBIO MAKCUMU3UPOBATH 3TY BEPOSTHOCTH NyTEM U3HAYAJIBHOIO
BeIGOpa OBOBIIEHHOTO MYTO-TYTEBOTO pacipeleleHust TOTOKOB B ceTu. AHa-
JOTUYHO Pa3ll. 3 IPUXOAUM K 3aladyaM MOUCKA

(1) ¥ PWI(F, c(w),d) > 1) = P( min fé Cf'(,‘,”) >d; Vie M)
EiEEi] : €

12



win p(f) &

P( > min f ’()>0d Vie M), 0<6<1,

€& C-
EiE-—‘z] & J

KOTOpBIe MOTYT OBITH peliiens! o MeTony MouTe-Kapio (wa Gase sHagenunit
6(w) — cM. B KoHIle TI. 3), & TaKXe K ONTHMHU3AINOHHBIM 3a/1adaM:

max  P( ) min L ]( w) >d; Vie M) nnu
Civ. Fep 33
£} FeF(e”) ez, 75 7

max P(Zmin E’c]( )>0d Vie M), 0<6<1, (11)

{ffji}; fE]}(C”) £iE5: JEE: ]
w 0(p) L max {6 P( meff’ ’()>0d Vie M) > p}, (12)
8, {f}}: feF(e) e ¢y

0 < p £ 1. OueBugna ouenka

0, (15 ): feF(en) LR IEE
= w3 min g5 S = ) (13)
{fg’} feF(c) t€M d :_,EEI ij // olC,

(mocientee paBeHCTBO IOKa3aHO B KOHIE pasn.2). Ecam HocuTens pacipe-
neseHus ¢.B. ¢(Ww) CONEPXKUT BEKTOp ¢, TO MOJNydUeHHAs OlEHKa TOYHA, T.e.
BEPOSITHOCTHAS (POPMYJIMPOBKA CBOIMTCS K TapaHTHPOBAHHON (pPacCIUTHI-
BalOIled Ha XYAIIWH CJIydail B 3aJaHHBIX PAHUIAX IJ ¢ AHAJOTHYHO Ta-
PAHTHPOBAHHOM! TOCTAHOBKE ¢ HEOIPENeJIeHHOCTHIO 1JIs d, pACCMOTPEHHOH B
pasm. 1.3.3).

Tlist BerdMCIIeR’s peanusamun Makcumyma B (13) moxuo 3avennth F(c)
nom MakcuMyMou Ha yeiosue (1.2) ¢ ¢ ais f, T.e. OrpaHMYeHHs paBEHCTBA
¢ wa wepapenctBa (B cuiry HeyGuBamus no f merxesoir dpymxmmu). Torna
HaiieTcest Takas peanusamus FO makcumyma, ato Vk € F

g pt . — & C §i .
Z( iok + fio(lc+e)) <c¢p mVieM V& €EE;: fz(; ,/ Z? Vje &, (14)
i=1

