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Pedepar:

1. Incepranifina po60oTa IpUCBIYeHa PO3POOJIEHHIO METOIB Ta 3aCO0iB IIJIaHYBaHHS JIOTICTUKY aBTOHOMHUX
KibepdisznuHux cucteM. CydacHU CBIT LIBUAKO PO3BUBAETHCS, 0C06MBO Y cdepi iHpopMaLiiHUX TEXHOJIOTIH.
3acTocyBaHHs LITYYHOTO iHTEJIEKTY B Kibep(isMUHUX CUCTEMAX € KJIIOUOBUM (PAKTOPOM B IIbOMY PO3BUTKY.

JrHamiyHi 3MiHM BUMaraioTb HOBUX MiAXOZiB 0 YIIPaBIiHHS, i came 1je pOOUTb TeMY AOCIiI>)KEHHS BKpan



aKTyaJIbHOI. ABTOHOMHI JIOriCTUYHI Kibep@isuyHi cucTemMu CTaOTh BCe Oi/lbl CKIaAHUMU Ta PO3ray>KEHUMMU.
EdexTrBHe yrpaBliHHSI HUMU CTa€ BUKJIMKOM Yepe3 PO3MaiTTs IapameTpiB, 0 BIJINBAIOTD Ha iX (PYHKLIOHYBaHHS.
3acToCyBaHHS METO/IB IUTYYHOTO iHTEJIEKTY MOXKE 3HAYHO IOJIETIINATH LieH MTPOLEC Ta MigBUIIATHA OO0
Pe3yJIbTaTUBHICTb. EpeKTUBHE yIIpaBiliHHSA JIOTICTUMHUMMU Kibep(Pi3snUHMMU CUCTEMaMU BaXJIMBE 11711 EKOHOMIl
pecypciB, 4acy Ta KOWITiB. 3aCTOCYBAHHS TEXHOJIOTIN MITYYHOTrO IHTEJIEKTY MOXKE CIIPUSTH ONTUMI3aLlii ITPOLECIB,
iABUILEHHIO TPOAYKTUBHOCTI Ta 3HVKEHHIO BUTPAT. ABTOHOMHI CUCTEMH IMPOKO BUKOPUCTOBYIOTHCS B Pi3HUX
rajyssix, BKJIIOYal4y TPaHCIIOPT, BUPOOHULITBO, MEIULIMHY TOIIO. 30iIbII€HHS] aBTOHOMII TAKMX CUCTEM MOPOIKYE
HOBI BUKJIMKH, TaKi 5IK O6e31eKa, HalilHICTh Ta €(PEeKTUBHICTb. JOCTiIKeHHSs, IPUCBSY€HE BUPILIEHHIO 3a3HAaY€HUX
po6JieM BKpall BaKJIMBE, OCKIJIbKM BOHO JJO3BOJISIE BIIOCKOHAJINTY (PYHKILIOHYBAHHS Ta BIIPOBAKEHHS
aBTOHOMHUX JIOTICTUYHUX Kibep(isMUHUX CUCTEM Ha MDKHApOJZHOMY PiBHI. 3aCTOCYBaHHSI IITYYHOIO iHTEJIEKTY B
yIPaBJliHHI KibepPisnYHMMHU CUCTEMAaMHU BUMarae Ir’imb0KOro po3yMiHHs iHTerpallii pi3HOMaHITHAX T€XHOJIOTIH.
PosB’s3aHHs 1iei Npo6eMu He TifIbKU CIIpusie PO3BUTKY KOHKPETHOTO HAMPSIMYy, ajle i pOOUTh BHECOK y 3arajibHUi
PO3BUTOK HAyKOBOI IyMKH Ta CyCIi/IbCTBA B 1jisioMy. OTXe, akTyasIbHICTb IIPECTaBJIeHOI IUcepTalliiiHoi po6oTu
BM3HAYA€ETHCS I0TPEOOIO CyYaCHOTO CBIiTy B €(pEKTUBHUX METOMAX YIIPABJIiHHS CKJIaJHUMU aBTOHOMHUMU
JIOTiCTUYHUMU Kibeppi3nYHMMY CUCTEMAMU, 10 BUKOPUCTOBYIOTh TEXHOJIOTII INTYYHOTO iHTEJIEeKTY. Pe3yibraTi
IOCJiIKeHHS] MAalOTh 3HAUYIIUH BIUIMB HAa PO3BUTOK iHOPMALiiHNX TeXHOJIOTIH Ta oKpaleHHs! QyHKI[iOHyBaHHS
Ba)KJIMBUX rajy3eil TOCIoJjapcTBa Ta HayKU. MeTOI0 HayKOBOTO JOCIiIKEHHS € MigBUILEHHS €(PEKTUBHOCTI
IIJIaHYBAHHS B PE€AJIbBHOMY 4aCi JIOTICTMKM aBTOHOMHMX TPAHCIIOPTHHUX 3ac00iB, SIK CKJIa[I0BOI Kibep(isniHOi
CUCTEMU 3 BUKOPUCTAHHSM MOJI€JIE HABYaHHS 3 MiAKPIIUIEHHSIM. Pe3ysibTaTy, OTpUMaHi y IUucepTauiiHoMy
