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Pedepar:

1. Incepraniiina po60oTa IpucBgYeHa po3pooblii METOIIB Ta IPOrPaMHOro 3a0e3Me4eHHs YIIPaBliHHS IPYIIOBUM
[IOJIbOTOM O€3MiNIOTHUX JiTanbHUX anaparis (BI1JIA). BaxiauBo 3a6e3ne4uTy rpymi aBTOHOMHYX alaparis [IEBHY
reOMEeTpUYHY OpraHisallilo, e BOHU PYXalOTbCA 5K €AuHe Lijne. llel nifxin BUKOPUCTOBYETbCS 1711 BUKOHAHHS
BEJIMKOI KiJIbKOCTi IPaKTUYHUX 3aBraHb. Hanpukian, BITJIA y1iTakoBOro TuIly MarTh BUCOKY IIBUIKICTb Ta
MaHEBPEHICTb, 110 KOPUCHO [7151 3aBJIaHb, Jle BAKJIMBA TPUBAIICTb Ta JAJIbHICTb N10JIbOTY. [ 3a6€311€4eHHs TaKOTO
VIPaBIIiHHS HEOOXiAHO BIIPOBAAUTH METOMIH, SIKi 1O3BOJISIOTH allapaTaM [isiTU He3aJiesKHO OIUH Bif 0OHOrO,

YHUKAIO4Y LIEHTPasi30BaHOT0 KepyBaHHs. Takuii Mifxif, 4aCTo MOPiBHIOIOTH 3 TPYIIOBUM YIIPABJIiHHSM, [1€ KOKEH



