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ɺʅɽɼʈɽʅʀɽ ɺ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  
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ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʜʝʣʷʪʩʷ ʦʧʳʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ ʦʢʦ-

ʣʦ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʩʚʦʠʭ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʧʘʪʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʘʢʪʠʢʫʤʘ çʌʠʟʠʢʦʭʠʤʠʷ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚè.  

ɿʘʜʘʯʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ ʚ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ ʩʦʩʪʘʚʣʷʶʪ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʳʝ ʯʘʩʪʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ, ʘʜʩʦʨʙʮʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʧʣʘʚʦʚ, ʘʜʛʝʟʠʷ ʢʦʥʪʘʢʪʦʚ ʬʘʟ ʠ ʩʤʘʯʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟ-

ʣʠʯʥʳʭ ʬʦʨʤ, ʢʘʧʠʣʣʷʨʥʳʝ ʷʚʣʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ.  

ʇʝʨʚʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʠ ʚʥʝʜʨʝʥʥʳʭ ʚ ʫʯʝʙʥʳʡ ʧʨʦ-

ʮʝʩʩ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʠʭ ʙʠʥʘʨʥʳʭ ʠ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʫʜʝʥʪʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʂɹɻʋ ʠ ʏɻʋ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʝʥʪʳ, ʠʟʦʙʨʝʪʝʥʠʷ, ʬʠʟʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʫʤ, ʚʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʴ, ʚʥʝʜʨʝʥʠʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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In this work the authors share oneôs experiences on integration to science and educational practice of 

more than twenty oneôs inventions and patents by way of creation of the special practical work çPhisico-

chemistry of the liquid metallic meltsè. The problems of integration of elaborated methods and devices to 

educational practice consist of the independent parts devoted to studing the following properties of the liquid 
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metallic melts: density, surface tension, electron function and emission properties, adsorption of components 

of binary and ternary alloys, interphase adhesion and wetting the surfaces of different shapes, capillary phe-

nomena and phase and interphase boundaries.  

The first part of this work is devoted to description of the created and integrated by the authors new 

methods and devices to educational practice for study of density of liquid metals and their binary and multi-

component systems. These methods and devices are successfully used by students and post-graduate students 

of physical specialties in Kabardino-Balkarian State University and Chechen State University.
 

 

Keywords: patents, inventions, methods, devices, physical workshop, higher education institutions, 

density, implementation in the educational process, science. 

 

ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʠ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ 

ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ 

ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʚ ʚʫʟʘʭ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʧʨʦʬʝʩʩʦʨʘʤʠ ʄɻʋ ɺ.ʂ. ʉʝʤʝʥ-

ʯʝʥʢʦ, ʇ.ʇ. ʇʫʛʘʯʝʚʠʯʝʤ ʠ ʜʨ. [1, 2] ʠ ʧʦʣʫʯʠʣʦ ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ. ʆʥʦ ʙʳʣʦ 

ʧʨʦʜʦʣʞʝʥʦ ʠ ʨʘʟʚʠʪʦ ʚ ʂɹɻʋ, ʛ. ʅʘʣʴʯʠʢ (ʧʨʦʬʝʩʩʦʨ ʍ.ɹ. ʍʦʢʦʥʦʚ, ʧʨʦʬʝʩʩʦʨ ɹ.ɹ. ɸʣʯʘʛʠʨʦʚ ʩ 

ʩʦʪʨ.), ʚ ʏɻʋ, ʛ. ɻʨʦʟʥʳʡ (ʧʨʦʬʝʩʩʦʨ ʍ.ʀ. ʀʙʨʘʛʠʤʦʚ, ʧʨʦʬʝʩʩʦʨ ʈ.ʍ. ɼʘʜʘʰʝʚ ʩ ʩʦʪʨ.), ʘ ʪʘʢʞʝ ʚ 

ʂʠʝʚʝ, ɽʢʘʪʝʨʠʥʙʫʨʛʝ, ʅʦʚʦʩʠʙʠʨʩʢʝ ʠ ʜʨʫʛʠʭ ʚʫʟʘʭ ʉʉʉʈ ʠ ʈʦʩʩʠʠ [3ï5].  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʚʫʟʘʭ, ʢʦ-

ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʥʘʫʢʠ (ʨʘʟʚʠʚʘʝʤʦʡ ʫʯʝʥʳʤʠ-ʧʝʜʘʛʦʛʘʤʠ) ʠ 

ʦʙʨʘʟʦʚʘʥʠ ̫(ʚ ʣʠʮʝ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʦʣʦʜʝʞʠ), ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʠ ʠ ʥʘʫʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʜʝʣʷʪʩʷ ʦʧʳʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ çʌʠ-

ʟʠʢʘè ʩʚʦʠʭ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʧʘʪʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʠ ʦʩʥʘʱʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʘʢʪʠʢʫʤʘ çʌʠʟʠʢʦʭʠʤʠʷ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚè.  

ɺʥʘʯʘʣʝ ʦʪʤʝʪʠʤ ʥʘʫʯʥʫʶ ʠ ʤʘʪʝʨʠʘʣʴʥʫʶ ʙʘʟʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʠʩʪʦʯʥʠ-

ʢʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʠ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

ɺʠʜʥʳʡ ʫʯʝʥʳʡ ʠ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʧʝʜʘʛʦʛ ʧʨʦʬʝʩʩʦʨ ʉ.ʅ. ɿʘʜʫʤʢʠʥ ï ʦʩʥʦʚʘʪʝʣʴ ʰʠʨʦʢʦ ʠʟ-

ʚʝʩʪʥʦʡ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʥʘʣʴʯʠʢʩʢʦʡ ʰʢʦʣʳ ʬʠʟʠʢʦʚ, ʙʫʜʫʯʠ ʪʝʦʨʝʪʠʢʦʤ, ʨʘʟʨʘʙʦʪʘʣ ʵʣʝʢ-

ʪʨʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʥʘʪʷʞʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ. ʆʥ ʚʩʝʛʜʘ ʫʜʝʣʷʣ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ. ʂʘʞʜʳʡ ʨʘʟ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʠʣʠ ʫʩ-

ʧʝʰʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠʙʦʨʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʦʥ ʪʨʝʙʦʚʘʣ ʧʦ-

ʩʪʘʥʦʚʢʠ ʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʚ ʩʪʫʜʝʥʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʉ ʪʝʭ ʧʦʨ ʜʦʙʨʦʡ ʪʨʘʜʠʮʠʝʡ ʚ ʂɹɻʋ ʠ 

ʏɻʋ ʩʪʘʣʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʠ ʦʩʥʘʱʝʥʠʝ ʩʪʫʜʝʥʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢʫʤʦʚ ʥʦʚʳʤʠ ʦʨʠʛʠʥʘʣʴ-

ʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ, ʥʦ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʧʨʘʢʪʠʢʫ 

ʩʪʫʜʝʥʪʦʚ ʠʜʝʡ ʠ ʤʝʪʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʚʪʦʨʩʢʠʭ ʠʟʦʙʨʝʪʝʥʠʷʭ ʠ ʧʘʪʝʥʪʘʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʦʪʨʫʜ-

ʥʠʢʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ (ʥʳʥʝ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ʂɹɻʋ). 

ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʪʝ ʚʟʛʣʷʜʦʚ ʠ ʫʤʝʥʠʶ ʧʨʝʜʚʠʜʝʪʴ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʘ ʪʘʢ-

ʞʝ ʥʘʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʬʝʩʩʦʨʦʚ ʉ.ʅ. ɿʘʜʫʤʢʠʥʘ, ʍ.ɹ. ʍʦʢʦʥʦʚʘ, ɹ.ɹ. ɸʣʯʘʛʠʨʦʚʘ, ʍ.ʀ. ʀʙʨʘʛʠʤʦʚʘ, 

ʈ.ʍ. ɼʘʜʘhʝʚʘ ʠ ʫʩʠʣʠʷʤ ʠʭ ʢʦʣʣʝʛ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʫʣʴʪʝʪʘʭ ʂɹɻʋ ʠ ʏɻʋ ʦʧʝʨʝʞʘʶ-

ʱʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʣʘʩʴ ʬʠʟʠʢʘ ʤʝʞʬʘʟʥʳʭ ʷʚʣʝʥʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʌʄʗ) [4].  

ʅʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ (ʚ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ) ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ: 

1) ʚʧʝʨʚʳʝ ʟʘʧʫʱʝʥʳ ʩʚʝʨʭʚʳʩʦʢʦʚʘʢʫʫʤʥʳʝ ʙʝʟʤʘʩʣʷʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʩʨʝʜʩʪʚʘ ʦʪʢʘʯʢʠ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʷʯʝʝʢ; 

2) ʥʘʯʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠ ʵʤʠʩ-

ʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ; 
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3) ʨʘʟʨʘʙʦʪʘʥʳ, ʩʦʟʜʘʥʳ ʠ ʜʦʚʝʜʝʥʳ ʜʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ çʥʫʣʝʚʦʡè 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʜʨ.; ʨʘʟʨʘʙʦʪʘʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨ-

ʛʠʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʤʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʠʜʢʦʩʪʝʡ [6,7]; 

4) ʚ ʂɹɻʋ ʠ ʏɻʋ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʦ ʧʣʦʪʥʦʩʪʠ, ʇʅ ʠ ʇʕ, ʈɺʕ ʤʝʪʘʣʣʦʚ, ʠʭ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʧʣʘʚʦʚ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ 

ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; 

5) ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʚʦʜ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʮʠʬʨʦʚʫʶ ʪʝʭʥʠʢʫ ʠ ʪʝʭʥʦʣʦʛʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʧʦ-

ʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʠʟʫʯʝʥʠʶ ʢʠ-

ʥʝʪʠʢʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʥʘʨʫʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʤʘ-

ʯʠʚʘʥʠʷ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʨʷʜʘ ʨʝʘʢʪʦʨʥʳʭ ʩʪʘʣʝʡ ʠ ʪ.ʧ. [8,9]; 

6) ʥʘʯʘʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʩʪʘʚʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ (ʆɾʕ, ɼʕʅʕ, ɺʀʄʉ, ʉʍʇ ʠ ʈʌʕʉ ʠ 

ʜʨ.) ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʚ ʮʝʣʦʤ ʚ ʌʄʗ, ʯʪʦ ʙʳʣʦ ʪʨʫʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʪʘʢʦʛʦ çʧʝʨʠʬʝʨʠʡʥʦʛʦè ʚʫʟʘ, ʢʘʢ ʂɹɻʋ; 

7) ʚ ʂɹɻʋ ʠ ʏɻʋ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʠ ʩʝʛʨʝʛʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʚ 

ʞʠʜʢʦʤ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ [10,11]; 

8) ʩʦʩʪʘʚʣʝʥʳ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ ʠ ʦʙʦʙʱʘʶʱʠʝ ʪʘʙʣʠʮʳ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʘʥʥʳʭ ʦ ʇʕ ʤʝʪʘʣʣʦʚ 

ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʉʐɸ, ʗʧʦʥʠʠ ʠ ʜʨ. ʩʪʨʘʥʘʭ [7,12]; 

9) ʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʙʫʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘʥʦʬʠʟʠʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʬʝʩʩʦ-

ʨʦʤ ʉ.ʅ. ɿʘʜʫʤʢʠʥʳʤ ʠ ʝʛʦ ʘʩʧʠʨʘʥʪʦʤ ʍ.ɹ. ʍʦʢʦʥʦʚʳʤ ʚ ʂɹɻʋ ʙʳʣʠ ʥʘʯʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ, ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʘʣʳʭ ʯʘʩʪʠʮ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠ ʜʨ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʯʝʥʳʝ ʠ ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʂɹɻʋ ʱʝʜʨʦ ʠ ʙʝʟʚʦʟʤʝʟʜʥʦ 

ʜʝʣʠʣʠʩʴ ʩʚʦʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʩ ʜʨʫʛʠʤʠ ʚʫʟʘʤʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʂɹɻʋ ʩ ʏʝʯʝʥʩʢʠʤ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʥʘʫʯ-

ʥʳʭ ʮʝʥʪʨʦʚ ʩʪʨʘʥʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʞʬʘʟʥʳʭ ʷʚʣʝʥʠʡ ʠ ʘʜʩʦʨʙ-

ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʘʭ [4].  

ʂɹɻʋ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ ʩʪʘʣ ʧʨʠʟʥʘʥʥʳʤ ʥʘʫʯʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʩ ʠʭ ʫʯʘʩʪʠʝʤ, 

ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʯʠʪʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 21-ʛʦ ʚʝʢʘ 

[13ï14]. 

 

1. ʇʣʦʪʥʦʩʪʴ. ʄʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʇʦʥʷʪʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʠʟʚʝʩʪʥʦ ʫʯʘʱʠʤʩʷ ʩʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ ʠ, ʚ ʩʚʷʟʠ ʩ ʢʘʞʫʱʝʡʩʷ 

ʝʛʦ ʧʨʦʩʪʦʪʦʡ, ʫ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʣʦʩʢʨʳʚʘʝʤʦʝ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʢ ʧʣʦʪʥʦʩʪʠ ʠ ʟʘʙʣʫʞʜʝʥʠʝ ʦ ʷʢʦʙʳ ʝʝ ʤʘʣʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʬʠʟʠʢʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʣʘʛʘʷ ʩʪʫʜʝʥʪʘʤ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʮʠʢʣʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʣʦʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʶʪ 

ʝʱʝ ʨʘʟ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʪʥʦ-

ʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʠʪʩʷ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 

ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʇʣʦʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ɽʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʥʠʭ 

ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩ-

ʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ [15, 16]. 



ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ., ʍʦʢʦʥʦʚ ʍ.ɹ., ʉʘʚʠʥʮʝʚ ɸ.ʇ., ʊʘʦʚʘ ʊ.ʄ. 
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ʇʣʦʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠʛʨʘʶʪ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʪʝʭʥʠʢʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʥʘ 1 % 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ 10 %, ʯʪʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʪ.ʧ. 

 

1.1. ɸʨʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ 

ʈʷʜ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʦʩʥʦʚʘʥ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜ ʘʨʝʦʤʝʪʨʘ, ʤʝʪʦʜ ʛʠʜʨʦʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʜʨ. ɸʨʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʧʨʦʩʪʳʤ. ɸʨʝʦʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʧʘʷʥʥʦʝ ʧʦʣʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ, ʩʦ-

ʝʜʠʥʝʥʥʦʝ ʩ ʪʨʫʙʯʘʪʳʤ ʩʪʝʨʞʥʝʤ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʚ ʞʠʜʢʦʩʪʴ ʘʨʝʦʤʝʪʨ ʠʩʧʳʪʳʚʘ-

ʝʪ ʜʝʡʩʪʚʠʝ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ (ʧʦ ʟʘʢʦʥʫ ɸʨʭʠʤʝʜʘ). ʇʦ ʤʝʨʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʞʠʜʢʦʩʪʴ ʥʠʞʥʝʡ 

ʪʦʣʩʪʦʡ ʯʘʩʪʠ ʘʨʝʦʤʝʪʨʘ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʢʘ ʦʥʘ ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʚʝʩʫ ʘʨʝʦʤʝʪʨʘ.  

