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ʩʢʠʝ ʫʩʠʣʠʷ, ʧʨʠʚʝʜʰʠʝ ʢ  ɺɽʃʀʂʆʁ ʇʆɹɽɼɽ. 

Дорогие ветераны! 

ɼʝʥʴ ʧʦʙʝʜʳ ʩʪʘʣ ʩʚʷʪʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʘʩ!  

ʕʪʦ ʜʝʥʴ ʥʘʰʝʡ ʦʙʱʝʡ ʧʘʤʷʪʠ, ʵʪʦ ʜʝʥʴ ʚʝʣʠʢʦʛʦ ʧʦʜʚʠʛʘ. ʉ ʛʣʫʙʦʢʠʤ  

ʧʦʯʪʝʥʠʝʤ ʠ ʩʢʦʨʙʴʶ ʤʳ ʩʢʣʦʥʷʝʤ ʛʦʣʦʚʳ ʧʝʨʝʜ ʧʘʚʰʠʤʠ ʥʘ ʧʦʣʷʭ ʩʨʘʞʝʥʠʡ 

ʵʪʦʡ ʩʘʤʦʡ ʢʨʦʚʦʧʨʦʣʠʪʥʦʡ ʠʟ ʚʦʡʥ. 

ɺ ʟʥʘʤʝʥʘʪʝʣʴʥʫʶ ʛʦʜʦʚʱʠʥʫ 75-летия ПОБЕДЫ В ВЕЛИКОЙ 

ОТЕЧЕСТВЕННОЙ ВОЙНЕ ʦʨʛʘʥʠʟʘʮʠʷ-ʫʯʨʝʜʠʪʝʣʴ, ʨʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ  

ʠ ʘʚʪʦʨʳ ʞʫʨʥʘʣʘ çɺʝʩʪʥʠʢ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳè ʚʳʨʘʞʘʶʪ ɺʘʤ  

ʩʘʤʳʝ ʛʦʨʷʯʠʝ ʠ ʠʩʢʨʝʥʥʠʝ ʧʦʟʜʨʘʚʣʝʥʠʷ ʩ ʧʦʞʝʣʘʥʠʝʤ ʜʦʙʨʦʛʦ ʟʜʦʨʦʚʴʷ, ʜʦʣʛʦʣʝ-

ʪʠʷ, ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʤʠʨʥʦʛʦ ʥʝʙʘ! 

 
 

ʉ ʫʚʘʞʝʥʠʝʤ, 
ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

ʇʫʙʣʠʯʥʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ 
çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çɸʣʤʘʟè 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɸ. ʈʘʩʧʣʝʪʠʥʘè 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻ.ʇ. ɹʝʥʜʝʨʩʢʠʡ 
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ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  
ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʚʝʩʴ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʩʙʦʨʢʠ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʘʛʨʝʛʘʪʦʚ, ʧʦʩʣʝʧʨʦʜʘʞʥʦʝ ʠ ʩʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʦʙʣʘʜʘʝʪ  
ʫʥʠʢʘʣʴʥʦʡ ʙʘʟʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ.  

ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʮʝʥʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-
ʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʤʘʪʝʨʠʘʣʴʥʦʡ, ʢʘʜ-
ʨʦʚʦʡ, ʩʝʨʚʠʩʥʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʠ ʧʨʠʥʠʤʘʪʴ 
ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʡ ʩ ʫʯʸʪʦʤ 
ʩʪʨʘʥʦʚʦʛʦ ʨʠʩʢʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʮʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ ʟʘ ʩʯʸʪ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ  
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʤʝʞʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʮʝʣʦʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʩʪʨʘʪʝ-
ʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʨʫʢ-
ʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʨʘʥʦʚʳʝ ʨʠʩʢʠ. 

 
In article models and methods of assessment of strategic efficiency of the innovative project on creation of hi-tech 

products in the space-rocket industry as it unites in itself all cycle of production from design before assembly  
of the equipment and also production of spare parts, units are considered, after-sale and service also has unique base 
of research and development.  

The mechanism of assessment of strategic efficiency of the project which feature is the possibility is offered to plan 
the directions of development of technological, material, personnel, service structural characteristics, to analyze  
efficiency of the project and to make management decisions on the organization of production of structural elements  
of products taking into account country risk, to predict increase in value of the project due to taking note of structural  
characteristics on implementation of adjacent projects and also on industry development in general. 

Keywords: space-rocket industry, hi-tech products, strategic efficiency, innovative project, optimizing models, 
methods of management, structural characteristics, country risks. 
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ʩʙʦʨʢʠ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʘʛʨʝʛʘʪʦʚ, ʧʦʩʣʝʧʨʦʜʘʞʥʦʝ ʠ ʩʝʨʚʠʩʥʦʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʙʘʟʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-
ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ.  
ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʮʝʥʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦ-

ʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, 

ʤʘʪʝʨʠʘʣʴʥʦʡ, ʢʘʜʨʦʚʦʡ, ʩʝʨʚʠʩʥʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʝʢʪʘ ʠ ʧʨʠʥʠʤʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʡ ʩ ʫʯʸʪʦʤ ʩʪʨʘʥʦʚʦʛʦ ʨʠʩʢʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʮʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ ʟʘ 

ʩʯʸʪ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʤʝʞʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʮʝʣʦʤ 
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In article models and methods of assessment of strategic efficiency of the innovative project on creation  
of hi-tech products in the space-rocket industry as it unites in itself all cycle of production from design before  
assembly of the equipment and also production of spare parts, units are considered, after-sale and service  
also has unique base of research and development. The mechanism of assessment of strategic efficiency  
of the project which feature is the possibility is offered to plan the directions of development of technological,  
material, personnel, service structural characteristics, to analyze efficiency of the project and to make  
management decisions on the organization of production of structural elements of products taking into account 
country risk, to predict increase in value of the project due to taking note of structural characteristics  
on implementation of adjacent projects and also on industry development in general. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʠʘ-

ʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚ-
ʢʠ ʣʪyʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ, ʘʜʝʢʚʘʪʥʳʭ ʨʝʘʣʴʥʳʤ,  
ʩ ʫʩʣʦʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʫʧʨʘʚ-
ʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʥʫʪʘʮʠʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ  
ʧʘʜʝʥʠʷ ʨʘʢʝʪʳ, ʠ ʟʘ ʩʯʪy ʵʪʦʛʦ ʧʦʚʳʰʘʷ ʝʛʦ ʘʜʝʢʚʘʪʥʦʩʪ .ɹ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʨʪʫʘʣʴʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʣʠʛʦʥ, ʘʚʠʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ, ʥʝʫʧʨʘʚʣʷʝ-
ʤʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʨʘʢʝʪʳ, ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

 
The paper discusses the current direction of the development of simulation aircraft weapons when you create  

virtual avionics polygons for training of flight personnel and specialists combat control of aircraft in the conditions  
adequate to the real with the conventional use of unguided missiles. A method for modeling unguided aircraft missiles  
is presented, which takes into account the initial nutation angle when calculating the coordinates of the missile fall,  
and thereby increasing its adequacy. 

Keywords: virtual electronic test site, aviation means of control, unguided aviation missiles, ballistic algorithms. 
 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɺɺʉ ʈʌ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʦʣʠʛʦʥʳ (ɺʕʇ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʤʘʥʝʚʨʝʥʥʦʛʦ, ʦʛʥʝʚʦʛʦ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ 

ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʪʘʢʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚ-

ʢʠ ʥʘ ʫʩʣʦʚʥʦʤ ʤʦʜʝʣʠʨʫʝʤʦʤ ʪʝʘʪʨʝ ʪʘʢʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ (ɸʉʇ). 

mailto:zlata@aanet.ru
mailto:vprevp@jandex.ru
mailto:vprevp@jandex.ru


РАЗДЕЛ: ПРИМЕНЕНИЕ СИЛ И СРЕДСТВ ВКО 

ВЕСТНИК ВОЗДУШНО-КОСМИЧЕСКОЙ ОБОРОНЫ № 2(26), 2020 г.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦ-

ʣʠʛʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ 

ʪʦʯʢʠ ʧʘʜʝʥʠʷ ʅɸʈ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʫʯʝʪʦʤ ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ, ʚʨʝʤʝʥʥʳʭ ʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ, 

ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʥʫʪʘʮʠʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʧʘʜʝʥʠʷ ʨʘʢʝʪʳ, ʠ ʟʘ 

ʩʯʝʪ ʵʪʦʛʦ ʧʦʚʳʰʘʷ ʝʛʦ ʘʜʝʢʚʘʪʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ɸʉʇ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ɺʕʇ ʠ ʊʄʂ ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʦʜʝʣʴ ʧʨʠʮʝʣʠʚʘʥʠʷ ʚʚʦʜʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʈʅʊ ʠʣʠ ʇʇʄ ʪʦʯʢʠ ʧʫʩʢʘ ʨʘʢʝʪ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʛʨʘʥʪ ˉ 20-07-00437-ʘ. 
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SIMULATION MODEL OF TSA FOR USE  
IN VIRTUAL ELECTRONIC POLYGONS 

 
 

А.R. Bestugin, N.N. Gultyaev, V.P. Rachkov, A.D. Filin 
 

Currently, the Russian air force, for practical training of flight personnel and specialists of combat aviation 
management, is developing virtual aviation electronic test sites (VEP), which provide testing of various tasks  
in the conditions of simulated maneuvering, fire and electronic counteraction. At the same time, the problem  
of creating a set of models that adequately reflect the development of the tactical situation in the simulated theater  
of the tactical situation, including the use of aviation weapons of destruction (ASP), is very urgent. 

