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SIMULATION OF THE SYSTEM FOR CALCULATING THE SUPPLY NEEDS OF
SUBDIVISIONS WHITH OF UNMANNED AERIAL VEHICLES

bensikoe P. O., Tpuyenox K. M., TIynii B. C., Kyo6ix C. 1. Modemosanns cucmemu po3paxynky nompeod
niopo3oinis i3 3abe3neuenns 6e3nIOMHUMY TIMATLHUMU ANAPAMAMU.

Jloceio eedenns botiogux Oiil Ha ¢x00i Ykpainu, a niciist NOGHOMACUIMAOHO020 8MOPSHeHHs. pociilcbkoi (edepayii 24
momozo 2022 poxy — Ha &ciil mepumopii, noxkazas, wo 60iloge sacmocysans besninomuux rimaneHux anapamie (bnJiA)
Mooice npusgecmiu He MilbKU 00 MAKMUYHUX YCNixia, ane ti onepamugHo-MaKmuyHux ma cmpamezivnux. Pazom 3 mum
V3A2ANbHEHHS. MAaKo20 00Cgidy ma 00pobra CMamucmuyHux OAaHUX 30CMOcy8anns nioposodinamu bnJlA nocmae
2inepnepcnexmugHUM HaNpaAMKoOM HAyKoeoi OianbHocmi. Bpaxogyouu OuHamiuHicms ma weuOKONIUHHICHb 0EHHUX Oill, a
maxooic nompeby adanmayii 00 YM08 eedenHs bOoiosux Oifl, 36potini cumi Vkpainu nocmitino Habyeaioms
CNPOMONCHOCHIEH 00 GIOOUMMA HACHIYNY NepesaNcarouux CcUll azpecopa 34 PAaxyHOK KOMNWIEKMYSAHHA MNIOpo30inia
030POCHHAM GNIACHE GIMYUSHAHO20 BOECHHO-NPOMUCIOB020 KOMNIEKCY, O30POCHHAM, WO NOCHAYAEMbCA NAPMHEPAMU,
cunamMy 8ONIOHMePIe Ma NIONPUEMCMEAMU HAYIOHANLHOI eKOHOMIKYU, nocmayaryu yugiieHi spasku bnJl4d oo cunosux
nioposoinie. Taxe nocmavanns nompebye y3a2anbHeHHs | Ap2yYMeHMY8AHHI 3 MEMOI0 PIBHOMIPHO20 PO3N0OiNY 8i0ONO8IOHO
00 Yinb08020 NpusHaueHHs giticbkosux opmysans (nioposoinie). Bpaxoeyiouu me, wo bnJlA, wo 3acmocosyomscs,
4acmo He € CYMO GiliCbKO8020 NPUSHAYEHHS | KAACUPIKVIOMbCS 30 OYice WUPOKUM PIOOM XAPAKMEPUCIMUYHUX O3HAK,
OOYIILHO GUOLIUMU PO NPUHYUNOBUX O3HAK Ol V3aednibHeHHs 00¢eioy. V pobomi eudineno womupy maxi xame2opii: 3a
MAcumabom 3a80aHb, WO GUPTUYVIOMbCA, 33 MPUBANICHIIO NOTbONY, 34 paoiycoM Oil; 3a MUNOM CUCHeMU KepySaHH.
Aemopamu susHaveno, wo yi XApaxmepucmuyHi O3HAKYU € GUSHAYATLHUMU ON1 POPMYSAHHA cucmemy 3abe3nedeHHs
Oesnitomuumy  JimaieHuMy anapamami  60ilogux nioposoinie. Bioomo, wo i3 aKmugHuM 30CMOCY8AHHAM 3ac06i8
padioenekmpoHHoi 60pomvbU  NPOMUSHUKA MA HEOOCKOHANICMIO MEXHOJOIUHO20 QUKOHAHHA 0e3NilomHUKIe, U0
3aCMOCOBYIOMbEA, MAOMb MICHe 3aMPUMKY GUKOHAHHA NOTbOMHUX 3a80aHb, U0 6e3n0cepeOHbo abo HANPIMY MONCYIb
sHuxCyeamuy  6oiloguti nomenyian Ootogux ioHimie. Memorw pobomu € MOOeTO8AHHA CUCHEMU PO3PAXVHKY Nomped
niopo3oinie iz 3abesneyents Oe3nNiOMHUMY JIMAIGHUMU anapamamy o1 GopMyeanis O0OIPYHMOBAH020 NiOX00y 00
PO3n00iTy pecypcia 30poliHux opMyeans pisHO20 NPUSHAUEHHS.