TOCJIiIPKEHHI, MICTSTh HAyKOBY HOBU3HY: 1. PO3p0O6JIEHO HOBUI METOJ, IIJIaHYBaHHSI LIJISXY 17151 aBTOHOMHHUX
JIOriCTUYHUX KibepPi3nyHUX cHCTeM, IO BKIIOYaEe B cebe Mogudikalii anroputmy A*, ki 3a6e3nedyroTh
yIIPaBJIiHHS PYXOM aBTOHOMHHUX TPAHCIIOPTHUX 3aCO0iB Y JIOTICTUYHUX Kibepi3UIHUX CUCTEMAX, 3 BUKOPHUCTAHHSIM
MOJieJIEV HaBYaHHS 3 MigKPIMJIeHHM, 1715 MOJINIIEeHHs IPUNHATTS pillleHb Y PEaJIbLHOMY 4aci; 2. yIOCKOHAJIEHO
MOJ€JIbHO-OPi€EHTOBAHUI METOJ, 10 MOJIEJIIOBaHHS KibepPisnyHMX CHUCTeM, SIKUH, Ha BiIIMiHY Bif] iCHYIOUUX,
nepenbdayae cumM6i03 MeTaMO/IEIIOBaHHS Ta MoZesiel 6i3HeC-TIPOLIECiB, 1110 J03BOJISIE BU3HAYATH iepapXiyHi
CTPYKTYpH, 3aJI€XKHOCTi MK pi3BHNMU esleMeHTaMu KibepdisMuHUX CUCTEM, BKIIIOYAI0UM aCleKTH IXHbOI AUHAMIKHY,
PECYPCHOTO yIIPaBJliHHS Ta B3a€MO/Iii 3 OTOUYIOUMM CepeloBUllleM; Ta 3abe3redye ePeKTUBHICTb TaKUX CUCTEM i iX
BiAITIOBiHICTb CTPATEriYHMUM LiIsM; 3. 4iCTaB IOJAIbIIOTO PO3BUTKY METO[, 40 MOOYOBU aialITUBHOI JIOTICTUYHOI
CHUCTEMH Ha OCHOBI iHTerpaltlii 3aco6iB ITYYHOTO iHTEJIEeKTY 3317151 ONTUMI3allii IaHyBaHHS MIJISIXY Ta YHUKHEHHS
MIEPELIKO]I, 110, HA BiIMiHY Bifl iCHYIOUUX, JO3BOJIS€E JIOTICTUYHIN CUCTEMI THYYKO aJallTyBaTUCS 0 3MiH y
BHYTPIIIHIX Ta 30BHIMIHIX YMOBAax Ta B4aCHO YHUKATHU [IEPEMIKOIH, 110 BU3HAYAETHCS BUCOKOIO IIPOIYKTUBHICTIO T
33/I0BOJIEHHSIM BUMOT CY4aCHOTO JIOTICTUYHOTO CEPEIOBUIIA, A€ MBUAKICTb pearyBaHHS Ta €(PEKTUBHE YIIPABJIiHHS
pecypcamy BU3HAYaKOTh YCIIiX cUCTeMU. [IpakTUYHe 3HAa4EHHS PE3yJIbTaTiB JUCEPTALIMHOTO JOCIIIKEHHS T10JISrae
y po3pobJieHi Mopei KibepdiznyHOi JIOTiCTUYHOI CUCTEeMU, 110 3[aTHA KEPYBAaTH aBTOHOMHUM 00’€KTaMHU.
Po3po6:eHi Mmoziesli HaBYaHHS 3 MiAKPINJIEHHSIM Ta METO[IY NIJIaHYBAaHHSI LJISIXY AO3BOJISIIOTh MiBUIIATH
€(EeKTUBHICTb Ta TOYHICTb MJIAHYBAHHS MapIIPYTIB 111 aBTOHOMHUX TPAHCIIOPTHUX 3aCO0iB, 3MEHIIYIOYM Yac
IOCTaBKU Ta ONTUMi3yI0uM BUKOPUCTAHHS pecypciB. Po3po6ieHi MeToM NIaHyBaHHS MIJISIXY 3 YPaXyBaHHIM
0e311eKOBUX OOMEXEHbD I03BOJISIIOTh YHUKHYTH Hebe3IleK Ta aBapill Ha Joporax, 3abe3nedyioyuy 6e3neKy sK s
ABTOHOMHUX TPaHCIIOPTHUX 3aCO00iB, TaK i 7151 iHIIMX YYaCHUKIB JOPOXXHBOTO PYyXy. BpaxyBaHHS 0OME>XeHb [IpU
IIJIaHYBaHHI JIOTICTUYHOTI'O LUISXY AO3BOJISIE MiIBUIIUTY €(EeKTUBHICTh Ta ONITUMI3yBaTH MIPOLECU JOCTABKHY,
3MEHIIYIOYM 3aTPaTy 4acy Ta PeCypciB Ha IEPEBE3EHHs BAHTAXIB. Pe3y/ibTaTy BIIPOBaPKEHI B HABYaIbLHUM NIPOLIEC
Kadenpu iHpopMaLIifHUX CUCTEM Ta TEXHOJIOTI! IIPU i rOTOBLi METOOUYHUX MaTepiasiB 4O IPOBEIEHHS 3aHSITh 32

