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arapariB JIiTAaKOBOTO TUITY
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Pedepar:

1. Y nucepraiiiHiit pob0Ti po3B’s13aHO HayKOBO-TIPAaKTUYHE 3aBJlaHHs — PO3p0o6JeHHS iHpOopMaLifiHOI TeXHOJIOri]
BM3HAUEHHSI Ta BUPIlIeHHS KOH(JIIKTHUX CUTYalliil Mif 4ac M0JbOTy 6€3MiJIOTHUX anapaTiB JIITAaKOBOTO TUITY 3317151
HiABUILEHHS PiBHY 0€3M1E€KU MO0JIbOTIB. 3MICT IUCEPTALIHOrO AOCIIIKEHHS BUKJIAIEHO Y YOTUPbOX PO3[iNax, y
SKUX HaJJaHO Pe3yJIbTaTU AOCJiIKEHHS. Y BCTYIi OOIPYHTOBAHO aKTYyaJIbHICTh TEMU JOCJiIPKEHHS, CHOPMYJIbOBAHO
METY, 3aBJIaHHsI, 00'€KT i TpeJMeT AOCIIiIyKeHHs, 3a3Ha4€HO MEeTOIU OCIiIP)KEeHHS, BiOOpa’kKeHO 3B'S130K
OOCJTiIKEHHS 3 HAyKOBO-JOCJIIIHUMU po60TaMu MiDKHapOHOTO HAyKOBO-HABYAJIbHOTO LIEHTPY iHpOpMalLitH1X
TexHoorii Ta cucreM HAH Ta MOH Ykpainu, HaBeieHO HayKOBY HOBM3HY Ta IIPAKTUYHY 3HAYYIIICTh OTPUMAHUX

pe3yJbTaTiB. 3a3Ha4eHO OCOOUCTUI BHECOK 37100yBaya B OMy0JIiKOBAaHUX CTATTSX, [I0JIaHO BilOMOCTI Ipo anpobariio



