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- 3axucm 6i0 eipycie 3 BUKOPHCTAHHAM CUeMiali30BAHMX KOMIVIEKCIB aHTHBipYCHO! MpodinakTHKH H
3aXHCTY; ;

- mexHonoziA 6unenesHa emopeHens -(Intrusion Detection) i akTHBHOTO AOCHIIKEHHA 3aXHIIEHOCTI
indopManiMauX pecypcis; '

- YyeWmpanizoéawe KepyeanHa sacobamu ingopmayiiunol besnexu.

HasBHICTh LEHTPATI30BAHHUX 3aC00iB KEpyBaHHA NPOXYKTaMH Ge3nekH € 060B’SI3KOBOIO BEMOIOK IS
MOXJIMBOCTI IXHBOTO 3aCTOCYBAaHHA B KOpHOpaTHBHOMy MacmTaGi. Heo6XimHo 3ayBakHTH, IO CHCTEMH
IEHTPaTi30BaHOTO KePYBaHHA MPOAYKTaMH Ge3MeKd Pi3HUX BHPOGHUKIB OKH HE CYMICHI OH 3 O/IHOIO.
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BiHuHIB ki {HCTHTYT EKOHOMIKH

3AZTAYA PO3IIOALTY IOTOKIB Y MEPEXKAX
I3 BATATBMA JOKEPEJIAMH I CTOKAMH

V cmammi gopmynroemocs 3adaya posnodiny nomokie y mepexcax is 6azamvma Oxceperamu i Cmoxamu
ma nponoryemuca anzopumm it po3e ‘a3anna. Ilposedeni 00CHiONHCEHHA 0adymb MOXCIUGICMb NIOSUWUMY AKiCMb
npoexmysanHa ma egheKmusHicmy excnyamayii DISHOMAHIMHUX MEPENCHUX CUCINEM.

The flows distribution problem in networks with many sources and sinks is formulated and the algorithm of
its solution is offered in the paper. The researches will enable to increase planning quality and exploitation
efficiency of the different network systems.

KiouoBi cioBa: HOTOKM B MEpeXXax, alTOPATM PO3B’A3aHHA.

Beryn. OcTaHHIM 9acoM 3HaYHO 3pOCIIa 3alliKaBNeHiCTh Y4eHHX Ta NMPAaKTHKIB MEPEXKHHMH i IOTOKOBHMH
mome/siMi. Lle IOB’S3aHO i3 BOPOBA[KEHHAM Ta AaKTHBHMM PpO3BHTKOM Ppi3HOMAHITHHX TEPHTODiambHO
PO3MOAUIEHHX CHCTEM: TPYyOONPOBINHHMX, TPAHCIOPTHHX, TelleKOMYyHikaliiuux Ta iH. OCHOBOIO TaKHX CHCTEM €
IleBHa Mepexa (Mepexa TpyOompoBoAiB, JOpIr, KaRATiB 3B’ A3KY TOMO), B AKIH LAPKYIOIOTH NEBH] MOTOKH (IOTOKH
PEeYOBMH, TPAHCHIOPTY, HAHMX TOINO), TOMY 3ajadi, AKi JOBOJMTHCA PO3B’A3YBaTH IPH NpPOCKTYBaHHI Ta
eKCIUTyaTalil CHCTEM 3 MEPEXHOI0 CTPYKTYPOIO, YacTO 3BOAATHCA O pO3pOOKH MaTeMAaTHYHUX MOZEIeH po3nofiny
IIOTOKIB T2 IIOCTAHOBKH i pO3B’ A3aHHA BITIOBITHMX OUTAMI3aLiMHMX 3a/24.