Knrouosi crosa: besninomuuil iimaivHuti anapam, aepoposeioxa, po3gioxa.

R. Bieliakov, K. Hritsenok, V. Huliy, S. Kubik. Simulation of the system for calculating the supply needs of
subdivisions with of unmanned aerial vehicle.

The experience of conducting hostilities in the east of Ukraine, and after the full-scale invasion of the russian
federation on February 24, 2022 in the entire territory, showed that the combat use of unmanned aerial vehicles (UAVs)
can lead not only to tactical successes, but also operational-tactical and strategic ones. At the same time, the
generalization of such experience and the processing of statistical data on the use of UAV units appears as a hyper-
promising direction of scientific activity. Considering the dynamism and rapidity of military actions, as well as the need to
adapt to the conditions of hostilities, the Armed Forces of Ukraine are constantly acquiring the ability to repel the offensive
of the overwhelming forces of the aggressor by equipping units with weapons of the domestic military-industrial complex,
weapons supplied by parmers, volunteer forces and enterprises of the national economy, supplying civil models of UAVs to
military units. Such supply requires generalization and reasoning for the purpose of equal distribution in accordance with
the purpose of military formations (units). Considering the fact that the UAVs used are often not of purely military purpose
and are classified according fto a very wide range of characteristic features, it is advisable to highlight a number of
principle features to generalize the experience. The work distinguishes four such categories: by the scale of the tasks to be
solved; by flight duration; by radius of action; by type of control system. The authors determined that these characteristic
Jfeatures are decisive for the formation of a system of providing combat units with unmanned aerial vehicles. It is known
that with the active use of the enemy's radio-electronic warfare and the imperfection of the technological implementation of
the drones used, there are delays in the performance of flight tasks, which can directly or indirectly reduce the combat
potential of combat units. The purpose of the work is to model the system for calculating the needs of units for the provision
of unmanned aerial vehicles for the formation of a reasonable approach to the distribution of resources of armed
Jformations of various purposes.

Keywords: unmanned aerial vehicle, aerial reconnaissance, reconnaissance.

Introduction. Today, unmanned aerial vehicles (UAVs) are an integral part of any advanced
army. Although UAVs are a relatively new type of weapon as they stand today, they have already
proven their effectiveness and necessity. UAVs for reconnaissance, UAVs for aiming and adjusting
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ariiiiery, aitack NMAY3 are aireagy 3uccessl niiy nseg, ii i3 pregicieg ikai cargo ang tegicai NMAYs3 Aiii
300 be n3epn 7o eyacuaie ike “onngeg.

Ceriain Tyik3, inaccuracies, ang unreiiabie inlCortaiion are ai®ay3 born aroung a rapigiy
Jeyeioping ne” ingusiry. One ol ke reasons lor iki3 i3 ike iack ol a generaiireq anaiysis ol TTAY iypes
ang Tkeir appiicaiion opiions. In aaaiiion, Tke expansion ol Tke Togei range ol unTtannepn aeriai
yekicie3 regmires ike iniroguciion ol ciassilCicaiion accorging 1o ckaracierisiic eaivres. Tke nexi, no
ie33 iTporiani i33ve i3 ke peierTinaiion ol ike reauiregq nutber ol MAY3 Tor ike 3uccessl ui
perlortance ol coTbai Ti33ions.

Tkepurpo3se o/lke ~ork i3 10 geyeiop a taikeTaflicai Togei lor caicuiaiing ike regnireg nutber
o MAY3 in coTbal congiiions.

Nnaiy™i” o/ ~cienii/ic ~ork”™ o/ ike 8ubleci area. Mogern ciassilCicaiion3 are noi sulTicieniiy
coTpieie, a3 Tkey fo noi consiger ke eniire array ol Type3 ol MAY3 ikai exi3i iogay, gue 1o ike
aynartic geyeiopteni ol ki3 fecknoiogy [1]. In [2], it ~a3 pelerTineq Tkai ike Tain coTponeni3 ol a
MAY are: an aeriai piailCort ~iik a 3peciai ianging 3y3ieT, a po”er piani, a po”er 3ource lor ii, a
po”er 3uppiy 3y3ieT, on-boarg ragio eiecironic eguiptent (on-boarg coniroi eguiptent ang eiecironic
eieTenis ol ike Targei ioas). On-boarg egunipteni consisiz ol on-boarg coTpuier or 3peciai processors,
ragio nayigaiion 3y3ieT 3ignai receiyer, aiiiteier, gyroyeriicai, on-boarg coTTtunicaiion ang gaia
franstisszion 3y3ieT, 3ieering Tteckanist3. Tke "ork3 [3-5] piye3 a lairiy coTpieie ciassilicaiion
baseg on tore ikan 10 ckaracierisiic 'eainres. In orger 10 ackieye Tke goai ol ike ~ork, ii i3 necessary
To KigKiigki ang reyeai l'our ol ikeT in Tore geiaii:

1 Accorging io ike 3cope ol'ia3k3 0 be 30iyea;

- TacTicai; - operaiionai-iaciicai; - operaiionai-3iraiegic.

2. Accorging io ike guraiion ol ike igKi:

- 3KOrT guraiion; - Tegin T avraiion; - iong auraiion;

3. By ragius ol aciion:

- 3KOrT ragins; - 3taii ragins; - iong Migki range; - TeginT ragins; - Mar ragivs.

4. By Type ol comiroi 3y3ieT:

- reToieiy piioies; - retoieiy coniroiies; - anioTaiic; - retoieiy coniroiieg by ke nayigaiion
3y3ierT.

Owagcopiers (Iig. 1) kaye acinaily 3uppianies aii oiker iype3 ol MMAY3 in 3kori-range
reconnaissance fask3. Mogern iecknoiogie3 Take il po33ibie 1o Take TkeT awuiie iigKi ang coTpaci, ke
TiTe ol ikeir preparaiion or [igKi i3 reguces io a TiniTuT. In aggiiion, copiers are Tanenyerabie ang
capabie ol koyering ai one poini, uniike aircralfi-iype MAY3 (Tig. 2, 3), *Kick TU3T Toye consianiiy 10

Pi8. 1 “~wmaclcop”er8 BJ1 PkanioT 4 Pro ank BJ1 Mairice 300 KTK

rig. 2. Aero Yironweni K~-20 Puta - MAY ToiiK
ciassic aircran 3ckeTe
Iig. 3. Aikion-Ayia A1-8M "Tury" - buiii
accorging o ke 3ckete ol a IMying Toing
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ATonpg ke pisagyaniage3 ol copiers are a 3kori [Miigki range coTtparef 1o ke aircrali Type,
a Kigker noise ieyei, ang io™ anionoty. Al iKi3 3iage ol Tecknoiogy peyeioptent, ike [igki range ol
To3T coTpaci toaei3 ol copiers goes noi exceeq 10 KT. barger Togeis, carrying a iarge payioag,
rareiy cross ike 20-30 kT range. bo” auionoty reler3 io ike gepengence ol ike auioTaiic gkl ol
copier3 on Tke presence ol a OP8 3ignai. Mogern toaei3 lorike To37 pari cannoi perfortT auionoTomns
Fiigki oniy by infernai 3en3or3; ikerelore, in cotbai congiiion3 (unger ke congiiion3 ol ike eneTy's
eiecironic ~arlare Tean3) ikey are n3ef 1037iy in Tanunai (3eTi-anioraiic) Tofe.

Aircralli-iype NMMAY3 are T03iiy usen ai pgisiances ol kungregs ang ikomsangs ol kKiioTeiers.
In aggivion, fopgay a iarge nutber ol Mingea MAY3 mnse iignig Mvei a3 an energy carrier, “Kiie ke yasi
Ta]oriiy ol copier3 are eieciric.

YTOb (Yeriicai Take-ol'T ang banging) MAY3 are creaieg in orger io cotbine ke agyaniages ol
aircrali ang keiicopier iype3 - yeriicai iakeol T ang ianging ~iTk a iong ligki range. Tkeoreiicaiiy, ii
ai3o aiio”™3 regucing ike iiTe ol preparaiion ol ike coTpiex aue o Tke ab3sence ol Tean3 lor iauncking,.
Ho”eyer, a cotbinaiion ol agyaniage3 i3 iTpo33ibie ~iTkoni a coTbinaiion ol gisagyaniage3. A3 a
rvie, ike engines nsep lor iakeol T are noi u3epg in cruise Toae, ikai i3, ikey acivaiiy fake ike Ta33 ol ike
payioag in ike aircrali yersion. In agaiiion, ikey creaie aggiiionai resisiance, “kick nepaiiyeiy al'Teci3
Tke [Miigki range. Tkus, ike agyaniage3 ol Y TOb are vily nsef oniy “kere ikere i3 noi enongk 3pace lror
Take-ol'T "iike an airpiane"” ang aiike 3ate TiTe aiong igki range i3 reguiren. In oiker cases, ii i3 Tore
appropriaie 7o n3e conyeniionai 3ckeTes.