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʝ ʘʨʝʦʤʝʪʨʘ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʨʝʦʤʝʪʨ ʧʨʠʭʦʜʠʪ ʚ ʨʘʚ-

ʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʆʙʳʯʥʦ ʤʘʩʩʫ ʘʨʝʦʤʝʪʨʘ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʥʠʞʥʷʷ ʯʘʩʪʴ ʘʨʝʦʤʝʪʨʘ ʦʢʘʟʘʣʘʩʴ ʧʦʣʥʦ-

ʩʪʴʶ ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ, ʘ ʪʦʥʢʘʷ ʚʝʨʭʥʷʷ ʪʨʫʙʯʘʪʘʷ ʯʘʩʪʴ ʚʳʩʪʫʧʘʣʘ ʠʟ ʥʝʝ: ʯʝʤ 

ʪʦʥʴʰʝ ʜʠʘʤʝʪʨ ʚʝʨʭʥʝʡ ʪʨʫʙʯʘʪʦʡ ʯʘʩʪʠ ʘʨʝʦʤʝʪʨʘ, ʪʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʝʡ ʦʥ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ 

ʠ ʪʝʤ ʪʦʯʥʝʝ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʠʘʤʝʪʨʘ ʫʟʢʦʡ ʚʝʨʭʥʝʡ 

ʢʘʧʠʣʣʷʨʥʦʡ ʯʘʩʪʠ ʘʨʝʦʤʝʪʨʘ ʰʢʘʣʘ ʘʨʝʦʤʝʪʨʘ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʦʡ, ʪ.ʝ. ʜʝʣʝʥʠʷ ʥʘ ʰʢʘʣʝ ʧʣʦʪʥʦʩʪʠ 

(ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ ʦʪʤʝʪʢʘʤʠ), ʥʘʥʦʩʠʤʳʝ ʥʘ ʢʘʧʠʣʣʷʨ ʧʨʠ ʛʨʘʜʫʠʨʦʚʢʝ ʘʨʝʦʤʝʪʨʘ, 

ʙʫʜʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʡ ʤʘʩʰʪʘʙ. 

ɼʦ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʜʘʥʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪ ʠʭ ʩʣʝʜʫʝʪ ʦʟʥʘʢʦʤʠʪʴ ʩ ʦʩʥʦʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʘʨʝʦʤʝʪʨʦʚ ʠ ʧʠʢʥʦʤʝʪʨʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʩ ʧʨʠʥʮʠʧʦʤ ʨʘ-

ʙʦʪʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʫʯʠʪʴ ʠʭ ʫʚʝʨʝʥʥʦʤʫ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʶ ʧʣʦʪʥʦʤʝʨʘʤʠ, ʞʝʣʘʪʝʣʴʥʦ ʚʧʣʦʪʴ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʘʚʪʦʤʘʪʠʟʤʘ ʜʝʡʩʪʚʠʡ. ʄʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʘʨʝʦʤʝʪʨʦʤ ʠʣʠ ʧʠʢʥʦʤʝʪʨʦʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʦʚʝʨʰʝʥʠʠ ʩʝʨʠʠ ʩʪʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ ʠʭ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʫʛʣʳ ʚʦʢʨʫʛ ʪʨʝʭ ʜʝʢʘʨʪʦʚʳʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʯʘʩʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʢʣʦʥʘʤʠ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ ʠ ʬʠʢʩʘʮʠʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʝʚʦʜʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʣʘʚʦʚ ʠʟ ʦʜʥʠʭ ʦʪʩʝʢʦʚ ʧʨʠʙʦʨʘ ʚ ʜʨʫʛʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʛʦʤʦ-

ʛʝʥʠʟʘʮʠʠ ʩʧʣʘʚʦʚ ʠʣʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʦʪʩʝʢʠ ʠ ʪ.ʧ. ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʤʝʨʳ ʚ 

ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʜʫʪ ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʴ ʪʝʨʤʦʩʪʘʪʘ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʦʢʦʰʢʘʤʠ, ʯʝʨʝʟ ʢʦʪʦ-

ʨʳʝ ʪʨʫʜʥʦ ʙʫʜʝʪ ʧʦʪʦʤ, ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ, ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʜʝʪʘʣʷʭ ʧʨʠʙʦʨ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʠ ʜʘʪʴ ʠʤ ʩʧʠʩʦʢ ʨʘʙʦʪ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʧʠʩʘ-

ʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʪɻʦ ʢʘʪʝʪʦʤʝʪʨʳ, ʬʦʪʦ- ʠʣʠ ʚʠʜʝʦʢʘʤʝ-

ʨʳ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʋʀʄ-21 ʠʣʠ ʜʨʫʛʠʝ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, ʵʣʝʢʪʨʦʥʥʳʝ -

ʚʦʣʴʪʤʝʪʨʳ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʦʤʝʪʨʳ, ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʚʝʩʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʤʘʩʩ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠ ʜʨ. 

ʅʘʢʦʥʝʮ, ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩʣʝʜʫʝʪ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʘʨʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʫʯʝʪ ʢʘʧʠʣʣʷʨʥʳʭ ʷʚʣʝʥʠʡ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʚʝʨʭʥʷʷ ʦʪʢʘʣʠʙʨʦ-

ʚʘʥʥʘʷ ʪʨʫʙʯʘʪʘʷ ʯʘʩʪʴ ʘʨʝʦʤʝʪʨʘ, ʪ.ʝ. ʝʛʦ çʭʚʦʩʪʠʢè (ʯʘʱʝ ʚʩʝʛʦ ï ʵʪʦ ʩʪʝʢʣʦ, ʛʨʘʬʠʪ ʠ ʪ.ʧ.), ʚʦʟʥʠ-

ʢʘʁʱʠʡ ʚʦʢʨʫʛ ʪʨʫʙʦʯʢʠ ʤʝʥʠʩʢ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ q < 90̄  ʠʣʠ q > 90̄ , 

ʢʘʢ ʙʳ ʫʚʝʣʠʯʠʚʘʷ ʠʣʠ ʫʤʝʥʴʰʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʤʘʩʩʫ ʘʨʝʦʤʝʪʨʘ.  

ʆʮʝʥʠʤ ʤʘʩʩʫ m0 ʤʝʥʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʧʦʜʥʷʚ-

ʰʝʡʩʷ ʚʜʦʣʴ ʪʦʥʢʦʡ ʚʳʩʪʫʧʘʶʱʝʡ ʠʟ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʯʘʩʪʠ ʘʨʝʦʤʝʪʨʘ (q < 90̄ ) ʠ ʫʜʝʨʞʠʚʘʝ-

ʤʦʡ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ s, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʣʠʥʠʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʬʘʟ, ʧʦ ʬʦʨʤʫʣʝ: 

qsp cos0 dgm = , 



ɺʥʝʜʨʝʥʠʝ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ é 
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ʛʜʝ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; d ï ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ ʘʨʝʦʤʝʪʨʘ.  

ɼʣʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʩ ʢʘʧʠʣʣʷʨʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʘ
2 
= 7,43Ö10

-6 
ʤ

2
) ʤʘʩʩʘ ʤʝʥʠʩʢʘ, ʦʙʨʘ-

ʟʫʶʱʘʷʩʷ ʚʦʢʨʫʛ ʩʪʝʨʞʥʷ ʘʨʝʦʤʝʪʨʘ ʩ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ d = 0,5 ʩʤ, ʨʘʚʥʘ ~117Ö10
-6 
ʢʛ = 0,117 ʛ, ʘ 

ʦʙʲʝʤ ʤʝʥʠʩʢʘ 
2 2 2ʤʝʥV da d hp p= = . ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʤʘʣʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ m0, 

ʨʘʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ hʜʦʧ ʘʨʝʦʤʝʪʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʩʘ ʞʠʜʢʦʩʪʠ ʚ ʤʝʥʠʩʢʝ ʩʦʩʪʘʚ-

ʣʷʝʪ 
rp 2

04

d

m
hʜʦʧ= , ʯʪʦ ʜʘʝʪ 6Ö10

-3 
ʤ ʠʣʠ 6 ʤʤ, ʪ.ʝ. ʘʨʝʦʤʝʪʨ ʧʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʤʝʥʠʩʢʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ, ʠ ʵʪʠʤ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ.  

ɺʘʞʥʦ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʥʘʣʠʯʠʝ ʫ ʧʨʠʙʦʨʘ ɹ.ɹ. ɸʣʯʘʛʠʨʦʚʘ ʠ ʍ.ɹ. ʍʦʢʦʥʦʚʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 1ʙ, ʩʧʝʮʠʘʣʴʥʦʡ ʦʪʚʦʜʥʦʡ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʪʨʫʙʦʯʢʠ 3, ʧʦʟʚʦʣʷʶʱʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʮʝʥʠʪʴ ʠ ʫʯʝʩʪʴ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʩʪʝʢʣʘ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʪ.ʝ. cos ɗ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʦʬʝʩ-

ʩʦʨ ʈ.ʍ. ɼʘʜʘʰʝʚ ʧʦʣʫʯʠʣ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʝʩʪʴ ʧʦʧʨʘʚʢʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʰʠʨʝʥʠʷ ʩʪʝʢʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʳ ʮʝʣʴʥʦʧʘʷʥʥʳʝ ʧʨʠʙʦʨʳ 1 ʠ 2, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1, ʯʪʦ 

ʚʘʞʥʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ.  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ  

ʠ ʩʧʣʘʚʦʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʘʨʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [17]: ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʢʘʤʝʨʘ ʘʨʝʦʤʝʪʨʘ:  

1 ï ʘʨʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ; 2 ï ʘʨʝʦʤʝʪʨ; 3 ï ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʧʠʣʣʷʨʥʳʡ ʦʪʚʦʜ; 4, 5 ï ʨʝʟʝʨʚʫʘʨʳ  

ʜʣʷ ʤʝʪʘʣʣʘ ɸ ʠ ʤʝʪʘʣʣʘ-ʜʦʙʘʚʢʠ ɺ; 6 ï U-ʦʙʨʘʟʥʘʷ ʪʨʫʙʢʘ (ʜʦʟʘʪʦʨ); 7 ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʪʨʫʙʢʘ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʯʘʱʝ ʚʩʝʛʦ ʘʨʝʦʤʝʪʨʳ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʩʪʝʢʣʘ ʤʘʨʢʠ C50-1 ʩ ʣʠʥʝʡʥʳʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ b = (50°1)Ö10
-7
 ʛʨʘʜ

-1
 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 20ï400 ̄ ʉ, ʘ ʠʟʤʝ-

ʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʨʘʩʪʚʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 500 ʉ̄. ʇʦ-

ʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʘʨʝʦʤʝʪʨʘ, ʧʣʦʪʥʦʩʪʴ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʩʦ-

ʦʪʥʦʰʝʥʠʶ: 

( )( )[ ]12

0
0 31

-
D-++= HrRthrV

g

P
pbpr ,       (1) 

ʛʜʝ r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; R - ʨʘʜʠʫʩ ʢʘʧʠʣʣʷʨʘ 3; t ï ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚ
 ʦ
C; DH - ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʨʘʩʧʣʘʚʘ ʚ ʢʘʤʝʨʝ 1 ʠ ʢʘʧʠʣʣʷʨʥʦʤ ʦʪʚʦʜʝ 3. 



ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ., ʍʦʢʦʥʦʚ ʍ.ɹ., ʉʘʚʠʥʮʝʚ ɸ.ʇ., ʊʘʦʚʘ ʊ.ʄ. 
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1.2. ɸʨʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʩ ʢʘʧʠʣʣʷʨʥʳʤ ʦʪʚʦʜʦʤ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʘʢʫʫʤʥʦʛʦ ʘʨʝʦʤʝʪʨʘ - ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝ-

ʨʷʪʴ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ/ʠʣʠ ʩʧʣʘʚʦʚ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʙʝʟ ʝʛʦ ʨʘʟʛʝʨʤʝʪʠʟʘ-

ʮʠʠ. ʆʜʥʘʢʦ ʝʛʦ ʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʨʝʦʤʝʪʨʘ ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʩʧʣʘʚʘ ʢ ʩʧʣʘʚʫ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʩʫʪʩʪʚʠʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʧʦ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦ ʧʦʜʘʚʣʷʶʱʝʤʫ ʯʠʩʣʫ ʚʩʝʚʦʟʤʦʞʥʳʭ ʨʘʩʧʣʘʚʦʚ ʜʝʣʘʝʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʦʡ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʘ ʥʝʫʯʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʨʘʚʦʢ ʥʘ ʚʣʠʷʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʦ 5ï7 %, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦ-

ʤʫ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [17] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ (ʨʠʩ. 1), ʧʦʟʚʦʣʠʚʰʠʡ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪ-

ʢʘ. ʕʪʦ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ, ʝʩʣʠ ʘʨʝʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ 1 ʜʦʧʦʣʥʠʪʴ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʠʝʤ ʚ ʚʠʜʝ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʢʘʧʠʣʣʷʨʥʳʤ ʦʪʚʦʜʦʤ 3 (ʨʠʩ. 1ʙ). 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʧʣʦʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʨʠʙʦʨʦʤ, ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩ. 1, ʠʤʝʝʪ ʚʠʜ: 

)( 2

0

0

HrRhrVg

P

D-+
=

pp
r ,     (2) 

ʚ ʢʦʪʦʨʦʡ P0 ï ʚʝʩ ʘʨʝʦʤʝʪʨʘ ʚ ʚʘʢʫʫʤʝ; V0 - ʦʙʲʝʤ ʘʨʝʦʤʝʪʨʘ ʜʦ ʟʘʜʘʥʥʦʡ ʤʝʪʢʠ; h - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʤʝʪʢʦʡ, ʫʢʘʟʳʚʘʶʱʝʡ ʫʨʦʚʝʥʴ V0, ʠ ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ; DH ï ʨʘʟʥʦʩʪʴ 

ʫʨʦʚʥʝʡ ʤʝʪʘʣʣʘ ʚ ʘʨʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ ʢʘʧʠʣʣʷʨʥʦʤ ʦʪʚʦʜʝ; R - ʨʘʜʠʫʩ ʢʘʧʠʣʣʷʨʘ 3. 

 

 

 
ʈʠʩ. 2. ɼʚʫʭʘʨʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ [18]:  

1 ʠ 2 ï ʪʨʫʙʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʠʟ ʙʫʥʢʝʨʦʚ (ʥʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ) ʟʘʣʠʚʘʝʪʩʷ ʞʠʜʢʠʡ ʤʝʪʘʣʣ ʚ ʨʝʟʝʨʚʫʘʨ 5;  

3 ʠ 7 ï ʩʪʝʨʞʥʠ (çʭʚʦʩʪʠʢʠè ʘʨʝʦʤʝʪʨʦʚ ʩ ʤʝʪʢʘʤʠ); 4 ʠ 6 ï ʘʨʝʦʤʝʪʨʳ; 

8 ʠ 9 ï ʶʩʪʠʨʦʚʦʯʥʳʝ (ʥʘʧʨʘʚʣʷʶʱʠʝ) ʪʨʫʙʢʠ ʩ ʦʪʩʯʝʪʥʳʤʠ ʰʪʨʠʭʘʤʠ 

 

ʀʟ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʨʷʜʫ ʩ 

ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʘʨʝʦʤʝʪʨʘ h ʠʟʤʝʨʠʪʴ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʤʝʪʘʣʣʘ ʚ ʘʨʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ 

ʢʘʧʠʣʣʷʨʥʦʤ ʦʪʚʦʜʝ DH. 

ʀʩʧʦʣʴʟʫʷ ʜʚʘ ʘʨʝʦʤʝʪʨʘ ʨʘʟʥʦʡ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ, ʘʚʪʦʨʳ [18] ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʠʙʦʨ (ʨʠʩ. 2), ʧʦʟʚʦʣʠʚ-

ʰʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʣʘʚʘ. 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʧʣʦʪʥʦʩʪʠ r, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʨʠʙʦʨʦʤ, ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩ. 2, ʠʤʝʝʪ ʚʠʜ: 

( )( )
2 1

2 1 2 1

m m

V V h h S
r

-
=

- - -

,      (3) 

ʛʜʝ m1 ʠ m2 - ʤʘʩʩʳ ʘʨʝʦʤʝʪʨʦʚ; V1 ʠ V2 - ʦʙʲʝʤʳ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʧʣʘʚ ʥʠʞʥʠʭ ʯʘʩ-

ʪʝʡ ʘʨʝʦʤʝʪʨʦʚ; S - ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʝʡ ʘʨʝʦʤʝʪʨʦʚ; h1 ʠ h2 - ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʨʦʚʥʷ ʨʘʩʧʣʘʚʘ 

ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʢ ʥʘ ʩʪʝʨʞʥʷʭ ʘʨʝʦʤʝʪʨʦʚ. 



