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ʈʦʛʫʣʠʥʘ ʃʘʨʠʩʘ ʀʚʘʥʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 
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ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ 
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ʌʝʜʝʨʘʣʴʥʦʝ ʥʘʫʯʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ  

(ʌʅɹʋ ʀɻʄ ʉʆ ʈɸʅ) 

 

ʊʀʇʆʄʆʈʌʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɻʃɸɺʅʓʍ ʈʋɼʆʆɹʈɸɿʋʖʑʀʍ 

ʄʀʅɽʈɸʃʆɺ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ɼɸʃʔʅɽɻʆʈʉʂʆɻʆ ʈʋɼʅʆɻʆ ʈɸʁʆʅɸ (ʇʈʀʄʆʈʉʂʀʁ ʂʈɸʁ, ʈʆʉʉʀʗ). 
TYPOMORPHIC PECULIARITIES OF THE MAIN ORE -FORMING MINERALS OF 

POLYMETALLIC DEPOSITS, DALNEGORSKY ORE DISTRICT (PRIMORYE, RUSSIA)  

 

ɸʅʅʆʊɸʎʀʗ 

ʇʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʣʘʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʨʘʟ-

ʥʦʪʠʧʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ɸʥʘʣʠʟ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʚʧʝʨʚʳʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʈʌɸ-ʉʀ). ʋʩʪʘʥʦʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʵʣʝ-

ʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʚ ʛʘʣʝʥʠʪʘʭ ʠ ʩʬʘʣʝʨʠʪʘʭ: Fe, Cu, Ni, Cd, Ag, Sn, Sb ʠ (In ʚ ʩʬʘʣʝʨʠʪʝ), (Te ʚ ʛʘʣʝʥʠʪʝ). 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʩʦʚʤʝʩʪʥʦ ʩʦ Pb ʠ Zn ʦʧʨʝʜʝʣʷʶʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʨʝʛʠʦʥʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ Ag, Bi, Cu, Te, Cd ʠ In ʚ ʤʠʥʝʨʘʣʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ. ɺʳʷʚʣʝʥʥʳʝ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʝʜʠʥʦʡ ʨʫʜʥʦ-ʤʘʛʤʘ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʢʘʨʥʦʚʳʭ ʠ ʞʠʣʴʥʳʭ Pb-Zn ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʇʨʠʤʦʨʴʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʤʝʥʪʳ, ʤʠʥʝʨʘʣʳ, ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʢʘʨʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʞʠʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

 

ABSTRAKT  

New data about the typomorphic peculiarities of the main ore-forming minerals in different-type polymetal-

lic deposits of Dalnegorsky ore region are studied. For the first time elemental composition analysis of minerals 

was studied by method of X-rayfluorescent energy dispersion analysis on synchrotron radiation (SR-XRFA). 

Typical impurity elements are determined in galenites and sphalerites: Fe, Cu, Ni, Cd, Ag, Sn and Sb, as well as 

In in sphalerites, and Te in galenites. These elements together with Pb and Zn set the geochemical specialization 

of the region. By using a comprehensive ore processing it is necessary to consider significant contents of Ag, Bi, 

Cu, Te, Cd and In in minerals of studied deposits. Revealed typomorphic peculiarities of the main ore minerals 

indicate an integrated ore-magma-metasomatic system at the formation of skarn and vein Pb-Zn deposits within 

the East-Sikhote-Alin volcano-plutonic belt, Primorye. 

Key words: noble metal mineralization, mineral associations, deposit, scarna, vein ore bodies. 
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6 ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 

ɼʘʣʴʥʝʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʇʨʠʤʦʨʩʢʦʛʦ 

ʢʨʘʷ ʠʟʚʝʩʪʝʥ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʦʣʦ-

ʚʷʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʤʝ-

ʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ʇʦʣʠʤʝʪʘʣʣʠʯʝ-

ʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʜʚʫʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʠʧʦʚ: ʩʢʘʨʥʦʚʳʤʠ ʠ ʞʠʣʴʥʳʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʘʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫ-

ʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʟʫʯʝ-

ʥʠʷ ʨʫʜ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʘʭ, ʪʠʧʠʟʘ-

ʮʠʶ ʧʦ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ 

ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦ-

ʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʥʘ ʨʘʥʥʠʭ ʩʪʘ-

ʜʠʷʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʧʨʦʛʥʦʟʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʧʝʰʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ 

ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʪʠ-

ʧʦʤʦʨʬʥʳʡ ʤʠʥʝʨʘʣè ʚʚʝʜʸʥ ʘʚʩʪʨʠʡʩʢʠʤ ʧʝʪʨʦ-

ʛʨʘʬʦʤ ʌ. ɹʝʢʢʝ (1903) ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘ-

ʣʦʚ, ʤʘʨʢʠʨʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʦʥʳ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʎʝʣʦʩʪʥʦʝ ʫʯʝʥʠʝ ʦ 

ʪʠʧʦʤʦʨʬʠʟʤʝ ʤʠʥʝʨʘʣʦʚ ʩʦʟʜʘʥʦ ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ 

(1932-40), ʢʦʪʦʨʳʡ ʧʨʠʜʘʣ ʝʤʫ ʧʨʘʢʪʠʯʝʩʢʠʡ ʘʩ-

ʧʝʢʪ, ʧʦʣʦʞʠʚ ʚ ʦʩʥʦʚʫ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʋʯʝʥʠʝ ʦ ʪʠ-

ʧʦʤʦʨʬʠʟʤʝ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘʪʠʢʫ 

ʜʘʥʥʳʭ ʦ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʠʥʝʨʘʣʦʚ, 

ʥʦ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ [7]. ɺ ʫʯʝʥʠʠ ʦʧʨʝ-

ʜʝʣʠʣʩʷ ʨʷʜ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʧʘʨʘ-

ʛʝʥʝʪʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ, ʦʥʪʦʛʝʥʠʯʝʩʢʦʝ, ʢʨʠ-

ʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ, ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʬʠʟʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ. ʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʙʦʙʱʸʥ ʚ ʨʘʙʦʪʘʭ 

[4. 5], ʚ ʢʦʪʦʨʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ, ʩʪʘ-

ʜʠʡʥʦʩʪʴ, ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʛʝʥʝʟʠʩ ʧʦʣʠʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʍʠʤʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʫʯʝʥʠʠ ʦ ʪʠʧʦʤʦʨʬʠʟʤʝ ʤʠʥʝʨʘʣʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʠʭ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [14]. ʌʠʟʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʩʦʩʪʘʚ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 

ʬʣʶʠʜʘ ʠ ʜʨ.) ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʪʠʧʳ ʨʫʜ, ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʠ ʛʣʫʙʠʥ-

ʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [12, 16, 17]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠ-

ʥʝʨʘʣʦʚ ʩʢʘʨʥʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʨʘʡʦʥʘ ʩ ʫʯʸʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʨʘʟʥʦʪʠʧʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʦʨʦʛʝʥʥʦʛʦ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-

ɸʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ʀʩʩʣʝ-

ʜʦʚʘʣʠʩʴ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʨʘʟʥʦʪʠʧʥʳʝ Ag-Pb-Zn 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ: 

ʩʢʘʨʥʦʚʦʝ ï ʅʠʢʦʣʘʝʚʩʢʦʝ, ʟʘʣʝʞʠ ʍʘʨʴʢʦʚʩʢʘʷ ʠ 

ɺʦʩʪʦʢ-1; ʞʠʣʴʥʦʝ ïʄʘʡʤʠʥʦʚʩʢʦʝ, ʰʪʦʢʚʝʨʢ ɿʘ-

ʛʘʜʢʘ.  

ɼʘʣʴʥʝʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʦʤ ɺʦʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʤ 

ʧʣʫʪʦʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʤ ʧʦʷʩʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, 

ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦ-

ɼʞʝʮʟʷʥʩʢʦʛʦ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʚʫʣʢʘ-

ʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. ɸʢʨʝʮʠʷ ʪʝʨʨʝʡʥʦʚ ʟʘʚʝʨʰʠʣʘʩʴ 

ʚ ʧʦʩʣʝʛʦʪʝʨʠʚ-ʧʨʝʜʘʣʴʙʩʢʦʝ ʚʨʝʤʷ ʚ ʟʦʥʝ ʪʝʢʪʦ-

ʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ [3]. ʄʘʛʤʘʪʠʯʝ-

ʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ɺʦʩʪʦʯʥʦïʉʠʭʦʪʵïɸʣʠʥʩʢʦʡ ʚʫʣ-

ʢʘʥʥʦïʧʣʫʪʦʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ 

ʚʫʣʢʘʥʠʪʘʤʠ ʝʜʠʥʦʡ ʤʘʛʤʘʢʦʥʪʨʦʣʠʨʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳ ʛʘʙʙʨʦïʛʨʘʥʠʪʥʳʤ 

ʩʝʨʠʷʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ 

ʫʥʠʢʘʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʩʚʷʟʳʚʘʶʪ ʩ ʤʘʥʪʠʡ-

ʥʦ-ʧʣʶʤʦʚʦʡ ʪʝʢʪʦʥʠʢʦʡ [1]. ɼʦʣʛʦʞʠʚʫʱʠʡ ʢʘ-

ʥʘʣ ʧʦʜʲʸʤʘ ʱʸʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʭ ʤʘʛʤ ʦʧʨʝʜʝʣʷʝʪ 

ʮʝʥʪʨ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ (ʊʝʪʶʭʠʥʩʢʦʛʦ) ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ ʠ ʵʪʘʧʳ ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʩʥʦ ʫʚʷ-

ʟʳʚʘʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʩ ʦʪʣʦʞʝʥʠʝʤ ʙʦʨʥʳʭ, ʦʣʦ-

ʚʷʥʥʳʭ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʨʘʡʦʥʘ [2]. ʇʦ-

ʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʘʤ: ʩʢʘʨʥʦʚʳʤ ʠ ʞʠʣʴʥʳʤ. 

ʉʢʘʨʥʦʚʦïʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʪʠʧʥʦʩʪʴʶ ʚʝʱʝ-

ʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ ʠ ʩʢʘʨʥʦʚ, ʩʪʨʫʢʪʫʨʥʦï

ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʟʘʣʝʞʴ ɹʦʣʴʥʠʯʥʘʷ ʇʘʨʪʠ-

ʟʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʫʜʥʳʝ ʪʝʣʘ ʠʟʚʝʩʪʥʳʭ ʚ 

ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʪʤʝʪʢʘʭ 

ʦʪ +900 ʤ ʜʦ ï 700 ʤ; ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ï Pb ʠ Zn ʚ ʩʢʘʨʥʦʚʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫ-

ʜʘʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ Ag, Bi, Cu, Cd 

ʠ In. 

ʅʠʢʦʣʘʝʚʩʢʦʝ Ag-Pb-Zn ʩʢʘʨʥʦʚʦʝ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɼʘʣʴʥʝ-

ʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ɺ ʩʪʨʦʝʥʠʠ ʝʛʦ ʧʨʠʥʠ-

ʤʘʶʪ ʫʯʘʩʪʠʝ ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʠ ʧʘʣʝʦʛʝʥʦʚʳʝ 

ʚʫʣʢʘʥʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʤʝ-

ʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ-

ʥʦʡ ʯʘʩʪʴʶ ʊʘʫʭʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ï ʬʨʘʛʤʝʥʪʘ 

ʨʘʥʥʝʤʝʣʦʚʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ [13]. ɺ ʧʨʝ-

ʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʘʷ 

ʨʘʟʨʳʚʥʘʷ ʪʝʢʪʦʥʠʢʘ. ʇʦ ʪʠʧʫ ʩʤʝʱʝʥʠʡ ï ʵʪʦ 

ʥʘʜʚʠʛʠ, ʩʙʨʦʩʳ, ʩʜʚʠʛʠ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʛʦ, ʩʝʚʝ-

ʨʦïʟʘʧʘʜʥʦʛʦ, ʨʝʞʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʰʠʨʦʪ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʦ ʚʨʝʤʝʥʠ ʟʘʣʦʞʝʥʠʷ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʨʘʟʣʦʤʦʚ ʜʦʨʫʜʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʜʚʠʞʢʠ ʧʦ ʥʠʤ ʧʨʦʠʩʭʦʜʠʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚ 

ʜʦʨʫʜʥʦʝ, ʚʥʫʪʨʠʨʫʜʥʦʝ ʠ ʧʦʩʪʨʫʜʥʦʝ ʚʨʝʤʷ. ʉʠ-

ʩʪʝʤʳ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʨʘʟʣʦʤʦʚ ʦʧʨʝʜʝʣʠʣʠ ʙʣʦ-

ʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʛʝʦʣʦʛʦï

ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʝʱʝ-

ʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʨʫʜʥʳʝ ʪʝʣʘ ʅʠʢʦʣʘʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: ʩʢʘʨ-

ʥʦʚʦïʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʞʠʣʴʥʳʝ. ʉʢʘʨʥʦʚʳʝ 

ʨʫʜʥʳʝ ʪʝʣʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩ-

ʥʦʚʥʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. ʆʥʠ ʣʦʢʘʣʠʟʫ-

ʶʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ 

ʠʭ ʚʫʣʢʘʥʠʪʘʤʠ ʚ ʬʦʨʤʝ ʧʣʘʩʪʦʚʳʭ ʠ ʪʨʫʙʦʦʙʨʘʟ-

ʥʳʭ ʟʘʣʝʞʝʡ; ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʤʦʱʥʦʩʪʠ, ʵʣʝʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʝʤ ʧʦ-
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ʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʩʥʠʟʫ ʚʚʝʨʭ 

ʨʫʜʥʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

ʟʘʣʝʞʴ ʅʠʞʥʷʷ, ɺʦʩʪʦʢ-1 ʠ çʛʣʳʙʦʚʳʝè ʨʫʜʥʳʝ 

ʪʝʣʘ: ʍʘʨʴʢʦʚʩʢʦʝ, ʐʦʢʫʨʦʚʩʢʦʝ, ʉʘʬʨʦʥʦʚʩʢʦʝ, 

ʄʘʨʴʝʚʩʢʦʝ, ɾʝʨʣʦʚʦʝ. ɾʠʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʜʦ-

ʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʧʣʦʱʘʜʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʠ ʧʨʦʩʣʝʞʝʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘ-

ʥʘʚʘʤʠ ʠ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʫ 300ï500 ʤ, 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʠ ʠʟʚʝʨʞʝʥʥʳʭ 

ʧʦʨʦʜʘʭ. ɾʠʣʴʥʳʝ ʪʝʣʘ: ʉʝʨʝʙʨʷʥʘʷ, ʂʚʘʨʮʝʚʘʷ, 

ʐʘʭʪʦʚʘʷ, ɸʥʜʝʟʠʪʦʚʘʷ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ʠ ʉʝ-

ʚʝʨʦ-ɿʘʧʘʜʥʘʷ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Pb, Zn, ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʝʨʝʙʨʘ, ʧʦʚʳʰʝʥʥʳʤʠ ï ʟʦʣʦʪʘ. 

ʄʦʱʥʦʩʪʴ ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʤʝʥʷʝʪʩʷ ʦʪ ʜʦʣʝʡ 

ʤʝʪʨʘ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ʄʘʩʰʪʘʙʳ ʞʠʣʴʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʘʷ ʮʝʥʥʦʩʪʴ ʥʘ ʅʠ-

ʢʦʣʘʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʦʧʨʝ-

ʜʝʣʝʥʳ. ɼʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʨʫʜʥʳʭ ʪʝʣ, ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʪʘʜʠʡʥʦʩʪʠ ʠ ʟʦ-

ʥʘʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʘʭ ʧʦʢʘʟʘʥʘ ʘʚʪʦʨʦʤ 

ʨʘʥʝʝ [8, 9]. 

ʄʘʡʤʠʥʦʚʩʢʦʝ Ag-Pb-Zn ʞʠʣʴʥʦʝ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ. ɿʘʣʝʛʘʝʪ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʜʚʫʭ ʢʨʫʧʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʄʦʥʦʤʘʭʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʉʤʳʩ-

ʣʦʚʩʢʦʡ ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʳ. ɺ ʧʨʝʜʝʣʘʭ ʧʨʠʧʦʜʥʷ-

ʪʦʛʦ ʙʣʦʢʘ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ, ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʝʨʚʳʝ ʷʚʣʷʶʪʩʷ ʩʜʚʠʛʘ-

ʤʠ ʩ ʢʨʫʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʤʝʩʪʠʪʝʣʷ. ʈʘʟʣʦʤʳ 

ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʯʘʩʪʦ ʚʳʧʦʣʥʝ-

ʥʳ ʜʘʡʢʘʤʠ ʙʘʟʠʪʦʚ, ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʧʨʠʫʨʦʯʝʥʘ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʈʫʜʥʳʝ 

ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʣʝʛʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʝʩʯʘʥʠʢʘʭ ʬʣʠʰʦʠʜʥʦʡ ʪʦʣʱʠ, ʢʦʪʦʨʳʝ ʧʝʨʝ-

ʢʨʳʪʳ ʥʘ ʩʝʚʝʨʝ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʟʜʥʝʤʝ-

ʣʦʚʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

(ʩʝʥʦʤʘʥ), ʘ ʪʘʢʞʝ ʪʫʬʘʤʠ ʠ ʠʛʥʠʤʙʨʠʪʘʤʠ ʨʠʦʣʠ-

ʪʦʚ (ʪʫʨʦʥ-ʩʘʥʪʦʥ). ʈʘʟʚʝʜʘʥʦ ʙʦʣʝʝ 30 ʞʠʣʴʥʳʭ 

ʨʫʜʥʳʭ ʪʝʣ ʠ ʰʪʦʢʚʝʨʢʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʜʝ-

ʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 13. ʇʨʦʩʪʠʨʘʥʠʝ 

ʨʫʜʥʳʭ ʪʝʣ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 560-

800 ʥʘ ʉɺ, ʨʝʞʝ ʖɿ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʠ-

ʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ, ʧʨʦʞʠʣʢʦʚʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ ʠ ʞʠʣʘʤʠ ʚʳʧʦʣʥʝʥʠʷ 

ʚʢʨʘʧʣʝʥʥʦʛʦ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʛʦ ʦʨʫʜʝ-

ʥʝʥʠʷ. ʇʦ ʢʦʥʪʘʢʪʘʤ ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʞʠʣ ʠʥʦʛʜʘ ʧʨʦʷʚʣʝʥʘ ʨʫʜʥʘʷ ʙʨʝʢʯʠʷ, ʚʝʨʦʷʪʥʦ, 

ʨʝʟʫʣʴʪʘʪ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʚʠʞʝʢ. 

ɺ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʦʙʨʘʟʫʝʪ ʤʝʣʢʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʝʷʥʥʫʶ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʘ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ï ʛʥʝʟʜʦʚʫʶ ʠ 

ʧʨʦʞʠʣʢʦʚʫʶ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠ-

ʘʮʠʡ ʠ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʙʣʘʛʦʨʦʜʥʦ-

ʤʝʪʘʣʣʴʥʦʡ ʨʘʩʩʤʦʪʨʝʥʳ ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʘʭ [10, 

11]. ʈʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʟʘʣʝʛʘʶʪ ʚ ʙʣʠʟʢʠʭ ʛʝʦʣʦʛʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ c ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩʪʘʜʠʷ-

ʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɻʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘ-

ʤʠ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʛʘʣʝʥʠʪ ʠ ʩʬʘʣʝʨʠʪ, ʠʟʚʣʝʢʘʝ-

ʤʳʤ ʧʦʧʫʪʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï 

Ag. ʉʝʨʝʙʨʷʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʯʘʱʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ 

Ag. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʦʪʤʝʯʘʝʪʩʷ 

ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ.  

ʊʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʛʘʣʝʥʠʪʘ ʠ ʩʬʘ-

ʣʝʨʠʪʘ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʦ 

ʮʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʝ ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʟʠʮʠʡ: ʢʘʢ ʚʘʨʠʘʮʠʠ ʩʫʣʴʬʠʜʦʚ ʨʘʟ-

ʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʚʣʝʯʝʥʠʠ 

ʨʫʜ. 

ɸʥʘʣʠʟ ʧʨʦʙ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫ-

ʦʨʝʩʮʝʥʪʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ (ʈʌɸ-ʉʀ) ʥʘ ʚʩʪʨʝʯʥʳʭ ʵʣʝʢʪʨʦʥʥʦï

ʧʦʟʠʪʨʦʥʥʳʭ ʧʫʯʢʘʭ (ɺʕʇʇ-3) ʚ ʉʠʙʠʨʩʢʦʤ ʎʝʥ-

ʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠ ʪʝʨʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʀʗʌ ʉʆ ʈɸʅ. ʉʪʘʥʮʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʬʠʨʤʳ OXFORD INSTRUMENTS ʠ 

ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʜʫʣʝʡ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʵʤʠʩʩʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ (AXIL) ʠ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʩʢʦʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ (LLD ʠʟ ʫʩʣʦʚʠʷ -3G) ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʵʣʝʤʝʥʪʘʤ: Fe- 0,1% ; Ni- 300 

ppm.; Cu- 200 ppm.; Zn- 80 ppm.; Ag-2,5 ppm.; Cd-

4,8 ppm.; In- 1,9 ppm.; Sn- 1,5ppm.; Sb- 4,8 ppm.; 

Te-3,2 ppm.; As-0,008 %; Pb-0.006 %. ʄʦʥʦʤʠʥʝ-

ʨʘʣʴʥʳʝ ʧʨʦʙʳ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʳ 

ʜʦ ʬʨʘʢʮʠʠ 200 ʤʝʰ, ʘ ʟʘʪʝʤ ʠʟ ʥʠʭ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʦʪʧʨʝʩʩʦʚʘʥʳ ʙʝʟ ʩʚʷʟʫ-

ʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʠ 

ʚʝʩʦʤ 30 ʤʛ.  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʠ-

ʧʦʤʦʨʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʬʘʣʝʨʠʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ 

ʨʘʟʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʷʚʣʷʶʪʩʷ: Fe, Cu, 

Ni, Cd, Ag, Sn, Sb ʠ In (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʧʝʨʝ-

ʤʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Fe (10,6-19,1 %), 

Cu (0,29-1,75 %), Ag (52,8-340 ʛ/ʪ), Sb (23,7-109,0 

ʛ/ʪ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʞʠʣʴʥʦʤ ʄʘʡʤʠʥʦʚʩʢʦʤ, ʘ ʧʦ Ag 

(23,7-146,0 ʛ/ʪ) ʠ In (38,-160,0 ʛ/ʪ) ʚ ʩʢʘʨʥʦʚʦʤ ʅʠ-

ʢʦʣʘʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ; As ʚ ʩʬʘʣʝʨʠʪʘʭ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥ. ɺ ʩʬʘʣʝʨʠʪʘʭ 

ʠʟ ʩʢʘʨʥʦʚ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʛʨʘʥʘʪ-

ʚʦʣʣʘʩʪʦʥʠʪ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʭ) ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘ-

ʥʠʝ Fe, Pb, Ni, Cd ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ, ʦʣʦʚʘ ʚ 2,5 

ʨʘʟʘ, ʘ ʠʥʜʠʷ ʚ 20 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʄʘʡʤʠʥʦʚʩʢʦʤ 

ʞʠʣʴʥʦʤ. ʉʬʘʣʝʨʠʪʳ ʞʠʣʴʥʳʭ ʨʫʜ ʩʦʜʝʨʞʘʪ Cu ʚ 

3 ʨʘʟʘ, Ag ʚ 2,6, Sb ʚ 1,8 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʩʬʘʣʝʨʠ-

ʪʳ ʠʟ ʩʢʘʨʥʦʚʳʭ ʨʫʜ. ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʬʘʣʝʨʠʪ ʠʟ ʜʠʦʧʩʠʜ-

ʠʣʴʚʘʠʪʦʚʳʭ ʩʢʘʨʥʦʚ ʟʘʣʝʞʠ ɹʦʣʴʥʠʯʥʦʡ ʇʘʨʪʠ-

ʟʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  
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ʊʘʙʣʠʮʘ 1 ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʩʝʡ ʚ ʩʬʘʣʝʨʠʪʘʭ.  

 

ˉ 

ʧ/ʧ 
ˉ ʧʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ (%, ʛ/ʪ). 

Fe% Pb% Ni Cu Cd Ag Sn Sb Te In 

ʅʠʢʦʣʘʝʚʩʢʦʝ ʩʢʘʨʥʦʚʦʝ (ʍʘʨʴʢʦʚʩʢʦʝ, ɺʦʩʪʦʢ-2) 

1 ʅ-90 26,3 1,44 1048 9971 2993 87 12,0 31,7 - 38,9 

2 ʅ-92 19,3 0,44 1365 2060 3013 56 6,20 13,9 - 160 

3 ʅ-94 16,0 0,81 1553 1508 3146 47 11,7 30,7 - 38,1 

4 ʅ-95 18,1 0,14 1179 1683 3010 20,8 18,8 21,9 - 54,9 

5 ʅ-95-1 18,4 4,19 883 2777 2843 146 25,4 29,7 6,59 78,0 

6 ʅ-96 21,8 0,07 1506 1884 3393 27,3 15,4 29,9 - 44,9 

7 ʅ-97 23,5 1,23 1298 2097 2864 66 11,3 25,0 - 52,8 

8 ʅ-98 21,7 3,36 1017 1354 2710 69 14,3 43,1 - 59,0 

ʉʨʝʜʥʝʝ  20,6 1046 1231 2916 2996 64,9 14,4 28,2 0,82 65,8 

ʇʘʨʪʠʟʘʥʩʢʦʝ ʩʢʘʨʥʦʚʦʝ (ɹʦʣʴʥʠʯʥʦʝ) 

9 ʉ2-100 7,58 1,95 1978 2343 2088 30,1 35,3 21,4 - 1,63 

ʄʘʡʤʠʥʦʚʩʢʦʝ ʞʠʣʴʥʦʝ (ʰʪʦʢʚʝʨʢ ɿʘʛʘʜʢʘ) 

10 225-10 17,8 1,63 1122 9305 3066 185 3,33 28,8 - - 

11 225-12 14,0 0,30 1422 8797 3631 234 7,39 45,8 - - 

12 225-21 15,0 0,02 1364 15174 3476 125 6,03 31,3 - 1,87 

13 225-23 13,7 0,02 1283 8854 3442 93 8,10 23,7 - - 

14 225-29 14,8 0,05 1080 7314 3423 340 6,53 109 - - 

15 228-5 15,4 0,40 1062 17469 3407 236 9,46 47,1 - 1,19 

16 228-8 12,4 0,35 1167 4028 3166 58 6,50 32,6 - 4,67 

17 ʄʄ-43 19,1 0,03 1323 2964 3559 52,8 3,88 34,1 - 3,29 

18 ʄʄ-46 10,6 3,98 1333 4870 3635 131 8,93 107 - - 

ʉʨʝʜʥʝʝ 14,8 0,75 1240 8753 3423 161,6 6,68 51,0 - 2,75 

ʇʨʠʤʝʯʘʥʠʝ ʢ ʪʘʙʣʠʮʘʤ: ʅ ï ʅʠʢʦʣʘʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʛʦʨ. -265, -400); 

 ʉ2 ï ʇʘʨʪʠʟʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʛʦʨ. +75); 

 ʄʄ ï ʰʪʦʣʴʥʝʚʦʡ ʛʦʨʠʟʦʥʪ (+560), ʦʩʪʘʣʴʥʳʝ ï ʩʢʚʘʞʠʥʳ, ʛʦʨʠʟʦʥʪ (+500); 

 As ï ʥʠʞʝ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ; 

 - ï ʩʦʜʝʨʞʘʥʠʝ ʥʠʞʝ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Fe, Ag ʠ ʧʦʚʳʰʝʥʥʳʤ ï Sn. ɺ ʨʫʜʘʭ ʵʪʦʡ ʟʘʣʝʞʠ (ʛʦʨ.+140 ʤ) ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʟʜ-

ʥʷʷ ʛʝʥʝʨʘʮʠʷ ʩʬʘʣʝʨʠʪʘ (ʢʣʝʡʦʬʘʥ), ʭʘʨʘʢʪʝʨʥʘʷ ʪʘʢʞʝ ʜʣʷ ʞʠʣʴʥʳʭ ʪʝʣ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Cu ʠ Sb ʚ ʛʘʣʝʥʠʪʘʭ ʠ ʩʬʘʣʝʨʠʪʘʭ ʞʠʣʴʥʳʭ ʨʫʜ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʘʨʥʦʚʳʭ. ɺ ʞʠʣʴʥʳʭ ʩʬʘʣʝʨʠʪʘʭ 

ʰʪʦʣʴʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ (+560 ʤ) Sb ʥʝʩʢʦʣʴʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʚ ʩʢʚʘʞʠʥʘʭ (+500 ʤ), 

70,6 ʛ/ʪ ʠ 45,5 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ Cd (0,3%), Ag (64,9 

ʛ/ʪ), In (65,8 ʛ/ʪ) ʚ ʩʬʘʣʝʨʠʪʘʭ ʟʥʘʯʠʤʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ. 

 

ɺ ʩʬʘʣʝʨʠʪʘʭ ʄʘʡʤʠʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ Cd (0,34 %) ʠ Ag (161,6 ʛ/ʪ), 

ʧʦʩʣʝʜʥʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʢʘʨʥʦʚʳʭ 

ʨʫʜʘʭ, In ʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝʡ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʠ ʬʦʨʤʘ ʠʭ ʥʘʭʦʞʜʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳ: Cd, Ni, In, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʩʬʘʣʝʨʠʪʘʭ ʠʟ ʩʢʘʨʥʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʳʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ, ʦʙʨʘʟʫʶʪ, ʚʝʨʦʷʪʥʦ, ʚ ʦʩʥʦʚʥʦʤ ʠʟʦ-

ʤʦʨʬʥʫʶ ʧʨʠʤʝʩʴ; Fe, Pb, Cu, Ag, Sn, Sb ï ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ. ʊʘʢ ʨʘʥʥʠʡ ʩʬʘʣʝʨʠʪ 

ʩʦʜʝʨʞʠʪ ʛʫʩʪʫʶ ʵʤʫʣʴʩʠʦʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 

ʧʠʨʨʦʪʠʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʧʨʦʞʠʣʢʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʩʚʠʥʮʘ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʛʘʣʝʥʠʪʘ, ʘ Ag, Sb ʠ 

ʯʘʩʪʠʯʥʦ Cu ï ʩ ʤʠʢʨʦʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʩʫʣʴʬʦʩʦ-

ʣʝʡ ʠ ʙʣʝʢʣʳʭ ʨʫʜ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʬʘʣʝʨʠʪʳ ʨʘʟ-

ʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳcʦ-

ʢʦʞʝʣʝʟʠʩʪʦʡ ʨʘʟʥʦʩʪʴʶ (FeÓ10,0 %), ʠʩʢʣʶʯʘʷ 

ʟʘʣʝʞʴ ɹʦʣʴʥʠʯʥʫʶ (Fe-7,58 %). ʄʠʢʨʦʟʦʥʜʦʚʳʡ 

ʘʥʘʣʠʟ (VEGA3 TESCAN) ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʩʬʘʣʝʨʠʪʘ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚʳʷʚʠʣ ʚ ʥʠʭ 

ʚʢʣʶʯʝʥʠʷ ʛʘʣʝʥʠʪʘ, ʧʠʨʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʛʝʤʘʪʠʪʘ, 

ʘʥʘʪʘʟʘ, ʢʚʘʨʮʘ, ʢʘʣʠʰʧʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Cl ʠ Br.  

ʊʠʧʦʤʦʨʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʘʣʝʥʠʪʦʚ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʨʘʟʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷ-

ʶʪʩʷ: Fe, Cu, Ni, Cd, Ag, Sn, Sb ʠ Te (ʪʘʙʣ. 2). 

ʅʘʠʙʦʣʝʝ ʚʘʨʴʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ: Ag (0,04-0,34%), Cu (0,06-0,15 %), Cd 

(0,06-0,15 %), Te (39,4-313,0 ʛ/ʪ), ʚ ʛʘʣʝʥʠʪʘʭ ʩʢʘʨ-

ʥʦʚʦʛʦ ʪʠʧʘ; Ag (0,09-0,2 %), Cu (0,09-0,3 %), Zn 

(1,3-10,9 %), Te (0-72,0-121,0 %) ï ʞʠʣʴʥʦʛʦ ʪʠʧʘ. 

ʄʳʰʴʷʢ ʚ ʛʘʣʝʥʠʪʘʭ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʠ ʄʘʡʤʠʥʦʚ-

ʩʢʦʛʦ  
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ʊʘʙʣʠʮʘ 2 ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʩʝʡ ʚ ʛʘʣʝʥʠʪʘʭ. 

ˉ 

ʧ/ʧ 
ˉ ʧʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ (%, ʛ/ʪ). 

