MaTtemaTtunyeckme metoabl
(MccnepoBaHune onepauun, Metoabl onTuMmnsaummn)
3agadya o MmakcumMaribHOM NMOTOKe

— A



AKTyanbHOCTb

Jagady o MAKCHMAJIBHOM IOTOKE B CeTH MOMHD NPOHJIJKCTPHROEATE CJIeIVI0-
UM ofpazoM: ecTh BEOA0NPOEOIHAS CETh, COCTOSIIAH H3 TRYD pasHol nponyvek-
HOM cnocoBHOCTH (KOTOpPAS MOMET HIMEDATLCH, HANPHMED, MAKCHMAILHO BO3-
MOMHBEIM KOJIHUECTEOM HPONVIIEHHOT MHAKOCTH B eJQHHHIY BEPEMEeHH |, ¢osTH-
HEHHEIX Vigaumu. B ogHoM W3 ViJgoB HAXOIHTCH HCTOUHHE BOJB (MM Kakoii-
aufio apyrofl MHIKocTH ), B ApyYroud — cToK. 3ajJatua 0 MAKeHMAILHOM MOT0KEe
SARAKOYAETCH B ONPeIsIeH i MAKCHMAALHOTO KOJHUYSCTEA MHAKOCTH, KOTOpoe
MOMET ORITE BRIIVIIEHD H3 HCTOUHHKA M, Tpoiag tepes ceTh Tpyh (ecTec TEeH HO
HE TPEELIITAS TPONYEKHOR crocofHocTH aTHX TPpYD ), BIArOmoIVIHO VIAJHTECH

B CTOKE.




[locTaHOBKa 3aga4u

» PaccmoTpum ceTb TpybonpoBOAOB A1 TRAHCMOPTUPOBKM
Cbipon HedbTH OT BYPOBLIX CKBaXXWUH A0
Hed)TeneperoHHbIX 3aBOAOB.

« [1na nepekavkm HedPTn NpeaycMoTpeHblI MaructTpanbHbie
HacocHble cTaHuun. Kaxabin cerMeHT TpybonpoBoaa
MMeeT CBOK NPONYCKHYIO CNOCOOHOCTD.

« CermMeHTbl TPyOONpOBOaAa MOrYT ObIThb Kak
odHOHanpaBneHHbIE (OCYLLECTBSAT Nepekadvky HedTu
TONMbKO B OJJHOM HanpasfeHun), Tak U B ABYHaNpPaBieHHbIE.




[locTaHOBKa 3aga4u

* B ogHOHanpasneHHbIX CErMeHTax NnonoXXmTtenbHas NponyckHad CNOCOOHOCTL
npeanosiaraeTca B O4HOM HanpasfieHUn 1 Hynesas - B ApyromMm. Kak onpegenuTtb
ONMTUMAarbHYIO MPOMNYCKHYI CMOCOOHOCTDL (T.€. MaKCMMaribHbIU MOTOK)
MexXay HeTAHbIMU CKBaXKMHaMW U HEQPTENEPEroHHbIMK 3aBogamMn?

« [na pebpa (i, j), rae i < |, ucnonosdyem 3anuco (Cij,Cji) ona npegcraBneHns
MNPOMNYCKHbIX CMOCOOHOCTEN B HanpaBreHUusX i->j U j->i cooTBeTCTBEHHO. BO
n3dexxaHnn HegopasymeHum Ha cxeme cetu Cij byoem pacnonaraTb
Ha pebpe (i, j) bnnxe K y3ny i, a Cji bnmxke K yany j, Kak NOKasaHO Ha PUCYHKE:

Eij a ji

O
e ——————



OCHOBHbIE onpeaenexHns

Paspe3 onpegenser MHOXECTBO pebep, nNpu yaaneHum
KOTOPbIX U3 CETU NOSMTHOCTbIO NpeKpaLllaeTcsl NOTOK OT
NcTouYHUKa K cTony. MponyckHasa cnocoObHOCTL pa3pe3sa
paBHa CyMME MponyckHbIX crnocobHocTen "paspesaHHbix”
pebep. Cpeaun Bcex pas3pes3oB CETU pa3pe3 C
MWHUMaNbHON NMPONYCKHOU CMNOCOOHOCTbLIO
onpeaenseT MakCMManbHbIU NMOTOK B CEeTMU.
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[Tpumep