7 dhopMarbHo mpuxonuM K 3amade JII momcka

6 =  max  {8] Y 2% >4d; Vie M}

g, FO>0: (14 -
>0: (14) oy}

13



Tem He MeHee, HEOOXOLMMOCTH HCIOJB30BAHUS MYTO-TYTEBOH HOPMBI s
KEeCTKOM MOCTAHOBKH IPUBOTUT (HM3-3a SKCIOHEHIMAIBHOTO YHCIa MyTel) K
3a1a9aM CTOJb GOJBIIUX PA3MEPHOCTEH, ITO BOIPOC 00 ONTHMAIBHOM BEIGO-
pe 0GOGIIIEHHOTO IYTO-I[y TeBOTO PACIPeIe]eHns TOTOKOB B J1060# HOpMYIH-
poske, (6) wiu (11)—(13), Bpsin o sBIseTCs aKTyalbHbIM. B 5ToM cMblcie
foJlee PeAJMCTHIHON OKA3bIBAETCS IOJIYXKECTKas MOCTAHOBKa (cM. pasm. 4
u najee 1. 2). XOTs, KOHEUHO, U IJISL XKECTKOM IIOCTAHOBKYE BO3MOXHO IIPH-
MeHeHUe MeTONOB (MM HBPUCTHK ), He TaPAHTUPYIOLUINX ONTUMAIBHOCTE, HO
YILy4IIAIONINX HMMelolieecst pacupenenenue. CylIecTBYIOT TakKXKe YacTHLIE
33149, IOy CKAOIIe ssBHOe pelilenre. s 3a1ad ONEHKH KadecTBa HMeo-
IIIeTOCs pacIpeele st OTMETHM CJeIYIOIINe IPOCTHe BAPUAHTHL: B CIydae
(8) Bormoatreno p(1) = P(e(w) = ¢”), a ecin mpu s1om ¢(w) = we’, @ = [0,1],
To p(f) = P(w > 0).

1.6.2. IToayxecTkas mocTaHoBKa. sl IOJIyXKeCTKOM TOCTAHOBKH,
BBENEHHOH B pasil. 4, 3a/1aui U3 IPENbIIYIIero IYHKTa GOPMATH3yIOTCs Cle-
IYIOIUM 0Opa3oM.

Tlast samansoro f € F(¢) — naiitu

A1) P (fe(w),d >z1>=P<diezl-<{<fzk+fz<k+e>>C’“(‘”}m) vie M)

Cr (w)

wn p(0) W P0d; € Zi({(Fir + Fikre) ol per) Vi€ M), 0<6< 1.

lc
B OIITUMU3AIIUOHHOM BapHaHTe — HaWTH 3HadeHue u peaJau3alnio

max P(d; € Z;({(fir + fz(lc+e))c (e )}keE) Vie M) wnam

feF(e) k

ma(LX)P(Hd € 7 ({(flk—l—fl(He))ck(w)}keE) Vie M), 0<6<1, aTakxke
feF (e

e (

& w)}keE) Vie M) > p},
k‘

b(p) = max {8] P(0d; € Zi({(fir + fice+e))
6, feF(c")
0<p<Ll.

Ecaun wexommomy pacnpenesennio f € F(¢) coorsercrsopaio F, yio-
BaeTBOpsiiotee (8), o p(1) def P(c(w) = ¢”). B obiem cayvae [nist MOUCKA
p(0) mpumerniiv meron Monrte-Kapsao. Do npennonaraer peletne m OIHO-
IIPOIYKTOBBIX 3a7ad Ha Max IMOTOKa
Ck(w)

zi(w) def max{z| z; € Zi{({(fir + fith+e)) =5 trer)} Vie M

14



def . “
mist onpenesenus §(w) = min z;(w)/d; B caydaitHo BHIGHpaeMBIX TOYKAX

ieM

we

EcrecTBenHO, 3am0MUHas HafileHHEBle 3HadeHUs z;(w'), MOXKHO COKOHO-
MUTH Ha TiepecueTe ouepennbix #(w'), ¢ > 1. B wacTHOCTH, ecam 3amaHo
KOHKpeTHoe 3uadenue § (a He HaIO UCKATh MakcuMalbhoe #, oGecrnednBae-
MOe ¢ MaHHOW BEepPOSTHOCTHIO), TO 3 ycioBus f(w) < 6 crenyer #(w') < 6
Ve(w') < e(w), m Takxe st 06paTHOTO HEPABEHCTBA, 3HAYUT, /IS TAKAUX
ciaydaes f(w') yxKe MOXKHO He BBIUACISATL. B 1esoMm, cuTyalus 3mech anajo-
TUYHA paccMOTpenHo# B pasfd. 4.1.2 mas cToXacTWdeckoro BeKTopa Tpebo-
Banui (mpu moucke p(f) u 6*(p)), ¥ ACTIOTB3yeMble HIEH CXOKH.