OCBiTHIM KOMIIOHEHTOM «OITHMAaJIbHI CUCTEMUY.

2. The dissertation is devoted to the development of methods and tools for planning the logistics of autonomous
cyber-physical systems. The modern world is developing rapidly, especially in the field of information
technologies. The use of artificial intelligence in cyber-physical systems is a key factor in this development.
Dynamic changes require new approaches to management, and this is what makes the research topic extremely
relevant. Autonomous logistics cyber-physical systems are becoming increasingly complex and extensive. Effective



management of them becomes a challenge due to the variety of parameters affecting their functioning. The use of
artificial intelligence methods can greatly facilitate this process and increase its effectiveness. Effective
management of logistics cyber-physical systems is important for saving resources, time and money. The use of
artificial intelligence technologies can help optimize processes, increase productivity and reduce costs.
Autonomous systems are widely used in various industries, including transportation, manufacturing, medicine, and
more. Increasing autonomy of such systems creates new challenges such as security, reliability and efficiency. The
research dedicated to the solution of these problems is extremely important, as it allows to improve the
functioning and implementation of autonomous logistics cyber-physical systems at the international level. The
application of artificial intelligence in the management of cyber-physical systems requires a deep understanding of
the integration of various technologies. Solving this problem not only contributes to the development of a specific
direction, but also contributes to the general development of scientific thought and society as a whole. Therefore,
the relevance of the presented dissertation work is determined by the modern world's need for effective methods
of managing complex autonomous logistics cyber-physical systems that use artificial intelligence technologies.
The results of the research have a significant impact on the development of information technologies and the
improvement of the functioning of important branches of economy and science. The aim of the research is to
improve the efficiency of real-time planning of the logistics of autonomous vehicles as a component of a cyber-
physical system using reinforcement learning models. The results obtained in the dissertation research contain
scientific novelty: 1. a new method of path planning for autonomous logistics cyber-physical systems has been
developed, which includes modifications of the A* algorithm, which provide control of the movement of
autonomous vehicles in logistics cyber-physical systems, using reinforcement learning models, to improve
decision-making in real time; 2. a model-oriented method for modeling cyber-physical systems has been
improved, which, unlike the existing ones, involves a symbiosis of meta-modeling and business process models,
which allows determining hierarchical structures, dependencies between various elements of cyber-physical
systems, including aspects of their dynamics, resource management and interaction with the environment; and
ensures the effectiveness of such systems and their compliance with strategic goals; 3. the method for building an
adaptive logistics system based on the integration of artificial intelligence tools to optimize route planning and
avoid obstacles was further developed, which, unlike existing ones, allows the logistics system to flexibly adapt to
changes in internal and external conditions and avoid obstacles in time is determined by high performance and
satisfaction of the requirements of the modern logistics environment, where the speed of response and effective
management of resources determine the success of the system. The practical significance of the results of the
dissertation research lies in the developed model of the cyber-physical logistics system capable of managing
autonomous objects. The developed reinforcement learning models and path planning methods can improve the
efficiency and accuracy of route planning for autonomous vehicles, reducing the delivery time and optimizing the
use of resources. The developed methods of planning the path taking into account the safety restrictions allow
avoiding dangers and accidents on the roads, ensuring safety both for autonomous vehicles and for other road
users. Taking into account the constraints when planning the logistics path allows you to increase the efficiency
and optimize the delivery processes, reducing the time and resources spent on transporting goods. The results
were implemented in the educational process of the department of information systems and technologies in the
preparation of methodological materials for conducting classes on the educational component "Optimal systems".
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