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ȊȚȟȒȜȏȔȜȝȚȊ 

 

Gubinskaya K.Y.  

Postgraduate student at St. Petersburg State University of Architecture and Civil Engineering, assistant 

teacher of the department of Architecture at St. Petersburg State University of Architecture and Civil Engineer-

ing, leading specialist at Committee for the State Preservation of Historical and Cultural Monuments 

ɻʫʙʠʥʩʢʘʷ ʂʩʝʥʠʷ ʖʨʴʝʚʥʘ  

ʘʩʧʠʨʘʥʪ, ʘʩʩʠʩʪʝʥʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ  

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʂʦʤʠʪʝʪʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʦʣʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ 

ʦʭʨʘʥʝ ʧʘʤʷʪʥʠʢʦʚ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ 

 

CONSOLIDATED TOWN PLANNING PERIODIZATION OF THE CITY OF VYBORG  

ʉɺʆɼʅɸʗ ɻʈɸɼʆʉʊʈʆʀʊɽʃʔʅɸʗ ʇɽʈʀʆɼʀɿɸʎʀʗ ɻʆʈʆɼɸ ɺʓɹʆʈɻɸ 

 

Summary: There is a large number of works of foreign and domestic researchers devoted to the study of the 

heritage of the city of Viborg. Consolidated town planning periodization of the city of Vyborg was developed 

based on the analysis of various concepts of domestic and foreign researchers. It reflects social and political 

changes and town planning transformations of the city of Vyborg. It is a perspective tool for the further research 

of the complete historical urban environment.  

Key words: Vyborg, periods, town planning, historical urban environment. 

ɸʥʥʦʪʘʮʠʷ: ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʜʦʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʩʚʷʱʝʥʦ ʚʦ-

ʧʨʦʩʫ ʠʟʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩʣʝʜʠʷ ʛʦʨʦʜʘ ɺʳʙʦʨʛʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʩʚʦʜʥʘʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʝʨʠʦʜʠʟʘʮʠʷ ʛʦ-

ʨʦʜʘ ɺʳʙʦʨʛʘ. ʆʥʘ ʦʪʨʘʞʘʝʪ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɺʳʙʦʨʛʘ ʠ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʳʙʦʨʛ, ʧʝʨʠʦʜʳ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʠʩʪʦʨʠʯʝʩʢʘʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ. 

 

ɺʦʧʨʦʩʫ ʠʟʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩʣʝʜʠʷ 

ɺʳʙʦʨʛʘ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʜʦʚ ʟʘ-

ʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɹʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʥʘʧʠ-

ʩʘʥʘ ʬʠʥʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʘ ʬʠʥʩʢʦʤ ʷʟʳʢʝ, 

ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʛʨʘʜʦʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ɺʳʙʦʨʛʘ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʩʪʦʨʠʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʳ-

ʙʦʨʛʘ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ɸ. ʍʘʢʤʘʥ. ʀʤ ʙʳʣʦ ʧʨʦʚʝ-

ʜʝʥʦ ʚʠʟʫʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʟʘʤʢʦʚʳʭ 

ʟʜʘʥʠʡ, ʩʦʩʪʘʚʣʝʥʦ ʠʭ ʦʧʠʩʘʥʠʝ, ʩʦʙʨʘʥ ʨʷʜ ʠʩʪʦ-

ʨʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʘʨʭʠʚʘʭ ʐʚʝʮʠʠ, ʌʠʥʣʷʥ-

ʜʠʠ ʠ ʈʦʩʩʠʠ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ ʚ 

ʪʨʫʜʝ çʂ ʚʦʧʨʦʩʫ ʦʙ ʠʩʪʦʨʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʳ-

ʙʦʨʛʩʢʦʛʦ ʟʘʤʢʘè [1].  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʀ.ʈ. 

ɸʩʧʝʣʠʥ, ʖ. ɺʠʠʩʪʝ, ʂ.ʁ. ɻʘʨʜʙʝʨʛ, ʖ. ʀʣʪʘʥʝʥ, ɽ. 

ʂʘʭʠʣʘ, ʆ.ʀ. ʄʝʫʨʤʘʥ, ʊ. ʄʫʩʪʦʥʝʥ, ʆ. ʅʠʝʤʠ, ʊ. 

ʇʸʶʭʴʷ, ʉ. ʇʷʣʴʩʠ, ʖ. ʈʠʥʥʝ, ʀ. ʈʫʫʪ, ʋ. ʋʣʴʙʝʨʛ, 

ɸ. ʍʘʢʤʘʥ ʠ ʜʨʫʛʠʝ ʘʚʪʦʨʳ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʨʘʙʦʪʘʤʠ, 

ʢʘʩʘʶʱʠʝʩʷ ʧʝʨʠʦʜʠʟʘʮʠʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩ-

ʪʦʨʠʠ ɺʳʙʦʨʛʘ, ʷʚʣʷʶʪʩʷ: 

¶ ʕ. ʍʦʨʥʙʦʨʛʘ çʇʦʛʨʘʥʠʯʥʘʷ ʢʨʝʧʦʩʪʴ ɺʳ-
ʙʦʨʛè [2], ʧʝʨʝʚʝʜʝʥʥʘʷ ʬʨʘʛʤʝʥʪʘʨʥʦ ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʡ ʦʙʣʘʩʪʥʦʡ ʥʘʫʯʥʦ-ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʪʨʝʩʪ çʈʦʩʨʝʩʪʘʚʨʘʮʠʷè. ʆʧʠ-

ʩʳʚʘʝʪ 13 ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʧʦʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʤ ʧʝʨʠʦʜʝ ʩ ʜʦʰʚʝʜʩʢʦʛʦ 

ʚʨʝʤʝʥʠ (X-XII ʚʚ.) ʜʦ 1710 ʛ.; 

¶ ʇ. ʅʝʫʚʦʥʝʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ çɺʳʙʦʨʛ. ɸʨ-
ʭʠʪʝʢʪʫʨʥʳʡ ʧʫʪʝʚʦʜʠʪʝʣʴè [3] ʦʧʠʩʳʚʘʝʪ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ɺʳʙʦʨʛʘ ʚ ʪʨʝʭ ʵʪʘʧʘʭ (ʩ 

1293 ʧʦ 1860-ʝ ʛʛ., 1860-ʝ-1917 ʛʛ., 1917-1939 ʛʛ.); 

¶ ʂʥʠʛʘ ʖ. ʀʣʪʘʥʝʥʘ çɺʳʙʦʨʛ. ʀʩʪʦʨʠʯʝ-
ʩʢʠʝ ʢʘʨʪʳè [4] ʥʘ ʬʠʥʩʢʦʤ ʷʟʳʢʝ ʜʘʝʪ ʧʝʨʠʦʜʠʟʘ-

ʮʠʶ: ʜʦ 1403 ʛ., 1403-1721 ʛʛ., 1721-1809 ʛʛ., 1809-

1917 ʛʛ., 1917-1944 ʛʛ., 1944-2017 ʛʛ. 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʙʘʟʘ ʥʝ 

ʩʪʦʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʫʜʘʤʠ: ɺ.ɸ. ɸʜʘʩʢʠʥʦʡ, ʄ. 

ɺʘʩʠʣʴʝʚʘ, ʃ. ɻ. ɺʦʣʢʦʚʦʡ, ʃ.ʃ. ɻʫʨʝʚʠʯʘ, ʄ.ɸ. ɼʝ-

ʤʝʥʪʴʝʚʦʡ, ɺ.ɺ. ɼʤʠʪʨʠʝʚʘ, ɽ.ɸ. ʂʘʣʴʶʥʜʠ, ɽ.ɽ. 

ʂʝʧʧʘ, ɸ.ɺ. ʄʝʣʴʥʦʚʘ, ʖ.ʀ. ʄʦʰʥʠʢ, ɺ.ɸ. ʆʨʘʚʘ, 

ʀ.ɺ. ʇʠʣʠʧʯʫʢʘ, ʊ.ʅ. ʇʷʪʥʠʮʢʦʡ, ɸ.ʀ. ʉʘʢʩʳ, ɺ.ɸ. 

ʊʶʣʝʥʝʚʘ, ʀ.ɸ. ʍʘʫʩʪʦʚʦʡ ʠ ʜʨ. 

ʅʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʛʨʘʜʦʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʮʝʥʥʦʩʪʠ ɺʳʙʦʨʛʘ ʚʥʝʩ 

ʩʦʚʝʪʩʢʠʡ ʠ ʨʦʩʩʠʡʩʢʠʡ ʠʩʢʫʩʩʪʚʦʚʝʜ, ʯʣʝʥ ʉʦʶʟʘ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʈʦʩʩʠʠ, ʯʣʝʥ ʉʦʚʝʪʦʚ ʧʦ ʩʦʭʨʘʥʝʥʠʶ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʧʨʠ ʧʨʘʚʠʪʝʣʴʩʪʚʝ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʠ ʤʠʥʠʩʪʝʨʩʪʚʝ ʢʫʣʴʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɼ. ʉ. 

ʃʠʭʘʯʸʚʘ çɿʘ ʩʦʭʨʘʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʈʦʩʩʠʠè ʄ.ʀ. ʄʠʣʴʯʠʢ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʠʟʫʯʝʥʠʠ ʵʪʘʧʦʚ ʨʘʟʚʠ-

ʪʠʷ ɺʳʙʦʨʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ ʄ.ʀ. ʄʠʣʴʯʠʢʘ 

çʋʨʙʘʥʠʩʪʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ɺʳʙʦʨʛʘè 1993 ʛ., ʚʦ-

ʰʝʜʰʘʷ ʩ ʩʦʩʪʘʚ ʢʥʠʛʠ çɺʳʙʦʨʛ. ʉʪʦʣʠʮʘ ʩʪʘʨʦʡ 

ʌʠʥʣʷʥʜʠʠè [5] ʠ ʩʪʘʪʴʷ çʕʪʘʧʳ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʠʩʪʦʨʠʠ ɺʳʙʦʨʛʘ ʠ ʙʠʙʣʠʦʪʝʢʘ ɸ. ɸʘʣʪʦè ʚ 

ʩʙʦʨʥʠʢʝ çɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ. ʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷè 2007 ʛ. [6]. 

ɺ çʋʨʙʘʥʠʩʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɺʳʙʦʨʛʘè ʄ.ʀ. 

ʄʠʣʴʯʠʢ ʧʨʠʚʦʜʠʪ ʧʝʨʠʦʜʠʟʘʮʠʶ ʨʘʟʚʠʪʠʷ ʠʩʪʦʨʠ-

ʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʛʝʥʝʨʘʣʴ-

ʥʳʝ ʧʣʘʥʳ ʢʘʢ ʦʪʧʨʘʚʥʳʝ ʪʦʯʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʘʥʠ-

ʨʦʚʦʯʥʦʡ ʛʦʨʦʜʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʄ.ʀ. ʄʠʣʴʯʠʢ ʚʳ-

ʜʝʣʷʝʪ ʰʝʩʪʴ ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ ʩ 1293 
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ʧʦ 1861 ʛʛ., ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʚʦʜʷ ʭʨʦʥʦʣʦʛʠʶ ʧʦ-

ʣʠʪʠʯʝʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʩʦʙʳʪʠʡ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʝʡ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ɺʳ-

ʙʦʨʛʘ ʠ ʜʦʨʝʛʫʣʷʨʥʳʡ ʧʝʨʠʦʜ ʝʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 1640 

ʛ.; ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʧʣʘʥʘ 

ʛʦʨʦʜʘ (1640-1710 ʛʛ.); ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ɺʳʙʦʨʛʘ ʜʦ ʥʦʚʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ (1710-1793 

ʛʛ.); ʥʦʚʳʡ ʛʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ (ʦʧʠʩʘʥʠʝ ʠʜʝʡ ʛʝʥʝ-

ʨʘʣʴʥʦʛʦ ʧʣʘʥʘ 1794 ʛ.); ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʘ ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ XIX ʚ.; ʩʥʦʩ ʢʨʝʧʦʩʪʥʳʭ ʚʘʣʦʚ ʠ ʛʝʥʝ-

ʨʘʣʴʥʳʡ ʧʣʘʥ 1861 ʛ.). ʆʜʥʘʢʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʛʨʘʥʠʮʳ ʵʪʘʧʦʚ ʩʣʠʰʢʦʤ ʦʙʰʠʨʥʳ.  

ɺ ʩʪʘʪʴʝ çʕʪʘʧʳ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ 

ɺʳʙʦʨʛʘ ʠ ʙʠʙʣʠʦʪʝʢʘ ɸ. ɸʘʣʪʦè ʄ.ʀ. ʄʠʣʴʯʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ɺʳ-

ʙʦʨʛʘ ʚ ʠʥʦʡ ʧʝʨʠʦʜʠʟʘʮʠʠ. ɺʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʧʝʨʠʦʜʳ: ʩʨʝʜʥʝʚʝʢʦʚʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ɺʳ-

ʙʦʨʛʘ (1293-1550); ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɻʦʨʥʚʝʨʢʘ (ɺʘʣʘ) 

ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʧʣʘʥʘ ɺʳʙʦʨʛʘ 

(1550-1710); ʨʘʟʚʠʪʠʝ ɺʳʙʦʨʛʘ ʚ ʩʦʩʪʘʚʝ ʈʦʩʩʠʡ-

ʩʢʦʡ ʠʤʧʝʨʠʠ ʜʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ 1861 ʛʦʜʘ 

(1710-1860); ʛʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ 1861 ʛʦʜʘ ʠ ʝʛʦ ʨʝʘ-

ʣʠʟʘʮʠʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX  ʚʝʢʘ (1860-1890); 

ʨʘʟʚʠʪʠʝ ɺʳʙʦʨʛʘ ʚ 1990-1938 ʛʦʜʳ. ɻʝʥʝʨʘʣʴʥʳʡ 

ʧʣʘʥ 1929 ʛ. ʠ ʤʝʩʪʦ ʚ ʥʝʤ ʙʠʙʣʠʦʪʝʢʠ ɸ.ɸʘʣʪʦ. 

ɼʦʢʣʘʜ ʄ.ʀ. ʄʠʣʴʯʠʢʘ ʠ ʊ.ʅ. ʇʷʪʥʠʮʢʦʡ ʚ 

ʩʙʦʨʥʠʢʝ ʜʦʢʣʘʜʦʚ çʄʫʣʴʪʠʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ 

ɺʳʙʦʨʛʘ ʠ ʝʛʦ ʩʦʭʨʘʥʝʥʠʝè [7] ʙʳʣ ʧʦʩʚʷʱʝʥ ʢʨʠ-

ʪʠʢʝ ʧʨʦʝʢʪʘ ʟʦʥ ʦʭʨʘʥʳ ɺʳʙʦʨʛʘ 2010 ʛʦʜʘ. ɺʩʪʫ-

ʧʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʙʳʣʦ ʦʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ. ɺʳʜʝʣʝʥʦ ʧʷʪʴ ʵʪʘʧʦʚ ʛʨʘ-

ʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ: ʧʝʨʚʳʡ, ʩʨʝʜʥʝʚʝʢʦʚʳʡ 

ʧʝʨʠʦʜ (1293-1550 ʛʛ.); ʚʪʦʨʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʵʪʘʧ 

(1550-1710 ʛʛ.); ʪʨʝʪʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ (1710-

1860-ʝ ʛʛ.); ʯʝʪʚʝʨʪʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ (1861-

1900 ʛʛ.); ʧʷʪʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ (1900-1939 

ʛʛ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʨʦʜ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʪʝʨʨʠ-

ʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʢ 1920-

1930-ʭ ʛʛ. 

ɺ ʪʨʫʜʝ ʄ.ʀ. ʄʠʣʴʯʠʢʘ çɺʳʙʦʨʛ ʰʚʝʜʩʢʠʡ ʠ 

ʨʦʩʩʠʡʩʢʠʡè [8] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʣʶʯʝʚʘʷ ʜʣʷ ʧʦ-

ʥʠʤʘʥʠʷ ʛʦʨʦʜʘ ʩʚʷʟʴ ʤʝʞʜʫ ɺʳʙʦʨʛʦʤ ʰʚʝʜʩʢʠʤ 

ʠ ɺʳʙʦʨʛʦʤ ʚ ʩʦʩʪʘʚʝ ʈʦʩʩʠʠ. ɸʚʪʦʨ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʞʜʫ ɺʳʙʦʨʛʦʤ ʚ ʩʦʩʪʘʚʝ ʐʚʝʮʠʠ, ʘ ʟʘ-

ʪʝʤ ʚ ʩʦʩʪʘʚʝ ʈʦʩʩʠʠ, ʧʦʜʯʸʨʢʠʚʘʷ ʦʨʛʘʥʠʯʥʳʡ ʧʝ-

ʨʝʭʦʜ ʦʜʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʜʨʫʛʫʶ. ʄ.ʀ. 

ʄʠʣʴʯʠʢ ʧʨʦʚʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʰʚʝʜʩʢʦʛʦ ʠ ʨʦʩʩʠʡʩʢʦʛʦ ɺʳʙʦʨʛʘ, ʚʳʷʚʣʷʷ ʝʸ 

ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ. ʆʜʥʘʢʦ, ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʷ ʥʝ ʫʭʦʜʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ɺʳ-

ʙʦʨʛʘ ʚ ʩʦʩʪʘʚ ʈʦʩʩʠʠ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʩʥʦʩʘ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʈʦʛʘʪʦʡ ʢʨʝʧʦʩʪʠ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ 

ʫʪʨʘʪʫ ʫʥʠʢʘʣʴʥʦʛʦ ʧʘʤʷʪʥʠʢʘ ʬʦʨʪʠʬʠʢʘʮʠʦʥ-

ʥʦʛʦ ʟʦʜʯʝʩʪʚʘ. 

ɺʘʞʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʚʦʧʨʦʩʫ ʛʨʘʜʦʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʧʝʨʠʦʜʠʟʘʮʠʠ ɺʳʙʦʨʛʘ ʷʚʣʷʶʪʩʷ ʪʨʫʜʳ 

ɼ.ʇ. ʌʨʠʜʣʷʥʜʘ. ɺ ʩʪʘʪʴʝ çʆʙʟʦʨ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ɺʳʙʦʨʛʘ (XIII ï ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 

XX ʚ.)è [9] ʘʚʪʦʨʦʤ ʜʘʸʪʩʷ ʦʯʝʥʴ ʢʨʘʪʢʠʡ ʠ ʦʙʱʠʡ 

ʦʙʟʦʨ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ɺʳʙʦʨʛʘ ʚ ʫʢʘ-

ʟʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʪʝʟʠʩʥʦ ʦʙʦʟʥʘʯʘʷ ʠʟʤʝʥʝ-

ʥʠʷ, ʨʘʩʰʠʨʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʵʪʘʧʥʳʝ ʩʭʝʤʳ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʦʨʦʜʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ɼ.ʇ. 

