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The current situation for the use of tetrapolar chest rheography in clinical practice is seen as a consequence of 

incompleteness of cardiodynamic justification, in fact, of the impedancemethry object. Data of own experimental 

and clinical studies with right heart catheterization, pulmonary artery and thoracic aorta and parallel 

registration of thoracic rheogram electrocardiogram phonocardiograms under different positions of registration 

and conditions are given. The evidence is given that cardiodynamic basis of impedancemethry in chest 

rheography is a functional block of the right heart and pulmonary circulation. The represented algorithm of 

phase analysis of cardiac cycle obtained with reocardiocomplex is based on the comparison of cardiodynamic 

characteristics obtained with rheographic and reference methods. 
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ʀʟʥʘʯʘʣʴʥʦ ʤʝʪʦʜ ʪʝʪʨʘʧʦʣʷʨʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʜʘʨʥʦʛʦ ʦʙʲʝʤʘ ʩʝʨʜʮʘ (ʋʆʉ) ʠ ʤʠʥʫʪʥʦʛʦ (ʄʆʂ) ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ [24, 25,26]. ʄʝʪʦʜ 



ʙʳʣ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʄʆʂ 

(ʤʝʪʦʜ ʌʠʢʘ, ʠʥʜʠʢʘʪʦʨʥʦïʜʠʣʶʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ) ʠ ʩʪʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ.  ʆʜʥʘʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʷʚʠʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʨʞʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʤʝʥʥʦ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʬʠʠ, ʢʘʢ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʋʆʉ ʠ ʄʆʂ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʤʫ ʙʳʣʘ 

ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʠʤʧʝʜʘʥʩʦʤʝʪʨʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʥʳʤ ʠ ʘʤʧʣʠʪʫʜʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 

ʧʦ ʦʩʥʦʚʥʳʤ ʬʘʟʘʤ ʨʝʘʣʴʥʦʛʦ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ. ʅʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʩʪʘʚʠʣʠʩʴ ʧʦʜ ʩʦʤʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʥʘʤʠ ʤʝʪʦʜʠʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʦʛʨʘʬʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʦʙʝʟʴʷʥʳ, 

ʩʦʙʘʢʠ, ʢʨʦʣʠʢʠ, ʤʦʨʩʢʠʝ ʩʚʠʥʢʠ, ʢʨʳʩʳ, ʤʳʰʠ ʠ ʣʷʛʫʰʢʠ) ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2-6, 12] ʠ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ (ʜʝʪʠ, ʤʫʞʯʠʥʳ ʠ ʞʝʥʱʠʥʳ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʙʝʨʝʤʝʥʥʳʝ, ʟʜʦʨʦʚʳʝ ʠ 

ʙʦʣʴʥʳʝ) ʧʨʘʢʪʠʢʝ [1, 4-11, 13, 14, 16, 21, 27] ʙʳʣʦ ʥʘʯʘʪʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʥʘʟʘʜ ʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʦʪʚʝʪʦʚ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʦʧʨʦʩʘ. ʇʝʨʚʳʡ ï ʦʪʨʘʞʝʥʠʝʤ 

ʢʘʢʦʛʦ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʷʚʣʷʝʪʩʷ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩ ʛʨʫʜʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʨʝʦʛʨʘʤʤʳ (ʈɽʆʜʠʬʬ), ʚʪʦʨʦʡ ï ʯʝʪʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ 

ʈɽʆʜʠʬʬ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʨʘʩʯʝʪʝ ʚʝʣʠʯʠʥʳ ʋʆʉ ʧʨʠ ʪʝʪʨʘʧʦʣʷʨʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʨʫʜʥʘ ̫ ʈɽʆʜʠʬʬ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʣʝʛʦʯʥʦʡ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ, ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʝʩʣʠ ʧʨʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʝʤ ʋʆʉ, ʘ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʥʝʠʥʚʘʟʠʚʥʦ ʥʘʠʤʝʥʝʝ 

ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʵʪʦʛʦ ʧʨʘʚʳʤ ʦʪʜʝʣʘʤ ʩʝʨʜʮʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʥʥʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʬʘʟ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʨʘʩʯʝʪʘ 

ʋʆʉ ï ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʠ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ 

ʧʦ ʈɽʆʜʠʬʬ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʟʘ 

ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ. 

ʇʦʵʪʦʤʫ, ʢʨʦʤʝ ʷʩʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʫʙʩʪʨʘʪʝ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʤʤʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʈɽʆʜʠʬʬ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ (ʥʘ ʚʩʝʭ 

ʨʠʩʫʥʢʘʭ ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ ʢʨʠʚʦʡ ʈɽʆʜʠʬʬ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʘʨʢʝʨʦʤ ç3è), ʧʦʜʯʝʨʢʠʚʘʝʤ, 

ʠʟ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. ʅʘʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʰʠʙʢʘ 

ʨʘʩʯʝʪʘ ʋʆʉ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ 

ʚʦʣʥʳ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʚʝʜʝʥʥʳʡ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʥʘʙʦʨ 



ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʦʚ ʈɽʆʜʠʬʬ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʨʠʩ. 1). 

ɺʩʝ ʛʨʫʜʥʳʝ ʈɽʆ-ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʳ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʥʘʯʘʣʫ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ (ʪʦʯʢʘ çɺè) 

ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩ ʣʠʥʠʝʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 3.  

ʅʘ ʨʠʩʫʥʢʝ ʧʦ ʧʝʨʚʦʡ ʠ ʥʘʯʘʣʫ ʚʪʦʨʦʡ ʣʠʥʠʠ (ʩʚʝʨʭʫ ʚʥʠʟ) ʭʦʨʦʰʦ ʚʠʜʥʘ ʛʨʫʧʧʘ 

ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʦʚ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʩ ʦʯʝʥʴ ʯʝʪʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ (ʪʦʯʢʘ çɺè) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ (çɸ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʘʤʧʣʠʪʫʜʫ (ɸʜʠʬʬ). ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ (çʘè), ʘ ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ (ʪʦʯʢʘ çɺè) ʥʘʭʦʜʠʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʢʨʠʚʦʡ ʈɽʆʜʠʬʬ. ʕʪʦ ʠʤʝʥʥʦ ʪʝ ʩʣʫʯʘʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʢʠ çɺè ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʠʥʠʠ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʟʘʧʠʩʠ ʨʝʦʛʨʘʤʤʳ, ʢʘʢ ʯʘʩʪʦ ʠ ʧʨʘʢʪʠʢʫʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ɸʜʠʬʬ, ʩʦʚʧʘʜʝʪ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤʫ çʬʘʟʦʚʦʤʫè ʘʣʛʦʨʠʪʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʧʦ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʝ ʈɽʆʜʠʬʬ.  

ʊʘʢʠʝ ʬʦʨʤʳ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʦʚ ʈɽʆʜʠʬʬ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʜʝʪʝʡ, 

ʤʦʣʦʜʳʭ ʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʫ ʞʝʥʱʠʥ. ʉʦʙʩʪʚʝʥʥʦ, ʫ ʪʦʡ ʢʘʪʝʛʦʨʠʠ ʣʠʮ, ʩ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʪʦʨʳʭ ʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʟʥʘʯʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʪʝʪʨʘʧʦʣʷʨʥʦʡ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʬʠʠ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʯʝʪʢʠʭ ʧʦ ʬʦʨʤʝ ʨʝʦʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘʭ ʫʩʠʣʠʚʘʝʪʩʷ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ, 

ʚʢʣʶʯʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʦʯʢʠ çɺè (ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ (ɸʜʠʬʬ) ʠ ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ.  

ʉʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠ ʩʣʦʞʥʳʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʳ ʈɽʆʜʠʬʬ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʪʨʘʞʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʠʪʫʮʠʠ ʪʝʣʘ (ʘʩʪʝʥʠʯʝʩʢʘʷ, 

ʥʦʨʤʦʩʪʝʥʠʯʝʩʢʘʷ, ʛʠʧʝʨʩʪʝʥʠʯʝʩʢʘʷ, ʦʞʠʨʝʥʠʝ), ʙʘʟʦʚʦʛʦ ʩʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʫʪʦʤʣʝʥʠʝ, ʬʘʟʳ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ, ʙʝʨʝʤʝʥʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʧʨʠ 

ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʫʩʣʦʚʠʭ̫ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ (ʚʨʝʤʷ 

ʩʫʪʦʢ, ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ, ʨʝʞʠʤʳ ʠ ʬʘʟʳ ʜʳʭʘʥʠʷ). ʉʣʦʞʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʦʣʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʈɽʆʜʠʬʬ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʤ. ʨʠʩ. 1) ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ ʣʶʙʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʩʝʛʜʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʧʨʠ ʧʨʠʝʤʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʠ, ʥʘʢʦʥʝʮ, ʩʦʙʩʪʚʝʥʥʦ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ 

ʧʘʪʦʣʦʛʠʷ, ʦʩʦʙʝʥʥʦ, ʩʝʨʜʝʯʥʳʝ ʘʨʠʪʤʠʠ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʦʚ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʯʝʪʢʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʯʢʠ çɺè ʥʘ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʝ ʈɽʆʜʠʬʬ ï 

ʬʠʟʠʯʝʩʢʠʡ ç0è ʟʘʧʠʩʠ ʨʝʦʛʨʘʤʤʳ (ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) ʥʝ ʩʦʚʤʝʱʘʝʪʩʷ ʩ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ç0è (ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʠʟ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ). ʕʪʦʪ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ 



ç0è ʪʦʣʴʢʦ ʜʣʷ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʦʛʨʘʤʤʳ. ʇʦʪʦʤʫ ʦʪʩʯʝʪ ɸʜʠʬʬ ʦʪ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ, ʘ ʪʦʯʢʘ çɺè, ʢʘʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ç0è ʜʣʷ 

ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ, ʤʦʞʝʪ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʪʴʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ (ʬʠʟʠʯʝʩʢʠʡ ç0è) ʨʝʦʛʨʘʤʤʳ. ʇʨʠʯʝʤ, ʨʘʟʣʠʯʥʘʷ ʬʦʨʤʘ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʈɽʆʜʠʬʬ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 

çɺè (ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ (ʥʫʣʝʚʦʤʫ) ʫʨʦʚʥʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚʥʫʪʨʠʩʝʨʜʝʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʚʥʝʩʝʨʜʝʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʘʩʦʩʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ ʠ ʣʝʛʦʯʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʦʨʠʝʥʪʠʨ ʥʘ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʘʤʧʣʠʪʫʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ (ʨʠʩ. 2) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʦʛʨʘʤʤ [17, 18, 20]. ʇʨʠ ʵʪʦʤ 

ʥʝ ʘʢʮʝʥʪʠʨʦʚʘʣʦʩʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʧʠʯʝʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʈɽʆ-ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʧʨʘʚʦʤʫ 

ʠʣʠ ʣʝʚʦʤʫ ʩʝʨʜʮʫ, ʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʘʢʦʝ ʨʘʟʤʳʪʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʢʘʢ ʩʦʢʨʘʪʠʪʝʣʴʥʘʷ 

ʬʫʥʢʮʠʷ ʩʝʨʜʮʘ. ɼʘ ʠ ʩʘʤ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʨʦʤʝ ʩʦʤʥʠʪʝʣʴʥʦʛʦ ʦʪʩʯʝʪʘ 

ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʙʳʣ ʚʝʩʴʤʘ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦ 

ʩʚʦʠʤ ʨʘʩʯʝʪʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ. ʅʦ ʛʣʘʚʥʦʝ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ï ʦʨʠʝʥʪʘʮʠʷ 

ʥʘ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʥʠʚʝʣʠʨʫʝʪ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦ ʩʝʨʜʝʯʥʦʤʫ ʮʠʢʣʫ ʠ 

ʨʘʟʣʠʯʠʷ ʧʦ ɸʜʠʬʬ, ʢʘʢ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʥʦʡ ʬʫʥʢʮʠʠ ʧʨʘʚʦʛʦ 

ʩʝʨʜʮʘ.   

ʕʪʦ ʥʘ ʧʨʠʚʝʜʝʥʥʦʤ ʨʠʩʫʥʢʝ 1 ʢʘʨʜʠʦʮʠʢʣʳ ʈɽʆʜʠʬʬ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʪʦʯʢʝ çɺè ï 

ʥʘʯʘʣʫ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ. ʅʘ ʨʝʘʣʴʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʝ ʙʝʟ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʛʨʫʜʥʦʛʦ ʈɽʆ-ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʦʙʱʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʬʘʟʘʭ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ, ʘ ʟʥʘʯʠʪ, ʠ ʯʝʪʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʠʤʝʪʴ ʚ ʚʠʜʫ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʈɽʆʜʠʬʬ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʟʦʚʳʭ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʚʩʝʤʫ ʩʝʨʜʝʯʥʦʤʫ ʮʠʢʣʫ. 

ʆʪʩʫʪʩʪʚʠʝ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʨʠʝʥʪʠʨʦʚ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʦʛʨʘʬʠʠ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ.  

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʨʠʩ. 3) ʫʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ 

(ʕʂɻ), ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʌʂɻ) ʩ ʢʨʠʚʳʤʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ ï ʦʩʥʦʚʥʦʡ (ʈɽʆ), ʩ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ (ʧʦ ʩʢʦʨʦʩʪʠ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʦʛʨʘʤʤʳ (ʈɽʆʜʠʬʬ_1) ʠ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ (ʧʦ ʫʩʢʦʨʝʥʠʶ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʦʛʨʘʤʤʳ (ʈɽʆʜʠʬʬ_2) ʧʦʟʚʦʣʠʣʠ, ʚʦ-

ʧʝʨʚʳʭ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʈɽʆʜʠʬʬ_1 ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ 



ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʯʢʫ çɺè (ʧʦ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 3 ʩ ʘʥʘʢʨʦʪʦʡ 

ʈɽʆʜʠʬʬ_1). ʀʤʝʥʥʦ ʵʪʦ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ 

(ɸʜʠʬʬ). ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʬʘʟʳ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʫ ʈɽʆʜʠʬʬ_1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈɽʆʜʠʬʬ_2 ʫʩʠʣʠʣʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. 

ʏʝʪʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʥʘʤʠ ʘʣʛʦʨʠʪʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʤʘʨʢʠʨʦʚʢʠ 

ʦʩʥʦʚʥʳʭ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʠʤʝʥʥʦ ʧʦ ʧʨʘʚʦʤʫ ʩʝʨʜʮʫ, ʚʢʣʶʯʘʷ ʠ ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ ʢʨʦʚʠ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ 

ʨʠʩ. 4 ʜʘʥʥʳʤʠ ʵʭʦʢʘʨʜʠʦʛʨʘʬʠʠ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ [19]. ʀʩʭʦʜʷ ʠʟ ʪʘʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, 

ʚʳʙʨʦʩ ʢʨʦʚʠ ʠʟ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, ʘ ʧʦʵʪʦʤʫ ʠ ʪʦʯʢʘ çɺè ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʫ ʨʘʩʭʦʜʘ ʢʨʦʚʠ ʧʦ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʙʫʜʝʪ ʧʦʩʣʝ ʟʫʙʮʘ S (ʠʣʠ QRS) ʥʘ 

ʕʂɻ ʠ ʧʦʩʣʝ I ʪʦʥʘ ʌʂɻ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʭʦʨʦʰʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʨʠʩʫʥʢʝ, ʦʩʦʙʝʥʥʦ ʪʝ ʠʟ ʥʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʨʠʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʢʣʘʧʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (ʠʥʪʝʨʚʘʣ 2-3) ʵʪʦ 

ʟʘʢʨʳʪʳʝ ʢʣʘʧʘʥʳ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʪʨʝʭʩʪʚʦʨʯʘʪʳʡ ʢʣʘʧʘʥ. ɼʣʷ ʥʘʯʘʣʘ ʚʳʙʨʦʩʘ ʢʨʦʚʠ ʠʟ 

ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʵʪʦ ʦʪʢʨʳʪʠʝ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ (3) ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʠʟʛʥʘʥʠʷ (ʠʥʪʝʨʚʘʣ 3-4). ɼʣʷ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ (ʠʥʪʝʨʚʘʣ 4-5) ʵʪʦ 

ʟʘʢʨʳʪʳʝ ʢʣʘʧʘʥʳ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʪʨʝʭʩʪʚʦʨʯʘʪʳʡ ʢʣʘʧʘʥ.      

ʅʘʤʠ ʨʘʟʜʝʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ [22] ʦ ʪʦʤ, ʯʪʦ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʚ ʬʘʟʝ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʤʠʦʢʘʨʜʘ ʝʱʝ ʜʦ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʲʝʤʘ ʢʨʦʚʠ ʚ ʣʝʛʦʯʥʳʭ ʩʦʩʫʜʘʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʢʣʘʧʘʥʳ ʥʘʨʘʩʪʘʶʱʝʛʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʩʪʚʦʨʦʢ ʝʱʝ ʥʝ ʨʘʩʢʨʳʚʰʝʛʦʩʷ ʧʦʣʫʣʫʥʥʦʛʦ ʢʣʘʧʘʥʘ). ʊʘʢʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʈɽʆʜʠʬʬ (ʨʠʩ. 1) ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʢʘʨʜʠʦʜʠʥʘʤʠʢʘ ʧʦ ʧʨʘʚʦʤʫ ʩʝʨʜʮʫ ʨʝʘʣʠʟʫʝʪʩʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ɹʂʂ), ʚ ʩʠʩʪʝʤʝ ʣʝʛʦʯʥʳʭ ʩʦʩʫʜʦʚ ï ʚ ʩʠʩʪʝʤʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʦ 

ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʜʘʚʣʝʥʠʠ, ʯʝʤ ʚ ʩʠʩʪʝʤʝ ʩʦʩʫʜʦʚ ɹʂʂ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʠʩʪʦʣʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ, ʯʝʤ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ.  

ʆʪʩʶʜʘ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʦ ʧʨʘʚʦʤʫ ʩʝʨʜʮʫ ʠ ʣʝʛʦʯʥʦʤʫ 

ʢʨʦʚʦʪʦʢʫ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʫʪʨʠʣʝʛʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʤʦʤʝʥʪʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʤʩʷ ʥʘ 

ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʦʤ ʜʘʚʣʝʥʠʠ ʧʦ ʤʘʣʦʤʫ ʢʨʫʛʫ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʄʂʂ). ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʪʦʤʫ ʷʚʣʷʶʪʩʷ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ [22] ʦ ʚʳʩʦʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʘʚʣʝʥʠʷ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ ʦʪ ʠʟʤʝʥʝʥʠʡ 



ʚʥʫʪʨʠʣʝʛʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʩʪʦʚʳʭ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʥʘʪʫʞʠʚʘʥʠʷʭ (ʧʨʦʙ rɺʘʣʴʩʘʣʚɹ -r

ɹʶʨʛʝʨʘ). ʅʝ ʤʝʥʝʝ ʫʙʝʜʠʪʝʣʴʥʳʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʦʡ ʜʠʥʘʤʠʯʥʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ 

ʩʠʩʪʝʤʝ ʩʦʩʫʜʦʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʝ ʦʪʨʘʞʝʥʠʷ ʥʘ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ 

ʚʦʣʥʝ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ, ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʠ ʥʘʰʠ ʜʘʥʥʳʝ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʧʨʠ ʦʙʳʯʥʳʭ ʟʘʜʝʨʞʢʘʭ ʜʳʭʘʥʠʷ ʥʘ ʚʜʦʭʝ (2/3 ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʠ ʦʙʳʯʥʦʤ ʛʣʫʙʦʢʦʤ ʚʳʜʦʭʝ (ʙʝʟ ʥʘʪʫʞʠʚʘʥʠʷ).  

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʠʩʫʥʢʝ 5 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʈɽʆʜʠʬʬ_1 ʧʨʠ ʟʘʜʝʨʞʢʝ ʜʳʭʘʥʠʷ ʥʘ ʚʜʦʭʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʝʥʠʶ ʚʥʫʪʨʠʛʨʫʜʥʦʛʦ, ʘ ʟʥʘʯʠʪ ʠ ʚʥʫʪʨʠʣʝʛʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ 

ʥʝʙʦʣʴʰʘʷ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ ʧʦ ʧʝʨʠʦʜʫ ʥʘʧʨʷʞʝʥʠʷ (ʠʥʪʝʨʚʘʣ 1-3) ʠ ʯʝʪʢʘʷ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʘʷ ʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʥʘ ʚʳʜʦʭʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʠʶ ʚʥʫʪʨʠʛʨʫʜʥʦʛʦ ʠ ʚʥʫʪʨʠʣʝʛʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚʳʨʘʞʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (ʠʥʪʝʨʚʘʣ 2-3). ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ 

ʈɽʆʜʠʬʬ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʜʦʭʦʤ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʚʤʝʩʪʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʚʳʨʘʞʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʋʆʉ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʝʩʣʠ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʜʳʭʘʥʠʷ ʥʘ 

ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʝ (ʩʠʩʪʝʤʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʄʂʂ) ʦʪʤʝʯʘʣʘʩʴ ʚʳʨʘʞʝʥʥʘʷ ʵʚʦʣʶʮʠʷ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɸʜʠʬʬ, ʪʦ ʥʘ ʨʝʦʛʨʘʤʤʝ ʛʦʣʦʚʳ ʠ ʜʨʫʛʠʭ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʦʪʚʝʜʝʥʠʷʭ (ʩʠʩʪʝʤʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ɹʂʂ) ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʫʪʨʠʛʨʫʜʥʦʛʦ ʠ 

ʚʥʫʪʨʠʣʝʛʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʟʘʜʝʨʞʢʘʭ ʜʳʭʘʥʠʷ ʚ ʨʝʞʠʤʘʭ çʚʜʦʭïʚʳʜʦʭè ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʨʦʙ, ʥʦ ʠ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʨʠʝʤ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʠ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʈɽʆʜʠʬʬ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʜʠʢʘʮʠʠ ʥʘʯʘʣʘ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ 

(ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ), ʪ.ʝ. ʪʦʯʢʠ çɺè.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʩʢʦʣʴʢʦ ʩʣʦʞʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩ 

ʈɽʆʜʠʬʬ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʩʢʦʣʴʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʘ ʧʦ 

ʣʝʛʦʯʥʦʤʫ ʢʨʦʚʦʪʦʢʫ (ʩʠʩʪʝʤʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʠ ʧʨʘʚʦʤʫ ʩʝʨʜʮʫ (ʩʠʩʪʦʣʠʯʝʩʢʠ ʙʦʣʝʝ 

ʩʣʘʙʦʤʫ, ʯʝʤ ʣʝʚʦʝ ʩʝʨʜʮʘ) ʷʚʣʷʶʪʩʷ ʥʘʰʠ ʜʘʥʥʳʝ ʧʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʡ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʠ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥ ʈɽʆʜʠʬʬ  ʫ ʦʙʝʟʴʷʥ (ʤʘʢʘʢʠ ʨʝʟʫʩʳ) ʥʘ ʬʦʥʝ 

ʦʩʪʨʦʛʦ ʩʠʩʪʝʤʥʦʛʦ (ʧʦ ɹʂʂ ʠ ʄʂʂ) ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ 

ʤʝʟʘʪʦʥʘ (ʚ ʜʦʟʝ 0.1 ʤʣ 0.1% ʨʘʩʪʚʦʨʘ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ).  

