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Abstract. The article considers the theoretical aspects of UAV research for flights in the stratosphere, analyzes the 
approaches to evaluating the use and effectiveness of UAVs. Measures have been developed to optimize the use of UAV 
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1. Introduction
Today in the process of UAV operation there

are different stages, different subsystems, devices 
and modes of their operation are used, different 
operations are performed. In this regard, the 
system performance indicators of UAVs can 
be assessed by a wide range of parameters. 
As practice shows, there are approaches: to 
evaluate the effectiveness of UAVs, to evaluate 
the use of UAVs and combined - approaches 
to simultaneously evaluate the effectiveness of 
UAVs and the effectiveness of UAVs. It should be 
noted that the wide range of UAVs, their different 
levels of technological and technical level bring 
to the fore the task of their comparative evaluation 
and evaluation of their effectiveness, as the basis 
of the decision-making process in the formation 
of a modern UAV fleet. 

      Thus estimation of efficiency of the UAV can 
be realized: on the basis of a complex indicator of 
efficiency; by individual performance indicators; 
through the use of comprehensive evaluation and 
evaluation of individual performance indicators.     
The novelty of the study lies in the analysis of 
the features of the development of methods for 
evaluating the effectiveness of UAVs. In addition, 
the development of methods for evaluating the 
effectiveness of UAVs will solve the issue of 
reasonable formation of tactical and technical 

requirements for newly created UAVs at the stage 
of writing a tactical and technical task for R & D; 

comparison of different types of UAVs; 
determining the conditions of use in which the 
effectiveness of the UAV tends to the maximum; 
development of measures for optimal (rational) 
use of UAVs.

2. The main part
In this case, the algorithm for evaluating

the effectiveness of UAVs and the processes of 
their application can be implemented: on the 
basis of a comprehensive efficiency indicator; 
by individual performance indicators; through 
the use of comprehensive evaluation and 
evaluation of individual performance indicators. 
The necessity of development of a technique of 
estimation of efficiency of stratospheric UAVs 
is defined. Currently, there is a need to develop 
a basic mathematical model for evaluating the 
effectiveness of stratospheric UAVs. 

The basic model of the UAV, adequately 
reflects its aerodynamic characteristics, taking 
into account the limitations and assumptions 
adopted during the development of this model. 
In addition, the basic model allows to evaluate 
the efficiency of the UAV according to the 
experimental dependences for pitch angle, speed, 
thrust, battery charge and the coefficient that 
determines  the  ratio  of  charge  to battery  
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capacity as a function of time. At the same time, the 
basic mathematical model for evaluating the 
effectiveness of UAVs in order to expand its own 
functionality involves a number of modifications. 

The proposed modification of the basic 
mathematical model of stratospheric UAVs allows to 
build automated algorithms for estimating UAV 
parameters and to organize the procedure for 
evaluating efficiency through the analysis of such 
dependences as the ratio of lifting force to angle of 
attack and drag coefficient, lifting ratio specific 
power from the load on the wing height of the aircraft 
UAS. Further modifications of the basic model are 
related to taking into account: the parameters of the 
UAV power supply system; algorithms for optimal 
electricity distribution; features of UAV operation; 
factors related to the external environment and 
affecting the level of electricity consumption.  

     Let's analyze the main examples of 
application of the above approaches to assessing the 
effectiveness of UAVs: 

ГП
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    ,  where     (1.1) 
– the maximum coefficient of efficiency of the

UAV with electric power plant; 
– economic speed;
– maximum flight duration;
– relative energy reserve for horizontal flight.

The proposed comprehensive indicator can be 
especially useful in solving problems of assessing the 
technical excellence of existing models of unmanned 
platforms for different types of target loads and 
unmanned platforms, as well as when used as part of 
integrated indicators during the development of 
concepts of modern UAVs [1]. The main 
disadvantages of this comprehensive indicator are: 
obtaining approximate estimates of the level of 
technical perfection of UAVs with power plant; 
complicating the calculations of this indicator with 
increasing altitude. When creating an efficient UAV 
on solar cells, it is necessary to strive to reduce energy 
needs and increase aerodynamic performance. It is 
proposed to use the criterion of UAV perfection in the 
form of [2]:  