Fe % Zn% Ni Cu Cd Ag Sn Sb Te In 

ʅʠʢʦʣʘʝʚʩʢʦʝ ʩʢʘʨʥʦʚʦʝ (ʍʘʨʴʢʦʚʩʢʦʝ, ɺʦʩʪʦʢ-2) 

1 ʅ-90 4,08 14,3 1454 3571 1099 517 530 177 114 - 

2 ʅ-92 3,48 13,7 1706 1032 863 3387 388 159 313 12 

3 ʅ-94 2,49 10,6 1408 652 957 1152 509 203 162 - 

4 ʅ-95 5,56 19,8 1691 1536 1062 2435 510 125 277 - 

5 ʅ-95-1 3,61 6,76 1457 1222 1336 873 729 275 200 - 

6 ʅ-96 5,68 7,72 1262 915 703 1575 380 147 132 - 

7 ʅ-97 3,91 22,5 929 1056 903 1873 247 125 145 0,87 

8 ʅ-98 8,75 12,4 1076 975 576 406 215 217 39,4 - 

ʉʨʝʜʥʝʝ  4,70 13,4 1372 1369 937 1527 438 178 173 1,60 

ʇʘʨʪʠʟʘʥʩʢʦʝ ʩʢʘʨʥʦʚʦʝ (ɹʦʣʴʥʠʯʥʦʝ) 

9 ʉ2-100 0,40 0,54 1361 749 1117 510 634 127 147 - 

ʄʘʡʤʠʥʦʚʩʢʦʝ ʞʠʣʴʥʦʝ (ʰʪʦʢʚʝʨʢ ɿʘʛʘʜʢʘ) 

10 225-12 2,74 1,28 1866 5030 856 2087 465 1128 121 - 

11 225-29 2,68 5,86 1142 2711 545 1357 284 540 46,5 - 

12 228-5 4,60 10,9 1094 13586 888 1846 428 839 72 - 

13 228-10 2,94 8,62 1549 11431 937 1495 392 884 99 - 

14 ʄʄ-43 5,74 25,7 952 4127 997 981 178 672 40,5 - 

15 ʄʄ-46 1,39 3,88 1202 2327 864 1660 481 1186 91 - 

ʉʨʝʜʥʝʝ 3,35 9,37 1301 6535 848 1571 371 875 78,3 - 

ʇʨʠʤʝʯʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʪʘʙʣ. 1: 

 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʬʘʣʝʨʠʪʘʭ ʥʝ 

ʦʙʥʘʨʫʞʝʥ, ʠʥʜʠʡ ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʧʨʦʙʘʭ 

ʩʢʘʨʥʦʚʳʭ ʨʫʜ ʥʘ ʛʦʨʠʟʦʥʪʝ (-420 ʤ). ʇʨʠʩʫʪʩʪʚʠʝ 

In ʚ ʛʘʣʝʥʠʪʝ ʦʙʲʷʩʥʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʩʦʜʝʨʞʘʥʠʝʤ 

Zn, ʩ ʢʦʪʦʨʳʤ ʦʥ ʩʚʷʟʘʥ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʷ Fe, 

Zn, Ni, Cd, Sn, Ag ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚ ʛʘʣʝʥʠ-

ʪʘʭ ʩʢʘʨʥʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ ʪʠʧʦʚ, ʦʜʥʘʢʦ, Te ʚ 2 

ʨʘʟʘ ʚʳʰʝ ʥʘ ʅʠʢʦʣʘʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʘ Cu 

ʠ Sb ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ ʚ ʛʘʣʝʥʠʪʘʭ ʞʠʣʴʥʦ-

ʛʦ ʄʘʡʤʠʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʨʝʜʥʝʝ ʩʦ-

ʜʝʨʞʘʥʠʝ Ni, Cu, Ag ʚ ʛʘʣʝʥʠʪʘʭ ʠʟ ʩʢʘʨʥʦʚ ʙʣʠʟ-

ʢʠ ʧʦ ʟʥʘʯʝʥʠʶ (0,14-0,15 %), ʘʥʘʣʦʛʠʯʥʦ Ni ʠ Ag 

ʚ ʞʠʣʴʥʳʭ (0,13-0,16 %). ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Ag, 

Cu, Sb ʚ ʛʘʣʝʥʠʪʘʭ ʞʠʣʴʥʦʛʦ ʪʠʧʘ, ʢʘʢ ʠ Ag, Sb ʚ 

ʩʢʘʨʥʦʚʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʨʘʩʧʘʜʝ 

ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ PbS-AgSbS ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʦʣʝʝ ʚʳ-

ʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʣʝʥʠʪʘ (Keighin, 

1968). ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ ʛʘʣʝʥʠʪʘ ʫʩʪʘʥʦʚʠʣʦ ʚ ʥʸʤ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ: ʩʬʘʣʝʨʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ, ʚʠʩ-

ʤʫʪʠʥʘ, ʙʠʩʤʫʪʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʧʠʨʠʪʘ. ʈʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʧʨʠʩʫʪʩʪʚʠʝ Cl ʠ Br 

ʚ ʛʘʣʝʥʠʪʝ ʦʙʦʠʭ ʪʠʧʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʛʣʘʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʩʢʘʨʥʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ Ag-

Pb-Zn ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʨʦʛʝʥʥʦʛʦ ɺʦʩʪʦʯʥʦ-

ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

ʇʨʠʤʦʨʴʷ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʪʠʧʠʯʥʳʝ ʵʣʝʤʝʥʪʳ-

ʧʨʠʤʝʩʠ: Fe, Cu, Ni, Cd, Ag, Sn, Sb ʠ (In ʚ ʩʬʘʣʝʨʠ-

ʪʝ), (Te ʚ ʛʘʣʝʥʠʪʝ) ʩ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ, 

ʧʦʜʯʸʨʢʠʚʘʶʱʠʭ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ 

ʨʝʛʠʦʥʘ. ʀʟʦʤʦʨʬʥʳʤʠ ʷʚʣʷʶʪʩʷ Ni ʠ Cd, ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʳ ʜʣʷ ʩʬʘʣʝʨʠʪʘ ʠ 

ʛʘʣʝʥʠʪʘ ʩʢʘʨʥʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʩʦ-

ʩʪʘʚʣʷʷ ʧʝʨʚʳʝ ʩʦʪʳʝ ʚ ʩʬʘʣʝʨʠʪʘʭ ʠ ʪʳʩʷʯʥʳʝ 

ʧʨʦʮʝʥʪʳ ʚ ʛʘʣʝʥʠʪʘʭ. ʕʣʝʤʝʥʪʳ Fe, Cu Ag, Sn, Sb 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʦʧʪʠʯʝʩʢʦʡ ʠ ʨʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧ-

ʧʘʨʘʪʫʨʦʡ. ʇʨʠʩʫʪʩʪʚʠʝ Fe ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʘʭ ʩʚʷʟʘʥʦ ʩ ʤʠʢʨʦʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʩʫʣʴ-

ʬʠʜʦʚ ʞʝʣʝʟʘ: ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʚ ʩʬʘʣʝ-

ʨʠʪʝ, ʯʝʤ ʚ ʛʘʣʝʥʠʪʝ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Ni ʚ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ʧʦʟ-

ʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʣʠʷʥʠʠ ʛʘʙʙʨʦʠʜʥʦʛʦ ʤʘʛʤʘ-

ʪʠʟʤʘ ʥʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘ-

ʥʠʷ Ag ʠ Cu ʚ ʩʬʘʣʝʨʠʪʘʭ ʞʠʣʴʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʩʝʨʝʙʨʷʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʨʫʜʘʭ ʄʘʡʤʠʥʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʨʘʡʙʝʨʛʠʪ. ʈʘʥʝʝ ʘʚʪʦ-

ʨʦʤ ʜʣʷ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ ʦʪ-

ʤʝʯʝʥʦ, ʯʪʦ ʚ ʛʘʣʝʥʠʪʘʭ ʠ ʩʬʘʣʝʨʠʪʘʭ ʚʝʨʭʥʠʭ ʛʦ-

ʨʠʟʦʥʪʦʚ ʩʢʘʨʥʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʥʠʝ Ag, Bi, Cu, Se ʚ 

2-8 ʨʘʟ, ʘ Te ʠ In ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʫʣʴʬʠʜ-

ʥʦïʛʝʜʝʥʙʝʨʛʠʪʦʚʳʭ ʨʫʜʘʭ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ; Cd 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʨʫʜʥʳʭ 

ʟʘʣʝʞʘʭ ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʭʠʤʠʯʝ-

ʩʢʠʭ ʘʥʘʣʠʟʦʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦʙ ʛʘʣʝʥʠʪʘ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ, ʢʦʪʦ-

ʨʳʝ ʦʪʨʘʞʘʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʦʨʫʜʝ-

ʥʝʥʠʷ: ʥʠʞʥʝʤʫ ʫʨʦʚʥʶ ʩʢʘʨʥʦʚʳʭ ʨʫʜ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ BiŸPb ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ, 

ʚʝʨʭʥʝʤʫ ï AgŸBi, ʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʚ ʞʠʣʴʥʳʭ 

ʨʫʜʥʳʭ ʪʝʣʘʭ ï AgŸSb, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʝ-

ʨʘʣʦʛʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʨʫʜ. ʇʨʠʩʫʪʩʪʚʠʝ Sn ʚ 

ʩʬʘʣʝʨʠʪʘʭ ʠ ʛʘʣʝʥʠʪʘʭ ʨʘʟʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʫʜʦʦʪʣʦ-

ʞʝʥʠʷ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʩ ʦʣʦʚʷʥʥʳʤ. ʆʣʦʚʷʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘ-
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ʮʠʷ (ʢʘʩʩʠʪʝʨʠʪ, ʩʪʘʥʠʥ) ʤʦʱʥʦʩʪʴʶ ʜʦ 2 ʤ ʨʘʟʚʝ-

ʜʘʥʘ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ (1,5 ʢʤ) ʚ ʧʦʜʦʰʚʝ 

ʟʘʣʝʞʠ ʅʠʞʥʝʡ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʩʢʘʨʥʦʚʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʝʣ-

ʣʫʨʘ (0,008-0,017 %) ʦʪʤʝʯʘʶʪʩʷ ʚ ʛʘʣʝʥʠʪʘʭ ʩʢʘʨ-

ʥʦʚʳʭ ʠ ʞʠʣʴʥʳʭ ʨʫʜ. ʇʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ In 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʬʘʣʝʨʠʪʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʩʢʘʨʥʦʚ, 

ʯʪʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘ-

ʥʠʷ Sn [6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, In, ʢʘʢ Ag, Bi, Te ʠ Cd ï 

ʷʚʣʷʶʪʩʷ ʧʦʧʫʪʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʨʫʜʘʭ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʩʢʘʨʥʦʚʦʛʦ, ʘ Ag, Cd, Te ʠ 

Cu ʚ ʨʫʜʘʭ ʄʘʡʤʠʥʦʚʩʢʦʛʦ ʞʠʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ. ʇʨʠʩʫʪʩʪʚʠʝ Cl ʠ Br ʚ ʢʨʠ-

ʩʪʘʣʣʘʭ ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʷʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʦʩʪʘʪʦʯʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʫʢʘʟʳʚʘ-

ʝʪ ʥʘ ʫʯʘʩʪʠʝ ʠʭ ʚ ʨʫʜʦʦʪʣʦʞʝʥʠʠ. ɺʘʨʠʘʮʠʠ ʩʦ-

ʜʝʨʞʘʥʠʡ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʦʪ ʩʢʘʨʥʦʚʳʭ ʨʫʜ ʢ ʞʠʣʴʥʳʤ, ʘ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʦʪ ʤʝʟʦʪʝʨʤʘʣʴʥʳʭ ʢ ʵʧʠʪʝʨʤʘʣʴʥʳʤ ʫʩʣʦ-

ʚʠ̫ʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʷʨʫʩʥʦʡ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. ʊʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʝʜʠʥʦʡ ʨʫʜʥʦ-ʤʘʛʤʘ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʢʘʨ-

ʥʦʚʳʭ ʠ ʞʠʣʴʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʤʝʟʦʟʦʡ-ʧʘʣʝʦʛʝʥʦʚʦʡ ʤʝʪʘʣʣʦ-

ʛʝʥʠʯʝʩʢʦʡ ʵʧʦʭʠ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ 

ʧʣʫʪʦʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʇʨʠʤʦʨʴʷ. ʋʩʪʘ-

ʥʦʚʣʝʥʠʝ ʟʥʘʯʠʤʳʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʧʫʪʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʨʘʟʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦ-

ʛʦ ʠʩʢʦʧʘʝʤʦʛʦ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ɼɺʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 15-I-2-

094). 
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MANAGEMENT DECISIONS  OF HIGHLY -PERFORMANCE AGROPHYT OCENOSIS 

PERENNIAL LEGUMES CR EATION  

ʇʈʀʁʅʗʊʊʗ ʋʇʈɸɺʃɯʅʉʔʂʀʍ ʈɯʐɽʅʔ ʇʈʀ ʉʊɺʆʈɽʅʅɯ 

ɺʀʉʆʂʆʇʈʆɼʋʂʊʀɺʅʀʍ ɸɻʈʆʌɯʊʆʎɽʅʆɿɯɺ ɹɸɻɸʊʆʈɯʏʅʀʍ ɹʆɹʆɺʀʍ 

ʊʈɸɺ 
 

Summary: Improving the efficiency of production, increase in gross and commodity production is inextri-

cably linked with the comprehensive intensification, that is, with the growth of additional investments in agricul-

tural production. The increase in capex is the basis of strengthening and improving the material-technical base, 

introduction of achievements of scientific-technical progress. Increasing of intensity of agronomy and livestock 

promotes more efficient use of land and livestock, growth of crop yields and livestock productivity. 

An important factor in the growth of production efficiency is to increase the yield of crops, productivity of 

animals. These are natural indicators that reflect only one way of achievement of efficiency. For determination 

of economic efficiency it is also necessary to identify the amount of the total cost of labour, which ensured the 

receipt of this yield or the productivity of animals. The importance of productivity and efficiency as economic 

indicators consists in the fact that they reflect the level and efficiency of land use, animal herds, the results of the 

intensification of production. 

Increasing of efficiency and improving profitability depends on the cost of production. Reduction or in-

crease of the unit of output price is reflected in the growth or decrease in net income. The results of all activities 

of the enterprise affect the production cost: the level of crop yields, livestock productivity, labor productivity, 

economical use of material resources, degree of specialization and concentration of production, the use of 

achievements of scientific-technical progress. However, the production cost does not show how the profitability 

of production changes, and cannot serve as a synthetic indicator of its effectiveness. To determine profitability, 

the production cost of individual products is compared with the revenue from their sale. It also depends on the 

level of the prices at which products are sold, as well as on their quality. However, the main reserve of increase 

of efficiency of production is the increase in the volume of gross output while reducing costs of labour and re-

sources per unit of output. 

The main component of direct connection of crop production and animal husbandry is forage production. 

Creation of solid fodder base is the most important condition for the development of animal husbandry. Its con-

dition and level of development determine the possibility of increasing the livestock herd, increasing their 

productivity, improving the quality of the produce and reducing the cost of the latter. It is proved that the level of 

animal productivity by 50-80% is determined by their feeding. Due to the importance and value of the forages it 

is necessary that their production outpaced the needs (growth of livestock herd and their productivity). Forming 

the feed base, it is important to consider not only the total amount of feed, which will provide the manufacture a 

number of products, but also their balance in nutrients [1]. As a rule, fodder, namely green forage, silage, hay-

lage, are not a commercial product, that is, for them there are no permanent markets. These types of forage are 

grown by the farms, which are engaged in animal husbandry and must create a resource base for obtaining basic 

feed. 

Key words: management decision making, forage production, efficiency of production of the granulated 

feed 

 

ɸʥʦʪʘʮʽʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʽʣʴʰʝʥʥʷ ʚʘʣʦʚʦ ʾ  ̔ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝʨʦ-

ʟʨʠʚʥʦ ʧʦʚô̫ ʟʘʥʝ ʽʟ ʚʩʝʙʽʯʥʦʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ, ʪʦʙʪʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʚʢʣʘʜʝʥʴ ʫ ʨʦʟʚʠʪʦʢ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʙʽʣʴʰʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʚʠʩʪʫʧʘʻ ʦʩʥʦʚʦʶ ʟʤʽʮʥʝʥʥʷ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʝʤʣʝʨʦʙʩʪʚʘ ʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʝʤʝʣʴʥʠʭ 

ʫʛʽʜʴ ʪʘ ʧʦʛʦʣʽʚôʷ ʪʚʘʨʠʥ, ʨʦʩʪʫ ʫʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʫʜʦʙʠ. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʽʜʚʠʱʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨ, ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥ. ʎʝ - ʥʘʪʫʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʦʜʠʥ ʙʽʢ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʫʢʫʧʥʠʭ ʟʘʪʨʘʪ 

ʧʨʘʮʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʘʙʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥ. ɺʘʞʣʠʚʽʩʪʴ ʫʨʦʞʘʡʥʦʩʪʽ 
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ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʷʢ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʝʥʴ ʽ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʣʽ, ʧʦʛʦʣʽʚôʷ ʪʚʘʨʠʥ, ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦ-

ʜʫʢʮʽʾ. ɿʜʝʰʝʚʣʝʥʥʷ ʘʙʦ ʧʦʜʦʨʦʞʯʘʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʟʨʦʩʪʘʥʥʽ ʘʙʦ ʟʤʝʥʰʝʥʥʽ ʯʠ-

ʩʪʦʛʦ ʜʦʭʦʜʫ. ʅʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʚʩʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʨʽʚʝʥʴ ʫʨʦʞʘʡ-

ʥʦʩʪʽ ʢʫʣʴʪʫʨ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʝʢʦʥʦʤʥʝ ʚʠʪʨʘʯʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʨʽʚʝʥʴ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ. ʆʜʥʘʢ ʩʦʙʽʚʘʨʪʽʩʪʴ ʥʝ ʧʦʢʘʟʫʻ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʜʦʭʽʜʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʠʥʪʝ-

ʪʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʭʽʜʥʦʩʪʽ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ 

ʧʦʨʽʚʥʶʶʪʴ ʟ ʚʠʨʫʯʢʦʶ ʚʽʜ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʨʽʚʥʷ ʮʽʥ, ʟʘ ʷʢʠʤʠ ʧʨʦʜʫʢʮʽʷ ʨʝ-

ʘʣʽʟʫʻʪʴʩʷ, ʪʘ ʚʽʜ ʾʾ ʷʢʦʩʪʽ. ʆʜʥʘʢ ʛʦʣʦʚʥʠʤ ʨʝʟʝʨʚʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʪʫʧʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʘʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʟʘʪʨʘʪ ʧʨʘʮʽ ʽ ʟʘʩʦʙʽʚ ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ 

ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʦʶ ʣʘʥʢʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚ'ʷʟʢʫ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʻ ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʦ. 

ʉʪʚʦʨʝʥʥʷ ʤʽʮʥʦʾ ʢʦʨʤʦʚʦʾ ʙʘʟʠ ï ʥʘʡʚʘʞʣʠʚʽʰʘ ʫʤʦʚʘ ʨʦʟʚʠʪʢʫ ʪʚʘʨʠʥʥʠʮʪʚʘ. ɰʾ ʩʪʘʥ ʽ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ 

ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʦʣʽʚ'ʷ ʪʚʘʨʠʥ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʩʪʘʥʥʴʦʾ. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥ ʥʘ 50-80 % 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʘʤʝ ʾʭ ʛʦʜʽʚʣʝʶ. ʋ ʟʚ'ʷʟʢʫ ʟ ʚʘʞʣʠʚʽʩʪʶ ʪʘ ʟʥʘʯʝʥʥʷʤ ʢʦʨʤʽʚ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʾʭ ʚʠʨʦʙ-

ʥʠʮʪʚʦ ʚʠʧʝʨʝʜʞʘʣʦ ʪʝʤʧʠ ʧʦʪʨʝʙ (ʟʨʦʩʪʘʥʥʷ ʧʦʛʦʣʽʚ'ʷ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ). ʌʦʨʤʫʶʯʠ ʢʦʨʤʦʚʫ 

ʙʘʟʫ, ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʥʝ ʣʠʰʝ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʢʦʨʤʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʡ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʾʭ ʟʘ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ [1]. ʗʢ ʧʨʘʚʠʣʦ, ʢʦʨʤʠ, ʘ ʩʘʤʝ ʟʝʣʝʥʠʡ ʢʦʨʤ, 

ʩʠʣʦʩ, ʩʽʥʘʞ, ʥʝ ʻ ʪʦʚʘʨʥʦʶ ʧʨʦʜʫʢʮʽʻʶ, ʪʦʙʪʦ ʜʣʷ ʥʠʭ ʥʝ ʽʩʥʫʻ ʧʦʩʪʽʡʥʠʭ ʨʠʥʢʽʚ ʟʙʫʪʫ. ʎʽ ʚʠʜʠ ʢʦʨʤʫ 

ʚʠʨʦʱʫʶʪʴ ʪʽ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʪʚʘʨʠʥʥʠʮʪʚʦʤ ʽ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʩʚʦʶ ʩʠʨʦʚʠʥʥʫ ʙʘʟʫ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʢʦʨʤʫ. 

Keywords: ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʥʫ-

ʣʴʦʚʘʥʦʛʦ ʢʦʨʤʫ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʨʷʤʦʾ ʪʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʫ ʚʠʨʦʙ-

ʥʠʮʪʚʽ ʧʨʦʜʫʢʮʽʾ ʙʘʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ ʥʘʨʘʟʽ ʻ ʚʢʨʘʡ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ, ʘ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʮʠʭ ʢʫʣʴ-

ʪʫʨ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʦʰʦʚʦʾ ʦʮʽʥʢʠ ʟʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʚʧʣʠʚʫ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʨʠʥʢʦʚʘ ʚʘʨʪʽʩʪʴ ʧʨʦ-

ʜʫʢʮʽʾ, ʩʠʨʦʚʠʥʠ, ʢʦʣʠʚʘʥʥʷ ʢʫʨʩʫ ʚʘʣʶʪ ʪʦʱʦ.  

ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʟ ʙʘʛʘ-

ʪʦʨʽʯʥʠʭ ʪʨʘʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʧʦ-

ʛʦʜʥʠʭ ʫʤʦʚ, ʪʠʧʫ ˇʨʫʥʪʽʚ, ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, 

ʟʦʢʨʝʤʘ ʩʧʦʩʦʙʫ ʩʽʚʙʠ, ʨʦʢʫ ʚʝʛʝʪʘʮʽʾ, ʩʦʨʪʫ ʪʦʱʦ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʩʪʦʩʦʚʥʦ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʪʦ ʦʩʪʘʥ-

ʥʷ ʥʝ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʚʘʨʥʫ ʧʨʦʜʫʢʮʽʶ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ. ʏʝʨʝʟ ʟʥʘʯʥʫ ʚʘʛʫ, ʥʝʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ 

ʟʙʝʨʽʛʘʥʥʷ ʫ ʥʝʧʨʠʩʪʦʩʦʚʘʥʠʭ ʫʤʦʚʘʭ ʢʦʨʤʠ ʮʴʦʛʦ 

ʚʠʜʫ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʛʦʜʦʚʫʚʘʥʥʷ ʪʚʘʨʠʥʘʤ ʫ ʥʘʡ-

ʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʦʩʧʦʜʘʨʩʪʚʦ, ʱʦ 

ʥʘʚʽʪʴ ʥʝ ʤʘʻ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʚʠʩʽʚʘʶʯʠ ʙʘʛʘʪʦʨʽʯʥʽ 

ʪʨʘʚʠ, ʤʦʞʝ ʥʝ ʪʽʣʴʢʠ ʜʙʘʪʠ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʨʦ-

ʜʶʯʦʩʪʽ ˇʨʫʥʪʫ, ʘ ʡ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʾʭ ʥʘʩʝʣʝʥʥʶ 

ʜʣʷ ʚʝʜʝʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʧʽʜʩʦʙʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʭʫʥʦʢ ʦʧʣʘʪʠ ʦʨʝʥʜʦʚʘʥʦʾ ʟʝʤʝʣʴ-

ʥʦʾ ʯʘʩʪʢʠ (ʟʘ ʫʤʦʚʠ ʜʦʤʦʚʣʝʥʦʩʪʽ ʩʪʦʨʽʥ).  

ɿʚʘʞʘʶʯʠ ʥʘ ʨʠʥʢʦʚʽ ʫʤʦʚʠ, ʟʘ ʩʫʯʘʩʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʪʘʻ ʚʠʨʦʙʥʠʮʪʚʦ ʩʽʥʘʞʫ. 

ʊʘʢ, ʩʽʥʘʞ, ʫʧʘʢʦʚʘʥʠʡ ʫ ʧʣʽʚʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʧʦʣʽ, ʥʘʚʽʪʴ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʢʦʥʩʝʨʚʘʥʪʽʚ, ʤʦʞʝ ʪʨʠ-

ʚʘʣʠʡ ʯʘʩ ʟʙʝʨʽʛʘʪʠʩʷ (ʜʦ ʦʜʥʦʛʦ ʨʦʢʫ) ʚ ʟʚʠʯʘʡ-

ʥʠʭ ʫʤʦʚʘʭ (ʥʘʧʨʠʢʣʘʜ ʥʘ ʚʠʨʽʚʥʷʥʦʤʫ ʤʘʡʜʘʥʯʠ-

ʢʫ), ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʽ 

ʚʽʜʩʪʘʥʽ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʚôʷʥʦʶ ʤʘʩʦʶ 

(ʦʢʨʽʤ ʚʠʪʨʘʪ ʥʘ ʧʣʽʚʢʫ), ʧʨʦʪʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʧʩʫʚʘʥʥʷ ʢʦʨʤʫ ʯʝʨʝʟ ʥʝʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʪʨʘʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʜʦ ʤʽʩʮʷ 

ʟʛʦʜʦʚʫʚʘʥʥʷ ʪʚʘʨʠʥʘʤ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʷʢ ʚʠʨʦʙʥʠʯʦʾ, ʪʘʢ ʽ ʧʦʚʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʚʝʜʝʥʥʷ ʛʘʣʫʟʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʽʥʘʞ ʫ ʧʣʽʚʮʽ ʻ 

ʧʨʦʛʨʝʩʠʚʥʦʶ ʪʦʚʘʨʥʦʶ ʧʨʦʜʫʢʮʽʻʶ.  

ɿʘʚʦʶʚʘʚ ʩʚʦʶ ʥʽʰʫ ʥʘ ʨʠʥʢʫ ʧʨʦʜʫʢʮʽʾ ʙʘʛʘ-

ʪʦʨʽʯʥʠʭ ʪʨʘʚ ʽ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʢʦʨʤ, ʧʝʨʝʚʘʛʦʶ 

ʷʢʦʛʦ ʻ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦ 100 % ʩʧʦʞʠʚʘʥʥʷ. ɻʨʘʥʫ-

ʣʴʦʚʘʥʽ ʢʦʨʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ 

ʧʨʠʨʦʩʪʽʚ ʞʠʚʦʾ ʤʘʩʠ ʤʦʣʦʜʥʷʢʫ ʥʘ ʚʽʜʛʦʜʽʚʣʽ, 

ʧʽʜʚʠʱʫʶʪʴ ʤʦʣʦʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʨʽʚ, 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʘʮʽʦʥʽ ʪʚʘʨʠʥ, ʱʦ ʚʠ-

ʛʦʜʦʚʫʶʪʴ ʧʦʪʦʤʩʪʚʦ. ɻʨʘʥʫʣʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ 

ʧʦʨʦʩʷʪʘʤ ʽ ʧʦʨʦʩʥʠʤ ʩʚʠʥʷʤ, ʢʨʦʣʠʢʘʤ, ʾʭ ʢʨʽʣʴ-

ʥʠʤ ʽ ʣʘʢʪʫʶʯʠʤ ʩʘʤʢʘʤ. ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʦ ʢʦ-

ʨʠʩʥʽ ʛʨʘʥʫʣʠ ʟ ʣʶʮʝʨʥʠ, ʷʢʘ ʤʽʩʪʠʪʴ ʫ ʟʙʘʣʘʥʩʦ-

ʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʚʥʦʮʽʥʥʠʡ ʧʨʦʪʝʾʥ, ʢʘʣʴʮʽʡ, 

ʬʦʩʬʦʨ ʽ ʚʽʪʘʤʽʥʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʽ ʨʦ-

ʟʚʠʪʢʫ ʝʤʙʨʽʦʥʽʚ ʙʫʜʴ-ʷʢʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʚʘʨʠʥʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. 
ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʠʭ ʟʘʟʥʘʯʝʥʽʡ ʧʨʦ-

ʙʣʝʤʽ ʚ ʧʨʘʮʷʭ ɼʫʨʩʪʘ ʃ., ɺʽʪʤʘʥ ʄ., ɼʝʤʠʜʘʩʷ ɻ.ɯ. 

ʪʘ ʽʥʰʠʭ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜʭʦʜʠ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʝʥ-

ʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ ʙʘʛʘ-

ʪʦʨʽʯʥʠʭ ʙʦʙʦʚʠʭ ʪʨʘʚ ʤʘʶʪʴ ʥʦʩʠʪʠ ʩʠʩʪʝʤʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʢʘʧʽʪʘʣʦʚ-

ʢʣʘʜʝʥʥʷʭ ʫ ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚ-

ʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʅɸʋʂʀ 13 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʫ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʦʥ-

ʮʝʧʮʽʾ ʜʠʩʢʦʥʪʫʚʘʥʥʷ: 

ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʪʦʾ ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ 

ï Net Present Value (NPV); 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʚʥʫʪʨʽʰʥʴʦʾ ʥʦʨʤʠ ʧʨʠʙʫʪ-

ʢʫ ï Internal Rate of Return (IRR); 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʽʦʜʫ ʦʢʫʧʥʦʩʪʽ ï 

Payback Period (PBP). 

ʏʠʩʪʘ ʪʝʧʝʨʽʰʥʷ ʚʘʨʪʽʩʪʴ (Net Present Value) 

ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʤʽʞ ʩʫʤʦʶ ʛʨʦʰʦʚʠʭ ʥʘʜ-

ʭʦʜʞʝʥʴ, ʷʢʽ ʜʠʩʢʦʥʪʦʚʘʥʽ ʜʦ ʥʠʥʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ, 

ʪʘ ʩʫʤʦʶ ʜʠʩʢʦʥʪʦʚʘʥʠʭ ʥʠʥʽʰʥʽʭ ʚʘʨʪʦʩʪʝʡ ʚʩʽʭ 

ʚʠʪʨʘʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ [2]. ʈʦ-

ʟʨʘʭʫʥʦʢ ʯʠʩʪʦʾ ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ ʤʦʞʥʘ ʚʠʨʘ-

ʟʠʪʠ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʅ ï ʦʙʩʷʛ ʥʘʜʭʦʜʞʝʥʴ ʟʘ ʧʝʨʽʦʜ; 

ɺ ï ʦʙʩʷʛ ʚʠʜʘʪʢʽʚ ʟʘ ʧʝʨʽʦʜ; 

ʽ ï ʜʠʩʢʦʥʪʥʘ ʩʪʘʚʢʘ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ ʜʦ ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ; 

n, m ï ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʧʝʨʽʦʜʫ ʨʦʟʨʘʭʫʥʢʫ. 

 

ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʚʠʙʽʨ ʩʪʘʚʢʠ ʜʠʩʢʦʥ-

ʪʫʚʘʥʥʷ. ɺ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʥʦʨʤʘ ʜʠʩʢʦʥʪʫ-

ʚʘʥʥʷ ï ʮʝ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʫ. ɸʙʦ ʞ ʮʝ ʥʦʨʤʘ ʨʝʥ-

ʪʘʙʝʣʴʥʦʩʪʽ, ʷʢʫ ʦʯʽʢʫʶʪʴ ʽʥʚʝʩʪʦʨʠ ʥʘ ʩʚʦʾ ʚʢʣʘ-

ʜʝʥʥʷ, ʪʘ ʷʢʘ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʾʭ ʜʦ ʽʥʚʝʩʪʫʚʘʥ-

ʥʷ. ɺʠʙʽʨ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʚʢʠ 

ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʶ ʚʦʣʦʜʽʻ ʘʥʘʣʽʪʠʢ. 

ʄʝʪʦʜ ʯʠʩʪʦʾ ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ (NPV) 

ʚʚʘʞʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʧʨʠ ʘʥʘʣʽʟʽ ʽʥʚʝʩʪʠʮʽʡʥʠʭ 

ʧʨʦʝʢʪʽʚ, ʘʣʝ ʡʦʤʫ ʧʨʠʪʘʤʘʥʥʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. 

ʇʝʨʰʘ ʧʨʦʙʣʝʤʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʪʘʢʠʭ 

ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʛʨʘʥʠʯʥʘ ʚʘʨʪʽʩʪʴ ʢʘʧʽʪʘ-

ʣʫ, ʩʫʤʘ ʤʘʡʙʫʪʥʽʭ ʚʢʣʘʜʝʥʴ ʪʘ ʨʦʟʤʽʨʫ ʦʯʽʢʫʚʘʥʦ-

ʛʦ ʧʨʠʙʫʪʢʫ. ɼʨʫʛʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʜʠʩʢʦʥʪʥʘ ʩʪʘʚʢʘ ʻ ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʚʩʴʦʛʦ ʝʢʩʧʣʫʘ-

ʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ. ʆʜʥʘʢ 

ʟʘʣʝʞʥʦ ʚʽʜ ʝʢʦʥʦʤʽʯʥʠʭ ʟʤʽʥ ʫ ʢʨʘʾʥʽ ʜʠʩʢʦʥʪʥʘ 

ʩʪʘʚʢʘ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ɯʥʰʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝ-

ʩʪʠʮʽʡ ï ʮʝ ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʧʨʠʙʫʪʢʫ (Internal 

Rate of Return). ʁʦʛʦ ʩʫʪʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʪʘʢʦʾ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʫʚʘʥʥʷ, ʟʘ ʷʢʦʾ ʧʦʪʦʯʥʘ 

ʚʘʨʪʽʩʪʴ ʦʯʽʢʫʚʘʥʠʭ ʜʦʭʦʜʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʧʦ-

ʪʦʯʥʽʡ ʚʘʨʪʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. ʇʦʰʫʢ ʩʪʘʚʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʰʣʷʭʦʤ [2]. 

 

ɺʥʫʪʨʽʰʥʷ 

ʥʦʨʤʘ ʧʨʠʙʫʪ-

ʢʫ 

= 

ʅʘʡʤʝʥʰʠʡ 

ʢʘʣʴʢʫʣʷʮʽʡʥʠʡ 

ʚʽʜʩʦʪʦʢ 

+ 

ʈʽʟʥʠʮʷ ʤʽʞ ʥʘʡ-

ʤʝʥʰʠʤ ʽ ʥʘʡʙʽʣʴ-

ʰʠʤ ʢʘʣʴʢʫʣʷʮʽʡ-

ʥʠʤ ʚʽʜʩʦʪʢʦʤ 

*  

ʇʦʪʦʯʥʘ ʚʘʨʪʽʩʪʴ ʟʘ ʥʘʡʤʝʥʰʦʛʦ 

ʢʘʣʴʢʫʣʷʮʽʡʥʦʛʦ ʚʽʜʩʦʪʢʘ 

ɸʙʩʦʣʶʪʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʪʦʯ-

ʥʠʤʠ ʚʘʨʪʦʩʪʷʤʠ 

 

 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʜʠʩʢʦʥʪʥʘ ʩʪʘʚʢʘ ʙʫʣʘ ʧʨʠʡʥʷ-

ʪʘ ʟʘ 20% ʨʽʯʥʠʭ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʠʩ-

ʢʦʥʪʥʘ ʩʪʘʚʢʘ (ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʢʦʥʪʫʚʘʥʥʷ) ï ʮʝ 

ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ, ʷʢʫ ʟʚʠʯʘʡʥʦ ʦʜʝʨʞʫʻ 

ʽʥʚʝʩʪʦʨ ʚʽʜ ʽʥʚʝʩʪʠʮʽʡ ʩʭʦʞʦʾ ʧʨʠʨʦʜʠ ʪʘ ʨʠʟʠʢʫ. 

ʇʦ ʩʫʪʽ, ʮʝ ʤʦʞʣʠʚʘ ʩʪʘʚʢʘ ʧʨʠʙʫʪʢʦʚʦʩʪʽ. ʅʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʫʚʘʥʥʷ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʤʘʾʪʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ-

ʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʨʦʟʤʘʾʪʦʩʪʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʯʝʨʝʟ 

ʚʣʘʩʥʽ ʪʘ ʧʦʟʠʯʢʦʚʽ ʜʞʝʨʝʣʘ. ʉʪʘʚʢʘ ʧʨʠʙʫʪʢʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʛʨʦʰʦʚʠʭ 

ʧʦʪʦʢʽʚ ʚʽʜ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʯʽʢʫʚʘʥʠʡ ʨʽʚʝʥʴ ʜʦʭʦʜʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʛʘʣʴʥʦʚʽʜʦ-

ʤʦ (ʽ ʧʨʦ ʮʝ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ), ʣʶʮʝʨʥʘ ʤʘʻ 

ʚʘʞʣʠʚʝ ʘʛʨʦʪʝʭʥʽʯʥʝ ʟʥʘʯʝʥʥʷ. ɺʦʥʘ ʟʙʘʛʘʯʫʻ 

ˇʨʫʥʪʠ ʘʟʦʪʦʤ (60-120 ʢʛ/ʛʘ), ʧʦʢʨʘʱʫʻ ʾʭ ʬʽʟʠʯʥʽ, 

ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʫ, ʧʽʜʚʠʱʫʻ 

ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ʂʦʨʽʥʥʷ ʮʽʻʾ ʢʫʣʴʪʫʨʠ 

ʛʣʠʙʦʢʦ ʧʨʦʥʠʢʘʶʪʴ ʚ ˇʨʫʥʪ (ʜʦ 3,0-3,5 ʤ) ʪʘ ʟʘ-

ʙʝʟʧʝʯʫʶʪʴ ʨʦʩʣʠʥʫ ʚʦʣʦʛʦʶ ʥʘʚʽʪʴ ʫ ʟʘʩʫʰʣʠʚʽ 

ʨʦʢʠ ʪʘ ʥʘ ʣʝʛʢʠʭ ˇʨʫʥʪʘʭ, ʷʢʽ ʰʚʠʜʢʦ ʧʝʨʝʩʠʭʘ-

ʶʪʴ. ɼʦ ʪʦʛʦ ʞ ʚʠʨʦʱʫʚʘʥʥʷ ʣʶʮʝʨʥʠ ʥʝ ʚʠʤʘʛʘʻ 

ʷʢʠʭʦʩʴ ʩʢʣʘʜʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ, ʘ 

ʩʪʘʙʽʣʴʥʠʡ ʚʨʦʞʘʡ ʟ ʥʝʾ ʤʦʞʥʘ ʦʜʝʨʞʫʚʘʪʠ ʧʨʦʪʷ-

ʛʦʤ 2-3 ʨʦʢʽʚ. 

ɻʨʘʥʫʣʠ ʟ ʮʽʻʾ ʨʦʩʣʠʥʠ - ʮʝ ʢʦʨʤʦʚʠʡ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʠʡ ʧʨʦʜʫʢʪ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʣʶʮʝʨʥʠ ʥʘ 



 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(13)/2016 

14 ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʅɸʋʂʀ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʚʝʛʝʪʘʮʽʾ, ʚʠʩʫʰʝʥʦʾ ʯʠ ʜʦʩʫʰʝʥʦʾ 

ʧʨʠ ʚʝʣʠʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʦʜʨʽʙʥʝʥʦʾ ʪʘ ʟʘʧʨʝʩʦ-

ʚʘʥʦʾ ʚ ʛʨʘʥʫʣʠ. ʋ ʪʘʢʠʭ ʢʦʨʤʦʚʠʭ ʛʨʘʥʫʣʘʭ 

ʤʽʩʪʠʪʴʩʷ ʚ 1,5-2 ʨʘʟʠ ʙʽʣʴʰʝ ʧʝʨʝʪʨʘʚʥʦʛʦ ʧʨʦ-

ʪʝʾʥʫ, ʙʽʣʴʰʝ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʥʽʞ ʫ ʟʝʨʥʦʚʠʭ 

ʢʦʨʤʘʭ, ʘ ʟʘ ʚʤʽʩʪʦʤ ʢʘʨʦʪʠʥʫ ʚʦʥʠ ʟʥʘʯʥʦ ʧʝʨʝ-

ʚʘʞʘʶʪʴ ʫʩʽ ʽʥʰʽ ʚʠʜʠ ʢʦʨʤʽʚ. 

ɿʘ ʢʦʨʜʦʥʦʤ ʣʶʮʝʨʥʦʚʽ ʛʨʘʥʫʣʠ ʜʫʞʝ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʷʢ ʦʨʛʘʥʽʯʥʝ ʜʦʙʨʠʚʦ ʚ 

ʩʘʜʽʚʥʠʮʪʚʽ ʪʘ ʦʨʛʘʥʽʯʥʦʤʫ ʦʚʦʯʽʚʥʠʮʪʚʽ. ɺʦʥʠ 

ʧʦʧʫʣʷʨʥʽ ʪʠʤ, ʱʦ ʤʽʩʪʷʪʴ ʩʪʠʤʫʣʷʪʦʨʠ ʨʦʩʪʫ ʪʘ 

ʚʽʪʘʤʽʥʠ A ʽ B1, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʩʪʠʤʫʣʶʶʯʠʡ 

ʚʧʣʠʚ ʥʘ ʢʦʨʽʥʥʷ ʨʦʩʣʠʥ. ʃʶʮʝʨʥʦʚʝ ʜʦʙʨʠʚʦ 

ʜʫʞʝ ʧʦʰʠʨʝʥʝ ʫ ʚʠʨʦʱʫʚʘʥʥʽ ʪʨʦʷʥʜ. 

