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ɉɪɟɞɥɨɠɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚ-
ɪɚɬɭɪɵ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. Ɋɟɲɟɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɚɜɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɢ 
ɦɭɬɚɰɢɨɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɛɚɡɢɪɭɸɳɟɣɫɹ ɧɚ ɢɦɢɬɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɮɚɤɬɨɪɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ. ɂɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɨɡɧɚɱɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɢɦɟɪɵ ɟɟ ɩɪɢɦɟɧɟɧɢɹ 
ɞɥɹ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɛɚɡɢɪɭɟɬɫɹ  
ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɜ ɫɨɫɬɚɜɟ ɷɦɭɥɹɬɨɪɨɜ ɤɨɧɟɱɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɵɯ ɉɅɂɋ ɢ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ  
ɧɚ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɣ ɭɪɨɜɟɧɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɉɅɂɋ 
ɜ ɫɨɫɬɚɜɟ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɬɪɟɛɭɟɦɨɣ ɫɤɨɪɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɢ 
ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɨɫɬɢ ɩɪɢ ɢɦɢɬɚɰɢɢ ɜɧɟɲɧɢɯ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɢɦɢɬɚɰɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɧɵɯ ɦɨɞɭɥɟɣ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɪɚɡɪɚ-
ɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɚɩɩɚɪɚɬɧɵɯ ɦɭɬɚɰɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ  
ɜ ɩɪɨɰɟɫɫɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɨɧɟɱɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɬɢɩɢɱɧɵɯ ɫɛɨɟɜ ɢ ɨɬɤɚɡɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɭɡɥɚɯ ɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚ-
ɬɨɜ, ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɂɦɢɬɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɜɧɟɫɟ-
ɧɢɹ ɦɭɬɚɰɢɨɧɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɜ ɨɩɢɫɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɚɩɩɚɪɚɬɭɪɵ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɝɟɧɟɪɚɰɢɟɣ ɉɅɂɋ-
ɩɪɨɟɤɬɨɜ, ɪɟɚɥɢɡɭɟɦɵɯ ɜ ɤɨɦɩɥɟɤɫɟ. Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɫɨɝɥɚɫɧɨ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɦɟɬɨɞɢɤɟ, ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɩɪɨɰɟɫɫ ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɨɜɟɞɟɧɢɹ ɤɚɧɚɥɨɜ 
ɜɜɨɞɚ-ɜɵɜɨɞɚ ɩɪɢɛɨɪɚ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɭɪɧɚɥɚ ɪɟɝɢɫɬɪɚɰɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ 
ɪɚɡɪɚɛɨɬɤɭ ɤɨɞɨɜ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ ɞɥɹ ɢɦɢɬɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɬɥɚɞɨɱɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 
ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɨɦɢɦɨ ɚɩɩɚɪɚɬɭɪɵ ɦɭɬɚɰɢɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɢ ɛɨɪɬɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫ-
ɩɟɱɟɧɢɟ ɜɫɬɪɚɢɜɚɟɦɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦ. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɟɚɥɢɡɨɜɚɧ  
ɢ ɜɜɟɞɟɧ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɥɚɛɨɪɚɬɨɪɧɵɣ ɨɬɥɚɞɨɱɧɵɣ ɤɨɦɩɥɟɤɫ. ɂɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚ-
ɛɨɬɤɢ ɤɨɦɩɥɟɤɫɚ ɢ ɫɩɨɫɨɛɨɜ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɫɩɟɰɢɚɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ.  
ɂɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɤɨɦɩɥɟɤɫɚ ɢ ɨɫɧɨɜɧɵɟ ɩɭɬɢ ɪɚɡɜɢɬɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ. 
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The solution to the problem of increasing the quality of ground tests of spacecrafts onboard radio-electronic 
equipment is proposed. The solution is based on the use of the author's technique of mutation testing for ground tests. It 
is based on the simulation of the process of functioning  hardware and software under the influence of space factors. 
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The results of the development of this technique and examples of its applying for ground tests of  spacecrafts onboard 
radio-electronic equipment are presented. The proposed approach is based on the use in composition of emulators 
reconfigurable FPGA. It allows to go to a new quality of ground tests. Application of high-speed FPGA in test 
equipment allows to achieve a desired speed of functioning and degree of reconfigurability. It allows to simulate 
functioning of the hardware modules in actual operating conditions. Imitation occurs by introducing the mutation 
operators in the description of the functional units of the equipment. An algorithm for ground tests and basic stages of 
testing, which including the process of formalizing the behavior of channels I/O device at each fault is developed. In the 
framework of the developed technique, in addition to equipment, the mutations are exposed onboard software of 
embedded microprocessor systems. Laboratory debugging complex for the application of this method is implemented 
and put into commercial operation. The results of the development of this debugging complex, methods and ways of it 
applying in special testing of radio-electronic equipment are presented. The results of testing of the laboratory 
debugging complex and general ways of introduced approach advance are specified. 