The paper considers the current direction of development of simulation modeling of aviation weapons  
of destruction in the creation of virtual aviation electron polygons. As a result of research, it is shown that in order 
to improve the accuracy of the model for calculating the point of incidence of NAR, it is necessary to improve  
the used mathematical apparatus of ballistic algorithms, taking into account the imposed coordinate, time  
and computational constraints. A method for modeling unguided aircraft missiles is presented, which takes into 
account the initial nutation angle when calculating the coordinates of the missile fall, and thereby increasing its 
adequacy. It is shown that in order to improve the adequacy of the TSA modeling when creating aviation VEP and 
TMK, it is necessary to enter the coordinates of the RNT or PPM of the missile launch point into the aiming model.  

 
Поступила 7 февраля 2020 года.  
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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʩʢʨʳʪʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʩʚʷʟʘʥʥʳʝ 

ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ. ʇʨʠʚʝʜʝʥʘ ʛʨʘʜʘʮʠʷ ʙʦʨʪʦʚʳʭ 
ʩʨʝʜʩʪʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʦʪʚʝʯʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ. ʉ ʧʦʟʠʮʠʠ 
ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʩʢʨʳʪʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʥʬʣʠʢʪ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʩʢʨʳʪʥʦʩʪʴ, ʨʘʜʠʦ-
ʵʣʝʢʪʨʦʥʥʘʷ ʙʦʨʴʙʘ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ, ʩʪʘʥʮʠʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʙʣʫʯʝʥʠʠ, ʧʨʦʪʠʚʦ-
ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʨʘʢʝʪʘ. 

 
The features of the problem of increasing the stealth of radar stations associated with the specifics  

of the functioning of radio intelligence tools are considered. The gradation of on-Board means of radio-technical 
intelligence, which corresponds to the modern level of technology development, is given. From the position  
of information theory, the definition of the concept of radar station stealth is given. 

Keywords: information conflict, radar station, stealth, electronic warfare, radio technical intelligence, radar 
warning receiver, anti-radar missile. 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʘʪʴʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʨʘʟʨʝʰʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʪʠʚʦʨʝʯʠʝʤ, ʟʘ-

ʢʣʶʯʘʶʱʠʤʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʤʝʥʷʪʴ ʤʦʱʥʦʝ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʨʘ-

ʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʨʦʙʣʝʤʘʪʠʢʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʩʢʨʳʪʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠ-

ʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟ-

ʚʝʜʢʠ. ʆʪʤʝʯʝʥʳ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʨʠ ʨʘʟʚʝʜʢʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ. ʇʨʠʚʝʜʝʥʘ ʛʨʘʜʘʮʠʷ ʙʦʨʪʦʚʳʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʦʪʚʝʯʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʦʙʦʙʱʸʥʥʳʝ ʠ ʯʘʩʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʚʝʜʢʠ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ. ʉ ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘ-

ʮʠʠ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʩʢʨʳʪʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ. 
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METHODOLOGICAL FEATURES OF INCREASING  
THE STEALTH OF RADAR STATIONS 

 
 

N.N. Litvinov, A.M. Lawrent’ev  
 

The relevance of the article is caused by an unresolved technical contradiction, which consists in the need 
for radar stations to use powerful electromagnetic radiation, which in turn is quite easily detected by means  
of radio intelligence. Based on the analysis of a large number of sources on the subject in question, the article 
considers the features of the problem of increasing the stealth of radar stations, related to the specifics  
of the functioning of radio intelligence tools. The tasks that are solved in the exploration of radio signals,  
as the main stages of the functioning of radio intelligence tools, are noted. The gradation of on-Board means  
of radio-technical intelligence, which corresponds to the modern level of technology development, is given.  

Generalized and particular conditions of probing signals exploration are considered. From the position  
of information theory, the definition of the concept of radar station stealth is given. 
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In the article are offered models of behavior of high-maneuverable air objects in characteristic points of a trajectory 

on the basis of aprioristic dependences. Application of such models at data processing of a trajectory measurements  
allows to considerably improve the quality of estimation of parameters of trajectory of high-maneuverable air objects  
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A question considered in this paper is joint detection, estimation and recognition of returned pack signal from  

slow and fast fluctuating targets in the noise by multi-frequency simultaneous emission radar in conditions of parametric 
antecedent random of statistical characteristics, time-lag and target velocity. Formulation and statistical hypothesis  
testing corresponds for two-step problem of multi-alternative detection. The generalized likelihood ratio algorithm  
is in use as optimization criteria. 

Keywords: signal burst recognition, slow and fast fluctuating targets, multi-frequency radar, estimation. 
 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʨʠ-

ʥʠʤʘʝʤʳʭ ʦʪ ʤʝʜʣʝʥʥʦ ʠ ʙʳʩʪʨʦ ʬʣʫʢʪʫʠʨʫʶʱʠʭ ʮʝʣʝʡ ʥʘ ʬʦʥʝ ʧʦʤʝʭ ʠ ʰʫʤʦʚ, ʧʨʠʤʝʥʠʪʝʣʴ-
ʥʦ ʢ ʤʥʦʛʦʯʘʩʪʦʪʥʳʤ ʈʃʉ c ʌɸʈ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʠʛʥʘʣʦʚ 
ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʝʛʦ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʘ-
ʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 
ʉʯʠʪʘʝʤ, ʯʪʦ ʌɸʈ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʨʝʰʝʪʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʣʫʯʝ-

ʥʠʷ ʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. ʉʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠʥʠʤʘʝʤʳʡ ʤʥʦʛʦʯʘ-
ʩʪʦʪʥʦʡ ʈʃʉ ʩ ʌɸʈ, ʦʙʦʟʥʘʯʘʝʤ ʚ ʚʠʜʝ ʙʣʦʯʥʦʛʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʫʤʤʳ ʚʝʢʪʦʨʦʚ ʩʠʛ-
ʥʘʣʘ, ʧʦʤʝʭ ʠ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʘ ʰʫʤʘ. 
ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʩʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʤʝʜ-

ʣʝʥʥʦ ʠ ʙʳʩʪʨʦ ʬʣʫʢʪʫʠʨʫʶʱʠʭ ʮʝʣʝʡ. ʆʧʠʩʳʚʘʝʤ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʢʘʢ ʩʠʛʥʘ-
ʣʳ ʚ ʚʠʜʝ ʧʘʯʝʢ, ʩʦʜʝʨʞʘʱʠʭ ʧʦ ʥʝʩʢʦʣʴʢʦ ʠʤʧʫʣʴʩʦʚ ʥʘ ʢʘʞʜʦʡ ʠʟ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ. ʇʝʨʚʘʷ 
ʤʦʜʝʣʴ ʩʧʨʘʚʝʜʣʠʚʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʣʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʈʃʉ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ. ɺʪʦʨʘʷ ï 
ʢʦʛʜʘ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʮʝʣʠ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ 
ʩʠʛʥʘʣʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʮʝʣʴ ʬʣʫʢʪʫʠʨʫʝʪ ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦ, ʯʪʦ ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʥʝʝ ʩʠʛ-
ʥʘʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ï ʥʝʟʘʚʠʩʠʤʳ. ʊʘʢʫʶ ʤʦʜʝʣʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ ʤʘʥʝʚʨʠʨʫʶʱʝʡ ʮʝʣʠ. 
ɺ ʧʨʦʮʝʩʩʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦ-

ʜʝʨʞʠʪ ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʪʦʣʴʢʦ ʧʦʤʝʭʫ ʚʤʝʩʪʝ ʩ ʰʫʤʦʤ, ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʤʝʭʠ  ʠ ʰʫʤʘ, 
ʘ ʪʘʢʞʝ ʦʜʠʥ ʠʟ ʩʠʛʥʘʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʉʯʠʪʘʝʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ, ʧʦʤʝʭ ʠ ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʘʨʘʤʝʪʨʳ ʧʦʣʥʦʩʪʴʶ ʠʟʚʝʩʪʥʳ. 
ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝ-

