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â 2016 ʛ. ɺ.ʀ. ɼʦʥʮʦʚ, ʜ-ʨ ʤʝʜ. ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ 

ʄʆɼɽʃʀ ʀ ʄɽʍɸʅʀɿʄʓ ʈɸɿɺʀʊʀʗ ʉɸʄʆʆɹʅʆɺʃʗʖʑʀʍʉʗ  

ʂʃɽʊʆʏʅʓʍ ʉʀʉʊɽʄ 

ʈʘʩʩʤʦʪʨʝʥʳ ʵʚʦʣʶʮʠʦʥʥʳʝ ʩʠʣʳ, ʵʪʘʧʳ ʠ ʧʨʠʥʮʠʧ ʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠ-

ʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʛʦʢʣʝʪʦʯ-

ʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʫʨʦʚʥʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʣʠʬʝʨʠ-

ʨʫʶʱʠʭ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʵʚʦʣʶʮʠʝʡ çʢʣʝ-

ʪʦʯʥʦʛʦ ʛʠʧʝʨʮʠʢʣʘè, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʦʡ ʪʘʢʦʡ ʨʝʛʫʣʷʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʧʝ-

ʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʚ ʦʨʛʘʥʥʠʟʤʝ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯ-

ʥʦʛʦ ʨʦʩʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʢʣʝʪʢʠ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ ʊ-ʣʠʤʬʦʮʠʪʦʚ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʦʣʶʮʠʷ, ʤʦʜʝʣʠ ʵʚʦʣʶʮʠʠ, ʢʣʝʪʦʯʥʳʡ ʨʦʩʪ, ʤʦʜʝʣʠ ʢʣʝʪʦʯʥʦʛʦ 

ʨʦʩʪʘ, ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ, ʢʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ. 

V.I. Dontsov  

MODELS OF MECHANISMS OF DEVELOPMENT SELF -RENEWING CELL SYSTEMS  

Evolutionary forces are considered, the stages and principles of formation of multilevel sys-

tem of regulation of cell proliferation observed in modern multicellular organisms, with spe-

cial consideration of the level of interaction of proliferating cell systems of different types 

with the formation and evolution of ñcellular hypercycleò which is the basis of this regulation 

and a special system in the body responsible for this level of regulation of cell proliferation. It 

is assumed that these cells of modern multicellular represented by specific populations of T-

lymphocytes. 

Key words: evolution, models of evolution, cell growth, regulation of cell growth, cell hyper-

cycle. 

 

ʇʨʦʙʣʝʤʘ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ ʠ ʪʢʘʥʝʚʦʛʦ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʛʣʘʚʥʝʡʰʠʭ ʜʣʷ 

ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ, 

ʧʦʷʚʣʝʥʠʝ ʨʘʟʥʦʪʠʧʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʠʷ ʠʭ ʨʦʩʪʘ ʚ ʝʜʠʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʳ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʣ ʠ ʧʨʠʥʮʠʧʦʚ 

ʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦ-

ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʫʨʦʚʥʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ 

ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ. 

ʈʝʛʫʣʷʮʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʦʜʥʦʪʠʧʥʳʭ ʢʣʝʪʦʢ (ʢʝʡʣʦʥʥʘʷ ʩʠʩʪʝʤʘ) 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝ-

ʟʫʣʴʪʘʪ ʧʦʩʪʦʷʥʥʦ ʫʩʣʦʞʥʷʶʱʝʛʦʩʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʢʦʪʦʨʦʛʦ ʬʦʨ-

ʤʠʨʦʚʘʣʠʩʴ ʩʚʦʠ, ʟʘʢʦʥʯʝʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ. 

ʅʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʥʠʯʝʤ ʢʣʝʪʦʯʥʦʝ ʜʝʣʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʥʘʣʠʯʥʦʤʫ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʯʠʩʣʫ ʢʣʝʪʦʢ ï ʵʪʦ ʧʨʷʤʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ, ʯʪʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʜʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ 

ʪʢʘʥʝʚʦʡ ʤʘʩʩʘ. ʊʘʢ ʢʘʢ ʙʝʩʢʦʥʝʯʥʳʡ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʚʝʜʝʪ ʢ ʛʠʙʝʣʠ ʨʝʘʣʴʥʦʛʦ ʤʥʦ-

ʛʦʢʣʝʪʦʯʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʛʨʘʥʠʯʝʥʠʷ ʯʠʩʣʘ ʢʣʝʪʦʢ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʠʭ 

ʠʤʝʶʱʝʛʦʩʷ ʯʠʩʣʘ, ʯʪʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʦʙʨʘʪʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ. ʕʪʦ ï ʢʝʡʣʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʦʜʥʦʪʠʧʥʳʭ ʢʣʝʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʈʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ï ʢʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ 

ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʛʠʧʝʨʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝʠʟʙʝʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩ-

ʩʝ  ʵʚʦʣʶʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʩʘʤʦʨʝʧʣʠʮʠʨʫʶʱʠʤʠʩʷ 
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ʝʜʠʥʠʮʘʤʠ ï ʩʠʩʪʝʤʘʤʠ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ, ʚʭʦʜʷʱʠʤʠ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʛʠʧʝʨʮʠʢʣʘ, ʩ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤ [1]. ʉʠʩʪʝʤʳ ʦʜʥʦʪʠʧʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦ-

ʧʫʣʷʮʠʡ ʩ ʢʝʡʣʦʥʥʦʡ ʨʝʛʫʣʷʮʠʝʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʘʤʦʨʝʧʣʠʮʠʨʫʶʱʠʝʩʷ 

ʝʜʠʥʠʮʳ, ʩʘʤʦʦʨʛʘʥʠʟʘʶʱʠʝʩʷ ʚ ʢʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʘʢʦʡ ʢʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʠ: ʜʚʝ ʩʪʠʤʫʣʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ (Ga ʠ Gh) ʠ ʦʜʥʘ ʩʫʧʨʝʩʩʠʨʫʝʪ ʨʦʩʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

(Gs) ï ʨʠʩʫʥʦʢ 1. 

ʀʟ ʦʙʱʠʭ ʟʘʢʦʥʦʚ ʙʠʦʣʦʛʠʠ ʷʩʥʳ ʜʘʣʴʥʝʡ-

ʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʪʘʢʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʛʠ-

ʧʝʨʮʠʢʣʘ: ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʚ ʩʦʩʪʘʚʝ ʛʠʧʝʨʮʠʢʣʘ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʢʘʞʜʦʡ ʢʣʝ-

ʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʢʘʥʝʡ (ʧʝʯʝʥʴ, ʧʦʯʢʠ ʠ ʧʨ.), ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝ-

ʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ (ʚʳʜʝʣʝʥʠʝ ʨʝʛʫʣʷʪʦʨ-

ʥʳʭ ʢʣʝʪʦʢ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʠ ʩʫʧʨʝʩʩʠʨʫʶʱʝʛʦ 

ʪʠʧʦʚ ʚ ʦʪʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʣʝʪʦʢ-ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʩʦʤʘʪʠʯʝ-

ʩʢʠʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ). ɹʫʜʝʪ ʪʘʢʞʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʠ ʫʩʣʦʞʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘ- 

ʠʤʦʚʣʠʷʥʠʡ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʛʠʧʝʨʮʠʢʣʘ ʠ ʥʘʜʩʪʨʘʠʚʘʥʠʝ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ ʮʝʣʦʩʪʥʦʛʦ 

ʦʨʛʘʥʠʟʤʘ (ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ) ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʝʨʘʨʭʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ. 

ɿʥʘʯʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʛʠʧʝʨʮʠʢʣʘ 

ʂʦʥʮʝʧʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʛʠʧʝʨʮʠʢʣʘ ʦʟʥʘʯʘʝʪ: 

ï ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʚ ʵʚʦʣʶʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʩʜʝʣʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʩʘʤʦ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ 

 ï ʥʘʣʠʯʠʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʥʘ ʜʘʥʥʦʤʫ ʫʨʦʚʥʝ; 

ï ʦʩʥʦʚʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝ-

ʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ ï ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʦʨʛʘʥʠʟʤʝ [2], ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ï ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʳ ʠʤʤʫʥʠʪʝʪʘ: ʥʘʚʘʥʠʷ ʪʝʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʤʤʫʥʠʪʝʪʘ ʚ ʵʚʦʣʶʮʠʠ [3]; 

ï ʥʦʚʫʶ ʠʤʤʫʥʥʫʶ ʪʝʦʨʠʶ ʩʪʘʨʝʥʠʷ, ʢʘʢ ʠʩʪʦʱʝʥʠʝ ʩʠʩʪʝʤʳ ʣʠʤʬʦʮʠʪʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 

ʢʣʝʪʦʢ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ [4]. 

ɺ ʢʦʥʝʯʥʦʤ ʚʠʜʝ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʚ ʵʚʦʣʶʮʠʠ ʬʘʟʳ ʛʣʫʙʦ-

ʢʦʛʦ ʧʦʢʦʷ (Go) ʢʣʝʪʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʢʘʥʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʨʝʛʫʣʷʮʠʠ 

Go/G1 ʧʝʨʝʭʦʜʘ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ ʢʣʝʪʦʢ ï ʨʝʛʫʣʷʪʦʨʦʚ ʛʠʧʝʨʮʠʢʣʘ 

ɽʩʪʴ ʩʦʚʝʨʰʝʥʥʦ ʯʝʪʢʠʝ ʫʢʘʟʘʥʠʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʣʝʪʦʯ-

ʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʫ ʯʝʣʦʚʝʢʘ ʠʤʤʫʥʥʳʭ ʊ-ʣʠʤʬʦʮʠʪʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ (ʭʝʣʧʝʨʦʚ ʠ ʩʫʧʨʝʩʩʦʨʦʚ), ʘ 

ʠʤʝʥʥʦ, ʠʭ ʙʣʠʞʘʡʰʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʊ-ʢʣʝʪʦʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʩʠʥʛʝʥʥʦʡ 

ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʝ ʣʠʤʬʦʮʠʪʦʚè (sMLC), ʢʦʪʦʨʘʷ ʨʝʘʛʠʨʫʝʪ çʥʘ ʩʚʦʝè, ʘ ʥʝ çʥʘ ʯʫʞʦʝè, ʢʘʢ ʠʤ-

ʤʫʥʥʳʝ ʢʣʝʪʢʠ. ʇʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʛʝʥʝʨʘʮʠʠ, ʛʠʧʝʨʧʣʘʟʠʠ ʠ ʛʠʧʦʪʨʦʬʠʠ ʪʢʘʥʝʡ, 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ, ʦʩʪʝʦʧʝʪʨʦʟʝ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ [2-4] ʠ ʧʨ. 

ʅʦʚʘʷ ʠʤʤʫʥʥʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʧʨʠ ʩʪʘʨʝʥʠʠ ʩʥʠʞʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝ-

ʛʝʥʝʨʘʮʠʠ) ʧʨʝʜʰʝʩʪʚʫʝʪ ʜʝʛʝʥʝʨʘʮʠʷ ʪʠʤʫʩʘ ï ʠʩʪʦʯʥʠʢʘ ʊ-ʣʠʤʬʦʮʠʪʦʚ, ʘ ʧʝʨʝʥʦʩʦʤ ʣʠʤʬʦʮʠ-

ʪʦʚ ʦʪ ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ ʤʦʞʥʦ ʠʥʜʫʮʠʨʦʚʘʪʴ ʨʷʜ ʩʠʤʧʪʦʤʦʚ ʧʦʩʪʘʨʝʥʠʷ ʫ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ. 

ɺʦʟʨʘʩʪʥʦʡ ʠʤʤʫʥʦʜʝʬʠʮʠʪ ʦʙʲʷʩʥʷʝʪ ʚʦʟʨʘʩʪʥʫʶ ʘʪʨʦʬʠʶ ʪʢʘʥʝʡ ʢʘʢ ʨʝʛʫʣʷʪʦʨʥʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʩʪʘʨʝʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʥʦʚʦʡ ʠʤʤʫʥʦ-ʨʝʛʫʣʷʪʦʨʥʦʡ ʪʝʦʨʠʠ ʩʪʘʨʝʥʠʷ [4]. 

ʈʠʩ. 1 ï ʂʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ ʢʘʢ ʦʩʥʦʚʘ 
ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ. 
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ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʚ ʩʣʦʞʥʦʤ ʤʥʦʛʦʢʣʝʪʦʯʥʦʤ ʦʨ-

ʛʘʥʠʟʤʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ çʩʚʦʠʭè ʢʣʝʪʦʢ ʠ ʝʩʪʴ 

ʵʚʦʣʶʮʠʦʥʥʘʷ ʩʠʣʘ, ʬʦʨʤʠʨʫʶʱʘʷ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʊ-ʣʠʤʦʬʮʠʪʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʣʶʙʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ (ʢʣʝʪʦʯʥʳʡ ʛʠʧʝʨʮʠʢʣ), ʚ ʪʦʤ ʯʠʩʣʝ ʊ- ʠ ɺ- ʵʬʬʝʢʪʦʨʦʚ 

ʠʤʤʫʥʠʪʝʪʘ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠ ʧʨʦʩʪʳʭ. ʕʪʦ ʚʝʜʝʪ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʥʦʚʦʡ ʩʠ-

ʩʪʝʤʝ ʚ ʦʨʛʘʥʠʟʤʝ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʡʩʷ ʥʘ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʩʦʤʘʪʠʯʝʩʢʠ ʪʢʘʥʝʡ, ʥʦʚʦʡ ʪʝʦʨʠʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʤʤʫʥʠʪʝʪʘ ʠ ʥʦʚʦʡ ʪʝʦʨʠʠ ʩʪʘʨʝʥʠʷ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʆɹʈɸɿʆɺ ɼʃʗ ɿɸɼɸʏʀ ʄɽɼʀʎʀʅʉʂʆʁ  

ɼʀɸɻʅʆʉʊʀʂʀ ʈɸʂɸ ʃɽɻʂʆɻʆ 

ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʫʯʘʶʱʠʭ ʦʙʨʘʟʦʚ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʣʫʯʘʡʥʳʡ ʣʝʩ 

(Random Forest). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʟʘʜʘʯʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʝ ʦʙʨʘʟʳ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ.  

I.A. Gundyrev, L.V. Belskaya 

THE USE OF SYNTHETIC IMAGES FOR MEDICINE DIAGNOSTICS OF LUNG CANCER  

The process of creating and using synthetic training images is considered to solve the prob-

lem of medical diagnostics on a random forest classifier example. 

Key words: machine learning, the task of medical diagnostics, synthetic images, random forest. 

 

ɺʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʨʘʢ ʣʝʛʢʦʛʦ (ʈʃ) ʠ ʯʘʩʪʦʪʘ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʪʦʚ 

ʄɸʀʈ ʝʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʨʘʢʘ ʣʸʛʢʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʝʤʫ ʫʜʝʨʞʠʚʘʪʴ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʚʩʝʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʠʤʝʥʥʦ 13,2% ʦʪ ʚʩʝʭ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʅʘ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʤʠʨʘ ʧʨʠʭʦʜʠʪʩʷ 54% ʥʦ-

ʚʳʭ ʩʣʫʯʘʝʚ ʈʃ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 

[1]. ɺ ʈʦʩʩʠʠ ʨʘʢ ʣʸʛʢʦʛʦ ʟʘʥʠʤʘʝʪ 3 ʤʝʩʪʦ ʩʨʝʜʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 

10,5%. ʂʘʞʜʘʷ ʯʝʪʚʝʨʪʘʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʦʧʫʭʦʣʴ ʫ ʤʫʞʯʠʥ ʠ ʢʘʞʜʘʷ ʜʚʘʜʮʘʪʴ ʰʝʩʪʘʷ ʫ ʞʝʥʱʠʥ 

ʷʚʣʷʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʨʘʭʝʠ, ʙʨʦʥʭʦʚ, ʣʝʛʢʦʛʦ (18,4 ʠ 3,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [2]. 

ɼʣʷ ʩʢʨʠʥʠʥʛʘ ʈʃ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʠ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʠ ʮʠʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʢʨʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʩʢʨʠʥʠʥʛʘ ʈʃ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʥʠʟʢʦʜʦʟʦʚʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ, ʦʜʥʘʢʦ ʝʝ 
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ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʦʡ 55-74 ʛʦʜʘ ʠ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ï ʟʘʷʜʣʳʝ ʢʫʨʠʣʴ-

ʱʠʢʠ ʠʣʠ ʦʪʢʘʟʘʚʰʠʝʩʷ ʦʪ ʢʫʨʝʥʠʷ ʤʝʥʝʝ 15 ʣʝʪ ʥʘʟʘʜ. ɹʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʚʳʷʚʣʝ-

ʥʠʝ ʨʘʥʥʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʈʃ (ʈʕɸ, Cyfra 21-1, CA72-4 ï ʜʣʷ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ; Cyfra 21-

1, SCC, ʈʕɸ ï ʜʣʷ ʧʣʦʩʢʦʢʣʝʪʦʯʥʦʛʦ ʠ ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʛʦ ʈʃ; ProGRP, HCE, ʈʕɸ ï ʜʣʷ ʤʝʣʢʦʢʣʝ-

ʪʦʯʥʦʛʦ ʈʃ). ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʪʦʯʥʷʶʱʝʡ 

ʜʠʘʛʥʦʩʪʠʢʦʡ, ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ, ʧʨʦʛʥʦʟʘ ʪʝʯʝʥʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʜʦʢʣʠ-

ʥʠʯʝʩʢʠʤ ʚʳʷʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʨʝʮʠʜʠʚʦʚ ʠ ʪʦʣʴʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʚʳ-

ʷʚʣʝʥʠʷ ʨʘʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʥʥʝʛʦ ʩʢʨʠʥʠʥʛʘ ʈʃ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʠʣʠ 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ (machine learning). ʆʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʦ 

ʤʥʦʞʝʩʪʚʫ ʦʙʨʘʟʦʚ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢ ʢʣʘʩʩʫ (1) çʙʦʣʝʥè ʠʣʠ (2) çʟʜʦʨʦʚè ʠʟʚʝʩʪʥʘ. ʉʪʘ-

ʚʠʪʩʷ ʟʘʜʘʯʘ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʦʚʦʛʦ ʦʙʨʘʟʘ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ. ɼʝʨʝʚʴʷ ʨʝ-

ʰʝʥʠʡ ʠʟʚʝʩʪʥʳ ʧʦʯʪʠ ʢʘʞʜʦʤʫ ʧʨʘʢʪʠʢʫʶʱʝʤʫ ʚʨʘʯʫ. ʊʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʩʢʨʠʤʠ-

ʥʘʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ ʠ ʤʫʞʯʠʥ 

ʙʦʣʴʥʳʭ ɿʅʆ ʣʝʛʢʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʣʶʥʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʝʥ 

201 ʧʘʮʠʝʥʪ ʂʣʠʥʠʯʝʩʢʦʛʦ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʩʧʘʥʩʝʨʘ ʛ. ʆʤʩʢʘ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʠ 196 ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʩʦʩʪʘʚʠʣ 58,5Ñ0,9 ʛʦʜʘ 

ʠ 49,4Ñ4,7 ʛʦʜʘ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʀʩʩʣʝʜʫʝʤʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʣʘ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʣʝʛʢʦʛʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ (ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʡ, ʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ, ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ) 

ʠ ʬʦʨʤʦʡ ʨʦʩʪʘ (ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ). ɻʨʫʧʧʳ ʦʙʩʣʝʜʫʝʤʳʭ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʦ-

ʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʛʣʘ-

ʩʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʦʚ 30-70 ʣʝʪ, ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʣʝʯʝʥʠʷ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ, ʭʠʤʠʦʪʝ-

ʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʣʠ ʣʫʯʝʚʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʘʢʪʠʚʥʦʡ ʠʥʬʝʢʮʠʠ (ʚʢʣʶʯʘʷ ʛʥʦʡʥʳʝ ʧʨʦʮʝʩ-

ʩʳ), ʧʨʦʚʝʜʝʥʠʝ ʩʘʥʘʮʠʠ ʧʦʣʦʩʪʠ ʨʪʘ. ʋ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʜʦ ʥʘʯʘʣʘ ʣʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʟʘʙʦʨ ʩʣʶʥʳ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 3 ʤʣ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 7 000 ʦʙ/ʤʠʥ. ɺʦ 

ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʠʘʣʦʚʳʭ ʢʠʩʣʦʪ, ʙʝʣʢʘ, ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘ-

ʟʳ, ʘʣʘʥʠʥʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ, ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ, ʢʠʩʣʦʪʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʜʠʘʟʦʩʦʝʜʠ-

ʥʝʥʠʡ, ʦʢʩʠʜʘ ʘʟʦʪʘ, ʫʨʦʚʝʥʴ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ [3]. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʨʦʚʦʜʷʪʩʷ ʤʝʪʦʜʘʤʠ, ʜʦʧʫʩʢʘʶʱʠʤʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʧʦ-

ʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʘ (ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʟʳ ʙʣʠʟʢʠʝ ʢ ʥʝʤʫ, ʪ. ʝ. ʦʙʨʘʟʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʢʘʞʜʦʤ ʧʘʨʘʤʝʪʨʝ, 

ʢʘʢ ʝʜʠʥʳʡ ʦʙʲʝʢʪ. ʊʘʢʠʝ ʦʙʨʘʟʳ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠ ð ʚ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʘ ʚʥʝʩʝʤ ʦʪʢʣʦʥʝʥʠʝ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (+/- 1% - 5%). ʀʟ ʢʘʞʜʦʛʦ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʘ ʩʦʟʜʘʶʪ 

N=10 ʩʠʥʪʝʪʠʯʝʩʢʠʭ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʙʘʟʦʚʳʤ ʦʙʨʘʟʦʤ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ çʙʣʠʟʢʠʤʠè 

ʦʙʨʘʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʜʥʦʛʦ ʙʘʟʦʚʦʛʦ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ R 3.3.0. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʙʘʟʦʚʳʭ ʦʙʨʘʟʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʩʣʫʯʘʡʥʳʡ ʣʝʩ (Random Forest), ʧʦ-

ʩʢʦʣʴʢʫ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʧʦʢʘʟʳʚʘʣ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ɹʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʥʘʜ ʨʝʰʘʶʱʠʤʠ ʜʝʨʝʚʴʷʤʠ (Gradient 

Boosting Machine). 

ʆʙʫʯʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʙʘʟʦʚʳʭ ʦʙʨʘʟʦʚ, ʟʘʪʝʤ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʩʨʘʚʥʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ɼʣʷ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʙʠʝʥʠʝ ʚr -

ʙʦʨʢʠ ʥʘ 5, 10 ʯʘʩʪʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʣʘʩʩʦʚ. çɹʣʠʟʢʠʝè ʦʙʨʘʟʳ ʣʠʙʦ ʚʩʝ ʚʭʦʜʷʪ ʚ 

ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʚʳʙʦʨʢʫ, ʣʠʙʦ ʚ ʪʝʩʪʦʚʫʶ, ʪ. ʝ. ʥʝʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ çʙʣʠʟʢʠʝè ʦʙʨʘʟʳ ʠ ʜʣʷ 
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ʦʙʫʯʝʥʠʷ, ʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ɽʩʣʠ ʧʨʠ ʧʨʦʚʝʨʢʝ çʙʣʠʟʢʠʭè ʦʙʨʘʟʦʚ, ʚ ʩʦʟʜʘʥʥʦʤ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʦʧʘʜʘʝʪ ʚ ʦʜʠʥ ʢʣʘʩʩ, ʘ ʯʘʩʪʴ ʚ ʜʨʫʛʦʡ, ʪʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ 

ʦʙʨʘʟ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʦ, ʪ. ʝ. ʥʘ ʪʘʢʦʤ ʦʙʨʘʟʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʨʘʙʦʪʘʝʪ 

ʥʝʫʩʪʦʡʯʠʚʦ. ɺ ʩʣʫʯʘʝ k = 5 ʚʩʷ ʚʳʙʦʨʢʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ  ̄1-5 (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʝ ʧʦ 

ʨʘʟʤʝʨʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʣʘʩʩʦʚ ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʝ). ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1, 2. 

 

ʊʘʙʣʠʮʘ 1. ɹʘʟʦʚʳʝ ʦʙʨʘʟʳ ʧʨʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ 

 (k = 5) 

ʏʘʩʪʠ  

ʚʳʙʦʨʢʠ 

ʆʙʱʘʷ 

ʪʦʯʥʦʩʪʴ, 

% 

ʉʧʝʮʠ-

ʬʠʯʥʦʩʪʴ, 

% 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, 

% 

1 74,68 71,79 77,50 

2 72,50 74,36 70,73 

3 83,54 82,05 85,00 

4 80,00 85,00 75,00 

5 82,28 84,62 80,00 

ʄʝʜʠʘʥʘ 80,00 82,05 77,50 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

78,60 79,56 77,65 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʩʧʝ-

ʮʠʬʠʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 82,05% (ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ï 71,79%, ʤʘʢʩʠʤʘʣʴʥʦʝ ï 85,00%), ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 77,50% (ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 70,73%, ʤʘʢʩʠʤʘʣʴʥʦʝ ï 85,00%) 

(ʪʘʙʣ.1). ʇʦʩʪʨʦʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʧʝʮʠʬʠʯ-

ʥʦʩʪʠ ʜʦ 81,03% ʚ ʩʣʫʯʘʝ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʞʝ ʧʦʚʳ-

ʰʘʝʪʩʷ ʜʦ 80,00% (ʪʘʙʣ.2). ɺ ʩʣʫʯʘʝ ʫʚʝʨʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʦʚ, ʢʦ-

ʪʦʨʳʝ ʙʣʠʟʢʠ ʠ ʧʦʧʘʜʘʶʪ ʚ ʨʘʟʥʳʝ ʢʣʘʩʩʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʙʣʠʟʢʠ ʢ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʙʘʟʦʚʳʭ ʦʙʨʘʟʘʭ. 

