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I'maBa 1. 3agaua apaausa MHOI‘OI‘IpOJIYKTOBOfI IMIOTOKOBOHM CETH
B cJdy4Yae HETOYHO M3BECTHOI'O BEKTOpPa TpGﬁOBaHHfI
§3. ObGecmeYeHHOCTL MOTOKOBLIX Tpe6GoBaHMM KaK Mepa
nmonycrumMoctu MII-ceru. Ounenku njs o606IIIeHHBIX TOCTAHOBOK

3.1. KoukypeHTHOe paclpenejeHue MOTOKOB M MaKCHMHUHHAA
06eCleYeHHOCTh MOTOKOBLIX TpeboBanuu. CylecTByeT MHOTO MeTO-
OB pelllenus 3amadn o pomyctumoctd (3),(4): oT crennaibHbx (CeTeBBIX)
BapMaHTOB CHMIIJIEKC-MeTona U MeTona KapMapkapa 10 MeToma IocjaenoBa-
TesbHOTO TpoekTHpoBanus (cM. [118, 78, 126, 125, 48, 16]). O6eraHo0 mposep-
Ka JOMYCTHMOCTH (3) COBMEIIAeTCs ¢ TONCKOM JIONYCTHMOTO PACTIPeIeeHN s
noTokoB f[d] — pemtenus (4) — WIM HEKOTOPOTO MPHEMIEMOTO [, €CIH CeTh
He ABJASETCS HOMYyCTHMOM. B KauecTBe TaKOTO MPUEMJIEMOTO paclpeneaeHs
nmoToKoB psinoM aBTopos ([138, 120, 133, 85, 148, 155, 127, 128, 129]) mpen-
JaraeTcs BHIGUPATH KoHKypenmuoe pacnpedesenue nomokos £° = £(d) =
f°(¢,d) — pelenve onTUMU3AIKMOHHON 3aMady

max  min “, (11)
(fz)eX(c) €M d;
3nech u nagee f cayxur nas obozmadenus BekTopa (fi,..., frm) pacupene-
JEHHUS TTOTOKOB.

3uavenwe (11) 6ymeM HA3BIBATH BEIHIHHON MAKCUMUNKOU 0O€CTIEUEHHO-
cmu mpebosanut Tsroreommx map B MII-cetn n o6osnagars 0y = 0(d) =
6o(c,d). Ecm 6, > 1, TO ceTh moMycTHMa W KOHKYPEHTHOE pacipenieleHne
norokos f°(d) maer pewenue f[d] samaum (4), a ecim 6, < 1, To cerh He
pomyctuma. Orawure @y or 1 maeT KOJMYECTBEHHYIO MEpY HEHOMyCTHMO-
ctu MII-cetu. Bno6aBok k sToMmy, sHauenue 1/6, ABiaseTcs TOTHON HUKHEH
OIIEHKOM TOTO, BO CKOJBKO Pa3 HaJ0 YBEJIUUYUTH MPOMYCKHYIO CIHOCOBHOCTH
pebep dpusngeckoro rpada MII-ceTu, 4TOOLI TOCHETHAS CTala HOMYCTHMON,

. . Yk def
/00 = min{v|(f,z) € X(ve), 2> db = ‘min’ max "= vy = vo(d) = vo(c,d)
(12)

PapencTBo BhiTekaeT u3 quHeliHocTH X (¢). HeficTBurensHo, ecau Hod € Z(c), To
d € Z(c/by), T.e. vy < 1/0y. Ananoruvno, ecim d € Z(voc), To d/vy € Z(c), T.e.
1/1/0 S 90.



