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ɸʅʆʊɸʎɯʗ 
ɿʙʝʨʝʞʝʥʥʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʷʢ ʟʥʘʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʟʜʦʨʦʚôʷ ʢʨʘʾʥʠ, ʻ 

ʦʜʥʠʤ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʽʟʦʚʘʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʡ ʦʩʥʦʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ɺʆʆɿ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʚʝʣʠʢʫ ʫʚʘʛʫ ʜʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʜʽʚʯʘʪ-ʧʽʜʣʽʪʢʽʚ, ʷʢ ʤʘʡʙʫʪʥʽʭ ʞʽʥʦʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʾʭ ʨʦʟʚʠʪʢʫ, ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʘʢʫʰʝʨʩʴʢʦ-ʛʽʥʝʢʦʣʦʛʽʯʥʦʾ ʧʘʪʦʣʦʛʽʾ. ʋ ʶʚʝʥʽʣʴʥʽʡ 

ʛʽʥʝʢʦʣʦʛʽʾ ʩʝʨʝʜ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʙʦʣʴʦʚʠʤ ʩʠʥʜʨʦʤʦʤ, ʣʽʜʫʶʯʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʝʨʚʠʥʥʘ 

ʜʠʩʤʝʥʦʨʝʷ (ʇɼ). ʄʝʪʘ ʨʦʙʦʪʠ - ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʦʥʦʛʨʘʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʘʪʢʠ ʪʘ ʷʻʯʥʠʢʽʚ ʫ ʨʽʟʥʽ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʟ ʥʘʷʚʥʽʩʪʶ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦʨʝʾ ʫ ʜʽʚʯʘʪ 

ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ. ʅʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 306 ʜʽʚʯʘʪ ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʟ ʷʢʠʭ: 76 

ʜʽʚʯʘʪ ʟ ʧʝʨʚʠʥʥʦʶ ʜʠʩʤʝʥʦʨʝʻʶ, ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 230 ʧʨʘʢʪʠʯʥʦ ʟʜʦʨʦʚʠʭ ʜʽʚʯʘʪ (ʜʘʥʽ 

ʚʟʷʪʦ ʟ ʙʘʟʠ ʜʘʥʠʭ ʅɼʎ ʽʤ. ʄ.ɯ. ʇʠʨʦʛʦʚʘ). ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦʨʝʾ ʫ ʜʽʚʯʘʪ ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʢʣʽʥʽʯʥʠʭ ʧʨʦʷʚʽʚ ʫ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤʫ ʚʽʮʽ. 

ABSTRACT  
Preservation of reproductive potential, as a significant component of reproductive health of the country, is 

one of the priority directions of development of civilized society and is one of the main WHO strategies, which 

causes great attention to health of teen girls as future women, ensuring optimal conditions for their physical 

development, early detection of obstetric and gynecological pathology. 

In juvenile gynecology, among the diseases accompanied by pain, the leading place is occupied by primary 

dysmenorrhea. The aim of the work is to identify the relationships between the features of sonographic parameters 

of the uterus and ovaries in different phases of the menstrual cycle with the presence of primary dysmenorrhea in 

a teen girls. We present the results of studies of 306 girls of pubertal age, of which: 76 girls with primary 

dysmenorrhea, the control group consists of 230 healthy girls (data taken from the database of the NDC named 

after MI Pirogov). It`s important to take under the consideration the results of this study for diagnostics of girls of 

pubertal age and discovering of primary dysmenorrhea to further reduce the development of complication and 

medical symptoms in reproductive age. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʽʚʯʘʪʘ ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ, ʧʝʨʚʠʥʥʘ ʜʠʩʤʝʥʦʨʝʷ, ʩʦʥʦʛʨʘʬʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, 

ʬʦʣʽʢʫʣʷʨʥʘ ʬʘʟʘ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʣʶʪʝʾʥʦʚʘ ʬʘʟʘ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ. 

Keywords: girls of pubertal age, primary dysmenorrhea, sonographic indicators, follicular phase of the 

menstrual cycle, luteal phase of the menstrual cycle. 

 

ʋ ʶʚʝʥʽʣʴʥʽʡ ʛʽʥʝʢʦʣʦʛʽʾ ʩʝʨʝʜ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʙʦʣʴʦʚʠʤ ʩʠʥʜʨʦʤʦʤ, 

ʣʽʜʫʶʯʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʝʨʚʠʥʥʘ ʜʠʩʤʝʥʦʨʝʷ. ʋ 

ʩʪʨʫʢʪʫʨʽ ʟʘʛʘʣʴʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʧʝʨʚʠʥʥʘ ʜʠʩ-

ʤʝʥʦʨʝʷ ʚʠʷʚʣʷʻʪʴʩʷ ʫ 12-65% ʜʽʚʯʘʪʦʢ ʪʘ ʜʽʚʯʘʪ-

ʧʽʜʣʽʪʢʽʚ ʫ ʚʽʮʽ 13-18 ʨʦʢʽʚ. ɽʪʽʦʣʦʛʽʷ ʇɼ ʜʦ ʢʽʥʮʷ 
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ʥʝ ʷʩʥʘ. ʋ ʧʽʜʣʽʪʢʦʚʦʤʫ ʚʽʮʽ ʧʦʨʷʜ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʙʦʣʴʦʚʠʭ ʚʽʜʯʫʪʪʽʚ ʩʘʤʝ ʧʩʠʭʦʝʤʦʮʽʡʥʽ ʽ ʥʝʡʨʦʚʝʛʝ-

ʪʘʪʠʚʥʽ ʧʦʨʫʰʝʥʥʷ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʝʨʚʠʥʥʫ 

ʜʠʩʤʝʥʦʨʝʶ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʞʠʪʪʷ ʧʽʜʣʽʪʢʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʥʝ ʟʨʦʟʫʤʽʣʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʪʷʞʢʦʛʦ ʧʝʨʝ-

ʙʽʛʫ ʜʠʩʤʝʥʦʨʝʾ ʫ ʜʝʷʢʠʭ ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʦʪʨʽʙʥʽ ʽʥʰʽ ʧʽʜʭʦʜʠ ʚ ʪʝʨʘʧʽʾ ʪʘ ʧʨʦʬʽʣʘʢ-

ʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʊʦʤʫ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʡʜʝ ʘʢʪʠʚ-

ʥʠʡ ʧʦʰʫʢ ʧʨʝʜʠʢʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʷʪʠ 

ʛʨʫʧʠ ʨʠʟʠʢʫ ʪʷʞʢʦʛʦ ʧʝʨʝʙʽʛʫ ʜʠʩʤʝʥʦʨʝʾ, ʦʮʽʥʶ-

ʚʘʪʠ ʫ ʥʠʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʘʧʽʾ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ 

ʚʠʟʥʘʯʘʪʠ ʪʘʢʪʠʢʫ ʚʝʜʝʥʥʷ ʪʘʢʠʭ ʭʚʦʨʠʭ. ʄʦʞʣʠ-

ʚʦʩʪʽ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦʨʝʾ ʫ ʧʘʮʽʻʥʪʦʢ 

ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʧʦʚ'ʷʟʘʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʚʠʷʚʣʝʥ-

ʥʷʤ ʯʠʥʥʠʢʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʜʘʥʦʾ ʧʘ-

ʪʦʣʦʛʽʾ, ʚʠʚʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʘʪʦʛʝʥʝʟʫ 

ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʥʦʟʦʣʦʛʽʯʥʦʾ ʬʦʨʤʠ, ʩʚʦʻʯʘʩʥʦʶ ʜʽ-

ʘʛʥʦʩʪʠʢʦʶ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʟ ʤʝʪʦʶ ʟʜʽʡʩʥʝʥʥʷ 

ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ. ʊʠʤ ʥʝ ʤʝʥʰ, ʜʦ ʪʝʧʝʨʽʰ-

ʥʴʦʛʦ ʯʘʩʫ ʧʠʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʘʥʥʴʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʝʨʚʠʥʥʦʾ 

ʜʠʩʤʝʥʦʨʝʾ ʫ ʜʽʚʯʘʪ-ʧʽʜʣʽʪʢʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʝʜʤʝ-

ʪʦʤ ʜʠʩʢʫʩʽʾ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʩʚʽʪʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʦʩʦʙʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʚʽʜʚʦʜʠʪʴʩʷ ʩʪʚʦʨʝʥʥʶ ʥʦʚʽʪʥʽʭ ʢʦʥʮʝʧ-

ʮʽʡ ʧʦ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽʡ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʨʠʟʠʢʫ ʚʠʥʠ-

ʢʥʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦʨʝʾ ʫ ʧʘʮʽʻʥʪʦʢ ʧʫʙʝʨʪʘ-

ʪʥʦʛʦ ʚʽʢʫ, ʚʦʥʠ ʩʪʦʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟ-

ʤʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤ ʛʝʤʦʜʠʥʘʤʽʢʠ ʫ ʤʘ-

ʣʦʤʫ ʪʘʟʫ. ʉʘʤʝ ʟʘʨʘʟ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʶ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʫ-

ʙʝʨʪʘʪʥʦʤʫ ʚʽʮʽ ʪʘ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʝʟʧʝʯʥʠʭ ʩʪʨʘʪʝ-

ʛʽʡ ʧʨʝʚʝʥʮʽʾ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦ-

ʨʝʾ ʫ ʜʽʚʯʘʪ-ʧʽʜʣʽʪʢʽʚ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ - ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ`ʷʟʢʽʚ 

ʤʽʞ ʩʦʥʦʛʨʘʬʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʦʨʛʘʥʽʚ ʤʘʣʦʛʦ 

ʪʘʟʫ ʫ ʧʨʘʢʪʠʯʥʦ ʟʜʦʨʦʚʠʭ ʪʘ ʜʽʚʯʘʪ ʟ ʧʝʨʚʠʥʥʦʶ 

ʜʠʩʤʝʥʦʨʝʻʶ ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠ-

ʧʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʦʙʩʪʝʞʝʥʥʷ ʜʽʚʯʘʪ ʧʫ-

ʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʟ ʧʝʨʚʠʥʥʦʶ ʜʠʩʤʝʥʦʨʝʻʶ, ʢʽʣʴ-

ʢʽʩʪʴ ʷʢʠʭ ʩʢʣʘʣʘ ï 76 ʯʦʣʦʚʽʢ ʪʘ ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 

ï 230 ʧʨʘʢʪʠʯʥʦ ʟʜʦʨʦʚʠʭ ʜʽʚʯʘʪ ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ 

(ʜʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚʟʷʪʽ ʟ ʙʘʟʠ ʅɼʎ ɺʅʄʋ ʽʤ. ʄ.ɯ.ʇʠ-

ʨʦʛʦʚʘ).  

ʈʝʟʫʣʴʪʘʪʠ. ʆʙʛʦʚʦʨʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʪʽʣʘ ʤʘʪʢʠ ʚ ʬʦʣʽ-

ʢʫʣʷʨʥʫ ʬʘʟʫ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ (ʄʎ) ʫ ʭʚʦʨʠʭ 

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, 

ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-0,001) 

ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯ-

ʥʠʭ ʛʨʫʧ, ʘ ʤʽʞ ʨʽʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ 

ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05 ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ) 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚ-

ʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽ-

ʚʯʘʪʘʤʠ ʤʝʟʦʤʦʨʬʥʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ  

ʇʝʨʝʜʥʴʦ-ʟʘʜʥʽʡ ʨʦʟʤʽʨ ʤʘʪʢʠ ʚ ʬʦʣʽʢʫʣʷʨʥʫ 

ʬʘʟʫ ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ 

ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,001) ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽ-

ʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ) 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚ-

ʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽ-

ʚʯʘʪʘʤʠ ʤʝʟʦ-, ʝʢʪʦ- ̔  ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘ-

ʪʦʪʠʧʽʚ.  

ʊʦʚʱʠʥʘ ʝʥʜʦʤʝʪʨʽʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ 

ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝ-

ʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,001) ʤʝʥʰʘ, ʤʽʞ ʟʘʛʘʣʴʥʦʶ ʛʨʫʧʦʶ ʭʚʦʨʠʭ ʥʘ 

ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʪʘ ʭʚʦʨʠʤʠ ʜʽʚʯʘʪʘʤʠ 

ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,001) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ 

ʪʘ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05) ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʝʥʜʦʤʝʪʨʽʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ ʫ ʜʽ-

ʚʯʘʪ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. ʇʨʠ ʧʦʨʽ-

ʚʥʷʥʥʽ ʪʦʚʱʠʥʠ ʝʥʜʦʤʝʪʨʽʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ 

ʄʎ ʤʽʞ ʨʽʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ 

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠ-

ʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-0,001) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝ-

ʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬ-

ʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʤʝʟʦ-, ʝʢʪʦ- 

ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʪʽʣʘ ʤʘʪʢʠ ʚ ʣʶʪʝ-

ʾʥʦʚʫ ʬʘʟʫ ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ 

ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-ʤʝʟʦ- ̔  ʩʝ-

ʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,05-0,001) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ 

ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʦʚ-

ʞʠʥʠ ʪʽʣʘ ʤʘʪʢʠ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʤʽʞ ʨʽʟʥʠʤʠ 

ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩ-

ʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,05-0,01) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦ-

ʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʝʢʪʦʤʦʨʬʥʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʪʘ ʚʠʨʘʞʝʥʫ ʪʝʥʜʝʥʮʽʶ 

(ʨ=0,058) ʜʦ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ 

ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. 

ʇʝʨʝʜʥʴʦ-ʟʘʜʥʽʡ ʨʦʟʤʽʨ ʤʘʪʢʠ ʚ ʣʶʪʝʾʥʦʚʫ 

ʬʘʟʫ ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ 

ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʝʢʪʦ- ̔  ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦ-

ʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜ-

ʢʘʭ) ʙʽʣʴʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ 

ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ, ʘ ʫ ʭʚʦʨʠʭ ʜʽʚʯʘʪ ʤʝʟʦʤʦʨʬʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʫ ï ʤʘʻ ʚʠʨʘʞʝʥʫ ʪʝʥʜʝʥʮʽʶ (ʨ=0,056) ʜʦ 

ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. 

ʐʠʨʠʥʘ ʪʽʣʘ ʤʘʪʢʠ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʫ 

ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ- ʽ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘ-

ʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-0,001) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ 

ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. ʇʨʠ ʧʦ-

ʨʽʚʥʷʥʥʽ ʰʠʨʠʥʠ ʪʽʣʘ ʤʘʪʢʠ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 

ʤʽʞ ʨʽʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ ʥʘ 

ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩ-

ʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ) ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-

ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ 

ʤʝʟʦ-, ʝʢʪʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ. 
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ʊʦʚʱʠʥʘ ʝʥʜʦʤʝʪʨʽʶ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 

ʣʠʰʝ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ 

ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,001) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚ-

ʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ 

ʪʦʚʱʠʥʠ ʝʥʜʦʤʝʪʨʽʶ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʤʽʞ ʨʽ-

ʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ ʥʘ ʧʝʨ-

ʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʚʩʪʘʥʦʚʣʝʥʦ: ʩʪʘʪʠʩʪʠ-

ʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01) ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘ-

ʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦ-

ʪʠʧʫ ʪʘ ʪʝʥʜʝʥʮʽʷ (ʨ=0,060) ʜʦ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʧʦ-

ʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘ-

ʪʦʪʠʧʫ; ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01 ʚ ʦʙʦʭ ʚʠʧʘʜ-

ʢʘʭ) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʝʥʜʦʤʝʪʨʽʶ ʚ ʣʶʪʝʾ-

ʥʦʚʫ ʬʘʟʫ ʄʎ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʝʢʪʦ- ʽ ʩʝʨʝʜ-

ʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ 

ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝ-

ʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-

ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩ-

ʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-0,001) ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ.  

ʐʠʨʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ 

ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘ-

ʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,05-0,001) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘ-

ʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. 

ʊʦʚʱʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ 

ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘ-

ʣʴʥʦʾ ʛʨʫʧʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05 ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ) ʤʝ-

ʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ 

ʛʨʫʧ. 

ʐʠʨʠʥʘ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ 

ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘ-

ʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦ-

ʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. 

ʊʦʚʱʠʥʘ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ 

ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘ-

ʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-0,001) 

ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯ-

ʥʠʭ ʛʨʫʧ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʪʦʚʱʠʥʠ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ 

ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ ʤʽʞ ʟʘʛʘʣʴʥʦʶ ʛʨʫʧʦʶ ʭʚʦ-

ʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʪʘ ʭʚʦʨʠʤʠ ʜʽ-

ʚʯʘʪʘʤʠ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠ-

ʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘ-

ʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦ-

ʤʘʪʦʪʠʧʫ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʪʦʚʱʠʥʠ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ 

ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ ʤʽʞ ʨʽʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠ-

ʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽ-

ʚʯʘʪ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-

0,001) ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʫ ʜʽʚʯʘʪ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʧʦʨʽʚ-

ʥʷʥʦ ʟ ʜʽʚʯʘʪʘʤʠ ʤʝʟʦ-, ʝʢʪʦ- ʽ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ. 

ʆʙôʻʤ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ ʫ 

ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽ-

ʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-

0,001) ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ 

ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ . 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ 

ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦ-

ʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ- ʽ ʝʢʪʦ-ʤʝ-

ʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ) ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦ-

ʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. 

ʐʠʨʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 

ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,01-0,001) 

ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯ-

ʥʠʭ. 

ʊʦʚʱʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ 

ʄʎ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘ-

ʣʴʥʦʾ ʛʨʫʧʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-0,001) ʤʝʥʰʘ ʧʦʨʽʚ-

ʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ, ʘ ʚʝ-

ʣʠʯʠʥʘ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʭʚʦʨʠʭ ʜʽʚʯʘʪ ʤʝʟʦʤʦʨ-

ʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ (ʨ=0,070) ʜʦ ʤʝʥ-

ʰʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘ-

ʣʦʛʽʯʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. 

ʐʠʨʠʥʘ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʫ 

ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ) ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ 

ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. 

ʊʦʚʱʠʥʘ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 

ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠ-

ʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ) ʤʝʥʰʘ 

ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ 

ʛʨʫʧ, ʘ ʚʝʣʠʯʠʥʘ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʭʚʦʨʠʭ ʜʽʚʯʘʪ 

ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ (ʨ=0,062) 

ʜʦ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘ-

ʪʘʤʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. 

ʆʙôʻʤ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʫ 

ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ-ʤʝʟʦ- ʽ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,001 ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ) ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʜʦʨʦʚʠʤʠ ʜʽʚʯʘ-

ʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʨʫʧ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʦʙôʻʤʫ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʤʽʞ ʟʘʛʘʣʴʥʦʶ 

ʛʨʫʧʦʶ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʶ ʜʽʚʯʘʪ ʪʘ 

ʭʚʦʨʠʤʠ ʜʽʚʯʘʪʘʤʠ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ, ʘʙʦ ʤʽʞ ʨʽ-

ʟʥʠʤʠ ʟʘ ʩʦʤʘʪʦʪʠʧʘʤʠ ʛʨʫʧʘʤʠ ʭʚʦʨʠʭ ʜʽʚʯʘʪ 

ʚʩʪʘʥʦʚʣʝʥʦ ʣʠʰʝ ʪʝʥʜʝʥʮʽʶ (ʨ=0,065) ʜʦ ʤʝʥʰʠʭ 

ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʜʽʚʯʘʪ ʩʝʨʝʜ-

ʥʴʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ. 

 

  



6 Sciences of Europe # 54, (2020) 

ʊʘʙʣʠʮʷ 1 

ɽʭʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʪʢʠ ʧʽʜ ʯʘʩ ʬʦʣʽʢʫʣʷʨʥʦʾ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ  

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ ɿʜʦʨʦʚʽ ʍʚʦʨʽ ʨ p1 p2 p3 ʨ4 

1 2 3 4 5 6 7 8 9 

ɼʦʚʞʠʥʘ ʪʽʣʘ 

ʤʘʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 48,17Ñ4,74 39,93Ñ6,77 <0,001     

ʄʝ- 48,15Ñ4,66 41,30Ñ7,44 <0,001 >0,05    

ɽʢ- 45,66Ñ4,82 40,44Ñ7,70 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 48,16Ñ4,17 36,67Ñ4,04 <0,001 =0,060 <0,05 >0,05  

ʇʨ 50,65Ñ4,04 41,78Ñ6,80 <0,01 >0,05 >0,05 >0,05 <0,05 

ʇʝʨʝʜʥʴʦ-ʟʘ-

ʜʥʽʡ ʨʦʟʤʽʨ 

ʤʘʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 29,31Ñ3,20 30,83Ñ8,66 =0,079     

ʄʝ- 30,07Ñ3,15 32,52Ñ9,20 >0,05 >0,05    

ɽʢ- 28,10Ñ3,16 33,61Ñ10,53 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 29,59Ñ2,84 24,17Ñ1,34 <0,001 <0,001 <0,001 <0,001  

ʇʨ 29,78Ñ3,15 33,89Ñ6,79 >0,05 >0,05 >0,05 >0,05 <0,001 

ʐʠʨʠʥʘ ʤʘ-

ʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 40,65Ñ4,71 41,03Ñ5,64 >0,05     

ʄʝ- 41,27Ñ4,44 41,81Ñ6,04 >0,05 >0,05    

ɽʢ- 38,69Ñ5,25 41,06Ñ6,46 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 39,94Ñ4,29 41,67Ñ4,06 =0,061 >0,05 >0,05 >0,05  

ʇʨ 42,30Ñ4,05 37,67Ñ6,24 >0,05 >0,05 >0,05 >0,05 >0,05 

ʊʦʚʱʠʥʘ ʝʥ-

ʜʦʤʝʪʨʽʶ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 3,234Ñ0,968 3,143Ñ1,746 =0,053     

ʄʝ- 3,085Ñ0,772 3,296Ñ1,644 >0,05 >0,05    

ɽʢ- 3,269Ñ1,123 3,922Ñ2,161 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 3,281Ñ1,054 1,628Ñ0,323 <0,001 <0,001 <0,001 <0,01  

ʇʨ 3,478Ñ0,846 4,244Ñ1,289 =0,061 <0,05 >0,05 >0,05 <0,001 

 

ʊʘʙʣʠʮʷ 2 

ɽʭʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʪʢʠ ʧʽʜ ʯʘʩ ʣʶʪʝʾʥʦʚʦʾ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ  

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ ɿʜʦʨʦʚʽ ʍʚʦʨʽ ʨ p1 p2 p3 ʨ4 

1 2 3 4 5 6 7 8 9 

ɼʦʚʞʠʥʘ ʪʽʣʘ 

ʤʘʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 48,90Ñ4,75 41,86Ñ6,06 <0,001     

ʄʝ- 48,85Ñ4,77 41,52Ñ10,40 <0,001 >0,05    

ɽʢ- 46,43Ñ4,97 43,00Ñ6,16 <0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 49,03Ñ4,05 38,72Ñ2,11 <0,001 <0,05 =0,058 <0,05  

ʇʨ 51,22Ñ3,93 43,67Ñ6,44 <0,01 >0,05 >0,05 >0,05 <0,01 

ʇʝʨʝʜʥʴʦ-ʟʘ-

ʜʥʽʡ ʨʦʟʤʽʨ 

ʤʘʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 35,00Ñ3,49 39,12Ñ7,25 <0,001     

ʄʝ- 35,78Ñ3,70 38,89Ñ8,08 =0,056 >0,05    

ɽʢ- 33,31Ñ3,30 41,11Ñ7,96 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 35,66Ñ3,20 41,22Ñ4,68 <0,001 >0,05 >0,05 >0,05  

ʇʨ 35,70Ñ3,10 34,89Ñ5,51 >0,05 >0,05 >0,05 =0,074 <0,05 

ʐʠʨʠʥʘ ʤʘ-

ʪʢʠ (ʤʤ) 

ɿʘʛʘʣʦʤ 41,48Ñ4,83 35,13Ñ8,94 <0,001     

ʄʝ- 42,00Ñ4,60 36,59Ñ9,00 <0,01 >0,05    

ɽʢ- 39,40Ñ5,36 37,39Ñ9,88 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 40,75Ñ3,98 27,00Ñ4,49 <0,001 <0,001 <0,001 <0,001  

ʇʨ 43,13Ñ4,19 39,78Ñ5,02 >0,05 >0,05 >0,05 >0,05 <0,001 

ʊʦʚʱʠʥʘ ʝʥ-

ʜʦʤʝʪʨʽʶ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 8,926Ñ1,367 9,017Ñ1,627 >0,05     

ʄʝ- 8,814Ñ1,058 8,837Ñ1,187 >0,05 >0,05    

ɽʢ- 8,522Ñ1,618 9,656Ñ2,208 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 9,281Ñ1,442 7,950Ñ0,678 <0,001 <0,01 <0,01 <0,01  

ʇʨ 9,348Ñ1,112 10,00Ñ1,94 >0,05 >0,05 =0,060 >0,05 <0,01 
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ʊʘʙʣʠʮʷ 3 

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʝʭʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʢʠ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ  

ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ 
ɿʜʦʨʦʚʽ ʍʚʦʨʽ 

ʬʦʣʽʢʫʣʷʨʥʘ ʣʶʪʝʾʥʦʚʘ ʨ5 ʬʦʣʽʢʫʣʷʨʥʘ ʣʶʪʝʾʥʦʚʘ ʨ6 

1 2 3 4 5 6 7 8 

ɼʦʚʞʠʥʘ ʪʽʣʘ  

ʤʘʪʢʠ  

(ʤʤ) 

ɿʘʛʘʣʦʤ 48,17Ñ4,74 48,90Ñ4,75 <0,001 39,93Ñ6,77 41,86Ñ6,06 <0,001 

ʄʝ- 48,15Ñ4,66 48,85Ñ4,77 <0,001 41,30Ñ7,44 41,52Ñ10,40 <0,01 

ɽʢ- 45,66Ñ4,82 46,43Ñ4,97 <0,001 40,44Ñ7,70 43,00Ñ6,16 <0,001 

ɽʢ-ʄʝ- 48,16Ñ4,17 49,03Ñ4,05 <0,001 36,67Ñ4,04 38,72Ñ2,11 <0,01 

ʇʨ 50,65Ñ4,04 51,22Ñ3,93 <0,05 41,78Ñ6,80 43,67Ñ6,44 <0,05 

ʇʝʨʝʜʥʴʦ-ʟʘ-

ʜʥʽʡ ʨʦʟʤʽʨ 

ʤʘʪʢʠ  

(ʤʤ) 

ɿʘʛʘʣʦʤ 29,31Ñ3,20 35,00Ñ3,49 <0,001 30,83Ñ8,66 39,12Ñ7,25 <0,001 

ʄʝ- 30,07Ñ3,15 35,78Ñ3,70 <0,001 32,52Ñ9,20 38,89Ñ8,08 <0,001 

ɽʢ- 28,10Ñ3,16 33,31Ñ3,30 <0,001 33,61Ñ10,53 41,11Ñ7,96 <0,001 

ɽʢ-ʄʝ- 29,59Ñ2,84 35,66Ñ3,20 <0,001 24,17Ñ1,34 41,22Ñ4,68 <0,001 

ʇʨ 29,78Ñ3,15 35,70Ñ3,10 <0,05 33,89Ñ6,79 34,89Ñ5,51 >0,05 

ʐʠʨʠʥʘ ʤʘ-

ʪʢʠ  

(ʤʤ) 

ɿʘʛʘʣʦʤ 40,65Ñ4,71 41,48Ñ4,83 <0,001 41,03Ñ5,64 35,13Ñ8,94 <0,001 

ʄʝ- 41,27Ñ4,44 42,00Ñ4,60 <0,001 41,81Ñ6,04 36,59Ñ9,00 <0,05 

ɽʢ- 38,69Ñ5,25 39,40Ñ5,36 <0,001 41,06Ñ6,46 37,39Ñ9,88 >0,05 

ɽʢ-ʄʝ- 39,94Ñ4,29 40,75Ñ3,98 <0,01 41,67Ñ4,06 27,00Ñ4,49 <0,001 

ʇʨ 42,30Ñ4,05 43,13Ñ4,19 <0,05 37,67Ñ6,24 39,78Ñ5,02 >0,05 

ʊʦʚʱʠʥʘ ʝʥ-

ʜʦʤʝʪ-ʨʽʶ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 3,234Ñ0,968 8,926Ñ1,367 <0,001 3,143Ñ1,746 9,017Ñ1,627 <0,001 

