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ʊʦ, ʯʪʦ ʩʝʛʦʜʥʷ - ʥʘʫʢʘ, ʟʘʚʪʨʘ - ʪʝʭʥʠʢʘ. 

ʕʜʚʘʨʜ ʊʝʣʣʝʨ 

ɺʩʪʫʧʣʝʥʠʝ 

ʂʦʤʫ ʜʘʥʦ ʧʨʘʚʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʢʘʢ ʨʘʜʠʢʘʣʴʥʦ ʥʦʚʫʶ, ʠʣʠ ʛʦʚʦʨʷ 

ʷʟʳʢʦʤ ʞʫʨʥʘʣʠʩʪʦʚ ð ʨʝʚʦʣʶʮʠʦʥʥʫʶ? ʕʪʦʪ ʚʦʧʨʦʩ ʚʦʣʥʦʚʘʣ ʤʥʦʛʠʭ ʫʯʝʥʳʭ ʤʠʨʘ. ʅʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʩʘʤʳʡ ʧʦʣʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʜʘʣ ʠʩʪʦʨʠʢ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʨʘʟʚʠʪʠʷ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʰʢʦʣʳ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ɺʝʩʪʤʠʥʩʪʝʨʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ, ʧʨʦʬʝʩʩʦʨ ɹʨʘʷʥ ɺʠʥʩʪʦʥ (B.Winston) ʚ ʩʚʦʝʡ ʢʥʠʛʝ "Media Technology and 

Society. A History: from the Telegraph to the Internet": "éʪʝʨʤʠʥ "ʨʝʚʦʣʶʮʠʷ" ʚ̫ʣʷʝʪʩʷ 

ʨʠʪʦʨʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʠ ʝʛʦ ʚʦʦʙʱʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʝʨʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʚ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʪʝʤʧ ʠʟʤʝʥʝʥʠʡ, ʯʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦʩʪʴ ʚ ʧʦʷʚʣʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʝ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʜʝʣʴʶ ʜʣʷ ʚʩʝʭ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ". ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʦʡ "ʨʝʚʦʣʶʮʠʠ" ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ. 



 
ʂʦʥʩʪʨʫʢʮʠʠ ʧʝʨʚʳʭ ʪʦʯʝʯʥʳʭ ʜʠʦʜʦʚ (ʄʫʟʝʡ ʆʆʆ "ɽʇʆʉ") 

ʈʘʟʨʘʙʦʪʢʠ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʯʘʱʝ ʚʩʝʛʦ 

ʦʪʥʦʩʷʪ ʢ "ʢʦʤʧʴʶʪʝʨʥʳʤ ʥʘʫʢʘʤ", ʥʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ, ʯʪʦ ʞʝ ʪʘʢʦʝ "ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʥʘʫʢʠ" ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ: ʦʜʥʠ ʩʯʠʪʘʶʪ ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʥʘʫʢʘʤʠ, ʜʨʫʛʠʝ ð 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʪʨʝʪʴʠ ð ʥʦʚʦʡ 

ʢʠʙʝʨʥʝʪʠʢʦʡ. ʆʜʥʘʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʫʢʝ, ʟʥʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʟʘʥʠʤʘʝʪ ʪʘʢʦʝ ʞʝ 

ʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʟʥʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʬʠʟʠʢʝ. ɿʘʯʘʩʪʫʶ ʢ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʥʘʫʢʘʤ ʦʪʥʦʩʷʪ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʨʝʜʩʪʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ, ʩʨʝʜʩʪʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʦ ʧʦ ʩʫʪʠ ʜʝʣʘ, ʚʩʝ ʵʪʦ ʚʦʟʥʠʢʣʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟ ʵʣʝʢʪʨʦʥʠʢʠ. ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʫʷ ʠʩʪʦʨʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ 

ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʠʩʪʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʪʦʛʦ, ʯʪʦ ʩʝʡʯʘʩ ʥʘʟʳʚʘʶʪ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʚʦʣʶʮʠʝʡ. 

ʇʝʨʚʳʝ ʦʧʳʪʳ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʢʘʢ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʚ 

ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʘ ʪʝʨʤʠʥ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʫʙʣʠʢʘʮʠʠ ʥʝʤʝʮʢʦʛʦ ʬʠʟʠʢʘ ʂʝʥʠʩʙʝʨʛʘ ʚ 1914 ʛʦʜʫ. 

ʇʝʨʚʳʝ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʄʘʡʢʣʦʤ ʌʘʨʘʜʝʝʤ ʚ 1833 

ʛʦʜʫ. ʇʨʦʜʦʣʞʘʷ ʨʘʙʦʪʳ ʩʚʦʝʛʦ ʫʯʠʪʝʣʷ ʍʵʤʧʬʨʠ ɼʵʚʠ, ʌʘʨʘʜʝʝʤ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʝʨʥʠʩʪʦʛʦ ʩʝʨʝʙʨʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʦʥʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʝʪ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ 



ʌʘʨʘʜʝʡ ʥʘʙʣʶʜʘʣ ʪʘʢʠʝ ʞʝ ʵʬʬʝʢʪʳ ʝʱʝ ʚ ʨʷʜʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʝʤ ʩʦʙʩʪʚʝʥʥʦ ʠ 

ʦʪʢʨʳʣ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʝ ð ʬʠʟʠʢʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʣʠ 

ʢʘʢ ʥʘʟʳʚʘʣʠ ʝʝ ʚ ʪʦ ʚʨʝʤʷ ð ʢʨʠʩʪʘʣʣʦʬʠʟʠʢʫ. ʅʦ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʥʘʫʢʠ, ʬʠʟʠʢʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʪʜʝʣʠʣʘʩʴ ʦʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʪʦʣʴʢʦ ʚ 30-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ɺ ʪʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʠʤʝʣʠ ʥʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʵʪʦʤʫ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʠ ʦʩʪʘʚʘʣʦʩʴ ʚ ʪʝʥʠ 

ʠʟʫʯʝʥʠʷ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ. ʊʘʢ ʧʨʦʜʦʣʞʘʣʦʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ 1873 ʛʦʜʫ ʥʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʝʣʝʥʘ (Se), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʠʟʦʣʷʮʠʠ ʪʝʣʝʛʨʘʬʥʦʛʦ ʢʘʙʝʣʷ, ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʨʦʠʟʦʰʣʦ 

ʯʠʩʪʦ ʩʣʫʯʘʡʥʦ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʢʣʘʜʢʝ ʪʝʣʝʛʨʘʬʥʦʛʦ ʢʘʙʝʣʷ ʤʝʞʜʫ 

ɸʥʛʣʠʝʡ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʦʡ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʨʘʙʦʪʳ ʚ ʥʦʚʦʡ ʦʪʨʘʩʣʠ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʪʝʣʝʛʨʘʬ) ʧʨʠʚʝʣʠ ʢ ʥʘʯʘʣʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ 

ɼʦ ʩʝʨʝʜʠʥʳ XIX ʚʝʢʘ ʦʩʥʦʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʠʜʦʤ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʠʥʝʥʪʘʤʠ ʙʳʣʘ 

ʧʘʨʦʭʦʜʥʘʷ ʧʦʯʪʘ. ʆ ʩʦʙʳʪʠʷʭ ʠ ʥʦʚʦʩʪʷʭ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ ʣʶʜʠ ʫʟʥʘʚʘʣʠ ʩ ʦʧʦʟʜʘʥʠʝʤ ʥʘ 

ʮʝʣʳʝ ʥʝʜʝʣʠ, ʘ ʠʥʦʛʜʘ ʠ ʤʝʩʷʮʳ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʷʚʠʣʦʩʴ 

"ʨʝʚʦʣʶʮʠʝʡ" ʚ ʢʦʤʤʫʥʠʢʘʮʠʠ ʣʶʜʝʡ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʵʪʘ ʪʝʭʥʠʯʝʩʢʘʷ ʥʦʚʠʥʢʘ ʧʦʷʚʠʣʘʩʴ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ, ʘ ʟʝʤʥʦʡ ʰʘʨ ʦʧʦʷʩʘʣʠ ʪʝʣʝʛʨʘʬʥʳʝ ʣʠʥʠʠ, ʥʝʦʙʭʦʜʠʤʳ ʙʳʣʠ 

ʪʦʣʴʢʦ ʯʘʩʳ ʠʣʠ ʤʠʥʫʪʳ, ʯʪʦʙʳ ʚʘʞʥʝʡʰʠʝ ʥʦʚʦʩʪʠ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳʤʠ ʥʘ ʚʩʝʭ 

ʢʦʥʪʠʥʝʥʪʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʷʚʠʣʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʠʟʦʙʨʝʪʝʥʠʡ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʧʦʜʪʦʣʢʥʫʣ ʫʯʝʥʳʭ ʢ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʩʨʝʜʩʪʚ 

ʩʚʷʟʠ. 

ɼʣʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʧʝʨʝʤʝʱʘʣʩʷ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ ʠ ʧʝʨʝʥʦʩʠʣ ʩʦʦʙʱʝʥʠʷ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʂʘʞʜʦʝ ʥʦʚʦʝ ʦʪʢʨʳʪʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʞʝ 

ʥʘʭʦʜʠʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʩʚʷʟʠ. 

ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʨʦʞʜʘʣʘʩʴ ʩ ʙʦʣʴʰʠʤʠ ʤʫʯʝʥʠʷʤʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʝʝ 

ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʥʘ ʪʦ ʚʨʝʤʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʦʚʠʥʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ "ʩʫʭʠʝ" ʙʘʪʘʨʝʠ. ʅʝʜʘʚʥʦ ʠʟʦʙʨʝʪʝʥʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʨʝʣʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʠʪʝʣʝʡ-ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ, ʘ ʜʣʷ ʥʠʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʠʩʢʠ ʠʟʦʣʷʮʠʠ. ɺʳʙʠʨʘʣʠʩʴ ʩʧʦʩʦʙʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʪʝʣʝʛʨʘʬʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʟʜʘʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʠʭ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʦʪʢʨʳʪʠʡ ʚ ʪʝʣʝʛʨʘʬʠʠ ʙʳʣʦ ʪʦ, ʯʪʦ ʩʦʦʙʱʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ 

ʧʝʨʝʜʘʚʘʪʴ ʧʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʝʩʣʠ ʟʘʟʝʤʣʠʪʴ ʝʛʦ ʜʨʫʛʦʡ ʢʦʥʝʮ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʩʪʘʣʠ ʥʘ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʪʨʘʢʪʘ ʧʝʨʝʜʘʯʠ ʟʘʟʝʤʣʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʶʩ ʙʘʪʘʨʝʠ, ʘ 

ʥʘ ʜʨʫʛʦʡ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʧʨʠ ʵʪʦʤ ʦʪʧʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʷʥʫʪʴ ʚʪʦʨʦʡ ʧʨʦʚʦʜ, ʢʘʢ ʵʪʦ 

ʜʝʣʘʣʠ ʚ ʥʘʯʘʣʝ. "ɿʝʤʣʷ" ʧʨʠ ʵʪʦʤ ʷʚʣʷʣʘʩʴ ʧʨʦʚʦʜʥʠʢʦʤ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ. 