Koukypenrnoe pacmpenenenue MOTOKOB MaKCUMU3WPYeT YPOBeHEL obec-
MEYEeHHOCTH MOTOKOBBIX TpeboBanuit (0.11.T.) Tsroreomux nap B MIl-cerw,
T.e. MUHUMAJbHOE TI0 BCEM TTapaM W3 3HaYeHWH O.11.T. — OTHOIIEHUS TTOTOKA
K TpeboBanusaM. TeM caMbIM peasu3yeTcs ules CIIPaBelIuBOTO paciIpenese-
HMSA TIOTOKOB B YCJOBUSX PaBHOIMPABHOCTU U HEB3AUMO3AMEHIEMOCTH TMOJb-
soBarernedt. QCHOBHOU HEIOCTATOK KOHIENIIMM KOHKYPEHTHOTO pacipejese-
HUSA TTOTOKOB COCTOMT B TOM, YTO MHOXECTBO KOHKYPEHTHBIX paclpejeJie-
HUW SBJIAETCS CAUMIKOM IIUPOKUM M COMAEPKUT “ypaBHUTEIbHbIE” pacrpe-
JeJieHusl MOTOKOB, ITPU KOTOPBIX BCEM TATOTEIOIIMM MapaM obecnieduBaeTcs
1/vy-st wacTh X TpeGOBaHWN, TOTHA KAK MHOTHE MOTJIHA GBITH OGECTeTeHbI
meaukoM. Ilpomycknas cmocoGHOCTE pebep Mt TaKuX paclpeneleHui TaKke
Hepgoncnoab3yeTcs. K coxanennio, n3BecTHBIe YUCIeHHBIE METONBI HAXOMSIT
OJTHO TIPOM3BOJIEHOE (M OGBIYHO, Hedydlllee) pemienue. B ra. 2 Mbr obcymnM,
KaKue pacipefeseHus MTOTOKOB U3 BCETO MHOXKeCTBA KOHKYPEHTHBIX pacipe-
OeNeHW# cUMUTaTh Hambogee TPUEMIEMBIMA B caydae HemomycTuMocTr MII-
CeTH.

HpyrumMu BO3MOXHBIMY BApHAHTAMHE LIS TPAEMJIEMOTO PACTIPENEIEHHs TTOTOKOB
ABJAIOTCS PENIEHUs 3a/1aMd;
max Z d;z; —
(F.2)eX(e) ‘737
MaKCHMU3AIMA CPETHEB3BEIIEHHOTO MOTOKa, KOTOpas, OfHAaKO, HE MAeT PEeIleHus
3agaun o gomyctumocty (3),(4), u

min Z min{0,d; — z} —
(10X () 25

MMHMMU3aIMK HEBI3KH BEKTOpa TpebOBaHMi, MMEIOLIEH Takxke cMbICI ITpada 3a
HEJIOBBLITIOTHEHHBIE TPeOOBaHUs TIOJB30BaTENeH (5Ta 3anada caoxkHee, deM (11), mus
IPaKTHUYCCKOTO quTa).

[MoTokoBble (KoMGHHATOPHBIE) METOIBI OUCKA KOHKYPEHTHOTO PACIpe-
mesleHns TOTOKOB manbl B [133, 85, 148, 155, 128, 129, 125]. Kpome Toro,
3amada (11) cBommres K 3amade Juueinoro nmporpammuposatus (JIII)

b, = Ifnaéi{éﬂ (f,2) € X(¢), 0d; < z; Vie M} (13)

¥ K Hel MOTyT ObITh puMeneHbl dddekTuBHbie MeTonbl JIII. O630p cpaBHu-
TeJbHBIX PE3YJIbTATOB UCIONb30BAHUS PA3JIUUYHBIX METOIOB CM., HAIIPUMEP,
B [129].

3.2. BepxHsis OLE€HKA MAKCUMUHHOM O.II.T. [JIs HETOYHO U3BECT-
HbIX TpeGoBanmui. llpennonoxum, uTo B 3anavax (6),(10) muoxecrso D



BO3MOXHBIX BEKTOPOB TPeOOBAHUW 3aaeTcs JUHEHHbBIMU OTpaHUUYEHUSIMHU,
HampuMmep, Buna (5) nam Gosee CTOKHBIME

D={deR7|d <d<d, Y di=d}, (5"

‘€M
KOTOpbIe B 00Illeit ¢opMe 3anullieM Kak
D={deRT| Cd<b}. (14)

Torma 3amaua (10) OKBWBAJEHTHA TPOBEPKE CYIIIECTBOBAHUS PENICHUS JTH-
HEeHHOM CUCTEMBI

{(f,2) € X(¢), Cd<b, z>d}, nmm {(f,d) € X(c¢), Cd <b}. (15)

W ecam cymectByet peurenne (f°,2°,d°) cucremsr (15), To MIl-ceTs crabo
nomyctuMma, d° — peuterne (10), a £° coorBercTByer f[d°] — perrernio (4)
mas d°, Tak 9TO ONTHMaJbHOE paclipefeleHye ITOTOKOB B 3amade o Caaboi
IOy CTEMOCTH MOXKeT OBITh IOy 9eHO ¥ KaK KOHKYPEeHTHOe NP TpeGoBaHuU-
sx d°. B caygae vecoBmecTHOCTH cucTeMbl (15) MII-ceTs He momycTuma wr
LIS KaKOTo BeKTopa TpeGopanuii d € D.