�⃑W��𝐾𝐾�K1, p, V, � = p,V, ��W⃑��

K
= VWl

Ss
, (1.2) 

K - coefficient of aerodynamic perfection; 
р-load on the wing; 
V- flight speed;
W  – specific power consumption; 
𝑊𝑊𝑙𝑙– the necessary power for the flight; 
𝑆𝑆𝑠𝑠– wing area. 
It should also be considered as a partial criterion 

that determines the effectiveness of stratospheric 
UAVs. These include the following [3]: Performance, 
flight duration, time efficiency, relative weight, target 
load take-off weight, scope, resolution, coverage, 
cost, risk.  

These criteria are used to select concepts for the 
construction of stratospheric UAVs, which differ in: 
aerodynamic scheme (normal scheme, "flying wing", 
articulated wings); energy sources (expendable and 
non-expendable energy sources); engine (internal or 
external combustion, electric motor); by the method 
of energy conversion transmitted from the source to 
the propulsion [4].  

To solve the problem, the method of confident 
judgments is used, which assumes that for a 
comprehensive assessment of the effectiveness of the 
alternative on the basis of normalized values of its 
individual criteria, a convolution of these criteria 
(linear or maximum (Hermeyer)) is used. It is based 
on the definition of hard and soft ratings of 
alternatives by formulas, respectively [5]: 

∫
∈
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S  – the set of allowable values of weights; 
s  – subset of the set S ;  
Ri  – hard rating alternative;
ARi  – soft rating of the alternative.
It should be noted that the main disadvantage of 

this approach is the low accuracy compared to 
methods that use accurate numerical rather than 
vague values of weights [6].  

Because the effectiveness of the UAV depends 
on both the tactical and technical characteristics of the 
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device, and the capabilities of the elements of the 
onboard complex of the UAV and ground 
components. In addition, changes in the conditions of 
optical visibility, electronic environment, as well as 
the presence of resistance in the area of the UAV 
significantly reduce the effectiveness of its 
application. 

Consider the method of evaluating the 
effectiveness of UAVs for environmental monitoring. 
To assess the effectiveness of the use of the drone, we 
use the probability of performing a flight task by a 
search UAV [7]: 

𝑃𝑃𝑝𝑝 = 𝑃𝑃𝑎𝑎𝑃𝑃𝑏𝑏𝑃𝑃𝑐𝑐𝑃𝑃𝑑𝑑𝑃𝑃𝑘𝑘𝑃𝑃𝑙𝑙 (1.5) 
 𝑃𝑃𝑎𝑎 −  the probability that the UAV will be 

serviceable throughout the flight or the level of its 
serviceability will not affect the task; 

𝑃𝑃𝑏𝑏– the probability that the UAV will enter the 
search area; 

𝑃𝑃𝑐𝑐 – the probability of overcoming adverse 
effects in the executive zone and when approaching it 
(for civilian UAVs - is the probability of overcoming 
such factors as bad weather conditions, as well as 
factors affecting the UAV in the case of its use in 
areas of natural disasters and man-made disasters)[8 
]: 

N
∑− λ
i=1

itni
Рпнв = е , (1.6) 

 λ i  – the intensity of the effective influence of 
the i-th adverse factor A;  

t ni  – the time of the UAV in the area of direct 
influence of the i-th adverse factor;  

𝑃𝑃𝑙𝑙 – the probability that the information 
transmitted to the consumer will not lose its relevance 
in the time elapsed from the receipt of UAV 
information to its transmission to the consumer [9]: 

,𝑃𝑃𝑙𝑙 = 𝑒𝑒−
𝑇𝑇1
𝑇𝑇2   (1.7) 

𝑇𝑇1 – time of data detection and transmission; 
𝑇𝑇2– the average time spent by the intelligence 

object in this state or place; 
  𝑃𝑃𝑑𝑑– probability of object detection; 
𝑃𝑃𝑘𝑘– the probability of delivery of information to 

the consumer. 
It should be emphasized that the basic 

mathematical model for evaluating the effectiveness 

of UAVs, which is taken as the basis for evaluation, 
should be based on the equations for lift 𝐹𝐹𝐿𝐿 (lift force, 
LF), aerodynamic drag 𝐹𝐹𝐷𝐷 (drag force), traction  𝐹𝐹𝑇𝑇 
(thrust force), calculated on the basis of lifting force 
and aerodynamic drag, as well as pitch 𝑀𝑀𝑃𝑃 (pitching 
moment, MP): 