ɺ ʩʣʫʯʘʝ k = 10 ʚʩʷ ʚʳʙʦʨʢʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ ˉ 1-10 (ʪʘʙʣ.3, 4).  

 

ʊʘʙʣʠʮʘ 3. ɹʘʟʦʚʳʝ ʦʙʨʘʟʳ ʧʨʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ 

(k = 10) 

ʏʘʩʪʠ ʚʳ-

ʙʦʨʢʠ 

ʆʙʱʘʷ  

ʪʦʯʥʦʩʪʴ, % 

ʉʧʝʮʠʬʠʯ-

ʥʦʩʪʴ, % 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, % 

1 79,49 73,68 85,00 

2 87,18 84,21 90,00 

3 76,92 94,74 60,00 

4 85,00 80,00 90,00 

5 77,50 80,00 75,00 

6 72,50 75,00 70,00 

7 75,61 80,00 71,43 

8 77,50 80,00 75,00 

9 82,05 73,68 90,00 

10 72,50 60,00 85,00 

ʄʝʜʠʘʥʘ 77,50 80,00 80,00 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 78,63 78,13 79,14 

 

ʊʘʙʣʠʮʘ 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ  

ʦʙʨʘʟʦʚ ʧʨʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ (k=5) 

ʏʘʩʪʠ  

ʚʳʙʦʨʢʠ 

ʆʙʱʘʷ  

ʪʦʯʥʦʩʪʴ 

ʉʧʝʮʠʬʠʯ-

ʥʦʩʪʴ 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ 

1 
77,97

* 
74,87 81,00 

81,30
** 

80,97 81,58 

2 
72,62 70,51 74,63 

74,67 72,97 76,32 

3 
80,51 81,03 80,00 

83,58 82,86 84,38 

4 
80,00 82,50 77,50 

85,07 87,88 82,35 

5 
81,27 81,79 80,75 

84,51 85,71 83,33 

ʄʝʜʠʘʥʘ 
80,00 81,03 80,00 

83,58 82,86 82,35 

ʉʨʝʜʥʝʝ  

ʟʥʘʯʝʥʠʝ 

78,47 78,14 78,78 

81,83 82,08 81,59 
*
 ʦʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

**
 ʫʚʝʨʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʊʘʙʣʠʮʘ 4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ 

ʧʨʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ (k = 10) 

ʏʘʩʪʠ  

ʚʳʙʦʨʢʠ 

ʆʙʱʘʷ  

ʪʦʯʥʦʩʪʴ, % 

ʉʧʝʮʠʬʠʯ-

ʥʦʩʪʴ, % 

ʏʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ, % 

1 
76,67

* 
70,53 82,50 

86,21
** 

78,57 93,33 

2 
86,67 88,42 85,00 

89,19 94,12 85,00 

3 
74,10 84,21 64,50 

73,68 84,21 63,16 

é  é  é  é 

10 
73,25 61,00 85,50 

75,76 62,50 88,24 

ʄʝʜʠʘʥʘ 
76,83 79,00 81,25 

79,74 81,58 83,28 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

78,35 78,10 78,66 

80,87 80,70 81,00 
*
 ʦʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

**
 ʫʚʝʨʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʙʘʟʦʚʳʭ ʦʙʨʘʟʦʚ ʯʘʩʪʴ ʜʘʥʥʳʭ ʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʦ 60% (ʪʘʙʣ.3), ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʘʭ (ʪʘʙʣ.4). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʜʠʘʧʘ-

ʟʦʥʝ (+/- 1% - 5%) ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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ɻʣʘʚʥʳʡ ʚʦʝʥʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʛʦʩʧʠʪʘʣʴ ʠʤ. ʅ.ʅ. ɹʫʨʜʝʥʢʦè ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʌ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆɻʅʆʉʊʀʏʅʆʉʊʀ ɸʃɻʆʈʀʊʄʆɺ ɸʅɸʃʀɿɸ ʀʅʌʆʈʄɸʊʀɺ-

ʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʕʅɼʆʂɸʈɼʀɸʃʔʅʓʍ ʉʀɻʅɸʃʆɺ
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ʀʟʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ ʠ ʪʨʸʭʤʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʪʦʯ-

ʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʘʨʦʢʩʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ ʨʠʪʤʦʚ ʩʝʨʜʮʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ʩʠʥʫʩʦʚʦʛʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʪʝʨʠʡ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ, ʵʥʜʦʢʘʨ-

ʜʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʬʠʙʨʠʣʣʷʮʠʷ ʧʨʝʜʩʝʨʜʠʡ. 

A.P. Zaretskiy, A.P. Kuleshov, G.A. Gromyko 

THE STUDY OF PREDICTIVE VAL UE OF ALGORITHMS OF ANALYSIS OF E N-

DOCARDIAL SYGNALS INFORMATIVE PARAMETRES  

The method of analysis of endocardial signals to use as qualitative assessment of temporary 

and three-dimensional special organization of the sources of electric excitation during parox-

ysms of heart rhythms disturbances is presented. The method presented due to the use of spec-

tral analysis allows to reveal characteristics that appear to be differential characteristics of 

rhythm disturbances from the normal sinus heart rate.  

Key words: the criterion of clinical dependence, expert assessment, endocardial signal, atrial 

fibrillation. 

 

ʈʘʟʚʠʪʠʝ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʥʜʦʢʘʨ-

ʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʨʠʪʤʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, ʷʚ-

ʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʘʨʫʰʝʥʠʷ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ [1, 2].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʛʨʘʤʤ ʚʦ ʚʨʝʤʷ ʧʘʨʦʢʩʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʘʨʠʪʤʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢ ʜʣʷ ʧʨʦ-

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-37-60012. 
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ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʘ, ʧʨʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ, ʚ ʩʣʫʯʘʝ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ [1]. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʠ ʤʥʦʛʦʧʦʣʶʩʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚʦʟ-

ʤʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʦʟʚʦʣʠʪ ʚʳ-

ʷʚʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʪʨʝʥʜʳ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʘʨʦʢʩʠʟʤʘʭ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ [1-5].ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫ-

ʤʝʥʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʘʨʠʪʤʦʛʝʥʥʳʭ ʦʯʘʛʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨ-

ʩʠʩʪʠʨʫʶʱʝʡ ʠ ʧʘʨʦʢʩʠʟʤʘʣʴʥʦʡ ʬʦʨʤʘʤʠ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ. 

ʏʘʩʪʦʪʥʦʡ ʘʥʘʣʠʟ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʧʨʝʜʩʝʨʜʥʳʭ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʛʨʘʤʤ ʚʦ ʚʨʝʤʷ 

ʧʘʨʦʢʩʠʟʤʦʚ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ ʩʝʨʜʮʘ (ʧʨʠ ʪʨʠʛʛʝʨʥʦʡ ʬʦʨʤʝ ʠʣʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʫʪʝʡ 

ʧʨʦʚʝʜʝʥʠʷ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʨʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʝʪʝʢʮʠʠ ʘʨʠʪʤʦ-

ʛʝʥʥʳʭ ʦʯʘʛʦʚ, ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʦʡ ʘʥʘʣʠʟ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʚʢʣʶʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʩʧʝʢʪʨʦʚ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʚʳʷʚʠʪʴ ʚ ʵʥʜʦʢʘʨʜʠʘʣʴʥʦʤ ʩʠʛʥʘʣʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ ʦʪ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʠ ʤʝʨʮʘʪʝʣʴʥʦʡ 

ʬʦʨʤʳ ʦʪ ʨʝʛʫʣʷʨʥʳʭ ʪʘʭʠʢʘʨʜʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʙʘʟʦʚʳʭ ʵʣʝʢʪʨʦʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʚʚʝʜʝʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ɸʥʘʣʠʟ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʠʛʥʘʣʝ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʚʨʝ-

ʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ ʢʘʢ ʬʫʥʢʮʠʶ ʯʘʩʪʦ-

ʪʳ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʩʢʨʝʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʌʫʨʴʝ (ɼʇʌ). ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ, ʧʝʨʝʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, x(t), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, 

X(ɤ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ [5]. ɹʝʟʫʩʣʦʚʥʦ, ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʝ  ʩʠʛʥʘʣʳ ʷʚʣʷ-

ʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʯʝʤ ʧʨʦʩʪʘʷ ʩʠʥʫʩʦʠʜʘ, ʥʦ ɼʇʌ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʵʥʜʦʢʘʨʜʠʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʨʦʩʪʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʝʤ ʩʘ-

ʤʳʤ ʧʨʝʚʨʘʱʘʷ ʵʥʜʦʛʨʘʤʤʫ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ɺʝʣʠʯʠʥʳ ʵʪʠʭ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʚʢʣʘʜʫ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʚ ʵʥ-

ʜʦʢʘʨʜʠʘʣʴʥʦʤ ʩʠʛʥʘʣʝ. 

ʇʦʩʢʦʣʴʢʫ ɼʇʌ ʥʘʢʣʘʜʳʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ çʫʜʣʠʥʝʥʠʷè ʥʘ ʜʘʥʥʳʝ, ʪʦ ʨʘʟʨʳʚʳ ʥʘ ʢʦʥʮʘʭ 

ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʧʨʠʚʦʜʷʪ ʢ ʩʧʝʢʪʨʘʣʴʥʳʤ ʫʪʝʯʢʘʤ ʚ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ [6]. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʨʘʪʥʳʭ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ (ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʣʠʥʦʡ ɼʇʌ). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʫʪʝʯʢʠ ʧʨʠʤʝʥʠʤ ʦʢʥʦ ʍʵʥʥʠʥʛʘ[6], ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʠʛʥʘʣʘ ɼʇʌ ʚʳʯʠʩʣʝʥʠʡ. ʎʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʦʢʥʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʜʠʘ-

ʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʣʠʯʠʥ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʪʝʯʢʠ ʥʘ ʩʦʩʝʜʥʠʭ ʯʘʩʪʦʪʘʭ). ʂʦʤʧʨʦʤʠʩʩ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʦʛʦ ʦʢʥʘ, ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʜʦʣʠ ʰʠʨʠʥʳ ʦʢʥʘ.  

ʋʪʝʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʜʨʠʨʦʚʘʥʠʷ, ʘ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ ʩʝʨʜʮʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. 

ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʡ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʢʣʠ-

ʥʠʯʝʩʢʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʳʣʘ ʩʬʦʨʤʠʨʦ-

ʚʘʥʘ ʛʨʫʧʧʘ ʚʨʘʯʝʡ ʌɻʂʋ çɻʣʘʚʥʳʡ ʚʦʝʥʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʛʦʩʧʠʪʘʣʴ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ɹʫʨ-
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ʜʝʥʢʦè ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɼʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʘʤ ʧʨʝʜʣʘʛʘʣʦʩʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʚʠʜ ʫʧʦʨʷʜʦʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ: ʤʝʪʨʠʟʦʚʘʥʥʦʝ ʠʣʠ ʥʝʤʝʪʨʠʟʦʚʘʥʥʦʝ. ʈʝ-

ʟʫʣʴʪʠʨʫʶʱʝʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʤʝʜʠʘʥʳ ʂʝʤʝʥʠ. ʇʦʣʫʯʝʥʦ, 

ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʘʨʠʪʤʦʛʝʥʥʳʭ 

ʦʯʘʛʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʝʥʠʷ ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ ʩʨʝʜʥʝ ʩʦʛʣʘʩʦʚʘʥʳ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʢʦʨʜʘʮʠʠ ʨʘʚʝʥ 0,72). 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʜʦʢʘʨʜʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ ʜʦʢʘʟʘʥʘ ʢʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʘʥʘʣʠ-

ʟʘ ʣʦʢʘʣʠʟʘʮʠʠ ʘʨʠʪʤʦʛʝʥʥʳʭ ʦʯʘʛʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʆɸʆ ʅʀʀ ʵʨʛʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʛ. ɾʫʢʦʚʩʢʠʡ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ɹʀʆʌʀɿʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ɼɽʁʉʊɺʀʗ ɸʂʋʉʊʀʏɽʉʂʀʍ ʂʆʃɽɹɸʅʀʁ 

ʈʷʜ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʪʝʣʦʤ ʯʝʣʦʚʝʢʘ. ɼʣʠʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʠ ʝʝ  ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ. ɹʠʦʬʠ-

ʟʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʧʦʩʦʙʦʚ ʠ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʰʫʤʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʫʤ, ʠʥʬʨʘʟʚʫʢ, ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ, ʨʝʮʝʧʪʦʨʳ, ʟʘʱʠʪʘ. 

V.N. Zinkin  

BIOPHYSICA L BASIS OF THE ACTION OF ACOUSTIC OSCILLATIONS  

A number of the biological effects formed by the mechanical interaction of acoustic oscilla-

tions with the human body. The length of the acoustic wave and its intensity are decisive pa-

rameters for the formation of a response. Biophysical effect must be taken into account when 

planning and determining the methods and means of protection against noise.  

Key words: noise, infrasound, mechanisms of action, receptors, protection. 
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢ ʧʦʜʚʝʨʛʘʣʩʷ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦ-

ʣʝʙʘʥʠʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʚʠʜʝ ʤʝʭʘʥʦʨʝʮʝʧʪʦʨʦʚ (ʪʘʢ-

ʪʠʣʴʥʳʝ ʠ ʩʣʫʭʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʧʨʦʧʨʠʦ-, ʙʘʨʦ- ʠ ʚʝʩʪʠʙʫʣʦʨʝʮʝʧʪʦʨʳ) ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʩʠʛʥʘʣʦʚ 

ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ (ɸʂ) ʚʳʜʝʣʷʶʪ ʠʥʬʨʘ-, ʫʣʴʪʨʘ- ʠ ʟʚʫʢʦʚʦʡ ʜʠʘ-

ʧʘʟʦʥʳ.  

ʇʦʜ ʠʥʬʨʘʟʚʫʢʦʤ (ʀɿ) ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ɸʂ ʩ ʯʘʩʪʦʪʦʡ ʥʠʞʝ 16-20 ɻʮ. ʀɿ ʯʝʣʦʚʝʢ ʥʝ ʩʧʦ-

ʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʪʦʥʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʥʦ ʧʨʠ ʫʨʦʚʥʷʭ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʋɿɼ) ʩʚʳʰʝ 100 

ʜɹ ʧʦʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʦ ʧʫʣʴʩʘʮʠʷ ʠ ʜʘʚʣʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ. ɿʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ 

ʯʘʩʪʦʪ (20-16000 ɻʮ) ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʪʦʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ. ʇʦ ʧʨʝʠʤʫʱʝʩʪʚʫ ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʰʫʤ ʜʝʣʠʪʩʷ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ (ʅʏʐ) ï ʜʦ 

250 ɻʮ, ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʡ ï 500 ɻʮï1 ʢɻʮ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ï 2ï8 ʢɻʮ. ʂ ʫʣʴʪʨʘʟʚʫʢʫ ʦʪʥʦʩʷʪ ɸʂ 

ʩʚʳʰʝ 16000 ɻʮ, ʢʦʪʦʨʳʝ ʫʭʦ ʯʝʣʦʚʝʢ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʙʦʩʥʦʚʘʪʴ ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʯʝʣʦʚʝʢʘ.     

ɺ ʦʩʥʦʚʫ ʚʦʩʧʨʠʷʪʠʷ ʟʚʫʢʘ ʫʭʦʤ ʯʝʣʦʚʝʢʘ ʧʦʣʦʞʝʥʘ ʜʣʠʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ɚ) ʠ ʪʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʦʩʠʪ ʫʩʣʦʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʭʘ  ʧʘʜʘʝʪ ʩ ʧʦʥʠʞʝʥʠ-

ʝʤ ʯʘʩʪʦʪʳ ʟʚʫʢʘ. ɼʣʷ ʩʙʣʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʲʝʢʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢ ʩʫʙʲʝʢʪʠʚʥʦʤʫ ʚʦʩʧʨʠʷ-

ʪʠʶ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʫʨʦʚʥʷ ʟʚʫʢʘ (ȹLA) (ʩʤ. ʪʘʙʣʠʮʫ 1). ʀʟ ʪʘʙʣ.1 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (<250 ɻʮ) ʚʝʣʠʯʠʥʘ ȹLA ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʤʳʭ ʚʝʣʠʯʠʥ (ʦʪ 8,6 

ʜɹ ʜʦ 42 ʜɹ), ʪʝʤ ʩʘʤʳʤ ʧʦʢʘʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʩʣʫʭʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

 
ʊʘʙʣʠʮʘ 1 ï ʉʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʨʝʢʮʠʠ ȹLA [8] 

 

ʇʝʨʝʜʘʯʘ ʟʚʫʢʘ ʢ ʩʪʨʫʢʪʫʨʘʤ ʦʨʛʘʥʘ ʩʣʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ ï  ʚʦʟʜʫʰʥʳʤ ʠ 

ʢʦʩʪʥʳʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʘ ʯʝʨʝʧ ʢʦʣʝʙʣʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ʊʘʢʦʡ ʠʥʝʨʮʠʦʥʥʳʡ ʪʠʧ 

ʢʦʩʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʟʚʫʢʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ɚ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ 

ʛʦʣʦʚʳ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʭʘ ʜʦ ʫʭʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʢʦʣʦ 30 ʩʤ) ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ ɚ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʤʝʥʝʝ 1000 ɻʮ. ʇʨʠ ʯʘʩʪʦʪʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʙʦʣʝʝ 1000 ɻʮ ʯʝʨʝʧ ʢʦʣʝʙʣʝʪʩʷ ʥʝ 

ʩʠʥʬʘʟʥʦ, ʘ ʧʦ ʨʘʟʥʦʤʫ ʚ ʦʪʜʝʣʴʥʳʭ ʩʚʦʠʭ ʯʘʩʪʷʭ, ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʨʝʩʩʠʷ ʚʩʝʡ ʣʘʙʠʨʠʥʪ-

ʥʦʡ ʢʘʧʩʫʣʳ ʠ ʧʝʨʠʣʠʤʬʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʚʣʝʥʠʶ, ʦʪʨʘʞʘʶʱʝʤʫʩʷ ʥʘ ʧʦʣʦʞʝʥʠʠ ʩʪʨʝʤʝʥʠ ʠ ʤʝʤ-

ʙʨʘʥʳ ʦʢʥʘ ʫʣʠʪʢʠ. ʊʘʢʦʡ ʪʠʧ ʢʦʩʪʥʦʛʦ ʟʚʫʢʦʧʨʦʚʝʜʝʥʠʷ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ, ʠ ʦʥ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʪʠʧʘ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʣʠʯʠʷʤʠ ʚ ʧʦʜʚʠʞʥʦʩʪʠ ʦʢʦʥ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʫʜʠʦʤʝʪʨʠʠ ʧʨʠ ʢʦʩʪʥʦʤ ʟʚʫʢʦʧʨʦʚʝʜʝ-

ʥʠʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʢʦʩʪʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʥʘ 

ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʩʣʫʭʦʚʦʡ ʨʝʮʝʧʮʠʠ. ɽʩʣʠ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ 

ʧʝʨʝʜʘʯʘ ʩʪʠʤʫʣʘ ʟʘ ʩʯʝʪ ʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʣʘ, ʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʫʩʫʛʫʙʣʷʝʪ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ. ʅʦʨʤʘʣʴʥʳʝ ʧʦʨʦʛʠ ʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 

35ï40 ʜɹ ʚʳʰʝ ʚʦʟʜʫʰʥʳʭ [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʅ 2.2.4/2.1.8.562ï96 ʧʨʠ ʫʨʦʚʥʷʭ ʟʚʫʢʘ ʚʳʰʝ ʇɼʋ (80 ʜɹɸ) ʥʘ ʨʘʙʦʯʠʭ 

ʤʝʩʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʧʨʦʪʠʚʦʰʫʤʳ ʜʣʷ ʟʘʱʠʪʳ ʦʨʛʘʥʘ ʩʣʫʭʘ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʶʪ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ ʧʦʩʪʫʧʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚ-

ʥʷʭ ʰʫʤʘ ʫʞʝ ʪʨʝʙʫʝʪʩʷ ʟʘʱʠʪʘ ʚʩʝʭ ʢʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʛʦʣʦʚʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʠʚʦʰʫʤʥʦʛʦ ʰʣʝ-

ʤʘ. ʇʦʨʦʛʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʚʳʰʝ 115 ʜɹɸ (80+35). 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸʂ ʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʟʘʥʠʤʘʝʪ ɚ. ɺ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʦʩʪ ʯʝʣʦʚʝʢʘ ʠ ʪʫʣʦʚʠʱʝ ʯʝʣʦʚʝʢʘ (ʛʨʫʜʥʘʷ ʢʣʝʪʢʘ ʠ ʙʨʶʰʥʘʷ ʧʦʣʦʩʪʴ) ʩʦʠʟʤʝʨʠʤʳ ʩ ɚ ʦʪ 250 ɻʮ 

ʏʘʩʪʦʪʘ, ɻʮ 16 31,5 63 125 250 500 1000 2000 4000 8000 

ʂʦʨʨʝʢʮʠʷ, ʜɹ 80 42 26,3 16,1 8,6 3,2 0 - 1,2 - 1,0 1,1 
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ʠ ʥʠʞʝ, ʘ ʛʦʣʦʚʘ ʯʝʣʦʚʝʢʘ ï ʦʪ 1000 ɻʮ ʠ ʥʠʞʝ. ʉʦʠʟʤʝʨʠʤʦʩʪʴ ʜʣʠʥʳ ʧʘʜʘʶʱʝʡ ɚ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ 

ʥʘ ʧʫʪʠ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʛʠʙʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʳ, ʪʦ 

ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʨʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʛʦʣʦʚʫ 

ʠ ʪʝʣʦ ʯʝʣʦʚʝʢʘ.  

 
 ʊʘʙʣʠʮʘ 2 ï ʆʪʥʦʰʝʥʠʝ ɚ  ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ 

 

ʂʘʢ ʚʠʜʥʦ, ʙʦʣʴʰʘʷ ɚ ʠ ʩʦʠʟʤʝʨʠʤʦʩʪʴ ʝʝ ʩ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʝʣʦʚʝʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʠʥʬʨʘʟʚʫʢʦʚʳʤ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʟʚʫʢʦʚʳʤ ʜʠʘʧʘʟʦʥʘʤʠ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʠʭ ʥʘ ʯʝʣʦʚʝʢʘ, ʘ, ʟʥʘʯʠʪ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʣʠʟʢʠʡ ʭʘʨʘʢʪʝʨ ʦʙʱʠʭ ʦʪʚʝʪʥʳʭ ʨʝʘʢ-

ʮʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ ɚ [2, 3]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʝʡʩʪʚʠʶ ʀɿ ʧʦʣʫʯʠʣʘ ʨʝʟʦʥʘʥʩʥʘʷ ʪʝʦ-

ʨʠʷ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʩ ʯʘʩʪʦʪʦʡ 

ʧʘʜʘʶʱʝʡ  ɚ [4]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ ʠ ʜʣʷ ʦʪ-

ʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʱʝʡ ʚʠʙʨʘʮʠʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ  ʞʝʩʪʢʦʡ, ʯʝʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʙʱʝʡ ʚʠʙʨʘʮʠʠ, ʠ ʦʩʥʦʚʥʦʡ 

ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʳ "ʛʨʫʜʥʘʷ ʢʣʝʪʢʘ/ʙʨʶʰʥʘʷ ʧʦʣʦʩʪʴ" ʦʪʤʝʯʘʝʪʩʷ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 40ï60 ɻʮ 

ʚʤʝʩʪʦ 4ï8 ɻʮ ʚ ʩʣʫʯʘʝ ʚʠʙʨʘʮʠʠ 9 (ʩʤ. ʪʘʙʣ. 3).  