Bizomi MoJeni po3moALTy NOTOKIB y Mepexax [1] 6asyrotses Ha HOHATTAX Teopii rpadis [2]. Lie nos’3aHo
3 THM, MO Ipad) Jae MOXUIMBICTh HA0YHO BinoOpasWTH CTPYKTypy Mepexi, a mapaMeTpH HOro By3/iB i myr —
NpeNCTaBHTH OCHOBHMMHM YHCIOBHMH XapaKkTepHCTHKaMH Ii eneMeHTiB. Habip XapakTepHCTHK 3aleXHTh Bil
IPHPOY MOJIeNbOBAHO! CHCTEMH, a TAKOX XapaKTepy po3B’A3yBaHMX 3a/la4, OHAK Y MOTOKNBHX MOZIEIX iX, fK
PaBUIO, NPEACTABILTOTh TAKUMHE IIapaMeTpaMH, AK 30BHIlIHIM NOTik y By3Ji, MOTIiK IO My3i, MPOIYCKHA 3AATHICTH
IYTH, BapTiCTh NepefaBaHHA OXUHALI IOTOKY IO Iy3i TOIIO.

IToToxoBi 3aadi, SK IMPaBHIO, 3BOAATHCA A0 IOWYKY TAKOTO PO3NOALLY IOTOKIB Yy MEPEXI, IIpH AkoMy 6
3abe3nevqyBaBca eKCTpeMyM HeAKoro kpurepito. [Ipn HpOMYy MaloTh BPaxoBYBAaTHCA 0OMEXEHH, MO HAKIANAKThCA
yMOBaMH 30epeeHHA HOTOKIB y BY3JaX i HeNEPEeBHIUCHHA IIOTOXKaMH MPONyCKHOI 3HATHOCTI Ayr. THIOBAMH
TOTOKOBMMH 3a/Ia4aM¥ € 3a/1aya Ipo MOTIK MiHIMAIBHOT BapTOCT], PO MAKCHMA;1bHUM TOTIK, TPAHCTIOPTHA 3a1a4a,
3ajla4a NIpo NpU3HaYeHHA Ta iHmi. J{ig TX po3p’s3aHHs po3po6NeHo TMMaio edeKTHBHUX aNrOPHTMIB, CHOpMyBaBCA
HaBITh BiNOBiNHUH HanpsAM 00YHCIIOBABHEX METO/IB I HA3BOIO MOTOKOBOIO NMporpaMyBaHHA [1].

He mmBngducs Ha ovYeBMAHME mporpec B 0o6nacTi IOTOKOBOTO MOJENIOBAHHS, NPH NPOEKTYBAHHI Ta
eKcrUTyaTanii piHOMRINTIINX TEPHTOPIATBLHO PO3MOAUICHAX CHCTCM YacTO BHHHKAKOTH 3a4adi, AKi BAXKO BIIHECTH
JI0 O[HOTO 3 BiIOMHX THIIiB, 2 THM Oiiblile 3aNponoHyBaTH eeKTHBHHM aNropHT™ iX po3s’a3aHHA. Tak, HanpHKIaj,
B CHCTeMaX BOZO-, Ta30-, TEIUIONOCTAYaHHA, BOJOBiIBEIeHH, 3PONIyBAIbHAX CHCTEeMaX 4acTO BHHHKAE 3alaya
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PO3MOALTY MEBHOIO pecypey, KM HATXOMHTE Y MEpexy BiJ AeKUIbKOX JpKepel i BinOupaeThca 3 Mepexi Garatbma
CnoxuBayaMH. B TepMiHax mOTOKOBOro MOJEMIOBAHHA TaKy 3afilaqy MOXKHA Ha3BaTH 3a[a4el0 PO3NOALTY MOTOKIB Y
Mepexxax 3 6araTbMa pKepesiaMH 1 CTOKaMH.

Meta wi€i cTaTTi nonAra€ y MiABMINEHHI AKOCTI OPOEKTYBaHHA Ta e(QEKTUBHOCTI eKCIUTyaTalii
PI3HOMAHITHUX MEPEXHHX CHCTEM LIUIIXOM (OpMY/IIOBAHHA Ta PO3B’A3aHHA 3aadi po3noAilTy NMOTOKIB Yy Mepexkax
13 6araTbMa JUKEpeNaMH 1 CTOKaMH. '