PaccmMoTpumM ceTb, NOKasaHHYo Ha
puc. 3. Ha aTom pucyHke npu
0003HaYeHMN NPONYCKHbIX
cnocobHocTeN aByHarpaBieHHbIX
pebep npugepxmBanuncb
cornallueHusi, NPUHATOro paHee (pwc.
2). Hanpumep, ana peodpa (3, 4)

nponycKkHasA CnoCoOHOCTL B Paic.3. Upsmaep cota
HanpaBneHuu 3->4 paBHa 10, aB Pazpe2sl, IpeCTABICHHEIE HA PHC. 3, HMEIOT CIeAVIONIHE IPONYCKHEIE CIIOCOOHOCTH:
HanpaBJieHUU 4->3 PpaBHa 5. Paspes  "Pa3pe3aHHuie"” pebpa MponyckHaa cnocobHOCTE

1 (1, 2), (1, 3), (1, 4) 10 + 30 + 20 = 60

2 (1, 3), (1, 4), (2, 3), (2, 5) 30 + 10 + 40 + 30 = 110

3 (2,'5), (3, 5), (4, 5) 30 + 20 + 20 = 70

I



[lepexon K anroputmy

* BbiBOA, KOTOPbLIM MOXHO caenaTtb U3 3TUX TPEeX pa3pes3os,
3aKJ1H04aEeTCHa B TOM, YTO MaKCUMaribHbLIU NMNOTOK He
MOXeT npeBbiwaTtb 60 eguHny (MMHMManNbHOeE
Yyucno).

e HO Mbl HE MOXXEeM ckasaTb, KaAKOM MaKCUMasibHbIU MOTOK
Ha caMOM [Jerne, Tak Kak He nepedbpanu Bce
BO3MOXHble pa3pe3bl CeTMm.

» K coxaneHuto, nepebop Bcex pa3pesoB SABMAETCS
HenpocTon 3agadven. [loaTomMy onga onpegeneHns




pes dAJITOPUTMa HaxoxXgeHNAd MaKCMMaJlbHOIO NMOTOKAa

* lnesa gaHHOro anropntmMa COCTOUT B HAXOXOEHUU CKBO3HbIX NMYTEU C
NOJNIOXXUTESIbHLIMU MOTOKAMU OT UCTOYHUKA K CTOKY.

« Paccmotpum pebpo (i, j) ¢ (HavaneHon) nponyckHon cnocodbHocTeo (Cij,Ciji).
B npouecce BbINONMHEHNS anropMTMa YacTu STUX MPOMNYCKHbIX CNOCOOHOCTEN
"3abuparorca’” norokamu, NPOXoAALLMMN Yepes AaHHOEe pebpo, B
pesynbrate Kaxaoe pebpo byaetr MMeTb OCTAaTOYHYH MPOMNYCKHYIO
cnocobHocTh. byaem ncnonb3oBaTtb 3anuch (Cij, Cji) 4ns npeacraBneHns
OCTaTOYHbIX MPOMYCKHbIX criocobHocTen. CeTb, rae Bce pebpa nmerot
OCTaTOYHY MNPOMYCKHYK CNOCODOHOCTL, HA30BEM OCTaTO4YHOMN.

 [1Nn4a npou3BOSIbHOIO yana j, nony4arLulero noTok oT y3na i, onpeaennm
MeTKY [a], 1], roe aj - BeNnM4YMHa NOTOKa, NpPOoTeKalowero ot yana j K y3ny .
ANropuTtMm HaxoXaeHus MakCMmaribHOro NoTtoka npegnonaraeT BbiNOfIHEHUE
cnegyroLwmnx OeUcTBmn.

————a——




llarm 1-3

[6eckoneunocms, -]. [Tonaraem i = 1 H nepexoIHM KO BTOPOMY LIAry.

