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1. MeTOILI/I Ta MMPpOrpaMHE 320e3MeYeHHs rHeI.LeHTpaJ'IiBOBaHOI‘O yr[paBJIiHHH I'PynnoOBUM I10JIbLOTOM 6e3MmiJIOTHUX

JIiTa7IbHUX arapaTiB Ha OCHOBI Te€Opii HEOZHOPIGHOrO BEKTOPHOTO I10JIS.

2. Methods and software of decentralised control of group flight of unmanned aerial vehicles based on the theory
of inhomogeneous vector field.

Pedepar:

1. Incepranifina po60Ta IpUCBIY€Ha PO3pOO6Li METOIB Ta IPOrPaMHOrO 3a0€3I1€4YE€HHS YIIPAB/IiHHS IPYIIOBUM
[I0JIbOTOM 6€e3MiNIOTHUX JiTanbHuX anapartis (BI1JIA). BaxkiuBo 3a6e3ne4uTy rpymi aBTOHOMHUX allapaTiB [1€BHY
reOMEeTpUYHY OpraHisaliiio, e BOHM PYXalOTbCA 5K €uHe Lije. llel ninxin BUKOPUCTOBYETbC 11711 BUKOHAHHS

BEJIMKOI KiJIbKOCTI IPaKTUYHUX 3aBraHb. Hanpukian, BITJIA y1iTakoBOro Ty MarTh BUCOKY IIBUIKICTb Ta