ʌʨʠʜʣʷʥʜʦʤ ʧʝʨʠʦʜʠʟʘʮʠʷ ʦʯʝʥʴ ʥʘʛʣʷʜʥʦ ʦʪʨʘ-

ʞʘʝʪ ʧʦʵʪʘʧʥʦʝ ʫʢʨʫʧʥʝʥʥʦʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ. ʏʝʪʳʨʝ ʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʞʠʚʦ ʠʣʣʶ-

ʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ï ʨʘʩʩʨʝ-

ʜʦʪʦʯʝʥʥʳʡ ʠ ʧʦʵʪʘʧʥʦ ʫʧʣʦʪʥʷʶʱʠʡʩʷ ʠ ʨʘʟʨʘʩ-

ʪʘʶʱʠʡʩʷ.  

ɺ ʩʪʘʪʴʝ çʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʧʣʘʥʘ ʛʦʨʦʜʘ ɺʳʙʦʨʛʘè [10] ʥʘ ʩʝʤʠʥʘʨʝ ʧʦ ʚʦʧʨʦ-

ʩʘʤ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʦʭʨʘʥʳ ʧʘʤʷʪʥʠʢʦʚ, ʧʨʦʭʦʜʠʚ-

ʰʝʤ ʚ ʍʝʣʴʩʠʥʢʠ 21 ʠ 22 ʘʧʨʝʣʷ 1992 ʛ., ɼ. ʇ. 

ʌʨʠʜʣʷʥʜ ʧʨʠʚʦʜʠʪ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ɺʳ-

ʙʦʨʛʘ ʦʪ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʜʦ 1960-80-ʭ ʛʛ. ʆʙʟʦʨ ʠʩ-

ʪʦʨʠʢʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: XII-XV ʚʚ.; ʍVI-

ʍVIII ʚʚ.; XVIII ʚʝʢ; XIX ʚ.-ʥʘʯʘʣʦ XX ʚ.; 20-30-ʝ 

ʛʛ. XX ʚ.; 40-50-ʝ ʛʛ. XX ʚ.; 60-80-ʝ ʛʛ. XX ʚ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʪʨʫʜʦʤ ʚ ʠʩʪʦʨʠʦʛʨʘʬʠʠ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʘ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XX ʚʝʢʘ, ʚ ʢʦʪʦʨʦʤ ʘʥʘʣʠʟʠʨʫ-

ʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʦʨʦʜʘ ʚ ʧʦʩʣʝʚʦʝʥʥʦʝ ʚʨʝʤʷ ʠ 

ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʧʣʦʪʴ ʜʦ 2005 ʛʦʜʘ [11]. ʉʪʘʪʴʷ ɼ.ʇ. 

ʌʨʠʜʣʷʥʜʘ çɿʘʩʪʨʦʡʢʘ ɺʳʙʦʨʛʘ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 

ʍʍ ʚ.è, ʧʦʩʚʷʱʝʥʥʘʷ ʘʥʘʣʠʟʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʟʘ-

ʩʪʨʦʡʢʠ ɺʳʙʦʨʛʘ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XX ʚ., ʨʘʟʜʝ-

ʣʷʝʪ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩ-

ʪʦʨʠʠ ɺʳʙʦʨʛʘ ʥʘ 3 ʵʪʘʧʘ: I ʵʪʘʧ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-

ʥʳʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʝʢʪʘ 1947 ʛ. 

çɻʦʨʩʪʨʦʡʧʨʦʝʢʪʘè ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʧʣʘʥʘ 1953 ʛ. çɻʠʧʨʦʢʦʤʤʫʥʩʪʨʦʡè; II ʵʪʘʧ ï ʨʘʟʨʘ-

ʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ 1961-1963 

ʛʛ.; III ʵʪʘʧ ï ʨʘʟʚʠʪʠʝ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ 

1985 ʛ. 

ɸʚʪʦʨʦʤ ʜʘʝʪʩʷ ʦʮʝʥʢʘ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, ʦʪ-

ʤʝʯʘʶʪʩʷ ʜʦʧʫʱʝʥʥʳʝ ʦʰʠʙʢʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝ-

ʥʠʡ ʧʦ ʜʝʤʦʥʪʘʞʫ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʳ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ, ʫʪʨʘʪʠʚʰʠʭ 

ʩʚʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʚ-

ʰʠʡ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʚʥʝʰʥʠʡ ʦʙʣʠʢ. ʆʙʲʝʢʪʘʤʠ 

ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ 

ʚ ʢʦʥʮʝ 1950-1960-ʭ ʛʛ. ʩʪʘʣʠ ʪʠʧʦʚʳʝ ʧʷʪʠʵʪʘʞʥʳʝ 

ʜʦʤʘ ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ. ɸʚʪʦʨ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳ-

ʚʘʝʪ ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʧʝʨʠʦʜ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XX 

ʚ. ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʨʦʡʢʠ, ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʝʢʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʧʨʦ-

ʝʢʪʳ, ʦʪʤʝʯʘʝʪ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʚʰʠʭ ʠ ʧʨʠʥʠ-

ʤʘʚʰʠʭ ʜʝʷʪʝʣʴʥʦʝ ʫʯʘʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʛʨʘʜʦʩʪʨʦ-

ʠʪʝʣʴʥʳʭ, ʘʨʭʠʪʝʢʪʫʨʥʳʭ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʨʝ-

ʩʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʝʨʠʦʜʠʟʘʮʠʠ ʥʝ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʧʝʨʠʦʜʳ ʠ ʵʪʘʧʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ ɺʳʙʦʨʛʘ. ʆʜʥʘʢʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʘʭ ʚʳʷʚʣʝʥʳ ʧʨʠʥʮʠʧʳ, ʩʪʘʚʰʠʝ ʦʩʥʦʚʦʡ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʝʨʠʦʜʠʟʘʮʠʠ ʨʘʟ-

ʚʠʪʠʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ɺʳʙʦʨʛʘ: 

Å ʧʨʠʥʮʠʧ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʝʨʠʦʜʠʟʘʮʠʠ, ʚʳ-

ʜʝʣʝʥʠʝ ʧʝʨʠʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʶʱʠʭʩʷ 

ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʤʝʥʳ ʚʣʘ-

ʩʪʠ; 
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Å ʧʨʠʥʮʠʧ ʠʟʤʝʥʝʥʠʷ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢ-
ʪʫʨʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ; 
Å ʧʨʠʥʮʠʧ ʚʳʷʚʣʝʥʠʷ ʛʨʘʜʦʬʦʨʤʠʨʫʶʱʠʭ 

ʩʦʙʳʪʠʡ, ʧʦʚʣʠʷʚʰʠʭ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʷ ʧʣʘ-
ʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʩʪʨʦʡʢʠ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ɺʳ-
ʙʦʨʛʘ ʚʳʧʦʣʥʝʥʘ ʩʚʦʜʥʘʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʝʨʠ-
ʦʜʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʧʦʵʪʘʧʥʦʝ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚʦ ʚʟʘʠʤʦ-
ʩʚʷʟʠ ʩ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠ 
ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ ʛʦʨʦʜʩʢʦʡ 
ʩʨʝʜʳ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘ-
ʥʠʠ ʝʜʠʥʩʪʚʘ ʧʨʠʥʮʠʧʦʚ (ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ 
ʠʟʤʝʥʝʥʠʡ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ), 
ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʥʮʝʧʮʠʡ ʧʝʨʠʦʜʠʟʘʮʠʠ 
ʘʚʪʦʨʦʚ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʳ ʭʨʦʥʦʣʦʛʠʯʝ-
ʩʢʠʝ ʨʘʤʢʠ ʰʝʩʪʠ ʧʝʨʠʦʜʦʚ ʠ ʧʷʪʥʘʜʮʘʪʠ ʵʪʘʧʦʚ. 

1) ɼʦʰʚʝʜʩʢʠʡ ʧʝʨʠʦʜ (ʜʦ 1293 ʛ.). ɺ ʜʘʥ-
ʥʳʡ ʧʝʨʠʦʜ ʚ ʫʩʪʴʝ ʨʝʢʠ ɺʫʦʢʩʳ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʧʦ-
ʩʝʣʝʥʠʝ, ʪʦ ʝʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʫʱʝʛʦ ʛʦʨʦʜʘ ʙʳʣʠ 
ʦʩʚʦʝʥʳ ʟʘʜʦʣʛʦ ʜʦ ʦʩʥʦʚʘʥʠʷ ɿʘʤʢʘ. 

2) ʐʚʝʜʩʢʠʡ ʧʝʨʠʦʜ (1293-1710 ʛʛ.). ʕʪʘʧʳ 
ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ çʂʘʤʝʥʥʳʡ ʛʦʨʦʜè (I 
ʵʪʘʧ. 1293-1320-ʛʛ.; II ʵʪʘʧ. 1320-ʝ ʛʛ.-1403 ʛ.; III 
ʵʪʘʧ. 1403-1480-ʝ ʛʛ.; IV ʵʪʘʧ. 1480-ʝ-1520-ʝ ʛʛ.; V 
ʵʪʘʧ. 1520-ʝ-1560-ʝ ʛʛ.) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝ-
ʣʠʪʴ ʛʨʘʥʠʮʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʛʦ-
ʨʦʜʘ ʠ ʧʨʦʩʣʝʜʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ. 
I ʵʪʘʧ (1293-1320-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʘ ɺʳʙʦʨʛʩʢʦʛʦ 
ʟʘʤʢʘ ï ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʠ ʩʦ-
ʮʠʘʣʴʥʦʛʦ ʮʝʥʪʨʘ, ʦʨʠʝʥʪʠʨʘ ʠ ʜʦʤʠʥʘʪʳ, ʦʙʦʩʦʙ-
ʣʝʥʥʦʛʦ ʚʳʛʦʜʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ. 
II ʵʪʘʧ (1320-ʝ-1403 ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʨʘʩ-

ʰʠʨʝʥʠʷ ʢʨʝʧʦʩʪʠ, ʦʩʚʦʝʥʠʝ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦ-
ʨʠʡ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʠ ʢʣʶ-
ʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʟʘʩʪʨʦʡʢʝ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ɺʳʙʦʨʛʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʪʘʪʫʩ 
ʛʦʨʦʜʘ. ʌʦʨʤʠʨʫʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢ ʦʙʦʨʦʥʳ ʛʦʨʦʜʘ 
ï ɿʘʤʦʢ ʠ ʤʦʥʘʩʪʳʨʠ, ʫ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʦʙʱʝ-
ʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʧʣʦʱʘʜʠ.  
III ʵʪʘʧ (1403-1480-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʨʘʩ-

ʮʚʝʪʘ, ʛʦʨʦʜ ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʦʤ ʪʦʨʛʦʚʣʠ, ʨʘʩʪʝʪ ʠ 
ʙʦʛʘʪʝʝʪ ʟʘʤʦʢ; ʨʘʟʚʠʚʘʝʪʩʷ ʛʦʨʦʜ, ʩʨʝʜʠ ʜʝʨʝʚʷʥ-
ʥʦʡ ʟʘʩʪʨʦʡʢʠ ʧʦʷʚʣʷʶʪʩʷ ʢʘʤʝʥʥʳʝ ʭʨʘʤʳ; ʧʦʷʚ-
ʣʷʝʪʩʷ ʢʘʤʝʥʥʘʷ ʦʙʦʨʦʥʠʪʝʣʴʥʘʷ ʩʪʝʥʘ. ʇʦʷʚʣʷʝʪʩʷ 
ʨʘʪʫʰʘ ʩʦ ʩʤʦʪʨʦʚʦʡ ʙʘʰʥʝʡ ï çʬʠʢʩʠʨʫʝʪʩʷè ʩʘ-
ʤʘʷ ʚʳʩʦʢʘʷ ʪʦʯʢʘ ʤʳʩʘ.  
IV ʵʪʘʧ (1480-ʝ-1520-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʩʪʨʦʝʥʥʦʡ ʢʘ-
ʤʝʥʥʦʡ ʩʪʝʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʪʠʩʢ ʧʨʦʪʠʚʥʠʢʘ, ʥʝ-
ʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʛʦʨʦʜ ʥʝ ʙʳʣ 
ʩʜʘʥ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʘ ʠ ʟʘʤʢʘ 
ʧʨʠʦʩʪʘʥʦʚʠʣʦʩʴ. ɼʘʥʥʳʡ ʵʪʘʧ ʚʘʞʝʥ, ʢʘʢ ʠʣʣʶ-
ʩʪʨʠʨʫʶʱʠʡ çʧʫʣʴʩʠʨʫʶʱʠʡè ʭʦʜ ʨʘʟʚʠʪʠʷ ʠʩʪʦ-
ʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʚʦʡ-
ʩʪʚʝʥʥʳ ʢʘʢ ʵʪʘʧʳ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʪʘʢ ʠ 
ʫʧʘʜʢʘ.  
V ʵʪʘʧ (1520-ʝ-1560-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʩʪʘ-

ʨʝʥʠʷ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʛʦʨʦʜʩʢʦʡ ʩʪʝʥʳ ʠ ʝʸ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ, ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ ʢʨʝʧʦʩʪʠ; ʚ 1547-1558 ʛʛ. ʧʨʦʠʩʭʦʜʠʪ ʤʦʜʝʨʥʠ-
ʟʘʮʠʠ ʟʘʤʢʘ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʦʥʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠ 

ʢʨʝʧʦʩʪʥʳʭ ʩʪʝʥ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʦʩʥʦʚ-
ʥʘʷ ʦʩʴ - ʜʦʨʦʛʘ, ʚʝʜʫʱʝʡ ʦʪ ʟʘʤʢʘ, ʶʞʥʘʷ ʯʘʩʪʴ ʛʦ-
ʨʦʜʘ - ʦʙʩʣʫʞʠʚʘʥʠʝ ʛʘʚʘʥʠ. 
ʕʪʘʧʳ ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ çʈʦʛʘʪʘʷ 

ʢʨʝʧʦʩʪʴè (I ʵʪʘʧ. 1560-ʝ-1590-ʝ ʛʛ.; VII ʵʪʘʧ. 1590-
ʝ-1640-ʝ ʛʛ.; VIII  ʵʪʘʧ. 1640-ʝ-1700-ʝ ʛʛ.; IX ʵʪʘʧ. 
1700-1710-ʝ ʛʛ.) ʧʨʠʚʝʣʠ ʢ ʨʘʟʜʝʣʝʥʠʶ ʛʦʨʦʜʘ ʥʘ ʩʘ-
ʤʦʩʪʦʷʪʝʣʴʥʳʝ, ʠʤʝʶʱʠʝ ʩʚʦʠ ʯʝʨʪʳ ʠ ʦʩʦʙʝʥʥʦ-
ʩʪʠ ʯʘʩʪʠ ï ɿʘʤʦʢ, ʂʘʤʝʥʥʳʡ ʛʦʨʦʜ, ɺʘʣʣʠ (ɻʦʨʥ-
ʚʝʨʢ) ʠ ʉʠʠʢʘʥʠʝʤʠ. ʊʝʨʨʠʪʦʨʠʷ çʂʘʤʝʥʥʦʛʦ ʛʦ-
ʨʦʜʘè ʠ ʈʦʛʘʪʦʡ ʢʨʝʧʦʩʪʠ ʧʨʝʦʙʨʝʣʘ ʨʝʛʫʣʷʨʥʫʶ 
ʧʣʘʥʠʨʦʚʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦʚʳʝ ʫʣʠʮʳ ʙʳʣʠ ʦʨʠ-
ʝʥʪʠʨʦʚʘʥʳ ʥʘ ʵʣʝʤʝʥʪʳ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʢʨʝʧʦʩʪʠ. 
ɹʳʣʠ ʠʟʤʝʥʝʥʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢ-
ʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. 
ʅʝʩʢʦʣʴʢʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ çʉʪʘʨʦʛʦ ʛʦʨʦʜʘè, ʚʧʦʩʣʝʜʩʪʚʠʠ 
ʚʦʰʝʜʰʝʛʦ ʚ ʩʦʩʪʘʚ ʨʘʡʦʥʘ çʃʠʥʥʦʡʪʫʩè - ʩʪʘʨʝʡ-
ʰʝʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ, ʥʘʭʦʜʠʚʰʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʈʦ-
ʛʘʪʦʡ ʢʨʝʧʦʩʪʠ.  
VI ʵʪʘʧ (1560-ʝ-1590-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʷʩʘ ʈʦʛʘ-
ʪʦʡ ʢʨʝʧʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʰʠʨʠʣʘ ʛʦʨʦʜʩʢʫʶ ʪʝʨʨʠ-
ʪʦʨʠʶ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʨʘʟʦʚʘʚʰʘ-
ʷʩʷ ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʥʘʟʚʘʥʘ çɺʘʣʣʠè. ɺ ʵʪʦʪ ʵʪʘʧ 
ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʨʘʥʠʮʳ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʜʘʣʴʥʝʡ-
ʰʝʤ ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ çʉʪʘʨʳʡ ʛʦʨʦʜè. ʕʪʫ 
ʪʝʨʨʠʪʦʨʠʶ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʡ ʜʣʷ 
ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
VII ʵʪʘʧ (1590-ʝ-1640-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ 

ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʫʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠ-
ʪʦʨʠʠ. ɺʚʠʜʫ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ ʐʚʝʮʠʠ, ɺʳʙʦʨʛ 
ʪʝʨʷʝʪ ʧʨʠʛʨʘʥʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʢʨʝʧʦʩʪ-
ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 
ʦʙʚʝʪʰʘʥʠʶ, ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʚʥʫʪʨʝʥ-
ʥʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ, ʧʨʠʚʝʜʝʥʠʝ ʝʸ ʚ ʧʦʨʷʜʦʢ, 
ʫʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʩʪʨʦʡʢʠ.  

VIII  ʵʪʘʧ (1640-ʝ-1700-ʝ) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʨʘʟ-
ʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʛʝʥʝ-
ʨʘʣʴʥʦʛʦ ʧʣʘʥʘ ʛʦʨʦʜʘ 1640-ʭ ʛʛ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳ-
ʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʟʘʩʪʨʦʡʢʠ, ʠʤʝ-
ʶʱʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ. ɼʝʩʷʪʠʣʝʪʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʠʚʝʣʠ ʢ ʧʣʘ-
ʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʝʨʨʠʪʦʨʠʠ çʉʪʘʨʦʛʦ ʛʦ-
ʨʦʜʘè, ʜʦʰʝʜʰʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʜʦ 
ʥʘʰʠʭ ʜʥʝʡ. 

IX  ʵʪʘʧ (1700-ʝ-1710-ʝ) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʧʦ-
ʧʳʪʢʠ ʫʢʨʝʧʣʝʥʠʷ ʛʦʨʦʜʘ, ʠ ʜʘʣʴʥʝʡʰʠʤ ʟʥʘʯʠ-
ʪʝʣʴʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʛʦʨʦʜʩʢʠʭ ʫʢʨʝʧʣʝʥʠʡ ʠ ʟʘ-
ʩʪʨʦʡʢʠ ʚʥʫʪʨʠ ʩʪʝʥ. ɺʳʙʦʨʛ ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʦʜʦʤ 
ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ. 