Ta BUKOPUCTaHHS pe3yJbTaTiB po6oTu. OG’€KT IOCTiIKEHHS: [TPOLeC BUSBJIEHHS, OL[iHIOBAaHHS Ta BUPILIEHHS
KOHQUIKTHUX CUTYaLill 32 y4acTi 6e3MiJIOTHUX anapariB JIiTakoBOTO TUITy. [IpegMeT JoCiIKeHHs: METOAU Ta
iH(opmalliiiHi TeXHOJIOTii BU3HAYEHHSI Ta BUPillleHHs] KOHQJIIKTHUX CUTYallill 6e3M1iJIOTHUX arapariB JiTaKOBOTO
TrIy. MeTa qucepTauiHoro JOCIiIpKeHHs — 3a0€3[1e4eHHs BU3HAYEHHS Ta BUPILIE€HHSI KOHQJIIKTHUX CUTyalill
0€3MiJIOTHUX anaparis JIiTAKOBOTO TUITy 32 PAXYHOK OLIiHIOBaHHS CTYIIEHS 3arPO3U KOH(JIIKTHOI cUTYaLlii Ta
IIOPiBHSIHHS CTYII€HIB KEPOBAHOCTi O€3MiJIOTHUX anapariB. Y nepuomy po3aiji HaBeJeHo pe3yJbTaTh aHali3y
Cy4aCHOTO0 CTaHy NIpo06JyieMU BU3HAYEHHs Ta BUpilleHHs KoHGIikTHUX cuTyauiil (KC) 3a yyacTi 6e3mi0THUX
siTanpHUX anaparis (BriJIA), orsian npo6aeMaTuky KOHQUIKTHAX CUTYaLiil AJ1s JiTaabHuX anapatis (JIA) B Liomy,
IIPOBEJIEHO aHaJli3 TAKTUKO-TEXHIYHUX XapakTepucTuK BrnJIA Ta 3a3HadeHi MOHATTS 06J1aCTi KEPOBAHOTO CTaHY ISl
BrJIA. Ipyruii po3zin npucBsyeHo po3po6JIeHHI0 METOAY BU3HAUEHHS Ta BUPilIEeHHS KOHPIKTHUX CUTYaLill.
HaBeneHo TakCOHOMIiI0 pO3MipHO-(QYHKIIOHAJIBHUX XapaKTePUCTUK BrJIA n1g BU3Ha4eHHs1 KOMOiHallill TapaMeTpiB,
110 MOXKYTb OYTU 3aCTOCOBaHi y pasi B3aemogii briJIA 3 meroro Bupimenss KC. Knacugikalis cTynens 3arposu
KOH(UIKTHOI cuTyallii 6a3yeThbCst HAa BU3HAYEHHI Ta BpaXyBaHHI XapaKTepUCTUK pO3Mipy 6e3MiIoTHUX araparis
sitakoBoro tuny (bnA JIT), yacy no 3iTKHeHHs, MIBUAKOCTEH BacHoro Ta iHmoro BrA JIT, siki 6epyTs yyacTs B KC Ta
nesieHry iHmoro BrA JIT BiTHOCHO BIaCHOTO. Bu3Hau€HHs IPUHANIEKHOCTI 10 KOKHOTO 3 YOTMPbOX KJIACIB CTYNEHS
3arpo3u KC 31iliCHIOETbCS 32 PO3PO6IEHMMU BUPIIyBaJIbHUMU ITpaBuyiamMu. Ha ocHoBI iHpopmariii mpo obunsa BriA
JIT, sixi 6€epyTh y4acTb B KOH(JIIKTi, BU3HAYAIOTHCS iX CTYIIE€HI KEPOBAHOCTI Ta IPOBOJUTHCS BU3HaYeHHs BrA JIT,
KU 6yJle BUKOHYBaTU MaHeBp yxusieHHs, Ta briA JIT, BifHOCHO sIKOro 6y1yTh BUKOHYBAaTH L€l MaHeBp. Ha
3aKJIIOYHOMY €Tali MeTO/y IPOBOAUTLCS BUOIP TUITY Ta PO3PAXyHOK TPAEKTOPii MaHEBPY YXUJIEHHS BiAIOBiHO 10
6a3u npasus pos3xompkeHHs BriA JIT. V TpeTboMy po3zisi aucepTaliiiHoi poboTy 06IPYyHTOBAHO Ta HalaHO
po3pobieny iHdpopmaliiiHy TexHoJiorito (IT) Bu3HaueHHs Ta BUpilleHHs! KOH(JIIKTHUX CUTYallii I/l 4ac MoJIboTy
0€3MiJIOTHUX aNapariB JIiTAKOBOT'O TUIIY 331,151 yOe3[e4eHHs IXHIX I10JIbOTiB HA OCHOBI BpaxyBaHHS CTYII€HS 3aTPO3U
KOHQUIKTHOI cuTyalii. 3anpornoHoBaHa [T 0XomJIioe Tpy eTamnu: MoJIiT 3a I09aTKOBUM MapUIPyTOM, BupimeHHs KC
Ta [IOBEPHEHHS Ha NTOYaTKOBUI1 MapuIpyT. 3allpoIIOHOBaHa iHpopmaliiliHa TEXHOJIOTiS Ha OCHOBI OL[iHIOBaHHS KJlacy
3arpo3y, BU3HAYEHOTO0 32 C(POPMOBAHOIO Kiacu@ikaliiero CTyneHs 3arpo3u KOHQJIIKTHOI cuTyallii, Ta BpaXyBaHHS
HasIBHOTO 3aracy KepoBaHoCTi BriJIA nae 3M0ory BUBHaYUTH CIOCI6 BUKOHAHHS MaHEBPY Ta MOAM(piKoBaHi MpaBuia
BUOOpY po3xomkeHHs BiJIA y npocTopi. HaBenieHO cTpyKTypHO-QYHKIIIHY CXeMy TeXHOJIOTI], aJITOPUTMU Ta OIIKC
mogugikauii mpasus BUOOPY TUIly TPAaeKTOPii Ta 6a3u npaBuil po3xoaxeHHs BriA JIT, a TakoxX NepCreKTUBU
PO3BUTKY iH(popMalliliHOi TeXHOJIOTIi 32 BUKOPUCTAHHS CY4aCHUX 3aCO0iB 3B'513Ky. B 4eTBepTOMYy po31ii HaBeIeHO
peaizauito iHdpopMaLifiHOI TeXHOJIOTI] y IPOrpaMHOMY MOZYJIi Ta pe3yJIbTaTy IIPOBeAEeHHs HOoro anpobauii Ha
TPeHa)KepPHOMY KOMILJIEKCI MOJIeJII0BaHHS [10JIbOTY OE3IiJIOTHUX anaparis. BHac1ifok nposeneHHs anpobaliii Ta
KOMITIOTEPHOT0 MOJIE€/IIOBAHHS BUPilI€HHS KOHQPIIKTHUX cuTyaliil briJIA 6yy10 BU3HauY€HO e(PEKTUBHICTD
BUKOPUCTAHHS PO3PO06JIEHOTO METOMY, HaBEAEHO Pe3yJIbTaTh MOJIEJIIOBAHHS 32 PisHUX napameTpis bnA JIT, oy
KOXHOTO 3 TpboX eTamniB IT okpemo Ta s iHdopmaliiiHoi TeXHOJIOrii B L1iJIoMY Ha JIBOX BapiaHTax arnapaTHOro