MaHEeBPEHICTb, 11J0 KOPUCHO [J151 3aBJaHb, Jle BAKJINBA TPUBAJIICTh Ta AAJIbHICTb MOJbOTY. [17151 3a6€3Me4yeHHs TaKOTro
VIPaBJIiHHS HEOOXiAHO BIIPOBAAUTH METOMH, SIKi [LO3BOJISIOTH allapaTaM JisiTU He3aJIesKHO OIUH Bif OHOrO,
YHUKAIO4Y LIEHTPaJi30BaHOr0 KepyBaHHs. Takuii Mifxiz, 4acTo MOPiBHIOIOTH 3 IPYIIOBUM YIIPABIIiHHAM, [1€ KOKEH
amapar npuiiMae BJIacHi pileHHs. ['pynoBe ynpaBiliHHS B KOHTEKCTi 0€3MiJIOTHUX JITaKiB PO3IJISAAETHCS, K
Oprasisatlis rpynu anaparis 3 METOIO BUKOHAHHS CKJIQJHUX 3aBIaHb. MeTO, BEKTOPHUX I10JIiB I10JIbOTY 110 33/aHii
TpaeKTopii € OfHUM i3 CII0CO6IB LOCITHEHHS TaKOro IPYIOBOrO YIIPaBiiHH, Je anapaTy GOpMYIOTh Ta
HiATPUMYIOTb 33/1aHi TEOMETPUYHI CTPYKTYPH [1J1s CIiJIbBHOTO BUKOHAHHS 3aBaHb. METO[, yIIPaBJIiHHS IPYIOI0
ABTOHOMHUX JIITaKiB, 3aCHOBAHO HA €L EHTPaIi30BaHIN apXiTEKTypi KOHCEHCYCY Ta BUKOPUCTAHHI HEOLHOPILHOTO
BEKTOPHOTO T0JIS1 TPOXOKEHHS NPSIMOJIIHIMHOTO MapIIpyTy. Llel mifxis CipsiMOBaHO Ha CTBOPEHHS aJITOPUTMIB
YIIPaBJIiHHS, 110 4O3BOJIFIOTh JliTaKaM YTPUMYBATHU 3aaHe [TOJIOKEHHS B IPYIIi I1if Yac Pyxy I10 MPSAMOJIHITHOMY
TOPU30HTAJIbHOMY MapLIpyTy. BiH 6a3yeTbCsl Ha NPUHLMIIAX KOHCEHCYCY Ta BUKOPUCTaHHI BEKTOPHUX I1OJIiB
IIPOXOJKEHHS MapIIpPyTy, 110 3abe3edye rHy4KiCTb Y BU60pi 6askaHOi (OpMU IPyIU 3 ypaxyBaHHSIM CKIIQHO]
nuHamiky BITJIA. JleneHTpani3oBaHa apxiTeKTypa KOHCEHCYCY 03BOJISIE€ allapaTaM y3roKyBaTH CBOE ITOJIOKEHHS
3a paxyHOK 0O0MiHy iH(popmalli€lo, CIPUsI0YU TOYHOMY CJIilyBaHHIO I10 33/1aHill TpaeKTopii Ta 36epeskeHHIO
BiJHOCHMX II0JIOKEHD JIiTaKiB B rpymi. Lleit MeToz Mae CyTTeBe 3HaYEHHS 17151 3aCTOCYBaHHs Y cpepax, e CyMicHe
dyHKIIOHYBaHHS 06€3ITiJIOTHUX JIITaKiB y I'PYIIi € KJII0YOBUM: MOHITOPHHT 3€MHOI [I0BEPXHI, ITOIMIYK Ta PSITYBaHHS,
BMKOHAaHHSI BiICbKOBMX 3aBJlaHb. Lli MeTou rapaHTy0Th aCUMIITOTUYHE HAOJIKEHHS! BilHOCHHUX I10JI0’K€Hb B TPYIIi
IO 3a4aHUX, & TaKO>K HAOJIMKEHHSI IBUAKOCTI KOXKHOTO JIiTaka 10 CEpeHbOI KpelrcepchbKoi BUAKOCTL. Ha ocHOBI
3aIpONIOHOBAaHUX METOJIB OyJv JOCTiIKeH] Ta OL[iHEeHi aJIrTOPUTMU IPYIIOBOTO YIIPaBJliHHS [J1 CUCTEMU
0e3IiJIOTHUX JIiTaKiB 3a JOIIOMOTOI0 iMiTaLliiHOI MaTeMaTH4yHOi Moaei. [Tpobsiema rpyroBoro yrpapiliHHS
aBTOHOMHHUMMU 00’€KTaMU y peaslbHAX YMOBax Ha CbOTOAHILIHIN IEeHb € JOCUTb aKTyaJIbHOIO. Lle 06yMOBIIEHO
CKJIAJIHICTIO YIIPaBIiHHS, JUHAMIYHMMU 3MiHaMU [1apaMeTPiB 06CTaHOBKY, OOMEKEHHSIMM Ha BXiJIHi CUTHaIN
VIPAaBJIiHHS B peaJIbHUX cCUCTeMax «aBTominoT-BI1JIA». IIuTaHHSIM rpynoBOro yIpaBJliHHS 0e3MiJIOTHUX JIiTalbHUX
arapariB IPUCBSIYEHO 6araTo NOCiIKeHb Ta NyoJiKaliil Takux 3apyOoiKHUX Ta yKpaiHChbKUX BueHux: 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, a rakox JI. Aptiomns, O. KonHoHos, O. Mamikos, 1. Kyuepos, T.
[lleBenboBa, I1. [TaBnenko, [l. Boumapes, B. T'onem60, A. Boukapbos, O. MapTuHiok, B. 'epacumenko, O. bapab6am ta
iHmux. BinnoBigHO 100 3araJbHONPUIHSATOrO BUSHAYEHHS, IiJl TPYIIOBMM YIIPABJIiHHSIM Ma€eThCs Ha yBasi OTPMMaHHS
3a[1aHO] 3a3/1aJerigp reOMeTPUYHOI POPMU IPYIOI0 aBTOHOMHUX JAMHAMIYHUX 00'€KTiB. Y po1eci oAanbmoro
BMKOHAaHHS 3aBJaHHS I'PyIa Mae MigTpUMyBatu 1io Gopmy, Iitouu 5K TBepze Tiso. ['pynu BITJIA BUKOPUCTOBYIOTBCS
y BEJIMKIiH KiJIbKOCTi IPaKTUYHUX 3aBAaHb. ToMy IpobsieMu IpynioBoro ynpasiiHHs BI1JIA oTpuMyloTh OCTaHHIM
4acOM BEJIMKY YBary JOCJiIHUKIB yCbOTO CBIiTy. Pe3ysibTaTu JOCiIKEHDb CBil4aTh PO YCIIiX 3aIPONOHOBAHUX
METO/IiB YIIPaBJliHHS. AJITOPUTMH, PO3PO0JIEHI Ha iX OCHOBI, IPOIEMOHCTPYBAJU 31aTHICTb [0 CTabibLHOTO
YTPUMAaHHS IPYIU Ta TOYHOTO CJIiAyBaHHS IO 3aJJaHUM TPAEKTOPISIM PyXy JIiTaKiB 3a pi3HMMHU CLeHapismu. Ha
IifCTaBi IPOBENEHOr0 aHaJIi3y BUSABJIEHO iCHYBaHH IIPOTHUPIY4Ys HA MPAKTHUL: MK BUMOTaMHU IiIBUILIEHHS
€(EeKTUBHOCTI TPYIIOBOTO YIIPaBJIiHHA 6€e3MiIoTHUMU JIA, [0 BUMarae 36i1bLIIeHHSI BUTPAT Ha PO3POOKY
MaTeMaTUYHOr'O Ta POrPaMHOr0 3a6e3re4eHHs Ta BUMOraMy 3MEHIIIEHHS BUTPAT HAa BUKOHAHHS 0€3IiJIOTHUMU
JIiTaJIbHUMU arapaTamMu pi3HUX 3aBAaHb Ta MiCill; Ta MpOTUpPIvYUs B Teopii: Mixk HEOOXiAHICTIO 30epeskeHHs
KoHirypauii rpynu BITJIA Ha eTamni rpynoBOro MojabOTy B YMOBAxX [ii 30BHIIIHIX Ta BHYTPIIIHIX AECTa0ii3yl0unx
(aKTOpiB Ta OOMEKEHICTIO MOKIMBOCTE iCHYIOUMX METOIIB IOA0 3a0€3Me4eHHs! CTIKOCTi TPy aBTOHOMHUX
BI1JIA npu 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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KBasigikamis: . t. u., gou., 05.13.03
InenTudikarop ORCHID ID: 0000-0001-7018- 321
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHmil yHiBepcuTteT Ykpainu "KuiBchKuit

noJliTexXHiyHMi iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's [10-6aTbKOBI Kosanb Osnexcannp Bacunbosud

TOJIOBH paju



BaacHe IlpizBume Im's I10-6aTbKOBI Kosasnp Onexcannp Bacuibosud
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigassHUH 3a MiATOTOBKY Kup'sHos Apremiii FOpiiioBny

00JIiKOBUX JOKYMEHTIB

PeecTpaTop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




