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 
ABSTRACT 
 
The article raises the issue of aircraft safety during practical 
shooting by air defense calculations at targets. In order to 
ensure safety, information about the flight path of the target 
missile is required. To solve the problem of determining the 
trajectory data of the target rocket flight, it is proposed to use 
the radio-detonator of an anti-aircraft guided missile, 
converted into a missile target, in a new capacity – a source of 
radar information. This radar information is received by two 
receiving points located on the ground and separated from 
each other. Information from two receiving stations calculates 
the current projected range of the missile target using the 
triangulation method. The calculated projection range of the 
missile target is compared with the allowed range.if the flight 
of the missile target goes beyond the boundaries of the 
permitted sector, the "self-destruct"command is issued on 
Board the missile target. The principle of operation of the 
radio detonator allows for minimal changes in the design to 
use it in solving problems of aircraft safety during combat 
firing by air defense combat calculations. The use of a 
converted radio detonator, two receiving stations separated 
from each other and the calculation of the projection range by 
triangulation will ensure the safety of aircraft and people and 
objects on the ground is confirmed by the proposed technical 
solution and mathematical formulas. 
 
Key words : security, radar, anti- aircraft guided missile, target 
missile, radio detonator. 
 
1. INTRODUCTION 
 
Ensuring the safety of aircraft that perform regular flights 
during exercises with live fire by air defense means is an 
urgent problem. This is proved by the tragedy of 2001, when a 
Tu-154 of the Sibir airlines crashed over the Black sea. It was 

 
 

on a flight from tel Aviv to Novosibirsk, with 66 passengers 
and 12 crew members on Board, all of whom were killed. The 
interstate aviation Committee concluded that the plane was 
shot down by an anti-aircraft guided missile launched from 
the S-200 complex, while Ukraine was conducting air defense 
exercises [1]. 
Purpose of research. Development of technical solutions for 
determining the trajectory data of the flight of a missile target, 
using the radio detonator of an anti-aircraft guided missile, 
converted into a missile target, in a new capacity as a source 
of radar information. 
 
2. MATERIALS AND METHODS 
 
The research material is a radio-detonator of an anti-aircraft 
guided missile and the development of a technical solution for 
its use in a missile target in another capacity. To achieve the 
research goal, statistical methods, system analysis and 
modeling were used.  
 
3.  RESULTS AND DISCUSSION: 
In Soviet times, live-fire exercises of the air defense forces 
were conducted at ranges that had large areas that allowed for 
safe firing by air defense means. In addition, they were 
equipped with special telemetry equipment that allowed them 
to track the flight paths of targets and anti-aircraft guided 
missiles. Currently, there is no such equipment at the 
Saryshagan test site (Kazakhstan), and time requires the 
creation of technical means that can solve the problem of 
determining the trajectory data of the target rocket flight, in 
order to ensure the safety of ground objects, as well as to 
confirm the target's defeat, calculations of the air defense 
forces. 
Air defense systems have anti-aircraft missile systems 
(SAMS) and systems that determine the current coordinates 
(sight) of the target and the missile, develop control 
commands for the missiles to guide them to the target. Target 
and missile sightings are based on the following principles: 

 
Solving the problem of aircraft safety during combat shooting 

by air defense means 
Marat Meyerbekov1, Kuandyk Zakariya2, Karassay Kurmanseitov3, Adilbek Bekmagambetov4 

1 National University of Defense of the First President of the Republic of Kazakhstan - Elbasy, Nur-Sultan, 
Kazakhstan, maratmeyerbekov@bk.ru 

2 National University of Defense of the First President of the Republic of Kazakhstan - Elbasy, Nur-Sultan, 
Kazakhstan, kuandyk.zakariya@inbox.ru  

3 National University of Defense of the First President of the Republic of Kazakhstan - Elbasy, Nur-Sultan, 
Kazakhstan, karassay.kurmanseitov@mail.ru 

4 National University of Defense of the First President of the Republic of Kazakhstan - Elbasy, Nur-Sultan, 
Kazakhstan, adilbek.bekmagambetov@mail.ru 

 

        ISSN  2347 - 3983 
Volume 8. No. 10, October 2020 

International Journal of Emerging Trends in Engineering Research 
Available Online at http://www.warse.org/IJETER/static/pdf/file/ijeter1418102020.pdf 

https://doi.org/10.30534/ijeter/2020/1418102020 
 

 

