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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 539.124.17 
 

ʋɼɽʈɾʀɺɸʖʑʀʁ ʇʆʊɽʅʎʀɸʃ ʀ ʄɸʉʉɸ ʕʃɽʄɽʅʊɸʈʅʓʍ ʏɸʉʊʀʎ  
 

 ʃ.ʀ. ɹʫʨʘʚʦʚ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ (ʏʝʨʥʦʛʦʣʦʚʢʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʤʘʩʩʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʦʙʨʘʟʫʶʪʩʷ 

ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʫʜʝʨʞʠʚʘʶʱʝʤʫ ʧʦʪʝʥʮʠʘʣʫ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʦʪʜʘʯʠ 

ʠʤʧʫʣʴʩʘ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʦʩʦʙʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʙʦʟʦʥʦʚ ʩʘʤʦʡ ʯʘʩʪʠʮʝʡ. ʇʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʵʪʦʛʦ ʫʜʝʨʞʠʚʘʶ-

ʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʌ(R). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʌ(R) ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ constÖR3 ʠʣʠ constÖR2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʠʣʠ ʜʠʩʢʨʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʪʨʘ ʠʩʧʫʩʢʘʝʤʳʭ ʙʦʟʦʥʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʩʩʳ ʯʘʩʪʠʮʳ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʘʩʩʳ ʯʘ-

ʩʪʠʮʳ, ʚʠʨʪʫʘʣʴʥʳʝ ʙʦʟʦʥʳ, ʩʬʝʨʠʯʝʩʢʘʷ ʙʦʟʦʥʥʘʷ ʚʦʣʥʘ, ʧʨʠʨʦʜʘ ʤʘʩʩ ʥʝʡʪʨʠʥʦ, ʬʦʨʤʫʣʘ ʤʘʩʩ ʥʝʡʪʨʠʥʦ, ʨʘʩ-

ʯʝʪ ʤʘʩʩ ʥʝʡʪʨʠʥʦ. 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʩʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʫʯʝ-

ʥʠʷ ʦʩʦʙʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʙʦʟʦʥʦʚ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ ʩʘʤʦʡ ʯʘʩʪʠʮʝʡ (ʫʩʣʦʚʥʦ ʥʘʟʦʚʝʤ ʠʭ ʙʦʟʦʥʘʤʠ 

ʍʠʛʛʩʘ). ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʨʠ ʵʪʦʤ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʦʪʜʘʯʠ ʠʤʧʫʣʴʩʘ ʦʙʨʘʟʫʝʪʩʷ ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥ-

ʮʠʘʣ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʩʩʳ ʯʘʩʪʠʮʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʘ, ʤʶʦʥʘ, ʧʠʦʥʘ, ʢʘʦʥʘ ʠ ʥʝʡʪʨʠʥʦ. 

ɺ ʩʚʦʝ ʚʨʝʤʷ ʇʫʘʥʢʘʨʝ, ʠʩʭʦʜʷ ʠʟ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ, ʚʚʝʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦʥʘ 

ʥʝʢʦʝʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ. ʕʪʘ ʤʦʜʝʣʴ ʧʦʟʜ-

ʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʝʝ ʧʦʜʨʦʙʥʝʝ, ʩʣʝʜʫʷ [4, 8]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4, 8] ʚʠʨʪʫʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ ɽ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʦʙʦʣʦʯʢʠ WS =  s4pR2 ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ We = e2/2R, ʛʜʝ s 

ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʙʦʣʦʯʢʠ, R ï ʝʝ ʨʘʜʠʫʩ, e2 = q2/4peo, eo ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ, q 

ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ (ʚ ʝʜʠʥʠʮʘʭ ʉʀ). ɺʠʨʪʫʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ:  
 

                                                                                      E = s4pR2 + e2/2R                                                                        (1) 
 

ʈʘʜʠʫʩ ʵʣʝʢʪʨʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ µE/µR = 0 

ʠ ʨʘʚʝʥ: 
 

                                                                                  Re = 0,5(e2/2ps)1/3                                                                            (2) 
 

ʀʟ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʥʘʭʦʜʠʪʩʷ ʤʘʩʩʘ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ: 

 

                                                                                   me=3(ps/4)1/3e4/3/c2                                                                                                                (3) 
 

ʄʦʞʥʦ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ, ʯʪʦ me = 12spR e
2 /c 2 = f Re

2, ʛʜʝ ʚʝʣʠʯʠʥʘ s ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ [1] ʯʝʨʝʟ ʤʘʩʩʫ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʠʦʥʘ mo=134,963 ʄʵʚ/ c2: 
 

                                                                                                                     (4), 
 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ f = 12sp/c2 ( @ 1,404Ö1025 Mʵʚ/cʤ2 ). 

ɺ ʫʨʘʚʥʝʥʠʠ (1) ʚʝʣʠʯʠʥʘ WS =  s4pR2 ʦʯʝʚʠʜʥʦ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ. 

ʇʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʝʜʩʪʘʚʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʯʝʪʝ ʤʘʩʩ ʨʷʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ɺ [1] ʙʳʣ ʩʜʝʣʘʥ ʨʘʩʯʝʪ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩ ʯʘʩʪʠʮ e, m, p0, p°, K0, K° ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʤʶʦʥ, ʧʠʦʥ ʠ ʢʘʦʥ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʬʝʨʠʯʝʩʢʠʝ ʨʝʟʦʥʘʪʦʨʳ ʜʣʷ ʢʚʘʥʪʦʚ ʚʠʨʪʫʘʣʴ-

ʥʳʭ ʥʝʡʪʨʠʥʦ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʚʥʫʪʨʠ ʫʧʨʫʛʦʡ ʣʝʧʪʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ WS = s4pR2, ʛʜʝ R 

ï ʨʘʜʠʫʩ ʫʧʨʫʛʦʡ ʦʙʦʣʦʯʢʠ, s ï ʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʷʭ (1-4). ɺ [1] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʜʣʷ 

ʵʣʝʢʪʨʦʥʘ: 

                                                           
É ɹʫʨʘʚʦʚ ʃ.ʀ. / Buravov L.I., 2015 
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                                                                                                                            (5), 
 

ʛʜʝ r ï ʨʘʜʠʫʩ ʩʞʘʪʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʣʘʢʘ, ʠ N ï ʯʠʩʣʦ ʢʚʘʥʪʦʚ ʥʝʡʪʨʠʥʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʭʝʤʳ 

ʨʘʩʧʘʜʦʚ: N = 2 ʜʣʷ ʤʶʦʥʘ, 3 ï ʜʣʷ ʧʠʦʥʘ, ʠ 21 ï ʜʣʷ ʢʘʦʥʘ. ʄʘʩʩʳ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ Rm ʠ rm ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʤʠʥʠʤʠʟʠʨʦʚʘʥʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʦʷ (5) ʧʦ R ʠ r. ɺʳʯʠʩʣʝʥʥʳʝ ʚ [1] 

ʟʥʘʯʝʥʠʷ ʤʘʩʩ e, m, p0 ʠ K0 ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 0,547:105,707:134,963: 493,87 (Mev) (c ʧʨʠʚʷʟʢʦʡ ʢ ʤʘʩʩʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʠʦʥʘ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʩʩʳ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʯʘʩʪʠʮ, ʢʘʢ ʠ ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʠʭ ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʟʤʝʨʘ Rm: 
 

                                                                                Mc2= f c2 Rm 
2 = 12spRm

2                                                                                                        (6) 
 

ɺ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʩʩʳ ʨʷʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ 

ʚʠʜʝ: 
 

                                                                                 M c2 = ɚM ÖH / 2 ,                                                                        (7), 
 

ʛʜʝ H=246 ɻʵʚ ï ʭʘʨʘʢʪʝʨʥʘʷ ʵʥʝʨʛʠʷ ʚ ʤʦʜʝʣʠ ʍʠʛʛʩʘ [3, 11], ɚM ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ M. ʌʦʨʤʫʣʫ (6) ʜʣʷ ʤʘʩʩ, ʧʦʣʫʯʝʥʥʫʶ ʚ [1], ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ, ʩʦʚʤʝʩʪʠʤʦʤʫ 

ʩ (7), ʝʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʨʘʚʥʷʪʴ ʧʨʘʚʳʝ ʯʘʩʪʠ (6) ʠ (7); ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ: 
 

                                                                        ɚM = Rm 
2 /[ H/( 2 Ö12sp)] = Rm 

2 /R x
2                                                   (8), 

 

ʛʜʝ ʥʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ Rx=[H/( 2 Ö12sp)]1/2=1,11Ö10-10ʩʤ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ İ ʢʦʤʧʪʦʥʦʚʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʵʣʝʢʪʨʦʥʘ 2ˊ˂ /mec = 2,43Ö10-10 ʩʤ.  

ʈʝʟʫʣʴʪʘʪ ʠʟ ʬʦʨʤʫʣʳ (6) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ [2] ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩ ʥʝʡʪʨʠʥʦ ɜe, ɜɛ ʠ ɜŰ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ 

ʨʘʙʦʪʘʭ [6, 7, 9] ʙʳʣ ʥʘʡʜʝʥ ʢʚʘʜʨʘʪ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʜʠʫʩʘ. ɺ ʥʠʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʪʨʠʥʦ ʚʩʝʭ 

ʪʠʧʦʚ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʚʩʣʝʜʩʪʚʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ nź - +W+, nź + +W-, 

ʛʜʝ ʣʝʧʪʦʥʥʳʡ ʠʥʜʝʢʩ  ʦʟʥʘʯʘʝʪ e, ɛ ʠʣʠ Ű, W -ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʝʢʪʦʨʥʳʝ ʙʦʟʦʥʳ, ʧʝʨʝʥʦʩʯʠʢʠ ʩʣʘʙʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʩʩʦʡ ʄw = 80,4 ɻʵɺ [5]. ʉ ʫʯʝʪʦʤ ʪʘʢʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ [6, 7, 9] ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ 

ʢʚʘʜʨʘʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʜʠʫʩʘ ʥʝʡʪʨʠʥʦ ʨʘʚʝʥ: 
 

                                                   <r2(n)>=(3GF/8 2ˊ2˂c)[(5/3)LnŬ+(8/3)Ln(Mw/ m ) +ɖ]                                       (9), 

 

ʛʜʝ GF = 1,43Ö10-62 ɼʞ ʤ3 ïʢʦʥʩʪʘʥʪʘ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, Ŭ =e2/˂c=1/137, ʯʠʩʣʦʚʘʷ ʢʦʥʩʪʘʥʪʘ ɖ@1·2. ɼʣʷ 
ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ɖ = 1,5 ʩ ʫʯʝʪʦʤ mɛʩ2 =105,66 ʄʵʚ ʠ mŰc2

 = 1777 ʄʵʚ ʠʟ (9) ʩʣʝʜʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʚʝʣʠʯʠʥʳ 

ʢʚʘʜʨʘʪʦʚ ʨʘʜʠʫʩʦʚ ʥʝʡʪʨʠʥʦ ʨʘʚʥʳ: 
 

                                        <r2(ɜe)>@3Ö10-33ʩʤ2, <r2(ɜɛ)> @1,3Ö10-33ʩʤ2, <r2(ɜŰ )>@4,2Ö10-34ʩʤ2                             (10) 
 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ, ʚ [2] ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʦʩʪʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

1. ʍʦʪʷ ʥʝʡʪʨʠʥʦ ʥʝ ʠʤʝʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʦʥʠ ʧʦ-ʚʠʜʠʤʦʤʫ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʠʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚʠʨʪʫʘʣʴ-

ʥʳʤʠ ʧʘʨʘʤʠ (?, W), ʩʣʝʛʢʘ ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝʡʪʨʠʥʦ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 

U(n) = d(n)e2/r, ʛʜʝ r ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʘʜʠʫʩ ʥʝʡʪʨʠʥʦ, d(n) ï ʥʝʠʟʚʝʩʪʥʳʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʦʚ ʚ ʩʪʨʫʢʪʫʨʝ n . 

2. ɺʠʨʪʫʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʥʝʡʪʨʠʥʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ WS =  s4pr2 ʠ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: 
 

                                                                                E = s4pr2 + d(n)e2/r                                                                   (11) 

 

3. ɺʝʣʠʯʠʥʘ s ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ ʥʝʡʪʨʠʥʦ. 

ʊʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʫʤʘ ʚʠʨʪʫʘʣʴ-

ʥʦʡ ʵʥʝʨʛʠʠ (11): 
 

                                                                          m(n)=3(ps)1/3 [d(n) e2]2/3/c2                                                                                         (12), 

 

ʥʦ ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ d(n) ʥʝʠʟʚʝʩʪʥʘ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʩʩ ʥʝʡʪʨʠʥʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ [6, 7, 9] ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʜʠʫʩʘ ʥʝʡʪʨʠʥʦ <r2(n)> ʠ ʬʦʨʤʫʣʦʡ (6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʩʪʘʚ-

ʣʷʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (10) ʜʣʷ <r2(n)> ʚ ʬʦʨʤʫʣʫ (6) ʚʤʝʩʪʦ Rm 
2, ʥʘʭʦʜʠʤ, ʯʪʦ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʨʘʚʥʳ: 
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                                       m(ɜe)c2 @4,3Ö10-2 ʵɺ, m(ɜɛ)c2@2Ö10-2 ʵɺ, m(ɜŰ )c2@6Ö10-3 ʵɺ                                         (13) 
 

ɺʝʣʠʯʠʥʳ ɚ(n) ʜʣʷ ʥʝʡʪʨʠʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʬʦʨʤʫʣʳ (8) ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʟʥʘʯʝʥʠʡ <r2(n)> 

ʚʤʝʩʪʦ Rm 
2: 

 

                                                ɚ(ɜe)@2,47Ö10-13, ɚ(ɜɛ) @1,08Ö10-13, ɚ(ɜŰ )@3,4Ö10-14                                               (14) 
 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ GF @́ Ŭ (˂c)3/( 2 sin2ɗwMw
2c4) [3, 5], ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (4), (6) ʠ (9) ʧʦʣʫʯʘʝʤ 

ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʤʘʩʩ ʥʝʡʪʨʠʥʦ: 
 

                                                                            m(n)@H( )Ŭ [m o/Mw]2 m o                                                            (15), 

 

ʛʜʝ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ H( ) ʨʘʚʝʥ: 
 

                                                   H( )=3-5ˊ -3sin-2ɗw[(5/3)LnŬ +(8/3)Ln(Mw/ m ) +ɖ]                                                  (16) 

 

ɗw ï ʫʛʦʣ ɺʘʡʥʙʝʨʛʘ (sin2ɗw = 0,23 ), ʠ ʚʩʝ 3 ʙʝʟʨʘʟʤʝʨʥʳʭ ʤʥʦʞʠʪʝʣʷ: H( ),Ŭ ʠ [ m o/Mw]2 ʤʥʦʛʦ ʤʝʥʴʰʝ 1. 

ɺʝʣʠʯʠʥʳ d(n) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (12): 

 

                                                                 d(n)=[m(n)c2]3/2/[33/2Ŭ˂c(ˊů)1/2]                                                             (17) 
 

ʠ ʨʘʚʥʳ: 
 

                                          d( en)@1,10³10-11, d( mn )@3,17³10-12, d( tn)@ 5,6³10-13                                                      (18) 

 

ɺ ʫʨʘʚʥʝʥʠʠ (5), ʪʘʢ ʞʝ ʢʘʢ ʚ (1), ʚʝʣʠʯʠʥʘ WS =  s4pR2 ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʤʘʩʩʘ ʯʘʩʪʠʮ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʩʩʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʠ 

ʧʦʥʷʪʥʦʝ: ʧʦʣʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ Mc2; ʦʜʥʘʢʦ, ʥʝʷʩʥʘ ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʯʠʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʜʝʨʞʠʚʘ-

ʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʫʜʝʨ-

ʞʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʦʪʜʘʯʠ ʠʤʧʫʣʴʩʘ ʦʩʦʙʳʭ ʠʩʧʫʩʢʘʝʤʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʙʦʟʦʥʦʚ.  

ʀʪʘʢ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

1. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʴʶ ʇʫʘʥʢʘʨʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʘʞʜʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʫʜʝʨʞʠʚʘ-
ʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ū(R), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʦʪʦʥʦʚ ʠ ʛʨʘʚʠʪʦʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʯʘʩʪʠʮʳ ʩʢʣʘ-

ʜʳʚʘʝʪʩʷ ʠʟ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʚʠʞʝʥʠʷ, ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦ-

ʣʝʡ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʠʭ ʟʘʨʷʜʦʚ. 

2. ʂʘʞʜʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʠʟʣʫʯʘʝʪ ʦʩʦʙʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʙʦʟʦʥʳ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ 

A( eikr/r)e½iwt . ɿʜʝʩʴ k ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʙʦʟʦʥʘ, ɤ ï ʝʛʦ ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ, r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʮʝʥʪʨʘ ʯʘʩʪʠʮʳ (r ² R), A ï ʥʦʨʤʠʨʦʚʦʯʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʥʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

3. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʩʩʘ ʪʘʢʠʭ ʙʦʟʦʥʦʚ MH ʤʥʦʛʦ ʙʦʣʴʰʝ ʤʘʩʩʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ 

W ° ʠ Zo, ʛʜʝ Zo ʧʝʨʝʥʦʩʯʠʢ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʩʩʦʡ 91,2 ɻʵʚ [10]. ʊʦʛʜʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʙʦʟʦʥʦʚ Ű ʤʥʦʛʦ ʤʝʥʴʰʝ 2ˊ˂/ (Mw c2 )º5Ö10 -26 ʩʝʢ ʠ ʨʘʩʩʪʦʷʥʠʝ ʠʭ ʧʨʦʙʝʛʘ LŰ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ ʤʥʦʛʦ ʤʝʥʴʰʝ 2ˊ˂/ (Mw c)º2Ö10 -15 ʩʤ. 

4. ʂʘʞʜʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʷʚʣʷʝʪʩʷ ʥʝʠʩʩʷʢʘʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 
ʚʦʣʥ. ʇʨʠ ʵʪʦʤ ʤʘʩʩʘ ʯʘʩʪʠʮʳ-ʠʩʪʦʯʥʠʢʘ ʥʝ ʫʙʳʚʘʝʪ, ʪʘʢ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʝ ʙʦʟʦʥʳ ʯʝʨʝʟ ʤʛʥʦʚʝʥʠʝ @Ű ʩʝʢ ʚʦʟ-
ʚʨʘʱʘʶʪʩʷ ʚ ʠʩʪʦʯʥʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʷʤʠ ʚʘʢʫʫʤʘ. 

5. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮʝʡ ʙʦʟʦʥʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ NH ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ɔ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʯʘʩʪʠʮ: NH =ɔ4́R2. 

ʇʦʩʢʦʣʴʢʫ ʚʩʷʢʘʷ ʜʚʠʞʫʱʘʷʩʷ ʚʦʣʥʘ ʥʝʩʝʪ ʩ ʩʦʙʦʡ ʠʤʧʫʣʴʩ, ʠʟ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʦʪʜʘʯʠ ʠʤʧʫʣʴʩʘ ʩʬʝʨʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ ʩʦʟʜʘʝʪʩʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ F 

(R) ʠ ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʌ(R) =ÚFdR. 

ʈʘʩʩʤʦʪʨʠʤ 2 ʩʣʫʯʘʷ ʜʣʷ ʚʠʜʘ ʩʧʝʢʪʨʘ ʙʦʟʦʥʦʚ: 

1. ʀʟʣʫʯʘʝʤʳʝ ʙʦʟʦʥʳ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ k ʦʪ 0 ʜʦ kmax = K ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ Wa (k, ɝ), ʛʜʝ ɝ= MH c/˂ . ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ R3. 

2. ʀʟʣʫʯʘʝʤʳʝ ʙʦʟʦʥʳ ʠʤʝʶʪ ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ: k = ˊ/R, 2ˊ/R, ...nˊ/R ...ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ Wb(k,ɝ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ R2.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ a). ɺʚʝʜʝʤ ʫʩʣʦʚʠʝ ʥʦʨʤʠʨʦʚʢʠ ʜʣʷ Wa (k, ɝ), ʪʘʢ ʯʪʦ ñ
K

kW

0

),( x dk =1. ʊʦʛʜʘ ʯʠʩʣʦ ʠʤ-

ʧʫʣʴʩʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ k ʜʦ k + dk ʨʘʚʥʦ NH Wa (k, ɝ)dk = ɔ4ˊ R2 Wa (k, ɝ)dk, ʘ ʧʦʣʥʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 4ˊR2 ʨʘʚʥʘ 
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                                                                          F (R) =2

0

K

ñkɔ4Ŕ2 Wa (k,ɝ)dk.                                                              (19) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʣʫʯʘʷ a) ʨʘʚʝʥ 
 

                                                           ū3(R) = R3 [ (8/3)ˊɔ˂

0

K

kñWa (k, ɝ)dk ]= R3 [ (8/3)ˊɔ˂kav ]                                  (20), 

 

ʛʜʝ kav =

0

K

kñWa (k, ɝ)dk ï ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ k.  

ɼʣʷ ʩʣʫʯʘʷ b) ʚʚʝʜʝʤ ʫʩʣʦʚʠʝ ʥʦʨʤʠʨʦʚʢʠ ʜʣʷ Wb (k, ɝ): b

n

Wä (nˊ/R, ɝ ) =1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʘʷ 

ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 4ˊR2 ʨʘʚʥʘ: 
 

                                                                    F(R) = 2 )( /
n

n Rpä ɔ4Ŕ2 Wb (nˊ/R,ɝ)                                                (21) 

 

ʉʫʤʤʘ ( / )
n

n Rpä Wb(nˊ/R,ɝ) ʚ ʬʦʨʤʫʣʝ (21) ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʘ nav(ˊ/R), ʛʜʝ nav ï ʢʚʘʥʪʦʚʦʤʝʭʘʥʠ-

ʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ n. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ū2 (R) ʨʘʚʝʥ: 
 

                                                                               ū2 (R) = R2 [4 ˊ2 ɔn˂av ]                                                                    (22) 
 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʚ ʫʨʘʚʥʝʥʠʠ (5) ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ū2(R)=s4pR2 ʥʘ ū3 (R) 
ʤʘʩʩʳ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ R3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʧʨʦʠʟʚʦʜʠʪ ʦʩʦʙʦʝ ʙʦʟʦʥʥʦʝ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ 

ʫʜʝʨʞʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʤʘʩʩʫ ʯʘʩʪʠʮʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʝʝ ʞʠʟʥʠ.  
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɹʫʨʘʚʦʚ, ʃ. ʀ. // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʌʠʟʠʢʘ, 2009. ï ˉ1. ï ʉ. 23ï29. 

2. ɹʫʨʘʚʦʚ, ʃ. ʀ. // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʌʠʟʠʢʘ, 2012. ï ˉ11. ï ʉ. 113ï114. 

3. ɺʳʩʦʮʢʠʡ, ʄ. ʀ. ʃʝʢʮʠʠ ʧʦ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ / ʄ. ʀ. ɺʳʩʦʮʢʠʡ. ï ʇʨʝʧʨʠʥʪ ʀʊʕʌ 01-10. 

ï ʄ., 2010. ï 85 ʩ. 

4. ʌʝʡʥʤʘʥ, ʈ. ʌʝʡʥʤʘʥʦʚʩʢʠʝ ʣʝʢʮʠʠ ʧʦ ʬʠʟʠʢʝ. ʪ. 6 / ʈ. ʌʝʡʥʤʘʥ, ʈ. ʃʝʡʪʦʥ, ʄ. ʉʵʥʜʩ. ï ʀʟʜ. çʄʠʨè, 1967. 

5. ʌʠʟʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ // ɻʣ. ʨʝʜ. ɸ.ʄ. ʇʨʦʭʦʨʦʚ. ï ʄ. : ʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ, 1992. ï ʊ.5. ï 688 ʩ. 

6. Bernstein, J., Lee, T. D. // Phys.Rev.Lett., 1963. ï V.11. ï P. 512ï516. 

7. Cheng, W. K., Bludman, S. A. // Phys.Rev., 1964. ï V.136B. ï P. 1787ï1790. 

8. Dirac, P. A. M. // Proc. Roy. Soc., 1962. ï V. 268ɸ. ï No 1332. ï P. 57ï67. 

9. Lee, T. D., Sirlin, A. // Rev.Mod.Phys., 1964. ï V.36. ï P. 666ï669. 

10. Particle Data Group, 2012, Reviews, Tables, Plots. 

11. Quigg, C. // arXiv: 0704.2232v2 [hep-ph], 28 May 2007. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 03.09.15. 
 

 
CONFINING POTENTIAL AND ELEMENTARY PARTICLES MASS  
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Abstract. In this paper, we consider a model in which the masses of elementary particles are formed and stabi-

lized due to confining potential caused by recoil momentum at emission of specific virtual bosons by particle itself. The 

calculation of this confining potential ʌ(R) is carried out. It is proved that ʌ(R) may be in the form of const R̟3 or const 

R̟2 depending on continuous or discrete nature of the spectrum of emitted bosons. 
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ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʄʆʈʌʆʃʆɻʀʏɽʉʂʆɻʆ 

ʄɽʊʆɼɸ ɸʅɸʃʀɿɸ ɸʈʊɽʈʀɸʃʔʅʓʍ ʆʉʎʀʃʃʆɻʈɸʄʄ 

ɼʃʗ ʀɿʋʏɽʅʀʗ ɸɼɸʇʊɸʎʀʆʅʅʓʍ ʄɽʍɸʅʀɿʄʆɺ ʆʈɻɸʅʀɿʄɸ 
 

 ɼ.ɺ. ɺʘʢʫʣʝʥʢʦ1, ʅ.ʗ. ʂʣʠʤʫʢ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ, 
2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʢʘʬʝʜʨʳ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ɻɺʋɿ çʊʝʨʥʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʗ. ɻʦʨʙʘʯʝʚʩʢʦʛʦ ʄʆɿ ʋʢʨʘʠʥʳè, 

ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ. ʈʝʘʢʮʠʷ ʩʦʩʫʜʦʚ ʧʨʝʜʧʣʝʯʴʷ ʥʘ ʢʦʤʧʨʝʩʩʠʶ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʥʝʨʚʥʦ-ʵʥʜʦʢʨʠʥʥʦʡ ʨʝ-

ʛʫʣʷʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʜʮʘ, ʨʝʬʣʝʢʪʦʨʥʫʶ ʨʝʘʢʮʠʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷ-

ʥʠʝ ʨʫʩʣʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ (ʪʦʥʫʩ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʦʭʦʜʠʤʦʩʪʴ), ʘʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʩʨʦʯʥʦʡ ʨʝ-

ʘʢʮʠʠ ʥʘ ʢʦʤʧʨʝʩʩʠʶ (ʙʘʨʦʨʝʮʝʧʪʦʨʥʦʡ, ʭʝʤʦʨʝʮʝʧʪʦʨʥʦʛʦ, ʨʝʬʣʝʢʩ ʥʘ ʠʰʝʤʠʶ) ʠ ʜʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ 

ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ, ʚʨʝʤʝʥʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘʨʪʝʨʠʘʣʴʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ. 

 

ɺʩʪʫʧʣʝʥʠʝ. ʉʠʩʪʝʤʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ï ʠʥʜʠʢʘʪʦʨ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ [4]. ʉʝʨ-

ʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʧʘʪʦʣʦʛʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 3/4 ʥʘʩʝʣʝʥʠʷ ʋʢʨʘʠʥʳ, ʘ ʚ 62,5 % ʩʣʫʯʘʝʚ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʩʤʝʨʪʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ (ʃʫʱʠʢ ʋ.ɹ., 2003). ʆʩʦʙʦʝ ʙʝʩʧʦʢʦʡʩʪʚʦ ʚʳʟʳʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʨʦʩʪ ʯʘʩʪʦʪʳ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʠʭ çʦʤʦʣʦʞʝʥʠʝè: ʫ ʧʦʜʨʦʩʪʢʦʚ ʟʘ 5 ʣʝʪ 

ʦʥʘ ʚʳʨʦʩʣʠ ʥʘ 28 %, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʫ ʣʠʮ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ ï ʥʘ 17 % (ɹʫʣʠʯ ɽ.ɻ., ʄʫʨʘʚʦʚ ʀ.ɺ., 2004), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʙʣʝʤʘʭ ʚ ʩʠʩʪʝʤʝ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʚʳʰʝʥʥʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ï ʦʩʥʦʚ-

ʥʦʡ ʬʘʢʪʦʨ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʢʘʪʘʩʪʨʦʬ. ɹʦʣʴʥʳʭ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʋʢʨʘʠʥʝ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 5 ʤʣʥ ʯʝʣʦʚʝʢ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 % ʥʘʩʝʣʝʥʠʷ ʋʢʨʘʠʥʳ) [7]. ʉʝʛʦʜʥʷ ʦʙʱʝʩʪʚʫ ʥʝ 

ʭʚʘʪʘʝʪ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʝʯʝʥʠʷ ʩʦʩʫʜʠʩʪʦʡ ʧʘʪʦʣʦʛʠʠ [3]. 

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʘʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤ. 

ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ɺɸʊ41-2, ʩʧʦ-

ʩʦʙʥʦʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʤʘʥʞʝʪʝ ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʢʦʤʧʨʝʩʩʠʠ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ [2] ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ, ʚʨʝʤʝʥʥʦʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʬʨʘʢʪʘʣʴʥʦʛʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ çʀʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʨʝʜʝ ʤʝʜʠʮʠʥʩʢʦʡ (ʬʠʟʠʯʝʩʢʦʡ) ʨʝʘʙʠʣʠʪʘʮʠʠè, ʙʣʦʢ ʘʥʘʣʠʟʘ ʙʠʦʩʠʛʥʘʣʦʚè [3]. 

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʨʠʪʝʨʠʝʚ ʚʨʝʤʝʥʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ ʠ ʵʣʝʢʪʨʦʵʥʮʝ-

ʬʘʣʦʛʨʘʤʤ (ɹʘʝʚʩʢʠʡ ʈ.ʄ., 1997, 2001; ʗʙʣʫʯʘʥʩʢʠʡ ʅ.ʀ., ʄʘʨʪʳʥʝʥʢʦ ɸ.ɺ., 2010 ʠ ʜʨ.) [6], ʘ ʜʣʷ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʠʥʬʦʨʤʘʮʠʶ, ʚʥʝʜʨʝʥʥʫʶ ʚ ʧʣʝʪʠʟʤʦʛʨʘʬʠʠ ʠ ʨʝʦʛʨʘʬʠʠ (ʗʨʫʣʣʠʥ ʍ.ʍ., 1965; ʇʦʢʨʦʚʩʢʠʡ ɸ.ɺ., 

1979; ʂʘʨʦ ʂ., 1981; ʇʝʜʣʠ ʊ., 1983; ʏʘʱʠʥ ɸ.ɺ., 2005; ʃʫʱʠʢ ʋ.ɹ., ʅʦʚʠʮʢʠʡ ɺ.ɹ. 2005; ʇʣʦʪʥʦ ʀ., 2008 ʠ ʜʨ.). 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʳʰʝʦʪʤʝʯʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʠʟʫʯʠʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʧʦʤʦʱʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ ʠ ʦʙʦʩ-

ʥʦʚʘʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ ʥʦʨʤʳ, ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʮʝʥʢʘ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʦʪʢʣʦʥʷʶ-
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ʱʠʭʩʷ ʦʪ ʥʦʨʤʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʩʦʚʳʝ ʢʨʠʪʝʨʠʠ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ. ʀʟʫ-

ʯʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʨʝʤʝʥʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʠ ʩʠʥʭʨʦʥʥʦ ʟʘʨʝ-

ʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ. ɸʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʢʦʤʧʨʝʩʩʠʠ 

ʩʦʩʫʜʦʚ ʧʣʝʯʘ. 

ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʜʘʧʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠ-

ʩʪʝʤʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʭ ʚʣʠʷʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʳ 26 ʚʠʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʨʝʜʠ ʥʠʭ: ʬʠʟʠʯʝ-

ʩʢʠʝ (ʧʨʦʙʘ ʈʫʬʴʝ, ʧʨʦʮʝʜʫʨʘ ʃʌʂ, ʦʟʜʦʨʦʚʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʏʞʫʥ ʖʘʥʴ ʮʠʛʫʥ, ʈʝʡʢʠ), ʤʝʭʘʥʠʯʝʩʢʠʭ (ʤʘʩʩʘʞ 

ʩʝʛʤʝʥʪʘʨʥʦ-ʨʝʬʣʝʢʪʦʨʥʳʡ, ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʬʠʨʤʳ ʅʫʛʘ ɹʝʩʪ), ʪʝʨʤʠʯʝʩʢʠʝ (ʙʘʥʷ ʩʫʭʘʷ ʠ ʧʘʨʥʘʷ, çʤʦʨ-

ʞʝʚʘʥʠʝè), ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʝ (ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ) ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤ 

ɼʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

1. ʬʦʨʤʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʛʠʙʘʶʱʠʭ, ʨʠʪʤʠʯʥʦʩʪʴ ʧʫʣʴʩʘʮʠʡ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʦʩʪʘ ʠ 

ʩʥʠʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʤʧʨʝʩʩʠʠ); 

2. ʥʘʣʠʯʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ; 

3. ʭʘʨʘʢʪʝʨ ʦʪʜʝʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʢʦʤʧʨʝʩʩʠʠ (ʠʭ ʘʤʧʣʠʪʫʜʘ, ʫʛʣʳ ʵʢʩʪʨʝʤʫʤʦʚ, ʚʦʩ-

ʭʦʜʷʱʘʷ ʠ ʥʠʩʭʦʜʷʱʘʷ ʯʘʩʪʠ); 

4. ʥʘʣʠʯʠʝ, ʣʦʢʘʣʠʟʘʮʠʷ, ʚʝʣʠʯʠʥʘ ʜʠʢʨʦʪʠʯʝʩʢʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʣʥ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʨʦʩʪʘ ʢʦʤʧʨʝʩʩʠʠ, ʤʳ ʚʳʜʝ-

ʣʠʣʠ ʪʨʠ ʝʝ ʯʘʩʪʠ (ʨʠʩʫʥʦʢ 1). 
 

