AK 519.711.7:519.816

CninbHOTH Yy 6araTou1apOBMx MepexeBUux cuctemax

Onekcangp Moniwyk

JI.T.H., TIPOB.H.C., [HCTUTYT OPHKJIaAHUX IPpobieM MexaHiku i Matematuky im. S1.C. [Tinctpuraua HAH Ykpainu,
Byi. Haykosa, 36, 79061, m. JIsBiB, e-mail: od_polishchuk@ukr.net

VY pobomi 0ocrioscyemvcsa npobnema nowiyKy cnitoHom y 6a2amouiaposux Mepexcesux CUcmemax
(BLIMC), susignenus akux 0036015€ Kpauje 3p03yMImMu npoyecu MidcCUCMeMHUX 63aemooi. /s
supiwenHs yiei npobaemu NponoHyemvcs nioxio, wo 0a3yemvbcs HA GUKOPUCMAHHI NOHAMDb
NnomoKo08oi azpezam-mepesrci ma nomokosoi cepyesuru BLIMC, axi eusHauaromvcs Ha niocmaei
NOMOK0B0i  MoOdeni  MixccucmemHux —683aemooii. Ha ocHo8i 3anpononoeano2o  nioxooy
chopmynbosari 00CmMogipHi Kpumepii NOWyKy cninbHOm ma po3poodieHi epekmusHi areopummu ix
8uUABNeHHA Y 6azamowiaposux Mmepedicesux cucmemax. Busnaueni nokasnuxu easicausocmi
BUABIEHUX CNITLHOM Y NPOYeCi MIdCCUCEMHUX 83aeMO0iil. Tlokazano, wo nponoHoeaui memoou
daroms 3M02y GUOLIAMU CRITLHOMU Y URAOKAX, V SKUX ICHYIOUI YUCLO8L Ma Gi3YalbHi Nioxoou
BUABIAIOMbCA HENPAYE30AMHUMU.

KaouoBi ciaoBa: MepexeBa cucTeMa; MDKCHCTEMHI B3a€MOJii; TOTOKOBa
MOJICJIb; arperaT-Meperka; OTOKOBa CEPIICBHHA; CIIJIbHOTA