3) ʈʦʩʩʠʡʩʢʠʡ ʧʝʨʠʦʜ (1710-1917 ʛʛ.). 
ʕʪʘʧʳ ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ çʂʨʦʥ-

ʚʝʨʢè (X ʵʪʘʧ. 1710 -1790-ʝ ʛʛ.; XI ʵʪʘʧ. 1793-1850-
ʝ ʛʛ.). ɿʘ ʥʝʙʦʣʴʰʦʡ ʚʨʝʤʝʥʥʦʡ ʦʪʨʝʟʦʢ ʩ 1710-ʭ ʧʦ 
1860-ʝ ʛʛ. (150 ʣʝʪ) ʛʦʨʦʜ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʚʳʨʦʩ ʩ 
ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʫʪʨʘʪʦʡ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
ʢʨʝʧʦʩʪʠ.  
X ʵʪʘʧ (1710-ʝ-1790-ʝ ʛʛ.) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʧʝ-

ʨʝʦʨʠʝʥʪʘʮʠʠ ʦʙʦʨʦʥʳ ʛʦʨʦʜʘ ʩ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʂʨʦʥ-
ʚʝʨʢʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʧʨʠʛʦʨʦʜʦʚ ï ɺʳʙʦʨʛʩʢʠʡ 
ʠ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʦʨʰʪʘʜʪʳ. ɺʳʙʦʨʛ ʩʪʘʥʦʚʠʪʩʷ 
ʩʪʦʣʠʮʝʡ ɺʳʙʦʨʛʩʢʦʡ ʛʫʙʝʨʥʠʠ.  
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ɺ ʵʪʦ ʚʨʝʤʷ ʛʦʨʦʜ-ʢʨʝʧʦʩʪʴ ʠʤʝʣ ʫʣʠʮʳ ʦʨʠʝʥ-
ʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʦʨʦʪʘ, ʟʘʩʪʨʦʡʢʘ ʠʤʝʣʘ ʜʚʫʭʯʘʩʪ-
ʥʳʡ ʭʘʨʘʢʪʝʨ: ʪʝʨʨʠʪʦʨʠʷ çʂʘʤʝʥʥʦʛʦ ʛʦʨʦʜʘè ʜʦ 
ʧʦʞʘʨʘ ʙʳʣʘ ʧʣʦʪʥʦ ʟʘʩʪʨʦʝʥʘ ʠ ʦʪʜʝʣʝʥʘ ʩʦʭʨʘʥʷ-
ʶʱʝʡʩʷ ʩʪʝʥʦʡ ʦʪ ʪʝʨʨʠʪʦʨʠʠ çɺʘʣʣʠè ʩ ʥʝʩʬʦʨʤʠ-
ʨʦʚʘʚʰʝʡʩʷ ʟʘʩʪʨʦʡʢʦʡ ʠ ʧʫʩʪʳʨʷʤʠ. ʉʪʝʥʳ çʂʘ-
ʤʝʥʥʦʛʦ ʛʦʨʦʜʘè ʦʙʚʝʪʰʘʣʠ, ʢʘʤʝʥʴ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 
ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʤʦʥʪʝ ʧʦʩʪʨʦʝʢ ʛʦʨʦʜʘ.  

XI ʵʪʘʧ (1793-1850-ʝ ʛʛ.) ʩʪʘʣ ʵʪʘʧʦʤ ʧʦʪʝʨʠ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ 1793 ʛʦʜʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 
ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ ʛʦʨʦʜʘ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 
ʟʦʥʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʥʦʩʦʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʜʝʣʦ-
ʚʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʦʥʳ 
ʩʥʦʩʘ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʫʢʨʝʧʣʝʥʠʡ, ʠʟʤʝʥʝʥʘ ʩʠ-
ʩʪʝʤʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʜʦʤʠʥʘʥʪ. 
ʕʪʘʧ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ, ʜʦʭʦʜʠʚ-

ʰʠʡ ʜʦ çɺʦʩʪʦʯʥʦ-ɺʳʙʦʨʛʩʢʠʭ ʫʢʨʝʧʣʝʥʠʡè (XII 
ʵʪʘʧ (1850-ʝ-1917 ʛ.)). 

XII  ʵʪʘʧ (1860-ʝ-1917) ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʘʢʪʠʚ-
ʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʠ, ʩʦ-
ʩʪʘʚʣʝʥʠʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ 1861 ʛ. ʢʘʢ ʦʪʧʨʘʚ-
ʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʛʦʨʦʜ-
ʩʢʦʡ ʩʨʝʜʳ, ʦʙʱʝʩʪʚʝʥʥʳʭ, ʜʝʣʦʚʳʭ, ʞʠʣʳʭ, 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʠʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ ʛʦ-
ʨʦʜʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʠʩ-
ʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʦʤʠʥʘʥʪ, ʠ 
ʬʨʘʛʤʝʥʪʦʚ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʪ ʵʪʘʧ 
ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʨʘʡʦʥ çʃʠʥʥʦʡʪʫʩè - ʠʩʪʦʨʠʯʝʩʢʦʝ 
ʛʦʨʦʜʩʢʦʝ ʧʣʘʥʠʨʦʚʦʯʥʦʝ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʷʜʨʦ ɺʳʙʦʨʛʘ. ʃʠʥʥʦʡʪʫʩ ʬʦʨʤʠ-
ʨʦʚʘʣʩʷ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï ʂʘʤʝʥʥʳʡ ʛʦʨʦʜ (ʠʟʚʝʩʪʝ 
ʩ XIII ʚ.) ʠ ʈʦʛʘʪʦʡ ʢʨʝʧʦʩʪʠ (ʩ 1560-ʭ ʛʛ.). ɺ 1640-
ʭ ʛʛ. ʥʘʯʘʣʘʩʴ ʝʛʦ ʧʝʨʝʧʣʘʥʠʨʦʚʢʘ ʧʦ ʧʨʘʚʠʣʘʤ ʨʝ-
ʛʫʣʷʨʥʦʩʪʠ, ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʠʚʰʘʷʩʷ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. 

4) ʌʠʥʩʢʠʡ ʧʝʨʠʦʜ. XIII ʵʪʘʧ (1917-1940-ʝ 
ʛʛ.). 
ʕʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʵʪʘʧʦʤ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʛʦ-

ʨʦʜʘ ʠ ʝʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩ ʧʨʝʜʤʝʩʪʴʷʤʠ. ɺʦʟʚʦ-
ʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʜʘʥʠʡ, ʫʩʠʣʠʚʘʝʪʩʷ 
ʦʩʦʟʥʘʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 
ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ, ʧʨʠʩʧʦʩʦʙʣʝ-
ʥʠʶ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ, ʚʢʣʶʯʝʥʠʶ ʥʦʚʳʭ ʟʜʘ-
ʥʠʡ ʚ ʠʩʪʦʨʠʯʝʩʢʫʶ ʟʘʩʪʨʦʡʢʫ. ʇʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ, ʦʙʤʝʨʳ ʠ ʟʘʨʠʩʦʚʢʠ ʧʘʤʷʪʥʠʢʦʚ ɺʳʙʦʨʛʘ. 
ɺʝʩʴ ʛʦʨʦʜ, ʘ ʥʝ ʪʦʣʴʢʦ ɿʘʤʦʢ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʫ-
ʨʠʩʪʠʯʝʩʢʫʶ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴ 

5) ʉʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ. XIV  ɻ ʪʘʧ (1944-1990-ʝ 
ʛʛ.).  
ʉʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʧʦʚʦʨʦʪʥʦʡ ʪʦʯʢʦʡ 

ʠʟʤʝʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʇʨʦʠʩ-
ʭʦʜʷʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ 
(1939-1944 ʛʛ.). ʈʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʣʴ-
ʥʳʭ ʧʣʘʥʦʚ (1947 ʛ., 1961-1963 ʛʛ, 1985 ʛ.), ʟʘʩʪʨʦ-
ʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʟʨʫʰʝʥʥʦʡ ʟʘ-
ʩʪʨʦʡʢʠ ʚ ʚʦʝʥʥʳʝ ʛʦʜʘ. 

6) ʈʦʩʩʠʡʩʢʠʡ ʧʝʨʠʦʜ. XV ʵʪʘʧ (1990-ʝ-
2010-ʝ ʛʛ.). 
ʉʬʦʨʤʠʨʦʚʘʥʳ ʥʦʚʳʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʛʨʘ-

ʥʠʮʳ ʄʆ çɻʦʨʦʜ ɺʳʙʦʨʛè, ʚ ʛʦʨʦʜʝ ʚʝʜʫʪʩʷ ʨʝ-
ʤʦʥʪʥʳʝ, ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 
ʨʘʙʦʪʳ, ʥʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʇʨʠʭʦʜʠʪ ʥʦʚʘʷ 
ʚʦʣʥʘ ʦʩʦʟʥʘʥʠʷ ʮʝʥʥʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦʨʦʜʩʢʦʡ 
ʩʨʝʜʳ ɺʳʙʦʨʛʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʦʨʦʜʝ ʩʦʭʨʘ-
ʥʠʣʦʩʴ ʙʦʣʝʝ ʪʨʝʭʩʦʪ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʩʢʫʣʴʧʪʫʨʳ, ʘʨʭʝʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ ʠ ʩʘʜʦʚʦ-ʧʘʨʢʦ-
ʚʦʛʦ ʠʩʢʫʩʩʪʚʘ. 29 ʠʶʣʷ 2010 ʛ. ɺʳʙʦʨʛ ʚʢʣʶʯʝʥ ʚ 
ʩʧʠʩʦʢ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʈʦʩʩʠʠ. 
ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʠ ʠʩʪʦʨʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʠ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʳʷʚʣʝʥʠʠ 
ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʧʦʚʣʠʷʚʰʠʭ ʥʘ 
ʨʘʟʚʠʪʠʝ çʷʜʨʘè ʛʦʨʦʜʘ, ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢ-
ʪʫʨʳ, ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝ-
ʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘ ʠ ʝʛʦ ʨʦʩʪʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝ-
ʨʠʬʝʨʠʡʥʳʭ ʨʘʡʦʥʦʚ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʧʦʩʝʣʝʥʠʷ, ʢʘʢ 
ʠ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʧʦʜʚʝʨʞʝʥʳ ʧʦʩʪʦʷʥʥʳʤ ʠʟ-
ʤʝʥʝʥʠʷʤ, ʵʚʦʣʶʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʝʛʦ ʢʫʣʴʪʫʨʳ, ʢʦ-
ʪʦʨʳʝ ʟʘʪʨʘʛʠʚʘʶʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 
ʀʩʪʦʨʠʯʝʩʢʫʶ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʝ, ʢʘʢ ʛʘʨʤʦʥʠʯʥʦʝ ʮʝʣʦʝ. ʇʨʘʢ-
ʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʧʝʨʚʳʝ 
ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʘʥʢʘ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 
ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ɺʳʙʦʨʛʘ. ɺʳʷʚʣʝʥ-
ʥʘʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʜʥʘʷ ʧʝʨʠʦʜʠʟʘʮʠʷ ʛʨʘ-
ʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ɺʳʙʦʨʛʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
XIII -XXI ʩʪʦʣʝʪʠʡ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦ-
ʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʦ-
ʨʦʜʩʢʦʡ ʩʨʝʜʳ ɺʳʙʦʨʛʘ, ʦʪʜʝʣʴʥʳʭ ʝʸ ʵʣʝʤʝʥʪʦʚ ʠ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ. 
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ON SOME CHANGES (SUCCESSIONS) IN THE DESERTS OF JEIRANCHEL-AJINOHUR AREA OF 

AZERBAIJAN  

 

The investigation of some successions in desert, semi desert,chalo-meadow and boggy ecosystems led us to 

the conclusion that the main faktors causing them is a long-term effect of an anthropogenic factor through 

ecological regime. 

 

ʉ.ɿ.ɸʭʤʝʜʦʚʘ 

ʏɸʉʊʅʓɽ ʉʄɽʅʓ (ʉʋʂʎɽʉʉʀʀ) ɺ ʇʋʉʊʓʅʗʍ 

ɼɾɽʁʈɸʅʏɽʃ-ɸɼɾʀʅʆʋʈʉʂʆɻʆ ʄɸʉʉʀɺɸ ɸɿɽʈɹɸʁɼɾɸʅɸ 

 

ʀʟʫʯʝʥʠʝ ʯʘʩʪʥʳʭ ʩʤʝʥ ʚ ʧʫʩʪʳʥʥʳʭ, ʧʦʣʫʧʫʩʪʳʥʥʳʭ, ʯʘʣʴʥʦ-ʣʫʛʦʚʠʜʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʭ ʚʳʟʳʚʘʶʱʠʤʠ, ʷʚʣʷʶʪʩʷ ʜʣʠʪʝʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝ-

ʨʝʟ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

 

At the present stage of development of the 

mankind the issues of interaktion between community 

and nature, environmental protection, rational use of 

natural resources,preventing negative infuence of 

human activities on the environmental have become 

very urgent. In Azerbaijan concerns are expressed both 

in the government and in the community and science. 

The most urgent is the condition of Jeiranchel-

Ajinohur region where intensive exploitation of its 

ecosystems leads to the violation of natural 

ecocondition, progressive desertification and has 

negative effect on the main system of plants. 

In Jeiranchel-Ajinohur conditions particular 

attention must be paid to desert and semi desert 

ecosystems that serve as winter pastures. Pasture fodder 

of these lands are characterized by high nutritive value 

and are rather cheap. 

However, during the last decade the intensive 

development of private agricultural farms resulted in 

the decrease of productivity and worsening the quality 

of production, the decrease of biodiversity in desert, 

semi desert and dry steppe conenoses of the area. 

During autumn-winterspring period (7-8 months) these 

pastures are grazed by horned and small cattle, which 

when summer heats come are driven to high mountain 

meadows of the Minor and the Great Caucasus (within 

Azerbaijan territory). Jeiranchel-Ajinohur area is one 

of the most prospective regions in this respect. 

Howeyer, during the last decade intensive development 

of private agricultural farms resulted in the decrease of 

productivity, worsening the quality of production, 

reduction of winter pasture areas and the decrease of 

biodiversity of desert, semi desert and dyr steppe 

coenosis of the area. 

Our aim was to investigate the regularities of 

formation of successions in various tupes of 

community. 

The issue of plant succession in phytoconenoses 

has been rather urgent [1, 2]. In phytoconenoses in 

general and in particular in sagebrush-ephemeric 

deserts alongside seasonal climatic changes 

(fluctuation) particular successions also take place. 

These processes prove that plant communities are not 

ñhardened formationsò, but natural systems in 

permanent motion. Seasonal fluctiations taking place in 

phytoconenoses play a considerable role in the 

development of ots composing plants. Hence, seasonal 

changes connected with different periods of plant 

development let a large number of verities exist that 

would be extremely unfavorable and even impossible if 

the whole life cucle took place simultaneously. 

Weather changes caused by various inner and other 

factors also fallow this principle. 

In spite of the decrease of any factors the changes 

will still take place. In we discuss the case with 

sagebrushephemeric community then in stable, 

unchaneable meteorological conditions we observe the 

changes in in detalis of construction under the infuence 

of not other but inner factors-accumulation of organic 

remains of plant in soil and on the surface, plant 

growth, the change of stage condition of a plant, plant 

competition, the death of some growing components 

and appearing of others in sagebrush etc. 

The changes caused by the weather peculiarities in 

sagebrush are clearly revealed in semi deserts of 

Jeiranchel and Ajinohur. In wetter years the number of 

ephemers increases. After heavy autumn rains in 

deserts we observe secondayr restorstion and 

developments of ephemeric synusa. In dries years 

ephemers are less restored, xerophytic different 

grasses, such as, Artemisia lerchiana, grow better. Ķn 

wet years pernnial ephemeroids and sod grasses- 

Festuka saxatilis, Stipa caspia and others prevail. 

Sagebrush and Russian Thistle move to the 

background. In the semi desert conenosese with 

individual trees age changes are well-expressed which 

are revealed in gradual change of stage sructure 

reculiarities regarding the increase of the age of 

edificators. 

Besides weather, seasonal and age successions, 

phytoconenoses is characterized by perennial changes 
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causinf the replacement of one phytoconenoses by the 

other in time. 

In scientific goebotanical literatures of Russia 

there are materialis concerning the study of forest and 

steppe plantations successions [3]. In foreign countries 

the issues regarding the successions were thoroughly 

investigated by American researches [4], English 

phytocoenologists [5], phytocoenologists of French and 

Swiss schools and many others. 

The succession may arise on the areas totally free 

of plants, on the spots with no plant rudiment (primary 

succession) and on the plots where previously existing 

plant cover is not totally destroyed (secondary 

succession). The latter involve all the stages of 

succession of plant over, from settling bare territories 

or the territories with destroyed plant cover to forming 

plant cover developing in correspondence with climatic 

and other ecological conditions in the given area. 

In a desert a community replacing another 

community during the succession is called a stage of 

this succession. In a desert a community replacing 

another community during the succession is called a 

stage of this succession. All the succession as a whole, 

is called a series. One type of series may be repeated 

several times if the violations of plant cover or its de-

struction are repeated. 

In our region the investigation of plant changes ac-

cording to years are put one on another and are caused 

by different reasons: the first- by seasonal changes of 

weather; the second- by the development of edificators; 

the third-periodical changes in climate and the peculi-

arities of life of separate components of phytocoenosis; 

the fourth- changes in climate having particular direc-

tion and self-development of plant cover. The changes 

in all the four tupes takeplace in every conenoses. 

In order to identify which changes correspond to 

this or that phenomenon in the life of plant cover or in 

conenoses, it is necessary to carry out thorough station-

ary work. Spriging up of plant successions on bare soils 

or grounds involves two phases: gradual formation of 

phytocoenosis from the plants covering bare areas and 

the replacement of one phytocoenosis with the other. 

There are a number of classifications of plant suc-

cessions based on various principles. 

The following main group of succession are dis-

tinguished.  

Suncoenogenetic successions (phytocoenosis) ï 

setting previously unoccupied territories that are char-

acterized by accidental composition of plant which do 

not form close cover and grov apart from each other. 

Hologenetic- the successions take place in conse-

quence of the changes of larger plant communities in-

volving the given biogeocoenosis. 

Exoecological successions occur under the influ-

ence of exoecological changes. 

Phylogenetic successions- the result of evolution 

of changes in plant varities involved in phytocoeno-

sis.According to the tupe of proceeding successions are 

subdivided into catastrophic (suddem), short-term 

(long-term, lasting for decates or even a century) and 

secular (lasting for centuries and even millenniums). 

Plant cover successions are subdivided into natu-

ral and anthropogenetic. Natural successions, in their 

turn, are ivied into successive, sudden (spontaneous) 

and junction stages (junction communities). Junction 

stages on sagebrush are relatively more steady. Hence 

in junction stages plant spacies at a considerable level 

are selected both for one another and in general for the 

environment. This is general essence of succession that 

will be our starting point in our further investigations 

while discussing the processes of plant successions in 

Jeiranchel-Ajinohur deserts of Azerbaijan [5]. 

