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AHOTALNIA

Kirypa O.B. Meronuka ¢popMyBaHHSI CUCTEMH YIPABIIHHSA TPAHCIOPTHOIO
Mepexero 3B's13ky — KBamidikariiiina HaykoBa mparis Ha IpaBax pyKOITUCY.

Hucepranisi Ha 3700yTTS HAyKOBOTO CTyIeHs jJokTopa (inocodii 3a
cnemianbHicTIO 172 — «TenekomyHikamii Ta pagioTexHika»y. — Jlep:kaBHHI
yHIBepcUTET iH(OpMaIiitHO-KOMYHIKAIIIHHUX TeXHOJOoriH MiHicTepcTBa OCBITH 1
Hayku Ykpainu, Kuis, 2023.

Y nucepraimiiiHiii poOOTI BUPINIYETHCA aKTyallbHE HAyKOBO-TEXHIUHE
3aBIaHHS WIOJ0 PO3POOKKM MeToAuKa (QOpMyBaHHS CHCTEMH YIPABIIHHS
TPAHCIIOPTHOIO MEPEKEIO 3B'SI3KY.

Po3BuTOK Ta 3MiHa MEpPEXKEBUX TEXHOJOTIH, IO CTAHOBIATH OCHOBY
noOyJOBH TPAHCHOPTHOI MEPEkK1 3B’SA3KYy, 3MiHA MPOLECIB (PYHKI[IOHYBaHHSA Ta
B3a€EMOJII  MepekeBuUX  einemeHTiB TM3, 3MiHAa MeEXaHI3MIB  KOHTPOJIO
¢dbyskiionyBanHs TM3, Bumarae nmpoBeJeHHS TOCIIKEHb 11010 PO3POOKH HOBOI
apxitektypy CY TM3 Ta, Ha ii OCHOBI, CTBOPEHHS BIJMOBIIHOI METOAUKH
(dhopMyBaHHS MEPCIIEKTUBHI CUCTEMH YIIPaBIiHHSA TUTIOBOIO TM3.

Meroro  gucepramiiiHoi  poOOTH €  MIJBUINCHHA  e€(PEeKTUBHOCTI
(YHKIIOHYBaHHSI CHUCTEMH YIPABIIHHSA TPAHCIOPTHOIO MEPEXKEI0 3B'3Ky Ha
TEXHOJIOTTYHOMY Ta ONEPAaTUBHO-TEXHIYHOMY PIBHSIX KE€pPyBaHHS.

JIJist TOCATHEHHSI NOCTaBJI€HOI METH 1 BUPILIEHHS 3a3HayeHoi MmpoOjIeMu B
poOOTI BUpIIIECHI HACTYIIHI HAYKOBI 3a]1a4l:

— MPOBEJICHO aHaJli3 apXiTEKTypH MOOYI0BH Ta MEeXaHi3MiB (DyHKI[IOHYBaHHS
CUCTEeMH yTPAaBIiHHSA THUIOBOK TPAHCIOPTHOI MEpPEXKEH 3B’S3Ky Ha
TEXHOJIOTIYHOMY Ta OTEPAaTUBHO-TEXHIYHOMY PIBHSX YNPABIIHHS;

— BH3HAYEHO Ta MJOCIIDKEHO OCHOBHI CKJIQJOBI MEXaHI3MH MOJIEIl
YOPABIIHHS TPAaHCIOPTHOIO MEPEXKE 3B’SI3KY, 110 BIUIMBAIOTH HA SKICTh Il
(byHKIIOHYBaHHS;

— po3po0JICHO YacCTKOBI KOHIIENTYaJlbHI CKJIaJIOBI MOJIENl CHUCTEMU

IIPABJIIHHS TPAHCIIOPTHOK MEPEKEIO 3B A3KY;
9
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— po3po0NIEHO IUTICHY METOAUKY (OpMyBaHHS CHCTEMH YIPABIIIHHS
TPAHCIIOPTHOIO MEPEKEIO 3B’ A3KY;

— OILIIHEHO e(EeKTUBHICTh (YHKIIOHYBaHHS PO3POOJEHOT METOIUKH
(GhopMyBaHHS CUCTEMH YITPABIIHHS TPAHCTIOPTHOIO MEPEKEIO 3B’ SI3KY.

OO0'eKTOM AOCIIKEHHSI € CHCTeMa YIPABIIHHS TPAHCIIOPTHOIO MEPEXKEI0
3B'A3KY.

[TpenmeToM AOCHIIKEHHS € MOJENl Ta METOAUKU (POPMYBaHHS CUCTEMHU
yIPaBIIIHHS TPAHCIIOPTHOIO MEPEKEIO 3B'A3KY.

VY nuceprariiiniii poOOTI HOB1 HAyKOB1 pe3yJabTaTH i BUCHOBKM OTPHMaHi Ha
€IMHIM METONIOJIOTIYHIM OCHOBI MAaTeMaTWMYHOTO aHalli3y ¥ CHUHTE3y CKIAIHUX
TEXHIYHUX CHUCTEM. BUKOpHUCTOBYBAJIMCA CyYacHl 1 KIACHMYHI METOAHM Teopii
CUTHAJIIB 1 CUCTEM, METO/IM CIEKTPaJIbHOI Teopii, METOIM Teopii 1HBApiaHTHOCTI,
METOJM MaTEeMaTHYHOro M CHUCTEMHOIO aHaji3y, METOAM Teopli 3B’s3KY, Teopil
HMOBIPHOCTI 1 MAaTEMAaTUYHOI CTATUCTUKH.

BiporigHicTh HayKOBHUX pe3yJbTaTiB, BHCHOBKIB Ta pEKOMEHIAIlIMN,
BUKJIQJICHUX Y JAMCEpTaliiHiil poOoTi, OOGIPYHTOBAHO KOPEKTHUM BUKOPUCTAHHAM
MaTeMaTUYHOTO anapary Ta MojentoBaHHsIM Ha EOM.

