O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeEP: 0824U000830
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 06-02-2024

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Copokonyn Biagucnas IropoBud

2. Vladyslav Sorokopud

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHIeniaIbHOCTI: 122

Ha3zBa HayKoBoi creniaJbHOCTI: KommiotepHi HayKu

lanyss / ralesi 3HaHb: iHdopMaLliiiHi TEXHOJIOTI

OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTi: Komm'ioTepHi Hayku

JlaTa 3axXHCTYy: 26-02-2024

CnenianbHICTB 32 OCBiTOO: 113 [TpuK/IagHa MaTeMaTUKa

Micue po6oTu 3400yBayva:
Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleliali30BaHOl BYEHOI pajiu). Pasosa

crienjanizoBana BueHa paga N24040

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuii aBiauiitHuil yHiBEpCUTET
Kopg 3a €IPIIOY: 01132330

Micue3Haxoa KeHHS: npocrnekt Jlio6omupa I'yzapa, 6ya. 1, Kuis, 03058, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: HaujonanbHuii aBiauiitHuil yHiBepcuTeT
Kopg, 3a €IPIIOY: 01132330

Micue3HaxoaKeHHS: npocnekt Jlrobomupa I'y3apa, 6yz. 1, Kuis, 03058, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

V. BimomocTi npo guceprauiio
MoBga auceprTaliii: Vkpaincoka
Koy TemaTHYHHUX PYOPHK: 20, 27, 27.41, 50.41.17, 81

Tema gucepranii:
1. IndopmaniitHa TexHOJIOTisE aBTOMAaTH3AaLlii BUKOHAHHS LiJTbOBUX 33724 O6€3MTiJIOTHUX aBiallilHUX KOMILJIEKCIiB
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Pedepar:

1. luceprarifina po6oTa mpucBsYeHa NOoCaiIKeHHI0 iHhOopMaliliHOTO HaBaHTaXKEHHSI B CCTeMaX 06e3MiJIOTHUX
aBialliflHUX KOMIJIEKCIB, OLIIHIOBAHHIO CII0CO0iB y3arajbHEHHS MiTXOMiB [0 iX CTBOPEHHS, PO3IJISAY 3aC00iB
poTHUAii 30BHINIHIM YNHHMKAM, @ TAKOXK PO3POOLIi BIACHOI cucTeMU iHOpMaliiiHOro HaBaHTaXeHHs. Ha cboroHi,
Oy3ninoTHi nositpsHi cygHa (BIIC) BUKOPUCTOBYIOTHCS Y BEJIMKIl KiZIbKOCTI rajty3eil, OCHOBHI 3 SIKUX — BilICbKOBa,
JIOriCTMYHA, arpapHa Ta KoMepliiiHa ranaysb. BapTo 3a3HaunTH, 110 B YKPAIHChKUX peaslisix 1je IUTaHHS Ha0yJlo
NoABiNHOI akTyanbHOCTI 1ie 3 2014 poky, a B 2022 mie 6inbioro 3aroctpeHHs. I1po 11e CBiT4nTh BBE€IEHHS B
eKcIutyaTanio MinictepctBom o6oponu Ykpainu B 2023 poui 6inbi, HixX 40 BIIC, konu ctaHoM Ha 2022 pik 6yy10
BBEJIEHO Ti/IbKU 7. SIKII0 3BEPHYTH YBary Ha anapaTHi pillleHHs], TO BOHU CYTTEBO NPUB’SI3aHi 10 KOHKPETHOI
apXxiTeKTypu Ta BUPILIYIOTh 3a4a4i IOKPAlEHHs MPaLe3faTHOCTI AEeSKUX CUCTEM a00 KOMIIOHEHTIB. [HIINM
Ba)KJIMBMM KJIACTEPOM pillleHb /17151 6€3MiJIOTHUX MOBITPSIHUX CYZI€H € PO3POOKA Pi3HOTUITHOTO iHTEJIEKTyaIbHOTO

