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I'iaBa 1. 3agaua aHajJdM3a MHOTOIPOOYKTOBOM MOTOKOBOM CETH
B CJIy4Yae HETOYHO U3BE€CTHOI'O BEKTOpa TpeﬁoBaHHH
81. Ouucauue momesau “MIl-ceTn”

CranpapTHOR MaTEMATUIECKON CTPYKTYPHOU MOIENBI0 MHOTOMOIb30Ba~
TeJTBCKOM CeTeBO# CHCTEMBI SBISETCS MHOTONPOnyKToBast moTokoBas (MII-)

def def
cets S= (V, R, P), xoTopas 3amaeTcs MHOkecTBamu: V = {vy,...,v,} —

y3J0B ceTH, R def {ri,...,r.} CV XV — pebep dpusnveckoro rpada G cetn

upP L {P1,-..,Pm} CV XV — Taroreiomux map (BUIOB IPOLYKTOB), UIH

pe6ep JOT'HYECKOI'O FpEL(l)EL CeTH. COOTBeTCTByIOIHI/Ie NHIOECKCHBIE MHOXeECTBa

6ymeMm obozHavaTh: N def {1,....,n}, E def {1,...,e}u M def {1,...,m}, Tak

uto V = {v;}jen, B ={re}rer u P = {Pitien-

Jlis yupoIenus U3JI0KEHUs MPeNloJOXUM, 4YTO Bee pebpa — HeopHeH-
THUPpOBaHHBIC, W Ha30BeM IIPpAMBIM HallpaBJeHHWe OT BepUIMHBI ¢ MEHbBIIWUM
HOMEpPOM K BepluuHe ¢ GOIbmM (Tpadbl IPeNnoaaraioTcs Ge3neTeqbHbl-
vu). Kaxmoe pe6po ry € R gusuueckoro rpada ceTn GymeM IpeicTaBasTh
IBYMs OPMEHTUPOBAHHLIMM IyTaMu ¢ HoMepaMu k u k + e i mpsMoro
¥ 06paTHOrO HalpaBJeHWil, COOTBeTCTBEHHO. B cilydyae OpHeHTHPOBAHHOIO
pebpa usndeckoro rpada 6yneM mojaraTh HyJeBbIM ITOTOK IO 1yTe, Halpa-
BJICHHOM ITPOTHBOIIOJIOXKHO OpHeHTanun pebpa. i ao6oi Bepumusl v € V.
0003HaAUYUM T{epe?, S(v) MHOXECTBO UHIEKCOB BLIXOOAIITUX U3 HeEe oyr,

S() L k|3 > 51 rp = (vj,0) € RYU{k+e| A <j: rp=(v,v;) € R},

a gepes T(U) —MHOXKeCTBO MHIECKCOB BXOIAIIINX:

Tw) ¥ (k|3 <5 ro=(vi,v;) € R}U{k+e|I>75: ri=(v;,v) € R}

N Raxgod i-# TATOTEIoNeH maphl BBemeM o003HaueHue P; def (vs;,1,),
rae §; < 1; W BepIIMHA v,, HA3BIBAETCS WCTOYHWUKOM, a U;, — CTOKOM -
TO BUOA MPOAYKTa. B caydae OpHeHTHPOBAHHOTO peGpa JOTHIecKoro Tpada
BEPITUHBI MCTOTHUK ¥ CTOK ONPENETSIIOTCS COTTACHO OPUEHTAIIN.
Ykazauuas crpykrypa MIl-ceTu npemcTaBisiercs Takxke ¢ TOMOITbIO Ma-
TPUIBL HHIMICHINE “Iyru-Bepiunnnt” dusudeckoro rpada ceru: A = {ay;}



pasmepa (2e X n),

1, ecau k€ S(v;),
ag; = & —1, ecam k € T(v;),
0 B OCTAJBHBIX CIydasx, —

¥ MaTpPHUULI cBsi3eil gorudeckoro rpada cetu: B = {b;;} pasmepa (m x n),
1, ecmm v; = v,,,

bijj = —1, ecam v;
0 B OCTAJIBHBIX CIAyUYasX.