Beryn. OnHiero 3 BaXIMBUX MPOOJieM, sKa TOCTIKYEThCS Y TEOPil CKIIaTHUX MEPEXK, €
MIOIIYK TPYH B3a€MOTIOB’SI3aHUX BY3IIB, 1IEHTHU(IKAIS AKUX CIPHIE KPAIMOMY PO3Yy-
MiHHIO TIPUHIIMITIIB OpraHi3alii CTPYKTypH Ta MpoIeciB (yHKIIIOHYBAaHHS MEpEeKEBUX
cucteMm (MC). Y peallbHUX MEPEKEBUX CUCTEMaxX HAWOUIBII MONIMPEHUMH TPYIIAMH €
TaK 3BaHi CIUIBHOTH — MiIMEPEexki, 3B’SI3KH MDK BY3JIaMHU SIKUX € YHCENBHINTUMH Ta
CWIBHIIIINMH, HI)K MDK HUIMH Ta 1HIIUMU By3JamMu mepexi [1]. [lpuknagamu cinbHOT y
JIOICKKOMY COIliyMi € TPOMaJIChKi OpraHizallii, MOJiTHYHI MapTii, pesniriiHi KoHdecii,
HaI[iOHAJIBHI JiacTopy, TPYIH B COLIaTbHUX Mepekax i T. iH. Uumalo ChibHOT TaKoXK
icHye y Oionoriuaux Ta ¢iznuHNX cucreMax [2]. Hatermep ocHOBHa yBara mpuaiIS€ThCsS
PO3pOOJIEHHIO METOMAIB TMOIIYKY CIIBHOT, sIKi 0a3yloThCsi Ha CTPYKTYpHHX Xa-
pakTepucTuKax ckiagHux Mepex (CM) — HaliMeHIIoMy po3pi3i, iepapXidyHiid Kiacrte-
pu3altii, OIiHIl MOAYJIIPHOCTI a00 EHTPOIIii, CIIEKTPAIEHUX BIACTHBOCTIX MEpEeXi TO-
mo [1]. He MeHI BayKNHMBOIO Ta CKIIAJHOIO € 3ajada momryky criabHOT y BIIMC, saxi
OINMUCY IOTh TPOLIECH MIKCUCTEMHHUX B3a€MOJII y HAJICHCTEMHUX YTBOPEHHSX PI3HUX
TumiB [3]. Benuka KiIbKICTh iICHYFOUMX METOJIB CBIMYUTH MPO HeaOWsKWiA iHTEpeC 10
i€l mpoOsieMaTHKH Ta ii BaXIUBICTh. OCHOBHHM HEJIOJIKOM IMX METOIB MOPs i3 00-
YHUCIIIOBAJILHOIO CKIIAJIHICTIO Ta PECYPCOEMHICTIO € BiJCYTHICTH JOCTOBIPHOI'O TEOpe-
TUYHO OOTPYHTOBAHOTO KPHUTEPIIO TOTO, 1[0 BU3HAYEHA OY/Ib-SKHUM 13 HUX TpyIa BY3JiB
IificHO yTBOpIOE CiIBbHOTY. Y cTarTi [4] Ha miacTaBi nmotokoBoi mogeni MC Gyro 3a-
MIPOITOHOBAHO JIBA MIiAXOAU JI0 MOMIYKY CIUJIBHOT, sIKi 0a3yIOThCS Ha 3aCTOCYBaHHI T10-
TOKOBUX XapaKTEPUCTUK CKIIOBUX Mepexi. [lepmmii i3 1UX MiXO/IB MONATaB B 00-
YHCJICHH] MapaMeTpiB BIUIMBY OKPEMHX IiJICHCTEM MEPEKEBOi CHCTEMH, BUIIICHHUX 32
NPUHLMUIIAMHI BIOPAAKYBAaHHS a00 MiANOPSIKYBaHHS, a OPYTHA — Y BUKOPHCTaHHI
MOHSTTA 11 MOTOKOBOI cepiieBMHUA. Ha OCHOBI 3ampornoHOBaHUX MiAXOMIB Oyiau chop-
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MyJIbOBaHi JOCTOBIpHI KPUTEPIi MOMIYKY CIIIFHOT Ta po3pobiieHi eheKTHBHI alToOpHT-
MU iX BUSIBIICHHS y CKJIaJHUX MEPEKEBUX cHCTeMax. MeTa Ii€i cTaTTi mosisrae y pos-
poOJieHHI Ha MiACTaBi MOTOKOBOI MOJIENli MDKCUCTEMHHX B3a€EMOJINM KpUTEpiiB Ta Me-
TO/IB MONIYKY CIITFHOT Y 0araToNIapoBUX MEPEKEeBUX CHCTEMax.

1. CtpykTypHa Ta IOTOKOBAa MojieJli 0araTomiapoBoi MepeKeBoi CHCTEMHU

CTpykTypHa MOJEIb MIDKCHCTEMHHMX B3A€EMOJIM OIKMCYETHCS 0OaraTonrapoBUMHU
mepeskamu (BIIIM) ta BigoOpaxkaeTbest y Burisiai [5]

M M
M
G" =| UGn, UEm m=k|, (1)
m=1 m,k=1
ne Gy, =(Vy,, E,,) BU3Hauae cTpykTypy Mm-ro mepexesoro umiapy bIIM; V,, — MHOXH-
Ha By3niB Mepexi G, ; E;, — MHOxuHa 3B’s3KiB Mepexi G,, E — MHOXuHa 3B’53-
KiB MDX By3iamu MHOXHH V, Ta V|, m#k, mk=1M , M — kinpkicTh mapis (B3ae-
Monitounx cucrem) BIIIM. MHoxuHy
M_| M
\ - Um:]_vm
HA3UBaTHMEMO 3arajbHOI0 CYKYIHICTIO BY3JiB, & MHOXKUHY