ʩʪʚʠʪʴ ʧʨʦʚʝʨʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʘʷ ʠʟ ʛʠʧʦʪʝʟ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ. ɺ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʝʰʘʝʤ ʟʘʜʘʯʫ ʤʥʦʛʦʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 
ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʠʩʧʦʣʟɹʦ-

ʚʘʪʴʩʷ ʢʨʠʪʝʨʠʠ ɹʘʡʝʩʘ, ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ ʠ ʨʷʜ ʜʨʫʛʠʭ. 
ɺ ʩʣʫʯʘʝ ʢʨʠʪʝʨʠʷ ɹʘʡʝʩʘ, ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʘʭʦʜʠʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 
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1. ʌʦʨʤʠʨʫʝʤ ʣʦʛʘʨʠʬʤʳ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ ʥʘʣʠʯʠʠ ʠʣʠ 
ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ (ʙʝʟʨʘʟʣʠʯʥʦ ʢʘʢʦʛʦ) ʚ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ. 
2. ɺ ʩʣʫʯʘʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ ʧʨʦʚʝʨʷʝʤ, ʢʘʢʘʷ ʠʟ ʛʠʧʦʪʝʟ ʙʦʣʴʰʝ ʧʦ 

ʚʝʣʠʯʠʥʝ. 
ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ ʜʦʩʪʘʪʦʯʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʧʦʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʜʣʝʥʥʦ ʠ 

ʙʳʩʪʨʦ ʬʣʫʢʪʫʠʨʫʶʱʝʡ ʮʝʣʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤ ʩʦ-
ʧʨʦʚʦʞʜʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʝʡ ʮʝʣʠ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʤʘʥʝʚʨʘ ʮʝʣʠ. 
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METHOD OF JOINT DETECTION AND TRACKING TARGETS  
IN THE NOISE 

 
 

A.A. Pozdnyakov 
 
The aim of this work is to form the optimal tracking algorithm of signals received from slow and fast  

fluctuating targets in the noise and disturbance by using multi-frequency simultaneous emission radar. As well,  
we analyze quality of its work in parametrical prior random conditions. 

We suggest that phased array consist of some sublattices, which design for emission and receiving  
at different frequency. Random signal received by radar is noted as the plug-in vector that consist of sum of echo 
signal, disturbance and Gaussian noise vectors. 

If these conditions are in progress signals returned from slow and fast fluctuating targets have to receive. 
We describe these via math models as pack signals, which include few pulses on every carrier wave. First model 
takes place if not big target motions do not have a noticeable effect to received signals in radar that use often 
pulse repetition. Second model takes place if not big target motions have sufficient effect to received signals.  
In this case, target moves so fast as received signal pulses are independent. This model is suited in the case  
of maneuvering target detection advisably. 

In the radar observation process there is a need to determine the presence either the echo signal with noise 
and disturbance or only noise and disturbance as well as to determine its relation to pointed models. We suggest 
that statistical characteristics of signals, noises and disturbances are known completely. 

In optimal received data processing, there is a need in the testing of statistical hypothesis to determine  
correct ones. In pointed conditions, we decide the problem of multi-alternative detection. 

In recognition questions generalized likelihood ratio algorithm are able to employ as optimization criteria.  
In this case, we solve according to followed plan: 

1. Formation likelihood ratio logarithms: we calibrate hypothesis of presence the echo signal with noise  
and disturbance or only noise and disturbance without specification of target type. 

2. Compare likelihood ratio logarithms: if the echo signal is detected, we determine the most meaning ones. 
For practical utilization we find sufficient statistics and its distributions. 
Considered description and presented way of recognition of signals received from slow and fast fluctuating 

targets let to make sufficient simple optimal target tracking algorithm in the noise for practice as well as to analyze 
quality characteristics of its work in parametrical prior random conditions. 

 
 

Поступила 25 мая 2020 года. 
  





 

ВЕСТНИК ВОЗДУШНО-КОСМИЧЕСКОЙ ОБОРОНЫ № 2(26), 2020 г. 

 

 

ИССЛЕДОВАНИЯ В СФЕРЕ ПРОЕКТНО-
КОНСТРУКТОРСКИХ И ТЕХНОЛОГИЧЕСКИХ РАБОТ 

 

 

 

ʋɼʂ 681.586.325 

 

 

 

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʈɸɹʆʊʓ  
ʀʅɽʈʎʀɸʃʔʅʆʁ ʅɸɺʀɻɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ  

ʇʆʉʃɽ ʉɹʆɽɺ ɸʇʇɸʈɸʊʋʈʓ 

© Авторы, 2020 

С.В. Андреев  
ʥʘʯʘʣʴʥʠʢ ʛʨʫʧʧʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʦʪʜʝʣʘ, ʌɻʋʇ ʈʌʗʎ ï ɺʅʀʀʊʌ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ, ʛ. ʉʥʝʞʠʥʩʢ 

E-mail: kb2@vniitf.ru 
С.В. Шалашов  

ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʌɻʋʇ ʈʌʗʎ ï ɺʅʀʀʊʌ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ, ʛ. ʉʥʝʞʠʥʩʢ 
А.В. Ключников ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʥʘʯʘʣʴʥʠʢ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʦʪʜʝʣʘ, ʌɻʋʇ ʈʌʗʎ ï ɺʅʀʀʊʌ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ, ʛ. ʉʥʝʞʠʥʩʢ  
 
 

 
 
 
ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʯʠʩʣʝʥʠʷ 

ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʩʙʦʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʉʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ  
ʥʘ ʙʦʨʪʦʚʦʤ ʚʳʯʠʩʣʠʪʝʣʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʘʚʘʨʠʡʥʳʡ ʧʝʨʝʟʘʧʫʩʢ, ʭʨʘʥʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ 
ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ ʠ ʧʨʦʠʟʚʦ-
ʜʠʪʴ ʧʨʦʛʥʦʟʠʨʫʶʱʠʡ ʨʘʩʯʝʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ ʫʱʝʨʙʘ  
ʜʣʷ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʘʧʦʣʷʮʠʷ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ, 
ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ. 

 
Design of a system intended for restoring the running parameters of object motion after the fault  

of the navigation system is studied. Airborne computer based system enables emergency rebooting, storing  
the critical data for estimation of the parameters at a point of systemôs restart ending and real-time predictive  
calculating the navigation parameters without sacrifice of functioning of the systemôs major navigation algorithms. 

Keywords: extrapolation, least square method, systemôs conditionality, watchdog. 
 

 

 
ɹʦʨʪʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʃɸ) ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʣʠʯʥʳʤ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʙʦʡ ʚ ʝʝ ʨʘʙʦʪʝ. ɼʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜ-
ʩʪʚʠʡ ʩʙʦʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪ-
ʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦ-
ʩʦʙʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʃɸ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʷ, ʩʦʜʝʨ-
ʞʘʱʝʛʦ ʫʩʪʨʦʡʩʪʚʦ ʘʚʘʨʠʡʥʦʛʦ ʧʝʨʝʟʘʧʫʩʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠ-
ʪʝʣʷ ʧʨʠ ʝʛʦ çʟʘʚʠʩʘʥʠʠè, ʫʩʪʨʦʡʩʪʚʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʭʨʘʥʠʪʴ ʚʘʞʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪʳ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʝʜ-
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ʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʘʢʪ ʩʙʦʷ 
ʚ ʨʘʙʦʪʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠ-
ʚʝʜʝʥ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥ-
ʥʳʭ ʧʘʨʘʤʝʪʨʦʤ ʥʘ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʨʝʘʣʴʥʦʤ 
ʚʳʯʠʩʣʠʪʝʣʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʃɸ, ʧʨʦʚʝʜʝʥʦ ʫʩʧʝʰʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝ-
ʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʩʙʦʷ ʚ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʫʨʳ. 
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THE INERTIAL NAVIGATION SYSTEM RECOVERY  
AFTER FAILURE 

 
 

S.V. Andreev, S.V. Shalashov, A.V. Klyuchnikov 
 

 
Airborne equipment of the flying vehicle (FV) may be exposed to different external forces, resulting  

in functional disorder. Special measures are designed to counteract the consequences of the failure. In the article 
a package of hard- and software measures, as well as mathematical methods are given to apply for restoration  
of the navigation system. The architecture of the calculator with a block of the emergency restart ensuring  
refunctioning of hung up calculator is described along with a unit of information storage, retaining the information 
important for continuation of operation after the system recovery. The operational algorithm of the recovery  
system is shown; it identifies the fact of failure of the navigation system to make steps for its refunctioning.  
The least square method is applied here for prediction of the navigation parameters for a period of systemôs  
non-operability. The algorithm of restorative function of the navigation system after the failure is successfully  
tested at a real calculator used in flying vehicles.  
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ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ  

ʧʦ ʢʦʥʪʨʦʣʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴ-
ʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ. 
ɼʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦ- 
ʩʭʝʤʳ, ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ, ʪʝʭʥʦʣʦʛʠʷ 
ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʥyʦʢ, ʢʦʥʪʨʦʣʴ. 