We also dealt with the successions if sagebrush-

ephemeric and sagebrush- Russian thistle deserts ta-

kong into account the scheme suggested by V.N.Suka-

chev [6]. I.P.Sinkovsky made some amendments and 

inserted some additional information regarding the 

specific character of the that totally coincides with our 

point of view. It is based on researches carried out by 

us in 1998 in deserts and semi deserts of Jeiranchel-

Ajinohur areas of western part of Azerbaijan. 

We consider phytogenetic factor as a factor of suc-

cession. Under phytogenetic factor of succession we 

mean the interrelation of edifikators with the plant var-

ities around them or the interielation between edifica-

tors of adjacent conenoses during replacement of one 

phytocoenosis with the other. He group of biogenic 

factors was not discussed separately by the above 

scientists but as main power of self-motion in 

endoecodynamic succession of plant associations.The 

pastures of agricultural animals must be included in an-

thropogenetic factors. 

Our observation carried out on sagebrush-

ephemeric low grass pastures led as to the following 

conseguences. Intensive grazing in winter months re-

sult in the degradation of Artemisia lerchiana. Early in 

autumn in wet years, the composition of ephemers in 

deserts decreases due to the increase of shattering of 

subshrub of wormwood. At the same time juvenile 

shoots of edificators appear that was not observed by us 

in sagebrush- Russian thistle phytocoenoses.  

In Jeiranchel sagebruch-ephemeric deserts in case 

of allelopathy Artemisia lerchiana falls out of grass 

stand. This often happens owing to the competition in 

sagebrush-Russian thistle groups. The more the number 

of particular species representatives in a given 

phyotocoenosis the greater its competitive power in a 

plant community. In Salsola desert the interval between 

bushes of Salsola dendroides is 70 cm. In sagebrush-

ephemeric communities of Ajinohur deserts projective 

cover may reach 80-85%. On 1m2 we observe 3-4 

bushes of sagebrush. Between the bushes intensively 

grows ephemeretum. Among low grass varieties we 

meet Poa bulbosa, Catabrosells humilis, Medicago 

minima, Eromopyrumb orientale, After 2-3 years 

sagebrush becomes rare while the number of epheretum 

positively increases. Thus tupe of succession is caused 

by an anthropogenic factor. Zoogenic factor is also 

significant. In out conditions this is mainly due to 

rodents. The latter is capable of decreasing pasture 

productivity on loamy, grey desertic and sandy loam 

soils of foothills. Here rodents devastate everything that 

can be compared only with hard overgrazinf by cattle. 

This tupe of rodents activity involves eating up young 

sprouts of subshrubs of wormwood and Russian Thistle 

from base and root neck. Plant roots are cut off and 
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dinally die out. We consider zoogenic factors as a 

diversity of a biogenic factor that is conditioned by the 

influence of animals on plant cover. In deserts and semi 

deserts these animals are marmots. Low-growing grass 

stands of deserts and semi deserts result in unsteady 

ecological state, intensity of rodents activities (building 

burrovs, feeding young beasts). Undoubtedly, thisis 

reflected on the condition of plant cover insulding pas-

tures. 

The harm causedby rodents is considerable nor 

only on winter, but also on summer pastures. The above 

proved by the researches of meadow plant associations 

in alpine and sub alpine part of Azerbaijan [7]. 

In the areas with shrew mice population a large 

number of mounds of different sizes (10-115 cm high 

and higher ) apper. On 1 ha about 5000 can be found. 

Among them about 1000 are large and the rest are small 

ones (10 cm high). Mounts are made by marmots and 

ants and are mainly covered with grass or weeds. Rhe 

seeds are brought on the spot by small beasts and 

insects due to the latter soil horizons are mixed. As a 

result lower layer is raised on the surface that leads to 

selfmelioration-demineralization and dealkalinization 

of solonez (especially in humid years). Intensive 

washing out of salts lead to mound subsidence. 

Rodents-shreqmice eat up green mass and seeds of 

valuable plants. One mound may contain hundreds of 

seeds of wormwood, Salsola, meadow grass and other 

plants. This has a negative effect on natural restoration 

of valuble pasture species.  

In sagebrush and sagebrush-Russian thistle 

pasture phytocoenoses of Ajinohur-Jeiranchel rodents 

activities are even more destructive than over grazing 

by cattle. This can be explained by the fact that majority 

of rodents in contrast to cattle eat not only green mass, 

but seeds of plants, fruit, rootstocks and bulb roots dug 

out soil. 

Digging by rodents lead to violation of natural soil 

structure and dust formation causing soil erosion for-

mationof gully. All this creats preconditions for pro-

gressing aolian and deluvial processes, high evapora-

tion and drying of aggregation, grow of soil surface, its 

salizination caused by extracting salts and gypsum out 

of deeper layers. 

The activities of harmful rodents on pastures is the 

issue of particular interest in the researches of Middle 

East scientists as well as V.G.Mordkovich [8]. The sci-

entists investigating harmfulness of sandwort on pas-

tures of foothill ephemeric deserts of Husar district of 

Kashkadarin area of Uzbekistan did a comparative 

analysis of plant masses of ten sandwort colonies and 

around them with plant cover on analogous but not 

damaged plots, They established that each sandwort 

colony (about 12 animals) destroy on average 34 % of 

plant cover on 0,5 ha. The analogous observations were 

carried out by us (2001) in in Tauz district of Jeiranchel 

massive. The Caucasian variety of rodents are smaller 

than Middle East ñsandwortò. In each colony we 

registered 20-22 rodents. On the sagebrush plot with 

the area 4 ha they destroyed 25-30 % of plant cover. On 

1 ha the number of colonica reached 127. Each colony 

was made up of 10-15 animals. It is noteworthy that in 

the dry year of 2001 in the same region we registered 

about 223 colonies per ha with great number 

considerably reduced that decreased the process of 

desertification. 

Climate is one of the exoecogenetic factors of 

succession taking place in deserts and semideserts of 

Jeiranchel-Ajinohur. The changes caused by the 

weather peculiarities are especially noticeable. In 

deserts and semi deserts in wet years we observe mass 

development of ephemers and ephemeroids. In dried 

years their share redices or sometimes completely 

disappears expecting its ñecological timeò with more 

rains necessary for growing the seeds resting in soil. In 

humid conditions the ephemer seeds start sprouting. If 

humidity is not sufficient, they stay in soil until more 

favorable period. In dry early spring sprouting of 

ephemer seeds is delayed, while xerophyte 

representatives of deserts- Artemisia lerchiana, Salsola 

ericoides S., Dendroides and other desert sub shrubs. In 

wetter years raw grasses (Bothroihloa ishaemum, 

Festuca saxatilis) grow more intensively making sub 

shrubs less noticeable. Hence, climate is a regulating 

factor in the growth and development of winter-vegeta-

tive plants. 

Edaphogenic plants are closely linked with the soil 

which terizing the location of plants and their commu-

nities. The changes referring the soil as a rule belong to 

endogenic successions. The reason for changed in the 

soil is mainly phytocoenosis itself. The examples of 

such ednogenic successions are salinization of desert 

soils by spreading salts from the surface of saline soils 

by the wind in dry hot seasons, drifting soils by sels 

torrents or flooding of pastures during overflows 

caused by incompact pipelines etc. In Jeiranchel. 

Plants in contrast to animals are less moving and 

consequently express less activity during 

environmental changes. They are tied to their places of 

dwelling, while animals are able to leave the place if 

conditions become unfavorable due to soil or environ-

ment. Thus, plants must,somehow,adapt to these condi-

tions. One of the most significant factors of plant com-

munity successions is soil factor interacting with bio-

genic factor and being the most important. 

Biological factors, in particular, plant cover plays 

undoubtedly a leading role in soil formation. Organ-

isms, namely, plants are sicnificat participants of bio-

genic cycle of important chemical elements as well as 

the process offormation of certain soil tupes. Plants are 

main formed into soil humus. Besides they form micro 

and nano relief. All this provide ground the discuss soil 

factors in the group of endoecogenetic successions. 

None of the factors has stronger 2and more multi-

lateral influence on plants and environment in general 

that human activities, howeyer, this factor is the young-

est of all factors. This influence involves introducting 

new plants, reducing areals and destroying plants and 

finally the most essential factor- direct human influence 

(cutting, fire, building, unsystematic grazing to cattle, 

plunging, drying, irrigation,mowing etc.).  

The effect of grazing can be very dramatic that is 

reflected on general direction of synamic successions 

caused by the development of plant cover itself. 

According to our observations, at the first stage of 

pasture digression in the grass stands of wormwood-
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ephemeric pastures of Ajinohur the share of ephemers-

Eremopyrum prientale, Medicago minima, Poa bulb-

osa-decreases or increases. At the next stage the num-

ber of Artemisia lerchiana, Catobrosella humilis, Poa 

bulbosa is reduced. In grass stands motley grass 

ephemeroides of the family of geophytes, the species of 

family Brassicaceove and genuses-Plantago, Phlium, 

Atriplex etc. Are increased. 

Ķn case of intensive grazing on pastures edificators 

become rarer and characterizing ephemers are reduced. 

Such plots reguirc mans interference to improve plant 

cover. Ķn spring on winter pastuers first apper species 

of genus of Merenda, Iris, Gegea, Veronika, Filago, 

Alyssum. Later Poa bulbosa and Catabrosella humilis 

join them. Such chain of principle transition from 

wormwood-ephemeroides is rare in our conditions. 

Similar phenomenon os observed on hala-meadow ar-

eas. Here, alongside aboriginal parennials we find Cu-

nodon dactylon, Limoniym meyeri, species of genus 

Lepidium, Cunanchum etc. These successions mainly 

take place under the influence of compaction of upper 

soil layers as a result of pasture overloading, i.e. abnor-

mal overgrazing and accumulating in soil organic sub-

stances of dead remains of rootstock and roots of 

ephemeroides. This phenomenon may proceed in dif-

ferent ways. If hala is salinized this causes appearing of 

weeds and of soil is ordinary then hala is covered with 

pasture motley grass. 

 

CONCLUSION 

Uetable and less eatable plant species on our pas-

tures make more than 20 species. Weeds including seg-

etal species were mainly formed in the process of phy-

togenesis related to human activities. 

Segetal plants are more anthropotolerant and more 

adapted to agricultural farming. 

Ruderal plants make a particular group of an-

thropotoperant species. They are concomitant of an-

thropogenic activities (rubbish dumpling etc.). 

Ruderal ecotypes facilitate not only the flourishing 

of anthropotolerant phytocoenosis and aboriginal spe-

cies, but also the distribution of heterophytic species in-

cluding worst guarantine weeds. Climatic conditions of 

deserts of Jeiranchel-Ajinohur make it impossible for 

many accidental species to grow mature seeds and thus 

enter agrophytocoenosis. In our conditions ruderal 

ecotypes migrate plant species from agroeconenoses. 
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ɹʦʥʜʘʨʝʥʢʦ ʖʨʽʡ ɺʽʢʪʦʨʦʚʠʯ 

ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

DEVELOPMENT OF MATHEMATICAL MODELS FOR THE DETERMINATION OF TO 

DETERMINE THE DISTANCE BETWEEN THE NODES IN SENSOR NETWORKS  

ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ɺʀɿʅɸʏɽʅʅʗ ʇʆʊʋɾʅʆʉʊɯ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ 

ɺɯɼʉʊɸʅɯ ʄɯɾ ɺʋɿʃɸʄʀ ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾ 

 

Abstract: The most simple method of determining the range to the node is the indication of the received 

signal strength (Received Strength Signal Indication, RSSI). RSSI - in telecommunication, a device for measuring 

the signal strength level. The simplest circuits are designed to accept the input signal and form the analog output 

voltage (or the corresponding digital code obtained after applying this voltage to the ADC), proportional to the 

power of the received signal. You can use this metric to estimate the distance to the transmitter (from cell phones 

to the base station). 

ɸʥʦʪʘʮʽʷ: ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ʚʫʟʣʘ  ̒ʽʥʜʠʢʘʮʽʷ ʨʽʚʥʷ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʛʥʘʣʫ (Received Strength Signal Indication, RSSI). RSSI ï ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʅʘʡʧʨʦʩʪʽʰʽ ʩʭʝʤʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ɦ ʦʙ ʧʨʠʡʥʷʪʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ̔  ʩʬʦʨʤʫʚʘʪʠ 

ʘʥʘʣʦʛʦʚʫ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ (ʘʙʦ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʬʨʦʚʠʡ ʢʦʜ, ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʧʦʜʘʯʽ ʮʽʻʾ ʥʘʧʨʫʛʠ ʥʘ ɸʎʇ), 

ʧʨʦʧʦʨʮʽʡʥʝ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦʙ ʦʮʽʥʠʪʠ 

ʚʽʜʩʪʘʥʴ ʜʦ ʧʝʨʝʜʘʚʘʯʘ (ʚʽʜ ʩʪʽʣʴʥʠʢʦʚʠʭ ʪʝʣʝʬʦʥʽʚ ï ʜʦ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ). 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʗʢ ʧʨʘʚʠʣʦ, ʩʠʛʥʘʣ 

ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʠʭ ʯʘʩʪʦʪʘʭ ʧʝʨʝʜ ʧʽʜʩʠ-

ʣʶʚʘʯʝʤ (ʥʘʧʨʠʢʣʘʜ, ʫ ʩʪʽʣʴʥʠʢʦʚʠʭ ʪʝʣʝʬʦʥʘʭ ʽ 

ʽʥʰʠʭ GSM-ʧʨʠʩʪʨʦʷʭ). ʋ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʯʘʩʪʦʪ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ [28]. 

ɹʫʜʴ-ʷʢʠʡ ʙʝʟʧʨʦʚʽʜʥʠʡ ʢʘʥʘʣ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 

IEEE 802.15.4 ʤʘʻ ʧʨʦʪʦʢʦʣʴʥʫ ʬʫʥʢʮʽʶ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ (Link Quality Indicator), ʜʽʷ ʷʢʦʛʦ ʟʚʦ-

ʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛ-

ʥʘʣʫ. ʈʝʟʫʣʴʪʘʪ ʮʴʦʛʦ ʚʠʤʽʨʫ ʤʦʞʥʘ ʚʠʚʝʩʪʠ, 

ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʧʦ ʚʽʜʦʤʽʡ ʚʽʜʩʪʘʥʽ ʽ ʦʮʽʥʠʪʠ ʜʘʣʴ-

ʥʽʩʪʴ ʜʦ ʜʞʝʨʝʣʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʦ-

ʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʠʟʥʘ-

ʯʝʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʧʘʜʢʦʚʝ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ ʚ 

ʥʝʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ ʘʙʦ ʧʨʠ ʦʧʝʨʘʮʽʾ ʜʦʧʦʤʦʛʠ ʟʘ-

ʧʦʙʽʛʘʥʥʷ ʣʠʭʘ (ʧʦʞʝʞʽ). ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʽ ʣʦ-

ʢʘʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʟʠʮʽʾ 

ʜʦ ʚʫʟʣʽʚ. ɺʘʞʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʣʦʢʘʣʽʟʘʮʽʾ ʻ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʜʝʢʽʣʴʢʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɼʝʷʢʽ ʟ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʢʣʶʯʘʶʪʴ: 

¶ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʜʘʥʠʭ: ʧʦʣʷʛʘʻ ʫ ʚʽʜʦʙʨʘ-
ʞʝʥʥʽ ʧʦʜʽʡ ʜʦ ʾʭ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʆʜʥʘ ʟ ʦʩ-

ʥʦʚʥʠʭ ʮʽʣʝʡ ɹʉʄ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʢʦʥʪʨʦʣʶ-

ʚʘʪʠ ʦʙʣʘʩʪʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ. ʇʨʦʪʝ, ʷʢ 

ʪʽʣʴʢʠ ʜʘʥʽ ʟʽʙʨʘʥʽ, ʩʪʘʻ ʚʘʞʣʠʚʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʦʙʣʘʩʪʴ, ʷʢʽʡ ʥʘʣʝʞʘʪʴ ʮʽ ʜʘʥʽ; 

¶ ʢʦʨʝʣʷʮʽʷ ʜʘʥʠʭ: ʜʦʟʚʦʣʷʻ ʧʨʦʤʽʞʥʠʤ ʚʫʟ-
ʣʘʤ ʢʦʨʝʣʶʚʘʪʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʧʣʘʚ 

ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʥʘ ʪʽʡ ʞʝ ʩʘʤʽʡ ʦʙʣʘʩʪʽ, ʪʦʜʽ ʷʢ ʮʽ 

ʜʘʥʽ ʚʽʜʧʨʘʚʣʝʥʽ ʯʝʨʝʟ ʤʝʨʝʞʫ [22, 23]; 

¶ ʘʜʨʝʩʘʮʽʷ ʚʫʟʣʽʚ: ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʞʣʠ-

ʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ, 

ʷʢʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʚ ʤʝʨʝʞʽ [24]; 

¶ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ: ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ 
ʟʘʧʠʪʦʤ ʚʫʟʣʽʚ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚ ʧʝʚʥʦʤʫ ʨʝʛʽʦʥʽ, 

ʦʮʽʥʢʠ ʦʭʦʧʣʝʥʥʷ ʚʫʟʣʽʚ [25]; 

¶ ʛʝʦʛʨʘʬʽʯʥʽ ʘʣʛʦʨʠʪʤʠ: ʎʝ ï ʘʣʛʦʨʠʪʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʣʦʢʘʣʽʟʘʮʽʾ - ʚʫʟʣʽʚ, 

ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝ-

ʩʫʨʩʽʚ. ɼʝʷʢʽ ʟ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʢʣʶʯʘʶʪʴ ʤʘʨʰʨʫ-

ʪʠʟʘʮʽʶ, ʫʧʨʘʚʣʽʥʥʷ ʱʽʣʴʥʽʩʪʶ ʤʝʨʝʞʽ [26]. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷʤ ʙʝʟʜʨʦʪʦʚʦʾ 

ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʧʨʦʧʦʥʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʚʠʤʽʨʶʻ ʧʦʪʫ-

ʞʥʽʩʪʴ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʚ ʷʢʦʩʪʽ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʻ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ ʩʝʥʩʦʨʥʦʾ 

ʤʝʨʝʞʽ. 
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ɺʠʜʽʣʝʥʥʷ ʥʝ ʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ ʧʨʦʙʣʝʤʠ. 
ʈʽʚʝʥʴ ʧʝʨʝʜʘʯʽ Friis ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩ-

ʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʦʜʝʨʞʫʚʘʥʦʾ ʚʽʜ ʦʜʥʽʻʾ ʘʥʪʝʥʠ (ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ G1 ), ʢʦʣʠ ʩʠʛʥʘʣ ʧʝʨʝ-

ʜʘʻʪʴʩʷ ʟ ʽʥʰʦʾ ʘʥʪʝʥʠ (ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʩʠʣʝʥʥʷ 

G2 ), ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ R ʽ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʽ f 

ʘʙʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ.  