OcunoBHA# Matepian. Hexail mepexxa 3 GaraTbMa DKepenaMM i CTOKAMH ONHCYEThCA OPIEHTOBAHMM

rpadoM (N ,M ), ne N — MHOXwuHA By31iB, a M — MHOXHHA IYT, AKi 38’ 3y10Th By3/1A. Y MHOXHHI N BHILIMMO
MIMHOXHHY BY3JTiB-Ipkepen Nd , gepe3 fxi B MepexXy HAIXONATH 30BHIMIEI MOTOKH, i MAMHOXHHY BY3JIiB-CTOKIB
Ns , 9epe3 Aki 30BHINIHI MOTOKH 3aTHIMAaOTh Mepexy (puc. 1). KpiM cTpykTypH, BitoMuMH Takox 6yAeMO BBaXaTH
3Ha9eHHA MPOMyCKRMX 3maTHocTe# ¢ (k€ M) Bcix myr mepexi, a TakoX 3Ha4eHHA (iKCOBaHWX 3OBHIUIHIX

notoxiB F, (7 € N5 )y croxax Mepexi. 30BHINIHI IIOTOKH Yy JuKepenax VP (p € Nd ) 6ynemo BBa)XaTH BUILHUMH.

3ajaga MoNATac B TMOIIYKY TAKOr0 PO3MOALTY ‘BUIBHHX 30BHINIHIX MOTOKIB MDK IDKepelnaMM i IOTOKIB MO Ayrax
Mepexi, mpu skoMy Oyim 6 3abe3nederi BCi ¢ikcoBaHi 30BHINIHI NOTOKH Y CTOKaX. IIpy 1iboMy Ma€ BUKOHYBaTHCH
yMOBa 30epexkeHHA MMOTOKIB Y By3JIaX MepeXi Ta yMOBa HEIEPEBHINCHHA NOTOKAMH IPOITYCKHOI 3AaTHOCTI YT,

V3]

Pac. 1. Hpaxnag mepexi 3 6araTbmMa [oRepe/iamMH i CTOKAMH

3 ypaxyBaHHAM BBE/ICHNX IO3HAYCHb Ta NPUHHATHX YMOB 3ajady PO3NOALTY MOTOKIB y Mepexi 3 6araTeMa
- DkepeNaMH i CTOKaMM MOXKHa NPe/ICTaBATH Y BUIJIAAI Takoi 3a/1a4i onTUMizanii:

2 Vy+ D Fp|—>min, D

peNd reNs
> fi- 2 fi=0, ieNNnNdNNs, .
kEMBf /ceMEi ‘ ()
D - 2 fe-V,=0, peMd, »
keMp, keMg, )
Y- 2 fu+F. =0, reNs, y
kEMBr kEME,- ()
0L fr<c;, keM. (5)

V BaBeeHIN MaTeMaTW4Hi¥M IOCTaHOBIL] 3a/1adi PO3MOALTY MOTOKIB Yy Mepexi 3 6araTbMa JpKepenamu i
crokamu BHpa3 (1) npeacrapige kputepilf onraMisamii, cacTeMu piBHAHS (2), (3) 1 (4) — yMOBY 36epekeHHs MOTOKIB
y TpPOMDKHHMX BY3JlaXx Mepexi, y JDkepenax 1 y CTOKax BiAMOBiHO, cucTeMa HepiBHOcTe# (5) — yYMOBY
HeNepeBUIIEeHAA NIOTOKAMH MPOITYCKHOT 3AaTHOCTI JyT.

s po3s’sizanHA 3aaadi (1)- (5) MOXHa BUKOPHCTATH CTAHAAPTHI 009YHUCIIOBAIEHI METO/IH, OJHAK IULIXOM
BIALIOBIHOTO IMEPETBOPEHHA Mepexi 3ailaqy po3NOALUTY MOTOKIB y Mepexi 3 6araTbMa /DKepeNiaMd i CTOKAMH MOXKHA
3BECTH JO 3a/a4i PO MaKCHMaIbHUM NOTIK Y MEPEXi 3 OAHUM JDKEPEJIOM 1 CTOKOM, i B MICYMKY CKOPHCTATHCS I
i po3B’A3aHHA NOTOKOBHMM aITOPHTMaMH, AKi MalOTh BHIIY OOYHCIOBAIBHY €(EKTHBHICTH, HDK CTaHIAPTHI
Metoau. JUIA IBOro MOAaMO O Mepexi 3 GaratbMa mkepellaMH i cTrokamu ¢ixkTmBEMI Byson-mxepenro Ndf i

dikTuBHEH By30s-CTiK NSf . DiKTHUBHE [KepeNo 3’€NHAEMO MyraMd i3 JDKepeaaMH Mepexi (MHOXHHY LHMX IyT
no3HauEMo Ak Mdf ), a cTokm mMepexi — myraMu 3 QiKTHBHMM CTOKOM (MHOXHHY LWX HyT no3Haunmo sk Msf ).
[Ilpomycknl 3maTHOCTI Xyr, AKi 3'€AHYIOTh CTOKM 3 (IKTHBHHM CTOKOM, OOMEXHMO 3HauY€HHAMH, PiBHUMM