ʉʘʤʫʶ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʩʳʛʨʘʣ ʉʵʤʶʵʣ ʄʦʨʟʝ. ʆʥ 

ʧʦʪʨʘʪʠʣ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʞʠʟʥʠ ʥʘ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ 

ʧʨʦʬʝʩʩʠʠ ʦʥ ʙʳʣ ʭʫʜʦʞʥʠʢ ʠ ʦʯʝʥʴ ʩʣʘʙʦ ʨʘʟʙʠʨʘʣʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʘʭ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʝʛʦ ʥʘʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʥʫʞʥʳʭ ʣʶʜʝʡ, ʧʦʟʚʦʣʠʣʠ 

ʩʦʟʜʘʪʴ ʛʝʥʠʘʣʴʥʦ ʧʨʦʩʪʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʧʨʦʚʦʜʘʤ ʥʘ ʙʦʣʴʰʠʝ 



ʨʘʩʩʪʦʷʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʉʵʤʶʵʣʶ ʄʦʨʟʝ ʧʨʠʭʦʜʠʣʦʩʴ ʜʝʣʘʪʴ ʩʘʤʦʤʫ. ɺʦ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʭʝʤʳ ʩʚʦʝʛʦ ʪʝʣʝʛʨʘʬʘ ʦʥ ʥʘʜʝʣʘʣ ʤʥʦʛʦ ʦʰʠʙʦʢ, ʥʘʭʦʜʷ ʠ ʠʩʧʨʘʚʣʷʷ 

ʢʦʪʦʨʳʝ, ʨʘʟʚʠʚʘʣ ʧʨʘʢʪʠʢʫ ʵʣʝʢʪʨʦʩʚʷʟʠ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʦʧʳʪʘʤ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʘ ʥʘʜʝʞʥʘʷ ʠʟʦʣʷʮʠʷ ʦʛʦʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ; ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʣʘʙʳʭ 

ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʣʠʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʣʝ; ʮʝʧʴ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʤʥʦʛʠʭ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʧʨʦʩʪʳʭ 

ʩʝʛʤʝʥʪʦʚ ʪʝʣʝʛʨʘʬʥʦʛʦ ʪʨʘʢʪʘ. 

ʇʝʨʚʫʶ ʪʝʣʝʛʨʘʬʥʫʶ ʣʠʥʠʶ ʜʣʠʥʦʡ 64 ʢʤ ʧʨʦʢʣʘʜʳʚʘʣʠ ʤʝʞʜʫ ɺʘʰʠʥʛʪʦʥʦʤ ʠ 

ɹʘʣʪʠʤʦʨʦʤ. ɽʝ ʨʝʰʠʣʠ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʦʜ ʟʝʤʣʝʡ, ʥʦ ʚʩʢʦʨʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʠʟʦʣʷʮʠʷ ʥʝ 

ʚʳʜʝʨʞʘʣʘ ʩʳʨʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ ʣʠʥʠʠ. 

ɺʨʝʤʝʥʠ ʥʘ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʦ ʩ ʠʟʦʣʷʮʠʝʡ ʥʝ ʙʳʣʦ ʠ ʧʨʦʚʦʜʘ ʩʪʘʣʠ ʧʦʜʚʝʰʠʚʘʪʴ ʥʘʜ 

ʟʝʤʣʝʡ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʣʝʛʨʘʬʥʳʭ ʩʪʦʣʙʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʪʝʣʝʛʨʘʬʥʦʛʦ ʘʧʧʘʨʘʪʘ ʄʦʨʟʝ ʙʳʣʘ ʧʨʦʩʪʘ ʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʘ. 

ʇʦʵʪʦʤʫ ʵʪʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʧʦʣʫʯʠʣ ʰʠʨʦʯʘʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ, ʘ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʦʨʟʝ ʩʠʩʪʝʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ 

ʩʝʛʦʜʥʷ ʚ ʣʶʙʠʪʝʣʴʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

 
ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʉ. ʄʦʨʟʝ 

ɺ ʧʝʨʚʳʭ ʩʚʦʠʭ ʦʧʳʪʘʭ ʄʦʨʟʝ ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʩʚʦʝʡ ʮʝʣʠ ʪʦʣʴʢʦ ʦʜʥʫ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʙʘʪʘʨʝʶ, ʧʦʵʪʦʤʫ ʧʝʨʝʜʘʪʴ ʩʠʛʥʘʣ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʥ ʤʦʛ ʪʦʣʴʢʦ ʥʘ 

ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʏʝʤ ʜʣʠʥʥʝʝ ʙʳʣ ʧʨʦʚʦʜ, ʪʝʤ ʙʦʣʴʰʝ ʙʳʣʦ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʊʦʥʢʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜ ʣʝʛʢʦ ʨʘʟʨʳʚʘʣʩʷ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʝʣʝʛʨʘʬʥʳʝ 

ʧʨʦʚʦʜʘ ʩʪʘʣʠ ʜʝʣʘʪʴ ʠʣʠ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ ʠʣʠ ʞʝ ʚ ʚʠʜʝ ʤʥʦʛʦʞʠʣʴʥʦʛʦ ʧʣʝʪʝʥʦʛʦ 

ʢʘʙʝʣʷ. 

ʀʟʦʣʷʮʠʷ ʧʨʦʚʦʜʦʚ ʜʦʩʪʘʚʣʷʣʘ ʪʘʢʞʝ ʤʥʦʛʦ ʥʝʧʨʠʷʪʥʦʩʪʝʡ. ʅʝʦʙʭʦʜʠʤ ʙʳʣ ʢʘʙʝʣʴ 

ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ, ʯʪʦʙʳ ʧʨʦʢʣʘʜʳʚʘʪʴ ʝʛʦ ʧʦʜ 

ʚʦʜʦʡ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ. 



ʇʦʧʳʪʢʠ ʩʦʝʜʠʥʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ɽʚʨʦʧʫ ʠ ɸʥʛʣʠʶ ʥʘʯʘʣʠʩʴ 

ʝʱʝ ʚ 1840 ʛʦʜʫ, ʢʦʛʜʘ ʘʥʛʣʠʡʩʢʠʡ ʧʨʦʬʝʩʩʦʨ ʋʠʪʩʪʦʥ ʧʨʝʜʩʪʘʚʠʣ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʘʨʣʘʤʝʥʪʘ ʧʨʦʝʢʪ ʧʨʦʢʣʘʜʢʠ ʧʦʜʚʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ɼʫʚʨʘ ʢ 

ʬʨʘʥʮʫʟʩʢʦʤʫ ʙʝʨʝʛʫ, ʥʦ ʥʝ ʧʦʣʫʯʠʣ ʩʦʛʣʘʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʜʝʥʝʛ. ʀʜʝʶ ʧʨʦʢʣʘʜʢʠ 

ʧʦʜ ʚʦʜʦʡ ʪʝʣʝʛʨʘʬʥʳʭ ʢʘʙʝʣʝʡ, ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʧʝʨʝʭʚʘʪʠʣ ʉʝʤʶʵʣʴ ʄʦʨʟʝ, ʢʦʪʦʨʳʡ ʢ 

ʪʦʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʩʚʷʟʘʣ ʪʝʣʝʛʨʘʬʥʳʤ ʢʘʙʝʣʝʤ ʙʝʨʝʛʘ ʙʫʭʪʳ ʅʴʶ-ʁʦʨʢʘ ʠ ʦʙʝʩʧʝʯʠʣ 

ʧʝʨʝʜʘʯʫ ʧʦ ʥʝʤʫ ʩʦʦʙʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʛʦ ʢʦʜʘð 

ʢʦʜʘ ʄʦʨʟʝ. ɺ ʢʦʜʝ ʄʦʨʟʝ ʙʫʢʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʷʤʠ ʢʦʨʦʪʢʠʭ ʠ ʜʣʠʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ð "ʪʦʯʝʢ" ʠ "ʪʠʨʝ". ʊʦʛʜʘ ʞʝ ʦʥ ʧʨʝʜʩʢʘʟʘʣ, ʯʪʦ ʩʢʦʨʦ ʪʝʣʝʛʨʘʬ ʩʚʷʞʝʪ ʉʪʘʨʳʡ 

ʉʚʝʪ ʩ ʅʦʚʳʤ. ʏʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʧʨʦʠʟʦʰʣʦ ʯʝʨʝʟ ʜʝʩʷʪʠʣʝʪʠʝ. ʇʨʘʚʜʘ, ʪʝʣʝʛʨʘʬʥʘʷ ʩʚʷʟʴ 

ʧʨʦʨʘʙʦʪʘʣʘ ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʤʝʩʷʮ, ʧʦʩʣʝ ʯʝʛʦ ʪʝʣʝʛʨʘʬ ʟʘʤʦʣʢ ʥʘʚʩʝʛʜʘ. ʆʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʙʳʩʪʨʦʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʪʝʣʝʛʨʘʬʥʦʡ ʣʠʥʠʠ ʙʳʣʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʭ ʠʟʦʣʷʮʠʠ 

ʩʣʫʞʠʣʠ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ: ʢʘʫʯʫʢ ʠ ʛʫʪʪʘʧʝʨʯʘ, ʘ ʩʥʘʨʫʞʠ ʢʘʙʝʣʴ ʦʙʚʠʚʘʣʩʷ ʙʨʦʥʝʡ 

ʠʟ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ. ɼʣʷ ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʦʚ ʙʨʦʥʶ ʥʘ ʢʘʙʝʣʝ ʠʟʛʦʪʦʚʣʷʣʠ ʚ ʜʚʘ, ʘ 

ʪʦ ʠ ʚ ʪʨʠ ʩʣʦʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʳʙʘʮʢʠʭ ʩʥʘʩʪʝʡ ʠ ʷʢʦʨʝʡ ʢʦʨʘʙʣʝʡ. 

ɺ 1873 ʛʦʜʫ ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ʋ. ʉʤʠʪ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʮʠʠ 

ʩʝʣʝʥ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʦʣʷʮʠʠ ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: ʩʝʣʝʥ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 220ï

230Áʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʧʝʨʝʭʦʜʠʣ ʚ ʞʠʜʢʫʶ ʬʘʟʫ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʝʛʦ ʥʘʥʦʩʠʣʠ ʥʘ ʤʝʜʥʳʡ 

ʧʨʦʚʦʜʥʠʢ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʪʦʨʘ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʩʝʣʝʥʦʚʦʛʦ ʩʣʦʷ ʧʦʣʫʯʘʣʘʩʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʣʩʪʘʷ "ʩʪʝʢʣʷʥʥʘʷ" ʠʟʦʣʷʮʠʷ ʥʘ ʪʝʣʝʛʨʘʬʥʦʤ ʢʘʙʝʣʝ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʵʪʦʛʦ ʢʘʙʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʣʝʛʨʘʬʥʦʡ ʣʠʥʠʠ ʦʥ ʦʙʥʘʨʫʞʠʣ ʠʥʪʝʨʝʩʥʦʝ ʷʚʣʝʥʠʝ: ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʜʘʞʝ ʦʯʝʥʴ ʩʣʘʙʳʤ "ʣʫʥʥʳʤ" ʩʚʝʪʦʤ ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʘʙʝʣʷ 

ʠʟʤʝʥʷʣʘʩʴ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʠʥʪʝʨʝʩʥʳʝ ʵʬʬʝʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʠʟʦʣʷʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʢʘʙʝʣʷ. ʀʤʝʥʥʦ ʵʪʠ ʵʬʬʝʢʪʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʝʨʚʳʭ ʩʝʣʝʥʦʚʳʭ 

ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘʯʘʣʦʩʴ ʚ 1876 ʛʦʜʫ. 

ʉʧʨʘʚʢʘ: ʉʝʣʝʥ ð ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ 16 ʛʨʫʧʧʳ, 4-ʛʦ ʧʝʨʠʦʜʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʄʝʥʜʝʣʝʝʚʘ, ʠʤʝʝʪ ʘʪʦʤʥʳʡ ʥʦʤʝʨ 34, ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Se (ʣʘʪ. Selenium). 