⎡
⎢
⎢
⎢
⎣ 𝐹𝐹𝑇𝑇 = 𝐹𝐹𝐿𝐿 ∙

𝑘𝑘𝐷𝐷
𝑘𝑘𝐿𝐿

𝐹𝐹𝐿𝐿 = 𝑞𝑞 ∙ 𝑘𝑘𝐿𝐿 ∙ 𝑆𝑆𝑊𝑊         
𝐹𝐹𝐷𝐷 = 𝑞𝑞 ∙ 𝑘𝑘𝐷𝐷 ∙ 𝑆𝑆𝑊𝑊
𝑀𝑀𝑃𝑃 = 𝑞𝑞 ∙ 𝑘𝑘𝑃𝑃 ∙ 𝑙𝑙𝐴𝐴𝐴𝐴 ∙ 𝑆𝑆𝑊𝑊 , (1.8) 

де 𝑞𝑞 – free flow pressure; 
𝑆𝑆𝑊𝑊 – total wing area; 
𝑘𝑘𝐿𝐿 – lifting force coefficient; 
 𝑘𝑘𝐷𝐷 – aerodynamic drag coefficient; 
 𝑘𝑘𝑃𝑃 – pitch factor; 
 𝑙𝑙𝐴𝐴𝐴𝐴  – the length of the chord of the aerodynamic 

profile (airfoil chord). 
Free flow pressure is determined based on air 

density values𝜌𝜌𝐴𝐴  depending on the altitude of the 
UAV and the speed of the device 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈: 

2
𝑞𝑞 = 𝜌𝜌𝐴𝐴∙(𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈)2 . (1.9)
To further model and optimize the trajectory of 

the UAV by mathematical methods, it is sufficient to 
construct differential equations to change the speed of 
the device 𝑑𝑑𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈/𝑑𝑑𝑑𝑑 and pitch angle 𝑑𝑑𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈/𝑑𝑑𝑑𝑑. To 
do this, the concept of angle of attack is introduced 
𝛼𝛼𝑈𝑈𝐴𝐴𝑈𝑈 and the angle of inclination 𝜗𝜗𝑈𝑈𝐴𝐴𝑈𝑈 and 𝜗𝜗𝑈𝑈𝐴𝐴𝑈𝑈 =
𝛼𝛼𝑈𝑈𝐴𝐴𝑈𝑈 + 𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈 . From these equations through the 
definition 𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈  you can go to the navigation 
differential equations for 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 і 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑, where the 
axis 𝑋𝑋′𝑋𝑋 – corresponds to horizontal motion UAV, а 
𝑍𝑍′𝑍𝑍 – vertical [10]: 

⎡
⎢
⎢
⎢
⎣

𝑑𝑑𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈 =
𝐹𝐹𝑇𝑇 ∙ sin(𝛼𝛼𝑈𝑈𝐴𝐴𝑈𝑈) − (𝐹𝐹𝐿𝐿 − 𝑃𝑃 ∙ cos(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈))

𝑑𝑑𝑑𝑑
𝑑𝑑𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈 =
𝑑𝑑𝑑𝑑

𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈 ∙ 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈
𝐹𝐹𝑇𝑇 ∙ cos(𝛼𝛼𝑈𝑈𝐴𝐴𝑈𝑈) − (𝐹𝐹𝐷𝐷 + 𝑃𝑃 ∙ sin(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈))  

𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈

→ �

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈 ∙ sin(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈)

= 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈 ∙ cos(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈)
 , 

𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈  – table UAV, а 𝑃𝑃 = 𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈 ∙ 𝑔𝑔  – his 
weight. 