 
 

ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʫʜʦʚ ʧʣʝʯʘ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʄ, 20 ʣʝʪ* 
 

*  ʅʘ ʵʪʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦ ʦʩʠ ʍ ʦʪʨʘʞʝʥʳ ʨʝʛʠʩʪʨʘʮʠʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ (ʩ), 

ʧʦ ʦʩʠ Y ï ʟʥʘʯʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʷ ʚ ʤʘʥʞʝʪʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ ʘʨʪʝʨʠʠ (ʤʤ ʨʪ. ʉʪ.). 
 

ʇʝʨʚʘʷ ï ʥʘʯʘʣʦ ʢʦʤʧʨʝʩʩʠʠ (ʦʪ ʥʘʯʘʣʘ ʢʦʤʧʨʝʩʩʠʠ ʜʦ ʤʦʤʝʥʪʘ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣ-

ʣʷʮʠʡ, ʟʥʘʯʝʥʠʝ ʜʠʘʩʪʦʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʜʦ 18 ʩ, ʚʪʦʨʘʷ ï ʥʘʨʘʩʪʘʥʠʝ ʢʦʤʧʨʝʩʩʠʠ (ʦʪ ʤʦ-

ʤʝʥʪʘ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʡ ʢ ʝʝ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ, ʟʥʘʯʝʥʠʷ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, 18-31 ʩ), ʪʨʝʪʴʷ ï ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʤʧʨʝʩʩʠʠ (ʜʘʚʣʝʥʠʝ ʚ ʤʘʥʞʝʪʝ ʙʦʣʴʰʝ ʦʪ ʫʨʦʚʥʷ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, 32-33 ʩ.) [6]. ɺʪʦʨʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʣʘ ʚʪʦʨʦʡ ʧʝʨʠʦʜ ï ʝʝ ʚʦʩʭʦʜʷʱʘʷ ʯʘʩʪʴ (ʧʝʨʠʦʜ ʥʘʨʘʩʪʘʥʠʷ ʢʦʤʧʨʝʩ-

ʩʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʩʞʘʪʠʷ ʩʦʩʫʜʦʚ ʚ ʬʘʟʝ ʜʠʘʩʪʦʣʳ, 18-23 ʩ) ʠ 2-ʙ ï ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʠ 

ʥʠʩʭʦʜʷʱʘʷ ʯʘʩʪʴ (ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʩʞʘʪʠʷ ʩʦʩʫʜʦʚ ʚ ʬʘʟʝ ʩʠʩʪʦʣʳ, 23-31 ʩ.) [1]. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ 1680 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ (ʨʠʩʫʥʦʢ 1) ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʟʜʦʨʦʚʦʤʫ ʯʝʣʦʚʝʢʫ.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʝʧʝʥʥʦʡ ʢʦʤʧʨʝʩʩʠʠ 

ʩʦʩʫʜʦʚ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨ-

ʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʢʦʤʧʨʝʩʩʠʠ ʩʦʩʫʜʦʚ ʧʣʝʯʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚ ʢʣʠʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘʨʫʰʝʥʠʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺʣʠʷʥʠʝ ʧʨʦʙʳ ʈʫʬʴʝ ʥʘ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫ-

ʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 68 ʣʠʮ ʤʫʞʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 24 ʣʝʪ ʙʝʟ ʞʘʣʦʙ 

ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʢ ʥʘʛʨʫʟʢʝ, ʧʦʩʣʝ ʥʝʛʦ (30 ʧʨʠʩʝʜʘʥʠʡ ʟʘ 45 ʩ ï ʧʨʦʙʘ 

ʈʫʬʴʝ) ʠ ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʦʪʜʳʭʘ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 20-ʣʝʪʥʠʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʄ. (ʞʝʥʩʢʦʛʦ 

ʧʦʣʘ, 2-ʡ ʩʧʦʨʪʠʚʥʳʡ ʨʘʟʨʷʜ ʧʦ ʪʫʨʠʟʤʫ) ʠ ʉ. (ʤʫʞʩʢʦʛʦ ʧʦʣʘ, 1-ʡ ʨʘʟʨʷʜ ʧʦ ʚʦʣʴʥʦʡ ʙʦʨʴʙʝ) (ʨʠʩʫʥʦʢ 2). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʛʘʨʤʦʥʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʣʝʚʦʤ ʩʪʦʣʙʮʝ (ʄ). ʋ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʉ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʨʫʰʝʥʠʝ ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ ʩʦʩʫʜʦʚ ʧʣʝʯʘ ʥʘ 
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ʢʦʤʧʨʝʩʩʠʶ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ ʠ ʯʝʨʝʟ ʜʚʝ ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʝʛʦ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʦʪʤʝʯʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

 

  ʘ)   

 

   ʙ)   

 

  ʚ)   

 
ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʄ. (ʣʝʚʳʡ ʩʪʦʣʙʝʮ) ʠ ʉ. (ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ): 

ʘ ï ʢ ʥʘʛʨʫʟʢʝ, ʙ ï ʧʦʩʣʝ 30 ʧʨʠʩʝʜʘʥʠʡ, ʚ ï ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʦʪʜʳʭʘ 

 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤ ʜʦ ʠ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʠ ʨʝʟʝʨʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʷ ʝʝ ʩʦʩʪʦʷʥʠʷ. ɸʥʘʣʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʠ 68 ʦʙʩʣʝʜʦ-

ʚʘʥʥʳʭ ʟʜʦʨʦʚʳʭ ʣʠʮ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʪʦʣʴʢʦ ʚ (21,2 Ñ 1,4) % ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ɺʣʠʷʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʘʞʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ 

ɺʣʠʷʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘʨʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʤʘʩʩʘʞʘ ʠʟʫʯʝʥʦ ʫ 40 ʯʝʣʦʚʝʢ ʨʘʟʥʦʛʦ ʚʦʟ-

ʨʘʩʪʘ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʦʩʪʝʦʭʦʥʜʨʦʟʘ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʧʦʟʚʦʥʦʯʥʠʢʘ. ɸʨʪʝʨʠʘʣʴʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʭ ʠʣʠ ʯʝʪʳʨʝʭ ʧʨʦʮʝʜʫʨ ʤʘʩʩʘʞʘ ʩʧʠʥʳ. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʨʪʝʨʠʘʣʴʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʚʦʟʨʘʩʪʝ 35 ʣʝʪ, ʞʝʥʩʢʦʛʦ ʧʦʣʘ (ˉ 

34), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʜʦ ʠ ʧʦʩʣʝ ʯʝʪʳʨʝʭ ʧʨʦʮʝʜʫʨ ʤʘʩʩʘʞʘ ʩʧʠʥʳ. 
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ʈʠʩ. 3. ɸʨʪʝʨʠʘʣʴʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) ʧʨʦʮʝʜʫʨʳ ʩʝʛʤʝʥʪʘʨʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʤʘʩ-

ʩʘʞʘ ʦʙʣʘʩʪʠ ʩʧʠʥʳ, ʦʙʩʣʝʜʦʚʘʥʥʦʡ ˉ34 

 

ʆʩʮʠʣʣʦʛʨʘʤʤʫ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʜʦ ʤʘʩʩʘʞʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ III-ʤʫ, ʧʦʩʣʝ ʥʝʛʦ ï ʢ I-ʤʫ ʪʠʧʫ. ɼʦ 

ʤʘʩʩʘʞʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘʨʫʰʝʥʠʷ ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʦʩʮʠʣʣʷʮʠʡ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʚ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ ʬʘʟʘʭ 

ʢʦʤʧʨʝʩʩʠʠ. ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʤʘʩʩʘʞʘ ʫʢʘʟʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʩʯʝʟʘʶʪ. ʕʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʘʟʥʘʯʝʥʥʦʡ ʠ ʧʨʦʚʝʜʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘʨʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʤʘʩ-

ʩʘʞʘ. 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ. ʈʝʘʢʮʠʷ ʩʦʩʫʜʦʚ ʧʨʝʜʧʣʝʯʴʷ ʥʘ ʢʦʤʧʨʝʩʩʠʶ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʧʦʩʣʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʥʝʨʚʥʦ-ʵʥʜʦʢʨʠʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʜʮʘ, ʨʝʬʣʝʢʪʦʨʥʫʶ ʨʝʘʢʮʠʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʨʫʩʣʘ ʧʝʨʠʬʝʨʠ-

ʯʝʩʢʠʭ ʩʦʩʫʜʦʚ (ʪʦʥʫʩ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʦʭʦʜʠʤʦʩʪʴ), ʘʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʩʨʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʢʦʤʧʨʝʩʩʠʶ 

(ʙʘʨʦʨʝʮʝʧʪʦʨʥʦʡ, ʭʝʤʦʨʝʮʝʧʪʦʨʥʦʛʦ, ʨʝʬʣʝʢʩ ʥʘ ʠʰʝʤʠʶ) ʠ ʜʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʦʛʦ, ʚʨʝʤʝʥʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʤʝʯʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʟʚʦʣʠʣʠ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʪʠʧʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʣʠʷʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ, ʯʪʦ ʦʙʲʝʢʪʠʚʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳ-

ʙʦʨʫ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ ʠ ʢʘʯʝʩʪʚʦ ʨʝʘʢʮʠʠ ʩʦʩʫʜʦʚ ʥʘ ʢʦʤʧʨʝʩʩʠʶ ʟʘʚʠʩʷʪ ʦʪ ʫʧʨʫʛʦ-ʵʣʘ-

ʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʝ ʩʪʨʫʢʪʫʨʳ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ, ʚʦʟʨʘʩʪ-

ʥʳʤʠ, ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ), ʪʦʥʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʤʳʰʝʯʥʦʛʦ ʩʣʦʷ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ, ʩʪʝʧʝʥʴʶ ʧʘʩʩʠʚʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ ʠ ʧʦʜʣʝʞʘʪ ʥʝʨʚʥʦ ʨʝʬʣʝʢʪʦʨʥʦʡ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪ ʮʠʨʢʫʣʷ-

ʪʦʨʥʳʝ ʨʝʘʢʮʠʠ ʥʝʨʚʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʙʘʨʦʨʝʮʝʧʪʦʨʥʦʡ, ʭʝʤʦʨʝʮʝʧʪʦʨʥʦʛʦ, ʨʝʬʣʝʢʩ ʥʘ ʠʰʝʤʠʶ ʎʅʉ, ʢʦ-

ʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦ ʠʥʬʦʨʤʠʨʫʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ 

ʩʠʩʪʝʤʫ ʦʙ ʚʦʟʥʠʢʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷʭ (ʂʫʨʰʘʢʦʚ ʅ. ɸ., ʇʨʝʩʩʤʘʥ ʃ. ʇ., 1954). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʤʝʪʦʜʳ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦ-

ʣʝʚʘʥʠʡ, ʚ ʢʣʠʥʠʯʝʩʢʦʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʩʧʦʨʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫ-

ʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘʨʫʰʝʥʠʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ. 
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Abstract. The analysis of the literature and our own research has confirmed the relevance of studying the state 

of peripheral vessels. The reaction of forearm vessels on the compression in quiescent state and after exposure to the 

varying factors makes it possible to assess the state of the neuro-endocrine regulation of the cardiovascular system, the 

level of functioning of the autonomic nervous system, the functional capacity of the heart, a reflex reaction of the cardio-

vascular system, the channel state of distal vessels (tone, elasticity, permeability), the activity of the mechanisms of urgent 

response to compression (pressosensitive, chemoreceptor, reflex to ischemia), and others. The received results make it 

possible to increase the information content of diagnosing the state of the cardiovascular system by analysing arterial 

trace recorded during the blood pressure measurement using morphological, temporal, cluster analysis for each patient. 
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ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʕʋʌʃʆʈʀʅɸ-ɺ ʅɸ ʇʈʆʈɸʉʊɸʅʀɽ 

ɿɽʈʅɸ ʇʐɽʅʀʎʓ ʀ ʈɾʀ ɺ ʃɸɹʆʈɸʊʆʈʅʓʍ ʋʉʃʆɺʀʗʍ 
 

 ʀ.ɺ. ɻʦʨʜʝʝʚʘ1, ɸ.ɺ. ʉʤʠʨʥʦʚʘ2 

1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 2 ʩʪʫʜʝʥʪ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʘ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢ-

ʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʵʫʬʣʦʨʠʥʘ-ɺ ʥʠʟʢʦʡ (2,5 %) ʠ ʚʳʩʦʢʦʡ (10 %) ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʥʦʚʦʢ ʧʰʝʥʠʮʳ 

ʠ ʨʞʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʦʡ ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ ʦʢʘʟʳʚʘʝʪ ʦʜʥʦʟʥʘʯʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʨʘʩ-

ʪʘʥʠʝ ʟʝʨʥʦʚʦʢ ʧʰʝʥʠʮʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʟʝʨʥʘ ʨʞʠ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʦʢʘʟʳʚʘʝʪ ʩʪʠʤʫʣʠʨʫʶ-

ʱʠʡ ʵʬʬʝʢʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʧʰʝʥʠʮʘ, ʨʦʞʴ, ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʥʘ, 

ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ-ɺ. 

 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʠʱʫ ʧʨʦʨʦʱʝʥʥʳʭ ʟʝʨʝʥ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʧʨʦʜʫʢʮʠʠ ʠʟ ʥʠʭ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝ-

ʪʠʷ ʚʦʰʣʦ ʚ ʰʠʨʦʢʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʥʘʩʝʣʝʥʠʝʤ ʤʥʦʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. ʕʥʜʦʩʧʝʨʤ ʟʣʘʢʦʚ ʩʦʜʝʨ-

ʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʟʘʨʦʜʳʰʘ: ʢʨʘʭʤʘʣʦʧʦʜʦʙʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ, ʚʠʪʘʤʠʥʳ ʛʨʫʧʧ ɺ ʠ ɽ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʩʪʨʦʛʝʥʳ, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʳ ï ʞʝʣʝʟʦ, ʮʠʥʢ, ʩʝʣʝʥ, ʘ 

ʪʘʢʞʝ ʙʝʣʢʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʬʝʨʤʝʥʪʳ ï ʧʨʦʪʝʠʥʘʟʳ ʚ ʟʝʨʥʘʭ ʧʰʝʥʠʮʳ ʠ ʘʤʠʣʘʟʳ ʚ ʟʝʨʥʘʭ ʨʞʠ [2, 3]. ʇʨʠ 

ʧʨʦʨʘʩʪʘʥʠʠ ʟʝʨʝʥ ʫʩʠʣʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʣʝʟʥʳʭ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ, ʥʦ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʧʨʠ ʚʳʧʝʯʢʝ ʭʣʝʙʦʧʨʦʜʫʢʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʫʢʠ ʠʟ ʧʨʦʨʦʱʝʥʥʦʡ ʧʰʝʥʠʮʳ, ʦʙʦʛʘʱʝʥʥʦʡ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ [1]. ʋʢʘ-

ʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʦʜʦʙʥʦʡ ʤʫʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʦʨʤʘʣʠʟʘʮʠʷ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʝʪʩʷ ʧʝʨʠʩʪʘʣʴʪʠʢʘ ʢʠʰʝʯʥʠʢʘ ʠ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ [2]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʝʥ ʟʣʘ-

ʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ (ʠʥʛʠʙʠʨʦʚʘʥʠʷ) ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʷʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʴʛʠ-

ʥʘʪ ʥʘʪʨʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʘʥʦʩʝʨʝʙʨʦʤ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ ʧʰʝʥʠʯʥʳʭ ʟʝ-

ʨʝʥ, ʠ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʵʥʜʦʩʧʝʨʤʘ ʩʝʨʝʙʨʦʤ [2], ʩʝʣʝʥʠʪ ʥʘʪʨʠʷ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʢʘʪʘʣʠ-

ʟʠʨʫʶʱʝʝ, ʪʘʢ ʠ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ [1], ʘʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʠ ʛʣʠʮʝʨʠʥ [4]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ï ʵʫʬʣʦʨʠʥʘïɺ 

ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʝʥ ʧʰʝʥʠʮʳ ʠ ʨʞʠ. ʕʫʬʣʦʨʠʥïɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʫʩʧʝʥ-

ʟʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʞʠʚʳʝ ʢʫʣʴʪʫʨʳ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ï ʤʦʣʦʯʥʦʡ ʠ ʧʨʦʧʠʦ-

ʥʦʚʦʡ ʢʠʩʣʦʪ, ʘʥʪʠʙʠʦʪʠʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ, ʘʣʴʜʝʛʠʜʦʚ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʩʨʘʚʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʡ ɹɸɼ ʥʘ ʟʝʨʥʦʚʢʠ ʜʚʫʭ ʨʘʟ-

ʥʳʭ ʚʠʜʦʚ ʟʣʘʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ: ʚ ʯʘʩʪʥʦʩʪʠ, ʵʥʜʦʩʧʝʨʤ ʨʞʠ ʩʦʜʝʨ-

ʞʠʪ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʣʠʟʠʥʘ ʠ ʪʨʝʦʥʠʥʘ, ʯʝʤ ʧʰʝʥʠʯʥʳʡ; ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʫʢʠ ʠʟ 

ʨʞʘʥʦʛʦ ʟʝʨʥʘ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʤʠʣʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʘ ʜʣʷ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ï ʧʨʦ-

ʪʝʠʥʘʟ [3]. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʦʤʳʪʳʝ ʟʝʨʥʘ ʧʦʤʝʱʘʣʠ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ 

ʙʫʤʘʛʫ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʧʦ 100 ʰʪʫʢ ʚ ʚʳʙʦʨʢʝ ʜʣʷ ʢʘʞʜʦʛʦ ʟʣʘʢʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʚʳʙʦʨʢʫ ˉ1 ʜʦʙʘʚʣʷʣʠ ʜʠʩʪʠʣ-

ʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ (ʢʦʥʪʨʦʣʴʥʳʡ ʦʧʳʪ), ʚ ʚʳʙʦʨʢʫ ˉ2 ï 2,5 %-ʥʳʡ ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ-ɺ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ (ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ), ʘ ʚ ʚʳʙʦʨʢʫ ˉ3 ï 10 %-ʥʳʡ ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ-ɺ (ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ). ʇʨʦʮʝʩʩ 

ʧʨʦʨʘʱʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʟʘʢʨʳʪʳʭ ʯʘʰʢʘʭ (ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʩʧʦʨ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ) ʥʘ ʩʚʝʪʫ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ (ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʨʦʱʝʥʥʳʭ ʟʝʨʝʥ ʚ ʧʠʱʫ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22-23 Üʉ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʟʣʘʢʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦ-

ʚʠʷʭ [1, 4]. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʝʤʝʥʘ ʨʝʛʫʣʷʨʥʦ ʩʤʘʯʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (10 ʤʣ ʥʘ ʯʘʰʢʫ 

ʇʝʪʨʠ) ʚʦ ʠʟʙʝʞʘʥʠʝ ʟʘʩʳʭʘʥʠʷ ʟʘʨʦʜʳʰʝʡ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʚʳʙʦʨʢʠ ʠʩ-

ʩʣʝʜʦʚʘʣʠ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʩ ʫʩʨʝʜʥʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʨʦʩʰʠʭ ʟʝʨʝʥ ʧʦ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2. 
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ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʵʫʬʣʦʨʠʥʘ-ɺ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʥʘ ʧʰʝʥʠʮʳ 

 

 
 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʵʫʬʣʦʨʠʥʘ-ɺ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʥʘ ʨʞʠ 

 

ʀʟ ʜʘʥʥʳʭ ʛʨʘʬʠʢʦʚ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʠ ʨʞʠ ʥʝʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʦʜʝʨʞʘ-

ʥʠʝ ʵʫʬʣʦʨʠʥʘ-ɺ ʚ ʨʘʩʪʚʦʨʘʭ. ɺʦʧʨʝʢʠ ʫʪʚʝʨʞʜʝʥʠʷʤ ɺ.ɺ. ʈʦʛʦʞʠʥʘ ʠ ɺ.ɺ. ɺʝʨʭʦʪʫʨʦʚʘ ʦʙ ʦʜʥʦʟʥʘʯʥʦ ʩʪʠʤʫ-

ʣʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʟʝʨʥʦʚʦʢ ʧʰʝʥʠʮʳ [4], ʤʳ ʤʦʞʝʤ ʢʦʥʩʪʘ-

ʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ï ʵʫʬʣʦʨʠʥ-ɺ ʷʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʜʝʡʩʪʚʠʝ ʬʝʨ-

ʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʰʝʥʠʯʥʦʤ ʵʥʜʦʩʧʝʨʤʝ, ʠ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʘʩʪʚʦʨʘ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʩʫʩʧʝʥʟʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʟʝʨʥʦʚʦʢ ʨʞʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ: 2,5 %-ʥʳʡ ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ ʫʩʢʦʨʷʝʪ ʢʘʢ ʧʨʦʮʝʩʩ ʥʘʙʫʭʘʥʠʷ ʟʝʨʥʦʚʦʢ ʠ ʧʨʦʨʘʩʪʘʥʠʷ 

ʩʝʤʷʥ, ʦʯʝʚʠʜʥʦ, ʢʘʪʘʣʠʟʠʨʫʷ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʘʤʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ 

ʩʝʤʷʥ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʫʬʣʦʨʠʥʘ-ɺ ʚ ʨʘʩʪʚʦʨʝ ʥʝʡʪʨʘʣʠʟʫʝʪ ʵʪʦʪ ʵʬʬʝʢʪ, ʠʥʛʠʙʠʨʫʷ ʧʨʦʮʝʩʩ ʧʨʦ-

ʨʘʩʪʘʥʠʷ ʟʝʨʝʥ, ʭʦʪʷ ʠ ʥʝ ʚ ʪʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʫ ʧʰʝʥʠʮʳ (ʩʨʘʚʥʠʤ ʨʠʩʫʥʢʠ 1 ʠ 2). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʳʙʦʨʢʘʭ ˉ3 

(ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʫʬʣʦʨʠʥʘ-ɺ) ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʧʨʦʨʘʱʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʧʣʝʩʝʥʠ, ʯʪʦ ʥʝ 

ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʙʫʭʘʶʱʝʛʦ ʵʥʜʦʩʧʝʨʤʘ ʷʚʣʷʶʪʩʷ ʧʠʪʘʪʝʣʴʥʳʤ ʩʫʙ-

ʩʪʨʘʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʟʝʨʥʦ-

ʚʦʡ ʧʨʦʜʫʢʮʠʠ [2]. ʆʯʝʚʠʜʥʦ, ʯʪʦ 10 %-ʥʳʡ ʨʘʩʪʚʦʨ ʵʫʬʣʦʨʠʥʘ-ɺ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʧʨʦʮʝʩʩ ʟʘʧʣʝʩʥʝʚʝʥʠʷ ʧʨʦ-

ʨʘʩʪʘʶʱʠʭ ʟʝʨʝʥ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʙʠʦʜʦʙʘʚʢʠ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

1. ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʫʬʣʦʨʠʥʘ-ɺ ʦʢʘʟʳʚʘʝʪ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ 

ʨʞʘʥʳʭ ʟʝʨʝʥ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʙʦʣʝʝ ʨʘʥʥʝʤ ʥʘʙʫʭʘʥʠʠ ʩʝʤʷʥ, ʪʘʢ ʠ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʵʫʬʣʦʨʠʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʨʘʱʠʚʘʥʠʷ ʨʞʠ, 

ʪʘʢ ʠ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʨʞʘʥʦʡ ʤʫʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

2. ʕʫʬʣʦʨʠʥ-ɺ ʚ ʣʶʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʰʝʥʠʯ-

ʥʳʭ ʟʝʨʝʥ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʟʝʨʥʘ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ɹɸɼ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ. 
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3. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʫʬʣʦʨʠʥʘ-ɺ ʥʝ ʪʦʣʴʢʦ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ ʟʝʨʝʥ, ʥʦ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʟʘʧʣʝʩʥʝʚʝʥʠʶ ʧʦʩʣʝʜʥʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

4. ʊʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʩʧʝʥʟʠʠ ʵʫʬʣʦʨʠʥʘ-ɺ ʩ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ ʵʥʜʦʩʧʝʨʤʝ ʧʰʝʥʠʮʳ ʠ ʨʞʠ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʝʨʝʥ, ʧʨʦʨʦʩʰʠʭ ʚ ʩʨʝʜʝ ʩ ʜʘʥʥʳʤ ʚʠʜʦʤ ɹɸɼ, ʥʘ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. 
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Abstract. The article deals with the study of effect caused by the solution of biologically active supplement ï 

Euflorin-B of low (2,5 %) and high (10 %) concentration on germination of grain of wheat and rye. It is proved that any 

Euflorin solution causes inhibitory effect on germination of grain of wheat and rye while low solution concentration 

stimulates rye grain comparing with control. 
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ʇʃʆʊʅʆʉʊʔʖ D500, D600, D800 
 

 ɺ.ɺ. ɹʝʣʦʚ1, ʈ.ɸ. ɸʣʠ2  
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ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ, 2
 

ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʇʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 

 
 

              ɺ.ɺ. ɹʝʣʦʚ                             ʈ.ɸ. ɸʣʠ 
 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ (ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʤʠʥʠʤʘʣʴ-

ʥʦʤʫ ʨʘʩʭʦʜʫ ʮʝʤʝʥʪʘ) ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ: ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʮʝʤʝʥʪʘ ʄʇ/ʎ = 1,3, ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ 9 %, ʉ-3 ï 0,6 %, NaCl ï 0,5 % ʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʦʩʪʘʚʳ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʩʦ ʩʥʠʞʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʮʝʤʝʥʪʘ ʤʘʨʦʢ ʧʦ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D500, D600 ʠ D800. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3, ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ, ʥʝʘʚʪʦʢʣʘʚʥʳʡ ʛʘ-

ʟʦʙʝʪʦʥ. 
 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʯʝʠʩʪʳʝ ʙʝʪʦʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʜʝʰʝʚʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ [10]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʛʘʟʦʙʝʪʦʥ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʫ-

ʜʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʠ.  

ɺ ʈʦʩʩʠʠ ʫʞʝ ʩʝʛʦʜʥʷ ʚʳʧʫʩʢ ʛʘʟʦʙʝʪʦʥʘ ʧʣʦʪʥʦʩʪʴʶ D350 ï D400 ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 30 % ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [5]. ʗʯʝʠʩʪʦ-ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ ʠʤʝʶʪ ʥʘʠʤʝʥʳʰʠʡ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ, ʘ ʥʦʨʤʠʨʫʝʤʳʝ ʧʨʠ-

ʚʝʜʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʜʣʷ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 22-30 % ʤʝʥʴʰʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ-

ʥʳʭ ʉʅʠʇ 11-3 ï 79 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʠʦʥʦʚ. ʇʘʥʝʣʠ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʜʦʣʛʦʚʝʯʥʳʝ, ʧʦʞʘʨʦʙʝʟʦʧʘʩ-

ʥʳʝ, ʦʛʥʝʩʪʦʡʢʠʝ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʟʜʘʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [8]. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʣʠʯʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ [4]. 

ʈʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʚʦʧʨʦʩʦʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɺ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʟʘʥʠʤʘʶʪ 

ʩʠʣʠʢʘʪʥʳʝ ʠʟʜʝʣʠʷ. ʉʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʨʦʩʪ 

ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘ ʠ ʧʦʚʳʰʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦ-

ʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ [9]. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʘʚʪʦʢʣʘʚʥʳʭ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ ʤʝʩʪʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʪʦʯʥʠʢʦʤ ʜʝʰʝʚʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʫʞʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʩʦʟʜʘʩʪ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

[1]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʘʟʦʙʝʪʦʥʦʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨ-

ʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ.  

ɺ ʨʘʙʦʪʝ [3] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʘʧʦʣ-

ʥʠʪʝʣʷ ʧʨʠʙʣʠʞʝʥʠʝʤ ʝʛʦ ʢ ʵʪʘʣʦʥʥʦʡ ʢʨʠʚʦʡ ʧʨʦʩʝʠʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʷʞʝʣʦʛʦ ʙʝʪʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʟʚʝʩʪʥʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʘʤʥʷ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʥʳʭ, ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʦʙʦʙʱʝʥʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ [6, 7]. ɺ ʨʘʙʦʪʝ [2, 10] ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʘʟʦʙʝʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʫʶ ʢʦʤʧʘʢʪʥʫʶ ʫʧʘʢʦʚʢʫ 

ʤʝʞʧʦʨʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ.  

                                                           
É ɹʝʣʦʚ ɺ.ɺ., ɸʣʠ ʈ.ɸ. / Belov V.V., Ali  R.A., 2015 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʩʦ ʩʥʠʞʝʥʥʳʤ ʨʘʩʭʦʜʦʤ 

ʮʝʤʝʥʪʘ ʤʘʨʦʢ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D500, D600 ʠ D800 ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʤʝʞʧʦʨʦ-

ʚʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʛʘʟʦʙʝʪʦʥʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠ-

ʞʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʙʝʟʜʦʙʘʚʦʯʥʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʄ 500, ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʤʠʥʝʨʘʣʴʥʳʡ ɻʆʉʊ ʈ 52129-2003 (ʜʦ-

ʣʦʤʠʪʦʚʘʷ ʤʫʢʘ), ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ, ʘʣʶʤʠʥʠʝʚʘʷ ʧʫʜʨʘ ʤʘʨʢʠ ʇɸʇ-2, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3, ʫʩʢʦʨʠʪʝʣʠ ʪʚʝʨʜʝʥʠʷ 

NaCl ʠ NaOH. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʜʣʷ ʛʘʟʦʙʝʪʦʥʘ 

ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D500 ʠ ʧʨʦʚʝʨʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟʠʨʦʚʦʢ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʠ 

ʫʩʢʦʨʠʪʝʣʷ ʪʚʝʨʜʝʥʠʷ NaCl ʚʳʧʦʣʥʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ (0,35-0,50), ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠ-

ʝʚʦʡ ʧʫʜʨʳ (550-650 ʛ ʥʘ 1 ʤ3 ʛʘʟʦʙʝʪʦʥʘ), ʩʦʜʝʨʞʘʥʠʷ NaOH (0-1,5 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʜʦʙʘʚʢʦʡ ʤʠʢ-

ʨʦʢʨʝʤʥʝʟʝʤʘ ʙʝʟ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʥʝʚʩʧʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʛʘʟʦʙʝʪʦʥʘ) ʚʳʧʦʣʥʷʣʩʷ ʧʣʘʥʠʨʦʚʘʥʥʳʡ ʜʚʫʭʬʘʢ-

ʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʢ ʮʝʤʝʥʪʫ ʍ1 = ʄʇ/ʎ = 1-1,5; ʦʪʥʦʰʝ-

ʥʠʷ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʢ ʮʝʤʝʥʪʫ ʍ2 = ʄʂ/ʎ = 0-0,15, ī ʥʘ ʦʙʨʘʟʮʘʭ 70ʭ70ʭ70 ʤʤ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʩʤʝʩʠ (ʨʘʩʧʣʳʚ ʩʤʝʩʠ ʧʦ ʉʫʪʪʘʨʜʫ 15-16 ʩʤ). ʊʚʝʨʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʚ ʥʦʨʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2. 
 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʦʩʪʘʚʘ ʥʝʚʩʧʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʛʘʟʦʙʝʪʦʥʘ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ 

ʢ ʮʝʤʝʥʪʫ ʍ1 = ʄʇ/ʎ = 1-1,5; ʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʢ ʮʝʤʝʥʪʫ ʍ2 = ʄʂ/ʎ = 0-0,15 
ˉ 

ʩʝʨʠʠ 

ʋʨʦʚʥʠ ʬʘʢʪʦʨʦʚ ɿʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʈʘʩʧʣʳʚ ʧʦ 

ʉʫʪʪʘʨʜʫ, ʩʤ 

 

ɺ/ʊ ʇʨʝʜʝʣ ʧʨʦʯ-

ʥʦʩʪʠ ʥʘ ʩʞʘ-

ʪʠʝ ʚ ʚʦʟʨʘʩʪʝ 

7 ʩʫʪʦʢ, ʄʇʘ 

W, % ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

 X1 X2 ʄʇ/ʎ ʄʂ/ʎ      

1 -1 -1 1 0 16 0,40 10,9 15,3 1630 

2 +1 -1 1,5 0 15 0,38 7,6 18,3 1565 

3 -1 +1 1 0,15 16 0,42 11,4 10,8 1640 

4 +1 +1 1,5 0,15 16 0,41 8,4 15,1 1605 

5 -1 0 1 0,075 16 0,40 12,1 12,5 1700 

6 +1 0 1,5 0,075 15 0,39 8,8 17,6 1610 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝʚʩʧʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ 

ʛʘʟʦʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʢ ʮʝʤʝʥʪʫ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ 

 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝʚʩʧʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ 

ʛʘʟʦʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʢ ʮʝʤʝʥʪʫ 



ISSN 2311-2158. The Way of Science. 2015. ˉ 9 (19). 