ʀʟ ʪʘʙʣ.3 ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʀɿ ʠ ʅʏʐ. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʀɿ ʠ ʅʏʐ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʯʝʣʦʚʝʢ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʠʟʙʳʪʦʯʥʦʤʫ ʧʝʨʝʤʝʥʥʦʤʫ ʜʘʚʣʝʥʠʶ ʩ 

ʯʘʩʪʦʪʦʡ ʧʘʜʘʶʱʝʡ ɚ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʪʝʣʘ. ʇʨʠ ʥʝʚʳʩʦʢʠʭ 

ʋɿɼ (ʜʦ 100 ʜɹ) ʪʦʣʴʢʦ ʫʭʦ ʯʝʣʦʚʝʢʘ 

ʩʧʦʩʦʙʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʜʝʡʩʪʚʠʝ ɚ ʟʘ 

ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ (ʩʤʝʱʝʥʠʷ) ʙʘʨʘʙʘʥ-

ʥʦʡ ʧʝʨʝʧʦʥʢʠ. ʇʨʠ ʋɿɼ ʩʚʳʰʝ 100 ʜɹ 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥ 0,01 ʤ/ʩ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʤʝʭʦʥʦ-

ʨʝʮʝʧʪʦʨʦʚ. ɺʦʟʙʫʞʜʝʥʠʝ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʬʦʨʤʠʨʫʶʪ ʫ ʯʝʣʦʚʝʢʘ ʯʫʚʩʪʚʦ ʚʠʙʨʘʮʠʠ ʪʝʣʘ, ʛʦʣʦʚʳ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʝʣʦʚʝʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ 

ʯʘʩʪʦ ʠʩʧʦʣʟɹʫʝʪʩʷ ʪʝʨʤʠʥ çʚʦʟʜʫʰʥʘʷ ʚʠʙʨʘʮʠʷè. ʇʨʠ ʋɿɼ ʩʚʳʰʝ 140 ʜɹ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʦʙʣʘʩʪʠ ʙʘʨʘʙʘʥʥʳʭ ʧʝʨʝʧʦʥʦʢ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʘʭ.  

ɺ ʪʢʘʥʷʭ ʟʚʫʢʦʚʳʝ ʫʧʨʫʛʠʝ ʚʦʟʤʫʱʝʥʠʷ  ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ. 

ʅʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʪʢʘʥʷʭ ʫʧʨʫʛʠʭ ʚʦʣʥ ʧʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʠʭ ʩʣʝʜʦʚʘʥʠʷ ʚʝ-

ʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʦʣʥ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ ʠʣʠ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ. ɺʝʣʠʯʠʥʘ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʜʚʠʛʦʚ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ɸʂ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʋɿɼ, ʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙ-

ʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ. ʇʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʥʠʞʝ 250 ɻʮ) ʠ ʚʳʩʦʢʠʭ ʋɿɼ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ, ʘ ʧʨʠ ʀɿ ï ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦ-

ʚʘʥʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ,  ʘ ʟʥʘʯʠʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤʳ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʜʚʠʛʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʛʫʪ ʧʨʠʚʦ-

ʀʩʩʣʝʜʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 
ʀɿ (2 ï 20 ɻʮ) ʅʏʐ (31,5 ï 250 ɻʮ) 

ɚ = 170 ï 17 ʤ ɚ = 11 ï 1,4 

ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʘ ʚʦʣʥʳ / ʨʦʩʪ ʯʝʣʦʚʝʢʘ (1, 8 ʤ) 100 ï 10 6 ï 1 

ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʘ ʚʦʣʥʳ / ʪʫʣʦʚʠʱʝ ʯʝʣʦʚʝʢʘ (0,8ï1,0 ʤ) 212 ï 21 14 ï 2 

ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʘ ʚʦʣʥʳ / ʛʦʣʦʚʘ ʯʝʣʦʚʝʢʘ (0,3 ʤ) 700 ï 70 40 ï 5 

ʊʘʙʣʠʮʘ 3 ï ʆʩʥʦʚʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʪʝʣʘ ʯʝʣʦʚʝʢʘ 

ʆʨʛʘʥʳ ʠ ʯʘʩʪʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ 

ɺʩʝ ʪʝʣʦ 3 ï 6; 4 ï 8; 5 ï 12 

ɺʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ 10 ï 100 

ɻʨʫʜʥʘʷ ʢʣʝʪʢʘ/ 

ʙʨʶʰʥʘʷ ʧʦʣʦʩʪʴ 

40 ï 60 

ɻʦʣʦʚʘ 8 ï 27 

ɻʨʫʜʥʘʷ ʢʣʝʪʢʘ 2 ï 12; 5 ï 8; 4 ï 8 

ɹʨʶʰʥʘʷ ʧʦʣʦʩʪʴ 2 ï 14; 3 ï 4 

ɻʣʘʟʥʳʝ ʷʙʣʦʢʠ 12 ï 27 
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ʜʠʪʴ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʚ ʚʠʜʝ ʪʢʘʥʝʚʳʭ ʠ ʚʠʩʮʝʨʘʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʦʤʫ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʪʝʣʦ ʯʝʣʦʚʝʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʢʘʥʝʡ ʩ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʚ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚʘʭ [5] (ʩʤ. ʪʘʙʣ. 4). ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʪʢʘʥʝʡ ʩ ʚʳʩʦʢʦʡ ʨʘʟʥʠʮʝʡ ʧʣʦʪʥʦʩʪʠ (ʚʦʟ-

ʜʫʭ/ʪʢʘʥʴ, ʚʦʟʜʫʭ/ʞʠʜʢʦʩʪʴ, ʞʠʜʢʦʩʪʴ/ʪʢʘʥʴ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ɸʂ ʧʦ ʪʢʘʥʷʤ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦ-

ʚʳʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʨʛʘʥʦʚ (ʣʝʛʢʠʝ, ʛʦʣʦʚ-

ʥʦʡ ʤʦʟʛ, ʩʝʨʜʮʝ) ʠ ʩʦʩʫʜʦʚ, ʦʩʦʙʝʥʥʦ ʤʝʣʢʠʭ [6ï8].                         

  
ʊʘʙʣʠʮʘ 4 ï ɺʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʠ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ 

 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɸʂ ʥʝʧʨʝʨʳʚʥʳʭ (ʯʘʩʪʦʪʦʡ ʥʠʞʝ 100 ɻʮ) ʠ ʠʤʧʫʣʴʩʥʳʭ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ 20-30 ɻʮ ʧʨʦʚʝʜʝʥʳ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʚʥʫʪʨʠ ʢʘʤʝʨʳ 

ʠ ʚʚʝʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ  ʚ ʛʨʫʜʥʫʶ ʧʦʣʦʩʪʴ ʠ ʧʦʣʦʩʪʴ ʯʝʨʝʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʠʤʧʫʣʴʩʥʳʝ ɸʂ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ, ʘʤʧʣʠʪʫʜʳ ʜʘʚʣʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʚʦ-

ʙʦʜʥʦ ʧʨʦʥʠʢʘʶʪ ʚ ʛʨʫʜʥʫʶ ʧʦʣʦʩʪʴ ʠ ʧʦʣʦʩʪʴ ʯʝʨʝʧʘ ʞʠʚʦʪʥʳʭ ʠ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷ-

ʝʪʩʷ ʬʦʨʤʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʘʜʘʶʱʝʡ ʥʘ ʙʠʦʦʙʲʝʢʪ ʚʦʣʥʳ. ʅʝ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦ-

ʭʦʞʜʝʥʠʠ ʵʪʠʭ ɸʂ ʤʝʞʜʫ ʩʦʙʘʢʦʡ ʠ ʢʨʦʣʠʢʦʤ. ɸʂ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ɸʥʘʪʦʤʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʩʦ-

ʩʫʜʳ, ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʢʘʥʘʣ), ʧʨʦʭʦʜʷʱʠʝ ʠʟ ʪʫʣʦʚʠʱʘ ʚ ʧʦʣʦʩʪʴ ʯʝʨʝʧʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʫʪʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ɸʂ. ʀʟʫʯʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ɸʂ ʚ ʛʨʫʜʥʫʶ 

ʧʦʣʦʩʪʴ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 100 ɻʮ ʦʥʘ ʥʝ ʦʙʣʘʜʘʝʪ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʟʦʥʘʥʩ.  ʅʝ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʡ ʚ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠ-

ʚʦʪʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʭʦʜʥʳʤʠ ʚʦʨʦʪʘʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɸʂ ʚ ʛʨʫʜʥʫʶ ʧʦʣʦʩʪʴ ʷʚ-

ʣʷʝʪʩʷ ʥʘʨʫʞʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ. ʋʚʝʣʠʯʝʥʠʝ  ʦʙʲʝʤʘ ʣʝʛʢʠʭ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ  ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʜʥʫʶ ʢʣʝʪʢʫ. 

ɻʨʫʜʥʫʶ ʢʣʝʪʢʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʤʢʥʫʪʫʶ ʦʙʦʣʦʯʢʫ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝ-

ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɸʂ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ɼʣʷ ʚʦʣʥ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʥʳʭ ɸʂ ʥʘ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʚʣʠʷʝʪ ʬʘʟʘ ʜʳʭʘʥʠʷ, ʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ï ʦʙʲʝʤ ʣʝʛʢʠʭ. ʅʝ ʚʳʷʚ-

ʣʝʥʦ ʨʝʟʦʥʘʥʩʘ ʚ ʧʦʣʦʩʪʷʭ ʠ ʤʝʞʚʠʜʦʚʳʭ ʦʪʣʠʯʠʡ ʧʨʦʭʦʞʜʝʥʠʷ ɸʂ. ʇʨʦʥʠʢʘʷ ʚ ʧʦʣʦʩʪʠ ʙʠʦʦʙʲ-

ʝʢʪʦʚ, ɸʂ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ  ʥʘ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʠ ʚʳʟʳʚʘʝʪ ʚ ʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʩ ʚʳʩʦʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ (ʣʝʛʢʠʝ, ʩʝʨʜʮʝ, ʛʦʣʦʚʥʦʡ ʤʦʟʛ, ʩʦʩʫʜʳ). 

ɿʘʢʣʶʯʝʥʠʝ. ɸʂ ʚʳʟʳʚʘʶʪ ʫ ʯʝʣʦʚʝʢʘ ʥʝ ʪʦʣʴʢʦ ʩʣʫʭʦʚʳʝ (ʘʫʨʘʣʴʥʳʝ) ʵʬʬʝʢʪʳ, ʥʦ ʠ ʦʢʘ-

ʟʳʚʘʪʴ ʦʙʱʝʝ ʜʝʡʩʪʚʠʝ (ʵʢʩʪʨʘʘʫʨʘʣʴʥʳʝ). ʇʦʩʣʝʜʥʠʝ ʧʨʠʩʫʱʝ ɸʂ ʩ ʯʘʩʪʦʪʦʡ ʥʠʞʝ 170ï200 ɻʮ ʠ 

ʋɿɼ ʩʚʳʰʝ 100 ʜɹ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʂ ʩʦ 

ʩʪʨʫʢʪʫʨʘʤʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. ʀʟʣʦʞʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ: 1) ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʥʦʨʤʳ ʋɿɼ ʜʣʷ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩ ɸʂ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʘʚʳʰʝʥʳ, ʪʘʢ ʢʘʢ ʚ ʠʭ ʦʩʥʦʚʳ 

ʧʦʣʦʞʝʥʦ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥ ʩʣʫʭʘ ʙʝʟ ʫʯʝʪʘ ʠʭ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ; 2) ɸʂ ʚʳʟʳʚʘʶʪ ʥʝʙʣʘ-

ʛʦʧʨʠʷʪʥʳʝ ʵʬʬʝʢʪʳ (ʦʪ çʚʦʟʜʫʰʥʦʡ ʚʠʙʨʘʮʠʠè ʜʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ), 

ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʪʝʣʘ ʠ ʛʦʣʦʚʳ ï ʵʢʩʪʨʘʘʫʨʘʣʴʥʳʝ ʧʨʦ-

ʪʠʚʦʰʫʤʳ (ʞʠʣʝʪ, ʰʣʝʤ) [9, 10,11].      
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ASSESSMENT OF THE NECESSARY VOLUMES OF THE SAMPLE IN DICHOTIC  

LISTENING OF SPEECH: TWO POSSIBLE APPROACHES 

The following approaches to the necessary sample volume assessment are considered: be-

forehand setting of it prior to the investigation, and calculating of it during one. Comparison 

of the approaches was conducted, the most suitable one in the sense of the sample volume is 

determined. 

Key words: dichotic listening, sample volume, lateralization, hypergeometric distribution, se-

quential Wald analysis 
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ɼʠʭʦʪʠʯʝʩʢʦʝ ʧʨʦʩʣʫʰʠʚʘʥʠʝ (ɼʇ) ʨʝʯʠ ï ʥʝʠʥʚʘʟʠʚʥʳʡ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʜʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ; ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʣʘʪʝʨʘʣʠʟʘʮʠʠ ʨʝʯʝʚʳʭ ʬʫʥʢʮʠʡ ʚ ʙʦʣʴ-

ʰʦʤ ʤʦʟʛʝ [1, 2]. ʇʨʠ ɼʇ ʨʝʯʠ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʣʘʪʝʨʘʣʴʥʦʩʪʠ (ʀʃ). ɽʛʦ ʧʦʣʫʯʘʶʪ ʥʘ 

ʦʩʥʦʚʝ ʧʦʜʩʯʸʪʘ ʧʨʠʦʨʠʪʝʪʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʩʪʠʤʫʣʦʚ, ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʚ ʧʨʘʚʦʝ (R) ʠ ʣʝʚʦʝ (L) ʫʰʠ. 

ɿʥʘʢ ʀʃ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʣʘʪʝʨʘʣʠʟʘʮʠʠ ʨʝʯʠ, ʘ ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ï ʦ ʝʸ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʈʘʥʝʝ 

ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʥʘʫʯʠʪʴʩʷ ʚ ʭʦʜʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʩʪʠʤʫʣʦʚ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʦʙʩʣʝ-

ʜʦʚʘʥʠʷ [3, 4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ [4, 5]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ɼʇ ʪʨʝʭ ʚʟʨʦʩʣʳʭ ʟʜʦʨʦʚʳʭ ʚʦʣʦʥʪʸʨʦʚ 

30, 37 ʠ 49 ʣʝʪ, ʘ ʪʘʢʞʝ 40 ʤʘʣʴʯʠʢʦʚ ʚ ʚʦʟʨʘʩʪʝ 4ï16 ʣʝʪ ʠ 8 ʜʝʚʦʯʝʢ 4ï13 ʣʝʪ (ʧʘʮʠʝʥʪʦʚ ʜʝʪʩʢʦʛʦ 

ʧʩʠʭʦʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʢʣʠʥʠʯʝ-

ʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [6].  

ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʳ ʥʝ ʤʦʞʝʤ ʘʧʨʠʦʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʘʪʝʨʘʣʠʟʘʮʠʦʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʧʘʨʳ ʩʪʠʤʫʣʦʚ, ʩʯʠʪʘʝʤ ʵʪʠ ʧʘʨʳ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ʇʨʠʥʠʤʘʝʤ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʢʘʞʜʘʷ ʠʪʝʨʘʮʠʷ ʘʣ-

ʛʦʨʠʪʤʘ ɼʇ ʷʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʦʝ ʠʩʧʳʪʘʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪ. ʝ. ʠʩʧʳʪʫʝʤʦʛʦ. 

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʧʨʠʦʨʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ (ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ), 

ʚʪʦʨʦʡ ʞʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʭʦʜʫ ʠʩʧʳʪʘʥʠʷ (ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ɸ. ɺʘʣʴʜʘ). 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʜʦʣʠ R  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʝʨ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ɻʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʳʩʪʫʧʘʝʪ ʚʝʩʴ ʩʪʠʤʫʣʴʥʳʡ ʤʘʪʝ-

ʨʠʘʣ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʘʨʠʘʥʪ ï 36 ʧʘʨ ʜʚʫʭʙʫʢʚʝʥʥʳʭ ʩʣʦʛʦʚ). ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʨʘʟʤʝʨ n ʚʳʙʦʨʢʠ ï ʫʩʝʯʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʠʤʫʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʜʦʧʫ-

ʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʩʜʝʣʘʪʴ ʩʫʞʜʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʝ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʟʘʜʘʪʴʩʷ ʧʨʝʜʝʣʴʥʦʡ ʦʰʠʙʢʦʡ e ʚʳʙʦʨʢʠ ʠ ʚʳʙʨʘʪʴ ʚʝʣʠʯʠʥʫ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ P = 1 ï a 

ʠʣʠ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ a. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʨʘʥʝʝ ʚʳʙʠʨʘʝʪʩʷ ʜʦʧʫʩʪʠʤʘʷ ʰʠʨʠʥʘ ʜʦʚʝʨʠʪʝʣʴʥʦ-

ʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʝʩʪʴ ʬʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ n, P ʠ e [7]. ʀʟ ʥʝʸ ʚʳʚʦʜʠʪʩʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʨʘʟʤʝʨʘ ʚʳʙʦʨʢʠ:  
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ɿʜʝʩʴ N ï ʨʘʟʤʝʨ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ; p* ï ʚʳʙʦʨʦʯʥʘʷ ʦʮʝʥʢʘ ʜʦʣʠ R; z ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʨʘʚʝʥʩʪʚʘ 2F(z) = 1 ï a.  

ɺ ʬʦʨʤʫʣʫ (1) ʚʭʦʜʠʪ p*, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʙʦʨʢʠ. ɽʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦʙ ʦʧʨʝʜʝ-

ʣʝʥʠʠ n ʜʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʙʦʨʢʠ, ʪʦ p* ʥʝʠʟʚʝʩʪʥʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʶʪʩʷ ʥʝ-

ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ p, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝ-

ʥʠʡ ʜʣʷ ʧʦʠʩʢʘ p ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʀʃ. 

ʆʜʥʘʢʦ ʬʦʨʤʫʣʘ (1) ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʫʯʘʷ ʤʘʣʦʡ ʚʳʙʦʨʢʠ. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠ-

ʙʣʠʞʝʥʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʚʳʙʦʨʦʢ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʨʦʚʝʜʝ-

ʥʠʝʤ ʧʦʣʥʦʛʦ ɼʇ. ʇʨʠ N = 36 ʜʣʷ a = 0,05 ʠ ʦʰʠʙʢʠ e πȟρ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʨʘʟʤʝʨ 

ʚʳʙʦʨʢʠ ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ 26. ɽʩʣʠ ʪʦʯʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠʥʷʪʴ a = 0,01 ʠ e πȟπρ, ʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʚʳʙʦʨʢʠ ʦʢʘʞʝʪʩʷ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, 

ʪ.ʝ. 36. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʝʯʝʥʠʷ ʩʪʠʤʫʣʴʥʦʛʦ ʨʷʜʘ, ʪʦʣʴʢʦ ʝʩʣʠ ʜʦʧʫʩʪʠʤʘ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʀʃ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɼʦʧʫʱʝʥʠʷ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ (1) ʧʨʠ-

ʚʦʜʷʪ ʢ ʩʣʦʞʥʦ ʦʮʝʥʠʚʘʝʤʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʀʃ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʤʝ-

ʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʚʳʙʦʨʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʚʘʞʥʘ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʀʃ.  
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ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʮʝʣʴʶ ʩʘʤʦʛʦ ɼʇ ʨʝʯʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ 

ʧʨʘʚʦʩʪʦʨʦʥʥʝʡ ʣʘʪʝʨʘʣʠʟʘʮʠʠ ʫ ʠʩʧʳʪʫʝʤʦʛʦ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʨʘʥʝʝ ʚʳʙʨʘʪʴ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʚ ʢʦʪʦʨʳʡ ʀʃ ʜʦʣʞʝʥ ʧʦʧʘʜʘʪʴ, ʯʪʦʙʳ ʵʪʫ ʛʠʧʦʪʝʟʫ ʦʪʢʣʦʥʠʪʴ ʠʣʠ ʧʨʠʥʷʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ɼʇ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ Ŭ ʠ 

ʚʪʦʨʦʛʦ ɓ ʨʦʜʘ ʠ ʚʳʙʨʘʪʴ ʛʨʘʥʠʯʥʳʝ ʜʣʷ p (ʜʦʣʠ R) ʟʥʘʯʝʥʠʷ p0  ʠ  p1. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʧʘʨʳ ʩʪʠʤʫʣʦʚ ʧʦʣʫʯʘʝʪʩʷ ʚʳʙʦʨʢʘ ʟʥʘʯʝʥʠʡ ὼȟὼȟὼȟȣȟὼ   ʦʙʲʝʤʘ R+L=n (ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ, ʜʚʫʭ, ʪʨʝʭ ʠ ʪ.ʜ. ʟʥʘʯʝʥʠʡ) ʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʭʦʜʝ ɼʇ ʚʳʯʠʩʣʷʝʪʩʷ ʣʠʰʴ ʚʳʙʦʨʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʀʃ, ʠ ʦʮʝʥʠʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʟʥʘʯʝʥʠʝ R ʫʜʦʙ-

ʥʝʝ, ʯʝʤ p, ʧʦʣʫʯʘʝʤ (2), (3). ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ R. ɽʩʣʠ ʦʥʦ 

ʧʦʧʘʜʘʝʪ ʚ (am, rm), ʪʦ ɼʇ ʧʨʦʜʦʣʞʘʝʪʩʷ.  
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ʇʨʦʮʝʜʫʨʘ ɼʇ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ R ʟʥʘʯʝʥʠʷ rm, ʣʠʙʦ ʟʥʘʯʝʥʠʷ am, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʧʦ ʬʦʨʤʫʣʘʤ (2) ʠ (3). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ ʧʨʠʥʠʤʘʝʪʩʷ, ʚʦ ʚʪʦʨʦʤ ï ʦʪʚʝʨʛʘʝʪʩʷ. 

ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʦʙʱʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʦ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʦʩʪʘʚʰʠʭʩʷ ʠʪʝʨʘʮʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʝʤ ʩʘʤʳʤ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ (ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʦʙ-

ʭʦʜʠʤʳʡ ʠʭ ʤʠʥʠʤʫʤ ʧʦʣʫʯʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ɸ. ɺʘʣʴʜʘ [9], ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʣʘʪʝʨʘʣʠʟʘʮʠʠ ʨʝʯʝʚʳʭ ʬʫʥʢʮʠʡ ʫ ʠʩʧʳʪʫʝʤʦʛʦ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʥʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ, ʯʝʤ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʲʸʤ ʚʳʙʦʨʢʠ ʟʘʨʘʥʝʝ ʥʝ ʬʠʢʩʠʨʦʚʘʥ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ɼʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩ-

ʭʦʜʘ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʜʦʧʫʱʝʥʠʡ. 
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 A.G. Balkarov, A.V. Pinchuk 

PRECONDITIONS OF INVENTION OF A NEW METHOD OF X -RAY MEDICAL 

DIAGNOSTICS ON THE BASIS OF ADAPTIVE DIGITAL ANTENNA ARRAY  

The system analysis of preconditions of invention of perspective hardware-software complex 

of X-ray medical diagnostics on the basis of adaptive digital antenna array was done and the 

spheres of its application in medical-biological practice were named. 

Key words: X-ray medical diagnostics, adaptive digital antenna array, socially important dis-

eases, bioobject.  

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʦʰʣʠ ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ. ʉʝʛʦʜʥʷ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʜʠʘʛʥʦʟʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʥʝʠʥʚʘʟʠʚʥʦʡ ʣʫʯʝʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (ʅʃʄɼ). ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ 

ʜʦʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʈʦʩʩʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʠ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʄʦʩʢʚʝ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʢʦʣʦ 70% ʚʩʝʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ, ʣʠʰʴ 30% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʪʘʣʴʥʳʝ ʨʦʩʩʠʡʩʢʠʝ 

ʨʝʛʠʦʥʳ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʅʃʄɼ [2]: 

- ʨʝʥʪʛʝʥʦʜʠʘʛʥʦʩʪʠʢʘ; 

- ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; 

- ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ; 

- ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ; 

- ʨʘʜʠʦʥʫʢʣʠʜʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ. 