Illaz 2. OnpejenseM MHOXKECTBO S; KaKk MHOXECTBO V370B j, B KOTOpEIE MOXKHO NEpeHTH H3 y3i1a i mo pedpy ¢
MIOJIOKHTETBHOH OCTAaTOYHOH MPOMYCKHOH CrocOOHOCTEIO (T.e. Cjj = 0 1712 Bcex j, mpuHane:xamux S;). Ecam S; He mycToe
MHOKECTEO, BEIMOTHAEM TPETHH IIar, B MPOTHBHOM CIIy4ae MEPEXOIHM K Imary 4.

Hlaz 3. B MHOXKECTBE S; HaxoauM viea K, TakoH, 910
CTH NoCcIe JHeH MeTKOH MO

1% BCeX j, nmpuHazTekamux S;. [TorokuM ay = ¢y H
el cToka (T.e. ecH K = n), CKBO3HOH ITVTE HAaHeH, H MEI




Lllarn 4-5

Hla:z 4 (Omkam nazad). Ecau i = 1, CKBO3HOH ITYTh HEBO3MOXKEH, H MBI NIepexXoauM K mary 6. EcaH i He paBHO 1, HaxoguM
MIOMEYEHHBIH V3€1 I, HeMOCPEICTECHHO NPEeIMEeCcTEVIOMHA V3TV i, H VIaTAeM V3€l i H3 MHOKECTBA V37I0B, CMEKHBIX C V3I0M
r. [Tonaraem i = r H BO3BpaIIaeMCcs KO BTOPOMY IIary.

Hlaz 5 (Onpedenernue ocmamounou cemu). O003HATHM Tepel

OcTaneHEIe NPOMYCKHEIE CMOCOOHOCTH pedep, COCTABMAIINHX CKBO3HOH MyTh, YMEHBINAeTCE Ha BelHUHHY fp B

HAaNpABTIeHHH JBHASHHY [TOTOKA H VEEIHYHBAKOTCA HAa 3TV K€ BeIHYHHY B IIPOTHBOIOJIOKHOM HaNPAaBIeHHH. TakHM 00pa3oM,
a14 pedpa (i, j). BXOZAMEro B CKBO3HOH IMYTh, TEKVIIHE OCTAaTOYHBIE CTOHMOCTH (cij, cji) H3MEHATCA CISIVIOMHEM 00pasoM:

. (Cij o Cji + fp), €CIH NMOTOK HIeT OT V3aa i K vaay j,

. (cij g Cji - fp), €CIH MOTOK HIeT OT V3712 j K V3ay i




LLlar 5. PeweHune

,-’_'[a:lee BOCCT3AHABIHEACM ECE€ V3JIBI, VIAICHHBIC HA III3re 4 nomaraemMi=1H BEO3EpPAIIacMCAd KO ETOPOMY HIary JId ITOHCKA
-~ HOBOI'O CKEO3HOTIO ITVTH.

Hlaz 5 (Pewerue).

 IIpH m HaHJeHHBIX CKEO3HBIX Iy TAXIMAKCHMATBHEIA MOTOK BEIYHCIZeTcE o Qopayne F=f; + f, + ... + .

o HMyeq 3HaYeHHA HIUAIBHBIX (CIJ,

Cj H KOHCYHLBIX cij’ Ci; . MOXHO BEIYHCIHTL

TV4aH, KOIrJa OJHOBpeMeHHo a = 0 u

IIPOXOIAIMIHE depes pedpo (1, j). paseH a. Ecan xe b = 0, Toraa noTok paeeH b.
b = 0, HeBO3MOKEH. )




PacyeTHbIN npnmMmep

[TomoxmM OCTAaTOYHEIE MPOMYCKHEIE CIIOCOOHOCTH (Cjj, €jj) BCeX pedep PABHEIMH MEPEOHAYATBHBIM IPOMYCKHEIM
cnocodrocTaM (Cjj. Ci)-

Ilaz 1. HazHavgaeM ay = 6ecKkoHeyHoCmu H IoMedaeM y3ela 1| MeTkoH [deckoneunocmsp,-]. Ilonaraeni= 1.
Ilaz 2. Sy = [2, 3, 4] (MHOXeCTEO He IYCTOE).