VY mporeci TEOPETUYHUX JOCHIIKEHb 1 MOJEIIOBAHHS Y JUCEpTaIliiHIi
poOOTI OfepKaHl HACTYIHI HOB1 HAYKOB1 pE3yJIbTaTH, a CAME:

1.  HaOyna momanpmioro po3BUTKY MOJEIb MPOIECY B3aEMO/Ii eleMeHTa
TPAHCIIOPTHOT MEPEKI 3B’ SA3KY 1 By3J1a MYJIbTUAr€HTHOI CUCTEMH YIIPaBIIHHS;

2. VYrockoHaneHo MoJeNb MPOLECIB KOHTPOIIO 1 YIIPABIIHHS €JIE€MEHTOM
TPAHCIIOPTHOI MEpexi 3B'A3Ky Ha OCHOBI HIJACHUCTEMHU MYJBTHAT€HTHOI CHUCTEMHU
yIpaBIliHHS,

3. VYnockoHaneHo Mozeni (GyHKIIOHYBAaHHS Ta YIPABIIHHSI TPAHCTIOPTHOL
Mepexki 3B’ SA3KY K CKJIaJJOBUX MYJIbTUAr€HTHOI CUCTEMHU YIPaBIiHHS.

4. Bnepme po3poOiieHo MeToauKy (OpMyBaHHS CHUCTEMHU YIPaBIIHHS
TPAHCIIOPTHOIO MEPEIKEIO 3B’ SI3KY.

[IpakTuyHe 3HA4YEHHS OJAEPKAHUX PE3YJAbTAaTIB y raiay3l po3poOKu Ta

CTBOPEHHSI CUCTEM YMPABIIIHHS TPAHCIIOPTHUX MEPEXK 3B’ SI3KY MOJIATAE Y TOMY, IO
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3aMpoTNOHOBaHa B JHCEpTaliifHiii poOOTI Mojen Ta CTBOpEHa Ha 1i OCHOBI
METO/IMKA MOXKE CTaTh OCHOBOIO il ()OpPMYyBaHHS Ta CTBOPEHHS NPAKTUYHO
peanai3oBaHUX CXEM CHUCTEM YIPaBIIHHSA TPAHCIOPTHOI MEPEXEI0 3B SI3KY.
3acToCcyBaHHS SIKUX MOXE MIABUIIATH €()EKTHBHOCTI (DyHKIIOHYBAaHHS CHCTEMH
YIPaBIiHHS TPAHCIIOPTHOIO MEPEKEIO 3B'I3KY Ha TEXHOJIOTTYUHOMY Ta OTIepaTHBHO-
TEXHIYHOMY PIBHSIX KEpyBaHHSI.

VYrnockoHaneHO MoOJeNb MPoLEciB B3aeMoii (parMeHTa TPaHCHOPTHOI
MEpEexi 3B’ A3KY 1 By3j1a MYJIbTHAT€HTHOT CUCTEMHU YIPABIIIHHS, sIKA, HA BIIMIHY Bij
ICHYIOUHX, JO3BOJISIE OIIHUTU Yac, IO BUTPAYAETHCS HA OOPOOKY MOBIIOMIICHB Y
MACY, 3anexHo Biji pI3HUX XapaKTePUCTUK TEXHIYHOI MiICUCTEMH.

VYIOCKOHAJIEHO MOAENb MPOLECIB KOHTPOJIO 1 YHpaBIiHHS (PparMeHTOM
TPAHCIIOPTHOT ~ MEpPEeXi 3B'SI3KYy HAa OCHOBI  3aCTOCYBaHHS  IiJICHCTEMHU
MYJBTHAr€HTHOT CUCTEMHU YIPABIIHHS, SKa, HAa BIAMIHY BIJl ICHYIOUMX JIO3BOJISIE
IIPOBECTH OLIHKY TUMYacoBUX xapakTepuctuk (TX) mpoueciB (QpyHKI[IOHYBaHHS
TM3 3anexxno Binm TX okpemux miamnponeciB ympasiaiHHs TM3 Ta  OLIHKY
JMHAMIKH 3MiHU cTaHy @parmenta TM3.

Po3pobneno moaenb GyHKITIOHYBaHHS Ta YIPaBIIHHSA TPAHCTIOPTHOI MEPEXi
3B 3Ky SIK CKJIaJJOBa MYJIBTUAr€HTHOI CUCTEMHU YIPABIIIHHS, KA BIEPIIE JO3BOJISE
BpaxoByBaTH [IBa CTAaHU BCIX areHTIB: CIIpaBHE Ta HECHpPaBHE 3 YypaxXyBaHHAM
HA1IHOCTI Ta TOTOBHOCTI 10 (DyHKIIIOHYBaHHS KOKHOTO areHTa.

Po3pobiieno metoauky (opmMyBaHHS CHCTEMM YHIPABIIHHS TPAHCIOPTHOIO
MEpEXKEI0 3B’A3KY JI03BOJSE MIABUIIMTH SAKICTh (YHKUIOHYBaHHS CHUCTEMH
yOpaBIiHHS  TPAHCIOPTHOK  MEPEXEW 3B’SI3Ky Ta, TMpPU  BIOPOBAKEHI
3anporioHoBaHoi Mojnenit MACY no3Bossie 3 iimoBipHicTIO 0.7 10 7 1 OuIble pa3iB
3MEHIIIUTH TPUBATICTH UKy YIIPABIIHHS.

HuceprariiiiHa po6oTa CKIATAEThCS 3 BCTYMY YOTUPHOX PO3JLIIB B SKUX
JOTIYHO, HAa BUCOKOMY HAyKOBO-TEXHIYHOMY PIBHI BHUKJIQJCHO pIIIEHHS
MOCTABJICHOT 334241 JIOCI1JKSHHS.

B mepmomMy po3aini mpoBeAeHO aHadi3 MiAXOMIB A0 MOOYAOBH CHCTEM

YOPABIIIHHS TPAHCIIOPTHUMH MepexaMu 3B'si3Ky. OOrpyHTOBaHO BUOIp TEXHOJOTIT
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Carrier Ethernet (CE) nns moOymoBM TEpPCHEKTUBHOI CHUCTEMHU YIPABIIHHS
TPAHCIIOPTHOIO MEPEXEI0 3B’SI3Ky Ta C(OPMOBAHO HAYKOBE 3aBJIaHHS Ta MeTa
poOoTH. Y NPHUKIHLEBIA YacCTHHI MEPIIOrO PO3JALTY, BPaXOBYIOUM IPOBEICHUI
aHai3 Ta BUABIICHI MpoOi1emMu, chOpMOBAHO IIUTI Ta 3aBIAHHS J1OCIIPKCHHS.

