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Pedepar:

1. Inceprauifina po60Ta IpUCBIYeHa PO3POOJIEHHIO METO/IB Ta 3aCO0iB IIJIaHYBAHHS JIOTiCTUKYA aBTOHOMHUX
Kibepdiznunux cucreM. CydyacHU CBIT MBUAKO PO3BUBAETHCS, 0COOIUBO y chepi iHPopMaLiiiHUX TEXHOIOTIH.
3acTocyBaHHS LITYYHOTO iHTEJIEeKTY B KibepdisMYHUX CUCTEMAX € KJI0YOBUM (PAKTOPOM B LIbOMY PO3BUTKY.
JyHamivyHi 3MiHM BUMaraloTh HOBUX MiJIXOJiB 10 YIIPaBJliHHS, i came 1ie poOUTb TEMY JOCJIJIKEHHS BKpail
aKTyaJIbHOIO. ABTOHOMHI JIOTiCTAYHi Kibep(i3uyHi CUCTEMU CTAIOTh BCE OiJIbII CKIIAAHUMU Ta PO3Taly>KEHUMU.
EdexTrBHEe ynpaBliHHI HUMU CTa€ BUKJIMKOM Y€pe3 PO3MAiTTs IapaMeTpiB, 10 BIUIMBAIOTD Ha iX (PYHKLIOHYBAaHHSL.

3acTocyBaHHS METO/IB IITYYHOTO iHTEJIEKTY MOXKe 3HAYHO IOJIETIIUTH 1€l IPOoLec Ta MigBUIIUTHA HOTro



pe3ysbTaTUBHICTb. EpeKTUBHE yNpaBIiHHS JIOTICTUYHUMU KibepPi3ndHUMU CUCTEMAMU BAaXKJIMBE [J1S1 €EKOHOMIi
PEeCypCiB, 4acy Ta KOWTiB. 3aCTOCYBaHHS TEXHOJIOTIH IITYYHOTO iHTEJIEKTY MOXKE CIIPUATU ONTUMI3allii mpouecis,