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʗʢ ʟʦʙʨʘ-

ʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʚʫʟʦʣ ʧʦʩʠʣʘʻ ʩʠʛʥʘʣ ʟ ʧʝʚʥʦʶ 

ʩʠʣʦʶ, ʷʢʘ ʟʤʝʥʰʝʥʘ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʩʠʛʥʘʣ ʨʦʟʤʥʦ-

ʞʝʥʠʡ. ʏʠʤ ʙʽʣʴʰʝ ʚʽʜʩʪʘʥʴ ʜʦ ʚʫʟʣʘ ʦʜʝʨʞʫʚʘʯʘ, 

ʪʠʤ ʥʠʞʯʝ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʫ ʚʫʟʣʽ ʦʪʨʠʤʫʚʘʯʽ.  

 
ʈʠʩʫʥʦʢ 1 ï ɿʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʉʠʛʥʘʣ ʧʦʩʠʣʘʶʪʴ ʟ ʧʝʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʷʢʘ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʪʝʦʨʝʪʠʯʥʦ, ʧʨʦʧʦʨʮʽʡʥʦ ʟ ʜʦʚʞʠʥʦʶ ʚʽʜʩʪʘʥʽ 

 

ɺʪʨʘʪʠ ʥʘ ʰʣʷʭʫ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ 

ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ ʚʪʨʘʪ ʥʘ ʰʣʷʭʫ 

ʚʽʣʴʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʄʦʜʝʣʴ ʚʪʨʘʪ ʥʘ ʰʣʷʭʫ 

ʚʽʣʴʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʧʝʨʝʜʘ-

ʚʘʣʴʥʘ ʘʥʪʝʥʘ ʻ ʽʟʦʪʨʦʧʥʦʶ, ʪʦʙʪʦ, ʧʝʨʝʜʘʚʘʯ ʚʠ-

ʧʨʦʤʽʥʶʻ ʝʥʝʨʛʽʶ ʟ ʨʽʚʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʫ ʚʩʽʭ 

ʥʘʧʨʷʤʢʘʭ, ʽ ʥʝʤʘʻ ʥʽʷʢʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʰʣʷʭʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ, ʷʢʽ 

ʤʦʛʣʠ ʙ ʙʣʦʢʫʚʘʪʠ ʩʠʛʥʘʣ ʘʙʦ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ 

ʜʣʷ ʡʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʥʝ ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ. 

ɺʠʚʝʜʝʥʥʷ ʌʦʨʤʫʣʠ ʪʨʘʥʩʤʽʩʽʾ Friis. ʑʦʙ 

ʨʦʟʧʦʯʘʪʠ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʌʨʽʽʩ, ʨʦʟʛʣʷʥʝʤʦ 

ʜʚʽ ʘʥʪʝʥʠ ʚ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʙʝʟ ʧʝʨʝʰʢʦʜ ʧʦ-

ʙʣʠʟʫ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ R : 

 
ʈʠʩʫʥʦʢ 1. ʇʝʨʝʜʘʯʘ (Tx) ʽ ʧʨʠʡʦʤ (Rx) ʘʥʪʝʥ , ʨʦʟʜʽʣʝʥʠʭ R . 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ PT ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝ-

ʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʘʥʪʝʥʘ ʻ ʚʩʝʥʘʧʨʘʚʣʝʥʦʶ, ʙʝʟ ʚʪʨʘʪ ʽ ʱʦ ʧʨʠʡ-

ʤʘʣʴʥʘ ʘʥʪʝʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʘʣʝʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʊʦʜʽ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ p 

(ʫ ʚʘʪʘʭ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ) ʧʣʦʩʢʦʾ ʭʚʠʣʽ, ʱʦ ʧʘ-

ʜʘʻ ʥʘ ʧʨʠʡʤʘʣʴʥʫ ʘʥʪʝʥʫ, ʥʘ ʚʽʜʩʪʘʥʽ R ʚʽʜ ʧʝʨʝʜʘ-

ʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ [7]: 

 
ʗʢʱʦ ʧʝʨʝʜʘʚʘʣʴʥʘ ʘʥʪʝʥʘ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʧʨʠʡʤʘʶʯʦʾ ʘʥʪʝʥʠ GT, ʪʦ 

ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽ ʚʪʨʘʪʠ ʨʝʘʣʴʥʦʾ ʘʥ-

ʪʝʥʠ. ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʧʨʠʡʤʘʣʴʥʘ ʘʥʪʝʥʘ 

ʤʘʻ ʜʽʶʯʫ ʜʽʘʬʨʘʛʤʫ, ʟʘʜʘʥʫ AER. ʊʦʜʽ ʧʦʪʫʞʥʽʩʪʴ, 

ʦʪʨʠʤʘʥʘ ʮʽʻʶ ʘʥʪʝʥʥʦʶ (PR), ʟʘʜʘʻʪʴʩʷ: 

 
ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʫ ʜʽʘʬʨʘʛʤʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʘʥʪʝʥʠ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʨʘʟʠʪʠ ʷʢ: 

 
ʆʪʨʠʤʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

   (1) 

ʎʝ ʨʽʚʥʷʥʥʷ ʚʽʜʦʤʝ ʷʢ ʌʦʨʤʫʣʘ ʪʨʘʥʩʤʽʩʽʾ Friis 

. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʪʨʘʪʦʶ ʩʠʛʥʘʣʫ, ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʪʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʦ ʧʨʠʡʥʷ-

ʪʠʭ ʽ ʧʝʨʝʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʎʝ ʦʜʥʝ ʟ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʪʝʦʨʽʾ ʘʥʪʝʥ, ʽ ʡʦʛʦ ʪʨʝʙʘ ʟʘ-

ʧʘʤ'ʷʪʘʪʠ (ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚʠʚʝʜʝʥʝ ʚʠʱʝ). 

ʑʝ ʦʜʥʘ ʢʦʨʠʩʥʘ ʬʦʨʤʘ ʨʽʚʥʷʥʥʷ ʌʨʽʽʩ ʧʝʨʝ-

ʜʘʯʽ ʥʘʚʝʜʝʥʘ ʚ ʨʽʚʥʷʥʥʽ (2). ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʪʘ ʯʘʩʪʦʪʘ f ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʩʚʽʪʣʘ c, 

ʦʪʨʠʤʘʥʘ ʌʦʨʤʫʣʘ ʪʨʘʥʩʣʷʮʽʾ Friis ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʘ-

ʩʪʦʪʠ: 

    (2) 

ʈʽʚʥʷʥʥʷ (2) ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʘ ʧʦʪʫʞʥʽʩʪʴ 

ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʎʝ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʨʘʥʩʣʷʮʽʾ ʨʽʚʥʷʥʴ Friis. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʘʥʪʝʥ ʟ ʟʘʜʘʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ, ʧʦʪ-

ʫʞʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʙʫʜʝ ʥʘʡʚʠʱʦʶ ʥʘ ʥʠʞʯʠʭ ʯʘʩʪʦ-

ʪʘʭ. ʈʽʟʥʠʮʷ ʤʽʞ ʦʪʨʠʤʘʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʧʝʨʝʜʘ-

ʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜʦʤʘ ʷʢ ʚʪʨʘʪʘ ʨʽʚʥʷ ʩʠʛʥʘʣʫ, 

ʱʦ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʨʠʡʦ-

ʤʦʧʝʨʝʜʘʚʘʯʘʤʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʨʽʚʥʷʥʥʷ Friis 

Transmission ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʪʨʘʪʘ ʨʽʚʥʷ ʩʠʛ-

ʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ, ʚʠʱʘ ʜʣʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. 

ɺʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜ ʌʦʨʤʫʣʠ 

ʪʨʘʥʩʤʽʩʽʾ Friis ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʚʠʱʝʥʘ. ʉʘʤʝ ʪʦʤʫ 

ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʽ 

ʤʝʥʰʝ 2 ɻɻʮ. ʊʘʤ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʙʽʣʴʰʠʡ ʩʧʝʢʪʨ 

ʯʘʩʪʦʪ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʘʣʝ ʧʦʚ'ʷʟʘʥʽ 

ʚʪʨʘʪʠ ʚ ʥʘ ʰʣʷʭʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʷʢʽʩʪʴ. 

ʗʢ ʱʝ ʦʜʠʥ ʥʘʩʣʽʜʦʢ ʨʽʚʥʷʥʥʷ Friss Transmission, 

ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʘʥʪʝʥʠ 60 

ɻɻʮ. ɺʽʜʟʥʘʯʘʶʯʠ, ʱʦ ʮʷ ʯʘʩʪʦʪʘ ʜʫʞʝ ʚʠʩʦʢʘ, 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʪʨʘʪʘ ʰʣʷʭʫ ʙʫʜʝ ʟʘʥʘ-

ʜʪʦ ʚʠʩʦʢʦʶ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʥʘ ʜʦʚʛʦʤʫ ʜʽʘʧʘʟʦʥʽ 

. ʅʘ ʜʫʞʝ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (60 ɻɻʮ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ 

ʟʦʥʦʶ ʤʤ (ʤʽʣʽʤʝʪʨʦʚʦʾ ʭʚʠʣʽ)) ʚʪʨʘʪʘ ʢʦʥʪʫʨʫ 

ʜʫʞʝ ʚʠʩʦʢʘ, ʪʦʤʫ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʚ'ʷʟʦʢ ʪʦʯʢʘ-

ʪʦʯʢʘ. ʎʝ ʪʨʘʧʣʷʻʪʴʩʷ, ʢʦʣʠ ʧʨʠʡʤʘʯ ʽ ʧʝʨʝʜʘʚʘʯ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʢʽʤʥʘʪʽ ʪʘ ʫ ʧʨʷʤʽʡ ʚʠʜʠʤʦʩʪʽ 

ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʏʦʤʫ ʦʧʝʨʘʪʦʨʠ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʟʘʜʦʚʦʣʝʥʽ ʥʦʚʠʤ ʜʽʘʧʘʟʦʥʦʤ LTE (4G), 

ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʽ 700 ʄɻʮ? ɺʽʜʧʦʚʽʜʴ ʻ ʪʘʢʘ: 

ʮʝ ʤʝʥʰʘ ʯʘʩʪʦʪʘ, ʥʽʞ ʘʥʪʝʥʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ 

ʧʨʘʮʶʶʪʴ, ʘʣʝ ʟ ʨʽʚʥʷʥʥʷ (2) ʤʠ ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ 

ʚʪʨʘʪʘ ʩʠʛʥʘʣʫ ʙʫʜʝ ʪʘʢʦʞ ʥʠʞʯʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʦʥʠ ʤʦʞʫʪʴ "ʧʦʢʨʠʚʘʪʠ ʙʽʣʴʰʝ ʧʨʦʩʪʦʨʫ" ʟ ʮʠʤ 

ʯʘʩʪʦʪʥʠʤ ʩʧʝʢʪʨʦʤ. 

 ʇʨʠʤʽʪʢʘ: ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʨʦʙʥʠʢʠ ʤʦʙʽʣʴ-

ʥʠʭ ʪʝʣʝʬʦʥʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʘʥʪʝʥʫ ʟ ʙʽʣʴʰʦʶ ʜʦ-

ʚʞʠʥʦʶ ʭʚʠʣʽ ʥʘ ʢʦʤʧʘʢʪʥʦʤʫ ʧʨʠʩʪʨʦʾ (ʥʠʞʥʷ 

ʯʘʩʪʦʪʘ = ʙʽʣʴʰʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ), ʪʦʤʫ ʨʦʙʦʪʘ 

ʜʠʟʘʡʥʝʨʘ ʘʥʪʝʥʠ ʙʫʣʘ ʜʝʱʦ ʩʢʣʘʜʥʽʰʦʶ! 

ʅʘʨʝʰʪʽ, ʷʢʱʦ ʘʥʪʝʥʠ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʣʷ-

ʨʠʟʘʮʽʻʶ, ʪʦ ʦʪʨʠʤʘʥʘ ʚʠʱʝ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʧʦʤʥʦʞʝʥʘ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ ʧʦʣʷʨʠʟʘʮʽʾ (PLF), 

ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʮʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ. ɺʠ-

ʱʝʚʢʘʟʘʥʝ ʨʽʚʥʷʥʥʷ (2) ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʜʣʷ ʦʪʨʠ-

ʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʦʨʤʫʣʠ ʪʨʘʥʩʤʽʩʽʾ Friis, ʱʦ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ: 

 
ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ, ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ.  

ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʨʦʙʦʪʘʭ ʙʫʜʝ 

ʚʠʚʝʜʝʥʦ ʽʥʰʽ ʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʦʮʽʥʝʥʦ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ, ʱʦ 

ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʨʽʚʥʷʥʴ. 
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ɿʘʡʢʦʚ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ 

ʅʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʐʊʆʈʄè 

ʄʝʱʝʨʷʢʦʚ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʆʜʝʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɾʫʨʘʚʣʝʚ ʖʨʠʡ ʀʚʘʥʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè 

 

TEMPERATURE CONTROL OPPORTUNITIES OF ABSORBING  

JUNCTION OF COOLING THERMOELEMENT  

ɺʆɿʄʆɾʅʆʉʊʀ ʋʇʈɸɺʃɽʅʀʗ ʊɽʄʇɽʈɸʊʋʈʆʁ ʇʆɻʃʆʑɸʖʑɽɻʆ ʉʇɸʗ 

ʆʍʃɸɾɼɸʖʑɽɻʆ ʊɽʈʄʆʕʃɽʄɽʅʊɸ 

 

Summary: Abstract: It is shown the possibility of time reducing to enter the regime of a thermoelectric cooler 

due to a decrease in the height of the cooling thermoelement branch for a given temperature drop in the stationary 

mode. It is shown that in the nonstationary regime the time for cooling of the working junction is determined only 

by the magnitude of the current flowing through the cooling thermoelement, and does not depend on the geometry 

of the branch. An analytical dependence between the time of reaching the maximum cooling level and the time of 

maintaining a given cooling level is obtained. 

Key words: thermoelectric cooler, thermoelement geometry, operating current, temperature difference. 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʚ ʨʝʞʠʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʭʣʘʜʠʪʝʣʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪʳ ʚʝʪʚʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʩʧʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʦʭʣʘʞʜʘʶʱʠʡ ʪʝʨʤʦʵʣʝʤʝʥʪ, ʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʛʝʦʤʝʪʨʠʠ ʚʝʪʚʠ. ʇʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ ʩʦʭʨʘʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʭʣʘʜʠʪʝʣʴ, ʛʝʦʤʝʪʨʠʷ ʪʝʨʤʦʵʣʝʤʝʥʪʘ, ʨʘʙʦʯʠʡ ʪʦʢ, ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʋʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʜʘʪʯʠʢʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ), ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʩ ʝʜʠʥʠʮʳ 

ʧʣʦʱʘʜʠ. ʕʪʦ ʫʞʝʩʪʦʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ, ʙʝʟ ʢʦʪʦʨʳʭ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʠʭ ʥʝʚʦʟʤʦʞʥʦ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʤ-

ʧʨʝʩʩʠʦʥʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʦʭʣʘʜʠʪʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʠ-

ʩʪʝʤʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʧʦ ʧʦʢʘʟʘ-

ʪʝʣʷʤ ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. ʄʘʣʘʷ ʤʘʩʩʘ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʭʣʘʜʠʪʝʣʝʡ ʠ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝ-

ʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ. ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʫʱʝʩʪʚʝʥʝʥ ʜʣʷ ʩʠʩʪʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ, ʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʣʘʟʝʨʥʳʭ ʠʟʣʫ-

ʯʘʪʝʣʝʡ, ʛʜʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʟʘʯʘ-

ʩʪʫʶ ʦʧʨʝʜʝʣʷʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝ-

ʣʦʤ [2].  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ. ɺʨʝʤʷ ʚʳʭʦʜʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠ-

ʪʝʣʷ (ʊʕʋ) ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʤʘʩʩʦʡ [3], ʩʚʦʡʩʪʚʘʤʠ ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [4], 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ [5], ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ 

[6]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʭʣʘʜʠ-

ʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ, ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ 

ʦʙʳʯʥʦ ʜʦʚʦʣʴʩʪʚʫʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʞʠʤʦʤ 

ʨʘʙʦʪʳ, ʧʨʝʥʝʙʨʝʛʘʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ [7, 8]. ɼʣʷ ʢʣʘʩʩʘ ʟʘʜʘʯ ʩ ʠʤʧʫʣʴʩʥʳʤ ʧʦʛʣʦ-

ʱʝʥʠʝʤ ʠʣʠ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʝʛʨʝʚ ʪʝʧ-

ʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʝʨʝ-

ʛʨʝʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʵʣʝʤʝʥʪʘ 

[9]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʝ-

ʨʝʢʣʶʯʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʦʭʣʘʜʠʪʝʣʝʡ [10] ʣʠʰʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʜʠ-

ʥʘʤʠʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʘʞʥʦʩʪʴ ʧʨʦ-
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ʙʣʝʤʳ. ɺ [11] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘ-

ʙʦʯʝʛʦ ʪʦʢʘ ʥʘ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ, ʯʪʦ ʧʦʢʘ-

ʟʘʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʭʣʘʜʠʪʝʣʷ. 

ʅʝʨʝʰʝʥʥʳʤʠ ʦʩʪʘʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ ʠʥʝʨ-

ʮʠʦʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ, ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ, ʪʘʢ ʠ ʥʝʩʪʘ-

ʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘ-

ʜʠʪʝʣʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ.  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʤʦʜʝʣʠ. ʇʦʜ ʩʪʘʮʠʦʥʘʨ-

ʥʳʤ ʨʝʞʠʤʦʤ ʙʫʜʝʤ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʊʕʋ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʥʝ ʤʝʥʷ-

ʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʚʦ 

ʚʨʝʤʝʥʠ ð ʨʝʞʠʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ.  

ʘ) ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʘʯʘʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʚ ʨʝʞʠʤ ʦʭʣʘ-

ʞʜʘʶʱʝʛʦ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʝʪʚʝʡ 

ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥ-

ʥʫʶ ʤʦʜʝʣʴ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʚ ʨʝʞʠʤʝ æTmax (Q0 = 0), 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʚʝʪʚʝʡ n- ʠ p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ, ʠʜʝʥʪʠʯʥʳʭ ʧʦ ʪʘʢʠʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʘ-

ʨʘʤʝʪʨʘʤ, ʢʘʢ

 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʦʕɼʉ e, ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ c, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s, ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ z, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦ-
ʩʪʠ a, ʘ ʪʘʢʞʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ ʚʝʪʚʠ 

ʪʝʨʤʦʵʣʝʤʝʥʪʘ ï ʚʳʩʦʪʝ l ʠ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ S. ʉʯʠʪʘʝʤ, ʯʪʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʧʦʩʪʦʷʥʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦʵʣʝʤʝʥʪʘ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʳ. 

ʈʝʰʘʝʤ ʦʜʥʦʤʝʨʥʫʶ ʟʘʜʘʯʫ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ y ʠ z ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʠ, ʥʝ ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʙʲ-

ʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʪʝʨʤʦʵʣʝ-

ʤʝʥʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʷʨʥʦ-

ʩʪʠ ʥʘ ʦʜʥʦʤ ʩʧʘʝ ʧʦʛʣʦʱʘʝʪʩʷ ʪʝʧʣʦʪʘ ʇʝʣʴʪʴʝ 

(ʇj) (ʇ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʝʣʴʪʴʝ; j ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ), 

ʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʤʦʱʥʦʩʪʴ I2R. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʚʳ-

ʜʝʣʷʶʱʠʭ ʩʧʘʝʚ ʨʘʚʥʘ T0 ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ.  