POBLINPEHHS [0 SIKOT'0 BXOZSTh 337ja4i CYyIIPOBOYy, pO3Ii3HaBaHHs 00pasiB i T.11. Halbinbll 1epcrneKTUBHUMU i



MOTPiOHMMMU B Halll Yac € pillleHHs, IKi MOXKYTb NPaIloBaT O€3M0CEPEAHBO HA OOPTY i B PEXKMMI peasbHOTO Yacy.
Taki pimeHHs 03BOJISIOTh ONIEPAaTUBHO OTPUMYBaTH iHdOpMallilo, IPaIloBaTy B aBTOMAaTUYHOMY YU
aBTOMAaTHU30BaHOMY PE>XXMMax, 30epiraTu pasio MOBYaHH4 i T.I.. Ajle po3po6Ka TaKMX pillleHb BUMarae Bif,
PO3POOHUKIB KOMIIETEHTHOCT] HE TiJIbKU B Cpepi iHTeJIeKTyaIbHOI'O OCHAIIEHHS, 8 TAKOXK BUPIIIYBAaTHA apXiTEKTYPHI
IIMTaHHS HA 60PTY, BMITH [IpaLl0OBaTU 3 aBTOIIJIOTOM Ta MaTHU JOCBif, B OpraHi3allii MPOTOKOJIIB 3BS13KY 151
B3aemoyii 3 BIIC. [I1s1 cpolieHHs Mpoliecy NoAalbIIoro PO3BUTKY PO3POOKY iHTEJIeKTyaIbHOTO OCHAILEHHS
6e3MioTHYX aBialilHux KoMIiekciB (BAK), sikuii BKitoyae B cebe 6€3I1iJI0THe MOBITPsIHE CYJHO i HAa3€MHY CTaHILiI0
BUHUKAa€ HEOOXiIHICTb CTBOPUTH YHiI(pIKOBaHYy cucTeMy, sika Oyzie BUpillyBaTy BCi BHYTPIlIHI 3a7aui, sIKi HEOOXigHi
L7151 TIOJIbOTIB i HAAACTh PO3POOHUKAM MOSKJIMBICTb IIPALIOBATH BUKJIIOUHO HAJl CTBOPEHHSIM iHTEJIeKTYaJIbHOTO
dyHkuioHany. Tomy aucepraliiiHe JOCTiIKeHHsI Mae BaroMy HayKOBY i IPAaKTU4HY LiHHICTh, aJykKe 1oro pe3yabTaTu
IO3BOJISITb aBTOMATU3yBaT/ BUKOHAHHS 60OPTOBUX LiJIbOBUX 3a7a4 O€3MiJIOTHUX aBiallilHUX KOMILJIEKCIB HA OCHOBI
BIIC poropHoro Tumty. B nepuomy po3azisni nposeneni gociimkeHHs cdepu BukopuctanHs BAK, Bu3HaueHHi
KJIIOYOBI aCIleKTH PO3BUTKY Ta HaBeeHO clielu@iKy iXx BUKOPUCTAHHS B CBITOBIiN Ta yKpaiHChKil mpakTuli. byiu
BUJIiJIeHi OCHOBHI 11i/1bOBi 3a71a4i: MOIIYK 00'€KTa, CYPOBiJ, 00’€KTa, PO3Mi3HaBaHHs 00 €KTiB, albTepaTUBHA
HaBiranis. Takox B po3zii HaBe[eHi Cy4acHi MiAxoayu CTBOPEHHS IHTEJIEKTYaJIbHOIO OCHAIEeHHs AJ1s1 BAK. ¥V
IpyroMy po3zini po3pobseHo HaBeleHi OCHOBHI MaTeMaTUYHi Ta iHCTpyMeHTasIbHi 3acoby, siKi 6yJiu BOYOBaHi B
iHopmaiiiny TexHosorio. TakoxX B po3[ii HaBeieHUI MeTOZ, IIOIIYKy 00'€KTiB Ha OCHOBI OCOGJIMBUX Ta CIJIaliH
MoJeJli Ta MeTOJ, TPEKIiHTy 00’ekTiB. KoMOiHaLig IUX METOiB 103BOJISIE Peali3yBaTH TEXHOJIOTIIO CYIIPOBOAY
00’eKTiB 5IKa 3MO>Ke IIPALII0BATH HA OJHOIJIATHOMY KOMITI0TEPi. HaBegeHuii MeToz, OIyKy Mif03pilinx 06’eKTiB,