 
The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been  

developed. The method allows for quality control in the production of micro-strip RF-devices.  The influence  
of material and technology on electrical parameters of micro-strip lines has been evaluated. 

Keywords: micro-strip line, electromagnetic losses, integrated circuits, IC technology, control through  
the resonance measurements, thin film technology, process and quality control. 

 

 
ʈʘʟʨʘʙʦʪʘʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʉɺʏ ʫʩʪʨʦʡʩʪʚ ʧʦ ʢʦʥʪʨʦʣʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ.  ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 
ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʧʦ-
ʣʦʩʢʦʚʳʭ ʉɺʏ ʫʩʪʨʦʡʩʪʚ. ɼʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 
ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 
ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʉɺʏ ʧʦʪʝʨʴ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʉɺʏ ʧʦʪʝʨʴ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ. 
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OPTIMIZATION OF MICRO-STRIP RF DEVICES  
FOR RADIO-LOCATION RECEIVER THROUGH  

THE PARAMETER OF ELECTROMAGNETIC LOSSES 
 
 

A.A. Areshkin 
 

 
The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been  

developed. The method allows for quality control in the production of micro-strip RF-devices. The influence  
of material and technology on electrical parameters of micro-strip lines has been evaluated. Analytic dependencies  
of radiation losses in micro-strip lines have been derived. The radiation losses have been measured using  
the resonance method. 
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ʅʘ ʦʩʥʦʚʝ ʦʙʱʝʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʥʳʭ  

ʨʝʰʝʥʠʡ ʚ ʨʘʜʠʦʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʦʙʲʝʢʪʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ 
ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʯʸʪʘ ʪʝʢʫʱʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʷʱʠʡ 
ʢ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʠʜʝʘʣʴʥʦʛʦ 
ʥʘʙʣʶʜʘʪʝʣʷ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʠʥʠʤʘʣʴʥʦʝ ʦʙʦʙʱʸʥʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ (ʄʆʈ), ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʩʚʷʟʴ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʘʧʦʩʪʝʨʠʦʨʥʳʡ, ʜʚʫʭʵʪʘʧʥʳʡ, 
ʦʙʲʝʜʠʥʝʥʠʝ, ʜʝʢʦʜʠʨʦʚʘʥʠʝ, ʛʦʣʦʩʦʚʘʥʠʝ. 

 
Based on a general Bayesian approach, algorithms for combining particular solutions in digital communica-

tion and recognition (classification) systems of objects are considered. A method is proposed for optimally taking 
into account the current reliability of particular decisions, which in a particular case leads to an optimal voting  
algorithm. The criterion of optimality is the criterion of an ideal observer. It is shown that the decoding algorithm 
that implements the minimum generalized distance (MGD) is a special case of the optimal voting algorithm. 

Keywords: radio telecommunication, identification, reliability, posteriori, two-stage, combination, decoding, 
voting. 

 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʜʠʦʩʠʩʪʝʤʳ ʩ ʜʚʫʭʵʪʘʧʥʳʤ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ. ʇʨʦ-

ʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʘʡʝʩʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʯʸʪʘ ʪʝʢʫʱʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʠʚʦʜʷ-
ʱʠʡ ʢ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦ-
ʚʘʥʘ ʤʦʜʝʣʴ ʢʦʤʧʴʪʁʝʨʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʜʘʪʯʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦ-
ʟʥʘʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʠ-
ʥʷʪʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʚ ʜʨʫʛʦʤ ʘʣʬʘʚʠʪʝ ʥʘ ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʘʚʝ ʥʘʙʣʶʜʘʝʤʦʡ ʛʨʫʧʧʳ 
ʦʙʲʝʢʪʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʭ ʧʦ ʢʣʘʩʩʘʤ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʯʸʪʘ ʪʝʢʫʱʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 
ʵʪʠʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ. 
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OPTIMUM ACCOUNTING OF CURRENT RELIABILITY  
IN RADIO SYSTEMS WITH TWO-STAGE DECISION-MAKING 

 
 

S.B. Zhironkin, V.O. Chervakov, A.R. Kurnykov 
 

 
This article discusses radio systems with two-stage decision-making. The analysis of algorithms  

for combining private solutions based on the Bayesian approach is carried out. A method is proposed for optimally 
taking into account the current reliability of particular decisions, leading to an optimal voting algorithm. Based  
on the obtained data, a computer simulation model of a multi-sensor recognition system was implemented.  
The proposed method allows you to effectively use private decisions to make a general decision in another  
alphabet based on information about the composition of the observed group of objects and their distribution  
by classes, as well as the optimal consideration of the current reliability of these particular decisions. 
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ɸʆ çʂɹ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ɻ. ʐʠʧʫʥʦʚʘè, ʛ. ʊʫʣʘ 
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ʟʘʤ. ʛʣʘʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʝʥʠʷ,  
ɸʆ çʂɹ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ɻ. ʐʠʧʫʥʦʚʘè, ʛ. ʊʫʣʘ 

 
 

 
 
 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʪʝʨʥʳʭ ʯʘʩʪʦʪ ʩʪʘʥʮʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʡ ʩʦʧʨʷʞʝʥʦ  

ʩ ʘʥʘʣʠʟʦʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. ʂʨʠʪʝʨʠʡ 
ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʷʚʣʷʷʩʴ ʦʪʦʙʨʘʞʝʥʠʝʤ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʦʠʩʢʝ ʵʬʬʝʢ-
ʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʥʝ ʚʩʝʛʜʘ ʦʯʝʚʠʜʝʥ. ʈʘʩʩʤʦʪʨʝʥ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʙʦʝʚʳʤʠ ʤʘʰʠʥʘʤʠ (ɹʄ) ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʫʯʪyʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 
ʧʘʨʘʤʠ ɹʄ, ʩʫʤʤʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ɹʄ ʥʘ ʦʜʥʫ ʢʦʥʢʨʝʪʥʫʶ ʠ ʦʙʦʙʱʝʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʭ ɹʄ  
ʚ ʮʝʣʦʤ. ɹʝʟ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʪʝʨ-
ʥʳʭ ʯʘʩʪʦʪ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʳ. ʈʘʟʨʘʙʦʪʘʥ-
ʥʳʡ ʢʨʠʪʝʨʠʡ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʚʷʟʘʥ ʩ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʥyʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ, ʨʘʜʠʦʣʦʢʘʮʠʷ, ʣʠʪʝʨʥʳʝ ʯʘʩʪʦʪʳ, ʦʧʪʠʤʠʟʘʮʠʷ, ʘʥʘʣʠʟ, ʧʨʠʥʷʪʠʝ 
ʨʝʰʝʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 
Distribution of target locator unique frequencies requires to analyze a huge number of options, so an  

optimization approach is required. The optimality criterion reflecting the study objectives and is crucial for finding 
an efficient solution but it is not easy to define it. The study analyzes a multi-criteria approach to assessing  
the EM compatibility between combat vehicles (CV) in a formation considering the CV-to-CV interference,  
the total interference by the CVs, and exposed to a specific CV, and a generalized interference between  
all the CVs in the group. These aspects are to be investigated to apply optimization methods to the target locator 
frequency distribution problem; otherwise, the results would be unreliable. The proposed criterion is based  
on the multidimensional measurement theory and is suitable for decision making in uncertain conditions. 

Keywords: control, radar, target locator frequencies, optimization, analysis, decision making, simulation. 
 