Ilac 3. k = 3, NOCKOTBKY €]13 = Max {C)3, €33, €14} = max {20, 30, 10} = 30. HazxagaeMm a3 = ¢33 = 30 1 nomedaem yzead 3
- MeTkoH [30, 1]. [lomaraem i = 3 H BO3ZEpaIaeMcs K mary 2.




PacyeTHbIN NnpumMmep

Ilaz 2. S, = [4, 5].

Hlaz 3. k = 5 H ag = ¢35 = max {10, 20} = 20. [Tomeuaen y3em 5 METKOH [20.3],Hepexom O

mary 5.

Mgz 5. CxBO3HOH NYTH ONpeJeIfeM Mo MeTKaM, HaYHHaA ¢ VIa 5 H 3aKaB4YHBasg vinoMm 1:KS) -= [20, 3] = (3) -= [30, 1] -
| (1). Taxma o6pasone Ny = {1, 3, 5} u f; = min {a}, a3, as} = {fecxoneunocms, 30, 20} = 20.

NPOIIYVCKHEIC CIIOCOOHOCTH BIOIE oVIH Nli

(ca3> c31) = (30 -[20] e +[28) - (10, 20), i
(35, cs3) = (20 -[20] e +[28) - (e, 20).




AHanorm4yHo gna nytn 1-2-3-4-5




AHanorm4yHo gna nytn 1-2-3-4-5

Hmepauus 2.

Hlaz 1. HazHagaeM a) = fecKOHeuHOCMU H TIOMedaeM V3el 1 MeTkoH [fdeckoneunocms,-]. Ilonaraeni= 1.
Hlaz 2. Sy = [2, 3. 4].

Hlaz 3. k = 2, HasHa49aeM aj; = C€)p = max {20, 10, 10} = 20 u momewaem y3ea 2 mMerxoH [20, 1). ITomaraem i =2 u
EO3BpaIaeMca K mary 2.

Ilaz 2. Sy = [4] (oTMeTHM, 4TO €35 = 0. MO3TOMY ¥3€1 5 He BKIIOYaeTCA B S3).

Ilaz 3. k = 4, HazHa49aeM a4 = ¢34 = 10 u nomexwaem y3ea 4 meTkoH [10, 3]. TTonaraem i = 4 # Bo3BpamaeMcs K mary 2.
Ilaz 2. S 4= [5] (MOCKOIBKY V3asl 1 H 3 Vike IOMEYEHEL, OHH He EKTIOYAIOTCE B Sy).

Ilaz 3. k =35 u ag = cy5 = 20. [TomeqaeM y3ea 5 meTkoH [20, 4]. ITomyuaem ckBo3HOH myTh. Ilepexogmy K mary 3.

Hlaz 5. N5 = {1, 2, 3, 4, 5} u f, = min {feckoneunocms, 20, 40, 10, 20} = 10. Beraucagem oCTaTO4HLIE MIPOIYCKHEIE
CIOCOOHOCTH BIOTE MY TH Nj:

(€12, €97) = (20 - 10, @ + 10) = (10, 10),
(c23, c3;) = (40 - 10, @ + 10) = (30, 10),
(cas, c43) = (10 - 10, 5 + 10) = (@, 15),

(cas, C€54) = (20 - 10, @ + 10) = (10, 10).




AHanormdHo anga nytun 1-2-3-2-5




AHanorn4Ho anga nytn 1-2(-3-2)-5

Hmepauus 3.

IITgz I. Hasnauaem ay = GecKOHeYHOCMU H IIoOMedaeM Vel 1 MeTkoH [Peckoneunocmp,-]. ITonaraeni= 1.
Illaz 2. 51 =[2, 3, 4].

Hlaz 3. k = 2, HasHa4gaeM a; = ¢j2 = max {10, 10, 10} = 10 1 nomesaenm yzea 2 merxoH [10, 1]. Ilonaraem i = 2 ®
BO3BPAINASMCA K mIary 2.

IIlaz 2. S = [3, 5].
IlTaz 3. k =3 ® ay = ¢33 = 30. [Tomeqaenm yzen 3 metxof [30, 2]. [Tomaraem i = 3 ¥ BOsBpaImaeMcy K mary 2.
Lllaz 2. 5S4 TIVCTO, OCKOABEY €34 = €35 = 0. IlepexonsM K mary 4.

