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Penykiis ckiaaHOCTI Mozenei
MEPEKEBUX CTPYRTYP Ta CUCTEM
IIpedcmasneno axademixom HAH Ykpainu P.M. Kywnipom

Ananisyemocs npobiema ckAaOHOCMI MepeNcesux Cmpykmyp ma cucmem. Busnauaiomocs KinvKicni noxaswuxu
CKAAOHOCE Mepedici ma ix 3acmocysanis 01s 6ubopy epexmuenoi mooeni cmpyxmypu cucmemu. [pononyromocs me-
Moou pedykuii CKIaoHoCmi MOOeIell MePeNCeBUX CUCTNEM 3 00HOUACHUM BLOCMedcenHaMm 30epencenis Mipu ix adex-
sammocmi. Epexmusnicmo 3anpononosanux nioxooie ocmpyemscs na npukiadax peaibiux cKAAOHUX CUCTIEM.

Kmouosi crosa: mepescesa cucmema, CKIaoHicms, peoyKuis, cepuesund, inkancyisyis, adexeamuicmo.

CucreMu pi3HOTO MTOXOJKEHHS, TUTTY Ta MPU3HAYEHHST € Y1 He HANCKIAAHIIINIM 06’ €KTOM HAyKO-
BUX A0CiKeHb. Ie moscHIOEThes: HeoOXiAHICTIO BUSHAUEHHS X CKJIa/ly Ta CTPYKTYPHU, I3HAHHSI
3aKOHIB (DYHKIIOHYBaHHS Ta 0COOJUBOCTEI B3a€MOIii MixK COOO0T0 Ta 3 0TOUYYIOUNM CEPEeIOBUIIIEM
BEJIMKOI KIJIbKOCTI PI3HOPIAHUX 00’ €KTIB, K AIIOTH /ISl JOCATHEHHS CIILJIBHOI i 4acTo He [0 KiHId
3PO3yMiJIol ZIOCHIITHUKY 11iJi. BuBUaoym peasibHi CKJIQ/IHI CUCTEMU, MU HACITPAB/Ii JIOCII/IKYEMO
noGy/I0BaHi Ha OCHOBI CIIOCTEPEKEHD, €KCIIEPUMEHTATIbHUX Ta TEOPETHYHUX JOCIIKEHb MO
nux cucrem (indopmalliitii, CTPYKTypHi, (pyHKITIOHATBHI, MaTeMaTnyHi TOIO). OpHUM i3 Ha-
IPSIMKIB CUCTEMHUX JOCITI/KEHb, SIKUI T04YaB OYPXJIUBO PO3BUBATUCS TIPOTSITOM OCTAHHIX JIECSI-
TUJIITh, CTAJIO BUBYEHHS CKIaHuX Mepeskesux cucteM (CMC), ki € un He HallG1IbII PO3IOBCIO-
JUKEHUMM Y MiKPO- Ta MaKPOCBITi, 610JI0TIYHUX cucTeMax, JogchbkoMy comiymi [ 1, 2] romo. Cepen
ocHoBHUX ocobamBocteit CMC MOkHA Ha3BaTH HAsIBHICTH y CTPYKTYPI CHCTEMU BEJMKOI Kisb-
KOCTi eJIeMeHTIB Ta IX IPUHAJIEKHICTD 10 KaTeropii Tak 3BaHUX KOH/IEHCOBAHUX CEPEeIOBHUIIL, SIKi
MOJKHA JIOCJIKYBAaTh Jiiie B 1ijiomy [3]. BusHauasbHO0 03HAKOW peasbHO (DYHKIIOHYIOUNX
CMC € pyx morokiB y HuX. B ogHux Bunaakax 3abe3nedeHHst Pyxy MOTOKIB € OCHOBHOIO IO
YTBOPeHHS Ta (DyHKITIOHYBAaHHS TaKUX cUCTeM (TPaHCIIOPTHI, (PiHAHCOBI, TOPTOBEJIbHI Ta COTiaTb-
Hi Mepexki i T. iH.), y IHIIIMX — TPOIIECOM, SIKU 3a6€e31euye iX JKUTTEMISAIbHICTD (PYyX KPOBi, TiMpH,
HEHPOIMILYJIBCIB Y JIIOJCBKOMY TiJIi TOIO). 3yIUHKA PYXy [OTOKIB IIPU3BOIUTD /10 IIPUITMHEHHS
ICHYBaHHS TaKUX CUCTEM.
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ITokasuuku ckIagHOCTi Mojeneil MepeskeBux cTpykryp. CTpykTypa Mepexi, ToOTO Cy-
KYITHICTb BY3JIiB Ta MOEAHYIOUNX 1X 3B’A3KiB, MOBHICTIO OMUCYETHCS 11 MATPUIEIO CYMiKHOCTI