Also for construction of mathematical model it 
is important to define the first and second derivative 
of an angle of inclination, as angular frequency of 
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rotation.𝜔𝜔𝑦𝑦 along the axis 𝑌𝑌′𝑌𝑌 and the ratio of pitch 
and moment of inertia 𝐼𝐼𝑦𝑦: 

�

𝑑𝑑𝜗𝜗𝑈𝑈𝐴𝐴𝑈𝑈
𝑑𝑑𝑑𝑑

= 𝜔𝜔𝑦𝑦
𝑑𝑑2

𝑑𝑑𝑑𝑑2
𝜗𝜗𝑈𝑈𝐴𝐴𝑈𝑈 = 𝑀𝑀𝑃𝑃(𝑦𝑦)

𝐼𝐼𝑦𝑦

 . (1.10) 

In addition, for most tasks, the flight of a UAV 
can be considered as occurring during the main time 
in horizontal mode. in this case, the values of the 
angle of attack and the angle of inclination of the 
UAV can be considered close to zero. This 
significantly simplifies the differential equations for 
derivatives by pitch angle and velocity and can be 
used in the development of a mathematical apparatus 
to evaluate the efficiency of the subsystem of solar 
cells of the UAV power supply system [11]: 

 �

𝑑𝑑𝜃𝜃𝑈𝑈
+
𝐴𝐴𝑈𝑈

𝑑𝑑𝑑𝑑
≈ 𝐴𝐴𝐿𝐿−𝑃𝑃∙cos(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈)

𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈∙𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈
𝑑𝑑𝑣𝑣𝑈𝑈

+
𝐴𝐴𝑈𝑈

𝑑𝑑𝑑𝑑
≈ 𝐴𝐴𝑇𝑇−𝐴𝐴𝐷𝐷−𝑃𝑃∙sin(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈)

𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈

 →

 �
𝑑𝑑𝜃𝜃𝑈𝑈

+
𝐴𝐴𝑈𝑈

𝑑𝑑𝑑𝑑
≈ 𝑔𝑔∙(𝑘𝑘𝑁𝑁𝑁𝑁−cos(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈))

𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈
𝑑𝑑𝑣𝑣𝑈𝑈

+
𝐴𝐴𝑈𝑈

𝑑𝑑𝑑𝑑
≈ 𝑔𝑔 ∙ �𝐴𝐴𝑇𝑇−𝐴𝐴𝐷𝐷

𝑃𝑃
− sin(𝜃𝜃𝑈𝑈𝐴𝐴𝑈𝑈)�

          (1.11) 

𝑘𝑘𝑁𝑁𝑁𝑁 = 𝐹𝐹𝐿𝐿/𝑃𝑃  – normal overload coefficient 
(normal overload, NO).  

The specification of the constructed model 
according to the power supply scheme allows to 
optimize the trajectory of autonomous flight of the 
UAV using the methods of numerical analysis. 
Before conducting quantitative calculations, it is 
necessary to determine the minimum level of 
accuracy and maximum duration of these
calculations, which corresponds to the number of 
iterations, and in accordance with them to build a 
software algorithm for evaluating the effectiveness of 
UAVs. To this end, it may be proposed to apply 
sequential quadratic programming techniques. 

The proposed basic model allows to evaluate the 
efficiency of the UAV according to the experimental 
dependences for pitch angle, speed, thrust, battery 
charge and the coefficient that determines the ratio of 
charge to battery capacity as a function of time. As 
noted earlier, this basic model provides a number of 
modifications to expand its functionality. 

We will consider options for improving this 
model, which are associated with modeling the flight 
of the UAV and determining its aerodynamic 
parameters depending on the altitude of the UAV 

above sea level. It is clear that when evaluating the 
effectiveness of the key arguments of the objective 
functions will be the lifting force Y and aerodynamic 
drag X, which, in turn, are determined on the basis of 
the following values [12]: 

- coefficient of lifting force𝐶𝐶𝑌𝑌;
- drag coefficient 𝐶𝐶𝑋𝑋;
- air density as a function of altitude БПЛА –

𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈); 
- the total area of the wings of the UAV – 𝑆𝑆𝑊𝑊;
- the relative speed of the UAV – 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈.