ɺʥʝʜʨʝʥʠʝ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ é 
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ʆʙʦʟʥʘʯʠʚ ʧʦʩʪʦʷʥʥʳʝ ʧʨʠʙʦʨʘ m2-m1 = Dm=A; V2-V 1= DV=B; S=C, ʧʦʣʫʯʠʤ: 
A

B C h
r=

- D
, ʛʜʝ 

Dh - ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʤʝʪʦʢ ʘʨʝʦʤʝʪʨʦʚ - ʝʜʠʥʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʘʨʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

 

2. ʇʠʢʥʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ 

ʇʠʢʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʩʪʦʪʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ (ʧʦʨʷʜʢʘ 0,03 %) [19]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʠʢʥʦʤʝʪʨʦʚ (ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʦʜʥʦ- ʠ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʝ ʚʘʢʫʫʤʥʳʝ ʧʣʦʪʥʦʤʝʨʳ ʠ ʪ.ʜ.), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥ-

ʢʨʝʪʥʳʭ ʟʘʜʘʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʡ, ʨʦʜʘ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʠ ʪ.ʜ.  

 

 
ʈʠʩ. 3. ɺʘʢʫʫʤʥʳʡ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʡ ʧʠʢʥʦʤʝʪʨ [21]: 1 ï ʪʨʫʙʢʘ ʜʣʷ ʥʘʧʘʡʢʠ ʙʫʥʢʝʨʘ (ʥʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ)  

ʜʣʷ ʟʘʛʨʫʟʢʠ ʤʝʪʘʣʣʘ; 2 ï ʩʫʞʝʥʠʝ ʜʣʷ ʦʪʧʘʡʢʠ ʙʫʥʢʝʨʘ; 3, 6 ʠ 7 ï ʝʤʢʦʩʪʠ (ʨʝʟʝʨʚʫʘʨʳ); 

4, 5 ʠ 9 ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʢʘʧʠʣʣʷʨʥʳʝ ʪʨʫʙʢʠ; 8 ï ʢʘʧʠʣʣʷʨ ʜʣʷ ʩʣʠʚʘ ʠʟʙʳʪʦʯʥʦʛʦ ʤʝʪʘʣʣʘ; 

10 ï ʦʪʩʯʝʪʥʳʝ ʤʝʪʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʧʠʣʣʷʨʘʭ 

 

 
ʈʠʩ. 4. ɺʘʢʫʫʤʥʳʡ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʡ ʧʠʢʥʦʤʝʪʨ [22]: 1 ï ʟʘʧʨʘʚʦʯʥʳʡ ʙʫʥʢʝʨ; 2 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʘʢʘʥ;  

3 ï ʘʤʧʫʣʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʤʝʪʘʣʣʦʤ; 4 ï ʧʦʣʫʩʬʝʨʠʯʝʩʢʘʷ ʧʝʨʝʛʦʨʦʜʢʘ; 5 ï ʙʦʝʢ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ  

ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʝ; 6 ʠ 7 ï ʝʤʢʦʩʪʠ; 8 ï ʧʝʨʝʣʠʚʦʯʥʘʷ ʪʨʫʙʢʘ; 9 ï ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʢʘʧʠʣʣʷʨʥʳʝ ʤʝʨʥʳʝ 

ʪʨʫʙʢʠ; 10 ʠ 11 ï ʦʪʩʯʝʪʥʳʝ ʤʝʪʢʠ; 12 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʧʠʢʥʦʤʝʪʨʘ; 13 ï ʬʠʣʴʪʨʫʶʱʠʡ ʢʘʧʠʣʣʷʨ 

 



ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ., ʍʦʢʦʥʦʚ ʍ.ɹ., ʉʘʚʠʥʮʝʚ ɸ.ʇ., ʊʘʦʚʘ ʊ.ʄ. 
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ɺ ʦʙʩʫʞʜʘʝʤʦʤ ʩʪʫʜʝʥʯʝʩʢʦʤ ʬʠʟʠʯʝʩʢʦʤ ʧʨʘʢʪʠʢʫʤʝ ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦ-

ʢʘʧʠʣʣʷʨʥʳʭ ʧʠʢʥʦʤʝʪʨʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ:  

ʚʦ-ʧʝʨʚʳʭ, ʚ ʩʚʷʟʠ ʩ ʪʘʢʠʤ ʦʙʱʠʤ ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʫ ʦʜʥʦʢʘʧʠʣʣʷʨʥʳʭ ʧʠʢʥʦʤʝʪʨʦʚ, 

ʢʘʢ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʭ ʟʘʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʩʪʝʥʦʯʥʳʭ ʠ, ʦʩʦʙʝʥʥʦ, ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʤʥʳʭ 

ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ [20]. ʇʦʵʪʦʤʫ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʥʝʜʨʝʥʥʳʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʫʩ-

ʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʪʫʜʝʥʪʘʤʠ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ 

ʠ ʤʘʛʠʩʪʝʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʚʳʩʦʢʦ-

ʪʦʯʥʳʝ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʝ ʚʘʢʫʫʤʥʳʝ ʧʠʢʥʦʤʝʪʨʳ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʦʪʤʝʯʝʥʥʳʭ ʫ ʦʜʥʦʢʘʧʠʣʣʷʨʥʳʭ 

ʧʠʢʥʦʤʝʪʨʦʚ ʥʝʜʦʩʪʘʪʢʦʚ (ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3ï6). 

ʇʘʤʷʪʫʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʚʫʟʘʭ ʨʘʙʦʪʳ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʘʢʪʠʢʫʤʫ ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʚ ʫʩ-

ʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʦʪʤʝʪʠʤ ʥʝʩʢʦʣʴʢʦ ʤʦʤʝʥʪʦʚ, ʫʯʝʪ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʘʤʠʭ ʨʘʙʦʪ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʵʢʦʥʦʤʠʪʴ ʜʦʨʦʛʦʩʪʦʷ-

ʱʠʝ ʤʝʪʘʣʣʳ ʠ ʜʨ. ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʦʪʥʦʤʝʨʦʚ ʠ ʠʭ ʟʘʧʨʘʚʦʢ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʟʘʧʨʘʚʢʫ ʘʨʝʦʤʝʪʨʦʚ ʠ ʧʠʢʥʦʤʝʪʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʩʪʝʢʣʷʥʥʳʭ ʮʝʣʴʥʦʧʘʷʥʥʳʭ 

ʷʯʝʝʢ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʣʝʛʢʦʧʣʘʚʢʠʤ ʤʝʪʘʣʣʦʤ, ʥʝ ʨʘʟʨʫʰʘʶʱʠʤ ʢʦʨʧʫʩ ʧʠʢʥʦʤʝʪʨʘ ʧʨʠ ʥʝʠʟ-

ʙʝʞʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠ ʚʳʢʣʶʯʝʥʠʷ ʪʝʨʤʦʩʪʘʪʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʪʘʢʦʛʦ ʤʝʪʘʣʣʘ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʠʥʜʠʡ. ʇʨʠ ʙʝʨʝʞʥʦʤ ʦʙʨʘʱʝʥʠʠ ʩ ʧʠʢʥʦʤʝʪʨʦʤ ʠ ʩʪʨʦʛʦʤ ʚʳʧʦʣ-

ʥʝʥʠʠ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʜʥʦʛʦ ʘʨʝʦʤʝʪʨʘ ʠʣʠ ʧʠʢʥʦʤʝʪʨʘ ʦʙʳʯʥʦ ʭʚʘʪʘʝʪ ʥʘ ʤʥʦʛʦ ʣʝʪ ʨʘʙʦʪʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʧʠʢʥʦʤʝʪʨʦʤ, ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩ. 3 ʠʣʠ 4, ʩ ʮʝ-

ʣʴʶ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʪʫʜʝʥʪʘʤ ʢ ʥʘʯʘʣʫ ʟʘʥʷʪʠʡ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʡ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʡ. ʅʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʦʧʠʩʳʚʘʝʤʳʭ ʟʜʝʩʴ ʨʘʙʦʪ ï ʛʨʘʜʫʠʨʦʚʢʘ 

ʨʘʙʦʯʠʭ ʢʘʧʠʣʣʷʨʦʚ ʧʣʦʪʥʦʤʝʨʦʚ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʪʫʜʝʥʪʘʤʠ, ʥʦ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʯʘʩʪʠʝʤ ʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

ɼʣʷ ʵʪʦʛʦ ʦʪʜʝʣʴʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʠʞʥʠʝ ʯʘʩʪʠ ʧʠʢʥʦʤʝʪʨʦʚ ï ʝʤʢʦʩʪʠ 6 ʠ 12 ʩ ʢʘʣʠʙʨʦ-

ʚʘʥʥʳʤʠ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʨʘʙʦʯʠʤʠ ʢʘʧʠʣʣʷʨʘʤʠ (4, 5 ʠ 9 ʥʘ ʨʠʩ. 3 ʠ 4), ʥʘ ʢʦʪʦʨʳʝ ʩʪʫʜʝʥ-

ʪʳ ʥʘʥʦʩʷʪ ʤʝʪʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʋʀʄ-21. ɻʨʘʜʫʠʨʦʚʢʘ ʢʘʧʠʣʣʷʨʦʚ ʧʠʢʥʦʤʝʪʨʘ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʪʦʡ ʨʪʫʪʠ. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪʦʚ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʠʙʦʨʦʚ ʢ ʦʧʳʪʘʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʠʤʘʥʠʶ ʩʪʫʜʝʥʪʘʤʠ ʩʣʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝʩʣʦʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [23] ʩʦʟʜʘʥ ʚʘʢʫʫʤʥʳʡ ʮʝʣʴʥʦʧʘʷʥʥʳʡ ʧʠʢʥʦʤʝʪʨ (ʨʠʩ. 5). ʆʩʥʦʚʥʳʤʠ ʯʘʩ-

ʪʷʤʠ ʧʨʠʙʦʨʘ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʫʘʨ 7, ʢʘʣʠʙʨʦʚʘʥʥʳʡ ʢʘʧʠʣʣʷʨ 8 ʠ ʢʣʘʧʘʥ 5. ɺ ʚʝʨʭʥʝʡ ʨʘʩʰʠʨʝʥʥʦʡ 

ʯʘʩʪʠ ʢʣʘʧʘʥʘ ʥʘʭʦʜʠʪʩʷ ʞʝʣʝʟʥʳʡ ʩʪʝʨʞʝʥʝʢ 6, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʫʧʨʘʚʣʷʪʴ 

ʢʣʘʧʘʥʦʤ 5: ʦʪʢʨʳʚ ʢʣʘʧʘʥ, ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʧʦʣʦʩʪʴ ʪʨʫʙʢʠ 4 ʩ ʨʝʟʝʨʚʫʘʨʦʤ 7. 

ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʧʠʢʥʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʜʣʠʥʳ ʨʘʙʦʯʝʛʦ ʢʘʧʠʣʣʷʨʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ r(ʊ) ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʘʧʠʣʣʷʨʘ 8 (ʨʠʩ. 5). ʅʝʜʦʩʪʘʪʢʦʤ ʧʠʢʥʦʤʝʪ-

ʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʠʰʣʠʬʦʚʘʥʥʦʛʦ ʢ ʩʫʞʝʥʠʶ (ʥʘ ʫʨʦʚʥʝ ʣʠʥʠʠ ɺïɺ) ʟʘʪʚʦʨʥʦʛʦ ʢʣʘʧʘʥʘ 5, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ çʦʪʩʝʯʢʘè ʦʙʲʝʤʘ çʨʘʙʦʯʝʛʦè ʨʝʟʝʨʚʫʘʨʘ 7 ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦ-

ʩʪɹʶ ʦʪ ʰʠʨʦʢʦʡ ʪʨʫʙʢʠ 4 ʩ ʰʪʦʢʦʤ ʢʣʘʧʘʥʘ-ʟʘʪʚʦʨʘ.  

ʆʙʲʝʤ ʢʘʤʝʨʳ-ʨʝʟʝʨʚʫʘʨʘ 7 ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʩʪʨʦʛʦ ʥʝʠʟʤʝʥʥʳʤ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʧʳʪʦʚ. ʅʦ 

ʜʘʥʥʳʡ ʧʠʢʥʦʤʝʪʨ ʙʫʜʝʪ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʩʩʣʝʜʫʝʤʳʝ ʞʠʜʢʦʩʪʠ ʥʝ ʩʤʘʯʠ-

ʚʘʶʪ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥ ʧʠʢʥʦʤʝʪʨ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʩʪʚʘ çʦʪʩʝʯʝʥʥʦʛʦè 

ʦʙʲʝʤʘ ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ ʪʘʢʦʡ ʰʣʠʬ-ʟʘʪʚʦʨ ʧʨʠ ʭʦʨʦʰʝʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʙʫʜʫʪ 

ʧʨʦʩʘʯʠʚʘʪʴʩʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʥʳʝ ʞʠʜʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʮʝʟʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʩ ʜʨʫʛʠʤʠ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʚʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʠ ʠʭ ʩʤʝʩʠ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʧʠʢʥʦʤʝʪʨ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʦʨʘʯʠʚʘʪʴ ʠ ʥʘʢʣʦʥʷʪʴ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ ʬʫʥʢʮʠʠ ʰʣʠʬʘ ʢʘʢ ʢʣʘ-

ʧʘʥʘ-ʟʘʪʚʦʨʘ. 
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ʈʠʩ. 5. ɺʘʢʫʫʤʥʳʡ ʦʜʥʦʢʘʧʠʣʣʷʨʥʳʡ ʧʠʢʥʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ  

ʞʠʜʢʦʩʪʠ [23]: 1, 3, 10 ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʨʫʙʢʠ; 2 ï ʨʝʟʝʨʚʫʘʨ; 4 ï ʰʠʨʦʢʘʷ ʪʨʫʙʢʘ; 5 ï ʢʣʘʧʘʥ;  

6 ï ʞʝʣʝʟʥʳʡ ʩʪʝʨʞʝʥʝʢ; 7 ï ʨʝʟʝʨʚʫʘʨ; 8 ï ʢʘʧʠʣʣʷʨ; 9 ï ʧʝʨʝʪʷʞʢʠ; 11 ï ʙʦʢʦʚʦʡ ʨʝʟʝʨʚʫʘʨ 

 

ʅʘ ʨʠʩ. 6 ʠʟʦʙʨʘʞʝʥ ʧʠʢʥʦʤʝʪʨ [24], ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ, ʪʘʢ ʠ ʚ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ, ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʝ-

ʚʳʰʘʪʴ ʘʪʤʦʩʬʝʨʥʦʝ. ʇʦʩʣʝʜʥʝʝ ʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʝʨʚʫʘʨ 9 ʩ ʠʩʭʦʜʥʳʤ ʠʩʩʣʝʜʫʝʤʳʤ ʤʝ-

ʪʘʣʣʦʤ ʩʦʦʙʱʘʝʪʩʷ ʩʨʘʟʫ ʜʚʫʤʷ ʪʨʫʙʢʘʤʠ 12 ʠ 20 ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʪʩʝʢʦʤ 2. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʟʘʧʨʘʚʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʠʢʥʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʝʛʦ ʠʩʭʦʜʥʦʤ çʧʝʨʝʚʝʨʥʫʪʦʤè ʧʦʣʦʞʝʥʠʠ, 

ʪ.ʝ. ʧʨʠ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʧʠʢʥʦʤʝʪʨʘ, ʯʪʦʙʳ ʬʠʣʴʪʨʫʶʱʠʝ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʢʘʧʠʣʣʷʨʥʳʝ 

ʢʦʥʯʠʢʠ ʟʘʧʨʘʚʦʯʥʳʭ ʙʫʥʢʝʨʦʚ 5 ʠ 6 ʦʢʘʟʘʣʠʩʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʠ ʚʥʠʟ. 