 

 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ  ʥʝʩʢʦʣʴʢʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ)   ʚ  ʩʦʩʪʘʚʝ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ ʥʘ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-
ʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ, ʠʤʝ-
ʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʨʘʙʦʪʝ ʜʚʫʭ ʈʃʉ,  ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʠ ʨʘʟʥʦʩʪʴʶ ʯʘʩʪʦʪ ʤʝʞʜʫ ʥʠʤʠ, 
ʧʨʠʯʝʤ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ; ʪʦ ʝʩʪʴ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠ-
ʤʠ ʠ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪ, ʪʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʥʳʡ ʨʷʜ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʈʃʉ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʦʛʜʘ 
ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʦʝʚʳʭ ʤʘʰʠʥ (ɹʄ) ʙʘʪʘʨʝʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʯʘʩʪʦʪʳ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ. ɿʘʜʘʯʘ ʦʩʣʦʞʥʷʝʪʩʷ 
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ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʢʘʞʜʘʷ ɹʄ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʩʝʭ ʜʨʫʛʠʭ ɹʄ ʙʘʪʘʨʝʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʫʤ-
ʤʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʚʚʦʜʷʪʩʷ ʜʦʧʫʱʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ:  
ï ʤʦʱʥʦʩʪʠ ʚʩʝʭ ʨʘʙʦʪʘʶʱʠʭ ʈʃʉ ʦʜʠʥʘʢʦʚʳ;    
ï ʧʦʪʝʨʠ ʚ ʧʨʠʝʤʥʦʤ ʬʠʜʝʨʥʦʤ ʪʨʘʢʪʝ ʠʤʝʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʡ ʭʘʨʘʢʪʝʨ; 
ï ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ ʢʘʞʜʦʡ ʈʃʉ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ; 
ï ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ (ʢʨʦʤʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ) ʠ ʘʤʧʣʠʪʫʜʥʦ 

ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʝʤʥʠʢʦʚ ʚʩʝʭ ʈʃʉ ʦʜʠʥʘʢʦʚʳ. 
ʇʨʠ ʵʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʟʥʘʯʘʪʴ ʯʘʩʪʦʪʳ ʪʘʢ, ʯʪʦ ʙʳ ʦʥʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʣʠ ʯʘʩʪʦʪ-

ʥʳʡ ʜʠʘʧʘʟʦʥ; ʵʪʦ ʢʦʩʚʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʤʝʭ ʦʪ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʥʠʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʠʩʣʦ ʙʘʪʘʨʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʝʜʠʥʦʤ ʜʠʘ-
ʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʨʘʚʥʦ ʜʚʫʤ ʠʣʠ ʪʨʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ɹʄ ʚ ʩʦʩʪʘʚʝ ʙʘʪʘʨʝʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ, ʢʦ-
ʛʜʘ ʩʪʝʧʝʥʴ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʝʱʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ.  
ʈʘʩʩʤʦʪʨʝʥ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞ-

ʜʫ ʙʦʝʚʳʤʠ ʤʘʰʠʥʘʤʠ ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʠ ɹʄ, ʩʫʤʤʘʨʥʦʛʦ ʚʦʟ-
ʜʝʡʩʪʚʠʷ ʚʩʝʭ ɹʄ ʥʘ ʦʜʥʫ ʢʦʥʢʨʝʪʥʫʶ ʠ ʦʙʦʙʱʝʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʭ ɹʄ ʚ ʮʝʣʦʤ. ɹʝʟ ʠʟʫʯʝ-
ʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʪʝʨʥʳʭ ʯʘʩʪʦʪ 
ʤʘʣʦ ʵʬʬʝʢʪʠʚʝʥ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 
ʢʨʠʪʝʨʠʡ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʚʷʟʘʥ ʩ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 
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DEVELOPMENT AND ANALYSIS  
OF THE OPTIMALITY CRITERIA  

FOR COMBAT VEHICLE RADAR FREQUENCY DISTRIBUTION 
 
 

V.A. Koveshnikov, A.Ya. Mekhtiev, A.A. Zubarev, O.Yu. Shevtsov 
 

 
When more than one radar operates within a military unit, it is rather difficult to estimate the radar frequency 

vs. electromagnetic compatibility (EMC) relation. Still, it is obvious that the mutual interference of two radars  
depends on the distance between them and the difference in their frequencies. The relation is inverted: the more 
the distance and the frequency difference, the lower the mutual interference. Modern radars have extensive  
frequency ranges consisting of up to several hundred discrete values. When the combat vehicles (CV) in a group 
are stationary, the frequencies shall be distributed to ensure the lowest possible interference. Another complica-
tion is that each CV is affected by all the other CVs of the group, and the laws of total interference are not known 
yet. That is why we introduced some assumptions as follows:  

ï all the radars have the same power; 
ï the receiving feeder losses are approximately equal; 
ï the receiver passband of each radar is fixed; 
ï all the radars have identical probe signal spectra (except for the central frequency) and frequency  

responses. 
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It is advisable to distribute the frequencies to evenly fill the available range. It indirectly reduces the effects  
of targeted interference produced by the enemy's electronic warfare systems. The radars shall also operate 
smoothly when two or three combat groups share the same frequency range, and each group has a different  
number of CVs as in this case the mutual interference increases. 

The study analyzes a multi-criteria approach to assessing the EM compatibility between combat vehicles 
(CV) in a formation considering the CV-to-CV interference, the total interference by the CVs, and exposed  
to a specific CV, and a generalized interference between all the CVs in the group. These aspects are to be inves-
tigated to apply optimization methods to the target locator frequency distribution problem; otherwise, the results 
would be unreliable. The proposed criterion is based on the multidimensional measurement theory and is suitable  
for decision making in uncertain conditions. 

 
Поступила 5 ноября 2019 года. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʛʥʘʣ ʩ ʢʦʩʠʥʫʩʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʘʨʦʡ ʩʚʝʨʭ- 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʃʏʄ ʩʠʛʥʘʣʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʛʠʙʘʶʱʝʡ. ʃʏʄ ʩʠʛʥʘʣʳ ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʚʝʣʠʯʠ-
ʥʫ, ʦʙʨʘʪʥʫʶ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ. ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ ʩʞʘʪʠʷ ʩʠʛʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚʳʭ  
ʬʫʥʢʮʠʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ.  
ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʞʘʪʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʅʏʄ (ʥʝʣʠʥʝʡʥʦ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ) ʩʠʛʥʘʣʦʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʩʠʛʥʘʣʳ ʩ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ, 
ʩʞʘʪʳʡ ʩʠʛʥʘʣ, ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʬʠʣʴʪʨ, ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʙʘʟʘ ʩʠʛʥʘʣʘ, 
ʧʦʪʝʨʠ ʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʜʦʧʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ. 

 
A signal with cosine amplitude spectrum constructed with a couple of ultra-wideband LFM signals  

with square envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation.  
Two signal compressing methods are proposed with the use of window functions in order to reduce side lobe level 
with minimum mismatch loss. Effect of Doppler frequency shift on compressed signal structure is considered  
in comparison with NLFM (nonlinear frequency modulated) signal with similar amplitude spectrum. 

Keywords: signal processing, linear and nonlinear frequency modulation, compressed signal, matched filter, 
side lobe level, window function, signal base, mismatch loss, Doppler frequency shift. 

 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʩʞʘʪʠʷ ʩʠʛʥʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʭ ʃʏʄ ʠʤʧʫʣʴʩʦʚ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʚʝʣʠʯʠʥʫ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʜʝʚʠʘʮʠʠ 

ʯʘʩʪʦʪʳ ʚ ʠʤʧʫʣʴʩʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʩʠʥʫʩʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ, ʪʘʢ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʩʞʘʪʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʢʦʩʠʥʫʩ ʢʚʘʜʨʘʪ ʥʘ ʧʴʝʜʝʩʪʘʣʝ, ʧʦʜʦʙʨʘʥʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʠ ʜʣʷ ʧʦʥʠ-

ʞʝʥʠʷ ʋɹʃ ʩʞʘʪʦʛʦ ʩʠʛʥʘʣʘ ʤʝʥʝʝ -54 ʜɹ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʦʪʝʨʷʭ ʥʘ ʨʘʩʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʰʠʨʝʥʠʝʤ ʛʣʘʚʥʦʛʦ ʧʠʢʘ ʩʞʘʪʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʢʘʟʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʞʘʪʦʛʦ ʩʧʘʨʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʜʦʧʧʣʝʨʦʚʩʢʦʤʫ ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʘʤʠ ʩ ʥʝʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʩ ʪʝʤ ʞʝ ʘʤʧʣʠ-

ʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ.    
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COMPRESSION OF ULTRA-WIDEBAND FRIQUENCY 
MODULATED SIGNAL WITH COSINE SPECTRUM 

 
 

V.S. Okoneshnikov, K.K. Sevostiyanov  

 
The problem of compressing a signal constructed with a couple of ultra-wideband LFM signals with square 

envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation in order to obtain 
cosine amplitude spectrum. Possibility of using matched and non-matched filter is examined with the use  
of window function of raised cosine in 2-power on a pedestal empirically selected in order to reduce side lobe  
level less than -54 dB in the almost absence of mismatch loss and with minimum widening of main peak  
of compressed signal. Robustness of compressed coupled signal to Doppler frequency shift is demonstrated  
in comparison with NLFM (nonlinear frequency modulated) signals with similar amplitude spectrum. 
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ɺ ʩʚʷʟʠ ʩ ʦʞʠʜʘʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʘʵʨʦʧʦʨ-

ʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʚʠʘʮʠʠ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ, 
ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 
ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʨʫʧʧʳ ʨʫʢʦʚʦʜʩʪʚʘ  
ʧʦʣyʪʘʤʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʩʘʜʦʯ-
ʥʘʷ ʧʨʷʤʘʷ ʠ ʚʟʣʪyʥʦ-ʧʦʩʘʜʦʯʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ ʚ ʩʠʩʪʝʤʝ ʩʪʨʫʢʪʫʨʳ  
ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʡʦʥʘ ʘʵʨʦʜʨʦʤʘ, ʪʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʪʠʤʠʟʘʮʠʷ  
ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʚʦʜʠʪʩʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 
ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʟʘʢʦʥʦʚ ʜʚʠʞʝʥʠʷ 
ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʚʳʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ  
ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʝʩʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘʭʦʜ ʥʘ ʧʦʩʘʜʢʫ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʯʪyʘ ʧʨʦʜʦʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ 
ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʣʪyʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ  
ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ ʢʘʢ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʜʘʣʴʥʦʩʪʠ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ,  
ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ 
ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʝʨʝʜʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʫʪʤy 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʣʪyʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʘʜʢʠ, ʚ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ (ʠʥʪʝʨʚʘʣ) ʦʪʣʠʯʥʦ  
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʇʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʛʦ  
ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ ʧʦʟʚʦʣʠʪ ʠʤʝʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ  
ʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ ʧʨʷʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʘʜʦʯʥʳʡ ʢʫʨʩ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʦʧʘʩʥʦʝ 
ʩʙʣʠʞʝʥʠʝ. 