ʉʝʣʝʥ ʙʳʣ ʦʪʢʨʳʪ ʚ 1817 ʛʦʜʫ ɹʝʨʮʝʣʠʫʩʦʤ ʠ ɻʘʥʥʦʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʩʚʠʥʮʦʚʦʡ ʢʘʤʝʨʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʦʚʳʡ ʵʣʝʤʝʥʪ ʠʟ-

ʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʵʣʝʤʝʥʪʦʤ ʊʝʣʣʫʨ (ʊʝ) ʙʳʣ ʥʘʟʚʘʥ ʛʨʝʯʝʩʢʠʤ ʩʣʦʚʦʤ "ʩʝʣʝʥ", 

ʯʪʦ ʦʟʥʘʯʘʝʪ "ʣʫʥʘ". ʇʦʯʪʠ ʧʷʪʴʜʝʩʷʪ ʣʝʪ ʩʝʣʝʥ ʦʩʪʘʚʘʣʩʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʝʜʢʦʩʪʴʶ. 

ʅʘʯʠʥʘʷ ʩ 1873 ʛʦʜʘ, ʩʝʣʝʥ ʥʘʯʘʣ ʧʨʠʤʝʥʷʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʠ ʵʪʦʪ ʛʦʜ 

ʷʚʠʣʩʷ ʥʘʯʘʣʦʤ ʰʠʨʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʝʣʝʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʝʣʝʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʤʝʜʠʮʠʥʝ. 

ɺ ʧʨʠʨʦʜʝ ʩʝʣʝʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʦʢʦʣʦ 50 ʤʠʥʝʨʘʣʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʣʝʥʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,4*10-5%. ʄʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʣʝʥ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʯʘʩʪʴʶ ʩʝʣʝʥʠʜʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʙʝʨʮʝʣʠʘʥʠʪ 

Cu2Se, ʥʘʫʤʘʥʠʥʠʪ Ag2Se ʠ ʜʨʫʛʠʝ. ʉʝʣʝʥ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʫʣʴʬʠʜʘʭ: ʧʠʨʠʪʝ, 

ʛʘʣʝʥʠʪʝ, ʭʘʣʴʢʦʧʠʨʠʪʝ, ð ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʨʷʜʢʘ ʩʦʪʳʭ ʧʨʦʮʝʥʪʘ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʟʘʧʘʩʳ ʩʝʣʝʥʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʫʣʴʬʠʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ð 

ʢʦʣʯʝʜʘʥʦʚʳʤ, ʤʝʜʥʦ-ʮʠʥʢʦʚʳʤ, ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʤ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʝʣʝʥ ʧʦʣʫʯʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʀʟʚʣʝʯʝʥʠʝʤ ʠʟ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʰʣʘʤʦʚ ʠ ʰʣʘʤʦʚ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 



¶ ʀʟʚʣʝʯʝʥʠʝ ʠʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʇʦʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʝʣʝʥʘ ʠʟ ʫʪʠʣʠʟʘʮʠʠ ʢʦʧʠʨʦʚʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʝʣʝʥʦʚʳʝ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ. 

ɺʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠ ʥʘʯʘʪʴ ʧʦʠʩʢ ʥʦʚʳʭ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʥʘ ʨʫʙʝʞʝ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ ʬʠʟʠʢʠ ʥʘʯʘʣʠ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦ ʠʭ ʩʚʦʡʩʪʚʘʤ ʥʝʣʴʟʷ ʙʳʣʦ ʦʪʥʝʩʪʠ ʥʠ 

ʢ ʧʨʦʚʦʜʥʠʢʘʤ, ʥʠ ʢ ʜʠʵʣʝʢʪʨʠʢʘʤ. 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʟʘʪʨʫʜʥʷʣʦʩʴ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʦʙʥʘʨʫʞʝʥʥʳʭ ʷʚʣʝʥʠʡ. ʇʨʦʚʦʜʷ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʢʘʜʝʤʠʠ ʕʜʚʠʥ ɻ. ʍʦʣʣ ʚ 1879 ʛ. 

ʦʪʢʨʳʣ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩ ʪʦʢʦʤ, ʧʦʤʝʱʝʥʥʦʤ ʚ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ. ʉʫʪʴʶ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʙʳʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʨʠ 

ʧʦʤʝʱʝʥʠʠ ʠʭ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʘ. ʊʝʦʨʝʪʠʢʠ ʪʝʭ ʣʝʪ 

ʤʦʛʣʠ ʦʙʲʷʩʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʘʭ, ʥʦ ʦʙʲʷʩʥʠʪʴ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʥʠ ʥʝ ʤʦʛʣʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʞʝ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʧʨʠʨʦʜʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʧʦʣʫʯʠʣʘ ʧʨʘʚʠʣʴʥʦʝ ʦʙʲʷʩʥʝʥʠʝ. ʕʪʦʤʫ ʫʩʧʝʭʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʨʘʙʦʪʳ ʥʝʤʝʮʢʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʢʘ ʀ. ʂʝʥʠʛʩʙʝʨʛʝʨʘ. 

ʂʝʥʠʛʩʙʝʨʛʝʨ ʨʘʩʩʫʞʜʘʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʪʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʧʣʦʱʘʜʴʶ 1 ʤ2, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 1 ɺ/ʤ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ - ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʦ ʦʥ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʯʘʩʪʠʮ, ʩʢʦʨʦʩʪʠ ʠʭ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʥʦʩʠʤʦʛʦ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝʡ ʟʘʨʷʜʘ: 

Q=N*v*q (1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʝʥʠʛʩʙʝʨʛʝʨ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʤ ʵʣʝʢʪʨʦʥʦʚ. 

ɿʘʨʷʜ ʯʘʩʪʠʮʳ q ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʜʘʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʩʧʠʩʢʘ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ v ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʨʘʩʪʘʝʪ. ʅʦ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ 

ʷʚʣʷʝʪʩʷ ʥʝ ʫʧʦʨʷʜʦʯʝʥʥʳʤ, ʘ ʭʘʦʪʠʯʥʳʤ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʭʘʦʪʠʯʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʪʠʭ ʯʘʩʪʠʮ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʨʦʩʪʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ v (ʘ ʠʤʝʥʥʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ) ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʦʣʞʥʘ ʫʤʝʥʴʰʘʪʴʩʷ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʚ ʤʝʪʘʣʣʘʭ. 

ʆʩʪʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ - ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʇʨʠʯʝʤ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʩʪʦʣʴʢʦ 

ʚʝʣʠʢʦ, ʯʪʦ ʧʝʨʝʢʨʳʚʘʝʪ ʪʝʧʣʦʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. 



ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʂʝʥʠʛʩʙʝʨʛʝʨʛʦʤ ʚ 1906 ʛʦʜʫ, ʦʥ ʧʠʩʘʣ: "ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʩʠʜʘʭ ʠ ʩʫʣʴʬʠʜʘʭ ʯʠʩʣʦ ʧʨʦʚʦʜʷʱʠʭ ʠʤʠ ʩʚʦʙʦʜʥʳʭ ʢʚʘʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ - ʵʣʝʢʪʨʦʥʦʚ - ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʢʘ ʥʝ ʩʪʘʥʝʪ ʧʨʝʜʝʣʴʥʳʤ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ 

ʧʦʚʝʜʝʥʠʝ ʫʧʦʜʦʙʣʷʝʪʩʷ ʤʝʪʘʣʣʘʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʪʠ ʚʩʝ 

ʵʣʝʢʪʨʦʥʳ ʩʚʦʙʦʜʥʳ". 

ʇʦʤʠʤʦ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʣʘʩʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʂʝʥʠʛʩʙʝʨʛʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

¶ ʚʝʣʠʯʠʥʦʡ ʠʭ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10-8 ʜʦ 101 ʆʤ*ʤ; 

¶ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʪʝʨʤʦ-ʕɼʉ ʚ ʧʘʨʝ ʩ ʤʝʪʘʣʣʦʤ; 

¶ ʥʝʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʆʤʘ ʥʘ ʢʦʥʪʘʢʪʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʤʝʪʘʣʣ; 

¶ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʚʝʪʫ. 

ʕʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʙʣʠʟʠʣ ʨʘʟʚʠʪʠʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʪʘʣʦ 

ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʜʝʪʝʢʪʦʨʳ ʩʪʘʣʠ 

ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ. ɺ 1895 ʛʦʜʫ ɸʣʝʢʩʘʥʜʨ ʇʦʧʦʚ 

ʧʨʦʚʝʣ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʣʝʛʨʘʬʠʨʦʚʘʥʠʷ 

ʩʦʦʙʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʇʦʧʦʚʘ, ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʄʘʨʢʦʥʠ ʧʨʦʚʝʣ ʘʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʧʦʟʜʘʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʝʩʷʮʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʇʦʧʦʚ ʠ ʄʘʨʢʦʥʠ ʦʪʢʨʳʣʠ ʵʨʫ ʪʝʣʝʛʨʘʬʠʠ ʙʝʟ ʧʨʦʚʦʜʦʚ. 

ɺ ʩʚʦʠʭ ʦʧʳʪʘʭ ɸʣʝʢʩʘʥʜʨ ʇʦʧʦʚ ʠʩʧʦʣʴʟʦʚʘʣ ʥʦʚʳʡ ʧʨʠʙʦʨ ð ʜʝʪʝʢʪʦʨ ʨʘʜʠʦʚʦʣʥ 

(ʢʦʛʝʨʝʨ). ʋʩʪʨʦʡʩʪʚʦ ʢʦʛʝʨʝʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫʶ 

ʢʦʣʙʫ ʟʘʧʦʣʥʝʥʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ (ʦʢʠʩʣʝʥʥʳʤʠ) ʦʧʠʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʣʠ 

ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʣʝʢʪʨʦʜʘʤʠ ʩʣʫʞʠʣʠ 

ʧʣʘʪʠʥʦʚʳʝ ʧʨʦʚʦʣʦʯʢʠ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʤʝʪʘʣʣ ʦʯʝʥʴ ʩʪʦʡʢʠʡ ʢ ʢʦʨʨʦʟʠʠ. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ 

ʢʦʛʝʨʝʨ ʚʳʩʪʫʧʘʣ ʚ ʨʦʣʠ ʜʝʪʝʢʪʦʨʘ ʨʘʜʠʦʩʠʛʥʘʣʘ. 

 
ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʛʝʨʝʨʘ (ʚʠʜ ʩʚʝʨʭʫ). 

1-ʩʪʝʢʣʷʥʥʘʷ ʪʨʫʙʢʘ, 2-ʞʝʣʝʟʥʳʡ ʧʦʨʦʰʦʢ, 3-ʧʣʘʪʠʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ, 4-ʧʨʦʙʢʠ 

ʈʘʙʦʪʘ ʢʦʛʝʨʝʨʘ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʪʦʤ, ʯʪʦ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʨʘʟ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʤʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ (ʦʧʠʣʢʠ) ʥʘʤʘʛʥʠʯʠʚʘʶʪʩʷ ʠ 

ʩʣʠʧʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʦʛʝʨʝʨ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʨʘʜʠʦʩʠʛʥʘʣʘ. ʇʦʧʦʚʳʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʝʩʣʠ ʧʦʜʩʦʝʜʠʥʠʪʴ ʪʝʣʝʬʦʥʥʫʶ ʪʨʫʙʢʫ ʢ 

ʚʳʚʦʜʘʤ ʢʦʛʝʨʝʨʘ, ʪʦ ʚ ʤʦʤʝʥʪʳ ʧʨʠʭʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʩʣʳʰʥʳ ʱʝʣʯʢʠ 



ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʢʦʛʝʨʝʨ ʚʳʜʝʣʷʝʪ (ʜʝʪʝʢʪʠʨʫʝʪ) ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ 1903 ʛʦʜʫ ʨʘʙʦʪʥʠʢ ʢʦʤʧʘʥʠʠ NESCO (National Electric Signal Company) ʈʝʜʞʠʥʘʣʴʜ 

ʆʙʨʠ ʌʝʩʩʝʥʜʝʥ ʧʦʣʫʯʠʣ ʧʘʪʝʥʪ ʥʘ "ʞʠʜʢʦʩʪʥʳʡ ʙʘʨʝʪʪʝʨ" ð ʜʝʪʝʢʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʟʦʥʳ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʣʦ 