 

 
ʈʠʩ. 6. ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ [24]: 1 ï ʟʘʛʨʫʟʦʯʥʳʡ ʫʟʝʣ;  

2 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʠ ʣʠʬʪʦʚʦʡ ʫʟʝʣ; 3 ï ʧʦʜʲʝʤʥʳʡ ʤʝʭʘʥʠʟʤ ʜʣʷ ʰʪʦʢʘ; 4 ï ʢʨʳʰʢʘ ʪʠʛʣʷ; 

5 ʠ 6 ï ʩʪʘʢʘʥʳ; 7 ï ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʥʠʞʥʠʝ ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʷʪ ʚ ʪʦʥʢʠʝ ʢʘʧʠʣʣʷʨʳ; 8 ï ʟʘʪʚʦʨʥʳʡ 

ʰʪʦʢ; 9 ï ʢʘʤʝʨʘ; 10 ï ʪʠʛʝʣʴ; 11 ï ʠʩʩʣʝʜʫʝʤʘʷ ʢʘʧʣʷ; 12 ï ʨʘʙʦʯʠʡ ʢʘʧʠʣʣʷʨ; 13 ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʪʨʫʙʢʘ;  

14 ʠ 15 ï ʝʤʢʦʩʪʠ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʧʨʠʙʦʨʘ; 16 ʠ 17 ï ʤʝʪʢʠ; 18 ʠ 19 ï ʩʤʦʪʨʦʚʳʝ ʦʢʥʘ 



ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ., ʍʦʢʦʥʦʚ ʍ.ɹ., ʉʘʚʠʥʮʝʚ ɸ.ʇ., ʊʘʦʚʘ ʊ.ʄ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʠʢʥʦʤʝʪʨʦʤ (ʨʠʩ. 6) ʥʝʦʙʭʦʜʠʤʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʙʲʝʤ ʠ çʨʘʙʦ-

ʯʫʶè ʤʘʩʩʫ ʦʙʨʘʟʮʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʛʦ çʦʪʩʝʢʘʶʪè 

ʚʳʩʪʫʧʘʶʱʫʶ ʥʘʜ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʪʠʛʣʷ 10 ʯʘʩʪʴ ʙʦʣʴʰʦʡ ʢʘʧʣʠ ʞʠʜʢʦʛʦ ʦʙʨʘʟʮʘ 11, ʦʧʫʩʪʠʚ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʚʠʞʥʦʛʦ ʰʪʦʢʘ 3, ʫʧʨʘʚʣʷʝʤʦʛʦ ʤʘʛʥʠʪʦʤ, ʚʦʣʴʬʨʘʤʦʚʫʶ ʢʨʳʰʢʫ ʪʠʛʣʷ 4 ʥʘ ʚʝʨʭʥʶʶ 

ʢʨʦʤʢʫ ʪʠʛʣʷ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ ʪʦʯʥʦ ʬʠʢʩʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʚ 

ʤʝʨʥʦʤ ʢʘʧʠʣʣʷʨʝ 12 ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʦʢ 16 ʠʣʠ 17.  

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʙʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʛʨʘʜʫʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʨʪʫ-

ʪʠ, ʠ ʦʙʲʝʤ ʩʠʩʪʝʤʳ çʪʠʛʝʣʴïʨʘʙʦʯʠʡ ʢʘʧʠʣʣʷʨè ʦʧʨʝʜʝʣʝʥ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʦʢ 16 ʠʣʠ 17, ʪʦ çʨʘʙʦʯʠʡè ʦʙʲʝʤ ʨʘʩʧʣʘʚʘ ʦʢʘʟʳʚʘ-

ʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʠʟʚʝʩʪʥʳʤ. ɺʝʩ ʞʝ çʣʠʰʥʝʡè ʩʙʨʦʰʝʥʥʦʡ ʯʘʩʪʠ ʢʘʧʣʠ, ʧʦʧʘʚʰʝʡ ʚ ʩʪʘʢʘʥʯʠʢʠ 14 ʠ 

15, ʧʦʩʣʝ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʚʝʰʠʚʘʥʠʝʤ, ʠ ʧʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʠʤ ʠ ʚʝʩʦʤ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ 

ʢʘʤʝʨʫ 9 ʧʠʢʥʦʤʝʪʨʘ ʠʩʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʦʤʳʡ ʚʝʩ ʤʝʪʘʣʣʘ, çʧʨʠʥʷʚʰʝʛʦè ʫʯʘʩʪʠʝ 

ʚ ʠʟʤʝʨʝʥʠʷʭ. 

 ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʩ ʧʠʢʥʦʤʝʪʨʦʤ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʠ, ʚʳʜʝʨʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʠʟʤʝʥʥʦʡ ʥʝ ʤʝʥʝʝ 30 ʤʠʥ 

ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ (ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʤʝʪʘʣʣʝ [25, 26]), 

ʢʘʪʝʪʦʤʝʪʨʦʤ ʬʠʢʩʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʦʢ 

16 ʠʣʠ 17 ʥʘ ʤʝʨʥʦʤ ʢʘʧʠʣʣʷʨʝ 12.  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ 

ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʳ, ʧʦ ʢʦʪʦʨʳʤ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʠʪʝʨʤʳ ʧʣʦʪʥʦʩʪʠ. ʇʠʢʥʦʤʝʪʨ ʦʙʣʘʜʘʝʪ ʪʝʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʦʜʘʯʫ ʠ ʟʘʧʦʣʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʘʩʧʣʘʚʘʤʠ ʨʘʙʦʯʠʡ ʦʙʲ-

ʝʤ ʪʠʛʣʷ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʙʝʟ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʪʝʥʦʯʥʳʭ ʠ ʦʙʲʝʤ-

ʥʳʭ ʧʫʩʪʦʪ, ʘ ʛʣʘʚʥʦʝ, ʦʪʩʣʝʞʠʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʘʭ ʠʣʠ ʩʧʣʘʚʘʭ. 

 

 
 

ʈʠʩ. 7. ɺʘʢʫʫʤʥʳʡ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʡ ʧʠʢʥʦʤʝʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  

ʧʣʦʪʥʦʩʪʠ ʜʚʦʡʥʳʭ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ [26]: 1ï5 ï ʝʤʢʦʩʪʠ; 6 ï U-ʦʙʨʘʟʥʳʡ ʜʦʟʘʪʦʨ; 

7 ï ʙʘʣʣʦʥ; 8 ʠ 9 ï ʢʘʧʠʣʣʷʨʳ; 10 ʠ 11 ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʨʫʙʢʠ 
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ʈʠʩ. 8. ɺʘʢʫʫʤʥʳʡ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʡ ʧʠʢʥʦʤʝʪʨ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ  

ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ [27, 28]:  

ʘ) 1ïʟʘʧʨʘʚʦʯʥʳʡ ʙʫʥʢʝʨ; 2 ʠ 3 ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʦʪʩʝʢʠ; 4 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʧʠʣʣʷʨ;  

5 ï ʩʬʝʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ; 6 ʠ 7 ï ʤʝʨʥʳʝ ʪʨʫʙʢʠ; 8 ʠ 9 ï ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʤʝʪʢʠ; 10 ï ʢʨʝʩʪʦʦʙʨʘʟʥʘʷ  

ʪʦʥʢʦʩʪʝʥʥʘʷ ʪʨʫʙʦʯʢʘ ʜʣʷ ʪʝʨʤʦʧʘʨ; 11ï14 ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʙʦʯʠʭ ʩʧʘʝʚ ʯʝʪʳʨʝʭ ʪʝʨʤʦʧʘʨ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ; 

15 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ; 16 ï ʪʨʫʙʢʘ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠʙʦʨʘ ʢ ʩʚʝʨʭʚʳʩʦʢʦʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ;  

17 ï ʪʨʫʙʢʘ ʜʣʷ ʟʘʧʨʘʚʢʠ; ʙ) ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʠʢʥʦʤʝʪʨʘ: 18 ï ʜʣʠʥʥʘʷ ʪʨʫʙʘ; 19 ï ʭʦʤʫʪʠʢï

ʜʝʨʞʘʪʝʣʴ; 20 ï ʪʨʫʙʘ; 21 ï ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʘʷ ʞʠʜʢʦʩʪʴ; 22 ʠ 23 ï ʧʘʪʨʫʙʢʠ; 24 ï ʤʝʜʥʘʷ ʪʨʫʙʘ ʜʣʷ  

çʩʛʣʘʞʠʚʘʥʠʷè ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ; 25 ï ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʪʨʫʙʘ; 26 ï ʧʝʯʴ; 27 ï ʧʣʘʪʬʦʨʤʘ; 28 ï ʰʪʦʢ 

 

ʅʘ ʨʠʩ. 7 ʠ 8 ʧʦʢʘʟʘʥʳ ʧʠʢʥʦʤʝʪʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʨʷʪʴ ʧʨʠ ʦʜʥʦʡ ʟʘʧʨʘʚʢʝ ʥʝ ʪʦʣʴʢʦ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʝ, ʥʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʜʚʦʡʥʳʭ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʉʚʝʨʭʫ ʩʫʞʝʥʠʡ A-A ʠ B-B ʥʘ ʮʝʣʴʥʦʧʘʷʥʥʳʡ ʧʠʢʥʦʤʝʪʨ (ʨʠʩ. 7) ʥʘʧʘʠʚʘʶʪʩʷ ʜʚʘ ʙʫʥʢʝʨʘ (ʥʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ɸ ʠ ɺ ʠʟʚʝʩʪʥʳʭ ʤʘʩʩ. ʇʦʩʣʝ ʪʝʨʤʦʚʘʢʫʫʤʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʳ ɸ ʠ ɺ ʧʝʨʝʧʨʘʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ 7 ʠ ʙʦʢʦʚʫʶ ʝʤʢʦʩʪʴ 3 

ʧʠʢʥʦʤʝʪʨʘ, ʠ ʧʣʦʪʥʦʤʝʨ ʦʪʧʘʠʚʘʝʪʩʷ ʦʪ ʦʪʢʘʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʧʦʩʪʘ ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʚʦʟʜʫʰʥʳʡ ʪʝʨ-

ʤʦʩʪʘʪ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʝʨʷʶʪ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʤʝʪʘʣʣʘ ɸ ʚ ʢʘʧʠʣʣʷʨʘʭ 8 ʠ 9. 

ɽʩʣʠ ʟʘʧʨʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʥʝʦʙʭʦʜʠʤʦʛʦ, ʪʦ, ʚʨʘʱʘʷ ʧʨʠʙʦʨ ʚʦʢʨʫʛ ʦʩʠ Y-Y' ʧʨʦ-

ʪʠʚ ʭʦʜʘ ʩʪʨʝʣʢʠ ʯʘʩʦʚ ʥʘ ʫʛʦʣ ~ 90,̄ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʨʫʙʢʝ 10 ʠʟ ʧʠʢʥʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʢʘʤʝʨʳ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʝʤʢʦʩʪʴ 4. ɿʘʪʝʤ ʦʪʣʠʪʫʶ ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʧʦ ʪʨʫʙʢʝ 11 ʧʝʨʝʣʠʚʘʶʪ ʚ ʙʘʣ-

ʣʦʥ 5, ʥʘʢʣʦʥʠʚ ʧʨʠʙʦʨ ʚʦʢʨʫʛ ʦʩʠ ʍ-ʍ'. ɺʦʟʚʨʘʪʠʚ ʧʨʠʙʦʨ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠʩʪʫʧʘʶʪ ʢ ʠʟʤʝʨʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ, ʪ.ʝ. ʢʘʪʝʪʦʤʝʪʨʦʤ ʯʝʨʝʟ ʩʤʦʪʨʦʚʦʝ ʦʢʦʰʢʦ ʪʝʨʤʦʩʪʘʪʘ ʬʠʢʩʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ (ʚʳʩʦʪʫ) ʫʨʦʚʥʝʡ 

ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ɸ ʚ ʦʙʦʠʭ ʢʘʧʠʣʣʷʨʘʭ ʧʠʢʥʦʤʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝ-

ʣʠʪʴ ʝʛʦ ʦʙʲʝʤ, ʤʘʩʩʫ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʘ ʧʦʚʦʨʦʪʦʤ ʧʨʠʙʦʨʘ (ʨʠʩ. 7) ʚʦʢʨʫʛ ʦʩʠ ʍ-ʍ' ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʥʘ ʫʛʦʣ ~90 ̄ʧʝʨʝʣʠʚʘʶʪ ʯʘʩʪʴ ʤʝʪʘʣʣʘ ɺ ʠʟ ʝʤʢʦʩʪʠ 3 ʚ U-ʦʙʨʘʟʥʳʡ ʜʦʟʘʪʦʨ 6. ʇʨʠ ʵʪʦʤ ʚ 

ʜʦʟʘʪʦʨ ʧʝʨʝʚʦʜʠʪʩʷ ʪʘʢʦʡ ʦʙʲʝʤ ʤʝʪʘʣʣʘ-ʜʦʙʘʚʢʠ ɺ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʩʚʦʙʦʜʥʫʶ ʦʪ 

ʤʝʪʘʣʣʘ ɸ ʯʘʩʪʴ ʢʘʧʠʣʣʷʨʦʚ ʧʠʢʥʦʤʝʪʨʘ. ɺʦʟʚʨʘʪʠʚ ʧʨʠʙʦʨ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʢʘʪʝʪʦʤʝʪʨʦʤ ʦʧ-

ʨʝʜʝʣʷʶʪ ʦʙʲʝʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʩʩʫ ʦʪʣʠʪʦʡ ʯʘʩʪʠ ʤʝʪʘʣʣʘ ɺ.  

ɼʘʣʝʝ ʧʦʚʦʨʦʪʦʤ ʧʨʠʙʦʨʘ (ʨʠʩ. 7) ʚʦʢʨʫʛ ʦʩʠ Y-Y' ʧʨʦʪʠʚ ʭʦʜʘ ʩʪʨʝʣʢʠ ʯʘʩʦʚ ʤʝʪʘʣʣ ʠʟ U-ʦʙ-

ʨʘʟʥʦʡ ʪʨʫʙʢʠ ʧʝʨʝʣʠʚʘʶʪ ʚ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ 7, ʠ ʧʨʠʙʦʨ ʚʦʟʚʨʘʱʘʶʪ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝ-



ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ., ʍʦʢʦʥʦʚ ʍ.ɹ., ʉʘʚʠʥʮʝʚ ɸ.ʇ., ʊʘʦʚʘ ʊ.ʄ. 
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ʥʠʝ. ʊʘʢ ʢʘʢ ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʣʘʚʘ ʨʘʚʥʘ ʩʫʤʤʝ ʤʘʩʩ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʩʧʣʘʚʦʤ ʚ ʧʠʢʥʦʤʝʪʨʝ. ʀʟʤʝʨʷʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʦʧʨʝʜʝʣʷʷ 

ʧʣʦʪʥʦʩʪʴ, ʧʦʣʫʯʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʩʧʣʘʚʘ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʩʧʣʘ-

ʚʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʜʘʥʥʳʤ ʧʣʦʪʥʦʤʝʨʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʝʩʘ ʠ ʦʙʲʝʤʘ ʨʘʩʧʣʘʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʧʠʢʥʦʤʝʪʨʘ 7 ʠ ʢʘʧʠʣʣʷʨʘʭ 8 ʠ 9, 

ʟʘʧʦʣʥʝʥʥʳʭ ʨʘʩʧʣʘʚʦʤ. ʇʦʩʢʦʣʴʢʫ ʚʝʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʚʝʰʠʚʘʥʠʝʤ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʪʦ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʪʦʯʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʦʧ-

ʨʝʜʝʣʝʥʳ ʚʥʫʪʨʝʥʥʠʝ ʦʙʲʝʤʳ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 7 ʠ ʢʘʧʠʣʣʷʨʦʚ 8 ʠ 9. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t 

ʵʪʦʪ ʦʙʲʝʤ ʙʫʜʝʪ ʨʘʚʝʥ ( )( )0 1t cpV V S h tb= + + , ʛʜʝ V0 - ʦʙʲʝʤ ʢʘʤʝʨʳ 7 ʧʨʠ t = 0 
ʦ
ʉ; Sʩʨ - ʩʨʝʜʥʷʷ ʧʣʦ-

ʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ; h - ʫʨʦʚʝʥʴ ʨʘʩʧʣʘʚʘ ʚ ʢʘʧʠʣʣʷʨʘʭ; b - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʠʢʥʦʤʝʪʨʘ. 

ʆʙʳʯʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʭ ʧʠʢʥʦʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʪ V0=10ï20 ʩʤ
3
; 

Sʩʨ = 6 Ā 10
-9 
ʩʤ

2
, ʧʦʵʪʦʤʫ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ DV=10

-4
 ʩʤ

3
. ʅʦ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ (ʠʟ-ʟʘ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ʠʭ ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ) 

ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ DS~10
-4
 ʩʤ

2
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 10
-5
, ʘ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʢʘʧʠʣʣʷʨʘ ~10

-3
. ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʥʝʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʜʚʫʭʢʘʧʠʣʣʷʨʥʳʤ ʧʠʢʥʦʤʝʪʨʦʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʦʙʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʠʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʢʘʧʠʣʣʷʨʦʚ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʢʘʢ ʚʜʦʣʴ ʦʩʠ, ʪʘʢ ʠ ʧʦʧʝʨʝʢ ʩʝʯʝʥʠʡ ʢʘʧʠʣʣʷʨʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʜʣʷ ʵʪʦʛʦ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʪʠʧʘ ʋʀʄ-21. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʦ-

ʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʨʘʙʦʯʠʭ ʢʘʧʠʣʣʷʨʦʚ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫ ʩʪʫʜʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʦʥʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʤ ʟʘʥʷʪʠʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʠʢʥʦʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ ʧʨʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʧʦʣʠʪʝʨʤ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ, ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʙʦ-

ʨʦʚ, ʘ ʛʣʘʚʥʦʝ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʧʠʢʥʦʤʝʪʨʘ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʪʝʨʤʦʩʪʘʪʘ. 

ɺ ʨʘʙʦʪʘʭ [27, 28] ʩʦʟʜʘʥ ʧʠʢʥʦʤʝʪʨ (ʨʠʩ. 8), ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠ ʦʜʥʦʡ ʟʘʧʨʘʚʢʝ ʠʩʩʣʝʜʫʝʤʳʤ 

ʦʙʨʘʟʮʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʩʥʷʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʰʠʨʦʪʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠ ʧʦʣʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʨʠʩ. 8ʘ ʠ 8ʙ 

ʠʟʦʙʨʘʞʝʥʳ ʧʠʢʥʦʤʝʪʨ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʝʤ-

ʧʝʨʘʪʫʨ ʠ ʪʝʨʤʦʩʪʘʪ ʩ ʧʠʢʥʦʤʝʪʨʦʤ. ʇʠʢʥʦʤʝʪʨ ʚʢʣʶʯʘʝʪ ʟʘʧʨʘʚʦʯʥʳʡ ʙʫʥʢʝʨ 1 ʠ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʦʪʩʝʢʦʚ 2 ʠ 3. ɹʫʥʢʝʨ 1 ʥʘʧʘʷʥ ʥʘ ʦʪʩʝʢ 2 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʝʛʦ ʢʦʨʧʫʩʫ.  

ʂ ʥʠʞʥʝʤʫ ʢʦʥʫʩʦʦʙʨʘʟʥʦʤʫ ʜʥʫ ʚʝʨʭʥʝʛʦ ʦʪʩʝʢʘ 2 ʧʠʢʥʦʤʝʪʨʘ ʧʨʠʧʘʷʥʘ ʩʠʩʪʝʤʘ ʠʟ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʘʧʠʣʣʷʨʘʤʠ 4 ʤʘʣʳʭ ʝʤʢʦʩʪʝʡ 5 (~1 ʩʤ
3
), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʨʪʠ-

ʢʘʣʴʥʦ, ʘ ʪʘʢʞʝ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ, ʪʱʘʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʤʝʨʥʳʝ ʢʘ-

ʧʠʣʣʷʨʥʳʝ ʪʨʫʙʢʠ 6 ʠ 7 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤʠ ʤʝʪʢʘʤʠ 8 ʠ 9, ʫʢʘʟʳʚʘʶʱʠʤʠ ʨʘ-

ʙʦʯʫʶ (ʪ.ʝ. ʤʝʨʥʫʶ) ʯʘʩʪʴ ʠʭ. ʆʪʛʨʘʜʫʠʨʦʚʘʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʧʠʢʥʦʤʝʪʨ ʯʝʨʝʟ ʪʨʫʙʢʫ 

16 ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʩʝʯʝʥʠʷ ɸ-ɸ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʤʫ ʦʪʢʘʯʥʦʤʫ ʧʦʩʪʫ. ʇʨʠ ʵʪʦʤ 

ʟʘʧʨʘʚʦʯʥʳʡ ʙʫʥʢʝʨ 1 ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʠ, ʘ ʧʠʢʥʦʤʝʪʨ ʚ ʮʝʣʦʤ ï ʦʙʷʟʘʪʝʣʴʥʦ ʚʜʦʣʴ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʧʠʢʥʦʤʝʪʨ ʥʘʧʘʠʚʘʝʪʩʷ ʜʣʷ ʟʘʧʨʘʚʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʧʦʣʦ-

ʞʝʥʠʠ çʣʝʞʘè. ʇʠʢʥʦʤʝʪʨ ʟʘʧʨʘʚʣʷʝʪʩʷ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʯʝʨʝʟ ʪʨʫʙʢʫ 17 ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʤʥʦʛʦʯʘʩʦʚʦʡ ʪʝʨʤʦʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʚʳʰʘʶʱʝʡ ʥʘ 50 
ʦ
C ʦʞʠ-

ʜʘʝʤʳʡ (ʧʦ ʧʣʘʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʚʝʨʭʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʨʤʦʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʙʫʥʢʝʨ 1 ʦʪʧʘʠʚʘʶʪ ʦʪ ʧʠʢʥʦʤʝʪʨʘ ʧʦ 

ʩʫʞʝʥʠʶ ɺ-ɺ, ʘ ʧʠʢʥʦʤʝʪʨ ʚ ʮʝʣʦʤ ï ʦʪ ʦʪʢʘʯʥʦʛʦ ʧʦʩʪʘ (ʧʦ ʩʫʞʝʥʠʶ ɸ-ɸ). ʇʦʩʣʝ ʫʢʘʟʘʥʥʳʭ ʦʧʝʨʘ-

ʮʠʡ ʞʠʜʢʠʡ ʦʙʨʘʟʝʮ ʧʝʨʝʣʠʚʘʝʪʩʷ ʠʟ ʚʝʨʭʥʝʛʦ ʦʪʩʝʢʘ 2 ʯʝʨʝʟ ʧʨʘʚʫʶ ʢʘʧʠʣʣʷʨʥʫʶ ʪʨʫʙʢʫ 17 ʚ ʥʠʞ-

ʥʠʡ ʦʪʩʝʢ 3 ʧʠʢʥʦʤʝʪʨʘ ʤʝʜʣʝʥʥʳʤ ʧʝʨʝʚʦʜʦʤ ʝʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ. ʊʘʢ ʢʘʢ ʚʩʝ 

ʦʪʩʝʢʠ ʠ ʝʤʢʦʩʪʠ ʧʠʢʥʦʤʝʪʨʘ ʷʚʣʷʶʪʩʷ ʩʦʦʙʱʘʶʱʠʤʠʩʷ ʩʦʩʫʜʘʤʠ, ʟʘʧʦʣʥʝʥʠʝ ʧʨʠʙʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʪʨʫʙʦʢ 6 ʠ 7, ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ.  



ɺʥʝʜʨʝʥʠʝ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ é 
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ʅʦ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʨʘʚʢʠ ʥʠʞʥʝʛʦ ʦʪʩʝʢʘ 3 ʠ ʜʦ ʝʛʦ ʧʦʣʥʦʛʦ ʟʘ-

ʧʦʣʥʝʥʠʷ ʦʙʨʘʟʮʦʤ 15 ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʥʫʶ ʪʨʫʙʢʫ 4 ʩ 

ʤʘʣʳʤʠ ʝʤʢʦʩʪʷʤʠ 5. ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʘʚʣʷʝʤʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʧʠʢʥʦʤʝʪʨ ʠʩʩʣʝʜʫʝʤʦʡ 

ʞʠʜʢʦʩʪʠ (ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʠ ʩʘʤʦʡ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʞʠʜʘʝʤʦʛʦ ʧʦ ʧʣʘʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʟʘʚʝʜʦʤʦ ʙʝ-

ʨʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʠʟʙʳʪʢʦʤ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʥʠʞʥʝʛʦ ʦʪʩʝʢʘ 3 ʠ ʜʚʫʭ ʤʝʨʥʳʭ ʢʘʧʠʣʣʷʨʥʳʭ 

ʪʨʫʙʦʢ 6 ʠ 7, ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ (ʠʟʙʳʪʦʢ) ʞʠʜʢʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʝʢʘʝʪ ʚ ʚʦʨʦʥʢʦʦʙʨʘʟʥʦʝ ʜʥʦ 

ʚʝʨʭʥʝʛʦ ʦʪʩʝʢʘ ʠ ʧʦ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʝ 4 ʧʦʩʪʫʧʘʝʪ ʚ ʩʘʤʳʡ ʥʠʞʥʠʡ ʠʟ ʤʘʣʳʭ ʝʤʢʦʩʪʝʡ.  

ʆʪʧʘʷʚ ʥʠʞʥʶʶ ʝʤʢʦʩʪʴ ʩ ʧʦʩʪʫʧʠʚʰʠʤ ʚ ʥʝʝ ʠʟʙʳʪʢʦʤ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚʟʚʝʩʠʚ ʝʝ 

ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʚʝʩ ʦʩʪʘʚ-

ʰʝʡʩʷ ʚ ʧʠʢʥʦʤʝʪʨʝ çʨʘʙʦʯʝʡè ʞʠʜʢʦʩʪʠ, ʪ.ʝ. ʥʘʯʘʣʴʥʳʡ ʚʝʩ ʠ ʦʙʲʝʤ (V0) ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

ɺʳʚʦʜʳ 

1. ʇʨʦʙʣʝʤʘ ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʚʫ-

ʟʘʭ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʚʳʩʰʝʡ ʰʢʦʣʳ. 

2. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝ-

ʥʠʝ ʚ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʯʝʥʳʤʠ-ʧʝʜʘʛʦʛʘʤʠ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʧʘʪʝʥʪʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʠʟʦʙʨʝʪʝʥʠʡ. 

3. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʢ 

ʫʯʘʩʪʠʶ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

4. ɺ ʧʦʷʩʥʝʥʠʷʭ ʢ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʧʨʠʙʦʨʦʚ ʠ ʨʘʙʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙ-

ʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʛʣʘʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. 

5. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠ ʦʧʪʠʤʘʣʴ-

ʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʙʦʨʦʚ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʪʫʜʝʥʪʦʚ. 
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ʉʤʘʯʠʚʘʥʠʝ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʝʢ ʞʠʜʢʠʤʠ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ [1]. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷq, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʪʚʝʨ-

ʜʦʝ ʪʝʣʦïʞʠʜʢʦʩʪʴïʛʘʟ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩʰʪʘʙʘʤ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʨʦʷʚʣʷʝʪ ʨʘʟʤʝʨ-

ʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ [2, 3], ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʣʠʥʝʡʥʳʤ 

ʥʘʪʷʞʝʥʠʝʤ ʥʘ ʧʝʨʠʤʝʪʨʝ ʩʤʘʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʦʩʪʦʤ ʚʣʠʷʥʠʷ ʥʘ q ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʛʝʪʝʨʦʛʝʥʥʦ-

ʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʨʘʬʠʪ ʧʣʦʭʦ ʩʤʘʯʠʚʘʝʪʩʷ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʠʭ 

ʩʧʣʘʚʘʤʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʛʨʘʬʠʪʘ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʢʘʧʠʣʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʘʪʦʤʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʩ ʨʝʘʢʪʦʨʦʤ ʜʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʜʚʫʭʟʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʨʢʘʣʷʮʠʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʚʫʭʟʦʥʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʛʨʘʬʠʪʘ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ:  

1 ï ʦʙʨʘʟʝʮ ʛʨʘʬʠʪʘ; 2 ï ʠʥʪʝʨʢʘʣʠʨʫʝʤʳʡ ʤʝʪʘʣʣ; 3 ï ʚʘʢʫʫʤʥʦ-ʧʣʦʪʥʘʷ ʘʤʧʫʣʘ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʩʪʝʢʣʘ;  

4 ï ʦʛʥʝʫʧʦʨʥʘʷ ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʘ; 5 ʠ 6 ï ʨʝʟʠʩʪʠʚʥʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʫʭ ʟʦʥ ʥʘʛʨʝʚʘ; 

7 ï ʩʠʣʦʚʦʡ ʙʣʦʢ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷʤʠ U1 ʠ U2; 

8 ï ʪʝʨʤʦʠʟʦʣʷʮʠʷ ʟʦʥʳ ʥʘʛʨʝʚʘ; 9 ï ʪʝʨʤʦʧʘʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʚʫʭ ʟʦʥ ʥʘʛʨʝʚʘ 

 

ʌʦʪʦʛʨʘʬʠʷ ʘʤʧʫʣʳ ʨʝʘʢʪʦʨʘ ʜʣʷ ʜʚʫʭʟʦʥʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʧʦʩʣʝ 40-ʯʘʩʦʚʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.  

 

 

 

 
ʘ 

 
ʙ 

 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʠ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʫʭʟʦʥʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ: 

 ʘ ï ʨʝʘʢʪʦʨ ʜʣʷ ʠʥʪʝʨʢʘʣʷʮʠʠ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥ ʦʙʨʘʟʝʮ ʛʨʘʬʠʪʘ,  

ʘ ʚ ʧʨʘʚʦʡ ï ʥʘʚʝʩʢʘ ʢʘʣʠʷ; ʙ ï ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ ʧʦʩʣʝ ʠʥʪʝʨʢʘʣʷʮʠʠ 

 

ɼʚʫʭʟʦʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʪʝʧʝʥʴʶ ʠʥʪʝʨʢʘʣʷʮʠʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʛʦ ʛʨʘʜʠʝʥʪʘ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ ʠʥʪʝʨʢʘʣʠʨʫʝʤʳʤ ʦʙʨʘʟʮʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʘʪʦʤʳ ʤʝʪʘʣʣʘ 

ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʞʩʣʦʝʚʳʝ ʧʨʦʤʝʞʫʪʢʠ ʛʨʘʬʠʪʘ, ʦʙʨʘʟʫʷ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʘʪʦʤʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3).  
 