B npyromy posaun po3po0ieHO Mojenb Mpoliecy B3aemomii (pparmeHrta
TPAHCIOPTHOT Mepexl 3B’SI3Ky 1 By3da MYJbTHAareHTHOI CHUCTEMH YIPABIIHHSA
(MACY), sika, Ha BIIMiHY BIJ ICHYIOUHX, JO3BOJISIE OI[IHUTH Yac, 110 BUTPAYAETHCS
Ha 00poOKy noBigomiieHb Y MACY, 3alie:kHO BiJ] PI3HUX XapaKTEPUCTUK TEXHIYHOT
nigcuctemMu. B sxocti i ¢yakmionyBanHs CY TM3 Bu3Hau€HO ONEPATHUBHICTH
¢dyskiionyBanHs TM3 B ymMoBax BHCOKOT IMHAMIKM 3MIHM CTaHIB 3 BpaxyBaHHAM
ocobmuBocteit CE. Buznaueni ocobmuBocti CY TM3 Ta ii MOXIMBOCTI IIOAO
GbyHKITIOHYBaHHS 3a mpusHadeHHsM. [logaHo TpupiBHEBY KOHIIENITyabHY MOJECIH
cuctemu ymnpaniiHHsa TM3 3 BkaziBkoro podi Ta micusg MACY. Bkazana mozenb
BHU3HAYa€: PIBEHb ONEPALINHOIO YIpPaBIIHHS; pPIBEHb OMNEPATUBHO-TEXHIYHOTO
YOpaBIIHHSA, TEXHOJOTIYHUN PiBEHb ympaBiiHHA. Po3poOieHo mojens mporecy
B3aeMOJIii ()parMeHTa TPAHCIIOPTHOI MEpEeXki 3B’SA3Ky 1 By3Jla MYJIBTHAreHTHOI
CUCTeMU yTpaBiiHHi. BkasaHa Monenb JO3BOJSE MPOBECTH MOJEIIOBAHHS
nporeciB  yrpasiaiHHs Mixk ¢parmentamu TM3 Ta By3dnom MACY. Otpumani
pe3ynbTaTH MOAETIOBAHHS JO3BOJISIOTh YKPYIMHEHO OIIIHUTH Yac, M0 BUTPAYAETHCS
Ha 00poOKy moBinomiieHs Yy MACY, 3a1€KHO BiJl pI3HUX XapaKTEPUCTUK TEXHIYHOT
M1JICUCTEMH.

B tperbomy po3aiii mogaHO MOJENI MPOIECIB YNPABIIHHS TPAHCIOPTHOIO
mepexkero 3B'si3ky Ha ocHOBI TexHonorii CARRIER ETHERNET. Ha ocHoBi
po3po0JeHOT B pO3AUIT 2 KOHIENTyaJIbHOI MOJEIl CHUCTEMHU YHpaBIiHHS
TPAHCIIOPTHOIO ~ MEPEXKEI0  3B’SI3Ky  BUAUICHO MIAMHOXHHY  HE3aJEKHHUX
HiIPOIECiB, HA OCHOBI KUX C()OPMOBAHO TPH KIFOUYOBI MPOIECH YIIPABIIHHS, IO
npotikatoTb B MACY 11 10CATHEHHS pI13HUX LIUIeH Ta 3aBJaHb ynpaBiiHHA. [l
BUJIIJICHUX TporeciB  ympaBmiHAS TM3  po3poOsieHi anTOpUTMH: TPOIECY
koHTponto (parmenta TM3 Ta ynpaBiiHHS 3a pe3yJbTaTaMu HOILIYKY BIJIXWICHbD;

nporecy KoHTponto (parmenta TM3 Ta ynopaBiaiHHA 3a  pe3yabTaTraMu
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iHbopmyBanass MACY; y3araapbHEeHUI MPOIEC KOHTPOJIIO Ta YMPaBIiHHA CTAaHOM
¢parmenta TM3. Ilomani B po3aLIl aJdropuTMH  TPOIECIB KOHTPOJIIO Ta
ynpasiiHHS ctaHoM TM3 Ha ocHoOB1 TexHoJorii CE 103BOJISAIOTh BUPIIITYBAaTH TakKi
3apnanHs: (pynkmionyBanHs CY TM3 mpu nepionnunux 3anutax Bim MACY Ha
BUKOHAHHS OLIIHKM TEXHIYHOTO CTaHy eneMeHTiB TM3, siki BUPIIIYIOThCS Ha PiBHI
kepyBaHHs enemeHTamu Mepexi (EMS); dynkuionyBanns CY TM3 npu
nepionuuHux 3anutax Bim MACY Ha BUKOHAHHSI OLIIHKA TEXHIYHOTO cTaHy TM3,
AK1 BUPIUIYIOTHCS Ha PiBHI ymnpasiiHHS Mmepexeto (NMS); ¢gynkiionyBanns CY
TM3 npu HagxomkeHHi 10 MACY mnoBigomieHb MPO 3MiHY CTaHy OJHOro ado
KUTbKOX eneMeHTIB TM3. Po3poliieHo Mofenb NpoIeciB KOHTPOIIO 1 yIIPABIIHHS
(parMeHTOM  TPAHCHOPTHOI  MEpexXl 3B'I3Ky HA  OCHOBI  MIJCHUCTEMH
MYJIBTHAr€HTHOI CHCTEMM YOpPaBIiHHSA. 3alporOHOBaHA MOJEIb JI03BOJIMIU
OTPUMATH OI[IHKY TUMYAaCOBUX XapaKTEPUCTUK MpoueciB (yHKUIOHYyBaHHS TM3
3aJIE’KHO B1J] TAMYACOBHUX XapaKTEPUCTUK OKPEMHUX MIANpoLeciB ynpasiiHas TM3,
OILIIHKY AWHAMIKK 3MiHM cTaHy (pparmenta TM3. Lle, y cBowo uepry, JA03BOJIs€
dbopMyBaTH OILIIHKA MEPEKEBOi HAJIMHOCTI Ta BIJIMOBOCTIHKOCTI, a TaKOX Ha
eTanax IUIaHyBaHHS Ta MPOEKTYBaHHS OIIHIOBATH BiJIMOBIIHICTH MEPCIEKTUBHOL
MACY BumMoram miofi0 ONEpaTUBHOCTI BUKOHAHHS 1KY YIPaBIIHHS, a y pasi
HEBIJIMOBITHOCTI MM BHMoOraM (opMyBaTH OOIPYHTOBaHI pPEKOMEHAAIl MO0
3MiHM THMYaCOBUX XapaKTEPUCTUK OKPEMUX TIAMPOIIECIB.