ʄʝ- 3,085Ñ0,772 8,814Ñ1,058 <0,001 3,296Ñ1,644 8,837Ñ1,187 <0,001 

ɽʢ- 3,269Ñ1,123 8,522Ñ1,618 <0,001 3,922Ñ2,161 9,656Ñ2,208 <0,001 

ɽʢ-ʄʝ- 3,281Ñ1,054 9,281Ñ1,442 <0,001 1,628Ñ0,323 7,950Ñ0,678 <0,001 

ʇʨ 3,478Ñ0,846 9,348Ñ1,112 <0,001 4,244Ñ1,289 10,00Ñ1,94 <0,01 

 

ʊʘʙʣʠʮʷ 4 

ɽʭʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʻʯʥʠʢʽʚ ʧʽʜ ʯʘʩ ʬʦʣʽʢʫʣʷʨʥʦʾ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ  

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ ɿʜʦʨʦʚʽ ʍʚʦʨʽ ʨ p1 p2 p3 ʨ4 

1 2 3 4 5 6 7 8 9 

ɼʦʚʞʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 28,54Ñ3,40 33,09Ñ2,92 <0,001     

ʄʝ- 27,78Ñ3,09 32,67Ñ3,51 <0,001 >0,05    

ɽʢ- 27,70Ñ3,37 32,44Ñ2,57 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 28,19Ñ3,14 33,78Ñ1,90 <0,001 >0,05 >0,05 >0,05  

ʇʨ 29,57Ñ3,23 33,44Ñ2,96 <0,01 >0,05 >0,05 >0,05 >0,05 

ʐʠʨʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 24,90Ñ2,82 21,32Ñ3,61 <0,001     

ʄʝ- 24,54Ñ3,04 21,56Ñ3,39 <0,001 >0,05    

ɽʢ- 24,37Ñ3,22 22,67Ñ4,65 <0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 24,75Ñ2,20 19,83Ñ2,09 <0,001 >0,05 >0,05 >0,05  

ʇʨ 25,57Ñ2,37 20,89Ñ2,71 <0,001 >0,05 >0,05 >0,05 >0,05 

ʊʦʚʱʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 21,20Ñ2,86 20,32Ñ2,50 <0,05     

ʄʝ- 20,88Ñ3,04 19,93Ñ3,16 >0,05 >0,05    

ɽʢ- 20,51Ñ3,04 20,11Ñ2,25 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 21,25Ñ2,45 21,11Ñ1,53 >0,05 >0,05 >0,05 >0,05  

ʇʨ 22,13Ñ2,58 19,67Ñ2,45 <0,05 >0,05 >0,05 >0,05 >0,05 

ʆʙôʻʤ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʩʤ3) 

ɿʘʛʘʣʦʤ 8,117Ñ2,555 7,687Ñ1,607 >0,05     

ʄʝ- 7,678Ñ2,494 7,630Ñ1,707 >0,05 >0,05    

ɽʢ- 7,562Ñ2,794 7,887Ñ2,213 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 7,872Ñ2,052 7,253Ñ0,377 >0,05 >0,05 >0,05 >0,05  

ʇʨ 8,934Ñ2,337 7,750Ñ1,257 >0,05 >0,05 >0,05 >0,05 >0,05 

ɼʦʚʞʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 29,34Ñ3,29 29,37Ñ4,23 >0,05     

ʄʝ- 28,71Ñ2,85 29,19Ñ4,31 >0,05 >0,05    

ɽʢ- 28,15Ñ3,43 29,22Ñ3,92 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 28,66Ñ2,81 28,33Ñ3,40 >0,05 >0,05 >0,05 >0,05  

ʇʨ 30,22Ñ2,56 30,44Ñ5,43 >0,05 >0,05 >0,05 >0,05 >0,05 

ɿʘʛʘʣʦʤ 25,51Ñ2,90 20,63Ñ3,53 <0,001     

ʄʝ- 25,63Ñ2,55 20,33Ñ2,84 <0,001 >0,05    
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ʐʠʨʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɽʢ- 24,73Ñ3,42 21,33Ñ5,12 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 25,03Ñ2,57 21,56Ñ2,71 <0,001 >0,05 >0,05 >0,05  

ʇʨ 26,26Ñ2,34 19,11Ñ3,02 <0,001 >0,05 >0,05 >0,05 >0,05 

ʊʦʚʱʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 21,55Ñ2,99 19,03Ñ3,53 <0,001     

ʄʝ- 21,36Ñ2,61 19,96Ñ2,93 <0,05 >0,05    

ɽʢ- 20,94Ñ3,29 19,44Ñ3,90 <0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 20,84Ñ2,52 19,78Ñ1,22 >0,05 >0,05 >0,05 >0,05  

ʇʨ 22,35Ñ2,72 14,33Ñ4,80 <0,001 <0,01 <0,01 <0,01 <0,001 

ʆʙôʻʤ ʣʽʚʦʛʦ 

ʷʻʯʥʠʢʘ (ʩʤ3) 

ɿʘʛʘʣʦʤ 8,684Ñ2,797 6,416Ñ1,740 <0,001     

ʄʝ- 8,411Ñ2,450 6,613Ñ1,494 <0,001 >0,05    

ɽʢ- 7,962Ñ3,023 6,768Ñ2,574 <0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 7,954Ñ2,143 6,136Ñ1,211 <0,001 >0,05 >0,05 >0,05  

ʇʨ 9,416Ñ2,445 5,783Ñ1,666 <0,001 >0,05 >0,05 >0,05 >0,05 

 

ʊʘʙʣʠʮʷ 5 

ɽʭʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʻʯʥʠʢʽʚ ʧʽʜ ʯʘʩ ʣʶʪʝʾʥʦʚʦʾ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ  

ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ ɿʜʦʨʦʚʽ ʍʚʦʨʽ ʨ p1 p2 p3 ʨ4 

1 2 3 4 5 6 7 8 9 

ɼʦʚʞʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 29,17Ñ3,19 33,41Ñ3,41 <0,001     

ʄʝ- 28,69Ñ3,06 33,85Ñ3,69 <0,001 >0,05    

ɽʢ- 28,07Ñ3,43 32,28Ñ3,06 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 28,59Ñ2,50 33,94Ñ3,00 <0,001 >0,05 >0,05 >0,05  

ʇʨ 30,43Ñ2,95 32,44Ñ3,57 >0,05 >0,05 >0,05 >0,05 >0,05 

ʐʠʨʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 25,32Ñ2,91 23,20Ñ4,07 <0,001     

ʄʝ- 25,17Ñ2,91 23,33Ñ5,02 <0,01 >0,05    

ɽʢ- 24,48Ñ3,00 24,50Ñ4,22 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 25,22Ñ2,37 22,00Ñ2,11 <0,001 >0,05 >0,05 =0,069  

ʇʨ 25,91Ñ2,98 22,11Ñ3,02 <0,01 >0,05 >0,05 >0,05 >0,05 

ʊʦʚʱʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 21,80Ñ3,01 20,16Ñ2,33 <0,001     

ʄʝ- 21,66Ñ3,02 20,19Ñ2,72 =0,070 >0,05    

ɽʢ- 21,03Ñ3,20 19,89Ñ2,83 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 20,97Ñ2,51 20,22Ñ1,11 >0,05 >0,05 >0,05 >0,05  

ʇʨ 22,39Ñ2,62 20,11Ñ2,37 <0,05 >0,05 >0,05 >0,05 >0,05 

ʆʙôʻʤ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʩʤ3) 

ɿʘʛʘʣʦʤ 8,671Ñ2,795 9,019Ñ2,760 >0,05     

ʄʝ- 8,405Ñ2,665 9,421Ñ3,647 >0,05 >0,05    

ɽʢ- 7,872Ñ2,865 8,774Ñ3,066 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 8,003Ñ1,925 8,131Ñ0,648 >0,05 >0,05 =0,059 >0,05  

ʇʨ 9,457Ñ3,057 9,430Ñ1,208 >0,05 >0,05 >0,05 <0,05 <0,01 

ɼʦʚʞʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 29,67Ñ3,18 29,43Ñ4,09 >0,05     

ʄʝ- 29,32Ñ2,99 29,19Ñ4,29 >0,05 >0,05    

ɽʢ- 28,52Ñ3,54 29,17Ñ3,87 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 28,91Ñ2,67 28,72Ñ2,87 >0,05 >0,05 >0,05 >0,05  

ʇʨ 30,87Ñ2,07 30,33Ñ5,36 >0,05 >0,05 >0,05 >0,05 >0,05 

ʐʠʨʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 25,82Ñ3,00 20,66Ñ3,51 <0,001     

ʄʝ- 26,08Ñ2,79 20,44Ñ2,76 <0,001 >0,05    

ɽʢ- 24,76Ñ3,42 21,28Ñ5,13 <0,001 >0,05 >0,05   

ɽʢ-ʄʝ- 24,91Ñ2,35 21,56Ñ2,71 <0,001 >0,05 >0,05 >0,05  

ʇʨ 26,78Ñ2,49 19,11Ñ3,02 <0,001 >0,05 >0,05 >0,05 >0,05 

ʊʦʚʱʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯʥʠʢʘ 

(ʤʤ) 

ɿʘʛʘʣʦʤ 22,10Ñ3,23 20,20Ñ3,00 <0,001     

ʄʝ- 22,29Ñ3,41 20,74Ñ2,77 =0,062 >0,05    

ɽʢ- 20,96Ñ3,12 20,28Ñ3,75 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 21,09Ñ2,45 21,11Ñ2,17 >0,05 >0,05 >0,05 >0,05  

ʇʨ 23,13Ñ2,82 17,67Ñ2,50 <0,001 <0,05 <0,01 >0,05 <0,01 

ʆʙôʻʤ ʣʽʚʦʛʦ 

ʷʻʯʥʠʢʘ (ʩʤ3) 

ɿʘʛʘʣʦʤ 9,110Ñ2,872 6,803Ñ1,930 <0,001     

ʄʝ- 9,194Ñ3,012 7,018Ñ1,610 <0,001 >0,05    

ɽʢ- 8,021Ñ2,788 7,959Ñ4,611 >0,05 >0,05 >0,05   

ɽʢ-ʄʝ- 8,036Ñ1,835 6,315Ñ0,602 <0,001 >0,05 >0,05 >0,05  

ʇʨ 10,13Ñ2,38 6,067Ñ1,443 <0,001 >0,05 =0,065 >0,05 >0,05 
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ʊʘʙʣʠʮʷ 6 

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʝʭʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʻʯʥʠʢʽʚ ʫ ʟʜʦʨʦʚʠʭ ʽ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ 

ʙʝʟ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʨʽʟʥʽ ʩʦʤʘʪʦʪʠʧʠ ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ (ʄÑs). 

ʇʦʢʘʟʥʠʢ ɻʨʫʧʘ 
ɿʜʦʨʦʚʽ ʍʚʦʨʽ 

ʬʦʣʽʢʫʣʽʷʨʥʘ ʣʶʪʝʾʥʦʚʘ ʨ5 ʬʦʣʽʢʫʣʷʨʥʘ ʣʶʪʝʾʥʦʚʘ ʨ6 

1 2 3 4 5 6 7 8 

ɼʦʚʞʠʥʘ 

ʧʨʘʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 28,54Ñ3,40 29,17Ñ3,19 <0,001 33,09Ñ2,92 33,41Ñ3,41 >0,05 

ʄʝ- 27,78Ñ3,09 28,69Ñ3,06 <0,01 32,67Ñ3,51 33,85Ñ3,69 >0,05 

ɽʢ- 27,70Ñ3,37 28,07Ñ3,43 >0,05 32,44Ñ2,57 32,28Ñ3,06 >0,05 

ɽʢ-ʄʝ- 28,19Ñ3,14 28,59Ñ2,50 >0,05 33,78Ñ1,90 33,94Ñ3,00 >0,05 

ʇʨ 29,57Ñ3,23 30,43Ñ2,95 >0,05 33,44Ñ2,96 32,44Ñ3,57 >0,05 

ʐʠʨʠʥʘ 

ʧʨʘʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 24,90Ñ2,82 25,32Ñ2,91 <0,05 21,32Ñ3,61 23,20Ñ4,07 <0,001 

ʄʝ- 24,54Ñ3,04 25,17Ñ2,91 <0,05 21,56Ñ3,39 23,33Ñ5,02 <0,001 

ɽʢ- 24,37Ñ3,22 24,48Ñ3,00 >0,05 22,67Ñ4,65 24,50Ñ4,22 <0,001 

ɽʢ-ʄʝ- 24,75Ñ2,20 25,22Ñ2,37 >0,05 19,83Ñ2,09 22,00Ñ2,11 <0,01 

ʇʨ 25,57Ñ2,37 25,91Ñ2,98 >0,05 20,89Ñ2,71 22,11Ñ3,02 >0,05 

ʊʦʚʱʠʥʘ 

ʧʨʘʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 21,20Ñ2,86 21,80Ñ3,01 <0,01 20,32Ñ2,50 20,16Ñ2,33 >0,05 

ʄʝ- 20,88Ñ3,04 21,66Ñ3,02 <0,05 19,93Ñ3,16 20,19Ñ2,72 >0,05 

ɽʢ- 20,51Ñ3,04 21,03Ñ3,20 >0,05 20,11Ñ2,25 19,89Ñ2,83 >0,05 

ɽʢ-ʄʝ- 21,25Ñ2,45 20,97Ñ2,51 >0,05 21,11Ñ1,53 20,22Ñ1,11 <0,05 

ʇʨ 22,13Ñ2,58 22,39Ñ2,62 >0,05 19,67Ñ2,45 20,11Ñ2,37 >0,05 

ʆʙôʻʤ ʧʨʘ-

ʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʩʤ3) 

ɿʘʛʘʣʦʤ 8,117Ñ2,555 8,671Ñ2,795 <0,01 7,687Ñ1,607 9,019Ñ2,760 <0,001 

ʄʝ- 7,678Ñ2,494 8,405Ñ2,665 <0,01 7,630Ñ1,707 9,421Ñ3,647 <0,001 

ɽʢ- 7,562Ñ2,794 7,872Ñ2,865 >0,05 7,887Ñ2,213 8,774Ñ3,066 <0,05 

ɽʢ-ʄʝ- 7,872Ñ2,052 8,003Ñ1,925 >0,05 7,253Ñ0,377 8,131Ñ0,648 <0,001 

ʇʨ 8,934Ñ2,337 9,457Ñ3,057 >0,05 7,750Ñ1,257 9,430Ñ1,208 <0,01 

ɼʦʚʞʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 29,34Ñ3,29 29,67Ñ3,18 <0,05 29,37Ñ4,23 29,43Ñ4,09 >0,05 

ʄʝ- 28,71Ñ2,85 29,32Ñ2,99 <0,01 29,19Ñ4,31 29,19Ñ4,29 >0,05 

ɽʢ- 28,15Ñ3,43 28,52Ñ3,54 >0,05 29,22Ñ3,92 29,17Ñ3,87 >0,05 

ɽʢ-ʄʝ- 28,66Ñ2,81 28,91Ñ2,67 >0,05 28,33Ñ3,40 28,72Ñ2,87 >0,05 

ʇʨ 30,22Ñ2,56 30,87Ñ2,07 >0,05 30,44Ñ5,43 30,33Ñ5,36 >0,05 

ʐʠʨʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 25,51Ñ2,90 25,82Ñ3,00 >0,05 20,63Ñ3,53 20,66Ñ3,51 >0,05 

ʄʝ- 25,63Ñ2,55 26,08Ñ2,79Ñ =0,067 20,33Ñ2,84 20,44Ñ2,76 >0,05 

ɽʢ- 24,73Ñ3,42 24,76Ñ3,42 >0,05 21,33Ñ5,12 21,28Ñ5,13 >0,05 

ɽʢ-ʄʝ- 25,03Ñ2,57 24,91Ñ2,35 >0,05 21,56Ñ2,71 21,56Ñ2,71 >0,05 

ʇʨ 26,26Ñ2,34 26,78Ñ2,49 >0,05 19,11Ñ3,02 19,11Ñ3,02 >0,05 

ʊʦʚʱʠʥʘ ʣʽ-

ʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʤʤ) 

ɿʘʛʘʣʦʤ 21,55Ñ2,99 22,10Ñ3,23 <0,001 19,03Ñ3,53 20,20Ñ3,00 <0,001 

ʄʝ- 21,36Ñ2,61 22,29Ñ3,41 <0,01 19,96Ñ2,93 20,74Ñ2,77 <0,05 

ɽʢ- 20,94Ñ3,29 20,96Ñ3,12 >0,05 19,44Ñ3,90 20,28Ñ3,75 <0,05 

ɽʢ-ʄʝ- 20,84Ñ2,52 21,09Ñ2,45 >0,05 19,78Ñ1,22 21,11Ñ2,17 <0,01 

ʇʨ 22,35Ñ2,72 23,13Ñ2,82 >0,05 14,33Ñ4,80 17,67Ñ2,50 <0,05 

ʆʙôʻʤ ʣʽ-

ʚʦʛʦ ʷʻʯ-

ʥʠʢʘ (ʩʤ3) 

ɿʘʛʘʣʦʤ 8,684Ñ2,797 9,110Ñ2,872 <0,01 6,416Ñ1,740 6,803Ñ1,930 <0,001 

ʄʝ- 8,411Ñ2,450 9,194Ñ3,012 <0,05 6,613Ñ1,494 7,018Ñ1,610 <0,05 

ɽʢ- 7,962Ñ3,023 8,021Ñ2,788 >0,05 6,768Ñ2,574 7,959Ñ4,611 >0,05 

ɽʢ-ʄʝ- 7,954Ñ2,143 8,036Ñ1,835 >0,05 6,136Ñ1,211 6,315Ñ0,602 =0,063 

ʇʨ 9,416Ñ2,445 10,13Ñ2,38 >0,05 5,783Ñ1,666 6,067Ñ1,443 >0,05 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ 

ʇʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʩʦʥʦʛʨʘʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʘʪʢʠ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ 

ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʄʎ ʚʩʪʘʥʦʚʣʝʥʦ: ʜʦʚʞʠʥʘ 

ʪʽʣʘ ʤʘʪʢʠ ʫ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ ʽ ʨʽʟʥʠʭ ʩʦʤʘ-

ʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-0,001) ʙʽʣʴʰʘ 

ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ ʚ 

ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ; ʧʝʨʝʜʥʴʦ-ʟʘʜʥʽʡ ʨʦʟʤʽʨ ʤʘ-

ʪʢʠ ʫ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ- ̔  ʝʢʪʦ-ʤʝ-

ʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,001 ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ) ʙʽʣʴʰʠʡ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ 

ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ 

ʬʘʟʫ ʄʎ; ʰʠʨʠʥʘ ʪʽʣʘ ʤʘʪʢʠ ʫ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ 

ʛʨʫʧʠ, ʤʝʟʦ- ʽ ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘ-

ʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-0,001) ʤʝʥʰʘ ʚ ʣʶʪʝʾ-

ʥʦʚʫ ʬʘʟʫ ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫ-

ʣʷʨʥʫ ʬʘʟʫ ʄʎ; ʪʦʚʱʠʥʘ ʝʥʜʦʤʝʪʨʽʶ ʫ ʜʽʚʯʘʪ ʟʘ-

ʛʘʣʴʥʦʾ ʛʨʫʧʠ ʽ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,01-0,001) ʙʽʣʴʰʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 

ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ. 

ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʦʥʦʛʨʘʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʻʯ-

ʥʠʢʽʚ ʫ ʭʚʦʨʠʭ ʥʘ ʧʝʨʚʠʥʥʫ ʜʠʩʤʝʥʦʨʝʻʶ ʜʽʚʯʘʪ 

ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʄʎ ʚʩʪʘʥʦʚʣʝʥʦ: ʰʠʨʠʥʘ ʧʨʘ-

ʚʦʛʦ ʷʻʯʥʠʢʘ ʫ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ, ʤʝʟʦ-, ʝʢʪʦ- ʽ 

ʝʢʪʦ-ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,01-0,001) ʙʽʣʴʰʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ 
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ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ; 

ʪʦʚʱʠʥʘ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬ-

ʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05) ʤʝ-

ʥʰʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ 

ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ; ʦʙôʻʤ ʧʨʘʚʦʛʦ ʷʻʯʥʠʢʘ ʫ 

ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ ʽ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩ-

ʪʠʯʥʦ ʟʥʘʯʫʱʝ (ʨ<0,05-0,001) ʙʽʣʴʰʠʡ ʚ ʣʶʪʝʾʥʦʚʫ 

ʬʘʟʫ ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷ-

ʨʥʫ ʬʘʟʫ ʄʎ; ʪʦʚʱʠʥʘ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʫ ʜʽʚʯʘʪ ʟʘ-

ʛʘʣʴʥʦʾ ʛʨʫʧʠ ʽ ʨʽʟʥʠʭ ʩʦʤʘʪʦʪʠʧʽʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʝ (ʨ<0,05-0,01) ʙʽʣʴʰʘ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʧʦ-

ʨʽʚʥʷʥʦ ʟ ʾʾ ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ; 

ʦʙôʻʤ ʣʽʚʦʛʦ ʷʻʯʥʠʢʘ ʫ ʜʽʚʯʘʪ ʟʘʛʘʣʴʥʦʾ ʛʨʫʧʠ ʽ ʤʝ-

ʟʦʤʦʨʬʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ 

(ʨ<0,05-0,001) ʙʽʣʴʰʠʡ, ʘ ʫ ʜʽʚʯʘʪ ʝʢʪʦ-ʤʝʟʦʤʦʨʬ-

ʥʦʛʦ ʩʦʤʘʪʦʪʠʧʫ ï ʤʘʻ ʪʝʥʜʝʥʮʽʶ (ʨ=0,063) ʜʦ ʙʽʣʴ-

ʰʠʭ ʟʥʘʯʝʥʴ ʚ ʣʶʪʝʾʥʦʚʫ ʬʘʟʫ ʄʎ ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ 

ʚʝʣʠʯʠʥʦʶ ʚ ʬʦʣʽʢʫʣʷʨʥʫ ʬʘʟʫ ʄʎ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʝʨʚʠʥʥʦʾ ʜʠʩʤʝʥʦʨʝʾ ʫ ʜʽʚʯʘʪ 

ʧʫʙʝʨʪʘʪʥʦʛʦ ʚʽʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ 

ʨʦʟʚʠʪʢʫ ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʢʣʽʥʽʯʥʠʭ ʧʨʦʷʚʽʚ ʫ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤʫ ʚʽʮʽ. 
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ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴ: ʧʨʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʈʇɾ) ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʨʦʚʠ ʠʩʭʦʜʥʳʝ ʫʨʦʚʥʠ 

ʬʝʨʤʝʥʪʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʤʘʨʢʝʨʦʚ (ʢʠʩʣʦʡ ʧʨʦʩʪʘʪʠʯʝʩʢʦʡ ʬʦʩʬʘʪʘʟʳ ï APP, ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ï AP, 

ʛʣʠʢʦʟʠʣʛʠʜʨʦʣʘʟʳ ï GH), ʦʮʝʥʠʪʴ ʠʭ ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʠʟʫʯʝʥ-

ʥʳʭ ʤʘʨʢʝʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʨʦʚʠ 100-76% ʦʪ ʯʠʩʣʘ ʙʦʣʴʥʳʭ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ, ʨʘʟʤʝ-

ʨʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ, ʩʪʘʜʠʠ ʠ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʭʘʨʘʢʪʝʨʘ ʝʛʦ ʤʝʪʘʩʪʘʟʠʨʦʚʘ-

ʥʠʷ ʚ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ, ʦʪʜʘʣʝʥʥʳʝ ʦʨʛʘʥʳ ʠ ʩʢʝʣʝʪ, ʦʧʨʝʜʝʣʷʝʪ ʦʩʣʦʞʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʡ ʨʘʜʠʦʪʝʨʘ-

ʧʠʠ, ʘ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʦʩʪʠ ɸʈ ʠ ɸʈʈ ʦʙʣʘʜʘʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʦʪʝʨʘʧʠʠ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʘʨʢʝʨʦʚ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʢʨʦʚʠ ʘʢʪʠʚʥʦ-

ʩʪʠ ɸʈʈ. 

ABSTRACT 

Objective: for different variants of cancer prostate (CP) determine the initial levels of tumor markers in the 

blood (acid prostatic phosphatase ï APP, alkaline phosphatase ï AP, glycosyl hydrolase ï GH) in different variants 

of the disease, to assess their clinical and prognostic significance. An increase in the level of the studied prostate 

cancer markers is observed in the blood of 100-76% of the patients, which depends on the expansion, size, locali-

zation, stage and degree of differentiation of the tumor process, the nature of its metastasis in lymph nodes, distant 

organs and skeleton, determines the complications of radiotherapy, and the AP and APP activity parameters have 

prognostic significance. Particulars of the medical technology of radiotherapy in patients with PC have an effect 

on integral changes in tumor markers, in particular, on the restoration of the blood parameters APP activity. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢ, ʧʨʝʜʩʪʘʪʝʣʴʥʘʷ ʞʝʣʝʟʘ, ʙʠʦʤʘʨʢʝʨʠ, ʬʝʨʤʝʥʪʳ. 

Keywords: cancer, prostate, biomarkers, enzymes. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʪʨʫʢʪʫʨʝ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦ-

ʣʦʛʠʠ ʫ ʤʫʞʯʠʥ ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʈʇɾ) 

ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ [1, ʩ. 252; 2, ʩ. 660], ʧʨʠ ʵʪʦʤ 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʦ ʯʘʩʪʦʪʝ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ ʦʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ [3, ʩ. 131; 4, ˉ 

2723; 5, ʩ. 848]. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ 

ʈʇɾ ʚʦ ʚʩʝʤ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ [6, ʩ. 

114; 7, ʩ. 422]. 

ʂ ʦʩʥʦʚʥʳʤ ʦʧʫʭʦʣʝʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʤʘʨʢʝ-

ʨʘʤ ʈʇɾ ʦʪʥʦʩʷʪʩʷ ʧʨʦʩʪʘʪʠʯʝʩʢʠʡ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʡ ʘʥʪʠʛʝʥ [8, ˉ 30150], ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʘ-

ʨʠʘʥʪʘʭ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʚʦʜʠʪʩʷ ʧʦʢʘʟʘʪʝ-

ʣʷʤ ʚ ʢʨʦʚʠ ʛʦʨʤʦʥʘ ʪʝʩʪʦʩʪʝʨʦʥʘ [9, ʩ. 169; 10, ˉ 

30202]. ʆʙʩʫʞʜʘʶʪʩʷ ʠ ʵʥʟʠʤʥʳʝ ʙʠʦʤʘʨʢʝʨʳ 

ʈʇɾ (ʧʨʦʩʪʘʪʠʯʝʩʢʘʷ ʢʠʩʣʘʷ ʬʦʩʬʘʪʘʟʘ ï ɸʈʈ [11, 

ʩ. 98; 12, ʩ. 655; 13, ˉ 545], ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ ï 

ɸʈ ʠ ʛʣʠʢʦʟʠʣʛʠʜʨʦʣʘʟʘ ï GH [14, ʩ. 3191; 15, ˉ 

151]), ʥʦ ʠʭ ʢʣʠʥʠʢʦ-ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ, ʥʝ ʚʳʷʩʥʝʥʘ ʜʠʥʘʤʠʢʘ ʧʘʨʘʤʝʪ-

ʨʦʚ ʪʘʢʦʡ ʬʝʨʤʝʥʪʝʤʠʠ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝ-

ʚʘʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʢʣʠʥʠʢʦ-ʧʨʦ-

ʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʬʝʨʤʝʥʪʥʳʭ ʦʧʫʭʦʣʝʚʳʭ 

ʤʘʨʢʝʨʦʚ (APP, AP, GH) ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʈʇɾ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʟʨʘʙʦʪʢʫ ʚʦʰʣʠ ʧʘ-

ʮʠʝʥʪʳ, ʢʦʪʦʨʳʤ ʚʳʧʦʣʥʝʥʘ ʧʨʦʩʪʘʪʵʢʪʦʤʠʷ, ʧʦ-

ʩʣʝ ʯʝʛʦ ʯʝʨʝʟ ʨʘʟʥʳʝ ʩʨʦʢʠ ʚʳʧʦʣʥʷʣʠ ʣʫʯʝʚʫʶ ʪʝ-

ʨʘʧʠʶ (ʃʊ). ʂʨʠʪʝʨʠʷʤʠ ʠʩʢʣʶʯʝʥʠʷ ʙʳʣʠ ʙʦʣʴ-

ʥʳʝ ʜʦ 2-ʡ ʩʪʘʜʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʝ 

ʣʠʮʘ, ʢʦʪʦʨʳʤ ʥʝ ʧʨʦʚʦʜʠʣʠ ʧʨʦʩʪʘʪʵʢʪʦʤʠʶ. ʇʦʜ 

ʥʘʙʣʶʜʝʥʠʝʤ ʥʘʭʦʜʠʣʠʩʴ 195 ʤʫʞʯʠʥ ʩ ʈʇɾ ʚ ʚʦ-

ʟʨʘʩʪʝ ʦʪ 52 ʜʦ 82 ʣʝʪ (ʚ ʩʨʝʜʥʝʤ 66,3Ñ6,89 ʣʝʪ). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʈʇɾ ʦʪ ʤʦʤʝʥʪʘ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦ-

ʣʝʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ ʦʪ 5 ʤʝʩʷʮʝʚ ʜʦ 17 ʣʝʪ (ʚ ʩʨʝʜʥʝʤ 

3,2Ñ0,19 ʣʝʪ). 