ʉʚʽʪʦʚʠʡ ʨʠʥʦʢ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʦʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʜʦʩʠʪʴ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʻ ʜʦ-

ʩʪʘʪʥʴʦ ʤʽʩʪʢʠʤ (1,4 ʤʣʥ ʪʦʥʥ). ɿʘ ʦʙʩʷʛʘʤʠ ʚʽʥ 

ʥʘʚʽʪʴ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʝʨʝʜ ʨʠʥʢʦʤ ʧʨʝʩʦʚʘʥʦʛʦ 

ʩʽʥʘ. ʇʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʚʽʪʘʤʽʥʥʦ-ʪʨʘʚôʷʥʽ 

ʛʨʘʥʫʣʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʚôʷʟʘʥʝ ʟ ʨʦʩʪʦʤ ʧʦʧʠʪʫ 

ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʦ ʫ ʩʚʽʪʽ ʚʟʘʛʘʣʽ ʪʘ ʘʢʪʠʚʥʠʤ ʨʦ-

ʟʚʠʪʢʦʤ ʤʦʣʦʯʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʢʦʥʷʨʩʪʚʘ ʚ 

ʢʨʘʾʥʘʭ ɹʣʠʟʴʢʦʛʦ ʽ ɼʘʣʝʢʦʛʦ ʉʭʦʜʫ. 

ʋʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʢʦʨʤʫ ʜʦ ʨʘʮʽʦʥʽʚ ʪʚʘʨʠʥ 

ʩʧʨʠʷʻ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʡʦʛʦ ʟʘ ʙʽʣʢʦʤ, ʘʤʽʥʦʢʠʩ-

ʣʦʪʘʤʠ, ʚʽʪʘʤʽʥʘʤʠ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʘʤʽʜʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ ʧʦʚʥʽʰʝ ʧʝʨʝ-

ʪʨʘʚʣʶʻ ʪʘ ʟʘʩʚʦʶʻ ʚʩʽ ʢʦʨʤʠ.  

ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʮʝʨʥʦʚʠʭ 

ʛʨʘʥʫʣ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʥʘʩʪʫʧʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʨʤʘʤʠ: ʧʽʜʚʠʱʝʥʥʷ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʥʘʜʦʶ ʢʦʨʽʚ ï ʥʘ 7%; ʩʝʨʝʜʥʴ-

ʦʜʦʙʦʚʦʛʦ ʧʨʠʨʦʩʪʫ ʤʦʣʦʜʥʷʢʫ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ 

ʭʫʜʦʙʠ ï ʜʦ 20; ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʧʨʠʨʦʩʪʫ ʩʚʠ-

ʥʝʡ ï ʜʦ 15; ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʧʨʠʨʦʩʪʫ ʧʪʠʮʽ ï 

10; ʥʝʩʫʯʦʩʪʽ ʷʻʮʴ ï 12%. 

ɼʦ ʪʦʛʦ ʞ ʫʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘ-

ʪʠ ʥʘ ʬʦʥʽ 10-ʚʽʜʩʦʪʢʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʢʦʨ-

ʤʫ ʥʘʩʘʤʧʝʨʝʜ ʟʘ ʨʘʭʫʥʦʢ ʢʨʘʱʦʾ ʟʙʝʨʝʞʝʥʦʩʪʽ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʧʦʾʜʘʥʥʷ ʪʘ ʧʝʨʝʪʨʘʚʥʦʩʪʽ ʣʶ-

ʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ. 

ʅʠʥʽ ʫʩʧʽʰʥʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʟ ʟʥʘʯʥʠʤʠ ʦʙʩʷ-

ʛʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʟʘʤʢʥʝʥʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʧʦʚʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʚʣʘʩʥʠʤʠ ʢʦʨʤʘʤʠ ʧʦʚʝʨʪʘʶʪʴ-

ʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʢʦʨʤʦʚʠʭ ʫʛʽʜʜʷʭ ʧʦʣʠʚʫ 

(ʪʘʙʣ. 1). 

ɼʦʩʠʪʴ ʧʝʨʝʢʦʥʣʠʚʠʤ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʻ 

ʜʦʩʚʽʜ ɭʉ. ʊʘʢ, ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʩʪʘ-

ʥʦʚʠʪʴ 90-130 ɭʚʨʦ/ʪʦʥʥʫ, ʚʢʣʶʯʘʶʯʠ ʚʠʪʨʘʪʠ ʥʘ 

ʩʫʰʽʥʥʷ, ʧʽʜʙʽʨ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʚôʷʣʝʥʦʾ ʤʘ-

ʩʠ. ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʥʫʣ 

ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʚʽʜ ʨʽʚʥʷ ʮʽʥ ʥʘ ʧʰʝʥʠʮʶ ʽ ʩʦʶ.  

ʊʘʙʣʠʮʷ 1 

ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʚ ʋʢʨʘʾʥʽ 

ʇʦʢʘʟʥʠʢ ɹʝʟ ʧʦʣʠʚʫ ʅʘ ʧʦʣʠʚʽ (3000 ʤį/ʛʘ) 

ɺʘʨʪʽʩʪʴ ʟʝʣʝʥʦʾ (ʧʨʠʚôʷʣʝʥʦʾ) ʤʘʩʠ 115 ʛʨʥ/ʪ 191 ʛʨʥ/ʪ 

ɺʘʨʪʽʩʪʴ ʟʝʣʝʥʦʾ (ʧʨʠʚôʷʣʝʥʦʾ) ʤʘʩʠ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 12% 

ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʚ ʛʨʘʥʫʣʘʭ 
410 ʛʨʥ/ʪ 688 ʛʨʥ/ʪ 

ɺʠʪʨʘʪʠ ʥʘ ʩʫʰʢʫ, ʛʨʘʥʫʣʶʚʘʥʥʷ, ʦʧʣʘʪʘ ʧʨʘʮʽ, ʘʤʦʨʪʠʟʘ-

ʮʽʷ 
154 ʛʨʥ/ʪ 154 ʛʨʥ/ʪ 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʛʨʘʥʫʣ 567 ʛʨʥ/ʪ 842 ʛʨʥ/ʪ 

ʎʽʥʘ ʥʘ ʛʨʘʥʫʣʠ (15-19% ʩʠʨʦʛʦ ʧʨʦʪʝʾʥʫ) 2100-2500 ʛʨʥ/ʪ 2100-2500 ʛʨʥ/ʪ 

ʇʨʠʙʫʪʦʢ ʥʘ 1 ʪ ʛʨʘʥʫʣ 1530 ï 1940 ʛʨʥ/ʪ 1258-1663 ʛʨʥ/ʪ 

ɺʠʭʽʜ ʛʨʘʥʫʣ ʟ 1 ʛʘ ʣʶʮʝʨʥʠ 4 ʪ 7,1 ʪ 

ʇʨʠʙʫʪʦʢ ʟ 1 ʛʘ ʣʶʮʝʨʥʠ 6132 ï 7732 ʛʨʥ/ʛʘ 8932 ï 11772 ʛʨʥ/ʪ 

 

ʃʶʮʝʨʥʦʚʽ ʛʨʘʥʫʣʠ ʟ ʚʤʽʩʪʦʤ ʝʥʝʨʛʽʾ 6,5 ʄɼʞ 

ʏɽʃ ʽ 20% ʩʠʨʦʛʦ ʧʨʦʪʝʾʥʫ ʟʘ ʮʽʥʠ ʬʫʨʘʞʥʦʾ ʧʰʝ-

ʥʠʮʽ 200 ɭʚʨʦ ʟʘ ʪʦʥʥʫ ʽ ʩʦʾ 340 ɭʚʨʦ ʢʦʰʪʫʶʪʴ 

ʦʨʽʻʥʪʦʚʥʦ 200 ɭʚʨʦ ʟʘ ʪʦʥʥʫ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʮʽʥ ʥʘ 

ʩʦʶ ʪʘ ʧʰʝʥʠʮʶ ʥʘ 10% ʮʽʥʘ ʥʘ ʛʨʘʥʫʣʠ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʥʦ 180 ɭʚʨʦ ʟʘ ʪʦʥʥʫ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘ 

ʚʘʨʪʽʩʪʴ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʽ ʚʤʽʩʪ 

ʢʘʨʦʪʠʥʫ. ʗʢʱʦ ʜʦʜʘʪʢʦʚʦ ʢʫʧʫʚʘʪʠ ʙʝʪʘ-ʢʘʨʦʪʠʥ, 

ʪʦ ʚʽʥ ʢʦʰʪʫʚʘʪʠʤʝ ʙʣʠʟʴʢʦ 6-10 ʻʚʨʦʮʝʥʪʽʚ ʟʘ 100 

ʤʛ. ɺʽʜʦʤʦ, ʱʦ ʚʤʽʩʪ ʢʘʨʦʪʠʥʫ ʚ 1 ʢʛ ʪʨʘʚôʷʥʦʛʦ 

(ʣʶʮʝʨʥʦʚʦʛʦ) ʩʠʣʦʩʫ ʯʠ ʩʽʥʘʞʫ ʥʘ 100 ʤʛ ʥʠʞ-

ʯʠʡ, ʥʽʞ ʫ ʛʨʘʥʫʣʘʭ, ʪʦʙʪʦ ʛʨʘʥʫʣʠ ʤʦʞʫʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʱʝ ʥʘ 60-100 ɭʚʨʦ ʢʦʰʪʫʚʘʪʠ ʜʦʨʦʞʯʝ 

[3,4]. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʧʦʩʧʨʠʷʪʠ 

ʥʘʨʦʱʫʚʘʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʚ 

ʋʢʨʘʾʥʽ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʶ ʰʘʥʩʽʚ ʚʽʪʯʠʟʥʷʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽʭ ʨʠʥʢʘ, ʤʦʞʝ ʩʪʘʪʠ ʚʽʜʤʽʥʘ 

ʚ ɭʉ ʜʦʪʘʮʽʡ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʨʘʚô̫ ʥʠʭ ʛʨʘʥʫʣ, 

ʪʨʘʚô̫ ʥʦʛʦ ʙʦʨʦʰʥʘ ʯʠ ʩʽʥʘ ʥʘ ʰʪʫʯʥʦʤʫ ʚʠʩʫʰʫ-

ʚʘʥʥʽ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ  ̔ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʢʦʨʤʦʚʠʭ ʛʨʘʥʫʣ, ʧʣʘ-

ʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʙʘʟʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʽʜʨʦʟʜʽʣʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝ-

ʩʫʨʩʽʚ  ̔ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ çɸʛʨʦ-

ʥʦʤʽʯʥʘ ʜʦʩʣʽʜʥʘ ʩʪʘʥʮʽʷè (ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

çɸɼʉè) ʛʨʘʥʫʣʷʪʦʨ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʨʝʥ-

ʪʘʙʝʣʴʥʽʩʪʴ ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʘ, ʟʘ ʨʘʭʫʥʦʢ ʦʪʨʠ-
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ʤʘʥʥʷ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ï ʘ ʩʘʤʝ ʢʦʨʤʦʚʠʭ ʛʨʘ-

ʥʫʣ. ʉʧʝʮʽʘʣʽʩʪʠ ʟʫʧʠʥʠʣʠʩʷ ʥʘ ʛʨʘʥʫʣʷʪʦʨʽ ʆɻʄ-

1,5, ʚʘʨʪʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 1889837 ʛʨʥ. 

ɼʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʛʨʘʥʫʣʷʪʦʨʘ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʜʽʣʠʪʠ 1000 ʛʘ ʧʽʜ ʧʦʩʽʚ ʣʶʮʝʨ-

ʥʠ ʥʘ ʟʝʣʝʥʠʡ ʢʦʨʤ, ʟ ʷʢʠʭ ʫ ʨʽʢ ʙʫʜʝ ʦʪʨʠʤʘʥʦ 

3570 ʪʦʥʥ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʱʦ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʢʦʨ-

ʤʦʚʽ ʛʨʘʥʫʣʠ ʩʪʘʥʦʚʠʪʠʤʝ 992 ʪʦʥʠ ʛʨʘʥʫʣ ʫ ʨʽʢ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʦʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʛʨʘʥʫʣʷʪʦʨʘ 

ʚʠʩʦʢʘ ʜʣʷ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫ-

ʯʝʥʥʷ ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ. ʆʪʞʝ, ʟʚʽʜʩʠ, ʤʫʣʴʪʠ-

ʧʝʨʽʦʜʠʯʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʨʦʝʢʪʫ ʜʦʧʦʤʦʞʝ ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ: ʯʠ 

ʜʦʮʽʣʴʥʦ ʚʢʣʘʜʘʪʠ ʛʨʦʰʽ ʚ ʧʨʦʝʢʪ ʽʟ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʨʤʦʚʠʭ ʛʨʘʥʫʣ ʟʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥ-

ʥʷ ʧʨʦʪʷʛʦʤ 10 ʨʦʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʽ ʨʦʟʨʘʭʫʥʢʠ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʟ'ʷʩʫʚʘʪʠ ʥʘʩʢʽʣʴʢʠ ʽʥʚʝʩʪʠʮʽʷ 

ʨʝʥʪʘʙʝʣʴʥʘ, ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʠ ʮʽʥʥʦʩʪʽ ʛʨʦʰʝʡ ʫ 

ʯʘʩʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʘʪʠ ʧʦʚʥʫ ʪʘ ʚʠʯʝʨʧʥʫ ʦʮʽʥʢʫ 

ʽʥʚʝʩʪʠʮʽʡʥʦʤʫ ʧʨʦʝʢʪʫ ʧʨʠʜʙʘʥʥʷ ʛʨʘʥʫʣʷʪʦʨʘ, 

ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʘʻ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʢʨʝʜʠʪ, ʷʢʠʡ ʚʠʧʣʘʯʫʻʪʴʩʷ ʛʦʩʧʦ-

ʜʘʨʩʪʚʦʤ ʧʨʦʪʷʛʦʤ 10 ʨʦʢʽʚ, ʚʽʜʩʦʪʢʦʚʘ ʩʪʘʚʢʘ ʟʘ 

ʷʢʠʤ ʩʪʘʥʦʚʠʪʴ 35%. ʈʦʟʨʘʭʫʥʦʢ ʤʫʣʴʪʠʧʝʨʽʦʜʠʯ-

ʥʦʛʦ ʚʘʨʽʘʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʾ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2 

ʄʫʣʴʪʠʧʝʨʽʦʜʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʥʫʣ 

ʇʦʢʘʟʥʠʢ 0 1 2 é 9 10

ɺʠʭʽʜ ʟʝʣʝʥʦʾ ʤʘʩʠ ʣʶʮʝʨʥʠ ʟʽ 100 ʛʘ, ʪ0 3 570 3 570 é 3 570 3 570

ɺʠʭʽʜ ʛʨʘʥʫʣ ʟʽ 100 ʛʘ, ʪ 992 992 é 992 992

ɻʨʦʰʦʚʽ ʧʦʪʦʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʟʠʢʠ

ʅʘʜʭʦʜʞʝʥʥʷ, ʛʨʥ

ʈʝʘʣʽʟʘʮʽʷ ʛʨʘʥʫʣ, ʛʨʥ0 2 082 500 2 186 625 é 2 186 625 2 186 625

ʉʫʤʘ ʥʘʜʭʦʜʞʝʥʴ, ʛʨʥ 0 2 082 500 2 186 625 é 2 186 625 2 186 625

ɺʠʪʨʘʪʠ, ʛʨʥ

ʇʨʠʜʙʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ-1 889 837

ʋʪʨʠʤʘʥʥʷ -18 898 -18 898 é -18 898 -18 898

ɺʠʪʨʘʪʠ ʥʘ ʟʝʣʝʥʫ ʤʘʩʫ -682 267 -702 735 é -864 275 -890 203

ɺʠʪʨʘʪʠ ʥʘ ʩʫʰʽʥʥʷ, ʛʨʘʥʫʣʶʚʘʥʥʷ, -152 717 -160 353 é -225 632 -236 914

ʦʧʣʘʪʘ ʧʨʘʮʽ, ʘʤʦʨʪʠʟʘʮʽʷ

ʉʫʤʘ, ʛʨʥ -1 889 837 -853 882 -881 986 é -1 108 805 -1 146 015

Cash flow I -1 889 837 1 228 618 1 304 639 é 1 077 820 1 040 610

ʇʦʟʠʢʘ (35% ʨʽʯʥʠʭ)

ʈʘʭʫʥʦʢ ʜʝʙʽʪʦʨʘ 1 500 000 1 472 523 1 435 428 é 409 243 0

ɸʥʫʾʪʝʪ 552 477 552 477 é 552 477 552 477

ʇ: ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʢʠ 1 500 000

ʈ: ʚʽʜʩʦʪʢʠ 525 000 515 383 é 249 335 143 235

ʈ: ʩʧʣʘʪʘ 27 477 37 095 é 303 143 409 243

ʆʧʣʘʪʘ ʧʦʩʣʫʛ ʟʘ ʦʪʨʠʤʘʥʥʷ ʢʨʝʜʠʪʫ-5 000

Cash flow ʧʦʟʠʢʠ 1 495 000 -552 477 -552 477 é -552 477 -552 477

Cash Flow II -394 837 676 141 752 162 é 525 342 488 132

ʌʘʢʪʦʨ ʜʠʩʢʦʥʪʫʚʘʥʥʷ20% 1,00000 0,83333 0,69444 é 0,19381 0,16151

ʜʠʩʢ. Cash flow II -394 837 563 451 522 335 é 101 815 78 836

NPV 2 397 769

IKV 177%  
ʆʪʞʝ, ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʝʢʪʫ ʚʠʛʽʜʥʠʡ. ʇʨʦ 

ʮʝ ʩʚʽʜʯʘʪʴ ʧʦʢʘʟʥʠʢʠ ʯʠʩʪʦʾ ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ 

(NPV), ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʨʽʟʥʠʮʶ ʤʽʞ ʪʝʧʝʨʽʰʥʴʦʶ 

ʚʘʨʪʽʩʪʶ ʧʨʠʙʫʪʢʫ ʪʘ ʚʠʪʨʘʪʘʤʠ ʥʘ ʽʥʚʝʩʪʫʚʘʥʥʷ. 

ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ ʢʨʝʜʠʪʫ, ʧʦʢʘʟʥʠʢ ʯʠʩʪʦʾ ʪʝ-

ʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ ʻ ʧʦʟʠʪʠʚʥʠʤʠ ʽ ʩʪʘʥʦʚʠʪʴ 

2397769 ʛʨʥ, ʘ ʟʥʘʯʠʪʴ ʧʨʦʝʢʪ ʤʘʻ ʧʨʘʚʦ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʨʦʝʢʪʫ ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ 

ʧʨʠʙʫʪʢʫ (IRR), ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦ-

ʛʨʘʤʠ EXCEL, ʩʢʣʘʣʘ 177%, ʱʦ ʙʽʣʴʰʝ ʥʽʞ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʘ (20%), ʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʚʝʩʪʠʮʽʾ. ʊʦʙʪʦ ʚʝʩʴ ʚʢʣʘʜʝʥʠʡ 

ʢʘʧʽʪʘʣ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʽʟ ʜʦ-

ʩʪʘʪʥʽʤ ʜʦʭʦʜʦʤ. 

ʆʪʞʝ, ʚʠʨʦʙʥʠʮʪʚʦ ʣʶʮʝʨʥʦʚʠʭ ʛʨʘʥʫʣ ʤʦʞʝ 

ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚʠʨʦʱʫʚʘʥʥʶ ʚʠʩʦ-

ʢʦʨʝʥʪʘʙʝʣʴʥʠʭ ʢʫʣʴʪʫʨ, ʜʦ ʪʦʛʦ ʞ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʽʚ, ʘ ʡ ʩʪʘʪʠ ʩʘʤʦ-

ʩʪʽʡʥʠʤ, ʜʦʚʦʣʽ ʧʨʠʙʫʪʢʦʚʠʤ ʥʘʧʨʷʤʦʤ ʙʽʟʥʝʩʫ, 

ʜʦʟʚʦʣʷʶʯʠ ʛʦʩʧʦʜʘʨʩʪʚʘʤ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʩʚʦʶ 

ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ. ɼʣʷ ʮʴʦʛʦ ʥʘ-

ʷʚʥʽ ʚʩʽ ʧʝʨʝʜʫʤʦʚʠ: ʚʣʘʩʥʽ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ 

(ʨʦʜʶʯʽ ˇʨʫʥʪʠ, ʜʝʰʝʚʰʽ ʨʝʩʫʨʩʠ), ʚʠʩʦʢʠʡ ʧʦʧʠʪ 

ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʨʠʥʢʫ, ʧʦʪʝʥʮʽʡʥʦ ʜʦʩʪʘʪʥʴʦ ʻʤ-

ʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʨʠʥʦʢ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ, ʜʘʣʽ ʩʣʽʜ 

ʨʦʟʛʣʷʥʫʪʠ ʩʠʪʫʘʮʽʶ ʽʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʨʘʚôʷʥʦʛʦ 

ʙʦʨʦʰʥʘ, ʱʦ ʩʢʣʘʣʘʩʷ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ʊʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʨʤʦʚʠʡ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʠʡ ʧʨʦʜʫʢʪ, ʚʠʨʦʙʣʝʥʠʡ ʽʟ ʪʨʘʚ, ʟʽʙʨʘʥʠʭ ʫ 

ʨʘʥʥʽ ʬʘʟʠ ʚʝʛʝʪʘʮʽʾ, ʚʠʩʫʰʝʥʠʭ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤ-
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ʧʝʨʘʪʫʨʽ ʪʘ ʨʦʟʤʝʣʝʥʠʭ ʫ ʙʦʨʦʰʥʦ. ɿʙʝʨʽʛʘʶʪʴ 

ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʛʨʘʥʫʣʴʦʚʘʥʦʤʫ, 

ʨʽʜʰʝ - ʥʝ ʛʨʘʥʫʣʴʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʘ ʪʝʭʥʦ-

ʣʦʛʽʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʭʠʭ ʟʝʣʝʥʠʭ ʢʦʨʤʽʚ ʤʝʪʦʜʦʤ 

ʰʪʫʯʥʦʾ ʩʫʰʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʜʦ 95% 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʨʦʩʣʠʥʘʭ ʽ ʜʦʟ-

ʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ ʪʚʘʨʠʥʥʠʮʪʚʘ.  

ʋ ʪʨʘʚôʷʥʦʤʫ ʙʦʨʦʰʥʽ ʤʽʩʪʠʪʴʩʷ ʚ 1,5-2 ʨʘʟʠ 

ʙʽʣʴʰʝ ʧʝʨʝʪʨʘʚʥʦʛʦ ʧʨʦʪʝʾʥʫ, ʚ 2,5-3 ʨʘʟʠ ʙʽʣʴʰʝ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʥʽʞ ʫ ʟʝʨʥʦʚʠʭ ʢʦʨʤʘʭ, ʘ ʟʘ 

ʚʤʽʩʪʦʤ ʢʘʨʦʪʠʥʫ ʚʦʥʦ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʚʩʽ ʚʠ-

ʜʠ ʢʦʨʤʽʚ. ʋ ʪʨʘʚôʷʥʦʤʫ ʙʦʨʦʰʥʽ ʤʽʩʪʠʪʴʩʷ ʜʦ 20-

25% ʣʝʛʢʦʧʝʨʝʪʨʘʚʣʶʚʘʥʠʭ ʘʟʦʪʠʩʪʠʭ ʨʝʯʦʚʠʥ ʟ 

ʫʩʽʤʘ ʥʝʟʘʤʽʥʥʠʤʠ ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ: ʢʘʨʦʪʠʥʫ - 

ʤʘʡʞʝ 300 ʤʛ ʥʘ 1 ʢʛ, ʚʽʪʘʤʽʥʽʚ ʉ, ɺ1, ɽ ï ʙʣʠʟʴʢʦ 

2500 ʤʛ ʫ 1 ʢʛ. ʋʚʝʜʝʥʥʷ ʪʘʢʦʾ ʜʦʙʘʚʢʠ ʜʦ ʨʘʮʽʦʥʫ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʡʦʛʦ ʟʘ ʙʽʣʢʦʤ, ʘʤʽʥʦ-

ʢʠʩʣʦʪʘʤʠ, ʚʽʪʘʤʽʥʘʤʠ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʘʤʽʜʘʤʠ ʽ 

ʚʫʛʣʝʮʝʚʦʶ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʩʧʨʠʷʻ ʧʦʚʥʽʰʦʤʫ ʧʝ-

ʨʝʪʨʘʚʣʝʥʥʶ ʽ ʟʘʩʚʦʻʥʥʶ ʢʦʨʤʽʚ ʦʨʛʘʥʽʟʤʦʤ ʪʚʘ-

ʨʠʥ. ɽʥʝʨʛʝʪʠʯʥʫ ʦʮʽʥʢʫ ʪʨʘʚôʷʥʦʛʦ ʙʦʨʦʰʥʘ ʚʠ-

ʨʘʞʘʶʪʴ ʫ ʢʦʨʤʦʚʠʭ ʦʜʠʥʠʮʷʭ, ʙʝʨʫʯʠ ʟʘ ʝʪʘʣʦʥ 1 

ʢʛ ʚʽʚʩʘ - 1 ʢʦʨʤʦʚʘ ʦʜʠʥʠʮʷ. ʋ 1 ʢʛ ʷʢʽʩʥʦʛʦ 

ʪʨʘʚôʷʥʦʛʦ ʙʦʨʦʰʥʘ ʤʦʞʝ ʙʫʪʠ ʜʦ 0,9 ʢ. ʦʜ., 

ʙʣʠʟʴʢʦ 20% ʩʠʨʦʛʦ ʧʨʦʪʝʾʥʫ, ʤʘʡʞʝ 300 ʤʛ ʢʘʨʦ-

ʪʠʥʫ (ʧʨʦʚʽʪʘʤʽʥʫ ɸ). ɿʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʙʠʭ ʢʦʨʤʽʚ, 

ʪʦʙʪʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʽʟ ʩʽʥʦʤ, ʭʦʯʘ ʟʘ ʩʚʦʻʶ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʮʽʥʥʽʩʪʶ ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ ʥʘʙʣʠ-

ʞʘʻʪʴʩʷ ʜʦ ʢʦʥʮʢʦʨʤʽʚ (0,65-0,7 ʢ. ʦʜ.) [5]. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʢʫʧʫʶʯʠ ʛʨʘʥʫʣʠ ʪʨʘʚôʷʥʦʛʦ ʙʦ-

ʨʦʰʥʘ ʤʘʣʦ ʭʪʦ ʟʘʤʠʩʣʶʻʪʴʩʷ, ʟ ʷʢʠʭ ʪʨʘʚ ʽ ʟʘ 

ʷʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʮʽ ʛʨʘʥʫʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ. ɸʜʞʝ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʽ ʪʨʘʚʠ ʻ ʡʦʛʦ ʩʢʣʘʜʥʠʢʘʤʠ, 

ʧʦʞʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʾʭ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠ-

ʩʷ. ɺ ʦʩʥʦʚʥʦʤʫ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʘʚôʷʥʦʛʦ ʙʦ-

ʨʦʰʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʞʦʩʢʦʰʝʥʫ ʪʨʘʚʫ ʙʦʙʦ-

ʚʠʭ, ʟʣʘʢʦʚʠʭ ʽ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʠʭ ʨʦʩʣʠʥ. ɿʘʟʚʠʯʘʡ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʙʦʨʦʰʥʘ, ʧʨʠʟʥʘʯʝʥʦʛʦ 

ʜʣʷ ʛʦʜʽʚʣʽ ʙʽʣʴʰʦʩʪʽ ʪʚʘʨʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʽʟʥʦʪʨʘʚôʷ ʟ ʧʦʣʴʦʚʠʭ ʪʨʘʚ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʟʥʘʯʥʦ 

ʥʠʞʯʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʾʾ ʦʪʨʠʤʘʥʥʷ ʽ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʤʦʛʘʤʠ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʾʾ ʷʢʦʩʪʽ. ɸʣʝ 

ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʩʚʦʾʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʽʣʴʢʠ ʪʘʢʠʭ ʪʨʘʚ, ʷʢ ʢʦʥʶʰʠʥʘ, ʣʷʜʚʝʥʝʮʴ ʨʦʛʘ-

ʪʠʡ, ʣʶʮʝʨʥʘ, ʛʘʣʝʛʘ ʩʭʽʜʥʘ (ʢʦʟʣʷʪʥʠʢ) ʽ ʪʠʤʦ-

ʬʽʾʚʢʘ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ ʚʠʛʦ-

ʪʦʚʣʷʶʪʴ ʽʟ ʩʫʤʽʰʽ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ 

ʪʨʘʚ ʯʠ ʟ ʚʠʢʦ-ʚʽʚʩʷʥʦʾ (ʘʙʦ ʛʦʨʦʭʦʚʦ-ʚʽʚʩʷʥʦʾ) 

ʩʫʤʽʰʢʠ. 

ʇʨʦʪʝ ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ, ʦʪʨʠʤʘʥʝ ʟ ʣʶʮʝʨ-

ʥʠ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʦʶ ʧʦʞʠʚʥʦʶ ʮʽʥʥʽʩʪʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʦʨʦʰʥʦʤ ʟ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʚ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʪʦʛʦ, ʚ ʷʢʫ ʬʘʟʫ ʚʝʛʝʪʘʮʽʾ ʣʶʮʝʨʥʠ ʦʪʨʠʤʫʚʘʣʠ 

ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ, ʧʦʞʠʚʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 0,62 ʜʦ 0,72 ʢʦʨʤʦʚʠʭ ʦʜʠʥʠʮʴ, 

ʚʤʽʩʪ ʧʨʦʪʝʾʥʫ, ʱʦ ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʚʦʻʶ ʧʦʚ-

ʥʦʮʽʥʥʽʩʪʶ, ʚʽʜ 14 ʜʦ 19%, ʘ ʢʘʨʦʪʠʥʫ ï ʚʽʜ 120 ʜʦ 

200 ʤʛ/ʢʛ.  

ʎʝʡ ʚʠʜ, ʷʢ ʽ ʚ ʮʽʣʦʤʫ ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ ʙʦ-

ʙʦʚʠʭ, ʚʠʦʢʨʝʤʣʶʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʘʣʴʮʽʶ (12ï17 ʛ/ʢʛ). ʃʶʮʝʨʥʦʚʝ ʙʦʨʦʰʥʦ ʤʦʞʥʘ 

ʟʘʤʽʥʶʚʘʪʠ ʥʘ ʟʝʨʥʦʚʽ ʢʦʥʮʝʥʪʨʘʪʠ ʘʙʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʚʽʪʘʤʽʥʥʦ-ʧʨʦʪʝʾʥʦʚʫ ʜʦʙʘʚʢʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʡʦʛʦ ʟʛʦʜʦʚʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʽʩʪ ʪʘ ʨʦʟʚʠʪʦʢ ʤʦʣʦʜʥʷʢʫ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʚ 

ʥʠʭ ʤʽʮʥʦʛʦ ʢʽʩʪʷʢʘ. ɺʩʽ ʚʠʜʠ ʢʦʨʤʽʚ ʟ ʣʶʮʝʨʥʠ 

ʦʭʦʯʝ ʧʦʾʜʘʶʪʴʩʷ ʭʫʜʦʙʦʶ, ʘ ʟʝʣʝʥʠʡ ʢʦʨʤ ʽ 

ʪʨʘʚôʷʥʝ ʙʦʨʦʰʥʦ - ʪʘʢʦʞ ʽ ʧʪʠʮʝʶ. ʇʝʨʝʪʨʘʚʥʽʩʪʴ 

ʢʦʨʤʽʚ ʟ ʣʶʮʝʨʥʠ ʜʦʩʷʛʘʻ 70-80%. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʨʦʧʦʟʠʮʽʾ. ʌʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʾ 

ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʻ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʽʰʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠʙʫʪʢʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʚ 

ʋʢʨʘʾʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʨʽʯʥʠʭ ʙʦʙʦʚʠʭ 

ʢʫʣʴʪʫʨ ʤʘʻ ʜʣʷ ʜʝʨʞʘʚʠ ʚʝʣʠʢʝ ʘʛʨʦʪʝʭʥʽʯʥʝ ʟʥʘ-

ʯʝʥʥʷ. ɺʦʥʠ ʩʧʨʠʷʶʪʴ ʥʘʛʨʦʤʘʜʞʝʥʥʶ ʚ ˇʨʫʥʪʽ 

ʛʫʤʫʩʫ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʨʦʩʣʠʥ ʽ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʢʦʨʠʩʥʠʭ ˇʨʫʥʪʦʚʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɹʦʙʦʚʽ ʪʨʘʚʠ ʟʙʘʛʘʯʫʶʪʴ ˇʨʫʥʪ ʥʘ 

ʘʟʦʪ ʽ ʻ ʜʦʙʨʠʤʠ ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʚ ʩʽʚʦʟʤʽʥʽ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʤʦʚʦʛʦ 

ʛʨʘʥʫʣʷʪʦʨʘ ʫ ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ çɸɼʉè ʟʘʩʚʽʜ-

ʯʠʚ ʦʜʝʨʞʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʽʥʚʝʩʪʫ-

ʚʘʥʥʷ ʜʘʥʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ. ʏʠʩʪʘ ʪʝ-

ʧʝʨʽʰʥʷ ʚʘʨʪʽʩʪʴ (NPV) ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʘʥʫʣʷʪʦʨʘ, ʷʢ ʩʚʽʜʯʘʪʴ ʨʦʟʨʘʭʫʥʢʠ, ʩʪʘʥʦʚʠʪʴ 

2 397 769 ʛʨʥ ʟʘ ʨʘʭʫʥʦʢ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʦʟʠʯʢʦʚʠ-

ʤʠ ʢʦʰʪʘʤʠ, ʘ ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʧʨʠʙʫʪʢʫ (IRR) 

ʜʦʨʽʚʥʶʻ 177%. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʧʨʦʜʫʢʮʽʶ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʨʦʤʦʞʥʦʶ ʪʘ ʷʢʥʘʡʰʚʠʜʰʝ ʜʦʚʝʩʪʠ ʾʾ ʜʦ ʩʧʦ-

ʞʠʚʘʯʘ (ʧʦʢʫʧʮʷ) ʘʛʨʘʨʽʾ ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ ʜʫʞʝ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽʣʫ ʥʠʟʢʫ ʤʘʨʢʝʪʠʥʛʦ-

ʚʠʭ ʟʘʭʦʜʽʚ. ɺʠʨʦʙʥʠʢʠ ʟʝʣʝʥʠʭ ʢʦʨʤʽʚ ʚʩʽʣʷʢʦ 

ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʧʦʢʫʧʮʽʚ ʜʦ ʩʚʦʻʾ 

ʧʨʦʜʫʢʮʽʾ ʽ ʥʝ ʣʠʰʝ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʾʾ ʘʩʦʨ-

ʪʠʤʝʥʪʫ ʪʘ ʷʢʽʩʪʴ. ɿ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʧʨʘʮʶʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʪʦʙʪʦ ʨʝʢʣʘʤʘ. ɿ 

ʧʦʰʠʨʝʥʥʷʤ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʠ 

ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʽʚ ʨʝʛʽʦʥʫ ʤʘʶʪʴ ʟʤʦʛʫ ʟʘʷʚʠʪʠ 

ʧʨʦ ʩʝʙʝ, ʩʪʚʦʨʠʚʰʠ ʚʣʘʩʥʠʡ ʩʘʡʪ. ʇʨʦʜʫʢʮʽʷ ʙʘ-

ʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ, ʟʦʢʨʝʤʘ ʥʘʩʽʥʥʷ, ʜʦʩʠʪʴ ʝʬʝʢʪʠʚ-

ʥʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʘʜʘʧʪʠʚʥʽʩʪʶ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚ (ʤʦ-

ʨʦʟʦʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʘʧʠʣʝʥʦʩʪʽ ʪʘ 

ʟʘʛʘʟʦʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʧʨʦʪʠ 

ʭʚʦʨʦʙ ʽ ʰʢʽʜʥʠʢʽʚ). 
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ABSTRACT 

 The article presents the results of the study of the eastern part of Kazakhstan's Aral Sea region soil cover 

transformation in terms of human aridity. Trends in the transformation of soils and the soil cover of the Syrdarya 

modern delta of and the dried bottom of the Aral Sea have identified on the basis of monitoring studies.  

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʦʙʩʦʭʰʝʛʦ ʜʥʘ ɸʨʘʣʴʩʢʦʛʦ 

ʤʦʨʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʳʭʘʥʠʷ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʧʨʦ-

ʠʟʦʰʣʠ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʣʴʪʝ ʉʳʨʜʘʨʴʠ ʠ ʥʘ ʦʙʩʦʭʰʝʤ ʜʥʝ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʀʟʫʯʝ-

ʥʳ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʣʴʪʳ ʉʳʨʜʘʨʴʠ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʙʩʦʭʰʝʛʦ ʜʥʘ 

ɸʨʘʣʘ, ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʦʯʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʥʝʩʝʥʳ ʠʟʤʝʥʝ-

ʥʠʷ ʢʦʥʪʫʨʘ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʳʷʚʣʝʥʘ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʘʨʠʜʠʟʘʮʠʠ.  

Keywords: Aral Sea, soil transformation, land degradation, soil map. 
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Aral Sea drying up - is one of the most tragic 

moments of past century. Ecological disaster has cov-

ered Kazakhstanôs region of Aral Sea, with 85 settle-

ments with total population of 72.0 thousand. Current-

ly, Aral Sea region has the status of ecological disaster 

zone; it covers an area of 59.6 million hectares. The 

area of agricultural land is 43.4 million hectares, in-

cluding 0.6 million hectares of arable land, 42.4 mil-

lion hectares pastures and 0.4 million hectares of hay-

land. The overall decline of social and economic 

potential, caused by Aral Sea drying up, is determined 

by several factors: disturbance of ecological relation-

ships, tension of sanitary-epidemiological situation, 

desert advancing of vast territory of the Aral Sea re-

gion, decreased productivity of agricultural lands, and 

loss of soil fertility. 