rig. 4. YTOb MNAY bockbeea-Mariin Iig. 5. MAY Bayrakiar TB2
“8ialker Y XE30”

Tku3, Taking inio accouni ike pecwiiariiie3 ol ike 3irucivre, purpose ol MAY3, ang ike consiani
expansion ol Tke Tofei range ol ike presenieg Teanas, ke a3k ol caicuiaiing ke necessary nutber ol
MAY3 lor ike purpose ol 3uccesslniiy conguciing coTbai operaiions ol a 3pecilic unii arises, *Kick i3
noi coyereq in open 3ource3 ang lortaiiy fescribeg in pocirinai ang oiker gepariteniai guigance
jocuTtenis.

In apgition, Tke anaiy3i3 ol ke experiernce ol conguciing Kosiiiiiie3 3kK0”™3 ikal ike neef 1o
proyige MAY3 lor coTbal unii3 in ike congiiion3 ol ike gynartic3 ang rapigiity ol" arteg conl roniaiion
i3 consianiiy gro™ing.

Pre8eniing Tain Taieriai.

Topay, Tke 3cope ol appiicaiion ol [TAY3 i3 consianiiy expanging, in pariicuiar in ike areas ol
aeriai reconnaizsance ang reconnaissance ang/or lre gaTtaje o Tke eneTy. Tkey are faraguaiiy
repiacing ke neeg lor iragiiionai correciors, ang ki3 i33ue i3 pariicuiariy acuie in ceriain uniiz up io
ang incinging a teckanirep bariaiion (ariiiiery giyision), guring operaiions in genseiy popwuiaief areas
olike area, “ken Ti3caicuiaiion ol Tire gatage can co3iike iiye3 ol ciyiiians, "Kick i3 unaccepiabie.

Tke proces33 ol using a 3pecillic nutber ol untannep aeriai yekicies lor ike purpose ol aeriai
reconnaissance reguires reasoning baseg on ike iype3 ang 3cope ol Ta3k3 ang ike ckaracierisiic3 ol ike
MAY3ikeT3eiyes.

To Topei ike 3y3ieT lor caicwiaiing ke neeg3 ol wunii3 lor ke 3uppiy ol untanneg aeriai
yekicies, e Miii n3e 3y3ieT3 ol Ta33 3eryice Miik laiivres, since ikey To37 vily gescribe aii po3sibie
cases in ike congiiion3 ol Tiiitary operaiions.

In orger io orTaiire ike process ol proyiging neens lor ike n3e ol unTannes aeriai yekicies, ii i3
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Initial data:
The link of the unit is tactical j;, operative-tactical j,, strategic ja;
Depending on the method of conducting the battle (defense, offensive), the actual size of the
application area of the unit with the total area will change S,, m* (position, area, operational zone);
Conditional initial number of drones d of the j-th type;
Flight resource of the unit of the j-th type, Hy, flights;
The average flight mission time will vary depending on the type of UAV missions assigned to
the unit of the j-th type (reconnaissance, shock, relay), Ty, sec;
The number of personnel (engineering and technical or flight personnel) participating in the
maintenance and control of UAVs.
Limitation: Detachment of personnel to resume maintenance and control of the UAV is
unacceptable, and does not affect the unit's combat readiness ratio;
Assumption: The total number of UAVs is limited by the staff of the j-th type unit and cannot be
instantly increased or restored.
The technical condition of unmanned aerial vehicles is changing exponentially.
The aim of the research consists in finding the required number d of unmanned aerial vehicles
for specific application conditions without reducing the unit's combat readiness ratio.
In the case of conducting aerial reconnaissance by several UAVs, the time for completing one
flight task is
To=T,/d , (1)
where T, — the average time of completing one flight task, d — total number of UAVs.
In many cases T;, can be roughly defined as the eccentricity of the graph of the observation area
(site area), or as the flight time from the area of concentration to the conditional center of this section.
Intensity of flying tasks
by = 1/To @
The UAV usage rate (the total number of UAVs in the unit) can be determined from the
expression

pp =M1, )
where A — the intensity of needs (applications) for reconnaissance/pre-reconnaissance for the entire
unit.