ʇʦʧʳʪʘʝʤʩʷ ʩʦʩʪʘʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ 

ʚʟʘʠʤʦʩʚʷʟʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʊʕʋ ʚ ʨʝʞʠʤ ʩ ʛʝʦ-

ʤʝʪʨʠʝʡ ʚʝʪʚʝʡ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ.  

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (Ű = 0) ʯʝʨʝʟ ʪʝʨ-

ʤʦʵʣʝʤʝʥʪ ʥʘʯʠʥʘʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ (j = 

const). ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ
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(3)

 

 ʊʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʧʘʷ ʪʝʨʤʦʵʣʝʤʝʥʪʘ (x = 0) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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ʛʜʝ jʦʧʪ ï ʦʧʪʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ.  

ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Ű ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤ ʯʣʝʥʦʤ ʩʫʤʤʳ: 

å õp tå õ å õ
D = - - - -æ öæ ö æ ö

sc sc ppç ÷ ç ÷ç ÷

2 2 2

ʦʧʪ ʦʧʪ2 2

8 2
exp .

2 4

l j l a
T j j j j j

l
 (5) 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ŰŸÐ, ʧʦʵʪʦʤʫ ʠʟ (5) ʩʣʝʜʫʝʪ  
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å õ
D = D = -æ ö

scç ÷

2

ʩʪʘʮ ʦʧʪ .
2

l j
T T j j   (6) 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (5) ʩ ʫʯʝʪʦʤ (6) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʧʦʛʣʦ-

ʱʘʶʱʝʛʦ ʩʧʘʷ ʜʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɗ = æT /æTʩʪʘʮ: 

2 ʦʧʪ

2 3
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4 32 2ln .
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j j
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a j j
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t = Öæ ö
-p p -qæ ö
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ʇʨʠ j = jʦʧʪ  
2

2 3

4 16( 2)
ln .

(1 )

l

a
q

p-
t =

p p -q
 (8) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʟʘʜʘʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʚʝʪʚʠ 

ʪʝʨʤʦʵʣʝʤʝʥʪʘ l. ʇʦʛʨʝʰʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ (5), 

(6), (8) ʩʚʷʟʘʥʘ ʩ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

(4) ʚʩʝʤʠ ʯʣʝʥʘʤʠ, ʢʨʦʤʝ ʧʝʨʚʦʛʦ. ʏʠʩʣʝʥʥʳʡ ʘʥʘ-

ʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (4) ʠ (5) ʩ ʫʯʝʪʦʤ (8) ʜʣʷ ʩʣʫʯʘʷ j 

= jʦʧʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

(8) ʚʦʟʤʦʞʥʦ ʧʨʠ ɗ > 0,6. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ 

Ű ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ ʚʝʪʚʝʡ ʪʝʨʤʦ-

ʵʣʝʤʝʥʪʦʚ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ɗ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʚʳ-

ʩʦʪʳ ʚʝʪʚʝʡ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ɗ 

l, ʤʤ 
Ű, ʩ 

ɗ = 0,6 ɗ = 0,7 ɗ = 0,8 ɗ = 0,9 ɗ = 0,95 ɗ Ÿ1 

15 55,2 97,4 155 252 354 480 

10 24,5 43,3 68,6 11,2 155 190 

7 11,9 21,7 33,6 54,9 76,9 93 

5 6,1 11,0 18,0 28,2 39,7 50 

4 4,0 6,9 11,0 18,0 25,2 31 

3 2,2 3,6 6,1 10,1 14,1 18 

2 1,1 1,8 2,9 4,3 6,1 10 

1 0,25 0,4 0,7 1,1 1,4 4 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ɗ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ Ű ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ 

ʚʝʪʚʝʡ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ l ʧʨʠ T = 300 ʂ; Q0 = 0; I = 

Imax. ʂʘʢ ʚʠʜʠʤ ʠʟ ʨʠʩʫʥʢʘ, ʚʨʝʤʷ Ű ʚʳʭʦʜʘ ʚ ʨʝʞʠʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʳʩʦʪʳ ʚʝʪʚʠ ʪʝʨʤʦʵʣʝ-

ʤʝʥʪʘ l ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ Ū ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ɗ = 0,9 

ʠʤʝʝʤ: 

ʧʨʠ l = 2 ʤʤ Ű = 4,3 ʩ; 

ʧʨʠ l = 4 ʤʤ  Ű = 18 ʩ; 

ʧʨʠ l = 15 ʤʤ  Ű = 252 ʩ 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

Ű = f (l) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

ʙ) ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʷ Ű ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʧʘʷ 

ʪʝʨʤʦʵʣʝʤʝʥʪʘ T0 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʚʝʪʚʝʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ 

ʪʝʨʤʦʵʣʝʤʝʥʪ. ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ 

ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ (Ű ~ 1/j2). ʇʨʠ j = 

const ʚʨʝʤʷ Űmax ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨʳ æTmax ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ j ʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʝʝ ʫʚʝʣʠʯʝʥʠʷ (ʨʠʩ. 3), ʪ. ʝ. Űmax ~ 

1/j2.  
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ʘ) 

 
ʙ) 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ q ʦʪ ʚʨʝʤʝʥʠ t ʚʳʭʦʜʘ ʊʕʋ ʥʘ ʨʝʞʠʤ ʧʨʠ 

ʊ = 300 ʂ; Q0 = 0 ɺʪ; I = Imax; j = 125 ɸ/ʩʤ2 ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ ʚʝʪʚʠ ʪʝʨʤʦʵʣʝʤʝʥʪʘ l: ʘ ï ʦʪ 1 ʜʦ 4 

ʤʤ; ʙ ï ʦʪ 4 ʜʦ 15 ʤʤ 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ t ʚʳʭʦʜʘ ʊʕʋ ʥʘ ʨʝʞʠʤ ʦʪ ʚʳʩʦʪʳ ʚʝʪʚʠ ʪʝʨʤʦʵʣʝʤʝʥʪʘ l ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ q ʧʨʠ ʊ = 300 ʂ; Q0 = 0 ɺʪ; I = Imax; ʘ = 6,4Ö10ï3 ʩʤ2/ʩ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʧʦʜʙʦʨʦʤ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ 

ʥʘ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʦʭʣʘʞʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥ-

ʥʦʛʦ ʚʨʝʤʝʥʠ Ű0. ʇʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ (ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ Dt, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘ-

ʝʪʩʷ ʥʝ ʚʳʰʝ ʟʘʜʘʥʥʦʡ) ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʦʢʝ j = 86 ɸ/ʩʤ2 (ʨʠʩ. 3, ʢʨʠʚʘʷ 

1) ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 0,9æTmax ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝ-

ʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 12 ʩ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʪʦʢʝ j = 152 

ɸ/ʩʤ2 (ʨʠʩ. 3, ʢʨʠʚʘʷ 3) ï ʦʢʦʣʦ 3 ʩ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ (ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ T0min) Űmax ʠ ʚʨʝʤʝʥʝʤ ʩʦʭʨʘʥʝʥʠʷ ʟʘ-

ʜʘʥʥʦʛʦ  

 
ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ Dʊ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʯʝʨʝʟ ʊʕʋ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ j ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ: 1 ï 86 ɸ/ʩʤ2; 2 ï 129 ɸ/ʩʤ2; 3 ï 152 ɸ/ʩʤ2  
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ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ Dt ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ, ʢʦʪʦ-

ʨʫʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶ-

ʱʝʛʦ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝ-

ʞʠʤʝ ʧʨʠ j = const: 

D = t - t
c p sc

22ʇ
.

a a
T j j  (9) 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (9) ʚ ʚʠʜʝ 

max4 (1 ).Dt= t -q (10) 

 

ʉʦʦʪʥʦʰʝʥʠʝ (10) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ 

ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤ 

ʢʦʨʦʯʝ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʦʭʣʘ-

ʞʜʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʯʝʪʦʤ Rʢ, ʢʦʛʜʘ 

ʫʤʝʥʴʰʘʶʪʩʷ æTmax ʠ Űmax, æŰ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝ-

ʞʠʤʝ ʧʨʠ j = const ʥʝ ʧʨʝʚʳʰʘʝʪ 

s
D = =

pc

2
2

o

ʇ
0,5 .T zT

 
ɽʩʣʠ ʯʝʨʝʟ ʪʝʨʤʦʵʣʝʤʝʥʪ ʧʨʦʧʫʩʪʠʪʴ ʥʘʨʘʩʪʘ-

ʶʱʠʡ ʪʦʢ, ʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ  

æTʵʢʩʪʨ > æTmax. 

ʇʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʪʦʢʝ, ʥʘʨʘʩʪʘʶʱʝʤ ʧʦ ʟʘ-

ʢʦʥʫ  

 

=
t t

ʵʢʩʪp

0

ɸ
,

( ï )
j  (11) 

ʛʜʝ 
s

=
p

ʇ
,

2
ɸ

a
  

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʨʤʦʵʣʝʤʝʥʪʝ ʙʫʜʝʪ 

ʨʘʚʥʘ 

 

( )
( )

t + ts
D =

pc t -t t

2
2

0

ʵʢʩʪʨ

0 0

ʇ
ln .

2
T  (12) 

 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (12) ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ɼʞʦʫʣʷ ʚ ʢʦʥ-

ʪʘʢʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ Rʢ, ʠ ʪʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ 

(11) ʧʨʠʤʝʪ ʚʠʜ 

=
t -t +

ʵʢʩʪʨ

0

,
ɸ

j
b

 

(13) 

ʛʜʝ ʢ .
2

R S
b

a

s
=

p
 

ʉʦʦʪʥʦʰʝʥʠʝ (13) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ 
max
ʵʢʩʪʨj  ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʦʤʝʥʪ Ű = Ű0. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ: 

0ʩʪʘʮ
ʵʢʩʪʨ max

2
ln 1 .T T

b

å õt
D = D +æ ö

æ öp ç ÷
 (14) 

ʂʨʠʚʳʝ ʨʠʩ. 4 ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ 

ʨʝʞʠʤʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʪʦʢʘ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ Ű0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʝ-

ʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʡ 

æTʩʪʘʮ max. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ jʵʢʩʪʨ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ T0min. ʊʘʢ, ʧʨʠ Ű0 = 35 ʩ (ʢʨʠʚʘʷ 1) ʧʝʨʝ-

ʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʠʡ 0,9æTmax, ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʧʨʠʤʝʨʥʦ 1,5 ʩ, ʘ ʧʨʠ Ű0 = 8 ʩ (ʢʨʠʚʘʷ 3) ï 0,5 ʩ. 

 
ʈʠʩ. 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ Dʊ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ 
ʊʕʋ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʪʦʢʘ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ (ʜʦ jmax = 950 ɸ/ʩʤ2) ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ 

Ű0: 1 ï 35 ʩ; 2 ï 24 ʩ; 3 ï 8 ʩ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʥʘ 

ʪʝʨʤʦʵʣʝʤʝʥʪʝ ʩ ʚʝʪʚʷʤʠ ʣʶʙʦʡ ʜʣʠʥʳ, ʚʘʨʴʠʨʫʷ 

ʚʝʣʠʯʠʥʦʡ ʨʘʙʦʯʝʛʦ ʪʦʢʘ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙ-

ʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʦʭʣʘʞʜʝʥʠʷ ʟʘ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ. 

ɺʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 
ʤʦʜʝʣʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʧʘʷ ʜʦ ʟʘʜʘʥʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦ-

ʪʝʢʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʠ ʛʝʦʤʝʪʨʠʠ ʚʝʪʚʝʡ ʪʝʨ-

ʤʦʵʣʝʤʝʥʪʦʚ. 
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2. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 
ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝ-

ʤʝʥʝʤ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʜʦ 10 ʢʨʘʪ 

ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʫʪʝʤ ʚʳʙʦʨʘ ʛʝʦʤʝʪʨʠʠ ʪʝʨ-

ʤʦʵʣʝʤʝʥʪʦʚ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʨʠʘʮʠʝʡ 

ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʜʦ 3 ʢʨʘʪ.  

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-
ʟʜʘʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷ-

ʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ.  
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POWDERS OF Na2OīCaOīSiO2 AND K 2OīPbOīSiO2 SYSTEMS: WASTE DISPOSAL AND 

PROCESSES OF SOFTENING 

ʇʆʈʆʐʂʀ ʉʀʉʊɽʄ Na2OīCaOīSiO2 ɯ K 2OīPbOīSiO2: ʇɽʈɽʈʆɹʂɸ ɺɯɼʍʆɼɯɺ ʊɸ ʇʈʆʎɽʉʀ 

ʈʆɿʄôʗʂʐɽʅʅʗ 

 

Abstract: The chemical composition, properties and morphology of powders obtained by dry crushing of 

crystal glass and with use of X-ray equipment, which are related to Na2O-CaO-SiO2, K2O-PbO-SiO2 systems have 

been investigated. The influence of temperature on their structure in accordance with the silicate systems state 

diagrams has been analyzed. The processes of powders softening, and their morphological changes have been 

investigated on the example of thermal processing of powders in the oxide atmosphere and electric-arc spraying 

as part of metal-glass coatings. The obtained results expand the physical and chemical representations of the new 

compositions structure formation and are used for the development of technological recommendations. 

Keywords: glass powders, softening, morphology, structure, silicate systems, temperature influence, coatings.  

ɸʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʨʬʦʣʦʛʽʶ ʧʦʨʦʰʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʩʫʭʠʤ ʟʜʨʽ-

ʙʥʝʥʥʷʤ ʙʦʶ ʩʢʣʘ ʢʨʠʰʪʘʣʝʚʦʛʦ ʧʦʩʫʜʫ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤ 

Na2OīCaOīSiO2, K2OīPbOīSiO2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽ-

ʘʛʨʘʤʘʤʠ ʩʪʘʥʫ ʩʠʣʽʢʘʪʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʧʨʠʢʣʘʜʽ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʧʦʨʦʰʢʽʚ ʫ ʦʢʠʩʥʽʡ ʘʪʤʦʩʬʝʨʽ ʪʘ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʫ ʩʢʣʘʜʽ ʤʝʪʘʣ-ʩʢʣʷʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʨʦʰ-

ʢʽʚ ʪʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʨʶʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʦʫ-

ʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʨʦʰʢʠ ʩʪʝʢʦʣ, ʨʦʟʤôʷʢʰʝʥʥʷ, ʤʦʨʬʦʣʦʛʽʷ, ʩʪʨʫʢʪʫʨʘ, ʩʠʣʽʢʘʪʥʽ ʩʠʩʪʝʤʠ, ʪʝʤʧʝ-

ʨʘʪʫʨʥʠʡ ʚʧʣʠʚ, ʧʦʢʨʠʪʪʷ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʫʯʘʩʥʦʛʦ 

ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʝʥʝ-

ʨʛʝʪʠʯʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʽ ʜʝʬʽʮʠʪʥʽ-

ʩʪʶ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʘʨʽʥʥʷ 

ʩʪʝʢʦʣ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [1]. ʉʪʝʢʣʘ ʩʠʩ-

ʪʝʤ CdOïPbOïBi2O3ïCdOïBaOïB2O3; Bi2O3ïCdOï

B2O3; Bi2O3ïCdOïSiO2; BaOïCd2O3ïSiO2; Li 2Oï

PbOïB2O3, PbOïTeO2ïB2O3ïGeO2, 

Na2OīAl 2O3īP2O5, Na2OīAl 2O3īCaOīB2O3īSiO2, 

Na2OīCaOīSiO2, Ka2OīPbOīSiO2 ʻ ʧʝʨʩʧʝʢʪʠʚ-

ʥʠʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʨʽʟʥʦʚʠʜʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦ-

ʤʽʥʶʚʘʥʴ [2], ʪʦʤʫ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʢʣʘʜʠʥʦʢ, ʝʢʨʘʥʽʚ, ʽʣʶ-

ʤʽʥʘʪʦʨʽʚ, ʪʘʨʠ ʜʣʷ ʧʨʦʜʫʢʮʽʾ ʨʘʜʽʦʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚ-

ʥʠʭ ʚʽʜʭʦʜʽʚ. ʇʨʦʪʝ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʜʝʬʽʮʠʪʥʽʩʪʴ 

ʩʠʨʦʚʠʥʠ ʩʧʨʠʷʻ ʧʦʰʫʢʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ 

ʰʣʷʭʽʚ ʦʜʝʨʞʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʟʦʢʨʝʤʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʩʢʣʷʥʦʛʦ ʙʦʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʦʙʣʝʤʽ ʩʪʚʦʨʝʥʥʷ ʩʢʣʷʥʠʭ ʨʘʜʽʘʮʽʡʥʦ ʟʘʭʠʩ-

ʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʨʦʙʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè 

(ʤ. ʍʘʨʢʽʚ), ʆʙʥʽʥʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝ-

ʪʠʢʠ (ʅʀʗʋ ʄʀʌʀ, ʈʌ); ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠ-

ʪʫʪʫ ʋʨʘʣʴʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʈɸɺ (ʤ. ɯʞʝʚʩʴʢ, ʈʌ), 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʤ. ɼʥʽʧʨʦ); ʌɻʋʇ çʈʘʜʦʥè 

(ʄʦʩʢʚʘ, ʈʌ), ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠ-

ʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ɹʝʣʛʦʨʦʜʩʴʢʦʛʦ ʜʝʨʞʘʚ-

ʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ɻ. ʐʫʭʦʚʘ 

(ʤ. ɹʝʣʛʦʨʦʜ, ʈʌ). ɺ ʢʣʘʩʠʯʥʠʭ ʨʦʙʦʪʘʭ [3, 4] ʫʚʘʛʘ 

ʥʘʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʚʠʥʮʝʚʦʩʠʣʽʢʘʪʥʠʭ ʩʪʝ-

ʢʦʣ, ʦʧʪʠʯʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʟʘʣʝʞʘʪʴ 

ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʢʣʘʜʫ, ʘ ʡ ʚʽʜ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʫʤʦʚʘʤʠ ʦʜʝʨʞʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʫʞʥʠʭ ʽ 

ʣʫʞʥʦ-ʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ Pb ʚʠʢʦʥʫʻ ʫ ʩʪʨʫʢʪʫʨʽ 

ʩʪʝʢʦʣ ʧʦʜʚʽʡʥʫ ʬʫʥʢʮʽʶ: ʤʦʜʠʬʽʢʘʪʦʨʘ (ʜʣʷ ʩʪʝ-

ʢʦʣ ʟ ʚʤʽʩʪʦʤ PbO ᾽ 50 % ʤʦʣ.) ʟ ʭʽʤʽʯʥʠʤ ʩʪʘʥʦʤ 

PbO ʪʘ ʩʽʪʢʦʫʪʚʦʨʶʚʘʯʘ (ʜʣʷ ʩʪʝʢʦʣ ʟ ʚʤʽʩʪʦʤ PbO 

ι 50 % ʤʦʣ.) ʟ ʭʽʤʽʯʥʠʤ ʩʪʘʥʦʤ PbO2 [3]. ɰʭ ʨʘʜʽʘ-

ʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʘʪʦʤʽʚ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤʠ ʽ ʩʣʘʙʢʦ ʚʠʨʘʞʝʥʠʤʠ ʨʘʜʽʘʮʽʡ-