 
ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʛʨʘʬʠʪʘ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘʤʠ ʢʘʣʠʷ  

(ʪʝʤʥʳʝ ʰʘʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʦʤʘʤ ʢʘʣʠʷ, ʩʝʨʳʝ ï ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ) 

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʣʠʥʠʡ  ʤʝʜʠ.  
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ʈʠʩ. 4. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ,  

ʩʥʷʪʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʜʠ  

 

 

ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʵʣʝ-

ʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʜʦ ʠ ʧʦʩʣʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʢʘʣʠʝʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʙʳʣʠ ʚʳʩʘʞʝʥʳ ʤʠʢʨʦʢʘʧʣʠ ʛʘʣʣʠʷ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 4.2 ʚʝʩ. % ʢʘʣʠʷ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ  

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. ʅʘ ʚʨʝʟʢʘʭ: ʩʫʤʤʘʨʥʳʡ ʩʧʝʢʪʨ ʢʘʨʪʳ  

ʚ ʚʝʩ.% (ʩʚʝʨʭʫ), ʬʨʘʛʤʝʥʪ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʩʥʠʟʫ) 

 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠ-

ʪʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʨʘʩʩʣʦʝʥʠʝ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ (0001). 

 



ɸʭʤʘʪʦʚ ɿ.ɸ., ʉʝʨʛʝʝʚ ʀ.ʅ., ʍʦʢʦʥʦʚ ɸ.ʍ., ʊʣʝʥʢʦʧʘʯʝʚ ʄ.ʈ. 
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ʈʠʩ. 6. ɹʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘʤʠ ʢʘʣʠʷ 

 

 

ʅʘ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʨʢʘ-

ʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʢʘʧʣʷʤʠ ʛʘʣʣʠʷ ʧʨʦʷʚʣʷʝʪ ʨʘʟʤʝʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ï ʩ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʘʧʝʣʴ ʢʨʘʝʚʦʡ ʫʛʦʣ ʧʘʜʘʝʪ (ʨʠʩ. 7). 

 

 

ʈʠʩ. 7. ʄʠʢʨʦʢʘʧʣʷ ʛʘʣʣʠʷ, ʩʤʘʯʠʚʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘʤʠ ʢʘʣʠʷ 

 

 

ʀʥʪʝʨʢʘʣʷʮʠʷ ʛʨʘʬʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʤʘʯʠʚʘʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘ-

ʤʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʪ ʢʘʣʠʷ ʢ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʠʪʘ. ʊʘʢ, ʜʣʷ ʢʘʧʣʠ ʩ ʜʠʘʤʝʪʨʦʤ ʦʩʥʦʚʘʥʠʷ d=5.4 ʤʢʤ ʢʨʘʝʚʦʡ ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ 85
o
, ʘ ʧʨʠ d=1.43 ʤʢʤ ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 45

o
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤʳ ʯʠʩ-

ʪʳʡ ʛʨʘʬʠʪïʛʘʣʣʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʦʝ ʥʝʩʤʘʯʠʚʘʥʠʝ (ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ ʧʦʨʷʜʢʘ 140
 o
). ʋʤʝʥɹ-

ʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʡ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʯʘʩʪʠ 

ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʢʘʣʠʷ ʢ ʘʪʦʤʥʳʤ ʧʣʦʩʢʦʩʪʷʤ (0001) ʛʨʘʬʠʪʘ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʤʠʢʨʦʣʠʪʨʦ-

ʚʳʤʠ ʢʘʧʣʷʤʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ GaïSn ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʛʨʘʬʠʪʘ ʜʦ ʠ ʧʦʩʣʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʢʘʣʠʝʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 350 
o
C (ʨʠʩ. 8).  
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ʈʠʩ. 8. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʛʘʣʣʠʝʤ  

ʠʥʪʝʨʢʘʨʠʣʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʢʨʫʞʢʠ) ʠ ʯʠʩʪʦʛʦ ʛʨʘʬʠʪʘ (ʢʚʘʜʨʘʪʳ) 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʜʦ  ʠʥʪʝʨʢʘʣʷʮʠʷ ʛʨʘʬʠʪʘ ʢʘʣʠʝʤ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʜʦ 12
o
. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ 

ʢʦʥʪʘʢʪʥʳʭ ʫʛʣʦʚ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʨʠ  ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 

ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 18-02-01042 ʘ, ˉ 16-29-13011 ofi_m ʠ 

ʛʨʘʥʪʘ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ (ˉ 0038507). 

 

ɹʠʙʣʠʦʛʨʘʬʠʷ 
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ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʦʪʝʨʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ʇʅ) ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚʩʪʨʝʯʘʶʪʩʷ ʠʟʦʪʝʨʤʳ ʇʅ ʩ ʰʠʨʦʢʠʤ ʤʠʥʠʤʫʤʦʤ [1]. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʟʦʪʝʨʤʳ ʇʅ 

ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ TlïPb ʠ InïSn [2, 3] (ʨʠʩ. 1 ʠ 2).  

 

  
ʈʠʩ. 1. ʂ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʠʟʦʪʝʨʤʳ ʇʅ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ TlïPb: 

1 ï ʘʜʜʠʪʠʚʥʘʷ ʧʨʷʤʘʷ; ¶ï ʵʢʩʧʝʨʠʤʝʥʪ [3]; ï ʨʘʩʯʝʪ ʧʦ ʤʝʪʦʜʠʢʝ [4, 5] 
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ʈʠʩ. 2. ʂ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʠʟʦʪʝʨʤʳ ʇʅ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ InïSn: 

1 ï ʘʜʜʠʪʠʚʥʘʷ ʧʨʷʤʘʷ; ¶ïɻ ʢʩʧʝʨʠʤʝʥʪ [3]; ï ʨʘʩʯʝʪ ʧʦ ʤʝʪʦʜʠʢʝ [4, 5] 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʊ= 673 ʂ ʥʘ ʠʟʦʪʝʨʤʝ ʇʅ ʩʠʩʪʝʤʝ TlïPb ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʫʤ ʚ ʦʙ-

ʣʘʩʪʠ ʭʩ=0,65 Pb. ɼʦ ʭʩ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʇʅ ʤʦʥʦʪʦʥʥʦ ʧʘʜʘʝʪ, ʘ ʧʨʠ Cx x> ʇʅ 

ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘ ʨʠʩ. 2ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʟʦʪʝʨʤʘ ʇʅ ʩʠʩʪʝʤʳ InïSn ʧʨʠ ʊ= 573 ʂ, ʇʅ ʢʦ-

ʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʠʩʪʝʤʳ TlïPb. ʆʜʥʘʢʦ ʝʩʪʴ ʦʪʣʠʯʠʝ: ʜʦ ʭʩ ʇʅ ʩʠʩʪʝʤʳ 

InïSn ʫʤʝʥʴʰʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʠʩʪʝʤʳ TlïPb, ʦʙʨʘʟʫʷ ʤʠʥʠʤʫʤ ʥʘ ʢʨʠʚʦʡ ʠʟʦʪʝʨ-

ʤʳ ʇʅ [2, 3]. ʇʦʩʣʝ ʭʩ ʇʅ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʘʜʜʠʪʠʚʥʦʤʫ ʟʘʢʦʥʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ. ʇʅ ʠʟʤʝʥʷʝʪʩʷ ʩ ʩʦʩʪʘʚʦʤ, ʦʙʨʘʟʫʷ ʰʠʨʦʢʠʡ 

ʤʠʥʠʤʫʤ. ʀʟʤʝʥʝʥʠʝ ʇʅ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʨʳ ʨʘʙʦʪ [2, 3] ʩʚʷʟʳʚʘʶʪ ʩ ʘʜʩʦʨʙʮʠʝʡ ʜʦʙʘʚʣʷʝʤʳʭ 

(ʚʪʦʨʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʠʯʠʥʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʠʤʫ-

ʤʦʚ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʠʟʦʪʝʨʤʘʭ ʇʅ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [6] ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʧʦʷʚʣʝʥʠʷ ʤʠʥʠʤʫʤʘ ʥʘ ʢʨʠʚʦʡ ʠʟʦʪʝʨʤʳ ʇʅ ʤʦʞʝʪ ʙʳʪʴ ʩʢʣʦʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝ-

ʤʳ ɸïɺ ʦʙʨʘʟʦʚʘʪʴ ʛʨʫʧʧʠʨʦʚʢʠ (ʘʩʩʦʮʠʘʮʠʡ) ʘʪʦʤʦʚ (ɸiBj, i, j=1, 2, 3 ʠ ʪ.ʜ.) ʪʠʧʘ ɸɺ, ɸ2ɺ, ɸɺ2 ʠ ʪ.ʧ. 

[6] ʠ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʇʅ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ. ʕʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸiBj ʥʝ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝ-

ʥʠʷʤʠ. ʕʥʝʨʛʠʠ ʩʚʷʟʠ ʘʪʦʤʦʚ ʚ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʥʝ ʪʘʢʠʝ ʚʳʩʦʢʠʝ, ʢʘʢ ʚ ʤʦʣʝʢʫʣʘʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ɸnBm. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʤʦʛʫʪ, ʭʦʪʷ ʠ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ, ʧʦʚʣʠʷʪʴ ʥʘ ʇʅ ʨʘʩʧʣʘʚʦʚ 

ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ. ɺ [6] ʪʘʢʦʡ ʚʦʧʨʦʩ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥ-

ʪʝʨʝʩ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʪʠʧʘ ɸiBj ʚ ʨʘʩʧʣʘʚʘʭ ʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʠʭ ʥʘ 

ʇʅ ʨʘʩʧʣʘʚʦʚ. 

ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ɸiBj ʚ ʨʘʩʧʣʘʚʘʭ ʠ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʇʅ ʨʘʩʧʣʘʚʦʚ 

ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ɸiBj ʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʞʝ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʚ ʨʘʩʧʣʘʚʘʭ, ʯʪʦ ʠ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ɸ ʠ ɺ [5]. ʊʘʢʞʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʚʝʜʫʪ ʩʝʙʷ ʚ ʨʘʩʧʣʘʚʘʭ, ʢʘʢ ʠ ʤʦʣʝʢʫʣʳ ʭʠʤʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ɸnBm. ʊʦʛʜʘ ʤʦʞʝʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʠʢʦʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [5]. ʆʜʥʘʢʦ ʟʜʝʩʴ 

ʚʦʟʥʠʢʘʝʪ ʥʝʢʦʪʦʨʘʷ ʪʨʫʜʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ɸiBj, ʪʦ ʝʩʪʴ ʩ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʟʥʘʯʝʥʠʡ i ʠ j. ʅʘʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʟʜʝʩʴ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ɸiBj, ʢʦ-

ʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʠʤʫʤʫ ʥʘ ʢʨʠʚʦʡ ʠʟʦ-

ʪʝʨʤʳ ʇʅ (ʨʠʩ. 1ʘ), ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʡ Cs  ʠ Cx . 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ Cs  ʠ Cx  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1ʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ Cs  
ï ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʇʅ ï ʥʘ ʠʟʦʪʝʨʤʝ 

ʇʅ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ, ʠ ʦʥʦ ʥʘʭʦʜʠʪʩʷ (ʨʠʩ. 1ʘ) ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʠ ʪʦʯʥʦ ï ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʘʩʘʪʝʣʴʥʦʡ MN ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ʠʟʦʪʝʨʤʳ ʇʅ. ʆʜʥʘʢʦ ʜʣʷ ʩʠʩʪʝʤ ʪʠʧʘ TlïPb 

ʧʦ ʤʠʥʠʤʫʤʫ ʇʅ ʥʘ ʢʨʠʚʦʡ ʠʟʦʪʝʨʤʳ ʇʅ ʟʥʘʯʝʥʠʝ Cx  ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʦ, 
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ʛʨʫʙʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʨʝʜʝʣʠʚ Cx  ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʤʠʥʠʤʫʤʫ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʥʘ ʛʨʘ-

ʬʠʢʝ ʠʟʦʪʝʨʤʳ ʇʅ ʥʘʥʦʩʠʣʠ ʪʦʯʢʫ ʄ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ Cs  ʠ Cx , ʪʦ ʝʩʪʴ ʪʦʯʢʫ ( , )C CM xs . 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʄ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ɸïɺ 

ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʪʦʨʠʯʥʳʝ [5]: ɸïɸ1-ʭɺʭ ʠ ɸ1-ʭɺʭïɺ. ʂ ʚʪʦʨʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜʠʢʠ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ [4, 5], ʠ ʩʪʨʦʠʣʠ ʧʨʷʤʳʝ [4]: 

    
(1 ) 1 1

( )
( ) ( 1)

x x
y x x

x Fs b b

-
= = +
D -

          (2) 

ʜʣʷ ʢʘʞʜʦʡ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʳ. ɿʜʝʩʴ 

   ( ) ( ) (1 )A Bx x x xs s s sD = - - - .           (3) 

ʇʦ ʧʝʨʝʩʝʯʝʥʠʶ ʧʨʷʤʳʭ (2) ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʝ ʭʉ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [2, 3] ʧʦ ʫ(ʭ) ʩ ʧʨʷʤʦʡ (2), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦ-

ʩʣʝʜʥʠʭ ʧʦ ʤʝʪʦʜʠʢʝ [4], ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ b ʠ F  ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ (ʪʘʙʣʠʮʘ). ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʫ(ʭ) ʧʨʷʤʦʡ (2)), 

ʚʘʨʴʠʨʫʷ ʟʥʘʯʝʥʠʝ Cx  ʦʢʦʣʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʝʛʦ ʟʥʘʯʝʥʠʷ, ʜʦʙʠʚʘʣʠʩʴ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ( )y x , ʥʘʡʜʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʘʤ [4, 5, 7], ʧʨʷʤʳʤ (2). ʅʘʡʜʝʥʥʳʝ ʧʦ 

ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʟʥʘʯʝʥʠʷ Cx  ʧʦʟʚʦʣʷʣʠ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ b ʠ F  (ʪʘʙʣʠʮʘ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ InïSn ʠ TlïPb. 

 

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ b ʠ F  ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ TlïPb ʧʨʠ ʊ = 673 ʂ ʠ InïSn ʧʨʠ T = 773 ʂ 

ʉʠʩʪʝʤʘ ɓ F 

TlïTliPbj ï41,0 2.32 

TliPbjïPb 26,7 0,58 

InïIniSnj ï 1,0 

IniSnjïSn ï500,0 0,98 

 

ɺʩʝ ʨʘʩʯʝʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʥʮʝʥʪʨʘʮʠʡ x¡, 
ʘ ʟʘʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʥʦʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʈʘʩʯʝʪ ʇʅ ʨʘʩʧʣʘʚʦʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ InïSn ʠ TlïPb 

ʀʤʝʷ ʟʥʘʯʝʥʠʷ As , Bs, ʘ ʪʘʢʞʝb ʠ F  ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ InïSn ʠ TlïPb, ʥʘ-

ʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʇʅ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʩʪʘʚʦʚ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤ InïSn ʠ TlïPb. ʈʝʟʫʣʴʪʘ-

ʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 1 ʠ 2 (ʩʚʝʪʣʳʝ ʪʦʯʢʠ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʠ 2, ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʥʳʭ 

ʇʅ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʩʜʝʣʘʥʥʳʭ ʥʘ-

ʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. 

ʈʘʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʘʩʩʦʮʠʘʪʦʚ ʘʪʦʤʦʚ ɸiBj ʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ InïSn ʠ TlïPb 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʘʜʩʦʨʙʮʠʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʨʫʧʧʠʨʦʚʦʢ (ʘʩʩʦʮʠʘʪʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ ɸiBj) ʯʘʩʪʠʮ ʚʦ 

ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ InïSn ʠ TlïPb ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ [7]: 

1 ( 1)(1 )
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ɿʜʝʩʴ ( )xw ï ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʣʷʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʧʣʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ. ʇʨʠ ʨʘʩʯʝʪʘʭ ɻ(ʭ) ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʷ F, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʘʜʩʦʨʙʮʠʡ ɻ(ʭ) ʘʩʩʦʮʠʘʪʦʚ ɸiBi ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 

 

 

           

ʈʠʩ. 3. ɸʜʩʦʨʙʮʠʷ ʛʨʫʧʧʠʨʦʚʦʢ ʯʘʩʪʠʮ ɸiBj ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ: 

ʘ) ʩʠʩʪʝʤʘ TlïPb ʧʨʠ ʊ = 673 ʂ; ʙ) ʩʠʩʪʝʤʘ InïSn ʧʨʠ T = 773 ʂ 

 

ʃʝʚʘʷ ʯʘʩʪʴ ʢʨʠʚʦʡ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ 1 ʧʦʢʘʟʳʚʘʝʪ ʘʜʩʦʨʙʮʠʶ ʛʨʫʧʧʠʨʦʚʦʢ ʘʪʦʤʦʚ ɸiBj ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʢʨʠʚʦʡ 1 ï ʘʜʩʦʨʙʮʠʶ ʩʚʠʥʮʘ ʠʣʠ ʦʣʦʚʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

(ʢʨʠʚʳʝ 2) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʦʧʷʪʴ ʘʩʩʦʮʠʘʪʳ ɸiBi. 