In this system, there should be a sufficient number of free UAVs to meet the needs of all fire
units, since waiting for a free UAV often leads to a loss of fire superiority on the battlefield and, as a
result, to a decrease in the combat potential of its troops (forces).

The probability of such a situation is [14]

P 1
. d_[ ] . @

1 1 d
T+ptp?++15p

Let's assume that for a certain unit of time for the execution of reconnaissance/pre-
reconnaissance tasks, the combat potential will be reduced by L. Also, the operation of one UAV per
unit of time leads to a decrease in the resource of the unit — K.

Below the K it is necessary to understand not only operational costs, but also the involvement of
personnel (operators) to perform flight tasks for one UAV. The reduction of the flight resource during
the operation of all UAVs will be K.

Let the failure during the performance of one flight task cause a direct decrease in the combat
potential by L.

Then the average reduction in combat potential associated with exploitation d UAV and with
number of tasks of using UAVs per time T, and the reduction of combat potential in connection with
failures per unit of time LT, A , on average are

H= Lokp + LT, + Ky (5)

In (5) T, — average time of the average time of completing one flight task, and together with it
LT,\ decrease as the number of UAVs in the unit increases d.

But K,; in the same conditions also increases.

3
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Thus, the main feature of calculating the needs of units for the provision of unmanned aerial
vehicles UAVs consists in choosing such a value d, in which the criterion of reducing combat potential
H will be minimal, that is, that the costs associated with the involvement of personnel and the
operation of UAVs and the unproductive maintenance of an excessive number of UAVs and crews
(flight crew) will be the least [15].

An important indicator is the average flight task delay time T, which is most often associated
with the technical delay required to launch the UAV (in particular, the time for landing and take-off)
and Tr, — delay associated with the targeted impact of the enemy's radio-electronic warfare during the
flight itself.

The sum of the average delay times Tr and performing a flight task (depending on the tasks —
aerial reconnaissance or fire damage) Try, 1s equal to the average time of use of the UAV by the unit

Tsim = T + Trp + Ty (6)

Let's establish a relationship between the average number of needs to use the UAV located in the
unit and the average time of the flight task. Since for a unit of time in the unit there is a need for
execution A flight tasks, and the average time of the average time of the use of UAVs by the unit —
Tsry, then the total duration of use of UAVs by fire units per unit of time is equal to ATggy. Since in

the unit during the conduct of hostilities there may be an average of 4 requests for the use of UAVs,
this value is equal to

A - 7\’TSFM' (7)
Similarly, the average number of requests for flight tasks for units awaiting execution will be
Ag = AT3. (8)

Due to the expenditure of additional resources to reduce the delay time due to the modernization
of the fleet of UAVs involved, reduce T, and it is possible to significantly reduce the average time of
the flight task Trp,. At the same time, the value will also decrease Tsgy,.

In this case, the criterion for finding the optimal number of UAVs in the unit H the specified
additional costs should also be entered.

An indicator of quality

Ko = Mu/d. 9)

UAYV utilization ratio (which is the main indicator for predicting the operational load during
maintenance and repair by service personnel - operators, especially with a large number of UAVs)

KQUAV = Ay/d, (10)
where A, = A — Ag — the average number of UAV use cases served by the available UAV fleet.

Thus, in its essence, the use of the proposed model is carried out due to the processing of
statistical data of the real use of unmanned aerial vehicles with the indication of a specific type of
tasks, taking into account the technological capabilities of the UAVs themselves, which is why it
becomes possible to calculate their average required number in a specific link (tactical, operational
tactical, operational-strategic), which corresponds to the purpose of the study.

Conclusions. Thus, the work considers the classification of existing types of UAVs to
determine the defining characteristic features for determining their required number. An analysis of
factors that can influence the processes of execution of combat tasks by units was carried out. It was
determined that delays in the performance of aerial reconnaissance, reconnaissance, and UAV fire
damage tasks can directly reduce the combat potential of units.

The main difficulty in the practical implementation of the model for calculating the needs of
units for providing unmanned aerial vehicles is the use of such drones according to the principle of
their availability.

The main advantage of using the proposed model it 1s possible to justify the needs based on the
criterion of reducing the combat potential of the combat unit, which in the future provides an
opportunity to evenly distribute UAV resources during the planning of fire damage to the enemy.

The direction of further research the collection and generalization of statistical data on the use
of UAVs and the approbation of this model using simulation modeling should be considered.

9
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