Viis

CTpyKTypa CeTH OIHO3ZHAYHO 3a[aeT 3HAYCHHUS 2; MOTOKA MEXIY MCTOYHHU-
KOM ¥ CTOKOM IIJIsl KaXK[OW TATOTelleld mapsl p; € P B 3aBUCHMOCTH OT
pacupenesenus f TOTOKOB 10 peGpam ¢usnyeckoro rpada G CIemdyionmm
obpaso.

Bremem MaTpuumyto mepeMennyio f def {fix} pasmepa (m X 2¢). Kaxmsrit
3JIeMeHT f;; 0603HaTaeT KOJMWIECTBO TMOTOKA - TSTOTEONeH mapsl (i-To
BU/Ia IIPOIYKTa) 1Mo pebpy ry € R B mpsivom Hampasiennw s k € F wiu mo
pebpy ry_, € R B oGpaTHOM HamnpaBjienuu, ecan k > e. Ha Bce f;; HagoXeHbI
OrpaHUYeHUs HeOTPUIATETHHOCTH. /I BO3MOXKHBIX 3HAUYCHUH MepeMeHHOR
f HOKHBI BBITOJHATHLCS YCJIOBHS HEPa3PLIBHOCTH MOTOKA KaxXIOTO BHIA
MPOMYKTa B TPAH3UTHBIX IJs Hero ysiax: Vv € V

Z;, €CIW U = U,
E fir — E fir = —2i, ecaum v =y, (1)
keS(v) keT(v) 0 B ocTadbHBIX CAyvYasx,

roe z; > 0 paBHO BelWuWHE BXOMHOTO MOTOKA, KOTOPBHIU MPOIYCKAETCS IO
CeTH OT MCTOUYHHUKA K CTOKY ¢-¥ TATOTEIIel aphbl IIPU PaCIpeleeHud mo-
TokoB f, ¢ € M. B maTpuanoit dopme momydaem mas z = z(f) cucremy
ypaBHEHU N

JiAd=2%DB;, i€ M,

37eCh U [laJlee HUXKHUWA MHIIEKC Y MaTPUIlbl 0003HaYaeT COOTBETCTBYIOUIYIO
BeKTOp-cTPoKy. Takum obpasom, 3aBucuMocTs z( f) auneiiHa.

Kpowme cTpykTypHBIX orpanudenuit (1), Ha pacipenesenne TOTOKOB B
ceTH MMeITCA TaKXe KOJUYeCTBEeHHble OrpaHUuYeHUs, olpenesaseMble TPo-
TMYyCKHOU cTocobHOCTRIO pebep ee guamdeckoro Tpada. as ux ommcanus
CYIIECTBYIOT pa3Hble MOCTAHOBKM.



Hampuwmep, Ha pebpax cetu (T.e. pebpax ¢usmdeckoro rpada ceTH) 3amaeT-
¢ GYHKIMUS CTOMMOCTH TIPOXOXIEHUs 1O pebpy CyMMapHOTO NMOTOKa BCEX BHJIOB
mpoaykToB. OGBIYHO 5TO — BHIMYKJIas GYHKIUS Sg(Yk ), UMEOIIas BEPTHKAIBHYIO

. def
acumnToTy (cM. puc.l) B HeKoTOpo# Touke ct, nepeMennas Yp = » i (fix + fi(kte))
— ObOIIHIA MOTOK Mo pebpy Ty B COOTBETCTBUHM C PACIPENENEHNEM TIOTOKOB f, YUCJI0
¢k Ha3LIBAETCS MPOITYCKHOR CIIOCOOHOCTRIO pebpa ry, k € F.