ʨʊ2 ʩʪʘʜʠʷ ʨʘʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʫ 27,7% ʦʪ ʯʠʩʣʘ 

ʙʦʣʴʥʳʭ, ʨʊ2ʘ ï ʫ 3,1%, ʨʊ2b ï ʫ 7,7%, ʨʊ2ʩ ï ʫ 

20,0%, ʨʊ3 ï ʫ 13,9%, ʨʊ3ʘ ï ʫ 3,1%, ʨʊ3b ï ʫ 20,0%, 

ʨʊ3ʩ ï ʫ 3,1%, ʨʊ4 ï ʫ 4,6%. ʇʦʢʘʟʘʪʝʣʠ pN1, pN2 ʠ 

ʨN3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʝʥʳ ʫ 21,5%, 9,2% ʠ 

7,7%, ʨʄ1 ʠ ʨʄ2 ï ʫ 26,2% ʠ 16,9%. 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʘʢʘ ʩʦʩʪʘ-

ʚʠʣʠ 3,2Ñ0,12 ʙʘʣʣʦʚ, ʨʘʟʤʝʨʘ ʦʧʫʭʦʣʠ ï 1,9Ñ0,06 

ʙʘʣʣʦʚ, ʢʨʠʪʝʨʠʷ ɻʣʠʩʦʥʘ (GS) ï 6,4Ñ0,08 ʙʘʣʣʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʬʦʨʤʝ ʈʇɾ ʙʳʣʦ 3:1, ʣʦʢʘʣʠʟʘʮʠʷ ʦʧʫʭʦʣʠ ʚ ʟʘʜ-

ʥʝʤ ʦʪʜʝʣʝ ʧʨʦʩʪʘʪʳ ʢʦʥʩʪʘʪʠʨʦʚʘʥʘ ʚ 56,9% ʩʣʫ-

ʯʘʝʚ, ʚ ʙʦʢʦʚʳʭ ï ʚ 36,9%, ʚ ʧʝʨʝʜʥʝʤ ï ʚ 6,2%. ɸʜʝ-

ʥʦʢʘʨʮʠʥʦʤʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʥʘʤʠ ʫ 93,9% ʦʪ 

ʯʠʩʣʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ, ʘ ʫ 6,2% ï ʛʠʛʘʥʪʦ-

ʢʣʝʪʦʯʥʘʷ ʢʘʨʮʠʥʦʤʘ. ʇʦʢʘʟʘʪʝʣʴ STT ʩʦʩʪʘʚʠʣ 

3,0Ñ0,07 ʫ.ʝ., GDT ï 2,5Ñ0,05 ʙʘʣʣʦʚ, IWT ï 

17,2Ñ1,18 ʦ.ʝ. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ ʠ ʝʛʦ ʤʝʪʘʩʪʘʟʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʘʧʧʘʨʘʪʳ çMultix -Compact-Siʝmensè 

(ɻʝʨʤʘʥʠʷ), çSomazom-Emotion-6-Siemensè (ɻʝʨ-

ʤʘʥʠʷ), çGygoscan-Intera-Philipsè (ʅʠʜʝʨʣʘʥʜʳ), 

çEnvisor-Philipsè (ʅʠʜʝʨʣʘʥʜʳ). ɸʢʪʠʚʥʦʩʪʴ ʚ ʩʳ-

ʚʦʨʦʪʢʝ ʢʨʦʚʠ ɸPʈ ʠʩʩʣʝʜʦʚʘʣʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪ-

ʥʳʤ ʘʥʘʣʠʟʦʤ (ʨʠʜʝʨ çPR2100-Sanofi diagnostic 

pasteurè, ʌʨʘʥʮʠʷ) ʩ ʪʝʩʪ-ʩʠʩʪʝʤʦʡ çImmulite-

Siemens-AG)è (ɻʝʨʤʘʥʠʷ), ʘʢʪʠʚʥʦʩʪʠ ɸʈ ʠ GH) ï ʩ 

ʧʦʤʦʱʴʶ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ çOlympus-

AU640è (ʗʧʦʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʦʙʩʣʝʜʦ-

ʚʘʥʳ 30 ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ ʚʦʟʨʘʩʪʝ ʦʪ 

50 ʜʦ 73 ʣʝʪ (ʚ ʩʨʝʜʥʝʤ 64,7Ñ2,52 ʣʝʪ). 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶ-

ʪʝʨʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ, ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʛʦ, ʦʜʥʦ- (ANOVA) ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

(ANOVA/MANOVA) ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʧʨʦʛʨʘʤʤʳ çMicrosoft Excelè ʠ çStatistica-Stat-

Softè, ʉʐɸ). ʆʮʝʥʠʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (M), ʠʭ 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ (SE) ʠ ʦʪʢʣʦʥʝʥʠʷ (SD), ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

(r) ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʂʝʥʜʘʣʣʘ (t), ʢʨʠʪʝʨʠʠ 

ʜʠʩʧʝʨʩʠʠ (D), ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʠ ɹʨʘʫʥʘ-

ʌʦʨʩʘʡʪʘ (BF) ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʋʠʣʢʦʢ-
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ʩʦʥʘ-ʈʘʦ (WR), ʨʘʟʣʠʯʠʡ ʉʪʴʶʜʝʥʪʘ (t) ʠ ʄʘʢʥʝ-

ʤʘʨʘ-ʌʠʰʝʨʘ (2), ʘ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨ). ʇʦʜʩʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʜʝʣʠ 

(PPV), ʘ ʪʘʢʞʝ 5-ʣʝʪʥʶʶ ʚʳʞʠʚʘʝʤʦʩʪʴ ʙʦʣʴʥʳʭ 

ʧʦ ʤʝʪʦʜʫ ʂʘʧʣʘʥʘ-ʄʝʡʝʨʘ (St). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʭʦʜʥʳʡ ʫʨʦ-

ʚʝʥʴ ʙʠʦʤʘʨʢʝʨʦʚ ʈʇɾ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʤʫʞʯʠʥʘʤʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢ-

ʪʠʚʥʦʩʪʠ APP ʚ 2,7 ʨʘʟʘ, AP ï ʚ 2,1 ʨʘʟʘ ʠ GH ï ʥʘ 

60%, ʘ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ (>M+SD ʟʜʦʨʦ-

ʚʳʭ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʝʥʦ ʫ 99,5%, 99,0% ʠ 

76,4% ʦʪ ʯʠʩʣʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʈʘʟʣʠ-

ʯʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʛʠʩʪʦʛʨʘʤʤ ʘʢʪʠʚ-

ʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ (APP+AP+GH) ʫ ʟʜʦʨʦʚʳʭ ʠ ʙʦʣʴ-

ʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʤʘʨʢʝʨʦʚ ʈʇɾ ʚ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ 

(MÑSDÑSE) 

ʇʦʢʘʟʘʪʝʣʠ 
ɻʨʫʧʧʳ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʆʪʣʠʯʠʷ 

ʟʜʦʨʦʚʳʝ (n=30) ʙʦʣʴʥʳʝ (n=195) t p 

APP, ʥʛ/ʤʣ 

AP, ɽ/ʣ 

GH, ɽ/ʣ 

2,1Ñ0,67Ñ0,12 

79,0Ñ33,67Ñ6,15 

93,7Ñ39,12Ñ7,14 

5,7Ñ1,80Ñ0,13 

164,5Ñ22,03Ñ1,58 

149,8Ñ39,58Ñ2,84 

10,72 

18,28 

7,23 

<0,001 

<0,001 

<0,001 

 

16,8205+17,8694*x+0,3946*y-

5,6413*x*x+0,1262*x*y+0,002*y*y

 
ɿʜʦʨʦʚʳʝ 

-46,3521+17,7454*x+1,8498*y-

1,65*x*x+0,0342*x*y-0,0066*y*y

 
ɹʦʣʴʥʳʝ 

ʈʠʩʫʥʦʢ. ʈʘʟʣʠʯʠʷ ʪʨʝʭʤʝʨʥʳʭ ʛʠʩʪʦʛʨʘʤʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ 

(APP+AP+GH) ʫ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ ʠ ʙʦʣʴʥʳʭ ʈʇɾ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʋʠʣʢʦʢʩʦʥʘ-ʈʘʦ, ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʤʘʨʢʝʨʦʚ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʈʇɾ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʠ pT, pN, pM, ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʨʘʟʤʝʨ ʦʧʫʭʦʣʠ, GS, ʮʝʥʪʨʘʣʴʥʘʷ 

ʬʦʨʤʘ ʈʇɾ, STT, GDT, ʨʘʟʚʠʪʠʝ ʤʝʪʘʩʪʘʟʦʚ ʚ ʣʠʤ-

ʬʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ, ʦʪʜʘʣʝʥʥʳʭ ʦʨʛʘʥʘʭ ʠ ʩʢʝʣʝʪʝ. 

ʄʳ ʦʪʦʙʨʘʣʠ ʪʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʨʢʝʨʦʚ ʦʧʫʭʦʣʝ-

ʚʦʛʦ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʣʠ ʜʦ-

ʩʪʦʚʝʨʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʚʷʟʠ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ 

ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʂʝʥʜʘʣʣʘ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʯʝʥʠʷ ʈʇɾ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ɸʈʈ 

ʠʤʝʝʪ ʧʦʟʠʪʠʚʥʳʝ ʩʚʷʟʠ ʩ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʤʝʟʝʥʪʝʨʠ-

ʘʣʴʥʳʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʠ ʧʝʯʝʥʠ, AP ï c ʤʝ-

ʪʘʩʪʘʟʘʤʠ ʚ ʧʦʟʚʦʥʦʯʥʠʢ. 

ʊʘʙʣʠʮʘ 2. 

ʇʦʢʘʟʘʪʝʣʠ ʤʘʨʢʝʨʦʚ ʈʇɾ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʘʩʪʘʟʦʚ (MÑSE) 

ʄʝʪʘʩʪʘʟʳ ʇʦʢʘʟʘʪʝʣ ɹ
ʅʘʣʠʯʠʝ ʤʝʪʘʩʪʘʟʦʚ ʆʪʣʠʯʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʤʝʶʪʩʷ t p 

ʇʝʯʝʥʴ APP, ʥʛ/ʤʣ 5,5Ñ0,13 7,5Ñ0,60 7,06 <0,001 

ʇʦʟʚʦʥʦʯʥʠʢ AP, ɽ/ʣ 157,2Ñ1,85 178,0Ñ2,12 3,87 <0,001 

 

ʋ ʙʦʣʴʥʳʭ ʩ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʧʦʟʚʦʥʦʯʥʠʢ (ʪʘʙʣ. 

2) ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʠʝ (ʥʘ 13%) ʧʦʢʘ-

ʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ɸʈ, ʘ ʩ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʧʝʯʝʥʴ ï ʥʘ 

36% ʘʢʪʠʚʥʦʩʪʠ ɸʈʈ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʇʠʨʩʦʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʷʤʳʝ ʩʚʷʟʠ STT c 

AP ʠ GH, ʘ IWT ï ʩ GH. C ʫʯʝʪʦʤ ʚʳʧʦʣʥʝʥʥʦʡ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʜʝ-

ʣʘʥʦ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ, ʠʤʝʶʱʝʝ ʧʨʘʢʪʠʯʝ-

ʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ: ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ 

APP>7,5 ʥʛ/ʤʣ (>M+SD ʙʦʣʴʥʳʭ ʈʇɾ) ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟʥʝʛʘʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʘʩʪʘʟʦʚ ʚ ʧʝ-

ʯʝʥʴ (PPV=75,0%), ʘ AP>190 ɽ/ʣ ï ʤʝʪʘʩʪʘʟʦʚ ʚ ʧʦ-

ʟʚʦʥʦʯʥʠʢ (PPV=87,0%). 

ɺʩʝ ʙʦʣʴʥʳʝ ʧʦʩʣʝ ʧʨʦʩʪʘʪʵʢʪʦʤʠʠ ʧʦʣʫʯʘʣʠ 

ʃʊ, 84,6% ʠʟ ʥʠʭ ï ʘʥʪʠʘʥʜʨʦʛʝʥʥʫʶ ʛʦʨʤʦʥʦʪʝʨʘ-

ʧʠʶ (ɻʊ). ʀʟ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʩʨʝʜʩʪʚ ɻʊ ʚ 32,7% 

ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʝʡʧʨʦʣʝʠʥ ʩʦ ʩʨʝʜʥʝʡ ʜʦʟʦʡ 

4,9Ñ0,24 ʤʛ/ʩʫʪ, ʚ 54,6% ï ʟʦʣʘʜʝʢʩ (16,1Ñ1,12 

ʤʛ/ʩʫʪ), ʚ 33,3% ï ʙʠʢʘʪʝʨʦ (58,3Ñ2,56 ʤʛ/ʩʫʪ).  
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ʋ 21,0% ʙʦʣʴʥʳʭ ʦʙʥʘʨʫʞʝʥʳ ʪʝ ʠʣʠ ʠʥʳʝ 

ʦʩʣʦʞʥʝʥʠʷ ʃʊ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʜʥʦʬʘʢʪʦʨ-

ʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʦʩʣʦʞ-

ʥʝʥʠʡ ʪʝʨʘʧʠʠ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʚ ʢʨʦʚʠ ɸʈ, ʢʦʪʦʨʘʷ, ʢ ʪʦʤʫ ʞʝ, ʦʧʨʝʜʝ-

ʣʷʝʪ ʩʣʫʯʘʠ ʤʠʝʣʦʜʝʧʨʝʩʩʠʠ. ʆʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ 

ʦʪ APP ʟʘʚʠʩʠʪ ʨʘʟʚʠʪʠʝ ʞʝʣʪʫʭʠ, ʦʪ GH ï ʣʫʯʝʚʦʛʦ 

ʜʝʨʤʘʪʠʪʘ. 

ʉʧʫʩʪʷ 6 ʤʝʩʷʮʝʚ ʦʪ ʚʳʧʦʣʥʝʥʥʦʡ ʧʨʦʩʪʘʪʵʢ-

ʪʦʤʠʠ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ APP ʫʤʝʥʴʰʠʣʩʷ ʥʘ 

16%, AP ï ʥʘ 7%, ʯʪʦ ʥʘʰʣʦ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʪʘʙʣ. 

3. ʄʳ ʦʪʦʙʨʘʣʠ ʪʝ ʤʘʨʢʝʨʳ ʈʇɾ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʠʤʝʣʠ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʷʟʠ ʩʚʦʠʭ ʠʟʤʝʥʝʥʠʡ ʩ 

ʭʘʨʘʢʪʝʨʦʤ ʃʊ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʠʩ-

ʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ ʠ ʥʝʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʂʝʥʜʘʣʣʘ. ʆʢʘʟʘ-

ʣʦʩʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ɸʈʈ ʦʙ-

ʨʘʪʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʩʫʤʤʘʨʥʦʡ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ, ʘ 

GF ï ʧʨʷʤʦ ʩʚʷʟʘʥʘ ʩ ʤʦʱʥʦʩʪʠ ʃʊ ʥʘ ʧʝʨʚʠʯʥʫʶ 

ʦʧʫʭʦʣʴ. 

ʊʘʙʣʠʮʘ 3. 

ʇʦʢʘʟʘʪʝʣʠ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʈʇɾ ʤʘʨʢʝʨʦʚ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ (MÑSEÑSD) 

ʇʦʢʘʟʘʪʝʣʠ 
ʕʪʘʧ ʦʙʩʣʝʜʦʚʘʥʠʷ (n=195) ʆʪʣʠʯʠʷ 

ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʫʨʦʚʝʥʴ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ t p 

APP, ʥʛ/ʤʣ 

AP, ɽ/ʣ 

GH, ɽ/ʣ 

5,7Ñ1,80Ñ0,13 

164,5Ñ22,03Ñ1,58 

149,8Ñ39,58Ñ2,84 

4,8Ñ0,10 

153,3Ñ1,78 

149,1Ñ2,59 

6,09 

6,10 

0,26 

<0,001 

<0,001 

0,794 

 

ʇʨʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ <70 ɻʨ ʘʢʪʠʚ-

ʥʦʩʪʴ ɸʈʈ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʈʇɾ ʜʦʩʪʦ-

ʚʝʨʥʦ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 11%, ʘ ʧʨʠ ²70 ɻʨ ï ʥʘ 17%. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʦʧʫ-

ʭʦʣʠ ʚ ʜʦʟʝ <70 ɻʨ ʠ ²70 ɻʨ ʘʢʪʠʚʥʦʩʪʴ GH ʚ ʢʨʦʚʠ 

ʠʟʤʝʥʷʣʘʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ, ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥʦ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ, ʠʤʝ-

ʶʱʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ: ʫʨʦʚʝʥʴ ʘʢ-

ʪʠʚʥʦʩʪʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ɸʈʈ>7,5 ʥʛ/ʤʣ 

(>M+SD ʙʦʣʴʥʳʭ ʈʇɾ) ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʥʠʝʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʃʊ ʚ ʜʦʟʝ ²70 ɻʨ. 

ɺʳʚʦʜʳ. 

1. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʠʟʫʯʝʥʥʳʭ ʬʝʨʤʝʥʪʥʳʭ 

ʤʘʨʢʝʨʦʚ ʈʇɾ (APP, AP, GH) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʨʦʚʠ 

100-76% ʦʪ ʯʠʩʣʘ ʙʦʣʴʥʳʭ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʠ, ʨʘʟʤʝʨʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ, ʩʪʘʜʠʠ ʠ ʩʪʝ-

ʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʭʘ-

ʨʘʢʪʝʨʘ ʝʛʦ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʚ ʣʠʤʬʘʪʠʯʝʩʢʠʝ 

ʫʟʣʳ, ʦʪʜʘʣʝʥʥʳʝ ʦʨʛʘʥʳ ʠ ʩʢʝʣʝʪ, ʦʧʨʝʜʝʣʷʝʪ 

ʦʩʣʦʞʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʡ ʨʘʜʠʦʪʝʨʘʧʠʠ. 

2. ʇʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ APP>7,5 ʥʛ/ʤʣ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʛʥʦʟʥʝʛʘʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʘʩʪʘʟʦʚ ʚ 

ʧʝʯʝʥʴ, ʘ AP>190 ɽ/ʣ ï ʤʝʪʘʩʪʘʟʦʚ ʚ ʧʦʟʚʦʥʦʯʥʠʢ. 

3. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʠʤʳʭ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠ-

ʷʪʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʨʦʚʠ APP ʠ AP, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʠʩʭʦʜʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘ-

ʙʦʣʝʚʘʥʠʷ. 

4. ɸʢʪʠʚʥʦʩʪʴ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ɸʈʈ>7,5 

ʥʛ/ʤʣ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʃʊ ʚ 

ʜʦʟʝ ²70 ɻʨ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʩ ʧʦ-

ʤʦʱʴʶ ʛʠʧʦʪʝʟʳ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʤʝʩʪʝ ʥʘʣʠʯʠʷ ʥʦʨ-

ʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʜʦ ʧʦʣʥʦʡ. ʃʠʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʥʘʢʣʦʥʝʥʘ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠ-

ʟʦʥʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪ ʩ ʜʚʫʤʷ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʟʘʤʝʥʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʨʝʱʠʥʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʥʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴ.  

ABSTRACT 

The article presents a technique for determining the mutual displacement of the edges of a normal crack. The 

hypothesis of linear change in the nominal section height is accepted. This height varies from the minimum at the 

location of the normal crack to the full height. The line for changing the section height is inclined at an angle to 

the horizontal. Thus, a member with two normal cracks is replaced by a member with a stepwise change in stiff-

ness. The calculation method allows determining the displacements in the crack without using cumbersome cal-

culations. The method has sufficient accuracy for engineering calculations. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʫʯʝʥʠʝ, ʥʦʨʤʘʣʴʥʘʷ ʪʨʝʱʠʥʘ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ 

ʞʝʩʪʢʦʩʪʴ, ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ 

Keywords: torsion, normal crack, torsional moment of inertia, equivalent stiffness, torsional stiffness. 

 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʥʦʨʤʘʣʴ-

ʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʩʣʝʜʫʝʪ ʨʘʩʩʝʯʴ ʧʨʦʜʦʣʴʥʫʶ ʘʨ-

ʤʘʪʫʨʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʛʝʣʴʥʫʶ ʩʠʣʫ ʚ ʵʪʦʡ ʘʨʤʘ-

ʪʫʨʝ ʠʟ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ [1]. ɺ 

ʵʪʦʡ ʟʘʜʘʯʝ ʦʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ 

ʪʨʝʱʠʥʳ ʩ ʨʘʩʩʝʯʝʥʥʦʡ ʘʨʤʘʪʫʨʦʡ [1, 2]. ʕʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʬʘʢʪʦʤ, ʯʪʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩ ʦʜʥʦʛʦ 

ʙʣʦʢʘ, ʦʪʜʝʣʝʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʦʡ, ʥʘ ʜʨʫ-

ʛʦʡ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʴ ʩʝʯʝʥʠʷ. ʕʪʦ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʳ ʪʝʦ-

ʨʠʠ ʫʧʨʫʛʦʩʪʠ [4, 8]ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʪʘʢ ʢʘʢ ʬʦʨʤʫʣʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʩʝʤʫ 

ʪʦʨʮʝʚʦʤʫ ʩʝʯʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʘʢʫʶ ʟʘʜʘʯʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʳʯʥʦ ʨʝʰʠʪʴ ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ[ 2]. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠ-

ʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʝʱʠʥʳ [5, 6]. ʆʜʥʘʢʦ ʪʘ-

ʢʠʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝ-

ʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝ-

ʱʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʦʪ ʠʟʛʠʙʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ. ɺ ʨʘʙʦʪʘʭ [1, 2] ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ 

ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ. ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʠʢʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʝ ʠ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʤʘʣʦ 

ʧʨʠʛʦʜʥʳ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʩ ʥʦʨ-

ʤʘʣʴʥʦʡ ʪʨʝʱʠʥʦʡ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
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ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪ ʬʨʘʛʤʝʥʪ ʵʣʝʤʝʥʪʘ ʩ 

ʜʚʫʤʷ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ 

ʧʨʦʬʠʣʴ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘ 

ʟʘʱʝʤʣʝʥʘ, ʘ ʢ ʣʝʚʦʤʫ ʪʦʨʮʫ ʧʨʠʣʦʞʝʥ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ M t. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʤʝʥʪʘ ʩ ʜʚʫʤʷ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʢʨʫʯʝʥʠʶ 

 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʙʣʦʢʘ ɸ ʢ ʙʣʦʢʫ ɺ ʧʝʨʝ-

ʜʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʴ ʩʝʯʝʥʠʷ ʚʳʩʦʪʦʡ xcrc,l; ʦʪ ʙʣʦʢʘ ɺ 

ʢ ʙʣʦʢʫ ʉ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʴ 

ʩʝʯʝʥʠʷ ʚʳʩʦʪʦʡ xcrc,r. ɺ ʤʝʩʪʝ ʥʘʣʠʯʠʷ ʪʨʝʱʠʥʳ 

ʞʝʩʪʢʦʩʪʴ ʩʝʯʝʥʠʷ (ʢʘʢ ʠʟʛʠʙʥʘʷ, ʪʘʢ ʠ ʢʨʫʪʠʣʴʥʘʷ) 

ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʨʘʙʦʪʘʭ [3, 9] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʞʝʩʪʢʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ ʚ ʪʨʝ-

ʱʠʥʝ ʜʦ ʧʦʣʥʦʡ ʞʝʩʪʢʦʩʪʠ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ l1 ʩʣʝʚʘ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l2 ʩʧʨʘʚʘ ʦʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʪʨʝʱʠʥʳ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʧ-

ʧʨʦʢʩʠʤʠʨʦʚʘʥʦ ʥʝʢʦʪʦʨʦʡ ʢʨʠʚʦʡ ʣʠʥʠʝʡ, ʢʘʢ ʵʪʦ 

ʩʜʝʣʘʥʦ ʚ [3]. ʉʣʝʜʫʷ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʧʨʠ ʨʘʩ-

ʯʝʪʝ ʥʘ ʠʟʛʠʙ [7] ʧʨʠʤʝʤ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʢʨʫʪʠʣʴʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʳʩʦʪʘ 

ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ 

ʦʪ xcrc ʜʦ h (ʩʤ. ʨʠʩ. 1). ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʣʠʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʦʪ ʥʝʧʦʣʥʦʡ ʚ ʪʨʝʱʠʥʝ 

xcrc ʜʦ ʧʦʣʥʦʡ ʥʘ ʥʝ ʪʨʝʩʥʫʚʰʝʤ ʫʯʘʩʪʢʝ h ï ɻ ʪʦ ʧʨʷ-

ʤʘʷ, ʥʘʢʣʦʥʝʥʥʘʷ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ Ŭ ʢ ʛʦʨʠ-

ʟʦʥʪʘʣʠ (ʥʘ ʨʠʩ. 1 ʵʪʠ ʧʨʷʤʳʝ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʦʢʘ-

ʟʘʥʳ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ).  

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʳʩʦʪʘ ʪʨʝ-

ʱʠʥʳ ʩ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʙʣʦʢʘ ɺ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʥʦʡ, ʧʝʨʝʩʝʯʝʥʠʝ ʰʪʨʠʭʦʚʳʭ ʣʠʥʠʡ ʩ ʥʠʞ-

ʥʝʡ ʛʨʘʥʴʶ ʩʝʯʝʥʠʷ (ʚ ʤʝʩʪʝ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ) ʙʫ-

ʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʥʦʨʤʘʣʴ-

ʥʳʭ ʪʨʝʱʠʥ. ʕʪʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʨʠʩ. 1 ʦʙʦʟʥʘʯʝʥʳ 

ʯʝʨʝʟ l1 ʠ l3. ʅʘ ʜʣʠʥʝ l2=lcrc-l1-l2 ɻ ʣʝʤʝʥʪ ʠʤʝʝʪ ʧʦʣ-

ʥʫʶ ʚʳʩʦʪʫ ʩʝʯʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʣʥʫʶ 

ʞʝʩʪʢʦʩʪʴ. ʏʝʨʝʟ lcrc ʦʙʦʟʥʘʯʝʥʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʣʶʙʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠ-

ʤʝʨ, ʧʦ[7], ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ lcrc ï ʵʪʦ ʜʣʠʥʘ ʙʣʦʢʘ ɺ.  

ʆʙʦʟʥʘʯʠʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʚ 

ʩʝʯʝʥʠʠ ʚ ʪʨʝʱʠʥʝ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ɸ ʠ ɺ ʯʝʨʝʟ Jcrc,l, 

ʘ ʚ ʩʝʯʝʥʠʠ ʚ ʪʨʝʱʠʥʝ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ɺ ʠ ʉ ʯʝʨʝʟ 

Jcrc,r. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʮʝʣʦʛʦ ʩʝʯʝ-

ʥʠʷ (ʙʝʟ ʪʨʝʱʠʥ) Jtot. 

ʉʣʝʜʫʷ ʧʨʠʥʷʪʦʡ ʚʳʰʝ ʛʠʧʦʪʝʟʝ ʣʠʥʝʡʥʦʛʦ ʠʟ-

ʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʝʨʝʜʘʝʪʩʷ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʙʫʜʝʤ ʠʤʝʪʴ ʫʩʨʝʜʥʝʥʥʳʝ ʤʦ-

ʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ J1 ʠ J3 ʥʘ ʫʯʘʩʪʢʘʭ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʦʡ l1 ʠ l3. ʕʪʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

ʨʘʚʥʳ ʤʦʤʝʥʪʘʤ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʩ ʫʩʣʦʚʥʦ ʧʦʩʪʦ-

ʷʥʥʦʡ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ ʚʳʩʦʪʝ ʤʝʞʜʫ 

xcrc ʠ h. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J1 ʨʘʚʝʥ 

ʤʦʤʝʥʪʫ ʠʥʝʨʮʠʠ ʙʘʣʢʠ ʩ ʫʩʣʦʚʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʳ-

ʩʦʪʦʡ hs1= (xcrc,l+ h)/2, ʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J3 ʨʘʚʝʥ 

ʤʦʤʝʥʪʫ ʠʥʝʨʮʠʠ ʙʘʣʢʠ ʩ ʚʳʩʦʪʦʡ hs3= (xcrc,r+ h)/2. 

ʊʘʢ, ʜʣʷ ʵʣʝʤʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʰʠʨʠ-

ʥʦʡ ʩʝʯʝʥʠʷ b ʙʫʜʝʤ ʠʤʝʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʪʠʭ ʤʦ-

ʤʝʥʪʦʚ ʠʥʝʨʮʠʠ: 

3
3

331
3

11 ; hbJhbJ Ö=Ö= aa
, (1) 

ʛʜʝ h1, h3 ʙʦʣʴʰʘʷ ʩʪʦʨʦʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝ-

ʯʝʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ bxhs1 ʠ bxhs3; Ŭ1, 

Ŭ3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʪʦʨʦʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ b ʠ hs1; b ʠ hs3. ʂʦʵʬʬʠʮʠ-

ʝʥʪʳ Ŭ1, Ŭ3 ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʪʘʙʣʠʮʘʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʤ ʚʤʝʩʪʦ ʩʭʝʤʳ ʵʣʝ-

ʤʝʥʪʘ ʩ ʜʚʫʤʷ ʪʨʝʱʠʥʘʤʠ ʧʦ ʨʠʩ.1 ʩʭʝʤʫ ʵʣʝʤʝʥʪʘ 

ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ (ʨʠʩ. 2). 

a a
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ʈʠʩ. 2. ʉʭʝʤʘ ʩʪʝʨʞʥʷ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ 

 

ʅʘ ʨʠʩ. 2 ʟʘʜʝʣʢʘ ʧʨʘʚʦʛʦ ʪʦʨʮʘ ʵʣʝʤʝʥʪʘ ʧʦ-

ʢʘʟʘʥʘ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʪʨʝʱʠʥʳ ʥʘ 

ʨʠʩ. 1. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʯʝʨʝʟ GJ1, GJ2, GJ3 ï ʦʙʦ-

ʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʫʪʠʣʴʥʳʝ ʞʝʩʪʢʦʩʪʠ 

ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʯʘʩʪʢʦʚ ʩʪʝʨʞʥʷ. ʇʨʠ 

ʵʪʦʤ J1 ʠ J3 ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ (1), ʘ J2 ï ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʵʣʝʤʝʥʪʘ ʩ ʧʦʣʥʦʡ ʚʳʩʦʪʦʡ 

ʩʝʯʝʥʠʷ. 

ʀʤʝʷ ʨʘʩʩʪʦʷʥʠʷ l1, l2ʠ l3, ʥʝ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʵʣʝʤʝʥʪʘ. ʊ.ʝ. 

ʟʘʜʘʯʘ ʫʞʝ ʚ ʪʘʢʦʤ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ. ʋʜʦʙ-

ʥʝʝ, ʦʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʫʶ ʵʢʚʠʚʘʣʝʥʪʥʫʶ 

(ʫʩʨʝʜʥʝʥʥʫʶ) ʞʝʩʪʢʦʩʪʴ ʚʩʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʜʣʠʥʳ lcrc. ʆʙʦʟʥʘʯʠʤ ʵʪʫ ʞʝʩʪʢʦʩʪʴ ʯʝʨʝʟ 

GJmid. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

1 ʠ 3 (ʩʤ. ʨʠʩ. 1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʚʫʤʷ ʨʘʚʥʦʟʥʘʯ-

ʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

;
GJ

lM

mid

crct
31 =-j   (2) 

.
J
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l

J

l
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3

3

2

2

1

1t
31 öö

÷

õ
ææ
ç

å
++=-j  (3) 

ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (2) ʠ 

(3), ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ 

Jmid: 

,

J

l

J

l

J

l

l
J

3

3

2

2

1

1

crc
mid

++

=  (4) 

ʛʜʝ J1 ʠ J3 ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ (1), ʘ J2ïʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ lcrc ʪʘʢʦʚʦ, 

ʯʪʦ l2=lcrc-l1-l3Ò0, ʪʦ ʩʭʝʤʘ ʵʣʝʤʝʥʪʘ ʩ ʜʚʫʤʷ ʪʨʝʱʠ-

ʥʘʤʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʵʣʝʤʝʥʪʘ ʧʨʠ ʤʘʣʦʤ ʟʥʘʯʝʥʠʠ lcrc 

 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʩʨʝʜʥʝʥʥʳʝ ʞʝʩʪʢʦʩʪʠ J1 ʠ J3 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ ʧʦʜʦʙʥʳʭ ʚʳʨʘ-

ʞʝʥʠʶ (1), ʥʦ ʚʳʩʦʪʘ h ʚ ʵʪʠʭ ʚʳʨʘʞʝʥʠʷʭ ʙʫʜʝʪ 

ʨʘʚʥʘ ʥʝ ʧʦʣʥʦʡ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ, ʘ ʚʳʩʦʪʝ 

ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʣʠʥʠʡ 

(ʥʘ ʨʠʩ. 3 ʵʪʘ ʚʳʩʦʪʘ ʦʙʦʟʥʘʯʝʥʳ ʯʝʨʝʟ h3). ɸ ʞʝʩʪ-

ʢʦʩʪʴ J2 ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʙʱʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦ-

ʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʱʝʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪ-

ʢʦʩʪʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʟʘ-

ʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʙʣʦʢʦʚ ʉ ʠ ɺ (ʪʦʯʝʢ 1 ʠ 2 ʥʘ ʨʠʩ. 1 

ʠ 3). ʕʪʘ ʟʘʜʘʯʘ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʞʝʩʪʢʦʩʪʝʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʥʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ 

a a
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ʩʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ű1-3 ʧʦ 

(2) ʠʣʠ ʧʦ (3). ɿʘʪʝʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ű2-

3 ʤʝʞʜʫ ʪʦʯʢʘʤʠ 2 ʠ 3 ʢʘʢ ʜʣʷ ʵʣʝʤʝʥʪʘ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ, 

ʨʘʚʥʳʤ Jtot. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2 ʙʫ-

ʜʝʪ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʫʛʣʦʚ ű1-3 ʠ ű2-3. 

ʈʘʩʯʝʪʳ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʢʘʟʳ-

ʚʘʪʁ, ʯʪʦ ʫʛʦʣ Ŭ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪ-

ʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʢ ʛʦʨʠʟʦʥʪʘʣʠ ʩʣʝʜʫʝʪ ʧʨʠʥʠ-

ʤʘʪʴ ʨʘʚʥʳʤ 45 ʛʨʘʜʫʩʦʚ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʪʘ-

ʢʠʤ ʫʛʣʦʤ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, ʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯ-

ʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ 

ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʣʠʥʝʡʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʳʩʦʪʳ ʨʘʩʯʝʪʥʦʛʦ ʩʝʯʝʥʠʷ ʦʪ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʤʝʩʪʝ ʥʘʣʠʯʠʷ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝ-

ʱʠʥʳ ʜʦ ʧʦʣʥʦʡ. ʃʠʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʳ-

ʩʦʪʳ ʥʘʢʣʦʥʝʥʘ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥ-

ʪʘʣʠ, ʢʦʪʦʨʳʡ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 45ʦ. ʄʝʪʦʜʠʢʘ ʨʘʩ-

ʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʨʝʱʠʥʝ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʦʥʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩ-

ʯʝʪʦʚ ʪʦʯʥʦʩʪʴ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʘʣʠ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦ-

ʜʠʢʠ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʦʚ. 
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ɸʅʅʆʊɸʎʀʗ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʨʝʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ ʟʘʤʝʥʝʥ ʵʣʝʤʝʥʪʦʤ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟ-

ʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʘ ʫʯʘʩʪʢʘʭ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ ʚʳʩʦʪʦʡ ʥʘʜ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ ʠ ʧʦʣʥʦʡ ʚʳʩʦʪʦʡ ʩʝʯʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʫʜʫʯʠ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʩʪʦʡ, ʤʝʪʦʜʠʢʘ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴ.  

ABSTRACT  
The article proposes a technique for determining the mutual displacement of the edges of an inclined crack. 

The element with an oblique crack is replaced by an element with a step change in the section height. The equiv-

alent section height is defined as the average between the height above the inclined crack and the total section 

height. The calculation method allows determining displacements in an inclined crack without using software 

packages using volumetric finite elements. The technique has sufficient accuracy for engineering calculations. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʢʣʦʥʥʘʷ ʪʨʝʱʠʥʘ, ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ, ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʪʨʝʱʠʥʝ, ʵʢʚʠʚʘʣʝʥʪ-

ʥʘʷ ʞʝʩʪʢʦʩʪʴ, ʢʨʫʯʝʥʠʝ, ʧʨʠʥʮʠʧ ʉʝʥ-ɺʝʥʘʥʘ. 

Keywords: oblique crack, torsional stiffness, crack displacement, equivalent stiffness, torsion, Saint-Venant 

principle. 

 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʣʦʢʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʝʨʝʢʨʳ-

ʪʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʝʛʦ ʵʣʝʤʝʥʪʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʠʟʛʠʙ-

ʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʞʝʩʪʢʦʩʪʝʡ [3, 5, 6, 8]. ɺ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ ʠʟʛʠʙʥʳʝ ʠ ʢʨʫʪʠʣʴʥʳʝ 

ʞʝʩʪʢʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʨʘʟ-

ʣʠʯʥʦʛʦ ʨʦʜʘ ʪʨʝʱʠʥʳ. ɺʦʧʨʦʩʘʤ ʠʟʤʝʥʝʥʠʷ ʠʟʛʠ-

ʙʥʳʭ ʞʝʩʪʢʦʩʪʝʡ ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [1, 12]. ɺʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝ-

ʨʝʤʝʱʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʙʦʪ [9-11]. ɺ 

ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʧʠʨʘʣʴʥʳʭ ʪʨʝʱʠʥ. ʆʜʥʘʢʦ ʪʘʢʠʝ 

ʤʝʪʦʜʠʢʠ ʥʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʨʠ ʢʨʫʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʠ ʥʘʢʣʦʥ-

ʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʦʪ ʠʟʛʠʙʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ 

ʢʣʘʩʩ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʠ 

ʠʟʛʠʙʘʶʱʠʭ, ʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥ-

ʥʳʝ ʪʨʝʱʠʥʳ. ʕʪʦ ʨʝʙʨʘ ʨʝʙʨʠʩʪʳʭ ʩʙʦʨʥʳʭ ʠ ʤʦ-

ʥʦʣʠʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, ʨʠʛʝʣʠ ʠ ʜʨ. [3]. ɿʘʜʘʯʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʳʭ ʞʝʩʪʢʦʩʪʝʡ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʧʦʩʚʷ-

ʱʝʥʳ ʨʘʙʦʪʳ [1, 2, 14]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʣʝ-

ʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦ-

ʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ ʫʩʣʦʚʥʦ ʨʘʩʩʝʢʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝ-

ʱʠʥʳ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʛʝʣʴʥʳʝ 

ʩʠʣʳ ʚ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʝ; ʪʨʝʪʠʡ ʵʪʘʧ ï ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʩ ʠʟʚʝʩʪ-

ʥʳʤʠ ʥʘʛʝʣʴʥʳʤʠ ʩʠʣʘʤʠ. ʆʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʵʪʘʧ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʬʘʢʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʫʣ ʪʝʦʨʠʠ ʫʧʨʫ-

ʛʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʥʝ ʚʦʟʤʦʞʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʴ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ. 

ɺ ʵʣʝʤʝʥʪʘʭ ʤʥʦʛʠʭ ʧʝʨʝʢʨʝʩʪʥʦ-ʙʘʣʦʯʥʳʭ ʩʠ-

ʩʪʝʤ ʢʨʦʤʝ ʥʦʨʤʘʣʴʥʳʭ ʦʙʨʘʟʫʶʪʩʷ ʝʱʝ ʠ ʥʘʢʣʦʥ-

ʥʳʝ ʪʨʝʱʠʥʳ. ʈʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʫʪʠʣʴʥʳʭ 

ʞʝʩʪʢʦʩʪʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʩ ʥʘʢʣʦʥʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʠ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʵʣʝʤʝʥʪʘ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝ-

ʱʠʥʦʡ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʦʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʚ ʦʙʱʝʡ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪʢʦʩʪʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʦʨʤʘʣʴʥʦʡ ʠʣʠ 

ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤ-

ʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʩ ʫʞʝ ʫʩʣʦʚʥʦ ʨʘʩ-

ʩʝʯʝʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʣʝ-

ʤʝʥʪ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ, ʧʨʘʚʳʡ ʢʦʥʝʮ ʢʦʪʦ-

ʨʦʛʦ ʟʘʜʝʣʘʥ, ʷ ʢ ʣʝʚʦʤʫ ʪʦʨʮʫ ʧʨʠʣʦʞʝʥ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ (ʨʠʩ. 1). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʵʪʦʤ ʷʚʣʷ-

ʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ 4 ʠ 5 

ʚ ʪʨʝʱʠʥʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ M t.  

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʙʣʦʢʘ ɸ ʢ ʙʣʦʢʫ ɺ ʧʝʨʝ-

ʜʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʴ ʩʝʯʝʥʠʷ ʚʳʩʦʪʦʡ xcrc. ʀʤʝʥʥʦ ʚ 

ʵʪʦʤ ʩʦʩʪʦʠʪ ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝ-

ʨʝʤʝʱʝʥʠʡ ʚ ʵʣʝʤʝʥʪʝ, ʧʦʜʚʝʨʞʝʥʥʦʤ ʢʨʫʯʝʥʠʶ. 

ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʨʝʤʝ-

ʱʝʥʠʡ ʚ ʟʘʢʨʫʯʠʚʘʝʤʦʤ ʵʣʝʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʩʠ-

ʣʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʪʦʨʮʝʚʦʤʫ ʩʝʯʝ-

ʥʠʶ [4]. ɺ ʩʣʫʯʘʝ ʞʝ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ [1, 2] 

ʠʣʠ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ (ʩʤ. ʨʠʩ. 1) ʵʪʦʪ ʤʦʤʝʥʪ 

ʧʝʨʝʜʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʩʠʣʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʪʦʣʴʢʦ ʥʘ ʯʘʩʪʠ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʙʣʦʢʘ ɺ. 



20 Sciences of Europe # 54, (2020) 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʤʝʥʪʘ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ (ʘ) ʠ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ (ʙ) 

 

ʋʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 3-5 ʤʦʞʝʪ ʙʳʪʴ 

ʙʝʟ ʪʨʫʜʘ ʦʧʨʝʜʝʣʝʥ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [13] ʢʘʢ ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ 

ʵʣʝʤʝʥʪʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʳʩʦʪʦʡ ʩʝʯʝʥʠʷ. ʆʧʨʝʜʝʣʝ-

ʥʠʝ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 1-3 ʚ ʩʣʫʯʘʝ 

ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴ-

ʥʦʡ ʪʨʝʱʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʩʣʝʜʫʷ [2], 

ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝ-

ʱʠʥʳ ʵʣʝʤʝʥʪ ʩʧʨʘʚʘ ʦʪ ʪʨʝʱʠʥʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʢʘʢ ʫʩʣʦʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʩʝʯʝʥʠʝʤ, ʚʳʩʦʪʘ ʢʦ-

ʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʥʝʢʦʪʦʨʦʡ ʢʨʠʚʦʡ, ʧʨʝʜʩʪʘ-

ʚʠʤ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʳʩʦʪʘ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷ-

ʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʧʨʷʤʦʡ ʣʠʥʠʠ ʦʪ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ 

xcrc ʜʦ ʧʦʣʥʦʡ ʚʳʩʦʪʳ h. ʕʪʘ ʣʠʥʠʷ ʥʘ ʨʠʩ. 1 ʧʦʢʘ-

ʟʘʥʘ ʰʪʨʠʭʦʚʦʡ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʘʣʠ Ŭ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ʨʠʩ. 1 ʦʙʦʟʥʘʯʝʥʳ ʮʠʬ-

ʨʘʤʠ 1é5. 

ʅʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ l3-5 ɻ ʣʝʤʝʥʪ ʠʤʝʝʪ ʨʝʘʣʴʥʳʡ 

ʫʢʣʦʥ ʥʠʞʥʝʡ ʛʨʘʥʠ. ʅʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ l2-3 ɻ ʣʝʤʝʥʪ 

ʠʤʝʝʪ ʫʩʣʦʚʥʳʡ ʥʘʢʣʦʥ ʦʪ ʚʳʩʦʪʳ xcrc ʜʦ ʚʳʩʦʪʳ h. 

ʀʩʢʦʤʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 4 ʠ 5 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

415154 --- -= jjj
  (1) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ű1-4 ʙʫʜʝʪ ʨʘʚʝʥ 

ʩʫʤʤʝ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ: 

( )42322141 ---- º+= jjjj
 (2) 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʘʚʝʥʩʪʚʦ ʚ ʩʢʦʙʢʘʭ ʚʳʨʘʞʝ-

ʥʠʷ (2) ʦʯʝʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʘ. ʆʥʦ ʧʨʦʚʝʨʝʥʦ ʪʘʢʞʝ 

ʨʘʩʯʝʪʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ 

ʪʦʯʢʠ 3 ʠ 4 ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʥʝ ʟʘʛʨʫʞʝʥʥʦʛʦ 

ʢʦʥʮʘ ʵʣʝʤʝʥʪʘ, ʟʘʢʨʫʯʠʚʘʝʤʦʛʦ ʢʘʩʘʪʝʣʴʥʳʤʠ ʩʠ-

ʣʘʤʠ, ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʝʛʦ ʩʝʯʝʥʠʷ 

ʚʳʩʦʪʦʡ xcrc. 

ʅʘ ʥʘʢʣʦʥʥʦʤ ʫʯʘʩʪʢʝ 3-5 ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [13] ʢʘʢ ʜʣʷ ʵʣʝʤʝʥʪʘ ʩ ʧʝʨʝ-

ʤʝʥʥʦʡ ʚʳʩʦʪʦʡ ʩʝʯʝʥʠʷ. ʅʘʟʦʚʝʤ ʵʪʦʪ ʫʛʦʣ ű3-5 ʠ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʛʦ ʠʟʚʝʩʪʥʳʤ. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ 1 ʠ 2 ű1-2 ʪʘʢʞʝ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟ-

ʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [13]: 

tot

t

GJ

lM 21
21

-
- =j

 (3) 

ʛʜʝ GJtot ï ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦʣʥʦʛʦ ʩʝʯʝ-

ʥʠʷ (ʵʣʝʤʝʥʪʘ ʩ ʧʦʣʥʦʡ ʚʳʩʦʪʦʡ h). 

ʊʦʯʢʘ 1 ʥʘ ʨʠʩ. 1 ʚʳʙʨʘʥʘ ʧʨʦʠʟʚʦʣʴʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʥʘ ʫʯʘʩʪʢʝ 

ʜʣʠʥʦʡ l2-3 ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʪʦʪ ʫʯʘʩʪʦʢ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʫʯʘʩʪʢʦʤ ʫʩʣʦʚʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʚʳʩʦʪʦʡ hekv=(xcrc+h)/2. ʊʦʛʜʘ ʩʭʝʤʘ ʵʣʝʤʝʥʪʘ ʩ 

ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ ʧʦ ʨʠʩ. 1, ʘ ʙʫʜʝʪ ʟʘʤʝʥʝʥʘ 

ʩʭʝʤʦʡ ʵʣʝʤʝʥʪʘ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʞʝʩʪ-

ʢʦʩʪʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1, ʙ. ʊʦʛʜʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʥʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ l2-3 ʪʘʢʞʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʠʟ ʠʟ-

ʚʝʩʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ: 

ekv

t

GJ

lM 32
32

-
- =j

 (4) 

ʛʜʝ GJekv ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʵʣʝʤʝʥʪʘ 

ʫʩʣʦʚʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʩʦʪʦʡ hekv. 

ɼʣʠʥʘ l3-5 ï ʵʪʦ ʧʦ ʩʫʪʠ ʧʨʦʝʢʮʠʷ ʥʘʢʣʦʥʥʦʡ 

ʪʨʝʱʠʥʳ ʥʘ ʧʨʦʜʦʣʴʥʫʶ ʦʩʴ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [7, 12].  

ɼʣʠʥʘ l2-3 ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ xcrc ʠ ʫʛʣʝ 

ʥʘʢʣʦʥʘ Ŭ.  

ʈʘʩʯʝʪʳ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʫʛʦʣ Ŭ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪ-

ʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʢ ʛʦʨʠʟʦʥʪʘʣʠ ʩʣʝʜʫʝʪ ʧʨʠʥʠ-

ʤʘʪʴ ʨʘʚʥʳʤ 45 ʛʨʘʜʫʩʦʚ. ʋʪʦʯʥʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ 

a
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Ŭ ʠʣʠ ʧʨʠʥʷʪʠʝ ʣʠʥʠʠ ʥʝ ʚ ʚʠʜʝ ʧʨʷʤʦʡ, ʘ ʚ ʚʠʜʝ 

ʥʝʢʦʪʦʨʦʡ ʢʨʠʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʜʝʩʴ ʦʪʤʝʪʠʤ ʪʦʣʴʢʦ ʬʘʢʪ, ʯʪʦ 

ʜʣʠʥʘ ʫʯʘʩʪʢʘ l2-3 ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ ʉʝʥ-ɺʝʥʘʥʦʚ-

ʩʢʦʡ ʜʣʠʥʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ 

ʉʝʥ-ɺʝʥʘʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʩʘʪʝʣʴ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʧʝʨʝʜʘʶʱʠʭʩʷ ʥʘ ʨʠʩ. 1 ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ) ʙʫʜʝʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʫʯʘʩʪʢʝ ʚʳʩʦ-

ʪʦʡ xcrc ʚ ʪʦʯʢʝ 3), ʨʘʚʥʦʤ ʙʦʣʴʰʝʤʫ ʨʘʟʤʝʨʫ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ [2]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʃʠʨʘ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʙʘʣʢʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ. ʐʠʨʠʥʘ ʩʝʯʝʥʠʷ 

ʙʘʣʢʠ 100 ʤʤ, ʝʝ ʚʳʩʦʪʘ 200 ʤʤ. ʆʩʪʘʣʴʥʳʝ ʨʘʟ-

ʤʝʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2, ʘ. ʂʨʦʤʝ ʪʦʛʦ ʵʪʘ ʙʘʣʢʘ 

ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ ʩʪʝʨʞʝʥʴ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝ-

ʥʠʝʤ (ʨʠʩ, 2, ʙ) ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ. 

ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʥʷʪ 

E=25000 ʄʇʘ. 

ʉʨʘʚʥʠʚʘʣʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʫʨʦʚʥʝ ʪʦʯʢʠ a 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʝʣʢʠ (ʪʦʯʢʘ ʆ ʥʘ ʨʠʩʫʥʢʝ 2). ʕʪʦʪ 

ʫʛʦʣ ʚ ʤʦʜʝʣʠ ʠʟ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʯʠʩʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

h

xx ab
aO

+
=-j , (5) 

ʛʜʝ xb, xa ï ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʪʦʯʢʠ a ʠ b. ʋʛʦʣ ʞʝ ʧʦʚʦʨʦʪʘ ʩʪʝʨʞʥʝ-

ʚʦʡ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʥʠʮʘ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʜʣʷ ʩʪʝʨʞʥʝʚʦʡ ʩʭʝʤʳ ʠ ʩʭʝʤʳ ʠʟ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 2,4%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʝ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʘ) ï ʵʣʝʤʝʥʪ ʩ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʦʡ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʚ ʇʂ ʃʠʨʘ ʦʙʲʝʤʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ; 

ʙ) ï ʪʦʪ ʞʝ ʵʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʪʝʨʞʥʷʤʠ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ 

 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ. ʇʨʝʜ-

ʣʦʞʝʥʦ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʥʘʢʣʦʥʥʦʡ 

ʪʨʝʱʠʥʦʡ ʵʣʝʤʝʥʪʦʤ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʚʳʩʦʪʳ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʘ ʫʯʘʩʪʢʘʭ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʡ ʞʝʩʪʢʦʩʪʠ. ʃʠʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʳʩʦʪʳ 

ʫʯʘʩʪʢʘ ʦʪ ʚʝʨʰʠʥʳ ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ ʥʘʢʣʦʥʝʥʘ 

ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʘʣʠ, ʢʦʪʦʨʳʡ ʧʨʠ-

ʥʷʪ ʨʘʚʥʳʤ 45ʦ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-

ʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʨʝʱʠʥʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʥʘ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʘʣʠ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʫ ʧʨʷʤʦʡ 

ʣʠʥʠʠ ʥʘ ʢʨʠʚʫʶ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ. 
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ɸʅʆʊɸʎɯʗ 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʢ CROMATICA, PRISMATICA, ADVISOR, 

CARETAKER, VANAHEIM, P5, ARGOS, SURVEIRON, IMSK, CONNEXIONs, VICTORIA, ɽWISA, 

SUBITO, SOBCAH, SAVASA, FORENSOR (ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜ ʧʘʪʨʦʥʘʪʦʤ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ), IARPA 

DIVA, DARPA: Mindôs Eye, DARPA ARGUS-IS (ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʉʐɸ), ʘ ʪʘʢʦʞ ʨʷʜʫ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦ-

ʜʫʢʪʽʚ Smart Surveillance System (S3) (ʨʦʟʨʦʙʢʘ ɯɺʄ), Kipod ʪʘ ʎʝʬʝʡ (ʨʦʟʨʦʙʢʘ ʉʠʥʝʟʠʩ), VOCORD Ta-

hion (ʨʦʟʨʦʙʢʘ VOCORD). ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʦʩʚʽʜ ʚʽʪʯʠʟʥʷʥʠʭ ʽʥʪʝʛʨʘʪʦʨʽʚ: TRASSIR, ɹʘʥʢʦʤʟʚ'ʷʟʦʢ, 

"ɺʽʜʝʦʢʦʥʪʨʦʣʴ-ʈʫʙʽʞ" ʚʽʜ ʢʦʤʧʘʥʽʾ ʆllie.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨ ʚʢʘʟʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʠʟʠʢʠ ʪʘ 

ʟʘʛʨʦʟʠ ʥʘ ʷʢʽ ʧʦʚʠʥʥʘ ʨʝʘʛʫʚʘʪʠ ʚʽʜʦʤʯʘ ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʤʝʪʦʜʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʷʢʠʭ ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʘʥʘʣʽʟ ʪʘ ʩʠʛʥʘʣʽʟʫʚʘʥʥʷ ʧʨʦ ʦʙʩʪʘʥʦʚʢʫ ʷʢʘ ʩʢʣʘʣʘʩʷ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ 

ʋʢʨʘʾʥʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʝʨʠ-

ʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙ'ʻʢʪʘʭ, ʥʘ ʷʢʠʭ ʜʽʻ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʧʫʩʢʥʠʡ ʨʝʞʠʤ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʠʟʥʘʯʝʥʽ ʨʝʞʠʤʥʽ ʧʨʘʚʠʣʘ. 
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ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠ-

ʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʨʦʣʽ ʪʘ ʬʫʥʢʮʽʡ ʫ 

ʩʢʣʘʜʽ ɯʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ "ɻʘʨʪ". 

