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Pedepar:

1. Incepranifina po60Ta IpUCBIY€HA PO3pOo06Li METOIIiB KEpYBaHHs O€3MIJIOTHUMHU anapaTaMu Ta ix B3aeMofii, o
I03BOJISIOTH MiABUIIUTY YCIIIIHICTb IOUIYKOBO-PSATYBaJIbHUX OMepalliil Ta JOCTaBKU XUTTEBO-HEOOXiIHUX
BaHTaXIiB y BXXKOJOCTYIIHI Miclisl, B yMOBax 0OMeXXeHOCTi pecypciB. Tomy icHye nnotpeba y CTBOPEHHI HOBOI
iHdopmauiitHoi TexHosorii B3aemoaii 6e3ninoTHux anapatis (BrA) pisHUX TUIIIB (HA3€MHOTO Ta JIiTaJbHOTO) i3
3aCTOCYBAaHHSM HEPOHHUX MEPEX B yMOBAaX PU3MKY Ta HEBU3HAYEHOCTI, peasisalist sSIKOi 3aIIPOIIOHOBAHA Ha 6a3i
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3aCTOCYBaHHS B Pi3HUX rajy3six: BAPOOHUIITBI, Ci/IbCbKOMY I'OCIIOAAPCTBI, Haylli, OCBITi, 3B'I3Ky Ta YIIPaBJIiHHI.
Hapano orzsp cy4acHUX NPUKJIAAHUX irPOBUX METOiB, T0OyIoBaHUX Ha 6a3i arapary Teopii irop, 3

BUKOPHMCTaHHSIM SKHUX B>X€ OTPMMaHa HU3KA MePCIEeKTUBHUX Pe3YJIbTaTiB Ta IPOAaHasi30BaHi OCTaHHI HAYKOBi Ta