ʀʪʘʢ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʘʭ InïSn ʠ TlïPb ʘʩʩʦʮʠʘʪʳ ʘʪʦʤʦʚ ʪʠʧʘ ɸjBk 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʩʧʣʘʚʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʇʅ ʨʘʩʧʣʘʚʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʇʅ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤ ʩʚʷʟʘʥʳ ʩ 

ʘʜʩʦʨʙʮʠʝʡ ʩʚʠʥʮʘ ʠʣʠ ʦʣʦʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ. 

ʇʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʦʯʝʢ Cx  ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʩʪʘʚʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʨʫʧʧʠʨʦʚʦʢ 

ʘʪʦʤʦʚ: ʜʣʷ ʩʠʩʪʝʤʳ TlïPb ʘʩʩʦʮʠʘʪ ɸiBi ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʪʘʣʠʷ ʠ ʪʨʝʭ ʘʪʦʤʦʚ ʩʚʠʥʮʘ Tl2Pb3 , ʘ 

ʜʣʷ ʩʠʩʪʝʤʳ InïSn ʘʩʩʦʮʠʘʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʠʥʜʠʷ ʠ ʪʨʝʭ ʘʪʦʤʦʚ ʦʣʦʚʘ In2Sn3. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʦʪʝʨʤ ʇʅ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʦʛʠʤ ʤʠʥʠʤʫ-

ʤʦʤ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʫʨʘʚʥʝʥʠʝ (1). ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʩʣʝʜʫʝʪ ʨʘʟʙʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ʚʪʦʨʠʯʥʳʝ, ʠ ʢ ʢʘʞʜʦʡ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʫʨʘʚʥʝʥʠʝ (1) ʧʦ ʤʝʪʦʜʠʢʘʤ [4, 5]. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʤʠʥʠʤʫʤʦʚ ʥʘ ʠʟʦʪʝʨʤʘʭ ʇʅ InïSn ʠ TlïPb ʚ̫ʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʘʷ ʘʜʩʦʨʙʮʠʷ ʛʨʫʧʧʠʨʦʚʦʢ ʘʪʦʤʦʚ Tl2Pb3 ʠ In2Sn3, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʘʭ InïSn ʠ TlïPb. 
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ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ʇʅ) ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠʥʜʠʡ-ʦʣʦʚʦ-

ʩʚʠʥʝʮïʚʠʩʤʫʪ ʠ ʠʥʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʧʨʠ ʵʪʦʤ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʝ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʇʅ ʜʚʦʡʥʳʭ, ʪʨʦʡʥʳʭ ʠ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ. ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʟʦʪʝʨʤ ʇʅ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʇʅ ʦʪ ʩʦʩʪʘʚʘ ʚ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮïʚʠʩʤʫʪ ʜʦʩʪʘʪʦʯʥʘ ʤʦʜʝʣʴ ʪʨʝʪʴʝ-

ʛʦ ʧʦʨʷʜʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʧʠʩʘʥʠʷ, ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʇʅ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠʥ-

ʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʘʙʦʪʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʇʅ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʯʝʪʳʨʝʭʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʠʩʪʝʤ; ʧʦʣʠʥʦʤ; ʤʝʪʦʜ ʩʠʤʧʣʝʢʩ-ʨʝʰʝʪʦʯʥʳʭ ʧʣʘʥʦʚ. 
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In the work, the concentration dependence of the surface tension (PN) of the four-component systems 

indiumïtinïleadïbismuth and indiumïleadïbismuthïgallium is studied by the methods of mathematical 

planning of the experiment. The main emphasis was placed on the study of the appropriateness of using the 

experimental design methods when studying the concentration dependence of PN of multicomponent systems. 

To determine the coefficients of the polynomial, as well as to verify the selected model for adequacy, we used 

the experimental data on the ST of double, triple, and four-component melts obtained by the authors earlier. 

Based on the analysis of the PN isotherms of the lateral binary systems, it was shown that a third-order 

model is sufficient to describe the dependence of PN on the composition in the indiumïtinïleadïbismuth 

quaternary system, while the description of the isothermal surface of the PN of the indiumïlead quaternary 

system is sufficient bismuthïgallium requires a fourth-order model. In the work in the form of a table the 

calculated values of the polynomial coefficients are presented, which allow finding the PN value of four-

component melts of any composition. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ʇʅ) 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʟʘʪʨʘʪʘʤʠ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʳʩʦʢʦʢʚʘ-

ʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʫʜʘ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠʟʦʪʝʨʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʚʦʡʥʳʭ ʠ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ [1ï3]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʇʅ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦ-

ʚʳʝ ʧʨʠʙʦʨʳ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ [4ï6], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʝʩʪʴ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʠʛʥʫʪʦʡ ʪʦʯʥʦʩʪʠ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʚʦʟʨʘʩʪʘʝʪ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ, ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʭʦʜʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʠʤʧʣʝʢʩ-ʨʝʰʝʪʦʯʥʳʭ ʧʣʘʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʯʝʪʳʨʝʭʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮïʚʠʩʤʫʪ ʠ ʠʥʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʠʤʝʥʥʦ ʵʪʠʭ ʯʝʪʚʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʠʟʦʪʝʨʤʳ ʇʅ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ InïSn, GaïBi, GaïPb ʠʤʝʣʠ ʩʣʦʞʥʳʡ ʭʘʨʘʢ-

ʪʝʨ. ʇʦʵʪʦʤʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʙʳʣʠ ʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʪʴʩʷ ʩʣʦʞʥʳʤʠ ʢʨʠʚʳʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʠ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ 

ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʦʪ ʩʦʩʪʘʚʘ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʦʣʦʚʦï

ʩʚʠʥʝʮïʚʠʩʤʫʪ ʠʟʦʪʝʨʤʳ ʇʅ ʙʣʠʟʢʠ ʢ ʠʜʝʘʣʴʥʳʤ, ʪʦ ʚʪʦʨʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʇʅ. ʕʪʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʝʡ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʚʳʙʦʨʝ ʵʪʠʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ 

ʦʙʦʙʱʘʶʱʠʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʯʝʥʠʷ ʇʅ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ [6ï8] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʇʅ ʢʘʢ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ, ʪʘʢ ʠ ʙʦʢʦʚʳʭ 

ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʤʳ ʜʝʣʘʣʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʩʠʤʧʣʝʢʩʥʳʭ ʨʝʰʝʪʦʢ [9, 10], ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʩʚʦʡʩʪʚʘ (ʇʅ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ) ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʩʦʩʪʘʚ ï ʩʚʦʡʩʪʚʦè ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘ-

ʥʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʦʣʠʥʦʤʘ ʩʪʝʧʝʥʠ n [9, 10]: 
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ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ;  

ʭi ï ʤʦʣʷʨʥʳʝ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʦʚ, g ï ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [11]. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʪʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʤʦʜʝʣʴʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʚ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 
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ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʦʚʝʨʷʶʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʇʅ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩ-

ʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʇʅ ʦʪ ʠʩʪʠʥ-

ʥʳʭ. ɽʩʣʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʣʠʥʦʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʠʩʪʠʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʦʪ ʩʦ-

ʩʪʘʚʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ ʤʦʜʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʨʦʤ [12] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧ-

ʪʠʤʘʣʴʥʳʤ ʧʦʣʠʥʦʤʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩ-

ʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦʪ, ʢʦʪʦʨʳʡ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪ ʠʟʦʪʝʨʤʳ ʇʅ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ 

ʨʘʩʧʣʘʚʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ 

ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʦ ʩʚʦʡʩʪʚʘʤ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ ʨʘʩʧʣʘʚʦʚ. ɺ ʨʘʙʦʪʝ [7] ʥʘʤʠ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ, ʥʝ ʩʦʜʝʨʞʠʪ ʢʘʯʝʩʪʚʝʥ-

ʥʦ ʥʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʠʟʦʪʝʨʤʘʤʠ ʇʅ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ ʨʘʩʧʣʘʚʦʚ. 

ʉʜʝʣʘʥʥʳʡ ʚʳʚʦʜ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦ ʩʚʦʡʩʪʚʘʤ ʙʦ-

ʢʦʚʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ, ʙʝʟ ʪʨʫʜʦʸʤʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮïʚʠʩʤʫʪ ʙʦʢʦʚʘʷ ʜʚʦʡʥʘʷ ʩʠʩʪʝʤʘ ʠʥʜʠʡïʦʣʦʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʦʛʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʦʚ ʥʘ ʠʟʦʪʝʨʤʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʙʦʢʦʚʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʳ ʛʣʘʜʢʠʝ ʠʟʦʪʝʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [13]. ʄʠʥʠʤʫʤʦʤ ʥʘ ʠʟʦʪʝʨʤʝ ʇʅ ʩʠʩʪʝʤʳ ʠʥʜʠʡïʦʣʦʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘ-

ʣʠʯʠʝ çʚʧʘʜʠʥʳè ʠ ʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʇʅ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ InïSnïBi ʠ InïSnïPb [6, 14]. 

ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʩʚʠʥʮʘ ʠʣʠ ʚʠʩʤʫʪʘ) ʵʪʦʪ ʤʠʥʠʤʫʤ 

ʩʛʣʘʞʠʚʘʝʪʩʷ. ɻʣʘʜʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʝʨʝʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʦʪ ʩʦʩʪʘʚʘ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ 

SnïPbïBi [15], InïPlïBi [16]. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʦʪ ʩʦʩʪʘʚʘ ʚ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʝʪʚʝʨʥʫʶ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʴʝʡ ʩʪʝ-

ʧʝʥʠ. ʇʦʵʪʦʤʫ ʵʪʘ ʤʦʜʝʣʴ ʚʳʙʨʘʥʘ ʥʘʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ. 
 

 
ʈʠʩ. 1. ʀʟʦʪʝʨʤʳ ʇʅ ʚ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮïʚʠʩʤʫʪ:  

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ;  

ʰʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ ï ʟʥʘʯʝʥʠʷ ʇʅ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʦʣʠʥʦʤʘ 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ ʥʝʦʙʭʦʜʠʤʳ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʇʅ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ [8] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʜʝʚʷʪʠ ʯʝʪʳʨʝʭʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʣʫʯʝʚʦʤ ʩʝʯʝʥʠʠ, ʚʳʭʦʜʷʱʝʤ ʠʟ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʠʩʤʫʪʫ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʦʪʝʨʤʳ ʠ ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ 

ʧʦʣʠʥʦʤʫ ʟʥʘʯʝʥʠʷ ʇʅ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʨʠ 623 ʂ ʠ 773 ʂ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʇʅ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  



ɼʘʜʘʰʝʚ ʈ.ʍ., ʂʫʪʫʝʚ ʈ.ɸ., ɼʘʜʘʰʝʚʘ ɿ.ʀ., ʊʘʣʭʠʛʦʚʘ ʍ.ʉ., ɼʘʜʘʰʝʚ ʄ.ʅ. 
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ʊʘʙʣʠʮʘ 1 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ 

(
2/ʤʤɼʞ ) ʨʘʩʧʣʘʚʦʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ InïSnïPbïBi 

 

ʉʦʩʪʘʚ ʚ ʤʦʣ. ʜʦʣʷʭ ijks  ijkb  

InX
 SnX

 PbX
 BiX

 
 623 K  773 K   623 K  773 K  

1 0 0 0 1s  
545 531 

1b 
545 531 

0 1 0 0 
2s  

535 524 
2b  

535 524 

0 0 1 0 3s  
438 426 3b  

438 426 

0 0 0 1 
4s  

374 365 
4b  

374 365 

0,66 0,33 0 0 112s
 

532 525 
12b  

ï41 ï23 

0,33 0,66 0 0 
122s

 
530 520 

12g  
ï9 ï23 

0,66 0 0,33 0 113s
 

476 470 13b  
ï115 ï88 

0,33 0 0,66 0 133s
 

456 448 13g  
ï106 ï88 

0,66 0 0 0,33 
144s

 
428 418 

14b  
ï227 ï221 

0,33 0 0 0,66 
144s

 
390 380 

14g  
ï128 ï117 

0 0,66 0,33 0 223s
 

475 470 23b  
ï104 ï83 

0 0,33 0,66 0 233s
 

452 443 
23g  

ï63 ï38 

0 0,66 0 0,33 234s
 

418 413 
24b  

ï227 ï216 

0 0,33 0 0,66 
244s

 
390 380 

24g  
ï173 ï135 

0 0 0,66 0,33 334s
 

410 395 34b  
ï32 ï45 

0 0 0,33 0,66 344s
 

388 376 34g  
5 ï9 

0,33 0,33 0,33 0 123s
 

478 470 123b  
20 ï59 

0,33 0 0,33 0,33 134s
 

420 408 134b  
247 ï828 

0,33 0,33 0 0,33 
124s

 
430 420 124b  

9 943 

0 0,33 0,33 0,33 234s
 

416 404 234b  
195 106 

 

ʅʘʣʠʯʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʠʟʦʪʝʨʤʘʭ ʇʅ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʠʥʜʠʡïʦʣʦʚʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʚʝʨʢʝ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʨʷʜʫ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʙʦʢʦʚʳʤ ʜʚʦʡʥʳʤ ʠ ʪʨʦʡʥʳʤ ʨʘʩʧʣʘʚʘʤ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʇʅ ʨʘʩʧʣʘʚʦʚ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʧʦ ʣʫʯʝʚʦʤʫ ʩʝʯʝʥʠʶ (In : Sn : ʈb = 1:1:1). ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʧʦʣʠʥʦʤʘʤ ʠʟʦʪʝʨʤ ʇʅ (ʨʠʩ. 1) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʧʦʣʠʥʦʤʘ ʟʥʘ-

ʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮï

ʚʠʩʤʫʪ ʩʦʚʧʘʜʘʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ 

ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʩʠʩʪʝʤʝ ʠʥʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ ʠʟʦʪʝʨʤʳ ʇʅ ʙʦʢʦʚʦʡ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʩʚʠʥʝʮïʛʘʣʣʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʵʢʩʪʨʝʤʫʤʘ ʚ ʚʠʜʝ ʧʦʣʦʛʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʦʚ [5]. ʉʣʦʞ-

ʥʳʤʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʠ ʠʟʦʪʝʨʤʳ ʇʅ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʛʘʣʣʠʡï

ʚʠʩʤʫʪ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʝ-

ʨʝʜʘʝʪʩʷ ʛʣʘʜʢʦʡ ʢʨʠʚʦʡ [17]. ʀʟʦʪʝʨʤʳ ʇʅ ʦʩʪʘʣʴʥʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ (InïPb, InïBi, ʈbïBi, InïGa), ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʠʩʩʣʝʜʫʝʤʫʶ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʘʜʢʠʤʠ ʢʨʠʚʳʤʠ [13]. 