The development of irrigation, followed by regu-

lation of rivers flows, increase of water intake and 

permanent consumption in the upper and middle flows 

of Syr Darya, resulted in shortage of water resources, 
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anthropogenous aridization and soil transformation at 

lower reaches of the river. The most valuable agricul-

tural hydromorphic soils of modern Syr Darya delta 

were transformed the most. As a result of drying up, 

large areas of salt marsh were formed on the dried 

bottom [1]. 

Region of salt marshes is currently directly adja-

cent the dried sea bottom, deprived of natural vegeta-

tion. It is replaced by a wider strip of seashore-

growing, desert crust salt marshes that overgrown by 

annual alkali grasses (glasswort, sea blite, etc.). For 5-

7 years and over of sea bottom draining, perennial 

alkali grasses (sarzasan, halostachys, saltwort etc.) 

were settled on sabulous sea bottom. Plant develop-

ment is slowing on heavy soils and oppressed species 

of alkali grass. Territories, which were exposed out of 

the sea more than 10-15 years ago, formed into desert 

landscape, soil-cover complex with takyr-like soils 

and salt marshes. [2] 

Takyr soil crust that formed on the surface is the 

main preventing factor of wind removal of salt dust 

masses, as well as the vegetation cover (haloxylon 

forest, tamarisk, sarzasan, perennial alkali grasses). 

1. Subject of research and methodology. 

The research object is the soil landscape of the 

dried sea bottom of Aral Sea southeastern part of Ka-

zakhstan region. To assess the current state of agricul-

tural lands and restore transformed soils of Eastern 

Aral Sea region and further prediction of their chang-

es, following methods were used: cartographic meth-

od, comparative geographical method, experimental 

field studies. 

Laboratory and analytical research method that 

are common in soil science and agricultural chemistry 

were conducted to determine physical, hydrophysical 

and chemical soil properties and the elements of nutri-

ent status. 

2. Results and discussion 

The studies were conducted in the eastern part of 

the Aral Sea region within Kazaly district of Kyzylor-

da region of Kazakhstan. Aral Sea dry up affected the 

transformation of soil formation of the dried sea bor-

der. Soil transformation defined as any form of change 

in morphologic-genetic characteristics and soil proper-

ties, which causing the decrease in fertility and 

productivity under influence of changes in soil for-

mation factors, as a result of natural and anthropogen-

ic desertification. Nine stages of drying and soil land-

scape development are allocated, which can be 

grouped into three stages: 1) Drying stage 1960-1975, 

absolute dominance of sabulous soils, slight saline. 2) 

Drying stage 1976-1984, dominance of desert crust 

salt marshes and swampy meadow dry saline soils, 

mostly medium loamy, granulometric composition, 

medium saline. 3) Drying stage 1985-1986, domi-

nance of marshes, seashore growing and crust salt 

marshes, mostly of heavy granulometric composition, 

highly saline. Change in environmental conditions of 

the Aral Sea region, due to the regulation of river flow 

and Aral Sea dry up had significant influence on delta 

alluvial soils, which have reduced fertility and biolog-

ical productivity. Different soil types areas calculation 

of the Aral Sea region as of 2008 showed that from 

the total land area of 1670.5 thousand hectares, pre-

dominant soil is saline ï 643.3 thousand hectares. 

Large areas are coastal soils ï 311.1 thousand hec-

tares, sandy ï 147.6 thousand hectares, gray-brown 

and saline soils ï 146.7 thousand hectares. An indica-

tor of Aral Sea soil desertification is transformation 

alluvial-meadow saline soils in the alluvial fields of 

desert, areas of alluvial-meadow and alluvial-meadow 

riparian are significantly reduced now. Year after year, 

the saline soil areas has been increased, from 94.5 to 

643,3 thousand hectares. Similar trend is observed 

with sandy soil areas, from 68,3 to 147,6 thousand 

hectares. 

Soil transformation after cessation of rice cultiva-

tion takes place according to the following scheme: 

rice-marsh soils Ÿmeadow-swampy saline soils Ÿ 

swampy-meadow saline soils Ÿ secondary saline. 

Three main stages of development of ecological and 

genetic landscapes of the dried bottom of the Aral Sea 

and the soil formation steps in desertification process: 

1. Desert landscape formation with light soil li-

thology, where sandy soils are formed;  

2. Landscape formation in severe soil lithology. 

Takyr soils are formed on heavy bottom deposits.  

3. Sor-saline formation. Sor salines are formed 

on non-draining lagoons of various lithology.  

In the condition of Aral Sea East Coast, exposed 

sea bottom is composed with sandy clay and loams, 

which are underlay with layered clays and loams that 

contains 0.4-1.5% of soluble sulfate-chloride and 

chloride-sulfate salts compositions. Coastal sea 

marshes are adjoin the seacoast with area width of 2-4 

km, lacking of vegetation. This surface, which come 

out of the sea flooding 1-2 years ago, is the main 

source of deflation and aerosolic salty dust removal 

and salinity of surrounding areas. The loop length of 

the salt removal predominantly in West direction 

reaches 200-300 km, volume of annual removal ï 65 

million tons. Recent studies have shown that 8000 

tons of salt dust is removed from 1 km2 of dried bot-

tom. Next followed by the wide strip that was dried 

for 5-6 years, which were overgrown with annual sa-

line (glasswort, sea blite etc.), with low sand dunes 

that decrease the wind salt dust removal. The area that 

was exposed more than 10-15 years ago, zonal desert 

landscapes with takyr soils and saline is formed. With 

retreat of the sea and coastal salt marshes are trans-

formed into desert crust salt marshes or coastal hy-

dromorphic saline soils after 2-3 years. Recent studies 

showed that in future depending on the lithology of 

soil, sandy soils or takyr-like soils are formed. With 

the increase of dried area, coastal marshes and saline 

soils in the total area of dried bottom of the Aral Sea is 

reduced.  

Dried bottom landscape of the Aral Sea is diverse 

and it can be distinguish according to genetic proper-

ties: 

1. Eolian landscape, which is formed by wind 

activity (sandy ripples, bushy or micro-relief of sand-

bars). On the sandy areas of the dried bottom, eolian 

landscape predominates. Very rare vegetation does not 

prevent deflation of sands. Sand has drawn by the 

wind, around barriers of bushes of sand vegetation ï 
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forms piles (0.5m height) ï sandy hillocks. Bushy 

micro-relief is being formed. Sand bars and ripples are 

continuously formed and vanish. 

2. The erosion-accumulative relief is formed by 

water. Saline, which are spread as spot shape and sau-

cer shape, are fully covered by the solid salt crust. 

3. Subsidence relief. On the dried bottom, area 

that is bordered by state reserve Barsakelmes, on the 

large areas so called okpan relief occur ï subsidence 

relief that was formed by cracks. They have crack or 

shape or ellipse like pits (0.3-0.5 m depth and even 

deeper 1.5-1.7), sometimes long holes. They can be 

located on large desiccated and desertificated paths. 

Micro-relief of biogenic origin ï of animal activity 

(holes emissions, phitogenic bumps is the result of 

sandy material and dust fixing by plant roots, especial-

ly li tter across large bushes are very weak saline[3].  

The soil cover is formed on the layered saline 

lake-alluvial and eolian deposits. The formation and 

development of soil cover, on the studied area, was in 

close dependence with the Aral Sea fluctuation levels. 

Large areas of the studied territory are occupied by 

dross, as residues of ancient riverbeds and dried up 

lakes, and sands (deflated lake-alluvial deposits).  

Within the dried border of the dried bottom, 

coastal salt marshes and saline, coastal soils with 

windblown sandy cover and takyr soils are formed. 

Desert sandy soils are formed in the border of expo-

sure of 10 years drying. Soil formation of the dried 

strip is determined by the desert climate; it contributes 

to the rapid transformation and mostly depends on the 

lithology of bottom deposits and nature of the coast-

line [4]. 

Desert climate determines the overall develop-

ment of salinization processes. Following arid-nature 

of exposure contributes its desalinization and soil 

forming of the zonal type. This trend depends on litho-

logical and geomorphological conditions. All soils 

have a low humus content, relatively small thickness 

of the humus horizon, low nutrition, and low absorp-

tion capacity. In addition, they are characterized by a 

high carbonate content and salinity. The main sources 

of soil salinity are saline soil material, and salts that 

comes from saline groundwater. Types of salinity 

based on anions ï chloride, sulfate-chloride, chloride-

sulfate; based on cation ï magnesium-sodium-

calcium. Different hydromorphic and salinity levels of 

soil have caused wide development of complex soils.  

Meadow-marsh soils are formed during transfor-

mation of marsh soils because of changes in the hy-

drological state, reduced groundwater level to 1.5-2.0 

m, which leads to draining, and change in water-air 

state of soil. However, during rice sowing and restor-

ing moisture conditions of meadow-marsh soil again 

turn into swamp or rice-swamp. Outside area of flood-

ing in the rice fallows, soils are quickly deserted, 

groundwater decrease by 3-5 m; as a part of the vege-

tation cover, on the background of reeds, alkali grass-

es and agrestal plants are settled, and hence increasing 

processes of soil salinization. Water-soluble salt dis-

tribution in the soil profile is as follows: a small max-

imum from the surface with a sharp decline of profile 

to a minimum.  

 
Figure 1 ï Water-soluble salts distribution in the soil profile of meadow-marsh soil 

Chemical composition: based on anions chloride - sulfate, based on cation magnesium-sodium-calcium. 
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Figure 2 ï The content of soluble salts in meadow-marsh soil 

 

The high humus content in the crust and sub crust 

horizons ï 5.51 - 5.62 %; deeper content is low ï 

0.41-0.48 %. 

 

 

 
Figure 3 ï humus content in meadow-marsh soil 

 

Salt marshes can be traced along the edge of the 

waterôs edge in terms of intensive sea surf, which de-

velop under rare saltwort vegetation (glasswort, sea 

blite etc.). Groundwater of chloride and some sulfate 

salinity types, have mineralization of 20-80 g/l, at 

depth of 0.3 to 3.0 m. The soil materials are layered 

marine deposits of sand-clay composition. Slight ac-

cumulation of salts is observed on the surface of the 

upper 10 cm layer, going deeper into the soil profile 

gradual accumulation of salts to the maximum values 

can be observed, as for second layer. Chemistry salini-

ty type: for anions chloride-sulfate-magnesium, for 

cation based calcium-sodium. Content of the humus is 

low ï 0.07 % - 0.74 %, which is typical for this kind 

of soils.  

Coastal salt marshes are formed from marsh sa-

line after 2-3 years of drying of bottom deposits at a 

sufficiently high surface and ground level of moisture. 

Soil-forming materials are layered lake and marine 

deposits with predominance of shelly sand and loam. 

Coastal salt marshes are the youngest soils of the area 

that are formed on the former sea bottom after the 

retreat of the sea. Cracked surface with occasional 

shells and clumps of vegetation. Strong salinity, visi-

ble accumulation of salt crystals, rusty, clay spots are 

formed on the surface of whole soil profile. With the 

depth, profile hydration increases ï lower levels are 

wet, with bluish coloration becomes yellowish-bluish 

and brown coloration. Salt distribution of the soil pro-

file is unbalanced: higher concentration is in crust and 

sub crust layers, with depth concentration decreases.  
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Figure 4 - Water-soluble salts distribution in the soil profile of coastal marsh soil 

 

The chemistry of salinity: chloride-sulfate on an-

ions based, and magnesium-calcium-sodium on cation 

based. 

 
Figure 5 ï The content of soluble salts in coastal marsh soil 

 

Humus content is higher at crust layer (3.39 %) 

and sub crust layer (1.24 %), along the entire profile 

humus content is low ï (0.24-0.65 %)

 

 
Figure 6 ï Total humus content in coastal salt marsh 

 

(mg

/eq) 

0 

20 

40 

60 

80 

100 

0-1 1-2  2-19 19-32 32-58 61-96 96-125   cm 

ʅʉʆ3 C

l 
SO4 a g Na+K 

0 

0

,2 

0

,4 

0

,6 

0

,8 

1 

1

,2 

1

,4 

1-2 2-19 19-32 32-58 61-96 96-

125 

H
u

m
u

s
 

(%
) 



 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(13)/2016 

22 ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʅɸʋʂʀ 

Dried salt marsh, the area adjacent to the state re-

serve Barsakelmes, absolute wasteland. Wasteland has 

flat smooth surface, covered with a dense smooth gray 

crust of 0.5-1 cm with numerous shells and their resi-

dues; and salt sequins, white specks. There are rare 

phytogenic hillocks of 0.5-0.8m height on the surface, 

with an underlay of dried seaweed coated with sand. 

They are occupied with tamarisk of 30-50 cm height. 

Soil based on profile boils from 10% HCl. Water-

soluble salts in the profile are as follows: the maxi-

mum concentration is in crust and sub crust horizons, 

decreasing with depth. The chemistry of salinity: chlo-

ride-sulfates on anions based, and magnesium-

calcium-sodium on cation based. Humus content is 

higher at crust layer (0.83 %) and sub crust layer (0.79 

%), along the entire profile humus content is low ï 

(0.34-0.65 %) 

Coastal soils with windblown sandy cover are 

formed in the border of sea exposure during formation 

of cumulus sands mainly after 9 years of drying and 

occupied a large area. Windblown sandy cover has 

capacity of 20-30 cm and 30-50 cm. Formation of 

mulch sandy layer, reduction of surface evaporation, 

moisture accumulation in the middle and lower part of 

the profile (washing mode) contributes to occurrence 

of xeromesophilic vegetation. Vegetation cover is 

represented by xeromesophyte, Ceratocarpus, quinoa 

and perennial shrub and suffrutescent vegetation (tam-

arisk). Ground water mineralization 50-70 g/l at depth 

of 1.2-1.5 m. In the surface layer at depth of 40-50 cm 

horizon of physical draining is formed; hence, the 

border of capillary fringe is decreased. Groundwater 

levels of salinization and mineralization are different. 

The degree of salinity is different from slightly saline 

on the surface layer to the medium- and strongly sa-

line, depending depth of the profile and it has maxi-

mum degree at layer of 29-43 cm and 75-130 cm. 
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Figure 7 ï Water-soluble salts content in the profile of coastal soil with windblown sand cover 

In the upper horizons dominated: on anions based ï chloride-sulfate, deeper sulfate-chloride; on cation based 

magnesium-sodium-calcium chemistry salinity. 
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Figure 8 ï the content of soluble salts in the coastal soil with windblown sand cover 

The total humus content is higher in the bottom soil horizons (0.93 %). 
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Figure 9 ï Total humus content in coastal soil with windblown sand cover 

 

Takyr-like soils are formed in condition of auto-

morphic on young lake-alluvial stratified deposits of 

different lithological and chemical compositions, 

which are characterized by evaporating nonleaching 

water regime. Soil materials is represented by sandy-

dusty residually, saline carbonated sand-clay alluvial 

deposits. Groundwater is deep-seated (5-10 m or 

more). There are pale gray highly porous crusts on the 

surface, with capacity of 5-10 cm. The crust is denser 

and roughly packed in the alkaline soils, and in sandy 

soil, it is covered with fine-grained sand of varying 

capacity. The loose packed scaly foliated structural 

horizon is released under the crust at 5-10 cm depth. 

Light brown clayey compressed horizon is released at 

depth of 15-30 cm, which contains carbonates and 

soluble salts, this horizon is highly compressed in sa-

line alkali soils, and differs by having lumpy and nuci-

form structure with various salts secretions. In takyr 

saline soils salinity (sulfate-chloride and chloride) is 

described at a depth of 20-30 cm with salt content of 

0.3-1 % and more. Past hydrogenic nature of soil for-

mation can be noticed in takyr soils (decomposed 

plant deposits, dark-colored marsh layers, clayey and 

rusty spots etc.). Combined indicators of takyr soils 

are: low humus of fulvic-acid content, low content of 

mineral nutrients for plants, low absorption capacity, 

high alkalinity, alkalinity and residual salinity. Vege-

tation cover of takyr soil forms open saxaul-

wormwood-saltwood groups with low content of 

ephemers and ephemeroids (sagebrush, anabasis-salsa, 

tamarisk, peppergrass, blue grass, (Eremopyrum trit-

iceum (Gaertn.) Nevski), etc.). The average salinity of 

takyr soilôs upper horizons is differ with depth to a 

very strong salinity degree. 
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Figure 10 ï Highly soluble salts in the soil profile of takyr soils 

The chemistry of salinity in the upper horizon 0-9 cm depth: chloride-sulfate mainly sulfate-chloride, and mag-

nesium-calcium-sodium. 
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Figure 11 ï Highly soluble salts, water-soluble salts in takyr soils 

Total humus content increases with depth until 50-96 cm layer (1.04%) 
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Figure 12 ï Total humus content in takyr soil 

3 Conclusions 

Long-term monitoring studies of modern Syrdar-

ya delta have identified a great diversity of soils and 

variety of characteristics that are common in the delta 

of hydromorphic soils. The area is characterized by 

hydromorphic and automorphic soils: gray-brown 

soils of outcrops are typically automorphic; takyr soils 

are currently developing in automorphic conditions, in 

the recent past they have experienced hydromorphic 

stage of formation. There is presence of transition 

soils ï from soil hydromorphic stage to automorphic. 

Currently, the uniqueness and complexity of deltaôs 

soil cover can be explained by the peculiar combina-

tion of soil formation factors: it is caused by aridity 

processes against background of an acute shortage of 

water resources, as a regulated river flow, Syrdarya 

flood spills were ceased, and the hydrological regime 

of the delta plains was changed. Desiccation and des-

ertification processes delta is accompanied by the in-

creased salinity of hydromorphic soils. Intensity of 

salt accumulation in soils of different parts of delta 

varies depending on the established hydrological con-

ditions: salinity of 0-100cm layer of meadow soils 

have risen 2 times, marsh soils ï 3 times.  

Desertification is associated with reduced fertility 

of hydromorphic soils and decrease of humus content, 

total nitrogen. Change of soil fertility is caused by 

reduction of soil and biogenic runoff, change of vege-

tation and reduction of biological productivity in the 

process of changes in the hydrological regime. In the 

process of desertification, physical, water-physical, 

and physical-chemical properties are significantly 

deteriorated. 

Increased water flow in the modern delta of the 

Syrdarya from 3-3.5km3/year to 8-9km3/year has af-

fected only on lake system improvement and some 

resuscitation (temporary) of hydromorphic soils in the 

area of 420 thousand hectares. Dried alluvial-meadow, 

swampy-meadow and meadow-swampy soils are 

transformed into normal alluvial-meadow and 

swampy-meadow, meadow-swampy and swampy 

soils.  

The increasing erosion and deflation processes 

exacerbate critical state of modern Syrdarya delta. 

Wind erosion is manifested in the form of deflation of 
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sandy and automorphic soils, dust storms and saline 

deflation; water erosion is shown locally on the slopes 

of the tertiary outcrops. Anthropogenic factor plays 

significant role in development of soil deflation: un-

controlled livestock grazing, felling of brushwood, 

vehicle traffic outside the roads promote intensifica-

tion of deflationary processes that are changing soil 

properties, causing degradation.  

Soil fertility restoration and preventing of delta 

soils degradation is related to rational use of water 

resources. To optimize water regulation dam construc-

tion and reconstruction of sewer and irrigation net-

works are required.  

The decline of the Aral Sea level and acute short-

age of water resources have dramatically changed the 

conditions of soil formation on dried territory. At the 

dried bottom huge massif of different salt marshes 

were formed (marsh, coastal, crust-salt marshes). The 

total area of salt marshes has been increased to 746 

thousand hectares, but the marsh and a coastal marsh 

was decreased: marsh and coastal saline soils were 

transformed in crust-salt marshes and sor salt marshes 

or coastal hydromorphic saline soils in 2-3 years peri-

od.  

Studies that were conducted in the eastern part of 

Aral Sea region on the border of dried bottom of the 

Aral Sea in 2007 and 2008 showed that in condition of 

aridity, negative processes development (salinity, arid-

ity, deflation) is still present.  

Eolian-deflationary process are developed ubiq-

uitously, but in areas with the groundwater level less 

than 2m they are developed the most, hence exposing 

sandy deposits from the surface. Sea-bottom and allu-

vial deposits are the most exposed towards eolian pro-

cessing. Dusty sands are the most processed, the less 

processed are the light sandy loams, and the least pro-

cessed are heavy loams, loams and clays. To a greater 

extend deflationary processes are manifested on the 

dried sea bottom, where active deflation of sandy 

massifs are manifested in the form of wind erosion, 

deflation and removal of sand dust material from the 

surface of the salt marshes. Bands, pits of wind blow-

ing, phytogenic hills, dunes, sand dunes that are 

marked with sand wave ripples are formed on such 

areas. Soil areas with windblown sand cover are in-

creased and the new sand contours with hilly-ridge 

sands are produced.  

Maximum accumulations of salts were observed 

in soil profile from the coastal area with windblown 

cover of crust salt marsh. Salt accumulation is de-

creased with further desiccation of former sea bottom, 

takyr soil has average level of salinity to a depth of 32 

cm, and more deeply, soil is getting highly saline.  

Soils of the dried bottom are characterized with 

low humus content and it has tendency to distribution: 

increased level in crust and sub crust layers, and a 

significant reduction and even absence in the rest soil 

horizons, they are characterized with low availability 

of gross and mobile forms of nitrogen and phospho-

rus.  

Basic contours of soil complexes that consist of 

different types of soils and their percentages were 

changed. Areas of main types of soils were calculated 

of the territory of modern delta and the Aral Sea dried 

bottom, i.e. the view Aral Sea dried bottom soil trans-

formation was given, and its orientation in the process 

of anthropogenic aridity. ñSoil map of modern 

Syrdarya delta and dried bottom of Aral Seaò was 

mapped, of the Eastern part of Aral Sea region of Ka-

zakhstan in scale of 1:200 000. 

Environmental sustainability improvement and 

biological productivity of anthropogenically degraded 

soils improvement activities were developed with us-

age of moisture-retaining hydrogels, adaptogen prepa-

rations based on fertilizers and humus substances, that 

are stimulates plants energy potential with increased 

rooting effect for the survival of plants under adverse 

conditions of desert areas.  
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A COMPARATIVE ANALYSIS OF FATTY ACID  COMPOSITION OF TOMATO 

CALLUS LIPIDS UNDER BACTERIAL STRESS  
 

It is analyzed the fatty acid composition of total 

lipids of callus cells of tomato varieties Chaika and 

Malynovyi dzvin under bacterial stress caused by 

Xanthomonas vesicatoria, Pseudomonas syringae pv. 

tomato and Clavibacter michiganensis subsp. michi-

ganensis. It is shown that the amount of saturated fatty 

acids significantly reduces, and of the unsaturated - 

increases under the terms of action of phytotoxic me-

tabolites of bacterial pathogens. The level of unsatu-

rated fatty acids increases by increasing the content of 

linoleic and oleic acids, and of reduction palmic acid. 

It is discussed the connection between the composition 

of lipid fatty acids and tomato callus tissues adapta-

tion to bacterial stress. 

Tomato, callus, fatty acids, bacterial stress 

 

Significant economic losses in Ukrainian vegeta-

ble growing are caused by bacterial leaf spot of tomato 

plants, the most harmful agents of which are bacteria 

Xanthomonas vesicatoria, Pseudomonas syringae pv. 

tomato and Clavibacter michiganensis subsp. michi-

ganensis. They cause necrosis of stem piths, bacterial 

leaf spot, mottling (spotting) and blossom end rot of 

tomato, soft rot of the stems and fruits, bacterial wilt 

(brown rot) of stems, and cancer of plant roots. Bacte-

ria infest the bodies of underground and above-ground 

parts, including seeds, and cause the death of plant 

seedlings [11]. In terms of destruction of plants with 

phyto-pathogens, especially in the early stages of on-

togenesis, it takes place the disturbance in metabo-

lism, blocking of sugar biosynthesis, and changing in 

chemical composition of substances of tomato fruits. 

Under these conditions they occur yield losses up to 

40%, reduce in productivity and the nutritional value 

of tomato fruits [10]. This problem is difficult to solve 

using only agro-technical, chemical and biological 

plant protection measures because they are not effec-

tive enough. In this regard, it is necessary to develop 

alternative methods of plant protection, able to pro-

vide ecologically clean products and improve the envi-

ronment. One of the most promising methods of plant 

protection is inducing their stability, which is not 

based on inhibition of pathogens, as is the case of us-

ing pesticides, but on the use of natural protective 

immunity of plants [9]. 

In the plant resistance against bacterial infection 

in addition to specific, an important role is played by 

non-specific response of cells at the level of mem-

branes [8]. Lipids (phospho-, galacto- and glycolipids) 

are major and the most mobile structural components 

of photosynthetic membranes of chloroplasts, and the 

components of creation of structural configurations of 

membranes, and are necessary for optimal functioning 

of the photosynthetic and respiratory electro-transport 

chain. Plant resistance against stress factors largely 

depends on the balance of biosynthesis processes and 

lipid breakdown. At the same time, it is proved that in 

thylakoid membranes of chloroplasts in plant leaves 

lipids are constantly renovated, and under certain con-

ditions it sets steady state when the rate of their syn-

thesis becomes equal to the rate of their breakdown 

[3]. The most common reaction of plants is the reduc-

tion of non-bilayer lipids of photosynthetic mem-

branes of monogalactosyldiacylglycerol, which de-

pends on the resistance of plants to stress factors in 

terms of relatively stable presence of digalactosyldi-

acylglycerol and changes in the level of free unsatu-

rated fatty acids in cell membranes. Part of monoga-

lactosyldiacylglycerol is used as a substrate for 

synthesis of digalactosyldiacylglycerol, stable amount 

of which is required under many stresses, and this 

conversion causes substantial restructuring of photo-

synthetic membranes, and the growth of unsaturation 

stabilizes photosynthetic apparatus, for optimal opera-

tion of which it is required a high degree of unsatura-

tion [7]. Desaturase is a cytoplasmic enzyme, catalyz-

ing the formation of double carbon (C = C) bonds in 

the chains of fatty acids (FA) and plays a key role in 

the signaling responses to the impact of stressors and 

pathogen attacks [6]. 

The effect of bacterial stress on lipid fatty acid 

composition of tomato plants is insufficiently studied. 

The purpose of this article is studying of the fatty acid 

composition of total lipids of callus tissues of tomato 

varieties in the conditions of bacterial stress, caused 

by bacteriosis pathogens X. vesicatoria, P. syringae 

pv. tomato and C. michiganensis subsp. michiganen-

sis. 

Research methodology. The objects of research 

were callus cultures of tomato varieties Chaika and 

Malynovyi dzvin with different resistance to bacterio-

sis pathogens [4]. Callus tomato lines were obtained 

from tomato laminas on a modified nutrient Murashi-

ge-Skuga, supplemented by 8,0 mg/l of 6-

benzylaminopurine and 4,0 mg/l of indoleacetic acid 

(fig. 1). 

In experiments they were used strains of bacteri-

osis pathogens C. michiganensis subsp. michiganensis 

(Smith 1910) Davis et al. 1984 strain P110, which was 

obtained from the Institute of pesticides and plant pro-
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tection (Serbia), and the isolated on the farms of Dne-

propetrovsk region isolates IZ-28 and IZ-30, that were 

previously identified as P. syringae pv. tomato and X. 

vesicatoria respectively [1]. For treatment of callus 

tissue they were used inactivated by heating at 100Á C 

for 2,5 h cells (IC) (titre 20Ā109 cells/ml). In the exper-

iments that simulated the impact of stress factors, to 

the basic culture medium it was added 4,0 % IC C. 

michiganensis subsp. michiganensis strain P110, P. 

syringae pv. tomato IZ-28 and X. vesicatoria IZ-30. 

Lipids were extracted by a modified Bligh and 

Dyer's method [4]. Fatty acid composition of lipids of 

callus tissues was studied by gas-liquid chromatog-

raphy of their methyl esters [12]. FA methyl esters 

were analyzed by gas chromatographymass spectrom-

etry method using gas chromatograph Agilent 6890N 

with mass-spectrographic detector 5973 inert (Agilent 

Technologies). FA unsaturation ratio was determined 

by the formula [2]: 

RU = Ɇ unsaturation FA / Ɇ saturation FA 

Activity of acyl-lipid membrane ɤ9, ɤ6 and ɤ3 

desaturases, catalyzing the introduction of double 

bonds in the hydrocarbon chain of oleic (C18:1), 

linoleic (C18:2) and linolenic (C18:3) acids as stearoil- 

(SRD), oleil- (ORD) and linoleil- (LDR) desaturase 

ratio, were calculated on the basis of content 

(percentage of the FA sum) components of C18 type 

[2]: 

SRD = (C18:1) / (C18:0 + C18:1), 

ORD = (C18:2 + C18:3) / (C18:1+ C18:2 + C18:3),  

LRD = (C18:3) / (C18:3 + C18:2):  

ʉ18:0, ʉ18:1, ʉ18:2 ̔  ʉ18:3 ï % of the amount of acid 

octadecanoic, oleic, linoleic and linolenic FA content. 

Results. Lipids of callus tissues of tomato varie-

ties have similar qualitative composition and differ 

only in quantitative content of certain FA. In composi-

tion of lipids of callus tissues we found saturated and 

unsaturated FA with the number of carbon atoms from 

C15 to C22 (tabl. 1). It was found the biggest amount of 

palmitic (C16:0), octadecanoic (stearic, C18:0), cis-

octadecenic (oleic, C18:1), 9, 12-octadecadienoic (lino-

leic, C18:2), including essential as 9, 12, 15 - octade-

catetraenic (linolenic, C18:3) acids. 

Lipids of tomato callus tissues had higher content 

of unsaturated FA, which equaled 58,14 % for Chaika 

tomato variety, and 59,45 % ï for Malynovyi dzvin 

variety. However, all other FA overwhelmingly were 

present in the form of saturated structures. It is estab-

lished that for lipids of callus cells of tomato varieties 

it is characteristic high level of unsaturated FA of oc-

tadecenic type oxidizing with lipoxygenase. The lit-

erature provides information that biotic factors cause 

significant activation of lipoxygenase way, increase in 

the number of free FA and their derivatives resulting 

from the activation of enzymes that catalyze the initial 

stages of lipoxygenase metabolism: phospholipase and 

lipoxygenase [8]. 

As a result of cultivating callus tissues of Chaika 

variety (fig. 2) in the medium with 4 % IC C. michi-

ganensis subsp. michiganensis strain P110 it increased 

linoleic acid content by 24,17 % when compared to 

the control. The number of oleic acid was by12,73 % 

lower than in the control. In terms of adding into nu-

trient medium IC P. syringae pv. tomato IZ-28 and X. 

vesicatoria IZ-30, in tomato calluses it took place an 

increase in the amount of unsaturated acids by raising 

linoleic acid by 21,8 ï 29,6 % when compared to the 

control  

(fig. 3). 

Adding into the nutrient medium of IC pathogen-

ic strains of bacteriosis agents caused growth in two or 

more times when compared to the control of the con-

tent of long-chain saturated eicosanic and docosanoic 

FA. In lipids of Malynovyi dzvin tomato variety in 

terms of adding IC to nutrient medium it was also 

identified increasing the proportion of unsaturated FA, 

causing changes in the functional state of the cell 

membranes (fig. 4).  

It was established that for these tomato varieties 

it happened by increasing the amount of linoleic acid 

and reduction of oleic acid when compared to the con-

trol. The observed increase in the level of linoleic acid 

and simultaneous reduction in oleic acid involves the 

formation of linoleic acid from oleic one resulting 

from desaturation [6]. However, the increase in linole-

ic acid accumulation in total lipids of tomato calluses 

is higher than reducing the share of oleic acid, which 

makes it possible to suggest its biosynthesis de novo. 

The presence of double bonds in the hydrocarbon 

chains of FA takes place through acyl-lipid desaturase, 

evaluation of the activity of which through stearoil-

(SRD), oleil-(ORD) and linoleil-(LRD) desaturase 

ratios makes it possible to reliably estimate the for-

mation of mechanisms of synthesis and the role of 

unsaturated FA, dominating in the structure of total 

lipids in lipoxygenase signaling system of the stability 

against bacterial disease pathogens. 

Genes of the acyl-lipid ɤ9 desaturase, ensuring 

the formation of the first double bond, operate at a 

constant level [2]. For tomato varieties Chaika and 

Malynovyi dzvin stearoil-(SRD) desaturase ratio in 

the control was in the range of 0,85 ï 0,86. In terms of 

the impact of bacterial stress, the SRD index for 

Chaika variety increased up to 0,93, and for Malyno-

vyi dzvin variety ï decreased down to 0,65, which is 

probably due to the different resistance of tomato va-

rieties against bacteriosis pathogens. 

Activity of acyl-lipid ɤ6- and ɤ3-chloroplast de-

saturases were determined through the ratio LRD and 

ORD, the level of which for callus tissues of Chaika 

variety was 0,18 and 0,32, and for Malynovyi dzvin 

variety ï 0,15 and 0,26, indicating the increased activ-

ity of oleate desaturase and gene expression fad2, en-

coding the chloroplast ɤ6-desaturase in calluses (tabl. 

2). For media with 4 % IC C. michiganensis subsp. 

michiganensis P110, P. syringae pv. tomato IZ-28 and 

X. vesicatoria IZ-30 the LRD level for Chaika tomato 

variety increased when compared to the control and 

fluctuated in the range of 0,1 ï 0,21, and ORD ï 0,51 

ï 0,64. Under these conditions, Malynovyi dzvin vari-

ety was characterized by increased level of ORD, 

which was 0,65 ï 0,72, and reduction of LRD ï 0,05 ï 

0,08 when compared to the control. These data sug-

gest about adaptive expression of acyl-lipid ɤ6 desatu-

rase, catalyzing the conversion of oleic acid into lino-

leic one. 
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In the nutrient medium with 4 % IC, the unsatu-

ration ratio, which is an integral indicator of general 

fatty acid composition of lipids, increased for Chaika 

variety by 1,04 ï 2,66, and for Malynovyi dzvin varie-

ty in conditions of bacterial stress ï by 0,47 when 

compared to the control. 

It becomes obvious that unsaturated fatty acids 

are the main mechanism of the reaction of tomato cal-

lus cell membranes on bacterial stress in terms of in-

troduction into a nutrient medium of IC pathogenic 

strains of C. michiganensis subsp. michiganensis 

P110, P. syringae pv. tomato IZ-28 and X. vesicatoria 

IZ-30, the fluctuations of FA content occurred in 

groups of monoenoic, dienoic, and trienoic acids. 

Conclusions. The reaction of tomato callus cells 

to bacterial stress manifests in increase in the number 

of unsaturated fatty acids, which is provided by acti-

vation of acyl-lipid ɤ6- and ɤ3-chloroplast desatu-

rases. Vibrational changes in the content of oleic 

(C18:1) and linoleic acid (C18:2) play a crucial place in 

the formation of protective reactions of cells of tomato 

plants to pathogens. 
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1. The FA composition of callus tissues lipids of Chaika tomato variety and Malynovyi dzvin (in % of total 

fatty acids) 

Fattu acids Chaika Malynovyi dzvin 

Izo-pentadecanoic ʉ̔15:0 0,37Ñ0,01 0,97Ñ0,05 

Pentadecanoic ʉ15:0 1,10Ñ0,02 1,61Ñ0,04 

Izo-hexadecanoic ʽʉ16:0 2,20Ñ0,01 3,55Ñ0,05 

hexadecanoicʘ ʉ16:0 12,93Ñ0,04 10,9Ñ0,06 

Izo-heptadecanoic ʽʉ17:0 4,76Ñ0,06 6,44Ñ0,04 

Ŭ-heptadecanoic ʉ17:0 2,56Ñ0,02 2,48Ñ0,03 

heptadecanoic ʉ17:0 1,83Ñ0,03 1,94Ñ0,04 

Izo-octadecanoic ʽʉ18:0 6,96Ñ0,06 2,68Ñ0,05 

octadecanoic ʉ18:0 6,95Ñ0,04 7,39Ñ0,05 

cis- octadecenic ʉ18:1 ɤ9ʮʠʩ 39,82Ñ0,03 43,87Ñ0,04 

9, 12- octadecadienoic ʉ18:2 15,02Ñ0,02 13,32Ñ0,02 

9, 12, 15- octadecatetraenic ʉ18:3 3,30Ñ0,01 2,26Ñ0,04 

Eicosanic ʉ20:0 1,83Ñ0,01 1,94Ñ0,02 

Docosanoic ʉ22:0 0,37Ñ0,04 0,65Ñ0,03 
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2. The ratio of the major groups of fatty acids of total lipids callus tomato varieties in terms of bacterial 

stress 

Index Chaika Malynovyi dzvin 

ɯC 4 %  

st. ʈ110 

ɯC 4 %  

IZ-28 

ɯC 4 %  

IZ-30 

ɯC 4 %  

st. ʈ110 

ɯC 4 %  

IZ 28 

ɯC 4 %  

ɯIZ 30 

ễ saturation FA 24,79 19,79 29,19 35,78 31,11 35,48 

ễ unsaturation FA 75,21 80,21 70,81 64,22 68,89 64,52 

UR 3,03 4,05 2,43 1,79 2,21 1,82 

SRD 0,89 0,93 0,83 0,65 0,73 0,73 

ORD 0,64 0,61 0,51 0,72 0,71 0,65 

LRD 0,19 0,21 0,10 0,05 0,08 0,06 

Notation: UR ï unsaturation ratio FA; SRD ï stearoil-desaturase ratio; ORD ï oleil-desaturase ratio; LRD - 

linoleil-desaturase ratio. 

 

 

 
Fig. 1. Callus cells of Chaika tomato variety with leaf on a modified medium Murashige and Skoog. 

 

  
ʈʠʩ. 2. Callus cells of tomato varieties Chaika and Malynovyi dzvin cultured on medium with 4 % IC C. michi-

ganensis subsp. michiganensis strain ʈ110 to determine the fatty acid composition of lipids. 
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Fig. 3. The ratio of unsaturated fatty acids in callus cells of Chaika variety on nutrient media with the stress 

factor. 

