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ASSESSMENT OF THE ACCURACY OF THE APPROXIMATION OF THE NONLINEAR PARAMETERS OF THE 
PROJECTILE FLIGHT 

V. aidaniuk, S. Bondarenko, A. Onofriichuk 

The article evaluates the accuracy of the approximation of the aerodynamic force coefficients (moments) of the projectile 
and atmospheric parameters, which are significantly nonlinear. The aerodynamic force coefficients (moments) of the 155-mm 
Assegai M2000 projectile of the South African company Denel Naschem and atmospheric parameters defined by the 
international standard ISO 2533:1975/Add.1:1985(en) Standard Atmosphere are taken as basis. The estimation of the accuracy 
of the approximation of the tabular values is presented through the relative error (misalignment) between the given tabular data 
and the values of the approximated function of the aerodynamic force coefficients (moments). Analytical functions are used as 
approximating functions, such as the sum of a support function (error function) and a set of basic functions (Gaussian functions), 
which makes it possible to obtain an approximating function continuously differentiated on the segment of the change in the 
projectile flight parameter, which can be represented by a single expression. In the Maple software environment, analytical 
functions (error functions and Gaussian functions) were approximated to the tabulated values of the aerodynamic coefficients of 
forces (moments) of the 155-mm Assegai M2000 projectile. The obtained values of the single analytical functions of force 
coefficients (moments) and atmospheric parameters can be used to solve the problems of calculating firing tables, preparing data 
using ballistic integrating algorithms (ballistic calculators) for firing existing, new artillery systems and those systems being 
modernized. It is shown that by iterative procedures of approximation of tabular data of aerodynamic force coefficients 
(moments) and parameters of the atmosphere, it is possible to construct analytical functions in the form of a continuous function 
of the projectile flight parameter within the entire range of its change, ensuring the given accuracy of its approximation to the 
tabular data. 

Keywords: projectile, aerodynamic forces (moments), atmospheric parameters, approximation, analytical function, tabular 
function, relative error. 
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ENGINEERING AND NAVIGATING CALCULATION THE FLIGHT OF UNMANNED AIRCRAFTS OF TACTICAL 
CLASS 

Yu. Myronchuk, S. Overchuk, A. Tkach 

The regulatory documents of the Ministry of Defense of Ukraine provide for navigational training of the crews of 
unmanned aircraft complexes and establish the necessity of having a navigational plan and an engineering-navigator flight 
calculation at the workplace of an external UAV pilot. The article notes that today there are no normative documents that would 
establish the content and scope of engineering and navigational calculations and methods of their implementation for unmanned 
aircraft complexes of tactical classes. The article as a whole is devoted to the consideration of issues of methodical support of 
navigator training of crews of unmanned aerial systems of the tactical class with an electric power plant. It is indicated that, 
based on the tactical and technical capabilities of UAVs of tactical classes, the nature of the tasks performed by them and the 
typical educational level of their external pilots, the creation of the most simplified methodology for performing basic 
engineering  and navigational calculations of UAV flights is required. The mathematical complexity of such a method should not 
go beyond general secondary education. When performing navigational calculations of aircraft flights, the main difficulty is 
created by the problem of taking into account the influence of the wind. Simple algorithms for calculating the correction to the 
wind drift course, road speed and flight duration on straight sections of the route and sections of U-turns in the presence of wind 
are proposed. Algorithms for calculating the total need for energy resources for a flight along a given route and for separate 
sections of the route, including additional energy resource needs for sections of altitude gain, are proposed. Recommendations 
for evaluating the energy capacity of the battery available for flight performance are given. An algorithm for calculating the 
critical reserve of energy resources, which is necessary for the possibility of returning the UAV from the farthest point of the 
route under meteorological conditions for the scheduled flight time, is proposed. Options for full and abbreviated engineering 
and navigational calculations are offered. 

Keywords: unmanned aerial vehicle, flight route planning, navigation triangle, navigator's calculation, energy 
consumption per flight. 
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