[IPaKTU4HI JOCIiIKEHH B Liii ranysi. PO3IISHYTO Pi3Hi TUIIM HEMPOHHUX MEPEXK, iX 3aCTOCYBaHHA y Pi3HOMaHITHUX
cdepax XUTTS. TakoX pO3IJISTHYTO BUKOPUCTAHHS HEMPOHHUX MEPEX Y NTO€AHAHHI 3 HABYAHHSIM 3 MiKPilJIEHHSM,
110 J,O3BOJIS€ IPUMMATHU ONITUMAJIbHI PilleHHSI KEPYBAHHS Y CUCTEMI. Y IPYroMy PO37ijli BAKOHAaHOTO HAyKOBOTO
IOCJiIKEeHHS 30iICHEHO OIJISLA, IOPiBHSHHS, aHAJIi3 iCHYI0YMX METO/iB, HAIAaHO OOIPYHTYBAaHHS OOPaHHSI anapary
IOCJIiIPKEHHS, SIKUI 3aCTOCOBAHO B NIPOLECi IPOEKTYBaHHS iHPOpMaLiliHOI TEXHOJIOTI KepyBaHHS 6€3MiJIOTHUMU
anaparamu (BriA); oTprMaHo HOBI MaTeMaTH4Hi MOieJli Ta po3pobiieHa apxiTekTypa iHpopmaliitHoi cuctemu. B
pe3yJbTaTi IPOBEIEHHS JUCEePTaLifHOTO AOCIIPKEHHSI OTPUMaHO JBi MaTeMaTrnyHi mogeri. 1. [TobygoBaHo
KOMOIHOBaHY LI€HTPaJli30BaHO-KOOIEPAaTUBHY MaTEMATHU4HY irpOBY MOJieJib KepyBaHHsI BIIA B r1polieci HayKOBOTO
mocinkeHHs. [IpakThyHe 3aCTOCYBaHHSI KOMOIHOBaHOI LIEHTPali30BaHO-KOOIIepaTHBHOI MaTeMaTUYHO] irpoBoi
MoOIesi O3BOJIUTh IPU BUKOHAHHI Micii o6paTu irpoBul miaxiz; o6patu ieHTpasi3oBaHO-KOOTIePaTUBHUM METOT,
KepyBaHHs DIIA; BUBHAUUTHUCS 3 BUOOPOM HAMOi/IbII MiAXOASIIMX TEXHIYHUX XapaKTePUCTUK Koainii BriJIA Ta BniHA.
2. Po3pobsieHa ontuMizallifiHa irpoBa MaTeMaTUyHa MOJIeJIb KEPYBaHHS 6€3MiJIOTHUMU arlapaTaMu i3
3aCTOCYBaHHSIM HEMPOHHUX MEPEX B yMOBAaX PU3MKY Ta HEBU3HAYEHOCTI. B HAyKOBOMY [IOCIIiI>KEHHI
PO3IJISAAI0THCS OOUABI CUTYallii, SIKi BUHUKAIOTh [IPY MOZENI0BaHHi kepyBaHHs briJIA Ta BnHA: pu3suk nosisu
HeOaKaHOrO SIBUIIA, 30KPEMa BECHSIHOTO/ OCIHHBOT'O 6€3[I0PIXOoKs; panToBa M0sBa [ePEeIKOIU (IMH) B IIPOLECi
BHMKOHaHHS Micii (HeBu3HaYeHOoCTi). BusHaueHa QyHKIis pPO3MOAiny HMOBIPHOCTEH [1J1 KOXKHOTO i-To pebpa 3
BVMKOPVCTaHHSIM METEOPOJIOTTYHUX JAaHUX 33 BUSHAYEHUH Nlepiof,. Pe3yabTar 3aCTOCYBaHHS NE€PUIOl YaCTMHA
ONTUMI3alifHOI irpOBOI MaTEMATUYHOI MOJIeJli — OTPMMAHHS HIJISIXY 3 BUK/IIOUEHUMU IPOOJIEMHUMU pebpamu
(minsaHkamu msxy). JJpyra 4acTuHa Mojieli BUpillye Npo6sieMy MOJ0JIaHHS PalTOBOi IEPEIIKOAY (HEBU3HAYEHOCTI)
Ha IISIXY B IIpolieci BUKOHAHHS Micii. 3anponoHoBaHO BUPIIyBaTH L0 IIPOGJIEMY 3a JOIIOMOIOI0 MOXKJINBOCTEN
HEMPOHHUX MEPEX Ta HaBYaHHS 3 MiAKPINJIEHHSAM. Y TPETbOMY PO31ijli IPOBELEHO MOPIBHAJIBHUI aHAJI3 BiTOMUX
CUMYJISITOPIB, SIKi HEOOXIi[HI 17151 TPOBEAEHHS IPAKTUYHUX €KCIIEPUMEHTIB. PO3IJIIHYTO HaliomMUpeHii
cumynstopu (Ardupilot, PX4, ROS, Gazebo, Microsoft AirSim), a TakoX nnpoaHasizoBaHi ixHi lepeBaru Ta HeiOJIiKH.
B HaykoBOMY [OCJIiIpKEHH] 3aIIPOIIOHOBaHO Taki mogudikauii cumynstopa Microsoft AirSim: npu6pasno
LIEHTPaJIbHUI KOHTPOJIEP Ta OKPEMUI OOUMCIIOBAILHUI MIKPOKOMITIOTEP; OAAHO HOBi (Pi3WYHi KOHTpPOJIEPY;
IofaHo 6JI0K BOYIOBAaHMX aJITOPUTMIB; HaJIaropKeHO B3aEMOZi10 BOyoBaHUX anroputmis 3 API Layer. [I7is
IIPOBEJIEHHS €KCIIEPUMEHTIB HAyKOBOT'O IOCJIi)KEHHS! BUKOPMCTAHO ABa TUIM BIIA (Ha3eMHMI Ta JIiTaIbHUI), SIKi
BOyzoBaHi y Microsoft AirSim. [I711 npoBeJeHHS €KCIIEPUMEHTIB 3 BUSIBJICHHSI BEJIMKUX CTATUYHUX Ta PAlTOBUX
HepelKko; 06paHo KOMOGIHOBaHY 3rOPTKOBY HEIPOHHY MepexXy, siKa oeJHye MBUIKICTh po3MnizHaBaHHsI MobileNet,
TOYHICTb BUSIBJIEHHS 00’€KTIB 3a 1onoMoroo SSD Ta nepeBaru TpaHcPpepHOro HaBYaHHs. [IpoBeieHi eKCepUMEeHTH
CKJIaJlaJInCs 3 HaBYaHHS 3TOPTKOBOI HEMPOHHOI MEPEXXi PO3Mi3HABATH BEJIMKI CTaTUYHI [TIEPELIKOIU 3a JOIIOMOTOI0
TpaHC(EPHOro HaBYaHHS. 3aCTOCOBaHE HAaBYAHHS 3 MiKPIIlJIEHHSIM B HAYKOBOMY [IOCJIiI>)KEHH] HaZlaJIo MOXJIUBICTb
YCIILIHO MTOJ0JIaTU BEJIVKI CTATUYHI Ta PAITOBI [I€PEIIKOAY Ha3eMHUM BIIA. ¥ 4eTBepTOMY PO3AiJi JUCEPTALIMHOTO
IOCJIiIKeHHsI 6araTo yBaru NpUijieHo IUTaHHIO OOPOOKU Ta 36epeskKeHHsI JaHUX CTOCOBHO KEPYBaHHSI
6e3mnioTHUMU anapatamu. Ha 0CHOBI ofiep>kaHuX B pe3yJIbTaTi JOCiI)KEHHS aJrOPUTMIB pO3pO6JIEHO [IPOTPaMHe
3a6e3reyeHHs i IPOBeIeHO KOMITIOTEPHE MOZEIOBAHHS Pi3HUX MOXJIMBUX CUTYallill. 3aIpONIOHOBaHI MeTOAH i