 

 
Fig. 4. The ratio of unsaturated fatty acids in callus cells of Malynovyi dzvin variety on nutrient media with the 

stress factor. 
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ʄʠʪʦʍʆʅɼʈʀɸʃʔʅʓɽ ɸʊʌ-ɿɸɺʀʉʀʄʓɽ ʂ+-ʢʘʥʘʣʳ ʋʏɸʉʊɺʋʖʊ ʚ 

ʄɽʍɸʅʀɿʄɸʍ ʂɸʈɼʀʆʇʈʆʊɽʂʊʆʈʅʆɻʆ ɼɽʁʉʊɺʀʗ ʇʈɽʇɸʈɸʊɸ 

ʄɽʊʀʃʀʅ 
MITOCHONDRIAL K ATP CHANNELS ARE INVOLVE D IN MECHANISMS OF 

CARDIOPROTECTIVE EFF ECTS OF METILIN  

. 

ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʮʝʥʠʪʴ ʨʦʣʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʊʌ-ʟʘʚʠʩʠʤʳʭ ʂ+-ʢʘʥʘʣʦʚ (ʤʠʪʂɸʊʌ 
ʢʘʥʘʣʦʚ) ʚ ʤʝʭʘʥʠʟʤʘʭ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʘ ʤʝʪʠʣʠʥ - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʧʪʠʜʘ ʘʧʝʣʠʥ-12 (ʄ) ʧʨʠ 

ʠʰʝʤʠʯʝʩʢʦʤ/ʨʝʧʝʨʬʫʟʠʦʥʥʦʤ (ʀ/ʈ) ʧʦʚʨʝʞʜʝʥʠʠ ʩʝʨʜʮʘ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʝʨʬʫʟʠʨʫʝʤʳʝ 

ʩʝʨʜʮʘ ʢʨʳʩ ɺʠʩʪʘʨ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʛʣʦʙʘʣʴʥʦʡ ʠʰʝʤʠʠ ʠ ʨʝʧʝʨʬʫʟʠʠ. ʉʦʚʤʝʩʪʥʘʷ ʠʥʬʫʟʠʷ 5-

ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʘʪʘ (ʠʥʛʠʙʠʪʦʨʘ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ) ʠ ʄ ʧʝʨʝʜ ʠʰʝʤʠʝʡ ʫʭʫʜʰʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ 

ʩʝʨʜʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʚʝʜʝʥʠʝʤ ʦʜʥʦʛʦ ʄ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʚʝʜʝʥʠʷ ʃɼɻ ʚ ʤʠʦ-

ʢʘʨʜʠʘʣʴʥʳʡ ʦʪʪʦʢ ʠ ʩʥʠʞʝʥʠʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʵʨʦʙʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʚ ʩʝʨʜʮʝ ʧʨʠ ʨʝʧʝʨ-

ʬʫʟʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʘʮʠʷ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʱʠʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʄ ʧʨʠ ʠʰʝʤʠʠ ʠ ʨʝʧʝʨʬʫʟʠʠ. 

 

ABSTRACT 

This study was aimed to explore the role of mitochondrial ATP-sensitive K+-channels (mitoKATP) in effects 

of a modified peptide apelin-12 (M) on myocardial energy state and membrane integrity in ischemia/reperfusion 

(I/R) injury. Isolated perfused working Wistar rat hearts subjected to global ischemia were used. Co-infusion of 

5-hydroxydecanoate, the mitoKATP blocker, along with M before ischemia significantly decreased functional 

recovery of isolated hearts as compared to administration of M alone. These effects were accompanied by in-

creased LDH release in the myocardial effluent and reduced restoration of aerobic energy metabolism during 

reperfusion. Therefore, recovery of myocardial energy metabolism and sarcolemma integrity via activation of 

mitoKATP may be of critical importance for M-induced protection against I/R injury. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʝʣʠʥ, 5-ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʘʪ, ʠʰʝʤʠʷ ʠ ʨʝʧʝʨʬʫʟʠʷ, ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥ, ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʝʨʜʮʘ. 

Key words: apelin, 5-hydroxydecanoate, ischemia and reperfusion, membrane damage, myocardial energy 

state. 

 

ɺɺɽɼɽʅʀɽ  

ʇʨʝʧʘʨʘʪ ʤʝʪʠʣʠʥ (ʄ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʧʨʠʨʦʜʥʦʛʦ ʧʝʧʪʠʜʘ ʘʧʝʣʠ-

ʥʘ-12 ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ: H-

(NŬMe)Arg-Pro-Arg-Leu-Ser-His-Lys-Gly-Pro-Nle-

Pro-Phe-OH. ʆʥ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Fmoc-

ʤʝʪʦʜʦʣʦʛʠʠ ʚ ʌɻɹʋ çʈʂʅʇʂè ʄɿ ʈʌ. ʆʯʠʩʪʢʘ 

ʧʨʝʧʘʨʘʪʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ [1, 2]. ʄ 

ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʘʥʪʠʠʰʝʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʪʝʢ-

ʪʦʨʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠ ʚʘʟʦʜʠʣʘʪʘʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʥʦʪʨʦʧʥʳʤ ʜʝʡʩʪʚʠʝʤ [3]. ʕʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʄ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʠʰʝʤʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠʟʫʯʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʩʝʨʜʮʘ ʅʀʀ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʨʜʠʦʣʦʛʠʠ 

ʌɻɹʋ çʈʂʅʇʂè ʄɿ ʈʌ ʥʘ ʤʦʜʝʣʷʭ ʠʰʝʤʠʠ ʠ 
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ʨʝʧʝʨʬʫʟʠʠ ʩʝʨʜʮʘ. ʅʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʝʨʬʫʟʠʨʫ-

ʝʤʦʤ ʩʝʨʜʮʝ ʢʨʳʩ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʬʫʟʠʷ ʄ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʢʨʘʪʠ-

ʪʝʣʴʥʦʡ ʠ ʥʘʩʦʩʥʦʡ ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ ʠ ʢʦʨʦʥʘʨʥʦ-

ʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʣʫʯʠhʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʨʝʧʝʨʬʫʟʠʨʦʚʘʥʥʦʛʦ ʩʝʨʜʮʘ. ɺʥʫʪʨʠʚʝʥʥʦʝ 

ʚʚʝʜʝʥʠʝ ʄ ʢʨʳʩʘʤ in vivo, ʧʦʜʚʝʨʛʥʫʪʳʤ ʨʝʛʠʦ-

ʥʘʣʴʥʦʡ ʠʰʝʤʠʠ ʠ ʨʝʧʝʨʬʫʟʠʠ, ʫʤʝʥʴʰʘʣʦ ʨʘʟʤʝ-

ʨʳ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʤʘʨʢʝʨʦʚ 

ʥʝʢʨʦʟʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ [4, 5].  

ɺ ʠʰʝʤʠʯʝʩʢʦʤ ʩʝʨʜʮʝ ʄ ʟʘʧʫʩʢʘʝʪ ʩʠʛʥʘʣʴ-

ʥʳʝ ʢʘʩʢʘʜʳ, ʚʢʣʶʯʘʶʱʠʝ MEK1/2-/ERK1/2 ʠ 

PI3K-Akt ʢʠʥʘʟʳ, ʤʠʰʝʥʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʵʥʜʦʪʝʣʠʘʣʴʥʘʷ NO-ʩʠʥʪʘʟʘ (eNOS) ʠ ʤʠʪʦʭʦʥ-

ʜʨʠʘʣʴʥʳʝ ɸʊʌ-ʟʘʚʠʩʠʤʳʝ ʂ+-ʢʘʥʘʣʳ (ʤʠʪʂɸʊʌ 
ʢʘʥʘʣʳ). ʉʠʛʥʘʣʠʟʘʮʠʷ ʄ ʯʝʨʝʟ ʬʦʩʬʦʣʠʧʘʟʫ ʉ 

(PLC) ʠ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ (PKC), ʘʢʪʠʚʠʨʫʝʪ 

Na+/H+ ʠ Na+/Ca2+ ʦʙʤʝʥʥʠʢʠ ʚ ʩʘʨʢʦʣʝʤʤʝ [6]. ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʄ ʠʟʫʯʝʥʳ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʟʘʠʤʦʩʚʷʟʴ ʘʢʪʠʚʘ-

ʮʠʠ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ ʄ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʙʦ-

ʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʠʦʢʘʨʜʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥ ʠʰʝʤʠʯʝʩʢʠʭ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʦʩʪʘʝʪʩʷ 

ʥʝ ʚʳʷʩʥʝʥʥʦʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʤʠʪʂɸʊʌ 

ʢʘʥʘʣʦʚ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʪʢʨʳʪʠʝ ʤʠʪʦʭʦʜʨʠʘʣʴ-

ʥʦʡ ʧʦʨʳ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʥʝʦʙʨʘʪʠʤʳʝ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʧʨʠ ʠʰʝʤʠʯʝʩʢʦʤ ʠ 

ʨʝʧʝʨʬʫʟʠʦʥʥʦʤ (ʀ/ʈ) ʧʦʚʨʝʞʜʝʥʠʠ [7]. ʎʝʣʴʶ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ 

ʠʥʛʠʙʠʪʦʨʘ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ 5-ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʘʪʘ 

(5ɻɼ) ʥʘ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʄ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʝʨʬʫʟʠʨʫʝʤʦʛʦ ʩʝʨʜʮʘ ʢʨʳʩʳ, 

ʧʦʚʝʨʛʥʫʪʦʛʦ ʛʣʦʙʘʣʴʥʦʡ ʠʰʝʤʠʠ ʠ ʨʝʧʝʨʬʫʟʠʠ. 

ʇʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʘʩʧʝʢʪʘ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʄ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʜʣʷ ʧʣʘ-

ʥʠʨʫʝʤʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʢʦʨʨʝʢʪʦʨʘ 

ʫ ʙʦʣʴʥʳʭ ʩ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ ʩʝʨʜʮʘ (ʀɹʉ). 

ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʟʫʯʠʣʠ ʜʝʡʩʪʚʠʝ 5-ɻɼ ʥʘ: (i) ʤʝʪʘ-

ʙʦʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʦʢʘʨʜʘ, (ii) ʧʦʚʨʝʞʜʝʥʠʷ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ (iii) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢ-

ʮʠʠ ʩʝʨʜʮʘ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ.  

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʠʣʠʥ (ʄ), ʧʦʣʫ-

ʯʝʥʥʳʡ ʥʘ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʇʨʝʜʧʨʠʷʪʠʠ ɹʠʦ-

ʤʝʜʠʮʠʥʩʢʠʭ ʇʨʝʧʘʨʘʪʦʚ ʌɻɹʋ çʈʂʅʇʂè ʄɿ ʈʌ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʘʤʮʳ ʢʨʳʩ Wistar (330ï390 ʛ), 

ʥʘʨʢʦʪʠʟʠʨʦʚʘʥʥʳʝ ʫʨʝʪʘʥʦʤ (1,25 ʤʛ/ʛ ʤʘʩʩʳ ʪʝ-

ʣʘ ʚ/ʙ). ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʩ ʞʠʚʦʪʥʳʤʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ 

ʢʦʥʚʝʥʮʠʝʡ ʉʦʚʝʪʘ ɽʚʨʦʧʳ ʧʦ ʙʠʦʵʪʠʢʝ. ʇʝʨʬʫ-

ʟʠʶ ʩʝʨʜʮʘ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʦʤ ʂʨʝʙʩʘ-

ʍʝʥʟʝʣʝʡʪʘ (ʈʂʍ) ʩ 11 ʤʄ ʛʣʶʢʦʟʦʡ, ʥʘʩʳʱʝʥ-

ʥʳʤ ʢʘʨʙʦʛʝʥʦʤ (95% ʆ2 + 5% ʉʆ2), ʨʅ 7,4Ñ0,1 

ʧʨʠ 37ʦʉ ʧʦ ʤʝʪʦʜʫ ʅʠʡʣʠ [8]. ʇʦʢʘʟʘʪʝʣʝʤ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ (ʀʉʌ) ʣʝ-

ʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʣʫʞʠʣʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʘʩʪʦʪʳ 

ʩʦʢʨʘʱʝʥʠʡ ʩʝʨʜʮʘ (ʏʉʉ) ʥʘ ʨʘʟʚʠʚʘʝʤʦʝ ʣʝʚʳʤ 

ʞʝʣʫʜʦʯʢʦʤ ʜʘʚʣʝʥʠʝ (ʃɾʈʨʘʟʚ.). ʅʘʩʦʩʥʫʶ ʬʫʥʢ-

ʮʠʶ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ 

ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ (MO ï ʩʫʤʤʝ ʢʦʨʦʥʘʨʥʦʛʦ ʧʦ-

ʪʦʢʘ ʠ ʘʦʨʪʘʣʴʥʦʛʦ ʦʙʲʸʤʘ). ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʧʝʨʬʫʟʠʠ ʩʝʨʜʮʘ (ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ ʠ 

ʢʦʨʦʥʘʨʥʳʡ ʧʦʪʦʢ. ɼʘʣʝʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

(ʂ) ʧʨʦʚʦʜʠʣʠ ʠʥʬʫʟʠʶ ʈʂʍ ʠ ʧʦʜʚʝʨʛʘʣʠ ʩʝʨʜʮʝ 

ʛʣʦʙʘʣʴʥʦʡ ʥʦʨʤʦʪʝʨʤʠʯʝʩʢʦʡ (37Áʉ) ʠʰʝʤʠʠ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʣʝʜʦʚʘʣ ʧʝʨʠʦʜ ʨʝʧʝʨʬʫʟʠʠ. ɺ 

ʛʨʫʧʧʝ ʄ ʠʥʬʫʟʠʶ ʧʝʨʝʜ ʠʰʝʤʠʝʡ ʧʨʦʚʦʜʠʣʠ 

ʈʂʍ ʩʦ 140 ʤʢʄ ʄ. ɺ ʛʨʫʧʧʝ 5ɻɼ ʠʥʬʫʟʠʶ ʧʝʨʝʜ 

ʠʰʝʤʠʝʡ ʧʨʦʚʦʜʠʣʠ ʈʂʍ, ʩʦʜʝʨʞʘʱʠʤ 140 ʤʢʄ 

ʄ ʠ 100 ʤʢʄ 5ɻɼ. ʆʩʪʘʣʴʥʳʝ ʩʪʘʜʠʠ ʦʧʳʪʘ ʙʳʣʠ 

ʪʘʢʠʤʠ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ 

ʚ ʢʦʥʮʝ ʨʝʧʝʨʬʫʟʠʠ ʩʝʨʜʮʝ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜ-

ʢʦʤ ʘʟʦʪʝ. ʊʢʘʥʴ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ ʭʦʣʦʜʥʦʡ 6% 

HClO4 (10 ʤʣ/ʛ ʪʢʘʥʠ) ʠ ʛʦʪʦʚʠʣʠ ʙʝʟʙʝʣʢʦʚʳʝ ʵʢʩ-

ʪʨʘʢʪʳ [8]. ʉʦʜʝʨʞʘʥʠʝ ɸʊʌ, ɸɼʌ, ɸʄʌ, ʬʦʩ-

ʬʦʢʨʝʘʪʠʥʘ (ʌʂʨ), ʢʨʝʘʪʠʥʘ (ʂʨ) ʠ ʣʘʢʪʘʪʘ ʚ ʵʢʩ-

ʪʨʘʢʪʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʵʥʟʠʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ [9]. ʇʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥ ʢʘʨʜʠʦʤʠʦʮʠ-

ʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʦʪʪʝʢʘʶʱʝʤ 

ʦʪ ʩʝʨʜʮʘ ʵʬʬʣʶʝʥʪʝ [10], ʢʦʪʦʨʳʡ ʩʦʙʠʨʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʜʦ ʠ ʧʦʩʣʝ ʛʣʦʙʘʣʴʥʦʡ ʠʰʝʤʠʠ.  

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦʜʪʚʝʨʞʜʘʣʠ, 

ʧʨʠʤʝʥʷʷ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA). ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʩ ʢʦʥʪʨʦʣʝʤ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ ʩ ʧʦʧʨʘʚʢʦʡ ɹʦʥ-

ʬʝʨʨʦʥʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʦʪʣʠʯʠʷ ʩʯʠ-

ʪʘʣʠ ʧʨʠ p<0,05. 

 

ʈɽɿʋʃʔʊɸʊʓ  

ɺ ʢʦʥʪʨʦʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʀʉʌ ʠ 

ʄʆ ʩʦʩʪʘʚʣʷʣʦ 45 ʠ 30% ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʩʦʦʪʚ. (ʈʠʩ. 1 ɸ, ɹ). ʀʥʬʫʟʠʷ 140 ʤʢʄ ʄ ʧʝʨʝʜ 

ʠʰʝʤʠʝʡ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ 75 ʠ 68% ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝ-

ʥʠʡ, ʩʦʦʪʚ. ʀʥʬʫʟʠʷ 100 ʤʢʄ 5ɻɼ ʧʝʨʝʜ ʠʰʝʤʠʝʡ 

ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝ-

ʣʷ ʀʉʌ ʠ ʄʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʆʜʥʘʢʦ 

ʩʦʚʤʝʩʪʥʘʷ ʠʥʬʫʟʠʷ 140 ʤʢʄ ʄ ʠ 100 ʤʢʄ 5ɻɼ 

ʩʥʠʞʘʣʘ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʘ, ʜʦʩʪʦʚʝʨʥʦ 

ʫʤʝʥʴʰʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʀʉʌ ʠ ʄʆ 

ʥʘ 15 ʠ 30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʛʦ ʄ, 

ʩʦʦʪʚ.  
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ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʠʥʬʫʟʠʠ 5ɻɼ ʠ ʄ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʬʫʥʢ-

ʮʠʠ (ɸ), ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ (ɹ) ʠ ʚʳʭʦʜʘ ʘʢʪʠʚʥʦʩʪʠ 

ʃɼɻ ʚ ʤʠʦʢʘʨʜʠʘʣʴʥʳʡ ʦʪʪʦʢ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ (ɺ). 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʄ+m ʜʣʷ 10 ʦʧʳʪʦʚ. 

ɼʣʷ ʛʨʘʬʠʢʦʚ ɸ ʠ ɹ: * p<0,05 ʦʪ ʢʦʥʪʨʦʣʷ; # p<0,05 

ʦʪ M; + p<0,05 ʦʪ M +5ɻɼ. ɼʣʷ ʛʨʘʬʠʢʘ B: * p<0,05 

ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʠʰʝʤʠʠ; # 

p<0,05 ʦʪ ʟʥʘʯʝʥʠʷ ʚ ʢʦʥʪʨʦʣʝ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ; + 

p<0,05 ʦʪ ʟʥʘʯʝʥʠʷ ʚ ʛʨʫʧʧʝ ʄ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ. 

 

ɺʣʠʷʥʠʝ ʠʥʬʫʟʠʠ 5ɻɼ ʠ ʄ ʧʝʨʝʜ ʠʰʝʤʠʝʡ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʃɼɻ ʚ ʧʝʨʬʫʟʘʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 

1 ɺ. ɺʳʭʦʜ ʃɼɻ ʚ ʤʠʦʢʘʨʜʠʘʣʴʥʳʡ ʦʪʪʦʢ ʥʝ ʦʪʣʠ-

ʯʘʣʩʷ ʜʦʩʪʦʚʝʨʥʦ ʚ ʠʟʫʯʝʥʥʳʭ ʛʨʫʧʧʘʭ ʜʦ ʠʰʝʤʠʠ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʧʘʨʘʪ ʄ ʥʝ ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠʥʪʘʢʪʥʦʛʦ 

ʩʝʨʜʮʘ. ɺʳʭʦʜ ʚ ʧʝʨʬʫʟʘʪ ʃɼɻ ʥʘ ʩʪʘʜʠʠ ʨʘʥʥʝʡ 

ʨʝʧʝʨʬʫʟʠʠ ʚ ʢʦʥʪʨʦʣʝ ʙʳʣ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʜʦ 

ʠʰʝʤʠʠ. ʕʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʩʘʨʢʦʣʝʤʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʀ/ʈ ʧʦʚʨʝʞʜʝ-

ʥʠʷ. ɺʚʝʜʝʥʠʝ 140 ʤʢʄ ʄ ʧʝʨʝʜ ʠʰʝʤʠʝʡ ʜʦʩʪʦ-

ʚʝʨʥʦ ʩʥʠʞʘʣʘ ʘʢʪʠʚʥʦʩʪʴ ʃɼɻ ʚ ʧʝʨʬʫʟʘʪʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʦʚʤʝʩʪʥʘʷ ʠʥʬʫʟʠʷ 140 

ʤʢʄ ʄ ʠ 100 ʤʢʄ 5ɻɼ ʫʚʝʣʠʯʠʚʘʣʘ ʘʢʪʠʚʥʦʩʪʴ 

ʃɼɻ ʚ ʧʝʨʬʫʟʘʪʝ ʥʘ ʩʪʘʜʠʠ ʨʘʥʥʝʡ ʨʝʧʝʨʬʫʟʠʠ ʜʦ 

ʟʥʘʯʝʥʠʷ, ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʢʦʥ-

ʪʨʦʣʷ.  
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʠʥʬʫʟʠʠ 5ɻɼ ʠ ʄ ʜʦ ʠʰʝʤʠʠ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʝʨʜʮʘ ʚ ʢʦʥʮʝ ʨʝʧʝʨʬʫʟʠʠ. ɸ 

- ʉʦʜʝʨʞʘʥʠʝ ɸʊʌ ʠ ʬʦʥʜʘ ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜʦʚ (ʅ=ATʌ+Aɼʌ+AMʌ) ʚ ʪʢʘʥʠ ʩʝʨʜʮʘ. ɹ - ɸʜʝ-

ʥʠʣʘʪʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʨʷʜ (ɸʕɿ=(ATʌ+0,5ADʌ)/ʅ). ɺ - ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʢʨʝʘʪʠʥʘ (ʌʂʨ) ʠ 

ʦʙʱʝʛʦ ʢʨʝʘʪʠʥʘ (ʂʨ=ʌʂʨ+ʂʨ) ʚ ʪʢʘʥʠ ʩʝʨʜʮʘ. ɻ ï ʉʦʜʝʨʞʘʥʠʝ ʣʘʢʪʘʪʘ ʚ ʪʢʘʥʠ ʩʝʨʜʮʘ. ɿʥʘʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʄ+m ʜʣʷ 8 ʦʧʳʪʦʚ. * p<0,05 ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; # p<0,05 ʦʪ ʢʦʥʪʨʦʣʷ, + p<0,05 

ʦʪ M. 

 

ɺ ʢʦʥʪʨʦʣʝ ʩʣʘʙʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʢ ʦʢʦʥʯʘʥʠʶ ʨʝʧʝʨʬʫʟʠʠ ʧʨʦʷʚʣʷ-

ʣʦʩʴ ʚ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ɸʊʌ ʠ ʦʙʱʝʛʦ ʬʦʥʜʘ 

ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜʦʚ (ʅ) ʚ ʩʝʨʜʮʝ, ʢʦʪʦʨʳʤ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʣ ʩʥʠʞʝʥʥʳʡ ʘʜʝʥʠʣʘʪʥʳʡ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʡ ʟʘʨʷʜ (ɸʕɿ = (ɸʊʌ+0,5ɸɼʌ)/ʅ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʠʩ-

ʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʈʠʩ. 2 ɸ, ɹ). ʉʦʜʝʨʞʘʥʠʝ ʌʂʨ 

ʚ ʨʝʧʝʨʬʫʟʠʨʦʚʘʥʥʳʭ ʩʝʨʜʮʘʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʳ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 50% ʟʥʘʯʝʥʠʷ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʘʪʘ ʙʳʣʦ ʚ 4 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʜʦ ʠʰʝʤʠʠ (ʈʠʩ. 2 ɺ, ɻ). ʀʥʬʫʟʠʷ ʧʨʝ-

ʧʘʨʘʪʘ ʄ ʧʝʨʝʜ ʠʰʝʤʠʝʡ ʚʜʚʦʝ ʫʣʫʯʰʘʣʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ɸʊʌ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ ʬʦʥʜ ʅ ʧʦʯʪʠ 

ʜʦ ʧʨʝʜʠʰʝʤʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝ-

ʣʠʯʠʚʘʣʘ ɸʕɿ ʚ ʨʝʧʝʨʬʫʟʠʨʦʚʘʥʥʳʭ ʩʝʨʜʮʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʪʠ ʵʬʬʝʢʪʳ ʩʦʧʨʦʚʦʞ-

ʜʘʣʠʩʴ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʘʪʘ ʚ ʩʝʨʜʮʝ ʜʦ 

ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʀʥʬʫʟʠʷ ʄ ʚʳʟʳʚʘʣʘ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʌʂʨ ʠ ʙʦ-

ʣʝʝ ʧʦʣʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʬʦʥʜʘ ʦʙʱʝʛʦ ʢʨʝʘʪʠʥʘ 

( ʂʨ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ 5ɻɼ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʦ ʚʣʠʷʥʠʝ 

ʄ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ɸʊʌ, ʅ, ɸʕɿ ʠ ʌʂʨ ʚ 

ʩʝʨʜʮʝ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ. ɺ ʛʨʫʧʧʝ ʄ+5ɻɼ ʩʦʜʝʨ-

ʞʘʥʠʝ ʂʨ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦ-

ʣʝ ʠʣʠ ʧʦʩʣʝ ʠʥʬʫʟʠʠ ʦʜʥʦʛʦ ʄ. ʉʦʚʤʝʩʪʥʘʷ ʠʥ-

ʬʫʟʠʷ ʄ ʠ ʠʥʛʠʙʠʪʦʨʘ 5ɻɼ ʫʚʝʣʠʯʠʚʘʣʘ 

ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʘʪʘ ʚ ʨʝʧʝʨʬʫʟʠʨʦʚʘʥʥʦʤ ʩʝʨʜʮʝ 

ʜʦ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʢʦʥʪʨʦʣʶ.  

 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʫʶ ʟʘ-

ʧʫʩʢʘʝʪ ʩʠʩʪʝʤʘ ʘʧʝʣʠʥ/APJ ʨʝʮʝʧʪʦʨ, ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʘ ʩ ʨʝʛʫʣʷʮʠʝʡ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠ ʀ/ʈ ʧʦʚʨʝʞʜʝʥʠʠ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʪʝʨʘʧʠʠ ʦʩʪʨʦʛʦ ʢʦʨʦʥʘʨʥʦʛʦ 

ʩʠʥʜʨʦʤʘ ʠ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [11]. ʈʘʥʝʝ 

ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʧʘʨʘʪ ʄ ï ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘ-

ʣʦʛ ʧʝʧʪʠʜʘ ʘʧʝʣʠʥ-12 - ʘʢʪʠʚʠʨʫʝʪ ʢʠʥʘʟʳ ʚʳʞʠ-

ʚʘʥʠʷ PI3K ʠ PKC ʠ ʥʠʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʠʰʝʥʠ 

ï NO ʩʠʥʪʘʟʫ ʠ ʤʠʪʂɸʊʌ ʢʘʥʘʣʳ [6]. ʈʝʟʫʣʴʪʘʪʳ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʷʤʦ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʠʪ-
ʂɸʊʌ ʢʘʥʘʣʳ ʚʦʚʣʝʯʝʥʳ ʚ ʢʘʨʜʠʦʟʘʱʠʪʫ ʧʝʧʪʠʜʦʤ 

ʄ ʦʪ ʀ/ʈ ʧʦʚʨʝʞʜʝʥʠʷ ʩʝʨʜʮʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ-

ʩʷ ʪʝʤ, ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʠʥʬʫʟʠʷ ʄ ʠ 5ɻɼ ʧʨʘʢʪʠ-
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ʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʥʷʣʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʨʜʮʘ, ʠʥʠʮʠʠ-

ʨʫʝʤʦʝ ʧʨʝʧʘʨʘʪʦʤ ʄ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʣʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʪʂɸʊʌ ʢʘʥʘʣʳ ʠʛʨʘʶʪ ʢʣʶʯʝ-

ʚʫʶ ʨʦʣʴ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʨʠ 

ʠʰʝʤʠʯʝʩʢʦʤ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʝʢʦʥʜʠʮʠ-

ʦʥʠʨʦʚʘʥʠʠ ʠ ʟʘʱʠʪʝ ʬʫʥʢʮʠʠ ʢʣʝʪʦʢ [12, 13 ]. 

ʅʘʰʘ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʪʂɸʊʌ ʢʘʥʘʣʳ 

ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʚ ʧʨʝʢʦʥʜʠʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʚ ʧʦʩʪ-

ʢʦʥʜʠʮʠʦʥʥʦʡ ʟʘʱʠʪʝ ʤʠʦʢʘʨʜʘ. ʆʪʢʨʳʪʠʝ ʤʠʪʂɸʊʌ 
ʢʘʥʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʄ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʣʘ-

ʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ NO ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʩʬʦʨʠʣʠ-

ʨʦʚʘʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ ʝNOS. ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩ-

ʩʠʠ ʝNOS ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ Akt ʠ 

ERK1/2 ʢʠʥʘʟ ʥʘʙʣʶʜʘʣʠ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ ʢʨʳ-

ʩʳ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩ ʘʧʝʣʠʥʦʤ-13 ʧʨʠ ʛʠʧʦʢʩʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʦʢʩʠʛʝʥʘʮʠʠ [14]. ɺ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʩʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ ʘʧʝʣʠʥʘ-12 

ʠʣʠ -13 ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ NOS ʦʪʤʝʥʷʣʦ ʠʣʠ ʩʥʠʞʘ-

ʣʦ ʟʘʱʠʪʥʳʝ ʵʬʬʝʢʪʳ ʧʝʧʪʠʜʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʀ/ʈ ʧʦʚʨʝʞʜʝʥʠʷ [6, 15]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ PI3K ʠ PKC ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʘʨʜʠʦʟʘʱʠʪʳ ʄ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ ʄ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʵʪʠʭ ʢʠʥʘʟ (LY294002 ʠʣʠ ʯʝʣʝʨʝʪʨʠʥʦʤ, ʩʦʦʪʚ.) 

ʫʭʫʜʰʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ, ʦʪʤʝ-

ʥʷʣʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʠ 

ʫʣʫʯʰʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʟʦʥʳ ʨʠʩʢʘ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʛʦ ʄ [6]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ 

ʘʧʝʣʠʥ-13 ʫʣʫʯʰʘʣ ʨʘʙʦʪʫ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʝʨʜʮʘ 

ʢʨʳʩʳ ʧʨʠ ʀ/ʈ ʧʦʚʨʝʞʜʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʛʠ-

ʙʠʨʦʚʘʥʠʝ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ 

ʦʪʤʝʥʷʣʘ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʝʧʪʠʜʘ [16]. ʤʠʪʂɸʊʌ 
ʢʘʥʘʣʳ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʠʪʦʭʦʥ-

ʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʘʢʪʠʚʘʮʠʠ ʧʫʣʘ PKCs [17]. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘʱʠʪʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʄ ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʯʝʨʝʟ PI3K - 

PKCs ( ) - ʤʠʪʂɸʊʌ ʢʘʥʘʣʳ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʧʨʝʧʘʨʘʪ ʄ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ 

ʜʣʷ ʟʘʱʠʪʳ ʤʠʦʢʘʨʜʘ ʩʦ ʩʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʰʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʧʨʝʧʘʨʘʪʘ ʄ ʥʘ ʤʠʪʂɸʊʌ ʢʘʥʘʣʳ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʰʝʤʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʩʝʨʜʮʘ. ɼʝʪʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʘʮʠʷ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ ʚʣʠʷʝʪ 

ʥʘ ʵʥʝʨʛʝʪʠʢʫ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʦʩʪʘʝʪʩʷ ʥʝ 

ʚʳʷʩʥʝʥʥʳʤ. ɼʘʥʥʳʝ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʪʢʨʳʪʠʝ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ ʧʨʠ-

ʚʦʜʠʪ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤ-

ʙʨʘʥʳ, ʚʳʟʳʚʘʷ ʜʠʩʩʠʧʘʮʠʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʩʥʠʞʝʥʠʝ ʟʘʭʚʘʪʘ ʉʘ2+ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʱʠʱʘʝʪ ʤʠʪʦ-

ʭʦʥʜʨʠʠ ʦʪ ʀ/ʈ ʧʦʚʨʝʞʜʝʥʠʷ [13,17, 18]. ɺ ʜʦʧʦʣ-

ʥʝʥʠʠ ʢ ʵʪʦʤʫ, ʩʥʠʞʝʥʠʝ ʟʘʭʚʘʪʘ ʉʘ2+ ʤʠʪʦʭʦʥ-

ʜʨʠʷʤʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʪʢʨʳʪʠʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʨʳ (mPTP), ʢʦʪʦʨʦʝ ʠʥʛʠʙʠ-

ʨʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʚʳʭʦʜʫ ʧʨʦ-ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʠʟ 

ʤʝʞʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʧʫʩʢʘʶʱʝʛʦ 

ʛʠʙʝʣʴ ʢʣʝʪʦʢ [19, 20]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʳ ʧʨʝʜ-

ʧʦʣʘʛʘʝʤ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʤʠʪʂɸʊʌ ʢʘʥʘʣʦʚ ʠ ʫʣʫʯ-

ʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʘʨʜʠʦʧʨʦ-

ʪʝʢʪʦʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʘ ʄ. ʇʦʩʢʦʣʴʢʫ ʄ 

ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʪʝʨʘʧʠʠ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ 

ʩʝʨʜʮʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ ʤʠʦʢʘʨʜʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʌʌʀ 14-04-00012ʘ. ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ 

ʨʫʢ. ʣʘʙ. ʩʠʥʪʝʟʘ ʧʝʧʪʠʜʦʚ ʌɻɹʋ çʈʂʅʇʂè ʄɿ 

ʈʌ ʄ.ɺ. ʉʠʜʦʨʦʚʦʡ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʠʜʦʨʦʚʘ ʄ.ɺ., ɸʟʴʤʫʢʦ ɸ.ɸ., ʇʘʣʴʢʝʝʚʘ ʄ.ɽ., ʄʦʣʦʢʦʝʜʦʚ ɸ.ʉ., ɹʫʰʫʝʚ ɺ.ʅ., ɼʚʦʨʷʥʮʝʚ ʉ.ʅ., 

ʐʫʣʴʞʝʥʢʦ ɺ.ʉ., ʇʝʣʦʛʝʡʢʠʥʘ ʖ.ɸ., ʇʠʩʘʨʝʥʢʦ ʆ.ʀ. ʠ ɹʝʩʧʘʣʦʚʘ ɾ.ɼ. 2012. ñʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʢʘʨ-

ʜʠʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʘʧʝʣʠʥʘ-12 ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚò. ɹʠʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 38 (1): 40ï

51. 

 2. ʇʠʩʘʨʝʥʢʦ ʆ.ʀ., ʐʫʣʴʞʝʥʢʦ ɺ.ʉ., ʇʝʣʦʛʝʡʢʠʥʘ ʖ.ɸ., ʇʘʣʴʢʝʝʚʘ ʄ.ɽ., ʉʠʜʦʨʦʚʘ ʄ.ɺ., ʄʦʣʦʢʦ-

ʝʜʦʚ ɸ.ʉ., ɹʝʩʧʘʣʦʚʘ ɾ.ɼ., ʊʝʨʝʱʝʥʢʦ ʉ.ʅ. ʠ ʄʘʩʝʥʢʦ ɺ.ʇ. ñɼʦʜʝʢʘʧʝʧʪʠʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʢʘʨʜʠʦʧʨʦ-

ʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠò. ʇʘʪʝʥʪ ʈʌ ˉ2457216 (27.07.2012). 

  3. Pisarenko O.I., Lankin V.Z., Konovalova G.G., Serebryakova L.I., Shulzhenko V.S., Timoshin A.A., 

Tskitishvili O.V., Pelogeykina Yu.A. and Studneva I.M. 2014. ñApelin-12 and its structural analogue enhance 

antioxidant defense in experimental myocardial ischemia and reperfusionò. Mol. Cell. Biochem. 391(2): 241-

250. 

  4. Pisarenko O.I., Shulzhenko V.S., Pelogeykina Yu.A. and Studneva I.M. 2012. ñAttenuation of myocar-

dial ischemia and reperfusion injury by novel analogues of apelin-12ò. Int. J. Pharm. Biomed. Res. 3 (1): 16ï21. 

 5. ʇʠʩʘʨʝʥʢʦ ʆ.ʀ., ʇʝʣʦʛʝʡʢʠʥʘ ʖ.ɸ., ɹʝʩʧʘʣʦʚʘ ɾ.ɼ., ʉʝʨʝʙʨʷʢʦʚʘ ʃ.ʀ., ʉʠʜʦʨʦʚʘ ʄ.ɺ., ɸʟʴʤʫʢʦ 

ɸ.ɸ., ʂʭʘʪʨʠ ɼ.ʅ., ʉʪʫʜʥʝʚʘ ʀ.ʄ., ʇʘʣʴʢʝʝʚʘ ʄ.ɽ., ʎʢʠʪʠʰʚʠʣʠ ʆ.ɺ. ʠ ʄʦʣʦʢʦʝʜʦʚ ɸ.ʉ. 2012. ñʆʛʨʘʥʠ-

ʯʝʥʠʝ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʧʝʧʪʠʜʘ ʘʧʝʣʠʥʘ-12ò. ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 443 (1): 

1-3. 

 6. Pisarenko O.I., Shulzhenko V.S., Studneva I.M., Serebryakova L.I., Pelogeykina Yu. A. and Veselova 

O.M. 2015. ñSignaling pathways of a structural analogue of apelin-12 involved in myocardial protection against 

ischemia/reperfusion injuryò. Peptides. 73 (1): 67-76. 