ʚʘʞʥʝʡʰʠʤ ʦʪʢʨʳʪʠʝʤ ʩʦ ʚʨʝʤʝʥ ʢʦʛʝʨʝʨʘ ð ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʚʘʷ ʛʦʣʦʩʦʚʘʷ ʩʚʷʟʴ. ʀʟ ʜʥʝʚʥʠʢʘ ʌʝʩʩʝʥʜʝʨʥʘ: "ɺʦ ʚʨʝʤʷ ʧʝʨʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʥʝ ʪʦʣʴʢʦ ʨʝʯʴ, ʥʦ ʠ ʟʘʧʠʩʘʥʥʳʝ ʥʘ ʬʦʥʦʛʨʘʬʝ ʨʝʯʝʚʳʝ 

ʩʦʦʙʱʝʥʠʷ ʠ ʤʫʟʳʢʘ. ɺʩʝ ʧʦʣʫʯʘʝʤʳʝ ʨʘʜʠʦʩʦʦʙʱʝʥʠʷ ʦʪʣʠʯʘʣʠʩʴ ʯʝʪʢʦʩʪʴʶ ʠ 

ʨʘʟʙʦʨʯʠʚʦʩʪʴʶ ʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʟʘʤʝʪʥʦ ʚʳʠʛʨʳʚʘʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 

ʣʠʥʠʷʤ ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ" 

 
ʈʝʜʞʠʥʘʣʴʜ ʌʝʩʩʝʥʜʝʥ ʚ ʮʝʥʪʨʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ. ɹʨʘʥʪ-ʈʦʢ. 1906. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʯʘʣʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʩ 1903 ʛʦʜʘ 

ʨʘʜʠʦʩʚʷʟʠ, ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʣʝʛʨʘʬʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʝʱʝ ʙʦʣʝʝ 20 ʣʝʪ. ɸ ʧʝʨʚʳʝ ʛʦʣʦʩʦʚʳʝ 

ʚʝʱʘʪʝʣʴʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ ʧʦʷʚʠʣʠʩʴ ʪʦʣʴʢʦ ʚ 1915 ʛʦʜʫ. 

ɺ 1906 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʡ ʠʥʞʝʥʝʨ ɻʨʠʥʣʠʬ ɺʠʪʪʝʨ ʇʠʢʢʘʨʜ ʧʦʣʫʯʘʝʪ ʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɺ ʩʚʦʝʡ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʝ ʦʥ ʧʠʰʝʪ: "ʂʦʥʪʘʢʪ 

ʤʝʞʜʫ ʪʦʥʢʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʢʨʝʤʥʠʡ, ʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʛʝʨʤʘʥʠʡ ʠ ʜʨ.) ʚʳʧʨʷʤʣʷʝʪ ʠ 

ʚʳʟʳʚʘʝʪ ʜʝʤʦʜʫʣʷʮʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚ ʘʥʪʝʥʥʝ ʧʨʠ ʧʨʠʝʤʝ 

ʨʘʜʠʦʚʦʣʥ". ʊʦʥʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʥʪʘʢʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ, ʚʥʝʰʥʝ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʣ ʢʦʰʘʯʠʝ ʫʩʳ, ʧʦʵʪʦʤʫ ʚ 



ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘʟʚʘʥʠʝ ʵʪʦʛʦ ʜʝʪʝʢʪʦʨʘ ð "ʢʦʰʘʯʠʡ ʫʩ" 

ʇʠʢʢʘʨʜʘ. 

 
ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ð "ʂʦʰʘʯʠʡ ʫʩ" ʇʠʢʢʘʨʜʘ 

ʉʧʨʘʚʢʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʨʘʜʠʦʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʜʝʪʝʢʪʦʨ ʧʦʣʫʯʠʣ ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ 

ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʝʤʦʜʫʣʷʮʠʶ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɼʦ ʧʝʨʚʦʡ 

ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʚʦ ʚʩʝʭ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠ ʚʦʝʥʥʦʛʦ ʪʠʧʦʚ ʚʩʝʛʜʘ 

ʬʠʛʫʨʠʨʦʚʘʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ, ʚʳʧʦʣʥʷʚʰʠʡ ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚ ʩʠʛʥʘʣ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. 

ɺ ʧʝʨʠʦʜ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, ʢʦʛʜʘ ʚ ʨʘʜʠʦʪʝʭʥʠʢʫ ʥʘʯʘʣʘ ʚʥʝʜʨʷʪʴʩʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʣʘʤʧʘ, ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʣʘʤʧʦʚʳʝ ʜʝʪʝʢʪʦʨʳ. ʉʥʘʯʘʣʘ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʣʠʩʴ 

ʜʚʫʭʵʣʝʢʪʨʦʜʥʳʝ, ʘ ʧʦʪʦʤ ʠ ʪʨʝʭʵʣʝʢʪʨʦʜʥʳʝ ʣʘʤʧʳ. ʃʘʤʧʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʦʙʣʘʜʘʣʠ 

ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ 

ʪʦʛʦ ʚʨʝʤʝʥʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʘʜʝʞʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʧʨʠʝʤʥʠʢʘ, ʯʝʛʦ ʥʝʣʴʟʷ 

ʙʳʣʦ ʪʦʛʜʘ ʜʦʙʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʠʟʛʦʪʦʚʣʷʣʠʩʴ ʚ ʪʦ ʚʨʝʤʷ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ð ʩʚʠʥʮʦʚʦʛʦ ʙʣʝʩʢʘ, ʮʠʥʢʠʪʘ, ʧʠʨʠʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ). 

ʇʨʠ ʥʘʣʠʯʠʠ ʪʦʯʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʦʩʪʨʠʝʤ ʪʦʥʢʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ, ʩʚʝʨʥʫʪʦʡ ʚ ʚʠʜʝ ʧʨʫʞʠʥʢʠ, ʤʦʞʥʦ ʙʳʣʦ ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʅʝ ʚʩʝ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʙʣʘʜʘʣʠ "ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ" ʢ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ. ʊʦʣʴʢʦ ʧʨʠ ʩʣʘʙʦʤ ʥʘʞʘʪʠʠ ʧʨʫʞʠʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʘʣʦʩʴ ʭʦʨʦʰʠʤ. ʆʧʝʨʘʪʦʨʫ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʧʨʠʝʤʥʠʢʘ ʧʨʠʭʦʜʠʣʦʩʴ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʤʠʤʦ ʥʘʩʪʨʦʡʢʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʮʝʧʝʡ ʟʘʥʠʤʘʪʴʩʷ ʝʱʝ ʥʘʩʪʨʦʡʢʦʡ 

ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʫʞʠʥʢʦʡ ʠ ʢʨʠʩʪʘʣʣʦʤ ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʪʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. ʇʨʫʞʠʥʢʘ ʦʙʳʯʥʦ ʫʢʨʝʧʣʷʣʘʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʰʘʨʠʢʦʚʳʭ ʰʘʨʥʠʨʘʭ, ʧʦʟʚʦʣʷʚʰʠʭ ʚʨʫʯʥʫʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪ (ʨʠʩ). ʂʦʥʪʘʢʪ ʯʘʩʪʦ 

ʙʳʚʘʣ ʥʝʫʩʪʦʡʯʠʚ, ʣʝʛʢʦ ʩʙʠʚʘʣʩʷ ʦʪ ʩʦʪʨʷʩʝʥʠʷ ʠ ʚʳʭʦʜʠʣ ʠʟ ʩʪʨʦʷ. 



 
ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ 

1-ʦʩʥʦʚʘʥʠʝ; 2-ʩʪʦʡʢʘ ʩ ʰʘʨʥʠʨʦʤ; 3-ʨʳʞʘʯʦʢ; 4-ʢʦʥʪʘʢʪʥʘʷ ʧʨʫʞʠʥʢʘ; 

5-ʯʘʰʝʯʢʘ ʩ ʢʨʠʩʪʘʣʣʦʤ4 6-ʚʳʚʦʜʳ 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ, ʩʳʛʨʘʚʰʠʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʦʙʣʘʜʘʣ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʚʳʷʚʣʷʪʴʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʢ ʘʧʧʘʨʘʪʫʨʝ ʥʘʯʘʣʠ 

ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʷʚʣʷʣʠʩʴ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʙʦʪʝ ʠ ʩʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ. 

 

  

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʨʷʜ ʢʦʤʧʘʥʠʡ ʠʟ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. ʈʘʜʠʦʩʚʷʟʴ ʦʯʝʥʴ ʠʥʪʝʨʝʩʦʚʘʣʘ ʚʦʝʥʥʳʭ. ʅʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, 

ʢʦʤʧʘʥʠʷ ʄʘʨʢʦʥʠ ʚʢʣʘʜʳʚʘʝʪ ʪʳʩʷʯʠ ʬʫʥʪʦʚ ʩʪʝʨʣʠʥʛʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. ʉʦʛʣʘʩʥʦ ʘʨʭʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ 

ʈɸʅ, ʚ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʈʦʩʩʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʟʘʥʠʤʘʣʦʩʴ ʈʫʩʩʢʦʝ ʦʙʱʝʩʪʚʦ ʙʝʩʧʨʦʚʦʣʦʯʥʳʭ ʪʝʣʝʛʨʘʬʦʚ ʠ ʪʝʣʝʬʦʥʦʚ 

(ʈʆɹʊʠʊ), ʢʦʪʦʨʦʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʚ ʛ.ʂʠʝʚʝ ʉʝʤʝʥʦʤ ʄʦʠʩʝʝʚʠʯʝʤ ɸʡʟʝʥʰʪʝʡʥʦʤ ʚ 1906 

ʛʦʜʫ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ. ɸ ʫʞʝ ʚ 1908 ʛʦʜʫ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʫʢʘʟʦʤ ʮʘʨʷ 

ʅʠʢʦʣʘʷ II ʙʳʣʦ ʩʦʟʜʘʥʦ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʈʆɹʊʠʊ ʩ ʫʩʪʘʚʥʳʤ ʢʘʧʠʪʘʣʦʤ 1,2 ʤʣʥ. 

ʨʫʙʣʝʡ (ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦʪ ʢʘʧʠʪʘʣ ʩʦʩʪʘʚʣʷʣ ʙʳ ʧʨʠʤʝʨʥʦ ʙʦʣʝʝ 25 ʤʠʣʣʠʦʥʦʚ 

ʛʨʠʚʝʥ). 



 

 
ʄʘʣʘʷ (ʧʦʣʝʚʘʷ) ʚʦʝʥʥʘʷ ʨʘʜʠʦʩʪʘʥʮʠʷ 



 

ʂʦʥʥʘʷ ʨʘʜʠʦʩʪʘʥʮʠʷ ʩ ʙʦʝʚʳʤ ʨʘʩʯʝʪʦʤ 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʵʪʦʛʦ ʦʙʱʝʩʪʚʘ ʙʳʣʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ɺ ʥʘʯʘʣʝ 1914 ʛ., ʧʝʨʝʜ ʩʘʤʦʡ ʚʦʡʥʦʡ, ʂʝʥʠʛʩʙʝʨʛʝʨ ʦʧʫʙʣʠʢʦʚʘʣ ʧʝʨʚʳʡ ʚ ʠʩʪʦʨʠʠ ʦʙʟʦʨ 

ʧʦ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʥʸʤ ʂʝʥʠʛʩʙʝʨʛʝʨ ʚʚʦʜʠʪ, ʥʘʢʦʥʝʮ, ʧʦʥʷʪʠʝ "ʢʣʘʩʩʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ": "ʇʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ... ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʧʨʦʚʦʜʥʠʢʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ..." 

ʆʧʠʩʳʚʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʂʝʥʠʛʩʙʝʨʛʝʨ 

ʧʨʝʜʣʘʛʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ: 

ů = ɸʝïq/T (2), ʛʜʝ 

ʊ ï ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ɸ ʠ q ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʱʠʝ ʦʙʨʘʟʝʮ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ɹʣʘʛʦʜʘʨʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʘʙʦʪʘʤ ʂʝʥʠʛʩʙʝʨʛʝʨʛʘ, ʥʘ ʤʦʱʥʦʩʪʷʭ ʈʆɹʊʠʊʘ ʩʪʘʣʠ 

ʚʳʧʫʩʢʘʪʴʩʷ ʧʝʨʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʜʣʷ ʚʦʝʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ. 



 

 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈ.ʆ.ɹ.ʊ.ʠʊ 



ʅʘʯʘʣʦ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʦʪʦʜʚʠʥʫʣʦ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʥʘ 

ʚʪʦʨʦʡ ʧʣʘʥ. ʉ ʧʝʨʚʳʭ ʜʥʝʡ ʚʦʡʥʳ ʚʩʝ ʟʘʚʦʜʳ ʨʘʜʠʦʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʈʦʩʩʠʠ ʨʘʙʦʪʘʣʠ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʴʶ ʈʦʩʩʠʶ ʩ ʩʦʶʟʥʦʡ ɸʥʪʘʥʪʦʡ. ʕʪʦ ʙʳʣʦ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ ʩ ʩʦʶʟʥʳʤʠ ʩʪʨʘʥʘʤʠ ʈʦʩʩʠʝʡ, ʌʨʘʥʮʠʝʡ ʠ 

ɸʥʛʣʠʝʡ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʪʠʚʥʠʢʘ. ʊʘʢ ʫʢʘʟʦʤ ʅʠʢʦʣʘʷ II, ʠʤʝʥʥʦ 

ʦʙʱʝʩʪʚʦ ʈʆɹʊʠʊ ʜʦʣʞʥʦ ʙʳʣʦ ʧʦʩʪʨʦʠʪʴ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʪʨʦʢʠ ʥʝʩʢʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʘʜʠʦʩʪʘʥʮʠʡ ʜʣʷ ʩʚʷʟʠ ʩ ʩʦʶʟʥʠʢʘʤʠ. ʉʦʛʣʘʩʥʦ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʪʝʯʝʥʠʠ 3 

ʤʝʩʷʮʝʚ 1914 ʛ. ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 3 ʨʘʜʠʦʩʪʘʥʮʠʠ ʚ ʎʘʨʩʢʦʤ ʩʝʣʝ, ʚ ʄʦʩʢʚʝ ʥʘ ʍʦʜʳʥʢʝ ʠ ʚ 

ʊʚʝʨʠ. 

ʉʦʟʜʘʥʠʝ ʊʚʝʨʩʢʦʡ ʧʨʠʝʤʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ ʩʳʛʨʘʣʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʩʪʦʨʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʩʦʙʨʘʣʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʢʦʣʣʝʢʪʠʚ ʚʦ ʛʣʘʚʝ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ʂ. ʃʝʙʝʜʠʥʩʢʠʤ ʠ ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʝʤ. 

ʉʣʫʯʘʡʥʘʷ ʚʩʪʨʝʯʘ ʚ ʦʜʥʦʤ ʠʟ ʧʨʠʛʦʨʦʜʥʳʭ (ʢʘʢ ʠʭ ʥʘʟʳʚʘʣʠ ʚ ʪʦ ʚʨʝʤʷ ð ʜʘʯʥʳʭ) 

ʧʦʝʟʜʦʚ ʧʨʦʬʝʩʩʦʨʘ ʃʝʙʝʜʠʥʩʢʦʛʦ ʩ ʝʱʝ ʥʠʢʦʤʫ ʥʝʠʟʚʝʩʪʥʳʤ ʶʥʦʰʝʡ ʆʣʝʛʦʤ ʃʦʩʝʚʳʤ 

ʧʦʚʣʠʷʣʘ ʥʘ ʩʫʜʴʙʫ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ. ʅʝʟʘʫʨʷʜʥʳʝ 

ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʠ ʷʚʥʦʝ ʨʚʝʥʠʝ ʢ ʨʘʜʠʦʪʝʭʥʠʢʝ ʤʦʣʦʜʦʛʦ ʆʣʝʛʘ ʃʦʩʝʚʘ (ʥʘ ʪʦ 

ʚʨʝʤʷ ʦʥ ʫʯʠʣʩʷ ʝʱʝ ʚ ʰʢʦʣʝ), ʧʦʜʪʦʣʢʥʫʣʠ ʃʝʙʝʜʠʥʩʢʦʛʦ ʢ ʧʦʜʜʝʨʞʢʝ ʶʥʦʰʠ ʚ ʝʛʦ 

ʥʘʯʠʥʘʥʠʷʭ. ʊʘʢ ʆʣʝʛ ʃʦʩʝʚ ʚ ʩʚʦʠ 15 ʣʝʪ ʥʘʯʘʣ ʠʟʫʯʘʪʴ ʘʟʳ ʨʘʜʠʦʪʝʭʥʠʢʠ ʥʘ ʊʚʝʨʩʢʦʡ 

ʨʘʜʠʦʩʪʘʥʮʠʠ. 

 
ʆʣʝʛ ʃʦʩʝʚ 

ɺ ʪʦ ʚʨʝʤʷ ʥʠʢʪʦ ʥʝ ʤʦʛ ʜʘʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʶʥʦʰʘ ʩʤʦʞʝʪ ʜʦʙʠʪʴʩʷ ʚʩʝʤʠʨʥʦʡ 

ʩʣʘʚʳ. ɺʨʝʤʷ ʰʣʦ, ʚ ʩʪʨʘʥʝ ʚʩʝ ʠʟʤʝʥʠʣʦʩʴ: ʦʪʨʝʢʩʷ ʦʪ ʧʨʝʩʪʦʣʘ ʮʘʨʴ ʅʠʢʦʣʘʡ II, ʧʦʪʦʤ 

ʙʳʣʦ ʩʦʟʜʘʥʦ ɺʨʝʤʝʥʥʦʝ ʇʨʘʚʠʪʝʣʴʩʪʚʦ, ʧʦʪʦʤ ʆʢʪʷʙʨʴʩʢʘʷ ʨʝʚʦʣʶʮʠʷ, ʛʨʘʞʜʘʥʩʢʘʷ 

ʚʦʡʥʘ ʠ ʛʦʣʦʜ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʨʝʩʫ ɺʨʝʤʝʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʢ ʨʘʜʠʦ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʷʤ 

ɺ.ʂ. ʃʝʙʝʜʠʥʩʢʦʛʦ ʠ ʄ.ɸ. ɹʦʥʯ-ɹʨʫʥʝʚʠʯʘ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚ ʥʘʯʘʣʝ 1917 ʛʦʜʘ 

ʩʦʟʜʘʝʪʩʷ ʨʘʜʠʦʣʘʙʦʨʘʪʦʨʠʷ. ʇʦ ʤʘʩʰʪʘʙʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʪʦ ʚʨʝʤʷ, ʝʝ, ʥʘʚʝʨʥʦʝ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʨʘʚʥʠʪʴ ʩ 

"ʩʠʣʠʢʦʥʦʚʦʡ ʜʦʣʠʥʦʡ" ʉʐɸ. ʊʘʢ ʚ ʩʪʝʥʘʭ ʵʪʦʡ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʨʘʜʠʦʣʘʙʦʨʘʪʦʨʠʠ 

ʩʦʟʜʘʶʪʩʷ ʧʝʨʚʳʝ ʤʦʱʥʳʝ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʠ, ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ʘʥʪʝʥʥ, ʧʨʦʚʦʜʷʪʩʷ 



ʫʥʠʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʩʚʷʟʠ. ɺ ʩʪʝʥʘʭ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʧʝʨʚʳʝ ʧʨʦʝʢʪʳ ʤʦʱʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʜʣʷ ʤʘʩʩʦʚʦʡ ʨʘʜʠʦʬʠʢʘʮʠʠ ʩʪʨʘʥʳ, ʢʘʢ ʚ ʪʦ 

ʚʨʝʤʷ ʧʨʠʥʷʪʦ ʙʳʣʦ ʛʦʚʦʨʠʪʴ ï "ʜʣʷ ʩʦʟʜʘʥʠʷ "ʛʘʟʝʪʳ ʙʝʟ ʙʫʤʘʛʠ ʠ ʨʘʩʩʪʦʷʥʠʡ". ɺ 1920 

ʛʦʜʫ, ʚ ʨʘʜʠʦʣʘʙʦʨʘʪʦʨʠʠ ʧʦʷʚʣʷʝʪʩʷ ʆʣʝʛ ʃʦʩʝʚ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʂ. ʃʝʙʝʜʠʥʩʢʦʛʦ ʥʘʯʠʥʘʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ. 

ɺ 1922 ʛʦʜʫ, ʧʨʦʚʦʜʷ ʦʧʳʪʳ ʩ ʢʨʠʩʪʘʣʣʦʤ ʮʠʥʢʠʪʘ ï ʧʨʦʩʪʳʤ ʦʢʠʩʣʦʤ ʮʠʥʢʘ (ZnO), ʦʥ 

ʜʝʣʘʝʪ ʢʨʫʧʥʦʝ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʧʨʠʟʥʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ, ʥʦ ʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʉʧʨʘʚʢʘ: ʎʠʥʢʠʪ ð (ʢʨʘʩʥʘʷ ʮʠʥʢʦʚʘʷ ʨʫʜʘ) ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ ʢʣʘʩʩʘ ʧʨʦʩʪʳʭ ʦʢʠʩʣʦʚ 

ʮʠʥʢʘ. ʆʪʢʨʳʪ ʚ 1845 ʛʦʜʫ ʘʚʩʪʨʠʡʩʢʠʤ ʤʠʥʝʨʘʣʦʛʦʤ ɺ. ʍʘʡʜʝʥʛʝʨʦʤ. 

ʆʪʥʦʩʠʪʩʷ ʢ ʧʨʦʩʪʳʤ ʦʢʩʠʜʘʤ. ʅʘʟʚʘʥʠʝ ʧʦʣʫʯʠʣ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʝʤ ʮʠʥʢʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ - Zn - 80,3%, O - 19,7%. ʅʝʨʝʜʢʦ ʯʘʩʪʴ ʮʠʥʢʘ ʟʘʤʝʱʘʝʪʩʷ ʤʘʨʛʘʥʮʝʤ 

(Mn). ʆʯʝʚʠʜʥʦ ʧʨʠʤʝʩʠ ʤʘʨʛʘʥʮʘ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʦʢʨʘʩʢʠ. 

ʉʠʥʛʦʥʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʚʠʜ ʩʠʤʤʝʪʨʠʠ ʜʠʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʡ. 

ɸʪʦʤʳ ʮʠʥʢʘ ʦʙʨʘʟʫʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʘʪʦʤ (ʠʦʥ) 

ʢʠʩʣʦʨʦʜʘ ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʠʦʥʘʤʠ Zn ʧʦ ʪʝʪʨʘʵʜʨʫ. 

 

ʆʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʩʧʣʦʰʥʳʝ, ʣʠʩʪʦʚʘʪʳʝ ʠ ʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ. ʂʨʠʩʪʘʣʣʳ ʨʘʟʥʳʝ ʚ ʚʠʜʝ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ, ʢʦʪʦʨʘʷ ʥʘʚʝʨʭʫ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʦʡ, ʘ 

ʚʥʠʟʫ - ʤʦʥʦʵʜʨʦʤ. 



