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Pedepar/aHoTanis:

1. Inceprauiiina po60Ta NpUCBSIYEHA PO3POOIEHHIO HAYKOBO-METOLUYHOTO anapary IiJBAIIEeHHS IPOJyKTUBHOCTI
GaraToareHTHOI CUCTeMU CJ1a0KO TOB'sI3aHUX areHTiB y CTallioHApHOMY CEpelOBUII 3a JOTIOMOIOI0 MEXaHi3My
NOIIMPEHHS 3HaHb MK areHTaMU Ha 6as3i lelleHTPali30BaHoro Miaxony. baraToareHTHi CUCTEMU € BaKJIMBUM
HaIpsIMOM Cy4YaCHUX iH(pOpMaLiTHMX TEXHOJIOTIH Ta IITYYHOTO iHTEJIEKTY, OCKIJIbKA LO3BOJISIIOTh MOJEJIIOBATH
CKJIa[IHi pO3TOAiNEeH] IPOLIECH Y BUTJIAAI CYKYITHOCTI aBBTOHOMHMX areHTiB, i 3aCTOCOBYIOTHCSI Y TPOMHUCJIOBOCTI,
POOGOTOTEXHIlli, TPAHCIOPTHUX CUCTEMAX Ta CUCTEMAaX MiATPUMKU IPUNHSTTS pilieHb. KiiouoBUM MexaHi3MOM
ajanTalii areHTiB € HaBYaHHS 3 [MiAKPIIJIEHHSIM, OJHAK HOT0 aJIFOPUTMU XapaKTEPU3YIOThCSI 3HAYHOIO IIOTPEOOIO y
B3aeMOJisX i3 cepenoBulieM (sample complexity), 4yTauBiCTIO [0 rineprnapaMeTpiB Ta HECTAOIIBHICTIO 361KHOCTI.

Lli mpo6yiemMu OCUIIOIOTHCS y GaraToareHTHOMY HaB4yaHHi 3 migkpinieHHam (Multi-Agent Reinforcement Learning,