A= {aij}g j=1» Y K11 [/ HAIIPOCTIIIOro BUNAKY GiHAPHUX Mepesk 3HAUeHH a;; = 1, axmo 3B'4g-
30K MiXK By3JIaMU 7; Ta n; icHy€E, Ta a; = 0,1, j=1, N ,dKio Takuii 3B 130K BijicyTHii. CKIIHICTh
MOJIeJIi MepesKeBOl CTPYKTYPU HacaMIiepell BU3HAYA€Thes po3MipHicTio N 11ie€l Mmarputti. [HimumM,
He MEeHI BaKJIMBUM TTOKa3HUKOM CKJIQJIHOCTI MOKHA BBaXkaTh KinbKicThb 3B's3kiB y CMC. Ilo-
Oy0Ba MO Mepeski po3MipHOCTI 10°-10"%, T06T0 3aM0BHEHHS BiAIOBIAHOL MaTpUIl CyMiXK-
HOCTI, 3arajioM 1oTpeby€e BU3HAYEHHSI 10'2-10** i eJIEMEHTIB, 1[0 € HaJCKJIa[HOI0 TIPOOJIEMOIO
HaBITh /17151 Cy4acHUX cynepKoMIT oTepis [4]. OueBuaHO, 1110 IBI MOJIENi 0/THAKOBOI PO3MipHOC-
Ti MAaTUMYTh Pi3HY KOHHEKINHHY (Bifl aHTJI. connection — 3B’430K) CKJIAAHICTh, SKIO KiIbKICTDh
3B’SI3KiB MiX IX By3JIaMM € CYTTEBO Pi3HOI0. Bijbll TOro, 3a KiJIbKIiCTIO 3B’13KiB MO/I€JIb OiJb-
101 PO3MIPHOCTI MOKe OYTH TIPOCTIIIOI, HiK MOJIeJib MeHIoi po3mipHocTi. Ile mosicHoeThest
THM, TII0 YUM GiJibIie 3B’SI3KiB Y CTPYKTYPi, TUM OiJIblile BapiaHTiB B3a€MO/Iii eJIeMEHTIB CUCTEMH,
a OTKe TUM CKJIQIHIIUM MOKe OyTH 1ipotiec ii ¢yHKIionyBatHst. O4eBUIHO, 110 30iTbIIEHHS
KOHHEKITIAHOI CKJIQJIHOCTI CTPYKTYPU TIPU3BOAUTD JIO TABUIIIEHHS MEPKOJIAIIINHOTO TOPOTY, 3MEH-
HIEHHSI CePeIHbOT TOBKUHN HAWKOPOTIIIOTO MIJISIXY, 301JIbINEHHS Y CEPEAHBOMY CTYTIEHS KOKHO-
ro By3Ja Mepexi Ta KoedimieHTa ii Kiacrepusaiiii, TOOTO HAOJIMKEHHS TOMOJIOTI CTPYKTYPH 10
Tak 3BaHUX Mepesk “TicHoro csity”. Ile MosKe MOpOKyBaTH K MO3UTUBHI (30LIbIIEHHS KiTbKOCTI
HATKOPOTIINX HIJISIXIB cIpusie Oibin e)eKTUBHII opraHizailii pyxy OTOKIB MepesKero, SMEHIIEeH-
HIO CepPeIHbOT 3aBAHTAKEHOCTI KOKHOTO pebpa, PO3INPEHHIO MHOKUHI aJTePHATHBHUX MLJISIXIB
PyXy MOTOKIB i T. iH.), TaK i HeraTWBHI (TPUIIBU/IIIEHHSI TONTUPEHHS 1H(GEKIIIHHIX XBOPOO Ta
KOMITTOTePHUX BipYCiB TOIO) YUHHUKH, SKi BIINBAIOTHh Ha TPOTec (DYHKITIOHYBAHHS CUCTEMH.
KoHHekIiHy CKIaJHICTh MO/Iesli BU3HAYaTUMEMO 3a JI0MOMOrolo napamerpa @=L/ N, ne L —
KIJIbKICTB 3B’43KiB Mepeski (HEHYTbOBUX efieMeHTiB MaTpuili A). OCKiTbKY JIJIsT OPIEHTOBAHUX Me-
pek 00’eMM TIOTOKIB MisK CYMIZKHIMU BY3JIaMH Y PI3HUX HAIIPSIMKAX € PI3HUMHU, TO 32 BiZICYyTHOCTI
netenb 3Hauenns Le[2(N-1),N(N-1)] ta ©e[2(N-1)/N,(N-1)]. OueBunno, 1o Haii-
CKJIQJIHINIOIO y CeHCl 3HaYeHHsI ® € CTPYKTYPa, sika yTBOPIOE MOBHUI Tpad, a HAUIIPOCTIIIOI —
IIOCJII/IOBHO TIOEIHAHI BY3JIM MepesKi. 3arajoM rnapameTp ® J03BOJIsI€ HacaMIlepesl MOPiBHIOBATH
ckmaaHicTh Moziesielt CMC o1HaKOBOI PO3MIPHOCTI.