BicHuk XmenvHuybko20 HayioHaabHozo yHieepcumemy — Ne4 '2009 113




TexHi4HI HayKu

(ixcoBAHHM 30BHIIIHIM IIOTOKAM Yy CTOKaX, a IPOIYCKHI 3[aTHOCTI YT, AKi 3’€JHYIOTh (iKTHBHE MKepeno i3
DkepesniaMe, Gy (eMO BBaXATH PiBHAMH HeCKiHIEHHOCTI. 3Ha9eHHs (ikcOBAHMX 30BHIMIHIX MOTOKIB y mkepenax i y
cTokax 6yzemo BBaXXaTH PIBHEMH HYJIO. ¥V HZACYMKy OTPEMAEMO Taky Mepexy (pHc. 2).

N7
@'f{\. ’J‘\\g
N
/7 N
[Vﬂ /, \\ Wﬂ
¢ (f13, o) (f16,F7) ¥~
1 9 re===="—=14) w2l AN pm=———— { |
S A, 13 16 P
~ e
. 3 /7
\\ro Qi\/
sy % A~/
,Y\\J Ql{\
A Y 7’

(11, c11)
11

Puc. 2. Ilepersopenns Mepexi 3 6araTbMa JUKepenamMH | CTOKAMH HA MEPEXKY 3 OJRHM JUKEPE/IOM i CTOKOM

3 ypaxyBaHHAM PO3IJIAHYTHX [EPETBOPEHb Ta BBEICHUX MO3HAYEHb 3alady PO3IOALLY MOTOKIB Yy MEpexi 3
GaraTbMa JxepenaMH i CTOKaMH MOXXHa IPEICTABATH y BUIVIAMI Takoi 3afa4i onTuMisauii:

Vf — max (6)
2 S 2fik=0, ieN, 0
kE'MB;' kEME‘. '

ka - ka _Vf=0? (8)
kEMBN#‘ keMEN#

2 fi=  XSitVf =0, 5
kEMBNSf kG'MENSf

0L fy<cp, keMUMsf. (10)

Otpumana 3amaqa (6)- (10) sBignopimae 3amawi npo MakcuManeH@M DOTiK. [ ii po3s’s3aHHA MOXHA
BHKODHCTAaTH MOTOKOBHM aJIrOpPHTM 30UIBINYBaJbHUX JIAHIOTIB, 3ampormoHoBanud ®oprmoM i PamkepcoroM [3].
CyTh IbOro AJIrOpATMY IOJATAE B HACTYITHOMY.

CnouaTky MOTOKM Yy BCIX Ayrax Mepexi NpuHiMaroTh piBHUMH Hymo. Jlami myKaioTs 30UIbITYBaIbHHMI
JIAHIYOr, MOYHHAI0YHM 3 HaHKOPOTMIOro. 30UIbIIYBabHUM JIAHLFOIOM ¥ JaHOMY BHIIAIKY Ha3HBalOTh MOCIiAOBHICTh
OyT, fiKa TOYMHAETBCH y JDKEpeNi i 3aKiHIyeTbCsl Y CTOKOBi, i B AKiM IPOITyCKHI 3JaTHOCTI YCiX OYyr JI2I0Th
MOXUIMBICTh 30UILIIATH MOTIK. SIKIIo 36UIbIIyBaNbHEN JIAHIYOT iCHYE, TO MUIA KOXHOI AyrH K , mo Horo dopmye,