MARL), ie areHTH HaBYalOThCS OJJHOYACHO: KOXKEH HAKONMYye 3HAaHHS HE3aJIEXXHO, 10 CIIPUYMHSIE NyOII0BaHHS
HaBYaHHS, 3DOCTAHHS OOUMCIIIOBAJILHUX BUTPAT Ta YIIOBIIbHEHHSI IOCATHEHHS ONITUMAJIPHUX CTpaTeriil, 0COOJINBO Y
BEJIMKOMACIITAOHUX CUCTEMax. [IepClIeKTUBHUM HaIlpSMOM IiJBUIleHHS €(pEeKTUBHOCTI HaBYaHHs € Ilepeaya
3HaHb MIX areHTamy, 10 03BOJIsI€E TOBTOPHO BUKOPMCTOBYBATH HAaKOMWYEHU NOCBiA. [TpoTe 3aCTOCYBaHHS TaKUX
iIXOiB NOB'sI3aHe 3 PU3MKOM HEraTUBHOI Ilepejadi 3HaHb (negative transfer), BiiCyTHICTIO MeXaHi3MiB KOHTPOJIIO
SIKOCTI IlepeJlaHNX 3HaHb Ta CKJIA[IHICTIO aJalITUBHOIO PEryyl0BaHHs iHTeHCUBHOCTI 06MiHy. KpiM Toro, 3HauHa
YaCTHHA BilOMUX MifX0MiB 6a3y€eThCs HA LEHTPaJi30BaHUX apXiTEKTypax, o 0OMEXYye iX 3aCTOCyBaHHS ¥
PO3MO/IiIEHUX CUCTEMAaX 3i CJ1aOKO MOB'I3aHUMU areHTaMu. OKpecseHe copMyBayIO MPOTUPIYUS MiXK TOTPEOOIO
nigBuIeHHs e(PeKTUBHOCTI HABYaHHS areHTiB Ta MOSKJIMBICTIO BUKOPUCTAHHS Mepeiadi 3HaHb Jis I0T0
IIPUCKOPEHHS, SIKE BUPILIYETHCS IIJISIXOM PO3POO6JIEHHSI METOJIB i IPOrpaMHUX 3aC00iB JelleHTPasli30BaHOr0 OOMiHY
3HAHHSIMU 3 3JANITUBHUM KOHTPOJIEM SIKOCTi Ta iIHTEHCUBHOCTI Nlepeadi. O6'€KTOM OCIIPKEHHS € IPOLECU
aHaJi3y, po3pobieHHs, 3a6e3MeUeHHs SIKOCTi Ta BIIPOBAIKEHHSI METOIB i IPOrpaMHUX 3aC006iB
IeLleHTPaJli30BaHOro 0OMiHY 3HaHHSIMHU B CUCTeMax 6araToareHTHOro HaBYaHHS 3 MiIKPIIJIEHHSIM Y CTalliOHapHUX
CepenoBUIIax 3i CJIa0KO MOB'A3aHUMU areHTaMu. [IpeamMeToM OCIiIyKeHHs € MeTOIU Ta ITporpaMHe 3abe3redeHHs
IeLleHTPaJli30BaHOro 0O6MiHY 3HaHHSIMU B TAKMX CUCTEMaX. MeToI0 TucepTalLiitHOi po60TH € MiIBUIIeHHS
IIPOIYKTUBHOCTI 6araToareHTHOI CUCTEMH CJIAOKO IOB'SI3aHUX areHTiB Y CTalliOHApHOMY CepeOBHUIIli 32 JOTIOMOT0I0
MeXaHi3My MOMMPEHHS 3HaHb MK areHTaMu Ha 6a3i el eHTpasizoBaHoro nigxony. HaykoBa HOBU3Ha pe3ysbTaTiB
IOCJIiIKEHHS N10JIsIra€ B HAaCTyNMHOMY. HabyB NoasbIIoro po3BUTKY METOZ, IELIeHTPali30BaHOTO BUOOPY BUUTEJIS
IJIs1 Tlepefadi 3HaHb, 10 I03BOJIslE KOHTPOJIIOBATH SIKiCTh [TOMMPIOBAHUX 3HaHb, YHUKAIOUX HETAaTUBHOTO IIEPEHOCY.
Briepie po3po6eHO MeTO[I AMHAMIYHOTO NIelleHTPali30BaHOTO KOHTPOJIIO iHTEHCUBHOCTI Nepefavi 3HaHb MixK
areHTaMH, 1o A03BoJIsie €(PEKTUBHO BUKOPUCTOBYBATH HA0YTi CUCTEMOIO 3HAHHS Ta IPOTULISITU [1IEpEHABYAHHIO.
Briepie po3po6iieHo apXiTeKTypy IporpamMHoro 3abe3nedeHHs 1 peasisanii MexaHizmy 0OMiHy 3HAaHHSIMU B
crcTeMi 6araToareHTHOro HaB4YaHHSI, XapaKTePHOIO0 OCOOJIMBICTIO SIKOI € MOXKJIMBICTb AeleHTPajli30BaHOI0 OOMiHy
3HAHHSMU i3 3aCTOCYBaHHSIM MEXaHi3MiB KOHTPOJIIO IKOCTi Ta iHTEHCHUBHOCTI repenadyi. [[pakTnyHe BUKOPUCTaHHS
PO3p06JIEHUX METOIIB Ta IPOTPaMHUX 3aCO0iB 103BOJINJIO MiJBULIUTY [IPOAYKTHMBHICTh 6araTOareHTHOi CUCTEMHU 32
MEeTPHUKOIO HOpMasli30BaHOi 110 Mifl KprBOO HaB4aHHA (normalized AUC) cymapHOi BUHAaropoau 3a enisof, Ha
9-20 % 11 cepeHbOI IHTErpaIbHOI IPOLYKTUBHOCTI CUCTEMU Ta Ha 3,4-10,1% 1151 MakCMMasIbHOI NPOLYKTUBHOCTI
OKPEMOTO areHTa 3aJIe>KHO Bifl KOHpirypauii MexaHiaMy 0OMiHy 3HaHHSIMU Ta PEXKUMY aBTOHOMHOI'O HaBYaHHSI.
ExcniepumeHTasbHi JOCHiKEeHHS TPOBEIEHO Yy TeCTOBUX cepenoBuiax CartPole-vl Ta LunarLander-v3 6i6sioTeku
Gym/Gymnasium; MexaHi3Mm IPOJEeMOHCTPYBAB Pe3yJIbTaTUBHICTS sK 17151 Deep Q-Network (DQN), tak i Double
Deep Q-Network (DDQN). PesynbTaTul foCifKeHHS IPUMHITO 10 BlipoBaiykeHHs B TOB «KBasniTek» (aKT Bif
20.03.2026) Ta B HaB4asibHOMY nponeci KI1I im. Iropst Cikopebkoro (akT Bif 20.03.2026) npy BUK/IaaHHi
nucuuiling «IIpoexTyBaHHS Kibep-(}isnuHuX cucteM». Hanpsmamu oAanbnX JOCTiIKeHb € IOMUPEHHS
3aMPOMOHOBAHUX METO/IiB Ha iHIIi aJITOPUTMU HABYaHHS 3 MiAKPINJIEHHSIM Ta TUIX 6araToOareHTHUX CePeIOBUII]
(30KpeMa KooIlepaTUBHi Ta 3MilllaHi), JOCiIKEeHHSs ajlbTePHAaTUBHUX MiJXOiB O OLiHIOBAaHHS IPOAYKTUBHOCTI
areHTiB, a TaKOXK PO3POOJIEHHS MexXaHi3MiB OLIiHKM Pi3HOMAaHITHOCTI IOCBiny areHTiB. KytouoBi cj0Ba: 6aratoareHTHi
CHCTE€MHU, HaBYaHH4 3 MiAKPINJIEeHHSM, HiIBULIEeHHS TPOAYKTUBHOCTI 6araToareHTHOI CUCTeMH, lepefada 3HaHb MixK
areHTamu, KOHTPOJIb iIHTEHCUBHOCTI Nepeiayi 3HaHb, TNboke Q-HaBYaHHS, TUCTUJIALS IO TUKY, TUCTUISLLS