M M M
EY = Um:l Enm Um,k:l, mzk Emk

3aralIbHOI0 CyKyIHICTIO pebep Gararomaposoi mepexi, NM | LM — kinskocrti eneme-

urie muoxkna VM ta EM Bignosizno. 3i CTPYKTYPHOI'O MOTJISY HAMOIIbII 3arajib-
HuM BuoM BIIIM MoxHa BBaxkaTh yacTkoBo nokputi (UIT) 6araromaposi Mepexi, me-
PETHH MHOHH BY3JIiB OKPEMHX IIAPIB SIKUX € HETIOPOXKHIM (puc. 1).

Puc. 1. [Ipuknag CTpyKTypH YacTKOBO IMOKPUTOT OaraTomapoBoi Mepexi

Binbmricte peaabHO ICHYIOUHX CHCTEM Ta MIKCUCTEMHHX B3a€MOJIH € OaraTorri-
THOBUMH Ta OaraTodyHKmioHadbHUMU. Lle HacaMIiepea BHPaKaETbCs y MYJBTHIIOTO-
KOBOCTI TaKMX YTBOPEHb, TOOTO 3a0e3MEUeHHI PyXy pi3HUX THUIIB MOTOKIB. Y Teopii
CKJIaJJHUX MEPEX CTPYKTYypa MOJIOHNX MIKCHCTEMHHUX B3a€MOJiH BiZOOpa)KaeThbCsl Tak
3BaHUMH OaraToBUMipHUMH Mepexamu [6]. CTpykTypa OaratoBUMipHOI Mepexi Mae
Burnsa BIIM, y sxiii koxxHMH 1map BifoOpakae CTPYKTYpY CHCTEMH, IO 3ale3rneuye
PYX 3aJaHOTO THUIY MOTOKY. Po3risiHeMo y SIKOCTI NpUKiIagy 3arajibHy TPaHCHOPTHY
cucremy (3TC), ska 3a0e3neuye pyX ABOX OCHOBHHMX BHJIB IMOTOKIB — MMaCaXUPChKUX
Ta BaHTaKHUX, TOOTO i CTPYKTYpPY MOKHA 300pa3uTH y BUIJIAI ABOBUMIPHOI MEpexi.
OcobnuBicTIO 11i€1 CTPYKTYpH, SIK 1 OiJBIIOCTI 0araTOBUMIpHHX MEPEX, € HEMOXKJIH-
BIiCTh MIEPEXO0Jly TIOTOKY 3 OJIHOTO IIapy Ha iHIIMH (TIepeTBOPEHHsI MTacaKUpPiB y BaHTa-
X1 1 HaBmaku). st CpOLIEHHs MOAAJBIION0 aHaJIi3y MPOLECy MIXKCUCTEMHHX B3a€MO-
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nitt y meoBuMmipHid 3TC 11 MOXKHAa TOJUIMTH Ha JBI YOTHPHUIIAPOBI MOHOITOTOKOBI
BUIMC, mapu sixoi (3aJli3HUYHHIA, aBTOMOOUIBHUMN, aBialliifHUi Ta BOJHMIT) 3a0e3Ie-
4ye pyX JIUIIE OJHOTO THITYy MOTOKY — MACa)KUPCHKOT0 a00 BAaHTAKHOTO. XapaKTepHOIO
pucoro MmoHonotokoBux (MII) Tparcnoptaux BIIIMC € BimMiHHICTH HOCIIB MOTOKIB ¥
KOXKHOMY Iapi (1oi3au, aBTOTpaHCIIOPTHI 3aco0H, JTiTaku, Kopabmi). 3arajgom mifg yac
JeTaltizalii CTPYKTYpU pealbHUX 0araTOBHMIpHUX MEPEXK CHOYATKY JOIUILHO BUILIIS-
TU AapH, SKi 3a0€3Meuy0Th pyX Pi3HUX THUIIB MTOTOKIB, a TIOTIM KOXKHUH 13 TAKUX MO-
HOIMOTOKOBHX IapiB 300paxaru y Burisiai BIIIMC koxuuii map skoi 3abe3nedye pyx
[UX MOTOKIB crienu(iuHUM HOCIEM. Y Iil CTaTTi MU PO3MIISIAEMO BHITAJIOK, KOJIH MiX-
IapoBi 3B’ SI3KW MOXIIMBI JIUIIIE MK BY3JIaMH 3 OJHAKOBHMH HOMEPAMH 3arajbHOi Cy-
kynHocTi By3niB BIIIMC, To06TO KOKHUE By30J1 MOXE BXOAMTH /O CKIaay KiIBKOX
CHCTEM Ta BUKOHYBaTH B HUX OAHY (DYHKIIifO aie pi3HUMH criocobamu. Bysnu, y sSKkux
MOJKJIMBUH NEpexil MOTOKY 3 OJHOTO LIapy Ha iHIIWH, HA3MBaTUMEMO TOUYKaMH IIepe-
xony BIIIMC.