 

Keywords: mutation testing, hardware description languages, debug, radio-electronic equipment, FPGA, debugging 

complex. 

 

ȼɜɟɞɟɧиɟ. Ɋɚɡɜɢɬɢɟ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 

ɫɬɚɜɢɬ ɩɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ 

ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: ɭɥɭɱɲɟ-
ɧɢɟ ɝɚɛɚɪɢɬɧɨ-ɦɚɫɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɭɜɟɥɢɱɟɧɢɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɩɨɜɵ-

ɲɟɧɢɟ ɫɪɨɤɨɜ ɟɟ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. Ⱦɥɹ ɨɛɧɚ-
ɪɭɠɟɧɢɹ ɢ ɭɫɬɪɚɧɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɨɲɢɛɨɤ ɢ ɧɟɞɨɪɚ-
ɛɨɬɨɤ ɬɪɟɛɭɸɬɫɹ ɫɥɨɠɧɵɟ ɢ ɬɳɚɬɟɥɶɧɵɟ ɧɚɡɟɦɧɵɟ 
ɢɫɩɵɬɚɧɢɹ. Ɍɚɤɢɟ ɢɫɩɵɬɚɧɢɹ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɜɪɟ-
ɦɟɧɧɵɯ ɡɚɬɪɚɬ, ɱɬɨ ɩɪɢ ɪɚɫɬɭɳɢɯ ɨɛɴɟɦɚɯ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɤɪɢɬɢɱɟɫɤɢ ɜɥɢɹɟɬ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɩɪɨɟɤɬɨɜ. Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 
ɷɬɚɩɚɯ ɨɬɪɚɛɨɬɤɢ ɢ ɭɜɟɥɢɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɧɚɪɭ-
ɠɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɫɨɡɞɚɸɬɫɹ ɫɢɫɬɟɦɵ ɧɚɡɟɦɧɵɯ 
ɢɫɩɵɬɚɧɢɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɟ 
ɤɨɦɩɥɟɤɫɵ ɞɥɹ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ 
ɛɚɡɟ ɝɨɬɨɜɵɯ ɪɟɲɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɮɨɪɦ 

ADLINK ɢɥɢ National Instruments [1; 2]. ɉɪɢ ɷɬɨɦ ɞɥɹ 
ɢɦɢɬɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɬɟɫɬɢɪɭɟɦɨɣ ɚɩɩɚɪɚɬɭɪɵ 

ɩɪɢɦɟɧɹɸɬ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɨɞɧɨɤɪɢɫɬɚɥɶɧɵɟ 
ɦɨɞɭɥɢ, ɪɟɚɥɢɡɭɟɦɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɢ-

ɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ (ɉɅɂɋ). 

 

ɉɨɫɤɨɥɶɤɭ ɥɨɝɢɤɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɉɅɂɋ ɦɨ-
ɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭ-
ɪɵ, ɬɨ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɜɧɨɫɢɬɶ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɪɪɟɤɬɢ-

ɪɨɜɤɢ ɢ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɨɬɥɚɞɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɟɬɨɞɵ 

ɬɟɫɬɢɪɨɜɚɧɢɹ, ɚɧɚɥɨɝɢɱɧɵɟ ɬɟɦ, ɱɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ  
ɢ ɩɪɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɧɢɜɟɪɫɚɥɶ-
ɧɵɯ ɹɡɵɤɨɜ [3]. 