The values of the coefficient of lift and drag
coefficient depend on the aerodynamic profile of the 
UAV, the angle of attack and the Reynolds number - 
Re. The basis of mathematical modeling at this stage 
are the indicators of lift and aerodynamic drag: 

⎡
⎢
⎢
⎢
⎣

𝑌𝑌 = 𝐶𝐶𝑌𝑌 ∙
𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)∙(𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈)2

2

𝑋𝑋 = 𝐶𝐶𝑋𝑋 ∙
𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)∙(𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈)2

2

∙ 𝑆𝑆𝑊𝑊

∙ 𝑆𝑆𝑊𝑊
 →

𝑌𝑌 = 𝐴𝐴𝑌𝑌∙𝑋𝑋
𝐴𝐴𝑋𝑋

 . 

 (1.12) 

To calculate the lift coefficient of the UAV, the 
aerodynamic profile of the wing is proposed to be 
modeled at the level of a two-dimensional problem. 
At the same time the calculation 𝐶𝐶𝑋𝑋  is more non-
trivial, it is necessary to determine the coefficient of 
drag 𝐶𝐶𝐴𝐴𝐷𝐷  (airfoil drag, AD), which can also be 
calculated for a two-dimensional model of the 
aerodynamic profile, the coefficient responsible for 
the component of parasitic resistance 𝐶𝐶𝑃𝑃𝐷𝐷  (parasitic 

 drag, PD) and is determined experimentally, as well 
as inductive resistance 𝐶𝐶𝐼𝐼𝐷𝐷  (induced drag, ID). The 
inductive resistance is calculated on the basis of the 
coefficient of lift and the relative elongation of the 
wing 𝑘𝑘𝐴𝐴𝐴𝐴  (aspect ratio, AR). Based on these 
indicators, the drag coefficient is calculated as the 
sum of: 

𝐶𝐶𝑋𝑋 = 𝐶𝐶𝐴𝐴𝐷𝐷 + 𝐶𝐶𝑃𝑃𝐷𝐷 + (𝐴𝐴𝑌𝑌)2

𝑘𝑘𝑒𝑒∙𝑘𝑘𝐴𝐴𝐴𝐴
 . (1.13) 

Where the coefficient 𝑘𝑘𝑒𝑒 based on the efficiency 
coefficient of Oswald, for stratospheric UAVs 𝑘𝑘𝑒𝑒 ≈
𝜋𝜋 . The adequacy of the proposed mathematical 
apparatus and its improvement in accordance with the 
specific task of building a UAV should be further 
verified on the basis of experimental tests, such as 
through the use of a wind tunnel. Further work on 
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modeling the UAV leads to the introduction of the 
concept of thrust of the aircraft T, and determination 
based on the value of the total mass m_UAV of its 
speed [13]: 

𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈 =

2��𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈 ∙ 𝑔𝑔(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)�⁄(𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈) ∙ 𝑆𝑆𝑊𝑊 ∙ 𝐶𝐶𝑌𝑌) . (1.14) 

The value of the speed of the UAS can be used 
as a basis for calculating the power used in the 
horizontal flight mode of the device (level flight, LF): 

𝑃𝑃𝐿𝐿𝐴𝐴 = 𝑇𝑇 ∙ 𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈  →  𝑃𝑃𝐿𝐿𝐴𝐴 = 𝑌𝑌∙𝐴𝐴𝑋𝑋∙𝑣𝑣𝑈𝑈𝐴𝐴𝑈𝑈
𝐴𝐴𝑌𝑌

𝐶𝐶𝑋𝑋 ∙ �
2

𝑆𝑆𝑊𝑊∙𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈) ∙ �
𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈∙𝑔𝑔(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)

𝐴𝐴𝑌𝑌
�
3

→ 𝑃𝑃𝐿𝐿𝐴𝐴 =

(1.15)

Accordingly, the specific power (power density, 
PD) for horizontal flight can be calculated as a ratio 
𝑃𝑃𝐿𝐿𝐴𝐴 і 𝑆𝑆𝑈𝑈𝐴𝐴𝑈𝑈: 

𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴𝐷𝐷 = 𝐶𝐶𝑋𝑋 ∙ �
2

𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈) ∙ �
𝑚𝑚𝑈𝑈𝐴𝐴𝑈𝑈∙𝑔𝑔(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)

𝑆𝑆𝑊𝑊∙𝐴𝐴𝑌𝑌
�
3
 (1.16)

It should be noted that the dependence 

𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴𝐷𝐷~�𝜌𝜌(ℎ𝑈𝑈𝐴𝐴𝑈𝑈)�−
1
2   allows for different heights of 

horizontal flight to build the dependence of the load 
on the wing 𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴𝐷𝐷  in accordance with the specific 
design features of the UAV. 