po3paxoByioTh BeawauHy Ap (Ap =cp — fj , AKIWO HANMPAMOK AYTH CIIBMAA€ 3 HANPAMKOM 06XOMIY JIAHILOTA, i
A = f§, AKIO HampAMOK AyTH He CIBIQfa€ 3 HAOPAMKOM O0XOLy JNAHIFOra), 3HAXOAATH MiHIMaTbHE 3HA9CHHA
cepen ycix Ay i AomaioTs (BimHiMaroTh) Horo mo (Bif) mOTOKIB f THX XYT, HaNpAMOK AKHX ciBmajae (He
cmiBnajac) 3 HaOpsIMKOM 00Xofy JiaHIgora. Jlani myKkaloTh HaCTYIHAN HalKOpOTIIH 361IbLIYBANBHII JAHIYOT i
3HOBY 3MiHIOIOTh BIJIOBIAHI NMOTOKHM IO Jyrax Ha MiHIMaibHE 3HAYEHHA Cepell YCiX pospaxoBaHmx Ay i T.A
MaxkcuManbHMM BUTBHMM 30BHIMIHIM NOTIK i BigmoBimHMM HOMY pO3mOALT HOTOKIB IO ayrax Mepexi Oyne
NOCATHYTHH Toxi, koma 6yxyTh nepebpaHi BCi 30 LTITyBaNbHI JIAHIIOTH.

3 ypaxyBaHHAM OIMCaHOi CXEMH pPO3B’A3aHHA 3afadi NP0 MAKCUMAaJIbHHUHK IOTIK aJTOPHTM pO3B’A3aHHA
3a/1adi pO3NOALTY MOTOKIB y Mepekax i3 6araTeMa /DKepeNlaMH i CTOKaMH MOXXHa cOOpPMYJIIOLATH Y BHTJLAIL Takoi
HOC/IAOBHOCTI KPOKIB:

1) BBeCTR MHOXXMHH BY3JIB 1 Jyr Mepexi, oOpaTH cepen BY3NiB Jykepena i CTOKH, BBECTH 3HA4YCHHA
IPOITYCKHHX 3JaTHOCTEH AyT i (PikcoBaHMX 30BHIMIHIX MOTOKIB Y CTOKAX;

2) BAKOHAaTH NEPeTBOPEHHA MEpEeXi: WA [pOro NOAATH QIKTHBHEE MIKepeNno i (IKTMBHMM CTIK; JOMNATH. |
¢ixTEBHI xyrn, mo 3’¢qHYIOTh (QIKTHBHE JXepeno i3 IpKepelaMH, 1 MPU3HAYMTH iM IPONMYCKHI 3[aTHOCTI, MO |
HOPiBHIOIOTH HECKIHYEHHOCTI; 10AATH QIKTHBHI AYTH, MO 3’ €AHYIOTh CTOKH 3 QIKTHBHUM CTOKOM, i IPU3HAYHTH M
IPOITYCKHI 3JaTHOCTI, 1[0 AOPiBHIOXOTH BiAMOBIIHMM (iKCOBAHMM 30BHIIIHIM OTOKAM Y CTOKaX;

3) B yTBOpeHiif Mepexi NMPUHUHATH BCi MOTOKH NO yrax piBHUMH HYIIO;

4) 3HaiiTH 30UIBIIYBaNbHMM NaHIOr 3 (iKTHBHOrO kepena y QikTHBAWH cTik; fKmo BiH icHYe, TO
HepelTH 10 KPOKy 5, iHakiue — 0 KpoKy 6,

5) 3HaliTH MaKCHMaJbHO MOMJIMBY BEJMYMHY 3MiHM NOTOKIB IO Jyrax 306UIbIIYBaJIbHOrO JIAHIOra;
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3MIHATH DOTOKH IO Jyrax 30LIbITyBTBHOTO JIAHIOTA Ha 3HAMAEHY BEJIMIMHY; MOBEPHYTHCA 0 KPOKY 4,