ʇʝʨʚʠʯʥʳʡ ʩʦʩʫʜʠʩʪʳʡ ʘʜʨʝʥʦʤʠʤʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʤʝʟʘʪʦʥʘ ʫ ʦʙʝʟʴʷʥ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʦʩʪʨʳʤ ʠ ʙʳʩʪʨʦʪʝʯʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ (ɸɼʩʨ) ʥʘ 20-



79%, ʧʦʚʳʰʝʥʠʝʤ ʩʦʩʫʜʠʩʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ (ʫʤʝʥʴʰʝʥʠʝ ɸʜʠʬʬ ʥʘ ʨʝʦʛʨʘʤʤʘʭ ʛʦʣʦʚʳ, ʧʣʝʯʘ ʠ ʛʦʣʝʥʠ). ʇʨʠ 

ʵʪʦʤ ʚ ʯʘʩʪʠ ʦʧʳʪʦʚ ʚʳʨʘʞʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʦʪʨʘʞʘʣʦ 

ʚʢʣʶʯʝʥʠʝ ʜʝʧʨʝʩʩʦʨʥʦʛʦ ʨʝʬʣʝʢʩʘ, ʢʘʢ ʦʪʚʝʪʘ ʥʘ ʦʩʪʨʦʝ ʧʦʚʳʰʝʥʠʝ ɸɼʩʨ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠ ʩ ʘʨʠʪʤʠʝʡ, ʦʪʨʘʞʘʶʱʝʡ ʥʘʧʨʷʞʝʥʥʫʶ ʩʠʪʫʘʮʠʶ ʧʦ ʩʝʨʜʮʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʨʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʧʦʩʪʥʘʛʨʫʟʢʠ.  

ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʥʘ ʬʦʥʝ ʩʠʩʪʝʤʥʦʡ ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʠ ʜʠʥʘʤʠʢʘ ʈɽʆʜʠʬʬ ʠ ʝʝ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ (ʘ) ʠ ʩʠʩʪʦʣʠʯʝʩʢʦʡ (ɸ) ʚʦʣʥ ʙʳʣʘ ʦʯʝʥɹ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦʡ. ɼʘʥʥʳʝ ʧʦ 

ʦʜʥʦʡ ʠʟ ʦʙʝʟʴʷʥ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʵʧʠʟʦʜ 1) 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜʝ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (ʠʥʪʝʨʚʘʣ 2ï

3). ʅʘ ʚʪʦʨʦʡ ʤʠʥʫʪʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ (ʵʧʠʟʦʜ 2) ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʥʘʩʦʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ (ʜʝʧʨʝʩʩʠʷ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ï ɸ) ʦʪʤʝʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʘ), ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ï ʝʝ ʘʤʧʣʠʪʫʜʘ ʚ 1,5ï2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʘʤʧʣʠʪʫʜʫ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʇʨʦʷʚʣʷʝʪʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (ʠʥʪʝʨʚʘʣ 2ï3), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʵʪʦʡ ʬʘʟʳ ʜʦ ʚʚʝʜʝʥʠʷ ʤʝʟʘʪʦʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ 3-ʡ ʤʠʥʫʪʝ (ʵʧʠʟʦʜ 3) ʦʪʤʝʯʘʝʪʩʷ 

ʜʝʧʨʝʩʩʠʷ ʦʙʝʠʭ ʚʦʣʥ ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ (ɸ) ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʘ) ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ. ʅʘ 10-ʡ ʤʠʥʫʪʝ (ʵʧʠʟʦʜ 4) ʚʠʜʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɽʆʜʠʬʬ. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʬʦʥʝ ʦʯʝʥʴ 

ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʠʥʝʨʪʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʕʂɻ ʠ ʌʂɻ.  

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʨʝʦʛʨʘʤʤʘʭ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʣʘʩʴ ʘʤʧʣʠʪʫʜʘ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʦʪʨʘʞʘʷ ʩʠʩʪʝʤʥʫʶ ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʶ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ, ʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʜʝʡʩʪʚʠʷ ʤʝʟʘʪʦʥʘ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʝ ʙʳʣʦ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ 

ʩʝʨʜʮʘ ʧʦ ʢʨʦʚʦʪʦʢʫ ʄʂʂ ʠ ɹʂʂ. ɺ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ ʣʝʛʦʯʥʳʭ ʩʦʩʫʜʦʚ, ʢʘʢ ʚ ʩʠʩʪʝʤʝ 

ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʝʤ ʚ ɹʂʂ, ʚ ʬʘʟʝ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʤʠʦʢʘʨʜʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦ (ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ ʣʝʛʦʯʥʦʡ 

ʘʨʪʝʨʠʠ) ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʘʚʦʤ ʩʝʨʜʮʝ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʛʨʫʜʥʘʷ ʨʝʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ 

ʠʤʝʥʥʦ ʢʨʦʚʦʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʣʝʛʦʯʥʳʭ ʩʦʩʫʜʦʚ, ʥʘʯʠʥʘʷ ʩ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʧʨʘʚʦʛʦ 

ʩʝʨʜʮʘ, ʥʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʢʘʪʝʪʝʨʠʟʘʮʠʝʡ ʧʨʘʚʳʭ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ ʠ ʘʦʨʪʳ ʫ ʞʠʚʦʪʥʳʭ 

(ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʦʣʦʛʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʅʀʀ ʕʇʠʊ ɸʄʅ 



ʉʉʉʈ ʠ ʀʄɹʇ ʄɿ ʉʉʉʈ), ʘ ʪʘʢʞʝ ʥʘ ʙʘʟʝ ʉʠʣʝʟʩʢʦʛʦ ʮʝʥʪʨʘ ʙʦʣʝʟʥʝʡ ʩʝʨʜʮʘ (ʛ. ɿʘʙʞʝ, 

ʇʦʣʴʰʘ) ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ ɺʘʨʰʘʚʩʢʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ [28], ʚ ʢʦʪʦʨʳʭ ʫ ʧʘʮʠʝʥʪʦʚ 

ʢʣʠʥʠʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʘʨʘʣʣʝʣʴʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʕʂɻ, ʪʝʪʨʘʧʦʣʷʨʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ ʩ 

ʢʨʠʚʳʤʠ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʷʭ ʩʝʨʜʮʘ (ʧʨʘʚʳʡ ʞʝʣʫʜʦʯʝʢ ʠ ʧʨʘʚʦʝ ʧʨʝʜʩʝʨʜʠʝ, ʣʝʚʳʡ 

ʞʝʣʫʜʦʯʝʢ), ʘʦʨʪʳ ʠ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʟʘʧʠʩʠ ʢʨʠʚʳʭ ʜʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʢʘʪʝʪʝʨʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʢʘʪʝʪʝʨʠʟʘʮʠʠ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ ʠ ʘʦʨʪʳ ʫ 

ʚʟʨʦʩʣʦʡ ʩʦʙʘʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʕʂɻ, ʌʂɻ ʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ. ʅʘ 

ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʝ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ, 

ʢʦʪʦʨʘʷ ʟʘʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʧʨʷʞʝʥʠʷ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ (1-3), ʚʢʣʶʯʘʷ ʬʘʟʫ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (1-2, ʦʪ ʥʘʯʘʣʘ ʟʫʙʮʘ Q ʠ ʜʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʦʩʮʠʣʣʷʮʠʡ I ʪʦʥʘ) 

ʠ ʬʘʟʫ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (2-3, ʥʘ ʧʨʦʪʷʞʝʥʠʠ I ʪʦʥʘ ʠ ʜʦ ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ).  

ʅʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʧʦ ʈɽʆʜʠʬʬ (ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʤʘʨʢʝʨʫ 3) ʯʝʪʢʦ 

ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʦ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʇɾ ʥʘ ʤʦʤʝʥʪ (3) ʦʪʢʨʳʪʠʷ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ ʠ 

ʥʘʯʘʣʘ ʚʳʙʨʦʩʘ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʷʚʥʘʷ ʟʘʜʝʨʞʢʘ ʧʨʠʨʦʩʪʘ 

ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ 

ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʚʰʠʤʩʷ ʚʳʙʨʦʩʦʤ ʢʨʦʚʠ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʥʘʯʘʣʦ ʚʳʙʨʦʩʘ ʢʨʦʚʠ ʚ ʥʝʝ ʠʟ 

ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʘʥʘʢʨʦʪʳ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʚ ʘʦʨʪʝ. ɺ ʣʶʙʦʤ 

ʩʣʫʯʘʝ ʦʪʩʯʝʪ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʠ ʥʘʯʘʣʘ ʧʝʨʠʦʜʘ 

ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 3 (ʪʦʯʢʘ çɺè) ʩ 

ʢʨʠʚʦʡ ʈɽʆʜʠʬʬ (ʥʘ ʨʠʩ. 7 ʦʙʦʟʥʘʯʝʥʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʩʪʨʝʣʢʘʤʠ).  

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʠʩʫʥʢʝ 8 ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʙʠʛʝʤʠʥʠʠ ʫ ʩʦʙʘʢʠ ʵʢʩʪʨʘʩʠʩʪʦʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʪʦʧʠʯʝʩʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ. ʇʨʠ ʵʪʦʤ ʧʦ ʢʘʞʜʦʤʫ 

ʵʢʩʪʨʘʩʠʩʪʦʣʠʯʝʩʢʦʤʫ ʮʠʢʣʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʫʣʴʩʦʚʘʷ ʚʦʣʥʘ ʥʘ ʢʨʠʚʦʡ 

ʜʘʚʣʝʥʠʷ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ (ʇɾ) ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʫʣʴʩʦʚʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʥʘ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ 

ʚ ʘʦʨʪʝ. ʅʦ ʛʣʘʚʥʦʝ, ʯʪʦ ʢʘʞʜʦʤʫ ʪʘʢʦʤʫ ʵʢʪʦʧʠʯʝʩʢʦʤʫ ʧʫʣʴʩʦʚʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʨʘʚʦʛʦ 

ʞʝʣʫʜʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩ ʧʦ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʠ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ 

ʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ (ɸ).  ʅʘ ʜʨʫʛʦʤ ʨʠʩʫʥʢʝ 9 ʫ ʪʦʡ ʞʝ ʩʦʙʘʢʠ ʦʜʠʥʦʯʥʦʤʫ ʘʛʦʥʘʣʴʥʦʤʫ 

ʢʘʨʜʠʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʦʞʝʣʫʜʦʯʢʦʚʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʩʝʨʜʮʘ (ʧʫʣʴʩʦʚʘʷ ʚʦʣʥʘ ʥʘ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ï ʇɾ) ʧʨʠ ʧʦʣʥʦʤ 

çʤʦʣʯʘʥʠʠè ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʧʦ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʚ ʘʦʨʪʝ. 



ʀ, ʥʘʢʦʥʝʮ, ʥʘ ʨʠʩʫʥʢʝ 10 ʧʦ ʜʘʥʥʳʤ ʢʘʪʝʪʝʨʠʟʘʮʠʠ ʧʨʘʚʳʭ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ ʫ ʯʝʣʦʚʝʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ (ʩʚʝʨʭʫ ʚʥʠʟ) ʕʂɻ, ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʚ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (ʈɸ, dmmHg/dt) ʠ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʤʤʳ (REO, dz/dt). ɺʠʜʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʧʦʩʣʝ ʟʫʙʮʘ S ʥʘ ʕʂɻ ʧʦ ʣʠʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʘʨʢʝʨʘ 3 ʧʦʣʥʦʝ ʬʘʟʦʚʦʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʯʘʣʘ ʚʳʙʨʦʩʘ ʢʨʦʚʠ ʠʟ ʧʨʘʚʦʛʦ ʩʝʨʜʮʘ ʠ ʚ ʮʝʣʦʤ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʩ ʪʦʯʢʦʡ çɺè 

ʥʘ ʈɽʆʜʠʬʬ. ɹʦʣʝʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʪʢʦʝ ʬʘʟʦʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʥʦʡ, 

ʦʩʦʙʝʥʥʦ ʧʦ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʢʘʢ ʧʦ ʈɸʜʠʬʬ, ʪʘʢ ʠ ʧʦ ʈɽʆʜʠʬʬ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʢ 

ʥʦʨʤʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʵʢʩʪʨʘʩʠʩʪʦʣʠʯʝʩʢʦʛʦ (ʙʠʛʝʤʠʥʠʷ) ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʈɽʆʜʠʬʬ (ʩʤ. ʥʘ 

ʵʪʦʡ ʞʝ ʟʘʧʠʩʠ).    

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩʠʥʭʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ (ʩʚʝʨʭʫ ʚʥʠʟ): 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ), ʜʘʚʣʝʥʠʷ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (ʈɸ), ʚ ʧʨʘʚʦʤ ʞʝʣʫʜʦʯʢʝ (RV), 

ʧʨʘʚʦʤ ʧʨʝʜʩʝʨʜʠʠ (RA), ʦʩʥʦʚʥʦʡ ʨʝʦʛʨʘʤʤʳ (REO-0), ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʨʝʦʛʨʘʤʤʳ ï 

ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (REO_1), ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (REO_2) ʠ ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ (REO_3). 

ʉʧʨʘʚʘ ʦʪ ʛʨʫʧʧʳ ʢʨʠʚʳʭ PA, RV ʠ RA ʜʘʝʪʩʷ 0-ʫʨʦʚʝʥʴ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʩʠʛʥʘʣ ʜʘʚʣʝʥʠʷ 

(mmHg).  