[ToTokoBYy MOJ€lh MOHOIIOTOKOBOI OaraTromapoBoi MepexeBoi cucTeMu 300pa-
3MMO y BUIVISI TOTOKOBOT Matpuiti cymikuocti V(t), eleMeHTH sK0i BU3HAYAIOTHCS
00’eMaMu MOTOKIB, sIKi mpoinutk pedpamu BIIM (1) 3a nepiox [t—T,t] mo morounoro

MOMeHTy yacy t>T :
VM (t) :{V..km (t)}N: , M _ Vkm (t) — ij _ ,
1 i,j=1 km=1 ij max_ maxi{vlsg 0
$,9=LM | p=1,NM

)

pi (Y]
~ t M
Vi"®= [v"@deivi" 0= o tx)dl pt.X) ={a" 0N kmat
=T (m'.n)

i p,ljfm (t,X) — WiIBHICTD MOTOKY, SIKMI TIEPECYBAETHCS peOPOM (n,k , nrjn) BIIMC y no-

TOYHHI MOMEHT 4acy t >0, Xe(nik,ngn)cRn, n=23,..., i,j=1,NM, k,m:l,_M.

Enementu nmorokoBoi marpuii cymixkHocti BIIIMC Bu3Ha4arOThCs Ha MijJCTaBi eMITi-
PHYHUX JaHHX PO PyX IOTOKIB ii peOpamu. Harenep 3a 10moMororo cy4acHux 3aco0iB
BitOopy iH(opMartii Taki 1aHi JOCTaTHBO JIETKO OTPUMATH JJIsT 0araThoX MPUPOIHUX Ta
MepeBaXHOI OUTBIIOCTI CTBOPEHUX JIFOJMHOI0 CUCTEM (TPaHCHOPTHUX, CHEPTeTHYHHX,
inancoux, indopmauiitanx tomo) [7]. Marpuus VM(t) mae 6rouny crpyktypy, y

aKkili miaromaneri Gmoxm V™M(t) omucyloTh 00’€MH pyXy BHYTpIlIHEO IIAPOBHX
. . . . km 5 . .
HOTOKIB y M-My miapi, a nosajaiaroHansHi 6oku V' () — 00’eMH pyXy MOTOKIB Mix

m-tum Ta K-teim tmapamu BIIMC, m=#k, m,k=1M . JIas BUABJAEHHSA CIUIBHOT Y
koskHOMY 1m1api BIIIMC Mo)kHaA CKOPHCTATUCS OJIHUM i3 METO/IiB, po3podiieHux y [4].