 

 

24 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʥʝʚʩʧʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʠʣʠ ʩʚʷʟʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʝʛʦ ʤʝʞʧʦʨʦʚʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʠ NaCl. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ (ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʮʝʤʝʥʪʘ) ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʮʝʤʝʥʪʘ ʄʇ/ʎ = 1,3, ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ 9 %, ʉ-3 ï 0,6 %, NaCl ï 0,5 %.  

ʉʦʩʪʘʚ ʛʘʟʦʙʝʪʦʥʘ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʧʦʜʙʠʨʘʣʠ ʥʘ ʦʙʨʘʟʮʘʭ 100ʭ100ʭ100 ʤʤ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʧʨʦʚʝʨʷʣʠ ʧʦʩʣʝ ʪʚʝʨʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 7 ʠ 28 ʩʫʪʦʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ 20 Ñ 2 Üʉ, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ 95-100 %). ʈʘʙʦʯʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ (ʛʫʩʪʦʪʫ) ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʉʫʪʪʘʨʜʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 23789. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʣʳʚ ʧʦ ʉʫʪʪʘʨʜʫ 26-28 ʩʤ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D500 ʠʟ ʩʤʝʩʠ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ ʤʠʢʨʦʨʝʤʥʝʟʝʤʘ 9 %, 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ɺ/ʊ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ. ʇʦʣʫʯʝʥ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʙʝʪʦʥʘ (ɺ/ʊ = 0,5, Al = 650 ʛ ʥʘ 1 ʤ3, NaOH = 0,5 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ), ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ (ʤʘʨʢʘ D500). ɼʘʣʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʩʦʩʪʘʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʛʘʟʦʙʝʪʦʥʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ. 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D500 
ˉ ɿʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ 

ʚʳʛʨʫʟʢʠ ʚ 

ʬʦʨʤʫ, Üʉ 

ɺʨʝʤʷ 

ʚʩʧʫʯʠʚʘʥʠʷ, 

ʤʠʥ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 7 ʩʫʪʦʢ, 

ʄʇʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 28 

ʩʫʪʦʢ, ʄʇʘ 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

 
ɺ/ʊ Al ʛ ʥʘ 1 ʤ3 

1 

2 

3 

4 

5 

6 

7 

0.50 

0.48 

0.46 

0.44 

0.48 

0.44 

0.50 

650 

650 

650 

650 

600 

600 

600 

40 

41 

40 

39 

41 

41 

42 

8 

10 

11 

12 

11 

11 

11 

0,62 

0,65 

0,67 

0.70 

0.78 

0.80 

0.74 

0.95 

1.10 

1.12 

1.20 

1.27 

1.35 

1.15 

495 

500 

513 

549 

557 

567 

544 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʦʪ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ Al ʧʫʜʨʳ ʜʣʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D500 

 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʦʪ 0,50 ʜʦ 0,44 ʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʦʪ 650 ʜʦ 

600 ʛ ʥʘ 1 ʤ3 ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D500 ʦʧʪʠʤʘʣʴʥʦʝ ɺ/ʊ ʩʦʩʪʘʚʣʷʝʪ 0,48, ʘ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ 650 ʛ ʥʘ 1 ʤ3. ʇʨʠ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ ʚʳʛʨʫʟʢʠ ʚ ʬʦʨʤʫ ʙʳʣʘ ʦʢʦʣʦ 40 Üʉ, ʚʨʝʤʷ ʚʩʧʫʯʠʚʘʥʠʷ 10 ʤʠʥ., ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 500 

ʢʛ/ʤ3, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 1,10 ʄʇʘ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʢʣʘʩʩ ʧʦ ʧʨʦʯʥʦʩʪʠ ɺ1). ʉʥʠʞʝʥʠʝ 

ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 37,3 ʢʛ ʥʘ 1 ʤ3 ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ (16,4 %). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D600 ʚʳʧʦʣʥʷʣʩʷ ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥʠʨʦʚʘʥʥʳʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ (0,46-0,48) ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ (500-550 ʛ ʥʘ 1 ʤ3 ʛʘʟʦʙʝʪʦʥʘ); 

ʄʇ/ʎ = 1,3; ʄʂ/ʎ = 0,09; ʉ-3 ï 0,6 %; NaCl ï 0,5 %; NaOH = 0,5 %. ʆʙʨʘʟʮʳ 100ʭ100ʭ100 ʤʤ ʪʚʝʨʜʝʣʠ ʚ ʪʝʯʝʥʠʝ 7 

ʩʫʪʦʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ 20 Ñ 2 Üʉ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 95-100 %). 
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ʊʘʙʣʠʮʘ 3 

ʉʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D600 
ˉ ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ɺʨʝʤʷ 

ʚʩʧʫʯʠʚʘʥʠʷ, 

ʤʠʥ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 7 ʩʫʪʦʢ, 

ʄʇʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ, 

ʄʇʘ 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

 ɺ/ʊ Al ʛ 

ʥʘ 1 

ʤ3 

ɺ/ʊ Al ʛ ʥʘ 

1 ʤ3 

1 

2 

3 

4 

-1 

+1 

-1 

+1 

-1 

-1 

+1 

+1 

0,46 

0,48 

0,46 

0,48 

500 

500 

550 

550 

11 

9 

11 

10 

1.62 

1.24 

1.18 

1.05 

2.45 

2.00 

1.90 

1.45 

592 

596 

613 

575 

 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʦʪ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ Al ʧʫʜʨʳ ʜʣʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D600 

 

ɺʦ ʚʩʝʭ ʩʦʩʪʘʚʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʋ ʩʦʩʪʘʚʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʣʦʝʥʠʝ ʠ ʨʘʟʨʳʭʣʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʨʘʩʭʦʜʘ ʛʘʟʦʦʙʨʘʟʦ-

ʚʘʪʝʣʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D600 ʦʧʪʠʤʘʣʴʥʦʝ ɺ/ʊ ʩʦʩʪʘʚʣʷʝʪ 0,46, ʘ ʩʦʜʝʨ-

ʞʘʥʠʝ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ 500 ʛ ʥʘ 1 ʤ3 (ʩʦʩʪʘʚ ˉ1). ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ ʚʳʛʨʫʟʢʠ ʚ ʬʦʨʤʫ 

40 Üʉ, ʚʨʝʤʷ ʚʩʧʫʯʠʚʘʥʠʷ 11 ʤʠʥ., ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 592 ʢʛ/ʤ3, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 

2,45 ʄʇʘ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʢʣʘʩʩ ʧʦ ʧʨʦʯʥʦʩʪʠ ɺ1,5-ɺ2). ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 44,8 ʢʛ ʥʘ 1 ʤ3 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ (16,4 %). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D800 

ʚʳʧʦʣʥʷʣʩʷ ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥʠʨʦʚʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ (0,42-0,44) ʠ ʩʦʜʝʨ-

ʞʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ (350-400 ʛ ʥʘ 1 ʤ3 ʛʘʟʦʙʝʪʦʥʘ); ʄʇ/ʎ = 1,3; ʄʂ/ʎ = 0,09; ʉ-3 ï 0,6 %; NaCl ï 0,5 %; 

NaOH = 0,5 %. ʆʙʨʘʟʮʳ 100ʭ100ʭ100 ʤʤ ʪʚʝʨʜʝʣʠ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ 20 Ñ 2 

Üʉ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 95-100 %). 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʦʪ ɺ/ʊ-ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ Al ʧʫʜʨʳ ʜʣʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D800 
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ʊʘʙʣʠʮʘ 4 

ʉʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ D800 
ˉ ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ɿʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ɺʨʝʤʷ 

ʚʩʧʫʯʠʚʘʥʠʷ, 

ʤʠʥ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 7 ʩʫʪʦʢ, 

ʄʇʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ, 

ʄʇʘ 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ 

ʢʛ/ʤ3 

 
ɺ/ʊ Al ʛ ʥʘ 1 

ʤ3 

  

1 

2 

3 

4 

-1 

+1 

-1 

+1 

-1 

-1 

+1 

+1 

0,42 

0,44 

0,42 

0,44 

350 

350 

400 

400 

11 

9 

11 

10 

4,14 

4,11 

3,31 

3,77 

6.00 

5.85 

5.10 

5.30 

815 

810 

778 

757 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʥʥʦʡ ʤʘʨʢʝ ʛʘʟʦʙʝʪʦʥʘ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D800. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʙʝʪʦʥʘ ʤʘʨʢʠ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ D800 ʦʧʪʠʤʘʣʴʥʦʝ ɺ/ʊ ʩʦʩʪʘʚʣʷʝʪ 0,44, ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ī 400 ʛ ʥʘ 1 ʤ3 (ʩʦʩʪʘʚ ˉ4). ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ ʚʳʛʨʫʟʢʠ ʚ ʬʦʨʤʫ ʦʢʦʣʦ 

40 Üʉ, ʚʨʝʤʷ ʚʩʧʫʯʠʚʘʥʠʷ 11 ʤʠʥ., ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 757 ʢʛ/ʤ3, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 

5,30 ʄʇʘ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʢʣʘʩʩ ʧʦ ʧʨʦʯʥʦʩʪʠ ɺ3,5). ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 60,6 ʢʛ ʥʘ 1 ʤ3 ʥʝ-

ʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ (16,4 %). 

 

ʊʘʙʣʠʮʘ 5 

ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʘʟʦʙʝʪʦʥʘ 
ˉ ʦʧʳʪʘ 

 

ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ 

ʚʳʛʨʫʟʢʠ ʚ 

ʬʦʨʤʫ, Üʉ 

ʈʘʩʧʣʳʚ ʧʦ 

ʉʫʪʪʘʨʜʫ, 

ʩʤ 

ɺʣʘʞʥʦʩʪʴ, 

% 

ʇʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʚ 

ʚʦʟʨʘʩʪʝ 

7 ʩʫʪʦʢ, ʄʇʘ 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ 

ʢʛ/ʤ3 

 

ʂʣʘʩʩ ʙʝʪʦʥʘ 

ɺ/ʊ Al, ʛ 

ʥʘ1 ʤ3 

1 0.48 650 41 28 34 1.10 500 D500 

2 0.46 500 40 27 33 2.45 592 D600 

3 0.44 400 40 26.5 32 5.30 757 D800 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʤʝʞʧʦʨʦʚʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ 

ʛʘʟʦʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ, 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʠ NaCl. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ (ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ 

ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʮʝʤʝʥʪʘ) ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʮʝʤʝʥʪʘ 

ʄʇ/ʎ = 1,3, ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ 9 %, ʉ-3 ï 0,6 %, NaCl ï 0,5 %. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʦʩʪʘʚʳ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ ʩʦ ʩʥʠʞʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʮʝʤʝʥʪʘ ʤʘʨʦʢ ʧʦ ʩʨʝʜʥʝʡ ʧʣʦʪ-

ʥʦʩʪʠ D500, D600 ʠ D800 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. 
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Abstract. The optimal (for the maximum compressive strength and minimal consumption of cement) ratios of the 

components, mineral and chemical additives are stated: the ratio of mineral powder and cement MT / D = 1.3, silica 

fume content of 9 %, the C-3 ï 0,6 %, NaCl ï 0.5 %; optimal laboratory compositions of non-autoclaved aerated concrete 

with reduced cement consumption of brands with an average density of D500, D600 and D800 are developed. 
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ʋɼʂ 530.1 

 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʇʈʆʎɽʉʉʆɺ ɸɻʈɽɻɸʎʀʀ ɺ ʇʃʆʊʅʓʍ ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ 
 

 ɼ.ɼ. ɼʘʡʨʘʙʘʡ1, ɺ.ɻ. ɻʦʣʫʙʝʚ2, ɸ.ʄ. ɹʨʝʥʝʨ3, ɸ.ʕ. ʃʝʚʜʘʥʩʢʠʡ4 

1 ʜʦʢʪʦʨʘʥʪ, 2, 3 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 4 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɸʫʝʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʚʦʜ, ʩʜʝʣʘʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʘʥʘʣʠʟʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʬʘʟ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʩʦʧʨʷʞʝʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʝ-

ʪʦʚ ʩ ʧʨʠʥʷʪʠʝʤ ʘʜʝʢʚʘʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʠ ʉʤʦʣʫʭʦʚʩʢʦʛʦ, ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʵʬʬʠʮʠʝʥʪ, ʪʝʦʨʠʠ ʌʫʢʩʘ. 

 

ʉʫʙʣʠʤʘʮʠʦʥʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦ-

ʩʪʠ ʨʦʩʪʘ ʢʣʘʩʪʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘ-

ʥʠʷ ʫʩʣʦʚʠʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʮʠʠ ʥʫʢʣʝʘʪʦʚ. ʆʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘʷ, ʥʦ ʥʘʜʝʞʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [1-6].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʝʥʳʤʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʦʣʫʯʝʥʠʶ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴ-

ʥʳʤʠ, ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ, ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʢʨʳʪʴ ʵʪʦʪ ʤʝ-

ʭʘʥʠʟʤ [4-6]. 

ʇʝʨʝʭʦʜ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ (ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ). ʊʘʢ ʦʙʨʘ-

ʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʵʨʦʟʦʣʠ (ʪʫʤʘʥ ï ʠʟ ʧʝʨʝʦʭʣʘʞʜʝʥʥʳʭ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʜʳʤʳ ï 

ʠʟ ʧʘʨʦʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ), ʥʝʢʦʪʦʨʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ï ʠʟ ʨʘʩ-

ʪʚʦʨʦʚ ʧʨʠ ʫʭʫʜʰʝʥʠʠ çʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘè ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʦʣʠ ʤʝʪʘʣʣʦʚ ʧʫʪʝʤ ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʝʨʚʳʭ ʯʝʨʝʟ ʩʣʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ. 

ʆʩʥʦʚʥʳʝ ʛʠʧʦʪʝʟʳ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʢʦʘʛʫʣʷʮʠʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʉʤʦʜʫ-

ʭʦʚʩʢʠʤ: 

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʦʡ ʩ ʟʘʜʘʥʥʳʤ ʨʘʜʠʫʩʦʤ ʯʘʩʪʠʮ-ʤʦʥʦʤʝʨʦʚ r; ʚʩʝ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʠʝ ʢʦʘʛʫʣʷʮʠʠ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʪ.ʝ. ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʘʛʫʣʷʮʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ: 

1
Z

Zʵʬ
=
; ʧʨʠ ʦʧʠʩʘʥʠʠ ʘʛʨʝʛʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ; ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ 

ʘʛʨʝʛʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʙʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ, ʛʜʝ k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʘʛʫʣʷʮʠʠ. 

ɽʩʣʠ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʚ ʘʛʨʝʛʘʪʝ ʧʨʝʦʙʣʘʜʘʶʪ, ʪ.ʝ. |Uʦʪʪ| > |Uʧʨ|, ʪʦ ʢʦʘʛʫʣʷʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʟʦʣʴ 

ʷʚʣʷʝʪʩʷ ʘʛʨʝʛʘʪʠʚʥʦ ʫʩʪʦʡʯʠʚʳʤ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʘʛʫʣʷʮʠʷ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʉʤʦʣʫʭʦʚʩʢʦʛʦ ʧʨʠ ʙʳʩʪʨʦʡ ʢʦʘʛʫʣʷʮʠʠ ʢʦʥʩʪʘʥʪʘ ʢʦʘʛʫʣʷʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ 

 

                                                                                         Drk p16=                                                                             (1) 

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ, ʟʥʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʙʳʩʪʨʦʡ 

ʢʦʘʛʫʣʷʮʠʠ. ʊʝʦʨʠʷ ʉʤʦʣʫʭʦʚʩʢʦʛʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʝʨʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʩʜʝʣʘʥʥʳʝ ʘʚʪʦʨʦʤ ʜʦʧʫʱʝʥʠʷ. ɹʳʩʪʨʫʶ ʢʦʘʛʫʣʷʮʠʶ ʫʜʦʙʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʦʜʘ ʢʦ-

ʘʛʫʣʷʮʠʠ (ʧʝʨʠʦʜʘ ʧʦʣʦʚʠʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ) q. ʇʝʨʠʦʜ ʢʦʘʛʫʣʷʮʠʠ (q) ï ʵʪʦ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ ʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. 

