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ɸʥʥʦʪʘʮʠʷ. ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʩʦʯʝʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʦʪʝʨʘʧʠʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʚʢʣʶʯʘʷ ʤʦʣʝʢʫʣʷʨʥʳʡ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʧʧʘʨʘʪʳ ʢʘʢ ʜʣʷ ʬʦʪʦʪʝʨʘʧʠʠ, ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʪʘʢ ʠ ʜʣʷ ʩʦ-

ʯʝʪʘʥʥʦʡ ʬʠʟʠʦʪʝʨʘʧʠʠ ï ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʝʨʚʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʨʛʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠ ʚʦʜʦʩʦʜʝʨ-

ʞʘʱʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʚʦʜʳ ʠʤʝʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʦʮʝʥʠʪʴ 

ʤʝʭʘʥʠʟʤʳ ʩʦʯʝʪʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʦʪʦ- ʠ ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟ-

ʣʠʯʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʚʩʝ ʦʥʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʨʛʘ-

ʥʠʟʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ, ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʠ (ʠʣʠ) ʣʘʟʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʦʢʘ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʙ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʚʢʣʶʯʘʷ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪ ʤʦʜʫʣʷʮʠʠ. ɸʧʧʘʨʘʪʳ ʜʣʷ ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ ʙʝʟ ʤʦʜʫʣʷʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝ-

ʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ɿʘʢʣʶʯʝʥʠʝ. ɼʘʥʥʳʭ 

ʠʤʝʶʱʠʭʩʷ ʨʘʙʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪ-

ʚʠʷ ʩʦʯʝʪʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʬʠʟʠʦʪʝʨʘʧʠʠ ʠʤʝʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟ-

ʨʘʙʦʪʢʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʬʠʟʠʦʪʝʨʘʧʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʥʬʨʘʢʨʘʩʥʦʝ ʠ ʩʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʤʦʜʫʣʷ-

ʮʠʷ, ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʷ. 
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Abstract. Introduction. Currently, an active study of the action mechanisms of the combined methods in 

physiotherapy at all levels of the organization of the body, including the molecular level, is ongoing, and tech-

nologies and devices for phototherapy, magnetotherapy, and for combined physiotherapy - photomagnetotherapy 

are actively developing.  It is shown that one of the primary action mechanisms of a constant magnetic field, 

infrared and light radiation, as well as the combined effect of light radiation and a magnetic field on the body, is 

a change in the structure of water and water-containing systems. Moreover, the combined effect of a magnetic 

field and light radiation on the properties of water has a synergistic effect.  Research purpose was to evaluate on 



ɺɽʉʊʅʀʂ ʅʆɺʓʍ ʄɽɼʀʎʀʅʉʂʀʍ ʊɽʍʅʆʃʆɻʀʁ. ʕʣʝʢʪʨʦʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ ï 2020 ï N 6 

JOURNAL OF NEW MEDICAL TECHNOLOGIES, eEdition ï 2020 ï N 6 
 

the basis of published data the mechanisms of combined action of photo- and magnetic therapy, as well as the 

effectiveness of treatment using various devices for photomagnetotherapy. Results and its discussion. Despite 

the differences in the appearance of existing devices for photomagnetotherapy, they all affect the body using 

constant or modulated with different frequencies infrared radiation, light from LEDs and (or) lasers, as well as 

constant or modulated with different frequencies of the magnetic field. It is concluded that so far there is no con-

sensus on the optimal parameters of devices for photomagnetotherapy, including sources of electromagnetic ra-

diation and magnetic field, as well as modulation frequencies. Apparatuses for photomagnetotherapy without 

modulation of the magnetic field, infrared and light radiation have a fairly high efficiency in the treatment of 

various diseases in the absence of undesirable side reactions.  Conclusion.  The available data are insufficient 

and further research in the direction of studying the action mechanisms of the combined methods of physiothera-

py is fundamental and will contribute to the development of the scientific foundations of physiotherapy 

Keywords: magnetic field, infrared and light radiation, water properties, modulation, 

photomagnetotherapy. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʘʧʧʘʨʘʪʦʚ ʢʘʢ ʜʣʷ ʬʦʪʦʪʝʨʘʧʠʠ, ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʪʘʢ ʠ ʜʣʷ ʩʦʯʝʪʘʥʥʦʡ ʬʠʟʠʦʪʝʨʘʧʠʠ ï ʬʦʪʦ-

ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ ʧʨʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 60% ʜʦ 92% [22, 27-29, 36]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ, ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ ʠ ʢʣʠʥʠʢʝ, ʚʢʣʶʯʘʷ ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ ʩʦʯʝʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʚʢʣʶʯʘʷ ʤʦʣʝʢʫʣʷʨʥʳʡ [44, 45]. ʄʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʘʤ 

ʬʠʟʠʦʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʭʦʪʷ ʠ ʪʨʝʙʫʶʱʠʤ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʤʳʰʣʝʥʠʷ [42]. ʇʘʪʦʛʝʥʝʟ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʥʘʨʫʰʝʥʠʷʤ. ɸ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʦʣʦʤʢʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʦʣʞʥʳ ʫʩʪʨʘʥʷʪʴʩʷ ʥʘ ʪʦʤ ʫʨʦʚʥʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʚʦʟʥʠʢʘʶʪ. ɹʝʟ ʟʥʘʥʠʷ ʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʣʦʜʦʪʚʦʨʥʦ ʨʘʟʚʠʚʘʪʴ ʧʝʨ-

ʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʬʠʟʠʦʪʝʨʘʧʠʶ [45]. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʩʦʯʝʪʘʥʥʦʡ ʬʠʟʠʦʪʝʨʘʧʠʠ [44]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʦʪ-

ʜʝʣʴʥʳʭ ʬʠʟʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [18, 37, 41, 50-52]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʵʪʠʭ ʨʘʙʦʪ, ʩʨʝʜʠ ʧʝʨ-

ʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʟʤʝ-

ʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ [4, 5, 18, 37, 41-43]. ʆʜʥʘʢʦ, ʜʘʥʥʳʭ 

ʵʪʠʭ ʨʘʙʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʩʦ-

ʯʝʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʦʪʝʨʘʧʠʠ ʠʤʝʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʬʠʟʠʦʪʝʨʘʧʠʠ [41]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʦʮʝʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʩʦʯʝʪʘʥʥʦʛʦ ʜʝʡʩʪ-

ʚʠʷ ʬʦʪʦ- ʠ ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʬʦʪʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  ʈʦʣʴ ʚʦʜʳ ʚ ʜʝʡʩʪʚʠʠ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʨʘʙʦ-

ʪʘʭ [4, 5, 18, 41] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʚʦ ʤʥʦʛʦʤ ʨʝʘʣʠ-

ʟʫʝʩʷ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʤʦʣʝʢʫʣʦʡ [41] ʚ ʜʝʡ-

ʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʪʤʝʯʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʧʝʨʚʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʨʠ ʂɺʏ-ʪʝʨʘʧʠʠ ʦʙʫʩʣʦʚʣʝʥ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʚʦʜʳ [18].  

ʄʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʝʝ ʤʦʣʝʢʫʣ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦ-

ʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚ ʞʠʜʢʦʡ 

ʬʘʟʝ ʬʦʨʤʠʨʫʶʪʩʷ ʘʩʩʦʮʠʘʪʳ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ ï ʢʣʘʩʪʝʨʳ. ɺʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫ-

ʨʫ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʷʝʪ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ [41]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʦʤ ʩʣʘʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [17]. 

 ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʠ ʷʚʣʷʝʪʩʷ ʣʝʯʝʙʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʥʠʶ ʢʦʪʦʨʦʛʦ ʥʘ ʚʦʜʫ ʧʨʠ-

ʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ [41]. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʚʦʦʙʱʝ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʨʝʘʣʠʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʚʦʜʥʫʶ ʩʨʝʜʫ ʦʨʛʘʥʠʟʤʘ [43]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʠʪʴʝʚʫʶ ʚʦʜʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴ-

ʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʣʘʩʪʝʨʦʚ ʚʦʜʳ [7], ʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [1, 13] ʥʘ 8-11%, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ (ʥʘ 5ï8%), ʧʦʚʳʰʝʥʠʝ 

ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ [13], ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝ ʨʅ ʩʨʝʜʳ [5, 13, 24, 39]. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʳ 

ʠʣʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ (ʆʅ
-
) ʠ ʩʥʠʞʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʛʠʜʨʦʢʩʦʥʠʷ (ʅ3ʆ
+
), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʥʘʨʫʰʘʝʪʩʷ ʠ ʝʝ ʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠ-
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ʟʘʮʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʚʦʜʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ. ɺʦʟʨʘʩʪʘʥʠʝ ʨʅ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʦʤʘʛ-

ʥʠʯʠʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ, ʘ ʧʨʠ ʦʤʘʛʥʠʯʠʚʘʥʠʠ ʣʝʯʝʙʥʦʡ ʛʨʷʟʠ, ʝʝ ʚʦʜʥʦʡ ʬʨʘʢʮʠʠ ʠ ʜʘʞʝ ʨʝʘʢʪʠ-

ʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʘʭ, ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥ-

ʪʘ ʛʨʷʟʠ ï ʢʘʪʘʣʘʟʳ [39, 47].  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦʩʣʝ ʝʝ ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʘʚʪʦʨʳ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʢʣʘ-

ʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ [56]. 

ɺʣʠʷʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. ɺʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟʫʯʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ [4, 8, 19, 24, 47]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [19] ʚʦʟʜʝʡʩʪ-

ʚʦʚʘʣʠ ʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 633 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 5 ʤɺʪ ʚ 

ʪʝʯʝʥʠʝ ʦʪ 30 ʩʝʢʫʥʜ ʜʦ 5 ʤʠʥʫʪ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʢʦ-

ʣʦʨʠʤʝʪʨʝ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 314 ʥʤ ʜʦ 980 ʥʤ. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 315 ʥʤ ʠ 980 ʥʤ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʜʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 0,5 ʤʠʥ ʜʦ 2 ʤʠʥ ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʦʜʝ ï ʝʝ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʟʘʤʦʨʘ-

ʞʠʚʘʣʠ ʠ ʧʦʚʦʜʠʣʠ ʤʦʨʬʦʤʝʪʨʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʴʜʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-

ʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 1 ʤʠʥʫʪʳ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʤʝʥʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʪ 64 ʤʢʤ ʜʦ 162 ʤʢʤ. ʅʘ ʦʩʥʦʚʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨ [19] ʟʘʢʣʶʯʘʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʚʠʯʥʦʛʦ ʤʝʭʘʥʠʟ-

ʤʘ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʦʡʩʪʚ ʚʦʜʳ ʚ ʦʨʛʘʥʠʟʤʘʭ. 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [24] ï ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (120 ʤʠʥʫʪ) ʚʦʟʜʝʡʩʪʚʠʠ ʅʝ-Nʝ ʣʘʟʝʨʘ ʥʘ ʚʦʜʦʧʨʦ-

ʚʦʜʥʫʶ ʚʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʚʦʟʨʘʩʪʘʥʠʝ ʨʅ, ʢʦʪʦʨʦʝ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ. ɺ ʨʘʙʦʪʝ [4] ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 30 ʩʝʢ ʅʝ-Nʝ ʣʘ-

ʟʝʨʘ ʥʘ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʨʅ (P<0,01). ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʙʳʣʘ ʤʝʥʝʝ 

ʚʦʩʧʨʠʠʤʯʠʚʘ ʢ ʜʝʡʩʪʚʠʶ ʅʝ-Nʝ ʣʘʟʝʨʘ. 

ʀʟʫʯʘʣʦʩʴ ʪʘʢʞʝ ʜʝʡʩʪʚʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʠʜʨʘʪʘʮʠʶ ʢʨʦʚʠ, 

ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʣʠʤʝʨʦʚ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ [47]. 

ʃʝʯʝʙʥʳʡ ʵʬʬʝʢʪ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʤʘ, ʦʨʛʘʥʘ ʠ ʪʢʘʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʴʶ ʦʙʱʝʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʦʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦʟʦʣʝ. ʋʥʠʚʝʨʩʘʣʴʥʳʤ ʘʢʮʝʧʪʦʨʦʤ ʠ ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʬʘʟʦʚʳʝ ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜʳ ʚ ʦʙʣʫʯʘʝʤʳʭ ʢʣʝʪʢʘʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʊʝʧʣʦ-

ʚʘʷ ʜʠʩʩʠʧʘʮʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʣʶʙʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʘ-

ʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʠʟʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠʣʠ ʦʙʱʝʢʣʝʪʦʯʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʢʦʥʪʫʨʘ, ʢʘʣʴʮʠʡ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʥʫʢʣʝʦʪʠʜʳ ï ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʟʦʣʴ-

ʛʝʣʴ ʧʝʨʝʭʦʜʦʚ [8]. 

ɺʣʠʷʥʠʝ ʩʦʯʝʪʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʚʦʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʦʯʝʪʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʚʦʟʜʝʡʩʪ-

ʚʠʡ. ʊʘʢ ʚ ʨʘʙʦʪʝ [4] ʢʘʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʅʝ-Nʝ ʣʘʟʝʨʘ ʥʘ ʚʦʜʦʧʨʦ-

ʚʦʜʥʫʶ ʚʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʨʅ. ʉʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʳʟʳʚʘʣʦ ʙʦʣʴʰʝʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʨʅ, ʯʝʤ ʢʘʞʜʳʡ ʬʘʢʪʦʨ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʙʳʣʘ ʤʝʥʝʝ ʚʦʩʧʨʠʠʤʯʠʚʘ ʢ 

ʜʝʡʩʪʚʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʅʝ-Nʝ ʣʘʟʝʨʘ [4].  

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [5], ʘʚʪʦʨ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʠʣ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʧʨʠ ʘʢʪʠ-

ʚʘʮʠʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʜʚʫʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ï ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʜʘʸʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚ 1,2 ʨʘʟʘ) ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʅ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʯʝʪʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʦʪʦ- ʠ ʤʘʛʥʠʪʦʪʝʨʘʧʠʠ. ʉʦʯʝʪʘʥʥʘʷ ʬʠʟʠʦ-

ʪʝʨʘʧʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʪʝʣʘ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʣʝʯʝʙʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʦ ʩʫʤʤʘʨʥʦʤʫ ʵʬʬʝʢʪʫ ʩʦʯʝʪʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ [44]. ʀʟʤʝʥʝʥʠʝ ʧʨʠ ʵʪʦʤ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʯʝʪʘʥʥʳʭ ʬʠʟʠʦ-

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

 ɺʘʞʥʝʡʰʠʤ ʧʨʠʥʮʠʧʦʤ ʩʦʯʝʪʘʥʥʦʡ ʬʠʟʠʦʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʩʠʥʝʨʛʠʟʤʘ, ʪʦ ʝʩʪʴ ʩʦʯʝ-

ʪʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʳ ʦʨʛʘ-

ʥʠʟʤʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʨʠ ʵʪʦʤ ʩʠʥʝʨʛʠʟʤ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 