CriBBiHOTIIEHHS MiXK PO3MIPHICHOIO Ta KOHHEKITIITHOIO CKJIAJHICTIO MOIeNi Mepeki MOKHA
MOSICHUTH Ha HACTYITHOMY TIPUKJIaji. MepeskeBi CTPyKTYPU 4acTo BUHUKAIOTH B 3a/[a4aX 064mc-
JIIOBaJIbHOI MarteMaTuku. [TopiBHANIBHUI aHasi3 CKIAAHOCTI MOziesiell IIMX CTPYKTYP /103BOJISIE
obupaTy Haite(heKTUBHIIIN METON PO3B’sI3aHH KOHKPETHUX MTPUKJIATHUX TIPpo0sieM. Po3risineMo
3a/1a9y PO3PaxyHKY eJeKTPOCTATUYHOTO TIOJId, SIKe TeHEPYETHhCS CKJIAMHUM eJeKTPODi3udHUM
MIPUCTPOEM Ta 3BOJUTHCA JI0 PO3B’I3aHHS TPUBUMIPHOI TPAaHUYHOI 33/1a4i /71 piBHsAHHS Jlammaca
[5]. Yucenbnuii po3B’si30K 1i€i 3a/1a4i MOJKHA IIyKaTH MeTofgaMu rpanndaux eixeMmeHTiB (MTE),
CKiHYeHHUX pisHuIlh ab0 ckinuennux enrementiB (MCE). Hexail 06sacTh TOIMIYKY 9MCETBHOTO
po3B’s13Ky — ofuHuYHuUi KyO. [To6yyeMo y HbOMY Ta Ha IPAaHUYHIN TOBEPXHI PETYJISPHY MPSMO-
KyTHY CITKY 3 KPOKOM /= 1072, Toui y Bumnazky 3actocyBarast MI'E Heo6xiHO po3B’s3aTh cuc-
TeMy JiiHiiTHUX anrebpaivaux piBHsiHb (CJIAP) 3i mibHOO MaTpuieo G, iky MOKHa iHTEpIIpe-
TYBaTH SIK MaTPUITIO CYMIKHOCTI 3Ba)KEHOI MEPEXeBOI CTPYKTYPHU, BY3JTaMH SKOi TIPH KYCKOBO-
JIUHIFHIA anpoKcUMAllil IyKaHol IyCTMHM IHOTEHIaly € BY3JU CITKM Ha I0BepxHi Kyba [6].
Posmipuicth N Ta KiJIbKICTh HeHy/JIbOBUX eeMeHTiB L; MaTtpuui Gy 1boMy BUIIQJKy BU3Ha-
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yaroTbes piBHOCTsIME N ~6-10% Ta L; ~36-108. 3acrocyBanasi MCE mpu takomy K Turi
AIPOKCHMAITi] MTYKaHOTO PO3B’sI3KY MPU3BOAUTH 10 HeoOXimHocTi poss’sizanus CJIAP i3 cemu-
AlaronanpHoo Marpunero F posmipnocti N = 10% SIKY MOJKHA IHTEPIPETyBaTH K MAaTPUIIIO
CYMIKHOCTI 3BasKE€HOI MEPEKEBOI CTPYKTYPH, BY3JIaMK SIKOi € By3Ji1 ciTKu B Ky0i. KijbkicTb He-
HYJIbOBUX €JIEMEHTIB I[iel MaTpulli Lp = 7-10°. Marpuiist G € MaTpuileo CyMizKHOCTI 3BasKeHOT
MepesKi, SKa YTBOPIOE MoBHUIA Tpad, a marpuirsd F — 3BaskeHoi Mepexi, y sAKiif 3B’I3K1 iCHYIOTD
JIUIIE MiK CYMIKHUMU BY3JIaMH CKIHYEHHO-eJIEMEHTHOI ciTKu B Kybi. KopucTyiouncs tepminamu
Teopii ckiaHux Mepexk (TCM), enementn matpuilb G ta F BU3HauatoTh crly B3aEMO3B SI3KY MixK
BY3JIaMU BiJITIOBIZIHUX MepeKeBUX CTPYKTYP. KOoHHEKITIITHA CKIQIHICTh MOJIEIel TTUX CTPYKTYP
BI/ITIOBIJTHO JIOPIBHIOE B = 6-10* Ta ® r = 7. IlopiBHAIBHUI aHaJIi3 PO3MIPHICHOI Ta KOHHEK-
Hiiinoi ckiagHoCTI HUX Mozesieil nae snadennd N /Np =6- 1072 Ta O;/Of = 10*. Ile o3nauae,
[0 CKJAAHICTh CTPYKTYPHU CiTKOBOI oOsacti, orpumanoi 3a gomomoroo MTE, npubiusuo B
600 pa3 nepeBUIIy€E CKIAIHICT CTPYKTYPH, OTpuMaHnoi 3a gornomororo MCE. Po3p’ga3anHga me-
togom Tayca CJIAP i3 marpurieio G norpebye BukoHauHst pubansto y 20 pasis Oisbine apud-
METUYHUX OIlepaliiii mopiBHAHO 3 po3B’sa3anusaM iioro anamorom CJIAP i3 marpureio F. Ile mo-
SICHIOE 3HAYHO OLJIBIIY MOMYJISIPHICTD /IS MOJIe/IIOBaHHs 6araTboX (hi3MUYHMX IIPOIECIB came Me-
TOJIy CKiIHUEHHMX €JIEMEHTIB, OCKIJIbKM CKJIQJIHICTh MEPEKEBUX CTPYKTYP, sIKi BUOYIOBYIOTHCSI TTi][
Yac WOT0 3aCTOCYBaHHS € iICTOTHO MEHIIIOIO HiXK /IJIT METO/TY TPAHUYHUX €JIEMEeHTiB.