UerBepTuii po3alsl MPUCBIYEHO po3poOIll KoHIenTyaiasHoi moaent CY TM3
Ta CTBOPEHHIO Ha 1i 0cHOBI MeTonuku (opmyBanHs CY TM3, ska 3abe3neuye
HiABUIIEHHST ornepaTuBHOCTI ympaBiaiHHs TM3 nHa ocHoBi TexHonorii CE.
Metoauka MICTUTh TpPU B3a€EMOIOB'SI3aHI YKpyHHEH1 OJOKH, A€ (OpPMYIOThCS
alropuTMiuHa CTpyKTypa mporecy dyskiionyBanas MACY TM3, crpykrypa
IMITallIfHUX MOJIEJel  MPOLIECiB KOHTPOJIO Ta YMpaBliHHA cTaHoM TM3,
CTPYKTypa TMpOIECy BHUPOOJIEHHS pIllleHb 0040 3MiHM KoHQirypauii TM3.
Metoanka npusHaueHa s dopmyBanas MACY TM3 mpu mpoekTyBaHHI Ta
po3pobnennss CY TM3. Mera po3poOKH METOAUKHU TMojsrae y 3a0e3redeHH1

OnepaTUBHOCTI ynpapiiHHa TM3 juist 3a0e3ne4eHHs CTIMKOro i (PyHKI[IOHYBaHHS.
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Jlyist o1iHKM €(PeKTUBHOCTI OTpUMaHUX y poOoTi pimens moao Gopmysanuio CY
TM3 3anponoHOBaHO BHUKOPUCTOBYBAaTH TMOKA3HUK OMEPATUBHOCTI YIPABIIHHS —
3patHicTh CY TM3 BUKOHYBaTH IPOLIECH KOHTPOJIIO Ta yNpaBiiHHA cTaHamMu TM3
B BCTAHOBJICHI TepMiHH. /{7151 pO3paxyHKy BUKOPHUCTOBYBAIUCS NIaHI ITHUCKPETHO-
nofiiHoi Moneni ynpasininHa TM3. Po3paxoBaHa WMOBIPHICTh TOrO, IO Yac
KepyBaHHSI HE TMEPEBUIIUTH JIOMYCTUMOIO 3HaueHHs (mpuiiHsToro 3a 20 XxB),
IPOBOMIIACSA 32 3aKOHOM HOPMAaJILHOTO po3noaury. OTprumaHa HMOBIPHICTh CKJiana
0.7, 110 TOBOPUTH MPO JOCSATHEHHI MOCTaBJeHOT MeTH auceprarlii. Po3pobieHo
HAyKOBO-TEXHIYHI TpOMo3ullii moao GopMyBaHHs cUCTeMU ynpasiinHg TM3, ski
BKJIFOYAIOTh aHaJI3 Ta OOTPYyHTYBaHHS MOKJIMBOCTI 3aCTOCYBaHHSI IPOTPAMOBAHOTO
MPOTOKONY BigjgaieHoi Mepexi enemeHTiB TM3 1 ¢opmyBaHHA 0a3u JaHUX
enemeHTiB TM3 Ha OCHOBI CTaHZApTHUX HAOOPIB KOHTPOIHOBAHMX OO'€KTIB, a
TakoX (POpPMYBaHHSI CTPYKTYpH MpoIecy BUPOOJIICHHsS BaplaHTIB pIIIEHb MO0
pexoHdirypauii ¢pparmenra TM3.

Huceprariisi BUKOHYBajach B Jlep)kaBHOMY yHIBEpCHTET1 iH(OpMaIlIiHO-
KOMYHIKalIMHUX TexHOoyorii. O0paHuil HaNpsiM JOCHIHKEHBb BIJINMOBIAA€ TEMaTHII
HAyKOBO-OCHIMHUX  poOiT  JlepaBHOro  yHiBepcuteTy  iH(GOpPMAIliiHO-
KOMYHIKaIlIHHUX TEXHOJIOTIH.

Knwuosi cnosa: cuctema ympaBiiHHS, TpPAaHCIOPTHA Mepexka 3B’S3KY,

MYJIbTHAIr¢HTHA CUCTCMaA yr[paBJ'IiHHH.

ANNOTATION

Kitura O.V. Methods of forming a transport network management system -
Qualifying scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 172 -
“Telecommunications and Radio Engineering”. — State University of Information
and Communication Technologies of the Ministry of Education and Science of

Ukraine, Kyiv, 2023.
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In the dissertation work the actual scientific and technical task concerning
development of a technique of formation of a control system of a transport network
of communication is solved.

The development and change of network technologies that form the basis of
the transport network, change the processes of functioning and interaction of
network elements TCN, change mechanisms to control the functioning of TCN,
requires research to develop a new architecture MS TCN and, based on it, create
appropriate methods advanced control systems for typical TCN.

The purpose of the dissertation is to increase the efficiency of the transport
communication network management system at the technological and operational-
technical levels of management.

To achieve this goal and solve this problem in the work solved the following
scientific problems:

- the analysis of architecture of construction and mechanisms of functioning
of system of management of a typical transport network of communication at
technological and operational and technical levels of management is carried out;

- the main components of the mechanism of the transport network
management model that affect the quality of its operation are identified and
studied;

- partial conceptual components of the model of the transport network
management system have been developed;

- a holistic method of forming a transport network management system has
been developed;

- the efficiency of functioning of the developed technique of formation of the
control system of the transport communication network is estimated.

The object of study is the control system of the transport network.

The subject of research is the model and methods of formation of the
transport communication network management system.

In the dissertation new scientific results and conclusions are received on a
uniform methodological basis of the mathematical analysis and synthesis of

difficult technical systems. Modern and classical methods of signal and systems
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theory, methods of spectral theory, methods of invariance theory, methods of
mathematical and systems analysis, methods of communication theory, probability
theory and mathematical statistics were used.