 
In connection with the expected increase in intensity and density of air traffic at airports of the state aviation 

one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically  
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order  
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure 
of the airspace of the airfield area, the greatest interest is to optimize their use. In our study, we introduce a model 
for determining longitudinal intersections between aircraft using statistically reliable methods of specifying  
the laws of aircraft movement to predict the air situation and develop possible solutions for the formation  
of a conflict-free flow of aircraft performing a landing approach.  

In contrast to the traditional methods of calculating the longitudinal interval between aircraft on the landing 
course, using the value of the average flight speed, the proposed model considers the speed of the aircraft on the 
landing course as a continuous distribution of speed depending on time (range). With the use of the developed 
model, it is possible to determine the safe longitudinal interval between vessels of different classes.  

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft  
in the landing process, in which the separation time (interval) is different for different combinations of aircraft  
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow  
having an objective picture of the carrying capacity of the pre-landing line. 

Keywords: landing pattern, dynamic spacing, speed of aircraft in dangerous proximity. 
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ɺ ʩʚʷʟʠ ʩ ʦʞʠʜʘʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʘʵʨʦʧʦʨʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʚʠʘʮʠʠ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦ-

ʜʦʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ ʛʨʫʧʧʳ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʝʪʘʤʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʜʚʠʞʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʩʘʜʦʯʥʘʷ ʧʨʷʤʘʷ ʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʫʟʢʠʤ ʤʝʩʪʦʤ ʚ ʩʠʩʪʝʤʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʡʦʥʘ ʘʵʨʦʜʨʦʤʘ, ʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʪʠʤʠʟʘʮʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʚʦʜʠʪʩʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʚʦʟ-

ʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʟʘʢʦʥʦʚ ʜʚʠʞʝ-

ʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʚʳʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʝʩʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘʭʦʜ ʥʘ 

ʧʦʩʘʜʢʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ ʧʨʦʜʦʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰ-

ʥʳʤʠ ʩʫʜʘʤʠ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ, ʠʩʧʦʣʴʟʫʶɦ ʠʭ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ, ʧʨʝʜʣʦ-

ʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʜʘʣʴʥʦʩʪʠ). ʉ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʜʦʣʥɹʦʛʦ ʠʥʪʝʨ-

ʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝ-

ʥʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʝʨʝʜʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʫʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʘʜʢʠ, ʚ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ (ʠʥʪʝʨʚʘʣ) ʦʪʣʠʯʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʦʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʇʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʦʟʜʫʰ-

ʥʳʤʠ ʩʫʜʘʤʠ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʢʫʨʩʝ ʧʦʟʚʦʣʠʪ ʠʤʝʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ ʧʨʷʤʦʡ. 
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MODEL AND ALGORITHM FOR DETERMINING  
THE LONGITUDINAL INTERVAL BETWEEN AIRCRAFT  

IN THE LANDING PATTERN BASED ON THE DIFFERENCE  
OF THE SPEEDS OF AIRCRAFT 

 
 

S.V. Petrenko, A.V. Zibrov 
 

 
In connection with the expected increase in intensity and density of air traffic at airports of the state aviation 

one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically  
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order  
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure  
of the airspace of the airfield area, the greatest interest is to optimize their use.  

In our study, we introduce a model for determining longitudinal intersections between aircraft using  
statistically reliable methods of specifying the laws of aircraft movement to predict the air situation and develop 
possible solutions for the formation of a conflict-free flow of aircraft performing a landing approach. In contrast  
to the traditional methods of calculating the longitudinal interval between aircraft on the landing course, using  
the value of the average flight speed, the proposed model considers the speed of the aircraft on the landing 
course as a continuous distribution of speed depending on time (range). With the use of the developed model,  
it is possible to determine the safe longitudinal interval between vessels of different classes.  

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft  
in the landing process, in which the separation time (interval) is different for different combinations of aircraft  
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow  
having an objective picture of the carrying capacity of the pre-landing line. 
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ʇʨʠ ʤʦʥʦʠʤʧʫʣʴʩʥʦʤ ʧʝʣʝʥʛʦʚʘʥʠʠ ʮʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʨʘʟʥʦʩʪʥʳʭ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʧʝʣʝʥʛʦʚʦʤʫ, ʨʝʟʢʦ ʫʭʫʜʰʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ çʩʠʛʥʘʣ/ʰʫʤè. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝ-
ʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʝʪʳʨʸʭʢʘʥʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 
ʧʨʠʭʦʜʘ ʦʪʨʘʞʸʥʥʦʛʦ ʦʪ ʮʝʣʠ ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʫʛʣʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʥʫʩʦʤ, ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ  
ʧʦʣʦʚʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʘʥʪʝʥʥʳ. ʇʨʠ ʵʪʦʤ  
ʨʘʟʥʦʩʪʥʳʝ ɼʅ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʣʝʥʛʘʮʠʷ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ, ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʪyʢʘ. 
 
In the monopulse direction finding with the use of difference patterns, the signal-to-noise ratio drastically  

decreases in directions close to the target direction. In this paper, a 4-channel antenna is studied and a method  
is proposed that precisely determines direction of arrival of the signal reflected from the target when it is within  
the half-power width of the antennaôs sum pattern. The difference patterns are not used. 

Keywords: direction finding, phase shift, phased array antenna. 
 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʝʣʝʥʛʘʮʠʠ ʮʝʣʝʡ  ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ɼʅ ʅʘ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʚ ʚʠʜʝ ʯʝʪʳʨʸʭʤʦʜʫʣʴʥʦʡ  ʌɸʈ)  ʜʣʷ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʳʭ  ʜʦʙʘʚʦʢ 

ʦʪ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʧʦʣʫʯʘʶʪ ɼʅ, ʤʘʢʩʠʤʫʤʳ ʢʦʪʦʨʳʭ ʧʦʚʸʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʫʤʘ 

ʩʫʤʤʘʨʥʦʡ ɼʅ (ʥʝ ʧʦʜʚʝʨʛʥʫʪʦʡ ʬʘʟʦʚʦʡ ʦʙʨʘʙʦʪʢʝ) ʥʘ ʥʝʢʦʪʦʨʳʝ  ʫʛʣʳ ʧʦ ʘʟʠʤʫʪʫ ʠ ʫʛʣʫ ʤʝ-

ʩʪʘ. ʕʪʠ ʬʘʟʦʚʳʝ  ʜʦʙʘʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʚ ʢʦʥʫʩʝ ʫʛʣʦʚ, ʨʘʚʥʦʤ  ʰʠʨʠʥʝ ɼʅ  ʧʦ 

ʧʦʣʦʚʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʱʥʦʩʪʠ, ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʣʘʩʴ ʙʳ ʚʩʝʛʦ ʦʜʥʘ ʪʦʯʢʘ, ʚ ʢʦʪʦ-

ʨʦʡ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚʩʝ ʯʝʪʳʨʝ ɼʅ.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʙʠʨʘʶʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʫʛʣʦʚ  ɗʮ, űʮ  ʚ ʚʳʙʨʘʥʥʦʤ ʢʦʥʫʩʝ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ, ʚ  ʢʦʪʦʨʦʡ ʚʩʝ ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʶ - ʨʘʟʥʦʩʪʴ ʬʫʥʢʮʠʡ ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ - ʵʪʘ ʪʦʯʢʘ ʫʢʘʟʳʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ  ʩʠʛʥʘʣʘ ï ɗ = ɗʮ,  ű=űʮ. 
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MONOPULSE DIRECTION FINDING  
WITHOUT DIFFERENCE PATTERNS 