6) BUKOHaTH MEPEeTBOPEHHA Mepexi: I Iporo BiZKkWHYyTH O¢ikTHBHE MKepeno i (iKTHBHMA CTiK;
BIKHHYTH GiKTHBHI DyTH, WO 3’ €qHyBaIM QiKTHBHE Ikepeno 3 DKepeNaMH, i pUMHATY BLTbHI 30BHIIIH] IOTOKH Y
[DKepeNax piBHMMH MOTOKaMH Y (GIKTHBHMX Xyrax; BiIKuMHYTH QIiKTHBHI XyTH, MO 3’€AHYBAIH CTOKH 3 GIKTHSHUM
CTOKOM, i IPHIMHATH (ikcoBaHi 30BHIMIHI IOTOKH Y CTOKAX PiBHHMH 3HAYEHHSAM, BBSICHNMM Ha Kpoui 1;

7) BHBECTH PO3TO/LT BUTBHAX 30BHINIHIX OTOKIB Y JpKepenax i MOTOKIB IO Jyrax Mepexi.

Jlns niATBepMKeHHA 06THCIOBATLHOI eheKTHBHOCTI AITOPHTMY PO3IIILHEMO JeKiTbKa MPHKIIA/IB.

. Ilpmorag 1. 3HalTi po3MOALT BUTbHEX 30BHIINHIX MOTOKIB MUK [DKepe/IaMu i TIOTOKIB IO AyraX Jyli Takoi
mepexi (prc. 3, a): N=[1,2,3,4,5,6,7,8], M=[1,2,3,4,5,6,7,8,9,10,11], Nd =[1,2,3], Ns=[6,7,8],
B=[1,1,2,2,3,5,4,4,5,5,3], E=[6,4,4,5,54,6,7,7,8,8]; ¢,=2, ¢;=6, ¢3=7, ¢4=2, cs=8,

Cq =2, 7 =12, cg =16, Cy =4, €10 =3, 1 ‘—‘-2, F6 =—14, F7 =—7, Fg =-5.
: AHaJTi3y09H OTpHMaH] 32 JOTIOMOTOO ANTOPHTMY Pe3yNbTaTH, MOXHa NEPEKOHATHCA, MO A OTPHMAHOTO
PO3NOALTY MOTOKIB BHKOHYETHCA yMOBa 30epeXeHHA MOTOKIB Yy BCIX By3nax Mepexi Ta yMOBa HeNepeBHIICHHS
NOTOKAaMM TPOIYCKHOI 3[aTHOCTI AYT, TPH I[bOMY 3HaYeHHA KPHTEPII0 ONTHMI3ALIIl JOPIBHIOE HYIO.

Ilpuxnan 2. 3HaHTH PO3MOALT BUTPHHEX 30BHIIHIX MOTOKIB MiXK DKepeNaMy i MOTOKIB MO Ayrax JUifs TaKoi
mepexi (puc. 3, 6): N=[1,2,3,4,5,6,7,8], M=[1,2,3,4,5,6,7,8,9,10,11], Nd =[1,2,3], Ns=[6,7,8],
B=[1,1,2,2,3,5,4,4,5,5,3], £=[6,4,4,5,5,4,6,7,7,8,8]; e,=2, ¢;=6, ¢3=7, ¢;=2, ¢5=8,

C6=2, 7 =12, Cg =16, Cg =4, C10 =3, C“=2, F6=—12, F7 -"-—6, Fg =-10.

4]

11 11

B) r)
Puc. 3. Mepexa 3 6araThma JkepeiaMu i CTokaMH Ta po3B’s30K BianosinnoY 3anaui po3noginy noToxis
(a - no nprknany 1, 6 - a0 npaxaany 2, B, r - A0 npuKnany 3)

3 aHanisy OTpUMaHMX 3a JONOMOIOK) ANTOPHTMY PEe3Y/BTATiB BHNHO, MO I OTPHMAHOTO PO3MOLLLY
NOTOKIB BHKOHYETHCA YMOBA HENEPEBMINEHHA MOTOKAMH MPOIYCKHOI 3JATHOCTI JYT, OJHAK YMOBa 30epeeHHA
IOTOKIB Yy CTOKY 8 He BHKOHYETHCA, 1, AK HACJiNOK, 3HAYCHHA KPUTEpil ONTHMIizalii He HOpiBHIOE Hymo. Taka
CHTYallif TOACHIOETBCA HE HeJONiKaMM anroput™My, a ocoOmMBOCTAMM Mepexi. AHanisywoud ii CTpykTypy Ta .
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NapaMeTpH, MOKHA BHABHTH, W0 MAKCHMATbHUA NMOTIK, AKMH MOXXHA ZOCTABHTH Bl [DKEpen D0 CTOKY 8, He Moxe
[epeBHIYBATH 5 omuruup. Le oueBmmHO, amke cymapua npormycksa 3gaTHicTh Ayr 10 i 11, 4yepe3 ski moToku
BXOZIATH y CTik 8, NOpIBHIOE 5.