aJITOPUTMU MOXXYTb CTaTH OCHOBOIO JJIs1 KEPYBaHHS B3a€MOJII€I0 6e3IiJIOTHUX anapariB.

2. The dissertation is devoted to the development of methods for controlling unmanned vehicles and their
interaction that allow to increase the success of search and rescue operations and the delivery of vital cargo to
hard-to-reach places in conditions of limited resources. That is why there is a need to create a new information
technology for the interaction of unmanned vehicles of various types (ground and aerial) using neural networks in
conditions of risk and uncertainty. The implementation is proposed on the basis of a game approach and neural
networks, as well as the coordinated functioning of the software and hardware complex. The first chapter provides
a brief overview of the current state of information technology development, their comprehensive application in
various industries: production, agriculture, science, education, communications and management. An overview of
modern applied gaming methods is provided which are built on the basis of the apparatus of game theory. A
number of promising results have already been obtained and the latest scientific and practical research is analyzed
in this area. Different types of neural networks and their application are considered in various spheres of life. It is



also considered the use of neural networks in combination with reinforcement learning, which allows making
optimal control decisions in the system. The second chapter of the scientific research provides a comparison and
analysis of existing methods. A justification was provided for the choice of the research apparatus that was applied
in the process of designing information technology for controlling unmanned vehicles. New mathematical models
were obtained and the architecture of the information system was determined. Two mathematical models were
obtained as a result of the dissertation research. 1. A combined centralized-cooperative mathematical game model
of UV control was built in the process of scientific research. The approaches and apparatus of the game method
were used in the process of creating this model. The general payoff function determines the main goal of the game
- successful completion of the mission from its beginning to the end. The result of the modeling is finding the
maximum of the general payoff function. 2. An optimization game mathematical model of controlling unmanned
vehicles using neural networks in conditions of risk and uncertainty has been developed. The scientific study
considers both situations that arise when modeling UAV and UGV control: the risk of the appearance an
undesirable phenomenon. For example, it can be spring/autumn off-road conditions and /or the sudden
appearance of an obstacle (pit) during the mission (uncertainty). The probability distribution function for each i-th
edge is determined using meteorological data for a certain period. The first part of the optimization game
mathematical model is obtaining a path with excluded problematic edges (path sections). The second part of the
model solves the problem of overcoming a sudden obstacle (uncertainty) on the path during the mission. It is
proposed to solve this problem using the capabilities of neural networks and reinforcement learning. The third
chapter provides a comparative analysis of known simulators that are necessary for conducting practical
experiments. The most common simulators are overviewed (Ardupilot, PX4, ROS, Gazebo, Microsoft AirSim). Their
advantages and disadvantages are analyzed. The scientific study proposed the following modifications of the
Microsoft AirSim simulator: the central controller and a separate computing microcomputer are removed; new
physical controllers are added; a block of built-in algorithms is added; the interaction of built-in algorithms with
the API Layer is established. Two types of UV (ground and aerial) are used for the scientific study experiments Both
of them are built into Microsoft AirSim. A combined convolutional neural network was selected for the
experiments on detecting large static and sudden obstacles. It combines the recognition speed of MobileNet, the
accuracy of object detection using SSD and the advantages of transfer learning. The experiments conducted
consisted of training the convolutional neural network to recognize large static obstacles using transfer learning.
The applied reinforcement learning in the scientific study has made it possible to successfully overcome large
static and sudden obstacles by UGV. The fourth chapter pays attention to the issue of processing and storing data
related to the control of unmanned vehicles. Software was developed and computer modeling of various possible
situations was carried out based on the algorithms obtained as a result of the research. The proposed methods and
algorithms can become the basis for controlling the interaction of unmanned vehicles.
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