SIKUH 103BOJISIE B aBBTOMAaTUYHOMY PE>KUMi 3BHAXOIUTU OO'€KTH, SIKi piZiKo 3yCTpiualoThCs Ha OCHOBI INiCTOrPaMHOrO
aHasizy. TakoXX B po37iji HaBeeHUIM METO]], OPieHTyBaHHS 32 OIITUYHMAM KaHAJIOM SIKUI 6a3yeThbCs Ha IBOX
KJIIOYOBMX €Talax — MornepeaHs nobynoBa IJIaHy OpieHTYBaHHS Ta MPOLielypa BU3HAUY€HHS MO3Ullil Ha OCHOBI
no0y0BaHOTO IIJIaHy. 32 paXyHOK peariizalii Iboro MeToy y BUrJIsizi BoymosaHoro moayss IT oTpumMae CTifiKicTb
no poootu cucrem PEB a6o Brpati GPS curnany. B naHomy po3sfiisi poieMOHCTPOBaHUI MeTo, 360py, aHai3y Ta
KoHcoJiganii 6opToBux naHux 3 BIIC o5 aBTOMaTU3alii 1inboBux 3a1a4 BAK, Ha OCHOBI IKOi B HACTYITHOMY PO3iji
Oyne nobynoBaHa iHdopMaliiiHa TeXHOJIOris. Y TpeTbOMy po3aisi OyJia npejctaBieHa iHpopMaliiiiHa TeXHOJIOris
aBTOMaTM3allii BUKOHAHHA 1IIJIbOBUX 3a1ay4 0e3MiJIOTHUX aBialliliHMX KOMILJIEKCIB Ta HaBeJeHa ii OCHOBHA KOHIIETIIIis.
HasegneHnit Monysb reHepallii 60pTOBMX KOMaH]I, YIIPaBJliHHS 103BOJISIE BBECTU aOCTPAKTHUI PiBEHb
iHTeJIeKTyaIbHOTO yIIpaBJIiHHS, SIKUIl OyB BBeJleHMI1 Ha piBHI iHOpMaliiiHOI TeXHOIIOrii aBTOMaTU3allii BAKOHAHHS
L[i7IbOBUX 337124 O€3MiNIOTHUX aBialliiHNX KOMILJIEKCIB 3 Qi3nYHMMY Ta JIOTIYHUMHU KOMaHIaMu. Takoxx OyJia ornrcaHa
IIOBHA peasizalis 3arnpononosanoi IT Ha 6opty BIIC 3 yciMa KOMIIOHEHTaMu, iHCTPYMEHTaMu, MOIYJISIMU Ta
peasisauii IT Ha HazeMHil cTaHLii. Y 4eTBEpPTOMY pO3Aii PeACTaBIE€HUN €KCIIEPUMEHTAJIbHU 3Pa30K
0€3MiJI0THOrO aBialiiiHOr0 KOMILJIEKCY, SIKU PO3pO6JIeHNI 117151 TECTYBaHHS PO3P006JIeHOI iHpopMaliiiHOi
TexHoJiorii. [IpoBeneHi BUIpo6yBaHHs MOJLYJIIO CYIIPOBOY, SIKWI1 J03BOJIsE iHiLioBaTy npouec 3mimeHHs BIIC
CJIiIOM 3a BU3HAYEHMM 00'€KTOM Ha OCHOBI JIOKQJIbHUX 3MillleHb. [IpoTecToBaHa po60Ta MOJIYJII0 Ha Pi3HUX Kjacax
00’eKTiB (32 pO3MipOM, KOJIbOPOM) Ta MOKJIUBICTb CYIPOBOZlY PyXOMUX 00'€KTiB. [IpoBejeHi BUIPOOYBAHHS MOJLYJIIO
Opi€HTYBaHHS 32 ONTUYHUM KaHAJIOM, BUBHAYEHO, 110 BiH [TOBHICTIO CIIPABJISIETHCS 3 [IOCTABJIEHOIO 3a71avelo Ta
CTiliKMi1 10 HasIBHOCTI IIyMiB i 3aliBUX 00'eKTiB. OnncaHi 06MeKeHHsI 3aIIPOIIOHOBaHOI iHPOpMaLiliHO TexXHOJIOri, Ta
HaBEJIEHHI peKOMeHalii o0 ii BAKOPUCTAHHSL.