[prknag 3. 3HaATH PO3MOALT BiMBHUX 30BHIIIHIX NOTOKIB MK JDKEpeNaMH i IIOTOKIB 1O Iyrax IS TaKol
Mepexd (puc. 3, B: N=[1,2,3,4,5,6,7,8], M=[1,2,3,4,5,6,7,8,9,10,11], Nd =[1,2,3], Ns=[6,7,8],
B=[1,1,2,2,3,5,4,4,5,5,3], E=[6,4,4,5,5,4,6,7,7,8,8]; ¢,=2, ¢;=6, ¢;=7, ¢4=2, c5=8,
C6 ‘—‘-2, (o) =12, cg =16, Cq =4, €10 :3, 1 =2, F6 =—6, F7 =--5, Fg =-4,

AHaNi3yi09 OTPAMaHi 3a IOIOMOT'0I0 ANTOPHTMY Pe3yJIbTATH, MOXHa NIEPeKOHATHCA, MO JIA OTPHMAHOTO
pO3MOILTY NMOTOKIB BHKOHYETHCA YMOBa 30epeeHHA HOTOKIB Y BCiX By3NaX MEpeXi Ta yMOBa HemepeBHDIEHHA
OTOKAMH TIPOITYCKHOI 3JaTHOCTI IYT, TIPH I(bOMY 3Ha4€HHA KpHTepilo ONTHMI3amii JOPiBHIOE HYIMO.

Cnix ofHAK 3a3HAYHATH, IO OTPHMAHMA PO3B’A30K He €IMHMIM, 1A JAHOTO MPHKIAXy MOXUIMBI ¥ iHIIi
po3s’a3ku. Tak, Ha puc. 3, I NOKa3aHO PO3MOMLN NOTOKIB, AKHM TaKOXK BiANMOBigae 0OMexXeHHAM 3a/ayi i 3HAYEHHA
KpUTEpiX0 onTuMizanii npu mbOMY AOPIBHIOE HYMIO, ajle BiH BiAPI3HAETHCA Bill NONEPENHLOIO BEHIHHOK NOTOKIB
mo nyrax 2, 3,4, 5, 10, 11 Ta BeJIMYHHOIO BUILHUX 30BHIIIHIX MOTOKIB y Jukepenax 1 i 3.

OueBnHO, MO 3aJa¥a PO3MOALUTY MOTOKIB Y Mepexxax i3 OaraTbMa JpKepeNaMH i CTOKaMH MOXe Mati
OaraTo ONTHMATHHMX MOMYCTHMEX PO3B’A3KiB, IX KUIBKICTH 3aNeXHTh AK Bill CTPYKTYPH, Tak i Bifl mapaMeTpis
Mepexi, a OTPMMaHHS TOrO YH iHIOro po3B’A3Ky, B CBOI 4epry, 3aIexMThb Bifl 00YHCIIOBANLHOI CXEMH, AKY
BHKOPHCTOBYIOTh IS DO3B’S3aHHA 3afadi. 30KkpeMa, MM Po3pobNeHOro auropuTMy y BHNAIKy, KOJHM 3ajaya
pO3MOALTY MOTOKIB Yy Mepexax i3 GaraTsMa pkepenaMHd i CTOKaMH Ma€ JeKiibka ONTHMANbHHX IOIYCTHMHX
PO3B’A3KIB, PO2MOMiN MOTOKIB 3aJeXaTHMe Bi BUOOPY NMOYATKOBOrO NOIMYCTHMOTO pO3B’A3Ky 1 MopAmky mizbopy
30LTBIIYBATBHAX JIAHLEOTIB.