 7. Oldenburg O., Cohen M. V., Yellon D. M. and Downey J. M. 2002 ñMitochondrial K+ channels: role in 

cardioprotectionò. Cardiovascular Research, 55, 429ï437. 



 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(13)/2016 

36 ʌɸʈʄɸʎɽɺʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

2 8. ʇʠʩʘʨʝʥʢʦ ʆ.ʀ., ʉʪʫʜʥʝʚʘ ʀ.ʄ., ʐʫʣʴʞʝʥʢʦ ɺ.ʉ. ʠ ʊʠʤʦʰʠʥ ɸ.ɸ. 2007. ñʄʝʭʘʥʠʟʤʳ ʩʥʠʞʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʨʜʮʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʧʝʨʬʫʟʠʠò. ɹʠʦʤʝʜʠʮʠʥʩʢʘʷ 

ʭʠʤʠʷ. 53(3): 313-21. 

 9. Methods of enzymatic analysis (Ed. H.U. Bergmeyer). NY: Academic Press; 1974; 1464-7; 1704-8; 

1772-6; 2101-10. 

 10. Bergmeyer H.U. and Bernt E. 1974. ñLactate dehydrogenase. UV-assay with pyruvate and NADHò. In: 

Methods of enzymatic analysis. Bergmeyer HU (ed), NY: Academic Press. 574-578. 

 11.Yu X.H., Tang Z.B., Liu L.J., Qian H., Tang S.L., Zhang D.W., Tian G.P. and Tang C.K. 2014. ñApelin 

and its receptor APJ in cardiovascular diseasesò. Clin. Chim. Acta. 428 (1):1-8. 

 12. Gerczuk P.Z and Kloner R.A., 2011. ñProtecting the heart from ischemia: An update on ischemic and 

pharmacologic conditioningò. Hosp. Pract. 39 (1): 35 43. 

 13. Tinker A., Aziz Q. and Thomas A., 2014. ñThe role of ATP-sensitive potassium channels in cellular 

function and protection in the cardiovascular systemò. Br. J. Pharmacol. 171 (1): 12ï23. 

 14. Zeng X.J., Zhang L.K., Wang H.X., Lu L.Q., Ma L.Q. and Tang, C.S. 2009. ñApelin protects heart 

against ischemia/reperfusion injury in ratò. Peptides 30, 1144-1152. 

 15. Rastaldo R., Cappello S., Folino A., Berta G.N., Sprio A.E., Losano G., Samaja M. and Pagliaro P. 

2011. ñApelin-13 limits infarct size and improves cardiac postischemic mechanical recovery only if given after 

ischemiaò. Am. J. Physiol. Heart Circ. Physiol. 300, H2308-H2315. 

 16. Wang C., Liu N., Luan R., Li Y., Wang D., Zou W., Xing Y., Tao L., Cao F. and Wang H. 2013. ñApe-

lin protects sarcoplasmic reticulum function and cardiac performance by attenuating oxidation of sarcoplasmic 

reticulum Ca2+-ATPase and ryanodine receptorò. Cardiovasc. Res. 100, 114-24. 

 17. Garlid K.D., Santos P.D., Xie Z.J., Costa A.D.T. and Paucek P. 2003. ñMitochondrial potassium 

transport: the role of the mitochondrial ATP-sensitive K+ channel in cardiac function and cardioprotectionò. 

Biochim. Biophys. Acta. 1606, 1-21. 

 18. Kowaltowski A.J., Seetharaman S., Paucek P. and Garlid K.D., 2001. ñBioenergetic consequences of 

opening the ATP-sensitive K+ channel of heart mitochondriaò. Am. J. Physiol. Heart Circ. Physiol. 280, H649- 

H657. 

 19. Akao M., Ohler A., OôRourke B. and Marban E. 2001. ñMitochondrial ATP-sensitive potassium chan-

nels inhibit apoptosis induced by oxidative stress in cardiac cellsò. Circ. Res. 88, 1267ï1275. 

 20. Detlef O., Dettwiler S., Favoccia Ch., Scharbatke H., Preckel B. and Schlack W. 2005. ñThe influence 

of mitochondrial KATP-channels in the cardioprotection of preconditioning and postconditioning by sevoflurane 

in the rat in vivoò. Anesth. Analg. 101, 1252ï1260. 



 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(13)/2016  

ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 37 

ȞȒȑȒȔȘ-ȖȊȜȏȖȊȜȒȡȏțȔȒȏ ȗȊȝȔȒ 
 

Vladimir A. Moshchenskii , Uladzimir V. Mashchenski 

 

THE CLASSES NP AND P ARE EQUAL  
 

 Vladimir A.Moshchenskii ï Associate Professor with sʩientific degree of Belorussian State University 

(Minsk),Belarus; e-mael: vmoshchenskii@bsu.by 

 Uladzimir V. Moshchenski ïSenior Software Developer of Private Firm (Ottawa), Canada; e-mail: 

vlad@radio-mir.com 

Keywords: algorithm, clause, conjunctive normal form, satisfying assembly, satisfiability problem, com-

plete exhaustive algorithm, NP-full problem  

 

Abstract. As a first step a special class of conjunctive normal forms (CNFs) is introduced and lemma 1 

about it is proven. Using this lemma it is proved that inequality of classes NP and P is impossible. In order to 

obtain a constructive proof of equality of these classes an initial CNF is transformed into special separable 3-

CNF. 

 Retrieval of all satisfying assemblies of this 3-CNF is not practiced. Two variants of subsets of set of all 

clauses or elementary disjunctions (EDs) of this 3-CNF are considered. We prove some lemmas about them. 

Analysis of these affirmation gives a resourse to decide of satisfiability task of initial CNF and 3-CNF in poly-

nomial time, thus proving NP=P. 

 

Introduction.  It is well known [1, amongst oth-

ers] that the satisfiability problem is to determine, for 

each conjunctive normal form (CNF), whether there 

exists such input that its value is true (for short its 

satisfying assembly), or it is a constant Boolean func-

tion with the values of zero (i.e., its value is zero on 

any input). An aim of this article is to prove that the 

satisfiability problem belongs to class P, hence NP=P. 

At the initial step of computation, each CNF is 

expressed as a word in alphabet A 

= )}(,,1,0,,{ xx [1]. For example, CNF 

( )( )1 3 2 3 4x v x x v x v x  translates to 

( )( )1 11 10 11 100 .x x x x x Its length is 19. 

Note that CNF expressed as a word of length m con-

tains no more than m clauses or elementary disjunc-

tions (ED). 

 For an arbitrary CNF C let us define C1 to be the set 

(or CNF) of all those of its EDs containing at least one 

literal without negation. Further, let us define C2 to be 

the set (or CNF) of all those of Côs EDs containing all 

literals with negation. Analogously, we can define C3 

as the set of all those EDs in C that have at least one 

literal with negation. Finally, C4 is defined as com-

plement of C3, i.e., it is the set of all EDs in C that 

only have literals without negation. 

If at least one of the two pairs (C1, C2), (C3, C4) 

has an empty component, then satisfiability check for 

such CNF C can be performed in polynomial time (in 

order to verify this condition it is enough to check 

whether all EDs have at least one literal with negation 

and at least one without). 

 Therefore from now on we will assume that for 

CNF C in question both pairs (C1, C2) and (C3, C4) 

do not contain empty components. We will also make 

an assumption that in each ED literals are listed in the 

increasing order of variable indexes. Thus in each ED 

the right-most literal has the maximum index. 

If an arbitrary ED consists of m different literals, 

let us call it m-ED. 

We will further assume that considered CNFs do 

not contain 1-EDs and pure inclusions of literals [2] 

(i.e., we do not consider CNFs that include only ix  or 

only ix ), because the algorithms for their removal are 

simple and require polynomial time. 

Remark 1. For a CNF C with the properties just 

described above, both sets C1 and C3 contain literals 

on all variables of CNF C, since the set pairs (C1, C2) 

and (C3, C4) do not have empty components and CNF 

C does not contain pure inclusion of literals; and so 

every its satisfying assembly contains zeros and units. 

 Below we will assume logarithm base to be 2 

and omit it. 

All of the algorithms described are deterministic 

so we will not specifically state it in each case. 

Let Fc(n,r) be the set of all CNFs on n variables 

which are expressed in alphabet A by words wi of 

length d and dÓC2n/k where the C is a constant and 

0<C<1, the k is a natural number and kÓ2.  

It is clear that by nÒ3k the set Fc(n,k) includes all 

CNFs on n variables but when n>3k then the set 

Fc(n,k) includes some CNFs only. It is possibly to 

prove that the k is a fixed number and the n is a great 

number then the set Fc(n,k) includes almost all CNFs 

on n variables. 

Lemma 1. For each CNF from Fc(n,k) its satisfi-

ability is possibly to determine by deterministic algo-

rithm in O(dk+4) time, i.e. in polynomial time as the k 

is constant. 

Proof. Let K be arbitrary CNF from some set 

Fc(n,k). 

For first stage a vector 

(x1,x10,xb(3),é,xb(i),é,xb(n))(1) 

is built where here and below b(i) is binary repre-

sentation of number i(1ÒiÒn) and the length of this b(i) 

is O(logi). This can be done as follows. As we agreed 

above, in each ED literals are listed in the ascending 
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order of variable indices. Hence, pair-wise comparison 

of variable indices in the last literal of each ED will 

allow to find b(n) in O(dlogn)=O(d2) steps (each step 

is comparison of two binary digits). Then we keep 

subtracting 1 from b(n) in order to obtain vector (1), 

which will take another O(nlogn)=O(d2) steps. In the 

end, the vector (1) will be built in O(d2) steps. 

For second stage it is built <<zero>> vector 

(0x1,0x10,é,0xb(n)) and all following vectors of 

such kind by adding one up to vector 

(1x1,1x10,é,1xb(n)) (number of these vectors is 

equal to 2n) in O(2nnlogn)=O(d22n) steps. 

For last stage values of CNF K are found for all 

2n vectors. If there is such a vector that values of all 

EDs from CNF K are equal to 1 then the K is satisfia-

ble and only in such a case. 

Satisfiability of alone ED for given vector can be 

determined by comparison of literal indices of this ED 

(its number is O(n)) with binary words of length 

O(logn) (number of these words is O(n)) in O(n2long) 

time. Thus, satisfiability of this CNF K for given vec-

tor can be determined in dO(n2logn)=O(d4) time and 

hence this fact for all vectors in O(d4)2n=O(d42n) time. 

But O(d42n)=O(d4(c2n/k)kc-k)= O(d4dk)=O(dk+4). This 

lemma is proved. 

Theorem 1. NPÍP is not possible. 

Proof. Let us assume NPÍP. Then there is such 

natural number k that even though for alone CNF on k 

variables its satisfiability is determined in non-

polynomial time. This fact takes place as any problem 

from the class NP reduces polynomial to the satisfia-

bility problem because this problem is NP-full [1].  

Let us consider the class Fc(n,k). In accordance 

with definition every CNF from Fc(n,k) is expressed in 

alphabet A by word w and ƅwƅÓC2n/k. If  n=3k then 

ƅwƅÓC23k/k=8C and 8C<8 as C<1. Any 2-ED is ex-

pressed in alphabet A by some word and lengths of 

these words are greater than 7. Thus if pÒ3k than each 

CNF on p variables belongs to Fc(p,k). Then according 

to lemma 1 its satisfiability is determined in polyno-

mial time. It is a contradiction. But each CNF on p 

variables is same CNF on p+s (sÓ1) variables too. So 

there is a refutation for CNFs on infinite many varia-

bles. This theorem is proved. 

Thus, according to theorem 1 unique chance is 

NP=P.  

Main part . Now we will construct a constructive 

proof of equality of classes NP and P. For the sake of 

that we are going to prove that for arbitrary CNF its 

satisfiability is determined in polynomial time (in the 

length of this CNF). 

Theorem 2. The satisfiability problem has an ef-

ficient deterministic solution. 

Proof. Given some CNF K on n variables ex-

pressed in alphabet A by a word w of length d. Its 

variables we will call initial ones. This CNF does not 

contain 1-EDs or pure inclusions of literals. Each ED 

in the K is r-ED, rÓ2 (if each ED is a 2-ED, then we 

have 2-CNF, for which the satisfiability problem has 

an efficient solution [1]). Hence each ED of this CNF 

is r-ED, where 2ÒrÒn as each ED contains literals on 

different variables. 

Now we will find binary representation of length 

d of word w: moving from left to right we keep adding 

1 with every next symbol of word w in O(dlogd) 

steps. After that we wish to define a truth value of 

inequality  

d Ó 2-1+n/8 .  (2) 

Value [n/8] is easy found: from the b(n) three 

digits are removed. Then a word 100é0 with 1 in 

[n/8]th digit is binary representation of lower estimate 

of 2-1+n/8. Thus, checking truthfulness of the inequality 

(2) can be done in O(d2) steps.  

If the inequality (2) holds then this CNF K be-

longs to the class F2
-1(n,8) and in according with lem-

ma 1 its satisfiability is determined in O(d8+4)=O(d12) 

time, i.e. in polynomial time. If negation of the ine-

quality (2) holds then we perform efficient conversion 

[1] of this CNF into 3-CNF H. 

This efficient conversion is based upon the fol-

lowing equivalence, in satisfiability terms:  

xvy=(xvz)(yv ), 

where z is the new variables not found in the set 

of variables of CNF K. The conversion is applied to 

all r-ED, rÓ4, that are either in the K or created during 

the conversion process.  

In the 3-CNF H, some 3-EDs and 2-EDs may 

contain literals both with negation and without it. 

Let`s then apply to these EDs the following conver-

sion, which, again, preserves satisfiability:  

iv jvxk=( iv jv 1)( xkvy1), 

ivxjvxk=( iv 2)(xjvxkvy2), 

ivxj=(=( iv 3)(xjvy3), 

where yr are newly intruded variables unique to 

each converted ED. As a result, we obtain 3-CNF E, 

which is satisfiabilityïequivalent to 3-CNF H. In 3-

CNF E, each ED contains literals either only with ne-

gations or only without it; we will call that the E is 

separable. Note that for separable 3-CNF E  

E2=E3 and E1=E4 

and also from remark 1 follows  

Remark 2 . For separable CNF E, both sets E1 

and E2 contain literals on all variables because any 

newly introduced variable y only has two inclusions 

 and y. 

Lemma 2. If the CNF K is satisfiable then sepa-

rable 3-CNF E is satisfiable too and every satisfying 

assembly for the E will contain variable values which 

satisfy the K and those are both 0s and 1s. 

Proof. Satisfiability of CNF K involves satisfia-

bility of separable CNF E in according with point out 

equivalences and each satisfying assembly for the K 

will contain 0s and 1s (remark 1). Also it is necessary 

to prove that each satisfying assembly for the E will 

contain variable values which satisfy CNF K too. 

As the CNF K is satisfiable than assigning values 

from its satisfuing assembly to all its variables gives 

value 1 to even though one literal z from each ED. 

Each application of point out equivalences separates 

each ED on two EDs but only one from those EDs 

will contain literal z. As each value of new variable 

does not give value 1 to two created EDs then value of 
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literal z will be used into satisfying assembly for an 

obtaining CNF. This lemma is proved. 

Let`s agree to denote new variables being intro-

duced as yi (in CNF K, we used initial variables 

x1,x2,é,xn). Let`s further agree that in all EDs of the 

3-CNF E we write all literals on new variables in the 

right-most position; if there are more than one such 

literal, the right-most position will be taken by the one 

with the greatest variable index.  

Let CNF E have n+p variables, where p is the 

number of newly intraduced ones, and E`s length be s. 

It obviously is that n+pÒs. It is ease to prove that p 

and s have an upper bound that is polynomial in d. 

Below we will be expressing time complexities as 

polynomials in s, hence also polynomials in d, since 

composition of polynomials is a polynomial. Let M be 

8[logs]. A binary representation of the M can be built 

using such representation of number s (it is built by 

halving algorithm).  

We are going to define satisfiability of 3-CNF E 

using sets E1 and E2 as E=E1^E2. In fact it is neces-

sarily to examine only a case when powers of sets E1 

and E2 are greater than M. If ƅE1ƅÒ M (or ƅE2ƅÒ 

M) then the E1 contains literals of at most 3MÒ24logs 

variables as it is 3-CNF. But both the 3-CNF E1 and 

the E are the CNFs on n+p variables (there are no pure 

inclusions). So n+pÒ24logs and (n+p)/24Òlogs. Hence 

sÓ2(n+p)/24 but the s is E`s length. Then 3-CNE E be-

longs to class Fc(n+p,24). So in according with lemma 

1 satisfiability of this 3-CNF E is determined in poly-

nomial time. 

Let ƅE1ƅ and ƅE2ƅ be more than M.  

Lemma 3A. If A is a proper subset of the set E2, 

the A is not empty and ƅAƅÒM, then satisfiability of 

3-CNE A^E1 is determined in time polynomial in s, 

the length of the E. 

Proof. Let assume lemma conditions meet. Let`s 

build set V of all different variables, literals on nega-

tions of which are present in all EDs from A and each 

variable z with index i in V is represented by zb(i). 

The V is not empty because the A is not empty and the 

number of all different variables in it is not greater 

than t=3M. As noted previously, CNFs E and E1 are 

CNFs on n+p variables where n is the number of ini-

tial variables (in the original CNF K) and p is the 

number of variables yi introduced during conversion 

of CNF K into separable 3-CNF E. We also agreed 

that in the E each ED has the literal on the new varia-

ble (if any) written in the right-most position, if there 

is more than one such literal (but there can`t be more 

than three), then the right-most position is taken by the 

one with the greatest index. Then if we consider all 

EDs in CNF E1 (that contain new variables), pair-wise 

comparison of their right-most literals will allow to 

find binary representation of p: out of two EDs we 

choose the one whose right-most literal has a greater 

index, then the chosen one is compared against next 

ED and so on. Comparison of two EDs requires 

O(logp) steps. Hence we`ll arrive at binary representa-

tion of the p in sO(logp)=O(s2) steps. Then, by sub-

stracting 1 from p using (1) let`s build the following 

ED 

(x1x10éxb(i)éxb(n)y1y10éyb(j)éyb(p)). (3) 

This process will take O(plogp)+O(nlogn)=O(s2) 

steps. 

Finally, let`s build duplicate ED(3), which we`ll 

denote (3d), in O(s2) steps. For each ED in the A, 

we`ll mark in (3d) those xb(i) or yb(j), literals on 

which the ED contains. This will require 

3sĿO(b(n)+b(p))=O(s2) steps. If upon completion, (3d) 

has unmarked literals, we delete them in O(s) steps, 

eventually obtaining ED  

(xb(i1)xb(i2)éxb(ik)yb(j1)yb(j2)éyb(jr))(4) 

which contains literals on all variables from A 

(here, itÒn and jqÒp), i.e. all those variables compile 

set V. 

Let`s now move into the important issue of find-

ing all possible subsets of the set V, besides the empty 

set - there`ll be no more than 2t-1<s24 such subsets. 

For this, we`ll employ algorithm, which is based on 

binary notation. First, using (4) we create (k+s)-long 

binary assembly with a single 1: (0,0,é,0,1). Then we 

build all the other ones, of the same length, by adding 

1 (in binary) to the previous assembly - until we have 

1`s in all (k+r) positions. 

 First such assembly is buildt in O(k+r)=O(s) 

steps. Addition of 1 will require O(k+r) steps. Hence, 

all the aforementioned binary assemblies will be built 

in 2t(k+r)O(s)=O(s26) steps.  

Lastly, we need to set all variables in every sub-

set of V to 0, and the remaining variables in CNF E1 

to 1. To do this, we take one of the created binary as-

semblies and consider it side-by-side with ED (4), 

writing out those literals from (4) whose positions 

correspond to 1`s in the assembly. Then we build du-

plicate ED (3), which will have literals identical to 

those we have just written out. In those literals, let`s 

substitute ç0zb(i),è for çzb(i)è and the remaining var-

iables to 1 writing ç1zb(j)è without comma if i or j is 

equal to p (where z is either x or y. For example, we 

may arrive at expression like  

(1x1,0x10,1x11,é,0xb(n),0y1,1y10,é,1yb(p)).(5) 

With these conventions, we have a set of values 

for all variables in CNF E1, where zero values are 

assigned only to variables derived using the specific 

chosen binary assembly of the length k+r. 

Let`s count the number of steps needed to obtain 

all sets of values for variables in CNF E1. Writing out 

all the relevant literals when considering side-by-side 

one binary assembly and ED (4) takes 

O((k+r)logp)=O(s2) steps. Hence building all sets will 

take s24ĿsĿO(s2)=O(s27) steps. 

Once we`re done creating this set of inputs, we 

need to find the values of CNF A^E1 on these inputs 

and pay attention to those, on which value of A^E1 is 

equal to 1. Finding the value of A^E1 on one input, 

requires comparison of one binary word of length 

O(logs) at most 3 times with at most 3s words of the 

same length, which will take O(3ĿlogsĿ3s)=O(s2) 

steps. Then the number of steps required to find the 

values of A^E1 on all inputs is s24ĿO(s2)=O(s26).  

Let`s now make sure that the above algorithm 

will find the satisfying assembly for CNF A^E1, if 

one exists. According to remark 2, for given separable 

3-CNF E both sets E1 and E2 contain literals on all 

variables, with E1 containing all literals without nega-
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tion, E2- all literals with negation. This means that 

satisfying assembly for A^E1 must contain both 0s 

and 1s. Our algorithm goes through all possible sets of 

variables in literals of ED from A, and all these varia-

bles are assigned the value of 0. Then if the A^E1 is 

satisfiable, we will find all the variables whose values 

in the satisfying assembly are Os. Lastly, let`s note 

that the subset of variables with the value of 1s (which 

is a complement of the set of ñzero variablesò) will 

yield 1 in all EDs in E1 - assuming there is an satisfy-

ing assembly for A^E1. Thus we have shown that sat-

isfying assembly, if it exists, will indeed be found. 

Since all time complexities we`ve outlined are poly-

nomial in s (the maximum one being O(s27)), and sum 

of polynomials yieds a polynomial, this concludes the 

proof of the lemma. 

Lemma 3B. If B is a proper subset of the set E1, 

the B is not empty and ƅBƅÒM, then satisfiability of 

3-CNF B^E2 is determined in time polynomial in s, 

the length of the E. 

It is full analogy of lemma 3A. 

We are going to search out satisfying assembly 

for CNF K and separable 3-CNF E=E1^E2 when 

powers of both sets E1 and E2 are greater than M. 

Let`s partition E2 into classes Ai so that for each i 

(except, perhaps, one) ƅAiƅ=M, the number of such 

classes is v(s)=O(s/logs). Constructing of these classes 

will require M2v(s)=O(s3) steps (we create duplicate of 

value M v(s) times and then we keep substracting 1 

from the M with supplement to creating class of alone 

ED). 

Now we will take an interest in the satisfiability 

of each 3-CNF Ai^E1 (1 ÒiÒ v(s)). In according with 

lemma 3A for each Ai^E1 we will find a set T(i) of 

satisfying assemblies in O(s27) steps. Assemblies from 

the set T(i) are written in form of (5).  

Into each assembly d from the set T(i) we write 

uzb(j) instead 1zb(j) (the z is either x or y) when zj is a 

variable of some ED from E1 and values all other var-

iables of this ED are equal to 0 into assembly d. But 

when it is found value of some CNF on assembly d 

then this letter çuè is 1. For rewriting letters çuè aux-

iliary steps are not required. Building all sets T(i) 

takes v(s)ĿO(s27)=O(s28) steps. Let`s remark that 

ƅT(i)ƅÒs24. If any of the T(i) is empty, CNF E is not 

satisfiable.  

Let`s assume suppose none of the T(i) is empty. 

Then we are going to decide the satisfiability of the 

following CNFs 

F(j)=E1^A1^A2^é^Aj, 2 ÒjÒ v(s). 

Let`s introduce the following transformation of 

assemblies. For assemblies d and g with components 

0,u,1 we will build assembly w whose ith components 

are equal to conjunction of ith components of assem-

blies d and g if they are 0 and 1; if they are 0,u,and 1 

then u^u= u^1=1^u=u but u^0 and 0^u is not defined. 

Assembly w is called by conjunction of assemblies d 

and g and the w is written w=d^g.  

Let`s note that conjunction of two assemblies is 

not defined when values of its ith components are 0 

and u for some i. 

Let X^Y be a set of all assemblies d^g where d 

from X and g from Y. 

Remark 3. Components with values u and 0 of 

two assemblies are preserved into its conjunction if it 

is defined. 

Let`s underline the following fact. If d from T(i) 

and g from T(j) and its coujunction is defined then the 

assembly d^g is saticfiable for 3-CNF Ai^A j as each 

ED from both Ai and Aj contains all literals with nega-

tion and in according with remark 3 zero components 

of assemblies d and g are preserved in assembly d^g. 

Lemma 4. If 3-CNF F(j) is satisfiable(jÓ2) then 

each its satisfying assembly w is conjunction of some 

assemblies v1,v2,é,vj where vi belongs to T(i) (1ÒiÒj), 

i.e. the w belongs to a set (é(T(1)^T(2))^é)^T(j). 

Proof. Let`s assume lemma`s condition meet. As  

F(j) = E1^A1^A2^é^Aj = ( E1^A1)^ 

(E1^A2)^é^( E1^Aj) 

then each satisfying assembly for F(j) is analo-

gous assembly for all CNFs E1^Ai, 1 ÒiÒ j. But a set 

of all satisfying assemblies for CNF E1^Ai is T(i) 

moreover zero components of assemblies from T(i) 

were found by complete exhaustive algorithm. Thus 

new variants of zero components in assemblies from 

T(i) may not emerge. It means that each satisfying 

assembly for F(j) will have zero components of some 

assemblies from each set T(i) (1ÒiÒj), i.e. zero com-

ponents of some assemblies from each T(i) are pre-

served in such assemblies for F(j). But it may take 

place on score of diminishing a number of one com-

ponents in satisfying assembly for F(j) according to 

comparison with a number such components in as-

semblies from T(i). But just such relation between one 

ï and zeroïcomponents of two assemblies takes place 

in its conjunction in according with remark 3. Thus, 

each satisfying assembly for 3-CNF F(j) will be men-

tioned conjunction of assemblies. Thence, values u^0 

and 0^u is not defined as in case u^0=0^u=0 emerging 

conjunction assembly will not be satisfying one for 3-

CNF E1 in according with condition of introducing 

letter çuè. Lemma is proved.  

Corollary  1. If 3-CNF E1^Ai^A j (iÍj) is satisfia-

ble then each its satisfying assembly is d^g where d 

belongs to T(i) and g belongs to T(j). 

Lemma 4 lets to prove that out task may be 

solved by the following algorithm. A set T(1)^T(2) is 

to be found and its subset of all satisfying assemblies 

for CNF E1 is denoted T(1,2). If the T(1,2) is empty 

then 3-CNF E is not satisfiable. Otherwise a set 

T(1,2)^T(3) is found; its subset of all satisfying as-

semblies for CNF E1 is denoted T(1,2,3). Again if the 

set T(1,2,3) is empty then 3-CNF E is not safisfiable. 

Otherwise a set T(1,2,3)^T(4) is found and so on up to 

T(1,2,é,v(s)-1)^T(v(s)) and T(1,2,é,v(s)). In fact 

process may be ended before if there is some i (i < 

v(s)-1) that a set T(1,2,é,i-1) ^ T(i) is empty and, 

hence 3-CNF E is not satisfiable. Like that we will 

find all satisfying assemblies for 3-CNF E if it is satis-

fiable. But in the general case this algorithm will take 

in non-polynomial time. 

So in the general case successive construction of 

assembly sets T(1,2,éi), 2ÒiÒv(s), will make in non-

polynomial steps. Hence we will analyse set 

T(1,2,év(s)) which is not empty when 3-CNF E is 
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satisfyable (lemma 4). In such a case set T(1,2,év(s)) 

is a subset of the set  

(é((T(1)^T(2))^T(3))^é)^T(v(s)) 

now which we denote by D(v(s)). 

An assembly d^g from T(i)^T(j) keeps all values 

u and 0 belonging to assemblies d and g (remark 3) 

but zero values are satisfiable for 3-CNF Ai^A j. Con-

junction operation of assemblies is not transitive: in 

the general case if assemblies d^g and g^f are defined 

then assembly d^f may be not defined. But those as-

semblies from the D(v(s)) which are assemblies from 

T(1,2,é,v(s)) (and hence this set is not empty) pos-

sess transitive property of conjunction (otherwise sat-

isfiable assembly from T(1,2,é,v(s)) is not defined). 

So we going to know what assemblies from each 

T(i), 1ÒiÒv(s), form conjunction assemblies with all 

assemblies from all T(j) (jÍi) (i.e. giving assemblies 

from T(i)^T(j)) and they are satisfiable for 3-CNF E1. 

If it is true then 3-CNF E is satisfiable and only in 

such a case. 

Let T1(2) be all assemblies d from T(1) for each 

from which there is an assembly g from T(2) that as-

sembly d^g is defined and this d^g is satisfiable for 3-

CNF E1. If for each d such assemblies g are not then 

3-CNF E is not satisfiable. Let T1(2) is not empty and 

this set will be built in O(s48)O(s2)=O(s50) steps. 

Let sets T1(k) have built where 2Òk<v(s). Then 

set T1(k+1) is built from all those assemblies d be-

longing to T1(k) for each from which there is an as-

sembly g from T(k+1) that assembly d^g is defined 

and this d^g is satisfiable for 3-CNF E1. If such as-

semblies g are not then 3-CNF E is not satisfiable. On 

the whole set T1(v(s)) (if it is not empty) contains only 

those assemblies d belonging to the set T(1) that for 

each from them and each T(j), jÍ1, there is an assem-

bly g from T(j) that the assembly d^g belongs to set 

T(1)^T(j) and this d^g is satisfiable for 3-CNF E1. 

The T1(v(s)) will be built in v(s)O(s27)O(s2)=O(s50) 

steps. It is clear that ƅT1(v(s))ƅÒƅT(1)ƅ. 

On analogy sets Ti(v(s)) (2ÒiÒv(s)) are built but 

in them constructing for given i it is used sets 

T(i),T(i)^T(1),é,T(i)^T(i-

1),T(i)^t(i+1),é,T(i)^T(v(s)). All those sets will be 

built in v(s)O(s50)=O(s51) steps and ƅ Ti(v(s)) ƅ 

ÒƅT(i)ƅÒs24. 

If each Ti(v(s))is not empty then 3-CNF E is sat-

isfiable. In fact each conjunction assembly is an as-

sembly which is satisfiable for corresponding 3-CNF 

(remark 3). Further according to our construction an 

assembly d^g where assemblies d and g belong to dif-

ferent Ti(v(s)) is satisfable for 3-CNF E1. At last as 

for conjunction of such assemblies it is true transitive 

property the all Ai are satisfiable, i.e. 3-CNF E2. 

Remark 4. If an assembly d from some T(i) does 

not form alone assembly d^g where the d^g belongs to 

T(i)^T(j), jÍi, or the d^g is not satisfiable for 3-CNF 

E1 then the d may be removed from all Tk(v(s)) where 

k<j. It may be found that some Tk(v(s)) is empty, i.e. 

3-CNF E is not satisfiable. 

Theorem 2 is proved. 

But sometimes described algorithm may be prac-

tical more complicated than analogy algorithm built 

on the basis of partition of set E1. We will ontline its. 

On the analogy of a partition of the set E2 into 

classes Ai we will yet partition the set E1 into classes 

Bj so that for each i (except, perhaps, one) ƅBjƅ= M 

and 1ÒjÒw(s)=O(s/logs).  

After for each 3-CNF E2^Bj it is found a set Q(j) 

of satisfying assemblies in according with lemma 3B 

in O(s27) steps. Assemblies of the Q(j) are written in 

form of (5). Let`s remark that one values of satisfying 

assemblies from the Q(j) are found by complete ex-

haustive algorithm. 

Into each assembly d from the set Q(j) we write 

zhb(i) instead 0hb(i) (the h is either x or y) when hi is 

a variable of some ED from E2 and values all other 

variables of this ED are equal to 1 into assembly d. 

But when it is found value of some CNF on assembly 

d then this letter çzè is 0. For rewriting letters çzè 

auxiliary steps are not required. Building all sets Q(j) 

takes w(s)O(s27)=O(s28) steps. Let`s note that ƅQ(j)ƅÒ 

s24. If any of the Q(j) is empty, CNF E is not satisfia-

ble.  

Suppose none of the Q(j) is empty. Then we are 

going to decide the satisfiability of the following 

CNFs 

R(j)=E2^B1^B2^é^Bj , 2ÒjÒw(s). 

Now we will introduce the following transfor-

mation of assemblies. For assemblies d and g with 

components 0,z,1 we will build assembly w whose ith 

components are equal to disjunction of ith components 

of assemblies d and g if they are 0 and 1; if they are 

0,z, and 1 then zvz=zv0=0vz=z but 1vz and zv1 is not 

defined. Assembly w is called by disjunction of as-

semblies d and g and the w is written w=dvg.  

Let`s note that disjunction of two assemblies is 

not defined when values of its ith components are 1 

and z for some i. 

Let XvY be a set of all assemblies dvg where d 

from X and g from Y. 

Remark 5. Components with values z and 1 of 

two assemblies are preserved into its disjunction if it 

is defined. 

It takes place the following fact. If d from Q(i) 

and g from Q(j) and its disjunction is defined then the 

assembly dvg is satisfiable for 3-CNF Bi^Bj as each 

ED from both Bi and Bj contains all literals without 

negation and in according with one components of 

assemblies d and g are preserved in assembly dvg. 

Lemma 5. If 3-CNF R(j) is satisfiable (jÓ2) then 

each its satisfying assembly w is disjunction of some 

assemblies v1,v2,é,vj where vi bolongs to Q(i) (1ÒiÒj), 

i.e. the w belongs to a set (é(Q(1)vQ(2))vé)vQ(j). 

The proof of this lemma is analogously to the 

proof of lemma 4 as in each assembly from Q(i) its 

one components were also found by complete exhaus-

tive algorithm and on the analogy it is justified intro-

ducing the operation with letterçzè.  

Corollary  2. If 3-CNF E2^Bi^Bj (iÍj) is satisfia-

ble then each its satisfying assembly is dvg where d 

belongs to Q(i) and g belongs to Q(j). 

Lemma 5 lets to obtain other solution of our task 

which is analogous to solution obtaining from lemma 

4, i.e. we will sequentially build sets 

Q(1)vQ(2),Q(1,2),Q(1,2)vQ(3),Q(1,2,3) and so on but 
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in the general case this algorithm will take in non-

polynomial time. 

Now we define Qi(w(s)), 1ÒiÒw(s), on the analo-

gy of sets Ti(v(s)) and further we will discuss by anal-

ogy. 

The satisfiability problem is known to be NP-

complete, hence we arrive at the  

Corollary  3. NP = P. 
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COMPARISON OF COSTS FOR ELECTIVE  VERSUS EMERGENCY HERNIA 

REPAIR AND ITS REIMBURSEMENT IN BULGARIA  
 

Abstract The aim of this publication is twofold: i) to compare the costs for elective and emergency hernia 

operations in Bulgaria considering surgical techniques, size of implants, a presence of complications and locali-

zation of medical center; ii) to reveal the differences in institutional and patients costs. 

The cost of operation of hernia is calculated as the sum of the cost paid by the National Health Insurance 

Fund (NHIF), patients and public funds.  

The fixed direct costs are paid for elective and emergency operations by NHIF ï ú 301 vs ú 310 in case 

without complications and ú 988 vs ú 997 in case of complication. The average costs paid by patients are ú 689.9 

Ñ 361.25 or ú153.65 Ñ 67.0 for elective conventional or emergency operation. Laparoscopic hernia repair has a 

higher cost for procedure due to the more costly laparoscopic equipment ú 944.1 Ñ 306.75. The factors that affect 

most on the cost of operations are the price of meshes and laparoscopic equipment. It is necessary to introduce 

procedure-specific disposables costs for different type of hernia according to their real cost in order to reduce the 

burden of the patients. 

Key words: hernia, open and laparoscopic mesh repair, cost of hernia operation, reimbursement 

 

Introduction  

Hernia is one of the most common surgical pa-

thologies. It can be repaired through open mesh sur-

gery, open non-mesh surgery or laparoscopic surgery. 

An open, mesh-based repair remains the standard 

method. Today the surgical technique using the hernia 

meshes is preferred over traditional surgical technique 

of suturing because the use of the prostheses reduces 

the number of reoperations from 40-50% to about 

10% [1]. Laparoscopic herniorrhaphy also produces 

excellent results. The advantages of laparoscopic re-

pair of hernias over conventional repair include re-

duced postoperative pain and recurrence rates as well 

as earlier return to work. Re-recurrence rates may de-

crease to 5% or lower with laparoscopic repair [17].  It 

makes laparoscopy the approach of choice for recur-

rent and bilateral hernias. 

Hernia operations in Bulgaria are on the second 

place in frequency after the operations of appendicitis 

[3]. Every year the number of operated patients are 

about 20,000, which is included in the National 

Framework Agreement [13]. Due to the increasing 

average age and life expectancy of the population the 

frequency of hernia is expected to increase. The pa-

tientsô recovery after hernia repair is of great econom-

ic and social importance which implies an assessment 

of the costs of their treatment.  

Authors evaluate the medical costs for hernia 

surgery as the sum of the costs of visits to the general 

practitioner (GP) and surgeon, the value of the opera-

tional procedure, the cost of hernia mesh(HM), the 

cost of the work of team and recovery of the patient. 

The cost of treatment is between $4.200 - $6.200 in 

USA for insured patients and ú 620- ú 4.292 in EU 

[18,19]. 