 

ʉʀʉʊɽʄʅʓʁ ɸʅɸʃʀɿ ɺ ʌʋʅɼɸʄɽʅʊɸʃʔʅʆʁ ʀ ʂʃʀʅʀʏɽʉʂʆʁ ʄɽɼʀʎʀʅɽ 
 

 

21 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʦʚʳʡ ʤʝʪʦʜ ʅʃʄɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝ-

ʥʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (ɸʎɸʈ) ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʩʢʨʠʥʠʥʛʝ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʜʝʣʘʚ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʨʛʘʥʳ ʠ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʠʥʚʘʟʠʚʥʦʡ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (ʂʅʄɼ) ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ɸʎɸʈ ʩʪʘʥʝʪ 

ʚʦʟʤʦʞʝʥ ʩʢʨʠʥʠʥʛ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʧʘʪʦʣʦʛʠʡ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ (ʩʝʨʜʮʝ, ʧʦʯʢʠ, 

ʧʝʯʝʥʴ, ʣʝʛʢʠʝ, ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʠ ʜʨ.) ʠ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ; 

- ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ; 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ; 

- ʦʧʫʭʦʣʝʚʳʝ ʧʨʦʮʝʩʩʳ; 

- ʧʘʪʦʣʦʛʠʠ ʢʨʦʚʠ ʚʥʫʪʨʠ ʩʦʩʫʜʦʚ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʝʪʦʜʦʚ ʅʃʄɼ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. ɺʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʅʃʄɼ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʣʝʯʝʙʥʫʶ ʪʘʢʪʠʢʫ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʣʴʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʫʨʦʚʝʥʴ ʦʙʱʝʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʘʟʚʠ-

ʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʚ ʅʃʄɼ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ - ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʜʦʟʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʘʮʠʝʥʪʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʅʃʄɼ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʚʳʨʦʩʣʘ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝ ʚ 1,5 ʨʘʟʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʦʥʠʟʠʨʫ-

ʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ, ʝʩʣʠ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ. ɺʘʞʥʳʡ ʧʫʪʴ ʫʤʝʥʴ-

ʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʚʨʝʜʥʦʩʪʠ ʦʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʟʘʤʝʥʘ ʤʝʪʦʜʦʚ ʅʃʄɼ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ ʙʝʟʦʧʘʩʥʳʤʠ [3]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂʅʄɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦ-

ʚʝ ɸʎɸʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʠʦʥʠʟʠʨʫʶʱʘʷ ʦʙʣʘʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝ-

ʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ʅʃʄɼ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʅʃʄɼ ʧʨʠ ʩʢʨʠʥʠʥʛʝ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʅʝʠʥʚʘʟʠʚʥʳʝ ʤʝʪʦʜʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂʅʄɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʘ, ʷʚʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤʠ ʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʥʦ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʣʠʥʠ-

ʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [4]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʤʝʪʦʜʦʚ ʅʃʄɼ ʷʚʣʷʶʪʩʷ [5]: 

- ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʦʙʲʝʢʪʦʤ ʟʦʥʜʠʨʦʚʘʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ; 

- ʦʪʦʙʨʘʞʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ; 

- ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʘʩʪʘ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʝʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʘʮʠʝʥʪʘ; 

- ʤʘʣʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ; 

- ʧʨʦʩʪʦʪʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʨʘʯʘ ʠ ʧʘʮʠʝʥʪʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʂʅʄɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ɸʎɸʈ ʙʫʜʝʪ 
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ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʩʢʨʠʥʠʥʛʝ ʩʦʮʠʘʣʴʥʦ-

ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ: 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʠʡ ʩʝʨʜʮʘ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʝʨʜʮʘ (ʛʠʧʝʨʪʨʦʬʠʷ ʠ ʜʠʩʪʨʦʬʠʷ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ); 

- ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʩʝʨʜʮʘ (ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ, ʢʨʦʚʦʪʝʯʝʥʠʷ ʠ ʢʨʦ-

ʚʦʠʟʣʠʷʥʠʷ); 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʝʨʜʮʝ (ʵʥʜʦʢʘʨʜʠʪʳ, ʤʠʦʢʘʨʜʠʪʳ, ʧʝʨʠʢʘʨ-

ʜʠʪʳ); 

- ʦʧʫʭʦʣʠ ʚ ʩʝʨʜʮʝ (ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ); 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʠʡ ʧʝʯʝʥʠ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʝʯʝʥʠ (ʩʢʣʝʨʦʪʠʯʝʩʢʦʝ, ʛʠʧʝʨʪʨʦʬʠʯʝʩʢʦʝ, ʜʠʩʪʨʦʬʠʯʝʩʢʦʝ, 

ʬʠʙʨʦʟʥʦʝ ʠʟʤʝʥʝʥʠʷ, ʛʝʧʘʪʦʤʝʛʘʣʠʷ, ʮʠʨʨʦʟ); 

- ʥʘʨʫʰʝʥʠʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʧʝʯʝʥʠ (ʥʘʨʫʰʝʥʠʷ ʚʦʨʦʪʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʥʘʨʫʰʝ-

ʥʠʷ ʚʥʫʪʨʠʧʝʯʝʥʦʯʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ); 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʝʯʝʥʠ (ʛʝʧʘʪʠʪʳ); 

- ʦʧʫʭʦʣʠ ʚ ʧʝʯʝʥʠ (ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ); 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʠʡ ʧʦʯʝʢ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦʯʝʢ (ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʟʤʝʨʘʭ, ʫʪʦʣʱʝʥʠʷ ʩʣʦʝʚ, ʥʘʨʫʰʝʥʠʷ 

ʩʦʩʫʜʠʩʪʦʡ ʘʨʭʠʪʝʢʪʦʥʠʢʠ); 

- ʥʘʨʫʰʝʥʠʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʧʦʯʝʢ (ʪʦʢʩʠʯʝʩʢʘʷ ʧʦʯʢʘ, ʪʨʦʤʙʦʟ ʧʦʯʝʯʥʦʡ ʘʨʪʝʨʠʠ, ʩʪʝ-

ʥʦʟ ʧʦʯʝʯʥʦʡ ʘʨʪʝʨʠʠ, ʦʩʪʨʘʷ  ʧʦʯʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʢʨʦʚʦʪʝʯʝʥʠʷ ʠ ʢʨʦʚʦʠʟ-

ʣʠʷʥʠʷ); 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʯʢʘʭ (ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʧʦʯʝʢ, ʧʠʝʣʦʥʝ-

ʬʨʠʪ, ʛʣʦʤʝʨʫʣʦʥʝʬʨʠʪ); 

- ʦʧʫʭʦʣʠ ʚ ʧʦʯʢʘʭ (ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ); 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʠʡ ʣʝʛʢʠʭ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʡ ʣʝʛʢʠʭ (ʧʥʝʚʤʦʩʢʣʝʨʦʟ, ʵʤʬʠʟʝʤʘ, ʘʪʝʣʝʢʪʘʟ); 

- ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʣʝʛʢʠʭ (ʦʪʝʢ ʣʝʛʢʠʭ, ʪʨʦʤʙʦʵʤʙʦʣʠʷ ʚʝʪʚʝʡ ʣʝʛʦʯʥʦʡ ʘʨ-

ʪʝʨʠʠ, ʢʨʦʚʦʪʝʯʝʥʠʷ ʠ  ʢʨʦʚʦʠʟʣʠʷʥʠʷ); 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ (ʛʨʠʙʢʦʚʳʝ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ, ʚʠʨʫʩʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʘʙʩʮʝʩʩ, ʧʥʝʚʤʦʥʠʷ); 

- ʦʧʫʭʦʣʠ ʚ ʣʝʛʢʠʭ (ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ); 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ: 

- ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʪʦʣʦʛʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʢʠʩʪʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘʨʪʝʨʠʦ-ʚʝʥʦʟʥʘʷ 

ʤʘʣʴʬʦʨʤʘʮʠʷ); 

- ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʠʥʩʫʣʴʪ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʡ, ʠʥʩʫʣʴʪ ʠʰʝ-

ʤʠʯʝʩʢʠʡ, ʜʠʩʮʠʨʢʫʣʷʪʦʨʥʦʡ  ʵʥʮʝʬʘʣʦʧʘʪʠʠ, ʭʨʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʦʙʨʘ-

ʱʝʥʠʷ, ʢʨʦʚʦʪʝʯʝʥʠʷ ʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ); 

- ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ (ʵʥʮʝʬʘʣʠʪʳ, ʵʥʮʝʬʘʣʦʤʠʝ-

ʣʠʪʳ, ʤʝʥʠʥʛʠʪʳ); 

- ʦʧʫʭʦʣʠ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ (ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ); 

Å ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʢʨʦʚʠ ʚʥʫʪʨʠ ʩʦʩʫʜʦʚ: 

- ʧʦʠʩʢ ʧʨʝʜʠʢʪʦʨʦʚ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ; 

- ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʧʨʠ ʜʠʘʙʝʪʝ; 

- ʩʢʨʠʥʠʥʛ ʧʘʪʦʣʦʛʠʡ ʧʨʠ ʚʝʜʝʥʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠ; 

- ʤʦʥʠʪʦʨʠʥʛ ʪʝʯʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

- ʩʢʨʠʥʠʥʛ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ; 
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- ʩʢʨʠʥʠʥʛ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

- ʣʝʡʢʝʤʠʷ; 

Å ʤʦʥʠʪʦʨʠʥʛ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ: 

- ʧʦʩʣʝ ʧʝʨʝʩʘʜʢʠ ʧʦʯʢʠ (ʢʨʝʘʪʠʥʠʥ); 

- ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʧʣʘʟʤʦʬʝʨʝʟʘ; 

- ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʙʝʣʢʦʚʦʡ ʪʝʨʘʧʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʂʅʄɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ɸʎɸʈ ʙʫʜʝʪ ʦʙ-

ʣʘʜʘʪʴ ʨʘʥʝʝ ʥʝʜʦʩʪʠʞʠʤʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʩʦʢʦ-

ʨʘʟʨʝʰʘʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʷ 

ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ, ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ, ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʥʘ ʨʳʥʢʝ. 
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ʀʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʫʥʠʬʠʢʘʮʠʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʦʙʲʝʜʠʥʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʘʢʠʤ 
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METHOD OF UNIFICATION OF BIOMEDICAL EFFECT OF THE COMBINED  

IMPACT OF PHYSICAL FACTORS  

The technique of unification of medical and biological effects of the combination of serial 

and parallel effects of physical factors, based on the union of the body's energy resources, 

changes caused by such exposure. 

Key words: combined effect of physical factors, risk-metric of health, medical effects, biolog-
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ɿʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1-5]. ɹʘʟʠʩʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʠ 

ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʜʨʘʞʘʶʱʠʡ ʩʪʠʤʫʣ [1, 3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʱʠʡ ʚʠʜ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʝʢʘʨʪʦ-

ʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ, ʘ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ï ʣʠʥʝʡʥʳʡ [1, 3, 4]. ʇʨʠʯʝʤ ʦʙʱʠʡ ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʩʪʠʤʫʣʘ, ʥʘ ʢʣʝ-

ʪʦʯʥʦʤ ʠ ʥʘ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ [1, 3].  

ʇʨʠ ʫʨʦʚʥʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛ ʨʘʟʜʨʘʞʠʤʦʩʪʠ, ʩʥʘʯʘʣʘ ʚʦʟʥʠʢʘʶʪ ʵʬʬʝʢʪʳ ʦʙʱʝʛʦ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʦʙʩʪʘʥʦʚʢʫ. ɼʣʠʪʝʣʴʥʦʝ 

ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʧʦʵʪʦʤʫ ʦʩ-

ʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʩʪʦʱʝʥʠʝ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʤʘ.  

ʋʥʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ 

ɿʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʜʨʘʞʘʶʱʠʝ ʩʪʠʤʫʣʳ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ, ʠʟʤʝʥʠʚ ʤʘʩʰʪʘʙ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ ʦʨʜʠʥʘʪ (ʧʦ ʢʦʪʦʨʦʡ ʦʪʢʣʘ-

ʜʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʘʢʪʦʨʘ). ɻʠʧʦʪʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʚʩʝ ʛʨʘʬʠʢʠ ʠ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʢ ʝʜʠʥʠʮʘʤ ʠʟʤʝʨʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ ʙʳ ʦʜʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠʩʪʦʱʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʝʜʠʥʠʮʘ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʦʮʝʩʩ ʥʘʨʫʰʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʟʛʘ, ʘ ʥʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [1, 3, 4].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʦʡ ʝʜʠʥʠʮʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʤʦʟʛʘ ʚʩʝ ʢʨʠʚʳʝ ʙʳʣʠ ʩʦʚ-

ʤʝʱʝʥʳ ʩ ʢʨʠʚʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʦʨʤʫʣʦʡ 

ʌ = 1/ʊ, 

ʛʜʝ ʌ ï ʚʝʣʠʯʠʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ; ʊ ï ʠʟʤʝʨʠʤʳʡ ʵʬʬʝʢʪ, ʝʜ. 

ʊʘʢ ʦʙʲʝʜʠʥʷʶʪʩʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʠʟʤʝʨʠʤʳʭ ʵʬʬʝʢʪʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʨʝʟʝʨʚʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʨʝʟʝʨʚʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʝ-

ʥʠʷ ʩʦʟʥʘʥʠʷ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʩʪʠʤʫʣ ʠ ʪ.ʧ.). ɺʝʣʠʯʠʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʠʮʘ ʠʟʤʝʨʠʤʦʛʦ ʵʬʬʝʢʪʘ (1 ʩ, 1 ʤʣ ʠ ʪ.ʧ.), ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ [1]. 

ʉʦʧʦʩʪʘʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʜʨʘʞʘʶʱʠʝ ʩʪʠʤʫʣʳ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʌ(ʊ), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʜʠʥʠʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʦʟʜʝʡ-

ʩʪʚʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʧʦʨʦʛʦʤ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʚʝʨʭʥʷʷ ï ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʙʣʠʟ-

ʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ ʚʦʟʜʝʡʩʪʚʠʷ [1, 3, 4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʩʯʝʪʘ ʤʝʞʜʫ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʫʨʦʚʥʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʠʚʘʥʠʷ 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 

ɸʥʘʣʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ 

ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʚʩʝʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ ʚʩʝʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʨʦʛʦʚ ʨʘʟʜʨʘʞʘʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ). ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʳ ʧʨʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʤ çʧʦʜʢʣʶʯʝʥʠʠè ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ (ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ), ʨʘʩʩʤʘʪʨʠʚʘʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʯʘʣʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʦʟʜʝʡ-
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ʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ (ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʝ ʝʛʦ ʜʝʡʩʪʚʠʷ) ʥʫʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢ çʧʦʜʢʣʶʯʝʥʠʝè ʵʢ-

ʚʠʚʘʣʝʥʪʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ. 

ʇʨʦʮʝʩʩ ʪʘʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥ ʚ [3, 4]. ɼʣʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʧʦʨʦʛ ʨʘʟʜʨʘʞʝʥʠʷ: ʚ ʥʘʯʘʣʴ-

ʥʳʡ ʤʦʤʝʥʪ ʜʝʡʩʪʚʫʝʪ ʨʘʟʜʨʘʞʘʶʱʠʡ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʘ ʌ1, ʠʟʤʝʨʠʤʳʡ ʵʬʬʝʢʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʘʢ e1(0)=1/ʌ1. ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ (t2), ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʩʪʴʶ ʌ2, ʠʟïʟʘ ʜʝʡʩʪʚʠʷ ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ ʵʬʬʝʢʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ e1(t2)=e1(0)ï

e2=(1/ʌ1)ïe2. ʕʪʦʪ ʵʬʬʝʢʪ ʵʢʚʠʚʘʣʝʥʪʝʥ ʪʦʤʫ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 ʪʦʣʴʢʦ ʥʘʯʘʣ ʜʝʡʩʪʚʦʚʘʪʴ 

ʧʝʨʚʳʡ ʬʘʢʪʦʨ ʩ ʥʝʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʚʝʣʠʯʠʥʦʡ 

.
1

1
)(

2
1

21

å
Ô

tÔÝ

-

=  

ʆʙʱʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʦʚ 

.
1

1
)( 2

2
1

22,1 Ô

å
Ô

tÔÝ +

-

=  

ʉʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪ e2, ʥʘʯʠʥʘʷ ʩ ʤʦ-

ʤʝʥʪʘ t2 

.

1

1

1
)(

2

2
1

22

Ô

e
Ô

tå

+

-

=
 

ʉʯʠʪʘʷ ʩ ʥʘʯʘʣʘ ʧʝʨʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʱʠʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

.

1

1

1
)0( 2

2

2
1

e
Ô

e
Ô

å +

+

-

=
 

ʇʦ ʪʘʢʦʡ ʨʝʢʫʨʩʠʚʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʣʶ-

ʙʳʭ ʢʦʤʙʠʥʘʮʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

* * *  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʛʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ 

ʥʘ ʨʘʟʜʨʘʞʘʶʱʠʡ ʩʪʠʤʫʣ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʫʥʠʬʠʢʘʮʠʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ 

ʥʘ ʯʝʣʦʚʝʢʘ (çʧʦʜ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳè). ɼʣʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʥʠʨʦʚʦʢ (ʥʘʧʨʠʤʝʨ, ʛʠʧʦʢʩʠʷ), ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʦʧʨʘ-

ʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʨʝʥʠʨʦʚʘʥʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʘ. 
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M.D. Alekhin, A.P.Zaretskiy, S.G. Orishchuk, M.K. Merdanov 

PERSPECTIVE APPLICATIONS OF NON -INVASIVE METHODS OF MICROWAVE  

SOUNDING IN MEDICAL -BIOLOGIC PRACTICE  

There were analyzed perspective spheres of application of microwave sounding methods and 

bioobjects visualization for non-invasive medical diagnostics of functional state of organs and 

tissues of a man, as well as of blood inside vessels, for the cases of the norm and pathology.  

Key words: microwave sounding, medical diagnostics, functional state, bioobject. 

 

ʅʝʠʥʚʘʟʠʚʥʳʝ ʤʝʪʦʜʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʅʄʄɿɺ) ʙʠʦʦʙʲʝʢ-

ʪʦʚ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤʠ ʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʥʦ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʝ ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟ-

ʨʝʝhʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʦʤʦʛʨʘʬʠʠ, ʅʄʄɿɺ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʜʥʠʤ 

ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʅʄʄɿɺ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʦʪʨʘʞʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ, ʙʝʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʙʠʦʪʢʘʥʝʡ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʝʢʫʱʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʧʫʭʦʣʝʚʳʝ ʪʢʘʥʠ 

ʠʤʝʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ), ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳʝ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ [1]. 

ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʦʙʲʝʢʪʘ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ ʨʘʥʥʠʤʠ ʨʘʙʦʪʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʪʢʘʥʝʡ ʚʳʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤ 

ʧʦʛʣʦʱʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʢʘʥʝʡ (ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ ʙʝʣʢʘ ʠ ʚʦʜʳ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʦʙʲʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʄʄɿɺ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ 

ʛʠʜʨʘʪʘʮʠʠ [2]. 

ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ, ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʅʄʄɿɺ ʙʠʦʦʙʲʝʢʪʘ, ʷʚʣʷ-

ʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʠʜʘ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. 
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ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʠʦʥʠʟʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʪʘʢ ʠ ʩ ʪʝʤ, ʯʪʦ ʫʨʦʚʥʠ ʠ ʜʦ-

ʟʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʘʣʳ (ʩʨʘʚʥʠʤʳ ʩ ʤʦʱʥʦʩʪʴʶ ʦʙʳʯʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʄʄɿɺ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ, ʥʝ ʦʧʘʩʘʷʩʴ ʧʝʨʝʜʦʟʠʨʦʚʦʢ ʠʟʣʫʯʝʥʠʷ ʠ ʢʫʤʫʣʷʪʠʚʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʘʥ-

ʮʝʨʦʛʝʥʥʳʭ, ʵʬʬʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʨʘʥʥʠʡ ʠ ʨʝʛʫʣʷʨ-

ʥʳʡ ʩʢʨʠʥʠʥʛ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ ʧʘʪʦʣʦʛʠʷʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʩʨʝʜʠ ʰʠʨʦ-

ʢʠʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ [3]. 

ʆʜʥʠʤ ʠʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʅʄʄɿɺ ʙʠʦʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʮʠʷ ʥʘʣʠʯʠʷ ʚʦ-

ʜʳ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. ʅʘʧʨʠʤʝʨ, ʩʢʨʠʥʠʥʛʦʚʘʷ ʜʠʘ-

ʛʥʦʩʪʠʢʘ ʦʪʝʢʘ ʣʝʛʢʠʭ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʝʘʣʠ-

ʩʪʠʯʥʳʭ ʬʘʥʪʦʤʘʭ ʠ ʦʨʛʘʥʘʭ ʞʠʚʦʪʥʳʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʘʥʪʝʥʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,7 ʜʦ 1,0 ɻɻʮ [4]. 

ʎʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʅʄʄɿɺ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʮʠʷ ʠ ʣʦʢʘʣʠ-

ʟʘʮʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʦʚ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʣʠʯʠʝʤ ʢʨʦʚʷʥʦʛʦ ʪʨʦʤʙʘ ʠʣʠ ʦʙʣʘʩʪʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʚ ʤʦʟʛ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʨʘʟʥʠʮʝ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʙʝʣʦʛʦ ʠ ʩʝʨʦʛʦ ʚʝʱʝʩʪʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʢʨʦʚʠ ʯʝʣʦ-

ʚʝʢʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʬʘʥʪʦʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʘʩʪʦ-

ʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,5 ʜʦ 2,5 ɻɻʮ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʧʝʰʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʘ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʨʘʟʤʝʨʦʤ ʚ ʧʨʝʜʝʣʘʭ 2 ʩʤ [4]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʅʄʄɿɺ ʙʠʦʦʙʲʝʢ-

ʪʘ ʷʚʣʷʝʪʩʷ ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʚʳʩʦʢʦʛʦ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʨʘʢʦʚʳʤʠ ʠ ʟʜʦʨʦʚʳʤʠ ʪʢʘʥʷʤʠ ʛʨʫʜʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘ-

ʟʦʥʘ ʦʪ 3,1 ʜʦ 10,6 ɻɻʮ ʧʦʟʚʦʣʠʣʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʥʘʣʠʯʠʝ ʦʧʫʭʦʣʠ 

ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʥʘ ʛʣʫʙʠʥʝ 3,1 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʜʠʨʦʚʘʥʠʷ [4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʅʄʄɿɺ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʩʣʫʯʘʷ ʩʢʨʠʥʠʥ-

ʛʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʣʝʡʢʝʤʠʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʦʩʪʝʦʧʦʨʦʟʘ. ʃʝʡʢʝʤʠʷ ʚʳʟʳʚʘʝʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʚ ʢʦʩʪʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʣʠʩʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʥʠʤʢʘʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʥʘ ʯʘʩʪʦʪʘʭ 0,8 ʠ 1,3 ɻɻʮ [5]. 

ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʅʄʄɿɺ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʦʮʝʥʠʚʘʷ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʦʚʦʪʦʢʘ ʠ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʝʪʝʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʘʦʨʪʳ ʚ ʧʨʦʮʝʩʩʝ ʩʝʨʜʝʯʥʳʭ ʩʦ-

ʢʨʘʱʝʥʠʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʢʨʦʚʦʪʦʢʘ ʢʦʥʝʯʥʦʩʪʝʡ ʜʦ 0,3% ʠ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 2,5% ʥʘ ʩʨʝʜʥʝʡ ʯʘ-

ʩʪʦʪʝ 2,5 ɻɻʮ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [5]. ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʅʄʄɿɺ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʢʨʦʚʠ ʚʥʫʪʨʠ ʩʦ-

ʩʫʜʦʚ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʥʝʠʥʚʘʟʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ 

ʛʣʶʢʦʟʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʦʚʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1,0 ʜʦ 10,0 ɻɻʮ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʄʄɿɺ ʧʨʠʤʝʥʠʤ ʧʨʠ ʜʝʪʝʢʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʨʫʛʠʭ ʘʥʘʣʠʪʦʚ ʠ 

ʚʝʱʝʩʪʚ ʚ ʢʨʦʚʠ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʨʘʞʝʥʥʳʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʥʪʨʘʩʪʦʤ [5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʅʄʄɿɺ 

ʜʣʷ ʩʣʫʯʘʷ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʧʨʦʷʚʣʷʶʪ-

ʩʷ ʨʘʥʴʰʝ, ʥʝʞʝʣʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [5]. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʱʫʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʫʯʘʷʭ ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʦʚʠ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʯʝʙʥʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ, 

ʢʦʛʜʘ ʠʟ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʫʜʘʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʟʤʳ ʩ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʝʡ 

ʙʝʣʢʦʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʪʦʢʩʠʥʘʤʠ, ʠʤʤʫʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʟʘʤʝʩʪʠ-

ʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʙʝʣʢʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ [5]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʅʄʄɿɺ ʧʨʠ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʤʧʣʝʢʩʝ ʨʘʥʥʠʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʣʝʯʝʥʠʷ. 
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ʂʘʥʘʣʳ ʪʨʘʥʟʠʪʦʨʥʦʛʦ ʨʝʮʝʧʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (transient receptor potential channels) ʠʣʠ 

TRP ʢʘʥʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤ-

ʙʨʘʥʝ ʤʥʦʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ ʠ ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʝʥʩʦʨʥʦʡ ʬʠʟʠʦʣʦʛʠʠ, ʚʢʣʶʯʘ-

ʶʱʝʡ ʟʨʝʥʠʝ, ʚʢʫʩ, ʦʙʦʥʷʥʠʝ, ʩʣʫʭ, ʦʩʷʟʘʥʠʝ, ʪʝʨʤʦ- ʠ ʦʩʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ [1]. ʅʝʢʦʪʦʨʳʝ TRP 

ʢʘʥʘʣʳ ʧʦʜʦʙʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʪʝʨʤʦʤʝʪʨʘʤ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʱʫʱʝʥʠʷ ʭʦʣʦʜʘ ʠʣʠ ʪʝʧʣʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʥʘʣʳ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʜʣʷ ʢʘʪʠʦʥʦʚ Na
+
, Ca

2+
 ʠ Mg

2+
. ʃʠʰʴ ʥʝ-

ʤʥʦʛʠʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʉʘ
2+

 ʩʝʣʝʢʪʠʚʥʳʤʠ. ɼʣʷ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ TRP ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʣʠʯ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʚʝʜʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʣʝʪʢʫ, ʚʘʨʴʠʨʫʶʱʠʝ ʦʪ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ, ʠʟʤʝʥʝʥʠʷ 

ʚʦʣʴʪʘʞʘ ʜʦ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. TRP ʢʘʥʘʣʳ ʘʢʪʠʚʠʨʫʶʪʩʷ ʤʥʦ-

ʞʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʪʦʨʦʚ ʩʠʛʥʘʣʦʚ ʠ ʠʤʝʶʪ 
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ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʄʫʪʘʮʠʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʯʝʪʳʨʝʭ ʢʘʥʘʣʦʚ TRP ʣʝʞʘʪ ʚ 

ʦʩʥʦʚʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʪʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ TRP ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

TRPA1 ʠ TRPV1 ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʢ ʛʠʧʦʦʩʤʦʣʷʨʥʳʤ ʩʪʠʤʫʣʘʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ [2].  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʙʝʣʢʘʭ-ʨʝʮʝʧʪʦʨʘʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɹʠʦʠʥʬʦʨʤʘʪʠʢʘ ʨʝʰʘʝʪ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʩ ʧʨʠ-

ʚʣʝʯʝʥʠʝʤ ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚ-

ʣʠʚʘʪʴ ʧʝʨʚʠʯʥʫʶ ʠ 3-D ʩʪʨʫʢʪʫʨʫ TRP ʙʝʣʢʦʚ, ʩʪʝʧʝʥʴ ʠʭ ʛʦʤʦʣʦʛʠʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʪʴ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʳʷʩʥʷʪʴ ʬʫʥʢʮʠʠ ʠ ʨʦʣʴ ʵʪʠʭ 

ʙʝʣʢʦʚ ʚ ʧʘʪʦʣʦʛʠʠ [3].  

ʈʘʥʝʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʭʦʜʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʩʝʨʠʥʦʚʳʭ 

ʧʨʦʪʝʘʟ ʨʘʩʪʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʥʘʨʫʰʝʥʠʡ ʛʝ-

ʤʦʩʪʘʟʘ ʠ ʬʠʙʨʠʥʦʣʠʟʘ [4], ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʘʟ ʥʘ ʦʩ-

ʥʦʚʝ ʩʦʝʚʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʪʨʠʧʩʠʥʘ [5], ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʢʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʩʦʨʙʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʟʦʣʦʪʘ [6]. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ TRP ʢʘʥʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ, TRPA1 ʠ TRPV1, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. ɺ ʙʘʟʫ 

UniProt ʚʢʣʶʯʝʥʳ 1807 ʦʧʠʩʘʥʠʡ ʧʨʠ ʟʘʧʨʦʩʝ transient receptor potential cation. ʀʟ ʵʪʦʛʦ ʯʠʩʣʘ 122 

ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʣʢʘʤ ʯʝʣʦʚʝʢʘ. ɺ ʙʘʟʝ NCBI Protein ʚʳʷʚʣʷʶʪʩʷ 10131 ʦʧʠʩʘʥʠʝ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ 

ʟʘʧʨʦʩʝ, ʠʟ ʥʠʭ 380 ʦʧʠʩʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʣʢʘʤ ʯʝʣʦʚʝʢʘ.  

ʀʟʚʝʩʪʥʳ ʦʢʦʣʦ 28 TRP ʢʘʥʘʣʦʚ, ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ. ʇʦ ʛʦʤʦʣʦʛʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʩʝ ʢʘʥʘʣʳ ʜʝʣʷʪ ʥʘ ʩʝʤʴ ʧʦʜʩʝʤʝʡʩʪʚ: ʧʷʪʴ ʛʨʫʧʧ ʧʦʜʩʝ-

ʤʝʡʩʪʚʘ 1 (TRPC, TRPV, TRPM, TRPN ʠ TRPA) ʠ ʜʚʝ ʛʨʫʧʧʳ ʧʦʜʩʝʤʝʡʩʪʚʘ 2 (TRPP ʠ TRPML). 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʙʦʣʝʝ 100 ʛʝʥʦʚ TRP ʢʘʥʘʣʦʚ ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. ʋ ʯʝʣʦʚʝʢʘ ʛʝʥʳ 

TRP ʢʘʥʘʣʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʜʣʠʥʝ - ʦʪ 11,4 ʜʦ 911 kb ʩ ʯʠʩʣʦʤ ʵʢʟʦʥʦʚ ʦʪ 11 ʜʦ 39. ʈʝʛʫʣʷʪʦʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʚ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʦʚ TRP ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. ɻʦʤʦʣʦʛʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʞʜʫ 

ʯʣʝʥʘʤʠ ʧʦʜʩʝʤʝʡʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 35%, ʥʦ ʜʣʷ ʯʝʪʢʠʭ 

ʧʘʨ ʜʫʙʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ TRPC6 ʠ TRPC7, TRPM4 ʠ TRPM5 ʠ TRPV5 ʠ TRPV6 ʤʦʞʝʪ ʜʦʩʪʠ-

ʛʘʪʴ 50-80%.  

ɹʦʣʴʰʠʥʩʪʚʦ TRP ʢʘʥʘʣʦʚ ʩʦʩʪʦʷʪ ʠʟ 6 ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ Ŭ-ʩʧʠʨʘʣʝʡ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ N- ʠ ʉ-ʢʦʥʮʘʤʠ. ɼʦʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʢʦʪʦʨʳʭ TRP ʙʝʣʢʦʚ 

ʥʝʦʙʳʯʥʘ ʠ ʚʢʣʶʯʘʝʪ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʥʘʣʳ ʠ ʬʝʨʤʝʥʪʥʳʝ ʜʦʤʝʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ ʫ ʪʝʨʤʦ-

TRP ʢʘʥʘʣʦʚ ʥʘʨʷʜʫ ʩ ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ C-ʪʝʨʤʠʥʘʣʴʥʳʤ ʜʦʤʝʥʦʤ ʠʤʝʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʧʨʷʛʘʪʴ ʨʝʮʝʧʪʦʨʥʳʡ ʠ ʪʨʘʥʩʜʫʢʪʦʨʥʳʡ 

ʜʦʤʝʥʳ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʧʦʜʩʝʤʝʡʩʪʚʘ TRPA (TRPA1) ʩʦʜʝʨʞʠʪ 14 N-ʢʦʥʮʝʚʳʭ ʘʥ-

ʢʠʨʠʥʦʚʳʭ ʧʦʚʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. TRPA1 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʢʘʢ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʮʠʩʪʝʠʥʦʚʳʤʠ ʦʩʪʘʪʢʘʤʠ ʙʝʣ-

ʢʘ (ʠʟʦʪʠʦʮʠʘʥʘʪʳ), ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ (ʤʝʪʠʣʩʘʣʠʮʠʣʘʪʳ, ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ PF-

4840154). TRPA1 ʚʦʚʣʝʯʝʥ ʚ ʚʦ ʤʥʦʛʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ - ʩʝʥʩʦʨʥʫʶ ʪʨʘʥʩʜʫʢʮʠʶ, ʚʦʩʧʨʠʷʪʠʝ 

ʙʦʣʠ, ʨʘʟʚʠʪʠʝ ʚʦʩʧʘʣʝʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. TRPV1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ.  

TRP ʢʘʥʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʠʰʝʥʴ ʜʣʷ ʨʷʜʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʛʦʥʠʩʪʦʚ 

TRPV1 ʫʤʝʥʴʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʙʦʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʧʩʘʠʮʠʥ ʦʙʣʝʛʯʘʝʪ ʧʝʨʝʥʦʩʠʤʦʩʪʴ 

ʥʝʡʨʦʧʘʪʠʯʝʩʢʦʡ ʙʦʣʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ TRP ʢʘʥʘʣʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤ-

ʧʴʶʪʝʨʥʳʡ ʜʠʟʘʡʥ ʣʝʢʘʨʩʪʚ. ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 6 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ TRPV ʙʝʣ-

ʢʦʚ - TRPV1-6. ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʦʤʦʣʦʛʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʠ ʉʘ
2+ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ ʦʙʲʝʜʠʥʷʶʪ ʚ ʜʚʝ ʧʦʜʛʨʫʧʧʳ: TRPV1-V4 ʠ TRPV5-V6. TRPV ʢʘʥʘʣʳ ʩʦʜʝʨʞʘʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ N-ʢʦʥʮʝʚʳʝ ʘʥʢʠʨʠʥʦʚʳʝ ʧʦʚʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʪʨʘʤʝʨʦʚ ʠ 

ʨʝʛʫʣʠʨʫʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʢʘʥʘʣʘ. ɸʢʪʠʚʥʦʩʪʴ TRPV1 ʤʦʜʫʣʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʥʫʪʨʠʢʣʝʪʦʯ-



 

ʉʀʉʊɽʄʅʓʁ ɸʅɸʃʀɿ ɺ ʌʋʅɼɸʄɽʅʊɸʃʔʅʆʁ ʀ ʂʃʀʅʀʏɽʉʂʆʁ ʄɽɼʀʎʀʅɽ 
 

 

30 

ʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʚʢʣʶʯʘʷ ʤʦʣʝʢʫʣʳ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ɸʊʌ, ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʙʠʬʦʩʬʘʪ, ʠ 

ʉʘ
2+

-ʟʘʚʠʩʠʤʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ. ʄʦʣʝʢʫʣʳ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩ ʉ-, ʪʘʢ ʠ ʩ N-ʢʦʥʮʝʚʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʘʥʘʣʘ, ʚʳʟʳʚʘʷ ʧʦʷʚʣʝʥʠʝ ʩʰʠʚʦʢ ʤʝʞʜʫ ʥʠ-

ʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʜʝʩʝʥʩʠʙʠʣʠʟʘʮʠʝʡ.  

ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʵʚʦʣʶʮʠʦʥʥʦʛʦ, ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ TRPV. 

ɸʥʘʣʠʟ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʜʦʤʝʥʦʚ TRPV ʢʘʥʘʣʦʚ ʚʳʷʚʣʷʝʪ ʦʙ-

ʱʫʶ ʪʝʥʜʝʥʮʠʶ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʜʦʤʝʥʦʚ ʘʥʢʠʨʠʥʦʚʳʭ ʧʦʚʪʦʨʦʚ, ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʜʦʤʝʥʘ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʜʦʤʝʥʘ ʠ ʜʦʤʝʥʘ TRP-ʙʦʢʩʘ. ʉ ʧʦʤʦʱʴʶ ʵʚʦʣʶʮʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ ʪʨʘʥʩʤʝʤʙʨʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʤʙʨʘʥʥʳʤ ʧʨʦʢʩʠʤʘʣʴʥʳʤ ʜʦʤʝʥʦʤ ʠ TRP-ʙʦʢʩʦʤ ʠ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʦʙʱʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʜʦʤʝʥʦʚ ʩʨʝʜʠ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ TRPV1-4. ɸʥʢʠʨʠʥʦʚʳʝ ʧʦʚʪʦ-

ʨʳ ʥʘ N-ʢʦʥʮʝ TRPA1 ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʤʦʜʫʣʠʨʫʶʪ 

ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ. ʅʘ N-ʢʦʥʮʝ TRPA1 ʨʘʩʧʦʣʦʞʝʥ ʉʘ
2+

 ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ. TRPA1 ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʭʝʤʦʩʝʥʩʦʨ ʠ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʪʦʢ ʠʦʥʦʚ ʉʘ
2+

 ʧʦ ʜʨʫʛʠʤ ʢʘʥʘʣʘʤ. ʍʘʨʘʢʪʝʨʥʘʷ ʤʫʪʘʮʠʷ ʚ 4-ʦʤ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʤ ʩʝʛʤʝʥʪʝ TRPA1 (N855S) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʥʜʨʦʤʘ ʩʝʤʝʡʥʳʭ ʵʧʠʟʦ-

ʜʠʯʝʩʢʠʭ ʙʦʣʝʡ, ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʙʦʣʝʚʦʛʦ ʩʠʥʜʨʦʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ TRP ʢʘʥʘʣʦʧʘ-

ʪʠʝʡ. TRPA1 ʘʢʪʠʚʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ï ʢʘʣʣʠʮʠʥʦʤ, ʜʠʘʣʣʠʣʜʠʩʫʣʴʬʠʜʦʤ, ʠʟʦ-

ʪʠʦʮʠʘʥʘʪʘʤʠ, ʤʝʪʠʣʩʘʣʠʮʠʣʘʪʘʤʠ, ʘʢʨʦʣʝʠʥʦʤ ʠ ɸ9-ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʦʤ. ʄʝʥʪʦʣ ʘʢʪʠʚʠʨʫ-

ʝʪ TRPA1 ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʠʥʛʠʙʠʨʫʝʪ ʚ ʚʳʩʦʢʠʭ. ɺ ʨʦʣʠ ʘʢʪʠʚʘʪʦʨʦʚ TRPA1 ʤʦʛʫʪ ʚʳ-

ʩʪʫʧʘʪʴ ʵʥʜʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 4-ʛʠʜʨʦʢʩʠʥʦʥʝʥʘʣ ʠ 15-ʜʝʟʦʢʩʠ-A
12,14

-ʧʨʦʩʪʘʛʣʘʥʜʠʥ J2, 

ʦʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ. ʄʥʦ-

ʛʠʝ ʘʛʦʥʠʩʪʳ TRPA1 ʷʚʣʷʶʪʩʷ ʨʝʘʛʠʨʫʶʱʠʤʠ ʩ SH-ʛʨʫʧʧʘʤʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʦʙʨʘʟʫʶʱʠʤʠ ʢʦʚʘ-

ʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʝʠʥʘ. ʅʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʨʦʣʠ ʘʢʪʠʚʘʪʦʨʦʚ 

TRPA1 ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʉʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʙʘʟʘ ʙʝʣʢʦʚ TRP ʢʘʥʘʣʦʚ (TRIP) ʩʦʜʝʨʞʘʱʘʷ ʚʩʝʦʙʲʝʤʣʶʱʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ TRP ʢʘʥʘʣʘʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʘʪʝʛʦʨʠʷʤ: ʩʢʨʠʥʠʥʛ, 

ʦʮʝʥʢʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ [7].  
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â 2016 ʛ.    ɺ.ʀ. ɼʦʥʮʦʚ, ʜ-ʨ ʤʝʜ. ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ 

ʂʆʄʇʃɽʂʉ ɺʀʈʊʋɸʃʔʅʓʍ ʇʈʀɹʆʈʆɺ ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ ɹʀʆʉʀɻʅɸʃʆɺ 

ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʨʠʙʦʨʦʚ ʩ ʥʦʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚʚʦʜʘ ʩʠʛʥʘʣʦʚ ʚ 

ʢʦʤʧʴʶʪʝʨ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʚʦʜʝ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʚʫʢʦʚʦʡ ʧʣʘʪʳ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʧʦ ʪʠʧʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʝ-

ʯʘʩʪʦʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ 

ʧʨʠʙʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʚʚʦʜ 

ʩʠʛʥʘʣʦʚ. 

V.I. Dontsov 

COMPLEX VIRTUAL INSTRUMENTS FOR REGISTRATION OF BIOSIGNALS  

The new class instrument was presented with new technical decision of the signal introduc-

tion in computer and software for work with different sensors, founded on entering signal 

through computer with use the sound plate if required with transformation of the signal on 

type transformation voltage-frequency. Computer provision allows to form the different vir-

tual instruments with varied sensor.  

Key words: hardware-software complexes, virtual instruments, input signals in the computer. 

 

ʅʦʚʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʢʣʘʩʩ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ï çʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳè 

(ɺʇ), ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʘʢʪʠʢʫʤʦʚ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʳʤʠ ʜʘʪʯʠʢʘʤʠ ʩʠʛʥʘʣʦʚ, 

ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʡ ʧʨʦʩʪʦʨ ʜʣʷ ʪʚʦʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ (ʅʀʈ) ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʝʜʦ-

ʩʪʘʪʢʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ɺʇ ʷʚʣʷʝʪʩʷ ʠʭ ʛʨʦʤʦʟʜʢʘʷ ʠ ʜʦʨʦʛʘʷ ʧʝʨʠʬʝʨʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ (ɸʎʇ), ʫʩʠʣʠʪʝʣʷʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʘʭ ʠ ʙʝʜʥʳʡ ʥʘʙʦʨ 

ʧʨʦʛʨʘʤʤ ʦʪʦʙʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  ï ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʦʡ ʠ ʜʝʰʝʚʦʡ ʧʝʨʠʬʝʨʠʠ ʜʣʷ ʚʚʦʜʘ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʩʪʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʥʘʧʠʩʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʧʦʜ ʪʝʢʫʱʠʝ ʟʘʜʘʯʠ ʅʀʈ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʚʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨ 

ʆʩʥʦʚʦʡ ʧʨʦʩʪʦʛʦ, ʥʘʜʝʞʥʦʛʦ ʠ ʜʝʰʝʚʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʚʦʜʘ ʩʠʛʥʘ-

ʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʚʫʢʦʚʦʡ ʧʣʘʪʳ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘ-

ʮʠʠ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʠʪʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ɺʚʦʜʳ ʠ ʚʳʚʦʜ 

ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʨʪʦʚ ʟʚʫʢʦʚʦʡ ʧʣʘʪʳ ʠ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʘʫʜʠʦ-ʨʘʟʲʝʤʦʚ. 

ɿʚʫʢʦʚʘʷ ʧʣʘʪʘ ʢʦʤʧʴʶʪʝʨʘ ʜʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʬʘʢʪʠʯʝʩʢʠ ʟʘʤʝʥʷʶʱʠʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ɸʎʇ (ʪʘʢ ʢʘʢ ʦʥʘ ʩʘʤʘ ʷʚʣʷʝʪʩʷ ʪʘʢʠʤ ɸʎʇ). ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʟʘʧʠʩʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ, 

ʢʘʢ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʘ, ʪʘʢ ʠ ʚʚʦʜʘ ʠ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ (ʤʦʞʥʦ ʧʦ 2-ʤ ʢʘʥʘʣʘʤ).  

ɺʚʦʜʠʤʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʪʨʝʭ ʪʠʧʦʚ: 

ï ʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣʳ (ɸʉ) ʚ ʧʨʝʜʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʚʫʢʦʚʦʡ ʧʣʘʪʳ (20 ɻʮ ï 20 ʢɻʮ, 2 

ʤɺ ï 2 ɺ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʧʣʘʪʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ; 

ï ʧʘʩʩʠʚʥʳʝ ʜʘʪʯʠʢʠ (ʦʙʳʯʥʦ ʨʝʟʠʩʪʦʨʥʦʛʦ ʪʠʧʘ ï ʪʝʨʤʦ- ʠ ʬʦʪʦ- ʨʝʟʠʩʪʦʨʳ), ʩʘʤʠ ʥʝ ʛʝʥʝ-

ʨʠʨʫʶʱʠʝ ʩʠʛʥʘʣʘ ʠ ʪʨʝʙʫʶʱʠʝ ʬʦʥʦʚʦʛʦ ʧʠʪʘʥʠʷ; ʜʣʷ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʘʤ-

ʧʣʠʪʫʜʫ ʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʪʦʡ ʞʝ ʟʚʫʢʦʚʦʡ ʧʣʘʪʦʡ, ʠ ʧʠʪʘʶʱʝʛʦ ʜʘʪʯʠʢʠ; 

ï ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ (ʥʠʞʝ 10-20 ɻʮ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʚ ʟʚʫʢʦʚʫʶ ʧʣʘʪʫ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ, ʜʣʷ ʯʝʛʦ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʰʝʚʳʝ ʠ ʪʦʯʥʳʝ 
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ʤʠʢʨʦʩʭʝʤʳ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʯʘʩʪʦʪʫ (ʇʅʏ), ʜʘʶʱʠʝ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʟʘʤʝʨʷʪʴ ʥʘʧʨʷʞʝʥʠʷ 10 ʤʢɺ-10 ɺ ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ (ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪʳ) ʜʦ 6-7 ʟʥʘʢʦʚ; 

ʧʨʠʙʦʨʳ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʩʪʦʷʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʩʪʦʠʪ ʚʩʝʛʦ ʜʝ-

ʩʷʪʢʠ ʨʫʙʣʝʡ.  

ʇʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʆʙʱʝʧʨʠʥʷʪʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ɺʇ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦ-

ʛʨʘʤʤʥʘʷ ʩʨʝʜʘ LabVIEW (Laboratory Virtual Instruments Engineering Workbench ï ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʝʝ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʢʘ ʥʘ 

ʰʠʨʦʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʛʣʫʙʣʷʷʩʴ ʚ ʜʝʪʘʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦ ʩʦʟʜʘ-

ʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʪʝʢʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʧʨʦʛʨʘʤʤʳ. ʂʦʥʮʝʧʮʠʷ LabVIEW 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʣʝʛʢʫʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ 

ʥʘʙʦʨ ʛʦʪʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ɺʇ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʷʤʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʫʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʦʪʦʚʫʶ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʫ.  

ʅʘʩʪʨʦʡʢʘ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ ʟʚʫʢʦʚʦʡ ʢʘʨʪʦʡ ʢʦʤʧʴʶʪʝʨʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪ-

ʜʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ɺʇ, ʧʦʟʚʦʣʷʶʱʠʤ ʣʝʛʢʦ ʠ ʧʨʦʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʩʥʘ-

ʱʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ LabVIEW ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʝʨʚʠʯʥʳʭ ɺʇ, ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʦʨʷʜʢʝ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʠʥʞʝ-

ʥʝʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʦʙʫʯʘʪʴʩ ʠ ʙʳʩʪʨʦ ʩʪʨʦʠʪʴ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ɺʇ, ʩʦʭʨʘʥʷʷ ʧʦʣʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʦʣʥʦʛʦ ʧʨʠʙʦʨʘ.  

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʨʝʜʳ LabVIEW ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦ-

ʪʳ ʩ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʛʥʘʣʳ. ʀʤʝʝʪʩʷ 

ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʝʨʚʠʯʥʳʭ ɺʇ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ, ʧʨʠʥʠʤʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ, ʦʪʦʙ-

ʨʘʞʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʛʥʘʣʳ ʠ ʩʦʚʝʨʰʘʪʴ ʨʷʜ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʦʬʦʨʤʣʷʪʴ ʚ ʫʜʦʙ-

ʥʦʤ ʚʠʜʝ ʣʠʮʝʚʫʶ ʧʘʥʝʣʴ. ʉʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ɺʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʞʝ ʛʦʪʦʚʫʶ ʨʘʙʦʪʘʶʱʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʨʘʟʫ ʟʘʧʫʩʢʘʪʴ ʚ ʨʘʙʦʪʫ. 

ʇʨʦʩʪʳʤ ʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʩʠʛʥʘʣ ʩ ʚʳʩʦʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʠʢ-

ʨʦʬʦʥʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʩʣʫʰʠʚʘʪʴ ʨʠʪʤʳ ʩʝʨʜʮʘ ï ʬʦʥʦʢʨʘʜʠʦʛʨʘʬʠʷ (ʌʂɻ). ɿʜʝʩʴ ʧʦʢʘʟʘʥʘ ʟʘ-

ʧʠʩʴ ʌʂɻ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʦʛʦ ʤʠʢʨʦʬʦʥʘ çʂʫʣʦʥè (ʨʠʩʫʥʦʢ 1). ʍʦʨʦʰʦ ʚʠʜʥʳ 2 ʦʩʥʦʚʥʳʭ ʪʦʥʘ 

ʩʝʨʜʮʘ ʠ ʰʫʤ ʚ ʦʜʥʦʤ ʠʟ ʩʝʨʜʝʯʥʳʭ ʮʠʢʣʦʚ. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ï ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʥ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ çʌʦʥʦʢʘʨʜʠʦʛʨʘʬʠʷè, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ï ʧʨʦʩʪʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ɺʇ çWaveform Graphè. 

 

 

ʈʠʩ. 1 ï ɺʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ çʌʂɻè ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʬʦʥʘ çʂʫʣʦʥè.  
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʢʣʘʩʩ ʧʨʠʙʦʨʦʚ ʩ ʥʦʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚʚʦʜʘ ʩʠʛ-

ʥʘʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʚʚʦʜʝ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʚʫʢʦʚʦʡ ʧʣʘʪʳ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʧʦ ʪʠʧʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʝ-ʯʘʩʪʦʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ɺʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʳʭ ʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ.  
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N.S. Bezrukov, A.N. Odireyev, M.I . Shmatok 

ALGORITHSM S OF REGISTRATION OF CILIATED EPITHELIUM CILIA 

MOVEMENT  

Algorithms of registration of the chosen object movement were developed. The result of the 

work of two algorithms of registration of movements of bronchial ciliated epithelium cilia 

were compared.  

Key words: ciliated epithelium, image processing.  