ʆʩʥʦʚʥʘʷ ʨʘʟʤʝʪʢʘ ʥʘ ʨʠʩʫʥʢʝ (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʜʘʝʪʩʷ ʧʦ ʦʧʮʠʷʤ ʘʥʘʣʠʟʘ ʨʝʦʛʨʘʤʤʳ, 

ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʤʘʨʢʝʨʳ ʪʦʣʴʢʦ ʪʝʭ ʟʫʙʮʦʚ ʕʂɻ (ʥʘ ʨʠʩʫʥʢʝ EKG), ʢʦʪʦʨʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ. ʅʘ EKG ʩʧʨʘʚʘ ʦʙʦʟʥʘʯʝʥʳ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ 

ʟʫʙʮʳ (P, Q, R ʠ S), ʘ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʮʠʢʣʝ ʤʘʨʢʝʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʪʝ ʟʫʙʮʳ ʕʂɻ, 

ʢʦʪʦʨʳʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ (ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʫʙʮʘ ʊ ʤʘʨʢʝʨʳ ʊ1, ʊ ʠ ʊ2 

ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ), ʠ ʧʨʦʩʪʘʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ ʧʦ ʟʫʙʮʘʤ P ʠ S. ʆʩʥʦʚʥʘʷ 

ʨʘʟʤʝʪʢʘ ʥʘ ʨʠʩʫʥʢʝ (ʯʝʨʥʳʝ ʪʦʯʢʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʘʨʢʝʨʥʳʝ ʣʠʥʠʠ) ʜʘʝʪʩʷ ʧʦ ʦʧʮʠʷʤ 

ʘʥʘʣʠʟʘ ʨʝʦʛʨʘʤʤʳ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʮʠʬʨʦʚʳʝ ʠ ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 

(ʤʘʨʢʝʨʥʳʭ) ʪʦʯʝʢ: 

1 ï ʪʦʯʢʘ Q ʙʝʨʝʪʩʷ ʧʦ ʥʘʯʘʣʫ ʟʫʙʮʘ Q ʠʣʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʪʦʛʦ ʟʫʙʮʘ ʦʪʤʝʪʢʘ ʜʝʣʘʝʪʩʷ 

ʧʦ ʥʘʯʘʣʫ ʢʦʤʧʣʝʢʩʘ QRS ʠʣʠ ʥʘʯʘʣʫ ʟʫʙʮʘ R; ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʧʝʨʠʦʜʘ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʬʘʟʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ;  

2 ï ʪʦʯʢʘ R*: ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʢʦʤʧʣʝʢʩʝ QRS ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʩʤʝʱʝʥʠʠ ʟʫʙʮʘ R 

ʚʧʨʘʚʦ ʦʪʤʝʪʢʘ ʜʝʣʘʝʪʩʷ ʧʦ ʚʝʨʰʠʥʝ ʟʫʙʮʘ R; ʧʨʠ  ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʩʤʝʱʝʥʠʠ ʟʫʙʮʘ R 

ʠʣʠ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʷʭ ʟʫʙʮʘ R ʚʣʝʚʦ ʦʪʤʝʪʢʘ ʜʝʣʘʝʪʩʷ ʧʦ ʤʘʨʢʝʨʫ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ Q ʠ S (ʧʦ ʌʂɻ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ I ʪʦʥʘ, ʘ ʧʦ  

ʵʭʦʢʘʨʜʠʦʛʨʘʤʤʝ ʭʦʨʦʰʦ ʩʦʚʧʘʜʝʪ ʩ ʤʦʤʝʥʪʦʤ ʟʘʢʨʳʪʠʷ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ï ʩʤ. 



ʨʠʩ 4, ʧʦ ʤʘʨʢʝʨʫ 2); ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʬʘʟʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʥʘʯʘʣʫ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

3 ï ʪʦʯʢʘ ɺ ʙʝʨʝʪʩʷ ʧʦ ʈɽʆ_3 (ʧʝʨʚʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʢ ʧʦʩʣʝ ʟʫʙʮʘ S ʠʣʠ ʪʦʯʢʘ 2ï3-

ʛʦ ʧʝʨʝʛʠʙʘ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʠʢʘ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ); ʪʦʯʢʘ ɺ ʚʩʝʛʜʘ ʧʦʩʣʝ 

ʢʦʤʧʣʝʢʩʘ QRS ʠ ʜʦ ʪʦʯʢʠ ʊ1  ʥʘ ʕʂɻ ï ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ ʪʦʯʢʠ ʊ1 (ʥʘʯʘʣʦ ʟʫʙʮʘ ʊ), ʊ 

(ʚʝʨʰʠʥʘ ʟʫʙʮʘ ʊ) ʠ ʊ2 (ʢʦʥʝʮ ʟʫʙʮʘ ʊ) ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ); ʪʦʯʢʘ ɺ ʚʩʝʛʜʘ ʧʦʩʣʝ I 

ʪʦʥʘ ʥʘ ʌʂɻ ʠ ʧʦ ʵʭʦʢʘʨʜʠʦʛʨʘʤʤʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʢʨʳʪʠʝʤ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (ʩʤ. ʨʠʩ. 4, ʧʦ ʤʘʨʢʝʨʫ 3); ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʧʝʨʠʦʜʘ 

ʥʘʧʨʷʞʝʥʠʷ (ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʠ ʥʘʯʘʣʫ ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ 

ʢʨʦʚʠ (ʬʘʟʳ ʙʳʩʪʨʦʛʦ ʠʟʛʥʘʥʠʷ) ʠʟ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ; 

4 ï ʪʦʯʢʘ ʉ ʙʝʨʝʪʩʷ ʧʦ ʚʝʨʰʠʥʝ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʈɽʆ_1 ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ; 

5 ï ʪʦʯʢʘ F ʙʝʨʝʪʩʷ ʧʦ ʚʝʨʰʠʥʝ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʈɽʆ_0 ʠʣʠ ʧʦ ʪʦʯʢʝ ʊ 

(ʚʝʨʰʠʥʘ ʟʫʙʮʘ ʊ) ʥʘ ʕʂɻ;   

6 ï ʪʦʯʢʘ ʍ ʙʝʨʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ çʢʦʥʝʯʥʘʷ ʯʘʩʪʴ ʟʫʙʮʘ ʊ ï ʩʨʘʟʫ ʧʦʩʣʝ ʟʫʙʮʘ ʊè (çʚʣʝʚʦ-

ʚʧʨʘʚʦè ʦʪ ʪʦʯʢʠ ʊ2) ʠ ʚʩʝʛʜʘ ʧʦʩʣʝ ʪʦʯʢʠ F: ʧʦ ʈɽʆ_1 ï ʧʦʩʣʝ ʤʘʨʢʝʨʘ F ʪʦʯʢʘ 

ʙʣʠʞʘʡʰʝʛʦ ʤʠʥʠʤʫʤʘ ʠ ʧʦ ʈɽʆ_3 ʧʦʩʣʝ ʤʘʨʢʝʨʘ F ʧʝʨʚʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʢ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩ ʚʳʨʘʞʝʥʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʠʢʦʤ (ʧʦ ʌʂɻ 

ʩʦʚʧʘʜʘʝʪ ʩ II ʪʦʥʦʤ); ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʚʝʨʰʝʥʠʶ ʬʘʟʳ ʙʳʩʪʨʦʛʦ ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ, 

ʥʘʯʘʣʫ ʬʘʟʳ ʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ ʠ ʟʘʢʨʳʪʠʷ ʧʦʣʫʣʫʥʥʦʛʦ ʢʣʘʧʘʥʘ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ; 

7 ï ʪʦʯʢʘ Y ʙʝʨʝʪʩʷ ʥʘ ʈɽʆ_3 ʧʦ ʧʝʨʚʦʤʫ ʧʠʢʦʚʦʤʫ ʤʠʥʠʤʫʤʫ ʧʦʩʣʝ ʪʦʯʢʠ ʍ (ʧʦ ʌʂɻ 

ʧʦʩʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ II ʪʦʥʘ ʥʘ ʌʂɻ, ʧʦ ʵʭʦʢʘʨʜʠʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʢʨʳʪʠʶ ʧʦʣʫʣʫʥʥʳʭ ʢʣʘʧʘʥʦʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ï ʩʤ. ʨʠʩ. 4, ʧʦ ʤʘʨʢʝʨʫ 4); 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʬʘʟʳ ʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ ʠ ʧʝʨʠʦʜʘ 

ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ ʚ ʮʝʣʦʤ ʠ ʟʘʢʨʳʪʠʶ ʧʦʣʫʣʫʥʥʦʛʦ ʢʣʘʧʘʥʘ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, 

ʥʘʯʘʣʫ ʜʠʘʩʪʦʣʳ ʠ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ; 

8 ï ʪʦʯʢʘ ʆ ʙʝʨʝʪʩʷ ʧʦ ʧʠʢʫ ʜʠʘʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʈɽʆ_1, ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ 

ʤʘʨʢʝʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʆʊ (ʦʪʢʨʳʪʠʝ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ʧʨʘʚʦʛʦ 

ʞʝʣʫʜʦʯʢʘ); 

9 ï ʪʦʯʢʘ ʆʊ ʙʝʨʝʪʩʷ ʥʘ ʈɽʆ_2 ʧʦ ʧʝʨʚʦʤʫ ʤʠʥʠʤʫʤʫ ʧʦʩʣʝ ʪʦʯʢʠ ʆ (ʧʦ 

ʵʭʦʢʘʨʜʠʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʨʳʪʠʶ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ï ʩʤ. ʨʠʩ. 4, ʧʦ 

ʤʘʨʢʝʨʫ 5); ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʨʳʪʠʶ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ʠ ʟʘʚʝʨʰʝʥʠʶ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ. 



ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʦʯʝʢ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʝʨʚʠʯʥʦʡ (çʪʦʯʝʯʥʦʡè) ʤʘʨʢʠʨʦʚʢʠ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʜʣʷ 

ʨʫʯʥʦʡ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʨʫʜʥʦʛʦ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʈɽʆʜʠʬʬ ʠ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ (ʧʦ ʧʨʘʚʦʤʫ ʩʝʨʜʮʫ!). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʦʙʲʝʢʪʘ 

ʠʤʧʝʜʘʥʩʦʤʝʪʨʠʠ ʧʨʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʬʠʠ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʘʣʛʦʨʠʪʤ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ. ʀʥʜʠʢʘʮʠʷ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ 

ʠ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʈɽʆʜʠʬʬ ï ʥʘʯʘʣʘ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ (ʪʦʯʢʘ çɺè) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʩʠʣʴʥʦʡè ʢʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ çʧʨʘʚʦʝ ʩʝʨʜʮʝ ï ʣʝʛʦʯʥʳʡ ʢʨʦʚʦʪʦʢè, ʪ.ʝ. ʥʘʠʙʦʣʝʝ 

ʟʘʢʨʳʪʦʡ ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠ ʉʉʉ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʫʚʝʨʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʩʠʩʪʦʣʠʯʝʩʢʦʡ 

ʚʦʣʥʳ ʛʨʫʜʥʦʛʦ ʈɽʆʢʘʨʜʠʦʮʠʢʣʘ, ʢʘʢ ʨʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ ʠ ʣʝʛʦʯʥʦʛʦ ʢʨʦʚʦʪʦʢʘ, ʠ ʧʝʨʠʦʜʘ ʠʟʛʥʘʥʠʷ ʢʨʦʚʠ ʠʟ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ ʚ 

ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ (ʧʦ ʨʘʩʯʝʪʫ ʋʆʉ ʠ ʄʆʂ). ʇʦʢʘʟʘʪʝʣʴ ɸʜʠʬʬ ʧʦʟʚʦʣʷʝʪ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʝʛʦʯʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʦʮʝʥʠʚʘʪʴ ʩʦʢʨʘʪʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʧʨʘʚʦʛʦ (ʘ ʥʝ 

ʣʝʚʦʛʦ!), ʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʠ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥ ʈɽʆʜʠʬʬ ʦʮʝʥʠʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ ʯʝʪʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʠʦʜʘ ʥʘʧʨʷʞʝʥʠʷ, ʬʘʟ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʥʝʠʥʚʘʟʠʚʥʦ ʦʧʨʝʜʝʣʪ̫ʴ ʜʘʚʣʝʥʠʝ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ [23]. ɹʝʟʫʩʣʦʚʥʦ, ʧʦʣʝʟʥʦʡ ʷʚʣʷʝʪʩʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ çʟʘʢʣʠʥʠʚʘʥʠʷè ʠʣʠ ʜʘʚʣʝʥʠʷ ʚ ʣʝʛʦʯʥʳʭ 

ʚʝʥʘʭ, ʵʢʩʪʨʘʧʦʣʠʨʫʷ ʝʛʦ ʥʘ ʜʘʚʣʝʥʠʝ ʚ ʣʝʚʦʤ ʧʨʝʜʩʝʨʜʠʠ [15]. ɺʩʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʠʣʠʚʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʛʨʫʜʥʦʡ 

ʈɽʆʜʠʬʬ ʠ ʝʛʦ ʚʨʝʤʝʥʥʳʭ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 



 

 

 

ʈʠʩ. 1. ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʢʘʨʜʠʦʢʦʤʧʣʝʢʩʘ ʈɽʆʜʠʬʬ ʧʨʠ ʪʝʪʨʘʧʦʣʷʨʥʦʡ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʬʠʠ ʫ ʨʘʟʥʳʭ ʧʘʮʠʝʥʪʦʚ ʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ (ʩʦʙʩʪʚʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ). ʇʦʷʩʥʝʥʠʷ ʢ ʦʙʦʟʥʘʯʝʥʠʷʤ ʩʤ. ʚ ʪʝʢʩʪʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʧʦʩʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʦʛʨʘʤʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʥʫʣʝʚʦʡ) ʫʨʦʚʝʥʴ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʚʦʣʥʳ ʛʨʫʜʥʦʡ ʈɽʆʜʠʬʬ [17, 18]  

 

ʇʘʪʝʥʪ ˉ 982651: ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʘ (ʌʂɻ), ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻʜʠʬ) ʠ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ (ʈɻʜʠʬ); ʦʩʴ çtè ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ (ʥʫʣʝʚʦʤʫ) ʫʨʦʚʥʶ (ʬʠʟʠʯʝʩʢʠʡ ç0è), ʢʦʪʦʨʳʡ ʧʝʨʝʩʝʢʘʝʪ 

ʩʠʩʪʦʣʠʯʝʩʢʫʶ ʚʦʣʥʫ ʈɻʜʠʬ ʚ ʪʦʯʢʝ çʝè, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ ʠ ʦʪ ʥʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʈɻʜʠʬ ï çɸʥʦʨʤè.    

ʇʘʪʝʥʪ ˉ874027: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʦʛʨʘʤʤʘ ʛʨʫʜʠ (ʈɽʆʜʠʬ), ʦʩʥʦʚʥʳʝ ʨʝʦʛʨʘʤʤʳ 

ʛʨʫʜʠ (ʈɽʆʛʨʫʜʴ) ʠ ʘʦʨʪʳ (ʈɽʆʘʦʨʪʳ (? ʇʨʠʤ. ʘʚʪʦʨʦʚ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʥʫʣʝʚʦʡ) ʫʨʦʚʝʥʴ (ʬʠʟʠʯʝʩʢʠʡ ç0è). ʇʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘʯʘʣʘ ʧʫʣʴʩʦʚʳʭ ʢʨʠʚʳʭ ʩ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ 

(ʦʙʦʟʥʘʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʦʝ ʬʘʟʦʚʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ʤʝʞʜʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠ ʦʩʥʦʚʥʦʡ ʨʝʦʛʨʘʤʤʘʤʠ.    