 
 

F.K. Povolotskii, T.P. Sidorova 

 
A direction finding method is proposed that does not use difference patterns.  The method is studied with  

the help of a mathematical model (in the form of a 4-module array antenna). Phase shifts are applied to each  
of the modules so that their patterns are shifted from that of the initial sum pattern of the whole antenna by certain 
angles in azimuth and elevation. These phase shifts must be such that in the conic angular domain within the half 
power width of the sum pattern there is only one direction in which all the four patterns are equal for all scan  
angles. This direction is determined from the following system of 4 inequalities: 

1 ʮ ʮ 1 1 ʮ ʮ 1

2 ʮ ʮ 2 2 ʮ ʮ 2

( ( , ) ( , )) ; ( ( , ) ( , )) ;

( ( , ) ( , )) ; ( ( , ) ( , )) .

abs GG GG abs GG GG

abs GG GG abs GG GG

+ + - -

+ + - -

q j - q j <x q j - q j <x

q j - q j <x q j - q j <x
 

A point ɗʮ, űʮ is found in the conic domain at which all 4 inequalities are satisfied, i.e. the differences  
between the functions are smaller than the admissible value. This point is the direction of signal arrival ï  
ɗ = ɗʮ, ű = űʮ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʟʦʢʦʜʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʜʦʚʦʡ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴʶ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʜʘʣʴʥʦʩʪʠ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʠ. ʆʮʝʥʝʥʳ ʚʝʨʦʷʪʥʦʩʪ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʣʠʩʪʠʯʝʩʢʘʷ ʨʘʢʝʪʘ, ʙʦʝʚʦʡ ʙʣʦʢ, ʧʣʘʟʤʝʥʥʳʡ ʩʣʝʜ, ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠ-
ʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʬʫʥʢʮʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

 
The binary phase-coded pulses with the periodic code sequence having ambiguity of measurements of range are 

considered. The analysis of elimination of ambiguity of measurements in the target tracking process is carried out.  
Performance of the correct elimination of ambiguity is estimated. 

Keywords: ballistic missile, reentry vehicle, ionized wake, radar signal detection, ambiguity function. 
  

 

ɺ ʢʘʯʝʩʪʚʝ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʌʂʄ ʠʤʧʫʣʴʩʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʘ-

ʟʦʢʦʜʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʕʪʠ ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʥʘʙʣʶ-

ʜʝʥʠʶ ʟʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʮʝʣʴʶ ʥʘ ʬʦʥʝ ʤʝʰʘʶʱʠʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʝʜʘ. 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʢʦʤ. ɿʘʤʝʨʳ ʟʘʜʝʨʞʢʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʨʘ-

ʞʸʥʥʦʛʦ ʦʪ ʮʝʣʠ, ʦʙʣʘʜʘʶʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ. ʀʟʤʝʨʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʫʯʘʡ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʨʘʚʥʫʶ ʥʝʩʢʦʣʴʢʠʤ ʠʥʪʝʨʚʘʣʘʤ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʩʦʧʨʦ-

ʚʦʞʜʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʦʡ ʮʝʣʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʪʨʘʞʸʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʤʠʤʦ ʜʘʥʥʳʭ, ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʜʣʷ ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ. 

ɿʘ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʷ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʟʘʜʝʨʞʢʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʮʝʣʠ. 
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ELIMINATION OF AMBIGUITY OF MEASUREMENTS 
AT APPLICATION OF RECTANGULAR BINARY PHASE-CODED 

PULSES WITH THE PERIODIC CODE SEQUENCE 
 
 

A.A. Trukhachev 
 

 
As the probing signals binary phase-coded pulses with the periodic code sequence are considered. These 

signals have good possibilities on observation of the ballistic target against the background of the interfering  
reflections from an ionized wake. 

However such signals possess the shortcoming. Measurements of the signal delay reflected from the target 
have ambiguity. The measured delay may contain the accidental component equal to several intervals  
of ambiguity. 

In article the ambiguity elimination realized in the target tracking of a detected target is considered. When 
processing of the reflected signals in addition to the data necessary for tracking, data for ambiguity elimination  
are formed. 

After several of tracking loop it is possible to provide enough high probability of elimination of delay  
ambiguity. 
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ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʛʠ- 

ʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ ʙʘʟ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚ-
ʣʝʥʠʷ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʥʬʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʤʝʪʥʦʡ  
ʦʙʣʘʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʢʘʥʦʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʢʘʥʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ, ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʶʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ  
ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʘʟʳ ʜʘʥʥʳʭ,  
ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

 
In article theoretical bases of the description of subject domain and design of logical and physical structures  

of databases of production systems of defense industry complex are stated. The technique of design of databases  
of complex technical systems of various level of management which essence consists in construction  
the infologicheskikh of models of fragments of subject domain with the subsequent creation of initial model of subject 
domain of all system is offered. In turn, the initial model is displayed in conceptual, external and internal models of data 
of the used database management system. 

Keywords: defense industry complex, information systems, databases, subject domain, models of subject 
domain. 

 

 

 

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ ʙʘʟ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʦʨʦʥʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʥ-

ʬʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʢʘʥʦʥʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʥʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʪʦʙ-

ʨʘʞʘʝʪʩʷ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ, ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʶʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ.  
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MODELS OF THESE INFORMATION SYSTEMS  
OF DEFENSE INDUSTRY COMPLEX 
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In article theoretical bases of the description of subject domain and design of logical and physical structures 

of databases of production systems of defense industry complex are stated.  
The technique of design of databases of complex technical systems of various level of management which 

essence consists in construction the infologicheskikh of models of fragments of subject domain with  
the subsequent creation of initial model of subject domain of all system is offered. In turn, the initial model  
is displayed in conceptual, external and internal models of data of the used database management system. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ  

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ 
ʥʘ ʦʩʥʦʚʝ ʚʥʝʜʨʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʨʠʝʤʣʝʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʜʘʯʝʡ ʠ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ  
ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʦʢʘʟʘʥʳ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʤʝʭʘ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦʙʨʘʟʘʤʠ-ʦʩʪʘʪʢʘʤʠ, 
ʣʦʛʠʯʝʩʢʦʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

 
The issues of increasing the level of artificial intelligence of onboard and ground-based information and measure-

ment systems of modern weapons, military and special equipment based on the introduction of applied mathematical 
methods for transmitting, collecting and processing information are considered. It is shown that their use makes  
it possible to find an acceptable solution to a large number of existing problems related to the transmission  
and processing of received information. The main achievements and new features of the developed methods and  
technologies are presented. 

Keywords: interference, radio engineering measurements, representation of data by leftovers, logical noise-
tolerant encoding, communication channel bandwidth. 

 

 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʨʘʩʰʠʨʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʘʙʩʪʨʘʢʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, ʢ ʯʠʩʣʫ ʢʦʪʦ-

ʨʳʭ ʦʪʥʦʩʷʪʩʷ ʪʝʦʨʠʷ ʢʦʥʝʯʥʳʭ ʧʦʣʝʡ ʕ.ɻʘʣʫʘ ʠ ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʝʸ ʦʩʥʦʚʝ ʜʦʧʦʣʥʝʥʠʷ, ʦʪʥʦ-

ʩʷʱʠʝʩʷ ʢ ʢʦʥʝʯʥʳʤ ʨʘʟʥʦʩʪʷʤ (ʂʈ) ʠ ʘʜʘʧʪʠʚʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ (ɸʅʌ) ʜʘʥʥʳʭ ʠʟ-

ʤʝʨʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʨʠʝʤʣʝʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠʟ-

ʚʝʱʘʪʝʣʝʡ, ʜʘʪʯʠʢʦʚ ʠ ʩʝʥʩʦʨʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʫ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʊʂ) ʚʦʝʥ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ɺʅ) ʬʫʥʢʮʠʠ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʦʧʝ-

ʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʩʣʳʰʘʪʴ, ʚʠʜʝʪʴ, ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʪʴ ʦʙʲʝʢʪʳ ʢʦʥʪʨʦʣʷ ʠ ʠʭ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʀʊɺ), ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʦʪʠʚʥʠʢʦʤ. 
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METHODS FOR IMPROVING EFFICIENCY  
OF INFORMATION AND MEASUREMENT SUPPORT  

FOR TESTING AND BATTLE APPLICATION  
OF MODERN SAMPLES OF WEAPONS, MILITARY  

AND SPECIAL EQUIPMENT 
 
 

G.V. Svetlov, S.S. Kukushkin  
 
 

The article is devoted to the development of mathematical methods that expand the possibilities  
of application of fundamental abstract mathematical theories, which include the theory of finite fields by E. Galois 
and additions based on it that relate to finite differences and adaptive nonlinear filtering of measurement data.  