ʄʝʜʣʝʥʥʘʷ ʢʦʘʛʫʣʷʮʠʷ ï ʵʪʦ ʢʦʘʛʫʣʷʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʝʧʦʣʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ʪ.ʝ. ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴʶ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ, ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. ʇʦʧʳʪʢʘ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʤʝʜʣʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʪʝʧʝʥʠ ʢʦʘʛʫʣʷʮʠʠ a ʚ ʬʦʨʤʫʣʳ ʉʤʦʣʫʭʦʚ-

ʩʢʦʛʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ.  

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʪʝʦʨʠʶ ʤʝʜʣʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʅ. ʌʫʢʩʦʤ ʙʳʣ ʚʚʝʜʝʥ ʚ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʢʦʘʛʫʣʷʮʠʠ ʤʥʦʞʠʪʝʣʴ, ʦʧʠʩʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʢʦʘʛʫʣʷʮʠʠ ȹU ʢ: 
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ʛʜʝ kʂʄ ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʤʝʜʣʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ; kʂɹ ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʙʳʩʪʨʦʡ ʢʦʘʛʫʣʷʮʠʠ; ʈ ï ʩʪʝʨʠʯʝ-

ʩʢʠʡ ʬʘʢʪʦʨ;  ȹUʢ ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ʢʦʘʛʫʣʷʮʠʠ; k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʦʨʠʠ ʌʫʢʩʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʤʝʜʣʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʙʘʨʴʝʨʘ ʧʦ ʅ. ʌʫʢʩʫ ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ 

ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ zï ʧʦʪʝʥʮʠʘʣʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʛʨʝʛʠʨʫʶʱʠʭʩʷ ʩʫʩʧʝʥʟʠʡ ʚʚʦʜʠʪʩʷ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠʣʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʟʘʤʝʜʣʝʥʠʷ W, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʤʝʜʣʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʤʝʥʴʰʝ ʢʦʥ-

ʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʙʳʩʪʨʦʡ ʢʦʘʛʫʣʷʮʠʠ. 
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ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʬʘʢʪʦʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʠ xï ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ; ʘʜʩʦʨʙʮʠʦʥʥʦ ï ʩʦʣʴʚʘʪʥʳʡ ʬʘʢʪʦʨ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʝʜʫʢʮʠʝʡ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʩ 

ʯʘʩʪʠʮʝʡ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʕʪʦʪ ʬʘʢʪʦʨ ʠʛʨʘʝʪ ʚʝʩʴʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʣʣʦʠʜʥʳʝ ʇɸɺ; ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘ-

ʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʣʝʥʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʢʦʪʦʨʦʡ ʫʧʨʫʛʦʩʪʴʶ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ.  

ʈʘʟʨʫʰʝʥʠʝ ʪʘʢʠʭ ʧʣʝʥʦʢ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ; ʵʥʪʨʦʧʠʡʥʳʡ ʠʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʘʛʫʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʶ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ (ȹS < 0). ʅʦ ʪʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ȹG > 0. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ 

ʨʘʟʣʝʪ ʯʘʩʪʠʮ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʫ-

ʩʣʦʚʣʝʥ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 

ɺ ʨʝʘʣʴʥʳʭ ʩʣʦʞʥʳʭ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʜʝʡʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʜʚʘ ʧʝʨʚʳʭ ʬʘʢʪʦʨʘ ʠʛʨʘʶʪ ʧʨʝʚʘʣʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʩʧʝʥʟʠʦʥʥʳʭ 

ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ.  
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ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʇʈʆʎɽʉʉʆɺ ʅʋʂʃɽɸʎʀʀ ʀ ɸɻʈɽɻɸʎʀʀ 

ʂʃɸʉʊɽʈʆɺ ɺ ʇʃʆʊʅʓʍ ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ 
 

 ɼ.ɼ. ɼʘʡʨʘʙʘʡ1, ɺ.ɻ. ɻʦʣʫʙʝʚ2, ʆ.ʉ. ɹʘʣʘʙʝʢʦʚ3, ɸ.ʄ. ɹʨʝʥʝʨ4 

1 ʜʦʢʪʦʨʘʥʪ, 2, 4 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 3 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʢʘʜʝʤʠʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɸʫʝʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʘʟ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʩʦʧʨʷʞʝʥʦ ʩ 

ʮʝʣʳʤ ʨʷʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʧʨʠʥʷʪʠʝʤ ʘʜʝʢʚʘʪʥʳʭ ʠʥʞʝʥʝʨ-

ʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ʉʤʦʣʫʭʦʚʩʢʦʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʫʨʘʚʥʝʥʠʝ ʉʤʦʣʫʭʦʚʩʢʦʛʦ, ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʬʘʟʘ, ʬʫʥʢʮʠʷ 

ɼʠʨʘʢʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʝʥʳʤʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʦʣʫʯʝʥʠʶ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴ-

ʥʳʤʠ, ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ, ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʢʨʳʪʴ ʵʪʦʪ ʤʝ-

ʭʘʥʠʟʤ [6-8]. 

ʇʝʨʝʭʦʜ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ (ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ). ʊʘʢ ʦʙʨʘ-

ʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʵʨʦʟʦʣʠ (ʪʫʤʘʥ ï ʠʟ ʧʝʨʝʦʭʣʘʞʜʝʥʥʳʭ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʜʳʤʳ ï 

ʠʟ ʧʘʨʦʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ), ʥʝʢʦʪʦʨʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ï ʠʟ ʨʘʩ-

ʪʚʦʨʦʚ ʧʨʠ ʫʭʫʜʰʝʥʠʠ çʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘè ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʦʣʠ ʤʝʪʘʣʣʦʚ ʧʫʪʝʤ ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʝʨʚʳʭ ʯʝʨʝʟ ʩʣʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ. ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ). ɺ ʧʨʠʨʦʜʝ ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʘ ʠʭ ʩʤʝʩʠ ï ʨʘʩʪʚʦʨʳ ʠ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ ʧʦʜ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠ-

ʤʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʦʜʥʦʡ ʬʘʟʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʙʲʝʤʝ ʜʨʫʛʦʡ 

ʬʘʟʳ. ɼʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʨʦʜʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ ï ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʇʨʠʨʦʜʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. 

ʀʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ: ʧʦ ʨʘʟʤʝʨʘʤ, ʧʦ ʩʦʩʪʘʚʫ, ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪ.ʜ., ʧʨʠʯʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʧʨʝʜʝʣʷʶʱʠʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ ʥʝʠʟʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʪ.ʝ. ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʛʨʝʛʘʪʳ (ʪ.ʝ. ʫʢʨʫʧʥʷʪʴʩʷ). 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʛʨʝʛʘʮʠʠ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢʠʥʝʪʠʯʝʩʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʠʟ 

ʬʘʟ, ʪ.ʝ. ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʚʦʙʦʜʥʦʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʜ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴʶ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʤʝʞʬʘʟʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʩʣʠʧʘʥʠʶ ʯʘʩʪʠʮ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠ ʩʣʠʧʘʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʨʝʛʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʫʢʨʫʧʥʝʥʠʝ ʯʘʩʪʠʮ, 

ʩʪʨʫʢʪʫʨʘ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʘʛʨʝʛʘʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʝʜʘʪʴ ʠʣʠ ʚʩʧʣʳʚʘʪʴ. ɸʛʨʝʛʘʮʠʷ 

ʠ ʫʢʨʫʧʥʝʥʠʝ ʯʘʩʪʠʮ ʥʘʟʳʚʘʝʪʩʷ ʢʦʘʛʫʣʷʮʠʝʡ. ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʦʩʠʪ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʩʫʜʠʪʴ ʦ ʥʝʡ ʤʦʞʥʦ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʠʟʙʳʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨ-

ʛʠʠ. ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʥʦʩʠʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʝʩʣʠ ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʦʙ-

ʣʘʜʘʝʪ ʠʟʙʳʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ [4, 8]. 

ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʠʤʝʶʪ ʚʦʧʨʦʩʳ ʤʝʭʘʥʠʟʤʘ ʠ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʦ ʚʦʧʨʦʩʳ ʵʪʠ ʧʦʯʪʠ 

ʥʝ ʠʟʫʯʝʥʳ. ʅʘʧʨʠʤʝʨ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʷʩʝʥ ʤʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚ ʢʣʘʩʪʝʨ. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʨʝʘʢʮʠʠ ʧʦʰʪʫʯʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ ʢ ʨʘʩʪʫʱʝʤʫ ʢʣʘʩʪʝʨʫ ʠ ʦʩʦʙʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʢʣʘ-

ʩʪʝʨʦʚ ʚ ʪʨʝʪʠʡ, ʥʫʞʥʦ ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʢʘʢ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʠʟ ʘʪʦʤʦʚ ʚʠʜʥʳ ʣʝʛʢʠʝ ʧʝʨʝʭʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʘʪʦʤʘ 

ʥʝ ʪʨʝʙʫʝʪ ʥʘʨʫʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʪʨʝʫʛʦʣʴʥʠʢ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʪʨʘʵʜʨ, ʘ ʪʝʪʨʘʵʜʨ ï ʚ ʪʨʠʛʦʥʘʣʴʥʫʶ 

ʙʠʧʠʨʘʤʠʜʫ). ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʩʪʨʦʡʢʫ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ï ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʧʦʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʙʩʫʞʜʝʥʠʠ. ʅʝ ʠʩʢʣʶʯʝʥʦ ʠ ʪʦ, ʯʪʦ ʨʦʩʪ 

ʠʜʝʪ ʯʝʨʝʟ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʨʘʚʥʦʚʝʩʥʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʣʘʢʩʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ. ʇʦ ʩʫʱʝʩʪʚʫ, ʪʦ ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʦʚ ʧʫʪʝʤ ʜʝʟʘʛʨʝʛʘʮʠʠ ʩʧʣʦʰʥʦʡ ʬʘʟʳ: ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʠʟʫʯʝʥʳ ʝʱʝ ʭʫʞʝ, ʠ ʠʭ ʤʝʭʘʥʠʟʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘʮʠʠ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦ-

ʣʫʯʘʪʴ ʚʝʱʝʩʪʚʘ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʥʠʟʢʠʝ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʨʝʟ-

ʚʳʯʘʡʥʦ ʨʘʟʚʠʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨ, ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʝʦʙʳʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʳʩʦʢʘʷ ʩʝʜʠ-

ʤʝʥʪʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ) ̫ ʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ.  

ɸʛʨʝʛʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝ-

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʪʦʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʇʦ ʪʝʦʨʠʠ ʙʣʦʯʥʦʛʦ ʨʦʩʪʘ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʦʩʘʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ. ʊʦʛʜʘ ʧʦʪʦʢ ʚʝʱʝʩʪʚʘ ʚ ʬʘʟʫ ʦʩʘʜʢʘ ʨʘʚʝʥ ʩʢʦʨʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʢʨʠʩʪʘʣ-

ʣʠʟʫʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʧʦ ʨʘʟʤʝʨʫ, ʥʦ ʠ ʧʦ ʩʪʝʧʝʥʠ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʠ. 

ʊʦʛʜʘ ʢʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʉʤʦʣʫʭʦʚʩʢʦʛʦ ʜʣʷ ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʦʥʝ ʩ ʫʯʝʪʦʤ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʛʜʝ ()xd  ï ʜʝʣʴʪʘ ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ; ( )2211 ,;, nnK xx  ï ʢʦʘʛʫʣʷʮʠʦʥʥʦʝ ʷʜʨʦ; ( )2211 ,;, nn xxq  ï ʩʪʝʧʝʥʴ ʦʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʯʘʩʪʠʮ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 11,nx  ʠ x
2 2
,n ; ( )tnF ,,x  

ï ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʪ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ).  

ɸʥʘʣʠʟ ʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʢʦʘʛʫʣʷʮʠʠ ʚ ʧʦʣʥʦʤ ʚʠʜʝ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʠʤʝʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʯʘ-

ʩʪʠʮʳ ʤʘʣʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʚʪʦʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʝʧʝʥʴ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦ-

ʩʪʠ, ʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )tnf ,,x  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 

                                                       ( ) ( )( ) ( )( )*-+-= xxddxjx tnNnttnf ,1,,, ,                                                (3) 

 

ʛʜʝ ( )t,xj  ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʧʦ ʩʪʝʧʝʥʠ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʠ; ( )tnN ,  ï ʧʣʦʪ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʯʠʩʣʫ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʯʘʩʪʠʮ; x* ï ʩʪʝʧʝʥʴ ʦʢʨʠʩʪʘʣʣʠʟʦ-
ʚʘʥʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠʢʘ ʠʤʝʝʪ ʚʠʜ: 

 

                                                                       ( ) ( )( )1,,, -= nttnF dxjx .                                                                  (4) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʠʩʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʫʨʘʚʥʝʥʠʝ ʢʦʘʛʫʣʷʮʠʠ (1) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ( )jx,t  ʧʦ ʩʪʝʧʝʥʠ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ( )N n t,  ʧʦ ʯʠʩʣʫ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʢʨʠʩʪʘʣʣʝ:  
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ɺ ʫʨʘʚʥʝʥʠʷʭ (5) ʠ (6) ()tR  ï ʩʢʦʨʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʦʩʘʜʢʘ) ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ, 
0

m  ï ʤʘʩʩʘ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʣʦʪʥʦʩʪʴʶ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʟʘʨʦʜʳʰʘ ʥʦʚʦʡ 

ʬʘʟʳ. 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ /2/: 
 

                                                              
()

()( )() 0/ 00 =- ñ xxd dmtRm
dt

tdM
.                                                          (7) 

 

ɺ ʘʧʧʘʨʘʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʲʝʤ ʚʩʝʭ ʪʨʝʭ ʦʧʠʩʘʥʥʳʭ ʟʦʥ ʦʩʘʞʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥ-

ʥʳʤ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʢʦʘʛʫʣʷʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʬʦʨʤʝ, ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʯʠʩʣʝʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]: 
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ɿʜʝʩʴ t ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʨʝʘʛʠʨʫʶʱʝʡ ʩʤʝʩʠ ʚ ʨʝʘʢʪʦʨʝ. 

ʗʜʨʦ ijK  ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6) ʫʯʠʪʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʧʦʜʚʠʞ-

ʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʟʘʜʘʯʘʤ, ʛʜʝ ʠʤʝʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ, ʢʦʪʦ-

ʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʣʠʯʠʶ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [1-3, 5, 9].  

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʘʩʪʝʨʘ ʚ ʟʦʥʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʘʛʨʝʛʘʮʠʠ ʠʤʝʝʪ ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʠʬʬʫʥʜʠʨʫʶʱʘʷ ʯʘʩʪʠʮʘ ʧʨʠ-

ʩʦʝʜʠʥʠʪʩʷ ʢ ʢʣʘʩʪʝʨʫ ʚʥʫʪʨʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʪʦʡ ʦʙʣʘʩʪʠ.  

ʆʧʠʩʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘ-

ʙʦʪʳ ʨʝʘʢʪʦʨʘ.  
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Abstract. The article deals with the results of the conducted analysis: the usage of well-known mathematical 

models of formation and aggregation insoluble phases for engineering evaluation is connected with a wide range of 

mathematical difficulties and definition of a big number of parameters. This makes optimization evaluation and taking 

adequate engineering decisions, presented by the equation of Smoluchowski almost impossible. 

Keywords: aggregative stability, Smoluchowski equation, insoluble phase, Dirac function. 
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ʋɼʂ 65.01 

 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʂʃɸʉʊɽʈʅʆɻʆ ɸʅɸʃʀɿɸ ɺ ʆʎɽʅʂɽ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ 

ʋʈʆɺʅʗ ʈɸɿɺʀʊʀʗ ʉʋɼʆʉʊʈʆʀʊɽʃʔʅʓʍ ʀ ʉʋɼʆʈɽʄʆʅʊʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ 
 

 ɼ.ʉ. ʅʝʩʣʫʭʦʚ, ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʇʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤ. ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʝʡ ʦʪʜʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʟʨʘʙʦʪʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʵʪʠʭ ʦʪʨʘʩʣʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʬʘʢʪʦ-

ʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʘʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʅʘ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʝʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʦʨʳ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪʨʘʩ-

ʣʝʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʙʘʟ ʈʌ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʥʝʚʳʩʦʢʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʟʘʪʨʘʪ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ, ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʚ ʯʘʩʪʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ) ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʢʦʥʢʨʝʪʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ï ʤʥʦʛʦʤʝʨʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʩʙʦʨ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʦʨʢʝ ʦʙʲʝʢʪʦʚ, ʠ ʟʘʪʝʤ ʫʧʦʨʷʜʦʯʠʚʘʶʱʘʷ ʦʙʲʝʢʪʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ. ɺ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪ.ʝ. ʨʘʟʙʠʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ (ʢʣʘʩʪʝʨʳ). 