 

ʅʘʨʫʰʝʥʠʷ ʮʠʣʠʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʨʮʘʪʝʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ (ʄʕ) ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʚ ʩʠʩʪʝ-

ʤʝ ʤʝʩʪʥʦʡ ʟʘʱʠʪʳ ʣʝʛʢʠʭ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ ʙʨʦʥʭʠʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ [1, 2]. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʮʠʣʠʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʕ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʠʙʦʨʳ (ʨʠʩ.1), ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ [3]:  

¶ ʄʠʢʨʦʩʢʦʧ Micros (Austria) MC400A; 

¶ ʆʨʠʛʠʥʘʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜʥʠʢ; 

¶ ʂʘʤʝʨʫ Sony alpha 7r, ʟʘʧʠʩʳʚʘʶʱʫʶ ʚʠʜʝʦ ʚ ʬʦʨʤʘʪʝ FullHD c ʯʘʩʪʦʪʦʡ 50 ʢʘʜʨ/ʩ; 

¶ ʂʦʤʧʴʶʪʝʨ ʥʘ ʆʉ Winʍʈ ʠ ʚʳʰʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʘʤʝʨʳ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʣʥʦʢʘʜʨʦʚʦʡ ʤʘʪ-

                                                           
2
 ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ 14-25-00019). 
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ʨʠʮʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪ ʚʠʜʝʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʪʨʝʙʫʶʱʝʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʭʦʨʦʰʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʙʘ-

ʟʦʡ [4]. 

 

 
ʈʠʩ. 1ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʩʥʠʯʝʢ ʄʕ. 

 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʢʘʤʝʨʳ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʘʣʛʦʨʠʪʤʘ: 

1. ɸʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʮʚʝʪʘ ʧʠʢʩʝʣʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ [4]; 

2. ɸʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ; 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʨʝʩʥʠʯʝʢ ʄʕ. 

ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚʠʟʫʘʣʴʥʦ ʧʫʪʝʤ ʧʦʢʘʜʨʦʚʦʡ ʨʘʟʙʠʚʢʠ 

ʚʠʜʝʦʨʷʜʘ. 

ɸʣʛʦʨʠʪʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʩʥʠʯʝʢ ʄʕ 

ʃʶʙʫʶ ʚʠʜʝʦʟʘʧʠʩʴ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʢʘʜʨʳ, ʘ ʣʶʙʦʡ ʢʘʜʨ ʚʳʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ ʩʦ ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤʠ (ʨʠʩ. 2). ɺ ʷʯʝʡʢʘʭ ʤʘʪʨʠʮʳ ʥʘʭʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʩʝʨʦʛʦ ʮʚʝʪʘ 

(grey). ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 5-ʩʝʢʫʥʜʥʘʷ ʚʠʜʝʦʟʘʧʠʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʭ 250 

ʢʘʜʨʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1920ʭ1080 ʧʠʢʩʝʣʝʡ. 

 

1

 
ʘ) ʙ) 

ʈʠʩ. 2 ï ʂʘʜʨ ʢʣʝʪʢʠ ʤʝʨʮʘʪʝʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ. 

 

ʆʪ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʟʘʧʠʩʠ ʨʝʩʥʠʯʢʠ ʄʕ ʟʘʥʠʤʘʶʪ ʫʯʘʩʪʦʢ ʤʝʥʝʝ 5%, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ-

ʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ. ʇʦʵʪʦʤʫ ʩʧʝʮʠʘʣʠʩʪ ʩʘʤ ʚʳʙʠʨʘʝʪ ʵʪʦʪ ʫʯʘʩʪʦʢ ʥʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʠ ʩ ʄʕ 

(ʨʠʩ.1, ʘ). ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʛʠʩʪʨʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʮʚʝʪʘ ʧʠʢʩʝʣʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʩʪʨʦʠʪʩʷ ʥʘ ʜʦʧʫʱʝʥʠʠ [4], 

ʯʪʦ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ, ʤʝʥʷʶʱʠʡ ʩʚʦʡ ʮʚʝʪ ʚʦ ʚʨʝʤʝʥʠ (ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʘʜʨʘ) ʦʙʨʘʟʫʝʪ ʛʘʨʤʦʥʠʯʝ-

ʩʢʠʡ ʩʠʛʥʘʣ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ ʯʘʩʪʦʪʝ ʙʠʝʥʠʷ ʨʝʩʥʠʯʝʢ ʄʕ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʚʩʝʛʜʘ 

ʧʨʠʤʝʥʠʤʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʙʠʝʥʠʝ ʨʝʩʥʠʯʝʢ ʄʕ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʜʨʫ-

ʛʠʭ ʯʘʩʪʝʡ ʙʠʦʧʪʘʪʘ, ʥʦ ʩ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʪʴ ʠ 

ʨʘʩʧʦʟʥʘʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʢʘʢ ʙʠʝʥʠʝ ʨʝʩʥʠʯʝʢ ʄʕ, ʯʪʦ ʚ ʠʪʦʛʝ ʜʘʩʪ ʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɽʱʝ ʦʜʥʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʠʪʴ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ. ʅʘ ʨʠʩ. 3 ʧʨʝʜ-
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ʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʩʝʨʳʡ ʮʚʝʪ ʧʨʠʚʝʜʝʥ ʢ ʜʠʘʧʘʟʦʥʫ ʦʪ 0 ʜʦ 1, 

ʯʘʩʪʦʪʘ ʙʠʝʥʠʷ ʨʝʩʥʠʯʝʢ ʄʕ ʩʦʩʪʘʚʠʣʘ 1,56 ɻʮ. 

 

 
ʈʠʩ. 3 ï ʂʦʣʝʙʘʥʠʝ ʮʚʝʪʘ ʚ ʧʠʢʩʝʣʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

C ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʠʝʥʠʷ ʨʝʩʥʠʯʝʢ ʄʕ ʨʘʟʨʘʙʦʪʘʥ ʝʱʝ ʦʜʠʥ ʘʣʛʦ-

ʨʠʪʤ ï ʘʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʨʘʙʦʪʘʶʱʠʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɺʳʙʨʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʩ ʨʝʩʥʠʯʢʘʤʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʩʥʦʚʘʥʠʝ ʩ ʨʝʩʥʠʯʢʘʤʠ 

ʙʳʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʚʥʠʟʫ, ʪʦʛʜʘ ʙʠʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ 

ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʥʫʪ ʥʘ 60 ̄ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʨʠʩ.1,ʙ). 

2. ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʚʳʜʝʣʷʝʪʩʷ ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ ï ʯʘʩʪʴ ʨʝʩʥʠʯʢʠ, ʤʘʢʩʠʤʘʣʥɹʦ 

ʫʜʘʣʝʥʥʘʷ ʦʪ ʦʩʥʦʚʘʥʠʷ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ (ʨʠʩ.1,ʙ) ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ ʚʳʜʝʣʝʥ ʢʚʘʜʨʘʪʦʤ. 

3. ʅʘ ʩʣʝʜʫʶʱʝʤ ʢʘʜʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʙʲʝʢʪ ʠʱʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

4. ʇʦ ʩʤʝʱʝʥʠʶ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʨʝʩʥʠʯʢʠ ʄʕ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ.  

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ: ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʧʠʢʩʝʣʷʭ, ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʠʣʘ 1,56 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʘ 22 ʧʠʢʩʝʣʷ. ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘʙʣʶʜʝ-

ʥʠʷ ʧʠʢʩʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʝʜʠʥʠʮʳ ʉʀ [5].  

 

 
ʈʠʩ. 4 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʨʝʩʥʠʯʢʠ ʄʕ. 

 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʠʪʴ 

ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʦʪʫ, ʥʦ ʠ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʨʝʩʥʠʯʝʢ. ʅʦ ʠʤʝʝʪʩʷ ʠ ʥʝʜʦʩʪʘʪʦʢ: ʩʫʱʝʩʪʚʫʶʪ 

ʫʯʘʩʪʢʠ ʨʝʩʥʠʯʝʢ ʄʕ ʩ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʝʩʥʠʯʝʢ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʝʜʠʥʠʯʥʦʡ ʨʝʩʥʠʯʢʦʡ ʄʕ. ɺ ʪʘʢʠʭ ʧʨʠʤʝʨʘʭ ʥʘ ʨʘʟʥʳʭ 

ʵʪʘʧʘʭ ʜʚʠʞʝʥʠʷ ʨʝʩʥʠʯʢʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠʣʠ ʚʦʚʩʝ ʠʩʯʝʟʘʶʪ ʠʟ ʧʦʣʷ ʚʠʜʠʤʦʩʪʠ.  

ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʜʨʦʚʦʡ ʨʘʟʙʠʚʢʠ ʚʠʜʝʦʨʷʜʘ (ʨʠʩ.1,ʙ) ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʚʳʜʝ-

ʣʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʘʤʧʣʠʪʫʜʫ ʙʠʝʥʠʷ (19 ʧʠʢʩʝʣʝʡ) ʠ ʜʣʠʥʫ ʨʝʩʥʠʯʢʠ (78 ʧʠʢʩʝʣʝʡ). ʈʝʟʫʣʴʪʘʪʳ 

ʨʫʯʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʠʟʤʝʨʠʤʳ ʩ ʨʘʙʦʪʦʡ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʬʫʥʢ-

ʮʠʦʥʘʣʥɹʦ ʜʦʧʦʣʥʷʝʪ ʘʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʮʚʝʪʘ ʧʠʢʩʝʣʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ. ʉʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʟɹʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʯʘʩʪʦʪʳ ʙʠʝʥʠʷ ʨʝʩʥʠʯʝʢ ʄʕ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʙʠʝʥʠʷ ʨʝʩʥʠʯʝʢ ʜʘʝʪ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ. 
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N.S. Bezrukov, D.E. Naumov, A.G. Prikhodko, V.P. Kolosov, J.M. Perelman 

SUPPORT SYSTEM OF DECISION MAKING FOR PREDICTION OF OSMOTIC 

AIRWAY HYPERRESPONSIVENESS 

The question of creation of support systems of decision making on the basis of neural net-

work for prediction of osmotic airway hyperresponsiveness in patients with bronchial asthma 

was studied. Statistic analysis of spirography data and researches of gene TRPV4 polymor-

phism  was done. The system of prediction with graphical interface was developed.  

Key words: the support system of decision making, neural networks, airway hyperrespon-

siveness.  
 

ɺ ʤʝʜʠʮʠʥʝ ʩʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʚʳʙʦʨ 

ʩʪʨʘʪʝʛʠʠ ʠ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ), ʚ ʢʦʪʦʨʳʭ ʥʝʡʨʦ-

ʥʝʯʝʪʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ [1,2]. ʀʟʚʝʩʪʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ: ʵʥʝʨʛʝʪʠʢʠ 

[3,4,5], ʪʦʤʦʛʨʘʬʠʠ [6], ʚʦʞʜʝʥʠʷ ʩʫʜʦʚ [7], ʵʢʦʥʦʤʠʢʠ [8]. 

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ). ʀʟʚʝʩʪʥʦ [9], ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʉʇʇʈ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʪʴ ʠ ʫʧʨʦʱʘʪʴ ʨʘʙʦʪʫ ʚʨʘʯʘ, ʧʦʤʦʯʴ ʝʤʫ ʠʟʙʝʞʘʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʦʰʠʙʦʢ ʧʨʠ 

                                                           
3
 ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ 14-25-00019). 
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ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ ʠ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ 

ʚʨʘʯʫ.  

ɹʨʦʥʭʠʘʣʴʥʘʷ ʘʩʪʤʘ (ɹɸ) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦ-

ʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ [2, 10, 11]. ʅʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʠʧʝʨʨʝʘʢʪʠʚʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ 

ʧʫʪʝʡ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴ ʢʣʠʥʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʩʥʠʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦ-

ʩʪʠʞʝʥʠʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʥʠʤ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʉʇʇʈ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʡ ʛʠʧʝʨʨʝʘʢʪʠʚʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ  (ʆɻɼʇ) ʫ 

ʙʦʣʴʥʳʭ ɹɸ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ: ʟʥʘʯʝʥʠʷ ʩʧʠʨʦʛʨʘʤʤʳ, ʟʥʘʯʝʥʠʝ ʛʝʥʦʪʠʧʘ ʧʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʤʫ ʧʦ-

ʣʠʤʦʨʬʠʟʤʫ rs6606743 ʛʝʥʘ TRPV4. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʦʙʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʦ 189 ʙʦʣʴʥʳʭ ɹɸ, ʫ 73 ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʦʡ ʙʨʦʥʭʦʧʨʦʚʦʢʘʮʠʦʥʥʦʡ ʧʨʦʙʳ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠʥʛʘʣʷʮʠʝʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʆɻɼʇ. ɺr ʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʩʧʠʨʦʛʨʘʬʠʠ ʠ ʯʘʩʪʦʪʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʦʚ ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ ʛʝʥʘ TRPV4 ʫ ʙʦʣʴʥʳʭ ɹɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʆɻɼʇ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʠʨʦʛʨʘʤʤʳ ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʩ ʆɻɼʇ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʠʥʜʝʢʩʘ ʊʠʬʬʥʦ (ʀʊ) (p<0,01) ʠ ʤʛʥʦʚʝʥʥʦʡ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʜʦʭʘ ʥʘ ʫʨʦʚʥʝ 50% 

ʬʦʨʩʠʨʦʚʘʥʥʦʡ ʞʠʟʥʝʥʥʦʡ ʝʤʢʦʩʪʠ ʣʝʛʢʠʭ (ʄʆʉ50) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʥʳʤʠ ɹɸ ʙʝʟ ʆɻɼʇ 

(p<0,01). ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʴʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ʆɻɼʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʣʠ ʩʨʝʜʥʶʶ ʩʪʝ-

ʧʝʥʴ ʪʷʞʝʩʪʠ ɹɸ (74% ʧʨʦʪʠʚ 26% ʩ ʣʝʛʢʦʡ ʩʪʝʧʝʥʴʶ), ʘ ʙʦʣʴʥʳʝ ɹɸ ʙʝʟ ʛʠʧʝʨʨʝʘʢʪʠʚʥʦʩʪʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ ʠʤʝʣʠ ʣʝʛʢʫʶ ʠ ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ ʟʘʙʦʣʝʚʘʥʠʷ (ʨʠʩ. 1, ʘ,ʙ).  

 
ʈʠʩ. 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ  

(ʙʝʣʳʝ ʩʪʦʣʙʠʢʠ - ʙʦʣʴʥʳʝ ɹɸ ʩ ʆɻɼʇ, ʯʝʨʥʳʝ - ʙʦʣʴʥʳʝ ɹɸ ʙʝʟ ʆɻɼʇ). 

 

ɼʣʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ rs6606743 ʛʝʥʘ TRPV4 ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘ-

ʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ (p<0,01). ɺ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʩ ʆɻɼʇ ʦʪʤʝʯʘʣʘʩʴ ʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʛʝʥʦʪʠʧʦʚ AG 

ʠ GG (54% ʠ 35% ʧʨʦʪʠʚ 50% ʠ 24% ʫ ʙʦʣʴʥʳʭ ʙʝʟ ʛʠʧʝʨʨʝʘʢʪʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɻʝʥʦʪʠʧ 

AA, ʥʘʧʨʦʪʠʚ, ʯʘʱʝ ʚʩʪʨʝʯʘʣʩʷ ʩʨʝʜʠ ʣʠʮ ʩ ʥʝʠʟʤʝʥʝʥʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʩʤʦʪʠʯʝʩʢʠʡ ʩʪʠʤʫʣ. 

ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʣʣʝʣʴ G ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʦʩʤʦ-

ʪʠʯʝʩʢʫʶ ʙʨʦʥʭʦʧʨʦʚʦʢʘʮʠʶ, ʘ ʘʣʣʝʣʴ A ʧʨʝʦʙʣʘʜʘʣ ʩʨʝʜʠ ʣʠʮ ʙʝʟ ʆɻɼʇ (ʨʠʩ. 1, ʚ,ʛ).  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʩ ʦʮʝʥʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ɺʠʣʢʦʢʩʦʥʘ (U) ʠ ʍʠ-ʢʚʘʜʨʘʪ (c
2
). 

ʇʦʩʪʨʦʝʥʠʝ ʉʇʇʈ 

ʉʠʩʪʝʤʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʆɻɼʇ ʫ ʙʦʣʴʥʳʭ ɹɸ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʧʠʨʦʛʨʘʤʤʳ ʠ ʧʦʣʠʤʦʨ-

ʬʠʟʤʫ rs6606743 ʛʝʥʘ TRPV4 ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦ-ʥʝʯʝʪʢʠʭ ʩʝʪʝʡ ANFIS (Adap-
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tive Neuro-Fuzzy Inference System) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ çMedical Toolboxè, ʢʘʢ ʧʨʝʜʣʦʞʝʥʦ ʚ 

ʨʘʙʦʪʘʭ [2, 9, 11]. ɼʘʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ 

ʩʧʦʩʦʙʥʘ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʷʚʣʷʝʤʳʭ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚ ʤʥʦʛʦʤʝʨ-

ʥʳʭ ʜʘʥʥʳʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʝ ʝʝ ʩʚʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ, ʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʙʫʯʘʝʪʩʷ ʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʚʳʚʦʜʳ ʥʘ ʧʨʠʤʝʨʘʭ.  

ʉʠʩʪʝʤʘ ʦʙʫʯʘʣʘʩʴ ʥʘ 157 ʧʨʠʤʝʨʘʭ ʠ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ 32. ʆʰʠʙʢʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣʘ 26,8%, ʘ ʥʘ ʧʨʦʚʝʨʦʯʥʳʭ 25%. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʉʇʇʈ ʩʦʟʜʘʥ ʛʨʘʬʠʯʝ-

ʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʨʠʩ. 2, ʘ). ɺ ʥʝʛʦ ʧʨʠ ʟʘʧʫʩʢʝ ʟʘʛʨʫʞʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʟʜʘʥʥʦʡ ʩʝʪʠ.  

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ɺʳʭʦʜ ʩʠʩʪʝ-

ʤʳ ʦʧʨʝʜʝʣʠʪ ʜʠʘʛʥʦʟ ʧʘʮʠʝʥʪʘ, ʦʪʥʝʩʷ ʝʛʦ ʣʠʙʦ ʢ -1, ʣʠʙʦ ʢ 1. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʠʥʪʝʨʬʝʡʩʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʩʪʦʛʨʘʤʤʫ, ʚ ʥʝʡ ʜʠʘʛʥʦʟ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʘʧʨʠʦʨʥʦ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ (ʨʠʩ. 2, ʙ).  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʧʦʨʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʘʯ ʧʦ ʛʠʩʪʦʛʨʘʤʤʝ ʤʦʞʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫ ʩʠʩʪʝʤʳ ʠ ʨʘʥʝʝ ʙʳʣʦ 

ʤʥʦʛʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʪʦ ʚʨʘʯ ʚʧʨʘʚʝ ʫʩʦʤʥʠʪʴʩʷ ʚ ʨʝʰʝʥʠʠ, ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʜʠʘʛʥʦʟʘ ʚʥʝʩʪʠ ʝʛʦ ʚ ʥʦʚʳʝ ʧʨʠʤʝʨʳ ʠ ʧʝʨʝʦʙʫʯʠʪʴ ʩʝʪʴ. 

 

 
ʘ)  ʙ) 

ʈʠʩ. 2 ï ʆʢʥʦ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʘ) ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʚʳʚʦʜ  

ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ (ʙ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʉʇʇʈ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʡ ʛʠʧʝʨʨʝʘʢ-

ʪʠʚʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʫ ʙʦʣʴʥʳʭ ɹɸ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʚ ʩʦʩʪʘʚʝ 

ʙʣʦʢʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ) ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʚ ʢʦʪʦʨʦʤ 

ʩʧʝʮʠʘʣʠʩʪ ʤʦʞʝʪ ʚʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʠʟ 

ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ (ʟʥʘʯʝʥʠʷ ʩʧʠʨʦʛʨʘʤʤʳ ʠ ʛʝʥʦʪʠʧʘ ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ 

rs6606743 ʛʝʥʘ TRPV4), ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʚʨʘʯʫ (ʧʫʣʴʤʦʥʦʣʦʛʫ ʠʣʠ 

ʪʝʨʘʧʝʚʪʫ). 
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ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʣʘʛʦʚʝʱʝʥʩʢ  

ʇʈʀʄɽʅɽʅʀɽ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʃɻʆʈʀʊʄɸ ɼʃʗ ʇʆɼɹʆʈɸ ʇɸʈɸʄɽʊʈʆɺ  

ʈʆɹɸʉʊʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɼʀʅɸʄʀʏɽʉʂʀʄ ʉʋʑɽʉʊɺɽʅʅʆ  

ʅɽʉʊɸʎʀʆʅɸʈʅʓʄ ʆɹʒɽʂʊʆʄ ʉ ʅɽʗɺʅʓʄ ʕʊɸʃʆʅʆʄ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʜʙʠʨʘʪʴ ʢʦʥ-

ʢʨʝʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʘʣʛʦʨʠʪʤʝ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʵʪʘʧʝ ʩʠʥ-

ʪʝʟʘ ʚ ʚʠʜʝ ʠʥʪʝʨʚʘʣʦʚ. ʂʨʠʪʝʨʠʝʤ ʧʦʜʙʦʨʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʰʠʙʢʠ ʨʘʩʩʦʛʣʘʩʦ-

ʚʘʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʵʪʘʣʦʥʦʤ. ʀʩʧʦʣʴʟʫʝʤʫʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʫ, ʩ ʥʝ-

ʙʦʣʴʰʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʨʦʙʘʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʜʨʫʛʠʭ ʪʠʧʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʨʦʙʘʩʪʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 
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I.V. Dakhno, T.ɸ. Galagan 

APPLICATION OF GENETIC ALGORITHM PARAMETERS FOR SELECTION  

ROBUST SYSTEMS DYNAMIC MANAGEMENT OF SUBSTANTIALLY NON -STATIONARY 

OBJECTS WITH IMPLICIT BENCHMARK  

It developed and implemented a genetic algorithm, which allows to select the specific factors 

in the algorithm robust controller obtained in step synthesis in the form of slots. The criterion 

for selection is to reduce the mismatch errors between the object and the benchmark. Used in 

this work methodology, with a slight modification, can also be used in other types of robust 

systems. 

Key words: genetic algorithm, robust control, dynamic sous-substantially non-stationary con-

trol systems. 

 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ ʧʨʘʚʠʣʴʥʦ ʧʦʜʙʦʨ ʟʥʘʯʝʥʠʡ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʚ ʚʠʜʝ ʠʥʪʝʨʚʘʣʦʚ,  ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ  ʦʯʝʥʴ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʦʪ ʥʠʭ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʈʫʯʥʦʡ ʧʦʜʙʦʨ ʟʥʘʯʝʥʠʡ ï 

ʵʪʦ ʤʝʪʦʜ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʧʦʩʢʦʣʴʢʫ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʯʘʩʪʫʶ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ, ʘ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥ-

ʥʳʭ ʟʘʪʨʘʪ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʠ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʤʦʣʦʜʳʤ ʠ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʳ ʧʨʠ-

ʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʨʝʛʫʣʷʪʦʨʘʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʚ ʨʘʙʦʪʝ [2] ʜʣʷ  

ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʩʠʛʥʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʘʜʘʧʪʘʮʠʠ, ʘ ʚ ʨʘʙʦʪʝ 

[3] ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʨʦʙʘʩʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʷʚʥʳʤ ʵʪʘʣʦʥʦʤ. 

ʈʦʙʘʩʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [1] ʚ ʚʠʜʝ: 
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ɿʜʝʩʴ (1) ï ʦʙʲʝʢʪ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (2), (3) ï ʥʝ-

ʷʚʥʳʡ ʵʪʘʣʦʥ, (4) ï ʫʩʣʦʚʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠ ʵʪʘʣʦʥʘ, (5) ï ʨʦʙʘʩʪʥʳʡ ʨʝʛʫʣʷ-

ʪʦʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʫʩʣʦʚʠʷʤ (6), (7) ï ʮʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ʦʙʲʝʢʪ ʚʥʝʰʥʠʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʜʙʦʨʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

(6) ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʠʜʘ (5). 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ  ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʜʙʦʨʘ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʢʣʶʯʘ-

ʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 
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1. ʉʦʟʜʘʥʠʝ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʂʘʞʜʘʷ ʧʦʧʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʠʟ 20 ʭʨʦʤʦ-

ʩʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʂʘʞʜʘʷ ʭʨʦʤʦʩʦʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [1]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʯʘʣʴ-

ʥʘʷ ʧʦʧʫʣʷʮʠʷ  ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʠʪ ʧʦʠʩʢ ʨʝ-

ʰʝʥʠʷ. 

2. ʆʮʝʥʠʚʘʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʭʨʦʤʦ-

ʩʦʤʳ ʚʳʩʪʫʧʘʝʪ  ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʦʰʠʙʢʠ ʫʧʨʘʚʣʝʥʠʷ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ Simulink-ʤʦʜʝʣʠ ʟʘʜʘʥʥʦʡ ʨʦʙʘʩʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʥʞʠʨʦʚʘʥʠʝ ʭʨʦʤʦʩʦʤ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʬʫʥʢʮʠʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ: ʦʩʦʙʴ, ʠʤʝʶʱʘʷ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʪ ʥʘʠʚʳʩʰʠʡ ʨʘʥʛ, ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ.  