It is shown that their use makes it possible to find an acceptable solution to a large number of existing  
problems that are associated with low alarm reliability of detectors and sensors that perform the functions  
of sense organs in military robotic complexes, based on which the operational situation is evaluated and control 
solutions are formed. The proposed mathematical model allows you to better hear, see, and more accurately  
determine the objects of control and their movement in the surrounding space, including in the conditions  
of interference and information and technical influences, organized by the enemy.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʣʘʥʘʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʗʧʦʥʠʠ ʧʦ ʦʩʥʘʱʝʥʠʶ ʜʚʫʭ 

ʢʦʤʧʣʝʢʩʦʚ ʇʈʆ AEGIS ASHORE, ʨʘʟʚʨyʪʳʚʘʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʧʦʥʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʝʡ 
AN/SPY-7  (SSR) ʚʤʝʩʪʦ ʈʃʂ AMDR, ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʪʦʨʦʛʦ ʦʪʚʝʯʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ ʢʦʤʧʘʥʠʠ Raytheon ʠ 
ʰʪʘʪʥʦʡ ʈʃʉ ʩʠʩʪʝʤʳ ʇʈʆ AEGIS AN/SPY-1, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ Lockheed Martin. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʃʉ, ʇʈʆ, AEGIS ASHORE, AN/SPY-7, AN/SPY-6, AN/SPY-1. 
 
The article states plans of the Japan Defense Agency on equipping of two AEGIS ASHORE missile defense  

systems, being deployed on the territory of Japan, with AN/SPY-7 radar (SSR) instead of AMDR complex, developed  
by the Raytheon company, and with Lockheed Martin standard AN/SPY-1 radar of AEGIS missile defense system. 

Keywords: radar, missile defense, AEGIS ASHORE, AN/SPY-7, AN/SPY-6, AN/SPY-1. 
  

 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʦʬʠʮʠʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚʦʝʥʥʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ 

ʉʐɸ ʠ ʗʧʦʥʠʠ, ʦ ʪʝʢʫʱʠʭ ʧʣʘʥʘʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʰʪʘʪʥʦʡ ʈʃʉ ʢʦʤʧʣʝʢʩʦʚ ʇʈʆ 

AEGIS ASHORE ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʧʦʥʠʠ ʈʃʉ AN/SPY-7 (SSR), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ  

Lockheed Martin, ʦ  ʩʨʦʢʘʭ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʪʦʠʤʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʚʦʜʷʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʉ, ʷʚʣʷʶʱʠʭʩʷ ʘʥʘʣʦʛʘʤʠ  ʈʃʉ AN/SPY-7, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʄʆ ʗʧʦʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʇʈʆ AEGIS ASHORE. 

ʊʘʢ, ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʈʃʉ AN/SPY-1 ʢʦʤʧʘʥʠʠ Lockheed Martin, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʚ̫ʣʷʶʱʘʷʩʷ ʰʪʘʪʥʦʡ ʈʃʉ ʢʦʨʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʇʈʆ AEGIS, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ɺʄʉ 

ʉʐɸ ʠ ʗʧʦʥʠʠ, ʠ ʥʘʟʝʤʥʳʭ ʩʠʩʪʝʤ ʇʈʆ AEGIS ASHORE, ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ ʠ 

ʈʫʤʳʥʠʠ. ʊʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʧʳʪʘʥʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʝʨ-

ʪʳʚʘʥʠʷ  ʈʃʉ AN/SPY-6 ʢʦʤʧʘʥʠʠ Raytheon, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʈʃʂ  AMDR. 
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AN/SPY-7 RADAR INSTALLATION PROSPECTS  
ON AEGIS ASHORE MISSILE DEFENSE SYSTEM IN JAPAN 

 
 

A.E. Svistunov, N.A. Maleeva 
 
 

The article states an information published by the US and Japan military departments on current deployment 
plans of AN/SPY-7 radar (SSR) as a standard Lockheed Martin radar for AEGIS ASHORE missile defense  
system on the territory of Japan, including time-period and expected cost of deployment. Besides, the sources 
stated the radar characteristics, which are similar to AN/SPY-7 radar, and were examined by the Japan Defense 
Agency as possible variants for integration into AEGIS ASHORE missile defense system. Thus, the article  
considers the AN/SPY-1 radar of Lockheed Martin company development, which is at present time a standard  
radar for AEGIS BMD ships in the inventory of US and Japan Navy, and land-based AEGIS ASHORE missile  
defense systems, deployed in the United States and Romania. The current development state, tests  
and deployment prospects of Raytheon AN/SPY-6 radar, integrated into AMDR complex, are stated in the article  
as well.  
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 НАУЧНЫЕ РЕЦЕНЗИИ И ОТЗЫВЫ  
 
 
 

Системы вооружения ракетно-космической 
обороны России. Том 1 Системы стратегической 
противоракетной обороны. Под общей редакцией 
Ю.И. Борисова. – М.: Издательский дом «Столич-
ная энциклопедия», 2020. – 416 с.  

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʉʪʦʣʠʯʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷè 

ʚʳʧʫʩʪʠʣ ʚ ʩʚʝʪ ʢʥʠʛʫ çʉʠʩʪʝʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʨʦ-

ʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳè. ʕʪʦ ʧʝʨʚʳʡ ʪʦʤ ʜʚʫʭʪʦʤʥʦ-

ʛʦ ʠʟʜʘʥʠʷ çʉʠʩʪʝʤʳ ʚʦʦʨʫʞʝʥʠʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ ʈʦʩʩʠʠè. 

ʂʥʠʛʘ ʠʟʜʘʥʘ ʧʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʟʘʤʝʩʪʠʪʝʣʷ 

ʇʨʝʜʩʝʜʘʪʝʣʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʖ.ʀ. ɹʦʨʠʩʦʚʘ. ʉʦʧʨʝʜʩʝ-

ʜʘʪʝʣʠ ʨʝʜʢʦʣʣʝʛʠʠ ï ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

ɸʆ çʂʦʥʮʝʨʥ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè ʗ.ɺ. ʅʦʚʠʢʦʚ,  

ʜʠʨʝʢʪʦʨ ɼʝʧʘʨʪʘʤʝʥʪʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʄʠʥʧʨʦʤʪʦʨʛʘ ʈʦʩʩʠʠ ɺ.ɺ. ʐʧʘʢ. ʅʘʫʯʥʳʝ 

ʨʝʜʘʢʪʦʨʳ ï ʩʦʚʝʪʥʠʢ ʇʨʝʟʠʜʝʥʪʘ ʇɸʆ çʄɸʂ 

çɺʳʤʧʝʣè ʧʨʦʬʝʩʩʦʨ ɽ.ɺ. ɻʘʚʨʠʣʠʥ, ʛʝʥʝʨʘʣʴʥʳʡ 

ʢʦʥʩʪʨʫʢʪʦʨ ɸʆ çʂʦʥʮʝʨʥ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè  

ʧʨʦʬʝʩʩʦʨ ʇ.ɸ. ʉʦʟʠʥʦʚ. 

ɺ ʢʥʠʛʫ ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʦʯʝʨʢʠ, ʚʦʩʧʦʤʠʥʘʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʩʦʟʜʘʚʘʣʠʩʴ ʩʠʩʪʝʤʳ ʩʪʨʘʪʝʛʠ-

ʯʝʩʢʦʡ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ ɸ, ɸ-35, ɸ-35ʄ, ɸ-135.  

ʆʧʫʙʣʠʢʦʚʘʥʦ ʦʢʦʣʦ 500 ʬʦʪʦʛʨʘʬʠʡ. 

ɺ ʦʙʨʘʱʝʥʠʠ ʢ ʯʠʪʘʪʝʣʷʤ ʖ.ʀ. ɹʦʨʠʩʦʚʘ ʦʪʤʝʯʝʥʦ çʅʘʩʪʦʷʱʘʷ ʢʥʠʛʘ ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚ-

ʥʳʤ ʪʨʫʜʦʤ ʙʦʣʴʰʦʡ ʢʦʦʧʝʨʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʨʛʘʥʠʟʘʮʠʡ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ  

ʢʦʤʧʣʝʢʩʘ, ʠʩʧʳʪʘʪʝʣʝʡ, ʚʦʝʥʥʳʭ ʩʪʨʦʠʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʘʢʘʟʯʠʢʘ, ʢʦʪʦʨʳʤ ʧʨʠʰʣʦʩʴ 

ʨʝʰʘʪʴ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ï ʧʨʦʙʣʝʤʫ  

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʦʨʦʥʳ ʦʪ ʥʘʧʘʜʝʥʠʷ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪè. 
 
 

 