The probability of scientific results, conclusions and recommendations set
out in the dissertation is justified by the correct use of mathematical apparatus and
computer simulation.

In the process of theoretical research and modeling in the dissertation the
following new scientific results were obtained, namely:

1. The model of the process of interaction between the element of the
transport network and the node of the multi-agent control system has been further
developed;

2. The model of processes of control and management of an element of a
transport network of communication on the basis of a subsystem of multiagent
control system is improved;

3. For the first time a model of functioning and management of the transport
network as a component of a multi-agent management system was developed.

4. For the first time a method of forming a transport network management
system was developed.

The model of interaction processes of the transport network fragment and
the multi-agent control system node has been improved.

The model of processes of control and management of a fragment of a
transport network of communication on the basis of application of a subsystem of
multiagent control system is improved.

Developed a model of operation and management of the transport network
as part of a multi-agent management system.

The developed technique of formation of the control system of the transport
communication network allows to improve the quality of functioning of the control
system of the transport communication network.

The dissertation work consists of four sections in which logically, at a high

scientific and technical level, the solution of the research problem is set out.
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In the first section, an analysis of approaches to the construction of
management systems for transport communication networks is carried out. The
choice of Carrier Ethernet (CE) technology for the construction of a promising
system for managing the transport communication network is substantiated, and
the scientific task and purpose of the work are formed. In the final part of the first
chapter, taking into account the conducted analysis and identified problems, the
goals and tasks of the research are formed.

In the second section, a model of the process of interaction between a
fragment of a communication transport network and a node of a multi-agent
control system (MACS) is developed, which, unlike the existing ones, allows to
estimate the time spent on processing messages in the MACS, depending on
various characteristics of the technical subsystem. As the goal of the operation of
the TCN control system, the operational efficiency of the TCN operation in
conditions of high dynamics of state changes, taking into account the features of
the SE, is defined. The specific features of the TCN system and its possibilities for
functioning as intended have been determined. A three-level conceptual model of
the TCN management system with an indication of the role and place of the MACS
is presented. The specified model defines: the level of operational management;
level of operational and technical management; technological level of
management. A model of the process of interaction between a fragment of the
communication transport network and a node of the multi-agent control system has
been developed. The specified model allows simulation of control processes
between TCN fragments and the MACS node. The simulation results obtained
allow for a consolidated assessment of the time spent on processing messages in
the MASU, depending on various characteristics of the technical subsystem.In the
third section, models of transport network management processes based on
CARRIER ETHERNET technology are developed.

The third section presents models of transport communication network
management processes based on CARRIER ETHERNET technology. On the basis
of the conceptual model of the communication transport network management

system developed in Chapter 2, a subset of independent sub-processes was
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selected, on the basis of which three key management processes were formed,
which flow in the MACS to achieve various management goals and objectives.
Algorithms have been developed for selected TCN management processes: TCN
fragment control process and management based on the results of the search for
deviations; the process of control of the TCN fragment and management based on
the results of informing the MACS; a generalized process of control and
management of the state of the TCN fragment. Algorithms of the control and
management processes of the TCN state based on SE technology, presented in the
section, allow solving the following tasks: the operation of the TCN control system
at periodic requests from the MACS to perform an assessment of the technical
condition of the TCN elements, which are solved at the level of network element
management (EMS); the functioning of the TCN control system in case of periodic
requests from the MACS to carry out an assessment of the technical condition of
the TCN, which are decided at the level of network management (NMS);
functioning of the TMZ system upon receipt of messages about a change in the
state of one or more elements of the TCN. A model of the control and management
processes of a fragment of the communication transport network based on the
subsystem of the multi-agent control system has been developed. The proposed
model made it possible to obtain an estimate of the temporal characteristics of the
TCN functioning processes depending on the temporal characteristics of individual
TCN management subprocesses, an assessment of the dynamics of changes in the
state of the TCN fragment. This, in turn, makes it possible to form assessments of
network reliability and fault tolerance, as well as at the planning and design stages
to assess the compliance of the prospective IAS with the requirements for the
efficiency of the management cycle, and in case of non-compliance with these
requirements, to form reasonable recommendations for changing the temporary
characteristics of individual sub-processes.

The fourth section is devoted to the development of a conceptual model of
the TCN control system and the creation of a methodology for the formation of the
TCN control system based on it, which ensures an increase in the efficiency of the

TCN management based on SE technology. The methodology contains three
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interrelated aggregated blocks, which form the algorithmic structure of the process
of functioning of the MACS TCN, the structure of simulation models of the
processes of control and management of the state of TCN, the structure of the
process of making decisions about changing the configuration of TCN. The
methodology is intended for the formation of the TCN MACS during the design
and development of the TCN SU. The purpose of developing the methodology is to
ensure the efficiency of TCN management to ensure its sustainable functioning. To
evaluate the effectiveness of the decisions obtained in the work regarding the
formation of the TCN control system, it is proposed to use the management
efficiency indicator - the ability of the TCN control system to perform the control
and management processes of the TCN conditions within the set time. The data of
the discrete-event TCN management model were used for the calculation. The
calculated probability that the control time will not exceed the permissible value
(accepted for 20 min) was carried out according to the law of normal distribution.
The obtained probability was 0.7, which indicates the achievement of the goal of
the dissertation. Scientific and technical proposals for the formation of a TCN
management system have been developed, which include the analysis and
justification of the possibility of using a programmable protocol of a remote
network of TCN elements and the formation of a database of TCN elements based
on standard sets of controlled objects, as well as the formation of the structure of
the process of developing options for fragment reconfiguration TCN. The
dissertation was performed at the State University of Telecommunications. The
chosen field of research corresponds to the research topics State University of
Information and Communication Technologies.