ABSTRACT 

In this paper we have analyzed modern approaches to the construction of intelligent video surveillance sys-

tems. We researched examples of construction such systems as CROMATICA, PRISMATICA, ADVISOR, 

CARETAKER, VANAHEIM, P5, ARGOS, SURVEIRON, IMSK, CONNEXIONs, VICTORIA, ɽWISA, 

SUBITO, SOBCAH, SAVASA, FORENSOR (developed under European patronage), Mind's Eye, DARPA 

ARGUS-IS (developed in the USA), as well as a number of commercial products Smart Surveillance System (S3) 

(developed by IBM), Kipod and Cephei (developed by Synesis), VOCORD Tahion (developed by VOCORD). 

The experience of domestic integrators was analyzed: TRASSIR, Bankomzviazok, "Videokontrol-Rubizh" from 

the company ʆllie. 

As a result of the analysis, the expediency of creating an intelligent video surveillance system of the State 

Border Guard Service of Ukraine was proved. Based on the analysis of existing approaches to the design of intel-

ligent video surveillance systems, it is determined that there are no universal solutions and architectures of these 

systems for any scope of application. Therefore, it is necessary to identify the risks and threats to which the de-

partmental intelligent video surveillance system should respond and the methods by which such a system should 

provide analysis and signaling of the current situation. 

The expediency of creating an intelligent video surveillance system of the State Border Guard Service of 

Ukraine is based on the need for effective use of video surveillance systems at territorially distributed facilities, 

which have a special permit system and use certain regime rules. 

The direction of further research is the development of a conceptual model of the intelligent video surveillance 

system of the State Border Guard Service of Ukraine, determination of its role and functions in the Integrated 

Information and Telecommunication System "Gart". 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ; ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ; CORDIS; HORIZON 2020; 

CROMATICA; PRISMATICA; ADVISOR; Smart Surveillance System. 

Keywords: video surveillance; intelligent system; CORDIS; HORIZON 2020; CROMATICA; 

PRISMATICA; ADVISOR; Smart Surveillance System. 

 

1. ɺʉʊʋʇ 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ 

ʚʠʟʥʘʯʝʥʠʭ ʩʝʢʪʦʨʘʭ ʦʛʣʷʜʫ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʽʜʩʪʝ-

ʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ (ʣʶʜʝʡ ʯʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ) ʪʘ 

ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʾʭ ʜʽʡ. 

ɺ ʩʠʩʪʝʤʘʭ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦ-

ʰʠʨʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ ʻ ʟʚʠʯʘʡʥʽ ʢʘʤʝʨʠ ʚʽʜʝʦʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ, ʘʣʝ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ ʽʥʰʽ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʽ 

ʷʢ ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ, ʨʘʜʘʨʠ, ʣʽʜʘʨʠ, ʘʫʜʽʦʩʝʥ-

ʩʦʨʠ ʪʦʱʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʥʘʡʰʣʦ ʩʚʦʻ ʤʽʩʮʝ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ: ʚʽʜ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʜʦ ʦʙ'ʻʢʪʽʚ ʢʨʠ-

ʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɸʣʝ, ʟʘʟʚʠʯʘʡ, ʽʥʬʦʨʤʘʮʽʷ ʟ 

ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʛʣʷʜʫ ʧʦʜʽʡ ʱʦ ʫʞʝ ʩʪʘʣʠʩʷ. ʄʦʥʽʪʦʨʠʥʛ ʦʙ-

ʩʪʘʥʦʚʢʠ ʚ ʩʝʢʪʦʨʘʭ ʦʛʣʷʜʫ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʘ-ʦʧʝʨʘʪʦʨ ʥʝ ʤʘʻ ʬʽʟʠʯʥʠʭ ʤʦʞʣʠ-

ʚʦʩʪʝʡ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʩʧʨʠʡʤʘʪʠ ʽʥʬʦʨ-

ʤʘʮʽʶ ʚʽʜ ʢʽʣʴʢʦʭ (ʘ ʪʦ ʽ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ) ʜʞʝʨʝʣ 

ʦʜʥʦʯʘʩʥʦ. ʉʘʤʝ ʜʣʷ ʜʦʧʦʤʦʛʠ ʣʶʜʠʥʽ-ʦʧʝʨʘʪʦʨʫ ʽ 

ʧʨʠʟʥʘʯʝʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ, ʚ 

ʷʢʠʭ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ 

ʪʘ ʥʘ ʷʢʽ ʦʧʠʨʘʻʪʴʩʷ ʘʚʪʦʨ. 

ʈʦʟʨʦʙʮʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʨʷʜʫ ʥʘʫʢʦʚʮʽʚ ʚ ʨʘʤʢʘʭ 

ʥʘʮʽʦʥʘʣʴʥʠʭ, ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦ-

ʝʢʪʽʚ: Sergio Velastin, Maria Valera, Tourani Ali , Li 

Ying ʪʦʱʦ. ɼʦʩʣʽʜʞʫʻʤʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟ ʤʝʪʦʶ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʝʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʪʞʝ, ʚʚʘʞʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ ʧʨʦʚʝ-

ʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʩʠ-

ʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʬʫʥʢʮʽʷʤʠ ʚʽʜʝʦ-

ʘʥʘʣʽʪʠʢʠ, ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʦ-

ʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ 

ʬʫʥʢʮʽʷʤʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ. 

2. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

(ɯʉɺʉ) ï ʮʝ ʩʠʩʪʝʤʘ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʘ ʤʘʻ 

ʟʜʘʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʟ 

ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ 

ʜʽʾ, ʪʘʢʽ ʷʢ ʛʝʥʝʨʘʮʽʷ ʩʠʛʥʘʣʽʚ ʪʨʠʚʦʛʠ ʘʙʦ ʧʦʧʝʨʝ-

ʜʞʝʥʥʷ. 

ʐʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢʽ ʩʠ-

ʩʪʝʤʠ ʫ ʩʬʝʨʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʦʧʦʨʷʜʢʫ ʪʘ ʦʨ-

ʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʥʘ ʦʙ'ʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʠ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ 

ʙʝʟʧʝʢʠ [1], [2]. ɺ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʢʦʤʝʨʮʽʡ-

ʥʠʭ ʧʨʦʝʢʪʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʧʦ ʨʽʟʥʠʤ ʥʘʧʨʷʤʢʘʤ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, 

ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʥʘʮʽʣʝʥʘ ʥʘ ʢʦʥʩʦʣʽʜʘʮʽʶ ʙʘʛʘ-

ʪʦʤʦʜʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʞʝʨʝʣ ʜʣʷ ʾʭ ʢʦʥʩʦʣʽʜʘʮʽʾ, ʦʙʨʦʙʢʠ ʪʘ ʚʠʜʘʯʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʥʘ 
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ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʦʧʝʨʘʪʦʨʘʤ ʜʣʷ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʴ ʯʠ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʰʠʭ ʧʨʦʝʢʪʽʚ ʙʫʚ 

CROMATICA ʙʫʚ ʦʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʝʨʰʠʭ ʧʨʦʝʢʪʽʚ, 

ʷʢʠʡ ʩʪʚʦʨʶʚʘʚʩʷ ʧʽʜ ʝʛʽʜʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ. 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʧʨʦʝʢʪʫ ï ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʘʩʘʞʠʨʘʤʠ ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. [3]. 

ʑʝ ʦʜʠʥ ̒ ʚʨʦʧʝʡʩʴʢʠʡ ʧʨʦʝʢʪ ï PRISMATICA 

(Pro-active Integrated Systems for Security Manage-

ment by Technological, Institutional and Communica-

tion Assistance) [4]. ʎʝ ʥʝ ʣʠʰʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʘ 

ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʣʝ ʡ h ʠ-

ʨʦʢʦʜʽʘʧʘʟʦʥʥʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʦʪʨʠ-

ʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʧʨʦʚʦʜʦʚʠʭ ʪʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʤʘʨʪ-ʢʘʨʪ ʪʘ ʘʫʜʽʦʩʝʥ-

ʩʦʨʽʚ. PRISMATICA ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ ʽʥʪʝʣʝʢ-

ʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʥʘʜʩʠʣʘʶʪʴ ʪʘ ʧʨʠʡʤʘʶʪʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ MIPSA (Mod-

ular Integrated Passenger Surveillance Architecture), 

ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʢʦʦʨʜʠʥʫʻ ʜʽʷʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ, 

ʘʨʭʽʚʫʻ ʜʘʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʬʝʡʩ ʟ ʣʶʜʠʥʦʶ-

ʦʧʝʨʘʪʦʨʦʤ. ʅʘ ʤʘʣʶʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠ-

ʩʪʝʤʠ PRISMATICA. 

ʋ ʧʨʦʝʢʪʽ PRISMATICA ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʫʣʴ-

ʥʠʡ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ɼʠʚ. ʈʠʩ. 

1). 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ PRISMATICA [4]  

 

ʉʠʩʪʝʤʘ ADVISOR (Advanced Digital Video 

Storage and On-line Retrieval system) ʪʘʢʦʞ ʙʫʣʘ ʨʦ-

ʟʨʦʙʣʝʥʘ ʫ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ, ʱʦ ʬʽʥʘʥʩʫʚʘʚʩʷ ɭʉ. 

ʉʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʧʦʤʦʛʠ ʦʧʝʨʘʪʦʨʘʤ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠ-

ʙʦʨʫ, ʟʘʧʠʩʫ ʪʘ ʘʥʦʪʘʮʽʾ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʚʥʽ ʧʦʜʽʾ. ADVISOR ʽʥʪʝʨʧʨʝʪʫʻ 

ʬʦʨʤʠ ʪʘ ʨʫʭʠ ʫ ʩʮʝʥʘʭ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʦ-

ʚʝʜʽʥʢʠ ʣʶʜʝʡ ʥʘ ʩʮʝʥʽ. ʇʘʨʘʣʝʣʴʥʦ ʽʟ ʟʘʧʠʩʦʤ 

ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʬʫʥʢʮʽʷ ʘʨʭʽʚʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʝʨʽʛʘʥʥʷ ʢʦʤʝʥʪʘʨʽʚ (ʘʥʦʪʘʮʽʡ) ʧʦʜʽʡ, ʚʠʷʚʣʝʥʠʭ 

ʫ ʧʝʚʥʠʭ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʷʭ. ɸʨʭʽʚʥʝ ʚʽʜʝʦ 

ʤʦʞʥʘ ʰʫʢʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʠʪʠ ʜʣʷ ʜʘʥʠʭ 

ʘʥʦʪʘʮʽʡ ʘʙʦ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʯʘʩʫ (ɼʠʚ. 

ʈʠʩ. 2). 
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ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ADVISOR [5] 

 

ʅʘ ʈʠʩ. 2 ʧʦʢʘʟʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ADVISOR. ɺʦʥʘ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʦʜʫʣʽ ʚʠʷʚ-

ʣʝʥʥʷ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʤʦʜʫʣʴ ʚʽʜʩʪʝʞʝʥʥʷ, 

ʧʦʚʝʜʽʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʫʣʴ ʙʘʟʠ ʜʘʥʠʭ. 

ʍʦʯʘ ʮʽ ʩʠʩʪʝʤʠ (PRISMATICA ʪʘ ADVISOR) 

ʽ ʤʘʶʪʴ ʧʝʚʥʫ ʩʭʦʞʽʩʪʴ, ʚʦʥʠ ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʛʦ-

ʣʦʚʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ PRISMATICA ʚʠʢʦ-

ʨʠʩʪʦʚʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʪʦʜʽ ʷʢ ADVISOR 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʦʟʧʦʜʽʣʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. 

PRISMATICA ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʢʦʥʮʝʧʮʽʻʶ ʦʩʥʦʚ-

ʥʦʛʦ ʘʙʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ, ʷʢʠʡ ʫʧʨʘʚʣʷʻ ʽ 

ʢʦʥʪʨʦʣʶʻ ʚʩʶ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʚʝʨ ʩʪʘʻ 

ʢʨʠʪʠʯʥʦʶ ʻʜʠʥʦʶ ʪʦʯʢʦʶ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ADVISOR ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʝʨʝʞʫ ʥʝʟʘʣʝʞ-

ʥʠʭ ʚʠʜʽʣʝʥʠʭ ʧʨʦʮʝʩʦʨʥʠʭ ʚʫʟʣʽʚ (ʙʣʦʢʽʚ 

ADVISOR) [5]. 

CARETAKER (Content Analysis and REtrieval 

Technologies to Apply Knowledge Extraction to mas-

sive Recording) ʱʝ ʦʜʠʥ ʻʚʨʦʧʝʡʩʴʢʠʡ ʧʨʦʝʢʪ, ̫ ʢʠʡ 

ʙʫʚ ʦʩʥʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷʭ ʽʩʥʫʶʯʠʭ ʥʘ ʪʦʡ ʯʘʩ 

PRISMATICA ʪʘ ADVISOR. ʎʝʡ ʧʨʦʝʢʪ ʟʘʩʪʦʩʦ-

ʚʫʚʘʚʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʥʘ ʩʪʘʥʮʽʷʭ ʤʝʪʨʦ ʪʘ ʧʝʨʝʜʙʘʯʘʚ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢ ʚʽʜ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʪʘʢ ʽ ʚʽʜ ʘʫʜʽʦ-ʜʘʪʯʠʢʽʚ (ɼʠʚ. ʈʠʩ. 3). ʄʝʪʦʶ 

CARETAKER ʙʫʣʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʨʠʚʦʞʥʠʭ ʧʦʜʽʡ 

ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʚʽʜʝʦ ʪʘ ʘʫʜʽʦʽʥʬʦʨʤʘʮʽʾ [6]. 

ʅʘ ʦʩʥʦʚʽ ʢʘʪʝʛʦʨʽʡ ʧʦʜʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʛʨʫʧʦʶ 

ʝʢʩʧʝʨʪʽʚ, ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʥʪʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʟ ʦʧʠ-

ʩʦʤ ʢʦʞʥʦʛʦ ʪʨʠʚʦʞʥʦʛʦ ʩʮʝʥʘʨʽʶ. ɿʘʚʜʷʢʠ ʮʽʡ ʨʦ-

ʙʦʪʽ, ʨʦʟʨʦʙʥʠʢʘʤ ʚʜʘʣʦʩʷ ʚʜʦʩʢʦʥʘʣʠʪʠ ʘʚʪʦʤʘ-

ʪʠʯʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʧʦʜʽʡ ʷʢ çʟʘʣʠʰʝʥʽ ʨʝʯʽè, 

ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ PRISMATICA ʪʘ 

çʧʘʩʘʞʠʨ, ʱʦ ʧʝʨʝʩʪʨʠʙʫʻ ʯʝʨʝʟ ʪʫʨʥʽʢʝʪè [6], [7]. 

 
ʈʠʩ. 3. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ CARETAKER [6]  
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VANAHEIM  (Video/Audio Networked surveil-

lance system enhAncement through Human-cEntered 

adaptIve Monitoring) [8] ï ʧʨʦʝʢʪ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜ 

ʝʛʽʜʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʪʘʢʠʭ 

ʦʙ'ʻʢʪʘʭ ʷʢ ʩʪʘʥʮʽʾ ʤʝʪʨʦ, ʪʦʨʛʦʚʽ ʮʝʥʪʨʠ ʪʦʱʦ. ɺ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʘʣʛʦʨʠʪʤʽʚ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦ-

ʚʝʜʽʥʢʠ ʦʢʨʝʤʠʭ ʣʶʜʝʡ, ʛʨʫʧ ʣʶʜʝʡ ʪʘ ʥʘʪʦʚʧʫ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʽʜʝʦ ʪʘ ʘʫʜʽʦʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ ʧʨʦʝʢʪʫ P5 (Privacy Preserving Perimeter 

Protection Project) [9] ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʝʨʠʤʝʪʨʦʤ ʦʙ'ʻʢʪʽʚ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝ-

ʜʞʝʥʥʷ ʧʨʦ ʥʘʟʝʤʥʽ, ʚʦʜʥʽ ʯʠ ʧʦʚʽʪʨʷʥʽ ʟʘʛʨʦʟʠ 

(ɼʠʚ. ʈʠʩ. 4). 

 
ʈʠʩ. 4. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ P5 [9] 

 

ʄʝʪʦʶ ʧʨʦʝʢʪʫ ARGOS (Advanced pRotection 

of critical buildinGs by Overall anticipating System) 

[10] ʙʫʣʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʱʦʜʦ ʤʦʥʽʪʦ-

ʨʠʥʛʫ, ʩʪʨʠʤʫʚʘʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʟʘ-

ʛʨʦʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ çʪʝʭʥʦʣʦʛʽʡ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝ-

ʜʞʝʥʥʷè ʥʘ ʦʙ'ʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʂʣʶʯʦʚʦʶ ʽʜʝʻʶ ʻ ʜʚʦʭʨʽʚʥʝʚʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʦʙʨʦʙʢʠ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ: ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ï ʚʙʫ-

ʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ, ʥʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ï 

ʧʦʪʫʞʥʘ ʩʝʨʚʝʨʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. 

SURVEIRON [11] ï ʧʨʦʝʢʪ, ʱʦ ʨʦʟʨʦʙʣʷʚʩʷ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ HORIZON 2020. ʎʝ ʚʜʦʩʢʦʥʘʣʝʥʘ 

ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʙ'ʻʢʪʘʤʠ ʤʽʩʴʢʦʾ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʠ. SURVEIRON ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʥʘ ʙʘʟʽ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʧʨʷʤʦʚʘʥʘ 

ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ. ʎʷ ʩʠʩʪʝʤʘ 

ʟʜʘʪʥʘ ʚʠʷʚʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʚ ʤʽʩʴʢʠʭ 

ʫʤʦʚʘʭ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʢʝʨʽʚʥʠʢʘʤ 

ʩʣʫʞʙ ʙʝʟʧʝʢʠ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʟʘʛʨʦʟ. SURVEIRON ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʚʽ ʧʽʜʩʠ-

ʩʪʝʤʠ: 

1. ʇʽʜʩʠʩʪʝʤʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ɹʇʃɸ), ʷʢʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝ-

ʞʠʤʽ ʧʨʠʙʫʚʘʶʪʴ ʥʘ ʤʽʩʮʝ ʚʠʷʚʣʝʥʥʷ ʢʨʠʟʦʚʦʾ ʩʠ-

ʪʫʘʮʽʾ ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʥʠʭ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

2. ʎʝʥʪʨ ʢʝʨʫʚʘʥʥʷ ï ʮʝ ʧʽʜʩʠʩʪʝʤʘ, ʢʫʜʠ 

ɹʇʃɸ ʥʘʜʩʠʣʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʽ ʟ ʷʢʦʾ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʦʙʩʪʘʥʦʚʢʦʶ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʜʝ ʚʠʥʠʢʣʘ ʢʨʠʟʦʚʘ ʩʠʪʫʘʮʽʷ. ʋ ʮʝʥʪʨʽ ʢʝʨʫʚʘʥʥʷ 

ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ɹʇʃɸ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ, ʘʚʪʦʤʘ-

ʪʠʯʥʦ ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʟʥʽ ʢʣʘʩʠ ʥʝʙʝʟʧʝʢʠ (ʧʦʞʝʞʽ, 

ʪʨʽʱʠʥʠ, ʣʶʜʠ, ʜʠʤ, ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʪʘ ʪʦʢʩʠʯʥʽ 

ʛʘʟʠ), ʾʭ ʦʮʽʥʢʘ, ʤʘʩʰʪʘʙ ʪʦʱʦ. 

IMSK [12] ï ʢʦʤʧʣʝʢʩʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʽʥʪʝʛʨʫʻ 

ʜʘʥʽ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ 

ʧʨʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʪʘ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʟʘʭʠʩʪʫ ʪʝʨʠʪʦʨʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʠʭ ʜʘʪʯʠʢʽʚ 

ʻ CBRNE (ʭʽʤʽʯʥʠʡ, ʙʽʦʣʦʛʽʯʥʠʡ, ʨʘʜʽʦʣʦʛʽʯʥʠʡ, 

ʷʜʝʨʥʠʡ ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʡ), ʢʘʤʝʨʠ ʚʽʜʝʦʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʟ ʧʽʜʪʨʠʤʢʦʶ ʬʫʥʢʮʽʡ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ, ʢʘʤʝʨʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʧʨʝʜʤʝʪʽʚ 

ʪʦʱʦ. 

CONNEXIONs [13] ï ʦʜʠʥ ʽʟ ʥʦʚʽʪʥʽʭ ʧʨʦʝʢʪʽʚ, 

ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ. ʄʝʪʘ ʧʨʦʝʢʪʫ ï 

ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘ-

ʧʦʙʽʛʘʥʥʷ ʪʘ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʙʘʟʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʙʘʛʘʪʦ-

ʚʠʤʽʨʥʽʡ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʢʦʨʝʣʷʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʤʫʣʴ-

ʪʠʤʦʜʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʥʘʜʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨ-

ʤʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʤ ʩʫʙ'ʻʢʪʘʤ ʚ ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʬʦʨʤʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ 

ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

VICTORIA [14] ï ʩʠʩʪʝʤʘ ʚʽʜʝʦʘʥʘʣʽʟʫ ʜʣʷ ʨʦʟ-

ʩʣʽʜʫʚʘʥʥʷ ʟʣʦʯʠʥʥʠʭ ʜʽʡ ʧʨʘʚʦʦʭʦʨʦʥʥʠʤʠ ʦʨʛʘ-

ʥʘʤʠ (ɼʠʚ. ʈʠʩ. 5). 

https://cordis.europa.eu/project/id/313217
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ʈʠʩ. 5. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ VICTORIA [14] 

 

ɽWISA [15] ï ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦ-

ʟʨʽʣʦʾ ʧʦʚʝʜʽʥʢʠ ʫ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ 

ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. ʋ ʧʨʦʝʢʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝ-

ʪʦʜʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽʟ 

ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ. ʇʨʦʝʢʪ ʧʨʠ-

ʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʦʪʷʞʥʠʭ ʜʽʣʷʥʢʘʭ 

ʢʦʨʜʦʥʽʚ ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜʨʦʟʜʽʣʘʤʠ ʧʨʠʢʦʨ-

ʜʦʥʥʦʾ ʧʦʣʽʮʽʾ ɯʩʧʘʥʽʾ, ʈʫʤʫʥʽʾ, ʌʽʥʣʷʥʜʽʾ. 

SUBITO ï Surveillance of Unattended Baggage 

and the Identification and Tracking of the Owner [16]. 

ʇʨʦʝʢʪ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʢʠʥʫʪʦʛʦ ʙʘ-

ʛʘʞʫ ʪʘ ʰʚʠʜʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʝʞʝʥʥʷ 

ʡʦʛʦ ʚʣʘʩʥʠʢʘ (ʧʝʨʝʜ ʪʘ ʧʽʩʣʷ ʧʦʜʽʾ). ʆʩʥʦʚʥʠʤʠ 

ʤʽʩʮʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʛʨʦʤʘʜʩʴʢʽ ʟʘʢʣʘʜʠ, 

ʧʨʠʤʽʱʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ ʪʦʱʦ. 

SOBCAH ï Surveillance of Borders, Coastlines 

and Harbors [17]. ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʨʦʝʢʪʫ SOBCAH ï 

ʧʦʩʠʣʝʥʥʷ ʙʝʟʧʝʢʠ ɭʚʨʦʧʝʡʩʴʢʠʭ ʢʦʨʜʦʥʽʚ. ʇʨʠ-

ʟʥʘʯʝʥʠʡ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʢʦʨʜʦʥʘʤʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ. ʋ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ SOBCAH 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ 

ʧʽʜʪʨʠʤʫʻ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʟ 

ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʫʩʧʽʰʥʦ ʦʙʨʦʙʣʷʣʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʜʽʾ ʟ 15 ʜʘʪ-

ʯʠʢʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ 10-ʤʘ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʥʘʜʘʥʠʭ 

ʢʦʤʧʘʥʽʷʤʠ-ʫʯʘʩʥʠʮʷʤʠ ʟ 7 ʢʨʘʾʥ (ɼʠʚ. ʈʠʩ. 6). 

 
ʈʠʩ. 6. ɸʨʭʽʪʝʢʪʫʨʘ SOBCAH [19]  

 

SAVASA ï Standards-based Approach to Video 

Archive Search and Analysis. ʋ ʧʨʦʝʢʪʽ SAVASA ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʧʦʰʫʢʦʚʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʙ 

ʜʦʟʚʦʣʷʣʘ ʘʚʪʦʨʠʟʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʢʦ-

ʥʫʚʘʪʠ ʩʝʤʘʥʪʠʯʥʽ ʟʘʧʠʪʠ ʫ ʨʽʟʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʚʽʜʝʦʘʨʭʽʚʘʭ ʚ ʽʥʪʝʨʝʩʘʭ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ 

(ɼʠʚ. ʈʠʩ. 7). 



28 Sciences of Europe # 54, (2020) 

 
ʈʠʩ. 7. ɸʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʤʦʜʫʣʽʚ SAVASA [18]  

 

ʆʜʥʠʤ ʽʟ ʦʩʪʘʥʥʽʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʚ ʨʘʤʢʘʭ HORIZON 2020 ʻ FORENSOR ɺ ʧʨʦʝʢʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʦʩʥʦʚʘʥʦʾ ʥʘ 

ʚʽʜʝʦʜʘʪʯʠʢʘʭ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 320 x 240 ʧʽʢ-

ʩʝʣʽʚ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ 

[19] (ɼʠʚ. ʈʠʩ. 8). 

 
ʈʠʩ. 8. ʂʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ FORENSOR [19]  

 

IARPA DIVA (ʉʐɸ) [20]. ʄʝʪʦʶ ʧʨʦʛʨʘʤʠ ʻ 

ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ "ʧʽʜʦ-

ʟʨʽʣʦʾ ʘʢʪʠʚʥʦʩʪʽ" ʜʣʷ ʙʘʛʘʪʦʢʘʤʝʨʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ 

ʚʽʜʝʦʩʝʨʝʜʦʚʠʱʘ. 

DARPA Mindôs Eye (ʉʐɸ) [21]. ɿʘʛʘʣʦʤ 12 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʢʦʤʘʥʜ ʪʘ ʪʨʠ ʢʦ-

ʤʝʨʮʽʡʥʽ ʽʥʪʝʛʨʘʪʦʨʠ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ 5-ʨʽʯʥʦʾ ʧʨʦ-

ʛʨʘʤʠ. ɺ ʨʘʤʢʘʭ ʽʥʽʮʽʘʪʠʚʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʨʷʜ ʩʧʽʣʴ-

ʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʧʦʜʽʡ. ɿʦʢʨʝʤʘ, ʚʧʨʦʚʘʜʞʝʥʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʣʶʜʩʴ-

ʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʪʘ ʧʝʨʝʜʙʘ-

ʯʝʥʥʷ ʧʦʜʽʡ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ-

ʢʦʞ ʚʢʣʶʯʘʣʠ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʥʝʟʚʠʯʥʠʭ ʧʦʜʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʟʘ ʢʘʤʝʨʦʶ [22]. 