3abe3reyeHHs 11 00YUCIEHbD.

2. The scientific and practical task was solved in the thesis - the development of information technology for
identifying and resolving conflict situations during the flight of airplane-type unmanned aircraft to improve flight
safety. The content of the dissertation is expounded in four chapters, which present the results of the study. The
introduction substantiates the relevance of the research topic, formulates the purpose, objectives, object and
subject of the study, indicates the research methods, reflects the relationship of the study with the research work
of the International Research and Training Center for Information Technologies and Systems under NAS and MES
of Ukraine, and presents the scientific novelty and practical significance of the obtained results. The personal
contribution of the applicant in published works is indicated, information on the testing and use of the work
results is provided. Research object: the process of detecting, assessing and resolving conflict situations involving
airplane-type unmanned aircraft. Research subject: methods and information technologies for identifying and
resolving conflict situations involving airplane-type unmanned aircraft. The research purpose is to ensure the
identification and resolution of airplane-type unmanned aircrafts conflict situations by assessing the degree of a
conflict situation threat and comparing the degree of unmanned vehicles’ controllability. The first chapter



presents an analysis of the current state of determining and resolving conflict situations (CS) problems involving
unmanned aerial vehicles (UAVs). It includes an overview of conflict situations for aircraft in general, an analysis of
tactical and technical characteristics of UAVs, and the concept of the controlled state area for UAVs. The second
chapter is devoted to developing a method for identifying and resolving conflict situations. It presents a taxonomy
of dimensional and functional characteristics of UAVs to determine parameter combinations that can be used in
UAV interactions to resolve a conflict situation. A conflict situation degree of threat classification is based on
factors such as the size of airplane-type unmanned aircraft (A-type UA), time to collision, speeds of the A-type UAs
involved, and the bearing of the other A-type UA relative to its own. The determination of belonging to each of the
four classes of threat degree is carried out according to the developed decision rules. Based on information about
both A-type UAs involved in the conflict, their degrees of controllability are determined. The A-type UA that will
perform the evasive maneuver and the A-type UA against which the maneuver will be performed are identified. At
the final stage of the method, the type of evasive maneuver is selected, and the trajectory is calculated according
to the base of rules for the divergence of the A-type UAs. The third chapter substantiates and presents the
developed information technology for identifying and resolving conflict situations during A-type UA flights to
ensure their safety based on the threat degree. The proposed information technology covers three stages: flight
along the initial route, resolution of the CS, and return to the initial route. The information technology, based on
the assessment of the threat class determined by the degree of threat classification and considering the available
controllability margin of the A-type UAs, allows for determining the maneuver method and modified rules for
choosing the A-type UA’s divergence in space. The chapter presents a structural and functional diagram of the
technology, algorithms, and a description of the modification of the rules for choosing the type of trajectory and
the base of rules for the divergence of A-type UAs. It also discusses the prospects for developing information
technology using modern communication technologies. The fourth chapter presents the information technology
implementation as a program module and the results of its testing on a simulator complex for modeling UAV
flights. As a result of the testing and computer modeling of A-type UAs conflict situation resolutions, the
effectiveness of the developed method was determined. The results of modeling with different parameters of the
UAVs, for each of the three stages of the information technology separately and for the technology as a whole, on
two variants of computing hardware are presented.
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