Ot sanaun (10) moxuo no ananoruu ¢ 3amenoit (3) na (11),(13) nepeiitn
K TIOMCKY

o ‘Lef%ag(eo(d) = max (6] (f.2) € X(c), #d <z, de D} (16)
IMpu 65 > 1 Mll-cersb crabo monmyctuma # mias Makcumuzupyiomux (16)
(f¢,2°,d°) Boinoanens: Bee cBoicTBa peutenus (15). Onmako 3amada (16) yxe
e sipstercs 3anaveit JII. Ona 6ununeitna no (6, d), seinykaa. (MuoxecTso
orpaHMYeHUH BBIIYKJIO, TaK KaK GYHKIU 0d BEIIYKIa Ha HEOTpUIaTeTbHOM
OpTaHTe, X CTAHOBUTCS adUHIBIM NP DUKCAIUK KOHKPETHOTO 3HadeHus 6.)
HosTomy B caydae ciaaboit HOIMYCTHMOCTH CeTH yIOOHO HAIPAMYIO pellaTh
auueiinyto cucremy (15). B mporusmoM ciydae, T.e. IPH HEIOMYCTHMOCTH
MII-cetu B cmbicae (10), mouck mpuemiuemoro f° u Beawumusr 6§ caaboit
MaKCUMUHHOM OGeclleYeHHOCTH TPeGOBaHWHA TATOTEIONIMX ITap MOXKHO OCY-
IEeCTBIATH I[yTeM MHOTOKPATHOTO pellleHns CACTeM JHHEAHBIX HepPaBeHCTB
(3amau JIII)
{(f,z) € X(¢), Cd < b, z>0d}, (17)

MeHsist mapaMeTp @, Hauunas ¢ § = 1, HanpuMep, METOIOM JIeJIeHUS TTOTOJIaM
(oTpeska, conepxkarrero 65). Moxuo Takxke uckaTh §5 < 1 ¢ moMoIIBI0 Me-
TOMIOB TIPONOJIKeHus 10 § (HampuMep, 1o Bo3pacTanuio ¢ § = 0) st mapame-
TPUIECKOTO ceMercTBa 3amad (17). MeTonbl BEITYKIOTO TPOTpaMMAPOBAHKSE



B IIpUMeHeHUY K 3amade (16) cremyeT MCnoab30BaTh mis Gosee O6IIETO CIIy-
Jasi — BBIIYKJIOCTH MHOXKecTBa [ (KOTIa 9acTh OTpaHuYIeHn# Ha d 3a1aeTcs
HeJTMHEHBIME HepaBeHcTBaMu ). [[pu 5ToM OKa3bIBaeTCs MOME3HBIM TIpecTa-
Brerne (12) nost 6y, mo3BosIIOIIiee BBHIPA3UTh §F Wepe3 pelleHne BBHITYKIOR
3a/lauy MAHUMUBANNHA Vy, & UMEHHO

o def
gc <

max{1/vo(d)} = 1/ min v(d) < 1/v;
(nokazaTenbcTBO BHIYKIOCTH vo(-) o d cM. B [70]).

JaMeTVM, UYTO HepeliKo BO3HWKAeT 3ajada TOWCKa MHOBOJLHO TPy6GoTo
mpubanmkenus K perrenuio (16), Hampumep, Korma 3nadenne 65 < 1 Bbrau-
CASIETCS ¢ TEeNBI0 ONMEHKN 33aTPaT Ha Pa3BUTHE CETH, a TOUCK TPUEMIEMOTO
pachpenesenusl TOTOKOB, ¥ CIEMOBATENBHO, d° He MpeacTaBaseT HHTepeca. B
TaKOW CUTYAINH YKa3aHHble TPUOIMKEHHbIe METOIB BIOJHE paboTOCToCO6-
HBl. B KagecTBe 3d(dHeKTHBHOTO ajgropuTMa TpubImKeHHOTO permerus (17)
(a smaunr, u (16) — cm. Bbime) gt D tuna (5') MOXKHO PEKOMEHIOBATH
KOMOMHATOPHBIH ajaropuT™ [108], OCHOBaHHEIH Ha MeTOIe SKCIOHEHTTHATHHO-
ro norernuaga [107]. luas cBemenus wccaenyeMon 3amadi K paccMOTPEHHOR
B [108] mepenuuiem cucremy (17) ¢ yuerom (5') B dopme