ʉʝʛʦʜʥʷ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʯʝʥʴ ʰʠʨʦʢ: ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʨʭʝʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, 

ʧʩʠʭʦʣʦʛʠʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʝ, ʬʠʣʦʣʦʛʠʠ, ʘʥʪʨʦʧʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥʘʭ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʝʜʤʝʪʘ ʠʟʫʯʝʥʠʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ: ʦʪʙʦʨ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ; ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʳʭ; ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ; ʚʳʙʦʨ 

ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ; ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʫʯʝʥʳʭ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ ʧʨʝʜʣʘʛʘʶʪ ʚʳʜʝʣʷʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ 

ʠ ʥʝʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʫʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʦʙʲʝʜʠʥʝʥʠʶ ʥʝʙʦʣʴʰʠʭ ʢʣʘʩʪʝʨʦʚ ʚ ʙʦʣʴ-

ʰʠʝ ʠ ʨʘʟʜʝʣʝʥʠʠ ʢʨʫʧʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʤʘʣʳʝ. ʂ ʦʩʥʦʚʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʦʙʲʝʜʠʥʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʤ 

ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ ʦʪʥʦʩʷʪ: ʤʝʪʦʜ ʝʜʠʥʠʯʥʦʡ ʩʚʷʟʠ, ʤʝʪʦʜ ʧʦʣʥʦʡ ʩʚʷʟʠ, ʤʝʪʦʜ ʩʨʝʜʥʝʡ ʩʚʷʟʠ, ʮʝʥʪʨʦʠʜʥʳʡ 

ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʋʦʨʜʘ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʝʨʘʨʭʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʪʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ k-ʩʨʝʜʥʠʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ, 

ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʢʣʘʩʪʝʨʦʚ.  

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʥʜʨʦʛʨʘʤʤʳ. ɼʝʥʜʨʦ-

ʛʨʘʤʤʘ ï ʜʨʝʚʦʚʠʜʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʩʦʜʝʨʞʘʱʘʷ n ʫʨʦʚʥʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʰʘʛʦʚ 

ʧʨʦʮʝʩʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʢʨʫʧʥʝʥʠʷ ʢʣʘʩʪʝʨʦʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʩʫʜʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʌ ʤʝʪʦʜʦʤ ʋʦʨʜʘ (ʨʠʩʫʥʢʠ 1, 2). ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʙʘʟʳ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 22 ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʘ, ʃʝʥʠʥʛʨʘʜʩʢʦʡ, ʄʫʨʤʘʥʩʢʦʡ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʨ. ʂʘʨʝʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çStatistica 7.0è. 
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ʈʠʩ. 1. ɼʝʥʜʨʦʛʨʘʤʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

 

 
 

ʈʠʩ. 2. ɼʝʥʜʨʦʛʨʘʤʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʘʞ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʘʢʪʠʚʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 

ʊʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʪʦʙʨʘʞʘ-

ʶʱʠʡ ʨʝʟʫʣʴʪʘʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʩʪʫʧʘʶʪ: ʥʘʠʙʦʣʴʰʠʡ ʜʦʢʦʚʳʡ ʚʝʩ 

ʩʫʜʥʘ, ʥʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʦʩʘʜʢʘ ʩʪʨʦʷʱʝʛʦʩʷ / ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ. 

ɺ ʭʦʜʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʦʤ ʋʦʨʜʘ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 2 

ʛʨʫʧʧʳ ʧʨʝʜʧʨʠʷʪʠʡ: 1 ʛʨʫʧʧʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʦʢʦʚʳʤ ʚʝʩʦʤ ʩʫʜʦʚ ʦʪ 800 ʪ ʜʦ 7000 ʪ ʠ ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʦʪ 10000 

ʪ ʜʦ 100000 ʪ. ɺ ʧʝʨʚʳʡ ʢʣʘʩʪʝʨ ʚʦʰʣʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʛʨʘʞʜʘʥʩʢʠʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʫʜʦʩʪʨʦʝʥʠʝʤ 

ʠ ʩʫʜʦʨʝʤʦʥʪʦʤ. ɺʦ ʚʪʦʨʦʡ ʢʣʘʩʪʝʨ ʚʦʰʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ çʆʙʲʝʜʠʥʝʥʥʦʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʨʧʦʨʘʮʠʠè, ʟʘʥʠʤʘʶʱʠʝʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʠ ʨʝʤʦʥʪʦʤ ʢʨʫʧʥʳʭ ʩʫʜʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

  

Tree Diagram for 22 Cases

Ward`s method

Euclidean distances

ʃ
ʠ
ʤ
ʝ
ʥ
ʜ
ʩ
ʢ
ʘ
ʷ
 
ʉ
ʂ

ʆ
ʥ
ʝ
ʞ
ʩ
ʢ
ʠ
ʡ
 
ʉ
ʉ
ɿ

ɸ
ʈ
ʕ
ɹ

ɺ
ʈ
ʕ
ɹ

ʄ
ʈ
ʕ
ɹ

ʅ
ʉ
ɿ

ʇ
ʝ
ʣ
ʣ
ʘ

ʇ
ʨ
ʝ
ʛ
ʦ
ʣ
ʴ

ɺ
ʉ
ɿ

ʅ
ʉ
ʉ
ɿ

ʉ
ʅ
ʉ
ɿ

3
3
 
ʉ
ʈ
ɿ

ʉ
ʌ
 
ɸ
ʣ
ʤ
ʘ
ʟ

ʄ
ɿ
 
ɸ
ʣ
ʤ
ʘ
ʟ

ʗ
ʥ
ʪ
ʘ
ʨ
ʴ

8
2
 
ʉ
ʈ
ɿ

ʂ
ʉ
ɿ

ɿ
ʚ
ʝ
ʟ
ʜ
ʦ
ʯ
ʢ
ʘ

ʉ
ʝ
ʚ
ʝ
ʨ
ʥ
ʘ
ʷ
 
ʚ
ʝ
ʨ
ʬ
ʴ

ʉ
ʝ
ʚ
ʤ
ʘ
ʰ

ɹ
ʘ
ʣ
ʪ
.
 
ʟ
ʘ
ʚ
ʦ
ʜ

ɸ
ʜ
ʤ
ʠ
ʨ
.
 
ʚ
ʝ
ʨ
ʬ
ʠ

0

5

10

15

20

25

L
in

k
a

g
e

 D
is

ta
n

c
e

Tree Diagram for 22 Cases

Ward`s method

Euclidean distances

8
2
 
ʉ
ʈ
ɿ

1
0
 
ʉ
ʈ
ɿ

ɺ
ʈ
ʕ
ɹ

ʅ
ʉ
ɿ

ʗ
ʥ
ʪ
ʘ
ʨ
ʴ

ʉ
ʌ
 
ɸ
ʣ
ʤ
ʘ
ʟ

3
3
 
ʉ
ʈ
ɿ

ɿ
ʚ
ʝ
ʟ
ʜ
ʦ
ʯ
ʢ
ʘ

ɺ
ʉ
ɿ

ʉ
ʅ
ʉ
ɿ

ʅ
ʉ
ʉ
ɿ

ʄ
ɿ
 
ɸ
ʣ
ʤ
ʘ
ʟ

ʉ
ʝ
ʚ
ʝ
ʨ
ʥ
ʘ
ʷ
 
ʚ
ʝ
ʨ
ʬ
ʴ

ɸ
ʈ
ʕ
ɹ

ʉ
ɺ
 
ʈ
ʝ
ʯ
ʥ
ʘ
ʷ

ɹ
ʘ
ʣ
ʪ
.
 
ʟ
ʘ
ʚ
ʦ
ʜ

ʇ
ʨ
ʝ
ʛ
ʦ
ʣ
ʴ

ʃ
ʠ
ʤ
ʝ
ʥ
ʜ
ʩ
ʢ
ʘ
ʷ
 
ʉ
ʂ

ʂ
ʉ
ɿ

ʇ
ʝ
ʣ
ʣ
ʘ

ʉ
ʝ
ʚ
ʤ
ʘ
ʰ

ɸ
ʜ
ʤ
ʠ
ʨ
.
 
ʚ
ʝ
ʨ
ʬ
ʠ

0

2

4

6

8

10

12

L
in

k
a

g
e

 D
is

ta
n

c
e



ISSN 2311-2158. The Way of Science. 2015. ˉ 9 (19). 

 

 

36 

 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʪʝʨʦʚ 
ˉ 

ʢʣʘʩʪʝʨʘ 
ʉʧʠʩʦʢ ʧʨʝʜʧʨʠʷʪʠʡ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʪʝʨʘ 

1 ʆʆʆ çʃʠʤʝʥʜʩʢʘʷ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷè, ʆʆʆ çʆʥʝʞʩʢʠʡ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦ-ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, ʆɸʆ çɸʨʭʘʥʛʝʣʴʩʢʘʷ ʈʕɹ 

ʬʣʦʪʘè, ʆɸʆ çɺʦʟʥʝʩʝʥʩʢʘʷ ʈʕɹ ʬʣʦʪʘè, ʆʆʆ çʄʝʜʚʝʞʴʝʛʦʨʩʢʘʷ ʈʕɹ 

ʬʣʦʪʘè, 

ʆʆʆ çʅʦʚʦʣʘʜʦʞʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, 

ʆɸʆ çʃʝʥʠʥʛʨʘʜʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ çʇʝʣʣʘè, ʆɸʆ çʉɿ 

ʇʨʝʛʦʣʴè, ʆɸʆ çɺʳʙʦʨʛʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʆʆʆ çʅʝʚʩʢʠʡ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦ-ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, ʆɸʆ çʉʨʝʜʥʝ-ʅʝʚʩʢʠʡ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʆɸʆ ç33 ʉʈɿè, ʆɸʆ çʉʌ çɸʣʤʘʟè, ʆɸʆ 

çʄʦʨʩʢʦʡ ʟʘʚʦʜ çɸʣʤʘʟè 

ʄʘʢʩ. ʜʦʢʦʚʳʡ ʚʝʩ ʩʫʜʥʘ ʦʪ 800 

ʪ ʜʦ 7000 ʪ; 

ʄʘʢʩ. ʜʣʠʥʘ ʦʪ 57,3 ʤ ʜʦ 143 ʤ; 

ʄʘʢʩ. ʰʠʨʠʥʘ ʦʪ 10 ʤ ʜʦ 25,6 

ʤ; 

ʄʘʢʩ. ʦʩʘʜʢʘ ʦʪ 2 ʤ ʜʦ 8 ʤ 

2 ʆɸʆ çʇʉɿ çʗʥʪʘʨʴè, ʆɸʆ ç82 ʉʈɿè, 

ɿɸʆ çʂʘʥʦʥʝʨʩʢʠʡ ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, 

ʆɸʆ çʎʉ çɿʚʝʟʜʦʯʢʘè, ʆɸʆ ʉɿ çʉʝʚʝʨʥʘʷ ʚʝʨʬʴè, 

ʆɸʆ çʇʆ çʉʝʚʤʘʰè, ʆɸʆ çɹʘʣʪʠʡʩʢʠʡ ʟʘʚʦʜè 

ʆɸʆ çɸʜʤʠʨʘʣʪʝʡʩʢʠʝ ʚʝʨʬʠè 

ʄʘʢʩ. ʜʦʢʦʚʳʡ ʚʝʩ ʩʫʜʥʘ ʦʪ 

10000 ʪ ʜʦ 100000 ʪ; 

ʄʘʢʩ. ʜʣʠʥʘ ʦʪ 126 ʤ ʜʦ 350 ʤ; 

ʄʘʢʩ. ʰʠʨʠʥʘ ʦʪ 30 ʤ ʜʦ 35 ʤ; 

ʄʘʢʩ. ʦʩʘʜʢʘ ʦʪ 9 ʜʦ 13,6 ʤ. 
 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʪʦʜʦʤ ʋʦʨʜʘ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 3 ʛʨʫʧʧʳ ʧʨʝʜʧʨʠʷʪʠʡ: ʩ ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. 
 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʪʝʨʦʚ 
ˉ 

ʢʣʘʩʪʝʨʘ 
ʉʧʠʩʦʢ ʧʨʝʜʧʨʠʷʪʠʡ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʪʝʨʘ 

1 ʆɸʆ ç82 ʉʈɿè, ʆɸʆ ç10 ʉʈɿè, 

ʆɸʆ çɺʦʟʥʝʩʝʥʩʢʘʷ ʈʕɹ ʬʣʦʪʘè, 

ʆʆʆ çʅʦʚʦʣʘʜʦʞʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè 

ʋʙʳʪʦʯʥʳʝ, ʥʝʨʝʥʪʘʙʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

2 ʆɸʆ çʇʉɿ çʗʥʪʘʨʴè, ʆɸʆ çʉʌ çɸʣʤʘʟè, 

ʆɸʆ ç33 ʉʈɿè, ʆɸʆ çʎʉ çɿʚʝʟʜʦʯʢʘè, 

ʆɸʆ çɺʳʙʦʨʛʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʆɸʆ çʉʨʝʜʥʝ-

ʅʝʚʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʆʆʆ çʅʝʚʩʢʠʡ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦ-ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, ʆɸʆ çʄʦʨʩʢʦʡ ʟʘʚʦʜ 

çɸʣʤʘʟè, ʆɸʆ ʉɿ çʉʝʚʝʨʥʘʷ ʚʝʨʬʴè, 

ʆɸʆ çɸʨʭʘʥʛʝʣʴʩʢʘʷ ʈʕɹ ʬʣʦʪʘè, 

ʆʆʆ çʉʫʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʚʝʨʬʴ çʈʝʯʥʘʷè, ʆɸʆ çɹʘʣʪʠʡʩʢʠʡ 

ʟʘʚʦʜè 

ʇʨʝʜʧʨʠʷʪʠʷ ʩʦ ʩʨʝʜʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ: 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘʢʨʳʣʦ 

ʦʪʯʝʪʥʳʡ ʛʦʜ ʩ ʫʙʳʪʢʦʤ, ʩ ʥʠʟʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʘʢʪʠʚʦʚ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʥʦ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʧʨʦʜʘʞ 

3 ʆɸʆ çʉɿ ʇʨʝʛʦʣʴè, ʆʆʆ çʃʠʤʝʥʜʩʢʘʷ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʘʷ 

ʢʦʤʧʘʥʠʷè, 

ɿɸʆ çʂʘʥʦʥʝʨʩʢʠʡ ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, ʆɸʆ 

çʃʝʥʠʥʛʨʘʜʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ çʇʝʣʣʘè, ʆɸʆ çʇʆ 

çʉʝʚʤʘʰè, 

ʆɸʆ çɸʜʤʠʨʘʣʪʝʡʩʢʠʝ ʚʝʨʬʠè 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʚʝʨʰʠʚʰʠʝ 

ʦʪʯʝʪʥʳʡ ʛʦʜ ʩ ʯʠʩʪʦʡ ʧʨʠʙʳʣʴʶ, ʠʤʝʶʪ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʝʡ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ; ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʧʦʩʦʙ-

ʥʳʭ ʢ ʢʦʦʧʝʨʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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USING THE METHOD OF CLUSTER ANALYSIS IN THE ASSESSMENT OF ECONOMIC 
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D.S. Neslukhov, Postgraduate Student 

Admiral Makarov State University of Maritime and Inland Shipping (St. Petersburg), Russia 

 

Abstract. The article deals with the classification development of shipbuilding and shiprepairing enterprises for 

the detection and evaluation of factors influencing the efficiency of enterprises activity aimed at studying of shipbuilding 

and shiprepairing spheres of certain economic areas. It is possible to carry out such classification using the methods of 

cluster analysis. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɸʈʍʀʊɽʂʊʋʈʓ ʇʈɸɺʆʉʃɸɺʅʓʍ ʎɽʈʂɺɽʁ 

ʇɽʈʀʆɼɸ ʂʃɸʉʉʀʎʀɿʄɸ ʅɸ ʖɾʅʆʄ ʋʈɸʃɽ 
 

 ɽ.ɺ. ʇʦʥʦʤʘʨʝʥʢʦ, ʜʦʢʪʦʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌɻɹʋ çʎʅʀʀʇ ʄʠʥʩʪʨʦʷ ʈʦʩʩʠʠ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʦʨʠʠ ʠ ʠʩʪʦʨʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʩʪʚʘè (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʩʠʮʠʟʤʘ ʚ ʢʫʣʴʪʦʚʦʤ ʟʦʜʯʝʩʪʚʝ ʖʞʥʦʛʦ 

ʋʨʘʣʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʩʭʝʤʳ ʠ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʶʞʥʦʫʨʘʣʴʩʢʠʭ 

ʧʨʘʚʦʩʣʘʚʥʳʭ ʮʝʨʢʚʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ. ʇʨʠʚʝʜʝʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʪʫʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʘ-

ʤʷʪʥʠʢʦʚ. ɺʳʷʚʣʝʥ ʠʥʪʝʨʝʩʥʳʡ ʧʣʘʩʪ ʥʘʩʣʝʜʠʷ ʨʝʛʠʦʥʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʪʫʨʥʳʭ ʠ 

ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʦʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʷ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʧʘʤʷʪʥʠʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʘʚʦʩʣʘʚʥʳʭ ʮʝʨʢʚʝʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʩʠʮʠʟʤʘ ʚ ʨʝʛʠʦʥʝ. 