3HaHb, WITYYHUI IHTEJIEKT, MAlIMHHE HAaBYaHHS, HEMPOHHI MEpeXi.

2. The dissertation is devoted to the development of a scientific and methodological framework for improving the
performance of a multi-agent system of loosely coupled agents in a stationary environment by means of a
decentralized knowledge sharing mechanism between agents. Multi-agent systems are an important area of
modern information technology and artificial intelligence, as they make it possible to model complex distributed
processes as a set of autonomous agents, and are applied in industry, robotics, transport systems and decision
support systems. Reinforcement learning is a key mechanism of agent adaptation; however, its algorithms are
characterized by high sample complexity, sensitivity to hyperparameters and unstable convergence. These
problems are aggravated in multi-agent reinforcement learning (MARL), where agents learn simultaneously: each
of them accumulates knowledge independently, which causes duplication of learning, increased computational



costs and slower attainment of optimal policies, particularly in large-scale systems. A promising way to improve
learning efficiency is knowledge transfer between agents, which allows the accumulated experience to be reused.
However, the use of such approaches is associated with the risk of negative transfer, the lack of mechanisms for
controlling the quality of transferred knowledge and the difficulty of adaptively regulating the intensity of sharing.
Moreover, a considerable proportion of the known approaches rely on centralized architectures, which limits their
applicability in distributed systems of loosely coupled agents. The above has given rise to a contradiction between
the need to improve the efficiency of agent learning and the possibility of using knowledge transfer to accelerate
it, which is resolved by developing methods and software for decentralized knowledge sharing with adaptive
control of the quality and intensity of transfer. The object of the research is the processes of analysis,
development, quality assurance and deployment of methods and software for decentralized knowledge sharing in
multi-agent reinforcement learning systems in stationary environments with loosely coupled agents. The subject
of the research is the methods and software for decentralized knowledge sharing in such systems. The aim of the
dissertation is to improve the performance of a multi-agent system of loosely coupled agents in a stationary
environment by means of a decentralized knowledge sharing mechanism between agents. The scientific novelty of
the research results is as follows. The method of decentralized teacher selection for knowledge transfer has been
further developed, which makes it possible to control the quality of the shared knowledge and to avoid negative
transfer. For the first time, a method of dynamic decentralized control of the intensity of knowledge transfer
between agents has been developed, which makes it possible to use the knowledge acquired by the system
effectively and to counteract overfitting. For the first time, a software architecture for implementing the
knowledge sharing mechanism in a multi-agent learning system has been developed, the characteristic feature of
which is the possibility of decentralized knowledge sharing with the use of quality and intensity control
mechanisms. The practical use of the developed methods and software made it possible to improve the
performance of the multi-agent system, measured by the normalized area under the learning curve (normalized
AUC) of the cumulative reward per episode, by 9-20 % for the average integral performance of the system and by
3.4-10.1 % for the maximum performance of an individual agent, depending on the configuration of the knowledge
sharing mechanism and the mode of autonomous learning. The experimental studies were carried out in the
CartPole-vl and LunarLander-v3 test environments of the Gym /Gymnasium library; the mechanism proved to be
effective both for Deep Q-Network (DQN) and for Double Deep Q-Network (DDQN). The research results have
been adopted for implementation at Qualitec LLC (certificate of implementation dated 20.03.2026) and are used in
the educational process of Igor Sikorsky Kyiv Polytechnic Institute (certificate of implementation dated
20.03.2026) in teaching the course "Design of Cyber-Physical Systems". Directions for further research include
extending the proposed methods to other reinforcement learning algorithms and types of multi-agent
environments (in particular, cooperative and mixed ones), studying alternative approaches to evaluating agent
performance, and developing mechanisms for assessing the diversity of agents' experience. Keywords: multi-agent
systems, reinforcement learning, multi-agent system performance improvement, knowledge transfer between
agents, knowledge transfer intensity control, deep Q-learning, policy distillation, knowledge distillation, artificial
intelligence, machine learning, neural networks.
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