Keywords: control system, transport communication network, multi-agent

control system.
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BCTYII

AKTyaJIbHiCTh TeMH JOCJil:KeHHs. [[ns 3a0e3neueHHss COOOPHOCTI,
HE3aJIeKHOCTI 1 IEP>KaBHOTO CYBEPEHITETY, YKpaiHa MOBUHHA IT1/IBUIILYBATH PIBEHb
€KOHOMIYHOTO 1 MPOMMCIIOBOTO MOTEHIlaly JepKaBU Ta IOKpallyBaTH PIBEHb
HapoJHOTO A00po0yTy. OJHUM 13 HANpPSIMKIB TaKOl AISUTBHOCTI € 3a0e3MeueHHS
iHGpacTpykTypu VYKpaiHM CHCTEMaMH Ta MEpeXaMU Cy4acHOTO IIBHAKICHOTO
3B s13Ky. [1]o BUMarae po3BUTKY Ta yIOCKOHAJIEHHS OIHOTO 3 OCHOBHUX KITFOYOBUX
€JIEMEHTIB 1HQPACTPYKTYPH a came TPAHCIIOPTHOI Mepexki 3B s3Ky (TM3).

dopmyBaHHS TIEPEIOBUX MIAXOAIB A0 TOOYI0BU Ta (DyHKIIOHYBaHHS TaKOi
MEpexXi, Ta PO3BUTOK Ha iX OCHOBI CYYaCHHUX TEXHOJOTIM 3B’SI3KYy J103BOJIWIH
CTBOPUTH JIOCTaTHbO PO3TAyKEHY CTPYKTYypy CKJIaJIOBUX €JIEMEHTIB TaKoi
Mepexi. [Ipu 1pomy, 3’ ABIAIOTHCS MEPEXi, OKPEM1 €IEeMEHTH SIKMX MOXYTb OyTH
noOynoBaHi Ha 0a3i nepegoBUX TeXHOJOr1H, ik To Carrier Ethernet.

3pocratoue pi3HOMaHITTA TUNiB TM3, 30UIbIIEHHS PI3HOPIAHOCTI iX
CKJIQIOBUX €JIEMEHTIB Ta KUIBKOCTI MapaMeTpiB, IO XapaKTEpHU3yIOTh CTaH IUX
CJIEMEHTIB BUKIWKAE€ PO3IMIUPEHHS CHEKTPY MIAXOMIB 10 ympaBimiHHS TM3.
Oco0nuBO 1€ BaXJIMBO NPHU BUPIIICHHI 3aBJaHb EKCIUTyaTallii Ta OlepaTUBHO-
TEXHIYHOIO YIPAaBIIIHHS TPAHCIIOPTHOIO MEPEKEIO 3B’ S3KY.

[Tpu 1pbOMYy ympaBITiHHS MEpeKaMmu 3B'sI3KY, IO MPAIIOITh Ha 0a3i HOBHUX
TEXHOJIOT1H, HEMOXJIMBE Oe3 MojepHizailii icHyro4oi cuctemMu kepyBaHHs (CY)
HUIAXOM PO3POOKHA MOIYJIB MEPEKEBOIr0 KepyBaHHS, SIKI JO3BOJISITH pealli3yBaTH
BC1 MOXKJIMBOCTI TPAaHCIOPTHOI MeEpeki 3B’SA3Ky Ha 0a3l MaKeTHUX TEXHOJIOTIH.
TakuMm dYMHOM, Yy 3B'A3Ky 13 CYTTEBOIO 3MiHOK MEPEKEBUX TEXHOJOTIH, IO
CTAQHOBJISITH OCHOBY MEpEXi TPAHCIOPTHOTO piBHS, 3MIHOK  TIPOIECIB
(GYHKITIOHYBaHHS MEPEKEBHX €JIEMEHTIB Ta iX B3a€MOii, 3MIHOIO MEXaHI3MIB
KOHTposto (yHKUioHyBaHHS TM3, morpiOHa po3poOka HOBOi apxitektypu CY
TM3 Ta, Ha i OCHOBIi, CTBOPECHHS BIJAIMOBIIHOT METOAWKK MIOAO (HOPMYBaHHS

MEPCHEKTUBHI CUCTEMH yIpaBiIiHHA TUIOBOWO TM3.
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3B's130k  Po0OTHM 3 HAYKOBUMH NpOorpamMaMu, IJIAHAMH, TeMaMHU.
JucepraiiiitHe TOCTIKEHHS B1/MOBiIae BUMoram ctarti 5 3akony Ykpainu «IIpo
MPIOPUTETHI HANpsIMU PO3BUTKY Hayku 1 TexHiku» Bl 11 mumaga 2001 pok Ne
2623-1I1 (31 3minamu Ta gomoBHEHHsAMHU Bim 29.01.2021 p.), myHKTYy NepIioro
po3auny apyroro «llepeniky mNpiOpUTETHUX TEMaTUYHUX HAMPSAMIB HAYKOBHX
JOCIIJKEHb 1 HAyKOBO-TEXHIYHMX po3poOok Ha mnepion g0 2021 pokyy,
3arBepmxkenoro [locrtanoBoro KMV Bin 7 Bepechst 2011 p. Ne 942.

Pesynbratn HaykoBHX JAOCHIKeHb OyidM BHUKOPUCTaHI Ha Kadeapi
TenexoMmyHIKaitHUX CUCTEM Ta Mepexk HaBdanbHO-HAyKOBOTO 1HCTHUTYTY
TEJIEKOMYHIKAIli 1M1 4Yac BHUKOHAHHS HAyKOBO-JOCIIJHOI pOOOTH HaA TEeMy
«JlocmikeHHsT HaAIMHOCTI TelekoMyHikaliiaux Mepex» (PK Ne 0114U000404,
HAVYT, m. KuiB) Ta B HaBuajgpbHOMy mporeci Jlepx aBHOro yHIBEPCUTETY
TEJIEKOMYHIKAaIlill MpH BUKJIAJAaHHS HaBYAJbHUX IUCHMIUTH «TemekomyHiKailiiiH1
CUCTEMHU Tiepenadi JaHux», «IIpoeKTyBaHHsS TEIEKOMYHIKAI[IMHUX CHCTEM Ta
MEPEK».

Metow aucepramiiiHoi po0OTH €  MABUIIEHHA  €()EKTUBHOCTI
(GYHKITIOHYBaHHS CHUCTEMHM YIPABIIHHSA TPAHCIIOPTHOIO MEPEXKEI0 3B'S3Ky Ha
TEXHOJIOTITYHOMY Ta OTEPAaTUBHO-TEXHIYHOMY PIBHSAX KEPYBaHHS.