Penykuis ¢ikruBaux exementis CMC. Cepes 6araToMiJibiioHHOI ayIuTopii KOPUCTYBaviB
COIiaIbBHUX MepeX KiJbKicTh akTuBHUX He nepeBuiiye 10—30 % [7]. AKTUBHUIT CJIOBHUKOBUI
3arac 1mepecivHol aHTJIOMOBHOI Jito/inHu He nepesutitye 10 Tuc. cJiiB, Xoua 3arajbHa iX KiJbKICTh
csrae miBMmizbitona [8]. Google 3a 3anuToM Moske BujaBaTu COTHI THCSY a0 MiTBIOHU Pe3yJib-
TaTiB MOIIYKY, ajie epeciyHrii KOPUCTYBayY 3a3BHUail 0OMEKYETHCS MEPETJISIOM KiJTbKOX jie-
CATKIB 200 COTEHDb IUX Pe3yJ/IbTaTiB. MOKHAa HABECTH 1€ YNMAJIO MPUKJIA/IB PEaTbHUX MEPEK,
OLJIBIIICTD BY3JIiB Ta 3B’SI3KiB SIKMX HacIpabii He OepyTh ydyacTi y (QYHKIIOHYBaHHI CHCTEMHU.
Bomnouac, pocaipkytoun cucteMmy ta (hopMyrodn il MOiesib, MU 3alliKaBJeH] B YiTKil imeHTr(hi-
kariii crpykrypu CMC. EnemenTtn, 1o BKJIIOYEHi 0 CKJIQLy MeEPeKi, aje He 3afisHi y mporieci
(byHKI1iOHYBaHHS BiJIIIOBIZIHOI CUCTEMHU, HA3UBATUMEMO (DiKTUBHUMM.

BBesieMo 10TOKOBY MaTPHILIO CyMiZKHOCTI V = {Vij}?/ j=1 cucremn, y skiii Bara Vj; € [0, 1] peb-
pa, 110 MOEHYE BY3IH 1; Ta 1;, i, j =1, N, 10piBHIOE HOpMOBAaHOMY /10 1 3HAUEHHIO 00’€MIB TI0-
TOKIB, SIKi TPOXOAATD Yepes 3rajgane pebpo 3a neBHUi mpomizkok yacy [0, T]. Busnaunrn Hasis-
HicTh (pikTuBHUX BY37iB y CMC MOsKHA, pO3B’S3aBIITN 33/1a4y Ha BJIACHI 3HAYEHHS JIJIT TOTOKOBOT
MaTpulli cymizkHOCTI Mepesxi. Ilelt miaxig mae 1Ba Hepomiku. A came, po3B’sI3aHH IIi€l 3a1a9i
notpebye BUKOHAHHS MOPSIIKY O(N3 ) apuMETUIHUX OTIePaTIliii, MO /IS 3araJoM IIIBHUX Ma-
TPHUIlb PO3MIPHOCTI 10°-10"% ¢ NPaKTUYHO HEBUPIilyBaHOoW mpobiemoro. [leit miaxin Takox He
rapaHTy€ BU3HAYeHHd YCiX (DIKTUBHUX 3B’I3KiB Mepesxki. [loTokoBa MaTpwilsg CyMizKHOCTI Jla€e
MOKJIUBICTb BU3HAUaTH y cTpyKTypi BuxijgHoi CMC yci (ikTUBHI eleMeHTH Ta BUAAJSATH 1X 3
MOJIeJTi CTPYKTYpH. SIK CITiy€e i3 HaBeeHNUX BUIIE MPUKJIA/IB, Y OaraThOxX BUIAKAX Il [[03BO-
JISIE CYyTTEBO 3MEHIIUTH PO3MIPHICTh MoIe/Ii cucTeMu 6e3 BTpaTu il aieKBaTHOCTI. SIKIIo 1eBHMI
eJIEMEHT MaTPUIli CyMIKHOCTI A € HEHYJTbOBUM, aJie BiJIMOBIIHUH eeMeHT MaTpuili V J0piBHIOE
HYJIIO, TO Tie 03HaYa€ GiKTUBHICTD BiAMOBIAHOTO pebpa. SKIo cepes ycix eJIleMeHTIB i-To psijika
Ta CTOBIIIIS MATPUIL CYMIKHOCTI MEPEIKi € HEHYJIbOBI, ajie BCI eJIEMEHTH i-TO PsAjIKa Ta CTOBIIIA
Marpulli V € HyJIbOBUMHU, TO lie 03Haya€ (PiKTUBHICTL Bysna n;, i=1, N . 3MeHLIeHHA PO3Mip-