 



Marat Meyerbekov  et al.,  International Journal of Emerging Trends in Engineering Research, 8(10), October 2020,  7554 -  7559 

7555 
 

 

target-active radar with passive response; missile-active radar 
with active response (missile responder) [2]. 
Ground control station Sam irradiates the target. 
Simultaneously with the signals reflected from the target, the 
signals of the missile responder are received. Simultaneous 
reception of signals reflected from the target and the missile 
signals allows you to determine the position of the missile 
relative to the target at any time. Data on the position of the 
missile and the target are received by the ground station's 
counting and decision device, which generates control 
commands transmitted to the missile. The principle of 
operation of the pulse radio control and sighting is based on 
determining the position of the missile relative to the target at 
any time, followed by the development of a command to 
control the missile. 
When using an anti-aircraft missile as a missile target, 
determining its coordinates according to the responder's data 
to control the performance of the missile target of the 
specified flight path is not advisable for reasons: 
- the ground control station of the target rocket issues control 
commands directly to the target rocket to work out the 
specified flight path, i.e. perform performing tasks. System 
that performs performing the task, can not effectively carry 
out the tasks of control. Therefore, separate ground control 
stations are needed in the system of measuring means of the 
polygon, especially if this is related to the safety of the target 
rocket application; 
- structurally, the Respondent's antennas are located in the tail 
section at the end of the target rocket, which will definitely 
make it difficult to use information from the Respondent to 
obtain trajectory data of the target flight at control ground 
stations, since ground control stations are located in other 
areas of the terrain; 
- re-equipment of the missile to receive information from the 
responder (transfer of the responder's antennas to the front of 
the rocket) or modification of the ground control station, in 
order to obtain reliable information about the flight of the 
target, for control ground stations, will lead to significant 
material costs. 
To solve the problem of determining the trajectory data of the 
flight of a missile target, it is proposed to use the radio 
detonator of an anti-aircraft guided missile, converted into a 
missile target, in a new capacity as a source of radar 
information. 
Radio controlled fuses included in the on-Board equipment 
surface to air missile and is designed to generate pulse 
triggering (initiation) at undermining the warhead 
anti-aircraft missiles when approaching a target at a time 
when the greatest defeat the purpose of the elements of 
combat units [3, 4,]. 
The radio fuse consists of an antenna system, a transmitter 
with a power supply, and a receiver. The antenna system is 
designed for radiating radio pulses in the direction of the 
target and receiving signals reflected from it [3, Fig. 1]. the 
directional Diagram of the antenna system of the radio fuse 
for transmission and reception has the form of a funnel with a 
changing angle depending on the duration of the command 

"K4" at the vertex φ. the Command "K4" is issued from the 
ground control point on Board the rocket in flight. The 
duration of the command depends on the relative speed of the 
missile's approach to the target [3, p.12-28]. The total 
radiation pattern of the radio fuse antenna system is shown in 
figure 1. 

 
 

Figure 1: Total radiation pattern of the antenna system 
 
The transmitter is designed to generate high-frequency pulses 
emitted by the transmitting antenna into space. It begins to 
work on the command "K3" (the command of cocking the 
radio fuse), which is issued from the ground control point on 
Board the rocket in flight [3, p. 11-35]. 
 

 
 

Figure 2: The case of a missile meeting with a target 
The receiver receives and amplifies the signal reflected from 
the target, generates a trigger pulse and outputs it to the 
safety-actuating mechanism [4, Fig. 1]. The safety-actuating 
mechanism ensures the safety of the explosive device during 
operation, start and on the trajectory until the end of cocking 
and serves to issue a detonation pulse to the initiating charge 
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of the warhead [3, p.70]. One of the possible cases of a missile 
meeting with a target is shown in figure 2. 
The principle of operation of the pulse radio fuse is based on 
the use of the pulse method of active radar [3, p.7-12]. When 
the command "K3" is received, from the ground control point 
on Board the rocket in flight, the transmitter of the radio fuse 
is turned on. Through the transmitting antenna, energy is 
radiated to the surrounding space in the form of short 
high-frequency pulses. In case of contact with targets in the 
radiation pattern of the antenna system to the input of the 
receiver receives reflected from the target signals. The signals 
reflected from the target are processed in the receiver and 
generate a trigger signal, i.e. issues an impulse to detonate the 
warhead of the missile through the safety-actuating 
mechanism, to hit the target. 
When converting an anti-aircraft missile into a missile target, 
the radio fuse is not used for its intended purpose, so it is 
advisable to use the radio fuse as a source of radar 
information. Figure 3 shows the solution to the problem of 
ensuring the safety of ground objects from a target rocket in 
flight, when using a radio fuse as a source of radar 
information to determine the trajectory data of the target 
rocket flight. 