JUIst AOCSTHEHHsSI NOCTAaBJI€HOI METH 1 BUPIIIEHHS 3a3HaY€HOi IpoOsieMH
HEOOX1THO BUPIIINTH HACTYIIHI HAyKOBI 3a/1a4i:

— MIPOBECTH aHadi3 apXiTeKTypu MOOYJOBH Ta MEXaHi3MiB (PYHKI[IOHYBaHHS
CUCTEMHU  VyHPABIIHHSI THUIIOBOIO TPAHCIOPTHOI  MEPEXKEI 3B’SA3KYy Ha
TEXHOJIOTIYHOMY Ta ONEPaTUBHO-TEXHIYHOMY PIBHSAX KEPYBaHHS,

— BU3HAYMUTH Ta JOCIIIUTH OCHOBHI CKJIaJI0B1 MEXaH13MH MOJIEJI1 yIIPaBIIHHS
TPAHCTIOPTHOIO MEPEXKEIO 3B SA3KY, 1[0 BIUIMBAIOTH HA SKICTh 11 (PYHKI[IOHYBaHHS;

— PpO3pOoOMTH 4YACTKOBI KOHIIETITyaJbHI CKJIQJ0BlI MOJENl CHCTEMH
YIPaBIIHHS TPAHCIIOPTHOIO MEPEKEIO 3B’ SA3KY;

— PpO3pOOUTH MUIICHY METONUKY (OPMYBaHHS CHCTEMH YIPABIIHHS

TPAHCIIOPTHOIO MEPEKEIO 3B SA3KY;
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— OMHUTH €(EeKTUBHICT, (YHKIIOHYBAaHHS PO3POOJICHOT METOIUKH
(GhopMyBaHHS CUCTEMH YITPABIIHHS TPAHCIIOPTHOIO MEPEKEIO 3B’ SA3KY.

O0'exTOM IOCJIIKEHHsSI € CUCTEMa YIPaBIIHHS TPAHCIIOPTHOIO MEPEXKEI0
3B'SI3KY.

IIpenmMeToM OCTITZKEHHsI MOJETI Ta METOAUKH (OpMyBaHHS CHCTEMHU
YIOPABIIIHHS TPAHCIIOPTHOIO MEPEKEIO 3B'A3KY.

Mertonu aociipkeHb. Y aucepTarliiiHiii poOOTI HOB1 HAyKOB1 pe3yibTaTu i
BUCHOBKU OTPHMaHI1 Ha €IMHINA METOJOJIOTTYHIA OCHOBI MAaTEMaTUYHOTO aHAII3y U
CUHTE3y CKIQJHUX TEXHIYHUX CHUCTeM. BukopucTOByBaimcs CydacHi 1 KJIacCH4HI
METOJI TEOpii CUCTEM, TeOPil yIpaBIiHH:I, TeOopii HMOBIPHOCTEH, Teopli MoOyn0BU
MyJbTHAr€HTHUX CHUCTEM, Teopli HaaliHOCTI. EKcnepuMeHTallbHI METOAU
JOCHIIKEHHS BKIIOYAIOTh METOAM MAaTEMATUYHOI CTAaTUCTUKH, METO IMITAL[ITHOTO
MOJICTIOBAHHSI.

BiporigHicTe HayKOBHX pe3y/bTaTiB, BUCHOBKIB Ta PEKOMEHJALIN,
BUKJIQJICHUX y JAUCEPTaIliiHIN poOOTI, OOIPYHTOBAHO KOPEKTHUM BUKOPUCTAHHSIM
MaTeMaTHYHOTO anapary Ta MojentoBaHasiM Ha EOM.

HaykoBa HOBHM3HA oOnepKaHUX peE3yabTariB. Y TPOIECT TEOPETUIHUX
JOCIIIJKEHb 1 MOJICTIIOBAHHS y JIUCEPTAIlliHIA poOOTI Ofiep:KaHl HACTYMHI HOBI
HAyKOBI Pe3yJIbTaTH, a CaMe:

1. Habyra nodanvuiozo pozeumky MOJACHb TPOIECY B3aEMOIl eJIeMeHTa
TPAHCIIOPTHOT MEPEKI 3B’ SA3KY 1 By3J1a MYJIbTUAr€HTHOI CUCTEMH YIIPaBIIHHS;

2. Yoockonaneno mojnenb MpouUECIB KOHTPOJIO 1 YNPABIiHHSA €JIEMEHTOM
TPAHCIIOPTHOT MEpeXi 3B'A3Ky HAa OCHOBI MIJCUCTEMU MYJIBTUAT€HTHOI CHUCTEMHU
yIpaBIliHHS,

3. Bnepwe pospobneno wmonenb (GyHKIIOHYBaHHS Ta  YNPaBIiHHA
TPAHCIOPTHOT ~MEpeXl 3B’A3Ky SAK CKJIAQJIOBOI MYJIBTUAreHTHOI CHUCTEMU
YIPABIIIHHSL.

4. Bnepwe pospoboneno MeToauKy (OpMyBaHHS CHCTEMHU YTPaBIIHHS
TPAHCIIOPTHOIO MEPEKEIO 3B’ SA3KY.

IIpakTHyHe 3HAYEeHHS OJEPKAHMX Pe3yJabTaTiB y raiay3l po3poOKu Ta
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CTBOPEHHSI TPAHCIOPTHUX MEPEX 3B SA3KYy MOJSATae y TOMY, IO 3alPONOHOBAaHI B
JUCEepTaIiitHIii poOOTI MOJIeTIi Ta CTBOPEHA Ha iX OCHOBI METOJMKAa MOXKE CTaTH
OCHOBOIO i (pOpMyBaHHSI Ta CTBOPEHHS MPAKTUYHO PEATI30BAHUX CXEM CHUCTEM
YOPaBIiHHSA TPAHCIOPTHOIO MEPEXKEI0 3B’A3Ky. 3aCTOCYBaHHS SAKHX MOXe
MIJBULIUTH €(PEKTUBHOCTI (PYHKI[IOHYBaHHS CUCTEMH YNPABIIHHS TPAHCIIOPTHOIO
MEpEXKEI0 3B'SI3KYy Ha TEXHOJOIIYHOMY Ta OINEpPaTUBHO-TEXHIYHOMY PIBHSX
KEpYBaHHSI.