An indicator that characterizes the stratospheric 
UAV in accordance with the ability to assess its 
effectiveness is the coefficient of bearing capacity 
𝐶𝐶𝑀𝑀, which is calculated as the ratio of the mass of the 
main part of the UAV (constant mass) – 𝑀𝑀𝐴𝐴 and the 
mass of the elements to be optimized during the 
completion of the device, ie the wings and solar 
panels that cover them – 𝑀𝑀𝑊𝑊  (total weight𝑀𝑀𝛴𝛴 =
𝑀𝑀С + 𝑀𝑀𝑊𝑊).  

It is advisable to determine 𝑀𝑀𝑊𝑊 as the product 
of the density index ρ_W and the total wing area of 
the UAV [14]: 

𝐶𝐶𝑀𝑀 = 𝑀𝑀𝛴𝛴−𝜌𝜌𝑊𝑊∙𝑆𝑆𝑊𝑊
𝑀𝑀𝛴𝛴

   (1.17) 

As shown by the results of practical research for 
successful series of UAVs indicator 𝐶𝐶𝑀𝑀  is a fixed 
value that lies within 𝐶𝐶𝑀𝑀 ∈ [0,15; 0,22].  

The approach was applied to design in the zero 
approximation. 

Figure 1. Carrying out the technique on the 
UAV 

3. Conclusions
The rather extensive nomenclature of UAVs,

their multilevel technological and technical level 
bring to the fore the task of evaluating their 
effectiveness as the basis of the decision-making 
process during the formation of a modern UAV fleet. 
It is obvious that the design of the methodology for 
evaluating the effectiveness of UAVs is required in 
order to: reasonably form the tactical and technical 
requirements for the newly created UAS at the stage 
of writing a tactical and technical task for R & D; 
comparison of different types of UAVs; determining 
the conditions of use in which the effectiveness of the 
UAV tends to the maximum; development of 
measures for optimal (rational) use of UAVs. 

In this case, the algorithm for evaluating the 
effectiveness of UAVs and the processes of their 
application can be implemented: on the basis of a 
comprehensive efficiency indicator; by individual 
performance indicators; through the use of 
comprehensive evaluation and evaluation of 
individual performance indicators. The necessity of 
development of a technique of estimation of 
efficiency of stratospheric UAVs is defined. 
Currently, there is a need to develop a basic 
mathematical model for evaluating the effectiveness 
of stratospheric UAVs. 

The basic model of the UAV, adequately reflects 
its aerodynamic characteristics, taking into account 
the limitations and assumptions adopted during the 
development of this model. In addition, the basic 
model allows to evaluate the efficiency of the UAV 
according to the experimental dependences for pitch 
angle, speed, thrust, battery charge and the coefficient 



ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2021. N3(83): 23–2828

that determines the ratio of charge to battery 
capacity as a function of time.

At the same time, the basic mathematical 
model for evaluating the effectiveness of UAVs 
in order to expand its own functionality involves 
a number of modifications. The proposed 
modification of the basic mathematical model of 
stratospheric UAVs allows to build automated 
algorithms for estimating UAV parameters and to 
organize the procedure of efficiency evaluation 
through the analysis of such dependences as the 
ratio of lift coefficient to angle of attack and drag 
coefficient.

The ratio of lifting force and aerodynamic drag 
as a function of drag coefficient, the dependence 
of specific power on the load on the wing height 

of the aircraft UAS. Further modifications of the 
basic model are related to taking into account: 
the parameters of the UAV power supply system; 
algorithms for optimal electricity distribution; 
features of UAV operation; factors related to the 
external environment and affecting the level of 
electricity consumption.

Thus, the proposed modification of the basic 
mathematical model of stratospheric UAVs allows 
to build automated algorithms for estimating the 
parameters of this type of drones and organize 
the procedure for evaluating efficiency through 
the analysis of such dependences as the ratio of 
lifting force to angle of attack coefficient of drag, 
the dependence of specific power on the load on 
the wing height of the UAV of the aircraft.
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