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Pedepar:

1. ¥ nuceprauiiiniii po60Ti PO3B’s13aHO HAyKOBY 33424y PO3POOJIEHHS HOBUX Ta BLOCKOHAJIEHHS iCHYIOUNX METOIB

Ta Mojesiell penepaTUBHOrO MallMHHOTO HaBYaHHS 17151 iHpOpMaLifiHOOKOMYHIKallifHUX CUCTEM aBTOMATU30BaHOIO
VIPaBJIiHHS, 3 METOIO MiJIBUILIEHHS TOYHOCTI B yMOBax HEIIOBHOTH, HECTAL[iOHAPHOCTI JAHUX Ta OOMEXKEHOCTI

064K CIIOBATIBHUX PECYPCIB KiHIeBUX IPUCTPOIB Po3pobsieHo MeTog 6aratopayHoHOTO GeepaTiBHOrO HaBYaHHS,
SIKMI Ha BiIMIHY Bif BilOMUX, BUKOPHUCTOBY€E XPOHOJIOTIYHY CcTpaTU(iKallilo HaBYaJIbHOI BUOIPKY, 3 [I0€TAlIHUM
yCcepeHeHHSIM arperoBaHux Mojieslel KO>KHOro payHay. Po3pobsieHo cTpyKTypHO-(PYHKLIOHATIbHY MOJIEJIb

iHTeJIeKTyanbHOI iHpOPMaLiTHOKOMYHIKalliHOI CUCTEMY, sIKA 6a3y€EThCS HA BilOKPEMJIEHHI IVIOIIAHY [IPUCTPOIB,



IJIOLVIHY TIEPeJJaBaHHs JaHUX, IUVIOMVHY aBTOMAaTU30BaHOi iHPPaCTPYKTypH Ta IJIOWUHY iHTEJIEKTyaIbHO]
06pOOKY HAHUX, SIKi B3AEMOIIIOTh HA OCHOBI CITiIbBHOTO OHTOJIOTIYHOTO SApa. YIOCKOHAJIEHO METO I O0YMCIIEHHS
IIapaMeTpiB arperoBaHoi Mozesi (pelepaTUBHOrO HaBYaHHS, BBEJIEHHAM JJOJJATKOBOTO CEPENHbO3BAKEHOTO
KPUTEPIIO OLIiHIOBaHHS €(PEKTUBHOCTI JIOKAJILHUX MOJeJlell KiHLeBUX IPUCTPOiB. Po31in 1 «AHaii3 cyyacHux
METO/IiB Ta MOjieJiell MOOYAOBHY iHTeIeKTyalbHUX iH(pOpMaliliHO-KOMYHIKaLiiIHUX CUCTEM» TPUCBSYEHO aHali3y
Cy4aCHUX METOJiB Ta MoZesiel 100y 0BY iHPOopMaLiliHO-KOMYyHIKal[ilHUX CHUCTEM aBTOMaTU30BaHOTO yIIPaBJliHHS
iHgycTpianbHOO iHPPAaCTPYKTYPOIO 3 BUKOPUCTAHHSIM €JIEMEHTIB IITYYHOTO iHTesIeKTy. OKpeCJIe€HO OCHOBHI
BUKJINKM T2 OOMEXEHHS CTOCOBHO iHTerpalii (pejepaTUBHOrO HaBYaHHS B iHOYCTpiaZlbHUX cucTeMax. Po3gin 2
«Po3pobsienHs MeTomiB Ta Moesiell inTerpanii dpenepaTuBHOrO HaBYaHHS B iHQOpMaLifHO-KOMYHIKaLliHHUX
CHACTeMax» IIPUCBSIYE€HO (POPMYBAHHIO LiJTiICHOI METON0JIOTTYHOI OCHOBU iHTerpauii pefsepaTuBHOTO HaBYAHHS B
iH(popMaLitHO-KOMYHIKalLiliHi CUCTEMU aBTOMATU30BAHOIO YIIPABJIiHHS, 10 OXOILJIIOE BCi KJIIOUOBi PiBHI Bif,
nepudepiliHuX NpUCTPOIB 1O XMAPHOTr0 iHTEJIEKTYaIbHOTO sipa. [IpencraBieHo iepapXiuHy CTPyKTypHO-
(dyHKLiOHATIbHY MOJIeJIb, SIKa 3aBJISIKU JlelleHTpasli3aliii pecypciB Ta cTaHAapTU30BaHUM iHTepdelicaM 3abe3nedye
MaclTaboBaHICTh, BiIMOBOCTIMKICTb Ta TOPU30HTAJIbHE IEPEHECEHHS 3HaHb MiX ranayssamu. [IpeacTraBieHo
PO3p06JIeHMIT METO/, 0OUNCIIEHHS ITapAMETPIB arperoBaHoi MOZEIi, MIJIIXOM BBEI€HHSI 0OJIaTKOBOTO
CepeHbO3BAaKEHOTO KPUTEPIIO OIiHIOBaHHS €(PEKTUBHOCTI JIOKAJIbHUX MOJeJIel KiHIleBUX MPUCTPOoiB. OrnrcaHo
PO3pobIeHUI MeTO, 6araTopayHIHOro ¢penepaTuBHOrO HaBYaHHS IJ1s1 KiHIEeBUX IIPUCTPOIB 3 0OMEXKEHUMU