 
 
Figure 3: Ensuring the safety of ground objects from a missile 

target in flight, when using radio explosives as a source of 
radar information 

 

The target is launched from the launch point of target C. the 
target is Flown in the permitted flight sector. In flight, the 
bearing of the target is determined by two receiving stations, 
the main one at point O, and the additional one at point A. 
The distance to the target is calculated by solving the 
triangulation problem based on certain directions. The 
triangulation problem is solved by a logical device based on 
the main receiving center. In this case, the source of radar 
information is proposed to use the generated pulses of 
high-frequency energy of the radio fuse. 
Figure 4 shows the determination of the range by the 
angle-measuring method[5]. 
 
 

 
Figure 3: Determination of the range by the angle-measuring 

method 
 
One receiving point is located at point O, and the second at 
point A. It is sufficient to measure three angular coordinates: 
azimuth , a and elevation  (A) or the elevation angles , a 
and azimuth  (a).The expression connecting the target 
range with , a ,  has the form [4, p. 146-147]: 

(2) 
Given that the distance from the air object to the receiving 
centers is sufficient projection, i.e.  = 0 (cos 0 = 1). The 
formula will take the following form: 

(3) 
The logic device calculates the current projected range to the 
missile target (О OC〗^*) using formula 2. The calculated 
current ranges are compared with the ranges to the 
boundaries of the permitted flight sector of the missile target 
(OE and OD).  
If: | 〖 OC 〗 ^* |<|OE| or | 〖 OC 〗 ^* |>|OD|, then a 
self-destruct command is issued on Board the missile target. 
This ensures the flight of the missile target, only in the 
permitted flight sector. 
In addition, a change in the target's flight course, when an 
anti-aircraft guided missile is detonated in the area of the 
missile target, will be a confirmation of the defeat of the 
missile target by the calculations of the air defense forces. 
Changing the flight of a missile target on the course is 
determined by the above method – calculating the range to the 
missile target by solving a triangulation problem.  
The change in the flight of a missile target by height can not 
be determined by the above method, because the range from 
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the air object to the receiving centers is used projection, which 
is a disadvantage.  
Basic signs of defeat of target missile anti-aircraft guided 
missile:  
- simultaneous disappearance of pulses of high frequency 
energy attack missile target after the detonation of the 
warhead anti-aircraft guided missile, in both reception 
centres. 
- change in the flight of the missile target on the course after 
the detonation of the anti-aircraft guided missile warhead, at 
both receiving centers. 
When working in normal mode, the radio fuse is an active 
radar station with a passive response from the target. The 
maximum range of active radar for passive targets is 
determined by the basic radar equation[6]: 

(4) 

where: P_i-radiated energy of the transmitter; 
G_i,G_p-gain coefficients of the transmitting and receiving 
RF antennas; 
σ_c-effective reflecting surface of the target; 
λ-wavelength; 
P_ (p. min) – the minimum sensitivity of the receiver 
 
When the radio fuse is used for a new purpose, it will be a 
radar station with active radiation. Ground receiving stations, 
tuned to the frequency of the probing pulse of the radio 
transmitter, will receive signals from the maximum range, 
which is determined by the equation [7]: 

(5) 

Comparison of equations (4) and (5) shows that the actions of 
systems with active radiation under equal conditions are 
significantly longer than the range of active radar for passive 
targets. 
When using the radio fuse for a new purpose (radar station 
with active radiation), under equal conditions, the receiving 
stations will receive signals from the radio fuse with a longer 
range than the standard application (active radar station with 
a passive response from the target). 
If the detection range of the receiving stations of the sounding 
signals of the radio fuse needs to be increased, this will be 
possible by improving the directional coefficient of the 
receiving antenna and the sensitivity of the receiving device 
of ground control stations. 
 

5. CONCLUSION 
The solution of the technical problem of determining the 
trajectory data of the flight of a missile target is implemented 
by the method of triangulation, in order to ensure the safety of 
people and objects during combat firing by air defense means. 
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