 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʏʠʩʪʳʡ ZnO - ʙʝʩʮʚʝʪʥʳʡ. ʀʟ-ʟʘ ʧʨʠʤʝʩʝʡ ʮʚʝʪ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ, 

ʷʨʢʦ-ʢʨʘʩʥʳʡ, ʦʨʘʥʞʝʚʦ-ʞʝʣʪʳʡ. ʈʠʩʢʘ - ʦʨʘʥʞʝʚʦ-ʞʝʣʪʘʷ. ɹʣʝʩʢ ʙʣʠʟʦʢ ʢ ʘʣʤʘʟʥʦʤʫ, 

ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʡ. ʀʟʣʦʤ ʨʘʢʦʚʠʩʪʳʡ, ʭʨʫʧʢʠʡ. ʋʜʝʣʴʥʳʡ ʚʝʩ - 5,68. ʊʚʝʨʜʦʩʪʴ 4,0-4,5. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ - 150-318. ʆʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʤʝʥʠʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʠʥʢʠʪʘ - ʌʨʘʥʢʣʠʥ ʌʸʨʥʘʩ ʠ ʉʪʝʨʣʠʥʛ-ʍʠʣʣ ʚ 

ʰʪʘʪʝ ʅʴʶ-ɼʞʝʨʩʠ (ʉʐɸ), ʛʜʝ ʤʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʙʝʣʳʤ ʠ ʢʨʘʩʥʳʤ 

ʢʘʣʴʮʠʪʦʤ. ʊʘʤ ʥʘʡʜʝʥʳ ʦʯʝʥʴ ʢʨʘʩʠʚʳʝ ʦʙʨʘʟʮʳ, ʚʝʩʴʤʘ ʮʝʥʥʳʝ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʀʟʚʝʩʪʥʳ ʥʘʭʦʜʢʠ ʮʠʥʢʠʪʘ ʚ ʇʦʣʴʰʝ, ʀʩʧʘʥʠʠ ʠ ɸʚʩʪʨʘʣʠʠ. ʂʦʛʜʘ-ʪʦ ʚʘʞʥʘʷ ʮʠʥʢʦʚʘʷ 

ʨʫʜʘ, ʮʠʥʢʠʪ ʧʦʩʣʝ ʠʩʪʦʱʝʥʠʷ ʘʤʝʨʠʢʘʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʥʘʩʪʦʷʱʫʶ 

ʨʝʜʢʦʩʪʴ ʜʣʷ ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ ʢʘʤʥʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʃʦʩʝʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʫʩʠʣʠʪʝʣʝʤ, ʠ ʛʝʥʝʨʘʪʦʨʦʤ ʤʘʣʦʤʦʱʥʳʭ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʜʝʪʝʢʪʦʨʥʘʷ ʧʘʨʘ: ʮʠʥʢʠʪðʫʛʦʣʴ ʠ 

ʮʠʥʢʠʪðʩʪʘʣʴ. ʇʨʠʝʤʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ "ʢʨʠʩʪʘʜʠʥ". ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʨʠʩʪʘʜʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʤʧʦʚʳʤ ʜʝʪʝʢʪʦʨʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʨʦʩʪʦʪʝ ʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʝʰʝʚʠʟʥʝ: 

ʦʥ ʧʦʪʨʝʙʣʷʣ ʤʘʣʦ ʵʥʝʨʛʠʠ, ʘ ʜʣʷ ʝʛʦ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʫʭʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʘʪʘʨʝʡ. 

ʂʦʥʝʯʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʨʠʩʪʘʜʠʥ ʥʝ ʷʚʣʷʣʩʷ ʩʝʨʴʝʟʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʜʣʷ ʣʘʤʧ, ʦʥ ʙʳʣ 

ʥʝʥʘʜʝʞʥʳʤ ʠ ʢʘʧʨʠʟʥʳʤ ʚ ʨʘʙʦʪʝ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʦ ʨʘʜʠʦʣʶʙʠʪʝʣʝʡ ʩʘʤʠ 

ʩʦʙʠʨʘʣʠ ʢʨʠʩʪʘʜʠʥ ʃʦʩʝʚʘ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʘʚʘʣʦ ʰʠʨʦʢʦʝ ʧʦʣʝ 

ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ. ʂ ʧʨʠʤʝʨʫ, ʚʦʪ ʯʪʦ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʦ ʢʨʠʩʪʘʜʠʥʝ ʚ ʦʜʥʦʤ ʠʟ ʞʫʨʥʘʣʦʚ 

ʈʘʜʠʦʣʶʙʠʪʝʣʴ ʟʘ 1923 ʛʦʜ: "éʢʨʠʩʪʘʜʠʥʦʤ ʪʦʣʴʢʦ ʚ ʩʘʤʦʝ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ; ʥʝʩʦʤʥʝʥʥʦ ð ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ʝʱʝ ʥʝ ʩʢʘʟʘʣ ʩʚʦʝʛʦ 

ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʚʘ. ɼʣʷ ʣʶʙʠʪʝʣʷ ʪʫʪ ʦʪʢʨʳʚʘʝʪʩʷ ʰʠʨʦʢʦʝ ʧʦʣʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ 

(ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʳʪʦʚ)." 



 

 
ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʨʠʩʪʘʜʠʥʘ ʃʦʩʝʚʘ 

ʅʘ ʩʪʨʘʥʠʮʘʭ ʵʪʦʛʦ ʞʫʨʥʘʣʘ ʤʳ ʥʘʭʦʜʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. 



 
ʉʭʝʤʘ ʜʝʪʝʢʪʦʨʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

 
ɼʝʪʝʢʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ 

 
ʈʝʛʝʥʝʨʘʪʠʚʥʳʡ ʧʨʠʝʤʥʠʢ ʜʣʷ ʧʨʠʝʤʘ ʜʣʠʥʥʳʭ ʚʦʣʥ 



 
ʈʝʛʝʥʝʨʘʪʠʚʥʳʡ ʧʨʠʝʤʥʠʢ ʜʣʷ ʧʨʠʝʤʘ ʢʦʨʦʪʢʠʭ ʚʦʣʥ 

 
ʋʩʠʣʠʪʝʣʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ 

 
ʎʠʥʢʠʪʥʳʡ ʧʨʝʨʳʚʘʪʝʣʴ 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʩʭʝʤʳ ʠ ʣʝʛʢʦʩʪʠ ʚ ʥʘʩʪʨʦʡʢʝ, ʢʨʠʩʪʘʜʠʥ ʃʦʩʝʚʘ ʧʦʣʫʯʘʝʪ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɸ ʩʪʘʪʴʠ ʘʚʪʦʨʘ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʷʚʣʷʶʪʩʷ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʝʨʠʦʜʠʢʝ ʢʘʢ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʪʘʢ ʠ ʚ ʠʥʦʩʪʨʘʥʥʳʭ ʠʟʜʘʥʠʷʭ. 

ʇʨʦʜʦʣʞʘʷ ʩʚʦʠ ʨʘʙʦʪʳ, ʆ. ʃʦʩʝʚ ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʦʝʜʠʥʝʥʠʝ ʮʠʥʢʠʪ-ʩʪʘʣʴ, ʥʦ ʠ ʜʨʫʛʠʝ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʝʛʦ ʥʘʨʘʙʦʪʢʠ, 

ʢʦʪʦʨʳʝ ʧʝʯʘʪʘʣʠʩʴ ʚ 20-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ. 

 



ʊʘʙʣʠʮʘ 1 

 ̄

ʧ/ʧ 
ʂʨʠʩʪʘʣʣ 

ɿʥʘʢ ʧʨʠʣ. ʢ 

ʢʨʠʩʪʘʣʣʫ 

ʥʘʧʨʷʞʝʥʠʷ 

ʇʘʨʘ ʢ 

ʥʝʤʫ 

ɿʥʘʢ 

ʧʨʠʣʦʞ. 

ʥʘʧʨʷʞʝʥʠʷ 

ʋʩʪʦʡʯʠʚ. 

ʠ ʩʠʣʘ 

ʢʦʣʝʙʘʥʠʡ 

ʇʨʠʤʝʯʘʥʠʝ 

1 ʎʠʥʢʠʪ + ʋʛʦʣʴ - 10 ʂʦʣʝʙʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʣʝʛʢʦ 

ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʚ 8-

12 ʚʦʣʴʪ. 

2 ʎʠʥʢʠʪ - ʋʛʦʣʴ + 7 

3 ʎʠʥʢʠʪ + ʉʪʘʣʴ - 8-10 

4 ʎʠʥʢʠʪ - ʉʪʘʣ ɹ + 5 

5 ʎʠʥʢʠʪ + ʄʝʜʴ - 7   

6 ʎʠʥʢʠʪ + ʎʠʥʢ - 4   

7 ʎʠʥʢʠʪ + ʄʘʛʥʠʡ - 8 ʂʦʣʝʙʘʥ. ʧʦʣʫʯ. 

ʣʝʛʢʦ, ʥʦ 

ʥʝʫʩʪʦʡʯʠʚʳ. 8 ʎʠʥʢʠʪ + ɺʦʣʴʬʨʘʤ - 7 

9 ʎʠʥʢʠʪ + ɸʣʶʤʠʥʠʡ - 2   

10 ʎʠʥʢʠʪ - ɸʣʶʤʠʥʠʡ + 3   

11 

ʉʚʠʥʮ. 

ʙʣʝʩʢ 

  

+ ʉʪʘʣʴ - 2-3 

ʅʘʧʨʷʞ. 25ð

20 ʚ.; ʛʝʥʝʨʘʮʠʷ 

ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʩʦ 

ʚʩʝʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ. 

12 
ʉʚʠʥʮ. 

ʙʣʝʩʢ 
+ ʄʝʜʴ - 2 

13 
ʉʚʠʥʮ. 

ʙʣʝʩʢ 
- ʄʝʜʴ + ʥʝʪ 

14 
ʉʚʠʥʮ. 

ʙʣʝʩʢ 
+ ʅʠʢʝʣʴ - 2 

15 
ʇʠʨʠʪ 

  
+ ʉʪʘʣʴ - 4   

16 ʇʠʨʠʪ + ʋʛʦʣʴ - 5   

17 ʍʘʣʴʢʦʧʠʨʠʪ - ʎʠʥʢ + 2 ʂʦʣʝʙ. 

ʧʦʣʫʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʩ 

ʥʝʢʦʪʦʨ. ʩʦʨʪ. 

ʭʘʣʴʢʦʧʠʨʠʪʘ. 

18 ʍʘʣʴʢʦʧʠʨʠʪ - ɸʣʶʤʠʥʠʡ + 2 

19 ʌʝʨʨʦʩʠʣʠʮʠʡ + ʋʛʦʣʴ - 1 ʂʦʣʝʙʘʥ. ʦʯʝʥʴ 

ʥʝʫʩʪʦʡʯ. ʠ 

ʧʦʣʫʯʘʶʪʩʷ 

ʣʠʰʴ ʩ ʥʝʢʦʪʦʨ. 

ʩʦʨʪʘʤʠ ʬʝʨʨʦ-

ʩʠʣʠʮʠʷ, ʥʘʧʨ. 

15ð20 ʚ. 

20 ʌʝʨʨʦʩʠʣʠʮʠʡ + ɻʨʘʬʠʪ - 4 

21 ʌʝʨʨʦʩʠʣʠʮʠʡ + 
ʉʪʘʣʴ 

  
- 1-2 



ʊʘʢʞʝ ʆ. ʃʦʩʝʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʧʫʙʣʠʢʫʝʪ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘ ʠʟ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʘ ʚ ʞʫʨʥʘʣʝ ʈʘʜʠʦ ɺʩʝʤ ˉ9 ʟʘ 

1924 ʛʦʜ: "é ɼʣʷ ʥʘʯʠʥʘʶʱʝʛʦ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʟʷʪʴ ʛʝʥʝʨʠʨʫʶʱʝʡ ʧʘʨʦʡ 

ʢʨʠʩʪʘʣʣ ð ʮʠʥʢʠʪ ʠ ʧʨʫʞʠʥʢʫ ð ʩʪʘʣʴ. ʎʠʥʢʠʪ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʃʫʯʰʝ ʚʩʝʛʦ ʧʝʨʝʧʣʘʚʠʪʴ ʮʠʥʢʠʪ ʥʘ ʚʦʣʴʪʦʚʦʡ ʜʫʛʝ, ʪʦʛʜʘ ʛʝʥʝʨʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʘ ʝʛʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʜʥʘʢʦ ʧʝʨʝʧʣʘʚʢʫ ʥʝ ʚʩʷʢʠʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ, ʠ ʤʦʞʥʦ, 

ʢʦʥʝʯʥʦ, ʫʧʦʪʨʝʙʣʷʪʴ ʮʠʥʢʠʪ ʙʝʟ ʧʝʨʝʧʣʘʚʢʠ. 