{(f,2/0) € X(c), 6d} < 2z < 0d? Yie M, Y z > dyf}

1EM

1 3aMCHHM IIocJiegHee OrpaHMYCHHEC Ha

> (df —z/0) < ) df — do,

1eEM 1EM

TOTa TOCIe COOTBETCTBYOMEH HOpMupoBKH moayuanm (1.1) u3 [108]. Co-
TJTacHO 9TOH paboTe e-mpubiamkentoe peutenwe (17),(5'), T.e. Takoe, rie ¢
TOYHOCTBIO [0 € BBITIONHEHO ycioBue z/0 € D, Moxer GBITH HaliIeHO 3a
BpeMs TOpsIKa mne/eé ¢ TOYHOCTHIO O JOTAPUMMUIECKUX MHOKUTETEH.
[Ipubmamxennoe perrenne (16),(5') meTonom nuxoromuu 1o § MoxeT GBITH
Hal/leHO B pe3yJbTaTe pellleHus JorapudMUYECKOTO YUCIa MOJOGHBIX 3a-
fad, 4TO He M3MEHUT JaHHOK ONEHKH.

3.3. TapanTHpoBaHHOEe 3HauYeHHME MAKCUMHMHHOW O.m.T. Paccmo-
TPHUM Tellepb 3alady O rapaHTHpoBaHHOW momycTumoctd MII-ceTu mus mo-
JUOIPAJBHOTO MHOXecTBa [ BO3MOXHOW HEOIpeNeJeHHOCTH TpeGOBaHUi
noxbsoBaTeneir — 3samauy (6),(14). Ecin muoxecrBo D uMeer mocTaTod-
HO IPOCTYIO CTPYKTYDY, HAIpUMep, cUMILIeKC (5), ¥ HeTPYIHO HaiTH Bce



€ro yTJOBBle TOYKH, TO MOXKHO IPOBEPUTH [IOIYCTHMOCTE CETH sl KaXK oM
W3 HUX — B CHIY JHHeHHOCTH Z(c¢) NOIYyCTHMOCTD IJIs BCeX KPAWHUX TO-
YeK PABHOCHJIBHA [OIYCTUMOCTH IJISL Bcero D, T.e. rapaHTHPOBAHHON [IOILY-
crumoct MII-ceru. B ofmmem ciydae, 5GdeKTHBHBIX UHCIEHHBIX METOIOB
IPOBEPKY TapaHTHPOBaHHON nomycTuMocT MII-ceTn aBTOpaM He H3BECTHO.

Ecau ceThb He sSBIsIeTCS TapaHTHPOBAHHO [OIYCTHMOM, TO IJS OILpere-
JeHWs] TapaHTHPOBAHHOTO YPOBHS 0 MaKCHMUHHON 00GeCIeIeHHOCTH TpeGo-
BaHUH TATOTEIOIINX Tap, a TaKXKe IapaHTHPOBAHHON OLEHKH V] COOTBET-
CTBYIOIIETO KOY(OUIMEHTA YBeINICHNUs IPOILYCKHON CIIOCOGHOCTH ee pebep
MOXHO TOCTaBUTH anagoruunyio (11) u (16) samauy moucka

def 1

o def . o def . e
65 = min 6o(d) = Idré%l?%({m (f,2) € X(¢), 0d < 2z} = min o) 1/vg,

. def .
o % ) = g, ) = 1/ i 1),

rme cornlD) — MHOXeCTBO YTJIOBEIX ToueK D. Takum obpaszom,

6= min 6y(d)= min max{f| (f,2z) € X(¢), 0d < z} = (18)

decornD decornD f,z,0
= max {6] (f(d),2(d)) € X(c), 8d < z(d) Vd € cornD}.
0,{f(d),2(d)}agcornp