Ilfaz 4. Metxa [30, 2] ya1a 3 noka3splBaeT HOMep OpeldmiecTEYIomero yaia r = 2. Ha 310l arepansH ysea 3 B JaIbHeHIIeM
BO BHHMAHHE He MPHEHMASTCH, er0 MeTKY BEMepkHBaeM. [Tonaraem i =r = 2 H BO3BpaImaeMcq K mary 2.

IlTaz 2. 84 = [3] (mockoasky yzea 3 yZaleH H3 BOSMOKHOTO CKBOZHOIO IYTH).

IlTaz 3. k =3 H ag = ¢45 = 30. momedaem vaen MeTkoH [30, 2]. [Toayuaem ckrozHOH myTe. [lepexoqs Kk mary 5.

i

HMaz 5. Ny = {1, 2. 5} & I3 = min {feckoneynocms, 10, 30} = 10. BerancudeM ocTaTodHele NPOIYCKHBIE CIOCOOHOCTH
BAOTE MyTH Ny:

- (cq2, €29) = (10 - 10, 1@ + 18) = (@, 20),
- (cs, €s3) = (3@ - 10, @ + 10) = (20, 10).



AHanornyHo ang 1-3-2-5




AHanorn4yHo anga 1-3-2-5 n 1-4(-3-4)-5

Hmepauua 4. Ha 310H HTepaluuH noayyeeH nyTe Ny = {1,3, 2,5} c 4, =10.

th

Hmepauua 5. Ha 3T0H HTepallHH noay4eH nyTe Ng = {1, 4, 5} c fz = 10.

~

IImepauwz 6. HoBrie CKBO3HBIE IIVTH HCBOZMOXHBI, INTOCKOIBKY BCE peﬁpa, HCXOJAIIHE H3 V3Iia 1. EMeroT HVIICEBRIC
JCTATOYHBIC ITPOITYVCKHEBIC CIIOCOOHOCTH. HGpCXO,II‘D-I K mary 6 ana CIIPSICIICHHA PEIICHHA.




PelLlueHune

Hmepauunr 4. Ha 3108 Brepauns noay4ed myte Ny = {1,3,2, 5} c Iy
Hmepauur 5. Ha 1ol BTepanns noaydes myTe Ng= {1, 4, 5} c iz ﬂm

Hmepayua 6. HOBEIe CKEO3ZHEIE IIVIH HEBO3MOKHBL, MOCKOMBKY EBCe peldpa, HCXONAINHE H3 vina 1, HMEKT HYIeBme
OCTATOYHEIE [IPONYCEHEIE CIIOCOOHOCTH. [TepexodrM K mary & 1718 onpeJeIeHHR PelleHHS.

IIlaz 6. MakcHMaTEHEL 00seM MOTOKA B ceTHpaeeH F=fj + fr + ... +f2 =20+ 10+ 10 60 eguHUL. SHIYEHHA

" MOTOROE 110 DasiHYHEIM peOpaM BBMHCIAKOICA IYTEM BBRIYHTAHHA IOCIEIHHX 3HAYEHHH OCTAarOMHBIX [IPOIYCKHBIX
crocodEOCTeH (T.e. (. €53)g) H2 MEPBOHAUATEHEIX JHATEHHH MPOMYCKHEIX cIocoGHOCTedH (Cyy, Cj;). PeayIBTaTE BEMHCTEHHE
MPHEBEICHE] HILKE:

Pebpo  (Ci5, C5i)-(ci5, Cyids BenuynHa noToka Hanpaenexme

(1, 2) (20, 8) - (@, 20) = (20, -20) 20 1337

(1, 3) (3@, @) - (8, 30) = (3@, -30) 30 1-33

(1, 4) (1@, @) - (8, 18) = (1@, -18) 10 1-34

(2, 3) (4@, @) - (40, @) = (9, @) @ -

(2, 5) (3@, @) - (10, 20) = (20, -20) 20 2-55

(3, 4) (1@, 5) - (@, 15) = (1@, -18) 18 3->4

(3, 5) (20, @) - (@, 20) = (20, -20) 20 3-55
- (4, 5) (20, @) - (@, 20) = (20, -20) 20 4-35