14 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2019. Ne 6



Pedyxuyis cxnaonocmi mooeneti mepencesux cmpyxmyp ma Cucmem

DparmMeHTH 3aJMi3HUYHOI TPaH-
CITOPTHOI MepeKi 3aXi/THOTO pe-
rioHy YKpainu, BiZITIOBiIHOT 3a-
JIIBHUYHOI TPAHCIIOPTHOI CHC-
TEeMH Ta IX CTPYKTYpHOI 4- Ta
1noTokoBoi 0,7-cepiieBIUH a

HicHOI ckiaiHoCTi Mosiesi CMC micsist BuydyeHHs (PiIKTUBHUX BY3J1iB BU3HAYAETHCS MapaMeT-
pom n=rang(A)/rang(V), a ckIasHOCTI 32 KLIbKICTIO 3B’A3KiB — mapameTpoM W=L, /Ly .

Crporertst moziesi CMC 6e3 BTpatu ii aleKBaTHOCTI MOKHA 3/[IHCHIOBATH He TiJIbKY LIS
XOM BUKJIIOYEHHS (DIKTUBHUX BY3JIiB Ta 3B’SI3KiB, K1 BXOJIATH /10 CKJIAJLy MEPESK], ajie I TaK 3BAaHUX
BY3J1iB-Tpan3uTepiB. HalripocTimmm mpukiaioM By3Ja-TpaH3UTEPa € BY30Ji 31 CTyleHeM 2, y
SKOMY He BiZi0yBaeTbcs Bifbip abo pomaBaHHs HOBUX 06’€MiB TIOTOKIB. TAKUME BY3JIaMU € TIPO-
MIKHI CTaHIll y CHCTeMi BaHTaKHUX IlepeBe3eHb 3a/i3HMYHOI TPAHCIIOPTHOI MepexKi, IPOKCi-
cepsepu B [nTepHeri [9] Totmo.