Iepexon or D k cornD ocylecTBIeH Ha OCHOBaHWM BBINYKJOCTH IO d (QYHKIMH
vo(+), nokaszanuoit B [70] (cM. Huxke B 1. 3 yTB. 3.6), ¥ He MOT GBITH MOJYYEH IS
6¢ mampsamyio BBuay oTcyTcTBEA BorayTocTu Hy(-). Ilocmennee pasenctso B (18)
BLITIOJHEHO TI0 TEOPEME O PaBEHCTBE MAKCHMHUHA M MHUHHMAKCA B MI'PAX C IIOJHON
wHpopMupoBaHHOCTEIO [11, 53] M B pesynbTaTe 3aMeHEl BHY TPEHHETO MAHAMYMa TIO
d ycnosuem Yd, anaJornvHo# 3aMene MuauMyMa B (11), mpusenmeit k (13).

C ygeToMm TOTO, 9TO BMeCTe ¢ JIOOOH CBOeH TOYKON MHOXKeCTBO Z(¢) comep-
XHUT ¥ Bce (HEOTpHIATeTbHbIE) TOKOMIIOHEHTHO HeGOIbIINe, BMecTO cornlD
MOXHO PacCMaTPUBATh JUIIL d(hheKTuBHbIe yriaoBble Touku Max{cornD}
[47], rTme Max o6o3HaTaeT MHOXECTBO MaKCUMAJBHBIX HJEMEHTOB B CMbICIE
ornomutenus “<” cpenu BEKTOpPoB (cM. matee B TJa. 3 uiu B [67]).

Utak moayuywmian 3amady tuma (13), HO B HECKOJBKO pa3 GOIBIIEH pas-
MEpPHOCTHM — B 3aBUCHMOCTH OT YMCJIa YIJIOBHIX Touek D). Ecam mx MHOTO
W TPYITHO BBIYUCIATE, TO MOXKHO TTOCTPOUTH HIDKHIOID OIEHKY BeIUIWHBI 6
Kak 3uadenue Oy(d™*) (cM. (9)) MakcuMUHHON 0GECIEUeHHOCTH TPeGOBaHU
B XKeCTKO TapaHTHPOBAHHON MTOCTAHOBKE, COOTBeTCTBYOIIeH 3anade (7),(8):

e def Z;

0= max min min — =
(f,2)EX(c) i€eM deD d;



=max{f| 3z € Z(¢): 0d <z Vd € D} = y,(d™**).

Cootromernne §3¢ < §¢ cremyeT U3 TOTO, YTO MaKCHMUH He IIPEBHIITaeT MU-
HUMakca. K coxasenuio, B obIeM ciydae olleHKa 03¢ maxcumasbubii ypoeens
2aPEHMUPOBAHKOY 0.7. M. OKABEIBAETCS TOBOJBHO TPY6ol (ECCHMMCTHIECKOM ), HO-
CKOJTLKY XeCTKO TapaHTHUPOBaHHAs TTOCTAHOBKA UCIOJB3YET MEHbLITe WHOOPMAIINH
0 3aave — He YUMTHIBaeT WHDOPMHUPOBAHHOCTH O d K MOMEHTY BHIOOpa pacipere-
JIEHUS TIOTOKOB.

Hamomuwnum, 49To mpmemiemoe pacupeneienue motokoB f(d) mias pac-
CMaTpUBAEMON TapaHTUPOBAHHON TOCTAHOBKYM 3adadyd O MIOMYyCTUMOCTH He
00533 TeTbHO BEIYUCIASITE B Ipoliecce TMoMcKa §F — oHO ompenenseTcs Kak
KOHKYpeHTHOe Has maHmoro d € [, a rapaHTHpOBaHHAas ONEHKa BEJIUYH-
HBI MAaKCUMWHHON obecnedeHHOCTH TpeboBaHWN MPOU3BOAUTCS OO TOTO, KaK