There is a tendency to shorten the hospital stay 

and the temporary disability in order to reduce the cost 

of treatment. As a world standard one-day or short 

hospital stay is applied which ranges from 1 to 5 days 

depending on the presence of postoperative complica-

tions. The disability period depend on the type of her-

nia, presence of complications, age, profession of the 

patient and the type of treatment carried out operative-

ly. Average recovery time is from 7 to 56 days [20]. 

The aim of this publication is to assess and com-

pare the costs for elective and emergency hernia oper-

ations in municipal and urban general hospitals in 

Bulgaria, taking into account the used surgical tech-

niques, implants and the presence of complications. 

The viewpoint of the analysis is those of National 

Health Insurance Fund, patients and society. The peri-

od of observation is one year. 

 

Methods 

The combined microcosting and macrocosting 

approach was used towards the data from prospective 

study of the elective and emergency operations per-

formed in country hospitals. During the prospective 

study was collected information about the frequency 

of hernia operations in our country, health care re-

javascript:showrefcontent('refrenceslayer');
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sources used and preferences of surgeons towards the 

type of surgery and hernia meshes [5]. 

Cost Analysis 

In this study have been identified regional differ-

ences and health care resources used. We summarize 

them to compare the cost differences. 

The direct cost analysis include details of all 

health and non-health care resources, their frequency 

of utilization and unit prices depending on the type of 

surgery. Detailed description of type of health care 

resources, their cost, and frequency of utilization is 

described on Table 1. On a macro level data for the 

costs paid by Health Care Insurance Fund are applied 

towards the hospital services, hospital stay, costs per 

visit to a GP and specialist - surgeon [13]. Those costs 

are officially published in the National Framework 

Agreement and are applied towards all hernia opera-

tions despite their type and complexity. On a micro 

level was used published studies, and expert opinion. 

The view point of the analysis is those of Nation-

al Health Insurance Fund, patients and society. The 

period of observation is one year. 

Table 1. Health care resources and their unit costs 

Type of resources Number/proportion Value Source of data 

Herniotomies with hernia meshes 

in clinical centers 

90% used hernia meshes 

10% used suture technique 

 (Doneva et al., 

2014).  

Herniotomies in municipality 

hospitals 

23-42% used suture method  (Doneva et al., 

2014).  

Type of hernia meshes Municipality hospitals low cost 

meshes 

Clinical centers ï high cost 

meshes 

ú 66 - ú 84 

 

 

ú 137- ú 750 

(Doneva et al., 

2014; Kirilova-

Doneva et al., 

2015; Coda et al., 

2012)* 

Hospital stay 2 days without complications 

 

5 days with complications 

ú 287 - ú 305 

 

Copayment - ú 

2.85 per day 

(National 

Framework 

Agreement,2014).  

Extra fees for additional services Individual room 

Choice of surgeon 

Choice of surgical team** 

ú 6.5- ú 45 

ú 250 

ú 450 

Hospitals tariffs 

Type of herniotomy Open surgery  

Laparoscopic 

90% 

10% 

(McCormack et 

al.,2005; Simon et 

al, 2009) 

Laparoscopic equipment  ú 175 - ú 750 Expert opinion 

Postoperative complications Emergency operations - 2.6% 

Elective(planned) operations - 

0.3% 

ú 687.5 (Damianov 1997; 

National Frame-

work Agree-

ment,2014; 

NCPHA,2016 

*The cost of the hernia meshes depends also on the size 

**A case of emergency does not imply a choice of a specialist or a team and these fees are not included in the 

final price of the emergency operation. 

 

Indirect costs such as productivity losses were 

calculated also using the human capital approach. 

During the recovery period provided medical leaves 

are from 10 to 30 days, as for elective surgery are usu-

ally 10 days, and in case of emergency operation - 30 

days [15]. The amount of medical leaves are calculat-

ed based on the national average salary ï ú 385. Under 

existing legislation, the employer pays the first three 

days of hospitalization on the bases of 70% of salary, 

while National Insurance Fund (NIF) pays the rest of 

medical leaves - the amount is 80% of the insurable 

income of the worker. Thus for the first three days 

will be charged ú8.75 and ú 10 per every day until the 

end of medical leaves. 

The total cost for every herniotomy were calcu-

lated using the following formula: 

Total cost of herniotomy = Direct costs [GP visit 

+ specialist visit + cost of the operating procedure + 

cost of the hernia meshes + cost of the selected team / 

operator + user fee + cost of complications] + Indirect 

costs [number of days in disability * average income 

per day] 

 

Statistical methods 

A descriptive statistics was used to determine the 

average cost of elective, emergency and laparoscopic 

surgery paid by the society and patients, as well as to 

compare the average price of hernia meshes, laparo-

scopic equipment and additional fees. Statistically 

significant differences in cost of operations were de-

termined at level of significance p = 0.05. 

A sensitivity analysis was applied to determine 

the impact of the following variables: the price of the 

meshes, the influence of additional fee for surgical 

team and the influence of the cost laparoscopic 

equipment on the total cost of operation. Costs are 

varied within the following ranges: for the price of 

meshes: from ú 66 to ú 750; for additional fees from ú 

250-ú 450 and for the value of laparoscopic equipment 

between ú175 to ú750. Scenario analysis was applied 
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and total costs in two scenarios were calculated with 

the highest and with the lowest possible values of the 

chosen uncertain variables mentioned above. A Tor-

nado diagram was built to illustrate the influence of 

selected parameters on the total cost of laparoscopic 

surgery and to assess which parameters affect most 

heavily on the cost of operations. 

 

Results  

Considering the health care resources used and 

their unit prices the resulting cost of operation per 

patients, paid by the NHIF for both compared alterna-

tives is almost equal (Table 2). 

 

ʊable 2. Costs of an operation paid by NHIF 

 Costs paid for  

elective operation (EUR) 

Costs paid for emergency opera-

tion(EUR) 

GP visit 4.75  

Specialist visit 9.50  9.50  

Cost of operation 287  300.5  

Cost of complications 687.5 687.5  

Total cost without 

complications 

301.25 310 

Total cost with 

complications  

988.75 997.5 

 

On the other hand, the cost burden to the patient 

is significantly higher (Table 3). The less costly for 

patients appears to be the emergency operation, and 

the more expensive logically is the laparoscopic. 

 

ʊable 3. Costs of an operation paid by the patient (EUR) 

 Costs paid for elec-

tive  

conventional opera-

tion (EUR)  

Costs paid for 

conventional 

emergency 

Operation (EUR) 

Costs paid for laparoscopic 

elective operation (EUR) 

GP visit 1.45  1.45 

Specialist visit 1.45  1.45 

Price of the mesh 66-750 66-200 175-750 

Cost of the operator  250   -  - 

Cost of the team   -  450 

User fee 1 day x 2.95 2 days ʭ 2.95  1 day x 2.95 

Cost of hospital stay in case of 

complication 

 5 day x2.95  

Cost for improved hospital con-

ditions 

6.5-45 -   6.5-45 

Total 328.35* - 1050.6** 86.65*-220.65**  637.35*-1250.85**  

Average costs 689.9 Ñ 361.25  153.65 Ñ 67.0  944.1 Ñ 306.75 

*The cost was calculated when minimal price for the mesh and additional fees are included; 

**  The cost was calculated when maximal price for the mesh and additional fees are included ; 

 

Table 4. Indirect costs paid by society 

Medical leave Elective operation(EUR) Emergency operation(EUR) 

Costs paid by employee 3 days ʭ 8.75 3 days ʭ 8.75 

Costs paid by National Social Security 

Institute 

7 days ʭ 10.0 27 days ʭ 10.0 

Total 

 

96.25  
 

 296.25 

 

Due to higher sick leaves in case of the emergen-

cy operations the cost for the society is 3 times higher 

than the elective operations (Table 4).  

Cost-differences 

Costs of elective, emergency and laparoscopic 

operations paid by society were averaged and com-

pared. The costs of every subgroup were divided ac-

cording to presence or lack of complications. (Figure 

1).  
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Fig. 1. Comparison of the average costs of society for elective and emergency hernia operations. 

 

The results show that the cost of emergency and 

elective hernia operations without complications are 

comparable, if the patient does not choose a team or 

operating surgeon ï ú 770.75 Ñ ú 50 against ú 822.85 

Ñ ú 361.25. The cost of emergency operations with 

complications is ú 1467.25 Ñ ú 50 and exceeds the 

value of laparoscopic operations by about 10%. The 

cost of elective operations with complications are the 

highest - ú 1754.3 Ñ ú 361.25. If the selection of a 

surgeon is included in calculations the total cost reach 

ú 2004.3 Ñ ú 361.25 (Fig.1).  

The proportion that the patient paid during opera-

tions of hernia was assessed and presented (Fig.2). 

While the cost paid by NHIF for elective and emer-

gency surgery are in proportion ú 301/ ú 310, or total 

costs paid by public funds are ú 397/ú 606 the cost 

which patients paid are ú 689.9 / ú 153.65 for conven-

tional operations and ú 944.1 for laparoscopic opera-

tions. The patient paid 53.4% of the total cost of open-

mesh elective operation without complications if the 

surgeon is not chosen and 83.8% of the value if such a 

specialist is chosen. In the case of elective surgery 

with complications the cost paid by the patient is 

39.3% of the total value of the operation. If laparo-

scopic surgery was chosen he paid 71.1% of all ex-

penses. Comparisons of costs between laparoscopic 

and open surgery showed that the cost of laparoscopic 

operation is higher than open mesh operation with 

17.7%. If emergency operation is necessary the patient 

pays 19% of the cost of hernia operation without 

complications and 11.3% from the value of operation 

with complications. There are statistically significant 

differences between the costs paid by patient and soci-

ety in elective surgery with complications, as well as 

between costs of emergency operations (p = 0.001). 

 
Fig. 2. Comparison of the cost which patient pays for elective and emergency operations. The cost is expressed 

as a percentage of total cost of hernia repair (100%). 

 

Price differences of elective operations paid by 

patients according to localization of the medical center 

are as follows: In municipal hospital for elective her-

nia operation without complications and without 
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choice of a preferred surgeon the patient pays ú 78.35 

- ú 152.85 according to the size of the mesh or 16.4-

27.7% of the total cost which is between ú 475.6 - ú 

550.1. If there are complications, the cost of the opera-

tion according to the size of the mesh is ú 1386.85 - ú 

1456.35. The patient pays 6.7% -11.5% of the cost of 

emergency operation (Figure 3). 

In urban medical hospitals when surgical team or 

a high quality mesh is chosen, the part of the cost paid 

by the patient increases. In elective surgery he paid 

from ú 363.4 to ú1050.9 according to a size of the 

mesh, and ú 105.9- ú 205.9 in case of emergency sur-

gery. Thus patient pays between 47.7-72.5% of the 

cost of elective operation and 7.8-13.7% of the cost of 

emergency hernia operation. (Figure 3) 

 
Fig. 3. Distribution of the costs for elective and emergency surgery between patient and public funds according 

to region (MH ï municipally hospital; CC ï clinical centers). 

 

If laparoscopic technic is applied in an clinical 

centers, the price paid by the patient for elective sur-

gery will increase with ú 600-ú 700 and will reach the 

cost of emergency surgical operation. To evaluate the 

costs of society for implementation of laparoscopic 

hernia repair we applied a sensitivity analysis and var-

ied the cost of the meshes, cost of the laparoscopic 

equipment and fee for selection of a surgical team. 

(See Fig.4) The cost of elective operation without 

complications when laparoscopic technique is applied 

is obtained using data from Table 1, Table 2 and Table 

3. When we vary the price of implanted meshes sup-

posing that an average price of laparoscopic equip-

ment is ú 462.5 the prices of operation is in the range 

ú 1393-1981. Changing the prices of laparoscopic 

equipment around the average price of meshes - ú 408 

increases the price of the elective operation in the 

range of ú 1337 ï ú 2037. In case of team selection the 

cost of this operation is between ú 1585 ï ú 1789.  

 

The sensitivity analysis demonstrates that the 

cost of the meshes, followed by the price of laparo-

scopic equipment have the largest share in the in-

creased cost of elective operations. 

 
Fig. 4. Costs for elective surgery without complications with the application of laparoscopic technique. 
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Discussion 

In this study we assessed and compared the costs 

for elective and emergency hernia operations in Bul-

garia considering surgical techniques, size of implants 

and the presence of complications. The differences in 

the costs paid by patients and National Health Insur-

ance Fund were also revealed. This is the first cost 

study for differences in the hernia surgery in the coun-

try using micro-macro costing approach and analyzing 

the differences among the type of surgeries and cost 

payer. It was provoked by the fact that the National 

Health Insurance Fund is paying a flat tariff costs for 

all hernia operations despite of their complexity, sur-

gery technique and emergency. Therefore we wanted 

to know the real cost of operations and the share that 

the Fund is covering. 

The cost analysis shows that public funds paid 

for elective surgery are about 3 times less than in case 

of incarceration. Patients operated at municipally cen-

ters in the absence of team selection when cheaper 

mesh is used, pay for emergency and planned opera-

tion comparable amounts - ú 115.6 ï ú 99.4. If pa-

tients are operated in leading centers they can take 

advantage of the choice of a team, quality meshes and 

better hospital conditions, and they would pay 4.5 

times more for elective surgery than for emergency 

operation. The average cost of complications are 

38.4% from the total cost of elective surgery and 47.5 

percent of the cost of emergency surgery. The mean 

value of the mesh (ú 200) is respectively 18.4% and 

26.8% of the value of elective and emergency opera-

tion. This is the most costly part of the surgery that in 

fact the NHIF is not covering. There are some stand-

ard meshes supplied via hospital tenders that some-

times did not offer enough variety of options corre-

sponding to the different type of the patients, previous 

surgery, complexity of the cases etc. 

 

Evaluated differences in calculated costs paid by 

public funds and patients showed that there are statis-

tically significant differences in the costs paid for 

elective operations as well as for emerged operations 

(p<0.001). There was no statistically significant dif-

ferences in the costs paid by patients for emergency 

operations done in municipal and urban hospitals (p = 

0.134). Costs of operations paid by patients undergo-

ing hernia repair with low-cost mesh in municipally 

medical center and those undergoing hernia repair 

with commercial mesh in urban center are also statis-

tically significant (p<0.5).  

 

There are specific indications for laparoscopy 

over open repair, including recurrent hernias and bi-

lateral hernias when both sides can be repaired via the 

same laparoscopic port. Some studies have reported 

recurrence rates for laparoscopic repair that range 

from 1% to 3% [14,17].Taking into account the short-

ened recovery period, reduced recurrence rate and 

pain it is clear that using laparoscopic hernia repair 

could be achieved significant economic effect. The 

surgeons from 90 of the existing surgical centers in 

Bulgaria are able to apply this technique, which is 

about 76.2% of all medical centers in the country [4]. 

It is known that patient preference plays the greatest 

role in the choice of type of repair; but in low-income 

countries, when the cost of laparoscopic repair is al-

most double the cost of open mesh operation, the part 

of patient choosing this type of repair will be very 

low. 

 

Due to an effort to reduce costs in the treatment 

of hernia when the importance of outpatient surgery 

was recognized, patients spend a few hours at the hos-

pital or outpatient surgery center for recovering. There 

is a wide variation in the length of postoperative stay 

for hernia repair, reflecting differences in hospital 

policy. As a rule the cost of day-surgery operation is 

at least 50% less expensive than operation of patients 

according to the principles of conventional hospitali-

zation [15]. In the United States, inguinal hernias and 

femoral hernias have been treated on an outpatient 

basis in 92%, in UK 75% of elective surgery are on 

this basis while in Germany only 33% of inguinal her-

nia repairs are undertaken on outpatient basis [7,10].In 

some cases, a longer recovery period is necessary.  

  

In recent years, one-day surgery for hernia is ap-

plied also in specialized Bulgarian centers. [10,15]. 

From the published results the average hospital stay is 

18 hours, 10% of patients live the hospital at the same 

day and those who stay longer than 24 hours in the 

hospital are 1.73% [10]. Laparoscopic surgery is usu-

ally followed by at least one nightôs stay in hospital. 

 

 The recovery period after operation depends on 

type of hernia, choice of surgical technique and patient 

state. A quick return to work and daily and sport activ-

ity is associated mainly with choice of surgical tech-

nique. According to the National Guideline Clearing-

house patients undergoing open surgery can return to 

light work in about 14 days and those who work as 

manual laborers should stay at home between 21 and 

56 days before returning to work. Those undergoing 

laparoscopic surgery should wait about 7 days before 

returning to light work and about 14- 28 days before 

returning to a manual labor [13]. In his review Kavic 

compared recovery of patients after laparoscopic and 

open mesh operation [8]. He reported that patient who 

underwent laparoscopic hernia return to daily activity 

6 vs 10 days after open mesh operation, return to work 

14 vs 21 days and 24 vs 36 days for sport activity 

[17]. In Bulgaria the deadline to restore the normal 

rhythm of life is on average 9 days [10]. Provided 

medical leaves are 10 days for elective surgery and 30 

days in case of emergency operation. 

 

Many studies reported the prices of surgical op-

erations depending on the type of hernia and the ap-

plied operating procedure. Prices of the conventional 

hernia surgery in EU are between 653 euros (Poland) 

to ú 6,713 (Italy). The most expensive operations in 

Spain are for umbilical hernia - ú 4292, in Poland for 

epigastric hernia - ú 1420, and in Turkey ï for femoral 

hernia - ú 1207 [19]. The average cost for an inguinal 

open hernia surgery ranged between $4200 and $6200 

in USA [18] but the average patient would pay be-
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tween $750 and $1109 for this surgery which is 18% 

of total cost. An umbilical hernia repaired through 

laparoscopic or open surgery, can cost an individual 

with insurance between $700 and $2,000 which is 14-

32% of total costs. The total direct costs for laparo-

scopic, open mesh and open non-mesh repair, based 

on the cost in 2001ï02 prices in UK are Ã1078, Ã987 

and Ã942 respectively [11].Operations with laparo-

scopic technique are about 1.2- 2.5 times more expen-

sive than conventional hernia operations according to 

data for the period 1995 ï 2001 [6]. For UK this ratio 

is 1.09 and for our country the ratio is 1.61 [11]. The 

total cost of elective surgery in Bulgaria is similar to 

those in Poland, but laparoscopic operations in Bul-

garia are 62% more expensive than open mesh opera-

tions. In our country there are no different costs of 

hospital services according to the type of hernia and 

surgical techniques which leads to underestimation of 

labor of surgeons and lack of motivation for the use of 

laparoscopic technique. 

 

The total cost of treatment for each patient was 

used to calculate the anticipated cost of the treatment 

for all patients undergoing herniotomy. The number of 

resections per 2016 is based on the data reported in 

The National Framework Agreement. Totally provid-

ed operations from hernia are 17,043 and 2354 of 

them are incarcerations [13]. The total cost of hernia 

operations based on average value of elective and 

emergency repairs is ú 16,049,758.26 . The cost of 

planned surgery is ú 14,071,456.6 if 0.3% complica-

tions are included. The cost of emergency operations 

is ú 1,978,302 when 10% complications are included 

in this cost. The total cost taken by patients for elec-

tive and emergency operations are respectively ú 7, 

514,157.8 euro and ú 217,613.2. 

 

This analysis shows that indirect costs are similar 

for both procedures. A cost difference can only be 

found according to type of operations being ú 200 

more expensive for emergency operation. The fixed 

direct costs are paid for planned and emergency opera-

tions ï ú 301 vs ú 310 in case without complications 

and ú 988 vs ú 997 in case of complication. Laparo-

scopic hernia repair has a higher cost for procedure 

versus the open hernia repair at ú 254.2 mainly (ú 

689.9 vs ú 944.1) being due to the more costly laparo-

scopic equipment. The application of laparoscopic 

surgery influences the patientsô costs only. A flat rate 

institutional reimbursement of 300 euro results in a 

higher patients costs. It is necessary to significantly 

reduce health costs borne by patients, because only 

from 13.8% of cases (incarceration hernia) NHIF co-

vers the 88.6% of total cost. Elective surgery costs are 

shared between the patient and the Fund. The current 

use of laparoscopic surgery is low but its use will  in-

crease if the cost of hernia meshes and laparoscopic 

equipment is covered by the NHIF. The laparoscopic 

surgical repair of hernia imposed using of highly spe-

cialized skills and patients receiving this care paid 

more that is not acceptable in case of compulsory in-

surance. 

 

Economic evaluation of two surgical procedures 

for hernia repair indicates that planned (elective) oper-

ations are less costly for NHIF and hospitals and more 

costly for the patients. The differences in calculated 

costs paid by public funds and patients were not in 

favor of patients neither in emergency procedures. The 

results of the sensitivity analysis show that the factors 

that influence the cost of operations are the price of 

meshes and laparoscopic equipment costs. It is neces-

sary to provide a relevant procedure with specific 

prices of hospital service according to real value of 

different hernia repair.  
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ɸ.ʅ. ɸʥʠʱʝʥʢʦ 

 ʀʉʕʈʊ ʈɸʅ 

ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

 

ʆʉʅʆɺʅʓɽ ʉʆʉʊɸɺʃʗʖʑʀɽ ɸʂʊʀɺʀɿɸʎʀʀ ʀʅʅʆɺɸʎʀʆʅʅʆ-

ʀʅɺɽʉʊʀʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʄʆʃʆʏʅʆʄ ʉʂʆʊʆɺʆɼʉʊɺɽ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦ-

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʦʪʨʘʩʣʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚʦʚʘ-

ʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʣʦʯʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ, ʠʥʥʦʚʘʮʠʠ, ʠʥʚʝʩʪʠʮʠʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʠʟʘʮʠʠ.  
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THE BASIC COMPONENTS OF INTENSIFICATION OF INNOVATION AND INVESTMENT 

PROCESSES IN DAIRY CATTLE BREEDING  

 

Abstract: The article describes the basic components of intensification of innovation and investment pro-

cesses in the sub-sectors of dairy cattle breeding in modern conditions of managing. 

 

Keywords: dairy cattle breeding, innovation, investment, direction of activation. 

 

ɸʢʪʠʚʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʧʦʜʦʪʨʘʩʣʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʚʦ ʚʟʘʠʤʦʩʚʷ-

ʟʠ ʩ ʠʥʚʝʩʪʠʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡ-

ʰʠʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨ-

ʥʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʞʠʚʦʪ-

ʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʠʚʰʠʝʩʷ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʚ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝ-

ʩʢʦʣʴʢʦ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʨʦʩʪʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʢʦʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʠ-

ʞʝʥʠʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʚ ʧʦʜʦʪʨʘʩʣʠ ʦʩʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ. 

ʇʘʨʘʜʦʢʩʘʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦ-

ʚʦʜʩʪʚʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʥʘʫʢʘ, ʨʘʩʧʦʣʘʛʘʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘ-

ʣʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʦʩʦʙʥʳʤ ʦʙʝʩ-

ʧʝʯʠʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʘʜʝʡʩʪʚʦ-

ʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʧʦʜʦʪʨʘʩʣʠ. 

ɺ ʦʩʥʦʚʝ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʬʝʨʫ ʧʦ ʧʦʣʫʯʝʥʠʶ ʟʥʘʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʥʘʫʢʠ ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳ-

ʪʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʨʫʜʘ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʨʝʜʩʪʚʦʤ: 

ī ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʠ ʚʳʚʝʜʝ-
ʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʨʦʜ, ʪʠʧʦʚ ʠ 

ʣʠʥʠʡ ʞʠʚʦʪʥʳʭ; 

ī ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʠ ʨʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʢʦʨʤʣʝʥʠʷ; 

ī ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʥʦʚʳʭ 
ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠ-

ʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ; 

ī ʨʘʟʚʠʪʠʷ ʢʦʦʧʝʨʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʦʜʦʪʨʘʩʣʠ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Stylopoulos%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12415334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gazelle%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=12415334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rattner%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=12415334
http://www.ncbi.nlm.nih.gov/pubmed/12415334
http://www.traetmentabroad.com/
http://www.guideline.gov/iedetect.aspx
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ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ  

ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ 

 

ɺ ʈʦʩʩʠʠ ʠ ʝʝ ʩʫʙʲʝʢʪʘʭ ʦʩʥʦʚʥʦʡ ʥʘʫʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ 

ʌʝʜʝʨʘʣʴʥʦʤ ʘʛʝʥʪʩʪʚʝ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʫʯʝʥʳʭ ʆʪʜʝ-

ʣʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈɸʅ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦ-

ʜʠʪ ʦʢʦʣʦ 200 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫ-

ʪʦʚ, ʚ 53 ʠʟ ʢʦʪʦʨʳʭ ï ʩʝʣʝʢʮʠʦʥʥʳʝ ʮʝʥʪʨʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï 8 ʧʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ. ʅʘʫʯʥʳʝ ʫʯʨʝʞʜʝ-

ʥʠʷ ʈɸʅ ʚ ʦʙʣʘʩʪʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʝʜʫʪ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ī ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʩʝʣʝʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ; 

ī ʨʘʟʨʘʙʦʪʢʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʢʦʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ; 

ī ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʩʦʜʝʨ-
ʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. 

ʀʟ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦʩʦ-

ʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʤʝʝʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʪʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʥʝ 

ʪʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʨʝʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ ʩʢʦʪʘ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝ-

ʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ: ʥʘʜʦʡ ʥʘ 

ʦʜʥʫ ʢʦʨʦʚʫ, ʞʠʨʥʦʩʪʴ ʤʦʣʦʢʘ, ʨʘʩʭʦʜ ʢʦʨʤʦʚ ʥʘ 

ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʠ ʚʳʭʦʜ ʪʝʣʷʪ ʥʘ 100 ʛʦʣʦʚ. 

ʄʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦ-

ʟʦʨʛʘʥʠʟʘʮʠʡ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʠʣʠ 

ʥʘʤ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ 

2010ï2013 ʛʦʜʳ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʝʣʴʩʢʦʭʦʟʦʨʛʘʥʠʟʘʮʠʷʭ, ʩʧʝ-

ʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʝ ʢʦʨʦʚ 

ʩʦʩʪʘʚʠʣ: ʧʦ ʩʨʝʜʥʝʤʫ ʥʘʜʦʶ ï 56,7%, ʞʠʨʥʦʩʪʠ ï 

57,1%, ʚʳʭʦʜʫ ʪʝʣʷʪ ï 67,7%, ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʨʘʩʭʦʜʝ ʢʦʨʤʦʚ (144,4%) ʦʪ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʛʦ ʫʨʦʚʥʷ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ʋʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʷʭ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, 2010ï2013 ʛʛ. 

ʇʦʢʘʟʘʪʝʣʠ 
ɻʝʥʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ 

ʌʘʢʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ʋʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝ-

ʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ,% 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʥʘʜʦʡ ʥʘ ʢʦʨʦʚʫ, ʢʛ 9560 5420 56,7 

ɾʠʨʥʦʩʪʴ ʤʦʣʦʢʘ, % 4,2 3,6 57,1 

ʈʘʩʭʦʜ ʢʦʨʤʦʚ ʥʘ ʮʝʥʪʥʝʨ ʤʦʣʦʢʘ, ʢ. 

ʝʜ. 
0,9 1,3 144,4 

ɺʳʭʦʜ ʪʝʣʷʪ ʥʘ 100 ʛʦʣʦʚ, ʛʦʣ. 98 85 67,7 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚ. 

 

ɺ ʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʠ 

ʥʘʫʯʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 

ʛʦʜʘ (ʜʘʣʝʝ ï ʂʦʥʮʝʧʮʠʷ) ʨʘʩʢʨʳʪʳ ʥʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʝ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂ ʥʠʤ ʦʪʥʝʩʝʥʳ: çʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʛʝʥʝ-

ʪʠʯʝʩʢʦʡ ʜʝʪʝʨʤʠʥʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦ ʧʦʣʝʟʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʞʠʚʦʪʥʳʭ; ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝ-

ʤʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʝʣʝʢʮʠʠ; ʨʘʟʨʘʙʦʪʢʘ ʩʠ-

ʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʞʠʚʦʪʥʳʭ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ; ʩʦʟʜʘʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʦʩ-

ʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʢʦʨʤʣʝʥʠʷ; ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʞʠ-

ʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤè. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʂʦʥʮʝʧʮʠʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝ-

ʥʠʶ, ʩʣʝʜʦʚʘʣʦ ʙʳ ʰʠʨʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʙʣʝʤʳ 

ʠʥʥʦʚʘʮʠʡ ʩ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢ, 

ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʷ 

ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʥʘʧʨʘʚ-

ʣʝʥʠʡ: 

1. ʠʥʚʝʩʪʠʮʠʦʥʥʦʝ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ, ʦʙʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩ-

ʎʝʣʴ ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʚ ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘ-

ʥʠʟʘʮʠʷʭ 

ʆʩʚʦʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʘʢʪʠʢʝ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ (ʚʳʚʝʜʝʥʠʝ ʥʦʚʳʭ ʧʦʨʦʜ ʠ ʣʠʥʠʡ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʨ.) 
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ʩʦʚ, ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʣʠʥʠʡ); 

2. ʩʝʣʝʢʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʝ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʫʣʫʯʰʝʥʠʝ ʧʦʨʦʜ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʤʝʞʧʦʨʦʜʥʦʛʦ ʩʢʨʝʱʠʚʘʥʠʷ); 

3. ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ (ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨ-
ʛʘʥʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʧʘʩʪʙʠʱʥʳʡ ʠ 

ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜ, ʢʦʨʤʣʝʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʜʘ, ʚʝʪʝʨʠʥʘʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ); 

4. ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ (ʦʨʛʘʥʠ-

ʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʧʦʜʜʝʨʞʢʘ, ʚʥʫʪʨʠʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʪʨʫʜʘ, ʢʦʦʧʝʨʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ, ʤʦʪʠʚʘʮʠʷ, ʭʦ-

ʟʷʡʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ); 

5. ʩʦʮʠʘʣʴʥʦʝ (ʩʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦ-
ʚʠʡ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʛʨʫʧʧʳ ʘʢʪʠ-

ʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʭʦʜʷʪʩʷ ʚʦ 

ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʦʪʦʨʦʡ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʦʪʨʘʩ-

ʣʠ.  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʥʘ ʫʨʦʚʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʣʠʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

ī ʧʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ; 

ī ʦʨʛʘʥʠʟʘʮʠʷ ʧʣʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʨʠʤʝ-
ʥʝʥʠʝʤ ʤʝʞʧʦʨʦʜʥʦʛʦ ʩʢʨʝʱʠʚʘʥʠʷ; 

ī ʩʪʨʫʢʪʫʨʘ ʩʪʘʜʘ ʠ ʚʦʟʨʘʩʪʥʦʡ ʩʦʩʪʘʚ ʢʦ-
ʨʦʚ; 

ī ʪʝʭʥʦʣʦʛʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʧʘʩʪ-
ʙʠʱʥʳʡ ʠ ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜʳ; 

ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʠ ʩʠʩʪʝʤʘ 
ʢʦʨʤʣʝʥʠʷ; 

ī ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʭʘʥʠʟʘʮʠʷ 
ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ī ʤʦʪʠʚʘʮʠʷ ʪʨʫʜʘ ʠ ʜʨ. 

ʈʝʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦ-

ʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʥʮʝʥ-

ʪʨʠʨʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʙʘʟʫ ʜʣʷ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭ-

ʥʠʢʠ, ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʩʪʘʜʘ, ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʨʝʧʨʦʜʫʢʮʠʠ ʤʦʣʦʜʥʷʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦʚʴʷ, ʚʝʪʝʨʠʥʘʨʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʤʠʢʨʦʢʣʠʤʘʪ. 

ɼʘʥʥʳʝ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʞʠʚʦʪʥʦʚʦʜ-

ʩʪʚʘ, ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʅʀʀ ʤʦʣʦʯʥʦʛʦ ʠ ʣʫʛʦ-

ʧʘʩʪʙʠʱʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʅʀʀ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʅʀʀ ʤʦʣʦʯʥʦʛʦ ʠ ʣʫʛʦʧʘʩʪʙʠʱʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʙʝʩʧʨʠʚʷʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʦʚ ʥʘ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʧʘʩʦʤ ʠʭ ʥʘ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠ-

ʱʘʭ. 

ʊʘʢ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʟʘʪʨʘʪ ʚ ʇʣʝʤʟʘʚʦʜï

ʢʦʣʭʦʟ çʈʦʜʠʥʘè ɺʦʣʦʛʦʜʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʣʦʛʦʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʥʘ 1 

ʮ ʤʦʣʦʢʘ ʚ 2013 ʛʦʜʫ ʧʨʠ ʧʨʠʚʷʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʩʦʩʪʘʚʠʣʠ 1113,8 ʨʫʙ., ʧʨʠ ʙʝʩʧʨʠʚʷʟʥʦʤ ï 900,3 

ʨʫʙ. ʆʩʥʦʚʥʘʷ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʧʨʠ ʙʝʩʧʨʠʚʷʟ-

ʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, 

ʘʤʦʨʪʠʟʘʮʠʶ, ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 ï ʉʪʨʫʢʪʫʨʘ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1ʮ ʤʦʣʦʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʩʦʜʝʨʞʘʥʠʷ ʢʦ-

ʨʦʚ ʚ ʇʣʝʤʟʘʚʦʜïʢʦʣʭʦʟ çʈʦʜʠʥʘè ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 ʚ 2013 ʛʦʜʫ, ʨʫʙ. 

ʇʦʢʘʟʘʪʝʣʠ 

ʇʨʠʚʷʟʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʩ ʤʦʣʦʢʦʧʨʦʚʦ-

ʜʦʤ 

ɹʝʩʧʨʦʚʦʜʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʩ ʜʦʠʣʴʥʳʤ 

ʟʘʣʦʤ 

% ʨʦʩʪʘ/ʩʥʠʞʝʥʠʷ 

ʆʧʣʘʪʘ ʪʨʫʜʘ 270,1 90,2 33,4 

ʂʦʨʤʘ  520,6 500,7 96,2 

ɸʤʦʨʪʠʟʘʮʠʷ  58,0 80,7 139,1 

ɻʉʄ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 201,4 136,7 67,9 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 51,0 48,6 95,3 

ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ 52,6 49,4 93,9 

ʀʪʦʛʦ ʟʘʪʨʘʪ 1153,7 906,3 78,6 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚʘ. 

 

ʋʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʭʦʟʷʡ-

ʩʪʚʦʚʘʥʠʷ: ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ, ʬʠʥʘʥʩʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘ-

ʙʦʪʥʠʢʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʧʨʠ ʵʪʦʤ, ʠʤʝʝʪ ʨʘʟʚʠʪʠʝ 

ʩʠʩʪʝʤʳ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʘʤ ʠʥʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʦ ʜʦʩʪʠʞʝʥʠʷʭ ʅʊʇ, ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʚʥʝʜʨʝʥʠʝʤ ʟʘʥʠʤʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʥʩʫʣʴʪʘʪʠʚʥʳʝ ʩʣʫʞʙʳ, ʘʩʩʦʮʠʘʮʠʠ, ʢʦʦʧʝʨʘʪʠ-

ʚʳ, ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʫʯʝʥʳʝ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʘʢʪʠʚʠʟʘʮʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʣʦʯʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ʄʦʜʝʣʴ ʪʘʢʦʛʦ ʢʣʘ-

ʩʪʝʨʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ɺʦʣʦʛʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʨʠʩ.2) 
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ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 53 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʦʣʦʯʥʦʛʦ ʢʣʘʩʪʝʨʘ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʀʩʪʦʯʥʠʢ: ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʦʤ. 

 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴ-

ʥʳʡ-ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʊ.ʃ. ʉʘʘʪʠ [5], ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʧʨʝʜʧʦʯʪʝʥʠʡ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦ ʦʙʲʝʢʪʘʤ ʠʥʚʝ-

ʩʪʠʨʦʚʘʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʥʘʧʠʩʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʘʢ-

ʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ: 

ʚʳʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʚʝʩʪʠʮʠʡ ʜʣʷ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ; ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʝʢʮʠʦʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʢʦʪʘ; ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʞʝ-

ʥʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ, ʢʘʢ ʦʩʥʦ-

ʚʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʦʣʴ ʠʥʚʝʩʪʠʮʠʡ 

ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʙʘʟʳ; ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʠʠ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ, ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʧʦʜʦʪʨʘʩʣʠ, ʧʦʚʳ-

ʰʝʥʠʠ ʟʘʥʷʪʦʩʪʠ ʥʘ ʩʝʣʝ. 

ʀʩʭʦʜʷ ʠʟ ʚʘʞʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʦʣʦʯʥʦʤ 

ʩʢʦʪʦʚʦʜʩʪʚʝ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ çʠʥʚʝʩʪʠʮʠʠè 

ʢʘʢ ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʬʠʥʘʥʩʦʚʳʭ ʠ ʠʤʫ-

ʱʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠʥʥʦʚʘʮʠ-

ʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʣʠ ʜʨʫʛʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʠʣʠ ʜʨʫʛʦʛʦ ʧʦʣʝʟʥʦʛʦ 

ʵʬʬʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ. ʅʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʚ ʜʘʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪ-

ʨʘʞʘʶʪʩʷ ʮʝʣʠ ʠʥʚʝʩʪʠʮʠʡ: ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʨʝʰʝʥʠʝ ʩʦ-

ʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ; ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʦʜʦʪʨʘʩʣʠ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪʘʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ: ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʞʠʚʦʪʥʦʚʦʜ-

ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʬʝʨʤ; ʤʝʣʠʦʨʘʮʠʶ ʢʦʨʤʦʚʳʭ 

ʫʛʦʜʠʡ; ʦʩʚʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʥʳʭ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʨʳʥʦʢ ʩ ʦʧʪʠʤʘʣʴ-

ʥʦʡ ʦʢʫʧʘʝʤʦʩʪʴʶ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

ʅʘ ʦʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʫ ʠʥʚʝʩʪʠʮʠʡ ʦʩʥʦʚʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ɺ 

1990 ʛʦʜʫ ʫʜʝʣʴʥʳʡ ʚʝʩ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʚʘ-

ʣʦʚʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ 

ʩʦʩʪʘʚʣʷʣ 16,4%, ʚ 2012 ʛʦʜʫ ʦʥ ʩʥʠʟʠʣʩʷ ʜʦ 3,2%.  