ITorokosi cepueBnnn CMC. Y TCM Haiibiibin gi€eBUM crIocoOOM CIIPOIEHHS MoJesi 6i-
HapHOI MepeXi € BUKOPUCTAaHHS MOHATTH ii R -cepiieBUHU, TOOTO HANO1IbIIOI miaMepeski BUXi/I-
HOI Mepexi, yci By3Ju SIKOi MAatOTh CTYIIHb He MEHIIHiT 32 B Ta BUJIyYeHi 31 CTPYKTYPH MepesKi
BY3JIiB 3i cTynereM, menimM 3a k [10]. ITorokosa matpuiis cymizkaocti CMC 103B0JIsIE€ BBECTH
MOHSITTST IOTOKOBOI A -CEPIIEBUHU MepekeBoi cucremu [11], stk HaitOiIbIIOT miMepeski BUXiTHOT
Mepexi, 17151 SIKOi yci esteMenTH MaTpuili V MaloTh 3HaYeHHs, He MeHIni 3a A, 1e A€ [0,1]. Ha pu-
CYHKY @ CXeMaTH4YHO 300pPasKEHO CTPYKTYPY 3aJi3HUYHOI TPAHCIIOPTHOI Mepexki 3axiJHOTO pe-
riony YKpaiHu 3 BUKJIIOYEHUMH By3JaMH-TpaH3UTepaMu. PUCYHOK 6 MiCTUTH TOil camuii ¢par-
MEHT 3 BifloOpakeHHsIM 00’€MIB PyXy MOTOKIB, BEJIMYMHA SIKUX € TIPOIOPIIITHOTO 10 TOBIMHM JTi-
Hiit. Ha pucyHky 6 ta 2 306paskeHi 4-cepiieBuHa 11i€i Mepeski ta motokosa 0,7-ceprieBUHa BiIIOBIjI-
Hoi CMC. CTpyKTypu 1UX CEePIIEBUH iCTOTHO BiZIPi3HAIOTHCS, IIPUIOMY MTOTOKOBA A -CepIieBUHA
CMC gae 3HaYHO BayKJIUBIIITY iHGOPMAILIO /ISl CHCTEMHUX J0C/IIZKeHb, HixK 11 k -ceprieBuHa. Tak,
Bi/IKJIIOYEHHS By3sa A 31 cTynieHeM 3, IKUH JIeKUTh Ha MIJISIXY iIHTEHCUBHOTO PyXY TIOTOKIB, TIPH-
3BeJle 10 3HAYHO OiIbIuX podsieM y (hyHKITIOHYBaHHI 3aTi3HUYHOI CHCTEMU, HIXK BiIKJIIOUEHHSI
By3Jia B 3i cTyneneMm 4 i HaBiTh BysJia C 3i ctynenem 5. PoamipuicTs Mozeneit Bemnkux CMC mox-
Ha 3MEHIINTH, OCJI/IKYIOUH He BCIO MEPEKY, a il A -cepiieBuHy. 300paskeHa Ha PUCYHKY @ 3aJ1i3-
HUYHA TPAHCIIOPTHA MepeKa 3 BUKJIIOYEHUMH BY3JaMU-TPAH3UTEpaMU MicTUTh 29 By37iB Ta 62
pebpa (3arasiom [1o ii ckIaay BXoasaTh 354 By3nu ta 421 pebpo), a ii 0,7-cepueBuna (PUCyHOK 2),
stka 3a0e3meuye monas 70 % ycix nepeBeseHb, HapaxoBye 4 Bysnu Ta 12 38’s13kiB. To6TO, 3MEHIIIEH-
HS CKJIQJTHOCTI MOJIeI 4-cepIieBUHU TMTOPIBHSIHO 3 MOJIEJLTIO BUXI/IHOI MEPEsKi BUSHAYAETHCS T1apa-
MeTpaMu M,—, =12,2 12 W4 =6,8, a mogesni morokosoi 0,7-cepueBuHM — IapaMeTpamMu
My—07 =88,5 Ta W, _7 =35,1 Binnosiamo.

OueBuHO, 110 a/IeKBATHICTb MOJIEJIi TOTOKOBOI CEPIIeBUHU MOPiBHSAHO 3 Moziesiio Bciel CMC
€ IPOIOPIiiiHOI 11 muToMiil Basi ©; B cuctemi. Dynkitionanpuuii mixis 10 o6unCIeHHS 3HAYEH-
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Hs1 O) TIOJISITa€ B HACTYITHOMY. BBeZieMo 1MOTOKOBY MaTPHUITIO CYMisKHOCTI A -CepIIeBUHM 3a CITiB-
BITHOIIIEHHAM

VhoyMN oy Vi stmo Vi >4,
— Wi j=t Vi T
0, axmo Vi]- <A,

re[0,1].

[Tapamerp ©, Bu3HAYAE BifHOMIEHHS 00’'€MiB MOTOKIB, SIKi IIPOXOAATH A -CEPIEBHHOIO, /IO
00’eMiB IIOTOKIB, sIKi IIPOXO/SATH Mepeskelo 3arajioM 3a nepiox [0,T], a came o) = S(V7L )/ s(V), ne
s(V) ta s(Vk) — cyMa ycix eJieMeHTiB MaTpuilh V Ta V* Bianosiano. OCKiIbKE OCHOBHOIO 11i1-
JIfo OLJIBIIIOCTI MEPEKEBHX CUCTEM € 3a0e3IIeUeHHs PyXy IIEBHOTO THUITY IIOTOKIB, TO IIapaMeTp O,
KiJIbKICHO BU3HA4Ya€ HACKIJIbKK A -ceplieBrHa 3abe3leuye peasisallifo miel miii. Ko samicTb
MoJIesIi BCi€l cucTeMu MU JIOCTIPKYEMO MOJeJib ii A -CceplieBUHH, TO 3HaYeHHS Oj MOJKHA iH-
TepHpeTyBaTh IK Mipy (DYHKIIOHAJIBHOI aJIeKBATHOCTI ITi€T MoJiesti. Y pe3yJibTaTi BUJIJIEHHS Ta
JocTipKeHHsT TOTOKOBOI ceprieBuin CMC mpuBoauTh 710 aHamidy abo MojenioBaHHs 11 GyHK-
IIOHAJIBHO HAUTIPiOpUTETHINIX TiicucTeM. Tak, TTONMPEHHS eTtiieMiil 3a3Bnyail Bil0yBaeThCs Ha
MJISIXax MepecyBaHHS BEJUKUX MAcC JIOJIEN, a PO3MOBCIO/KEHHS KOMITIOTEPHUX BipycCiB — Ha
nuIsixax iHTeHCuBHOTO iH(MOopMaItiiiHoro Tpadiky. Mojesni notokoBux cepiieBud Takux CMC 3
BEJIMKMMU 3HAYEHHSIMU A BU3HAYAIOTh HAWOIIBIIT IMOBIPHI HIJISIXM PO3TOPTAHHS TAKUX MIPOIECIB
Ta JI03BOJISIIOTH CBOEYACHO 1M IPOTU/IISTH.