004K CIII0BaJIBHUMU PECYPCaMH, SIKUI BUKOPUCTOBY€E XPOHOJIOTIUHY cTpaTU(iKalilo HaB4yaabHOi BUbipku. Po3nin 3
«ImiTanifine MoLeII0BaHHS Ta JOCiIPKEHHS TI0KA3HUKIB €(DEKTUBHOCTI (PYHKI[iOHYBaHHS iHTE€JIEKTya/IbHO]
iHopmaliiiHO-KOMYHIKalil1HOi cuCTeMI» BUCBIT/II0€E KOMIJIEKCHE eKCIIepUMEHTaJIbHE BUIIPOOYBaHHS
PO3pO6JIEHUX aJITOPUTMIB (PeIEPaTUBHOTO HABUYAHHS HA TEJIEMETPUYHHUX JAHUX aBTOHOMHUX IIPUCTPOIB 3 Pi3HOIO
KUJIBKICTIO payHIIiB TPEHYBAHHS. 3allpOIIOHOBAHMI METO/, arperatiii, y Mexkax sKOro BaroMiCTb JIOKaJIbHUX MOJeJIen
BM3HAYAIOTHCS iXHBOIO aKTYyaJIbHOIO IPOTHOCTUYHOIO TOYHICTIO, TPOJEMOHCTPYBAB CEPEIHE 3HIDKEHHS
CcepeIHbOKBAIPAaTUYHOI Ta CepeHbOI aOCOJIIOTHOI MOMUIIKU Ha 19% MOPIBHSHO 3 iCHYI0OUMMU METOAaMH
(denepaTUBHOTO HaBYAHHS, IO MigTBEPIPKY€E NOLIBHICTb i NPAKTUYHY €(EKTUBHICTb PO3POOIEHOr0 METOAY IJIs1
iHIyCTpiaZIbHUX CUCTEM aBTOMATM30BAaHOIO YIIpaBiIiHHA. Po3zin 4 «IIpakTuyHa peasnisaliis iHTeIeKTyaabHOI
iHdopmaliitHo-KOMYHIiKaliliHOi cuCTeMU yIIPaBJliHHS iHIYCTpialbHOO iHPPACTPYKTYPOIO» IIPUCBSIYEHO
BIIPOBAPKEHHIO Ta €EKCIIEPUMEHTAJIbHIN OLiHIIi PO3PO6JIEHOTO AJITOPUTMY Ha PEAIbHUX NepUQepiliHUX NPUCTPOSIX
AGV Formica-1. 3okpema, peasnizoBaHO IpOrpaMHO-anapaTHy MOZeslb iHTeleKTyanbHoi iHpopmaliiHO-
KOMYHIKaLiliHOi cucTemu, sika 3abe3rnevyye HaCKPi3HUIM KOHTYP «JaHi-aHaJiTUKa yIPaBIiHHSI» 1711 aBBTOHOMHUX
TPaHCIOPTHUX POOOTIB Ta CTallioHAPHUX TEXHOJIOTIYHUX JIiHiN. Ha 6a3i 11iei Mopesi BnpoBai>keHO rpaHuYHe
(denepaTUBHE HaBYaHHS 3 BUKOPUCTAHHSIM PO3POOJIEHUX aJTOPUTMIB, SIKE JAJI0 3MOTY 3[ilICHIOBATH JIOKAJIbHE
TPEHYBaHHSI HEIIPOHHUX MepeX. Pe3yibTaTi eKCIIePUMEHTIB CBiZjuaTh PO Te, 1[0 PO3POOJIEHUIT aJITOPUTM
GaraTopayHpHOro ¢enepaTUBHOrO HaBYaHHS MiBUILY€e eHepreTUYHy eeKTUBHICTh IIpoliecy ¢penepaTuBHOro
HaBYaHHS Ha KiHLEBUX IPUCTPOSIX Ha 37% IpU BUKOPUCTAHHI 4 payH[iB HaBYaHHS Ta Ha 50% - MpU BUKOPUCTaHHI 8
payH[IiB HaBYaHHS NIpU 3a0€3Ne4eHHi aHAIOTIYHOI TOXUOKU NIPOTHO3YBaHHS 4YaCOBUX XapaKTE€PUCTUK
ingycTpianbpHOI cucTemMu. BUCHOBOK MiiCyMOBY€e OCHOBHI pe3yJbTaTy gucepTaLifiHOi poOOTH Ta PO3B’I30K HAYKOBO]
3a71a4i pO3pO6JIEHHS] HOBUX Ta BJJOCKOHAJIEHHS iCHYIOUMX METO/IiB Ta Mojesiel (hellepaTUBHOIO MAaIIMHHOTO
HaBYaHHS 4J1s1 iHPOpMaLiTHOOKOMYHIKaL[iTHUX CUCTEM aBTOMATU30BAHOTO YIIPABJIiHHS, 3 METOIO MiJIBUILEHHS
TOYHOCTI IPUMHSATTS PillleHb B yMOBax HETIOBHOTHU 1 HECTALiOHAPHOCTI JaHUX Ta 0OMEXXEHUX 00YNCIIOBATbHUX
PEeCYPCiB KiHIIEBUX IIPUCTPOIB.