ʄʠʥʠʤʫʤ ʥʘ ʠʟʦʪʝʨʤʘʭ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ GaïPb ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʨʝʣʴʝʬ ʠʟʦʪʝʨʤʠʯʝ-

ʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʇʅ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ GaïPbïIn, Gaïʈbïɺi, ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ 

ʩʠʩʪʝʤʫ. ɺʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʠ ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʙʦʢʦʚʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʙʦʢʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʯʝʪʚʝʨ-

ʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ ʵʪʘ ʤʦʜʝʣʴ. 



ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ  é 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʥʝʦʙʭʦʜʠʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʇʅ 

ʨʘʩʧʣʘʚʦʚ 35 ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ [11]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʇʅ ʵʪʠʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
 

ʊʘʙʣʠʮʘ 2 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʦʧʠʩʘʥʠʷ  

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ (ʤɼʞ/ʤ
2
) ʨʘʩʧʣʘʚʦʚ InïPbïBiïGa 

ijk lX  ijk ls  ijk lb  

GaX  
BiX  

PbX  
InX  973ʂ 1023ʂ 

 

1073ʂ 

 

1123ʂ 

 

 973ʂ  

 

1023 ʂ 1073ʂ 

 

1123 ʂ 

1 0 0 0 639 627 613 605 
1b 639 627 613 605 

0 1 0 0 340 320 312 308 
2b  340 320 312 308 

0 0 1 0 400 401 396 394 
3b  400 401 396 394 

0 0 0 0 520 520 504 500 
4b  520 520 504 500 

0,5 0,5 0 0 348 339 330 320 
12b  

ï566 ï538 -530 -546 

0,5 0 0 0,5 577 569 560 548 
14b  ï10 ï18 6 ï18 

0,5 0 0,5 0 368 327 282 270 
13b  ï606 ï748 ï890 ï918 

0 0,5 0,5 0 370 365 364 353 
23b  

0 18 40 8 

0 0,5 0 0,5 371 370 352 352 
24b  ï36 ï200 ï224 -208 

0 0 0,5 0,5 450 447 440 438 
34b  

ï40 ï54 ï40 -36 

0,75 0,25 0 0 367 356 353 344 
12b  

-620 ï637 ï610 -616 

0,75 0 0 0,25 595 584 590 587 
14b  ï8 56 40 82 

0,75 0 0,25 0 346 311 283 274 
13b  ï840 ï688 ï1154 ï1122 

0,25 0,75 0 0 335 322 317 311 
12d  ï690 ï717 ï600 ï568 

0,25 0 0 0,75 537 530 528 519 
14d  ï248 ï173 ï13 82 

0,25 0 0,75 0 384 327 391 379 
13d  

ï872 ï1168 ï13 ï18 

0 0,75 0 0,25 340 339 331  328 
24g  

ï26,6 69,3 37 16 

0 0,25 0 0,75 435 426 420 421 
24d  

37,3 0 202 202 

0 0 0,25 0,75 479 474 470 463 
34d  ï32 ï274 ï160 ï186 

0 0 0,75 0,25 423 401 400 400 
34g  

21,3 ï72 ï85 ï53,3 

0 0,25 0,75 0 383 381 376 371 
23d  ï42 34,6 ï42 32 

0 0,75 0,25 0 357 350 343 337 
23g  

21,3 50,6 48 48 

0,5 0,25 0 0,25 498 475 452 443 
1124b  5114,6 3498 1802 1797 

0,5 0 0,25 0,25 506 479 458 425 
1134b  5568 4349 5583 3530 

0,5 0,25 0,25 0 438 421 403 382 
1123b  11792 11997 13674 12864 

0,25 0,5 0 0,25 407 396 387 379 
1224b  ï381,3 ï658 ï136 ï152 

0,25 0,25 0 0,5 476 471 468 459 
1244b  61,3 1165 2114 1991 

0,25 0 0,25 0,5 500 487 471 452 
1324b  ï98,6 ï240 -557 ï584 

0,25 0 0,5 0,25 441 423 416 407 
1334b  ï1917,3 ï89 ï1096 ï45,3 

0,25 0,25 0,5 0 362 338 315 301 
1233b  ï4648 ï4445 ï7250 ï7037 

0,25 0,5 0,25 0 372 361 352 340 
1223b  ï1266,6 ï1242 ï328 ï77 

0 0,5 0,25 0,25 392 386 379 372 
2234b  1834,6 1213 1322 1269 

0 0,25 0,25 0 420 416 411 407 
2344b  ï32 7,9 181 282 

0 0,25 0,5 0,25 400 395 389 382 
2334b  ï581,3 ï149 ï320 ï528 

0,25 0,25 0,25 0,25 433 413 400 398 
1234b  ï2805,3 ï4490 ï3210 416 



ɼʘʜʘʰʝʚ ʈ.ʍ., ʂʫʪʫʝʚ ʈ.ɸ., ɼʘʜʘʰʝʚʘ ɿ.ʀ., ʊʘʣʭʠʛʦʚʘ ʍ.ʉ., ɼʘʜʘʰʝʚ ʄ.ʅ. 
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ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʟʤʝʨʝʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʧʷʪʠ 

ʩʧʣʘʚʦʚ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠʥʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ. ʉ ʫʯʝʪʦʤ ʩʣʦʞʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʦʚʝʨʦʯʥʳʝ ʩʧʣʘʚʳ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʩʦʩʪʘʚʳ ʙʳʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʪʝʪʨʘʵʜʨʫ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʇʅ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ (ʨʘʩʭʦʞʜʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 1%) ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅ ʦʪ ʩʦʩʪʘʚʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ. 

ʀʟʦʪʝʨʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʩʚʠʥʝʮïʛʘʣʣʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦ-

ʛʠʤ ʤʠʥʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʦʚ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ InïSnïʈbïBi, ʥʘ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʇʅ ʵʪʦʪ ʤʠʥʠʤʫʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ çʚʧʘʜʠʥʳè. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨ-

ʞʘʥʠʷ ʪʨʝʪʴʝʛʦ ʠʣʠ ʯʝʪʚʝʨʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʣʫʙʠʥʘ çʚʧʘʜʠʥʳè ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʇʅ ʩʛʣʘʞʠʚʘʝʪʩʷ.  

ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʧʦʜʨʦʙʥʦ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʠʩʩʣʝʜʫʝʤʦʡ 

ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʦʪʤʝʪʠʤ, ʯʪʦ ʤʦʜʝʣʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦ-

ʩʪʴʶ ʦʧʠʩʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʇʅ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʧʣʝʢʩ-ʨʝʰʝʪʦʯʥʳʭ ʧʣʘʥʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʇʅ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʜʦʩʪʠʛʥʫʪʦʡ ʪʦʯʥʦʩʪʠ;  

ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʢʦʤʧʦʥʝʥʪʦʚ; 

ï ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇʅ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʢʦʛʜʘ ʯʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʝʝ ʪʨʝʭ) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʤʧʣʝʢʩ-ʨʝʰʸʪʦʯʥʳʭ ʧʣʘʥʦʚ ʚʦʟʨʘʩʪʘʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʷ 

1. ʂʘʣʘʞʦʢʦʚ ɿ.ʍ., ɿʠʭʦʚʘ ʂ.ɺ., ʂʘʣʘʞʦʢʦʚ ɿ.ʍ., ʂʘʣʘʞʦʢʦʚ ʍ.ʍ., ʊʘʦʚʘ ʊ.ʄ. ʈʘʩʯʝʪ ʠʟʦʪʝʨʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ // ʊʝʧʣʦʬʠʟʠʢʘ ʚr -

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 2012. ʊ. 50, ˉ 3. ʉ. 469ï472. 

2. ɼʘʜʘʰʝʚ ʈ.ʍ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ // ʈʘʩʧʣʘʚʳ. 1994. ˉ 6. ʉ. 72ï84. 

3. Dadashev R. Kutuev R., Elimkhanov Dj. Analytical description of concentration dependence of sur-

face tension multicomponent systems // Journal of Physics: Conference Series. 2008. V. 98. ʈ. 062029. 

4. ʍʦʢʦʥʦʚ ʍ.ɹ., ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɿʘʜʫʤʢʠʥ ʉ.ʅ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ // ʂ 

ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ. ʆʨʜʞʦʥʠʢʠʜʟʝ: ʉʆɻʋ, C. 31ï37. 

5. ɸʣʯʘʛʠʨʦʚ ɹ.ɹ., ɼʘʜʘʰʝʚ ʈ.ʍ. ʄʝʪʦʜ ʙʦʣʴʰʦʡ ʢʘʧʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʅʘʣʴʯʠʢ: ʂɹɻʋ, 2000. 260 ʩ. 

6. Dadacshev R. Thermodynamics of surface phenomena. Cambridge international science publishing, 

2008. 281 p. 

7. ɼʘʜʘʰʝʚ ʈ.ʍ., ʂʫʪʫʝʚ ʈ.ɸ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʯʝʪʳʨʝʭ-

ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ: ʠʥʜʠʡïʦʣʦʚʦïʩʚʠʥʝʮïʚʠʩʤʫʪ ʠ ʠʥʜʠʡïʩʚʠʥʝʮïʚʠʩʤʫʪïʛʘʣʣʠʡ // ʄʘʪʝʨʠʘʣʳ 

ɺʩʝʨʦʩ. ʢʦʥʬ. ɻʨʦʟʥʳʡ: ʏɸʅ, 2003. ʉ. 96ï105. 

8. Dadashev R., Kutuev R., Elimkhanov Dj. Concentration dependence of surface properties and mo-

lar volume of multicomponent systems indiumïtinïlead-bismuth // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜ. ʢʦʥʬ. ʃɸʄ 13. ɽʢʘ-

ʪʝʨʠʥʙʫʨʛ: ʋʌʋ, 2007. ʉ. 56ï59.  

9. ʏʝʤʣʝʚʘ ʊ.ɸ., ʄʠʢʝʰʠʥʘ ʅ.ɻ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʤʧʣʝʢʩ-ʨʝʰʝʪʯʘʪʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤ ʩʦʩʪʘʚ ï ʩʚʦʡʩʪʚʦ // ʅʦʚʳʝ ʠʜʝʠ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄ.: ʅʘʫʢʘ, 

1969. ʉ. 194ï206. 



ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ  é 
 

 

 

 35 

10. ɿʝʜʛʝʥʠʜʟʝ ʀ.ɻ., ʅʦʚʠʢ ʌ.ʉ., ʏʝʤʣʝʚʘ ʊ.ɸ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ // 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʄ.: ʄʝʪʘʣ-

ʣʫʨʛʠʷ, 1974. ʉ. 3ï11. 

11. ɿʝʜʛʝʥʠʜʟʝ ʀ.ɻ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩ-

ʪʝʤ. ʄ.: ʅʘʫʢʘ, 1976. 270 ʩ. 

12. ɻʦʡʪʝʤʠʨʦʚ ʈ.ʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʜʠʩʩ. ... ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ. ɻʨʦʟ-

ʥʳʡ: ʏʀɻʋ, 1987. 180 ʩ. 

13. ʅʠʞʝʥʢʦ ɺ.ʀ., ʌʣʦʢʘ ʃ.ʀ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. M.: ʄʝ-

ʪʘʣʣʫʨʛʠʷ, 1981. 208 ʩ. 

14. Dadashev R, Ibragimov K, Kutuev R, Shapiev S. Surface tension and adsorption in indiumïtinï

lead and indiumïtinïgallium metals // 4 Int. Conf. High temperature Capillarity HTC-2004. Sanremo, Italy. 

2004. ʈ. 15ï17. 

15. ʆʬʠʮʝʨʦʚ ɸ.ɸ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʪʨʦʡʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ: ʜʠʩ. ... 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʄ., 1967. 174 ʩ. 

16. ʀʙʨʘʛʠʤʦʚ ʍ.ʀ., ʉʘʛʦʚ ɹ.ɹ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʤʦʣʴʥʳʭ ʦʙʲʝ-

ʤʦʚ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ ʈbïBiïIn //ʌʠʟʠʢʘ ʤʝʞʬʘʟʥʳʭ ʷʚʣʝʥʠʡ. ʅʘʣʴʯʠʢ: ʂɹɻʋ, 1976. ʉ. 41ï47. 

17. ɼʘʜʘʰʝʚ ʈ.ʍ., ʂʫʪʫʝʚ ʈ.ɸ., ʀʙʨʘʛʠʤʦʚ ʍ.ʀ., ɾʘʥʩʘʝʚ ɸ.ɸ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩ-

ʧʣʘʚʦʚ ʠʥʜʠʡïʪʘʣʣʠʡ, ʦʣʦʚʦïʪʘʣʣʠʡ ʠ ʛʘʣʣʠʡïʚʠʩʤʫʪ // ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʰʣʘ-

ʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ: ʪʝʟ. ʜʦʢʣ. IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻʋ, 1998. ʊ. 2. ʉ. 47. 



ʐʝʙʟʫʭʦʚʘ ʀ.ɻ., ɸʨʝʬʴʝʚʘ ʃ.ʇ. 

 

 

 36 

ʋɼʂ 539.22:548 

 

ɸʅʀɿʆʊʈʆʇʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʕʅɽʈɻʀʀ  

ʀ ʈɸɹʆʊʓ ɺʓʍʆɼɸ ʕʃɽʂʊʈʆʅɸ IB-ʄɽʊɸʃʃʆɺ 

 

*ʐʝʙʟʫʭʦʚʘ ʀ.ɻ
1
., ɸʨʝʬʴʝʚʘ ʃ.ʇ.

2 

 
1
ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ 

2
ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

* irina .shebzukhova@mail.ru  

 

ʅʘ ʙʘʟʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʌʨʝʥʢʝʣʷ ï ɻʘʤʙʦʰʘ ï ɿʘ-

ʜʫʤʢʠʥʘ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʢʣʘʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʵʥʝʨʛʠʶ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ IB-ʤʝʪʘʣʣʦʚ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ 

ʚʢʣʘʜʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʨʘʩʩʯʠʪʘʥʘ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢ-

ʪʨʦʥʘ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʛʨʘʥʝʡ ʤʝʜʠ, ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʨʝʪʠʢʫʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʨʘʥʝʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ, ʤʝʜʴ, ʩʝʨʝʙʨʦ, ʟʦʣʦʪʦ. 

 

 

ANISOTROPY OF SURFACE ENERGY AND WORK FU NCTION OF THE IB -METAL  

 

Shebzukhova I.G.
1
, Aref'eva L.P.

2 

 

1
Kabardino-Balkarian State University 

2
Don State Technical University 

 

Based on the modified electronic-statistical theory of Frenkel ï Gambosh ï Zadumkin, expressions for 

the polarization and dispersion contributions to surface energy are obtained. The anisotropy of the surface 

energy of IB-metals was estimated taking into account the indicated contributions. Using the obtained sur-

face energy values, the electron work function of the close-packed faces of copper, silver and gold is calcu-

lated. The dependences of surface energy and electron work function on the reticular density of faces are 

constructed. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʧʨʦ-

ʮʝʩʩʘʭ, ʢʘʢ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʥʦʚʦʡ ʬʘʟʳ, ʘʜʩʦʨʙʮʠʷ, ʩʝʛʨʝʛʘʮʠʷ, ʘʜʛʝʟʠʷ, ʢʦʨʨʦʟʠʷ ʠ ʜʨʫʛʠʭ. ʆʜʥʘ-

ʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ 

ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʪʚʝʨʜʳʭ ʪʝʣ ʠʤʝʶʪ ʨʷʜ ʩʝʨʴʝʟʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʢ ʧʦ ʠʥʪʝʨʚʘʣʫ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ [1]. ʈʘʙʦʪʘ ʚʳʭʦʜʘ 

ʵʣʝʢʪʨʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʵʤʠʩʩʠʦʥʥʳʝ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ. ɽʝ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʥʝʩʢʦʣʴʢʠʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ, ʚ ʯʘ-

ʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʵʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʠʟʠʢʠ ʤʝʞʬʘʟʥʳʭ ʷʚʣʝʥʠʡ [2ï4]. ʅʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʣʠʙʦ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟ-