Inkancyasuis nigmepesk CMC. CepiieBo-cyIuHHA CUCTEMA JIIOJICHKOTO OPTaHi3My BKJIIOYAE
B cebe sIK OCHOBHI, TaK i mepucepiiiHi Bern Ta aprepii. Po3puB ojHI€T i3 OCHOBHUX CY/IUH MOJKE
MIPU3BECTH JI0 MBUJIKOTO JIETATBHOTO PE3yJIbTaTy. ¥ BEJUKOMY MiCTi IEPEKPUTTSI OCHOBHUX aBTO-
Marictpasueil Moske MPU3BECTH 10 KOJIATICY BCi€i OT0 TPaHCIIOPTHOI crucTeMu. ABapii Ha Marict-
PAJIbHUX JIHISAX eJleKTporiepeay Iij 4yac CTUXiHHUX JINX 4acTO MPU3BOUIIN /10 BiJIKIIOYEHHS Bijl
eJIEKTpoeHeprii IMiinx perioHiB Kpainu. OpHak 1ie 30BCiM He 03HavaE, 10 3B'SI3KK 3 MaJIMM 3Ha-
YeHHSIM A MO’KHA MOBHIiCTIO irHopyBaTu. HeBesnnki HacesieHi myHKTH, KiJIbKICTh SIKUX € TepeBa-
KalouoIo y Oyib-sKiil KpaiHi, MOTpiOHO 3abe31euyBaTh IPOAYKTaMU, TPAHCIIOPTOM, MEIUYHUMU,
OCBITHIMM Ta iHIIMMK [TOCAYraMH, He3BaKalouyd Ha He3HayHi 00’€MU IOTOKIB. SIKIO HOBKMHA
OCHOBHUX CY/IMH JIFOJICBKOTO TiJIa CSTAE KIIBKOX KiJIOMETPIB, TO JIOBXKWHA MOTO KaIiJIsSPHOI Me-
pexi € 6amspkoto 0 100 Tuc. kM. OpHaK came KaliIsIpHOI MePeKer0 KIITHHY JIF0ChKOTO Tijla
[IOCTAYAlOThCST BCIMa HEOOXITHUMM JJIST JKUTTEMISIIBHOCTI OpraHi3My pedoBHMHAMHU Ta came Ka-
MJIIpaMy BUBOJISATHCS Pe3yJabTaTu Ili€l JKUTTEAIAIbHOCTI. HaBeneni mpuksaau migBoAsATh HAC 110
11e OJTHOTO CIToco0y 3MEHIIeHHsT po3MipHocTi Mojesieii crpykryp CMC 6Ge3 icToTHOT BTpaTh ajiek-
BATHOCTI, SIKMU TIOJISITAE B IHKATICYJISATIT OKPEMUX 11 TiJMepesk Ta iX 3aMillleHHsT Tak 3BaHUMU Me-
Ta-By3namu. [[Jis1 cepiieBo-CyIMHHOI CUCTEMU JIIOJIUHU T 03HAYA€E 3MEHIICHHS PO3MIPHOCTI ii
MOJIeJIi y TUCSAYi pa3iB. [HKancyad1io 101iIbHO BUKOPUCTOBYBATH /10 CIIJILHOT COIiadbHOIL PU-
ponu, iHhPACTPYKTYPU HACEJEHUX ITYHKTIB i/l Yac JOCTIPKEHHST aBTOTPAHCIIOPTHOI CUCTEMU
periony a6o kpainu Toro. OCHOBHI 0O3HAKM TiIMEPEXi, sika MOKe OyTH iHKAICyIbOBAHOIO, TAKi:
1) BoHa € 3B’3HOIO T IMEPeKeI0 TOTIOBHEHHS 10 BiNOBiHOI A -ceprieBunu CMC; 2) koxuuii i3
eJIeMEeHTIB TaKol MiMepexi 3/1iIICHIOE He3HAUHU BILJTUB HA CUCTEMY, ajie BILIUB iHKaICyJTbOBaHO1
obJtacTi abo 3aMily040ro ii MeTa-By3Jia € CITiBMiPHIM i3 BIZIMBOM iHIINX €JIEMEHTIB A -CEPIIeBU-
Hu CMC; 3) KiIbKiCTh 3B’SI3KiB IHKAICYJTIOI0YOTO MeTa-By3Ja He TIePEeBUINYE MaKCUMAJTbHOTO
ctyrnens BysJiB Buxigaoi CMC. OueBuHoO, 10 1HKANICY A TiAMepeXK, SKi BXOIATH 10 I0TIOB-
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Pedyxuyis cxnaonocmi mooeneti mepencesux cmpyxmyp ma Cucmem