i BUIIEHHIO IPOIYKTUBHOCTI Ta 3HW>KEHHIO BUTPAT. ABTOHOMHI CUCTEMU IIMPOKO BUKOPUCTOBYIOTBCS B Pi3HUX
rajyssx, BKJIIOYal4y TPAaHCIIOPT, BUPOOHULITBO, MEIULIMHY TOMIO. 30i/IbII€HHS] aBTOHOMIi TAKMX CUCTEM MOPOIKYeE
HOBI BUKJIMKH, TaKi SIK 6e3IeKa, HaZiiHiCTh Ta e(peKTUBHICTh. [JOCTiIKEeHHS], IPUCBIYeHEe BUPIIIEHHIO 3a3HaY€HNX
npo6sieM BKpal BaXXJIUBE, OCKiJIbKY BOHO JO3BOJIsIE BOCKOHAIUTY PYHKIIIOHYBaHHS Ta BIIPOBAPKEHHS
ABTOHOMHUX JIOTICTUYHUX Kibep(isMUHUX CUCTEM HAa MDKHApOIZHOMY PiBHI. 3aCTOCYBaHHSI IITYYHOIO iHTEJIEKTY B
yIpaBJiHHI Kibeppi3nYHUMU CUCTEeMaMU BUMarae rjiin60Koro po3yMiHHS iHTerpauii pisSHOMaHiTHUX TEXHOJIOTIM.
Po3p’s13aHHA 1ii€] Tpo6ieMu He TiJIbKU CIIPHsSiE PO3BUTKY KOHKPETHOTO HaIIpsIMY, ajie 11 poOUTb BHECOK Yy 3arajbHUI
PO3BUTOK HAyKOBOI IyMKH Ta CyCIi/IbCTBA B 1jiioMy. OTXe, aKTyaJIbHICTb IIPEICTaBJIEHOI IUCePTalliiiHOi po60TH
BM3HAYAETHCS IOTPEOOIO CyYaCHOTO CBIiTY B €(DEKTUBHUX METOMAX YIIPABJIiHHS CKJIAJIHUMU aBTOHOMHUMU
JIOTICTUYHUMU Ki6epPiZUIHUMU CUCTEMAMU, 110 BUKOPUCTOBYIOTb TEXHOJIOTII IITYYHOTO iHTEIeKTy. PesynbTaTu
IOCJiI)KeHHS] MalOTh 3HAUYIIUH BIUIMB HAa PO3BUTOK iHOPMaLiiHUX TeXHOJIOTIH Ta noKpaleHHs QyHKI[iOHyBaHHS
BRXJIMBUX rajy3eil rocrioflapCcTsa Ta HayKd. MeTO0 HayKOBOT'O OCIiIPKEHHS! € MiJiBUILEHHS €EeKTUBHOCTI
I[IJIaHYBAaHHS B PE€AJIbBHOMY 4aCi JIOTICTMKY aBTOHOMHMX TPAHCIIOPTHHUX 3aC00iB, SIK CKJIa[I0BO]I Kibep(i3sniHOi
CHCTEMMU 3 BUKOPUCTAHHSIM MOJI€JIEN HaBYaHHS 3 MiAKPiNeHHsIM. Pe3yspTaTy, OTpUMaHi y AUcepTaliiHoMy
IOCJIiI)KEeHHI, MiCTSTh HAyKOBY HOBU3HY: 1. po3p006JIeHO HOBUI METOJ, IIJIaHYBAHHS IJISIXY 17151 aBTOHOMHUX
JIOTiCTUYHUX KibepPi3nyHUX CHUCTeM, IO BKIIOYaE B cedbe Moguikalii anroputmy A*, ki 3a6€3ne4yroTh
yIIPaBJIiHHS PYXOM aBTOHOMHHUX TPAHCIIOPTHUX 3aCO0iB Y JIOTICTUYHUX KibepPi3UIHUX CUCTEMAX, 3 BUKOPUCTAHHSIM
MOJIeJIell HaBYaHHS 3 MiAKPINJIEeHHSIM, AJ1 TOJINIIEeHHS TPUUHATTS PillleHb y peajlbHOMY 4aci; 2. yIOCKOHAJIEHO
MOJ€JIbHO-OPi€EHTOBAaHUI METOJ, 10 MOJIEJIIOBaHHS KibeppisnyHMX CHUCTEM, SIKUH, Ha BiIMiHY Bif] iCHYIOUUX,
nepenbdavae cuM06i03 METaMO/IEIIOBaHHS Ta MoZesiel 6i3HeC-TIpOLIeCiB, 110 J03BOJISIE BU3HAYATH iepapXiyHi
CTPYKTYpH, 3aJI€XKHOCTI MDK Pi3BHIMU esleMeHTaMU KibepdisMuHUX CUCTEM, BKJIIOYAI0UU aclleKTH IXHbOi AUHAMIKHY,
PECYpPCHOTO yIIPaBJliHHS Ta B3aeMO/Iii 3 0TOUYIOUMM CepeloBULIEM; Ta 3abe3redye e(eKTUBHICTb TaKUX CUCTEM i iX
BiATIOBiHICTb CTPATETiYHMAM LisIM; 3. 4iCTaB IOJABIIOTO PO3BUTKY METO[ 4O MOOYOBU aAAlITUBHOI JIOTICTUYHOL
CHCTEMH Ha OCHOBI iHTerpallii 3aco6iB IITYYHOTO iHTEJIEKTY 3317151 ONTUMI3allii IIaHyBaHHS MIJISIXY Ta YHUKHEHHS
MIEPELIKOI, 110, HA BiIMiHY Bill iCHYIOUUX, JO3BOJIS€ JIOTICTUYHIN CUCTEMI THYYKO aJallTyBaTUCS 0 3MiH y
BHYTPIIIHIX Ta 30BHIIIHIX yMOBax Ta BYaCHO YHUKATU [I€PEIIKOAH, 1[0 BUSHAYAETHCS BUCOKOIO IIPOYKTUBHICTIO Ta
337J0BOJIEHHSIM BUMOT Cy4aCHOTO JIOTiCTUMHOTO CEPENIOBUILA, Jle NIBUIKICTh pearyBaHHs Ta e(peKTHUBHE YIIPaBJIiHHS
pecypcamy BU3HA4aIOTh YCIIiX CUCTEMU. [IpakTUYHE 3HAUYE€HHS PE3YyJIbTATiB JUCEPTALIMHOTO OCiIKEHHS TI0JIsITae
y po3pobJieHi MoAei KibepdiznuHOi JIOTICTUYHOI CUCTEeMU, 110 3[,aTHA KEPYBATH aBTOHOMHUM 00’€KTaMHU.
Po3po6eHi Mmozesli HaBYaHHS 3 MiAKPIMJIEHHSIM Ta METOY NIJIAHYBAHHS LJISIXY JO3BOJISIOTH MiABUIIATU
ePeKTUBHICTb Ta TOYHICTb MJIAHYBaHHS MApIIPYTIB JJIs1 aBTOHOMHUX TPAHCIIOPTHUX 3aCO0iB, BMEHIIYIOYH Yac
IIOCTaBKHY Ta OINTHMIi3yI04l BUKOPUCTAHHS pecypciB. Po3pobiieHi MeToau IyIaHyBaHHS IJISIXKY 3 YpaxyBaHHSIM
0€e311eKOBUX OOMEXEHBD I03BOJISIIOTh YHUKHYTH HeOe3IeK Ta aBapill Ha Joporax, 3a6e3nedyoun 6e3neKy K s
aBTOHOMHUX TPAHCIIOPTHUX 3aC00iB, TaK i 1714 iHMMX YYaCHUKIB JOPOKHBOTO PyXy. BpaxyBaHHS OOMEXeHb IIpU
IIJIaHYBaHHI JIOTICTUYHOTIO LUISXY AO3BOJISIE MiIBUIUTY €(PEeKTUBHICT Ta OIITUMIZyBaTH MIPOLECU JOCTABKHY,
3MEHIIYIOUN 3aTPATH 4Yacy Ta PECYPCIB Ha [IEPEBE3EHHS BaHTaXiB. Pe3ysibTaTy BIPOBaKEHI B HABYaJIbHUM ITPOLIEC
Kadenpu iHpoOpMaLIiTHAX CUCTEM Ta TEXHOJIOTI! IPU MifrOTOBLI METOOUYHUX MaTepialiB 4O IPOBEIEHHS 3aHSITh 3a

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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