2. IloTokoBi arperaT-mMepe:ki Ta cepueBUHH 0araTolIapOBUX MepeKeBUX CHCTEM

Busnaunmo mnoHsATTS mOTOKOBOi arperar-mepexi BILIMC, ska, OkpiM 3MEHIICHHS
PO3MIpHOCTI BHXiJHOI MOTOKOBOT Mojeni (2) y M pasiB, 10 CHpHSE TOAOJAHHIO
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MpoOJIeMH CKJIATHOCTI CHCTEMHHX JIOCIHIKEHb, TO3BOJIIE CYTTEBO CIIPOIYBATH PO3-
B’s13aHHA 0araTbox 3a/a4 JOCIHIiIPKEHHS MOBEAIHKH 0araTomapoBiX MEPEKEBHX CUCTEM
[5]. OckinbKu MU PO3TIISIIAEMO BUTIAIOK, KOJM MIXKIIIAPOBI 3B’ SI3KH MOJKJIMBI JIUIIIE MK
By3JaMH 3 OJHAaKOBUMH HOMEpaMH 3araibHOi cykymHocTi By3miB bBIIMC, To
CTPYKTYpY NIOTOKOBOT arperaT-Mepeki MOyKHa OIUCATH Y BUIIISI

M M M
Gag =(V U Em) -
M
Hst nosinsHoi MIT YIT BUIM matpuist cymixaocti F(t) ={f;; (t)}i'j'jzl, eJIeMeH-
TH K0T 00YMCITIOIOTHCS 32 POopMyIIaMu

fO=3M VM, i, 0 j=LNM,

£ (©) =D ek Vi O +ViE™ @) /2M , i =LNM =T

MOBHICTIO BH3HAYa€ JMHAMIYHY B CEHCI 3aJI©KHOCTI BiJ 9acy 3BaXK€HY MEPEXKy, SKYy
Ha3UBaTHMEMO IIOTOKOBOIO arperar-Mepesxero 1i€i 6araromaposoi cuctemu. Enementn
marpuii F(f) BM3HAuaroTh iHTErpaibHI MOTOKOBI XapaKTEPUCTHUKH pedep Ta TOYOK
repexo.ry 0araTomapoBoi MepekeBOi CHCTEMHU.

ITotokoBy A(t)-cepueBuny monornotokoBoi BIIIMC Mo)Ha BH3HAYUTH IBOMA

cnocobamu. [lepmmii i3 HHX monsrae y QOpMyBaHHI MaTpUIi CYMiXKHOCTI
N .
VMO =V OR o i
gy ) Vi (O, oo Vi () > 2,
Vi (0 = mk . M iM ®3)
0, saio Vi (1) <4, 1, j=LN", mk=1,M ,t>T,1€[01].

Amnanoriuno [4] maTpuis VAM (t) i3 30inbmIeHHsM 3Hadenuss A(t) mossosse Oy-

IyBaTH e()EKTHBHI AITOPUTMH BUAUICHHS CIIUTFHOT B OKpemux mapax bIIMC.
JHpyrwuii crioci6 moOyI0BH MOTOKOBOT CEPIICBHHU 0araTomapoBoi CHCTEMH OIS

rac y susHauenHi A%9(t) -cepueBnHn ii MOTOKOBOI arperaT-mMepesxi, SKa OMHCYEThCA
. . ATy NM .y
marpuuero cymikrocri F* (t) ={fi ()} v sxiit

fij (1), axwo f; (t) 2 4,

Ay _ -
fi ()= - M
0, axugo i () <A, 1, J=LN",t=T, A€[0]1].

Ouesuno, mo A(t) -cepuesuna moronotokoBoi BIIIMC BXOIUTH 10 CKiIay Ti€el

YacTHHM 6araTONmAPOBOi CHCTEMHM, Ha TICTaBi Kol mobymoBana A9 (t) -cepuesnna i
MIOTOKOBOI arperaT-Mepexi.