 
ʈʠʩ.1 ïɹʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

 

3. ʆʪʙʦʨ. ʉʥʘʯʘʣʘ  ʠʟ ʧʦʧʫʣʷʮʠʠ ʠʟʳʤʘʶʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ ʧʦʪʦʤʢʠ, 

ʠʤʝʶʱʠʝ ʥʘʠʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. ʆʥʠ ʥʝ ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʢʨʝʱʠ-

ʚʘʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʦʩʦʙʝʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦ, ʧʦ ʫʤʦʣʯʘʥʠʶ, ʦʥʦ ʨʘʚʥʦ ʪʨʝʤ. ɼʘʣʴ-

ʥʝʡʰʠʡ ʦʪʙʦʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʨʫʣʝʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʦʙʠ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ 

ʨʘʥʛ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʨʦʜʠʪʝʣʴʩʢʠʡ ʧʫʣ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʘ ʦʩʦʙʠ, ʠʤʝʶʱʠʝ ʥʠʟʢʠʡ ʨʘʥʛ ʪʘʢʞʝ ʧʦ-

ʧʘʜʫʪ ʚ ʥʝʝ, ʥʦ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ.  

4. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ. ʉʢʨʝʱʠʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʧʦʧʘʨʥʦʛʦ ʦʙʤʝʥʘ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʭʨʦʤʦʩʦʤʘʤʠ ʤʝʞʜʫ ʩʣʫʯʘʡʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʠ ʨʦʜʠʪʝʣʝʡ. ʄʫʪʘʮʠʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʩʦʙʠ, ʠʤʝʶʱʠʝ ʥʘʠʭʫʜʰʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. ʄʫʪʘʮʠʷ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʩʫʤʤʠʨʦʚʘʥʠʠ ʢʘʞʜʦʡ ʭʨʦʤʦʩʦʤʳ ʨʦʜʠʪʝʣʷ ʩʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʯʠʩ-

ʣʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ:  

ʭʨʦʤʦʩʦʤʘ ʧʦʪʦʤʢʘ = ʭʨʦʤʦʩʦʤʘ ʨʦʜʠʪʝʣʷ + ʤʥʦʞʠʪʝʣʴ* ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʪ 1 ʜʦ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʄʥʦʞʠʪʝʣʝʤ ʚ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʤʫʪʘʮʠʠ.  

5. ʋʩʣʦʚʠʝ ʟʘʚʝʨʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ. ʆʢʦʥʯʘʥʠʝʤ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʛʦ 

ʠʟ ʜʚʫʭ ʫʩʣʦʚʠʡ: 

ʘ) ʜʦʩʪʠʛʥʫʪʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ,  

ʙ) ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʰʠʙʢʠ ʥʘ 

ʪʝʢʫʱʝʤ ʰʘʛʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʣʝʚʘ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ ʧʦ-

ʜʦʙʨʘʥʳ ʚ ʨʘʙʦʪʝ [1], ʩʧʨʘʚʘ ï ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɿʥʘʯʝʥʠʝ ʯʠʩʣʦʚʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʚ ʘʣʛʦʨʠʪʤʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʨʘʚʥʳ 418.752 ʠ 16.44, ʘ ʧʦʜʦʙʨʘʥʥʳʝ ʚʨʫʯʥʫʶ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 100 ʠ 10.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠ ʵʪʘʣʦʥʘ ʫʤʝʥʴʰʠʣʦʩʴ ʚ ʧʦʣʪʦʨʘ 

ʨʘʟʘ, ʥʦ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʷʣ ʚʠʜ, ʨʝʘʣʠʟʫʝʤʳʡ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɿʘʪʨʘʯʝʥʥʳʝ ʨʝʩʫʨʩʳ ʚʳʧʦʣʥʝʥʥʦʡ ʟʘʜʘʯʠ: ʨʘʟʤʝʨ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ï 20 ʭʨʦʤʦʩʦʤ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʫʣʷʮʠʡ ï 860, ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ï 44, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ï 108 ʤʠʥʫʪ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʷʚʥʳʤ ʠ 

ʷʚʥʦ-ʥʝʷʚʥʳʤ ʵʪʘʣʦʥʦʤ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ.  

 
ʈʠʩ.2 ï ʈʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ. 
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â 2016 ʛ. ɺ.ʀ. ɼʦʥʮʦʚ, ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ɺ.ʅ. ʂʨʫʪʴʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ 

ʆɹʑʀɽ ɸʃɻʆʈʀʊʄʓ ʉʆɿɼɸʅʀʗ ʕʂʉʇɽʈʊʅʓʍ ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ  

ʂʆʄʇʔʖʊɽʈʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʆʎɽʅʂʀ ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ɺʆɿʈɸʉʊɸ,  

ʌʀɿʀʆʃʆɻʀʏɽʉʂʀʍ ʀ ʇʉʀʍʀʏɽʉʂʀʍ ʌʋʅʂʎʀʁ ʏɽʃʆɺɽʂɸ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʙʣʦʢ-ʩʭʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʨʘʯʝʡ ʘʥʪʠ-ʚʦʟʨʘʩʪʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʨʘʙʦʪ-

ʥʠʢʦʚ ʩʬʝʨʳ ʦʟʜʦʨʦʚʣʝʥʠʷ ʚ ʮʝʣʦʤ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʳ ʚ ʝʜʠʥʦʤ, ʜʨʫʞʝ-

ʩʪʚʝʥʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʬʦʨʤʘʪʝ ʠ ʠʤʝʶʪ ʦʜʥʦʪʠʧʥʳʝ ʦʢʥʘ: ʚʚʦʜʘ ʜʘʥʥʳʭ, ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ, ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢ ʚʦʟʨʘʩʪʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʪʝʢʩʪʦʚʦʝ ʟʘʢʣʶʯʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ; ʚʚʝʜʝʥ ʨʷʜ ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʤʦʱʠ ʚ ʨʘʙʦʪʝ ʩ 

ʩʠʩʪʝʤʦʡ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʚ ʤʝʜʠʮʠʥʝ, ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʘʨʝʥʠʷ, ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʡ ʚʦʟʨʘʩʪ, ʬʠʟʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ, ʧʩʠʭʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ, ʦʮʝʥʢʘ ʧʠʪʘʥʠʷ, ʜʠʘʛʥʦ-

ʩʪʠʢʘ ʟʜʦʨʦʚʴʷ. 

V.I. Dontsov, V.N. Krut`ko 

GENERAL ALGORITHMS TO CREATE AN EXPERT COMPUTER DIAGNOSTIC SYSTEMS 

TO ASSESS THE BIOLOGICAL AGE, PHYSIOLOGICAL AND  

MENTAL FUNCTIONS OF MAN  

The basic principles of diagnosis and flowcharts to create computer-based information sup-

port systems for physician of anti-aging medicine and workers rehabilitation in general.  

Computer system crafted in a single, user-friendly, format and have the same window: data 

entry, data processing and presentation of results in tables and graphs, with the ratio to age-

related standards, textual automated conclusion; there are a number of tools for user training 

and assistance in working with the system. 

Key words: computer systems in medicine, diagnosis of aging, biological age, physical 

health, mental health, nutritional assessment, health diagnosis. 

 

ʉʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʣʥʦʮʝʥʥʦʡ, ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʠ ʵʢʩʧʝʨʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʭʝʤ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʜʣʷ ʮʝʣʝʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠ-

ʮʠʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʥʢʨʝʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦ-

ʟʜʘʥʥʳʭ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʝʥʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝ-

ʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʜʣʷ ʮʝʣʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [1-4] . 

ɽʜʠʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠ-

ʩʪʝʤ ʜʣʷ ʮʝʣʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʣʦʛʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ ʙʣʦʢ-ʩʭʝʤʳ ʠ 

ʦʙʱʝʡ ʬʦʨʤʳ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʚʳʚʦʜʘ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʝʜʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʫʜʦʙʥʦʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʩʦʭʨʘʥʷʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʩʦʛʣʘʩʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʘʮʠʝʥʪʦʚ ʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʦʧʳʪʘ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʨʘʯʝʡ, ʠ ʦʮʝʥʢʘ ʠʤʠ 

ʥʘʯʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘʰʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʚʳʨʘʙʦʪʘʪʴ ʩʣʝʜʫʶʱʠʡ ʦʙ-

ʱʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ. 1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 
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ʅʘʤʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʢʠ 

ʩʪʘʨʝʥʠʷ ʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ: ʜʠʘʛʥʦʩʪʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʜʠʘʛʥʦʩʪʠʢʘ ʬʠʟʠ-

ʯʝʩʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʜʠʘʛʥʦʩʪʠʢʘ ʧʩʠʭʠʯʝʩʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʳ ʧʨʝʜʧʦʣʘʛʘ-

ʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʫʯʝʪ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ, ʠʭ ʬʠʟʠʯʝʩʢʫʶ ʠ ʧʩʠʭʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʳʯʥʦʡ 

ʞʠʟʥʠ, ʩʪʝʧʝʥʴ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʣʠʯʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʚʨʝʜʥʦʩʪʝʡ ʠ ʵʢʦʣʦʛʠʶ ʩʨʝʜʳ, 

ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʠ ʜʨ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi, ʩ 

ʥʘʧʠʩʘʥʠʝʤ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ Pascal. ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi  ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ-

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨʳ ʧʘʥʝʣʝʡ ʟʘʛʦʪʦʚʦʢ-ʦʙʲʝʢʪʦʚ, ʩʚʦʡ-

ʩʪʚʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʥʘ ʧʘʥʝʣʠ Object inspector ʠʣʠ ʚʚʦʜʠʪʴ ʧʨʷʤʦ ʚ ʢʦʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ. ʉʘʤʠ ʦʙʲʝʢʪʳ ʧʦʩʣʝ ʱʝʣʯʢʘ ʧʦ ʥʠʤ ʤʳʰʠ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʃʠʮʝʚʫʶ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʫʙʣʠʨʫʝʪ ʪʦ, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ. ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʩʪʨʘʥʠʯʢʝ Properties ʧʘʥʝʣʠ Object inspector, ʥʘ ʩʪʨʘʥʠʯʢʝ Events ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʩ ʦʙʲʝʢʪʦʤ (ʩʘʤʳʡ ʯʘʩʪʳʡ ʵʪʦ ʨʝʘʢʮʠʷ ʥʘ ʱʝʣʯʦʢ ʤʳʰʴʶ ï  Click).  

ʆʩʥʦʚʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ  Delphi, ʦʜʥʘʢʦ, ʩʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʢʦʤʘʥʜ ʷʟʳʢʘ Pascal, ʢʦʪʦ-

ʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥ ʠ ʫʜʦʙʝʥ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ, ʵʪʦ ʫʜʦʙʥʘʷ ʩʠʩʪʝ-

ʤʘ ʜʣʷ ʚʚʦʜʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦ ʚʚʦʜʠʪʴ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʦʙʱʠʡ ʚʠʜ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʛʨʘʤʤ, ʪʘʢ ʢʘʢ ʬʘʢʪʠʯʝʩʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʷʜ ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ 

ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʲʝʢʪʦʤ ʦʢʥʘ. ɺʠʜʠʤʳʝ ʦʢʥʘ ʠ ʠʭ ʵʣʝʤʝʥʪʳ 

(ʦʢʦʰʢʠ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʢʥʘ ʛʨʘʬʠʢʦʚ ʠ ʪʝʢʩʪʦʚ) ʪʠʧʠʯʥʳ ʜʣʷ ʥʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʦʡ ʚ ʰʠʨʦʢʦʡ ʩʨʝʜʝ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ, ʢʘʢʦʚʳʤʠ ʠ ʷʚʣʷʶʪʩʷ ʚʨʘʯʠ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ï 

Microsoft Office. 

ʇʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʶʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʦʢʥʘ: ʚʚʦʜʘ ʜʘʥʥʳʭ, ʪʘʙʣʠʯʥʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʟʨʘʩʪʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚʳʚʦʜʘ ʪʝʢʩʪʦʚʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʦʩʤʦʪʨʘ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʝʱʝʥʠʡ. 

ɺ ʮʝʣʦʤ, ʦʙʱʘʷ ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʜʠʟʘʡʥ ʩʠʩʪʝʤ ʫʜʦʙʝʥ ʠ ʷʩʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠʤ ʚʨʘʯʦʤ ʠ ʠʥʳʤʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʉʠʩʪʝʤʳ ʪʘʢʞʝ ʩʥʘʙʞʝʥʳ ʧʦʜʨʦʙʥʳʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʨʘʟʚʝʨʥʫʪʦʡ ʩʠʩʪʝʤʦʡ ʧʦʤʦʱʠ, ʚ ʪ.ʯ. ʵʣʝʢʪʨʦʥʥʳʤ ʫʯʝʙʥʠʢʦʤ ʩ ʧʨʠʤʝʨʘʤʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ.   

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʙʣʦʢ-ʩʭʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʨʘʯʝʡ ʘʥʪʠ-ʚʦʟʨʘʩʪʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʨʘʙʦʪʥʠ-

ʢʦʚ ʩʬʝʨʳ ʦʟʜʦʨʦʚʣʝʥʠʷ ʚ ʮʝʣʦʤ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʳ ʚ ʝʜʠʥʦʤ, ʜʨʫʞʝʩʪʚʝʥʥʦʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʬʦʨʤʘʪʝ ʚ ʩʨʝʜʝ Delphi ʠ ʠʤʝʶʪ ʦʜʥʦʪʠʧʥʳʝ ʦʢʥʘ: ʚʚʦʜʘ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ, ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢ ʚʦʟʨʘʩʪʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, 

ʪʝʢʩʪʦʚʦʝ ʟʘʢʣʶʯʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝ-

ʜʘʢʪʠʨʦʚʘʪʴ ʝʛʦ; ʚʚʝʜʝʥ ʨʷʜ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʠ ʧʦʤʦʱʠ. 
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ROBOTIC DEVELOPMENT OF CHEMICAL LABORATORIES  

Development of robotic chemical laboratory for mixing of various chemical elements, the de-

velopment of software. 

Keywords: microcontroller, robotic arm, virtual realization, software. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʨʘʙʦʪ ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʨʦʙʦʪʳ-

ʤʘʥʠʧʫʣʷʪʦʨʳ. ʊʘʢ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʨʦʙʦʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʟ-

ʣʠʯʥʳʝ ʸʤʢʦʩʪʠ. ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦ-

ʪʘʪʴ ʩ ʣʝʪʫʯʠʤʠ ʷʜʦʭʠʤʠʢʘʪʘʤʠ, ʘ ʪʘʢ ʞʝ ʨʘʙʦʪʘʪʴ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɼʘʥʥʘʷ ʧʨʦ-

ʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʘʥʘʣʦʛʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʤʘʥʠʧʫʣʷʪʦʨ ʚ ʩʚʦʝʡ  ʦʩʥʦʚʝ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʩʫʜʦʡ ʜʣʷ ʷʜʦʭʠʤʠʢʘʪʦʚ, ʧʝʨʝʤʝʱʘʪʴ ʦʙʲʝʢʪʳ ʚ ʧʦʣʝ 

ʜʦʩʷʛʘʝʤʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʙʶʜʞʝʪʥʦʛʦ, ʰʠ-

ʨʦʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ, ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʥʦʡ ʪʝʤʘʪʠʢʦʡ ʩʪʨʦʝʥʠʷ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʧʨʦʪʦʪʠʧʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʭʠʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠ-

ʷʭ, ʥʦ ʠʭ ʮʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʠ ʘʥʘʣʦʛʠ ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʣʝʪʫʯʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝ-

ʩʪʚʘʤʠ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʤʦʞʝʪ ʚ ʨʘʩʰʠʨʝʥʠʠ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ 

ʎʝʣɹ  ʁʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢ-

ʮʠʠ: 

- ʦʪʢʨʳʪʠʝ/ʟʘʢʨʳʪʠʝ ʢʨʳʰʝʢ ʭʠʤʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ ʩ ʞʠʜʢʦʩʪʷʤʠ; 

- ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʥʦʩ ʞʠʜʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʭʠʤʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʦʡ; 

- ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ ʭʠʤʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ ʩ ʞʠʜʢʦʩʪʷʤʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (ʤʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ, ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ ʠ ʜʨ.); 

- ʩʦʙʣʶʜʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ. 

- ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʭʠʤʠʯʝʩʢʠʭ/ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʦʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʦʧʘʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ;  

- ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠ ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ; 

- ʙʳʩʪʨʳʡ ʩʪʘʨʪ - ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʚʠ-

ʟʫʘʣʴʥʳʤ, ʜʨʫʞʝʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʠʤʝʶʪʩʷ ʛʦʪʦʚʳʝ 

ʨʝʰʝʥʠʷ,  ʩʧʦʩʦʙʥʳʝ ʜʦʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʞʠʜʢʦʩʪʠ, ʥʦ ʧʦʢʘ ʥʝʪ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦ-

ʪʘʪʴ ʩ ʣʝʪʫʯʠʤʠ ʷʜʦʭʠʤʠʢʘʪʘʤʠ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʭʠ-

ʤʠʯʝʩʢʘʷ ʧʦʩʫʜʘ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʳʰʢʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʝʱʝʩʪʚʦ ʥʝ ʠʩʧʘʨʷʝʪʩʷ ʠ ʥʝ ʧʦʧʘ-

ʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʪʘʢʦʡ ʧʦʩʫʜʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʨʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ ʚ ʚʠʜʝ ʢʣʝʰʥʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʘʭʚʘʪʳʚʘʪʴ ʧʨʝʜʤʝʪ ʠ ʦʪʢʨʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ 

ʙʫʪʳʣʠ. ʉʝʡʯʘʩ ʩʨʝʜʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʦʙʥʦʝ ʨʝ-

ʰʝʥʠʝ, ʧʦʵʪʦʤʫ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ 

ʠʤʝʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 
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ʈʝʘʣʠʟʘʮʠʷ 

ɺ ʦʩʥʦʚʝ ʧʨʦʪʦʪʠʧʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʥʠʧʫʣʷʪʦʨ ʩ 

ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟʥʘʯʘʣʴʥʘʷ ʤʦʜʝʣʴ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʨʘʟʤʝʨʘʤ, ʢʦʥʩʪʨʫʢʮʠʠ, ʠ 

ʦʙʰʠʨʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʦʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ 

ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʣʘ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʦʩʥʦʚʥʳʝ ʩʝʨʚʦʤʦʪʦʨʳ ʥʘ ʙʦ-

ʣʝʝ ʤʦʱʥʳʝ. ʄʦʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʫʩʠʣʝʥʥʳʡ ʩʧʦʩʦʙʥʳʡ ʧʦʜʥʷʪʴ 

33ʢʛ/ʩʤ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʧʣʘʪʬʦʨʤʘ Arduino, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʦ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜ, ʘ ʪʘʢ ʞʝ ʧʦʜʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢ ʞʝ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ Sensor shield, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʟʘʧʠʪʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪ ʦʪ ʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ.  

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʢʣʶʯʠʪʴ ʜʦʟʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʢ ʧʣʘʪʬʦʨʤʝ ʘʨʜʫʠʥʦ. ɼʣʷ ʵʪʦ-

ʛʦ ʙʳʣ ʧʨʠʦʙʨʝʪʸʥ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʟʘʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʙʨʘʩʳʚʘʪʴ ʥʘʢʦʥʝʯʥʠʢʠ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʚʳʚʝʜʝʥ ʰʣʝʡʬ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʦʚ. 

ɼʣʷ ʵʢʦʥʦʤʠʠ ʧʦʨʪʦʚ ʥʘ ʘʨʜʫʠʥʦ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʞʘʪʠʷ ʢʥʦʧʦʢ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ. 

ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʜʘʪʯʠʢʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʵʣʝʤʝʥʪʳ ʨʘʙʦ-

ʯʝʡ ʟʦʥ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩʪʨʦʛʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʝʩʪʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʟʘʛʦʪʦʚʢʠ 

ʠʟ ʧʣʝʢʩʠʛʣʘʩʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʧʦʩʫʜʘ, ʩʘʤ ʤʘʥʠʧʫʣʷʪʦʨ, ʢʦ-

ʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʦʧʦʨʫ ʠ ʭʠʤʠʯʝʩʢʠʡ ʜʦʟʠʤʝʪʨ. 

ɹr ʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ ʜʚʠʞʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʟʘʢʨʳ-

ʪʠʷ ʠ ʦʪʢʨʳʪʠʷ ʢʨʳʰʢʠ ʭʠʤʠʯʝʩʢʦʡ ʧʦʩʫʜ, ʟʘʭʚʘʪ ʜʦʟʘʪʦʨʘ ʠ ʦʜʝʚʘʥʠʝ ʧʠʧʝʪʢʠ, ʧʝʨʝʥʦʩ ʠ ʥʘʙʦʨ 

ʞʠʜʢʦʩʪʠ ʩ ʢʦʣʙ, ʩʣʠʚ ʞʠʜʢʦʩʪʠ ʚ ʤʝʥʟʫʨʢʫ, ʚʳʙʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ, ʫʩʪʘʥʦʚʢʘ ʜʦ-

ʟʘʪʦʨʘ ʥʘ ʠʟʥʘʯʘʣʴʥʦʝ ʤʝʩʪʦ, ʘ ʪʘʢ ʞʝ ʙʠʙʣʠʦʪʝʢʘ ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʠʪʴ ʚʚʦʜ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜ-

ʢʦʩʪʠ ʥʘ ʜʦʟʘʪʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʣʦʢ ʥʘ 5 ʚʦʣʴʪ, ʢʦʪʦʨʳʡ ʜʘʚʘʣ 

ʧʠʪʘʥʠʝ ʜʣʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʩʘʤʦʛʦ ʜʦʟʘʪʦʨʘ. ʊʘʢ ʞʝ ʠʤʝʝʪʩʷ ʟʘʧʘʩ ʜʣʷ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠʤʝʶʱʠʝʩʷ ʘʥʘʣʦʛʠ ʠ ʧʨʦʝʢʪʳ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ, ʙʳʣʠ ʟʘʢʫʧʣʝʥʳ ʪʨʝʙʫʝʤʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʘʥʠʧʫʣʷʪʦʨ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʪʨʝʙʫʝʤʳʭ ʜʝʡʩʪʚʠʡ, ʧʦʜʢʣʶʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʜʦʟʘʪʦʨ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʳ, ʠʟʛʦʪʦʚʣʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʦʩʫʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʧʠʩʘʥʳ ʙʠʙʣʠʦ-

ʪʝʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʪʦʪʠʧ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘ-

ʪʦʨʠʠ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʷʜʦʭʠʤʠʢʘʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʧʨʦʪʦʪʠʧʘ, ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʧʠʩʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʧʦʟʚʦʣʷʶʱʠʤ 

ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʠ. 
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DEVELOPMENT AND STUDY OF MATHEMATICAL MODEL OF HOT MASK 

FOR PROTECTION OF AIRWAYS FROM DAMAGING EFFECT OF COLD AIR IN 

THE ARCTIC REGION  

In this work a mathematical model of hot mask-wasteheat exchanger for protection of 

airways from the damaging effect of cold air in the Arctic region was developed and studied 

in the work. The aim of the work is to show the opportunity in principle of developing such a 

mask without a significant increase of resistance to breathing.  

Key words: hot mask, wasteheat exchanger, mathematical modeling, resistance to 

breathing, low temperatures. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʷʪʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ ʧʦ ʦʩʚʦʝʥʠʶ ɸʨʢʪʠʢʠ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 21 ʘʧʨʝʣʷ 

2014 ʛ. N 366 "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ "ʉʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ") ʩʪʘʚʷʪ 

ʥʘ ʧʦʚʝʩʪʢʫ ʜʥʷ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʦʪ ʧʦʚʨʝʞʜʘʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʪʨʫʜʦʤ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʌ. ɺʳʧʦʣʥʝʥʠʝ ʚʦʝʥʥʦʩʣʫʞʘʱʠʤʠ ʚʦʟʣʦʞʝʥʥʳʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠ-

ʢʠ ʩʜʝʣʘʣʦ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘʱʠʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʦʪ ʧʦʨʘʞʘʶʱʝ-

ʛʦ ʜʝʡʩʪʚʠʷ ʭʦʣʦʜʥʦʛʦ (ʜʦ -60Áʉ) ʚʦʟʜʫʭʘ. 

ɻʣʘʚʥʳʤ ʧʦʚʨʝʞʜʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʫʩʣʦʚʠʷʭ ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʂʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʭʦʣʦʜʘ ï ʢʦʥʜʠʮʠʦʥʠ-

ʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ. ʋ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ ʢʦʥʜʠʮʠʦʥʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʝ ʩʦʛʨʝʚʘʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʧʘʩʩʘʞʝ ʦʪ ʥʦʩʦ-
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ʚʳʭ ʭʦʜʦʚ ʜʦ ʛʦʨʪʘʥʠ ʧʨʠ ʩʧʦʢʦʡʥʦʤ ʜʳʭʘʥʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʚʜʦʭʘ ʧʨʠ ʛʠʧʝʨ-

ʚʝʥʪʠʣʷʮʠʠ (ʥʘʧʨʠʤʝʨ, ʠʥʪʝʥʩʠʚʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ ʥʠʟʢʠʭ ʠ ʢʨʘʡʥʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʜʳʭʘʪʝʣʴ-

ʥʳʭ ʧʫʪʷʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʭʦʣʦʜʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʛʦʨʪʘʥʠ, ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʨʘʚʝʥ 28Áʉ, ʠ ʟʘʧʫʩʢʫ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʚʠʜʝ ʙʨʦʥʭʦʩʧʘʟʤʘ, ʛʠʧʝʨ-

ʩʝʢʨʝʮʠʠ ʩʣʠʟʠ ʠ ʛʠʧʝʨʧʨʦʜʫʢʮʠʠ ʧʫʣʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʚʨʝʞʜʝʥʠ-

ʝʤ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʧʘʨʝʥʭʠʤʳ ʣʝʛʢʠʭ. 