 

ɺ ʧʝʨʚʦʡ ʪʨʝʪʠ XIX  ʚʝʢʘ ʥʘʩʪʫʧʘʝʪ ʥʦʚʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʛʦʨʦʜʦʚ ʖʞʥʦʛʦ ʋʨʘʣʘ. ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʧʣʘ-

ʥʠʨʦʚʢʘ ʠ ʫʧʦʨʷʜʦʯʝʥʠʝ ʟʘʩʪʨʦʡʢʠ, ʩʦʟʜʘʶʪʩʷ ʠʥʪʝʨʝʩʥʳʝ ʘʥʩʘʤʙʣʠ ʮʝʥʪʨʦʚ ʤʥʦʛʠʭ ʛʦʨʦʜʦʚ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʦʢʘʟʘʣʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʨʝʬʦʨʤʘ 1775 ʛʦʜʘ. ɼʨʫʛʠʤ ʚʘʞʥʝʡʰʠʤ ʷʚʣʝʥʠʝʤ, ʧʦʚʣʠʷʚʰʠʤ 

ʥʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʙʳʣʦ ʧʨʦʠʩʭʦʜʠʚʰʝʝ ʩ 1762 ʛʦʜʘ ʛʝʥʝʨʘʣʴʥʦʝ ʤʝʞʝʚʘʥʠʝ ï ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʚʩʝʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝ. 

ɺ ʩʪʠʣʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʖʞʥʦʛʦ ʋʨʘʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʣʠʮʘʤʠ ʥʘ 20-40 

ʣʝʪ. ʅʘʯʘʣʦ ʧʝʨʠʦʜʘ ʙʘʨʦʢʢʦ ʩʦʚʧʘʣʦ ʩ ʦʩʥʦʚʘʥʠʝʤ ʨʫʩʩʢʠʭ ʢʨʝʧʦʩʪʝʡ ʚʦ ʚʪʦʨʦʡ ʪʨʝʪʠ XVIII  ʚʝʢʘ, ʘ ʩ 70-ʭ ʛʦʜʦʚ 

ï ʧʦʷʚʠʣʩʷ ʢʣʘʩʩʠʮʠʟʤ, ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʢʦʪʦʨʦʛʦ ʜʦʣʛʦ ʩʦʭʨʘʥʷʣʠʩʴ ʵʣʝʤʝʥʪʳ ʙʘʨʦʢʢʦ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘ-

ʨʦʢʢʦ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʠʤʝʣʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ, ʢʦʪʦ-

ʨʳʝ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʣʠʩʴ ʨʫʩʩʢʦʷʟʳʯʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʚ XVIII -XIX  ʚʝʢʘʭ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʵʪʦʛʦ ʦʙʱʝʛʦ ʜʣʷ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʷʚʣʝʥʠʷ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʣʴʩʢʠʭ ʠ ʟʘʚʦʜʩʢʠʭ ʭʨʘʤʦʚ ʖʞʥʦʛʦ ʋʨʘʣʘ, ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʨʦʤ. ʕʪʦʪ ʞʝ ʚʳ-

ʚʦʜ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʨʭʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʮʝʨʢʚʝʡ XVIII  ʚʝʢʘ ʠʤʝʣʦ ʪʨʝʭʯʘʩʪʥʳʡ ʧʣʘʥʠʨʦʚʦʯʥʳʡ 

ʪʠʧ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ: ʢʦʣʦʢʦʣʴʥʝʡ, ʪʨʘʧʝʟʥʦʡ, ʦʩʥʦʚʥʳʤ ʦʙʲʝʤʦʤ ʠ ʘʧʩʠʜʦʡ ʘʣʪʘʨʷ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʚʦʡ ʮʝʨʢʦʚʴʶ ʚ ʧʦʩʝʣʝʥʠʠ ʷʚʣʷʣʘʩʴ ʜʝʨʝʚʷʥʥʘʷ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʝʝ ʟʘʤʝʥʷʣʠ ʢʘʤʝʥʥʳʤ 

ʭʨʘʤʦʤ. ʏʘʱʝ ʚʩʝʛʦ ʩʨʫʙ ʦʙʰʠʚʘʣʩʷ ʪʝʩʦʤ ʠ ʠʤʝʣ ʦʨʜʝʨʥʳʡ ʜʝʢʦʨ. ʌʫʥʜʘʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʠʟ ʤʝʩʪʥʦʛʦ ʢʘʤʥʷ-

ʧʣʠʪʥʷʢʘ. ʀʥʪʝʨʝʩʥʳ ʥʝʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʧʨʦʝʢʪʳ ʟʘʚʦʜʩʢʠʭ ʮʝʨʢʚʝʡ ʜʣʷ ʖʞʥʦʛʦ ʋʨʘʣʘ. ʅʘʧʨʠʤʝʨ, ʩʦʙʦʨ ʚ ɿʣʘ-

ʪʦʫʩʪʝ ʚʢʣʶʯʘʝʪ ʚʳʩʦʢʫʶ ʢʦʣʦʢʦʣʴʥʶ ʥʘ ʚʭʦʜʥʦʤ ʧʨʠʜʝʣʝ, ʦʙʰʠʨʥʫʶ ʪʨʘʧʝʟʥʫʶ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʝʚʝʨʥʳʤ 

ʚʭʦʜʦʤ, ʥʝʙʦʣʴʰʦʡ, ʥʦ ʚʳʩʦʢʠʡ ʯʝʪʚʝʨʠʢ ʠ ʛʨʘʥʝʥʫʶ ʘʧʩʠʜʫ ʘʣʪʘʨʷ (ʨʠʩʫʥʦʢ 1ʘ). ʌʦʨʤʳ ʦʯʝʥʴ ʧʨʦʩʪʳʝ, ʥʦ ʰʘ-

ʪʨʦʚʦʝ ʟʘʚʝʨʰʝʥʠʝ ʢʦʣʦʢʦʣʴʥʠ ʠ ʝʝ ʜʝʢʦʨ ʠʤʝʶʪ ʙʘʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ [2].  
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ʈʠʩ. 1. ʇʨʦʝʢʪʳ ʩʦʙʦʨʦʚ: ʘ ï ʚ ɿʣʘʪʦʫʩʪʝ; ʙ ï ʚ ʉʘʪʢʝ 

 

ʊʘʢʦʝ ʞʝ ʚʧʝʯʘʪʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪ ʧʨʦʝʢʪ ʮʝʨʢʚʠ ʚ ʉʘʪʢʝ (ʨʠʩʫʥʦʢ 1ʙ), ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʝʱʝ ʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʥʳʝ ʜʚʝ ʚʝʨʪʠʢʘʣʠ (ʢʦʣʦʢʦʣʴʥʷ ʠ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ) ʠ ʷʚʥʦ ʙʘʨʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʚʝʨʰʝʥʠʷ [1]. 
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ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʠʧʘ ʮʝʨʢʚʝʡ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʩʣʝ-

ʜʫʝʪ ʧʨʠʟʥʘʪʴ ʮʝʨʢʦʚʴ ʀʢʦʥʳ ɿʥʘʤʝʥʠʷ ʇʨʝʩʚʷʪʦʡ ɹʦʛʦʨʦʜʠʮʳ ʚ ʩʝʣʝ ɺʦʩʢʨʝʩʝʥʩʢʦʤ ʂʘʩʣʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʣʷ-

ʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʥʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ 1819 ʛʦʜʫ ʘʨʭʠʪʝʢʪʦʨʦʤ ʄ.ʇ. ʄʘʣʘʭʦʚʳʤ. ʎʝʨʢʦʚʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʠʛʦʨʢʝ ʚ ʮʝʥʪʨʝ ʩʝʣʘ ʥʘʜ ʥʝʙʦʣʴʰʠʤ ʦʟʝʨʦʤ ʂʘʨʘʛʫʟ (ʨʠʩʫʥʦʢ 2). ʆʙʲʝʤʥʦʝ ʨʝʰʝʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʣʦʢʦʣʴʥʠ, ʪʨʘʧʝʟʥʦʡ, ʦʩʥʦʚʥʦʛʦ ʜʚʫʭʩʚʝʪʥʦʛʦ ʯʝʪʚʝʨʠʢʘ ʠ ʧʦʣʫʢʨʫʛʣʦʡ ʘʧʩʠʜʳ. ʆʩ-

ʥʦʚʥʦʡ ʯʝʪʚʝʨʠʢ ʩ ʩʝʚʝʨʘ ʠ ʶʛʘ ʠʤʝʝʪ ʛʣʫʙʦʢʠʝ ʯʝʪʳʨʝʭʢʦʣʦʥʥʳʝ ʢʦʨʠʥʬʩʢʠʝ ʧʦʨʪʠʢʠ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʬʨʦʥʪʦ-

ʥʘʤʠ, ʢʦʪʦʨʳʝ ʘʢʮʝʥʪʠʨʫʶʪ ʙʦʢʦʚʳʝ ʚʭʦʜʳ. ɿʘʚʝʨʰʝʥ ʦʩʥʦʚʥʦʡ ʯʝʪʚʝʨʠʢ ʢʨʫʧʥʳʤ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʢʫʧʦʣʦʤ 

ʥʘ ʚʳʩʦʢʦʤ ʢʨʫʛʣʦʤ ʩʚʝʪʦʚʦʤ ʙʘʨʘʙʘʥʝ. ʕʪʦ ʟʘʚʝʨʰʝʥʠʝ ʭʦʨʦʰʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʷʨʫʩʦʤ ʟʚʦʥʘ ʢʦʣʦʢʦʣʴʥʠ, ʨʝʰʝʥ-

ʥʳʤ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʫʧʦʣʴʥʘʷ ʨʦʪʦʥʜʘ. ʂʦʣʦʢʦʣʴʥʷ ʭʨʘʤʘ ʠʤʝʝʪ ʪʨʠ ʷʨʫʩʘ. ɺ ʙʦʢʦʚʳʭ ʩʪʝʥʘʭ ʠʤʝʶʪʩʷ ʛʣʫʙʦ-

ʢʠʝ ʥʠʰʠ ʩ ʧʦʣʫʮʠʨʢʫʣʴʥʳʤ ʟʘʚʝʨʰʝʥʠʝʤ, ʚ ʢʦʪʦʨʳʭ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʨʘʩʧʦʣʦʞʝʥʦ ʜʚʘ ʦʢʥʘ. ɺ ʫʨʦʚʥʝ ʧʷʪʳ ʘʨʦʢ 

ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʠ ʥʠʰ ʚʝʩʴ ʦʙʲʝʤ ʦʧʦʷʩʳʚʘʝʪ ʧʨʦʬʠʣʠʨʦʚʘʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʪʷʛʘ. ɺʪʦʨʦʡ ʷʨʫʩ ʢʦʣʦʢʦʣʴʥʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʚʝʨʠʢ ʩ ʧʦʩʪʘʤʝʥʪʦʤ, ʚʳʜʝʣʝʥʥʳʤ ʤʦʱʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʷʛʦʡ. 

 

  
 

ʈʠʩ. 2. ʎʝʨʢʦʚʴ ʇʨʝʩʚʷʪʦʡ ɹʦʛʦʨʦʜʠʮʳ ʚ ʩʝʣʝ ɺʦʩʢʨʝʩʝʥʩʢʦʤ 

 

ʎʝʨʢʦʚʴ ʧʦʩʪʨʦʝʥʘ ʠʟ ʢʠʨʧʠʯʘ ʠ ʦʰʪʫʢʘʪʫʨʝʥʘ. ʕʣʝʤʝʥʪʳ ʜʝʢʦʨʘ ʚʳʷʚʣʝʥʳ ʥʘ ʬʘʩʘʜʘʭ ʙʠʨʶʟʦʚʳʤ ʮʚʝ-

ʪʦʤ, ʚ ʢʦʪʦʨʳʝ ʧʦʢʨʘʰʝʥʳ ʠ ʢʫʧʦʣʘ. ɺ ʮʝʣʦʤ ʟʜʘʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴʶ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʩʪʴʶ ʚʩʝʭ ʝʝ ʵʣʝʤʝʥʪʦʚ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʩʝʣʴʩʢʦʛʦ ʭʨʘʤʘ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʪʠʣʝ ʷʚʣʷʝʪʩʷ ʮʝʨʢʦʚʴ ʚ ʩʝʣʝ 

ɹʦʣʴʰʦʡ ʂʫʷʰ ʂʫʥʘʰʘʢʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʢʦʤ ʙʝʨʝʛʫ ʦʟʝʨʘ ɹʦʣʴʰʦʡ 

ʂʫʷʰ. ʂʦʤʧʦʟʠʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʮʝʨʢʚʠ ʘʥʘʣʦʛʠʯʥʦ ʭʨʘʤʫ ʚ ʩʝʣʝ ɺʦʩʢʨʝʩʝʥʩʢʦʤ. ʂ ʛʣʘʚʥʦʤʫ ʚʭʦʜʫ ʩ ʟʘʧʘʜʘ 

ʚʝʜʝʪ ʚʳʩʦʢʦʝ ʢʨʳʣʴʮʦ ʩ ʰʠʨʦʢʦʡ ʣʝʩʪʥʠʮʝʡ. ʎʝʨʢʦʚʴ ʧʦʩʪʨʦʝʥʘ ʠʟ ʢʠʨʧʠʯʘ ʠ ʦʰʪʫʢʘʪʫʨʝʥʘ, ʮʦʢʦʣʴ ï ʠʟ ʢʘʤʥʷ-

ʧʣʠʪʥʷʢʘ. ʇʦʨʪʠʢʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʪʦʨʫʶ ʦʩʴ ʩʨʝʜʦʢʨʝʩʪʴʷ, ʧʨʠʜʘʚʘʷ ʢʦʤʧʦʟʠʮʠʠ ʵʣʝʤʝʥʪʳ ʮʝʥʪʨʠʯʥʦʩʪʠ. ʇʨʠ-

ʤʝʥʝʥ ʪʦʩʢʘʥʩʢʠʡ ʦʨʜʝʨ ʩ ʥʝʦʙʳʯʥʦʡ ʢʘʧʠʪʝʣʴʶ, ʚʢʣʶʯʘʶʱʝʡ ʜʝʢʦʨʘʪʠʚʥʳʝ ʟʫʙʯʠʢʠ ʥʘ ʘʙʘʢʝ. ʆʥ ʫʚʝʥʯʘʥ ʬʦ-

ʥʘʨʝʤ ʩ ʣʫʢʦʚʢʦʡ. ʂʦʣʦʢʦʣʴʥʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʝʪʚʝʨʠʢʦʚ, ʫʚʝʥʯʘʥʥʳʭ ʢʫʧʦʣʦʤ ʩ ʣʶʢʘʨʥʘʤʠ. ʇʨʦʝʤʳ ʫʢʨʘʰʝʥʳ 

ʘʨʭʠʚʦʣʴʪʦʤ ʩ ʚʳʨʘʞʝʥʥʳʤ ʟʘʤʢʦʚʳʤ ʢʘʤʥʝʤ ʠ ʩʧʘʨʝʥʥʳʤʠ ʧʦʣʫʢʦʣʦʥʥʘʤʠ ʧʦ ʙʦʢʘʤ. ʎʝʨʢʦʚʴ ʠʤʝʣʘ ʦʛʨʘʜʫ, 

ʦʪ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʠʣʠʩʴ ʶʞʥʳʝ ʚʦʨʦʪʘ (ʨʠʩʫʥʦʢ 3). 

 

  
 

ʈʠʩ. 3. ʎʝʨʢʦʚʴ ʚ ʩʝʣʝ ɹʦʣʴʰʦʡ ʂʫʷʰ 

 


