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depending on the informative signs of the images. The model of the formation process of the solving function of the combined 
correlation-extreme navigation system is clarified, taking into account the influence of the three-dimensional shape of the 
sighting objects and random changes in the spatial position of the flying apparatus. Relations are obtained for describing the 
current images of the sighting surface in the radiometric and television channels of a combined correlation-extreme navigation 
system, taking into account the three-dimensional shape of the objects of interference and random changes in the spatial position 
of the aircraft caused by the turbulence of the atmosphere. An expression describing the process of formation of the solving 
function of a combined correlation-extreme navigation system is presented. Variants of the scenario for the formation of a 
decisive function are presented depending on the conditions of the operational-tactical situation. The expediency of forming a 
single standard for television and radiometric channels of a combined correlation-extreme navigation system is substantiated. 

Keywords: combined correlation-extreme navigation system, current image, sighting surface, decision function. 
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EVALUATION OF RADIOCHANNEL POWERFUL SECURITY CONNECTION IN FREE-FLAT CLEANER UNIT 
IN CITY CONDITIONS 

O. Timochko, S. Gerasimov, V. Labunets, O. Klimovich 

The method of estimating the noise immunity of the radio communication channel of unmanned aerial vehicles under 
urban conditions for cases of the location of sources of intentional interference on buildings, structures, etc. The results of 
analysis of the existing methods of protection from intentional interference have shown the need to take into account the 
volumetric diagrams of the antennae of communication, electronic suppression, which are located at different altitudes. Stable 
radio communication between units in urban conditions is provided by taking into account the three-dimensionality of the 
antenna pattern and the heights of the probable location of sources of intentional interference. Therefore, the aim of the scientific 
article is to improve the method of constructing a reach zone within which stable radio communication between subdivisions in 
the city is ensured by taking into account the three-dimensionality of the antenna pattern and the various heights of the probable 
location of sources of intentional interference, which is especially characteristic when using unmanned aerial vehicles for 
communication. The criterion for the effectiveness of the method for increasing the stability of radio communication between 
subdivisions in urban conditions is the objective function, which takes into account the relationship between the area of stable 
radio communication with and without protection measures. The vector of parameters includes many parameters of the 
radioelectronic impact facilities: the number of sources of interference, their power, spatial coordinates, the orientation of the 
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antenna systems, etc. Taking into account the three-dimensionality of the antenna pattern will increase the accuracy of the 
orientation of additional means of protection against intentional interference, both in azimuth and on the angle of the place and 
more accurately solve the task of constructing an area of reach within which stable radio communication between power units is 
ensured. Software implementation of the proposed method allows to solve the problem of constructing a maximum zone of stable 
radio communication for a specific operational situation. 

Keywords: radio-electronic suppression, radio interference, radio communication channel, directional diagram. 
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TRIPLE-MODE VIBRATORY GYROSCOPE 
 

Coriolis vibratory gyroscope (CVG) is one of the chronologically latest gyroscopic technologies that appeared 
on the world market in the 90s of the last century. This technology has spread throughout the world for a relatively 
short time, mainly due to its micro-miniature version based on the micro-electro-mechanical system (MEMS), the 
so-called MEMS gyroscopes. There are two well-known modes of Coriolis vibratory gyro operation. These are rate 
mode and rate-integrating modes described in many works of different authors. There is also known dual mode 
CVG in which two abovementioned modes of operation have been combined in one gyro with automatic switching 
from one mode to another. Such a dual-mode CVG gains additional advantages over competing technologies, such 
as laser and fiber-optic gyroscopes. Recently, differential mode of operation for single mass CVG has been 
developed in Ukraine. It was shown that differential mode of operation has excellent external disturbances rejection 
properties.  

This paper considers each mode of CVG operation and the questions of how to embed the differential mode 
into two first abovementioned ones to obtain triple-mode CVG which will widen application area and tighten 
position over competitive technologies. This triple-mode CVG can surely be realized in MEMS and non-MEMS gyros. 

Thus, the following is defined, Differential CVG can be considered as third mode of operation for vibratory 
gyroscopes along with two well-known rate and rate-integrating ones. Differential mode of operation can be built-in 
the single gyro together with the two others, rate and rate-integrating modes, to implement triple-mode CVG. 
Triple-mode gyro can be implemented both for MEMS and non MEMS vibratory gyros. 

Differential mode of operation has greater, than rate mode, external disturbances rejection factor and can be 
used when motion occurs in harsh environment.  

Realization of triple mode CVG gives it highest «versatility» in comparison with competitive gyro technologies 
like ring laser gyro and fiber optic one.  

 
Keywords: Triple-mode CVG, MEMS gyro, rate mode, rate-integrating mode, differential mode. 

 
 

Introduction 
Coriolis vibratory gyroscope (CVG) is one of the 

chronologically latest gyroscopic technologies that 
appeared  on  the  world  market  in  the  90s  of  the  last  
century. This technology has spread throughout the world 
for a relatively short time, mainly due to its micro-
miniature version based on the micro-electro-mechanical 
system (MEMS), the so-called MEMS gyroscopes.  

There are two known modes of CVG operation: 
fist one is a force-rebalance mode, where Coriolis force 
arising due to rotation is compensated for by the negative 
feedback control system, holding the vibratory standing 
wave in a fixed position close to an excitation electrode, 
and hence, rotates together with a gyro. In this case the 

signal that compensates for the Coriolis force is 
proportional to angle rate. It is so-called rate mode of 
CVG operation. This mode of operation has been 
described in many works, for example [1–4]. 

The second mode is rate-integrating one, where 
Coriolis force is not compensated for. The quadrature 
signal is only compensated for to reduce measurement 
errors. In this mode of operation Coriolis force caused 
rotation of the vibratory standing wave relative to gyro 
and an angle of its rotation is proportional to an angle of 
a gyro rotation relative to the inertial space. Coefficient 
of proportionality between the angle of a gyro rotation 
relative to the inertial space and the angle of the 
standing wave rotation relative to gyro is called the 