Puc.1

IIa.Hee Ipu paCcCMOTPECHUHA 3a1a4Y4 aHaJIU3a MEI HE 6yI[GM HMHTEPECOBATHLCA CTOU-
MOCTHBIMY MOKa3aTeJIMU MMPOXOXIeHWsT ToToKa 1o pebpam MII-ceTu, dpopmanabhHo
noJqaras, 4To TaKue IIOKa3aTeJU OTHOCATCA K 3a1a4e CI/IHTGS&7 T.€. 4TO (byHKHI/H/I
$k(yg) CyTH He CTOMMOCTH MPOXOXIEHUS MOTOKA IO UMEIOIMIAMCS pebpaM, a cyTh
CTOMMOCTH CO3/IaHus pebep ¢ MPONMYyCKHBIMU cocobHOCTsIMU Y. [Ipu sTom 3amaue
CHUHTE3A BTOpI/I‘IHOI;I CeTU — Ha 6&36 YXke q)I/ISI/I‘IeCKI/I CO3MaHHBIX .HI/IHI/H;I CBA3U —
Oy/IeT COOTBETCTBOBATH BHIMYKJIas (DYHKIIAS CTOMMOCTW THIIAa YKa3aHHOU Ha puc.l,
a 3agave CUHTE3a HepBI/I‘IHOI;I CeTH, T.€. q)I/ISI/I‘IeCKOFO CO3MaHUA KaHaJOB (JII/IHI/H;'I7 oT-
PE3KOB JIMHUI) CBS3M OyAET COOTBETCTBOBATH BOTHYTast (GYyHKIUsS CTOMMOCTH (CM.
puc.2), rie BEJIMUMHEL §p — (UKCHPOBAHHBIE 3aTPATH Ha Hauaso QU3NIECKHX paboT
(HanpuMep, Ha PHITHE TPAHIIEH IO TPOKIAIKy Kabess). Ecim MaTeMaTHdecKas 3a-
Ta4da CHUHTE3a BO3HHUKJA U3 Hpa,KTI/I‘{eCKOI;I 3a1a4Yn paSBI/ITI/Iﬂ HepBI/I‘IHOI;I ceTHu, T.€.
HapAaIIUBaHUs TPONYCKHOM cOCOBHOCTH Ha Hase yXke MMEOIENcs, TO GUKCUPOBAH-
HBIMHA SanaTaMI/I WHOT' Ia OOy CTUMO HpeHe6pqu> %1 q)yHKHI/HO CTOUMOCTH MO2KHO
NpubINKEHHO CUYMTATH JUHEeWHOW. B npyrux 3agayax cuHTe3a, HAIIPUMED, MOJEP-

HU3allun HepBI/I‘IHOfI CE€TH, BOSHHKAaIOT (byHKHI/H/I CTOMMOCTH boJiee CJIOXHOTO BUIOa

(em. B [43]).



Puc.2

B 3anave ananwuza mpomyckHYIO cOCOOHOCTH pebep ceTw OyneM cUMTATh UM-
CJIOM, KOTOPOE By IeEM MOJIaraTh paBHBIM 3HAUEHUIO Cf , COOTBETCTBYIOIIEMY TPABOMY
rpaduky Ha puc.]l MIM HECKOJIHKO MEHBIIIEMY aCHMMITOTHI JIEBOTO TpaduKa, HE YIH-
ThIBajd CTOUMOCTHU IPOXOXKIECHUA MMOTOKa, a TOJBKO €Io (bHSI/I‘IeCKyIO BO3MOXHOCTB.
;[CHO7 4YTO, UMES KOHKPETHEBIC OTPaHUYCHHUS Ha CTOMMOCTHU HJiAd OTACJBHBIX pe6ep,
MOXHO TIEPECYUTATH MPOIYCKHYIO CTOCOBHOCTH pebep ¢ yueToM 5TUX OT PAHUYEHUH,
BBIGpaB ¢ := max{yk| sp(yx) < s%}.

DopMagabHO, TpUTHIIEM KaxmoMmy pebpy rp € R MIl-cetw mexoTopoe
yucao ¢ > 0, Ha3pIBaeMOe MPOIMYCKHON ClocOGHOCThI0 peGpa Iy U U3Meps-
eMoe B YCJIOBHBIX €IMHUIIAX TOTOKA, [MJs KOTOPOTO TpelHa3HauYeHa HaHHas
ceTh (HampUMep, IUCIO CTAHTAPTHBIX Tele(GOHHBIX KAHAJIOB WU JIPYTHX
KaHAJOB CBS3W, WU TOJOC IBMXKEHWS, UIU TPOXONUMIIUAX 3a 4Yac BArOHOB
MeTpo). Beiony B ra1. 1-4 Gynmem canraTh BekTOp ¢ = (¢€1,...,C,) U3BECT-
HBIM, GuKcupoBaHHBIM (Kpome §82.3,4 w 3.5, The momycKarTcs ero HebOTh-
II7e BO3MYIIIEHHS ) ¥ CTPOTO MOJOKATETBHBIM. BEKTOp ¢ 3amaeT cienyromne
OTPaHUYEHHUS-HEPABEHCTBA HA, pacipelieieHne MTOTOKOB B CeTH:

m

Z(fzk + figse)) L Ve =1,2,... e (2)

i=1

Orpamnuenns: (2) aumueiiusl ¥ BMecTe ¢ orpanudenusmu (1) ompenessior
MHOTOTPAHHUK BO3MOXHBIX paclpeieleHuil TOTOKOB