 



 

 

ʈʠʩ. 3. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʝʨʜʝʯʥʦʛʦ 

ʮʠʢʣʘ ʧʦ ʜʘʥʥʳʤ ʩʠʥʭʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

(ʩʚʝʨʭʫ ʚʥʠʟ) ʦʩʥʦʚʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ 

(ʈʝʦ), ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʧʦ ʩʢʦʨʦʩʪʠ) 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ 

(ɼʠʬʬ.1), ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʧʦ 

ʫʩʢʦʨʝʥʠʶ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʨʫʜʥʦʡ 

ʨʝʦʛʨʘʤʤʳ (ɼʠʬʬ.2), ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʳ 

(ʌʂɻ) ʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ). 

 

ɼʣʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʫʩʨʝʜʥʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʤ ʥʘʣʦʞʝʥʠʝʤ ʩʝʨʜʝʯʥʳʭ 

ʮʠʢʣʦʚ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʧʠʢʫ 

ʟʫʙʮʘ R ʕʂɻ, ʚ ʠʥʪʝʨʚʘʣʝ 15-ʩʝʢʫʥʜʦʡ 

ʟʘʧʠʩʠ ʩʠʛʥʘʣʦʚ. 

ʅʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ (ʪʦʯʢʘ 

çɺè) ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 3 ʩ ʩʠʩʪʦʣʠʯʝʩʢʦʡ 

ʚʦʣʥʦʡ ɼʠʬʬ.1. ɺʝʨʪʠʢʘʣʴʥʳʤʠ 

ʤʘʨʢʝʨʘʤʠ ʚʳʜʝʣʝʥʳ ʬʘʟʳ: ʘʩʠʥʭʨʦʥʥʦʛʦ 

(1-2) ʠ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (2-

3), ʦʙʱʝʛʦ ʧʝʨʠʦʜʘ ʥʘʧʨʷʞʝʥʠʷ (1-3) 

ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ, ʧʝʨʠʦʜʘ 

ʠʟʛʥʘʥʠʷ (3-4), ʬʘʟʳ ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (4-4) ʠ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ (4-5) 

ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʜʘʥʥʳʤ 

ʵʭʦʢʘʨʜʠʦʛʨʘʬʠʠ ʧʨʘʚʳʭ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ [19]  

 

ʉʚʝʨʭʫ ʚʥʠʟ: ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ (ʕʂɻ, ʟʫʙʮʳ ʈ, Q, R, S, T), ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʘ (ʌʂɻ, 

ʪʦʥʳ I ʠ II), ʜʘʚʣʝʥʠʝ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, ʕʭʦ-ʩʠʛʥʘʣʳ ʢʣʘʧʘʥʘ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ 

ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ (ʩʪʚʦʨ ʦʪʢʨʳʪʳʭ ʢʣʘʧʘʥʦʚ ʟʘʪʝʤʥʝʥ). 1 ï ʥʘʯʘʣʦ ʧʝʨʠʦʜʘ 

ʥʘʧʨʷʞʝʥʠʷ (ʬʘʟʘ ʘʩʠʥʭʨʦʥʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ), 2 ï ʤʦʤʝʥʪ ʟʘʢʨʳʪʠʷ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ 

ʢʣʘʧʘʥʘ (R*) ʠ ʥʘʯʘʣʦ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (2), ʟʘʚʝʨʰʝʥʠʝ ʧʝʨʠʦʜʘ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʤʝʥʪ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (3), ʧʝʨʠʦʜ ʠʟʛʥʘʥʠʷ ʠʟ ʧʨʘʚʦʛʦ 

ʞʝʣʫʜʦʯʢʘ (3-4), ʤʦʤʝʥʪ ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʘ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (4) ʠ ʥʘʯʘʣʦ ʬʘʟʳ 

ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ, ʟʘʚʝʨʰʝʥʠʷ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ ʠ 

ʤʦʤʝʥʪ ʦʪʢʨʳʪʠʷ ʪʨʝʭʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ (5).      

 

 



 

ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʷ 

ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʦʡ ʠ 

ʩʠʩʪʦʣʠʯʝʩʢʠʭ ʚʦʣʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʛʨʫʜʥʦʡ ʨʝʦʛʨʘʤʤʳ 

(ʈɽʆʜʠʬʬ) ʧʨʠ 

ʟʘʜʝʨʞʢʘʭ ʥʘ ʚʜʦʭʝ ʠ 

ʚʳʜʦʭʝ ʚ ʧʦʣʦʞʝʥʠʠ 

ʩʪʦʷ (ʩʦʙʩʪʚʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ).   

 

ʉʚʝʨʭʫ ʚʥʠʟ: 

ʦʩʥʦʚʥʘʷ (ʈʝʦ) ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

(ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ï 

ɼʠʬʬ.1, ʚʪʦʨʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ ï ɼʠʬʬ.2) 

ʛʨʫʜʥʘʷ ʨʝʦʛʨʘʤʤʘ, 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ 

(ʕʂɻ). 1, 2, 3, 4-4, 5 ï 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʘʨʢʝʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʨʘʥʠʮʘʤ ʬʘʟ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ 

(ʦʙʲʷʩʥʝʥʠʷ ʩʤ. ʥʘ ʨʠʩ. 

3 ʠ ʚ ʪʝʢʩʪʝ).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ʈʠʩ. 6. ʂʘʨʜʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʬʦʥʝ ʩʠʤʧʘʪʦʪʦʥʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʤʝʟʘʪʦʥʘ 

(ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ) ʫ ʦʙʝʟʴʷʥʳ (ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ) 

ʉʚʝʨʭʫ ʚʥʠʟ: ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ P, Q, R, T ï ʟʫʙʮʳ ʕʂɻ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʛʨʫʜʥʘʷ 

ʨʝʦʛʨʘʤʤʘ (ʘ ï ʧʨʝʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ, ɸ ï ʩʠʩʪʦʣʠʯʝʩʢʘʷ ʚʦʣʥʘ ʈɽʆʜʠʬʬ), 

ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʘ. 2 ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʘʨʢʝʨ ʯʝʨʝʟ ʥʘʯʘʣʦ ʬʘʟʳ ʠʟʦʚʦʣʶʤʠʯʝʩʢʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ (ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʢʦʤʧʣʝʢʩʘ QRS ʥʘ ʕʂɻ ʠ ʥʘʯʘʣʦ I ʪʦʥʘ ʥʘ ʌʂɻ), 3 ï 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʘʨʢʝʨ ʯʝʨʝʟ ʪʦʯʢʫ çɺè (ʥʘʯʘʣʦ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ) ʧʦ ʈɽʆʜʠʬʬ.  

1 ï ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʷ. 2 ï 1 ʤʠʥʫʪʘ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʤʝʟʘʪʦʥʘ, 3 ï 2-ʷ 

ʤʠʥʫʪʘ, 4 ï 10-ʷ ʤʠʥʫʪʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ. 

 

 

 

 

 

 

 



 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.  ʌʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦ ʩʝʨʜʝʯʥʦʤʫ ʮʠʢʣʫ ʫ ʩʦʙʘʢʠ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (P, Q, R, T ʟʫʙʮʳ ʕʂɻ), ʛʨʫʜʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʨʝʦʛʨʘʤʤʳ 

(ʈɽʆʜʠʬʬ), ʬʦʥʦʢʘʨʜʠʦʛʨʘʤʤʳ (I ʠ II ʪʦʥʳ ʌʂɻ), ʧʫʣʴʩʦʚʳʭ ʢʨʠʚʳʭ ʜʘʚʣʝʥʠʷ ʚ ʧʨʘʚʦʤ 

ʞʝʣʫʜʦʯʢʝ (ʇɾ) ʠ ʚ ʘʦʨʪʝ (ɸʦʨʪʘ) 

1, 2, 3, 4, 5 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʘʨʢʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʘʤ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ 

(ʦʙʲʷʩʥʝʥʠʷ ʩʤ. ʨʠʩ. 7).  

ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ. 