amapar npuiimae BilacHi pileHHs. ['pynoBe yrpaBiiHHS B KOHTEKCTi 6€3MiJIOTHUX JITaKiB pO3IJISIIAEThCS, SIK
Oprasisallisi FpyIu anapariB 3 METOI0 BUKOHAHHS CKJIAHUX 3aBJaHb. MeTOZ, BEKTOPHUX TOJIIB [10JILOTY IO 3aJ1aHiN
TpaeKTOPii € OlHUM i3 CIIOCO6IB LOCSITHEHHS TaKOr'o IPYIOBOrO YIIPaBiiHH, Je anapaTy GOpMYIOTh Ta
HiATPUMYIOTb 33/JaHi TEOMETPUYHI CTPYKTYPH [1JIs CIIiJIbBHOTO BUKOHAHHS 3aBaHb. METO[I yIIPaBJIiHHS IPYIOI0
aBTOHOMHUX JIiTaKiB, 3aCHOBAaHO Ha JELEHTPasi30BaHil apXiTEKTypi KOHCEHCYCY Ta BUKOPUCTAaHHI HEOZHOPIIHOTO
BEKTOPHOTO I10JI51 IPOXOKEHHS NPSIMOJIIHIMHOTO MapIIpyTy. Llel mifxis CripsiMOBaHO Ha CTBOPEHHS JITOPUTMIB
VIPaBJIiHHS, 1O JO3BOJISIIOTH JliTAKaM YTPUMYBATH 3aJjaHe II0JI0XKEHHS B IPYIIi il 4ac pyxy MO NPSIMOJIiHIHHOMY
TOPU30HTAJIbHOMY MapLIpyTy. BiH 6a3yeTbCsl Ha IPUHLMIIAX KOHCEHCYCY Ta BUKOPUCTaHHI BEKTOPHUX I1OJIiB
IIPOXOJIKEHHSI MApLIPYTY, 1110 3abe3edye THY4YKICTh y BU6Opi 6akaHoi GopMu Ipynu 3 ypaxyBaHHSIM CKJIaIHOI
nrHamiky BITJIA. [leneHTpai3oBaHa apXiTeKTypa KOHCEHCYCY O3BOJISE allapaTaM y3roKyBaTH CBOE I10JIOKEHHS
3a paxyHOK 0O0MiHy iH(opMalli€lo, CIPUSI0YU TOYHOMY CJIilyBaHHIO I10 33/1aHil TPaeKTOPii Ta 30epesKeHHIO
BiJHOCHMX TI0JIOKEHB JIiTaKiB B rpymi. Lleil MeToz Mae CyTTeBe 3HaY€HHS [JIs1 3aCTOCYBaHHS Y cdepax, e CyMicHe
(dyHKIiOHYBaHHS 6€3I1iJIOTHUX JIiTaKiB y I'PYI € KJII0YOBUM: MOHITOPHHT 3€MHOI [10BEPXHI, ITOIIYK Ta PSITYBaHHS,
BMKOHAHHSI BiICbKOBMX 3aBJlaHb. Lli MeTOu rapaHTyIOTh aCUMITOTUYHE HAOJIVKEHHS! BiIHOCHHUX I10JI0’KEHb B TPYIIi
IIO 3aJlaHMX, a TAKOK HAOIVDKEHHS IBUJIKOCTI KOSKHOTO JIiTaka 0 CepeHbOi KpelcepehbKoi mBUAKOCTI. Ha ocHOBI
3aIIPOIIOHOBAHMX METOIB OYJIM [OCIiIKeH] Ta OLiHEeHi aJITOPUTMU IPYIIOBOTO YIIPABJIiHHS OJI1s1 CUCTEMU
0e3MiJI0OTHUX JIiTaKiB 3a JOIIOMOTOI0 iMiTaLliiHOI MaTeMaTU4HOi Moaei. [Tpobsiema rpynoBoro yrnpapiliHHS
ABTOHOMHUMM 00’€KTaMU y PeasIbHAX YMOBAxX Ha CbOTOAHILIHIN IEeHb € LOCUTb aKTyaJIbHOIO. Lle 06yMOBIIEHO
CKJIaJIHICTIO YIIPaBIiHHS, JUHAMIYHUMU 3MiHaMU [1apaMeTpPiB 06CTaHOBKY, OOMEKEHHSIMU Ha BXiJIHi CUTHaIN
VIPaBJIiHHS B peajibHUX cUCTeMax «aBToninoT-BI1JIA». [IuTaHHSIM rpynoBOro yIpasiliHHS 0€3MiJIOTHUX JIiTalbHUX
arapariB IPUCBSIYEHO 6araTo NOCiIKeHb Ta NybJiKalill TaKMX 3apyOiKHUX Ta yKpaiHChKUX BueHux: A. Piccard, C.
Ryan, C. Peebles, G. Collins, A. Erickson, N. Baldock, M. R. Mokhtarzadeh-Dehghan, L. N. Craig, R. Olfati-Saber, RW.
Beard, W. Ren, T.W. McLain, H. Yamaguchi, a trakox JI. AptiomnH, O. KoHoHoB, O. Mauikos, [I. Kyuepos, T.
[lleBenboBa, I1. [TaBnenko, [l. Boupmapes, B. T'onem60, A. Boukapbos, O. MapTuHIOK, B. 'epacumenko, O. bapabai ta
iHmux. BignoBinHO 40 3arajbHONPUMHSITOrO BU3HAYEHHS, MTiJ] TPYIIOBUM YIIPABJIiHHSIM MA€eThCS HA YBa3i OTPMMaHHS
33/1aHOI 3a37aJerigb reoMeTpUYHOI GOPMU TPYIIOI0 ABTOHOMHUX MHAMIYHUX 00'€KTIB. Y Mpolieci noaanbuoro
BMKOHAaHHS 3aBJaHHS Ipyla Mae MifTpUMyBaTu 1to Gopmy, Iilouu sK TBepze Tiso. ['pynu BITJIA BUKOPUCTOBYIOTbCS
y BEJIMKIiH KiJIbKOCTi IPaKTUYHUX 3aBAaHb. ToMy Ipo6sieMu IpynoBoro ynpasiiHHs BI1JIA oTpuMyloTh OCTaHHIM
4aCOM BEJIMKY YBary NOCJIIHUKIB yCbOTO CBiTy. Pe3ysibTaTu NOCIIKEHDb CBif4aTh PO YCIiX 3alIPONOHOBAHUX
METO[IiB yIIPaBIiHHS. AJITOPUTMH, PO3POOJIEHI Ha iX OCHOBI, IIPOJIEMOHCTPYBAJIU 3LATHICTD O CTabiIbHOTO
YTPUMAaHHS IPYIM Ta TOYHOTO CJIiyBaHHS 110 3aJaHUM TPAEKTOPISIM PyXy JIiTaKiB 3a pi3HMMHU CcLeHapismu. Ha
IifCTaBi IPOBENEHOr0 aHaJli3y BUSBJIEHO iCHYBaHHA IIPOTHUPIYYs HA IPAKTHUL: MK BUMOTaMU MiABUILIEHHS
e(eKTUBHOCTI IPyNOBOTrO YIIpaBiliHHS 0€3NiI0THUMU JIA, 1110 BUMarae 36i/IbIIE€HHS] BUTPAT HA PO3POOKY
MaTeMaTUYHOro Ta IPOTPaMHOro 3abe3leyeHHs Ta BUMOraMy 3MEHIIIEHHSI BUTPAT Ha BUKOHAHHS 0e3MiJIOTHUMU
JliTaZIbHUMU anapaTaMy Pi3HUX 3aBJaHb Ta MiCili; Ta IpOTUPiuYs B TeOPii: MixK HEOOXiTHICTIO 30epesKeHHS
KoHirypauii rpynu BITJIA Ha eTamni rpynoBoro noJjbOTy B yMOBax Jii 30BHILIHIX Ta BHYTPILIHIX AeCTabinizyodnx
(daxTOpiB Ta OOMEXKEHICTIO MOKIIMBOCTEN iCHYIOUMX METO/IIB 00 3a6e3e4eHHs CTiIKOCTI IPyy aBTOHOMHUX

BITJIA nipu peueHTpasnizoBaHOMY YIIPABJIiHHi.