 
ʋʛʦʣʴʥʘʷ ʧʣʩʪʠʥʘ 

ʇʝʨʝʧʣʘʚʢʫ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʘ ʚʦʣʴʪʦʚʦʡ ʜʫʛʝ ʢʠʥʦʘʧʧʘʨʘʪʘ, ʦʜʥʘʢʦ, ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʪʦʢʝ. ʎʠʥʢʠʪ ʢʣʘʜʝʪʩʷ ʥʘ ʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ ʠ ʟʘʩʳʧʘʝʪʩʷ ʧʝʨʝʢʠʩʴʶ 

ʤʘʨʛʘʥʮʘ (ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʪ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ʄʝʞʜʫ 

ʢʨʠʩʪʘʣʣʦʤ ʠ ʚʪʦʨʳʤ ʫʛʦʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʚʦʟʥʠʢʘʝʪ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʚʦʣʴʪʦʚʘ ʜʫʛʘ, ʢʦʪʦʨʘʷ ʠ ʧʣʘʚʠʪ ʮʠʥʢʠʪ. ʇʣʘʚʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʜʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ ʮʠʥʢʠʪ ʥʝ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʦʚʘʣʴʥʳʡ ʢʦʨʦʣʝʢ, ʥʘ ʯʪʦ ʧʦʪʨʝʙʫʝʪʩʷ 15ð20 

ʩʝʢʫʥʜ. ɿʘ ʧʣʘʚʢʦʡ ʥʘʙʣʶʜʘʶʪ ʯʝʨʝʟ ʟʘʢʦʧʯʝʥʥʦʝ ʠʣʠ ʪʝʤʥʦ-ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ. 

 
ʂʦʥʩʪʨʫʢʮʠʷ ʮʠʥʢʠʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʇʦʩʣʝ ʧʣʘʚʢʠ ʮʠʥʢʠʪ ʦʯʠʱʘʝʪʩʷ ʦʪ ʯʝʨʥʦʡ ʢʦʨʢʠ ʠ ʨʘʩʢʘʣʳʚʘʝʪʩʷ, ʢʨʠʩʪʘʣʣ ʟʘʢʨʝʧʣʷʝʪʩʷ 

ʚ ʯʘʰʝʯʢʫ ʜʝʪʝʢʪʦʨʘ ʩʚʝʞʠʤ ʠʟʣʦʤʦʤ ʥʘʨʫʞʫ. ʇʨʫʞʠʥʢʘ ʜʝʣʘʝʪʩʷ ʠʟ ʩʪʘʣʠ ʚ 0,2 

ʤʠʣʣʠʤʝʪʨʘ ʪʦʣʱʠʥʦʡ ʠ ʩʦʩʪʦʠʪ ʠʟ 2? ʚʠʪʢʦʚ (ʜʠʘʤʝʪʨ ʚʠʪʢʘ 7ð8 ʤʤ). ɼʝʪʝʢʪʦʨ ʜʣʷ 

ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʪ ʩʦʪʨʷʩʝʥʠʷ ʣʫʯʰʝ ʚʩʝʛʦ ʩʪʘʚʠʪʴ ʚ ʦʩʦʙʳʡ ʩʪʘʥʦʯʝʢ." 

ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʶʤʦʨʠʩʪʳ ʩʪʨʘʥʳ ʩʦʚʝʪʦʚ ʚʳʩʤʝʠʚʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ, ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʨʘʜʠʦʣʶʙʠʪʝʣʠ "ʢʦʣʜʦʚʘʣʠ" ʚ ʧʦʠʩʢʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʛʥʘʣʘ. ʊʘʢʠʝ 

ʚʳʩʤʝʠʚʘʥʠʷ ʙʳʣʠ ʥʝʩʣʫʯʘʡʥʳ, ʧʦʨʦʡ ʜʘʞʝ ʨʘʜʠʦʣʶʙʠʪʝʣʠ ʩʦ ʩʪʘʞʝʤ ʪʨʘʪʠʣʠ ʤʥʦʛʦ 

ʯʘʩʦʚ ʥʘ ʧʦʠʩʢ "ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʶʱʝʡ ʪʦʯʢʠ". ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʣʶʜʠ, ʦʪʜʘʣʝʥʥʳʝ ʦʪ 



ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʪʚʘ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʝ ʜʝʪʝʢʪʦʨʘ ʩʠʜʠʪ "ʥʝʯʠʩʪʘʷ ʩʠʣʘ". ʊʦʣʴʢʦ ʚ 

ʥʘʯʘʣʝ 30-ʭ ʛʦʜʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʧʨʠʤʝʩʠ ʚʣʠʷʶʪ ʥʘ "ʢʘʯʝʩʪʚʦ" ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʦʚ. 

 
ʐʘʨʞ ʥʘ ʨʘʙʦʪʫ ʨʘʜʠʦʣʶʙʠʪʝʣʷ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ 

ɺ 1928 ʛʦʜʫ ʆ. ʃʦʩʝʚ ʜʝʣʘʝʪ ʝʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ. ʀʩʩʣʝʜʫʷ ʢʨʠʩʪʘʣʣʳ ʢʘʨʙʦʨʫʥʜʘ (ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ), ʦʥ 

ʦʪʢʨʳʚʘʝʪ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʇʨʠʯʝʤ ʥʝ ʠʤʝʷ ʥʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʥʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʆ.ʃʦʩʝʚ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠʨʦʜʘ ʜʚʫʭ ʝʛʦ 

ʦʪʢʨʳʪʠʡ (ʛʝʥʝʨʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʠ ʩʚʝʯʝʥʠʝ) ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʝʜʠʥʫʶ ʬʠʟʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ. 

ʉʧʨʘʚʢʘ: ʂʘʨʙʦʨʫʥʜ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ð ʙʠʥʘʨʥʦʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ ʭʠʤʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʢʨʝʤʥʠʷ ʩ ʫʛʣʝʨʦʜʦʤ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ SiC. ɺ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʦʛʦ ʤʠʥʝʨʘʣʘ ð ʤʫʩʩʘʥʠʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦʪ ʤʠʥʝʨʘʣ ʚ 

ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚʢʣʶʯʝʥʠʷ ʚ ʤʝʪʝʦʨʠʪʘʭ. ɺʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 1905 ʛʦʜʫ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʤʝʪʝʦʨʠʪʘ ʠʟ ʂʘʥʴʦʥʘ ɼʠʘʙʣʦ ʚ ɸʨʠʟʦʥʝ ɸʥʨʠ ʄʫʘʩʩʦʥʦʤ. 

ɺ 1932-1933 ʛʛ. ʫʞʝ ʚ ʃʝʥʠʥʛʨʘʜʝ ʆ. ʃʦʩʝʚ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣ ʬʦʪʦʨʝʟʠʩʪʠʚʥʳʡ 

ʵʬʬʝʢʪ, ʧʨʠʩʫʱʠʡ ʤʥʦʛʠʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʀʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ PbS (ʩʫʣʴʬʠʜ ʩʚʠʥʮʘ, 

ʩʚʠʥʮʦʚʳʡ ʙʣʝʩʢ). ɺ ʢʦʥʮʝ 1930-x ʛʦʜʦʚ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʬʦʪʦʨʝʟʠʩʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

PbS ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚ ɻʝʨʤʘʥʠʠ; ʦʥʠ ʥʘʭʦʜʠʣʠ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ 

ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ʌʦʪʦʨʝʟʠʩʪʦʨʳ ʥʘ ʦʩʥʦʚʝ PbS ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 



ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ)-ʜʠʘʧʘʟʦʥʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʛʦʣʦʚʢʘʭ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʠ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʧʫʩʢʦʚ ʨʘʢʝʪ. 

ʉʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ɺ 1926 ʛ. ʘʚʩʪʨʠʡʩʢʠʡ ʬʠʟʠʢ, ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʕʨʚʠʥ ʐʨʝʜʠʥʛʝʨ ʨʘʟʨʘʙʦʪʘʣ 

ʪʝʦʨʠʶ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʚʦʣʥʦʚʫʶ ʤʝʭʘʥʠʢʫ. ʉ ʝʸ ʧʦʤʦʱʴʶ 

ʥʘʯʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʣʝʢʪʨʦʥʥʳʭ "ʘʥʩʘʤʙʣʷʭ", ʟʦʥʥʦʡ ʪʝʦʨʠʠ 

ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʪ.ʧ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʪʝʦʨʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʯʣʝʥʦʤ ʃʦʥʜʦʥʩʢʦʛʦ ʢʦʨʦʣʝʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ɸʣʘʥʦʤ X. ɺʠʣʴʩʦʥʦʤ. ʆʥ 

ʧʨʝʜʣʦʞʠʣ "ʟʦʥʥʫʶ ʪʝʦʨʠʶ", ʧʦ ʢʦʪʦʨʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʚʝʨʜʦʤ 

ʪʝʣʝ ʩʦʟʜʘʚʘʣʠ ʥʝʧʨʝʨʳʚʥʳʝ ʟʦʥʳ. ʉʣʦʞʠʚʰʝʝʩʷ ʚ ʵʪʠ ʛʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠʚʝʣʦ ʢ ʚʚʝʜʝʥʠʶ ʧʦʥʷʪʠʷ "ʜʳʨʢʠ". ʕʪʠ "ʜʳʨʢʠ" ʚʝʣʠ ʩʝʙʷ ʧʦʜʦʙʥʦ 

ʚʦʟʙʫʞʜʝʥʥʳʤ ʵʣʝʢʪʨʦʥʘʤ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ. ʊʝʨʤʠʥ 

"ʜʳʨʦʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ" ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʧʝʨʚʳʝ ʚʚʸʣ ʩʦʚʝʪʩʢʠʡ ʬʠʟʠʢ ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʅ ʉʉʉʈ ʗ.ʀ. ʌʨʝʥʢʝʣʴ. 

ʂ ʥʘʯʘʣʫ 30-ʭ ʛʦʜʦʚ ʥʝʤʝʮʢʠʤ ʬʠʟʠʢʦʤ ɺʘʣʴʪʝʨʦʤ ʐʦʪʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ï "ʠʟʙʳʪʦʯʥʳʝ" ʠ "ʜʝʬʝʢʪʥʳʝ". ʂ "ʠʟʙʳʪʦʯʥʳʤ" 

ʦʥ ʦʪʥʦʩʠʣ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. 

ʅʳʥʝ ʠʭ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ n-ʪʠʧʘ (ʦʪ ʩʣʦʚʘ negative). "ɼʝʬʝʢʪʥʳʤʠ" 

ʥʘʟʳʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ, ʨ-ʪʠʧ (ʦʪ ʩʣʦʚʘ 

positive). 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʥʘʯʘʣʝ 30-ʭ ʛʦʜʦʚ ʩʳʛʨʘʣʠ ʨʘʙʦʪʳ, 

ʧʨʦʚʦʜʠʤʳʝ ʚ ʉʉʉʈ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ɸʙʨʘʤʘ ʌʝʜʦʨʦʚʠʯʘ ʀʦʬʬʝ. ɺ 1931 ʛ. 

ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ ʩ ʧʨʦʨʦʯʝʩʢʠʤ ʥʘʟʚʘʥʠʝʤ: "ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ï ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʵʣʝʢʪʨʦʥʠʢʠ". 