ʆʪʩʶʜʘ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʦʪ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʭʦʣʦʜʘ 

ʩʣʫʞʠʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʤʝʥʳ ʨʝʞʠʤʦʚ 

ʜʳʭʘʥʠʷ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʪʝʧʣʦʚʦʡ 

ʨʝʢʫʧʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʤʘʩʢʠ, ʥʘʛʨʝʚʘʝʤʦʡ ʚʳʜʳʭʘʝʤʳʤ ʚʦʟʜʫ-

ʭʦʤ, ʠʤʝʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ. ɺʦ ʚʨʝʤʷ ʚʳʜʦʭʘ ʤʘʪʝʨʠʘʣ ʤʘʩʢʠ ʥʘʛʨʝʚʘʝʪʩʷ, ʚʦ ʚʨʝʤʷ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʚʜʦʭʘ ï ʦʪʜʘʝʪ ʥʘʢʦʧʣʝʥʥʦʝ ʪʝʧʣʦ ʧʨʦʭʦʜʷʱʝʤʫ ʯʝʨʝʟ ʥʝʛʦ ʚʦʟʜʫʭʫ, ʥʘʧʨʘʚʣʷʶʱʝʤʫʩʷ ʚ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʪʝʧʣʦ-

ʦʙʤʝʥ ʤʝʞʜʫ ʤʘʩʢʦʡ ʠ ʚʜʳʭʘʝʤʳʤ/ʚʳʜʳʭʘʝʤʳʤ ʚʦʟʜʫʭʦʤ, ʯʪʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʢʘʢ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʤʠ ʧʨʠʝʤʘʤʠ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʯʝʪʘʶʱʠʤʠ ʚʳʩʦʢʫʶ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʨʝʢʫʧʝ-

ʨʘʪʦʨʘʤʠ, ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʳʭʘʥʠʶ ʠ ʜʳʭʘ-

ʪʝʣʴʥʦʛʦ ʤʝʨʪʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʩʝʪʢʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʥʝʞʥʦʡ ʰʫ-

ʙʳ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʨʟʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚʣʘʛʠ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʤʘʩʢʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʳʭʘ-

ʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ɺ ʨʝʢʫʧʝʨʘʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʛʨʝʚʘʥʠʝ 

ʨʝʢʫʧʝʨʘʪʦʨʘ ʠ ʥʘʛʨʝʚʘʥʠʝ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʭʣʘʞʜʝʥʠʝ ʨʝʢʫʧʝʨʘʪʦʨʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʜʘʯʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʨʝʢʫʧʝʨʘʪʦʨ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʝ-

ʜʫʶʱʫʶ ʤʦʜʝʣʴ. ɻʝʦʤʝʪʨʠʷ ʧʦʪʦʢʘ ʥʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʦʧʨʦʩʝ  ʠ 

ʧʦʵʪʦʤʫ  ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʪʦʢ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʪʨʫʙʢʫ. ʀ ʧʦʩʢʦʣʴ-

ʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʪʦ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʪʨʫʙʢʠ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʝʤʢʦʩʪʴ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʛʘʙʘʨʠʪʦʚ ʫʩʪʨʦʡʩʪʚʘ, ʢʦ-

ʪʦʨʦʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʭʣʘʞʜʝʥʠʝ ʚʳʜʳʭʘʝʤʦʛʦ (ʩʦʛʨʝʚʘʥʠʝ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ) ʜʦ ʥʝʦʙʭʦ-

ʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʦʟʜʫʭ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ  (C̄º20 ) ʧʨʦʧʫʩ-

ʢʘʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʫʧʘʢʦʚʘʥʥʳʭ ʪʨʫʙʦʢ, ʩʪʝʥʢʠ ʢʦʪʦʨʳʭ ʦʭʣʘʞʜʝʥʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ C̄-º 20 . 

ʉʪʝʥʢʠ ʪʨʫʙʦʢ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʠʝ (ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʨʝʥʠʝ ʚʦʟʜʫʭʘ ʦ ʩʪʝʥʢʠ ʪʨʫʙʢʠ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʪʨʫʙʦʢ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ. ʀʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʥʝʙʨʝʛʘʝʤ. ʇʦʩʢʦʣʴʢʫ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʣʘʤʠʥʘʨʥʦʝ, ʪʦ 

ʦʥʦ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʨʘʟʤʝʨʥʳʤ. ʇʦʪʦʢ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʨʫʙʢʘʤ. 

ʅʝʦʙʭʦʜʠʤʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʧʦ-

ʪʦʢ ʚʦʟʜʫʭʘ Q ; ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 0ɺT ; ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʩʪʝʥʦʢ ʪʨʫʙʦʢ TT ; ʨʘʜʠʫʩ ʢʘʞʜʦʡ ʪʨʫʙʢʠ R ; ʜʣʠʥʘ 

ʪʨʫʙʢʠ (ʘ, ʟʥʘʯʠʪ, ʠ ʝʤʢʦʩʪʠ) L ; ʚʳʩʦʪʘ ʝʤʢʦʩʪʠ H ; ʰʠʨʠ-

ʥʘ ʝʤʢʦʩʪʠ a ; ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʪʨʫʙʦʢ d. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʪʨʫʙʦʢ ʠ ʦʮʝʥʠʪʴ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʢʘʞʜʦʡ 

ʪʨʫʙʢʠ. ʈʠʩ. 1  ï ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʤʦʜʝʣʠ. 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʜʦʧʫʱʝʥʠʡ: 

ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʣʳ ʤʘʣʳ (ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʥʠʷ); 

ï ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʪʨʫʙʢʠ (ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʤʘʣʦ; 

ï ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʠ ʣʘʤʠʥʘʨʥʦʝ. 

ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʆʜʥʦʨʘʟʤʝʨʥʦʝ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʦʜʥʦʡ ʪʨʫʙʢʝ 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ ʦʜʥʦʡ ʪʨʫʙʢʠ.  

ʅʘʧʨʘʚʠʤ ʦʩʴ X  ʚʜʦʣʴ ʪʨʫʙʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (ʦʙʦ-

ʟʥʘʯʠʤ TTɺ= ): 

)( TT
S

l

Cdx

dT
v T

p

-=
r

l
,  

ʛʜʝ v  ï ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ; 

r ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

Sï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʢʠ; 

l ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

l  ï ʜʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʢʠ; 

dxï ʵʣʝʤʝʥʪ ʧʫʪʠ ʚʜʦʣʴ ʪʨʫʙʢʠ. 

dTCp  ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʜʘʥʥʦʝ ʚʦʟʜʫʭʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʰʝʣ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʫʪʴ 

ʚʜʦʣʴ ʪʨʫʙʢʠ.  

ɿʥʘʷ, ʯʪʦ  
2RS p=  ʠ Rl p2=  

ʧʦʣʫʯʘʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʦʪ ʜʣʠʥʳ ʪʨʫʙʢʠ )(xTT= : 

)( TTA
dx

dT
T -= ,    ʛʜʝ                               . 

 

ɼʝʣʘʷ ʟʘʤʝʥʫ TTTT

~
=- , dTTd -=

~
 ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʣʝʛʢʦ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʧʝʨʝʤʝʥʥʳʝ: 

Adx
T

Td
-=~

~

 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʘʸʪ: 

AxeCT -= 0

~
,  

ʠʣʠ, ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ,  

Ax

T eCTT --= 0 . 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʩʪʘʥʪʳ       ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 0)0( BTT = : 

0

00

Ö--= A

TB eCTT ,  

ʠ ʜʘʣʝʝ 

00 BT TTC -= . 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʣʠ ʨʝʰʝʥʠʝ: 

RCv
A

pr

l2
=

0C
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ö
ö

÷

õ

æ
æ

ç

å
---= x

RCv
TTTxT

p

BTT
r

l2
exp)()( 0

. 

ʇʦʣʫʯʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʠʯʝʤ ʧʨʠ  ¤x  TTT= . 

ʆʮʝʥʢʘ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʦʜʥʦʡ ʪʨʫʙʢʠ 

ʊʝʧʝʨʴ ʫʩʣʦʞʥʠʤ ʟʘʜʘʯʫ, ʧʨʠʙʣʠʟʠʚ ʝʸ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʇʦʩʪʘʚʠʤ 

ʩʣʝʜʫʶʱʫʶ ʮʝʣʴ: ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʪʨʫʙʢʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʠ ʦʮʝʥʠʪʴ ʵʪʫ ʚʝʣʠʯʠʥʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʩʩʫ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʚ ʤʦʤʝʥʪ t ʟʘʥʠʤʘʝʪ ʦʙʲʝʤ V, ʦʢʨʫʞʝʥʥʳʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ S. ɼʚʠʞʝʥʠʝ ʵʪʦʡ ʤʘʩʩʳ (ʂ.ʀ. ʉʪʨʘʭʦʚʠʯ çɻʘʟʦʜʠʥʘʤʠʢʘè) ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

ññ +=
SV

dSTdVK
dT

Id
, 

ʛʜʝ I ï ʠʤʧʫʣʴʩ ʛʘʟʘ; 

K  ï ʦʙʲʝʤʥʳʝ ʩʠʣʳ; 

T  ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʣʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: 

( )
2

8
S

Q
LQP phr +=D , 

ʛʜʝ Q  ï ʧʦʪʦʢ ʚʦʟʜʫʭʘ 
r

v
Q= ; 

h ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ; 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʘ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

ʋʢʣʘʜʢʘ ʪʨʫʙʦʢ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʝʤʢʦʩʪʴ 

ʇʨʦʚʝʜʝʤ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʟʘʜʘʯʠ. ʊʝʧʝʨʴ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʘʣʴʥʦ ʨʘʟʤʝʩʪʠʪʴ 

ʚʩʝ ʪʨʫʙʢʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʝʤʢʦʩʪʴ ʩ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʦʡ, ʜʣʠʥʦʡ ʠ ʰʠʨʠʥʦʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʤ ʫʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʱʠʥʫ ʩʪʝʥʦʢ ʪʨʫʙʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ ʦʙʳʯʥʦʡ ʫʢʣʘʜʢʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʣʝʚʦʤ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

 
ʈʠʩ. 2 ï ʋʢʣʘʜʢʘ ʪʨʫʙʦʢ: ʘ) ʦʙʳʯʥʘʷ ʙ) ʢʦʤʧʘʢʪʥʘʷ. 

 

ʂʘʢ ʣʝʛʢʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ, ʩʢʦʣʴʢʦ ʪʨʫʙʦʢ ʚʤʝʩʪʠʪʩʷ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʤʥʦʞʠʪʴ ʵʪʠ ʯʠʩʣʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʝ 

ʜʝʣʝʥʠʝ: 

)(2 dRdivHNH += ,  

)(2 dRdivaNa += , 

ʅ 

ʘ 

ʅ 

ʘ 
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aH NNN Ö= . 

ʏʠʩʣʦ N  ʠ ʙʫʜʝʪ ʠʩʭʦʜʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʫʙʦʢ, ʢʦʪʦʨʳʝ ʧʦʤʝʩʪʷʪʩʷ ʚ ʟʘʜʘʥʥʫʶ ʝʤʢʦʩʪʴ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2ʙ, ʠʣʠ ʙʦʣʝʝ ʜʝʪʘʣʴ-

ʥʦ ʵʪʦʪ ʩʣʫʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

       
ʈʠʩ. 3 ï ʉʭʝʤʘ ʢʦʤʧʘʢʪʥʦʡ ʫʢʣʘʜʢʠ. 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʥʠʞʥʠʡ ʨʷʜ ʫʢʣʘʜʳʚʘʝʪʩʷ ʪʦʯʥʦ ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. 

ʆʜʥʘʢʦ ʚʪʦʨʦʡ ʨʷʜ ʩʤʝʱʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʝ dR+ . ɺʠʜʠʤ ʪʘʢʞʝ, ʯʪʦ ʮʝʥʪʨʳ ʪʨʫʙʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ 

ʣʝʞʘʪ ʥʘ ʚʳʩʦʪʝ )(
3

sin2 dRdR +ö
÷

õ
æ
ç

å
++

p
, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʚʘ ʨʷʜʘ ʪʨʫʙʦʢ ʟʘʥʠʤʘʶʪ ʚ ʚʳʩʦʪʫ  

öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
++

3
sin1)(2
p

dR . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʚʳʩʦʪʫ ʝʤʢʦʩʪʠ, ʥʘʭʦʜʠʤ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙʦʢ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘ-

ʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ý
ü
û

í
ì
ë

öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
++-+=

3
sin)(2))(2(1
p

dRdivdRHNH
, 

)(2 dRdivaNa += . 

ʆʜʥʘʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ dRdRNa a +<+Ö- )(2  

ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɺ ʵʪʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʞʜʦʤ ʚʪʦʨʦʤ ʨʷʜʫ ʧʦʩʣʝʜ-

ʥʷʷ ʪʨʫʙʢʘ ʥʝ ʙʫʜʝʪ ʧʦʤʝʱʘʪʴʩʷ ʚ ʝʤʢʦʩʪʴ ʠ ʦʙʱʝʝ ʯʠʩʣʦ 

ʪʨʫʙʦʢ ʙʫʜʝʪ ʨʘʚʥʦ: 

( )2divHNNN aH -Ö= . 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ dRdRNa a +²+Ö- )(2  ʬʦʨʤʫʣʘ 

ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʝʡ: aH NNN Ö= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʪʨʫʙʦʢ ʚ ʝʤʢʦʩʪʴ ʨʝʰʝʥʘ. 

ʆʙʦʙʱʝʥʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʪʨʫʙʦʢ 

ʊʝʧʝʨʴ, ʟʥʘʷ ʩʢʦʣʴʢʦ ʪʨʫʙʦʢ ʧʦʤʝʩʪʠʪʩʷ ʚ ʝʤʢʦʩʪʴ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʤ ʧʦʪʦʢ ʚʦʟʜʫʭʘ 

ʧʦ ʪʨʫʙʢʘʤ, ʪʝʤ ʩʘʤʳʤ, ʩʥʠʞʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʯʝʨʝʟ ʢʘʞʜʫʶ ʪʨʫʙʢʫ ʚ N  ʨʘʟ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʪʨʫʙʢʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ N ʪʨʫʙʦʢ: 

¯60

dR+

)(
3

sin2 dR+ö
÷

õ
æ
ç

åp

dR+

ʈʠʩ. 4 ï ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʢʦʤʧʘʢʪʥʦʡ 
ʫʢʣʘʜʢʠ. 
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ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Delphi, 

ʚʥʝʰʥʠʡ ʚʠʜ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩ. 5 ï ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ çʆʭʣʘʞʜʝʥʠʝè. 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʚʚʦʜʷʪʩʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʧʦʩʦʙ ʫʧʘʢʦʚ-

ʢʠ ʪʨʫʙʦʢ ʚ ʝʤʢʦʩʪʴ. ʊʘʤ ʞʝ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʘʩʯʝʪ ʜʣʷ ʦʜʥʦʡ ʪʨʫʙʢʠ. 

ʂʥʦʧʢʘ çʉʙʨʦʩ ʧʘʨʘʤʝʪʨʦʚè ʩʙʨʘʩʳʚʘʝʪ ʚʩʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺ ʧʨʘ-

ʚʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦʜʷʪʩʷ ʢʦʥʩʪʘʥʪʳ ʚʦʟʜʫʭʘ. ʅʘʞʘʪʠʝ ʢʚʘʜʨʘʪʥʦʡ ʢʥʦʧʢʠ ç?è ʦʙʲʷʩʥʷʝʪ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4. ʂʥʦʧʢʘ çʉʙʨʦʩè ʦʯʠʱʘʝʪ ʧʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

ʂʥʦʧʢʘ çɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ è ʦʪʢʨʳʚʘʝʪ ʦʜʥʦʠʤʝʥʥʦʝ ʦʢʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩ. 6ï ʆʢʥʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ. 
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ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦʜʷʪʩʷ ʧʦʣʷ ʜʣʷ ʛʨʘʬʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʅʠʞʝ ʥʘʭʦʜʠʪʩʷ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʛʨʘʬʠʢʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʊʝʧʝʨʴ ʨʘʩʩʤʦʪ-

ʨʠʤ ʢʘʞʜʳʡ ʠʟ ʛʨʘʬʠʢʦʚ. 

ɺʠʜʠʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʠʩʫʥʢʝ 7 ʥʝʣʠʥʝʡʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʦʢʘ. ʇʨʠ-

ʯʝʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʪʦʢʝ (2 ʣ/ʩ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʠʡ ʭʦʣʦʜʦʚʳʭ ʧʨʦʙ ʧʘʮʠʝʥ-

ʪʦʚ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ). 

ʈʠʩʫʥʦʢ 8 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʦʯʝʥʴ ʤʘʣʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʪʨʫʙʢʠ ʥʝ ʙʫʜʝʪ. 

    
ʈʠʩ. 7 ï ɿʘʚʠʩʠʤʦʩʪ ɹʪʝʤʧʝʨʘʪʫʨʳ  

ʦʪ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ʈʠʩ. 8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ   

ʦʪ ʧʦʪʦʢʘ. 

 

ʀʟ ʨʠʩʫʥʢʘ 9 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʜʣʠʥ ʪʨʫʙʦʢ, ʥʘʯʠʥʘʷ ʩ 6 ʩʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

 
ʈʠʩ. 9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʜʣʠʥʳ ʪʨʫʙʦʢ. 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ (ʨʠʩ. 10-11). 

 

    
ʈʠʩ. 10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ  

ʦʪ ʨʘʜʠʫʩʘ ʪʨʫʙʦʢ. 

ʈʠʩ. 11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ  

ʦʪ ʨʘʜʠʫʩʘ ʪʨʫʙʦʢ. 

C̄-º 3,19
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ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʘʯʢʦʦʙʨʘʟʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʝʥʠʝ ʨʘʜʠʫʩʘ ʦʪʜʝʣʴʥʦʡ ʪʨʫʙʢʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʜʘʚʣʝʥʠʝ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʝʤʢʦʩʪʠ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʙʦʣʴʰʝ ʪʨʫʙʦʢ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ. 

ɻʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 11 ʩʪʫʧʝʥʯʘʪʳʡ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ ʢʘʞʜʦʡ ʪʨʫʙʢʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʨʫʙʦʢ, ʧʦʤʝʱʘʶʱʠʭʩʷ ʚ ʝʤʢʦʩʪʴ, ʙʫʜʝʪ ʪʘʢʞʝ ʠʟʤʝʥʷʪʴʩʷ, ʘ ʠʤʝʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ, ʪʝʤ ʩʘʤʳʤ, ʧʦʥʠʞʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʰʝʡ ʩʠʩʪʝʤʳ. 

ʈʠʩʫʥʢʠ 12ï15 ʦʪʦʙʨʘʞʘʶʪ ʩʪʫʧʝʥʯʘʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʫʙʦʢ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʪʠʤʘʣʴʥʦ ʫʣʦʞʠʪʴ ʚ ʫʢʘʟʘʥʥʫʶ ʝʤʢʦʩʪʴ. 

 

    
ʈʠʩ. 12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ  

ʦʪ ʚʳʩʦʪʳ ʝʤʢʦʩʪʠ. 

ʈʠʩ. 13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ  

ʦʪ ʚʳʩʦʪʳ ʝʤʢʦʩʪʠ. 

 

  
ʈʠʩ. 14 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ  

ʦʪ ʰʠʨʠʥʳ ʝʤʢʦʩʪʠ. 

ʈʠʩ. 15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ  

ʦʪ ʰʠʨʠʥʳ ʝʤʢʦʩʪʠ. 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʧʨʠ ʧʨʦ-

ʧʫʩʢʘʥʠʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʪʨʫʙʦʢ, ʚ ʨʘʤʢʘʭ ʥʘʰʝʡ ʤʦʜʝʣʠ ʧʦʣʫʯʘʶʪʩʷ ʭʦʨʦʰʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʜʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʢʦʤʧʘʢʪʥʳʭ ʨʘʟʤʝʨʘʭ ʦʭʣʘʞʜʘʶʱʝʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦ-

ʩʪʠʛʥʫʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʢʫʧʝʨʘʪʦʨʘ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʯʝʣʦʚʝʢʘ ʚ ʥʦʨ-

ʤʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 300 ʇʘ/ʣ/ʩʝʢ. ʈʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʠʩʪʝʤʝ ʝ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʣʘʛʦʦʙʤʝʥʘ  ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘ-

ʯʠ ʩʦʛʨʝʚʘʥʠʷ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (-60Áʉ) ʜʦ +10Áʉ ʥʘ ʦʩʥʦʚʝ ʨʝʢʫʧʝʨʘʪʦʨʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʜʠʫ-

ʩʦʤ 0,4 ʤʤ ʚ ʢʦʣʠʯʝʩʪʚʝ  18 000 ʰʪʫʢ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ 10Ĭ15 ʩʤ ʠ ʪʦʣʱʠʥʦʡ 1 ʩʤ (ʨʠʩ. 

16). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʳʭʘʥʠʶ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 130 ʇʘ/ʣ/ʩʝʢ ʧʨʠ ʤʠʥʫʪʥʦʤ ʦʙʲʝʤʝ 

ʚʝʥʪʠʣʷʮʠʠ 60 ʣ/ʩʝʢ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʙʦʪʳ ʜʳʭʘʥʠʷ ʟʘ ʩʯʝʪ ʤʘʩʢʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ ʩʧʦʢʦʡʥʦʛʦ ʜʳʭʘʥʠʷ.  

ʉʧʨʘʚʦʯʥʦ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ - 100 ɺʪ/(ʤĬʂ), ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ï 0,1 ʤʤ, ʨʘʜʠʫʩ 

ʪʨʫʙʢʠ ï 0,4 ʤʤ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ  ï 60 ʣ/ʩʝʢ, ʜʣʠʥʘ ʪʨʫʙʢʠ ï 1 ʩʤ. 
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ʈʠʩ. 16 ï ʈʘʩʯʝʪ ʨʝʢʫʧʝʨʘʪʦʨʘ. 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʡ ʤʘʩʢʠ-

ʨʝʢʫʧʝʨʘʪʦʨʘ ʜʣʷ ʟʘʱʠʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʦʪ ʧʦʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ɸʨʢʪʠʢʠ, ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʤʘʩʢʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʳʭʘʥʠʶ. 

ʃʀʊɽʈɸʊʋʈɸ 

1 ɸʨʭʘʥʛʝʣʴʩʢʠʡ ɸ.ʗ. Delphi 7. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ.ʄ.: ɹʠʥʦʤ, 2003. 1024 ʩ. 

2 ɹʫʣʘʪ ʃ.ʇ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʄ.: ʅʘʫʢʘ, 2002. 356 ʩ. 

3 ɹʳʢʦʚ ɸ.ɺ. ʊʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʨʠʙʦʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʩʧʳʪʘʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘ-

ʰʠʥ. ʄ: ʃʝʛʢʘʷ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 1984. 248 ʩ. 

4 ɼʘʥʠʣʦʚʘ ɻ.ʅ. ʊʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1984 

243 ʩ. 

5 ɿʝʣʠʢʦʚʩʢʠʡ ʀ.ʍ., ʂʘʧʣʘʥ ʃ.ɻ. ʄʘʣʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʫʩʪʘʥʦʚʢʠ. ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 

1989. 672 ʩ. 

6 ʀʩʘʯʝʥʢʦ ɺ.ʇ.ʊʝʧʣʦʦʙʤʝʥ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʄ.: ʕʥʝʨʛʠʷ, 1977. 240 ʩ. 

7 ʂʘʨʯʝʚʩʢʠʡ ɸ.ʀ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʄ.: ʄʠʨ, 1964. 360 ʩ. 

8 ʂʵʥʪʫ ʄ. Delphi 7: ɼʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ʇʠʪʝʨ, 2004. 1104 ʩ. 

9 ʌʠʟʠʦʣʦʛʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʣʝʛʢʠʭ / ʖ.ʉ. ʃʘʥʜʳʰʝʚ, ʂ.ʆ. ʆʨʣʦʚ, ʃ.ʀ. ʐʠʰʢʠʥ ʠ ʜʨ. ʄ.: 

ʅʘʫʢʘ, 1994. 240 ʩ. 

10 ʃʝʦʥʪʴʝʚ ɸ.ʄ. ʊʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʄ.: ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 

2004. 592 ʩ. 

11 ʈʦʡʟʝʥ ʃ.ʀ., ɼʫʣʴʢʠʥ ʀ.ʅ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʦʨʝʙʨʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʄ.: ʕʥʝʨʛʠʷ, 1997. 256 ʩ. 