2. The dissertation is devoted to the development of methods and software for group flight control of unmanned
aerial vehicles (UAVs). It is important to provide a group of autonomous vehicles with a certain geometric
organization, where they move as a single whole. This approach is used to perform a large number of practical
tasks. For example, aircraft-type UAVs have high speed and maneuverability, which is useful for tasks where
duration and range are important. To ensure such control, it is necessary to introduce methods that allow the
apparatus to act independently of each other, avoiding centralized control. This approach is often compared to
group management, where each apparatus makes its own decisions. Group control in the context of unmanned
aircraft is considered as the organization of a group of vehicles in order to perform complex tasks. The method of
vector flight fields along a given trajectory is one of the ways to achieve such group control, where the vehicles
form and maintain the specified geometric structures for joint performance of tasks. The method of controlling a



group of autonomous aircraft is based on a decentralized consensus architecture and the use of a heterogeneous
vector field for passing a straight route. This approach is aimed at creating control algorithms that allow aircraft to
maintain a given position in the group while moving along a straight horizontal route. It is based on the principles
of consensus and the use of vector fields for the passage of the route, which provides flexibility in choosing the
desired form of the group, taking into account the complex dynamics of the UAV. The decentralized consensus
architecture allows aircraft to coordinate their position through the exchange of information, facilitating accurate
tracking of a given trajectory and maintaining the relative positions of aircraft in a group. This method is essential
for use in areas where the joint functioning of unmanned aircraft in a group is key: monitoring the earth's surface,
search and rescue, and performing military missions. These methods guarantee an asymptotic approximation of
the relative positions in the group to the specified ones, as well as an approximation of the speed of each aircraft
to the average cruise speed. On the basis of the proposed methods, the algorithms of group control for the system
of unmanned aircraft using a simulation mathematical model were investigated and evaluated. The problem of
group control of autonomous objects in real conditions is quite relevant today. This is due to the complexity of
control, dynamic changes in situational parameters, restrictions on input control signals in real "autopilot-UAV"
systems. A lot of research and publications of the following foreign and Ukrainian scientists are devoted to the
issues of group control of unmanned aerial vehicles: A. Piccard, C. Ryan, C. Peebles, G. Collins, A. Erickson, N.
Baldock, M. R. Mokhtarzadeh-Dehghan, L. N. Craig, R. Olfati-Saber, R.W. Beard, W. Ren, T.W. McLain, H.
Yamaguchi, as well as L. Artyushin, O. Kononov, O. Mashkov, D. Kucherov, T. Sheveleva, P. Pavlenko, D. Bondarev,
V. Golembo, A. Bochkarev, O. Martynyuk, V. Gerasimenko, O. Barabash and others. According to the generally
accepted definition, group control means obtaining a predetermined geometric shape by a group of autonomous
dynamic objects. In the process of further completion of the task, the group must maintain this form by acting as a
rigid body. Groups of UAVs are used in a large number of practical tasks. Therefore, the problems of group control
of UAVs have recently received great attention from researchers around the world. The results of the research
testify to the success of the proposed management methods. The algorithms developed on their basis have
demonstrated the ability to maintain a stable group and accurately follow the given trajectories of aircraft in
various scenarios. On the basis of the analysis, the existence of a contradiction in practice has been revealed:
between the requirements for increasing the efficiency of group control of unmanned aircraft, which requires an
increase in the cost of developing mathematical and software, and the requirements for reducing the cost of
performing various tasks and missions by unmanned aerial vehicles; and contradictions in theory: the need to
maintain the configuration of a group of UAVs at the stage of group flight under the influence of external and
internal destabilizing factors and the limited capabilities of existing methods to ensure the stability of a group of
autonomous UAVs under decentralized control.
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Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBume Im's ITo-6aTbKOBI Kosanp Onexcanap Bacunbosn
TOJIOBH pajgu

Biacue IlpisBume Im'st [To-6aThKOBI Kosane Onexcanap BacunboBnd
rOJIOBYIOYOTO Ha 3acCiflaHHi

BianoBizanbHMil 32 NiATOTOBKY Kup'sanos Apremiit FOpitiosud
00JIiIKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