def
3Hadenne d cTajgo m3BecTHO. Bemwmuwna v = maxwy(d), nam 1/65 sBis-
deD

eTCcs alpHOPHON XapaKTePpUCTUKON HEeNOIYCTHMOCTH CETH II0 OTHOIIEHUIO K
mean obecrnedeHus JA000TO W3 3aJaHHOTO MHOXKECTBa TPEOGOBAHUU U MOXKET
CIYXWUTH BepXHEH OIEHKOH TOI0, BO CKOJILKO pas3 CIedyeT YBEINUYUTDH CYM-
MapHYIO IPOIYCKHYIO CIIOCOOHOCTEL pebep ceTH, YTOOLI TOCTUYD MEJH ee Ta-
paHTHPOBaHHOK gomycTuMocTH. [losToMy pellenime, mycTh TpHOIMKEHHOE,
3anaun (18) mpemcTaBiseTCs TOCTATOYHO BaXHBIM B CJIyYae HETOTHO H3BECT-
HBIX TpeGOBaHUN TMOJb30BaTeNeH, HECMOTPS Ha BO3MOXKHYIO TPYIOEMKOCTD
mporecca pemenus. (B 1. 4 MBI yBUAAM, 9TO HEOGXOMUMOCTH BEIYHCICHUS
¢ Bosumkaer u mpu anasanze MIl-cereit co caydaitHbiMu TpeGOBAHUIMA. )

OTMeTUM OI¥H YACTHBIN CIyYail, MJs KOTOPOTO TIOUCK #F cBOMUTCS K pe-
mrernio 3aga4yn (11): mEOXecTBO D comep)kuT BekTOp d™%, ONpeneseHHbIH
(9). B Takom caiydae (HampumMep, IPH HATHIAN WHTEPBATHHBIX ONEHOK IS
d;) 3amada (6) >KBMBAJEHTHA JKECTKO TapaHTHPOBaHHON nocTatoske (7),(8)
¥ MOXeT PeIllaThCs KakK OOBIYHAs 3a71a9a O JIOMYyCTUMOCTH, & 05 = O(d™*).
HeficTBuTensno, nycts D 3 d™%  torpa 32°0(d™a%) @ 2°(d™%%) > 0o (d™e%)d™e* >
Oo(d™*®)d ¥d € D (u3 (9)). 3naunt, 0y(d™*") yaoBIeTBOPSET OTPaHUICHUIM
B (13) Vd € D u no onpenenennio 0y(d) kak makcumyma (13) mosmyuaem, aTo
Oo(d) > 0o(d™*) ¥Yd € D, 1e. 05 > 0o(d™*®). ObpaTHOe HepaBEHCTBO BHITE-
KaeT u3 onpenenenus 0 = minp Oy(d) < 0p(d™**). Anagsorwyano u s 65: econ
D comepxur d™", rae dm % ming, d;, To 0 = 6,(d™"). HewcrrTensio,
Torna 05 > Op(d™") w 3d' € D = 08 > 0p(d'), T.e. I20(d’) > 08d’ > 05d™", Tak
uro 08 < max{f| 3z > 0d™", z € Z(c)} = Oy (d™™").

Taknum obpazom, ectu D = {d' < d < d?}, o maiitn u 62, u 65 me
TPYIOHEHR, YeM PEIINTD 3a0ady ¢ H3BECTHBIMHA TpeGoBanuaMu. Ecan k wHTEp-
BaJIbHBIM OIPaHMUYEHUIM HOOABISETCS HEPABEHCTBO IS CYMMBI KOMIIOHEHT



d (tuna (5') mpu 3amene 3naka =" Ha < WJIK >), TO LAHHLIM CIOCOGOM BbI-
4quCIseTCs ofifa U3 onenok 5 mwiau 67, Omnako UM yXKe He YIAaeTCs BOCIOJIb-
30BaThes B cayuae orpamndenuit (5), (5'). Tem me menee, u3 noxaszaHnoro
BBLIIE CJELyeT, YTO [JIs JIOOBIX BapHaHTOB 3agaHus MHOXecTBa D, 3Hade-
wust Oy (d™™) u 0(d™®) maioT, XOTA 1 HEOGI3ATEILHO TOYHbIE, BEPXHIOID
HYXKHIOIO OLEHKH BeJIHYMHBI fy MAaKCUMUHHON OGeCleyeHHOCTH TPeGoBaHUil
raroreomux nap B MII-ceru:

0o(d™**) < 02 < By(d) < 65 < G (d™™). (19)