Ɍɚɤɨɣ ɦɟɬɨɞ ɩɨɥɭɱɢɥ ɫɜɨɸ ɪɟɚɥɢɡɚɰɢɸ ɜ ɧɚɡɟɦ-

ɧɨɦ ɨɬɥɚɞɨɱɧɨɦ ɤɨɦɩɥɟɤɫɟ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚ-
ɪɚɬɭɪɵ (ɇɈɄ ɊɗȺ) – ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɨɛɴɟɤɬɨɜ ɨɬɪɚɛɨɬɤɢ ɢ ɢɫɩɵɬɚɧɢɣ (ɫɦ. ɪɢɫɭɧɨɤ) [4; 5].  

Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɦɢɬɚɰɢɢ ɪɟɚɥɶɧɨɣ ɛɨɪɬɨɜɨɣ 

ɊɗȺ ɫɩɟɰɢɚɥɶɧɵɦɢ ɨɬɥɚɞɨɱɧɵɦɢ ɦɨɞɭɥɹɦɢ. ɗɬɨ ɞɨɫ-
ɬɢɝɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɬɪɨɥɶɧɨ-ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɚɩ-

ɩɚɪɚɬɭɪɵ ɨɬɥɚɞɨɱɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɷɦɭɥɹɰɢɟɣ ɩɪɨɰɟɫ-
ɫɚ ɨɛɦɟɧɚ ɜ ɤɚɧɚɥɚɯ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɫɨɟɞɢɧɹɸɳɢɯ ɨɛɴ-

ɟɤɬ ɢɫɩɵɬɚɧɢɣ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɢɦɢɬɢɪɭɸɳɢɯ 
ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɟɝɨ ɲɬɚɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɫɪɟɞ-
ɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɠɟɫɬɤɨɝɨ ɪɟɚɥɶɧɨɝɨ ɜɪɟ-
ɦɟɧɢ. 

ȼ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɚ ɜɤɥɸɱɟɧɵ ɰɢɮɪɨɚɧɚɥɨɝɨɜɵɟ  
ɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɦɨɞɭɥɢ ɰɢɮɪɨ-
ɜɨɝɨ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɢɧɬɟɪɮɟɣɫɧɵɟ 

ɤɨɧɬɪɨɥɥɟɪɵ, ɨɫɰɢɥɥɨɝɪɚɮɵ, ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɦɭɬɚɰɢɢ 

ɫɢɝɧɚɥɨɜ, ɋȼɑ-ɝɟɧɟɪɚɬɨɪɵ ɢ ɬ. ɩ. 

 

 
 

ɇɚɡɟɦɧɵɣ ɨɬɥɚɞɨɱɧɵɣ ɤɨɦɩɥɟɤɫ ɛɨɪɬɨɜɨɣ  

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 
 

Ⱥɩɩɚɪɚɬɭɪɚ, ɬɪɟɛɭɸɳɚɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɮɭɧɤ-
ɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɢ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɨɫɬɢ, ɪɟɚ-
ɥɢɡɭɟɬɫɹ ɧɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɢɧɬɟɝɪɚɥɶ-
ɧɵɯ ɫɯɟɦɚɯ. Ɋɟɚɥɢɡɚɰɢɹ ɦɨɞɟɥɢ ɊɗȺ ɧɚ ɉɅɂɋ ɩɨɡɜɨ-
ɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɚɤɨɣ ɠɟ ɭɪɨɜɟɧɶ ɫɤɨɪɨɫɬɟɣ, ɤɚɤ ɢ 

ɢɫɩɵɬɵɜɚɟɦɚɹ ɚɩɩɚɪɚɬɭɪɚ. Ɉɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɢɟ ɫɤɨ-
ɪɨɫɬɢ ɦɨɠɟɬ ɬɚɤɠɟ ɚɩɩɚɪɚɬɧɨɟ ɦɚɤɟɬɢɪɨɜɚɧɢɟ ɚɩɩɚ-
ɪɚɬɭɪɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɢ, ɬ. ɟ. 
ɫɨɡɞɚɧɢɟ ɦɚɤɟɬɚ ɩɪɢɛɨɪɚ, ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ 

ɩɨɜɬɨɪɹɸɳɟɝɨ ɰɟɥɟɜɭɸ ɚɩɩɚɪɚɬɭɪɭ. ɇɨ ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɉɅɂɋ-ɩɪɨɰɟɫɫ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɝɢɛɤɢɣ ɢ ɞɟɲɟɜɵɣ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɚɩɩɚɪɚɬɧɵɦ ɦɚɤɟɬɢɪɨɜɚɧɢɟɦ [6; 7]. 

ɉɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢ ɚɩɩɚɪɚɬɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɚɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɫɨɡ-
ɞɚɜɚɟɦɵɯ ɬɟɫɬɨɜ, ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɤɪɵɜɚɬɶ ɦɧɨɠɟɫɬ-
ɜɨ ɧɟɤɨɪɪɟɤɬɧɵɯ ɫɢɬɭɚɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ 
ɧɟ ɬɨɥɶɤɨ ɜ ɫɥɟɞɫɬɜɢɟ ɨɲɢɛɨɤ ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɧɨ ɢ ɜ 
ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ [8]. Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɬɟɫɬɨɜ  
ɢ ɩɨɤɪɵɬɢɹ ɢɦɢ ɪɚɡɥɢɱɧɵɯ ɨɲɢɛɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɦɟɬɨɞ ɚɩɩɚɪɚɬɧɨɝɨ ɦɭɬɚɰɢ-

ɨɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ [9], ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɧɟɫɟɧɢɢ  

ɜ ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɧɟɤɨɬɨɪɵɯ ɢɡɦɟɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɧɚ-
ɡɵɜɚɸɬɫɹ ɦɭɬɚɰɢɹɦɢ. Ⱦɥɹ ɢɯ ɜɧɟɫɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ 
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ɦɭɬɚɰɢɨɧɧɵɟ ɨɩɟɪɚɬɨɪɵ, ɢɦɢɬɢɪɭɸɳɢɟ ɬɢɩɢɱɧɵɟ 
ɫɛɨɢ ɜ ɚɩɩɚɪɚɬɭɪɟ ɰɟɥɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ (ɧɚɩɪɢɦɟɪ, 
ɜɵɩɨɥɧɟɧɢɟ ɧɟɩɪɚɜɢɥɶɧɨɣ ɤɨɦɚɧɞɵ ɩɪɨɰɟɫɫɨɪɨɦ ɢɥɢ 

ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɭɥɹ) [10]. ȼ ɪɚɡ-
ɪɚɛɚɬɵɜɚɟɦɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ P ɜɧɨɫɹɬ ɢɡɦɟɧɟɧɢɹ 
(ɦɭɬɚɰɢɢ), ɬ. ɟ. ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɸɬ ɤɨɧɮɢɝɭɪɚɰɢɢ-

ɦɭɬɚɧɬɵ P1, P2, P3 ɢ ɬ. ɞ. Ɂɚɬɟɦ ɩɪɨɝɪɚɦɦɚ P ɢ ɟɟ ɦɭ-
ɬɚɧɬɵ ɬɟɫɬɢɪɭɸɬɫɹ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɧɚɛɨɪɟ ɬɟɫɬɨɜ. 
ȿɫɥɢ ɧɚ ɷɬɨɦ ɧɚɛɨɪɟ ɬɟɫɬɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɚɜɢɥɶ-
ɧɨɫɬɶ ɩɪɨɝɪɚɦɦɵ P ɢ ɜɵɹɜɥɹɸɬɫɹ ɜɫɟ ɨɲɢɛɤɢ ɜ ɩɪɨ-
ɝɪɚɦɦɚɯ-ɦɭɬɚɧɬɚɯ, ɬɨ ɧɚɛɨɪ ɬɟɫɬɨɜ ɫɱɢɬɚɟɬɫɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦ ɦɭɬɚɰɢɨɧɧɨɦɭ ɤɪɢɬɟɪɢɸ, ɚ ɩɪɨɝɪɚɦɦɚ P 

ɨɛɴɹɜɥɹɟɬɫɹ ɩɪɚɜɢɥɶɧɨɣ. ȿɫɥɢ ɜ ɧɟɤɨɬɨɪɵɯ ɦɭɬɚɧɬɚɯ 
ɧɟ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜɫɟ ɦɭɬɚɰɢɢ, ɬɨ ɧɚɛɨɪ ɬɟɫɬɨɜ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɧɟɞɨɫɬɚɬɨɱɧɵɣ ɢ ɬɪɟɛɭɟɬ ɪɚɫɲɢɪɟ-
ɧɢɹ [11–13]. 

Ɇɭɬɚɰɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɟɥɹɬɫɹ ɧɚ ɢɦɢɬɢɪɭɸ-

ɳɢɟ ɚɩɩɚɪɚɬɧɵɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɢɦɢɬɢɪɭɸɳɢɟ 
ɨɲɢɛɤɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɉɈ ɛɨɪɬɨɜɨɣ ɊɗȺ. Ⱦɟɥɨ ɜ ɬɨɦ, 

ɱɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɤɚɤ ɚɩɩɚɪɚɬɧɨɣ, ɬɚɤ ɢ ɩɪɨ-
ɝɪɚɦɦɧɨɣ ɨɲɢɛɤɢ ɜ ɛɨɪɬɨɜɨɦ ɩɪɢɛɨɪɟ, ɟɝɨ ɤɚɧɚɥɵ 

ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɫɜɹɡɵɜɚɸɳɢɟ ɟɝɨ ɫ ɨɫɬɚɥɶɧɨɣ ɛɨɪɬɨɜɨɣ 

ɢɥɢ ɧɚɡɟɦɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɜ ɫɥɭɱɚɟ ɧɚɡɟɦɧɨɣ ɨɬɪɚ-
ɛɨɬɤɢ), ɧɟɩɪɟɦɟɧɧɨ ɨɬɪɟɚɝɢɪɭɸɬ ɧɚ ɧɚɥɢɱɢɟ ɧɟɢɫ-
ɩɪɚɜɧɨɫɬɢ ɢ ɢɡɦɟɧɹɬ ɫɜɨɟ ɩɨɜɟɞɟɧɢɟ. ɗɬɨɬ ɮɚɤɬ ɧɟɡɚ-
ɦɟɧɢɦ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ: ɩɨ ɢɡɦɟɧɟ-
ɧɢɹɦ ɩɨɜɟɞɟɧɢɹ ɤɚɧɚɥɨɜ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɜɨɡɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɟɟ ɩɪɢɱɢɧɭ. 
ɋɩɨɫɨɛ ɦɭɬɚɰɢɨɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɨɪɬɨɜɨɣ ɊɗȺ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ 

ɫɨɡɞɚɸɬ ɩɪɨɟɤɬ ɉɅɂɋ, ɢɦɢɬɢɪɭɸɳɢɣ ɪɟɚɥɶɧɭɸ ɊɗȺ 

ɢ ɫɨɞɟɪɠɚɳɢɣ ɧɚɦɟɪɟɧɧɨ ɜɧɟɫɟɧɧɵɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ [14]. 

ɇɚɩɪɢɦɟɪ, ɜ ɯɨɞɟ ɲɬɚɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɨɪɬɨɜɨɣ 

ɚɩɩɚɪɚɬɭɪɵ ɪɚɞɢɨɧɚɜɢɝɚɰɢɢ (ȺɊɇ) ɧɚɛɥɸɞɚɥɫɹ  
ɫɛɨɣ – «ɉɨɩɚɞɚɧɢɟ ɉɈ ɩɪɢɛɨɪɚ ɜ ɤɨɥɶɰɨ ɨɲɢɛɨɤ», 

ɩɪɢɜɨɞɢɜɲɢɣ ɤ ɩɪɟɤɪɚɳɟɧɢɸ ɨɛɦɟɧɚ ȺɊɇ ɫ ɛɨɪɬɨɜɵɦ 

ɰɟɧɬɪɚɥɶɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ (ȻɐȼɄ) 