3. BuginieHHs1 cVILHOT y 6araTomiapoBuX Mepe:KeBUX cUCTeMAax

OueBH/IHO, 110 OAHHUM 13 HAKOIIbII 00 €KTUBHUX IMOKA3HUKIB CHIIM 3B’SI3KY MIXK JBOMa
By3jJaMH Mepexi € 00’€éMH IOTOKIB, SIKI MHPOXOIATh uepe3 IOEaHYyIue iX pedpo
HpOTATOM IEBHOTO repiony vacy [t—T,t], t=T . Tomy y sikocTi (yHKIIOHATBHOTO
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KPUTEPito HasBHOCTI CIIiTbHOTH y moTokosili 429 (t) -ceprieBHHI MOXHA BUKOpHCTATH

MapaMeTp BiJHOCHOI CHJIM B3a€MO3B’SI3KiB y Hil, KM OOYHMCIIOETHCS 3a CIiBBiIHO-
MICHHSM

) =s(F* @)/ s(F(t)),

y SIKOMY IIapaMeTp

N M
S(F() = X0y O/ Ly
BU3HAYAE ycepeTHeHUH 00’ €M MOTOKIB, AKi mpoxoasaTh pedopom BILIMC, a napametp

S(FH () = X1 i /LY

ne N/lM , L'/\{I — KinbKicTh By3miB Ta pebep A9 (t) -cepueBunm BiamoBigHO, Bu3HAUaE

ycepenHenuii 06’em motokis pedpom 429 (t) -ceprieBunu GaraTomapoBoi cucTeMH.

Ha puc. 2a)-2B) cxemaTH4HO BitoOpa)keHi 00’€MU MOTOKIB, SIKi TPOUIIIH peo-
pamu 1-ro, 2-ro Ta 3-ro mapiB moaiOHOI 300paxeHiit Ha puc.] TpUMIApPOBOI MepexKeBOi
CHUCTEMH TIPOTATOM TIEBHOTO Iepioy Yacy (TOBIIMHA JIiHIH MporopiiiiiHa 00’ emMaM 1mo-
TOKIB), a pUC. 2T') MICTUTh 300pa)KeHHS MMOTOKOBOI arperar-Mepexi Ii€i TpuimapoBoi
cucremu. Puc. 21) Ta 2¢) BimoOpaXkaroTh MEpIi /1Ba KPOKU alTOPUTMY BUAIIEHHS CITi-

neHOT y moTokoBiit %9 (t) -cepuesuni BIIIMC, sikuif monsrae B HacTymHOMy. ITpHiiva-

eMo 3HadeHHs A =0 Ta mocTynoBo iforo 30i7bIIyeMO, IOKU IPH NMEBHOMY A=/4; HO-

TokoBa A9 (t) -cepueBrHa HE MOUTHTHCS MPUHANMHI Ha JIBI HE3B sI3HI CKJIa0BI (pHC.
2n). TakuM 4YMHOM BHJIJIEHO HAMOLIBII 3a CBOIM PO3MIPOM CHUIBHOTH B CHCTEMI,
CTPYKTYPH SIKHX OYEBHIHUM YHHOM BH3HAYAIOTHCS 13 MaTpHILi FA t), t=T . Sdxmo 3
HOJAJbIINM 3POCTaHHAM A IIpu NMeBHOMY A =4, BHAOINEHI Ha IONEPEAHBOMY KpOIIi