F(e) def {f>0]32>0: semoaneno (1)wu (2)},

a TaKXKe MHOXKECTBO NOCTH2KMMbBIX BEKTOPOB ITIOTOKOB (My,/tbmunomo%oe)

Z(c) & {z>0]3f € Fle): z=2(f), r.e. Boinoaneno (1)}.

Kpowme Toro 6ynem ncnonb3oBaTh obo3Havenne z 1t BeKTopa (fi,. .., fm, 2)
"

X(e) Ly = (fis. -y fm,2) > 0] Bommoaneno (1) u (2)}



IJIsE MHOXKECTBA AOCTUXKUMOCTH B TPOCTPAHCTBE BEKTOPOB £ paclpeneseHn it
¥ 3HaUYEHUH TTOTOKOB.

B rpamumuonnbrx momensx mas MII-cetw mpemmonaraeTcs 3amaHHBIM
BeKTOp d TpeGOBaHUU MIU 3a4BOK TITOTEIOIIMX Map HAa BEJIUUYUHBI TTOTO-
KOB MEXIY MCTOYHUKOM W CTOKOM, T.e. BceM pebpam p; € P Jormdeckoro
rpada npunucanbl yuciaa d; > 0, u3MepsieMble B YCIOBHBIX €IUHUIAX TTOTO-
Ka, ¥ KOTOpHle TpebyeTcs TPONYCTHTE 0 TaHHOMY JorudeckoMmy pebpy MII-
ceTn (HA3bIBAEMOMY B CETSX CBS3M MHOOPMATMOHHBIM HalpaBieHneM ). Ecin
BEKTOp TPeGOBaHU d M3BECTEH, TO CTABUTCA 3ada4a 0 donycmumocmu: 3a-
Javya aHaJu3a HONYCTUMOCTH CeTH HJs YKa3aHHOTO BeKTOopa TpeboBaHWUiA,
T.e. TPOBEPKHU Y CJIOBUS

de Z(c), (3)

M — B caydae JOTYyCTUMOCTY — TOUCKa JONYCMuUMo20 pacnpedetenud, T.e.
TaKOTO pactpeneyenus MOTOKoB f € F(¢), Ha KOTOPOM MOCTHTAETCS BEKTOP
TpeboBaHUH,

d=2(f). 4)

MMocientee paBeHCTBO GopMaibHO TOHUMaeTcs Kak: d = z, tne z = z(f),
T.. (fi,.-, fm,2) € X(c), nom mpocto xak (fi,..., fm,d) € X(c¢). Coor-
BeTCTByIOIIee paclipene]eHne IOTOKOB [, HOIMyCcTUMoe I BekTopa d, 6ymeM
o6o3nauaTh f[d]. (Kak mpaBuio, Takoe pacipenenenne He eIHHCTBEHHO. )

B 6oaee obirieit (1 Gosiee ameKBaTHON) MOIETH, PACCMATPUBAEMOR B TaH-
HOM paboTe, CYUTACTCS, YTO BeKTOP d MOXKeT GbITh U3BECTEH HETOYHO (CM. B
cIenyoleM naparpade u B TJI. 2) WK BOOOIIIe He n3BecTeH (TJ1. 3), M ABIsI-
eTcsl CAyYalHBIM BEKTOPOM C M3BECTHOM (.p. MM M3BECTHBIMH CJIY YaXHBIMA
peagusanusivu (ra. 4). CoorBeTcTBYIONIMM 06pasoM GyIeM MOTUMHIAPO-
BaTh M MOCTAHOBKY (3) 3a/1a4M O JONYCTUMOCTH.