1. YaockoHaneHO MoOnenb MPOIECIB B3aEMOIl (parMeHTa TPaHCIOPTHOI
MepexXi 3B’SI3Ky 1 By3ja MyJbTHAreHTHOI CUCTeMHM ympaBiiHHA. JlaHa mozenb, Ha
BIIMIHY BiJ] ICHYIOUHMX, JO3BOJISIE YKPYITHEHO OI[IHUTHU 4ac, 110 BUTPAYAETHCS HA
00poOky mnoBigomiieHb y MACY, 3aiexHo Bl pI3HUX XapaKTEPUCTUK TEXHIYHOI
T1JICUCTEMH.

2. YI0CKOHAJIEHO MOEINb MPOLECIB KOHTPOIIO 1 YNpaBIiHHSA (PparMeHTOM
TPAHCIIOPTHOT MeEpEXKi 3B'SI3Ky sIKa, Ha OCHOBI 3aCTOCYBaHHSI IMIJICUCTEMU
MYJBTHATr€HTHOI CHCTEMH YIpPABIIHHA, HAa BIAMIHY BIiJ ICHYIOUHX, J03BOJISE
MPOBECTH OI[IHKY TUMYACOBHUX XapaKTEPUCTHK TpoleciB (yHKIionyBaHHsI TM3
3aJIE)KHO BiJl TEXHIYHUX XapaKTEPUCTUK OKPEMUX MiAMPOIECiB ynpapiinHg TM3,
OIIHKY JIMHAMIKHU 3MiHH cTaHy (parmenta TM3.

3. Pospobneno Mopenb (QYHKUIOHYBaHHS Ta YIpPaBIiHHSA TPAaHCIOPTHOI
MEpeXi 3B’S3Ky SK CKJIaJ0Ba MYJIBTHATEHTHOI CUCTEMHU YNIPABIIHHSI, SKa, Ha
BIJIMIHY BIJ] ICHYIOUMX, TO3BOJISIE BPaXOBYIOThHCS JIBAa CTAHM BCIX areHTIB: CIPaBHE
Ta HECNpaBHE 3 ypaxyBaHHSIM HAJIMHOCTI Ta TOTOBHOCTI J0 ()YyHKIIIOHYBaHHS
KOXKHOTO areHTa

4. Po3pobneno MeToauky GOpMyBaHHS CHCTEMHU YIPABIIiHHS TPAHCIIOPTHOIO
MEpEeKero 3B s3Ky sika, Ipu yMOBI 3acTtocyBaHHs MACY, 103BosIsie 3 TMOBIPHICTIO
0.7 Ta Bumie B 7 Ta OUIbIIE pa3iB CKOPOTUTHU YaC HA UK MPOIECY YIPaBIIHHS.

OcoOuctnii BHecok 3700yBaua. HaykoBi TMOJIOKEHHS Ta pe3y/ibTaTh
aUcepTamii OTpuMaHi aBTOpOM camocTiitHO. OcobucTo aBTOpOM 3iiliCHEHa
po3poOKa 3arajbHOI KOHIEMIII aucepTallii, BUOip 00’€KTIB, BU3HAYEHO METy Ta

3a/1a4i poOOTH, OOpaHO Ta OOTPYHTOBAHO METOJIU JIOCIIKECHb.
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B nuceprariiiniii po6OTI y3araabHEHO Pe3yJbTaTH AOCIIIKEHb, BUKOHAHUX
aBTOPOM CaMOCTIIHO 1 OIyOJIIKOBaHMX B CITIBABTOPCTBI B podoTtax [1-8].

VY onyOniKOoBaHHMX y CIIBaBTOPCTBI po0OOTax aBTOPOM JucepTalii 3po0IeHO
Takuii ocobuctnii BHecok. B [1] momaHo 0cCOOMCTO OTpUMaHUW aHaII3
O0COOJIMBOCTEM OLIHKM MapaMeTpiB CHUTHAy, NPU3HAYEHOro i 3a0e3NeueHHs
B3a€MOJIi (hparMeHTa TPAHCIOPTHOI MEpexXi 3B’SA3KY 1 By3Jla MYJIbTHAr€HTHOI
cucteM ympasiiHHA. B [2] momaHo 0COOMCTO BCTaHOBJIEHI OCOOJHUBOCTI
NPOTIKaHHS MPOIIECY B3aeEMO/IIi (hparMeHTa TPAHCIIOPTHOT MEPEXKI 3B’ SI3KY 1 By3Ja
CHUCTEMH YTPABIIHHSA B XOJ1 BUPIIICHHS 3aBJaHb JOricTUKU. B [3] omybiikoBaHO
0COOHMCTO PO3POOJICHY CTPYKTYpYy MOJIEl MPOIECIB KOHTPOJIIO 1 YIpaBIIiHHS
(dparMeHTOM TpaHCHOPTHOI Mepexi 3B'sa3ky. B [4] mnomaHo ocobucroro
BCTAHOBJICHI OCOOJIMBOCTI TPOIECIB KOHTPOJIIO 1 YNpaBiIiHHA (pParMeHTOM
TPAHCIOPTHOT MEPEXI 3B'A3Ky HAa OCHOBI KOTHITUBHUX METOMIB KEpyBaHHS
1H(QOKOMYHIKAILIIMA B yYMOBax HeBuU3HaueHocTi. B [5] momano ocoGucto
pO3pO0JIEHy CTPYKTYypy MYJIBTHAr€HTHOI CHUCTEMU YMPABIIHHS TPAHCIOPTHOIO
mepexero 3B's13ky Ha ocHOBI TexHosorii CARRIER ETHERNET. B [6] nogaHo
OCOOMCTO  OJIep’KaHi  pe3yJbTaTH  MOJICTIOBAHHS  TPOIECY  yIPaBIIiHHS
TPAHCIIOPTHOIO Mepexkero 3B’ sa3Ky. B [7] momano ocobucTo omepxaHi pe3yiabTaTv
aHaJli3y OCHOBHHUX BIIACTUBOCTEH CHUCTEM YMPABIIHHS TPAHCIIOPTHOI MEPEXKEI0
3B’s13Ky. B [8] omyOmikoBaHO 0COOMCTO PO