CHUTBHOTH 3HOBY IMOJAUISIOTHCS HAa HE3B sI3HI CKIIAJOBI, OTPUMYEMO TiICHIIBHOTH IIAX
CHUTBHOT (pHcC. 2€) i T. 1. O4eBUIHO, 110 3aCTOCYBaHHS MOTOKOBHX CEPIICBHH arperar-
Mepexi BIIIMC no3Bosisic He TiABKH ieHTU(IKYBAaTH MEBHY il MiJICUCTEMY, SIK CITiIb-
HOTY, a 31iIHCHIOBATU IMIOOATBHUN MOLIYK YCiX CHIIBHOT y Mepexi. 3a3HaUUMO TaKOX,
IO >KOJHUH 13 ICHYIOUMX YHMCEIBbHUX AITOPUTMIB HE JTa€ MOKJIMBOCTI BUSIBUTH HasiB-
HICTh CIUTFHOTH y 300pakeHiil Ha puc. 2a-2B HAHIPOCTININ TPUIIAPOBIN PEryIspHIN
Mepexi.

H g
B g

a) 6) B) r) ) e)

Puc. 2. 3acTocyBaHHs IOTOKOBHX A -CEpLIEBHH JUIS BUIUICHHS CIUTBHOT y MEPexi
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AHaNOTiuHO MOXHA 3/1icHIOBaTH TOmyK cinbHOT y BIIIMC, BuKopucToByoun
BusHaueHe opmysor (3) mousrts 11 A(t) -cepueBunu. [lepeBarorw HaBEICHOTO BHIIE

ITOPUTMY € MOXKIIMBICTh BUSIBIICHHSIM CIUIBHOT, SIKi ICHYIOTH Y pi3HUX IIapax Oararto-
IIapOBOI CHCTEMH Ta y MOETHAHHI B3a€EMHO TTOCHITIOIOTH O/IHA OJIHY, YTBOPIOIOYHN Oara-
TOLIAPOBY TPYITy BY3JiB, 3B’SI3KH MiX SKUMH € 3HAUHO CHJIBHIIINMHU, HIK Y CE€pelHbO-
My o BIIMC.

BucHoBku. Y craTTi Ha MiACTaBI IOTOKOBOI MOZENI MIKCHUCTEMHHMX B3a€MOIM
BBEJICHO MOHATTS arperar-Mepexi OararomapoBoi MepexeBol cucteMu. BusHaueHo
JOCTOBIPDHUH KUTBKICHHH KpUTEpiil TOTo, MIO MEBHA Tpyla B3a€EMOIOB’SI3aHUX BY3IIiB
arperar-mMepexi yrBoproe cnimbHOTY. Llelt xpurepiii 6a3yeTscsi Ha TOMy, IO 00’ €MU
MOTOKIB, SIKi PyXarOThCS MK BY3JaMH CIUIFHOTH, € CYTTEBO OLTBIIMMH, HIX y cepe-
nHboMy To arperat-mepeski BIIIMC. Ha mincTaBi MOHATTS MOTOKOBOI CEPLIEBUHU ar-
peraT-mepexi moOysoBaHO e(pEKTHBHUI aITOPUTM BUAUICHHS CIIBHOT y Oararora-
posiii cuctemi. [lokazana HamiliHICTH POOOTH IHOTO AITOPUTMY HABITh y BHIAAKAX,
KOJIM CKJIQ/IOB1 TaKUX CHIILHOT B OKpeMux mapax BIIIMC BUsIBISIOTBCS €1a0o0.
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Communities in multilayer network systems
Olexandr Polishchuk

The paper investigates the problem of finding communities in multilayer network systems (MLNS),
the detection of which allows for a better understanding the processes of intersystem interactions.
To solve this problem, an approach based on the use of concepts of a flow aggregate-network and
a flow core of MLNS, which are defined on the basis of a flow model of intersystem interactions, is
proposed. Based on the proposed approach, reliable criteria for community search are formulated
and effective algorithms for their detection in multilayer network systems are developed. Indicators
of the importance of identified communities in the process of intersystem interactions are
determined. It is shown that the proposed methods allow us to distinguish communities in cases
where existing numerical and visual approaches are ineffective.
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