Jlna Toro, mo6 nmpH po3B’s3aHHI 3a]a4i PO3MOALTY MOTOKIB Y Mepexax i3 6araTbMa [ukepesiaMH i CTOKaMu
OTPAMYBATH €IMHUI ONTHMAIbHMM TOIyCTHMHEM PO3B’ 430K, MOTPiOHO BBECTH B Hei oaTkoBi oOMexeHHs. Bubip
TakaX oOMeXeHb 3anexaThMe AK Bil (i3HYHOI MPHPOAHM CHCTEMH, AJIA OMMCY AKOT BHKOPHCTOBYETHCA IIOTOKOBA
Mozenb, TaK i Bifl mite#, sxi craBuTh mepen coboro mocnmimmmk. Hampuknan, takum obmexeHHAM OyTH ymoBa
BUKOPHCTAHHA MiHIMAIPHOTO YH HaBIAKH MAKCHMAJbHOIO YHC/IA AT, AKHMH NPOXOAATH IOTOKA AOIYCTHMOIO
PO3B’A3Ky. BHKOpHCTaHHS JOJATKOBAX YMOB OJHAK BHMAra€ i BIAMOBIAHOI 3MiHH MaTeMaTHYHOT MOCTAHOBKH 3a/adi
Ta AIropuTMY ii pO3B’A3aHHA.

BucHoBkn. Ha ocHOBI Teopii rpaiB Ta mOTOKOBOrO MOAEMIOBAHHA CHOPMYIBOBAHO 3ajady PO3NOALTY
TIOTOKIB Y Mepexax i3 GaraTeMa mpkepenaMi i crokamu. IlokasaHo, 0 BHXiNHY 3ajady IUIIXOM BiZNOBiIHWX
epeTBOpeHb MEpexXi MOXHA 3BECTH J0 3a/adi NP0 MaKCHMaJIbHMH MOTIK, a WA il pPO3B’A3aHHA CKOPHCTATHCA
ANMTOPUTMOM 36LILITYBAIbHAX JAHIMIOTIB — 3aMpONOHOBAHMM MiAXiJ BHXIANEHO Yy BHIVIAL axroputMy. B xoxi
HOCHIUKeHb PO3pOOJNIEHOro ajaropATMy BCTaHOBNEGHO, IMO 3a7ada PO3MOAUTY NMOTOKIB y Mepexi 3 OaraTbMa
IDKepeNlaMH i CTOKaMH 3aJIeXKHO Bill CTPYKTYpH i napaMeTpiB Mepexi MOXe MaTH OJJUH ONTAMAaIbHHUI PO3B’A30K — ¥
TaKOMY BHIIANKy QIIOPUTM TapaHTOBAHO HOro 3HAXOAUThH, MOXKE MATH MHOXHHY ONTUMATLHMX PO3B’A3KiB — Y
TaKOMY BHNAJKy ITOPHTM 3HAXOJMTh TUIBKA ONMH 3 IMX PO3B’A3KiB; MOXE HE MaTH JONYCTHMHX PO3B’A3KiB,
ONHAK OTPHMaHi 3a JONOMOTOI AITOPHTMY pe3yNbTATH MOKHA BHKODHCTATH UIA NPHUHHATTA BiANOBITHMX
BUCHOBKIB IO CHCTeMi, A1 ONMCY fKOI BHKOPHCTAaHO NOTOKOBY Mognenb. IIpoBeneHi NOCHIMKEHHA HAIyTh
MOXJIEBICTS MiBUIIMTH AKICTh MPOEKTYBAHHA Ta e(PeKTUBHICTb eKCIUTyaTallii PI3HOMAHITHHX MEDEXHHX CHCTEM.
IMomansLri HAYKOBI JOCTUDKEHHS MOXKYTh OYTH CIIpAMOBaHi Ha BUABJICHHA 3aJIEXHOCTI MK IIOYaTKOBHMH YMOBAaMH
3ajfjayi po3noOAUTYy TNOTOKIB y Mepexax i3 0GaraTeMa [kepenaMH i1 CTOKaMH Ta KUIBKICTIO il ONTHMAalbHHX
HOMYCTHMHX PO3B’A3KiB, a TAKOX Ha OLIHKY 009HCIOBaNbHOI €)eKTHBHOCTI alrOpHTMY ii po3B’ A3aHHA.

-
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