ɩɨ ɤɚɧɚɥɭ ɦɭɥɶɬɢɩɥɟɤɫɧɨɝɨ ɨɛɦɟɧɚ (ɆɄɈ) [15]. Ⱦɚɧ-

ɧɵɣ ɨɬɤɚɡ, ɤɚɤ ɢ ɩɪɨɱɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ, ɛɵɥ ɜɨɩɥɨ-
ɳɟɧ ɜ ɜɢɞɟ ɦɭɬɚɰɢɢ ɫ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɚɩɩɚɪɚɬɭɪɵ ɜ ɭɫɥɨɜɢɹɯ ɧɟɲɬɚɬɧɨɣ ɫɢɬɭɚɰɢɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ȻɐȼɄ ɜ ɱɚɫɬɢ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɫ ȺɊɇ ɢɦɢɬɢɪɨɜɚɥɢ ɨɬɤɥɸɱɟɧɢɟ ɨɛɦɟɧɚ  
ɩɨ ɆɄɈ, ɫɢɝɧɚɥɵ ɨ ɫɨɫɬɨɹɧɢɢ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ,  
ɚɤɬɢɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢ ɩɨɤɚɡɚɧɢɹ «ɫɬɚɬɭɫɚ» ɩɪɢɛɨɪɚ. 
ɉɨɫɤɨɥɶɤɭ ɞɚɧɧɵɟ ɫɢɝɧɚɥɵ ɢɦɟɸɬ ɰɢɮɪɨɜɭɸ ɮɨɪɦɭ, 
ɨɧɢ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɧɚɡɟɦɧɵɯ ɨɬɥɚɞɨɱɧɵɯ ɦɨ-
ɞɭɥɹɯ, ɫɨɞɟɪɠɚɳɢɯ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɰɟɥɟɜɨɣ 

ɚɩɩɚɪɚɬɭɪɵ. ɉɨɞɨɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɨɪ-
ɬɨɜɨɣ ɊɗȺ ɜ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɹɯ.  
ɉɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ, ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɪɟɡɭɥɶɬɚ-

ɬɢɜɧɨɫɬɢ, ɞɚɧɧɵɟ ɨ ɪɟɚɥɶɧɵɯ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɹɯ ɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɧɚɤɚɩɥɢɜɚɥɢɫɶ ɜ ɩɚɦɹɬɢ ɤɨɦɩɥɟɤɫɚ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɢ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɹɯ 
ɮɨɪɦɢɪɨɜɚɥɫɹ ɠɭɪɧɚɥ, ɜ ɤɨɬɨɪɵɣ ɜɧɨɫɢɥɢ ɢɧɮɨɪɦɚ-
ɰɢɸ ɨ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɛɨɪɬɨɜɨɣ ɊɗȺ.  

Ɂɚɤɥючɟɧиɟ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɨɛɧɚɪɭɠɟ-
ɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɷɬɚɩɨɜ. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɲɚɬɫɹ ɡɚɞɚɱɚ ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɨɜɟɞɟ-
ɧɢɹ ɤɚɧɚɥɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɩɪɢɛɨɪɚ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɭɪɧɚɥɚ ɪɟɝɢɫɬɪɚɰɢɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ (ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩ-

ɪɚɲɢɜɚɬɶ ɢɧɠɟɧɟɪɨɜ, ɡɚɧɢɦɚɜɲɢɯɫɹ ɭɫɬɪɚɧɟɧɢɟɦ ɧɟ-
ɢɫɩɪɚɜɧɨɫɬɟɣ, ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɞɨɤɭɦɟɧɬɚɰɢɸ). Ɂɚɬɟɦ 

ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɤɨɞɵ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ, ɤɨɬɨɪɵɟ 
ɪɟɚɥɢɡɭɸɬ ɢɦɢɬɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɇɈɄ ɞɥɹ ɨɩɢɫɚ-
ɧɢɹ ɩɨɜɟɞɟɧɢɹ ɤɚɧɚɥɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɩɪɢɛɨɪɚ ɩɪɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬ ɢ ɩɪɨɜɟɞɟɧɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɦɟɬɨɞɚ ɦɭɬɚ-
ɰɢɨɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɞ-

ɬɜɟɪɠɞɚɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧ-

ɧɨɝɨ ɦɟɬɨɞɚ ɤɚɤ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɨɬɥɚɞɨɱɧɵɯ ɤɨɦ-

ɩɥɟɤɫɨɜ ɊɗȺ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɬɟɫɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ, 
ɬɚɤ ɢ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ. Ɋɚɡɪɚ-
ɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɦɟɬɨɞ 

ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤɢ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɞɨɛɢɬɶɫɹ 
ɜɵɫɨɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɬɟɫɬɨɜ ɢ ɭɜɟɥɢɱɢɬɶ ɧɚɞɟɠ-

ɧɨɫɬɶ ɛɨɪɬɨɜɨɣ ɊɗȺ. 
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