ʥʠʤʠ ʜʝʬʝʢʪʘʤʠ: ʫʪʚʦʨʝʥʥʷʤ ʮʝʥʪʨʽʚ ʧʦʬʘʨʙʫ-

ʚʘʥʥʷ, ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ, ʦʢʨʠʭʯʫʚʘʥʥʷʤ, ʟʤʽʥʦʶ ʪʝ-

ʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʪʦʱʦ [4]. ʉʢʣʦ ʪʝʣʝʚʽ-

ʟʽʡʥʠʭ ʝʢʨʘʥʽʚ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʥʝ ʤʝʥʰʝ 

30 ʤʘʩ. % PbO, ʩʢʣʦ ʢʦʥʫʩʘ ī 10,5 ʤʘʩ. % PbO ʪʘ 

2,2é2,5 ʤʘʩ. % BaO (ɻʆʉʊ 26799-85), ʡʦʛʦ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘ-

ʯʽʚ ʨʝʥʪʛʝʥʦʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪ-

ʨʠʮʝʶ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʽ [5]. ʉʚʠʥʮʝʚʤʽʩʥʽ ʢʨʠʰ-

ʪʘʣʝʚʽ ʩʪʝʢʣʘ ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʩʦʨʪʦʚʦʛʦ ʩʢʣʘ; ʦʢʠʩʴ ʩʚʠʥʮʶ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʛʫʩʪʠʥʠ ʩʢʣʘ, ʧʦʣʽʧʰʝʥʥʶ ʦʧ-

ʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʧʨʦʟʦʨʦʩʪʽ, ʧʨʦʪʝ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʝʚʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʩʝ-

ʨʝʜ ʷʢʠʭ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʜʝʬʽʮʠʪʥʽʩʪʴ ʩʠʨʦ-

ʚʠʥʠ [6]. ɿʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʧʦʟʥʘʯʝ-

ʥʠʤʠ ʫ ɼʠʨʝʢʪʠʚʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟʘ 

 ̄64/493/ɭʉ, ʚʠʨʦʙʠ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰ 10 % ʦʢʩʠʜʽʚ 

ʚʚʘʞʘʶʪʴʩʷ ʢʨʠʰʪʘʣʝʚʠʤ ʩʢʣʦʤ, ʜʦ 24 % PbO ī 

ʤʘʣʦ-ʩʚʠʥʮʝʚʠʤ ʢʨʠʰʪʘʣʝʤ (ʢʨʠʰʪʘʣʽʥʦʤ); ʚʽʜ 24 

ʜʦ 30 % PbO ī ʢʨʠʰʪʘʣʝʤ (Lead Crystal); ʙʽʣʴʰ 30 

% PbO ï ʝʣʽʪʥʠʤ ʢʨʠʰʪʘʣʝʤ (Full Lead Crystal). ɿʘ 

ʜʽʶʯʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʪʘʥʜʘʨʪʘʤʠ ʭʽʤʽʯ-

ʥʠʡ ʩʢʣʘʜ ʧʦʩʫʜʥʦʛʦ ʢʨʠʰʪʘʣʶ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ 

ɻʆʉʊ 24315-80 çʇʦʩʫʜʘ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʠʟʜʝʣʠʷ 

ʠʟ ʩʪʝʢʣʘè. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʢʣʷʥʦʛʦ ʧʦʩʫʜʫ ʚʠʨʦʙ-

ʣʷʻʪʴʩʷ ʟ ʥʘʪʨʽʡʢʘʣʴʮʽʡʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ, ʧʨʦʪʝ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʘʨʥʦʛʦ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ 

ʷʢʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʚʦʥʦ 

ʥʘʩʠʯʝʥʝ ʽʥʰʠʤʠ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ [2]. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰ ʯʘʩʪʠʥ ʟʘʛʘʣʴ-

ʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʇʨʦʙʣʝʤʘʤ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʩʪʝʢʣʘʭ, 

ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ 

[4, 7], ʫ ʷʢʠʭ ʚʽʜʤʽʯʝʥʘ ʨʦʣʴ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʜʝ 

ʪʝʦʨʽʷ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʠʣʽʢʘʪʥʠʭ ʩʪʝʢʦʣ ʧʽʜ 

ʜʽʻʶ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʧʦʣʽ-

ʤʦʨʬʽʟʤʫ. ɼʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʜʨʽʙʥʝʥʦʛʦ ʙʦʶ 

ʩʢʣʘ ʢʨʠʰʪʘʣʝʚʦʛʦ ʧʦʩʫʜʫ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʙʣʘ-

ʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʥʪʛʝʥʦʟʘʭʠʩʥʠʭ ʤʝʪʘʣ-

ʩʢʣʷʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʢʣʘʜʝʥʦ ʫ ʨʦ-

ʙʦʪʘʭ [8, 9], ʧʨʦʪʝ ʥʝ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʜʝʨ-

ʞʘʥʥʷ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ, ʥʝ ʜʦʩʣʽʜʞʝʥʦ ʤʦʨʬʦʣʦ-

ʛʽʶ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫ ʚʽʜʧʦ-

ʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʘʤʠ ʩʪʘʥʫ. ʋ ʩʫʯʘʩʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʢʣʘʜʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʘʧʨʷʤʢʠ ʦʜʝ-

ʨʞʘʥʥʷ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ ʷʢ ʟʘʛʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʚʫʟʴʢʦ-

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [10], ʚʠʩʚʽʪʣʝʥʦ ʬʽ-

ʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʢʦʞʥʽʡ ʟʽ 

ʩʪʘʜʽʡ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ [11], ʧʨʦʪʝ ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʙʠʪʦʛʦ ʢʨʠʰʪʘʣʝʚʦʛʦ 

ʩʢʣʘ, ʥʝ ʦʧʠʩʫʻʪʴʩʷ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʟʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦ-

ʨʦʰʢʽʚ ʩʪʝʢʦʣ ʩʠʩʪʝʤ Na2OīCaOīSiO2 ʽ 

K2OīPbOīSiO2, ʦʜʝʨʞʘʥʠʭ ʩʫʭʠʤ ʨʦʟʤʝʣʦʤ ʩʢʣʷ-

ʥʦʛʦ ʙʦʶ, ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʾʭ ʨʦʟʤôʷʢʰʝʥʥʷ 

ʚ ʫʤʦʚʘʭ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ.  

ɼʣʷ ʜʦʩʷʛʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙ-

ʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1) ʜʦʩʣʽʜʠʪʠ ʬʦʨʤʫ, ʨʦʟʤʽʨ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʨʦʰʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʩʫʭʠʤ ʨʦʟʤʝʣʦʤ ʙʦʶ ʢʨʠʰʪʘ-

ʣʝʚʦʛʦ ʧʦʩʫʜʫ ʪʘ ʩʢʣʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

2) ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʭ 

ʩʪʨʫʢʪʫʨʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʘʤʠ ʩʪʘʥʫ ʩʠʣʽ-

ʢʘʪʥʠʭ ʩʠʩʪʝʤ; 

3) ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫ-

ʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠ-

ʣʝʥʥʷ, ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʩʢʣʷʥʠʭ 

ʧʦʨʦʰʢʽʚ ʪʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɺʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʨʦʰʢʽʚ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʚʽʜ-

ʤʦʚʫ ʚʽʜ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʾ ʪʘ ʜʝʬʽʮʠʪʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʧʦʩʪʘʚʢʠ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚ, ʨʦʟʪʘʰʦʚʘ-

ʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʽʥʰʠʭ ʢʨʘʾʥ. ʊʦʤʫ ʫ ʨʦʙʦʪʽ ʨʦʟʛ-

ʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ-

ʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ, 
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ʦʜʝʨʞʘʥʠʭ ʰʣʷʭʦʤ ʩʫʭʦʛʦ ʨʦʟʤʝʣʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜ-

ʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʢʨʠʰʪʘʣʝʚʦʛʦ ʧʦʩʫʜʫ (ɻʆʉʊ 24315-

80), ʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ, ʤʘʩ.%: SiO2 

ï 70,0; NaO3 ï 20,0; CaO ï 8,0; B2O3 ï 2,0, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʡʦʛʦ ʚʽʜʥʝʩʪʠ ʜʦ ʩʠʩʪʝʤʠ Na2OīCaOīSiO2. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʩʢʣʷʥʠʡ ʙʽʡ ʢʨʠʰʪʘʣʝʚʦʛʦ 

ʧʦʩʫʜʫ (ʙʦʢʘʣʽʚ) ï ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʧʨʦʟʦʨʦʛʦ, ʙʣʠ-

ʩʢʫʯʦʛʦ. ɿʘ ʩʢʣʦ ʩʠʩʪʝʤʠ K2OīPbOīSiO2 ʦʙʨʘʥʦ ʚʠ-

ʧʘʜʢʦʚʦ ʟʨʫʡʥʦʚʘʥʝ ʧʽʩʣʷ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʢʣʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ (ʩʢʣʦ ʤʘʨʢʠ ʢʨʦʥ-ʬʣʠʥʪ 

ʊʌ10), ʷʢʝ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʩ. %: SiO2 ï 

55é57,33; K2O3 ï 1,34é11,0; PbO ï 33é40. 

ʆʜʝʨʞʘʥʥʷ ʧʦʨʦʰʢʽʚ ʩʪʝʢʦʣ ʪʘ ʤʝʪʦʜʠʢʠ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʨʦʰʢʠ ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʩʫʭʦʛʦ 

ʨʦʟʤʝʣʫ ʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʫ (ʯʘʩ-

ʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 800 ʦʙ/ʭʚ, ʯʘʩ ʨʦʟʤʝʣʫ  20 

ʭʚ) ʧʦʧʝʨʝʜʥʴʦ ʟʜʨʽʙʥʝʥʦʛʦ ʫ ʜʨʦʙʘʨʮʽ ʜʦ ʨʦʟʤʽʨʫ 

10 ʤʤ ʙʠʪʦʛʦ ʩʢʣʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʝ ʩʧʦʩʦʙʫ ʩʫ-

ʭʦʛʦ ʨʦʟʤʝʣʫ ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ ʯʘʩʪʠʥʢʠ ʩʢʣʘ ʽʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 40é70 ʤʢʤ ʥʝʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, 

ʱʦ ʩʧʨʠʷʪʠʤʝ ʜʦʜʘʪʢʦʚʦʤʫ ʥʘʢʣʝʧʫ ʧʽʜʢʣʘʜʢʠ ʧʨʠ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʽʚ. ʗʢʽʩʥʠʡ ʽ ʢʽ-

ʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʚʠʭʽʜʥʠʭ 

ʟʨʘʟʢʘʭ ʩʢʣʷʥʦʛʦ ʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʟʦʥʜʦ-

ʚʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ (ʄʈʉɸ) [12] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ-ʤʽʢʨʦʘ-

ʥʘʣʽʟʘʪʦʨʘ ʈʕʄʄɸ-102-02 ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

5 ʥʤ. ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ɺʋʇ5 (ɺʘ-

ʢʫʫʤʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʪ) ʥʘʥʝʩʝʥʦ ʪʦʥʢʠʡ (å 1-

2 ʤʢʤ) ʰʘʨ ʘʣʶʤʽʥʽʻʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʌʦʨʤʫ ʪʘ ʨʦʟ-

ʤʽʨ ʧʦʨʦʰʢʽʚ ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ ʄʄʈ-2ʈ, ʦʙʣʘʜʥʘʥʦʛʦ ʮʠʬʨʦʚʦʶ ʢʘʤʝ-

ʨʦʶ Delta Optical HDCT-20C. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ (ʈʉɸ) ʧʦʨʦʰʢʽʚ ʚʠʢʦʥʘʥʦ ʥʘ ʫʩʪʘʥʦʚʮʽ 

ɼʈʆʅ-4 ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʟʘʣʽʟʘ FekŬ=0,193728 (U = 25 

ʢɺʪ, I = 28 ʤɸ), ʜʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʧʝʨʝʜʥʴʦ 

ʩʧʨʝʩʦʚʘʥʝ ʥʘʚʽʰʝʥʥʷ ʟʜʨʽʙʥʝʥʠʭ ʧʦʨʦʰʢʽʚ. ɼʦʩʣʽ-

ʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʧʦʨʦʰʢʽʚ ʪʘ ʾʭ ʬʘʢʪʦʨʫ 

ʬʦʨʤʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘ-

ʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [12, 13]. ʄʽʢ-

ʨʦʪʚʝʨʜʽʩʪʴ ʩʢʣʷʥʠʭ ʚʢʣʶʯʝʥʴ ʚʠʤʽʨʷʥʦ ʥʘ ʩʧʝʮʽʘ-

ʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʤʽʢʨʦʰʣʽʬʘʭ ʟʘ ɻʆʉʊ 9450-76 

ʥʘ ʧʨʠʣʘʜʽ ʇʄʊ-3 ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʽʥʜʝʥʪʦʨ ï 

200 ʛ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ-

ʥʠʭ ʬʘʢʪʦʨʽʚ. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ 

ʩʪʘʥ ʽ ʨʦʟʤôʷʢʰʝʥʥʷ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ ʜʦʩʣʽʜʞʝʥʦ 

ʥʘ ʧʨʠʢʣʘʜʽ ʾʭ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦ-

ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʾʭ ʜʦ ʩʢʣʘʜʫ ʥʘ-

ʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʩʫʮʽʣʴʥʦʪʷʛʥʫʪʠʭ ʜʨʦʪʽʚ ʤʘ-

ʨʦʢ ʉʚ-ɸʄɻ5 (ɻʆʉʊ 7871-75) ʽ ʉʚ-08ɻ2ʉ (ɻʆʉʊ 

2246-70). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʟ ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʜʣʷ ʚʽʣʴʥʦ ʟʘʩʠʧʘʥʦʛʦ ʫ ʛʨʘ-

ʬʽʪʦʚʠʡ ʢʦʥʪʝʡʥʝʨ ʧʦʨʦʰʢʫ ʟ ʡʦʛʦ ʥʘʩʪʫʧʥʠʤ ʥʘ-

ʛʨʽʚʘʥʥʷʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ 

40 Áʉ/ʭʚ ʜʦ 600 Áʉ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʝʯʽ 

ʉʅʆʃī1,6.2.08/9-ʄ1 ʟ ʦʢʠʩʥʦʶ ʘʪʤʦʩʬʝʨʦʶ. ɽʣʝ-

ʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟʜʽʡʩʥʝʥʦ ʥʘ ʩʪʘ-

ʣʝʚʫ ʧʽʜʢʣʘʜʢʫ ʟʽ ʉʪ3, (ɻʆʉʊ 380ï2005) ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʤʝʪʘʣʽʟʘʪʦʨʘ ɽʄ-14 ʟʘ ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʠʤʠ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ [14] ʨʝʞʠʤʘʤʠ: 

ʩʪʨʫʤʫ ī 80é140 ʤɸ; ʥʘʧʨʫʛʘ ï 25é28 ɺ; ʪʠʩʢ ʧʦ-

ʚʽʪʨʷ ï 0,4é0,6 ʄʇʘ; ʜʠʩʪʘʥʮʽʷ ʥʘʧʠʣʝʥʥʷ ï 

90é100 ʤʤ). ʉʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʘʭ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ, ʜʦ-

ʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʈʉɸ ʽ ʄʈʉɸ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ 

ʟʽʩʪʘʚʣʝʥʦ ʟ ʜʽʘʛʨʘʤʘʤʠ ʩʪʘʥʫ Na2OīCaOīSiO2 ʽ 

PbOīSiO2 [15]. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ŭ = 2 

ʤʤ) ʟ ʧʽʜʢʣʘʜʢʦʶ ʚʠʟʥʘʯʝʥʦ ʰʣʷʭʦʤ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ ʨʦʟʤʽʨʦʤ 

140³100³3,5 ʤʤ, ʜʝ ʚʝʣʠʯʠʥʘ ʘʜʛʝʟʽʾ (ůʚʽʜʨ) ʭʘʨʘʢʪʝ-

ʨʠʟʫʻʪʴʩʷ ʩʠʣʦʶ, ʚʽʜʥʝʩʝʥʦʶ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʢʦ-

ʥʪʘʢʪʫ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʠʚʥʫ ʤʘʰʠʥʫ 

ʀʈ 5057-50; ʰʚʠʜʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 2,5 ʤʤ/ʭʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, 

ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʧʦʨʦʰʢʫ ʩʢʣʘ ʩʠʩʪʝʤʠ 

Na2OīCaOīSiO2. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʩʧʝʢʪʦʛʨʘʤ ʟ ʝʣʝʤʝʥʪʥʠʤ ʩʢʣʘʜʦʤ (ʨʠʩ.1) ʪʘ 

ʛʽʩʪʦʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʟʘ ʨʦʟʤʽʨʦʤ 

ʪʘ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠ (ʨʠʩ.2).
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ʈʠʩ. 2.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʯʘʩʪʠʥʦʢ ʦʜʝʨʞʘʥʦʛʦ ʧʦʨʦʰʢʫ: ʘ ⱷ ʦʧʪʠʯʥʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ, Ĭ 

350; ʙ ⱷ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʦʤ; ʚ ⱷ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠ 

 

ʇʨʦʚʝʜʝʥʠʡ ʄʈʉɸ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʥʘ ʩʧʝʢ-

ʪʨʦʛʨʘʤʽ (ʨʠʩ. 1) ʩʧʝʢʪʨʽʚ Na, Ca, Si, Pb, K ʽ Al (Al  

ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʝʪʘʣʽʟʘʮʽʾ ʩʢʣʘ ʧʨʠ ʧʨʦʙʦʧʽʜʛʦʪʦʚʮʽ); 

ʚʠʭʦʜʷʯʠ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʪʨʽʚ Pb ʜʦʩʣʽʜʥʝ ʩʢʣʦ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʨʠʰʪʘʣʝʚʦʛʦ. ʊʝʨʤʽʯʥʝ ʦʙʨʦʙ-

ʣʝʥʥʷ ʜʦ 600 Áʉ, ʱʦ ʟʘ ʜʘʥʠʤʠ ʨʦʙʽʪ [9, 16] ʚʽʜʧʦʚʽ-

ʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʤôʷʢʰʝʥʥʷ 

ʩʢʣʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʧʣʘʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟ ʧʦʨʫ-

ʰʝʥʥʷʤ ʬʦʨʤʠ (ʨʠʩ. 3, ʘ); ʧʨʦʪʝ ʩʧʝʯʝʥʦʛʦ ʘʛʣʦʤʝ-

ʨʘʪʫ ʥʝ ʦʪʨʠʤʘʥʦ.  
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ʈʠʩ. 3. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ (t = 600 Áʉ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʰʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʦʶ 