ɺ ʥʘʯʘʣʝ 30-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʜʝʣʘʣʠ ʫʧʦʨ ʥʘ 

ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʣʘʩʴ ʧʝʨʝʜ ʫʯʝʥʳʤʠ, 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʜʘʣʴʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʣʝʪʷʱʠʭ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʦʚ 

ʧʨʦʪʠʚʥʠʢʘ. ʂ ʩʝʨʝʜʠʥʝ 30-ʭ ʛʦʜʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʚʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʬʠʟʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚʳʜʝʣʠʣʘʩʴ ʚ ʦʪʜʝʣʴʥʫʶ ʥʘʫʢʫ, ʘ ʠʥʪʝʨʝʩ ʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʝʪʝʢʪʦʨʘʤ ʙʳʣ ʦʩʦʙʦ ʚʳʩʦʢ. ʕʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ 

ʧʨʠʯʠʥʘʤʠ: 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ (ʜʠʦʜʳ) ʧʨʠʚʣʝʢʘʣʠ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʬʠʟʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʚ ʜʝʪʝʢʪʦʨʝ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʝ 

ʧʨʠʙʦʨʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ʧʨʦʜʦʣʞʘʣʠ ʧʨʠʤʝʥʷʪʴ ʥʘ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʛʜʝ ʦʥ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, 3 ʷʥʚʘʨʷ 1934 ʛʦʜʘ ʥʘ ɺʘʩʠʣʴʝʚʩʢʦʤ ʦʩʪʨʦʚʝ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʨʠʝʤʫ 

ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʩʘʤʦʣʝʪʘ ʨʘʜʠʦʚʦʣʥ. ɺ ʥʝʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʡ ʧʦ ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ʂ ʩʝʨʝʜʠʥʝ 30-ʭ ʛʦʜʦʚ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʬʠʟʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʪʝʭʥʠʢʦʡ, ʙʳʣʘ ʟʘʜʘʯʘ ʦʙʲʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʷʚʣʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʝ ʤʝʪʘʣʣ-



ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʅʠ ʦʜʥʘ ʠʟ ʪʝʦʨʠʡ ʪʝʭ ʣʝʪ ʝʝ ʥʝ ʦʙʲʷʩʥʷʣʘ. ʋʯʝʥʳʤ ʫʞʝ ʫʜʘʣʦʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʠʪʴ ʩʣʠʪʦʢ ʢʨʝʤʥʠʷ, ʫ ʢʦʪʦʨʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʙʳʣʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨ-ʪʠʧʘ, ʘ ʩ ʜʨʫʛʦʡ n-ʪʠʧʘ. ʀʩʪʦʨʠʝʡ ʩʪʘʣʦ ʩʦʙʳʪʠʝ, ʢʦʛʜʘ ʩʦʪʨʫʜʥʠʢ 

ʢʦʤʧʘʥʠʠ "Bell Labs" ʈʘʩʩʝʣ ʆʣ, ʚʳʨʝʟʘʣ ʠʟ ʵʪʦʛʦ ʩʣʠʪʢʘ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ p-n 

ʧʝʨʝʭʦʜ. ʕʪʦ ʙʳʣʦ ʚ 1935 ʛʦʜʫ, ʢʦʪʦʨʳʡ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʛʦʜʦʤ 

ʩʦʟʜʘʥʠʷ p-n ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʠʦʜʦʚ ʠ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ. 

ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʚ ʥʘʯʘʣʝ 30-ʭ ʛʦʜʦʚ ʧʨʦʚʦʜʠʣʩʷ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʪʘʢʪʘʭ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʘʢʪʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʳ ʩʝʡʯʘʩ ʥʘʟʳʚʘʝʤ 

p-n ʧʝʨʝʭʦʜʘʤʠ. ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʯʘʣʠ ʟʘʨʦʞʜʘʪʴʩʷ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʚʳʧʨʷʤʣʝʥʠʷ 

ʪʦʢʘ ʥʘ p-n ʧʝʨʝʭʦʜʝ. 

ʉʧʨʘʚʢʘ. ɺ 1937ʛ. ʘʢʘʜ. ɸ. ʌ. ʀʦʬʬʝ ʠ ɸ. ɺ. ʀʦʬʬʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʥʦʤ ʩʣʦʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʜʚʫʤʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʊʝʦʨʠʷ ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʪʘʢʦʤ ʩʣʦʝ ʙʝʟ ʫʯʝʪʘ ʢʦʥʪʘʢʪʥʦʡ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʙʳʣʘ ʪʦʛʜʘ ʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ɹ.ʀ. ɼʘʚʳʜʦʚʳʤ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ɸ.ʀ. 

ɻʫʙʘʥʦʚʳʤ. 

ɻʨʘʥʠʮʘ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʪʦʥʢʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʤʝʞʜʫ ʥʠʤʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʭʦʜ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʨʫʛʦʛʦ ʪʠʧʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʣʘʩʪʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʜʳʨʦʯʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦ-ʜr ʨʦʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ ð ʢʦʨʦʯʝ ð ʧʝʨʝʭʦʜʦʚ ʪʠʧʘ nðp 

ʠʣʠ pðn. 

ʅʘʠʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʪʝʦʨʠʷ ʚʳʧʨʷʤʣʝʥʠʷ ʪʦʢʘ ʥʘ ʢʦʥʪʘʢʪʝ ʨʘʟʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʪʨʫʜʥʠʢʦʤ ʌʊʀ ɸʅ ʉʉʉʈ ɹʦʨʠʩʦʤ ʀʦʩʠʬʦʚʠʯʝʤ 

ɼʘʚʳʜʦʚʳʤ ʚ 1938 ʛ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʩʦʙʩʪʚʝʥʥʫʶ ʪʝʦʨʠʶ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʚ ʜʠʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʘʟʚʘʥʥʳʭ 

ʧʦʟʜʥʝʝ p-n ʧʝʨʝʭʦʜʘʤʠ. 

ʀʤ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʚʳʨʘʱʝʥʥʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʛʝʨʤʘʥʠʷ, ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ 

ʨʘʟʛʨʘʥʠʯʝʥ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʟʜʝʣʷʶʱʝʡ ʛʝʨʤʘʥʠʡ ʪʠʧʘ p ʠ ʛʝʨʤʘʥʠʡ ʪʠʧʘ n (ʨʠʩ). 

ʈʘʟʜʝʣʷʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɸɹɺɻ ʷʚʣʷʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʪʠʧʘ p ð 

n. ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ ʚ ʧʝʨʝʭʦʜʝ ʪʠʧʘ p ð n ʜʣʷ ʛʝʨʤʘʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʫʢʣʘʜʳʚʘʣʦʩʴ ʚ ʪʝʦʨʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʘʟʜʝʣʴʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʨʘʟʥʦʛʦ ʪʠʧʘ. 

 
ɺʳʨʘʱʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ɸɹɺɻ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ 

ʤʝʞʜʫ ʛʝʨʤʘʥʠʝʤ ʪʠʧʘ ʨ ʠ ʛʝʨʤʘʥʠʝʤ ʪʠʧʘ n 



ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ 

ʧʦʛʨʘʥʠʯʥʘʷ ʧʣʦʱʘʜʴ ʤʝʞʜʫ ʛʝʨʤʘʥʠʝʤ ʪʠʧʘ p ʠ ʛʝʨʤʘʥʠʝʤ ʪʠʧʘ n ʤʦʞʝʪ ʠʤʝʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʚʳʨʘʱʝʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. 

ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʪʠʧʘ p ð n ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʤʘʤʠ 

ʛʝʨʤʘʥʠʷ ʪʠʧʘ p ʠ ʪʠʧʘ n ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʪʦʥʢʦʛʦ ʩʣʦʷ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʜʨʫʛʦʛʦ ʪʠʧʘ ʚ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʪʦʥʢʦʛʦ ʦʩʪʨʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʫʞʠʥʢʠ. 

ɹʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʣʠʥʝʡʥʦʛʦ 

ʪʠʧʘ, ʧʨʠʩʫʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʜʠʦʜʫ ʠ ʯʪʦ ʪʘʢʦʡ ʢʦʥʪʘʢʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ 

ʚʳʧʨʷʤʣʝʥʠʷ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʘ. 

ʉʧʨʘʚʢʘ. ɺ ʥʦʨʤʘʣʴʥʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʜʠʦʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʯʘʱʝ ʚʩʝʛʦ ð ʚʦʣʴʬʨʘʤʦʚʦʡ, ʢʦʥʪʘʢʪʥʦʡ ʧʨʫʞʠʥʢʦʡ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ 

ʪʠʧʘ n ʠʣʠ ʪʠʧʘ p. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ ʚ 

ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʪʠʧʘ n ʠ ʪʠʧʘ p, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝ ʠʤʝʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʜʠʦʜʫ, ʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʪʘʢʪʥʦʤ ʩʣʦʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʝ 

ʩʦʚʝʪʩʢʠʤʠ ʬʠʟʠʢʘʤʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ. ɺ 1940 ʛ. ʧʨʦʬ. ɺ. ɽ. ʃʘʰʢʘʨʝʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʤʝʜʥʦʟʘʢʠʩʥʳʭ ʠ ʩʝʣʝʥʦʚʳʭ ʚʳʧʨʷʤʠʪʝʣʷʭ ʟʘʧʠʨʘʶʱʠʡ ʩʣʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʝ 

ʥʘ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʘ ʚ ʝʛʦ ʦʙʲʝʤʝ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʳʧʨʷʤʠʪʝʣʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʜʨʫʛʦʛʦ ʪʠʧʘ, ʯʝʤ ʚʝʩʴ ʦʩʪʘʣʴʥʦʡ ʝʛʦ ʦʙʲʝʤ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʧʦ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʦʪ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ. 

ɿʘʧʠʨʘʶʱʠʡ ʩʣʦʡ ʥʘʭʦʜʠʪʩʷ ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʘ ʚ ʝʛʦ ʦʙʲʝʤʝ ʥʘ 

ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʤʝʪʘʣʣʦʤ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʘʧʠʨʘʶʱʝʤ ʩʣʦʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʲʷʩʥʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʢʨʝʤʥʠʝʚʳʭ ʠ ʛʝʨʤʘʥʠʝʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʠʦʜʘʭ ʵʬʬʝʢʪ 

ʚʳʧʨʷʤʣʝʥʠʷ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʢʦʥʪʘʢʪʥʦʡ ʧʨʫʞʠʥʢʠ. ʄʝʞʜʫ ʪʝʤ, ʝʩʣʠ ʙʳ 

ʦʥ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʦ ʵʬʬʝʢʪ ʚʳʧʨʷʤʣʝʥʠʷ 

ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʢʦʥʪʘʢʪʥʦʡ ʧʨʫʞʠʥʢʠ. ʊʘʢ 

ʞʝ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʘʧʠʨʘʶʱʠʡ ʩʣʦʡ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʦʙʲʝʤʝ ʛʝʨʤʘʥʠʷ 

ʠ ʢʨʝʤʥʠʷ ʚʙʣʠʟʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʛʝʨʤʘʥʠʝʚʳʭ ʠ ʢʨʝʤʥʠʝʚʳʭ ʜʠʦʜʘʭ. ʕʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʪʦʛʦ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʟʘʧʠʨʘʶʱʠʡ ʩʣʦʡ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʦʚʤʝʩʪʥʦʝ 

ʜʝʡʩʪʚʠʝ ʦʙʦʠʭ ʟʘʧʠʨʘʶʱʠʭ ʩʣʦʝʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʚʳʧʨʷʤʣʝʥʠʝ 

ʚ ʪʘʢʠʭ ʜʠʦʜʘʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʙʲʝʤʝ ʛʝʨʤʘʥʠʷ 

ʠʣʠ ʢʨʝʤʥʠʷ ʥʘ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʩʣʦʡ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʣʠ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʫʞʠʥʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʛʝʨʤʘʥʠʷ ʠʣʠ ʢʨʝʤʥʠʷ. ɿʘʧʠʨʘʶʱʠʡ ʩʣʦʡ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʵʪʠʭ 