DARPA ARGUS-IS (ʉʐɸ) [23] ï ʩʠʩʪʝʤʘ, ʱʦ 

ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʢʦʞʝʥ ʨʫ-

ʭʦʤʠʡ ʦʙôʻʢʪ ʫ ʤʝʞʘʭ 40 ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ 

(ʨʦʟʤʽʨ ʥʝʚʝʣʠʢʦʛʦ ʤʽʩʪʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʾ 

ʧʣʘʪʬʦʨʤʠ. 

ʇʦʨʷʜ ʟ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʧʨʦ-

ʝʢʪʘʤʠ, ʽʩʥʫʻ ʥʠʟʢʘ ʢʦʤʝʨʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʧʨʦ-

ʧʦʥʫʶʪʴ ʚʽʜʝʦʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘ-

ʢʠʭ ʟʘʜʘʯ ʷʢ ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʩʦʙʠ, ʚʽʜʩʪʝʞʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʪʨʠ-

ʚʦʞʥʠʭ ʧʦʜʽʡ ʪʦʱʦ. ʇʨʝʜʩʪʘʚʥʠʢʘʤʠ ʟ ʪʘʢʠʭ ʢʦʤ-

ʧʘʥʽʡ ʻ: ɸxis Communications, IBM, Dahua 

Technology, AxxonSoft Ltd, Bosch, AgentVi, 

HikVision, IntelliVision, ISS, NEC, NVIDIA, IDIS, 

Avigilon, Hanwha, Herta, Qognify Ltd, Digifort Pty 

Ltd, Brickcom, Digital Barriers plc, Videmo 

Intelligente, Samsung SDS Europe Ltd., IPS Intelligent 

Video Analytics, eSurv, iOmniscient Pty Ltd., 

TechnoAware ʪʦʱʦ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʢʦʤʧʘʥʽʷ IBM ʨʦʟʨʦʙʠʣʘ ʧʨʦʝʢʪ 

ʧʽʜ ʥʘʟʚʦʶ Smart Surveillance System (S3) [24]. 

ʉʠʩʪʝʤʘ ʜʘʻ ʟʤʦʛʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ-

ʩʪʦʩʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ "ʚʠʷʚʣʝʥʥʷ ʨʫʭʫ", "ʩʧʨʷʤʦʚʘ-

ʥʠʡ ʨʫʭ", "ʧʦʢʠʥʫʪʽ ʦʙ'ʻʢʪʠ", "ʧʦʰʢʦʜʞʝʥʥʷ ʢʘ-

ʤʝʨʠ". ɸ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢʦʚʽ ʟʘʧʠʪʠ ʱʦʜʦ 

http://forensor-project.eu/
https://www.iarpa.gov/index.php/research-programs/diva
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ʧʝʚʥʦʾ ʧʦʜʽʾ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ ʷʢ ʪʠʧʠ 

ʦʙ'ʻʢʪʽʚ, ʨʦʟʤʽʨʠ, ʰʚʠʜʢʦʩʪʽ, ʧʦʣʦʞʝʥʥʷ, ʢʦʣʽʨ. 

ʈʦʩʽʡʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ ʉʠʥʝʟʠʩ ʙʫʣʦ ʨʦʟʨʦʙ-

ʣʝʥʦ ʪʘʢʽ ʧʨʦʜʫʢʪʠ ʷʢ Kipod ʪʘ ʎʝʬʝʡ. 

ʍʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʛʨʦʤʘʜʩʴ-

ʢʦʾ ʙʝʟʧʝʢʠ Kipod ʦʙ'ʻʜʥʫʻ ʥʝʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʝʦʢʘʤʝʨ ʟ ʙʫʜʴ-ʷʢʠʭ ʦʙ'ʻʢʪʽʚ. ʇʣʘʪʬʦʨʤʘ 

ʦʙʨʦʙʣʷʻ ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʧʦʚʽʜʦʤʣʷʻ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʽ ʤʫʥʽʮʠʧʘʣʴʥʠʭ 

ʩʣʫʞʙ ʧʨʦ ʪʨʠʚʦʞʥʽ ʧʦʜʽʾ. ʅʘ ʦʩʥʦʚʽ Kipod ʚ ʈʝʩ-

ʧʫʙʣʽʮʽ ɹʽʣʦʨʫʩʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʈʝʩʧʫʙʣʽʢʘʥʩʴʢʫ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʛʨʦʤʘʜʩʴʢʦʾ ʙʝʟʧʝʢʠ ʟ ʤʝʪʦʶ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʽʢʩʘʮʽʾ ʧʦʜʽʡ ʟ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʛʨʦʤʘʜʩʴʢʠʭ ʤʽʩʮʷʭ, 

ʤʽʩʮʷʭ ʩʢʫʧʯʝʥʥʷ ʣʶʜʝʡ ʪʦʱʦ. 

ʂʦʤʧʣʝʢʩ ʎʝʬʝʡ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʦʭʦʨʦʥʠ ʽ ʙʝʟʧʝʢʠ ʚʝʣʠʢʠʭ, ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞ-

ʣʠʚʠʭ ʦʙ'ʻʢʪʽʚ. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʨʠʚʦʞʥʠʭ ʧʦʜʽʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. 

ʑʝ ʦʜʥʘ ʨʦʩʽʡʩʴʢʘ ʢʦʤʧʘʥʽʷ VOCORD ʨʦ-

ʟʨʦʙʠʣʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʨʦʟʧʦʜʽʣʝʥʫ ʩʠʩʪʝʤʫ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ï VOCORD Tahion, ʷʢʘ ʤʘʻ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʚʽʜʝʦʘʥʘʣʽʪʠʯʥʠʭ ʤʦ-

ʜʫʣʽʚ. 

ʉʝʨʝʜ ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʨʦʟʨʦʙʢʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʷʢ TRASSIR [25] ʪʘ ɹʘʥ-

ʢʦʤʟʚ'ʷʟʦʢ. 

ɺ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʘʭ ʋʢʨʘʾʥʠ ʜʣʷ ʢʦʥ-

ʪʨʦʣʶ ʟʘ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ "ɺʽʜʝʦʢʦʥʪʨʦʣʴ-ʈʫʙʽʞ" (ʜʠʚ. ʈʠʩ. 10). ʆʩ-

ʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʮʽʣʦʜʦʙʦ-

ʚʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩ-

ʧʦʨʪʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʦʤʝʨʥʠʭ 

ʟʥʘʢʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘʚʪʦʤʘʪʠʯʥʘ ʚʽʜʝʦʬʽʢ-

ʩʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫ, ʧʦʰʫʢ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʙʘʟʘʤ ʜʘ-

ʥʠʭ, ʘʥʘʣʽʟ ʧʦʪʦʢʫ ʪʨʘʥʩʧʦʨʪʫ ʧʦ ʢʦʥʪʨʦʣʴʥʠʤ ʢʨʠ-

ʪʝʨʽʷʤ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʟ ʘʨ-

ʭʽʚʦʚʘʥʠʤʠ ʜʘʥʠʤʠ [26]. 

 
ʈʠʩ. 10. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʠʧʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ "ɺʽʜʝʦʢʦʥʪʨʦʣʴ-ʈʫʙʽʞ" [26] 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʥʘʡʰʣʦ ʩʚʦʻ ʤʽʩʮʝ ʽ ʚ ʧʨʦʝʢʪʘʭ ʨʦʟʫʤʥʠʭ ʤʽʩʪ ʘʙʦ 

Smart City. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨ-

ʜʦʥʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʪʘʢʠʭ ʧʨʦ-

ʝʢʪʽʚ ʻ ʙʝʟʧʝʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʽ ʩʘʤʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʢʦʤʧʦʥʝʥʪʠ ʽ ʧʦʢʣʘʜʝʥʦ ʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɸʣʝ, ʚ 

ʨʦʙʦʪʽ [27], ʘʚʪʦʨʠ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʥʝ-

ʜʦʮʽʣʴʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʚʽʜʦʤʯʦʾ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʧʦʪʨʝʙ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʮʽʾ 

ʋʢʨʘʾʥʠ, ʘ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʦʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ "ʈʦʟʫʤʥʝ ʤʽʩʪʦ" ʘʙʦ Smart City. 

ɺ ʋʢʨʘʾʥʽ ʪʘʢʽ ʧʨʦʝʢʪʠ ʨʦʟʛʦʨʥʫʪʽ ʪʘ ʘʢʪʠʚʥʦ ʤʦ-

ʜʝʨʥʽʟʫʶʪʴʩʷ ʪʘ ʨʦʟʰʠʨʶʶʪʴ ʩʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʘʡʞʝ ʫ ʚʩʽʭ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ, ʤʝʥʰʽ ʪʘ-

ʢʦʞ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʢʘʟʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʨʦʝʢʪʠ Smart City ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤʠ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ. ʊʘʢ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʚ ʤ. ʂʠʾʚ ʢʦʤʫʥʘʣʴʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ çɯʥʬʦʨʤʘʪʠʢʘè ʙʫʣʦ ʨʦʟʛʦʨʥʫʪʦ 

ʧʨʦʝʢʪ, "ɹʝʟʧʝʯʥʝ ʤʽʩʪʦ", ʚ ʨʘʤʢʘʭ ʷʢʦʛʦ ʚ ʤ. ʂʠʾʚ 

ʚʩʪʘʥʦʚʠʣʠ ʙʣʠʟʴʢʦ 7000 ʪʠʩʷʯ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ [28], ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʤʽʩʴʢʦʛʦ ʜʘʪʘ-ʮʝʥ-

ʪʨʫ ï ʻʜʠʥʦʛʦ ʷʜʨʘ ʩʠʩʪʝʤʠ. 

3. ɺʀʉʅʆɺʂʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʆʪʞʝ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦ-

ʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫ ʩʚʽʪʽ ʪʘʢʠʤʠ 

ʢʦʥʛʣʦʤʝʨʘʮʽʷʤʠ ʷʢ ɭʚʨʦʧʝʡʩʴʢʠʡ ʩʦʶʟ, ʉʐɸ ʚʠʪ-

ʨʘʯʘʶʪʴʩʷ ʟʥʘʯʥʽ ʛʨʦʰʦʚʽ ʢʦʰʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʢʦʤ-

ʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʦ ʨʽʟʥʠʤ ʥʘʧʨʷʤʢʘʤ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʥʘʮʽʣʝʥʘ ʥʘ 

ʢʦʥʩʦʣʽʜʘʮʽʶ ʙʘʛʘʪʦʤʦʜʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʽʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʾʭ ʢʦʥʩʦʣʽʜʘʮʽʾ, ʦʙʨʦʙʢʠ 

ʪʘ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣ-

ʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʦʧʝʨʘʪʦʨʘʤ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʯʠ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʧʝʚʥʦʛʦ ʦʙ'ʻʢʪʘ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʮʽʣʠʤ ʢʦʤʧʣʝʢʩʦʤ ʟʘʭʦʜʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

https://www.kyivsmartcity.com/projects/safe-city/
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ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʻ ʦʜʥʠʤ ʽʟ ʩʢʣʘʜʦʚʠʭ ʫ ʟʘʛʘʣʴʥʽʡ 

ʢʦʤʧʣʝʢʩʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʝʢʠ. ɿʘʟʚʠʯʘʡ, ʥʘ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʩʢʣʘʜʽ ʪʘ-

ʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʧʦʢʣʘʜʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʬʽʢʩʘʮʽʾ ʪʨʠʚʦʞʥʠʭ ʧʦʜʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʚ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ ʧʦʚʠʥʥʽ ʟʘʟʥʘʯʘʪʠʩʷ 

ʷʢʽ ʜʽʣʷʥʢʠ ʦʙ'ʻʢʪʘ ʧʦʚʠʥʥʽ ʧʦʢʨʠʚʘʪʠ ʩʝʢʪʦʨʠ 

ʦʛʣʷʜʫ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʷʢʽ ʟʘʚʜʘʥʥʷ 

ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠ ʩʠʩʪʝʤʘ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʢʘʟʫʻ 

ʥʘ ʪʝ, ʱʦ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʽʰʝʥʴ ʪʘ ʘʨʭʽʪʝʢ-

ʪʫʨ ʚʢʘʟʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʬʝʨʠ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʠʟʠʢʠ ʪʘ ʟʘ-

ʛʨʦʟʠ ʥʘ ʷʢʽ ʧʦʚʠʥʥʘ ʨʝʘʛʫʚʘʪʠ ʚʽʜʦʤʯʘ ʩʠʩʪʝʤʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʤʝʪʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʥʘʣʽʟ ʪʘ ʩʠʛʥʘʣʽʟʫʚʘʥʥʷ ʧʨʦ ʦʙʩʪʘʥʦʚʢʫ ʷʢʘ 

ʩʢʣʘʣʘʩʷ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠ-

ʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥ-

ʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙ'ʻʢʪʘʭ, 

ʥʘ ʷʢʠʭ ʜʽʻ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʧʫʩʢʥʠʡ ʨʝʞʠʤ ʪʘ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʟʥʘʯʝʥʽ ʨʝʞʠʤʥʽ ʧʨʘʚʠʣʘ. 

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʨʦʣʽ ʪʘ ʬʫʥʢʮʽʡ ʫ 

ʩʢʣʘʜʽ ɯʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦ-

ʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ "ɻʘʨʪ". 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʠ ʚʜʦʣʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʷʪʦʡ ʦʩʠ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʦ ʦʙʲʝʤʘʤ, ʢʦʪʦʨʫʶ ʦʥʘ ʟʘʥʠʤʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʤʝʩʪʘ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʝ ʥʘ ʥʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʘ ʠʟ ʬʦʨʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ ʥʘʭʦʜʠʪʩʷ ʚʜʦʣʴ ʵʪʦʡ ʦʩʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʪʦʯʢʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʱʝʩʪʚʫ. ʀʟ ʵʪʦʡ ʦʩʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʪʝʨʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʠʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪ ʦʩʦʙʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦ-

ʟʥʘʥʠʶ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʦʜʠʪʩʷ ʤʝʩʪʦ ʢʠʙʝʨʥʝʪʠʢʝ. 

ABSTRACT 

The article examines the distribution of matter along the so-called fifth axis of its existence in terms of vol-

umes, which it occupies in space and time. The characteristic places located on it are investigated. It is shown that 

one of the forms of existence of matter is located along this axis between two points and refers to matter. From 

this axis it follows that the existence of matter presupposes the so-called parallel worlds, in which nature uses 

special information technologies. Cognition of these technologies is given the place of cybernetics. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʷʪʘʷ ʦʩʴ ʠʟʤʝʨʝʥʠʷ ʤʘʪʝʨʠʠ, ʠʥʬʦʨʤʘʮʠʷ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʠʨʳ, ʢʠʙʝʨʥʝʪʠʢʘ, ʧʨʦ-

ʙʣʝʤʳ, ʟʘʜʘʯʠ. 

Keywords: the fifth axis of matter measurement, information, parallel worlds, cybernetics, problems, tasks. 

 

1. ɺʚʝʜʝʥʠʝ. 

ʅʘʰʘ ʮʠʚʠʣʠʟʘʮʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʜʘʝʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʘʫʢʝ 

ʢʠʙʝʨʥʝʪʠʢʘ. ʇʦʩʢʦʣʴʢʫ, ʜʣʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, 

ʪʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʯʠʩʣʦʚʦʤ ʚʠʜʝ, 

ʪ.ʝ. ʪʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʅʘʧʦʤʥʠʤ, 

ʧʨʘʢʪʠʯʝʩʢʠ, ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʤʳ ʠʤʝʣʠ ʠ ʠʤʝʝʤ ʦʜʥʫ ʠʟ ʘʧʧʘ-

ʨʘʪʫʨʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʠʩʫʱʝʛʦ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʨʘʟʫʤʫ, ʪ.ʝ. ʫʤʝʥʠʝ ʩʢʣʘ-

ʜʳʚʘʪʴ, ʚʳʯʠʪʘʪʴ, ʫʤʥʦʞʘʪʴ ʠ ʜʝʣʠʪʴ ʯʠʩʣʘ. ʕʪʦ 

ʦʯʝʥʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʧʨʠʨʦʜʦʡ. ɺʝʜʴ ʦʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʦʡ 

ʤʘʪʝʨʠʠ çʥʘʚʦʜʥʠʣʘè ʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ, ʜʘʣʝʢʦ ʥʝ ʩʚʦʜʷʱʠʝʩʷ ʢ ʮʠʬʨʦʚʳʤ ʚʳʯʠʩ-

ʣʝʥʠʷʤ. ʂʠʙʝʨʥʝʪʠʢʘ, ʟʘʮʠʢʣʠʚʰʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ʚʳʯʠʩʣʝʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʜʦ ʠʥʦʡ ʥʝ 

ʯʠʩʣʦʚʦʡ, ʧʦʢʘ ʝʱʝ, ʥʝ çʜʦʙʨʘʣʘʩʴè. ɺ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʝ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʘ ʧʦʧʳʪʢʘ ʠʩʧʨʘʚʠʪʴ ʵʪʦʪ 

ʧʨʦʙʝʣ.  

2. ʇʷʪʘʷ ʦʩʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʪʝʨʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʄʘʪʝʨʠʘʣʠʩʪʘʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʬʨʘʟʘ ʠʟʚʝʩʪ-

ʥʦʛʦ ʫʯʝʥʦʛʦ-ʤʳʩʣʠʪʝʣʷ çʕʣʝʢʪʨʦʥ ʪʘʢʞʝ ʥʝʠʩʯʝʨ-

ʧʘʝʤ, ʢʘʢ ʠ ʘʪʦʤ, ʧʨʠʨʦʜʘ ʙʝʩʢʦʥʝʯʥʘ, éè [1], ʠʩ-

ʪʠʥʥʦʩʪʴ ʢʦʪʦʨʦʡ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ [2]. ɺ ʵʪʦʡ 

https://www.iarpa.gov/index.php/research-programs/diva
https://www.iarpa.gov/index.php/research-programs/diva
https://en.wikipedia.org/w/index.php?title=Mind%27s_Eye_(US_military)&oldid=918851592
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https://doi.org/10.1117/12.784724
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ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʠ ʧʦ ʦʙʲ-

ʝʤʘʤ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʥʘʨʫʞʝʥʘ ʝʱʝ ʦʜʥʘ ʧʷʪʘʷ ʦʩʴ ʠʟʤʝʨʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ, ʢʘʢ 

ʙʳ, ʥʫʣʝʚʘʷ ʪʦʯʢʘ ï çʥʘʯʘʣʘè ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʝʱʝ-

ʩʪʚʘ. ɼʦ ʵʪʦʡ ʪʦʯʢʠ ʫʤʝʥʴʰʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʠ ʧʦ ʦʙʲʝʤʘʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʦ ʥʘʰʝʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʤʘ-

ʣʳʝ ʨʘʟʤʝʨʳ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʯʪʦ ʨʘʟʨʝ-

ʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʞʠ-

ʚʳʭ ʠʣʠ ʨʫʢʦʪʚʦʨʥʳʭ) ʜʣʷ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʜʦ-

ʩʪʘʪʦʯʥʘ. ʉʣʝʜʫʝʪ, ʪʘʢʞʝ, ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ çʯʝʨʪʘè 

ʧʨʠʙʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʚʨʝʤʝʥʠ, 

ʪ.ʝ. ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʟʤʝʨʝʥʠʠ ʪʘʢʠʭ ʦʪʨʝʟ-

ʢʦʚ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ 

ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʵʪʫ ʦʩʴ, ʥʝʩʣʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʩʛʫʩʪʦʢ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙ-

ʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʩ 

ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ. ɹʦʣʝʝ ʪʦʛʦ, ʜʚʠʛʘʷʩʴ ʧʦ ʧʫʪʠ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʠʭʦʜʠʤ ʢ 

ʪʘʢʦʤʫ ʙʦʣʴʰʦʤʫ ʩʦʩʪʘʚʥʦʤʫ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʴ-

ʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʯʪʦ ʝʛʦ ʪʦʞʝ ʥʝʚʦʟʤʦʞʥʦ ʟʘʬʠʢʩʠ-

ʨʦʚʘʪʴ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʛʠ-

ʩʪʨʠʨʫʝʤʦʝ ʥʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʝʱʝ ʙʦʣʴʰʝʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦ-

ʪʦʨʦʝ ʥʘʰʠʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ. ʊʦ ʝʩʪʴ ʵʪʘ ʧʷʪʘʷ ʦʩʴ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʧʨʠʨʦʜʝ ʤʝʩʪ (ʪʦʯʝʢ ʦʩʠ), ʧʦ 

ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʢʦʪʦʨʳʭ, ʤʘʪʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝ-

ʱʝʩʪʚʦʤ, ʘ ʧʦ ʜʨʫʛʫʶ ʝʱʝ ʠ ʥʝʚʠʜʠʤʦʡ ʝʝ ʬʦʨʤʦʡ. 

ʀ ʪʦʛʜʘ ʦʙʲʷʩʥʠʤʦ ʩʚʦʡʩʪʚʦ ʚʘʢʫʫʤʘ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʟʘ ʛʨʘʥʠʮʝʡ ʤʘʣʦʛʦ ʧʦ ʦʙʲʝʤʘʤ ʧʝʨʝ-

ʭʦʜʘ, ʙʳʪʴ ʥʝʚʠʜʠʤʳʤ, ʪ.ʝ. ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ 

ʥʘʰʠʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. ʀʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʵʪʠʭ ʜʚʫʭ ʪʦʯʝʢ ʦʩʠ ʚ ʧʨʠ-

ʨʦʜʝ ʤʘʪʝʨʠʷ ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ, ʧʦʟʥʘʥʠʝ ʝʝ ʯʝ-

ʣʦʚʝʢʦʤ ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, c ʢʦʪʦʨʳʤʠ 

ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʥʝʚʠʜʠʤʳʤ ʚʘ-

ʢʫʫʤʦʤ, ʘ ʧʦ ʜʨʫʛʫʶ ï ʦʛʨʦʤʥʳʤ ʦʙʲʝʤʦʤ ʤʘʪʝʨʠʠ, 

ʢʫʜʘ ʚʭʦʜʠʪ ʚʩʷ ɺʩʝʣʝʥʥʘʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʧʦ-

ʟʥʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʝʱʝʩʪʚʝʥ-

ʥʦʡ ʬʦʨʤʦʡ ʤʘʪʝʨʠʠ, ʪʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʰʠ 

ʟʥʘʥʠʷ ʦ ʧʨʠʨʦʜʝ ʫʞʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ. ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʣʦʛʠʯʥʦ ʚʝʨʥʫʪʴʩʷ ʢ ʚʳʩʢʘʟʳʚʘʥʠʶ, ʩ ʢʦʪʦʨʦʛʦ 

ʠ ʥʘʯʠʥʘʝʪʩʷ ʥʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ ʩʪʘʪʴʠ [1]. ɼʘ ʤʘʪʝ-

ʨʠʘʣʴʥʳʡ ʤʠʨ ʙʝʩʢʦʥʝʯʝʥ ʠ ʝʛʦ ʧʦʟʥʘʥʠʝ ʝʛʦ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʷʤʠ (ʩʘʤʦ ʧʦʟʥʘʥʠʝ), ʪʦʞʝ ʙʝʩʢʦʥʝʯʥʦ. 

3. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦ ʦʙʲʝʤʫ ʬʦʨʤʳ ʚʝʱʝ-

ʩʪʚʘ. 

ɽʩʣʠ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʦʟʥʘʥʠʶ ʩʘʤʳʭ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʧʦ ʦʙʲʝʤʫ ʬʦʨʤ ʚʝʱʝʩʪʚʘ, ʪʦ ʵʪʦ ʩʣʝʜʫʝʪ ʥʘʯʠ-

ʥʘʪʴ ʩ ʵʣʝʤʝʥʪʘʨʥʳʭ ʝʛʦ ʯʘʩʪʠʮ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

çʧʝʨʝʚʘʣʝè ʦʪ ʥʝʚʠʜʠʤʳʭ ʧʦ ʦʙʲʝʤʘʤ ʬʦʨʤ ʤʘʪʝ-

ʨʠʠ ʢ ʚʠʜʠʤʳʤ ï ʚʝʱʝʩʪʚʝʥʥʳʤ, ʪ.ʝ. ʧʦʩʣʝ çʚʘʢʫ-

ʫʤʥʦʛʦè ʤʝʩʪʘ ʧʷʪʦʡ ʦʩʠ. ɺ [3] ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ 

ʜʝʚʷʪʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ. 

ʆʩʦʙʦ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʵʪʠ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪ ʥʝ 

ʧʨʦʩʪʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮ ʤʘʪʝʨʠʠ, ʢʦʪʦʨʳʭ ʩʝ-

ʛʦʜʥʷ ʬʠʟʠʢʘ çʦʪʢʨʳʣʘè ʩʚʳʰʝ ʜʚʫʭ ʪʳʩʷʯ, ʘ ʚ ʥʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʪ ʥʘʙʦʨ ʯʘʩʪʠʮ, ʢʦʪʦʨʦʛʦ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ 

ʊʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʦ-

ʜʝʣʷʤ ʵʪʠ ʯʘʩʪʠʮʳ ʚʦʟʥʠʢʘʶʪ ʚ çʚʘʢʫʫʤʥʦʡè ʪʦʯʢʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʩʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʧʨʦʷʚʣʷʪʴ ʚʝ-

ʱʝʩʪʚʝʥʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʊʦ ʝʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʩʫʙʩʪʘʥʮʠʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚʘ ʚ ʥʝʨʘʟ-

ʨʳʚʥʦʡ ʩʚʷʟʠ ʩ ʝʝ ʯʝʪʳʨʴʤʷ ʠʟʤʝʨʝʥʠʷʤʠ ï ʜʣʠʥʦʡ, 

ʰʠʨʠʥʦʡ, ʚʳʩʦʪʦʡ ʠ ʚʨʝʤʝʥʝʤ.  

ʆʩʦʙʦ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʤʘʪʝ-

ʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ çʚʳʚʦʜʠʪè ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ 

ʥʘ ʝʛʦ ʚʝʱʝʩʪʚʝʥʥʫʶ ʬʦʨʤʫ, ʩ ʢʦʪʦʨʦʡ ʤʳ ʟʝʤʣʷʥʝ 

ʠʤʝʝʤ ʜʝʣʦ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥ-

ʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙ-

ʩʪʘʥʮʠʠ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʧʨʠʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʛʘʯʝ 

ʚ ʩʚʦʝʤ ʚʳʙʦʨʝ, ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʘ-

ʪʝʨʠʶ ʚʜʦʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʷʪʦʡ ʦʩʠ. ɼʣʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʚʘʨʠʘʥʪʘ ʪʘʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʨʘʙʦʪʘ. 

4. ɼʚʘ ʚʠʜʘ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʆʪʤʝʯʝʥʥʦʝ ʩʚʦʡʩʪʚʦ ʚʝʱʝʩʪʚʘ ʟʘʥʠʤʘʪʴ 

ʦʙ̡ʝʤ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ï ʝʛʦ ʵʥʝʨʛʝʪʠʢʝ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʘʪʝʨʠʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʙʝʟ ʜʚʠ-

ʞʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʠ ʧʦʵʪʦʤʫ ʦʥʦ ʜʦʣʞʥʦ ʧʦʟʥʘ-

ʚʘʪʴʩʷ ʚ ʥʝʨʘʟʨʳʚʥʦʡ ʩʚʷʟʠ ʩ ʥʠʤ. ʂʣʘʩʩʠʯʝʩʢʠʡ 

ʧʨʠʤʝʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʙʳʯʥʦ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʜʚʠʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʧʦʜʯʠʥʷʝʪʩʷ ʧʦʣʝʚʳʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷʤ. ʊʦ ʝʩʪʴ, ʢʦʛʜʘ ʤʝʞʜʫ ʚʝʱʝʩʪʚʝʥʥʳʤʠ 

ʧʨʝʜʤʝʪʘʤʠ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ, ʧʨʦʷʚʣʷʝʤʳʝ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫ-

ʧʘʪʴ: ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ, ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʠʣʠ ʤʘʛʥʝ-

ʪʠʟʤʘ. ʇʦʟʥʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʩʠʣ 

ʥʘʫʢʦʡ ʧʦʨʫʯʝʥʦ ʟʘʥʠʤʘʪʴʩʷ ʬʠʟʠʢʝ, ʢʦʪʦʨʦʡ ʜʦ 

ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʩʪʦʣʝʪʠʷ ʥʝ ʫʜʘʣʦʩʴ ʨʘʟʦʙʨʘʪʴʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʝ, ʯʪʦ ʪʘʢʦʝ ʛʨʘʚʠʪʘʮʠʷ, ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʦ ʠ ʤʘʛʥʝʪʠʟʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ. ʀ, ʪʦʣʴʢʦ 

ʥʝʜʘʚʥʦ ʚ ʨʘʙʦʪʘʭ [4,5,6,] ʧʦʣʫʯʝʥ, ʚʝʩʴʤʘ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʘʜʝʢ-

ʚʘʪʥʳʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʠʨʦʜʝ ʤʦʜʝʣʠ ʧʦʣʷ 

ʠ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʫʞʝ ʚ ʧʨʦʰʣʦʤ ʜʚʘʜʮʘʪʦʤ ʩʪʦ-

ʣʝʪʠʠ, ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʜʚʠʞʝʥʠʠ 

ʚʝʱʝʩʪʚʘ ʠʛʨʘʶʪ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʝ ʩʠʣʳ, 

ʧʦʨʦʞʜʘʝʤʳʝ ʧʦʣʝʚʦʡ ʧʨʠʨʦʜʦʡ ʤʘʪʝʨʠʠ, ʥʦ ʠ ʧʨʦ-

ʮʝʩʩʳ, ʥʘʧʨʷʤʫʶ ʥʝʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ. ʈʝʯʴ ʠʜʝʪ ʦ 

ʷʚʣʝʥʠʷʭ, ʥʘ ʢʦʪʦʨʳʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ: ɸ. ɹʦʛ-

ʜʘʥʦʚ (ʄʘʣʠʥʦʚʩʢʠʡ), ʅ. ɺʠʥʝʨ ʠ ɺ. ɻʣʫʰʢʦʚ. ʋ 

ɹʦʛʜʘʥʦʚʘ ʦʥʠ ʦʪʥʝʩʝʥʳ ʢ ʪʝʢʪʦʣʦʛʠʠ, ʘ ʫ ɺʠʥʝʨʘ ʠ 

ɻʣʫʰʢʦʚʘ ʢ ʢʠʙʝʨʥʝʪʠʢʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ 

ʩʫʱʝʩʪʚʫʝʪ ʩʠʤʙʠʦʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʟʫ-

ʯʘʝʤʦʛʦ ʯʠʩʪʦʡ ʬʠʟʠʢʦʡ ʠ ʜʚʠʞʝʥʠʝʤ, ʟʘʚʠʩʷʱʠʤ 

ʝʱʝ ʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʧʦʟʥʘʚʘʝʤʦʡ ʢʠʙʝʨʥʝʪʠʢʦʡ. ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʜʚʫʭ ʜʚʠʞʝʥʠʡ ʠ ʧʦʨʦʜʠʣʦ ʥʘ ɿʝʤʣʝ ʞʠʚʫʶ ʬʦʨʤʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ.  

ʀʪʘʢ, ʧʨʠʩʪʫʧʘʷ ʢ ʠʟʫʯʝʥʠʶ ʬʦʨʤ ʤʘʪʝʨʠʘʣʴ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʝʱʝ ʨʘʟ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʤʘʪʝʨʠʷ, ʘ ʝʝ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʚʝʱʝʩʪʚʦ, ʪ.ʝ. ʪʘ 
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ʬʦʨʤʘ ʤʘʪʝʨʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʛʨʘʥʠʯʘʱʠʤʠ ʝʛʦ ʪʦʯʢʘʤʠ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʷʪʦʡ ʦʩʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʘʪʝʨʠʠ, ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʦʩʠ, ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɺʝʱʝ-

ʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʦʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ. ɺʝʜʴ, ʩʦʛʣʘʩʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʷʪʦʡ ʦʩʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢʨʦʤʝ ʚʳʭʦʜʘ ʥʘ ʚʝʱʝʩʪʚʦ ʚ ʧʨʠʨʦʜʝ ʝʩʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ, ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʧʘʨʘʣ-

ʣʝʣʴʥʳʝ ʝʤʫ ʬʦʨʤʳ, ʚʳʭʦʜ ʚ ʤʝʛʘ ʝʝ ʨʘʟʤʝʨʳ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʧʨʝʙʳ-

ʚʘʪʴ ʚʦ ʚʨʝʤʝʥʠ ʠ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ 

ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʝʱʝʩʪʚʝ ʚ ʬʦʨʤʝ 

ʜʚʫʭ ʚʠʜʦʚ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʅʘʧʦʤʥʠʤ, ʧʨʠʯʠʥʦʡ ʦʜ-

ʥʦʛʦ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʧʦʣʝʡ, ʘ ʚʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʧʫʩʢʘʝʪ ʵʪʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʝʨʚʦʛʦ ʚʠʜʘ 

ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚʳʩʪʫʧʘʶʪ ʧʨʦʩʪʳʝ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʧʨʝʜʤʝʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʚʨʘ-

ʱʝʥʠʝ ʧʣʘʥʝʪ ʧʦ ʩʚʦʠʤ ʦʨʙʠʪʘʤ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠ-

ʩʪʝʤʝ. ʊʦ ʝʩʪʴ ʚ ʵʪʠʭ ʚʠʜʘʭ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʧʨʠʯʠʥʘ 

ʩʣʝʜʫʝʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʳʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʪʦʨʦʛʦ ʚʠʜʘ, ʪʦ ʝʛʦ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʢʦʛʜʘ ʧʦʣʝʚʦʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ ʩʣʝʜʫʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

5. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟ-

ʤʘʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ, ʪ.ʝ. ʥʠʢʪʦ ʧʝʨʩʦʥʘʣʴʥʦ ʝʝ ʥʝ 

ʠʟʦʙʨʝʪʘʣ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ 

ʧʦʥʘʜʦʙʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʜʣʷ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ, ʵʢʦʥʦʤʠʢʠ, ʦʙʦʨʦʥʳ ʠ ʜʨʫ-

ʛʠʭ ʥʫʞʜ ʮʠʚʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʨʝʘʣʠʟʦʚʘʪʴ ʚʨʫʯ-

ʥʫʶ ʫʞʝ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʘ-

ʩʪʘʚʠʣʦ ʯʝʣʦʚʝʢʘ ʧʝʨʝʣʦʞʠʪʴ ʚʦʟʥʠʢʰʠʝ ʪʨʫʜʥʦ-

ʩʪʠ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʠʤ ʧʨʠʙʦʨʳ. ʆʩʦʙʦ 

ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ 

ʥʠʯʝʛʦ ʩʚʝʨʭʥʦʚʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʧʦʷʚʠʣʦʩʴ. ʇʨʦʩʪʦ ʯʠʩʣʦʚʫʶ ʦʙ-

ʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʡ ʧʨʠʨʦʜʘ ʥʘʜʝʣʠʣʘ 

ʯʝʣʦʚʝʢʘ, ʢʦʥʩʪʨʫʢʪʦʨʳ ʧʝʨʚʳʭ ʕʣʝʢʪʨʦʥʥʳʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ (ʕɺʄ) ʩʢʦʧʠʨʦʚʘʣʠ ʠ ʧʦʤʝ-

ʩʪʠʣʠ ʚ ʘʧʧʘʨʘʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʵʣʝʢʪʨʦʥʥʳʝ 

ʣʘʤʧʳ, ʨʝʟʠʩʪʦʨʳ, ʢʦʥʜʝʥʩʘʪʦʨʳ.  

ʅʘʧʦʤʥʠʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʚʝʜʝʥʘ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʕɺʄ (ʢʦʤʧʴʶʪʝʨʝ), ʪ.ʝ. ʪʘʢ ʞʝ ʢʘʢ ʵʪʦ ʯʝʣʦʚʝʢ ʝʛʦ 

ʚʳʧʦʣʥʷʝʪ ʥʘ ʚʝʨʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ï ʥʘʜ ʯʠʩʣʘʤʠ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʪ ʧʨʠʤʝʨʦʚ, ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʨʦʜʘ ʘʥʘ-

ʣʦʛʠʯʥʦ çʦʜʘʨʠʣʘè ʯʠʩʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ ʞʠʚʦʡ ʤʘʪʝʨʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ 

ʩʝʛʦʜʥʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ 

ʢʦʤʧʴʶʪʝʨʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʘʤʳʭ ʤʘʣʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮʘʭ, ʪʦ ʧʨʠʨʦʜʘ ʩʝʙʝ ʪʘʢʦʡ çʨʦʩ-

ʢʦʰʠè ʥʝ ʧʦʟʚʦʣʷʝʪ. ʋ ʥʝʝ ʦʙʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʚ ʙʦ-

ʣʝʝ ʩʣʦʞʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʝʜʠʥʠʮʘʭ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʩʝʤʠʜʝʩʷʪʳʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ɺ.ʄ. 

ɻʣʫʰʢʦʚ, ʧʨʠ ʥʦʚʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ, 

ʚʳʩʢʘʟʘʣ ʠʜʝʶ ʧʝʨʝʭʦʜʘ ʚ ʤʘʰʠʥʥʦʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪ ʦʧʝʨʘʮʠʡ ʩ ʯʠʩʣʘʤʠ, ʢ ʪʝʭʥʦ-

ʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʦʥ ʧʨʦʛʥʦʟʠʨʦʚʘʣ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʫʧʨʦʱʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʯʠʩʣʦʚʳʤʠ ʜʘʥ-

ʥʳʤʠ, ʪ.ʝ. ʦʙʨʘʙʦʪʢʠ ʚ ʙʠʪʘʭ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʚ 

ʯʠʩʣʘʭ ï ʚ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʤʘʰʠʥʥʳʭ ʜʘʥʥʳʭ ʯʠʩ-

ʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʳʩʢʘʟʳʚʘʷ ʚʧʝʨʚʳʝ ʚ ʢʠʙʝʨ-

ʥʝʪʠʢʝ ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʥ ʥʝ ʫʧʦʪʨʝʙʣʷʣ 

ʩʣʦʚʘ ï ʯʠʩʣʦʚʘʷ ʠʣʠ ʮʠʬʨʦʚʘʷ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʷ. ɺ 

ʠʟʚʝʩʪʥʦʡ ʆɻɸʉ ï ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɺ. ɻʣʫʰʢʦʚ ʛʦʚʦʨʠʣ ʦʙ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʝ, ʘ ʥʝ ʯʠʩʣʦʚʦʡ, ʮʠʬʨʦʚʦʡ. ʕʪʦ ʫʞʝ ʧʦ-

ʪʦʤ, ʥʝ ʚʠʜʷ ʠʥʦʛʦ ʨʝʰʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʠ-

ʩʪʝʤʳ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʣʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʷʚʠʣʠʩʴ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʦ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ, ʦ 

ʮʠʬʨʦʚʦʤ ʦʙʱʝʩʪʚʝ. 

ɺ. ɻʣʫʰʢʦʚ, ʧʨʦʛʥʦʟʠʨʫʷ ʧʝʨʝʭʦʜ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʥʝʞʝʣʠ ʯʠʩʣʦʚʳʝ ʜʘʥ-

ʥʳʝ, ʧʨʝʜʧʦʣʘʛʘʣ, ʧʨʠ ʵʪʦʤ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʧʨʦʱʝ-

ʥʠʝ ʩʘʤʦʡ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʧʨʦʛʥʦʟʘ 

ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʝʱʝ ʧʨʠ ʝʛʦ ʞʠʟʥʠ ʚ 1981 ʛʦʜʫ, ʜʣʷ 

ʯʝʛʦ ʚ Computer science ʧʨʝʜʣʘʛʘʣʦʩʴ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʠʟʫʯʘ-

ʶʱʠʤ ʘʣʛʝʙʨʳ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʩʚʦʡ-

ʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʘʣʛʝʙʨ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʷʚʣʝʥʠʝ ʠʟʦʤʦʨʬʠʟʤʘ. ʀʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʝʩʣʠ ʟʘʜʘʪʴ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʧʝʨʘ-

ʮʠʷʭ ʦʜʥʦʡ ʘʣʛʝʙʨʳ, ʪʦ ʝʝ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʚ ʪʝʨ-

ʤʠʥʘʭ ʠ ʦʧʝʨʘʮʠʷʭ ʜʨʫʛʦʡ ʘʣʛʝʙʨʳ ï ʝʡ ʠʟʦʤʦʨʬ-

ʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʘʧʧʘʨʘʪʫʨ-

ʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʪʘʢʦʡ ʘʣʛʝʙʨʝ ʩ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʪʦ ʪʝʤ ʩʘ-

ʤʳʤ, ʤʳ ʩʤʦʞʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʧʝʨʘʮʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠ-

ʟʫʝʤʦʡ ʚ ʵʪʦʡ ʘʧʧʘʨʘʪʫʨʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʪʦʛʜʘ ʚʩʷ 

ʩʣʦʞʥʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʪʘʢʦʡ ʘʣʛʝʙʨʳ ʚ ʪʦʤ ʞʝ 

1981 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʛʝʙʨʘ ʤʘʪʨʠʮ, ʜʣʷ ʢʦ-

ʪʦʨʦʡ ʤʘʪʝʤʘʪʠʢʘ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʣʘ ʘʧʧʘʨʘʪ ʨʝ-

ʛʫʣʷʨʥʳʭ ʤʘʪʨʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʮʝʣʦʛʦ ʩʝʤʝʡ-

ʩʪʚʘ ʝʡ ʠʟʦʤʦʨʬʥʳʭ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨ, ʧʨʠʤʝʨʘʤʠ 

ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʘʣʛʝʙʨʘ ʧʦʣʠʥʦʤʦʚ, ʘʣʛʝʙʨʘ 

ʨʷʜʦʚ ʌʫʨʴʝ, ʘʣʛʝʙʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʘʣʛʝʙʨʘ 

ʢʚʘʪʝʨʥʠʦʥʦʚ ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʝʙʨʘ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʭ ʯʠʩʝʣ ʪʦʞʝ ʠʤʝʝʪ ʧʨʝʢʨʘʩʥʦʝ ʤʘʪʨʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʪʦ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʥʘʨʘʙʦ-

ʪʘʥʥʦʝ ʥʘ ʪʦ ʚʨʝʤʷ, ʜʘ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʝʟ ʢʘʢʠʭ ʣʠʙʦ ʜʦʨʘʙʦʪʦʢ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʢʨʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʪʘʢʠʭ ʤʘʪ-

ʨʠʯʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʕɺʄ (ʄɸʕɺʄ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ ʤʘʪʨʠʮʘʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʚ ʙʦʣʴʰʦʡ ʩʪʝ-

ʧʝʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʦʜʥʦʨʦʜʥʳʤ ʯʘʩʪʦ ʧʦʚʪʦʨʷ-
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ʶʱʠʤʩʷ ʜʝʡʩʪʚʠʷʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʣʠʟʘ-

ʮʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ (ʤʘʪʨʠʯʥʦʛʦ) ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʘ-

ʤʷʪʠ ʄɸʕɺʄ ʚ ʤʠʢʨʦ ʩʭʝʤʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʥʝʞʝʣʠ, ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, 

ʥʦ ʫʞʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʣʘʭ. 

6. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ ʩ 

ʧʦʟʠʮʠʠ ʧʷʪʦʡ ʦʩʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʕɺʄ 

ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘ-

ʣʦʩʴ, ʝʩʪʴ ʧʦʚʪʦʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʧʦʜʘʨʝʥʥʦʡ ʯʝʣʦʚʝʢʫ ʧʨʠʨʦʜʦʡ, ʪʦ ʚʳʰʝ ʨʘʩ-

ʩʤʦʪʨʝʥʥʘʷ ʠʜʝʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʣʠ-

ʥʝʡʥʳʭ ʘʣʛʝʙʨʘʭ ʷʚʣʷʝʪʩʷ ʯʠʩʪʳʤ ʠʟʦʙʨʝʪʝʥʠʝʤ 

ʯʝʣʦʚʝʢʘ. ɺ ʥʝʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʚ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʚ ʠʭ ʩʣʦʞʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʫʩʣʦʞʥʷʷ ʩʪʨʫʢʪʫʨʫ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʜʘʥʥʳʭ, ʤʳ ʜʦʙʠʚʘʝʤʩʷ ʫʧʨʦʱʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. 

ɺ ʵʪʦʤ ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʫʶ ʤʘʰʠʥʥʫʶ ʤʘʪʝʤʘ-

ʪʠʢʫ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʪ ʧʨʠʝʤ ʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʝ ʚʨʝʤʷ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʣ ɺ.ʄ. ɻʣʫʰʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʫʞʝ ʦʪ-

ʤʝʯʘʣʦʩʴ, ʧʨʠʨʦʜʘ ʥʘʜʝʣʠʣʘ ʞʠʚʫʶ ʤʘʪʝʨʠʶ 

ʠʥʳʤʠ ʥʝʯʠʩʣʦʚʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ, ʠ ʪʦʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʥʠʭ, ʫʢʨʫʧʥʝʥ-

ʥʳʭ ʜʘʥʥʳʭ. ʇʦʟʥʘʥʠʝ ʠʭ ʜʦʣʞʥʦ ʧʨʠʥʝʩʪʠ ʥʝʦʩʧʦ-

ʨʠʤʫʶ ʧʦʣʴʟʫ ʥʘʫʢʝ ʢʠʙʝʨʥʝʪʠʢʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦ-

ʚʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʧʳʪʘʝʤʩʷ 

ʦʙʥʘʨʫʞʠʪʴ, ʭʦʪʷ ʙʳ, ʩʣʝʜʳ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʧʷʪʦʡ ʦʩʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ.  

ɼʣʷ ʯʝʛʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʠʟ ʞʠʚʦʡ ʧʨʠ-

ʨʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʦʩʴ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʤʘʪʝʨʠʷ ʚʜʦʣʴ ʥʝʝ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʢʘʞʜʳʡ ʝʝ ʩʛʫʩʪʦʢ ʷʚ-

ʣʷʝʪʩʷ çʚʣʦʞʝʥʠʝʤè ʚ ʜʨʫʛʦʡ ʩʛʫʩʪʦʢ ʩ ʝʱʝ ʙʦʣʴ-

ʰʠʤ ʦʙʲʝʤʦʤ. ʇʨʠʯʝʤ, ʚʝʩʴʤʘ ʯʘʩʪʦ ʵʪʦʪ ʩʛʫʩʪʦʢ ʩ 

ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʝʥʴʰʠʝ 

ʩʛʫʩʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʤʤʝʪʨʠʯʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʦʤʫ ʝʩʪʴ ʥʘʰ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘ-

ʥʠʟʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘ-

ʩʪʝʡ ʪʝʣʘ. ʋʩʣʦʚʥʦ, ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʚ 

ʮʝʣʦʤ ʦʨʛʘʥʠʟʤʝ ʧʦʜʯʠʥʝʥʳ, ʫʧʨʘʚʣʷʶʱʝʡ ʝʜʠʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʝ-

ʞʠʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʭʦʜʠʪ ʦʪ ʢʘʞʜʦʡ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ. ʀʥʦʛʜʘ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʷʚ-

ʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʙʦʣʠ, ʢʦʛʜʘ ʪʨʘʚʤʘ ʦʜʥʦʡ ʯʘʩʪʠ 

ʪʝʣʘ ʤʦʞʝʪ ʦʱʫʱʘʪʴʩʷ, ʥʝ ʪʦʣʴʢʦ, ʚ ʥʝʡ, ʥʦ ʠ, ʚ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, 

ʯʪʦ ʪʨʘʚʤʠʨʦʚʘʥʥʘʷ ʯʘʩʪʴ, ʠʟʣʝʯʠʚʘʷʩʴ, ʫʞʝ, ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʪʨʝʚʦʞʠʪ ʦʨʛʘʥʠʟʤ, ʥʦ ʙʦʣʴ ʧʨʦʜʦʣʞʘ-

ʝʪʩʷ, ʚ ʪʦʡ ʟʜʦʨʦʚʦʡ ʧʦʣʦʚʠʥʝ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï 

ʧʦʯʝʤʫ, ʠ ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʪʦʨʦʥʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʩʚʷʟʠ, ʪ.ʝ. ʩ ʧʦʟʠʮʠʡ ʢʠʙʝʨʥʝʪʠʢʠ? ɺʝʜʴ, ʝʩʣʠ 

ʦʨʛʘʥʠʟʤ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʪʨʘʚʤʦʡ, ʪʦ ʟʘʯʝʤ ʝʤʫ ʪʨʝ-

ʚʦʞʠʪʴ ʝʱʝ ʠ ʪʫ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʣʝ-

ʯʝʥʠʠ? ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʵʪʘ ʠʟʙʳʪʦʯʥʦʩʪʴ? ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʢʠʙʝʨʥʝʪʠʢʠ ʦʯʝʥʴ ʚʘʞʥʘ ʝʱʝ ʠ ʬʠʟʠʯʝ-

ʩʢʘʷ ʦʩʥʦʚʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʠʨʦʜʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʘʤʘ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʘ 

ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʮʝʣʦʤ ʦʨʛʘʥʠʟʤʘ ʦ ʧʨʠʥʷ-

ʪʦʤ ʝʶ ʨʝʰʝʥʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʵʪʘ ʦʩʥʦʚʘ 

ʟʠʞʜʝʪʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ, ʟʥʘʥʠʷ ʦ ʢʦʪʦʨʳʭ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʨʘʩʣʠ ʥʘʫʢʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʬʠ-

ʟʠʢʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʨʦʜʘ ʵʪʠʭ ʧʦʣʝʡ ʜʘʣʝʢʘ ʦʪ ʠʩ-

ʪʠʥʳ. ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʙʳʪʫʝʪ 

ʤʥʝʥʠʝ, ʯʪʦ ʥʝʯʝʛʦ çʣʝʟʪʴ ʢ ʩʦʩʝʜʷʤè, ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʚ ʬʠʟʠʢʫ, ʠ ʚ ʵʪʦʤ ʦʥʠ ʦʰʠʙʘʶʪʩʷ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʝʩʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʪʨʘʩʣʠ 

ʟʥʘʥʠʡ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʠ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʡ ʚ ʥʝʡ, ʪʦ ʪʘʢʦʡ ʚʦʧʨʦʩ 

ʧʨʠʥʷʪʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʟʘʜʘʯʝʡ. ɽʩʣʠ ʥʫʞʥʳʭ 

ʟʥʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʥʘʜʦ çʟʘʛʣʷʥʫʪʴè ʚ ʩʦʩʝʜ-

ʥʶʶ ʥʘʫʢʫ, ʪʦ ʪʘʢʦʡ ʚʦʧʨʦʩ, ʙʝʟʫʩʣʦʚʥʦ, ʢʚʘʣʠʬʠ-

ʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʙʣʝʤʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʘ ʧʨʦ-

ʙʣʝʤʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʠʙʝʨʥʝʪʠʢʦʡ. ʇʨʠʚʝʜʝʥʥʦʝ 

ʚʳʰʝ ʟʘʤʝʯʘʥʠʝ ʦʯʝʥʴ ʚʘʞʥʦ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʨʝʰʝ-

ʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʆʨʠʝʥʪʘʮʠʷ 

ʪʦʣʴʢʦ ʥʘ ʟʘʜʘʯʠ ʥʝʚʦʣʴʥʦ ʚʳʚʦʜʠʪ ʥʘʫʯʥʳʝ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʠʟ ʨʘʥʛʘ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʘʪʝʨʠʠ ʚ ʞʠʚʦʤ ʚʠʜʝ ʥʘ ʦʩʠ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʯʝʣʳ, ʪʦ ʝʩʪʴ ʪʝ, ʢʦʪʦʨʳʝ ʞʠʚʫʪ 

ʙʦʣʴʰʠʤʠ ʩʝʤʴʷʤʠ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʚʠʜ ʥʘʩʝʢʦʤʳʭ, ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ (ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ) ʮʝʣʝʡ. ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʢ ʠʭ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʫ ʢʠʙʝʨ-

ʥʝʪʠʢʦʚ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʯʝʣʘ ʭʦʨʦʰʦ ʧʨʠʫʯʝʥʘ ʢ ʦʙʫʯʝʥʠʶ ʠ 

ʙʳʩʪʨʦ ʥʘʭʦʜʠʪ ʠʩʪʦʯʥʠʢ ʢʦʨʤʘ ï ʧʣʘʥʪʘʮʠʶ ʤʝʜʦ-

ʥʦʩʥʳʭ ʮʚʝʪʢʦʚ. ʀ ʵʪʦ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʣʝ ʦʙ-

ʱʝʥʠʷ ʩ ʨʘʙʦʯʝʡ ʧʯʝʣʦʡ ʨʘʟʚʝʜʯʠʮʝʡ, ʢʦʪʦʨʘʷ ʚ 

ʩʚʦʝʤ ʨʠʪʫʘʣʴʥʦʤ ʪʘʥʮʝ ʫʢʘʟʳʚʘʝʪ ʤʝʩʪʦ ʤʝʜʦʥʦʩ-

ʥʦʛʦ ʚʟʷʪʢʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʵʪʦʪ ʪʘʥʝʮ. ʇʯʝʣʘ ʨʘʟʚʝʜʯʠʮʘ ʧʦʚʪʦ-

ʨʷʝʪ ʝʛʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʫʣʴʝ, ʠ ʧʨʠ ʵʪʦʤ, ʠʟʜʘʝʪ 

ʟʚʫʢʠ ʚ ʚʠʜʝ ʞʫʞʞʘʥʠʷ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳ-

ʚʘʝʪ ʩʚʦʠʤ ʩʦʙʨʘʪʴʷʤ, ʢʘʢ ʜʘʣʝʢʦ ʥʫʞʥʦ ʣʝʪʝʪʴ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʧʦ-

ʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʙʦʯʠʝ ʧʯʝʣʳ ʙʳʩʪʨʦ ʠ ʙʝʟ-

ʦʰʠʙʦʯʥʦ ʥʘʭʦʜʷʪ ʠʩʢʦʤʫʶ ʚʟʷʪʢʫ. ʇʨʘʚʜʘ, ʚʦ 

ʚʨʝʤʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʩʚʦʡ çʜʦʤʠʢè ʚʦʟʥʠʢʘʶʪ 

ʪʨʫʜʥʦʩʪʠ. ʉʪʦʠʪ ʥʝʤʥʦʛʦ ʩʤʝʩʪʠʪʴ ʫʣʝʡ ʩ ʝʛʦ 

ʦʙʳʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʠ ʧʯʝʣʢʘ ʥʝ ʤʦʞʝʪ ʫʞʝ ʧʦ-

ʧʘʩʪʴ ʚ ʩʚʦʡ ʣʝʪʦʢ. ʇʨʠ ʵʪʦʤ, ʩʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, 

ʯʪʦ ʫ ʥʝʝ ʦʙʦʥʷʥʠʝ ʩʚʝʨʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦ, ʠ ʟʘʧʘʭ 

ʨʦʜʥʦʛʦ ʜʦʤʘ ï ʝʡ ʦʯʝʥʴ ʙʣʠʟʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟ-

ʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ: çɽʩʣʠ, ʪʦʣʴʢʦ ʧʦ 

çʨʘʩʩʢʘʟʘʤè ʧʯʝʣʳ ʨʘʟʚʝʜʯʠʮʳ ʨʘʙʦʯʘʷ ʧʯʝʣʘ 

ʙʳʩʪʨʦ ʥʘʭʦʜʠʪ ʤʝʜʦʥʦʩʥʦʝ ʤʝʩʪʦ ʚ ʧʨʠʨʦʜʝ, ʛʜʝ 

ʦʥʘ ʥʠʢʦʛʜʘ, ʨʘʥʴʰʝ, ʥʝ ʙʳʚʘʣʘ, ʘ ʚʦʪ ʚʝʨʥʫʪʴʩʷ ʜʦ-

ʤʦʡ, ʣʝʪʦʢ ʢʦʪʦʨʦʛʦ ʥʝʩʢʦʣʴʢʦ ʩʤʝʩʪʠʣʩʷ, ʝʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ?è ʂʘʢ-ʪʦ ʥʝ ʩʦʛʣʘʩʫ-

ʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʚʝʨʭ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʠʝʥʪʠ-

ʨʦʚʘʪʴʩʷ ʧʦ ʯʫʞʠʤ ʨʘʩʩʢʘʟʘʤ, ʧʨʠ ʧʦʣʝʪʝ ʟʘ ʤʝʜʦ-

ʥʦʩʥʦʡ ʚʟʷʪʢʦʡ, ʙʝʟ ʧʨʦʙʣʝʤ ʜʦʙʠʨʘʪʴʩʷ ʜʦʤʦʡ 

(ʮʝʣʦʝ ʣʝʪʦ), ʝʩʣʠ ʣʝʪʦʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʝʩʪʝ ʠ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ 

ʫʣʴʷ ʚʝʨʥʫʪʴʩʷ ʜʦʤʦʡ ʧʯʝʣʝ ʫʞʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ.  

ɺʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʪʦʛʦ, 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʯʝʣʠʥʘʷ ʩʝʤʴʷ çʟʥʘʝʪè ʩʢʦʣʴʢʦ ʝʡ 

ʥʫʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʷʯʝʝʢ ʚ ʩʦʪʘʭ çʜʦʤʠʢʦʚè ʜʣʷ 
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ʙʫʜʫʱʠʭ ʪʨʫʪʥʝʡ. ɺʝʜʴ ʚ ʧʨʠʨʦʜʝ ʠʭ ʪʨʝʙʫʝʪʩʷ ʥʝ 

ʙʦʣʝ ʩʦʪʥʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʦʩʪʘʚʠʪʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʨʘʙʦʯʝʡ ʧʯʝʣʳ. ʊʦʪ ʞʝ ʚʦʧʨʦʩ ʢʘʩʘʝʪʩʷ ʠ ʤʘʪʦʯʥʠ-

ʢʦʚ ï ʜʦʤʠʢʦʚ ʜʣʷ ʤʦʣʦʜʳʭ ʤʘʪʦʢ, ʢʦʪʦʨʳʭ, ʚ ʦʙʳʯ-

ʥʦʤ ʫʣʴʝ, ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʜʦ ʜʝʩʷʪʠ. ɸ ʚʦʪ 

ʝʱʝ ʣʶʙʦʧʳʪʥʳʡ ʚʦʧʨʦʩ: çʂʪʦ ʧʦʨʫʯʘʝʪ ʥʝʩʢʦʣʴ-

ʢʠʤ ʧʯʝʣʠʥʳʤ ʦʩʦʙʷʤ ʠʩʢʘʪʴ ʥʦʚʦʝ çʞʠʣʠʱʝè ʧʦ-

ʩʣʝ ʚʳʭʦʜʘ ʨʦʷ ʠʟ ʫʣʴʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ: çʂʪʦ ʚ ʧʯʝʣʠʥʦʤ ʫʣʴʝ ʚʩʝʤ 

ʵʪʠʤ ʫʧʨʘʚʣʷʝʪ?è 

ʆʪʚʝʪʳ ʥʘ ʵʪʠ çʧʯʝʣʠʥʳʝè ʚʦʧʨʦʩʳ ʥʝ ʧʨʦʩʪʳ 

ʠ ʠʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ, ʧʨʝʜʧʦʣʘʛʘʷ, 

ʯʪʦ ʧʯʝʣʠʥʳʡ ʨʦʡ ʵʪʦ ʦʨʛʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠ-

ʨʦʚʘʥ ʠʟ ʧʯʝʣʠʥʳʭ ʦʩʦʙʝʡ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʞʠʟʥʴ 

ʢʦʪʦʨʦʛʦ ʫʧʨʘʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ. ʉʫʜʷ ʧʦ 

ʚʩʝʤʫ, ʦʪʚʝʪ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʘʪʝʨʠʠ ʚʜʦʣʴ ʧʷʪʦʡ ʦʩʠ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘ-

ʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ 

ʝʜʠʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ 

ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ ʧʯʝʣʳ, ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʫʯʘʩʪʢʠ ʤʘʪʝʨʠʠ ʚ ʝʜʠʥʦʤ ʝʝ ʦʙʲʝʤʝ. ɼʣʷ ʢʠʙʝʨʥʝ-

ʪʠʢʦʚ ʚ ʵʪʦʤ ʤʝʩʪʝ ʠʥʪʝʨʝʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ, ʢʘʩʘʶʱʠʝʩʷ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʪʘʢʦʤ ʝʜʠʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʘ ʪʘʢʞʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʝʛʦ ʯʣʝʥʘʤʠ. ʅʝ ʤʝʥʝʝ ʧʦʣʝʟʥʳʤʠ ʙʫ-

ʜʫʪ ʟʥʘʥʠʷ ʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ ʵʪʠʭ ʩʦʩʪʘʚ-

ʥʳʭ ʯʘʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ɺʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʠ 

ʚʜʦʣʴ ʧʷʪʦʡ ʦʩʠ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʦʙʱʝʡ ʞʠʟʥʠ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʤʦʚ ʤʘʪʝ-

ʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʧʦʜ çʢʨʳʰʝʡè ʦʜʥʦʛʦ ʙʦʣʴ-

ʰʝʛʦ ʦʙʲʝʤʘ. ɼʘʚʥʦ ʠʟʚʝʩʪʥʦʝ ʷʚʣʝʥʠʝ ʚ ʞʠʟʥʠ ʯʝ-

ʣʦʚʝʯʝʩʪʚʘ, ʢʦʛʜʘ ʚ ʥʝʤ ʧʦʷʚʣʷʶʪʩʷ ʣʠʯʥʦʩʪʠ, ʢʦ-

ʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʙʫʜʫʱʝʝ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ. ɺʩʧʦʤʥʠʤ ʙʦʣʛʘʨʩʢʫʶ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʠʮʫ 

ɺʘʥʛʫ, ʠʣʠ ɺʦʣʴʬʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʄʝʩʩʠʥʛʘ, ʦ ʩʧʦ-

ʩʦʙʥʦʩʪʷʭ ʢʦʪʦʨʳʭ ʭʦʜʷʪ ʣʝʛʝʥʜʳ ï ʦʙ ʠʭ ʫʤʝʥʠʠ 

ʚʠʜʝʪʴ ʥʘʰʝ ʙʫʜʫʱʝʝ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʜʦʩʪʠʛʥʫ-

ʪʳʭ ʥʘ ʩʝʛʦʜʥʷ ʟʥʘʥʠʡ, ʪʦ ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʠʤ ʩʧʦʩʦʙʥʦʩʪʷʤ ʥʝʪ. ʋʞʝ ʜʘʚʥʦ ʩʝ-

ʨʴʝʟʥʳʝ ʤʘʪʝʨʠʘʣʠʩʪʳ ʦʪʥʦʩʷʪ ʧʦʜʦʙʥʳʝ ʧʨʝʜʩʢʘ-

ʟʘʥʠʷ ʢ ʤʠʩʪʠʢʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʷʪʦʡ ʦʩʠ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʤʘʪʝʨʠʠ ʧʦ ʝʝ ʦʙʲʝʤʘʤ, ʢʦʪʦʨʳʝ ʦʥʘ ʟʘʥʠ-

ʤʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʤʦʞʥʦ 

ʚʳʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʫʶ ʛʠʧʦʪʝʟʫ. ɸ ʯʪʦ, ʝʩʣʠ ʫ 

ʥʘʰʝʡ ʮʠʚʠʣʠʟʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʤʠʨʝ ʠʤʝʝʪʩʷ 

ʝʱʝ ʜʚʦʡʥʠʢ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʤʳ, ʥʦ ʪʦʣʴʢʦ ʚʦ ʚʨʝ-

ʤʝʥʠ ʥʝʩʢʦʣʴʢʦ ʥʘʭʦʜʠʪʩʷ ʚʧʝʨʝʜʠ ʥʘʩ. ɺʝʜʴ ʵʪʦ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʪʝʨʠʠ ʚʜʦʣʴ ʧʷʪʦʡ ʦʩʠ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʧʨʠ-

ʨʦʜʝ ʤʦʞʝʪ ʙʳʪʴ çʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴè ʧʨʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʥʘʙʦʨʘ ʤʠʥʠʤʘʣʴʥʳʭ ʝʜʠʥʠʮ ʚʝʱʝʩʪʚʘ, ʢʦʪʦ-

ʨʳʡ ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʨʘʙʦʪʘʤ ʩʦʩʪʘʚʣʷʝʪ ʜʝʚʷʪʴ ʯʘ-

ʩʪʠʮ, ʥʝʩʢʦʣʴʢʦ ʩʜʚʠʥʫʪʴ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʠ ʧʨʦ-

ʠʟʚʝʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʢʘʭ, ʣʠʥʠʷʭ, ʧʣʦʩʢʦʩʪʷʭ. ʊʦʛʜʘ 

ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʤ ʚʝʱʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ çʧʘʨʘʣʣʝʣʴʥʳʡè ʥʘʤ ʤʠʨ ʩ 

ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʮʠʚʠʣʠʟʘʮʠʝʡ, ʢʘʢ ʠ ʫ ʥʘʩ, ʥʦ 

ʪʦʣʴʢʦ ʥʘʤʠ ʥʝ ʚʠʜʠʤʦʡ, ʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟ-

ʥʝʩʝʥʦ ʚʦ ʚʨʝʤʝʥʠ (ʦʥ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʧʝ-

ʨʝʜʠ ʥʘʩ). ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʨʠʨʦʜʥʳʝ ʩʙʦʠ ʚ ʥʘʰʝʤ ʚʝʱʝʩʪʚʝʥʥʦʤ ʤʠʨʝ, ʢʦʪʦ-

ʨʳʝ ʩʤʦʛʫʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʤʠʨʦʤ, ʠ ʵʪʠ ʩʙʦʠ, ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʣʶʜʷʭ ʥʘʰʝʡ ʮʠʚʠʣʠʟʘʮʠʠ. ɺʦʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʫ 

ɺʘʥʛʠ ʠ ʫ ʄʝʩʩʠʥʛʘ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʦʤ, ʯʪʦ ʥʘʩ ʞʜʝʪ ʚ ʙʫʜʫʱʝʤ. 

7. ɺʳʚʦʜʳ. 

ʉʦʚʨʝʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʙʳʯʥʦ, ʩʚʷʟʳʚʘʶʪ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʚʳʯʠʩʣʝʥʠ-

ʷʤʠ, ʠ ʧʦʵʪʦʤʫ ʝʩʣʠ ʚʦʟʥʠʢʘʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʚʦʧʨʦʩʳ 

ʚ ʪʝʦʨʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʪʦ ʢ ʠʭ ʨʝʰʝʥʠʶ ʩʪʘʨʘʶʪʩʷ 

ʧʨʠʚʣʝʯʴ ʦʩʦʙʝʥʥʦʩʪʠ ʯʠʩʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦ-

ʨʠʪʤʦʚ ʠ ʵʪʫ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʢʠ-

ʙʝʨʥʝʪʠʢʝ ʧʳʪʘʶʪʩʷ ʦʮʝʥʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝ-

ʨʦʡ, ʧʨʠʚʣʝʢʘʷ, ʧʨʠ ʵʪʦʤ, ʢʦʤʧʴʶʪʝʨ ʩ ʯʠʩʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ, ʠʟʚʝʩʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʦ ʂʦʣʤʦʛʦʨʦʚʫ ʦʮʝʥʠʚʘʝʪ 

ʝʛʦ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʧʨʦʛʨʘʤʤʳ.  

ɺ ʩʪʘʪʴʝ ʧʦʜʥʷʪʳ ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ ʘʣʛʦʨʠʪʤʦʚ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʳʯʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʘ-

ʪʝʨʠʠ ʩʦʛʣʘʩʥʦ ʧʷʪʦʡ ʦʩʠ ʝʝ ʠʟʤʝʨʝʥʠʷ. ɺ ʥʘʫʢʝ ʪʘ-

ʢʦʝ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʥʠʯʠʪ ʩ ʤʠʩʪʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʟʘʤʝʪʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʟʘ ʨʝʟʫʣʴ-

ʪʘʪʦʤ ʢʦʪʦʨʦʡ ʧʳʪʘʶʪʩʷ ʟʘʛʣʷʥʫʪʴ ʚ ʙʫʜʫʱʝʝ, ʪ.ʝ. 

ʧʨʝʜʩʢʘʟʘʪʴ ʝʛʦ. ʉ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʷʪʦʡ 

ʦʩʠ, ʦʙʲʷʩʥʷʶʱʝʡ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʤʘʪʝʨʠʠ, ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ ʧʦʧʳʪʢʘ ʦʪʚʝʩʪʠ 

ʤʠʩʪʠʢʫ ʦʪ ʪʘʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʙʫʜʫʱʝʛʦ, ʠ ʩʪʘ-

ʚʷʪʩʷ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʩʨʦʜʥʠ ʧʨʦʙʣʝʤʘʤ ʢʠʙʝʨ-

ʥʝʪʠʢʠ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩ-

ʩʘʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʞʠʚʦʡ ʤʘʪʝʨʠʠ, ʠ ʛʨʘʥʠʯʘʪ ʩ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚʘ. ʇʨʠ-

ʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʝ 

çʦʙɦʝʩʪʚʝʥʥʳʝè ʬʦʨʤʳ ʦʙʠʪʘʥʠʷ ʧʯʝʣ, ʘ ʪʘʢʞʝ ʚʳ-

ʩʢʘʟʳʚʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʠʨʝ ʨʝʘʣʴʥʦ ʩʫ-

ʱʝʩʪʚʫʶʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʠʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩʠʤʤʝʪʨʠʯʥʳʝ ʥʘʤ ʮʠʚʠʣʠʟʘʮʠʠ. ɿʘ-

ʪʨʘʛʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʥʠʤʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ 
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ɸʅʆʊɸʎɯʗ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʩʫʮʽʣʴʥʦʾ ʜʝ-

ʨʝʚʠʥʠ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ, ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ. 

ʄʝʪʦʜʠʢʘ ʘʧʨʦʙʦʚʘʥʘ ʙʽʣʴʰʝ ʷʢ ʥʘ 100 ʧʦʨʦʜʘʭ ʜʝʨʝʚʠʥʠ. ɺʧʝʨʰʝ, ʚ ʬʦʨʤʫʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʜʝʨʝʚʠʥʠ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʜʚʽ ʩʢʣʘʜʦʚʽ, ʧʨʫʞʥʷ ʪʘ ʧʣʘʩʪʠʯʥʘ. ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨ-

ʤʘʮʽʡ ʩʫʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ ï ʮʝ ʦʜʥʘ ʽʟ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʜʝʨʝʚʠʥʠ ʟʘ 

ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ.  

ABSTRACT 

A method for determining the critical deformations of deciduous and coniferous species of solid wood grown 

in Ukraine and abroad, by compression along the fibers in a theoretical way is proposed. The technique has been 

tested on more than 100 species of wood. For the first time, two components, elastic and plastic, are distinguished 

in the formula for determining the critical deformations of wood. Determination of critical deformations of solid 

wood is one of the components for the calculation of wooden elements and structures by deformation methods. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʨʝʚʠʥʘ, ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞ-

ʥʦʩʪʽ, ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ. 

Keywords: wood, maximum stresses, critical deformations, initial modulus of elasticity, compression along 

the fibers. 

 

ʇʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤʠ. ɿ ʢʦʞʥʠʤ ʜʥʝʤ ʥʘʫ-

ʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʩʧʨʠʷʻ ʨʽʟʢʦʤʫ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɺʽʥ ʪʦʨʢʘʻʪʴʩʷ ʚʩʽʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦ-

ʤʽʢʠ. ɯ ʥʝ ʦʤʠʥʘʻ ʥʘʧʨʷʤʢʠ ʨʦʟʨʦʙʢʠ ʚʠʧʨʦʙʫʚʘʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʘ-

ʪʝʨʽʘʣʽʚ, ʝʣʝʤʝʥʪʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷ-

ʪʠʣʽʪʪʷ ʚ ʩʚʽʪʽ ʟôʷʚʠʣʠʩʷ ʞʦʨʩʪʢʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʤʘ-

ʰʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʧʨʦʙʦʚʫʚʘʪʠ 

ʟʨʘʟʢʠ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʧʦʙʫʜʦʚʦʶ ʧʦʚʥʠʭ ʜʽʘʛʨʘʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʽ ʩʧʘʜʥʠʤʠ ʚʽʪʢʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʜʝʨʝʚʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ 

ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝ-

ʚʠʥʠ. ɸʣʝ ʧʘʨʘʣʝʣʴʥʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦ-

ʜʠʢʫ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʯʠʩʣʦʚʽ ʟʥʘ-

ʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʭʚʦʡʥʠʭ ʪʘ ʣʠʩʪʷʥʠʭ 

ʧʦʨʽʜ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. 

ɼʦʥʝʜʘʚʥʘ ʙʽʣʴʰʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʩʪʦʩʫ-

ʶʪʴʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʝʨʝʚʠʥʠ ʥʘ ʩʪʠʩʢ 

ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ, ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʪʘʢ ʟʚʘʥʦʛʦ 

çʤô̫ ʢʦʛʦè ʨʝʞʠʤʫ ʚʠʧʨʦʙʫʚʘʥʴ (ʟʘ ʧʨʠʨʦʩʪʦʤ ʥʘ-

ʚʘʥʪʘʞʝʥʴ) [1,2,3,4]. ʎʠʤ ʩʧʦʩʦʙʦʤ ʥʝʤʦʞʣʠʚʦ ʧʦ-

ʙʫʜʫʚʘʪʠ ʧʦʚʥʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, 

ʘ ʟʥʘʯʠʪʴ ʽ ʚʩʪʘʥʦʚʠʪʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʷʜʫ ʚʯʝʥʠʭ [5,6,7,8,9] ʚʜʘʣʦʩʷ 

ʧʦʙʫʜʫʚʘʪʠ ʧʦʚʥʽ ʜʽʘʛʨʘʤʠ çʥʘʧʨʫʞʝʥʥʷ-ʜʝʬʦʨʤʘ-

ʮʽʾè ʜʝʨʝʚʠʥʠ ʩʦʩʥʠ ʟʘ ʞʦʨʩʪʢʦʛʦ ʨʝʞʠʤʫ ʚʠʧʨʦʙʫ-

ʚʘʥʴ (ʟʘ ʧʨʠʨʦʩʪʦʤ ʧʝʨʝʤʽʱʝʥʴ).  

ɺ ʨʦʙʦʪʽ [10] ʘʚʪʦʨ ʚʠʟʥʘʯʠʣʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨ-

ʤʘʮʽʾ ʜʝʨʝʚʠʥʠ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʯʠ ʧʨʠ ʮʴʦʤʫ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʪʽʣʴʢʠ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʥʘʰʠʭ ʤʠʥʫʣʠʭ ʨʦʙʦʪʘʭ [11,12,13,14] ʤʠ 

ʧʨʦʚʝʣʠ ʤʘʩʰʪʘʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʨʘʟʢʽʚ ʣʠʩʪʷʥʠʭ (ʙʝʨʝʟʠ, ʚʽʣʴʭʠ, ʷʩʝʥʘ) ʪʘ ʭʚʦʡʥʠʭ 

(ʤʦʜʨʠʥʠ, ʩʦʩʥʠ, ʷʣʠʥʠ) ʧʦʨʽʜ, ʚʠʟʥʘʯʠʚʰʠ ʧʨʠ 

ʮʴʦʤʫ ʦʩʥʦʚʥʽ ʤʽʮʥʽʩʥʽ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ. 

ʊʘʢʦʞ ʧʦʙʫʜʫʚʘʣʠ ʧʦʚʥʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʩʫʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʥʘ 

ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʷʢʽ ʚʠ-

ʨʦʱʝʥʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʦʩ-
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ʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ (ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʧʦʯʘ-

ʪʢʦʚʽ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ) ʯʠʩʪʦʾ ʜʝʨʝʚʠʥʠ (ʥʦʨʤʘʪʠ-

ʚʥʽ ʧʦʢʘʟʥʠʢʠ).  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʤʠʥʫʣʠʭ ʥʘ-

ʰʠʭ ʨʦʙʦʪʘʭ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʫ ʬʦ-

ʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʫ-

ʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ ʭʚʦʡʥʠʭ ʪʘ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ, ʷʢʘ 

ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʧʨʫʞʥʶ ʪʘ ʧʣʘʩʪʠʯʥʫ ʩʢʣʘʜʦʚʽ 

,
,,,0, plcelcdc

uuu +=  
 
(1) 

ʜʝ uc,el ï ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ; 

uʩ,ʨl ï ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ. 

ɺʨʘʭʦʚʫʶʯʠ (1) ʪʘ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʽʩʪʴ ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʥʘʩʪʫʧ-

ʥʦʛʦ ʚʠʛʣʷʜʫ 

,/ 2

,0,10,0,,0, dcdcdc
fcEfu Ö+=  

 
(2) 

ʜʝ fc,0,d ï ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʝʨʝʚʠʥʠ ʥʘ 

ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ; 

ɽ0 ï ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʜʝʨʝʚʠʥʠ;  

ʩ1=6,55*10-7 (1/ʄʇʘ2). 

ʊʦʯʥʽʩʪʴ ʬʦʨʤʫʣʠ (2) ʧʝʨʝʚʽʨʝʥʦ ʥʘʰʠʤʠ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʤʠ ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [7,9]. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦ-

ʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ.  

ʆʪʞʝ, ʟʘʩʪʦʩʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ (2) ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʭ 

ʧʦʨʽʜ ʪʘʢ ʟʚʘʥʦʾ ʯʠʩʪʦʾ ʜʝʨʝʚʠʥʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʥʘ-

ʰʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʚʽʜʥʠʢʘʭ 

[15,16]. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ ʪʘ ʥʘ ʪʝʨʝʥʘʭ ʙʫʚʰʦʛʦ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ 20ʭ20ʭ30 ʤʤ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ 

ʚʦʣʦʢʦʥ , ʘ ʚ ʂʘʥʘʜʽ ʪʘ ʉʐɸ - ʧʝʨʝʨʽʟʦʤ 

51ʭ51ʭ208ʤʤ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʝʨʝʚʠʥʠ 

ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ 

ʪʽʣʴʢʠ ʜʣʷ ʪʠʭ ʧʦʨʽʜ ʟʘ ʩʪʘʥʜʘʨʪʥʦʾ ʚʦʣʦʛʦʩʪʽ 12%, 

ʜʣʷ ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ɽ0 ʪʘ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ fc,0,d.  

ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʬʦʨʤʫ-

ʣʦʶ (2) ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ: ʜʣʷ 

ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʡ ʧʦʨʽʜ ʚʠʨʦʱʝʥʠʭ ʚ ʋʢʨʘʾʥʽ ï 

ʪʘʙʣ.1, ʪʘʙʣ.2; ʚ ʎʝʥʪʨʘʣʴʥʽʡ ʪʘ ʉʭʽʜʥʽʡ ɭʚʨʦʧʽ - 

ʪʘʙʣ.3, ʪʘʙʣ.4; ʚ ʉʐɸ ʪʘ ʂʘʥʘʜʽ - ʪʘʙʣ.5, ʪʘʙʣ.6. ɺ 

ʪʘʙʣʠʮʷʭ ʙʫʜʫʪʴ ʦʢʨʝʤʦ ʟʘʧʠʩʘʥʽ ʧʨʫʞʥʽ uc,el ʪʘ 

ʧʣʘʩʪʠʯʥʽ uʩ,ʨl ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ, ʘ ʪʘʢʦʞ ʩʫʤʘ-

ʨʥʽ uc,0,d.  

ʊʘʙʣʠʮʷ 1 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʜʝʨʝʚʠʥʠ ʜʝʷʢʠʭ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ,  

ʷʢʽ ʚʠʨʦʱʝʥʽ ʚ ʋʢʨʘʾʥʽ 

ˉ ʇʦʨʦʜʘ ʜʝʨʝʚʠʥʠ E0,  

ʄʇʘ  

fc,0,d, 

ʄʇʘ 

ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ, 

ʤʤ/ʤʤ 

ʇʨʫʞʥʽ 

uc,el 

ʇʣʘʩʪʠʯʥʽ 

uc,pl 

ʉʫʤʘʨʥʽ 

uc,0,d 

1 ɸʢʘʮʽʷ ʙʽʣʘ 16000 73,3 0,00458 0,00352 0,00810 

2 ɹʝʨʝʟʘ ʧʫʭʥʘʩʪʘ 12300* 47,2 0,00384 0,00146 0,00530 

3 ɺʽʣʴʭʘ ʯʦʨʥʘ 11200 43,6 0,00389 0,00125 0,00514 

4 ʆʩʠʢʘ 11300 44,7 0,00396 0,00131 0,00527 

5 ʊʦʧʦʣʷ ʯʦʨʥʘ 15200 48,7 0,00320 0,00155 0,00475 

6 ʗʩʝʥ ʟʚʠʯʘʡʥʠʡ 16000* 55,9 0,00349 0,00205 0,00554 

ʇʨʠʤʽʪʢʠ: * ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʥʘʰʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥ-

ʥʷʤʠ 

 

ʊʘʙʣʠʮʷ 2 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʜʝʨʝʚʠʥʠ ʜʝʷʢʠʭ ʭʚʦʡʥʠʭ ʧʦʨʽʜ,  

ʷʢʽ ʚʠʨʦʱʝʥʽ ʚ ʋʢʨʘʾʥʽ 

ˉ ʇʦʨʦʜʘ ʜʝʨʝʚʠʥʠ E0,  

ʄʇʘ  

fc,0,d, 

ʄʇʘ 

ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ  

ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ, 

ʤʤ/ʤʤ 

ʇʨʫʞʥʽ 

uc,el 

ʇʣʘʩʪʠʯʥʽ 

uc,pl 

ʉʫʤʘʨʥʽ 

uc,0,d 

1 ʄʦʜʨʠʥʘ ɭʚʨʦʧʝʡʩʴʢʘ 11700 47 0,00402 0,00145 0,00547 

2 ʉʦʩʥʘ ʟʚʠʯʘʡʥʘ 12400 44 0,00355 0,00127 0,00482 

3 ʗʣʠʥʘ ʟʚʠʯʘʡʥʘ 14400* 44 0,00306 0,00127 0,00433 

4 ʗʣʠʮʷ ɹʽʣʘ 10600 44 0,00415 0,00127 0,00542 

ʇʨʠʤʽʪʢʠ: * ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʥʘʰʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥ-

ʥʷʤʠ 

 

  