ʩʪʘʥʫ: ʘ ī ʦʧʪʠʯʥʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ, Ĭ 500);  

ʙ ī ʬʨʘʛʤʝʥʪ ʜʠʬʨʘʢʪʦʛʨʘʤʠ; ʚ ï ʜʽʘʛʨʘʤʘ ʩʪʘʥʫ ʯʘʩʪʠʥʠ ʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ Na2OīCaOīSiO2 (ʟʘ 

ʄʦʨʝʻʤ) [15] 

 

ʈʝʟʫʣʴʪʘʪʠ ʈʉɸ (ʨʠʩ. 3, ʙ) ʧʦʢʘʟʘʣʠ ʾʭ ʟʘʛʘʣʴʥʫ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽʩʪʴ ʟ ʥʘʷʚʥʽʩʪʶ ʚʤʽʩʪʫ ʢʨʠʩʪʘʣʽʯ-

ʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Na2OĀ2SiO2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʛʨʘʤʽ 

ʩʪʘʥʫ Na2OīCaOīSiO2 [15] (ʨʠʩ. 3, ʚ). ɺʨʘʭʦʚʫʶʯʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʚʘ-

ʨʽʥʥʽ ʢʨʠʰʪʘʣʝʚʦʛʦ ʩʢʣʘ [9, 16] ʪʘ ʦʜʝʨʞʘʥʥʽ ʟ 

ʥʴʦʛʦ ʚʠʨʦʙʽʚ, ʟʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʈʉɸ ʽ ʄʈʉɸ 

ʟ ʜʽʘʛʨʘʤʘʤʠ ʩʪʘʥʫ ʩʠʣʽʢʘʪʥʠʭ ʩʠʩʪʝʤ [15] ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʦʜʝʨʞʘ-

ʥʠʭ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, 

ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʧʦʨʦʰʢʫ ʩʢʣʘ ʩʠʩʪʝʤʠ 

K2OⱷPbOⱷSiO2. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʟʦʨʠʡ ʣʠʩʪ ʨʝʥʪʛʝ-

ʥʦʟʘʭʠʩʥʦʛʦ ʩʢʣʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ, ʷʢʠʡ ʧʽʩʣʷ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʦ ʚʠ-

ʧʘʜʢʦʚʦʛʦ ʟʨʫʡʥʦʚʘʥʦ; ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʡʦʛʦ ʨʦʟʤôʷʢʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 430é550 Áʉ. ʗʢ ʚʽ-

ʜʦʤʦ ʟ ʨʦʙʽʪ [6, 16] ʚʘʨʢʘ ʨʝʥʪʛʝʥʦʟʘʭʠʩʥʦʛʦ ʦʧʪʠ-

ʯʥʦʛʦ ʩʢʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʢʣʦʚʘʨʥʠʭ ʧʝʯʘʭ ʧʨʠ ʪʝ-

ʤʧʝʨʘʪʫʨʽ 1500 Áʉ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʦʨ-

ʱʠʢʘʭ; ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʩʪʘʥʫ ʩʢʣʦʤʘʩʫ 

ʧʦʩʪʽʡʥʦ ʧʝʨʝʤʽʰʫʶʪʴ ʪʘ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʜʦʜʘʶʪʴ 

ʜʦ 40 % ʩʢʣʦʙʦʶ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʡ ʩʢʣʦ, 

ʪʘ ʧʨʦʩʚʽʪʣʶʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʩʽʨʯʘʥʦ-

ʢʠʩʣʠʡ ʥʘʪʨʽʡ). ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʽʜ 

ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʦʪʽʚʢʘ ʟʘʟʥʘʻ ʚʽʜʧʘʣʶʚʘʥʥʷ ʫ 

ʝʣʝʢʪʨʦʧʝʯʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 500 Áʉ ʟ ʧʦʚʽʣʴʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ (ʥʘʚʽʪʴ ʧʨʦʪʷʛʦʤ 6é8 ʜʥʽʚ). ɿʘʢʣʶ-

ʯʥʦʶ ʦʙʨʦʙʢʦʶ ʻ ʧʦʣʽʨʫʚʘʥʥʷ ʟ ʥʘʥʝʩʝʥʥʷʤ ʪʦʥʢʠʭ 

ʧʨʦʟʦʨʠʭ ʧʣʽʚʦʢ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ, ʟʦʢ-

ʨʝʤʘ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʦʪʝ ʧʽʜ ʯʘʩ ʪʨʠʚʘ-

ʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʢʣʘ ʤʦʞʝ ʟʤʽʥʶʚʘ-

ʪʠʩʷ. ʊʘʢ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʄʈʉɸ (ʨʠʩ. 4) ʫ ʩʢʣʘʜʽ 

ʩʢʣʘ ʚʠʷʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ ʩʧʝʢʪʨʠ Na, Si, Pb, ʘ ʡ ʽʥ-

ʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʯʝʨʝʟ ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ 

ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦʜʘʪʢʦʚʫ ʦʙʨʦʙʢʫ 

ʫʚʽʡʰʣʠ ʜʦ ʩʢʣʘʜʫ ʩʢʣʘ.  

 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʄʈʉɸ ʟʨʘʟʢʽʚ ʨʝʥʪʛʝʥʦʟʘʭʠʩʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ 
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ʅʘʷʚʥʽʩʪʴ ʩʧʝʢʪʨʽʚ Ca, Ti, Fe, ʉr, S ʧʦʚôʷʟʘʥʦ ʟ 

ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʧʝʢʪʨʽʚ Cd ï ʦʙʫʤʦʚ-

ʣʝʥʦ ʪʨʠʚʘʣʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʚ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʭ 

ʚʫʟʣʘʭ, ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦ-

ʤʽʥʝʥʥʷ; ʩʧʝʢʪʨʽʚ W ï ʥʘʩʣʽʜʦʢ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦ-

ʣʽʨʫʚʘʥʥʷ, Al  ï ʤʝʪʘʣʽʟʘʮʽʾ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʢʦʥʪʘ-

ʢʪʫ ʟ ʤʽʢʨʦʟʦʥʜʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʥʝ ʩʢʣʦ ʻ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʪʥʦʶ ʩʠʩʪʝʤʦʶ, ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʷʢʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʥʫʣʠ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩ-

ʪʠʥʦʢ (ʨʠʩ. 5) ʧʦʢʘʟʘʣʠ, ʱʦ ʦʜʝʨʞʘʥʠʡ ʩʫʭʠʤ ʨʦʟ-

ʤʝʣʦʤ ʧʦʨʦʰʦʢ ʤʘʻ ʛʫʙʯʘʩʪʫ ʬʦʨʤʫ, ʩʝʨʝʜʥʽʡ ʨʦʟ-

ʤʽʨ ʬʨʘʢʮʽʾ ʩʪʘʥʦʚʠʪʴ 50 ʤʢʤ ʪʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ t 

= 550 ÁC ʟʙʝʨʽʛʘʶʪʴ ʘʤʦʨʬʥʠʡ ʩʪʘʥ. 

 
ʘ 

 

 

 
ʙ ʚ 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʯʘʩʪʠʥʦʢ ʦʜʝʨʞʘʥʦʛʦ ʧʦʨʦʰʢʫ: ʘ ⱷ ʦʧʪʠʯʥʘ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ, Ĭ 350; ʙ ⱷ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʦʤ; ʚ ⱷ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠ 

 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 6, ʘ) ʪʝʨʤʽ-

ʯʥʦ ʦʙʨʦʙʣʝʥʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 600 Áʉ ʧʦʨʦʰʢʽʚ, 

ʧʦʢʘʟʘʣʠ ʧʦʚʝʨʭʥʝʚʝ ʦʧʣʘʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʙʝʟ ʧʦ-

ʨʫʰʝʥʥʷ ʾʭ ʬʦʨʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʄʈʉɸ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʫ ʦʢʠʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʘʪʤʦʩʬʝʨʠ ʚʦʜʥʶ [6] ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʦʰʢʫ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɿʘ ʘʥʘʣʽʟʦʤ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ (6, ʙ) ʫ 

ʦʙʣʘʩʪʽ ʧʝʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ PbO ʽ SiO2 ʜʦʩʣʽʜʥʝ 

ʩʢʣʦ ʤʘʻ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ.  

 

 
ʘ ʙ 

ʈʠʩ. 6. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ (t = 600 Áʉ) ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʽ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʰʢʫ ʩʢʣʘ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ:  

ʘ ï ʦʧʪʠʯʥʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (Ĭ500); ʙ ī ʜʽʘʛʨʘʤʘ ʩʪʘʥʫ PbOīSiO2 [15]  
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ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʨʶʶʪʴ ʥʘʫʢʦʚʽ ʫʷ-

ʚʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʽ ʩʪʨʫʢʪʫʨʫ ʦʜʝʨʞʘʥʠʭ ʧʦʨʦʰʢʽʚ 

ʩʪʝʢʦʣ ʽ ʜʘʣʽ ʙʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʧʦʷʩʥʝʥʥʽ ʬʽ-

ʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪ-

ʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʈʦʟʤôʷʢʰʝʥʥʷ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ ʧʽʜ ʜʽʻʶ ʝʣʝʢ-

ʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ. ʇʨʦʮʝʩ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʧʨʦʪʽʢʘʻ ʫ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ 

ʩʢʣʷʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʟʦʥʫ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ, ʜʝ ʚʦʥʠ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʟ 

ʢʨʘʧʣʷʤʠ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟ-

ʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʦʙôʻʤʫ ʧʦʢʨʠʪʪʷ. ɿʘ ʜʫʤʢʦʶ ʘʚʪʦʨʘ 

ʨʦʙʦʪʠ [14], ʩʢʣʷʥʽ ʯʘʩʪʠʥʢʠ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʢʦʤʧʦ-

ʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʨʫʤʝʥʽ 

0,6é2,0 ʤʩ, ʪʦʤʫ ʥʝ ʟʘʟʥʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘ-

ʥʪʘʞʝʥʴ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫ-

ʨʦʫʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʝʣʝʢʪ-

ʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʟ ʯʽʪʢʠʤʠ ʟʦʙʨʘ-

ʞʝʥʥʷʤʠ ʩʢʣʷʥʠʭ ʯʘʩʪʠʥʦʢ, ʘʥʘʣʽʟ ʩʧʝʢʪʨʦʛʨʘʤ, 

ʟʥʷʪʠʭ ʟʽ ʟʚʦʨʦʪʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʽʨʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʤʽʮʥʦʩʪʽ ʟʯʝʧ-

ʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʧʽʜʢʣʘʜʢʦʶ; ʟʽʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʾ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦ-

ʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

ʇʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʩʢʣʷʥʽ ʯʘʩʪʠ-

ʥʢʠ ʟʘʟʥʘʶʪʴ ʯʘʩʪʢʦʚʦʛʦ ʦʧʣʘʚʣʝʥʥʷ ʯʝʨʝʟ ʪʝʨʤʽ-

ʯʥʫ ʜʽʶ ʧʽʜ ʯʘʩ ʦʙʚʦʣʽʢʘʥʥʷ ʨʽʜʢʠʤ ʨʦʟʧʣʘʚʣʝʥʠʤ 

ʤʝʪʘʣʦʤ, ʟʘʣʠʰʘʶʯʠʩʴ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʤʠ. ʇʨʦʪʝ 

ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʤʝʪʘʣ ʩʢʣʦ ʥʦʚʽ ʬʘʟʠ ʥʝ ʫʪʚʦ-

ʨʶʶʪʴʩʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʨʦʰʦʢ ʦʜʝʨ-

ʞʘʥʦ ʟʜʨʽʙʥʝʥʥʷʤ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ ʫ ʧʨʦʮʝʩʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʡʰʣʠ ʩʪʘʜʽʾ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʽ ʪʝʨʤʽ-

ʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʚʠʢʣʶʯʘʻ ʾʭ ʩʪʨʫʢʪʫʨʥʫ ʥʝʦʜʥʦ-

ʨʽʜʥʽʩʪʴ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪ-

ʪʽʚ ʥʘ ʦʩʥʦʚʽ ʉʚ-ɸʄʛ5 ʩʫʮʽʣʴʥʽ ʩʢʣʷʥʽ ʯʘʩʪʠʥʢʠ 

ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ Al  

ʟʘʟʥʘʶʪʴ ʤʝʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʦʧʣʘʚʣʝʥʥʷ (ʨʠʩ. 7) ʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦ-

ʢʨʠʪʪʷʤʠ ʥʘ ʦʩʥʦʚʽ ʉʚ-08ɻ2ʉ ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʫ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ: ůʚʽʜʨ = 15é21 ʄʇʘ (ʪʘʙʣ. 1). 

ʋʱʽʣʴʥʝʥʥʶ ʧʦʢʨʠʪʪʷ ʽ ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʩʢʣʦ-

ʬʘʟʠ: ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʯʘʩʪʠʥʢʠ ʧʦʚʝʨʭʥʝʚʦ ʦʧʣʘʚʣʷ-

ʶʪʴʩʷ, ʚʽʣʴʥʠʡ Si ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ ʧʝʨʝʭʦʜʠʪʴ ʜʦ 

ʩʪʘʣʝʚʦʾ ʧʽʜʢʣʘʜʢʠ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʤʝʥʰʝʥʥʷ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʟʚʦʨʦʪʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ, 

ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8 ʜʣʷ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʉʚ-

08ɻ2ʉ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʽʚ ʩʢʣʘ ʩʠ-

ʩʪʝʤʠ Na2O CaO SiO2 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʽʚ Fe 

ʟʤʝʥʰʫʻʪʴʩʷ (Fe å 90,56 %), ʧʨʦʪʝ ʥʘ ʨʠʩ. 8, ʘ ʤʦ-

ʞʥʘ ʧʦʙʘʯʠʪʠ ʩʧʝʢʪʨʠ Mn, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʧʝ-

ʢʪʨʠ Fe, ʡʦʛʦ ʚʤʽʩʪ (Mn å 2,48 %) ʜʝʱʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʉʚ-08ɻ2ʉ (ɻʆʉʊ 2246-70), ʱʦ ʦʙʫ-

ʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʧʽʜʢʣʘʜʢʦʶ ʉʪ3 (ɻʆʉʊ 380-

94, ɻʆʉʊ 5521-93). ʎʝ ʧʦʷʩʥʶʻ ʧʽʜʚʠʱʝʥʫ ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ůʚʽʜʨ ʩʘʤʝ ʮʠʭ ʧʦʢʨʠʪʪʽʚ (ʪʘʙʣ. 1) ʫ ʧʦʨʽ-

ʚʥʷʥʥʽ ʟ ʧʦʢʨʠʪʪʷʤʠ ʟ ʽʥʰʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ.  

  
ʘ ʙ 

ʈʠʩ. 7.  

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʟʥʽʤʦʢ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʉʚ-ɸʄʛ5, ʥʘʧʦʚʥʝʥʦʛʦ ʧʦʨʦʰʢʦʤ ʩʢʣʘ:  

ʘ ï Na2O CaO SiO2; ʙ ï K2ʆPbO SiO2 

ʊʘʙʣʠʮʷ 1 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʽ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʉʚ08ɻ2ʉ ʟ ʧʽʜʢʣʘʜʢʦʶ ʉʪ3 

ʉʢʣʷʥʠʡ ʥʘʧʦʚʥʶʚʘʯ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʢʨʠʪʪʷʭ, ʤʘʩ. % ůʚʽʜʨ, 

ʄʇʘ Fe Mn Si Al  O 

ʉʢʣʦ ʩʠʩʪʝʤʠ Na2O CaO SiO2 90,56 2,48 0,91 0,59 5,46 27,0 

ʉʢʣʦ ʩʠʩʪʝʤʠ K2ʆPbO SiO2 94,36 2,37 1,91 1,36 ī 15,1 
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ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʠ ʄʈʉɸ ʟʚʦʨʦʪʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʉʚ-08ɻ2ʉ, ʥʘʧʦʚʥʝʥʦʛʦ ʧʦʨʦʰʢʦʤ 

ʩʢʣʘ: ʘ ⱷ Na2OⱷCaOⱷSiO2; ʙ ⱷ K2ʆⱷPbOⱷSiO2 

 

ʅʘ ʩʧʝʢʪʨʦʛʨʘʤʽ (ʨʠʩ. 8 ʙ), ʟʥʷʪʽʡ ʟʽ ʟʚʦʨʦʪʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ, ʥʘʧʦʚʥʝʥʦʛʦ ʩʢʣʦʤ ʩʠʩʪʝʤʠ 

K2ʆPbO SiO2, ʢʨʽʤ ʩʧʝʢʪʨʽʚ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʫʟʛʦ-

ʜʞʫʻʪʴʩʷ ʟ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ AlīFeīSi [17], ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʩʧʝʢʪʨʠ Pb, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʦʩʪʘʪʥʶ 

ʢʽʣʴʢʽʩʪʴ ʽ ʩʪʘʥ ʩʢʣʷʥʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʧʦʚʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʦʢʩʠʜʫ Pb3O4 ʫ SiO2. ɿʛʽʜʥʦ ʟ 

ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ PbOīSiO2 (ʨʠʩ. 6 ʙ) ʩʢʣʷʥʽ ʯʘʩʪʠ-

ʥʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 720 Áʉ, 

ʥʘʙʫʚʘʶʪʴ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʪʘʥʫ. ʇʨʦ ʾʭ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ (ʥʘ ʨʽʚʥʽ 30Ñ7 % ʦʙôʻʤʥ.) ʫ ʩʢʣʘʜʽ 

ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʩʚʽʜʯʠʪʴ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ Pb ʟ ʥʝʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʧʝʢʪʨʽʚ ʽ 

ʥʘʷʚʥʽʩʪʴ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʦʜʥʽʻʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʬʘʟʠ ï Ŭ-Fe(110). 

ʂʦʛʝʟʽʡʥʫ (ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ) ʪʘ ʘʜʛʝ-

ʟʽʡʥʫ (ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ) ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪ-

ʪʽʚ ʧʨʠʙʣʠʟʥʦ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘ-

ʥʦʶ ʫ ʨʦʙʦʪʘʭ [18] ʯʝʨʝʟ ʬʦʨʤʫʣʽ (1) ʽ (4), ʜʣʷ ʯʦʛʦ 

ʧʣʘʩʪʠʥʢʠ ʉʪ 3 ʨʦʟʤʽʨʦʤ 140Ĭ100Ĭ3,5 ʤʤ ʟ ʥʘʥʝʩʝ-

ʥʠʤ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʝʪʘʣ-ʩʢʣʷʥʠʤ ʧʦʢʨʠʪʪʷʤ (ŭ = 2 

ʤʤ) ʟʘʟʥʘʚʘʣʠ ʨʦʟʨʠʚʫ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ 

ʀʈ 5057-50 ʟʽ ʰʚʠʜʢʽʩʪʶ 2,5 ʤʤ/ʭʚ 
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ʜʝ ʦe  ī ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ (ʪʦʙʪʦ 

ʩʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ); h ï ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ; H ï ʪʦʚ-