ʇʨʦʠʟʦʰʣʠ ʢʨʫʧʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ. ʊʘʢ ʟʘ 1999ï2012 ʛʦʜʳ 

ʜʦʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʥʠʟʠ-

ʣʘʩʴ ʥʘ 15,4 ʧ.ʧ. (ʩ 62,2% ʚ 1990 ʛʦʜʫ ʜʦ 46,8% ʚ 

2012 ʛʦʜʫ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 

ï ʥʘ 13,6 ʧ.ʧ.; ʜʦʣʷ ʜʨʫʛʠʭ ʟʘʝʤʥʳʭ ʩʨʝʜʩʪʚ ï ʚʦʟ-

ʨʦʩʣʘ ʥʘ 47,3 ʧ.ʧ.  

ʀʟʤʝʥʠʣʩʷ ʚʚʦʜ ʚ ʜʝʡʩʪʚʠʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ɺ 1990 
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ʛʦʜʫ ʙʳʣʦ ʚʚʝʜʝʥʦ 1102 ʪʳʩ. ʩʢʦʪʦʤʝʩʪ, ʢ 2013 

ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʢʨʘʪʠʣʩʷ ʚ 9,6 ʨʘʟʘ ʠ ʩʦʩʪʘ-

ʚʠʣ 114,7 ʪʳʩ. ʩʢʦʪʦʤʝʩʪ. ʊʘʢʞʝ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚ 1,8 ʨʘʟʘ (ʩ 436 ʪʦʥʥ ʚ 1990 ʛʦʜʫ ʜʦ 244,5 

ʪʦʥʥ ʚ ʩʤʝʥʫ) ʩʥʠʟʠʣʠʩʴ ʤʦʱʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʮʝʣʴʥʦʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʘʟʚʠʪʠʝ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦ-

ʚʦʜʩʪʚʘ, ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙ-

ʥʦʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʠʩʭʦ-

ʜʷʱʘʷ ʚ ʩʪʨʘʥʝ ʜʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʩʝʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʠʣʝʥʥʦ 

ʜʝʢʣʘʨʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʣʦʞʝʥʠʝ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘ-

ʱʝʥʥʦʩʪʴʶ ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʤ. 

ɺ 2013 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1990 ʛʦʜʦʤ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʘʢʪʦʨʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 4,8 ʨʘʟʘ, ʢʦʨʤʦʫʙʦʨʦʯ-

ʥʳʭ ʢʦʤʙʘʡʥʦʚ ï 7,5 ʨʘʟʘ, ʢʦʩʠʣʦʢ ï ʚ 7,7 ʨʘʟʘ, 

ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ï ʚ 8,5 ʨʘʟ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 ï ʏʠʩʣʝʥʥʦʩʪʴ ʧʘʨʢʘ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʭʦʟʦʨʛʘʥʠʟʘʮʠʷʭ ʈʦʩʩʠʠ, ʪʳʩ. ʰʪ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʭʥʠʢʠ 1990 ʛ. 2000 ʛ. 2005 ʛ. 2010 ʛ. 2013 ʛ. 
2013 ʛ. ʢ 

1990 ʛ.,% 

ʊʨʘʢʪʦʨʳ 1365,6 786,8 48,3 338,4 283,0 20,7 

ʇʣʫʛʠ 538,3 237,6 148,8 87,8 81,4 13,4 

ʂʦʤʙʘʡʥʳ ʢʦʨʤʦʫʙʦʨʦʯʥʳʝ 120,9 59,6 33,4 20,0 16,1 13,3 

ʂʦʩʠʣʢʠ 275,1 98,4 63,9 41,3 35,6 12,9 

ʇʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʠ 80,4 44,0 32,4 24,1 22,7 28,2 

ɼʦʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 242,2 88,7 50,3 31,4 28,6 11,8 

ʀʩʪʦʯʥʠʢ: ʦʬʠʮʠʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʘʡʪʘ ɽʜʠʥʦʡ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɽʄʀʉʉ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://fedstat.ru 

 

ɺ ʩʠʩʪʝʤʝ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳ-

ʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, 

ʦʩʦʙʦʝ ʤʝʩʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʪʚʝʜʝʥʦ ʩʦʟʜʘʥʠʶ ʧʨʦʯʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʚ 

ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2012ï2014 ʛʦʜʳ ʟʘʪʨʘʪʳ 

ʥʘ ʢʦʨʤʘ ʩʦʩʪʘʚʠʣʠ 48%. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ 

ʩʣʦʞʠʣʠʩʴ ʜʚʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ: 

ʵʢʩʪʝʥʩʠʚʥʳʡ ʠ ʠʥʪʝʥʩʠʚʥʳʡ. 

ʕʢʩʪʝʥʩʠʚʥʳʡ ï ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʣʘʛʘʝʤʳʭ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ ʙʝʟ ʠʭ ʫʣʫʯʰʝʥʠʷ. ʕʪʦ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʥʳʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ. ɿʘ 1990ï

2013 ʛʛ. ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʪʝʭ-

ʥʠʯʝʩʢʘʷ ʦʩʥʘʱʸʥʥʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʦʩʪʘʥʦʚ-

ʣʝʥʦ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʯʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʦʙʚʘʣʴʥʦʤʫ ʩʧʘʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ. 

ɿʘ ʵʪʠ ʛʦʜʳ ʟʘʛʦʪʦʚʢʘ ʛʨʫʙʳʭ ʠ ʩʦʯʥʳʭ ʢʦʨ-

ʤʦʚ ʚ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮʘʭ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 5,1 ʨʘʟʘ ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʝʥʘ ï ʚ 5 ʨʘʟ, ʩʠʣʦʩʘ ï ʚ 6,1 ʨʘʟʘ, ʩʝʥʘʞʘ ï ʚ 1,6 

ʨʘʟʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʧʨʠʦʩʪʘʥʦʚʣʝʥʳ ʢʘʧʠʪʘʣʴʥʳʝ 

ʚʣʦʞʝʥʠʷ ʚ ʢʫʣʴʪʫʨʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʫʛʦʜʴʷʭ. ʈʝʟʢʦ ʫʤʝʥʴʰʠʣʦʩʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʨʦʰʘʝʤʳʭ ʠ ʦʩʫʰʝʥʥʳʭ ʟʝʤʝʣʴ. ɿʘ 

1990ï2013 ʛʛ. ʚʚʦʜ ʚ ʜʝʡʩʪʚʠʝ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, 

ʚʢʣʶʯʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩʦʢʨʘʪʠʣʩʷ ʧʦʯʪʠ ʚ ʜʝ-

ʩʷʪʴ ʨʘʟ, ʦʩʫʰʝʥʥʳʭ ï ʩ 162 ʪʳʩ. ʛʘ ʜʦ 4,3 ʪʳʩ. ʛʘ, 

ʢʫʣʴʪʫʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ï ʩ 865 ʪʳʩ. ʛʘ ʜʦ 15,3 

ʪʳʩ. ʛʘ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʳʩʦ-

ʢʦʤ ʫʨʦʚʥʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʢʦʨʤʦʧʨʦ-

ʠʟʚʦʜʩʪʚʘ, ʨʘʟʚʠʪʠʝʤ ʦʨʦʰʝʥʠʷ ʠ ʦʩʫʰʝʥʠʷ, ʰʠ-

ʨʦʢʦʤ ʧʨʦʚʝʜʝʥʠʠ ʢʫʣʴʪʫʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʩ 

ʩʦʟʜʘʥʠʝʤ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ, ʧʨʠʤʝʥʝʥʠʷ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʢʦʨ-

ʤʦʚ. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʶ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʤʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤ ʩ ʧʦʟʠʮʠʡ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʥʘ ʦʩʥʦʚʝ 

ʚʣʦʞʝʥʠʷ ʜʝʥʝʞʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʦʙʝʩʧʝʯʠʪʴ ʨʦʩʪ ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʠ ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʥʪʥʝʨʘ ʧʨʦʜʫʢʮʠʠ ʚ ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮʘʭ ʠ ʧʝʨʝʚʘʨʠʚʘʝʤʦʤ ʧʨʦʪʝʠʥʝ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʨʤʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʘʰʥʝ. ʇʦ ʜʘʥʥʳʤ ʌʝ-

ʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘ ʛʦʜʳ ʘʛʨʘʨʥʦʡ ʨʝʬʦʨʤʳ 

ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʢʦʨʤʦʚʳʭ ʢʫʣʴ-

ʪʫʨ ʦʧʝʨʝʞʘʣʘ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʚʩʝʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ 2013 ʛʦʜʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1990 ʛʦʜʦʤ ʧʦʩʝʚʳ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʫʤʝʥʴʰʠʣʠʩʴ ʚ 1,5 ʨʘʟʘ (ʩ 117,7 

ʤʣʥ. ʛʘ ʚ 1990 ʛʦʜʫ ʜʦ 78 ʤʣʥ. ʛʘ ʚ 2013 ʛʦʜʫ), 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ï ʚ 2,6 ʨʘʟʘ (ʩ 44,6 ʜʦ 17,2 ʤʣʥ. 

ʛʘ). ʊʘʢʞʝ ʟʘ ʵʪʠ ʛʦʜʳ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʤʥʦʛʦ-

ʣʝʪʥʠʭ ʪʨʘʚ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 20,6%, ʢʫʢʫʨʫʟʳ ʥʘ 

ʩʠʣʦʩ ï ʚ 2,6 ʨʘʟʘ, ʢʦʨʤʦʚʳʭ ʢʦʨʥʝʧʣʦʜʦʚ ï ʙʦʣʝʝ 

ʯʝʤ ʚ ʰʝʩʪʴ ʨʘʟ. 

ʇʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ, ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠ ʨʘʩ-

ʭʦʜʘ ʠʭ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. ʊʘʢ, ʟʘ 1990ï2013 ʛʦʜʳ 

ʨʘʩʭʦʜ ʢʦʨʤʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʩʦʢʨʘʪʠʣʩʷ ʚ 2,4 

ʨʘʟʘ (ʩ 225,8 ʤʣʥ. ʪʦʥʥ ʚ 1990 ʛʦʜʫ ʜʦ 92,6 ʤʣʥ. 

ʪʦʥʥ ʚ 2013 ʛʦʜʫ), ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʢʦʨʤʦʚ ï ʚ 2,5 ʨʘʟʘ (ʩ 85,9 ʜʦ 35,2 ʤʣʥ. ʪʦʥʥ). ɺ 

ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʨʘʩʭʦʜ ʢʦʨʤʦʚ ʩʦʢʨʘʪʠʣʩʷ 

ʩ 110,5 ʜʦ 45 ʤʣʥ. ʪ (ʚ 2,4 ʨʘʟʘ). ʆʜʥʘʢʦ, ʨʘʩʭʦʜ 

ʢʦʨʤʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʢʦʨʦʚʫ ʦʩʪʘʣʩʷ ʥʘ ʧʨʝʞ-

ʥʝʤ ʫʨʦʚʥʝ (32,5 ʮ.ʢ.ʝ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʘʩʭʦʜʘ ʢʦʨʤʦʚ 
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ʥʘ ʮʝʥʪʥʝʨ ʤʦʣʦʢʘ, ʢʦʪʦʨʳʡ ʚ 2013 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 

1,14 ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ. 

ʅʘ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦ-

ʪʝʥʮʠʘʣʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʙʘʣʘʥʩʠʨʦ-

ʚʘʥʥʦʩʪʴ ʢʦʨʤʦʚ ʧʦ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʦʩʦ-

ʙʝʥʥʦ ʧʦ ʧʝʨʝʚʘʨʠʚʘʝʤʦʤʫ ʧʨʦʪʝʠʥʫ, ʜʝʬʠʮʠʪ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 25ï30%. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʦʙʦʙʦʚʳʭ 

ʢʫʣʴʪʫʨ ʯʝʨʝʟ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʩʧʦʣʥʝʥʠʷ ʜʝʬʠʮʠʪʘ ʧʨʦʪʝʠʥʘ ʷʚ-

ʣʷʶʪʩʷ ʛʦʨʦʭ, ʩʦʷ, ʣʶʮʝʨʥʘ, ʨʘʧʩ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʠʪʴ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʦʨ-

ʤʦʚʦʡ ʙʘʟʳ. ɺ ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʳ: 

ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʛʦʣʦʚʫ, ʮʝʥʪʥʝʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦ-

ʣʦʢʘ, ʧʦ ʧʦʣʦʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʩʢʦʪʘ. ʄʳ ʧʦʣʘ-

ʛʘʝʤ, ʥʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʨʘʩʯʝʪʳ ʧʦ ʧʦʣʦʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʩ ʫʯʝʪʦʤ 

ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʦʚ. 

ʈʘʩʯʝʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʧʦ 

ʜʘʥʥʦʤʫ ʤʝʪʦʜʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʝʩʪʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 
ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʠ 

ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ, ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʠ; 

2. ʚʦʟʤʦʞʥʳʝ ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʙʦʯ-
ʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

3. ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʨʤʦʚʳʭ ʨʘʮʠʦʥʦʚ ʩ ʫʯʝ-
ʪʦʤ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʤʦʚ; 

4. ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦ-
ʱʘʜʝʡ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʥʠʷ ʢʦʨʤʦ-

ʚʦʡ ʙʘʟʳ. 

ɸʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʇʣʝʤʟʘʚʦʜ-ʢʦʣʭʦʟ ʠʤ. 50-ʣʝʪʠʷ ʉʉʉʈ ʠ ʇʣʝʤʟʘ-

ʚʦʜ-ʢʦʣʭʦʟ çɸʚʨʦʨʘè ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ, ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ. ʊʘʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʛʦʜʦʚʦʛʦ ʥʘʜʦʷ ʤʦʣʦʢʘ ʚ 

ʵʪʠʭ ʭʦʟʷʡʩʪʚʘʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʣʝʪʥʠʡ ʧʘʩʪʙʠʱ-

ʥʳʡ ʧʝʨʠʦʜ. ɺ ʵʪʦ ʚʨʝʤʷ ʛʦʜʘ ʩʦʯʥʳʝ ʪʨʘʚʳ ʚ ʢʦʨ-

ʤʦʚʳʭ ʨʘʮʠʦʥʘʭ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 80ï90%. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʥʘʜʦʝʚ ʤʦʣʦʢʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʨʘʮʠʦʥʘʭ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʚ ʚʠʜʝ ʢʦʤʙʠʢʦʨʤʦʚ ʠ 

ʢʦʨʤʦʩʤʝʩʝʡ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ ʟʝʨʥʦʙʦʙʦʚʳʭ 

ʢʫʣʴʪʫʨ. ʆʩʥʦʚʦʡ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʠʭ ʚ ʨʘʮʠʦʥʘʭ 

(ʜʦ 25ï30%) ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ, 

ʢʦʪʦʨʳʝ ʚ ʧʦʨʝʬʦʨʤʝʥʥʳʡ ʧʝʨʠʦʜ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 

19,1% (ʩ 116,7 ʤʣʥ. ʪʦʥʥ ʚ 1998 ʛʦʜʫ ʜʦ 91,3 ʤʣʥ. 

ʪʦʥʥ ʚ 2013 ʛʦʜʫ). ʇʨʠ ʵʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʥʦʙʦ-

ʙʦʚʳʭ ʢʫʣʴʪʫʨ ʫʤʝʥʴʰʠʣʦʩʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ (12,4 

ʤʣʥ. ʪʦʥʥ ʜʦ 6,1 ʤʣʥ. ʪʦʥʥ ʚ 2013 ʛʦʜʫ).  

ɺ ʇʨʦʛʨʘʤʤʝ1 ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ çʈʘʟʚʠʪʠʷ ʤʦ-

ʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝ-

ʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʚʳ-

                                                           
1 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʥʘ 

2013ï2020 ʛʦʜʳ. ï ʄ.: ʄʉʍɸ. ï 2012. ï ʉ. 51. 

ʨʘʚʥʠʚʘʥʠʝ ʩʝʟʦʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ, ʨʦ-

ʩʪʘ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʢʦʨʦʚ, ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʩʢʦʪʦʚʦʜʩʪʚʝ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʚʳʰʝʥʠʷ ʪʦʚʘʨ-

ʥʦʩʪʠ ʤʦʣʦʢʘ ʚʦ ʚʩʝʭ ʬʦʨʤʘʭ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷè. 

ʆʜʥʘʢʦ, ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʚʳʩʦʢʦʙʝʣʢʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʙʫʜʝʪ ʩʜʝʨʞʠʚʘʪʴ ʠʥʪʝʥʩʠ-

ʬʠʢʘʮʠʶ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ. 

ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʢʘ, ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʩʚʷʟʘʥʦ ʚ ʨʝʰʘʶʱʝʡ ʩʪʝʧʝʥʠ 

ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳ, ʥʝ ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʪʝʥʩʠʬʠʢʘ-

ʮʠʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʚ ɻʦʩʧʨʦʛʨʘʤʤʫ ʚ 
ʯʘʩʪʠ ʫʩʠʣʝʥʠʷ ʤʝʨ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚʳʩʦʢʦʙʝʣʢʦʚʳʭ ʢʫʣʴʪʫʨ (ʛʦʨʦʭʘ, ʩʦʠ, ʣʶ-

ʮʝʨʥʳ) ʯʝʨʝʟ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ; 

2. ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʫʯʝʪʦʤ ʫʚʝʣʠʯʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ; 

3. ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʚʝʩʪʠʮʠʠ ʜʣʷ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ, 

ʩʦʟʜʘʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ; 

4. ʧʨʠʥʷʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʩ ʚʳʩʦʢʠʤ ʠʭ ʢʘʯʝ-

ʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʫʣʫʯʰʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ; 

5. ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʦʨʤʦʚʦʡ 
ʙʘʟʳ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʢʦʨʤʦʚʳʭ ʨʘʮʠʦʥʦʚ ʧʦ ʧʦ-

ʣʦʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʩʢʦʪʘ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠ-

ʢʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʦʯʥʦʛʦ 

ʩʢʦʪʦʚʦʜʩʪʚʘ, ʥʘʣʠʯʠʷ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ, 

ʩʪʨʫʢʪʫʨʘ ʠʩʪʦʯʥʠʢʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʝʛʠʦʥʘʭ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ 

ʥʘ ʤʘʪʝʨʠʘʣʘʭ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʩʣʝʜʫʶ-

ʱʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ: 45% ï 

ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, 30% ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠ-

ʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ, 

15% ï ʙʘʥʢʦʚʩʢʠʝ ʢʨʝʜʠʪʳ, 18% ï ʧʨʠʚʣʝʯʝʥʠʝ 

ʩʨʝʜʩʪʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 2% ï

ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥ-

ʩʠʨʦʚʘʥʠʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʦʜʦʪʨʘʩʣʠ ʜʦʣʞ-

ʥʦ ʧʨʝʩʣʝʜʦʚʘʪʴ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ī ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ ʠ ʫʙʦʨʢʠ ʩʢʦ-

ʪʦʤʝʩʪ ʚ ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜ ʩʦʜʝʨʞʘʥʠʷ; 

ī ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 
ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʦʜʥʷʢʘ; 

ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʜʦʡʢʠ ʢʦʨʦʚ; 

ī ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʤʧʣʝʢ-

ʩʘʭ; 
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ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ ʥʘ 

ʦʩʥʦʚʝ ʤʝʣʠʦʨʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʚʝʩʪʠʮʠ-

ʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ çʜʝʨʝʚʘ ʮʝʣʝʡè. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘʟʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʠ-

ʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ: ʫʚʷʟʘʪʴ ʧʨʦʙʣʝʤʳ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ 

ʩ ʦʮʝʥʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʠ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟ ʥʠʭ; ʦʧʨʝʜʝʣʠʪʴ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʦʜʦʪʨʘʩʣʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʧʨʦʝʢʪʦʚ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ: 

ī ʚʳʙʦʨ ʛʣʘʚʥʦʡ ʮʝʣʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʩ ʫʯʝ-
ʪʦʤ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʧʪʠʤʠʟʘ-

ʮʠʶ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ; 

ī ʦʮʝʥʢʫ ʨʳʥʢʘ ʤʦʣʦʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 
ʨʘʩʰʠʨʝʥʠʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ; 

ī ʥʘʣʠʯʥʳʝ ʠ ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʬʠʥʘʥ-
ʩʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ; 

ī ʫʯʝʪ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʟʣʦʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʨʝʰʝʥʠʝ 

ʛʣʘʚʥʦʡ ʮʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʮʝʣʷʤʠ ʥʘ ʦʩʥʦ-

ʚʝ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʵʢʦʥʦʤʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʜʦʪʨʘʩʣʠ; ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʨʳʥʢʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ; ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠ ʝʛʦ ʦʙʦʩʥʦʚʘ-

ʥʠʷ; ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ (ʪʘʙʣ. 4) 

ʊʘʙʣʠʮʘ 4 ï ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʣʦʯʥʦʪʦʚʘʨʥʳʭ ʬʝʨʤ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʕʪʘʧʳ ɺʳʧʦʣʥʷʝʤʳʝ ʨʘʙʦʪʳ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʝʨʘʨʭʠʠ 

ʮʝʣʝʡ 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʷ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʢʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʠ ʧʦʜʦʪʨʘʩʣʠ 

ʉʦʩʪʦʷʥʠʝ ʵʢʦʥʦʤʠʢʠ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʨʘʟʤʝʱʝʥʠʝ ʞʠʚʦʪ-

ʥʦʚʦʜʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʣʠʯʠʝ ʢʦʨʤʦʚʦʡ ʙʘʟʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ 
ʅʘʣʠʯʠʝ ʠ ʤʦʱʥʦʩʪʴ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʢʫʧʦʯʥʳʝ ʮʝʥʳ ʥʘ 

ʤʦʣʦʢʦ, ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʠʩʪʦʯʥʠʢʠ ʠ ʫʩʣʦʚʠʷ ʢʨʝʜʠʪʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʫʯʘʩʪʠʷ ʚ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤʘʭ 

ʠ ʜʨ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʦʚ, 

ʨʘʩʯʝʪʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʳʙʦʨ ʧʨʠʝʤʣʝʤʦʛʦ 

ʚʘʨʠʘʥʪʘ, ʦʮʝʥʢʘ ʨʠʩʢʘ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦ-

ʛʦ ʚʘʨʠʘʥʪʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʣʦʢʘ, ʨʘʩʯʝʪʳ ʠʥʚʝ-

ʩʪʠʮʠʡ ʠ ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ 
ʅʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʦʚ ʚʚʦʜʘ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʦʚ, ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ. 

 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʨʠʩʢʠ ʚ ʬʠʥʘʥʩʦʚʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ: ʫʨʦʚʝʥʴ 

ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ ʧʦ ʢʨʝʜʠʪʘʤ ʩ ʫʯʝ-

ʪʦʤ ʦʞʠʜʘʝʤʦʡ ʠʥʬʣʷʮʠʠ, ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʣʘʚʥʦʡ ʮʝʣʠ ʩ ʫʯʝʪʦʤ ʧʣʘʥʠʨʫʝ-

ʤʦʛʦ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʚ ʦʙ-

ʣʘʩʪʷʭ: 

1. ʀʥʥʦʚʘʮʠʡ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫ-

ʨʳ ʩʪʘʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʜ ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ; ʫʣʫʯʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʢʦʪʘ; ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʭ ʬʦʨʤ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʅʊʇ 

ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʭʦʟʷʡʩʪʚ ʚ ʨʘʡʦ-

ʥʘʭ; ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʚ ʨʝʛʠʦʥʘʭ. 

2. ʀʥʚʝʩʪʠʮʠʡ ï ʘʢʪʠʚʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ ʤʝʭʘ-

ʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʩʢʦʪʘ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʩ ʩʦʟʜʘʥʠʝʤ ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʦʚʳʭ ʬʝʨʤ ʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦ-ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʷʜʫ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʳʥʢʦʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴ-

ʩʪʚʠʷ ʥʘ 2013ï2020 ʛʦʜʳ ʚ ʯʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʬʦʨʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ: ʩʝʣʝʢʮʠʦʥʥʦ-ʧʣʝʤʝʥʥʦʡ ʨʘʙʦʪʳ; 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚʳʩʦʢʦʙʝʣʢʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʩʦʟʜʘʥʠʷ 

ʢʫʣʴʪʫʨʥʳʭ ʧʘʩʪʙʠʱ; ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʯʝʨʝʟ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ: ʧʨʷʤʦʝ 

ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ, ʣʴʛʦʪʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ, ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʨ. 
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Summary: Understanding of the changes in modern production gives every reason to conclude that it is 

significantly different from the industrial type of economy existed in the previous century. These changes are 

associated with the "microelectronic revolution", which led on the one hand, to changes in the characteristics of 

the consumption of resources, on the other hand to changes in the nature there. Information is an endogenous 

component of the factors of production, human capital is acquiring a multiplicative value. The changing nature 

of work affect the work-life balance and free time. 

Key words: information, knowledge, information society, working time, free time. 

 

ɸʥʥʦʪʘʮʠʷ: ʆʩʤʳʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʝʪ ʚʩʝ ʦʩʥʦʚʘ-

ʥʠʷ ʜʣʷ ʚʳʚʦʜʘ ʦ ʪʦʤ, ʯʪʦ ʦʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʪʠʧʘ ʭʦʟʷʡʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʚ-

ʰʝʛʦ ʚ ʧʨʝʜʳʜʫʱʠʝ ʩʪʦʣʝʪʠʷ. ʀʟʤʝʥʝʥʠʷ ʵʪʠ ʩʚʷʟʳʚʘʶʪ ʩ çʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʨʝʚʦʣʶʮʠʝʡè, ʧʨʠʚʝʜʰʝʡ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʘʨʘʢʪʝʨʘ ʪʫʜʘ. ʀʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʵʥʜʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʢʘʧʠʪʘʣ ʧʨʠʦʙʨʝʪʘʝʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʫʶ ʮʝʥʥʦʩʪʴ. ʀʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʪʨʫʜʘ ʚʣʠʷʶʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʷ, ʟʥʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ, ʨʘʙʦʯʝʝ ʚʨʝʤʷ, ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ. 

 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ ʦʢʘʟʳʚʘʝʪ 

ʥʝʩʦʤʥʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʥʘ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʨʘʙʦʯʠʭ, 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʠ ʤʝʩʪʘ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʢʨʘʱʘʝʪʩʷ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʚʦʟʨʘʩʪʘʝʪ ʫʜʝʣʴʥʳʡ 

ʚʝʩ ʫʤʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʫʜʝʣʴʥʳʡ 

ʚʝʩ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʟʘʤʝʥ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʭ. ʉʥʠʞʘʝʪʩʷ 

ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʘʨʘʩʪʘʥʠʝ ʟʘʪʨʘʪ ʥʝʨʚʥʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʜʥʠʭ ʪʨʫʜʦʚʳʭ ʥʘʚʳʢʦʚ. ʀʥ-

ʬʦʨʤʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʢʦʥʦ-
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ʤʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʦʜʥʠʤ ʠʟ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ʈʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʟʥʘʥʠʷ, ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʘ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʝ ʭʘʨʘʢʪʝʨ ʪʨʫʜʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘ-

ʙʦʪʥʠʢʘ.  

ʊʨʫʜʥʦ ʦʪʨʠʮʘʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʤʝʥʷ-

ʝʪʩʷ. ʅʘ ʩʤʝʥʫ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʠʭʦʜʷʪ 

ʨʝʩʫʨʩʳ ʚʩʝʦʙʱʠʝ, ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ, ʧʦʪʨʝʙʣʷʝ-

ʤʳʝ ʥʝ ʧʫʪʝʤ ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ, ʘ ʧʫ-

ʪʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʨʘʩʧʨʝʜʤʝʯʠʚʘʥʠʷè, ʪʦ ʝʩʪʴ 

ʨʘʩʢʨʳʪʠʷ ʘʚʪʦʨʩʢʦʛʦ ʟʘʤʳʩʣʘ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʨʝ-

ʙʠʪʝʣʝʤ, ʪʦʛʜʘ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʪʨʫʜ, ʧʨʠʯʝʤ ʪʨʫʜ ʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʳʡ. 

ʆʪʜʝʣʴʥʳʝ ʵʢʦʥʦʤʠʩʪʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʘ-

ʪʝʨʠʘʣʴʥʳʝ ʙʣʘʛʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʘʩʧʝʢʪʝ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʫʱʥʦʩʪʠ. ʊʦ ʝʩʪʴ 

çʵʢʦʥʦʤʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʚʝʱʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʮʝʣʠʢʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʥʦʩʪʴʶ ʟʘ-

ʢʣʶʯʝʥʥʦʡ ʚ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠè [1]. ʊʨʫʜ, ʟʝʤʣʷ, 

ʢʘʧʠʪʘʣ ï ʪʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ʅʦ 

ʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʦʚʝʱʝʩʪʚʣʝʥʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʬʦʨʤʘʮʠʷ ʚ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʤ ʦʙʱʝʩʪʚʝ ʫʞʝ ʙʳʣʘ ʦʙʲʝʢʪʦʤ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʂ.ɼʞ. ʕʨʨʦʫ ʘʥʘʣʠ-

ʟʠʨʫʷ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʢʦʥʦʤʠʢʝ ʧʠʰʝʪ: 

çéʀʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʵʥʜʦʛʝʥʥʘʷ ʯʘʩʪʴ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʨʘʟʥʳʝ ʦʯʝʨʪʘʥʠʷ ʠ ʬʦʨʤʳ, ʥʦ ʟʜʝʩʴ ʝʩʪʴ ʜʚʘ ʚʘʞ-

ʥʳʭ ʤʦʤʝʥʪʘ. ʇʝʨʚʦʝ: ʦʥʘ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʚ ʪʦʤ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʩʫʨʩʳ ï ʝʝ ʨʦʣʴ ʚʘʞʥʝʝ, ʯʝʤ ʨʦʣʴ ʮʝʥ ʥʘ ʦʙʳʯ-

ʥʳʝ ʪʦʚʘʨʳ. ɺʪʦʨʦʝ: ʠʥʬʦʨʤʘʮʠʷ ï ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʪʦʚʘʨ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʝʜʢʦʩʪʴʶ ʠ ʮʝʥʥʦʩʪʴʶ, ʥʦ ʦʥʘ ʞʝ ʦʙʣʘʜʘʝʪ ʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠ ʝʝ ʦʪ ʦʙʳʯʥʳʭ ʪʦʚʘʨʦʚ. 

ʕʪʠ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʨʳʥʦʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝè [2]. ʆʪ-

ʤʝʪʠʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʦʚʘʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʟʥʘʥʠʡ 

ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʊʘʢ ɼ. ɸ. ɹʝʣʷʝʚ ʚ ʩʪʘʪʴʝ çʀʥ-

ʬʦʨʤʘʮʠʷ ʢʘʢ ʪʦʚʘʨè ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʳʤ ʚʠʜʦʤ ʧʨʦʜʫʢʪʘ ʩ ʧʨʠʩʫʱʠʤʠ 

ʝʤʫ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʦʚʘʨʘ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ [3]. 

ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʪʝʤ ʚʳʰʝ ʦʪʜʘʯʘ ʦʪ ʯʝʣʦʚʝ-

ʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʟʥʘʥʠʡ ʵʪʦ ʩʦʚʝ-

ʨʰʝʥʥʦ ʦʩʦʙʘʷ ʦʪʨʘʩʣʴʶ, ʧʝʨʚʠʯʥʘʷ ʦʩʥʦʚʘ 

ʣʠʜʝʨʩʪʚʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʮʠ-

ʚʠʣʠʟʘʮʠʠ. ɺʣʦʞʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʚʘ-

ʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ. ʉʪʘʥʦʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʢʘʧʠʪʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ, ʧʦ 

ʜʘʥʥʳʤ ʆʆʅ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ 192 

ʩʪʨʘʥ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʦʙʫʩʣʦʚʣʝʥ: 

- ʥʘʣʠʯʠʝʤ ʢʘʧʠʪʘʣʘ ï ʥʘ 16 %; 

- ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ï ʥʘ 20 %; 

- ʯʝʣʦʚʝʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ï ʥʘ 64 % [4]. 

ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʪʨʫʜʘ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʜʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʈʌ. ɺʦ-ʧʝʨʚʳʭ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʥʷʪʳʭ ʚ ʥʝʤʘʪʝʨʠʘʣʴʥʦʡ ʩʬʝʨʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. ɺʦ-ʚʪʦʨʳʭ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʨʦʩʪ ʜʦʣʠ ʣʠʮ ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʘʥʷʪʳʭ ʚ ʵʢʦʥʦʤʠʢʝ.  

ʏʝʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ ʧʨʠʦʙʨʝʪʘʝʪ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʫʶ (ʚʦʟʨʘʩʪʘʶʱʫʶ) ʮʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʠʜʘʪʝʣʴʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʮʝʥʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ, ʦʚʣʘʜʝʥʠʷ ʥʘʚʳʢʘʤʠ 

ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʨʠʙʳʣʴ ï ʨʝʟʫʣʴʪʘʪ ʫʩʠʣʠʡ ʚʩʝʛʦ ʩʦʚʦʢʫʧʥʦʛʦ 

ʨʘʙʦʪʥʠʢʘ. ʅʝ ʨʘʙʦʯʠʡ ʢʦʨʤʠʪ ʫʯʠʪʝʣʷ, ʘ ʫʯʠʪʝʣʴ 

ʠ ʫʯʝʥʳʡ ʜʘʶʪ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʵʢʦʥʦʤʠʢʝ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʙʦʯʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʙʘʪʳ-

ʚʘʪʴ. ʕʪʠʤ, ʦʯʝʚʠʜʥʦ, ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʪʫʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʠʤʝʥʥʦ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ï ʚʘʞʥʝʡʰʝʛʦ 

ʵʣʝʤʝʥʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ʋʯʝʥʳʝ ʦʪʤʝʯʘ-

ʶʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʢ ʛʣʦʙʘʣʠʟʘʮʠ-

ʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ ʟʘʚʠʩʠʪ ʠʤʝʥʥʦ 

ʦʪ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʘ-

ʪʫʩ ʥʘʮʠʠ ʚ ʤʠʨʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ 

ɺʩʝʤʠʨʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ ʦ ʨʘʟʚʠʪʠʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ʚ ʤʠʨʝ ï çThe Human 
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ʤʝʩʪʦ ʠʟ 124 ʩʪʨʘʥ ʩʦ ʟʥʘʯʝʥʠʝʤ ʀʥʜʝʢʩʘ ʯʝʣʦʚʝ-

ʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ - 77,54 ʙʘʣʣʘ [6]. ɺ ʨʝʡʪʠʥʛʝ 

Education Index (ʀʥʜʝʢʩ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ) ʧʦ 

ʜʘʥʥʳʤ ʆʆʅ ʟʘ 2012ʛʦʜ ʈʦʩʩʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 36 

ʤʝʩʪʝ ʠʟ 187 ʩʪʨʘʥ ʠ ʥʘ 98 ʤʝʩʪʝ ʠʟ 153 ʩʪʨʘʥ 

(2014 ʛʦʜ) ʚ ʈʝʡʪʠʥʛʝ ʩʪʨʘʥ ʤʠʨʘ ʧʦ ʫʨʦʚʥʶ ʨʘʩ-

ʭʦʜʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ [4]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ ʚ ʈʦʩʩʠʠ ʩʦʢʨʘ-

ʱʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ, ʥʦ ʚ ʪʦʞʝ 

ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʩ ʚʳʩ-

ʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 

ʧʦʣʫʯʘʶʪ ʝʛʦ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ [5].  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʚʦʩ-

ʧʨʠʥʠʤʘʶʪʩʷ ʦʙʱʝʩʪʚʦʤ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʚʣʦʞʝ-

ʥʠʷ ʚʨʝʤʝʥʠ ʠ ʜʝʥʝʛ. ʈʘʩʰʠʨʷʝʪʩʷ ʩʬʝʨʘ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʜʣʷ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʝʛʦ ʦʪʜʝʣʴʥʦʛʦ ʯʣʝʥʘ. ʇʦʣʫʯʝʥʠʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʦʚʣʘʜʝʥʠʝ ʥʦʚʳʤʠ ʟʥʘʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʩʚʦʙʦʜʥʦʤʫ.  

ʉʚʦʙʦʜʥʦʝ ʚʨʝʤʷ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʨʘʙʦʯʝʡ ʩʠʣʝ, ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦʡ ʧʦʪʨʝʙʥʦ-

ʩʪʴʶ ʨʘʙʦʯʠʭ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʪʨʫʜ ʚʩʝ ʙʦʣʝʝ ʪʨʝʙʫʝʪ, 

ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʧʨʠʣʦʞʝʥʠʷ ʢ ʥʝʤʫ ʛʦʣʦʚʳ, ʩʦ-

ʢʨʘʱʘʷ ʩʬʝʨʫ ʧʨʠʣʦʞʝʥʠʷ ʨʫʢ [7, ʩ.96].  

ʋʚʝʣʠʯʝʥʠʝ ʫʤʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ ʟʘ ʩʯʝʪ ʧʦʷʚ-

ʣʝʥʠʷ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙ-