Kax n ni1st )kecTKo# TOCTaHOBKY, ecairt HocuTes b Mephl P(¢(w)) comepxut

/

6(1)= max {0] 6d; € Z:({(fir + fz(lc+e))c,,}keE) Vie M} =0y(c,d).

8, feF(c")

ITocrennee paBeHCTBO MOKA3EIBAETCI aHAJOTMYHO XKECTKOMY CIydalo AJs JIoOoTO ¢
Takoro, uto ¢’ < ¢ < ¢’. Obosmaunm yepes f* NMPOM3BONBHYIO PEATM3ANMIO MAKCH-

MyMa 19'(f, ¢, d) mo fe f(c”). Nmeem

l

1 ch Ck
& (f e, d) > ({f”(c d) } ¢, d) = nelll\?d max{z;| 2; € Z; ({(fzk+f(k+e)) }keE)}
__zi(f0(ed)
= Pelll\?T =Oy(c,d).
C npyTo# CTOPOHBI, TyCTh
s def e Fx Ck .
7 = max{zi| 2z € Zi({(fix + fib+e)) Jrdrer)}, i€ M,
k
Torma 3f] = def { ] ¢, peamusyoriee z, T.e. mas f' = {fl}iem cupaBensmupo
ycaopue (1.1) HepaSprBHOCTI/I noToka u, sHauwT, z* = z(f’). Orpanwuenus mno

HpOHyCKHOI/I CIOCOBHOCTH CBOASTCS B paccMaTpPUBaeMoM ciydae K ff, + fl(lc+e)
( e+ figc-l—e))fk/ck Vk € E, Vi € M, u cymmupys no ¢ € M, moaydum, 410 ¢
yaetom f* € F(c") semmoaneno f' € F(c). Orciona

9 (f*, ¢, d) = min % < max min %)

=40 d).
i€eM d; ~ feF(c)ieM d; o(e,d)

1.6.3. HexecTkas nmocTaHoOBKa. B HeXecTKo¥ MOCTAHOBKE 3aladd O
nonyctuMocTr MII-ceTu co caydaiifioll TpoOmycKHON cCTOCOOHOCTHRIO, He TTpef-
noJiaratoriue ocpelnenus, GOpMYJUPYIOTCS TaK Xe, KaK ¥ IJs CIydyadHoro
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BeKTOpa TpebGoBaumi B pasn. 4.1.2 (¢ TOH JUIIb pasHUIEH, YTO 3aBUCAMOCTD
OT w TPEINoJNaraeTcss ¥ BeKTOpa ¢). A MMEHHO, paccMaTpHBAIOTCS 3a0aun
O CKa,

pe(1) d:efp(d € Z(c(w))), pe(6) d:efp(ed € Z(c(w))), 0<h<l,

0:(p) = max{f| pc.(6) > p}, 0<p<L

B npennonoxenuu, uTo u ¢, ¥ d CAydaWHBI, TPUXONUM K HOPMYIUPOBKAM
ob11ero Buga: HauTH

P(d(w) e Z(c(w))), P(Gd(w) e Z(c(w))), 0<6<1,

max{4| P(Hd(w) € Z(c(w))) >p}, 0<p<l.

(OrmeTuM, 4TO €.B. ¢ ¥ d 3[eCh He 0OA3aTEIBHO 3AaBUCHMBI, TaK KakK OHH
MOTYT 3aBUCETH KaX/Iasi OT CBOEH KOMIIOHEHTHI BEKTOPa W.)

Bee 5T GopMyIHpOBKY HCCIETYIOTCS aHAJIOTHIHO 3amadaM moncka p(f),
6*(p) m3 pasm. 4.1.2, ¥ MOTOMY MBI Ha HUX TOTPOGHEe OCTAHABINBATHCS HE
OymeM.
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