Herns 10 A -cepiieBunu CMC Ta BKIIIOUEHHST MeTa-BY3JIiB Ta iX 3B'SI3KiB Y CTPYKTYPY A -CeplieBu-
HU JI03BOJISIE ICTOTHO 30araTUTH MOZEJIb 1€l CepIieBUHU Ta IIOCKINTHU JOCTOBIPHICTh OTPUMaHUX
Ha il OCHOBI pe3yJabTaTiB OCTIPKEHHS CUCTEMU.

TakuM YMHOM Yy CTATTi MPOAHAII30BaHO TIPOOJIEMY KiJIbKICHOI CKJIA[HOCTI MEPEKEBUX CHC-
TEM, sTKa TTOCTAE TTijT 9ac MOOYI0BU IX MOjesIell. 3ampPONOHOBAHO HU3KY e(PeKTHBHUX IMiXOIB /0
penykiii ckmagHocti mozeseit Beaukux CMC 3 0JHOYACHUM BiICTEKEHHIM 30€PeKEeHHS MipH iX
aJIEKBATHOCTI: BUJTy4eHHS (DIKTUBHUX Ta TPAH3UTHUX €JIEMEHTIB MepeXKi, BHKOPUCTAHHS TOTOKO-
BUX CEPIIEBUH Ta IHKAIICYJIAILST iX [OMOBHEHB. 3a 0ITOMOTOI0 BBEIEHUX B POOOTI MOKA3HUKIB PO3-
MipHICHOI Ta KOHHEKITIHHOI CKJIQJHOCTI MTOKa3aHo, 10 TTPOTIOHOBAHI MiIXO/IN J03BOJISIOTh 3MEH-
IIyBaTH KiJIbKICHY CKJIQJIHICTh MOJZIEJIEN MepPeKeBUX CUCTEM Ha TIOPSIIKY 1 OiJibliie.
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PEJAYKIIUA CJAOKHOCTU MOJIEJIEN CETEBBIX CTPYKTYP 1 CUCTEM

Anasusupyercs mpobiieMa CJI0KHOCTU CETEBbIX CTPYKTYP 1 cucteM. OnpeessiioTcs: KOJMYeCTBEHHbIE T10Ka3a-
TEJIM CJIOKHOCTH CETH M UX UCIOJIb30BaHUE JUIsi BhIGOpa 3(HEKTUBHON MOJEIN CTPYKTYPhI cucteMbl. IIpes-
JIATalOTCsI METO/BI PEYKITH CJI0KHOCTH MOJIeJIeH CHCTEM ¢ OTHOBPEMEHHBIM OTCIeKUBAHUEM COXPAHEHUS Me-
PBl UX aIeKBATHOCTH. Dh@PEKTUBHOCTD MPEIJIOKEHHBIX MMOX0/I0B MJLTIOCTPUPYETCST HA TIPUMEPAX PeabHbBIX
CTIOKHBIX CHCTEM.

Kntoueewie cnosa: cemesas cucmema, CLOICHOCb, PEOYKUUSL, CePOUEBUNHA, UHKANCYNAUUS, AOCKEAMHOCTD.
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REDUCTION OF THE COMPLEXITY OF MODELS
OF NETWORK STRUCTURES AND SYSTEMS

The problem of complexity of network structures and systems is analyzed. The quantitative indicators of the
dimensional and connective network complexity are determined, and examples of their application for choos-
ing an effective model of the system structure are given. The methods of reduction of the complexity of models of
network systems are offered, taking into account that such systems can be investigated only in general. The first
of these approaches consists in the identification and exclusion of fictitious elements from the network, i.e. nodes
and edges are formally included in the structure, but not involved in the system operation. This allows us to re-
duce the complexity of many real system models by dozens. The concepts of flow adjacency matrix and the flow
core of a network system determining the most functionally important components of it are introduced. In the
simplest case, the flow cores allow us to exclude the transit nodes from the system model, i.e. elements which do
not add or remove the part of flows that are moving through the network. The specific weight of the flow core
determines how adequate is its model in comparison with the source network model. A number of examples show
that the flow cores significantly reduce the complexity of system models. The method of encapsulation of the
components of supplements to flow cores is proposed to increase the adequacy of their models. The main features
of subnets that can be encapsulated are determined, and examples of real systems are given, for which the encapsu-
lation method reduces the dimension of their models by dozens and more without significant loss of adequacy.

Keywords: network system, complexity, reduction, core, encapsulation, adequacy.
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