2. The dissertation is devoted to the study of information load in unmanned aircraft systems, evaluation of ways to
generalize approaches to their creation, consideration of means of counteracting external factors, and
development of an own information load system. Today, unmanned aerial vehicles (UAVs) are used in a large
number of industries, the main ones being the military, logistics, agriculture, and commercial sectors. In the
Ukrainian context, this issue has become doubly relevant since 2014, and will become even more acute in 2022.
This is evidenced by the commissioning by the Ministry of Defense of Ukraine of more than 40 UAVs in 2023, when
only 7 were commissioned as of 2022. If we look at hardware solutions, they are significantly tied to a specific
architecture and solve the problems of improving the performance of certain systems or components. Another
important cluster of solutions for unmanned aerial vehicles is the development of various types of intelligent



extensions, which include tracking tasks, pattern recognition, etc. The most promising and needed solutions today
are those that can work directly on board and in real time. Such solutions allow you to quickly receive information,
operate in automatic or automated modes, maintain radio silence, etc. However, the development of such
solutions requires developers to be competent not only in the field of intelligent equipment, but also to solve
architectural issues on board, to be able to work with the autopilot and to have experience in organizing
communication protocols for interaction with the air traffic control system. To simplify the process of further
development of the development of intelligent equipment for unmanned aircraft systems (UAS), which includes an
unmanned aircraft and a ground station, it is necessary to create a unified system that will solve all the internal
tasks necessary for flights and will provide developers with the opportunity to work exclusively on the creation of
intelligent functionality. Therefore, the dissertation research is of significant scientific and practical value, as its
results will allow automating the performance of onboard target tasks of unmanned aerial systems based on
rotary-type UAVs. The first section examines the scope of UAS, identifies key aspects of their development, and
presents the specifics of their use in global and Ukrainian practice. The main target tasks were identified: object
search, object tracking, object recognition, and alternative navigation. The section also presents modern
approaches to creating intelligent equipment for the UAS. The second section describes the main mathematical
and instrumental tools that have been integrated into the information technology. The section also presents a
method for searching for objects based on special and spline models and a method for tracking objects. The
combination of these methods allows implementing an object tracking technology that can run on a single-board
computer. A method for searching for suspicious objects is presented, which allows you to automatically find
objects that are rarely encountered based on histogram analysis. The section also presents a method of orientation
by optical channel based on two key stages - preliminary construction of the orientation plan and the procedure
for determining the position based on the constructed plan. By implementing this method as an embedded
module, IT will gain resistance to the operation of electronic warfare systems or loss of GPS signal. This section
demonstrates the method of collecting, analyzing and consolidating onboard data from the UAV to automate the
UAS target tasks, on the basis of which the information technology will be built in the next section. In the third
section, the information technology for automating the performance of target tasks of unmanned aerial systems
was presented and its basic concept was given. The presented module for generating on-board control commands
allows introducing an abstract level of intelligent control, which was introduced at the level of information
technology for automating the execution of target tasks of unmanned aerial systems with physical and logical
commands. The full implementation of the proposed IT on board the UAV with all components, tools, modules, and
IT implementations at the ground station was also described. The fourth section presents an experimental model
of an unmanned aircraft system designed to test the developed information technology. The tracking module was
tested, which allows initiating the process of UAV displacement following a certain object based on local
displacements. The developed tracking and optical channel orientation modules were tested. The limitations of the
proposed information technology are described and recommendations for its use are given.
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