2. The dissertation tackles the scientific problem of designing new and refining existing methods and models of
federated machine learning for information and communication automated-control systems, with the aim of
improving decision making accuracy when data are incomplete, non-stationary, and processed under limited
computational resources on edge devices. A multi-round federated-learning method has been developed which,
unlike known approaches, applies chronological stratification of the training data and stepwise averaging of the
aggregated models produced at each round. A structural- functional model of an intelligent information and
communication system is proposed: it distinguishes a device plane, data-transfer plane, automated infrastructure



plane, and intelligent data-processing plane, all interacting through a common ontological core. The procedure for
computing the aggregated model's parameters has been enhanced by introducing an additional weighted-average
criterion that assesses the performance of local models on edge devices. Chapter 1 “Analysis of current methods
and models for building intelligent information and communication systems”, surveys contemporary approaches to
the design of industrial automated information and communication systems that incorporate artificial-intelligence
components. The principal challenges and constraints of integrating federated learning in industrial systems are
outlined. Chapter 2 “Development of methods and models for integrating federated learning into information and
communication systems”, establishes a coherent methodological framework that spans all key levels from edge
devices to the cloud based intelligent core. A hierarchical structural-functional model is introduced which,
through clear resource decentralization and standardized interfaces, ensures scalability, fault tolerance, and
horizontal knowledge transfer between sectors. The chapter details the refined aggregation procedure based on
the additional weighted criterion and describes the multi-round federated-learning method for resource
constrained edge devices that employ chronological stratification of the training data. Chapter 3 “Simulation
modelling and investigation of performance indicators of the intelligent information and communication system”,
presents comprehensive experimental trials of the proposed federated-learning algorithms on telemetry obtained
from autonomous devices across different numbers of training rounds. The aggregation strategy whereby each
local model is weighted by its current predictive accuracy reduced both mean squared error and mean absolute
error by an average of 19 % compared with baseline federated-learning approaches, thereby confirming the
practicality and effectiveness of the method for industrial automated-control systems. Chapter 4 “Practical
implementation of the intelligent information and communication system for industrial-infrastructure
management”, covers deployment and experimental evaluation of the algorithm on Fromica-1 AGV edge devices. A
hardware-and-software prototype implementing an end-to-end “data-analyticscontrol” loop for autonomous
transport robots and stationary production lines was realised, enabling local neural-network training via edge-
level federated learning. Experiments show that the proposed multi-round algorithm improves the energy
efficiency of federated learning on edge devices by 37 % with four training rounds and by 50 % with eight rounds,
while maintaining prediction errors for the system’s timing characteristics at a level comparable with the baseline.
The conclusion summarizes the principal results and the solution to the scientific problem of advancing methods
and models of federated machine learning for information-and-communication automated-control systems, aimed
at increasing decision-making accuracy under data incompleteness, non-stationarity, and restricted edge-device

resources.
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IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: 3axinHOyKpaiHChKUil HALIOHAJILHUI YHIBEPCUTET
Kopg 3a €IPITIOY: 33680120

MicneSHaxo,IpKeHHﬂ: ByJL. JIbBiBCEKA, OyA,. 11, TepHoninb, TepHONinbCbKUM P-H., 46009, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llnyp Onbra MukonaisHa

2. Olha M. Shpur

KBasigikanis: . . u., gor., 05.12.02

InenTudikarop ORCHID ID: 0000-0001-8156-8017

JoparkoBa iHdpopmamnist:

TloBHe HaliMeHYBaHHS IOPHUIUYHOI 0COOM: HanjionanbHuii yHiBepcutet "JIbBiBCbKaA MOMTiTEXHIKA"
Koz 3a €JIPIIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bemneit Mukosa IBanoBuY

2. Mykola I. Beshley
KBasigikanis: n. 1. u., mou., 05.12.02
InenTudikarop ORCHID ID: 0000-0002-7122-2319

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OJIITEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micueanaxo,u;meunﬂ: ByJ. CrenaHa bangepu, 6yz. 12, JIbsis, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu
InenTudikarop ROR:

CeKTOp HayKH: YHIBEPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCiflaHHi

BizmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisSIIBHOCTI

Bucoubka Bikropist AHaTO1iIBHA

Bucoupka Bikropig AHaTosiiBHa

BikTop MuxainoBud XaBajiko

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



